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HAYKA TA ITPOI'PEC TPAHCIIOPTY

YJK [001.891:378.4]:027.7

T. A. KOJJECHUKOBAY, E. B. MATBEEBA?

YHayuno-rexunueckas 6u6mmorexa, JIHEIPONETPOBCKMH HALMOHAILHBIHA YHIBEPCHTET JKEIE3HOI0POKHOT0 TPAHCIIOPTa
uMeHH akazemuka B. Jlasapsina, yii. JlasapsiHa, 2, [lnenponerpoBck, Ykpaunna, 49010, ren. +38 (056) 371 51 05,

a11. mourta lib@b.diit.edu.ua, ORCID 0000-0002-4603-4375

2Haquo-TeXaneCKa;1 oubnmoreka, JIHEMpONEeTPOBCKUIT HAITMOHATIBHBI YHUBEPCHUTET KEIE3HOIOPOKHOTO TPAHCTIOPTA
nmeHn akagemuka B. Jlasapsina, yiu. Jlasapsiaa, 2, JuenponerpoBck, Ykpaunua, 49010, ten. +38 (056) 371 51 05,

ait. moura diit.media@gmail.com, ORCID 0000-0002-2616-0454

OIIEHKA PE3YJIBTATUBHOCTH HAYUYHBIX UCCJEJTOBAHUM:
BUBJIMOMETPUSA

Heab. OcHOBHBIE MOKA3aTEIN PE3YIbTATUBHOCTH HAYYHBIX HCCIEJOBAaHMI — OMOIMOMETpUYECKHE MTOKA3aTEIH,
SIBJISIFOTCSL MOIIHBIM MH(OPMALMOHHBIM MHCTPYMEHTOM TOAJEPKKU pa3BUTHs Hayku. [loaToMy ceromHst BO BceM
MHpE OHM OTHOCATCS K 0053aTeIbHBIM 3JIEMEHTaM B OTYETHOCTH HAYYHBIX YUPEKICHHH, YHUBEPCUTETOB, UCCIIEN0-
BATENILCKUX TPYII U OTJCTBHBIX YUCHBIX. VICXO/s U3 BBIIICH3I0KEHHOTO, IIEBI0 CTaThH SIBISIETCS: 1) pacKphITHE
OCHOBHBIX MOHATHI B GHOTHMOMETPHH; 2) ONpeeICHHE PO YHUBEPCUTETCKUX OUONHOTEK B MPOLIECCax H3MEPEHHUS
YHUBEPCUTETCKOW HaykKH; 3) OIMCaHUue METOIUKH mporpammbl Bibexel ast ananuza MetagaHHBIX Hay4YHBIX CTAaTeH.
Metoanka. Teopermueckoil 0a3oif HMcciIeOBaHUS CTalM ITyOJNMKAIMK, OCBELIAIOIINE COBPEMEHHBIE ITPOLIECCH
B OMOINO- 1 HaykoMeTpuH. IIpakTideckoit 6a30it — MeTamaHHble cTarell, pasmerieHusx B: 1) BJ] Scopus, aBTropamu
KOTOPBIX SBJSIIOTCS] Y4€HbIE /IHENPONeTpOBCKOr0 HAaMOHAIBHOTO YHUBEPCHTETA KEJIE3HOIOPOXKHOTO TPaHCIOpTa
uMenn akagemuka B. Jlasapsa, 2) B[ ScienceDirect, mocBsieHHbIe pa3BUTHIO KEIE3HOAOPOKHOTO TPAHCIIOPTA.
PesyabTaThl. B X0ze npoBeneHNsT HCCIEAOBAHUS aBTOPAMHU OBUIN PACKPBITHI OCHOBHBIC OMOIHMOMETPUUIECKHUE I10-
matus. Onncana Merouka nporpammsl Bibexel st ananu3a mMeragaHHBIX, 8 IMCHHO — aHAIIN3a CBA3CH MEXIy CO-
aBTOPaMHM U aHAJIN3a KIIF0UEBBIX CI0B. C ee MOMOIIBIO ONPEETICHO, YTO HanbOoJIee TOMOBBIMI» TEMaMH JUIsl HCCIIe-
JloBaTesell BCero MUpa B 00JIACTH JKeJIe3HOAOPOXKHOTo TpaHcrnopTa B 2015 r. ABISIOTCS: NIIAaHWPOBAHUE BBHICOKO-
CKOPOCTHOTO JIBUKEHUS, OINpE/esIeHHe KPUTHUIECKOM CKOPOCTH, KOMIBIOTEPHBIN pacdeT >Kee3HOJOPOXKHBIX MOC-
TOB. JloKa3aHO, YTO CerojiHs paboTa YHUBEPCUTCTCKUX OMOIMOTEK MHpa C OMOJIMOMETPHUYCCKHMHU MOKA3aTCIIIMHU
KaK MHAMKAaTOpPaMH Pa3BUTHSI HAYKH ITOCTETIEHHO CTAHOBUTCS OJHUM M3 BEAYIIMX HANpPaBICHUH MX JEITEIBHOCTH.
Hayuynas HoBM3Ha. ABTOpamMy 0OOCHOBaHA M peajM30BaHa BO3MOXKHOCTH IPOBEACHHS OMOIMOMETPHUUECKHX HC-
CIIeIOBaHUI ¢ MOMOIIBI0 Tporpammel Bibexel B ycnoBusx orpaHHYeHHOro A0CTyNa YHHBEPCUTETCKUX OMOIHOTEK
YKpauHbl K MEXIyHapOJHBIM ITOTHOTEKCTOBBIM b/l M 0a3zaM JaHHBIX Hay4YHOTO IUTHpPOBaHMA. PacmmpeHo mpea-
CTaBJICHUE 00 YHHBEPCHUTETCKON OMOIMOTEKE KaK CTPYKType, KOTOpas MEePEXOANT OT YIPAaBICHNS HAYYHBIMU KOJ-
JEKIUSAMH K yNPaBICHUIO HAYYHBIMHU Tporieccamu. IIpakTuyeckasi 3HAYMMOCTh. Pe3ysibTaThl JaHHOTO HCCIIENO-
BAaHHS MOTYT OBITH HCIIONB30BAHBL: 1) IpH NPUHATHH ONTUMATIBHOTO PEIICHUS II0 YIPABICHUIO HH(POPMAIHOHHBIMH
pecypcaMu C IIETbI0 COBEPIICHCTBOBAHMS MPOIECCOB MH(POPMALMOHHOTO 00ECHeUeHUs] U OOCIYKHBaHMSA, B T. 4.
OLICHKH HAYYHOTO BIHSHHS IMyOIHKAIMI YYCHBIX M HAYYHBIX JKYPHAJIOB By3a; 2) MPH OpraHU3alliH CHCTEMBI 00Y-
YaIOUIMX CEMUHAPOB, KYPCOB TOBBIIICHHST KBUTU(HUKAIMH, MACTEP-KIaCCOB, JIEKIUI 110 UHQOPMETPHUH.

Kniouegvie cnosa. HaydHbIE HCCIIEIOBAHMS; METOANKN OLIEHKH Pa3BUTHUS HAyKH; OHMOnuomeTpus; 6ubimomerpu-
YeCKHe MMOKa3aTell; YHUBEPCUTETCKAs HayKa, YHUBEPCUTETCKUe Oubinorteku; mporpamma Bibexel; undopmerpust
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«...8blCUas opma 11006020 3HAHUS XapaKme-
pusyemcs mepoii. Hyscno moavko cozoams cuc-
memy mep, OMHOCAWUXCS K KHU2E U OOKYMEHMY, —
oubnUOMEMPUIO».

I1. Omae, 1934 [9]

BBeagenne

COBpeMEHHBIN KOHTEKCT TIOHITHA HAyIHOU
MPOAYKIMH BKIIIOYAET B ce0sI HE TOJBKO OIMYyOJIUKO-
BaHHBIC Pa0OTHI, HO TAKXKe MAHHBIC UCCIICAOBAHUIM
U METOJIbI, CBA3aHHBIC C HCClieNoBaHUeM. VIMEeHHO
MO3TOMY MPABHUTENBCTBA PA3HBIX CTPaH MHpa UHBE-
CTHPYIOT 3HAUUTENbHBIC CPEACTBA B Pa3BUTHE Ha-
[HOHATBHBIX HWH(POPMAIMOHHBIX UHOPACTPYKTYP
uccienosanuit [14, ¢. 259]. YauBepcureTh ke, Kak
LIEHTPBI F'€HEpaIMi 3HAHUM U MHHOBAlIUH, CTPEMSIT-
Csl IOKa3aTh, YTO MX UCCIICIOBATEIILCKUE CTPATEIHU
W peaJM30BaHHbBIC MPOCKTHI MPUBEJICHBI B COOTBET-
CTBHUE C HAI[MOHAILHEIMH UMITEpAaTHBAMH.

OCHOBHBIE TIOKa3aTeNU PE3yJILTATUBHOCTH Ha-
VUHBIX UCCIEI0BAHUI — OUONHOMETPHICCKUE MOKA-
3arenu (YUCII0 MyOJIMKalUi B HAYYHBIX JKypHaJax,
YacTOTa IUTHPYEMOCTH ITUX MyOIUKAIMA, IMITaKT-
(bakTop Hay4yHOTro XKypHala, B KOTOPOM OHH OIy0-
JIMKOBAHBI, KOJMYECTBO BBICOKOIIUTHPYEMBIX CTa-
Tel, MHAEKC XUpIla U Pa3InYHbIE HOPMAaIM30BAH-
HBIE TIOKA3aTeNIH [IUTHPYEMOCTH) U HAYYHOE PEICH-
3UPOBAHUE SBISIOTCS MOIHBIM WH)OPMAIMOHHBIM
MHCTPYMEHTOM MOJUIEP)KKH PA3BUTHSA Haykw. IIpu
3TOM CErOJIHA BO BCEM MHpE OMOIMOMETpUYECKUE
MOKA3aTeNN OTHOCSTCS K 00s3aTeIbHBIM dJICMEHTaM
B OTYCTHOCTH HAYYHBIX YUPEKICHUH, YHHUBEPCUTE-
TOB, HCCIICAOBATEIbCKUX TPYIII U OTACIBHBIX yue-
HBIX.

ITo muaeHnto mpodeccronanos, XX| Bek — Bek
oubmmometpuu. [loncronerust Hazazn, B 1964 r., Ha
OCHOBE aHajm3a OWOIUOTpapUUSCKHX MACCHBOB
nepBoro B Mupe u3nanus Science Citation Index —
SCI (Vkazatenst IUTHPOBAHHOMN JINTEPATYPHI), CO3-
nanaoro noktopom 0. Tapounnom (Eugene Gar-
field), mosiBunace HOBas HaydHas IUCHUIUIAHA —
HaykoMmeTpusi (WM, Kak Tereph dalie TOBOPST,
oubnmmomerpus) [7, c. 15].

A yxe B 2011 . }O. 'apdunn momguepkusa, 4ro
MBI SIBIISIEMCSI CBHJICTEIISIMY TIPEBpAICHUsT OHOINO-
METPHUUECKUX HCCIICIOBAHUI B HOBYIO OTpPAacCilb WH-
JQYCTPUH — OIEHKY PE3yJbTaTUBHOCTH HAYYHBIX
UCCJICZIOBAHUM, BBIMOIHIEMBIX B YHHBEPCHTETCKUX
1 HAy4HBIX KojuteKTrBax [L{ut. mo 7, c. 45].

B 10 %€ BpeMs B OOJBIIMHCTBE YHUBEPCUTETOB
VYkpauHsl paboTa ¢ COBPEMEHHBIMH METOIWKAMH
MOHUTOPUHIA U OLIEHKH IpPOrpecca Hay4HbIX HC-
CIIEJIOBAHUM M TEXHOJIOTHH, K KOTOPHIM B TIEPBYIO
ouepesb OTHOCUTCS OMONIMOMETPHS, TOIBKO HAuYH-
HAeT CTAaHOBUTHCSI YACThIO MOCTOSHHON M CHUCTEM-
HOHM NesATenbHOCTH — WHGOPMAITMOHHON aHaTUTH-
ku. B naHHOM ciydae MBI paccmarpuBaeM HHGOP-
MAIMOHHYIO aHAIUTUKY KaK MHCTPYMEHTapuil Mo-
HUTOPHHTAa MHPOBOTO HAY4YHOTO HH(OPMAIMOH-
HOTO TIOTOKa, aHajlu3a YpPOBHS LHUTHPYEMOCTH
YYEHBIX By3a M HMHAEKCOB BIMSHHUSA €r0 MEPHOAH-
YECKUX U3JaHUN B MEXAYHApOIHOM HAay4YHOM HH-
(hopMaIMOHHOM TIPOCTPAHCTBE, a TAaKXKe KaK Mpo-
THOCTHYECKYI0 M PEKOMEHJATEeNbHYI0 JesTelNb-
HOCTh TIO IMOBBIILICHHIO PENPE3eHTaTUBHOCTU ITy0-
JIUKALMM ~ Y4YEHBIX By3a B  MEXIyHapOIHBIX
HaykoMmerpuueckux bJl, mpubmmkeHnio ypoBHS
COOCTBEHHBIX MEPUOJMYSCKHX HW3AaHUH By3a
K MUPOBBIM CTaHJAPTaM U Jp.

be3ycnoBHO, cerojiHs B OTE€UECTBEHHOW Hayd-
HOU JIUTepaType elle He XBaTaeT Oy OJIMKOBaHHBIX
pe3yNbTaTOB HAYyYHBIX WCCIEAOBaHUIN 1O OMOIHO-
¥ HayKOMETPHH, OTPabOTaHHBIX W ONMHCAHHBIX Me-
TOJMK NEUCTBUUA B JIaHHBIX HaIlpaBJICHUSX, MpaK-
TUYECKH OTCYTCTBYIOT HAay4YHO-TIPAKTHYECKHE Ce-
MUHapbl W KypChl TIOBBIMEHUS KBATU(UKAITIU
U T.JI.

OTcyTcTBYIOT B YKpawHe H 00pa3oBaTeibHbIC
nporpaMmbl B obmactu uHpopmeTpun (6udIHO-
METPUH, HAYKOMETPUH, BEOOMETPHUH, aTbTMETPHH)
KaKk BOCTpEOOBAaHHOM M MEpPCIEKTUBHOM HaIlpas-
neHnn B pabore OMOIMOTEK M MH()OPMAIMOHHBIX
LIEHTPOB BO BCEM MHUPE B PAMKAaX CUCTEMbI MHOTO-
YPOBHEBOTO MH()OPMAIMOHHO-OUOINOTEYHOTO 00-
pa3oBaHUsL.

Heanb

Hcxonst n3 BBIIEH3IIOKEHHOTO, MENBI0 CTAThU
sBiseTcs: 1) packpbiTHE OCHOBHBIX IOHSTHIMA
B OMOMMOMETpHH; 2) ONpE/CICHUE POJIU YHHUBEP-
CUTETCKUX OHMOIMOTEK B TIpoIleccaxX H3MEpEHHs
YHUBEPCUTETCKON HAyKH; 3) OMHMCAHWUE METOJMKU
nporpammbl  Bibexel nns ananuza meramaHHBIX,
a UMEHHO — aHaIM3a CBA3EH MEXIy COaBTOpaMHU
M aHauM3a KIOYEBBIX CJOB (U1l BBISBICHUS U3
HHUX HanOOJIee KTOTOBBIX).
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MeTtoanka

Teopernueckoii 0a30ii WCCIENOBAHUS CTajH
nyOJIMKAIMK, OCBEIIAIOIINE COBPEMEHHBIC MPO-
Iecchl B OMOMMo-  HaykoMmeTpuu. [IpakTudeckoit
0a30ii — MeTa/laHHbIe CTaTel, pa3MeIIeHHBIX B: 1)
BJ1 Scopus, aBTopamMu KOTOPBIX SBJISIOTCS yUCHBIC
JIHeTpoTeTPOBCKOTO HAIMOHAIBHOTO YHHBEPCH-
TeTa YKEJIE3HOJAOPOKHOTO TPAHCIOpTa MMEHH aKa-
nemuka B. Jlasapsna, 2) B/l ScienceDirect, mo-
CBSIIICHHBIC PA3BUTHUIO KEIE3HOAOPOKHOIO TPAHC-
nopra. B paboTte Mconb30BaHbl METO/IbI HAYYHOTO
1 MHPOPMAIIMOHHOT'O aHAJIN30B, 000O0IICHUs, aHa-
JIOTHH, CPaBHEHHs, MporHo3a. [IpakTuuyeckue wuc-
CJIEZIOBATENHCKHE METOJBI OCYNICCTBISIINCH C TIO-
MOIIBIO: aHAIW3 METaJaHHbIX — Imporpammel Bibe-
xel, mocrpoenue rpaduka CoaBTOPCTBA — IMpO-
rpammel Pajek, Bmayamuszamms CTpyKTyphl Trpada
coaBTopcTtBa — Meroga Kamama-Kasan (Tomihisa
Kamada & Satoru Kawai).

MOHUTOPUHT U aHAIU3 MUPOBOTO JOKYMEHTO-
MOTOKA IO TEME HWCCIeTOBaHUS TO3BOJIMII yTOY-
HHUTh OCHOBHBIC BEXM 3BOJIIOIIMU U COBPEMEHHBIC
TEH/ICHIINU Pa3BUTHsI OHOIHOMETPHH.

Ha3panne «OuOIHOMETpHUS» MPOUCXOIUT OT
rpedyeckux cioB Biblion — kaura u metron — mepa
(metreo — u3mepsiro). Okcdopackuii cioBapb OII-
penenser oubmmomerpuro (bibliometrics) xak or-
pacip 6MONMMOTEKOBEIEHHS, CBA3AHHYIO C IpUMe-
HCHHEM MAaTEMaTHYeCKOr0 MW CTAaTHCTHYECKOTO
aHanm3a B OuOmmorpaduu, W yTBEpXkKAaeT, UTO
OuOMTMOMETpHUST TIOCTPOCHA HA CTATHCTHYECKOM
aHaJM3e KHUT, cTaTeil u npyrux myonukanuii [12].

Eme B 1934 r. T1. Otne (P. Otlet) [9], BrepBbie
ucrons3oBas TepmuH «bibliometrie» B pabore
«Traite de Documentation», mucai, 4ro «...BBIC-
masi ¢opma JrO0Oro 3HAHMS XapaKTepU3yeTcs
Mepoii. HyxHO TONBKO co31aTh CHUCTEMY Mep,
OTHOCSIIIIUXCS K KHUTE U JIOKYMEHTY, — Ou0imo-
METPHUIO».

Ho noBcemecTHOE pacmpocTpaHeHHe 3TOro Mo-
HATAA Hadasock ¢ 1969 r., xorma A. Ilputdapn
(Alan Pritchard) onpenenui TepmMuH «OuOIHOMET-
pHsi» KaK COBOKYITHOCTh MaT€MaTHYECKHX M CTa-
TUCTUYECKUX METOJIOB MPHUMEHHUTEIHLHO K KHHram
U JPYyTHM CpEICTBAM MAaccoBOW HH(OpMAIHK
B HAYYHO-JOKYMEHTAJIBHBIX KOMMYHUKAIUX [17].

C nagana 1980-x romoB, Kak yTBepKIgaeT naT-
ckas ucciaemosarensuuna Mpen Yopmemn (Irene
Wormell), Oubnuomerpus upeBpaTtuiach B OT-
JeNbHYI0 HayuHyro mucnuruimHy [19], xoropas

WUCTOYHUKAMH TIepelavyd 3HaHWH, KOMMYHHKAIIUH
CTajla HWMETb MEXKAYHAPOAHBIH JKypHaJI Ha
OoubmuoMeTpuueckie TeMbl — «Scientometrics»
(c 1979 1.) u exeroausle MEKIyHAPOIHBIE KOH(pe-
penmuu (c 1983 1.).

CoBpemeHHBIH Oenbruiickuii yaensrid JI. Urrx
(L. Egghe) [13] momuepkuBaet, 4TO CEroaHs GHO-
JHOMETPHS SIBIISIETCS YacThio MH(OPMETpHUH, KO-
TOpas, B CBOIO OYepelb, BKIIOUACT BCE METpUUe-
CKHE€ HWCCIIeIOBAHUs, TECHO CBs3aHHBIE ¢ WH(OP-
MaTHKO#, B TOM uucie Gubmmomerpuio (6ubdMO-
rpaduyeckue  cpeacrtsa,  OMOMMOTEKH,  ...),
HayKoMeTpHio (Hay4yHas TOJIMTHKA, aHAIU3 IUTH-
pOBaHMs, OLIEHKA UCCIICOBAHHUI, ...), BEOOMETPHIO
(MeTpukn BcemupHo# mayTuHbl, VHTEpHET WIH
JIPYTUX COLMAIBHBIX CETEeH, TAKMX, KaK CeTH LIUTHU-
POBAHUS WK COTPYAHHUYCCTRA).

B Hacrosimee Bpemsi OHOJIMOMETpPUS BOCHPH-
HUMAETCsl M KaK KOMIUIEKC KOJMYECTBEHHBIX Me-
TOJIOB WM3YYEHHUs IMOTOKOB HAyYHBIX JTOKYMEHTOB,
M _KaK HayYHas TUCIWIUINHA, W3YyJaromas IOKYy-
MEHTBHI Ha OCHOBE KOJMYECTBEHHOI'O aHalIH3a Mep-
BUYHBIX W BTOPHYHBIX MCTOYHHKOB HH(OpMAIUU
C IOMOIIBI0 (POPMATI30BAHHBIX METOJIOB, C IIENBI0
MOJIYYEHHST NAHHBIX 00 3G dEKTUBHOCTH, JUHAMHU-
K€, CTPYKTYpEe M 3aKOHOMEPHOCTSX PAa3BUTHsI HC-
crenyeMbix otpacieii [10, c. 49].

Kananckuit 6ubnuorexoBen Bupmxunus Ywui-
con (Virginia Wilson) ormeuaer, uyto Oubnmnomer-
puvecKre METOIBI WCCICOBAaHUS SBISIOTCS ca-
MBIMH CTapbIMH B OMONMHOTEYHBIX W HWH(OpMAaITH-
onHbIx Haykax (Library and Information Science —
LIS) [18].

K meronaM OGuONMOMETpUH CErOAHS OTHOCHT:
aHAIM3 UUTUPOBaHUsS (METOA CTAaTUCTUYECKOTO
aHanm3a OWONIMOrpagUYEecKUX CCHUIOK); aHau3
pedepaTUBHBIX XKYypHAJIOB; aHAIM3 KOJIHYECTBEH-
HBIX XapaKTePUCTUK MEPBUYHBIX JOKYMEHTOB; KO-
JMUYECTBEHHBIN aHamM3 MyONUKAIMA OTAEIbHBIX
ABTOPOB M WX IIUTUPOBAHUS, KOJIMYECTBEHHBIH
aHanmM3 MyOJMKaIWi YYEeHBIX OTAENBHBIX CTpaH,
a TaKKe OTJACIBHBIX HAYYHBIX KOJUIEKTHBOB, TEO-
peTndeckrue BONPOCH], B TOM YHCIIE HCCIeJOBaAHMS
3aKOHOMEpHOCTEH pocTa, CTapeHHs W PaHTOBOTO
pacrpenefieHlss Hay4YHBIX JOKYMEHTOB; KOHTEHT-
aHaJ M3 HAYYHBIX JOKYMEHTOB; IPYIue€ BOIPOCHI,
CBSI3aHHBIC C PACHPOCTPAHEHHWEM HAYYHBIX JOKY-
MeHTOoB [1].

B To xe Bpems, no muenuto . B. Mapmaxko-
poii-IllaiikeBuy, OMOIMOMETPUS HE MpUBsI3aHa
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TOJILKO K HayKe, TIOCKOJBbKY €€ METOJbl MOYKHO
NPUMEHATh U K U3YyYEHHIO XyI0KECTBEHHOH JHTe-
patypsl, ¢miocodckux TekcTtoB u T.1. OHa mMox-
YepKHUBAET, YTO OOBEKTOM OWOIMOMETPHH CUWTA-
0T MyOJUKAIUMK, CTPYIIHUPOBAHHBIC IO pa3Ivy-
HBIM TIpU3HAKaM (CErMEHThI JOKYMEHTOIMOTOKA,
MHKPOIIOTOKH): aBTOpaM, >KypHajaM, TeMaTHde-
CKUM pyOpuKam, ctpaHam u T.1. [8].

Awmepukanckue wuccienoBatenu Cepro3an bek
u Keiit Manyans (Susan E. Beck & Kate Manuel)
MMOAYEPKUBAIOT, YTO MPEAMETOM OHOIHOMETpUde-
CKOTO HCCIICIOBaHUS MOXKET OBbITh HCTOYHHMK C JIIO-
OBIM THIIOM 3anucanHo#i uHdopMmarmu [11, c. 165].

CoBpeMeHHbIC OHJIAWH-TIONCK ¥ METOJBI TOObI-
4y WHQOpMAIMK 3HAYUTEILHO OOHOBWIIM IIpe.-
CTaBJICHHWST O METOJOJOTUM OHOIMOMETPUYECKUX
uccnemosanuii  (bibliometric research methodo-
logy) u pacumpuiu BO3MOXXHOCTH TPAKTHUECKHUX
uccienoBaTenbckux Meronos (practical research
methods).

Brenpenne HOBammii Takke CIOCOOCTBYET OT-
KPBITHIO HOBBIX BO3MOXKHOCTEH ISl OTCIIC)KUBAHUS
aHATMUTUYECKON nHpopMauu (171 0OBEKTHUBHOI
HAyKOMETPHYECKOW XapaKTEPUCTUKHA COCTOSHUS
U TEHJICHIIUN pa3BUTHSI QyHIAMEHTAIBHBIX U TPU-
KJIJHBIX HCCIICIOBAaHUN) B OOJBIIMX DICKTPOH-
HBIX OmOmmorpaduyecknx 0a3ax JaHHBIX, SIBISIO-
HIMXCS YacThI0 MUPOBOH HH(PACTPYKTYpHI dIIEK-
TpoHHOHM Hayku (e-science). IIpu 3Tom, Ho yTBep-
knennto M. Haxorko (Marek Nahotko) [15],
OJIHUM U3 BAXXKHEHUIIHUX 3JEMEHTOB AJIEKTPOHHOM
HAyKH SIBJISIIOTCS. MHOTONPO(MWIBHBIE KOMaH/IbI
Y OT/ETbHBIE CIIEIUAIMCTHI TI0 MHPOPMAIIMOHHBIM
TEXHOJIOTHSM, UMEIOIIINE OTIBIT:

a) MPOCKTUPOBAHMS AJITOPUTMOB, CHCTEMHO-
r0 aHaJIM3a U pa3padOTKH MPHUIIOKEHUI;

0) cOopa, cucTeMaTH3allMd, HHICKCAIIUH,
aHanm3a wHQoOpMalmu, ee mpeodpa3oBaHUs, YIO-
psanoueHus: B 6a3bl JaHHBIX, COXpaHEeHUs B U(po-
BBIX apXWBax M pacHpOCTpaHEHHS B MHUPOBOM Ha-
YIHOM HH(}OIIPOCTpaHCTRBE.

besycnoBHo, crienuanicraM, HMEIOIIUME Ha-
BBIKH YTIPABJICHHs TaHHBIMU (CM. TIYHKT 0), sIBJIS-
IOTCS COTPYIHHUKH HAYYHBIX OHOJHOTEK, B T. .
yHuBepcuTeTckux. llpodeccnonansr Oubmmored-
HO-MH(OPMAIIMOHHOM cepsl, AeITeNbHOCTh KOTO-
PBIX Bceraa Obuia riry0oKo HHTErpUpoBaHa B 0Opa-
30BaTeNbHbIE W OOIEHAYYHBIE ITPOIECCH BY30B
[4], akTUBHO MCKaJIM HOBBIC CXEMBI JCATEIBLHOCTH.
Crparerus ux pa3BUTHS CTala MpeAyCcMaTpUBaTh

MaKCHMaJbHO MOJHYI0 OPHEHTALNI0 Ha UHQOpMa-
[IHOHHBIC TMOTPEOHOCTH YYEHOTo Kak MHpopmaiu-
OHHOTO JIOHOPA U aKIENTOpa 3HAHUM.

Ceromnsmasas  WHOOPMAITMOHHO-KOMMYHHKA-
[IUOHHAsA cpejlia CIIOCOOCTBYET pean3alliil HOBBIX
TUIIOB COTPYJHUYECTBA yUCHBIX, H3aTese, Ouo-
JHOTEKApeH U MPHUBOJUT K MOSBICHUIO HOBBIX PO-
neii uis OubIMoTeK 1 OMOIMOTEKapeH, CBUACTEINb-
CTBYIOIIUX 00 HMHTEUICKTyallu3alud OHOIHOTEY-
HOM mipodeccun. bubmmoreyHo-MHPOPMATMOHHBII
CHENUATUCT HOBOTO THIIA CIIOCOOEH OBITh YUEHBIM,
MBICITHTh, KaK OH, MPEIOCTABIATh PEAbHYIO I10-
MOII[b YHUBEPCUTETCKOMY COOOIIECTBY B MpOIIEC-
cax oOMeHa 3HaHWSIMH, BBICTYyIasl IPH 3TOM HOCH-
TEJIEM TYMaHUCTUYECKOTO MUPOBO33PEHHSI.

Hosast napagurma, cormacHo C. L. Borgman,
3aKIIf0YaeTcs B CMEIICHUU BEKTOpa BHUMAHUS Ha-
YYHBIX OWUOJIMOTEK OT YCIYT Jiisl YUTaTelsl K Ipu-
OPUTETHOMY BHUMAHHIO K YCIYraM Juis aBTOpa-
yueHoro [uuT. o 14, ¢. 261]. Tak, HampuMmep, yxke
B 2012 1. 8 w3 13 (62 %) yHUBEpCUTETCKUX OMO-
JHOTEK ABCTpajHMU MPEAOCTABISUIA yCIyru OHO-
JUOMETPUHM HA HWHAWBUAYATLHOM, TIPYMIIOBOM
M MHCTUTYIIMOHAIBHOM YPOBHsAX [TaM ke, ¢. 265].

Poccuiicknii onbnunorexkosen M. C. I'anasuesa
MOAYCPKUBACT, YTO HAay4yHble OHMOIMOTEKH CTpe-
MSTCS 3aHATH OOJiee aKTHBHYIO MO3HIIUIO U BBICTY-
MAalOT AaKTHBHBIMH TapTHEPaMH Ha BCEX CTaUsIX
xu3HenHoro nukia (research lifecycle) mayunoro
HCCIIEIOBAHUA. OT WHGOPMHUPOBAHHS U TPEIOC-
TaBJICHUSI JIOCTYTA K KOJUICKIUSAM JTOKYMEHTOB JIO
nyONMKaK | Jjaliee aHalu3a U OIICHKU Pe3yJibTa-
TOB HCCJICAOBaHUN. B KadecTBe MNPHOPUTETHBIX
HaMpaBJICHUH JICATENLHOCTH HAYYHBIX OUOIHOTEK
Ha3bIBAIOTCS. CO3JIAaHUE M COMPOBOXKICHHE PEIo-
3UTapHUEB OTKPBHITOrO JOCTYIIA; YIpPaBICHUE Hay4Y-
HeIMH gJaHHBIMU (research data management,
RDM); xypupoBaHuWe Hay4HbIX JIaHHbIX (data
curation); undopmerpusi (OMOIMOMETPHS, HAYKO-
METpHsl, BEOOMETPHSI, aTbTMETPHs); CIYKObI MO~
IEPKKH DJEKTPOHHBIX myomkanuii (e-publishing
services) u mp. [2].

[TpumMepoM MHHOBALMOHHBIX HaNpaBlICHU# pa-
00THI OMOJIMOTEK 1O MOIICP)KKE HAYYIHBIX HCCIIE-
JIOBaHUI M Pa3BUTHIO YHUBEPCUTETCKONM HAYKH
MOXET CIYXUTb JESITEIbHOCTh HAy4YHO-TEXHH-
4yeckoit OmOmuoTekn J[HemponmeTpoBCKOro HaIHo-
HAJILHOTO  YHHBEPCHUTETAa  JKEJIE3HOJIOPOKHOTO
TpaHclioOpTa HWMEHHM akajgemuka B. JlazapsiHa
(THYXT).
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Cpeny MQPOBBIX CEPBHUCOB, MOIB3YIOMIUXCS
HauOOJbIIeH TOMYJISIPHOCTBIO CpElN  YYEHBIX
JHYXXT, BeLaennm cieayiomue:.

1. OpraHm3amus u CONPOBOXKICHUE HHCTUTY-
nuoHaibpHOrO penosutapus eaDNURT.

2. U3naHue 3IEKTPOHHBIX HAYYHBIX CIElHa-
JM3UPOBAHHBIX KypHAIOB (Momens «bubnnored-
Hoe m3matenscTBo» — Library Publishing) [5].

3. UWurerpanus Hay4yHBIX MMyOTUKAIMi B Me-
JKTyHAPOHBIC 0a3bl JAHHBIX HAYYHO-TEXHUYECCKOI
urdopmaruu [3].

4. U3mepeHue BIMSHUS W BHIUMOCTH pe-
3ylbTaTOB  Hay4HbIX HccinenoBanuii  JTHYIKT
B MHPOBOM HAay4YHOM HWH()OPMAIIMOHHOM MpPO-
crpaHcTBe (OMOIMOMETpHS, HAYKOMETpHs, BeOO-
metpusi) [6].

Mertonuka mnpoBedeHust OudaIMOMeTpHUYe-
CKHX MCCJEA0BAHMII C MOMONILIO MPOTrPaMMbI
Bibexel. Kak yka3siBanoch BbIIe, METOAUKH TPO-
BEJICHUSI OMOTMOMETPHUCCKHX HCCICIOBAHUM TMO-
CTOSTHHO YCOBEPIICHCTBYIOTCS, HO WX OIUCAHUI
B OTCUCCTBCHHBIX HAYYHBIX IyOJIUKAIUSIX SIBHO
HEI0OCTATOYHO.

ABTOpBI JaHHOW CTaThbU NpeAJiaraloT Hauyarb
U3MepeHHs PAa3UYHBIX ACTEKTOB ITyOJHKaIHOH-
HOW aKTHMBHOCTU YUYEHBIX OTICIBHOTO BYy3a U pac-
MPOCTPaHEHHS X HAYYHBIX JIOKYMEHTOB C OCBOE-
HUS W TOpUMeHeHWs B paboTe OecruiaTHOW mpo-
rpammel Bibexel, pasmeriennoit Ha caiite 6ubHO-
Teku Benckoro ynuBepcutera (https://biblio-
metrie.univie.ac.at/bibexcel/). Cosmarear mpo-
rpammel — Oite TTepccon (Olle Persson), mpodec-
cop OmONMMOTEKOBeACHUS M WHGOPMATHKH IIBEJI-
ckoro Ymusepcurera Ymeo (Umed universitet),
M3YYAIONIUN Hay4yHble KOMMYHHKAIMH YYEHBIX
Y WHXXCHEPOB, UTPACT BEIYIIYI POJIb B PA3BUTHHU
OMOITMOMETPHUECKUX METOIOB HccienoBanuii [16].

AnHanus mMeTama"HbIX ¢ oMo Bibexel Ha-
YMHACTCS C TMOJYYEHHUS MCXOIHBIX aHHBIX JIJIs
9TOi mporpammbl. Takue NaHHBIE MOXHO JIETKO
co0paTh C MOMOINIBIO BCTPOCHHBIX WHCTPYMEHTOB
Haykomerpuueckux bBJI Web of Science wim
Scopus, ecnu ecTh MpenolIayeHHbIe OCTYIIBI
Kk otuM BJI; HO ropas3mo ciokHee (M BCe JKe BO3-
MOXHO!) MX TOJNyYHTh, €CIM ITHX JOCTYIOB HET.
Ha caiite B[ ScienceDirect taxke mpeaycMoTpeHa
BO3MOXHOCTh DKCIIOPTa METaJaHHBIX TPYIIIBI 3a-
muceil B Qopmare riS. MeTamaHHble cTaTedl u3
JKYPHAJIOB, KOTOpPbIE pa3MEIleHbl Ha MopTaje
YPAH (ITpoektr «Hay4uHast meprHoanka YKpauHbI»

— oOlmierocyaapcTBeHHas TEXHOJOTHUYEcKas Iat-
dopma na Oaze Open Journal Systems, OJS,
http://journals.uran.ua), Taxxe MOTyT OBITH COXpa-
HEHBI B 3TOM (hopMaTe ¢ MOMOIIbI0 WHCTPYMEHTA
«Kak nutupoBath paboty». Ucxoanyio nadopma-
U0 MOXXHO COOpaTh C MOMOIIBIO MPOTPAMM s
pabotel ¢ OumbOimorpaduueckolt wHpOpMaIei,
manpumep, EndNote (EndNote X7, GecruraTHbrit
npobueii meprox — 1 mecsn, EndNote Basic —
OecrutaTHas) wnu Zotero (mporpaMMa ¢ OTKPBITBIM
KOJIOM), a 3aTeM 3KCHOPTHPOBaTh B (aitn popma-
Ta ris.

Ecmm mHbopMamus, KOTOpyO BBl IUTaHUPYETE
aHAITM3UPOBATh, COJEPXKUTCS B HECKOJIBKHX (haii-
JIax, TO MOCJEeTHHE MOXHO 00BeIMHNUTD. J[iis 3TOTO
HYXHO B mporpamme Bibexel nBaxapl menkHyTh
B okHe «Type new file name here» u BBecTH UM,
KOTOpO€ JODKEH WMETh OOBEIWHEHHBIN (aiin
(pacupenue ¢aiina — txt), BeigenuTs Bee (haiiibl,
KOTOpBIC HYXHO 00BEIUHUTD, U 3amycTUTh Files ->
Append all selected files to another.

[Mocne 3Toro TekCTOBBIN (haiin HYKHO MPeoO-
pa3zoBaTh B (QopMmar, NPUTOAHBIA s pabOTHI
¢ Bibexel. Ina sToro cmauyama HeoOXOOUMO BBI-
OpaTbh TEKCTOBBIN (haiil ¢ HCXOAHOW WHPOPMAIeH
u 3anyctuth Edit doc-file -> Replace line feed
with carriage return. Byzer co3maH MpoMeKyTOY-
HBIH (aiin ¢ pacmpenueM tX2. 3ateM HYKHO BbI-
Opatb 3TOT tX2-¢aiin u BemonHuTh Misc-> Con-
vert to Dialog-format-> Convert from RIS format
(umm Convert from Web of Science, eciu BBI moss-
3oBannch ganusiMu u3 Web of Science).

B pesynbrare atux peiictBuii OymeT co3naH
¢aiin ¢ pacmmpernem doC, B KOTOPOM B KaXI0M
oJie TOCJIEIHUM CHUMBOJIOM OyIeT BepTHUKaJbHas
4yepTa, a MOCIEAHee TMOoJie B 3alUCH OyAeT MMETh
Bux «ER- ||» (cm. puc. 1).

MBI TONBITATNCh OPOAHATUIUPOBATH CBSA3ZH
MEXJly coaBTopamMH ofHoro u3 ydeHeix JHYIKT
Onyapna Gununnosuua tanenko. /i1 ananm3za
B3 Te 24 crarbm O. @. llltameHko, KOTOpHIE
BkitoueHbl B BJ] Scopus. ITockonbky Ha MOMEHT
MpOBeNEHHUs HCCIeOBaHUsI OMOMMOTEKa yKe He
UMella TpeoIulaueHHoro jgoctymna kK 3tod B/,
a KOJNMYECTBO CTaTei OBIJIO OTHOCHUTEIBHO HEBE-
JIMKO, TO UCXOJHBIM (ain ObUI co3AaH BPYUHYIO
C TIOMOIIBIO CTaHJAPTHOU TporpamMmbl «biokHOT»
W JaHHBIX  YHUBEPCHUTETCKOTO  PEMO3UTapHs
eaDNURT (http://eadnurt.diit.edu.ua/). 3amonms-
JHCh crenyronue moisi: TY (B Hamiem ciy4ae Bce-
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rna umeer 3nadenre JOUR), Tl — nasBanme cra-
ThH, JO — Ha3Banue xypHana, VL — Tom, IS — BBI-
myck, SP — HawanbHas ctpanuia, EP — 3akiroun-
TenbHas cTpanuia, PY — rox u3manus, T2 — usna-
Tens, AU aBTOPHI  (pa3meNsiuch TOYKOH
¢ 3amsroit), SN — ISSN xypnana, KW — kitoueBbie
cioBa (Kak ¥ aBTOPHI, pa3iessIiCh TOUKOM ¢ 3ars-
Toit), AB — aHHOTaIusA, ¥ MOCIAETHUNA TEr — 3TO
Bcerna ER-. Mexay pa3iuyHbIME 3amucsiMu —

nycTasi ctpoka. C MOMOIIBIO POy PhI, KOTOpast
ObLIa omuMcaHa BHINIE, TEKCTOBBIN (haiin ObUT Tpe-
oOpasoBaH B npuroausiii s Bibexel doc-daiin.
Jlns aHamm3a COAaBTOPCTBA CO3AETCsl yNpo-
meHHslil out-aiin. s storo B oxHe «Old Tag»
3ajgaercss uUMsl mons «aBTope» — AU, B OkHe
«Select field to be analyzed» Beibupaercs «Any;
separated field» u nHaxumaercs kHomka «Rep»

(puc. 2).

IE BibExcel - A toolbox for bibliometricians, by Olle Persson. Version 2014-03-25

File Editdocfile Editout-fles Add dataclassify Analyze B8 Mapping Help
Select file here Convert to Dislog-format (3 Convert From ‘Web of Science plain bext u
I =T Shiapenko.doc *  Decompress Diva Raw Data from csvall download Convert from Web of Science tabbed format
S §Iobal Shtaperkoi Decompress Diva Raw Data from tabbed format Convert from RIS format (Diva, ProCite)
‘— Bibliametrics sinil Sherpa Romeo search by 155N Convert from Scopus RIS format
& Shtapenko g:::g:;;giﬁ Sherpa Romeo search by journal title Conwert from Medline format
| Shlapenkgm_',pg T Conwvert from WinSpirsfSilverplatter E
ShtapenkoB2.jpa i ; Convert from EI {Compendex)
=T b e:\global\bibliometrics'
| i j shtapenkoB3ipg ¥? Conwert from Endhlote Shawall-style
[shtapenke. b2 Add same field tags to one
e
: The List Capy [ Paste | add | Ciear ‘ )
Frequency distribution T k
reled L ‘ TI- The obtaining of cobalt multilayers by programme-controlied pulse current
i | Start Min number JO- Transactions of the Institute of Metal Finishing
, VL-75
[ Sort descending .5

Puc. 1 Cozmanue doc-gaiina

Fig. 1. Creating a doc-file

[&) BibExcel - A toolbox for bibliometricians, by Olle Persson. Version 2014-03-25

File Edtdocfile Editout-files Adddataclassify Analyze Misc Mapping Help
oot
Geeticlic Select field to be analysed. view file to get info 'Select documents Start |
=Y ; about which fields are available. —
glabal mt:':)aeenﬁg.ﬁ [ ny ; sepersted fieid | ;
' Bibliometrics 0,01 Sel
Shiapenko shtapenko.tx2 ‘5‘ ect rows M
‘ Shtapenko.tst The Box
e —— gﬁf;ﬁii'ﬁﬁg”ﬂﬂpg Doc: 42 prepared, n of units:73 Look Type new lile name here
r e \biblicmetricst sh L oteh
| Se 3 | | ShtapenkoB2 jpg ¥ :l;:"‘\gluhal e
Ishtapenko. doc
— The List Copy Paste ‘ Add Clear l Delete 15t column
el o z
Ti- The obtaining of cobalt multilayers by programme-cortrolled pulse currerd|
| ﬂ 5|.\|1J Minnumber [ JO- Transactions of the Institute of Metal Finishing|
= D YL- 75
~ Sort descending I5-5 |
Max number | =
[~ Remove duplicates ?; 220'3::
"~ Make new out-file Any number PY-1997|
[ Fractionalize T2- Institute of Metal Finishing, Birmingham|
AU- ZABLUDOVSKY V. A SHTAPENKOE.F |
Sh- 0020-2967]
OldTag ——— ‘ HW- electrodeposttion ; muttilayer coating ; deposition process ; phase composition ; pulsed current ; cobalt | surface tre
|AU __ Add fieldtounts | AB. AbstractThis paper deals with obtaining cobalt fims by means of the programme-cortrolled pulsed currert electroly:
ER-Il
| — v
RlaviEay [ Add new field to docs |
. [ search | View whole file |

Puc. 2 Co3nanue out-caiina

Fig. 2. Creating an out-file
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Coznansblii TakuM oOpa3oM Qaiinm nMmeeT jBe
KOJIOHKH: B TEPBOM — MOPSIKOBBIH HOMEp MOKY-
MEHTa, BO BTOPO — haMiutust v uMsi (MM WHHUIIHAA-
nBI) aBropa. Jms Kakmoro aBTopa B OUt-chaiiie
co3jmaHa oOTHenbHas cTpoka. Eciam damunuu
Y WHHUIHMAJIBl aBTOPOB MMEIOT OIMHAKOBEIM BHJI,
MOYHO Cpa3y co3/1aTh Cit-haitn 1is anamusa.

Ho ecnu B omHOM ciyvae QaMuiuisi HampcaHa
MOJHOCTBI0 OONbIIMMU OyKBamMH, a B JPYTOM —
0OJBIION TIpOTICaHa TONBKO TepBas OykBa, IO-
CIIEAYIONINE K€ — CTPOYHBIE, TO KOMIIBIOTEP BOC-
npuMer 9T paMuiInm, Kak pasHele. Taxke Kak JBe
pasHBIX JTUYHOCTH OyAET BOCIPHHSIT OJIWH aBTOP,
€ClI B OJHOM CJIy4ae €ro WMs HalruCaHO MOJHO-
CTBIO, @ B IPYTOM — JaeTcs TOJIBKO OJJHa OYKBa.

C yd4eTroM H3JOXKEHHBIX BBIIIE HIOAHCOB
B Bibexel npexycmoTpena mpornemypa craHmapTu-
3aiuu. HykHO BBIOpaTh OUt-daiin W 3amycTHUTh
Edit out-files -> Convert Upper Lower Case ->
Good for author / cited author in out-file. Byner
CO3/IaH TIPOMEXYTOUHBIN |0a-¢aitn, B KoTOpOoM
(haMWIMKU MMEIOT TOJBKO TEPBYIO OYKBY IMPOIIUC-
HYI0, JIpyTH€ — CTPOYHBIC, M TPUBOIATCS JIHIIb
WHUIMAIBl  aBTOpOB. Ecnm Ttemeps dammmuu
Y MHUIUATBI UMEIOT BO BCEX CIyYasX OAMHAKOBBIN
BHUJI, MOXHO c03/aTh Cit-daiin ¢ loa-daiina.

Ho B HEKOTOpHIX cilydasx pa3HOUYTEHHS BCE
eule ocrarorcd. Hampumep, B OOHOM JOKyMEHTE
yKa3aHbl JIBa WHHUIMAIBI aBTOpa, a B JOPYrOM —
TONBKO oAMH. MK, Kak B HaIlleM cllydae, B OJJHOM
nmokymenTe B b/l Scopus ykaszanel mHHIMAIE EP
(yxp. — Enyapna Ilununosuu), a B apyrom — EF
(TpancmuTepanus ¢ pycckoro). [y Takoro ciydas
B Bibexel mpemycmorpena mpouemypa oObenume-
HUS 110 TIEPBOMY MHUIHANY. [ TOro Hy»KHO BBI-

oparb loa-cdaitn u Bemonuute Edit out-files ->
Keep only author’s first initial. Bymer co3man 1st-
¢ain. YToOBl ynanuTh MOTEHIMATIbHBIE JTyOIUKa-
Tel (ammnuii, BeIOMpaem 1St-daitn, B oKomIKe
«Frequency distribution» B sueiike «Select type of
unit» Beibupaem «Whole strings», craBum ranouku
B okomkax «Make new out-file» u «Remove Du-
plicates» u naxumaem «Start». Cosmaercs OUX-
daiin (puc. 3).

Ha ©Oase oux-aiima coszmaem Cit-paiin. Jlms
storo B okHe «Select type of unit» BeiOupaem
«Whole strings», ctaBum rajnouky B okomke «Sort
descending» (coptupoBarh Mo yOBIBAaHHIO) U Ha-
xKuMaeMm «Start».

Cit-aiin ToKe MMeeT JBa CTOJONKA: B TIEPBOM
— KOJIMYECTBO JTOKYMEHTOB, B CO3/IaHHH KOTOPBIX
NPUHMAMAJ y9acTHe aBTOP; BO BTOPOM — (hamuims
W TIEPBBIA MHUIMAT aBTOpa. ABTOPBI PaCIIONIONKe-
HBI 110 YOBIBAaHHIO KOJIMYECTBA JOKYMEHTOB, B CO3-
JaHUM KOTOPBIX OHHM NPHHUMaNU ydactue. Ecim
KOJIMYECTBO JOKYMEHTOB M aBTOPOB CIIMIIKOM Be-
JMKO, TO TpaduK, KOTOPBIA MBI IUIAHUPYEM MOJTY-
YUTHh B KOHIE, OyJaeT HeyZoOeH /I BOCIIPHATHS,
MOATOMY KOJIMYECTBO aBTOPOB, KOTOPHIX MBI aHa-
TU3UpYyeM, Jydile YMEHbIINTh. Bbimenmum 15-20
CTpOK U3 Cit-aiinia, cKomUpyeM UX, OYUCTUM (aii
U BEpPHEM CKOIMPOBAHHBIC 3aITMCH. 3aTeM BEHIOE-
peM oOux-¢aitn u Bemonuum Analyze -> Co-
occurrence -> Make pairs via listbox (na mepssrii
BOIPOC HYXHO OTBeTHTH «Her»). B momydyeHHom
coc-(aitile OymyT Mapsl COABTOPOB M KOJUICCTBO
JIOKYMEHTOB, B CO3JIaHMH KOTOPBIX OHU COBMECTHO
NpyUHUMaIK ydactue. KonndecTBo map 3aBHCUT OT
KOJIMYECTBA JIOKYMEHTOB, KOTOPBIC MBI BBLACISIIN
B Cit-chaiine.

(&) BibExcel - A toof

Select fie here

Select fuekd to be anslysed. view file to gel info
about whuch lebds st avalabi

Select documents
rig ™
Prep

Type naw lile rame hoio

Puc. 3. Coznanue Oux-cgaiina

Fig. 3. Creating an oux-file
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I'padux coaBTOpcTBa OyaeT co3daBaThCS
B mnporpamme  Pajek  (http://mrvar.fdv.uni-
lj.si/pajek/). Jlns Hee HYKHO MOATOTOBHUTH JBa
¢daiima. BwiOupaem COC-daitnmn  m  3amyckaem
Mapping -> Create net-file for Pajek (na nBa Bo-
npoca Hy»KHO oTBeTHTh «HeT»). Byaer co3nan net-
¢aiin gus mporpammer Pajek. 3aTtem BeiOupaem Cit-
¢aiin (oH OyaeT UMeTh epBOHAYAIIBHBIN BUJI, @ HE
TONIBKO T€ 3alHMCH, KOTOPBIE MBI BBIACTISUTH IS
co3manus COC-¢aiina) u BeIoNHsAeM Mapping ->
Create vec-file. Coznaercs vec-gaii.

Teneps Be3bIBacM mporpammy Pajek (puc. 4).

B oxomke Networks otkpeiBaem net-gaiin,
a B okomke Vectors — vec-gaiin. 3areM HaKUMaeM
Draw -> Network + First vector. OtkpoeTcst HOBOE
OKHO, B KOTOpoM Hy>kHO Haxatb Ctrl + K (puc. 5).

B pesynbprare BU3yanusanuu CTpyKTyphI rpada
coaBropcTBa mnonyunMm wmaker Kamana-KaBan
(Tomihisa Kamada & Satoru Kawai) (puc. 6). Ero
MO’KHO SKCIOPTHPOBaTh, Hampumep, B (opmare
jpg:

Kak BunHO u3 puc. 6, Bmecte ¢ 3. @. llranen-
KO B HAllMCAaHUM BCEX CTaTedl NMPUHMMAJ ydacTHe

rk

| Networks |
i

-—

1. E:\global\Bibliometrics\Shtapenko\shtapenko.net (13) v

B. A. 3abmynoBckuii. HemMHOTO MeHbllee ydacTue
— A. H. T'ynusen.

[IpumepHO TakuM ke 00pa3oM MOXKHO NIpoaHa-
JIM3MPOBAThH KIIOUEBBIC CIIOBA, B T.4. C IIENBIO BBHI-
SABJICHUS HaI/I6OHee «TOIIOBBIX» TEM B OTI[eJ'IBHOﬁ
oTpaciy 3HaHuA. [ aHaIM3a ObUTH B3SITHI IBECTH
(u3 74519) wnambGomee peleBaHTHBIX 3aIMCEi
¢ camita BJI ScienceDirect, comepsxariue ca0BO
«railway». Jlnst co3manus Out-dpaiina wmzdupancs
Ter «KW».

Ms1 BuguM (puc. 7) Tpu HanboJiee 4acTo ymnot-
pebnsiemMbix rpymnmbl  cinoB. Ilepas — railway
(railways), high-speed railway, transportation,
ballast, timetabling, fatigue. Bropas — railway
engeneering, railway axles, fatigue crack, EA4T.
Tpersst — railway transport, railway track, railway
bridge, numerical modeling,  soil-structure
interaction.

Teneps Bo3bMeM nBectH (3 2 513) 3ammceii 3a
2015 r. Omath nonyvaeMm (puc. 8) Tpu rpymnmsl 3a-
nucen.

1. E:\global\Bibliometrics\Shtapenko\shtapenko.vec (13) v i

Puc. 4. Pabota ¢ mporpammoii Pajek

Fig. 4. Program Pajek authoring
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Ilepsast — high-speed railway, transportation,
timetabling, simulation, scheduling, railway wheel.
Bropas — railway, high-speed railway, high-speed
rail, critical velocity, ballast. I tperbs — railway
bridge, finite element method.

Kak BuauM, HamOoNbIIMA HHTEpEC YUYEHBIX
MHpa B TociieqHee Bpems, B gactHocTH B 2015 1.,
BBI3BIBAIOT BOIIPOCHI INNIAHUPOBAHHSA BBICOKOCKO-
POCTHOI'O ABWIKCHUA, OHNPCACICHUA KpHTquCKOﬁ
CKOpPOCTH, a TAKKE KOMHBIOTepHI)If/i pacyeT KeIe3-
HOJOPOXHBIX MOCTOB.

Pe3yabTaTthl

B xone mpoBefieHUsT UCCICOBAHUS aBTOPaMH
OBITH PACKPBITEI OCHOBHBIE OHMOIMOMETPHUCCKHE
MOHATHA: OubIMoMeTpus, OuOIHOMETpUUYECKUE
METOJIbI, OOBEKT U MpeaAMeT OMOIMOMeTpuu, Oud-
JTHOMETPHYECKHE TOKa3aTeH, XapaKTepU3yIOIIUe
MUTHPYEMOCTD Pa3HBIX KHAYYHBIX CMHUI — yde-
HBIX, HAYYHBIX KOJUICKTHBOB, OPraHU3alluH, CTPaH.

Omnucana MeTtoauka mporpammbl Bibexel mus
aHamu3a METaIaHHbIX, & UMCHHO — aHalli3a CBS3eH
MEXAY COABTOpaMH W aHain3a KIIOYEBBIX CIIOB.
C TOMOIIIBI0 TaHHONH METOAMKH OMpPECTICHO, YTO
HaunboJiee «TOMOBBIMI» TEMaMH JUIsl UCCIIeIOBATe-
Jell Bcero MHpa B 00JAaCTH JKEJIE3HOJOPOKHOTO
Tpancnopta B 2015 r. sBIAIOTCS: TUIaHMPOBaHUE
BBICOKOCKOPOCTHOTO  JIBIDKCHHS,  OTIPE/ICICHUC
KPUTHYECKON CKOPOCTH, KOMIIBIOTEPHBIM pacder
JKENE3HOAOPOKHBIX MOCTOB.

Ha KOHKpeTHBIX TpUMepax TOKa3aHO, YTO
npuMeHenne mporpamMmel Bibexel cmocoberByer
HE TOJBKO MPOBEJCHHUIO KOJMYECTBCHHBIX aHAIH-
30B OMOIHOrpaPUUECKUX XAPAKTEPUCTHK HAYYHBIX
JIOKYMEHTOB, HO U IIOMOTAeT UCCIICIOBAHUIO U HC-
MOJIb30BaHUIO MUPOBBIX 0a3 JAHHBIX U CETEH.

UccnenoBarensMu pacuimpeHo MpeicTaBiIeHUE
0 TOM, 4YTO CerogHs paboTa YHHBEPCUTETCKUX
6mnbroTeKk Mupa ¢ OMOTMOMETPUYECKUMH MTOKa3a-
TEISIMA KaK WHIWKATOpAaMU Pa3BUTHUS HAYKU I10-
CTCTICHHO CTAHOBHUTCS OJHUM M3 BEIyNUX Ha-
MpaBlieHU uX JedarenbHocTH. IlpenocTtaBieHue
OMOIMOMETPUYECKUX YCIYyT, cOOp, CTPYKTypHpO-
BaHHE W UHTEpIpeTanus OHOIMOMETPUYECKUX
JIAHHBIX, TIPOBEJICHUE CEMHUHAPOB M KOHCYIIbTAIUH
JUTS HAY9HOTO CO00IIecTBa By3a (B T.4. peKTopara)
ABJISIFOTCS. OJHUM W3 CBHJIIETEILCTB TOTO, YTO BEK-
TOp BHUMAaHHUS HAYYHBIX OHOIHOTEK MOCTEICHHO
cMeIaeTcsi OT CepPBHCOB ISl YHTATEJCH K CepBU-
caMm JUIsl aBTOPOB.

B T0 e Bpems BO BceM MHUpPE Ha CeroJHSIIHEES
COCTOSIHME MPO(ECCHOHATBHOTO Pa3BUTHSL PadOT-
HUKOB OMOMMOTEYHO-HH(POPMAIMOHHON  cepbl
(BUC) BmusioT caenaHHBIE MPAaKTHYECKHE IIard
B OTBET Ha TOJyYEHHBIC OOJNBbINIUE BBI3OBBI, CBS-
3aHHBIE C TJI00ANBHBIMH U3MEHEHHSIMH B CHUCTEME
HAayYHOUW KOMMYHHUKAIINH.

CyTb 3THUX BBI30BOB, [0 MHEHHIO aBTOPOB,
MOXHO c(pOpMYIHPOBATH CIACTYIOLUIUM 00Pa30M:

— IInammpyror mm mnpodeccuonanst BUC,
yITydIas COOCTBEHHEIC HHPOPMAITMTOHHO-
TIOUCKOBBIE M aHAJIMTHYECKUE HAaBBIKH, a TaKXKe
3HAHUE aHTJIMHCKOTO A3bIKa (KaK MEKTyHAPOTHOTO
s3bIKa HAYKH), MOBBIMIATH [IEHHOCTh YCIYT, KOTO-
pble OHM MPEJIAraloT MMOJIE30BATENSIM ?

— Xsarut qu crnemuanuctam BUC mpodec-
CHOHAJIM3Ma, YTOOBI, BO-TIEPBHIX, CIIOCOOCTBOBATH
OCBEJIOMJIEHHOCTH HccienoBaTeneil coOCTBEHHBIX
YUPEKACHUH O Pa3IMYHBIX acHeKTax MH(popMalu-
OHHOTO TIOMCKA; BO-BTOPBIX, 00y4YaTh U KOHCYIIb-
THPOBATh YYEHBIX paboTe ¢ MHUPOBBEIMH Oa3amMu
JTAHHBIX HAYYHOTO [IUTHPOBAHHUS?

— Cworytr mu paborauku BUC rapantupo-
BaTh HAYYHOMY COOOIIECTBY CBOMX YHHBEPCHTE-
TOB HE TOJBKO KaueCTBEHHOE WH(OPMAIOHHOE
obecIieueHNe U OHJIAH-T0CTYTIbI K 0a3aM JaHHBIX,
HO W TPEJOCTaBJICHHE COOCTBEHHOTO MPOIyKTa —
KOHEYHOM HWH(pOpMaIy, CO3AaHHOM HMHU B pe-
3ysbTare cOopa M aHAIMTHKO-CHHTETUYECKOW 00-
pabOTKU TIONYUYEHHBIX JNaHHBIX, CIIEIaHHBIX BBIBO-
JI0B, O0BENMHEHNIO C Ipyroi mHdopMarmeii (mo-
Obua maHHBIX — data mining) u cocraBnenus pe-
KOMEHIAuii?

Hayuynasi HOBU3HA M IPaKTHYeCcKast
3HAYUMOCTh

ABTOpaMu IaHHO# paboThl 000CHOBaHA U pea-
JIM30BaHa MPAKTHUYECKH BO3MOXKHOCTh MPOBEICHHSI
OMOMMOMETPUUECKUX HCCIICIOBAHUN C TOMOIIBIO
nporpammbl Bibexel B ycnoBusix orpaHndeHHOro
JOCTYTa YHHUBEPCUTETCKUX OUOTHOTEK YKpaWHEI
K MEXIyHApOJHBIM ITOJIHOTEKCTOBBIM b/l m 6azam
JMAHHBIX HAYYHOTO IIUTHPOBAHUSI.

BriepBble B OTEUECTBCHHOW MpPAKTHKE MPOBE-
JeH OWONMMOMETPUYECKUIT aHalu3 MeETadaHHBIX
cTareil B 00JaCTH KEJIE3HOAOPOKHOTO TPAHCIIOPTA
u3 monHorekcToBoi BJI ScienceDirect u BoisiBie-
HBl Hanbojee «TOMOBBIE» TEMBI MCCIIENOBAHMIA:
BOMPOCHI  IJIAHUPOBAHHS  BBICOKOCKOPOCTHOTO
JIBMDKEHUSI, OMPEICTCHUS KPUTHUECKOH CKOPOCTH,
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a TaKKe KOMITBIOTEPHBIH pacdeT >KeIe3HOI0POK-
HBIX MOCTOB.

PacimupeHo mpezcraBieHre 00 YHUBEPCHTET-
CKOll OMONIMOTEKe KakK CTPYKType, KOoTopas Iepe-
XOAUT OT YIpaBJICHHs] HAYYHBIMU KOJUICKIUSMH
K YNPaBICHUIO HAYYHBIMHU TIPOIECCAMHU.

3HaHWe 3aKOHOMEPHOCTEH HWH(MOPMAITHOHHBIX
MpPOIIECCOB, YMEHHE MPHUMEHSITH pa3indHbie (Hop-
MBI M METOJIbI MCCIEAOBAHUN HAayYHBIX JOKYMEH-
TaJIBHBIX MOTOKOB, B YaCTHOCTH — OHOIHOMETpU-
YecKHe, MO3BOJIAT COTPYAHUKAM YHHBEPCUTETCKUX
OMOJIIMOTEK MPUHUMATH ONTUMAJIbHBIC PEILICHHS 10
VIOpaBICHUIO  UH(GOPMAIMOHHBIMUA  pecypcamu
C LENBI0 COBEPIICHCTBOBAHUS TPOIEcCOB HHDOP-
MAaIMOHHOTO 00eCTIeYeHHUs ¥ 00CITy)KUBaHHSA, B T.4.
OIICHKM HAYYHOTO BIUSHHS MyOJHMKAIUN YYCHBIX
Y Hay4YHBIX KYPHAJIOB By3a.

BriBoabI

1. buGnuomerpusi sBASETCS MOIIHBIM HH-
(OpMaLIMOHHBIM HMHCTPYMEHTOM MOJICPKKH Pa3-
BuTHA Hayku. OHa, KaKk (pyHZAMEHT pa3IMIHBIX
METPHK, BIHsIET Ha PEUICHHE KOMIUIEKCHBIX IpO-
O5eM MOHUTOPHHIA, y4eTa, aHaJu3a U OLCHKU Ka-
YecTBa Pe3yJbTaTOB HAYYHOM IEATEIBHOCTH Kak
OTJCNBHBIX YHHBEPCUTETOB M JPYTMX HAayYHBIX
YUPEKACHUH CTpaHbl, TaK W HayKH YKpaWHBI
U MHpa B IIEJIOM.

2. CerogusimHsisi JeATENbHOCTh  HAYYHBIX
OoubmoTek xapakrepuzyercs (GyHIaMEeHTaTbHBIMU
W3MEHEHUSIMH, CBS3aHHBIMH C NEPEXOAOM OT Tpa-
MUATIMOHHBIX (PYHKIWMH 00CTyXUBaHWs W HWHQOP-
MAaI[MOHHOTO O0€CIeYeHHs YYEHBIX K (PyHKIuIM
pacrpocTpaHeHus], aHAJIN3a W OLEHKHM HAYYHOTO
3HAHMSL.

3. HoBas mapagurma JesiTeNbHOCTH YHHBEP-
CUTETCKUX U JPYTHX Hay4YHBIX OMONMOTEK 3aKJIo-
YaeTcsl B CMEIEHUN BEKTOpa MIPUOPUTETHOI'O BHU-
MaHHs OT YCIYT JUIS YATATENs K yCIyram JUisl aB-
TOpa-y4eHoro.

4. CoBpemeHHas paboTa YHHBEPCUTETCKUX
OMOIMOTEK MHpa 10 U3MEPCHHIO BIUSHUS W BHUIN-
MOCTH pe3yJIbTaTOB HAYYHBIX HCCIEJOBAaHUI BY30B
B mupe (B T.4u. paboTa ¢ OUOIMOMETPHYCCKUMHU
MIOKA3aTeJIIMU KaK MHANKATOpaMU pa3BUTHA Hay-
KH) MOCTENECHHO CTAHOBHTCS OJHHM M3 BEIYIIUX
HanpaBlIeHUH UX JeSTeTbHOCTH.

5. Upes3BbUaifHO Ba)KHBIM SIBIISIETCS BOMIPOC
(dbopMHUpOBaHUS NApTHEPCKUX OTHOILCHHUH C KIIFO-
YEeBBHIMHU 3aMHTEPECOBAHHBIMH CTOPOHAMHU C TEM,

4T00BI 00ECIEUUTh IMOCIEIOBATENILHOE U KadecT-
BEHHOE TMpOBeACHUE HH(POPMETPHUECKUX HCCIIe-
JoBaHUi (OMOMTHOMETPHUECKUX, HAyKOMETpHUUe-
CKHX, BEOOMETPHUYECKUX, aJIbTMETPUUCCKHX).

6. VYuureiBas BOCTpeOOBAaHHOCTh M TEPCIICK-
TUBHOCTh HMH()OPMAIIMOHHOW aHAIUTHKH B Jes-
TEITFHOCTH HAYYHBIX OMOJIMOTEK MHpa, HEoOXO0Iu-
MBIM SIBJISIETCSI CKOpEWIIIasi OpraHu3alisi CUCTEMBI
00yyaromux ceMUHapOB, KYPCOB MOBBIIICHHS KBa-
nudUKaUE  UHOOPMETPHUECKOTO  HATPABJICHHUSI
B paMKax CHUCTEMbl MHOTOYPOBHEBOTO WHQOpMa-
UOHHO-OMOIMOTEYHOTO 0Opa30BaHUsl.

CIINCOK UCIIOJIbB3OBAHHBIX
NCTOYHHUKOB

1. bBepexnsx, O. bibmiomerpis sSK MeTOA aHaNizy
CTaHy KHHUTOBHIaHHA [DiekTpoHHBIA pecypc] /
Onena bepexHsk /| Ananrauis 3aBaaHp i GyHKIii
HayK. 0-KM O BUMOT PO3BHUTKY LU]p. iHpOpMaI.
pecypcis : marep. mixkHap. koHd. (08.10.2013). —
Pexum  poctyma:  http://conference.nbuv.gov.-
ua/site/reports/id/17. — 3arn. ¢ skpana. — [IpoBe-
peso : 30.06.2015.

2. Tanssuea, M. C. O HOBOW pojM Hay4YHBIX OHO-
JHOTEK B COBPEMEHHOW MH(OPMALMOHHOW cpexe
HayyHoit kommyHnukaimu / M. C. TansBuesa //
BectH. KazaH. roc. yH-Ta KyJbTypbl U HCKYCCTB. —
Kazanp, 2014. — Ne 1. — C.104-109.

3. Konecuukosa, T. A. HHTerpaums yKpauHCKOH
OTpaciieBOH HAy4YHOW NEpPHOJIUKH B MHUPOBOE Ha-
YYHO-UH(OPMALMOHHOE IIPOCTPAHCTBO: MpPoOIIe-
mbl U pemenust / T. A. Konecuukosa // Hayka Ta
nporpec TpaHcm. BicH. JlHimpomeTp. Ham. yH-TY
3aji3H. Tpanci. — 2013. — Ne 6 (48). — C. 7-22.
doi: 10.15802/stp2013/19835.

4. KonecuukoBa, T. A. KoMMyHUKaIMOHHBIE MOJIe-
JH NeITeNbHOCTH OHOMMOTEK BBICIICH ITKOJIBI /
T. A. KonecuuxoBa // bubnuorekoBenenue. —
2014. - Ne 1. - C. 114-122.

5. Konecnuxona, T. O. HaykoBo-Bu1aBHUYa MOJIEIb
«Library Publishing» B yHiBepcuTerchkux 6i6iio-
Tekax Ykpainu ta cBity / T. O. KonecHukoga,
A. 1. Mupropoxaceka // BicH. Ku. nmanaru. — 2015.
- Ne 3. -C. 24-28.

6.  Konecauxosa, T. O. Lindposi cepsicu 6i6miorex BH3
i3 3abe3meuenns posutky Hayku / T. O. KomecHu-
koBa // B-ku BH3 Ykpaiau y niporieci iMruiemerTartii
3akony «IIpo BuIy OCBiTY» Ta iH(OpMaTH3aIIil CyCII-
Ba : Mmarep. Bceykp. Hayk.-npakt. koH(. [B.-Dpan-
kiBcbk (16.06-19.06.2015). — IBano-DpaHKiBCHK
I®HTVYHTI, 2015. - C. 147-160.

7.  Mapkycosa, B. A. Beenenue. K 50-neruro Science
Citation Index: uctopust U pa3BuTHE HAYKOMETPUH

doi 10.15802/STP2015/49190

18

© T. A. Konecuukosa, E. B. Marseesa, 2015



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

Hayxka Ta nporpec Tpascrnopty. BicHuk J[HIIPOIETPOBCHKOTO
HaIliOHAJIBHOTO YHIBEPCHUTETY 3aii3HHYHOTO Tpancmopty, 2015, Ne 4 (58)

HAVKA TA ITPOI'PEC TPAHCIIOPTY

/I Pyk. O HAyKOMETPHUH: WHIMKATOPHI Pa3BUTHSA — Iss. 6. — P. 1311-1316. doi: 10.1016/j.ipm.-
Hayku u TexHosnorud / M. A. Axoes, B. A. Map- 2005.03.011.
kycoBa, O. B. Mockanesa, B. B. Ilucmsakos. — 14. Library Research Support in Queensland
ExarepunOypr @ Usn-Bo Ypan. yn-ta, 2014. — A Survey / Joanna Richardson, Therese Nolan-
C. 14-48. doi: 10.15826/B978-5-7996-1352- Brown, Pat Loria, Stephanie Bradbury // Austra-
5.0003. lian Academic & Research Libraries. — 2012. —
8.  Mapmakoga-Illaiikesuu, 1. B. Poccus B MUpOBOi Vol. 43. — Iss. 4. — P. 258-277. doi: 10.1080/-
Hayke. bubnanomerpuueckuii ananus / . B. Map- 00048623.2012.10722287.
makoBa-Illaiikesuu. — Mocksa : U®PAH, 2008. — 15. Nahotko, M. Global Digital Library as part of e-
227 c. Research infrastructure and Science 2.0 [Dinek-
9.  Orte, I1. bubnuoreka, 6Gubimorpadus, TOKyMeH- tpounblii pecypc] / Marek Nahotko. — Pexum
tanust: 36paHHbIe TPYIbl MHOHEPA HHPOPMATHKH nocryma: http://eprints.rclis.org/20343/2/GDL.pdf.
/ TI. Otne /I Poc. roc. 6-ka ; [mep. ¢ aHrn (mata obpamrenus 30.06.2015). — 3ari. ¢ sxpaHa. —
u ¢p. P. C. T'mmapesckoro u ap.]. — Mocksa : Iposepeno : 07.08.2015.
OAUP-TIPECC, ITamkoB gom, 2004. — 349 c. 16. Persson, O. How to use Bibexcel for various types
10. ®doxkees, B. A. bubnnorpaduueckas Hayka U Ipak- of bibliometric analysis / O. Persson, R. Danell,
THKa . TepMuHOJ. ciioB / B. A. ®okeeB. — CaHKT- J. Wiborg Schneider // Celebrating scholarly com-
[erepOypr : [podeccusi, 2008. — 272 c. munication studies: A Festschrift for Olle Persson
11. Beck, S. E. Practical Research Methods for at his 60th Birthday, ed. F. Astrém, R. Danell,
Librarians and Information Professionals / B. Larsen, J. Schneider. — Leuven, Belgium : In-
Susan E. Beck, Kate Manuel. — New York, NY : tern. Society for Scientometrics and Informetrics,
Neal-Schuman Publishers, 2008. — 309 p. doi: 2009. - P. 9-24.
10.3163-/1536-5050.96.4.020. 17. Pritchard, A. Statistical Bibliography or Bibli-
12. Bibliometrics [Dnexrponnsiii pecypc] // Oxford ometrics? / Alan Pritchard // J.of Documentation.
English  Dictionary. - Pexum  gocrtyna: —1969. - Vol. 25, Ne 4. — P. 348-349.
http://www.oed.com/view/Entry/241665?redirecte  18. Wilson, V. Research Methods: Bibliometrics /
dFrom=Bibliometrics#eid.  (mata  oOpamenus Virginia Wilson // Evidence Based Library and In-
30.06.2015). — 3ari. ¢ skpana. — IIpoBepeHo : formation Practice. — 2012. — Vol 7, Ne 3. -
07.08.2015. P.121-123.
13. Egghe, L. Expansion of the field of informetrics:  19. Wormell, I. Informetrics: an emerging subdisci-
origins and consequences / L. Egghe // Informa- pline in information science / lrene Wormell //
tion Processing & Management. — 2005. — Vol. 41. Asian Libraries. — 1998. — Vol. 7, Ne 10. —

P. 257-268. doi: 10.1108/101767498102418.

T. 0. KOJJECHUKOBA!", 0. B. MATBECBA?

HaykoBo-Texniuna 6iGmioTeka, JIHIIPONETPOBCHKHMIT HALIOHANBHIIT YHIBEPCHTET 3aTi3HUIHOTO TPAHCIIOPTY iMeHi akazeMika
B. Jlazapsina, Byi. Jlazapsina, 2, J{ainpornerpoBebk, Yipaina, 49010, ten. +38 (056) 371 51 05, en. momrra lib@b.diit.edu.ua,
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exnt. nourra diit. media@gmail.com, ORCID 0000-0002-2616-0454

OIIHKA PE3YJBTATUBHOCTI HAYKOBUX JOCJIIKEHb:
BIBJIIOMETPIA

Meta. OCHOBHI ITOKa3HUKH Pe3yTbTATUBHOCTI HAYKOBHUX JOCIIIKEHb — 0i0JIOMETPUYHI MOKA3HUKH, € TOTYX-
HUM iHQOpPMAIIITHIM IHCTPYMEHTOM MIATPHUMKH PO3BUTKY HayKd. TOMy CHOTOIHI B YCHOMY CBiTi BOHH BiTHOCSTBCS
0 000B’SI3KOBUX €JIEMEHTIB y 3BITHOCTI HAYKOBUX YCTAHOB, YHIBEPCHTETIB, JOCITITHUIBKUX TPYIT Ta OKPEMHUX y4de-
HUX. BHXOISYM 3 BUIIEBHUKIIAJICHOTO, METOKO CTATTi €: 1) pO3KPUTTSA OCHOBHHX MOHSTH B GiGmiomerpii; 2) Bu3Ha-
YeHHs POJIi YHIBEPCHTETChKHUX 016JIOTEK y MmpolecaXx BUMIPIOBaHHS YHIBEPCHTETCHKOI HAYKH; 3) OIHC METOIUKH
nporpamu Bibexel ast anamisy mertamanux HaykoBux crareit. Meroauka. TeopeTHaHO0 6a3010 TOCIIKEHHS CTa-
nu myOuiKanii, 10 BUCBITIIIOIOTH CydYacHi mpouecH B 0i0iio- Ta Haykomerpii. [IpakTuyHoro 6a3or0 — MeTazaHi cTa-
Te, posmimnenux y: 1) BJI Scopus, aBropamu skux € BueHi J{HIMPONETPOBCHKOrO HAIIOHAIBLHOIO YHIBEPCHUTETY
3ai3HUYHOT0 TPAHCIIOPTY iMeHi akanemika B. Jlazapsina, 2) BJ] ScienceDirect, mpucBsiueHi po3BUTKY 3a1i3HUYHOTO
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TpaHcriopTy. PesyabraTn. Y Xo1i npoBeAeHHs IOCITIPKEHHSI aBTOpaMH OyJIO0 PO3KPUTO OCHOBHI 0i0iiomMeTpuyHi
noustTs. Onucana merojuka porpamu Bibexel aiis anamisy meTamanux, a came — aHanizy 3B s3KiB MiX CITiBaBTO-
paMu Ta aHaJli3y KIFOUOBHX CIIiB. 3 11 TOMOMOTOI0 BU3HAYCHO, 10 HAHOIIBII TOMOBUMI» TEMaMH JJIs JOCIITHUKIB
YCBOTO CBITY B rairy3i 3amisHu4HOTO TpaHcropTy B 2015 p €: minaHyBaHHS BUCOKOIIBHAKICHOTO PYXY, BU3HAYECHHS
KPUTHUYHOI IIBUJKOCTI, KOMIT FOTEpHUI pO3paxyHOK 3aJli3HUYHUX MOCTIB. JloBeaeHo, 10 choroHi pobora yHiBep-
cUTeTChKuX 010mioTeK CBiTYy 3 010110METPUYHIMH TTOKAa3HUKAMH SK IHAWKATOPaMH PO3BUTKY HAayKH IOCTYIIOBO CTa€
OHUM 13 TPOBIAHMX HampsaMiB ix misutbHOCTI. HaykoBa HOBH3HA. ABTOpamMH OOTpYyHTOBaHAa Ta peaii3oBaHa
MOKJTMBICTE TIPOBEICHHS Gi0IIOMETPUYHUX MOCIIKEHB 3a IOMTOMOTor0 mporpamu Bibexel B ymoBax o6meskeHoro
JIOCTYITy YHIBEPCHUTETCHKUX 0i0y1i0TeK YKpaiHu OO MIKHApOIHUX MOBHOTeKCcTOBHX B/l i 6a3 maHMX HayKOBOTO IIH-
TyBaHHA. PO3IIMpEHO ySBICHHSA MPO YHIBEPCUTETCHKY Oi0JIIOTEKY SIK CTPYKTYpPY, SKa NEPEeXOAUTh Bi yNpaBIiHHIL
HAayKOBHMH KOJIEKLISIMH N0 YNpPAaBIiHHA HayKoBMMH npouecamu. IIpakTHyHa 3HaymMicTh. Pesynbraté naHoro
JIOCITi[DKEHHSI MOXKYTh OyTH BUKOPHCTaHi: 1) IpH MPUAHATTI ONTHMAIBHOTO PIllICHHS 3 YIPaBIiHHS iHpOpMAIiiHu-
MH pecypcaMu 3 METOI0 BIOCKOHAJICHHS IpoleciB iHpopMaliiiHoro 3ade3neyeHHs Ta 00CIyroByBaHHS, B T.4. OLH-
KH HayKOBOTO BIUTHBY myOuikamiii BueHUX 1 HaykoBuX xypHanis BH3; 2) mpu oprauizamii cucteMu HaBYalnbHHX
ceMiHapiB, KypciB MiZBHUIIEHHs KBamidikarii, MalicTep-KiaciB, Jekuii i3 inpopmerpii.

Kniouosi cnoea: HayKoBi JOCIHIKEHHS; METOJAMKY OLIIHIOBaHHS PO3BUTKY HayKH; 0i0iiomeTpist; 6i0imiomMeTpuyHi
MOKa3HUKH; YHIBEPCUTETChKA HAyKa; YHIBEPCUTETChKI 6ibmioTeku; nporpama Bibexel; indbopmerpis
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V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 371 51 05, e-mail lib@b.diit.edu.ua,
ORCID 0000-0002-4603-4375
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PERFORMANCE ASSESMENT OF THE RESEARCH:
BIBLIOMETRICS

Purpose. Key performance indicators of the research are bibliometric ones which are a powerful informative
tool to support the development of science. Therefore, nowadays in the world they are related to the obligatory ele-
ments in reporting of scientific institutions, universities, research groups and individual scientists. Based on the
above stated, the purpose of the article is: 1) disclosure of concepts in bibliometrics; 2) definition the role of univer-
sity libraries in the processes of University research measuring; 3) description the program Bibexel methodology for
the analysis of the scientific articles metadata. Methodology. The theoretical base of the research is publications
covering contemporary developments in bibliometrics and scientometrics. Practical foundation — the metadata of
articles posted in: 1) Scopus database, authors are the scientists of the Dnipropetrovsk National University of Rail-
way Transport named after Academician V. Lazaryan, 2) ScienceDirect database, dedicated to the development of
railway transport. Findings. In the course of the study authors have disclosed principal bibliometric concepts.
A Bibexel program method for analyzing metadata, namely analysis of the links between co-authors and keyword
was described. With its help it was determined that the most «top» topics for researchers all over the world, in the
field of railway transport in 2015 year are: planning a high-speed movement, the critical speed definition, computer
calculation of railway bridges. It was proved that today the work of University libraries in the world with bibliomet-
ric indicators as an indicators of the science development, becomes one of the leading direction of their activity.
Originality. The authors substantiated and realized the bibliometric researchability, using Bibexel program in the
conditions of limited access at the university libraries in Ukraine to international full-text databases and Science
Citation one. Vision about the University library as a structure that moves up from the management by scientific
collections to the management by scientific processes was broadened. Practical value. The results of this study can
be used: 1) in making the optimal decision upon managing the information resources in order to improve the proc-
esses of information application and services, including scientific impact assessment of scientists publications and
scientific journals of the Universities; 2) in the organization of training seminars, training courses, workshops, in-
formetrics lectures.

Keywords: research; methodology for assessing the development of science; bibliometrics; bibliometric indica-
tors; University science; University libraries; Bibexel program; informetrics
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MNEPCHEKTUBU PO3BUTKY 3AJI3HUYHOI'O TYPU3MY YKPATHU
HA BY3bKOKOJIMHUX JITHIAX 3AKAPIIATTA

Meta. HaykoBa poOoTta Mae 3a MeTy:1) BU3HAUCHHS IEPCIICKTHB PO3BUTKY 3aTi3HHYHOTO TYpU3My YKpaiHH Ha
BY3bKOKOJIMHKUX JiHIAX 3akapmarts; 2) aHaji3 TEeXHIYHOro craHy BopikaBChbKOi BY3bKOKOJIHOI 3ami3HHLI AJIs
peaizanii MpoOeKTy BiAHOBIECHHS €(pEKTUBHOTrO (YHKIIOHYBAaHHS TIPCHKHX 3aJi3HMIb MIUPUHOIO Koutii 750 MM
B KapnarcpkoMy perioHi 3 MOJajbIIO MOXIHMBICTIO TX IPHEIHAHHS O PO3ralyKeHOI MIKHAPOIHOT TYPUCTHYHOT
Mepexi; 3) IOCIiPKEHHS CYy4acHOT0 CTaHy Ta TCHACHIIN PO3BUTKY TYPHCTUYHOI rainy3i YKpaiHu Ta macaxxupchKOro
TOCITOZaPCTBA BITUN3HIHUX 3aTi3HUITE; 4) BUCBITIIEHHS POJIi Ta MICIIS 3aTi3HUYHOTO TYPU3MY B CHCTEMI ITEpEBE3CHb.
Metoauka. EXCIIepTHOIO IpyNOI0 BUKOHYBAJIHMCh BUI3HI OTJISIIM Ta HATYpHI JOCHIHKEHHS 00'€KTiB KOJIIHOTO roc-
MOJIapCTBA Ta MACAKUPCHKOI iHPPACTPYKTYPH, PYXOMOTO CKIAAY W TOTOMIKHUX BUPOOHHUIITB, IO 3adidHI Y QyHK-
LIOHYBaHHI BY3bKOKOJIIHOT 3aii3HuL. Byno oliHeHo 3arajnbHUil TEXHIYHMHA CTaH 3aJi3HUYHOI KOJIT Ta IITYYHHX
CHOpY.l AUTSIHKK BY3bKOKOJIHHOT 3ami3Huli B Kapnarcekomy perioi. PesysabTaTn. Y pamkax BUI3HHX OTJISJIIB €KC-
MEPTHOIO TPYIOI0 BCTAHOBJICHO, L0 O0'€KTH KOJIHHOTO rOCHOAAPCTBA, MAaCAKUPCHKOI 1HYPACTPYKTYpH, pPyXOMOTo
CKJIaJy Ta JONOMDKHUX BUPOOHMITB, 3aJisIHNX Y (DYHKIIOHYBaHHI BYy3bKOKOJIHOI 3aJ1i3HUILI, 3HAXOATHCS B 3aHE-
n0aHOMy cTaHi Ta MOTPeOyIOTh 3HAYHUX OHOBJICHB 1 KaIlITAJIBHOTO PEMOHTY. AJie MapHIPYTH HMPOXOKEHHS Iaca-
JKMPCHKHX TOI3/1B 3aJIMINAIOTECS NPUAATHAMH JUIS Y4acTi B NPOEKTI PO3BUTKY 3aJi3HUYHOTO TypU3MYy YKpaiHH.
HaykoBa HoBu3Ha. Briepiie 3po0ieHo aHani3 cTaHy BY3bKOKOJIHHOI 3aJi3HUII [T ITOJANBINOI peari3allii mpoeKTy
3 PO3BUTKY 3alli3HUYHOTO TypuU3My B YKpaiHi. BukoHaHO aHami3 3apyOi>KHOTO JTOCBiAYy OpraHi3amii 3alli3HHYHOTO
TypusMy. JlocnimpkeHo cydacHuil cTaH i TeHACHLIT PO3BUTKY TYPUCTHYHOI raqy3i YKpaiHH, BU3HAUCHO Ta CUCTEMa-
TH30BaHO ()aKTOPU KOHKYPEHTOCIIPOMOXKHOCTI 3aTi3HHYHOTO TPAHCHOPTY IS 3a0e3NeUeHHs TYPUCTHYHUX TTepeBe-
3eHb B YKpaini. [lpakTuyHa 3HayuMicTh. BinHOoBiIeHHS Ta epekTuBHE (PYHKITIOHYBaHHS TiPCHKHUX 3aJi3HUID IIH-
punoro 750 MM y Kapnatcbkomy perioHi 1acTh HOIITOBX PO3BUTKY TypH3MY, MAIIMHOOYIyBaHHIO, OY/IiBHUIITBY Ta
EHEepreTuku. B Toii ske yac maHi Jii [O3BOJSATh HAPCIITI 3AIMCHUTH HAYKOBO OOIPYHTOBaHI ¢()eKTHBHI MPOTUIABO/I-
KOBI 3aX0/H, Kl 3aXUCTATh HACEJIEHHS Bl CTUXIMHUX €KOJOTIYHUX JIUX.

Kniouosi crosa: By3bKOKOIIINHA 3QUTI3HULS; TYPU3M; IHQPACTPYKTYpa; KOJIisl; LITY4YHI CHOPY/I; BiTHOBJICHHS,
KariTanbHiil peMOHT

mokety [10]. HaiisickpaBilmuM IpUKIamIoM, o ITi-
Beryn TBEP/KY€E BHIIE3a3HAYCHY TYMKY, € «CKOHOMIuHE
gqyno» O06’emHanux Apabcbkux Emiparis (OAE),
amke ume 30 pokie Tomy 73 % BBIT OAE 3a6es3-
MEeYyBAIUCh JI0XOaMH BiJl BUIOOYTKY Ta MPOJAKy
HaTU. Ane eeKTUBHI Ta NAJEKOTIAIHI pilIeHHS

3arajJpbHOBIAOMO, 11O TYpU3M — OJIWH 3 Hamps-
MKiB €(DEeKTHMBHOTO PO3BHUTKY €KOHOMIKH, IiJITPH-
MKH TEpUTOpiaJIbHAX TI'POMaJl, CTBOPEHHS HOBHX
po0oUYnX MICI[b Ta IMONOBHEHHS MICIIEBOrO OFo-
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HaWBHIOTO KepiBHHWITBA EMipaTiB Bke CHOTOMHI
3a0e3MeUyIOTh MOKIIMBICTD 3HMKCHHSI 3aJICHKHOCTI
ix ekoHOMIKHM BiJ HaTOBHIOOYBHOI ramysi Ta cyT-
TEBO OUBEPCH(DIKYIOTh HANPSIMKHU HAAXOIKEHb 10
oromkery. OmHAM 13 HANpsAMKiB AuBepcHudikarii
€ TYpUCTHYHA Trany3b. BiJMOBIZHO 10 3arajibHO-
PO3MOBCIOKEHNX Y cBiToBUX 3MI manux moxomu
Bia TypusMmy, mo ckiagand y 2013 p. 14 % BBII
OAE, OinbIll HIX y JIBa pa3u NEPEBUIIMIN BiJIO-
BiZIHI oX0aM Bix mpojaxy Hadrtu, mo y 2013 p.
cxiananu 5 % BBIL.

BpaxoBytoun Bejauue3Hy KUIBKICTH Mam’SITHUX
ICTOPUYHHX Micllb, 0COOIMBOCTI KyJBTypH Ta TO-
OyTy €THOCY, YHiKaJbHI TipChKi Ta PIBHUHHI Mic-
IIEBOCTI, IPUPOHI 3aKa3HUKH, y30epexoks YopHo-
ro ta A30BCBKOTO MOpiB, YKpaiHa, 0e3yMOBHO,
Ma€ IAHCH CTaTH <TYPUCTHYHOI MEKKOI» SK
Yy €BPOIEUCHEKOMY, TaK i CBITOBOMY MacIiTabax.
I mepmuM MoImTOBXOM JIJIsl IEOTO Mae OyTH PO3BU-
TOK Cy4acHOi €BpOIEHCHKOI TpaHCTIOPTHOI iH(pa-
CTPYKTypH: OYIiBHUIITBO Ta PEMOHT aBTO- Ta 3alli-
3HUYHUX JOPIT, TOBEIEHHS SKOCTI 0OCITyrOBYBaH-
HS TACaKUPIiB 1O HaWBUILMX CBITOBHX CTaHIApTiB.
B €Bponi HakoNMWYeHO BENHMKHHA TOCBiM MIOJ0 Op-
ragizamii TYpUCTCBKUX IIepEBE3CHb, SKi OpPTraHi3o-
BYIOTBCSl E€KCKypCiiiHUME moi3gamu. Haibinbin
PO3BHHEHO 3alli3HWYHUI Typu3sM B HimeuunHi,
lIsemii, HIsetmapii, CIIA, Iaxii. ®ipma Wagon
Lit € HAWMOTYXHIIIUM €BPOMEHCHKUM TypoIepa-
TOPOM, II0 OPTaHI30BY€E MOAOPOKi HA MIBUAKICHUX
Ta CyNepLIBUAKICHUX ekcrpecax. Ha amepukaHch-
KOMY KOHTHHEHTI (YHKIIOHYIOTh MAapIIpyTH
Tpanc-Kanana, Tpanc-Amepuka, Tpanc-Atnan-
tuka [11]. 3amisHUYHUI TYypU3M 3pyUHUIA JUIS JIFO-
Jed y OLIpIIOCTI KpaiH i Mae Taki mepeBard, sk
OUIBII CHOKIHHMIA CHOCIO TEepeMIlCHHS, MOXIIU-
BICTh HACOJIOJPKYBATUCS KpAaeBUAAMH, IIiJBHILE-
Huit komdopr [16].

Jinst epeKTHBHOTO PO3BUTKY 3aJi3HHYHOTO TY-
pu3My Horo HeOoOXiHO BUBUATH HA TEOPETUIHOMY
PiBHI, AOCHIKyBaTH HOTO OCOOIHMBOCTI MOPIBHSIHO
3 IHIIMMHU BUJIAMH TYpU3MY, IJIaHYyBaTU €Talu Ho-
ro peauizaiii B Ykpaini [7]. B [8] BucBitiowoThes
NEPCHEKTUBU BIPOBAKEHHS B YKpaiHi IOJi€BOTO
3aMi3HUYHOTO TypusMy. llomieBuit Typmsm — 1e
pI3HOBUJ TYpH3MYy, OCHOBHa METa SKOTO IPHCBS-
YyeHa sKiii-HeOyap icTopuuHiid moxii. HaiiGinpix
nmomupeHi — (pecTUBANBHUN 1 TACTPOHOMIYHUH pi-
3HOBHY IIOJIIEBOTO TypU3MY.

BpaxoByoun MHPOKY pO3TalyKeHICTh 3aii3-

HAYHUX KOJiH YKpaiHu, poib 3aTi3HUIHOTO TpaH-
CIOPTY HAa PHUHKY TYPHCTHYHHUX IEpPEeBE3CHb Ma€
BCi IIAHCH Ha 3BaHHS — FOJIOBHOTO. AJIXKe 3aJIi3HU-
YHAH TpPaHCHOPT € Oe3NneyHUM, EKOHOMIYHUM,
SKOJIOTIYHIM Ta HAWOIIBIN 3pYyIHUM IS TIepeBe-
3€HHS JI0 MYHKTIB MPU3HAYCHHS BEJIIMKOI KiIBKOCTI
MacaXupiB, caMe ToMy i OyJIO BUPINIEHO pPO3TIIs-
HYTH TIEPCIIEKTUBY HOTO 3aCTOCYBaHHS IS Tmepe-
MillleHHsS BITYM3HSHHUX 1 3apyODKHUX EKCKypcaH-
TiB.

AHari3 €BponenchbKoro JOCBIAY BIPOBAHKCHHS
Ta pealizaiii mporpam 3aJ1i3HHYHOTO TypHU3MYy BKa-
3y€ Ha MOXJIMBICTh CYTTEBOTO IIiJIBUIIICHHS PiBHS
JKUTTS MICIIEBUX TPOMaJ, BHACHIAOK (YHKIIOHY-
BaHHA TIPCHKUX BY3bKOKONIMHHMX 3alli3HUIL K
TYPUCTUYHUX 00 €KTiB. PO3BHTOK BY3BKOKOJIHOK
K TYPUCTUYHHX 00 €KTIB Ja€ CyTTEBUH MOIITOBX
IUISL CTBOPEHHS BIAMOBIAHOI TypucTW4HOI iH(ppa-
CTPYKTypH: OyAIBHHUIITBA TOTEINIB, 0a3 BiAIOYHHKY,
mo, 0e3yMOBHO, NpHU3BEAE A0 CTBOPEHHS HOBUX
poOOYUX MiCIlb, BIIMBAaHb KOIITIB MPUBATHHUX iHBE-
CTOPIB ¥ PO3BUTOK TYPUCTHYHOTO Oi3HECY PETiOHY.

Sk onMH i3 TPUKIAAIB, MOXIUBOCTI 3aCTOCY-
BaHHs 3aJi3HUYHOTO TPAHCIOPTY B TYPHCTHYHIMH
rayry3i € 9acTKOBO 30epekeHa 0 ChbOTOHI Mepeka
JUIOYMX BY3BKOKOJIHHHMX 3ai3HUIG (3 MIMPHHOKO
konii B 750 mM), moOynoBaHi 3a yaciB ABCTpO-
Yropmuan y KapnatcekoMy perioni Ykpainu. Ha
nmouaTky XX CTONITTS TIJIBKU MO 3aKaprarTio Mpo-
XOAWJIO Oinblie THCAY] KITOMETPiB BY3bKOKOJIHOK
PI3HOTO TOCMONAPCHKOTO MPU3HAUEHHS. B OCHOB-
HOMY iX MpOKJIagald y TOpU — JJIsl TIePEeBE3CHHS
Jicomarepiaiis.

Meta

Mertolo poOOTH € BH3HAYEHHS IEPCIIEKTHB
PO3BHTKY 3ai3HUYHOTO TypuU3My YKpaiHH Ha BY-
3bKOKOJIIHMX JiHIAX 3aKapHarTs Ta aHali3 TeXHi-
YHOTO CTaHy OO0’ €KTiB KOJIHHOTO TOCIIOapCTBa,
MacaXXMUPChKOi 1HPPACTPYKTYPH, pPyXOMOT'O CKIIaIy
1 IOTIOMIKHUX BUPOOHHUIITB, 3aiTHUX Y (YHKI[IO-
HyBaHHI Bop)kaBcbKOi BY3BKOKOJIMHOT 3ai3HUII
BIITIOBIZHO 0 HOPMATHBHHX IOKYMEHTIB [2—6],
BUKOHAHHsI POOIT 3 €KOHOMIYHOTO, COI[IaJIbHOTO
1 TEXHIYHOTO OOTPYHTYBaHHS MOXJIMBOCTI BKITIO-
YeHHS ITi€1 By3bKOKOJIWKHN B CYKYITHICTh TyPHUCTH-
YHUX HANpsIMKIB YKpaiHi.

Peaizaris mpoekTy BiHOBIEHHS €(hEKTUBHOTO
(YHKUIOHYBaHHSI TiPCHKUX 3ali3HHULB IIUPUHOIO
konii 750 Mm B 3akapmaTTi AacTh MOJJIUBICTb
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MPUETHATH 1X IO PO3TaTy’KeHOI MIXKHApPOJIHOI Ty-
pHCTHUHOI Mepexi. Moro BHPOBaKEHHs IacTh
MOIITOBX PO3BUTKY TYPUCTHYHOI 1HPPACTPYKTypH
periony, MammMHOOYIyBaHHIO, OYJIiBHUITBY Ta
S€HepTeTHIll, CTBOPCHHIO HOBUX p0oO0YHNX Micib. Lle
JTIO3BOJIUTH TEPUTOPIaIbHUM TpOMaZaM TipChKHX
paiioHiB HAOMU3UTH N0 KOXHOTO OYIMHKY BCI
MPUHAIM LMBUTI3AIT 1, SIK HACTIJOK, 3yNHHUTH
MIrpariiftHi IpoIecH, BUKIUKaHI 0€3p00iTTIM.

MeTtoanka

HermonaBHo cBiii CTOMITHIH IOBUIEH Big3HAYMIA
BopxaBcpka By3bKOKONiiKa, $Ka 3’€QHYyE paii-
meHTp IprmraBy i3 cemom XMinbHHUK, MicTOM BuHo-
rpajiB Ta MictoM beperose (B Hapoi 11 HA3UBAIOTh
«Kyrauibka AHIS»). Big KOMUINTHBOI 3aTi3HUIL,
nopxuHoro moHanm 100 kM, ska 3akiHUyBaiach
y MaJIbOBHHYIH MicrieBocTi Ykpaincekux Kapmar,
3aUIIAIOCh TPpUOIKM3HO 62 kM. [luM TpaHcmopToM
IIOJHS Y CBOIX CHpaBax i3aTh OJU3bKO MiBTHCAYI
MICIEBHUX KHUTETIB. 3a CIIOBaMH 3aJII3HIYHUKIB, 110
il eKCIUTyaTyroTh, ISl 3aJli3HULS € 30UTKOBOKO. XO-
Ya aBTOPU CTATTi MaJM HAroJly OCOOMCTO MEepeKo-
HATUCh y TYPHUCTHYHIH TPUBAOIMBOCTI IHOTO
00’ekTa iHOPACTPYKTYPH Ta TYPUCTUIHOTO MOTCH-
iaxy #oro 0To4y4o0i MiCIIEBOCTI.

Mix TuM, B €Bpori By3bKOKOJIHKH — 1€ 00'€K-
TH A1 OCOONMBOTO BUAY TypusMy. Y CyCiIHIH
VYropmuHi 3apa3 06€330MTKOBO IiIOTH NTBa IECATKH
By3bKOKomiiioKk. A B [lompmii ripceka bemanchka
JIopora MPOTSKHICTIO BChOro 35 KM IIOPIYHO TIe-
peBosuth 40 THcsu TypuctiB 1 otpumye 100 Twmc.
€BPO MPUOYTKY.

B pamkax cmiBmpami 3 «E€BpOMEUCHKHM COIO-
30M TPAHCIOPTHUKIB YKpaiHU», aKTHBOBaHA pea-
Ji3alisi IPOEKTy BiJHOBJICHHs €(pEeKTHBHOTO (yH-
KIIIOHYBaHHS TIPCHKHUX 3JII3HUIIH ITHPHHOIO KOl
750 MM B 3akapnarTi 3 MOJAIBIIOI MOXKIHUBICTIO
iX TpUENHAHHS [0 PO3TANTYKEHOI MIXHApPOIHOI
TYPUCTHYHOT MEPEXKi.

IIpoekt mnepenbavae, 30KpeMa, TOCITiIKEHHS
Cy4YacHOTO CTaHy Ta TCHIICHIIM PO3BUTKY TYpHC-
TUYHOI Taimy3i YKpaiHH Ta maca’kupchbKOro rocro-
apCTBa BITYM3HSHUX 3alli3HUIB, & TAKOX POJb
1 MicIe 3ai3HHYHOTO TypU3My B CHCTEMi IepeBe-
3€Hb, aHaJi3 3aKOPAOHHOIO JIOCBiAy opraHizarii
3aJTI3HUYHOTO TYpPU3My, BH3HAUEHHS Ta CHUCTEMa-
TH3aIil0 (PaKkTOpiB KOHKYPEHTOCIIPOMOXKHOCTI 3a-
J3HUYHOTO TPAHCIIOPTY AJIs 3a0e3MeYeHHs Ty pHC-
TUYHHX TIepEBe3eHb B YKpaiHi TOMIO.

VYHpaBimiHHS TakuM BEIUKUM IPOSKTOM, SK
MPOEKT 3 BiIHOBICHHS (PYHKIIIOHYBaHHSI TipChKUX
3aJII3HULb, JOLJIBHO 3M1HCHIOBATH BIAIOBIIHO 10
CydYacHHX MpHUHOUMIB. 3rigHo 3i cranaapToM ANSI
PMI PMBOOK (Project Management Body of
Knowledge) icuyroTh Taki (a3u BIPOIAOBK KHUTTE-
BOTO ITUKITY MPOEKTY:

— (¢a3a iHimamii — TmocTaHOBKa ITiieH, 30ip
BUMOT, PO3p0oOKa KOHLIEMIIIT TPOEKTY;

—  (a3a po3poOKH — IIIaHyBaHHS POEKTY;

—  daza peamizalii — moeranHuii MpoIeC BU-
KOHAHHS MPOEKTY,

—  (a3za 3aBepuICHHS — MPOLEC BUXOAY 3 MpPO-
CKTY.

JKuTTeBUH MUK TPOEKTY 3 BiTHOBIICHHS (PYyH-
KIIOHYBaHHS TiPCHKUX BY3bKOKONIHHUX 3aJli3HUIIb
MOJKe OyTH MOAUISHHH Ha TaKi (a3u:

—  JOCHIIKEHHS TEXHIYHOTO CTaHy TipCHKHX
BY3bKOKOJIIMHUX 3aJIi3HHUIIb;

— TpUKIagHI Ta JOCIiAHO-KOHCTPYKTOPCHKI

PO3po0KH;

—  BUNpOOyBaHHS TyPUCTCHKUX MapIIpyTiB,;

—  3amyckK TYPHCTCHKUX 3aJTI3HUYHUX
MapIIpyTiB;

—  TIPOCYBaHHS 1 peaizaiis.

EdexTrBHE BHKOHAaHHS MPOLECIB MPOEKTY BU-
Marae€ BiJl MEHEIKepa MPOEKTy 3HaHb B TAKHX ra-
Ty35X:

— yIpaBiiHHS JIOACEKUME pecypcamu (Project
Human Resource Management);

— ynpasminns Butparamu  (Project Cost
Manage-ment);

— ympasminas  3microm  (Project  Scope
Manage-ment);

— ynpasminus Ttepminamu (Project Time
Manage-ment).

— ympasminas  skictio  (Project  Quality
Manage-ment);

— ynopaBminHs ~ komyHikamismu  (Project
Commu-nication Management).

— ynopasminns  pmsukamu  (Project  Risk

Manage-ment);

—  yNpaBIiHHA ITOCTaYaHHSIMH 1 KOHTPAKTAMH
(Project Procurement And Contracts Manage-
ment).

HemonaBHo po3mnouana poOOTy BIAMOBIIHA €K-
cneptHa rpyna. [lo 1 ckiangy yBiHIIIM TojIOBa
I'pomanceroi panu mpu 3akaprarcekii OJJA De-
nip XapyTa, HayKOBIli JIHIIPOIETPOBCHKOTO HaIli-
OHAJIBHOTO YHIBEPCUTETY 3ai3HUYHOTO TPaHCIIOP-
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Ty im. akagemika B. Jlazapsua (JJHY3T) ta npen-
craBHUKH JITT'O «JIbBiBChKA 3aJTI3HUIA».

EkcniepTHa rpyna BUKOHaNa BUI3HI Oriisau 00'-
€KTIB KONIKHOIO TOCIOJApcTBa Ta iHQPACTPYKTY-
pH, 1m0 3afisHi y PYHKIIOHYBaHHI BY3bKOKOJIIHO1
3aJTI3HUII MPOTsKHICTIO Maibke 50 kM. B pamkax
ornsany OyJio OLIHEHO CTaH IITyYHHUX CHOPYX i 3a-
misEnYHO1 KoJiii Ha JiHii beperoBe — XMiNBHHK,
XMinbHUK — Bunorpasuis, XmineHuk — Ipmaga.

HatypHi mocmipkeHHs KOMICii mokasaid, IIo
3arajJbHUNA CTaH KOJii Li€l 3ali3HULI MOXe Xapak-
TEpU3YBaTUCh sSIK He3anoBinbHUE. Komis ykinageHa
Ha JiepeB’stHUX mimanax (aeski 3aii300eToHHi, Me-
Hire 5 % Bij 3aranbHOT KUTBKOCTI, 1HIWBIyaabHO-
ro MpoeKTyBaHHs). Maike Ha BCiil JOBKHHI KOJIii
BICYTHIN mieOeHeBUi OayacT, HasSBHI JeeKTH
mman. Illomo X TEXHIYHOTO CTaHy pPYXOMOTO
CKJIay — BiH MOTpeOye CYTTEBOTO OHOBJICHHS, HA
yac OOCTEKEHHS EKCILIyaTyBaBCs JIMIIEC OJUH I0-
i3m (puc. 1), mo ckimagaBcs 3 TEIIOBO3a Ta JBOX
MACaKUPCHKUX BAaroHiB. AJle MyCHMO 3a3HAYHTH,
10 MAJIBOBHHUYI KPAEBUIN 32 BIKHOM IIHOTO TI0i31a
(puc. 2) 3MyIIyIOTH MOBHICTIO 3a0yTH MPO TEXHIY-
HUH CTaH BY3bKOKOJNIWKH. AJDKE HaBiTh Jit04a Jii-
JITHKA KOJIii TIPOJIATaE 13 MaThbOBHUYOTO TIEPEATIp st
Kapnar no 3akapnaTcbkux piBHUH, MHUHAIOYH Tip-
CBKi CTPYMKH, PiYKH, JICH Ta IUIMHY, J€ MEIIKa-
FOTh TUKi TBAPHUHH 1 TITAXH.

BopkaBchbKy BY3bKOKOJIIHKY MOXKHA PO3JUIATH
Ha TpU JIISHKH, a came: cT. beperoe — cT. XMilb-
HUK; cT. BuHorpaniB — cr. XMiNbHHK; CT. XMilb-
HUK — CT. [pmiaBa, TeXHIYHUH CTaH AKUX OyJI0 MMpo-
aHaJi30BaHO OKPEMO.

Ha pinsani beperoe — XMinbHUK po3TalioBaHi
96 BomomponyckHUX TpyO Ta 5 Mammx 3amizobe-
TOHHUX MOCTIB. 3arajibHUi TeXHIYHUHU CTaH MITYY-
HUX CIOPY[l Ha I[i¥ JISAHIN — 3aA0BiIbHMNA. Bomo-
NPOMYCKHI TpyOH MOTpeOyIoTh PO3UMIICHHS BXif-
HOTO0 Ta BHUXIJHOIO pycel BOJOTOKIB, Ha MOCTax
HEeoOXiJTHE BiTHOBIICHHS EKCIUIyaTalliiHUX oOmari-
TyBaHb (MEpHIbHA OrOPOXKaA, TPOTYapHHH HACTHI),
PO3UUINEHHS MiJIMOCTOBOTO pyCIa.

Ha By3bkokomiiini ainsHii Bunorpanis — Xwmi-
JBHUK PO3TAILOBaH] TaKi IITYyYHI CIOPYIH.

—  BOJONPONYCKHi TpyOH — 37 mT;

—  MeTaJIeBi MOCTH — 2 T,

—  3aIi300€TOHHI MOCTH — 7 IIT.

Kouist ykianena Ha nepeB’ssHux mmmanax (meski
3a1i300€TOHHI, IHAWBIIYalbHOTO MPOEKTYBAHHS).
BopompornyckHi TpyOu 3HAXOASTHCS B 3aJIOBLIb-

HOMY CTaHi, ajie, K i Ha MMONepeHid TUTSHII, IMo-
TpeOyIOTh PO3YMILNEHHS BXiIHOTO Ta BHUXITHOTO
pycen BoioTokiB. Ha minmsHII 3HaxXonmsThCs JBa
MeTaneBux Moctd. llepmmii — cepemHiii mict 3a
cxemoro 19,80+52,00+19,20 na IIK 191+1,4 Oys
nobynoBanuii y 1884 porii (puc. 31 4).

.

Puc. 1. Pyxomuii ckirag bop:kaBcekoi By3bKOKOIIHKA

Fig. 1. The rolling stock of Borzhava
narrow gauge railway

Puc. 2. MicneBicTh HaBKOJIO BY3bKOKOJIIHKH

Fig. 2. The area around the narrow gauge railway

Puc. 3. 3aranpuuit Burisig mocty Ha [1K 191+1,4

Fig. 4. General view of bridge on PC 191+1,4
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3aJ1i300€TOHHI, 1HAWBIIYalbHOTO MPOEKTYBAHHS).
3aranbHUN BHIJIA] 3aJi3HUYHOI KOJIT 300pa)KeHO
Ha puc. 9.

s
Ao e
AN AW .A Y.~

I
il
Hi

! ’lﬁ
H
N
I
i
(]

Puc. 4. 3aranpHuii BUTIISLI MOCTOBOT'O ITOJ0THA

Fig. 4. General view of the bridge road

Hpyruii cepenniii mict 3a cxemoro 2 10,00 m .
Ha I1K 183+94,1 (puc. 5 i 6) mac Meranesi nporo- Puc. 6. 3aranbHuil BUTIIAN MOCTOEOTO
HOBi OyZ0BH — OaJloYHi 3 CYHIJIbHOIO CTiHKOIWO i3 nonotHa na MK 183+94,1.
1371010 10 BEPXY. Fig. 6. Generav view of the bridge
on PC 183+94,1

Puc. 5. 3araneauii Burnsg mocty Ha 1K 183+94,1

LT i + .
Fig. 5. Generav view of the bridge on PC 183+94,1 Prc. 7. 3aramsamit surasin mocty na [K 86+04,5

Fig. 7. General view of the bridge on PC 86+04,5

3aranpHUN TEXHIYHUI CTaH 000X MOCTIB — 3a-
JoBinbHUH. HeoOximHe BiTHOBJICHHS eKCILTyara-
HiifHUX 00JaTyBaHp (MEpUIIbHA OropoXkKa, TPOTY-
apHUil HACTUIT), PO3YHINEHHS TiZIMOCTOBOTO PyCIa.

3aranpHUN TEXHIYHUA CTaH 3ai300€TOHHUX
MOCTIB Ha JIiHIi — 3amoBibHUN. HeoOxinaHe BigHO-
BJICHHS OanacTHOI MPU3MHU HA MPOTOHOBHUX OYI0-
Bax (puc. 7), BiTHOBJCHHS EKCIUTyaTallifHUX 00-
JamTyBaHb (MEepuiibHA OrOpoKa, TPOTyapHHUH Ha-
CTHJI), YCYHEHHS HE3HAuHUX [Ie(eKTiB OeToHy

(puc. 8).
3aranpHUN TEXHIYHWA cTaH Koiii Ha miHii Ip- Puc. 8. 3araibuuii BUTIISL MOCTOBOTO NONIOTHA
maBa — XMUIBHUK — HE3aJ0BUTbHUH. BincyTHii Fig. 8. General view of the bridge road

nieOeHeBuil OanacT, HasBHICTD JeQeKTiB IIma.
Komisi ykimageHa Ha JepeB’sHHX mmanax (Ieski
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Puc. 9. 3aranpHuii BUDIISLI 3QII3HUYHOT KOJIIT
Fig. 9. General view of a railway track

Ha ginsxni Ipmasa — XMinbHUK po3TaloBaHi
TaKi MTYYHI CIIOPYIH:

—  BOJOIPONYCKHi TpyOH — 46 mT;

—  MeralieBi MOCTH — 1 1T;

—  3ami3o0eroHHi MocTH — 15 mT.

Bogompormyckai TpyOM 3HaXOIATHCS B 3a/I0Bi-
JBHOMY CTaHi, ajieé TOTpeOyIOTh PO3UMILEHHS BXi-
JHOTO Ta BUXIAHOTO Pycel BOAOTOKIB.

3anmizoberonauii mict Ha 1K 429+04,9 3Haxo-
IUTHCSl B aBapiiiHOMY CTaHi — BiJICYTHSI TPOMIXKHA
omopa (puc. 10 i 11), yepe3 1o 3MiHeHA cTaTHYHA
cxema poOOTH MOCTY.

Puc. 10. 3aranpuuii Burisia mocty Ha [1K 429+04,9
Fig. 10. General view of the bridge on PC 429+04,9

s

Puc. 11. 3aransHuii BUTIISII MOCTOBOIO IIOJIOTHA

Fig. 11. General view of the bridge road

IHm1i 3ami300€TOHHI MOCTH Ha JIiHII 3HaXOAATh-
csi B 3amoBiunbHOMY craHi. [loTpeOyroTh BiIHOB-
JieHHs1 0anacTHOI MPU3MH Ha IPOrOHOBUX OyA0BaXx,
BiIHOBJICHHSI eKCIUTyaTalliiHuX oOnamTyBaHb (Tie-
pUIIbHA OrOpOXa, TPOTYapHUI HACTHII), YCYHEHHS
He3HauHMX Je(eKTiB OETOHY Ta PO3UMIICHHS ITiJI-
MOCTOBOTO pycIa.

PesyabTaTtn

ExcniepTHOIO TpYIOrO BUKOHAHI BUI3HI OTJISAIH
00'eKTIB KOJIMHOTO TOCMONApCTBa, MACAKUPCHKOT
1HGPACTPYKTYpH, PyXOMOTO CKJIaay i JONOMIKHUX
BUPOOHUIITB, 3alisHUX y (QYHKIIOHYBaHHI BY3bKO-
KOJIIHOT 3alli3HUIlI MPOTSHKHICTIO Maibke 50 K,
IO JI03BOJIUTH BHU3HAYUTH OOCSTH pOOIT s Bij-
HOBJICHHS 3aTi3HUYHUX KOJIH mmMpuHO0 750 MM
Ta CyNyTHHOI iHYPACTPYKTYPH.

B pesynbraTi ornsiy BcTaHOBIIEHO, IO iH(pa-
CTPYKTypa BY3bKOKOJIIHHOT 3JTi3HUIT 3HAXOIUTHCS
B 3aHe0aHOMY CTaHi i MOTpedye 3HAYHUX OHOB-
JIeHb 1 KamiTaJbHOTO PEMOHTY 3 MPUYUHM (iHaH-
CyBaHHS 1€l IOpOrM TPOTAroM Oijble HIX
20 pokiB 3a 3aJIMIIKOBUM ITPHHLIUIIOM. AJie Mapii-
PYTH TPOXOIKEHHSI MAaCAKUPCHKUX IMOI3MiB 3aiu-
MIAIOTHCS MPUIATHUMH JUISL Y4acTi B MPOEKTI po3-
BUTKY 3QJII3HUYHOTO TypU3My YKpaiHu.

HaykoBa HOBH3HA Ta MPAKTUYHA
3HAYHMICTEH

Jua momansmoi peamisarii IpoeKTy 3 pO3BUTKY
3aJi3HUYHOTO Typu3My B YKpaiHi Boepiie Oyio
3po0JICHO aHaJIi3 CTaHy BY3bKOKOIIHHOI 3aTi3HUIL.

[IpakTu4Ha 3HAYMMICTH LBOTO IIPOCKTY IyXKe
3HaYHA, ajpke repeadadae, 30KpeMa, JOCTiHKeHHS
Cy4YacHOTO CTaHy Ta TCHJCHLIN PO3BUTKY TypHC-
TH4HOI ramy3i YKpaiH{ Ta Maca’kupChbKOro rocro-
apCTBa BITYM3HSHUX 3alli3HUIG, & TAKOX POJb
1 Miclie 3ai3HUYHOTO TypU3MY B CHCTEMi IepeBe-
3€Hb, aHaNi3 3apyODKHOrO JOCBiLy opraHizamii
3aJi3HUYHOTO TYPHU3MY, BH3HA4YCHHS Ta CHCTEMa-
TH3aIiI0 (aKTOPiB KOHKYPEHTOCIPOMOXKHOCTI 3a-
J3HUYHOTO TPAaHCIOPTY I 3a0e3MeueHHs! Typuc-
TUYHUX IIepeBe3eHb B YKpaiHi TOLIO.

Kpim toro, BigHOBNIEHHS Ta edeKkTuBHE (PyHK-
[IOHYBaHHS  TIPCBKUX  3QJMI3HUIL  HIMPHHOIO
750 MM B 3akaprnaTcbKOMY PETiOHi — MPOEKT He
TUTBKH peanbHUi, a ¥ eKOHOMIYHO HEOOXITHUH.
Moro BHpOBAa/KEHHs NACTh IIOMITOBX PO3BHTKY
MalmHOOYAyBaHHs, OyJiBHUITBA 1 CHEPreTHKU
1 JO3BOJUTH HapeIuTi 3AIHCHUTH HAyKOBO OOTPYH-
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TOBaHI €(QEKTHBHI IPOTUIIABOIAKOBI 3aXOIH, SKi
y0Oe3neuaTh HACEICHHS BiJ| CTUXIMHHMX Ta €KOJIOTi-
YHUX JIHX.

Ha croroani 6ararti nmpupoaHO-peKpeariiHi pe-
cypcu 3akapmaTChKOTO PETiOHy — JIKYBaJIBbHI Mi-
HEepajbHI BOJH, JIICOBI, JaHAIIAa(THI, TiaPOIOTIUHI
1 CHeNeosoriyHI pecypcu 1 00’€KTH TPUPOTHOTO
3aroBiTHOTO (OHIY — BUKOPHUCTOBYIOTHCS JTAIEKO
HE MOBHOIO Mipo0. Y TOMY 4MCHi 1 4epe3 ciadky
KOMYHIKalliifHy JOCTYNHICTh MEPCHEKTHUBHUX IS
OCBOEHHSI B TYPUCTHYHO-PEKpEALlifHUX LiIAX Te-
pUTOpi Ta HE3aJAOBUILHUI CTaH TPAHCIOPTHOI
1HPPACTPYKTYpH TYPUCTHYHO-PEKPEALIITHOTO KOM-
IUIEKCY B TiIpCbKUX paiioHax. ToMy ogHuM 3 rono-
BHUX 3aBJIaHb €()EKTUBHOI'O BUKOPUCTAHHS KOHKY-
PEHTHHX TiepeBar TypHCTU4YHOI ramy3i Kapmnarce-
KOTO PETioHy € 3a0e3MeueHHs] TOCTYITHOCTI Mepexi
criertiaaizoBaHux 00’ €kTiB podiTbHOI iHpacTpy-
KTypH. ¥ TOMY YHCIi 1 By3bKOKOJIHHOIO 3aJli3HU-
LEI0, KO0 OJHOYACHO MOXYTh CKOPHCTAaTHCS Be-
JIUKI TPYTIH TYPHUCTIB.

BucHoBxku

1. Buxonasi BUWi3HI orisigd 00’ €KTIB KO-
HOT'O TOCIIOJIAPCTBA, MACAXHUPCHKOI iHPPACTPYKTY-
pH, pyXOMOTO CKJIaIy i TOTIOMIKHUX BHPOOHHIITB,
3aiAHUX y (DYHKI[IOHYBaHHI BY3bKOKOJIMHOT 3aJTi-
3HHII TPOTSDKHICTIO Mabke 50 KM, JO3BOJISIOTH
BH3HAYUTH 00CATH pOOIT AJI PEMOHTY 3ali3HUY-
HUX KOJIiH mupuHOW 750 MM Ta cynyTHBOT iH(pa-
cTpykrypu. Lle nae 3mory mouatu poboTu 3 eKo-
HOMIYHOTO, COIIaJbHOTO i TEXHIYHOTO OOIPYHTY-
BaHHS MOJJIUBOCTI BKJIFOUCHHS ITi€i BY3bKOKOJIiii-
KA JO CYyKYINHOCTI TYPUCTHYHHX HAIPSIMKiB
VYkpainu. J[omibHO BUKOHATH aHANOTidHI poOOTH
Ha BCIX JUITHKAX BY3bKOKOJIHHWX 3aJi3HUI 3a-
KapnarTs ¥ 1HIIMX o0iacTeldl perioHy s mojalib-
101 MATOTOBKU BUXIJHUX JaHHUX IIOJI0 BU3HAYCH-
Hs 00cATY pOOIT 1 3HaXO/KEHHS IHBECTHIIH s
BIJTHOBJICHHSI I PEMOHTY 3ali3HHMYHUX KONIH IIHU-
puHoto 750 MM i cymyTHBOI iHQPACTPYKTYpH.

2. B pamkax orismy BCTaHOBIEHO, IO iH-
dbpacTpykTypa By3bKOKOJIHHOI 3aJIi3HUIN, 3 TPH-
YMHU (iHAHCYBaHHS LI€T TOPOTH MPOTATOM OijbIIe
20 pokiB 3a 3aJIMITKOBUM IIPHHIIAIIOM, 3HAXOIUTh-
¢S B 3aHEI0AHOMY CTaHi i MOTpeOye 3HAYHUX OHO-
BJICHb 1 KalliTalIbHOTO PEMOHTY. AJie MapHIpyTH
MPOXO/PKEHHS MACAKUPCHKUX TMOT3/IB 3aTUINAI0Th-
csl MPUAATHUMH JUIA y4acTi B MPOEKTI PO3BUTKY
3QITI3HUYHOTO Typu3My Ykpainu. ChOromHi 3aii3-

HHIS BUKOPHCTOBYETHCS ISl TACAKUPCHKOTO CII0-
JYYCHHS! MiXK HaceJIeHUMH ITyHKTaMHu TUITHKA Bu-
HorpaaiB—XMinbHUK—IpmaBa i Bifirpae BaXJIUBY
POIIb Y CYCITIIBHOMY JKUTTI PETiOHY.

3. JlochmimKeHHS iCHYIOYOTO CTaHy Mepexi
TIPCHKUX BY3BKOKOIMHUX 3aJli3HHIIb, IO 3aJIHTIIE-
Hi y crmafok YkpaiHi 3 yaciB ABCTpO-YTOpPCHKOT
Immepii, moka3anu, Mo NaHi 3ali3HUII MOXKYTh BU-
KJIUKATH BEJIMKY 3alliKaBJICHICTh 3-IIOMDK BIiTYH3-
HSHUAX Ta 3aKOPIOHHUX TYPHCTIB SIK OKpPEMi TypH-
CTHYHI 00’€KTH, TaK i K 00 €KTH TypUCTHUYHO] iH-
(bpacTpyKTypH, BUKOHYIOUH POJIb KapHaTchKol Ty-
PUCTUYHOI TPAHCIIOPTHOT MEPEXKi, IO MOXKE CTATH
e OJHIEI0 TYPUCTUIHOIO POJ3MHKOIO 3aKapmat-
CbKOTo perioHy. ToMy, TOCHTh aKTyaJIbHOIO 3aja-
Yel0 € 3aJy4eHHs KOLITIiB JIepKaBH Ta NPUBATHUX
1HBECTOpIB JAJIsI PEMOHTY ICHYIOUMX, BiJIHOBJICHHS
po3ibpaHmx Ta OyIiBHHIITBA HOBHX IUISHOK ITHX
3aJTi3HUIIb.

4. TlpoexT 3 BIiHOBJEHHS Ta E(QEKTUBHOTO
(yHKITIOHYBaHHS TipCBKUAX 3ali3HUIG IIHPHHOIO
750 MM B 3akapmaTcbKOMY pETioHi Ma€ €KOHOMid-
HY Ta COlialbHy BaKIUBIiCTh. 1100 BIPOBaKEHHS
JIACTh TOLITOBX PO3BHTKY MalIMHOOYIyBaHHS, Oy-
JBHUIITBA 1 EHEPTETHKY 1 JO3BOJIUTH HAPEIIITI 3iH-
CHHUTH HAayKOBO OOIPYHTOBaHi e(peKTHBHI mpoTHUra-
BOJIKOBI 3axony, sKi yOe3revaTh HACEIICHHS BiJl
CTHXIMHUX Ta €KOJIOTIYHHUX JIUX.

5. Ilicna BUKOHAHHS TEXHIYHOTO OOCTEXEHHS
BY3bKOKONIHHUX 3aI3HUIL 3aKapmarTs W iHIINX
obyacTeil perioHy aBTOpPH IUIAHYIOTH PO3POOUTH
METOJIM OpTraHizalii TYpUCTUYHHX TepeBe3eHb 3ali-
3HAYHUM TPAHCIIOPTOM TI0 BCilf YKpaiHi. AIke Ha-
1mIa KpaiHa 3aiiMae oJlHe 3 MPOBITHUX MiCIlb B €BpO-
mi 3a piBHEM 3a0€3MeYCHOCT] LiIHHUMH TPUPOJHUMH
Ta KyJbTYPHHUMH pecypcaMu. 30Kpema, MH MaeMo
Taki 00’ extn Beecsitaboi ciaamuman FOHECKO, sax
cobop Casaroi Co¢ii Ta mpuiersi MOHAaCTHUPCHKI
cnopyu, Kueo-ITeuepcrka naBpa, ancamOib icto-
pHUYHOTO HEeHTPY JIbBOBA, ITyHKTH T'€0AE3MYHOI TyTH
Crpyse, nepeB’sHi 1epkBu KaprmaTchkoro periony,
OiocdepHumii 3amoBiHUK «AckaHis-HoBa» Ta iHmimi.
CaMe TOMYy CTBOPEHHS CUCTEMHHX 1 KOMIUIEKCHHX
YMOB JUISl TIOIIMPEHHS TypU3My Ta 3MIIHEHHS Ky-
POPTIB MarOTh CTaTH OJHHM i3 MPIOPHUTETIB 3a0e3-
MIEYEHHS CTAJIOTO PO3BUTKY SIK OKPEMHX PETiOHIB,
TaK i Aep>KaBHU B LLIOMY.
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INEPCIHHEKTUBBI PA3BUTHUA ) KEJE3HOAOPOKHOI'O TYPU3MA
YKPAUHBI HA Y3KOKOJIEMHBIX JINUHUSIX 3AKAPIIATHS

Henn. Hayunas pabora cBoeil wembi0 mMeer: 1) ompenesieHne IEPCIeKTHB Pa3BUTHUS JKEIE3HOIOPOKHOTO
Typu3Ma YKpauHbl Ha y3KOKOJCHHBIX JIMHUSAX 3aKaprarths; 2) aHaJIN3 TEXHUYECKOrO COCTOsHMUsI BopikaBCcKoi y3Ko-
KOJICHKHM JUI peau3aliy MPOEKTa BOCCTAHOBIECHHS 3((EKTUBHOTO (DyHKIIMOHUPOBAHUS TOPHBIX JKEJIE3HBIX J0POT
mupuHod myt 750 MM B KapraTtckom pernoHe ¢ mociemyrolmieil BOSMOKHOCTBIO UX NPUCOSIMHEHHS K pacrpene-
JEHHOW TYPHUCTHYECKOM CeTH; 3) MCCIIEA0BaHNE COBPEMEHHOTO COCTOSIHHS M TCHICHIIMI Pa3sBUTHS TYPUCTHYECKON
oTpaciy YKpauHbI M MACCAKHUPCKOTO XO3SIMCTBA OTCYSCTBEHHBIX JKEIE3HBIX NOPOT; 4) BBISCHEHHE POJIH U MECTa
JKEJIE3HOJIOPOKHOTO Typu3Ma B CHCTEMe NepeBo30K. MeToauka. DKCIEpPTHOW TPYIION BHINIOIHAINCH BBIC3THBIC
OCMOTpHI ¥ HATYpHBIE MCCIIEA0BaHUSI 00BEKTOB MyTEBOrO XO3SIMCTBA M MACCAKUPCKONW MHPPACTPYKTYPHI, TOIBUXK-
HOTO COCTaBa M BCIIOMOTATEJIbHBIX ITPOM3BOACTB, 337€HCTBOBAHHBIX B (DYHKIIMOHUPOBAHUM y3KOKOJICHHOW Kene3-
HOU jopory. beuto orieHeHo 0011ee TEXHNIECKOE COCTOSIHUE JKeJIE3HOOPOKHOTO MYTH U MCKYCCTBEHHBIX COOpPYIKe-
HUIl ydacTka y3KOKOJIeITHOH »kene3Hoi goporu B KapnatckoM peruone. Pedyibrarel. B pamkax BeI€3JHBIX OCMOT-
POB 3KCIIEPTHOH TPYNITON yCTAaHOBIICHO, YTO OOBEKTHI ITyTEBOTO X035 CTBA, MACCAKUPCKON MHPPACTPYKTYPHI, TIOA-
BIDKHOTO COCTaBa M BCIIOMOTATENBHBIX MPOM3BOJCTB, 33/1€HICTBOBAaHHBIX B (PyHKIMOHHMPOBAHWM Y3KOKOJIEHHOMH
JKEJIE3HOW JOpPOTH, HAXOIATCS B 3aMyIIEHHOM COCTOSIHUHM M TPEOYIOT 3HAYMTENbHBIX OOHOBICHUH M KaIUTAIBHOTO
pemoHTa. Ho MapmipyThl Ciie0BaHUs MACCAKUPCKUX IOE3/10B OCTAIOTCS MPUTOAHBIMU ISl Y4aCTUS B IIPOEKTE Pa3-
BUTHS JKEJIC3HOAOPOKHOTO TypusMa Ykpaunsl. HayuHasi HOBU3HA. BriepBeie BBINOIHEH aHAIN3 COCTOSIHUS Y3KO-
KOJIEHHOM KeJIE3HOIN JAOpOTH I MOCIIEYIOEN pealnn3alry MpoeKTa Mo Pa3BUTHUIO KEJIE3HOAOPOKHOIO TypU3Ma
B YkpauHe. BrinonHen aHanu3 3apy0eKHOTO OIbITa OPraHM3aliy KeJIe3HOIO0pOKHOro Typu3Ma. Mccienosatno co-
BPEMCHHOC COCTOAHUE U TCHACHIUN Pa3BUTUA TypHCTH‘IeCKOﬁ oTpacjin praI/lel, OIPCACIICHBI U CUCTEMATU3UPO-
BaHbI (h)aKTOPBl KOHKYPEHTOCIIOCOOHOCTH HKEJIEe3HOJOPO’KHOTO TPAHCIOPTa /ISt 00eCIedeH s TypUCTHUECKHX TIepe-
BO30K B YkpauHe. IIpakTHueckasi 3HauuMocTh. Boccranosnenne u 3¢dexriBHOEC QyHKINOHUPOBAHHE TOPHBIX
JKeJIe3HbIX jopor muprHoi 750 MM B KapnarckoMm pernoHe AacT TOTYOK PasBUTHIO TypH3Ma, MalIMHOCTPOCHHUS,
CTPOMTENBCTBA M SHEPTETHKU. B TO ke Bpemst TaHHBIE JEHCTBHS MO3BOJISAT HAKOHEL OCYIIECTBUTH HAY9HO 0OOCHO-
BaHHBIE 3(EKTUBHBIE TPOTHBOIIABOIKOBBIE MEPONIPHUATHS, KOTOPbIE 00€30MacAT HaCceIeHHE OT CTUXHHHBIX 3KOJIO-
THYECKHX OEICTBUI.

Kniouesvle crosa: y3KOKOJeWHHas XKeJe3Has AOpOra; TypH3M; HWHQPPACTPYKTypa, IyTb; HCKYCCTBEHHBIE CO-
OpYXEHHsI; BOCCTAHOBJICHHUE; KAIIUTAIBHBI PEMOHT
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PERSPECTIVES OF UKRAINIAN RAILWAY TOURISM
DEVELOPMENT ON NARROW-GAUGE LINES OF ZAKARPATTIA

Purpose. The purpose of the paper is: (1) the definition of perspectives development of Ukrainian railway tour-
ism on the narrow gauge lines of Zakarpattia; 2) technical condition analysis of Borzhava narrow gauge railway for
the project to restore the effective functioning of mountain railways track, width 750 mm in the Carpathian region,
with the possibility of their accession to the distributed travel network; 3) the study of the modern state and tenden-
cies of development of tourist industry of Ukraine and the passenger economy of national railways; 4) clarification
of the role and place of the railway tourism in the transportation system. Methodology. The expert group has carried
out field inspections and field investigations of facilities track facilities and passenger infrastructure, rolling stock
and ancillary industries involved in the functioning narrow-gauge railway. It was estimated the overall technical
condition of the railway track and engineering structures section of narrow-gauge Railways in the Carpathian region.
Findings. In the framework of on-site examinations of the expert group found that the objects of tracks, passenger
and freight infrastructure, rolling stock and ancillary industries involved in the operation of narrow-gauge Railways
are in poor condition and require significant updates and major repairs. But the routes of passenger trains remain fit
for participation in the project of development of railway tourism of Ukraine Originality. For the first time the state
of the narrow-gauge railway for further implementation of the project on the development of rail tourism in Ukraine
was realized. The analysis of foreign experience of organization of railway tourism has been carried out. The mod-
ern state and tendencies of development of tourist industry of Ukraine was studied, the factors of competitiveness of
rail transport for providing tourist transport in Ukraine were identified and systematized. Practical value. The re-
covery and effective functioning of mountain railways with a width of 750 mm in the Carpathian region will give an
impetus to the tourism development, engineering, construction and energy. At the same time, these actions will al-
low us to finally implement a scientifically-based effective flood control measures that will protect the population
from natural environmental disasters.

Keywords: narrow-gage railway; tourism; infrastructure; track; artificial constructions; restoration; overhaul
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NUMERICAL DETERMINATION OF HORIZONTAL
SETTLERS PERFORMANCE

Purpose. Horizontal settlers are one of the most important elements in the technological scheme of water purifi-
cation. Their use is associated with the possibility to pass a sufficiently large volume of water. The important task at
the stage of their designing is evaluating of their effectiveness. Calculation of the efficiency of the settler can be
made by mathematical modeling. Empirical, analytical models and techniques that are currently used to solve the
problem, do not allow to take into account the shape of the sump and various design features that significantly af-
fects the loyalty to a decision on the choice of the size of the settling tank and its design features. The use of analyti-
cal models is limited only to one-dimensional solutions, does not allow accounting for nonuniform velocity field of
the flow in the settler. The use of advanced turbulence models for the calculation of the hydrodynamics in the settler
complex forms now requires very powerful computers. In addition, the calculation of one variant of the settler may
last for dozens of hours. The aim of the paper is to build a numerical model to evaluate the effectiveness of horizon-
tal settling tank modified design. Methodology. Numerical models are based on: 1) equation of potential flow;
2) equation of inviscid fluid vortex flow; 3) equation of viscous fluid dynamics; 4) mass transfer equation. For nu-
merical simulation the finite difference schemes are used. The numerical calculation is carried out on a rectangular
grid. For the formation of the computational domain markers are used. Findings. The models allow calculating the
clarification process in the settler with different form and different configuration of baffles. Originality. A new ap-
proach to investigate the mass transfer process in horizontal settler was proposed. This approach is based on the de-
veloped CFD models. Three fluid dynamics models were used for the numerical investigation of flows and waste
waters purification. Practical value. The developed models have more capacity than the existing models in Ukraine.
The developed models allow calculating quickly the efficiency of water purification in settlers. The models are not
computationally expensive. Calculation time of one variant of the problem takes few seconds.

Keywords: CFD model; settlers; mass transfer; water purification

of settlers would directly or indirectly affect the
Introduction rest of water treatment process. The design of set-
tlers with the high deposition rate is critical and
has been the subject of many theoretical, experi-
mental and numerical investigations [1, 6, 10, 11,
12, 13, 14].
Nowadays to receive more effective work of
the horizontal settlers with comprehensive geomet-

It’s known, that sedimentation by gravity is one
of the most common approaches for the removal of
suspended solid particles from water in water
treatment plants. This physical process is used in
settlers. The engineers know that the performance
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rical forms, different kinds of baffles and plates are
proposed by designers. According to this the real
lack of methods to calculate the efficiency of these
settlers is an obvious problem.

To calculate the efficiency of horizontal settlers
the empirical models are widely used in Ukraine
[3, 15]. These models do not take into account the
geometrical form of the horizontal settlers and the
peculiarities of the sedimentation process. There-
fore, it is important to develop CFD models having
more capabilities to simulate the process of the
waste waters treatment in settlers and which do not
need much computational time for running and
allow taking into account the geometrical form of
settlers [1, 10, 9, 16].

Purpose

The objective of this paper is the development
of the effective computer models (CFD models)
which are more effective than the employed in
Ukraine models and which can be used for predic-
tion of the horizontal settler efficiency.

Methodology

Mass transfer model. To simulate the process
of water purification in the horizontal settler the
transport equation (1) is used [1, 7, 10]:
oC ouC o(v-w)C
—+ + +

ot ox

oC =

_g( @}3 x)
ox "X ox oy fy oy
where C is the concentration; u, v are the velocity
components in x, y direction respectively; w — is
the settling velocity; o — is the parameter taking
into account the process of flocculation and decay;
. My are the coefficients of turbulent diffusion in
X, y direction respectively; x; , y; are the Cartesian
coordinates;

The transport equation is used with the follow-
ing boundary conditions [1, 5, 8, 10]:

— inlet boundary: , where C_— is the known

E
concentration (in the case study of this paper it is
dimensionless and equal to CE =100);

— outlet boundary: in numerical model the
condition C(i+1,j)=C(i,j) is used. Here,
C(i+1,j) is the concentration at the outlet boundary

cell (this boundary condition means that we ne-
glect the process of diffusion at this plane).

C(i, j)is the concentration in the previous cell.

Initial Condition:

C=0, for t=0 [13].

Fluid Dynamic Models. To simulate the flow in
the horizontal settler three fluid dynamic models
were used.

The governing equations of the first model are

1) Poisson equation for flow function [4, 8]:

o’y 0y
PRI
ox: 0y

—0 )

2) Equation of the vorticity transfer [4, 8]:

6_0)+6Um+0V(D:0 3)
ot 0x oy

ov ou . ..
where ® =——— is vorticity.
oxX 0y
The components of the water flow velocity in-
side the settler are determined as follows:

TP AV
ox ' oy
The initial and boundary conditions for these
equations are shown in [4].
The governing equation of the second model is
[1, 4,6, 8]:

0°P  0°P

PR

ox~ oy
where P is the potential of flow. The boundary
conditions for this equation are discussed in [4, 8].

The components of flow velocity inside the set-
tler are calculated as follows [5]

oP oP
u=—, VvV=—o
OX oy
The governing equations of the third model
(Navier — Stokes equations) are equation (5) and
equation (6).
Equation (5) is Poisson equation for flow func-
tion [11, 12]:

0, (4)

o’y 0°
S B (5)
ox: 0y
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Equation (6) describes vorticity transfer in fluid
[8, 12]:

on duw Vo 1 (d*e o
=t (6)
ot ox oy Relox® oy

where Re =\i is Reynolds number.
A%

Boundary and initial conditions of this fluid
dynamic model are discussed in [8].

Flocculation modeling.

To model the process of flocculation the fol-
lowing equation is used [12, 13]

O('j—fz Kgz-C-G*-K,-C-C,-G,

where C is concentration of primary (large) parti-
cles; C, —initial concentration; K — experimentally
determined coefficient for floc aggregation; Kg —
experimentally determined coefficient for floc
break up; G —mean velocity gradient.

Computation of settling velocity.

To compute the settling velocity the following
model is used [12, 14]

W= WO (e_ Ki(c—Crin) _ e Kz (€=Cpyin) )

where K;, K, are experimental constants [5, 12].

Numerical solver.

Numerical integration of governing equations is
carried out using rectangular grid. The geometrical
form of the horizontal settler in the numerical
model is created using porosity technique (markers
method) [1, 8].

To solve the equation of potential flow (4) Sa-
marskii A. A. implicit difference scheme is used
[8]. At the first step Laplace equation (4) is written
in the following form

2 2
o _op otp 0
on  ox° oy
where 1 is the ghost time.
At the second step the time splitting procedure
for equation (7) is used [8]
_Pi,nj+]/2 + F’i,nﬂ2

+
Ay?

: (8)

R -RI* R -RY .
0,5An AX?
_F’i,njw2 + Piﬂﬁz Ria-PRy
+ v + Y +
_P_n_+1/2 + P_n_+]/2
= v e ()

Components of the velocity are calculated us-
ing expressions (10):

P.—-P..
u. =—-4 L] V.. =

U Ax Y Ay

PR

(10)

To start the numerical integration of equation
(7) it is necessary to set the initial condition in the
form P=P, (for example P,=0).

To solve equation of the vorticity transfer (3)
the two steps difference scheme is used [8]:

— at the first step of splitting the difference
equation is

et et et
2 n + 2 +
; ;© o +Ui+1,j‘9i,j —U; 051
At AX

+ +
Vi, j+195,j — Vi, j O

i1 _g.
Ay ’

— at the second step of splitting the differ-
ence equation is

n+l n+l - n+l - _n+l

; i +ui+l,jmi+1,j_ui,j0)i,j N
At AX
- n+1 - n+l
+Vi,j+lmi,j+1_vi,jwij _0.
Ay

The unknown meaning of vorticity is obtained
from these expressions using the explicit formulae
of «running calculation».

To solve Poisson equation (2) the following
difference scheme of splitting is used [8]:

— at the first step of splitting the difference
equation is

n+% I
Vij Vi Vi
At 2’
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— at the second step of splitting the differ-
ence equation is

1 1 1 1 1
n+E n n+E n+E n+E n+E
Vijp” —Vij _ Vi TViag Vit TVija.

At AX? Ay? ,

— at the third step of splitting the difference
equation is

3 1 3 3 3 3
n+Z n+E n+Z n+z n+z n+Z
Vij “Vijt Vi mVigo Vi T Vi
— at the last step the difference equation is

n+1 n+Z —

Vij  —Vjj _ 9ij

At '

where

1
©j,j = (ml j TOI-1, j+19j-1, j-1 + O, j—l)

Velocity components are calculated using the
following expressions

_Vija Vi,
Ty

Vi, j — Vi, j

AX

i

To solve equation (6) the change triangle dif-
ference scheme is used [8]. First of all velocity
components are written in the following form

u:u++u‘:quIuI —u
2 2
S U I e
vV=v +v = > > (1)

After that the convective derivatives are ap-
proximated using the following expressions:

outw

8X ~A+ ( |+1Ja)|J ul Ja)l lJ /AX
ou” - - .

ox zAxwz(uiﬂ,jwiu,j‘”LJ‘“’LJ’)/AX’
ovie

oy = Ayo =(Vi+,j+1a)i,j _Vifiwi'i—l)/Ay’

ov w
oy

~ANjo= (Vii,j+1a)i,j+l ~Vi @i )/Ay '

The second order derivatives are written as fol-
lowing:

02 -
o = e e
2
8260 + -
o et =

(1) a7,

The difference approximation of the equation
(6) can be written as follows

;)] —a),J
At

+(A; + A5 +A +A;)(a)”+1§+(1—§)a)”)=

1e — 4
=R—e(LXX+LXX+LW+LW)x

x(@™E+(1-£)a")
or
(E+AE)(A% +Ag + A} +Ay o™ -

—é—zg(l_;x Ly + L+ L;N)a)”“ -
=(E —At(l—;‘)(A; + Ay +A +A§))a)” +
At . .
+R—e(1—.§)(L;X Lot Ly + Ly Jo”

where & is parameter

If £=1/2 we have the difference scheme

which has the second order of accuracy in time.
The change triangle difference scheme for equ-
ation of vorticity transfer is written as follows
1

(E +%(A; +A;)—%(L;x + L;,))w”*z -

:(E—%(A; +A;)+%(L;X + L;,y)ja)"
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(E +%(A; +A;)-%(L§X + L‘yy)jw””:

:(E _%(A; +A;)+2A—Rte(L;x " L;y)ja)m;.

Using these expressions the unknown meaning
of vorticity is computed using «running calcula-
tion» [8].

To solve the mass conservation equation (1)
the implicit difference scheme of splitting is used
[1, 8]. At first step the physical splitting of equa-
tion (1) is carried out:

oc ouc o(v—w)c

—+ + +o0c=0
ot 0x 0X

dc_of,00) 0f oo
ot _ox\"ax) oyl ay
At the second step the following approximation
of the first order derivatives are used [5]:

n+1 n

ot At
ouC ou'C ¢
OX OX OX

vC _ov'C L C

oy oy oy
+ n+l , + ~n+1
oaute Yi+1 G UG- 4 onet
~ =T,
OX AX
_ — 1 - 1
ou C Ui+1,jCin++1,j—UijCinj+ — o+l
~ =L, Cc",

0X AX

+ n+l1__+~n+1
ovte Mij+1G TGt venea

oy Ay y
— n+1 -~n+1
ovC Vi, j+15i, j+17VijCij _ o+l
oy Ay y '

The second order derivatives are approximated
as following:

n-+1

2 G

chl _C.”Jil.
1] 1-1,] - ~N+l + ~Nn+l
—Hyx =M CT+ M, C )
2 AX2

n+1 n+l
ay y ay A Ay2

N+l ~n+l
SN
Hy, T o T

— ~n+l + ~N+1l
M yyC +M yyC
Ay

Here we use notation v=v-w. In these formu-
las L;,L;,LJ{,,LQ,L;, L;,M;&,M;X, etc. are the no-

tations of the difference operators [8].

After the approximation the solution of the dif-
ference equation is splitted in 4 steps [1, 8]:

- at the first step k=1/4 the difference
equation is:

G k- Ci 1

+~k  +~k), T AN _
AT +§(Lxc +LyC )+EC|J_O_

— at the second step k=n+1/2;c=n+1/4
the difference equation is:

K C
ck ¢t
u+1(|_;ck+L‘ck)+5cik=o

At 2 y 2 1

. 1
— at the third step k=n+%;c=n+§ the
difference equation is:
Kk c
Gj ~Cij _
At
_IIMT cCamp kM cCamt ek |;
2 XX yy vy
— at the fourth step k =n+1;c:n+% the differ-

ence equation is:
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k c a)
Cij —Cij

At

_lim- ckimictim™ ckim® col.

2{ xx vy yy

The developed numerical models where coded

using FORTRAN. b)

Findings

The developed computer models were used to
compute water purification in the horizontal set-
tlers with comprehensive geometrical forms, dif-
ferent kinds of baffles and plates:

Fig.1. — horizontal settler with baffle and verti-
cal plate;

Fig. 2. — horizontal settler with perforated baf-
fle (a) and with water injection into the working
part of settler (b);

Fig. 3. — horizontal settler with system of
plates.

Y

0 X

Fig. 1. Concentration field in the horizontal
settler with baffle and vertical plate
(inviscid vortex flow model)

In Fig. 1-3 the concentration field in the settlers
is shown. The concentration is presented using «In-
teger» form of number. Every number shows the
percentage of the concentration in the computa-
tional cell. The maximum concentration is at the
inlet cell (it’s equal to «99») and the smallest con-
centration is in the outlet cell. This concentration
shows the efficiency of the each settler.

The computational time was 10 sec — 5 min to
solve the fluid dynamics problems and masstrans-
fer using the developed numerical models.

Results of numerical integration models equa-
tions described in Table 1

Fig. 2. Concentration field
in the horizontal settler with:
a) perforated baffle; b) baffle and water
injection (model of potential flow)

X

Fig. 3. Concentration field in the horizontal
settler with system of plates
(model of Navier-Stokes equations)

Table 1

Results of numerical experiment

Settler Efficiency
With baffle a_nd vertical plate 92 %
(Fig. 1)
With:
a) perforated baffle; 79 %
b) baffle and water injection 90 %
(Fig. 2)
With system of plates 0
(Fig. 3) 65%
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Originality and practical value

A new approach to investigate the mass transfer
process in horizontal settler was proposed. This
approach is based on the developed CFD models of
different level. Three fluid dynamics models were
used for the numerical investigation of flows in the
settler. These models use the rectangular grid and
porosity technique to create the form of the settler
in the numerical model. The developed models
have more capacity than the existing models in
Ukraine. The developed models allow computing
quickly the efficiency of water purification in set-
tlers. The models are not computationally expen-
sive.

Conclusions

Three CFD models were developed to compute
the flow field in horizontal settler. These models
are based on the equations of inviscid fluid dynam-
ics models and Navier-Stokes equations. The proc-
ess of mass transfer in the horizontal settlers is
simulated using convection-diffusing equation.
Numerical study based on the developed models
was carried out. Results illustrate that the devel-
oped models can be used to simulate the process of
water purification for settlers having comprehen-
sive geometrical form.
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YUCEJBbHUM PO3PAXYHOK POBOTH 'OPU30OHTAJIbBHUX
BIJCTIHHUKIB

Meta. ["'opu30HTaNBHI BiCTIHHUKY € OJHUM i3 HalBa)KJIMBIIINX €JIEMEHTIB Y TEXHOJIOTIUHIM CXeMi OYHMIICHHS
BOJIH. [X 3aCTOCYBAHHS TOB'SI3aHO 3 MOMKIIMBICTIO TIPOIYCKY JOCHTh BEIUKHX 06CATiB Bou. [Ipu pekoHCTpyKILii a60
NPOCKTYBaHHI TOPH3OHTAJIBGHHUX BIACTIHHHMKIB BHHHUKA€ BIANIOBiJAIbHE 3aBIAaHHS IIOJO OLIHKH iX €()EeKTHBHOCTI.
Po3paxyHok edeKTHBHOCTI BiACTiHHHKA MOXXe OyTH BUKOHAHMI METOJOM MaTeMaTHYHOTIO MOJENIOBaHHs. EMmipu-
YHi, aHAJITHYHI MOJIEINIi Ta METOIUKH, AKi Ha JAaHWH Yac BUKOPHUCTOBYIOTHCS JJIsl PO3B’s3aHHS MOCTABJICHOI 3ajadi,
HE JIO3BOJIAIOTH BpaxyBaTd (OpMy BIICTIHHMKA Ta Pi3HI KOHCTPYKTHBHI OCOOJIMBOCTI, HIO 3HAYHO BILUIMBA€E Ha
BIPHICTH TPHHHATTS pIMICHHA MOJ0 BHOOpPY poO3MipiB BiACTIfHMKAa Ta HOrO KOHCTPYKTHBHHX OCOOJIMBOCTEH.
BukoprcTanHs aHANMITHYHUX MOZAETIEH 0OMEXEHO JINIIEe OJHOBUMIPHUMHE PO3B’sI3KaMH, 110 HE T03BOJISIE BPaXyBaTH
HEepiBHOMIpHE TOJIe IIBUIKOCTI MOTOKY Yy BIACTIHHMKY. BHKOpUCTaHHS CydacHHMX Mojejed TypOyJeHTHOCTI AJIs
PO3paxyHKy TiIpOJUHAMIKH Y BIACTIHHUKY CKIaqHOT (popMHU NOTpeOye B AaHUH Yac qyKe MOTYKHUX KOMII IOTEPIB.
Kpim 11poro, po3paxyHOK OJJHOTO BapiaHTy BiJICTIHHMKA MOXE TPUBATH JICCSITKU TOMUH. Y JaHill poOOTI pO3TIITHYTO
NoOy0BY YHCENBHUX MOJETeH sl OLIHKN e€EeKTUBHOCTI POOOTH TOPH30HTAIBHOTO BiICTIHHMKA Mou]iKoBaHOT
KOHCTpyKLii. MeTonuka. B ocHOBY Monenell moknajaeHo: 1) moTeHUianbHUI pyX iAeanbHOl PiAuHM; 2) BUXPOBHUI
pyX imeanbHOI pimunu; 3) BUXpoBuil pyx peansHol pizuuu (piBHsHHS Has'e-CTokca); 4) piBHAHHS MacomepeHoCy.
Jnst  9ucenpbHOro pO3B’s3aHHS PIBHAHb BHKOPHCTOBYIOTBCS pI3HMIIEBI CcxXeMH. UYHWCENbHHI pPO3paxyHOK
3IIACHIOETECS Ha MPSIMOKYTHIN pi3HUIEBiH citii. s dopMyBaHHS BUIY pO3paXxyHKOBOI OONACTI Ta BHIUICHHS 11
0COOJMBOCTEH 3aCTOCOBYETHCSI METOX MapKyBaHHsS. Pe3yabTaTm. Po3poOneHi umcenbHiI MoJeni TO3BOJIOTH
po3paxyBaTH MpOLEC OCBITJICHHS BOJAM B TOPHU3OHTAIBHUX BIACTIHHUKAX pisHOT (opMH Ta 3 PpI3HUMHU
koH(iryparisimu mnactid. HaykoBa HoBu3Ha. [IpencraBieHo HOBHI MiJXiJ] Y OCIIDKEHHI Ta pO3PaXyHKY pOOOTH
TOPU3OHTAJILHUX BIACTIMHUKIB pi3HOI KoHQirypamii. /laHuil miaxin IPYHTYEThCS Ha YHCEILHOMY IHTErpyBaHHI
PIBHSHB pyXy piIMHM Ta MacomnepeHocy aomimku. IlpakTtmuyna 3HaummicTh. Po3pobneHi uucenbHi Mopeni
PO3paxyHKy poOOTH FOPHU3OHTAILHUX BIICTIHHUKIB MPE SIBJIIOTH HEBEIHUKI BUMOTH JIO MOTYKHOCTI KOMIIFOTEPHOT
TexHiKHM. Yac po3paxyHKy OJHOTO BapiaHTa 3aBJaHHS CTAHOBUTH KiJIbKa CEKyH[I.

Kniouosi croea: uuceiibHa MOJIEIb; TOPU30HTAIBHIN BIICTIHHUK; OYHCTKA BOIU
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YUCJEHHBIN PACUET PABOTHI TOPU30HTAJBHBIX
OTCTOMHUKOB

Ieasn. ['opusoHTANIbBHBIE OTCTOMHUKU SIBISIOTCS OJHHUM U3 BOXKHEMIIMX 3JEMEHTOB B TEXHOJOTMYECKOW CXEMeE
OYHUCTKH BOJIbI. IX TPUMEHEHHE CBS3aHO C BO3MOXKHOCTBIO IPOIYCKA JOCTATOYHO OOJIBIIMX 00BbEMOB BOIbBI. [Ipu
PEKOHCTPYKLUU UM MPOEKTUPOBAHUN FOPU3OHTAIBHBIX OTCTOMHUKOB BO3HUKAET OTBETCTBEHHAS 3aj]jaua 10 OLICHKE
ux 3¢ dexTuBHOCTH. PacueT 3()(EKTUBHOCTH OTCTOMHWKA MOXET OBITh BBIMIOJIHEH METOJIOM MAaTeMAaTHYCCKOTO
MOJICTTUPOBAHUS. OMIUPUUYECKUE, AHATUTHUYECKUE MOJIEIM W METOJUKH, KOTOpbIE B HACTOsILEEe BpeMs HC-
MONIB3YIOTCS TSl PEeIICHHs MOCTABICHHOHN 3a/laud, He TO3BOJIIIOT YIeCTh POPMY OTCTOMHUKA W PAa3TUIHBIC KOHCT-
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PYKTHBHBIE OCOOCHHOCTH, YTO 3HAYUTEIBHO BIMSAET HA BEPHOCTh MPHHATHS PELICHUS 110 BEIOOPY pa3MepOB OTCTOM-
HHUKa M €ro KOHCTPYKTHBHBIX 0COOCHHOCTEH. VICTIONB30BaHIE aHATUTHIECKUX MOJENIEH OrpaHN4EHO TOJIBKO OHO-
MEPHBIMH PEIICHUSAMH, HE MO3BOJIAET yUECTh HEPABHOMEPHOE I10JIE CKOPOCTH TOTOKA B OTCTONHMKE. Vcrons3oBa-
HHE COBPEMEHHBIX Mojeiell TypOyJeHTHOCTH sl pacueTra THAPOJUHAMHKH B OTCTOMHHUKE CIIOXHOW (opmbl
TpeOyeT B HacTosillee BpeMs OYCHb MOIIHBIX KOMIIBIOTEPOB. KpoMme 3TOro, pacdyer oHOro BapuaHTa OTCTOMHHKA
MOXET IPOJIOJDKATBCS JEeCATKH 4YacoB. Llenbio paboThl SBISIETCS MOCTPOSHHE YHMCICHHOH MOAENH [yl OLIEHKH
3¢ PEKTUBHOCTH TOPU30HTAIBHOTO OTCTOWHUKA MOAN(MUINPOBaHHON KOHCTpYKIMK. MeToanka. B ocHOBY Mozeneit
MOJIOKEHO: 1) MOTEHIMATBHOS IBHKCHHS HMACATBHOW KHMIKOCTH; 2) BHXPEBOC IBIDKCHHE HACATBHOW KHUAKOCTH;
3) BuxpeBoe ABWKEHHE peanbHOIl skumkocTu (ypaBHeHus Haebe-Crokca); 4) ypaBHeHHe MaccomepeHoca. s
YHCIEHHOTO PEIICHUS MOJACIUPYIONINX YPaBHEHHH HCIIOJB3YIOTCS PAa3HOCTHBIE CXeMbl. UNCIICHHBIH pacder
OCYIIECTBIISICTCS HA MPSIMOYTOJILHOM pa3HOCTHOM ceTke. st hopMHUpOBaHUs BUAa pacdeTHON OONAaCTH M BBIAEIE-
HUSI €e 0COOEHHOCTEH MPUMEHSETCS METO/I MapkupoBaHus. Pe3yabTaThl. PaspaboTaHHbIe YHCIEHHBIE MOJIENN I10-
3BOJIIIOT PACCUUTATh MPOLECC OCBETICHUS BOJBI B TOPU3OHTAIBHBIX OTCTOMHMKAX pa3iudHON (OpMBI U ¢ pasnud-
HbIMH KoHGwurypausiMu miactud. Hayynasi HoBu3Ha. [IpeacTaBineH HOBBIM MOAXOJ B MCCIEIOBAaHUU M pacyeTe
paboThl TOPU3OHTAIBHBIX OTCTOMHUKOB PA3IMYHON KOHGUTryparyy. JJaHHbIA T0JX0 OCHOBBIBACTCSI HA YUCICHHOM
MHTETPUPOBAHUM YPaBHEHUH IBIDKEHUS KUIKOCTH U MacconepeHoca npuMecu. IIpakTuyeckas 3HaYUMoOCThb. Pas-
paboTaHHBIE YHMCICHHBIE MOJIENIM pacyera pabOThl TOPU3OHTAJIBHBIX OTCTOWHHKOB IPEIBSBISIOT HEOOJIbIINE
TpeOOBaHMSI K MOIIHOCTH KOMIIBIOTEpHON TEeXHHMKH. Bpemsi pacuera OJHOTO BapHaHTa 3a/ladyd COCTABISIET
HECKOJIBKO CEKYH].
Kniouesvie cnosa: uncineHHas MOJelb; TOPU3OHTAIBHBIN OTCTOMHUK; OYMCTKA BOJIBI
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METHODICAL APPROACH TO DEFINING INFRASTRUCTURE
COMPONENT OF THE COSTS FOR THE PARTICULAR
PASSENGER TRAIN TRAFFIC

Purpose. In the scientific paper a methodical approach concerning determining the infrastructure component of
the costs for traffic of the particular passenger train should be developed. It takes into account the individual charac-
teristics of the particular train traffic. Methodology. To achieve the research purposes was used a method which is
based on apportionment of expenses for the traffic of a particular passenger train taking into account the factors af-
fecting the magnitude of costs. This methodology allows allocating properly infrastructure costs for a particular train
and, consequently, to determine the accurate profitability of each train. Findings. All expenditures relating to pas-
senger traffic of a long distance were allocated from first cost of passenger and freight traffic. These costs are di-
vided into four components. Three groups of expenses were allocated in infrastructure component, which are calcu-
lated according to the certain principle taking into account the individual characteristics of the particular train traffic.
Originality. The allocation method of all passenger transportation costs of all Ukrzaliznytsia departments for a par-
ticular passenger train was improved. It is based on principles of general indicators formation of each department
costs, which correspond to the main influential factors of operating trains. The methodical approach to determining
the cost of infrastructure component is improved, which takes into account the effect of the speed and weight of
a passenger train on the wear of the railway track superstructure and contact network. All this allows allocating to
reasonably the costs of particular passenger train traffic and to determine its profitability. Practical value. Imple-
menting these methods allows calculating the real, economically justified costs of a particular train that will cor-
rectly determine the profitability of a particular passenger train and on this basis it allows to make management de-
cisions on amendments to the existing schedule. Also, the cost of using the infrastructure for a particular train and its
profitability can be determined with the help of PC due to this method.

Keywords: infrastructure; costs; speed; weight of the train; the profitability of a passenger train

calculating the profitability of trains. To determine
Introduction the profitability of trains, income are taken from
the program certificate G-100 for a specified
period of time (the amount of income from tariffs
in Ukraine and seat reservation), and the costs are
calculated on the base of consolidated and

Today in Ukraine there is no a single method of
determining the efficiency of a particular passenger
train, but there is only a certain procedure for
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individual expense rates, identified by passenger
traffic costing on the Ukrzaliznytsia [4]. The calcu-
lation reflects the direct costs of all households are
attributable to passenger tarnsportation and indirect
costs, which are distributed on passenger transpor-
tation proportionally to corresponding figures.
Based on the operating costs and the volumes of
passenger traffic expendable rates are calculated .

The problem is that expendable rates do not
include individual characteristics of a particular
passenger train traffic, such as speed, comfort,
class of a train, seasonality and running term. All
this leads to distorted information about the costs
of a particular train running, the profitability
calculation of a particular passenger train and as
a result the non-objective management decisions
making relative to amendments in to the existing
train schedule and efficiency upgrading of
passenger transportation.

The comprehensive theoretical and methodical
approach to the determination of the profitability
of a particular passenger train has not yet been
suggested. Also there is no methodical approach
for calculating the costs of infrastructure
component for a specific train, which would take
into account all the individual characteristics of
a passenger train movement.

Previous studies analysis

The problem of determining the profitability of
an individual passenger train, and in particular the
definition of infrastructure component costs of
a specific train in Ukraine, such scientists
Yu. S. Barash [1, 6, 7, 14] T. Yu. Charkina [15]
V. V. Chornyy [16, 18], T. M. Blyznyuk [2, 17],
N. O. Bozhok [3], N. M. Kolesnykova [5],
V. V. Skalozub [14] etc. researched recently.

I. P. Korzhynevych, Yu. S. Barash, M. B. Kurhan
devoted their research to determining the depend-
ence of track infrastructure deterioration from
increasing train speeds. In a study [6] researchers
found that the calculation the impact of trains on
infrastructure through the given turnover is not
accurate because it does not take into account
a number of technical and operational factors.
Analytical dependence, obtained by the authors in
the course of their research, determine the
relationship between the quality state of infra-
structure and quantitative indicators of influence,
they characterize exactly the influence of the latter

(speed, type of rolling stock, infrastructure state)
on deterioration of a railway track and catenary
system.

Purpose

To distribute the costs of all households on
Ukrzaliznytsia upon transportation of passengers in
long-distance and international traffic to a specific
passenger train. To develop the methodical
approach to defining the infrastructure component
of the costs for the particular passenger train raffic,
that takes into account the individual
characteristics of this train movement.

Methodology

The methods of theoretical generalization,
logical and systematic analysis, synthesis,
formalization, statistical processing, and analysis
of information and method of expert evaluations
were used.

Findings

In order to find the costs for movement of
a particular passenger train one should allocate all
costs of passenger transportation in the domestic
and international traffic from freight and passenger
transportation costing. Then divide them into
separate components:

1. Passenger component;

2. Aninfrastructure component;

3. Locomotive component;

4. Motor car component.

Certain groups of costs are formed in each
component. For their calculation is used a specific
principle taking into account the individual
characteristics of the train.

All costs of operation, maintenance and repair
of the infrastructure can be divided into the
following:

Costs of passenger services;

Costs of suburban passenger service;

Costs of transportation facilities;

Costs of a locomotive facilities;

Costs of car facilities;

Costs of a track facilities;

. Costs of installation and construction
works, civil structures;

8. Costs of automation, telemechanics and
communications facilities;

NouswNE
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9. Costs electricity supply system;

10. Costs of material and technical facilities;

11. Costs of railway administration;

12. Costs of raiway traffic management and
railways subdivisions under their authority.

Based on an analysis of all costs included in the
infrastructure component, were formed three
groups of expenses that are calculated according to
different principles (Fig. 1).

In her scientific work Charkina T. Yu. [15]
proves in order to increse the competitiveness of
passenger trains on the transport market one should
implement primarily their new classification,

which takes into account the organization of
movement depending on the running period during
the day, distance and speed, term and comfort
travel, type of rolling stock and source of financing
their activities. This will further determine the
optimal distances and timing of a trip by various
rolling stock for commuter, regional, interregional
and high-speed passenger trains and significantly
reduce their loss ratio.

In this paper we consider only long-distance
passenger trains that are designed to carry
passengers for a distance of over 500 km within
Ukraine and beyond (Fig. 2).

Costs distribution for particular passenger trains of the infrastructure
component and expenditures

Costs of household International Costs
: ¢ transportation costs: Track facilitv on
Passenger; suburb; locomotive; car; transportati on I tr":"k % 2
L L

facility;

Passenger facility and infrastructure

commuri cations; electricity supplv svstem: material
and technical fadlities; rail
traffic management and railwavs subdivisions under
their anthority

ay administration: raiway

transport ation one

Fig. 1. The principles of costs distribution on a particular passenger train upon
with infrastructure cost component upon articles to determine its effectiveness

The name of the train ” e
i : Leng-distance trains
accordinly service area
_ - Teibem st
HNightintercin Infarcin Interciny sxpracss Internations
it " - SXNETEE5
The maximum a1 20 R e 1 Within Within Outsids Cutside
. LAY AVV-oV W F =W - - — . - B -
diztance, km Ukraine Ukraines Ukrzine Ukraine
The averags route | ... ... =0 On T o 10 —ron 110-140
O- 140 02 0-140 -89 D-140 G
speed km [ h
Waytime kil 7 5-1¢ 8-10 ill 24 il 16

Funding source

Fig. 2. Classification of passenger trains in Ukraine for the running period,
service area, speed of movement, a source of funding in today’s market
and the introduction of high-speed traffic [15]
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To determine the cost of a particular train one need
to be able to calculate the costs relating to a specific
group of trains, the number of these trains, taking into
account movement period, the number of cars in the

train and speed.

As discussied earlier, speed and weight of a train
impact on energy consumption, traction of trains and

deterioration of a track infrastructure.

infrastructure  necessary to individually
calculate and attributed to a specific passenger
train.

Fig. 3 shows the costs structure of the
passenger train depending on the speed,
running time, the number of cars in the train
and annual car-mileage.

In view of the above, the cost of movement of
passenger trains and their impact on the wear track

Impact factors for infrastructure costs within a particular
train
Intemational Car-mileage Speed Running Quality of cars
trains petr year movement period
r b b r r
w
= 2
= = = =
Ell =1 2 5 5
= = ] i E
= = = —

Fig. 3. Impact factors on the cost value of a particular train
for the infrastructure maintenance

The first group of expences can be divided into
two subgroups. The first subgroup includes the
costs of infrastructure facilities directly involved in
the transportation of passenger (excluding inter-
national transportation), commuter, locomotive,
car facility and transport sector (excluding inter-
national transportation). Under the Nomenclature
Costs of the main economic activities of railway
transport [9], this subgroup expenses include items
such as: 4 001, 4 003, 4 005, 4 007, 4 030, 4 033,
4034, 4037, 4040, 4041, 4042, 4060, 4061,
4 153 etc. That is the cost of current and capital
repair of fixed assets related to passenger transpor-
tation and transport facility, building servicing,
constructions, equipment and inventory connected
with passenger transportation and belonging to
transport facility; maintenance in the program M-1
of passenger cars on the route, arrival and
departure of trains at the passenger and other
stations, overall repair, roundhouse servicing of
maintenance vehicles, overall repair of vehicles,
machinery, equipment, etc. In the calculation of the
second subgroup there are follow costs:

installation and construction works, civil
structures upon items such as: 4 185, 4 187, 4 189,
4195, 4197, 4199,4201, 4204, 4206, 4208,
4 210-4212, 4 240-4 247 etc.;

automation, telemechanics and commu-
nications facility, numbers 4 301-4 304, 4 400-
4 409, 4 412-4 415 etc,;

electricity supply system, numbers 4 500-
4 507 etc.;

material and technical facilities, numbers
4 050-4 054 etc.;

railway administration upon items such as
4 600, 4 606, 4607 etc.;

raiway traffic management and railways
subdivisions under their authority 4 420, 4421,
4 601-4 604, 4 609 etc.

Also this group includes the costs of track
facility that are not related to costs for deterioration
of a track and contact system. According to the
Nomenclature they are as following: 4 101, 4 102,
4104, 4105, 4107, 4108, 4111, 4113-4116,
4120, 4122, 4125, 4127, 4128, 4130, 4131,
4134, 4137, 4140, 4142, 4144, 4147, 4 149,
4150, 4 152-4 154, 4156, 4158, 4160, 4162,
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4164-4 166, 4168-4171, 4181-4183, 4062,
4 063. This is the cost for current work of
maintenance vehicles, other works of track
machinery of heavy type, current maintenance of
yards, single replacement of rail sleepers and
replenishment and replacement of ballast on yards,
single replacement of rails, replacement and
replenishment of fastenings, rail anchors and other
elements of permanent way at yards, maintenance
control of tracks, crossings and artificial structures,
maintenance of protective afforestation, works
against snow and water, track facilities operation,
overall repair, complex and curative, medium and
enhanced medium repair of yards and roadbed with
them, overall repair of artificial structures on the
main tracks and yards, replacement of turnouts,
rails at the yards, replacement of wooden crossing
sleeppers, overall repair of crossings, mechanisms
machinery of equipment and platforms; medium
repair of switchgears at yards; reconstruction of
curves; amortization of a permanent way and
roadbed at yards; amortization of vehicles and me-
chanisms, engaged in all kinds of repair,
afforestation, artificial structures on the tracks;
welding, grinding and other rails processing;
current work, overall repair of permanent assets in
rail welding trains and their amortization. In
general, those cost items that do not depend on the
speed of trains running.

All above expenses for all types of passenger
trains, without exception, in proportion to the
number of cars in the train, running period per year
and annual mileage. And it is calculated by the
formula 1.

(C?ac'ntlrain Tll'/N)ll ’ Fac
fac = (1)
>nS

i

where C:

fac
commuter, locomotive, car facilities and traffic one
for a specific passenger train (electric train, diesel-

train), UAH; Y — direct costs under the items of

fac

— costs under the items of passenger,

passenger, commuter, locomotive, car facilities and
traffic one for all trains during the reporting period,

UAH; n! — number of cars in the i-th train,

train

which costs are calculated, cars; 1' — mileage in
the i-th the passenger train in the reporting period,

km; Tri — running period of i-th train, twenty-four
hours; N — number of days in the reporting

period, twenty-four hours; ZnS — total mileage

of passenger cars during the reporting period, cars,
km.; F,. — coefficient taking into account accrual

of production overhead costs, administrative costs
and sales expences.

Thus one can calculate the costs of a particular
passenger train both upon each item individually,
and upon all the items of the given group as
a whole.

The second group of expenses, which is
calculated by the formula 2, include the costs of
the passenger sector and the transportation facility
for international trains. This includes items such
as: 4031 - receiving and sending international
passenger trains at border passenger stations, 4 035
— shunting operations at border stations and other.

The amount of expences for a particular
passenger train according to items affect only
a number of cars in the specific train and the total
number of cars in all international trains for the
reporting year.

i (Cl?order i nkl)order i T; /N) : Fac
Cborder n (2)

rp.border

e Cpopger — direct costs of the passenger sector and

the transportation facility on a specific
international passenger train upon pointed items,

UAH; C2 ... — costs of a passenger sector and the

transportation facility for all international trains
crossing the border during the reporting period;

Neorger — NUMber of cars in the i-th international
train, where costs are calculated in UAH; Ny, e

— total number of passenger cars in international
trains during the reporting period, cars; N — num-
ber of days during reporting period, twenty four
hours; F,.— coefficient taking into account accrual

of manufacturing expences, administrative costs
and sales expences.

It should be noted that the second group of
costs concerns only international trains, and will
not be used in the calculation the costs for passen-
ger train of domestic route.

The third group of expences — is the costs of
tarck facilities to the track infrastructure (its de-
tereoration, repair, and so on.). To calculate the
amount of these costs on a particular passenger
train one need to consider not only trains running
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during the reporting period, but also weight train
(namely the number of cars in train) and running
speed of this train. According to the nomenclature
of costs for items that are distributed in proportion
to deterioration, that depends on speed of
a passenger train and its weight, belong following
items 4110, 4121, 4124, 4133, 4136, 4139,
4 143, 4 146, 4 155, 4 159, 4 163 etc. This is the
costs of relaying the tracks, fastenings, rail anchors
and other elements of permanent way on the main
line; capital, comprehensive repair and medium
repair of the main tracks; replacement of turnouts,
rail on the main tracks, medium and enhanced
repair of turnouts; amortization of permanent
way, etc.

To calculate correctly the costs of specific
passenger train that moves at a certain speed one
need to know how it affects the deterioration of
track infrastructure. The impact of increasing the

speed ratio is calculated approximately on the basis
of scientific work [1]. In their work the authors
have developed a program Znolnfra, that when
calculating the cost of maintaining the infra-
structure on trains categories, taking into account
all the peculiarities of their movement: weight,
length of run, average speed and the amount of
travel during the billing period. Following factors,
taking into account changing of track repair costs
from trains with certain speed were adopted:

for passenger trains with an average speed
of 80 km/h, the ratio can be set 1;

for speeds of 80-110 km/h the ratio is 1.67;
for speeds over 110 km/h the ratio equal to

2.79.

Hence, the formula for calculating the costs of
a particular passenger train depend on the velocity,
weight and distance will look like the following (3):

Ci

track. fac

; ) oo .
(Ctrack.fac : n'[Irain : st ' Tr /N) A Fac (3)
nr[:)as : I:pJas : Ipas + (n?g : Fs:)) : Isp + (nf;p : Feip) : Iexp + Z(n; : I:sJ 'Trl IN- I;)
i=1
— costs of track facility for of passenger traffic, etc., cars; I - mileage of i-th

where C!

track. fac

a specific passenger train at certain speed, UAH;
C? — direct general costs under items, which

track. fac

are assigned to all passenger trains during the
reporting period; n! . — number of cars in the i-th

train
train, which costs are calculated, cars; F) — factor

that takes into account the costs chages for the
track repairs from J-th trains of a certain speed. For
passenger trains with an average speed (without

stopping period) up to 80 km/h. st =1, for speed
80-110 km/h F)= 1,67, for speed more than
110 km/h st =2,79; nr‘;""s — total number of cars in

trains, runningduring the whole year with speed up
to 80 km/h, cars; nfg— number of cars in the ex-

press passenger cars, running during the reporting

period with speed 80-110 km/h, cars; nf:jp — num-

ber of cars in the express passenger cars, running
during the reporting period with speed more than

110 km/h, cars; n. — number of cars in i-th

S
passenger trains at different speeds, running during
the summer season, holidays, during the increase

passenger train to be tested for the reporting period
km; 1., — mileage of all trains that ply at mid-
speed up to 80 km/h, during the reporting period,
km; N — quantity of days during the reporting pe-
riod, twenty four hours; I, — milage of all trains
that ply with mid-speed of 80-110 km/h. During
reporting period, km; I, - mileage of all
trains,mid-speed more than 110 km/h during the
reporting period, km; 1. — mileage of i-x passenger
trains, running with various speeds during summer

season, holidays, increase of traffic flow etc., km
(separately for each train) during thereporting pe-

riod; ijas — factor takes into account increase in
expences for repairs of tracks from trains running
with mid- speed of 80 km/h, equals — 1; FJ -
factor takes into account increase in expences for
repairs of tracks from trains running with mid-
speed of 80-110 km/h, equals — 2; F.! - factor

exp
takes into account increase in expences for repairs
of tracks from trains running with mid-speed more

than 110 km/h., equals — 4; T — running period of
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i-th train, twenty four hours; F,,— factor takes into
account accruals of production overhead costs,
administrative costs and sales expences.

After studies the reporting of UZ during 2010
year was determined annual mileage ratio,
executed by trains with mid-speed up to 80 km/h,

(C? n

track. fac ~

train

80-110 km/h and more than 110 km/h. They are —
0.432; 0.487; 0.081 respectively (an indicative
coefficients of determination). Then the formula
(3) for manual calculation after simplification takes
the form (4). This error in the calculations would
be insignificant.

-FJ).T1/365)-1'-F, @

Cl = - j Iy
TR N NS (0,432 F i +0,487-FJ +0,081-FL)

where the values of all indicators are above.

On the base of the foregoing approach a rather
complex and voluminous procedure of calculating
the actual costs on infrastructure of each train were
obtained, and as a consequence, profitability,
reflects adequately the real effectiveness of the
particular passenger trains running.

Since to count manually the costs of every par-
ticular train is very complex and cumbersome
procedure, it was necessary to automate this
process. The software to determine the
effectiveness of a particular passenger train run-
ning was developed by scientists of DNURT (with
authors) in research and development work [11].

The list of all the necessary data for the
calculation was formed in order to automate the
process of calculating the costs of the
infrastructure component. The total direct and
overhead costs for each sector are taken from the
output cost pricing of passenger traffic [4]. Except
the amount of the total costs on items, calculating
the cost of a particular train requires some
quantitative indicators:

— average number of passenger cars in i-th
passenger train for the period of calculation, cars;

“— term and running of a passenger train for
the calculation period, twenty four hours;

— total mileage of a passenger train during
the period of calculation, km;

— total mileage of all passenger trains during
the period of calculation, cars,-km;

— average number of passenger cars in i-th
passenger train of international traffic during the
period of calculation, cars;

— total number of cars of international trains
during the period of calculation, cars;

“— the total number of cars in passenger trains
that run during the period of calculation, at a speed
up to 80 km/h, cars.

exp

— the total number of cars in passenger trains
that run during the period of calculation, at a speed
from 80 to 110 km/h, cars.

— the total number of cars in passenger trains
that run during the period of calculation, at a speed
more than 110 km/h, cars.

— total mileage of passenger trains that run
during the period of calculation at a speed up to
80 km/h;

— total mileage of passenger trains that run
during the period of calculation at a speed from
80 to 110 km/h;

— total mileage of passenger trains that run
during the period of calculation at a speed more
than 110 km/h;

— percentage of passenger trains that run
with mid-speed up to 80 km/h in total quantity of
passenger trains;

— percentage of passenger trains that run
with mid-speed from 80 to 110 km/h in total quan-
tity of passenger trains;

— persentage of passenger trains, which run
at mid-speed above 110 km/h in the total number
of passenger trains

— number of days in the reporting period,
twenty four hours

In all formulas of methodical approach was
used coefficient of costs accrual, taking into
account accrual of production overhead costs,
administrative ones and sales expences. This ratio
is calculated by the formula:

Cum +C +C

FE =1+ gen.exp. sale , (5)
* Cy + Cuis
where C,,, — administrative expenses of house-
hold, Cge,exo. — Production overhead costs of
household, Cy,, — costs for household’s sale, Cy —

direct cocts of household, Cy — allocated costs of
household.
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The user of software has the possibility to
see the results of costs calculations of a passenger
train by components and objects of expenditure.
The results are presented in absolute amounts
(UAH.) And relative ones (%)

persentage of each component in the total
amount of train costs;

percentage of each item in calculation in
the component of costs;

percentage of each article in calculation in
total sum of the train costs;

To perform automatic calculations when
determining the infrastructure component of the
costs for the particular passenger train, railway
services (divisions) have to submit in standard pro-
cedure information about passenger transportation,
listed in the table 1.

Table 1

Information about passenger transportation to determine the infrastructure component
costs of a particular passenger train

No. The structural division of

Ukrzaliznytsia

Required data

1 Ukrzaliznytsia, the main
passenger management

2 Passenger car car-repair
shed to which a specific
train is attached

3 Main Transportation De-
partment

Originality and practical value

The method of costs disribution of all house-
holds of the Ukrzaliznytsia for passenger
transportation in  long-distance traffic and
international one for a particular passenger train
was improved. It is based on the principles of
formation of selected general indicators of costs
for each sector, corresponding to the main
influential factors of train operation.

1 Total quantity of passenger cars that equipped in Ukrzaliznytsia, cars;
2. Total quantity of cars in all passenger international trains that ply during the

reporting period, cars;

3. Total quantity of cars in all passenger trains that ply during the reporting
period with mid-speed up to 80 km/h;

4. Total quantity of cars in all express passenger trains that ply during the re-
porting period with mid-speed from 80 to 110 km/h;

5. Total quantity of cars in all express passenger trains that ply during the re-
porting period with mid-speed from 110 km/h;

6. Total year mileage of all passenger trains that ply during the reporting period

with mid-speed up to 80 km/h, km;

7. Total year mileage of all passenger trains that ply during the reporting period
with mid-speed from 80 km/h to 110 km/h, km;

8. Total year mileage of all passenger trains that ply during the reporting period
with mid-speed from 110 km/h, km;

1. Average number of cars ( pass. and luggage) in a specific passenger train

during reporting period, cars

1. Running period of a passenger specific train, twenty four hours
2. Mileage of a passenger train during the reporting period, km
3. Average speed of a specific passenger train during the reporting period,

km/h

Methodical approach to determining the costs
of the infrastructure component, which includes
the movement speed impact and weight of a pas-
senger train on deterioration of permanent way and
contact system was improved.

This allows allocating correctly the costs for
passenger train traffic.

Methods of cost allocation taking into account
all the individual characteristics of a passenger
train running allows calculating costs for the par-
ticular passenger train, depending on its structure,
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comfort of the running period and movement
speed.

The introduction of this methods for
determining the infrastructure component of costs
for particular passenger train running will let
calculate the exact, economically justified ex-
pences of this component to a specific train.

This all makes it possible to determine
correctly the profitability of a particular passenger
train and on its basis to make management
decisions to introduce amendments in to the
existing schedule. Later, through the proposed
approach and using a PC, one can promptly iden-
tify the costs for the infrastructure use by a specific
train.

Conclusions

On the basis of conducted studies the following
conclusions were made:

1. The methodical approach of costs
allocation for passenger transportation by the par-
ticular passenger train under general indicators,
taking into account the peculiarities of each train
running was developed.

2. In determining the costs of a particular
passenger train a new classification of passenger
trains was applied.

3. The dependence of permanent way deterio-
ration and contact system on the movement speed
and weight of a passenger train was found out.

4. The method of costs allocation on infra-
structure between passenger trains, taking into
account the running speed and weight of the
concrete passenger trains was developed.

5. Organizational  support relating to
automation system of calculating the expences al-
location of infrastructure component for the
movement of a particular passenger train was
formed.
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METOIMYHUNA NIXIJ IOJ0 BUSHAYEHHS
IHOPACTPYKTYPHOI CKJIAJJOBOi BUTPAT HA KYPCYBAHHSI
OKPEMOT'O MACAKHPCbKOTI'O MOI31A

Meta. B HaykoBiii poOOTi HEOOXiZHO PO3POOMTH METOAWYHHMM MiJIXiJ LI0J0 BU3HAYEHHS iH(PPACTPYKTYpHOL
CKJIaZIOBOi BUTpAT PyXy OKPEMOIrO MacaXKMPChKOTO IM0i3[a, SKUH BPaxoBYE IHAMBITyallbHI OCOOJIHMBOCTI PyXy
KOHKpeTHOro 1oi3ga Mertoauka. J[is BUpilIeHHS 3a/iad Takoro Kjacy B poOOTi 3alpONOHOBaHO HOBY METOJIHKY,
sKa po3po0JieHa Ha OCHOBI ITOCTATEHHOTO PO3NOALITY BHTPAT KOHKPETHOTO IACaKUPCHKOTO MM0i3/1a 3 BpaxyBaHHIM
(axTOpiB BIUIMBY Ha iX BeaMuMHy. LI Meronuka M03BOJISIE KOPEKTHO PO3MOAIISATH BUTPATH HAa KOPUCTYBAaHHS
iHQPACTPYKTYPOIO OKpEeMHM IIO370M 1, SK HACTINOK, BH3HAYATH TOYHY PEHTAO0CNBHICTH KOXKHOTO TIOi3a.
PesyabTtaTn. 3 KampKymsamii co0iBapTOCTiI Maca)kKHPCHKUX Ta BAaHTAXKHHUX IEPEBE3CHb IO YKpaiHi BHIUIEHO BCi
CTaTTi BUTPAT, SIKi CTOCYIOTHCS MACAKUPCHKUX IIepPeBe3eHb Y NallbHROMY CIIOTy4YeHHi. Bei i BUTpaTn po3aineHo Ha
YOTHPH CKJIJ0Bi. B iH(pacTpyKTypHii CKIaJOBiii BUIIEHO TPU TPYIH BUTPAT, sIKi PO3PAXOBYIOThCS 33 MEBHUM
MIPHUHITUIIOM i3 BpaxXyBaHHSIM iHIUBIAyaIbHUX OCOOIMBOCTEH KypCcyBaHHS KOHKpeTHOro moi3zna. HaykoBa HOBU3HA.
Y 10CKOHAIEHO METO/| PO3IIOILTY BUTPAT YCIX TOCHOAAPCTB YKP3ali3HUIII Ha MIEPEBE3CHHS aCAKUPIB Y JaJIbHbOMY
Ta MDKHApOJHOMY CHOJIyYEHHI JJISI OKPEMOro Nacaxkupcbkoro noizpa. lleli meron Oa3yeTbcss Ha NpHHIMIIAX
(hopMyBaHHS OKPEMHX Y3arajbHIOYHMX IOKAa3HHWKIB BUTPAT MO KOXXHOMY TOCIOAAPCTBY, SIKi BiIIOBIJAOTh
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OCHOBHHM BIUIMBOBUM (hakTopaMm eKCIuTyaTtarii moi3fa. YIOCKOHAJEHO METOMWYHUH MigXiJ MO0 BU3HAYCHHS
BUTPAT Ha iHQPaCTPyKTypHY CKIAOBY, SKa BPaXOBY€ BIUIMB IIBHAKOCTI PyXy Ta Macu NMacaXUPCHKOTro Ioi3ga Ha
3HOC BEPXHBOI OyIOBH KOJIiI Ta KOHTaKTHOI Mepexi. Bee 1e 103Bosie 00TpyHTOBAHO PO3MOAITUTH BUTPATH HA PYX
KOHKPETHOTO IMaca)KMPChKOTO I0i3/la Ta BHM3HAUYUTH Horo peHrtabenbHicTh. I[IpakTHYHAa 3HAYHMICTD.
BripoBa/keHHsT BKa3aHOi METOJIUKH JIO3BOJINTH PO3paxyBaTH pealibHi, €KOHOMIYHO OOTPYHTOBAaHHM BUTPAaTH Ha
KOHKpeTHUi 110134, Lle crnpusie mpaBuiibHOMY BH3HAUSHHIO PEHTA0ENIbHOCTI OKPEMOro MacakupchbKoro noizna i, Ha
OCHOBI IIbOTO, MPUHHATTIO YIPaBIIHCHKUX PIMICHHb I0JI0 BHECEHHS 3MiH B iICHYIOUMH pO3Kiaja pyxy. Takox, Ha
OCHOBI JJaHOT METOAMKN MOXHa Oyze 3a gonomororo [IEOM Bu3Hauatu BapTicTh KOPHCTYBaHHS 1HPPACTPYKTYPOIO
KOHKPETHHUM MOi3/I0M Ta HOT0 peHTabeNbHICTS.

Kniouesi cnosa: iHMpacTpyKTypa; BUTpaTH, IIBUAKICTH PyXy, Maca I10i3/1a, PEeHTaOEeNbHICTh Maca)kHpChKOro
noisny
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METOJUYECKHIA IOJXO/ K ONPEIEJIEHUIO
WH®PACTPYKTYPHOI COCTABJISIIONIE PACXO/IOB
HA KYPCUPOBAHME OTJEJBLHOI'O MMACCAKUPCKOT'O MMOE3/A

Heab. B HayuHoit pabGore HeoOxomumMo pa3paboTaTh METOAUYECKHA TOAXOJ K  ONPEISICHHIO
HHOPACTPYKTYPHOH COCTaBIAIONICH pPAcXOJOB Ha JBIKEHHE OTHEIBHOIO MACCaXHPCKOTO TOe31a, KOTOPBIHA
YUUTBIBAJ Obl MHIMBHIYaJbHBIC OCOOCHHOCTH IBM)KCHHS KOHKpeTHOro moesga Merommka. J[is pemieHus 3amgay
TaKOTo Kjacca B paboTe mpejJio’KeHa HOBas METOJAWKA, Pa3paboOTaHHAs HAa OCHOBE MOCTATCHHOTO paclpeIeICHUs
3aTpar Ha KypCHPOBAaHHE KOHKPETHOTO MACCAKHUPCKOTO MOE3/1a ¢ YIeTOM (PaKTOPOB BIHSHUS HA WX BEIWYHHY. DTa
METOIMKA MO3BOJISICT KOPPEKTHO PACIIPEENIATh 3aTPAaTh 3 ITOJIb30BaHUE HHPPACTPYKTYPOI OTIEIEHBIM IOS3I0M H,
KaK CICICTBUE, ONPEACIITh TOYHYIO PEHTA0CNBHOCTh KaXIOro moes3na. Pesyaprarbl. U3  KambKymsium
ce0ecTONMOCTH TTACCAKUPCKUX U TPY30BBIX IIEPEBO30K 10 YKPaWHE BBIICIIEHBI BCE CTATHH PACXOI0B, KACAFOIIHUECS
MACCAXUPCKUX TEPEBO30K B JallbHEM cOOOmeHWH. Bce 3TH pacxonpl pas3leleHbl Ha YeTHIPE COCTABIIOIINE.
B wHOpacTpyKTYypHOH COCTaBISIOMIEH BBIACICHBI TPH TPYOIBI PAcXOIOB, KOTOPHIE PACCUUTHIBAIOTCA IIO
OTIPENICIICHHOMY NPHHIWITY C yYeTOM WHAWBUAYAIbHBIX OCOOCHHOCTEH KypCHPOBAHHS KOHKPETHOTO IO€37a.
Hayuynasi HOBM3HA. YCOBEpIIEHCTBOBAH METOJ PACIIPEACIICHHS pPacXOJ0B BCEX XO3SMUCTB YKp3aJIU3HBIM Ha
MEPEBO3KHU MMACCAKUPOB B JATHHEM M MEKIYHAPOIHOM COOOIIEHUH JJIS OTMIEIBHOTO MAcCaKUPCKOTo moe3aa. DTOT
MeToJi 0a3upyeTcss Ha MpHHIUNAX (HOPMUPOBAHUS OTICIBHBIX OOOOIIAIONIMX IMOKa3aTelell 3aTpar Mo KaKIoMY
XO3HﬁCTBy, KOTOpPbIC COOTBETCTBYIOT OCHOBHBIM BIIHUATCIBbHBIM (l)aKTOpaM OKCILUTyaTaluu moesaa.
VYcoBepIIeHCTBOBAaH METOAMYCCKHIA MOJXOM K OIPEACICHUI0 3aTpaT Ha HMH(GPACTPYKTYPHYIO COCTABISIONIYIO,
YYHTBIBAIOUIYIO BIUSHHE CKOPOCTH IBH)KEHUS U MAacChl TACCAKUPCKOTO MOE3/1a HA U3HOC BEPXHETO CTPOCHUS IMyTH
M KOHTAaKTHOW ceTH. Bce 3TO MO3BONIIET OOOCHOBAaHHO pACIpPECNUTh 3aTpaThl Ha JBUKEHHE KOHKPETHOTO
MACCAKUPCKOTO T0e3/1a U ONPEACTUTh ero peHTadenbHoCTh. [IpakTHyeckas 3HAYAMOCTh. BHeIpeHNe yKa3aHHOM
METOIMKH TIO3BOJIUT PACCUUTATh PEaNbHBIC, YKOHOMHYECKH OOOCHOBAHHBIE PACXOIbl HA KOHKPETHBIH IMOE3M. JTO
OyIeT comelcTBOBATH NMPABHIBLHOMY OIPEICIICHHIO PEHTAa0EIBHOCTH OTAEIBHOTO MAcCaXMPCKOTO Toe3da M, Ha
OCHOBE 3TOT0, MPHUHATHIO YIPABICHUYECKUX PEIICHHHA M0 BHECEHHIO M3MEHEHHWH B ICHWCTBYIOIIEE pACIIHCAHHE
nBmwkeHus. Taxke, Ha OCHOBE TaHHOW METOJIWKH MOXHO OynmeT ¢ momompbio [IDBM onpenensitb cTOMMOCTH
MOJIb30BaHMS HH(PPACTPYKTYPOH KOHKPETHBIM TIOE37I0M H €TI0 PEHTa0EeIbHOCTb.

Kniouesvie cnosa. nabpacTpyKTypa; 3aTpaThl, CKOPOCTh JABMKEHHUS, Macca M0e3/1a, PeHTa0eIbHOCTh acCaXup-
CKOTO Ioe3/1a
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HIABUINEHHSA PECYPCY BYI'VIBHUX CTPYMO3HIMAJIBHUX
BCTABOK CTPYMOIITPUNMAYIB HIBUJAKICHOI'O
EJIJEKTPOPYXOMOI'O CKJIAJIY B YMOBAX EKCILTYATAIIL

Mera. Pobora cnpsMoBaHa Ha BU3HAUEHHS OCHOBHHX HANPSAMKIB IMiIBUINEHHS pPeCypcy Ta €(QeKTHBHOCTI
eKCIuTyaTallii BYyTJIbHUX CTPYMO3HIMAJIBHUX BCTaBOK CTPYMOIIPHHMAadiB IIBHUAKICHOTO €IEKTPOPYXOMOTO CKIIAAY.
Metoauka. [locmimpkeHHs moOyaoBaHe Ha METOAMIIL, SIKA TPYHTY€ETHCSI HA BUKOPHUCTaHHI MOJIOXKEHb Teopii HaaiitHO-
CTi TEXHIYHUX CHCTEM, EIEKTPOMEXaHIYHUX MpoIleciB, Teopii ctatucTuku. PesyabTaTn. PosrinsHyTo icHyro9l mifa-
XO/IM Y BUPOOHHUIITBI CTPYMO3HIMaJIBHUX BCTABOK I0JI031B CTPyMONpHiiMadiB y €Bpori Ta YKpaiHi, IpoaHaai30BaHO
psan iHpopManiiHuX jKkepen. BusHaueHo HalOUIbII epeKTUBHI HANIPSIMKH ITiJABUIIEHHS HAaBaHTa)KyBaJIbHOI 3/1aTHO-
CTI Ta 3HOCOCTIMKOCTI CTPYMO3HIMAIBHUX €JIEMEHTIB. BCTaHOBIJICHO, 1O ICHYIOYI CUCTEMH IS BU3HAUCHHS SKOCTI
BUTOTOBJICHHS BYT'UJIBHUX CTPYMO3HIMaIbHUX BCTaBOK MAIOTh PsiJl HEAOJIKIB, SIKi YCKIIaJHIOIOTh BXIJHHH KOHTPOIb
Ta YHEMOJKJIUBIIIOIOTH JIIarHOCTYBaHHs CTPYMO3HIMAJILHHUX €JIEMEHTIB B ekciutyaranii. Ha ocHOBI nanux ¢axTiB uist
MOTpeOd JOKOMOTHUBHHX JIETIO 3aIIPONIOHOBAHO HOBHH CTEHJ, IIO J03BOJISIE€ YHUKHYTH ICHYIOUMX CKJIQIHOLIIB i3 jiar-
HOCTYBaHHSM BYTUIBHHX BCTaBOK. Y XOJi JOCIIJDKEHHS BCTAHOBJICHO ITOBCIOJIHI MOPYIICHHS TEXHOJOTIYHHX HOPM
oOciyroByBaHHS cTpyMmornpuiiMadiB. HaykoBa HoBu3Ha. Ha OCHOBI pe3ynbpTaTiB eKCIDIyaTamiiHUX IOCIHIIKEHB,
IO NPOBOJAMIIKCEH Ha 0a3i JOKOMOTHBHHUX JIETIO, OTPHMAHO 3aJIe)KHOCTI, 0a3yIourch Ha SKHUX, 3alPOIIOHOBAHO BIPO-
BaJMTH CHCTEMY OIIEPATUBHOIO NIIarHOCTYBAHHS CTaHY BYTUIBHHX BCTABOK y MPOIIECi eKCIUIyaTamii. Y X0l IpoBe-
JICHOTO TOPIBHSJIBHOTO aHANI3y iICHYIOUMX Ta MEPCIEeKTUBHHUX HAIPSIMKIB pO3pOOKH CTPYMO3HIMAJIbHHUX €JIEMEHTIB
13 TABHUIIEHOI0 HABAHTA)KyBAJIHHOIO 3/IaTHICTIO Ta 3HOCOCTIMKICTIO BU3HAYEHO KOHCTPYKTHUBHI YMOBH IJIsi BUOOPY
ONTHUMAJILHOTO CHIBBIJHOIICHHS CKJIQJIOBHUX BCTaBOK. BCTaHOBIEHO, 1110 3HayHAa YacTHWHA BiIMOB BHHHKAE 4epe3
HEIOCKOHATICTh CHCTEMH TEXHIYHOTO OOCIYrOBYBaHHS, IUIS YOrO Ha OCHOBI CKCIUTyaTAaIliMHUX JaHUX PO3POOIICHO
pexomenpanii. [IpakTnyna 3naunmicTb. OTpuMaHi pe3ynbTaTu aHaji3y iH(GOpMaLiiiHUX JKepea BU3HAYaIOTh He-
0OXiZIHICTh BBEJCHHS B Marepiajl BYI'JIbHUX BCTaBOK MIJHOI CKJIQJIOBOI, IO JIO3BOJIUTH Ii/IBUIIUTH HaBaHTAXXyBa-
JbHY 3/1aTHICTH ITI0JIO3IB CTPyMOINpHiIiMauiB. BCTaHOBIEHO YMCENbHI HEAOJIKM ICHYIOUMX CHUCTEM JliarHOCTYBaHHS
BYTUIBHUX CTPYMO3HIMaJbHUX BCTABOK ITOJIO3IB CTPYMOINpPHUIIMayiB, BUPILICHHS SKUX MOKJIAJICHO 32 OCHOBY IPH
CTBOPCHHI HOBHX 3ac00iB Ta CHCTEM JMiarHOCTYBaHHs CTPYMO3HIMaJbHHX eleMeHTIB. Lle, B CBOIO 4epry, H03BoJIsiE
MiABHUIUTH TEPMiH €KCIDTyaTalii BCTAaBOK Ta JOIOMOJXKE OpraHi3yBaTH BiIOpaKkyBaHHA HESKICHHX CTPYMO3HiMallb-
HUX €JIEMEHTIB. BCTaHOBIIEHa HETOCKOHANICTh CHCTEMH TEXHIYHOTO OOCIyrOBYBaHHS cTpymomnpuiimadiB. IlinBu-
IIEHHS BUMOT JI0 TaKol CHCTEMH JO03BOJIMTH 3HAYHO 3MEHIIUTH KUIBKICTh NMOJOMOK, BUKIMKAHUX IMiABUILECHUM IIe-
PEXiTHUM OIIOPOM y CHCTEMI «BCTaBKa — MOJI03 CTPyMOIpUiiMada.

Kniouosi cnosa: mBUAKICHUHN pyX; CTPYMO3HIMANIBHI €1eMeHTH; rpadiT, 3HOCOCTIHKICTh, METaJIeBi BOJIOKHA; Ha-
BaHTaXyBaJbHA 3[aTHICTh, pECypc; CUCTEMa J[IarHOCTYBaHHS, II0JI03 CTPyMONpHiMaya
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Beryn

3albe3reueHHsT HaAiHOT Ta EKOHOMIYHOI Tepea-
9i  eINEeKTPOCHEPTii  eIEKTPOPYXOMOMY  CKIIAIy
€ OJIHI€IO 3 TOJIOBHUX IPOOJIEM PO3BHUTKY MIBHIIKIC-
HOTO 3aJTI3HIYHOTO TpaHcnopTy Ykpainu. [Ipiopure-
THAM HAIPSMKOM BJIOCKOHAJICHHS TIPUCTPOIB CTPY-
MO3HIMaHHS € 30UIbLICHHS 1X TEPMiHY eKCILTyaTamii
HUISIXOM BUOOPY TaKHUX MaTepiaiB sl KOHTAKTHOT
napH, siki © 3a/J0BOJBHSIIA YMOBaM CTPYMO3HIMaHHS
[3], ockinbku B ymMOBaX MIBUAKICHOTO pyXy HaJiii-
HICTh CHCTEMH «KOHTAKTHHH TPOBIT — CTPYMO3HIMa-
JIBHUH €TIEMEHT» HANpsMY 3aJIeKUTh BiJl CTaHy B3a-
€MOJIIFOYMX TTOBEPXOHb.

[HTEHCHBHICTh 3HOLITYBAaHHS IMApH «KOHTaKTHHUIA
MPOBiJI — CTPYMO3HIMAaIIbHUH €IeMEHT», OKPIM eJIeK-
TPOMEXaHIYHUX YMOB, BU3HAYA€THCS BIACTUBOCTSIMH
1 CKJIaJIoM CTPYMO3HIMAIBHUX EIIEMEHTIB, AUHAMIY-
HUMH TMapaMeTpamMyd KOHTAaKTHOT MEpexi Ta CTpyMo-
HpHUIAMAaYiB eJIEKTPOPYXOMOTO CKJITy, BIACTHBOCTS-
MU CaMUX KOHTAKTHHUX TPOBOJIB, a TAKOX IHIIUMHU
napamMeTpamMu TPUCTPOIB cTpyMo3HiManHs [1]. Tlpu
IIbOMY CaM TIPOLIEC 3HOCY € CKIIAHOIO B3a€EMOIEI0
MEXaHIYHUX Ta EIEKTPHIHUX HPOLECIB B KOB3HOMY
CIIEKTPUIHOMY KOHTAKTI i HOCUTh BHITQJIKOBHI Xapa-
krep [3].

AHaJti3 TeXHIYHUX BUMOT TOKA3ye, 10 CTPYMO3-
HIMarouya BCTAaBKa NOBMHHA BIAIIOBiAaTH OaratboM
B3aEMOBHKJIFOUHIM YMOBaM po0OTH. 3 0JJHOr0 OOKY
— IIc YMOBa MIHIMAJIBHOTO 3HOCY KOHTAaKTHOTO TIPO-
BOJIy TipH 3a0e3Me4YeHHi HaIIITHOTO CTPYMO3HIMaHHS,
a 3 1HIIOr0 — MaKCUMAaIbHO MOXKJIMBHIA MI>KPEMOHT-
HUI Tpo0ir moro3a crpymonpuiiMada [15]. B 38’s13ky
3 UM TpobJieMa MiJBUIIEHHS PECypcy BYTUIBHHX
BCTABOK 3aIUIIAETLCS cepe]] TPIOpUTETHHX. AKTya-
JIBHICTD BHPIMICHHS 3a3HAY€HOI MPOOJIEMH 3pOCTaE 3
MIIBUIICHHSM IIBHIKOCTEH PyXY €JIEKTPOPYXOMOTo
CKJIajy.

Meta

Meroro cTaTTi € BU3HAYEHHS OCHOBHHX HaIpsM-
KiB MiJIBUIIIEHHS PECYpCy Ta eeKTUBHOCTI EKCILTya-
Tanii BYTUIBHHX CTPYMO3HIMaJbHHX BCTaBOK CTpY-
MOTPUIMAYiB  IIBHIKICHOTO  €JIEKTPOPYXOMOTO
CKJIaTy.

MeToauka

Yxe TpoTsIroM Maibke CTONITTS Pi3HOMaHITHI
KoMnaHii sik Ha TepeHax kpain CH/I, Tak i B €Bpomi
MTPOTIOHYIOTh CTPYMO3HIMAITbHI BCTaBKH, SKi Kapau-
HAJIBHO BIIPI3HSAIOTHCS CBOIMH XapaKTCPUCTUKAMH

i hopmamu. Bei MaTepianmu cTpyMO3HIMaIbHIX BCTa-
BOK YMOBHO PO3/IUISIOTH Ha J[Ba THITU: KOMITO3MIIiHI
MaTepiajii Ha OCHOBI METaIiB Ta MaTepiaiy Ha OCHO-
Bi Byryeio. OcTaHHI MOXKYTh OyTH OIHOPITHUMH, 3
MPOCOYYBaHHSIM MeTallaMH YH CKIIaJHUMU B TIO€]I-
HaHHI 3 IHITUMHA MaTepiaaMu.

Ha croronni nmpoBigHuMu BUpoOHHKaMu B €Bpo-
mi, sIKi BUTOTOBIISIIOTH BYIJICIIEBI €JEKTPOTEXHIUHI
Mmarepianu, € xommanii Morgan Carbon, PanTrac,
Hoffman. Bimbuiicts BUAIB BCTABOK, I[0 BUTOTOBILI-
FOTBCSI HUMH, MICTATh B COO1 MIIHY CKJIAZ0BY, TIPH
IIOMY BCTaBKH MOXXYTh BHTOTOBIIITHCS JOBLIGHOT
JIOBXUHU. Taki CTpyMO3HIMaJlbHI €JIEMEHTH BHKO-
HYIOThCS B aJIFOMIiHIEBOMY KapKaci Ta KpiIUIsaThCs 3a
JIOTIOMOIOK0  CHEIalbHUX KIEIB 4Yd  OOJTOBUX
3’€IHaHb, a TAaKOXXK YacTO PO3MIIIYIOTHCS B MiJHHX
o0oiimax.

Ha puc. 1 naBeneni npogini cTpyMO3HIMaIEHIX
BCTaBoK Kommanii Morgan Carbon. Biamosigmo mo
JaHux, ki Hagae kommanis Morgan Carbon, mpo6iru
iX CTPyMO3HIMAILHUX BCTABOK, 3aJICKHO Bijl MICITSI
eKCIUTyaTallii Ta poxy CTpyMmy, KOJHMBAIOTHCS B Me-
xkax 70—220 tuc. km.
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Puc. 1. TIpodini cTpyMO3HIMaIEHUX BCTABOK
komrawnii Morgan Carbon

Fig. 1. Profiles of current collector inserts of
Morgan Carbon company

CrpymosHiManbhi BcTaBku kommanii Hoffman
BUTOTOBISIFOTECSI Pa3OM 3 MITHUMH, aTIOMiHIEBUMHA
Y1 CTaJIbHUMH KapKacamu a0 000IOHKaMH, JI0 SIKHX
BCTaBKU KpITUIATHCS 32 JOMOMOTOI0 Kiiero. Ha Tepe-
Hax Ykpainy, Pocii Ta inmmx xpain CH/I BupoOHmL-
TBOM MaTepialiB Uil CTPYMO3HIMAJbHHUX BCTaBOK
3aliMa€eThCs BEJIMKA KUTbKICTh MiJIPUEMCTB, SKi IIPO-
MOHYIOTh IIMPOKHH aCOPTHMEHT eNEeKTPOTEXHIYHOT
MIPOAYKITil, ajie¢ BXKE IMPOTITOM MaiKe IiBCTONITTS
OCHOBHHMU € MapKH, HaBeJeHi B Ta0I. 1.
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Tabnums 1

XapaKkTepuCTHKH CTPYMO3HIMAJIBHUX BCTABOK, 10 eKCILIyaTyIOThes B kpainax CH/JI

Table 1
Characteristics of slip inserts which are operated in the CIS countries
Mapka (ocHoBa) ITEO, MkOM'M IlinbHicTs, rfom3 Teepaicts, HS Merain, %
BX-3I1 (3aii30) 0,28 7,8 120HB 75Fe—-10Cu—-14Pb-1Sn
«b» (mryunuii rpadir) 15 1,75 50 0
«A» (KOKC) 30 1,8 70 0
«O» (rrryqHuii rpadir) 5 1,78 25 0

3arajbHONPUIHATIM € BUKOPHCTaHHS KOHTAKT-
HUX BYTUIBHHX BCTaBOK 3 TIONEPEYHUM IEpepi3oM
npsmokyTHOI hopmu 30x30 mwm [8, 9]. Taka ToBIM-
Ha o0paHa 3 TEeXHIKO-eKOHOMIYHHX MipKyBaHb. [lo-
JIAJTbIIE 3MCHIIICHHST TOBIIMHU BCTABKH PalliOHAIEHO
3MIMCHIOBATH TUJIBKK B TOMY BHITIQJKY, KOJU CaM Ma-
Tepian € JOCUTh 3HOCOCTIMKHM 1 BiITIOBiTa€ yMOBaM
CTpyMO3HiMaHHs. BcTaBku Takoro Twuity, OiIs OCHO-
BH, MAlOTh BUCTYN Y (OPMi «JIACTIBUMHOTO XBOCTA,
SIKFIA HEOOX1THUH IS X KPITUICHHS 110 TI0JI03Y.

3a KOpPJOHOM PO3MOBCIO/PKEHHSI OTpUMAIU BY-
riaeneBl BcraBkd BucoTOXO Bix 19 mo 30 mu,
B OCTaHHI pOKHM — YacTime 22 MM, aje OilbI IIu-
poki — (>40) [2, 3].

301bLIeHHs] MIBUAKOCTEH pyXy MOI3IIB 3yMOB-
JIFO€ TTOCHUJICHHST BUMOT JI0 HaiHHOCTI KOB3HOTO KO-
HTaKTY, B 3B’s3KY 3 ITM TIOIIYK Ta PO3poOKa HOBHX,
e()eKTHBHUX MaTepiaiiB Il BUTOTOBJICHHSI BCTABOK
CTpyMOIpUiiMaviB, BUBYCHHS YMOB, IO BIUIMBAIOTh
Ha 3HOC KOHTAKTYIOYMX TOBEPXOHb, CTAHOBISThH Ba-
JKITMBY Ta aKkTyalbHY 3a1ady. JIOCIiDKeHHSIM TaKuX
MUTaHh TPUAUIIETHCS BEJMKA yBara sSK B KpaiHax
CH/], Tak i 3a kopaonowm [1, 4, 5, 12, 15, 18-21].

BBenenHs B BYTUIBHMIH Marepiadl MiTHHX JIOMi-
IIOK PI3HOTO BUJY Ta Pi3HUMH CIIOCOOaMH JI03BOJISIE
pEryIIOBaTH BIACTUBOCTI CTPYMO3HIMAIBHHX BCTa-
BOK B IMUPOKUX Mexkax. Ha chOTOmHI BHAUIAETHCS
JIEKUIbKa CIOCOOIB BBENEHHS MITHOI CKIJIaI0BOI
y ByIJieneBuii marepian [4]:

a) TIPOCOYYBaHHS MOPUCTOI BYTLILHOT 3arOTOBKH
PO3ILIABOM Mijli uH i CIIaBamu;

0) BBe/ICHHS MOPOIIKY Mijai HA CTafii MPUTOTY-
BaHHSI [IUXTH,

B) BBEJIECHHS YaCTHHOK rpadiTy Yd KOKCY 3 Mij-
HUM TIOKPUTTSIM;

T) BBEJCHHS METAIEBOI CKJIAMOBOI Y BUTJIAII KO-
POTKHX BOJIOKOH.

Hanpukmazn, kommanis Hoffman, scranosusmm

HasIBHICTh OPIEHTOBAHWUX MIKPOTPIIIUH TPU BUTO-
TOBJICHHI MJIaCTHH TpadiTy, mojgana igero BUALICH-
HS TIACTIB, B SAKUX € MPHUPOJHI TMPOKUIIKH, OPi€H-
TOBaHI BEPTUKAIbHO. METOJIOM HACHYCHHS M0
NPOXKWIIOK OyJIM CTBOPEHI CTPyMO3HIMaJbHI BCTa-
BkU [14], BuroToBieHi Ha ocHOBI rpadirtie SK85,
SKO1. Hacnuenns miamro 31iiicHIOBaIOCH B 00’ eMi
20-30 % Big macu rpadity, 1e 3a0e3meuyBaio
NPUPOIHE TPOXOPKEHHS CTPYMY BiJ TOYKH KOH-
TaKTy CTPyMO3HIMAaJIbHOI BCTaBKH TI0 METAIEBOL
OCHOBH, 0e3 meperpiBy. Ha 0CHOBI BUKOHAHUX €KC-
IUTyaTaliiiHuX BHUIIPOOYBaHb, MpPU HIBUIKOCTI Be-
nenns noizaa 140—270 km/ron, 6ya0 BCTAHOBIICHO,
mo cepenuid mpobir BcraBok SKB85ACU Ta
SKO1ACu B 2 pa3u OUIbIINH, HIXK 3 METaJIEBUMHU.

Astopamu [4] cTBOpeHHMH KOMIO3HUINIHHO-
BYIUICTICBHI Matepian, BHTOTOBICHUN IUIIXOM
00’ €eMHO-/IUCKPETHOTO apMyBaHHsI MiJTHUIMH BOJIO-
kHamu (MB). BukoHaHO BelMKY KUTBKICTB JOCII-
IiB, siKi BUABIAIOTH piske (10—15 pasziB) 3smeHmen-
HSl IIUTOMOTO EKBIBaJICHTHOI'O OMOPY CTPYyMO3Hi-
MaJbHOT BCTaBKH, NPU BMICTI MIJHUX BOJOKOH
15-25 mac. %. Bcra"oBiieHo, 110 3MEHIIIEHHS Mi-
IHOCTI Ta aHTU(PUKIIHHUX BIACTHBOCTEH BilICyT-
HE, yJlapHa MIIHICTh MaTepiaay 3pocia, Marepiai
Ma€ MiJIBUIICHY CTPYMOBY HaBaHTaXyBalbHY 3J1a-
THiCTb. BpaxoByloun CTpYKTypy Ta TUCIEPCHICTH
HIMXTH BYTUIBHOTO Marepiaiy, OCOOJIMBOCTI TeX-
HOJIOTii TepMOOOpOOKH, OyJI0 BU3HAYCHO, IO Hali-
OlmbIn  pamioHAEHUM BHOOPOM T€OMETPUYHHUX
XapaKTEPUCTUK MIJHUX BOJIOKOH €. niametp MB
0,1-0,3 MM Ta goBxkuHa 5—15 MM.

B [5] HaBOAMTHCS TEXHOJOTiS BUTOTOBJICHHS
BCTaBOK Ha OCHOBI IpadiTy, B sKOMy OyJIO JOCST-
HYTO 3MOYYBaHHS TPHPOIHOTO TrpadiTy Minmro,
JUTSL IIbOT'O BUKOPUCTOBYBAJIUCH TaKi MOJU(IKATO-
pu: Nb, W, V, Cr, Mo. Ilix miero moaudikaTtopa
MiIb pO3MOAIIACE IO TpadiTy y BUIISIL CTpid-
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KOTIOMIIOHUX BKIIIOYEHB. SIK pe3ynbTaT, Oyio mocsr-
HYTO 3HAYHOTO 3HIDKEHHS TUTOMOTO EIEKTPUYHOTO
OIOpy BCTaBKU Ta 3’SBUJIACH aHI30TPOIIis BJIACTH-
BOCTEH.

Jo ckimamy MeTajoBMiCHHUX BYTUTBHHUX BCTaBOK
YacTillle BCHOIO BXOIWTH Milb, B KIJIBKOCTI BiJ
30 1o 60 %. Onpnak B [6] BcTaBieHO, IO HOMITHE
3MEHIICHHS TUTOMOTO €JEKTPUYHOTO OIOpY MOXK-
yuBe npu koHieHtpaiii migi 30—35 %, nmonanbiie
30UIBIIICHHST YaCcTKH Milli B Matepiaii 30UIbIIUTH
BIPOTiHICTH CXOIUTIOBAHHSI BCTaBOK 3 KOHTaKTHUM
MPOBOJIOM 1 HE TPHU3BEIE A0 BUIIPABIAHOTO 3MEH-
HIEHHS TTUTOMOTO €IEKTPUYHOTO OTOPY BCTaBKH.

HeoOxigHO BUALIATH, IO BIACTUBOCTI CTPyMO-
3HIMAJIbHUX BCTABOK BH3HAYAIOTHCS CAMHMH BHPO-
OHMKaMHU 1 MOXKYTh OyTH OJHAKOBUMH 32 CKJIaJIOM,
aye pi3Ko BiAPI3HATHCS 3a CBOIMU BIIACTHUBOCTSIMH.
e 3yMOBIICHO BEIHMKOIO Pi3HOMAHITHICTIO CIIOCO0IB
BUTOTOBJICHHS CTPYMO3HIMAaJIbHUX €JIEMEHTIB.

SIKicTh BCTABOK CTpyMOIIpHUiiMaya BU3HAYAE 1H-
TEHCUBHICTh 3HOCY KOHTAaKTHOTO MPOBOJY, JOBrO-
BIUHICTh €JIEKTPOOOTaTHAHHS EJIECKTPOPYXOMOTO
CKJaay, piBHI 3aBaJ B NPHUCTPOSX 3B’S3KYy, pO3Ta-
IIOBAaHWX B 3aJI3HUYHUX 30HAX, & TaKOX 3B’s3aHi
3 UM 3aTpaTd Ha TMOTOYHHHA PEMOHT IHX CHCTEM.
Bigomuii mocBin po3poOKH BCTaBOK 3 Tparierneina-
abpHOI0 popmoro npodinto [16, 17]. ITpodins BeTas-
ku [16], Bukonanuit 3 kyrom Haxmiry 30—60 ° mps-
MOJIHIIHOT TUITHKY IO OCHOBH, a MPOQ1iJIb BCTABKH
[17] mae kpuBoOiHiliHY (GOpMY KOHTAKTYIOUOI IO-
BEpXHi, IO OMHCYEThCA BITKOW Mapabomu. Taxi
poii TO3BOJISIIOTH 3HU3WTH AWHAMIYHI yIapu Ha
OOKOBY TOBEPXHIO BCTaBKH, allé HE BHPIIIYIOTH
npobyieMy aepoAMHAMIYHUX BIACTUBOCTEH MOJ03a
CTpyMOTIpHiiMaJa B IUJIOMY.

ABrtopamu [2] 3anponoHoBaHa BCTaBKa 3 mpodi-
JieM BUITYKJIO1 ()OpMH, sKa IMOKa3aja Kpaluid pe-
3yJBTAT MiJ] 9ac JOCHTiTHUX BUTIPOOYBaHb, IOPIBHA-
HO 31 BCTaBKaMH 3 TpaneueiaibHAM Ta CTaHAapT-
HUM npodinem. Bunykina gopma npodinto BcTaBku
MO3WTHBHO BIUIMBAE HA aepOJIMHAMIYHI BIACTHBOCTI
1oJIo3a CTPyMOIIpUMaYa, TIpH [OMY Bara IoJyo3a
3MeHInyeThes Ha 6—11 %.

Ha croropHi BenmKka KiTbKICTh HAYKOBUX POOIT
HampaBJicHa Ha PO3poOKy HOBHUX MaTepiajiiB, 3MEH-
HICHHS TIUTOMOTO EJIEKTPUYHOTO OIOPY CTPYMO3Hi-
MQJIGHUX €JIEMEHTIB, BU3HAYCHHS ONTUMAILHOTO
CHIBBIIHOMIEHHS YacTOK THX YW IHIIUX CKIIQJOBUX
B Marepiajli CTPyMO3HIMAJIbHUX BCTaBOK, CIOCO0Y
X BUTOTOBJICHHSI.

Bukonanuii anamiz iHGOpMAIiHHAX KEPE,
BIZJOMHUX pe3yJbTATiB EKCIIEPUMEHTAIBHUX Ta TEO-
PETHYHUX JOCHTIKCHb BH3HAYa€ KOHCTPYKTUBHI
YMOBH Ui BUOOPY ONTHMAJIHHOTO CIiBBiTHOIICH-
HS CKJIQJIOBHX BCTABOK Ta PO3POOKHU paIioHaTHHOL
(opMH KOHTAKTHOT BCTaBKH CTpyMOIIpHIiMaya, siKi
0 BIAMOBiZaNM B3a€MOBHKIIIOUHHUM YMOBaM, IO
BUCYBAIOThCS JI0 BCTABOK CTPYMOIpUAMAYIB, aje
mpo0JieMa KOHTPOJIIO iX BiJIMOBIIHOCTI ICHYHOUUM
BUMOTaM B TIPOIIECI EKCIUTyaTallii 3aJIuIIa€ThCs
aKTYaIbHOI.

ByrinbHi BcTaBKM, Ha €Talli BHUIOTOBJICHHS,
MPOXOJATh 3aBOJICEKHI KOHTPOJIb SKOCTI, MOPSIIOK
SIKOTO BCTAHOBJICHUH HOPMATHUBHOIO JOKYMEHTAITI-
€ro [9]. Buau KOHTPOIIIO, SKi I IIBOTO BHUKOPHUC-
TOBYIOThCS, TIlepen0avyaloTh BHMIpP  TBEPIOCTI
CTPYMO3HIMAJIbHOT YaCTHHHM BCTABOK 3a IIKAJIOKO
[lopa, BuUMip MeXi MIIIHOCTI MPHU TPHOXTOYKOBY
CTaTUYHOMY 3TMHAHHI 1 CTaTUYHOMY CTHUCHEHHI,
BU3HAYCHHS MIUIBHOCTI 3pa3ka METOJIOM TiApocTa-
TUYHOTO 3BAXYBAHHS, BUMIPIOBAHHS BEIUYHMHH
BOJIOTIOTJIMHAHHS, & TAKOX BU3HAYCHHS €JICKTPHY-
HOT'O OIOPY BCTaBKH.

TBepaicTh CTPYMO3HIMAIILHOI YACTHHU BCTABKU
BH3HAYAIOTh METOJOM IPYKHOTO BiJICKOKY OOHKa
no Hlopy 3rigro 3 TOCT 23273 (Ginbmr po3smo-
BCIOJDKCHUN Ha CHOTOJIHI METOJ] BHJIABIIOBAaHHS
mrapuka giamerpoMm 5 abo 10 mMM) Ta po3paxoBy-
I0Th SIK cepeqHe apu(MeTHYHEe 3HAYeHHS I SITH
BHUMIpIB B TOYKaX, [0 3HAXOJATHCS OJHA B OJHOT
1 BiJl TOPIIiB BCTABOK Ha PiBHHUX BiACTaHAX. Mexy
MIITHOCTI Ha CTHUCK BHW3Ha4aloTh 3rigHo 3 ['OCT
25.503 Ha ¢parMeHTi ByTJIeUEBOi CTPYMO3HIMAIb-
HOT YaCTHHH BCTABKU IWIIHAPHUYHOI (OPMU, BUKO-
PUCTOBYIOYH YHIBEPCAIbHY BHIIPOOYBaIbHY Ma-
mmHy (COCT 28840). Mexy MII[HOCTI IIPU CTaTH-
YHOMY 3TMHaHHI BU3HA4YaroTh Ha (parMeHTi y ¢o-
pMi TIPSAMOKYTHOTO Iapalelerineaa, BUPi3aHOTro
3 BYT'UIbHOI CTPYMO3HIMAJILHOI YaCTHUHU BCTABKH.

[Tig yac BU3HAUEHHS EIEKTPOOIOPY BYTLIBHOI
BCTaBKHM BHUMIPIOBAHHS BUKOHYIOTBCS METOJIOM aM-
nmepMeTpa-MiTiBOIbTMETpa. Po3TamryBaHHS CTpy-
MOBHX 1 MOTEHIIWHUX EJIEKTPOJIB Ha BCTABIl 3y-
MOBIIO€ (hi3WYHHI 3MICT BHMIPIOBAaHOTO OIIOPY.
3MeHIIeHHd BiICTaHI MK IIOTEHIIHHUMHU €JIEKT-
polilaMu J103BoJIsiE€ (DIKCYBaTH 3MIiHY €JIEKTPOOIIOPY
BCTaBKH 3aJIC)KHO BiJl MiHJIMBOI BHYTPILIHBOI CTPY-
KTypH.

HopmatuBHI mocmipKeHHS KOHTaKTHUX BCTa-
BOK, 32 YMOBH KOMIUICKCHOT'O aHali3y BCiX iX pe-
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3yJIbTaTiB, MOXYTh JIaTH YSABJICHHA PO SIKICTh KO-
JKHOTO KOHKPETHOTO PO3MVISHYTOrO 3pa3Ka, ajie
3aCTOCYBaHHS TMOJIOHMX METOJIB JUIS BXIJHOTO
KOHTPOITI0 BCTABOK B YMOBaX JETO Pi3Ko oOMexe-
Ha, BHACHIJIOK BUMOTJIMBOCTI iX 0 TOYHOTO i, BiJl-
MOBI/THO, JIOPOrOr0 BUMIPIOBAJIBHOTO 00JIaHAHHS.
Takoxk, SK HENOJIK, MOXXHA BIAMITATH 3HAYHUH
yac, HeOOXIJHWI Al BUKOHAHHS BCiX JOCIIIKEHb
3a3HaYCHUMH METOJIAMH.

BiamoBigHO 1O BWINECKA3aHOTO, MOCTAE BaXK-
JUBE TTUTaHHSA BHOOPY Ta 3aCTOCYBaHHS €KOHOMid-
HO-JIOLIJIBHOTO METOJYy HEPYHHYIOUOT0 KOHTPOJIIO
SIK HOBHX, TaK 1 €KCIUTyaTOBaHUX CTPYMO3HIMaJb-
HUX €JIEMEHTIB.

HaiiGinpmr 4acTo BUKOPHCTOBYBAHUMHU HEPYM-
HYIOUAMH METOJaMH KOHTPOJI BHYTPIIIHBOT
CTPYKTYpH MaTepiainy €. peHTreHorpadis i ynsTpa-
3BYKOBI gociimkeHHs. Lli MeToan 9acTKoBO Tepe-
KPUBAIOTh O0JIACTI 3aCTOCYBAaHHS OJUH OIHOI'O
1 YaCTKOBO PO3IIUPIOIOTH iX. Takum unHOM, O6arato
3aBllaHb KOHTPOIIO MOKHA BUPINIYBaTH OLIBII
CKOHOMIYHHUM 1 O€3MeYHNM YIbTPa3ByKOBUM Me-
TOJIOM, a B HH3IIl CIIeLialbHUX POOJIEM — BUKOPH-
CTOBYBAaTH PEHTTEH.

YapTpa3BykoBi MeToau Ae(eKTOCKomil i, 30K-
peMa, eXo-iMITyJIbCHUH METOJ KOHTPOJIIO, BiIHO-
CATBCS 10 YMClia HAWOUIBII YHIBEpCATbHUX METO-
IIiB HEPYHHYIOYOT'O0 KOHTPOJIIO. BOHU J03BOJIAIOTH
KOHTPOJIFOBATH PI3HOMAHITHI BJIACTHBOCTI (J0B-
JKHHY, TOBIIMHY, CYHiJbHICTH MaTepiany TOIIO)
BUPOOiB, BUTOTOBIEHHX 3 aKyCTHYHO IPO30PHX
KOHCTPYKIIIHHUX MaTtepianiB. He BumararoTs 3a-
OesreueHHs 0€3MOCePEeTHBOT0 KOHTAKTY 3 KOHTPO-
JLOBAHOIO MOBEPXHEIO, IO JI03BOJISIE BECTH KOHT-
poiib BUPOOIB 0€3 iX AEMOHTaXy 3 KOHCTPYKIIil.
MeTon Mae BUCOKY YYTJIMBICTh, JOCTATHIO JIJIs
KOHTPOJIIO KOHCTPYKLIH 1 BUpOOiIB B eKCIITyaTamii
(miniManpHa TIONIA NEEKTY, SAKAN BUSBISAETHCS
Ha Bigcrtani 2 500 MM Bij BUIIPOMiHIOBaYya, CTaHO-
BUTH OJIM3BKO 1MM?).

B po6oti [13] aBTOpOM BCTaHOBICHUH 3B’S130K
MDK BIIACTHBOCTSMH MaTepialy KOHTaKTHOI BCTaB-
KM Ta XapaKTepOM aKyCTHYHOTO CHUTHAly, Ha OC-
HOBI 4oro Oyia po3po0iieHa METOIMKa BUOpPaKOB-
KM Ta COPTYBaHHS BCTaBOK 32 SIKICTIO BUTOTOBJICH-
HS METOJIOM YJIbTPa3BYKOBOTO 30HyBaHHS.

B Toi1 e yac mei MeToj] Ma€e Taki HeJIOJIKU:

— BHCOKI BHUMOTH JI0 KOHTPOJBOIIPUAATHOCTI
KOHCTPYKIIii U¥ BUPOOY;

— HHU3bKI TOKa3HWKW HAIIHOCTI pe3yibTaTiB
KOHTPOJIIO;

— CKJIAJIHICTP Mpolecy BUMIpY, anapaTypu Ta ii
BUKOPHCTaHHS,

— BEJIMKi Ta0apuTH Ta Bary,

— BIIHOCHO HHM3bKY 3aBaJIOCTIHKICTb.

3acTocyBaHHSl YIBTPAa3BYKOBOTO IMITYJIbCHOTO
METOAY y BUTJIAI CTEHIIB HEPYWHIBHOTO KOHTPO-
JIIO € OJIHUM 13 HaNpPSIMKiB BHUPIIICHHS 3a1a4i orre-
pPaTUBHOIO BXiAHOTO KOHTPOJIIO CTPYMO3HIMAalb-
HUX €JIEMEHTIB Ha BUPOOHWITBI, SKUH PI3KO 10-
3BOJINTH CKOPOTHTH Yac Ta 3MEHIIUTH CKIIAJHICTb
MPOXO/UKEHHS TPOLENypH BXiZHOTO KOHTPOJIO
BYTUTPHUX BCTaBOK, SIKa IHKOJNH PO3TITYETHCS Ha
MicsiIlb. AJIe BUKOPHCTAaHHS TaKUX CHCTEM B €KC-
miyaramii moTpedye BHUKOHAHHS JOJATKOBUX J0-
CIJKeHb Ta BUPIMIEHHS MiJIOI HU3KH MUTaHb 31
CTBOpPEHHSI aBTOMAaTH30BAaHUX, KOMITAKTHUX, YHi-
BEpCaIbHUX BUMIPIOBAIBHUX CUCTEM HEPYHHYIO-
YOro YJIBTPa3BYKOBOTO KOHTPOJIO. TakoX BHKO-
pUCTaHHS MOAIOHUX CTCHIIB JJIS TIEPEeBIPKH KOXK-
HOTO OKpPEMOTO 3pa3Ka BYTUTRHOI BCTaBKH MeEpen
BCTaHOBJICHHSM Ha M0J03 CTpyMOIpHUiiMada € He-
JONUTFHUM 3 MaTepiajbHOI TOUYKH 30pPY Ta BHOCHTH
3HAYHI CKJIAMHOCTI MiJ dac poOOTH OOCIyrOBYIO-
YOro MepPCOoHaNTy JIOKOMOTHBHHX JIETIO.

Jns Takux moTped OUIbII JOUITBHUM € BHKO-
PUCTaHHS CTeHIA JJI BUMIPY MATOMOTO €NEeKTPH-
YHOTO ONOPY BYTUIBHUX CTPYMO3HIMalbHUX BCTa-
BOK MPUHIMIIOBO HOBOTO THITY, SIKHH CKOPOYYy€E
MPOLEAYPY BUMIPY IO NEKIIBKOX CEKYH] Ta 0a3y-
€TBCS HAa MIKPOIPOIICCOPHUX BHUMIPIOBATHHIX
MPUCTPOSX, M€ KOMIAKTHI PO3MipH, BUCOKY TOY-
HICTh Ta HU3bKY COOIBapTICTh, IO J03BOJSIE HOMY
OTPUMATH MIUPOKE MOMIHUPEHHS B €KCIUTyaTallii.

I3 301IBIIEHHSM IBUAKOCTEH PYXY €IEKTPOpY-
XOMOTO CKJIaJy BUHUKA€ HEOOXIJHICTH ITiIBUIIICH-
HS BUMOT WIOAO HaMiHHOCTI KOB3HOTO KOHTAaKTy
1, SIK YK€ 3a3HavYasiocs, BUPIMIEHHs MPOOJIEMH ITiJI-
BUIIEHHS pecypcy KOHTAKTHOI Mapu «CTPyMO3Hi-
MaJbHAN €JEeMEHT CTPYMOIIpHiiMaya — KOHTaKT-
HUW TIPOBII» CTA€ IIe OUTBIT aKTyaTbHUM.

Tomy, 30ip CTATUCTHYHHX JaHUX MIOJO BUXO-
IiB 3 JIaay TOJO03iB CTPYyMOIpPHIMAaYiB MOBHHEH
JATTH B OCHOBY METOJAWKH IPOTHO3YBAHHS IOSBU
BiZIMOB €JIEMEHTIB CTPyMONpPUHMAYiB.

Bignmosigao no Bumor L[T-I{E-0077, npu nosii
CIiZIIB yJapiB, CKOJIB, TPIIUH BYTiIIHHUX BCTABOK,
MTONIKO/KEHHAX TOJIO3IB CTPYMOIIPHIMAadiB, Ipa-
[[IBHUKaM JIOKOMOTHBHHX JIENIO HEOOXiTHO pOOUTH
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3amuc B XKypHAJIi 3 BKa3iBKOIO JaTH Ta XapakTepy
MOMKOKeHHS. [Ipu 11bOMy TEepCOHAN ACSKHX JIO-
KOMOTHBHUX JICTIO HE0AIO0 CTABUTHCS 1O KOHTPO-
JIF0 32 TOSIBAMU TIepepaxoBaHUX HECHPaBHOCTEH Ta
9acTo iX MPocTo HEe (DIKCYE.

Ha ocHOBI gaHMX TpPO TMOIIKOKEHHS IOJI03iB
CTPYMOTIPUIMAYiB E€JEKTPOBO3IB JTOKOMOTHBHOTO
nmero 3Ham’stHka Ta Kwui-lIlac. Oymo BupimieHoO:
JUTSL BA3HAYCHHS XapaKTepy PO3IMOAIICHHS MOIIKO-
JUKCHb MPOTATOM POKY 3aCTOCYBATH ajIrOPUTM Ji-
HilfHO1 iHTEpHmOJsMii MacWBy JaHWX. 3BHYAITHO,
Takud MiAXiA € TOCUTh IpyOuM IHCTPYMEHTOM arfl-
pOKCHMAIlii, ajie, THM HE MEHII, BOJOJIE HU3KOIO
KOPUCHHX BJIACTHBOCTEH, HANPUKIIA] alrOPUTMid-
HOIO TIPOCTOTOIO0, 1 Ma€ JOCTAaTHIO TOYHICTH IS
BUpIIICHHS 3aJa4i Takoro THUIy. Pe3ynbTatu 3a-
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CTOCYBAaHHSI alNTOPUTMY JIHIHHOI ampoKCHUMAIIii,
JUTSL yCepeTHEHUX aHWX 3a TPH POKHU B TpadiuHo-
My BUTJISI/II HaBeJeHi Ha puc. 2.

STk BUHO 3 pHC. 2, XapaKTep PO3MOMALTY MOIII-
KOJDKCHB TI0JIO3IB CTPYyMOIIPUHAMAYIB Ma€ pPi3Ko
BHPaXKEHI CE30HHI KONWBaHHA (CIIOCTEPIraeThCs
301IbIIEHHS KiJTbKOCTI 3aMIHEHHX TI0JI03iB B OCiH-
HBO-3UMOBHH TIEpioJ 0 II'SITH pasiB), AKi BHKIIH-
KaHi BIUIMBOM pi3HOMaHITHHX TNapaMetpiB. Jlis
BUJIUICHHS OCHOBHHX MPHYUH BHUXOMIB 3 Jaay
MOJIO3IB  CTPYMOTIpUiiMadiB HEOOXiTHO BUKOHATH
JeTalbHI JOCHIPKEHHS ONpallbOBaHUX CTATHCTHY-
HUX JIaHWX, OTPUMaHUX B eKCIUTyaramii, Ta
BUJUINTA HaWOUIbII 3HAYyOli B KUIbKICHOMY
CIIiBBiIHOMIEHH] TTOMKOMKEeHHs (prc. 3).

MICALD

Puc. 2. KinpkicHuit po3noin 3aMiHu
MOJIO31B CTPyMOIpUiiMAaYiB

Fig. 2. Quantitative distribution of the replacement
skids of current collectors
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KOJHEH L, Yo

VUILHOMICHYHHX TIC

g

CrHeHb TEOTHI KBITEHB TpaBeHb

TIPOTTELTH BUOKTI BCTaBRI HOPMATBEHIT 3HOC

TIHIEHB cepress

HOBTEHD nicTonan TpyIeHb

MICAIb

TPIMMHIE BCTABOK HepBHOMIDHIT 3HOC CHOITI

Puc. 3. Po3mozisr BUIIB IMOMIKOIKEHD
MOJI031B CTPYMOIIpUiMAaUiB

Fig. 3. Kinds distribution of skids
damages of current collectors

Ce30HHICTh B CTAaTUCTHII — 1€ 3MIHA JUHAMIY-
HUX PAJIB, 0 MAIOTh IUKIIIYHICT B CEPEIUHI PO-
Ky (3aJIe)aTh BiJl MOTOJHUX YMOB, TOIIO). SIBHIIA,
IO CXMJIbHI JO CE€30HHMX 3MiH, HEOOXIJHO IOCIIi-
JOKYBaTH Ha IMpeIMET HAsSBHOCTI OCHOBHOI TEHE-
HIii po3BUTKY. [lJIs mbOro HEOOXiMHO PO3ILIATH
00cAr 3MIHH SBHIIA MK CE30HHOIO CKJIaJ0BOIO Ta
OCHOBHOIO TeHjeHIlier0. Ha puc. 4 HaBeneHo Haii-
OlmpIl Baromi y BiICOTKOBOMY CITiBBiJHOILICHHI
MOIITKO/KEHHS TTOJI031B CTPYMOTIPUIIMAadiB.

Sk BumHO 3 puc. 4, HalOIBIIA YacTKa HeCIpa-
BHOCTEH, 4epe3 sSKi HeoO0XiTHO 3aMiHIOBATH MOJIO3U
CTPpYMOIIpHMaYiB, IpUTIaae Ha TPOMIIN Ta Hepi-
BHOMIpHUH 3HOC BCTaBOK. JIJisT BM3HAYEHHS Ta Bi-
MOOpaKeHHS OCHOBHUX HECIPABHOCTEH I10JIO31B,
a TaKOX PO3MOJIJICHHS 3YCWIb IS iX BHUPIIICHHS,
SIK 3arallbHAW TIPUHIIAI, MOJXKHA 3aCTOCYBaTH 3a-
koH [Tapero (puc. 5).

Jnst onTuMizanii pe3ysbTariB, OTPUMaHHX 3a
JoroMororo moOynoBaHoi miarpamu Ilapero, Ta
no30aBJICHHs BiJl MCHII BRXJIMBUX MPUYMH, HaM-
Kpamie migiiige 3arampHOBimommid Metony ABC-
aHaJli3y, BIIMOBIJHO O SIKOTO HAMBAaXKIMBIIIUMHU
MPUYUHAMH, IO CTAaHOBIATH Pa3oM OLbIIE HiXK
50 % Big 3arajJbHOrO, € HEPIBHOMIPHHU 3HOC Ta
MPOIUIN BCTABOK.

Pi3ke ckOpoYeHHS HOPMATUBHOI'O TEPMIHY €KC-
rryaTamii abo K B3arami BTpaTa Mpane3laTHOCTI
CTPYMO3HIMATEHAX BCTABOK IIOJIO3iB  CTPYMOII-
puiimadiB (puc. 6) MOXke BUHHKHYTH 4epe3: HesiKi-
CHHI PEMOHT, HEMpaBWJIbHY EKCILTyaTallilo, pis-
HOMAaHITHI TIEpPEBAHTAKEHHS, BHUKOPUCTAaHHS He-
SKICHHX 3allaCHUX YacCTHH, MpoOJeMH, MOB’sA3aHi
3 HESIKICHUM PeTyJIIOBaHHSIM KOHTAKTHOI ITiIBICKH.
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Fig. 4. The distribution of skids faults of current collectors
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Puc. 6. XapakTepHi NOIMIKO/KEHHS CTPYMO3HIMAJIbHUX €JIEMEHTIB!
a — MIKpOTPpIIlMHA Ta HEPIBHOMIPHHI 3HOC; 6 — CIIHJI GOKOBOT IIOBEPXHI; 8 — CKOJI 3 TPILLIUHOIO;
2 — mpomnwiy; 0 — Kparepu (pe3ynbTar Ail eIeKTPHYHOI IyTH)

Fig. 6. Characteristic damages of current collector elements:
a — cracks and uneven wear; b — saw cut of side surface; ¢ — cleavage with crack;
d — saw cut; e — craters (the result of the action of the electric arc)
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Hampuknazn, amanmiz 3aMiHM BCTaBOK IT0JI03iB
CTPYMOIIPUIMAYIB 10 JIOKOMOTHUBHUX jeno Kwuis-
[Macaxupcokuii, Ko3satua ta 3HaM’sHKa B pi3Hi
POKHM TOKa3ye TaKy KapTHHY IO MpoOirax ByTisib-
HMX BCTaBOK THUITy «A» (Tabi. 2).

BinmoBigHO 10 HaBEICHMX JaHUX, 33 MEPIOJ
3 2003 no 2014 pik, cepenHbpopidHNi IPOOIT Mmojo-
3a 10 3amiHu BcTaBok ckiamae 35—50 Tuc. kM. Is

nugpa y3romKy€eThCsl 3 piYHIM 00’ €MOM 3aKYIIOK
VYxp3anizauini: 40-50 ToHH BcTaBOK THMy «A» Ta
BIJIMOBITa€ TeXHIYHIH HOKyMeHTartii [9].
BukoHaBmM HecknamHI PO3paxyHKH, MOXKHA
BCTAHOBHTH, IO CEPEAHBOCTATHCTHYHUN MPOOIT
0J103a CTpyMOIIpriiMaya B TEIUTy TIOPY POKY CKJa-
nmae 50—120 tuc. kM, a B XonmoaHy — 6—12 tHc. kM.

Tabnuns 2
3arajabHuii TPoGir JIOKOMOTHBIB, MJTH KM/KiIbKiCTh BCTAHOBJIEHUX MOJI03iB, IIT.
Table 2
The total mileage of locomotives, million km/number of installed skids PCs.
Pix
H"K‘;“gﬁf)““e 2003 2004 2005 2006 2012 2013 2014
. 26,412/ 25,480/ 25,617/ 18,087/ 25,941/ 24,316/
Kwnis- I1ac. -
660 531 512 368 1179 1261
K B 23,897/ 23,100/ 25,531/ B B B
OSATHH 680 580 600
—_ B B B B 27,263/ 26,315 27,561/
Hantka 1363 /1235 1407
::%‘1"1-.—-"
-~ —-.‘..-__‘ ,k—_‘r z

\J

Puc. 7. Ctan nono3a crpyMonpuiiMaya B ekcrutyatanil (aemno 3Ham’siHKa)

Fig. 7. The condition of the current collector skid in operation (depot Znamianka)

Takox Ha pecypc poOOTH BYTUIBHHX CTPYMO3-
HIMaJbHUX BCTABOK 3HAYHUM YMHOM BIUIMBAE Be-
JUYMHA TEPEeXiJIHOTO ONOpy «BCTaBKa — II0JI03
cTpyMmomnpHiiMaua». B peanbHuUX yMoBax eKcIuIya-
Talii HOBCIOAHO MOPYLIYIOTHCS TEXHOJOTIUHI HOp-

MH OOCIIyrOBYBaHHS CTPyMONpPHUIMAaYiB: BiACYTHI
MITHI TIKTaIKA; CTaTbHI KapKacw IOJIO3iB IIO-
KPHTI ipiKero Ta oKanuHowo (puc. 7), 1m0 3HAYHO
MiIBUIIYE OMip MPOTIKaHHIO CTPYMY; HE3aI0BiIb-
HE NMPWISTAaHHS MiJOIIBH BCTaBOK IO Kapkacy Io-
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J103a; HASIBHICTH 3a30piB MiXK TOPIIEBUMH TOBEpPX-
HSMH BCTaBOK Ta I1HIIIE.

301IbIICHUH TepeXiTHIH OMip MapH «BCTABKA —
T0JIO3 CTPYMOIIPHIiMaYa» MPHU3BOJUTH 10 3HAYHO-
ro 30UIBIICHHS] TEMIEPAaTypH KOHTAKTy 1, SK Ha-
CIIJIOK, IO 3HEMIIIHEHHS CTPYMO3HIMAaJIbHOI'O elie-
MeHTa. [Ipu 1[bOMY, CTBOPIOIOTBCS YMOBH MOTip-
MIEHHS CTPYMO3HIMAaHHS, ITOSABA MPOIFIIIB, i1CKPiH-
HS Ta CJIEKTPOMArHITHUX 3aBajl, 301IbIIEHHS 3HOCY
KOHTaKTHOTO TIPOBOJTY.

HayxkoBa HOBU3HA
Ta NPAKTUYHA 3HAYUMICTH

Ha ocHOBi pe3ynbTariB ekciulyaTaliiHUX O-
CIIIJKeHb, [0 BUKOHYBAJIMCH HAa 0a3i JIOKOMOTHUB-
HUX JIET0, OTPHMAaHI 3aJIEKHOCTi, 0a3ylouuch Ha
SIKUX 3alPOIIOHOBAHO BIPOBAJUTH CUCTEMY OIepa-
THBHOTO [[IarHOCTYBaHHS CTaHy BYTUIBHUX BCTa-
BOK B TIPOIlECi EKCIuTyararlii. B xoai BHKOHaHHS
MOPIBHSUTBHOTO aHaJi3y iCHYIOUHMX Ta MEpPCIIEKTUB-
HUX HampsMKiB PO3pPOOKH CTPYMO3HIMalIbHUX
€JIEMEHTIB 3 TiJBUINCHOK HaBaHTAKYBAIHLHOO
3JAaTHICTIO Ta 3HOCOCTIMKICTIO, BH3HA4YEHI KOHC-
TPYKTHBHI YMOBH JJIi BUOOPY ONTHMAJIbHOTO
CIIIBBIJHOIIEHHS CKJIAJOBHUX BCTaBOK. BcraHoBsiie-
HO, III0 3HAYHA YacTHMHA BiIMOB BHHHKAE Yepe3
HEIOCKOHAJIICTh CHCTEMH TEXHIYHOTO OOCITyroBY-
BaHHS, JJIS YOTO, HA OCHOBI €KCIUTyaTalllifHuX n1a-
HUX, pOo3p0o0JIeHI peKoMeHaITii.

OTtpumaHi pe3yJbTaT aHaii3y iH(popMamiiHux
JUKepeJl  BH3HAYalOTh HEOOXITHICTh BBEJCHHS
B Marepiajl ByrUIbHUX BCTaBOK MiJTHOI CKIJIaJIOBOI,
0 JTO3BOJIMTH ITiIBHITATH HaBAaHTAXYBAJIBGHY 37a-
THICTh TIOJIO3IB CTpyMoOIpHiiMadiB. BcTaHoBneHi
YHCeNbHI HEIOJIKA ICHYFOUMX CHCTEM JiarHOCTY-
BaHHS BYTUIBHUX CTPYMO3HIMAJIBHHUX BCTABOK ITO-
JI03iB CTPyMONPUIIMAaYiB, BUPIMICHHS SKUX TOKJIA-
JICHO 32 OCHOBY IIiJ] YaC CTBOPEHHSI HOBHX 3aC0O0iB
Ta CHCTEM [IarHOCTYBaHHS CTPYyMO3HIMaJbHHX
CJIEMEHTIB, 1110, B CBOKO YepPTy, JO3BOJISE IiABHUIIH-
TH TEPMiH EKCIUTyartallii BCTAaBOK Ta JOIOMOXE
OpraHi3yBaTu BiOpaKyBaHHS HESKICHUX CTPYMO3-
HIMAJIBHUX eJEMEHTIB. BcTaHOBIEHAa HeIOCKOHA-
JICTh CHCTEMH TEXHIYHOT'O OOCIYTOBYBaHHS CTPY-
MoOTIpuiimMadiB, TiABHUIIEHHS BUMOT JI0 SKOi JO3BO-
JINTh 3HAYHO 3MEHIIUTH KIJBKICTh IOJIOMOK, BH-
KIMKaHUX MIJBUIICHAM MEPEeXITHUM  OIOPOM
B CHCTEMIi «BCTaBKa — M0JI03 CTPYMOIIPHIIMaya.

BucnoBku

1. ITimBuIIeHHs MBUAKOCTI PyXy Ha 3aJli3HUY-
HOMY TPaHCIOPTI BUKJIHMKAa€E HEOOXiAHICTH 3acToO-
CyBaHHA HOBITHROTO Ta Ha0araTo MOTYXKHIIIOTO
€JIEKTPOPYXOMOTO CKJIany, IO BiATIOBiTa€E CBIiTO-
BUM TeHJeHLisM. [Ipu npoMy st 3a0e3redeHHs
SKICHOTO CTPYMO3HIMaHHS 000B’SI3KOBOIO YMOBOIO
€ 3aCTOCYBaHHS CTPYMO3HIMATLHUX €JIEMEHTIB, 10
BOJIOMIIOTh ITiJIBUIIICHOI) HABaHTAXKYBaJILHOO 3/1a-
THICTIO Ta 3HOCOCTIHKICTIO.

2. IcHyro4i MeTonM AiarHOCTYBaHHS BYTITBHUX
BCTAaBOK MalOTh HU3KY HEJOJIKIB, uepe3 siki cdepa
ix 3acTocyBaHHsS pi3KOo oOMexeHa. Po3B’szaTu
Mpo0JieMy KOHTPOIIO BIiAMOBITHOCTI BYTiIIBHHUX
BCTaBOK ICHYIOUMM BHIMOTaM B TIPOIIeCi eKCILTya-
TaIii MOXJIMBO, BUKOPUCTOBYIOUM KOMIIAKTHI CTe-
HIW A7 BUMIPY MUTOMOTO €JIEKTPUYHOTO OIOpY,
10 0a3yrOThCS Ha MIKPOIIPOIIECOPHUX CHCTEMAaX.

3. Ilixg yac nmeTaqbHOTO AOCHIKCHHS POOOTH
MOJI03iB CTPYMOIIpHIIMadiB B €KcIUTyaramii BcTa-
HOBJICHO TIOBCIOJIHE TOPYIICHHS BHMOT JI0 KOHT-
pOJII0 HecIpaBHOCTEHW Ta iX (ikcarii B poOodnx
JKypHasax, 10, B CBOIO Yepry, MPU3BOAUTH JI0 3HA-
YHOTO 301IBIICHHS ITOJIOMOK.

4. JlocsrTd pi3KOTO 3MEHIICHHS KiTBKOCTI BH-
XOMIB 3 JIaAy TOJ03IB CTPyMONpHUiIMadiB B OCiH-
HBO-3UMOBHI TIepio]] MOXIUBO, YCYHYBIIN BILJIMB
BHCOKOTO TIEPEXiHOTO OMOpY «BCTaBKa — IIOJIO3
CTpyMoOIllpHiiMada» Ta MpoOjeM, TIOB’sI3aHUX
3 LUM.
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IOBBIIIEHUE PECYPCA YI'OJIBHBIX TOKOCBEMHBIX BCTABOK
TOKOINPUEMHHUKOB CKOPOCTHOI'O QJIEKTPOIIOABUKHOI'O
COCTABA B YCJIOBUAX IKCIIVIYATALIUHN

Heab. Pabora npeamnosiaraer onpejeieHne OCHOBHBIX HAlpaBIEHWH MOBBIMIEHUST pecypca u 3(deKTHBHOCTH
9KCIUTyaTal[iM YTOJBHBIX TOKOCHEMHBIX BCTaBOK TOKONPHEMHHKOB CKOPOCTHOTO 3JIEKTPOIIOJBMKHOTO COCTaBa.
Metoanka. VccrnenoBanue NOCTpOEHO HAa METOAUKE, KOTOpPas OCHOBBIBAETCS Ha MCIOJIb30BAaHUU MOJ0KEHUN Teo-
PHUM HAJEKHOCTH TEXHUYECKUX CUCTEM, IEKTPOMEXAHUUECKUX MPOLECCOB, TEOPUH CTAaTUCTUKH. PesyabTaTsl. Pac-
CMOTPEHBI CYLIECTBYIOIUE MOIXOABI B IPOU3BOJCTBE TOKOCKEMHBIX BCTABOK M0JI030B TOKONPHUEMHHUKOB B EBpone
1 YKpauHe, IpoaHaIM3UPOBaH psiji MHGOpMaMOHHBIX UCTOYHHUKOB. OnpeneneHbl Hanbosee 3 QpeKTUBHbIE HalpaB-
JICHUS! TIOBBIIICHNSI Harpy304HON CIIOCOOHOCTH M M3HOCOCTOMKOCTH TOKOCHEMHBIX 3JIEMEHTOB. Y CTAHOBJICHO, YTO
CYIIECTBYIOIINE CUCTEMBI JUISl OTIPEIEIICHNS] KAUeCTBA U3TOTOBJIEHHS YTOJIBHBIX TOKOCHEMHBIX BCTABOK MMEIOT PAL
HE/IOCTaTKOB, KOTOPBIE 3aTPYXHIIOT BXOIHON KOHTPOJIb U JETal0T HEBO3MOKHBIM JJHarHOCTHPOBAHHE TOKOCHEMHBIX
3JIEMEHTOB B 3KCIITyatanuu. Ha ocHOBe maHHBIX (haKTOB JUIS HYX]I JOKOMOTHBHBIX JIETIO IPEI0KEH HOBBIM CTEHII,
MO3BOJISIOIINI N30€XKaTh CYIIECTBYIOUIMX CIOKHOCTEH C IMAarHOCTHPOBAaHMEM YTOJBbHBIX BCTaBOK. B xozne mccie-
JIOBaHHS YCTAHOBJICHBI ITOBCEMECTHBIE HAPYIICHUS TEXHOJIOTHUECKHX HOPM OOCITY)KHBAaHHS TOKOIIPUEMHHUKOB.
Hayunasi HoBu3Ha. Ha ocHOBe pe3ysibTaToB 3KCIUTyaTallMOHHBIX MCCIIEOBaHHN, NPOBOJUMBIX Ha 0a3e JIOKOMO-
TUBHBIX JIETIO, TOJIyYEHB! 3aBUCHMOCTH, OCHOBBIBAsICh Ha KOTOPBIX, MPEJIOKEHO BHEAPUTH CHCTEMY ONEpaTUBHOIO
JUarHOCTHPOBAHUS COCTOSHHS YTOJBHBIX BCTABOK B IpOIlecce 3KCIUTyaTallud. B Xome mpoBeeHHOTO CpaBHUTEINb-
HOTO aHaJIn3a CYIIECTBYIOIINX U IEPCIEKTUBHBIX HANpPaBlIeHNH pa3padOTKH TOKOCHEMHBIX 3JIEMEHTOB C ITOBBIIICH-
HOHW Harpy304HOH CIOCOOHOCTBIO M M3HOCOCTOWKOCTBIO ONPE/IEIEHb KOHCTPYKTUBHBIEC YCIOBUS IJIsl BBIOOpA ONTH-
MaJIbHOTO COOTHOLIEHUS! COCTABIISAIOIINX BCTaBOK. Y CTAHOBJIEHO, YTO 3HAUUTEIbHASA YacTh OTKAa30B BO3HUKAET U3-3a
HECOBEPIICHCTBA CHCTEMBI TEXHHUYECKOTO OOCTY)KMBaHUS, JJIsl 4Y€ro Ha OCHOBE 3KCILUTyaTallMOHHBIX JAHHBIX pa3pa-
6otansl pekomeHnanuu. [IpakTHyeckasi 3HAYNMOCTb. [lomydeHHbIe pe3ysbTaThl aHAIN3a MH()OPMALMOHHBIX HC-
TOYHHUKOB ONPENENISIOT HEOOX0IMMOCTh BBE/ICHHS B MAaTEpPHaN YTOJIbHBIX BCTABOK MEAHOW COCTABIISIOLICH, UTO I0-
3BOJIUT MOBBICUTh HArPY30UHYIO CIHOCOOHOCTH MOJ030B TOKOIIPUEMHHUKOB. Y CTaHOBJIEHBI MHOTOYHCIICHHBIE HENOC-
TaTKM CYIIECTBYIOUIUX CHCTEM AWArHOCTHPOBAHUS YTOJIBHBIX TOKOCBEMHBIX BCTABOK IOJI030B TOKOIPHUEMHHUKOB,
pelIeHHe KOTOPBIX MOJI0KEHO 33 OCHOBY IIPH CO3/IJaHUU HOBBIX CPE/ICTB U CHCTEM AWArHOCTHPOBAHUS TOKOCHEMHBIX
3JIEMEHTOB. JTO, B CBOIO OYepe/lb, MO3BOJIMUT MOBBICUTh CPOK IKCIUTyaTallMd BCTAaBOK U ITOMOXKET OPraHU30BaTh OT-
OpaKoBKY HEKaYeCTBEHHBIX TOKOCHEMHBIX JIEMEHTOB. Y CTAaHOBJIEHO HECOBEPILEHCTBO CUCTEMBI TEXHUYECKOTO 00-
CITy’)KMBaHUsI TOKONPUEMHHUKOB. [1oBbIIIeHHE TPeOOBaHUH K JAHHOW CHUCTEME MO3BOJIUT 3HAYMTEIHFHO YMEHBIIUTH
KOJIMYECTBO MOJOMOK, BBI3BaHHBIX MOBBIIIECHHBIM IEPEXOJHBIM CONPOTUBIEHUEM B CUCTEME «BCTAaBKa — IMOJ03 TO-
KOTIPHEMHHKA».

Kniouesvie cnosa: ckopocTHOE IBIKEHHE, TOKOCHEMHBIE JJIEMEHTHI; IPaHT; N3HOCOCTOMKOCTh, METAJUINIECKHE
BOJIOKHA; Harpy304Hasi CIIOCOOHOCTh, PECypC; CUCTEMa AUArHOCTUPOBAHMS; 110JI03 TOKOTIPHEMHHKA
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INCREASE THE RESOURCE OF CURRENT COLLECTOR ELEMENTS OF
THE ELECTRIFIED HIGH-SPEED TRANSPORT IN OPERATING
CONDITIONS

Purpose. The paper is aimed to determinate the main ways of increasing resource efficiency and exploitation of coal cur-
rent collector surface inserts of speed electric rolling stock. Methodology. The research is based on the technique relies on the
use of theory regulations of technical systems reliability, electromechanical processes, theory of statistics. Findings.

doi 10.15802/STP2015/49321 © 10. JI. Bonbwmakos, A. B. Auronos, 2015

68



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

Hayka ta nporpec Tpancropty. BicHuk J[HInponeTpoBcsKOro
HAIlIOHAJIBHOTO yHIBEPCUTETY 3aii3HHYHOro Tpancmnopty, 2015, Ne 4 (58)
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The existing approaches to the production of current collector surface inserts in Europe and Ukraine were consid-
ered, a number of information sources was analyzed. The most effective ways of increasing current carrying capac-
ity and wear resistance of current collector elements were determined. It has been established that the existing sys-
tem for determining the quality of manufacturing of current collector elements have a number of drawbacks that
make it difficult to control the input and makes diagnosing current collecting elements in operation impossible. On
the basis of the facts, for the needs of the locomotive depot, we propose a new booth allowing avoiding the existing
difficulties with diagnosing of current collector elements. During the study were established pervasive transgres-
sions of technological standards of service pantographs. Originality. Based on the results of operational research
carried out on the basis of the locomotive depot, obtained depending, based on which, it is proposed to introduce an
operative diagnosing system of the current collector elements state during operation. In the course of a comparative
analysis of existing and perspective development directions of current collector elements with high load current car-
rying capacity and durability, were definited constructive conditions for the optimal ratio is inserts. It was estab-
lished that a significant proportion of failures occur due to imperfect maintenance system for which, on the basis of
operational data, recommendations were developed. Practical value. Obtained results of the information sources
analysis determine the need to implement coal inserts copper component in material, which will increase the load
current carrying capacity of the current collectors. The numerous shortcomings of existing diagnostic systems car-
bon of current collector inserts skids pantographs were established, the solution of them should be the basis for the
development of new means and diagnostic systems of current collector elements. It can improve service life of in-
serts and arrange culling of substandard of current collector inserts. The imperfect system maintenance of panto-
graphs was established. The requirements increasing to this system will significantly reduce the amount of break-
ages caused by an increased transitive resistance in the «insert — pantograph».

Keywords: high-speed movement; collector elements; graphite; wear resistance; metal fibers; current carrying
capacity; resource; diagnostic system; current collector skid
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BU3HAYEHHSI KOHTAKTHUX HATIPYKEHb B PEUKAX THITY P50,
AKI EKCIVIYATYIOTBCSA B METPOITOJIITEHI

Mera. B mocrimkenni HeoOXinHO:1) BU3HauMTH 00’ €MHUI Hampy»KeHO-Ie(pOPMOBAHMI CTaH TOJNIOBKH PEHKH 3a-
J3HAYHOI KOJIT TIPH B3aEMOII i3 KOJIECAMH PYXOMOTO CKIIay; 2) MpoaHalli3yBaTH pi3Hi GOpMH KOHTaKTHOI B3aEMOLIIi;
3) orpumark jgaHi, HEOOXimHI [UIsI PO3PAaXyHKY JOBTOBIYHOCTI pedok 3amisHu4HOi Koiil. Metoauka. B ocHOBI
poO3paxyHKy o00’€MHOTO Hampy>XeHO-Ie(OPMOBAHOTO CTaHy JISKHTh METOA CKIHUYCHHHX eJIeMEHTIB. 3amada
po3B’s3yBanacs B HPYXHIM 00’eMHI mocTaHOBHI. [Ipu po3B’s3aHHI BHKOPHCTOBYBAJINCH PEallbHI T€OMETPHYHI Ma-
pametpu Tis. Pe3ynbTaTn. ABTOpaMH BUKOHAaHMIT PO3paxyHOK 00’ €MHOIO HAIpy»KEeHO-1e(OPMOBAHOTO CTaHy T'OJIOBKU
peiiKy 3aTi3HUYHOT KOJIT IpY B3aeMOJIi 13 KoJiecaMl pyXOMOTO CKIIay Ul Pi3HUX BHIIQJIKIB FeOMETpii KOHTaKTYHOUYNX
TIOBEPXOHb. [Ipe/icTaBIeHo pe3ynbTaTh po3paxyHKy, K y rpadidHii, Tak i y Tabnuuniii popmax. BukoHaHO mopiBHSHHS
PI3HHX BapiaHTiB YMOB KOHTaKTy. OTpHMaHi pe3ysbTaTd IPOoaHaIi30BaHO Ta 3p00JICHO BUCHOBKH ILIO/I0 ONTHMAJIBLHOCTI
YMOB KOHTaKTHOI B3aemonii. HaykoBa HoBH3Ha. OTpuMaHi pe3yibTaTH pO3paxyHKy IIOKa3aid, IO 3a KPHUTEpiEM
MiHIMi3aIlil KOHTAKTHUX HATPYXeHb Yy pelikax Tuiry P50 i yMOB KOHTAKTY, XapaKTepHUX IS IPSAMOI TUITHKHA KO,
BUKOPHCTaHHS Kojieca pyxoMoro ckiany 3 npodinem 3a kpecieHHIM 3AT « MIHETEK» He € HafOLIbII pariioHaIbHIM
pimenHsM. HaliOinbIn pamioHa IbHIAM Y IIBOMY BHIIAIIKY, Cepel] PO3TIBIHYTHX, € YKIIaaKa peiok y koo 3 yxmroM 1:20 ta
BUKOPHCTaHHS KoJieca 3 npodijieM roBepxHi koueHHs: KoHycHicTio 1:10. BincyTHicTh yXuity peiiku HIBENIOE BCI epeBaru
MOBEepXHI Ko4eHHs Koseca KoHycHicTio 1:10, i Takuii BHIAJOK KOHTAKTHOI B3a€EMOJii € HAMMEHI palliOHATbHUM.
[pakTnyna 3Ha4yuMicTh. OTpUMaHO PE3yNBTaTH aHAJI3y KOHTAKTHOI B3a€MOZi TOJOBKH PEWKH 3aJIi3HUYHOI KOIii i3
KOJIECOM PYXOMOTO CKJIaJly B TPHUBHMIPHI INpPYXHIH NMOCTaHOBLI JUISl PI3HUX YMOB KOHTaKTHOI B3aemogii. L{i maHi
MOXYTh OyTH BUKOPHCTaHI IPU ONTUMIi3allii YMOB KOHTaKTHOI B3a€EMOJII Ta HAYKOBOMY OOIPYHTYBaHHI NMPUYKMH TOSIBU
Je(eKTIB KOHTAKTHO-BTOMHOTO TIOXO/DKEHHSI B TOJIOBKaX pedok 3amizHuunoi kouil. [lpencraBneHy mojens Mo)KHa
YCKIJIQ/IHIOBATH, BPAaXOBYIOUM B PO3paxyHKaX 3aJIMIIKOBI HAlpy)XKEHHs B pelKax, 3MIIHEHHs IOBEPXHEBOIO IHapy,
HAasIBHICTb IOYAaTKOBHX JIE()EKTIB Y Pe3yJIbTaTi HeJOCKOHAIOCTI ITPOLIECY BUTOTOBJICHHS TOLIO.

Knrouosi crosa: peiika; Koneco; KOHTaKTHA B3aEMOIIs; TIPY»KHI JeopMaliii; METoJ CKIHYEHHHX €JIEMEHTIB

Beryn 1 pyxomoro cknany. CkinaaHicTh wi€l 3agadi mosisrae
y BENHKIA KUTBKOCTI (PakTOpiB, IO BIUIMBAIOTH Ha
pe3ynbTaty po3e’s3aHHs. OHUM 13 HAMOUIBII BILIU-
BOBUX (DaKTOpIiB € TE€OMETpisi KOHTAaKTYIOUHX TIOBEp-

BusHaueHHs HampykeHb IPW KOHTAKTHIiN B3ae-
MO/l peloK 3aTi3HUYHOT KOJIii 3 KOJecaMu PyXOMO-
TO CKJIQJly Ma€ BEJIUKE 3HAYCHHS JUISl PO3POOKH Me-

L. } . XOHb.

TOMIB 1 3aCO0IB MMOIOBXKEHHSI CTPOKY CITy>KOW BiJIO-

BiJQJIBHUX E€JEMEHTIB SK 3ali3HUYHOI KOJiil, Tak
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3AJIIBHNMYHA KOJIIA

Merta

MeTo10 1IHOTO AOCHIIKEHHSA € BU3HAYEHHS Ha-
Npy>KEeHO-1e(OPMOBAHOTO CTaHy TOJIOBKH PEHKH
3aJII3HUYHOI KOJIii MPU B3aEMOZII 3 KOJIECOM PYyXO-
MOTO CKIIay.

MeTtoanka

Jis po3B’si3aHHS 1i€T 3a7a9i MOXKYTh BUKOPHC-
TOBYBATHCh fAK aHamiTHuHi [2, 6, 8, 9], Tak i umc-
JIOB1 METOJIH.

AHaNITHYHUA METOJ PO3B’S3aHHS KOHTaKTHOT
3aj1a4i Bepuie 0yJsio 3anponoHoBaHo ['eprem.

ITpu KOHTaKTI KoJieca 3 PEHKOI0 y LEHTPaIbHIN
YaCTHHI TIOBEpXHI KOYEHHsS PEHKH PO3paxyHKOBa
cXeMa B3aeMOII] SBIIsIE COO0K0 KOHTAKT IBOX LIWIIi-
HIpPIB, OCI SIKUX B3a€MHO TEPIEHAUKYIIpHI. B Ta-
KOMY BHIJIKy MaKCUMaJbHi HANpyKECHHS Ha KOH-
TaKTHI MOBEPXHI BU3HAYAIOTHCS 32 hopmyIoro [6]:

P

Gr;ax :E.—y'
2 n-a-b

ne a i b — miBoci KOHTaKTHOT TTOMAIKH.

B 3aranpHOMY BHNAJIKy IUIOIIAJKAa KOHTAaKTy
mae dopmy erminca (puc. 1), po3mipu miBocei sKo-
TO:

)

aeo | PO
fef1,1,1,1
1 I’1’ 2 I’Z,

pop | PAW

Je I Ta I} — pajailycu KPUBUHHM B TOYLI JOTUKY
’

nepumoro Tina; r, Ta I, — paalyCcu KpUBHHU B TO-

41l OTUKY Apyroro Tina; E — momyns lOnra; p —

koedimient Ilyaccoma; o 1 [ — TabnwuHi 3Ha-

YCHHS.

B nomansmomy npodecopom I'. M. lllaxyHsH-
riem [8] Oyno 3ampornoHOBaHO KOpHUTYBaHHS (Hop-
mynu ['epua-binsesa y BUTIsII:

max_3‘ Pdin'(P

=>._dn ¥ 4
Y T2 mabek @

o

e ¢ i K; — monpaBouHi Koe(ilieHTH, 110 Bpaxo-

BYIOTH BIUIMB JOTHYHUX CHJI Ta PI3HHUITIO MK (hak-
TUYHOIO IUIOIICI0 KOHTAKTY 1 pO3PaxyHKOBOIO, IO
OB’ si3aHa 13 3HOCOM KOJIiC.

Puc. 1. Cxema po3moitry HOpMaabHOTO THCKY
IO TUTOINAAMI KOHTAKTy

Fig. 1. The pattern of distribution of normal
pressure on the contact area

[podpecopom B. @. fxoBieBum Oyio 3arpo-
[IOHOBAHO HACTYIIHE. SIKII0 HE BUKOHYIOThCA IIE-
pexymoBu Teopii I'epua-binsesa, To po3zpaxyHOK
KOHTAKTHUX HaIlPy)KCHb BUKOHYBAaTH y TaKOMY
Bursizi [9]:

()

e ¢ — AIHCHI KOHTaKTHI HAIIPY>KEHHS; O, — Koe-

C=0, "0, "0, O Oy Oy "G,

¢iuieHT, 10 BpaxoBye BIUIMB Kparo; o, — Koedi-
IIEHT, IO BPaxOBY€E BIUIMB IIHUPUHH TOJIOBKH PEii-
KH; O, — KOeQILi€eHT, 10 BPAXOBYE BIUIMB KyTa

Haxwly OOKOBMX IpaHel peyku; o, — KoedilieHT,
0 BPaxoOBY€ BILIUB OJWU3BKOCTI 32 BEITUIHHOIO
pajiyciB KOHTAKTYyHOUMX TUI, O, — Koe(ilieHT,
II0 BPaxOBY€ BIUIMB OJM3BbKOCTI 3a BEIUYHHOIO
paziyca MOBEpXHi KOHTAKTy Ta pPO3MipiB KOHTaKT-
HOI IUIOIIAAKU; O, — KOeQilli€HT, L0 BPaxoBye
BIUIUB MIKPOHEPIBHOCTEH; G, — KOHTaKTHI Ha-

NpYy)XEHHs, po3paxoBaHi 3a Teopieto [epra-
Binsera.

3ayBa)XMMO, IO HE 3BaXKAIOYM Ha MPOCTOTY 3a-
MPOMOHOBAHKX 3aJICKHOCTEH, a OTHKE 1| BUKOHAHHS
BIJIITOBITHUX PO3PAaXyHKIB, BUKOPHCTAHHS aHAIIi-
TUYHHUX METOJIB Mae Oararo HeaoiikiB. Tak mepe-
JlyMOBaMH 10 BUKOpHCTaHHs Teopii ['epua € Te,
0 MaTepiayl KOHTAKTYIOUHX IMOBEPXOHb MaE OyTH

iIealbHO TPYXHUM Ta 130TPOIHHUM, CTHCKAaK4a
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cuia Mae OyTH HOPMaJIBLHOIO JI0 TUIOIMIAAKNA KOHTa-
KTy, a CUJIaMH TEPTS HEXTYIOTb.

Taki mepenyMoBHM He BIINOBIZalOTh yMOBaM
KOHTaKTy KoJieca 3 PEHKOI0 Ha 3aJi3HUIl, OCKIITbKU
CWJIM B3a€EMOJIl BHKIHMKAIOTH B KOHTaKTYIOUHX
TiNax TUIACTWYHI Jedopmariii, marepian peiku
HE € i30TponHUM (IIe TOB’S3aHO i3 TEXHOJIOTIE0
BUTOTOBJICHHS PEHOK), @ CUITH TEPTS TAKOK MAIOTh
BIUIMB Ha HaIpPyKeHO-Ie(OPMOBaHHI CTaH KOHTa-
KTYIOUHUX TIOBEPXOHb.

CydvacHu#l mingxig o0 po3B’si3aHHS 3a/1ad 3 BU-
3HAYEHHs  HaINpPyXeHO-1e(OPMOBAHOTO  CTaHy
KOHCTPYKUi# cknagHoi ¢popmu Oa3yeTbcs Ha BUKO-
PUCTaHHI YHCIIOBHX METOJIB MeXaHiKu IehopMiB-
HOTO TBEPJOTO Tija.

30kpemMa, OCTaHHIM YacoM HaHOUIBIIOrO Io-
IIUPEHHST Cepell YMCIOBHX METOMIB OTPUMAaB Me-
TOJI CKiHUeHHUX eneMeHTiB [3, 10—15].

Meron ckindennux enementiB (MCE) sBisie
c000I0 YUCIOBHH METOJ PO3B’SI3aHHA KpaHOBUX
3a7a4 MateMaTiHdHol (isuku [5].

He 3Baxkatoun Ha Te, MO iCHY€ BElMKa Killb-
KIiCTh pi3HOMaHITHUX (HOPMYIIIOBaHb METONLY CKiH-
YEHHUX €JIEMEHTIB, HOr0 MOXKHA y3arajJbHUTH Ta-
KMMH eTariaMu po3B’s3anus [4]:

®diznyHa 00J1aCTh PO30OUBAETHCS HA MMiI00JaCTi,
a00 CKiHYeHH] eJIEeMEHTH.

Hesinoma 3minna (omHa abo JeKiabKa) armpok-
CHUMY€ETHCS (PYHKII€I0 CHEUiaIbHOTO BUIIIALY MO
BCcill mig oOmacTi. Ilapamerpu 1Mx anmpokcHMaIii
B MOJAJBIIOMY CTAIOTh HEBIJIOMUMH MapamMeTpamMu
3amaui.

[MigcranoBKka anpokcuMaliii y BU3HAYaIBHI pi-
BHSHHS J1a€ CHCTEMY MHOKHHU PiBHSHB 3 HEBIJIO-
MHUMH TapaMeTpamu. Po3B’si3yrodu I1i piBHSIHHS,
MOYKHA BH3HAYMTH 3HAYEHHS IMX MapaMeTpiB,
a OTXKe, OTpUMaTH YHcelIbHE HaOJMKeHe po3B’s-
3aHHA 3a/71a4i.

3aMicTh BU3HAYAIBHUX PIBHSHb YaCTO BUKOPH-
CTOBYIOTh BapialiiHUH} MiaXis.

ITix yac po3B’s3aHHS 33134 32 JOTIOMOTOI0 Me-
TOAY CKIHUYEHHHUX EJIEMEHTIB BHUKOPHUCTOBYIOTHCS
3aJIKHOCTI MEXaHIKH JeQOpMiBHOTO TBEPAOTO
Tia. SIKIo MeTor po3B’si3aHHS € BU3HAYCHHS He-
BIJIOMHUX HAIPy>KCHb

o;(%,y,2), 1, =123, (6)
nedopmarriii
g;(%y,2),1,]=123, @)

abo mepemilieHb
u (x.y,2),1,j=123, (8)

TO Taka MOCTAHOBKA 3aJladi HA3UBAETHCS MPSIMOIO.
MosxiBa 1 3BOPOTHA MOCTAHOBKA, KOJIX 3 BiTOMHUX
¢yukiii (6), (7) abo (8) 3Hax0oaaTh HABAaHTAKCHHS
Ha TIOBEPXHI T4, SKi 3aJ0BOJIBHSIOTH 1T (DYHKIIII.
Taka 3agaya Ha3UBa€THCS 3BOPOTHOIO. B 060X BH-
Majikax 3aBJaHHS 3BOJMTHCS IO BCTAHOBJICHHS
3B'I3Ky MiX IT'STHAIIATEMA ITapaMeTpaMH: IIiCTh-
Ma KOMIIOHEHTaMH TEH30pa HaIlpy>KeHb, MIiCThMa
KOMIIOHEHTaMH TeH3opa naedopmauid 1 Tpboma
KOMITOHCHTaMH TIePEMIIICHb.

OTxe, AN KOPEKTHOI IMMOCTAaHOBKW 3aBIIaHHS
HeoOXi/lHA 3aMKHyTa CUCTEMa pPiBHSHB, II0 Mae
€IMHE pilleHHs y BUTIIA Oe3rnepepBHUX (QYHKITIH
JUIT KOXKHOT 3 IIyKaHWX BEIHYWH. Takow cucre-
MOIO € KOMIUIEKT HACTYyIMHUX 15 piBHSHB, sIKi BU-
KOHYIOTBCA IS OY/Ib-SIKO1 TOYKU BCEPEIUHI Tija.

CratnuHi piBHAHHSA — nudepeHItianbHi piBHIH-
HsI piBHOBaru (a0o pyXy) HaBEeIICHO HIDKYE!

oo, Oty +81:XZ + =0/ =p aZLZJ ;
ox oy oz ot
0 0 0 2
Tyx+ 5y+ Tyz_’_f))/:O :pé_\zl :
ox oy oz ot )]
P 2
aTZX+ sz+acZ f'=0=p 8V2V . (9)
ox oy oz ot

ne f/, fy" , f — KomnonenTH 06'eMHOI cHH; p —
HITBHICTH cepenoBuIna; t — vac.

CratnuHi piBHSHHS IOIIOBHEHI yMOBaMH Ha
NOBepXHi Tina (rpaHUYHUMH YMOBaMHU JPYroro
poIy), IO XapaKTepU3yIOTh PO3IMOILT 30BHINTHBO-
TO HaBaHTa)XEHHS HAa TUX AUISTHKaX MOBEPXHi S, 1ie
NPUKJIaJIeH] PO3MO/iICH] HABAHTAKCHHS
n,;

S _
fo =o.n, + TNy + Ty,

s _ :
f, =1,N +oyn, +1,0,;

f3=1,n + T,,N, +0,N, (10)
a0o mepeMilleHHsI Ha TOBEPXHi
U=UyV =V W =W, (1)
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ne U, V, W — KkoMIOHEHTH BeKTOpa IepeMi- i&cij N 0%, 13 "
weHs; Ny, Ny, N, — HANPAMHI KOCHHYCH, PHYO- = ox; ! a2t
My B KOKHiil TOUIli TIOBEpXHi N> + n§ +n?=1, i3
I'eomeTpuyHi piBHSHHS — criBBigHOmEeHHS Ko- Gi = L9, jl il =123, (15)

Il — OTMHUCYIOTh KOMIIOHEHTH TeH30pa JedopMariii =
4yepe3 KOMIIOHEHTH BEKTOpa MePEMillleHb:

’ n ee = Mi Vil g5 3 (16)

U, U oV, ol 2ley e ) T T

gy =—— =—+
T Y Ty

LN W
Tyt T a Ty
LWL

Loz Vax ox oz

KomrmonenTtu nedopmaiiiii MaroTh 3a10BOJIbHS-
TH YMOBHM CIIUIBHOCTI (HemepepBHOCTI) medopma-
niii Cen-Benana:

aZSX 628y - aZny .

2 T2 T ’
oy ox*  oxoy
azsy %, 82sz
4 = ;
622 ay?- 8yf)z
8282 828>< 82yzx :
2 T2 T ’
oX oz Oz0X
i _asz n asz + a‘{xy = 2828)( ;
ax ax ay 82 6y62 ,
2
i _&YZX+8YXy+8sz :28 gy .
vl oy o ax ozox
i _&ny n &sz I asz — 28282 . (13)

®i3uuHi piBHSHHS — PIBHSHHS CTaHy cepeio-
BUINIA;, TOB'SA3YIOTh KOMIIOHEHTH TEH30pa Hampy-
KEHb 3 KOMIIOHEHTaMH TeH30pa Jedopmarii
1, B 3araJbHOMY BHUIIaJKy, BKIIOYAIOTh SIK He3alle-
KHI TapaMeTpH 4yac i TeMIepaTypy.

[lin yac BUKOpHCTaHHS HYMEpPOBAaHUX IIO3Ha-
4YeHb HamNpyXeHb, nedopMaliii i mepemilieHb
B OPTOTOHAJILHUX KOOPIMHATHUX OCSX, PIBHSHHS
pyxy (9), rpanuuni ymoBu (10) i criBBigHOLICHHS
Komri (12) MokHa HaBECTH Y TAKOMY BHIJISIIL

B mmtinapuuHuX KoopauHatax f, © i Z piBHSH-
HS pIBHOBaru MaroTh BUTJIS

oG, +E@rr9 N ot, ©,—0C, +pF, =0;
or r 00 oz r

Oty 100, N Oty N 27,9

+pF, =0;
o roo o Pre
Oty 10, G0, +X2 4 pF, =0, (17)
or r 0o oz r
ne F., F,, F, — xomnoneHTn Bekropa 006'eMHOI
CHJIH.

OmHuM 13 METOAIB PO3B’sI3aHHS 3a/1a4 3a JOTO0-
moroto MCE € meron nepeminieHb. ba3yerbes BiH
Ha MPUHIIAII MOXIJIMBUX MEPEMIIICHb. SKIIO TLIO
3HAaXOJUThCS B CTaHI piBHOBar", To podora OW
BHYTPIIIHIX CHJI JOPiBHIOE poOOTIi OA TOBEepxHe-
BUX CHJI HAa MOXXJIMBHUX HepeMimieHHsax. [TpuHiun
MOMJIMBHX MEPEMIllICHh MOXIIMBO BUKOPUCTOBY-
BaTH SIK JUIA JIHIAHUX, TaK 1 JUIs HEIIHIMHUX 3a1a4.
SIkio BUKOHYeThCA 3akoH ['yka, TO MPUHIUN MO-
JKJIMBHX TIEPEMIIIICHh CTA€ CKBIBAJCHTHUM IPHH-
nuny moBHOI eHeprii Jlarpamka: i3 Bcix mepemi-
IIeHb, IO 33J0BOJIGHSAIOTH YMOBH 3aKpITUICHHS,
peami3yoThCsA B JIMCHOCTI JIUIIE Ti, IJIS SKUX I10-
BHA €Heprist MiHiMaJIbHa.

[Tix wac 3acTocyBaHHS 3MIIIAHUX CXEM METOILY
CKIHYEHHHX EJIEMEHTIB, CUCTeMa PIBHAHb PIBHOBA-
4 s Tina, mo gauckperuzoBaHe MCE, mae Bu-
g [7]:

[KHu}={R"}+{R"}+{R°},
Ie [K] — MaTPHIIA KOPCTKOCTI KOHCTpYKIil; {U} —

BekTOp mepemimens BysmiB, {R'} — Bexrop mpu-
KJIAJeHUX JO BY3JiB 30BHIIIHIX HABAaHTAKCHb;
{R"} — BekTOp MOYATKOBHX (TEMIEPATYPHUX) Ha-

npyxenb;, {R°} — BekTOp (IKTUBHHUX BY3JIOBHX
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CHWJI, TOB'SI3aHUX 3 HEOJHOPIMHUM PO3IOIUIOM He-
NpyXHUX AedopMariii.

I3 3pocTaHHSM TOTYXHOCTI KOMI FOTEPHOL
TEXHIKHU, METOJI CKIHUEHHUX €JIEMEHTIB CTa€ OlIbII
mommpeHuM. IlepeBaroto #oro mopiBHAHO 3 Kia-
CHUYHOIO TEOPIEI0 MPYKHOCTI € MOXIIMBICTH pO3pa-
XYHKY TEH30piB NepeMillleHb, HalpyXeHb Ta Je-
(dopmartiit [uIst TiJT, MO MalOTh CKJIaIHy T€OMETpPH-
yHy (hopmy. Kpim Toro, Meron q03BOJISE JIOKATBHO
30UIBIIYBaTH TOYHICTb PO3PaxyHKY y MICISX, IO
CTaHOBJIATH IHTEPEC IS iHXKEHepa, M0 AOCHTIHKYE
KOHCTPYKIIif0. TakoXX € MOXIUBICTh BpaxyBaTH
Yy po3paxyHKax BIUIUB TEMIIEPaTypPHO-CHUIO-BHX
napamMeTpiB Ha Hanpy>KeHO-Ie(OPMOBAHUN CTaH.
IMogo xonTakTHUX 3amad, To MCE no3Boisie BU-
KOHYBaTH PO3PaxXyHKH JJIS TLT B3a€MOI1 CKIQAHOT
¢dopMH, y TOMY YHCHI i3 TEOMETPUYHOIO Ta (Hi3nud-
HOIO HEeJIHIMHICTIO.

3a gomomororo MCE 0Oyno po3B’sizaHo 3amgady
KOHTaKTHOI B3aemonii peiiku P50 [1] Ta komeca
PYXOMOTO CKJIaJly METPONOJITEeHY i3 JiaMeTpoM 3a
KpyroM kodeHHs 780 MM, KOHYCHICTIO ITOBEPXHI
koueHHs 1:10 ta 3 npodineM moBepxHi KOUCHHS 3a
kpecneHHsaM 3AT «MIHETEK».

YMOBH KOHTaKkTy BIAMOBimadM pyxy IMoi3ga
B TIpsAIMIi ainstHI Kouii mmpuHoto 1 520 mwm.

3agaua po3B’sByBanacss B 00’eMHiMl mpyxHil
MOCTAHOBIIl i3 TAKMMH MEXaHIYHUMH BJIaCTHBOC-
TSAMH MaTepiay perKH:

—  momynb npyxuocti E =2,1-10° H/mm?;

—  koeiuient [Tyaccona u=0,3;

—  KpaioBi yMOBH HaBeIICHO Ha pUC. 2;

— TEOMETpil0 KoJjieca 1 peKH HaBEJICHO Ha
puc. 3;

—  pO30OWTTS Ha CKIHYCHHI €JICMECHTU HaBeJe-
HO Ha puc. 4.

k)

')
|
|
|
zay

L=600 pam

Puc. 2. Monens KpalioBIX YMOB

Fig. 2. Model of boundary conditions

Pe3yabTarn

[Ipoananizyemo oTpHMaHi pe3yJbTaTH pO3pa-
xyHKiB. Ha puc. 5-8 naBeneno rpadix posmoni-

JICHHA BEPTUKAJIbHHUX HOPMAJIbHUX HAIIPYKCHb Gy

B TOJIOBIII PEWKH. 3 PUCYHKIB BUIHO, 110 HAWOLIBIT
ONTHUMAJIBPHOI0 YMOBOIO KOHTaKTy peiiku P50 3 ko-
necom € yxun peiiku 1:20, 3a yMOBHU MOBEpXHi KO-
4YeHHs KoJeca 3 KoHycHicTio 1:10. B takomy Bura-
JIKYy HOpMaJTbHI HaIllpYy>KeHHS, a OT)KE 1 KOHTaKTHUI
TUCK, MaibKe B JIBa pa3u HIKYE MOPIBHSIHO 3 iH-
UMK TPbOMA BHIIAJKAMH KOHTAKTHOI B3a€MOi.
[IpruoMy HalOITBII ONTUMATIBHUM € KOHTAKT KO-
Jeca i peliku B obnacTi oci cuMeTpii peliku, B Ta-
KOMY BHUIaIKy 4epe3 BEIMKHH pajiyc BUKPYKKH
MOBEPXHI PEWKH 3HAYHO 30UBIIYETHCS TUIOIIAIKA
koHTakTy. [lopiBHsmm puc. 5 i 7 6agumo, mo mifg
Yac BHKOPHCTaHHS MNPOQLII0 KoJieca PyXOMOTO
cknany 3a kpecineHHsM 3AT «MIHETEK» 3mina
yxuiy 3 1:20 10 Hy1bOBOrO Maiike HE BIUIMBAE Ha

HOPpMAJIbH1 HAIIPY>XXCHHA Gy B TOJIOBO1 PCUKH.

Hali0inpll HEONTUMAJBHUM 33 BEJIMYMHOIO Ha-

NPYXKCHHS G, € BUIIAJIOK KOHTAKTY, 300paKeHUN

Ha puc. 8.
Ha puc. 9-12 naBeneno rpadik po3momineHHs
AOTHYHMX HAIpPYXKEHb T, B FOJOBLI peiku. Pos-

TalTyBaHHS MICII peajtizarii HaHOUTBIIX MOTHY-

HUX HANpPYXCHb T, HE CHIBIAJA€ 3 MICLEM PO3-

TalllyBaHHA MaKCUMAJIbHUX HOPMAaJIbHUX HaIpy-

XKCHb Gy .

[Ipugomy B Micti, e peanizyloThCsi MaKCHMa-
JIbHI HOPMaJIbHI HANpPYXEHHS G, AOTHYHI Ha-

npykeHHs T, 6iausbki 10 Hyns. lle moB’ssano

3 THM, IIIO B TOYII, JI€ PEaJi3yIOThCsI MaKCHMAaITbHI
HOpPMaJIbHI HAIIPYKEHHS, TTOJI0KEHHS TOJIOBHOT OCI
MPAKTHYHO CHIBIA/Ia€ 3 BEPTUKAIBHOIO BicClO. 3a-
KOHOMIPHICTh 3MiHM JOTHYHUX HANpPYXEeHb CITiB-
najnae i3 3aKOHOMIPHICTIO 3MIHM HOPMaJIbHUX Ha-
MIPYKCHb.

Haii6inpmn onTuManbHUM 3 TOYKH 30py MiHIMi-
3allii AOTMYHHMX HANPYXKEHb T, € BHUNALOK, 30-

Opakenuii Ha puc. 10.
Ha puc. 13-16 HaBeneno rpadik po3moiieHHs
CKBIBaJICHTHUX HAIPy>KeHb B TOJIOBI PEHKH.
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2 2 2
_\/E (Gx_Gy) +(Gy_6z) +(Gz_6x) +
Oeqv = 2 2 2 2
+6(1:Xy +1y, +15,)

SIk BHIHO 3 PHCYHKIB, MAaKCHMAaJIbHI €KBiBaje-
HTHI Halpy>KEHHsI pealli3yloThcsl Ha JesKiil Trou-
Hi MiJ] [UIOIIAAKOI KOHTAaKTy. Y BHUMAAKYy KOHTakK-
Ty, 300paxeHoro Ha puc. 13, Bigcranb Bin mosep-
XHI 10 TOYKH MaKCHMaJlbHUX €KBIBaJEHTHHX Ha-
MpyXeHb ckiaanae 2,27 MM, y BHUIAAKy, 300pa-
KeHoMy Ha puc. 14 — 2,94 mm, y Bunaaxy, 300pa-
)KeHoMy Ha puc. 15 — 2,12 mm, y BUnNaaKy, 300pa-
JKeHOMY Ha puc. 16 — 2,36 Mmm.

3a KpuTepieM MiHiMi3aIlil €KBIBaJCHTHUX Ha-
MpyXEeHb HaWOUIbII ONTUMAIBHUAM € BapiaHT yna-
HITyBaHHS peiiku 3 yxuwioM 1:20 Ta BUKOpUCTaHHS
po(hiar0 MOBEPXHI KOYCHHS KoJieca 3 KOHYCHICTIO
1:10.

ITomamo yci ckaoBi TEH30PiB HANIPYKEHD IS
TOYOK, B SIKHX PEai3yIOThCsI MAaKCUMAJIbHI CKBiBa-
JICHT] HAaNPy>KEHHsI, Y BUTTISIAL TaOINIi:

Tabnunsa 1
Peiixa 3 yxuiaom 1:20, mpodine koseca Puc. 3. 'eomeTpryHa MoJeNb KOIeca 1 peiku
3 KOHYCHICTIO MoBepXHi koueHHs 1:10 ) ] ]
Table 1 Fig. 3. Geometrical model of a wheel and a rail
aple

Rake with a slope of 1:20, wheel’s profile
with the taper of the tread surface 1:10

« o, o, Ty T,

-188,60 | -790,11 | -224,25 | 17,725 -0,09

Xz cseqv Gl GZ Ga

-0,015 | 585,31 | -188,07 | -224,25 | -790,64

Tabnuus 2

Peiika 3 yxumnom 1:20, mpodins koseca
3a kpeciaeHnam 3AT «MIHETEK»

Table 2
Rake with a slope of 1:20, the wheel
profile according to the drawings
of CJSC «MINETEK»
o o s T T Puc. 4. Cxema po30UTTS B 30HI KOHTaKTy

X y z Xy yz

-188,60 | -790,11 | -224,25 | 17,725 -0.09 Fig. 4. Partitioning scheme in the contact
c o, o, o, zone on finite elements

Xz eqv

-0,015 | 585,31 | -188,07 | -224,25 | -790,64

Ha CKIHYEHHI €JIEMEHTH

T
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I—1763.18

-1546.3
-1329.42
-1112.55
-895.67
-678.79
-461.92
-245.04
-28.162
l‘ 188.71

Puc. 5. Po3nofiin BepTUKaIbHUX HOPMAIBHUX HANPY)KEHb G

y B TOJIOBIII PEUKH

(yxmn peiiku 1:20, npodins koseca 3a kpecnentsam 3AT «MIHETEK»)

Fig. 5. The distribution of the vertical normal stresses o, in the rail head
(slope of the rail 1:20, the wheel profile according to the drawings of CJSC «MATEC»)
I -1008.16

-862.63
-747.11
-631.58
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! -53.941 \ ‘

91.586

Puc. 6. Po3mozin BepTHKaIEHUX HOPMAIBHUX HANPY>KEHb O

B T'OJIOBIII peHKH

y
(yxwn peiikm 1:20, mpodisb Komeca 3 KOHyCHICTIO moBepxHi KoyeHHs 1:10)

Fig. 6. The distribution of the vertical normal stresses o in the rail head
(slope of the rail 1:20, the wheel profile with the taper of the tread surface 1:10)
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Puc. 7. Po3noain BepTUKaibHUX HOPMaIbHUX HANPYXKECHb G, B FONOBI PEHKH

(petika 6e3 yxuy, mpodine koseca 3a kpecieHasm 3AT «MIHETEK»)

Fig. 7. The distribution of the vertical normal stresses o in the rail head
(rake without slope, the wheel profile according to the drawings of CISC «MINETEK>»)
I -1895.89

-1665.55
-1435.20
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-283.47
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Puc. 8. Poznozin BepTHKaIbHUX HOPMAIIBHUX HANPYXEHb G

B TOJIOBLI peiiku

y
(petika 6e3 yxuny, mpodink Koeca 3 KOHYCHICTIO moBepxHi KoyeHHs 1:10)
Fig. 8. The distribution of the vertical normal stresses o, in the rail head
(rake without slope the wheel profile with the taper of the tread surface 1:10)
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Puc. 9. Po3nonin 10THYHUX HAaNpYXeHb T,, B TOJOBII pEHKH

y
(yxwmu peitkn 1:20, mpodine koseca 3a kpeciennsm 3AT «MIHETEK»)

Fig. 9. The distribution of shear stresses t,, in the rail head

(slope of the rail 1:20, the wheel profile according
to the drawings of CISC «MINETEK»)

Puc. 10. Posnozin JOTHYHNIX HANPYKEHb Ty, B TOJIOBLI PEHKH

(yxwn peiikm 1:20, mpodise Komeca 3 KOHyCHICTIO moBepxHi kKodeHHs 1:10)

Fig. 10. The distribution of shear stresses T, in the rail head

(slope of the rail 1:20, the profile of the wheel
with the taper of the tread surface 1:10)
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Puc. 11. Posnoain NOTHYHNX HATIPYXKEHb Ty, B TOJOBLI PEHKH

(peiixa 6e3 yxuiy, mpodins kojeca 3a kpeciaeHHIM 3AT «MIHETEK»)

Fig. 11. The distribution of shear stresses 1, in the rail head

(rake without bias, the wheel profile according to the drawings of CISC «MINETEK»)

Puc. 12. Posnozin JOTHYHNUX HANPYKEHB Ty, B TOJIOBLI PEHKH

(petika 6e3 yxuiy, mpodhisis Kolieca 3 KOHYCHICTIO TToBepxHi koueHHst 1:10)

Fig. 12. The distribution of shear stresses 1, in the rail head

(rake without slope, the profile of the wheel with the taper of the tread surface 1:10)
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Puc. 13. Posnozin eKBiBaICHTHUX HANPYXKCHb O, B IOJIOBLI PeHKH

(yxun peiiku 1:20, mpodisie koneca 3a kpecnenusM 3AT «MIHETEK»)

Fig. 13. The distribution of equivalent stresses G, in the rail head
(slope of the rail 1:20, the wheel profile according to the drawings of CISC «MINETEK»)

I 0
67.94
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261.95
326.62
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l 610.31 “

Puc. 14. Posnoziin eKBiBaICHTHUX HANPYXKCHb O, B IOJIOBLI PeHKH

(yxun peiiku 1:20, mpodisp Koeca 3 KOHyCHICTIO moBepxHi koyeHHs 1:10)

Fig. 14. The distribution of equivalent stresses G, in the rail head
(slope of the rail 1:20, the profile of the wheel with the taper of the tread surface 1:10)
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Puc. 15. Po3nofin eKBiBAICHTHHX HAIIPYXKEHb G

eqy B I'OJIOBII1 PEUKH

(petika 6e3 yxuiy, mpodine koseca 3a kpecieHasam 3AT «MIHETEK»)

Fig. 15. The distribution of equivalent stresses ©

I 0
126.79

252.93

eq iN the rail head

(rake without slope, the wheel profile according
to the drawings of CJSC «MINETEK»)

379.08
505.22
631.37
757.51
883.66
y
1009.8 ‘
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Puc. 16. Po3nofin eKBiBAICHTHHX HAIIPYXKEHb G

B TOJIOBII pEHKHU

eqv
(petika 6e3 yxuity, mpoink Kosreca 3 KOHYCHICTIO oBepxHi KodeHHs 1:10)
Fig. 16. The distribution of equivalent stresses G, in the rail head

(rake without slope, the wheel profile with the taper
of the tread surface 1:10)
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Tabauns 3

Peiika 0e3 yxuay, npodians koJieca
3 KOHYCHicTIO moBepxHi kouenHs 1:10

Table 3

Rake without slope, the wheel profile
with the taper of the tread surface 1:10

o, c, o, Ty Ty,
-188,60 | -790,11 | -224,25 | 17,725 -0,09
Ty Ceqv o, o, o,
-0,015 | 585,31 | -188,07 | -224,25 | -790,64
Tabnuus 4

Peiika 6e3 yxuity, npoginb KoJeca
3a kpeciaeHusiMm 3AT «MIHETEK»

Table 4

Rake without slope, the wheel profile according
to the drawings of CISC «MINETEK»

o, o, o, Ty Ty
-188,60 | -790,11 | -224,25 | 17,725 -0,09

Ty, Ceqv o, o, c,
-0,015 | 585,31 | -188,07 | -224,25 | -790,64

HaykoBa HOBM3HA Ta NPAKTUYHA
3HAYUMICTh

OTpuMaHO pe3yJbTaTH aHai3y KOHTAKTHOI
B3a€MOJI1 TOJIOBKM PEHKH 3aJIi3HUYHOI KOl 3 KO-
JIeCOM PYXOMOTO CKJIagy y TPUBHMIpHINA MpYyKHiH
MOCTAHOBIN JJII PI3HUX yMOB KOHTaKTHOI B3ae-
Moii.

OTtpumaHi pe3yJibTaTd MOXKYTh OyTH BUKOpHC-
TaHi P ONTHMi3alii YMOB KOHTAKTHOI B3a€MOJIil
Ta HAyKOBOMY OOTPYHTYBaHHI NPUYHMH IIOSBH Jie-
(eKTIB KOHTAKTHO-BTOMHOI'O TIOXO/DKEHHS B TOJIO-
BKaxX PEHOK 3ali3HUYHOI KOJIii.

BucHoBku

OTpumaHi pe3ynbTaTH PO3pPaxyHKy IOKa3alH,
IO 3a KpUTEpieM MiHiMi3alii KOHTaKTHUX Hampy-
JKEeHb B peiikax tumy P50 ams yMOB KOHTaKTy, Xa-
paKkTepHUX IS TPSAMOI MIJISTHKHA KOJil, BHKOpPHC-
TaHHS KoJieca PyXOMOTo CKJamy 3 mpodiieM 3a
kpecieHHsM 3AT «MIHETEK» He € HaiiOinbm
parioHAIBHUM pimieHHAM. HaiOimpm parioHans-

HUM B IbOMY BHIAJKy, CEpel PpO3IJLIHYTHX,
€ yKJIajKa peiiok B koiito 3 yxuiom 1:20 Ta Buko-
pHUCTaHHA KoJyieca 3 MpodileM MOBEPXHI KOUYEHHS
konycHicTio 1:10. BigcyTHiCTh yxXuiry peiku HiBe-
JIIO€ BCi TepeBaru TMOBEpXHI KOYCHHS Kojieca KO-
HycHictio 1:10 1 Takuii BUMaJiok KOHTaKTHOI B3ae-
Monii € HaliMeHII parfioHanpHMM. HaBeneni pe-
3yJIBTaTd MOXYTh OyTH B IOJAJIBIIOMY BHKOpPHC-
TaHl TMPH MPOTHO3YBaHHI JOBIOBIYHOCTI perHok
3a;mi3HUYHOI Kouii. HaBemeHy wMonenbs MoxHA
YCKJIQAHIOBAaTH, BPaxoBYIOUHM B PO3paxyHKax 3a-
JIMIIKOBI HANPYXXECHHS B pelkax, 3MIIIHEHHsI MOBe-
PXHEBOTO LIapy, HAsABHICTH MOYATKOBUX JIEPEKTiB
B pe3yJbTaTi HEJOCKOHAJOCTI MpPOIECYy BUTOTOB-
JIEHHS Ta iH. 3a OTPUMaHUMH pe3yJIbTaTaMH HeE
MOJJINBO 3pOOHTH OJIHO3HAYHOTO BUCHOBKY IIOJIO
ONTUMANBHOCTI ()OPMHU KOHTAKTY i/l 9ac YKIaJKH
peroK B KOJIII0 METPOIIOTITCHY.
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OIIPEJIEJIEHUE KOHTAKTHBIX HATIPSI)KEHUM B PEJIBCAX
THUIIA P50, KOTOPBIE OKCIIVIYATUPYIOTCA B METPOIIOJIMTEHE

Heas. B uccrenoBannn HeoOxomumo: 1) ompenenurs o0BeMHOE HAIpsHKEHHO-Ie(HOPMHUPOBAHHOE COCTOSHHE
TOJIOBKH PEIbC MPH B3aUMOJACHUCTBUM C KOJECAMH IMOIBIKHOTO COCTaBa; 2) NPOaHAIM3HPOBATh Pa3iHYHbIe GOpMBIL
KOHTAKTHOTO B3aMMOJCHCTBHS, 3) IONYYUTh [aHHBIC, HEOOXOAMMBIC /Ui pacdera [OJrOBEYHOCTH PEIIbCOB
KEJIE3HOAOPOKHOTO IyTH. MeToauka. B ocHOBe pacuera 00beMHOI0 HANPSHKCHHO-AE(OPMHUPOBAHHOTO COCTOSHUS
JEXKAT METOJ KOHEYHBIX 3JEMEHTOB. 3ajaua pemajack B ymnpyrod oObeMHOW mocraHoBke. Ilpm pernennn
UCIIOJIb30BAIMCH PEAIbHBIE TEOMETPUUECKUE MapaMeTphl Tell. Pe3yabTaTbl. ABTOpamMu BBINOJHEH pacueT 00bEMHOIO
HarpsHKEHHO-/1e(OPMUPOBAHHOTO COCTOSTHHUS TOJIOBKH PEJIbC NP B3aUMOJIEHCTBUH C KOJIECAMHU TO/IBUXKHOTO COCTaBa
JUId Pa3IMYHBIX CIYy4aeB I'€OMETPUM KOHTAKTUPYIOUIMX IOBEPXHOCTEH. IIpencraBiieHbl pe3ylsbTaTbl pacuera, Kak
B rpaduueckoid, Tak 1 B TaOiuuHOH (opme. BHINOMHEHO CpaBHEHME pa3IMYHBIX BAPUAHTOB YCIOBHI KOHTAaKTa.
[omyuyenHple pe3yabTaThl HPOAHATM3HPOBAHBI, W CHEJAaHbl BBIBOABI OTHOCHTEIBHO ONTUMAIBHOCTH YCIIOBHH
KOHTaKTHOTO B3ammozeiicTus. Hayunasi HoBusHa. [loydeHHbIe pe3ysbTaThl pacyeTa NOKa3ald, YTO 110 KPUTEPHUIO
MHUHHMU3aIUH KOHTaKTHBIX HaNpsOKeHHWH B penbcax Ttuma PS50 g ycinoBuil KOHTaKTa, XapaKTEPHBIX ISl TIPSIMOTO
yJacTKa WyTH, WCIOJB30BaHHE KOJeca IOIBIDKHOTO cocTaBa ¢ mpodminem 1mo deprexkam 3A0 «MHUHETEK»
He SIBIISICTCS] HanOoJiee palMoHaIbHBIM penieHreM. Hanbomnee painoHaIbHBIM B 9TOM CITydae, Cpeii paCCMOTPEHHBIX,
ABJIETCS YKJIA[Ka PENbCOB B ITyTH C NOAYyKIoHKOH 1:20 1 ncrons3oBaHue Kojeca ¢ MpodHIeM TOBEPXHOCTH KaTaHU
koHycHocTbio 1:10. OTcyTcTBHE OOYKIOHKH PENbca HUBEIMPYET BCe IMPEUMYIIECTBa TOBEPXHOCTH KaTaHMs Kojeca
koHycHocThl0 1:10, M Takol ciy4all KOHTAKTHOTO B3aMMOJCHCTBHS SBISIETCS HaMMEHEEe pallMOHAIBHBIM.
IIpakTHyeckast 3HAYUMOCTh. IlomyueHbI pe3ynbTaThl aHalIM3a KOHTAaKTHOTO B3aMMOEHCTBUS TOJIOBKH PEJIbC
C KOJIECOM TIOZBMYKHOIO COCTaBa B TPEXMEPHOM YIPYIOil IOCTAHOBKE [UIl DPA3JIMYHBIX YCJIOBUM KOHTAKTHOIO
BSaHMOZ[eﬁCTBPISI. Ot JaHHBIC MOTYT 6I)ITI) HCIIOJIb30BAHbI ITPH ONITUMU3AUN yCHOBI/Iﬂ KOHTAKTHOI'O B3aMMO}16ﬁCTBMﬂ
U HaydyHOM OOOCHOBaHMH IIPUYUH TMOSBICHUS JIe(PEKTOB KOHTaKTHO-YCTaJOCTHOTO IPOUCXOXKIECHHS B TOJIOBKAax
PEIBCOB HKENIE3HOIOPO’KHOTO MyTH. [IpeacTaBieHHy0 MOAEIb MOKHO YCIIOXKHATD, YUUTBIBAsI B pacdeTax OCTaTOYHbIC
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HalpsDKEHNSI B peEJbCax, YIPOYHEHHE ITOBEPXHOCTHOTO CJIOS, HAJIMYME HAYAIBHBIX Je(EeKTOB B pe3yibTare
HECOBEPILICHCTBA ITPOoLiecca U3TOTOBICHUS U Jp.

Kniouesvle crosa: penbe, Kojeco, KOHTAKTHOE B3aMMOACHCTBHE; ynpyrue aehopManid, METo] KOHEUHBIX 3ie-
MEHTOB
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DETERMINATION OF CONTACT STRESSES IN THE RAILS P50,
WHICH ARE OPERATED IN THE METRO

Purpose. In the research one should do: 1) to determine a 3-d stress-strain state of the rail head in contact with the
rolling wheels; 2) to analyze different forms of contact interaction; 3) to obtain the data necessary to calculate the dura-
bility of railway track rails. Methodology. The basis for calculating the 3-d stress-strain state is the finite element
method. The basis for calculating the volume of the stress-strain state is the finite element method. The problem was
solved in the elastic 3-D conditions. Real geometrical bodies parameters were used during the solving. Findings. The
calculation of the 3-d stress-strain state of the rail head in contact with the rolling wheels for various cases of the con-
tact surfaces geometry is performed. The results of calculation are presented in the graphic and tabular form. The com-
parison of different options contact conditions is performed. The results are analyzed and conclusions about the opti-
mality conditions of contact interaction are made. Originality. The results of the calculation showed that within the
criterion of minimizing the contact stresses in the rails P50 for the conditions specific to the direct contact route section,
the use of rolling wheels with a profile according to the drawings of CJISC «MINETEK» is not the most rational deci-
sion. The most rational in this case, among the considered is the laying of rails in track with gradient 1:20 and the use
of the wheel with the rolling surface profile of 1:10 conicity. The lack of rail gradient eliminates the benefits of the
wheel running surface with 1:10 conicity, and a case of contact interaction is the least rational. Practical value. The
results of analysis of the contact interaction of the rail head with a rolling stock wheel in a three-dimensional elastic
formulation for different conditions of contact interaction were obtained. These data can be used to optimize the condi-
tions of contact interaction and scientific substantiation of the causes of defects of the contact fatigue origin in the rail-
way railhead. The presented models can be upgraded, including the residual stresses in the rails, hardening of the sur-
face layer, and the presence of initial defects as a result of imperfections in the manufacturing process and others in the
calculations.

Keywords: rail; wheel; contact interaction; elastic deformations; finite element method
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1. 0. BOHJIAPEHKOY

YKad. «Kouist Ta koiiine rocrogapctso», JHIIPONeTpOBCHKHIA HAIOHAILHIN YHIBEPCUTET 3a/Ii3HIYHOTO TPAHCIIOPTY
imMeHi akagemika B. Jlasapsina, Byi. JlasapsiHa, 2, [lHinponerpoBebk, Ykpaina, 49010, ten./dakc +38 (056) 373 15 42,
eJ1. motra irina_bondarenko@ua.fm, ORCID 0000-0003-4717-3032

OCOBJIMBOCTI JOCJIIKEHHSI ITPOLECY ) )
JTE®OPMATUBHOI POBOTH EJIEMEHTIB 3AJI3HUYHOI KOJIII

Merta. HaykoBa crarTst nepenbadae BU3HAUCHHS! OCHOBHUX (Di3MKO-KOHCTPYKTHBHHX YMOB IIPH MOJICTIOBaHHI
JKUTTEBOTO LIUKITy POOOTH €JIEMEHTIB 3aJli3HMYHOI KOJIi JJIsl TOCIIPKEHHSI PO3BUTKY IPOIEeciB Ae(hOPMAaTHBHOCTI SIK
OCHOBH CTBOPCHHSI HOPMATHBHOI 0a3u poOOTH KOIii 32 YMOB 3a0e3IedeHHs HailtHOCTI 3ai3HuIb. MeToguka. J{ist
JOCSTHEHHSI METH BHKOPHCTAHO 3aCajd Teopil MPYKHOCTI Ta PO3MOBCIODKCHHS XBHIBOBOTO IIPOLIECY TPH OIHUCI
B3aeMOIii KoIii Ta pyxoMoro ckiaay. PesyabraTu. BcTaHoBineHO OCHOBHI (hi3HKO-KOHCTPYKTHBHI YMOBH, Ha OCHO-
Bi SIKMX HEOOXIIHO MPOBOAUTH MOJAETIOBAHHS XUTTEBOTO ITUKIY pOOOTH €IEMEHTIB 3alli3HUYHOI KOJIl AJIs TOCTTi-
JUKEHHSI PO3BUTKY TIpoleciB eopmaTuBHOCTI. CHOpMYITbOBAHO OCHOBHI (hi3MKO-KOHCTPYKTHBHI 3acajiy CKJIaJ[aH-
HS pO3paxyHKOBHX CXEM €JIEMEHTIB 3ai3HMYHOT KOJii JUIst OLIHKK mpoiiecy JAedopmaruBHoi poboTu kouii. JloBese-
HO KOPEKTHICTh Ta MOXJIMBICTh pilleHHs mocTtaBieHoi 3aga4yi. HaykoBa HoBu3Ha. J[ochimKeHHS NUTaHb 13 HaAIN-
HOCTI KOJIIT MOTHUBYE pO3pOOKY HOBHMX MOjEJed, IO Jar0Th MOMJIMBICTh PO3MNIANATH ii TPOTSATOM JESKOTO
HarpauoBaHHs. [cHye HEOOXiJHICTh BU3HAUCHHS! OCHOBHUX (Di3MKO-KOHCTPYKTHBHUX YMOB JUIsl CKJIaJaHHsS po3pa-
XYHKOBHUX CX€M, Ha OCHOBI SIKMX MOXKJIMBI OIIIHKA Ta MPOTHO3yBaHHs 3MIHM CTaHIB KoJii y mpoueci ii ekcrutyaTarii.
Y po6oTi 3aponoOHOBaHO OCHOBHI (Di3MKO-KOHCTPYKTHBHI 3aca/iyl CKJIaJaHHs pO3paxyHKOBHX CXEM €JIEeMEHTIB 3ali-
3HUYHOI KOJIi1, TPH SIKNX BUKOHY€ThCS NpUHIMI [ foiireHca. 3a3HaueHUi TPUHIIUIT MOKE BUKOHYBATUCh TUIBKU TIPH
PO3IIIsAI YOTUPHOXMIPHOTO MPOCTOPY: 3MiHU 00’eMy B uaci. IIpakTuuHa 3HAYMMIicTh. AHaTITHYHI MOAENi, 10
3aCTOCOBaHI MPH BHU3HAYEHHI IapaMeTpiB MIIHOCTI Ta CTIHKOCTI KOJIii, TIOBHICTIO 3a/JI0BOJBHSIOTH MOCTaBICHUM
3aadaM, aje He MOXKYTb OyTH 3aCTOCOBaHI Il BU3HAYECHHS MapaMeTpiB HaxiitHoCTI Komii. OXHUM i3 TONOBHUX (a-
KTOpiB HEMOKJIMBOCTI 3aCTOCYBaHHS IIMX MOJeINel € KBasziquHaMiqani miaxin. Tomy, 3a3BH4aif, OTpUMYIOTH Ta JO-
CIIDKYIOTh HE caM TUHAMIYHHHN Iporiec poOOTH 3ai3HMYHOI KOdii, a ioro Hachiaku. OKpiM TOro, Taki MoJeni Bif-
HOCSTBCS 10 INIOCKHX, IO TAKOX J0Ja€ MIEBHUX CKIAAHOIIB 10 HOPIBHAHHS PE3yJIbTATIB i3 eKCIEPUMEHTOM, TaK K
HEJICTKO B 00’€MHOMY MPOIECi BUIINTH BIUIMB B HOTO OOMEKEHHX YaCTHHAX. 3aCTOCYBAaHHS YHCEIILHUX METOJIIB
PO3BLIMPIOE MOXKIIMBOCTI, aJie TAKOK YHEMOMKITUBITIOE PO3IJISI]L CAMOTO IMHAMIYHOTO MPOoIecy, 00 HEMOXKIJIMBO BBECTH
npotecH, 1o 00yMOBJIIOIOTh PEakIlif0 Ha HaBaHTAXEHHs. TOMy 3alporoHOBaHI OCHOBHI ()i3MKO-KOHCTPYKTHBHI
MIIXOAW TPU MOJENIOBAaHHI JAI0Th MOXKJIMBICTh PO3MIIAAATH O€3MOCepeJHbO AMHAMIYHHM MPOIEC, JIOKaIi30BaHUH
K y 9aci, TaK i B IIpOCTOpi.

Kniouosi crosa: MoJentoBaHHs; KUTTEBUI LUKI, eOpPMATUBHICTH KOJIi; 3aJIMIIKOBI AedopMalii; nparesnar-
HICTh; XBUJILOBE PO3IOBCIOKCHHS; HAIPYKCHO-Ie()OPMOBAHUIA CTaH KOJIii; HAIIHHICTh KOJIii; IepeMIleHHsT KOl

Beenenns 3 MEBHUMHU 3HAYCHHSMH BaHTa)KOHAIPYKEHOCTI
JOUISHKY Ta MakCHMAJIbHO BCTAaHOBJIEHUX IIBUIKO-
CTSIX BAHTAXKHUX 1 MACAKUPCHKUX TOI3/IIB.

Pexxumu excrmyaTanii BU3HA4alOThCSI TEXHIKO-
€KOHOMIYHMMH po3paxyHKaMu Ha ocHOBI [9]. TIpu
BOMY BCT@HOBJIOIOTb MDKPEMOHTHI CXEMH, 3a
SKHMH CHCTEMa KOHCTPYKILIK BEPXHBOI Ta HKHBOT
OynoB Komii MOBMHHA OyTH TIpUBEJeHA B IIparie-
3IaTHUH CTaH.

TexHiuHe 00CITyroByBaHHS BHUKOHYIOTH Oe3Ile-
PEPBHO BIIPOIOBXK POKY Ha BCii MPOTSKHOCTI KO-
Jii 3 METOI0 HarIAMy I 3a0e3redeHHs ii mparie-
3natHocTi. OCHOBHMM IPHHIUIIOM —OpraHizamii
il BUKOHAaHHS TIOTOYHOI'O YTPUMAaHHS KOJii € 3amo-

HanifiHicTh cHCTEMU KOHCTPYKIIIH BEPXHBOI Ta
HWKHBOT OyJIOB KOJII — II€ BJIACTUBICTH L€l CHUC-
TeMH 30epiraTd y BCTAHOBJICHUX MEXaX 3HAUCHHS
BCIX TapaMeTpiB, IO XapaKTEPHU3YIOTh 3AAaTHICThH
BUKOHYBAaTH HEOOXigHI (YHKIIi B 33JJaHUX PEXKU-
Max Ta yMOBaX eKCIUTyaTaiii MpW BCTaHOBICHIN
CHCTEMI TEXHIYHOTO 00CITyrOByBaHHS.

HeoOximunMu GyHKIISIMA B IIOMY BHIIAIKY
€ TMPOIYCK PYyXOMOI'O CKJaay 31 BCTaHOBJICHUMU
UIBUIKOCTSIMH PYXY.

YMOBHU ekcIuTyartallii BCTAHOBJIIOIOTBCS Ha OC-
HOBI [8], 3a IKUMM BHIIIEHO BiciM KaTeropii Kol
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OiraHHsI TOSBI HECTIPABHOCTEH, a TAKOXK YCYHCHHS
IX Ha [TOYATKOBIHM cTamil 3 OJHOYACHOIO JIIKBijalli-
€10 TPHYUH, MO iX BukiIukamu. [loToyHe yTpu-
MaHHS BCTAaHOBIIOETHCS Ha Oasi [5] B oOcss3i, me-
pendadeHoMy pO3pPaxXyHKOBUMH EKCIUTyaTaIliiHu-
MU BHTpaTaMH, BiAMOBITHUMHU 32 TEPMIHOM CITyK-
OM KOHCTPYKIIii BEpXHBOI OYJOBH KOJTii.

OTXe, MOCIIPKEHHS NUTAaHb HAMIHHOCTI CHC-
TEMH KOHCTPYKLIH BepXHbOI Ta HIKHBOI OyIOB
3BOJUTHCS JI0 BU3HAYCHHS TapaMeETpiB, MO BILIU-
BalOTh Ha MEpeXiJ] CHCTEMH 31 CTaHy B CTaH.

3a Teopiclo HAAIMHOCTI ICHYIOTh I'ITh CTaHIB!
CIIpaBHUI, HECIIPABHUI, Mpale3JaTHUN, Helpale-
3JaTHUA Ta TpaHUYHUU. ANe B HOPMATUBHO-
TEeXHIYHUX JOKYMEHTaxX IIOJ0 CHCTEMH KOHCTPYK-
il BepXHBOI Ta HWKHBOI OyIOB KOJIiI HE MpOITu-
CaHoO, Kl TEXHIYHI CTaHH CHUCTEMHM BIIIIOBINAIOTH
3a3HauYE€HUM CTaHaM HaJiHOCTI.

[MuTanHs kaacugikamii TEXHIYHUX CTaHIB CHC-
TEMHU YCKJIAJHIOIOTHCS 1 THM, IO MiJ Yac BHKO-
HaHHS TIOCWJICHWX KalliTaJbHUX a00 KaIliTalbHUX
pemontiB st 1V...VII kareropiii xomii [9] nepen-
OauvaeThcs YKIQJAaHHS CTapONpPHIATHUX MaTepia-
JiB. AJie OCHOBHI TONIOKEHHS HaAiiHOI poOoTH
CHCTEMH KOHCTPYKIIiHf BEpXHBOI Ta HUKHBOI Oy0B
KOJIiT OyJM po3poOJIeHi 3ali3HULISAMH, K1 HE 3aCTO-
COBYIOTh CTapONPHUIATHI EIEMEHTH Ta KOHCTPYKIIi1
BEepXHiX OyJ0B Ta MPUBEIN BIAMOBIIHO IO Ccydac-
HUX EKCIUTyaTalliiHUX YMOB KOHCTPYKIIO HIK-
HBOI OynoBHU Kouii. Tomy, BigmoBigHO A0 Kiacudi-
Kallii 3a cTaHaMH HaJliHHOCTI, 3a3Ha4eHi Kareropii
KOJIifl BIIHOCATHCS 10 «HeOe3meunux» [4], HaBiTh
TicIisl BAKOHAHHS PEMOHTIB.

OTXe, BpaXOBYIOYH OCOOJHMBOCTI BUKOPHCTaH-
HS pi3HOMaHITHHX (HOBHX, HOBHX Ta CTapOIpHIa-
THHX 1 CTAPONPHIATHHUX) €JIEMEHTIB il Yac BHKO-
HaHHSI PEMOHTIB KOJil, HEOOXiJJHO BCTaHOBUTHU
iX mapameTpu He TiJIbKM 3a CTaHaMH HaJIilHOCTI,
a ¥ BIAMOBIAHO 0 BUMOT (YHKIIIOHAIBHOI Oe3rie-
KH.

TakuM YUHOM HaIiWHICTH CUCTEMH KOHCTPYK-
i BEPXHBOI Ta HIKHBLOI OymoB KoIii 1 11 PyHKITi-
OHaybHa Oe3reka MoB’s3aHi MiXK co00l0, Ta TIOBU-
HHi 0a3yBaTHUCh Ha OJHHX TEOPETHYHHUX 3acajax.
Tomy, mo-mepire, HEOOXiMHO MOCHTIINATH, SKI Ta-
paMeTpu BIUIMBAIOTh HA 3MiHY CTaHy HaAidHOCTI
CHCTEMH KOHCTPYKLIH BEpXHBOI Ta HHKHBOI Oy10B
Kouii Ta sIKi 3HAYEeHHs IIUX MapaMeTpiB BiIMOBina-
F0Th BUMOTaM 3a CTaHaAMH HaJiHOCTI.

Juis toro mo0 BCTAaHOBUTH MapaMeTpH, IO

BINTUBAIOTh HAa 3MiHY TEXHIYHHX CTaHIB CHCTEMH
KOHCTPYKIIIHl BEpXHBOI Ta HMKHBOI OYJI0B, HEOO-
X1IHO PO3TISTHYTH POOOTY 1€l CHCTEMH B Yaci.

OCKiJIbKY TTapaMeTpH PO3pPaxyHKiB MIIIHOCTI Ta
CTIMKOCTI 3a3HAa4eHOi CHCTEMH BITHOCSTHCSA [0
CTaTUYHUX BEJIMYHH, TO BOHH HE MOXYTh XapakKTe-
pU3yBaTH TPOTIKaHHS MpOLECy 3MiH B daci 1 ix
pO3paxyHKOBI MOENi He MOXYTh OyTH BHKOpHC-
TaHl JJIs MOCTaBJieHOl 3amavi. TOMy BBEIEHO ITO-
HATTA AeQOopMaTUBHICTh KOMii 1 A BHUPIMICHHS
miel 3amadi 3aCTOCOBAHO HANPALIOBaHHS MareMa-
TUYHOT (Di3HKH.

Junamiuna nedopMaTuBHICTH KOJil — BHHHK-
HEHHS HiA BIUIMBOM HABaHTAXXEHHS KOHCTPYKILI{
KOJil gedopMariiid, BUKIMKaHUX 3MiHAMHU (OPMH,
po3MipiB ab0 00’eMy €JIEMEHTIB 3a PaxyHOK BiO-
parii eleMeHTiB KOHCTPYKIIl KOJii 9u IXHiX Yac-
THH, 3MiH BJIACTUBOCTEH MaTepiajliB €JIEMEHTIB Ta
3yMOBJICHI BCciMa MepeMiHaMu MepeMillleHHs OKpe-
MUX TOYOK KOHCTpYyKii kouii. Ilix mpomecom ne-
¢dopMaTHBHOI POOOTH KOIii OyaeMo po3yMiTH
SIBUIIA TUHAMIYHOI Je(opMaTHBHOCTI, IO BiAOy-
BAIOThCA MiJ] BIUIMBOM PYXOMOTO ckiany. OnucaH-
HS Tpouecy neopMaTHBHOCTI BHUKOHYETHCS Ha
3acamax MaTeMaTHIHOI (hi3UKH.

Matematnyna (i3uka € YaCTHHOIO 3arajibHol
Teopii nudepeHUianbHUX PIBHAHB Yy MPUBATHUX
moximaux.  Ha3ea  «MaremarnyHa  Qizuka»
MOB’si3aHa 3 THM, IO ISl YaCTHHA BHHUKJA 3 PO3-
TIIAAY JEKTbKOX TPOCTHX, alle Ba)KIMBUX 3a/a4
¢izuku. OCHOBHUX PIBHSHb MaTeMATHYHOI ()i3HKH
Hebararo. Bci BoHm — JiHiMHI audepeHmianbHi
PIBHSIHHSI APYTOTO MOPSIIKY OAHi€T HeBimoMoi Qy-
HKIii, KOe(]IMi€EHTH SKNX BBAXAIOTHCA 3a3BHUAi
MOCTIHHUMH BEJIMYMHAMHU. BUKIIOYEHHS MAalOTh
Tak 3BaHi TejerpadHi piBHAHHS: JNiHIHHI audepeH-
HiaNbHI PiBHAHHS APYTOro MOPSIKY OJHi€l HEBi-
noMoi QyHKIIIi, ae 31 3SMiHHUMH Koe]imieHTaMH.

OCKIJIbKY PIBHSIHHS MaTeMaTHYHOI (Di3UKH — 11e
NiHiMHI TudepeHianbHi piBHAHHS, OTXKe, 3arab-
HHUH 1HTErpan BU3HAYAETHCS 3a BIJOMUMH IpPABU-
JaMu. AJle TOJIOBHE YCKJIAQIHEHHS, 3 SKUM JI0BO-
JIUTHCS MATH CIIPABY IIifl 4ac PO3B’sI3aHHS PiBHSHb
MaTeMaTH4yHOi ()i3MKH, MOJArae y TOMY, IIO BH-
3HadyBaHa (QYHKIiS TOBUHHA 3aIOBOJIGHATH 5K
PIBHSHHS MaTeMaTHYHOI (I3WKH, Tak 1 PiBHIHHS
JpYTOro TMOPSAAKY, SIKi ONHCYIOTh MOYAaTKOBI 1 Ipa-
Hu4HI ymMoBH. OctaHHI He OyayTh TOBUTEHUMH
(GOYHKIISIMH, OCKIIBKY TOBUHHI IMiIKOPSATUCH HU3IT
00MEXYIOUMX YMOB Ta BOJIOIITH CHeUialbHUMH
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BJIACTUBOCTAMU. [CHYIOTH CHeIiaibHI METOMH IS
IHTErpyBaHHS pIBHAHB MaTeMaTH4YHOI (i3uKH,
B 33/1a4ax SKUX 3aCTOCOBYIOTh PI3HOMAHITHI ITOoYa-
TKOBI Ta TpaHW4YHI yMOBH. BOHU MOAINSAIOTHCS Ha
TaKi:

— mnepmui Meron IlyaccoHa muist JiHIHHUX
PIBHSIHB 3 MPUBATHUMH TTOXiTHUMH Ta MOCTIHHUMHA
kKoe(imieaTamMu, 32 YMOB OOMEXKEHOTO CEpEeIOBH-
ma;

— gpyruii meron ®Dyp’e: iHTErpyBaHHA piB-
HSIHb 3 MIPUBATHUMH TOXITHUMH JIJIS CEPEIOBUIIA,
110 0OMEKEHE BIJMIOBITHUMH YMOBaMHU;

— TpeTiii METOJa 3aCHOBAaHO Ha pe3yJbTaTax
nmociimkeHHs Komri ta Ha HOro Teopii Tak 3BaHHX
IHTETpaTbHUX O0UYHCIICHHSX,;

—  YETBEPTUH METOJl — METOJ IHTErpajbHHUX
PiBHSHB.

TakuM 4YMHOM MaTeMaTU4YHMM amapar Ui 3a-
CTOCYBaHHsI po3po0JICHO, ajie OTPIOHO aJanTyBa-
TH FOT0 TiJ] TOCTABIICHY 3aj1ady.

3a TOCTaBJICHOIO 33/1a4€i0 CKIIAJICHO PIBHIHHS
pyXy, TOYaTKOBI Ta TPAaHWYHI yMOBH Ha 3acajuax
Teopii npyxHO1 poboTu. [l BUBEIEHHS piBHSHB
3acTocoBaHo sk Meton Jlarpanka, Tak i meton Eii-
nepa, To0TO, 3 OMHOTO OOKY, PO3TISAAETHCA PYX
MEBHOT YaCTKU CEpeOBHILA B Yaci, Ta 3 APYroro —
MPHUUHATO JO0 YBard HAasSBHICTh 3aJIaHOTO TIOJS
MIBUIKOCTEH Ta PO3MISIAETHCS 3MiHA TIBUAKOCTEH
PYXy B IIEBHOMY IepeTuHi 3a aeskuit yac. [Tocra-
HOBKA JIMHAMIYHOI 3a/a4yi 3 BU3HAYCHHS MPOIIECY
nedopMaTHBHOI POOOTH 3ai3HUYHOI KONl 3BO-
TUTHCS 10 TOTO, IO B 3a4aHii obmacti ) HEoO-
XIHO 3HAiTH MOJIS HANPYXEHb Gy, AeopMmarii

€ij nepeMillleHb U; Ta LIUIBHOCTI p;, IO 3310BO-

TBHSIOTh B Oynb-SKWH MOMEHT 4acy U Taki piB-
HSHHS

- Pyxy
2
Vau, + @ =-2 fi—agi Q)
1-2v n ot
— TpaHUYHUM YMOBaMHU
oin =T 2
—  3anexHocTtel ['yka:
G = k@ij + Zusij
= j,(g;) =divu; 3

— zanexuocrei Komri

€ =%(uiyj +uj'i); (G))

—  30epekeHHS MacH
op .=
—+pdivv=0. 5
2P )

ITodaTkoBi maHi (HOPMYIOTHCS 3TiTHO 3 TAKUMHU
yMoBaMH. Po3risiHyTa minsHKA KOJii 3HAXOAUTHCS
B CTaHl CIIOKOIO, TOOTO IOYATKOBMI 4ac BIAMOBI-
JTa€ BIJICYTHOCTI BIUIMBY PYXOMOTO CKIIaJy Ha KO-
mito. [Iporec BIIUBY pyXOMOTO CKJIaay Ha KOJIIO
BiIOyBa€EThCS 3a mepeadadeHuii gac, Mo 3aIeKUTh
BiJl MIBHAKOCTI pyxXy moizna. Ilpudomy, meid uac
BKITIOYAE SIK CTaH CITOKOIO JI0 BIUIUBY JIii pyXOMOTO
CKJIaJy, TaK i CTaH CHOKOIO TMiclisi HOro BIUIMBY.
CraH CIOKOIO KOJii BiNMOBiJa€e BiJCYTHOCTI mii
CWJI, IO TPHU3BOJATH O TEpPEMIlIeHb OyIb-IKHX
TOYOK CHCTEMH KOHCTPYKIIIM HIDKHBOI Ta BEPXHBOT
OynoB xoumii. TakuM 9UHOM, PO3TISAAECTHCS HE Tie-
PETHH KOIii, 5K, 3a3BHYail, B CTaTHYHUX 200 KBa3i-
MUHAMIYHUX pO3paxyHKax, a IiIsSHKa KOJIi, TOB-
JKMHA SIKOT 3aJI)KUTh 5K BiJl BEJIMYMH HaBaHTa)KCH-
Hs Ha KOJIi0, TaK 1 BiJl IIBUAKOCTI iX MEepeMilleHHS
nmo Hidd. BemuunHu mepemimens, nedopmariii Ta
HaNpy>KeHb 3aCTOCOBYIOTHCS JIJISl BU3HAUCHHS BCIX
BUJIB 3MiH €HEPriil, 0 BUTPAYAIOTHCI HA BHKO-
HaHHS poOIT 30BHIIIHIMHU Ta BHYTPIITHIMY CHJIAMH,
SIKI TIPU3BOJIATE IO TIPOTIKaHHS Tpoliecy Aedopma-
THBHOI POOOTH KOJIii MiJ] Yac BIUIUBY PyXOMOTO
CKJIaly Ha Hel.

Taxum 9uHOM, CKJIaJICHI PIBHAHHS Ta BU3HAUe-
Hi MOYATKOBI Ta TPAaHWYHI YMOBH MPHUBEIH JI0 PO3-
B’SI3aHHA JIIHIHHUX JUQepeHLiaIbHIX PiBHSIHb
JIPYTOTO MOPS/AKY OMHIi€T HeBimomMoi (yHKIIT 3 1mo-
cTiiHuME Koedimientamu [2, 3].

Meta

MeToro JOCTiKEHHSI € BU3HAYCHHS OCHOBHHUX
(hi3MKO-KOHCTPYKTUBHUX YMOB IIPH MOZCITIOBAHHI
JKUTTEBOTO IUKITY POOOTH €JIEMEHTIB 3aJII3HUYHOT
KOMii i JTOCTI/PKEHHS PO3BUTKY IIPOIIECIB Jie-
(hopMaTHBHOCTI STK OCHOBH CTBOPCHHS HOPMATHB-
HOT 0a3u poOOTH KOJIii 32 YMOB 3a0e3MeUeHHs Ha-
JIHAHOCTI 3aJ113HULLb.
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3AJIIBHMYHA KOJIIA

MeTtoanka

Mogeni, 3a SIKHMH BCTAQHOBJICHI JOMYyCTHMI Ta
PEKOMEH/IOBaHI 3HAYCHHS y HOPMATHBHHX JIOKY-
MEHTaX, MMOBHICTIO BUKOHYIOTh TIOCTaBJICHI 3ajadi,
ajge He MOXYThH BIJNOBICTH Ha NMHUTAaHHS IIOAO iH-
TEHCHBHOCTI HAKOIUYEHHs 3aJUIIKOBUX Jedop-
Marliii B KoJii, TOOTO He MOXYTh XapaKTepru3yBaTH
MPOTIKaHHS TPOIIeCy 3MiH B Yaci. ToMy crmodarky
HEOOX1THO BCTAaHOBWTH, Ha OCHOBI BpaxyBaHHSI
AKUX (I3UKO-KOHCTPYKTUBHUX YMOB MOXKHA PO3-
TJISAATH 3a3HaYeH] TUTaHHS.

[Ipu mocraHoOBII 3a7a4i MaTeMaTHYHOT (Di3UKH,
Je moTpiOHe BH3HAUEHHs PILLICHHS Ha OCHOBI pa-
Himme c(opMyIIbOBaHMX yMOB, 3a3BHYail BHCYBa-
FOTh TaKi TPH BUMOTH.

—  pIIIeHHS IOBHHHO iCHYBAaTH;

—  pIIIeHHA TOBHHHO OYTH OJHO3HAYHO BH-
3HAYCHHM;

—  pilICHHS TIOBHHHO OE3MEepPEepBHO 3aeKaTh
BiJ JAaHHX 3a7adl.

Ilepmia BuUMora MaTeMaTuyHO caMa co0O00 3po-
3yMina: BiJ pilIeHHS HE CNiJ BHMaraTH CyIleped-
HUX BJIACTHBOCTEH.

Jpyra BuMOra roBOpHTH, IO 3ajada MOBUHHA
OyTH TIOCTaBIIeHA 3 HAJIE)KHOIO TTIOBHOTOIO.

TpeTst BUMOTa BUMpaBIaHa 3 TOUKH 30py NPUH-
IUIIOBOI TMPUCTOCOBAHOCTI aHATITUYHOI 3ajadi JI0
SIBUMI TIpupoAu. ToOTO 3 yMOBHM 3amadi MOBHHHI
BUKOPHUCTOBYBAaTHCh He pi3ko (ikcoBaHi aaHi. Ha-
MPUKIIAJ, 3aJlaHi B 3ajadi 3HAYCHHS JIOBXKWUH abo
Yyacy 3aBXIW TIOB’s3aHi 3 JEIKUMH HEBEITUKUMHU
MexaMH ToxuOku. MareMaTHdHa 3aja4da BBaXka-
€TBCSl aJIEKBaTHOIO ISl ONHCY pEATbHHUX SBHII,
SKIIO 3MiHI 3alpOIIOHOBAHUX IaHWUX B JIOCTAaTHHO
BY3BKHX Me€)KaxX BiAImoBigae Taka  Maja (obMexe-
Ha Harepeja 3aJaHMMHU KOPJOHAMH) 3MiHa pe3yJib-
taty. Tperst BuMora BHpaxae (i3W4yHy BH3HaAUe-
HICTb 3a7aui.

3amauy 3 audepeHIiaTbHIMA PIBHSIHHIMHE, IO
3aJI0BOJILHSE TICPEPAXOBAHUM BHMOTI'aM, BBXKAIOTh
KOPEKTHO TIOCTABIICHOIO.

IcHyBaHHS pimeHHS CKIAACHOTO HEOTHOPIIHO-
ro audepeHIiagTsHOT0 PIBHAHHS 3 TPUBATHUMH
MOXIJTHAMH JIPYTOTO MOPSIKY TimepOoNiyHOrO TH-
MMy 3 TAPHUM YHCJIOM He3aJeKHUX 3MIHHHX J0Be-
neHo OaratbMa aBTopamu. Llel moka3 rpyHTyeTbCs
Ha iCHyBaHHI pillleHHS OAHOPIAHOTO PIBHSHHSA, 3a
JTIOTIOMOTO0 SIKOTO 3 BiMOBIAHMMHU TOYaTKOBHMU
JTAHNMH BHPIIIYETHCS HEOTHOPIAHE PIBHIHHS.

KpaifoBa 3amaya mnipw JOBUIBHIA TJIagKo-
KYCKOBOI TpaHMIIi 3a/I0BOJILHSIE BUIIE MOCTABIICHIH
BUMO31 OJHO3HAYHOCTI. LI OMHO3HAYHICTE BHILIH-
Bae 0e3rocepeiHbo 3 TOro (pakTy, Mo rapMoHiliHA
GbyHKIS, peryispHa B OesKiit oOmacTti, mpuiiMae
CBOE HAWOIIbINE Ta HAWMEHIIE 3HAYCHHS HA Tpa-
HULI 00JIacTi, OT)KE TOTOXKHO 3HHUKAE, AKIIO BCl il
KpaloBi 3HAYEHHS JOPIBHIOIOTH HYITIO.

Bumora 6e3nepepBHOi 3aJI€KHOCTI PIIEHHS Bif
KpallOBUX 3HAYCHb TAaKOK BUKOHAHA, OCKLIBKH BU-
KOHYETBCS TE€OpEeMa IPO JTOCATHEHHS €KCTpeMallb-
HUX 3HAYCHb Ha TPAHUII: SKIIO JBa PI3HUX, HaIle-
pen 3aJaHuX KpalOBHX 3HAYCHHS BIIPI3HAIOTHCS
MiX cO000I0 YCIOOM MEHIIe, HDK Ha JesIKy Maiy
BEITMYMHY, TO BIAMOBIMHI iM TapMOHIHHI (GyHKITIT
y BCiil 00yacTi HE MOXYTh BiAPI3HATHCS OibIIe,
HiX Ha 1[I0 BEJINYHHY.

ToOro, mo-mepmre, po3B’s3aHHA TuUdeEpeHITia-
JILHOTO PIBHSHHS OJHO3HAYHO BHU3HAYAIOTHCS IIO-
YaTKOBUMH yMOBaMu. Tak, SKIIO PO3TISAAETHCS
KOJINBaHHS Oyb-SKOI TOYKH MEBHOI JUISHKU 3 CHU-
CTEMH KOHCTPYKIIi BEpXHBOI Ta HIKHBOI OYI0B
KOJIii, TO IMOYATKOBUMH YMOBaMH € BiJICYTHICTh
BIUIMBY pyxomoro ckiany. [lo-mpyre, npu Oesre-
pPEpBHIN 3MiHI MOYATKOBUX NAaHWUX BIiINOBIIHE pi-
IeHHS 3MIHIOEThCs Oe3nepepBHO. Lle o3Hauae, 1o
MU TOSIBI BIUIMBY PYyXOMOTO CKJamy, SKuii Oyne
CITIOYATKy HAOIMKYBAaTHCh, a TOTIM BiITAIATHCS
BiJl OY/Ib-SIKOT TOYKH JIJISTHKU 3a3HAYCHOT CUCTEMHU,
OyJyTh 3MIHIOBATUCH TIOYATKOBI JIaHi II0JI0 BIUIU-
BY PYXOMOTO CKJIQIy Bij ii MOBHOI BiJICYTHOCTI J0O
MaKCHMAaJbHAX 3HAa4eHb 1 HaBMaKd. 3a IUMHU Ja-
HUMH OyIyTh 3MIHIOBATHCh XapaKTEPUCTHKH Ha-
MpyXeHO-1e(hOPMOBAHOTO CTaHy TOYKH, SKi MPH-
3BOMATH 10 3MiHHM Je(OpPMATHBHOIO IPOIeCy Ha
ninstaii. [lo-Tpete, 3HaueHHs QYHKIIT B Oy ab-sAKii
TOYIII JUJITHKA CHCTEMU 3aJIC)KHUTh HE BiJl BCi€l Cy-
KYITHOCTI TIOYaTKOBHX JIaHUX, a TUTBKH BiJ| MOYat-
KOBUX JIaHMX B3JIOBJK YaCTHUHH ITOYATKOBOI MOBEP-
XHi BIUIMBY, sIKa BUPI3a€ThCS 3 3arajbHOT TIOBEPXHI
BIUIMBY XapaKTEPUCTUKAMH, 110 BUXOJATH 3 TOUKH.
ToOTo, 3MiHM XapaKTePUCTHUK TOYKH ITiUISHKA 3a-
JIeKaTh HE BiJ BCI€l MOBEPXHI, MO SKid KOHTAaKTY-
I0Th KoOJleca 3 PEHKOI IMpH MPOXOJIi PYyXOMOTO
CKJIaIy IO MIJISHIN, a TIABKH Bill Ti€l YaCTHHH, IO
Ha JaHWi Yac mepeaaia BILUIMB PYXOMOTO CKJIaay
Ha TOYKY.

OTxe, 3a71a4a € KOPEKTHO TIOCTABJICHOO.

Kpim Toro, mpu po3rismanHi Takoi 3a1aqi Oyae
BUKOHaHO npuHuun [toiirenca. [{ns BU3HAYEHHA
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3AJIIBHMYHA KOJIIA

MOBOJDKEHHSI CHUCTEMH KOHCTPYKIIii BEpXHBOI Ta
HIDKHBOI OyZOB KOJIii 00OB’SI3KOBICTh BUKOHAHHS
LOTO TPUHIIMITY € HEOOXiJAHOI. 3TiJHO 3 MpPHH-
nunoM [roiireHca movatkoBe 30yprOBaHHS, JIOKa-
J30BaHE y TPOCTOPi, BHKJIMKAE B KOXHIHA TOYII
MPOCTOPY BIUIMB, JIOKAJTI30BaHUNA B Yaci, P IO~
My Ma€ Miclie ITOIUPEHHS XBUIII 3 MIEPeHIM 1 3a]-
HIM QpoHTaMHU XBWIJIb. 3a3HAUYCHUN TTPUHITATI MOXKE
BUKOHYBATUCh TIJIBKU MPH PO3IIIAIl YOTUPUMIPHO-
ro mpocTopy: 3MiHM 06’eMy B uaci. Moro Bpaxy-
BaHHS JJaCTh MOJJIMBICTH PO3TIISIATH MPOIIEC Jie-
(OpPMAaTUBHOCTI B TIOBHOMY 00CSI31, TPUIOMY MaK-
CUMAJIbHI TIPOTHHU €JIEMEHTIB CUCTEMH KOHCTPYK-
ik BEpXHBbOI Ta HWXKHBOI OymOB KOJiI He
30iraroThcs B Yaci 3a MEPETHHOM Ta BIUIMBAIOTH HA
nedopmariii  €JISMEHTIB 3a3HAYCHOI CHUCTEMH Ta
nehOopMaTUBHICT CaMOi CUCTEMH.

BpaxoByroun Te, 10 MOYATKOBI YMOBH 3MiHIO-
I0ThCS, MPUHHATO, IO PO3MOBCIOJIKCHHS BIUIUBY
PYXOMOTO CKJIaJly Ha CUCTEMY KOHCTPYKIIii BEepX-
HBOI Ta HIKHBOI OymOB Koumii BimOyBaroThCs 3a
chepuuammu xBussMu. CdepudHi XBWII BH3HA-
YarThCSI TAKOK BJIACTUBICTIO, IO BIiAMOBITHE Ci-
MEHCTBO XapaKTepUCTHYHUX IOBEPXOHb CKIIa/Ia-
€ThCSI 3 XapaKTePUCTUYHHUX KOHOINIB, BEPIIMHU
SKUX JIe)KaTh Ha JiHIIX TuM4acoBoro tumy. Cde-
pUuHi XBWII Uit OyAb-SIKMX JiHIA THMYacOBOTO
THITY 3 BJIACTUBICTIO 3a MpHUHITUIIOM [ foiireHca ic-
HYIOTh TUIBKH Y BHIIQJIKy YOTHUPHOX MEPEMIHHHX
1 0 TOTO K TUTBKH JUIsl TU(EPEHIliaIbHUX PiB-
HSIHB, €KBIBAJICHTHUX XBUJILOBOMY PiBHSHHIO.

PiBusHHA chepudHOi XBHIII, IO PO3IMOBCIO-
JUKY€EThCS Bif Jii 30BHINTHBOT CHJIM ISl TIEBHOI TO-
YKU:

s(X,Y,z,t) = Asin(ot —kr + ), (6)

Jne A — aMIUIiTy1a KOJIMBaHb; () — YaCTOTa BIUIUBY
30BHINIHBOI CHITH; K — XBHJIBOBE YHCIIO; I — pajiyc
cthepuunOi XBWIII; @ — (pa3a BIAMOBIIHOCTI 30BHI-
IIHIX Ta BHYTPIMIHIX KOJHMBaHb. AKIMO iX Qas3u
criBnaaawTh, T0 @ =0, SKIIO pi3Hi, TO Q=T .

3HaueHHS aMIUNTYyIu A,, 0 BUKJIUKA€E 30BHi-
IIHS CWJIA, BU3HAYCHO 3TiTHO 3 JPYTUM Ta TPETIM
3akoHaMu Herotona [8], 3a sKMMH MIBHAKICTE 3Mi-
HU IMIYJIECY MEXaHIYHOI CHCTEMH JOPIBHIOE TO-
JIOBHOMY BEKTOpPY BIUTUBY 30BHIIIHIX CHJI, IO Ji-
I0Th Ha 1[I0 CUCTEMY

dK _ o

T ®)

MexaHiuHa cucTtemMa B IIbOMY BHIIAAKY — CHC-
TeMa 3 KOHCTPYKIIH BEpXHBOI Ta HWKHBOI Oy/IOB
3a1i3HMYHOT Koutii. 7S 3a3Ha4eHoi cucTeMHu Ipu-
HHATHO, IO [is 30BHIIIHBOI CHJIM, Maca Ta LIBHI-
KICTh CUCTEMH — 3MiHHI BeqTWIuHU. ToMy pyx Ta-
KOi CHCTEMHU BiJIMIOBIJA€ PIBHIHHIO!

ma=F,+F,, 9)

zie Fp — pEaKTHUBHA CHJIA, 1[0 BPAXOBYE IMITYJIbC

npuesHaHoi abo BifokpemieHoi macu; Ky, — cepe-

JIHE 3HAUEHHS NIEPEMIHHO 30BHIIHBOT CHIIH.
OcTaTo4HO 3HAa4YeHHS aMIUNTYyau A, BU3Haya-
€ThCA SIK:

A = r(FpAtsin(wAt) +v,Am) | (10)

WCOS(WAL —Kr + @)Am

Je V, — MBUAKICTh NpHEAHAHOI ab0 BiJOKpemile-
HOI MacH.
Po3mipu xBuIti po3paxoBaHo 3rimHo 3 [1].

PesyibTarn

s oriHku mporecy aedopMaTHBHOT POOOTH
KOJIii HEOOXiJHO CKJIaJaTh PO3PaxyHKOBI CXeMH
KOHCTPYKIIii Kouii. SIkmo 6 po3paxyHKH Hampyxe-
HO-Ie(hOPMOBAHOTO CTaHY CHUCTEMH KOHCTPYKIIiH
BEPXHBOI Ta HWKHBOI Oy/IOB BUKOHYBAJIHCh 32 ic-
HYIOUMMH PO3PaxyHKaMM Ha MILHICTb, TO Ul BU-
3HAUCHHS PO3PaxXyHKOBOI OCi Tak, mo0 eKBiBaJCH-
THI CHJIM OyJIM HaWOUIBIIMMH, HEOOXIIHO PO3TIIs-
HYTH JAULIHKY JOBXHHOI 6 M, IO OOMEXEHO
JTIOBKWHOKO JTiHI{ BIUIMBY PO3paXxyHKOBOi OCi eKi-
naxy [9]. Ame s po3paxyHKoBa cxema IOB’s13aHa
3 TaKUMH (Hi3MKO-KOHCTPYKTUBHHMH XapaKTepuc-
TUKaMH €JIEMEHTIB HMXXHBOI Ta BEpXHbOI OyHOB
KOJIi1 SIK: MOIIYJIb TIPY)KHOCTI TAPEHKOBOI OCHOBH,
MOIyJb Jedopmalii pedKoBOi CTali, MOMEHTH
omopy Ta iHepUii MONepeyHOro MEpEeTHUHY pPeiKH,
IO TIAKIAIKA Ta MOJIYIIITAIN 3 BpaxyBaHHAM ii
BUTHHY, TOBIIMHA IIEOCHIO, MIOpa MIajl.

I3 3acTocyBaHHSAM METOIY KiHIEBHX €JIEMEHTIB,
IIpY BIUIMBI CHJIM, IO IPUKJIAJICHA B 30HI KOHTAKTY
LEHTPAJIbHOTO IIOJIOXKEHHS Kojeca Ta peHKH
B NPSAMHUX AUSIHKAX, L5 JOBXWMHA TaKOX CKJanaa-
tiMe 6 M. J[1s po3paxyHKy moTpiOHO MaTu ¢izu-
KO-KOHCTPYKTHBHI XapaKTEPUCTHKH, IO OIHUCY-
I0Th TIOBHY TE€OMETPiI0 KOKHOTO €JIEMEHTa CHCTe-
MU KOHCTPYKLill BEpXHbOI Ta HIKHBOI Oya0B. Bu-
coTa Haculy a0 TOBIIMHA PO3IJISIHYTOI BHUIMKH
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3AJIIBHMYHA KOJIIA

MOBHHHI OyTH He MeHIie 3 M. Kpim Toro, moBMHHO
MaTH 3HaYeHHS MOAYJIB aedopmarltii, IIIILHOCTI
Ta BUJI KOHTAKTY ISt BCiX enemenTiB [20].

SIKIIo po3rsaaTé TOW e Mpolec 3a JA0MOMO-
TOI0 3alPONIOHOBAHOI'O METOJY, TO JIOBXKHHA PO3-
PaxyHKOBOi CXEMHU IOBHHHA BKIIOYATH MUISTHKH
BIUIUBY SIK TPSIMOTO, TaK 1 3BOPOTHOTO BIUIUBY [i-
04Ol CHIH.

Ha noBxuHYy OiNSHKM BIUIMBaTHME IO Yep3i:
THIT PyXOMOTO CKJIaJly, HOTO IIBUJKICTh T4 HaBaH-
TaXeHHsI, 0 (OPMYIOTh 3HAUCHHS Ta MICIs BIUIH-
BY 04O CHJIM; CTaH pelkH Ta Koseca, 1o (op-
MYIOTh IUIOMAJKY KOHTAKTy Ta 4acTOTYy IMIIYJIbCY
30BHIIIHBOI CHUITH, SIKA XapaKTEPU3yE aMILTITYIy
KOJIMBaHb; TEOMETPisi KOXKHOIO €JIeMEHTa Ta BUJI
KOHTAKTy ISl BCIX CJIEMEHTIB, II0 XapaKTepH3y-
I0Th TEOMETPII0 PO3MOBCIO/KECHHS KOJIWBaHb; Xa-
PaKTEPUCTHKH MarepiagiB (MOMyIlb IPY’KHOCTI,
HIUIBbHICTh, KoedimienT Ilyaccona, koedimieHTH
TEpPTS Ta 3YCIUICHHS SK CaMUX MaTepiaiiB, Tak
I KOHTaKTYIO4HX Map, iMIIEAaHc), [0 XapaKTepu-
3YIOTh KUTBKICHO TIPOIEC PO3MOBCIOKCHHS KOJIH-
BaHb. J[11 cUIIKKMX MaTepianiB HEOOXiIHO 3aCTOCO-
BYBaTH JaHi, mo BiamoBigarots AS 1141.4, 1141.6
ta C. 1141.18 [18]. B Ta6a. 1 HaBemeHo 3HAUEHHS
BENMYHH, 0 (GopMyIoTh mporec aedhopMaTUBHOC-
Ti JUISHKA TpU BIUIMBI YOTHPHBICHOTO BaroHa
[TH1U-X3-0.

B tabnuni HaBeAEHO:

HIBUJKICTD PYXY;

MaKCHMaJIbHI HOPMAJIbHI/IOTHYHI Hampy-
’KCHHSI Ha TUTONII KOHTAKTY;

JI0I1Ia KOHTAKTY PENKH 3 KOJIECOM;
JIOBXKMHA KOHTAKTY B37IOBXK PEUKH,
+-+gacToTa 006epTy KoJeca,

YacTOTa BIUIMBY 30BHINIHBOI CHIIH;

yac JIii Ha MJIOMIi KOHTaKTy.

B Tabn. 1 mepmuii psaaok JEMOHCTPY€E 3HAUCH-

HS JUTSI KOHTAKTy HOBUX KOJIIC 3 HOBHMH peHKaMH,
a Jpyra — HOBUX KOJIC 31 3HOIICHUMH DPEHUKaAMHU.
Jns GpopMyBaHHS KOPEKTHHX YMOB HaBaHTa)CH-
H#, 1110 aJIEKBATHO OIUCYIOTh peallbHi yMOBH, OyII0
BHBYEHO Airoui crangaptu [12, 13] ta cyuacHi mo-
cmimpkenns [6, 7, 11, 14, 15, 16, 17, 19].

Ta 3a3HaueHi XapakTePUCTHKH BHUKJIUKAIOTH
Iy’ke pI3HMHA XapakTep KOJHMBaHHA. besmocepen-
HBO I[€ BUJHO 31 CHIBBIJHOIIEHHS MaKCHUMAaJbHUX
Halpy>XeHb Ha IUIOII KOHTAKTy Ta Yacy Iil Ha Hii
JUTSI HOBUX Ta 3HOIIEHHUX PEHOK MPH TiH JKe 4acTOTi
o0epty komic. KpiMm Toro, icHye pi3HHUI MiX Ha-
NPYKEHHAMH, IO pPeai3yloThCsl NPH KOHTAKTI
peiiku Ta koneca. Tak mpu HOBHX peiikax HaiiOi-
JBIT HOPMAJIbHI Ta MOTHYHI HANPY>KEHHS BUHU-
KalOTh Ha MOBEpPXHI B LIEHTPI eJjirca, a mpu KOB-
3aHHI KOJIC MO peui peanizyloThecs, KpiM HOpMa-
JLHOT, TOTWYHI TIOB3J0BXKHI Ta MOMEPEYHI CKIaI0-
Bi, IO pO3TAallOBaHi Ha MeXaxX KOHTAKTHOI
TUIOIAIKA B3JIOBXK Ta IONEPEK TOJOBKH PEHKH.
Bci  3a3HaveHi XapaKTEPUCTUKH  KOJMBAIOTHCS
B MEBHUX MEXaX, TOMY IOBXHHA pPO3PaxyHKOBOI
JIUTSTHKY TAKOXK KOJIMBAETHCS 1 3AJICIKHO BiJ| IIBUJI-
KOCTI pyXy 1 HeoOXiIHOI TOBHOTH BHBYEHHS IPO-
[eCy MOBKMHA PO3TIISIHYTOI MIJITHKH KOJHMBAETHCS
Bix 25 no 400 M. Ane icHye TIeBHa 3aKOHOMIp-
HICTh. YMM MEHIIIA IIBUAKICTh, THM OLIBIIY JISH-
Ky HeoOximHo po3riamatu. e mos’s3aHo 3 ABOMA
¢daxropamu. [lo-nepure, unM Oinblia pi3HULS MiXK
HIBUJKOCTSIMH PYXy I0i3/1a Ta TOLIMPEHHS MOBEp-
XHEBOI XBWJIi, TUM OLIBIIE Yacy BilOyBa€eThCs KO-
JIUBaHHS TOYOK, OCKUTBKH 30LIBIIYETHCS KOHTAK-
Tyloua TOBEPXHS MK PEMKOI0 Ta KOJIeCoM, IO
nepesac BILUTUB PYXOMOTO CKIaay Ha Touky. llo-
Ipyre, 9UM OUTbINA PI3HHAIS MiX IIBHAKOCTIMH
pyXy moi3za Ta MOMIMPEHHS XBHJI B CEpEAOBHILI,
TUM OiJIbIlIa KiJTBKICTh BIIOMTHX MPOIIECIB, SKi Ha-
JATOTh TOYIII AOJATKOBUX KOJUBAHb.

Tabnuns 1
XapakTepucTHKH mpoiecy koauBaHb Barona IIHUN-X3-0
Table 1
Characteristics of fluctuations process, car CRI-H3-0
V, km/rox Py /1ty MIla O cp? a O, | pan/c ® | pan/c tc
10 1275/402 1,2904 1,28 5,85 6,81 0,461449
582/221 2,6327 0,68 12,76 0,246274
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3axkiHueHHs Tabn. 1
End of table 1
V, kmiron Pyl Ty, MIla O cm? a,m O, pan/c ®, pan/c tec
20 1293/407 1,3270 1,30 11,70 13,43 0,233974
595/226 2,6885 0,70 24,98 0,125747
30 1311/413 1,3639 1,32 17,54 19,87 0,158134
607/231 2,7443 0,71 36,71 0,085572
40 1328/418 1,4003 1,34 23,39 26,14 0,120172
619/235 2,7990 0,73 47,99 0,065459
50 1345/424 1,4354 1,35 29,24 32,28 0,097337
631/240 2,8516 0,74 58,89 0,05335
60 1362/429 1,4716 1,37 35,09 38,25 0,082131
642/244 2,9054 0,75 69,36 0,045297
70 1378/434 1,5074 1,39 40,94 44,09 0,071248
654/249 2,9582 0,77 79,47 0,039531
80 1395/439 1,5442 1,40 46,78 49,79 0,063098
666/253 3,0121 0,78 89,20 0,035221
90 1411/445 1,5805 1,42 52,63 55,36 0,056743
678/258 3,0652 0,80 98,61 0,031859
100 1428/450 1,6179 1,44 58,48 60,80 0,051669
690/262 3,1193 0,81 107,66 0,029179
110 1444/455 1,6555 1,45 64,33 66,12 0,047514
702/267 3,1735 0,82 116,41 0,026988
120 1460/460 1,6926 1,47 70,18 71,33 0,044041
714/271 3,2268 0,84 124,89 0,025154

HaykoBa HOBHM3HA Ta IPAKTHYHA

3HAYMMICTDL

HaykoBa HOBu3HA. [JlocipKeHHS MUTaHL Ha-
IIHOCTI KOJIii MOTHBYE pO3pOOKY HOBHX MOJEIEH,
0 Ja0Th MOMXJIMBICTh PO3TISIIATH il MPOTATOM

JISSTKOTO HarpaioBanHs. [CHye HEoOXiHICTh BH-
3HAUYCHHS OCHOBHUX  (Di3MKO-KOHCTPYKTHBHHUX
YMOB Ui CKJIaJIaHHS pPO3PaxyHKOBHX CXEM, Ha
OCHOBI SIKMX MOJIMBI OIlIHKAa Ta MPOTHO3YBaHHS
3MiHH CTaHIB KOJii B Tmporeci I eKcruryararmii.
B poboti 3amponoHoBaHO OCHOBHI  (hi3HKO-
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3AJIIBHMYHA KOJIIA

KOHCTPYKTHBHI 3acaayl CKJIQJaHHA PO3pPaxyHKOBHX
CXEM €JIEMEHTIB 3aJII3HUYHOI KOJIil, 3a AKUX BHKO-
HyeTbesl nmpuHIUn [toiirenca. 3a3HaueHuil MpUH-
U MOXE BHKOHYBATHCh TIIBKH TIPU PO3TISIL
YOTHPUMIPHOTO TPOCTOPY: 3MIiHH 00’€My B daci.
[IpakTryHa 3HAYMMICTh. AHATITHYHI MOJENI, IO
3aCTOCOBaHi MMPU BU3HAYEHHI IMapaMeTpiB MIITHOCTI
Ta CTIMKOCTI KOJIii, IOBHICTIO 32/I0BOJIBHSIOTH IIO-
CTaBJICHUM 3ajJlayaM, ajic He MOXYTh OyTH 3acTo-
COBaHi JUI1 BU3HAUCHHA NapaMmeTpiB HaXidHOCTI
kouii. OJHUM 3 TOTOBHUX (DaKTOPIB HEMOKITHBOCTI
3aCTOCYBaHHS LUX MOJENIel € KBa3iIuHAMIUuHUI
migxin. Tomy, 3a3BHYail, OTPUMYKOTH Ta JOCIi-
JOKYIOTh HE caM JIMHAMIYHHHU mporiec poOoTH 3aii-
3HMYHOI KOJIii, a Woro Hacmimku. KpiM Toro, Taki
MOJIeNTi BiTHOCATHCS [0 IUIOCKUX, IO TaKOXK JT0JIA€
TIEBHI CKJIAJHOIII MOPIBHAHHS PE3yJIbTaTiB 3 €KC-
MIEPUMEHTOM, OCKIJILKHA HEJIETKO B 00’ €EMHOMY TIPO-
Leci BUAUIMTU BIUIUB B MOTO OOMEXEHUX 4YacCTHU-
HaX. 3aCTOCYBaHHS YHCJIOBHX METOJIIB PO3IIMPIO-
I0Th MOXJIMBOCTI, aje TaKoX YHEMOXKIUBIIOIOTh
PO3TIISA CaMOTO TUHAMIYHOTO TPOIECY, OCKIIBKH
HEMOXJIMBO BBECTH MPOIECH, IO 3yMOBIIOIOTh
peaxIito Ha HaBaHTaXEHHS. TOMy 3amporoHOBaHi
OCHOBHI (Pi3MKO-KOHCTPYKTHUBHI MiIXOAW TMPHU MO-
JICJTFOBAHHI JIAI0Th MOXIIMBICTh PO3TJISIATH Oe31o-
CepeHbO JAMHAMIYHHIA MPOIEC JIOKATI30BaHUH SIK
B 4aci, TaK i B IPOCTOPI.

BucHoBkH

OO0i3HaHICTh B mpolecax B3aeMoOjii KoOJii Ta
PYXOMOTO CKJIaAy TPHU3BOIUTH 10 PO3TIISAaHHS
HOBHX 3ajgad. OJHMM 3 HOBHX AacI€KTiB LbOTO
MPOIIECY € BUPINICHHS 3ala4 HAJIHHOCTI KOJIii.
Cr1afioBol0 HaAiHOCTI Koxii € (YyHKIiOHaJIbHA
Oesrreka koumii. TakuM YWHOM, HANPSIMOK JOCIHi-
JUKEHb € aKTyaJbHUM, ajlieé TakuM, M0 MoTpedye
HOBOTO HiIXOAY MU BUPILIEHHI TOCTaBJIEHOI MPo-
OneMH 1 He MOKE 3aCTOCOBYBATH ICHYIOYI MoJei
JUTsL 11 BUPIIICHHS.

[Ipu nmocnimkenHi mpouecy aedhOpMaTUBHOCTI
B CHCTEMaX KOHCTPYKIIIH BEpPXHBOI Ta HUXKHBLOI
OyIIOB 3aJIi3HWYHOI KOJIii HEOOXiHEe TOYHE BHU3HA-
YeHHS LLOTO MPOLECY SIK B Yaci, Tak i B IPOCTOPi.
Takum anHOM, HEOOXITHO MPABHIBHO CHOPMYITO-
BaTH 3ajady Ta BU3HAYMTH BXifgHi maHi. J{o BXinm-
HUX JIaHUX HaJekKaTb:

—  THII pyXOMOTI'0 CKJIagy, HOro HIBHIKICTb Ta
HaBaHTAXEHHSI, 10 (HOPMYIOTh 3HAYCHHS Ta MICIIS
BILTUBY JII0Y0i CHIIH;

CTaH pelKH Ta Kojeca, 1o (GOpMyIOTh I1JI0-
IIaJKy KOHTAKTy Ta 4acTOTY IMIYJIbCy 30BHIIIHBOT
CHIIH, sIKa XapaKTEePU3y€E aMILTITYAy KOJIMBaHb,
reoMeTpist KO’KHOTO €JIeMEHTa Ta BUJ KOH-
TaKkTy ULl BCIX €JIEMEHTIB, IO XapaKTepHU3yIOTh
TEOMETPII0 PO3MOBCIO/KCHHS KOJIMBaHb,

—  XapaKTEepUCTHKH  MaTepiaimiB  (MOIyJIb
MIPY’KHOCTI, MIIBHICTE, KoedirtienT Ilyaccona, xo-
eQillieHTH TepTs Ta 3UEIUICHHS SIK cCaMUX Marepia-
JiB, TaK 1 KOHTAKTYIOUMX Tap, iIMIIEAAHC), IO Xa-
PaKTEpU3YIOTh KiJIbKICHO MPOLEC PO3MOBCIOKEH-
HSl KOJIMBaHb.
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1. A. BOHJAPEHKO"

"Kad. «IyTs i myTeBOE X03SHCTBO», JIHENPOIIETPOBCKHH HAIMOHATLHINA YHHBEPCHTET XKE/Ie3HOI0POKHOIO TPAHCIIOPTa
UMeHH akajziemuka B. Jla3apsiHa, yii. JIasapsHa, 2, [lHenponerpoBck, Ykpaunna, 49010, ten./dakc +38 (056) 373 15 42,
a11. oura irina_bondarenko@ua.fm, ORCID 0000-0003-4717-30

OCOBEHHOCTH UCCJEIOBAHUA MMPOIECCA JJE®OPMATHUBHOM
PABOTBI 2JIEMEHTOB KEJIE3HOAOPOKHOI'O IIYTHU

Hens. Hayunas cTaThs NpeAmnonaraeT OINpPEACNICHUE OCHOBHBIX (DU3MKO-KOHCTPYKTHUBHBIX YCIOBHH IIpU
MOJCIMPOBAHUH JKU3HEHHOTO LKA PabOTHI AJIEMEHTOB JKEJIE3HOAOPOXKHOTO IYTH IUIsl MCCIICIOBaHUS Pa3BUTHS
MpoIeccoB 1e(OPMHUPOBAHUS KaK OCHOBBI CO3/IaHMSI HOPMATHBHOM 0a3bl paOOTHI IMyTH MPH YCIOBHH 00ECTICUCHIS
HaJeXKHOCTH KeNe3HBIX opor. Meroauka. [l JOCTIDKEHHS LI MCIOJIB30BaHbl IPHHIMIBI TEOPUH YIPYTOCTH
U PacIpOCTpaHEHUS] BOJHOBOIO IIpoliecca NPH OIMCAHMH B3aUMOJCHCTBUS IIyTH W MOABIXKHOTO COCTaBa.
Pe3yabraTbl. YCTaHOBJICHBI OCHOBHBIE (DPU3MKO-KOHCTPYKTHBHBIE YCIJIOBHUS, Ha OCHOBE KOTOPBIX HEOOXOANMO
MPOBOAUTH MOJICTMPOBAaHHUE YKU3HEHHOTO IMKJIA pabOoThl AJIEMEHTOB JKEJIE3HOJAOPOKHOTO MYTH JUIsl UCCIICAOBAHUS
pasButust mpoueccoB nedopmaruBHocTH. ChopMynupoBaHbl OCHOBHBIE (DH3MKO-KOHCTPYKTHBHBIE ITPHUHIIMITBI
COCTaBJICHHUSI PAaCUYETHBIX CXEM O3JIEMEHTOB >KEJE3HOJOPOXKHOTO ITyTH Ul OLEHKHM Hpolecca JieGopMannoHHON
pabotsl myTH. JloKazaHBl KOPPEKTHOCTh W BO3MOXKHOCTH PEIICHUS! MOCTaBIEHHOH 3anaun. HayuHasi HoBHM3HA.
HccrienoBanne BONPOCOB HANEKHOCTH IYTH MOTHUBHPYET pPa3pabOTKy HOBBIX MoJelield, KOTOPBIE MO3BOJISIOT
paccMaTpuBaTh e¢ B TEUCHHE HEKOTOpoi Hapaborku. CymecTByeT HEOOXOIMMOCTH ONpPEICTICHHS OCHOBHBIX
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(M3UKO-KOHCTPYKTHBHBIX YCIOBHH IJISI COCTaBJICHHS PACUETHBIX CXEM, Ha OCHOBE KOTOPBIX BO3MOJKHBI OLICHKA U
MPOTHO3UPOBAHNE M3MEHEHHsI COCTOSHHUM IyTH B MPOLIECCE €€ 3KCIUTyaTaluu. B paboTe mpeyokKeHbl OCHOBHBIE
(PM3UKO-KOHCTPYKTHBHBIE MPUHLUIIBI COCTABJICHHS PACUETHBIX CXEM JJIEMEHTOB KEIE€3HOJOPOXKHOTO IyTH, HpPHU
KOTOPBIX BBINONHACTCA MpUHIHI [ TolireHca. Yka3aHHBIM MPUHITUI MOYKET BBIIOIHITHCSA TONBKO IMPU PaCCMOTPEHUH
YETBIPEXMEPHOT0 IPOCTPAHCTBA: U3MEHEHUs1 00beMa BO BpeMeHH. [IpakTHyeckasi 3HAYMMOCTb. AHAIUTHYECKHE
MOJIeNI, TPUMEHEHHbIE IPU ONpEACNICHUH MapaMeTpPOB MPOYHOCTH M YCTOMYMBOCTH IYTH, IOJIHOCTBIO
YIOBIIETBOPSIIOT TOCTABJIEHHBIM 3ajJadaM, HO HE MOTYT OBITh TIPUMEHEHBI /ISl OINpEJENICHUS IapamMeTpoB
HajekHOCTH TyTH. OJHMM W3 TJIaBHBIX (DAaKTOPOB HEBO3MOXKHOCTH NPUMEHEHHUS 3THX MOJENel sBIseTcs
KBa3WJIUHAMUYHBIN noaxoA. ITosTomy, kak mpaBuilo, MOIY4arOT M UCCIEAYIOT HE OJUH AMHAMHUUYECKUIl mporecc
paboTHI JKENE3HOAOPOKHOTO IMyTH, a €ro MociencTBHsA. Kpome TOro, Takue MOJENH OTHOCATCA K IIOCKHM, YTO
TaKkKe M00aBISET ONpEZCICHHBIE CIOKHOCTH B CPaBHEHHH PE3yJbTATOB C OIKCIIEPUMEHTOM, TaK KaK HEJErKo
B 00BEMHOM TIpOIECCe BBLACIUTH BIHMSHHE B €r0 OIPAaHWYEHHBIX 4YacTiX. [IprMeHeHHE 4YHCIICHHBIX METOOB
pacmmpseT BO3MOKHOCTH, HO TAaKKE JIENAacT HEBO3MOXKHBIM PAaCCMOTPEHHE CaMoro JTUHAMHYHOTO IIpolecca, ubo
HEBO3MOXHO BBECTH IIPOIIECCHI, 00YCIaBIUBAIOLINE PEAKLUIO Ha HAarpys3Ky. [103ToMy mpeoxeHHbIE OCHOBHBIC
(PM3UKO-KOHCTPYKTHBHBIE IOAXOIBl IPU MOJCIHPOBAHMM IO3BOJIAIOT PACCMATPUBATh  HEMOCPEICTBEHHO
JUHAMUYECKUH TPOIIece, IOKAJIM30BaHHBIN Kak BO BPEMEHH, TaK U B IPOCTPAHCTRE.

Knrouesvie crosa: MonennpoBaHUe; >KU3HEHHBIH UK, Ne()OPMaTUBHOCTH ITyTH; OCTaTOYHbIEC NehOpMaluH,
paboTOCHOCOOHOCTD; BOTHOBOE PaclpOCTPaHEHHUE; HANPSHKEHHO-Ae(OPMUPOBAHHOE COCTOSIHUE YTH; HAIEKHOCTh
MyTH; TIepeMELICHUs Ty TH

I. 0. BONDARENKO!

Dep. «Railway Track and Track Facilities», Dnipropetrovsk National University of Railway Transport named
after Academician V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel./fax +38 (056) 373 15 42,
e-mail irina_bondarenko@ua.fm, ORCID 0000-0003-4717-30

FEATURES OF THE RESEARCH WORK ELEMENTS
DEFORMABILITY OF RAILWAY TRACK

Purpose. The scientific paper is supposed the determination of basic physical and structural conditions in
modeling life cycle of the elements of the railway line for the study of deformation processes as the basis of norma-
tive base of the track at the condition of railway safety. Methodology. To achieve the aim principles of the elasticity
theory and wave propagation process in the description of the interaction between the track and rolling stock were
used. Findings. The basic physical and structural conditions under which it is necessary to carry out the simulation
of the life cycle of the elements of the railway line for the study of deformation processes were determined. The
basic physical and structural principles of drawing the design schemes of railway track elements for the process as-
sessment of the track deformation work were formulated. The decision correctness and the possibility of the prob-
lem solution are proved. Originality. The study of the track reliability questions motivates the development of new
models, allow considering it for some developments. There is a need to identify the main physical and structural
conditions for assembly design schemes based on assessment and prediction of possible track state changes during
its operation. The paper presents the basic principles of physical and structural drafting design schemes of railway
line items for which Huygens’ principle is implemented. This principle can be performed only when the four dimen-
sional space: the volume changing over time is considered. Practical value. Analytical models applied in determin-
ing the parameters of strength and resistance lines, fully satisfy the task, but can not be used to determine the pa-
rameters of track reliability. One of the main impossibility factors of these models is quasidynamic approach. There-
fore, as a rule, receive and examine not only dynamic process of a railway track, but also its consequences. Besides,
these models are related to flat ones, and it also adds some complexity in results comparing with an experiment, as
well as the process is not easy to distinguish the impact of volume in its limited parts. The use of numerical methods
extend the posibilities, and it also make it impossible for the consideration of the dynamic process, as well as it is
impossible to introduce processes, causing the reaction to stress load. Thus the basic physical and constructive ap-
proaches in modeling make it possible to consider the dynamic process of localized both in time and in space di-
rectly.

Keywords: modeling; life cycle; the deformability of the way; the residual strain; efficiency; wave propagation;
the stress-strain state of the path; path reliability; path of travel
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MOJIEJIOBAHHS HAKOIIMYEHHS JED®OPMAIIINA
3AJIIBHUYHOI KOJIII HA OCHOBI EHTPOIIII CUCTEMUA

Meta. B po6oti nependadaeTscst IpOBECHHS TEOPETHYHUX JTOCHIPKEHD 00 BUKOPUCTaHHS METO/IB, SIKi BU-
3HAYAIOTh TEPMiH EKCIUIyaTalii 3ali3HUYHOI KOJii He TLIBKM 3a IMOKa3HWKOM 3arajlbHOro oOCSTY HaBaHTa)KCHHS,
a i BpaXxoBYIOTh HOTO CTPYKTYpY Ta AMHAMI4HI XapaKTepHUCTHUKH. METOI0 TakuX JOCIIJDKEHb € CTBOPEHHS MOJEi
HAKONMMYCHHS eopMaliil [UIs OMIHKK TEPMIHIB eKCIDTyaTallii 3ai3HUHYHOT KOJii 13 ypaXyBaHHIM 3a3HAUYCHHUX OCO-
6nmBocTeil. Meroauka. JJiss MOJIETIOBAHHS TPOIECY ITOCTYIIOBOI 3MiHM CTaHy 3a Yac eKCIuTyararii (HaKOTHYeHHS
nedopMartiii) 3ai3HHYHA KOJIiS MPEICTABICHA K CHCTEMA, KA CKIAMAa€ThCs 3 MHOXKHH YaCTOK PI3HHUX PEUOBHH,
3i0paHnX y IiTBHY KOHCTPYKIifo. JIOIIBHO TOBOPUTH HE MPO MOSABY AedopMariiil SKoich BU3HAYEHOI BEIMINHU
B IIEBHOMY TIepepi3i Koii, a mpo IMOBIpPHICTh Takoi Moii Ha JiMAHIN. SIKIO omepyBaTH BipOTiTHICTIO IOSBHU BiIXH-
JIeHb, CTaH CHCTEMH 3PYYHO XapaKTepU3yBATH KUIBKICTIO PO3PHBIB YMOBHHX BHYTPIIIHIX 3B’A3KiB. OJHAKOBOMY
CTaHy CHCTEMH MOXYTbh BIAINOBIJaTH Pi3HiI KOMOiHaMii po3puBiB. YuM Oinblia KUIBKICTh pO3PHUBIB, TUM OliIbIla Ki-
JBbKICTh BapiaHTIB 3MiH CTPYKTYPH CHUCTEMH, IO BiANOBIJAIOTH I MOTOYHOMY cTaHy. Takuil mmpoiec MOXKHa Hpej-
CTaBUTH SIK ITOCTYNOBUI Mepexif Bill yOPsIKOBAHOTO CTaHy J0 XaOTHYHOTO. IJisl onucy HaBeleHOT XapaKTepHCTH-
K{ CHCTEMH 3aCTOCOBYETHCS TAKMH YMCEIbHUN NOKa3HUK, K eHTpornis. Pesyabraru. [Ipu crapinni cucremu ii eHr-
POIIist TOCTiHO 301LIBIIy€eThCS. 3pOCTaHHS EHTPOMIT BUPaXKa€eThCsl 3MiHAMH BHYTPIIIHBOI €HEPTil CUCTEMH, SIKI MOXK-
Ha BHM3HAYUTH, BUKOPUCTOBYIOUM MEXaHIYHY poOOTy CHIJI, NSl SIKMX NPHBOAWTH N0 aedopmariid. Lle mae 3mory
BU3HAYHTH KUTbKICHUI MOKa3HUK PO3PUBY 3B’S3KIB Y CHCTEMi SK HACTIIOK BUKOHAHHA MeXaHI4HOi poOoTH. 3a pe-
3yJIBTaTAMA TEOPETUIHUX JOCHTIHKEHb PO3POOICHO METOAUKY OIIIHKH CTPOKIB KUTTEBOTO IIUKITY EKCIUTyaTaIlii 3aJri-
3HMYHOI KOJIii 13 ypaXyBaHHSIM TaKuX (aKTOPIB, K. CTPYKTYpa MOI3A0MOTOKY, KOHCTPYKIIisl BEpXHBOI OYZOBH KOIIil,
pyX moi3ziB i3 BucokuMH mBUAKocTsIMU. HaykoBa HoBM3HA. Briepie mis MonenioBaHHS HaKONMUYEHHs nedopma-
¥ 3aJII3HAYHOI KOJIii BUKOPUCTAHUI TaKUi IOKA3HHUK, K eHTpomis cuctemu. IlpakTuyHa 3HauuMicTb. Posropay-
Ti aHATITHYHI 3QJIC)KHOCTI TOBEICHO 10 MPAKTHYHOI METOIUKH, 1[0 Ja€ 3MOI'Y aHAJI3yBaTH MUISHKH KOJII i3 pi3HU-
MU KOHCTPYKIISIMH 200 3 PI3HUMH yMOBaMH €KCIUTyaTallil 3a CTPOKaMHU HAKOITMUESHHS ieopMaliii.

Kniouosi cnoea: entporisi; BepxHs OysoBa Ko, 3aJMIIKOBI nedopmallii; po3paxyHOK KoJii Ha MILHICTh; Ha-
NPY>KEHHS B KOJIiT; CTPOK CITy>KOU KOJii

Vikpaian (LII1-0287) [11] Bu3Hayae OCHOBHI Ta
JIOJIATKOBI TIOKA3HUKH, BiJl AKUX 3aJICKATh CTPOKH
BHKOHAHHSI BIiMTOBITHUX PEMOHTHUX pOOIT. Aue
BBEJICHHS IIBUJAKICHOTO pPyXy, MEPEepPO3MOAiT IO-
TOKIB ITOI3JIB 3 METOI0 clerjaiizamii BaHTaXHUX
i macaXUpCHKUX HaAIpsAMKIB [5] morpebyroTh m0-
MOBHEHBb JI0 TAKOTO OCHOBHOI'O KPHUTEPItO MpH3HA-
YEeHHS MOJEpHI3aIlil, fK NPOMyIIEHUH TOHHAX.
Taki KoperyBaHHs MOBUHHI BPaxOBYBAaTH CTPYKTY-
Py MOi3I0MOTOKY, IO 00epPTaEThCs Ha IUISHII, Ta
HIBUIKOCTI pyXy HOI3/iB.

Beryn

Craya TEHJCHIIIS PO3BUTKY TPAHCIOPTHUX Me-
pex moTpedye Bix 3aMi3HUYHOTO TPAHCIIOPTY ITiJI-
TPUMYBAaTH Ta yIOCKOHAJIOBATH CYyYacHHH CTaH
JUTs 30epeXeHHsT KOHKYPEeHTOCnpoMoXkHocTi. On-
HUAM 3 OCHOBHUX TOKa3HUKIB BHOOpPY BUIY TpaHC-
MOPTY TPAAWIINHO 3alUIIAEThCA IIBUIKICTH JO-
CTaBKM BaHTaxiB 1 macaxupiB [15]. [lns 3abe3me-
YeHHS I1i€1 YMOBU 3aJli3HWYHA KOIIisl IOBUHHA BECh
Yac eKCIUTyaTallii 3HaXOJUTHUCh Y HaIeXKHOMY CTa-

Hi [14]. Cepen 6araTb0X CyMiKHUX MUTaHb IIOCTAE
3aBJIaHHS IOJ0 TPOTHO3YBAaHHS TEPMiHIB EKCILTY-
aTauii 3a1i3HUYHOI KOii.

[TonoxeHHsT PO TPOBEICHHS IJIAHOBO-3aII0-
ODKHMX PEMOHTHO-KOJIMHUX pOOIT Ha 3aTi3HHULIAX

Meta

B miit po6oti epenbavaeTbcsi BUKOHAHHS TE€O-
PETUYHHUX JOCTIKECHD MO0 BUKOPUCTAHHS METO-
IiB, SIKi BH3HAYalOTh TEPMiH eKCIUTyaTamii 3aii3-
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HUYHOT KOJIii HE TUTPKU 332 TOKa3HUKOM 3arajibHOTO
o0cAry HaBaHTa)XEHHS, a W BpaxoBYIOTh HOTO
CTPYKTYpy Ta AWHAMIYHI XapaKTePUCTHKH. MeToro
TaKUX JOCHIKEHb € CTBOPEHHS MOJEN HaKOIH-
qeHHs nedopmartiit 11 OIiHKH TEePMiHIB eKCIUTya-
Talii 3aJi3HUYHOT KOJIIi 3 ypaxyBaHHSIM 3a3Haue-
HUX 0COOJIMBOCTEH.

MeToanka

st MoJieNtoBaHHsI IPOIIeCy TOCTYIOBOI 3MiHH
CTaHy 3aJi3HMII 32 Yac eKcIUTyaTalii 3aJli3HUYHY
KOJIIF0 MO>KHA TPEICTABUTH SIK CUCTEMY, SKa CKJIa-
JAEThCSI 3 MHOKMHHM YaCTOK Pi3HHX PEYOBHH, 3i-
OpaHuX B CyLUIbHY KOHCTpyKLito. KokHa uyacTka
OTOYEHA MPYKHUMH 3B’SI3KaMU 3 1HIIUMHU, gKi §o-
PMYIOTh HABKOJIO HEI MIOCh HA 3pPAa30K MPYKHOL
000JI0HKH a00 CyKymHOCTi 3B’si3kiB. Ilpu HaBaH-
TaXEHHI CHCTEMH I CYKYIHICTH Je(opMy€eThes,
a 3a MMEeBHUX OOCTaBWH NEsAKi 3B’ SI3KM PYWHYIOTHCS,
IO 3yMOBIIIOE TIepeXijl Bil MpYXHUX JedopMariii
JI0 3aJIUIIKOBUX.

KutreBmii muKaI Takoi CUCTEMH MOXKHA PO3-
IJAAaTH  SK TIPOLeC HAKOIUYEHHS PO3ipBaHUX
3B’S3KiB. SIKIIO KUTBKICTh PO3PUBIB TOXOAUTH JIO
KUTBKOCTI €IeMEHTapHUX YacTOK, TO BilOYBa€eThCs
MTOBHUH poO3Maa CHCTeMHU. 3a3BHYail IPUIMAETHCS,
IO TiJO, SIKEe ONpalbOBYE HABAHTAKEHHS, B IPO-
Heci eKcrulyatanii IpOXOJUTh TPH €Tald PO3BUT-
Ky, SIKI XapaKTepU3yIOThCA PI3HUMHU IIBUAKOCTSIMH
HaKoONM4YeHHs JedopMalliii: Ha mepHioMy erari
HIBUIKICTh HAaKOMUYeHHA aedopMmamiid 3MeHIIy-
€TbCS, HA APYTOMY — 3QJIMILAETHCS IPUOIU3HO T10-
CTIHOIO, Ha TPETbOMY — 30UTBIIyeThCsA. HaouHo
e MOKHA MPOJEMOHCTPYBaTH rpadikom Ha puc. 1.
Moro mpototun Gyno HaBeaeHo y poboti [4] sk
npukiIaa aedopmarii IpyHTY i HaBaHTKECHHIM,
aJie SIKICHO BiH MIJXOJUTH JUIA OUIBIIOCTI TBEPAUX
TiJI Ta iX CUCTEM.

Hanpuxknaz, B po6oti [10] HaBeneHo pe3ynbra-
TH pO3paxyHKIB JUIs 3aIMIIKOBUX Aedopmariii 3a-
JI3HUYHOT KOJii B BEPTHKAJIbHIHN TUIONIMHI, SKi SKi-
CHO BIAMOBiMAIOTh 30HaM «1» i «2» rpadika, 30-
OpaxxeHoro Ha puc. 1. Takox BiIITOBITHI 3a Xapak-
TEPOM 3aJIeKHOCTI Oynmu oOTpuMaHi B poboTtax
[16, 17], mpucesiueHnX 3aCTOCYBAHHIO B KOJIil Teo-
MaTepiaiB, SKi BKIIOYAIA PO3TOPHYTI MOCIIHKCH-
HS 100 HAKOMWYCHHS JedopMariiii miapeikoBoi
OCHOBH BiJl IIUKJIIYHOTO HABAHTAXXCHHS, OTPUMAaHI
SK €KCIICPUMCEHTAJIFHO, TaK 1 3 BUKOHAHHSIM Mare-
MaTHYHOTO MOJIEJIFOBAHHS.

IMepexin y 30Hy «3» (muB. puc. 1), a MOXIHBO
HaBITh HAOJVMOKEHHS JIO 3aBEPIICHHS 30HU «2»,
BPaxoBYyIOUM clieln(iKy came CUCTEMH «3alli3HU-
YHa KOJIisi», HE € JOUUIBbHUM. TepMiH eKcITyaTarii
3QII3HAYHOI KOJIii He MOK€ BH3HA4YaTHCS JI0 ii 10-
BHOTO PyHHYBaHHS — BeCh 4ac IOBHMHHA 3abe3rie-
YyBaTHCSA YMOBa OE3MEYHOTrO MPOIMYCKY MOT3/iB
3 BCTAaHOBIICHUMH ITBUIKOCTSAMH PYXy. 3 IHIIIOTO
00Ky, BIJMOBa SKOI'OCh 3 €JEMEHTIB abo Mmopy-
IICHHS TEOMETPUYHOTO TIOJIOKEHHSI KOJIT B TICBHHUX
Mexax [14] He 00OB’SI3KOBO € MPHUBOJOM JJIsI BU-
KOHaHHS M03aIJIaHOBUX PEMOHTHHUX poOiT abo 06-
MEXCHHSI IIBUAKOCTI pyxy. BpaxoByroum Beluky
MPOTSHKHICT 3aNI3HUYHUX MUISTHOK, ISl TEOPETH-
YHHMX pO3pPaxyHKiB (TOOTO It IPOTHO3YBAaHH)
JOIUTPHO TOBOPUTH HABITh HE MPO BUHUKHCHHS
nedopmariiii sKoich BU3HAYCHOI BEJMYWHU B IEB-
HOMY TIepepi3i KoJIii, a mpo HMOBIPHICTH TaKoOi I10-
mii "Ha nginsgHmod. PimieHHS CTOCOBHO IOLJIBHOCTI
YCYHEHHS OKPEMHUX TMOpyIIeHb (IOTOYHE YTpH-
MaHHS KOJii) a0 BUKOHAHHS MPOMDKHUX PEMOH-
TiB, a00 TOBHOI 3aMiHM BEpPXHHOI OYHTOBH KOl
MOBUHHO MPUNMATUCS CaMe i3 BpaXyBaHHSM IIBU-
JIKOCTI HaKOTHMYeHHS (PO3BHUTKY) BiaxuieHb. Ta-
KMM YMHOM, BU3HAYEHHS IPAHUYHOIO CTaHy 3ajIi3-
HUYHOI KOJIil € He TUIBKHA TEXHIYHOKO, a i1 EKOHOMI-
YHOIO 3aa4€l0.

A

Jedopmarrist

Yac excruryarartii

Puc. 1. 3anexHicts nedopmariii Tina
BiJl Yacy eKCIUTyaTarfii:
1 — mBuaKicTh AedopManii 3MEHITY€EThCS;
2 — mBHAKIicTS AedopManii TpHOIH3HO NOCTilHA,
3 — mBHaKicTs nedopmaii 301IbIIyeThCs

Fig. 1. Dependence of body deformation
from the operational time:
1 - rate of deformation decreases;
2 — approximately constant rate of deformation;
3 — rate of deformation increases

SkImo omepyBaTH BipOTiTHICTIO TOSIBH TIEBHHUX
BiXUIIEHb, TO 3PYYHO CTaH CHCTeMH (CTYIIHB ii
CTapiHHs) XapaKTepU3yBaTH KiUIbKICTIO yYMOBHHX
PO3pHUBIB BHYTPIIIHIX 3B’S3KIB ISl MHTOMOI TIPO-
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TsOKHOCTI. OJHAKOBOMY CTaHY CHCTEMH MOXYTh
BIJMOBiaTH Pi3HI KOMOiHawii po3puBiB. 3po3yMi-
JI0, 10 YUM OLIbIlIe KiTBKICTh PO3PHBIB, TUM Oi-
JbIIIEe iICHYy€ BapiaHTiB 3MiH CTPYKTYPH CHUCTEMH,
0 BIiATIOBIMAIOTH 1i OAHAKOBOMY cTaHy. Ommcy
HABEJICHOT XapaKTEPUCTHUKHU BIIOBIIa€ TaKHH Yu-
CIIOBUH TOKa3HHK K €HTpormis. B 3aranpHOMY BU-
TJSITI CHTPOTIST CHCTEMH BH3HAYAETHCA 3a (HOpMY-
JI010

S=kInW, (1)

ne k — mocriiina bonsnmana; W — KUIbKiCTh MO-
JKITMBUX MIKPOCKOIIYHHUX CTaHIB Yy HAIBHOMY MakK-
POCKOITIYHOMY CTaHi.

Crioyatky eHTpOIIisl 3aCTOCOBYBAJIACH B TEPMO-
JMUHAMII, aje BUSBWIIOCS, IO 3aIIPONIOHOBaHI Ha-
YKOBI MiIX0AH € JOBOJI yHiBepcaibHUMHU. Ha cho-
TOAHI MOHATTSI €HTPOMii BHUKOPUCTOBYETHCS B Xi-
Mii, Oiojorii, iHpopmaruIli i 6araTboX HampIMKax
¢bizuky. SIK mpaBwWIIO, EHTPOITiS aIeKBATHO OIHUCYE
PO3BHUTOK (CTapiHH) GLIBIIOCTI CHCTEM, JJIS SKHX
el mporec MOXKHA MOJATH SK MOCTYMOBHHA Iepe-
X1 Bi YIIOPSIAKOBAHOTO CTaHY JO XaOTHYHOTO. SIK
MPUKJIaIN 3aCTOCYBaHHSI SHTPOMII I OMHUCY Tep-
MiHIB eKcIuTyaTamii TBepIuX Tl Ta iX CUCTEM MO-
JKHA BKa3aTH Taki poodortu: [1, 4, 9, 12, 13, 18-20].

Tak B po6ori [19] HaBemeHO MOMAENb HAKOIH-
YeHHS MOIIKOMKCHb y IUIAMI 3’ €THAHHS TBEPAUX
TUTACTUYHUX TUT TPU BiJICYTHOCTI AETalbHOI MiK-
POCTPYKTYypHOI iH(pOpMaIlii Ha OCHOBI MPHHITUITY
MakcumyMy entporii. B po6ori [18] omucyerbes
NPakTUYHUM METOJ AJsl BH3HAYCHHS TOMOJOTriy-
HUX (a3 CTaHy MaTepialy B JOBUTHHUX MOJCISX 3a
pPaxyHOK TOYHOTO PO3paxyHKy €HTpomii 3a Jomo-
MOTOr0 MaTpuui migpHOCT. B poboti [20] 06rpys-
TOBAHO MiANOPSIKOBAHICTh PO3BUTKY CHCTEMHU
SHTPOITI{, K aHAJIOTY 3aKOHIB TEPMOJIUHAMIKH, SKi
€ YHIBEPCAIbHUMH 1 PO3MOBCIOKYIOTHCSI Ha 1HII
HanpsMmkH (izuku. KonoBanoB A. A. B pobori [4]
MMOKa3y€e€ MOKJIMBICTE 3aCTOCYBAHHS ITPUHITUIIIB
EHTPOIIT y pi3HUX Taly3sX, B TOMY YHCII JIEMOH-
CTpY€ 3B’SI30K €HTpOIii 3 MexaHIuHUMH Jedopma-
[iIMH MatepialiB, BHUCIOBIIOE MipKyBaHHS IIOJIO
3aJIeKHOCTI 'PaHUYHUX 3HAYEeHb EHTPOIIii BigHOC-
HO CHIBBiJIHOLIEHHS MIBUAKOCTEH PO3MOBCIOKEH-
HSl B PCUOBHHI MO3J0BKHIX Ta MOMEPEYHUX XBHIIb.
Iinsgpos B. JI. B po6Gori [1] po3kpuBae KiHETHUHY
KOHIICTIIIIF0 MIITHOCTI MaTepiajiB SK XiJi eBOJIOLLII,
110 3yMOBIieHa eHTporieto. B poborti [12] naBene-
HO MaTeMaTHYHY TIOOYIOBY METOJUKU PO3PAXYHKY
JIOBIOBIYHOCTI POOOTH PEUOBHH Ha OCHOBI €HTPO-

MIHHOTO KPHUTEPI0 3 YHCIOBUMH TPHUKJIATAMH.
B po6orti [13] po3risHyTO MOBrOBIUHICTH TBEPAUX
TiJ MiJ] HABAHTKEHHSAM, OOIPYHTOBAHO BU3HAYCH-
HS TEPMIHIB iX pyWHYBaHHS, BUXOIIYU 3 TIOKA3HHU-
KiB CeHTpoOIli, B TOMY YHCI M1 TOSCHCHHS
MOJIOKEHb KIHETHYHOI Teopii MminHocTi. Kypuen-
ko . A. B poboTi [9] mocunaerbest Ha MOHATTS €H-
TPOTIii YIS PO3POOKH METOMY MPOTHO3YBAHHS ITHK-
JIYHOT JTOBTOBIYHOCTI JeTajiecli 3 HAasBHICTIO Tpi-
nH. JlesKi MOJIOKEHHS, HaBe/ICHI B 3a3HAYCHUX
myOoikarisx, Oyll0 BUKOPHCTAaHO JJsi BHKOHAHHS
JIOCTIDKEHb B paMKax Ii€i poOOTH.

[lig yac crapiHHs cucTeMH ii EHTPOIIis MOCTil-
HO 30inmbIIy€eThCs. B epBrHHIN ocTaHOBII 3a/1a4i
3MiHa CHTPOMIii BU3HAYAETHCS SK BITHOIIEHHS Ki-
nbpkocTi Terutotu (8Q ), oTpuManoi a0 BTpayeHOT

CUCTEMOIO, A0 BCINYUHHU a6COJ’IIOTHOI TeMnepaTy—
pu (T ):
AS =8Q/T . )

INoka3HuK TemnoTH, sika 0OpoOIeHa CUCTEMOIO,
He 000B’S3KOBO € HACTIAKOM Oe3mocepeHro ii Ha-
rpiBy (oxosnomkenHs). Bci MexaHiuHi mporecH,
y ToMy uHciai aedopmalii, CynmpoBOAKYIOTECS BHU-
JIJICHHSIM TeIUIa, TIepII 32 BCE SIK Pe3yJIbTaT POOOTH
CHJI TEPTS, BKIIIOYAIOUN W BHYTpimHe TepTs. OKpiM
MHUTTEBOTO pPyHHYBAaHHS TBEPAMX TiJl, IO € HACIiA-
KOM BUHUKHEHHS HaIpyXeHb 32 MEKaMH MiITHOCTI,
HOCTYIOBE PYyHHYBaHHS (HaKomuueHHs aedopma-
1iii) BiZOyBaeThCs MPH 3arajbHUX HAaBAHTAKECHHSIX
3HAYHO MCHIIMX 32 MEXIi MIITHOCTI. 3a PaxyHOK Te-
TEPOTCHHOCTI OYIOBU pPeaTbHUX TN 1 IHITUX GaKTo-
piB (mns 3ami3HUYHOI Koxii 10 Takux (hakTopiB
mepIn 3a Bce Tpeba BiJHECTH HASBHICTH BiICTYIIB
B YTPUMaHHi, HaBITh B MeXax JOMYCKIB) 30BHIIIHE
HaBaHTKCHHS PO3MOIUIIETHCS HEPIBHOMIPHO, IIIO
MPU3BOJMTE 10 BUHUKHEHHS JIOKAJIbHUX TIepeHarl-
pyxenb. Came B TaKUX MICISIX OyAyTh BimOyBaTHCS
MIPOIIECH PO3PHBY HAIPYKEHHUX 3B’S3KIB TeMIiepa-
TypHUMH (QIyKTalisiMH, IO MpU3Beae a0 Qopmy-
BaHH 30H PO3BHUTKY Aedopmartiii [13].

besnocepenni moCIiKeHHS PyHHYBaHHS TBEp-
JMX TiI Ha PiBHI CTPYKTYPU PEUOBHHH Ta TEPETBO-
PEHb MPYKHUX 1 INTACTUYHUX AeopMaLiiil 10 TerIo-
BOi 1 IHIIMX BUIB €HEprii He mependavyeHi B Mexax
miei pobotu. Jlsi BHpINIEHHS TOCTABJICHOI 3aaadi
JOCTAaTHHO BH3HAYHMTHCH MO0 3MiHM BHYTPILIHBOT
€Heprii CUCTeMH 3a 3arallbHOBIIOMUM PiBHSIHHSIM:

dU =8Q —5A+pdN | (3)
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ne OA — pobora cucTeMH TPOTH Jii 30BHIIIHIX
cwi; WdN — 30BHINIHE [0/aBaHHS PEYOBHUHU

y kinbkocti N 3 TOTeHIiaoM i .

SIKIIO0 TOBOPHTH TPO CUCTEMY «3ali3HUYHA KO-
Jis», TO MPUPOJHO PO3IIISAATH MPOXOJKECHHS IO
nepepisy Kouii oHiel KOJIiCHOT mapy SK OJUH TaKT
3miHH eHeprii. Toxi Bech KUTTEBHM HHKI OyIe
CKJIaJaTuCs 3 KUIBKOCTI TAKUX TaKTIB.

Ciin 3BepHyTH yBary, mo y ¢popmymi (3) dU -
ne 3miHa eHeprii (moBHui audepenuian), a O6Q
i OA — 11e eneMeHTapHi (HaliMeHI) mopiii Bimo-
BIJTHUX BeNIWYHMH. TOMy HE 30BCIM BipHO 3HAUEHHS
OCTaHHIX OTOTOXKHIOBATH 3 OJHUM TakToM. Jlori-
JbpHO niepenucatd piBHsHHA (3) y audepeHmiiHo-
MY BHTJISAII

U= Q -A ' (4)
Jie TOYKa MO3HAYA€E TEpIIy MOXiTHY IO Yacy; npu-
fimsro, mo pdN = const .

Toni, BpaxoByroun dopmyau (2) i (4), 36inb-
IICHHS EHTPONii CHCTEMH 3a 4Yac IPOXOJDKCHHS
omHi€l KOJIICHOT MapyW MOKHA BH3HAYHMTH 3a (op-

MYJIOIO
t

1L,
Asz?g(U+A)dt.

(%)

Ile nae 3MOry HaBeCTH KibKICHHH MOKa3HHK
po3puBy 3B’s3KiB y cuctemi (il cTapiHHs) SIK Ha-
CJTIIOK BUKOHAHHS MEXaHIYHOI POOOTH

Sy n |
0 o
?+ﬁ£(u +A)dt

W=¢e : (6)

ne S, — IoYaTKoBa SHTPOIis cucTeMu (HasBHaA 110
MOYaTKy eKCIUTyaTallii); N — KUIbKICTh MPOIyIle-
HHX KOJIICHUX Tap (TaKTiB).

Meromuka po3paxyHKy iHTerpaixy y dopmydi
(6), mepur 3a Bce, 3aJISKUTh BiJl IHCTPYMEHTIB II[0-
0 BU3HauYeHHs poOOTHM cucteMu. B 3arampHOMy
BHUIJISIAI poOOTa € CKAIIPHUM AOOYTKOM CHJIH Ha
BEKTODp MEPEMIIICHHS Tijla a00 CUCTeMH Bij Jii i€l
CHIIH

()

V cucremi 3aii3HAYHOI KOJII CHIIa, IO Ji€ Bif
KoJieca Ha pelKy, MPU3BOJAUTH /10 BUTHHY pEKU
1 CTUCKaHHIO IIapiB MiAPEeHKOBOi OCHOBH, SIKi Ma-
IOTh pi3HI (i3udHI BracTuBocTi. [losBa HaNpy KeHb
1 nedopmarriii BiIOyBaeThCS HE TIIBKH IO OCI MPH-
KJIaJJaHHS CHJIH, & Ma€ TPhOXBUMIPHUHN XapakTep i3
CKJIATHUMHU 3aKOHAMH PO3MOJIIIY B MPOCTOPi, IO

A:jlfd§.

3ajexars BiJ| OaraThox ¢akropiB. HaBiTe ams mo-
CIIDKEHHS TIEBHOTO Tepepi3y KOii CIIij BpaxoBy-
BaTH, 110 NPOTHH B HHOMY TOYHHAETHCS IIE ITiJ]
yac 3HAXOMDKEHHS KoJeca Ha NedKid Bigcradi. Sk
MpaBmIIo (38 BUKIIOYEHHSIM BHCOKHX IIBHIKOCTEH
PyXy), KOJECO 3aBXIU 3HAXOIWTHCS y 30HI BXKE
Maibke peanizoBanux gedopmarriii [8].

BusnauenHs poOOTH CHII, CIPIMOBAaHUX Ha Jie-
(dopmariito 3ali3HAYHOI KOJIii, € CKIaJHOI0 3aja-
Y€, JIETAILHOTO PO3B’sI3aHHs SIKOi, HANICBHO, MO-
JKHA JIOCSATHYTH TIJIbKU 3 3aCTOCYBaHHSIM Cy4YaCHHX
MaTeMaTHIHUX Mojeiel. 3 iHmoro 00Ky, I BH-
pillieHHs 33724 TOPiBHAHHS MK COOOI0 BapiaHTIB
3 PI3HUMHU KOHCTPYKIISIMA BEPXHBOI OyIOBH KOl
a00 3 PI3HUMH EKCIUTyaTalliiHUMHU TapaMeTpamH,
JIOCTaTHLO JIOTPUMYBATUCh OIHOMAHITHOCTI TMij-
X0y Ta MaTH 3aJCKHICTh pe3yibTaTy caMe BiX
TOTO TIapaMeTpa, sIKMi Bipi3HsE BapiaHTH.

Tomy Hamai IPONOHYETHCS il POOOTOO 3ajIi-
3HUYHOI KOJIii MaTH Ha yBa3i poOOTy CwWiI, IO Ii-
I0Th BiJI peWiKH Ha OMOPY, 1 MPU3BOIUTH JIO BEPTHU-
KalbHO1 medopmarrii miapeiKkoBoi OCHOBH B Tepe-
pi3i KoJicHOT mapu.

PosrnssHemMo nexinpka BapiaHTiB. st mepexomy
BiJl TEOPETUYHHUX MEPEAYMOB J0 TPAKTHYHOI Me-
TOJIMKH PO3PaxyHKIB OyJIeMO HaMaraTUCs 3aMiHIO-
BaTH TIOKA3HWKH, IO Hapasi HE MOPiBHIOIOTHCH,
YUCJIOBUMHU 3HAUCHHSIMH, MPUAMAIOUM iX BigHO-
BiJTHO JI0 TUIIOBUX YMOB €KCIDTyaTarlii.

IHepwuii eapianm. PoOOTYy BiIl TPOXOIKEHHS
KOJIICHOT Tapu MOXHa po3paxyBaTh sK JOOYTOK
CWJIH, IO i€ BiJ pelKkyd Ha MiAPEHKOBY OCHOBY
(Q ), Ha mporuH Bix mii niei cunm (2)

A=2Qz. (8)

[Iporun pe¥iku sk Oaynku, IO JIGKHUTHh Ha PiB-
HOTIPY>KHI!l OCHOBI, BU3HAYA€THCS 32 (POPMYJIIOH0

z=Pk/2U , 9

ne P — cuna, mo nie Ha peliky 3 ypaxyBaHHSIM JIH-
HamiYHUX 100aBoK; U — MOIyJb IPYKHOCTI IMiji-
peiikoBoi ocHoBH; K — Koe(illieHT BiIHOCHOT KO-

PCTKOCTI.
Cuna, o Ai€ BiJ pelKy Ha Omopy:
ki
Q=—P, (10)
2
me | — Bimcranp MK OCIMH MiAPEHKOBHX OIOP
(mmant).

VY meprmiomy HaOMMKEHHI cuia Jii Bif KoJjeca
Ha peiiky Moke OyTH BHpakeHa depe3 Macy KoJric-
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Hoi mapu. Tofi UIs NPaKTUYHOTO PO3PAXYHKY PO-
oot

A=36-10"¢?, (11)

JIe ( — HaBaHTaXEHHS HA BiCh, T. 3HAUEHHs Koe-
¢imieHTa, KpiM IHIIIOTO, BPaxOBYE, IO Pe3yJIbTaT
pobotu Oyae oTpuMaHo B KH-M.

HagiTh Takuii CripoIeHUH MiaXiJ] BXKE Aa€ 3MO-
Ty TIOPIBHATH Iif0 Ha KOJII0 Pi3HUX MOTOKIB TOi3-
IiB.

Lpyeuti eapianm. SIK pO3paxyHKOBY 3alldLIa€E-
Mo dopmyiy (8). Cuna i mporuH, sKi BXOIATH 10
Hel, OB TOYHO MOXKYTh OyTH BH3HAYEHi 3a po3-
paxyHKaMu Kouii Ha MittHicTh [2, 3]. e mae 3mory
BpaxyBaTH IIBUAKOCTI pyXy MOI3/IB 1 AesKi Xapak-
TEPUCTUKA KOHCTPYKIII] Ta CTaHy AUITHKU KOJIii.

Cxoxuil migxig OyJ0 BHKOPHCTaHO B pOOOTi
[6] mnst BupimeHHs 3amadi BU3HAYCHHS BIUIUBY
CTaHy 3aJli3HWYHOI MIJISHKHA 1 CTPYKTYPH IOi310-
MOTOKY Ha KUTTEBUH IUKII KOJIIi.

Tpemiii eapianm. PoboTa CHII CHCTEMH MOXKE
OyTu BM3HAYEHA K Cyma poOIT i CKIIaJoBHX dYac-

THUH
A=>A.

Pospaxynku kouii Ha wmimHicte [2, 3] mawoTh
3MOTY BHU3HAUaTH THCK Ha OKpeMi HIapH 3aji3HHY-
Hoi komii. Tomi s oOumcieHHs pobotu Tpeba
BH3HAYATH 00’ €MHI PO3MIUPEHHS IIapiB BiJ THCKY
Ha HuX. lle moTpeOye BUKOHAHHS JTOCUTH CKJIall-
HUX PO3PAaxXyHKIB 3 3alIyYeHHSIM HHU3KU JOJATKO-
BUX BHUXIJIHUX JIaHUX II0J0 (PI3UYHUX 1 TCOMETPH-
YHHX XapaKTepUCTHK. Takuil miaxim CyTT€BO BU-
XOJIUTH 33 PaMKH IH)KEHEPHOTO PO3PaXyHKY KOl
Ha MinHiCTb. ToMy TpPOMOHYETHCS OOMEXHTHUCH
BU3HAUCHHSM BEPTHKAJIbHOT jaedopmanii mapy
OyznoBu Kodii, Hanpukiaz, 3a popmynoro [lneiixe-

pa-Bycinecky
z =WG\/5(1—M2)/E ,

Je G — HampyXeHHs Ha IOBEPXHi IIapy IUIOMIH-
Hoto ); E — Momynb mpyskHOCTI mapy; | — Koe-

(12)

(13)

¢imient I[lyaccona, W — mompaBo4YHUH Koedili-
€HT.

Criuparourcs Ha ¢opmyny (13), mia yac BUKO-
HaHHS TPAKTHYHUX DPO3PaXyHKIB Ui OiIBLIOCTI
BUIMAJKIB OTPUMaHO HACTYIHY 3aJIKHICTh POOOTH
BiJl HAIIPY>KEHb

A=(0,67c,, +4,960; +45,7,,)Q-10°, (14)

€ o O5: O,, — HaIIPY’>KCHH Ha HOBCpXHi mimna-

mr ! 30
JTW T MAKIaIKo0, Ha TOBEPXHI Oamacty mifg
LINAN00, Ha OCHOBHIM IOl 3€MISHOTO IO-
7oTHa BiamoBigHo B MIla 3a ymMOBH OTpUMaHHS
pobotu y kH-m.

Taxuit miaxig NOPIBHSAHO 3 MOMEPEIHIMU JI0IA€
MOJJIMBICTh BPaxOBYBaTH KOHCTPYKIir0 Komii. Lle
Jla€ 3MOTY BHpIIIYBAaTH HE TIIBKW 3ajadi MopiB-
HSIHHS Pi3HUX TIOTOKIB TOi3/iB, a i BpaxoByBaTH
BapiaHTH KOHCTPYKIIIT 3aTi3HIIHOT KOJTii.

Yemeepmuil éapianm. Yci po3TISIHYTI METOIU-
KU BU3HAYECHHS POOOTH CHJI CHCTEMH 0a3yloThCs
Ha CTaTHYHIA 3aJeKHOCTI aedopMarllii Bif CHIIH.
B ocHOBY po3paxyHKiB Kouii Ha MilHICTh [3] Ta-
KO MOKJIAZEHO TPHITYIIEHHS MUTTEBOCTI BUHHK-
HEHHS B 3aJIi3HUYHIH KoJil Hampy»eHs i Aedopma-
i, M0 ypPiBHOBAXYIOTh IO MPHUKIAIEHOI CHIIH.
Jlnsa Takux BWIAAKIB iHTErpan y ¢dopmymi (6) Bu-
pomkyeTbes. Jins 3BUYAMHMX IIBUIKOCTEH PYyXy
TaKOTO MiIXOXy JOCTaTHHO. BUKIIOUEeHHS CKiazae
PYX MOi31iB 3 BUCOKUMH MIBUAKOCTSIMH, TPH SKUX
BUHHMKAa€ HEOOXIAHICTh BPaxOBYBATH AMHAMIKY
nporuny migpeiikoBoi ocuou [8]. Tomi poborta
Oyzae BU3HAYaTHCS Yepe3 TEH30p HampyXeHb i Je-

dhopmarriit

Jis TakuxX pO3paxyHKIB MOTPIOHO 3aiTydeHHs
BIMOBIMHUX (Di3MKO-MaTEeMaTUYHUX MOJENel 3a-
ni3EIYHOI Kotii. Hampukiam, Momens HampyXeHO-
nehOpMOBAHOTO CTaHy 3aJIi3HUYHOT KOJIIi Ha OCHO-
Bi XBUJIBOBOI TE€OPIi PO3MOBCIOIKCHHS HAPYKEHb
[7,8].

BukoHaHHS 4YMCIOBHX pO3paxyHKiB Oesmoce-
pemuso 3a Gopmynor (6) Maibke YHEMOKIHBITIO-
€ThCsI 30iTOM BEJIMKOTO 3HAYCHHS KiJIbKOCTI KOJIiC-
HuX nap — y ekBiBanenTHi 800 MIH T mpoITymeHo-
rO TOHH&XY N 3aJeXHO BiJ] HABAHTAKEHHS Ha
BiCh JIOPIBHIOE JCKITHKOM MiJIbHOHAM, T4 MaJCHbB-
KOr0  3HAyeHH{  mocTiHoi  boibmmana —

(15)

k~138-10% Jx/K, mo BiamoBimae po3puBY
3B’S3Ky Ha piBHI aTomiB. Taka meraiizamis 3aifBa.
[IponioHyeTbcsT  OLIHIOBATH CTapiHHA CHUCTEMH
y Bingcotkax, npuitassmy, mo 100 % Biamosixa-
I0Th TAKOMY CTaHy 3aJII3HUYHOI KOJIil, KOJIU MOTPi-
OHO BHMKOHYBaTH 3aMiHy BepXHBOi OYyAOBH KOIii
(MonepHizartito abo KamiTaasHMi peMonT [11]).
Tomi, 3 ypaxyBaHHSM Nepexofy OO0 3PYYHHX
OJIMHUIIb BUMIpY, hopmyia (6) HaOyBae BUIIIS LY
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t
bn (Ug+A)dt

W =100| e ° -1, (16)

JIe N — KiIbKICTh MIJBHOHIB MPOIYIIEHUX KOJiC-
HUX map; b, U, — mapameTpu, 3Ha4eHHs SKUX Oy-
JO BH3HAYEHO EMIIIPUYHO 3a OIpPAIFOBAHHIM
CKJIaJy MOI3J0NOTOKIB Ha MariCTpalbHUX HATPSM-
Kax Ykpainu. BpaxoByrooum Te, 0 TMOTIK MOI37iB
Ha JUISHIN OyZle CKJIamaThCS 3 Pi3HUX KaTeropii,
dopmyna (16) HaOyBae BUTIISLLY

W :100(90’0662”'«(0’116”*) _1), (17)

Je N, — KiAbKICTh MUIBHOHIB MPOIMYLIEHUX KOJiC-

HuX map it K -i kateropii noi3xis; A, — podora,

Ky BHKOHYE 3alli3HMYHA KOJIisl TPH MPOXOHKEHHI
KoJicHoi mapu K -1 kareropii noizza.

KinbkicTh KONCHHUX IMap MOXKHA BU3HAYHTHU 3a
dhopmyIoro

365-10°N,Q,T,
o8 ,

N, (18)

ne N, q,, Q — KijbkicTh 3a 100y, HaBaHTaXEH-

HS Ha BiCh 1 Maca BIIMOBIAHO y TOHHAaX MOI3iB

k -1 kareropii; T, — dac excruryarauii IUISTHKH

B POKax.

PesyabTaTtu

JIs MOXITMBOCTI MPAKTHYHOT'O 3aCTOCYBaHHS
3aMpONOHOBaHI BHIE (OPMYIH 3 TPHUHHATHMH
YHCIIOBUMH KOe(illieHTaMu 3BeJIeHO A0 Tabm. 1.

Tabnums 1
Po3paxynkoBi (popmy.iu olliHKH CTPOKIB HAKONMU4YeHHsI AedopManiil 3a1i3HUYHOT KOJTil
Table 1
The calculation formulas of estimating the accumulation of deformations of railroad tracks
= Po3paxyHkoBi popmyiu
,§ . . . B ®dakropy, 1110 Bpa- .
=8 Pobota kol BiJ MPOXOIKEHHS KOJi- Buuepnanus pecypey 3asli3HUYHOL XOBAHO [Ipumitka
/M croi mapu A, kH-m xomii W , %
A A=36-10"q> W = 100(e0,0662nk(0,116+/\() _1) ’ OcpoBe HaBaH- ITotpi6bHO
TaKCHHS BUKOHAHHS
. 03paxyHKIB
B A=2Qz .10°® Crpykrypa (Ma- | PO .
Q n = 365-10 NkaTP PYKTYP ( KOJI11 Ha MIII-
k ca, KUTBKICTh Ta .
Oy . HICTh
HIBUAKICTB) IO~
TOKY TOi3/IiB
C | A=(0,67c,, +4,965, +45,7c,, ) Crpyxktypa noro-
Ky TO13/[iB, KOHC-
xQ-107 TPYKLIHHUIA
CKJIaJ] KouIii
. . t - 1
D A= z G 00665 n, [(0.116+ 4 ) JleranbHe Bpaxy [otpibHO
W =100| e o 1 BaHHS KOHCTPYK- | BHUKOPHCTaH-
mii xKouii, BUCOKI HS MOJENI
MIBUAKOCTI PyXy | 3ali3HUYHOI
Koutii, 110
BpaxoBYye
JUHAMIKY
NPOTHHY
miApeiKoBOT
OCHOBH

PesynbTaroM HaBeIeHHX pPO3paxyHKIB Oyne
BHUEPIIAHHS pecypcy 3alli3HMYHOI KOJIii Ha po3pa-
XYHKOBHH 4Yac, BUpaxeHe y Bimcorkax. [Ipu mepe-
X011 10 GopMysH 3 BU3HAUCHUMH YUCIOBHUMH I1a-
pamerpamu (¢. (17)) 3a 100 % mpuifHATO CTpPOK,

axkuii Bignosigae mpomnycky 800 muH T OpyTTO Ha
IUISHIT, SKa 32 BaHTaKOHAIPYXKEHICTIO BiITHO-
cutbes 10 |-i kareropii [11]. Tlpuitasro, mo Bech
Yyac eKCIUTyartallii cTaH KOJii BiJOBia€ BCTaHOB-
nenuM HopMam [14], y Tomy uucii He morpebye
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oOMeXeHb MIBUAKOCTI pPyXy, IO JOCATAETHCS
CBO€YACHUM BHUKOHAaHHAM poOOIT 3 TOTOYHOrO
yTpUMaHHs Ta IPOMDKHUX peMOHTIB. Tomy mopis-
HIOIOYH BapiaHTH, SKi B OJJHAKOBHI CTPOK E€KCILIY-
aTarlii, BCTAHOBJICHUH 3a MPOITYIIEHUM TOHHAKEM,
MalTh 32 HABEICHOK METOIMKOIO Pi3HY OIIiHKY,
MepuI 3a Bce MOKHa pOOMTH BUCHOBOK ILOJO Pi3-
HUIIl y BUTparax, sIKi BOHW OyAyTh MOTpeOyBaTH
Ha NOTOYHE yTPUMAaHHS.

JInst meTanbHOTO BpaxyBaHHS BIUIMBY Ha XKHT-
TEBUH LMKJI 3aJi3HAYHOI KOMii BUTpPAaT Ha POOOTH
B MDKPEMOHTHHI TEPMiH 3alPOIIOHOBaHA METOJIH-
Ka MOXKe OyTH pO3IIHPEHA BiMOBJICHHSM BiJ] TIPH-
MyIIeHH, IO ,udN =const, sxe 6yn0 MIPUHAHSTO
s popmyinu (3). Toni uepe3 uei Bupas Oyze
BpPaxOBaHO BiJHOBJICHHSI CUCTEMH dYepe3 3ajydeH-
HS 30BHIIIHBOI il (BHIIpaBJIEHHS TeoMeTpii) abo
BBEJICHHS 1O HEl HOBUX YaCTHH PEUOBHHH (9acT-
KOBa 3aMiHa €JIEMEHTIB BEpPXHBOT OY0BHU KOJIii, IO
BUHIILTH 3 JIaTy).

Poszensinemo yucnosuii npuxnao. Ipuitmemo Ta-
KHii TOTIK moi3aiB 3a m00y: 30 macaKupchKux
macoro 1000 T 3 HaBantaxkenusm 15 1/Bick, 40 Ba-
HTaXHHX Macoo 4000 T 3 HaBaHTaXEHHIM
21,5 t/Bick. Taka minsHka OyAe BiTHOCUTHCH IO
I-i xareropii [11] — BaHTa)XOHANPYKEHICTh CKJIa-
nae npubnmmzHo 70 MITH T KM OpYTTO Ha KM 32 piK.
BiamoBimHO 10 MOJOXKEHHS MPO BUKOHAHHS IIa-
HOBO-3aMO01KHUX PEMOHTHO-KONIHHUX pobiT [11]
CTPOK eKcrulyatamii JauisHka (MK — Mozep-
Hi3amisMu) Oyne TPH3HAYCHO TICs TMPOIYCKY
800 muH T OpyTTO, IO, BIAMOBIAHO IO BaHTAXO-
Hanpy> KeHOCTi, BinOyaerbcs uepe3 11,5 pokis.

Po3paxyHK# 1moJ0 OLiHKK CTPOKIB eKCILTyara-
il 3aJi3HUYHOI AUIAHKYA BUKOHAHO JUIA JEKIJIBKOX
BapiaHTIiB BHUXIMHAX JaHWX, SKIi HaBEJACHO
y Taom. 2.

PesynbraTti po3paxyHKiB y BUTIISAL 3aI€KHOCTI
BUYEPIIAaHHS PECYPCy BiJ Yacy eKCIuTyaTailii, SIKui
MOke OyTH BUpa)XEHHH 4epe3 poku abo MporryIie-
HUI TOHHaX, 300paskeHo Ha puUC. 2.

Buxopnsiun 3 aHamizy pe3yJibTaTiB, HaBEICHHX
Ha pHC. 2, MOXKHA TTOPIBHATH BIUIMB Ha IPOIEC Ha-
KONMUYEeHHS JedopMariii XapakTepuCTHK MO13/10-
NOTOKY (IOKa3aHO Ha MPHKIAMI Pi3HUX IIBUIKO-
CTeil pyxy — BapiaHTH PO3PaxyHKIB «2» i «3») Ta
mapaMeTpiB KOHCTPYKIIii KoJii (moka3aHo Ha IpH-
KJIa/1i pi3HOT1 TOBIIMHY 0aJacTHOTO IIapy — BapiaH-
TH po3paxyHKiB «4» i «5»). Ille pa3 mimkpeciumo,
IO PI3HMIIO ¥ CTPOKAaX OTPHMAHO 32 YMOBH OJIHA-
KOBOTO MDKPEMOHTHOTO YTPUMAaHHS IiJISTHKH

y BCIX PO3MIISIHYTHX BHTIaAKaX. ToMy s IPaKTUYHO-
IO BUKOPUCTAHHS JOLJIBHO TOBOPUTH PO TOTOXKHMI
BHCHOBOK — 3MiHY y BUTparax Ha MiXKPEMOHTHE yTpH-
MaHHSI TIpH TIPU3HAYEHHI MOJEpHI3allii y OJHAKOBHUIA
TEPMiH 3 [IPOILYILIEHUM TOHHAKEM.

Tabnuns 2

BapianTtu po3paxyHkis
Table 2
Variants of calculations

Bapianr
PO3paxyHKOBHX
dopmy

1 A

2 B Vv

nac

Howmep

3MiHHI TapaMeTpu
PO3paxyHKy

=120
KM/TOx;
V. =40 km/rog

BaHT

3 V.. =160
KM/TOx;

V_ =80 xm/rox

V.. =160
KM/TOI;
V =80 km/rogx;

BaHT

h, =60 cm

5 V_.=160
KM/TOx;

V... =80 km/rox;
h; =40 cm

Hpuwmirka. V., V. — mBugkocri pyxy maca-

JKMPCBKUX 1 BAHT@XHUX MOi31iB Bignosiaso; h — Tos-
IyHa 0aJacTHOTO IIapy.
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Puc. 2. Buuepnanus pecypcy 3aIeXKHO Bifl 4acy
ekcruryaranii: 1-5 — Homepu po3paxyHKiB 3a Tab. 2.

Fig. 2. Exhaustion of resources based on operational
time: 1-5 — numbers of settlements on the table 2.
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3AJIIBHMYHA KOJIIA

HaykoBa HOBU3HA Ta NPAKTHYHA
3HAYUMICTh

Brnepuie s MonentoBaHHS HaKOMWYEHHS Jie-
(dopmariiii 3ai3HAYHOI KOJii BUKOPUCTAHO TaKHMA
NOKa3HMK, K eHrpomis cucremu. Lle mamo 3mory
PO3pOOHTH METOJUKY OIIHKH CTPOKIB YKHTTEBOTO
MUKy eKCIUTyaTamii 3alli3HWYHOI KOIii 3 ypaxy-
BaHHAM TakuX (HaKTOPiB, K CTPYKTypa MOi370II0-
TOKY, KOHCTPYKIIiSI BEpXHBOi OyZOBU Komii, pyx
MOi3/1iB 3 BACOKUMH HMIBUIKOCTSIMH.

BucnoBxku

BuKOHaHO TeOpeTHYHi AOCIHIIKEHHS Ta OTpH-
MaHO aHaNITUYHY METOAMKY JIUIsI MOJEIIOBAHHS
MIPOIECY HAKOMUYEHHs nedopMariiii 3ami3HUIHOT
KOJIi1 Ha OCHOBI €HTPOITii cucTeMu. BukopucTaHHs
EHTPOIII1 a0 3MOTY HABECTH CTAPiHHS 3a]i3HHY-
HOT KOJIii B Mi>KpEMOHTHUH TIEPiof K BUITAIKOBUI
MpoIleC HAKOMHMYCHHS aedopMaliiii B pe3ysbTari
peakiii Ha 30BHINIHE HABaHTAXEHHs, BUpPaKCHE
yepe3 MOKa3HUKH MeXaHIuHOi poOOTH.

TepMmin cimyxOu 3ami3HUYHOT KOJIi 3aJIeKHUTH
HE TUTBKH O€3IToCepeHbO Bil MPOMYIIEHOTO BaH-
TaXy, a W Bil TUHAMIYHOTO XapakTepy HaBaHTa-
JKEHHS Ta TPYKHO-)KOPCTKICHUX IMOKA3HUKIB 3aJi-
3HUYHOI KoJiii. BpaxyBaHHS TakuX IMOKa3HUKIB Ja€
3MOTY TIOPiBHIOBAaTH BapiaHTH 3 PI3HUMH apamer-
paMH TOI3JOMOTOKY, PI3HUMH BCTAHOBJICHUMHU
MIBUAKOCTSIMH PYyXY, XapaKTepUCTUKAMU KOHCTpY-
K1 Kouii Tomo.

PosropHyTi aHamiTHYHI 3aJIEKHOCTI JTOBEICHO
JI0 TIPAKTUYHOI METOJMKH, IO Ja€ 3MOTY BHKOHY-
BaTH TOPIBHSHHS BapiaHTIB, 0OMEXYyIOUYH po3pa-
XYHKH JIO 3aJIe)KHOCTEH, HEOOXiTHHX IS Bpaxy-
BaHHS TIApaMETPIB, 3a TKUMHU BOHH BiJPi3HIIOTHCS.
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MOJEJUPOBAHUE HAKOILJIEHUS JE®OPMAILIUIA
KEJE3HOAOPOKHOI'O ITYTU HA OCHOBE 3HTPOIIMU CUCTEMbI

Heas. B pabore mpeaycMOTPEeHO MPOBENCHUE TEOPETHUECKUX HCCIIENOBAHUNA BO3MOXKHOCTH HCIIOJIB30BAHHSA
METOJIOB, KOTOPBIE OMPEAEIAIOT CPOK IKCILTyaTallUH JKEJIE3HOAOPOKHOTO ITyTH HE TOJBKO IO MOKa3aTesIM 00IIero
o0bemMa Harpy3oK, a ¥ yYUTBHIBAIOT €r0 CTPYKTYpY U JMHAMHUYIECKUE XapaKTepUCTHKH. Llenb Taknux uccaeroBaHui —
CO3JaHMe MOJENM HAKOIUIeHUs JedopMainuil I OLEHKH CPOKOB SKCIUIyaTallUd J>KEJIe3HOHZOPOXKHOTO IIyTH
C YYeTOM YyKa3aHHbIX ocoOeHHocTeil. Metommka. [lnsi MoJenMpoBaHMsI Ipolecca MOCTEIIEHHOTO H3MEHEHUS
COCTOSIHHSL 3@ BpeMsl JKCIuTyaTanuu (HakomieHue aedopMaiuil) Keae3HOJIOPOXKHBIN MyTh MPEICTABICH Kak
cHcTeMa, KOTOpas COCTOMT M3 MHOXKECTBA YacTHUI] Pa3sHbIX MaTepHajioB, COOpPAHHBIX B IEJIbHYIO KOHCTPYKIHMIO.
YMeCTHO TOBOPUTH HE O MOSBIECHUU Ae(OpMalfii KaKOTro-TO OIPEAEIEHHOT0 pa3Mepa B ONpENCICHHOM CEUCHUH
MYTH, @ O BEPOSATHOCTH TaKOro coOBITHS Ha ydacTke. Ecim orepupoBaTh BEpOSTHOCTBIO MOSIBJICHUS! OTKJIOHEHHH,
COCTOSIHHE CHCTEMBI YHOOHO XapaKTepH30BaTh KOJMYECTBOM pa3pblBOB YCIOBHBIX BHYTPEHHHX CBSI3EH.
OAMHAKOBOMY COCTOSHHIO CHCTEMBI MOTYT COOTBETCTBOBATh pa3Hble KOMOWHAmWM pa3pbiBoB. YUem Oousbie
KOJIMYECTBO Pa3pbIBOB, TEM OOJIbIIE KOJIWYECTBO BApHMAHTOB M3MEHEHUS CTPYKTYPBl CHCTEMBI, KOTOpBIE
COOTBETCTBYIOT €€ TEKYLIEMYy COCTOSHHUIO. Takoil mpouecc MOXHO NPEACTaBUTh KaK IOCTENICHHBIA NEPEXOM OT
YHOPSIOYEHHOTO COCTOSIHMA [0 XaOTH4HOro. JIis ONUCAaHMS TPUBEACHHONW XapaKTEPUCTUKU CHCTEMBI
HCIOJIb3YETCSl TAKOM YMCIICHHBIN I0Ka3aTellb, Kak 3HTponud. Pesyiabrartsl. IIpu crapeHun cucreMsl €€ SHTpONUS
IIOCTOSIHHO  YBEJIMYMBACTCA. POCT OHTpONMM BBIPAKAETCS W3MEHEHUSMU BHYTPEHHEH 3HEPIUHM CUCTEMBI,
OIIpEe/IeTSIEMBIMH C HCIIOJIb30BAHUEM MEXaHWYECKOW paboThl ChIl, AEHCTBUE KOTOPBIX MPHUBOAUT K AehOpMaIsM.
OTO AaeT BO3MOMXKHOCTh OMNPEAEIUTh KOIMUYECTBEHHBIN MOKAa3aTelb pa3pblBa CBA3EH B CUCTEME KaK MOCIEICTBHE
BBINOJTHEHUSI MeXaHH4yeckoil pabotrel. Ilo pesynpraraM TEOpeTHUECKHMX HCCIIEIOBaHUM pa3paboTaHa METOAMKa
OLIEHKH CPOKOB >KH3HEHHOTO LHKJIA IKCIUTyaTallud >XEJIE3HOMOPOXKHOTO ITyTH C YYETOM TakuX (DaKTOpoB, Kak:
CTPYKTypa MOE3I0N0TOKA, KOHCTPYKIUS BEPXHETO CTPOEHHS ITyTH, ABMKEHHE MOE310B C BBICOKUMH CKOPOCTSMHU.
Hayunas HoBu3HA. BriepBbie 11 MOIETMPOBAHHS HAKOIUICHHS Ae(hOpPMAIN KEJIE3HOIOPOKHOTO My TH IPUMEHEH
TAaKOl TOKa3zaTelb Kak JSHTponus cucrtemsl. IIpakTHdeckasi 3HA4YMMOCTb. Pa3BepHyThle aHAINTHYECKUE
3aBHCHMOCTH JOBEACHBI 0 MNPAKTUYECKOM METOAMKH, YTO JAET BO3MOXKHOCTh aHAIM3UPOBATH YYaCTKH IYyTH
C pa3HbIMU KOHCTPYKIMSIMU MIIM C Pa3HBIMH YCIOBUSIMU 3KCILUTyaTalluH 110 CPOKAaM HAKOIIEHUS Je(OpMAaIiii.

Knrouesvie crosa: >HTpONNS; BEpXHEE CTPOSHUE IIyTH, OCTATOYHBIC Ne(OpMALMK; pacdeT IyTH Ha MPOYHOCTS,
HAIpPsDKEHUS B ITYTH; CPOK CITY>KOBI ITyTH
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ACCUMULATED DEFORMATION MODELING OF PERMANENT WAY
BASED ON ENTROPY SYSTEM

Purpose. The work provides a theoretical research about the possibility of using methods that determine the life-
time of a railway track not only in terms of total stresses, and accounting its structure and dynamic characteristics.
The aim of these studies is creation the model of deformations accumulation for assessment of service life of a rail-
way track taking into account these features. Methodology. To simulate a gradual change state during the operation
(accumulation of deformations) the railway track is presented as a system that consists of many particles of different
materials collected in a coherent design. It is appropriate to speak not about the appearance of deformations of
a certain size in a certain section of the track, and the probability of such event on the site. If to operate the probabil-
ity of occurrence of deviations, comfortable state of the system is characterized by the number of breaks of the con-
ditional internal connections. The same state of the system may correspond to different combinations of breaks. The
more breaks, the more the number of options changes in the structure of the system appropriate to its current state.
Such a process can be represented as a gradual transition from an ordered state to a chaotic one. To describe the
characteristics of the system used the numerical value of the entropy. Findings. Its entropy is constantly increasing
at system aging. The growth of entropy is expressed by changes in the internal energy of the system, which can be
determined using mechanical work forces, which leads to deformation. This gives the opportunity to show quantita-
tive indication of breaking the bonds in the system as a consequence of performing mechanical work. According to
the results of theoretical research methods for estimation of the timing of life cycles of railway operation consider-
ing such factors as the structure of the flow of trains, construction of the permanent way, the movement of trains at
high speeds was developed. Originality. For the first time to simulate the accumulation of deformations of railway
tracks this figure as the entropy of the system was used. Practical value. Analytic dependences have been brought
to practical techniques that make it possible to analyze the track sections with different designs or with different
operating conditions in terms of deformation accumulation.

Keywords: entropy; permanent way; residual deformations; railways calculation for strength; tension in a rail-
way; working life of permanent way
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BILIVB ITPYKHUX JE®OPMAIIIN B EJJEMEHTAX CKPIIJIEHHA
THUITY KIII-5 HA BEIMYAHY CWIH IPUTUCKAHHS PEUKH
A0 IIIIPEMKOBOI OCHOBHA

Merta. 3ani3HAYHAN TPAHCIIOPT € OOHUM i3 HaWBaXKIMBIIINX JTAHOK €KOHOMIKHA YKpaiHH Ta OCHOBOIO ii TpaHC-
MOPTHOI cUCTeMH. BpaxoByroun Te, M0 OiIBIIICTS BAHTAXKHUX IEPEBE3CHD BYTUIBHOI Ta METATypPTiiHOI MPOMHUCIIO-
BOCTI BUKOHYETHCS 3ATI3HUYHAM TPAHCIIOPTOM, e(DeKTHBHE HOro BUKOPHCTAHHS € HEOOXIIHOK YMOBOIO crabimiza-
il 1 po3BUTKY ekoHOMikH Ykpainu. OJHI€I0 3 cTpaTeriyHux poOiT, MOB’A3aHMUX 13 BIPOBAHKEHHSM ILIBUIKICHOTO
pyXy moi3niB B YKpaiHi, sSBISETbCS 3a0e3MeUeHHs Ha/liiiHOT poOOTH By3ja HPOMDKHOIO PEHKOBOIO KPIIUICHHS ITi[
yac ekcrutyatauii. Came Ha KOJIiiHI poOOTH 3 YTPUMaHHS i PEMOHTY CKpilUIeHb NPUINAJae 3HaYHA JOJS TPYAOBHX
BUTPAT IMiJ] 9ac eKcIuryaTamii koiii. OMHUM 13 BITYM3HSIHUX MPOMDKHHX CKPIIUICHb, SIKE MICIS JOBTOTPUBAIIUX CKC-
TUTyaTalifHUX CIIOCTEpPEeKeHb BIPOBAAMIOCH y MOCTIHHY eKcInTyaralifo, € ckpimienus tumy KIIII-5. dane ckpin-
JICHHS — 1€ IPOTOTHII TIOJICHKOTO pelikoBoro ckpiruieHHs tuiy SB-3. licnst TpuBanoi excrityaratii B cKpimieHH1
tuny KIIII-5 BUsBIEHO psii HEMOMIKIB, MOB’3aHUX i3 TIEPETYACHOIO BiIIMOBOIO HOTO €TIEMEHTIB, 1[0 B OCHOBHOMY
CTOCY€TBHCS IHTCHCUBHOT'O 3MEHILCHHS BEJIMYMHH CHJIM TIPUTHCKAHHS PEHKH O MiAPeHKoBOi OCHOBH. MeToro 1octi-
JDKCHHSI € Po3po0Ka METOJMKHU Ta NPaKTUYHHX 3aC00iB KOHTPOJIIO 32 CTAHOM POOOTH By3JIa PEHKOBOTO CKPIILICHHS
tuny KIII-5 mig gac excruryararii. MeToauka. B OCHOBI METOAMKH NMPOBENCHHS IOCTIKEHb JEKUTHh OI[iHKA
BIUIMBY Pi3HMX (PaKTOpiB HA BENIMYMHY CHIIM MIPUTHUCKAHHS PEHKH 10 MiAPEHKOBOI OCHOBHU y BY3JIi PEHKOBOTO CKpil-
nerna tamy KIIII-5 mig wac ekcroryaranii. PesyabTaTn. 3a 10moMororo po3po0ieHoi METOIUKH Ta MPAKTHIHHUX
3ac00iB KOHTPOJIIO OYyJIO BCTAQHOBIICHO, LIO 3arajibHe nependadyBaHe 3MEHIICHHS CHIIM MPUTUCKAHHS PEHKH 10
nigpeiikosoi ocHosu npotsrom 1’ =0—800 maw. m. 6p. i3 BpaxyBaHHAM BILIMBY Pi3HUX (PaKTOPiB MOXKE HOCATATH
P, =4,93 «xH. Haykosa HOBU3HA. ABTOpPaMH 3a Pe3y/IbTaTaMH JIOCIi/DKEHb Briepuie GyB OnMcaHuii Ta BUpaskKe-
HHUH eMITIPHYHOIO 3aJIEKHICTIO TIPOLIEC 3MIHU CHJIM HPUTHUCKAHHS PEHKH JI0 MiAPEHKOBOI OCHOBH Y CKDIIUICHHI THITY
KIIII-5 Bix mpomymenoro tonHaxy T, man. m. 6p. IlpakTHuHa 3Ha4uMicTh. Po3pobieHa KOHCTPYKLIsl MPUCTPOIO
JUISl KOHTPOJIIO TIPY>KHUX BJIIACTUBOCTEW Ta YMCIOBOI OLIHKYM 3HW)KEHHS CHIIM NIPUTUCKAHHS KJIEMH J0 PEiKH B 3aje-
JKHOCTI BiJl IPOIYIIEHOTO TOHHAXKY.

Kniouosi crosa: npomixkne ckpituienss tuy KITII-5; npysxHa kiema; )opCcTKiCTh; CUJla TPUTHCKAHHS

JIOBEJIEHO, 110 HEIOJIKOM BCIX Oe30oiToBHX 0O€3-

Beryn

Sk BioMO, OIip MO3A0BXKHHOMY MEPEMIIICHHIO
peiiki, B OCHOBHOMY 3QJIC)KUTh BiJl CTAOUILHOTO
3a0e3MeUYeHHs] CHIM NPUTHCKAHHS pEiKH 10 mia-
petikoBoi ocHoBH KiieMoto KII-5 mpotsrom Bcroro
MDKPEMOHTHOTO TEPMiHY, a TaKOX BiJl MaTepiany
1 AKOCTI MiAPEeHKOBUX aMOPTHU3YIOUYHX IMPOKIAIOK.
3riIHO 3 TOJITOHHWMH BHUIPOOYBAaHHSIMH Ha €KC-
nepuMeHTansHoMy Kimsii BHUWKTa [4] 6ymo

MIIKITAA0YHUX CKPIMJICHh € HEBUCOKA I1X Hamik-
HICTb Ha CHPHUHHATTS OOKOBHX CHJI BiI peiKH,
0c00JIMBO B KPUBUX IUISHKAX KOdii pamiycom me-
ame 600 M. Pe3ympraTomM IIhOTO € IHTCHCHBHE
3MEHIICHHS CWJIM MPUTHUCKAHHSA PeWKH JI0 MiIpen-
KOBOi ocHOBH. OTHOYACHO 3 UM MiJpeiiKkoBa mpo-
KJIaJKa HE JIOCTAaTHBO YWHHUTH OMIp MONEPEUHOMY
1 TIOB3JIOBKHHOMY 3MIIMIEHHIO PEWKH, IO TPHU3BO-
JMTh 710 MOsiBU yrony kodii [4, 5, 13]. 306iibmry-
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€ThCsl OOKOBA JKOPCTKICTh By3j1a CKPITUICHHS, IO
MPHU3BOJUTH IO MOIIKOPKCHHS MOJIIMEPHOTO BKJIa-
nmumra tarry BII, BimOyBaeThcst 3HOC aHKEpIB IIma-
JIA Ta TOMIKOKYETHCS TUJIO 3aJ1i300€TOHHOI IITa-
M B MiCIli IPUMUKAHHS 3 HIANKOK MOHOIITHOTO
aHKepa.

Ha croromni enementn ckpimurenns turry KITTT-
5 3rigro 3 [11] peMOHTY He MmiIAraroTh i 3aMiHI0-
0Thcss Ha HOBI. Omxke, icHye mnpoOiema, IO
MOB’s3aHa 3 BIJICYTHICTIO METOAWKH Ta 3aco0iB
KOHTPOJIIO 32 poOOTOI0 By3J1a TIPOMIXXHOTO PEHKO-
Boro ckpiruienHs tumy KIIII-5, a came kKOHTpoIb
3a poOOTOI0 OKPEMHX EJIEeMEHTIB, OCKLIBKH BOHHU
BH3HAYAIOTH HATIHHICTH pOOOTH By3JIa CKPITUICHHS
B LIIIIOMY.

3 ypaxyBaHHSM BUINE BKa3aHUX HEJOJIKIB
y poborti petikoBoro ckpimienus tumy KIIII-5 ka-
¢denporo «Komist Ta xomniitne rocriogapcteo» JJHY-
3Ty y 2014 porii po3pobiicHa KOHCTPYKITisl KOJiH-
HOTO TIPHUCTPOIO, TPU3HAYCHOTO IJIs BU3HAYCHHS
MpYyKHUX BiactuBocTed kimemu KII-5 Ta ii cumm
MPUTUCKAHHS 10 PEWKH MiJ 4Yac eKCIUTyararii
B KOJTii.

Merta

MeTor0 cTaTTi € po3podKa METOAUKH Ta IMpaK-
TUYHHX 32C00IB KOHTPOIIO 33 CTAHOM pOOOTH BY3-
nma petikoBoro ckpimieras tumy KIIIT-5 mig gac
eKCIUTyaTarii.

Metoauka

3 METOI0 MiBUIIEHHS Mpane3aaTHOCTI KOHCTPY-
KITii MPOMDKHUX peiikoBux ckpimierb tumy KIIII-5
y 2014 poui BUKOHaHI JOCHTiKEHHST POOOTH TPYXK-
HHX KJIeM, IO CYNPOBODKYBAJIMCh BCTAHOBJICHHSIM
3aJICKHOCTI MK poOOYNM XOI0M KIIEMH TIPH Pi3HUX
npHpocTax HaBaHTaxeHHs (P, kH ).

Jns BCTaHOBNEHHS 3aJISKHOCTI MK HPY>KHUAM XO-
JIOM KJIEMH TIPH Pi3HHUX 3YCHIUTSIX MPHTUCKAHHS PEHKH
MiJ] 4ac eKCIIEPHUMEHTY OyJIO JIOCIIKEHO KIIEMH ITpo-
MiKHOTO peiikoBoro ckpirmieHns tamy KIII1-5 i3 Haii-
OUTBII IMOBIpHMMH JliaMeTpamMy TpyTKa — 16 wmw,
16,5 MM Ta 17 MM, 1110 OyIJI0 OTPUMAHO ITiJ] Yac 3ami-
piB. [list Toro, mo0 3a0e3MeunTH TOUHICTD Pe3yJibTa-
TiB, TOB’S3aHUX 13 TPUMYCOBHUMH BEPTUKAIBHUMH
nedopMarissMi KJIeMH T 9ac ii MOHTaXy, KieMa
BMOHTOBYBAJIach B IMa3d HEPyXoMOi OCHOBU 0e3 co-
PMOBaHHX €JIEMEHTIB Yy BY3i CKpIIIeHH, 110 300pa-
JKeHO Ha puc. 1.

Puc. 1. ExciepumeHTanbHa cxema
JUIsl BCTAHOBJICHHSI 3QJI€)KHOCTI
MDK HIPYKHHUM XOI0M KJIEMHU
Ta CUJIOIO MPUTHCKAHHA!
1 — Hepyxoma ocHOBa (0110pa); 2 — MPHUCTPIii;
3 — npyXHa Ki1ema
Fig. 1. Experimental chart for establishment
of dependence between resilient motion
of terminal and by pressing force:
1 — fixed basis (support); 2 — the device;
3 —an elastic terminal

ExcriepuMeHT BHKOHYBAaBCS TPH PIi3HUX TIPH-
poctax HaBantaxenus (2,5; 3,75; 4,0; 5,0; 6,25;
7,5; 8,0; 8,75; 10,0) B xH , 1m0 NMPUKIATATUCH 10
MPHUCTPOIO, SIKUH MPHU3HAYAETHCS I KOHTPOJIFO
CHJIH TIPUTHCKAHHS KJIeMH 10 peiiku. Ilicns npu-
KJIaJJaHHS KOKHOTO 3YCHIUIS IO KOHCTPYKINI MpH-
crpoto (2) onHouacHo 3amipsnuch 3a3opu h Ta

h,, MM MK KpaiiHbOIO KOHCOLTIO Kiemu (3) Ta

TisioM Hepyxomoi ocHoBu (1). fkicHa ormiHka 3Mmi-
HH TPY)KHOTO XOay Kiemu () ,MM), 10 BHHUKA€E
NpU Pi3HUX TPUPOCTAX HABaHTAKEHHS, HaBellCHA
Ha pHuc. 2.

y,mm o 11 5

# Knemas giameTpom npytka 16 mm B Knemas giametpom npytka 16,5 mm

Knemas giametpom npyTka 17 mm
Puc. 2. Anpoxcumanist pe3yJbTaTiB BETHYNHH
MPYXKHOTO XOMy KiieMH ( ) ,MM) 3aJIeKHO
Bix npupocty HaBanTaxeuus (P, xkH )
Fig. 2. Results approximation of the elastic
stroke of terminals ( y, mm) depending
on load growth (P, kN)
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Pe3ynpratu croctepekeHb 3aJeKHOCTI MpYK-
HOTrO Xoay Kiemu ( y ,MM) BiJl IIPUPOCTY HaBaHTa-

JKEHHSI, K1 300paXkeHi SK mapa KOOPIUHAT — «X» Ta
«y» (puc. 2) Oyn0 anmpOKCHMOBAHO 3 METOIO 3Ha-
XOJDKEHHS MaTeMaTUYHOTO PIBHSHHS, sike O omu-
CyBaJIO Ti % caMi 3HAYEHHS «X» BITHOCHO «».

I3 puc. 2 MokHA TOOAYHTH, IO XapaKTEp 3MIHU
NPYXKHOTO X0y KieMH (¥ ,MM) 3aJIe)KHO BiJ IpH-

POCTY HABAHTA)XCHHsI HOCHTH JIHIHHUNA XapakTep
Ta MOYKE€ OITUCYBATHUCHh (PYHKITIETO:

y=ax+b, (D)

Ie « a » 1a «b» — mocriitHi mapamerpw.

[Mapamerpu ampokcumyrouoi ¢ynkuii (1) 3a
METOJIOM HalMEHIINX KBaapaTiB [/] MoxHa omu-
CaTH TaKOIO CUCTEMOIO PiBHSIHE:

n 2 n
a_zlxi +b_zlxi Vi

i= i=

. . (2)
ay. x+nb=>xvy,

i=1 i=1

e N — KUTBKICTh BUMIPSIHUX TOYOK; Xj Ta Yy —

BUMIPSHI KOOPAMHATH | — Oi TOUKH.

Po3B's3aBiu cucremMy piBHsHB (2), OTpUMAEMO
3HAUYCHHS MapameTpiB « a » Ta « b ». TakuM YUHOM,
PIBHSHHS TIPAMOI, sIKa allPOKCHMY€E OTPHMaHi eKc-
MEePUMEHTAIIBHI JIaHi, €:

y =0,672x +1,8706 . ?3)

3a pe3yibTaTaMu anpoKCHUMYBaHHS Ha pHC. 2
MOXKHA MOOAYMTH, MO 3AJCKHICTH MK HaBaHTa-
KEHHSIM Ta MPYXHUM XOAOM HOCHKA KJIEMH — JIi-
Hitina. OTKe MATBEPIKYETHCS, 110 3riaHo 3 [3, 8,
10, 12] npy>xHa KJiemMa Ipaikoe B IPYKHIA cTail.

Hns 3anmizauns B kpainax CHJL npysxHi kiemu
NOBHHHI 3a0e3nedyBaTd HOPMAaTHBHE MOHTa)KHE
MPUTUCKAHHS KJIEMHU JI0 IIOIIBH PEHKH B jiama-
30Hi 8-12,5 kH 3rimHo 3 [8]. B cBoro uepry, HOp-
MaTHBHA CWJIa NPUTUCKAHHS KJIEMH 10 IIiJIOLIBH
pEeiiKi B OCHOBHOMY 3aJICKHTh BiJ| 11 )KOPCTKICHOT
XapaKTepUCTHKH, IO MOke OyTH BHU3HAa4YeHA 3 BU-

pasy:

Ky ==, (4)

e PK — MOHTa&)XHa CWJIa NPUTUCKaHHS, KH, Y —

nedopmartist (IPyKHUIA XifT) KIEMH, MM.

Bianosigao mo [8] mis mopanemnx po3paxyH-
KiB 32 OCHOBY B JIOCIIIJDKCHHSX OYJIO B3SITO CEpell-
HE 3HaYCHHSI HOPMATUBHOTO MOHTQ)KHOTO MPHUTHUC-
KaHHSA KJIEMH 10 MiJOIIBH PEeHKH, IO CKIAJIae —
10 xH. 3rigHo 3 UM 10 eKCIIePUMEHTAIBHUX JI0-
CIJDKEHHSX, 10 300paXkeHi Ha puc. 2, Oylno BH-
3HAYEHO 3HAYEHHS BEPTHKAILHOI JKOPCTKOCTI JK.

IOCIIKYBaHUX KJIIeM 13 miamMeTpoM mpyTka 16,
16,5 ta 17 mm Bignosimuo. Pesymbratu mocui-
JOKeHb HaBezeHi y Ta0u. 1.

Tabnums 1

3Ha4YeHHS BEPTHKAJIBLHOI JKOPCTKOCTI HOBUX KJIeM
peiikoBoro ckpinienns Tuny KIITI-5

Vertical stiffness value of a new terminal
in the rail fastening, type KIIII-5

Table 1
Jliametp n— }KOK[jICeT;[(Ii/ICTB
Ne 3/n Tun MPYTKA | i nemu
KJIEMH CKD. KJIEMU (Y), My ( )KK )
(d), mm kH/MMm
1 16,0 9,7 1,031
2 KIIII-5 16,5 8,5 1,176
3 17,0 7,3 1,370

3riqHo 3 Tabn. 1 BCTAHOBIEHO, IIO CEPEIHE
3HAYCHHS >KOPCTKOCTI Ta IPYKHOT'O XOAy HOBOI
KJIEMH MPOMIDKHOTO PEHKOBOTO CKPIIUICHHS THITY
KIII-5 no ekcrutyaTamii CTaHOBHTH BiIOBiJI-
HO JK; =1,192 xH/mm, Tay =85 MM, 110 BXOJUTH

B Jialma30H JOMYyCKiB 3TiAHO 3 JOCHTiKEHHIMH
[8, 9].

JocnimkeHHs BIUIMBY Pi3HUX (akTOpiB Ha Be-
JIUYMHY PO3MUKAHHS CHJIOBOTO JIAHITIOKKA — PEii-
Ka-KJIeMa-MpoKiIaaKa». 3HaYeHHS MPYKHOTO XOIy
KjIeMu peiikoBoro ckpimnenns tumy KIIII-5 Ho-
cuTh BUNaakoBui xapakrep [10], mo Takox 3ane-
JKUTBH BiJ BiJICTaHI PO3TAITyBaHHS OCi OTBOPY aH-
Kepa BIJHOCHO MiAPEeHKOBOI IUIOIIAAKU 3ajiizo0e-
TOHHOT IIMAJIH MiCJs 3aMOHOJIIYCHHS HOro B IIma-
my. Cxema 3aMipiB IEHTpPYBaHHS OCeHl OTBOpPY
MOHOJIITHOTO aHKepa BiJIHOCHO ITiIPeHKOBOI OCHO-
Bu 1manu tunty Ch3-0, 300pakena Ha puc. 3.

[IpoanamizyBaBmu oTpuMaHi jaaHi, Oylo BcTa-
HOBJICHO, IIIO BipOTifiHA OIliHKAa OYiKyBaHOTO 3Ha-
YeHHS BEJIMUMHM XOAY KJIEMH MiJ yac il MOHTaxy
B poOoue TIOJIOKEHHS KOJIMBAETHCI B MEXKax
3=11-15 MM, cepeiHe 3HAUYCHHS SIKOTO CTAHOBUTH
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3., =13 mm. Ilpn upoMy BiporifHa OLIHKA OYiKy-
BAaHOTO 3HAYCHHS BEJIMYUHH CHJIM HPUTHUCKAHHS
BIJIITOBITHO O Jiana3oHy 3HA4YeHbO, MM, CTaHO-
Butume P, =13,58-19,57 xH. Cepenne 3HaueHHs
MOHTaXXHOI CHJIM TIPUTHUCKAHHS KIIEMOK pEHKU

bi (o) niz[peﬁKOBoi' OCHOBH CTAaHOBUTHME -
P = 16,56 kH.
1
-
= i = 2
!

Puc. 3. Cxema npomipiB LIeHTpyBaHHS OCi
OTBOPY aHKEpa BiTHOCHO MiAPEHKOBOT
TUTOIIAJIKY 3aJ1i300€TOHHOT IIITATH:

1 — ankep; 2 — 3amizoberonHa mmaina tumy Cb3-0

Fig. 3. Measurements scheme of a centre
line in a anchor hole in relation to the rail
seat of concrete sleepers:

1 —anchor; 2 — concrete sleeper, type CB3-0

Jlyis OinbIn IeTaNbHOT OLIHKYM CTa0iIbHOCTI PO-
0OTH CHJIOBOTO JIAHIIOXKKA «peika—KiIeMa—TPOK-
nanka», y 2014 poui xadeaporo «Kosmist Ta komiiiHe
rociogapctBo» JJHY3Ty Oynu BUKOHaHI ekcrie-
pPUMEHTAJbHI TOJITOHHI JOCHIKCHHS IO BH3HA-
YEHHIO CWJIM TIPUTUCKAHHSA KIEMH MPOMIXHOTO
peiikoBoro ckpitutenHss tuny KIIII-5 go peiiku
mifuac excrutyatariii. JlocimipkeHHsT BUKOHYBAITUCh
Ha JINSHKAX 3 MPOIyIIeHuM ToHHaxkeM: 147, 160,
173, 185, 277,9 ta 447,3 mutn T Op. MeToauka na-
HUX JOCHI)KEHb IPYHTYBalach y HOCIIIKYyBaHHI
MpyXHUX JIedopMaliiii KiieM pedKoBOTo CKpIIUIeH-
Ha Ty KIIII-5 mix gac excroryarartii.

ExcrniepMeHTanbHO OTpUMaHi HOMIHANBHI ce-
pelHi 3HaueHHS BEJIMYMHM IPYXHOI Iedopmarii,
JKOPCTKOCTI KJIeMH Ta il CHIM TPUTHCKAHHSI 10
peliKH MpH OJJHOYACHO 3HOIICHHX MPOKIAJKax Ha
JUITHKAX KOl i3 Pi3HUM MPOMYIIEHUM TOHHa)KEM
300paxeHi Ha puc. 4—6 BiAMOBIIHO.

084
0n

100 00 300 400 500 600 700 00 900
T, mnm, 7. 6p.

Puc. 4. 3anexHicts npyxHoi gedopmariii kiemu
(8, MM) TIpu eKcIUTyaTarii BiJHOCHO TIPOITYIIIEHOTO
touHaxy (7, MiH T 6p.)

Fig. 4. The dependence of the elastic deformation
of the terminal (3, mm) at exploitation in relation
to the skipped tonnage (7, mill. tons gross)

Wi, itHfmm 10

T~

17} L9

..

T,maH. 1. 6p.

100 00 300 400 500 £00 00 800 900

Puc. 5. 3miHa KOPCTKOCTI KIIEMH TIPH SKCILTyaTarlii
BifiHOCHO TipormyIeHoro TouHaxy (7, MitH T 6p.)

Fig. 5. Inflexibility change of the terminal
at exploitation in relation to the skipped tonnage
(T, mill tons gross)

PrkH 45

T, mH. 1. 6p

100 200 300 400 500 600 700 800

Puc. 6. 3MeHIIEHHS CHIIM NPUTHCKAHHS pPeHKH
JI0 TAPEHKOBOI OCHOBH 3aJIC)KHO
BiJl penakcarlii KiIeMu

Fig. 6. Decrease the pressing force of the rail
to the rail base depending
on terminal relaxation
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EmmnipuyHo Oyi0 BCTaHOBIIEHO, IO 3MEHILICHHS
CWIY TIPUTHCKAHHS KJIEMHU JI0 PEHKHU 3aJIe)KHO BiJ
MPOMYIIEHOTO TOHHAXKY MOYHA OMHCATH 32 TAKOKO
3aJICXKHICTIO.

P =P —pT, )

Je P — cujla NPUTHCKAHHA KJIEMM JIO peiku micns
nporycky 7, MIH T Op.; P — MOHTaXHa CUJIa TIPH-
THCKaHHSI KJIEMH JIO PEHKH B MOYATKOBHH MOMEHT
eKcIUTyaTamii; B — CcepemHs IHTCHCHBHICTh 3HH-
JKEHHsI CHJTM TIPUTHCKAHHS KJIEMH.

Ckopucrasmivch BupaszoM (5) Ta 3Ha4M 3Ha-
YEHHS MOHTAXXHOI CHIH IMPUTHUCKAHHA KJIEMHU 10
peiiku (P kM )ta cumu (P, kM ) micis meBHOro

MPOMYIIEHOTO TOHHAXY 3TiAHO i3 pHC. 5, MOXHA
BU3HAYUTH CEpPEAHI0 IHTEHCHBHICTh 3MEHIIEHHS
CHITH TIpUTHCKaHHs Kiemu (p) Ha 1 MumH T Op., 110

300pakeHo Ha puc. 7.

B, kH/man. 1. 6p. 0,14

o0 0122

01
008
006

004

002
T, mnk.T. 6p
)

0

100 200 300 400 500 600 700 800 900

Puc. 7. IHTEHCHBHICTH 3MEHIIIEHHS
CHITH TIPUTHCKAHHS KIIEMH 3aJI€)KHO
BiJ] TPOITYILIEHOTO TOHHAXKY

Fig. 7. Intensity of decrease the pressing
force of the terminal depending
on the skipped tonnage

Jlyis GiibIn JEeTambHOI OIIHKK CHIIOBOI POOOTH
MPYXHUX KIIeM Oyl BUKOHAHI IOCIiIPKEHHS II0
BH3HAYCHHIO TIPYKHOI medopmariii kiiemu B 3aje-
JKHOCTI BIJ] TEXHOJOTIYHOI'O IMPOIECY — «MOHTaXK-
JEMOHTaX».

ExcniepuMeHTaIbHO OTpUMaHi cepelHi 3HaueH-
HSl 3MiHU TIPYKHOI JleopmMantii KpaiftHb0i KOHCOJI
(HOCHMKa) KIIeMH 3aJIeKHO Bifl 0araTo-IUKIOBOTO
BUKOHAHHS — «MOHTaX-IEMOHTaX» 300pakeHi
rpacdiuHo Ha puc. 8.

¥=0,0009%% - 0,025x% + 0,2722 - 0,2381

b
1 3 5 7 3 1 13 Nenfn

Puc. 8. 3mina npyxHoi nedopmarii
KJIEMH BiJl BAKOHAHHS IIPOLIECY —
«MOHTaX-JIEMOHTaXK»

Fig. 8. Elastic deformation change
of the terminal from execution process —
«assembly-disassembly»

Pesynprati criocTepekeHb 3aJISKHOCTI BeNH-
YHHU MPYXKHOI AedopMartii BiJi BUKOHAHHS — <MO-
HTaX—JeMOHaX» OyJ0 anpokcuMoBaHo (puc. 8).
XapakTep 3MIHM BEIIMYHHU TPYXKHOI nedopmartii
KpaiHpoi KOHCOM (HOCHKA) KJIEMH HOCHTH HeJli-
HIITHUH XapakTep, IO OMUCYETHCS BUPA3OM:

y =0,0009x% —0,025x2 +0,2722x — 0,2381.(6)

[ligcTaBUBIIYM 3HAUEHHS MEPLUIOr0 BUKOHAHHS —
KMOHTaXX—JIEMOHTaX» y (DYHKIIiIO « Y », BCTAHOB-

JICHO, 1110 BEJIMYMHA MPYIKHOI 3aJUIIKOBOI Aedop-
Marrii kinemu cranoButume y=0,01 mm.

3 METOI0 JOCIiKeHHS BILTUBY POOOTH Miapeii-
KOBHMX NPOKJIQJOK HAa BETMYUHY CHJIM TPUTHCKAH-
Hs1, OyJIM BHKOHaHI 3aMipH X NPYKHHUX 3aJUILKO-
BHX JedopMariid I 4yac eKcIuryaTamii y BYy3Ji
pefikoBoro ckpituiennst tairy KITTT-5.

OTpumaHi eKCriepUMEHTaIbHI J1aHi HA0YHO 30-
OpakeHo Ha puc. 9.

hyam &

REZ]

165 bl EET T T T
4,38 423

I T L - ")

IIJ.muw.T. 6p
100 200 300 400 500 600 700 800
Puc. 9. 3anexxHicTh PYKHOT
3aJUIIKOBOI AedopMartii migpeikoBoi
MIPOKJIAJIKH Bifl IPOIYIIICHOTO TOHHAXKY
Fig. 9. The dependence of the residual

elastic deformation of a rail pad
on the skipped tonnage
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I3 puc. 9, 3rigHO 3 TEOPETHYHO BUKOHAHUMHU
JOCHTIDKEHHSIMHA, MOKHa TNependaduTd, IO TOB-
HIMHA TAPEHKOBOT MPOKIIAIKHU MiJ] 4ac eKCIuTyara-
uii mpu mpomyiieHoMy ToHHaxi Big 7=400 muH T
op. 1o T=800 mutH T Op. MPaKTHYHO HE 3MIHIOETh-
cst, mo craHoBUTh 9 %. Bunukae 3HomeHus (ctu-
panus) pudiis (BHIIyKIOCTEH) Ha TMOBEPXHI MPO-
KJIaJIKH, 10 IPU3BOIUTH JI0 3MEHIIIEHHSI CHIIN TIPH-
TUCKaHHS PEHKH JI0 MiAPEHKOBUX OIIOP.

JonineHuM Moke OyTH TIPHUITYTIEHHS, IO TOJi-
yperaHoBi npokiaaku Ty [TPI1-2.1 matoTh BHCO-
Ky OPCTKICTbh, IIPU SIKiii HE BUKOHYETHCS MpPY>KHA
nepeaada TUHAMIYHOI i1 KOJIC PyXOMOTO CKIamy
Ha KOJIif0, IO MOKE MPU3BECTH JIO TOSBH Ae(PEeKTiB
Ta MPHUCKOPEHOTO TPOIECy MOIIKOKESHHSI elIeMEH-
TiB BepXHBO1 Oym0BHM Koii [1, 2, 6, 12, 15].

[IpoananizyBaBmy Ta JOCTIIUBIIN SK TE€OPETH-
YHUM, TaK i €KCIIEPUMEHTAILHUM IUIIXOM 0C00-
JUBOCTI poOOTH By371a MPOMDKHOTO PEHKOBOTO
ckpitutenHs tuny KIIII-5, 6ymno BcTaHOBJIEHO, 10
Ha BEJMYUHY PO3MHUKAHHS CHUIIOBOTO JIAHIIFOXKKA —
«peiika—KiieMa—TIPOKIaKka» BIUIMBAE BEJIHKA Ki-
JbKIiCTh (akTopiB. OCHOBHUMHU 3 SIKHX €. KOHCTPY-
KIIisl, MaTepiall, TOBIIMHA Ta >KOPCTKICTh IiIpeH-
KOBOT TPOKJIAIKH; PO3TAlllyBaHHS OcCel OTBOPIB
aHKepa BiJTHOCHO IMiJIPEHKOBOT IUIOMIAJAKH ITiCIs
3aMOHOJIIYECHHS HOTO B 3aJ1i300€TOHHY IIITANy; pe-
JaKcallisi Harpy>KeHb B METali KJIeMH, KOHCTPYK-
isl, po3MipH TNPYTKa KJIEMH; TEXHOJOTIUYHHHA Mpo-
[eC BHKOHAHHS — «MOHTaX-JICMOHTAX» KJICMH.
Le#t BrutMB cxeMaTHYHO 300pakeHo Ha puc. 10.

[ ] | 1 .
| R A
e o i o)

Er— lal

vy ] - 1) | [epomms cieresta |

- et T e (g sghocin nocrenl
Mareplan - 1 l L

Puc. 10. KoHCTpyKTHBHA CXeMa CHUIIOBOTO
JIAHIIOXKKA — «peHKa-KiIeMa-IPOKIaaKa»

Fig. 10. Construction scheme of the power
chain — «rail-terminal-pad»

BpaxoBytoun 3ajie)KHICTh 3HAYCHHS BEIMUMHU
CHUITU MIPUTUCKAHHS PEHKH 70 MigpeiKOoBOT OCHOBH
y BY3JIl IPOMIXKHOTO PEHKOBOTO CKPIIJICHHS THITY

KIIIT-5 Bix pi3Hux ¢hakTopis, M0 PO3MIISIAIUCH Ta
JOCIIDKYBAJIUCh BHIIE, OyJIO BCTAHOBJIEHO iX
BIUIMB Yy IPOLIEHTHOMY CHiBBiIHOLIEHHI. 3HAaYECHHS
MIPOIIEHTHOTO BIUIMBY Pi3HUX (PAKTOPIB 300paKeHO
Ha puc. 11.

bepyun no yBarm BIUIMB KOKHOTO i3 (hakTOpiB
Ha CUJIOBY B3a€MOJIIIO JIAHIIIOKKA — «perKa-KieMa-
MPOKIJIAJKa» Y MPOMIKHOMY PEHKOBOMY CKpIiIlICH-
Hi tumy KIIII-5, BcraHoBNEeHO 3araibHe mepeada-
qyBaHE 3MEHLICHHS CHJIM NPUTUCKAHHS PEWKH J10
migpeiikoBoi ocHoBu mnpotsirom T =0-800 muH T
Op., 3 BpaxyBaHHSIM BIUIMBY pPi3HHX (hakTopiB 30-
OpakeHo Ha puc. 12.

% 100 T
90
80
;g | 55,7
50
40 +
07 * 18
20 1
10t o012 .
0
1 2 3 4 Nedawtopa

Puc. 11. BruuB ¢akropiB Ha cuity
NPUTHCKAHHS PEKH J0 MiAPEHKOBOI OCHOBH
B peiikoBoMy ckpiruteHHi Tuiy KITTI-5:
1 — «MOHTaX-IEMOHTAX KIEMU»; 2 — pellaKcais KieMu; 3 —
pO3TaIllyBaHHsI OCeii aHKepa;
4 — 3HOC POKIIAIKU

Fig. 11. Influence of factors on pressing force
of the rail to rail base in rail fastening,
type KIIII-5:

1 — «assembly-disassembly of the terminal»;

2 — relaxations of the terminal;

3 —axes of anchor locations; 4 — wears of a pad

P1,kH 16,00
14,00
12,00
10,00

8,00

6,00 4,93

4,00 L L L L L L Iy
100 200 300 400 500 600 700 800 T, maH. 7. 6p.

Puc. 12. I'padik 3arajibHOro 3MEHIIICHHS
CHJIM IIPUTHCKAHHS 13 BpaXyBaHHIM
BCiX (haKTOpiB

Fig. 12. A chart of general reduction
of pressing force taking into
account all factors
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I3 puc. 12 BcTaHOBIEHO, IO 3aJIEKHO BiJ MPO-
MYIIEHOTO TOHHAXY BEJIMYMHA 3MIHU CHJIU MPHUTH-
CKaHHSI peHKHU N0 MipeiikoBOT OCHOBH B OCHOBHO-
My 3MIHIOETBCS 3a JIIHIHHMM 3akoHOM. CKadko-
nojiOHe 3arajbHEe 3HAYCHHS 3MEHIICHHS CHIIH
MPUTHCKaHHS, TToYnHaouu 3 T =147 mMmH T Op. 10
T=400 maa T Op. COpUYMHEHE HEPIBHOMIPHHUM
3HOIICHHSM (CTHPAaHHIM) MiAPEHKOBOT MPOKITAIKH.
I3 mocmimxenp, 300pakeHnx Ha puc. 9 MoOXKHA
MPUMYCTUTH, MO TOBIIWHA MiAPEHKOBOT, MOYHHA-
toun Big 7=400 mun T 6p. mo T=800 muu T Op.,
MPAKTHYHO HE 3MiHIOETHCA.

PesyibTarn

AHaJi3youn monepeIHp0 OTpUMaHi J1aHi, BCTa-
HOBJICHO, IO Ha MPOIEC 3MEHIIEHHS CHIIU MPHUTH-
CKaHHA PEHKU 10 MiAPEHKOBOI OCHOBH Y CKpiI-
nerHi tumy KIIII-5 B ocHOBHOMY BILTMBAIOTH TaKi
(axTopH, SIK: 3HOLICHHS MMiIPEHKOBUX MPOKIAIOK —
55,7 %; ueHTpyBaHHS OCell OTBOpIB aHKEPiB —
18 %; penaxcarist knemu — 26 %; BUKOHaHHS TeX-
HOJIOTIYHOTO TIPOIECY «MOHTaX-IEMOHTAX» —
0,12 %.

3aranpHe TiepenOadyBaHe 3MEHIICHHS CHJIH
MPUTUCKAHHS PEHKN 0 MiAPEHKOBOI OCHOBH TIPO-
TaroM 7 =0-800 mmH T Op. 3 BpaxyBaHHSIM
BILTUBY BHIICHABEIEHNX (DAKTOPIB MOXKE TOCSATATH
P, =4,93 kH.

HaykoBa HOBM3HA Ta NPAKTUYHA
3HAYUMICTh

OOrpyHTOBaHa Ta po3pobIIcHA METOINKA BUKO-
HaHHS JOCTIKEHb 32 POOOTOI0 By3ia PEHKOBOTO
ckpitutenHs tamy KIIII-5. 3 momomoror po3pod-
JIEHOI METOIMKU BCTaHOBJIEHO BIUIMB IPYXXKHHUX
neopMariii eleMeHTIB By3Ja CKPIIUICHHS THITY
KIII1-5 Ha BenMUYUHY CHIIM NPUTHCKAHHS PEHKH 10
MiAPeKOBOi OCHOBH.

JJ1st BCTAHOBIICHHST YHCIIOBOI OIIHKY 3HUKEHHS
CHJIM TIPUTUCKAHHS KJIEMH JI0 PeHKH, 3aJIeKHO Bij
MPOIMYIIEHOTO TOHHAXY, NPUHIMII POOOTH KOJIiH-
HOT'O IPHUCTPOIO II0 BUMIPIOBAaHHIO CHJIM IPUTHUC-
KaHHs KJIeMH 10 pelku y ckpiruteHHi Tamy KIII1-5
OyJi0 omMcaHO Ta BHPaKEHO EMITIPUYHOIO 3aJIeikK-
HICTIO.

BucHoBkH

Po3po6i1eHo KOHCTPYKLiIO MPUCTPOIO, L0 JAaE
MOJIMBICTh BHU3HAYUTH TPYXKHI BIACTHBOCTI Ta
CUJIY TIPUTHUCKAHHS KJIIEMH 0 PEHKH y CKpPIIUICHHI
tuny KIIII-5. KoHcTpykmis mnpucTporo TmpocTa
B eKCIUTyarallii Ta HeJIopora ITiJ] YaC BUTOTOBJICH-
HA. 3 JOMIOMOTOI0 pO3p00JIeHOI KOHCTPYKIIIIl MpH-
CTpPOIO BCTAHOBIICHO, 1110 3MEHIIICHHSI CHJIH TPUTHU-
CKaHHS peHKH 70 MiApeiiKoBOT OCHOBH 3a PaxyHOK
penakcarii KJeMu Ha KiHellb MiXKPEMOHTHOTO Tep-
Miny cknanae P, =25,97 % srigHo 3 [11] me me-

uire — 10 kH.

lonoBuuM ¢akTopamu, sIKi BIUIMBAIOTH Ha
3MCHIICHHS BEJIMYUHM CHJIM HMPUTHCKAHHS peWKn
JI0 MiAPEHKoBOI OCHOBU NPU MPOMIKHOMY pEHKO-
Bomy ckpiruteHHi tuny KIIII-5 € npouec 3HOMIEH-
HS TIPEMKOBOI MPOKIIAIKH, [0 HAa KiHelb Mixpe-
MOHTHOTO TepMiHy MOke cknactu P, =557 %.

LlenTpyBaHHS oOcCeli OTBOpPIB aHKEPIB BiAHOCHO
MiAPeKOBOi OCHOBH 3ai300€TOHHOI IIMadH TUIY
Cb-3 cranosuth P, =18 %. Tomy Ha OCHOBi BH-

KOHaHUX JTOCIHIKEHB 3a pOOOTOIO By3j1a PEHKOBO-
ro ckpimnenns tumy KIII-5 — BuHMKae HEoOXin-
HICTb PO3TJISHYTH KOHCTPYKLIIO MiApeHKoBoi mpo-
KJIATKA 3 METOIO il yIOCKOHAJICHHS SK Ha CTamii
MPOEKTYBaHHS, TakK 1 mij vac ii BurotossieHHs. [1ig
Yac BHUTOTOBJICHHS 3ai300€TOHHUX LIMal THUIY
Cb-3, HEOOXiTHO YIiTKO BCTAHOBUTH KOHTPOJH Ta
TOYHICTh TEXHOJIOT11 3aMOHOJIIYEHHS aHKepa B TiJIO
LINANY 3 METOI0 YHUKHEHHS po301KHOCTEH y LIeHT-
pyBaHHI Oceil OTBOPIB aHKepa BiTHOCHO Miapeiiko-
BOI OCHOBH ILIIAJIN.
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BJIUSAHUE YIIPYTUX JE®OPMAILUMA B 3JIEMEHTAX
CKPEIVIEHUA THUIIA KIIII- 5 HA BEJIMYUHY CHUJIbI
HPUXKXATHUA PEJBCA K ITIOAPEJIBCOBOMY OCHOBAHUAIO

HeJII). )KeﬂeSHOILOpO)KHLIﬁ TPaHCIIOPT ABJIACTCA OAHUM U3 Ba)KHEUIIINX 3BEHBEB SYKOHOMHUKH YKpaI/IHLI Hu OCHO-
BOM1 ee ’I‘paHCHOpTHOﬁ CHCTEMEL. Y UHThIBAs TO, 4TO OOJILIIMHCTBO T'PY30BbLIX IIEPEBO30OK yFOJ'H:HOﬁ " MEeTajurypruyde-
CKOH TIIPOMBIIIIIICHHOCTHU ITPOBOJUTCS JKEJIE3HOAOPOKHBIM TPAHCIIOPTOM, 3(1)(1)CKTI/IBHO€ €ro UCII0JIb30BAaHUC ABJIACT-
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Cs HCOOXOIUMBIM YCJIOBHUEM CTAOMJIM3AIMK U PAa3BUTHS SKOHOMHKH YKpawHbl. OIHOH M3 CTpaTermyecKux pador,
CBA3aHHBIX C BHEJIPEHUEM CKOPOCTHOTO JIBMKEHHS TMOE3J0B B YKPaMHE, ABJIAETCS 0OECIEUeHHe HaIexkHON paboThl
y3J1a TIPOMEKYTOYHOTO PEIHLCOBOIO KPEIUIEHHS BO BPEMs KCILTyaTalui. VIMEHHO Ha MmyTeBble paboThl IO CoJlepka-
HHUIO ¥ PEMOHTY CKPEIUIEHWH TIPUXOIUTCS 3HAYMTENBHAS JOJIS TPY/OBBIX 3aTPaT BO BPEMs DKCILTYaTallMd ITyTH.
ONHUM W3 OTEYECTBEHHBIX IPOMEKYTOUYHBIX CKPEIUIEHHi, KOTOPOE MOCIE JUTMTENBHBIX JKCILTYaTAllMOHHBIX Ha-
OII0IEHUI BHEPUIIOCH B MIOCTOSIHHYRO 3KCILTyaTal|Io, SBisercs ckperienue tuna KIII-5. [laHHoe CKperuieHne —
5TO HPOTOTHII IIOJIBCKOTO PENBbCOBOroO cKperuieHus tuma SB-3. Ilocne MIMTENbHOM JKCIUTyaTalud B CKPEILICHHM
trna KIII1-5 BEIABIIEH P HENOCTATKOB, CBA3AHHBIX C MPEXKIECBPEMEHHBIM OTKa30M €0 JJIEMEHTOB, 4TO, B OCHOB-
HOM, CBS3aHO C MHTEHCHBHBIM YMEHBIIEHHEM BEJIMYMHBI CHIIBI MIPHIKATHS PEIbCa K MOAPEIHCOBOMY OCHOBAHHIO.
[105TOMy IIENBIO HCCIENOBAHMS ABJIAETCS Pa3pabOTKa METOAMKH M IIPAKTHIECKAX CPEACTB KOHTPOJIS 38 COCTOSHUEM
paboTs! y3ma penbcoBoro ckperienus Tuma KIIT-5 Bo Bpems skcmmyatarmu. MeToauka. B ocHOBe METOIMKH TIPO-
BCACHUS I/ICCHeHOBaHI/Iﬁ JIC)KUT OLICHKA BJIWAHUA Pa3IMYHBIX (baKTOpOB Ha BCJIMYMHY CHUJIbI IPHKATHA PEJIbCa K MO~
PENBCOBOMY OCHOBAHHIO B y3J€ PebcoBoro ckperuienust tuna KIIII-5 Bo Bpems skcrulyarauuu. Pe3yabTaThbl.
C nomompio pa3paboTaHHONW METOAMKA M MPAKTUYECKMX CPEICTB KOHTPOJSA OBLIO YCTAHOBJIEHO, YTO OOIIee
IPEIIOIAaraeMOe YMEHBIIEHNE CUIIBI IIPYKATHUS PENbca K MOAPEabcoBoMy ocHOBauuio B Teuennn 1 = 0—800 .

m. Op. C y4eTOM BIMAHHS Pa3iMdHBIX (akTopoB, Moker coctasnsats P, =4,93 «xH. Hayunas nosusna. Ilo

pe3yJbTaTaM HCCIIIOBaHUsI aBTOPaMH BIIEPBBIE OBUI ONMCAH M BBIPAKEH 3MIHPHUYECKOH 3aBHCHMOCTBIO IIPOIIECC
W3MEHEHHs] CHJIBI IIPIKATHS Pelbca K MOAPeTbCOBMY OCHOBaHMIO B ckperuienun tuna KIIII-5 mocne npomycka T,
man. m. op. IlpakTHyeckast 3HaYMMOCTh. Pa3paboTana KOHCTPYKIIUS YCTPOHCTBA sl KOHTPOJIS YIIPYTUX CBOWCTB
Y YMCIICHHOH OIIEHKH CHIDKECHUS CHIIBI TIPYDKATUS KIIEMMBI K PENIbCY B 3aBUCHMOCTH OT TPOITYIIIEHHOTO TOHHAXA.
Kniouegvie cnosa: mpomexyrounoe ckperienue tuna KIII1-5; ynpyras kinemma; )KeCcTKOCTb, CHIa IIPHKaThs

M. P. NASTECHIK?, R. V. MARCUL?, V. V. SAVYTSKYI®

'Dep. « Track and Track Facilities», 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 nastechik_mp@mail.ru,
ORCID 0000-0002-4178-6092

ZDep. « Track and Track Facilities», 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 guaranga_mr@mail.ru,
ORCID 0000-0002-7630-8963

®Dep. « Track and Track Facilities», 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 savitskyi@mai.ru,
ORCID 0000-0002-9460-3915

ELASTIC DEFORMATIONS IMPACT IN ELEMENTS
OF THE RAIL FASTENING, TYPE KIIII-5 ON A SIZE
OF PRESSING FORCE OF THE RAIL TO THE SUBRAIL BASIS

Purpose. The railway transport is one of the most important links in economy of Ukraine, and it is a basis of its
transport system. As the majority of freight transportation of coal and metallurgical industry is conducted by railway
transport, its effective use is a necessary condition of stabilization and development in economy of Ukraine. One of
the strategic works connected with implementation of high-speed train service in Ukraine is the reliable work ensur-
ing of connection of intermediate rail fastening during operation. For engineering works, according to the contents
and repair of fastenings the considerable share of labor expenses during operation of a way is necessary. One of do-
mestic intermediate fastenings which after long operational supervision has implemented into continuous operation
is the fastening, type KIIII-5. This fastening is a prototype of the Polish rail fastening type SB-3. After the long op-
eration in fastenings, type KIIII-5, a number of the shortcomings connected with premature refusal of its elements
was revealed. This in generally is connected with intensive reduction of size of pressing force of a rail to the subrail
basis. Therefore the purpose is the development of a technique and practical control devices concerning a condition
of work of a rail fastening knot, type KIIII-5 at operation. Methodology. The assessment of various factors impact
at a size of pressing force of a rail to the subrail basis in the knot of a rail fastening, type KIIII-5 at operation is the
foundation of the research method. Findings. By means of the developed technique and practical control devices it
was established: the general reduction of pressing force of a rail to the subrail basis during one 77=0-800 mill.
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tons gross., taking into account influence of various factors, may constitute P, =4,93 kN. Originality. Accord-

ingly to the obtained results the author firstly described and expressed by empirical dependence the process of
change of pressing force of a rail to a subrail basis in a fastening, type KIIII-5 after the admission of T, one mill.
tons gross. Practical value. The device design is developed for control of elastic properties and a numerical assess-
ment of pressing force decrease of the terminal to a rail depending on the passed tonnage.

10.

11.

12.

Keywords: intermediate fastening type KIIII-5; elastic terminal; stifness; pressing force
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THE MEASUREMENT METHODOLOGY IMPROVEMENT
OF THE HORIZONTAL IRREGULARITIES IN PLAN

Purpose. Across the track superstructure (TSS) there are structures where standard approach to the decision on
the future of their operation is not entirely correct or acceptable. In particular, it concerns the track sections which
are sufficiently quickly change their geometric parameters: the radius of curvature, angle of rotation, and the like. As
an example, such portions of TSS may include crossovers where their component is within the so-called connecting
part, which at a sufficiently short length, substantially changes curvature. The estimation of the position in terms of
a design on the basis of the existing technique (by the difference in the adjacent arrows bending) is virtually impos-
sible. Therefore it is proposed to complement and improve the methodology for assessing the situation of the curve
in plan upon difference in the adjacent versine. Methodology. The possible options for measuring horizontal curves
in the plan were analyzed. The most adequate method, which does not contradict existing on the criterion of the pos-
sibility of using established standards was determined. The ease of measurement and calculation was took into ac-
count. Findings. Qualitative and quantitative verification of the proposed and existing methods showed very good
agreement of the measurement results. This gives grounds to assert that this methodology can be recommended to
the workers of track facilities in the assessment of horizontal irregularities in plan not only curves, but also within
the connecting part of switch congresses. Originality. The existing method of valuation of the geometric position of
the curves in the plan was improved. It does not create new regulations, and all results are evaluated by existing
norms. Practical value. The proposed technique makes it possible, without creating a new regulatory framework, to
be attached to existing one, and expanding the boundaries of its application. This method can be used not only for
ordinary curves, but for very short sections, the curvature of which changes abruptly to its opposite value.

Keywords: methodology; irregularity; measurement; plan of a railway track; curve assessment in plan

to eliminate them. For the track state establishment
Introduction in accordance with the maintenance norms the
instrumental methods was used to evaluate its
status.

In practice, the geometric position of the curve
in plan is checked by means of traditional methods.
These include: versine method [8], Hoffer’s method
[4] and the method of Honikberg [6]. The first two
methods, can be usually use in the operation
portion of the curve, the latter is the design of the
reconstruction and repairs of the road.

The above mentioned versine method based on
the measurement of deflections f; (Fig. 1) when
fixed value of the chord length through a specific
length [8].

On the Ukrainian railway network for the past
several decades has been a tendency to increase the
speed of motion [9], which obviously leads to the
revision of existing and the creation of new
regulatory documents. This applies to rail transport
as a whole and of its individual farms. In
particular, the track facilities directly involved in
the maintenance and repair of road infrastructure.

Quite a significant impact on the performance
of traffic safety, smooth running and ride comfort
passengers in the general case affects not only the
plan and profile of the railway track, but also the
presence of geometric and strength irregularities.
Existing regulations govern not only work to
prevent occurrence of malfunctions during
operation, but also the necessary course of action
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Fig.1. The bend versine
measurement scheme

Method of Hoffer, which was forgotten over
the last few decades, has been modified (Fig. 2)
and found further application in practice [3].

- 3 th chord. measured 1.
ijl-l-" 4 -point

Fig.2. The Hoffer modified method

For the design of the second track and
reconstruction of the existing railway survey
curves can also be performed using the method of
Honikberg (Fig.3).

Fig.3. Curve measurement scheme
by the Honikberh method:
BC — beginning of curve; EC —end of curve

All above-mentioned methods linked with
geometric point of view can be listed in one
another.

On foreign railways, the assessment of the
position of curves in the plan is treated similarly to
that in the domestic railways using the versine
method [12, 10].

The modern methods of valuation of railway
track plan include [5, 7]:

— survey using modern total stations;

— the use of track measuring cars;

— survey using the benchmark system;
— plan survey with track measuring cars;
— use of track measuring trolleys.

Fig.4. The crossover general scheme:
S1 —first switch; S2 — second switch

Therefore it is necessary to create a metho-
dology that would give the opportunity to get
versine to any position on the track section in the
plan and to assess its state according to the
difference obtained in related deflections.

Purpose

It is important quickly, efficiently and timely to
perform routine maintenance and repairs for
workers of track facilities. Based on this principle,
it is necessary to develop a methodology for
assessing the phase position of the road in such
a way as to reduce the time spent on measurement
and processing of the results. Thus as much as
possible to use the existing regulatory framework
relating to the issue of determining the position of
the curve in the plan.

Methodology

— First, it is necessary to analyze the possible
methods of assessing the position of the curve in
the plan and to identify their main advantages and
disadvantages. The following methods are taken
into account:

— the position of the joints of rails using
diagonals;

— method of linear serifs (polar method);

— position of connecting track ordinates of the
basic line, that is broken outside of the track;

— measurement of horizontal angles in the plan;

— the position of the curve with the ordinate
from the baseline, that is located between the rail
thread.
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As a primary or reference, the most extensively
used on the railways of Ukraine is the versine
method. AIll other proposed methods will be
theoretically checked and compared with the
versine method.

Method of assessment of the joints using
diagonals is to measure the distances d;, d,, ds, ds
(Fig. 5).

The measured diagonals in pairs should be
compared (dy i dg, da i d).

Real state

Design state

Fig. 5. The joints measuring position scheme

The diagonals must have the following value:

d; :VAZJFBin

1
o= R By ®
In turn:
A=R,—(R, —S-)COSOL,
A= S o
i =(R, —S;,1)sina,
Bi+1 =(R, - S;)sina, i=135.., 2n+1.

where R, — the radius of the outer rails; S; — track
width, measured in the appropriate section; a — the
angle formed the normals to the curve at the
measurement points:

o=—2, 3)

where |, — the length of the outer rails between the
measurement points.

If the pair of the measured diagonals are not
equal, there are horizontal irregularities. The
difference of pairwise diagonals characterizes
irregularities in plan or disagreements rail joints.

But to evaluate geometric inequalities, their
length lineq and amplitude bineq placed between the
joints or between the cross-sections are almost not
possible. Therefore, the assessment method
application of the joints using diagonals makes it
impossible to get the versine at intermediate points
in the future. In this case it is necessary to identify
the additional points on the irregularities. If the
joints are not on squares (overlapping joints on the
value of (a), the task on the assessment of
horizontal irregularities is complicated. Moreover,
as the source the radius and length of the outer and
inner rail filaments between the points of
measurement should be known. This method is
appropriate to use in areas where the rails have the
same length, i.e. in a straight line.

When using the method of linear serifs (the so-
called polar method) the base with the length S
should be set outside of the track. The checkpoints
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divided the track into segments of any length
(Fig. 6). From the first base station the distance a;
is measured to control points. From the second
base station the distance b; is measured to the same
checkpoint.

Tha angles a;, fi can be found with the formula:

S*+a?—b’
o; =arccos| ——— |,
23;S
S*—a’+b?
2b.S '

(4)
Bi = arccos[

The coordinates X; and Y; for each point of
measurement can be set from the expression:

X-:S thl ,
tga; +tgp; 5)
tga; -1g9B;

Y =5 21 YR
tga,; +tgp;

—

~_basis line

The test measured coordinates for each point
can be done on the other side of the curve, with the
set on the new basic line and following the same
procedure.

The measurement error increases Wwith
increasing distances a; and b;, therefore, the basis S
should be placed as close as possible to the track.
The main disadvantage is the fact that when
determining the curvature of the track in adjacent
points, it may suddenly change due to the
measurement errors.

Next on the list for comparison is a method of
ordinate measuring from the baseline, set outside
of the track. For this purpose it is necessary to fix
a baseline, if it is possible, within the subgrade. For
further measurement of ordinates a baseline should
be divided into a control point for measurement,
the distance between which aj, ay, as, ..., a, they
are not necessarily identical (Fig. 7).

Fig. 6. The linear serif method

| 1 station

2 station

Fig. 7. The ordinate measurement scheme from the basic line is broken on the sidelines
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From control points perpendicular to the
baseline the segments are laid before crossing with
a rail thread of the track.

During the survey the great attention should be
paid to the deposition of the perpendicular line
from the baseline. To perform such an operation is
difficult, especially when the ordinate value is
more than 1 000 mm. The geometric position of
the curve is determined by the results of the
measured ordinates.

The problems of measurement of this method is
that the values of ordinates are set according to the
outside edge of the rail. And therefore, it is also
necessary to determine the wear of the rail head at
each point. And also the fact that the stations for
baselines need to fix reliably it cannot be ignored,
because during the crossing of trains on a site is
not only by their displacement. This all leads to
significant thief of working time.

Alternatively, the position of the curve in the
plan can be measured with horizontal angles.
Usually these cases arise within the seam zone
during the connecting of two rails (Fig. 8).

The angular displacement of the rails during
operation may occur due to insufficient lateral
stability of a rail-sleeper grid, due to the stiffness
of the rails, which are trying to recover the initial
shape to the bending, the reducing the regulatory
pressing force of the terminals, hijacking ways and
the presence of temperature forces in the rails in
the summer, that can lead to a zero gaps and
incorrect location of the sleepers in the curve.

Fig. 8. Plan angle measurement scheme

The question how to measure the value of the
angle of impact arises immediately. To date, the
only value that characterizes the so-called angle of
impact, is the rate of loss of kinetic energy at
impact in switch rail [1]:

0o =V 2sin? B, (6)

where V — speed.

The maximum angle of impact, in turn, is
formed by a number of other factors:

COS‘Bimp = COSBn _Sgii (7)
0

where S, — initial arrow angle; 6 — the gap between
the crest of the wheel and rail; Ry — the initial
radius of switch rail.

The radius value is:

Ry = ©®)

o

where jo — fast (pulsed) centrifugal acceleration.

At the present time in different countries of the
instantaneous magnitude of centrifugal accele-
ration in the design adopted in the range from 0.4
to 1.0 m/s2 [13]. However, as shown the
theoretical and experimental studies, these values
can reach 2-2.5 m/s2 [11]. It is also necessary to
take into account the fact that the conditions of
interaction within the switch and curve are
significantly different. This is, firstly, the speed of
movement. Secondly, the presence or absence of
superelevation. Thirdly, the design features of the
switch rail which, unlike conventional rail in a
curve are not fixed. And there are more many other
factors that affect the interaction of track and
rolling stock. Therefore, to assess the position of
the curve in terms of the magnitude of impact
angles is possible, but not entirely correct. The
speed limit in the zone of angles arise in the plan
can be set by changing the width S, relative to the
regulated value S; [2].

The latest from considered methods is the
position of the curve with the ordinate from
baselines rail that is located between the filaments
(Fig. 9). The ordinate dimension from the rails to
the base line, broken on the outside of the track or
between the track is taken as bases(see Fig. 7).

The problem of using this method is that
current regulations do not regulate the procedure
for the use of the measured ordinates.

The authors propose to estimate the position of
the horizontal curve on the ordinate, the value of
which is mathematically given by the deflections,
comparing which can get the status of the curve.
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basis line

Fig. 9. The ordinate measurement scheme from the basic line is located between rails

Fig. 10 shows the calculated scheme of the
transition from the axis, measured along the
perpendicular to the baseline, omitted at the points
A, F, B, to the versine FE, measured from the
center of the chord length a.

Denote the versine of FE in i point using fi.
Ordinates, measured in the i-th and neighboring
points, in accordance F; and Fii, Fi;;. From geo-
metrical considerations we can write the formula
for the determination of versine f;, measured from
the center of the chord length a.

Given the fact that in real conditions, the angle
o has a value close to zero, so cosa =1, then we
can write:

1

_E(

where F;, Fi.1, Fi+1 — ordinates, measured from bais
line, mm.

For testing the methods it is necessary to
conduct field measurements in real conditions. In

f=F

Fai+F)

(9)

practice, to fix the base for the measurements (see
Fig. 9) between the rails is difficult. It is proposed
to consolidate and remove ordinates track template
(Fig. 11). Obtained values of the ordinates must be
transformed into the versine at the value of the
chord a. Actually, the question arises about the
chord length when this method will provide
accurate information.

According to [2] the curves are estimated by
the difference in adjacent deflections only when
the chord length is a=20 m. Show that for short
irregularities in plan, the length of which is less
than the length of the chord, it makes no difference
how long the chord to assess the condition of the
curve is. The allegations are originate from the
following calculations.

Consider the case depicted in Fig. 12. Let there
exist a curve, which in the i point has a horizontal
inequalities with amplitude bj,eg and length line< a.

b

Fig. 10. Design scheme of transition from the measured ordinates F to versine f
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i+2

a=20

Fig. 12. The determine correlation scheme between
versine differences at different chord length

For an ideal (theoretical) curve 2, = f;° and

12, = 12 . In case of occurrence of irregularities
and offsets of the i-th point on the value bjq the
following relations are fair:

20 _ £20 . 10
fi ~ fti +b|neq1 fi

£20 L §20 bineq .
i-2 7~ Mti-2 T ’
2

_ £10 .
~ fti +bineq7

b (10)

flO ~ flO ineq
i-1

~ i T :
2

Then, the difference of the deflections at
20 meter chord would be:

AP = 20 £29 =%b (11)

ineq *
For the 10 meters chord the result is similar:

Af© = 120 _ g0 = 3

2 ineq * (12)
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Therefore, the difference in adjacent versine at
20-and 10-meter chord are the same, that gives
grounds to assert the requirement of assessing the
state of the curve only on the statutory regulations
of the chord length. Accordingly, the phrase in
paragraph 2.1.2 [2] «...the difference of adjacent
versine, measured from the midpoint of the chord
length of 10 m shall be no greater than 5 mm» is
incorrect and inappropriate.

The section was divided in 1 m and the
dimensions of the versine was carried out at
10-meter chord (the curve radius R=300 m).

Table 1

The measurement results of the curve
position in plan

1 302
2 326
3 344
4 362
5 374
6 388 37 35 )
7 401 38 39 L
8 405 37 38 L
9 402 34 31 3
10 401 33 31 )
11 405 34 35 L
12 398 29 30 L
13 390 o8 30 )
14 381 27 28 L
15 366 27 28 L
16 352 21 20 L
17 336 19 18 L
18 315
19 304
20 275
21 260
22 239

Table 1 shows the actual F; ordinate measured
versine ™ and calculation versine f,

obtained by the ordinate transformation using the
proposed method.

Findings

A comparison of the calculated with the
proposed method and measured versine showed
a small absolute error, which is well within the
measurement error. Thus, it can be assume that the
technique can be used to assess the status of the
curve track section with an abrupt change of
curvature.

Originality and Practical value

The proposed improved method of estimating
the position of the curve in plan, quickly changes
its curvature and has bumps that are shorter than
the chord length.

The results showed that this method is quite
simple and convenient to use to perform naturals
measurements using the least amount measuring
means. And also thanks to the simplified method
for data processing and the lack of controversy
regarding the existing regulatory framework the
speed limit on a given stretch of road can be set at
once.

Conclusions

1. The existing methods of estimating the
geometric position of the normal curves in plan in
the operation and design of repairs to the track are
analyzed.

2. A comparative analysis was realised and
the main advantages and disadvantages, limits of
the application of existing methods were
determined. The most suitable option for detailed
analysis was determined.

3. The mathematical combination of the
existing and proposed methods was developed.

4. The qualitative  and quantitative
verification were conducted. The results showed
the adequacy of the proposed methodology and the
absence of contradictions.

5.  The suggestions regarding the editing of
paragraph 2.1.2 Instructions on the device and
maintenance of the tracks of the Ukrainian
Railways [2] were provided.
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YCOBEPHIEHCTBOBAHUE METOJAUKHW U3MEPEHWSI
I'OPU3OHTAJIBHBIX HEPOBHOCTEMU B IIVTAHE

Henn. B macmrabax Bcero Bepxuero crpoerus mytu (BCII) cymiecTByOT Takne KOHCTPYKIHH, Il CTAaHIapT-
HBIE TOAXOIBlI K MPUHATHIO PEUICHUS O JaJbHEHIIeH MX SKCIUTyaTallil HE COBCEM KOPPEKTHBI WM MPUEMIIEMBI.
B uacTHOCTH, 3TO Kacaercsi ydYaCTKOB ITyTH, KOTOPBIC IOCTATOYHO OBICTPO MEHSIOT CBOM T'€OMETPHUYCCKHE
napaMeTphl: paanyc, KpUBU3HY, YTOJl MOBOPOTa U ToMy Tojo0Hoe. B kauecTBe nmpumepa, k TakuM ydactkam BCII
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MOJXHO OTHECTH T€ CTPEJIOYHBIE CBE3IbI, B IPEAeax KOTOPBIX HAXOOUTCS COCTaBIIAIOMIAsl, TaK Ha3bIBacMas
COCOUHUTEIIbHAA 4aCTh, HA JOCTATOYHO KOpOTKOI‘x’I JUIMHE CYLICCTBCHHO MCHSIOMIAsi KPUBHU3HY. OILIEHNTD TTOT0KEHNE
B IUIAHE TaKOH KOHCTPYKIIMHM Ha OCHOBC CymeCTBy}OHleﬁ METOAUKU (HO pasHMIIC B CMEKHBIX CTpeiax I/I3FI/I6a)
MPaKTUYECKH HEBO3MOKHO. [loaToMy B HcclieioBaHUM TNpejiaraeTcs JONOJHUTh U YCOBEPIICHCTBOBATh METOIUKY
OLIEHKH TOJIOKEHMSI KPUBOM B IJIaHE IO pPa3HUIE B CMEXHBIX CTpeiax n3ruba. Meroauka. [Ipoananu3npoBaHbl
BO3MOXXHBIE BapHaHTbl H3MEPEHUS TOPU30HTAIIBHOIO TMOJIOXKEHHSI KPHUBBIX B IIJIaHE. Onpeﬂeﬂeﬂa Hanboiee
aJIcKBaTHass METOJUKA, KOTOpas HE IPOTHUBOPCUYUT CymCCTBonmeﬁ 0 KpUTEPUIO BO3MOKHOCTH HCIIOJIb30BaHUS
YCTaHOBJICHHBIX HOPMaTHBOB. Bo BHUMaHue Takke MNpUHUMaJach MPOCTOTA I/ISMepeHI/Iﬁ U pacyera. PesynLTaTbl.
KauecTBeHHAs M KOJHWYECTBECHHAS BepI/I(bI/IKauHﬂ HpeﬂHO)KeHHOﬁ u cymGCTBy}omei/'I METOJIUK IIOKa3zajla O4Y€Hb
XOpoIlIee COBIAJACHUEC PE3yJIbTaTOB H3M6p6HI/II>'I. DTO HaeT OCHOBAHUSA YTBEpKAaTh, 9TO JaHHYIO METOJAUKY MOKHO
PCKOMCHI0BAThL pa6OTHI/IKaM IIyTEBOT'O XO34HMCTBA B OIICHKE TOPHU30HTAJIbHBIX HepOBHOCTeﬁ B IUIAHE HE TOJIBKO
B KpHMBBIX, HO H B IIpeaeiiax COCIUHUTEIIPHOM YacTH CTPCIOYHBIX CBhE3JIOB. Haquaﬂ HOBHU3HA.
VCOBepH_IeHCTBOBaHa CYHIIECTBYIOIIAsA MCTOAMKA OLICHKH I'€OMETPHYSCKOTO MOJ0KCHHSA KPHUBBIX B INIAHC. HpH 3TOM
HC CO3/Ial0TCsI HOBBIC HOPMATHMBBI, @ BCC MOJTYYCHHBIC PE3YyNbTaThl OICHUBAIOTCS IO CYIICCTBYIOIIMM HOPMaM.
HpaKaneCKaﬂ 3HAYUMOCTD. HpezmaraeMa}I METOAUKA JAacT BO3MOXKHOCTH, HC CO3/1aBas HOBYIO HOPMATHBHYIO
6a3y, MPUBS3BIBATHCA K CYIIECTBYIOUIEH, M pACIIMpSAET TpaHULbl €€ NpUMEHeHUs. [[aHHyl0 METOJUKY MOXHO
NPUMEHATh HE TOJIBKO JUIA OOBIYHBIX KPHUBBIX, HO U I OYE€Hb KOPOTKHUX YYacCTKOB, KpMBH3HA KOTOPBIX PE3KO
MEHSIET CBOC 3HaUCHHME HAa MPOTHUBOIIOJIOXKHOE.
Knroueswvie cnosa:. METOINKA, HEPOBHOCTh; UBMEPCHHUS, MJIaH IIYTH; OLICHKA COCTOSIHUS KPUBBIX B IIJIAHE

0. M. TIATJIACOB?, C. 0. TOKAPEB?”

'Kad. «Kouist Ta koiiine rocogapctso», JHIIPONeTpOBCHKHIA HALIOHAILHII YHIBEPCHUTET 3a/Ti3HIYHOTO TPAHCIIOPTY
imeni akagemika B. Jlasapsina, Byi1. Jlasapsna, 2, JIninponerposcbk, Ykpaina, 49010, ten./¢axe +38 (056) 373 15 42,
eJ1. morrra am_patlasov@ukr.net, ORCID 0000-0003-2081-5648

Z"Kad. «Kouist Ta kosiiine rocnogapctso», JHIIPONeTpOBCHKHiA HALIOHAIBHIIN YHIBEPCUTET 3a/1i3HIYHOTO TPAHCIIOPTY
imeni akagemika B. Jlazapsiaa, By Jlasapsina, 2, JuinponerpoBcsk, Ykpaina, 49010, ten./daxc +38 (056) 373 15 42,
en. morura tokarevsergeyaleks@yandex.ua, ORCID 0000-0002-2607-3123

YAOCKOHAJIEHHA METOJIUKH BUMIPIOBAHHSA
TOPU3OHTAJBHUX HEPIBHOCTEH Y ILJIAHI

Mera. B maciitabax Beiei Bepxuboi 6ymoeu komii (BBK) icHyr0Th Taki KOHCTpYKIIii, Ie CTaHAAPTHI MiAXOAU 0
NPUIHATTS PIILICHHS 1010 MOJAIIBINOT iX eKcIuTyaralii He 30BCiM KOPEeKTHI a0 MpUUHATHI. 30KpeMa, 1€ CTOCYETh-
Csl TUISTHOK KOJIii, SIKi JIOCHTh IIBHJKO 3MIHIOKOTH CBOI F€OMETPHUYHI MapaMeTpH: paiiyc, KPUBH3HY, KYT MIOBOPOTY
tomo. Sk mpuknaa, a0 Takux nuITHOK BBK Mo)kHa BiHECTH Ti CTpUTOYHI 3’1311, B MEXaX SKHX € CKIaJ0Ba, TaK
3BaHa 3’€JIHyBaJIbHa YacTHWHA, KOTpPa Ha JOCHTh KOPOTKIH JIOBKHMHI CYTTE€BO 3MIHIOE€ KPUBHU3HY MLi€l YacTHHH.
OLiHUTH TOJIOKEHHS Yy IUTaHi Takoi KOHCTPYKIIi 3a iCHYFOYOK METOJHMKON (32 PI3HHIECI B CYMDKHHX CTpiiax
BUTHHY) MPAaKTUYHO HEMOXUIHBO. TOMY B JOCII/UKCHHI HPOIOHYETHCSA NOIMOBHHUTH Ta YAOCKOHAIMTH METOIHKY
OIIHKH TIOJIO)KEHHS KPHUBOi y IDIaHI 32 PI3HUISAMH B CYMDKHHX CTpinax BuruHy. Metoamka. IIpoaHamizoBaHO
MOJKJIMBI BapiaHTH BUMIpIOBaHHS TOPH30HTAIHHOTO IMMOJIOKECHHS KPUBHX y IUIaHI. Bu3HaueHO HAWOLIBIT ageKBaTHY
METOAMKY, fKa He CYNEpeUYnTh iICHYIOUil 3a KPUTEPiEM MOXKIMBOCTI BUKOPUCTAHHS BCTAHOBJICHHX HOpPMATuBiB. J[0
yBard TakoXX MpHHAMaiach MPOCTOTa BHMIPIOBaHb Ta po3paxyHKy. PesyabTaTm. fKicHa # KinbKicHa BepHdikaris
NPUBEJICHOT METONUKHM TOKaszana [yxke Jo0puil 30ir pe3ynbTaTiB BHMIpIOBaHb 3alpOIIOHOBAHOI Ta iCHYIOYOI
Mmeronuk. lle nae migcraBu CTBEpIPKYBaTH, LIO JaHy METOAMKY MOXHA PEKOMEH/yBaTH MpalliBHUKaM KOJIHHOTO
TOCIIOJIaPCTBA 11010 OLIIHKK TOPU30HTAIBHUX HEPIBHOCTEH y IUIaHI He JIMIIE B KPUBHX, a M Y MexKax 3’ €JJHyBaJIbHOI
YacTHHU CTpUIoyHMX 3’i37iB. HaykoBa HoBHM3HA. BJoCKOHalIeHO iCHYIOWY METOJMKY OIIHKH TI'€OMETPUYHOTO
TIOJIOKEHHSI KpWBHUX Yy IuiaHi. [Ipy 1jboMy He CTBOPIOIOTbCS HOBI HOpPMAaTHBH, a Bce 0a3yeThCsl Ha ICHYIOUHX.
IIpakTHyHa 3HAYMMicTh. 3aIPOIIOHOBAaHA METOJMKA JA€ MOJKJIMBICTH, HE CTBOPIOIOYM HOBY HOPMATHBHY 0a3sy,
NpUB’S3yBaTUCh IO ICHYIOYOi, Ta pO3MIMpIOe Mexi ii 3acTocyBaHHA. [laHy METOAMKY MOYKHa 3aCTOCOBYBATH HE
TUIBKH JUIS 3BUYAHHUX KPUBHX, a W JUIS Ay’Ke KOPOTKUX AUITHOK, KPpUBH3HA SIKMX PI3KO 3MIiHIOE CBOE 3HAYCHHS Ha
NPOTHIICKHE.

Knrouosi crosa: MeToanKka; HEpiBHICTh; BUMIPIOBAHHS; IUTaH KOJIii; OILliHKA CTaHy KPUBHX Y IUIaHI
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CPABHUTEJBbHBIA AHAJIN3 KOMILJIEKCA MEXAHUYECKHX
CBOMCTB, IOJYUYEHHBIX IIPU UCITBITAHUSAX TOTOBBIX
BOJITOB U OBTOYEHHBIX OBPA3I1OB

Hean. PaboTta HampaBlieHa Ha aHAIH3 SKCICPUMCHTANBHBIX PE3yJIbTATOB IMPH HCIBITAHUSIX HA PACTHKCHHE
TOTOBBIX OONITOB M OOTOYEHHBIX OOPA3IOB C WCIIOJHE30BAHHEM MPHHIUIIOB T'€OMETPUICCKA-CTPYKTYPHOTO YIIPOY-
aenns (CCY) metammonsaennii. Meroauka. VICTIBITaHHS Ha OJJHOOCHOE PACTSKEHUE TIPOBOIMINCEH Ha TIOHOPa3Mep-
HBIX 00JITaX ¥ 0OTOYEHHBIX 0bpasiax jo quamerpoB 10 n 8 MM Ha ucnbrTatenbHoM Manmae FP — 100/1 ¢ 3anmceio
MOJHOM Juarpammsl aedopMaly U paspyuieHus. Pe3yabTaThl. YCTaHOBICHO, YTO YPOBEHb MPOYHOCTH KAdecT-
BEHHO M KOJIMYECTBEHHO OKAa3bIBaeT PA3IMUHOE BIMSHUE HA COOTHOLICHUE XapaKTEPUCTUK COIIPOTUBIICHHS ILIACTH-
4yeckoit Jedopmaliin, XapakTepUCTHK IUIACTUYHOCTH U CONPOTHBIICHUS BSI3KOMY Pa3pylLICHHUIO, ONPEesIeMbIX Ha
Oositax 1 00TOYEHHBIX 0Opa3iax. [IpoBeAeHHbINH aHaIN3 TONTYyYSHHBIX PE3yJbTATOB IOKa3all, YTO KOMIUIEKC MeXa-
HUYCCKUX CBOMCTB, OTPEACISICMbIi MPH UCTIBITAHUSIX TOTOBBIX 0OJTOB, 00OJIee afeKBaTeH X MEXaHHMYCCKOMY TOBE-
JICHHUIO TIPY SKCIUTyaTalldH, YeM HCCIIEAOBaHUs Ha OOTOYCHHBIX oOpasiax. [IpuBejcHHBIC 00BICHCHHS OCOOCHHO
BaXKHBI JUIS CAATOYHBIX HCIBITAHUN 00NTOB Kiacca mpouHoctd 8.8 u Bhimie. Hayunasi HoBu3Ha. BriepBbie dkciie-
PUMEHTAIEHO TIOKA3aHO, YTO CUCTeMa (PYHKIIMOHAILHBIX HAJIPE30B HA KOHKPETHBIX METAJUIOM3/ICIHIX MOXKET OKa-
3BIBaTh KaK yNPOYHSIOINIEE, TaK U Pa3yIPOYHSIONICE BIUSIHUC HA XapPAKTCPUCTUKU COMPOTHBIICHUS IUIACTUYCCKOM
nepopmanuu. JlaHo 00BscHeHHWe HaOmOmaeMoro (eHOMEHa Ha OCHOBE HM3MEHCHHS COOTHOIICHHS ITOKA3aTels
KOHLIEHTPALMM HANPSOHKEHHH ¥ CTENCHHM JKECTKOCTH HAINPSHKEHHOTO COCTOSHHMS B O0JNACTH  HAApE30B.
IpakTuyeckas 3HaYMMOCTh. OrpaHHYCHHE MEXaHMYECKUX HCIBITAHUN TONBKO TOTOBBIMH OOJITAMH, KpOME
MoJy4eHHs: OOJBIIET0 COOTBETCTBUSI OMNPE/CISIEMBbIX CBOHCTB OOJNTOB HMX KOHCTPYKTHBHON MPOYHOCTH MpPHU
9KCILTyaTallu, CIOCOOCTBYET YMEHBILICHUIO O0IIeH JUTUTETbHOCTH U TPYA0EMKOCTH UCIIBITAHUIN B LIEJIOM.

Kniouegvie cn06a: BbICOKOTIPOYHBIE OOTHI; TOTOBBIE OONTHI; 00TOUYEHHBIC 00pa3Lbl; HCIBITAHUS HA PACTSHKEHHE;
MeXaHU4YeCKHE CBOWCTBA; HAape3

HOBHBIX THIIOB COC):[I/IHGHI/II‘/‘I, B TOM 4YHUCIIC U IJI
000pyIOBaHUS  KEIIC3HOJAOPOKHOTO TPAHCIIOPTA

H3BecTHO, yTO GONTOBBIE coeqMHEHHA y310B [1, 5, 7, 9, 13]. Yka3aHHBIA THUI COEAMHEHHH yC-
MalliH M KOHCTPYKLUH SBIAIOTCA OJNHUM M3 OC-  IIEMIHO KOHKYPHUPYET CO CBApHBIMH COEIWHEHMS-

BBenenue
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MU, OCOOCHHO TIPH BBICOKOM YPOBHE YNPOYHEHHUSI
MaTepuaia CoeIMHAEMBIX y3ioB. [Ipu 3ToM peanu-
3yeMasi SKCIUTyaTalMoOHHAast IPOYHOCTh OOJITOB Kak
OCHOBHOW YacTH OOJTOBOTO COETWHEHHS CYIIEeCT-
BEHHO BIHMSCT HAa KOHCTPYKTHBHYHO MPOYHOCTb
(KIT) Bcero arperara. ITosTomy ansi OONTOB, Kak
BIIPOYEM M JIS JIIOOOTO JIPYTOro W3MAENHs, BaKHA
CTereHb KOPPEKTHOCTH METOIUKHU CAATOYHBIX HC-
MBITAHUH C YYEeTOM YCIOBHW HATPYXCHUS IPU
SKCIUTyaTalllH.

JledcTByOIMMHU CTaHJApPTAMM HPEAYCMOTpE-
HO, KaK OJHO M3 OCHOBHBIX, UCTIBITAHHE HA OJHO-
OCHOE pacTsHKeHHe OOBEKTOB JBYX THIIOB. TOTO-
BBIX 0OOJITOB M 00TOYEHHBIX (C yIaJeHueM pe3nObl)
ragkux oOpasnoB. Kak HU CTpaHHO C TO3HIIHA
ocHOBHBIX nonoxenut KI1, HO pe3ynbTaThl MMEH-
HO TIOCJIEJHUX HCIBITAHUH TMPEANHCHIBACTCS HC-
MOJIb30BaTh MPU pacueTax OOJNITOBBIX COCTUHEHUH,
YTO HE YYUTHIBAET (PAKTHUCCKOE BIMSIHHE HA KOM-
TUIEKC MEXaHHYECKHUX CBOMCTB TOTOBBIX OOJTOB
(YHKIMOHAIBHEIX HaApe30B (pe3nObl). YKa3aHHOE
BJIIMSHHUE ONpeAeiseT AeHCTBHE Haape3a, KaK KOH-
[EHTpaTOpa HANpsHKEHWH B MPHUIIETAIONUX 00be-
Max 00BEKTa, 9TO MHUPOKO U3BECTHO, TaK U (PaKTo-
pa, U3MEHSIONIETO CTENEHb KECTKOCTH HaIpPsKECH-
HOT'O COCTOSIHHA B T€X e 00beMax, 4TO U3BECTHO
B MeHbllel creneHu. [loaToMy Hamuuue Hajpesa
(Hampe30B) MOKET MPHBOAUTH Kak K 3 eKTy no-
MOJHUTEIBLHOTO YIPOYHEHUs] B TEPMHHAX HOP-
MaJbHBIX HaNpsOKeHWH, Tak U K 3ddexry pazy-
MIPOYHEHUS, TI0 CPABHEHHWIO C pe3yibTaTaMH, II0-
Jy4eHHbIMHU Ha riankux obpasuax [2, 12]. Oxna-
KO, BJIMSIHME YPOBHS YIPOYHEHHUS Ha IOyYECHUE
3¢ (pexToB yIpOoUHEHHUS WIN Pa3yNpOUYHEHUS TPH
HAJIMYWH HAIPE30B HE HUCCIIETOBAHO.

HccnenoBanusM B 3TOM HANpaBICHUH 1O 0OJI-
TaM TIOCBSIIEHbl HEMHOTOUYHCICHHBIE pPabOTHI
[3, 6, 10], mpuuem B paborax [3, 10] Biusuue
pe3b0bl Ha CBOMCTBA YCTaHOBJICHO, a aBTOPHI pa-
00T [6] Takoe BIUSIHHE OTPUIIAIOT, XOTS MPHUBE-
JIEHHBIE B JTOW ke paboTe MaHHBIE CBUACTEIHCT-
BYIOT O HPOTHBOIIONIOKHOM. B 1e10M MOXHO 3a-
KIIFOUUTbH, YTO CUCTEMATHYECKUE UCCIEIOBAHUS 110
JIOCTYITHOHM nH(MOpMAIH B 00CYKIaeMOM HaIlpas-
JICHUU OTCYTCTBYIOT.

Hean

[lenbro paboOTHI SBJIAETCS aHATU3 dKCIIEPUMEH-
TaJbHBIX PE3YJbTATOB IPU UCIBITAHUIX Ha PacTs-
JKEHHE TOTOBBIX OOJITOB M OOTOYECHHBIX 00pas3IloB,

C WCITOJB30BAHUEM IPHUHIIUIIOB TE€OMETPHUUECKH-
ctpykrypuoro ynpounenus (['CY) merammonsse-
it [2].

MeTtoanka

B kauecTBe MaTepuaga HCIIONB30BAIN OOJTHI
pasmepamun M12x1,75x80 mm, M12x1,75x70 mm,
M12x1,5x80 mm, M12x1,75x100 MM U3 HU3KOYT-
JIEPOJUCTHIX M HHU3KOJETHPOBAHHBIX CTalleH, mo-
JyYeHHBIE XOJOAHOM BBICAAKOHN, TepMHUUECKOI 00-
paboOTKOI MO CTAaHAAPTHBIM TEXHOJOTHSAM METH3-
HBIX TPEANPHUATHN W MO OMBITHBIM PEKUMAM JUIsI
MOJYYCHUS] MEXaHHUYSCKHX CBOWCTB B WHTEpBAJC
4.8-10.9 xnaccoB npouynoct (Tabdm. 1).

Tabnuma 1
XapaKTepHCTHKH HCCJIeayeMbIX 00JTOB
Table 1

Characteristics of the bolts

Knacc
poy-
HOCTH

Mapxka

O6paboTka
cTanu

Pazmep, mm

XO0JIOIHAsA 00b-
€MHas IITaMIIOB-
Ka (XOII) +
ormyck 600 °C

M12x1,75x80 4.8 15kn

XO0JIOIHAsA 00b-
€MHasl IITaMIIOB-
Ka

M12x1,75x80 | 6.8 15kn

TEPMHUYECKOE
ynpodHeHue +
XOoI

M12x1,75x80 6.8 Cr31c

TECPMHYCCKOC
YHIpO4YHEHHUE +
XOII + medop-
MaIMOHHOE
CTapeHHE NpHU
300°C

XOIII + tepmu-
YeCKOe yMpoYHe-
Hue (3aKanka +
ormyck 420 °C)

XOII + Tepmu-
4ecKoe yIpoyHe-
HUE

M12x1,75x80 | 8.8 2012

M12x1,75x80 | 8.8 1012

M12x1,75x70 | 8.8 CrSmc
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OxonyaHue tabn. 1

End of table 1

Kiacc
poy-
HOCTH

Mapka

Pa3smep, mm
CTan

O6paboTka

XOII + Tepmu-
YECKOE YIIPOUYHe-
nue (3aKajika +
ormyck 420 °C)

XOIII + tepmu-
Y4eCKOe yNpoyHe-
Hue (3aKanka +
ormyck 420 °C)

XOII + Tepmu-
9ecKoe yIpodHe-
Hue (3aKanka +
ormyck 420 °C)

M12x1,75x80 | 8.8 20T

M12x1,5x80 | 10.9 3002

M12x1,75

<100 10.9

30Ir'1p

HcnbiTanus Ha OJHOOCHOE PACTSKESHHUE ITPOBO-
WM KaK Ha TOTOBBIX OOJITAaX, TaKk M Ha OOTOYEH-
HBIX 110 auameTpoB 10—8 MM oOpasrax ¢ MOTHBIM
yaajJeHueM pe3bObl. Vcmonp30Bany MaluHy TUIa
FP — 100/1, ucnbIThiBacMbie 00pa3iibl pa3Meriaid
B CIELHAIbHBIX 3axBaTax. VICIbITaHUS MPOBOIMIN
MPYU CKOPOCTH TepeMeIeHus 3axBaToB 1 MM/MUH
C 3alKChI0 TOJIHOM JUarpaMMbl PacTsDKCHUS.
KpoMe cTaHIapTHBIX XapakTepPUCTHK, OLICHHBAIH
paBHOMEpHOE VIUIMHEHHE KaK XapaKTePUCTUKY
nepexoja K MaKpOJOKAM3alluu IUIACTUYECKON
nedopmaryu [4]. YCIoBHYIO XapaKTEpPUCTUKY CKO-
POCTH MAaJCHMS HANPSDHKCHHS HA Y4acTKE JIOKAJIH-
30BaHHOU JehopMaIiy ONPEIESIsUId KaK OTHOIIIC-
HHE MMaJieHus] HOMHHAIBHOTO HanpsukeHus (Ao

wont)
OT €¢ MaKCHMAJIbHOTO 3HAYCHHS 10 3HAYCHUS CO-
OTBETCTBYIOIETO MOMEHTY paspyIleHHs K BEIU-
YMHE YAJMHEHHS Ha 3TOM YYaCTKe JIHarpaMMbI
(3,,.). Tun paspyuieHust IPH yKa3aHHBIX WUCITHITA-

HUSX OTPENEISIIA TI0 BHIY IUArpaMM PacTsDKEHUS
U XapakTepy MaKpOIOBEPXHOCTH pa3pyLICHHUSI.

AHanu3 MEXaHWYeCKUX XapaKTEePUCTHK, MOJIy-
YEHHBIX HA TOTOBBIX 00ITaxX W OOTOYEHHBIX 00pa3-
1ax, OCYLIECTBILIIN I COOTBETCTBYIOLIMX YPOB-
Hell ympouHeHus. s OOBSCHEHHS pa3iIHyudit
B TPOYHOCTHBIX XapaKTEPUCTUKAX HCIIOJIb30BAIH
TEOPETUIECKOe 3HaYeHUe KOA((PUIMEHTa KOHIICH-
Tpaiuu Hanpspkenui [8, 15].

JIOK

Pe3yabTaTthl

CBOlCTBa, TOJNYYEHHBIC MPH PACTIKCHHUU TO-
TOBBIX OONTOB M OOTOYEHHBIX 00Pa3IOB, MPUBEIE-
HBEI B Ta0n. 2 u 3, a 3aBUCUMOCTH Ha puc. 1-3 ui-
JIIOCTPUPYIOT BJIMSHUE YPOBHS YIPOYHEHHS Ha
Ka4eCTBCHHbIC (3HAK) M KOJNUYECTBEHHBIC Pa3Iiu-
IUS MEXaHWIECKUX XapaKTEPHUCTUK TOTOBBIX 0OJI-
TOB U OOTOYEHHEIX 00Pa3IIOB.

Kak crmemgyer w3 3aBUCHUMOCTEH, MpeCTaBJICH-
HBIX Ha puc. 1, BIHUsHWE YPOBHS yNPOYHEHHS Ha
COOTHOIICHHUE MPEJIEIOB MPOYHOCTH M TEKYy4eCTH
TOTOBBIX OOJITOB M OOTOYCHHBIX 00Pa3I[0B MOXHO
pa3zenuTh Ha JBa HHTEPBAa.

Tabnauna 2

MexaHn4ecKHe CBOMCTBA TOTOBLIX 00JITOB

Table 2

Mechanical properties of the finished bolts

Knacc Gy G
Mapra cram np;):: ” H/Ml\;IZ/‘% H/Ml\llzlzl/%
15kn 4.8 310 415
15kn 6.8 523 628
C13nc 6.8 613 712
2012 8.8 738 835
C15nc 8.8 745 904
1012 8.8 773 864
20 8.8 816 903
30Ir1p 10.9 967 1082
3012 10.9 1017 1116
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OxonyaHue Taba. 2

End of table 2

AG,
Mapxa cranu G, . % O % 8,0
Hivm?/%
15kn 11,1 19 14,3
15kn 6,15 10,8 32,3
Cr3mc 5,53 10,7 37,73
2012 7,23 11,8 46,4
CrSmc 6,39 10,5 58,3
1012 6 11 59,82
20r 6,49 10 56,4
30I'1p 6,62 9,7 95,89
3012 6,56 11 94,69

B HUHTCpPBajIax 3HAYCHUH npeaeia nNpoYHoCTU

Tabnuma 3

Mexanunyeckue cBoiicTBa 00TOUEHHBIX 00Pa30B
Table 3

Mechanical properties of the machined samples

10 800 H/MM® 1 mpeieNa TeKy4ecTH IPUMEPHO JI0
700 H/mm® Goee BEICOKHE 3HAYCHHS PacCMaTpH-
BAaEMBIX XapaKTEPUCTHK (UKCHPYIOTCS MPH HCIbI-
TAHHUAX TOTOBBIX OOJITOB, a BBILIE yKa3aHHBIX Ipa-
HUIT — JIJI1 0OTOYEHHBIX 00pa3IoB.

JlomonHuTENEHO HAaHECeHHbIE Ha puc. 1 3Haue-
HHS, COOTBETCTBYIOIINE AaHHBIM padotsl [6], xo-
POLIO COINacyloTCsl ¢ yKa3aHHBIMH MHTEPBajaMu.
Habnronaemple MakcHMalbHbIE pPa3IH4Ms B Xapak-
TEPUCTHKAX COMPOTHBICHUS IIACTUYECKOW Je-
dopmarmu Moryt mocturate 150-200 H/mm?, uto
3HAQUUTENBHO INPEBBIIIAET OMNOKY 3KCIEPHUMEHTA.
Ha ocHOBaHHHM 3TOr0 MOXKET MPOUCXOIUTH HEOI-
paBIaHHBIM IEPEBOA HCHBITHIBAEMOTO O0pasua
B MHOM KJIacC TPOYHOCTH.

Mapka Knace Go,2: O
CTaJIk MIPOYHOCTH H/MM2 H/MM2
15kn 4.8 2755 431
15kn 5.8 480 576
Cr3nc 6.8 554,5 633,5
2012 6.8 627 738,55
Cr5ne 8.8 7425 879
1012 8.8 840,5 909
20r 8.8 799,5 910,5
30I'1p 10.9 11315 1185
3012 10.9 1140 1183
OxoHuaHue Tabn. 3
End of table 3
N T I
cramu P 0bm * 10K
H/mm*%
15kn 21 33 12,61
15kn 6,1 13,74 20,39
C13nc 6,4 15,03 26,16
2012 8,8 17,53 32,77
Ct5mc 9,9 15,85 41,51
1012 9,4 17,03 47,78
20 91 16,76 43,14
30r1p 9,3 13,12 69,71
3012 8,2 14,43 73,6

CornacHo MOJNyYeHHBIM 3KCIIEPUMEHTATbHBIM
JaHHBIM IO MCHBITAHUSIM OOTOYEHHBIX OOpas3IoB,
pacdeT BBICOKONPOYHBIX OONTOB U  Ciydas
c, > 800 H/MM® mpHBeJeT K TOTyYCHHIO 3aBbI-
IICHHBIX PE3yJbTAaTOB MO CPAaBHEHHUIO ¢ (pakTHye-

CKAMH JUIA TOTOBBIX 00JNTOB. B pesymbraTte moiy-
YUM HUCKKEHHBIC TPEJCTABICHUS OTHOCHUTEIHHO
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HaACKHOCTU U JOJTOBEYHOCTH MX ITPU SKCILTyaTa-
un. C apyroil CTOPOHBI, KCHOJIb30BaHKE JTaHHBIX,
MOJIy4EHHBIX Ha OOTOYEHHBIX 00pasiax s Kiac-
COB TIPOYHOCTH TepBOro MHTepBana (puc. 1), mpu-
BOJUT K TNPOTHBOIOJIOXKHOMY IO XapakTepy 3¢-
(GeKTy — TMONYyYEHWIO 3aHMKEHHBIX JIAHHBIX.
B 3TOM citydae mpu MCHOJIB30BaHUH TOTOBBIX 0OJI-
TOB MOJIy4aeM HEONpPaBIaHHBIN IEPepacxol Me-
Taja.

_ Ac,, 150
a  mwe ‘

200

150

100 V’ﬂ

== \
EREELAS!

-100 X

-150

400 500 600 700 800 900 1000 1100 g, 1200

Hhnd

Acgy, 250
200

150

100 &

-100 N

-150 3

-200

300 400 500 600 700 800 900 1100

Puc. 1. 3aBUCHMOCTD Pa3HHUIIBI MEKIY
TpeesIaMu IPOYHOCTH (a) U IpeaeaMn
TekyduecTH (6) U TOTOBBIX OOJITOB
1 00TOYEHHBIX 00Pa3IOB OT YPOBHS
YIPOYHEHHMS 110 TIPEJIEeITy MPOYHOCTH (@)
U mpesieny Texyuectd (6):

M — TouKH, MOTyYeHHBIE 00PabOTKOM
JaHHBIX paboTsI [6]

Fig. 1. The dependence of the difference
between the tensile strengths (a) and yield
stress (b) for the finished bolts and welted
samples from the level of the hardening by

tensile strength (a) and yield stress (b)
- points obtained by processing data of work [6]

I/ICHOHB3OBaHI/Ie HpI/IHHI/IHOB FeOMeTpI/I'-IeCKI/I'
CTPYKTYPHOTO YIIPOYHEHHUS MO3BOJIHIO OOBSICHUTD
BIAMSHHE Haape3a WIH CHCTEMBI HAApPE30B Ha
HpO‘IHOCTHI)Ie XapaKTepI/ICTI/IKI/I METaJlJZIa TOTOBBIX
0O0ITOB.

W3meHeHne NMPOYHOCTHBIX XapaKTEPUCTHK Ha-
npUMep, Npeiesia TEKyYECTH, TP HaJIMYMU HaJpe-
30B, IO CPaBHEHUIO C HX OTCYTCTBHEM, MOKET
OBITH ONMCAaHO B TEPMHMHAX HOPMAJIbHBIX HAIps-
xeruil (Ac,). Yka3aHHas 3aBHCHMOCTb JUISL CITy-

Yasi MEITKUX HAJIPEe30B UMEET CeAyonmi Bu [2]:

:Tm' &_BO ’

Ao,
K’[

rae T, — Ipenen Tekydectd (B TepMHHAX Kaca-
TEIbHBIX HANPsDKEHHUI) oObeKTa 6e3 Hanpesa; 3, —

CTCIIEHb JKECTKOCTH HANPSHKEHHOTO COCTOSHHS
MeTajula B o0nacTu Hajape3os; K; — TeopeTHue-
CKuil KOA(pGHUIMEHT KOHIEHTPAMH HAIPSHKEHUH
B 00J1aCTH HAIpe30B, ONpelesieMblil TOIBKO I'eo-
MeTpuell Hajapesa; B, — CTENeHb JKECTKOCTH Ha-
NPSOKCHHOTO COCTOSIHUSI, OmpezeisieMast TOJBKO
CXeMOH Harpy>keHus1 00beKkTa, 0e3 Haape30B.

W3 ypaBHeHus cnemyer, uto B ciaydae Ac, >0
u B,/ K, >, noayuaem 3pdeKT ynpouHeHus, ec-
m xe Ac,<0u B,/K,< B, — adpdexr pazynpou-
Henus. Ilo meicTByrommuM craHmapTam, Ui 00J-
TOB C OOBIYHOW TeoMeTpUel pe3bObl, 3HaUYeHUE
TEOPETUYECKOro KodduIUeHTa KOHUEHTPALUH
HanpspkeHuH (K, ) MOXeT OBITh OLIEHEHO 110 COOT-

HOIIICHHIO.

rae |, u p, — rybuHa u paguyc «uHa» Hazapesa
COOTBETCTBEHHO. [Ins ciywass ucciaen0BaHHBIX
OONTOB OTHOIICHHWE YKA3aHHBIX XapaKTEPUCTHUK
SIBIIICTCSl TTOCTOSIHHOW BEIMYMHOW, paBHON ~4,5,
mpu a=1. C npyroit CTOPOHBI, ClIeTyeT YIUTHIBAT
3HaueHue 3¢ddextuBHOrO KoapduieHTa KoHIIEH-

TpalUu HaIPsLKEHUN (Kiq’d’ ), KOTOpBIH B ICHCTBH-

TCJIBHOCTHU JOJDKCH OIPCACIATH q)aKTI/I‘lCCKy}O
KOHICHTPAIUIO HaHpﬂ)KeHI/Iﬁ B OonaTe Inpu €ro Ha-

TpyKeHHUHU. 3HaUCHUE Kfq"i’ CBSI3aHO C BEJIMUMHOU

MJIACTUYECKOM peNlakcalliy yIPYTUX HampsiKeHUH,
KOTOpasd IMPUBOAUT K YBCIMYCHUIO 3HAUYEeHHUI Pu
1, KaK CIIEICTBHE 3TOT0, K CHIDKEHUIO KOHIIEHTpa-
un Hanpspkenwii [11, 14]. Kpome aToro, cremyer
YUUTBIBATh 3aBUCUMOCTD peilaKCaliun HaHpH)KeHI/Iﬁ
OT CTPYKTypHOTO COCTOSHHUS MeTajuia Ooura.
B ciydae Bo3pacTaHus ypoBHS YIIPOYHEHHUS CIIO-
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CcOOHOCTh MeTajula K peNlakCalluil HaIpsLKeHUH
cHwkaerca, a 3Hadenne K*® yBenmumpaercs.

CJ'IC,[[OB.’:ITCHLHO, npu CO6J'IIO,£[CHI/II/I YyCJ10BUsA

| K% > HaOMIOaeTcsT TEPBBIM  MHTEPBAI
n t 0 p p
(puc. 1), a xorma mocrosHHbIH poct K mpupo-

INT K coOmonenuto ycnosus [,/ Kfcbq) <f,, Ha-
YHHAETCs BTOPOH MHTEPBAll COOTHONIEHMS 3Haue-
HUI O, U O, A1 OONTOB U OOTOYEHHBIX 00Opa3-

1oB. J[pyrumu c1oBamMH, paccMaTpHBAEMOE COOT-
HOIIEHHE O, U Oy, I OONTOB M OOTOYEHHBIX

00pas3IoB B NIEPBOM HHTEPBAJIC ONPEACIACTCS YII-
POYHSIIONIMM, & BO BTOPOM — Pa3yHpPOYHSFONUM
s pexTom pe3nOsI.

Pasnuums B 3HAYCHMSIX XapaKTEPUCTHK ILIa-
CTUYHOCTU M COIPOTUBJICHUS BS3KOMY pa3pyliie-
Huto (puc. 2, 3) B 00IIeM MOATBEPIKIAIOT HETATHUB-
HO€ BJIHMSHHME Pe3bObl HAa yKa3aHHBIC XapaKTepu-
CTHKH.
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Puc. 2. 3aBUCMMOCTb PA3HHULIBI MEKILY
3HAYCHUSIMU paBHOMEpPHOTO (@)
1 06111ero (6) yUTHHEHHUS B 3aBUCUMOCTH
OT YPOBHs YIIPOYHCHUA 10 MPCACTY IMPOUYHOCTU

Fig. 2. The dependence of the difference be-
tween the values of the uniform (a) and the total
(b)
the elongation depending on the hardening
by tensile strength

B To e Bpems [ CTPYKTYPHOT'O COCTOSHUS
MeTallla TOCHE PEeKPUCTAIUTM3IIMOHHOTO OTXHTra
HAOIIOJAOTCS 3HAYUTENFHBIC PAa3INYKsd B OOIIEM
Y PaBHOMEPHOM YJTHHEHUSAX JJIs1 OOJNTOB M 00TO-
4yeHHBIX 00pa3ioB. C pocToM ypoBHS YIMPOYHEHUS
HaOIIOZaeMble pa3iiyus CHadajla CYIIECTBEHHO
YMEHBIIAIOTCS,, a 3aTéM BO3pacTaloT, XOTs
W He JIOCTaTOYHO MHTEHCUBHO. ['opaszmo Goxee 3a-
METHBIC Pa3JU4Us B TOJYYCHHBIX JaHHBIX HCIIbI-
TaHU# A7 O00oNTOB M 0OTOYEHHBIX OOpas3IOB Ha-
ONIONAIOTCST TIPU OIIGHKE IO CKOPOCTH TaJlCHHs
HOMMHAJIBHOTO HAINPSKCHUS Ha CTaJIUU JIOKAJIU30-
BaHHOW aedopmanuu u paspyurenus. [Ipomopimo-
HAJIBHO YPOBHIO TMPOYHOCTHBIX CBOWCTB MeTailia
BO3pACTAIOT U yKa3aHHbIE pa3nuuust (puc. 3).

a

- 3
A Uﬂﬂ)!l‘oﬂﬂﬁ L]
HAan? P

% 5] / ‘\
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15
10 /

400 500 600 700 800 900 1000 1100 1200
G, HAn?

Puc. 3. 3aBHCHMMOCTb pa3HHILIBI MEXKy 3HAUCHUSIMH
YCIIOBHOHM CKOPOCTH MaJ€HUs] HOMHHAIBHOTO
HAaIpsDKEHUS YISl TOTOBBIX OOJITOB M 0OTOYEHHBIX
00pasIoB OT YPOBHS YIPOUHEHHS

Fig. 3. The dependence of the difference
between the values of the conditional rate of fall
of the rated voltage for finished bolts and welted

sample from the level of hardening

C ydeToM HEM30EKHBIX MEPETPY30K IPH IKC-
ITyaTanuyd M3JEIUA C BBICOKOIIPOYHBIMH OOJITO-
BBIMU COCJIMHCHHSIMA HE00XOAUMO, KpoMe 00TOo-
YEeHHBIX 00pa3IoB, OCYIIECTBIITh HCIIBITAHUS 0OJI-
TOB B COCTOSIHUH TOCJIC 3aBEPIICHUS WX H3TOTOB-
JICHUSL.

Hayunasi HOBU3HA U MPpaKTHYecKast
3HAYNUMOCTh

BrnepBeie sKcnepHMEHTANBHO IOKa3aHO, 4YTO
cucreMa ()yHKIMOHAIBHBIX HAAPE30B Ha KOHKPET-
HBIX METAJUIOM3JENUAX MOKET OKa3blBaTh Kak YII-
poOUHSIIONIee, TaK U Pa3yMpOYHAIONIEe BIMSIHNAE HA
XapaKTEPUCTUKH CONPOTUBJICHUS IUIACTUYECKOH
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nedopmaryu. I pa3sNIuYHBIX YPOBHEW MPOYHO-
CTH MeTaJUla JaHO OOBSICHEHHE HaOII0JaeMOoro
(eHOMEHA C HCIIOIB30BAHUEM COOTHOILCHHS ITOKa-
3arensl KOHLEHTPAallMd HAaNpsDKEHUH W CTENEHH
KECTKOCTH HANPSHKEHHOTO COCTOSHHUS B 00JIacTH
Hazape3oB. OrpaHMYEeHHNE MEXAHMYECKHUX HCIIbITa-
HUHM TOJIBKO TOTOBBIMM OOJNTaMH, KpoMe IOiyde-
HUS OONBIIEr0 COOTBETCTBUS  ONPEAENAEMBIX
CBOWCTB OOJNTOB MX KOHCTPYKTHBHOH HPOYHOCTH
MPHU 3KCIUTyaTally, CIOCOOCTBYET YMEHBIICHHIO
o0miei MIUTENbHOCTH W TPYJOEMKOCTH HCITBITa-
HUH B [IEJIOM.

BoIBOaBI
1. VYposenn paznuuuii MEXaHUYECKUX
CBOKCTB, OMpeesIeMbIX Ha TOTOBBIX OOJTax

1 00TOYCHHBIX 00pa3lax KOJMYECTBEHHO M Kaue-
CTBEHHO 3aBHCHUT OT YPOBHS YIPOUYHECHHS, a TAaKXKe
OT THIA OMNpEJENAEMbIX MEXaHUYECKUX XapakTe-
puctuk. Ilpu 3ToM Hambonee CyLIECTBEHHBI pa3-
JMYMS TO TpenesiaM TeKY4YeCTH W IPOYHOCTH
Y COIIPOTHUBIICHHIO BSI3KOMY Pa3pyIICHUIO.

2. Tlokazano, yTO HaMUuMe QPyHKIHOHATBHBIX
HaJpe30B (pe3b0bl) Ha TOTOBBIX 0OJTaX OKa3bIBAET
pasIMYHOE BIMSHUE Ha TPeaensbl TeKy4eCTH
Y TPOYHOCTH B 3aBUCHMOCTH OT YPOBHSI yIIPOYHE-
HHS. YBEJIMYHMBACT 3HAUYCHHE ITUX XapaKTEPUCTUK
B uHTepBajie n0 800 Mlla u yMeHbIIaeT UX B WH-
tepBaie Oonee 800 MIla. [Ipennoxkeno oOwsicHe-
HHUe HaOmonaeMbIM 3P QeKTaM Ha OCHOBE M3MEHe-
HUSl COOTHOIICHHUS TIOKa3zaTeNle KOHLEHTPaLuH
HaINpsHKEHUH W CTENEeHU JKECTKOCTH HaNpsHKEHHO-
T'O COCTOSIHHSI.

3. U3 pe3ynbraToB ciemyeT, YTO KOMILIEKC
MEXaHHYECKHX CBOMCTB OOJITOB JOCTATOYHO OMpe-
JICTISITh TP HATYPHBIX MCIBITAHUSAX 0€3 M3rOTOB-
JICHHUSI U HMCIBITAHUH OOTOYEHHBIX 00pPa3loB. DTO
HO3BOJIMT MOJIyYaTh XapaKTEPUCTHUKH B OOJbIICH
CTETICHH  COOTBETCTBYIOIIME  KOHCTPYKTHBHOM
NPOYHOCTH OOJNTOB MPH IKCILTyaTallud TPH OIHO-
BPEMEHHOM CHIDKEHHMHM OOLIeH UIMTENBHOCTH
U TPYXOEMKOCTH MCIBITAaHHH.
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MOPIBHAJBHUN AHAJII3 KOMILIEKCY MEXAHIYHHUX
BJIACTUBOCTEM, OTPUMAHUX ITPU BUITPOBYBAHHSAX
I'OTOBUX BOJITIB TA OBTOYEHHUX 3PA3KIB

Merta. PaboTa cpssMOBaHa Ha ONFC CHCTEMHOTO €KCIEPUMEHTAIBHOTO JOCIIIKEHHS BIUIUBY PiBHSA 3MIITHEHHS
Ha CHIBBIIHOIICHHS KOMIUICKCIB MEXaHIYHUX BIACTUBOCTEH TOTOBUX OOINTIB 1 00TOYEHMX 3pa3KiB. AHaIi3 OTpUMa-
HUX JIaHAX Ha OCHOBI NPUHLMIIIB T€OMETPUIHO-CTPYKTYPHOTO 3MiljHEHHS. MeToauka. BunpoOyBaHHs Ha 0gHOOC-
HUI PO3TAT MPOBOJIUIUCS SIK HA TIOBHOPO3MIPHHUX 0O0NTAaX, TaK 1 Ha 00ToYeHUX 3pa3kax 1o miamerpiB 10 i 8 MM Ha
BunpoOyBansHii Mamuni FP — 100/1 i3 3anmmcom moBHO1 giarpamu nedopmartii Ta pyiinyBanHs. PesyabTaTn. Bera-
HOBJICHO, III0 PiBEHBb MIIHOCTI SKICHO 1 KiNBbKICHO HaJa€ Pi3HMH BIUIMB HA CIIiBBiIHONICHHS XapaKTEPHCTUK OIOPY
TUIacTU4HIM nedopmaltii, XapakTepUCTUK IUIACTUYHOCTI Ta ONOpY B’S3KOMY pYHWHYBaHHIO, SIKi BU3HA4YalOThCS Ha
rOTOBHX O0JTax i 00TOYCHHX 3pa3kax. [Ipu 1ibOMy MPOBEACHUI aHai3 J03BOJISE BBAXATH, 1[0 KOMITJICKC MEXaHiy-
HUX BJIACTUBOCTCH, 1[0 BU3HAYAETHCS HA TOTOBUX OOJITaX, HAUOUIBIN aJCKBATHUI X MEXaHIUHINA MOBEMIHI MPH
ekcruryararii. Takuii BUCHOBOK OCOOJMBO BaKJIUBHH JUIsS 3JaBAbHUX BUIPOOYBaHb OOJNTIB Kiacy MimHOCTI 8.8
i Bume. HaykoBa HoBH3HA. Briepiie ekcriepuMeHTaNbHO MOKa3aHo, 10 cucTeMa (DyHKI[IOHAJIbHUX HaJpi3iB Ha KOH-
KpPETHHX METaJIoBUP00ax MOKe HaJlaBaTH SIK 3MIIHIOIOYNH, TaK 1 3HEMII[HIOIOYHMH BIUIMB Ha XapaKTEPUCTUKH OIOPY
TUTacTHYHIM gedopMariii B TepMiHaX HOpMAJIBHUX HANpPyKEHb B 3aJIC)KHOCTI BiJ piBHS 3MiITHEHHS. J[aHO TIoyMadeH-
HS CIIOCTEPEKyBaHOTO (peHOMEHa Ha OCHOBI 3MiHH CITiBBITHOIICHHS ITOKa3HUKA KOHIICHTPAIlii HATIPYKECHP 1 CTYICHS
KOPCTKOCTI HAaIpy>KEHOTo CTaHy B oOsiacTi Hazpizie. [IpakTnyHa 3HaYuMicTh. OOMEXEHHSI MEXaHIYHUX BHIIPOOY-
BaHb TUTBKM TOTOBUMH OOJTaMH, KpiM OTPUMAaHHs OUTBINOI BiIOBIAHOCTI BU3HAYAJIHHHUX BIACTHBOCTEH OONTIB iX
KOHCTPYKTHBHi} MIIIHOCTI IIPH €KCIDTyaTalii, 3SMEHIIYIOTh 3arajbHy TPHUBAIICTH 1 TPYAOMICTKICTh BUIPOOYBaHb.

Kniouosi crnosa: BucokominHi 601TH; TOTOBI 601TH; 00TOYEHI 3pa3Ku; BUIIPOOYBAaHHS Ha PO3TAT; MEXaHIYHI BIIa-
CTHBOCTI; Haapi3
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COMPARATIVE ANALYSIS OF COMPLEX MECHANICAL
PROPERTIES OBTAINED IN TESTS ON FINISHED BOLTS
AND TURNED SAMPLES

Purpose. The purpose of the work is provided by the system experimental study of the effect of strengthening
the level of the ratio of complex mechanical properties of the finished bolts and peeled samples and analysis of the
data on the basis of geometric and structural reinforcement. Methodology. A uniaxial tensile test was carried out on
full-size bolts and the peeled samples to diameters of 10 mm and 8 mm at a testing machine FP — 100/1 recording
full diagram of deformation and fracture. Findings. The level of strength of qualitatively and quantitatively has dif-
ferent effects on the characteristics of the ratio of resistance to plastic deformation and ductility characteristics duc-
tile fracture resistance, determined on the finished bolts and peeled samples. At the same time, the analysis suggests
that the combination of mechanical properties determined on finished bolts, the most adequate to their mechanical
behavior during operation. This conclusion is particularly important for acceptance testing of bolts of strength class
8.8 or higher. Originality. For the first time experimentally shown that the system is functional cuts on specific
metal products can have both hardening and softening effect on the characteristics of resistance to plastic deforma-
tion in terms of normal stress depending on the level of hardening and given an interpretation of the observed phe-
nomena on the basis of changes in the ratio of the concentration of eg-tions and the degree of rigidity of the stress
state in the cuts. Practical value. Limitation of mechanical tests are only willing bolts, other than greater consis-
tency determines the properties of their structural strength bolts in the operation, reduce the overall time-consuming
tests.

Keywords: high-strength bolts; ready to bolt; planed samples; tensile test; mechanical properties; incision
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INTERNATIONAL LOGISTICS SYSTEMS DESIGN
AND EFFECTIVENESS EVALUATION

Purpose. In the paper the question of the development of a methodological approach to the determination of lo-
gistics systems’ performance and grounding of the most effective goods’ delivery schemes, based on the theory of
functions and sets of multiple objects, vector optimization approaches and discrete maximum principle for multi-
stage processes (phase method) is considered. Methodology. To achieve the goals of the research, the model of lo-
gistic system is represented by the multiple object, it is defined by the structure and content. The object is repre-
sented by hybrid superposition, composed of sets, multi-sets, ordered sets (lists) and inhomogeneous sets (se-
guences, corteges), which at each stage of cargo delivery present sets of technological operations of their processing,
choices and decisions algorithms. Multiple structure of objects is constructive three, consisting of the carrier, signa-
tures and axiomatic. To determine the effective scheme of delivery, discrete maximum principle using vector opti-
mization criterion is applied. Findings. In this article logistics system of delivery is presented in the form of a multi-
stage (phase) of the process. Each stage reviews a plurality of discrete activities sets, which includes the possible
technology cycles of operations in goods handling. At each stage of a multi-phase delivery process from the supplier
to the consumer, these sets are different. A model example solving the problem of vector optimization options for
delivery of goods by the road in the international logistics system for the five-step process is considered. Optimiza-
tion is performed on the basis of three indicators. Originality. In this paper, the choice of the most effective way of
delivery goods is produced using the theory of functions and sets of multiple objects, using the discrete maximum
principle for multi-stage processes, based on the vector optimization criterion. At each of its stages are formed
a plurality of valid solutions as discrete sets of technological cargo handling operations cycles. Practical value. The
proposed approach to the modeling of logistic delivery goods systems on the basis of the theory of functions and
sets of multiple objects, vector optimization approaches and discrete maximum principle for multi-stage processes
(phase method) makes it possible to assess the efficiency of delivery in logistic system’s modeling. The choice of
the most effective delivery option, based on vector optimization criterion becomes more possible.

Keywords: efficiency of logistics systems; discrete maximum principle; multiple objects; vector optimization;
efficiency of delivery

monitor all phases of the product moving through
Introduction modern communication technologies. There is an ac-
tively developing field which provides services in the
field of logistics. Conceptual provisions of logistics, its
integration role become recognized of the majority of
logistic processes participants. It takes holistic set of
conductive-material subjects.

The current stage of logistics development is char-
acterized by the appearance of fundamental changes in
the organization and management of market processes
in the global economy [7]. There is an opportunity to
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The process of globalization is one of the major
trends in the development of macrologistical sys-
tems in the world today and is manifested in the
interdependence and interpenetration of national
economies [8]. The development of macro logistics
is under influence of the regional economy charac-
teristics. Regionalization is manifested at the level
of individual countries as well as international
scope. Formation of numerous integration ties be-
tween the regions of the country, as well as with
foreign countries necessitates logistics manage-
ment of interregional numerous material, attendant
financial and information flows.

The diversity and complexity of the processes
were shown in the modelling of foreign economic
activity macrologistical system [10]. Meeting the
challenges in macrologistical system is done by
simulation of a set of tasks that are qualitatively
and quantitatively characterize each of the stages —
providing material resources; production, storage,
transportation, distribution of material resources,
information management; flow control at border
crossings and logistics services; targeted use of
material resources. In a globalized world economic
processes appeared the necessity to include into the
model tasks of customs logistics and consideration
in conjunction with other areas of international
activities.

Logistics system can be considered, dividing it
into three levels [4]. The first, spatial one is mani-
fested through connection between the elements of
the system and goods flow and belong to the task
of logistical chain localization, places to demand
creation, communication networks between these
units. The second, organizational level covers me-
thods of organization and supply chain manage-
ment for the purpose of mutual coordination func-
tions of the individual elements of the logistics
system in the scope of the operational, financial
and marketing management functions. The third,
information level, is defined as the flow of funds
and information. At each level, there are streams,
as well as the relationships between the elements
of the corresponding structures. These tightly in-
terconnected elements together form a single con-
glomerate, which reflects the multidimensional
nature of the logistics system. This equally applies
to the macro and micro logistics.

Among the fundamental principles of logistics
stand out the principle of logistics system total
costs optimization, which include operational lo-

gistics costs (costs of transportation, warehousing,
materials handling, etc.), Transaction and other
administrative costs [6].

Goals of macrologistical systems creating sig-
nificantly differ from the objectives and criteria of
micrologistical systems synthesis. In most cases,
the criterion of minimum total logistics costs was
used in the synthesis of macrologistical systems.
However, the most common criteria for the forma-
tion of macrologistical systems are determined by
environmental, social, military, political, and other
objectives [9].

Successful supply chain management requires
cross-functional integration of key business processes
within the firm and across the network of firms that
comprise the supply chain. It is focused on the man-
agement of key relationships and the improvements
in performance that can be achieved [14].

The contribution of research [13] lies in the de-
velopment of a new decision support approach that
is flexible and applicable to logistics service pro-
viders, in selecting multimodal transportation route
under the multi-criteria in term of cost, time, risk
and importantly the environmental impact.

Tasks associated with the movement of mate-
rial flow in logistics can be considered as a multi-
stage (phase) process. However, they belong to
different functional areas and require a comprehen-
sive review on the basis of many criteria for ra-
tional and (or) optimal use of resources throughout
the logistics system. Thus, the task of analyzing the
international logistics system can be formulated as
a problem of vector optimization [3].

Purpose

We represent the logistic system of cargo de-
livery in the form of several successive stages
(phases). At each stage, we consider the multiplic-
ity of discrete activities sets, which includes possi-
ble technological cycle of operations in cargo han-
dling. At each stage of multi-phase delivery proc-
ess from the supplier to the consumer, these sets
are different and form a multiplicity of sets (lists)
technological operations W =[W,,W,,,..,Wy],

available to the alternative or joint selection at each
stage. Each stage comprises a set of technological

operations W, ={[""]}, | =1,N , where: N —
j(l

the number of phases, which are determined by the
index I . Index j(I) indicates possible sets of ac-
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tions on stage | . Each of the operations of the se-
lected process cycle is indicated by the index k(j).

Process operations are subject to selection, based
on algorithms =; ={6;},i=1 N for each of the

1
stages | . Logistics system 77 consists of many
supply chains, which are formed based on lists
Vi =W, B L W, Bl Wy, Ey]] and  are
options of cargo delivery.

The theoretical approach to the definition of lo-
gistics systems performance — based on theory of
functions set and multiple objects, vector optimiza-
tion approaches and application of the discrete
maximum principle for the processes that contain
series of successive phases, proposed in [11].

To determine the most effective option, we
formulate a vector criterion, where each of the
chains y from I corresponds the time of delivery

T (x' ), delivery expenses C (X} ), which should
be as small as possible. Assessment of additional
factors (environmental, social, military, political,
etc.) that characterize macrologistical system, we

present by indicator P (x3N ), which can be ex-

pressed in costs or points according to expert esti-
mates and minimize it. We write a criterion as:

XlN (7)
%5 (y) |— min (1)
X5 (7)

where ye I,

Methodology

Considered indicators are functions of multiple
objects [1, 2, 12, 15, 16]. At each stage of material
flows, promotion of multiple objects composition
may vary, depending on selected set of operations
in the process of storage, transportation, customs
clearance, and others. A set of technological opera-
tions at each step may depend on the adopted at the
previous step solutions and lead to changes in lo-
gistics circuit at later stage, which affects the as-
sessment of overall delivery efficiency.

We  introduce a  topological  space
(I',R(I'), n(-)) . We introduce the function R(I")
on the sets. In the case where these sets contain the

one point, they will be x" (y), X, (y) and x3' (7).

Mathematically the variation of process steps in
the formation of the supply chain at each stage of
the movement, expressed by the operation of sym-
metric difference of two sets, which includes «nee-
dle variation» by McShane [15]. Then, to determine
the optimal value of the logistic system, considered
the task of function set optimization [3].

For the introduced topological space with
measure we use the derivative of the function sets
as:

dF(A) _ F(AAB)-F(A)

1(AAB) —u(A)

Vector optimization problems can be formu-
lated in such way. We consider that the chain is
«v, better than vy, » on the indicators, presented by
the vector criterion (1), which refers to the ratio of
Pareto if

du | yoe-

T(r)<T(y,)
B(v,) <B(y,) (2
P(y,) < P(y,)

Solution of the problem (1) is a set of incompa-
rable by Pareto chains T'. < T".

Two sets y, and y, e R(Q,.) are incompara-

ble, if among the inequalities (2) there is at least
one strict reverse inequality.

According to (1) determine the rule of selection
(criterion) of «best» sets. This is known as the
Pareto ratio [3].

Due to the discreteness of the multiple stages
I', the task of vector optimization (1) has a solu-
tion.

During the formation of the supply chain, the
following variation of the set may be possible:

1) variations at certain stages in the sets of
technological operations. The purpose of such
modifications is to enhance the system’s efficiency
or to optimize technological cycle. Such changes
do not affect the effectiveness of the following
steps in the selected supply chain of goods and
cargo.

2) variations, which occur in decision making
on specific stage, which affect all the subsequent
steps and should be considered for evaluating the
effectiveness for each of the subsequent stages, as
well as the whole chain in general. An example of
such a variation is, for example, the choice of
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transportation mode for delivery or logistical in-
termediary etc.

Formation of the supply chain is shown in fig.
1, where a comparison of each W € Q of W, ; set

is a multi-valued mapping. It is firstly shown the
formation of all the system’s elements based on
decision-making Z; (design): selection of the
cargo type for transportation, packaging, choice of
route, customers, suppliers and intermediaries, the
definition of the border crossing checkpoints be-
tween states etc. Next shown phases (process
steps) W, which passes the cargo, moving from the
supplier to the consumer, displaying cycles of
technological operations at each stage, elected on
the basis of decision-making =, .

Circles highlight selected in accordance to the

(goods) delivery system without additional techno-
logical operations selection. Squares outline ele-
ments of the system, the selection of which by the
algorithm Z; entails the relevant manufacturing
operations execution on selected objects, shown as

the lists W, ={[*"3], | =I,N.

Fig. 1 line y,, which connects the objects
shows one embodiment of the formation of the
supply chain in the logistics system I"in a result of
decision-making Z; . Possible variations in the per-
formance of a specific set of technological cycle
indicated by the line vy;. Line vy,shows another
embodiment of delivery chain which is formed as
a result of decision Z7

—

algorithm =, elements of multi-stage freight
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Fig. 1. Geometric representation of a multivalued mapping
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Transformation equation for loads delivery in
phases [5]

X" =T"(x"*,0"), n=1, (3)

where X" =(x/,...,XxJ) characterizes the state at

each stage, and 6" =(0/, ..., 67) — admissible con-

trols.
Acceptable controls

=LN 4)

0"eE, n

The initial state x° = x".
It is necessary to find 0", n

isfy (4) to

=1, N which sat-

J =d(xV) > max (5)

We introduce the Hamiltonian function

S
"= (X6, n=1N (6)
i=1
and conjugated system
4 OH" . —
/! po=s i=1s;n=1 7

with the boundary conditions

N —
ZiN — aQ():‘ ) ’ i 21,
0X;

w

(8)

Possible variation of the Hamiltonian function

oH (9)

SH (0) = Z (10)

where 6 and 6+ 66 belongs to the domain of ad-
missible controls.

Terms of optimal control and application of the
maximum principle for discrete processes are de-
scribed in [5] and given in [11].

Let the delivery of cargo from point A to point
B occurs in N phases. Accept that a multistep
process is simple, consists of stages with one input
and the output.

Justification of the generalized maximum prin-
ciple for the case where at each stage of cargo

movement | =1, N formed its own range of feasi-
ble solutions W, , shown in [11]. The evaluation
was conducted based on three indicators.

Transformation equations have the form
X =X +t(o");

X5 =% +c(o");

X = x5+ p(o").

where X — the time for completion of the first

phase; x; — the cost of the passage of the first

phase; x; — assessment of additional factors (eco-

logical, social, military, political, etc.) during the
passage of the first n phases, presented by costs or
points according to experts; t(o") — passage of
n-th phase, if the event ®" is accepted; c(w") —
cost of funds for the n-th phase if the event ®"

accepted; p(o") — values for an additional factor

in n-th phase, if the event ®" is accepted; W" —
set of activities in n-th phase.

The initial values x) = xJ = xJ =0.
The problem of vector optimization

(11)

We introduce a measure
N N N
J=pX Xy g Xg

where p, =1, p; 20, i :ﬁ.
The Hamiltonian function is follow

H" =z (4 +t(@") + 25 (5" +c(o") +

+23 (x5 + p(a")).

where the conjugate variables z', z; and z; de-
termined from the equations

na_ OH n n
o Tagt
n-1 aH " n.
Z; = P Z3
Xy
na OH" |
2t = PV 2],
X3
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With final values

N

1 8X1N I"Ll’
oJ

N _ _

2 aXZN HZ ’
oJ

N == 0

3 8X3N “3

In this way,
2 =1, 2 =p,, 2} =ps,n=LN.
The Hamiltonian in this case takes the form

H" = X1n_1+H2 X2_1+H3 X§_1+(t(03in)+

+u, C(f) + g P(o))) .

minimal value at decisions which are taken, de-
fined as follows

(@) +u, (@) + s P(@]) =

= min (t(e]) + 1, c(0) + kg P(@]))-

Thus, brute p, >0,i=2,3, we obtain a para-
metric representation of the vector optimization
problem solution, and excluding p;,i=2,3, we

get the relationship between x;', x; and Xx; .

Findings

Consider the example of a model for solving
the task of vector optimization for case of interna-
tional container shipping by truck from the sup-
plier A to the consumer B with one conciliator —
international automobile checkpoint (IAC) at the
border. Accept that the delivery of the goods is
carried out in five phases: service provider; deliv-
ery to the border by a car; service at border cross-
ings; delivery to the consumer and the consumer
service.

We assume that the number of technological
cycles of operations in each phase determined by

the vector M =(3 2 5 1 4). Amount of time
(quantity of days) for performing each of the tech-

nological cycles given in the matrix T . Expenses
(thous. $) to perform the corresponding operations

are given in the matrix C. The matrix P shows
expenses (thous. $) To ensure environmental safety
of transport:

135 0 0
470 0 0
C=|6 8 10 20 50
170 0 0 0

|2 5 9 15 0]

(10 6 5 0 0

4 2 0 0 0
T=|6 5 4 3 25
17 0 0 0 0

|3 25 2115 0

11 7 5 0 0]
3.0 0 0

P=|6 5 4 3 25
27 0 0 0 0

4 35 21 15 0|

Realization of the phase method is imple-
mented in Maple-7 environment. Calculations were
carried out by changing parameters p,, pu, from 0
to 10 in increments of 0.01. Thus were obtained
nine different selectors y; of cargo delivery from
AtoB.

Table 1 shows the selectors y,,i=1,9 that

represents the sequence of selected in each of the
phases technologies, as well as the costs for ship-
ping C;, delivery time T, and environmental costs

1
P, for each of selectors.

Two of the resulting solutions of vector optimi-
zation task shown in fig. 2 (a, b, ¢), 2 (d, e, f). On
the axes of graphs displayed parameters (run-time
of operations, the expenses and environmental
costs) for the selectors to ensure the fulfilment of
the vector criterion (11). Axis identifiers corre-
spond to the serial number of the selector given in
the table 1. Selectors, beginning from the vertical
axis directed upwards, are taken in that order
(clockwise) that with increasing delivery costs pa-
rameters characterizing the time of delivery and
the costs of environmental safety, reduces.
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a Selector, number d Selector, number
1
80
8 2
1 4
7 LA 3
6 4 5
° 6
—&— Expenses for delivery, —&—Expenses for delivery,
Thousands of $ Thousands of $
b e
Selector, number Selector, number
1 9
3!‘\
8 20 2
7 3
6 4
5

6
©—Time for delivery, days ——©——Time for delivery, days

¢ Selector, number f Selector, number
1
2]: 9
S0 L 20
8 O 2 Y
T AN
1 \ 8 ~10 “od
j * ) 5 (I
7 . 3 " O »I
S JI A'
- 7 s 5
6 4 -
) 6
- - #- - Expenses for environment - - - Expenses for environment
safety, thousands of $ safety, thousands of $

Fig. 2. Solutions to the vector optimization problem: axis identifiers «1» ... «9»
indicate the number of selector from tab. 1.
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Table 1
Options for delivery from the supplier A to the consumer B
The set of technological operations in phases Expenses for Time for Expenses for
Selector . . - v v delivery C,, delivery T,, environment safety P, ,

Thousands of $ days thousands of $
A Wig | Wip | Wina | Win | Wou 30 24,7 28,7
Y2 W, Wia | Wing | Wiva W 1 32 20,7 24,7
Y3 W, , W, Wi Wy, W, 4 35 18,7 22,7
Ya Wip | Wi | Wiy | Wiy W 1 37 17,7 20,7
Ys Wig | Wi | Wing | Wiy, | W, 41 15,7 18,7
Ye W Wiz | Wiz | Wiy W 44 15,2 18,2
iz Wig | Wi | Wing | Wiy | Wog 48 14,8 16,8
Vs Wig | Wi | Wina | Wiy | W, 64 132 152
Yo W, 5 Wit | Wins Wy 4 W, 4 32 20,7 24,7

The effective solutions area, obtained thus way,
considered by the decision maker (DM), to take the
necessary option. For example, the axis of the
identifier «1» in fig. 2 (a, b, ¢) corresponds to the
selector vy, with sequence of technological cy-

clesW,;, Wy 1, Wya, Wy qo W, and the follow-

ing values of parameters: C,= 30 thousand. $;
T;= 24.7 days; P,= 28.7 thousands. $. The axes
with identifier «2» — selectory,. Thus, we have
a sequence of selectorsy,, v,, Y5, Y4+ Y5, Ve Y7
vg, Which represent the solution of vector optimi-

zation. On separate diagrams represented each of
the three indicators: for the first option — in fig. 2
(a, b, ¢) and to the second —in fig. 2 (d, ¢, f).

Originality and practical value

In this paper the choice of the most effective
way of delivery goods produced using the theory
of functions and sets of multiple objects, using the
discrete maximum principle for multi-stage proc-
esses, based on the vector optimization criterion.
At each of its stages are formed a plurality of valid
solutions as discrete sets of technological cargo
handling operations cycles.

The proposed approach to the modeling of lo-
gistic delivery goods systems on the basis of the
theory of functions and sets of multiple objects,
vector optimization approaches and discrete
maximum principle for multi-stage processes
(phase method) makes it possible to assess the effi-
ciency of delivery in logistic system’s modeling
and choose the most effective delivery option,
based on vector optimization criterion.

Conclusions

The paper shows the application of the discrete
maximum principle for evaluating the effective-
ness of the goods delivery in logistical system of
delivery modelling in the form of a multi-stage
(phase) process, where at each stage of cargo

movement | =1, N, formed its own range of fea-
sible solutions W, , representing a plurality of dis-

crete sets of activities, which includes possible
technological cycle of operations in cargo han-
dling.

The logistic system model presented as multiple
object that contains a set of technological operations
of cargo handling, as well as the algorithms of
choice and decision-making at every stage.
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IHPOEKTYBAHHS TA OHIHKA EOEKTUBHOCTI MIZKHAPOJIHUX
JIOI'ICTHYHUX CUCTEM

Meta. B poboti po3risiHyTo nuTaHHS (POPMYBaHHS METOAOJIOTIYHOTO TiJXOMy JO BHU3HAYEHHS TMOKA3HHKIB
e(peKTHUBHOCTI JIOTICTUYHHUX CHCTEM Ta OOTPYHTYBaHHS HalOiIbII e(hEKTHBHUX CXEM JOCTABKU BaHTaxiB (TOBapiB)
Ha OCHOBI Teopii QyHKIIH MHOXXMH 1 MHOKMUHHUX O0'€KTIB, MiAXO/IB BEKTOPHOI ONTUMI3allii i AUCKPETHOTO TPHH-
LUy MaKCUMyMy Ut Garatoetamuux npoueciB (y metoxi ¢a3). Meroguka. J{is qocsrHeHHs Lijed A0CHTiHKeHHS
MOJIEITb JIOTICTUYHOI CUCTEMHM IPEACTaBIeHA MHOKUHHUM O0'€KTOM, SIKMH BU3HAYA€THCS CTPYKTYpPOIO K 3MICTOM.
O0’€KT TaKOX MPEICTABIAETHCS TIOPUIHOIO CYNEPIIO3HII€I0, CKIAACHOI 13 MHOXKHH, MYJIIBTUMHOXKHH, YIOPSIKO-
BaHUX MHOYKHH (CIHCKIB) Ta HEOIHOPIAHUX MHOKHH (IIOCITiIOBHOCTEH, KOPTEIKIB), SIKi IIPEACTABISIIOTH HA KOXKHOMY
3 eTaliB JOCTaBKH BAaHTAXIB HAOOPH TEXHOJOTIYHUX OIepalliil iX oOpoOKH, alropuTMH BHOOpPY ¥ MPUHHATTS pi-
nreHb. MHOXXHHHA CTPYKTYpa 00'€KTiB IMPEACTaBISIETHCSI KOHCTPYKTUBHOIO TPIHKOIO, IO CKITAJA€THCS 3 HOCIS, CHT-
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HaTypHu ¥ akciomatukd. [y BU3Ha4YeHHS e(DeKTUBHOI CXEMH JTOCTaBKH BaHTAXKiB 3aCTOCOBAHUH AWCKPETHUI NpUH-
IIUI MAKCUMYMY 3 BUKOPHCTaHHAM BEKTOPHOTO KpUTepiio onTuMizarii. Pe3yjabTaTu. Y CTaTTi JIOTiCTHYHA CHCTEMa
JIOCTaBKM BaHTaXKIB MPEACTaBIcHa y BUTIsAA OaratoeramHoro ((asosoro) mporecy. Ha koxHOMY eTari posrisia-
€THCSl MHOXKHMHA JMCKPETHUX HAOOPIB 3aX0/1iB, 10 BKIIIOYAE MOXIIMBI TEXHOJIOTIUHI IUKIJIM Orepariil mpu odpooii
BaHTaXy. Ha koxxHOMY 3 eramiB 6aratoha3HOro MpOIECy AOCTABKH BAaHTAXY BiJ MOCTaYalbHHKA J0 CIIOKHBAYA IIi
MHOXXUHH Di3Hi. PO3MIIsIHYTO MOAENBHUI NPHUKIIAL pillleHHs 3a/1a4i BEKTOPHOI ONTUMI3alii Jyis BapiaHTa JOCTaBKU
BaHTa)Xy aBTOMOOIJIBHUM TPAHCIIOPTOM y MIKHApOJHIN JIOTICTHYHIA cHCTEeMi JuIsd I’ siTHeTarHoro nporuecy. Ontu-
Mi3allist 31iHCHIOETECS Ha OCHOBI TPHOX MMOKa3HUKIB. HaykoBa HoBH3HA. Y maHiil poOoTi BUOip HalOLIbII eheKTHB-
HOTO BapiaHTa JOCTaBKM BAaHTAXIB 3IIHCHIOETHCS 3 BUKOPHCTaHHAM Teopii (QYHKUIIH MHOXHH Ta MHOXHHHHUX
00'€KTiB, i3 3aCTOCYBaHHAM ITUCKPETHOTO MPHHIMITY MAKCHUMyMy Ui OaraTOETAITHWX IIPOIECIiB Ha OCHOBI BEK-
TOpHOTO KpuTepito omrmMizariii. Ha koxxHOMY 3 eramiB BigOyBaeThCs (OPMYBaHHS CBO€I MHOXHUHH MOXKIIHBIX
pillleHs y BUTISAAI JUCKPETHUX HAOOPIB 3aXOMdiB TEXHOJOTIYHMX LHKIIB OMepariii mo oOpoOIi BaHTaKy.
[pakTHyHa 3HAYMMIiCTB. 3aIPOIIOHOBAHUH MiAXiA IO MOJETIOBAHHS JIOTICTUYHUX CHCTEM IOCTaBKH BAHTaXIB Ha
OCHOBi Teopii (YHKLIH MHOXHH Ta MHOXHHHUX OO'€KTIB, MigXOMiB BEKTOPHOI ONTHUMI3alii W AMCKPETHOTO
TPUHIMITY MaKCUMyMy Ul Oaratoeramuux mporieciB (y metoai $a3) mae MOXKIMBICTH OIIHIOBATH €(EKTHBHICTH
JIOCTaBKM BaHT@XIB MpPU MOJIEIIOBAHHI JIOTICTHYHOT cHCTeMH. MOXKIMBAM TakoX CTa€ BUOIp HaWOUIbII
e(peKTUBHOT'O BapiaHTy JOCTABKU Ha OCHOBI BEKTOPHOT'O KPUTEPIIO ONTUMI3aLil.

Kniouosi cnosa: epeKTUBHICTD JIOTICTUYHUX CUCTEM; JMCKPETHHH MPHUHIMI MaKCHUMYMY; MHOKHHHI 00'€KTH;
BEKTOPHA ONTUMI3allis; €)EeKTHBHICTh JOCTAaBKH BaHTaXIB

H. B. XAJIUTIOBAY

YKad. «TpaHCIOPTHBIC CHCTEMBI 1 TEXHONOTHNY, Y HUBEPCHTET TAMOXKEHHOTO e/a i (PHHAHCOB, Vi1, JI3epKuHcKoro, 2/4,
Nuenponerposck, Yipauna, 49000, Tex. +38 (0562) 46 95 98, 1. noura khalipov@rambler.ru, ORCID 0000-0001-5605-6781

IMPOEKTUPOBAHUE U OHEHKA D9OPEKTUBHOCTHU
MEXKAYHAPOIHBIX JOI'NCTHYECKHUX CUCTEM

Heas. B pabore paccMotpeH Borpoc GOPMHUPOBAHHST METOJOJIOTHYECKOTO TOAX0AA K OIIPEAEICHHUIO TIoKa3aTe-
neit 53G(HEKTHUBHOCTH JIOTUCTHYECKUX CHCTEM M 000CHOBaHMIO Hanbosee 3(h(PEKTUBHEIX CXEM JOCTABKH TPY30B (TO-
BApOB) HA OCHOBE TEOPHH (DYHKLMI MHOXKECTB U MHOXKECTBCHHBIX OOBEKTOB, OIXOH0B BEKTOPHON ONTHMHU3ALIMH
M JECKPETHOTO MPHHIMIA MaKCHMyMa [UIsi MHOTOJTAamHBIX mporeccoB (B meroxe ¢a3). Meromuka. s
JOCTHKEHUSI LENeH HCCIE0BaHMS MOJENb JIOTHCTHYECKOM CHCTEMbI MPEACTAaBICHA MHOXKECTBEHHBIM OOBEKTOM,
KOTOPBII ompeneseTcsi CTPYKTypoil u coaepxkanneM. OOBEKT Taxke MPeICTaBIIeTCS THOPUAHON CyNepIo3UIKeH,
COCTaBIICHHOI U3 MHOYKECTB, MYJIbTUMHOXKECTB, YIOPSITOYEHHBIX MHOXKECTB (CIIHCKOB) U HEOJTHOPOTHBIX MHOKECTB
(mocmemoBaTenbHOCTEH, KOPTEKEH), KOTOPBIC MPEACTABISIFOT HA KAXKIOM W3 3TAlOB TOCTABKH TPY30B HAOOPHI
TEXHOJOTMYECKHX Omepauuii ux o0paboTKH, anropuTMbl BBIOOpAa M NPUHITUS pemieHnil. MHOXeCTBEHHas
CTPYKTypa OOBEKTOB IPEACTAaBISCTCS KOHCTPYKTHBHOW TPOWKOW, COCTOSIIEH W3 HOCUTENs, CHTHATYpPbI
n akcuoMatuku. s ompeneneHus >QQPEKTUBHON CXEMBl JOCTAaBKH TIPy30B NPUMEHEH AWCKPETHBIM NPUHLIUI
MakCHMMyMa C HCIOJIb30BaHHEM BEKTOPHOI'O KpHUTEpHs OoNnTUMH3alyd. Pe3yasTaThl. B crathe norucruueckas
cHCTeMa MOCTAaBKH TPY30B MpEICTaBIeHAa B BHae MHorostamHoro (¢asoBoro) mpomecca. Ha kaxmom osrame
paccMaTpuBaeTCsi MHOXECTBO JAWCKPETHBIX HAOOpOB  MEpOIPHUATHH, KOTOpOE BKIIOYAET  BO3MOXKHBIC
TEXHOJOTUYECKHE LUKJIBl Omepanuil mpu oOpaboTke rpysa. Ha kaxmgom u3 3TamoB MHOrodasHoro mpouecca
JOCTaBKHM Tpy3a OT IOCTaBIIMKA K IMOTPEOMTENI0 3TH MHOXECTBA pa3Hble. PaccMOTpeH MOJENbHBIH IpHUMEp
peleHusl 3aJaddl BEKTOPHOW ONTHMHU3AIMU JUIi BapHaHTa JOCTaBKM Ipy3a aBTOMOOMJIBHBIM TPAaHCIOPTOM
B MEX/IyHapOJIHOH JIOTHCTHYECKOH cUCcTeMe JUIsi IATHITAHOro mpouecca. ONTHMH3aLus OCYIIECTBISETCS Ha
ocHOBe Tpex rnoka3areineil. Hayunass HoBu3Ha. B Hacrosieit pabote BbiOOp Haubomnee 3((eKTHBHOrO BapuaHTa
JOCTaBKH I'py30B IMPOU3BOAUTCA C HCIIOJIB30BAHUEM TCOPUUN q)yHKL[I/Iﬁ MHOXCCTB U MHOXCCTBCHHBIX O6"I)€KTOB,
C TIPUMEHEHHEM JMCKPETHOrO NPHUHIMUIIA MaKCHMMyMa JUIsi MHOTOATAIHBIX IPOLECCOB HAa OCHOBE BEKTOPHOTO
KpUTepusl onTHMHU3anud. Ha KaxIoM n3 3TarnoB NMPOUCXOAMT (HOPMHUPOBAHHE CBOETO MHOMECTBA JIOIYCTHMBIX
peLICHUI B BHJE TUCKPETHBIX HaOOPOB MEPONPHUATHH TEXHOJIOTHUECKHX IMKJIOB Orepaiuii mo o0paboTke rpysa.
MpakTnyeckass 3HaYMMOCTh. [IpeanoXeHHBIH TOAXOA K MOJAEIMPOBAHUIO JOTUCTUYECKHX CHUCTEM JOCTAaBKU
TPy30B Ha OCHOBE T€OpHH (YHKIIMH MHOKECTB M MHOXKECTBEHHBIX OOBEKTOB, ITOJIX0/I0B BEKTOPHON ONTUMH3ALUH U
JMCKPETHOTO MPUHIIMITA MAaKCUMyMa ISl MHOTO3TAIHBIX IPOLEcCoB (B MeToe (a3) IaeT BO3MOXKHOCTh OLCHHBATh
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MOJEJITOBAHHA 3AJAY TPAHCIIOPTY TA EKOHOMIKHN

3 (PEKTUBHOCTH JOCTABKU I'PY30B NPH MOAEINPOBAHUM JIOTHCTUUECKOI CHCTEMbl. BO3MOXKHBIM TakKe CTAaHOBHUTCS
BBIOOp Hanbosee 3()(EeKTHBHOTO BapHaHTa JOCTABKK HA OCHOBE BEKTOPHOTO KPUTEPUs ONTHMH3ALIMH.

Kniouegvie cnosa: 3¢GEeKTUBHOCTD JOTUCTUYECKUX CHCTEM; JUCKPETHBIN NMPHHIMI MaKCHMyMa, MHOKECTBEH-
Hble O0BEKTHI; BEKTOPHAs: ONTUMU3aLHs; 3G (HEeKTUBHOCTD HOCTaBKU IPY30B
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TEOPETUYECKHUE OCHOBBI TACUTEJIEN KOJEBAHUM
TPEHUEM KAYEHUA

Ienas. B Bonpocax rameHus koiae0aHH CyLIECTBYeT psll HEPEIICHHBIX IPOOIeM — OTCYTCTBHE MHXEHEPHBIX
pacdeToB AJIsl racuTeNel KoneOaHus TPEHHEM KadeHUs], OTCYTCTBHE JOKa3aTElIbCTB LIEJIECO00Pa3HOCTH UX IIPUMeE-
HEHUs. YUYHUTBIBasl JaHHBIM (AaKT, aBTOPBI MPEATNOIAraroT J0Ka3aTh, YTO TaCUTENN KoJeOaHni, OCHOBaHHBIC Ha Tpe-
HUM Ka4yeHUsl, SIBISIFOTCS ONM3KUMU IO TEMITy 3aTyXaHusl KoJieOaHMH TMIpaBIMYECKHM amoprtu3aropam. B To xe
BpeMs OHM 3HAYMUTEJIBHO IPOIle TMAPAaBIMYECKUX MO KOHCTPYKIHUH, a B SKCIUTyaTallUH JIETKO MOJAI0TCS PeryJsiu-
POBKE, KaKk B aBTOMAaTHYECKOM, TaK M B py4yHOM pexumax. Meroanka. OuUkCUpOBaHHAs COBOKYMHOCTb NPHEMOB
MPaKTUYECKOW JESTEILHOCTH IO OINPEAEICHHI0 aMIUTUTY I KojieOaHWii aMOpTH3aTOPOB IpHBENa K 3apaHee onpere-
JICHHOMY pe3yJIbTaTy. OTO IIO3BOJMJIO INPHMEHUTH 3Ty TEOPHIO NIPH pacueTe JIpYyrux racureieid KoieOaHi.
Pe3yabTarhl. AHaNIN3 MOTYYEHHBIX (GOPMYI U Tpa(UKOB IMO3BOJISIET CAENATh CIIEAYIONINE BBIBOJIBI U MPEIOKECHUS
1) xapakrep 3aTyxaHusi KOJeOaHHUI MPU TacHUTEISIX KOJIEOAHHH TPEHHEM KadeHusl OJIM30K K MX 3aTYXaHHUIO IPU
BSI3KOM COIIPOTHBIICHHH; 2) NPH IIPOBEACHUN HEOOXOANMBIX SKCIICPHMEHTOB aMOPTU3aTOPHI KAUCHHsSI MOTYT OBITH
PEKOMEHIOBAHBI KaK aJbTEPHATHUBA TUAPABINIECCKUM. Pe3yIbTaThl HCCIEAOBAHUN JaHHON 337a4H MO3BOJISIT BBECTH
HOBBIE HAINPABJICHUS B PACUET YMEHBIICHNSI ANHAMUYECKHX HAarpy3ok B MamuHax. Hayynas HoBusHa. C momMoIsio
TEOPETUUECKUX TPEANOCHUIOK A onpeneneHus Kodp(OUINEHTOB TPEeHUS KaueHUs! MOIyYeHbl 3aBUCHMOCTH OIIpe-
JIETICHUs] aMIUTUTY/1 KOoJieOaHWH MPH BEPTUKAILHOM IepeMelieHln rpy3a. [Ipu aToM paHee npeayioKeHHas: aHaInTH-
Yeckasi 3aBUCUMOCTD ISl onpejielieHns] K03 GHUIMeHTa TPEHUsI KaYeHUsI COIEPKUT TOJIKO OOIICHPUHSATHIE MeXa-
HUYECKHE KOHCTaHThl KOHTAKTUPYEMBIX TeJ U UX reoMeTprueckue pasMepsl. [IpakTuyeckasi 3HauMMocTh. B cBs3u
C UMEIOUIMMHUCS OOLIEN3BECTHBIMH HEJOCTATKAMH THIIPABINYECKHUX aMOPTHU3aTOPOB JIOTHYHBIM OBbLIO OBl IpUMe-
HSTH TEXHOJIOTMYECKH YHOOHBIE B W3TOTOBJICHUH M TIPOCTHIE B PETyJIMPOBKE TEMIIa 3aTyXaHMs aMOpPTH3aTOpHI.
[pennoxenHas Teopust MOXKET OBITH MCIIOIB30BaHA IPH MPOEKTHPOBAHUM aMOPTHU3aTOPOB KaueHHs Kak ajlbTepHa-
THBA THAPABINYECKUM aMOPTHU3aTOPaM MAIlHH.

Kniouesvie cnosa: xonebaHus; 3aTyxaHue,; CTEpP)KEHb, TPEHHUE; TallIeHHE; KaueHNE; aMOPTU3aTOPBI

doi 10.15802/STP2015/49228 © JI. H. bonnmapenxo, C. A. Skosiues, U. E. Kpamap, A. U. llanrana, 2015

153



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

Hayxa ta nporpec Tpancnopty. Bicauk /{HinponeTpoBchKoro

HaIliOHAJIBHOTO yHIBEPCHUTETY 3aii3HHYHOr0 Tpancmopty, 2015, Ne 4 (58)

PYXOMUI CKJIAJ] I TSATA IIOI3/IIB

BBenenue

PaccMotpum ramieHust koneOaHUN COCPENOTO-
YEHHBIX MAaCC CTEpXKHEH C MOMOIIBI0 TPEHUS Kade-
HUs. B MammHax B kauecTBe racutenield KoneOaHMs
Yaie BCero MPUHUMACTCS THAPABINUECKIE aMOPTHU-
3aropel. Cumrtaercs, 4YTO B MalllMHaX OHM HamOolee
YIAQ49HO OTPEIEISIIOT TeMIT 3aTyXaHWs KoJieOaHWH.
DTO 5K€ OTHOCHUTCS U K TallICHUIO KoJicOaHuH GasiokK.

OnHako, HEOOXOJAUMO YYEeCTh, YTO 3TH aMOPTH-
3aTOpbl UMEIOT, 10 KpaifHel Mepe, /Ba CYIIEeCTBEH-
HBIX HEJOCTaTKa: MEPBBI — CIOXKHOCTH B HU3TOTOB-
JICHUH, TpeOOBaHUs K BBICOKOH KyJIbType IPOU3BO/I-
CTBa M BBICOKOH KBaTH()UKAUK PabOYnX; BTOPOU —
CIIO)KHOCTh PETYJIMPOBAHUS TEMIA 3aTyXaHUH C W3-
MEHCHHEM, HalpuMep, XapakTepa IOPOKHOTO II0-
KPBITHSL.

AHanM3 TOCIIEAHUX HWCCIIENOBAHUN W ITyOJIHKa-
uui. B cBA3M ¢ yKa3aHHBIMM HEJOCTAaTKaMH THIpaB-
JIMYECKUX aMOPTH3aTOPOB JIOTUYHBIM OBUIO OBI HC-
TMOJIb30BATh TEXHOJIIOTHYECKH YIO0OHBIE B U3TOTOBIIE-
HUM U TIPOCTBIE B PETYJIMPOBKE TEMIa 3aTyXaHHs
racuTeNy KoyieOaHHusi aMOPTU3aTOPOB TPECHHUEM Kaue-
HUs. B maHHOW cTaThe chenaHa MOMBITKA JTOKa3aTh,
YTO TacHUTeNed KojieOaHwid, OCHOBAaHHBIC HAa TPEHUH
Ka4eHUs, SIBIISICTCS ONM3KUM IO TEMITy 3aTyXaHUs
koneOanuii. B TO jxe BpeMsi OHM 3HAUUTENHEHO TPOIIIe
THIPABINYECKAX MO KOHCTPYKIIMH, a B IKCIDTyara-
[IUH JIETKO TIOJIAIOIINECS] PETYIUPOBKE, KaK B aBTO-
MaTHYECKOM TaK U PYYHOM PEXKHME, B YEM JIETKO
OynmeT yOeuThCS Ha TIPE/ICTABICHHBIX HIDKE CXeMaXx.

OnHako pUMeYaHue TaCUTEIeH ¢ KaueHueM Obl-
JIO OTPaHUYEHO, N0 KpaiiHeW Mepe, AByMs IPUUUHA-
Mu: 1) ommbouHOe IT0Ka3aTeabCcTBO PeliHombiaca [1]
0 TOM, YTO MPHUYMHOW COTIPOTHBIICHUS KAYECHUS SIB-
JISIETCS. TPEHUE CKOJMHKEHMsI B MECTE€ KOHTAKTa,
2) OTCYTCTBHE WHXXCHEPHOMN 3aBUCHMOCTH IS OTIpe-
JIETICHUS] COTIPOTUBIICHHS KAYSHUIO.

Ommbka PeitHonbaca Oblia JOKa3aHa TOJNBKO de-
pe3 90 mer Mbiiem [2], KOTOpBIi JOKa3ai, YTO
CKOJIb)KEHHE UTPaeT He3HAYNTENBHYIO POJIb B COIPO-
TUBIICHWM KadeHWs. Takoe IOoNroe BIIACTBOBAaHHE
TEOPUH CKOJBKEHUH TIPU KaueHUH OBUIO CBS3aHO,
MIPEXIe BCErO C TeM, YTO OMPOBEPTHYTH €€ HE TO-
3BOJISUI aBTOPUTET B HAy4yHOM MHUpe caMoro Peii-
HONBACA W AHIIMH B [enoM. Ecom npuunHa
B CKOJIbXCHUH, TO CUUTAJIOCh, YTO IMOMAJaHue Macia
B TaKOW aMOPTH3aTOp MPHUBEIET IMOYTH K ITOITHOMY
OTCYTCTBHUIO CONPOTHBIEHHA. POpMYITBI IO ompeie-
JICHUIO COTPOTUBIICHUS KQUEHUIO, MTOTyYEHHbIE MHO-
TOYMCIICHHBIMH aBTOPaMH, KaK IMPaBUIIO, COMEpPKAT

IKCTIEpPUMEHTANBHBIE KO3(D(MHUIUEHTHI, ONpeaeicHne
KOTOPBIX TpeOOBaNO OOJNBIIE CPEACTB U BPEMEHH,
YeM ONpeIeNICHHE CaMOro CONPOTUBIICHHS IKCIIEPH-
MEHTaJIBHO.

Hambonee ynadHo, Ha Hall B3IV, TPEIJIOKEHA
¢dopmyna 1o ompezneneHuro koddduipieHTa TpeHUs
kaueHus B pabore [3]. OmHako oHa COmEPKUT KOd(-
(UIMEHT TUCTEPE3HCHBIX TOTEPb, HECOBIANAOIINIA
C €ro BEIMYMHOMW ITPU PACTSHKCHUU-CKATHU M 3aBU-
CAIMIA OT 3HAYMTEIHFHOTO KOJMYeCTBa (DaKTOpOB
(Harpy3ku, Momysisi ynpyroctH, koadduimenta Ily-
accona). OnucanHblii B [4] crioco0 ero sKkcrepruMeH-
TaJBHOTO OIpeneeHns] TpeOyeT TOHKOro (u3mye-
CKOTO HKCIIEPHMEHTa U BBI3BIBAET YHCTO CyOBEKTHB-
HOE HEJ0BEpHe, MOCKOIBKY CXKaTHe 3aMEHEHO Kpy-
YCHUEM.

B [5] npemmoxena aHaIUTHYECKasT 3aBUCHMOCTE
IUTSL OTIpesieNieHus] KO QUIMeHTa TPEHUsI KaueHus],
KOTOpasi COACPIKUT TOJIIBKO OOLICTPUHSATHIC MEXaHHU-
YeCKre KOHCTAHTBl KOHTAKTUPYEMBIX TNl U Te€OMET-
pHYECKHe pa3MepHl.

K HepemeHHbIM 4YacTsiM HpodJeMbl HEoOXO-
JIMMO OTHECTH: @) OTCYTCTBHE HMHXCHEPHBIX pacye-
TOB IUIA TacWTeled KoneOaHWs TPeHHEM KadeHWs;
0) OTCYTCTBHE JIOKa3aTelIbCTBA IIEIECOO0PA3HOCTH
UX TPUMCHCHHSI.

Hean

Llenb cratey — pacueT racuteneil KosjeOaHui
aMOPTH3aTOPOB M KoJicOaHMs OaloK, JOKa3aTh HX
WICHTUYHOCTh THAPABIIYECKUM.

Metoanka

Meronuka omnpeneNieHns] aMIUIUTY[ KojeOaHui
aMOpPTH3aTOPOB TO3BOJIUT NPUMEHHUTH 3Ty TEOPHIO
TIPH pacydeTe JPYTUX TacUTeNeH KojaeOaHu.

Pe3yabTaThl

PaccMoTprM HECKONBKO 3a7ad Ha BIIMSIHUE CHII
COIPOTHBIICHUS] KaYEHUIO TPH CBOOOIHBIX KoJeOa-
HUSIX TeJ C COCPEAOTOUEHHBIMU Maccamu. CHITBI Co-
MIPOTUBIIEHNS] KAYEHUIO OTHOCATCSA K HEYNPYTHM CO-
NPOTHBJICHUSAM M UX OOIIMM CBOWCTBOM SIBIISIETCS
CBSI3b CO 3HAKOM CKOPOCTH: OHH BCETZa HaIpaBJICHbI
MPOTHB JIBIKEHUs], T.€. B JII0O0E MIHOBEHHE BpeMe-
HU MMEIOT 3HAaK, NMPOTUBOMOJOXKHBIA 3HAKy CKOpPO-
cru. Ilosromy mnonoxutensHbIMEH OyIeM CUHTATh
CHJIBI, JIEWCTBYIOIIME MPOTHB IMOJOKUTEIHHOIO Ha-
IIPABIICHUS OCEH.
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Cunbsl TpeHHs KadeHHUsS OTHOCATCS K KojeOaHU-
M TP CyXOM TpeHuH [6], mockoibKy cuia co-
NPOTHBJICHUS HAIIPaBJICHA IPOTUBOIIOJIOXKHO CKO-
POCTH.

1. Beuny 6onbmioro pazHoodpas3us BO3MOMKHBIX
CXEM aMOpTH3aTOpPOB, PACCMOTPUM OIHY H3 IPO-
CTEHIIMX CXEM, KOTOpas IIO3BOJIIeT Hauboiee
[IPOCTO IIPOCIEIUTh MAaTEMaTHUECKYI0 CTOPOHY
3ananus (puc. 1).

Puc. 1. TIIpocreiimas cxema
aMopTH3aTopa KaueHHs

Fig. 1 The simplest scheme
of the rolling shock absorber

ITycte Macca M (3amITpUXOBaHA) IMOJBELICHA
Ha mpyxuHy *ectkocTbio C . Yacte KkoiebaHus
BO3HHMKAET IOCJE KAaKOro-iTuOo HAyaJbHOTO BO3-
OyxaeHus. PaccMOTpUM MO U3 ABYX IIMJIHHI-
poB mmuHOM B m pammycoMm R;, KoTopble mpmka-
THI K HanpapJIsitoiei cunamu P .

3 Teopuu KOHTaKTHBIX HampspkeHuit [8] Haii-
JIeM MaKCHMaJIbHYIO BEJIMYMHY CHJIbI P !

BR,G°

=—1 1
0,418°E @

Iie ¢ — JONYyCTUMbBIC KOHTaKTHBIC HAINpsDKCHUE
NpU JTMHEHHOM KOHTakTe; E — momynb ynpyroctu
MaTepuaioB HAMPABISIONICH ¥ PONUKOB (IUIHH]I-
POB); 31€Ch MPUHATO, YTO MOYJIH YIPYTOCTH OJIH-
HakKoBbIe, a kKoadduuneHtsl [Tyaccona paeusi 0,3.

Ilpu wu3BecTHOU BenuumHe P momymmpuHa
MATHA KOHTaKTa

_ 3,65R0
-

b

KoaddumueHnt TpeHus kadeHus: ¢ y4eToM THUC-
TEPE3UCHBIX MTOTEPh (IKCIIOHEHTA)

k =0,225bexp(-1,2R)),

rae R, — B MeTpax.
Comnporusienne kauenmto W =kp/R;, u ¢ ero

yuerom auddepeHanbHOe ypaBHEHHE CBOOOJ-
HBIX KOJEOaHWH, BOZHUKIINX IIOCIE HAYaIbHOTO
BO3MYIIIEHHOTO COCTOSHHS,

my +Cy+W =0. (2

PaccmoTpum niepBbIii HHTEpPBA ABUXKEHUS, KO-
Tophiii HaunHaeTcs B MoMmeHT t=0. [Ipumem, uto
y=~A,, a y=0. B aTom unTepsaie ckopocts Oy-

JIeT OTPHULIATEIBHOU, MO3TOMY B (4) JOJDKEH OBITH
B3AT 3HaK MUHYC.

O603Haunm p? =c/m;a=W /C, torma

j=p’y—ap’=0. ®3)

Pemenne »TOr0 ypaBHEHUS NMPU NPUHATHIX Ha-
YaJIBHBIX YCIOBHSIX UMEET BUJT

y=(A,—a)cos(pt)+a. (@)

Korga aprymenT pt cTaHOBHTCS paBHBIM T,
CKOpPOCTb ) 0OpaTHTCS B HOJIb, © Macca M Joc-

THIHET CBOETO KPaWHEro OTKJIOHEHHS BHU3. DTO
OTKJIOHEHHE COTIacHo (4) cocTaBUT

A =(A —a)cost+a=—-A,+2a

¥ 110 abCONIOTHO! BEINYMHE MEHbILIE HAYaIbHOTO
Ha BEJIMYKMHY 23.
Ecrm  abcomortnass Bemmumua | A [>W/C;

(wm | A [>a), To cuna ynpyroctu GOJbIIEe CHIIBI

TPEeHUs] KaueHHWs M Macca M HaYMHAET JBHUTaThCS
B CTOPOHY TOJIOXKHUTENbHBIX 3HAYEHUH ), U ypaBHe-
HUE IBIKEHISI 3aIUIIETCS B BUIE

. 2 2
y+py+ap®=0.

Ecmu coBMECTHTh HAyalio OTCYETa BPEMEHH

Tak, uro i mpu t=0, y= A, y =0, To pemreHne MOK-

HO 3amnucaTtb B BUC
y=(A +a)cos(pt)—a.

Paccyxcz[aa AHAJIOTUYHO BLIIIC NPHUBCACHHOMY,
JICTKO MOJIYYHWTb, YTO IJId CJICAYIOIICTO OTKJIOHEC-
HUA
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A=A —4a,

T.. 3a OAWH I[epuoJ KoJieOaHUH aMIUTUTyJa
YMEHBIIAETCd Ha OJHY U Ty JXK€ BEIHYUHY 4a
1, TAKUM 00pa3oM, MOCIIeIOBATEIFHOCTE 00pa3yeT
apu(METHYECKyI0 MPOTPECCUI0 Orubaromiell Kpu-
BOI1, KOTOPOI OyJeT mpsiMast TMHHS.

EcrecTBenHo, 4to KojebaHus OymyT MPOUCXO-
auTh 1o Tex mnop, moka C, | A >W wmm | A [>a.

Ecnu xe oTKIIOHEHHE A CTaHET MEHbIIE, YeM

a, TO JIBIXKEHHUE MAacChl PEKpaniaercsi, TOCKOIbKY
cwia tpeHus kaueHuss W mpes3oiiger cuiy ynpy-
rocty npysxkunel Cy .

TIpumep:
C, = 6xu/m; m =800xr; E =2,1-10"° MIla;
[6]1=300...1200MI1a
A, =0,15M, B=50MmM, R, =20Mm.

3aBHCHUMOCTH BeanunH, Bxomsnmx B (1)—(4) ot
JIOTTyCKAeMbIX KOHTAKTHBIX HAMpPSHKEHUH, MOKa3a-
HBI Ha pHUC. 2.

W H PkH a mm
|
250 50 I 50
200 40 2}’: 40
150 30 | /i, 30
/7
100 20 ’ 20
A
50 10 — 144 10
/'/1-‘ M
0 E- g 0

300 600 9001200 [c], MIla

Puc. 2. 3aBUCUMOCTE OT BEJIMUKHEI
JIOMYCKAaeMbIX KOHTAaKTHBIX HalpsKEHUI
1 — nomyckaemoii cuiibl P; 2 — CONPOTUBIICHUS

KAa4CHUIO ABYX I.II/IJII/IH,I[II)OB;
3 — MONMYIMIUPHHBI TISITHA KOHTAKTa

Fig. 2. Permissible contact stress-
rate relationship: 1 — permissible power P;
2 —rolling resistance of two cylinders;

3 — half-width of the contact patch

Ha puc. 3 mokazansl KpuBble KoeOaHWH B 3a-
BUCHMOCTH OT BEJIMYMHBI MPWKATUS LHUIMHIPOB
K Hampasistonieil. KpuBoit 2 mokazaH xapaktep

KoJie0aHMit Tpy3a MPH BI3KOM COIPOTHUBIICHUU KC-
XOJIS U3 YPaBHEHUS

y+2ny+y=0,
rie n=K/2m; K - koaddurmentr mnpomop-
[MOHAJIBHOCTH  (OpH  HAYaNbHBIX  YCJIOBHSX

y=Y,=150mm. U,=0).
U3 puc. 3 nerko yoequThCs B MACHTHYHOCTH.

A

1

1
R Jp— —
\ Zl-li\\_\ "——!r——
! -
s 4/ A, :(Ag 2

Puc. 3. Buapl KpUBbBIX KOJIeOaHUiA:
1 - mpu [ 6 ]= 1100 Mna ([p]=33xH);
2- IIpU BA3KOM COIIPOTUBJIEHUU
KpHBBIX KoJieOanuii 1 u 2

Fig. 3. Types of curves hesitation:
1-in[c]=1100 MPa ([p] = 33 kN);
2 —when the viscous resistance
of curves vibrations 1 and 2

DTO TaeT OCHOBaHWE TOBOPUTH O TOM, UTO Tpe-
HUEM Ka4€HHE MOXKHO JOOUTHCS MPUMEPHO TAKOTO
JKe XapakTepa 3aTyXaHus KoyieOaHWi, KaKk ¥ TpU
B3SATOM CONPOTHUBIEHUH. OJHAKO OTMEHHM, UYTO
B CiIy4yae NBYX KaTSIIMXCS IMJIMHIPOB JIETKO IIO-
MeHATh compoTuBienue W, Hampumep, 3a cuer
YMEHBIIIEHUSI PACCTOSIHUS MEXAY LIHHIPAMA
WIIM MEHSIST CHIIBI P.

2. PaccMoTpuM 3aady, CXeMaTUYECKH IMPHUBE-
JeHHyto Ha puc. 4. OTINYus TAKOTO aMOPTHU3aTOpa
OT TIPEJICTABICHHOTO Ha pUC. 1 SBISIOTCS: ITepeHoC
OpYXKHUHBl TOH ke skecTkocTH C; K IMIMHApPaM

(ponukam); M3MEHEHHE MOJOKEHUS CTATHYCCKOTO
pPaBHOBECHS M BEJIMYMHBI COMPOTHBICHHS Kaue-
HUIO 3a CYET, HAllpUMEp, BUHTA.

Bemnunny h/2 mpumeMm 3a HOJI0KEHHE CTATH-
YECKOTO PABHOBECHS, a JKECTKOCTh TPYKHH IPH-
MEM TaKkylo, YTOOBI IPy3 yIEPKUBAICS B ATOM I10-
JIO)KEHHUH 32 CYET CONMPOTHUBIICHUS KAYCHHUIO POJIU-
KOB I10 KJIMHY. Pajnyc poJIMKOB HaWJIeM JUIsl HHXK-
Hero monoxenus Y =-h/2, korma KoHTakTHEIE

HaIIPsIKCHU S GYHYT MaKCHUMaJIbHBIMH.
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Puc. 4. PacuetHast cxeMa KJIMHOBOTO
aMOpTH3aTOpa KaueHHs

Fig. 4. Diagram of rolling wedge
shock absorber

BepTI/IKaIILHaSI COCTaBJIArOIIass COMPOTHUBIICHHUA
Ka4YCHHIO IBYX POJIMKOB I10 KIIMHY

0,687C,d*(h—2y) |CR (h-2y)
MO ETRE Y Veenyaren

Bemnuuna C, 3mech onpenensercs: U3 BhIpake-

HUS

~1,28mg(d® +h?)

C
! d2h

a MakCHUMaJlbHas BEJIMYMHA Paauyca —
mgE?
R =0,3095 4% +n?. @)
Bho
HOpMaﬂBHOC JaBJICHUC pOHI/IKa Ha KJIUH

C,d’®
P=—"2—"(h-2y). (8)
hvd? + h?
Ecmu Benmmuunbl R, u C, u3 (7) u (6) moxacra-

BUTH B (8), TO monmy4yum

W(y)= 2,8mg(h/2h:/%/)«/h/2—y,
)

h h

——<y<—
2 2
HanomuuM, uto BenuuuHa R, HaiineHa ucxons

U3 BEIMYUHBI MAKCUMAIIbHBIX KOHTAKTHBIX Harps-
keHuit, a C; U3 ycnoBus, 4TO MOJIOKEHHUE CTATH-

YECKOr0 PaBHOBECHUS IPy3a ONpPEIeIsIeTCs Op/IrHa-
Toii y=0.

Teneps ypaBHeHHE KOJeOaHU Tpy3a Ha KIIMHE
HeE ompezenseTcs: Toi xe Gopmyioi (2) mpu Benu-
ynne W omnpenenennsiit u3 (9). Pemenue momy-
YEHHOT'O YPaBHEHHUS B 3aMKHYTOM BHJIE, OUCBH/IHO,
OCYIIECTBUTh CIIOKHO U HEOOXOAUMO MPUMEHUTH
KaKoi-HUOY Ib MPUOIMKEHHBIN CIIOCOO.

3. PemmM 3a/1a4y, aHAJIOTUYHO PaCCMOTPEHHOM
B HayaJie, HO TP YCJIIOBHUH, YTO POJIMKH TEepeMe-
MIAIOTCS TP KQUSHUH 110 KInHY (puc. 5).

Pasmyc ponukoB B 3TOM cirydae

_0,4187E(N +C,L,)
R = 2 14 2/H2 ’ (10)
Bo®v1+L*/H

a BEJIMYMHA CONPOTUBIICHUS KaueHuto mpu Y=0,
N=0 [5]

W (y)=—=040CLk a2 yn 1 2R). (11

E\H (L2 +H?)
%Q

L CE A4

Y
2L

TTTIIT?

Puc. 5. luramMuueckast MoJIelIb aMOpTH3aTOpa
C IByMS IPYKHHAMHU

Fig. 5. The dynamic model of the shock
absorber with two springs

4. TlycTtp momnepeuHble KojieOaHusi KOHCOIbHOM
0aJKy racsiTcsi aMOpTHU3aTOPOM THIIA PACCMOTpEH-
HOTO B Havaje cTateu (puc. 6).
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Puc. 6. Cxema KOHCOJIBHOTO CTEPIKHS
C aMOpPTU3aTOPOM KadueHUs

Fig. 6. Scheme of a cantilever beam
with shock absorbers rolling

YpaBHeHue konebanuii
IO + o’y =
m

rne o=1/+me®/3EJ .

OOmiee pelieHue 3TOr0 ypaBHEHHUS 3alMIIEM
B BUJIE

(12)

y(t) =Y sin(ot + ¢,) £0,547Pcl® /(EJ)E , (13)

rae (EJ) — usruOHas )xeCTKOCTh TPEHHS,
npu HadanbHEIX ycaosusax Y(0) =Y,, y(0)=0

y(t)=Y cosot +1,64Pcl®*/3(EJ)E . (14)

Korma macca ABMXKETCS BHW3, CHIIa TPEHHS
OyneT HampaBjeHa BBepX, a KojiebaHus OyAyT
IPOUCXO/TUTh OTHOCHTEIILHO MOJIOKEHHUS
a=1,64PI°/3(EJ)E u aMmimMTyIa YMEHbBIIHTCS

Ha 39Ty K€ BCIWYUHY W  CTAHCT

Yo =2-1,64P1°/3(EJ)E.
Taxum oOpa3om, ypaBHEHHE BEpXHEH ormodaro-
iei oyaet

paBHOI

Y(t)y =[Y, —0,54PI° /(EJ)Ex] S(EeJ) (15)
HIDKHEH
Y(t), =[-Y, +0,54PI°G /(EJ)Ex] 3(E3)t (16)
Ipu neproje Kojuebanuii
T=272ED (17)
me

I'paduk nBMKEHUS Macchl M C y4€TOM aMOpPTH-
3aTOpa Ka4yeHus Moka3aH Ha puc. /. ['paduk mo-
CTPOEH MPH CIIEAYIOIMX TaHHBIX:

m = 600 xr, 1=3 M (mpu aTom T=1 ¢),

®="6,28¢c7, Yo =30MMm,
6=800MIla, E=21-10°MIla — Benuuuna

30HBKBI 3aCTOA.
H:
=] \

N

Frp
A

T

2a
11

Puc. 7. I'paduk nBmKeHUs Macchl M TPH CHIIe
nprkatust katka P=10 kH (crutomrHas JTuHs)
u P=30 xH (nmyukTtupHas tuaus), a=2,64 Mmm

Fig. 7. The graph of mass m when pressing
force of the rink P=10 kN (solid line)
and P=30 kN (doted line), a=2.64 mm

Ecnu Ha cucremy, MokasaHHyro Ha puc. 6, Kpo-
Me CHJI MHEPIUHU M CHJI CONMPOTHBIICHUS KAUYECHHIO
JEMCTBYET elle Cria P(t), To ypaBHeHue (12) mys
3TOrO CITy4asi IPUMET BH

ww+mym+w (18)

PO
m
IIpu cune P =coNnst BBIKIaTKK MPEIBITYIIETO
MpUMepa TIOBTOPSETCS, W peIIeHHe MPHUBEIEM
B COKpAIIICHHOM BHJIE.
IIpu nBkeHMHM Macchl BHU3 KojieOaHUS OyayT
MIPOUCXOAUTh OTHOCUTEIHHO TIOJIOKEHUS, OTpeie-

nsemoro otaomennem WI/3(EJ)—P mpu am-

nutyne, pasHoi Y, =WI*/3(EJ)+P. B ciyuae

JIBUKEHHA Macchl BBEpX CHJIa TPeHHs OyIeT COB-
nazaTh ¢ cuioi P u xonebaHust OyAyT MPOXOAUTh
OTHOCUTENFHO TIOJNIOXKEHMsI, YKa3aHHOTO BBIIIE,

a ammmryga ymesbumres ra WI/3(EJ) u cra-
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Her paBHOW Y, =2WI®/3(EJ)—P. Vpasuenue
BepxHeii ormbaromeii Y, —[2WI°/3(EJ)], a Hmx-
et —Y, +[2WI° /3(EJ) + P].

B ciyuae BHE3alHOTO MPUIIOKCHUS CHIIBI P

HavyajabHbIME ycnoBusimu Oyayt t = 0, y(0) = 0,
y(0) =0 u ypaBHeHHe KONIEOAHUH TPUMET BU/T

y(t)=(P£W)@—-coswt). (19)

B ciyuae, xorna p(t) =P, cosmt (rapmonuue-
CKasl CUJia) ypaBHEHUE KOJIeOaHuit

W

o) +oPy(Q) = -4 B

m

(20

pelieHre KOTOPOro MpH HAYalbHBIX YCIOBHSIX
(HyneBBIX)
R, W

=—2" "
y(t) ey

Ecmu P(t)= P, sin6t, To mpu 3THX ke yCI0BUAX

cosot . (21)

P, £W
m ’(O\)Z _62)2

Haquaﬂ HOBHU3HA U MPAKTHYCCKasA
3HAYUMOCTDb

sin ot .

y(t) = (22)

C mnoMOIIbI0 TEOPEeTHYECKHUX 3aBUCHUMOCTEH
UL ompeneneHust Ko3((QUIMEHTOB TPEHUs Kade-
HUSl TIONyYeHBI 3aBUCHUMOCTH MJIS OMpEIeNIeHUs
aMIUTATYT KoJeOaHWi TpH BEPTHUKAIBHOM IIepe-
MEIIeHNH Tpy3a.

[Ipenoxennas Teopust MOXKET OBITH HCITOIb-
30BaHa MPHU MPOEKTHPOBAHWH aMOPTH3aTOPOB Ka-
YEeHUS] KaK ajbTEePHATHBA THAPABINYECKAM aMop-
THU3aTOpaM MaIlliH.
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TEOPETUYHI OCHOBHU I'ACUTEJIIB KOJIUBAHDb
TEPTAM KOYEHHA

Meta. Y mNUTaHHAX TacUTENiB KOJMBAaHb ICHYE psii HEBHUPILIEHUX MPOOJIEM — BiICYTHICTH iHXXEHEPHHX
PO3paxyHKIiB Ui TacCHUTENiB KOJHMBAHHS TEPTSAM KOUYCHHSA; BIACYTHICTh JOKa3iB MOUUIBHOCTI iX 3aCTOCYBaHHS.
BpaxoByroun nanuii ¢axt, aBTOpU rependavaroTh JOBECTH, 10 TacUTENI KOJIWBAaHb, 3aCHOBAHI Ha TEPTi KOYCHHS,
€ GJIM3BKMMH 32 TEMIIOM 3aracaHHs KOJIMBaHb IipaBIiYHAM aMOPTH3aTOpaM. Y TOH e 4ac BOHM 3HAYHO MPOCTIlle
TiApaBIiYHUX 32 KOHCTPYKII€I0, a B €KCIUTyaTallii JISTKO MiATAI0ThCS PETYIIOBAHHIO, K B aBTOMaTHYHOMY, Tak
i B pyuHoMy pexnmax. Meronuka. DikcoBaHa CYKyHHICTP NMPUAOMIB MPAKTUYHOI MISUIBHOCTI 3 BH3HAYCHHS
aMIUTITY] KOJIMBaHb aMOPTH3aTOPiB MPH3BENa 0 3a34aJeTib IIEBHOTO PE3YNbTaTy i O3BOJMIIA 3aCTOCYBATH IO
TEOPil0 MpPU PO3PaxyHKy IHIIMX TacUTENIB KoIWBaHb. Pe3dyabratn. AHanmiz orpumanux (opmys Ta rpadikiB
JI03BOJISIE 3pOOUTH HACTYIIHI BUCHOBKH ¥ Tpomo3uiii: 1) xapakrep 3aracaHHs KOJHBAaHb [PU ACHTEISX KOJHUBAHb
TEpPTSAM KOYCHHS OJM3bKHHA [0 1X 3aracaHHs MpH B’S3KOMY OMOpi; 2) MpU NPOBEICHHI HEOOXIAHMX EKCIICPHMEHTIB
aMOpPTH3aTOPH KOUYCHHS MOXXYTh OyTH PEKOMEHIOBaHI SIK ajbTepHATHBA TifpaBiIiyHUM. Pe3ynbraTH mOCiiKeHb
JaHoi 3a/1a4i JI03BOJISATH BBECTH HOBI HANPSMKH B PO3PaxyHOK 3MEHIIEHHS JTUHAMIYHUX HaBaHTAXXCHb Y MalllHaX.
HaykoBa HOBH3HA. 3a JIOTIOMOTOI0 TEOPETHYHHX IEPEIyMOB JUIA BH3HAYCHHA KOE(DILi€HTIB TepTsS KOYCHHS
OTPUMaHI 3alIe)KHOCTI JJIs BHU3HAYCHHS aMIUTITYy[l KOJHBAaHb IIPH BEPTUKAIBHOMY IIEPEMIIICHHI BaHTaXY.
[Ipn 1mpOMy paHime 3amponoOHOBaHA AHANITHYHA 3aJICKHICTh JJIS BHU3HAYCHHS KOeQillieHTa TepTsS KOYCHHS
MICTHTh TiNbKHM 3arajJbHONPHAHATI MEXaHIYHI KOHCTaHTU Ti, SKi KOHTAaKTYIOTh, Ta 1X T€OMETPHYHI pO3MipH.
IpakTnyHa 3HaYUMicTh. Y 3B’S3Ky 3 HAasSBHUMH 3arajJbHOBIIOMHMH HEIOJIKaMH TiPaBIIYHUX aMOPTH3ATOPiB
JorigHuM Oy1o 6 3aCTOCOBYBATH TEXHOJIOTIYHO 3pY4HI Y BUTOTOBJICHHI Ta MPOCTi B PETYIIOBAHHI TEMITY 3aracaHHs
aMOpPTH3aTOpH. 3alpONOHOBaHA TEOpis MOXe OyTH BHKOPUCTaHA IPH MPOEKTYBaHHI aMOPTH3aTOPIB KOUEHHS SIK
aJbTePHATHBA TiIPaBIIYHAM aMOPTHU3aTOPaM MAIlKH.
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THE THEORETICAL FOUNDATIONS OF VIBRATION DAMPERS
BY ROLLING FRICTION

Purpose. There are some unresolved issues in vibration damping — the lack of engineering calculations for the
vibration dampers by rolling friction; the absence of evidence of their application appropriateness. Considering this
fact, the authors suggest to prove that the dampers based on rolling friction, are similar in rate of oscillation damping
by hydraulic shock absorbers. At the same time, they are easier for the hydraulic design, and easily amenable to ma-
nual adjustment, both in automatic and manual mode. Methodology. Fixed techniques of practice in order to deter-
mine amplitudes of the oscillations of a shock absorber led to a predetermined result and will apply this theory in the
calculation of other vibration dampers. Findings. Analysis of the formulas and graphs leads to the following conclu-
sions and recommendations: 1) the nature of the oscillation damping at vibration dampers by rolling friction is close
to their decay in the viscous resistance; 2) when conducting the necessary experiments the shock absorber rolling
can be recommended as alternatives to hydraulic ones. The research results of this task will help implement the new
trend in reduction of dynamic loads in vehicles. Originality. With the help of theoretical curves to determine the
coefficients of rolling friction the dependences for determining the amplitudes of the oscillations in the vertical
movement of cargo were obtained. At the same time, the previously proposed analytical dependence for determining
the coefficient of rolling friction contains only conventional mechanical constants of the contacting bodies and there
geometrical dimensions. Practical value. Due to the existing well-known disadvantages of hydraulic shock absorb-
ers it would be logical to apply shock absorbers that are technologically convenient in manufacturing and easy to
adjust the damping rate. The proposed theory can be used in the design of shock absorbers rolling as an alternative
to the hydraulic shock absorbers of machines.

Keywords: vibrations; damping; rod; friction; suppression; bearings; shock absorbers
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MOJIEJINPOBAHHUE B3ANMOJENCTBUS DKUITAKEN
IMACCAKHUPCKOTI'O TIOE3JIA, OBOPYJIOBAHHOI'O CUCTEMOM
ITACCHUBHOM BE3OITACHOCTH, ITPU ABAPUMTHOM
CTOJKHOBEHHWHU C TPENSATCTBUEM

Hean. Pa3Burie BHICOKOCKOPOCTHOTO IBIKEHUS Ha JKEJIE3HOAOPOKHOM TPAHCIIOPTE MOTPeOOBao OOHOBIECHUS
TpeboBaHUIl K KOHCTPYKIMH MAaCCa)KUPCKOTO TOABM)KHOTO COCTaBa M MEPECMOTPa CTAHAAPTOB OE30MACHOCTH MPHU
aBapUHMHBIX CTOJIKHOBEHHSAX II0€3[0B C MpemsarcTBueM. K KOHCTPYKIMM OSKHIIaXeHl HOBOTO MOKOJCHUS
HPEABIBIAIOTCS TPEOOBAHUS 110 OCHAICHNIO MX TACCHBHBIMH KPAII-CUCTEMaMH, 00€CTICUNBAIONIMMHU 0€3011acHOCTh
MAaCCaXHPOB U NIEPCOHAJIA B aBapHIHOM cuTyary. VIcbITaHNs KP31I-CUCTEM NMAaCCaKUPCKOTO MOABHKHOTO COCTaBa
MIPOJIOJDKUTENBHBI BO BPEMEHH M TPeOYIOT 3HAYMTENBHBIX MaTepUalIbHBIX 3aTpaT. B mensix oTpabOTKH TECTOBBIX
CLICHAPHEB CTOJKHOBEHUS IOE3JHOI0 COCTaBa C MPEMATCTBUEM M OLEHKM I0KAa3aTeleil MOTIJOIIEHUS 3HEPruu
COyJlapeHHus1 YCTPOHCTBAMH ITACCHBHOM 3aIUTHI B paboTe NpHMEHsIETCS KOMITBIOTEpHOE MozennpoBanue. IlepBoiM
9TanoM MpPOBEACHUS HUCCIEAO0BaHUN AMHAMMYECKHX IMPOLECCOB, MPOTEKAOIUX B MOE3AE€ NPU CBEPXHOPMATHUBHBIX
YIapHBIX BO3/ICHCTBHSIX, SIBISIETCS OI[CHKA MAKCHMAIBHBIX 3HAYEHHUH CXKUMAIOIIMX CHJI, BO3HUKAIOIINX B MEXBAarOHHBIX
COCMHEHMSX TI10€3/1a, JIOKOMOTHB M BaroHbl KOTOPOTO OOOPYAOBAaHBl CHCTEMAMH IIACCHBHOW OE30IMacHOCTH.
Metoauka. Ha ocCHOBaHMM KOHIENIWHU ITACCUBHOHM 3aIMTHI MACCAXHPCKOTO MOABIKHOTO COCTaBa Ui KOJIEH
¢ mupuHOil 1520 MM mpH aBapuifHBIX CTOJNKHOBEHMSAX MpEIUIOKEHAa KOHIENTyalbHas CHCTEMa IAaCCHBHOM
6e30macHOCTH Al NMAcCaXUPCKUX MOE370B JIOKOMOTHBHOM TATH, C(OPMHPOBAHHBIX M3 JSKUMAXEH HOBOTO
nokosieHnsi. CHCTEMOM MacCUBHOM 0€30IaCHOCTH PEKOMEHIYeTCsl 000PYI0BaTh KaK JIOKOMOTHUB, TaK U BaroHsl. s
NpeBapUTEIbHON OLEHKH BBINIOJIHEHUSI TPEOOBAaHUH K CUCTEME IaCCHBHOW 0€30MacHOCTH MacCaXUPCKOTo I0e31a
IPU aBapUMHBIX CTOJKHOBEHHUSX, KaK IIPAaBUIIO, HCIIOJB3YeTCS YHPOIEHHAs IUCKPETHO-MaccoBas MOJENb,
B KOTOPOIl Moe31 paccMaTpuBaeTcsi KaK OJHOMEpHas ILeMoyka TBEPAbIX TeJl, COCIUHEHHBIX CYIIECTBEHHO
HEeNMMHEHHBIMU  nedopMHUpyeMbIMU  dieMeHTamMu. Pe3yabraThl. Pa3pa0oTaH airopuT™ BBIMHCIECHHS YCHIIHH
B MEKBaroHHBIX COEJMHEHMSAX I10€3/la JIOKOMOTHBHOM TSATH ITOCTOSHHOTO (DOPMHUPOBAHMS, YUUTHIBAIOIINN
cnenuduky pabOT CLENHBIX YCTPOMCTB, YCTPOWCTB IOTJIOLNICHUS SHEPTMM W YIPYTrOIUIaCTHUECKHE CBOMCTBa
KOHCTPYKLMH KY30BOB 3KUIaXEW MPHU aBapUilHBIX CTOJKHOBEHUsX. HayuHasi HoBu3Ha. [IpeyioxkeHHbIN anroputm
MO3BOJISIET y4YECTh OCOOCHHOCTH (HDOPMHPOBAHUS IO€3/a JOKOMOTHBHOM TSTH HOBOTO MOKOJICHHS W PabOTHI
MEKBaroHHBIX COEAMHECHUH MPU MCCIIEIOBAHNH AMHAMUYECKHX TPOIECCOB, MMPOTEKAIOMINX B TOE3/1€ B CIydae €ro
ABapUMHOIO CTOJKHOBCHHMH C TPEIATCTBHEM HA JKEJIE3HOAOPOXKHOM IyTH. IIpakTHyeckasi 3HAYHMMOCTD.
PazpaGoranHble anrOpMTMBI BBIYMCICHUS YCHIMH B3aMMOJEHCTBHS OJKHIIAXEH MacCaXMpPCKOro moe3na
JIOKOMOTUBHOHM TSTH, OOOPYZOBaHHBIX CHCTEMaMM IAacCCHUBHOW 0€30MacHOCTH, MOTYT OBITh HCIOJb30BaHbl MPHU
MaTeMaTH4YeCKOM MOJEIHUPOBAHUU TECTOBBIX CI[CHAPHEB CTOJIKHOBEHMS 3TAJIOHHOTO MOE3[a C MPENsSTCTBUEM JUIA
OTpabOTKH CHUCTEM IAacCHBHOI 0€30IIaCHOCTH Ha 3Talle NMPOCKTHUPOBAHUSA MAcCaXKMPCKOIO MOJABIKHOIO COCTaBa
HOBOTO TIOKOJICHHS.

Kntouegvie cnosa: cucreMa NacCUBHOM 0€30I1aCHOCTH; NMACCAXKUPCKUI M0€3/1; IOKOMOTHBHAsI TSra; IOCTOSIHHOE
(hopMHpOBaHHUE; TECTOBBIE CLIEHAPHH; aBapPUIHbBIE CTOJIKHOBEHHSI 110€3/1a C IPENITCTBUEM

Beenenne COKMM YypPOBHEM KAuUeCTBEHHBIX, TEXHUYECKHUX
U DKOHOMHYECKHMX II0Ka3aTeleld HSKCILTyaTaluu
W YBETHYEHHBIMH CpOKaMHu ciyxObl. B crpanax
EC BHOBb NpOEKTHPYEMBIH MOABMXHOM cOCTaB
JOJDKEH COOTBETCTBOBATh TPEOOBAHUAM CTaHAApTa
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CoBpeMeHHBIH yYpOBEHb TPAHCIOPTHOTO odec-
MEYCHUS TPeOyeT BHEAPCHHS ACCAXKUPCKOTO MOJI-
BIKHOTO COCTaBa HOBOTO IOKOJICHUS C OoJiece BbI-
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MO CTATHYECKOW MPOYHOCTH U 00OPYIOBATHCS CHC-
TEMOM MMAaCCUBHOM 3amIuTHI s oOecrieueHus: 6€30-
MACHOCTU TMACCAXHPOB M TOE3JHON OpHUraabl npu
aBApUUHBIX CTOJKHOBEHHSIX TMOE3/1a C MPEISITCTBU-
em [8, 9]. Cucrema maccHBHOM O€30MAaCHOCTH
(CIIB) 3aknambpiBaeTCsi B apXUTEKTYPY MOJBHKHOTO
COCTaBa M HMHTETPUPYETCS B KOHCTPYKIIUHM DKHUIIA-
XKEH MacCaKUPCKUX MOE3/I0B JIOKOMOTHBHOM TATH
1 MOTOPBAaroHHOT'O MMOJBUKHOTO COCTaBa.

ITaccaxxupckuid moe3n JIOKOMOTUBHOM  TATHU
dbopMupyeTcs U3 JTOKOMOTHBA M MPUICTTHBIX Baro-
HOB. [10o ()yHKIIMOHANEHOMY Ha3HAYCHUIO JIOKOMO-
TUB TPEACTaBIACT COOOW TATOBBIA CaMOXOJHBIN
pelbCOBBIM  JKMMax. B Hacrosiiee  Bpems
B crpadax CHI' Hambomnee BOCTpeOOBAaHHBIMU SIB-
JIIFOTCS  TTACCAXKUPCKUE JIBYXCHUCTEMHBIC OJHOCEK-
[OHHBIC 3JICKTPOBO3bI, KOTOpPBhIC 0OOPYIOBAHEI
JBYMsI KaOMHAMHU YIPABIICHUS, PaCIHOIOKSHHBIMH
B TOPIIOBBIX YacTAX CEKIMH. B KauecTBe CIEMHBIX
YCTPOHCTB  UCIHONB3yOTCs — aBrocuenku CA-3
C TIOTJIOMIAOIIMMHY armapaTtamu P-5I1.

Ha npunenseix BaroHax noesaa JOKOMOTHBHOM
TATH TMOCTOSTHHOTO (hopMHUpOoBaHUs (B MEPBYIO OUe-
pellb CKOPOCTHBIX) YCTAHABIMBAIOTCS CICITHBIC
ycrporictBa BCY-3 ¢ mormoniaonmmy anmnapaTaMu
P-5I1 mpu He3HAuUTENBHOM NOpPabOTKE KOpIyca-
xomyTa [1]. Bes3asopHbie CLEMHBIE YCTPOHCTBA
(BCY) obecreunBarOT KECTKOE CIEIIEHHE Baro-
HOB, TOJIHYIO B3aMMO3aMEHSIEMOCTb C aBTOCICIKON
CA-3, xompopTHBIH TIepexol W3 BaroHa B BaroH,
TEMI0- ¥ IIYMOU3OJSIIHUIO calloHa 0e3 YCTAaHOBKH
MeKTaMOypHEIX fBepeit [4]. TIockonbKy TOKOMOTH-
Bbl OCHalleHbl aBrocuenkamu CA-3, TO mpu co-
CTaBJICHUH MACCAXKUPCKOro MOe3/1a JIOKOMOTHBHOI
TSATH KOHIIEBBIE BaroHbl OOOPYAYIOTCS C OJHOTO
koHia bCY-3 1151 cueruieHust ¢ COCEIHUM BaroHOM,
a C JIPyroro KOHI[a — TOJBKO CTaHJApTHBIMH aBTO-
cierikamu CA-3 (Oydepa OTCYTCTBYIOT) Ui CO-
SIMHEHHUS C IOKOMOTHBOM.

Ha ocHoBaHuMM aHamu3a MUPOBOTO OIBITA II0
MACCHUBHOW 3all[UTE MACCAKUPCKUX TOE3I0B pas-
muunoro HasHadenws [10, 13], HopmarusHOIM Ga3bl
mo manHo# mpobaeme [2, 3, 8, 9, 12] u cymecr-
BYIOIIMX KOHIICTIIIMHA MACCHMBHOW 3aIlUThI MOIBUX-
HOTO COCTaBa TIPH aBapUIHBIX CTOJIKHOBEHHSX
C MPENATCTBHEM pa3pa0OTaHbl OCHOBHBIC MOJIOXKE-
HUS KOHIICTII[UHA TACCUBHOM 3aIIUTHI MACCAXKUPCKO-
r0 MOJBIKHOTO COCTaBa JUIS JKENE3HBIX JOpPOT
¢ mmpuHod komen 1520 MM, U3IOKEHHBIC
B pabote [7]. [Ipu pazpaboTke MEXaHU3MOB IOTJIO-
HICHUS KUHETHYECKOW SHEPriH COyJTapeHUsl W pa-

MHOHATBHBIX cxeM pasmerieHust CIIb yauTrIBammch
OCHOBHBIC KOHCprKTI/IBHBIe OCO6eHHOCTI/I CHECITHBIX
YCTPOMCTB M DKHUIAXKEH, UCIONb3YyEeMbIX Ha KOJee
mmpuHOoi 1 520 mm.

Konnenus naccuBHOM 3alIUThl TACCAXKUPCKOTO
Moe3/1a OCHOBaHA HAa KOHTPOJHPYEMOM ITO3TAITHOM
TIOTJIONIEHUH SHEPTHU YAapa MO JUIMHE BCETO Moe3-
ma. B mensx miaBHOTO IOTJIOMICHUS KHMHETHYECKOM
SHEPTHH COYIApEHHUsT PEKOMEHIYeTCs 000pyI0BaTh
CHCTEMOI MAacCHBHOM 0E30IaCHOCTH KaK JIOKOMO-
THUB, TaK U MACCAKUPCKHE BaroHsI [5].

Hean

HcnbiTaHus KpaII-CUCTEM MACCaXUPCKUX TMOE3-
JIOB 3aHHMAIOT MHOTO BPEMCHH W SIBIISIOTCSA OYCHB
3arparHbIMH. C TIeNbI0 OTPaOOTKU TECTOBBIX CIIe-
HapUEB CTOJIKHOBCHUA W OLUCHKH rnokasarejieil mo-
TJIOIICHHS SHEPTHH COYIAPEHUS MPUMEHIETCS KOM-
MBIOTEPHOE  MozenupoBaHue. [lepBbIM  3Tarom
B MPOBEACHUM HCCIEIOBAHUA TUHAMUYECKUX IPO-
IIECCOB, MPOTEKAMIIUX B MOE3JIC MPU CBEPXHOPMA-
TUBHBIX YJAPHBIX BO3JICHCTBUSAX, SBISIETCS OICHKA
MaKCUMAJbHBIX CKHUMAIOIIUX CHJI, BO3HHKAIOIINX
B MEXBAroHHBIX COCAMHEHHSX MOEe3/a, JIOKOMOTUB
W BaroHbl KOTOPOTro 00OPYIOBaHBI CUCTEMaMH Tac-
CUBHO 0€30ITacHOCTH.

MeToauka

Hns ciyyas, Korga maccaxupckuii noesa cgop-
MHUPOBaH M3 IOJIBHYKHOTO COCTaBa, 000PYJIOBAHHO-
ro CIIb u aBrocuenkamu CA-3, paboTaronuMu 1o
npunimny push-back coupler [10, 11], anroputm
OlIpeNIeNICHHs] YCHIINH, BO3HUKAIONIIMX B MEKBaroH-
HOM coeuHeHnn Mexay (1—1)-M u | -M skumaxa-
MH TIPH CBEPXHOPMATHBHBIX YIapHBIX BO3/ICHCTBU-
sIX, TIPUBEEH B padore [6].

PaccMoTpuM KOHIENITYalIbHYIO CHCTEMY Tac-
CHBHOI 0€301acHOCTH IUIsl Moe3/a JOKOMOTUBHOU
TSTH HOBOTO MOKOJIeHHs. COTIIacHO MpeUIoKEeHHOH
KOHIIETIIIUH CHCTEMa MacCHBHOW 0€30MacHOCTH IS
noesJa JIOKOMOTHBHOM TATH MOCTOSIHHOTO (hopMu-
poBanus konen mmpuHOH 1 520 MM momKHA BKITFO-
4aTh!

—  JUIs IOKOMOTHBA:

1) aBrocuenku CA-3, KOTOpble B Cily4ae
aBapUITHOTO CTOJKHOBEHMS CABUTAIOTCS Ha3ax
U HE MNPEMATCTBYIOT PabOTe MPOTHUBOMOIBEMHBIX
YCTPOMCTB W YCTPOWCTB TOTJIOIICHUS DHEPTUH
(VIID) kpamr-cucremsr (push-back coupler);
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2) Ba DHEPromoOTNIONIAIONINX  yCTPOUCTBA
KOpOoOYaTOro THUIA, PAaCIONOXEHHBIE B KOHIIEBBIX
YacTsIX paM JOKOMOTHBA U MPEAHA3HAUCHHBIC IS
MOTJIONICHUST SPHEPTHH COyJapeHUs B pe3yibTare
WX IJIacTu4deckor aedopmanuu,

3) KepTBEHHYIO 30HY B KOHCTPYKIIMH KapKa-
ca KaOWHBI MaITMHKCTA,

4) mpOTHBOMOIBEMHBIE YCTPOICTBa, YyCTa-
HOBJIEHHBIE Ha 3HEProIorJIoNaloIINe yCTPOUCTBA
Y OTPaHUYMBAIONINE BEPTUKAIbHBIC MEPEMEILICHUS
SKUMAKed OTHOCHUTENBHO NPYT Jpyra MpH coyaa-
peHuu;

— Ui NPUIEIHOTO BaroHa:

1) casuraembie bCVY-3, pabotatomue 110
npunaimy push-back coupler, u cranmaptHbe aB-
tocuenku CA-3 s epBOTo U MOCIEAHETO Baro-
HOB TI0€371a;

2) SHepromorJoIIaIKe YCTPOHCcTBAa KOPOO-
9aTOro THIA, PACIIOIOXKEHHBIE HAa MecTe OydepoB
Ha TOPLIEBOM Opyce MPULENHOTO BaroHa,

3) TPOTHUBOMOIBEMHBIE YCTPOMCTBA, COBME-
menneie ¢ YIIO.

OHepromnoraomarIine 3JIeMEHThl, TMPOTUBO-
MOJTbeMHBIE YCTPOWCTBA WM >KEPTBEHHAs 30HA Ka-
OMHBI MAaIIMHHUCTA COCTABISIOT JBYXYPOBHEBYIO
Kp3UI-CUCTEMY JIOKOMOTHBA. IIE€PBbIA YPOBEHb —
SHEProMNOrIOMIAONINE U IPOTUBOIOABEMHBIE yCT-
pOMCTBa; BTOPOM YpOBEHb — KEPTBEHHAs 30HA Ka-
OuHbI MamuHUCTA. [IpH SKCIITyaTalOHHBIX PEXKU-
MaxX JBWOXKEHHUS MACCaKUPCKOTO TOe3[a SHEpPromno-
TJIOIAIOIIHE 3JIEMEHTHI He paboTatoT, cpabaTeiBaHme
MeXaHW3Ma YBOJA CIIENHBIX YCTPOHCTB U aedopmu-
pOBaHUE yCTPOMCTB MOITIOUICHUS SHEPTUU IIPOUCXO-
JTAT TOJIBKO B ABAPUIHBIX CHTYAIHSIX.

PacuerHas omeHKa ypOBHS HEPTOMNOTIIOMEHUS
KHHETUYECKOMN OHEPTHUU COyaapCHUA IJICMCHTaMHU
CHCTEM TacCHUBHOH 0€30MacHOCTH IMoe3la MpOBO-
JTUTCSI COTJIACHO TECTOBBIM CIICHAPHSIM CTOJKHOBE-
Hus. [Ipyn MaTemMaTuueckoM MOJETHPOBAHUN PaOOTHI
CIIb B coenrHEHMSAX SKUMAXKEH 1Moe3/1a B aBapHiHON
CUTyaIlid B Ka4eCTBE TECTOBOTO CIIEHApHs BHIOpaH
CIIeHapHii JJOOOBOTO CTOJKHOBEHHS IBYX WACHTHY-
HBIX oe3710B, obopynoBanHbix CIIb, kak Hambosee
001 ¥ TTO3BOJISIOIINI HAa YPOBHE 3aaHUsI UCXO/-
HBIX TTAPAMETPOB MIEPEHTH K MOJETH pabOThI MEXKBa-
TOHHOTO COEMHEHHS B CIydae aBapHIHOTO CTOJK-
HOBEHHMS 3TAJIOHHOT'O TI0€3/1a C IPY30BBIM BarOHOM.

[Ipu CTONKHOBEHWH TI0E3/I0B JJOKOMOTHUBHI TIEep-
BbIMM BCTYIAIOT BO B3aMMOJEUCTBHE. AJTOPUTM
BBIYUCIICHUS TPORONBHBIX ycwmit S (t), Bo3HH-

KaoIUX B COENWHEHUH MEXIy JIOKOMOTHBAMHU
IIpY ABAPUHHOM COYJApEHMHM, IIOLIArOBO MOXHO
omucarh clieAylomuM obpa3oM. B HauanbHbIN MO-
MEHT BPEMEHH, TMOKa 3a30p B COCIWHEHHH aBTO-
CIIETIOK JIOKOMOTHBOB He BBIOPaH, YCHIINS B3anMO-
JeficTBHS paBHBI HYJII0. 3aTeM Ha4MHAIOT paboTaTh
IITaTHBIE aMOPTHU3aTOPHI yJapa, KOTOPBIMH 000-
pynoBanbl aBrocuenku CA-3. Iornomienue sHep-
THH yllapa MPOUCXOIUT 3a cueT ympyroi aedop-
Maru mnorjionapmux anmnapatoB P-5I1 u pambr
nmokoMoTuBa. llocie 3akphITHS TOTIOMIAOIINX
amnmapaToB Harpy3ka depe3 aBTOCLEINKY IepeaaeT-
cs Ha paMy JIOKOMOTHBAa. B cuinoBoii xapakrepu-
CTHKE 3TO COOTBETCTBYET BBEIUYUCIICHUIO YCHIIAH TIPH
ynpyrux aedopmanusax KOHCTPYKIIMH Ky30Ba JIOKO-
MOTHBaA. Korna CHUJIbI, IMPUJIIOKECHHBIC K aBTOCLICII-
HBIM YCTpPOWMCTBaM, AOCTUTHYT 33[aAHHOTO TpaHH4-
HOTO 3HA4YeHWs, pa3pyIIaloTCs SIEMEHTHI KPETUTeHHs
aptocuenku CA-3 k paMe JJOKOMOTHBA, U aBTOCIIEI-
Ka YBOAWTCS TOJ paMy JIOKOMOTHBA. Y CHJIME B3aH-
MOJICHICTBUSI PAaBHO HYJIIO O MOMEHTa COIPHKOCHO-
BEHMsI YCTPOICTB MEPBOTO YPOBHS KPOAII-CHCTEMBI,
pa3sMEUICHHBIX B KOHIEBBIX YacTAX paM JIOKOMO-
TUBOB. [IpoTHBOMOABEMHBIE YCTPOICTBA, B3aUMO-
NIEHCTBYS, OTpPaHMYNBAIOT BEPTHUKAJIbHBIE ITEepeMe-
IIE€HUA JIOKOMOTHUBOB U, TEM CaMbIM, IPECHOATCTBY-
10T HaIOJ3aHMIO DKUMAXel ApYyr Ha npyra. XKeprt-
BEHHBIE DJIEMEHTHI Ae(POPMHUPYIOTCS T10 33TaHHOMY
cueHapuio mnorjouienus sHepruu. Korma VIIO
ceOpMHUPYIOTCSL HACTONIBKO, YTO CONMPHKOCHYTCS
KaOWHBI JIOKOMOTHBOB, B PabOTy IOTOIHHUTEIHHO
K YIID BCTymamT 3JIeMEHTHI BTOPOTO YPOBHS
Kp31I-CUCTEMBI — KEPTBCHHBIC 30HLI Ka6I/IH Malu-
HuCTOB. [Ipyn moaHOM cpabaThIBaHUH KPIII-CHCTEMBI
Harpy3kKa CHOBa ITepefaeTcs Ha paMy JIOKOMOTHBA,
1 B 3aBUCHUMOCTHU OT BCJINYHHBI C)KPIMaIOHIeﬁ CHJIBI
MUMEIOT MECTO YIpyrHe JIMOO YIpyromiacTHUecKue
nedopManii KOHCTPYKIIUH Ky30Ba JIOKOMOTHBA.
KonnenryansHple auarpamMmsl edopMupoBa-
HUSI DJIEMEHTOB KPAII-CHCTEMBI JIOKOMOTHBA Mpe.-
CTaBII€Hbl  KYCOYHO-TMHEWHBIMH  (DYHKIUAMU
C IBYMsI y4acTKaMH, KaKIBIH W3 KOTOPBIX COOT-
BETCTBYET YIIPYTUM H TUIACTUYECKUM JeopMaliu-
am YIID u xepTBeHHOW 30HBI KaOWHBI MAITHMHH-
cra. Ilpeamonaraercs, gto miactuyeckoe aedop-
MHPOBaHHUE 3JIEMCHTOB IMaCCUBHOM 3allluThI JIOKO-
MOTHUBA ITPOUCXOJUT IPH MOCTOSIHHOW CHJIE.
Cucrema maccUBHOW 0€30MMacCHOCTH BaroHOB
moe3za KOHCTPYKTUBHO oTimuaercs ot CIIb mo-
KOMOTHBAa. DHEpProONOIIONIA0NIIe YCTPOUCTBa Ha
JIOKOMOTHBE HMEIOT Ooyiee BBICOKHIA YPOBEHb
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sHepromnoryiomeHus, yem YIID, ycTaHOBIEeHHBIC
Ha BaroHax. [IpOMeXyTOYHBbIC BaroHbI O0OPYIY-
IOTCS CIIBUTAGMBIMH CIICTIHBIMH  yCTPOWCTBAMU
BCVY-3 ¢ mnornomaromumu anmaparamu  P-511,
KOHIIEBBIE Barousl — casuraecMeiMu bCVY-3 s
CICTUICHUS

¢ cocelHUM BaroHOM u aBTocuenkamu CA-3 s
CIICTUICHUS] C JIOKOMOTHUBOM. AJITOPHTM BBIYHUCIIE-
HHS YCWJINH, BO3HHKAIOIIUX B | -M MEXBarOHHOM
COCJIMHEHHUH TI0€3/1a JIOKOMOTUBHOW TSATH TOCTO-
SIHHOTO (POPMHUPOBAHUS (32 MCKIIOUEHHEM COEMIU-
HEHHs TIEPBOTO BaroHa ¢ JJOKOMOTHBOM) B ClTydac
ABAPUITHOTO CTOJKHOBEHUSI C TPEMSATCTBHEM, TPH-
BejieH B pabore [5].

Takum oOpaszom, Ansi pa3paboTku 3¢ddexTus-
HOU CHCTEMBbI MACCUBHON 0€30MacHOCTH Ha Tacca-
YKHPCKOM TIOJIBHYKHOM COCTaBe HEO0OXOIUMO

— o0ecreynTh  BO3MOXHOCTH  CMEILICHUS
CIICTTHBIX YCTPOWCTBA U Ae(hOPMHUPOBAHUE ITICMEH-
TOB DHEPTOMOMIONMIAIOIINX YCTPOUCTB, HHTETPHPO-
BaHHBIX B KOHIIEBBIC YaCTH paM JKUIaXKeH,
B CJIyYae aBapuu,

—  000pyIOBaTh SKHIAXH TMPOTUBOMOIBEM-
HBIMH YCTPOWCTBAMHU JUISl MPEAOTBpAIICHHS Ha-
MOJI3aHUSl WM Hae3J OJHOTO TPaHCIOPTHOTO
Cpe/ICTBA Ha JIPYroe.

Pe3yabTatsl

AHaNMATHYECKN BBIPAXECHHUSA IS ONpeeseHus
YCHJINM, BO3HUKAIOIMIUX B COCAMHEHUH MEXIY JIO-
komoTuBamMu, obopynoBanHeiMu CIIb u casurae-
MbiMu  aBTocuenkamMu CA-3, mpu aBapuUitHOM
CTONKHOBEHHH ABYX HUJCHTHYHBIX IMOE3I0B MOTYT
OBITH MTPEICTABIICHBI CICAYIOIINM 00pa30M:

S,(t)=S$,()sign (q,(t) - &, (t—h) - &, (t-h));
of,(t) =, (O -, (t-h) -, (t- h)‘ — 0,58, x

x(L+sign(q, (t) - &, (t—h) - €, (t-h)),

rae q,(t),q,(t) — oTHOcHTENbHBIE NEpeMelIeHNs]

U CKOpPOCTU MLCHTPOB MACC JIOKOMOTHBOB IIpH
CTOJIKHOBCHUH II0€310B COOTBETCTBCHHO, t — Te-

Kymiee Bpems; h — mar mHTerpupoBaHus; o, —
MaKCUMaJlbHasl BEJIMYMHA 3a30pa B COCAMHEHHUU
MEXIy JIOKOMOTHBAMH; E_,; — nmedopmarms ycT-
pOMCTB MacCCUBHOW 3alIUTHl B COEUHEHUHN MEXKIY
JOKOMOTHBaMH; &, — OCTaTO4Has NPOJOJIbHAs
nedopmarnys KOHCTPYKIIHKA JJOKOMOTHBOB,;

0, ecmm gf , () <O0;

npu 0<qf, (t) <A} :

min{ S (t), S (t)} , eciu

g,(t)sign(q, () - &, (t—h) -, (t—h)) >0

0o
max{ SX(1), S} (t)} , eciu

g, (t)sign(q, (t) - &, (t—h) &, (t—h)) <0;
npu gf, (1) > A :

S;(t), ecmgf () <A, ;
0, ecmu A, <qf, (t) <Ag;

min{ S;'(t), S; ()},

ecan Ay <qf ,(t) <A,

min{ S1, (t), S; (1)},

ecan A" <qf , (t) <A7;

min{ (Sg4 () + S5 (1), S, (1)},
eca Ay <qf , (t) <A3;

min{ (g (1) + S (1), S, (1)} ,
ecan Ay <qf , (t) <A,

max?

S, (t)=

npu of  (t) > A;,

S, (t), ecm

S, ()—B,4d, (t)sign(q, (1) - &, (t—h) -
=€, (t—h)) <S;(t—h));

S{ (t), ecnm

S (t)-B,4,(t)sign(q, (t) - &, (t—h) -
—€,(t—h)) =S (t—h);

S,, A} — cuna 3aKkpbITHs U MOJHas Aedopmarys
HOTJIOIIAIONIMX aIllapaToB B COCTHHEHHU MEXIY
JIOKOMOTHBAaMH  COOTBeTCTBEHHO; S/ (t),S/ (1) -
YCHJISL HA yYacTKaX Harpy3Kd U pasrpy3Kd CHJIO-

BOH XapaKTepUCTHKU B3aMMOJEUCTBUS JTOKOMOTH-
BOB IIpH paboTe MOTIIOMAIOIINX allapaToB,;

KMf, (t), ecan of , (t) < d;’;

S, ()=
kMd;" + k2" (of, (t) - d;"), ecma ;" < dF, (1);
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Sp(®)=@1-n,)S,(®);

1n 22 o
kH ,kH — JKECTKOCTHU IIpHU Harpy3Ke€ B CHUJIOBOM

XapaKTepUCTHKE Ha y4acTKe paboThl MOIJIOIIA0-
IIMX anmnapatoB ¢ HETMHEHHBIMH XapaKTepHCTH-

kamu; d;' — KoopIHMHATA y3JI0BOM TOYKH B Cllydae

OMIIMHEHON anmpOKCUMAIIMA CHIJIOBOH XapakTe-
PHUCTHUKH MOTJIOIIAIOLINX allapaToB JIOKOMOTUBOB;
N, — KO(QQUIMEHT IMOINIOMEHUs 3HEPIUU IpHU

paboTe MOIJIOIAIINX alapaToB JIOKOMOTHBOB;
S/(t) — ycuime, BO3HMKaroLiee B KOHCTPYKIHU
Ky30Ba JIOKOMOTHBA TIPH YIIPYTUX Je(opMarusx;

SI(t)=S,(t—h)+
+[ k(0,0 —a,t-h)+B,4,t) |

xsign(a, (1) — &, (t—h) -, (t-h));
0, ecu S, (t—h)=0;
S, (t—h)vS (t-h),
ecm S (t—h)=S"({t—h)v S,(t—h);
s (t—h),
ecm S (t—h) =S/ (t—h);
S:;ll(t - h)!
ecm S, (t—h)=S_,(t—h);
- S (t—h)+S, (t-h),
Sﬂ(t—h): Kpl( *)+ 2( *)

ecm S, (t—h)=S,;(t—h)+S; (t-h);

Sent—h)+S,(t—h),
ecm S (t—h)= 5:;1 (t—h)+ S;‘,”Z (t—h);
S:(t—h)—B,d, (t—h)sign(q, (t—h) -
&, (t=h)-¢,(t-2h)),
ecm S, (t—h)=S’(t-h);
S¢(t-h),
ecm S, (t—h) =S/ (t-h);

k™ — »xecTKOCTB KOHCTPYKIIMH KY30Ba JIOKOMOTHU-

K
Ba MpH ynpyrux nedopmanusx; B, — xodbduuu-
€HT BS3KOTO CONPOTHBJICHHUS Ie(POPMHPOBAHUIO
KOHCTPYKIIMH JIOKOMOTHBA,

S{ () =S (t=h) + k. (a, () —q,(t=h));

K1 — COBMECTHasi JKeCTKOCTh KOHCTpyKumi YIID

U Ky30Ba JIOKOMOTHBA TIpH YHPYTHX Iedopmalu-
AX;

S;;ll (t)=S;

xpl?

S; (1) =S5 (t=h) + kg, (a, () —q, (t=h));

k a

w2 T COBMCECTHAA KCCTKOCTb KOHCTPYKIIMU Ka-

OWHBI MAalIMHUCTA U Ky30Ba JIOKOMOTHBA TPH YII-
pyTux aedopMmartusx;

S;Tz (=S,

Kkp2

J J ~
w1y Oxpz — CPEIHHE 3HAYCHHS YCHUIIMH, IIPU mpe-

BBIIIEHUH KOTOPBIX MPOUCXOIUT COOTBETCTBEHHO
TracTuieckoe aedopMupoBaHue yCTPOHCTB Tep-
BOTO M BTOPOT'O YPOBHSI KPAII-CUCTEMBI JIOKOMO-
THBA,

SJ _Sﬂ
a1 a np a .,
Ap =N +—2—=

a

S? — 3HadeHWe YyCWIHA, IIPU IIPEBBILIEHUN KOTO-
np y

POro MPOMCXOAMUT paspyLICHHE 3JIEMEHTOB Kperl-
JIEHUS1 aBTOCLIEIIHOTO YCTPOMCTBA K pame JIOKOMO-
THUBA,

a1 .1 . a1 _ a 1.
0_AanrdzO, 1 =Ag +dz)];
n 7 7. a1 _ 1 1.
Apax =0 +dz5; Ay =A;) +dz; ;

T _ AT a.
Az =A;) +dz,;
dzy — paccTostHME MEKly SHEeProNOrIOMAIIINMU

YCTPOﬁCTBaMH B COCIUHCHUHN MCKIY JIOKOMOTHU-
BaMu IIpu BLI6paHHI:IX 3a30pax B aBTOCHECIIKAX

(9,=0); dz;/ — makcumanbHas CyMMapHas yrpyras
nedopmarusa YIIO B coeqMHEHUN MEXIY JTOKOMO-
THBaMH; 0z, — MakcMMajbHas CyMMapHas IUIa-
ctryeckas nedopmanus YIIO B coequHeHNN MEX-
1y JTOKOMOTUBaMH; 0Z; — paccTOSIHUE B COCJMHE-

HUU MCKIY KaOMHAMH MAIIHHUCTOB JIOKOMOTHBA-
MU TIIpU BLI6paHHBIX 3a30pax B aBTOCLECIIKaxX

(8,=0); dz, — makcumasbHas CyMMapHasi yrpyras

nedopmarys JKepTBEHHBIX 30H KaOWH MaITuHU-
CTOB B COCTMHCHUH MEXK]Ty JIOKOMOTHBAMH;
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£, (1)=&, (t-h)+(q,{t)-q,({t-h)

mpu A;<qf, (1) <AL, S — ycuime, cooTBeTCT-
BYIOIIICE HAYAIBHOMY MpEeNy TEKY4ecTH Ky30Ba
noxkomotuBa; S¢(t) — ycmime, cooTBEeTCTBYIOIICE

IIACTUYCCKHUM ,I[C(I)OpMaI_II/IHM Ky30Ba JIOKOMOTHBA,

SS’” ,ecin &, () =0;

B IPOTUBHOM CJIy4dac

S{(t)=

£, (t—h)—&,{t—h)-S;t-h)];

Sy (t—h)+-"] 8 (t)-B,9, (t)sign(a, (t) -

E,(t)=¢,(t—h)+(S/(t)-
—SA(t—h)(L/K” —1/K")

xsign(g, (1) — &, (t—h) —&, (t—h));

K,! — KeCTKOCTb KOHCTPYKIUH Ky30Ba JIOKOMOTH-

Ba MPH [UTACTHUECKHUX Je(OopMaIUsX.

[Ipu uucneHHoil orpaboTke cueHapusl CTOJK-
HOBEHHS I0€37]a JIOKOMOTHBHOHW TATU C TPY30BBIM
BaroHoM 0e3 CIIb ommcaHHBIA aNTOPUTM BBIYHC-
JIeHUsT YCWJIMH MOXKeT OBbIThb IPHUMEHEH MyTeM
YTOYHEHHUS OIMCAHWs W 3a/JaHus CIEAYIOIUX Ta-
pameTpoB:

dz; — paccrosiHMEe MeXIy pamMol Ipy30BO-
ro BaroHa u YIID nokomoTHBa mpu BBEIOPaHHBIX

3a30pax B aBrocuenkax (8, =0);

— dz; - makcumanbHas ynpyras aedopma-

jagse:s VIID B COCIMHCHUU I'PYy30BOT'O BaroHa 1 Jio-
KOMOTHBA,

- dz; — makcuMmanbHas IJIACTHYECKas Je-
dbopmammst YIID B coequHEHNH TPYy30BOTO BaroHa
Y JIOKOMOTHBA;

—  dz; — paccrosiHMe MeXITy paMoi Ipy30Bo-
ro BaroHa W KaOWHOW MalIMHKCTA JIOKOMOTHBA

IpH BEIOPAHHBIX 3a30pax B aBTocHenkax (5, =0);

— dz; - makcumanbHas ynpyras aepopma-
LSl JKePTBEHHOM 30HBI KaOMHBI MAaIIMHKUCTA B CO-
€AVHEHUH I'PY30BOr0 BaroHa U JJIOKOMOTHUBA.

PaccmoTpum MexaHn3M paOOTHI CUCTEMBI Mac-
CHBHOM 0€30I1aCHOCTH B COEJUHEHHH JOKOMOTHBA
¢ mepBbIM BaroHOM. JIOKOMOTHB W mepBbiit (1mo-
cnenHuii) Baron obopynosanbl CITB. B kauectBe

CLENHOr0 YCTPOMCTBA MCHOJB3YIOTCSI aBTOCLEIKH
CA-3: crangaptHas (HeCaBUTaeMmas) aBTOCIIENKA
Ha BaroHe u casuraemas tuma push-back coupler
Ha JokoMoTuBe. Pacnipeaenenue cyMMapHoi sHep-
roeMkoctn Mexay YIID Ha  jmokomoTHBe
W TIEPBOM BaroHe BBITIOJIHEHO TaK, YTO OOJbIIast
4acTb JHEPruu coynapeHus noriomaercs YIIOD
JIOKOMOTHBA.

Otnmuuutensable  ocobenHoctn pabdotel CIIb
B COCIMHEHHM JIOKOMOTHBA C TEpBbIM (mOcCiea-
HMM) BaroHOM II0€3/1a 3aKJFOYarOTCs B CIIEAYFO-
LIeM:

— aprocuenku CA-3, KOTOpBIMH 000py10Ba-
HbBI JJOKOMOTHB ¥ TIEpBbIi (MMOCIEAHNUIT) BaroH, mo-
pasHOMy pabOTarOT B aBapUHHOMN CUTYaIIHU;

—  xapaktepuctuku YIID Ha mepBoM BaroHe
BEIOpaHBI TaKMM 00pa3oM, YTO KpUTHYECKas CHIIA,
IpU KOTOPOH HA4YMHAETCS UX IUIACTUYECKOE Je-
(dbopMHpOBaHHE, 3HAYUTENLHO HUXKE, YeM KpPUTH-
yeckas cuia s Y11 Ha 1okoMoTHBe.

Korna xox mormomaronmx anmaparoB BeIOpaH,
YCHIIMSI 4Yepe3 aBTOCLEIHBIE YCTPONCTBA mepena-
I0TCA Ha paMbl SKunaxken. [lpu J0CTUKEHUN CUITBI
B COCAUHEHUH 3aJaHHOTO TPAHUYHOIO 3HAYEHUS

7l
S,, TMPONCXOINUT PaspyLICHHUE DIEMEHTOB KpEILIe-

Hus aBrocuenku CA-3 kK pame JIOKOMOTHBA U YBOJ
aBTOCIIETIOK TIOf] paMmy JIokomMoTuBa. [lo MomeHTa
COTIPUKOCHOBEHHUS YCTPOMCTB TOTJIOMICHUS SHEp-
TMU Ha TEPBOM BaroHe MU JIOKOMOTHUBE YCHUJIUE
B3aumozeicTeus paBHo Hymwo. Korma VIID co-
MIPUKOCHYJIUCH, CPa0daThIBAIOT MPOTUBOIOIBMHBIC
YCTpOWCTBA, ¥ HAYMHAIOT Ae(POPMHUPOBATHCA TIO
3amaHHoMy cueHapuro YIID na Barone. [locne
moytHON oTpaboTku YIID Ha BaroHe Harpyska de-
pe3 YIID Ha nOKOMOTHBE MepenaeTcss Ha pamy
JKWMaXa. B CHIIOBOM XapakTepUCTHKE 3TO COOT-
BETCTBYET BBIUMCIICHUIO YCHIIMM MPH YIPYTHX JIe-
(dopManusaXx KOHCTPYKIMH Ky3oBa BaroHa. Korma
YCWJIMSI TOCTUTHYT 3HAUEHUH, IPU KOTOPBIX BCTY-
maeT B pa0doOTy Kpa3II-CHCTEMa JOKOMOTHBA, Jallb-
HEeWIM nponecc MOTJIONIEHUs SHEPIUU coyaape-
HUA B COCTMHEHUU MEPBOrO BaroHa M JIOKOMOTHBA
MPOUCXONUT aHAJIOTHYHO, KaK B Cllydae coyjape-
HUS JIOKOMOTHBA C TPY30BHIM BaroHOM: HAYWHAIOT
nedopmupoBaThest YIID mepBoro ypoBHsS Ha Jio-
KOMOTHBE, 3aTeM MOAKIIOYAIOTCSl YCTPOUCTBA BTO-
poro ypoBHS. Ecnmm kpami-cucremMa JOKOMOTHBA
MOJIHOCTBIO cpadoTalia, YCUJIMsI CHOBA MEPEIAIOTCS
Ha KOHCTPYKIIMH KYy30BOB dKUIIAXKEH.
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MareMaTi4eckd allTOPUTM  BBIMUCICHHUS IIPO-
JOJIBHBIX YCHJIHﬁ, BO3HUKAKOIIHUX B COCAUHCHHUU
MEPBOTO BaroHa W JOKOMOTHBA IPU CBEPXHOpPMA-
TUBHOM COYJIApEHHUH TMOE3/1a C MPerpaaoi, MoxeT
OBITH MTPEICTABIICH CIICAYIONINM 00pa3oM:

S (t) =S, (t)sign (q,,(t) - &, (t—h) — &, (t—h)),
0, ecm gf 4 (t) <0;

npu 0<qgf ; (1) < A7, :

min{ SO} Sfl(t)}, ecn

G (1) SIGN(G (1) — Ea (E—D) =&, (t—h)) >0

1100
max{ So.(®), Sfl(t)}: eci

G2 (1) SigN(Q, (t) — E,a (t—h) = &1 (t = D)) <O;
npu gf, () > Ag

Sa(), comgfy(t)<A,;
0,ecn A, <qf,, (t) <AG;

min{ Sy (1), S,fl(t)},

ecimm Ag, <qf ,(t) <Af;

min{ S, (t), S5 ()},

ecin A <df , (t) <AY;

min{ S.% (1) + S/ (), SV},
ecu Ay, <gf 1 (1) <Ay;

min{ (S (), S M),

ecu A3 <qf , (t) < A3y;

min{ (S50 + 53 (1), S50},
ecn Ay, <gf (1) <A,

min{ (S (1) + S, (1), S5 (1)},
ecin Ag, <qf , (t) <A

§(1) =

npu gf , (t) > A
Sgi(t), ecnu
Sy1 (£) =BGl (£)sign(g,, () — &4 (t—h) -
—E,(t—) < S (t—h);

Sg (1), ecau

S5 (1) ~ Bad (Dsign(g,, () — &y (t—h) -
—E,a(t—h)) =S5 (t—h);

6 .
max1 *

af . (t) =

0 () &y (t =) — &, (t— )| - 0,58, x

X(L+sign (g, (1) = &1 (t = h) =E4 (t =),

rae Q,(t),q,,(t) — oTHOCHTENBHBIE MEpeMeNeHHs

M CKOPOCTH LIEHTPOB Macc JIOKOMOTHBA U MEPBOTO
BaroHa COOTBETCTBEHHO; { — Tekymiee Bpems; h —
Al UHTETPUPOBAHUs; O, — MaKCUMallbHasl BEIH-
YMHA 3a30pa B COCOUHEHUHM IIEPBOTO BaroHa
C JIOKOMOTHBOM; &, — nedopMarusi ycTpOHCTB
MIACCUBHOM 3aILUTHI B COEAUHEHUH [IEPBOrO BaroHa
C JIOKOMOTUBOM; &, — OCTaTouHas IPOJOJIbHAs
neopmans KOHCTPYKIMH Ky30Ba BaroHa, S7,

AZl — COOTBCTCTBCHHO CWJIA 3aKPLITUA U IOJIHAd

):[e(bopMauI/m Iorjiomarmux anmapaToB B CO€an-
HCHHH IepBoro BaroHa C JJOKOMOTHUBOM,

Spu(1),S;:(t) — ycwims Ha ywacTkax Harpysku

U pasrpy3Kd CHJIOBOH XapaKTePHCTUKH B3aUMO-
JIeHCTBHS TIEPBOrO BaroHa M JIOKOMOTHBA IIPH pa-
00Te MOTJIOMIAOIINX aNMapaToB.;

52, (t) = | A0 conm ala(®) <5
T Ky k% (o, () - 07,), ecnn gy < AT (O

Sp®)=Q2-m,)S,(t);

k!, k% — 5KecTKOCTH TIpH HATpy3Ke Ha ydacTke
paboThI TOTJIOMIAIONIMX ATMApPaTOB C HETHHCWHBI-
MH XapakTePUCTHKAMH B COCJAWHEHHH IIEPBOTO
BaroHa ¢ JIOKOMOTHBOM; O;; — KOOpIMHATa y3i10-
BOHM TOYKH B CiIydae OMIMHEHHONW anmpOKCHUMAIIHH
CHJIOBOM XapaKTEPUCTUKH MOTJIOMIAONIAX arapa-
TOB BaroHa; m, — KOY(Q(QUIHMEHT MOrJIONIECHHS
SHEPIHU MpPU PabOTe MOTIIOMIAIOIINX AaIlapaTos;
S/ (t) — ycunme, BO3HHMKAOIIEe B KOHCTPYKIMU

Ky30Ba IepPBOTr0 BaroHa MpH YIpyrux aedopmanu-
SX;

Si () =S (t-h)+
[ K (0, (1) = Qs (=) + B4, (0) ]

xsign (0, (1) — &, (t—h) = &, (L= ));
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0, ecimu Sf"(t—h)=0;

Sy(t—=h)v Sg(t-h),

eciu Sf"(t—h):Sfl(t—h)vS;jl(t—h);
S5, (t—h),

ecmm S,° (t—h) = Sf (t—h);

Sga(t—h),

ecmn S;°(t—h)= S:;l(t —h);

S:;l(t —h)+S/(t-h),

ecmn S;°(t—h) =S (t—h)+S] (t—h);
Seu(t—h),

ecmn S °(t—h)= S:;l(t —h);
Ser(t—h)+S; (t-h),

eciu S;R(t—h)ZS:gl(t—h)-i-S;(t—h);
S:;';’l(t -h)+ S:;z (t-h),

ecnu S;“(t—h)=S:;l(t—h)+S:;2(t—h);
Sia(t=)—Byd, (t—h)x

xsign (0 (t —h) = &5 (t—h) =&,y (t - 2h)),
ecmn S, % (t—h) =S¢, (t—h);

S5,(t-h),

ecmn S, ¢ (t—h) =S¢, (t - h);

Sft-h)=

K’ — ’KECTKOCTb KOHCTPYKLHH Ky30Ba II€PBOTO
BaroHa IpH ympyrux aepopmanusx; B, — Kodd-

(UIMEHT BS3KOTO COMPOTUBIICHHS JehOpMUpPOBa-
HUIO KOHCTPYKIIMY BaroHa,

S (t) =S (t—h) + kg1 (0,0 (1) — g (t = ));

K1 — COBMECTHasi 5KeCTKOCTh KOHCTpyKumit YIID
Barona, YIID mokoMoTHBa W Ky30Ba IEPBOTO Ba-
rOHa IPH yIPYyTrux AeGopManusix;
*6 _ o8
SKpl (t) - S

xpl ;
S; (1) =Sy (t=h) + ki1 (G, (1) = 9, (T = D));

K;p1 — COBMECTHas JKECTKOCTh KOHCTpyKumu YIID

JIOKOMOTHBA M Ky30Ba BaroHa Npu YIpyrux Je-
dhopmanusx;

*

SI(t)=S;.

K[.)l Kkpl?

S5 (1) =S5 (t=h) + kg5 (A (1) = G (€= P));

Ja
2 — COBMECTHAs JKECTKOCTb KOHCTPYKUMH Ka-
OMHBI MalIMHKCTA M Ky30Ba BaroHa IpU yMNPyTUX
negopManusx;
*1 _ o
SKpZ (t) - S

Kp2

8 a
kpl? kpl

v S, — CPElHHE 3HAYCHHS yCHIMH,
IIPA IIPEBBIIMIEHUHA KOTOPBIX MPOUCXOIUT IIIACTH-
yeckoe JiehopmupoBanue ycrporcts YIID Barona,
3JIEMEHTOB MEPBOTO U BTOPOTrO YPOBHS Kp3UI-
CHCTEMBI JIOKOMOTHBA COOTBETCTBEHHO;
S' —-S¢
Ay =ADa+ npkg =
K1

Snzp — 3HAUCHHUC YCWIMS, MPU NPCBLIMICHUU KOTO-

pOTO MPOWCXOAUT PA3PYIICHUE AJIEMEHTOB KpeEl-
JIEHUSI aBTOCIIEMTHOTO YCTPOMCTBA K paMe JOKOMO-
THBA,

A=A, +dzg 5 Afy =Ag +dzy;
2 =0 +dzy 5 Ay =Ag +dzy;
m=A0g +dzy; Ay = Ay +dzg;

Afaa =Agp +dzg;;

dZ01 — pacctosHue Mexay YIID B coennHeHHH
MIEPBOTO BaroHa C JIOKOMOTHBOM IIPH BBIOPAHHBIX
3a30pax B aBTocuenkax (9,=0); dz;; — maxcu-

MaJlpHasE ynpyras aedopmanus MEKBAarOHHOTO
COeZIMHEHHs TpU coBMecTHO# paborte YIID Baro-
Ha, YIIO noxomMoTHBa M KOHCTPYKIIMH Ky30Ba Ba-

rona; 0z, — MakcCHUMaJlbHas IUIACTHYECKas Jie-

dopmanus YIID Barona; dz; — MakcHMaibHas

ynpyrasi 1edopManusi Me)XBaroHHOTO COCIMHECHHS
npu  coBMecTHOM pabore VYIID nokomoTHBa
Y KOHCTPYKIIMU Ky30Ba BaroHa U M3MEHEHUH CHUIIBI

6

kpl no Sﬂ

Kp
BOM BaroHa M KaOWHON MAaIIMHHCTa JIOKOMOTHBa
pu MakcUManbHOU nedopmanuu YIID Barona,

or S 1, dz,, — paccrosiHue MeXIy Ky30-

dzg, — MakcuMmanbHas ynpyras qehopManus MexkK-

BarOHHOTO COCJIMHEHHS TPU COBMECTHOH padote
Ka6I/IHI)I MAalrHUCTa JIOKOMOTHBA U KOHCTPYKIHHN
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Ky30Ba BaroHa; 0z; — MakcuMallbHasl yIpyroIia-
crudeckas aedopmanus YIID mokomoTHBa;

Ea) =50 +E).
&0 =& =)+ (0, )~y t-h)

npu A §y<qf,, (t) <A,

&, (1) =&, (t—h) +(q,,() ~ g, (t—h))

mpu A 5,<qf; (t) SA T

S — ycuiMe, COOTBETCTBYIOIIEE HAYATbLHOMY
npenely TEKydecTH Ky30Ba IIEPBOTO BaroHa;
S (t)

CKUM JieopMaIisiM Ky30Ba IIEpBOTO BaroHa,

ycuiaune, COOTBETCTBYIOIIECC IIJIaCTHUYC-

Sglg yecn &, (1) =0;

B IPOTHUBHOM CJIy4yae

%20 5500+ 28 51,0 - .10, O5ign(@.(0 -

K1

—ga(t-h)-E,(t-h)-Sat-h)|;

Ea() =&, (t—h)+ (S (t) — Sy (t—h)) x
XLk, =17k )sign (g, () —

_§:1 (t—h)—&,.(t—h));

k® — KeCTKOCTb KOHCTPYKIIMM Ky30Ba BaroHa

nal

NpY TIACTHYECKUX AedopManusx.

Hayuynasi HOBU3HA U PpaKTHYecKast
3HAYUMOCTh

IIpemyioxkeH aaroputM, MO3BOJIIONIMA yYeCTh
0COOCHHOCTH Pa0OThI MEKBAarOHHOT'O COCIMHEHUS
moe3/ia JOKOMOTHBHOHM TsTH, C(OPMHPOBAHHOTO
M3 DJEKTPOBO3a M BAroHOB HOBOTO ITOKOJICHHS,
IpU  UCCIEIOBAaHUU AUHAMHYECKUX TPOIECCOB,
MPOTEKAIOIINX B MOE3/I€ B CIlyyae €ro aBapuilHoro
CTOJIKHOBEHUM C IPEMSTCTBUEM Ha KEJIE3HOIO-
POXKHOM ITyTH.

BoIBOaBI

Pa3zpaboTaHHble anTOpPUTMBI BEIYWCICHUS YCH-
JIMA B3aUMOJICUCTBUSl JIKUMAXKEH Macca)XupCcKoro
1oe3/1a TIOKOMOTHBHOM TSTH, 000pyIOBaHHBIX CHC-
TeMaMH IIaCCUBHOW 0€30MacHOCTH, MOTYT OBITh

HCIIOJIB30BAHBI IIPU MATEMATUYCCKOM MOOCIHUPO-
BaHUM TECTOBBIX CHCHAPHUEB CTOJKHOBCHHA 3Ta-
JIOHHOI'O moe3aa € MpEhATCTBUEM IJIA OTpa6OTKI/I
CHCTEM IaCCUBHOI 0€30MacHOCTH Ha dTare IIpOCK-
TUPOBAHUA ITACCAXKHUPCKOI'O ITOABHXKHOI'O COCTaBa
HOBOTI'O ITIOKOJICHUA.
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'Bin. «/lunamika 6araToBUMipHIX MEXaHIUHHX crcTeM», [HCTHTYT TexHiuHoi Mexanikn HAH Vipainn i JIKA Yipainu,

By Jlemko-Tlomenst, 15, TuinponerpoBcsk, Ykpaina, 49005, ten. +38 (056) 375 68 01, en. morrra nenaumenko@gmail.com,
ORCID 0000-0002-6913-2568

7Bix. «/Iunamika GaraTOBMMIipHUX MeXaHIUHEX cicTeM», [ncturyT Texniumoi mexanikn HAH Vipainu i KA Ykpainm,

By Jlemxo-Tlomenst, 15, uinpornerpoBesk, Ykpaina, 49005, ten. +38 (056) 46 79 35, en. momra inkhizha@gmail.com, ORCID
0000-0002-7103-7754

MOJEJIOBAHHS B3AEMO/III EKIIAKIB IACAXKHUPCHKOI'O
MOI3JIA, OBJIATHAHOI'O CUCTEMOIO NACUBHOI BE3NEKH,
IPU ABAPIMHOMY 3ITKHEHHI 3 NEPEIIKO/I0IO

MeTta. PO3BUTOK BHCOKOLIBHAKICHOIO PyXy Ha 3ali3HUYHOMY TPAHCIIOPTI BUMAara€ IIOHOBJIECHHS BHUMOT 1O
KOHCTPYKIIii MacaXHPCHKOTO PYXOMOTO CKJaxy Ta Meperisiy CTaHmapTiB Oe3leKkd NpH aBapiiHUX 3ITKHEHHSIX
Mmoi3/iB i3 mepemkomor0. J1o KOHCTPYKIIii eKimakiB HOBOTO ITOKOJIIHHS BHCYBalOTHCS BUMOTH IIOJ0 OOJIATHAHHS iX
MAaCUBHUMH KpEII-CHCTEeMaMH, 10 3a0e3levyroTh Oe3leKy MacaXWpiB Ta IMEepPCOHaNy B aBapilHIi cuTyarii.
BunpoOyBaHHS KpeIl-CUCTEM MAaca)XUPCHKOTO PYXOMOTO CKJIaLy € TPUBAJIMMH B 4Yaci Ta BHMAaraloTh 3HAYHHX
MarepialbHUX BUTpaT. [3 METOIO BIANpAIIOBaHHS TECTOBUX CLIEHAPIIB 3ITKHEHHSI PyXOMOTO CKJIaay 3 HEepelIKo00
Ta OIIHKM MOKa3HUKIB TOTJIMHAHHS €HEprii 3ITKHEHHS MPUCTPOSMH MAaCHBHOTO 3aXHCTy B POOOTI 3aCTOCOBYETHCS
KOMIT FOTepHE MoJiefoBaHHs. [lepiuM eranom MpoBeNeHHS JOCIHIIKeHb NTUHAMIYHHMX IPOIECiB, 110 BUHHKAIOTh
y TOi3l MpH HAaAHOPMATHUBHUX YAapPHUX HABAHTAXKECHHSX, € OI[IHKA MaKCHMAaJIbHHX 3HAU€Hb CTHCKAIBHUX CHII
Yy MDKBAaroHHHMX 3’€[HaHHSAX TMOi3/a, JIOKOMOTHB Ta BaroHH SKOTO OOJNagHAHO CHCTEMaMM MAacHBHOI Oe3MeKH.
Metonuka. Ha mincTaBi KoHHENIii 100 MACHBHOTO 3aXHCTYy MAacaXKHPCHKOTO PYXOMOTO CKJIAy s Koiii i3
mmprHoto 1 520 MM mpy aBapiffHUX 3ITKHEHHSX 3alpOIIOHOBaHa KOHIENTYyaJbHA CHCTEMa ITaCHUBHOI Oe3MeKd s
MACAKUPCHKAX TOI3/1iB JIOKOMOTHBHOI TATH, C(POPMOBAHHX i3 €KillaKiB HOBOTO IMOKOJIHHA. CHCTEMOI0 MacHBHOI
0e3neKn peKOMEHIY€EThCsl 00IaIHyBaTH SIK JJOKOMOTHUB, TaK i BaroHu. Jiis monepeaHpoi OMiHKH BUKOHAHHS BHMOT
JI0 CHCTEMH IacUBHOI 0e3MeKH MacaKMPCHKOTo Moi3a Py aBapiiiHUX 3ITKHEHHSX, SIK IPAaBHUJIO, BUKOPUCTOBYETHCS
CIIPOILEHa JHUCKPETHO-MacoBa MOJENb, B fAKil MOI3A pPO3IIANAEThCS AK OIHOMIPHMH JAHLIOKOK TBEPOMX TiM,
3’€lHAHUX ICTOTHO HENIHIMHUMH eJeMeHTamH, 110 JaedopmyroTees. PesynbraTH. Po3pobneno anroputm
OOYHCIIEHHSI 3yCWJIb y MDKBaroHHMX 3’€IHAHHSX I013/1a JIOKOMOTHBHOI TSATM TOCTIHHOTO ()OPMYyBaHHS, SKHUH
BpaxoBye crenu¢iky poOOTH 34iMHMX MPUCTPOIB, MPUCTPOIB TOIJIMHAHHS €HEprii Ta IpyKHOIUIACTUYHI
BJIACTMBOCTI KOHCTPYKIIM Ky30BIB eKimaxiB Npu aBapiiiHUX 3iTKHeHHsX. HaykoBa HoOBH3HA. 3anponoHOBaHHN
ANTOPUTM JI03BOJISIE BpaxyBaTH 0COOIMBOCTI (POPMYBaHHS I10i3/1a IOKOMOTHBHOI TATH HOBOTO TIOKOJIIHHS Ta pOoOOTH
MIXKBaroHHOTO 3’ €THAHHS IIPH JOCTIHKSHHI THHAMIYHIX TPOIIECiB, [0 MAIOTh MICIIE B MOT3/1 IpH HOTO aBapifHOMY
3ITKHEHHI 3 TEpelIKoA00 Ha 3aii3HW4Hid koumii. IIpakTuyna 3naumMmicTh. Po3pobieHi aaroputmu oOUMCIICHHS
3yCHJIb B3a€MOIIii eKilMaxiB MacaKUPCHKOTO TOi3a JOKOMOTHBHOI TATH, OONaJHAHWX CHUCTEMaMH MacHBHOI
Oe3nexkn, MOXYTh OyTH BHUKOPHCTAaHI NPH MaTEeMAaTHIHOMY MOJCTIOBaHHI TECTOBHX CIICHApiiB 3iTKHEHHS
STAJIOHHOr0 T0i3/a 3 MEPeIIKOJOI0 Ul BiINMpPAalfOBaHHS CHCTEMH MAcHBHOI Oe3NeKH Ha eTami MPOEKTYBaHHS
[aca’KMPCHKOT0 PYXOMOT'O CKJIagy HOBOTO ITOKOJIIHHS.
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MODELING OF INTERACTION OF THE PASSENGER TRAIN
VEHICLES, EQUIPPED BY PASSIVE SAFETY, AT ACCIDENTAL
COLLISION WITH OBSTACLE

Purpose. The development of high-speed railway traffic requires the updating of requirements for the design of
passenger rolling stock and revision of safety standards on emergency situation of trains with an obstacle. To the
construction crews of the new generation demands by equipping them with passive crash systems, ensuring the
safety of passengers and personnel in an emergency situation. In order to refine test scenarios train collision with an
obstacle and evaluation indicators of energy absorption of the collision of the passive protection devices which are
used in computer modeling. The first step in the research of dynamic processes in the train when excessive shock
effects, is to assess the maximum values of the compressive forces generated in intercar compound trains, locomo-
tive and cars which are equipped with passive safety systems. Methodology. Based on the concept of passive pro-
tection of passenger rolling stock for track with width of 1 520 mm on emergency situation the conceptual passive
safety system for passenger trains with locomotive traction are formed from the crews of the new generation was
proposed. The passive safety system is recommended to be equipped both the locomotive and cars. For a prelimi-
nary assessment of compliance for the passive safety system of a passenger train on emergency situation, as a rule,
the simplified discrete-mass model is used, in which the train is considered as one-dimensional chain of rigid bodies
connected by nonlinear deformable elements. Findings. The algorithm for computing efforts in the inter-
connections of the train locomotive traction of the permanent formation is developed, taking into account the specif-
ics of work of coupling devices, devices, energy absorption and elastic-plastic properties of the body structure of
crews at emergency situation. Originality. The proposed algorithm allows taking into account the peculiarities of
train locomotives of the new generation and the work of the inter-connections in the study of dynamic processes in
train in case of emergency situation with an obstacle on the railway track. Practical value. Developed algorithms
for computing the efforts of the interaction of the crews of passenger trains with locomotive traction, equipped with
passive safety systems that can be used in mathematical modeling of test reference collision scenarios of trains with
obstacles for improvement of passive safety systems in the design phase of the passenger rolling stock of new gen-
eration.

Keywords: passive safety system; passenger train; locomotive traction; permanent formation; test scenarios;
emergency train collision with an obstacle
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HEKOTOPBIE ACHEKTHI OIIPEJIEJIEHUS YCTOMYUBOCTHU
HHOPOXHUX BAI'OHOB OT BBI’KUMAHUSA UX ITPOJOJIbHBIMUA
CNJIAMMU B I'PY30BBbIX ITOE3JIAX

Hean. HecmoTpst Ha peanu3aniio MHOTOYHCIICHHBIX POTPAMM I10 MOBBIILICHNIO OE30MaCHOCTH BM)KEHHS MOE3-
JI0B, TIpo0JIeMa CHI)KEHHS CXOJOB IOJBIKHOTO COCTaBa C PEIIbCOB MO-TIPEKHEMY SIBIISICTCS akTyasbHOH. Llens mc-
CJIEZIOBAHUS — YTOUHHUTH CYIIECTBYIONIYIO METOIUKY ONpeeseHns K03 GHUIMEeHTa 3armaca YyCTOMUYMBOCTH OT BBDKH-
MaHUs MPOJOJIBHBIMU CHJIAMH JUIS OOECTIEYEHHs] yCTOHYMBOCTH BArOHOB IIPH YBEJIUYEHUH CKOPOCTEH IBIKCHUS
HMOJBWKHOTO cocTaBa. Meroauka. MccnenoBanue npoBOAMIOCE METOJOM MaTeMaTHYECKOTO MOJAEIMPOBAHUS Ha-
Ipy’KEHHOCTH I'Py30BOT0 BATOHA IPY JABWKEHUU C PA3IMYHBIMHA CKOPOCTSIMU T10 IPSMBIM U KPUBBIM y4aCTKaM ITyTH.
Pe3yabTaTbl. AHaJIM3 MOJYYEHHBIX PE3YJIbTATOB MMOKA3bIBAET, YTO YISl BCEX BBIOPAHHBIX JUIS PACUETOB I'PY30BBIX
BaroHOB BEJIMYMHBI KOA(PHIIMEHTa 3a1aca yCTOWYMBOCTH OT BBDKMMaHHUSI MEHbIIE, YeM 10 HOPMATUBHBIM (OpMYy-
naM. Mcnpasnenus, BHeCceHHbIE B (hopMyJTy Al onpeenieHns: KoddduipenTa 3anaca yCTOM4MBOCTH OT BBKUMAHUS
MPOJIOIBHBIME CHJIAMH, TO3BOJIAT: 1) HOOMTHCS MOBBILICHUS 3aMaca YCTOMYMBOCTH JIETKOBECHBIX BAarOHOB, HCKITIO-
YMB UX BBDKHMAHUE NMPOJOJBHBIMY CHJIAMH BO BCEM JHUana3oHe JOMYCTHUMBIX CKOPOCTEH ABMXKEHMS I'PY30BBIX IO-
€3/10B; 2) pa3paboTaTh U pealn30BaTh MEPHI MO NPEIOTBPAIICHNIO BEDKMMAHUS BarOHOB BO BCEM JTHAIa30HE CKOPO-
CTeil JBIKCHHS; 3) OINPEACIIUTh CTECHb YCTOMIMBOCTH MOPOXKHETO BarOHA B TOJIOBE, B CEPEANHE U B XBOCTE IPY-
JKEHOTO Moe3a; 4) MPemIokKUTh ONTUMAIBHBIE CXeMbl (JOPMHUPOBAHHUS CMCIIAHHBIX M0e30B. Hay4Hasi HOBU3HA.
B unccnenoBanny npuBeAEH aHAIN3 CYIIECTBYIOIIMX METOJIUK OIpENesIeHNsT KO3 QHIMEeHTa 3anaca yCTOMYMBOCTH
BaroHOB B TIPY30BBIX ITO€3[aX OT BBDKUMAHHS IIPOJOJIBHBIMU CHJIAMH, a TaKXKe pa3pabOTaHbl NMPEIIOKECHUS IO
YTOYHEHHIO OTUX METOJIUK HA CTaJUH MPOEKTUPOBAHUSA, MOCTPOMKHU H B IpoLecce dKcIuryatanuy. IIpakTuyeckas
3HAYUMOCTh. B JTaHHOM HCCIeJOBaHUN YTOYHSETCS CYIIECTBYIOIIAs METOIMKA onpenesieHns koadduirenra 3ana-
Ca YCTOWYMBOCTH OT BBDKMMAHUSI MPOJOIBHBIMY CUJIAMH, a TAKXKE OLIEHUBAETCS BIMSIHUE CKOPOCTH JIBHKEHUS TO-
BM)KHOTO COCTaBa Ha BEJIMYMHY ATOro Koddduuuenta. PaspaboranHbie MpeyioxkeHus! M0 YTOUHEHHUIO CYIIECTBYIO-
[IMX METOJMK OompesaeneHus koddduirenTa 3amnaca ycTOHYMBOCTH OT BEDKMMAaHUSI BarOHOB MPOJIOIBHBIMHI CHIAMH
B T0€3/I€ O3BOJISIOT CHU3UTh KOJIMYECTBO CXOA0B BarOHOB C PEIbCOB. DTO JAOCTUTAETCS 3a CUET y4eTa MpH pacde-
Tax U MPOCKTUPOBAHUU BaXKHBIX MAPaMETPOB M XapaKTEPHUCTUK, MOBBIIIAIOUINX UX YCTOMUMBOCTh B PENBCOBON KO-
jee, 0COOEHHO MPU YBEIMUCHUN CKOPOCTEH IBM)KEHHS TPY30BbIX TTOE3/10B.

Kniouesvie cnosa: 6e301acHOCTD JIBKEHHMS; HOPMBI pacdeTa; yCTOWYNBOCTh BArOHOB OT BEDKMMAHMS; CKOPOCTh
JBIDKEHUS; Koo uimeHT ycToiunBoCcTr
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BBeaenne

BesonacHocTh JBMXKCHHS SIBISICTCS OCHOBHBIM
YCIIOBHEM HOPMAaJbHOW pabOTHI KEJIE3HBIX JOPOT.
[IpoGembr obecrieweHnsT 0€30TTaCHOCTH JTBHUKCHHUS
MOE3/I0B 1 MAHEBPOBOUM Pa0OTHI SIBIISIOTCS TJIaBHBI-
MU IS KEJIe3HOJOPOKHOTO TPAHCIOPTa, TaK Kak
KPYIICHUS W aBapWH, MPOHCXOISIIINE M0 MPUIHHE
CXOJIOB BarOHOB C PEJBCOB, TIOJIHOCTHIO MPEIOTBPA-
TUTh HE YIaeTCA.

[loBbItIeHre ypoBHS 0E30MACHOCTH IBMKEHUS
T'PY30BbIX BAaroHOB ABJIACTCA OAHUM U3 IIPUOPUTET-
HBIX HANpaBJICHUIA B NEATCIBHOCTU JKEIE3HBIX JI0-
por YKpawHBI W TpEACTaBIsAeT COOOW KOMILIEKC
MEpOTIPHUSTHH, HANPaBIEHHBIX HA COXPAHHOCTH TIe-
PEBO3MMBIX TPY30B, COXPaHHOCTh O0BEKTOB HH(Dpa-
CTPYKTYpbl U TOJBM)KHOTO COCTaBa JKEJIE3HOJO-
POXXHOTO TPAHCIIOPTA, JKOJIOTHYECKON Oe30macHo-
cTu okpyxaromieit cpensi [10].

BoNBIIMHCTBO CYIIECTBYIONIMX METOIUK, IPH-
MEHSIEMBIX JJISi OLEHKH Oe30MacHOCTH JBHMIKEHUS
BaroHOB, YCTAaHABJIMBAIOT JOIyCTUMBIE TIPEIEibI
3HAYEHHH TS TapaMeTpoB (Kod(hPUITHEHTHI 3amaca
YCTOMYMBOCTH OT BKaTHIBAaHHS HA TOJIOBKY PeIbCa,
OT BBDKFIMaHUs, OT ONPOKH/IBIBAHUS, YPOBEHb paM-
HBIX CHJI, KOO(GHUINEHTH IUHAMUKA W T. [I.), TIPH
BBIXOJIC 32 KOTOPBIC CYIICCTBYET JIUINL BEPOST-
HOCTh BO3HMKHOBEHHS aBapUIHO-ONACHOM CHTya-
uu. B cBsi3u ¢ 3THM, TpeOyercst pa3paboTka yTou-
HEHHBIX METOJUK JUIS OLICHKU O€30MAacHOCTU JIBH-
JKEHUSI TTOJIBMPKHOTO COCTaBa, MO3BOJISIFOIIUX OTpe-
JIETUTh MOMEHT «SIBHOTO CXOZa», T. €. OIICHUTHh HE
TOJBKO BBINIOJIHEHWE HEOOXOJMMOI0, HO W JIOCTa-
TOYHOTO YCJIOBHSI CXO/Ia.

Hcxonsa u3 BhIIECKa3aHHOTO TPOOJIEMBI pa3pa-
OOTKH KPUTEPHUEB OIIEHKH 0E€30MACHOCTH IBIKEHIUS,
B3aMMOJICHCTBUS M HM3HOCA Kojeca U penbca
B KPUBBIX y4acTKax IyTH, a TaKXKe BIUSHUS TEXHH-
YECKOTO COCTOSIHMS SKUTIAXKHOW YaCTH TOIABHIKHOTO
cocTaBa Ha 0€30IIaCHOCTD JBHKCHUS — aKTYaJIbHBI.

Hean

Jl1s1 OlIeHKH yCTOMYMBOCTH SKHUIIaXKa B PENIbCO-
BOI KOJIee HCIONB3YIOT KPUTEPHH, KOTOPEIE OTpe-
JIEJIAIOT YCIOBUS BKATBIBAHUS KOJeca Ha TOJIOBKY
penbca, ONMPOKHIBIBAHUS pelibca M PACIIMPEHUS
KOJICH. OI[HI/IM U3 TaKux YCHOBI/II\/'I SABJIACTCA COOT-
HOIIICHUE OOKOBBIX WM BEPTHKAIBHBIX CHJI JCHCT-
BYIOIIMX Ha KOJIECO B 30HE KOHTAaKTa €ro rpeOHs
C pENTbCoM.

OOGecrieyeHre 0€30MACHOCTH JIBUXKCHHS IMOEC3-
JIOB SIBJISICTCS TJIABHBIM YCIIOBHEM HOPMAaJbHOU
paboThl Kene3HpIx gopor. HecMmotpst Ha peanmza-
IIAI0 MHOTOYHCIIEHHBIX MPOTPaMM IO TIOBBIIIEHUIO
0€30I1acCHOCTH JABIKEHUS TOE€3]I0B MpobjemMa CHU-
KEHHSI KOJTMYECTBO CXOOB C PEIHCOB MOBHKHOTO
COCTaBa IMO-TIPEKHEMY SIBISIETCS BEChMa aKTyallb-
Hoii. CrarucTHyeckue JaHHblE O CcXoJax 3a Io-
ClelHWE [iBa JECATHJICTUS CBHICTEIbCTBYIOT
0 TIOCTETNIEHHOM WX CHWXeHuu. OIHaKo, B ompee-
JICHHBIC TIEPHO/IbI HAOIIONAIOTCS PE3KHE BCIUICCKH
YHuciaa CXOAOB, OCOOEGHHO TOPOXKHHUX BaroHOB
B TPY30BbIX moe3fax. Cpean OOBEKTHBHBIX MpU-
YMH TakuX sBJIeHui (KojebaHus 0OBEMOB IIEPEBO-
30K, MOBBIIIEHUE MACChl U CKOPOCTEW NBUKEHUA,
WU3MCHEHUS YCIIOBUI B3aUMOJICHCTBUSI TOJIBUKHO-
TO COCTaBa W IyTH, HOPM UX yCTPOWCTBA U COAEp-
KaHUsS M T.J.) CIEAyeT MPexIe BCero oOpaTuTh
BHUMaHHE Ha TO OOCTOSTENBCTBO, YTO T'PY30BEHIE
BaroHbl, HaXOJSIIAECS B IKCILTyaTalluH, 3alpoeK-
THPOBaHBl W TIOCTPOEHBI 1O Pa3HBIM PENaKIUIM
HOPM MX pacyeTa U MPOCKTHPOBAHHUS.

[Ipn mpoekTHpOBaHWKM W TIOCTPOHKE HOBBIX
¥ MOJEPHHU3AINH CYIIECTBYIOIINX TPy30BBIX Baro-
HOB OJHUM W3 O0S3aTeNbHBIX YCIIOBUH, Ompese-
JISIONIMX WX TPUTOJHOCTh K KCILTyaTaIluu, SIBJIS-
€TCs BBITIOJHEHHE YCIIOBUS oOOecrieueHus 3amaca
YCTOﬁQHBOCTH OT BBDKMMaHHA BaroHa IIpoaOJib-
HBIMHA CHJIAMH B TIO€3J]Ic U BKAThIBaHUS TpeOHEH
KOJIeC Ha TOJIOBKY penbca. [lokazartenp ycroitun-
BOCTH BaroHOB OT CXOJIa C PEJIbCOB, KaK U3BECTHO,
OILICHMBAIOTCS COOTHOILICHUEM TOPU3OHTAIBHBIX
MOTMEPEYHBIX (OOKOBBIX) CHJ K BEPTHKAIbHBIM CH-
JaM, AEWCTBYIOMIMM B TOYKE KOHTaKTa rpe0HS KO-
Jeca ¢ royoBkoit peibca [21, 22]. Tlpu sToM 10
CHX IOp OTCYTCTBYET €AWHOE MHEHHE II0 TIOBOIY
TOTO, KaKie UMEHHO CHIIBI CJelyeT BhIOMpaTh s
pacyeToB: OOKOBBIE Ha KOHTAaKTe TpeOHS Koyeca
C PENbCOM, HAIPABJISAIONIUE WIH PaMHBIC CHUJIBL.
B pabore [1] cmpaBeanuMBO OTMEdYaeTCs, 4TO
B TIPUHINIIE HAa TPAKTUKE pPacdy€Thl KPUTEPHUEB
0e30macHOCTH OT CXOJla MOJBM)KHOTO COCTaBa
C PeNbCoB, OMpelesieMble C UCIONb30BaHHEM 00-
KOBBIX, PAMHBIX WJIM HANpaBJSIOMIAX CHJI, PaBHO-
3HA4YHBI, ITOCKOJIbKY YKa3aHHBIC CHUJIbI B3aUMO3aBU-
CHUMBL

JJ1g OTIeHKM YCTOMYMBOCTH OT CXOJIa C PEITbCOB
BaroHOB UCIOJIb3YETCS KPUTEPUM, B KOTOPBIA BXO-
JUT OOKOBasi CUJja, a JJIs OLEHKHU JIBUKCHUS JIOKO-
MOTHBOB W MOTOP-BaroHHOTO TOJIBMKHOTO COCTa-
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Ba HCIOJb3YETCS KPUTEPUH, B KOTOPBIA BXOIUT
HampasJsitommas cuna [23].

[Tpn npoexTHPOBaHUH HOBBIX U MOACPHHU3ALUH
CYIIECTBYIOIINX I'PY30BBIX BATOHOB OHUM M3 00s-
3aTEJIbHBIX YCIIOBUH, ONMPEACISAIONIUX UX HPHUTOJ-
HOCTh K OKCIUTyaTallld, SIBISETCS BBINOJHEHHE
yCIoBHsS oOecriedyeHHs 3armaca yCTOWYHMBOCTH OT
BBDKMMAHUS BaroHa MPOJOJIbHBIMU CHIIAMU B T10-
e3zne. B Hacrosimiee BpeMsi B YKpanHe MOKa3aTeib
YCTOWYMBOCTH ONPENENSeTCsl MO BBIPAKCHUAM,
kaHoHu3upoBaHHbIM B [13]. B Poccuu Ha maHHBIH
MOMEHT JICHCTBYET Jpyras pedakLus dTOro JIOKY-
MeHTa [14]. B 3THX HWCTOYHMKAaX INpHBEICHHbIC
BBIPQKEHHS HECKOJIBKO OTIMYAIOTCS JAPYT OT JpY-
ra. YtoObl pa3o0parhCsi B MPUYMHAX ITUX Pa3iiu-
4nii, 00paTUMCs K IEPBOUCTOYHHKY .

MeTtoanka

Meroauka OLIEHKHM YCTOWYMBOCTH BarOHOB OT
BBDKUMAaHUS MPOAOJIBHBIMHU CHUJIAMU B TOE€31€ Je-
TalbHO WcclenoBaHa B paborax BHIUIBa
n BHUMXTa nmox pykosoacteom C. B. Beprmmn-
ckoro [7, 17, 18]. B aTHX HCCIIEOBAHUAX HUCTIOJb-
30BaJINCh KJIACCHYECKHE pPAaCUETHBIE CXEMBI CHII,
JICUCTBYIOIIMX HA YETHIPEXOCHBIN BaroH W €ro Te-
JIEKKA B TIEPEKOIICHHOM COCTOSHUHU. PacueTHbie
CXEMBbI, HWCIOJb30BaHHBIE TNPU BBIBOAC (OPMYI
B [7], npuBenens! Ha puc. 1.

B ykazaHHBIX BccIeqoBaHUSIX OBLTH OINpezere-
HBI 3aBUCHMOCTH KO3((UIIMECHTA 3amaca yCTOHYH-
BOCTH BaroHOB OT BBEDKMMAaHHS WX IMPOJOJIHHBIMHU
CHJIaMH B TIO€3]le KaK Ha IMPSAMBIX, TaK U Ha KpH-
BBIX Y9acTKaX IyTH.

a—a s 2L .
- 2L -
e 21 "
L T AN
=
= 2L e et T,
11 |
Y I . A Y
H tR
b-6

2s

Puc. 1. PacueTHas cxema cu,
JICHCTBYIOIIMX B pe3yJIbTaTe
MPOJOJBLHOTO CKATHSL:

a — Ha BaroH; 6 — Ha TEJIeXKY

Fig. 1. Diagram of the forces acting as
a result of longitudinal compression:
a — on the car; b — on the trolley

OcHoBoronararomiee BBIpaKEHUE KOIPPHIH-
€HTa 3armaca YCTOHYMBOCTH BaroHOB OT BBIKHMa-
HUs ObUI0 omyOiukoBano B 1970 r B pabGote [7]
Y MEJI0 BHJI, IPE/ICTAaBICHHBIN Ha pHC. 2:

i BBl
I 14ptep
N SuL L hl'[ LG hl—l
PT+1 i[i“ (H'?)E_ 'ﬁ“]?
>< N}{a
2N ([8, L L) Lol (.. by Lo hn—hm)
H"’rﬂmﬂ[{?(”ﬁ_ sl 7 (1, W) 7 e ~35
Nxa

Puc. 2. Beipaxenue 151 onpenesicHus ko3dduimenra 3amnaca yCTOMIMBOCTH
OT BBDKHMAHUSI TIPOJIOJIBHBIME CHIaMH [7]

Fig. 2. The equation for determining the factor of sustainability
from squeezing longitudinal forces [7]
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B sTom BeipaxkeHun (cM. puc. 2) u Ha puc. 1
MIPHUHATHI CICyIONHe 0003HAUYCHUS:

| u Il — HOMEepa Tenekek 1Mo X0y IBUKCHHUS;

N — mpomonibHas CXXHUMaloIas Cuja B aBTO-
cuenke, kH;

N;1 # Ny, — BepTHKaNBHBIE TIPOSKITUHN TIPOI0ITb-
HOHM CHWJIBI B aBTOCIIETIKE TIPU CXKATHH COOTBETCT-
BEHHO BIIEPE/IM U C3a]I1 BaroHa, kH;

Nri u N, — rOpu30OHTANBHBIC MPOSKIUU TPO-
JIOIHOW CHJIBI Ha aBTOCIIETIKE MPH CXKATHH COOT-
BETCTBEHHO BIIEPEIM U C3a11 Barona, kH;

H; u H, — nonepeyHbie TOPU3OHTAIBHEIC yCH-
JUS B TIEPBOM U BTOPOM TIO XOJy JIBHIKCHHS TISIT-
HUKaxX Ky30Ba Barosa, kH;

H, — paMHas cuia, IeHCTBYIONIAs Ha KOJIECHYIO
napy, kH;

MI2 — no70BUHA OIPOKH/IBIBAIOIIET0 MOMEHTA,
JIEHCTBYIONIETO OT Ky30Ba BaroHa Ha IMIATHHK,
kHMm;

Py u P,y — BepTUKAIbHBIE PEAaKLUU Ha MEPBBIH
Y BTOpOH 1O X0y IBM>KEHUS MATHUK Baroxa, kH;

Pi n P, — BepTUKAJIbHBIE CWIIBI, JEHCTBYIOLIUE
Ha OyKCBI KOJIECHOW Tapbl COOTBETCTBEHHO Ha Ha-
OeraroleM ¥ HeHabOeraromeM Koiece, kKH;

Py u P,y — BepTUKaJIbHBIE PEAKLIUU B 30HE KOH-
TakTa KoJjeca M pelibca Ha Ha0eraromieMm U Ha He-
HaOeraroiem KoJjiece, kH;

P51 n Ps; — TOpU3OHTANIbHBIE PEAKIIMU B 30HE
KOHTaKTa KoJieca M peibca Ha HaOeraromieM W Ha
HeHalOeraromeM komnece, kH;

P, — BepTukanmpHas Harpy3ka OT TEICKKH Ha
MyTh, YYUTHIBAIOIIAs 00€3rpyKUBaHNE MO JecT-
BHEM NPOJIONbHOU cuibl, KH;

2L — mIrMHa BaroHa 1o ocsiM CLEIUIEHMS, M,

2L — 1mHA BaroHa 1o KOHLIEBBIM OalIkaM, M,

2(¢ — 0a3a Baroua, M,

h, — BbicoTa paboyell TIOCKOCTH MATHHUKA HAJ
YPOBHEM T'OJIOBOK PENLCOB, M;

h, — BBICOTa OCH aBTOCIENKH HaJ YPOBHEM TO-
JIOBOK PENBCOB, M;

hyp — BBICOTAa BEpXHEH TOYKU PECCOPHBIX KOM-
IJICKTOB HaJI YPOBHEM T'OJIOBOK PEIBLCOB, M;

2b — paccTosHIE MEXTy TOUKAMH TPUITIOKCHUS
BEPTUKAILHBIX CHJI, JEHCTBYIONMIMX Ha OYKCH KO-
JIECHOW Tapbl COOTBETCTBEHHO Ha Haberaroriem
¥ HeHaberaroIeMm Kojece, KH;

2S — paccTosiHME MEXAY KpyraMH KaTaHUs KO-
JIEC, M,

R — paguyc kpuBoH, M,

20y — CyMMapHBIH TIOTIEPEYHBI paz0er pamsbl

Ky30Ba BaroHa OTHOCHUTEJIHHO OCH IyTH B Halpas-
JISIOIIEM CEYEeHUH, M;

@ — JUITMHA KOpIyca aBTOCIHENKH (0T OocH clien-
JICHUsI 710 KOHIIA XBOCTOBHKA), M;

W — k03P PHULIHMEHT TpeHHs TPEOHA O BBIKPYKKY
TOJIOBKH PeIlbCa,

S — yron, obpa3oBaHHEIN MPSAMOJIMHEWHOHN Ya-
CTBIO  KOHTypa mpoduis rpedHS  Koieca
K IJIOCKOCTH IyTH,

G — Bec xonecHo# napsl, kKH;

0o — KO3((UIIMEHT, YYHUTHIBAIOIIUN BIUSHUE
MPOAOJBHBIX KPUTHYECKUX CHJI, TMPHUBOJSIINX
K OTHOCHUTEIIEHOMY II€PEKOCy BaroHOB M OCell aB-
TOCIIETIOK B TUIAHE!

— 1_ N/NKa

PTINN @

rae Ny, 1 Ny — IPOAOTBHBIE KPUTHUECKHUE CU-
Jbl, TPUBOJANINE K OTHOCHUTEIBHOMY IEPEKOCY
BaroHOB M OCEH aBTOCIIETIOK B IUIAHE M OIpele-
JisieMbl€ U3 BhIPOKCHUH!
c,

Kazl_—lr_‘r’ NK6=a“Cr’ (2)
a

C, — TOpU30HTAJIbHAS TOIEpPEYHas KECTKOCTh pec-

COPHOTO MMO/IBEIINBAHMS OHOMN TexexKu, KH/M.

Beipaxkenue (puc. 2) ¢ pa3nu4HbIME 0003HaYe-
HHUSAMH BOIIIO B «HOPMEBI 1U1s1 pacuyeToB M MPOCKTH-
POBaHHsI HOBBIX M MOJICPHU3UPYEMBIX BaroHOB JKe-
ne3nsix gopor MIIC komnen 1520 mm», paspaboTan-
usle BHUMKTom B 1972 1. [12] (puc. 3) u B mo-
CICIyIOIMe WX  [epeH3laHus,  W3MEHEHHMIX
u pononuenmsx B 1983 r. [13] (cm. puc. 6)
u B 1996 r. (puc. 8) [14]. Bo Bcex 3THX HOBBIX
Hopmax mnpuBeneHbl (OpMyIbl, HECKOJIBKO OTIH-
YaIOIHecs APYT OT IpyTa.

DTO ke BBIpOKCHUE JUIA ONPEICICHUS KOd(¢-
¢uienHTa 3amaca yCTOWYMBOCTH OT BbDKHMAHUS
npojonbHbIMH cuiiamu B Hopmax pacuera [12]
BBITJISITUT NMPAKTHYECKU TaK XKe, 32 UCKIIOYCHUEM
HOBOTO 0003HAYCHHUS:

1
VE— ©)
- N

Ka

y — ko3 pureHT nepekoca.
C nomorieio hopmyiisl, puBeneHHol B [13, 14],
PACCUUTHIBATIMCH KOXPQUIMEHTHI 3araca yCTOWYH-
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BOCTH JIA LCJIOTO psAla SKCILUTYaTUPYEMBIX B TO BPE- HUMCIOT NOCTATOYHBIC JJIA obecreyenus YCTOI‘/’I‘-II/IBO'
Md TpY30BbIX BAaroHOB W II0KAa3aHO, 4YTO BCE OHU CTH BCJIMYHHBI.

2 _wpm PN/ ‘*)"* ol ‘“‘f s
{¢/1 fyﬂ /yf.?fﬂf[%‘//v -4‘-) 'A""""](f “ )""C('f‘é%s‘)}

Puc. 3. BoipaxkeHue juis ornpeaenenus kodduunenra 3amnaca yCToHuMBOCTH
OT BBDKMMAHUS TIPOAOJIBHBIMU criiamu [12]

Fig. 3. The equation for determining the factor of stability
from the squeezing longitudinal forces [12]

Hanee ObuIM mpoaHaIM3MpOBaHBl (OpMyJbl, IAT Mo-pazHoMy. Hwke Ha puc. 4—7 mpuBeneHb
OIyOJIMKOBAaHHBIE B PA3IMYHBIX HCTOUYHUKAX, ONA-  BBIPAXKECHHUS, B3ATHIE U3 TUX UCTOYHHUKOB.
cpIBalolIve BblUMCIeHUS Koddduiuenta 3amaca 31ech, 0 CPAaBHEHHIO C MEPBOUCTOYHHUKOM [7]
YCTOWYMBOCTH OT BBDKMMAaHHS BaroHa mpoaoiib-  (cM. puc. 2), B YMCIHTENE Pa3HOCTh BMECTO CyM-
HBIMH cuJlaMu B moeszie [2, 3, 4]. B otux ucrounu-  Mbl. BO3MOXHO 3TO omeuarka, HO HUKaKHX yKa3a-
Kax, Ka3aJoch Obl, OMHH U Te ke (OPMYJIbI BBITJISI-  HHUH Ha 3TOT CYET B HCTOYHUKE [2] HeT.

tgp—p
I+ptgp

N 8L ¢ L\ h Lol h
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Nxp a
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£
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Puc. 4. Beipaxxenue i ko pHLMEeHTa 3anaca yCTOHYHMBOCTH
OT BBDKHMAHUSI TIPOJIOJIBHBIME CHTamMH [2]

Fig. 4. The equation of the safety factor of stability
from the squeezing longitudinal forces [2]

N - z : o s —
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Puc. 5. Bripaxxenne i koa¢puiMeHTa 3anaca yCTOMYMBOCTH
OT BBDKMMAaHHUS TIPOOTIBHBIMU criiamu [3, 4]

Fig. 5. The equation of the safety factor of stability f
rom the squeezing longitudinal forces [3; 4]

doi 10.15802/STP2015/49281 © A. A. llIseny, K. U. XKenesnos, A. C. Akynos, A. H. 3a6onorssiid, E. B. Yabantok, 2015

179



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

Hayxka Ta nporpec Tpancnopty. BicHuk J[HIIPOIETpOBCHKOTO
HAI[IOHAIIBHOTO YHIBEPCUTETY 3alIi3HHYHOTO Tpancmnopry, 2015, Ne 4 (58)

PYXOMUI CKJIAJ] I TSATA IIOI3/IIB

B ucrounukax [3, 4] B 3HaMeHarese B KPyIJIbIX U140 CHJIbI N, 3aMeHeHo Ha hy,

CK06KaX, KOTOPbIC YMHOXAKTCA Ha KBAaJAPAaTHBIC,

gl )l s ] b

i
&

&aﬁ }4,
;fm 7 Jz_;.,:f % du-tm
T T o e

Puc. 6. Bblpameﬂue i ko3 duinenTta 3anaca yCTOMYMBOCTH
OT BBDKAMAHUS MPOIOJIBHBIMU crtamu [13]

Fig. 6. The equation of the safety factor of stability
from the squeezing longitudinal forces [13]
HYIO CKO6Ky B KOHIIC 3HAMCHATCJIA. OKOHYATENHHO

B nononnennsix k Hopmam [13] ykaszano, 4to
UMEEM 3aBUCHMOCTH!

3a (hUrypHOH CKOOKOI B 3HAMEHATENe HE0OXOANMO
BIIMCATh KBAJAPATHYIO CKOOKY M 3aKpBITh (GHUTYP-

P.+yN- oL (1+Lj-h“ioc-L° h—”
7 a)h R| S

10

t —
K;zlfﬁ-t;ﬂ sL(. L L h Chony @
P +2vyN- 1 B N L O e - (S
Wbty {z (+aj RM '“23}rOL R 25 }

BBDKMMAHUS TPOJOJIBHBIMU CHJIAMH, OIyOJIHKO-
BaHHAs B INepBOHAuYalbHOM penakimu Hopm [14]:

Ha puc. 7 u3oOpaxena uccnenyemas 3aBHUCH-
MOCTh KO3 HIIMEHTa 3amaca YCTOHYHUBOCTH OT

. tgp-p
Kye = {+/‘ ‘fj/
P+2JA/{[ L ﬁnfﬁ’ Faf ¥ zc‘/’('"’ ’Uzi F ke .2/; {; P ]

/“D+2JA/[ /H *"(ﬁ//f/ 25)*/ R 95 E’Q;’5//’25)

Puc. 7. Beipaxxenue i1 ko puLIMeHTa 3anaca yCTOHYHMBOCTH
OT BBDKMMAaHWUS TIPOAOJIBHBIMU criiamu [14]

Fig. 7. The equation of the safety factor of stability
from the squeezing longitudinal forces [14]

sdduunenTa 3amaca YCTOHYMBOCTH NPHUHUMAET

Cornacao wm3meHeHusMm k Hopmam 1996 r.,
BeimeAamuM B 2000 u 2002r. BeIpaskeHue Ui KO-  BHI!

_ tB-p
¥ lvpetgp
SoL(. L L, 1_.. hh
P+2y-N-J %0145 h +o=h |LEgop 2 b
v ey {%(Hjh“ aRha}}szr 5 28
h,
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)

p-P.+2y-N- {[SKL(1+:jiaLR‘:](l—u:;);palg.haz_sh“}¢2PTCng (1 ug
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31ech BBICOTa OCH aBTOCIENKH HaJ ypOBHEM
TOJIOBOK PEJIbCOB 0003HAYACTCsl BEMUYMHOW N,
a h, — BbICOTa LIEHTpa TSDKECTH BAaroHa HaJ ypOB-
HEM TOJIOBOK pebcoB. Kpome 3TOro, B unciutene
Y 3HAMEHaTele TOSBUJINCH CllaraeMble, YYWTHI-
BAIOIIME BIMSHHUE CUIIbI, IOPOXKIECHHOIN BO3BBIIIE-
HHEM Hapy>XHOTO peiibca B KPUBOW M HAIpaBJICH-
HOH BHYTPb KPUBOH, HO IOYEMY-TO HE YUUTHIBACT-
csl BIMSAHUE LEHTPOOEKHOI CHIIBI BaroHa, Halpas-
JIEHHOM Hapyxy kpuBoil. Takoil moaxon 3aBeaoMo
YBEIMYUBAET yCTOMYMBOCTH OT BBDKMMAHHUS Ha-
PYKy KPUBOIL.

B ¢opmynax, nmokazaHHbIX Ha puc. 2—-6, wuc-
[I0JIb30BaHbI CIEAYIOIIUEe 0003HAYESHNUS!

h, — BbicOTa paboueii MIOCKOCTH MSATHUKA HAJl
YPOBHEM T'OJIOBOK PENBCOB, M;

h, — BBICOTa OCH aBTOCLETIKH Haj YPOBHEM ro-
JIOBOK PENBCOB, M.

B dopmyie Ha puc. 7:

h, — BeicoTa pabGoueil MIOCKOCTH MATHHKA HaJ
YPOBHEM T'OJIOBOK PENBCOB, M;

h, — BbIcOTa OCH aBTOCIIETIKM HaJl YPOBHEM TO-
JIOBOK PEJILCOB, M;

h, — BbICOTa LIEHTpa TSDKECTH BaroHa Haj ypoB-
HEM T'OJIOBOK PENIbCOB, M;

h, — BO3BBIIIIEHHE HAPYKHOTO PENbCa B KPUBOIL, M.

Bce ocranbHble 0003HaYEHUSI OJMHAKOBBI UL
BCEX MpPUBEACHHBIX (OPMYIT U COOTBETCTBYIOT
omucanuto B Hopmax [13, 14].

Kak BugHO M3 npuBeneHHbIX (opmyn, B pas-
HBIX MCTOYHHMKAX JAlTCS HECKOJBbKO OTIMYAlo-
mpecs ApyT OT Apyra BBIPAKEHUS AJs BBIYHUCIIE-
HUs Koo duimenTa 3amaca ycTOWIMBOCTH OT CXO-
Ja Ipu JeHCTBUM HA BaroH IPOAOJIBHBIX CHKU-
Maronmx cui. M3yduB cymiectByromme myOuu-
Kalli¥, aBTOPBI MIPHULLTH K BBIBOLY O HEOOXOIUMO-
cti Oosiee TILATEIBHOTO HCCIICAOBAHUS NEPBOUC-
touynuka [7]. CornmacHo [7] npu OBMKEHUH B KpH-
BOW MOJ JEHCTBUEM MPOAOJBHOW CIKUMAIOLIEH
CHJIBI OT Ky30Ba BaroHa Ha IMOIISTHUK TENEKKH
NEPEeAAI0TCs CIEAYIOLINE YCUIINA!

— TOpPHU3OHTAJbHBIE CHJIBI, JAECUCTBYIOIIHE Ha
MOJMATHUK TEIEKKHU:

SO'L(HEJM.E . ()
a R

62

Hy,=v-N-

—  BepTHUKaJbHas Harpy3Ka OT Ky30Ba Ha MOJ-
MATHUK TEJICKKH, YUUTHIBAIOIIAs 00e3rpyKUBaHUE
Mo/ JECHCTBUEM MPOJOJIBHON CHIIBIL:

N AR e Lo
2a | 20 ¢, C,-/*
G I NL
P =—x_ =2 @
"= (7
N L? 1
1- A1+ —-
2a-C, 0 N-L
- 2
C -/

Gy — Bec Ky30Ba Barona, kH;

C, — BepTUKaJbHAs >KECTKOCTb PECCOPHOTO
MMOABEIIMBAHUA OQHON Tenexku, KH/m;

—  ONPOKHUIBIBAIOIINN MOMEHT OT Ky30Ba Ha
OJTHY TEJICKKY:

Il
=<
R
=z
|4
—_—
-
=
|
>
=
~—

(8)

PaccmoTpeB yciioBUsi paBHOBECHS OJMHOYHOM
KOJIECHO# mapsl, moayunm [8, 9, 20]:

ZZ:P1+P2+GKH—N2—PB=O
>M=N,-25-G,-S+PR b -
—P,-b,+H -h, =0
DY =P,—H, —p-N,=0
th — BbicoTa OT YI'P 10 BepxHeil miockocTu
LIEHTPAIILHOT'O PECCOPHOTO KOMILIEKTA, M.
Ilpu stom BepTukanbHble P;, P, U TOpU30H-

TanbHast H, CWIIbI, JCHCTBYIONIME Ha KOJECHYIO
mapy, COOTBETCTBEHHO paBHbI [19]:

(9)

P G, H c M
R="+—"4+——4+ —,
4 4 4 b 8b
poPi Gu Hic M
4 4 4 b 8b
H
Hp:71 (10)

G, — Bec Tenexku 06e3 KoJecHbIX nap, kH;

C — pacCcTOSHHE [0 BEPTUKAIM OT BEPXHEH
IUIOCKOCTU IIEHTPAJILHOTO PECCOPHOr0 KOMILICKTA
JI0 pabouell MIOCKOCTH MATHHUKA, M.
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Pemas cucremy NUHEMHBIX ypaBHEHHH, Oompe- peakuud penabca Ha  Haberaromee  KOJIECO:
JeNsieM BEPTUKAIbHYI0 W OOKOBYIO TOIEPEYHYIO

-L L.|h
pﬁzl. P+N-y- 502 . 1+£ .h_ﬂJ_ra._C R (11)

4 l a) h, R| S

1 O, L L L. L. h,—h

Pi==p-P +2yN -¢| 2—-|1+— |[ta = o214 12
L { Iz ( aj R} ( zsj R R T og (12)

BokoBasi peakiusi B 30HE KOHTAaKTa Koyieca M
pernbca Ps (12) otnnyaercss OT NpUBEICHHOM B [7]
MHOXHTEJIEM MpH TOCIeaHeM ciaraeMoM. Kpome

Bripaxkenune ans onpeneneHus kodddunuenta
3amaca YCTOHYMBOCTM OT BBDKUMAHHUS IIPOAOJIb-

P =%- w-P.+2yN-

g - L

P.+yN-
tgp—p

L

L h
Bl B TTRLL ' [N
aj( H ZSJ ¢

TOTO, TOJYYEHHOE BBIpAKEHHE BO3MOXHO YTPO-
CTHUTB.

h
L 13
Mg (13)
HBIMU cuiiamMu ¢ yderom peakiuit (11) u (13)
OKOHYATEJILHO MPUMET BHI:

L|n

h
l'l+a

()
a m

® T 1iu-tgp
WP b o SEL(1+-:j (1 Ll“*

B paccmarpuBaeMOM BBIPDAKEHHUH HE YUTEHBI
CWIbl WHEPUHMH HE TOJBKO KOJECHOM Mapsl, HO
1 00peccOpeHHbIX MacC BaroHa, YTO BEChbMa BAaXKHO
IIPU OLIEHKE YCTOMYMBOCTH BAarOHOB, JABMXKYLIUXCS
CO 3HAYUTEJIBHBIMU CKOPOCTSIMU B KPUBBIX. Y4eT
CKOpPOCTH IBIDKCHHS HEOOXOIMM IPH OLIEHKE YC-
TOMYMBOCTH B TpOIIECCE MPOBEIEHUS CIY>KEOHBIX
U SKCIEPTHBIX pACCIEIOBAHUN CIy4aeB CXOJOB

2L
" 2L

I

|Z
s

|z

e |11
S
(14)
fo e
R
MOJBMXKHOTO COCTaBa C peiabcoB. Kpome Toro, yaet
CKOPOCTH JBW)KEHHUS DKUMaKa OyAeT ToJie3eH Mpu
OIIEHKE TMPABUJIBLHOCTH JEHCTBUM MalIMHUCTA
B XOJI¢ BBIMOJHEHUS Y4YEeOHBIX 3aJaHUN Ha TpeHa-
xepax mammHucra [11].

PacuerHas cxema Jurs 3TOTO cirydas IpHBeaAcHa
Ha puc. 8.

2S

25

Puc. 8. Pacuernas cxema cui, I€HCTBYIOIINX B pe3yJIbTaTe MPOJOIBHOTO CKATHS
C YIETOM CHJI HHEPIIHH:
a — Ha BaroH; 6 — Ha TEJEXKKY

Fig. 8. Diagram of the forces acting as a result of longitudinal compression
with the force of inertia:
a — on the car; b — on the trolley
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ITpu BBeNEeHNUU CHUJI MHEPIMU B PACUYETHBIC CXe-
MBI HCIIOJIB3YIOTCSI HHICKCHI [Tl 0003HAYCHHS BbI-
cot npuBeneHubie B Hopmax [14]:

h, — BeicOTa paboyeil MIOCKOCTH IMSATHHKA HAJ
YPOBHEM T'OJIOBOK PEJIbCOB, M;

h, — BeICOTa OCH aBTOCIIENIKH HaJ YPOBHEM rO-
JIOBOK PEJIBCOB, M;

szl. P+N-y- 60}.(1.4_&).
4 L a

gz

“ p, [1-p- D
- UH “ 28

a
P, =

PI/IH :(GK +2.GT€H). a}gn °

P, — cuna unepuuu Barona, kH;

Gy — Bec Ky30Ba Barona, kH;

Gien — BeC TEIEXKKH, KH;

(yen — HETIOTAIIIEHHOE YCKOPEHHE, m/c;

g — yCKOpeHHe CBOOOIHOTO ITaIeHN, mlc?,

d, - L L h L h
SR W NP el [ PP Y PUSPRLLE PP [ PRSTRLL ) S
“Ty{fz(a](“zsjaR(“zsj}

P ==
4 ip [1 hu]

P f1opow

25

Bripakerus i ompeneneHUs K03 hHUIneHTa
3arraca YCTOI\/'I‘II/IBOCTI/I OT BBDKMMaHHUA MIPOJAOJIb-
HBIMH CWJIAMHU C YYETOM CHJI MHEPIIMH OT HEIora-

p-P,+2yN -{[SO'L(l-ijia-—

h, — BBICOTA LIEHTpa TSHKECTH BaroHa HaJ ypoB-
HEM T'OJIOBOK PEJIbCOB, M.

BeptukanbHas 1 O0KOBasi peakiMu pelibca Ha
Ha0eraroniee KoJeco ¢ y4eTOM CHIT HHEPIIUY:

h
J_rOL-i -gilPHH =, (15)
RIS 2 S
(_ hHJ_ JoLeho-n
Has )T R Tas 7| (16)
A7)

Bripaxkenne ansi G0KOBOW peakuuu penbca Ha
HaOeraroliee Kojeco, Kak U B IPeIbIAyINeM CIy-
Yae, BO3MOYKHO yIIPOCTHUTE!

(18)

MIEHHOTO YCKOPEHHSA COTIacHO BhIpaxkeHusMm (15)
u (18) uMeeT OKOHYATETHHO BUI:

KM= tgp—n
T l+p-tgp
. h
P +yN - 802L_ 1+£ . ia-i .hiilpuﬂ.i (19)
L a R| S 2 S
X .
S, L L h L h h
P r2yN {2 — 1=l |t =1l — |+ P 1l-p-
“T+Y{zz(+aj[”2s aR(“ZSj "“(“23)}

Jnst cpaBHeHHs OBUIM TPOM3BEAEHBI PACUETHI
no 4etbipeM (opmynam. [lepBbie 1Be U3 HUX — 3TO
Hopwmer [13] u [14], BTOpBIE IBE — yTOYHEHHBIC
dopmysbl mepBorcTouHMKa [/] 6Ge3 yuera CcuI
uneprmu (14) u ¢ ux ygerom (19). Cumsl nHEPITUH
OIPECISUINCH TPU JBIKCHUH BaroHa B KPHUBOW
pamuycom 250 M W BO3BBILICHHEM Hapy>KHOTO
pembca 150 MM c momyckaeMol CKOPOCTBIO

65 xm/u [15, 16]. PacueThl BBITIONTHEHBI JJIsI HEKO-
TOPBIX MojIeNeil momyBaronoB [5, 6]. Dtu Moaenu
OTJIMYAIOTCS MEXIy COOOH B OCHOBHOM JIJTMHAMHU
o ocAM cuerutenus aprocuenok (ot 11,2 xo 19 m),
BenmunHamu 6asel Barona (ot 7,1 mo 13,8 M) u Ta-
poit (ot 22,2 mo 28 T). Ilonmy4eHHbIe pe3ybTaThl
cBeneHbl B Ta0. 1.
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Tabnumna 1
Ko3a¢pdunuueHnTsl 3anaca ycTOHYUBOCTH OT BIKUMAHUS ISl OJTyBATOHOB
Table 1
The load factor of stability from the squeezing for gondola cars
Ne hopmybt ITosyBarons! mojenu
12-1505 12-532 12-2122-01 12-127 12-2123 12-4004 22-478 22-4008
1983 . 1,367 1,399 1,360 1,400 1,509 1,762 1,628 1,671
1996 r. 1,441 1,482 1,445 1,486 1,577 1,923 1,747 1,770
1996 .t 1,320 1,351 1,322 1,354 1,460 1,675 1,551 1,623
1996 r.? 1,266 1,294 1,271 1,300 1,410 1,582 1,472 1,567

IMpumeuanwue: 1 — koppekrupoBka Gopmyisl u3 [14], 3aBucumocts (4); 2 — koppekTHpoBKa Gopmyiasl u3 [14]
C YYETOM CHUJI HHEPLHH TIPH IBIKEHUU B KPUBOH C JOIYCKAEMOM CKOPOCTBIO, 3aBUCUMOCTS (9)

Camble HU3KHE BEMUYUHBI KOA((PUIMEHTOB 3a- Tabnuua 3
rnaca yCTOMYMBOCTH OT BBDKMMAHMS HPUXOAATCS KoddhuimnenTtsi 3anaca ycroiiunBocTH
Ha BaroHbl ¢ HEOOJBITUMHU BEIMYWHAMU JJIUH TI0 OT BBIKHMAHHSI /UTsl KPITHIX BATOHOB
OCsSIM  CIICTJICHHMS aBTOCIICTIOK, Oa3aMu BaroHa Table 3
U Macchl Tapbl. B nanbHeileM Bce pacyeTsl Mpo- able
M3BOJWINCH TOJIBKO JJISI 3TOW KaTeropuud rpy3o0- The load factor of stability from the
BbIX BaroHoB [5, 6]. IloaydeHHble pe3ysbTaThl squeezing for covered cars
cBejieHbl B Ta0n. 2-5. Ne popmynbt KprITBIC BaroHsI MOIEIN
Tabnuua 2 11-H002 11-066 10-475
Ko3¢punmenTs! 3anaca ycToi4nBoCTH 1983 . 1,315 1,492 1,642
OT BBIXKMMAaHHUA 1JIA HUCTEPH
1996 r. 1,369 1,588 1,808
Table 2 1
1996 r. 1,263 1,433 1,592
The load factor of stability from )
the squeezing for tanks 199 r. 1,214 1,364 1,504
Ne popmyubt LlucTepHbl MoENH Tabnuna 4
15-145 15-869 15-1548 Ko3¢unmenTs! 3anaca ycToiunBoCcTH
1983 r 1597 1.647 1.423 OT BbIKUMAHHUA IJI1 BATOHOB-XOIIIIEPOB
1996 1. 1,683 1,740 1485 Table 4
1996 1.} 1,543 1,587 1,375 The load fa(_:tor of stability from the
squeezing for hopper cars
1996 r.? 1,489 1,523 1,324
Ne popmynbt Baronsi-xonneps! Mmoaenu
11-715 19-1217 20-4078
1983 . 1,349 1,564 1,455
1996 r. 1,383 1,617 1,511
1996 r.! 1,304 1,505 1,419
1996 r.” 1,264 1,450 1,383
doi 10.15802/STP2015/49281 © A. A. llIseny, K. U. XKenesnos, A. C. Akynos, A. H. 3a6onorssiid, E. B. Yabantok, 2015
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Tabnuma 5

Ko3¢pdunuenrs! 3anaca ycToiiuuBocTH
OT BbIKUMAaHUS 115 IIaTHopM

Table 5

The load factor of stability from
the squeezing for platforms

Ne popmyibr [Tnardopmbr Mogenu
13-1796 13-1798 13-3103-01
1983 r. 1,472 1,410 1,415
1996 r. 1,588 1,527 1,553
1996 r.! 1,387 1,343 1,360
1996 r.? 1,357 1,259 1,265
Pe3yabTatsl

AHanM3 MOMyYeHHBIX PEe3yJbTaTOB MOKAa3bIBa-
€T, 4TO JUISl BCEX BBIOPAHHBIX JJIsl paCYETOB IPy30-
BBIX BAaroHOB BEJIMYMHBI KOd(duimeHTa 3amaca
YCTOWYMBOCTH OT BBDKUMAHHS, MOJYYCHHBIC IO
dopmyram (14) u (19) menble, yeM 1o popMyIam
Hopwm [13] u [14]. 3TO TOBOpHT O TOM, YTO HEOO-
XOJMMO HCIIOJIBb30BaTh HE TOJIBKO KOPPEKTHOE BbI-
paxenue (14) s onpenenenus KodbUIIUCHTA
3amaca yCTOMYMBOCTH, mpemiokeHHoe [9], HO
¥ YYUTBIBATh B 9TOM BbIpakeHuu (19) cuibl nHep-
LMY TP JIBUOKSHUHU BaroHa B KPUBOIL ¢ MpeIeIbHO
JoIycKaeMo# ckopoctsio [15, 16].

Takum 00pa3oM, OIMKCAHHbBIC BBIIIE HCIpaBie-
HHsl, BHECEHHBIC B (DOPMYITy JUISl OLPEeTICHHs KO-
s¢dunmeHTa 3amaca yCTOMYUBOCTH OT BBDKHMMA-
HHS TIPOJIOJIHBIMU CHJIAMH, TIO3BOJIAT:

—  100OHThCS TOBBILICHHS 3ar1aca yCTOHYHUBO-
CTH JICTKOBECHBIX BAarOHOB, MCKIIFOYMB HMX BBDKH-
MaHHWE MPOJOJIbHBIMH CHJIAMH BO BCEM JHAaIa3oHe
JIOITyCTUMBIX CKOPOCTEHl IBHXKEHHSI TPY30BBIX IO-
€3710B;

— paspaboraTh M peaqn30BaTh MEPHI MO IMpe-
JOTBPAILICHUIO BEDKMMAHUs BATOHOB BO BCEM JIHa-
Ma30HE CKOPOCTEM JABUKEHUS;

—  ONpeneNuTh CTENCHb YCTONYMBOCTH TMO-
POXKHETO BaroHa B TOJIOBE, B CEPEIHHE U B XBOCTE
IPY)KEHOTO T0€3/1a, MPEUIOKUTh ONTUMAIbHbIC
cXxeMbl (HOPMUPOBAHHSI CMEIIAHHBIX MTOE3/I0B.

Hayunas HOBU3HA M MpaKTHYecKas
3HAYHMOCTh

B uccrnenoBaHusx TMpuUBeNeH aHAIN3 CYIIECT-
BYIOIINX METOJMK oOmpemeiaeHus KodddurmenTa
3amaca yCTOWYUBOCTH BaroHOB B TPY30BBIX TI0€3-
JlaX OT WX BBDKUMAaHWS MPOJOJIHHBIMU CHIIAMH,
pa3paboTaHbl TPEIIOKEHUS M0 YTOYHEHUIO ITHX
METOJMK JIJISl UCTIONB30BaHUS HA CTaJUH MPOCKTH-
pOBaHUs, MOCTPOUKH U B MPOIIECCE IKCIUTYaTaIlUH,
a TaKXKe OIECHUBACTCS BIUSHUE HAa BEIIMYHHY 3TOTO
KO3 PHUIIMEHTa CKOPOCTH JIBHKCHHUS MOIBHIKHOTO
cocraBa. Pa3paboTaHHBbIC MPEIIOKECHUS MO3BOJISAT
CHU3UTH KOJIMYECTBO CXOJIOB BarOHOB C PEITLCOB 3a
CYeT ydJeTa MpH pacdeTax ¥ MPOCKTHPOBAHUN BaXK-
HBIX TTAPaMETPOB U XapaKTEPUCTHK, TOBBIIIAOIINX
X YCTOMYMBOCTH B PEIbCOBOM Kojiee, OCOOEHHO
MIPH YBEITUYEHHUU CKOPOCTEH ABIKEHHUS TPY30BBIX
MOE37I0B.

Pe3ynbpTaThl Hcciie0OBaHU HAILIM CBOE Hay4-
HOE€ HCIIOJIb30BaHUE B Psijie MyOJIMKaIuii aBTOPOB
B CIENUAIBHBIX U HAYYHBIX W3JIaHUSX, BHICTYILIE-
HUSIX HA HAYYHBIX KOH(PEPEHIUSIX.

BoIBOaBI

B pesynbraTe uccienoBaHuil MoJydeHa 3aBH-
CUMOCTh KO3 (UIMEHTA 3amaca yCTOHYUBOCTH OT
BBIKMMAaHUS YE€THIPEXOCHOT'O TPYy30BOr0 BaroHa OT
MPOAOJIBHON CKMMAIOIIEH CHUJIBI C YyY€TOM CKOpPO-
CTU ABUKXCHUA U CUJI UHCPLIUH.

Takum 00pa3oM, TONYYCHHBIC pPE3YJIbTATHI
pacueToB MO3BOJSIOT OOBEKTUBHO OICHHUTDH BIIHS-
HUE TPOJIOIEHOM CHITBI 1 CKOPOCTH JIBHKEHUS TPY-
30BOT0 BaroHa Ha IMOKa3aTeilb YCTOWIHBOCTH.
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Hexkoroppele acnekTsl onpeneneHust yCTOMYMBOCTH
BaroHOB OT BBDKMMAaHHS HUX NPOAOIBHBIMU CHIIa-
mu B moe3aax / A. C. Axynos, K. U. XKenesnos,
A. H. 3a6onorusiii [u ap.] // TIpobnemu ta mepc-
NEeKTUBU DPO3BUTKY 3aJli3H. TpaHcl. @ Te3u (4
MixHap. Hayk.-mipakT. KoH. (15.05-16.05.2014) /
MuH-BO HHQpacTpyKTypsl YKpauHbl, JlHenpo-
MeTp. Hal. YH-T X.-J. TpaHCIL. M. akal. B. Jlaza-
psHa. — Iuenponerposck, 2014, — C. 100-101.
Hopwmsb! anst pacueToB Ha MPOYHOCTH U NPOEKTH-
POBaHMSI MEXaHUYECKON YacTH HOBBIX M MOJEPHU-
3MPOBAaHHBIX BaroHOB jkene3Hbix gopor MIIC ko-
nen 1520 mm (Hecamoxoaubix). — Mocksa : MIIC
: BHUMXKT, 1972. - 304 c.

Hopwmsl 1i1st pacyera v MpOEKTHPOBAHUS HOBBIX U
MOJICPHU3UPYEMBIX BaroHOB JKEJIE3HBIX JIOPOT
MIIC xonen 1520 MM (HecamoxoaHbIX). — MockBa
: BHMIB : BHUMXKT, 1983. - 260 c.

Hopwms! 1 pacdera ¥ MpOEKTHPOBAHUSI BarOHOB
xene3nbix gopor MIIC komen 1520 mm (Hecamo-
xomubix) (¢ m3m. u gom. Ne 1 (¢ 01.02.2000 r.)
u Ne 2 (¢ 01.03.2002 r.)). — Mocksa : l'ocHUUB :
BHUMXT, 1996. — 352 c.

OmpenencHne NOMYCKaeMBIX CKOPOCTEH BIIKE-
HUSI TPY30BBIX BaroHOB II0 JK.-J. IyTAM KOJIEH
1520 mm / B. JI. HanoBuu, B. B. PriGkuH,

16.

17.

18.

19.

20.

21.

22.

23.

C. B. Mamius [u ap.] // Bicu. Juinponetp. Hail.
YH-TYy 3aJi3H. TpaHcn. iM. akaa. B. Jlazapsna. —
Juinpornerposerk, 2003. — Bum. 2. — C. 77-86.
[IpaBuia BH3HAuUSHHS MIJIBHIIEHHS 30BHIIIHBO]
peHKM 1 BCTAHOBJICHHS JOIYCTUMHX IIBUIKOCTEH
B KpuBHuX auntsHkax koumii : IIIT 02336. — Kwuis :
Yxp3amizani, 2013. — 44 c.

[IpononbHas u momepedHass JUHAMHKA 2-OCHBIX
BarOHOB B TSDKEIOBECHBIX IO€37aX U TIPH
MOBBIIIEHHBIX CKOpocTsx : oTdetr o HUP / Beeco-
103. Hayd.-HUCCIEl. HMH-T XK.-I. TPaHCI. ; PYK.
Bepummnckuit C. B. ; ucnomn. @ JlazapsiH B. A,
JIsBoB A. A., Konamenxko C. U., Koporerko M. JI. —
Mockga, 1953. — 351 c. - Ne [P -05-54p. 1. -
WuB. Ne 1.

[IpononbHas u momepedHas JUHAMHKA 2-OCHBIX
aBTOCLEMHBIX BarOHOB B TSDKEIOBECHBIX MOE37ax
W TP TIOBBIMIEHHBIX CKOPOCTsX : oTuer o HUP /
Bcecoros. Hayu.-uccien. MH-T X.-A. TPAHCIL. ; PyK.
Bepumnckuit C. B. ; ucnons. : Jlazapsn B. A,
JIeBoB A. A., biioxun E. II. — Mocksa, 1954, —
312c.—NeTP U —-05-54p. 2. — UnB. Ne 2.
Tapr, C. M. Kpatkuii Kypc TeopeTHdecKoil Mexa-
HUKH : y4eO. s By3oB / C. M. Tapr. — Mocksa :
Bricmr. mk., 1986. — 416 c.

Mlanyp, JI. A. Baronsl. Koncrpykius, Teopus u
pacuet / moa. pen. JI. A. Ilagypa. — Mocksa :
Tpancnopr, 1980. — 440 c.

Anyakwo, A. A New Method for Modelling and
Simulation of the Dynamic Behaviour of the
Wheel-rail contact / A. Anyakwo, C. Pislaru,
A. Ball // Intern. J. of Automation and Computing.
- 2012. - Iss. 9 (3). — P. 237-247. doi:
10.1007/s11633-012-0640-6.

Kurhan, D. M. Features of perception of loading
elements of the railway track at high speeds of the
movement / D. M. Kurhan // Hayka ta mporpec
TpaHcr. BicH. JlHinpomerp. Hau. yH-Ty 3aji3H.
tpaHcr. — 2015. — Ne 2 (56). — C. 136-145. doi:
10.15802/stp2015/42172.

Marquis, B. Application of Nadal limit in the pre-
diction of wheel climb derailment (JRC2011-
56064) / B. Marquis, R. Greif // Proc. of the
ASME/ASCE/IEEE. 2011 Joint Rail Conf.
(16.03-18.03.2011). — Pueblo, Colorado, USA,
2011. - P. 1-8. doi: 10.1115/jrc2011-56064.

A. O. LIBELB', K. I. )KEJIE3HOB?, A. C. AKYJIOB®", 0. M. 3ABOJIOTHUIN*,
€. B. YABAHIOK®

YCKTB MCYB, JIHinponeTpoBChKHil HAIOHANBHIIT YHIBEPCHTET 3a7Ti3HHIHOrO TPAHCIIOPTY iMeHi akagemika B. Jlasapsna,
ByJ1. JlazapsiHa, 2, JIHinponeTpoBebk, Ykpaina, 49010, Ten. +38 (050) 214 14 19, en. nowra angela_shvets@ua.fm,
ORCID 0000-0002-8469-3902

doi 10.15802/STP2015/49281

186

© A. A. llIseny, K. U. XKenesnos, A. C. Akynos, A. H. 3a6onorssiid, E. B. Yabantok, 2015



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

Hayxka Ta nporpec Tpancnopty. BicHuk J[HIIPOIETpOBCHKOTO
HaIliOHAJIBHOTO yHIBEPCHUTETY 3aii3HHYHOr0 Tpancmopty, 2015, Ne 4 (58)

PYXOMUI CKJIAJ] I TSATA IIOI3/IIB

ZCKTB MCYB, JlHinpomneTpoBCchKiii HAiOHAIBHIN yHIBEPCHTET 3aIi3HIEHOTO TPAHCIIOPTY iMeHi akagemika B. Jlasapsua,
ByJ1. JlazapsiHa, 2, JIninponerpoBebk, Ykpaina, 49010, Ten. +38 (095) 545 38 87, ein. nomrra constantinz@i.ua,

ORCID 0000-0003-3648-1769

¥ CKTB MCYB, JHinporeTpoBCchKiii HALIOHAIBHII yHIBEPCHTET 3a/1i3HIYHOTO TPAHCIIOPTY iMeHi akanemika B. Jlasapsua,
ByJ1. JlazapsiHa, 2, JIainponerpoBebk, Ykpaina, 49010, ten. +38 (067) 178 16 90, en. nomrra asakulov@gmail.com,

ORCID 0000-0002-6123-5431

#CKTB MCYVYB, JIHinpomeTpoBChKHil HAL[OHATBHAI yHIBEPCHTET 3aTi3HIYHOTO TPAHCIIOPTY iMeHi akagemika B. JlasapsHa,
ByJ1. JlazapsiHa, 2, JIHinponeTpoBcbk, Ykpaina, 49010, ten. +38 (067) 282 13 41, en. nomura zabolotnyi@i.ua,

ORCID 0000-0003-1651-7082

S CKTB MCYB, JIHinpomeTpoBCchKiii HALIOHAIBHII yHIBEPCHTET 3a/Ii3HIYHOTO TPAHCIIOPTY iMeHi akaxemika B. Jlasapsiua,
ByJ1. JIazapsiHa, 2, JIninponerpoBebk, Ykpaina, 49010, ten. +38 (066) 633 55 95, en. nomra 457m@ukr.net,

ORCID 0000-0001-5695-5955

JIESIKI ACHHEKTH BUBHAUYEHHS CTIMKOCTI IOPOYXKHIX
BAI'OHIB BIJl BAUABJIIOBAHHS iX O3JJOBXKXHIMU CUJIAMHU
Y BAHTAKHUX ITOTAT'AX

Mera. He3Baxarouu Ha peaizalilo YUCICHHHX MPOTpaM i3 MiJBHIICHHSA OC3MEKH pyXy MOi3NiB, mpobiema
3HID)KEHHS CXOJIIB PyXOMOTO CKJIaJly 3 PeHoK, SIK 1 paHille, € akTyajabHOI0. MeTa NOCIiIKeHHS — YTOYHUTH ICHYI0Ty
METOAMKY BH3HAYCHHS KOoeQillieHTa 3amacy CTiHKOCTI BaroHIB BiJ] BUYAaBIIOBAHHS MO3OBKHIMH CHJIAMH I YHHK-
HEHHS CXOIB i3 peHoK Ta 3a0e3meueHHsl 3ammacy CTIHKOCTI MpH 30UIBIICHHI MIBHAKOCTEH PyXy PyXOMOTO CKIIAMY.
Metonuka. J{ociiDKEeHHS MPOBOIMIOCS METOJOM MAaTEMaTHYHOTO MOJEIIOBAHHS HABAHTA)XXCHOCTI BaHTa)XXHOTO
BaroHa IpH PycCi 3 Pi3HUMH MIBHAKOCTSAMH IO MPSIMHUX Ta KPUBUX AUISHKAX IUIXy. Pe3yabTaTu. AHami3 oTpuma-
HHUX pe3yJbTaTiB MOKAa3ye, IO Ui BCiX OOpPaHUX JJisi PO3PAXYHKIB BAHTAXKHUX BaroHiB BENWYMHH KoedilieHTa
3amacy CTiHKOCTI BiJf BUMABIIOBAaHHSA MEHIIE, HIK 32 HOpMATUBHUMHE (GopmMysiamu. Bunpasnenss, BHeceHi y popmy-
Jqy s BHW3HAYCHHS Koe(illieHTa 3amacy CTIHKOCTI BiJf BHYABIIIOBAHHS TMO3I0BXHIMUA CHJIAMH, JO3BOJATH:
1) moOWTHCS MiABMINEHHS 3amacy CTIMKOCTI JIETKOBArMX BAaroHIB, BUKIIOUMBINHM iX BHXXKMMAHHS MO3I0BXHIMU
CHJIAMH Y BCbOMY Jliala30Hi JOMyCTUMHX IBHIKOCTEH PyXy BaHTQKHUX MOI3/iB; 2) po3poOHTH Ta peanizyBaTH 3a-
XOJU 10JI0 3amobiraHHs BUYABIIOBAHHs BAaroHIB y BCHOMY [iana3oHi MIBHAKOCTEH pyXy; 3) BU3HAYUTU CTYMiHb
CTIHKOCTI TOPOXKHBOTO BaroHa B TOJIOBi, B CEpPEeAMHI W y XBOCTI HABAaHTAXXCHOTO MOi31a; 4) 3anpONOHYBATH
onTUMaNlbHI cXxeMu (opMyBaHHS 3MimraHuX moi3AiB. HaykoBa HOBH3HA. Y MOCHIIDKEHHI HaBEISHO aHAII3
ICHYIOUMX METOIWK BH3HA4YEHHS Koe(ilieHTa CTIKOCTI BaroHiB y BaHT@XHHUX IOI37ax Bif 1X BHUYABIIOBAHHSA
TO3Z0BKHIMH CHJIAMH, & TaKOX PO3pPOOIICHI MPOMO3HIIi 1I0JJ0 YTOYHEHHS LIMX METOIUK Ha CTafii IPOCKTYBaHHS,
OyniBHHMIITBA Ta B TIporeci excruryararii. [IpakTuyHa 3HAYMMicTh. Y JaHOMY JOCHTIDKEHHI YTOYHIOETHCS ICHYI04Ya
METOJIMKA BU3HAYCHHsS KOe(DIIEHTy 3amacy CTIMKOCTI BiJi BHYABIIOBAHHS II03/I0BXKHIMU CHJIAMH, & TaKOX
OLIIHIOETHCSI BIUIMB HIBUAKOCTI PyXy PYXOMOTO CKJIajly Ha BEJMYMHY 1bOro KoedimieHTy. Po3pobieni npono3uiii
II0JI0 YTOYHEHHS ICHYIOYMX METOJMK BH3HA4YEHHsI KoedillieHTa 3amacy CTIHKOCTI BiJi BHYaBJIIOBAaHHS BaroHIiB
MO3I0BKHIMHU CHJIAMH B TIOi3/1i JO3BOJISITH 3HU3UTH KUIBKICTh CXOJIIB BaroHiB i3 peiiok. Ile mocsAraeThcs 3a paxyHOK
00JIIKYy TP PO3paxyHKax Ta MPOCKTYBaHHI BAXKJIMBHX MapaMETPiB i XapaKTCPHUCTHK, IO MiABHIYIOTh iX CTIHKICTH
y pelKoBiii KoJIii, 0COOJIMBO NPH 30UIBIICHH] IIBUIKOCTEH PyXy BaHT)XXHHUX ITOI3/1iB.

Kniouosi crosa: Ge3nieka pyxy; HOpMHU pO3paxyHKY; CTIHKICTh BaroHiB BiJl BUYaBIIOBAHHS; IIBUJKICTh PyXY; KO-
e(iIlieHT CTIHKOCTI
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SOME ASPECTS OF THE DEFINITION OF EMPTY CARS
STABILITY FROM SQUEEZING THEIR LONGITUDINAL FORCES
IN THE FREIGHT TRAIN

Purpose. Despite of the implementation various programs to improve the safety of train traffic problem of re-
ducing gatherings rolling stock off the rails is still relevant. The study aims to clarify the existing method of deter-
mining the factor of stability from the tire longitudinal forces to ensure the sustainability of cars with increasing
speeds of the rolling stock. Methodology. Research was conducted by the method of mathematical modeling of
loading freight car when driving at different speeds on straight and curved track sections. Findings. Analysis of the
results shows that, for all selected freight cars for the calculation, the value of the safety factor by squeezing is
smaller than the formulas of Standards. Corrections made to the formula for determining the safety factor by squeez-
ing longitudinal forces, would achieve: 1) a higher safety factor of lightweight cars, excluding them squeezing longi-
tudinal forces in the entire range of speeds of freight trains; 2) to develop and implement measures to prevent
squeezing of cars in the entire range of motion; 3) to determine the degree of stability of the empty car in the head,
middle and tail laden trains; 4) to offer optimal scheme of mixed trains formation. Originality. The analysis of ex-
isting methods for determining stability coefficient cars in freight trains from squeezing their longitudinal forces is
presented in studies. Proposals are developed for the refinement of the design phase, construction and operation.
Practical value. This study clarifies the existing method of determining the safety factor of stability from the
squeezing longitudinal forces, as well as the influence on the magnitude of the coefficient of speed of movement of
the rolling stock. Developed proposals for the refinement of existing methods for determining stability coefficient of
longitudinal forces squeezing cars in a train, can reduce the number of retirements cars derailed by taking into ac-
count in the calculation and design of important parameters and characteristics that increase their stability in the rail
track especially with increasing speeds of freight traffic.

Keywords: safety of operation; rules for calculating; stability of cars from squeezing; speed; stability factor
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HUCITOJIB3OBAHUE 'EOMETPUYECKOI'O
MOJAEJTUPOBAHUSI ITPH TIPOEKTUPOBAHUN
CMECHUTEJIEMA TEJECKOIIMYECKOU KOHCTPYKIIUU

Hens. lcmonp3oBaHWe TPaAWLMOHHBIX TEXHOJOTMYECKUMX IPUEMOB IS IIOJNYYEHHS OXHOPOIHBIX
¢ubpoapMHUpOBaHHBIX OCTOHOB HE O0OECIEYMBAET CO3/AaHME KadeCTBEHHBIX BBICOKOOIHOPOIHBIX CTPOUTEIHHBIX
MarepranoB. JlaHHOe HCCIeNOBaHWE HANPaBICHO Ha pa3paboTKy (C MPUMEHEHHEM TeOMETPUYECKOTO
MOJICTMPOBAHMA) PA3JIMYHBIX BAapHaHTOB pPabOYMX OpPraHOB cMecuTesel, obecreunBaromuX 3(GEeKTUBHOE
NepeMeIInBaHne CTPOUTEIBHBIX cocTaBoB M3 (uOpodeTona. Meroauka. [IpoBeeHHBIH KOMIUIEKC TEOPETHYECKUX
WCCJIEOBaHUH TO3BOJIMIT  C()OPMYJIMPOBATh TNPHHIMIEI TIPOSKTHPOBAHUS pecypcocOeperaroneil TeXHOJIOTUU
MIPOM3BOACTBA  AWCIEPCHO-apMHPOBAHHBIX  COCTABOB C  BBICOKUMH  JKCIUIyaTallUOHHBIMH  CBOHCTBaMH.
C HCIIONB30BaHMEM T'€OMETPUYECKOr0 MOJICIUPOBAHMS pa3paOOTaHbl pa3jIMYHBIC BapHaHTHI JioHacTedl padouux
OpPraHOB CMECHUTENIeH CIOXHOH Treomerpuyeckoil (opMel, oOecHeYMBArOIIMX KayeCTBEHHOE IepeMEIIMBaHUE
($uOPOAPMHUPOBAHHOIO MEJIKO3EpHUCTOr0 Marepuana. Pe3yabTrarsl. Ha OCHOBE NpPOBEAECHHBIX TEOPETHYECKHX
U DKCIEPUMEHTANBHBIX HCCIICIOBAHMI, HaNpaBICHHBIX Ha pa3pabOTKy IPUHLUINAIGHO HOBBIX ITOJXOHOB
K TIPUTOTOBJICHHIO (MTepeMENMBaHNi0) GUOPOOETOHOB C PA3IMIHBIMU TUIAMH (UOP W M3TOTOBICHUIO H3/ICITHIA 13
HHX, aBTOPOM OBUIH ITOJyYeHBI ONPEAEIICHHBIE Pe3yJIbTaThl. A HIMEHHO — pa3paboTaHa TEXHOJIOTHS MPUTOTOBIICHU
(ubpobeToHa ¢ TPHUMEHEHHUEM CMECHUTENEH TEeNEeCKOMUUECKOH KOHCTPYKIMU M S(PQPEKTUBHBIMU JIOMACTSIMU
cnoxkHo#t (hopmbel. [IpuMeHeHHEe pa3paOOTaHHBIX JIOMACTECH MO3BOJISIET MOJYYaTh OAHOPOAHBIC (HHUOPOOCTOHHBIC
KOMIIO3UIIUH. 3a cueT BLICOKOTO KauecTBa NnepeMEIINBaHUs COKpaa€TCsa BPpEMSA IMPUTOTOBJICHUSA CMCCH. I[aHHbIﬁ
(axTOp TO3BOJSIET COKPATHTh 3aTpaThl Ha PEMOHT O0OpyIOBaHMS M dyeKTpodHepruo. Hayunasi HOBH3HA.
ABTOpOM pazpaboTaHa KOHCTPYKLMS CMECHUTENs C paboylMM OpraHOM TEJECKOIHMYECKOTO THIIA C JIOMACTSIMHU
cinoxkHoit ¢dopmel. IIpakTHyeckass 3HAYMMOCTB. lcronp30BaHNe NPEIIOKEHHOW TEXHOJIOTUH TepeMEINBaHUs
JHUCIIEPCHO-apMHPOBAHHOIO MaTephaja ¢ NPUMEHEHHEM CMECHTeds C paboYMM OpraHoM TeJIeCKOIMHMYECKOi
KOHCTPYKIIMM ¥ JIONACTSIMH CJIOXKHOW TIeOMETpHYecKoil (opMbl obecreynBacT BBICOKYHO OIHOPOIHOCTb
(GuOpOOETOHHOH KOMIO3UIMH. [IpeayoKeHHbIE aBTOPOM TEXHOJOTHYECKUE HPHEMBI MPOU3BOACTBA IO3BOJISIOT
CYIIIECTBEHHO PACIIMPHUTDH OOIACTH MIPUMEHEeHHS (PHOPOAPMHUPOBAHHBIX MEJIKO3EPHUCTHIX OETOHOB.

Knwuesvie cnosa: pecypcocOeperaroiasi TEXHOJIOTHS; JIONACTb;, CMECUTENb, (HOPOOETOH; reoMeTpHYecKoe
MOJEIUPOBaHUE

NOBBIIICHUST WX CONPOTHUBIICHHS YAApHBIM Har-
BBenenue py3KaM, a Takxke pacTsbkeHuto u u3rudy [3; 13].
Ho, kak moka3pIBaeT NpaKTHKa, CErOAHsA Ha
NPOU3BOJCTBE TPYAHO TONYYHUTh OJHOPOJHEIC
¢ubpoapmupoBanHsie O6eToHbl. IlpuunHa 3TOTO —

Hcnonp3oBaHue  JUCHEPCHO-apMHUPOBAHHBIX
CTPOUTENBFHBIX COCTABOB MO3BOISET CYIIECTBEHHO
YCHIITh CTPOWTENIbHBIE KOHCTPYKIIMHM 3a CYeT
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UCIIOIb30BaHNE TPATUIUOHHBIX TEXHOJIOTHYECKUX
NPUEMOB JUIsS TPUTOTOBJICHUS TAKOTO CIIOXKHOTO
Mmartepuana, Kak ¢(uopoberon. Ilpumenenue
CMECHTEIIFHOTO ~ 00OpyIOBaHMs Uil  OETOHOB
M pPacTBOpOB He o0ecreynBaeT IIOJydeHHE
BBICOKOO/IHOPOIHOTO TUCTIEPCHO-apMHUPOBAHHOTO
Marepuaa.

ean

Henbto manHO# paboThl sIBIsiETCS pa3padoTKa
C TPUMEHEHMEM TIE€OMETPHUYECKOr0  MOJENu-
POBaHMs Pa3MYHBIX BAPHAHTOB Pa0OYMX OPraHOB

cMmecutenel, oOecreunBaomuX AP PEKTHBHOE
NEepEMEIINBAHNE CTPOUTEIBHBIX COCTaBOB M3
¢ubpobeToHa.

Metoauka

B cratbe mpuBeseHB MaTepHaNbl 10 HCIIOJb-
30BaHUI0O METOJIOB TECOMETPUYECKOTO MOJICIHU-
poBaHusl Ui pa3pabOTKM CMeCUTeNsl Tenec-
KOTIMYECKOH KOHCTPYKIHMH € 3(PQPEKTHBHBIMHU JIO-
MACTSIMH CJIOXKHOU (POPMBL.

ITpumenenue Takux Jomactedl obecrednBacT
3 (PEeKTUBHBIN pEeXUM TepeMeluBaHus (Guopo-
OETOHHBIX KOMIIO3HIIUH.

AHau3 JIMTEPaTypHBIX HMCTOYHHUKOB IMOKA3all,
YTO CYIIECTBYIOIIME TEXHOJIOTHYECKHE CXEMBI
NPUTOTOBJIEHUS OCTOHOB ¥  PAacTBOPOB  He
00ecreYnBaloT BHICOKOE Ka4eCTBO HMPUTOTOBIICHHS
(buOpoapMUPOBAHHOTO MEIKO3EPHUCTOTO Mate-
puana [1-4].

Pa3paboTtaHo MHOXKeCTBO 000pyaoBanus [5—15]
JUISl TIepeMEIUBaHUs OCTOHHBIX KoMmosuimid. Ho
JUTSI TAKOTO KOMITO3UTa, Kak (puOpoOEeTOH HyXeH
IPYyTroi TPUHIMII TEPEMCIIUBAHUSA, a 3HAYUT
U pyroe 00opya0BaHUE.

Pe3yabTathel

Hamu ObutM mpoBeieHBI TEOPETHYECKHE M IKC-
NEpUMEHTANILHBIE HCCIIEIOBAHUS, HalpaBlICHHbIC
Ha pa3pabOTKy NMPUHIMIHAIEHO HOBBIX ITOJIXOJIOB
K TpurotoBieHuto (mepemernnBanuio) (Huodpo-
OETOHOB C pazNMYHBIMH THIAMH GHOpP M H3TO-
TOBJICHHIO U3/ICNUI U3 HUX.

B pesynpTare wcciaemoBaHWi OBLIO  yCTa-
HOBJICHO, YTO TPH [BWKEHWH JIOTIACTH B BHJIC
IUIOCKOTO 3JIEMEHTAa, KOTOpas PacIoJIoKeHa Iep-
HNEHAVKYJSIPHO K HANpaBICHHIO €€ IBHKEHHS,
oOpasyercsi sApO YIUIOTHEHHUS, PACIIOJIOKEHHOE

mepen Heil. DTo SApo BEI3BIBACT B PUOPOOETOHHOM

CMECH CJBHIOBBIC SIBJICHHS, XapaKTep KOTOPBIX
MoKa3aH Ha puc. 1.

]

Puc. 1. OGpa3oBaHue sipa yIUIOTHEHUS
nepe;I JIOMACTHIO B BHIE TTACTHHBI
U C/IBUTOBBIC SIBJICHUS Mepe]] Hel

Fig. 1. Bulb of pressure formation in front
of the blade in the form of a plate
and shear phenomena in front of it

JanpHelmme 5SKCHEPUMEHTHl MOKa3allk, 4YTO
C yBEIWYEHHEM YyIJa HAKJIOHA JIONIACTH K TOpH-
30HTAIBHOW TUIOCKOCTH 3TO SAPO YIUIOTHEHUS
¢uOpoObeTOHHOH CcMecH HauyMHAeT pPe3KO BO3-
pactats. Hmke Ha puc. 2 mokazaHo oOpa3zoBaHHe
3a JIONACTBIO B BUJE IUIOCKOTO 3JIEMEHTA IyCTOTHI
U TPAeKTOpHUsl IBIKEHHS TaKOW MEJKO3E€pPHUCTOH
CMECH TO JIONACTH, a TOYHEe, IpoILecc Iocie-
JYIOIIET0 HAKOIUIEHWS CMECH Iiepell JIOMACThIo
(cm. puc. 3).

Puc. 2. O6pa3oBaHue 32 JONACTHIO MYCTOTHI
1 HaIIPaBJICHUS IIOTOKOB CMECH
MOCJ€e BO3AEHCTBHS JIOMMACTH

Fig. 2. The void formation at the blade
and the direction of flows of the mixture
after exposure of the blade
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JlaHHBIE SKCIEPUMEHTH! SIBISUIMCH Oa30BBIMU
JUIl HCCIENOBaHUs JIBUXKEHHs JiomacTell Oolee
CJIO’)KHOW T€OMEeTpUIECKOr (POPMEI.

Puc. 3. IIponecc HaKOIUIEHHST CMECH

nepet JIONACThIO M TPACKTOPHS ABUKEHHSI
(bubpoOeTOHHOM cMecH

Fig. 3. The process of mixture accumulation
in front of the blade and the trajectory of
the fiber-reinforced concrete mixture

HccnenoBanust ~ MOATBEPIMIN  HEKOTOPHIE
pe3ynbTaThl paboT ¢ OETOHHBIMU CMECSMH aBTOPOB
[3, 4] u mokazamu, uyto KIIJI nomacté B BHIC
IUIOCKOTO DJIEMEHTa 3aBHCHT OT YIJla MOIbeMa
JUHAW  CKOJBXKCHHS  KOMIIOHEHTOB  (UOpo-
OCTOHHOH WIJIM JIPYroil CTPOMTENBbHOW CMecH MO
JOMAacTH O OTHOIICHUIO K BEKTOPY CKOPOCTH,
a TaKKe OT YyIVla YCTAaHOBKH JIONMACTH. YTOI
NOAbeMa JIMHUU CKOJIBKEHUSI 3aBHCHUT OT YIJIOB
YCTaHOBKH JIOTIACTH.

Beu mpoBemeHB TAaKkKe OSKCHEPHMEHTHI 10
UCCIIC/IOBAHUIO BIMSHUS JUTHHBI (GUOpPBHI W yria
HAKJIOHA JIONACTH HAa BEJIMYMHY sApa YIUIOTHEHHUS
cvecu (l;) mepem momacThi0 W Ha BENUYUHY
(BeIcoTY) ciost repexona (I,) cMecu gepes momacTs.
Ha puc. 4 mokazaHo ompezesieHue paszMmepa sjupa
yVIUIOTHEHUsT ~ QuOpoOeToHa,  PacroJIOKEHHOTO
nepeq JIONAcThi0 M CIIOSl Iepexosa CMeCH dYepes
JIOTIACTb.

la {u

Puc. 4. Cxema omnpenenenus pasmepa sijapa
ymoTHeHus pruOpoOeToHa, pacioI0KeHHOTO
TIepe/ JIOTIACThIO U CIIOSI IIepexoia
cMecH 4yepes JIoNacTh

Fig. 4. The scheme for determining the bulb
of pressure size in fiber-reinforced concrete,
located in front of the blade and transition layer
of the mixture through the blade

N3 rpaduka, n300paxkeHHOTO Ha pUC. 5 BUIHO,
YTO BBEACHHWE B  JIUCIIEPCHO-aPMHUPOBAHHYIO
cmech 3 % ¢uodpsr 11-15 XKT mnunoit 10 mm (mpu
B/11=0,45) yBenu4unBaeT BENUIHUHY CIIOS MEPEX0a
cMecu depe3 JionacTtb Oonee dem B 2 pasa (mpu
yrie HakioHa jomactu mo 60°). Tlpu o = 75° — I
eiie Oonpine (mouTtH B 3 pasa).

! 14
nepexodi,

[AIA] 12

i

] 1
fa kL # i1 ]

Yoo RORIOHG TORACTIHH, .-."].Jﬁ'cj.

id =1 1§ = 30 am 16 =45
Puc. 5. 3aBHUCHUMOCTD BBICOTEI CJIOS nepexoga
CMECH OT yI'Jla HaKJIOHA JIOTIaCTU

Fig. 5. Height dependence of the mixture
transition layer from the blade pitch angle

Y cocraBa c¢ ¢ubpoit mmuHON 45 MM 3Ta
BEIMYMHA BJBOC OOJIBIIE IO CPAaBHEHUIO CO
CMEChI0, apMUpoBaHHOU ¢Gubpoit mamuHOM 10 MM
npu yrie HakioHa jonactu 45°. Pasmep xe smpa
ymiotHeHuss  puOpoberoHa pe3ko Bo3pacTaeT
C YBEIMYCHHEM yTIja HakiIoHa jomactu jao 60°,
3ateM (o 75°) ToKe yBeNMYHMBAeTCs, HO HE TaK
UHTCHCUBHO.

C yBenMyeHWEM KOJIWYECTBA W  JJIMHBI
JMCIEPCHOM apMaTypbl BEIMYMHA SApa YIUIOT-
HeHus Takke yBennuuaetcs (Ha 10-17 %).

Benvuwmna e sapa ymiotHenus (puc. 6)

MOKa3bIBaeT, 4YTO YK€ B HAYAIbHBIH TEpUO
CMEUINBAHUS JUCIEPCHO-apPMHUPOBAHHAS CMECh
CTaHOBUTCS  MAJIOTIOABIDKHOW, Bedb  (puOpHI

ABIIIOTCS aHKepaMu. OIHO JeleHue IMIKambl |y,
(1,) Ha rpaduke paBHO lyepexona (In)-

TakuM 00pa3oM, YCTAHOBIICHO, YTO MapaMETPhI
¢ubppl W BeNMWYMHA yTIJa HaKIIOHA JIOMACTH
OKa3bIBAIOT CYIIECTBEHHOE BIUSIHUE HA BEJIUYHUHY
S7pa YIUIOTHEHUS U BBICOTY CIIOS MEPEX0/a CMECH
4yepes3 JonacTh. ITO XapakTepu3yeT B KaKoil — TO
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CTETIEH! TOABMKHOCTE (pruOpoOETOHHOTO cocTaBa
WK €TO CIIOCOOHOCTD K PacCIOCHHIO.

Ham >xe HeoOxoaumMo 3TO ObUIO 3HATH VIS
JaJbHEHIIero KOHCTPYHPOBaHUS pabOYNX OPraHOB
Pa3IMYHBIX THIIOB CMECHTeNel, Tak Kak (opma
JonacTd JOJDKHA —00ecrevrnBaTh WHTEHCHBHOC
nepeMelInBaHie BCeX KOMIIOHEHTOB (hudpoOde-
TOHA.

{
Adpd,
[ATATY)

Voot HARIOHA JOHACH, .'.:Uﬁ'fj.

Puc. 6. 3aBucumocTh pazmepa siipa yIIOTHEHHS
CMECH OT yTJIa HaKJIOHA JIONACTH

Fig. 6. The dependence of the bulb of pressure size
of the mixture from the blade pitch angle

[anee Obulo HCCNEIOBAHO BIUSHHUE pa3IHy-
HOTO coueTaHus (HOpM JIONAcCTH B BUAE KPHUBBIX
moBepxHOCTel (puc. 7) Ha TIpoILECC Iepeme-
HIMBaHMsI KOMIIOHCHTOB.

Ha pucyHke moka3aHbl JonacTd HEOOJBIIOTO
pa3mepa. OHU U3 JIOMacTel MPENCTaBIAIOT COO0H
KPHBYIO ITOBEPXHOCTb, OOpa30BaHHYIO MPIMOIi
oOpa3yrolei U AByMsl HalPaBISIONIMMU JTHHHUSIMH,
(mampumep, TPSAMOW W KPUBOW B BHIE JyTH
OKpyxHOCTH). Takue J0NacTH HUCIOJIb3YIOTCS JUIs
MPUTOTOBJIEHUSI  JIUTHIX ¢$ubdpoconepkammx
KOMIO3UIINH.

B nmpyrom BapmaHTe JOMacThb MMEET APYTYIO
¢dbopMy, KOTOpasi HpPEICTABISAET COOOW CIOKHYIO
KPHUBYIO OBEPXHOCTh, O0pa30BaHHYIO JABHKECHUEM
mpsIMOK OoOpasyromeil 1Mo JABYM KPUBBIM B BHJIE
CHHYCOHJ, PAacHOJOKEHHBIM 3EPKAIIbHO MEXIY
coboii. Ha puc. 7 cHHM3y moka3aHa JIOMAcCTb,
KoTOpas o0pa3oBaHa M3 JABYX TaKHX KPHUBBIX
noeepxHocTed. I[IpeuMyIiecTBO Takoil JionacTu
nepesa APYrMMH B TOM, YTO TOMAJAIOIIAs MOJ ee
BO3/ICHCTBHE CMeCh pa30MBacTCsi Ha HECKOJBKO

IIOTOKOB, KOTOpbIE€ 3aT€M MPOHUKAIOT APyr
B apyra. B pesynerare 3¢dekTuBHOCTH cMmeru-
BaHUS KOMIIOHEHTOB CMECH pEe3KO BO3pacTaer,
a BpeMs IepeMelIMBaHusl JUCHEPCHO-apMUPO-
BAHHOI'O MaTepHalla COKPAILAeTCs.

Puc. 7. Bapuanats! nonacreit
MEPEMEHHOT0 MTPOQHIIS

Fig. 7. Options for variable
profile blades

bruto Tax)ke yCTaHOBJEHO, YTO CTENEHb CMe-
[IMBAaHUS KOMIIOHEHTOB CMECH B HaudaJbHBIH
MEPUOJ BO3JACHCTBUSL JOMacTed pa3HOMl reomer-
pudeckoit Qopmer pasnmuHa. B mampHelmeM,
nocie 0o0pa3oBaHHA MOTOKOB CMECH JIOMACTSMH,
3TU HOTOKU CMEIIMBAIOTCA C YYaCTKaMHU KOMIIO-
3ULIMY, HAXONSIIMMUCA B HENOCPEACTBEHHOU
6nuzoctu. Ho Ha mepBOHayanpHOM 3Tare nepemMe-
[IIMBAaHUS KOMIIOHEHTOB Ba)XHO 3HAaTh HUX JIBU-
JKEHUE TI0Cie KOHTaKTa ¢ JIOMacThio. DTa paboTa
M0 MOJENIMPOBAHUIO YKa3aHHOW cHUTyaluu Oblia
U CIIOXKHOHW, M uHTepecHOU. [Ipuxonunock oxpa-
LIMBaTh HEKOTOPbIE KOMIIOHEHTHI B Pa3HbIC LIBETA,
BBOJUTh B TOTOBSILIYIOCS CMECh OKpAILEHHBIC
pacTBOPHI U OCTaHABIMBATh CPazy CMECHTENb JIs
(uKkcanuy cTeneHn NepeMelmrBaHus. [[oBTOPUTH
onuH u TOT ke ombiT Ha 100 % mpakTHuecKu
HeBO3MOKHO. Ho yBHIETh Kakylo-TO 3aKOHHO-
MEPHOCTb MOKHO.

Hwxe Ha puc. 8 moka3aHbl HampaBIeHUS TOC-
MOJICTBYIOIIMX ITOTOKOB CMECH TOCTIe BO3ACHCTBUS
JionacTeil pa3nuyHON reoMeTpUIecKoil popMBl.

C menpio WHTEHCH(UKAMK TIpollecca Tepe-
MEITUBAaHUS HaAMH OBLIN pa3paboTaHBI pa3IMIHBIC
CMEILIMBAIOIINE YCTPOICTBA.
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Hayuynasi HOBU3HA M IpaKTHYecKast
3HAYUMOCTh

B nannoil paboTe mpeacraBieHa KOHCTPYKIHS
cMecuTensi ¢ pabouyuM OPraHoM TENEeCKOMUYECKOH
KOHCTPYKLUH C HEeNnoOGUJICHOU Yauiell U eepmu-
KAbHO PACNONONCEHHBIM BATLOM.

Hama 3amawa coctosma B TOM, 4YTOOBI
YMEHBIINUTh CONPOTHUBIIEHUE CMECH Ha JIONACTH 3a
CYET UX CBOEOOpa3HON TreoMeTpUYecKoil (OpMEI,
KOTOpas OyJeT «3acTaBisATh» CMECh Pa3felsiThCs
Ha TOTOKHM, 4YTO B JaJbHEHIIEM MpPHUBEAET
K IEpPeMENIMBAHUI0 M CaMHUX IIOTOKOB (uOpo-
OeToHHO# (Wi JI000# Ipyroi) maccel. B ogHOM
U3 BapuaHTOB cMecutens (puc. 9) pabounii opran

MpeaCTaBiIsieT COo00H BEpPTHKANBHBIA Bajll, Ha
KOTOPOM KPEeCTOOOpa3HO JKEeCTKO 3aKperIeHbI
HANpaBISIONINE BTYJIKHA, B KOTOPBIE BXOIAT

HaTPAaBJISIONINE PYKOSATKNU-CTONKH C JIOTTACTSIMH.

Puc. 8. Cxempl HaIIpaBIeHHUS TOCTIOACTBYFOIINX
MIOTOKOB CMECH ITOCJIE BO3JCHCTBHS JIONIacTeH
Pa3THIHON TeOMETPHUIECKON (HOPMBI

Fig. 8. Directions diagram of the prevailing flows
of the mixture after exposure of the blades
of different geometrical shape

IIpuyeM, KOHCTPYKTUBHBIM OTIMYHMEM OT IIO-
JOOHBIX aHAJIOTOB SBISIETCS TO, YTO PYKOSTKH
HUMEIOT TEIECKOMNYECKYI0 KOHCTPYKIHIO. To ecTs,
OHH HMMEIOT BO3MOXHOCTH BXOIWTb B HAalpas-
JSFOUIME BTYJIKH M BBIXOAUTH M3 HHUX (MOTyT
KPEIHUTHCS Ha Pa3HOM YAAJICHHHU OT BaJa).

Puc. 9. ®parmeHT cMecuTens ¢ paboYNM OpraHOM
TEJIECKOMNYECKON KOHCTPYKLUH:
1 — emKoCTB; 2 — BaJi; 3 — HAMPABISIOLIUE BTYJIKH;
4 — HanpaBIAOIas PYKOATKA TEIECKOMMYECKOH
KOHCTPYKIMH; S — JIOMACTH C pa3InIHON 30HOU
BO3CUCTBUS HA CMECh

Fig. 9. A fragment of a mixer with a working
body of a telescopic design:
1 — container; 2 — shaft; 3 — guides; 4 — guide handle
of telescopic design; 5 — blades with varying area
effects on the mixture

B onHOM u3 BapHMaHTOB BHYTPU HAarpaB-
JSIIOIIUX BTYJIOK YCTAHOBJIEHBI NPYKUHBI, B KO-
TOpbIE YNUPAIOTCS PYKOSTKH. B 3aBHCHMOCTH OT
BOCIPHHAMAEMON Harpys3k, pYyKOSTKH C JIO-
nacTsIMU  (JIOIaTkaMy) MOTYT BBIIBUTAThCS MM
3a1BUTATHCS (TO €CTh, MEHATH TPACKTOPHIO JIBH-
keHus1). Takue cMecHUTeNbHbIC JIONATKH JABUKYTCS
M0 WHAWBUAYATBHON TpaeKTOpUH, TMojaBas Iepe-
MeEIIMBaeMblii MaTepHal B 30HY pabOThl cocenHeH
nonatku. KpaliHue JOmaTKu CMeCUTeNs HUCIOoN-
HSIOT pPOJIb OTOOpPHBIX CKpeOkoB. Ha manHOM
pUCYHKE OHHM HE TIOKa3aHbl. 31eChb aKIEHT
JieTaeTcs Ha KOHCTPYKIIHMIO ITaHT-PYKOSITOK.

Takum 00pa3zoM, 3TO 03HAYALT, YTO B EMKOCTH
He OyJer 30H, 4yepe3 KOTOpble HE HMPOXOAAT JIO-
nactu. Kpome 3Toro, Ha omHOW WIIM HECKOIBKUX
PYKOATKaxX MOXET OBITh 3aKpEIUIEHO HECKOJIBKO
jonacteil ¢ pa3HBIMH palycaMu BO3IEHCTBUS Ha
CMECH.

BriBoabI

B pesynbrare mnpoOBEAEHHBIX HCCIEAOBAHUN
YCTaHOBJICHO, YTO MapaMeTpbl GUOPHI U BETUYMHA
yrila HaKJIOHA JIOMACTH OKAa3bIBAIOT CYIIECTBEHHOE
BIIMSIHYIE HA BETMYMHY S/Ipa YIDIOTHEHUS M BBICOTY
clos Tepexoda CMECH 4Yepe3 JIomacTh. OJTO
XapaKkTepus3yeT B KaKON—TO CTEMEHU MOJBUKHOCTD
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(hUOPOOETOHHOTO COCTaBa WJIM €r0 CIIOCOOHOCTH
K paccioeHuto. MccineqoBaHO TakXe BIIHUSHUE
pasM4HOro codeTaHusi (opMm JomacTd B BHIC
KPUBBIX IIOBEPXHOCTEH Ha TIpollecc TmepeMe-
[IMBAHNAS KOMIIOHEHTOB.

Ha ocHOBaHWMHU TMpPOBENEHHBIX JKCIEPUMEHTOB
Oputa pa3paboTaHa TEXHOJOTUS TPUTOTOBIICHUS
(hubpobeTOHa ¢ TPUMEHEHHEM CMECHTENICH Telec-
KOIMMMYECKON KOHCTPYKIHMU ¢ 3PPEKTUBHBIMHU JIO-
NaCTSAMH CI0KHOW (POPMBI.

[Ipumenenne  pa3pabOTaHHBIX  CMecUTeNel
C JIOTACTSIMH  CJIO)KHOH  (OPMBI  MO3BOJISIET
NOJyYaTh OAHOPOAHBIE (UOPOOETOHHBIE KOMIIO-
3UNMU. 3a CcYeT BBICOKOTO KadecTBa IepeMe-
IIMBAHUA COKpAIIAeTCs BPEeMs MPUTOTOBIICHUS
cMecd. JTO COKpalaeT TakKe 3aTpaThl Ha pEMOHT
obopymoBanus ® anekTposHepruro. [Ipemio-
KEHHbIe HAMH TEXHOJIOTUYECKHE MPUEMBI MPOU3-
BOJICTBA TIO3BOJISIIOT CYIIECTBEHHO PacIIUpPUTH 00-
JlacTd MpUMeHeHus] (puOpoapMUPOBAHHBIX MENKO-
3epHUCTHIX OETOHOB.
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BUKOPUCTAHHA 'TEOMETPUYHOI'O MOAEJIOBAHHA 1TPU
MNPOEKTYBAHHI 3MIITYBAYIB TEJECKOMNIYHOI KOHCTPYKIIII

Merta. BukopuctanHsi TpaauIiHHUX TEXHOJOTIYHUX MPUHAOMIB ISl OJiep>KaHHS OZHOPiAHUX (HiGpoapMOBaHUX
OeroHiB He 3a0e3ledye CTBOPEHHS SIKICHUX BHMCOKOOIHOpPINHHMX OyniBelbHMX MarepianiB. JlaHe nociimKeHHS
crpsiMOBaHe Ha po3poOKy (i3 3aCTOCYBaHHSAM TEOMETPHYHOTO MOJICIIOBAHHS) PI3HUX BapiaHTiB pOOOYHX OpraHiB
3MillyBayiB, M0 3a0e3neuyroTh eeKTHBHE NepeMillyBaHHs OyIiBebHUX MarepialiB i3 gidpobderona. MeToanka.
[lpoBeneHnit KOMIIIEKC TEOPETHYHUX JOCHIDKEHb [O3BOJMB CGHOPMYNIOBATH NPHHIUIM IPOEKTYBaHHI
pecypcozbepirarouoi TEXHOJIOTIi BUPOOHUITBA JUCIEPCHO-aPMOBAaHHUX CKIIQJIOBHX i3 BUCOKMMH EKCILTyaTalliiHUMA
BJIACTUBOCTAMH. 3 BHKOPHCTAHHSAM T€OMETPUYHOTO MOJENIOBAHHS pO3poOJeHi pi3HI BapiaHTH JomaTed pobodmx
OpraHiB 3MilIyBadiB CKJIa{HOT rTeOMETPUYHOI (hopMH, 110 3a0e3MeuyIoTh SKICHE NepeMinryBaHHs (iOpoapMOBaHOTO
nIpibHO3epHHCTOrO Matepiamy. Pesyabratm. Ha OCHOBI IpOBEAEHHMX TEOPETHYHHX Ta EKCIIEPUMEHTAIBHUX
JOCTIDKeHb, CHPSIMOBAaHHX Ha PO3POOKY MPUHIMIIOBO HOBHX IMIIXOMIB [0 NPUTOTYBaHHS (MepeMilllyBaHHs:)
(hibpobeToHiB i3 pisHMMH Tunamu ¢GiOp Ta BUTOTOBJIEHHS BHPOOIB i3 HHMX, aBTOpOM OyiIu OTpHMMaHi MEBHI
pesynbTatd. A came — po3poOiieHa TEXHOJIOTis NpPUroTyBaHHS (iOpPOOETOHY 3 3acCTOCYBaHHSIM 3MillyBadiB
TEJIECKOMIYHOT KOHCTPYKINT 13 e(heKTUBHUMHU JIOMATSIMHU CKJIaqHOiI (popMu. 3acTOCyBaHHS PO3POOJICHHUX JIOHaTeH
JTO3BOJISIE  OTPUMYBATH OJHOpPiAHI (DiOpoOeToHHI KoMIo3umii. 3a paxyHOK BHCOKOI SIKOCTI TMepeMillyBaHHS
CKOpOYYETBCS Yac MPUIOTyBaHHs cyMili. JlaHuil (akTop J03BOJISIE CKOPOTUTH BUTPATH HA PEMOHT OO HAHHS Ta
enektpoeHeprito. HaykoBa HOBHM3HA. ABTOpOM po3po0JiieHa KOHCTPYKIis 3MillyBada 3 pOOOYMM OpraHoM
TEJIECKOMIYHOTO THIly 3 JIonaTsiMu ckianHoi ¢opmu. IlpakTmuna 3HaummicTs. BukopucraHHs 3anponoHOBaHOT
TEXHOJIOTIi NMepeMillyBaHHs IUCIIEPCHO-apMOBAHOTO MaTepially i3 3aCTOCYBaHHSM 3MilllyBada 3 poOOYMM OpraHOM
TEJIECKOMIYHOT KOHCTPYKIIT i3 JIOMaTsiMM CKJIaAHOI reoMeTpu4Hoi (opmu 3abe3nedye BHCOKY OJHOPIIHICTH
(hi6pobeToHHOT KOMIO3HUIIII. 3anpoNoHOBaHI aBTOPOM TEXHOJIOT1YHI MPUHOMH BUPOOHMITBA JO3BOJISIIOTH 1CTOTHO
po3mupuTH 067acTi 3acTocyBaHHs GidpoapMOBaHUX PiOHO3EPHUCTHX OETOHIB.

Kniouosi crosa: pecypco3bepiratoya TeXHOIOTIS; J0NaTh; 3MilryBad; GpiOpoOeTOH; TeOMETpUYHE MO/ICIIOBAHHS
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USING THE GEOMETRIC SIMULATION AT PLANNING
OF MIXERS OF TELESCOPIC CONSTRUCTION

Purpose. The use of traditional processing methods to obtain a homogeneous fiber reinforced concrete does not
ensure the creation of high quality, homogeneous construction materials. This study aimes to develop (with the use of
geometric simulation of different variants of the working parts of faucets, ensures effective mixing of building
structures from concrete. Methodology. The complex of theoretical research allowed formulating the design principles
of resource-saving technologies of production of particulate-reinforced compounds with high performance properties.
Using the geometric simulation developed different versions of the blades of the working bodies of mixers with the
complex geometric shapes, providing excellent mixing of the the fiber-reinforced fine-grained material. Findings. As
a result of theoretical and experimental studies aimed at developing the fundamentally new approaches to the
preparation (mixing) of fiber-reinforced concrete with different types of fibers and the manufacture of products from
them, the author obtained some results. Namely the technology of preparation of fiber-reinforced concrete using
telescopic design mixers with effective blades of complex shape was developed. Application of the developed blades
allows obtaining a homogeneous fiber-reinforced concrete composition. Due to the high quality of mixing the time of
preparation of the mixture reduces. This factor reduces the repair costs of equipment and electricity. Originality. The
author developed the design of the mixer with the working body of the telescopic type with blades of complex shape.
Practical value. The use of the proposed technology of mixing a particle-reinforced material with the use of the mixer
with a working body of a telescopic design with blades with complex geometric shapes provides the high uniformity of
fiber-reinforced concrete composition. The author proposed technological methods of production, allow expanding the
scope of fibroareolar fine-grained concrete significantly.

Keywords: resource-saving technology; blade; mixer; fiber-reinforced concrete; geometric simulation
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SIMULATION OF SUBGRADE EMBANKMENT ON WEAK BASE

Purpose. This article provides: the question of the sustainability of the subgrade on a weak base is considered in
the paper. It is proposed to use the method of jet grouting. Investigation of the possibility of a weak base has an ef-
fect on the overall deformation of the subgrade; the identification and optimization of the parameters of subgrade
based on studies using numerical simulation. Methodology. The theoretical studies of the stress-strain state of the
base and subgrade embankment by modeling in the software package LIRA have been conducted to achieve this
goal. Findings. After making the necessary calculations perform building fields of a subsidence, borders cramped
thickness, bed’s coefficients of Pasternak and Winkler. The diagrams construction of vertical stress performs at any
point of load application. Also, using the software system may perform peer review subsidence, rolls railroad tracks
in natural and consolidated basis. Originality. For weak soils is the most appropriate nonlinear model of the base
with the existing areas of both elastic and limit equilibrium, mixed problem of the theory of elasticity and plasticity.
Practical value. By increasing the load on the weak base as a result of the second track construction, adds embank-
ment or increasing axial load when changing the rolling stock process of sedimentation and consolidation may con-
tinue again. Therefore, one of the feasible and promising options for the design and reconstruction of embankments
on weak bases is to strengthen the bases with the help of jet grouting. With the expansion of the railway infrastruc-
ture, increasing speed and weight of the rolling stock is necessary to ensure the stability of the subgrade on weak
bases. LIRA software package allows you to perform all the necessary calculations for the selection of a proper way
of strengthening weak bases.

Keywords: soil cement; stress-deformed state; finite element method; subgrade; weak base

zone of cementation, if they are available;
possibility of squeezing cement at considerable
speeds of groundwater or the presence of cavities
in the soil and the degree of strength solution for
injection.

The jet grouting method includes works on
improving soil quality by energy liquid jet for de-
struction, mixing and replacement of the original
natural soil cement slurry, followed by the forma-
tion of strong soil cement. It is the formation of
cylindrical piles by means of soil’s destruction of
cement’s jets by pressure 200 ... 400 kg/cm?
(20 ... 40 MPa), emerging from monitor’s nozzle
with diameter @ 2 ... 3 mm, attached to the drilling
equipment to further mixing and filling of soil with
cement.

Introduction

The new technologies that allow working on
strengthening soil quality and reliability are ap-
peared in the bundle of knowledge and experience
of native scientists. One of the leading-edge tech-
nologies is jet grouting, which allows implement-
ing various constructions enhancement the soil
base. The paper presents the main parameters of
the numerical analysis of the foundations of the
subgrade base using amplification-based jet tech-
nology.

When choosing a method of strengthening soil
it should be based on its technological and purpose
of application. The soil cementation is a pene-
tration and filling of cavities in the soil by means
of solution for injection under some pressure. In

this regard it is necessary to thoroughly consider Purpose

the following factors: the lack of damage which
inflicted by high pressure building, located near the

The aim of this work is to study the impact of
a weak base on general deformation of subgrade.

doi 10.15802/STP2015/49286
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Another goal is to identify and optimize pa-
rameters subgrade through research by numerical
simulation.

Methodology

The theoretical research of the stress-strain
state of the roadbed’s base and embankment by
simulation software LIRA was conducted to reach
this goal. The finite element method is among the
most contemporary and efficient methods for cal-
culating structures of various purposes, which al-
lows combining two tasks of geomechanics prob-
lems: deformation and limit state. The program
complex LIRA is a program of numerical simula-
tion processes which occur in soils during the in-
fluence of different pressures and also allows ex-
ploring the process of deformation and zones de-
velopment of limiting condition of the soil. During
the simulation may be received a complete picture
of the stress-strain state of the investigated area,
and the importance of breaking load, precipitation,
etc.

The follows can be determined by using the
software system:

— subsidence of soil and pile base with
a given load and engineering-geological
conditions;

— limit compressed thickness in accordance
with existing regulations;

— the difference subsidence and rolls of
existing buildings including those which projected;

— coefficients of the bed soil base according
to soil models of Winkler and Pasternak [5,7].

Winkler model is the simplest model that has
gained widespread use. This model is based on the
fact that the draft stamp proportional loading,
deformation and elastic enough after unloading
disappear. The only mechanical parameter is the
coefficient of bed.

Elastic subsidence of surface under the stamp D
under pressure p according Winkler model is
defined as

S=P/C 1)

where C — coefficient of subgrade reaction.

The Pasternak’s model is used for research
deformation of subgrade crest outside of the load
transmitted from the rolling stock.

Elastic subsidence of surface around the stamp
D under pressure p according Pasternak model is

defined as
C
D - =T
: N )

D-C,+4 clcz+8CD2

S =

where C; — ratio compression, kgs/cm3; C, — offset
coefficient, kgs/cm; r — distance from the center of
stamp to point out of stamp definition subsidence, cm.

Review of recent research sources
and publications

The problem addressed in many publications.
Numerical modeling, particularly in the software
LIRA is described in a lot of works [4, 6]. Payment
schemes of most commonly used pile bases’
models are given in investigation [2]. The problem
solutions of subgrade strengthening are devoted at
the work [3, 9, 7, 10].

Findings

Calculation of the roadbed on the weak basis
based on the solution of the plane problem of elas-
ticity, but the body of the embankment stability
calculations and their slopes are performed by the
classical theory of limit equilibrium. In these
methods is not taken into account that the occur-
rence of plastic zones occurs long before the limit-
ing condition in the body of the embankment and
soils weak base. In these areas accumulate residual
strain that caused vibro dynamic impact load and
excessive moisture soils. In weak bases can be
slow viscous and plastic flow of soil, aimed at
slopes of subgrade, which can cause dangerous
shear and expansion joints and cracks.

Thus, for weak soil the most appropriate is
nonlinear bases model considering of existing ar-
eas as elastic and limit equilibrium that is mixed
problem of elasticity and plasticity.

To obtain reliable results, it is necessary to
follow those recommendations: to determine de-
formation and strength characteristics of soils that
make up the body of embankments and founda-
tions with sufficient accuracy; define the parame-
ters of the rolling load distribution; establish di-
mensions of cross-section given its boundaries
loose soil with a weak base. Payment schemes that
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are used in full to more accurately show the stress-
strain state of the roadbed than the schemes
adapted to the axis of symmetry.

Under the influence of load in a weak base
appears significant horizontal tension because bor-
der calculation scheme (prohibition of horizontal
displacement) should be placed as farthest from the
place application of the load. Also there are pro-
hibited horizontal movement of the left and right
boundaries and vertical movement of the lower
nodes of boundary. Splitting cross-section is per-
formed with increasing density of finite element
mesh in areas where the expected increase of
stresses and displacements values.

The values of loads from rolling stock in the

calculation scheme adopted according to the ex-
perimentally obtained values. The values of verti-
cal deformation in the event of plastic zones in the
soil depend on the nature of the loading. In the ab-
sence of plastic deformation load of rolling stock
may take one step.

When using the finite element method, the
determining soil characteristics and embankment
foundations upon this depends largely on the
stress-strain state of the real subgrade plays an im-
portant role.

In the design scheme of layers of soil are taken
according to the results of geological surveys.

Estimated parameters used in the numerical
simulation should be taken from Table 1.

Table 1

Estimated parameters used in the numerical simulation

Ne Type of element Material The elastic modulus E, Density, Poisson’s ratio
kN/m? kN/m®
1 Rail Metal 2,06x10° 77,085 0,3
2 Sleeper Ferroconcrete 3,247x10° 24,525 0,2
3 Ballast Ballast Stone 100 000 22 0,2
4 The body of em- Loam 25000 19 0,3
hankments
5 Weak base Saturated loam 5000 19 0,3
6 Soil cement pile @ 750 Soil cement 115 000 17,5 0,3
mm

So to calculate the embankment on the weak
basis is performed on calculation scheme with the
size of the real profile, creating finite-element
mesh, determination of forces and loads. Also
there is performed choose of the design character-
istics of the system «embankment-weak base» and
simulated process system load rolling stock.

Determination of the total subsidence occurs by
layered adding using scheme linear deformation
half-space (Boussinesq’s task).

The achievements limits cramped thickness H,
is controlled of

G, =Koy
by using the coefficient depth of cramped
thickness k, which is defined.

After making the necessary calculations per-
form building fields of a subsidence, borders

cramped thickness, bed’s coefficients of Pasternak
and Winkler. The diagrams construction of vertical
stress performs at any point of load application.

Also, using the software system may perform
peer review subsidence, rolls railroad tracks in
natural and consolidated basis.

Originality and practical value

There was defined the algorithm of forming
design scheme for the calculation of the embank-
ment on the weak basis by finite element method.
The method of the selection strength characteristics
of soils and calculated parameters for using in nu-
merical modeling is offered in the article. The
modeling process of load system by rolling stock
was grounded.

Analysis of the stress-strain state of the system
«weak base-roadbed» allows you to see the basic
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patterns of soil and take the necessary steps for
strengthening of soil-cement elements.

Conclusions

Based on the above, in the condition of the
growth rate of the rolling stock and traffic on
Ukrainian railways, the investigations allow using
software LIRA for the analysis of roadbed opera-
tion of rolling stock in the railway, which is re-
duced on a weak base.

With increasing the load on the weak basis by
building of the second track, adding embankment
or increasing axial load when changing the rolling
process of settling and consolidation can be
continue again. Therefore, one of the viable and
future options design and reconstruction of em-
bankments on weak bases are strengthening the
base by using jet grouting. Covering soil cement
piles allows to provide a short time strengthening
roadbed, the ability to quickly enter areas of track
in operation and small size of subsidence.
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MOJAEJIUPOBAHUE HACBIIIA 3EMJISAHOI'O ITOJIOTHA
HA CJIABOM OCHOBAHMNH

Heaw. B cratbe mpexycmarpusaeres: 1) paccMoTperne Bompoca o0ecredeHnst YCTOMIUBOCTH 3eMIISTHOTO T10-
JIOTHA Ha cIabOM OCHOBAHWH C WCITOJIB30BAaHUEM METOMA CTPYHHOW IIEMEHTAINH; 2) HCCIEI0BaHIE BO3MOKHOCTH
BO3JICHCTBHSI CITa00TO OCHOBAHHUS Ha 00IIHe AeOpMaIliy 3eMIITHOTO MOJIOTHA; 3) BBISIBJICHHE W OTITHMH3AIIHS T1a-
paMETPOB 3€MIISIHOI'O IIOJOTHA HA OCHOBE MCCIIEJOBAHMM C MOMOILBIO YMCIEHHOIO MOJEIMpOBaHus. MeToauka.
Jis  peanmuszalM  yKa3aHHBIX — IIeJe  ObUTH  IPOBEICHBI TEOPCTUYCCKHE HCCIICJAOBAHHUS — HANPSHKEHHO-
Je(OPMHUPOBAHHOT'O COCTOSIHUSI OCHOBAHMSI M HACKINK 36MJISTHOTO MOJIOTHA IyTEM MOJCIHPOBAHUS B MPOrPAMMHOM
komruiekce JIMPA. PesyabTatsl. [{jist pacueTa HACBIU HA C1a00M OCHOBAHUH BBIMOJHEHO: ()OPMHPOBAHUE PACUCT-
HOW CXEMBI C pa3MepaMH PEaTbHOTO MPOGMIIsA, CO3aHNE KOHCUHO-IJIEMCHTHOW CETKH, ONpPE/CIICHUE CHII U Harpy-
30K. Takke MpoM3BENIcH BHIOOP PACUCTHBIX XaPAKTEPHCTHUK CHCTEMBI KHACHIb-CIA00¢ OCHOBAHHE» W CMOJICITUPO-
BaH MPOIECC HATPY3KU CUCTEMBI ITOABIKHBIM cocTaBoM. [Tocie ocymecTBIeHUs BceX HEOOXOUMBIX PAacUeTOB BbI-
MIOJTHEHO TTOCTPOEHHE TOJIEH 0CaqoK, TPaHMIl CKUMaeMoil Tommw, ko3ddumuentos mocrenn [lacrepraka u BuHk-
nepa. OCYIIECTBICHO IMOCTPOCHHUE S0P BEPTUKAIBGHBIX HANPSHKCHUH B JIIOOOH TOYKE MPUIOKEHHS HArpy3KH.
Takxe ¢ MOMOILBIO TPOrPaMMHOI0 KOMIUIEKCA BBINOJIHEHA SKCIEPTHASL OLEHKA 0CAZ0K, KPEHOB JKEJIE3HOI0POXKHO-
TO TIOJIOTHA HAa €CTECTBEHHOM U YKPEIICHHOM OCHOBaHUAX. HayuHas HoBM3Ha. J[oka3aHO, 9TO Ui cIaObIX TPyH-
TOB HamOoJiee IerIeco00pa3HON SBISETCA HEIMHEHHAas MOAETh OCHOBAaHHUS C yYETOM CYIIECTBYIOIIMX obOjacTei
KaK yNpyroro, Tak U IpeAeIbHOr0 paBHOBECHUS, TO €CTh CMELIAHHAas 3aJadya TEOPUM YIPYIOCTH U IIACTUYHOCTH.
IpakTnyeckasi 3HAYUMOCTDb. [Ipy yBeTUUCHHM HArpy3Kd Ha C1ab0e¢ OCHOBAaHHE B PE3YJIbTaTe CTPOUTEILCTBA
BTOPOT'O MyTH, JOCHINKK HACHINM WM YBEIMUEHHUSI OCEBOM HArpy3KH MPU U3MEHEHUH MOJIBYKHOTO COCTaBa MPOIECcC
OCeIaHKs ¥ KOHCOJIUAANN MOXKET MPOJAOJIKUTHCSA BHOBB. [109TOMY OJHHM U3 11€7€CO00PA3HBIX U MEPCIICKTUBHBIX
BapHaHTOB IPOCKTUPOBAHMS M PEKOHCTPYKIIUH HACKINEH Ha CTa0BIX OCHOBAHUSX SIBIISICTCS YKPCIUICHHE OCHOBAHHS
C MOMOIIBI0 CTPYHHOU NeMeHTanuu. [Ipyu paciupeHnH JKeIe3HOI0POKHON HHYPACTPYKTYPHI, YBEINICHUU CKOPO-
CTeH IBIKCHUS M Beca TOABIDKHOTO COCTaBa HEOOXOAMMO 00ECIEUNTh YCTOWIMBOCTh 3EMIITHOTO TIOJIOTHA Ha Clia-
0p1x ocHOBaHUsX. [Iporpammusiii komruieke JINPA mo3BosisieT BEIIONTHATE BCE HEOOXOIUMBIE PacdeThl s I000-
pa ONTHMAJIBHOTO CII0c00a YKPETUICHHS CTa0BIX OCHOBaHH.

Kiurouegvie crnosa. TPYHTOLIEMEHT, HaNpsHKEHHO-AC(POpPMUpYyEeMOe COCTOSHHE; METON KOHEUHBIX 3JICMEHTOB;
3eMJISIHOE ITOJIOTHO, c1ab0e OCHOBaHHE
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MOJEJIOBAHHS HACHUITY 3EMJUISTHOT'O IIOJIOTHA
HA CJABKIN OCHOBI

Merta. B cratTi nepenbaveHo: 1) po3riisa muTaHHsA 3a0e3MeueHHs] CTIHKOCTI 3eMIISIHOTO MOJI0THA Ha ciabKiit oc-
HOBi 3 BUKOPHUCTaHHSIM METOJy CTPYMEHEBOI IeMEHTaIlil; 2) TOCIiKEHHS MOKINBOCTI BIUTUBY CJIa0KOT OCHOBH Ha
3araibHi Je(opMallii 3eMIISIHOTO ITOJI0THA; 3) BUSBIEHHS Ta ONTHMI3allis TapaMeTpiB 3eMIISTHOTO ITOJI0THA Ha OCHOBI
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JIOCITIZPKEHB 3a JIOTIOMOTO0 YUCEIBHOI0 MojietoBanHs. Meroamka. s peaizaiii 3a3HaueHol MeTH OyJiu poBe-
JIeHI TEOPETHYHI JIOCHI/PKEHHS Halpy>KeHO-1e()OPMOBAaHOT0 CTaHy OCHOBH Ta HACHITY 3€MJISIHOTO MOJOTHA LIISIXOM
MOJIeJIIOBaHHs y nporpamHoMy komiuiekci JIIPA. PesyabTaTu. {51 po3paxyHKy Hacuiy Ha ciaOKili OCHOBI BUKO-
HaHO: (hOPMyBaHHS PO3PaxXyHKOBOI CXEMH 3 PO3MipaMH PEaIbHOTO MpOdiiai0, CTBOPEHHS CKIHYEHHO-EIEMEHTHOI
CITKM, BU3HAYCHHS CHJI 1 HABAaHTa)XEHb. TaKoX MPOBEIEeHO BHOIp PO3PaxyHKOBUX XapaKTEPUCTUK CUCTEMH «HACHII-
ciabKa OCHOBa» Ta 3MOJYJIbOBaHO NPOLIEC HABAHTAXKEHHSI CUCTEMH PyXOMHM cKJajgoM. [licis 3aiCHEeHHS BCiX He-
00XiTHUX pO3paxyHKiB BUKOHAHO MOOYIyBaHHS IOJIB OCiaHb, MEX CTHCHYTOI TOBIII, KoedirmieHTiB mocteni [ac-
TepHaka i Binkmepa. 3xiicHeHO TOOYIOBY eMIOp BEPTHKAIBHUX HANPYXKEHb Y OyIb-sKiil TOUI MPUKIAICHHS HaBa-
HTaXeHHs. Tako 3a JOMOMOTOI0 MPOTPAMHOTO KOMIUIEKCY BUKOHAHO €KCIEPTHY OIIHKY OCiaHb, KPEHIB 3alli3HU-
YHOTO HOJOTHA Ha MPHUPOIHIN Ta 3MilfHeHIH ocHOBax. HaykoBa HoBU3HA. J{11s1 ClTaOKUX IPyHTIB HAWOITBII TOLITh-
HOIO € HeJiHiffHa MOZENTh OCHOBH 3 YpaxyBaHHSIM ICHYIOUMX o0iacTed fK MpYyKHO{, Tak i rpaHMYHOI piBHOBArw,
TOOTO 3MillIaHa 3a/a4a Teopil MPyKHOCTI Ta miactuuHocTi. IlpakTHyHa 3HauYMMicTh. [Ipu 30ibIIICHHI HaBaHTa-
JKCHHsI Ha cJ1a0Ky OCHOBY B pe3yiibTari OyJiBHMITBA APYroi Kouiii, TOCUIaHHS HAacuiy a0o 30UIbIIEHHS OChOBOTO
HaBaHTAXXCHHS TIPH 3MiHI PyXOMOTO CKJIaJly IPOIIeC OCiIaHHA 1 KOHCOJIIAAIIT MOXKe MPOIOBXKUTUCH 3HOB. ToMy 01-
HHUM i3 JIOIUIBHUX W HEpPCIEKTMBHUX BapiaHTIB NPOEKTYBAaHHS Ta PEKOHCTPYKIIi HacHIiB Ha ClaOKUX OCHOBAX
€ YKpIIUIEHHS OCHOBH 32 JIOIIOMOT'00 CTPYMHUHHOI LemeHTarlil. [Ipu po3mmpenHi 3ami3Hn4HOi iHppacTpyKTypH, 30i-
JBIICHH] MBUIKOCTEH PyXy Ta Bard PyXOMOTO CKJIaay HEOOXiTHO 3a0e3Me4nTH CTIHKICTh 3eMIISTHOTO IOJIOTHA HA
cmabkux ocHoBax. [Iporpamanii komruieke JIIPA mo3Bomsie BUKOHATH BCi HEOOXiTHI pO3paxyHKH UL MiIOOpY OI-
TUMAIFHOTO CIIOCO0Y YKPITUICHHSI CTa0KUX OCHOB.

Kniouosi crosa: TPYHTOLIEMEHT; Halpy)KE€HO-1e(pOPMOBAaHHUH CTaH; METOJ] CKIHUCHHUX EJIEMEHTIB; 3eMJIsIHE I10-
JIOTHO; c1abKa OCHOBA
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ASPECTS DEFINITION OF RELIABILITY EVALUATION FACADE
SYSTEMS FROM THE VIEW POINT OF EUROCODE

Purpose. This paper is devoted to the definition of the most rational technique of reliability evaluation of facade
systems of multistoried residential buildings with using the experience of buildings construction and operation
abroad. The subject is also focused on defining the parameters of materials and facade systems, the improvement of
which can increase the reliability and durability of facade systems of multistoried residential buildings, as well as
cut the cost of their operation. Methodology. A comparative analysis of the operating experience of various types of
facade systems in Ukraine and abroad based on the data of different authors was conducted. The analysis of the im-
pact of external factors on facade systems with the subsequent comparison of methods for assessing the reliability of
facades according to the criteria stated in the Eurocode was carried out as well as the selection of parameters that
determine the reliability and durability of facade systems. Findings. Authors have performed researches of evalua-
tion methods of organizational and technological reliability and durability of modern facade systems. It was identi-
fied the cause of the failure of facade systems. It is offered the ways of materials improvement of facade systems,
and constructional and organization-technological decisions on the structure of facade systems. Methods of increase
of reliability and durability of front systems were defined. Originality. The most rational technique of reliability
evaluation of facade systems considering requirements of Eurocode in questions structural design was defined.
Practical value. Improvement of evaluating methods for organizational-technological reliability of facade systems
of multistoried residential buildings will predict more accurately the lifetime of enclosures. Using the methods de-
scribed in the Eurocodes, to determine the reliability and durability of the facade systems will provide the general
criteria for the building structures design in Ukraine and Europe, as well as facilitate the exchange of experience in
the construction and operation of buildings between the countries of Europe. An analysis of the causes of failures of
facades enables to determine the directions of improving the properties of the materials used for the manufacture of
facade elements structures as well as engineering and technological solutions of applied facade systems.

Keywords: facade system; reliability; durability; operation; failure

Introduction

The analysis of modern construction and operation
of multistoried residential buildings in Ukraine and
abroad showed that two main front systems are most
often applied: the hinged ventilated facade (HVF) and
facade plaster system (external insulated render sys-
tem) [1, 6, 7, 10]. The widespread use facade systems
of these types, the problem of foresight in reliability
are not solved. It does impossible timely carrying out
necessary preventive or maintenance actions therefore
failure of facade systems lead to decrease in their du-
rability. To restore the original parameter of resistance
the heat transmission of such facades necessary to
carry out extensive repairs are necessary, resulting in
increased cost of its operation [1, 5-7].

Research of construction experience and opera-
tion of multistoried residential buildings showed
that the applied facade systems of different types
differ in a considerable constructive variety. For
the purpose of facade system depreciation, carried
out the different approaches to the solution of the
opposition problem of environmental effect. A sig-
nificant amount of facade systems elements does
not allow estimating rather precisely its reliability
by traditional methods [7, 9, 10]. This is due to the
complexity of drawing up an analytical model of
facade system works, which takes into account
changes in material properties with time, devia-
tions from design position of facades elements,
violations device technology in the construction
process, as well as possible deviations from the

doi 10.15802/STP2015/49287

© A. V. Radkevych, K. M. Netesa, 2015

205



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

Hayka ta nporpec Tpancnopty. BicHux J{HinponeTpoBCEKOro

HaLliOHAJIIBHOTO YHIBEPCHTETY 3aili3HHYHOro TpaHcnopty, 2015, Ne 4 (58)

TPAHCIIOPTHE BY AIBHULITBO

accepted analytical model of load and the impact of
environmental effect to the facade system. At pro-
jected lifetime 25-50 years, crippling surface of fa-
cade systems of «external insulated render system»
type detected after 3-5 years of their operation, and
in some cases, in 2-3 years. Curtain wall systems at
the projected lifetime in 20-30 years operated for
40-50 years. It is known data about the work of cur-
tain wall systems for over 100 years without a fail-
ure of the identified, and destruction [5-7, 11]. Thus,
the working techniques allowing to estimate authen-
tically reliability of front systems and precisely to
predict the term of their service, by domestic scien-
tists it was not conducted.

Purpose

The aim of the research was to determine the
factors causing failures of different types of facade
systems, and improving the system of assessing the
reliability of building designs that would reliably
predict the service life of various types of facade
systems.

Methodology

The method consists in:

— definition of failure causes of work of fa-
cade systems of different types;

— analysis of experience of the device and op-
eration of facade systems of residential multistoried
buildings;

— comparison of existing methods for assess-
ing the reliability of structures and their compliance
with the Eurocodes.

Originality

One of the basic constructive elements of the
building providing its effective operation throughout
all service life is the facade system. The modern
facade systems provide building protection against
action of external environment factors and allow
supporting comfortable facilities for being people
inside. In such case to the outside part of facade sys-
tem affects the largest number of destructive factors
such as:

— effect of precipitation (rain, snow, fog),
often — with a mixture of acids, causing the rapid
destruction of coatings;

— wind loading, causing a deviation from the
facade elements from design position;

— section gradient of temperatures which in
combination with soaking of facade system lead to
structural failure of walls and violation of the mode
of operation of the building;

— insolation, which causes heating facade
elements and can lead to changes in the properties
of varnish-and-paint coatings and accelerate its
destruction.

To ensure the normal building operation during
the base period of facade system must have a high
durability, maintainability, reliability and storage
ability, have low cost and good installing process
ability. It will lead to lowering of the material inputs
on carrying out repair work on restoration of
a facade and will allow reducing the cost of building
operation. The carrying-out of requirements of
facade system significance allows reducing the
possibility of technological obsolescence of the
building. The selecting a facade system that satisfies
all of the above conditions is possible by comparing
the different types reliability of facade systems,
which will allow to predict the service life, as well
as the cost and frequency of necessary repairs to
restore the facade systems [2-7, 9].

Among curtain wall systems with a ventilated
air-gap clearance from one of the most applicable is
a facade system with ashlaring of ceramic granite

(Fig. 1).

Fig. 1. Curtain wall systems
with ashlaring of ceramic granite

This facade system present itself a system of
vertical channels which are using metallically
fasteners and anchor connections firmly attached to
the walls of the building and the presence of
capping ensures reliable fastening of facing tile
from ceramic granite. Thus, protection of the
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facade system supporting parts against corrosion
provided with appliance of corrosion-resistant
alloys or zinc coverings.

For support of a wall heat-insulating
characteristics of the building uses the mineral
wool board which fasten to a wall with using the
dished anchors. The air device gap of 5-7 cm
provides deleting moisture from an insulant and
prevent of its watering. Thus existence of air gap
can lead to distribution of the fire in facade system
on a building wall that results in need of use only
of a nonflammable insulant [2-9, 12, 14].

Facade plaster system of «external insulated
render system» (Fig. 2) ) is a system of several
types of coatings, which main task to reduce the
thermal conductivity of the wall and prevent
penetration of moisture in the insulation layer.
Insulation is minral-cottone or polystyrene slabes
is fastened to the building wall by means of dished
anchors. Above the insulation is executed plaster,
in the middle of which sink grease alkali prof
polymer network, whose task is to ensure the
strength of the plaster layer. On the top of the layer
of plaster, protecting the insulation against
mechanical damage runs waterproof paint and
lightproof stain.

)
Ol

Fig. 2. Facade system of
«external insulated render system»

Since July 1, 2014 in Ukraine enacted
Eurocodes operating in parallel with national
regulations. DSTU NB B.1. 2-13: 2008 «Basis of
structural design», according to EN 1990: 2002
and takes into account the experience of the
construction and operation of residential and public
buildings in Europe, where the facade system of
the «external insulated render system» type and
curtain wall systems appeared much earlier than in

Ukraine. This has allowed checking in practice the
results of evaluating the reliability and durability
of the building structures in general, and facade
systems in particular [1, 3, 7].

The conducted researches of facade systems
showed that in case of the declared service life in
25-30 years the «external insulated render systems»
facades require preventive repair in 5-7 years of
operation. At this age, corrupting or plaster blanket
peelings and color buckling are watched. Colora-
tion of a facade allows prolonging operation for the
next 5-7 years, and at the age of 14-18 years, it is
necessary to perform works on plaster layer resto-
ration. Necessity of carrying out the repair work is
connected to that the paint coat quickly fails from
influence of sunshine then the plaster coat is sated
with water during precipitates. In case of the sub-
sequent modes of freezing defrosting the water
which got to plaster pores destroys it, and with
each cycle penetration depth of moisture in plaster
and the total area of the damaged facade increases
[1,11, 13, 14].

The hinged ventilated facades with ashlaring of
ceramic granite have other pattern of corrupting.
At the declared service life in 25-50 years the real
durability of such facades systems comes nearer to
settlement and need of repair work arises only in
local places, most often — as a result of mechanical
damage of facing tile. The facing ceramic granite
tile made with a high pressure (4-5 kN/cm?) and at
a temperature of 1200-1 300 °C. As a result the
compact structure of a tile has low water absorp-
tion — not higher than 0,1%. During rainfall water,
flowing down on ceramic granite does not get into
its structure, and the subsequent fluctuations of
temperature upon transition of a freezing point
cannot cause destruction of a tile blanket. It gives
the chance to apply a tile of 8-16 mm thickness,
avoiding weighting of a facade. Destructions of
such facade system (in the absence of mistakes at a
stage of design and installation) result from corro-
sion of the bearing profiles. Destructions of such
facade system (in the absence of mistakes at a
stage of design and installation) result from corro-
sion of the high-lift profile. During inspection of
facade system with facing porcelain tile at the age
of 7 years, revealed damages of ceramic granite
tile only at the level of the first floor because of
blows, and on the galvanized high-lift profile there
were white spots testifying to corrosion initial
stage of zinc covering. Impact of rainfall and
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sunlight did not affect a ceramic granite tile in any
way — damages of structure are higher than the first
floor was not revealed [7, 10-12].

According to DSTU N B B.1. 2-13:2008, reli-
ability is an ability of a construction or construc-
tion element to meet certain requirements through-
out all service life for which they were designed.
Organizational and technological reliability has to
cover safety, operational reliability and durability
of the construction. It will allow considering re-
quirements of technological effectiveness of the
device and mounting of facade system that reduces
probability of occurrence of error made at a stage
of facade erection. The facade system longevity
directly depends not only on its resistance to influ-
ence of external factors, but also on possibility of
fast carrying out diagnostics and repair with resto-
ration of original properties of system in general.

Research of facade system of «external insu-
lated render system» type in order to identify the
optimal time and volume of necessary repairs is
difficult because of the design features of the
system. Without compromising the integrity of
paint and plaster it is impossible to assess the
condition of the insulation. Partial replacement of
plaster or paint layer in the ground damages
violates the relationship between the elements of
the facade system. Perform painting facade system
when the color layer is broken, but the destruction
of the plaster had not yet begun, it is not always
possible because of the diagnosis difficulties of the
state of the facade system. As a result of further
plaster peeling primarily occurs in the places
where they perform local plastering damaged
areas. In contrast to the «external insulated render
system» facade, curtain wall systems with ceramic
granite allows you to survey the any facade site at
any time, and if necessary, perform removal and
replacement of individual tiles and capping or
more high-lift profile [1, 2, 4, 10-14 ].

Given the pattern of destruction and the causes
of failures of different types of facade systems, it is
reasonable to assess the organizational and
technological reliability facade systems that
element or elements system, the disruption of
which causes damage to the facade system in
whole. For «external insulated render system»
facades should highlight such elements:

— a surface layer of paint, which most often
is destroyed by the action of sunlight or has water
permeability, which leads to further soak the

plaster and paint peeling;

— protective layer of plaster, lack of
thickness often leads to mechanical failure as
a result of wind or rain.

Reliability analysis of anchor connections
providing fastening insulation to the outer wall of
the building is not required, as the strength of the
currently used compounds sufficient anchor: with
the technology of the tooling facade system of the
«external insulated render system» type of
insulation peeling is not observed. Also, there is no
need to study the effect of the thickness of the
plaster layer facade system on its overall reliability.
Analysis of the causes of destruction facade systems
with plaster layer of different thickness showed that
the reliability of the facade system has the greatest
impact is not the thickness of plaster and water-
resistant exterior paint. Manufacturability require-
ments facade configuration of «external insulated
render system» type should be taken into account at
the design building stage when compared to systems
of various manufacturers.

In some cases, the cause of facade paint
destruction was the plaster prominent structure (the
facade type «rustic-textured coating»). In the
ravine of such facade the dust settles, and the
ingress of atmospheric moisture, combined with
warming sunlight creates a favorable environment
for the development of both bacteria and blue-
green algae. As a result of their activity the paint
coat fails that involves plaster damage. To delete
from all dimples of a microorganisms colony and
to protect a relief surface of a facade from intru-
sion of dust it isn’t possible. In the case of
a smooth plaster structure the growth of micro-
organisms was not observed. That is why the
structure of the surface is not included in the
parameters for determining the reliability: should
use or facade systems with a smooth surface, or
preventative paint as often as every 4-5 years [1, 6,
8, 10-11].

Curtain wall system is destroyed only in case of
violation the high-lift profile system. In this case,
the elements for which you want to determine the
reliability can be the following:

— anchor junction fastening element of
facade system with curtain wall of the building;

— the system bearing elements of
a suspended facade (including mounting clamps),
which damage as a result of the corrosive effects of
water vapor (often — the impact of acids present in
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the atmosphere).

In this case the need to assess the reliability of
the anchor connections due to the fact that the
lining of ceramic granite tile is not hermetical.
Construction technology suspended facade with
ceramic granite facing provides an equipment gap
between the individual tiles. As a result in case of
wind impact on a facade the system of the bearing
profiles experiences bending loads, and the
pulling-out efforts are transferred to anchor
connections of fasteners with a wall of the
building. Researches of reliability of facade
ceramic granite tile it isn’t supposed as showed
researches, sunshine and atmospheric actions have
practically no impact on the ceramic granite tile
conforming to the modern standards. The solid
surface of a ceramic granite tile, steady against
abrasion-resistant remains smooth for all period of
operation that provides persistence of physical
configuration and absence of opportunities for
development of germ culture, unlike front systems
of «external insulated render system» type. The
choice of fixing tiles from the viewpoint of
processability of the tool curtain wall systems
should be carried out at the design stage by
comparison when determining the reliability of
facade systems from different manufacturers.

In case of insufficient processability the most
reliable facade system is necessary to develop a set
of measures that increase the adaptability of the
process of installation of the facade system to
reduce the likelihood of errors made during the
construction of the building and the tools of facade
system.

Originality and practical
value

The factors that determine the reliability and
durability of facade systems are investigated. It is
found the perspective of appliance prospects
suspended and the «external insulated render sys-
tem» facades. Problems of carrying out scheduled
maintenance on restoration of facades with a thin
plaster layer are defined.

Determination of reliability of modern facade
systems of multi-storey residential buildings will
more accurately predict the duration of their
uptime, determine the optimal time for repair and
restoration work, reduce maintenance costs of
buildings, and in the long term to increase the

lifetime of maintenance-free facade systems
through the use of materials, more relevant the
effects of destructive factors.

Conclusions

Using the methods and principles set forth in
the Eurocodes, to determine the organizational and
process reliability for various types of facade
systems. Research of model the influence of the
factors causing failures of facades and
determination of their influence on the general
reliability of facade system allows to define exact
periods of carrying out necessary repair or
recovery work, therefore — to lower costs of
operation of buildings. Numerical determination of
reliability of facade systems will reveal parameters
of the facades of materials applied to the device
which the first decay under the influence of
external factors. This will allow the subsequent
development of technologies used to improve
building materials and increase the period of
maintenance-free operation of facade systems.
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BU3HAYEHHS ACHEKTIB OIIIHIOBAHHS HAJIIHHOCTI ®ACAJTHUX
CUCTEM 13 TOYKHA 30PY EUROCODE

Merta. PoboTa npucBsiueHa BU3HAYCHHIO HAHOLIBII pamioOHATBHOI METOIMKH OLIHKY HANIHHOCTI (hacagHuX CHCTEM
0araTornoBepXOBHX JKHTIOBUX Oy/iBENb 13 BHKOPHCTaHHSM JOCBily OyAiBHMITBA Ta eKcIulyartauii OyniBens 3a
kopaoHoM. Takox mepenbavdaeThesi BU3HAUCHHS NapaMeTpiB MarepianiB (acajHUX CHCTEM, MOKpPALICHHS SKOCTEH
SIKMX JIO3BOJIUTH MiJBUIUTH HAIHHICTh, JOBrOBIYHICTh (hacaHUX CUCTEM 0araTONOBEPXOBHX JKUTIOBUX Oy/iBEIb Ta
3HU3UTH BapTiCTh iX ekcruryaTamii. Meroguka. B mocmimpkeHHI TMPOBENCHUI MOPIBHAIBHUKN aHAJi3 MOCBimy
eKcrutyaTanii QacajHuX cUCTeM pI3HHX THUIMIB B YKpaiHi Ta 3a KOPJAOHOM Ha OCHOBI JaHMX Pi3HMX aBTOpiB. ByB
3pOoOJICHNT aHaNi3 BIUIMBIB 30BHIIIHIX (pakTopiB Ha (pacagHi CHCTEMH 3 HACTYITHHUM TOPIBHSAHHSM METOIUK OLIHKH
HajiiHOCTI (hacamiB 3a KpUTEpisMH, BUKIaneHumMu B EUrocode, i BUIieHHAM TapaMeTpiB, 10 BU3HAYAIOTH HaIiifHICTh
Ta JIOBIOBIYHICTH (hacaJHUX CHCTEM. Pe3yJbTaTH. ABTOPaMH TMPOBEICHO JOCTIIKCHHS METOJIB OIIHKA
OpraHi3aLiifHO-TEXHOIOTIYHOI HAAIHHOCTI Ta JOBrOBIYHOCTI CydacHHX (pacamHux cucTeM. byno BHSBIEHO NMPUYIMHHU
BUHUKHEHHSI BiIMOB (pacajiHMX CHCTEM. 3anpoIIOHOBaHI HUIAXM BIOCKOHAJICHHsS MaTepiasliB (acajHUX CHUCTEM, a
TaKOX KOHCTPYKIIIMHMX Ta OpraHi3allifHO-TEXHOJIOTIYHHUX pIlleHb i3 BIAIITyBaHHA (acagHux cucteM. BmsHaueHi
METOAM MiJBHIIEHHS HaJiHHOCTI Ta JOBroBiyHOCTI Qacaguux cucreM. HaykoBa nHoBm3Ha. Bu3HaueHa HaiiOUThII
parioHaJbHa METOIWKA OIHKM HaMiHHOCTI (pacaiHWX CHCTEM, IO BpaxoBye BuMOrH EUrocode B mnmTaHHSIX
NpOeKTyBaHHs OyniBenbHUX KOHCTpykuid. IlpakTuyna 3HaumMicTb. BpjockoHaseHHS MeETOZIB OLIHIOBaHHS
OpraHi3amniifHo-TeXHOJIOTIYHOT HaAidHOCTI (acaaHUX CHUCTEM OararornoBEpXOBUX JKHUTIOBUX OY/AiBENb JI03BOJHTH
TOYHIILIE IPOTHO3YBATH TEPMiH POOOTH OrOpOKYIOUMX KOHCTPYKIiH OyaiBess. BUKOpHcTaHHS METOANK, BUKIIAJICHUX
B Eurocode, nnst Bu3HaueHHs HAIIWHOCTI Ta JOBrOBIYHOCTI (hacafHMX CHCTEM JIO3BOJIUTH 3a0E3MCUNTH 3aralibHi
KpuTepii NpoeKTyBaHHs OyiBEeNbHUX KOHCTPYKLIH B YKpaiHi Ta B KpaiHax €BpoNM, a TaKoX IOJEIIINTH OOMiH
JIOCBiIoM OymiBHUITBA Ta €KCIUTyartamii OyaiBenb MK KpaiHamMu €BpoId. AHadi3 NPUYMH BHHUKHEHHS BiIMOB
dacaniB 1ae MOMJIMBICTH BU3HAUMTH HANpSIMKK BJIOCKOHAJIEHHS SIKOCTEH MarepiajiiB, IO BHKOPHCTOBYIOTHCS IS
BUTOTOBJICHHSI €NEMEHTIB (pacagHUX KOHCTPYKIH, a TakoX KOHCTPYKIIMHUX Ta TEXHOJNOTIYHUX PpiIIeHb
BUKOPHCTOBYBAHHUX (pacajHUX CHUCTEM.
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OINNPEJAEJIEHUE ACIHHEKTOB OIIEHKHN HAJTE2XKHOCTH
PACAJHBIX CUCTEM C TOYKHU 3PEHUSA EUROCODE

Hens. Pabora mocesimeHa onpeziesieHUI0 Hauboliee palMOHAIbHON METOJUKU OLIEHKH HaJeXHOCTH (acaaHbIX
CHCTEM MHOTOITAXHBIX MWIBIX 3JaHUU C HUCIOIb30BAHMEM OIBITA CTPOUTENBCTBA M 3KCIUTyaTallUd 3[aHUM 3a
pyoexxom. Taxke mnpemycMaTpuBaeTCsi OIPEIENICHHE MNapaMeTpOB MaTepuHasioB (hacajHBIX CHCTEM, YIIydIIeHHE
KOTOPBIX MO3BOJIUT IIOBBICHUTH HaJIEKHOCTh, JOJITOBEYHOCTH (DAacaJHBIX CHCTEM MHOTOITXKHBIX JKWIBIX 31aHHUH
U CHHM3MTh CTOMMOCTb HX 3KCIUTyatauud. Meroauka. B nccnenoBaHum mpoBefeH CpaBHUTENBHBIM aHAIN3 OMbITA
9KCIUTyaTaluy (hacajHBIX CHCTEM DPa3IMYHBIX THUIOB B YKpanHe M 3a pyOeXOM Ha OCHOBAaHMM MAHHBIX Pa3HBIX
aBropoB. OcyIlecTBIeH aHainW3 BO3ACHCTBUS BHEIMHUX (AKTOpOB Ha (acaiHble CHCTEMBl C IIOCISTYIOLINM
CpaBHEHHEM METOJMK OLICHKH HaJCKHOCTH (pacajoB MO KPUTEpUsM, M3NIOKCHHbIM B EUrocode, u BeipeneHHeMm
MIapaMeTPOB, ONPEEIIIOINX HAJEKHOCTD U IOJITOBEYHOCTH (pacanHbIx cucTeM. Pe3yabTaThl. ABTOpaMu NpoBEAEHbI
UCCIIEJOBAaHUSI METOJOB OLIEHKU OPraHM3allMOHHO-TEXHOJOTMYECKOM HANEKHOCTH U JOJITOBEUYHOCTU COBPEMEHHBIX
(hacamHbIX cucteM. BbUmM BBISBICHBI NPUYMHBI BO3HUKHOBEHMs OTKa30B (acamHbix cucteM. [IpemmokeHsl myTu
COBEPILECHCTBOBAHMSI MaTepHANIOB (hacaJHBIX CHCTEM, a TaKKe KOHCTPYKLMOHHBIX M OpraHW3allMOHHO-TEXHOJIOTH-
YEeCKMX peIIeHHH 1o ycTpoicTBy (acamubix cucteM. OmnpeneneHbl METOIbl TOBBIIICHUS  HAAEKHOCTH
1 JoiroBedHOCTH (acanHbix cucreM. Hayunasi HoBu3Ha. OmpenenieHa HanOosiee paloHaIbHAsT METOUKA OLCHKH
Ha/IeKHOCTH (hacaHBIX CHCTEM, y4uThIBaroIas TpeboBanus EUrocode B Bompocax MPOESKTUPOBAHHS CTPOUTEIBHBIX
koHcTpykuuil. IlpakTHyeckas 3HAYMMOCTB. YCOBEpIIEHCTBOBAHHE METOJOB OLEHKM  OpPraHU3allUOHHO-
TEXHOJIOTHYECKON HAJEXHOCTH (hacaJHBIX CHCTEM MHOTO3TAXKHBIX KWJIBIX 3/1aHUI MMO3BOJIMT TOYHEE MPOTHO3UPOBATH
CPOK CIy>KOBI OrpaXKIAIONIMX KOHCTPYKIMil 3maHuil. Mcmonp3oBaHME METOIOMK, HM3JIOKEHHBIX B Eurocode, s
OIIpENICNICHUs] HAJCKHOCTH M JIOJITOBEYHOCTH (hacagHbIX CHCTEM TIIO3BOJIMT OOECTICUUTh OOIIMe KpUTEpPUH
MPOEKTUPOBAHUSI CTPOUTENIBHBIX KOHCTPYKIMIA B YKpauHe M cTpaHax EBpombl, a Takke oOJerdyuTh OOMEH OIBITOM
CTPOUTENHCTBA M 3KCIUTyaTallly 37[aH|H MEXy cTpaHaMu EBpornbl. AHaiIN3 PHYIWH BO3HUKHOBEHHS OTKA30B (hacagoB
JTaeT BO3MOXKHOCTb OTPECIUTh HAMpPaBICHUS COBEPIICHCTBOBAHUSA CBOWMCTB MAaTepUalioB, MCIOJNB3YEMBIX IS
W3TOTOBJICHUS 3JIEMEHTOB (hacaJHBIX KOHCTPYKIWH, a TaKkKe KOHCTPYKIMOHHBIX W TEXHOJOTHUECKHX pEIICHHUH
NPUMEHSEMBIX (hacaJHbIX CUCTEM.

Kniouesvie cnosa: acamHas cucteMa; HaJIeXKHOCTb; IOJATOBEYHOCTb; SKCIUTyaTalus; OTKa3
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NHOOPMATU3BALIMA OBIIECTBA:
PUJITOCOPCKO-AHTPOIIOJIOI'MYECKUE ITPOBJIEMbI

Heab. KommproTepuzamust u  uHGOpMAaTH3anusl B IOCIETHHE JACCATWIETHS MOAAPHUIA YEIOBEUECTBY
ABTOMATU3UPOBAHHBIC CUCTEMbI YIIPABJICHUSA 3JICKTPOHHBIM I[OKyMeHTOO60pOTOM, TCXHOJIOI'MYECKUMMU MIponcccaMunu
Ha mpousBoacTBe, MHTepHer W ceThb uHPopManmoHHbIX pecypcoB WWW, pacmpuina KOMMYHHKAIlMOHHBIE
BO3MOXKHOCTH W TIpuBeNa K TIjobanm3anuu uHpOpMannoHHOro obmiectBa. B To ke Bpems IpoOIEccH
nHpopMaTH3aMK  POKAAIOT PpsiA  QHUIOCO(PCKO-aHTPOIOJIOTHYECKHX  HpoOJieM, KOTOphle MNpPUOOpETaroT
9K3UCTEHIIMOHAIBHBIN XapakTep. B uccnenoBaHmu HEOOXOIMMO NPOBECTH BBISBICHHE M OCMBICICHHE 3THX
npobiieM Ha OCHOBE (OPMHUPOBAHHMS T'HOCEOJOTMYECKOW MOAENTHM OHBONIOLUH IapajurM HH()OpMATH3ALNT
W ONpeleNieHHs WX TIJIABHBIX CHCTEMOOOpPasyloNmMX XapakTtepuctuk. Metoauka. B paboTe wucmomabp3oBayics
CHCTEMHO-AEATEIBHOCTHBIM TT0JIX0JI, KOTOPBHIM ITO3BOJIMJI BBISBUTH W MPOAHATU3HPOBATH BIHMSHHE OCHOBHBIX
KOMIIOHEHTOB MH(OPMAIIMOHHO-KOMMYHHUKAMOHHBIX TexHosmoruil (MKomT) Ha 06pa3oBaTeiibHy0 NESTeIbHOCTS.
W panee — mpencTaBUTh HMX KaK EAMHYIO CHUCTEMY YEIIOBEYECKOW JESATENbHOCTH B YCIOBHSIX KOMIIBIOTEPH-
saruu/uadopmaTuzaimi. B pabore HCmonb30BaIHCh (PUIOCOMCKHE MPUHIHUIBL BCECTOPOHHETO PACCMOTPCHHSI
npeAMeTa, €IMHCTBA JIOTMYECKOTO M HCTOPHYECKOrO, BOCXOXIEHUS OT aOCTPakTHOrO K KOHKPETHOMY.
[Tpumensunchy OOIIEHAYYHbIE MPUHIUITBI CHCTEMHOTO €IMHCTBA M PAa3BHUTHS, JEKOMIO3WIMU M MEPapXUIHOCTH,
WHIMBHIyaIM3allMd M KOOIEpaluH, MHOTooOpa3usi M TakCOHOMHHU. Pe3yabTarhl. ABTOpPOM IpeIOKeHA
THOCEOJIOTHYECKasl TPEXITAlHas MOJENTb HSBOJIIOLUM MApPaIurM KOMIbIOTepH3auuu/MHPOPMATH3ALME, KOTOPas
ONMpaeTcsi Ha TPH CHCTEMHBIE XapaKTEPHUCTHKH MPOIECCOB HH(pOpMaTH3almu:. OBICTpoAeicTBHE, HHTEpQeEic,
JIOCTYH K JaHHBIM. [ Kax101 mapasurMsl MPEAoKeHa CEMU3BEHHAsI aHTPONIOLIEHTPHYECKAs! MOJICTIb, HA3BaHHAS
apxuTekTypoit uHpopmanmonuoit cucremsr (AWC), omuchiBaromas W3MEHCHHs WX BHIOB obecrieduenus. Jlist
Ka)X/IOTO M3 TAaroB TPpaHCHOPMAIIUN COBPEMEHHOTO HH(OPMAIIOHHOTO 00ImecTBa chopMyIHpoBaHk! puiocodceko-
AHTPOIOJIOTHUECKHE TIPOOJIEMBl, HEraTHBHO BiMAMOIINE Ha ero passurue. Hayunas HoBu3Ha. IlpennoxeHa
THOCCOJIOTHYCCKasd MOAECJb Pa3BUTHA ITPOLECCOB l/IHq)OpMaTl/ISaLII/II/I B BUJIC Tpex napagurm, KOTOPbIC ONMCBIBAIOTCA
TpeMs XapaKTCpUCTUKaAMU. I[J'IH OITMCaHUuA Ka)K[lOfl napagurMbl HCIOJB3YyETCA YCOBEPUICHCTBOBaHHAA
a"TpononienTpuueckas  mozaenb AHMC. ChopMynupoBaHbl M PacKphITBI  OCOOCHHOCTH  (HI0CO(CKO-
AHTPOINOJIOTHYECKUX MpobieMm, KkoTtopele HecyT B cebe HoBele MKomT. IIpakTHueckasi 3HAYNMOCTD.
[pennoxenHas MoJeNb 3BOJIONMN HapagurM MH(OPMALMOHHOTO OOIIECTBAa W 3HAHWE CONYTCTBYIOIIMX MPOOIeM
TIO3BOJISIT YMEHBIINTH BIIMSIHUE HETaTHBHBIX TCHACHIMH B Pa3BUTHH INIOOAIBLHOTO MH(GOPMAIIMOHHOTO OOIIECTBa,
B TIEPBYIO OYepeib, B cepe 00pa3oBaHus U B HAYYHO-HCCIIECAOBATEIBCKON e TEIbHOCTH.

Kniouesvie crnosa: gpunocodcko-aHTPONOIOTHUECKHE TTPOOIEMBI; HH(POPMATH3AIMS; THOCEOIOTHYECKast MOJIENb
9BOJIFOLIMH HHPOPMATH3AIMHN; apPXUTEKTYpa HHOOPMALIMOHHONW CHCTEMBI; TapaiurmMbl; HHGOPMAIIMOHHOE 0OIIECTBO;
HeraTUBHbBIE TCHICHINN
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PO3BUTOK BHIIIOI IIKOJIN

Tem, k020 602U XOMAM YHUUMONCUMb, OHU
crauana oarom 2onyoou skpan. Mol cmanoumcs
pacoii cozepyameneii, a e co3udamenel...

(Apmyp Knapx) [8]

BBenenue

Bonpocam  ¢uinocodcko-aHTPONOIOTHIECKOTO
OCMBICIIEHUS] I3MEHEHUH, MTPOUCXOA[IIUX B 00IIIe-
CTBE B YCIIOBHSX €T0 CIIOHTAaHHOW KOMITBIOTEpHU3a-
UM ¥ WHPOpPMAaTH3alWH, yJIenseTcs OoJbIIoe
BHUMAaHNE, HAYMHAS C MOMEHTA TOSIBIICHUS TIEPBO-
ro kommetotepa (1944 r.), BBIMOJIHSIOMIETO ABTO-
MaTH3HPOBaHHYIO 00paboTKy umdpoBoii uHOp-
Malliy 10 3aJI0KEHHON B HETro MmporpaMme, A0 Ha-
crosimero Bpemenu [16]. Kak otmeuaer M. Kac-
TEIbC, «B KOHIIE MBAALATOTO CTOJETHUS MBI
NepeknBacM OJIUH U3 PEIIKUX B UCTOPUHU MOMEH-
TOB. MOMEHT 3TOT XapakTepuszyercs Tpancdopma-
nue Hamed «MaTepuallbHOM KyJIbTYyphD» Yepes
paboTy HOBOW TEXHOJIOTHUECKOW MapaiurMbl, TO-
CTPOGHHOH BOKpPYr WH(OPMAIMOHHBIX TEXHOJO-
ruii» [7]. B utore, Bce MPOUCXOSIIINE H3MCHEHHUSI
OBUTH 3aJIeKJIapUPOBAHBl Ha MEXIOCYyIapCTBEH-
HOM, maHeTapHoM YypoBHe 22 wurtons 2000 r.
B SlmoHum Bo BpeMms BcTpeud JmaepoB «I pymmbl
BOCHEMI» ObIIa mpuHATa OKMHaBCKas Xaptws [ o-
6amsHoro Mudopmarmonnoro Ob6rmectea [13],
B KOTOPOH OTMeEUaeTcs, 4TO «...UH@OPMAYUOHHO-
kommynukayuonnvle mexuonoeuu (MKomT) sBisi-
I0TCSI OJHMM W3 Haubojee BaXKHBIX (AaKTOPOB,
BIUSIOMIUX Ha (popMHUpOBaHUE O0IIEeCTBA ABAIIATH
MepBoro Beka. VX peBOJIOIMOHHOE BO3/ICHCTBUE
KacaeTcs oOpasza >KH3HH JIOACH, MX 00pa3oBaHUS
1 pabOTHI, a TAK)KE B3aUMOJICHCTBHSI IIPABUTENIBCT-
Ba ¥ rpaxkaanckoro obmectBa». UKomT ctumymnu-
pyeT SKOHOMHYECKYI0 M COLIHAIbHYIO Tpanchop-
MalHio, KOTOpas 3aKI0YaeTcsi «B CIOCOOHOCTH
COJEHCTBOBATH JIOJSM M OOILECTBY B MCIONb30Ba-
HUU 3HAaHUUW U uAe». A yCTOWYUBOCTH TaKOIro
2100ATbHO20 UHDOPMAYUOHHO2O 00Wecm8d «Ooc-
HOBBIBACTCS HA CTUMYJIHPYIOIIUX Pa3BUTHE YEiO-
BEKa JIEMOKPAaTHYECKHX IIEHHOCTSX, TaKUX Kak
CcBOOOMHBEI 0OMeH wH(opManueld W 3HAHUIMH,
B3aUMHas TEPIUMOCTh M YBa)XKEHHE K OCOOEHHO-
CTSIM JPYTHX Jrojeii». B aTom pokymeHTe 3amuca-
HBl T€ OXHIAEMble ITO3UTHBHBIE W3MEHEHUS
B MH(OPMALIMOHHOM COOOIIECTBE, HA KOTOPBIX MBI
He Oyaem octaHaBiuBaThCs. OO 3TOM HaIMCAaHO
HEMAaJI0 B MHOTOYHCJICHHBIX paboTax ¢urocohon
M COIMOJIOroB, Harpumep [5, 6, 11, 14].

ean

Lenpio cTaTbu SBISETCS OMPEIETUTH OCHOB-
Hele OasoBble monsaTHs WKomT, ocHOoBaHHBIE Ha
CTPYKTYPUPOBaHHOM, CHHEPreTHYEeCKOM, aHTpPO-
MOLEHTPUUECKOM TIOHSITUU «apXUTEKTypa» WH-
dopmarmonHoit cucremsl (AXC) W TPEIIOKHUTH
THOCEOJIOTHYECKYI0O MOJENb 3BOJIOLHUH Mapagurm
KOMIIbIOTEpU3alM ¥ HMH(pOpMAaTHU3alMU Kak pe-
3ynbTar pazButusi AUC, s KOTOPHIX BbIOpaHbI
TPHU OCHOBHBIE XapaKTEePUCTUKH, U3MEHEHUE KOTO-
PBIX IPUBOAUT K CMEHE MPEJIOKCHHBIX apaIur.
JIisl KaKJ0To M3 3TAIoB Pa3BUTUSI HH(POPMALIMOH-
HO-KOMITBIOTEPHBIX TEXHOJIOTHH paccMaTpUBAIOTCS
poxnaeMble MpOOIEMBI aHTPOIOIOTHYECKOro Xa-
pakTepa, TO €CTh pedb OyaeT HATH 00 «0OpaTHOM
CTOpOHE MeJalIn» — O MUBUIM3AIMOHHBIX TpooIIe-
Max HOBbIX TKoMT.

MeTtoanka

B3saThcs 3a maHHy0 pabOTy MEHs, «TeXHapS»,
y4eHoro, kortopwiii Oomnee 30-tm jer paboraer
B cepe KoMIbpOTEpH3AMK W HH(pOpPMAaTHU3AIUU
W SABISIETCS CBUJETENEM CMEHBI BCEX ITOKOJICHUH
DJIEKTPOHHBIX BBIUYHUCIUTEIbHBIX MarH (3BM),
KOTOPBIA YHTaeT MHOTO JIET B YHUBEPCHUTETE Kyp-
CBl 10 KOMITBIOTEPHBIM cHcTeMaMm, VHTepHeT-
texHonorusM, WWW-cucremam (0 BeemupHoii
MayTHHE), UCKYCCTBEHHOMY HHTEIIEKTY, CHCTEM-
HOMY TIPOCKTHPOBAHMIO, KOTOPHIA Oomee 15 mer
npenoaaeT WHPOPMATUKY B TEXHHYECKOM JIHIICE,
BUJUT «HEKOPPEKTHOCTH» HEKOTOPBIX 0a30BBIX
MOHATUH W ompezeNeHni npu umocopckom ana-
JU3€ aHTPOIOJIOTHUECKUX TpobsieM WHPOpMaTH-
3allid, U KOTOPBIA BCET/a, CO CTYJICHYECKOM CKa-
MBH, HWHTepecoBalics (puIocopcKo-aHTPOIOIO-
THYECKUMH  BOMPOCAMH PO KOMIIBIOTEPOB
B JKU3HU Y€JIOBEKA M OOIIECTBA, MOATOJIKHYJIO 3Ha-
KOMCTBO C PsiIoM paloT, CBSI3aHHBIX C (QHiIocod-
CKO-aHTPOTOJIOTHYECKUMHU TIpobiieMamMu  HH(OpP-
MaTH3aluH, TOe aBTOPBI-Quiocodsl OBUTH HEKOP-
PEKTHBI B HCIIOJIL3YEMBIX OIPEACICHUIX U PACCy-
xaeHusx ¢ Touku 3penns UKomT [6,7,11,16].

B ocHoBe paHHO# cTaThu JeXKaT pPe3yJbTaThl
SMIMPUYECKOTO HW3YYEeHUS U  COACpKaTeIbHO-
CMBICJIOBOTO aHAJIM3a JUCKYPCHBHOTO (peueBOro)
MBIIIUIEHNS. U Pa3BEPTHIBAHUS PE(PISKCHU IITKOIb-
HUKOB M CTYJCHTOB B TMPOLIECCE pPEIICHUs
UM TBopueckux 3amad (1—-11 kmacchl IIKOJIBI
u 1-5 Kypchl TEXHMUYECKOTO YHHBEPCUTETA).
Bmusane MKoMT BeIpaxaeTcs B TpaHC(HOpPMAIHH
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JUIHOCTH, €€ WHTEIUICKTYalbHbIX, JIOTHIECKUX
CITIOCOOHOCTEH, B W3MEHEHUHM MHPOBOCIPUSITHS,
B «MyTallMU» fA3bIKA WU KYyJIbTYPHl IIOBEICHHUS.
B pabore Takxke WCHOIB30BAICA CHCTEMHO-
JIeSITENIbHOCTHBIM MOJIXO0, KOTOPHIHA J1aeT BO3MOXK-
HOCTH BBISIBUTH M MPOAHAIM3UPOBATH BIUSHUE OC-
HOBHBEIX KkoMmMmnoHeHTOoB MKomT TexHOMOTHMI Ha
00pazoBaTeNbHYI0 JCATEIBHOCT, W IPEICTABHUTH
UX KaK IUHYI0 CHCTEMY YEJIOBEYECKOU NEesATEIb-
HocTU. B pabote ucnomp3oBamuchk Quimocodckue
TIPUHIIUIIBI. BCECTOPOHHETO PACCMOTPEHHS IIpell-
MeTa, €IWHCTBA JIOTHYECKOI0 W HCTOPHUYECKOrOo,
BOCXOXKJICHUSI OT aOCTPAKTHOTO K KOHKPETHOMY.
[IpumeHnsICch 00IEHAYYHBIE TPUHITUIIBL. CHCTEM-
HOTO ©IWHCTBA W Pa3BUTHS, NEKOMITO3UIIUN U He-
PapXUYHOCTH, UHIUBUIYATU3ANHA U KOOIIEPAIiH,
MHOT000pa3us U TAKCOHOMHU U JIp.

Pe3yabTathl

B Hacrosimiee BpeMs CymiecTBYeT MHOTO MOJ-
XOZOB K TOJIKOBaHMIO, YTO IpPEACTaBIAET cOoOOii
urdopmarmonnoe obmecto (MuO). Haumbonee
MOJTHOE €ro ONKCaHhe Al OPUTAHCKUN COIUOIOT
®. Va06crep B cBoeit knure «Teopun nHpopmanu-
oHHoro obiectsa» [16, c. 25]. OH BBILAEIHI IIATh
kpurepres (mpmsHakoB) MuHO: 1 — TexHONOTH-
YeCKHH KpuUTepuil (pa3BUTHE TEXHOJIOTHH H3r0-
TOBJICHHSI 3JIEKTPOHHBIX YCTPOMCTB); 2 — 3KOHO-
MHUYECKHH KpuTepuii (6onee BeIcOKass 3()(eKTHB-
HocTh MKoMT mo cpaBHEHHIO € JIpyrMMH OTpac-
JSIMH DKOHOMHKH); 3 — PaCIIMPEHUE 3aHATOCTH
HaceleHUs B cdepe MH(YOPMAIMOHHBIX TEXHOJO-
THif; 4 — TIpOCTPaHCTBEHHBINA KpHUTEpHil (HCIIOND-
30BaHHE CETEBBIX TeXHONOTHH W VHTEepHET);
5 — kputepuii popmupoBaHus WHOOPMAITMOHHOM
KyneTyphl. JI. KapaBaeB cumraer, 4To CMBICIO000-
pasylonmM TOHSATHEM HH()OpMAIMOHHOTO OoOIIe-
CTBa SIBIIICTCS aBTOMATH3alMs WHGOPMAIIMOHHBIX
nporieccos [6, ¢. 67]. Tlocneanee yTBepxaeHue, Ha
MOM B3TJISIN, SBISIETCS OIIMOOYHBIM, HOO aBTOMa-
TU3aMa 00paboOTKH MHQpOpManuu ObUla pean3o-
BaHa yxe B OBM mnepBoro nokosnenus B 1944 ro-
Iy, X0Ts1 00 HH(POPMAITMOHHOM OOIIECTBE 3aroBO-
PN TOJIBKO B Hayasie TEKYIIETO CTOJETHS.

[TompITaeMcst onpeaenuThCS, KOTa KOMITBIOTe-
pU3aIys HBOIIOIMOHAPOBaIa B HH()OPMATH3AINIO
o0mIecTBa, ¥ KakoBa POJIb YEIOBEKa B ITHX IPO-
neccax. s 3TOro paccMOTpUM, HE YCIIOMKHSIS
CHENUaTbHBIMA TEPMHHAMHU, HACKOJBKO 3TO BO3-
MOJKHO, T€ KOMITOHEHTHI, KOTOPbIe He M3MEHSIOTCS

YK€ B TCUCHHE JICCATKOB JIET B MATH ITOKOJICHUSIX
OBM c¢ 1944 mo 2015 rox (B Gombimx DBM,
B CepBepax, B MEPCOHANBHBIX KOMIIBIOTEPAX, MITaH-
nrerax, cMaptdonax). s 3Toro paccMoTpuM Io-
HATHC «apXHTekTypa» OBM wmimu wmHOOpMAITHOH-
HOM CHUCTEMBI.

Apxumexmypa  ungopmayuonnoi  cucmemsr. AWC
MpEICTAaBISCT COOOW MHOXECTBO B3aWMOCBSI3aH-
HBIX CTPYKTYpP, KOTOpBIE OIHUCHIBAIOTCS CIIEAYIO-
UM BeIpaxkeHueM [8, c. 31-32]:

AHNC = [eno N (KTC v I10 W MO v HO ©
WJI0 U 00 U MempO),
U onepayusi 00beOuHeHus MHOHCECmS,
M onepayus nepeceyeHuss MHOICECMS,

rae Lens — nens co3nanus cucrembl; KTC wm TO
(Texnuueckoe obecrieueHre) — KOMIUICKC TEXHH-
4eCKUX CpeacTB cucrembl («wkeme3o», hardware,
urdopmarronnas uHppacTpykrypa); 1O — mpo-
rpaMMHOe obecrieueHue (mporpammel, Software);
MO - maremaruueckoe obecrieueHue (COBOKYII-
HOCTh MaTeMaTHYECKHX MOJIeNel, METOIOB U all-
roputmoB); O — undopmaironHoe odecreueHmne
(KOHCTaHTBI, IEpeMEHHbIe, TAOIHIIbI, (aiisbl, 6a3bl
JMaHHBIX, 0a3pl 3HaHui); JIO — ITHHTBHCTHYECKOE
obecrieuenre (COBOKYITHOCTH SI3BIKOBBIX KOTHH-
THUBHBIX CPEJICTB OOIIECHHUS C YeI0BEKOM (C MOJb-
3oBaressiMi cucteMbl); OO — OpraHU3aIMOHHOE
obecrieuenune (MONMb30BATENN CHCTEMBI, OpraHU3a-
IIMOHHAS CTPYKTYpPa M MHCTPYKIIMU ONEPATUBHOMY
nepconainy); MerpO — merpojoruieckoe obecrie-
yeHne (CpencTBa OoOeCreUeHMsT 3aaHHBIX JOCTO-
BEPHBIX XapPaKTEPUCTHK H3MEPSIEMBIX XapaKTepu-
ctuk). AWC sBusieTcs aHTPOMOICHTPUYECKOH,
B KOTOPOM 4€JIOBEK UJIM HEKOTOPBIA COLIMYM Tpe-
craBieHbl KoMmoHeHTo OO.

Bce Bunbl obecrieueHmii XapaKTepU3yOTCS Ha-
0OpOM B3aMMOCBSI3aHHBIX CTATUYECKUX M JMHAMU-
YECKUX CTPYKTYp, KOTOphIe (hOpMUPYIOTCS B TIPO-
Iecce MPOSKTUPOBAaHUS ©  (DYHKIIMOHUPOBAHUS
WH(POPMAITMOHHOW CUCTEMBI M OOBbEIMHEHBI 001IIei
KOHIIENTYaJIbHOM CXEMOW JUIsl IOCTHMIXKEHHUS 1ieJiel
co3manus. Cienyer OTMETUTh, YTO OOeCHeueHUs
UC u3MeHSIOTCS B 3aBUCUMOCTH OT Pa3BHUTHS Iie-
JIe co3AaHus, TEXHUYECKUX TpeOOBaHMA K UX Xa-
pPaKTEpUCTHKAM, YTO MOXXHO OOOOINUTH M Mpe-
CTaBUTh B BHJIE THOCEOJOTHYECKON KOHIICTITyallb-
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HOM MOMeNH CMEHBI MapagurM KOMIIbIOTEpHU3a-
uu/uH(pOopMaTH3aIMK 00IIECTBA.

Cmena napaduem ungopmamuzayuu. Ilapa-
JUrMy OyIeM paccMaTpuBaTh Kak COBOKYITHOCT
SBHBIX M HEABHBIX (M YacTO HE OCO3HABAEMBIX)
TPEAMOCHUTOK, OMPEACIISIONINX HaAyYHBIE HCCIIEN0-
BaHUS M NMPU3HAHHBIX HA JAHHOM JTarle Pa3BUTHS
HayKH, a TaK)Ke YHHUBEPCAIbHBIH METO TPHHATHS
9BOJIIOIIMOHHBIX pelieHuid. B naHHOM ciiydae 3To
THOCEOJIOTHYECKAsT MOJENb Pa3BUTHS TMPOIECCOB
uH()OpPMATH3AIMH, KOTOpasi MPEeACTaBlICHA HA PH-
cyuke 1. B Hacrosimiee BpeMss MOXHO TOBOPHTH
0 Tmepexojie OT TMapagurMbl HHGPOPMAITHOHHBIX
CHCTEM K TMapajurMe HHTEJUIEKTYAIbHBIX CHCTEM.
CMmeHa mapajurM OMHUpaeTcs Ha M3MEHEHHE NpH-
OPUTETOB TEXHWYECKHX M aAHTPOIOIOTHYECKUX
TpeOOBaHMii K HCCIIEyeMbIM cucteMaM. PaccMor-
pUM TIPHUBEACHHBIC TAPAIUIMbl, KaK H3MEHIETCS
COCTaB UX BHOB OOECIEUEHMs, a TaK)Ke KakK MPH
3TOM TPaHC(HOPMHUPYIOTCS ¥ JOMOTHIIOTCS aHTPO-
MOJIOTHYECKHUE MTPOOIIEMBI.

KomnbloTepusauymns/wHcopmatusaumns

1944 - 90-e rr, 90-e rr.- 2000 2000 - cenuac

WHchopmau voHHbIe
cucTemMu
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Puc. 1. DBomtonust napagurm HHGOpPMaTH3AUN
Fig. 1. Evolution of informatization paradigms

C mnosIBJICHHEM TEPBBIX KOMITLIOTEPOB B WHIIY-
CTpHAIBLHOM OOILECTBE HAYAIOCh CTaHOBJICHHE
NEepBOM MapajurMbl KOMIIBIOTEPU3ALUH, CBS3aH-
HOW c cosmanweM u BHenpennemM BbBIYMCIIU-
TEJIBHBIX CHUCTEM. I'maBHpIM TpeOoBaHUEM
nons3oBaTeneit Kk 9BM B 3T0 Bpemst ObLIO yBeNu-
uenne nx BhICTPOJIEMCTBUS. Oxnna 3 nepBbix
JAMITOBBIX MAIMH «Ypals-1» BBINOJHSNA BCETO
3,5 ThIC. oneparuii B cekyHay. Bropoe TpeboBanue
xacanoce MHTEP®ENCA, T. e. opramsamun
B3aUMOJICHICTBHSI YeJOBEKa C KOMIBIOTEPOM: OH
OBLT «HEIPYKETOOHBIM» Yepe3 CHHUU mudpoBoi
9KpaH M HECTaHJApTH30BAaHHYIO KJIaBUATYDY.
W meHee Bcero Ha 3TOM 3Tarle N0Jb30BaTeNeH UH-
TEpecoBaJI0 MECTO pa3MelleHuss B mamaru OBM
UCXOIHBIX IAHHBIX M PE3YJIbTaTOB BBIYMCICHUH,

mwmn JIOCTYII K TAHHBIM. Bo Bpems mepBoif
napajiirMbl 1IUTa KOMIIBIOTEpU3alUsl HHIYCTPH-
aNbHOTO OO0IECTBa MyTeM CO3JAaHUs aBTOMATH3U-
poBaHHBIX cucTeM ympasierus (ACY): BHavaie
aro Obutn ACY mpemmpustusmu (ACVYII) s
VIpaBJIeHUsST SJEKTPOHHBIM JOKYMEHTOOOOPOTOM,
3aTeM, C MOBBILIEHUEM HaIeKHOCTH KOMIIBIOTEPOB
¥ TIOSIBJICHUEM YIpaBisiomux OBM, BHeIpsuHCH
ACY rtexnosnoruueckumu nporeccamu (ACYTII).
Otu aBa knacca ACY o0beqMHSIIMCh B UHTETPU-
poBannbie cuctembl (MACY) u rubkue aBToMaru-
supoBanHbie npousBozactBa (['AIT), koTtopsie mo0-
NOJHAJNCH CHCTEMaMHd  aBTOMAaTHU3MPOBAHHOTO
npoektupoBanus (CAIIP) [7]. PecypcHoe oGecrie-
YeHHE JAHHOW MapaJurMbl U €ro OTHOCUTEIIbHbIE
0o0beMbI TIpe/icTaBleHbl Ha puc. 2. s Bcex JTa-
OB pasBUTHsA KOMIblOTepu3auuu/mHopmaTn3sa-
UM HOCUTEIEM HOBBIX TEXHOJOTMH SBIAETCS
komrieke Texamueckux cpeacts (KTC). B mpo-
necce co3nanus MC ocHOBHBIE ycuiHsa pa3padoT-
YHKOB HANPAaBIJINCh HA MOCTPOEHUE OBICTpOAEH-
CTBYIOITUX YCTPOUCTB OOpaOOTKH ¥ XpaHCHUS
JaHHbIX. CKOPOCTHBIE yCTPOHCTBAa M TEXHOJIOTUH
nepefay JaHHBIX TOJBKO 3apokaaiuch. B 3To
BpEMs CO3/1aBAJIOCh MaTeMaTHUECKoe o0ecrieueHue
JUTSL TIEPBBIX MMAKETOB MPUKIAJHBIX TporpaMm. AH-
TPOMOJIOTUYECKUE TPOOJIIEMBl Ha JaHHOM JTare
ObTH CBsI3aHBI ¢ «00s3HBIO» paboTel B ACY,
B KOTOPBIX BHJIEJIU YIpo3bl OTEPH pabounx MecT
U TPEBOCXOACTBA HaJ YEJIOBEYECKUM HWHTEIJICK-
TOM.

[lepenoMHBIMM Hay4HO-TEXHHUYECKHMH pellie-
HUSIMH, KOTOpBIE ONPENENIH CMEHY MapaJurMbl
U npuopureroB Xxapakrepuctuk MC wu Hauano
BXOX/ICHHSA 4YEJIOBEYECTBA B JIOXY IIOCTPOEHHS
IOCTUHIYCTPHAIBHOTO  O0IecTBa», Ha MO
B3I, sBisieTcs mepexod B 1991 roay k wmacco-
B0MY NPOU3BOOCNBY NEPCOHATLHBIX KOMNBLIOMEPO
(7/IK) n nosiBnenue B 310 ke Bpems (1) HagcTpoii-
koii Han MHTepHer — BcemupHoi naytunbl \World
Wide Web (WWW, Web, Be6). Ilepconaibhbie
KOMIIBIOTEPBI HE TOJIBKO HA NMPEIIPHUITUAX U B Op-
TaHU3aIMAX, HO ¥ B IOMAIIHUX YCIOBHSX MPUBEIH
K TOSBJICHUIO MAacCOBOIO AaHTPOIOJIOTHYECKOrO
3ampoca Ha peleHne mpooIeMbl 00ecTIedeHsS T0C-
Tyna K JaHHBIM «31ech u ceruac»! U sto cramo
BO3MOXKHBIM Onarogapsi BeO, koTtopas sBiseTcs
TEPPUTOPHATILHO pacnpenesi€HHON ceThio MHpOp-
MAallMOHHBIX, HPOTrPaMMHBIX U TEXHHUYECKHX pe-
cypcoB. B 3T0 Bpems BMecTO MOHATUI aBTOMAaTH-
3UPOBAHHbBIE CUCTEMBI YIIPABJICHUS, KOHTPOJIS, U3-
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Mepenus, ACYIl, ACYTII u T.m. HAYWHAIOT HC-
NoJb30BaTh 0000HIeHHOe Ha3Banue — HMHOOP-
MAIIMOHHAS CUCTEMA, xoTopas BBINOJHSAET
(YHKIIMM aBTOMAaTU3MPOBAHHON 00pabOTKH WH-
dbopmanmm IS peann3alnuy JTI00bIX HEOOXOTUMBIX
¢ynkuuit. TpeTbel cyniecTBeHHOW 0COOEHHOCTHIO
JTAHHOTO 3Tarna WH()OpPMAaTHU3alluu CTAHOBUTCS CO-
USMEPUMOCMb cKopocmell 0bpabomku u nepedadu
OaHHbBIX, YTO TIO3BOJISICT MOJB30BATENSIM, HAXOSIChH
B M000H TOuKe riobanbHOM cetu UHTEpHET, pado-
TaTh cO cBoMMH Beb-pecypcamu «371ech U ceifuacy.
Cetb mpeBpamaeTcs Uit COTEH MUJUTHOHOB IOJTb-
30BaTeNE€l B TMTAHTCKUK BUPTYaJbHbIA BBIYHMCIIH-
TeNb C pacmpe/elieHHoW 00paboTKoN U mepenadeit
nmaHHbIX. Ha manHOM 3Tame Bo3pacTaeT pojb HH-
¢dopmaronHoro  obecriedenus MC, koTopele
crposarca Ha ocHoBe CucteM Ymnpasinenust bazamu
Hannsix (CYB). OxHako, 1Mo IMpesKHEMY OCTAeTCs
HEpEIIeHHBIM BOIIPOC CO3JaHHSI «APYKECTBEHHO-
ro» WHTEP®ENCa. Bompocs xe BBICTPO-
HEﬁCTBHH OBM wu cereil 1yisi MacCOBBIX MpH-
MEHEHUH MepeXoIaT Ha TpeTHii Tan (CM. puc. 2).

B 370 e BpeMsi HAUMHAIOT MPOSBISATHCS CEPhb-
€3HBIC aHTPOIIOJIOTUYECKHE POOIEeMbl, CBSI3aHHBIE
C HaJIM4YMEeM IMepcoHalbHOro «auBahca» — IIK,
a B JaypHeinieM HoyTOyKa, cMapTdoHa, IUIaHIIeTa
(urpoBasi 3aBUCHMOCTB), W IIHPOKOTO JOCTyIa
B MHTEPHET c¢ neorpanmuennsiMu Beb-pecyp-
camu (ceTeBas 3aBHCHUMOCTb, CETEBas WrpoBas
3aBUCHUMOCTB). ['OBOpsT, «BBINIeT B HHTepHET
B 11-00 u BepHycs B 34 roma».

UrpoBas nHAyCTpHUS B MHUpE UMEET OIpOMHBIE
NpuOBITM ¥ HE oOpallaeT BHUMaHUS Ha TpaHC-
(dopMaIio JIMYHOCTH TeldMepoB. BoIbIIMHCTBO
WUTp CBSI3aHO C TIOTPYKEHHEM WIPOKOB B BHPTY-
ANBHBIA MHp, TJIe OHU OTOXKIECTBISIFOT cedsi ¢ oc-
HOBHBIMH TE€POSIMH, KOTOPBIE HMEIOT HECKOJBKO
JKU3HeH W (haHTacTUYEeCKHe BUPTyalbHBIE BO3-
MOYHOCTH. A y UTPOKOB B PEaNbHOW KU3HH TTOSB-
JSIFOTCS CIIEAYIOIINE TTPOOIIEMBI.

Ilpobrema eupmyanuzayuu. BosBpameHue u3
BAPTYAJIbHOTO MHpa B PEANbHBIA BBI3BIBACT IICH-
XOCOMATHYECKUE PACCTPONCTBA U HEaJIeKBATHOE
noBe/icHre YesioBeka (MPBITHYTh C KPBIIIH, YOUTD
YeoBeKa. .. ).

IIpobrema paspywenus ouckypca (cnocobuo-
cmu mblcaums). B MOMyNSpHBIX UTpax HAYMHAIOT
JIOMHHUPOBATh TMPUMHTHUBHbIE WHCTHHKTHI — Oe-
KaTh BJIEBO, MPSMO, CTPEIIATh, YIAacTb... JTa Mpo-
Onema BriepBble OblIa 3adUKCHpOBaHAa B Havajb-
HOW IIKOJE, KOrja ObUTH IMOMYJSIPHBI MPUCTABKU

PSP. 10 MHHYT UIpbl Ha IPUCTaBKE BO BpeMs Iie-
pepbiBa M HaNpoYb 3a0BIBACTCS TO, O Y€M T'OBOPH-
I Ha IpeablayeM ypoke. Takou jxe HeraTuBHBII
pesynbTat B 11 ki1acce mocie cereBoit urpsl. IIpo-
BEPEHHBIC Ha PsJIe KCIIEPUMEHTOB NMPU3HAKN pa3-
pYLICHUS JIOTHKH: Ha MHCHBME B CJIOBAax MPOIyCKa-
10TCsl OYKBBI, B TEKCTE IPOITYCKAIOTCS CIIOBA, He-
yMeHHe TOBTOPUTH (mepeckasars!) mpocroe mpen-
JIOKEHUE, TPOUYUTAHHOE C JOCKH.

Crenyroumii psig mpo0OiieM CBsi3aH C IpakTHUe-
CKM Oe3rpaHMYHBIMH HH(pOPMAIMOHHBIMU pecyp-
camu WWW, nocTyn K KOTOPBIM OCYIIECTBIISIETCS
4yepe3 OKHO mporpaMmbi-Opaysepa (Firefox, Opera,
Chrome u ap.).

Ilpobrema Kopomxou namamu uiu nomeps
pegrexcuu. Bonpmme 00bEMBI  MHDOpMaHH,
C KOTOPBIMH CTAJIKHMBAIOTCS TOJIb30BaTen MHTEp-
HET, TMPHUBOJAT K COKpAICHUIO BPEMEHH Ha 3Ha-
KOMCTBO C TEKCTOBBIMH MaTepuaiaMd M MOsBIIe-
HUIO HOBOW TEXHOJIOTMH UYTCHUS — IO TUaroHa-
7u» (WK CTapoil, KOTr/ia B MIKOJIE HEOOXO MO ObI-
CTPO MPOYMTATh OOJIBIION pOMaH KiIacCHKa 3a
oJIMH Beuep). B aTom cirydae paboTaeT «KOpoTKas»
naMsATh, KOTZA, YXOAS Ha CIIAYIOUIYI0 CTPaHHUILY
JNOKyMEHTa, 3a0BIBAaeTCS CMBICT IPEABIIYIINX
cTpanull. KopoTkasi mamsTh JIMIIEHa SMOIOHAIb-
HOW COCTaBJISIOLLEH, OTCYTCTBYET OCMBICICHHE
W COTEepe)KMBAHUE TIO TEKCTy. Y OHHCTBA, KPOBB,
Hacuine  OECYYBCTBEHHO  KIIPOJINCTHIBAOTCS»
B MOKMCKE HEOOXOAMMOro KoHTeHTa. OTcrona, Kak
UTOT — npobaema Oe3pasiudus.

IIpobnema usmenenuss mviunenus. Ilpn oTcyT-
crBun cetn WWW pemrenne 11000 mpoOiIeMbl
WIM 3a/a4d HAaYMHAJIOCh C Bompoca «Kak pe-
wumsv?», IpA 3TOM B TIPOEKTE, B pedepare, B CTa-
ThE, B IKCIIEPHMEHTE HE00X0AWMO OBLIO MpHIY-
Marh JETald MAallWH, NMPUHIUIHAIBEHBIE CXEMBI,
QITOPUTMBI, ONHMCAHHE W KIACCH(UKALIUIO COOBI-
TUH | T.IL., TPUIOKUB OIPEJICIICHHbIC HHTEIIEKTY-
anpHble ycwnus. Hanmuwe noctyna B MHTepHeT
KOPEHHBIM 00pa30M M3MEHSET IMOCTAaHOBKY BOIPO-
ca, KOTOPBIA 3BYYHT Tenepb «I Oe Haumu?». D10
NPUBOJUT K TOMY, YTO pellieHHe 3aaui NpeCTaB-
aseT coboit koMmuisiuio (COOPKY) U3 CTapbIX pe-
IICHHH, a C TOYKU 3peHuUs mporpecca HH(OpMaIm-
OHHOTO OOIIECTBA — ITO TONTAHUE HA MECTE» HIIH
perpecc. Takum 00pa3oM, Ha CMEHY KpeamugHOMY,
MEOPYECKOMY MbIULIEHUIO TIPUXOAUT KOMNUISA-
mugHoe, Mmexanucmuieckoe moviuinenue. K demy
sto npuBonut? IlpuBeny nsa mpumepa. [Ipu cos-
naaun BeO-caiitoB B cnemuaidbHbIx WYSIWY G-

doi 10.15802/STP2015/49291

© A. A. Koconanos, 2015

217



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

Hayxka Ta nporpec Tpancnopty. BicHuk J[HIIponeTpoBChKoro
HaLliOHAJIIBHOTO YHIBEPCHTETY 3aili3HHYHOro TpaHcnopty, 2015, Ne 4 (58)

PO3BUTOK BHIIIOI IIKOJIN

pemakTopax (What You See Is What You Get) win
B MporpamMmax ympasiieHHs KoHTeHToM CMS
(Content Management System) ucmonb3yroT 1mao-
noubl (templates), B pesysbrare Mbl BHIUM MHO-
KECTBO CaHTOB C OJHOTHITHBIMH CTPYKTYypamH
U «yTJIOBaTOW» TpaduKol, CKIOHHPOBAHHBIX H3
omHoro mabnoHa. Bropoil mpumep BO3bMEM H3
o0macTu co3maHus dJICKTPOHHON My3bIKA. Macco-
Basi My3blKa coOupaercss W3 HaOOpPOB COMILIOB
(samples), My3bIkanabHBIX (pParMEHTOB OTIAEIBHBIX
WHCTPYMEHTOB, 3allMCAHHBIX H3BECTHBIMH MY3bI-
KaHTaMH WM  CHUM(OHHYECKUMH OpPKECTPaMH.
B pesynbrate 3¢up, TeneBuaenue u Bed 3acopser-
Csl HU3KOMPOOHOW MY3BIKOH C y3HABAaCMbIMU HH-
TPO, PUTM, COJO-TIAPTUSAMH M PUCYHKaMU. B 3THX
YCIIOBUSX MOXEM M MbI OXHJIATh TIOSBICHUE
B MHGOPMAIMOHHOM OOIIECTBE HOBBIX bHUTI3
(Beatles) n Pommunar Croymc (Rolling Stones)?
becniepcriekTHBHOCTh 1IA0JIOHOB, IyCTh JaXKe Ha
OCHOBE TMEPEIOBBIX TEXHOJIOTWH, B mpodeccuo-
HAJTLHOM 00pa30BaHUM YOCTUTENBHO PACKPHITA
B HaydJHO-(paHTaCTHUECKOW moBecTH Aiizeka A3zu-
MmoBa «[Ipodeccus», koTopas BepBble OIyOIMKO-
Bana B umiosie 1957 roma sxypuamom Astounding
Science Fiction. I1aGioHsl OH Ha3bIBaJ <«JIEHTa-
MU» 3HaHWHA. «JIeHTBl momnpocty BpeaHbl. OHH
y4ar CIMIIKOM MHOTOMY U CJIMIIKOM Jierko. Yemno-
BEK, KOTOPBIH TOJyYaeT 3HaHHs C UX MOMOIIBIO,
HE TIPE/ICTAaBISIET, KAaK MOXHO YYUThCA IIO-
JIPyromy... A ecim Obl, BMECTO TOTO, YTOOBI MTUY-
KaTh 4YeJOBEKa JICHTAMH, €ro 3aCTaBUIIM C CAMOTO
HayaJla y4YUThCs, TaK CKa3aTh BPYYHYIO, OH MpH-
BBIK OBl YYHUTBCS CAMOCTOSTENHLHO M MPOMOJDKAT
Obl yunThes Aajbiie... OH CMOXET MPUIYMBIBAThH
HOBOE, Ha YTO HE CIIOCOOCH HH OJIMH YENIOBEK, I10-
JTy4HMBIIMKA oOpa3oBaHHe C JIeHT. Y Bac Oyzer 3a-
mac JIIoJiel, CHOCOOHBIX K CaMOCTOATEILHOMY
MBIIUIEHHIO ... » [2, ¢. 157-222].

O6o0mmas W3JI0KEHHOE, OCMENIIOCh YTBEp-
JKIaTh, YTO TJIABHOM aHTPOIOJIOTUYECKON mpoObIie-
MO# TII00aIhbHOTO HH(OPMANMOHHOTO OO0IIecTBa
SBIISIETCSl OOecIieueHne «3armaca JIofei», Crocoo-
HBIX K CaMOCTOSITEIEHOMY, TBOPUYECKOMY, Kpea-
TUBHOMY MBIIIJICHUIO.

IIpobrema «ynuunozo Unmepnem-3abopa» (Ha
KOTOPOM KTO-yTOJIHO, aHOHUMHO, TJI¢ YTOJTHO, KaK-
YrOZHO U O YeM YTOJHO MOXKET HAIMCaTh WJIH BbI-
JOXUTh cBou (otorpaduu u Bumeo). CosmaBae-
MBIE TT0JT KOHTPOJIEM CIICICITYKO COIUAITbHBIE CETH
UCTOJB3YIOTCS ISl MAHUITYJIUPOBAHUS CO3HAHUEM
COIMANBHBIX Tpynm (Tak HA3BIBAEMOTO TPOJUIHH-

ra), IUId PaclpOCTPaHEHUs HEIOCTOBEPHOW WH-
¢dopmarmu (koTopyro okpectunu (deiikamu), s
NPOBEICHHUST PA3IMYHBIX  (Gudm-Mo00oB  (korzaa
B Ha3HAUYE€HHOE BpPEeMsI U MECTO Bce IIENyIOTCs, BCE
TaHIYIOT Ha TUIOIIAN, BCE €AyT B TPycax B METPO
M T.IL.), U OPTaHU3aIlMK aCOIIHAIBHBIX CHCTBHH,
0ecIopsaIKOB U «IBETHBIX peBoronmii». Cers UH-
TEPHET CTAHOBUTCS MECTOM WH()OPMAIMOHHBIX
JTUBEPCHOHHBIX, Pa3BEIbIBATENb-HBIX M BOEHHBIX
JIEUCTBUM, IJIl 4YEro CO3Jal0TCSA NMPHU COOTBETCT-
BYIOIIMX MHHHCTEPCTBAX KHOEP-TIoApa3aeeHus
u «HMutepuer-Boiicka». IloatoMy paspaboTduku
nox pykoBoxacTBoM bepHepca-JIu, ocHoBartens
Be0, 3amyMbIBaroTCSI HaJ CO3JaHHEM CEMaHTH4e-
ckor WWW, a Ha rocymapcTBEHHOM ypOBHE BO
MHOTHX CTpaHaX NPUHUMAIOTCA «3allUTHBIE» 3a-
KOHOJIaTeNIbHBIC aKThI U PEIICHUS IPABUTEIHCTB.

IlosiBeHre HOBOW TapaaurMbl HaOIIOIAETCS
B Hallle BpeMs, KOr/ia Iojb3oBareseil He 0ecroko-
UT OBICTPOACHCTBHE CHCTEM U IOCTYN K JaHHBIM
«371eCh W ceiidac», HO MPOSBIISETCS pacTyIas IMo-
TpeOHOCTh B Ka4eCTBE OXXHMIIAEMBIX NaHHBIX, YTO-
OBl OHM 00JaNali PENeBaHTHOCTHIO, TOCTOBEPHO-
CThIO W TIOMOTaNH OBl B TIpOIECCE TPHUHATHUS pe-
MIEHUH TIPH JTaBUHOOOPAa3HOM YBEIMYCHHHU OOBe-
MOB JaHHbIX. B mgaHHOM ciydae pedb HIET
0 peanu3aly KOTHUTUBHOTO MHTEIIEKTYalbHOTO
uHTepdeiica, uaes KOToporo ObUTa BIIEPBEIC MPE-
JIOKEHa SIMOHIAMH B TIPOEKTE CTPaTErHnYeCcKHX
BBIYHCIUTENBHBIX MAIIMH TMSTOrO  IMOKOJICHUS
B 1982 roxay [17].

Takas mammHa OBITAa TTOCTPOEHA HA OCHOBE
MoJieled ¥ METOJO0B MCKYCCTBEHHOT'O MHTEJIEKTa
Ha 0a3e CeTH M3 HECKOJIBKUX THICSIY MUKPOIIPOIIEC-
copoB. HoBas cucrema Obliia I3rOTOBIIEHA B OHOM
akzeMmusipe B 1992 rojy, Ho okazanack o4eHb JI0-
poroii u HeBocTpeOoBaHHOM B Havyane 90-x, korma
Ha poiHke nomuHupoanu IIK. Ceituac sty cucre-
MYy MOXXHO paccMaTpuBaTh Kak MpooOpa3 coBpe-
MeHHbIX LlenTpoB 00padoTku ganubix (LIOMI).

B name BpeMs cranm akTHBHO TPOBOAUTHCS
paboTBl MO CO3MaHWI0 KOMITBIOTEPHBIX CHCTEM
C DJJIEMEHTaMH HCKYCCTBEHHOT'O WHTENJIEKTa, WU
WHTEIUIEKTYAIbHBIX CHUCTeM. B HOBoO# mapaaurme
Ha TEPBBIA IUTAH BBIXOJSAT BOIPOCHl CO3JIaHUS
«JIpYKECTBEHHOT0» HHTEJUIEKTyaJIbHOTO HWHTEp-
¢eiica. CoBpeMeHHbIE  CHUCTEMBI  PabOTaroT
HE C IaHHbIMH, a co 3HaHusMU. Ux MO npencras-
nsercst B Bupe CucreM YmpasneHus bazamu 3Ha-
Huii (CYB3) ¢ uHTepdeiicoM, KOTOPbIH yYUTHIBACT
MOCJEeTHAE JOCTIKEHUSI B OOJNACTH JIMHTBHCTUKH
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MW TICHXOJOrWH. B JaHHOM ciydae wW3MeHseTcs
W pacrpeliefieHne BUIOB 00ecTIiedeH i B UHTEILICK-
TyaJIbHBIX CHCTEMaX, YTO MOKa3aHO Ha pUC. 2.

CoBpeMeHHasi TapagurMa JOMONHSAETCS HOBOM
aHTPOTIOJIOTHYECKON MpoOIeMoit — npobaemoti Oe-
UHMENIeKMYanu3ayuy. 8 NOCMUHPOPMAYUOHHOM
obmectBe. Ecmu B TaHAeMe «UelOBEK-MalllHA»
WHTEJUIEKTyalbHasl MallliHA HAaYMHAET MBICIHTh
Y NPUHAMATH PEUICHUs, TO JIMILEHHBIN 3TOTO Yelo-
BEK — JIeTpaJupyeT.

DTy mpobieMy MOTONHSET MPOTUBOMOIOKHAS
npobiemMa azpeccugHO20 UCKYCCMBEHHO20 Cynep-
unmennexma. OcHoBarenb kommanuu Microsoft
Bt Tefite 3asgBun:. «S1 u3 tex mronei, KTo odec-
MOKOGH  TEPCIEeKTHBON  Pa3BUTHA  Cymep-
uHTe/uIekTa. CHavyana MamyHbl OyayT BBITOTHATH
0oJpITyI0 4YacTh paboOTHl 3a HAcC, HO HE OyIyT
CIIMIITKOM YMHBIMH. Uepe3 HeKoTopoe BpeMs Ma-
HIMHBI TIOYMHEIOT, ¥ 9TO MOXET CTaTh MpoOIeMoit
JUISL 4eJoBeYecTBa...». Takoro ke MHEHUS MpH-
JepP’KUBAETCS U OCHOBATeNlb Kommanuu Tesla Dion
Mack, KOTOphIM Ha3Ball MCKYCCTBEHHBIM HHTEIN-
JNEKT «2NABHOU  IK3UCMEHYUANbHOU  Y2pO30U»
W TIpeAsioKuin WHBecTrpoBarh 10 MIH momnmapoB
B TIOJJIEPIKKY <«JIPYKECTBEHHOT0» MCKYCCTBEHHOTO
uHTeIeKTa [4].

[IpakTryeckn Bce HOBBIE pa3pabaTbiBaeMble
CHCTEMBI OT OOEBBIX BEPTOJETOB M TAHKOB 0 XJe-
00yOOpPOYHBIX KOMOAWHOB UM CTHPAJILHBIX MAIIIHH,
CO3JA0TCs ceifuac Ha OCHOBE MPUMEHEHHUST MaTeMa-
TUYECKUX MOJIeNel, METO/IOB U TIPOTrPaMM HUCKYCCT-
BEHHOTO uHTesuTeKTa [12, 15].

[epcriexkTrBa pelieHrss MHOTHX TIpOOJeM Ha
JKENE3HOJJOPOKHOM ~ TPAHCIIOPTE — B  IEpexoe
K WHTEJUIEKTYaIbHOMY JKEJIE3HOOPOKHOMY TpaHC-
MOPTY, BKIIOYAIOIIEMY B3aHMOJICHCTBHE «yMHBIX»
TEXHOJIOTHYECKUX OOBEKTOB, MOE3/0B, JIOKOMOTHU-
BOB, TEXHMYECKHX CHCTeM H ycrtpoicts [18, 19].
WHrennekryansHble TPAaHCIOPTHBIE CHCTEMBI MOy~
4aloT Bce OoJibliiee pacHpOCTpaHEHHE B MHUPOBOM
MPaKTUKe, WX pa3pabOTKON 3aHWMAIOTCA BeIyIIHe
MupoBble (pupmer. Co3fmanne W BHEAPEHHE TaKUX
CHCTEM  TOAJEPKUBAIOTCS  MEXIYHApOAHBIMH
TPAHCTIOPTHBIMU OpTaHM3AIMAMH. VHTEIIeKTyans-
HBIE TEXHHYECKHE CPENCTBA MO3BOJIIIOT OOJETYNTh
paboTy mepcoHasia, 00eCIeUnUTh JOTMYCCKUN KOH-
TPOJIb 3a €0 JCUCTBUAMHU B IITATHBIX M HEIITATHBIX
cutyansix. C WX TIOMOIIBIO €CTh BO3MOXXHOCTH
MIPOBOJUTH PACIIMPEHHYIO M ONEPaTHBHYIO IUArHO-

CTHKY PabOTHI 000pYyIOBaHWS M MPUHUMATEL pellie-
HHSI TI0 OOCCTICUCHHIO HaJICKHOCTH, OE30MacHOCTH
1 JKH3HECTIOCOOHOCTH mporiecca mepeBo3ok [1,9].

Hayunasi HOBU3HA M IPpaKTHYeCcKast
3HAYUMOCTh

B pabote onpeneneHbl OCHOBHBIE aHTPOIIOJIOTO-
TEXHOJIOTHYECKUE TPH3HAKU 3apoKaeHus WHpop-
MAaIMOHHOTO OOIIECTBa, B KAuecTBE KOTOPBIX BBI-
CTYMalOT MacCOBBIN BBIITYCK M HCIIOJIb30BaHHE TIEP-
COHAJILHBIX KOMITBIOTEPOB M IIHUPOKOE BHEIPEHUE
cetu WWW (1991 rox).

[peanoxkena enoceonocuueckas MOIEIb HBO-
JIFOIIMK TIAPaUrM KOMITbIOTEpU3auu/uHpopMaTu-
3aI[Md, COCTOSAINAS U3 TPEX ITANOB PAa3BUTHS — BbI-
YHUCIUTEbHBIC CHCTEMbI (U UHOYCMPUATLHOSO
obiecTBa), WHGOPMAIMOHHBIE CHCTeMBbI (I 710-
CMUHOYCMPUATILHO20, UHDOPMAYUOHHO2O OOIIECT-
Ba) U HMHTEJUIEKTyaJbHbIC CHUCTeMBI (U1 nocmun-
POpMAYUOHHO20, UHMENTIeKMYATbHO20 OOILECTBA).
CMeHa mapagurM MpOUCXOJUT HA OCHOBE PAa3BUTHSA
SNIEKTPOHHBIX HAHO-TEXHOJOTUA W MU3MEHCHHUS aH-
TPOTOJIOTHYECKHX AaCIEKTOB B3aWMOJCHCTBUS ve-
noBeka ¢ OBM, KoTopble mpencTaBisaoTcs 0000-
méunbIM nonstreM MHTEP®ENC (puc. 1).

Pa3paborana cemu3BeHHas aJIaliTUBHAsT aHTPO-
MOI[CHTPUYECKAsl MepapXruyeckasi cXeMa OCHOBHBIX
KOMIIOHEHTOB (BH/IOB O0ECIICUCHHUS] CUCTEM), KOTO-
pas HaspBaercs AUC — apxurekrypa wHpOpMaIm-
OHHOM CHCTEMBI, B OTJIMYUE OT ABYXKOMIIOHEHTHOM,
KOTOpas BKJIIOYAET TOJBKO TEXHHMUYECKUE CPEACTBa
U nporpammsl (puc. 2). B aT0ii cTpykType ecth ue-
JIOBEUECKOEe 3BEHO, KOTOpoe ¢ TpaHchopmarmeit
napagurm npuoOpeTaer Bce 0oyiee aKTUBHOE U OT-
BETCTBEHHOE 3HAYCHHE.

st kaknoi mapaaurMel chOpMyITHPOBAHBI aH-
TPOTIOJIOTUIECKHE MPOOIEMBI, KOTOPBIE C IBOJIOIIH-
el mapaaurM MOIMMUIMPYIOTCS U JOMOJHAIOTCS
W B HACTOSAINEE BPEeMs MPUOOPETAIOT IK3UCHEHYU-
ANbHbIL XapaKTeD.

BoiBoABI

Pazputne mH(pOpMaTH3aMU OOIIECTBa, KpOMe
OYCBUIHBIX TPEHMYIIECTB, TaUT B ceOe OObIIoe
KOJIMYECTBO AHTPOIOJIOTHUECKUX MPOOJeM, KOTO-
pBIe IPUBOJIAT K TPaHC(OPMAIH BHYTPEHHETO MU-
pa deloBeKa, €ro CO3HaHWS, MHTEIUIEKTa, MOTpeo-
HOCTEH U LIECHHOCTEH.
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Fig. 2. Resource support of three informatization paradigms
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A. A. KOCOJIAIIOBY

YKad. «Enexrponni 0GuncoBanbHi Mauiamny, JIHIIPONeTPOBChKHIT HALOHANBHIH YHIBEPCHTET 3aIi3HHYHOIO TPAHCIIOPTY
imMeHi akanemika B. Jlasapsina, Byi. JlasapsiHa, 2, [lninponerposebk, Ykpaina, 49010, ren. +38 (050) 575 05 32, ein. nmomrra gon-
kosolapof@i.ua, ORCID 0000-0001-8878-568X

IHOOPMATU3BALIA CYCIIIJIBCTBA:
PLIOCOPCBKO-AHTPOITIOJOI'TYHI TPOBJEMH

Mera. Komm’torepusauis Ta iHpoOpMaTH3allisi B OCTaHHI AECATWIITTS IoJapyBaia JIIOACTBY aBTOMAaTH30BaHi
CHCTEMHU YIIPaBIiHHS €JIEKTPOHHUM JOKYMEHTOOOIrOM, TEXHOJIOTIYHHMH IpOIlecaMHd Ha BHPOOHHWLTBI, IHTepHET
i Mepexy iHpopmaniiinux pecypcie WWW, posmmpuia KOMyHIKaIiiiHI MOKJIMBOCTI Ta Nmpu3Belsia 10 rirobaiizarii
iHpopMamiiHOro cycmiabcTBa. Y TOH jke uac mporecu iHdopmaruzamii HapoJUKyIOTh psn  ¢inocodcebko-
AHTPOTIONIOTIYHUX TPOOJIEeM, SKi HaOyBalOTh EK3HCTCHIIWHOTO XapakTepy. B mocmimkeHHI HEOOXiTHO MPOBECTH
BHUSBIICHHS Ta OCMHCJICHHSA NWX NpoOJeM Ha OCHOBI (POPMyBaHHS THOCEOJOTIYHOI MOJEINi €BOIIOLIl MapagirM
iHpopmaTH3alii Ta BU3HAYCHHS X TOJIOBHHX CHCTEMOYTBOPIOIOYHX XapakTepucTuk. Metoauka. Y poOoTi
BHKOPHCTOBYBABCSI CUCTEMHO-AISIIbHICHUH MiAXiMd, SIKUH J03BOTUB BHABHTH Ta MPOAHATI3yBaTH BIUIMB OCHOBHHX
KOMIIOHEHTIB iH(popMariitHo-KomyHikariiaux Texuonorii (IKomT) Ha ocBiTHIO AisueHICTB. | mami — npencraBuTH
iX SIK €IWHy CHCTEMy JIFOACBKOI MisUIHOCTI B yMOBax KoOMII torepusamii/inpopmarusamii. Y po6oTi
BUKOPHCTOBYBAIHCS (110cO(CHKI MPUHIMITN: BCEOIYHOTO PO3MIIALY MPEAMETa, €AHOCTI JIOTIYHOTO Ta ICTOPUYHOTO,
CXOJDKEHHS B1Jl aOCTPAKTHOTO JI0 KOHKPETHOT0. 3aCTOCOBYBAJIMCS 3aralbHOHAYKOBI IPHHIMITU: CUCTEMHOI €IHOCTI
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PO3BUTOK BHIIIOI IIKOJIN

Ta PO3BUTKY, ACKOMIIO3WIIi Ta 1€papXidHOCTi, IHAMBigyami3amii Ta Koomeparlii, pi3HOMAaHITTA W TaKCOHOMII.
PesysbTaTH. ABTOpDOM  3alpONOHOBaHA THOCEOJIOTIYHA  TpPbOXETallHa  MOZENb  €BOJIOLI]  Mapagurm
KOMII foTepu3aii/inhopmarusariii, sika CIIUPAETHCS HA TPH CHCTEMHI XapaKTEPHUCTHKH MPOIECIB 1H(POPMATH3AIIIT:
mBHAKOAIsA, iHTepdeiic, noctyn po naHumx. Jns KOXKHOT TapaJurMH 3alpollOHOBaHA CEMWJIAHIIOrOBa
AHTPOIOICHTPHYHA MOJICTIb, SIKa Ha3BaHa apXiTeKTypoto iHdopmariitaoi cuctemu (4/C), M0 ONKUCYE 3MiHU X BHIIB
3a0e3neueHHs. Jns koxHoro 3 eramiB TpaHcdopmarii cydacHoro iHpopMmaniiHOro cycniiibcrBa copMynnboBaHi
(inocodcbko-aHTPONONOTIYHI TPOOJIEMH, II0 HEraTHBHO BIUIMBAIOTH Ha HOro po3BUTOK. HaykoBa HOBHM3HA.
3anporoHOBaHO THOCEOJIOTIYHY MOJENb PO3BUTKY IpoleciB iHpOpMaTH3alil y BUIJISAL TPHOX MapajurM, sKi
OIIUCYIOTHCSl TPhOMa XapakTepucTukamu. Jims criermgikanii Ko>KHOT mapajgurMyu BUKOPHCTOBYETHCS BIOCKOHAIEHA
aaTporonieHTpryHa Monaenb AIC. CdopmynboBaHi Ta PO3KpUTI 0COOMMBOCTI (i0CO(CHKO-aHTPOIIOIOTITHIX
npobnem, siki HecyTh B cobi HOBI IKomT. IlpakTHyHa 3HAYMMicTh. 3anpoIOHOBaHA MOJETH €BOJIOLII MapaaurM
iH(OPMAIIfHOTO CYCIIJIFCTBA Ta 3HAHHS CYIYTHIX MPOOJEeM TO3BOJSATH 3MCHIINTH BIUIMB HETaTUBHUX TCHICHITIH
Yy PO3BUTKY INI0OANBHOTO iH()OPMAIIIHOTO CYCHiJILCTBA, B MEPIILy Yepry, B cdepi OCBITH Ta B HAyKOBO-IIOCIIIHIN
ISITBHOCTI.

Kirouosi cnosa: dinocodcbko-aHTponoNoriudi mpodiemu; iHGOpMaTH3aMis; THOCEOIOTIYHA MOJIENb SBOJFOMIL
iHpopMaTH3anii; apxitektypa iHdopmaliiHOT cucTeMH; NapajurMu; iHpoOpMaliiiHe CyCHIIbCTBO; HEraTHBHI
TEHIEHIIT

A. A. KOSOLAPOVY

Dep. «Computers», Dnipropetrovsk National University of Railway Transport named after Academician V. Lazaryan,
Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (050) 575 05 32, e-mail kosolapof@i.ua,
ORCID 0000-0001-8878-568X

INFORMATIZATION: PHILOSOPHICAL
AND ANTHROPOLOGICAL PROBLEMS

Purpose. Computerization and informatization in recent decades gave the mankind automated electronic docu-
ment management systems, automated process of production, Internet and network information resources WWW,
expanded the communications capabilities and led to the globalization of the information society. At the same time
gives rise to a number of processes of informatization philosophical and anthropological problems, that has become
an existential character. It is necessary to identify and understanding of these issues on the basis of the gnoseological
model of the evolution informatization paradigms and determine their main characteristics. Methodology. The sys-
tem-activity approach was used; it allowed identifying and analyzing the impact of the main components of informa-
tion and communication technologies (ICT) for educational activities. And further to present them as a unified sys-
tem of human activity in conditions computerization/informatization. The philosophical principles: a comprehensive
review of the subject, the unity of the logical and historical, ascending from the abstract to the concrete was used.
The general scientific principles: unity and development of the system, the decomposition hierarchy, individualiza-
tion and cooperation, diversity and taxonomy were applied. Findings. The three-stage gnoseological model of the
paradigms computerization/informatization evolution was proposed by the author. It is based on three information
system characteristics: speed, interface and data access. The seven-bar anthrop-centric model, which is called the
architecture of information systems (AIS), which describes the changes in their types of procuring, was proposed for
each paradigm. The philosophical-anthropological problems that affect negatively its progress were formulated for
each stage of modern information society transformation. Originality. The gnoseological model of development
processes of informatization in the form of three paradigms that are described by three characteristics was proposed.
The advanced anthrop-centric model of the AIS was used for each paradigm specification. Features of philosophical
and anthropological problems, that have a new ICT are formulated and disclosed. Practical value. The proposed
model of the evolution of information society paradigms and knowledge of related problems will allow reducing the
impact of negative trends in the global information society especially in the field of education and research activi-
ties.

Keywords: philosophical and anthropological problems; informatization; gnoseological model of the evolution
of informatization; information system architecture; paradigm; information society; negative trends
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TPaRCNOPTY iMeHi axaaemika B. JIarapaua

JAHinponeTpoBChKHA HALIIOHANLHHMA YHIBEPCHTET 3aNi3HNYHOrO TPAHCMIOPTY iMeHi akanemika B. Jla-
3apsHa BeAe MiArOTOBKY AOKTOPAHTIB Ta ACMipPaHTIB 3a paXyHoK KowTis [lepxasHoro SiomkeTy YKpaiHi

—38
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1 | TeoperH4yHi OCHOBH iH(POPMATHKI TA KIGEPHETHKH 01.05.01

2 | YoparniHHA npoekTaMM i mporpaMaMH 05.13.22

3 | 3anisHnyHa KoJis 05.22.06

4 | PyxoMmuil cknan 3ai3HHLB i TAra Noiaie 05.22.07

5 | Enexrporpancnopr 05.22.09

6 | Excruiyarallis Ta peMOHT 3ac00iB TPAHCTIOPTY 05.22.20 .
7 | bynieensHi KOHCTPYKL, 6yAiRai Ta cnopyau 05.23.01
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—  BHTAT 3 TPYAOBOT KHIKKH,
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Ha nigcrasi yro, Wo yrIanaoTbCA 3 acnipaHTOM i KepiBHHKOM BHLLOTO HaBYANLHOIO 3aKnajgy, oo
acnipaHTYpH NpHAMAOTHCA rPOMaJAHH Y KpaiHH, AKi MalOTh BHILIY OCBITY i keanidikauio cnewiamicra.
CTpoK HaBYaHHA P ACNipaHTYpi 3 BiApHBOM BiA BUpoOHULTBA — 3 pok#, 6e3 BixpMBY Bif BHPOGHMLITBA
— 4 poxu.
Oco6H, JomyIeHi X0 BCTYNHUX iCnMTIB y acHipaHTypy, CKIaAaloTh TPH iCIIMTH 32 MPOrpamolo BHILO-
ro HaB4ATLHOTO 3aKNIaNy:
—  cheuiaTbHy AUCUMILTIHY,
- ¢dinocodito,
— iHO3eMHy MOBY.
3a KOHCY/IBTALIAMH 3BEpTATHCA HA BiANOBIAHI Kadenpu yHisepcuTeTy.
OcobH, wo BCcTYNaloTh J0 acnipaHTypH, NOAAKOTH!
— 3aABY Ha iM’fl pekTOpa,
— nHceMOBHI BUCHOBOK nepeabatyBaHOro HayKOBOTO KepiBHHKA MpO MONUIMBICTh HaBYaHHA B
acmipaHTypi,
— PeKOMEHJalil0 BYEHOT pajH BHILOrO HAaBYANbLHOTO 3AKIAMY A0 BCTYMY B AcHipaHTypy (ans
BHITY CKHMKIB NOTOYHOTO poky),
—  KOMilo nepuioi cTOPIHKK MachopTa,
— ocobucTuil nMcToK 3 06niky kaapis 3 GOTOKAPTKOIO, AKHI 3achil¥eHO BiAALIOM KAAPIB 38 Mi-
CLIEM OCHOBHOT poBoTH,
—  BHTAT 3 TPYA0BOT KHIKKH,
— [JOBiAKY mpo 3apobiTHY IU1aTtHio,
- 3acBig4eHY KOMIK AMIUIOMA MPO 3aKiHYeHHA BHILOTO HARYATLHOIO 3aKIaNy,
- MOCBigYeHHA NpPO CKNANAHHA KAHAWAATCLKWX ICITHTIB (38 IX HaABHOCTI),
— CNHCOK omyOnikoBaHWX HAayKOBHMX Npaub Ta BnHaxomip abo pedepar 3 obpaHoi Haykopoi
CMelia/IbHOCTI 3 pelieH3iclo nepeabauyBaHOro HAYKOBOTO KepiBHHKA,
- MeZMYHY AOBIAKY NpO CTaH 3x0pop’A 3a dopmoio Ne 286-y,
- inewTndikauiinuit koa,
— oaHy oTokapTKy po3Mipom 3x4.

Ipriiom noxymMenTin 10 foKTOpaBTYpHE Ta acnipanTyps 3 01.09 no 30.09 mopiano.
Berynni icnHmi 0o acripadtypu 3 10.10 no 30.10 mopiuHo.
[Mouarok 3anaTe 3 01.12 mopiuHo.

3a ingopmayicro 36epmamuca;
JuinponeTpobchbkuii HaLIOHANLHHI YHIBEPCHTET 3aJ1i3HUYHOTO TPAHCIOPTY,
Byn. Jlasapsana, 2,
M. JIHiNponeTpoBChK,
YxpaiHa,
49010.
Ten. : (056) 373-15-44 — pexrop, npo¢. Ihninbko Onexcanap MukonafopHy, NpHAMAIBHA,
(056) 373-15-29 - npopekTop 3 HayKoBoi poboTH, npod. Mamnin Cepriit Biranifiopr«;
(056) 373-15-63 - 3aBiTyOua acnipaHTypoKw Ta AckTopaHTypoi JlaxHosa IpHHa AHaroriiBHa,
(ximu. 320).

Indopmanis npo cuenianizonani nueni pagu yninepcaTeTy

B yHiBepcHMTeTi NpalloE TPH CNeLiali3oBaHi BYEHI Pay i3 3aXHUCTY AOKTOPCHKHX Ta KAHAMIATCh-
KHMX JHCepTauilf 3a crelianbHOCTAMM:

- 11 08.820.01 - sanisuuuHa konid (05.22.06) Ta enexrporpancnopr (05.22.09); 05.22.12 — npo-
MHCNIOBHHA TPaHCMOPT.

- J108.820.02 — pyxoMHil cknaa 3aniHHLL Ta TAra noisais (05.22.07) i excrutyarauis T8 peMOHT
3acobiB Tpancnopty (05.22.20); TpaHcnopTHi cucreMu (05.22.01);

- K08.820.03 — exoHOMIiK2 Ta YNpaRiHHA MIAMPHEMCTBAMH (32 BHIaMH eKOHOMIYHOT AiIAIBHOCTI).
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