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NCIIBITAHUA HOBBIX TUIIOB IIOJABUKHOI'O COCTABA
HA 3JIEKTPOMATI'HUTHYIO COBMECTUMOCTD
C YCTPOUCTBAMU CUT'HAJINBALINU N CBA3HU

Heas. B pabote mpemycmarpruBaeTcsi IpOBEACHIE CPABHUTEIBFHOTO aHAN3a HOPM M METOJIOB M3MEPEHHH dJIeK-
TPOMAarHUTHBIX TIOMEX, CO3J[aBaeéMBIX AIIEKTPOOOOPYIOBAHHEM HOBBIX THUIOB IOABM)KHOTO COCTaBa IPH AIEKTPOTSTE
MEPEMEHHOTO M MOCTOSHHOTO TOKA B COOTBETCTBUH C HOPMAaTHBHBIMH JIOKYMEHTAaMH, IPUHATHIMU B YKpaune u EBpo-
corosze. HeobxommuMmotii Taxoke sIBISIeTCSl pa3paboTKa Ha ATOM OCHOBE METOJla M3MEPEeHUI TOKa IMMOMEX B TATOBOI CeTH,
TEHEPUPYEMBIX DJIEKTPOOOOPYAOBAHUEM TEKTPONOABIKHOTO coctaBa (DI1C), NpUMEHUMOTO IS UCTIBITAHUN HOBBIX
THITOB TIOJIBMYKHOTO COCTaBa Ha AJIEKTPOMArHuTHYIO0 COBMeCTUMOCTh (DMC) ¢ pasiMuHBIMH CHCTEMAaMH JKEJIe3HOI0-
poxkHo# curHanuzauuu. Meroamka. [Ipennoxkena MeToauka UCMBITAaHUM, BKIKOYAIOMIAs U3MEPEHUS] KaK B CHJIOBBIX
uersix OIIC, Tak ¥ B MyTeBBIX YCTPOMCTBAX cUCTeM curHanuzauuu. Pe3yabTaTsl. [IpoBeneH aHanus HOPM U METOJIOB
UCTIBITAHHIA TTOJIBIXKHOTO COCTABa HA DJICKTPOMATHUTHYIO COBMECTUMOCTH ¢ pelibcoBbiMHE 1iersimu (P11). YcraHnosneHo,
910 OONBIIOE Pa3HOOOpa3Me CHCTEM DIICKTPOCHAOKCHHS, CUTHAIM3AIMN M CBSA3U B €BPONCHCKUX CTPAHAX BBI3BIBACT
HEOOXOAMMOCTb MTPOBEICHUS UCITBITAHNI HOBBIX THITOB SJICKTPOIIOIBIKHOTO COCTaBa Ha 3JICKTPOMATHUTHYIO COBMEC-
TUMOCTB C PEITbCOBBIMH JaTYMKAMU B KKIOH CTpaHE OTICIBHO, C YIETOM OCOOCHHOCTEH HMCIOIB3YeMbIX B HEH CHC-
TeM. DTO 3HAYNTENHFHO YBEINYMBACT CTOMMOCTh BHEIPEHUS HOBBIX THIIOB MOJBIDKHOTO cocTaBa. Paspaboran meron
ucnpitannii DIIC sa OMC ¢ perabCcOBBIMU LIETSIMH, BKIIOYAIONIMN HW3MepeHnsl Kak B cuioBbIX mermsx OIIC, Tak
U B IYTEBBIX YCTPOMCTBAX CHCTEM CHTHanM3almu. [IpoBeeHBI M3MEpPEeHHs B COOTBETCTBHM C MPEATIOKEHHOM
meroaukor st DTIC ¢ aCHHXPOHHBIM TATOBBIM TPHBOJIOM TIPH JBHKEHHH TI0 y4acTKaM, 3JIeKTPUGHIMPOBAHHBIM Ha
IIOCTOSIHHOM H HepeMeHHOM TOKC. Onpeﬂeneﬁm 3HAQUCHHUA TOKa IIOMEX B peHbCOBLIX hnendax Jjis1i BCEX 4YacToT
CUTHAJIBHOI'O TOKa P]_l HOKaSaHO, qTO0 le/I HeKOTOpI)IX pe)KI/IMaX BCACHUS 11OC31a TOK ITOMEX HpeBI)IHJaeT ZlOHyCTl/IMbIe
3HaucHus. Hay4ynasi HoBm3HA. [IpeiyioKeH METON W3MEpPEHHs TOKa IOMEX B TATOBOM CETH, TCHEPUPYEMBIX
anekTpoodopynoBaruem JIIC. Meron npemonaracT 0JHOBPEMECHHYIO PETUCTPALIMI0 CETEBOTO TOKA 3JICKTPOIOL3/Ia,
CUTHaJIa aBTOMATHUYECKOM JIOKOMOTMBHOM CHUTHAM3allMM, CKOPOCTH IMO€3/1a, MOJOKEHHUS PYKOSTKH KOHTpOJUIepa
MAIIMHACTA. A TaK)Ke OOpaTHOTO TATOBOTO TOKA B PENECOBOW JIMHUM TIPH TIPOE3/E TMOe3[a M0 H3MEPUTECIHHOMY
YYaCTKy C MOCIEAYIOMei KOMIBIOTEPHON 00pabOTKOM Pe3yIbTaTOB U IPUMEHCHHEM KOMITBIOTEPHOTO B (PU3HIECKOTO
MonenupoBaHus. IIpakTHdeckasi 3HAYMMOCTB. VIcmomb3oBaHWE  pa3pabOTaHHOW  METOINWKH — TOBBIIIACT
JIOCTOBEPHOCTD MICIIBITAHUI 1 CHIDKAET PacXObl Ha UX IPOBEACHHE.

Kirouesvle cnoga: >neKTpONOABIKHON COCTaB; AIEKTPOMATHUTHAS COBMECTUMOCTD; PEITHCOBBIC IICTIH
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BBenenue

OnextpoMarautHoit coBmectumocthio (OMC)
TEXHUYECKUX CPEACTB Ha3bIBaeTCA CIOCOOHOCTD
uX (YHKIHOHUPOBATh C 33JaHHBIM KadeCTBOM
B 3aJaHHOM  DJICKTPOMAarHUTHOW 0OCTaHOBKE
W HE CO3[aBaTh HEIOMyCTUMBIX AJIEKTPOMATHHT-
HbIX oMeX (OMII) ApyruM TEXHHUYECKUM CPEICT-
Bam [5, 10, 14]. DaexkrpuduIIpoBaHHBIE KEIE3-
Heie goporu (D) SBIAIOTCS MOIIHBIM MPO-
CTPaHCTBCHHO  PAacCHpEeACICHHBIM  HCTOYHHUKOM
ANIEKTPOMAarHUTHEIX TOMeX. Bompockl obecnede-
HUS dJeKTpoMarauTHoi coBmectumoctd (DMC)
QX co cnaboTOYHBIMU JIUHUSIMH aBTOMATHKH
W CBS3HM pelIaich B TpoIlecce AIEKTpUpUKAIIIU
XKene3Hslx mopor. OmHako mpobiaema DOMC Ha
OXK]I coxpaHseT CBOIO aKTyaJlbHOCTh U B HacTOS-
mee Bpems. DTOMY CHOCOOCTBYET IIMPOKOE TpPH-
MEHEHHE Ha MAarkuCTPAJIbHOM TpPAaHCIOPTE DIIEK-
tponoaBikHOro coctaBa (JIIC) ¢ acCHHXPOHHBIM
TsiroBbIM nipuBoioM (ATII), yBenmuueHne CKOpOCTH
JIBI)KEHUS TT0E37I0B, BHEJIPEHNE HOBBIX MHUKPOIIPO-
IIECCOPHBIX CHCTEM YIpaBleHus ABMkeHueM. Ho-
BbIe TUTBI ToaBmWkHOTO coctaBa (ITC) mepen BBoO-
JIOM B DKCIUTyaTalldiO0 TOABEPTar0T HCIBITAHUSIM
M0 ONpEeeNIEHHON TTporpamMMe, KOTopasi BKIII0YaeT
ucneitanus Ha OMC [7, 10-12, 17].

[Ipobnembl, BO3HMKAOIIME TIPH HUCIBITAHUH
HOBBIX THNOB JIIC Ha OMC 3akmrodaroTcs B Cile-
nyromeM. bombinoe pasHooOpasue CHCTEM JIIeK-
TPOCHAOXKEHHsI, CHTHAJIM3AL[H U CBSI3U B €BPOIICH-
CKHX CTpaHax BBI3BIBACT HEOOXOAMMOCTH IpPOBeE-
JIeHWs] UCTBITAaHWA B KAXKIOW CTpaHe OTAEIBHO,
C yY4eTOM OCOOCHHOCTEW, HCIONB3YeMBIX B HEH
CHCTEM, YTO 3HAYUTENBHO YBEIHMUNBAET CTOMMOCTh
BHEJIPEHUS HOBBIX THIIOB IOJBHKHOTO COCTaBa.

HanuoHanbHBIME HOPMATUBHBIMH JIOKYMEHTA-
MU OIpEeICNeHbl MPEAENbHO IOMYyCTUMBIE HOPMEI
3NEKTPOMArHUTHBIX MoMeX, co3aaBaembix OIIC
[5, 14]. B ycnoBusix paciidpeHusi KOONepaiu yK-
PaMHCKUX JKeNEe3HBIX JOPOr B IUIaHE MOJAEPHHU3a-
MU TIOJBMXKHOTO COCTaBa C HCIIOJIb30BAHUEM
aCHHXPOHHOTO TAroBoro npupoga Ha DIIC HeoO-
XOJMMO COBEPIICHCTBOBAHWE HAIMOHAIBHOW HOp-
MaTHUBHOW 0a3bl MyTEM T'apMOHHU3AIIMU C €BPOIICH-
CKHAMH CTaHJapTaMH.

B nocnennee Bpems B pamkax EBpocoroza pas-
pabaTpIBaroTCss  OOILIEEeBpOIICiCKHE HOPMBI  Ha
JIEKTPOMAarHuTHbEIE TIoMexH, reHepupyemsie JIIC.
Hecwmortpst Ha TO, YTO HOPMATHBHBIE 3HAYCHUS JO-
MNYCTUMBIX MO YCJOBUSIM O€30MacHOCTH MOMeX

pa3paboTaHbl ¢ JOCTATOYHBIM 3amacoM, Ha OT-
JENBHBIX yYacTKax >KEJIe3HOW Noporu Habmirona-
10TCs cOOM B pabOTE CUCTEM CUTHAIM3AINU U CBS-
3M MPH MPOE3/Ie HOBBIX TUIIOB MOJBHUKHOTO COCTa-
Ba. OCOOEHHO 3TO MPOSBIAETCS B CiIydae dKCTpe-
MaJbHBIX YCJIOBUUA pPabOTHI JKEIE3HOIOPOKHBIX
CHCTEM.

ean

Lenbto paboOTHI SBIISIETCS MPOBEICHUE aHAK3a
HOPM U METOJOB M3MEPEHUH 3JIEKTPOMAarHUTHBIX
MOMeEX, CO3[aBaEMBIX 3JIEKTPOOOOPYAOBAaHUEM HO-
BBIX THUITOB MOJIBUKHOTO COCTaBa MPH dJIEKTPOTATe
MIEPEMEHHOTO U TIOCTOSIHHOTO TOKA, OIPEIeIeHHBIX
HOpMaTHBHBIMU AOKyMeHTaMu EBpocorosa m Vk-
paMHBI, a TaKKe pa3paboTKa Ha 3TOH OCHOBE METO-
Jla U3MEPEHUN TOKa MOMEX B PEIBCOBOM JIMHHH,
TreHepUpyeMBIX deKkTpoobopynoBanuem DIIC.

MeToanka

B mporecce ucnsitanuii HoBbIX TuNoB I1C Ha
JIEKTPOMarHUTHYI0 COBMECTHUMOCTh C YCTpPOMCT-
BaMU CHUTHAJIM3AINH U CBSI3U MMPOBOIST U3MEPEHUS
CIIEIYIOIINX TTapaMeTpOB:

—  YpOBEHb MEIIAIONIET0 WU OMACHOTO BIHUSA-
Hus 3nekTpoodopynoBanus [1C Ha perbcoBbIe Iie-
ITH, Iy TeBBIE YCTPOHCTBA CUTHATIN3AIIH;

—  ypOBEHb MEUIAIOIIEro HalpsHKeHUs, HaBe-
JICHHOTO B KOHTPOJIBHOH IIETH CBA3H;

—  ypOBEHb HAIPSHKEHHOCTH IO PaanoIo-
Mex oT obopynoBanus 11C;

— YpOBEHb pATUONOMEX, CO3/1aBaeMbIX Ha
YacTOTaX TEXHOJOTHYECKON paJHOCBsI3UM M TIepe-
Jla9d JaHHBIX.

Hwuxe nmpuBeneHo KpaTkuii 0030p HOPM U Me-
TOJIOB KOHTPOJISI TPEX IMEPBBIX IMapaMeTPoOB, a TaK-
ke 0oJiee TIOMPOOHBIA aHAIM3 METOJa M3MEPCHHUS
MOMEX OT IOJBMYKHOT'O COCTaBa B PENIbCOBOM JIU-
HUM.

Yposenv mewarowezo nanpsoicenust, naseden-
HO20 8 KOHMPObHOU yenu cesa3u. B xadecTBe pac-
YETHOT0 IMPUHUMAETCS KOHTPOJBHBINA y4acTOK Ka-
Oens turma MKIIAB 7x4x1,05 + 5x2x0,7 +
1x0,7 npu mivHe COMMIKEHHUS JIMHUHU CBSI3U C TS-

TOBO# ceThio 25 KM U mupHUHE CONMMKEHUS MEXITY
MIPOBOJIOM CBSI3M W BIWsOIMEH auHHEH 25 M. Ha
pacyeTHOM Yy4YacTKEe TPHHUMAETCS KOHCOJBHOE
ANIEKTPOCHAOKEHUE IBYXITYTHOTO yYacTKa Ha Tuie-
ge 25 kM. YenapHas IpOBOANMOCTE 3eMIIH G TIPH-
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aumaercs pasHoit 0,025 cm/m. PacuerHsrit ypo-
BEHb MEIIAMOIIECT0 HAMpshHKeHust (ero ncodomeTpu-
YeCKOe 3HAUCHHUE) OMpeessieTes o Gopmyie:

3450
U,=./>U
50

2
mf

rae Umf — YPOBCHb T'apMOHHUYCCKOU COCTAaBJIAIO-

el MEMarIero HampsHKeHust ¢ yactotoit  f
B nuanasone 50—3 450 I'u, mMB. Ilcodomerpuue-
CKOE 3HAYEHHE MeIlaromero Hanpsokenus U o

HE JIOJDKHO TPEBBINIATH YpoBeHb 1,2 MB.

Vposenv nanpsisicennocmu noiasi paouonomex
om o6opyoosanust [IC. HopMbI 1 METOBI U3Mepe-
HUI pajHomoMeXx OT 3JCKTPOTPAHCIOpTa ycTa-
maauBaer I'OCT 29305 B momoce 4acToT
0,15-300 MTI'n. Ans gacror 0,15—-30 MI'y momyc-
THUMBIC 3HAUCHUA HaHpH)KeHHOCTI/I 1011 pa,I[I/IOHO'
Mmex (E, nB) Beumcnsror no cnenyromum Ghopmy-
JIaM:

—  JUIA DJIEKTPOBO3a B YCTAHOBHUBILIEMCS pe-
xwume nipu gyacrtorax f =0,15...30 MI;

E—66-113 lg——,
0,15

a mpu yactorax f =30..300 MI'u— E =46 1b;

— JUI TIPUTOPOJHOTO 3JIEKTPOIoe3/a B yc-
TaHOBHBILIEMCS pexume npu 4acToTax
f =0,15..30 MTr:

E—60-113 Ig—— |
0,15

a mpu yactorax f =30..300 MI'u— E =40 nb;

—  JJIs TIPUTOPOIHOTO BJIEKTPONOE3/1a B Iie-
pexoarom pexkume pu f =0,15..30 MIr:

E=70-113 lg——.
0,15

B EBpocoro3e HOpMBI 3JE€KTPOMarHUTHBIX I10-
MEX paauoroMexaM KEJIC3HOAOPOKHOI'O TpaHC-
nopta ycranosnensl crangaprom EN 50121 Rail-
way applications — Electromagnetic compatibility,
KOTOPBIH cocTouT u3 6-tu wacteii: Part 1. General,
Part 2: Emission of the whole railway system to
the outside world, Part 3-1: Rolling stock — Train
and complete vehicle, Part 3-2: Rolling stock —
Apparatus, Part 4: Emission and immunity of the

signaling and telecommunications apparatus, — Part
5: Emission and immunity of fixed power supply
installations and apparatus [10, 14].

[IpenenpHBIE HOPMBI PAIUOIIOMEX OT IIEKTPO-
MOJBMXKHOIO COCTaBa OIPEIACICHbI YacThio 3-2
cranmapra EN 50121 s mosockl yactor 9 kI'1t 10
1 ITu. B Ykpaunne u3 3THX CTaHIAPTOB BBEJICHBI B
JeicTBUe TOIbKO yacTu 11 4.

Yposenv paouonomex, cozdasaemvix nHa uac-
MOMAX MexXHOI02UUeCKOl paouocesasu U nepedayu
Oannbix. JloMyCTUMBbIE YPOBHU DPaIHONIOMEX IpH-
BeneHsl B Tadi. 1.

Tab6numa 1
JonycTuMble YPOBHH paiHONOMeX
Table 1

Permissible levels of radio interference

YpoBeHns paguornomex, nb,
Ha yactore B MI'1g

2,1 | 1530 | 21

Bupg OIIC 153.0

Ha CTOsIHKE Ipyu ABUKCHUU

DIEeKTPOBO3:

IIOCTOSITHHOI'O TOKa

3 «B 45 18 58 30

HepEeMEHHOTr0 TOKa
25 KB 50 I' 46 26 60 46

HUcneimanus na snekmpomazHumHylo coemec-
MUMOCHb C PenbCo8biMU Yenamu. YPOBHH BIUS-
HUS anekTpoobopynoanust DIIC Ha penbcoBble
LENH U MyTeBble YCTPOUCTBA CUTHAJIM3AIMU OMpe-
JIeJIeHbI HOpMaM# O€30TaCHOCTH JJISl BCEX YacToT,
Ha KOTOpBIX paboTtaroT penbcoBbie menu (25, 50,
420, 480, 580, 720, 780, 4 545, 5000, 5555 I').
TpeboBannss mo OMC TOABMKHOTO COCTaBa
C penbcOBBIMH AaTdmkamMu B EBpocorose ompene-
nensl Hopmamu EN 50238:2003: Railway applica-
tions — Compatibility between rolling stock and
train detection systems, EN 50238:2003: Railway
applications — Compatibility between rolling stock
and train detection systems — Part 2: Compatibility
with track circuits.

M3mepenus MpoBOJST B OIIPENEICHHBIX JHaIa-
30HaX YacTOT, COOTBETCTBYIOLIMX YacTOTaM CHI-
HajbHOro Toka PII, mpum MakcumanbHOU TAroBOM
momrHocTH [IC BO BCeX JSKCIUTyaTalMOHHBIX pe-
JKUMax pabOThl DIEKTPOOOOPYIOBaHUS, MpPEAy-
CMOTpPEHHBIX TEXHHYECKOH IOKYMEHTAIHEH.
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Pa3nooOpa3ue cucreM  2IEeKTpOCHAOKEHUS,
CHUTrHaJIu3aliui MU CBsA3U B eBpOHeﬁCKHX CTpaHax
BBI3BIBAET HEOOXOIUMOCTh IMPOBEIECHUS HCIIBITA-
HUH s KaXJI0H CHCTEMBbI CUTHAJU3AIUU U DIIEK-
TpocHaOxenwus. [3, 4, 6, 15] Paspaborannsrii B Es-
pOCOI03€e HOBBIM CTaHAApT NMPHU3BaH YHUQUIMPO-
BaTh METOJMKY WCTBITAHWNA TMOJBHUXHOTO COCTaBa
Ha OMC c¢ penbCOBRIMH IemsiMH. B craHmaprte
ykazanbl orpanudeHus Ha Tok JIIC B 3aBucHMO-
cti ot tuna PIl u mMeronpl uamepeHuid i omnpe-
JIEJIeHUS! TTOKa3aTeNel dJIeKTPOMarHuTHOH COBMecC-
THMOCTH 3JIEKTPOIOJIBUKHOTO COCTaBa M PENIbCO-
BBIX IIETICH.

M3mepenust toka nomex B PI[ mpousBoast
B IIETIM CPETHEN TOUKH JApoccenb-TpanchopmaTopa
C TNOMOIIBI OSCKOHTAKTHOIO JaTdynKka Toka (Ka-
TYHIKH POrOBCKOT0), CHTHAT OT KOTOPOTO TOJAI0T
yepe3 menuTens Hanpsokenus Ha A (B Hamrem
ciydae ucmosb3oBaiics  12-paspsimabiii - ALIIT)
U PErUCTPUPYIOT HA MEPCOHAIBHOM KOMIIBIOTEpE
C COOTBETCTBYIOIIUM IPOTPaMMHBIM 00eCIIeYeHH-
em [2—4, 8, 17].

K orpaHudeHusM METOIUKH CIIEIYEeT OTHECTH
TO, YTO TOK TIOMEX B PEIhCOBOM JTMHUH U3MEpPSET-
csi B TEYEHHWE OTPAaHMYEHHOTO TEepHoia BpPEMEHHU
MCXKAY MOMCHTaMH BXOKIACHUSA T'OJIOBBI IIOC3/1a Ha
YYacTOK HEMOCPEICTBEHHO Tepesl TOUKOH h3Mepe-
HUS, B T€UYCHHE MPOE3/a MOoe3/la W yNaJICHUH ero
XBOCTa Ha PacCTOSHHE B HECKOJILKO MeTpoB. Or-
paHUYCHUS BBI3BAHBI TEM, YTO MO MEpE yIalICHUS
Moe3/1a OT TOYKH M3MEPEHHs TOK B PEIIbCOBOM JIU-
HUM YMEHBIIAETCS BCIIEJCTBHE CTEKaHUS ero
B 3€MJIIO, a TAaK)K€ pacTeKaHHs OT I0e3/1a B JBE
CTOPOHHI 10 PETbCOBOM JIMHUU U 3eMITE.

B nonosniHeHue K U3MEPEHUSIM B PEJILCOBOM JIH-
HUHW TPOBOAAT U3MCPCHUA TOKA IOMEX B CHUJIOBLIX
nensx OIIC. B stom ciiydae BO3MOXHA JJTUTEIIb-
Hasi PErucTpanys TATOBOTO TOKAa IMPH IBMKEHUHU
Moe3/ia ¢ peaju3alreld Bcex TpeOyeMbIX peXUMOB
BEJICHHSL. TokOBBIII  JaTUYMK  BKIIOYACTCS
B OOIIYIO TENh «3a3eMJICHUS» CHUIIOBOTO 000PY/I0-
Baamst DIIC, perucTparuio Toka IpOBOIIT aHAIIO-
TUYHO OIMCAHHOM BBIIIIE METOAUKE.

B pabGore mpeanmaraercss MeTOH, MPH KOTOPOM
PETUCTPHUPYIOT OJHOBPEMEHHO Psi/i TapaMeTpoB,
a MMEHHO: CETeBOW TOK JJIEKTPOIIOE37a, CUTHAJ
aBTOMATUYECKOW JIOKOMOTHUBHOW CHTHAJIM3AIINH,
CKOpPOCTb T10€3/1a, TIOJIOKEHNE PYKOATKA KOHTPOII-
Jiepa MaIIMHKCTA, a TAK)Ke OOPATHBIN TATOBBIA TOK
B PEJIbCOBOW JTMHHUU. AHAJIN3 U3MEPEHHBIX JaHHBIX

NPOM3BOJSIT C TIPUMEHEHHEM KOMIIBIOTEPHOTO
U (pusnueckoro moaenuposanwus. [1, 2, 13, 17].
CriekTpaJIbHBI  aHANU3 OOPaTHOTO TATOBOIO
TOKa TPOBOJSAT C MOMOIIBI0 MAaTEMATHYECKOTO Ma-
kera MatLab ¢ mpemsapurensHoi (puIBTpaIHeit
U3MEPEHHOTO TOKa JJIsi YCTPaHEHUs BBICOKOYAC-
TOTHBIX TIOMEX M C TOCJEAYIONIUM MPUMEHEHUEM
OnIcTporo peodpazoBanus Oypbe ¢ OKHOM XaHHA
¢ nepekpbitieM ~75—80 %. JlnuTenbHOCTh OKHA
XaHHa BBIOMPAIOT M0 MUHUMAJIBHOHW JJIUTEIILHO-
CTH TIOMEXH, CIIOCOOHOW BBI3BIBATH COOM B HOP-
MaJbHOM paboTe myTeBoro nmpueMuuka. [2, 11, 16].

Pe3yabTaTthl

Jus anpoOari METOAMKH W TIporpaMM o0pa-
OOTKH pe3yIbTAaTOB MPOBEICHBI M3MEPEHUS 00paTt-
HOTO TATOBOTO TOKa Jyisa Anekrponoe3na ¢ ATII na
y4acTKax C 3JEKTPOTATON MOCTOSHHOTO W Tiepe-
MEHHOTO TOKa. HekoTopble pe3ynbTaThl IpUBEeIESHBI
Hiwke. Ha puc. 1 mpuBeneHa BpeMeHHas 3aBUCH-
MOCTb ¥ CHEKTPAIbHBII COCTaB 00paTHOTO TATOBOTO
TOKa DIEKTPOINOe3/la C ACHHXPOHHBIM TATOBBIM
MIPUBOJIOM B PEXKUME TATH MpH HAOOpe CKOPOCTH A0
~ 140 xkm/4 Ha y4acTke ¢ mopeMoM ~ 5 %o.

a
L

| ] 1
400 1 J

AN

-400- -

23 46 B9 oz 115 t. mc

6)

Tosr, A

25
20
15+ | i
10
L | | )

600 700 £ Tu

o 100 200 300 400 500

Puc. 1. BpeMmeHHast 3aBHCUMOCTH (@) ¥ CTIEKTPaTbHBIH
cocras (6) 06paTHOTO TATOBOTO TOKA AIIEKTPOIIOE3/1a
B peXUMeE TSTH TIpu Habope ckopocTh 10 ~140 km/a

Fig. 1. Time dependence (a) and spectral composition
(b) of the reverse traction current of an electric train
in traction mode at a set rate to ~140 km/h

Kak BuaHO M3 puCyHKaA, B CIIEKTpe OOpaTHOTO
TATOBOT'O TOKAa MPUCYTCTBYIOT MOMEXHU C 4acTOTa-
MU, OJM3KUMHU K 4acTOTaM pabOThl PENIbCOBBIX Lie-
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neit 25, 480 u 580 I', mpuyeM ypoBeHb MOMEX
B moJsioce 4actoT ~25 'l 6:1M30K K OomacHOMY 3Ha-
4yeHuto, a B mojioce yactot ~480 [’y ypoBeHb mo-
MEXH KPAaTKOBPEMEHHO MPEBBIAT JOMYCTHMOES
3HAYCHHUE.

Ha puc. 2 npuBenen ¢pparMeHT BpeMEeHHOH 3a-
BUCHMOCTH M CIHEKTPAJLHBIA COCTaB OOpPATHOTO
TATOBOI'O TOKa 3JEKTPOIOe3/a C aCHHXPOHHBIM

Tabauna 2

Tok momMexu B peJIbCOBOM JTHHUHA

NPH YJIEKTPOTSATe MEPEMEHHOI0 TOKA

Table 2

The interference current in a rail line

with electric traction of AC

Makcu- Makcumasb-
TATOBBIM TIPUBOJIOM B PEXHME IKCTPEHHOTO TOP- MATBHO -
MokeHHs1 0e3 pekynepauuu ot ~140 km/4 Ha poB- qaCFTOTa’ ﬂ"aHaS(llﬂ JIOMYCTH- | M3MepeHHBIH
HOM y4acTKe. H Hacrot, L MBIH TOK TOK TTIOMEXH,
noMmexu, A A
a) [
Tore, A 25 21_29 1 1,41
10 l 420 408432 0,35 0,37
480 468-492 0,35 0,40
| i
0 580 568-592 0,35 0,55
| 720 708-732 0,35 0,12
10 [ !
Ml 780 768-792 0,35 0,52
20 | ] 4545 | 4508-4583 0,2 0,50
225 450 675 900t, mc
5000 | 4963-5038 0,2 0,15
[ 5555 | 5518-5593 0,2 0,13
l Tabnuma 3

2,0 ¢

10 - |

'ML-V W‘ r»«\.;«-'\wn "‘llla i .’f-U'L-JI""f I” 'l'} bl i rL o, ]

o 100 200 300 A0 |00 700 £,y

ol ||
[

Puc. 2. BpemeHHast 3aBUCUMOCTb (a) U CIIEKTPATbHBII
cocras (6) 06paTHOTO TATOBOTO TOKA AIIEKTPOIIOE3/1a
B PEXHUME IKCTPEHHOTO TOPMOXKEHHS

Fig. 2. Time dependence (a) and spectral composition
(b) of the reverse traction current of the electric train
at emergency braking mode

HecmoTpst Ha HeOomnbIMe 3HAUYEHHsI OOPATHOTO
tsiroporo Toka (~20 A) B cmekTtpe HabIromaNach
nmomexa ¢ gactoroir ~480 'y 1 ypoBHeM, IpeBbI-
IIAIOIIEM IPEIeNIbHO JOIMYCTUMOE 3HAUCHHE.

Ilocne 00pabOTKK pE3yNbTaTOB H3MEPCHHS
MoMeX TIpU JBIKEHHH 3JIEKTPOIIoe3ia BO BCeX pe-
’KUMax, MPeayCMOTPEHHBIX HOPMATHBHBIMH JIOKY-
MEHTaMH, MaKCUMaJIbHOE 3HAYCHUE TOKA TIOMEX Ha
94acToTax pabdOThl PENbCOBBIX LENel Al IEeKTPo-
TSATU TIEPEMEHHOTO U MOCTOSIHHOTO TOKAa CBEICHBI
B Ta0I. 2, 3.

Tox momexu B peﬂbCOBOﬁ JJUHHUH

MPHU 3JEKTPOTATre MOCTOAHHOTO TOKA

Table 3

The interference current in a rail line

with electric traction of DC

Makcu- Makcu-
tactom, | Jarason - | ST
MBII TOK TOK IIOMEXH,
nomexu, A A
25 21-29 1 0,39
50 46-54 1,3 0,10
420 408-432 0,35 0,42
480 468—-492 0,35 0,48
580 568—592 0,35 0,36
720 708-732 0,35 0,06
780 768—792 0,35 0,38
4545 4 508—4 583 0,2 0,12
5000 49635 038 0,2 0,30
5555 5518-5593 0,2 0,13
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HayuHnast HOBU3HA U IPaKTHYecKast
3HAYNUMOCTh

IpeanoxkeH METON W3MEPEHHS TOKa TOMEX
B TSTOBOW CETH, TEHEPHUPYEMBIX DIIEKTPOOOOPYI0-
BaaneM OIIC, KOTOpBI mpemmojiaraeT OIHOBpE-
MEHHYIO PETHCTPALMI0 CETEBOTO TOKA AJIEKTPOIIO-
€3/1a, CHrHajla aBTOMATUYECKOH JIOKOMOTHBHOM
CUTHAJIM3aI[H, CKOPOCTH TI0€3]1a, MOJIOXKEHHS Py-
KOSITKH KOHTpPOJIIEpA MAITMHUCTA, a TakKe obpar-
HOTO TATOBOTO TOKA B PEJIbCOBOM JMHHM MPH TPO-
€371 Moe3/ia M0 U3MEPUTENFHOMY YYacTKy ¢ Mociie-
IIYIOIIEH KOMITBbIOTEPHON 00pabOTKOW pe3y/IbTaToB
U C IPUMCHEHHEM KOMITBIOTEPHOTO U (DPU3HUECKOTO
MOJICTTUPOBAHUSL.

BriBOALI

IIpoBeneH aHanM3 HOPM M METOJOB M3MEPEHUI
AIIEKTPOMATHUTHBIX MTOMEX, CO3/IaBAEMBIX JJIEKTPO-
000pyI0BaHNEM HOBBIX THIIOB TOABIKHOTO COCTa-
Ba IPH DJIEKTPOTATE MEPEMEHHOIO M MOCTOSHHOTO
TOKa B COOTBETCTBMM C HOPMAaTHBHBIMHU JIOKYMEH-
TaMHu, IPUHITHIMA B YKpanHe u EBpocorose.

bosnpmroe pasHooOpazme CHCTEM JIIEKTPOCHAO-
JKEHHS, CUTHAIM3allMM W CBS3M B E€BPOINEHCKUX
CTpaHax BBI3BIBAET HEOOXOTUMOCTH IPOBEICHUS
HCIBITAHUN B KaXXJOW CTpaHe OTAEIBHO, C YYETOM
0COOEHHOCTEH HCIIONB3yEeMBIX B HEM TEXHHMUECKHX
CHCTEM, YTO 3HAUUTEIbHO YBEINYMBAET CTOMMOCTH
BHE/IPEHUSI HOBBIX THIIOB IIOJBMKHOTO COCTaBa.
OCo0eHHO 3TO OTHOCHUTCS K MCIIBITAHUIO BO3/ICHCT-
Bus OMII Ha penbcoBble IyTeBble HaTUMKU. Paspa-
OotanHbIi B EBpOCOIO3€ HOBBIM CTaHIApT NMpU3BaH
YHH(PHAITIPOBATH METOJIUKY WCTBITAHUI TTOIBHKHO-
ro coctaBa Ha OMC ¢ penbCOBBIMH HETSIMU.

Pemmenne mpoOraeMbl MPUMEHUMOCTH pe3yJbTa-
ToB wmcmbeiTanuit OIIC Kk IpyruM HaIMOHATBHBEIM
CHCTEMaM CHTHAJIHM3alliy U CBA3M BO3MOXKHO ITyTEM
MIPUMEHEHUS PACIIMPEHHOW METOJVKH H3MEpPEHUN
TOKa TIOMEX B TATOBOW CETH, TeHEPHPYEMBIX 3JIeK-
TpoobopyaoBanueM DIIC ¢ mocnenyromield KoMITb-
I0TEpHOI 00pabOTKON pe3yIbTaToOB U IPUMEHEHUEM
KOMITBIOTEPHOTO U (PH3MYECKOTO MOIEITMPOBAHHS.

Pazpabotan MeTom W METOAMKA WCITBITAHUH
MOJBIKHOTO COCTaBa Ha DJIEKTPOMArHUTHYIO CO-
BMECTHMOCTH C PETbCOBBIMH HETISIMU.

[Ipemmoxxennass MeToauKa ampoOWpoBaHa MPH
ucnbITaHusIX HOBBIX TUNOB OIIC ¢ acHHXpPOHHBIM
TSTOBBIM JIBUTATEJIEM.
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BUITPOBYBAHHS HOBUX THUIIIB PYXOMOI'O CKJIAQY
HA EJIEKTPOMATHITHY CYMICHOCTD I3 TIPUCTPOSAMU
CUTHAJI3ZALIL TA 3B’SI3KY

Meta. B poboTi mepenbadaeThCsi TPOBEACHHS MOPIBHSUIBHOTO aHANi3y HOPM 1 METOIIB BHUMIPIOBAaHB EIIEKT-
POMArHIiTHHX 3aBajj, L0 CTBOPIOIOTHCS €JIEKTPOYCTATKyBaHHAM HOBHX THIIIB PyXOMOTO CKJIamy IPH €JIeKTPOT3i
3MIHHOTO Ta IOCTIHHOTO CTPYMY Y BiIIOBITHOCTI JO HOPMAaTHBHUX JOKYMEHTIB, IPUHHATUX B YKpaiHi Ta €Bpoco-
1031. HeoOxilHUM € Takok po3poOKa Ha Iiif OCHOBI METOy BUMIPIOBaHb CTPYMY IMEPEIIKOJ] Y TATOBIH Mepexi, 110
TCHEePYIOThCS CIEKTPOYCTaTKyBaHHAM enekrpopyxomoro ckiany (EPC). Bin Moxe 3acTocoByBaTuCs Uil BUIPOOY-
BaHb HOBHX THIIIB PyXOMOTO CKJIaJly Ha €JIEKTPOMArHiTHy CyMIiCHICTb i3 PI3HUMH CHCTEMaMH 3aJi3HUYHOI CHTHAJIi-
3anii. MeToanka. 3anporOHOBaHO METOANKY BHITPOOYBaHb, IO BKIIIOYAE BUMIPIOBaHHS SIK y cmiioBux Koiax EPC,
TaK 1 B KOJIHHHUX MPUCTPOSIX cucTeM curHaiizanii. PesyasTarn. [IpoBeneHo ananiz HOpM i METOXIB BUIIPOOYBaHb
PYXOMOTO CKJIaIy Ha eJEeKTPOMArHITHY CYMICHICTb i3 peiikoBumu koimamu (PK). BeranosieHo, 1m0 BelMka pisHOMa-
HITHICTH CHCTEM E€JIEKTPOIIOCTAa4YaHHs, CHUTHANI3AMii Ta 3B 3Ky B €BPOICHCHKUX KpaiHaX BUKIHKAE€ HEOOXiIHICTH
NPOBEJICHHs BUNIPOOYBaHb HOBHX THIIB SJIEKTPOPYXOMOTO CKJIAJy Ha €JIeKTPOMArHiTHY CYMICHICTB i3 peHKOBHMH
JATYUKaMH B KOXKHIM KpaiHi OKpeMo, 3 ypaxyBaHHSM OCOONHMBOCTEH KOXKHOI i3 cucteM. lle 3HagHO 30inbIIy€E Bap-
TICTh BIPOBAHKEHHS HOBUX THIIB pyXOMOTo ckiaay. Po3pobiieno metox BunpodyBans EPC va EMC i3 peiikoBumu
KOJIaMH, IO BKJIIOYA€ BUMIPIOBaHHS K y cHioBuX Kojlax EPC, Tak i B KOMIMHUX NPUCTPOSX CHCTEM CHTHAJi3aIlil.
[IpoBeneHO BUMIPIOBaHHS y BiJIOBITHOCTI 3 3alpPOMOHOBAHOK METOAMKOI aisi EPC i3 acHHXpPOHHMM TSITOBHM
MIPUBOJIOM TIPH PYCi MO AUISHKAX, eNeKTPU(IKOBAHUX HA MOCTIHHOMY Ta 3MIHHOMY CTpyMi. Bu3HaueHO 3HaueHHs
CTpYMY 3aBaJl Y PeHKOBHX KoJiaX JJIs BCiX yacTtoT curHaneHoro ctpymy PK. [lokaszaHo, o mpu Aeskux pexumax
BEJICHHS 11013712 CTPYM IIEPEIIKO]] MEPEBHIIYE JOMyCcTUMI 3Ha4eHHs. HaykoBa HOBH3HA. 3allpOIIOHOBAHO METOJ
BUMIPIOBaHb CTPYMY IEPEIIKOJ] Y TATOBIH Mepexi, 110 TeHepyIoThes enekTpoycTatkyBanHsM EPC. Meron 3ymoB-
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JIFO€ OHOYACHY PEECTPALI0 MEPEXKEBOT0 CTPYMY €JICKTPOINOi3[a, CUTHATY aBTOMAaTHYHOI JIOKOMOTHBHOI CHUTHAII-
3amii, TIBUAKOCTI MOi3[a, TON0KEHHS PYKOSTKH KOHTpOJIepa MAaIlIMHICTa. A TakoX 3BOPOTHOTO TSTOBOTO CTPYMY
B PEUKOBI JiHIT IPH MPOi3/i MOi3a M0 BUMIPIOBAIBHIN IUTBHUII 3 TTOAAJIBIIOI0 KOMIT FOTEPHOI0 00pOOKOIO pe3yiib-
TaTiB 1 3aCTOCYBaHHAM KOMII'IOTEpHOTO Ta (izuuHOro MojenmoBanHs. [IpakTuuna 3HaymMmicTh. Bukopucranus
PO3pO0IEHOT METOIMKH Mi/IBUILYE IOCTOBIPHICTh BUIIPOOYBaHb Ta 3HWIKYE BUTPATH HA 1X ITPOBEIICHHS.

Kniouosi crosa: eneKTpopyxOMUi CKIIaI; eIeKTPOMarHiTHa CyMiCHICTh; pEeHKOBI KoJia
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TESTING NEW TYPES OF ROLLING STOCK
FOR ELECTROMAGNETIC COMPATIBILITY WITH SIGNALING
AND COMMUNICATION DEVICES

Purpose. In the paper there is the comparative analysis of standards and methods of measurements of electro-
magnetic interference, those are caused by electrical equipment of new types of rolling stock with AC and DC-
current electric traction in accordance with the normative documents are adopted in Ukraine and the EU. The devel-
opment on this basis the measuring method of current interference in traction network, generated by the electrical
equipment of electric rolling stock (ERS) applicable to testing the new types of rolling stock for electromagnetic
compatibility (EMC) with different systems of railway signaling is also needed. Methodology. The testing method
has been offered. It includes measurements in power circuits of rolling stock, as well as in track devices of signaliza-
tion systems. Findings. Norms and methods tests of a rolling stock on electromagnetic compatibility with track cir-
cuits (TC) were analyzed. It was found that a large variety of electricity supply systems, signalization and link in
Europe makes it necessary to test new types of electric rolling stock for electromagnetic compatibility with pick up
unit in each country separately, taking into account the features used in its systems. It is greatly increases the cost of
introducing new types of rolling stock. The test method of electric rolling stock EMC with track circuits has been
developed,; it includes measurement in power circuits of rolling stock, as well as in track devices of signalization
systems. Measurements in accordance with the proposed methodology for electric rolling stock with asynchronous
traction drive when driving on sections electrified at AC and DC have been carried out. The values of the interfer-
ence current in track circuit to all the frequencies of the signal current have been defined. It is shown that under
some modes of the train the interference current exceed the permissible values. Originality. The method for measur-
ing interference current generated by rolling stock electrical equipment in the traction network was offered. The
method assumes the simultaneous recording of the network current of electric train, automatic locomotive signaling
current, train’s speed, driver's controller handle position and reverse traction current in a track line when trains pass-
ing over the measuring section with subsequent computer processing results, computer and physical simulations.
Practical value. Using of the developed method improves the accuracy of the tests and reduces their cost.

Keywords: electric rolling stock; electromagnetic compatibility; track circuits
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PO3BUTOK 3AJI3BHUYHOI'O TYPU3MY B YKPAIHI SIK 3ACOBY
OPTAHIBALII JOCTYIIHOTI'O BIAITIOYUHKY

Meta. Y BHCOKOpPO3BHHEHUX KpaiHaX BEIHMKOIO MOMYJSPHICTIO KOPHUCTYETHCA 3aTI3HUYHHHA TYPHU3M, 3aBISKH
SKOMY TYPUCTH MOXYTh KOM(OPTHO Ta B MeXaX CBOIX (hiHAHCOBMX MOXKJIMBOCTEH MOIOPOXKYBATH CBITOM. YKpaiHa
3IITOBXHYJIACS 3 NPOOJIEMaMHU CYTTEBOTO 3HMKECHHS OOCSTIB TypHCTHYHMX IIOTOKIB, CTapiHHS OCHOBHUX (DOHIB,
BIJICYTHOCTI 1HBECTHI[ii1 HAa TX OHOBJICHHS, 3HI)KCHHsI 00CSITIB MACAKUPCHKUX TICPEBE3CHb, PI3KOT0 MaiHHS JOXO/IIB
rpoMajasH. Mera cTarTi monsArae B OOIPYHTYBaHHI HEOOXiZHOCTI PO3BUTKY 3aJi3HWYHOIO TypU3My B YKpaiHi.
Metoauka. TeopeTHyHy Ta METOJOJIOTIYHY OCHOBY HAyKOBOTO JOCIHI/DKEHHS CTAaHOBJIATH aHaji3 Ipoliem
3a0e3nedeHHs] KOHKYPEHTOCIIPOMOXHOCTI TyPHCTHYHOI rajy3i y cepi nacaXMpchKuX 3alli3HUYHHUX NEpeBE3CHb Ta
TEOPETHYHI TOJOXKCHHS EKOHOMIYHOI HAyKH B Taimy3i e(eKTHBHOCTI 3aJi3HHYHOTO TYpU3My U yIIpaBIiHHS
TYPUCTUYHHMH IOTOKaMH. ABTOpaMH 3alPONIOHOBAHO HANPSIMKH BIPOBAJDKEHHS HOBHUX IMOCIYT y cdepi TypH3My,
YOpaBIiHHS TYPUCTUIHAMH ITOTOKAMH, SKi BiIPI3HAIOTHCA BiJl iICHYIOUHX PO3IMIUPEHHSAM cepH IMOCIyT TYpUCTaM Ha
Tepuropii YKpaiHH. AKIEHTOBaHa yBara W Ha PO3BUTKY BHYTPIIIHBOTO 3aNi3HHYHOTO Typu3Mmy. Pe3yabraTh.
VY pesynpTaTi BUKOHAHHS MTOCTaBICHUX 3aBlIaHh MAIOTh OyTH JOCATHYTI HACTYITHI PE3yIbTATH: MiABUIICHHS IMIIKY
YKpalHCBKUX 3aJi3HHIb; CTBOPEHHS MPHUBAOIMBOTO iHBECTUIIIITHOTO KIIIMATy IS IIMPOKOTO 3ATyYeHHsI i1HBECTHUITI
Yy  PO3BUTOK TYPUCTHYHOI, IH)KEHEPHO-TPAHCIIOPTHOI Ta KOMYHaIbHOI 1H(PACTPYKTYp;  IMiJBHILIECHHS
Oc3meKky TYpHCTIB;, 3a0e3ledeHHS I€EBOr0 3axKCTy IXHIX NpaB, 3aKOHHHMX IHTEpeCiB 1 30epeKeHHS MaiiHa.
HaykoBa HoBH3HA. ABTOpaMu OOIPYHTOBAHO HEOOXIAHICTH 1 MOXIIMBOCTI OpraHi3aiil 3ai3HUYHOTO TYpH3My Ha
TepuTopii YKpalHM 3 ypaXyBaHHSAM JOCBily 3apyODKHUX pO3BMHEHHMX KpaiH. IIpakTHYHA 3HAYMMICTB.
JlocnigHuKaMy HaBe[EHO TEOPETHYHE y3arajbHEHHS I HOBE BHpILIEHHS HAyKOBOI 3ajadi. BoHa BHsBIAETHCS
B PO3poOLli TEOPETUYHUX 1 METOJNOJOIIYHMX MIAXOIIB MIOJ0 HEOOXiJHOCTI PO3BUTKY 3aJII3HUYHOTO TYpU3MY.
PanioHanpHO 3acTOCOBaHI 3axXOAW 3a 3alPOIIOHOBAaHMMH aBTOPAMH HANPSAMKAMH YHPABIIHHS TYPUCTUYHHMH
TOTOKaMH JIO3BOJIATH CYTTEBO MiIBUIINTH HAIXODKEHHS 10 OFOJDKETY KpalHH BiJl BHYTPILIHBOTO TYPU3MY.

Kniouosi crosa: TypusMm; 3alli3HUUHUN TYpU3M; TYPUCTHYHHH MOTIK; TYPUCTUYHHH MapIupyT; 3aJli3HUYHUN Typ

Beryn 6mm3pko 300 miH oci0. Bxe na mouatky 21 cro-
JTTSA TYpU3M, BIAMOBIIHO JO OOCATIB TOXOIB,
MOCIB TpETE Micle cepesl MPOBIAHUX Tany3el eKo-
HOMIKH. 3a TaHWUMH BCEeCBITHBOI TypHCTHYIHOI Op-
ranizauii (BTO), Ha Typu3m npunanae npudIn3HO
10 % BuUpPOOIEHOTrO y CBiTI BAJOBOTO MPOAYKTY,

Typr3M BBaXKa€ThCS OTHIEIO 3 HAMBAKIUBIIIAX
raimyseil eKOHOMI4HOI Ta colianbHOI chepu po3BuU-
HEHUX KpaiH. Po3BuTOK Typm3aMy HaOyBae Bce Oi-
JBIIUX TEMITiB, MAIOYM 3HAYHWI BIUIMB Ha TpaHC-
nopT. B TypucTHHIii ramy3i Ha CHOT'OJHI TPAIIOE
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30 % cBitoBOi TOpTiBMI MMOCITyramMu, /7 % CBITOBUX
KalliTaloBKIaAeHb. B kpaiHax, ie Typu3M aKTHUBHO
posBuBaetbest (Typuist, Iperist, CIHIA, Innonesis,
Taimanm, €rumer Ta iH.), OCHOBHA YacTKa JOXOJIB
CTaHOBHUTH CaMme BiJ TYPUCTHYHOI AiIsTBHOCTI. 3a
2014 pix mOX0mH BiJ CBITOBOI TYPHUCTHUYHOI TaiTy3i
cxnamu $ 1,5 tpiu [6].

B VYkpaini TypusMy HIiKOJIM HE TNPUAISUIN JO-
CTaTHRO yBard. AJle X camMe B Halmi KpaiHi
€ rOoKa icTOpisd, maM’ ITKH KyJbTypH, sIKi Oe3y-
MOBHO MOXYTb OyTH I[IKaBUMHU SIK IUI1 THX, XTO
MpoXKBa€ B YKpaiHi, Tak 1 IS iHO3EMILIB.

Binomo, mo 3a nepion 2014 poxy Ykpainy Bia-
Bifamu 6m3bko 12,7 MJIH TypHCTIB (BiAIOBITHO 10
MOIIEPEAHBOT0 POKY TMOTIK TYPUCTIB, IKHH CKIIaJaB
24,7 MJIH YOJIOBIK, 3MEHIIMBCS BJBiYl), a KUIBKICTh
VKpaiHIliB, SKI BHDKIKAIM 33 KOPIOH CKJIAaB
22,4 mnH 4yonoBiK. B ocHOBHOMY, IIepeBaskHY 4ac-
THHY TIPUIKIPKAIOUAX CKIIaaloTh TypucTd 3 Pocii,
Binopyci, Monnosu, Yropuwau, [Tomsmii ta Cro-
BauynHU. [1{06 akTHBi3yBaTH Ipolec 3alydeHHS
TypHUCTIB 10 YKpaiHu, B il cTAaTTi aBTOPHU MPOIIO-
HYIOTh 3BEpHYTH OCOOJHMBY yBary Ha pPO3BUTOK
3TI3HUYHOTO TYpU3MY.

Lle#t Bun Typusmy po3BuHeHuid B Mekcui, Hop-
Berii, [unii, Tamonesii, Kanani, [IBefinapii, Adpu,
ABgcrpauii, @paHirii Ta iHmmx kpainax [10].

BBaxkaeMo, 110 TypH3M 1 TpaHCHOPT TiCHO B3a-
€MOTIOB sI3aHi. AJDKe caMe TYpU3M CTaB HACIIIKOM
PO3BHTKY TpaHcropTy. ToMy yKpaiHCHKi 3alTi3HUII
BiJIITpAlOTh BXKJIMBY POJIb B PO3BUTKY HaIliOHAIb-
HOTO Ta MIKHapOAHOTO TYPUCTUYHOTO PUHKY. SIKi
MepeBard Juisl 3alli3HUIi? 3aly4eHHs J0JaTKOBUX
KOIITIB, 30UTBIIEHHS TACAXUPOIOTOKY, ITi/IBH-
IIeHHA IMIJDKY KpaiHH.

OxpeMi MUTaHHS IIOAO OpraHizamii TypucTHY-
HOI MisUTBHOCTI Ta TYPUCTHYHHUX IMOAOPOKEH PO3-
TIITHYTO Y POOOTax BiJOMHX BITYM3HSHUX BUCHHX:
B. I. [lubyxa, A. II. lyposuua, A. C. Komanena,
M. II. Manscekoi, FO. K. Uepenniuenko Ta 3akop-
nonHux BueHux — P. barnepa, X. Kima, H. Jleiine-
pa, C. Memrika Ta iH. BoHn BuBYamu mpobiaemMu
BIIPOBA/KCHHSI TYPUCTUYHUX MOI3IB Ha 3alli3HU-
51X, MOXKIIMBOCTI POCTY MPHOYTKOBOCTI ITaca)wup-
CBKOTO TOCIIO/IAPCTBA 32 PaXYHOK PO3BUTKY 3ai3-
HUYHOT'O TYPU3MY.

MeTtoanka

HalironoBHimnow mpo0ieMor, M0 CTPUMYE
PO3BUTOK TYPHCTUYHUX TEPEBE3CHb 3aNII3HHUIISIMU
Ykpaian, € BiFICYTHICTH CIEIIaJbHOTO PyXOMOTO

CKJIaqy Ta HAJECKHOI TYPHUCTHYHOI 1HPPACTPYKTY-
pu. KpiM 1iporo noTpiOHi 1ie ¥ 3Ha4YHI KaIliTaabHi
BKJIaJicHHS (1HBECTHIIIT) B PO3BUTOK I[bOTO CEKTOPY
PUHKY. A OCKUTBKH YKpP3aJi3HHIS HE Ma€ TaKHUX
KOIUTIB, TO i mpoOieMa 3aJMIIAEThC HEeBHpille-
Hoto. Take ckiangHe GiHAHCOBE CTAHOBHIINE, B KO-
MY 3HaXOJUTbCS 3alTi3HHYHHN TPAHCIOPT, MOTpe-
Oye HOBHX TOIITYKiB OTPUMAaHHS JOXOJIiB BiJ JTo/1a-
TKOBHUX JDKEpPET — PO3IMIMPEHHS CBOEI MisUTEHOCTI.
Tomy s auBepcudikamii rocroaapcbkoi Misuib-
HOCTI 3aJ1i3HHIb TPOTIOHYETHCS OPTaHi30BYBATH Ta
PO3BUBATH 3ai3HUYHHI TypHu3M [2].

OkpeMHM TMHUTaHHSIM MOXHA ITOCTaBUTH TPO-
OmeMmy Hectaui KBali()iKOBaHMX KaApiB B Taly3i
TYypU3MY, & TaKOX HEIOCKOHANICTh 3aKOHOJIABUOI
0a3u mom0 (QYHKIIOHYBaHHS TYPHUCTHYHOI Taiys3i
B IILIIOMY.

Meta

MeTor IOCHiIKEeHb aBTOPIB € OOIpyHTYBaHHS
HEOOXITHOCTI 1 MOXIJIMBOCTI OpraHi3alii 3aTi3Huy-
HOT'O TYpH3My Ha TepuTOpii YKpaiHu 3 ypaxyBaH-
HSIM JIOCBiAy 3apyOi’KHUX PO3BUHEHUX KpaiH.

PesyibTarn

3ai3HAYHI TOJOPOXKI € TOMYJISIPHHM BHIIOM
BIJIIIOYMHKY 32 KOPAOHOM. [IpUXUIbHUKAMH LBOTO
BUIY TYpH3My BBQXKalOTbCS HIMIN, AaHTJINIII,
MIIBEHTIAPIII.

3aranom, 3ai3HUYHUN TYpHU3M — II€ MOAO0POXK,
10 3OIMCHIOETHCS MO 3aji3HUINI Ha CIeliaiai3oBa-
HOMY 3aJTi3HHYHOMY TPaHCIOPTHOMY 3aco0i (i3u-
YHUMH OCO0aMM TPHBAIICTIO Bifg 24 romuH 10
1 poky, a6o meHme 24 TOAWH, ajlie¢ 3 HOYIBJICHO
3 03[0POBUOK, ITi3HABANBHOW, MpodeciiiHo-
IIJTOBOIO,  pETiTiifHOI0 Ta  IHIIOK  METOIO,
HE NOB’S3aHOI0 3 OIUIAYYBAHOO JTisUIBHICTIO [7].

3ai3HUYHUN TypU3M IOYaB PO3BUBATHUCS IIIE
B XIX cr., komu Tomac Kyk Bmepie opraHizyBaB
nomopox 580 amrmiiiiie 3 Jlectepa no Jlapoopo
(Awnrmis). Ieit Bux TypusMmy i Ha ChOTOJHI 3aJH-
MIAETHCSI OTHUM 13 OCHOBHHUX 1 HAHTIPHOYTKOBIITHX
BUJIIB TPAHCIIOPTHOTO TypH3My B CBiTi [1].

OCHOBHMMH TIepeBaraMi 3aji3HUYHOTO TPaHC-
MOPTY, TOPIBHSIHO 3 aBialiifHUM Ta aBTOMOOLITb-
HUM, € HaJilHICTh, Oe31eKka, MpuBadIMBa BapTiCTh,
BHCOKa ILIBUIKICTH, HE3aJIEKHICTh Bij IOTOLHHUX
YMOB, a HAaWTOJIOBHIIIE — CYMIIICHHS BiAIOYHHKY
Ta mepecyBaHHsI.
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Jiga TypuCTHYHOI MOIOPOKiI BUKOPUCTOBYIOTh-
csl crmemiajbHI TYPUCTHYHO-EKCKYpCilHI MOi3aH,
AKI MOXYTh CIY’KUTH BOAHOYAC SIK 3aCO00M mepe-
CyBaHHS, TaK 1 MiCIIEM TIPOKUBAHHS.

B VkpaiHi uet Bua TypusMy mo4yaB pO3BHBATH-
csa me B mepion icayBanHs CPCP. LlentpanbHor0
pamoro 3 Typusmy B 1960-x pokax Oyju opratiso-
BaHi Iepmi MoJopoXi Ha JalbHIX TYPUCTCHKO-
EKCKYPCIMHUX T0i3/1aX, SKi BIAPI3HSIIUCS BiJ] 3aKO-
PAOHHUX HU3BKUM piBHEM KOMQOPTHOCTI Ta MOpi-
BHSIHO MaJld HU3bKY IIiHY, aj¢ Ha TOH 4ac o0cCiy-
roByBasi Bxke Oinbie 2 000 wonosik [9]. Bemuky
MOIYJISIPHICTh MaJIM KOPOTKOYACHI 0370pPOBYi Ma-
PIHIPYTH — T1€ To13au «310poB’s» Ta «[ puOHUK».

Ha cporogni ykpaiHCBKi 3aii3HHII MaloOTh 3a-
HenOaHy iHQpacTpyKTypy. BijbmicTs macaxxupch-
KOTO PYXOMOTO CKJIally HE BIAINOBIa€ CYyYacCHUM
BUMOT'aM 3 TOYKH 30py KoM(OopTy, TOMY AJsl Kap-
JIMHAILHOTO WOTO BiJHOBJICHHS BKpail HEOOXiTHO
3ay4YdTH 3a JIOTIOMOTOI0 JEpXKaBHUX Iporpam
BHYTPIIIHIX Ta 30BHIITHIX IHBECTOPIB.

Jns pi3HOTpUBAIMX TYPUCTHYHMX MapLIPYTIB
HEOOXiZIHO MiAroTyBaTH PYyXOMHH ITacakKUPCHKUH
CKJIaJT 3 BIATIOBIAHUMH YMOBaMH. 3aJI€KHO Bij] Kiia-
cudikamii BUAiB Typu3My BHIUISIOTH TaKi BHIH 3a-
J3HUYHOTO Typu3Mmy [5]:

1. 3a gyacom:

—  OJHOJCHHHMH (EKCKypCiitHuil);

— KoporkouacHuii (2—3 aHi). B mpoMy KOH-
TEKCTI MOXKHA 3alporoHyBaTH Mapmpytu: Kui—
JIeBiB,  JminpomerpoBcrk—JIpBiB,  JlHITpOoIeT-
poBcek—KuiB, [IHinponerpoBchk—3akapnarts, Ku-
iB—Kam’ suens-IloginbCceknil Ta M.

—  Oararomennuii (Big 3 auiB). Taki Typu Ire-
pendavyaroTh  TPUBAIMH  4Yac  3HAXOJDKEHHS
B JIOpO3i SIK B HiYHWU, Tak i B jaeHHUH yac. [1lo0
MacaXUpH HE CTOMIIIOBAJIHUCS, TYPIOi3[ MOBHHEH
3HAXOJUTHCS B JIOPO3i He Oljbllle MIBTOPU JOOH.
B Takux BUmajgKax MOBMHHI NepeadadaTHcsi KOpo-
TKOYACHI 3yNUHKH B JIiCi, B ropax, Oumst o3epa. Tyt
MOYKHA 3aITPOIIOHYBATH Taki MapmipyT. JIHIIporer-
poBcbk—KuiB—JIpBiB—3akap-naTTsi—/IHINPONeTpOBChK;
Juinponerposcbk—Oe-ca—Y Manb—Kuip—/{ninponer-
POBCBK; Oneca—Kwuis—JInBiB—Kam’ stHe1b-1 oims-
ceknii—YMans—Oneca Ta iH.

2. 3a TepuTOpiaTbHOIO MPUHAIEKHICTIO!

—  MbKHapogHUH (TMOIOPOX TEpUTOpIErO Jie-
KUIBKOX KpaiH). B mpoMy BHIaaKy MOKHa 3ampo-
MOHYBATH TNOI3AKY, AKka Oyne 37AiliCHEHa N0 TaKuX
kpaiH: Ykpaina—Ilonema-JlurBa—binopyce—Ykpa-

ina, VYkpaina—Ilonsma—HimMeuunna—PymyHis—Yk-
paiHa Ta iH.;

— B paMKax KpaiHU (IIOZOpOXK TEPUTOPIErO
oHi€el KpaiHm);

— B pamKkax ojHiel 3amisamii (MOJIOpoX Te-
pUTOpi€r0 ONHIET KpaiHN B paMKax OJHI€T 3aIi3HH-
Imi).

3. 3a uinsamu:

—  Ti3HaBaJbHUH — TYPH 3a PI3HOIO Mi3HAaBa-
JBHOIO TeMaTukoro (icTopis, niTeparypa, (OIbK-
JIOP TOIIIO);

—  JIKyBaJIbHO-O3JI0OPOBYMI — BKJIIOYAE CaHa-
TOPHO-KYPOPTHE O37I0POBJICHHS (IIOJIOBUHY Yacy
3aiiMaroTh JIIKyBaJIbHO-03I0POBYI IIPOIELYPH);

— mpodeciiHO-HaBYAIbHUN — TYPH 3 METOIO
ydacTi y TMpe3eHTalisx, KOHIpecax, CeMiHapax,
TpeHiHTax Tomo. EKCKypciliHa, coriaibHa i KyJb-
TypHa MPOTpaMH B TaKUX Typax OyIyIOThCs, BHXO-
JS19U 3 pO3Kiany npogeciiiHo-HaBYANbHUX 3aX0M1B
1 BUIBHOTO Yacy, M0 3aJIHIITNBCH;

—  HaykoBHii (KOH(EPEHII-TYPH3M) — TYPH3M,
METOIO SIKOTO € y4acTh y KOH(epeHLisX, Hapaaax
Tomo. SIK 1 B monepeHLOMY BUJII TYpU3MY IPHUCY-
THS KyJIbTypHA IIpOrpama.

4. 3a Cce30HHICTIO!

—  ce30HHHH (MOZOPOXKI B Yac MIKOBUX HaBa-
HTQ)XEHb 3aJII3HUYHOTO TPAHCIIOPTY);

—  MiXKce30HHHH (IIOZOPOX B 4ac cramy Io-
NHTY Ha 3QJ1I3HUYHI aCAKUPCHKI EPEBE3CHHS).

5. 3a tumom moOym0BU MapmIpyTy:

—  NiHiAHME (3 BigBiZyBaHHAM OJHOTO abo
KIJIbKOX MYHKTIB, SIKi 3HAXOAATHCS Ha TPaci, OKpiM
IIOYaTKOBOI'0);

—  pamianeHi, abo crarionapHi (3 BixBigyBaH-
HSIM OJIHOTO ITyHKTY Ha MapIipyTi);

—  KimbleBi (31 30iroM TOYOK MOYATKY i KiHIL
MapIIpyTy Ta BiBiIyBaHHSIM KiJTbKOX ITyHKTIB Ha
MapIIpyTi).

6. 3a MOBHOTOIO TYPUCTHYHOTO OOCITYTOBYBaH-
HSL.

—  KOMIUIEKCHE OOCITyTOBYBaHHS 3aTi3HIIHAM
TPAHCIIOPTOM: BJIACHUI PYXOMHIA CKJIaj, BJIacHa Ma-
TepianbHa 0a3a TypHCTUUHOI iH(pacTpyKTypu 3ami3-
auIth (roTeni, Kade TOIo), HaJaHHs OKPEMIX ITOCITYT
eKCKYpCIHHOTO XapakTepy;

—  TapTHepChKE CHiBPOOITHULTBO: CIIBPOOIT-
HHIITBO 3QJTII3HUYHOTO TPAHCIIOPTY 3 IHIIMMH Olepa-
TOpaM¥ 3 IPUBOJTY HAJaHHSI OKPEMHUX MOCIYT i 4ac
¢dopMmyBaHHS Ta 3AIHCHEHHS 3aTi3HUYHOTO TYpY
(poamimeHns  (MiHi-roTeni), XapuyBaHHs (BaroH-
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pecTopaH), eKCKypCiiiHi mociyru (s iHO3EMIIiB
MPOTOHYBAaTUMYThCSI €KCKYpCii Ha iHO3EMHOIO MO-
BOIO) TOIIO);

—  00CIyroByBaHHS IHITIMIMH OTlepaTOpaMH. Ha-
JaHHS PYXOMOTO CKJIaJy, HaJIaHHS TIOCTYT HEepyXo-
Moi iH(PACTPYKTYpH, OKpeMe 0OCITyrOBYBaHHS 3aJTi-
3HUYHOTO TPAHCIIOPTY — BHUIUICHHS HHUTKU Tpadika,
HaJaHHs JIOKOMOTHBHOI Tsird, TO Ta ekimipyBaHHS
PYXOMOTO CKJIay TOLIO.

7. 3acTyneHeM KOHLEHTpaIlii TacaKupiB:

—  MOJOPOXK TYPUCTHYHHUM TIOi370M ((opmy-
BaHHS OKPEMOI'0 TYPHCTHYHOIO MOi3Aa, SKWil mps-
My€ OKPEMHM BJacHMM TpadikoM i pO3KIagoM 3a
HEBHUM MapiipyToM). MU MponoHyeMo mepeobiia-
HAaTW CHeLiali30BaHi Typroi3na B pi3Hi cTwii. Ha-
NPUKIa[, I0i3]] B €THO-CTHJIi, PETPO-CTHI,

— TIOJOPOXK B TYPHCTUYHOMY BaroHi 3a po3-
KIAJOM  TaCa)XHUPCBKOTO  MOi3my  (3ueruieHHs
3 MacaXUPCHKUM N01370M). MOXJIMBa 1 Taka Oprai-
3aIlist eKCKypcii, ane TyT MOTpiOHO Ie BKIFOYUTH
B JIOTiCTHUHY CXEMYy BHKOPHCTAHHS aBTOOYCiB, OpoO-
HIOBaHHS TOTENIB, a 116 MO)KE 3HaYHO BIUIMHYTH Ha
BapTICTh MOJIOPOXKI.

8. 3a muxmivHicTIO!

—  BWIIQJIKOBHI — OpraHi3ailis TYpUCTUYHOI 3a-
JI3HUYHOT TIOIOPOXKi 32 3aMOBJICHHSM KITIEHTA;

—  CE30HHHM — OpraHi3amis TypHUCTUIHUX 3aJIi-
3HMYHUX TOJIOPOKEH MEBHOTO BHAY Y IEpioJ BHCO-
KOTO MOMHUTY Ha MOAOPOKi LIHOTO BHUY;

—  TepiOJUYHAN — OpraHi3amis TYpPUCTUIHHX
3aTI3HAYHIX TIOA0POKEH 3 TIEBHOO MEPiOANIHICTIO,
HAIpHKJIaJ, pa3 Ha MICSIIb,

—  TIOCTIMHUI — opraHi3aisi TYPUCTUYHHX 3aJTi-
3HUYHUX TOJIOPOKEH Ha TOCTIMHINA OCHOBI i3 CKIa-
JaHHAM ix rpadika. TyT MU NPOMOHYEMO OpraHi3o-
BYBaTH €KCKypcil I OpraHi30BaHUX TPYIL: IIKOJIA-
PpiB, CTYJICHTIB, iHO3eMIIB [5].

Hait6inpm monyisipHUMH 3aTi3HAYHI TOJIOPOXKI
crnioctepirarotbes B Himewuuni (Ginbire 46 % ma-
CaXHPIB BIAJAIOTH TIEpeBary came 3aJTi3HHYHOMY
Tpaucmopry) [14].

B Himewuuni cTBOpeHe BiJJIiJICHHS 3 MOJOPO-
JKel Ta Typu3My NpH MacaKUPChKOMY MiIpo3mifi,
SIKUH 3aiiMaEeThCs PO3POOKOI0 TYPUCTHUHUX Map-
HIPYTiB PI3HOTO HANPSMKY Ta PO3MIIICHHIM T10/I0-
POXYHOUHX B roTessix [12].

Ha cporosni icHye HH3Ka TYpHCTCHKUX Mapli-
pPYTIB, SKi TPOXOMATH BCIO 3aJi3HUYHY MEPEKY
3axinnoi €Bpomm Ta Pocii. Tak, «AHDamy3pKuit
excnpec» («Al Andalus») obcnyroBye momyJisip-

HUHN 3aJI3HUYHUNA TYypUCTHYHUN MapupyT 1o lc-
nanii: 1) Manpun—Cesinbs—Kopnosa—I'pana-ma—
Pouno—Cesinbsi—Manpuy (BiciM aHiB/ciM HOueil);
2)  Cesinps—Kopnosa—I panaga—Pormno—Cesinbs
(cim muiB/uricTh HOYel). TypHCTH KUBYTH B I STH
CHaJbHUX BaroHaxX IMOi3/1a, BUIIYKAHO BiIpecTaB-
poBaHUX «min crapoBuHy». Kyme mporo moizna
oOnamHaHl JymeM i TyaJleTOM, KOHIHUI[IOHEPOM,
KOJILOPOBUM TEJIEBI30POM, CTiIBHUKOBHM Telle-
¢oHHUM 3B’s3k0OM. Y TIOi3NI € JBa BaroHU-
pecropaunu, 6ap, 0i0mioTeka. Baens TypucTu 31iii-
CHIOIOTh €KCKYPCii, BHOUI — ITEPETKIKAIOTh B 1HIIIE
micto [12].

¥ Pocii opranizaiii€ro Takux TypHOi3IOK 3aiMa-
€TBCSl POCIHCHKO-IIBEHIIApChKa KoMmmaHist «Pyck-
peiim». Cepen il mpomno3uLiii — NOAOPOXKI HA TAKHX
JETeHAapHUX Toi3max, sSK «CXITHWHA eKCIIpec»,
«Pych ekcnpec», mnpectukHui «lIpe3nneHT exc-
npec», MO 3AIMCHIOITh TypH 3a Pi3HUMH MapIipy-
tamu 1o TpanccuOipchKil MaricTpait, sika € Hai1o-
BINIOIO 3aJTI3HUIIEIO Y CBITi; TpaHccHOipChKHUi eKc-
mpec MepeTHHaEe BiciM yacoBuX mosciB. 3 Mocksu
BiH npsimye 1o [lexina, munaroun Omcek, HoBocu-
Oipcek, Ipkyteek, Yman-barop. Ilomopok TpuBae
10 mniB), «I1loBKOBOMY HUISAXY», «30J0TOMY KiJb-
mio Pocii», a Takox 3a KOPOTKOTPUBAJIMMH Mapli-
pyTamu [4].

Ane HaWOUTBIIYy TiepeBary TYPHCTH BiJJIAIOTh
«CximHOMY €eKcIpecy», sKuil Kypcye mik JloHmo-
HoM, Bereriero Ta CramOynom. 3anexHO Bijg Mic-
Il TMPU3HAYCHHS I[iHA KBUTKA KOINTYBaTHME Bij
$2 500-%9 000.

«JIbOTOBMKOBHII €KCTIpec» — MIBUAKICHUH ITO-
31, KU TepeBO3UTh MacakupiB 1o IlIBelmapcs-
kux Anpnax. L{ina kBuTka 1-ro Kjiacy cTaHOBUTb
$267 [15].

[iBnennoadpukancekuit  motsar «Pride  of
Africa» («'opmicte Adpuku») npsimye 3 Keiinra-
yna (IliBnenna Adpuka) no croiuui Tan3zawii
Hap-ec-Canam. Ksurok xomtye Big $5000 mo
$10 000 3a moauny [8].

Excripec «The Eastern & Oriental» npoxoauts
o Bciit [liBaenno-Cxinniit Asii. Bapticts npoizmy
komrye Big $2 000-$9 000. Ileit moi3x Mae Baros-
pecropas, 6i0mioreky, 6ap.

Ioizn «Belmond Royal Scotsman» («Kopoutis-
cpKuil mmoTnaHaenp») kypeye mno Ilotnanmii Ta
[TiBaiuHO-II0OTITAaHACEKOMY Harip’i. BapTicTh mmO-
i3nxu — $1 350—%$13 000.
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Saniznuys Ansacku — 20106Ha 0a8Hs nam’amKd,
no sxiu npsmye nomse «Denali Star» («3ipxa [e-
nani») 3 Anxopiosca ¢ @epoanxc. Tpusanicme no-
dopooici — 21 Oenb.

Excnpec «Blue Train» («Brakxumnuti noizo»),
HOro Ie Ha3MBAIOTh «II'ATHU3IPKOBUM TOTEIEM Ha
KoJecax», mpoxoauTh Big Ketinrayna mo I[Iperopii.

Ioi30 «Xipam binexam» npsmye uepes Ilepy
B MicTo iHKIB — Mauy-Ilikuy. Bapricte moi3aku
B 00uBa KiHii korrye $750.

Ilomsz «Palace on Wheels» («ITaray na xone-
cax») 3IIHCHIOE TIOOPOXK 10 (opTeIsix 1 manamax
HaiibueIoro mwraty B IHmii — Pamkactxan. [loizn
Bimxomuth 3 Heto-Jlemni. [loi3aka TpuBae mo 7 mHiB
[13].

«/lynau Excnpec» — nmpuBaTHUN MOi31, 10 Kyp-
cye wmik Ilparoro, bymamemrom, KpakoBom
i CramOysnom. Ilina kButka — $9 406 3a 10 auis
MOJOPOXKi 3 3yNUHKOIO B BymanemTi.

®DI10TChKA 3aTI3HUI — MPOXOJIUTH Cepell HOp-
BE3BKHUX Tip 1 € TOMyJSIPHOI TYPUCTUYHOIO BH-
3HAYHOIO IaM’sTKO Aypnanacgiopaa. Keurtok
komrye $65.

[IpoTsiroM OCTaHHBOTO Hacy 3pOCTae iHTepec
JO 3ai3HUYHOTO TYpH3My Ha AMEPHUKaHCHKOMY
KOHTHHEHTI. TyT Kypcye Tpu HampsimMku. «TpaHc-
Kanama» (10 ni6); «Tpamc-Amepuka» (12 ni6);
«Tpanc-Arnantuka» (12 1i6) [11].

Y CHIA KOpHCTYIOTHCS MOMYJISAPHICTIO 3ai3-
HuuHi Typu B Ckensacti ropu MonTanu (moizn e
3i mrrary A#imaxo go mrrary Monrana). I'pang Ka-
HBHOH € OJHWUM 13 HAWMOMYJSAPHININX TYPUCTHY-
HUX paioHiB, sk Mae 3ami3auiro «Grand Canyon
Railway», sxa mIHpOKO BHKOPHCTOBYETHCS B €KC-
KypciiiHux mimsix [11].

Kanana MaHUTH TypuUCTiB CBOIMH YHIKaIbHUMH
3aTI3HUYHUMH MapIIPyTaMU, sSIKi IPOXOASTH depe3
Bpuranceky Konymbito i Anebepty B bang, Jlelik
Jlyis, [Jxacmep i Kanrapi, Ta omHa ekcKypcis Bix
Bankysepa 1o Bictiepa. [loi3x fine B neHHuU# yac
gepe3 3axigny Kamagy. Lle mae Typucty MoXiu-
BiCTh MoMmITyBaTHCs Kpacoto Kanancekux Ckens-
crux rip [3].

Y Hopsgerii HaATOMYIAPHIIIIMHA € MapHIpyTH
CreniabHUM MOi310M 3 BHJOM Ha HadTapHinm ¢i-
OpAHU Y CBITI.

B Iugii TypucraM TpONMOHYETBbCS MaHApIBKa
Konxkancekoro 3amizaurero (Konkan Railway) — e
3aJi3HUYHA JIiHifg, SKa MPOXOAWUTH B3LOBX y30e-
pexoxst Konkan. HaifOinpim qoporuM TypoM € To-

nopox Ha moizmi «[lecec BiH Yins». Lleit Baron
opopmileHUIT B CTWII 1HIIACHKUX Marapamki.
Tepmin moiznku — 8 auis/7 Houeil. [{iHa BcTaHOB-
JIFOETHCS 3aJIEKHO Bim kimacy kyme — Bim $240 mo
$450 [8].

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYNMICTDL

IcHyroumnit 3apyOiKHUN JOCBIN CBITUUTH TIPO
Te, IO 3aNi3HWYHI KOMMaHii OepyTb aKTHBHY
y4acTb y PO3BUTKY TYPH3MYy 1 YCHIIIHO BeOyTh
TYPUCTUYHY JisUTBHICTb.

B Ykpaini Hacmigxy BOpOBaHKEHHSI Ta PO3BUT-
Ky 3aJi3HUYHOTO TYpPH3MY MOXYTh OYTH TaKHUMH:
IMIJDK 3aTI3HUIE Oye 3pOCTaTH 32 PaXyHOK BIIPO-
B3 DKCHHSI HOBOT CXEMH OOCITyrOBYBaHHsI ITacaKu-
PiB; 3aJTi3HUISI MOKE HaJaBaTH KOMIUIEKC TIOCIYT,
AK1 BiAIIOB1NAIOTH BHUMOTaM CIIOKHMBA4iB; JOXOIU
BiJl TACAXKUPCHKHUX MEPEBE3CHb OyayTh 301IbIITyBa-
THUCS; PO3poOKa HOBUX MiAXOIIB LIOAO0 OOCIyToBY-
BaHHS IHO3EMHHX TYPHUCTIB; TOsSBa HOBUX THUIIB
BaroHiB CITEIiaIFHOTO TPU3HAYEHHS (TYPIIOI3aN).

VYkpaina 3aBISKH BEIHMUE3HOMY HPUPOIHOMY
Ta KyJBTYpPHOMY TMOTEHIIaly Ma€ BCi MOXKIIMBOCTI
IUIL OCBOEHHSI TAaKOr'O BHIY Typu3My. Aue Ui To-
ro, o0 YCHIIIHO PO3BUBATHUCS, MOTPIOHO BHECTH
Jesiki 3MiHM O 3aKOHOAaBcTBa YKpainu. OmHUM
3 TaKWX TYHKTIB, Halpukiaz, Oymae 3a0e3medcHHs
Jep KaBHOIO MiATPUMKOIO BHYTPILIHBOTO, B’13HOTO,
couiasibHOrO Typu3My. Lle macte 3MOry po3BHUBaTH
TypU3M Pi3HHX HAIPSAMKiB, B TOMY YHCII 1 3aii3-
HUYHUH.

B crarTi Briepiie po3po0i1eHo HayKOBUH MiAXi[
1010 BU3HAUEHHSA CHUCTEMHU (DAKTOPIB, SIKUM My-
CUThH BIONOBIAATH CIICIIaTbHUN 3aTi3HUYHUN py-
XOMHH CKJIaJ] IUIi KOM(OPTHOTO Ta 3pYYHOTO BiJ-
MOYMHKY TYpPHUCTiB BHOYI Ta BICHb 1 OTPHUMaHHSI
HEOOX1THOTO KOMIUIEKCY TOCIYT TMPOTATOM BCi€l
noizaku (posBary, irpu, IHtepuer, ¢igpMu, ormus-
JIOBi €KCKypcii miJ yac HOJAOpOXKi Ta XapyyBaHHS
Ta iH.), IO JO3BOJIUTH IOBHICTIO BHKIIOUUTH He-
OOXITHICT, BUKOPUCTAHHS TOTEJIB 1 3HU3UTH Bap-
TICTh IOJJOPOKI.

BucnoBxku

be3yMoBHO, misl yKpaiHCBKOTO CHOXKHBaua,
y SIKOTO cepelHs 3apo0iTHA I1aTa Ha MicsIb CKJIa-
nae o $200, mopori ekckypcii, M’SIKO KaKy4H,
He no kumreHi! Tomy aBTropu i mponoHyTH opra-
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HI3yBaTW JOCTYIHHN BIAMOYMHOK 3aJli3HUYHUM
TpaHcopToM. TypHCTH 3MOXYTh BiABiZaTd KyJb-
TypHI Ta icTopu4Hi Micisl YKpaiHH, HACOIOAUTUCS
Kpa€eBHUIaMH Ta IMPOCTOPaMH HAIoi KpaiHu i, MOX-
JIMBO, CKYTIaTUCS B MOPI.

OpieHTOBHA BapTICTh 3-IE€HHOI MOAOPOXI MO-
’Ke CKJIamaTd ONMM3bKO 3 THC. I'PH, 3 HUX 3aJIi3HUY-
Hull kBuTOK KomryBatume a0 1 000 rpH; Tpupaso-
Be XapuyBaHHs (U1 ekoHOM Kkiacy) — 10 150 rpH,
st mroke — 300 TpH; MOAaTKOBI MOCIYTH Ha MUIA-
Xy npsimyBanHs (nyur, rasetd, TV, iHTEpHET) — 10
100 rpH; exckypcii — 500—1 000 rpH (B cepennbo-
My).

®dakTopw, SKi BIDTUBATUMYTH Ha TIO3UTHBHHUI
BUOIp TYpHUCTIB:

1) BigHOCHA AEIIEBU3HA MOCIYT;,

2) He3aJeXHICTh BiJ IOTOJHUX YMOB,

3) MOKJIHBICTH 3¢KOHOMUTH Ha TOTEITI;

4) exkoHOMisi Ha BapTOCTi €KCKypcCil B CKiaii

5) MOXKJIHBICTH TyXOBHO PO3BHBATHCH,

6) Oesmeka i 4ac moJ0poxKi;

7) 3py4HICTb NEpECyBaHHS,

8) MOXIHMBICTE HEIOPOr0 Xap4yBaTHCS I
4ac MoI0POXKi;

9) cepgic (yBaKHMI OXallHMI NMPOBITHUK, Ha-
SIBHICTH MUTIIIOHEpA ITiJT 9ac MOT3AKH, 3pydHi JIiXK-
KaiT.J.).

[Ilo crocyeThcs iHO3EMIIIB, TO IS HUX MOXHA
3aMpoIOHYBaTH EKCKYpCii 3 OIIBIIOI TPUBATICTIO
(5—7 nmuiB) Ta BiAmOBiZHO i OiBIIY BapTicTh (OmH-
3pK0 10 $1 000). Amke B eKcKypciiiHiit mporpami
000B’sI3K0BO OyJie CympoBia mMepekianavya Ta Bil-
€0 iTbMHU 1HO3EMHUMH MOBaMH, a TaKOX PO3IIH-
peHa po3BaxkaibHa mporpama (HampuKIiIaa, MpoBe-
JICHHSI MacTep-KJIaciB Ta iH.).
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PA3BUTHUE KEJE3HOAOPOKHOI'O TYPU3MA B YKPAUHE
KAK CPEJACTBA OPI'TAHM3AIIUUA JOCTYIIHOI'O OTABIXA

Heab. B BBICOKOpa3BUTHIX CTpaHax OOJIBIIOW IOMYJSIPHOCTBIO MOJB3YETCS HKEIE3HOJOPOXKHBIN TypHU3M,
Oyiaromapst KOTOPOMY TYPHUCTBI MOTYT KOM(OPTHO H B Ipeaeiaax CBOMX (DMHAHCOBBIX BO3MOXKHOCTCH
MyTeleCTBOBaTh 10 MHPY. YKpaWHa CTOJKHYJNAach C MpOOJeMaMH CYLIECTBEHHOIO CHIDKCHUS O0BEMOB
TYPUCTHYECKHX TMOTOKOB, CTapEHHsI OCHOBHBIX (DOHJIOB, OTCYTCTBHMS MHBECTHUIMH Ha MX OOHOBJICHHE, CHIDKCHUS
00bEMOB  NMACCAKUPCKUX MEPEBO30K, PE3KOro TMaJeHusl JO0XO0J0B TpaxnaaH. Llemp crathm 3akitouaercs
B 000CHOBaHMH HEOOXOANMOCTH Pa3BUTHS JKEJIE3HOAOPOKHOTO TypusMa B Ykpaune. Meroanka. Teopernueckyro
U METOAOJIOTHMYECKYI0 OCHOBY HAy4YHOTO HCCIICIOBAHHMS COCTABISIOT AaHAIN3 TpobieM obecnedeHus
KOHKYPEHTOCIIOCOOHOCTH TYPHCTHUYECKOH OTpacid B cdepe MNaCCaKUPCKUX HKEIE3HOJOPOXKHBIX MEPEBO30K
M TCOPETUYECKHE IOJIOXKCHHUSI 3KOHOMHYECKOW HayKh B 00macTH 3(QEKTUBHOCTH KEIE3HOJOPOKHOTO Typu3Ma
W YIPAaBIECHUS TYPHUCTHYECKUMH MTOTOKAMH. ABTOPAMHU NPEATIOKEHBI ITyTH PAa3BUTHUS JKEIE3HONOPOKHOIO TypH3Ma
B YKpauHe. B ToM uncie 3T0 KacaeTcs BHEAPEHUS HOBBIX YCIYT B cepe Typu3Ma, YHIpaBJICHUs] TypUCTHUECKUMHU
MOTOKaMH M Jp. AKICHTHpPYeTCS BHUMAaHHE M Ha pPa3BUTHH BHYTPEHHETO JKEIE3HOJOPOKHOTO TypH3Ma.
Pe3yHBTaTbI. B PE3YJbTATE BBINOJHCHHSA TMOCTABJICHHBIX 3adad JOJDKHBI 6])ITI) JOCTUTHYTHI CJICAYIOIHC
peSyJ'H)TaTI)I: TOBBIMICHUC UMHU/P)KAa YKPAUMHCKUX JKCJIC3HBIX )ZlOpOF; CO3/IaHNEC MPUBJICKATCIIBHOT'O MHBCCTUIITMOHHOI'O
KJIuMaTa JUisl UIMPOKOTO IIPUBJICUEHUS WHBECTULUN B pa3BUTHE TYPUCTHUYECKOH, WHXKEHEPHO-TPAHCIIOPTHOMN
1 KOMMYHaJIbHOM MH(PaCTPYKTYp; MOBBIIIEHHE OE30MacCHOCTH TYPUCTOB; OOecIedeHHe NeHCTBEHHOMN 3aIlUThl MX
NpaB, B3aKOHHBIX MHTEPECOB M COXpaHEHHMs wuMyniecTBa. Hayunas HoBH3HA. ABTOpaMH 00OCHOBaHa
HEOOXOMMOCTh M BO3MOKHOCTH OPTaHH3alNH >KEJIE3HOJIOPOKHOTO TypH3Ma Ha TEPPUTOPHH YKPAaWHbBI C YUETOM
OTIbITa 3apyOEXKHBIX Pa3BUTHIX cTpaH. [lpakTHyeckas 3HaYUMMOCTh. VcciaenoBaTensiMiu IPUBEJCHO TEOPETHUECKOE
0000meHne W HOBOE pemeHne HaydHoH 3amaun. OHa TposBIseTCs B  pa3pabdOTKE TEOPETHYECKHUX
U METOJOJOTHYECKHX IOAXOAOB K HEOOXOAMMOCTH PAa3BUTHSI JKEIE3HOAOPOXKHOIO TypH3Ma. PanuoHambHO
IIPUMEHEHHbIE MEPBl 10 IIPEUIOKEHHBIM aBTOPAMU HANpPABICHUAM YIIPABIEHHA TYPUCTHYECKMMHU IOTOKaMH
MO3BOJISIT CYHIECTBEHHO TTOBBICUTH MTOCTYIUICHHS B OIOKET CTPaHBI OT TypHU3Ma.

Kniouesvie cnoga: Typu3M; KeNe3HOLOPOKHBIM TypHU3M; TYPUCTHUECKHH IIOTOK; TYPUCTHUYECKUN MapIIPYT;
JKEJIE3HOJOPOKHBIN Typ
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DEVELOPMENT OF RAILWAY TOURISM IN UKRAINE
AS MEANS OF AVAILABLE REST ORGANIZATION

Purpose. In highly developed countries, railway tourism is very popular, through it the tourists can comfortably
and within their financial capacity to travel all around the world. Ukraine has faced with the problem of significant
reduction of the tourist volume flows, aging of fixed assets, lack of investments on their renewal, reduction in pas-
senger traffic and a sharp drop in people income. The purpose of the article is to justify the development of railway
tourism in Ukraine. Methodology. Theoretical and methodological basis of the research is built on analysis of prob-
lems to ensure the competitiveness of the tourism industry in the area of passenger transportation, theoretical princi-
ples of economic science in the field of railway tourism efficiency and management of tourist flows. The authors
suggest the development of railway tourism in Ukraine. In particular it concerns the introduction of new services in
the field of tourism, management of tourist flows and others. The attention is focused on the development of the
internal railway tourism. Findings. As a result of the assigned tasks the following results should be achieved: im-
proving the image of Ukrainian railways; creation of an attractive investment climate for the greater involvement of
investments into the tourism, engineering, transport and municipal infrastructures; improving the safety of tourists;
ensuring effective protection of their rights, legitimate interests and property maintenance. Originality. The authors
justified the need and potential of rail tourism on the territory of Ukraine taking into account the experience of for-
eign developed countries. Practical value. Researchers presented theoretical generalization and new solution of
scientific tasks. It manifests itself in the development of theoretical and methodological approaches to the develop-
ment of railway tourism. Rationally applied measures of proposed by the authors ways of tourist flow management
will significantly increase the revenues to the state budget from tourism.

Keywords: tourism; railway tourism; tourist flow; tourist route; railway tour
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HJIAXHU NIIBUIMEHHSA KOHKYPEHTOCIHHPOMOXKHOCTI
SAJIIBHUYHOI'O TPAHCIIOPTY B CYUACHUX YMOBAX

Meta. ¥V po6oTi HEOOXiZHO MPOBECTH aHAIII3 BHUIIB KOHKYPEHIi Ha TPAHCHOPTHOMY PHUHKY 3 METOIO MOIIYKY
NUIAXIB MiABHUIICHHS KOHKYPEHTOCIPOMOXKHOCTI 3aIi3HUYHOTO TPAHCIIOPTY Ta BH3HAYUTH MHUTAHHS MIOA0 3abe3re-
YeHHS PIBHUX YMOB JJIS BCiX YYaCHUKIB PHHKY IUISIXOM YCYHEHHS TUCKpHUMIHAI] Yy KOHKypeHIii. MeToauka. ABTO-
pamu 3po0JieHniT aHalli3 OCTaHHIX JOCHI/PKEeHb 1 myOuikamiil 3a JaHow mpoOiieMaTnkoro. J{ocikeHo TUTaHHS po3-
BUTKY KOHKYPEHIIil, IiIBUIIEHHS PiBHS KOHKYPEHTOCIPOMOXKHOCTI Ha 3a1i13HUYHOMY TPaHCIOPTi. 3BEPTAEThCS yBa-
ra Ha Te, 1110, y 3B 53Ky 31 Cr1ajioM 0oOCsTiB IlepeBe3eHb Ha BCiX BUJIaX TPAHCHOPTY, KOHKYPEHIIisS MOXE iCTOTHO 3Mi-
HUTH copMoBaHi paHime 3BHYHI chepu ePeKTHBHOro 3acTOCyBaHHS pI3HMX BHIIB TpaHcrmopTy. KokeH Bup
TPaHCIIOPTY 3aliMa€ MEBHHUI CErMEHT TPAHCIOPTHOTO PHHKY 3 ypaxyBaHHSM CBOIX TE€XHIKO-€KOHOMIYHHMX OCOOJIH-
BOCTEH, ¢1a60 KOHKYPYIOUH, a B PS/Ii BUMA/KIB — i 30BCIM HE KOHKYPYIOYH, OUH i3 OXHUM (KpiM aBTOMOOITLHOTO
Tpancopry). OQHAK BCEpeOHHI IUX CETMEHTIB LIIKOM MOJKIIMBA KOHKypeHIis. Pe3yabTaTH. ABTOpaMH BHSBICHO
MPOOJIEMH YIIPaBIiHHA KOHKYPEHTOCIIPOMOXKHICTIO, B TOMY YHCIIi Ha TPAHCIIOPTHOMY PUHKY, SIKi BUMaraim Bcebid-
HOTO aHaji3y Ta CepHO3HOr0 HAayKOBOTO oOTpyHTyBaHHS. HaykoBa HoOBM3Ha. Y pesynbratri poGotm Oymun
CTPYKTYpOBaHiI OCOOJMBOCTI TPAaHCIIOPTY Ta TPAHCHOPTHOI MPOIYKIIi B CydacHMX ymoBax. HaBemeHi 3amexHOCTI
MacaXupo- Ta BAHTAKOOOITIB 3a BUIAMH TPAHCIIOPTY 3a OCTaHHI AECATh POKIB. PO3IISHYTO MWUTaHHS OTPUMAaHHSI
JIOAATKOBOTO MPUOYTKY IIUIIXOM HaJaHHS BaHTA)KOBJIACHUKOBI DSy CEPBICHHMX OIUIadyBaHHX mociyr. OnrumanbHe
MOE/IHAHHS BapTOCTI Ta SIKOCTI JAHMX HOCIYT JJIsl KOXXHOTO TPAHCIOPTHOTO MiJNPUEMCTBA CIPUSE ITiBHIICHHIO
Horo KoHKypeHTHoro crarycy. IlpakTuuHa 3HaymMicTh. KOHKypeHIlis MK MiJIpHEMCTBaMH Taly3i IOCTaBHJIA
MUTaHHA PO ITiIBUIICHHS KOHKYPEHTOCIIPOMOXHOCTI HE TUIBKHM 3aJ1i3HUYHHX ITJICHCTEM, 0€3M0CepeIHbO 3aMiTHIX
y TEXHOJIOTISIX PyXy BaHTaXIB Ta MEpeCyBaHHS IMacaXwpis, ane W opranizamii iHdpacTpykrypu. Lle crocyerncs,
B IEpUIy 4Yepry, MiJICUCTEM 13 PO3IIMPEHHS MOCIYT Ta MOJIMIIEHHS CepBiCY s MacaXMpPiB 1 BaHTaXKOBJIACHHKIB.
JocsraeTecst 3a0€3ME€UeHHST PIBHUX yMOB [UIS BCIX YYacHHKIB PHHKY 3aBASKH 3a00pOHI TPHOX KITFOYOBHX
AQHTUKOHKYPEHTHUX Mill: NPHUHHATTA YroX, MIO OOMEXKYIOTh KOHKYPEHLIIO; 3JIOBXHBAHHS JOMiHYIOYHM
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(MOHOTIOJILHUM) CTAHOBHIIEM Ta 3JIMTTS, IO MPHU3BOIATH IO JOMIHYIOYOI MO3MII HA PUHKY Ta OOMEXYIOTH

KOHKYPEHLIIIO.
Knrouosgi cnosa. BaHTaKO000IT;
KOHKYpEHIIii; 0COOIMBOCTI TPAaHCHIOPTY

MacaKupoooir;

Beryn

B ymoBax pMHKOBHX BiJHOCHH CTYIiHb PO3BH-
TKY CYCIUIBCTBA XapaKTEpU3yIOTh KOHKYPEHTOCII-
POMOXHICTh 1 e(peKTHBHICTh. UMM BHIIE KOHKY-
PEHTOCTIPOMOXHICTh KpaiHW, THM BWIIE, CTiHKiIIe
€KOHOMIYHE 3pPOCTaHHS 1 KHTTEBHH pIiBEHH Hace-
JICHHSI Ta eKOHOMIYHA CTabUIBHICTH [3].

B Vkpaini npoGiemam miIBUIIEHHS KOHKYPEH-
TOCIIPOMOXKHOCTI CTajll NPHUALISATH yBary Ha BU-
oMy piBHI ynpasminHs Tinbku 3 1999 p. IIpore
He ciig 3a0yBarH, 1110 B MEpioj] paJAsSHCHKOI BIIa U
B KpaiHi iCHYBaB i pO3BHBABCS Pi3HOBHUJ Cy4acHOI
KOHKYPEHIIT — COLIaTICTUYHE 3MaraHHs, SKe CTHU-
MYITIOBAJIOCS JIEP)KaBOKD 1 Malio Ha MeTi IIiJIBU-
MeHHS e(PeKTUBHOCTI HAPOTHOTO TOCIIOIaPCTRA.

KoHKypeHLi10 MOKHa PO3IIsAaTH K €JIEMEHT
PUHKOBOTO MEXaHi3My, [0 3a0e3meuye B3a€MOJII0
PUHKOBHX CY0’€KTIB TOCIIOJApIOBAHHS Yy TMPOIleCi
BUPOOHMIITBA Ta 30yTy mponykiii. ®opmoro icHy-
BaHHS KOHKYPEHIIi € CycCIiIbHAa CHCTeMa HOPM
1 IpaBuJI, IO Ma€ B CBOil OCHOBI JiepKaBHi JUPEK-
THBU 1 PUHKOBI MeTOIM (YHKI[IOHYBaHHS CTPYK-
TYpPHHX TiIPO3AUTIB HAllIOHATBHOTO FOCTIOAAPCTBA,
3aJMIIAI0YNCh TOJIOBHHM €JIEMEHTOM MeXaHi3My
PHHKOBO{ CHCTEMH, OIHOYACHO € SIKUMCh CEpero-
BHUIIIEM, JIe PO3TAIIOBAHA I CHCTEMa 1 1032 SIKOIO
BOHa (DYyHKLIOHYBaTH He Moke. CaMe KOHKYpEHILis
3a0e3revye €HICTh NIl BCIX eIEMEHTIB pUHKOBOTO
MexaHi3My, 00’€JHyI0UM B €IHMHE IiJIe BCi TOCIHO-
Japrorodi cy0’€KTH, IO KOHKYPYIOTh MiXK COO0O¥O,
HaB’A3yI04H iM OJHY 1 Ty X Tpy ab0 3000B’s13y10un
ixX rpatu 3a OAHUMH ¥ THUMH XK, €AMHUMH JUI BCIX,
MpaBUIIaAMHU.

[Ipobnema ympaBiiHHS KOHKYPEHTOCIIPOMOXK-
HICTIO, B TOMY YHCJIi Ha TPaHCIIOPTHOMY PHHKY,
BUMAarae BCEOIUYHOrO aHami3y i CepHO3HOr0 HAYKO-
BOro OOTpyHTyBaHHA. [lOCHiIKEHHS NMHTaHb PO3-
BUTKY KOHKYPEHIIIi, MMiJIBUIICHHS PiBHSI KOHKYpPEH-
TOCIIPOMOYKHOCTI BEIyThCsl 0arato JIEeCATUIITH
1 0COOIMBO aKTyaabHI B CydacHI eKOHOMIITI.

Merta

Tomy B miif poO0Ti OyJI0 MPOaHATI30BaHO BUIH
KOHKYPEHI[II Ha TPaHCHOPTHOMY PUHKY 3 METOIO
MOIIYKY INUISXiB MiJABHUIIEHHS KOHKYPEHTOCIIPO-

BUIU

TPaHCIIOPTY; KOHKYPEHTOCIIPOMOXHICTb; BHUAU

MO>XHOCTI 3JII3HUYHOTO TpaHCHOPTy. Mera 1mossi-
rae B 3a0e3neveHHi pIBHUX YMOB ISl BCIX yYacHH-
KiB PHHKY MDIIXOM YCYHEHHS IHCKpHUMiHAI{
Yy KOHKYpEHII]i.

Ananiz ocmanuix 00CaiOdCceHb i nyonikayiil.
JocnipkeHHSIM THTaHHS 3a0e3MeueHHs KOHKYPEeH-
TOCIIPOMOXKHOCTI  3aJIi3HUYHOTO TPAHCIOPTY Ha
PHHKY TPAaHCIOPTHHUX HOCIYT 3aiMaJIUCh TaKi BUe-
Hi Ta mpakTuky, sk A. I1. A6pamos, 0. C. bapam,
B. T'. I'anabypaa, 1. O. €noswmit, I'. . Eiiryric,
B. II. Inbuyk, H. M. KonecnukoBa, M. B. Maka-
penko, 1. A. Mauepert, A. A. Cmexos, H. II. Te-
proruaa, FO.M. I{BeToB Ta in. [1-15]. Tumosoriro
PHMHKIB SIK €JIEMEHTIB KOHKYPEHTHOTO CepeIOBHILA
nocmimpkysand K. P. Makkonnenn i C. JI. Bpro [6].

B nmocnimkenHi [5] mix KOHKYPEHTOCTIPOMOX-
HICTIO TPAHCIIOPTHOI OpraHi3aiii MaeTbCs Ha yBasi
3IATHICTh 3aJ0BOJBHATH IUIATOCHPOMOXKHHUM IIO-
MUT KIIIEHTIB y MEPEBE3EHHSAX MEBHOrO 00CATy Ta
SIKOCTI, TI0 JIO3BOJISIE 3alHATH MPOBIJAHE MicIle Ha
PUHKY TPaHCHOPTHUX IOCIYI Ta OTPUMATH Mak-
cuMalibHUH TpuOyTOoK. ONHIE 3 OCHOBHUX KOH-
KypeHTHHX IepeBar KOMIaHii-omepatopa Ha
TPAHCIOPTHOMY PHUHKY aBTOPH BBa)KalOTh HasiB-
HiCTh €(DEKTUBHO MIFOYMX MapKETHHTOBHUX ITiIPO3-
JIUTIB.

Benuka yBara npuainsieTscsi BU3HAUCHHIO ede-
KTHBHOCTI POOOTH TPAHCIIOPTY B YMOBax HEPiBHO-
MIpHOCTi BUPOOHWYHMX TIPOLIECIB 1 MOOYIOBI parlio-
HajbHOI MapupyTHOi Mepexi [9]. B crarti mona-
€THCSI aHAJI3 Cy4aCHOTO CTaHy y cepi yrnpaBIiHHSI
BaroHONOTOKaMH Ta IMOI30NOTOKAMH.

B nocnimkenHi [8] po3risHyTO MOXIUBI HUIS-
XM PO3BUTKY BAaHTAXHHUX IEPEBE3CHb 3aJII3HUYHO-
ro TpaHcnopty Ykpainu. [IponoHyroThCs Tpu Ha-
OpsSMKA  TiIBUIIEHHS KOHKYPEHTOCTIPOMOXKHOCTI
3aJII3HUYHOTO TPAHCIOPTY. YOOCKOHAIEHHs iCHY-
F0U01 TEXHOJIOTIi TepeBe3eHb Ta TEXHOJIOTii OCHa-
HICHHS 3aJIi3HUIL YKpaiHH; IHTerpalis TpaHCcIop-
THOI cucTeMd YKpaiHHM 10 MDKHapOIHHUX IepeBe-
3€Hb, BIPOBAPKECHHS KOMII IOTEPHUX TEXHOJOTIH
Ha BCiif Mepexi 3ai3HUILb.

ABTOpPCHKHM KOJISKTHBOM B po0OTi [7] po3rus-
MAETBCS PO3BHTOK JOCHTIKEHb, SKi ITOB’s3aHi
3 poOOTOI0 TPAHCIIOPTHHX BY3JIIB Ta BIOCKOHA-
JeHHSM ~ OOCIIyrOBYBaHHS  BaHTa)KOBJIACHHKIB
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Yy HHUX, a TaKoX MiJBUIICHHS SKOCTI BUKOHAHHS
nepeBe3eHb. Ha iX ayMKy, B3aeMomisi MK Ipen-
CTaBHUKaMH TPaHCIOPTHUX OpraHizamiii Ta BaH-
TaXOBIAIPaBHUKAMHU B OUTBIIIOCTI BUMAAKIB BigOy-
BA€ThCS B TPAHCIIOPTHHUX By3laxX, ToMy Oe3moce-
PENHBO B HUX MOTPiOHO BIIPOBAKYBATH HOBI Mij-
X0 A0 (GOpPMYyBaHHS CTPYKTYPH TPaHCIIOPTHOTO
00CIyroByBaHHs. 3HAYHOK MIpOIO II€ BIUIMHE Ha
KOHKYPEHTOCIPOMOXKHICTh 3aJli3HUYHOTO TpaHC-
nopty YKpaiHu.

BuknameHo cywacHuii craH Ta TpoOiieMH
TPAaHCIOPTHOT'O OOCIYTOBYBaHHS 3ali3HUIb YKpa-
iHM B pocnifpkeHHi [4]. BUkoOHAHO MOPIBHSUTBHUIMA
aHani3 (QYHKIIIOHYBaHHS 3aJII3HUYHOTO TPAHCIIOP-
Ty Ykpainu Ta kpain €poneiickkoro Coro3zy. Ha
OCHOBI pe3yJIbTaTiB aHANII3y 3allpPONOHOBaHI 3aXo-
A 3 TABUIIECHHS e(EKTUBHOCTI MPOIIECY Iepene-
3€HHS BaHTAXIB Ta 3aXOIU 3 yIOCKOHAJCHHS TEX-
HOJIOT1YHOTO MpoIlecy MepeBe3eHb nmacaxupis. He
JUBIITYNCh HAa BEJIMKY KIUJIbKICTh BHUKOHAHHX 3a
UM HaIpSIMKOM IOCIIKEHB, MpobjemMa ITiIBH-
HIEHHS PiBHS KOHKYPEHTOCIIPOMOXKHOCTI Ha 3aii3-
HUYHOMY TPaHCIOPTI JIOCi HE BUpIIIeHA.

MeTtoanka

TpancmopTHe BUPOOHUIITBO € (HYyHIAMEHTOM
PUHKOBOi €KOHOMIKHU. Y IIbOMY 3HaY€HHi BOHO BU-
CTymae K 00 €KT PUHKOBUX BIIHOCHH, Bix edek-
TUBHOT JISUTBHOCTI SIKOTO 3aJICKUTh HOPMAaJIbHE
(YHKLIOHYBaHHS 1 PO3BUTOK BCiX rajy3ell eKOHO-
MiKH, [0 00CIYTOBYIOThCS TpancmopTom [13].

TpancopTHe BHPOOHHUIITBO BHUCTYIAE B POJL
cy0’€eKTa peryibOBaHUX PUHKOBUX BIJHOCHH, 0CO-
O0mmBo mpu (HOpMyBaHHI MOMHUTY Ha TIEPEBE3CHHS
1 po3mOAUIEHHI iX MK B3aEMOIIIOYNMH BHIAMH
TPAHCIIOPTY, TPU BCTAHOBJICHHI B3a€MOBHIITHUX

TOCIIOIapCHKO-TIPABOBUX BIHOCHUH MiXK TpaHCIIOP-
TOM 1 BaHTa)KOBJIACHUKAMH, TPAaHCIIOPTOM Ta Ma-
CaKHpaMH.

HeoOximHicTh  BAOCKOHAJEHHS  CTPYKTYpH
YIPaBJIiHHS 3aJTi3HUYHUM TPAaHCTIOPTOM (pecTpyK-
TypH3allii) y HaIii KpaiHi BUKJIHKaHa CyKYITHICTIO
MIPUYHH, CEpPeT IKUX MOKHA BUIUIATH TaKi:
YOTHPHUIIAHKOBA CHCTEMa YIpaBIiHHSI, IO
cKianacs B gonepeOynoBHUH mepiox, ¢popmyBana-
cs B yMOBax 3aco0iB 3B’s3Ky Ta iH(popmaru3zaiii,
KOPCTKOTO [EHTPaTi30BaHOTO TUTaHYBaHHSI
1 ympaBiiHHS, a TP HEAOCTaTHBOMY PO3BUTKY
Oyxa rpomizaka i ManoedeKTUBHa,
ckiagHe (piHaHCOBE CTAHOBUIINE BHMAarajio
IUTsE 30€peKESHHSI TTPALe3IaTHOCTI rajry3i MaKCHUMa-
JILHO CKOPOTHTH BJIACHI BUTPATH, aalTyBaTUCS 10
3MiHH O0OCSTIB TIEpeBE3C¢Hb, 3MEHIIYBATH YacTKy
TPaHCIOPTHOI CKJIAZ0BOI y BapTOCTi MPOIYKIIii;

— HeoOximHO OyJO0 CKOpOYYBAaTH YHCEIb-
HICTh eKCIUTyaTallifHOTO TIepCOHANY, OCKIIbKH
Horo yTpHMaHHS Ha iCHYIOUOMY piBHI Ipu 3abe3-
MEYCHHI 1HJEeKcallii 3apo0iTHOI IIaTH BUMArajio
MOIANBIIIOTO IMiABUIIEHHS Tapu(iB, o OyJI0 yTpy-
JHEHO 4Yepe3 HHU3bKY IUIaTOCIPOMOXKHICTH BaHTa-
YKOBIIMPABHUKIB 1 BAHTA)K00JePKyBaUiB;
po6ota 3amizaunp y 80-90-1i pp. XX cr.
3MIHACHIOBATACS B YMOBAX TIEPEBUIIICHHS TTPOIO3HITii
TPaHCIIOPTHUX MOCITYT HaJ IOIHUTOM;

—  TOCWIMIIACS KOHKYpEHILIisl 3 OOKy iHIIMX
BUJIB TPAaHCIOPTY SIK Ha BHYTPIIIHROMY, TaK i Ha
MDKHApOAHOMY PUHKY TPAHCIIOPTHHUX ITOCIYT.

Ha puc. 1 HaBeseHa XapaKTepHCTHKA TPAHCIIO-
pTy.

Sk caMocTifiHa Tamy3b TPAHCIOPT Ma€ CBOIO
MPOAYKIII, IO BOJIOJIE HU3KOK OCOOIMBOCTEH
(muB. puc. 2).

(-

TAMOCTUIHY Talysk BIPOOHIMITEA., AKA
3TICHEO € IACAEIPIE 1
BAHTAXIE. PasoM 3 IIPOMIICTIOBICTEO TAa
CITECEERIIM TOCTIOTAPCTREOM TIPOTOBEVE

CITOTVUHY TaHKY MUK \?3';u.-;mmlh
€KOHOMIWHIIMIT CIICTeMAMIL (TIOR A3VE B
€JITHe Tep:RapHe I[Te BCl HaceleHl
IIVHETIIL IO POSKIHVIICA Ha TIICAUL

ERKOHOMIEIL JePRABIL

Impouec BI[POOHIITEA B neFRAK KITOMETPIE )
Mpomecy o0opPoTy r 1
TpaHCHOPT ABJIAEC
L COO0I0
- " - N — TIITHHIIK POIBIITKY INIB LT3 a1l 1
OmEy 3 TOTORHIIX VMOE PO3IBIITES G

.

3POCTAHHA oararcIea
MOTVTHOCTL KPAiHIL

ITOCITTe HH A

S

Puc. 1. XapakrepucTika TpaHCIOpPTY

Fig. 1. Transport charachteristic
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[T POIVKINE TPAHCIIOPTY € TEPERe3eHHA. TOOTO PEe3VIETAT IIPOCTOPOBOTO
TePEMITIIEHHT TACAKIIPIE 1 BAHTAKIB

MOEKIHBICTE TMPOKITAIKI Ha OV b -AKII CYXOITY THIIT TePHTOPIi

114 Tpo VKA BHPOOTAETECA 1 CIOKIBAETECA OTHOUACHO

3aificHeHHA Ilepeke3eHb Ha BelITUesHILX IIPOCTopax

OcOOIIBOCTI TPAHCIIOPTY

PerviIapHICTE ITepere3eHb V OV b -AKIOL Yac JOOI, POKY, He3aTeKHO BiJT
KIIIMATITUHIIX VMOB

MacoBicTh ITepepeseHs

TpaHCIIOPT HOBOL MPHPOTHOL MPOAYKIILi He CTBOPIOE, a IIePeMIIITy € BIPOOTIeHy
IHIIOIMVII TATTY 3AMIT BHPOOHIMITRA

MoAIIBICTSE IlepeBe3eHHA IIOHAIHeradapITHILX BaHTaKIB

Peamizaliia pelIKILX IIBHIKOCTE PYXY IPIH BTHOCHO BHCOKOMY CTYIIeH] Ge3IleKIt

Benmnka MaHeBPEHICTE. 3MIHA HAIIPAMKIE BATOHOIIOTOKIB B O0XI1]T 3aBaHTAKeHILX
TUTAHOK

BigHOCHO HII3BKA cOOIBApPTICTE IlepeBeseHb
BAHTAXIB 1 TAaCaKIIPIB

HaimieHTIOOT HETATHBHINT BIDTHE HA HABRKOIHIITHE CepeTORIIIIIe

Benika 3HAUVIIICTE V 30BHIIIHE OEKOHOMIUHIIX 3B’ A3KaX 1 V CIIpael oO0OPOHII
KpaiHi

Puc. 2. OcobarBOCTI TPAaHCHIOPTY Ta TPAHCHOPTHOT MPOAYKIIIT

Fig. 2. Features of transport and transport products

KoHkypeHLis Ha TpaHCTIOPTi — 11e CYNEpHUNTBO  €()eKTy Ha OCHOBI 3aCTOCYBaHHS CydacHHX, OLNbII

TPAHCIIOPTHUX MIAIPUEMCTB 32 Kpalli METOAH ro-  e(hEeKTUBHUX TEXHOJOTIH, MiJBHUIIEHHS SIKOCTI Iepe-
CITOTapIOBaHHS, TOOTO 32 HAHOUTBIT BUTIAHI YMOBH  BE3€Hb, 1X HAMIHHOCTI 1 IIBHIKOCTI TEpEMIIICHHS
3aifiCHEHHS MepeBe3eHb 1 OTpUMaHHA MaKCMMallb-  BaHTaXiB 1 macakupiB. [lacakmpooOir 3a BUIamMu
Hoi Burogu [11]. KpiM Toro, KOHKypeHIlisl Ha TpPaHCIOPTY HABEACHWI HA pHUC. 3, BaHTAXKO0O0OIr 32
TpaHCIIOPTI — 1e 0OpOoTHOA 3a BaHTAKOBJIACHUKIB  BHIAMH TPAHCIIOPTY HaBEICHUI Ha puc. 4.

1 macaKupiB, OTPUMaHHS MaKCHUMAIIbHO KOPHCHOTO
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Fig. 4. The freight turnover by types of transport

SIKIIO0 TOBOPUTH MPO KOHKYPEHIIIO TPH BHCO-
KOPO3BHHEHI! €KOHOMIlli, TO TYT BOHA XapaKTepH-
3y€ThCS HE CTUIBKU MPSIMHUM 3MaraHHsIM, CKiJTbKH
HOTCHIIHHIM CYTEPHUITBOM JOCHTh BEJIHMKHX
¢bipM 1 eeKTUBHUM PO3IMOIIIOM CETMEHTIB PUHKY
[15]. ToTrenmiiina KOHKYpPEHIIis O3HAYAE, MO YMO-
BH BXOJDKEHHS HOBMX Ccy0 ekTiB ((pipMm, kpaiH) Ha
PHHOK OKpEMHX TOBapiB (IIOCIYT) Ta BiMOBITHOTO

NepeNMBY KalliTally HACTUIBKK JOCKOHANI, MIO JIO0-
CTaTHBO HAsBHOCTI OAHOTO ab0 ABOX MPSMHX aHa-
JIOTiB-BUPOOHUKIB, 100 KOHKYPEHTOCIIPOMOXK-
HicTh TOBapy (MMOCIYT) MOCTIHHO MiIBUIIYBaIaCS.
KoHKypeHTOCIPOMOXKHICTh TPAaHCTIOPTHOI MpPO-
OyKOii — 3JaTHICTH BUTPUMYBATH KOHKYPEHIIIO
TOBapiB-3aMiHHHKIB pOOIT, MOCIYT, 3 TOYKH 30py
3aBOIOBAaHHS Ti€l YacTKM PHHKY, sika 3a0e3neuye
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CIPUATIMBY peati3alilo TPaHCIIOPTHOI MPOIYyKIIii
1 HEOOXiJHe 3POCTaHHS JIOXOJIB TPaHCIOPTHOTO
i IPUEMCTBA.

Ilix TpaHCTIOPTHOIO MPOAYKIIEID PO3YMIETHCS
HE JIMIIE TIepeBe3eHHs sIK TpOoLIeC, a i CyIyTHI po-
0OTH 1 MOCIYTH, IO HANAIOThCS TPAHCIOPTHUMHU
opranizarismu [1]. 3 ToukH 30py €KOHOMIYHOI Te-
opii cTBOprOBaHa B cdepi TPaHCIOPTY MPOAYKIIis,
3 ypaxyBaHHSAM MOCTyJaTy MpO IPOAOBKEHHS
mpoliecy BHPOOHUITBA B cdepi oOepTaHHS 1 ais
chepu 00iry, nepeBe3eHHsI — 11e 0COOJIMBUN TOBap-
nociyra. [lepeBe3eHHs1 BaHTaXiB € OCHOBHUM BH-
JIOM Tochyr. Sk MoJaTKOBI MOCHYyTW TPaHCHOPT-
HUX OpTaHi3aIliii MO’KHa BHIIJTUTH TaKi:

—  BaHTa)XHO-PO3BaHTaXKYyBaJbHI MOCIYTH;

—  TOcHyTH 31 30epiraHHs BaHTaXiB;

— TIOCTYTH 3 MIATOTOBKH BaHTaXIB J0 Tepe-
BE3EHHS,

—  HaJaHHA PyXOMOTO CKJaJly B OpeHIY;

—  TPaHCIOPTHO-EKCIEAUIIHI TOCTYTH;

— immi gomarkoBi mociyru (iH(opMmamiiiHi,
JIOTICTUYHUI CepBiC, MOCIYTH CTPpaXyBaHHS Ta iH.).

VY cydacHMX yMOBax OJHHUM 3 OCHOBHHUX elie-
MEHTIB e(peKTHBHOI KOHKYPEHTHOI OOpOTHOH € ca-
M€ HaJIaHHS BaHTa)KOBJIACHUKOBI HHU3KH JOJATKO-
BUX mocayr. OnTuManbHe TO€IHAHHS BapTOCTI Ta
SKOCTI IUX TOCIYT y KOXHOI'O TPAHCIIOPTHOTO
MiANPUEMCTBA CHPUSE MiABUIICHHIO HOTO KOHKY-
PEHTHOT'O CTaTyCy.

KOHKYPEHTOCTIPOMOXKHICTh TPAaHCIIOPTHOT MPO-
JYKIii MOKHA BH3HAYHTH SIK CYKYITHICTh XapakTe-
PHCTHK TIEpEBE3CHHS BaHTaXiB (IMacakwpiB), IO
BimoOpakae ii BiAMIHHICTH BiJ NEpeBe3€Hb IHIIH-
MH BHAaMH TpaHcrmopty (abo 3 BHKOPHCTAHHIM
IHIIIOT KOMIUIEKCHOT TEXHOJIOTI] MepeMillleHHs) SK
3a CTYNEHEM BiJMOBIAHOCTI KOHKPETHOI CYCIHiJb-
HOI MOTpedH, Tak i 3a piBHEM TPAHCIOPTHUX BH-
TpaT. KOHKYpeHTOCIPOMOXHICTh TOBapy (KOM-
TUICKCY TPAHCHOPTHHUX MOCIYT), SIK 1 KOHKYPEHIIi,
Moye OYTH LIHOBOIO Ta HelliHoBoto [10].

IliHoBa KOHKYpEHIliSI BH3HAYAETHCS BEIHIU-
HOIO BUTpaT Ha BUPOOHUIITBO 1 00ir ToBapy, 3aie-
JKUTh Bil Tapu(HOI Ta IHBECTHIIMHOI IMONITHUKH,
a TaKOoX BIJl 3IaTHOCTI BUPOOHWKA CBOE€YACHO
1 B TOTpiOHOMY 00CSI31 TIOYaTH BUMaraTd iHHOBaIlii
B TaJTy31 TEXHIKH, TEXHOJIOTIi Ta MEHEPKMEHTY .

OCHOBHMMH BHJaMH IIHOBOT KOHKYpEHIIiT
€ BIIKpHUTa 1 mpuxoBaHa. BigkpuTa I[iHOBa KOHKY-
PEHLs K MeToJ KOHKYPEHTHOI OOpoThOHM mepen-
0avae 3HW)KEHHSI IiH /1T OCBOEHHS HOBUX CErMEH-

TIB PHUHKY, & TaKOXX BCTaHOBJICHHS JEMIIHTOBHX
Oap’epiB Uil BXO/DKEHHS HOBHX KOHTPAareHTIiB
B PUHOK. SIK mpaBWIIO, TaKe 3HMXEHHS LiH KOpOT-
KOYacHe, 1 MMOTIM IIiH! TiABUIIYIOTHCS II1e OiTbIIIe.

[IpuxoBaHa 1iHOBa KOHKYpPEHIisl Ha 3ai3HHY-
HOMY TPaHCIOPTi HEIONMyCTUMa IO aHTHMOHOIIO-
JPHOMY 3aKOHOJIABCTBY, NPOTE MOKJIMBE 3aCTOCY-
BaHHS 3HIDKOK 1 (hopMyBaHHS THYYKOi TapudHOi
MOJITHKY 3 METOIO 3aIy4YeHHs TOJJaTKOBUX 00CSTiB
MIePEBE3CHb.

OpnuMm i3 3aBHaHb pedopMH  3ATI3HUYHOTO
TpaHCHOPTy € 3a0e3rnedyeHHs piBHOmMpaBHOro (He-
JMCKPUMIHAIIIHOTO) JOCTYIy HE3aJeKHUX TPaHC-
MOPTHUX OpraHizamii A0 1HPPACTPYKTypH, IO
NPaKTUYHO BHUKIIIOYAE HABITH TUMYACOBE 3aCTOCY-
BaHHS 3a3HaY€HUX NPUHOMIB.

Ha HemiHOBY KOHKYpPEHTOCIIPOMOXKHICTh TpaH-
CHOPTHOI TMPOAYKIi Oe3rnocepeHhO BILUIMBAIOThH
TpU TpyHH MapaMeTpiB. MOMMTY, MPOMO3MLII Ta
B3aeMoJIii.

[TapameTpu momuTy BimoOpaXkaroTh iHAWBImTya-
JIbHI 3allUTH KIIEHTYPH, 3aJeKaTh TaKOXK Bia po3-
MIIIEeHHS Ta OOCATIB BUPOOHUIITBA ITiITPHUEMCTB
I0OYBHOI Ta 0OPOOHOT MPOMICIIOBOCTI, CLIIBCHKOTO
roCIoJIapcTBa B paoHi TsoKiHHS 3amizHuii. Li ma-
pameTpu GOPMYIOTH MIATOCHPOMOXKHUH MOMUT Ha
MIePEBE3CHHS BAaHTAXKIB. AHAJIOTIYHO, aje 3 ypaxy-
BaHHSM COIlaIbHUX (DAaKTOPIB, BU3HAYAETHCH 1 T10-
MIUT Ha MEpeBE3eHHS MacaXHpiB.

[Tapamerpn mpomno3uuii MamTh CKJIaJHILIY
CTPYKTYPY 1 BU3HAYAIOThCSI, Y CBOIO 4EPry, YOTHUP-
Ma MiArpynaMy MOKa3HHUKIB: TOKa3HUKAMH PO3BH-
TKy 1 pO3MIilleHHS BHUPOOHUIITBA, IMOKAa3HUKAMU
TpaHCTIOPTHOI 3a0€3MEUYEeHOCTI PEeTioHy, MOKa3HH-
KaM¥ SIKOCTI poOOTH, TTOKA3HUKAMH SKOCTi TPaHC-
nopTHOi mociyrd. ToMy BaXJIMBO CIiBBIIHECTH
(haKTUYHI XapaKTEPUCTHUKU SIKOCTI KOHKPETHOTO
MIEPEBE3CHHS 3 TUMH K XapaKTEPUCTHKAMU aHaJo-
TiYHUX TEepeBE3CHb, 10 BUKOHYIOTHCS KOHKYpPEH-
TamMu. ba3oro ans moOpiBHSAHHS MOXe OyTH CBiTO-
BHH CTaHAAPT, KpAamU{ BITYU3HSIHANW a00 I1HIIHIA
ceptuikoBaHUH 3pa30K.

KonnenTpanis 1 Bukopuctanss pecypcis. TpaHc-
MTOPTHE MiAMPUEMCTBO B CBOTH MISTIBHOCTI 37IHCHIOE
00’€eTHaHHS 1 BUKOPUCTAHHS MaTepiaJIbHUX, TPOILO-
BUX 1 TpyAoBuXx pecypcis. [linnpuemMcTBy HE0OXiqHO
OTpUMAaTH iX y CBOE PO3HOPSKEHHS, NOMIILINCH
TIpH IIHOMY, 1100 3a CBOIMHU SIKICHMH 1 BapTICHUMHU
XapaKTEepUCTHKaM BOHM OynW MpUAATHI Ui OpraHi-
3a1lii KOHKYpPEHTOCIIPOMOXKHHUX MEPEBE3CHb.
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Opranizalis mepeBi3HOro mpotecy. Brue pu-
HKOBOI cdepr Ha TpaHCHOPTHY ¢ipMmy mo3Haua-
€ThCSI HAa «BXOZI» y BHUPOOHWYHMH MpOIEC dYepe3
IIIHA 1 SIKICTh CIIOKHBYHMX PECYpPCIB 1 HA KBHUXOII»
3 HBOT'O 4Yepe3 IMOMUT Ha 3alpOIIOHOBaHI IepeBe-
3eHHs [14]. Ane cama opranizailisi nmepeBe3eHb —
BHOIp TEXHOJIOTi], TEXHIYHHH CTaH PYXOMOTO
CKJIaJly, CTBOPEHHS CTUMYJIIB JI0 Tpalli, KOHTPOJIb
AKOCTI TOILO — € CYTO BHYTPIIIHBO(iPMOBOIO MPO-
omemoro. HamaBatu BHpIiNIanbHOTO BIUIMBY Ha PH-
HOK TpaHCIIOpTHA OpraHi3amis, sSK NpaBWIo, He
Moxke. Tak, HE MOXXHA HaB’s3aTU PUHKY OKpeMi
BUIM  TepeBe3eHb abo  mociyr  MmijgcoOHO-
JMIOTIOMDDKHOI JiSUTPHOCTI, SIKi HE KOPHUCTYIOTHCS
MOMUTOM. AHAJIOTIYHA CUTYallis CKJIAJa€ThCs 13
3aBHINCHUMHU I[IHAMH Ha PECYpPCH, IO MPOIMOHY-
IOTBCSI HA PUHKY. AJle, OpraHi30BYIOUH MEPEBi3HUIMA
npoliec, TPaHCHOPTHA (ipMa 3HAXOJUTH BIACHUIM
cnoci® 3a7oBOJICHHS O0'€KTHBHUX BHUMOI PHHKY.
Hanpuknaz, HaliBaxIMBIIINM 3aCO00M TOJITIIIICH-
HS TIO3WITIM 3aJIi3HUIN B HUHINIHIN TIEpioa € CITiB-
mpans SIK 3 IHIIMMU BHJIAMH TPAHCIOPTY, Tak
1 IPOMHCTIOBUMH TiAMTPUEMCTBaMHU. SIK BUIH CITiB-
pPOOITHHUIITBA MOYKHA BUIUTATH KOOTIEPAIlifo i KOH-
neHrpauito. lle BaxxnuBo i IpUBENEeHHS NEpeBi-
3HUX MOTYXXHOCTEH y BIAMOBIAHICTH 31 3MiHCHUMU
yMOBaMH poOOTH Ta oOcsTaMu TEepeBE3eHb. Y pa-
MKax KOOIepalii MiANPHEMCTBA CIIBIPAIIOIOTh Ha
OCHOBI1 JIOTOBOpY, 3aJIMILAIOYNCh €KOHOMIYHO He-
3anekHUMU. [Ipy  KOHIEHTpamii miampueMcTBa
00’ € THYIOTBCS ISl CITUIBHOTO BUKOHAHHS 3arajib-
HUX BHPOOHMYMX 3aBAaHb. [l TPaHCHIOPTHOTO
MiAIPUEMCTBA TIe O3HAYa€ 3POCTaHHS MPHOYTKO-
BOCTI Ta (piHAHCOBOI CTIMKOCTI B paMKax IiIOUHX
oOMexeHb (HampuKiIaz, 3a piBHeM Tapudis, Oesme-
KM TOIIO).

Opranizamiss ~ MapKeTHHTOBUX  JOCIIi/KEHb.
CytHicth 11i€l (QYHKIT mMojsArae B JOUIIBHOCTI
MPOTOHYBATH MPOAYKTH, 110 KOPUCTYIOTHCS TIOTIHU-
ToM (3 ypaxyBaHHSM CErMEHTallii pUHKY Ta BHU-
BYCHHS ITOIUTY), @ HE MPOJaBaTH Te, 10 BUPOOIIe-
HO. /o ocHOBHUX (pakTOpiB, IO BILUTUBAE HA CTaB-
JICHHSI CIIOHBAYiB JI0 TPAHCIOPTHOI MPOAYKIIii,
BIJHOCSITB. KOMEPIIiiiHI yMOBH (MOKJIHMBICTH OYIy-
BaTH BiJITHOCHHU 3 BAaHTa)KOBJIACHUKAMH 32 JOTOBi-
PHUMH 1 JIOBFOCTPOKOBHUM KOHTPaKTaMH 3 ypaxy-
BaHHSM THYYKOTO TapH(HOTO PEryIIOBaHH:); Op-
TaHi3aIiio TEXHIYHOTO OOCIYTrOBYBaHHS IepeBe-
3eHb (3aTI3HUIS MOBHHHA T'apaHTYBATH JOCTaBKY
BaHTaXiB B IIJIOCTi 1 TOYHO B CTPOK, OE3MEKy py-

Xy, KoM(opT); ysBIECHHS NpPO 3ai3HUIIO 3 OOKY
BaHTAXOBIJNPABHUKIB 1 BaHTaKOOAEP)KyBadiB, ii
aBTOpHUTET, 1H(POPMOBAHICTh TMOTEHIIIHHUX KITi€H-
TIiB TIPO CyMy 3HIDKOK (Haa0aBOK), BHAW IIOCIYT,
IO HA/IAI0ThCS, cepBic, PipMOBE 0OCITYrOBYBaHHSI.
HeoOximHO TakoX CTHUMYJIOBaTH peali3aliio
TPAHCTIOPTHOT MPOIYKITii, TSI YOO BUKOPHCTOBY-
€THCS IMUPOKHUI CIIEKTP MAPKETUHTOBHUX MPHHOMIB.

3pocTtanHsl (iHAHCOBHX TOKa3HHUKIB € OJHIEI0
3 OCHOBHHUX IIiiell Bciel BHUPOOHWYO-(iHAHCOBOT
JISUTLHOCTI TPaHCIOPTHOI opranizamii. Lle Takox
JIO3BOJISIE 30UIBIINTH 1HBECTUILIMHI MOXIHUBOCTI,
IO CIPUSIOTH PO3BUTKY mignpuemcta. O00B’ 13-
KOBWI, HEBiJl'EMHHI €JIEMEHT PHHKOBOTO MEXaHi-
3My, Jie HIIO0 He MOXe OyTH 3aIlaHOBaHO 3 abco-
JIOTHOIO TOYHICTIO, — EGKOHOMi4HI pHU3UKH. s
€caMOTO JK TPAHCIIOPTHOTO TIiANPHUEMCTBA BHOIp
o0cAry Ta xapakTepy NPUHHATHX Ha ceOe PU3HKIB
€ BaXIIMBUM €JICMECHTOM 3arajbHOi cTparterii, sKui
BiJ[pi3Hs€ HOTO PUHKOBY MOBEIHKY BiJ iHIIIHX.

30aTHICTh 10 CaMOHABYaHHS, 10 MiJBUILCHHA
CTyIeHs BIOCKOHAIECHHS TEXHOJOT1] BUPOOHUIITBA,
BIIPOBA/KEHHSI CYYacHUX 3aco0iB aBTOMAaTH3allil
BH3HAYa€ €()eKTUBHICTH BUKOHAHHS BCiX (DYHKIIIH,
a 3Ha4YWTh, 1 PUHKOBHH YCIiX TPaHCIOPTHOI Qip-
MU. [ OIiHKH peabHUX MOXKIUBOCTEH Y KOHKY-
peHTHi# 00pOoTHOI TPAaHCTIOPTHI OpraHizamii MOBH-
HHI Ha/laBaTH BEJIMKE 3HAYCHHS aHaJi3y CBOIX CH-
JBHUX 1 caOKUX CTOPiH, PO3POOIATH 3aX0MH 1 3a-
co0H, 3a paxyHOK SKAX BOHU MOTIH O MiABHIIUTH
CBOIO KOHKYPEHTOCTIPOMOYKHICTb.

JJist 3a1i3HUYHOTO TPAHCHOPTY MpobiaeMa KOoH-
KYPEHTOCIIPOMOXKHOCTI OaratoruiaHosa [12]. 3ami-
3HAYHUHA TPAHCIIOPT KOHKYPYE 3 PI3HUMH BHIAMHU
Tpancnopty. KoHKypeHI[iss MOXe iICTOTHO 3MIHUTH
chopmoBaHi paHilme 3BUYHI cepu ePeKTHBHOTO
3aCTOCYBaHHS PI3HHX BHIIB TpaHCHOPTY. Tak, Ha
MepuIoMy eTarni eKOHOMIUYHUX pedopM BigOyBcs
pi3Kuil mepepo3noisl MacaXUPChKUX MEPEeBE3CHb
MIX TOBITPSHUAM 1 3aJIi3HUYHUM TPAHCIIOPTOM Ha
KOpHCTh ocTaHHBOTO. llicns BWXOAy maIMBHO-
EHEPreTHYHOTO KOMIUIEKCY Ha PIBHOBaXKHI IIHH
OinpIoi akTyanbHOCTI HaOyBae HEIIHOBa KOHKY-
PEHTOCIIPOMOKHICTh CYIEPHHKIB. BHyTpimmHbOTa-
Jy3eBa KOHKYPEHIIiS TakoxX Oyzae cepilozHuM (ak-
TOPOM, IO ICTOTHO BIUIMBA€ Ha JiSUTBHICTh 3alli3-
HUYHOTO TPAHCHIOPTY. Y MEPCIEeKTHBI 3arOCTPEHHS
KOHKYPEHITii OUiKYEThCS TAKOXX MiX BaHTOKHUMH
CTaHIIISIMH, SIKIO TUTAHOBAHI BaHTaXOIOTOKHU OYy-
IyTb TEPEepO3NOIUIATACS MK IUMH CTaHIISIMHU
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3aJIe)KHO BiJ piBHs BUTpar (coOiBapTOCTI BaHTa-
xonepepoOku). He Bci BaHTaHi cTaHIii OymayTh
KOHKYPEHTOCIIDOMOKHUMH 3 TIO3MILIH  yd4acTi
B JIOTICTHYHOMY JIAHIIO31 3aJTi3HUYHUX IIEpeBe-
3eHb. KOHKypeHIis MiX MiANPHEMCTBAMH Traiy3i
MOCTAaBUTh NMUTAHHS NPO IiJBHIIEHHS KOHKYpPEH-
TOCIIPOMOYKHOCTI HE TITBKHM 3QTI3HUIHHUX ITiJICHC-
TeM, 0e3MmocepeIHbO 3a/IiTHUX B TEXHOJIOTISX PyXY
TOBapy 1 NepecyBaHHsS MacaHpiB (HANPHKIAL,
MiICHCTEMH PEMOHTY pPYXOMOIO CKJIaay), aje
i opraHizaniil iHQppacTpyKTypH i B mepiry yepry —
MiICKCTEM 3 PO3LIMPEHHS MOCIYT 1 MOJIMIICHHS
CepBicy /IS TACaXKUPIB i BAHTAXKOBJIACHHUKIB.

IIpu oriHIlI KOHKYPEHTOCITPOMOYKHOCTI Xapak-
TEPUCTHKH, 1[0 BUKOPUCTOBYIOTHCS, MOXKYTh OYyTH
SKICHUMH 1 KiJTbKiCHUMH.

IIpotsirom XIX cTOMTTS B MPakTHIN €KCILTya-
Talii 3aJi3HULB MOCTYIIOBO OKPECIMIHCS MPiopHu-
TETH 1 CKJIaJIacsl CTiiiKa CHCTeMa BIJIHOCHH JepiKa-
BHOTO 1 MpHUBaTHOTO Kamitamy. B AHrmi, Hanpu-
KJIaJl, TIEPEBE3CHHS BaHTaXXIB OyJIO CIIPaBOIO TPH-
BaTHOI MiATIPUEMIIMBOCTI 1 Ha BIIKPUTTS KOXKHOI
HOBOI Jioporu OyJio MOTpiOHO JIKIIE TO3BLT mapiia-
MeHTy. KoHKypeHIIisi MK HiAMPUEMITIMA TIPU3BE-
Jla 70 MIAKYMiB NapiaMEeHTChKUX is4iB. 3ai3HU-
YHUX TOBApPHCTB HE3a0apoM BHHHUKJIIO 0 TBOXCOT,
MpUIOMY JIiHIT 1X 37e0UThIIOr0 KOHKYPYBIH MiX
c00010, a BHACIIIJIOK I[LOTO MOYAJIOCS HENpPUOOp-
KaHe cynepHHUTBO Tapudamu. Tapudu mis nepe-
BE3EHHSA MDK KIHLIEBUMHM CTaHIISIMH, I SIKHUX IIe-
peBaXHO HeOe3leyHa KOHKYPEHIIisl, 3HIKYBATHICS
IO MIHIMyMYy, TOAI SIK Ui TIPOMDKHHX ITyHKTIB
BOHM MIJBUIIYBAJHCS 10 MakcuMyMy. Taka cuc-
TeMa Tapudikarmii Maia Imoradi HaCHiIKH IS TOp-
TiBJIi, MPOMUCIOBOCTI 1 3aJi3HMIN BU3BAJIU B CyC-
minbCTBl 00ypeHHs. Y pe3ynbTari ypsin AHCmi
BHIC 3MiHH B 3aJli3HUYHY CIIPaBy, TOBAPHUCTBA CTa-
JIM BXOJIUTH MK COOO0 B yrojau i OyJio yTBOPEHO
CiM BENMKUX aKIIOHEpHHUX KOMIIaHiH, sIKi po3aiiu-
JIU Mi’K COOOFO PHUHOK.

Y  IliBHiuHO-AMepuKaHChKUX  CHONy9IeHHX
rarax MiX 3aJTi3HHYHUMH TOBapUCTBAMH CIIO-
cTepiranucst «rapudHi BiiHU», BiJ SIKUX PO30ps-
JUcs 1 cami 3aii3HuIi. Jlep>kaBHOIO BIaz0i0 OyiIH
3po0JieH] cripoOH BIOPSAKYBATH IIi TPOLIECH: TIPU-
3HAYAIIUCS YPSJIOBI KOMICii, BHJAaBAIMCA 3aKOHO-
JIaBYi aKTH. AJie BXKHTI Ail HE CIIPHSUTN TOJIIIIICH-
HIO CHUTYyaIlil Ha pUHKY 3aJII3HUYHAX TIEPEBE3CHb.

[ToBHY mpoTHIEXHICTh il CHCTEMI SIBIISLIA CO-
0010 cucTeMa CHOpY/DKEeHHS Ta eKCIuTyaTarii 3ati-

3HUIb, NpuitHaTa B benbrii. Benbrilicekuii ypsia
30cepenuB 3ali3HUUHY CIpaBy B PyKax AEpiKaBH,
saka OymyBajia 3ajJi3HUIN 1 ympaBisiia pyXoM Ha
HUX. 3rof0M dYepe3 Opak KOIITIB OyJIM 3aTydeHi
MPUBATHI MiANPHEMI, IO BUKJINKAIO KOHKYpPEH-
Iil0 MK MPUBATHUMH 1 JEPKABHUMH JOPOTAMHU.
[lizHinTe ypsia movyaB BUKYIUSITH IPUBATHI JIiHIl.

Kpainu €spormeiicbkoro Corozy (€C) tpamu-

IHHO MaJli YHITapHi, MOHOMOJbHI 3aJi3HUII, 110
HaleXaTh Jepxasi. [IpoTe B pe3ynbTaTi NpUITHAT-
1 "Hu3ku gupektB €C ( Ne Ne 91/440, 95/18,
1 95/19) xoxHa nepkaBa-uieH €C 30008’ s13aHa:
po3aUTUTH OONIK BHTpAT, IO BiTHOCATHCS
Ha 00CIIyTrOBYBaHHSI NUISAXIB Ta iHINOI iHPpacTpyK-
TYpH, 1 BUTpaAT Ha OOCIYroBYBaHHS 3ai3HUYHOTO
PYXOMOT'O CKJIaAy;
JIO3BOJINTH BUKOPHCTAHHS 1HQPACTPYKTY-
pH MDKHapOIHHM Tpylam 3ali3HUYHHAX MiANpHU-
€MCTB 1 3aJi3HUYHUM MiAMPUEMCTBAM, 3aHHATUM
Yy MDKHapOJHOMY KOMOIHOBaHOBaHOMY TPaHCIIOP-
TyBaHHI TOBapiB y Mexax kpain €C.

Ile 3po0ieHO 3 METOH MOAAIBIIOr0 00’€l-
HAHHS PUHKY NUISIXOM 3a0e3MeueHHs HEBITUHHOTO
TPAHCIOPTHOTO KOPUAOPY 3aTi3HUYHUX IepeBe-
3eHb B pamkax €C. 3aKOHOZABCTBO PO KOHKYype-
HI[iI0 Ta 3a0e3MedYeHHs] HOro JAOTPUMAaHHS € KO-
JOBUMH HampsMkamMu gisutbHOCTI Kowmicii €C. €B-
poneiickka Kowmicist poznovana Garato posciimy-
BaHb IOJO THOpYILIEHb 3aKOHOAABCTBA PO
KOHKYPCHIIiIO0, a B JISSIKUX BHITAJKAX BENUKI IITpa-
¢u Oynm CTATHEHI 3 KOMITaHii, SKi OynIu BU3HAHI
TaKUMH, 10 TOpyIIyBanu 3akoHu. Kpim Toro, Ko-
Micisl IpUHSIIA 3aX00u I 3a0e3Me4YeHHs J0TpH-
ManHs [TonoXeHHs AepkaBaMH-4JICHaMU, a B 3aJli-
3HUYHOMY CEKTOpi 3BEpHYyJia yBary Ha Ti cdepu,
y SKHX JesKi AepKaBH HE 3MOTJIA BUKOHATH BUMO-
TH Pi3HUX TMAaKEeTiB 3aJi3HUYHUX pedopM, — MmoeTa-
MTHE 3alPOBa)KCHHS 3aKOHO/IABCTBA.

MerToro 3aralbHUX 3aKOHIB MPO KOHKYPEHIIO
€ 3MEHIIICHHs] HeTaTUBHUX HACHIJIKiB HaJMipHOTO
KOHTPOJIIO PUHKIB OJHUM a00 KiTbKOMa OpraHaMH
1 OOMEeXeHHs BCTYIly HOBHX orneparopiB. Merta
nojsirac B 3a0e3MeueHHi PiBHUX YMOB Ui BCiX
YYaCHHKIB PHHKY IUISXOM YCYHEHHS TUCKpUMiHa-
il y KOHKYpeHIIi.

e nocsiraeTbest 3aBASKHA 3a00pOHI TPHOX KITIO-
YOBUX AaHTUKOHKYPEHTHHX JIiH:

NPUAHSITTS YTOJ, IO OOMEXKYIOTh KOHKY-
pEHIIifo;
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—  3JIOBXHBaHHS JOMIHYIOYUM (MOHOIIOJIb-
HHMM) CTaHOBUILIEM;

—  B3UMTTS, IO NPHU3BOIATH A0 AOMIHYHYOT
MTO3UIIIi Ha PUHKY, STKa 00MEXy€ KOHKYPEHITITO.

O1iHKa pUHKOBUX BIIHOCUH BKJIIOYA€E PETEIbHE
BUBYEHHS PUHKY 1 pO3IJIA] 3arajJbHUX XapaKTepu-
CTHK 1 0coOMMBOCTEH (DYHKIIIOHYBAaHHS KOHKPET-
HOT'O PUHKY.

KitouoBi eneMeHTH BKIIOUAIOTh:

—  BU3HAUYCHHA BiANOBIIHOTO PHUHKY IUIS PO3-
LISy,

—  oNIsiA pO3Mipy YacTKW MPOAYKIUii HA PUH-
Ky, 1 loro po3BHUTOK y yaci;

—  BHABIJICHHS IEPEIIKOJ JUISA BCTYIIY;

—  BUBYCHHS CIIPOMOXKHOCTI TIOKYIIIIiB;

—  anaii3 eQeKTUBHOCTI PETYJIIOBaHHS PUHKY.

IIpote 3i 3BiTy, HiATOTOBICEHOTO HA 3aMOBJICH-
Hs1 €BpPOKOMICIT, BUIUIMBAE, 10 B CEPEIHBOMY JIH-
me 46 % sxureniB €C 3a10BOJBHAIOTH MOCTYTH
3amizHunb, /1 % — BucTynae 3a OiIbII BiZKPHUTY

KOHKYPEHI[iI0 Ha puHKY mociyr. XKurem ®innsu-
il HalOULIbIE 3a40BOJEHI CBOIMH 3ali3HULSIMH
(67 %), ABctpii Tpoxu meHmie — 66 %, Hinepnan-
niB — 64 %. HaiiMeHme Mmocnyrd HbOTO BUIY
TPAaHCIOPTY BJIAIITOBYIOTh TpoMmansH bonrapii
(18 %), Pymymnii (23 %), Itamii (27 %) Ta ITomburi
(29 %). Ile omuTyBaHHs 300paxkene Ha puc. 5. Ta-
K0X 45 % moiAKiB 3asBUIIM, 10 HIKOJIM HE IOJ0-
POXYBaJIM TMOI3A0M, a KOXKEH TPETid Oymae, 1o
HisKi pedopMu HEe 3MycATh HOrO CKOPUCTATHUCS
MOCIIyraMu 3aJi3HUYHOTO TpaHcnopry. HalBink-
PUTILIYy KOHKYPEHLII0 Ha 3ali3HUYHOMY PHHKY
nixtpumyroth B Yexii (90 %), CoBauunni (86 %),
Itauii (80 %). Haiimennry — B Icnanii i IlBerii, (o
60 % migrpumku). Craix 3a3Ha4MTH, 10 JTibepati-
3alil0 PUHKY OXOYillleé MATPUMYIOTh B THX Kpai-
Hax, JIe KUTEJIl MEHII 3aJI0BOJICHI CHTYAIlI€l0, sSKa
BUHHKJIA HA PUHKY 3aTI3HHYHHUX TTOCIYT.
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Puc. 5. Bincotok rpomajsia kpain-€C, 3a10BOJIEHUX POOOTOO 3aTi3HUIb

Fig. 5. Percentage of citizens in the EU countries, satisfied with the railways operation

«YeTBepTHii 3aII3HUYHUI TakeT» €BpOKOMicii
BIIKpUBA€ HALlIOHANbHI PUHKH I KOHKYPEHIIi
3aTi3HUYHOTO IACaKUPCHKOTO  CIIOJMYYECHHS Ta
CKOpOYY€E Yac BUXO/IY HOBOTO PyXOMOTO CKJIaay Ha
pHHOK (32 paxyHOK 30UIbIICHHS poii €Bponench-
KOO 3aJi3HHYHOTO areHTCTBA), a TAKOXK BJOCKO-
HaJIO€ YIPaBIiHHA 3aTi3HUYHOIO 1HQPACTPYKTY-
poro. IlepeBakHO €BpOMEHIl OYIKYIOTh, 110 3POC-
TaHHA KOHKYPEHUIl Ha PUHKY 3ali3HUYHHX Iepe-

BE3CHb MPUHECEe KOPUCTh macaxupam (78 %), npu-
BaTHUM 3aJli3HUYHUM omieparopam (68 %) ta cmiB-
pobiTHHKAM 3ami3HHYHKX KommaHii (55 %).

Hawmip Tux, XTO HamaraeThcs 3aCTOCYBaTH CHUC-
Temy €C B iHIIMX KpaiHax, SK MPaBHJIO, OLIBLI
mmpokuil. Bin mossirae B Tomy, mo6 3abe3nednTu
BAaHTXOBIANPaBHAKAM BHOIp BapiaHTIB IOCITYT
3aJi3HUYHOTO TIEPEBE3CHHs, HE BTPATHBIIM EKO-
HOMIIO BiJ MacwTaly, sika BUHUKAE NPU CIUIbHIN
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eKcIuTyaTalii moi3miB Ta 3ali3HuIlb. barato mpu-
XWIBHUKIB I1i€1 CHCTEMH BBaXKAIOTh, 1[0 MOXKJIMBO-
CTeH Ui BEIMKUX BaHTa)OBIiIIPaBHUKIB 3a0e3rre-
gyBaTH OOCIYTOBYBaHHS BJIACHWX CKIAIiB IIPH
BUKOPUCTAaHHI MOHOIOJBHHUX 3aNi3HUYHUAX KO
Oyne mocraTHpO, MO0 JoBecTH Tapudu iHTerpoBa-
HOTO TiATIPHEMCTBA 10 MPUHHITHOTO KOHKYPEHTO-
CIPOMOJKHOT'O DiBHs. PerymnroBanHst Toai Oyle He-
00XiJiHEe TITbKH I BCTAaHOBJCHHS YMOB IIIOJIO
JIOCTYTy IO iHQPACTPYKTYpH, aje He yMOB BHKO-
pucranHs pyxomoro ckinagy. Cucrema €C 3apa3
JTy’Ke TIOMyJIsipHA B TIOJITHYHUX J1e0arax B yChOMY
cBiTi. | I 1MBOro € cepito3Hi MiACTaBU: MPO30-
picTh, SIKy BOHA 3a0e3medye, i MOXIIMBICTh TTOTEH-
1iiiHo1 a00 HaBiTh peaylbHOI KOHKYpPEHIII MiXk pi3-
HUMU BUJIaMU TPAHCIIOPTY.

ABTOMOOUTBHHI TPaHCIIOPT XapaKTEPU3YETHCS
BHCOKOIO IIBHIKICTIO JOCTABKHA BaHTaXIB, 3IaTHI-
CTIO 3MIMCHIOBATH TEpPEBE3CHHS «BiA IBepei 1o
JBEpEit» 3aBASKH PO3Taly)KEHOCTI MEpexi aBToO-
MOOUTEHHX TTOpIr. AJle HOMY BIIACTHBI BEIHKI TPY-
JIOBi Ta MaTepiajJbHi BUTPATU HA OJUHMLIO MEPEBi-
3HOi pobotu. CoOiBapTiCTh MEepeBe3eHh Ha aBTO-
MOOUTEHOMY TPAHCITOPTI Ha TOPSIOK BHIIE, HIK HA
3amizHuyHOMY. CepefHs BIJCTaHb IEPEBE3CHHS
BaHTaXIB Ha aBTOMOOLIEHOMY TPaHCIIOPTi CKIIaae
6mu3sko 25 kM (Maitke B 50 pasiB Menie, HiX Ha
3aJIi3HUYHOMY). ABTOMOOLUIbHHUIT TPAHCIIOPT BHKO-
PUCTOBYETHCS TIEPEBAXKHO NPU NEPEBE3CHHAX BaH-
TaXiB Ha KOPOTKi Ta cepenHi Biacrani. [Ipote Bce
YacTillle BiH 3HAXOJAUTH 3aCTOCYBAaHHS IPHU MTEepeBe-
3€HHI JIOPOTHUX BaHTaXIiB 1 HAa TOPIBHIHO HajeKi
Biacrani (go 1 000 kM i Ginbiie). ABTOMOOIIBHUI
TPAHCIIOPT € TPAHCIIOPTOM ITLIOPIYHOTO KOPHCTY-
BaHHSI.

BHyTpiHiil BomHMI TpaHCIOPT XapaKTepH3y-
€THCSI 3JIATHICTIO OCBOIOBATH BEJIMKiI BaHTAXKOIIO-
TOKH Ha NIEBHUX HAMPSAMKAax, 3yMOBJICHUX TEPUTO-
pianbHO-reorpadiuHUMH O3HaKaMH. 3a PiBHEM BU-
TpaT Ha OJIWHUINO TMepeBi3Hoi poOOTH BiH HAOIH-
JKAETBCS 710 3ali3HMYHOTO TpaHcmopTy. Moro
BUKOPUCTaHHS OOMEXYIOTh CE30HHICTH POOOTH,
BITHOCHO HEBHCOKA LIBHIKICTb MEPEBE3CHHs, I'eo-
rpadigai  OCOOMMUBOCTI TPOXOPKEHHSI BOJTHHX
NUIAXIB.

Mopchekuii  TpaHCIIOPT BUKOPHCTOBYETHCS TO-
JIOBHUM YWHOM JIJISl TIEPEeBE3eHbh BaHTAXKIB 30BHIIII-
HBOCKOHOMIYHOTO TIpu3HadYeHHSI. BiH Xapakrepu-
3YEThCS JIOCUTHh HH3BKOI COOIBapTICTIO TepeBe-
3eHb (ONMHM3BKOIO JIO TOKA3HUKIB 3aTi3HUYHOTO

i BHYTpILIIHBOTO BOJHOTO TPAHCIOPTY), 3AaTHICTIO
OCBOIOBAaTH BENHKI BaHTa)KOIIOTOKH 1 Ma€ HaJ3BU-
YalHO BHUCOKY CEpEAHIO MAalbHICTh MEpPEeBE3CHb
(6am3pko 4 000 kM), Moro BuKOpuCTaHHS TIpH
HBOMY OOMEXYETbCS MPHUPOIHO-KIIMATHUHUMHU
YMOBaMH KOHKPETHHUX MOPCBHKHUX OacelHiB.

IloBiTpsiHUIT TpPaHCIIOPT € YHIKAILHUM BHIOM
TPAHCIOPTY, BUKOPUCTOBYETHCS ISl HIBHIKICHHX
nepeBe3eHb. Oro XxapakTepusye HaI3BHYAIHO
BUCOKHH DPIBEHb BUTpPAT Ha OJUHMLIO IEPEBi3HOL
pobotu (y 50 pasiB 6isblie, Hi’K Ha 3aTI3HAYHOMY
tpaHcnopti). CepeHs BiICTaHb NIEPEBE3CHHS BaH-
TaXIB MM BUJOM TpaHCHOPTY B 3,5—4 pasu Oinb-
1I€e, HiX 3aJ1i3HUYHUM.

CrenuiyHUM BHIOM TpPAHCIIOPTY € MaricTpa-
nbpHI TpyOompoBoau. Humu nepekauyeTbest Maiixke
BeCh 00CAT MPUPOTHOTO Tazy, HadTH, HadTOMIPO-
OykTiB. TpyOOINpOBiAHWI TpaHCIOPT XapaKTepu-
3YETBCS  BIZHOCHO HEBHCOKOIO  COOIBapTICTIO
TPAaHCIOPTYBAaHHS NPOIYKLii, HOPIBHIHO HEBUCO-
KUMH TPYIOBUTPATAMH 1 BEJIMKOIO BiJICTAHHIO TIE-
peKauyBaHHS MPOAYKLIi.

KoxeHn Bua TpaHcmopTy 3aliMae MEBHUM cer-
MEHT TPAHCIOPTHOT'O PUHKY 3 YpPaxyBaHHSIM CBOIX
TEXHIKO-€KOHOMIUYHMX OCOOJIMBOCTEMH, Ccl1abo KOH-
KypyIOuH, a B HHU3I BUIAJKIB i 30BCIM HE KOHKY-
pytour oamH 3 OmHHUM (KpiM aBTOMOOIIBHOTO
Tpancnopty). OpHaKk BCepeAWHi IMX CErMEHTIB
IIIKOM MOXIMBa KOHKypeHLis. Tomy BaHTaxHi
Tapuu € ONTOBHMH, a TMACAXKHUPCHKI Tapudum —
pO3apiOHUMH ITiIHAMH TTEPEBE3CHHS.

3ai3HUYHI BaHTaXHI Ta MAaCAXKUPCHKI Tapudu
3a CBOEI0 EKOHOMIYHOIO IPUPOJIOI0 € LiHAMH pea-
mizamii mpoAyKIlii 3ami3HHYHOrO TpaHcmopty (ire-
pEMIIIICHHST BAaHTaXIiB, MacakKupiB, Oaraxxy 1 BaH-
Takobaraxy). BingMiHHOCTI BaHTaXHHMX 1 maca-
JKUPCHKUX TE€PEBE3CHb MOJIATal0Th B TOMY, 110 Ba-
HTaXHI  TIEPEBE3CHHS  3IMCHIOIOTBCS IS
BUPOOHMYMX YU TOProBUX mignpueMcTs. [laca-
JKUPCBKi MEepeBE3eHHS] BUKOHYIOTHCS B OCHOBHOMY
JUIsL 0COOMCTOTO CIIOXKUBAHHS HAaceJIeHHs (32 BHHS-
TKOM BHPOOHHUYHX 1 CITy’KOOBHUX).

[IpuHIKMIIOBOO  BIAMIHHICTIO  3aJi3HUYHOTO
TPAHCIIOPTY BiJ IHIMX TaTy3edl EKOHOMIKH € Te,
110 3 BAKOPHCTAHHSIM OJJHHX 1 TUX K€ BUPOOHUYNX
MOTY>KHOCTEH BiH IMEPEBO3UTH BEJHKY KIUIBKICTH
HalilMeHYyBaHb BaHTaXiB, AKi HE € B3a€MO3aMiHHU-
MH B Pi3HHUX YMOBaX, a TAKOXK 3HIMCHIOE 1 JEKITbKa
BUJIIB MACAKUPCHKUX TIEPEBE3EHb.
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PesyabTatu

B xoml BHKOHAHHS [OCIIKEHHS BHU3HAYEHI
npoOJeMH  yIOpaBIiHHSI  KOHKYPEHTOCIIPOMOXK-
HICTIO, B TOMY YHCJIi Ha TPaHCIIOPTHOMY PHHKY,
SKI BUMarajgu BCEOIYHOTO aHai3y 1 CepHo3HOro
HAYKOBOT'O OOTPYHTYBaHHS.

HaykoBa HOBHU3HA Ta IPAKTUYHA
3HAYUMICTh

B pesynbraTi poboTu Oy cTpyKTypOBaHi 0co-
OJIMBOCTI TPaHCIOPTY Ta TPAHCIIOPTHOI MPOIYKIIil
B Cy4acHHX yMmoBax. HaBenmeHi 3anexHocTi maca-
JKHPO- Ta BaHTAXX0O0OITiB 3a BUAAMHU TPAHCIIOPTY 32
OCTaHHI JeCATh POKiB. PO3IIIIHYTO MUTaHHS OTpPH-
MaHHS JIOJJaTKOBOTO NMPHOYTKY IUIIXOM HAJaHHS
BaHTA)KOBJIACHUKOBI HHU3KH CEPBICHUX OIUIavYyBa-
HUX nocayr. OnTUMaibHe NO€AHAHHS BapTOCTI Ta
AKOCTI IUX TIOCIYI y KOXXHOTO TPAHCIIOPTHOTO
MiANPUEMCTBA CHPUSE MiABHIICHHIO HOTO KOHKY-
PEHTHOT'O CTaTyCy.

KoHkypeHI1is MiXk MiIIpUEMCTBAMHU Tally3i MO-
CTaBUTh NUTAHHS TPO MiABHUIIEHHS KOHKYPEHTO-
CIIPOMOIKHOCTI HE TUIbKH 3aJTi3HUYHUX IiJICHCTEM,
Oe3nocepeTHRO 3aliTHUX B TEXHOJNOTISIX PyXy
BaHT@XIB 1 IIEpeCyBaHHSI IACAKUPIB,  aie
i opraHizanii iHQpacTpyKTypH i B mepily 4epry —
MiICKCTEM 3 PO3LIMPEHHS MOCIYT 1 MOJIMIIEHHS
CEpPBICY IS TacaKMPIB i BAHTA)KOBJIACHHKIB.

BucnoBxu

3ami3HUYHUKA TPAHCIOPT € CKIAAHUM Oararto-
rairy3eBuM BUPOOHHITBOM. KpiMm Toro, piBeHb 3a-
JM3HAYHUX BaHTAXKHUX Tapru(DiB BU3HA4YAE ePEeKTH-
BHICTh PO3MIIIEHHS] BUPOOHHIITBA B Pi3HUX perio-
HaxX KpaiHH, a TakoX e(eKTHBHICTh BHPOOHHUIITBA
BXK€ JIFOYMX MiTIPUEMCTB, OCKIJILKH BiJ PiBHS Ta-
pudiB 3anexars 00car, cepa 30yTy i LiHa iX Tpo-
OyKOii B MyHKTax CrokuBaHHA. Lle BpaxoByeThbCs
mpu BcTaHoBIeHHI Tapudi. Tak camo, gk i HiHK
B IHIIKX Tally3sX €KOHOMIKH, Tapudu 1 ogepKyBa-
Hi 3aJli3HWYHUM TPAHCIIOPTOM JOXOAHM TOBUHHI
HOBHICTIO IOKPUBATH HOTO BUTpaTH, 3a0e3neyyBa-
TH HOTO PO3BHUTOK, (hiHAHCOBY CTIHKICTh Ta KOHKY-
PEHTOCIPOMOXKHICTh B TIEPCIIEKTUBI.

Jnst ouiHKK piBHA MOHOIOINI3aLii TPaHCIOPT-
HOTO PHUHKY HEOOXiTHO BHSBUTH ceprn BHKOPHC-
TaHHA BHJIB TPAHCIOPTY, SIKi BH3HAYAIOTHCS iX
TEXHIKO-€KOHOMIYHUMH OCOOJIMBOCTAMH, IO JO-
3BOJISIIOTH 3 HAWOULTBIIOK e(EeKTUBHICTIO peaii3o-

BYBAaTH TPaHCIIOPTHO-EKOHOMIYHI 3B’SI3KH, 3yMOB-
JIeHI TepUTOPIaNbHUM IOJIIOM Tpali Ta IHIIUMH
YUHHUKAMHA E€KOHOMIYHOTO 1 COI[IaJIbHOTO Xapak-
Tepy. HeoOximHO TOCTIfHO BHKOHYBaTH aHaIi3
MPUYHMH 3HWKCHHS 3HAYEHHS OKPEMHX KpHUTEpiiB
KOHKYPEHTOCITPOMOKHOCTI TPOAYKIIi 1 MOHITO-
puHT (HaKTOPiB, MO0 MiABUIIYIOTH KOHKYPEHTOCII-
POMOXKHICTh. SIK 1HCTpYMEHTapii cIij 3acTOCOBY-
BaTH (aKTOPHUI aHaJi3, IKUH € BarOMUM B JisUTb-
HOCTI MIATIPHEMCTB-BUPOOHUKIB 1 TiAIPHEMCTB-
MPOABIIIB.
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ITYTHU HOBBIIIEHUA KOHKYPEHTOCIIOCOBHOCTH
AKEJE3HOAOPOKHOI'O TPAHCIIOPTA
B COBPEMEHHBIX YCJIIOBUAX

Hean. B pabore HEoOXOAMMO TPOBECTH aHAIN3 BHAOB KOHKYPEHIMH Ha TPAHCIIOPTHOM PBIHKE C IIEJBIO
MIOUCKA MyTEeH IOBBIIEHUS KOHKYPEHTOCIIOCOOHOCTH JKEJIE3HOJOPOKHOTO TPAHCIIOPTAa M OMPEAEIHUTH BONPOCHI
oOecrieueHnsl paBHBIX YCIOBHH U BCEX YYACTHUKOB PhIHKA ITyTE€M YCTPaHEHHs AUCKPUMMHALUU B KOHKYPEHIIHU.
MeTtoauka. ABTOpaMH NPOBEACH aHAIU3 MOCICTHUX HCCIEIOBAHWNA W MyOJIMKAIMi MO JaHHOW mpobieMaTuke.
HccnenoBanbl  BONPOCHI  pa3BUTHSL  KOHKYPEHIMH, TOBBINICHHS YPOBHS  KOHKYPEHTOCIIOCOOHOCTH  Ha
HKEJIEe3HOMOPOXKHOM TpaHcropre. OOpalaeTcsd BHUMaHUE Ha TO, YTO B CBSI3M CO CIAJIOM OOBEMOB IEPEBO30K Ha
BCEX BUJaX TpaHCHOPTa KOHKYPCHIUA MOXKET CYHICCTBECHHO M3MCHUTH CIIOKHMBIIUCCA PAHCC NPUBLIYHBLIC C(i)epbl
3¢ PEKTUBHOTO NPUMEHEHHUS Pa3IMYHbIX BUIOB TpaHcnopra. Kaaelii Bua TpaHCIoOpTa 3aHMMAaeT OIpeleICHHBIN
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EKCIUTYATAILA TA PEMOHT 3ACOBIB TPAHCIIOPTY

CerMEHT TPAHCIOPTHOI'O PBIHKA C YYETOM CBOMX TEXHHKO-DKOHOMHYECKHX OCOOCHHOCTEH, cllabo KOHKYpHpY,
a B psifie CITy4aeB — U BOBCE HE KOHKYPHUPYs APYT ¢ Apyrom (Kpome aBTOMOOHIBHOTO TpaHcropTa). OMHAKO BHYTPH
3THX CEIMEHTOB BIIOJHE BO3MO)KHA KOHKypeHIMA. Pe3yabTaTel. B mporecce uccnenoBaHus BBIIBIECHB! TPOOIEMBI
YIpaBJeHUS] KOHKYPEHTOCIIOCOOHOCTBIO, B TOM UHCJIE€ Ha TPAaHCIIOPTHOM pBIHKE, KOTOpBIE TpeOOBaIIN
BCECTOPOHHETO aHaIM3a U CEphEe3HOr0 HaydyHOro odocHoBanus. Hayunasi HoBu3Ha. B pesynbrare paboTel ObLIn
CTPYKTYPHPOBaHbI 0COOCHHOCTH TPAHCIOpPTa M TPAHCIIOPTHOW MPOAYKIIMU B COBPEMEHHBIX ycioBusiX. [IpuBeneHs!
3aBHCHMOCTH NTACCAXUPO- U TPy30000p0Ta MO BHJAM TPAHCIIOPTA 3a MOCIECIHHE JIECTh JIeT. PaccMoTpeH Bompoc
MOJTyYeHHS JOTIOTHUTENBHOM MPUOBUTH ITyTeM IPEAOCTABICHHS TPY30BIaICNbIly psAa CEPBUCHBIX OIUIAYNBACMBIX
ycayr. OnTuManbHOE COYETaHNEe CTOMMOCTH M Ka4eCTBa JaHHBIX YCIYT Ul KaXJO0TO TPAaHCHOPTHOTO MPEIIPHUITUS
CIOCOOCTBYET MOBBILIIEHHIO €r0 KOHKypeHTHOro craryca. lIpakTuuyeckass 3HauMMocTh. KOHKypeHIMs Mexmy
NPEANPUATHAMH ~ OTPaciy IOCTaBMJa BOIPOC O TOBBIMLICHWH KOHKYPEHTOCIHOCOOHOCTH HE  TOJNBKO
JKEJIE3HOJIOPOKHBIX TOJCUCTEM, HENOCPEACTBEHHO 3a/lefICTBOBAHHBIX B TEXHOJOTHSX JBHXKEHUS TPy30B
U TIepeIBUKEHHsI ITacCaXXMPOB, HO M OpraHU3allid WHQPPACTPyKTyphl. DTO KacaeTcs, B IEPBYIO ouepenb, —
TIOJICUCTEM II0 PACIIMPEHUIO YCIYT M yIYYIICHHIO CepBUCa JUIs MacCaKUpPOB M Tpy3oBiazenbleB. ObecneueHne
pPaBHBIX YCIOBMH JUIi BCEX YYaCTHHKOB pBIHKA JOCTUTaeTcs Onarojapsi 3ampery Tpex KIIOYEeBBIX
AQHTUKOHKYPCHTHBIX JEHCTBUI. NPUHATHS COMJIAIICHWH, OTPaHMYMBAIOIINX KOHKYPEHIHUIO; 3JI0yNOTpeOsieHne
JOMHUHHUPYIOIIAM (MOHOIONBHBIM) MOJIOKEHHEM ¥ CIHSHHS, KOTOPBIC NPHUBOJAT K JOMHHHUPYIOIICH MO3MIMH Ha
PBIHKE U OTPAHUYUBAIOT KOHKYPEHIIHIO.

Kniouegvie cnoea: rTpy30000poT; HaccakupooOOPOT; BHUABI TPAHCIOPTA; KOHKYPEHTOCHOCOOHOCTH; BHBI
KOHKYPEHIINH; 0COOCHHOCTH TPaHCIIOPTa
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WAYS TO INCREASE COMPETITIVENESS OF RAILWAY
TRANSPORT IN MODERN CONDITIONS

Purpose. In this paper it is necessary to analyze the types of competition in the transport market in order to find
ways to improve the competitiveness of railway transport and to determine the ensuring equal conditions for all
market participants by eliminating discrimination in competition. Methodology. Analysis of recent research and
publications on the subject was held by the authors. The question of the development of competition, increased
competitiveness in railway transport was investigated. Attention is drawn to the fact that due to the decline in traffic
volumes on all modes of transport competition may significantly change the usual sphere the effective use of differ-
ent modes of transport. Every mode of transport occupies a particular segment of the transport market, taking into
account its technical and economic features, weakly competing, and in some cases do not compete with each other
(except the road transport). However, it is entirely possible competition inside these segments. Findings. The prob-
lems of management of competitiveness, including the transport market, which required extensive analysis and serious
scientific study, were identified. Originality. As a result of this work the features of transport and production of trans-
port in modern conditions were structured. The dependences of passenger turnover and freight turnover by mode of
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transport over the past decade were shown. The question of additional profits by providing the cargo owners a range of
service was examined. The optimal combination of cost and quality of such services at each transportation company
promotes increasing its competitive status. Practical value. Competition between enterprises of the industry put the
aim of improving the competitiveness of not only railway subsystems directly involved in technology movement of
cargoes and the movement of passengers, but also the organization of infrastructure in the first place — subsystems to
expand services and improve service for passengers and cargo owners. Ensuring of equal conditions for all market
participants is achieved through a ban of three key anti-competitive actions: the adoption of agreements restricting
competition; abuse of a dominant (monopolistic) position and mergers, which result in a dominant market position
to restrict competition.

Keywords: freight turnover; passenger turnover; types of transport; competitiveness; types of competition; fea-
tures of transport
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BU3HAUYEHHS EHEPI'O3AOIIAKYIOUNX PEXKUMIB
PO3I'OHY NO13/1B

Mera. B cyyacHux ymMoBax eKcIulyarallii pyxoMoro CKJajy akTyajJbHUM 3aBJIaHHSM € Mi/IBUILEHHS e()eKTUBHO-
CTi1 HOr0 BUKOPHUCTAaHHS 32 paXyHOK 3HW)KEHHS BUTPAT €HEpropecypcis, B TOMY YHCII i Ha TATY moi3aiB. L{poro mo-
JKIJIUBO JOCATTH IIUIIXOM CTBOPEHHS CHCTEM KEepyBaHHS MOTYXKHICTIO JJOKOMOTHBIB, 30KpeMa, BUKOPHCTaHHSIM pe-
KUMHHX KapT Ta O0pPTOBUX amapaTHO-IPOrpaMHKUX KoMIuiekciB. MeToanka. B crarTi po3risiHyTO criocobu pymas-
HS 3 MiCI Ta HAOOpy IIBHAKOCTI MOi3na. TATOBI pO3paxyHKH 3 BH3HAYCHHAM CHEPrO3a0lIaKYIOUNX TPAEKTOPIH
nependavaoTh MOIIYK PalioOHaIbHOI 3aJIS)KHOCTI BUTPAT €HEPropecypciB Bix yacy xony moizaa. [lpu Bubopi eHep-
ro3a0IA/PKYIOYHX TPAEKTOPIN pyXy MOi3Ja Ta MpH po3poOIli pe)KUMHUX KapT BEICHHS MOi3/iB HEOOXITHO BPaxoBy-
BaTH 3MiHHI apaMeTpH, Taki siK: npodijp AUISHKH, Macy CKIaay, Cepilo JIOKOMOTHBA Ta iH. [Ipu mepenayi noTyx-
HOCTI BiJl IIEPBHUHHOI CHJIOBOi YCTAHOBKH 10 PYIIIHHMX KOJICHUX Hap BiIOYBalOTHCS HEMHHYYI BTPATH, SIKi OIHCY-
10Thes Koedirtiearom kopucuoi il (KKJI). dust Gimbmiocti eneMenTiB mepenadi jokomotuBa 3anesxkrocti KK omu-
CYIOTbCS HENIHIMHMUMHU DIBHSHHSAMH. PO3IIISIHYTO OTpHMMaHHS €HEpro3aoliakKyodoi (yHKIii yrnpaBiiHHS TATOKO
NpY pyLIaHHI Ta PO3TOHI 3 METOI 3MEHIICHHS ITMTOMUX BUTPAT EHEPropecypciB 3a paxyHOK yJIOCKOHAJIEHHS ajro-
PUTMY pO3paxyHKy OararoBapiaHTHHUX TPA€KTOPiH pyXy MHOi3a. 3alponoHOBAHO METOAMKY BHOOpY eHeprosaoluia-
JUKYIOUOI TPAeKTOpil pyXy NpH pO3TOHI MOi3/ja Ta YIPaBIiHHI MTOTY>KHICTIO €JIEKTPOBO3IB 1 TEIUIOBO3IB i3 €IEKTpUY-
HOIO TIepe/iaueio, B OCHOBY SIKO1 ITOKIJIaJIeHO MaTeMaTH4YHi METOAM PIBHOMIPHOTO TOLIYKY Ta MapaMeTpUYHOI ONTH-
Mizanii. PesyabpTaTn. [y 3MiHHHX TTapaMeTpiB CKJIajly Ta MOi3HOI cHTyalii moOy10BaHO JABOXIapamMeTpuyHy (yH-
KIIOHATPHY 3aJISKHICTh YINPABIIHHSA IOTYXXHICTIO JIOKOMOTHBA Ta AaHANITHYHO BH3HAYCHO €(EKTUBHICTH
3ampornoHoBaHoro anroputMmy. HaykoBa HOBH3HA. 3a pe3ynbTataMu poOOTH aBTOpaMH OTPHMAHO SHEPro3aolia-
JOKYI09y (DYHKITFO YIIPaBIiHHS TATOFO, sIKa 3aJICKHUThH Bl MacH CKJIaqy Ta yXwiy. Ha BiaMiHy Bif iCHYIOUHX po3po-
00K pamioHaJIFHOTO BEICHH MOI3/IB aHa QYHKIIS MOTpedye 3HAYHO MEHIIIE MAITMHHOTO Yacy MPH BUCOKIH TOYHO-
CTi pO3paxyHKiB, IO Ja€ MOXKJIMBICTD ii BIPOBAKCHHA B OOPTOBY CHCTEMY KepyBaHHS JIOKOMOTHBOM Ta €KOHOMIii
enepropecypcis. IlpakTuyna 3HaunmicTb. ExcriepuMeHTabHO BH3HAYEHUH BUEHHMH aJTrOPHUTM, SIKUI € CKIIa/o-
BOI0 YaCTHHOIO OOPTOBOTO NMPOrPaMHOI0 KOMIUIEKCY BH3HAYEHHsI €HEpPro3aolla/LKylounX PEeXHMIB BEIEHHS MOi3-
B, CIIPUSITUME 3HIDKEHHIO BUTPAT EHEPrOpeCypCiB.

Kniouosi crnosa: TAroBi po3paxyHKH; eHeproeeKTHBHICTh BEACHHS IMOI3/IB; pYLIaHHs 3 MICIs; PO3TiH 101313,
YIPaBIiHHS MTOTYKHICTIO; MapaMeTpUYHa ONTUMI3allis

Beryn JIOKOMOTHBA, CTaH PEHOK, BTPaTH B TATOBUX JBH-
TYHax iT. II.

ITyck Ta po3TiH Ba)XJIMBO BUKOHYBATH SKOMOTa
OUTBII TUTABHO, HE JIOMYCKAIOYU HAJTO IIBUKOTO
HapoIyBaHHs cuiu Tard. L{e HeoOxiaHo mis Toro,
o0 He JOIMyCTUTH PO3PUBY T01371a Ta OOKCYBaHHS
KOJIICHUX Tap JIOKOMOTHBA. 3PYIIUTH BaHTAXKHUM
MOi31T 3 MICIS JIeTIIe, SKIIO MONepeHbO YCYHYTH

Pexxum po3roHy moizga XapakTepu3yeThesl BU-
0OpOM palioHaIBHOTO MOJIOKEHHS PYKOSITKH KOH-
TpoJiepa MallMHICTa B MepioJ MycKy. MammHicT
nepes BUOOPOM PEeKHMY PO3TOHY 01371 MOBUHEH
BpaxyBaTH BiJCTaHb MK ITyHKTaMH 3YIHHOK, 4ac,
3aKJaJlecHuid B PO3KIIAJI, MyCKOBI XapaKTEPUCTHKH
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3a30pH B Ia3ax AaBTO34YemiB. SIKIIO JIOKOMOTHB
HE Mae aBTOMaTHYHOTO IYCKY, MOCTYIIOBO Mepe-
BOJSITH PYKOATKY KOHTPOJIEpa MalIMHICTa Ha BUIII
MO3UIIi1, BTpUMYIOYH 11 Ha KOXKHIN 3 HUX MPUOITU3-
HO 3 CEKYHIH, IO HEOOXiTHO IS CIIpaIlbOBYBaH-
HSl eNIEKTPUYHUX arapartis. [licist Toro, sik ToJIoBHA
YacTHHA T013/1a TpHHIE IO PyXy, MPOJIOBXKYIOTH
HAaOMpaTH TO3WINI, JOTPHUMYIOUHUCH TPU IHOMY
BUMOTH, 1100 CTPYM TSTOBHX JBUTYHIB HE mepe-
BUIIIYBaB 3HaYCHb ITyCKOBOTO CTPyMY UISl TSTOBO-
T'O PyXOMOTO CKJIa/ly TIEBHOI cepii Ta OyB ONMHM3bKUi
0O MaKCHMAJBHOTO JOMYCTHMOTO 3Ha4eHHS 3a
yMOBaMHM 3YeIJICHHS Kojic 3 pelikamu. st TOro
mo0 He BiAOyNOCS pO3pUBY MOiI3[a, MOMATBIINI
Ha0lp TO3WIH KOHTpOJepa MAIUHICTa MOXKHA
3MIACHIOBATH IICJIsI TOrO, SIK BECh IOI3M pa3oM
3 JIOKOMOTHBOM HPHUHJIE 10 PYXY.

Ilocmanoska npobaemu. Ilix vac podoOTH TATO-
BOT'O €JICKTPOIBHUTYHA ab0 TreHepaTtopa B HUX Bif-
OyBaroTbcsl BTPAaTW €HEprii, MO BUKJIWKAIOTH Ha-
TpiB iX WacTWH i geraneid. HarpiBanHs emekTpud-
HUX MallTiH 3aJICKUTH BiJl BTPAT MOTYXKHOCTI, TPH-
BaJOCTI HarpiBaHHsA Ta IHTEHCHBHOCTI OXOJO-
JDKeHHS. BTpaTu B OBHUTYHI 3aiexaTh BiJ HaBaH-
TaXeHHSA. UnM OUTBIINK CTPyM IMPOXOAUTH Uepe3
OOMOTKM MalllMiH{, TAM OiJbIIi BTpaTH €Heprii
B Hill i TUM CHJIBbHILIE HArpiBarOThcs il YaCTHHH
(B mepmry uepry oOMOTKH i KojekTop). Brparm
B Miai 30UIBHIYIOTECS TPOMOPIIIHO KBaapaty
CTpyMy, i1 MarHiTHi BTpaTH B SIKOpi Ta MOJIOCAX,
10 3pOCTAIOTh 31 30iTbIIEHHSIM YacTOTH oOepTaH-
HS SKOPSI, TOOTO i3 30UTBIIICHHSAM IIBUAKOCTI PYXy
nmoxoMoTuBa. OTXe, MEpIIi JOCATAIOTh 3HAYHUX
BEJIMYMWH IIiJ] 9Yac PO3TOHY, IPYTi — Mijg Yac mpsmy-
BaHHS B TATOBOMY DPEXHMi 3 BHCOKHMH IIBHJIKO-
CTSIMU.

Kpim Toro, npu nepenadi eleKTpU4HOI MOTYX-
HOCTI MIX TSTOBHM T€HEPATOpOM 3MIHHOTO CTPY-
My Ta TSITOBHMH E€JEKTPOABUTYHAMH MOCTIHHOTO
CTpyMy BiZOyBarOTbCS BTpaTWU NPH BUIPSMIICHHI
Harpyrd. EHepreTHyHi MOKa3sHUKU BUIPSAMIISYIB —
e koeoirient xopucuoi mii (KKII), xoedimieHt
HOTY)KHOCTI ¥ Ta COS( . SIKicTh BHIPSIMIICHOT Ha-
MIPYTH XapakTepu3ye Koe]imieHT mybcarii.

Jluzens TEIUIoBO3a, SK JUKEPENO MeXaHIdHOI
MOTY>KHOCTi, Ma€ CBOI XapaKTEePUCTHUKU, a came:
3anexHocti Momenty, KKJI, Butparu manmBa Ta
1H., SKi MaloTh OUTBIN CKJIATHUN XapakTep MO0
SJIEKTPUYHUX MAalIMH Ta epeTBoproBaviB. OCKiIb-
KA KEpyBaHHS JIOKOMOTHBOM 3IiHCHIOETbCS MLIS-

XOM YTIPaBJIiHHS MMOTYKHICTIO TU3EJs, TO OCTaHHII
€ HalOUIBIII BIUTMBOBOIO YaCTHHOIO CUCTEMHM Iiepe-
Jadi MOTY>KHOCTI.

Bubip eHepro3aomamKyodoro pexxumMy po3sro-
HY JOKOMOTHBA Tiepeadadae y3roKeHi HaWOIbIIT
E€KOHOMIYHI PEXHMHU PpOOOTH BCiX TMOCHIIJOBHO
BKIIFOUEHHX eJIeMeHTiB mnepenadi. CkIajHiCTh TO0-
JITa€ B TOMY, IO OLIBINICTh XapaKTEPUCTHK Ma-
I0Th HENIHIHHUIA XapakTep.

Ananiz oocniodcenv i nyonikayiu. PymanHHS
3 MICI Ta pO3TiH TOi3/la ONMMCAaHWi B 0araThox
poboTax, B T.4. i OQiifHUX JOKyMEHTaX.

B [12] naBeaeno crnoci0, 3riHO 3 SKUM JOTHY-
Ha CWJIa TSTWM HE Mae MEePEeBHIYBATH CHITY 34ell-
JIEHHS KOJIIC 3 peHKaMu

F,, <F..

om

MammHicT Mae peanizoByBaTH YacTHHY TATOBOT
XapakTepucTHKy Bix 0 KM/Tox 10 BUXOIY Ha aBTO-
MaTUYHY.

Leit cnoci6 He BpaxoBye eHepro3OepexeHHS,
ajie yac po3roHy € MiHIMaJIbHUM.

Meron Elinepa BpaxoBye 3pocTaiouy CUITy
OIOpy PyXy MOi3aa. 3HAXO/PKEHHS ONTHMAIILHOTO
pillleHHs pIBHAHHA BUKOHYETHCS MIHIMI3aIli€l0
inrerpana [6, 16]

Q=]R2dt =}(v+w)2 dt .
0 0

Henomnikamu 1iboro MeToay €:

— BIUIUB TPOQiI0, WO BHUKIUKAE 3MiHHI
MIPUCKOPIOIOYO-CITOBIIHHIOOYI 3YCHILISA, SKi BAKKO
BPaxoOBYBAaTH 3a IUM METOJIOM,

— CKJIAJHICTh MOJENIOBaHHS MEepeXigHUX
MIPOIIECIB Ta PEANTbHUX PEXHUMIB POOOTH TATOBHX
eNeKTPUIHUX MAIINH.

B [4] BocoB A. A. 3ampornoHyBaB METO/ OITH-
MaJBHOCTI 32 aJUTHBHUM KpuTepieM. B piBHSHHI
pyXy I0i3/1a CKJIaJ0BOIO0 YaCTHHOIO € TeperpiB 00-
MOTOK TSITOBUX €JIEKTPUYHUX MAINH y BUTIISI

dt_-t+1,(vu)
dt T(v,u)

me T (V,u) — cTaya gacy; U — QyHKIIiS yIIpaBITiHHSL
TATOIO; T, — IIEPETPiB MPH YCTATICHOMY PEXKHMI.

B mpoMy MeToji anropuTM 3HAXOJKEHHS OIl-
TUMAQJIIBHOTO YIPABIiHHS CKIAJIAEThCS 3 CIIEMEHTA-
pHUX omepamii A _, sKi CKJIaJaroTh o0macte B.

K
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Jlns obmacti B BH3HAYA€THCS ONTUMATbHA TPAEK-
Topisi X , sika MepeBIpSAEThCS HA SKICTh YIpPaBIiH-

HS I=I[X,u]. Onuc enemeHTapHOI ormeparii

A( BK ) BHUKOHAHO HMKYCHABCACHUMH MCTOJaMU.

METOJ Pi3HICHUX PiBHSHD;

ONTUMATILHUH MO MBUIKOIIT;

KOB3aI0UHil pekuM (ITHITOIIOIiOHMIA);
KOB3aIOUUH PEKUM 3 OOMEKECHHSIM aMILIi-

Ty Iy,
—  METOJ JTIHeapHh3allii.
B [5] aBTOpaMu pO3TNISHYTO ONTHMI3AIliiO TS-
TOBUX PO3paxyHKiB 32 MiHIMaJbHUMHU 3HAYECHHSIMH
JBOX TIOKa3HWKIB — BUTpaTH 4Yacy t Ha mepemi-

HIeHH 1Moi3/1a Ta poboTH cHuil onopy pyxy A.

% ds .
t= j— — min;

2 V(s)
jm(v)ds — min.
s

A=

OCKUIBKY TIpH YIPaBIiHHI TATOIO MO IIBUIKO-
it ul(s) BUTpaTa 4acy OyAe MiHIMalibHOIO, TO
icHye ynpaBiiHHs U,(S) 3 3arajgbHOi MHOXHHH
u(s) eU, mpu skomy poOoTa € MiHIMaTBHOIO
Az[uz]zmin A[u]. [Ipu posrnsai HemopiBHIOBA-
HHX BapiaHTIB pillICHHS PIBHSAHHSA pyXy Hoi3zaa, V,
CKJIaJa€ThCsl 3 MHOXKUHHM TPAEKTOPIH, cepen SKuX
icHye onTumizoBana kpusa V. Omke, pu t, <t
MHOXHHA VY, (tz) 0o0MeKeHa, OIyKJa Ta KOMIIaKT-
Ha. [Ipy 1IbOMy ONITHMI3AIlisl 3BOAUTHCS IO PilllcH-
HS IBOX 3a/1a4.

BUKOHAHHSI TSATOBUX PO3PAaXyHKIB NPH Ke-
pyBaHHI IO MTBUIKOIII;

MiHIMI3allii CHUJT OTIOpY PyXy Moi3aa 3a 3a-
JAHOTO Yacy XOIy.

3amauy parioHaii3allii TITOBUX PO3PaxyHKIB 3a
METO/IOM HENOPiBHIOBAHUX BapiaHTIB PO3TIISHYTO
TakoX B [2, 3, 8]. YMOBOO parlioHaIbHOCTI PEXH-
My BHCTYIa€ MiHiMi3allisl yHKIii yHIpaBiIiHHS TS-
TOI0 IO JBOX IapaMeTpax. 4acy XoXy Ioi3ma Ta
pobotu cuit onopy pyxy (puc. 1).

t{v(s)]
Alv(s)]

—min.

V

2 I O
700 —
80 —
60 —

1

2

40 o [ I \ [ N

1 aqz g4 a6

Puc. 1. Oqun 3 BapiaHTiB Vs (S | (x,VO)

npH (iKCOBAHOMY 3HAY€HHI O Ta V

Fig. 1. One of the variants V.. (s | a.,V,)
at the fixed value o and v,

Bubip pamioHanpHOi TpaekTopii 3 MHOXHUHHU
HETIOPIBHIOBaHHUX BapiaHTIB TPAEKTOPi BUKOHYETh-
Csl pO3B’sI3aHHSM 33/1a4i Ha yMOBHHH eKcTpeMyM [2]

iZl:,&i(ti)—>min.

Ileit meTox [03BOJIMB CTBOPUTH amapaTHO-
NpOrpaMHU KOMIUIEKC BHU3HAYCHHS iHIUBiAYyalb-
HHUX paliOHAJIbHUX PEKUMIB BEJCHHS.

JlocmiKeHHsT IepeXiIHUX PeKUMIB (pyILIaHHs
3 wmicis, po3rin) Hanexath Jlasapsuy B. A., bro-
xiny €. I1., sxi 6a3yr0ThCS Ha MOJAETIOBaHHI BHKO-
PUCTaHHSI CHCTEM HENIHIHHUX anudepeHmiaTbHIX
piBHSHB. MoJienb J03BOJISE OTPUMATU TO3/IOBXKHI
CHJIM B TIOi3i, IO TOMTHUPIOIOTHCS XBHIICTIONIOHUM
xapakrepom [9].

SIKIO pO3riIsiiaTH MOi3/ K JIHIHHY TO3I0BXK-
HO-IMHAMIYHY CHCTEMY, TO iCHY€ MOJEINb, SKYy 3a-
npornonyBanu ['apr B. K. ta dykkinari P. B. [18].
Mogens BpaxoBy€e NWHAMIYHI BIACTHBOCTI OKpe-
MHUX BaroHiB CKjany, sIKi po3TalloBaHi Ha MEBHIH
BiJICTaHi Bif 1eHTpy Mac. [lo3moBkHI cHIM OKpe-
MOTO BaroHa OMUCYIOThCS PIBHIHHIM

mx(t)+cx(t)+kx(t)=F(t), @)
JIe m — maca BaroHa; C, K — xoedimieHTH nemMi-
(dbyBaHHS Ta >XKOPCTKOCTI aBTO3UYEITHUX IPHUCTPOIB
BIAITOBIAHO.
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HemomixoMm 1i€i Mozenti € CKIamHICTh PO3paxy-
HKY TO30BXHIX MPHCKOPIOIOYO-CIIOBLUILHIOIOYHX
CHJI BCHOTO TMO1373.

BinbmiicTh BHIEBKa3aHUX METOJHMK PO3TIIs/a-
I0Th PYX MO0i3/1a 3 MOYaTKOBOIO Ta KiHIEBOIO IIIBU-
axictio V =0 xm/roa. TIponoHyeMo pO3IIISHYTH
pyx moi3nma Ha eramax pymanss 3 micug (V, =0)

Ta HabOpy MBUAKOCTI 10 V>0.

MeTta

OTpuMaHHS €Hepro3aomamKywdoi  QyHKmil
YIpaBJIiHHS TATOIO MPH PYLIAHHI Ta PO3TOHi 3 Me-
TOIO 3MEHIICHHS TUTOMHX BUTPAT EHEPropecypciB
3a paXyHOK YJIOCKOHAJICHHS allTOPUTMY PO3paxyH-
Ky OaraToBapiaHTHUX TPAEKTOPIH pyXy moizna.

MeTtoanka

MeTtoauka BHOOPY €HEpPro3aomaKyovol Tpa-
€KTOpIl pyXy MOi3ga Ta YNpaBiiHHA IMOTYKHICTIO
€JICKTPOBO3IB Ta TEIIOBO3IB 3 CIICKTPHYHOIO TIepe-
Jadero mepenadadae po3paxyHoK OaraToBapiaHTHUX
TPAaEKTOPiH 3 BapiaTUBHUMHU BHXIIHUMH IaHUMH
napameTpiB ckiaxy Ta Hoi3Hoi cutyamii. Meronu-
Ka BpaxoBy€ MaTeMaTHYHI METOIM PiBHOMipPHOTO
MOIITYKY Ta MMapaMeTPHUYHO] ONTHMI3arlii.

OcHoBHu#l marepiain. st oninku eekTHBHOC-
Ti peXKUMIB PYIIAaHHS Ta PO3TOHY BUKOHAHO PO3pa-
XYHOK 0araToBapiaHTHUX TPAEKTOPid PO3rOHY IIO-
i31a 3 BapiaTUBHMMU BUXITHUMH JaHUMH Ta ONTH-
Mi3alero X Mo JBOX MapaMmerpax — BUTpPAaTi eHep-
ropecypciB § Ta yacy Xojy moizzia t.

Po3rin Moxe TPOXOAUTH IO BEIMKIN KUIBKOCTI
TPAEKTOPIH MPH PI3HUX MapaMeTpax:

VXU,
Maca CKJIajy,
MOTYKHICTh JIOKOMOTHBA T4 iH.

JI1s1 MOKITMBOCTI TIOPIBHSIHHS 3a]aEMO BapiaH-
TH BUXIIHUX JaHHX:

JIOKOMOTHB TeruioBo3 2T2116;
Mmaca cknaay 1 000, 1500, ..., 3000 T,
yxua -3 %o, -1,5 %o, ... , 3 %o.

Pesynprarom mae Oyt mnoOymoBaHa KpuBa
MIBUAKOCTI TPU KOKHIW Bapiamii BUXITHAX NaHUX,
sIKa TIPOXOJIUTH Yepe3 TOUKY 3 (a30BHUMH KOOPIH-
natamu V =50 wm/roxg ta S =3000 m. Ilpu 1po-
My BU3HAYA€ThCH BIINOBiTHA BUTpaTa MallMBa Ta
yac X0y moizzaa.

MarematryHa MOJIelb o0y I0BaHa Ha IMiJICTaBl
[IpaBun TATOBUX poO3paxyHKiB Ta 0a3zyeTbcs Ha

IHTErpyBaHHI PIBHAHHSA PyXy I0i311a
av
E[F(V)-o(V)-b, (V)]

dt
o Xy 3 KpokoM AS =10 M.

JIst MOKIIMBOCTI Y3TOJUKEHHS PEXHUMY BEIEH-
HS 3 mo3ulie0 KoHTposiepa MammHicta (ITKM)
MaTeMaTHYHa MOJENIb OOYMCIIIOE TOTY)KHICTH Ha
migcrasi Taba. 1 [14].

Tabnuns 1

BignoBigHicTs mo3uiii KOHTpoJiepa MalIMHicTa Ta
YacTOTH 00ePTaAHHS KOJIHYACTOr0 BAJTy AU3eJs

Table 1

The compliance of the driver controller position and
the rotational speed of the diesel engine crankshaft

KM Ne o xB™ IIKM N, xB™t
0 350420 8 675+20
1 350+20 9 72020
2 395+20 10 770+20
3 44520 11 815420
4 490+20 12 860+20
5 535+20 13 910+20
6 580+20 14 955420
7 630+20 15 1000+10

OCKiJIbKU TIOTYKHICTh CHJIOBOI YCTaHOBKH 3a-
JIEKUTH BiJl YaCTOTH OOEpPTaHHSA KOJIHYACTOrO Ba-
7a, ToO eeKTUBHY IMOTYXKHICTh BH3HAYAEMO 3 Tpa-

dixa N, = f (nm) (puc. 2).

1N [ xBm ]
e

2000+

1500+

1000+

=14

FI
xe | xs&

400 500 600 700 200 200 1000

Puc. 2. 3anexHicTh epeKTHBHOT MOTYXHOCTI TU3EIs
1A-5/149 Big yacToT 0OepTaHHs KOJTIHYACTOTO Baja

Fig. 2. The dependence of the effective power
of a diesel engine 1A-5D49 from the rotational
speed of the crankshaft
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PiBHsIHHS pyXy IHOi3[a BKJIIOYAE IMUTOMY CHILY
TATM JIOKOMOTHBA. i BU3HAYaeMoO 3 e(eKTHBHOI
MOTY>KHOCT] AM3EJbHOTO JBUTYHA 3 BpaxyBaHHIM
KKJI Bcix mocmioBHUX JIAaHOK Tepesadi: TOJI0OBHO-
ro TreHeparopa, BUMIPSMHOI YCTaHOBKH, TSTOBUX
CIICKTPOJIBUTYHIB, MEXaHIYHUX YaCTHUH (TATOBI pe-
JIYKTOPU, MOTOPHO-OCBHOBI i ITHITHUKH).

Koedimient xopuchoi nii renepatopa I'C-501
3HaxXOaUThcs B Mexkax 95-96 %. Ane mpu BU3HAa-
YEeHH1 CHEepro3aollaKyIounx peXUMiB HEOOXiTHO

BUKOPHUCTOBYBAaTH (yHKIIIO 1, = f(le), sKa 3a-
JISKUTH BiJl HAIPYTH TeHepaTopa, CIiBBiAHOIICHHS
aKTHBHOTO Ta PEaKTUBHOTO HABAaHTAXXEHHS COSQ
Ta IHIOUX mapamerpiB. TOMy HaBOIUMO XapakTe-
puctuky KK]I reneparopa I'C-501 (puc. 3) [1].

0,97 5

n&?{
0,96 -
0,95 -
0,94
o [4]
0’93 A 1 L} 1 Ll
3000 4000 5000 6000

Puc. 3. 3anexnictes KK/] reneparopa Big ctpymy

Fig. 3. The dependence of the generator
efficiency from the current

OCHOBHUMH MMapaMeTpaMu, IO XapaKTepu3y-
I0Th BUNIPSAMHI YCTaHOBKH, €. MaKCUMAaIIbHUH TIps-
MHU CTpyM; TaJiHHSI HANMPYTH Ha Oiofax IpH 3a-
JTAHOMY 3HAYCHHI MPSMOT0 CTPYMY; MaKCHMAaIbHO
JIOIyCTHMAa 3BOPOTHA HAIPYTa; 3BOPOTHUH CTPyM
TIpH 3aJaHiil 3BOPOTHIN Hampysi, pobounii miama-
30H Temmnepatyp [10].

KoediuienT xopucHOi aii BUNPSAMHOI yCTaHOB-
KM 3aJICKHUTh BiJl IOTYXHOCTI, IO TTePEAAETHC, Ta
MOTYKHOCTI, II0 PO3Cit0eThes. [lOTYXKHICTB, IO
PO3CIIOETBCS, BUBHAYAETRLCS MAJ[IHHAM HAIPYTH Ha
Jio/lax, MO0 BKJIFOYEHI MOCIIZOBHO B EIEKTPUYHE
KOJIO Ta CTPyMOM, IIIO TIPOTiKae depe3 mioaw. lla-
JUHHS HATIPYTH HA JII0JIi € CTAJIOK BEJIUYUHOO JJIs
BOTO TUMY AioAa. TSTOBHI CTPyM 3aJIEKHTH Bif
pexxuMy poboTu mokoMoTBa. OTXKe, XapaKTeprc-

trka 3MiHu KKJI BHNpsSMHOI yCTaHOBKHM € mpsMa
3aJIOKHICTh Bif cTpymy. s TeruoBosza cepii
2T3116 BoHa HaBexeHa Ha puc. 4.

I

0,99+

&

0,98

0,97

1, [4]

6000

0,96

3000 4000 5000

Puc. 4. Xapaxrepuctuka KKJI Bunpsmuoi
YCTaHOBKH TeruioBo3a cepii 279116

Fig. 4. Characterization of the efficiency
of the rectifier unit diesel
locomotive 2TE116 series

Jdnsi TATOBUX ENEKTPOABUTYHIB JIOKOMOTHBIB
xapaktep 3Mmian KKJ| € HeminiitHUM. 3anexHiCTh
Nypeo 3AAETHCS HA €IEKTPOMEXaHIYHUX XapaKTepHU-

CTHKax, ToMy 3rifiHo 3 [13] HaBoauMO i Ha puc. 5.

0,96-
0,94
0,92-
0,90-
0,88-

0,86+

[4]
1000

0,84~

Imed
500 600 700 %00 900 1100
Puc. 5. Xapakrepuctuka KKJI Tsrosux
eJIEKTPOABHUTYHIB THITy D/1-118

Fig. 5. Characterization of the efficiency
of traction motors type ED-118
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3nauenHs KK]I MexaHIYHMX YacTHUH MEHIIIE 3a- 240 &
JISKUTH BiJl HABAHTAKEHHS, TOMY JUIS PO3PaxXyHKiB & | %Bm 200
npuiAMaeMoO HOTo 3HAYEHHS CTaJO0I0 BEIUYHHOIO
MNoex = 0,89 . 2304

Jlst mepeBipku MoIeli BUKOpHUCTAEMO KoediIri-
ent merepminarii R?. KoedimieHt nerepminamii
R nmpuiiMae 3HAYEHHS B Jiara3oHi BiJl HYJS 10 220

omnuml 0< R?<1. Bin MOKa3ye, sika YacTHUHA
Jucrepcii pe3yabTaTUBHOT O3HAKH TIOSCHEHA PiB-

HsHHAM perpecii . Uum Ginbiue 3Hauenns R?, M 2104
OinpIa YaCTHHA PE3yJIbTATUBHOI O3HAKH IOSCHIO-
€THCS PIBHAHHSIM 1 TUM Kpalle PIBHSHHSA OIHCYE
L . N [«Bm ]
BHXI1/IHI JaHI. 200 e
’ ) ) ) e
ITix 9ac mepeBIpKH IOCTOBIPHOCTI PO3PaxyH- 500 1000 1500 2000
KOBOI  TSTOBOI  XapaKTEPUCTHKU  JIOKOMOTHBA
2TD2116 Ha mifgcTaBi TOTO, IO MOTYXHICTh

Puc. 6. [Tutoma Butpara manuea ausens 1A-5/149

Fig. 6. Specific fuel consumption of diesel engine
N=F-V/36 s 1A 5D49

ta KKJI mepenadi Bix qu3ens A0 KOJTICHUX Iap
OUATOK

nZ = neeu ' ney ' nmed ' n.Mex )
/ Beedenns /

Ta MOPIBHSHHI i 3 TATOBOIO XapaKTepUCTUKOIO [12] [ i=3%;
. . . . 0 =1000
3a KpuTepieM nerepminanii [17] B gianasoni mwsu- i "

nxocreit 20+ 70 km/rox 3Hauenns R?=0,99. Ile

CBITYUTH PO MOJIMBICTH 3aCTOCYBaHHS HaBee- / Nia=7? e

HOT'O aJITOPUTMY . / / 7
IMutomoro BHUTpaTOl mHanuBa (, HA3UBAIOThH / 0 -0 +500 //

BUTpPATy MajJMBa B OJUHMIIO 4acy, L0 BiJHECEHa ﬂzg. V. Nygzens) /

10 OMHUII e(EeKTUBHOT MOTYKHOCTI au3ens. Yum G

MCHIIIC 3HAUYCHHA ge , THM BHUIIC eq)eKTI/IBHI/Iﬁ KO-
L w _ee Busio
6(1)1].[1€HT KOPHCHO1 [O11 JU3€JId, IO ABJIAE 00010

Fraay, XB,
BiJIHOIIEHHS KiJILKOCTI TEIUIOTH, HEPETBOPEHOI # O, xr /
B KOPHCHY POOOTY Ha Baily, IO KiJIBKOCTI TEIJIOTH,
MiJBEeICHOI Uil BUKOHAHHS 1iiei pobotH; Lleit mo-
Ka3HUK BPaxoOBY€ BCi BTPATH — SIK MEXaHIdHI, TaKk
1 TCTLJIOBI.
Hns nmzens TermwmoBoza 1A-5/149 motyskHicTiO

Tak
2 250 kBT 3aiexHiCTh MUTOMOI BHUTPaTH MajBa ﬁ
. Ne =
BiJl HABaHTA)KCHHs HaBeleHA Ha puc. 6 [15]. \'W ) / Kineus
. Niers+
3B’A30K NMTOMOi BUTpPAaTH NaluBa 3 KEPYIOUYUM / S

[

BIUTUBOM (TIO3UIIIE€I0 KOHTPOJICpa MAIIHHICTa) Bif- —

OyBa€eThCsl 3 BUKOPUCTAaHHSIM Tabn. 1 ta puc. 2.
Aﬂr. OpUTM BH3HAYCHHI CHEProO3aolla/Ky 09X Puc. 7. Biok-cxema anropuT™My BU3HAYEHHS BUTPATH

pexuMiB niependadae BU3ZHAYCHHS BUTPATH AJIMBA HanMBa Ta yacy XoJy 1oisaa

Ta yacy X0y Ioi3/a 3a 6J10K-cxemoro (puc. 7).

Fig. 7. The block diagram of the algorithm for
determining the fuel consumption and the operating
time of the train
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Po3paxyHok OararoBapiaHTHUX pEXHMIB Be- Tabnuus 3
JICHHSI T1013/1a JI03BOJISIE OTPUMATH PE3yJIbTaTH, SKi Pe3y.IbTaTH po3paxyHKiB BUTPATH NATHBA
3BOJIMMO /10 Tabu. 2, 3. AJIst 6AraTOBAPIAHTHAX PEKUMIB BelIeHHSI

Tabonums 2
Table 3

Pe3yabTaTi po3paxyHKiB yacy xoay moisaa . .
JUI51 GaraTOBAPIaAHTHNX PE/KUMIB BeeHHS The calculation results of fuel consumption
for multivariate modes of input

Table 2
The calcu!ation resul_ts of the operating time — E Mlzlﬁ:?;i::;;;;alcr
of the train for multivariate modes of input B 1000 | 1500 12000 | 2500 | 3000
Yac xosty noizna
Vo, % E JUISl MACH CKIIAJTy, XB -30 (7] 630 | 9,07 |11,85| 13,93 | 15,83
=| 1000 | 1500 | 2000 | 2500 | 3000 9] 6,36 | 893 |11,74| 13,99 | 16,03
30 |7 426 | 445 | 462 | 476 | 4,90 11| 6,85 | 9,52 |12,19]| 14,72 | 16,62
9| 421 | 435 | 448 | 459 | 471 13| 7,49 | 10,81 |14,00| 16,32 | 18,63
11| 4,18 | 4,25 | 4,35 | 4,46 | 4,57 15| 8,52 | 12,52 |16,58| 19,87 | 22,92
13| 4,10 | 4,17 | 425 | 432 | 4,42 -15 | 7| 9,86 | 14,45 |18,19| 21,64 | 25,13
15| 4,12 | 4,22 | 430 | 439 | 448 9| 9,78 | 14,26 |17,79| 21,67 | 25,20
15 | 7| 414 | 439 | 465 | 490 | 514 11| 10,29 | 14,71 |18,67| 21,93 | 25,68
9] 401 | 420 | 439 | 458 | 476 13| 11,58 | 16,27 |20,45| 24,22 | 28,29
11| 391 | 4,07 | 4,21 | 436 | 4,50 15| 13,32 | 18,96 |22,84| 27,60 | 32,33
13| 3,86 | 3,99 | 4,11 | 423 | 4,34 00 |7]14,48 | 19,21 [24,14| 30,67 | 38,43
15| 358 | 3,94 | 394 | 416 | 4,27 9] 14,11 | 19,42 (24,13 29,03 | 32,59
00 |7 4,07 | 449 | 490 | 579 | 7,00 11| 14,36 | 19,86 |25,13| 29,88 | 34,71
9| 380 | 415 | 445 | 4,76 | 5,05 13| 15,46 | 21,59 (27,09 | 32,86 | 37,98
11| 3,64 | 3,90 | 4,15 | 4,37 | 4,60 15| 17,08 | 24,85 30,86 | 37,71 | 43,72
13| 3,56 | 3,76 | 3,98 | 4,16 | 4,32 15 |7|17,70 | 2392 | - - -
15| 3,49 | 3,66 | 3,85 | 4,04 | 4,19 911651 | 24,12 |3046| - -
15 | 7| 4,16 | 4,75 - - - 11| 17,25 | 24,47 |31,35| 37,49 | 44,39
9| 3,70 | 4,25 | 4,69 - - 13| 18,20 | 26,22 |32,65| 40,18 | 47,47
11| 359 | 3,90 | 4,24 | 455 | 4,89 15| 20,23 | 29,22 |37,43| 45,98 | 55,16
13| 3,47 | 3,71 | 3,96 | 4,22 | 4,47 30 | 720,78 - - - -
15| 3,36 | 3,61 | 3,81 | 4,03 | 4,25 912012 | 28,95 | — - -
30 |7 4,34 - - - - 11| 20,13 | 29,04 |37,36| 45,20 -
9| 3,89 | 445 - - - 13| 21,53 | 30,83 40,04 | 48,66 | 57,06
11| 3,58 | 4,00 | 4,42 | 4,86 - 15| 25,27 | 36,41 |47,67| 57,47 | 65,86
13| 341 | 3,73 | 404 | 438 | 4,74 s oOpoOkM pe3yibTaTiB Ta y3aralbHEHHS
OTPUMAHMX IAHUX BBOAUMO KOE]IIiEHT MUTOMOI
151 3,31 | 3,55 | 384 | 412 | 442 BUTPATH MAJIKBA TIPH PO3TroHi b . DisndHwmii 3micT —
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BUTpaTa TajJMBa 3a XBWIHMHY, IO NPHIIAJA€ HA
TOHHY MacH CKJIaJy TpH TMEBHil MOTYXHOCTI CHU-
JI0BOT yCTaHOBKH

b_1000~g_[ 2 }
Q-t m-xg |

Po3paxoByeMo KoedimieHT NMUTOMOI BHUTpPATH
HaJIuBa MpU PO3roHI D 1Ist 3a7aHMX 3HAYEHD yXH-
JB Ta MO3UIH KOHTpoJiepa MamuHicTa. s npu-
KJIaJly HABOJUMO 3HAUCHHS KOeillieHTa i yXU-
ny i=+3 %o Ta 7-1 mO3ULil KOHTPOJIepa MaIINHICTa
Ha puc. 8.

1b, 2/[m-xs)

78 9 10 1l
Puc. 8. BusHaueHHs palioHaJIbHOTO 3HAYECHHS
KoedillieHTa MUTOMOI BUTAaTH MTAJIMBA [IPU PO3TOHI

Fig. 9. Rational values determination of the ratio
specific fuel consumption during acceleration

PamionansHe 3Ha4YeHHS KoedimieHTa MUTOMOT
BUTpATH NAJIMBA [IPH PO3TOHI 3HAXOAMMO HUISXOM
BU3HAYEHHS TOYKH MaKCUMaJlbHOI KPUBH3HU KpH-
Boi [7]. st mporo OyayeMo NOTHYHI 0 KPHUBOI
B TOYKaxX 3 UMM 3HAYEHHSIM aOCIIMCH — ITO3MINT
KOHTpOJIEpa MalllMHICTa. 3HAXOUMO HaWOIIbIINI
KyT MiX AOTHYHUMH B iHTEpBaJli YOTHPHOX MO3H-
it Ta Oymyemo Oicektpucy. Touka neperuHy Oi-
CEKTPHUCH 3 KPHUBOIO KoedilieHTa b € parioHans-
HOIO JUISI THOTO PEXUMY. AHAIOTIYHAM YHHOM
BU3HAYAEMO XapaKTEePHI TOUKH JJIsI 1HIIUX YXHIIIB.
ToukH palioHaTBHUX PEKHUMIB 3’ €IHYEMO KPUBOIO
(puc. 9).

[Mix yac moOyA0BU PYHKINH pallioHATEHUX pe-
JKUMIB JUISI 1HIIMX 3HAYE€Hb YXUIIIB OTPUMYEMO IO~
MOHI 3aNeXHOCTI KoedillieHTa TUTOMOI BHUPTATH
najiuBa npu posrodi. [Ipu oMy oTpUMyeEMO TpH-
BUMIpHY 3aJIXKHICTh TUCKPETHHUX 3HAa4YeHb pallio-
HAJIbHUX IO3MLIH KOHTpoJepa MalluHicTa 3ajexk-
HUX Big Macu ckiany Ta yxuny (puc. 10).

Puc. 9. PartioHanbHI pexUMH BEICHHS 1MO131a
Juist yxuiy 1 =+3 %o

Fig. 9. Rational modes of the train input
for the slope i =+3 %o

Momysacre (0-15 TTKIW)

3000
2500 1,5
2000 0
1500 -1,5
MACA CKIIAOY 1000 -3,0 VXU

Puc. 10. Pamionanshi 3uauends [IKM
Fig. 10. Rational value of PDC

B peanpHux ymoBax mpu (opmyBaHHI MOi3ziB
Ta MPsSIMyBaHHI IO AUISHIT 3HAYCHHS YXHIITy Ta Ma-
CH CKJIQJy BIJPI3HSAIOTHCS BiJ HaBEACHUX. ToMy
Ul BU3HAUCHHSA NPOMDKHHMX 3Ha4YeHb PalliOHANb-
HOTO KepyBaHHS JIOKOMOTHBOM JOLITBHO BBECTH
1HTEpIONLOBaHY (YHKIIOHANBHY 3aJIeXKHICTh I10-

suuii kepysauns N, = f(Q,i) [11].
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N, ., = 0.038-i—0.00136-Q +
+6.67-10™-Q* +0,1128-i* —
—-6.01-10°.Q% +0.1606 -i% +
+0.002163-i-Q—0.1836-107°-i-Q* +
+6.97-10%°.i-Q%-9.62-10™.i-Q* +
+0.003621-i%-Q —0.2826 %
x107°-i?.Q% +9.663-10 ™ .i?. Q% -
-1.185-10".i?.Q* —3.618x
x10™-i®.Q+2.886-107 -i*.Q* -
-1.021-10%.®. Q% +1.317-10*
xi®-Q*-0.0002212-i* -Q+1.613-107 x
xi* . Q?-5.388-10.i* . Q% +
+6.584-107 .i*.Q* +10.30 +
+0.1780-Q? -1.676-i2

M)

I'padiuna inTepnperauis HaBegeHa Ha puc. 11.
Biamosignicte ¢yskiii (1) AMCKpETHHUM daHKM
(puc. 9) ckmamae 99,9 % B HaBemeHOMY miama3oHi
3HA4YEHb Mac CKJIQay Ta YXHJIIIB.

—_
(IO

—
b

Moz KoHTRQUTEpa
o (¥} o :

1500
Maca crmagy

20

Puc. 11. dyHKis paiioHaNbHOTO PEKUMY
KepyBaHHS JIOKOMOTHBOM IIiJT 4ac
PYILIAHHS T4 PO3TOHY

Fig. 11. The function of the rational mode
of locomotive control during
the start and acceleration

Pe3yabTaru

Ha migcraBi OaratoBapiaHTHHX pO3paxyHKiB
YAOCKOHAJICHO JITOPUTM BHU3HAYEHHS €HEpPros3ao-
NIa/DKYIOYUX TPAEKTOpid pyXy moi3aa mija 4yac py-
MaHHA Ta PO3roHy, MoOyJAOBaHO Oararornapamer-
puuHy GYHKIIIO YIPaBIiHHSA TOTYXHICTIO JIOKO-
MOTHBA, SKa JIO3BOJISIE 3MCHINUTH BHUTpPATy €HEp-
ropecypciB Bix 13 mo 25 % 3amekHo Bim Macu
CKJIaTy Ta YXHUITy MOPIBHIHO 3 METOAMKOIO [12].

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYNMICTh

OTpUMaHO  €HEPro3aoliaJKyouy  (QYHKIIiO
YIpaBIIiHHS TATOIO, sIKa 3aJISKUTD BiJ] MacH CKIIamy
Ta yxmiy. Ha BiaMiHy Bif iCHyro4nX po3po0oK pa-
MIOHATPHOTO BEACHHS MOI3MiB I (YHKIIIS TOTpe-
Oye 3HaUYHO MEHIIIE MAIIMHHOTO Yacy MPH BUCOKIH
TOYHOCTI PO3paxyHKiB, IO Ja€ MOXIJIHBICTH i
BIIPOBJDKCHHS B OOPTOBY CHUCTEMY KEepyBaHHS Ta
EKOHOMIi eHepropecypcis.

BucHoBxu

Y IOCKOHAJIEHO alrOpPUTM BU3HAYCHHS E€HEpro-
3a0MMaDKYI0U0] TPa€eKTOpii pyXy Mmoizma Tij dJac
PYLIaHHS Ta PO3TOHY:

— BH3HAYEHO KOe(illieHT XBUJIMHHOI BUTpa-
TH NTaJIMBa Ha TOHHY Macu CKJIaay,

—  PpO3PaxyHKOM TPAEKTOPil MpU BapiaTHUB-
HUX BUXITHUX JaHUX MOOYIOBaHO (PYHKIIii 3MiHU
KoedilieHTa TUTOMOT BUTPATH MAJINBA,

— BHU3HAUEHO pAaLliOHANBHY MOTYXHICTH JIO-
KOMOTHBA Ta MO3ULil KOHTpOJiepa MalluHicTa IS
pO3roHy noi3zna;

— TnoOYyJ0BaHO aHAIITHYHY 3aJICKHICTH palli-
OHaJIBHOI TO3HUIIiT KOHTpOJIepa MAallUHICTa 3aJIexkK-
HY BiJl MacH CKIIaJy Ta yXWy, IepeBipeHo ii ajex-
BaTHICTb;

—  AHANITUYHO BH3HAUEHO EKOHOMIIO EHEepro-
pecypciB Tpu pyIIaHHi 3 MiCIIsl Ta PO3TOHI, SKa CKIIa-
nae Bin 13 o 25 % nopiBHsHO 3 MeToquKOIO [12].
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OIIPEJAEJEHHUE SOHEPTI'OCBEPEI'AIOIIINX PEXKUMOB
PA3I'OHA ITOE3/10B

Iennb. B coBpeMEHHBIX yCIOBUAX 3KCIUIyaTAllUU [TOABM)KHOTO COCTAaBA aKTyalbHOM 3a/ladueil sIBJISIETCS MOBBIILIE-
HUe 3(PEKTUBHOCTH €r0 MCIOJIB30BAHUS 32 CUET CHIDKCHUS PACXOJIOB DHEPrOPECYPCOB, B TOM YHCIIE M HA TATY I0-
€310B. 3TOF0 BO3MOXHO AOCTHYb IIYTEM CO3daHUA CUCTEM YHPpaBJICHHUA MOLIHOCTBIO JIOKOMOTHBOB, B YaCTHOCTH,
HCIIOJIB30BAaHUEM PEKHMHBIX KapT U OOPTOBBIX alapaTHO-MPOrPAaMMHBIX KOMIUIEKCOB. MeTommka. B cratbe pac-
CMOTPEHBI CITOCOOBI TPOTAHUS C MECTa M HAOOpa CKOPOCTH MOE30M. TSATOBBIC PACUYEThI C ONPEICIICHUEM SHEPro-
cOeperaromux TPACKTOPHHA IMPEITyCMATPUBAIOT MOUCK PAIlMOHAIHHON 3aBUCUMOCTH PAcXolia YHEPrOpecypcoB OT
BpeMEHHU Xoja moe3na. [lpu BeIOOpe 3HEprocOeperarommx TPACKTOPHHA JBUKCHHUS IMOE3/1a W IpU pa3paboTKe pe-
JKUMHBIX KapT BEICHUS MMOC3I0B HEOOXOIMMO YUUTHIBAThH IIEPEMCHHBIC NMAPaMETPhl, TAKHE KaK: MPOQIIh YIaCTKa,
MaccCy COCTaBa, CEpHIO JOKOMOTHBA U np. [Ipu mepenave MOIIHOCTH OT MEPBUYHON CHIIOBOW YCTAaHOBKH K JIBHXKY-
MM KOJIECHBIM ITapaM IIPOUCXOMAT HEM30EKHBIE MOTEPH, KOTOPHIC OMUCHIBAIOTCS KOA(D(UIIMEHTOM II0JIE3HOTO
nevicteust (KIIM). Jlmst GOMBIIMHCTBA DIIEMEHTOB Tepeaadn JIOKoMoTHBa 3aBucuMocTr KITJI ommchIBatOTCS Hemw-
HEeWHBIMH ypaBHEHUSIMU. PaccMOTpeHO momnydeHue sHeprocoeperaroiieil GyHKIMN YIpaBieHHs TSATOW MpU Tpora-
HUH U Pa3TOHE C IETBI0 YMEHBIIECHHS YACTHHOTO Pacxo/1a IHEPTOPECYPCOB 3a CUET COBEPIICHCTBOBAHMUS allTOPUTMA
pacueTa MHOTOBAPHAHTHBIX TPACKTOPUH JBMXKCHHUS Moe3na. [IpeiokeHa MeToinKa BhIOOpa 3HEProcOeperarominx
TPACKTOPUI NBIXKEHUS NP Pa3roHe MOe3/1a U YIPABJICHUs MOLTHOCTHIO AJIEKTPOBO30B U TEIJIOBO30B C AJIEKTpUYE-
CKOH Tepesiaueii, B OCHOBY KOTOPOM IMOJIOKEHbI MaTeMaTHYeCKHEe METObl PABHOMEPHOTO MOUCKA U TapaMeTpuue-
cKko# onTumuzanuu. Pesyabrarsl. [l nepeMeHHbIX MapaMeTPOB COCTaBa U MOE3/IHOM CUTyalluu MOCTPOeHa ABYX-
nmapaMeTpuieckas (PyHKIIMOHAIBHAS 3aBHCHMOCTD YIIPABJICHUS MOIIHOCTHIO JJOKOMOTHBA U aHAIMTHYCCKH OTpeie-
nena 3¢ dekTuBHOCTS MpeIoKeHHOTO anroputMa. Hayunasi HoBu3Ha. B pesynbraTe paGoThl aBTOpamMu MOTy4eHA
sHeprocoeperaromas (YHKIUS YIPaBICHUS TATOH, KOTOpas 3aBUCHT OT MacChl COCTaBa W YKJIOHa. B oTmmume ot
CYIIECTBYIOIINX Pa3pabOTOK PAalMOHATBHOTO BEICHUS MOE370B AaHHAS (PYyHKIWS TpeOyeT 3HAYUTEIHHO MEHBIIE
MaIIMHHOTO BPEMEHH IIPH BHICOKOH TOYHOCTH PACUETOB, YTO JaeT BO3MOKHOCTh €€ BHEPEHUS B OOPTOBYIO CHCTe-
My YIpaBleHHUs JTOKOMOTHBOM M 3KOHOMHUH 3HepropecypcoB. IIpakTuuyeckas 3HAYMMOCTb. DKCIEPUMEHTAIBHO
YCTaHOBIICHHBIN aNTOPUTM, KOTOPBII SBISETCA COCTaBHON YacCThIO OOPTOBOTO MPOTPaMMHOTO KOMIDIEKCa OIpesie-
JICHHUS SHEProcOeperaromnx pPeXHUMOB BEICHUS MOE3/I0B, OyAeT CocOOCTBOBATh CHIDKEHHIO PAaCXOJ0B YHEpPrope-
CypCOB.

Knioueswie cnosa: TsaroBeie pacueTsl; 3HEPro3(hHeKTHBHOCTE BEACHNUS TIOE30B; TPOTaHUE C MECTa; Pa3TrOH Moe3-
J1a; yIpaBJeHNE MOIIIHOCTHIO; TapaMeTPHUECKasi ONTHMHU3AIUS
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DEFINITION OF ENERGY SAVING ACCELERATION
MODES OF TRAINS

Purpose. In modern conditions of rolling stock operation, the actual vital task is the increasing the efficiency of
its use by reducing the cost of energy, including for the traction. It can be achieved by the way of locomotives power
control systems creating, in particular the use of operating cards and on-board software and hardware. Methodo-
logy. The article discusses ways of starting and acceleration of the train. Traction calculations with the definition of
energy-efficient trajectories provide the search of a rational consumption of energy with time of running trains.
When selecting energy saving train trajectories and the development of operating trains of reference cards, it is nec-
essary to consider the variables such as: the profile area, weight of the stock, series of the locomotive and others.
When the transmission power from the primary power equipment to the driving wheel pairs the inevitable losses that
are described by the efficiency factor occur. For the most part of the locomotive elements the dependences of the
efficiency factor are described by the nonlinear equations. Getting the energy-saving function of traction control at
starting and acceleration to reduce the specific consumption of energy by improving the algorithm for calculating
the trajectories of multiple trains was considered. The method of selection of energy-efficient trajectories at disper-
sal trains and power control electric and diesel locomotives with electric transmission which bases on the mathe-
matical methods for evenly search and parametric optimization was offered. Findings. For the variables of the train
situation and rolling stock was built two-parameter functional dependence of the power control locomotive and ana-
lytically determined the effectiveness of the proposed algorithm. Originality. In the work result the authors received
the power saving function of traction control, which depends on the mass of the rolling stock and slant. In contrast to
existing development of rational management of trains, this function requires much less computer time with a high
accuracy of the calculations, which makes it possible to incorporate it into the onboard control system of the loco-
motive and energy savings. Practical value. Experimentally established algorithm, which is part of the on-board
software package definition of energy-saving modes of conducting trains, will contribute to the reduction of energy
expenses.

Keywords: traction calculations; the energy efficiency of conducting trains; moving off; acceleration; power
control; parameter optimization
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INFORMATION-MEASURING TEST SYSTEM OF DIESEL
LOCOMOTIVE HYDRAULIC TRANSMISSIONS

Purpose. The article describes the process of developing the information-measuring test system of diesel loco-
motives hydraulic transmission, which gives the possibility to obtain baseline data to conduct further studies for the
determination of the technical condition of diesel locomotives hydraulic transmission. The improvement of factory
technology of post-repair tests of hydraulic transmissions by automating the existing hydraulic transmission test
stands according to the specifications of the diesel locomotive repair enterprises was analyzed. It is achieved based
on a detailed review of existing foreign information-measuring test systems for hydraulic transmission of diesel lo-
comotives, BelAZ earthmover, aircraft tug, slag car, truck, BelAZ wheel dozer, some brands of tractors, etc. The
problem for creation the information-measuring test systems for diesel locomotive hydraulic transmission is being
solved, starting in the first place from the possibility of automation of the existing test stand of diesel locomotives
hydraulic transmission at Dnipropetrovsk Diesel Locomotive Repair Plant «Promteplovoz». Methodology. In the
work the researchers proposed the method to create a microprocessor automated system of diesel locomotives hy-
draulic transmission stand testing in the locomotive plant conditions. It acts by justifying the selection of the neces-
sary sensors, as well as the application of the necessary hardware and software for information-measuring systems.
Findings. Based on the conducted analysis there was grounded the necessity of improvement the plant hydraulic
transmission stand testing by creating a microprocessor testing system, supported by the experience of developing
such systems abroad. Further research should be aimed to improve the accuracy and frequency of data collection by
adopting the more modern and reliable sensors in tandem with the use of filtering software for electromagnetic and
other interference. Originality. The authors developed the information-measuring system that improves the hydrau-
lic transmission test process by automating and increasing the accuracy of measurements of control parameters. The
measurement results are initial data for carrying out further studies to determine the technical condition of the hy-
draulic transmission UGP750-1200 during the plant post-repair tests. Practical value. The paper proposed the alter-
nate design of microprocessor hydraulic transmission test system for diesel locomotives, which has no analogues in
Ukraine. Automated data collection during the tests will allow capturing the fast processes to determine the techni-
cal condition of hydraulic transmission.

Keywords: hydraulic transmission; hydraulic testing; test stand; sensors; information-measuring system

Introduction one conducts their running-in testing without load
as well as testing with load to check the basic pa-
rameters. Specifications of companies that repair
hydraulic transmission recommend performing
a certain amount of evaluation and adjustment tests
to monitor their post-repair condition. According
to the repair rules in the non-load and load run-
ning-in process mainly there is controlled the level

Most locomotives with hydraulic power trans-
mission used in Ukraine need the overhaul repair
or reconditioning. When performing the overhaul
repair one of the complex and responsible diesel
locomotive units is hydraulic transmission. After
overhauls of locomotive hydraulic transmissions
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of noise, tightness, temperature, pressure in the oil sys-
tem, turbine shaft acceleration, triggering of blocking
devices, reverse clutch and modes engagement, body
vibration magnitude, reliability and accuracy of the
automatic control system [12]. The quality of these
tests affects the transmission resource and its effi-
ciency.

Purpose

In Ukraine today for hydraulic transmission test-
ing, particularly at locomotive repair plants and other
repair enterprises of the equipment with hydraulic
transmission, there are used out-of-date stands devel-
oped in the USSR. These stands do not allow captur-
ing the measured test parameters in dynamics and
therefore drawing a full conclusion as to the repair
flaws of the tested device. That often resulted in re-
turning of not properly repaired hydraulic transmission
for revision after such tests. Also there are no produc-
tion standards for these stands.

Today in Ukraine there are almost no information-
measuring test systems of diesel locomotive hydraulic
transmission. Hence it is necessary to create a unique
system of its kind that has no analogues in Ukraine
based on the experience and development of foreign
scientists. So the important is a detailed review of ex-
isting foreign information-measuring test systems of
diesel locomotive hydraulic transmission and problem
statement to create a national test system, based pri-
marily on the automation capabilities of the existing
test stand of locomotive hydraulic transmission at
Dnipropetrovsk Diesel Locomotive Repair Plant
«Promteplovoz».

Previous studies analysis

Analogues of test systems for locomotive hydrau-
lic transmission and other vehicles exist in Russia [6,
14, 15] and some other countries [9]. The research
works reviewed in [1, 3, 7] are dedicated to the prob-
lem of improvement of hydraulic transmission loco-
motive testing. Industry research laboratory «Techni-
cal maintenance and diagnostics of locomotives» of
Dnepropetrovsk National University of Railway
Transport named after Academician V.Lazaryan is
working to improve testing of locomotive hydraulic
transmissions under the conditions of Diesel Locomo-
tive Repair Plant [2, 16, 5, 8].

At the Ukrainian enterprises, which repair the hy-
draulic transmission for tests, they use typical stands

most of which were designed and have been used
since 1980-s.

The Dnipropetrovsk Diesel Locomotive Repair
Plant «Promteplovoz» uses UGP750-1200 stand for
testing the unified hydraulic transmission. The hydrau-
lic transmission of this type is installed on most loco-
motives with hydraulic transmission that operate at the
industrial transport enterprises and «Ukrzaliznytsia».

The stand allows to measure the oil temperature
before and after hydraulic transmission using sensors
(range of 0-150°C, scale division — 5°C); oil pressure
in the lubrication system (0-1.5 MPa, scale division —
0.2 MPa); drive motor current (0-600 A, scale division
— 50 A); rotary speed of drive motor and generator
(125-1500 min™, scale division — 50 min™).

Of course, the number of control parameters and
measurement accuracy of the above stand (with ana-
logue pointed indicators) do not correspond to the cur-
rent level of computing. The stand does not to record
the process dynamics. The absence of automatic fixing
of measured parameters and test protocol reduces the
opportunities for analysing test results and those of the
test stand.

The closest modern analogue of the stands existing
in Ukraine (without computerized recording of pa-
rameters) is the test stand used by Special-purpose
Equipment Plant «Standard» for testing the unified
hydraulic transmission UGP 230 [15].

The stand is designed for acceptance testing of uni-
fied hydraulic transmission UGP 230 after repair for
inspection and setting of the basic performance data.

While testing the hydraulic transmission there are
checked build quality, tightness, oil system pressure,
temperature control, reverse switch, assembly and op-
eration quality of friction clutches, drive shaft speed.

Tests are conducted in two modes: train and shunt-
ing.
Hydraulic transmission test stands are used not
only at the locomotive repair plants, but also at the
enterprises that perform repair of quarry vehicles, track
vehicles and other wvehicles. For example, RDC
«Technical diagnostics and precision measurement»
created a computerized stand for hydraulic transmis-
sion testing and running-in (HMT) [6]. This stand is
used to test hydraulic transmission of BelAZ earth-
movers, aircraft tugs, slag cars, trucks, BelAZ wheel
dozers, some brands of tractors, etc. Fig. 1 shows
a block diagram of such a stand.
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and measuring system

. Rotary speed
converter
A
HMT - ADC
A
Y ¥
ADC Asynchronous »| Rotary speed sensor
electromotor
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Sensors
Y
Computer-based testing
=

Fig. 1. — Block diagram of the computer stand for testing
and running-in the hydromechanical transmission (HMT) [6]

The stand performs testing of HMT using an
asynchronous electromotor. Data from the sensors
are transmitted to the computer via ADC. The
asynchronous electromotor has a feedback from
the computer through the rotary speed converter
that allows adjusting the motor rotary speed.

The considered stand controls the torque fixing
the rotary speed of the input and output shafts,
temperature and flow rate in the cooling system,
the pressure in HMT oil systems (main passage,
torque converter, lubrication system, lock friction
clutch engagement channel). Also the test time is
fixed.

Test is performed on this stand automatically
by a computer: software selection of HMT type,
selection and shifting of transmission, setting of
running-in modes for each HMT transmission, set-
ting of running-in time and automatic maintenance
of speed mode. The measured parameters are
monitored and displayed on the computer monitor.
There is an option of emergency stop when the
measured parameters exceed the set value. Fur-
thermore there are options of documentation and
archiving of test results, protocol printing.

The disadvantages of the stand include the ab-
sence of brake load (generator unit for hydraulic
transmission testing in load mode).

The next development of the aforementioned
plant is a stand for hydraulic transmission running-
in and testing [14], which is in fact an improved
version of the previously considered one.

Block diagram of the stand is shown in Fig. 2.

The main distinguishing feature of the stand is
the use of asynchronous electromotors (AEM)
paired with frequency converters, both as driving
and braking load devices, and the use of the brak-
ing load generator. Herewith, the frequency con-
verters are connected by means of DC bus that al-
lows to transmit the power from braking AEM to
drive AEM, and thus to provide power recupera-
tion. Rotary speed and load are programmable.
Sensor readings are recorded in the program and
displayed on the screen in real time. After the test
completion the report is formed.

The stand allows to check HMT build quality,
the pressure in HMT oil systems in different tem-
perature regimes, reverse clutch engagement in
different temperature regimes, turbine shaft spin-
up at different temperatures, the stability of the
feed pump, transients, operation in stop mode.
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Computer-based testing

Rotary speed
> converter
A
HMT-1000
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Rotary speed Asynchronous
sensor 1 electric drive motor ™ Input shaft
Rotary speed ; Asynchronous o
sensor | electric torque motor [ Distributing shaft
A
i Y
" Rotary speed
> converter Sensors

and measuring system

Fig. 2. Block diagram of the stand for testing
and running-in the hydraulic transmission HMT-1000

Analysis of existing hydraulic transmission test
systems in order to improve the technology of
plant post-repair testing of hydraulic transmission
by creating an information system of testing and
diagnostics based on test stand of the locomotive
repair plant.

Methodology

The measuring tools of the existing hydraulic
transmission test stand at the plant DLRP «Prom-
teplovoz» are analogue control devices that are
obsolete. Control devices do not correspond to the
current level of computing. The equipment has low
accuracy and cannot collect and analyze data on
the technical condition of hydraulic transmission.
Thus information content of hydraulic transmission
test is decreased and creation of a holistic view of
the hydraulic transmission technical condition is
complicated.

In order to eliminate these shortcomings the au-
thors are working on development and implemen-

tation of information-measuring test system of lo-
comotive hydraulic transmission [13] under the
conditions of Diesel Locomotive Repair Plant
DLRP «Promteplovoz.» Based on the experience
of the above mentioned systems and hydraulic
transmission test technology there are selected the
types of sensors and their installation place.

In the first stage of development according to the

plant test program there were selected the most
essential and critical 13 process parameters, which
include:

Oil temperature in circulation circle of the
first and second torque converters, and oil tempera-
ture before and after hydraulic transmission
(0-120°C, scale division — 1°C);

Oil pressure in circulation circle of the first
(see. Fig. 3) and the second torque converters
(0 ... 0.25 MPa, scale division — 0.01 MPa);
Rotary speed of the turbine shaft of hy-
draulic transmission, drive motor and generator (up
to 1500 min™, scale division — 1 min™);
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— Current and voltage of drive motor and
load generator (current — 500 A, scale division —
(according to plant test program and expert opin-
ion) — 1 A, voltage 600 V, scale division — 1 V);
Sensor scanning must be made with a frequency of
at least 2 Hz.

As pressure sensors there were selected MIDA-
DI-02P [5]. The spaced design of sensors MIDA-
DI-02P (primary converter is cable-connected with
the processing unit) allows to use them in a wide
range of measurement environment temperatures
(50-150°C) while maintaining high performance.

Fig. 3. Pressure sensor installation in the circulation
circle of hydro apparatus

UGP 720-1200
Rotary speed Electric drive | o
sensor maotor d
Rotaryspeed | | Gonerator < Distributing shaft
sensor
¥
Rotary speed sensor Rotary speed :
signals converter | | Sensor & ek

Y

Y

Computer-based data
collection system

Converter of temperature,

pressure, voltage and
current sensor signals

Temperature, pressure,

4

voltage and current
SEensors

Fig. 4. — Block diagram of information and measuring testing system

of diesel locomotives hydraulic transmissions

within Diesel Locomotive Repair Plant DLRP «Promteplovoz»

There is measurement limits from 0 to 1 MPa.
Permissible basic deviation is + 0.25. Output sig-
nals 4 ... 20 mA (or 0...5 V). Description of out-
put signal — linearly increasing. Variation of output
signal does not exceed 0.5.

As the temperature sensors there were selected
resistance temperature transducers TSM-364-01.
Working range of measured temperatures from 0 to
+ 150°C. Permissible deviations of indicators con-
stitute £ |0.3 + 0.005t|°C. Switching-on is per-

formed by bridge circuit with the supply voltage
(24 ... 36) V.

To register the characteristics deviations from
the nominal sensor values the pressure and tem-
perature sensors were calibrated in conjunction
with converters.

As signal converters of temperature, pressure,
voltage and current sensors the indicators of tech-
nological parameters «MicRA I3» and «MicRA
14» were used. These indicators convert the re-
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ceived analogue signals into the digital ones and
transmit them to the data collection system. Ac-
cording to the documentation [12,11] for measur-
ing range the above mentioned devices fully satisfy
the technical requirements for testing, because
their built ADC bit capacity is 21 bit. Current and
voltage are measured through the shunt, where the
maximum voltage is 75 mV. Sensor scanning is
performed at a speed of 2.5 Hz, which also satis-
fies the given conditions.

To implement this task all indicators are RS-
485 standard networked, and using the specially
designed by university IRL converter of RS-485
interface into USB 2.0 the data are transferred di-
rectly to the data collection system. The data ex-
change is performed using link layer protocol
Modbus RTU [18], which gives additional protec-
tion against high electromagnetic fields produced
during the tests at industrial enterprises. Modbus
RTU protocol can detect logical errors, as well as
errors in data transfer that when used as a commu-
nication line of shielded twisted pair and complete
galvanic isolation in RS-485 to USB 2.0 interface
converter provides the necessary protection of the
above negative impacts.

Given the considerable electromagnetic inter-
ference during testing, one should use both hard-
ware obstacles (shielded twisted pair, RS-485) and
program digital filters, such as Kalman filter [17].

A separate development is the rotation velocity
sensor data processing subsystem. In terms of plant
testing the data on rotary speed of drive motor,
generator, turbine shaft are measured using obso-
lete (to save money) tachometric sensors D-
2MMU-2, which transmit pre-processed analogue
signal to the special ATMEL microcontroller for
further processing and transmission through USB
2.0 interface to the computer. However, D-2MMU-
2 sensor characteristics do not allow to perform
measurements in the low speed range of electric
motors (due to the fact that the speed-voltage gen-
erator transfers imperfect sinusoidal signal as
shown in Fig. 5, and the amplitude increases in
proportion to rotary speed and therefore at the
speed of up to 125 min™ it is not possible to get
reliable indicators at all). Herewith the measure-
ment range made 125-1500 min™, and the accuracy
is quite low (significant nonlinearity of indications
when reducing scale division below 125 min™).
However, work is underway on the use of modern

optical encoder to expand the measurement range,
and to greatly improve the measurement accuracy.
At this stage of development it became possible
to implement the check of temperature, turbine
shaft acceleration, hydro device filling time, time
measuring for switching transients of hydro de-
vices (Fig. 6).

............................................

........................................

....................................

.............

-------------------------

Fig. 5. Oscillogram of signal
from tachometric sensor D-2 MMU-2

All data received from the sensors are recorded
in an electronic test report with print option. When
developing the information-measuring system the
technical requirements for testing hydraulic trans-
mission are met (except for the requirements for
range and accuracy of rotary speed measurement),
but for further research survey the suggested 2 Hz
sensor scanning speed and the resulted after the
system implementation 2.5 Hz speed is unsatisfac-
tory and cannot follow the fast dynamic processes
such as, for example, change in voltage and current
values. Fig. 7 shows current and voltage graphs
where it can be observed that transients are not
clearly traced because of the low sampling fre-
quency.

Therefore it is necessary to implement as rotary
speed sensors the modern optical encoders, and in
order to measure current and voltage to implement
digital ammeters and voltmeters on microcontrol-
lers to obtain the necessary and sufficient speed
scanning.
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Fig. 6. Developed research system of testing
the diesel locomotive hydraulic transmission
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3amnycK UCTIBITaHUA

3aBepileHue UCTIBITAaHUH

Findings

Based on the conducted analysis there was
grounded the necessity of improvement the plant
hydraulic transmission stand testing by creating
a microprocessor testing system, supported by the
experience of developing such systems abroad.

Originality and practical value

The paper proposed the alternate design of mi-
croprocessor test system of diesel locomotive hy-
draulic transmission, which has no analogues in
Ukraine. The data collection was automated during
the test in order to capture the transient processes
to determine the hydraulic transmission technical
condition. The designed information-measuring

Temperature in GTR1
Temperature before transmission
Voltage of generator, V
Current of generator, A
Pressure in GTR2
Temperature in GTR2
Temperature after transmission
Engine rpm speed

Generator rpm speed

Turbine shaft rpm speed

Tests

Locomotive

TGM4

TGM6

Hydraulic transmission test report Ne
Mode

Frequency of registration, sec
Testing time, min

Current time

Date

Testing time

Test start

Test completion

system improves the hydraulic transmission test
process by automating and increasing the accuracy
of measurements of control parameters. The meas-
urement results are initial data for carrying out fur-
ther studies to determine the technical condition of
the hydraulic transmission UGP750-1200 during
the plant post-repair tests.

Conclusions

The existing hydraulic transmission test sys-
tems are reviewed. Based on the review the proto-
type of future microprocessor test system of loco-
motive hydraulic transmission was created accord-
ing to test program of the plant «Promteplovoz».
There was developed the information-measuring
system enabling to raise and improve efficiency of
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locomotive hydraulic transmission testing by
automating and increasing the accuracy of meas-
urements of control parameters. Further research
should be aimed to improve the accuracy and fre-
quency of data collection by adopting the more
modern and reliable sensors in tandem with the use
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NHOOPMALIIMOHHO-UBMEPUTEJIBHAA CUCTEMA UCIIBITAHUSA
I'MIAPABJIMYECKUX ITEPEJAY TEIIJIOBO30OB

Hean. CraTpst mpegycMaTpUBaeT pacCMOTPEHHE TIpoliecca pa3paboTku MH(POPMaMOHHO-U3MEPUTEIBHON CHC-
TEMbI UCIIBITAHUS THIPABINYECKUX Iepegad TEMIOBO30B, YTO JACT BO3MOXKHOCTH ITOJMYHYEHUS] MCXOAHBIX JAHHBIX
JUIS TIPOBE/ICHUSI JAIBHEHUIIINX UCCIIEOBAHUH 110 ONPEEICHNIO TEXHUUECKOTO COCTOSTHUS THAPABIMYECKUX IIepeiad
TeTI0B030B. Heo6xoauMo npoaHann3upoBaTh COBEPIICHCTBOBAHWE TEXHOJOTMU 3aBOJCKHUX IOCIEPEMOHTHBIX HC-
MBITAaHUHN ruaponepeaady nyTeéM aBTOMATU3AIWU CYHICCTBYIOIINUX CTCH/IOB HUCIBITAaHUHN TUAPABINYCCKUX TEpeaayd
COIJIACHO TCXHUYCCKHUM YCIOBHUAM TCILIOBO3OPEMOHTHBIX HpeﬂHpMﬂTHﬁ. 3910 JOCTUTACTCA C YUYETOM JACTAJILHOI'O
0030pa yxe CyHICCTBYIOIINX 3apYOCIKHBIX HH(POPMALMOHHO-U3MEPUTEIILHBIX CUCTEM HCIIBITAHUS THIPABIUYCCKUX
nepesiayd TeIIOBO30B, KapbepHBIX caMOCBaIOB benA3, aspopOMHBIX Tsrauei, IIakoBO30B, TPY30BHKOB, KOJIECHBIX
Oynbao3epoB benA3, HEKOTOPEIX MapoK TpakTopoB H T. 1. [Ipearnonaraercs pemeHne 3aqadu co3aanust HHpopma-
[IHOHHO-N3MEPHUTEIILHON CHCTEMBl HCIBITAHUN THAPABIMUYECKUX Tepeaad TEIUIOBO30B, OTTAJKHBAsCh, B IIEPBYIO
odepesib, OT BO3MOXKHOCTH aBTOMAaTH3ALMH YK€ CYLIECTBYIOIIETO CTEHIA WCIBITAaHWH THIPAaBIMYECKUX Iepenad
TETJIOBO30B Ha J[HENPOMETPOBCKOM 3aBOJIE MO PEMOHTY TemiIoBo30B «lIpomTeruioBo3». Meroauka. B pabote uc-
CJIEZIOBATENISIMHA  OblIa TPEATIOKEHa METOJMKa CO3JaHUs MHKPOINPOLECCOPHONW aBTOMAaTH3WPOBAHHON CHCTEMBI
CTEHAOBBIX UCTBITAHUN T'MAPABIMUYECKUX IEpead TEIUIOBO30B B YCIOBUSIX JIOKOMOTHBOPEMOHTHOTrO 3aBoja. OHa
JEHUCTBYET IyTeM 0OOCHOBAHUSI BEIOOPA HEOOXOIUMBIX TaTYMKOB, & TAKKE TPUMEHEHHUS] HEOOXOMMBIX alNapaTHBIX
W MIPOTPAMMHBIX CPEJCTB Ul CO3AaHMs MH()OPMALMOHHO-N3MEPUTENbHON cuctembl. PedyabTaTsl. Ha ocHOBaHMM
MPOBEJCHHOTO aHajIn3a 000CHOBaHA HEOOXOAMMOCTh COBEPILICHCTBOBAHMUS 3aBOJICKMX CTCHAOBBIX MCIBITAHUHA TUI-
PpaBJIMYCCKUX MEpeaad MmyTeéM COo3aaHusd MHKpOHpOHeCCOpHOi/lI CHUCTEMBI HCHLITaHHﬁ, OornupasChb Ha ONBIT CO3AaHUA
MOJJOOHBIX cHCTeM 3a pyOeskoM. JlanbHele HaydHbIe UCCIIE0BAaHNS TOJDKHBI ObITh HAIpaBJieHbl Ha YBEIHMUCHUE
TOYHOCTH W 4acTOTHl cOOpa MH(pOPMAaIMU ITyTeM IPUMEHEHHs1 00Jiee COBPEMEHHBIX M HAJIS)KHBIX JIATYMKOB B TaH-
JIeMe C UCIIOJIb30BAaHUEM MPOTPaMMHBIX (DMIIBTPOB 3JIEKTPOMArHUTHBIX M JIpyrux nomex. Hayynass HoBu3Ha. AB-
TopaMu ObUTa paspadoraHa MHOOPMALMOHHO-N3MEPHUTENbHAS CHCTEMA, YCOBEPIICHCTBYIOIIAS MPOIIECC UCIIBITAHUS
THPABINYECKHUX Tepead 3a CUeT aBTOMATH3alMH 1 TOBBIIICHNS TOYHOCTH U3MEPEHUH KOHTPOJIBHBIX ITapaMeTpOB.
Pe3ynbraTsl M3MepeHnil ABIAIOTCA MCXOMHBIMH JAHHBIMH JUISL TIPOBEACHHS JATbHEHIINX HCCIEIOBAHUN C LENBIO
OTIpEIeNICHNs] TEXHUYECKOTO COCTOSIHUSI ruapaBnnueckoi nepenaun YITI750-1200 Bo Bpemsi 3aBOJCKHX IMoOcCiepe-
MOHTHBIX ucnbITaHud. IIpakTHYeckasi 3HaYMMOCTb. B paboTte mpeuiokeH BapuaHT CO3AAaHHS MUKPOIIPOIIECCOP-
HOW CHCTEMBI HCITBITAHIHA THAPABINIECKOI Iepeaun TeIUIOBO30B, KOTOPHIA HE HMEET aHAJIOTOB B YKpanHe. ABTO-
MaTU3UPOBAHHBIA COOp JAHHBIX MPH HCIBITAHUSIX TO3BOJUT (PMKCUPOBATH OBICTPONPOTEKAIOIINE MPOLECCH s
OTIpeIeIeHUs] TEXHUYECKOTO COCTOSHUS THAPABINYECKON Mepeaay.

Kniouegvie cnosa: runpaBinyeckasl Iepefada; UCTBITAaHUA THAPONEpEenad; HUCIbITATeIbHBIA CTEHA; NAaTUHKH,
nH(OPMaLMOHHO-U3MEPUTEIIbHAS CUCTEMa

doi: 10.15802/stp2015/55345 © 1. V. Zhukovytsyy, I. A. Kliushnyk, O. B. Ochkasov, R. O. Korenyuk, 2015

62



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

Hayxka Ta nporpec Tpancnopty. BicHuk J[HIIPOIETpOBCHKOTO
HaIliOHAJIBHOTO yHIBEPCHTETY 3aii3HHYHOrO Tpancmopty, 2015, Ne 5 (59)

EKCIUIYATANIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

I. B. XYKOBULIbKUI®, I. A. KJIFOILIHUK?, O. b. OYUKACOB¥', P. O. KOPEHIOK*

YKad. «EnexTpoHHi 0GUHCIIOBATbH] MAIIHHI», J{HIIPONETPOBCHKHMIT HALIOHATBHHIA YHIBEPCHTET 3aITI3HIYIHOTO
TpaHCcropTy iMeHi akagemika B. JlasapsHa, By:1. JlazapsHa, 2, JHinponerpoBcebk, Ykpaina, 49010, ten. +38 (056) 373 15 89,
eit. mourra ivzhuk@mail.ru, ORCID 0000-0002-3491-5976

TKad. «EnexTponni 0GuncmoBansHi Mamuam, JIHIIponeTpoBChKuil HALIOHANBHHIA YHIBEPCHTET 3aI3HIYHOrO
TpaHcropty iMeHi akagemika B. JlazapsHa, By:1. JlazapsHa, 2, J{ainpornerpoBcebk, Ykpaina, 49010, ten. +38 (056) 373 15 89,
ex. mowra Klugran@i.ua, ORCID 0000-0001-9939-0755

¥Kad. «JIokoMOTHBE», JHIPONIETPOBCHKHH HALIOHATBHBIN yHIBEPCHTET 3a/1i3HHYHOTO TPAHCIIOPTY iMEH akajeMika

B. Jlazapsina, Byin. JIazapsina, 2, J{xinpomnerpoBcbk, Ykpaina, 49010, ten. + 38 (056) 733 19 61, en. morura oalexander@mail.ru,
ORCID 0000-0002-7719-7214

“Kad. «JIoxoMOTHBI», JIHIIPOIETPOBCHKHIA HAIOHAIBHBIH YHIBEPCHTET 3aTi3HUYHOTO TPAHCIOPTY iMEH] akazeMiKa

B. Jlazapsina, By JIazapsina, 2, J{HinporerpoBcbk, Ykpaina, 49010, ten. + 38 (056) 733 19 61, en. morura koroman@ua.fm,
ORCID 0000-0003-1416-4770

TH®OPMAIIMHO-BUMIPIOBAJIBHA CUCTEMA BUIIPOBYBAHHS
I'TAPABJIITYHUX HEPEJAY TEIIJIOBO3IB

Mera. CrarTs cipsMOBaHa Ha PO3TIIA MPOLECY PO3POOKH iH(OpMAIIiITHO-BIMIPIOBAIEHOI CHCTEMH BUIIPOOY-
BaHHS TipaBIIiYHUX [epesad TEIUIOBO3IB, 0 JACTh MOMIIMBICTh OTPUMAHHS BUXIJHUX HaHHX JUIS MPOBEICHHS IO-
JAIBIIAX JTOCTI/KECHD 13 BU3HAYCHHS TEXHIYHOTO CTaHy TiAPaBIIYHHUX Iepenad TermioBo3iB. HeobximHo mpoaHaiti-
3yBaTH yJOCKOHAJICHHS TEXHOJIOTIl 3aBOACHKHMX MICISPEMOHTHUX BHIPOOOBYBaHb Tifiponepenay HUILIXOM aBTOMa-
TH3allii ICHYI0UMX CTeHAIB BUNPOOYBaHb TiIpaBIiuyHMX MEpeaay 3riJIHO TEXHIYHUX YMOB TEINIOBO30PEMOHTHHUX MijI-
npueMctB. Lle mocsiraeTbes 3 ypaxyBaHHSIM JCTAIbHOTO OIVIAY YXKE ICHYIOUMX 3aKOPAOHHUX iH(OpMaIiiiHo-
BUMIPIOBAJILHUX CHUCTEM BHUIIPOOYBaHHs TiIPaBIiuHMUX Iepead TEIUIoBO3iB, Kap epHUX camockuaiB benA3, aepo-
JIPOMHHX TATAdiB, UTAKOBO3iB, BaroBO3iB, KOJTICHUX Oynbao3epiB benA3, meskux mapok TpakTopie Tomro. [lepen-
OayaeTbcsl BUPIICHHS 33/1a4i CTBOPEHHS iH(QOpMaliiHO-BUMIpIOBAIBHOI CHCTEMU BHIIPOOYBaHb TiAPaBIivYHUX IIe-
penad TeIoBO3iB, BiAIITOBXYIOUHCH, B TEPIIY Yepry, BiJ MOXKIMBOCTI aBTOMAaTH3allii BXe ICHyIOUOrO CTEHJYy BH-
poOyBaHb TiAPaBIIYHHUX TIepeIad TEIUIOBO3IB Ha JIHIMPOIETPOBCHKOMY 3aBOJi 10 PEMOHTY TeItoBo3iB «IIpomren-
noBo3». Metoguka. B poGoti nmocnmigHukamu Oylia 3amporOHOBaHA METOAMKA CTBOPEHHS MiKpOIPOIECOPHOT
ABTOMATHU30BAHOI CHCTEMH CTEHJOBHX BUIPOOYBaHb TiAPABIIYHUX Iepelad TeIUIOBO3IB B YMOBaX JIOKOMOTHBOpE-
MOHTHOTO 3aBOJy. BoHa ni€ muIIxoM oOTpyHTYBaHHS BHOOPY HEOOXITHMX JATYHKIB, a TAKOXK 3aCTOCYBaHHS HEOO-
XIHUX anapaTHUX Ta MPOTrPaMHUX 3ac00iB Ui MOOYA0BH iH(POPMAIIHO-BUMIPIOBaJIBbHOI cucTeMu. Pe3ynbTaTn.
Ha mincTaBi nmpoBeneHOro aHamizy OOTpyHTOBaHO HEOOXiTHICTh yIOCKOHAJIICHHS 3aBOJCHKHX CTEHIOBUX BHIIPOOY-
BaHb TiJIPaBIiYHUX Mepesiad IUIIXOM CTBOPEHHSI MIKPOIPOIIECOPHOT CUCTEMH BUNIPOOYBaHb, CIIMPAIOYHCh HA TOCBIL
CTBOpPEHHS MOJIOHUX cUCTeM 3a KopaoHOM. [lofanbiii HayKOBI TOCHIKEHHSI TOBUHHI OyTH CIpsIMOBaHI Ha ITiIBU-
IICHHS TOYHOCTI Ta YacTOTH 300py iH(OpMAIli NUISXOM 3aCTOCYBaHHsS OUIbII Cy4acCHHUX Ta HAIIHHHUX IATYMKIB
y TaH/eMi 3 BUKOPUCTaHHSM IPOrpaMHUX (UIBTPIB €IEKTPOMArHiTHUX Ta HIMMX nepemkoa. HaykoBa HOBH3HA.
ABtopamu Oyina po3pobiieHa iH(pOpMAaIiiHO-BUMIpIOBaIbHA CHCTEMA, sIKa YIOCKOHAJIOE IPOIEC BUIIPOOYBaHHS
TiIpaBIiYHMX MEpeIay 32 paxyHOK aBTOMAaTH3allil Ta iIBUIICHHS TOYHOCTI BUMIpIOBaHb KOHTPOJIFHHUX ITapaMeTpiB.
PesynbraTti BEUMIpIOBaHb € BHXIZHUMH JaHUMH Ul NPOBEICHHS IONANBLIIMX IOCHIDKEHb 13 METOI BH3HAUCHHS
TEXHIYHOTO CTaHy TifpaBiiuHoi mepemadi YITI750-1200 mixm wac 3aBOACHKUX MICIAPEMOHTHHUX BHIIPOOYBaHB.
IpakTyHa 3HAYUMICTH. Y PoOOTi 3aIPOIIOHOBAHO BapiaHT CTBOPEHHS MIKPOIPOIIECOPHOI CUCTEMHU BUIIPOOYBaHb
TiApaBIivHOI IIepeadi TETIOBO3iB, KU HE Ma€ aHaJIOTiB B YKpaiHi. ABTOMAaTH30BaHUH 30ip JaHUX IIPHU BHIPOOY-
BaHHSX J03BOJINTH (PIKCYBaTH MIBUIKOIUIMHHI ITPOIECH ISl BU3HAUCHHS TEXHIYHOTO CTaHy TigpaBiidHOi epeaadi.

Kniouosi cnosa: rigpasiidHa nmepenava; BUIIPOOYBaHHS Tigporepenad; BUIPOOyBaIbHNN CTEH,; AaTYHUKH; iH(DO-
pMamiiHO-BUMIpIOBaJIbHA CHCTEMA
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B. I1. JJUTBUHEHKO

YKad. «IkciumyaTarus CyI0BEIX JHEPreTHICCKHX YCTAHOBOK», A30BCKHUii MOPCKOM HHCTHTYT
Opiecckoii HAaIIMOHATIBHON MOPCKO# akazemud, yi. Yepromopckasi, 19, Mapuymnons, Ykpauna, 87517,
ten. +38 (0629) 37 11 16, a1 moura jltinski@mail.ru, ORCID 0000-0002-7814-4157

OOPMAJINBAIINA MOAEJN PABOTbBI IM3EJIA C YYHETOM
OLHEHKH CKOPOCTHU ITPOIHECCOB CI'OPAHUA

Hens. B coBpeMEHHBIX YCIOBUSIX HCIHOJNb3YEMBIE METOAbI M MOJEIM IPOEKTUPOBAHUS M  OLIEHKU
9KCIUTYaTallMOHHBIX CBOMCTB JH3€JIel He B ITOJHOM Mepe YUUTHIBAIOT CIICHM(UKY IPOTEKaHUS ITPOLIECCOB CTOPAHMUSL.
OTyacTi Takoe IOJIOKEHUE XapaKTEPU3YETCs CIIOKHOCTHIO y4eTa MHOTOOOPa3HBIX 10 CBOEH MpPUpPOJIE MPOIIECCOB,
KOTOpBIE B TTOJTHOM Mepe He MCCIEAOBaHbl. B 3ToH cBA3M HEOOXOJMM IOMCK HOBBIX METOAOB M MOJIETCH, KOTOpPBIE
Opl oOecrieyMBAId OTHOCHTENBEHO TIPOCTBIC pEIISHHs 3a CYeT MPHMEHEHHS O00O0MAoInX IT0Ka3aTeleH,
MOJTy9aeMbIX Ha OCHOBE aHaJM3a [TapaMeTPOB MCIIONB3YEMbIX Ha TpaHcropTe auseneil. Meroauka. [IpennoxeHHbIi
ITOPUTM OIEHKH MPOIIECCOB CTOpaHMs B BHIE OOBEMHOM M JHMHEHHOH CKOpocTell 0a3upyercss Ha HM3BECTHBIX
3HAYEHUAX MOIIHOCTH M CpefHero 3((EeKTHBHOrO NaBICHUS M OOECHEUMBAET BO3MOXKHOCTH COIOCTABIICHUS
3 (HEKTUBHOCTH HX NMPOTEKaHHS B Pa3IMYHBIX MOAMGPHKALMAX qu3eneid. Pe3yabTaTbl. ABTOPOM YCTaHOBJIEHO, YTO
COOTHOUICHHE MEXAY JINHEHHOI 1 00BbEMHOI CKOPOCTSIMU XapaKTEepU3yeTCsi HEKOTOPBIMU TIpEe/ieNlaMH U 3aBUCUT OT
T€OMETPUUECKUX Pa3MEpOB IMIMHAPONOPIIHEBONH TPYMIbL. 3a CYET CACNaHHBIX JOMYIICHUH MpeJCTaBHUIOCh
BO3MOXKHBIM paccMaTpuBaTh paboTy Ju3els B BHAE CHCTEMBI, BKIOYarolieid B cebs: 1) mozacucremy,
00CCICUHBAIOIIYI0 BO3MOXKHOCTh ~ MOJYYCHHUsS] TEIUIOBOM OJHEpPruM; 2) MOACHCTEMY, 00eCHeYHBaIOLIYO
npeoOpa3oBaHUe TEIIOBOI SHEPruy; 3) MOACHCTEMY, 0OCCIICUMBAIONIYIO MOJICPKAHHE HEOOXOMUMON MOILIHOCTH
Ju3ensd, B 3aBUCUMOCTH OT YCIOBHM CropaHus TOIUIMBOBO3AYHIHOM cMecu Hayynas HoBH3HA. ABTOpOM
CTaThbM NPEUIOKEHBI MOKa3aTedn OOBEMHOW M JIMHEHHOH CKOpPOCTEH CropaHusi TOIUIMBOBO3AYIIHOH CMECH
B IWIMHAPE IBHUTraTessi, KOTOphIE OOECHEYMBAIOT BO3MOXKHOCTH IOJMYYEHHS COMNOCTABUMBIX XapaKTEPHCTHK
B JIBUTATENSIX pa3IMYHOM MOIU(HKAIMM C YYETOM BO3MOXKHOTO BBHIOOpa ONTHMAIBHBIX COOTHOLICHHH.
IpakTnyeckasi 3Ha4MMOCTh. lcmonp3oBaHWE IOKa3zaTeNnel OOBEMHOH M JMHEWHOW CKOPOCTEH NpOTEKaHWs
MIPOLIECCOB CrOpaHMs B LWIMHAPAX OBHUraTeseil B COUCTAaHMM C MATEMaTHYECKOM MOJAENBIO MO3BOJST YHPOCTHTH
METOAMKY pacueTra auseneil. [lapameTpudeckue 3HaUCHUS OTMEYAaEMBIX CKOPOCTEH B JaJbHEHMIINX HCCIEIOBAHUAX
obecrieyaT BO3MOXKHOCTH omnpejesieHus] 3()(EKTUBHBIX HaNpaBlICHUI pPa3BUTUS KOHCTPYKIMH JIU3EIsl, a TaKKe
OILIEHKY PEXHMOB €r0 Harpy>KeHHs B IIpoIiecce SKCIITyaTalllH.

Kniouesvie cnosa: nmu3enb; TOIITUBOBO3AYIIIHAS CMECh; MPOILIECCHI CrOpaHusl; 00bEeMHAs CKOPOCTh CTOpaHUs; JIU-
HElHas CKOPOCTh CrOpaHMs; CUCTEMa; MIOACUCTEMA; MaTeMaTH4YecKasi MOJIeNb

Beenenne 3e7s1 OTHOCSITCSI K paspsily OLEHKH TMIIOTE3, Mpu-
MEHEHHE KOTOPBIX B MOCIEIYIOLIEM MOJBEPraeTCs
MPOBEpPKE Ha TMPEAMET COOTBETCTBHS PACUETHBIX
3HAYEHUH C (PaKTHYECKH MOTYYCHHBIMH JaHHBIMH.
B aTo0ii cBsizM pa3paboTKa HOBBIX MOJENEH mpe-
CTaBJISIETCS aKTyaIbHOU, XOTs OBl C MO3WITUI Ha-
KOIUIeHUS MH(pOPMAMOHHOTO MaTepuana, obpa-
00TKa KOTOPOrO OKa)KeTcs IOJIe3HOM B AajbHEH-
mux paboTax.

3HaYUMBIM MOMEHTOM IIpH pa3paboTke Moje-
JIell SABNSETCS COTNIacoBaHHUE YCIOBUH TETJIOBBIAC-
JICHUSl C PEeXHUMaMH Harpy3Kd AM3eNs], KOTOpbIE
3aBUCST OT CKOPOCTH CrOpPaHMs TOIJIMBOBO3MYIL-
HOH CMeCH.

[Monydenue (QyHKIMOHANBHBIX 3aBUCUMOCTEH
U CBA3eH MEXAy (QUBMKO-XUMHUYECKUMH U TepMO-
JUHAMUYECKUMH  TPOIECCAMHU, TPOTEKAIOIIUMHU
B JM3elie, SBISETCS OAHON M3 (DyHIaMEHTAIbHBIX
3a7]a4 TEOPUH M MPAKTUKU MX IKCILTyaTalud. JTO
00YCJIOBIICHO CIIO)KHOCTBIO y4eTa MHOTOOOpa3HbIX
MO CBOEH MPUPOJIE MPOIECCOB, KOTOPBIE B MOJTHOM
Mepe He MCCICIOBaHbl, YTO MpH pa3paboTke Moje-
Jel TPUBOAUT K HEOOXOTUMOCTH MPHHSITHS JIO-
MYIIEHUH, YIPOIIAIOIINX OMUCAHUE PabOThl TU3e-
JIs1, UCTIONIB3YSI U3BECTHBIE PE3yJILTAThl UCCIICI0BA-
HUI ¥ 3aKOHBI. B OMNpeieneHHOM CMBbICIEe MOYKHO
OTMETHTh, YTO COBPEMEHHBIC METOJBl H MOJCIH
C MO3UIUI aICKBATHOTO ONMKMCAHUs MPOLECCOB JIU-
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ean

Lenpto manHOM pabOTHI ABJIsICTCS HOPMYIHPO-
BaHHE MaTEeMaTHYECKOH MOZENH, OTOOpaKaromei
yCIIOBHS pabOThI JU3€Is B 3aBUCUMOCTH OT HM3Me-
HEHUSI TTapaMeTpOB CTOPAHHS TOIUTMBOBO3IYITHON
CMecH B IMIIMHIIPE C YYETOM PEXHMOB €ro Harpy-
JKECHUSL.

B o0mem Buae MOXKHO OTMETUTH OOJIBLIOE KO-
JMYECTBO PadoOT, MOCBSIIEHHBIX MOAETHPOBAHHIO
MPOLIECCOB CropaHusi paboTbl au3ens. Y CIOBHO
OHH MOTYT OBITh pa3fielieHbl Ha paboThl, 0TOOpa-
JKAIONTUEe OOMIMI XapakTep pabdOoTHl AM3ENS WU II0-
CBSIICGHHBIE  JIOKAJIbHBIM ~ BHYTPULMIMHAPOBBIM
npodiemam [1-14]. AHanu3 Takux paboT MoKa3bl-
BAET, YTO CKOPOCTH CTOPAHMS OKa3bIBAET pPEIlaro-
1Iee BIMSHUE Ha TPOLECCHI, CBA3aHHBIE ¢ 00pa3o-
BaHMEM JABJICHHS B LWJIMHIPE BUTATENS U yCIO-
BUSIMU TIPOTEKAaHHS Teruio-MaccooOMeHa. B Toxe
BpEMsI B CJIOKMBIICHCS TEOPUU M TIPAKTHUKE DKC-
IUTyaTaliy JU3elieil TpocieKuBaeTcsl He JIocTa-
TOYHOE KOJIMYECTBO JTAHHBIX, B TOM YHCIIC U Mare-
MaTHYECKUX MOJENeH, TJe CKOPOCTh CrOpaHHs
paccmarpuBaeTcsl Kak QpyHKIHs yIpaBieHus pado-
TOW IM3eNs TPH HM3MEHSIOMIMXCS YCIOBHAX €ro
Harpys3KH.

MeToanka

B pabore paccMaTpuBasoch COOTHOIIEHHUE
B Bujle (PyHKIIMOHATIFHON CBSI3U:
V, =f(Ny; P;;n; T; D; V),

ei’

N T;D; V),

e’

Vos =F (Nei

e

rae N, — sddexruBHas MOIIHOCTD Ha | -BIX pe-

XKHUMax paboTsl qusend, kBr; P, — cpennee 3¢-
(eKTUBHOE MaBJEeHUE Ha | -bIX PEXHUMax pabOThI
musenst, 0ap; N — 4uciIo 00OPOTOB JBHUraTEls,
o6/Mun ; T — IINTENBHOCTH Cropanus, ¢; D —

Juamerp wwimHapa, M; Vi, V, — oObemHas

U JINHEIHA CKOPOCTH CTOPaHUs mlc i Mmlc coor-
BETCTBEHHO.
IIpu sToM oOBEMHass W JNHUHEHHAs CKOPOCTH
CrOpaHHUs ONPEAEISUINCH U3 COOTHOIIECHUH!
dN,,

V,;=0,01——,
m-dP.

ei

. 0,013-dN,; 0,013-V,,
" m-D*.dP, k-D*

JTATeNbHOCTh CrOpaHus MpPU 3TOM ONpeens-

J1ach B BHJIE COOTHOIIIEHUS:
T =785-D*-H -mgi,
el
rie M — kodddunuednt taktHocTd. Iy OBYX-
TaKTHBIX JIBUTATEJICH MPUHUMAETCS paBHBIM M =1,
JUIS YeTBIPEXTAKTHBIX M =0,5.

B ocHOBY pa3paboTku MaTeMaTHYeCKON Moje-
JU OBLTH TOJIO’KEHBI METOBI CHCTEMHOTO aHan3a
M CHUCTEMOTEXHHKH, TIO3BOJIMBIINE PAacCMATPUBATh
JIN3eITh KaK HEKOTOPYIO YCIOBHYIO OOJIBIITYIO CHC-
TeMy, KOHCTPYKTHUBHO COCTOSIIIYIO U3 TpeX MOI-
CHUCTEM.

K nepBoil U3 Ha3BaHHBIX MOJCUCTEM OTHECEHA
MOJICUCTEMA {A} , obecrieunBaromas BO3MOKHOCTh
noyiydeHusi TemnoBoil sneprun. Ko BTOpOil oTHe-
cena mozxcucrema {B} — moxcucrema, oGecneun-
Baolas ImpeoOpa3oBaHWE TEIJIOBOH JHEPTUH

B JJaBJICHUE PACLIMPSIOIUXCS I'a30B U MOJIy4YEeHHUE
MexaHndeckoi pabotel. K TpeTbeit oTHECeHa MmoI-
cucremMa {C} — moacucTeMa, obOecreynBaroLast
nojjepKaHie HeoOXOAMMOW MOLIHOCTU JBUTAaTe-
JIs1 B 3aBUCHMOCTH OT YCJIOBUH CrOpaHHs TOILIMBO-
BO3AyIIHON cMecH. OTMeUeHHBIe MOJCHCTEMBI Ha-
XOAATCSl B TMOCTOSIHHOM B3aUMOJACHCTBHU W BIUS-
10T Ha 3(QPEeKTHBHOCTH PabOTHI BCEH CHUCTEMBI —

{Z} . Tak uT0 MOKHO 3amucaTh HEKOTOPOE OOLICe
COOTHOLIEHHE, ONMPENENIAIOIIEE COCTOSHHE CHCTe-
MBI {Z}

{2} = ({4}.{8}.{C}).

DYHKIMOHUPOBAHUE TOJICUCTEMBI {A} Ipeso-

MIpEeIeIsIeTC €€ CIIOCOOHOCTBIO TpaHCHOPMUPO-
BaTh (MpeoOpa3oBBIBaTh) OIPEACICHHOE KOJHYe-
CTBO TMOABOAWMOW 3HEPTrHH B JBUXKYIIYIO MOP-

IEHb CUITY — F , B 3aBUCUMOCTH OT PEIKUMOB Ha-
TPy KE€HUA MOACUCTEMbL {B} . Tak 4TO MOXKHO

OTMETHUTD, YTO MEXK]Yy JBUXKYIIEH MOPIIEHb CUIION
F, u cunoii, mpenATcTByIOIEH padoTe mojcucre-

MBI {B} , KOTOpyto 0003HauuM kg, JOKHO cyle-

CTBOBAaTh oOIpeaeNeHHoe cooTHomeHne F,/Fg,
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KOTOpOe TMpu padoTaroliell CHCTEME, BEPOSTHO,
JOJDKHO ObITh Oonbine eaumuunsl, F,/Fg>1.

JBmwKynias moplieHb cujia 3aBHCHUT OT (PHU3HKO-
XUMUYECKUX MPOLECCOB, MPeNoNpeaeomuX yc-
JIOBUSL HApacTaHMs AABJICHUSA B LWIMHAPE JIBUTa-
tenst AP, . Ilpudem F, ompenensercs xak mpous-

BEJICHUE CTENCHN HapacraHus nasieHus AP, Ha
mwrowazas mopuast S, F,= AP, -S.
B Toxe Bpems Hapacranue nasinenust AP, 3a-

BUCUT OT BCJIWYUHBI COIPOTHBJIICHHUA NCPEMCIIC-
HUIO MOPIIHA B HWIMHAPE, TaK YTO MOKHO HOITyC-

e AP, ~ K.
ITo Mepe yBEIUUYEHHS CHIIBI CONPOTHBIIEHUS
(FB) YBEJINYNBAETCS  JUTUTEILHOCTh BPEMEHH,

HEOOXOMUMOTO Il TIPOTEKAHUS (PU3UKO-XHMH-
YeCKUX IPOIECCOB, 00ECTIEUNBAIONINX OOBEMHOE
BOCILUIAMCHEHHE TOIUIMBOBO3YIIHONH CMECH, 4YTO
CMOCOOCTBYET MOBBIIICHHIO WHTEHCHMBHOCTH Ha-
pactanus npasienus AP, Kax cnencrBue, 310

NPUBOAUT K YBEJIUYCHUIO CPEIHErO JaBJICHHS
B wmHape P . B wacTHOCTH, Ha TakoW pe3ysbTar
YKa3BIBAIOT MPAKTHUECKUE HcchaemoBanus [4], Tae
OTMEYAeTCss H3MEHEHHE COOTHOIICHUN MEXIY

JaBlieHHEM cropanusi P, W cpemHuUM HHIOUKATOp-

HBIM faBieHueM P . BapunanmonHo Takoe cOOTHO-

wenue P, /P moxer nocrurats 7+10 exunnn. Tak

YTO B TEOPETHYECKOM KOHTEKCTE MOKHO MOSICHUTD
TaKWe BapWalWH 3a CYET MOJHOTH PEakIHid, mpo-
UCXOISIIMX B LWIMHAPE IBUTATENs, Oyaromaps
YBEIMUEHUIO NIEpUOJa BPEMEHH, B TCUEHHUE KOTO-
poro oHW mpoucxoiiT. K aHalIorHyHOMY BBIBOIY
MOXXHO TPUUTH B pe3yJbTaTe PAacCMOTPEHUS WH-
JUKATOPHBIX HAarpaMM, XapaKkTepU3yHImX pado-
Ty JBUTATENS, CHATHIX HA Pa3IMYHbBIX PEKHUMaX €ro
HarpyXeHHs.

Hapsiny c paccmarpuBaeMbIMU TpoOIecCaMH
Haubonee 3(pPEeKTHUBHBIM SIBIISIETCS SKOHOMUYHBIN
pexuM paboTHI IBHUTATENsl, UL KOTOPOTO MHHH-

MaJIbHBIA pacxoj TOIIMBA — g, - Hanuuue Ta-

KOr0 pexuma sBisieTcs (PakToM, CBHACTENBCT-
BYIOIIIUM O CYIICCTBOBAHHMH PE3EpBa B ONTHMHU3A-
1y paboThl nBUTaTeNs. B ompeneneHHOM cMbIciie
SKOHOMMYHBIN PEXHUM YKa3bIBAE€T Ha TO, YTO PEry-
JUPOBaHKUE pPA0OTOM AM3eNss Ha HWHBIX PEKUMAx
JIOCTUTaeTCsl 32 CUET yXYALICHUs MPOLECCOB Cro-

YUBACTCSA WMCKIIOYUTENLHO Oyraromaps OobIieMy
KOJIMYECTBY TOIUIMBA, TIOJaBaeMOro B IWIMHIP
JOBUraTens, 6e3 U3MEHEHHUs Ka4eCTBEHHBIX COCTaB-
JSIFOUIMX, CYIIECTBEHHO BIHMSAIOIINX HA TTOJy4YEeHHE
TEIJIOBOW JHepruw. Takod moaxon oOyCIIOBICH
CIIO)KUBIIMMHUCS ¥, HAa HaIll B3IJIA]], HE BIIOJHE OI-
PaBIaHHBIMU MPEACTABICHUSIMH O CHOCOOHOCTH
IPOLIECCOB, MPOTEKAIOMINX B JM3ENEe, K CaMOpery-
JISILTAH.

B pabore craBmiach Hambonee oOmias 3agaya
noBbIeHns 3¢ dekTuBHOCTH paboOTHl aU3eNs, KO-
TOpasi OCHOBEIBAETCS HA PACCMOTPEHUM JHHAMHUKH
u3MeHenus Terwiobinenenus dQ/dt, ckopoctu

Hapactanus nasnenns dP/d¢ u nuHamuku usme-
nenus ckopoctu cropanust dN/dP , uro o6ycnas-

JIMBAETCs TapaMEeTPUUYECKON B3aMMOCBS3aHHOCTHIO
HPOLIECCOB.

OTMeueHHBIE COOTHOUICHHS XapaKTePH3YIOT
3¢ GeKTUBHOCTh (DYHKIIMOHUPOBAHUS PaHEe BbIJIE-

JIEHHBIX IIOJICUCTEM — {A} {B} u {C} BXOIISI-
mmx B cucreMy {X}. Tak 4TO MOXHO 3aIiCaT,

YTO BBIACICHHBIC IIOJCHUCTCMBI 0T06pa>1<a}0T (—))

CICOYIOUIYIO CBS3b.

{A}—)dQ/dT;
{B} > dP/do;
{C} > dN/dP.

OTH 3aBUCHUMOCTH 00OCOOJICHHO paccMaTpH-
BAaIOTCs B M3BECTHBIX pabotax [4, 10, 11] ¢ uemnsio
MOJTyYEHUS] YACTHBIX XapaKTepucTHk amsens. On-
HAKO MX PacCMOTpPEHHUE B BHUJE HEKOTOPOIl cHcTe-
MBI YpaBHCHHH PAacCMOTPEHO B JUTEPaType SIBHO
HEJIOCTaTOYHO, XOTSI B3aUMOOOYCIIOBICHHOCTh CO-
OTHOLIEHUH MpeACTaBIsAeTCs OnpaBaaHHON. Takum

00pa3oM, B Ciydac PacCMOTPEHHs CHCTEMbI {X}
NPE/ICTABISCTCS  ONPEAENUTh (=) HEKOTOpBIii

HanGonee o0Luii nokasarens (Q):

d_Q:6n BU %
dr wV do
{E}_) d_P= _k_l 0 :%_ P_Hd_v =>Q'(1)
do AV dp V do
dN _¢cFH do
dP m dr

paHus. 9§1)£1)CKT IOBBIIICHHS MOIIHOCTH o0ecIie-
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rae dQ/dz - ckopocts Tennopbinenenus, Jix/c;
dP/dp -
IMa/n.x.B. u [1a/c COOTBETCTBEHHO; dN/d(p — CKO-
n —

1.
quCJI0 O60pOTOB ABurareirsi, € -, BO — IUKJIOBas

CKOpPOCTb HapaCTaHUSA  OABJICHUA,

POCTh M3MEHEHHS MOIIHOCTH, BT/°m.K.B.;

nojaya TOIUMBA, KT L — KaXKyIIascs MOJEKY-
nApHas Macca Tomauea, r/momb; V- Tekyllee
3HAYCHHE 00BbEMa LWIMHAPA, M| dX/ dp - un-

TEHCUBHOCTh BBITOPaHUS TOILIUBA, °mk.B K —
nokasarenb aauabatel;, ¥ — ko3 (UIHEHT HC-
HOJIb30BaHMs TEIUIOTHI PealbHOro mpouecca; A —

o . H
TePMHYCCKUI KBUBaNCHT pabotel; Q) — Hu3mIas
TeoTa cropanus Tomnusa; JLx/kr; P, — nasme-

Hue B Havaine mpouecca; [la; & — koaddumment

MPOTIOPIIMOHATBHOCTH; Z — KOY(PQPHUITUEHT TaKT-
noctu; dV/de — ckopocTh usMeHeHus oObBeMa,

M/CILK.B. ; F, — mnomans nopns, M2 H —re-
KyIllee 3HaYCHHE XOa MOPIIHS, M .

B CTpyKTYpHO JOrMYECKOM OTHOIICHHM II0-
CTaBlicHHAs 3aada (HOPMYIHMPYETCS CIIEAYHOIUM
obpazoM. TpebOyercs ompemenuTh TaKOH ONTH-
MaJTbHBI WHTErpalibHbIN Mokaszarens (), KoTo-
pBIii 0TOOpaXkaeT XapakTep MHTEHCHBHOCTH 00pa-
30BaHUsl BHYTPEHHEHW SHEPTrUU CroOpaIolUX Tra3oB
32 CYEeT HMHTEHCHUBHOCTH BBIIEIIEMOrO TEIUIA
dQ/dr B mmIMHIpe JBHTaTeNs BO B3aHMOCBS3H

¢ m3mensommmMest oobemom dV /d@ mpu Hapacta-
uun nasnenns dP/d@ u u3MeHeHHHM CKOpOCTH
cropanus dN/dP, B HauGonbIneii creneHn coot-
BETCTBYIOIIHMI PEXKUMY HArpy)KCHHS IBUTATEIIS.

PesyabTaTtsl

HccnenoBanme paccMaTpPUBAaEMBIX 3aBHCHMO-
crer (1-3) mpoM3BOIUIOCH MO pe3ybTaTaM JaH-
Heix Oonee 200 mopenelt mBurareneid, gparmMeHT
KOTOpBIX TpuBeneH B Tabm. 1. Ilpu coorBerct-
BYIOIIEM PaHXUPOBAHUM 3HAYCHHI OBLIM IOJTyde-
HBl KpHBBIC, OTOOpakarome (yHKIHOHATBHYIO
CBSI3b MEXJIy U3MCHCHUSMHU MOITHOCTH JIBUTATEIS
B 3aBHCHMOCTH OT JIMHEHHOW W 0OBEMHOW CKOpO-
Na=f (V) m Ng=f V),
a TaKXe MEXIy JUHEHHOW u 00BbEMHOI CKOpPOCTSI-
mu, V,=f (V,5). OrmeuenHble (yHKIMOHAIbHBIE

CTAMU CropaHus,

CBsI3M MTOKa3aHbI Ha puc. 1—3.

B pesynbpTare paccMOTpeHHs TPUBEISHHBIX 3a-
BHUCHUMOCTEHN CACIaH BBIBOJ O TOM, 4YTO YBCJIHUYC-
HHE MOIIHOCTU JBHUTaTejieil CBA3aHO C M3MEHEHHU-
€M CKOpPOCTU CTOpaHHs TOILTUBOBO3IYIIHOW CMe-
cu. Ilpudem xapaktep BIUSHHS JTUHEHWHOU CKOPO-
CTM Ha MOIOHOCTHL ABUTATCIIA COOTBETCTBYCT
MOJIMHOMHUATBHOM 3aBUCHMOCTH, CM. pHC. 1.

1.

4‘51_
4 ="
35 Pl
3
2.5
e
1 BE-08x2 + 0.0008x +10.8686
05 R?=1.9798
0 Ne, kB

0 2000 4000 6000 3000

K
<
1

Puc. 1. IsmeHeHne MOIITHOCTH OU3EIS
OT JIMHEHHON CKOPOCTH CrOpaHus

Fig. 1. Change the diesel power from
the linear velocity of combustion

B Toxe Bpems, CBSI3b MEXKITYy 00BEMHOI CKOPO-
CTBIO W MOIIHOCTBIO BBIPAXKACTCA JII/IHeI\/'IHO, CM.
puC. 2., YTO CBUACTEIBCTBYET O MPSIMOM BJIHSIHUU
KOJIMYECTBA MOJaHHOTO B IMJIMHIpP JBHUTATENS TO-
IJIMBa Ha €ro MOIIHOCTB.

[0 4 ¢

5

4

3 ///

2

1 v =-2B-09x7+ 0,0006x +0.0118

R¢=09919

0 Ney kBm

200 2200 4200 6200 3200

Puc. 2. I3meHeHnEe MOILIHOCTHA
0T 06BEMHO¥ CKOPOCTH CTOPAHHSI

Fig. 2. Change the power from
the volume velocity of combustion

Hapsiny ¢ ormedeHHoi cnennuyHOCTBIO Xa-
pakTepa BIHSIHUS JUHEHHOM W 00BEMHOH CKOpO-
CTEM CropaHus Ha MOIIHOCTh JBHIaTels B XOJe
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WCCIIeZIOBaHMsl OBblJJa OTMEYeHa 3aKOHOMEPHOCTh
WX B3aUMOOOYCIOBIEHHOCTH MPY BEICOKOM YPOBHE
JIOBEPUTEIILHOM BEPOSATHOCTH, CM. PHC. 3.

I,

M

5

4

3

2

1 ). 1694x%+ 1.6372x + 0.8368

R?=0.p894
0 Too 1A ¢
0 2 4 6

Puc. 3. B3auMocBsi3b JIMHEHHOI
¥ 00BEMHOM CKOPOCTEW CropaHus

Fig. 3. The relationship of the linear
and volume velocities of combustion

ITpu 3TOM OTMEYanOCh BapbUPOBAHHE COOTHO-
IMICHUH MEXy JHHEHHOW W 00BEMHOH CKOPOCTHIO
cropanus, V /\/06. Onu cocraBunu 4,5 npu mu-

HUMAJIbHBIX 3HaUeHHX U 1,12 mpu MakCHUMaJIbHBIX
3Ha4YeHHUAX. TakuMm 00pa3oM, OTMedanach IEJIeCo-
00pa3HOCTh B JATBHEHUITUX HCCICIOBAHUSIX BIIUS-
HUs O0BEMHOM W JIMHEWHON CKOPOCTH Ha 3¢ dek-
TUBHOCTb PaOOTHI IU3eNst M pa3paboTKe MaTema-
TUYECKOU MOJICIIN.

Tabnuma 1

@DparMeHT CTATUCTHYECKOH 00pa00TKM JaAHHBIX,
HCIO0JIb3yeMbIX B HCCIeOBAHUT

Table 1
Block of statistical data used in the study

Moz [Tapametpsl
JBUTATENs Vo e |V, Ml Z T c
RTA84T 3880 18 74 840
S90MC-C 4890 19 76 900
S8oMC-C 3880 19 76 | 800

S80MC 3840 19 79 | 800
L9oMC-C 4890 19 83 | 900
S70MC-C 3105 19 91 | 700

OxoHyaHue Tabn. 1

End of table 1

TlapameTpbi
Mo 1BH-
raress Vo V. H T
Mlc m/c M c
RTA84T 2,155 | 3,268 | 3150 | 0,809
S90OMC-C | 2,573 | 3,642 | 3188 | 0,787
S80MC-C | 2,042 | 3,251 | 3200 | 0,787
S80MC 2,021 | 3,218 | 3056 | 0,759
L9OMC-C | 2,573 | 3,642 | 2916 | 0,720
S70MC-C | 1,634 | 2,974 | 2800 | 0,659

Hayunas HOBU3HA M MpaKTHYeCKas
3HAYHMOCTh

B xoje wccrnemnoBaHHs MPOIECCOB CrOpaHUs
OBLTH TIPUBHECEHBI TOHATHS OOBEMHOW W JIMHCH-
HOU CKOPOCTH pacIpocTpaHeHusi GpOHTa IIaMEHH
B IIWIHHJpaX au3ens. Vcmonb3oBaHue 3THX TOHS-
THH B KauecTBe KPHUTEPUEB OOECIICUYMBAET BO3-
MOYKHOCTh KaueCTBEHHOHN OIIEHKH MPOIIECCOB Cro-
paHus, U, Kak cieactsue, 3pHeKTHBHOCTH paboThI
nusens. Mcrmonb3yeMblid Moaxo1 mpeonpeaesiics
W3BECTHBIMU TIOJIOKEHUSIMUA MOJICKYJISIPHO-KHHE-
TUYECKOW TEOpUH, B COOTBETCTBHU C KOTOPBIMH
Obun  chOpPMYNHPOBaHBl MOHATHA OOBEMHOM
W THHEWHOU CKOpocTel pacmpocTpaHeHus (GppoHTa
TUTAMEHHU B [IMJIMHPE TU3EIIS.

bnarosapsi cienaHHbIM JOMYIIEHUSIM MPeCTa-
BHJIOCH BO3MOKHEIM COPMYJIHPOBATH OOIIYIO
3amaqy 3¢ GEeKTHBHONW pabOTHl MU3EIs, BBIPAKCH-
Hyt0 B Buae cuctembl (1). Pemenne Takoii cucre-
MBI BO MHOTOM YIPOILAETCS 32 CUET MCIOJIb30Ba-
HUS TOHSITUH CKOPOCTH CrOpPaHHs, B OTIHYHE OT
W3BECTHBIX ITOAXO0JI0B pacueTa ABUraTeseH.

B WH)XEHEpHOM OTHOIICHUH, TIPU YCIOBHH 00-
nee TIIyO0OKOH mpopaboTKe paccMaTpruBaeMoro BO-
npoca, WCIOoJIb30BaHUE CKOPOCTH CropaHusi obec-
MEYUT BO3MOKHOCTH BBITIONIHEHHS TMapaMeTphye-
CKUX pacueToB Ju3eliell KakK MpH UX MPOCKTHPOBa-
HUM, TaK W TMpPU COOTBETCTBYIOUIEH MOJEp-
HU3alMu. B 3KCITyaTallMOHHOM IJIaHE STH Mapa-
METPBl MOTYT OBITH HCIIOJIB30BAHBI JJsl OLECHKH
s pexkTUBHOCTH pabOTHI TU3EIS B 3aBUCHMOCTH OT
PEKUMOB €T0 Harpy3Ku.
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BoIBOaBI

1. BEGIIONHEHHEBIE HMCCIIEIOBAHUS IO3BOJISIOT
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OOPMAJIIBALIA MOJAEJI POBOTHU AN3EJIA 3 YPAXYBAHHAM
OIIHKHU HIIBUAKOCTI ITPOLECIB 3I'OPAAHHSA

Meta. Y cyyacHHX yMOBaxX METOJH Ta MO, [0 BUKOPUCTOBYIOTHCS Y IPOEKTYBAaHHI i OLIHIN eKCIITyaTamin-
HUX BJIACTUBOCTEW JAW3eliB, HE Y MOBHIH Mipi BpaxoBYIOTh crelu(iKy MPOTIKaHHS HPOLECiB 3ropsHHs. YacTkoBoO
TakKe MOJIOKEHHS XapaKTepU3y€eThCs CKIAAHICTIO OOMIKY Pi3HOMAaHITHHX 3a CBOEIO IPHUPOJIOI0 MPOLECIB, SKi y JI0-
CTaTHIH Mipi He jgociipkeHi. Yepe3 1ie € HEOOXIIHMM MOIIYK HOBHX METONIB 1 Mojeinei, siki 6 3abe3neuyBaiu
BIZIHOCHO NPOCTi PIllICHHS 32 PaxyHOK 3aCTOCYBaHHS y3arajbHIOIOYMX MOKa3HHMKIB, OTPUMAaHUX HAa OCHOBI aHalizy
napaMeTpiB JAM3eNiB, 1[0 BUKOPHCTOBYIOTBCS Ha TpaHcnoprti. MeToaumka. 3arpollOHOBAHUI alrOpPUTM OIIHKH
MPOIICCIiB 3TOPSHHS Y BUMIISII 00’ €MHOI Ta JIHIHHOT IBUAKOCTEH 0a3yeThCs HA BIJOMUX MOKAa3HHKAX IOTYXHOCTI
H cepeaHpOro e(EKTHMBHOIO THUCKY Ta 3a0e3neyye MOXIIMBICTH 3iCTaBlICHHS €(EKTHBHOCTI IX IpOTiKaHHS
y pi3HOMaHITHUX Moaudikanisx qu3eiis. Pe3yabTaTu. ABTOPOM BCTaHOBJIECHO, IO CIIBBIAHOIICHHS MiX JiHIHHOIO
Ta 00’€MHOIO IIBUAKOCTSIMH XapaKTEPHU3YEThCSA JNSSIKUMH OOMEXKCHHSMH I 3aJIeXKHUThH BiJl TECOMETPHYHUX PO3MIpIiB
LTI HAPOIIOPIIHEBOT IPYIH. 32 PaXyHOK 3pOOJICHUX NPHITYIICHb BUSBUIOCS MOXIIUBUM PO3TIISLIATH POOOTY TU3EIS
y BHTJSII CHCTEMH, IO BKIroyae B cebe: 1) mimcucreMmy, sika 3abesledye OTPHMAHHS TEIUIOBOI EHEPTii;
2) migcucreMmy, sika 3abesredye MEepeTBOPEHHs TEIoBOi eHeprii; 3) migcucremy, mo 3abesredye MmiaTpUMaHHs
HEOOXiTHOI TMOTYXHOCTI AM3ENs, 3aJeKHO BiJ yMOB 3TOPSHHS MaIWBOMOBITPsHOI cymimii. HaykoBa HoBH3HAa.
ABTOpPOM CTaTTi 3aIIPOTIOHOBAHI OKAa3HUKX 00’ €MHOI Ta JIHIHOT IBUAKOCTEH 3rOPSHHS MaTHMBONOBITPSIHOT CyMiIi
B LWIIHJAPI JBUTYHA, SKi 3a0€3Me4yroTh MOJIIMBICTh OTPHMAaHHS 3iCTABHUX XapaKTEPUCTUK Y JIBHIYHax
pi3HOMaHiTHOT ~ Momudikamii i3  ypaxyBaHHSM  MOJMJIMBOrO  BHOOpDY  ONTHMalbHUX  CIIBBIJHOIICHb.
IpakTHyna 3HayumicTh. BukopucTraHHs NMOKa3HMKIB 00°€MHOI Ta JIiHIIHOI MIBHIKOCTEH MPOTIKaHHS IPOLECIB
3TOpSHHS B IIWJIHJApAxX ABHUTYHIB y MO€JHAHHI 3 MaTEeMaTHYHOI MOJIEJUIIO JIO3BOJISIE CIIPOCTUTH METOIHKY
po3paxyHKy au3zeniB. [lapamerpruyHi 3HaYeHHS BiJ3HAYCHUX IIBUIKOCTEH y MOAAIBIINX JOCHIIIKEHHIX 3abe3neyars
MOXKJIMBICTh BU3HAYCHHS ©(EKTUBHUX HANpPAMIB PO3BHTKY KOHCTPYKLI AW3eNs, a TaKOXK OLIHKH PEKHMIB HOro
HaBaHTa)XCHHs y TPOIECi eKCILTyaTallii.

Kniouosi crosa: nu3ennb; NATUBONOBITPSHA CYMilll; MIPOLIECH 3TOPSHHS; 00’€MHA IIBUIKICTD 3TOPSHHS; JiHiHA
IIBUJIKICTB 3TOPSHHS; CUCTEMA; MIJICHCTEMa; MaTeMaTHYHA MO/ICIb
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ORCID 0000-0002-7814-4157

FORMALIZATION OF DIESEL ENGINE OPERATION
CONSIDERING THE EVALUATION OF VELOCITY DURING
THE COMBUSTION PROCESSES

Purpose. Under modern conditions the applying methods and design models as well as the evaluation of the op-
erational characteristics of diesel engines do not completely take into consideration the specifics of the combustion
processes. In part, such situation is characterized by the complexity of considering of varied by its nature processes
that haven’t been completely investigated. In this context it is necessary to find the new methods and models which
would provide relatively simple solutions through the use of integrated factors based on the analysis of parameters
of diesel engines. Methodology. The proposed algorithms for the estimating of the combustion process in the form
of volumetric and linear velocities is based on the well-known parameters of power and mean effective pressure and
allows to compare the efficiency of their behavior in various versions of diesel engines. Findings. The author speci-
fied that the volumetric / linear velocity ratio is characterized by some strength and depends on the geometric di-

doi: 10.15802/stp2015/55345 © B. II. JIutBunenko, 2015

72



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

Hayka ta nporpec Tpancropty. BicHuk J[HInponeTpoBcsKOro
HaIlIOHAJIBHOTO yHIBEPCHUTETY 3aii3HHYHOro Tpancmnopty, 2015, Ne 5 (59)

EKCIUTYATAIIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

mensions of the cylinder-piston group. Due to the assumptions it has become possible to consider the operation of
a diesel engine as a system comprising: 1) the subsystem that provides the possibility of obtaining the thermal en-
ergy; 2) the subsystem providing the thermal energy transformation; 3) the subsystem that provides the necessary
diesel engine power depending on terms of combustion of air-fuel mixture. Originality. The author of the paper
proposed the indices of volumetric and linear combustion velocity of air-fuel mixture in the engine cylinder, that
allow to obtain the comparative value in different modifications taking into account the possible choice of optimum
ratio. Practical value. The usage of indices of volumetric and linear velocities of the combustion processes in the
engine cylinder combined with a mathematical model will simplify the method of diesels calculating. Parametric
indices of the mentioned velocities will provide the following effective researches in diesel engine design as well as
the evaluation of their loading during the operation.

Keywords: diesel; fuel-air mixture; combustion processes; volumetric combustion velocity; linear combustion
velocity; system; subsystem; mathematical model
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OCOBJHUBOCTI TIPOLECY PO3INOBCIOJ’KEHHS KOJINBAHbD
ITPU AE®@OPMATHUBHIHN POBOTI 3AJIIBHUYHOI KOJIII

Mera. HaykoBa po6oTa Mae 3a METy BU3HAYEHHS OCHOBHHMX 3aKOHOMIPHOCTEH IPOIECY PO3HNOBCIOIKEHHS KO-
JIMBaHb BiJl 30yIKEHb PYXOMOTO CKJIaJly B CUCTEMI KOHCTPYKI[IH BEPXHBOI Ta HUKHBOT Oy10B 3aIi3HUYHOI KOJIT JUIst
JIOCTIPKCHHST PO3BUTKY MPOIIECIB Ie(hOPMATUBHOCTI SIK OCHOBH CTBOPCHHS HOPMATUBHOI 0231 pOOOTH KOl 32 yMOB
3abe3nedeHHs HaJliitHoCTi 3aii3HuIe. MeToauka. J{ist JOCSTHEHHSI METH BUKOPHCTAHO 3aca iy TEOpil MPYKHOCTI Ta
POBIIOBCIOKEHHS XBHIILOBOTO ITPOIIECY NP OITMCI B3aeMOAIi Koutii Ta pyxomoro ckiany. PesyastaTu. Beranosie-
HO, SIKi BUJTY KOJIMBAHb Ta SIKY CHCTEMY HEOOXiZTHO BUKOPHCTOBYBATH IPH PO3TIISAL ITPOLIECY KOJIMBAaHb IIPH Jiedop-
MaTHBHIH poOOTI 3aii3HNYHOT KoJii. Bu3HaueHo 3aranpanii Bua GyHKii nepemimens. HaykoBa HoBu3Ha. OOTpyH-
TOBAHO TEOPETUYHI ITOJIOKEHHS Ta MPUHIMITK PO3IJISALY KOJIMBAHb CHCTEMH KOHCTPYKIIH BEepXHBOI Ta HUXKHBOI Oy-
JIOB KOJIii, 0 30YIKYIOTBCS pyXOMHM cKiaaoM. Lle no3Bonuts mociiauTti mporec aedgopMaTHBHOT poOOTH 3a3HA-
YEeHOI CHCTEMH, IPH SIKOMY BiOYBaIOTHCS 3MiHHM ii CTaHIB MPOTITOM JESIKOTO HANpaIlfOBaHHS, IO, B CBOIO Yepry,
JIO3BOJIUTH BH3HAYUTH MapaMeTpH (YHKIIOHATBHOT HAIITHOCTI pyXy MOI3IB SK CKJIQJ0BOI OE3MEKH MPOIYCKY py-
XOMOTO CKJIaAy MO IUISHINI Koumii 13 ypaxyBaHHAM ii TexHiyHOrOo cTaHy. IlpakTHyHa 3Ha4YuMicTh. 3a3BU4ail s
0e3revHOoro NpoIyCcKy pyxOMOro CKJaJy BU3HAYaIOThCS [TapaMeTpH MPOolecy KOJINBaHb CHCTEMHU EKiMaXK — KOJIis».
IcHyroui Mozieni abo Jty)e peTesIbHO PO3IJISIAI0Th KOJMBAHHS PYXOMOTO CKJIaly NPU y3arajJbHEHHUX XapaKTepHCTH-
Kax CHCTEMH KOHCTPYKIIii BEpXHBOI Ta HWKHBOI OyIOB 3aJII3HUYHOT KOJIii, a00 pO3IJIsaIaloTh KBa3iIUHAMIYHI KOJIH-
BaHHS PEHOK IPH 3arajbHUX XapaKTePHCTHKAX MiAPeHKOBOI OCHOBH. Takuil po3risa npolecy KoJMBaHb, o 30y-
JUKYIOTBCSI PyXOMHM CKJIaJIOM Ta TI€pPealoThCs Ha BCI €JIEMEHTH CHCTEM KOHCTPYKIIH BEpXHbOI Ta HW)KHBOI OYZ0B
3aJI3HUYHOI KOJIii, HE JlJa€ MOXKJIMBOCTI BU3HA4YCHHS aHi MapaMeTpiB HaJAIiHHOCTI €JIEMEHTIB CUCTEM KOHCTPYKIIH
KOJIii, aHi mapamMeTpiB yHKIIOHATIBHOI HaAIHHOCTI pyXy MOi3/iB (K CKJIAM0BOI OE3MeKH TPOIYCKY PYyXOMOTO CKla-
Jly TI0 TiJISIHIN KOJIiT 13 ypaxyBaHHAM ii TeXHIYHOTO cTaHy). ToMy ISt po3TisaaHHs MUTaHb i3 HaIiiHOI poOOTH ere-
MEHTIB CHCTEMH KOHCTPYKIIill BEpXHBOI Ta HIDKHBOI OYIOB 3ai3HIYHOI KOJIi1 3aIIpOIIOHOBAHO OCHOBHI 3acajy po3-
TTIAaHHS Tporiecy ii nedopmaruBHOi podoTH. Lle 1acTh MOKIHMBICTE PO3TIISAATH Oe3MOCepeIHRO TUHAMIYHHN MIPO-
IeC, JTOKATi30BaHUH AK y 4Yaci, TaK i B MPOCTOPI.

Kniouosi crosa: monemoBaHHs; TBEpE TUIO; CYLTbHE cepeloBHINe; AehopMaThBHA poOOTa; BUMYIIECHI KOJH-
BaHHS, BUIbHI KOJIMBAHHS, XBHJIHOBE PO3MOBCIOPKEHHS; YaCTOTA KOJIMBAHb; HAAIMHICTh KOJii; TUCHIIATHBHICTH

Beryn OCKIJIbKU TiNla € He «aOCOJIIOTHO TBEPAUMUY,
TO Oy/Ilb-SIKUH BILUTUB Ha HUX TEPEAAETHCS HE MUT-
TEBO B yCi TOUKH, a 3a 3aKOHAMHU (Di3UKH 3 TICBHOIO
HIBUJIKICTIO, TOOTO BIAMOBIIHO MEBHOMY IIPOIECY
PO3MOBCIOJKCHHS KOJIMBAHb.

HedpopmaruBHa pobOTa €JIEMEHTIB KOHCTPYK-
i BEPXHBOI Ta HIKHBOIT OyIOB 3aTI3HUIHOI KOJTii
doi: 10.15802/stp2015/55336 © 1. O. Bonnapesko, 2015

KonuBaneHuM pyxom abo MPOCTO KOJMBAHHS-
MH Ha3WBaIOTh OyOb-SIKWH pyX abo 3MiHY CTaHy,
0 XapaKTePU3YEThCS IMOBTOPIOBAHICTIO B Yaci
3Ha4YCHb (PiI3WYHHX BEJWYUH, SKI BH3HAYAIOTH IEH
pyx abo craH.
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3AJIIBHMYHA KOJIIA

€ poOOTOI0, BUKOHAHOIO TIPH KOJINBAHHI CHCTEMH
TiJI, CKJIaJICHUX 3 CEPEJOBHII] i3 TICBHUMH XapaKTe-
PUCTUKAMHU.

[luTaHHs BUBYEHHS NTWHAMIKHA CUCTEMH TLI 3BO-
IUTHCSI O TUTaHHA BUBYEHHS PO3IOBCIOKEHHS
KOJINBaHb B MEBHUX KOHTAKTYIYHX OOMEKCHHX
CepeIOBHIIAX.

3 mporecoM pO3MOBCIOKEHHS KOIWUBaHb 3Y-
CTpIYalOThCSI MPH BUBYCHHI JyKe PI3HUX SIBUIL:
3BYK, CBITJIO, 3MIHHUH CTPYM, XHTaHHS MasTHUKA,
ceiicmiuni XBwii Ta iHmN. Bei mepenideni siBuima
pi3Hi, ane iCHye CHUBHICTh 3aKOHOMIPHOCTEH IHX
SIBUII[ TA MaTEMAaTHYHUX METOJIB IX JOCIIiKCHHS
[9, 12, 13].

Ilpn BHWBYEHHI KONHMBAHL CHUCTEMH «EKIITaXK-
KOMisk» C(OPMOBAHO JiBa HAMPSIMH JOCIIKEHb:
BUBYEHHSI KOJIMBAHb PYXOMOTO CKJIaJly Ta BHBYCH-
HS KOJIMBaHb KoJjiii. OOHMIBa HAaNpPSIMKA BHUBYAIOTH
KOJIMBaHHS JIOCIIAHOTO O0’€KTY 3a YMOBH, IO
mapTHEP 1O B3aEMOJIl 3aJa€TbCcs IEBHUM 30Y-
JOKyrounM  KonmuBaHHAM. OOuaBa  HampsMKH
HE BPaXxOBYIOTh BIJIKJIMK ITapTHEPA Bl B3a€MOIi.

JlociKeHHsT KOMBaHb 3 KOHCTPYKIIIA Bepx-
HBOI Ta HWXKHBOI OYZOBU KOJil 3BOIATHCS IO BU-
BUEHHSI KOJINBaHb PEHKHU MPH MEBHUX BIUIMBAX PY-
XOMOTO CKJIaJy Ta MEBHUX XapaKTePUCTHKAX IIiJi-
peiikoBoi, a iHOAI TiAmMansHOi, OCHOBU. Pe3yib-
TaTaMl TakKWX JIOCH/DKEHb €  Hamlpy>XeHO-
neopMoBaHUil cTaH, MO XapaKTepU3y€e MIIHICTb
Ta BUTPHUBAIICTb.

KonuBanHS pyXoMOTro CKJIagy BHBYAIOTHCS
mupie. Ajle Ipy X JOCTiKeHHI KOJTUBAHHS CHC-
TEMH KOHCTPYKLIH BEpXHbOI Ta HIKHBOI OyIOB
3ai3HUYHOI KOMii MpeACTaBIsAIOTh K Habip 30y-
JOKYIOUMX KonuBaHb. DyHKIII, MO0 OMUCYIOTH ITi
KOJMBAHHS, HABITh HE MAIOTh YITKOI 3aJIEKHOCTI
BiJl XapaKTEPUCTHUK EIEMCHTIB CHCTEMHU KOHCTPYK-
[ili BEpXHBOI Ta HIKHHOI OYJOB 3aJi3HUYHOI KO-
Jii.

ExcniepuMeHTaNbHI JOCHTIPKSHHS 3BOASTHCS JI0
BU3HAYCHHS CTaHIB PYyXOMOI'O CKIIaAy Ta KOJil
B KoHKpeTHHX meperuHax [10] Ta BimmosimHOCTI
[IUX CTaHIB HOpMaTHBaM. BuBUeHHs B3aeMoOJii py-
XOMOTO CKJIQJIy Ta KOJIii 3a JIOTIOMOTOX0 TEH30MeET-
PUYHHUX TIap HE HAOyJI0 PO3BUTKY 3 MPUYUH HEOO-
X1JIHOCTI PO3pOOKH HOBHX MiJIXOIIB, METO/IB 1 ma-
paMeTpiB OLHKH IbOTO MPOLECY Ta BiICYTHOCTI
3aja4, IO CIIOHYKAalTh s PO3POOKH HOBHX
BIIPOBAKEHB. Y TOM e Yac Cy9acHi METOIH 3Ho-
MKH TPOCTOPOBOiI reometpii koumii [14] mossoss-
I0Th OTPUMYBATH BCi JIaHI CTOCOBHO PO3TalllyBaH-

HS KOJIii, ajle BOHM HE BUKOPUCTOBYIOThCS IJIS Ha-
YKOBHUX JIOCHIIKCHb.

VY BciX BUIAHHAX, IO MPUCBAYCHI KOTUBAaHHIM
CHCTEMH «EKINaK-KOJisA», 3a3HAYEHO, IO KOJIH-
BaHHS PYXOMOTO CKJIaTy TMPHHOCATH OaraTo 30HT-
KiB. BoHM NpHU3BOAATH 10 PO3NAiB KOJil, HOPYy-
IIYIOTh TUTaBHICTh XOMAY, 1HOAI MOXXYTh IMPU3BECTH
0 cXoAy eKimaxy 3 peiiok. KonmmBaHHS ekimaxy
3yMOBJIOIOTECSl OaraTbMa MpUYHHAME: HEpiBHOC-
TAMH KOJIii, HEPIBHONPYKHICTIO PEHKOBUX OIOP;
PEKUMOM TATH Ta ii CUJIOK; HEPIBHOCTSAMH Ha KO-
Jiecax pyXxoMoro cKiamy.

Buau Ta po3max KoJMBaHb PyXOMOTO CKJIAAY,
ix HapocTaHHs a0o0 3racaHHsl 3aJeXXaTh SIK Bif
KOHCTPYKTHBHHUX OCOOJMBOCTEH PyXOMOIO CKJa-
Iy, TaKk 1 CHCTEM KOHCTPYKIil BEpPXHBOI Ta HUX-
HBOI OymoB 3amizHW4HOI Komii. Ilpum mpomy moci
JOCITIKYIOTBCSI HEPIBHOCTI peHOK, SK TEPIIONpH-
YMHU [UX KOJHMBaHb, aje 3 TOYKH 30py IOSBH He-
piBHOCTEH sk aOpa3sMBHOTO, TaK 1 aAT€3MBHOTO
3HOCY pEHOK.

BBaxaeThcs, MO pe30HAHCHI SBUINA B PEHII
MK CyMDKHHUMHM KOJI€CaMH Bi3KiB NPH AWHAMIYHIHA
B33a€MOJIl XOIOBUX YaCTHH 3 BEPXHBbOIO OYIOBOIO
KOJIii BUHUKAIOTh 3aBX/H, aJleé BOHM € JIUIlE HeoO-
X1/IHOIO, alie HE JIOCTATHBOIO YMOBOKO YTBOPEHHS
Ta TOAAJBIIOTO PO3BUTKY XBHJICHOAIOHMX HeEpiB-
HOCTEHW TpHu eKcinryaraiii. JlocTaTHR0I0 yMOBOIO
JUIL YTBOPEHHS! XBHJIETIOAIOHMX HEpPIiBHOCTEH pe-
HOK € eKCILTyaTallisl Ha JUISHII KOJii OJJHOTUITHOTO
PYXOMOI'0 CKJIaZy Y BY3bKOMY Aiana3oHi IIBUAKO-
cTell pyxy, IO BKIIOYA€ PE30HAHCHI MIBHAKOCTI
pyxy [1]. HaBite MeTO11 GOPOTHOU 3 LM SBHUIIIEM
MPOMNOHYIOTh 32 PaXyHOK 3aCTOCYBaHHS PO3paxyH-
KOBHX IHTEPBAIIB ONTHMAIBHUX MIBUIKOCTEH py-
Xy, NpH SIKUX BIJICYyTHI PE30HAHCHI UIBUIKOCTI.
OCKiNBbKH BBXKAETHCS, 10 HAsIBHICTH PE30HAHCHUX
LIBUJKOCTEH PyXy € OCHOBHOIO YMOBOIO YTBOPEH-
HSl XBWJICTIONIOHUX HEPIBHOCTEHW MpU AMHAMIYHIH
B3aeMoJil pyxomoro ckiany i xoumii [1]. TIpu 1po-
MY HE JA€ThCSl OOIPYHTYBAHHS, YOMY TaKi 3aX0IH
0 3MiHI EKCIUTyaTaIlifHUX YMOB CHCTEMH KOHC-
TPYKUil BEpXHBOI Ta HIKHBOI OYJOB 3aJII3HUYHOT
KOJIii He MpHU3BeNyTh 1O 3MiHM XapaKTePUCTUK
y 3a3Ha4yeHid cucTeMi 1 0 THX XKe MpodieM,
3 SKMMH IIPOBOAMIAch 60poTHOA.

ToMy HEOOXiZHO MPOBECTH AOCIIIKECHHS MPO-
1ecy PO3MOBCIOKEHHS KOJIMBaHb Ipu Aedopma-
THBHIN pPoOOTI CHCTEM KOHCTPYKIIii BEpXHBOI Ta
HIDKHBOI Oy10B 3a1i3HNYHOI Komii. IcHye nekinbka
OCHOBHHUX TEOPETUYHUX MOJENEH Ui JOCHiIKEeH-

doi: 10.15802/stp2015/55336
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HS 3a3HAYCHUX MpoOieM. Oanka Ha TMIiBIPOCTODI,
Oanka Ha JBOLIAPOBIA OCHOBI, KOHCTPYKIISl KOl
3a KaHOHaMH METOAYy KiHIEeBHX a00 TpaHWYHUX
ENEMEHTIB. AJie 1li METOAM HE JO3BOJISIOTH OTPH-
MaT{ JaHi MO0 eKCIUIyaTaliiHol HaaiiHOCTI KO-
JIi1, TOMy TPOTOHYETHCS 1HIIMK MiIXiJ MPH AOCITi-
JDKEHHI pOOOTH KOJTil.

Meta

MerToro IOCTIKeHHS! € BU3HAYCHHS! OCHOBHHUX
3aKOHOMIPHOCTEH MpoLecy PO3MNOBCIOIKEHHS KO-
JUBaHb BiJ 30yKEHb PyXOMOTO CKIIAAy y CUCTEeMI
KOHCTPYKIiH BEpXHBOI Ta HIKHBOI OyJOB 3aii3-
HUYHOT KOJIii JJIs JOCIIKCHHS PO3BUTKY ITPOIIECIB
neOpMaTUBHOCTI SIK OCHOBH CTBOPEHHS HOpMa-
THBHOI 6a3u poOOTH KOJIii 32 YMOB 3a0e3MeUcHHS
HaAIMHOCTI 3a1i3HULb.

MeTtoauka

B TeopernuHiit MexaHIIll pO3TISAAAIOTH MEXaHI-
YHI KOJIMBAHHS, SIKi Iy’Ke PI3HOMAaHITHI 32 CBOEIO
npuponoio. Po3pi3HAIOTE BiTbHI, BUMYIIEH], Mapa-
METPpUYHI KOJMBaHHs, AaBTOKOJMBAHHI Ta pi3HI
BUTIAJKH 3MIIIAHUX KOJIMBAHb.

KonuBanHS, 110 BUHUKAIOTh B CUCTEMI, HE ITiJI-
JaHii Al 3MIHHMX 30BHIIIHIX CWJI, B Pe3yJbTarTi
OyIlb-IKOTO TTOYaTKOBOTO BIAXWJICHHS Ili€l CHUCTe-
MU BiJ| CTaHy CTiKOi piBHOBar", Ha3MBalOTh BiIb-
HUMH. BibHI KOJIMBaHHS 3yMOBIICHI JIIEX0 CHII BiJl-
HOBJICHHS. TIPYXXKHUX CHJI, IO TPOTOPIHI 3Mi-
IICHHIO Ta HAINPaBJICHI JI0 TOJIOKCHHS PIBHOBAru.
Eneprito B Taky cucremy OyJO BKJIaJeHO OIUH
pas, miJ 9ac TUMYACOBOTO 30BHIIIHBOTO 30y PEHHSI.

BumymieHni konuBaHHS, KOJNWBaHHS, 1[0 BHHU-
KalTh B OyIb-SIKil CUCTEMI Mij] Ji€0 3MiHHOT 30B-
HilHBO1 cvuii. EHepris B cucteMy moctymnae depes
30BHINIHIO CHITY.

[MapameTpuuHi KOJMBaHHSI — 1€ OCOOJUBUI
TUIl BUMYIICHHX KOJIMBaHb, BIAPI3HAETHCS THM,
IO 30BHINIHS CHJIA MEPIOANYHO 3aMiHIOE SKUK-
HeOy b (pi3uuHuUit mapamerp cuctemMu (HAPUKIIAT,
Macy MasiTHHKa, JOBXHHY HOTrO MiABiCy, Take iH-
ure). Enepris moctymnae 10 CHCTEMH 4Yepe3 30BHiII-
HIO CHJIy, aje 3aJIeKHO BiJ (pa30BUX CITIBBITHO-
IIICHb 30BHIIIIHS cHjia a00 BUKOHYE J0JaTHY Po0o-
Ty, TOAI aMmIUIITyla KOJHMBAaHb 3poOcCTae, abo
BiI’€MHY — TOJIl aMILTITy[a 3MEHIITY€ThCA.

ABTOKOJIMBAaHHS — II¢ HEJIIHIWHUI KBa3imepio-
JMUYHUN pyX, 10 BHHUKAE Y CHUCTEMi BHACIIJIOK
camo30y/KeHHs, 32 YMOB BiJICYyTHOCTi 30BHIIIHBOT

cuii. XapakTep aBTOKOJWBAaHHS BH3HAYAETHCS
CTPYKTYPOIO KOJUBAIBHOI CUCTEMH Ta MOOYIOBOIO
BHYTPIIIHBOTO JDKEpeda Ta CHUCTEMH 3BOPOTHOTO
3B’s13Ky. L[i KOMMBaHHS HE 3aracaroTh 3 YaCOM, X0U
Yy CHCTEMi € CYTTEBI BTPAaTH €HEPTii, sIKi KOMIICH-
CYIOTBCSl TUM, IO JIO0 CHCTEMH MOPIisIMH HAIXO-
UTh €Hepris BiJl BHYTPINIHBOTO JDKepena, sKe
€ YaCTHHOIO CHCTEMH. ABTOKOJIMBAHHS CaMi pery-
JIIOIOTh TIEPIOAMYHICTh HAJIXO/KEHHS Ta KUIbKICTh
€Heprii, siIka KOMIIEHCY€ BTpPaTH uepe3 AUCUIIaTHUB-
Hi TIPOIIECH.

SIKIO NpY KOJIMBaHHSAX HE BiOYBAa€ThCSA PO3-
CilOBaHHA €Heprii, TO cUcTeMa Ma€ Ha3By KOHCeEp-
BaTHBHA Ta KOJHMBAaHHS MAlOTh HE3racalouuii xapa-
KTep. SIKIO X MpH KOJMBAHHAX BiIOYBAETHCS PO3-
CIIOBaHHsI €Heprii, To cucTeMa HEKOHCEPBAaTHBHA.
HexoHcepBaTHBHI CUCTEMHU MOIUISIOTHCS HA JMCH-
MATHBHI CUCTEMH, B SIKUX TIOBHA €HEPTis 3 4acoMm
3MEHIY€EThCS, Ta aBTOKOJMBAIBHI  CHUCTEMH,
B SKHX €HEprisi HaJIXOAUTh J0 CHCTEMH BiJ BHYT-
pimHBOTO Kepena. Jns posrmagy peanbHUX (i-
3UYHUX CHCTEM 3aCTOCOBYIOThH HEKOHCEPBAaTHBHI
cucTeMH. SIKIIO pO3riAgaTH KOJMUBAHHS CHUCTEMH
KOHCTPYKIil BEPXHBOI Ta HW)KHBOI OYyIIOB 3aIi3-
HAYHOI KOJTii, TO HEOOXITHO PO3TIAAaTH HEKOHCE-
pBATUBHY JUCHUIIATHBHY CHUCTEMY, JI¢ MalOTh MiCIe
BiJIbHI Ta BUMYIICHI KOJTUBAHHSI.

Pe3yabTarn

B 30HI KOHTaKTy KoJieca 3 PEHKOI0 BHHUKAIOTh
cuu F , mo mepenarThes sIK pyXOMOMY CKIIamay,

Tak 1 CHCTeMi KOHCTPYKIIiil BepXHBOI Ta HUKHBOI
OynoB komii. 3a TperiM 3akoHOM HpioTOHa 3Ha-
YeHHS iX OJHAKOBi, ajie HampsiM NPOTHICKHUM.
Takum 9MHOM, SIKIIO OOWABA yYaCHHKH KOHTAKTY
(pyxommuii ckiam i cucreMa 3 KOHCTPYKIIH BepX-
HBOI Ta HUXKHBOI OyJOB 3aJII3HMYHOI OE3CTHKOBOT
KoJIii) Oyyn O iealbHUMHU Ta TBEPIMMH, TO He Oy-
7m0 © KOJNMBaHb aHI PyXOMOTO CKJIamy, aHi camoi
cucteMu. TimbKM HasBHICTh CuJI iHepiii (o BH-
HUKAIOTh BHACIIJOK HEJIOCKOHAJIOCTI CHCTEMH
3 KOHCTPYKIIH BEPXHBOI Ta HIKHBOI OYI0B 3ali3-
HAYIHOI KOJi1, KOJIC Ta KOJUBAaHHA HEOOPECOPEHUX
Mac) € JDKEepelIoM KOJHMBaHb 1 PyXOMOIO CKIany,
1 cucreMu 3 KOHCTpyKIiii. Lle BinOyBaeTbcs BHa-
CHIJOK 3MIHM KOHTaKTYIOUUX CHJI, IO CTAIOTh 3a-
JEKHUMHU B CHJ iHEpLii Ta 4Yepe3 e MaroTh
3MiHHI 3HA4YeHHs. Y 3B’S3Ky 3 LIUM MpPYKHI MPOTHU-
HU CHUCTEMH 3 KOHCTPYKIIH S BiJ BIUIMBY KOJIiC
PYXOMOTO CKany € 3MiHHMMHU. TakuM YWHOM ic-
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HYIOTh IIBHUIKICTh Ta MPUCKOPSHHS IIEPEMIIICHb
CHUCTEMH 3 KOHCTPYKIIIH BEepXHBOI Ta HUXKHBOI Oy-
JIOB 3aJII3HUYHOI KOJIil.

3a3Buyail B MPaKTUYHUX PO3paxyHKaX BBaXka-
I0Th, IO CHJIA 1HEPIlii MOB’s3aHa 3 KOJWBAHHIMH
HeoOpecopeHoi Macu Kojeca M, Ta KOJIUBaHb Ma-

CH CHCTEMH 3 KOHCTPYKITIH M__ , sIKi TIPOTIOPIIiiHI

3K 7

MiXK co00I0 Ta CKOHIICHTPOBAHI B TOUIlI KOHTAKTY:
m31< = a31< mK '

3HaueHHs Koe(ilieHTa NpoHopUiifHOCTI O,
PEeKOMEHyI0Th NpUHMaTH aad  Komii 3 je-
peB’anumu mmnanamu o, =1,31, s komii 3 3ami-
300eToHHUMH mmanamu — o, =1,48 [4]. 3Ha-
YEeHHA Mac Komii 3
m,. =1,52 xHc?/m [5].

Bunukarouy cuny iHepuii BU3HAYarOTh SIK:

JEPeB’ STHUMH  TIIITaJIaMuy

P, :(1+0L3K)mké.

Kpim Bkazanux cwmi iHepinii, B CHCTEMi KOHC-
TPYKLill BepXHBOI Ta HIKHBOI OYAOB 3ai3HUYHOT
Kol Jif0Th CuiK onopy. BoHu B cBOIO 4epry mo-
TUISTFOTHCS. Ha TIPYKHI, [0 MArOTh Ha3BY CHIIH Bij-
HOBJICHHS

Fr=ks,

ne K — JKOpCTKIiCTh; a AMCHIATHBHI, 10 SKUX Bij-
HOCATHCS.

—  CWJIM TepTs, IO 3aJie)aTh TUIBKH BiJl Xa-
PAKTEPUCTHK KOHTAKTYIOUYHX [TOBEPXOHb

Fp =1V,
ne f — koedimient teprs; V =dS/ dt — mBHUAKICTH
TIepeMIIeHHS;
—  CHJIH B’SI3KOTO TEPTS

Fpp =bV

ne b — xoedimient omopy cepemopuiia.
3aranbpHe PiBHSHHS PYXY Ma€ BUTIIS!

2
Foks-b® ¢85 _pd%s )
dt  dt ot
F=F,sinot ,

ne F, — makcnmanbHe 3HAYCHHS CWIM TP Aii
PYXOMOTO CKJIaTy Ha KOJIiI0, TOOTO i aMIUTiTyna;

ot — xonuBaetbed Big 0 1o 7, Ta 3a ueu yac t

O 3aJICKATHh BiJ IMBHUAKOCTI PyXy, KOHTaKTHA
TUIOIIA B3a€MOJIIT KoJieca Ta PedKu Irepenac Bech
LUKJI BIUIMBY Ha KOJIIO: THCK 3’ SIBISAETHCS, TIOCTY-
MOBO 301IBIIYETHCS O MAKCUMAJILHOTO Ta 3racae.

OCHOBHOIO TIEpeBarord 3acTOCYBaHHS Teopii
PO3IMOBCIOKEHHS KOJMBAaHb MOPIBHSHO 3 iCHYIO-
YUMH TE€OPISIMH € HASBHICTh YiTKOTO 3HAYSHHS Mac
M, 10 3afisiHi B mpolieci 1epopMyBaHHI Ha KOXK-
HUU MOMEHT 4acy.

ITig gac poss’s3anns piBHsHHSA (1) 3acTOCOBa-
HO METOJ| CIeLialbHOI MPaBOi YaCTUHU Ta METO]
HEBU3HAYCHUX KOEQIIi€HTIB, 32 SKUMH OTPHUMAHO
3JIC)KHICTH TIPOTHHIB!

bt
s=Ae 2"sin|t wé—zlﬂx +Bsin(ot+B), (2)
m

A€ W, — BJlaCHA 4aCTOTa CHUCTCMHU KOHCprK].IifI

BEPXHBOI Ta HIDKHBOI OyJIOB, HA TMEBHHI MOMEHT
yacy; A, B — aMIUliTyId BHYTPIIIHIX BIACHHX Ta

BUMYLICHUX KOJMBAaHb BIAMOBIAHO; o, B — da3u

BIJIMIOBIAHOCTI 30BHILIHIX Ta BHYTPILIHIX BIACHUX
Ta BUMYIICHUX KOJIMBaHb BiIIOBITHO.

Takum 9MHOM, BJIAacHI KOJHMBaHHA € 3aTyXalo-
YUMHU. A KOJHMBaHHS, 1[0 BCTAHOBHUIIUCS, € CHHYCO-
inanpHi. | sk 3a3Ha4yeno y [2, 3], Bonu € chepuu-
HUMH XBHJISIMH.

BpaxoByoun 0cOOIMBOCTI KOHTAaKTy KoJyeca
3 peiikoro, a came HepiBHOMIPHICTb PO3TalTyBaHHS
HaInpykeHb, Ui (GopMyBaHHS KOPEKTHHX YMOB
HaBaHTaXeHHs [2, 3], 10 aJeKBaTHO OMHUCYIOTh
pearnbHi yMOBH, OyJI0 BUBUEHO iI0Ui CTAHAAPTH Ta
cydvacHi gociimkenns [6—8, 11, 15]. Tomy ruromia
KOHTaKTy pO30MBAETHCS CIIOYATKY Ha IOJIOCH, SKi
B CBOIO 4YEpry pO3JAUICHO Ha NiIsSHKU. Ha koxHYy
JUITHKY TPUKIaJaeThCsl CHia, IO aJeKBAaTHO OIU-
Cy€ 3MiHy Hampy>XeHb 3a 9ac KOHTakTy. Takum
YMHOM, Ha IOBEPXHI KaTaHHS PEHKH 3aJal0ThCs
HAaBaHTA)KEHHS BiJI PyXOMOTO CKJIaay B KOXKHHM
MOMeHT vacy. Ta 3a piustaHsaM (1) i3 3acTocyBaH-
HAM 3aJIeKHOCTI mepemimenb (2) Ta TpUHIAIY
Cyleprio3uuii BU3HA4YaIOThCs NapameTpu aedop-
MaTuBHOCTI. Ilnomii KOHTaKTiB Ta HaBaHTAKEHHS
Ha HUX JJIS IHITUX €JIEMEHTIB (POPMYIOTHCS MPOIIe-
COM PO3IMOBCIO/IKCHHSI XBHWIIb, aje MiJXiJ| OMHCY
PO3IMOBCIO/KEHHSI 3aIMIIA€ThCA TaKUM ke. Kpim
OIMCY BUIBHUX Ta BUMYIICHHX 30YIKYIOUHX KO-
JMBaHb, TPOIEC PO3MOBCIOKEHHS BKIIIOYAE TOM
JKe MAXiA AJ1s ONUCy BinoOpaKeHUX KOJIMBAaHb.
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HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYMMICTDL

OOrpyHTOBaHO TEOPETHYHI MOJOKEHHS 1 PUH-
LUK U1 PO3IIISIY KOJIMBAHb CHCTEMH KOHCTPYK-
i BEpXHBOI Ta HWKHBOI OYJIOB KOJIii, 1m0 30y-
JDKYIOTBCSL PYXOMHM CKJIQZIOM, SIKi JO3BOJISATH JIO-
ciauTH mporec AehopMaTHBHOI poOOTH 3a3HaUe-
HOI CHCTEMH, NpH SKOMY BifOyBarOThCS 3MiHH il
CTaHIB MPOTSITOM JESKOTO HalpamioBaHHS, IO
B CBOIO Yepry J03BOJUTH BU3HAYUTH IMapaMeTpH
¢yHKUiOHaNbHOT HAAIMHOCTI PyXy TOI3MIB, SK
CKJ1aJ0BOi O€3MEeKH IMPOIyCKy PyXOMOIO CKJIamxy
Mo JUISHIN KOJii 3 ypaxyBaHHSIM 11 TEXHIYHOTO
CTaHy.

3a3Buyaii JuIsi OE3MEYHOTO MPOITYCKY PyXOMOTO
CKJIay BH3HAYaIOTHCS MapaMeTpH MPOLEeCy KO-
BaHb CHCTEMH «eKimak — Koiis». [CHyrodi Mozemi
ab0 ayXe peTelbHO PO3TISAalOTh KOJWBAHHS PY-
XOMOTI'0 CKJIAZy TPH y3araibHEHUX XapaKTepUCTHU-
KaxX CHUCTEeMH KOHCTPYKIIH BEpXHBOI Ta HIKHBOI
OyJI0B 3aJIi3HUYHOI KOJIii, a00 pO3TJIsLAal0Th KBasi-
TUHAMIYHI KOJTMBAHHS PEHOK MPH 3aralbHUX Xapa-
KTEPUCTHUKAX MiIpeKoBOi OCHOBHU. Takuii po3risig
IpoLecy KOJNMBaHb, L0 30YIKYETHCS PYXOMHUM
CKJIaJIOM Ta IEPElaeThCsl Ha BC1 €IEMEHTH CUCTEM
KOHCTPYKUill BEpXHbOI Ta HIKHBOI OyZOB 3aii3-
HUYHOI KOJii, HE € MOJMJIMBOCTI BH3HA4YEHHS aHi
nmapaMeTpiB HaIIHHOCTI €JIEMEHTIB CUCTEMH KOHC-
TPYKIiA Kouii, aHi mapamMeTpiB (yHKI[IOHATBHOT
HAJIMHOCTI PyXy MOI3MiB, AK CKIaJ0BOi Oe3meKu
NPOMYCKY PYXOMOTO CKJIaiy IO IUISHII Kouii
3 ypaxyBaHHAM ii TE€XHIYHOrO ckiamy. Tomy s
PO3TJIsiy THUTAaHb 3 HAAIHHOI pOOOTU EIEMEHTIB
CHCTEMH KOHCTPYKLiH BEpXHbOI Ta HUKHBOI Oy10B
3aJTI3HUYHOI KOJIii 3aIpOTIOHOBAHO OCHOBHI 3acad
posrisiganHs mpouecy ii aedopmartuBHOiI podoTH,
IO JAI0Th MOXIIMBICTH PO3IJsiIaTH Oe3mocepen-
HBO JIMHAMIYHUHN MPOIIEC JIOKATI30BaHUH SIK B 4aci,
TakK i B IPOCTOPi.

BucHoBku

OO0i3HaHICTh B mporecax B3aeMoOJii KoJii Ta
PYXOMOTO CKJaxy TPU3BOAWTH 1O PO3TISAaHHS
HOBMX 3amad. OJHUM 3 HOBHMX acClEKTiB IbOTO
MPOIECY € PO3B’SI3aHHSA 3aJa4y HAJIWHOCTI KOJIii.
Cxi1amoBo0 HamiHOCTI KOJii € (yHKIIOHAThHA
Oe3neka koiii. TakuM YHMHOM, HAIMPSIMOK JOCIIi-
JUKeHb € aKTyallbHUM, aje TakuM, M0 TOoTpedye
HOBOTO MIJIXO/y MPH BUPINICHHI MMOCTABJICHOI MPO-
OneMu 1 He MOXe 3aCTOCOBYBATH iCHYIOUYI MOJEINi
IUIS 11 BUPIIICHHS.

Ilpu nmocmimkeHi mporecy aehOpMaTHBHOCTI
B €JICMEHTAaX CHUCTEMH KOHCTPYKI BEpXHHOI Ta
HIDKHBOI Oy/IOB 3a1i3HMYHOI KOJii HeoOXiaHe Tou-
HE BU3HAYEHHsS LbOTO Ipolecy SK B dHaci, Tak
1 B ipocTopi. Takum ynHOM HEoOXigHE TTPABMIHHO
OTMCATH TPOLEC PO3NOBCIOIKEHHS 30YKEHb Bif
PYXOMOIo CKJagy, L0 MpPOTIKae B 3a3HAYCHUX
eneMeHTax. OCHOBHI TEOPETHYHI TOJOKEHHS
1 IPUHIIMITK IIOJI0 OMUCY OCOOIMBOCTEH nedopma-
TUBHOI POOOTH EJIEMEHTIB CUCTEMH KOHCTPYKIIii
BEPXHBOI Ta HIKHBOI OyJOB 3ali3HUYHOI KOJii
HOJISITAIOTh Y TAKOMY

— THUTaHHS BUBYEHHA IUHAMIKH CYUIJIBHUX
T — 1l TUTAaHHS BUBUEHHSI PO3MOBCIOIKEHHS KO-
JVBaHb B TICBHUX KOHTaKTYIOUMX OOMEXKEHHX ce-
penoBuIIax;

— nedopMmaTHBHA poOOTa EIIEMEHTIB CHCTe-
MU KOHCTPYKIIIM BEpXHBOI Ta HIKHBOT OYI0B 3aJTi-
3HUYHOI KOJii € poOOTOl0, IO BUKOHYETHCS TMPH
KOJIMBaHHI CYLIJIbHOI CUCTEMU,;

—  EJIEMEHTH CHCTEMH KOHCTPYKLIH BEPXHbOI
Ta HIDKHBOT OYJIOB 3aJII3HMYHOI KOJil € CHCTEMOIO
CYIUTFHUX TiJI, [0 BOJIOJIOTH BJIACTUBICTIO JHUCH-
Tanii;

— mepenavya 30y/KCHb PYXOMOTO CKIQIy
€IIEMEHTAM CHUCTEMH KOHCTPYKLIH BEpXHBOI Ta
HIDKHBOI Oy/IOB 3aJli3HMYHOI KOJIii mepenaeThes 3a
pPaxyHOK PO3IMOBCIOJDKEHHS BIJIBHUX Ta BUMYIIIE-
HUX KOJIBAaHb,

— npu OyIp-SKHX IMOYAaTKOBUX YMOBax pyX
TOYKM MPOTATOM yacy Oyae CKIaJaTHCh TiJIbKH
3 BUMYIIEHUX KoyiuBaHb. I[loyaTkoBi ymMoBH BUpO-
JUKYIOTBCSL pa3oM 3 BUIBHUMH KOJMBAaHHSIMH, SKi
MOCTYIIOBO 3aTyXalOTh;

— He 3BEpTal¥M YBard Ha HasBHICTh OMOpPY
PYXy, BUMYILIEHI KOJHMBAHHS € TapMOHIYHHMH Ta
BiZOyBalOTHCS 3 YACTOTOI BUMYILICHHUX KOJNMBAHb,
TOOTO YaCTOTOIO 30BHILIHBOT CHIIH.
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Deutsche Bahn / B. Schulte-Werning, B. As-

1. A. BOHJIAPEHKO"

l*Ka(p. «[IyTp 1 myTEBOE XO3HUCTBOY», JIHENIPONIETPOBCKUI HALIMOHATILHBIN YHUBEPCUTET JKENE3HOAOPOKHOTO TPAHCIIOPTa UMEHU
akanemuka B. Jlazapsina, yii. JlasapsHa, 2, lnenpornerpoBck, Ykpauna, 49010, ren./akc +38 (056) 373 15 42, 3. moura
irina_bondarenko@ua.fm, ORCID 0000-0003-4717-30

OCOBEHHOCTH TPOLECCA PACHHPOCTPAHEHUSL KOJEBAHUI
IMPU AE®OPMATHUBHOU PABOTE KEJE3HOAOPOKHOI'O ITYTHU

Hesas. Hayunas paGota cBoell LENbI0 MMEET OIpE[esieHHe OCHOBHBIX 3aKOHOMEPHOCTEH Ipoliecca pacripo-
CTpaHEeHHA KOJIeOaHUH OT BO3OYKICHHUI MMOIBMKHOTO COCTaBa B CHCTEME KOHCTPYKIIMI BEpXHET0 M HIHKHETO CTpoe-
HUH JKEeJIe3HOIOPOKHBIX MyTeH I MCCIEAOBAHHUS Pa3BUTHS MPOIECCOB Ae(POPMATUBHOCTH KaK OCHOBBI CO3JIAHIS
HOpPMaTHBHOW 0a3bl pabOTHI MYTH B YCIOBHAX oOecrieueHHs HaJe)KHOCTH JKelle3HbIX jopor. Meroauka. [[ns moc-
TKEHUS TEJIA UCTIONIb30BAHbI IPUHIIUIIBI TEOPUH YIIPYTOCTH U PACIPOCTPAHEHHS] BOJHOBOTO TpoIlecca MpHU Omuca-
HUM B3aUMOJICHCTBUS MyTH U MOJBHKHOTO cocTaBa. Pe3yjibTaThl Y CTaHOBICHO, KaKKMe BHJIbI KOJICOAHUI U KaKyIO
CUCTEMY HEOOXOJUMO HCIIONB30BaTh MPH PACCMOTPEHUU IPOIlecca KOJICOaHUH Mpu JeOopMalMOHHONW padoTe Ke-
JIe3HOZOPOXKHOTO yTH. OnpesencH oomuil Bux GyHkmu nepeMenicHuii. Hayunast HoBu3Ha. OO0CHOBaHBI TEOpe-
TUYECKUE MOJIOKCHUS W TPUHIIUIIBI PACCMOTPEHHUS KOJIEOaHUH CHCTEMBI KOHCTPYKIINA BEPXHETO W HIDKHETO CTpOe-
HUH 1yTH, BO30YXJaeMbIX MOJBI)KHBIM COCTABOM. JTO ITO3BOJUT HCCIEIOBAThH MpoIecc nehopMaTuBHOW pabOTHI
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YKa3aHHOH CHCTEMBI, IPH KOTOPOM NPOUCXOIAT M3MEHEHHS €€ COCTOSHUM B T€UEeHHE HEKOTOPOH HapaOOTKH, YTo,
B CBOIO OY€pe/Ib, MO3BOJIUT ONPEACTUTh NapaMeTpsl (yHKINOHATBHON HAZEKHOCTH IBI)KEHUS ITOE30B KaK COCTaB-
nsromiel 0e30macHOCTH MPOITYCKa MOJABMKHOTO COCTaBa M0 yYacTKY IMYTH C YYETOM €ro TeXHHYECKOTO COCTOSHUS.
IpakTnyeckast 3HaUMMocThb. OOBIUHO U151 0€30MIACHOTO MPOITYCKa MOABHKHOTO COCTaBa ONPEACISIIOTCS ITapamMeT-
PBI Mporecca KoJicOaHUi CHCTEMBI «IKUMAX — MyTh». CyIIESCTBYIOIIAE MOJICIH MU OYCHb TINATEIHLHO PACCMATPH-
BalOT KOJICOAHUS TMOABKMXKHOTO COCTaBa IMpHU OOOOIICHHBIX XAPAKTEPUCTHKAX CHCTEMBI KOHCTPYKIMHA BEPXHETO
W HIOKHETO CTPOCHHH KEJIC3HOJOPOXKHBIX IyTEeH, WIIA PACCMATPHUBAIOT KBa3HIMHAMUYHBIC KOJICOAHUS PEIBCOB MPH
00IIMX XapaKTEPUCTHKAX MOIPETHCOBOM OCHOBBL. Takoe paccCMOTpEHUE mporiecca KojaeOaHuid, BO30YKIaeMbIX TO/I-
BIDKHBIM COCTABOM M MEPENAIOUIMMCS Ha BCE AJIEMEHTHI CUCTEM KOHCTPYKLMHA BEPXHErO M HUKHETO CTPOEHUH Ke-
JIE3HOAOPOXKHBIX MyTEW, HE AT BO3MOXKHOCTH OINPEAEIIECHUS! HU MapaMeTPOB HAJECKHOCTH 3JIEMEHTOB CHCTEM KOH-
CTPYKIHMH TIyTH, HA TIApaMeTpoB (PYHKIIMOHAIBHON HaIEKHOCTH IBIKEHHS MMOE3/10B (KaK CocTaBisromieii Oe3omac-
HOCTH TIPOITyCKa ITOIBMXKHOTO COCTaBa IO YYACTKY MYTH C YIE€TOM €ro TEXHHYECKOTO COCTOsIHHS). [loaTomy mist
paccMOTpeHHsT BOIIPOCOB HAJSKHOW paOOTHI 3JIEMEHTOB CHCTEM KOHCTPYKLHMI BEPXHETO M HMYKHETO CTPOCHHH JKe-
JIE3HOIOPOXKHBIX IyTEH MPEIIoKEHbl OCHOBHBIC MPUHIIMIIBI PACCMOTPEHUs mpoliecca ee neopMaTUBHON paboThI.
OTO0 IaeT BO3MOXKHOCTH PacCMaTPUBATh HEMOCPEACTBEHHO TUHAMUYECKUHN MPOIlece, JTIOKAIN30BaHbI Kak BO BpeMe-
HH, TaK U B IPOCTPAHCTBE.

Kniouegvie cnosa: monmenupoBaHue; TBepOe TeNO; CIUIOMIHAS cpea; AedopMaThBHas paboTa; BBIHYKICHHBIC
KoJicOaHus; CBOOOIHBIC KOJICOAHUS; BOJTHOBOC PACIPOCTPAHCHHE, YacTOTa KOJICOAHUH, HaIe)KHOCTh MyTH; JAUCCH-
MaTUBHOCTH

I. 0. BONDARENKO!

Dep. «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

PROCESS FEATURES OF FLUCTUATIONS PROPAGATION
AT STRESS-STRAIN WORK OF THE RAILWAY TRACK

Purpose. Scientific work aims at the determination the basic laws of fluctuations propagation process from exi-
tation of rolling stock in the design system of permanent way and substructures of the railway lines for studing the
deformation processes as the basis for a regulatory framework of the track operation in the conditions of ensuring
the reliability of railways. Methodology. To achieve the aim the principles of elasticity theories and wave propaga-
tion process in describing the interaction track and rolling stock were applied. Findings. The kinds of fluctuations
and system which should be used when considering the fluctuations in the deformation process of rail track were
established. The general view of the displacement function was determined. Originality. The theoretical concepts
and principles to consider fluctuations of a structures system of permanent way and substructures of the railway
track, energised by rolling stock were grounded. This will allow studing the process of deformation work of the
mentioned system, which changes its state. That in turn will allow us to determine the parameters of the trains func-
tional reliability, as part of the security passes of rolling stock on the track section with regard to its technical condi-
tion. Practical value. Usually for safe crossing of rolling stock parameters of fluctuation process in the system «ve-
hicle-track» are determined. Existing models or carefully consider fluctuations of rolling stock in generalized char-
acteristics of the structures of permanent way and substructures of the railway tracks or view of quasi-dynamic fluc-
tuations rails with general characteristics of under rail base. This review process of oscillations, energised by rolling
stock and delivered to all the elements of the permanent way and substructures of the railway track do not allow
determining both the reliability parameters of elements in the system of track construction and parameters of func-
tional reliability of trains as part of security checkpoints in the area of rolling stock gauge because of its technical
state. Therefore, for examining issues of reliable performance elements of the permanent way and substructures of
the railway track are proposed its stress-strain work. It gives the possibility to consider a dynamic process, localized
both in time and space.

Keywords: modeling; solid; solid medium stress-strain work; forced fluctuations; free fluctuations; wave propa-
gation; fluctuations frequency; reliability o f a track; dissipativity
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JOCJI)KEHHS HEPIBHOCTEH KOJIIL B MEAKAX
3AJI3HUYHUX NEPEI3/IIB

Mera. [lepeTrH aBTOMOOITHHHX JOPIT i3 3ai3HAUILICIO B OMHOMY PiBHI — 3ai3HHYHHA Mepei3x — € 30HOKO IiIBH-
meHoi HeOeslMeKkn [UIs 3aMi3HWYHOTO Ta aBTOMOOLTRHOTO TpaHCIOpTy. Maiike TIIONOBHHA BCiX TIepei3miB
pO3TaIoBaHi Ha MapIIpyTaX OCHOBHMX IMAcaXKHPCHKUX INEPEBE3CHb. 3BiJCH BHHHUKA€ MpoOiemMa yTpuUMaHHS i 00-
CIIyTOBYBaHHS MiCIIb IIEPETUHY 3aJli3HUII Ta aBTOAOPOTH. MeTor0 1aHOi poOOTH € OLIHKA MPOIeCciB BAHUKHEHHS Ta
PO3BHUTKY HEpIBHOCTE KOJii y 30HI nepei3ay il BusiBiieHHs (HakTopiB, M0 X cnpuunHsiors. Meroauka. HasBHicTh
BIACTYMIB y miaHi i mpodisi B Mekax 3aIi3HIYHOTO Nepei3ay Ta Ha MiAX0Jax 0 HbOTO 3HIKYIOTh IUIaBHICTH 137U
i kompopT nacaxxupa. Ha choroaHi icHyIOTh pi3HI MOXKIIMBOCTI JUIsi 3MOMKH HaTypHOT T€OMeTpil 3aIi3HUYHOT KOJIii.
Jnst mpoBeAeHHs NOCIIIKeHb 3HAYHOI KUJIBKOCTI JIUISTHOK 332 TPUBAJIMH TEPMIH eKCIuTyaTallii HaHOUIbI 3pY4HUM,
MepI 33 BCE, BPaXOBYIOUM PEryJSIPHICTh 3ai3/1iB, 3AJIMIIAETHCS CTPIUKA KOJIEBUMIPIOBAILHOrO BaroHy. OJHaK et
3aci0 crpsIMOBaHO JUIS OL[IHKU CTaHy 3aJli3HMYHOI KOJIii, a He /ISl BU3HAYEHHS TOYHOTO T€OMETPHYHOTO MOJI0KEHHSI.
Tak, pu cipo6i BU3HAYATH 32 KOJI€BUMIPIOBAJILHOIO CTPIUKOIO JIHCHI 00puCH HEpiBHOCTEH KOJIii BUHHKAE HU3KA
ckimagHocreid. PesyabraTu. [IpoBeneHnii cTaTHCTHYHNMN aHAJI3 NOKa3aB CTIMKY TEH/ACHIII0 HAKOIMYEHHS HEPiBHO-
CTeH KOJii y 30HI po3TamryBaHHS Iepeizmy. Sk mpaBuiio, piBeHb HEpIBHOCTEH y BEpTHKANBHIN IUIOMIKMHI 3pOCTaE
B 1,3-3,2 pasy, ta B 1,2-2,0 pa3u — B TOpH30HTANBHIHN TUIONHMHI (y TTOPIBHAHHI 3 AIISHKAMH 38 MEKaMH TIEPEi3ay).
ITix yac mporuHy KoJii BiA JIii pyXoMOro CKJIagy B 30HI Mepei3ay 3aIi300eTOHHI ITUTH HMPAIIoIoTh K pedpa KopeT-
KOCTi, OOMEXYIOUH MPOTHHH pelKommansHol pemritku. [Ipu posramryBansi Koiic Bizka no (abo micis) i B Mexax
nepeizay po3paxyHKOBI MOAYII MPY>KHOCTI MiAPeHKOBOi OCHOBH, MPHUBEACHI 0 TOYKH KOHTAKTY KOJIECa, MOXYTh
BiApi3HsTUCH 110 3 pa3iB. HaykoBa HoBu3Ha. HaOynu monanbimii po3BUTOK MUTAHHS OLIHKH Ta JOCIIKEHHS PO3-
BUTKY HepiBHOCTeH Kkoiii. OTpUMaHO CTATHCTHYHI JIaHi IOJ0 HAaKONHMYEHHs HEepiBHOCTEH KoJii y 30HI mepeizmy.
Hanano ananiTHuHi OOIpyHTYBaHHS 3MIHM XapaKTEPUCTUK HANpyKeHo-AehopMaliifHoi poOoTH Kol B MicCIli yKia-
nanHHs nepeizny. [IpakTuyuna 3HaunmicTs. OTpuUMaHi pe3ynbTaTH Oy IyTh KOPHCHI AJIsl IPOBEACHHS 3aX0MiB MO0
MOJIIMIICHHS TUIaBHOCTI PyXY IO13/1iB 1 MiZIBUIIEHHS PiBHS KOM(pOPTAOEIbHOCTI i3/11.

Kniouosi cnosa: 3anizHUYHMN Tiepei3z; BepXHs OyaoBa KOJIii; HEPIBHOCTI KOJIi; po3paxyHOK KOJIi1 Ha MILHICTB;
nedopmanii Kodii; ZOIMyCTUMI MIBUIKOCTI PyXy

Kpain-uneHniB € TexHiuna cnernudikaris iHTeporre-
pabenbHOCTI. llei moKyMeHT mepembadae B3aeMo-
It Mix 3ami3HUIEIMU €C Ta BCTAHOBIIIOE KOPCTKI
BUMOTH 0€3MEKU PyXYy.

Ha croromHi omHi€!0 3 YMOB PO3BUTKY €KOHO-

Beryn

HemonaBHo VYkpaina migmucana yromy IIpo
acorifioBane WieHCTBO YKpaiHu B €BpONEHCHKOMY
Corosi (€C) [14]. CniBpoOiTHHITBO MiX YKpai-

HOIO Ta €BPOTIOI0 Ma€ Ha METi CIIPUSHHS PECTPYK-
TypH3allii, OHOBJCHHIO TPAHCIOPTHOTO CEKTOpPY
YKpaiHu Ta BXOMKECHHSI MOTO B €BPOINEHUCHKY Me-
PEeXy 3aNi3HHIB, MOCTYINOBY TapMOHI3aIlil0 YHH-
HHUX CTaHIAPTIB Ta MOJITHKH 10 puiHATHX y €C.
OCHOBHMM HOPMAaTHBHUM JOKYMEHTOM 3aJli3HHUIIb

MIiKH JepKaBu € TiIBUIIEHHS e(QeKTUBHOCTI (PyH-
KLIOHYBaHHSA TpaHCHOPTHOI cucTemu. Ilepmnm
KPOKOM IIO/I0 MiJBUIICHHS SKOCTI TPAHCIOPTHUX
nociyr OyJo BBEJCHHS MPUCKOPEHOTO PyXy IO13-
niB Ha jainsHKax Big Kuesa mo Xapkora, [loHels-
ka, JIbBoBa, a 3 2014 poky — Ha HanpsmMkax KuiB —
Oneca, Kuis — Tepuomins, Japaurs — TpyckaBenb
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[4]. PazoM 3 migBHIEHHAM IOBHAKOCTI PyXy IIOi3-
IIiB BUHUKJIA ¥ iHIIA mpoOiieMa, MoB’s3aHa 3 00-
CIIyTOBYBaHHAM MiICIb TEPETHHY 3aJII3HUYHUX
1 aBTOMOOUTFHIX TPAHCIIOPTHHUX TIOTOKIB.

IlepeTnH aBTOMOOUTHHHX JOPIT 13 3aITI3HHUIICIO
B OJIHOMY DIiBHI — 3aJII3HUYHHI 1epei3ll — € 30HO0
MiIBUAINEHOI HEOE3meKu I 3aI3HUYHOTO Ta aB-
TOMOOUTEHOTO TPAHCTIOPTY. Matike TI0JIOBHHA BCIX
nepei3iB po3TalloBaHi HAa MapUIpyTaX OCHOBHUX
MacaXMPChKUX TepeBe3eHb. 3BiICH BUHHUKAE IPO-
Onmema yTpuMaHHs # 00CITyroBYBaHHS MicIllb Tiepe-
TUHY 3QJII3HUII 1 aBTOJOPOTH.

Bimomo, 110 npu peKOHCTPYKLIi 3ali3HULI AT
BIIPOBA/KCHHS IBUAKICHOTO PYyXy TMOI37iB BHKO-
HYIOTBCS pPOOOTH 3 BWIIPAaBKU KOJii B mpodim
1 B IuIaHi. SIKIo Ha AUISHKAaX MK mepei3namu Ko-
peryBaHHS TUIaHY BUKOHYETHCS Y MEXaxX OCHOBHOT
TUIOIA/IKK 3EMIISTHOTO TIOJIOTHA, TO B 30HI1 Mepeizay
TaKi 3CyBM BUKOHATH CKJIagHO, & TOMY YacTo Iie-
pen 1 3a mepei3HUM HACTHUIIOM YTBOPIOIOTHCS HeEpi-
BHOCTI B TUIaHi, 10 MPHU3BONUTH IO 3HUKEHHS KO-
MpopTabensHOCTI 1311, [HIIIO TIPOOIEMOIO € IT0-
JTATKOBE HAaBAHTAXKCHHsI HA KOJIIO BiJl aBTOMOOLIb-
HOT'O TPAHCIOPTY B 30HI mepeizmy. Y 3B’S3Ky
3 MM BHHHKAIOTH II¢ ¥ BEPTHUKAJIBbHI HEPIBHOCTI.
SIKII0 BOHM 1 HE CTBOPIOIOTH HEOE3NMEKH I PyXy
Moi311iB, TO BIUIMBAIOTh Ha IUIABHICTH PYXy 1 3HU-
KYIOTh piBeHb KoMpopTadenpHOCTI i3au. Taki He-
PIBHOCTI BHSIBIISIIOTBCS ITiJ] 4ac aHaJ3y KOJIEBHMi-
PIOBAILHUX CTPIYOK MICISl MPOXOAY KOMi€BUMIpIO-
BaJILHOTO BaroHa.

Meta

Meroro i€l poOOTH € aHaNi3 MPOLECiB BUHUK-
HEHHS 1 pO3BUTKY HEPIBHOCTEH B 30HI Iepeizny Ta
BHUSIBJICHHSI  (DakTOpiB, M0 iX CHPUYHHSIOTH.
A Takox po3poOKa METOAMKH OIIHIOBAaHHS Xapak-
TEpy HEpIBHOCTeW B IulaHi i mpodimi B 30HI
3aJI3HUYHOTO Mepeizay.

MeTtoanka

Ilinm w4ac 3pgificHeHHs MoJepHi3amii Kol
TOBMHHI BHKOHYBAaTHCh TakKi poOOTH, SK BHUIIPaB-
JeHHS 3 ITOCTAHOBKOIO KOJIi y IPOEKTHE MOJI0-
KEHHSI B Tpodisi, BUIPABICHHS KPUBHUX B TUIAHI
3 BIJIHOBJIGHHSIM MPOEKTHHUX paiiyciB, peMOHT abo
mepeBnalTyBanus nepeisais [9]. Ame 3a pisHmx
NPUYHH, TepIl 3a Bce (IHAHCOBUX, BHUIIEHA3BaHI
poOOTH HE BHUKOHYIOTbCA B MOBHOMY 0OCs3i, IO
BIUIMBAE HA TUIABHICTh PyXY MOI3/iB i HE T03BOIISIE

3a0e3neunT SAKiCHWHA KoMpopT macaxkupam. 3a-
MPOMIOHOBAHE JIOCII/PKEHHST HAJla€ MOXIIUBICTh
MOPIBHIOBATH 1 OLIIHIOBATH XapakKTep HEPiBHOCTEH
B IUIaHi i Ipodii B 30Hi 3aTI3HUYHOTO TIepei3ay.

AHaJi3 TPOEKTIB KalliTaTbHUX PEMOHTIB 1 MO-
JIepHizaiii KoJjil, a TakoX HaTYpHI OOCIiTyBaHHS
MOKAa3ajy, 0 Ha MiAXO0Jax B 30HI pO3TallyBaHHSI
Mepei3iB  BUHUKAIOTh, HEPIBHOCTI B INIaHI, TakK
3BaHI «3JaMu», SIKi B JESIKMX MPOEKTax He TOoKa-
3YIOTh 13-32 BiZICYTHOCTI BiJ{IOBiIHOT HOPMATHBHOT
O6a3u. B TOl xe wac «3mamu», abo KyToBe
3’€IHAHHSA TPSAMUX TUISTHOK KOJIi JTO3BOJISIOTHCS
Ha OirpmocTi 3ami3HUNb cBity. Hanmpukmaz,
B benbrii npuiiHATO MOKa3yBaTH «37aMU» 3 KyTOM
1o 2'4"”, B Himeuunni — go 5'24". Ilpu kyTy moBo-
poTy OinbIlle BKAa3aHWX 3HAYCHb B HHOTO MOBUHHA
OyTH BIHCaHa KPYroBa KpWBa MaKCUMaJbHOTO pa-
niyca 3 mepexigHuMu kpuBumu. B Pocii Hopmaru-
BU MO0 KYTOBHX 3’€THAHHSX € Tibku Ha OKTAOpH-
cbkiii  3amizmumi, Ha  gumsHIL  C-Ilerep-
Oypr—MockBa — mpu KyTi Oinbiie 7' BIOUCYEThCS
kpuBa paaiycom 10 000 m.

B nHopmatuBHUX HokymeHTax Pocilicekoi ®Pe-
nepauii, Hanpukiaa y TexHIYHMX yMOBax Ha po-
00TH 3 PeKOHCTPYKIii (MomepHizallii) i peMoHTY
3ami3HUYHOT Kouii [12], pexkoMeHIyroThCs Mai
KyTH [IOBOPOTY, L0 BUHMKAIOTH IIiJl 4ac eKCILIya-
TaIlii 3aTI3HUIT, YCYBaTH 32 YMOBH 30€peKEHHS 0Ci
KoJIii. Y pa3i HEMOXKIIMBOCTI YCYHEHHS «3JIaMiB»
YIIAIITOBYIOTH KpHBi pagiycoM He Oinbmie 4 000 m
i moxuHOI0 He MeHie 20 MeTpis. B 6arathox Bu-
najkax, o0 BHKOHATH IO BHMOTY, BHMYIIEHI
YJIAIITOBYBaTH S-MOMIOHI 37aMu 3 BIHMCYBAaHHSIM
kpuBux paxaiycom mo 4 000 M ans BUXoqy Ha Ma-
JIUHA KyT MOBOPOTY.

B HopmatuBHOMY mokymenTi LIIIT-46/2 (P®D)
[8] pexomeHayeThbCS KPUBOMIHIMHI TINSHKA MiX
npsMuMu 10BxkHHOKW He MeHire 200 M 1 kyToMm
noBopoty Bix 5 10 30 kyToBUX MiHYT Kiacuiky-
BaTH SIK «KyTH TIOBOPOTY OCi KOJii», a MOBOPOTH
OUTBII KOPOTKUX BiAPI3KiB KIacU(iKyBaTH SK «He-
PIBHOCTI IUIaHy KOJii». Y ApyroMy BHUIaIKy OILiH-
Ky BIICTYHIB B IUIaHi i mpodisi MOXKHA BHKOHYBa-
TH 32 TEXHIYHUMH BKa3iBKaMU MIOJ0 OI[iHKU CTaHy
perKkoBOiI KOJIii 3a MOKa3HHUKaMU KOJIi€EBHMIipIOBa-
JMHHUX BaroHiB Ta 3abe3redeHHs Oe3MeKH pyxXy
MOi31iB TpW BiACTYyNax BiJl HOPM YTpPUMaHHS pei-
koBoi komii (II11-0267) [13]. Axamni3 xomieBruMipro-
BAIBHUX CTPIYOK Yy MeKax IMepei3liB 1 BHUKOHaHI
PO3paxyHKH MOKa3aly, IO HAsSBHICTh HEPIBHOCTEH
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y MeXax 3aIi3HUYHOTO Iepei3my Ta Ha IMIxXomax
JI0 HBOTO TOTIPIIYIOTH OATBHICTH 3aJII3HHYHOI KO-
nii: mpu 1l cryneni Binctyny B miasi i npodini —
Ha 40 Gamis, pu IV cryneni — mo 550 6amis. Ha-
SIBHICTB BIJICTYIIIB B TUIaHI 1 Ipodisii B MeKax 3alli-
3HUYHOTO Tepei3My Ta Ha MiAXoJax IO HbOTO 3HU-
JKYIOTh TDIaBHICTB 137U 1 KOM(OpT macakupa 3 ra-
pHOTO Ha MIOMIpHUH.

[Ipr MOXJIHMBOCTI BINHCYBaHHS KPUBHX MaKCH-
MaJIbHOTO pajiyca (B IOCHIIKECHHI MPUIHATO pa-
niycu Big 4 000 mo 10 000 metpiB mpu MiHIMaTb-
Hiit goBxuHI KpuBoi 20 M) 1 KyTax MOBOPOTY BiJ-
nmoBiiHO Bim 17 1m0 7 XBWIMH MEPeXifHi KPHUBI
YJAIITYBaTH HEMOXJIMBO. B TakoMy BHIAaKy Ha-
cTynae 0OMEXEHHS IMBUIKOCTI PyXy IO KPHUTEPItO
3MIHU HETOTallleHOTO MPUCKOPEHHS Ha JOBXKUHI
0a3u eximaxa [6, 10], a e o3Havae, 10 MakcHMa-
JbHA MIBUAKICTH pyXy He nepesumnye 125, 140,
155 i 165 xwm/roxg mpu pagiycax kpuBoi 4 000,
6 000, 8 000 i 10 000 meTpiB BiAIOBIAHO.

3MiHa KOHCTPYKIIi KOJi1 B Mexkax mnepeizmy Oy-
Jle BIDTUBATH Ha YMOBH B3a€MOII1 KOJIii 1 pyXOMOTO
CKJIany, IUIABHICTh pyXy i kompopTrabenbHicTh 13-
mu. Taki 3ajadi, K MpaBUIIO, BUPINIYIOTHCS 3aCO-
0aMU Cy4YacHOrO MAaTEMAaTHYHOTO MOJICITIOBAHHS.
Hanpukazn, BigmoBigHa MOJeNb B3aEMOJIi came
JUIL YMOB HasIBHOCTI Mepei3ay omucaHa B poboTax
[19, 20]. Ame s MOKIMBOCTI TaKUX PO3paxyHKiB
HEOOXI1IHI BUXIJHI JaHI, 110 aJIcKBaTHO OMHCYIOTh
TEOMETPIr0 KOJIil.

Ha crorogni icHYIOTH pi3HI MOMIJIHMBOCTI IS
3HOMKH HATypHOI TE€OMeTpil 3ali3HUYHOI KOJTii.
JI1st BUKOHAHHS JOCHIIKEHb 3a 3HAYHOIO KiJIbKiC-
TIO JIUJITHOK 1 32 TPUBaJIMi TEpMiH eKCILTyaTariii
HaWOUThIII 3pYYHUM, TIEPII 3a BCE BPAXOBYIOUH
PETYJSPHICTD 3ai3/1iB, 3aJMIIAECTHCS CTPIUKa KOJi€e-
BUMIipIOBanbHOro Barona. OIHaK CIif 3a3HAYUTH,
o 1el 3aci0 CIpsIMOBaHO ISl OI[IHKHU CTaHy 3alli-
3HMYHOT Kol [13], a He i BU3HAYCHHS TOYHOTO
reOMETPUYHOT0 MONOKeHHs. Tak, mpu crpodi Bu-
3HAa4YaTH 32 KOJIIEBUMIPIOBAIBHOIO CTPIUKOIO Jiiic-
Hi 00pHCH HEPIBHOCTEH KOJIii BUHUKA€E HU3KA TPYI-
moris [5, 11, 15, 16].

HepiBHOCTi B TUTaHI KOJi€BUMIpIOBANBHUN Ba-
TOH BH3HAYa€ BUMIPOM CTPUIH BiJl HECUMETPUIHOL
XOpau. SIKIIo po3risagaTi OKpeMy JIOKalbHY Hepi-
BHICTbh B KOJIi 3 00pHCOM HamiBXBHJIi, TO Ha CTpiy-
i BoHa Oyze BimoOpaxaTucs TpbOMa HaIliBXBHIISA-
MU 31 3HaKaMH, 0 YepryroThes. [Ipudomy amrumi-
Tylla HaBiTh LEHTPAJIbHOI HAIiBXBUJI Ha 3aIlUCy,

a TaKoX 11 TTOYaTOK Ta KiHEIb MOXYTh HE CITiBIIa-
JaTH 3 JIMCHOIO HepiBHICTIO. B 3arampHOMYy BH-
sl oOpuc 3ammcy CTPijl MPH BEHMIpIOBaHHI XOp-
JTOF0 MOXKHA TTOAATH K (QYHKIIFO BiTHOCHO 0OpHCY
HEpIBHOCTI

00 = Y0 - y(x+8) = y(x—-b) =2 (1)

e Y(X) — obpwuc HepiBHOCTI B KOJii; @, b — mos-
YKUHU TUTI9 XOPJIH.

CriBBiHOIIEHHS OOpHCY HEPIBHOCTI B KOMii
1 1i 3amucy Ha cTpivLi mepi 3a Bce Oyze 3aueKaTH
BiJl BiTHOIIICHHS TOBXXWHU HEPIBHOCTI A0 JOBKUH
g xopan. s HeCUMETPUIHOT XOpIH MOSKITHBI
YOTHpH BapiaHTH. YHMCIOBI MpHUKIanud HaBeleHi
B Tabn. 1. Po3wmipu ruieueit xopau Oyny mpuidHATI
okpyraeno 4 i 17 metpiB (a i b y piBasanni (1)
BiamoBiaHOo). HepiBHiCTh B KOJIii 3a1aBajiacs y BU-
TSI PIBHSHHS

y(xe[0..e])= Asinz[%)

ne A ie — aMmImiiTyaa i TOBXHWHA HEPIBHOCTI Bij-
HIOB1JHO.

Jiist BUMIpIOBaHHSI HEPIBHOCTI Y BEPTHUKAIBHIH
TUIOIMHI B KOJNi€BUMIpPIOBANbHUX BaroHax 3a3BU-
Yail 3aCTOCOBY€ETBCSI CUCTEMA 3 TPHOX POJIUKIB, SIKY
MOXHA IIOAAaTH SK CHMETPUYHY BHUMIPIOBAIBHY
Xopay. UHCIIOBI MPHKIIaIU CHiBBIIHOIICHHS 00pH-
Cy BEpPTHKAJIHLHOI HEPIBHOCTI Ha Kouii i 00pucy 3a-
MMACYy Ha KOJIEBUMIPIOBAIBHINA CTPIUIl HaBEIACHO
y Tabn. 2. Po3mipu meueit xopau O6yiio nNpuHHSTO
mo 2,7 M.

Hageneni y tabm. 1 1 2 mpukmagy mokasyoTh
BIJICYTHICTh OJHO3HAYHMX TPAaBUJI TOBEPHEHHS
peanbHOr0 00pHCy HEpiBHOCTI B KOJIii BiIHOCHO
3aIMCy Ha KOJIi€BUMIPIOBAIbHIN CTPIYIIi.

)

Pe3yabTaru

Ha xoJyieBUMIpIOBaNIbHUX CTpiuKax, 1o OyJu
MIPUIHSATI 10 aHaJli3y, BiJOKPEMITFOBAIUCH JIITISTHKU
nopxuHoo 30 M B 30HI mepei3ay Ta Ha BiacTaHi
100 M no i micnst Heoro. OOYHUCIIEHHS BUKOHYBa-
JIMCH JUIs HEPIBHOCTEW B TOPH30HTANIBHIM (B II1aHi)
1y BepTHKaNbHIN uiommHi. [Ipuknan Takoi o6po-
OKku HaBeneHO Ha puc. 11 2.
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Puc. 1. Tlpuknan 3amucy HEpiBHOCTI
B BEPTHKAJIbHIH IIIOIIUHI:
1 — B 30Hi nepeizny; 2, 3 — Ha Biacrani 100 m
0 1 micyst nepei3ay BiIIOBiTHO

Fig. 1. An example of entry irregularities
in the vertical plane:
1 —in the area of relocation; 2, 3 — at a distance of 100 m
before and after moving accordingly

JlopxuHa, M

Puc. 2. Tlpuknan 3anucy HEpiBHOCTI B IUIaHi:
1 — B 30Hi nepeizny; 2, 3 — Ha Biacrani 100 m
1o 1 micyst mepei3ay BiAMOBiAHO

Fig. 2. An example of entry inequality in terms of:
1 —in the area of relocation; 2, 3 — at a distance of 100 m
before and after moving accordingly

Tabnums 1

BapianTu cniBBinHOMIEHHs1 00pHCY FOPHU30HTAJIBHOI HEPIBHOCTI HA KoJIii i 00pucy
3anucy Ha KoJIieBUMIipIoBaIbHil cTpiumi

Table 1

Variants of outlines ratio of the horizontal bumps in the road to outline recording
on the track measuring tape

Bapianat BinHowICHHS J0BXKHHM ITapameTpu HEPIBHOCTI OOpHC HEPIBHOCTI Ha KOJII 1 3aIIKMCy HA CTPIYLi
P HEpIBHOCTI 710 XOpAn pamMeTpu Hep P P Y prnt
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3akiHueHHs tadn. 1

End of table 1

Bapianrt BinuouenHs A0BKiHM ITapameTrpu HepPIBHOCTI OO6puc HEPIBHOCTI Ha KOJII 1 3amucy Ha cTpiyri
P HEpIBHOCTI 10 XOpAH PAMCTPH HEP P p y prtt
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Mpumitka: 1 — 00prc rOpU30OHTAIBHOT HEPIBHOCTI HA KOJIIl; 2 — 0OPHC 3aKCy HAa KOJi€BUMIPIOBAJIbHIN CTpiy-

.
Tabnuus 2
BapianTu cniBBinHOmEeHHs1 00pHCY BepTHKAJILHOI HePiBHOCTI Ha KoJ1il i 00pucy
3anucy Ha KOJieBUMIipIOBaIbHil cTpivmi
Table 2
Variants of outlines ratio the vertical bumps in the road to outline recording
on the track measuring tape
Binnomnenus
BapianT JIOBHHH Hap averpi O6puc HepiBHOCTI Ha KoJii 1 3amucy Ha cTpidii
HEPIBHOCT1 HEPIBHOCT1
JI0 XOpau
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3akiHueHHs TabI. 2
End of table 2
BigHomenus
Bapianr JIOBAHHH Hap_a METPH OO0puc HepiBHOCTI Ha KOJii i 3amucy Ha cTpivLi
HEPIBHOCTI HEpPiBHOCTI
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[Mpumitka: 1 — oOpuc BepTUKAIBFHOI HEPIBHOCTI Ha KOJIii; 2 — 00OpHC 3aMuCy Ha KONi€BUMIPIOBATBHIA CTPIUIIi.

Binnosigno g0 TexHIYHUX BKa31BOK IIOJ0 OLli- 45 o
HKH CTaHY PeHKOBOI KOMIii 3a MOKa3HMKAaMH KoJie- = 4 A B °C
BUMIpIOBaIbHIX BaroHiB [13] mis skicHOl OIiHKH z 35 ! o
CTaHy KOJii BUKOPHCTOBYEThCS OalbHA OUiHKA Ki- = 3'0 H . ¢
JIOMETPa B UUIOMY, UIsl BCTAHOBJICHHS OOMEXKEHHA 5 2'5 °
LWIBUIKOCTI PyXy — OKpeMmi Biacrymu abo ix moex-  Z . o A
HaHHA 3a CTyneHsAMu. JUis BUPILICHHS AesKuX 3a- 2 20 *le o °
Jad, 0cOOJIMBO MOB’SI3aHUX 3 JIOCITIIHUMH HANPSIM- = 15 o ¢ e
KaMH, TaKoro miaxoay HemoctatHbo [15, 16]. Jlms g 10 ! s i ' ¢
BUPIIIEHHS 3a1adi JOCIi/DKeHHS BIUIMBY HasBHOC-  — 05 I sial 1l 21311 20 3
Ti mepei3ly Ha cTaH Kouii aHami3yBaBcsl TaKUil MO- 0.0
KasHHK, AK IUIOMIa, IO 06M.e7Ky€”FI’CH HEPIBHICTIO,  pyc. 3. [Tokasuuk BiJIXWMJIEHD Y BEPTUKAIbHIM TUIOIIUHI:
3allMCAaHOI0 Ha CTPIYIl KOJIIEBHMIPIOBAJILHOIO Ba- 2 — B 30Hi nepeiszay; 1, 3 — na Biacrani 100 m
roHa, npusezeHa 10 1 m gosxunu. Hamani Oyaemo 70 i micis mepeisy Bianosinuo,

A, B, C — ninsHKY 3 BaHTa)KOHAIIPYKEHICTIO

HAa3WBATH IO XapaKTCPUCTUKY ITOKA3HUKOM Bi XH-
H P p Y A 75, 72 i 84 mute TKM/KM OPYTTO
JICHb.
Sk mpuKkiaam, IS TPHOX TUISHOK 3 PI3HUMH Fig. 3. The rate of deviations in the vertical plane:

3HAYEHHAMH BaHTAKOHAIPYXKEHOCTI Ha puc. 3 i 4 2 —in the area of relocation; 1, 3 - at a distance of 100 m
before and after the move, accordingly;

HaBEJEHO IMOKAa3HUKH BiIXWUJICHb U BEPTHKAJb- A, B, C — areas with working capacity
HOI 1 TOPU3OHTAIBHOI TUIOIHH. 75, 72 and 84 million tkm/km gross
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Puc. 4. [Toka3HHK BiIXHUICHD
Yy TOPU3OHTANBHIHN TUTONTHHI:
2 — B 30HI mepei3ay;
1, 3 —na Biacrani 100 m
10 1 micas mepei3ay BiINnoOBiAHO;
A, B, C — #insgHKH 3 BaHTQ)KOHAIPYKEHICTIO
75, 72 i 84 mutH TKM/KM OpYTTO

Fig. 4. The rate of deviations
in the horizontal plane:
2 —in the area of relocation;
1, 3 —at a distance of 100 m
before and after the move, accordingly;
A, B, C — areas with working capacity
75, 72 and 84 million tkm/km gross

BukoHaHWT CTAaTUCTHYHHMHA aHaNI3 ITOKa3aB
CTIKY TEHIEHIIiI0O 3POCTAaHHS TOKa3HWKA BiIXH-
JICHb B 30HI PO3TalllyBaHHs mepei3ay. Sk mpaBuio,
MOKa3HUK BijxwieHb 3pocTtaB B 1,3—3,2 pa3y B Be-
pTukansHii ToronuHi Ta B 1,2—2,0 pa3u y ropuzo-
HTaJIbHIN TUIONIMHI MOPIBHSHO 3 JUISHKAMHU 34 Me-
JKaMu 1epeisay.

BuBdeHHs mporeciB HakonmuyeHHs nedopMartiit
B 3aJI3HUYHIN KOJIii B MIJIOMY 1, 3BiCHO, ONITUMIi3a-
Iis KOHCTPYKIIT KOJii Juist iX MiHIMi3allii Ha ChO-
TOJHI € BaXIIMBOIO 33J]a4elo, SKa BUCBITIIOETHCS
SK YV BITYM3HSHUX, TaK i 3aKOPIAOHHUX TpaIix, Ha-
npuknan [7, 17, 18].

JociikeH s moKasau, 10 JJIs 30HH nepeizny
MOSIBA 1 PO3BUTOK BiIXHMIIEHBH B KOJil B OCHOBHOMY
€ HacHiAKOM IBOX (haKTOPiB: OCOOIMUBOCTI BHKO-
HaHHA BUIPABOYHO-NMIAOMBOYHHX pOOIT 1 3MiHH
y KOHCTPYKLIi KOJIii.

PosrnsHeMO 0COOIMBOCTI KOHCTPYKITT KOJiT
B 30HI Mepei3ay, sAKi BIUIMBAIOTh HA XapaKTePUCTH-
KM ii HampykeHo-JepopMOBaHOTO cTaHy. Hactun
CydYacHOTO 3alli3HWYHOTO TMepei3ay, SK MpaBuio,
CKIIAJIAETHCSI 3 TPHOX PSAIB 3a1I300€TOHHUX TUIHT.
Jlis IBOKOJIMHOT AUISHKKA KOXEH pSJi Ma€ IIiCTh
TUTHT, SIKi YKIQAARTHCS 10 1 MICIs PeUKH 1 MalOTh
o0mHpaHHA 3 JKOPCTKUM KPITUICHHSIM JI0 3ajli300e-
TOHHOI IIMajiy CHeliaJbHOi KOHCTPYKIUii, puc. 5.
ITo moBxuHI KOMii KOKHA TUTUTA MPUKPIIICHA 10
I’ SITH I,

3 — 3ami3o0eToHHA UNTA; 4 — TPOTyapHi IUTUTH

Fig. 5. The scheme of connecting the slabs
with the sleeper at a railroad crossing:
1 —rake; 2 — concrete sleeper; 3 — concrete slab;
4 — paving slabs

[Mixg yac mporuHy KoJii BiA Aii pyXoMoro ckia-
Iy TUTATH Tepei3ay OyIayTh MpaIioBaTH sIK pedpa
KOPCTKOCTI, MOETHYIOUN B3JOBXK IUIMTH BEpTHKA-
JIbHI TIEPEMIIICHHs INHajl 1 BiJNOBIAHO peHKH
(3 HEeBeNMKOI BUTBHICTIO 32 PaXxyHOK HAasBHOCTI
ninkragok). OmiHUTH OOpPHCH TPOTMHY PpEeHKH
B MiCIIi ITepei3y MOXKHa 3a JJOIOMOTOI0 3aJIeKHOC-
TEH, 10 BUKOPUCTOBYIOTHCS B PO3paxyHKaxX KOJii
Ha MminHicTs [1]. BpaxyBatu cmijibHy po0OTy Ha
MIPOTHH OMUCAHOI BHIE KOHCTPYKITii MOYKHA TIpe-
CTaBUBIIHU 11 K OaJiKy 3 BIJIMOBIIHUM 3HAYCHHSIM
MOMeHTY iHepuii. B nmpuBeaeHHi 10 onHiel peiiku
1 BpaXxOBYIOUH YePTyBaHHS IITAJl 1 MKIITIAIBHOTO
npocropy OyJI0 BH3HAUEHO 3HAYCHHS MOMEHTY
iHepUil MOoNepeyHoro mepepizy y BepTHKAILHOMY
Hanpsamky 4-10° cm”,
Toni mporuH pelKkn MOXKHA BH3HAYUTH 3a (Po-
pMyII0I0
z(x)=P—ke’kX(coskx+sin kx), (3)
2U
ne P — BeprukampHa cuia, nmitoya Ha peiky; Z —
BEPTHKAJILHUH NPOTHH; X — BIJICTaHb IO PEHIl Bij
TOYKHM NpUKIafganHs cunr; U — Momylis mpysKHOC-
Ti miapelikoBoi ocHoBH; K — kxoedillieHT BiAHOCHOT

YKOPCTKOCTI
i
4El

ne | — momeHT inepuii Oanku; E — mMomyns mpy-
JKHOCTI OaJKu.

[puknag TporMHy peHKHM BiJg BEPTUKAIBHOI
cmi 100 xH asist Mogysist mpy>KHOCTI MiApeKoOBOi
ocnosu 50 MIla HaBeseHo Ha puc. 6.

(4)
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Bizcranp Bij TOYKHM NPUKIAAaHHS CUIIH, M
Puc. 6. [Iporun peviku 1o JOBXKHUHI:
1 — 3BuvaiiHa Kolis; 2 — B Mexax nepeizmy

Fig. 6. The deflection of the rail length:
1 - normal gauge; 2 — within the move

JilicHuii MOmyJb MPY>KHOCTI MiAIIAaIbHOI Oc-
HOBM B 30HI mepeizny Oyne 3aluIuaTHCS TaKUM
camMmuM, K 1 Ha iHIINA TPOTsHKHOCTI Komil. Ilpm
pO3TallyBaHHI HaBaHTAXEHHS B 30HI Iepei3my
MOXXHA HNPUHHATU PO3paxyHKOBHM MOAYJb MPYyXK-
HOCTI MiJpeHKOBOI OCHOBH, KW Oyne BiamoBina-
TH CIIBBIIHOIIEHHIO TPOTHHY (IMB. pHC. 6) i miro-
yoi cunmn. Buxonsun 3 1mux MipKyBaHb, IIPH PO3-
TallyBaHHI KoJic Bi3ka 110 (abo micis) i B Mexax
nepeizny po3paxyHKOBI MOAYJl TPYXHOCTI M-
pei-KOBOi OCHOBH Ui HUX OYIOyTh BiIPI3HATHCH
npubnu3Ho B 3 pasu. Taka pisHuis Habarato Me-
HIIIa TIOPIBHSHHO 3 Ti€l0, 110 Ma€ MiCIle B 30Hi Iie-
pexomy Bix OamacTHOI KOHCTPYKINT Komii 1o 0e3-
GamacTHOI (HAIpHUKIAZ, 3aTi3HHIHAN MicT). Bee %
TaKu 11e MOXe OYTH MPUYUHOIO TIOSBU 1 PO3BUTKY
3QMITKOBAX BEPTUKAIBHHUX Jaedopmartii Kol
(mpocamox) [3].

BrmB KoHCTpYKLii KOJii B 30HI Mepei3ay Ha
(hopMyBaHHS MOJyJISI TIPY>KHOCTI KOJii B TOPH30H-
TanpHii mwiomuHi [2] He Takwmit cyrTeBuit. OCHOB-
HY pOJIb y 3pOCTaHHI BiJIOBIZHOTO IOKa3HHKA
BiIXHJICHb BiJIrparoTh OCOOJMBOCTI B TEXHOJOTII
BHKOHAHHS PUXTOBOYHHMX POOIT. SKImo Ha AiISH-
Kax MiX nepei3iaMi KOpPEeTyBaHHS IJIaHy BHKOHY-
€TBCS y MEXaxX OCHOBHOI TUIOIIAJKH 3EMIISTHOTO
MTOJIOTHA, TO B 30HI MEpei3ay Taki 3CYBH BHKOHATH
CKJIaJIHO, a TOMY 4YacTo Tepel i 3a mepei3HuM Ha-
CTHJIOM YTBOPIOIOTHCS HEPIBHOCTI B ILJIaHI.

HaykoBa HOBU3HA i IPaKTHYHA
3HAYNMICTDL

HalOynu nmomanpiivii pO3BUTOK MUTAHHS OI[IHKU
Ta JIOCII/PKEHHS PO3BUTKY HEPIBHOCTEH KOJIii.

3a pesynpraraMu OOpPOOKH CTAaTHUCTHYHUX [1a-
HUX OTpPHMaHI YHCIIOBI TOKAa3HUKH 301TbIICHHS

piBHSI HEpiBHOCTEH KOJTii B 30HI mepeizmy. O0rpyH-
TOBaHO OCHOBHI MPUYUHH 1X MOSIBH.

OtpumaHi pe3ynbTaTH OyIAyThb KOPHUCHI ISt
MIPOBEACHHS 3aX0/liB IIOJI0 MOIMIIICHHS IIaBHOCT1
PyXy Toi3/iB i TiABHUINEHHS PiBHSA KOM(OPTaOEb-
HOCTI 131H.

BucnoBxku

SaTi3HUYHANA TIepei3 ] € 30HO0 IMiIBUIIEHO] He-
Oesmeku IS 3aI3HUYHOTO Ta aBTOMOOLIBHOTO
TpaHCOpTy. Maibke MMOJIOBHHA BCiX MEpPEi3iB po-
3TAIIOBaHI Ha MapLIPyTaX OCHOBHMX IacCa’KUpPCh-
KUX TepeBe3eHb. Y 30HAax Mepei3ly BUHUKAIOTh
BEPTUKAIbHI 1 TOPU30HTAJIbHI HEPIBHOCTI KOJIii.
SIKI0 BOHHM 1 HE CTBOPIOIOTH HEOE3MEKU IS PyXy
MOi3/iB, TO BILTMBAIOTH HA IUIABHICTH PyXy 1 3HH-
KYIOTh piBeHb KoM(popTabenpHocTi 13/11.

Ha cporomni ocHOBHUM 3aco00M I 3HOMKH
HaTypPHOI TeOMETPii 3aIi3HUYHOI KOl 3aJIAIIAETh-
Csl CTpiuKa KOJNi€BUMIpIOBANBLHOTO BaroHa. OHak
nei 3acié ycknamHioe Oe3nocepeaHe BU3HAUCHHS
TOYHOT'O T€OMETPUYHOTO TTOJIOKEHHS KOJIii.

BukoHaHuil cTaTHCTMUHMHA aHali3 IIOKa3aB
CTIMKy TEHJEHIIO 3pOCTaHHS HEPiBHOCTEH Kouii
B 30HI poO3TallyBaHHs mnepeizay. Sk mpasuio, pi-
BEHb HEPIBHOCTEH B BEPTHKAIBbHINA IIOMIMHI 3pOC-
tae B 1,3—3,2 pasy ta B 1,2—2,0 pa3u y ropusoHra-
JIBHIM TUIOIIWHI TOPIBHSAHO 3 JUITHKAMHU 332 MeXa-
MU TIepei3ay.

JocnipkeHHs MoKa3aly, 0 TMosSBa 1 PO3BUTOK
HEpIBHOCTEW B KOJIii y 30HI Mepei3y B OCHOBHOMY
€ HACJIJKOM JBOX (DaKTOPiB: OCOOIMBOCTI TEXHO-
JIOTii BUKOHAHHS BUIIPABOYHO-TIIIONBOYHHUX POOIT
1 3MIHH Y KOHCTPYKIIi1 KOJIi.

[lig yac mporuHy Kodii Bix Aii pyXoMoro ckia-
Iy B 30HI Mepeizmy HOTo TUTHTH MPAITIoI0Th K peo-
pa JKOPCTKOCTi, OOMEXYIOYH IPOTHHH pPEHKO-
mmansHoi peuritky. [Ipu po3ramryBaHHI Koulic Bi3-
ka 70 (abo micist) i B Mexax mepei3ay po3paxyH-
KOBI MOJYJIi TPYKHOCTI MiJPEHKOBOI OCHOBH,
NpUBEACHI A0 TOYKH KOHTAaKTy Kojeca, MOXYTb
BiJIpi3HATHCH 10 3 pas3iB.

3 HaBeIEHHWX pe3yJIbTATiB BUIUIMBAE, IO JIOKa-
JIbHI 3MIHH KOPCTKOCTI KOJIii, SIKi MaroTh MICIE Ha
3aIi3HUYHMX TIepei3fax, MaroTh BIJIMB HA yMOBH
B3a€EMOIIi KOJIii 1 PyXOMOTO CKJIamy, TUIaBHICTh
pPyXy 1 KoMmpopTabeabHICTh 13/11.

doi: 10.15802/stp2015/55341

© M. b. Kyprau, 1. M. Kypras, O. ®. JIyxuupkuit, 2015

91



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

Hayka ta nporpec Tpancnopty. BicHux J{HinponeTpoBCEKOro

HaLiOHAJIIBHOTO YHIBEPCHTETY 3aili3HH4HOro TpaHcnopty, 2015, Ne 5 (59)

3AJIIBHMYHA KOJIIA

10.

CIIMCOK BUKOPUCTAHUX JIKEPEJI

Haninenxo, E. 1. TlpaBuia po3paxyHKiB 3aJ1i3HHY-
HOI Kouii Ha MinHicTh 1 cridikicts : II1-0117 /
E. 1. daninenko, B. B. Pu6kin. — KuiB : Tpanc-
nopt Ykpainu, 2004. — 64 c.

Hanunenko, 2. U. TeopeTuueckoe perieHue 3aaa-
YH I10 OTIPEEIICHUIO PealbHOT0 OOKOBOTO MOTYJIS
YIPYroCTU IMYyTH, IPH COBMECTHOM NCHCTBHM Ha
PENBCOBYI0 HHUTh TOPH3OHTAJBHBIX M BEPTHKAIb-
ueix cun / D. WU. Jlanunenxo, B. I1. Bemuner //
TpaHCcOpTHI CHCTEMH 1 TEXHOJIOTII : 30. HayK. Tp.
Jlepx. eKOHOM.-TeXHOJ. YH—Ty Tpancn. — 2014, —
Ne 24. - C. 106-122.

Kypran, 1. M. [lo BupinieHHs 3aJa4 po3paxyHKy
KOJIIT Ha MILHICTh 13 ypaxyBaHHSIM HEpiBHOIPYXK-
HOCTI migpeiikoBoi ocHoBH / JI. M. Kyprau // Hay-
Ka Ta mporpec Tpacu. Bicu. /lninpomerp. Hai.
yH—Ty 3aii3H. TpaHcm. — 2015. — Ne 1 (55). —
C. 90-99. doi: 10.15802/stp2015/38250.

Kypran, H. Bb. Ilpeanoceuiku co3gaHusi BBICOKO-
CKOpOCTHBIX Maructpaneii B Ykpaune / H. b. Kyp-
rad // Vkp. 3amizani. — 2015. — Ne 5-6. — C. 16-21.
Jlanmna, JI. I'. AHanmm3 CTaTHCTHYECKUX XapakTe-
PHCTHK TPOCATOK PEIBbCOBBIX HUTEW M IOCTPOE-
Hue 6a30BbIx HepoBHOCTeH ryTH / JI. I'. Jlanuua //
Texn. mexanuka. — 2013. — Ne. 1. — C. 17-24.
Meronrka BU3HAUE€HHS JOIYCTUMHUX HIBUAKOCTEH
PyXy IOi31iB Ha CKJIQJHUX JIUITHKaX IUIaHy 3aji3-
wuni / M. B. Kypran, I. M. Kypran, H. I1. Xwme-
nescbka, C. lO. Baiimak // Hayka ta mporpec
TpaHcn. BicH. /[HinmpomeTrp. Ham. YH-Ty 3ali3H.
tpancr. — 2014. — Ne 2 (50). — C. 83-94. doi:
10.15802/stp2014/23760.

HayuHble OCHOBBI MOJEIMPOBAHUS B3aMMOJEICT-
BUS ITyTH ¥ TIOJBIXKHOTO COCTaBa B COBPEMEHHBIX
ycaoBusx akcrutyatanuun /| M. M. XKenesuos,
B. O. Iles3uep, B. I1. Conosses, C. C. Hagexwuw //
Broterens OYC OAO «PX]I». — 2014. — Ne 4. —
C. 21-29.

[onoxxeHue 1o orneHke (HaKTUIECKUX MapaMeTpOB
YCTPOMCTBA KPHBBIX Y4YacTKOB IIyTH BaroHaMu-
MYTEU3MEPUTEISIMH, PACUETy pPallMOHAJBHBIX Ma-
paMeTpoB YCTPOMCTBA KPHUBBIX IS UX IACIIOPTH-
sanun . LIIT-46/2. — Mockea : OAO «PX]I»,
2009.-43c.

[omoxxeHHSs TPO NPOBENEHHS IUIAHOBO-3aIl0-
ODKHUX PEMOHTHO-KOJIHHHUX POOIT Ha 3ali3HHUIIAX
Vkpainu : III1-0287 / A. baGenko, I'. JIuHHUK,
K. Moiiceenko [ra in.]. — Kuis : JleBanta, 2015. —
45 c.

[IpaBuna BH3HAUYCHHS MIiABHUIIEHHS 30BHIIIHBO]
peHKM 1 BCTAHOBJICHHS JOIMYCTUMHX IIBUIKOCTEH
B KpuBHX ginsHkax kouii : 1{I1-0236 / M. B. Kyp-
rad, A. M. Opnoscekuii, O. M. Ilatnacos [1a iH.].
— Kwuis, 2011. =52 c.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Pe3ynpTaThl SKCIITyaTalMOHHBIX HUCIBITAHUN Teo-
METPUYECKU-CHUIIOBOTO METO/Ia OLEHKH COCTOSHHUS
nytu. / B. C. Koccos, A. JI. bunyns, O. T'. Kpac-
HOoB, M. T'. Akares // Hayka Ta mporpec TpaHci.
BicH. /Inimponerp. Hal. YH—TY 3aji3H. TpaHCII. —
2013. — Ne 5 (47). — C. 97-104. doi: 10.15802-
/stp2013/17971.

Texnnueckue yciaoBust Ha pabOTHI MO PEKOHCT-
pykumu (MOJCPHU3ALMN) U PEMOHTY KEJIE3HOI0-
POXKHOTO TIyTH : YTB. pacnopsbkeHneM OAO
«PX[I» ot 02.05.2012 Ne 859 p. — Mockaa, 2012.
—-310c.

TexHiuHI BKa3iBKH MO0 OIIIHKH CTaHy PEHKOBOI
KOJi{ 3a MOKa3HIUKaMH KOJi€BUMipIOBaJIbHUX Baro-
HIB Ta 3a0e3medeHHs Oe3MeKW pyxy TOI3IIB
OpU BIACTYNax BiJ HOPM YTPHUMaHHS PEHKOBOI
kouii : III1-0267 / O. M. Ilatnacos, B. B. PuokiHs,
10. B. Ianeifuyk [ra in.] : 3atB. Hakasom Ykp-
samizuuti Big 1.02.2012 Ne 033-11. — Kuis : Tpasn-
cropt Ykpainu, 2012. — 25 c.

Yroma mpo acomiariro Mk YKpaiHOO, 3 OAHi€l
CTOpPOHH, Ta €BporieiicbkiM COr30M, €BPOIEHCH-
KHM CITIBTOBApPHUCTBOM 3 aTOMHOI €Heprii i iXxHiMH
Jep)KaBaMu-4JicHaMH, 3 iHIIOi croponn [Enek-
TpoHHHH pecypc]. — Pexwum moctymy: http://-
www.kmu.gov.ua/kmu/docs/EA/00_Ukraine-
EU_Association_Agreement_%28body%29.pdf. —
Hasga 3 expana. — [Iepesipeno : 7.09.2015.
YmanoB, M. U. CoBepmieHCTBOBaHHE OIIEHKH CO-
CTOSIHMSI ITyTH C MCIHOJIb30BaHUEM CpEIHEKBajpa-
THYECKHX OTKJIOHEHUH €ro reoMeTpUYecKHX Ia-
pamerpo / M. . Ymanos, A. M. Ilatnacos //
BicH. JIHimponieTp. HAIl. YH—TY 3aJi3H. TPAHCI. iM.
akax. B. Jlazapsaa. — [uinponerpoBebk, 2012, —
Bum. 40. - C. 109-114.

Vumkanos, B. PacueTHsle BO3MyILIeHHsI 1711 OLIEH-
K{ JHHAMHYECKHX KAdeCTB IPY30BBIX BAaroHOB /
B. Yuikanos, JI. Jlanuaa, Y. Manruenko // Hayka
Ta mporpec TpaHci. BicH. /lHinponerp. Hail. yH—
Ty 3ami3H. TpaHci. — 2013. — Ne 4 (46). — C. 135-
144. doi: 10.15802/stp2013/16600.

Fischer, S. A vasuti z(zottkd &gyazat és a sze-
mcsés kiegészitd rétegek ala beépitett georacsok
bels6 nyirasi ellenallasanak vizsgalata / S. Fischer
/I Sinek Vildga. — 2014. — Ne 4. — P. 22-27.
Fischer, Sz. Investigation of the reinforcement and
stabilisation effect of geogrid layers under railway
ballast / Sz. Fischer, F. Horvat // Slovak J. of
Civil Engineering. — 2011. — Vol. 19. — Iss. 3. -
P. 22-30. doi: 10.2478/v10189-011-0015-y.
Quantifying  Rail-Highway Grade Crossing
Roughness: Accelerations and Dynamic Modeling
/ T. Wang, R. R. Souleyrette, D. Lau [et al.] //
Transportation Research Board : 94nd Annual

doi: 10.15802/stp2015/55341

92

© M. b. Kyprau, 1. M. Kypras, O. ®. JIyxuupkuit, 2015



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

Hayxka Ta nporpec Tpancnopty. BicHuk J[HIIponeTpoBChKoro
HaLiOHAJIIBHOTO YHIBEPCHTETY 3aili3HH4HOro TpaHcnopty, 2015, Ne 5 (59)

3AJIIBHUYHA KOJIIS
Meeting : Ne TRB15-4825. — Washington DC, Crossings / J. G. Rose, B. R. Malloy, R. R.
USA. -2015. - P. 2-11. Souleyrette // Proc. of the Joint Rail Conf. JRC

20. Rose, J. G. Rehabilitation Assessment and Mana- 2014 (2.04-4.04.2014). — USA, 2014. — P. 3-14.
gement Practices to Ensure Long-Life, High- doi: 10.1115/jrc2014-3761.

Performance Highway-Railway At-Grade

H. b. KYPTAHY, . H. KYPT'AH?", O. ®@. JIYKULIKUI®

1Ka(1). «[IpoekTHpoBaHuE U CTPOUTEILCTBO AOPOI», JIHENPONETPOBCKUI HALIMOHAJIbHBIA YHUBEPCUTET
JKEJIe3HOOPOKHOTO TPAHCIIOPTa MMeHH akajaemuka B. Jlasapsna, yi. Jlazapsiua, 2, J{nenponerpoBek, Ykpauna, 49010,
ten./dakc +38 (056) 373 15 48, sn1. noura kunibor@mail.ru, ORCID 0000-0002-8182-7709

2*Ka(p. «]IyTp 1 myTE€BOE XO3AHUCTBOY», JIHETPONIETPOBCKUI HALIMOHAJILHBIN YHUBEPCUTET JKEJIE€3HOA0POKHOTO TpaHCIIopTa
UMeHH akazemuka B. JlazapsiHa, yii. JlasapsHa, 2, [lnenponeTpoBck, Ykpauna, 49010, tei./dakc. +38 (056) 373 15 42,
a11. moura kurgan@brailsys.com, ORCID 0000-0002-9448-5269

3Ka(1). «[IpoexTHpoBaHKE U CTPOUTEILCTBO AOPOr», JJHENpONneTpoBCKUH HAllMOHAJIBHBIN yHUBEPCUTET
JKEJIC3HOIOPOIKHOTO TPAaHCIIOPTa UMEHH akanemuka B. JlasapsHa, yi. Jlazapsina, 2, JlnenponeTpoBek, Ykpanna, 49010,
ten./daxc +38 (056) 373 15 48, a1 mourta oleg-luzhickii@ukr.net, ORCID 0000-0001-6519-7447

UCCJIEJOBAHUA HEPOBHOCTEM ITYTU B MIPEJEJAX
KEJE3HOAOPOKHbBIX IEPEE3/10B

Hean. [Tepeceyenne aBTOMOOMIIBHBIX JIOPOT € XKEJIE3HOW JOPOroi B OJJHOM YPOBHE — JKEJIE3HOJOPOKHBIH repe-
€371 — SBJISIETCS 30HOH MOBBIMICHHON OMACHOCTH VIS JKEJIE3HOAOPOKHOTO M aBTOMOOWIBHOTO TpaHcmnopra. ITourn
TIOJIOBMHA BCEX MEPEE3/I0B PACIIONIOKEHA HA MapIIPyTaX OCHOBHBIX MACCAKUPCKUX MepeBo3oK. OTCloa BO3HUKAET
npobiema coiepskaHusl U OOCITy>)KUBaHUSI MECT TIEPECCUCHNUS KEJe3HOH Aoporu 1 aBTonopory. Llensio nanHoi pa-
0OTBI ABISIETCS OLICHKA MPOLIECCOB BO3HUKHOBEHUS U Pa3BUTHUSI HEPOBHOCTEH IyTH B 30HE IMEpee3/ia U BBIIBICHHE
(axkTopoB, KOTOpBIe UX BhI3bIBarOT. MeToauka. Hanuune oTcTyIuleHU B IUIaHe M NpoduiIe B Mpeaenax >Keiae3Ho-
JOPO’KHOTO TIepee3/ia U Ha MOAX0Jax K HEMY CHIDKAIOT IUIaBHOCTB €376l 1 KoMpopT maccaxupa. Ha cerogus cymie-
CTBYIOT pa3HbIe CIIOCOOBI CheMKH HaTYPHOM FeOMETPHH JKEJIEe3HOIOPOKHOTO MyTH. [ MpoBeIeHUs UCCIIeI0BaHUH
OOJIBIIOrO KOJIMYECTBA YYaCTKOB 3a JUIMTEIbHBIA CPOK MX IKCIUTyaTaluy Haubonee yJoOHBIM, NPEXIe BCEro, yUH-
TBIBasI PEryJISIPHOCTH 3a€3710B, OCTACTCS JICHTA IyTen3MepHUTENbHOro BaroHa. OJHAKO ATOT CIOCO0 HampaBiieH Ha
OLIEHKY COCTOSIHUS JKE€JIE3HOJIOPOKHOTO IyTH, a HE sl ONpPENEIEeHUs] TOUHOIO FeOMETPUIECKOro MojaoxeHus. Tax,
NIPY TIOMBITKE ONPEAETIUTH N0 MyTEU3MEPUTENbHBIM JIEHTaM ACHCTBUTENbHbIE OUePTaHUsl HEPOBHOCTEH IIyTH BO3HU-
Kaer psn cinoxHocTedl. Pesyabrarbl. [IpoBeeHHBI CTATUCTUYECKUI aHAIM3 MOKa3aJl YCTOMYMBYIO TEHIEHLUIO
HaKOIUICHHSI HEPOBHOCTEH IyTH B 30HE paclojo)kKeHWs repee3na. Kak mpaBuiio, ypoBeHb HEPOBHOCTEH B BEpTH-
KaJIBHOM MIocKocTH Bo3pactaeT B 1,3—3,2 pasa, u B 1,2-2,0 pa3a — B TOpH30HTAIBHON IIOCKOCTH (10 CPaBHEHHIO
C y4acTKaMH, HaXO/IIIMMHUCS 3a IpeAeIaMu epee3aa). Bo Bpems mporuba myTd OT JeHCTBHS MOABIKHOTO COCTAaBA
B 30HE TIepee3/ia KeJe300€TOHHbIE TUTUTHI padoTaroT Kak pedpa )KEeCTKOCTH, OTpPaHIMYUBAsi MPOTHUO PEITbCOIITAIBHOMN
pewerku. IIpu pacoIoKeHnH KOJIEC TEICKKH 10 (MM IIOCIIE) U B IPeeax nepeesa pacueTHbIe MOAYIIH yIpyTo-
CTH TIOAPENbCOBOIO OCHOBAHUs, NPHUBEJICHHBIE K TOYKE KOHTAKTa KOJeca, MOTYT OTIMYaThCa A0 3 pas.
Hayunas HoBu3Ha. llonyuunu nanbHeiilee pasBUTUE BOIPOCHI OLICHKU U MCCIENOBAHUS Pa3BUTHUS HEPOBHOCTEH
nyTu. [lomydeHsl cTaTucTHYecKHe JaHHBIE IO HAKOIJICHHWIO HEPOBHOCTEH IyTH B 30HE mepeesna. [IpenocTaBieHsl
aHAJIMTHYECKHE OOOCHOBAHMS M3MEHEHMS XapaKTepHCTHK HAIpPSDKEHHO-Ie()OpMAaIllMOHHOW paboThI MyTH B MecTe
pacrionoxenus nepeesna. [IpakTuyeckass 3HaunMocThb. [loydyeHHbIE pe3ysbTaThl OyIyT HOJE3HBI IS IIpOBeEJie-
HUSI MEPOIPUSITHH 10 YJIYYIICHUIO TUIABHOCTH JABIYKEHHS TMOE370B M TOBBIIICHUIO YPOBHS KOMQOpPTaOenbHOCTH
€371bI.

Knrouesvie cnosa: xenesHONOPOXKHBINA Iepee3]l; BEpXHEE CTPOCHUE ITyTH; HEPOBHOCTU MYTH; pacyeT IMyTH Ha
MPOYHOCTB, 1e(OPMALIHMH ITyTH; IOITyCTUMBIE CKOPOCTH JIBHXKECHUS
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INEQUALITIES RESEARCH OF THE TRACK
AT THE RAILROAD CROSSINGS

Purpose. The intersection of highways and railways in one level — railway crossing, is a zone of increased dan-
ger for rail and road transport. Nearly half of all crossings are available on the main directions of passenger transpor-
tation. From this comes the problem of maintenance and service locations of intersection roads and railways. The
purpose of this work is to evaluate the processes of emergence and development of inequalities in the area of rail-
road crossings and identify the factors that cause them. Methodology. The presence of derogation from the plan and
profile within the railway crossing and approaches to it reduces evenness of riding and passenger comfort. Today,
there are various possibilities for shooting natural geometry of a railway track. For research on a large number of
areas during long service life, the tape of a track measuring car remains the most convenient. However, this tool is
directed to assess the state of the railway line and does not determine the exact geometrical position. When trying to
determine valid outlines of the track inequalities on track measuring tape, some difficulties arise. Findings. Per-
formed statistical analysis showed a steady trend of growth of inequalities in the area of the railway crossings. Gen-
erally, the level of inequalities in the vertical plane increases inl1.3—3.2 times and in 1.2-2.0 times in the horizontal
plane (compared with areas that are outside crossing). During the deflection lines of action in the area of railroad
crossing concrete slabs work as ribs that limit deflections of rail-tie grating. When placing the wheels of the bogie
before (or after) and within crossing the calculated modulus of elasticity under the rail base, brought to the point of
wheels contact can vary up to 3 times. Originality. Issues of the assessment and investigation of inequalities on
track started to be developed. The resulting statistics on inequalities accumulation gauge in the zone of crossing
were obtained. Analytical research changes in the characteristics of stress and deformation of the track at the site of
the conclusion of the railway crossing were presented. Practical value. Obtained results will be useful for measures
to improve the evenness riding of trains and increase the comfort level of passengers.

Keywords: railroad crossings; permanent way; inequalities of a track; the strength calculation of a track; defor-
mation of a track; the permissible speed of movement.
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INVESTIGATION OF INNER SHEAR RESISTANCE
OF GEOGRIDS BUILT UNDER GRANULAR PROTECTION
LAYERS AND RAILWAY BALLAST

Purpose. Using adequate granular materials and layer structures in the railway super- and substructure is able to
stabilise railway track geometry. For this purpose special behaviour of above materials has to be determined, e.g.
inner shear resistance. Inner shear resistance of granular media with and without geogrid reinforcement in different
depths is not known yet. Methodology. The author developed a special laboratory method to measure and define
inner shear resistance of granular materials, it is called «multi-level shear box test». This method is adequate to de-
termine inner shear resistance (pushing force) vs. depth (distance from the «zero» surface). Two different granular
materials: andesite railway ballast (31.5/63 mm) and andesite railway protection layer material (0/56 mm), and
seven different types of geogrids (GG1...GG7) were used during the tests. Findings. Values of inner shear resis-
tance functions of andesite railway ballast without geogrid reinforcement and reinforced with different types of
geogrids and andesite granular protection layer in function of the vertical distance from the geogrid plane were de-
termined with multi-layer shear box tests when the material aggregation is uncompacted and compacted. Only the
compacted sample was tested in case of the 0/56 mm protection layer. Cubic polynomial regression functions fitted
on the mean values of the measurements are described graphically. Determination coefficients with values of
R?>0.97 were resulted in all the cases of regression functions. Based on the polynomial regression functions fitted
on the mean values of the test results, three increasing factors were determined in function of the distance measured
from the geogrid. Increasing factor «A», «B» and «D». Originality. Multi-level shear box test, developed by the
author, is certified unequivocally adequate for determining inner shear resistance of reinforced and unreinforced
granular materials, e.g. railway ballast, protection layer. Practical value. The paper formulated the requirements of
using geogrid-reinforced railway ballast and protection layer material to stabilise railway track geometry, e.g. dewa-
tering, draining, separation, minimum ballast depth, and suggested geogrid types from investigated ones.

Keywords: railway ballast; geogrid reinforcement; granular protection layers; multi-level shear box tests; inner
shear resistance

this 2014 research work so a more complex picture
was given of inner shear resistance of geogrid-
reinforced granular layers and its increasing effect.

Introduction
The self-financed R&D work of MAV (Hun-

garian Railways) titled *Application of geogrids to
stabilize railway ballast” was carried out in the pe-
riod between 2009-2014, the entrepreneur was
Universitas-Gyoér Nonprofit Ltd., topic supervisors
were F. Horvat and Sz. Fischer. Research included
examination of test sections built in rail tracks
(analysation of geodetical measurements and rail-
way track geometry measuring-recording car
graphs), discrete element modelling of railway bal-
last (only between 2009 and 2011), and examina-
tion of laboratory multi-layer shear box tests. In
the following part of this article only research re-
sults of the latter part between 2012 and 2014 will
be presented in details. Not only railway ballast but
granular protection layers were also aimed at in

The author notes that the laboratory test series pre-
sented in this article is not enough to evaluate the
behaviour of the examined geogrids in rail tracks,
by all means new test sections will need to be cre-
ated and their continuous diagnoses is necessary.

Purpose

Using adequate granular materials and layer
structures in the railway super- and substructure is
able to stabilize railway track geometry [5, 9, 10,
11, 12, 13, 14, 15]. (The better the railway track
geometry the higher train speed can be reach [6, 7,
8].) For this purpose special behavior of above ma-
terials has to be determined, e.g. inner shear resis-
tance. Inner shear resistance of granular media
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with and without geogrid reinforcement in differ-
ent depths is not known yet.

Methodology

The theoretical background of the behaviour of
geogrid-reinforced ballast and its increasing effect
on inner shear resistance can be understood in de-
tails from the author’s Ph.D. thesis [1]. Due to con-
tent limit the execution of laboratory multi-layer
shear box tests will not be discussed here, they are
found in bibliography [4] and [3] in details. In the
following part of this article these sources will not
be referred to, but the knowledge of them is inevi-
table to understand the tests discussed hereinafter.

The origins of materials used for our multi-
level shear box tests:

— 31,5/63 mm andesite railway ballast:
KOKA K§- és Kavicsbanyaszati Ltd.,

— 0/56 mm andesite granular protection layer
Colas Eszakké Ltd., Szob quarry,

— geogrids: Tensar International s.r.o.

Tests before measurements:

— ballast particle distribution and particle
shape examination,

— particle size distribution test of granular
protection layer (provided by Colas Eszakké Ltd.),

— determination of resistance evolving on
each shear plane between the frame elements of the
empty shear box.

Laboratory measurements of inner shear resis-
tance in case of differently formed layer structures:

— determination of inner shear resistance of
railway ballast material (31.5/63 mm) without op-
erating vertical load with compacted and uncom-
pacted ballast material, with different types of
geogrids and without geogrid

— determination of inner shear resistance of
granular protective layer (0/56 mm) without oper-
ating vertical load with compacted granular protec-
tive layer without geogrid and compacted ballast
material with two different types of geogrids:

— compacted granular protection layer with
material, at layer structure created without geogrid,

— compacted ballast material, at layer struc-
tures created with seven different types of
geogrids.

To describe inner shear resistance 3-3 meas-
urements were performed for each arrangement
and each shear plane.

During the tests the elasticity modulus of the
base layer was E; =7.2 MPa. The thickness of the
ballast material and the granular protection layer
was 40 cm, the ballast material and the thickness of
the compacted sand layer laid under these layers
was 10 cm. One layer of Naue Secutex 151 GRK 3
type geotextile was laid between the sand layer and
the Austrotherm Thermopan plates (geometrical
and mechanical parameters of the geotextile are in
the referred literature).

Characteristics of geogrids applied
in laboratory tests

Seven different types of geosynthetics were ap-
plied during the laboratory tests:

-  GG1, GG2, GG3: (examined with railway
ballast and granular protection layer),

- GG4, GG5, GG6, GG7 (examined only
with granular protection layer).

With the exception of GG5 all geogrids are ex-
truded, whereas GG5 was with welded junctions.

Geogrids and their geometrical characteristics
are recorded in Table 1 and Figures 1-4.

Table 1

Geometrical characteristics of geogrids

Type of
geogrid/
geomet-
rical
charac-
teristics
[mm]

A 38.0| 47.0

GGl | GG2 | GG3 | GG4 | GG5 | GG6 | GG7

700 - | - | - | -
AL | - | - | - |390(320]| 470 -
Ar | - | - | - |39.0(320/|3150| -
A | - - | =1 -1]-1 - |40
A, (3200390 - | - | - | - |440
A, | - | - | -] -1]-1] - [600
Wr [0.80]1.10
W, - - -
Wr | - | - | - | - | -
W | - | - | -] -1]-1]250] -
Wi | - | = | - 6.00 | -
Wee | = | - | = | = | =] - |19
Wee | = | - | - | = | =1 - |19

8.00 | -
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geomet- Zf =<« ? A T
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charac- =
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Fig. 5. Particle size distribution
of granular railway protection layer material
[Source: Colas Eszakké Ltd.]
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Findings

Values of inner shear resistance functions of
andesite railway ballast without geogrid rein-
forcement and reinforced with different types of
geogrids and andesite granular protection layer in
function of the vertical distance from the geogrid
plane were determined with multi-layer shear box
tests when the material aggregation is uncom-
pacted or compacted with the method described in
the referred literature (only the compacted sample
was examined in case of the 0/56 mm protection
layer.) Due to content limit the summarized results
— the cubic polynomial regression functions fitted
on the mean values of the measurements — will
only be described graphically in Figures 6-7.

Marking: U.C. = uncompacted

Co=compacted

o 5 0 15 20 25 k] 35 40
Distance from geogrid layer (¢
- without geogrid a U.C
th G2

C., H

- without geogrid) ol nu (L8
ith GGy = Polynom, (L.

«oo Polynom. (C.,
<+« Palynom, (C.. wi

as Coy out geogrid)
<<=« Palynom, (C., with GG2)

Fig. 6. Mean values of pushing force
values and cubic polynomial
regression functions fitted
on the mean values of the measurements
in case of railway ballast material
(31.5/63 mm)

18 ! .\1Mrki|‘||,'.' (".=ﬂlm||1llt[(‘.[l ‘
PR S—— E
s - —
24 __,_.E"-.;;..__'-L%
i ___.-/-:._—-aiah
S """---.."""“3§
g =
Zs S
£ S~
=
= S~y
& 4 -~ -
SN8
H"hh
0 -~
35

without geogrid)

—Palynom, (C., with G(;2)

==Puolynom. {C., with GG4)
Polynom. (C., with GG6)

"

—Palynom, (C.. with GG3)
==Polynom. {C.. with GG:5)
=—Polynom. (C., with GGT)

Fig. 7. Mean values of pushing force values
and cubic polynomial regression functions fitted
on the mean values of the measurements
in case of granular railway protection
layer material (0/56 mm)

A compressive force of 0 kN was taken on the
40 cm distance measured from the geogrid plane as
a boundary condition, because on the upper plane
the shear phenomenon can not be interpreted. De-
termination coefficients with values of R?>0.97
were resulted in all the cases of regression func-
tions.

When geogrids were released after the shear
tests, no significant deterioration was experienced
in the cases of any types. However, some cases of
minor geogrid rib breakage were noticed but their
operational behaviour is not influenced by them.

Based on the polynomial regression functions
fitted on the mean values of the test results, in-
creasing factors were determined in function of the
distance measured from the geogrid, which have
the following mechanical meaning (the meanings
of all the five increasing factors are found in litera-
ture (1), in the present case only 3 of them were
needed):
increasing factor «A»: improving effect of
built-in geogrid in compacted layer (increasing
inner shear resistance)
increasing factor «B»: effect of compac-
tion in geogrid-reinforced layer
increasing factor «D»: improving effect of
built-in geogrid (increasing inner shear resistance)
in uncompacted layer.

In Figures 8-11, three different increasing fac-
tors were given for railway ballast (31.5/63 mm)
and granular protection layer (0/56 mm), and seven
types of geogrids in the function of the distance
were measured from geogrid plane.

22
2020 - Marking: C.=compacted
202,
5 18 +
£ 16+ . .
o
214
212 . |
S0
S8+

[
on

25

10 5020 5
Distance from geogrid layer (cm)

C., with GG1 - 31.5/63 mm
= (C,, with GG3J - 31.5/63 mm

= (., with GG2 - 31.5/63 mm

Fig. 8. Increasing factor «A» in case
of railway ballast material
(31.5/63 mm)
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1.6 4N

Value of increasing
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Distance from geogrid layers (cm)

~. with GG - 0/56 mm — ., with GG2 - /56 mm

C., with GG3 - (/56 mm —C., with GG4 - /56 mm
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C., with GG7 - 0/56 mm

Fig. 9. Increasing factor «A» in case
of granular railway protection
layer material (0/56 mm)

3
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Fig. 10. Increasing factor «B» in case
of railway ballast material (31.5/63 mm)
25
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=
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2171
ol BT
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g 0.9 - ! ! ! !
0 5 10 15 20 25 30 35
Distance from geogrid layer (cm)
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===L.C., with GG3 - 31.5/63 mm

Fig. 11. Increasing factor «D» in case
of railway ballast material (31.5/63 mm)

Originality and practical value

Based on the test results introduced in details it
can unequivocally be stated that the multi-layer
shear box test is suitable to determine certain high
coordinated points of inner shear resistance func-
tions typical of horizontal planes in granular mate-
rial aggrevations — in the present case in railway
ballast and 0/56-mm protective layers. With these
points and the application of 0 kN compressive
force taken as boundary condition on the upper

plane of granular material aggrevations, the inner
shear resistance function typical of horizontal
planes can be approximated with regression func-
tions, but the fact must be acknowledged that these
regression functions only provide approximate but
reliable results in heights of measurement.

Based on the results of laboratory multi-layer
shear box tests, it can unequivocally be stated that
inner shear resistance in both uncompacted ballast
and compacted granular protection layer is in-
creased with the adequate type of geogrid layer
built under the granular material aggregation in the
following way:

— inrailway ballast:

— Uncompacted layer without geogrid and in
case of GG3 reinforcement in 0-cm height, while
in case of GG1 and GG2 reinforcement the maxi-
mum of inner shear resistance functions is in the
5...10 cm zone above the geogrid, out of which
GG3 had the highest one, because with GG1 and
GG2 reinforcement the 38.0 mm and 47.00-mm-
sidelength regular triangle apertures were too small
compared to the 31.5/63 mm railway ballast parti-
cles, therefore the ’interlocking’ effect could not
fully evolve and take effect.

— Compacted layer both without geogrid re-
inforcement and with GG1, GG2 and GG3 rein-
forcement the maximum of inner shear resistance
functions were in about 10 cm- height above the
geogrid plane, in case of GG3 was the highest
value, in case of GG1 (application) weakening in
the geogrid plane, while in case of GG2 (applica-
tion) only little reinforcement could be determined,
they refer to the effects of smaller geogrid aper-
tures in compacted railway ballast. Reinforcement
in case of GG3 geogrid is 1.4...1.8 times higher
than in the case without geogrid.

— Diverging from the geogrid plane the ef-
fect of reinforcement prevails more and more with
all the three types of geogrids both in uncompacted
and compacted railway ballast. It is interesting that
the highest amount of reinforcement can be experi-
enced with GG1 geogrid in case of uncompacted
ballast in 30 cm height measured from the geogrid
plane, the lowest is with GG3 geogrid (Figure 11)
— its reason is not clarified yet on the contrary, in
compacted ballast (which reflects real-life operat-
ing rail tracks better) the optimum in the whole
layer thickness is gained with GG3 reinforce-
ment/application containing bigger apertures.
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— In compacted granular protection layer:

— the maximum of inner shear resistance
functions is in the 5...10 cm height in cases with-
out geogrid and with GG1 and GG5 reinforcement,
whereas in the cases of other geogrid types it is in
the geogrid plane. Reinforcement was achieved
with all the geogrid types in the geogrid plane, the
highest with GG3, the lowest with GG5, on the
contrary, in the whole layer thickness in 10/15...30
cm height GG1, GG3, GG4 and GG7 types do not
even reach the value of the inner shear resistance
measurable without geogrid, so in this interval
slight weakening can be measured. It is an interest-
ing phenomenon that the minimum of reinforce-
ment is in the 15...20 cm zone with GG2, GG5,
GG6 and GG7 types. GG6 type is able to reinforce
the granular protection layer in the biggest interval,
if achieving the highest reinforcement in the
geogrid plane is the aim, applying GG3 type is not
recommended, because it is only able to ensure
90...95% of the inner shear resistance of the origi-
nal granular material in the 20....30 cm height.

— Inner shear resistance (Fig. 10) is signifi-
cantly increased by compaction in geogrid-
reinforced railway ballast, the effect is the highest
in case of GG3 (2.6 times in the 30 cm height),
reinforcement has a maximum in the 15...20 cm
height with the application of GG1 and GG2,
where 1.9 times higher value can be measured than
the inner shear resistance of uncompacted but iden-
tical geogrid-reinforced railway ballast.

Based on the results above further observations
are made:

— The separation of ballast and protective-
reinforcing layer or the material of substructure
earth works, the application of geocomposite are
highly recommended considering the viewpoints of
adequate dewatering and draining, or in such
a case the interlocking of ballast particles into the
geogrid apertures must be generated (geotextile
bonded on geogrid or geotextile laid on the geogrid
without bonding are suitable for this purpose, but
with welded geogrids (e.g. GG5) the factory geo-
textile geocomposite, which laid between the
geogrid ribs during the welding is not suitable
[1, 3, 4]

— A minimum of 23-33-cm ballast thickness is
needed for ballast cleaning and tamping in railway
ballast under the bottom plane of the sleeper, so this
technological limit must be considered when planning.

— The application of GG3 geogrid is recom-
mended with railway ballast.

—  Principally the application of GG2, GG5
and GG6 types is recommended with 0/56 mm
granular protection layers when the aim is rein-
forcement in the whole layer thickness, if the rein-
forcement in the geogrid plane is necessary, GG3
is recommended.

Conclusions

In the article the inner shear resistance of geogrids
built under the railway ballast and the 0/56 mm
granular protection layer were investigated with
a multi-layer shear box specifically developed and
manufactured for this purpose. During my examina-
tions uncompacted and compacted railway ballast,
and seven different types of geogrids in case of com-
pacted granular protection layer were studied. Inner
shear resistance of the railway ballast and the granu-
lar protective layer was determined for cases without
geogrid and reinforced with different types of
geogrids in compacted and uncompacted condition,
moreover, reinforcing effects were described with
three kinds of increasing factors at each variant.

During laboratory multi-level shear box tests
a more widespread analysis of the effects of geogrids
built under the railway ballast for track geometry sta-
bilization can be improved in the future with:

— application of used railway ballast that is
sharp-edged, i.e. in new condition and consisting of
rounded particles,

— usage of dry, wet and oily railway ballast,

— examination of layer structures built on dif-
ferent substructural strength modulus bases (perhaps
bonded ballast base [2, 16],

— application of different ballast thicknesses

— usage of other, different types of geo-
grids/geocomposites,

—  tests performed under vertical load,

—  perform of dynamic tests,

Further research possibilities with geogrid-
reinforced layers are the following:

— examination of layer structures built on dif-
ferent substructural strength bases,

— usage of different layer thicknesses,

— application of several geogrids simultane-
ously in the layer structure (e.g. in 0 cm and 20 cm
height),

— usage of
grids/geocomposites,

different of

types geo-
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—  tests performed under vertical load,
— execution of dynamic tests.
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MCCJIEJOBAHUE BHYTPEHHETO CONIPOTHBJIEHUS CABUI'Y
TEOPEIIETOK, YJIOKEHHBIX ITOJT BAJIJIACTHBIN CJION
JUISI ETO 3AIIATHI

Hens. Vcronp3oBaHHE COOTBETCTBYIOIIMX CHITYYMX MATEPHAIOB W MHOTOCJIOWHBIX CTPYKTYp Ha Makpo-
U MHKPOYPOBHE KOHCTPYKIMH J>KEJIE3HOAOPOKHOTO IYTH CIIOCOOHO CTAaOMIM3MPOBAaTh TI'€OMETPHUIO JKEIe3HOM
goporu. Jlns peanuzanMu  3TOM ILENM  JOJDKHBI OBITH  ONPEAENEHbl COOTBETCTBYIOIIME XapaKTEPHCTUKH
NPUMEHAEMBIX MaTepUajoB, B T.4. BHYTPEHHEE COINPOTHBICHHE CIBHI'Y. BHyTpeHHee CONPOTHBIICHHE CABUTY
CBINIYYHMX MaTepualioB C apMHPOBAaHHMEM TeOpelIeTKOW M 0e3 Hero — Ha pas3HbIX TIIyOMHax I0Ka He H3Y4eHO.
MeTtoauka. ABTOpoM pa3paboTaH CrelHUalibHBIN J1abOpaTOPHBI METO]] U3MEPEHUsI M ONpe/esIeHHsT BHYTPEHHETO
COIIPOTHBIICHHS CIIBUTY 3€PHUCTBIX MaTEPHAIIOB, KOTOPBI Ha3bIBACTCSI KMHOTOYPOBHEBBIH OOKC TECTUPOBAaHUS Ha
CIBUI». DTOT METOJ SBJISCTCS aJCKBATHBIM Ul OMPEACICHUS] BHYTPEHHET0 COMPOTUBIICHHUS CIBHUTY (CIBHIAIOIIAS
CHJa) B 3aBHCHMOCTH OT DyOHHBI (paccTosHHE OT «HYJEBOI» MOBEpXHOCTH). Bo BpeMs HcHbITaHUil ObLIO
paccMOTPEHO J1Ba Pa3IMYHbIX ChIMyYuX MaTepuana: 6awtact (31.5/63 Mm) u cioii 3amuTHOTrO Marepuaia (0/56 mMm),
a TaKkke CceMb pasIMuHBIX THIMOB TreoperreTok (GG1...GG7). Pesyabrarhl. VcHbITaHUSMH, TPOBOIUMBIMH
C HCIOJIb30BAaHUEM MHOTOYPOBHEBOIO OOKCa TECTUPOBAHWS HA CIBHT, OIPEICICHBI 3HAYEHHs BHYTPEHHETO
CONPOTHBIICHHS CIBUTY 0ailiacTa, Kak 0e3 MCIONB30BAaHUS apMUPOBAHMS, TaK U C MCIOJB30BAaHUEM YKPEIUICHUS
pasIMYHBIMM THHAMH reopemieTok. OHU TNPEACTaBIEHB B BHAEC (QYHKIMM OT INIyOMHBI B BEPTHKAILHOM
HaIIpaBJIeHUH JUIS YIUIOTHEHHOTO M HEYIUIOTHEHHOTO COCTOSHHUS Martepuana. [Ipu McciieoBaHUM 3alIUTHOTO CIIOS
0/56 MM paccMaTpHBAIKCh TOJBKO YIUIOTHEHHBIC OOpa3subl. YCTAHOBICHHBIC CPEOHHE 3HAYCHHS (GYHKIHMH
perpeccuu B BHJE KyOMYECKOro ITOJIMHOMA Npe/ICTaBIeHbl B TpaduueckoM Buje. sl BceX BapUaHTOB IMOJTYy4EHBI
3HaueHHs KOYQDUIHEHTOB AeTepMuHariy GyHKIHHE perpeccun R*>0.97. Mcronb3ys MOTHHOMHHAIBHbIE (YHKIMK
perpeccuy, TMOJY4YEHHbIE [0 CPEJHMM 3HAUCHUSM Ppe3yJbTaTOB UCIBITAHWH, YCTAHOBJICHBI TPH OCHOBHBIX
napamerpa B 3aBUCHMOCTH OT PACCTOSHHUI, H3MEPEHHBIX OT reopeueTke, — «A», «B» u «D». HayyHasi HOBH3HA.
Pa3paboTaHHbI aBTOPOM MHOTOYPOBHEBBI OOKC TECTUPOBAHHsI HA CABUI CEPTH(HUIMPOBAH KaK aJCKBATHBIA s
ONIpEeNIeNICHUsI BHYTPEHHETO CONPOTHUBIICHUS CABUTY apMHPOBAHHBIX M HEAPMHUPOBAHHBIX CBHITYYHX MAaTEpUAaJIoB,
B TOM ymcie Oamracta M ero 3amurtHoro cios. IlpakTHyeckasi 3Ha4yuMocThb. B cratee chopmyimpoBaHbl
TpeOOBaHMS M NaHBl PEKOMEHAAIMH 110 BBIOOPY THIIOB IEOPELICTOK IS YCHICHUS M 3aIlUTHl 0aiacta C LB
CTa0WIM3ali TeOMETPUH IIOJIOKEHHS PEJIbCOB, a TaKkkKe [yl ClIy4aeB JACTHIPUPOBAHUS, IPCHUPOBAHHS,
CerapupoBaHus ¥ HETIOIHOTHI OaIaCTHOTO CJIOS.

Knrwouesvie cnosa: 6amnact; apMUpOBaHUE T€OPEIICTKOM; TPaHyIMPOBAHHbBIEC 3aIIUTHBIC CIIOW; MHOTOYPOBHEBEIN
OOKC TeCTHPOBAHHUS Ha C/IBUT; BHYTPEHHEE COIIPOTHBIIEHHE CABUTY
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YKad. «Iudpactpykrypa Tpancriopry», Yaisepcurer Ceueni litana, GakynsTeT apXiTeKTypH, LHBLIBHOIO
i TPAaHCTIOPTHOTO MAaIMHOOY Iy BaHHs, YHiBepcuTeTchka mioma, 1, JI'ep, Yropuguaa, 9026, Ten. + 36 (96) 613 544,
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AOCTI’KEHHS BHYTPIIIIHBOT'O ONIOPY 3CYBY I'EOPEHIITOK,
AKI BKUIAAEHI III/I BAJACTHHUHU IIAP UIA NOI'O BAXUCTY

MeTta. BuKopuCTaHHS BIANOBIIHUX CHITyYMX MaTepiaiiB i OararomapoBUX CTPYKTYp Ha Makpo- Ta MIKpOpiBHI
KOHCTPYKIIIi 3aTi3HUYHOT KOJIT 31aTHE cTa0LIi3yBaTH reoMeTpiro 3ai3Hull. s peamnizarii miei MeTH MOBHHHI OyTH
BU3HAUYCHI BIAMOBIJHI XapaKTEPUCTUKM MarepiaiiB, M0 BHUKOPHUCTOBYIOTHCS, y T.4. BHYTpILIHIH OMip 3CYyBY.
BHyTpinmHii omip 3cyBy CHITydMX MartepialliB i3 apMyBaHHSIM T'€OPEIIITKOI0 Ta 0e3 HhOI'0 — Ha PI3HUX MIMOWHAX
MOKM IO HE BUBYeHO. MeToamka. ABTOpPOM po3poOiIeHO creliaJbHUN J1abopaTopHUH METO]| BHUMIpIOBaHHS Ta
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BHU3HAYECHHS BHYTPIIIHBOTO OINOpPY 3CYBY 3€pHHUCTHX MaTepiaiiB, SKHA Mae Ha3By «0OaratopiBHEBHIl OOKC
TecTyBaHHs Ha 3CyB». Lleil MeTon € ageKkBaTHUM /Uil BH3HAYCHHS BHYTDIIIHBOTO OHOPY 3CyBy (Cmia 3CyBy)
B 3QJICKHOCTI Bif rmmbuaM (BiACTaHb Bim «HyIbOBOI» TOBepxHi). Ilig yac BUMpoOyBaHb OyJIO0 PO3TISHYTO 1B
pi3HuX cumyunx matepianu: 6amact (31.5/63 mm) i map 3axucuoro matepiany (0/56 Mm), a TakoXk CiM Pi3HUX THIIIB
reopewritok  (GG1...GG7). Pesyabratn. B pesynprati BUOpOOyBaHb, SKi MPOBOJWINCH 13 BHKOPHCTAHHSAM
OaraTopiBHEBOTO OOKCY TECTYBaHHS Ha 3CyB, BCTAHOBJICHI 3HAUCHHS BHYTPIIIHLOTO OMOPY 3CYBY Oanacty, sk 0e3
3aCTOCYBaHHSI apMyBaHHsI, TaK 1 3 BUKOPUCTaHHSAM YKDIIUICHHS Pi3HUMH THIIAMHU TeopelliTok. BoHu npencrasieHi
y Burmsini QyHKOii BiA TIMOMHU y BEPTHUKAIBHOMY HANpsIMKY JUIS YIIIJIBHEHOTO Ta HEYIIUIBHEHOTO CTaHy
pedoBunu. IIpu mocmimkeHHi 3axucHoro mapy 0/56 mm Oyim po3misiHYTI TUNBKM yiuinbHeHi 3pasku. CepeaHi
3Ha4eHHs (DyHKIIi perpecii y BUTISAAI KyOi4HOTO IOJIIHOMY, IO OyJHM BHW3HAYCHIi, MPEICTABICHI B TpadigHOMY
Bursigi. JUts Beix BapianTiB OynM oTpnMani 3HadeHHs KoedimieHTiB gerepmimamii dyHkiii perpecii R%>0.97.
BukopucToByrourn moJiHOMIHANBHI (QYHKINT perpecii, mO OTPHUMAaHO 3a CEPeOHIMH 3HAYCHHSMH pe3yNbTaTiB
BHIIPOOYBaHb, BCTAHOBIEHI TPHM OCHOBHI HapaMeTPH BiTHOCHO BifACTaHI BiA reopemmnitku, — «A», «B» i «Dv».
HayxoBa HoBu3Ha. bararopiBHeBuit G0KC TeCcTyBaHHs Ha 3CYB, 1110 OYB po3p0o0JieHNIT aBTOPOM, CepTU(IKOBAHHH SIK
AJICKBATHUI JUI BU3HAYEHHS BHYTPILIHBOTO OIOPY 3CYBY apMOBaHHUX i HEAPMOBaHUX CHITyYHX MaTepiajiB, y TOMY
yucii Oajacty Ta #oro 3axucHoro mapy. [IpakTuyna 3HaunmicTs. Y crarti cOpMyJIbOBaHI BUMOTH Ta HaaHi
peKOMeH Al 010 BUOOPY THUIIIB TEOPEHIITOK JJIsl HOCHIICHHS i 3aXucTy 0anacTy 3 METO cradimizallii reoMeTpii
TOJIOKEHHSI PEHOK, a TaKoX CTOCOBHO BHIAJKIB JIETiAPYBaHHS, JpPEHYBAaHHs, CElapyBaHHS Ta HENOBHOTH
GayacTHOTrO mIApy.

Kniouosi cnosa: 0Ganact; apMyBaHHS TEOPCIIITKOI, TpaHyJbOBaHI 3axHCHI mIapu; OaraTopiBHEBHH OOKC
TECTyBaHHsI Ha 3CyB; BHYTPIIIHIH o11ip 3cyBY
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INFLUENCE OF SHOCK VOLTAGE FROM THE ELECTRIC
DISCHARGE ON THE FATIGUE ENDURANCE OF CARBON
STEEL IN WATER

Purpose. The research supposes the explanation of influence of stress impulses from an electrical discharge
in water on the level of the limited endurance at a cyclic loading of the thermally work-hardened carbon steel.
Methodology. Material for research was steel 45 (0,45 % carbon) with concentration of chemical elements within
the limits of steel composition. Specimens for tests are made as plates in 1 thick, width 15 and length 120-180 mm.
The structural state of steel corresponded to quenching on a martensite from the normal temperatures of annealing

and tempering at 300° C, duration of 1 h. Microstructure was investigated with the use of electronic microscopy, the
density of dislocations was estimated on the methods of X-ray analysis. Hardness was measured on the method of
Rockwell (scale of «C»). A cyclic loading was carried out in the conditions of symmetric bend on a tester «Saturn-

10» at a temperature +20° C. The treatment by shock voltage from the electrical discharge was carried out in water
on setting of bath type «lIskra-23», used for cleaning of castings manufactures. Electric impulses were formed at
15-18 kV with energy of 10-12 kJ and amplitude of 1-2 GPa. Findings. As a result of processing pulses of a pres-
sure wave of heat-strengthened steel 45 found the increase of endurance under the cyclic loading corresponds to an
increased amount of accumulated dislocations on the fracture surface. The use of Coffin-Manson Equation allowed
finding the decrease of deformation per cycle of loading as a result of arising stress from an electrical discharge in
water. On the fracture surface (after pulse exposure) was found the increased number of dislocations, located in dif-
ferent crystallographic systems, that is a testament to the rather complicated development of dislocation transforma-
tions in the structure of steel, which provide an increase of endurance at a fatigue. The increase of the limited endur-
ance became as a result of impulsive treatment largely related with the number change of mobile dislocations. For
the area of low-cyclic fatigue the growth of amplitude of loading is accompanied with the decrease of distinction in
the values of the limited endurance (before and after the treatment of shock voltage). Originality. For the field of
high-cycle fatigue, the result of shock voltage of carbon steel with the structure of the improvements, the increase of
limited endurance is accompanied with a decrease in deformation per cycle. As far as growth of amplitude of stress
cycle the effect of increase of endurance from treatment of metal by the shock voltage declines. Practical value.
Treatment of metal by the impulses of pressure waves from an electrical discharge in water can be used for the time
extending of exploitation details of the rolling stock, which are subjects of the cyclic loading.
Keywords: hardness; distribution; impulse of pressure; electric discharge; limited endurance
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Introduction

Regardless of the circuit loading, the observed
changes of the internal structure of metal materials
are determined largely by the conditions of defor-
mation. At a constant temperature and the appear-
ance of the loading cycle, depending on the magni-
tude of amplitude exceeding the endurance limit,
the qualitatively different structural changes in me-
tallic materials are observed [2]. For the fields of
little or a high cycle fatigue the increase in the dis-
location density and their redistribution, the num-
ber keeping of dislocations in a non-blocking state
are among the major factors that determine stock
endurance metal [14]. On this basis, the use of ex-
ternal influences such as the introduction of addi-
tional harmonics in the loading cycle, or interme-
diate treatments, for example by passing an im-
pulse of electric current [6,10], can significantly
change the processes course of structure formation
development under the cyclic loading.

The state of the question

The technology of processing metal materials
using a shock wave, with relative ease of imple-
mentation, was widely adopted. [4]. This technol-
ogy allows to solve difficult tasks, such as defor-
mation in the manufacture of large-size products,
their hardening or welding of the individual ele-
ments construction. The achieved effect has an
explicit dependence on the threshold voltage with
the passage of the shock wave in the metal, de-
pending on the level of disposable energy input, or
pulse resulting voltage [7, 13], their amount, the
achieved effect has an explicit dependence on the
threshold voltage with the passage of the shock
wave in the metal. Moreover, as the experience of
use said the impulse treatment to harden metal, the
achieved result in several times may exceed the
effect of equivalent plastic strain [4, 12].

Known experimental results [4, 5] indicate that
the process of hydraulic shock encountered when
forming an electric discharge in the liquid the
achieved effect for most of metal materials is ade-
quate hardening. On this basis it is quite natural to
expect the increase in the number of crystalline
structure defects. The results of studies that indi-
cate a qualitatively different influence of the pa-
rameters of the specified impulsive loading have
a particular scientific and practical interest. Thus,
in [4] it is shown that the increase of the amplitude

of the emerging pressure wave largely determines
the increase in the number of dislocations and in-
crease the pulse duration at constant amplitude
mainly affects on the process of displacement.

There is almost no information on the influence
of energy and number of pulses on several proper-
ties, including enduring quality of metal under the
cyclic loading, except the known restrictions on the
use of the technology shock pulse processing in the
manufacture of certain products [5].

Purpose

Explanation of the effect of the resulting volt-
age pulses from electric discharge in water on the
magnitude of the limited endurance of thermally
hardened carbon steels under cyclic loading.

Methodology

The research material was steel 45 (0.45% of
carbon) with the concentration of chemical ele-
ments within the grade composition. The test
specimen produced in the form of plates thickness
1, width 15 and a length 120-180 mm. Structural
state of steel corresponded to quenching on mart-
ensite from the normal heating temperatures and
annealing at 300 C, with duration of 1 h. The mi-
crostructure was investigated using the electron
microscopy; the dislocation density was evaluated
by the methods of x-ray structural analysis [1]. The
hardness was measured with Rockwell method
(scale «C»). Cyclic loading was performed under
conditions of symmetrical bending on a testing
machine «Saturn-10» at a temperature of +20 C.
Treatment of shock voltage (SV) from the electric
discharge in water was performed with the installa-
tion of bath type «lIskra-23» used for cleaning of
foundry products. The electrical pulses formed at
a voltage of 15 to 18 kV with energy of 10-kJ and
the amplitude of 1-2GPa. Metal processing con-
sisted in the set of pulses number up to 15 thou-
sand, at a frequency of 2-3Hz.

Findings

In the present research when choosing a struc-
tural condition of carbon steel as a result of tem-
pering on martensite and annealing 300 C the au-
thors were guided primarily by the need to achieve
the simultaneously a high density of crystal struc-
ture defects and sufficient endurance under the cy-
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clic loading metal. The analysis of the microstruc-
ture showed that as a result of the treatment (Fig.1)
the signs of the initial stages of emission of finely
dispersed carbide particles on the dislocations,
situated in the middle of the martensite strips and
at their boundaries were found. Moreover, as it
shown in [9], the evidence of the dislocations re-
combination beginning, which can result in a de-
crease of the dislocations density and formation of
dislocation nonmonotonicity in the distribution, is
the reduction of the contrast image of the micro-
structure. The observed loss of contrast of an im-
age in separate places of the wide walls of disloca-
tions (Fig.1) with simultaneous decoration of car-
bon atoms can be regarded as evidence of the al-
most total absence of mobile dislocations. On this
basis, it can be assumed that the majority of dislo-
cations introduced into the metal during the forma-
tion of martensite crystal, after the following holi-
days are not able to move under cyclic loading.

——— .
| - -
\
\

3

Fig. 1. Structure of steel 45 after tempering

and annealing at 300° C.
Magnification is 14000 x 1,3.

To analyze the degree of compliance of the ob-
tained results with known experimental data of the
investigated steel after annealing and tempering
without cyclic loading was exposed by SV. In state
after annealing and tempering the steel 45 had
a hardness HRC of 46.6. The obtained values are
in fairly good agreement with the known data
[3, 11]. After treatment of SV it was found that the
hardness increase of 11% (to 51.8 HRC), that does
not contradict to data [10, 12]. Thus, the impact
impulse from the pressure wave by the nature of its
influence on the heat-treated carbon steel should be
attributed to the hardening effect.

In Fig. 2 the areas graphs of cyclic loading that
correspond to low cycle and the transition region to
high-cycle fatigue are shown.

c,, kg/mm?

140 -
120
100
80
60
40
20
g 4

0 0,5 1 1,5

N, x10° cycle.

Fig. 2. The diagrams of cyclic loading
steel 45 after tempering and annealing

at 300° C (1) and after treatment of SV (2).

Firstly, the curve of cyclic loading steel 45 after
tempering and annealing of 300 (curve 1, Fig. 2)
was received. Further, knowing the number of cy-
cles that a metal can withstand before failure at
a certain value of amplitude (o,), the samples

loading to about 0,6-0,65 limited endurance was
carried out, they were exposed by SV and after that
the samples were brought to failure. The value of
the limited endurance was estimated as the sum of
the number of cycles before the SV and after the
final decay at a particular amplitude (curve 2).
Comparative analysis of progress curves indicates
the possible qualitative differences in the internal
structure of the metal with different structural con-
dition under the cyclic loading. For example, for
a field of low-cycle fatigue the increases of the
loading amplitude is accompanied by a decrease of
differences in values of finite life (before and after

SV), when c,=100 kg / mm? is practically absent.
Further extrapolation of the curves of cyclic load-
ing in the field of amplitudes exceeding
100 kg / mm? indicates the achieving of the oppo-
site effect: the impulse of the shock wave treatment
helps to reduce the limited endurance (Fig. 2). On
the other hand, the reduction o, regardless of pre-

vious processing, is accompanied by a correspond-
ing increase in the number of cycles before failure,
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and the observed more gently sloping curve run of
metal fatigue after SV indicates a fairly effective
impact on endurance. Indeed, exposing the carbon
steel to the action of pulses of a pressure wave in
water, the amplitude of the cyclic loading while
achieving the same endurance increases signifi-
cantly. This is especially noticeable for the transi-
tion curves of fatigue. On the other hand, for the
same amplitude of the cyclic loading, for example,
at 56 kg/mm? , the increase in endurance may ex-
ceed 30% (Fig. 2).

The analysis of changes in the dislocation den-
sity after reaching a certain level of limited endur-
ance of metal was conducted with the aim to ex-
plain the mechanism influencing the metal of the
voltage pulse from the passage of electrical dis-
charge in water. In Fig. 3 the change in the density
of dislocations depending on the number of load-
ing cycles and previous treatment is presented. Re-
gardless of the structural state of the metal (without
or after SV) a decrease in the amplitude of cyclic
loading is accompanied by increase of the accumu-
lated dislocation density in the studied interfer-
ences (pguy)- Considering that the dislocation

density was determined on the fracture surface of
the samples, the nature of the change and absolute
values should correspond to flat deformed state of
the metal formed under the conditions of acceler-
ated fatigue crack growth [2].

On the other hand, given the increasing role of
the static component with increase the degree of
overload under the cyclic loading (adequate growth
c,) [8], the number of dislocations on the fracture

surface should decrease. One explanation of given
position is increased with the increases, in the

proportion of the metal under the conditions of
volumetric stress state near the surface of the frac-
ture. On the basis of this the greater extent enrich-
ment of near-surface dislocations of specified
amounts of metal should be occurring and, as
a consequence, there is a decrease in the disloca-
tion density determined on the fracture surface.
Given the dislocation propagation mechanism
of plastic deformation, the assessment of its value
during the loading cycle will provide the additional
evidence regarding the nature of structural changes
with increasing toughness of the metal as a result
of SV effect. The ratio of the magnitude of plastic
strain per cycle of loading (¢;) and the achieved

number of cycles to failure (N;) is subject to the
famous Coffin—-Manson Equation [2]:

&-(N;)* =b, @)

where a and b — are taken as constant and equal
to carbon steel of 0.5 and 1 respectively [2]. After
conversion of (1), it was received for the depend-
ence assessment of ¢; :

& =1/ N (2)

—a P(hi), x10°sm™
50
40
30
20 -
10
0 -
40 60 80 100 120
c,,kg/mm?
—b P (hid), x10"sm™
50
40
30 -
20
10 -
o
40 60 80 100 120 140
o, kg/mm?

Fig. 3. The change of dislocations density,
estimated on interferences (110), (211)
and (321) depending on amplitude of cyclic
loading and preliminary treatment:
without SV (a) and after SV (b).

Substituting in (2), for the same o, corre-

sponding values N,, it was found the decrease of

deformation per cycle of loading by approximately
20% as a result of processing metal by SV. On this
basis, it can be assumed that the process of intro-
ducing of additional dislocations in thermally
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hardened steel from pulse pressure wave is not ac-
companied by the annihilation events apparently.
Moreover, the implementation of the deformation
per cycle for the region of high-cycle fatigue is
possible and it is ensured by the participation of
a smaller number of dislocations. Thus, either the
process of SV has the vast number of dislocations
that remain mobile and able to interact only at the
subsequent cyclic loading, or there is an additional
unlock of previously immobile dislocations after
the heat strengthening. In general, the detected on
the fracture surface after pulsed effect the in-
creased number of dislocations, located in different
crystallographic systems can be regarded as evi-
dence of the development rather complicated dis-
location reactions, which has provided the increase
in endurance of the metal during the cyclic loading
process of thermally hardened carbon steel.

Originality and practical value

1. For the transition field to high-cycle fa-
tigue, the result of machining voltage pulses of
carbon steel with structure improve the limited en-
durance increase is accompanied by a decrease in
deformation per cycle.

2. With the increase of the amplitude of the
voltage cycle, the effect of metal endurance in-
crease from processing of SV reduced.

Metal working by pulses of pressure waves
from an electric discharge in water can be used to
extend the lifetime of rolling stock parts, which are
subjected to cyclic loading.

Conclusions

1. As a result of processing by pulses of the
pressure wave of heat-strengthened steel 45 it was
found the increase of endurance under cyclic load-
ing corresponds to the increased amount of accu-
mulated dislocations on the fracture surface.

2. The increase of steel endurance under the
cyclic loading after pulse treatment is largely asso-
ciated with the change in the number of mobile
dislocations.
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BIVINB IMITYJIBCY HANIPYKEHHSA BIJI EJIEKTPUYHOI'O
PO3PsIY Y BOAI HA BATPUBAJIICTD ITPU BTOMI
BYI'JIEHEBOI CTAJII

Merta. [locnimkeHHs nependavyae NOSCHEHHS BIUIMBY IMITYJIbCIB BUHMKAIOYOTO HAIPYXKEHHS Bifl €NEKTPHYHOTO
pO3psily Y BOAI Ha BEIMYMHY OOMEXEHOI BUTPHBAIOCTI MPH IMKIIYHOMY HaBaHTA)KE€HHI TEPMIYHO 3MIl[HEHOT
ByrJIereBoi crami. Meroauka. Marepianom [yt gociipkenns oyna cranb 45 (0,45 % Byruennto) i3 KOHIIEHTPAIIE0
XIMIYHHX €JIEMEHTIB y MeXaxX MapO4YHOTO CKJaay. 3paskH Uil BUIIPOOyBaHb BUTOTOBIISUIA Y BUIJISAL IUIACTHH 3a-
BroBuiku 1, mmpunoro 15 i 3aBnoBkku 120-180 Mm. CTpyKTypHHI CTaH CTali BiAIIOBiJaB rapTyBaHHIO Ha MapTe-

HCHT BiJi HOPMaJbHUX TEMIEpPATyp HarpiBy i Biamycky npu 300° C, TpuBanictio 1 roa. MikpocTpyKTypy aocii-
JUKYBaJIM 3 BUKOPHCTaHHSIM EJIEKTPOHHOT MIKPOCKOIIi, TYCTHHY IUCIIOKAIlil OI[IHIOBAIN 32 METOAMKAMH pEHTIe-
HIBCBKOTO CTPYKTYpHOro aHanizy. TBepaicTh BUMiproBaiu 3a MetozoM Poksema (mkana «C»). L{ukiniuyHe HaBaH-
T@XEHHS 3/IMCHIOBAJIM B yMOBaXx CHMETPUYHOTO BUTHMHY Ha BUNpoOyBaibHIH MammHi «CartypH-10» mnpum

temnepatypi +20° C. O6poOKy iMITyJIbcaMu Hanpy»kKeHb Bijl EEKTPMYHOTO PO3PSTy 3ifCHIOBAIM y BOJI Ha ycTa-
HOBIII BAHHOTO THITy «IcKpa-23», sSiKy BUKOPHCTOBYIOTh [UISl OUMIIEHHS JIMBapHUX BUPOOIB. EnexTpuuni iMmynbcu
(dopmyBaimcss npu Harpy3i esektpuuHoro crpymy 15-18 kV, 3 enepriero 10—-12 x/Ix Ta ammiityzoro 1-2 I'Tla.
PesyabTtaT. Y pe3ynpTaTi 0OpOOKH iMIyIbcaMU XBHJII THCKY TEpMI4HO 3MII[HEHOI cTaii 45 BusBIeHOMY 30iTb-
[ICHHIO BUTPUBAJIOCTI MPH IUKIIYHOMY HaBaHTA)KCHHI Bi/IMTOBi/Ta€ MiABHUINCHA KUTBKICTh HAKOIIMUYCHUX AUCIOKAITii
Ha TIOBEPXHI pyHHYyBaHH:S. Bukopucranus piBHsHHS Kodina—MeHCOHa J03BONHIO BHSABUTH 3HIDKCHHS Iedopmarii
3a UKJ HABAaHTa)KCHHS B PE3yJIbTaTi BUHUKAIOYOTO HAIPY)KEHHS BiJl €IEKTPHYHOrO po3psay y Boxi. Bussiena Ha
MOBepXHi pyiHyBaHHs (ICIS iMITYIbCHOT Iil) MiJBHINEHA KITBKICTh JMCIIOKAIliH, PO3TAIIOBAHUX y PI3HUX KPHC-
TanorpadigHIX CUCTEMaX, € CBIIUYEHHSIM PO3BUTKY TOCTATHHO CKIATHUX JUCIOKALIHHUX MIEPETBOPEHD Y CTPYKTYPi
cTaii, sIKi 3a0e3Me4mIn IPUPICT BUTPUBAJIOCTI 1pH BToMi. [IpupicT 0OMexeHOi BUTPUBAIIOCTI CTalli B Pe3yJbTaTi
iMITyJIbCHOT OOpOOKM B 3HA4HIN Mipi MOB’s3aHUN 31 3MIHOIO YMClIa PyXOMHX Jauciiokauii. s obnacti manorm-
KJIOBOi BTOMHM 3pOCTaHHS aMILUITYyI{ HaBaHTAKEHHS CYNPOBOPKYETHCS 3HIDKCHHSM PI3HUII B 3HAYEHHSIX
00MexeHOi BUTpUBAOCTI (0 i micas o6poOku imMmysibcamMu HanpyxeHsb). HaykoBa HoBu3Ha. [{ns o6iacti Gara-
TOLIMKIJIOBOT BTOMH, B pPe3yJibTaTi 00poOKHM IMIyJIbCaMy HanpyXeHb BYTJICLIEBOI CTali 31 CTPYKTYPOIO MOJIMIIEHHS,
MpHUPICT 0OMEXEHOT BUTPUBAIOCTI CYIPOBOKYETHCS 3HIKECHHSAM Aedopmartii 3a muki. I1o Mipi 3pocTaHHs aMmIl-
JITYOW HaNpyKEeHHs OUKITY e(eKT MPUPOCTY BUTPUBAIIOCTI BiJf 0OpOOKH MeTaly iMIyiIbcaMHU HAIPYXKEHb 3HUKY-
etbes. [IpakTuuna 3HaunMicTb. OOpoOKa MeTaly IMITyJIbCaMH XBHJIb THCKY Bill €JIEKTPHYHOTO PO3PALY Y BOI
Moke OyTH BHKOpPHCTaHA IJIsI TMPOJOBXKEHHS TEPMiHy EKCIUTyaTallii JeTajieil pyXxoMoro CKJIamgy, SIKi IiIJaroThCs
[UKJIIYHOMY HaBaHTaKCHHIO.
Knrouoei crosa: TBepIicTh; AUCIOKALIS; IMITYJIbC TUCKY; SISKTPHYHUNA PO3PS; OOMEKXEHA BUTPHBAIIICTh
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BJIMSIHUE UMITYJIbCA HANIPSI)KEHUS OT DJIEKTPUUYECKOI'O
PA3PSJIA B BOJE HA BBIHOCJIMBOCTD TP YCTAJIOCTH
YIJIEPOJUCTOM CTAJN

Henas. UccrienoBanue mnpeamnonaraet 00bsICHEHUE BIMSHUS MMITYJIBCOB BOSHUKAIOLIEr0 HANPSIKEHHS OT JJICK-
TPUYECKOr0 paspsja B BOJEC HA BEIWYMHY OTPAaHWYCHHON BBHIHOCIMBOCTH IPH ILMKINYECKOM HArpy)KEHUH TEPMH-
YeCKH YNPOYHEHHOW yriepoaucToil ctamu. Mertoamka. MaTepuanoM sl MCCIENOBaHMA SBISIACH CTalb 45
(0,45 % yrmepona) ¢ KOHIIEHTpAIMEH XMMHYECKMX 3JIEMEHTOB B Mpeneiax MapovHoro cocrtaBa. O6pasipsl s
UCTIBITAHWH HM3TOTaBIMBAIM B BHJE IUIACTUH TonmuHON 1, mmpunoit 15 u mmmHoit 120-180 mm. CrpykrypHOe
COCTOSIHME CTaJM COOTBETCTBOBAJIO 3aKaJKe HA MapTEHCHT OT HOPMAaJbHBIX TEMIIEpPATyp HarpeBa M OTIIyCKa MpPHU

300° C, mmtensHOCTBIO 1 4. MHKDPOCTPYKTYPY MCCIENOBAIM C HCIONB30BAHUEM DIIEKTPOHHON MHKPOCKOIIHH,
IUIOTHOCTD [UCIOKAlMi OLECHUBAIN C HCIOJB30BAHUEM METOIUK PEHTITCHOCTPYKTYPHOTO aHallu3a. 1BEpAOCTh
usMepsiin Mo Metony Poksemma (mkama «C»). I[ukinueckoe HArpYy)KCHHE OCYHICCTBISUIA B YCIOBHSX

CHMMETPUYHOTO H3rMba Ha wWcmbITatensbHoM Mammbe «Carypr-10» mpu temmepatype +20° C. OGpabotky
MMITYJIbCAMH HAIIPSDKEHUS OT BJIEKTPUYECKOTO pa3psiia OCYLIeCTBIUIM B BOJIE Ha yCTaHOBKE BaHHOTO TUna «lckpa-
23», WCTONIB3yeMOW JUIl OYHMCTKH JIMTEHHBIX W3ACNUN. OJNEKTPUYECKHUE HUMITYJIbChl (HOPMHUPOBAIUCH TPH
Hanpsokennu 15—-18 kV, ¢ sneprueii 10-12 xJx u ammnurynoid 1-2 I'Tla. PesyabTatsl. B pesynbrare 00paboTku
UMITYJIbCaMH BOJIHBI JaBJICHUSA TCPMUYCCKU prO‘lHeHHOﬁ cramu 45 OGHapy)KeHHOMy YBECJIMYCHUTIO BBIHOCIIUBOCTU
NpU [UKIMYECKOM Harpy>XCHHH COOTBETCTBYET IIOBBINICHHOE KOJMYECTBO HAKOIUICHHBIX MAMCIIOKALMH Ha
MOBEPXHOCTH paspyuieHus. Mcronb3oBanue ypaBHeHus Koduna—MeHcoHa Mmo3Bomiio oOHApyXHUTh CHIDKCHHE
nedopmanum 3a UK HArpy>KeHUs! B pe3ysbTare BO3HUKAIOIIET0 HAMPSDKEHHS OT AJIEKTPHYECKOTo paspsiaa B BOJIE.
OGHapy)XeHHOE Ha MOBEPXHOCTH paspyuieHus ([OCIe HMITYJIbCHOTO BO3ACHCTBHUS) IIOBBIICHHOE KOJIHYECTBO
JMCIIOKAIMH, PACIIONIOKEHHBIX B Pa3IMYHBIX KPHCTALIOrPAQUYECKHX CHCTEMax, SBISETCS CBUICTEIBCTBOM
Pa3BHUTHS JOCTATOYHO CJIOKHBIX JHCIOKAIIMOHHBIX NPeoOpa3soBaHU B CTPYKTYpe CTalld, KOTOpbIE 00ECIEeYMIN
IPUPOCT BBIHOCIMBOCTU MPU YCTaJOCTH. YBEIWYCHHWE OIPAaHMYCHHOH BBIHOCIMBOCTH CTalli B pE3YJbTaTe
BO3HHKAIOIIETO HAIPSDKEHUS OT MMITYJIbCHOM 00paGOTKH B 3HAUMTENBHON CTEIIEHH CBA3aHO C M3MCHEHHEM YHCia
HOJABIKHBIX JTUCIOKaMi. J[ns o0nacTH MaJOIMKIOBOW YCTAIOCTH BO3pAacTaHHE aMIUIUTYIbl HArpy>KeHUS
COTIPOBOXKIACTCSl CHIDKCHHEM pa3iHyusi B 3HAYCHUSX OrPAHMYCHHOW BBIHOCIHMBOCTU (MO H mociie 00paboTKH
UMIyJibcamMu  HampspkeHus). Haydnast HoBu3Ha. [Insi 0o6nacTH MHOTOIMKIOBOM YCTaqOCTH, B pE3YJbTaTe
00paboTKKM MMIIYJIbCAMH HAIPSDKEHUS! YTIIEPOIUCTON CTallM CO CTPYKTYPOH YJIydIlIeHHs, MPUPOCT OrpaHHMYCHHON
BBIHOCJIMBOCTH COIIPOBOXKJAETCSl CHIDKeHHMeM aedopmanuu 3a 1Mkl [lo Mepe Bo3pacTaHHs aMILIMTYIbI
HanpspkeHusl [ukiaa 3¢dQexkT npupocra BBIHOCIMBOCTH OT OOpaOOTKM MeTajula HMITYJIbCAMH HarpsHKEHUS
camxkaercs. IlpakTudeckasi 3Ha4uMocThb. OOpaboTka MeTalia UMITYJIbCAMH BOJH JABICHUS OT DJICKTPUYECKOTO
paspsina B BoJe MOXKET OBITh HCIIOJIB30BaHA Ul MPOICHUS CPOKA SKCIUTyaTallMy JeTalei MOABMIKHOTO COCTaBa,
KOTOpBIE IMOJBEPraloTCs HUKINYECKOMY HarpyKeHHIO.

Knrwouesvie cnosa: TBepIOCTh; TUCIOKALMS, UMITYJIEC TABICHUS; JJICKTPUICCKHUI paspsil; OrpaHHYCHHAs BBIHOC-
JIMBOCTb
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NUMUTAIOUOHHBIE MOJEJIM COITPOTUBJEHUA ABUKEHUIO
BETOHHON CMECH B BETOHOBOJIE ABTOBETOHOHACOCA

Hens. B coOBpeMEHHOM CTPOUTENBCTBE YKJIagKa OCTOHA 3a4acTylO BBIIOJHSETCS C  ITOMOIIBIO
paclpeeuTeILHOTO 000pYI0BaHUS OCTOHOHACOCOB. [IOBHINNICHHE MPOW3BOAUTEIBHOCTH W KadecTBa 3TOrO BUJA
CTPOUTEIBHBIX PA0OT TpeOyeT COBEPIICHCTBOBAHMUS, KaK OETOHOHACOCOB, TAK M MX TEXHOJOTHYECKONW OCHACTKU.
B coctaB ocHacTku OETOHOHACOCOB BXOMSAT CTAHIAAPTU3UPOBAHHBIE OCTOHOBOJBI M COCIUHUTEIbHBIC KOJEHA
pamuycoM 10 2 M. TlepCrieKTHBHBIM HAMpPABICHUEM YIIy4IICHHS OCHACTKHU SIBIISICTCS CHH)KEHHE COMPOTHUBIICHUS
JBIDKCHUIO CMeCH 10 OETOHOBOXY 3a CYET YyBEJNMYEeHHs pajuyca KojeH. Llenbio wuccienoBaHHs SIBISETCS
OTIpeJIeNICHNE 1eNeco00pa3HOCTH Pa3pabOTKH M BHEAPCHUSI COCIUHUTEIbHBIX KOJCH paauycoM Oojee 2 M.
Metonuka. Kputepuem 3¢ (HeKTHBHOCTH HCIIOJIB30BaHUS B COCTUHUTEIBHBIX OCTOHOBOIaX KOJICH paauycoM OoJiee
2 M TPHUHATO CHIDKCHHE COMPOTHBIICHHS JBU)KCHUIO OCTOHHOW CMeCH II0 OETOHOBOIY, OOCCIICUHMBAIOIICE
MOBBIIICHUE MPOU3BOJAUTEIILHOCTH OETOHOHACOCOB. lccienoBaHusi CONMPOTHBIICHUS IBHKCHUIO OCTOHHOW CMECH
B OCTOHOBOJAX BBIMOJHCHBI HA WMHTAI[HOHHBIX MAaTeMaTHYCCKUX Mojneisx. Pe3yabraThl. Ha mpemioxeHHBIX
MOJICIISIX BBIITOJHEHBI PACYETHI COMPOTUBIICHHS JBIDKCHHIO OCTOHHON cMecH B OETOHOBOJAX aBTOOETOHOHACOCOB
C TPEXCEKIMOHHOM pacrpeenuTeNibHON cTpesoil. CHIKEHHE CONPOTUBIICHUS IBHKCHHIO CMECH IOMYYEHO st
YEThIPEX OCHOBHBIX CXEM MOJIOKEHHUS CEKIIUIl pacipeieuTeNbHOM CTpelbl aBToOeTOHOHAacoca. HayuHasi HOBU3HA.
Pa3paboTanbl J[Be UMHUTALMOHHBIE MaTeMaTHYECKUE MOJEIH Ul pacyera yJIelbHOTO CONPOTHBICHHUS JBHIKCHUIO
OEeTOHHON cMecH B KOJEHaX OETOHOBOJIOB B 3aBUCHMOCTH OT paaumyca kosieH. IlpakTuuyeckasi 3HAYMMOCTD.
[TpeasnoxkeHHbIe aBTOPOM HMMHTAIIMOHHBIE MOJIENH MO3BOJISIOT PACCUMTATh YJEIbHOE COIPOTHBICHUE IBHIKCHUIO
OcTOHAa B KOJICHSX OCTOHOBOZA W OOIIEEe CONMPOTHBIICHHE JBMXKCHHIO CMECH B OCTOHOBOJC aBTOOCTOHOHAcOCa
C TpeMsl CEKIMSAMH pacIpelCIUTeIbHON CTpenbsl. B mpolecce HMCCICIOBaHUS YCTAHOBJICHO YMCHBIICHHE Ha
10,3-75,5 % comnpoTuBIICHUS JBIXCHHUIO OCTOHA B OCTOHOBOJIE C COCAMHUTEIHHBIMH KOJCHAMH YBEIUYCHHOTO
pammyca. IlomydeHHBIE peE3yJbTAaThl TOATBEPIKIAIOT IEJIECOOOPAa3HOCTh IPUMEHEHHs KOJEH OCETOHOBOJOB
¢ pagmycom Ooree 2 M.

Kniouesvie cnoea. GeroHOHacoc; OeTOHHas CMechb; OCTOHOBOM; BSI3KOCTH; IOABIKHOCTH; COIPOTHBIICHHE
JIBIDKEHUIO, MaTEMAaTHUYECKas MOJIEIh; MMUTALIMOHHAS MOJIEIh

C HOMOUIBIO PACTIPEAETUTENFHOTO 000PYIOBAHUS
Beenenune 0ETOHOHACOCOB OCYIIECTBIISIETCS] HA COTHU METPOB
C BBICOKOH MPOHM3BOAMTENHEHOCTBIO M XOPOILINM
Ka4ecTBOM padoT; COKpAILAIOTCS TPYyHO3aTpathl
U CPOKH CTPOUTEIHCTBA.

WHaTeHcudukaiis BBITTOJHEHUS OCTOHHBIX pa-
00T B COBPEMEHHOM CTPOUTEILCTBE HEMBICIUMA
0e3 mpuMeHeHUs] OETOHOHACOCOB. YKIaaka OeToHa
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HccnenoBanuio paboThl OETOHOHACOCOB U JIBH-
KEHHI0 OETOHHBIX cMeceil 1o OeTOHOBOJgAM
nocesmieHsl padboTel Anekceera C. H. [1], Baxe-
HoBa FO. M. [3], Bapnsesa K. M. [4], BpexoBcko-
ro JI. M. [5], BacunseBa B. M. [6]. IIpousBoau-
TEJILHOCTh OETOHOHACOCOB OMNPEAEISIETCS TEXHO-
JIOTHYECKMMH TapaMeTpaMu Ipoliecca TpaHCIop-
THPOBaHUS OCTOHHBIX CMeceld 1Mo TpyOompoBoIaM
[10], pusuKo-MexaHHUYECKUMH CBOMCTBAMH OETOHA
U XapaKTepPUCTHKAMU OCHACTKM OETOHOBOJOB
(mrameTp, AnuHA, paguyc KoyieH, matepuan). IIpo-
E€KTHPOBaHUE COCTAaBOB OETOHA C PalMOHATLHBIMU
(U3MKO-MEXaHMUECKUMHU CBOMCTBAMHU PaccMOTpe-
HO B paborax [11-13]. Peomoruueckue xapakrepu-
CTHKH JIBHIKYIIETOCS TOJ JCHCTBHEM BBICOKOTO
JIABIICHHUS CBEXXEro OCTOHA y CTEHKH OETOHOBOJA
aHanusupylorcs B cratbe Deng  Shou-chang
(RFE ) [14].

IloBeneHue OCTOHHOW CMeCH TIpU TpaHC-
MOPTUPOBAHUH IO TPYyOKaM C TOMOIIBI0 OETOHO-
HAcOCOB OINHKCHIBAaIOT ypaBHeHuem IlIBemoBa —
bunrama [3], MOmENIHPYIOT ¢ UCIIONB30BAaHUEM Me-
TOJIa TUCKPETHBIX 3JIeMeHTOB [15] u nccnenyroT Ha
OKCIEPUMEHTATBHBIX CTEHIaX.

DaKkTUYEeCKH, AaHAJIUTHYECKHE W OKCIepH-
MEHTaJIbHBIC UCCIICAOBAaHUS HAIIPABJICHBI HA OMpe-
JIeICHHE  CONPOTUBJICHUS  JIBWKEHUIO  CMECH
B OeToHOHacoce U OETOHOBOIE.

IIpu BBIOOpe THHAa OETOHOHAcCOCA MO €ro oc-
HOBHOW XapaKTEPUCTUKE — BETMYHMHE JABIICHUS HA
OCTOHHYIO CMECh, CJIEIYET BBIMOJHUThH PacieT TO-
TEph JaBJCHUS TPU JBUKCHUU CMECH IO OETOHO-
BOJIY.

ITotepu B TpyOompoBOoae P 3aBHCAT OT BElH-
YMHBI YJCIbHBIX COMPOTUBICHUI JBHXCHUIO Oe-
TOHHOH cMecH, OOmed JUIMHBI OETOHOBOIA
¥ BEJIMYHMHBI €r0 BEPTHKAIHLHOTO YUaCTKa, a TaKKe
OT MECTHBIX MOTEPh HAMOPA B MEPEXOIHOM KOHYCE
u Kojenax [13]:

P = APl + P, +0,024h,

rne AP — ynenpHOE CONpPOTHUBIIEHHE JBHKEHHIO
OETOHHOI cMecH Ha 1 M TOPU30HTAILHOTO YYacTKa
o6etonosona, MlIla/m; | — ob6mas mmHa G6eTOHO-
BoJa, M; P. — MecTHbIe moTepu Hamopa B Iepe-

K
XOIHOM KOHyCe W KojleHax OetoHoBoma, MIla;
0,024h — mortepu Harmopa, paBHbIC BEITHYHHE T'HI-
POCTATHYECKOTO JIaBJIieHUs] OSTOHHOH cMech 00b-
eMHON Maccoit paBHo# 2 400 Kr/mM Ha BepTHKaJb-
HOM yd4acTke 6eToHOBoIa BeIcoTOi h M, MITa.

ean

C 1enpl0  ONpEICNICHUs LENecO00Pa3sHOCTH
BHEJIPEHUSI B KOMILIEKT OCHACTKH aBTOOCTOHOHA-
COCOB KOJIEH pafuycoM Ooiiee 2 M, OBUTH BBITIOIN-
HEHBI PACYeThl CONMPOTUBJICHUS IBHIKCHHIO CMECH
CO IITATHBIMU KOJCHAMHU PaJHUycoM 2 M U KOM-
TUIEKTOM TIpeJIaraeMbIX KOJIEH C paguycoM OoIlb-
MM 2 M JJIS YeThIPEX BO3MOJXKHBIX ITOJIOKEHUH
CeKIHMH pacrpeleNnuTeNbHON CTPeibl aBTOOETOHO-
Hacoca (puc. 1).

Cxewa woxnubux nonoxexs cexyii posnadineHol
cmpeny abmodemoxonacoca

Puc. 1. CxeMbI BO3MOXHBIX ITOJIOKEHUN CEKIINIA
pacIpeAenuTeNbHOM CTPebl aBTOOETOHOHACOCA

Fig. 1. Possible positions scheme of the distributior
boom sections in a concrete pump

MeTtoanka

HccnenoBanne 3aBUCHUMOCTH  COTIPOTHBIICHHS
JBIDKCHUIO OCTOHHOW CMECH IO KOJIEHY OeTOHO-
BOJIa OT pajuyca KOJIEH BBHIIMOJHEHO HA HECKOJb-
KUX MMHUTALMOHHBIX Moneisx B makere Simulink

[8,9] cuctembr MATLAB [7].

Pe3yabTathel

VIMuTanMoHHass MOJENb CONPOTUBIICHHS JIBHU-
JKEHHIO OCTOHHOM CMecH 10 KOJIeHY OeTOHOBOJA
(puc. 2), anmpoKCHMHpPOBaHHas MOKa3aTeIbHOI
byukimeir [2] mo3BONSET TONYYUTH TAOIHUILY
YIeNbHBIX 3HAYCHHW MaJCHUS aBICHUS B KOJICHE
B 3aBHCHMOCTH OT €ro pajuyca IMpU CKOPOCTH
nemxenus cmecu 0,5 m/c.
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Puc. 2. I/IMI/ITaIII/IOHHaH MOJEJIb pacyeTa
YACIBbHBIX 3HAYCHMI naacHUs OaBJICHUSA
B KOJICHE B 3aBUCUMOCTH OT €10 paanyca

Fig. 2. A simulation model for calculating
the specific values of the pressure drop
in the knee depending on its radius

Crenyromass WMHTAIMOHHAS MOJEIb COIMpPO-
TUBJICHUS IBIKEHHIO OCTOHHOM CMECH TI0 KOJICHY
OetoHoBoza (puc. 3), MO3BOJSIET BU3YATU3UPOBATh
pe3ysbTaThl HCCICAOBaHUE B BHIE TIpadUKOB
VAENbHBIX 3HAYCHUI TaJICHUS JTaBICHHUS B KOJICHE
B 3aBUCHMOCTH OT €ro paaudyca MpH CKOPOCTH
newxenus cmecu 0,5; 1 u 2 m/c.

[/

izt

28

pe

099 ABE BAT -

[0.702 0.692 0 681]

Function1

[0.03864 0.0478 0 0854]

b2

Puc. 3. UMuTannoHHas MOIENh U PacUeTHBIC TPAPUKH
yIeNbHBIX 3HAYCHHH MaJICHUsI JaBJICHUS B KOJICHE
B 3aBUCHMOCTH OT €0 paguyca

Fig. 3. The simulation model and design graphs
of specific values of pressure drops in the knee
depending on its radius

WccnenoBanue 0oOIIET0 COMPOTHUBIICHHS JIBU-
JKEHUIO OETOHHOW CMeCH 10 OETOHOBOJY CO IITAT-
HBIMU W HOBBIMH  KOJIGHAMH  TPOBEIECHO
C MOMOUIBI0 MAaCKMPOBAaHHON MMHUTAILIMOHHOW MO-
nenu (puc. 4). Tlox Mackol «KOJIeHa» HAXOMATCS
AMUTAIMOHHBIEC TTOJCUCTEMBI ITOJIMHOMHAJIEHOM

(puc. 5) wmu mokasatenbHOU (puc. 6) GyHKIMIT
pacuera CONMPOTUBICHHN B KOJEHAaX OCTOHOBOJA;
0JT MACKO# «IaKeT TPyO» — YAENbHOE COMPOTUB-
JICHHE JBU)KCHHIO OETOHHOW CMECH TOPH30HTAIb-
HOTO ydacTka OETOHOBOJA; IO MAacCKOW «COCY.
KUAKOCTH» — TIOTEPH THAPOCTATHYECKOTO JaBJie-
HUsl OETOHHOW cMecH Ha 1 M BEpPTHKAIBHOTO y4a-
cTKa 6eTOHOBOIA.

(G

Subsystem

o

Subsystem1

?

o

3

i

?

rl
2

)
w | S

it
fa

Subsystem2

[+ |

Puc. 4. UmMuTanmoHHas MOJIeTh pacdyeTa
COIIPOTUBIICHHS ABHKEHHUIO CMECH B OETOHOBOIE
C TPEXCEKLIMOHHOM pacIpeleInTeIbHON CTPenoit

Fig. 4. A simulation model for calculating
the resistance to concrete movement in a concrete
conveying pipe with a three-section
of the distributor boom

O

In1

Math
Fundtion

Canstant1

0.02884

=)

Constant

Puc. 5. [Toncucrema pacyera cOnpoTHBICHUH
B KOJICHAX 10 NMOJIMHOMHUAIBHOHN (DyHKIINH

Fig. 5. Subsystem of resistances calculation
in the knees by a polynomial function

doi: 10.15802/stp2015/55334

O©IL I'. Anodpues, 2015

117



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

Hayxka Ta nporpec Tpancnopty. BicHuk J[HIIPOIETpOBCHKOTO
HaIliOHAJIBHOTO yHIBEPCHTETY 3aii3HHYHOrO Tpancmopty, 2015, Ne 5 (59)

HETPAIMLIIMHBI BUAN TPAHCITIOPTY. MAILIMHU TA MEXAHI3MU

Puc. 6. [Toncucrema pacyera conpoTHBICHHIA
B KOJICHaX 10 MOKa3aTesIbHOM QyHKIUH

Fig. 6. Subsystem of resistances calculation
in the knees by the exponential function

PesynbraThl pacuera CONpPOTUBICHUS BHXKE-
HUIO CMECH B OETOHOBOJIE C TPEXCEKIIMOHHOW pac-
MIPEACTUTEIFHON CTPEIOW CBEICHBI B TaOIHITy
Y BU3YAIM3UPOBAHbI quarpamMmmamu (puc. 7).

Tabnuma 1

ITapameTpbl 0€TOHOBO/IA H COMPOTHBJICHNE
JBHKEHUIO CMECH B 0€TOHOBO/IE

Table 1

Parameters of the concrete conveying pipe
and resistance to concrete movement
in a concrete conveying pipe

Ne cexnuu ctpesst
No 1 2 3
CXEMBI Rl , (Plo L1 Y Rz ’ (PZO L2 Y L3 ,
M M M M M
1 LITar. 46 | 6,4 2 |47 79|74
HoBas | 12,5 | 92 1 o0 0 0 2
2 mrar. | 2 1,7 2 34 | 6,7
123 92
HOoBas | 2,5 0,75| 25 1951 6,2
3 wrar. | 2 49 7.4
82 00 0 8,8
HoBas | 6 14 3,9
4 LITar. 2 6,8 | 6,5
© 0| 6,7 87
HOBas 6 3 2,6

Oxonyanue taba. 1

End of table 1

Ng h M PuoK ! MHa Puou 1 MHa
cXemMu
1 LITAT. 0,686 0,678
3,5
HOBas 0,168 -
2 LITAT. 85 0,641 0,623
HOBast ’ 0,575 0,564
3 LITAT. 0,82 0,813
10
HOBas 0,631 0,7
4 LLITAT. 19 1,012 1,05
HOBas 0,804 0,878

Haquaﬂ HOBHU3HA U MPAaKTHYCCKasA
3HAYUMOCTDb

PaSpa6OTaHBI HUMUTAIMOHHBIC MaTCMAaTUYCCKHEC
MoACIn IJid pacdeTa YACJIbHOTO COIMPOTUBJICHUA
JABHXCHHUIO 0OCTOHHOI cMecHu B KOJeHaX O0ETOHOBO-
J10B B 3aBUCUMOCTH OT paJnyca KOJICH.
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Puc. 7. JInarpammMbl noTepb JaBiaeHUs
B OETOHOBOJIE

Fig. 7. Graphs of pressure loss in concrete
conveying pipe

Ananu3 jguarpamm (CM. puc. 7) TMOKa3bIBaeT
CHIDKEHHE TIOTeph JIaBJICHUS B OETOHOBOZIE C KO-
JEHAMU YBEJIMUEHHOIO pajuyca IO CPaBHEHHIO
C MOTEph JaBJICHHUs B OCTOHOBOJE CO IITATHBIMH
KOJICHAaMH €aMOro OOJBIIOT0 — 2-METPOBOTO pa-
nuyca. CHIKEeHUE TIOTeph JaBJIeHUs] B OETOHOBO/IC
C KOJICHAMH YBEJIMUYEHHOT'O pajnyca AJsl YeThIpex
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CXEM TIOJIOKEHUM pachpeleuTeIbHOW CTpebl
COCTaBJISIOT!

— 1o mepBoii cxeme — 75,5 %;

— 1o BTOpo# cxeme — 10,3 %;

— 1o Tperbelt cxeme — 23 %;

— o uetBeproit cxeme— 20,5 %.

CHuwxeHHMe TIOTeph JaBICHUS B OETOHOBOJC
o0OecrieunBaeT YJIyYIIEHHE SKCILIyaTalHOHHBIX
XapaKTEPUCTUK aBTOOCTOHOHACOCOB, IOBBIIIACTCS
MPOU3BOJUTEIBHOCTE W CHIDKAeTCs ceOecTou-
MOCTh YKJIaJIKi OETOHHBIX CMECEH.

[TosydeHHbIe Pe3yabTATHI UCCIICOBAHUN 3aBU-
CHUMOCTH COTIPOTHBIICHHS JBHXKCHHIO CMecH OeTo-
Ha 110 OETOHOBOJIY MO3BOJISIFOT MPEUIOKUTH K BHE-
JPEHHUIO B DKCIUTyaTalMi0 Ha aBTOOETOHOHACcOCax
pacCIIMPEeHHBIH KOMIUIEKT KOJIEH OCTOHOBOJIA C Pa-
muycamu 2,5—12 m.

BriBoabI

1. TlocTpoeHBl MMHTAIMOHHBIC MOJENH, OII-
peIeISIONINe YICIbHOE COMPOTHBIICHUE JBUXKE-
HHIO OETOHA B KOJIEHAX OETOHOBOA.

2. TlocTpoeHBl UMHUTALMOHHBIC MOJEH, OII-
peleNsIonne CONMPOTUBIICHNUE IBIKCHUIO OeTOHA
B 0OeToHOBOAEe aBTOOETOHOHAcOca C TpeMs CeK-
LUSAMH paCpeCTUTeIbLHON CTPEJIbI.

3. HccnenoBaHo CONpPOTUBIICHUE IBHKEHUIO
O0eroHa B OETOHOBOJE aBTOOETOHOHACOCA C TPEeMs
CEKIIUAMHU PaclpeieIUTeIbHON CTPEbl CO IITAT-
HBIMH W HOBBIMH KOJICHAMH YBEIHUECHHOTO PaIHy-
ca.

4. llenecooOpa3HO  PACIIMPUTH  IITATHBIHN
KOMIUIEKT COEIMHHUTENBHEIX KOJEH OETOHOBOIA,
TaK Kak JUIsl YeThIPEX OCHOBHBIX BO3MOXHBIX CXEM
TOJIOXKEHUST Paclpe/IeTUTEIbHOW CTpenbl aBToOe-
TOHOHACOCa C KOJICHAaMHU YBEJIMUYCHHOI'O paguyca
ycraHoBieHo ymenbmienne Ha 10,3-75,5 % co-
MIPOTHUBJICHUS JBIKEHUIO OETOHA B OETOHOBOJIE.
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1. T. AHO®PICBY

YKad. «[Ipuxmagna Mexanika», JHIIPOIETPOBCHKHIA HAIIOHAIBHIN yHIBEPCHUTET 3aIi3HHUHOTO TPAHCIIOPTY IMEHi akajeMika
B. Jlazapsina, Byi. JIazapsina, 2, Jninporerposebk, Ykpaina, 49010, ten. +38 (056) 373 15 18, en. mourra anofriev@mail.ru,
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IMITALIAHI MOJEJII OIIOPY PYXY BETOHHOI CYMIIII
B BETOHOBO/I ABTOBETOHOHACOCA

Mera. Y cydacHOMY OymiBHUITBI yKJIagaHHS OE€TOHY HaW9acTillle BAKOHYETHCS 32 TOTIOMOTOI0 PO3MOAITEHOTO
obOnamHanHs OeToHOHAcOCiB. IlimBHINEHHS MPOTYKTUBHOCTI Ta SKOCTI IIhOTO BHAY OYIIBEIFHUX pOOIT BHMAarae
BJOCKOHAJICHHS, IK O€TOHOHACOCIB, TaK i iX TEXHOIOTIYHOI ocHACTKH. Jl0 CKiTagy OCHACTKH OETOHOHACOCIB BXOJSTH
CTaHAapTU30BaHi OETOHOBOJM Ta CIONYYHI KOJIiHA paaiycoM 10 2 M. [lepCcrieKTHMBHHM HAmNpsIMOM MOJIMIIEHHS
OCHACTKH € 3HIDKCHHS OIOpY PYyXy CyMimii 1mo OETOHOBOIY 3a PaxyHOK 30UTBIIEHHS paaiycy KouiH. Meroro
JIOCIII/DKEHHSI € BH3HAYEHHS JOLJIBHOCTI PO3POOKH Ta BIPOBAKEHHS CHOJIYYHHMX KOJIIH pajiycoM Ounbiie 2 M.
Metoanka. Kpurepiem epeKTHBHOCTI BUKOPHCTaHHS B CIIOJNYYCHHSIX OSTOHOBOAIB KOJIH pajiycoMm Ouiblie 2 M
NPUIHATO 3HMKEHHsI OMOPY pyXy OETOHHOI cyMilli o OETOHOBOAY, IO 3a0e3neuye MiABUIICHHS POIYKTHBHOCTI
OeroHoHacociB. JlocmipkeHHsT omopy pyxy OeToHHOi cywmimii B O€TOHOBOJaxX BHMKOHAaHI Ha IMiTaumidHHMX
MaTeMaTHYHUX Mozeisix. PesyabTaTn. Ha 3anpornoHoBaHMX MOAENSX BUKOHAHI PO3paxyHKH ONOPY PyXy OeTOHHOI
cyMimi 1o OGEeTOHOBOJY aBTOOETOHOHACOCAa 3 TPHOXCEKI[IMHOIO PO3NOAIIBHOI0 CTPLIOI0. 3HM)KEHHS OIOpYy PyXy
CyMillli OTPUMAHO IJIsi YOTHPHOX OCHOBHHX CXEM IIOJIOKEHHS CEKIi pO3MOAUIBHOI CTPUIM aBTOOESTOHOHACOCA.
HaykoBa nHoBH3Ha. Po3poOieHo ABi iMiTamiiHI MaTeMaTH9HI MOJETI IJI PO3PaXyHKY IHTOMOTO OIOpPY PyXy
OeToHHOT cyMmimi B KOJiHaX OETOHOBOAIB B 3aJeKHOCTI Bim pazmiyca koxiH. IIpakTH4YHA 3HAYHMICTH.
3anpornoHoBaHi aBTOPOM IMITamiiHI MOAE JO3BOJSIIOTH PO3paxyBaTH MUTOMHM Omip pyXy OETOHy B KOJiHAaX
0eToOHOBOMIA Ta 3arajbHUN OMip PyXy CyMimli B OETOHOBOMI aBTOOETOHOHACOCA 3 TPHOMA CEKIiISIMH PO3MOALUTEHOL
cTpinu. Y mpolieci JOCHiIpKeHHsT BCTaHOBIeHO 3MeHimeHHs Ha 10,3—75,5 % omopy pyxy Oerony B OeTOHOBOII 3i
3'€IHyBAJBHUMH  KOJIIHAMH ~ 30UmbIeHOro paniycy. OtpuMaHi pe3ynbTaTd HiATBEPIXKYIOTH  JOLUIBHICTH
3aCTOCYBaHHs KOJIIH OETOHOBO/IIB 13 pajilycoM Oinbliie 2 M.

Knrouosi cnosa: 6erononacoc; 6eToHHa CyMill; OETOHOBOJ, B A3KICTh; PyXJIHMBICTh, OMIp PyXy; MaTeMaTHYHA
MOJIeNb, IMiTaLiiiHa MOIEIh

P. G. ANOFRIEVY

Dep. «Applied Mechanics», Dnipropetrovsk National University of Railway Transport named after Academician
V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 373 15 18, e-mail anofriev@mail.ru,
ORCID 0000-0001-7997-3523

SIMULATION MODELS OF RESISTANCE TO CONCRETE
MOVEMENT IN THE CONCRETE CONVEYING PIPE
OF THE AUTOCONCRETE PUMP

Purpose. In modern construction the placing of concrete is often performed using distribution equipment of
concrete pumps. Increase of productivity and quality of this construction work requires improvement of both con-
crete pumps and their tooling. The concrete pumps tooling consists of standardized concrete conveying pipes and
connector bends radius of up to 2 m. A promising direction of tooling improvement is the reduce of resistance to
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movement of the concrete in the concrete conveying pipe by increasing the radius of the bend. The aim of this study
is to determine the feasibility of developing and implementing connector bends with radius greater than 2 m.
Methodology. The criterion of efficiency in using bends with radius of more than 2 m in connector concrete pipes is
reduction of resistance to movement of the concrete, enhancing the productivity of concrete pumps. Studies of resis-
tance to movement of concrete in the concrete conveying pipe are performed on the mathematical simulations.
Findings. On the proposed models are calculated the resistance to movement of concrete in the concrete conveying
pipe of the autoconcrete pump with a three-section distribution boom. Reduction of the resistance to concrete
movement was obtained for the four major sections of the provisions of the distribution boom in the autoconcrete
pump. Originality. Two mathematical simulations were developed to calculate the resistivity to concrete movement
in the bends of concrete conveying pipe depending on the radius of the bend. Practical value. The proposed by the
author simulations allow us to calculate resistivity to the concrete movement in the concrete conveying pipe and
general resistance to the concrete movement in the concrete pipe of the autoconcrete pump with three sections of the
distribution boom. The study found a decrease of 10.3—75.5% of the resistance to concrete movement in the con-
crete conveying pipe with connector bends of an increased radius. These results confirm the usefulness of the bends
application in the concrete conveying pipe with a radius of more than 2 m.

Keywords: concrete pump; concrete; concrete conveying pipe; viscosity; agility, resistance to movement;
mathematical model; simulation
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CHHOCOB OITPEAEJEHUA MOIHOCTHU ITPUBOJA
MEXAHU3MA IIEPE/IBUKEHUA MOCTOBOI'O KPAHA
ITPU YUYETE TPEHUS KAYEHUA

eus. [Tpu pacyere MOLTHOCTH NPHBOAa MOCTOBOIO KpaHa OAHUM U3 OCHOBHBIX NapaMeTPOB SIBISETCS BEJINYU-
Ha CONPOTHUBIICHUSA €ro nepeMerieHuo. OQHON U3 BaXKHBIX COCTABIIAIOUINX COMPOTHUBIICHUS NEPEABHKCHUIO SBIIS-
eTcsl TpeHHe KadeHUs Kojieca O penbe. B paboTe HEoOXOIMMO OIPEAENNTh 3aBUCUMOCTD BEJIMYMH CTaTHYECKOTO
(IMHAMIYECKOTO) COMPOTUBIICHHUS MEPEIBIKCHUI0 MOCTOBOTO KpaHa Ha MPSAMOJIMHEHHOM ydYacTKe MyTH OT IMOJIO0-
YKEHUSI TEJIEKKH B TIPOJIETE M MCCIIEI0BATh BIMSHUE BEJIMYNH CONPOTHUBIICHUS Ha U3HOC pebop kosec. MeToanka.
Hcnonb3yst aHaTUTHYECKHE 3aBUCHMOCTH JUTA ONpeesieHns KoahdHUIHeHTa TPEHUS KaueHHNs, 3aBUCSIIETO OT BEJIH-
YHMHBI MTOJYIINPUHBI ISITHA KOHTAKTA MEXK/Ty KOJIECOM M PENbCOM, NMPEUIOKEH YCOBEPIICHCTBOBAHHBINA CIIOCO0O pac-
Yyera HEOOXOAMMOW MOIHOCTH NpuBOAa KpaHa. Pe3yabpTarsl. C IOMOIIBIO NMPEIIORKEHHOTO crocoba pacyera
MOIIHOCTH ITOCTPOEHBI IpauecKre 3aBUCHMOCTH HAarpy3oK Ha Kojeca KpaHa, BEJIMYMHBI KO QUIMeHTa TPeHUS
Ka4eHHs KOJIEC, COMPOTUBIICHNS IEPEIBIKCHUIO KPaHa OT MOJI0KEHHs TEJICKKH Ha Ipojere. B pe3ynbpTare aHanusa
MOJTy4EHHBIX TPa(UKOB YCTaHOBJIEHO, YTO MOIIHOCTb JBUTATEJICH, MOMy4YEeHHAs MIPEAI0KEHHBIM CIIOCOOOM, OKa3bl-
BaeTcsl BhIIIE, YeM PEKOMEHAyeMas CYIIeCTBYIOIMMH HopMaTiBaMu. [IpuBenena yrouneHHas (opmylia orpesene-
HUSI TIOJHOTO KOA((UIMEHTa TPEHHS CKOJBXKEHUS, YYUTBHIBAIOIIEr0 TpeHHE pedopa konec o penbe. [TocTpoeHs
rpaduyeckue 3aBUCHUMOCTH TaKOro KOI(pQHUIUEHTa TPEHHsS M CYMMAapHOTO CONPOTHBICHUS JBIKEHUIO KpaHa OT
TIOJIOXKEHHMSI TeNIeKKH KpaHa. Hay4unast HOBH3HA. YUeHBIMH IIPEJUIOKEH yCOBEPILICHCTBOBAHHBIN CIIOCO0 orpezere-
HUSI HEOOXOJMMOH MOIIHOCTH JIBUTATEIeH MOCTOBOTO KpaHa, KOTOPBIH YIUTBHIBAET BIMSHUE TPEHHUS KadCHHUs KOJIeC
0 pesibC M TOJIOKCHHE TEIEeXKKH B mpoiere. IIpuBenena yrouneHHas Qopmyna it onpenencHust kKodhpuunueHTa
TPEHHUS CKOJIBKEHHS, YUUTHIBAIOLIET0 TpeHue pebop kosec o penbe. [locTpoeHs! rpaguieckue 3aBUCUMOCTH TaKo-
ro ko3¢p¢uIueHTa TPEHUsI U CyMMAapHOTO CONPOTHUBICHUS JABM)KCHHIO KpaHA OT IIOJIOKEHUS TEJIEKKH KpaHa.
IIpakTHyeckass 3HaYMMOCTb. [IprMeHEHHE NpPEAToKEHHOro CHocoba ONpeAeleHus] MOIIHOCTH NPUBOAA KpaHa
MO3BOJIsIET 0oJiee TOYHO OMPENENATh €€ 3HAUCHMs, YUUTHIBas MPHU 3TOM IIOJTHOE CONPOTHBIICHHE TPEHUS KauCHHS
Kojiec ¢ pebopaaMu o peiibe. Takoil MoaxXoJ AaeT BO3MOXHOCTh 0oJiee KadeCTBEHHOI'O I0A00pa 3JIEMEHTOB
MeXaHU3Ma MepeIBUKEHUS] MOCTOBOTO KpaHa.

Kniouesvie cnosa: MOCTOBOM KpaH; TpeHHE KaueHHUs; pedopia;, MOIIIHOCTh; IPUBOJ; TEJIEKKA

Brenenue W=(G+Q)2k/D,

Cocrapnsiiomas CONPOTHBICHUS OT YHCTOTO  rpe G u Q — Bec KOHCTPYKLHM U Tpy3a; K — Ko-
KaueHMs1 KPaHOBOTO KoJieca 110 PebCy Mperoa-

ract MnmpsAMyro 3aBUCUMOCTL COIIPOTHUBJICHUA OT Ha-
Tpy3KH. HOSTOMy €Tr0 BCJIWYMHA ONPCACIIICTCA U3

s dunneHtT Tperus kauenus; D — puamerp koe-
ca.
Koadduuuent tpenust kaueHus! Ipu 3TOM Ipu-

BBIPAKCHHA. HAMAaeTCs B 3aBUCHUMOCTH OT JHaMeTpa Kojeca
u, Hampumep, npu jguamerpax 400, 500, 560
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1 630 MM ero BeIMYHHA MIPH CKPYIJIEHHOW I'OJIOB-
ke penbca pasra 0,6 mm [10].

OtOpaceiBas ommb0uHy0 Teopuio PeliHonbaca
0 TOM, YTO TJIABHBIM UCTOYHHKOM COTPOTHBIICHHSI
Ka4eHUIO SIBISIETCS TPEHHE CKOJNBXKECHUS B MECTe
KOHTaKTa, OTMETUM, YTO aHAJMTHYeCKas 3aBHCH-
MOCTh JUISl OTIpe/ieNeHus] Kod(hPHIMEHTa TPEHHUS
Ka4yeHUs He Moria ObITh MONYYeHA N0 pPEIICHHS
I'epiiem B 1881—1881 rr. 3aauu O KOHTAKTHBIX
HAMPSHKEHUSIX U JehopMariusx.

ITocne, ommpasice Ha permenus ['epma, TabGop
B 1955 r. [4] momy4mi 3T 3aBUCHUMOCTH OT MOJY-
[IMPUHBI TMATHA KOHTAKTa M THCTEPE3UCHBIX TO-
Tepb. OTHAKO, HAJIMYKE B HUX TOCIEIHUX MPUBEIIO
K HEBO3MOXXHOCTH WX MPAaKTUYECKOTO TpPUMEHE-
HUSI, TIOCKOJIbKY HEU3BECTEH CIIOCcO0 MX orpesere-
HHUSI.

B pabore [3] moaydeHsl SKCHEpHMEHTAIBHO-
aHANIMTUYEeCKUE 3aBHCUMOCTH, ONpEACIISIONINe
K03 (PUIIHEHT TpeHUS KaUueHHsI KaK MTPHU TOYCUHOM,
TaK ¥ TpPU JIMHEWHOM KOHTAaKTaX, B KOTOPBIX KO-
3 PUIMEHT THUCTEPE3UCHBIX TOTEPh HAXOIHUTCS
AHAJTUTUYIECKH.

Hean

OHpe,HeJ'II/ITL 3aBUCHUMOCTh BCIIHMYHH CTaTH4C-
CKOTO W AOWMHAMHUYCCKOI'O COIIPOTUBJICHUA II€pEC-
JABWXXCHHUIO MOCTOBOI'O KpaHa Ha HpﬂMOJ’IHHeﬁHOM
Y4aCTKE IIYTH OT IOJIOXKCHUA TCJICKKH B ITPOJICTE.
HCCHGI{OB&TB BJIMSIHHUE BCJIMYHUH COIIPOTHBJICHUA
Ha H3HOC pe60p/:L KOJIEC, HUCIOJIb3yd aHaJluTU4e-
CKHC 3aBUCUMOCTHU MJId ONPCACIICHUSA KOS(I)(i)I/ILII/I-
C€HTa TPCHUA KAa4YCHUA, 3aBUCAILICTO OT BCIUMYHHBI
IMOJIYIIUPHHBI IIATHA KOHTAaKTa MEXKAY KOJCCOM
" pCIbCOM.

MeTtoanka

Jlnst ompeseneHus BETHYMHBI COMPOTHBICHUS
NEPEBIDKCHUIO  BOCIIOJIB3YeMCSl  MapameTpamu
KpaHa, npuBeieHHbIMA B [7]. TIpumem komneco mu-
auHApudeckuM auamerpoM D =2r =630 wmmM;
peiabc KP70 ¢ pamumycom 3akpyriieHHs TOJIOBKH
r, =400 mm; muamerp nander d =120 mwm; npu-
BE/ICHHBI KOA(Q(UIIMEHT TpPEHUS IIOIIIUITHUKOB
u=0,015 (ponukoBble MOMIIUIHUKK); K03DDu-

IIACHT, YYUTBIBAIOIIHNHA TPEHUE peOopI kp =15.

HpI/I CXEME KaCaHUA «IOUJIUHAPBI CO B3aWMHO
HCIICPECCKAIIUMUCA OCAMU» B CIIydac PABCHCTBA

monyneir ympyroctn E  marepmanoB  koseca
U penbca, paBeHcTBa Kod(¢uimentra I[lyaccona
0,3, monyIuprHa MATHA KOHTAKTa COTJIACHO TEO-
pun nedopmanuii I'epria [8] onpenensercs:

@)

rae R — npmwkumaromas K penscy cuiia koneca; N,

— KO3 GUITUEHT, 3aBUCAIITNN OT COOTHOIICHHUS KO-
3(QUIIMEHTOB ypaBHEHHUS SJUIUICA KacaHWs, SIB-
JAIOIMHCS QyHKIMeH cooTHOeHus I / r, " pa-

Ben 0,93.

ITocne ompenenmenuss peaknmii oop A u B
B 3aBUCUMOCTHU oT IIOJIOXKCHUA TCICIKKHU
B mposieTe, Haiinem 1o Gopmysie (1) monymmpuny
ISITHA KOHTaKTa M COOTBETCTBYIOIIUE €if K03 u-
IUCHTHI TPCHUA KaYCHUA.

Ilpu TOYEYHOM KOHTAKTe KOI(PQPHIMEHT Tpe-
HUS KaYeHUs OnpenenseTcs u3 Bepaxenus [3]:

k =0,16be®%" | (2)

rae rk — B MCTpax.
CxeMma k pacuceTy HAarpy3okK Ha XOAOBBIC KOJIECa

nokasana Ha puc. 1. B oramume ot [7] 3mech Bec
KaOWHBI BKJIIOYCH B BEC TEJICHKKH.

00000060

066
|
7 n
W] L=t REL
) K30 .

Puc. 1. Cxema k pacyery Harpy3ok
Ha XOJOBBIC KoJieca.
1,2, ..., 7 — pacyeTHBIC MOJIOKCHUS TEICIKKH

Fig. 1. Chart to the calculation of loading
on working wheels:
1, 2, ., 7 — calculation positions of a bogie

OtmMmetuM, uTo nojaydeHHas Tabopom popmyia,
aHanornyHas (2), umeeT BUA:
3b

k=oa—,
16
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rae o — KO3((UIHMEHT THUCTEPE3UCHBIX MOTEPH,
unpu f,=0,5 m mo (2) k=0,18ba, T.e. MOXHO
CUUTATh, YTO SKCIOHEHTA 3/1€Ch M IPEACTAaBISIET
o . IlpuBenennas B [5] dopmyma k =0,1b mpen-
CTaBIISICT SIBHO 3aHIKCHHYIO BEJIMYMHY M, OYECBH/I-
HO, TIONydeHa TIPH MANBIX pajuycax WIH IpH
HEJIOCTATOYHBIX JIe(OpPMAITUIX.

Ha puc. 2, a u 2, 6 moka3aHpl 3aBUCHMOCTH Ha-
TPy3KH Ha ofHO Koieco ormop A u B oT momnoxe-
HHS TEJEXKH B mpojere (cornacHo puc. 1), a Tak-
JKE€ COOTBETCTBYIOLIME UM KOI(P(PHULMEHTHI TPEHUS
KaueHHSI.

U3 puc. 2, 6 BUAHO, 4TO MUHUMAIIbHAS BEIU-
yrHa KO3(QQHIUEHTa TPEHUSI KaYCHUSI COOTBETCT-
ByeT MHHHMAJILHOMY JaBJICHUIO Kojeca Ha pelibC
u paBHa K, =0,76 MM, a MakcUMalbHas — MaK-
CUMaJbHOMY JaBieHHI0 U paBHa K., =105 mm
NpU peKOMeHTyeMol BenruuHe B ciydae D =630
MM, k., =0,6 mm [10].

C yderoM »OTHX 3HaueHWid K © BeJIMYUH
MaKCHMaJlbHOTO JaBJI€HHA Kojieca Ha  PellbC
R, =128,73 xH, u muanmansrHoro Ry =49,27 xH
COTPOTHBIICHNE YHCTOMY Ka4eHHIO Kojeca ormop A
u B cocraBur W, =854,8 xkHu W, =238,7 xH.

MormHocTh nBUTaTenei onop A u B ¢ yuerom
TPEHUS B TIOAINTUITHUKAX COCTABUT:

N, =W,,,9/(1000n) =
= 2316-1,3/(1000-0,85) = 3,54 KBr;

Ng =Wj,,$/(1000n) =
=800-1,3/(1000-0,85) =1,22 kBr.

C ydeToM TpeHusi pedop MOIIHOCTh JIBUTATE-
neit omop A m B cocraBurt:
N, =3,54:1,5=5,31 kBr;
Ngr =1,22-1,5=1,83 xBr.

CymmapHas MOIITHOCTE JBUTATEJIEH
Ney =7,14 kBr. Cratudeckast MOLIHOCTb JIBUTa-

Teseii onop A u B:
N =Ny (0,5...0,6) =0,55- 7,14 = 3,93 xBr.

Ecnu Tenexka HaXOAUTCS B CEPEIUHE MPOJICTa,
T0 Nep =2-0,55-2,304 = 2,53 kBrT.

Ry Ry it
jEU____/{___ MMH kg/(‘;:MM M‘ILMH
w @ N /
w0 \\\ 9/ |l ow
N D
0 >< a1k Yl Hi80
i i
e W Liom
X %4
wy e, w g9 /' N \ 0
e W BN
0 2 g7f 1P Yo
T3 5 7 7 5 7

Puc. 2. 3aBHCHMOCTH OT MOJIOKEHHUSI TEICHKKU
B nponere (1, 2, 3,..., 7, puc. 1):
1, 2 — Harpy30K Ha OJHO KoJjeco omop 4 u B;

3, 4 — 1o ke Ha 1Ba Koyeca; 5 — cymmapHast Harpy3ka (a);
6, 7 — K03 GUIUEHTH TPeHH KaueHus KoJiec ornop 4 u B,
8, 9 — compoTHBIICHHIE YHUCTOMY KaueHHIO KoJiec orop A u B;
10 — conpoTuBIIeHHE EPEIBIKECHUIO KpaHa
OT YUCTOro KaueHus (0)

Fig. 2. Dependences from the position of the bogie
in flight (1, 2, 3,..., 7, Fig. 1):

1, 2 — loads on one wheel supports A and B;

3, 4 — the same on two wheels; 5 — the total load ();

6, 7 — the coefficients of rolling friction of the wheels

of the supports A and B; 8, 9 — the resistance of pure rolling

of the wheels of the supports A and B; 10 — resistance

movement of the crane from pure rolling (b)

CornacHO HOPMATUBHOW METOAMKE, CTaTH4Ye-
ckast MomHocTh aurarens Ny, =2,13 kBT, a nu-
Hampdeckas (C y4eToM IMHAMUYECKHX Harpy3oK
npu miycke) Ny, =9,3 kBr.

JluHaMI4YecKast MOIIIHOCTG BBIIIE MTOJYYEHHBIX
crarmueckux BemmumH: N, , =N, , =111 xBrT,

a N, =110 xBr.

Takum o0Opa3oM, HOpPMAaTHBHAas BeIMYMHA
MOITHOCTH (M3-3a Pa3HOCTH KO3(P(PHIIUEHTOB Tpe-
HHUS KadyeHus) okasaiack npumepHo Ha 20 %
MEHBIIIE MTOJYYEHHO! 110 MpeaIaraeMoMy Crioco0y.

M3-3a pa3HOCTH MOLIHOCTEW ABUTATENEH OIOp
A (N,=354 xkBr) u B (N =1,22 xBt) BO3HH-
KaeT BONPOC O BIMSHUH 3TOW Pa3HUIIBI Ha M3HOC
pebop.

ocp
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Pe3yabTaTthl

HccnenyeM BIMSIHUE —TOJNIOXKEHHS  TEJESKKH
MOCTOBOT'O KpaHa B IPOJIETe Ha U3HOC PeOOp/I.

Ipodeccop Kopanbckuit b.C. [6] ycranosui,
4To Koo duimentT K, , yunThBarommii Tpenue pe-

0op, orpenensieTcss U3 BhIPAKCHUS:

kp:a/l—cL,
K

rne a=12 - npu USHTPaIbHOM TNPUBOJC
nu a=13 mpu pazgensHoM npuBogax; C=0,03;
L — mpomer; K - 0a3a kpaHa, Hampumep, NpH

L/K =6,3 momyumm, d9rO kp =1,48 mnpu neH-
TPAILHOM U kp =1,6 mpu pasaeapbHOM MPHUBOJIAX.

ITepekoc MocTa Ha penbcax BiedYeT 3a cO0Oi
TpeHHe PedOop/I O PENIbChl, YBEIHMUYCHHE COMPOTHB-
JIEHUS TBYDKCHUIO U PACXOJl SHEPTHH, COKpAICHUE
CpOKa CITy>KOBI KOJIEC U PENBCOB, IMOSIBICHUE MPH
JIBUKCHUU TOJTYKOB U YIapOB.

HccnenoBanuio mepekoca, «ko3ghuiinenHTa pe-
6opa» [6] 1 cOCOOOB €ro YMEHBIICHUS MOCBSIIIE-
HO MHOr0 pa®oT. OCHOBHBIC UJCH €r0 YMEHbIIIC-
HUSl CBOJATCS, B OCHOBHOM, K MUHHUMYMY pa3HO-
CTH JWAMETPOB BEAYIIUX KOJIEC, YMEHBIICHHUIO
3a30pa MeXay pedopaMu U perabcoM HITH, Ha000-
POT, PE3KOr0 yBEIHUEHHS 3TUX 3a30poB. Ho mouck
palMOHANBHBIX peleHnid He aan 3PQPEeKTUBHBIX
pe3yNbTaTOB M MEPEIBHKCHUE KPAHOB OCTAETCS
Y3KHM MECTOM.

CuuTtanoch, 4To NPUMEHEHHE KOHHYECKUX KO-
Jiec pemmt npodbiemy. OfHAKO, HaTbHEHUIUE HC-
CJIeIOBaHUs TIOKa3alik, 4YTo OoJjiee IeIecoo0pa3Ho
MpUMEHEHNE Pa3JelIbHOTO MPHUBOJA MPHU IHIUHII-
pPUYECKHX KOJiecaX, HECMOTPS Ha TO, YTO MOII-
HOCTB JIBUTATENICH OOJIBIIIE, YEM TPU LEHTPATBHOM
npumepHo Ha 20 %.

OpHoil U3 MPUYMH, a, BO3MOXKHO, U TJIABHOH,
SIBJIICTCS T4, YTO MaJI0 BHUMAHUS yACISUIOCH TEO-
PEeTHYECKUM  BOIIpOCaM  SIBJICHUS  IepeHoca
¥, B TIEPBYIO O4YepeNb, CONMPOTHBICHUIO KaueHUS
KOJIEC TIO PeITbcaM.

CocraBnusitoniasi CONPOTUBICHUS OT YHUCTOTO
KaueHUs KPAaHOBOTO KOJIeCa IT0 PENIbCy Ipearoa-
raeT NpsMyI0 3aBUCHMOCTh COTIPOTHUBJICHHUS OT Ha-
rpy3ku. [loaToMy ero Benmu4MHA OMpECIIeTC U3
Beipakenus: W =(Q +G)2k/D.

U3 puc. 2, 6 BUAHO, YTO MHUHUMAIIbHAS BEJU-
gpHa KOd(PHUITNEHTA TPEHUS KauyeHUS COOTBETCT-

ByeT MMHHMAJIFHOMY JaBJICHHUIO KOJeca Ha peibC
u paBHa K, =0,76 MM, a MakcUManbHasi — MaKCH-
ManeHOMY K; =1,05 MM mpu pexomeHIyeMoii Be-
JAMYHHE 15 3Toro nuamerpa koieca (D =630 mm)
k.=0,6.

Jlnst paBHOBEeCHSI MOCTa Pa3HOCTh MaKCHMAallb-
HbIX conpotuBinenud W, —W, ;. nomxHa ynep-
JKUBAThCS CHJIOW H , mpuiiokeHHOH NepHeHauKYy-
JSIPHO PENIbCy W PACIOI0KEHHOW Ha MPOTHUBOIIO-

JI0>KHOM TI0 AWAroHaN KoJiece.
[Ipu xonee L u 6a3e B ycnoBue paBHOBecHs:

I\Nmax _Wmin|L =HB,

OTKyJa
W,

max

-W
B

min|L

H=

OtMmetum, 49To 3Ta HOpMyJa MoydeHa He3aBH-
cumo oT dopmyisl, pemioxkennoit BHUUIT Tmam
[2], koTOpass MMeeT MPUMEPHO TaKHE K& 3aBUCHU-
MOCTH:

o N(p—-w)L
max B !
rae N — maBiieHHe MPUBOIHOTO KOJIECa Ha Peiibe;
(¢ — KO3(PPUIHEHT CIETIICHNST TPUBOIHOTO KOJe-

ca ¢ pesibCoM; W — KO3(p(HUIIMEHT COMPOTUBIICHHS
JIBHKECHHIO.

YMHOKHB JIEBYIO ¥ TIPaBYIO YaCTH 3TOTO ypaB-
HEHHs Ha KOX(PQPHUIMEHT TPEHUS CKOJIBKCHUS Me-
Iy peOOpIoil U PenbCoM, MOTYYUM COMPOTHBIIC-
HUE TPeHUsI peOOPT O PEJIbC:

H}l: (\Nmax _vain)l-}'l =W

5 p- ©)
Koaddumment, yautsiBaronuii Tpeane pedop:
W
kKp=l+—"7—. (4)
Wmax _Wmin

Benuunna K, MOXeT OBITH MonmyveHa U W3
dopmyasr BHUUII Tmamn [5]:
— D(N([)L— BHmax)
P NL(2k + fd)

IIpu Q =12500 kr, G =23000 kxr makcuMab-
k, =149 n=0,16

Hast BCIINYMHaA Inpu
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u k, =143 npu p=0,14, a npu rycroii cmaske
n=0,09 kp =1,28. Pekomenmyercss BenmuuHa
kp =15 [11].

B ciydae yeTwIpex Kojec ¥ paBHOMEPHOIO Io-
PU3OHTAILHOTO  JABICHUA MEXIy KojlecaMu
u penscoM H; =H /4, cocraBmser H, =2387 H,

a H =9547 H.

B [6] s Ge3pebopaHBIX KOJieC BEIMYUHY Ha-
IPY3KH Ha POJUK PEKOMEHIYETCs ONpeessaTh KakK
H=(Q+G)0,04, uTto cOCTaBISCT BEIUYUHY

14200 H npotus 9547 H.

Ha puc. 3 noka3aHna 3aBUCHMOCTB COIIPOTHBIIE-
HUs KadeHuto onop A u B oT nonoxeHus renex-
KA B TPOJIETE C YYETOM TPEHHs MOALIMITHUKOB
U pacdetHas (4) BenmuuuHa KO3(GHUIMEHTA, yUu-
THIBAIOIIETO TPEHHE peOop .

Az Wova, Wiees w¥

\\ /f
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Puc. 3. 3aBHCHMOCTD OT MOJIOKEHHUS
TEJIEKKHU B MPOJIETE
(1, 3, 5, 7 — pacueTHbIE MOIOKEHUS TEIEKKH):
1 — cyMMapHOro 3Ha4€HHUsI CONPOTHBIICHUS C Y4ETOM
TPEHHUS OJIIUITHAKOB; 2 — KO3 (PHUIUEHTa,
YUYHTHIBAIOLIETO TPEeHUE pebopa

b
b

¥
W

Fig. 3. Dependence from the position
of a bogie in flight
(1, 3, 5, 7 are calculation positions of a bogie) :
1 — total value of resistance taking into account
the friction of bearing; 2 — coefficient,
taking into account the friction of flanges

Kak ormeuanocs BBIIIIC, kp npu HEHTPAJIbHOM

OPUBOJIE HECKOJBKO HWKE, YeM MPH Pa3aeIbHOM
(1,48 u 1,60 coOTBETCTBEHHO) HECMOTPSI Ha OTCYT-
CTBHE 3a0eraHus KoJieC OJJHON M3 cTOpoH. VI MOXK-

HO TIPENIOJIOKUTH, YTO NP LIEHTPAIBbHOM IPHBO-
JIe OCHOBHOM NMPUYHHOW M3HOCA PeOOPI SIBISIOTCS
TOJYKH M YAApbl, a TAKXKe Mpolecc, OJU3KUM K aB-
TOKOJIEOaHUSIM BCJIEICTBHE DPA3HOrO yIia 3aKpy-
yuBaHWs Baya. IIpH MOyd4EeHHBIX BENMYMHAX CO-
npotuBneHuit onop A u B, B 3aBucHMOCTH OT
MOJIOKEHUS TEIEKKH B TIPOJIETE, JUAMETPE TPaHC-
MHCCHOHHOTO Baja paBHOM 50 MM  yrisl
3akpyunBaHus omindarorcs Ha 10 %, uro mpu Gaze
L=3,7 M jgaer moBOpOT KoJieCa OTHOCHTEIHHO

BepTiKami Ha 0,44° ¥ BeIMUMHA TPEHUS CKOJIBKE-
HUS Tpu 3ToM coctasimsier 150 H, yro Omusko
K BEJIMYUHE COTMPOTHUBIICHHS KAUYCHWIO TP MUHH-
MaJIbHOM Harpy3ke Ha KOJIeco.

N3 ¢opmyn (3) u (4) BuaHo, 4YTO TIpH
Wiax =Whin kp =1. DTOro MOXHO IOCTHYh 34

CYeT PacIOJIOKEHHsSI TPy3a Ha CEepPeIMHE IPOJeTa.
OpmHako, 310 gacT 3P QPEKT TOIBKO B TEPHO/ ITyCKa,
a B JlaJibHEMIIIEeM, J1a)ke B 3TOM IOJIOKEHUH TPpy3a,
OyayT HaONIONATHCS SIBJIICHUS, aHAIOTUYHbBIC IICH-
TPAJbHOMY MPHBOJY .

Hayuynasi HOBH3HA M IpaKTHYecKast
3HAYUMOCTh

[IpenioxeH yCOBEpIIEHCTBOBAHHEIN CIIOCO0
ompeaeneHnss HEOOXOJUMONH MOITHOCTH JBUTAaTe-
JIell MOCTOBOTO KpaHa, KOTOPBIM yYHUTHIBAET BIIMS-
HUE TPEHMsI KaUeHHsI KOJIEC O PENIbC U TOJIOKEHUE
TenexXKu B mpojere. [lo pesymnbraram pacueToB
MOCTPOEHBI TpaduvecKne 3aBUCUMOCTH Harpy30K
Ha KoJjieca KpaHa, BEJIMYMHBI Kod(dduiueHTa Tpe-
HUS KaueHUsl KOJIEC, CONPOTHBIICHUS TEepeaBHKe-
HUIO KPaHa OT IOJIOKEHUS TEJEKKU Ha IpPOJETE.
B pesynprare ananmsza moiaydeHHBIX TpadUKoOB yc-
TAHOBJIEHO, YTO BEIMYMHA MOIIHOCTH JIBUTATENEH,
KOTOpasi MPUHUMAETCS M0 CYLIECTBYIOUIEH HOpMa-
THBHOM JIUTEPATYPE, ABISAETCS 3aHUKEHHOM.

Kpome Toro, mpemioskena yrouneHHast popmy-
ma Ans  ompereNieHUS KOA(QQUIMEHTa TPeHUs
CKOJIBYKEHVSI, YUUTHIBAIOIMIETO TpeHHe pedopi Ko-
nec o penbc. [IpuBeaens! rpaduueckue 3aBUCUMO-
CTH Takoro ko3(dduurenHTa TpeHUs U CyMMapHOTO
CONPOTUBJICHUS] IBH)KEHUS KpaHa OT IOJOKEHUS
TEJEKKH KpaHa.

[TpumeHeHne MPESIOKEHHOTO crocoba ompe-
JIeJICHUs] MOIIHOCTU NPUBOJA KpaHA MO3BOJSET
0ojee TOYHO OMpEAENATH €€ 3HAYCHHs, YUUTHIBAs
MIPYU 3TOM IOJIHOE COTNIPOTHUBIICHUE TPEHHUS KaueHUs
KoJieC ¢ pebopiaMu O perbC.
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BriBoabI

Pe3ynbraTel nmpoBeneHHONH PabOTHI MO3BOJISIFOT
C/eNaTh CIeIyIOIIUe BEIBOADI:

— TJaBHOM NPUYMHON TOSBICHHUS CKOJIbXKeE-
HUsL pedOopa KoJieC IO TOJIOBKE pelibca SIBJISETCS
Pa3HOCTh B CONPOTHBIICHHH OT TPEHUS OTOp U Be-
JUYUHBI KO3 PHULIMEHTa TPEHHUS CKOJIBKEHHUS Me-
KOy pedopIoit M peancoM;

— TIOCKOJIbKY TpH IIEHTPAIGHOM TIPUBOJIC
ko3 umeHT TpeHus peOopA MEHbIE, YeM IMPH
pasznenbHOM IpuMepHo Ha 7—8 %, TO MOXHO cuu-
TaTh, YTO U3HOC peOOP MPH PACTIONOKEHUH TPy3a
Ha cepeJuHe IMposieTa OyIeT Ha ATOT K€ MPOLEHT
MEHBILINM BCJIEACTBUE OAMHAKOBOTO CONPOTHBIIE-
HUSI JBYDKEHHIO OTIOP;

— TpPEAIOKCHHBIH  croco0  ompeneseHus
MOIIHOCTH JIBUTATeNC MEXaHU3MOB IEpEIBIIKE-
HUSI MOCTOBBIX KPaHOB HPEINOJIAraeT HCIOJIb30-
BaHME KJlaccuueckoil Teopuu I'eplia mo omnpexaesne-
HUIO KOHTaKTHBIX AedopMaluil U aHaTMTUYEeCKOH
3aBucUMocTH Tabopa mo ompeneneHuro ko3hdu-
LIMEHTA TPEHUS KaueHNUs,

— 1O pe3yJbTaTaM pacueToB IOCTPOCHEI
rpaduyuecKie 3aBHCHMOCTH Harpy3oK Ha KoJseca
KpaHa, BeTMIUHBI KO (PHIMeHTa TpeHHs KaueHUs
KOJIEC, COTPOTHBIICHHS MEPEIABHKCHUIO KpaHa OT
TIOJIOKEHUS TEJIEKKH Ha MPOJIETe;

— IPOBEICHHBIH aHAIU3 IOJIY4YEHHBIX Ipa-
(UKOB IMOKa3all, 9YTO MOIIHOCTH JIBUTATEINEH, Io-
Jy4deHHas! MPEJIOKEHHBIM CIIOCOO0M, OKa3bIBaeT-
cst (mns mpuBeneHHoro nmpumepa) Ha 20 % Bbime,
YeM IO CYLIECTBYIOLIMM B JIUTE€pAaType HOpMaTu-
BaMm;

—  TpU PacHoJOKEHHOH B CepeluHEe MposeTa
TEJIe)KKE C IPy30M, MOIIHOCTh IBHUTraTeield paBHa
X CyMMapHOW BEJIMYMHE TPH JIPYTUX MOJOKEHU-
AX TEJEKKH, TTOATOMY MOIIHOCThH IPHBO/A MOKHO
OTIPENICNINTh NPH MOJIOKECHUH TENEKKH B CEpeInHE
NpoJIeTa,

— TpuBeAcHa YyTOYHEHHas (opMmyia ompene-
JIeHUsI TOJIHOTO KO3 (UIMEeHTa TPEHHs CKOJIbXKe-
HUSl, YYWTBIBAIOIIEIO TpEHHE pedopn Koiec
0 peJibc, ¥ TOCTPOCHBI Tpaduieckrue 3aBUCUMOCTH
Takoro ko3dQuiuenta TpeHU U CyMMapHOIO CO-
NPOTHBJICHUS IBMKEHUS KpaHa OT IOJOXKEHHs Te-
JISKKU KpaHa.
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CHHOCIb BUBHAYEHHA HOTYKHOCTI ITPUBOAY
MEXAHI3MIB IIEPECYBAHHA MOCTOBOI'O KPAHY
IIPU OBJIIKY TEPTA KOYEHHSA

Merta. [Ipu po3paxyHKy MOTY>XHOCTI ITPUBOJY MOCTOBOI'O KpaHa OJHUM 13 OCHOBHUX IapaMeTpiB € BeJIMUMHA
oropy Horo nepeminienHio. OfHIEI0 3 BaXJIMBHUX CKJIAJOBUX OINOPY NEPECYBAHHIO € TEpPTs KOUEHHs KoJjeca II0
peiii. Y po6oTi HEOOXiJHO BH3HAYMTH 3aJCKHICTh BEIMYMH CTATUYHOTO (AMHAMIYHOrO) OMOPY MEpEeCyBaHHIO
MOCTOBOT'O KpaHa Ha MPSMOJIHIWHIN JIJSHIN OUIAXY Bifl MTOJIOKEHHS Bi3Ka B MPOJBOTI Ta TOCTIANTH BILTUB BEITUYUH
omopy Ha 3HOc pedopn komic. MeTonnka. BHKOPHCTOBYIOUH aHATITUYHI 3aJICKHOCTI JJIs BU3HAYCHHS KoedimieHTa
TepPTS KOYCHHS, 10 3aJICKUTh BiJl BEJIMYMHY MIiBIIUPHHY IUTAMH KOHTaKTy MK KOJIECOM 1 PEHKOI0, 3aIpOIIOHOBAHO
YIOCKOHAICHUH Cmoci® po3paxyHKy HEOOXimHOI MOTYXHOCTI TNpHBOAY KpaHa. Pe3yabratH. 3a IOMOMOTOIO
3aMpoIIOHOBAHOTO CIIOCO0Y PO3paxyHKY MOTYXXHOCTI 1moOymoBaHi rpadidHi 3aJeKHOCTI HaBaHTa)XKEHb Ha Kojeca
KpaHa, BeTMYHHU Koe]ilieHTa TepTs KOUYeHHS KOJic, OMopy NMepecyBaHHIO KpaHa Bij MTOJIOKEHHS Bi3Ka HA MPOJBOTI.
VY pesynpTaTi aHanmizy OTpUMaHHUX TpadikiB BCTAaHOBJICHO, IO MOTY)XKHICTh JABHTYHIB, OTPHMaHa 3allPOIIOHOBAHUM
Ccroco0OM, BUSIBJIIETHCS BHUIIOI0, HIXK PEKOMCHIOBaHA ICHYOYMMH HOpMmatuBamu. HaBeneHa yTouHeHa (opmyiia
BHU3HAYCHHS MOBHOIO KOe(illieHTa TEPTs KOB3aHHS, L0 BpaxoBye TepTsA pebopa kojic mo peiini. [TobymoBano
rpadivHi 3aJIeKHOCTI TAaKOro KoedillieHTa TepTsS Ta CyMapHOIro ONOPY PyXy KpaHa BiJ IOJOXEHHS Bi3Ka KpaHa.
HaykoBa HoBHM3HA. BuyeHMMH 3ampoONOHOBAHO YIOCKOHAIECHHWH CIIOCIO BH3HA4YE€HHS HEOOXIJHOI MOTYXHOCTI
JIBUTYHIB MOCTOBOT'O KpaHa, SIKMil BpaXxOBY€ BIUIMB TEPTS KOUEHHS KOJIIC 110 peiilli Ta ITOJI0KEHHS Bi3Ka B IPOJIBOTI.
Hageznena yrouneHa ¢opmyiia Ui BU3HaYCHHS Koe(ilieHTa TepTs KOB3aHH!, IO BPAXOBYE TepTs pebop KOJIIC 110
peiimi. IloOynmoBano TpadidHi 3aleKHOCTI TaKOro KoedillieHTa TepTs Ta CyMapHOTO OIMOpYy pyXy KpaHa Bix
MOJIOKCHHA Bi3ka KpaHa. IIpakTuyHa 3HAYHMICTh. 3aCTOCYBaHHS 3alPOIOHOBAHOIO CIOCOOY BH3HAUCHHS
HOTY>KHOCTI IPUBOAY KpaHa JO3BOJISAE OUIBII TOYHO BU3HAYATH i1 3HAYEHHS, BPAaXOBYIOUH IIPH LOMY IIOBHHUH OIIip
TepTA KOUEHHs Kolic i3 pedopaamu mo peimi. Takuid miaxix gae MOXIUBICTh OUTBIN SAKICHOTO MiAOOpy €IeMEHTIB
MEXaHi3My IlepecyBaHHs MOCTOBOTO KpaHa.

Kniouosi crosa: mocToBHit KpaH; TEPTS KOYECHHS, peOdop/a; MOTYKHICTh; IPHUBi; BI30K

doi: 10.15802/stp2015/55335 © B. H. boromas, JI. H. Bounapenko, K. L[. ['naBaukuii, K. A. Cokosn, 2015

129



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

Hayxka Ta nporpec Tpancnopty. BicHuk J[HIIponeTpoBChKoro
HaLiOHAJIIBHOTO YHIBEPCHTETY 3aili3HH4HOro TpaHcnopty, 2015, Ne 5 (59)

HETPAMLIIIHI BUJ TPAHCITOPTY. MAILIMHI TA MEXAHI3MI

V. M. BOHOMAZY, L. M. BONDARENKO?", K. TS. HLAVATSKY ¥, K. 0. SOKOL*

“Dep. «Military training of specialists of the State special service of transport», Dnipropetrovsk National University
of Railway Transport named after Academician V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010,

tel. +38 (056) 793 19 09, e-mail whogomas@i.ua, ORCID 0000-0001-5913-2671

ZDep. «Applied Mechanics», Dnipropetrovsk National University of Railway Transport named

after Academician V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 373 15 18,

e-mail bondarenko-I-m2015@yandex.ua, ORCID 0000-0001-6602-2745

% Dep. «Applied Mechanics», Dnipropetrovsk National University of Railway Transport named after Academician
V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 373 15 18, e-mail kazimir.glavatskii@mail.ru,
ORCID 0000-0002-3353-2543

“Dep. «Military training of specialists of the State special service of transport», Dnipropetrovsk National University
of Railway Transport named after Academician V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010,

tel. +38 (056) 793 19 09, e-mail erifdooG@ukr.net, ORCID 0000-0002-2073-7881

METHOD OF THE DRIVE POWER DETERMINATION
OF THE MECHANISMS OF THE BRIDGE CRANE MOVEMENT
CONSIDERING THE ROLLING FRICTION

Purpose. The value of drive resistance to its movement is the main parameter at calculating the drive power of
bridge crane. The value of the wheel rolling friction on the rails is one of the important parts of the resistance to
movement. It is necessary to determine the dependence of static (dynamic) quantities of resistance to the bridge
crane movement on a straight section of the track from the position of the bogie in the span, and explore the influ-
ence of the wheel flanges resistance for wear. Methodology. Using the analytical dependences for determining the
rolling friction coefficient, that depends on the size of the half-width of the contact between the wheel and rail, the
improved method for calculating the required drive power of the crane was proposed. Findings. With the proposed
method of power calculation the characteristic curve of the crane wheel loads, the coefficient of rolling friction of
the wheels and the crane resistance to movement from the position of the bogie on span were built. In the result of
graphs analysis it was found that the engine power, obtained by the proposed method is higher than the recom-
mended by the existing standards. The more precise formula for determining the total coefficient of sliding friction
that takes into account the friction of wheel flanges on the rail is given. The characteristic curves of such coefficient
of friction and the total resistance to movement of the position of the crane bogie were built. Originality. The scien-
tists proposed an improved method of determining the required engine power of bridge crane, which takes into ac-
count the effect of rolling friction of the wheels on the rails and the bogie in the span. The improved formula for
determining the coefficient of friction that takes into account the friction wheel flanges of the rail was given. The
characteristic curve of this coefficient of friction and the total resistance movement of crane from the position of the
crane bogie were built. Practical value. The application of the proposed method of determining the driving power
of the crane allows determining its value more precisely, taking into account the impedance of the rolling friction of
the wheels on the rails with a flanged on the rails. This approach enables better selection of elements of the mecha-
nism of the bridge crane movement.

Keywords : bridge crane; rolling friction; flange; power; drive; bogie
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OBIPYHTYBAHHS TPOJOBKXEHHS TEPMIHY CJYXXBU
IMACAKUPCBKHNX BAT'OHIB I3 OCEPEJIKAMM KOPO3II
XPEBTOBOI BAJIKHA

Meta. HaykoBa po6ora nependauae: 1) momyk 3aco0iB BpaxyBaHHS BIUIMBY JIOK&JbHUX KOPO3IMHUX MOIIKO-
JUKeHb KOHCTPYKIIIT BAroHiB, 110 BUCITYKHJIN MPU3HAUCHUI TEPMiH, i3 METOK HOTO TMPOMOBKEHHS; 2) eKCIICPHMEH-
TaJIbHY MEPEBIPKY BiIIOBIAHOCTI Marepialy KOHCTPYKIii BUMOTaM HOPMAaTHBHOI JOKYMEHTalii Ta 0OTpyHTYBaHHS
NIPOJIOBXKCHHS TEPMiHY CITy>)KOM MacakMpChbKHX BaroHiB i3 ocepenkamu koposii micist 30 pokiB excruryararii;
3) OLiHKY BiAMOBIAHOCTI 3aJIUIIKOBOTO PECYPCy KOHCTPYKIIi Ky30BiB BaroHiB €KCIUTyaTallifHUM HaBaHTa)XCHHSIM
NPOTSATrOM HACTYIHHUX 5 pokiB BuKopucTanHsA. Metoauka. Po3poOneHuid aaropuT™ TEXHIYHOTO JiarHOCTYBaHHS
BaroHiB 13 ocepeaKaMu Kopo3ii XxpeOToBoi Oanku MicTUTH Y co0i Kinbka ertamiB. CIIO9aTKy IPOBOJUTHCS 0OCTEKEH-
HSl TEXHIYHOTO CTaHy KOHCTPYKIIii Bi3yalbHO-ONITHYHAM METOJIOM 1 METOAaMH HEPYHHIBHOTO KOHTPOJIIO Ta BU3HA-
9a€eThCS CTYIIHD MOIIKOMKEHb. Ha HacTymHOMy erami BUKOHYETHCS E€KCIIEpHMEHTalIbHA IMepeBipKa BiIIOBITHOCTI
CTPYKTYPH Ta MEXaHIYHUX BIACTHBOCTEH MeTaily XpeOTOBOI OaJIki BaroHa 3 ocepenkaMu Kopo3sii BUMOraM HOpMa-
TUBHOI ToKyMeHTaIlii. Jlaii BUKOHY€eThCS AOCIHIIKEHHS MIITHOCTI HECY4YHX KOHCTPYKIIH Ky30BiB BaroHiB Ha IMiJCTa-
Bl EKCIIEPUMEHTAILHUX CTaTUYHUX Ta YAApHUX BUIPOOYBaHb Ha MilHICTh. Hapemri npoBoAsSTHCS PeCypCHi BUIIPO-
OyBaHHS Ha {10 MMO3IOBXKHIX CHJI i BUKOHYETHCS OLlIHKA Ta IPOTHO3yBaHHS BiJIIOBIHOCTI pecypcy Ky30BiB BaroHiB
Ha HacTynHuii nepion. Pesyabrarn. [lificHa po0oTa 3aBepiieHa oAep)KaHHIM eKCIIepUMEHTAIBHIX JAaHKX 13 00Ipy-
HTYBaHHS MPOJIOBKEHHS TEPMiHY CIIy’)KOM Iaca)KMPChKNX BaroHiB SIK 13 TOYKH 30py HalpallOBaHHS HECY4YHX elle-
MEHTIB Ky30Ba BaroHa Ha pecypc, Tak i 3 TOUKH 30py XIMIYHOTO CKJIaly, CTPYKTYpH Ta MEXaHIYHUX BJIACTHBOCTEH
MeTarna XpeOToBoi Oalku 3 ocepeakaMu Kopo3il. HasBHICTh JTOKANEHUX KOPO3IMHUX MOIIKOIKEHb XPeOTOBOT OaIKu
MIPEJICTaBICHAX PO3MIpIB HE CKIIaJa€ 3arpo3u MIITHOCTI KOHCTPYKIIiI Ta Oe3memni pyxy. HaykoBa HoBH3HA. ABTOpa-
MU TIPOBEICHI KOMIUICKCHI JOCHTIPKEHHS 3 OOTPYHTYBaHHS TEPMiHY CIyKOHW MMAaca)KMPCHKUX BaroHiB SK i3 OOKy Ha-
MPaIIOBaHHS €IEMEHTIB Ky30Ba Ha yJapHy BUTPHUBAJICTb, TaK 1 3 OI[iHKM MEXaHIYHUX BIACTUBOCTEH METaly, 3 KO-
TO BUTOTOBJICHI €IEMEHTH BaroHa. Brepiie o0rpyHTOBaHa MOXJIMBICTh ITOJANBIIOI €KCIUTyaTallii BaroHiB i3 KOpo-
31IfHIMH MTOMIKOKEHHAMHI XpeOToBoi Oanku. IlpakTuyHa 3HayuMicTh. OTpUMaHi BUCHUMH PE3yJIbTaTH JT03BOJIA-
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10Th 0€3 JI0JJaTKOBHX 3aXO[iB NPOJOBXHUTH TEPMIiH CIIy>KOU MacakHPChKUX BAaroHiB i3 ocepeakaMu Kopo3ii xpedTo-

BOI OaJIKH.

Kniouosi cnosa: macaxupchKuil BaroH, xpeOToBa 0ajka, KOPO3ilHI MOIIKOKEHHS; BiINOBITHICTD; XiMIYHHHA
CKJIaJ; MEXaHIYHi BJIaCTHUBOCTI; MIKPOCTPYKTYpa; MII[HICTh KOHCTPYKIIi{; CTaTUUHI BUIIPOOYBaHHS; yIapHi BUIIPOOy-

BaHHS; HallpalfoBaHHs Ha pecypc

Beryn

3 ypaxyBaHHAM Je(hINUTY TACAKUPCHKHX Ba-
TOHIB, BHKIHMKAHOTO IPHPOIHUM CKOPOYCHHIM
IHBEHTApHOTO TMapKy B 3B’A3KY 3 BHKIIOYECHHIM
BaroHiB MO JIOCATHEHHI HOPMATHBHOTO TEPMIiHY
CIIY’KOH, Ta 3aKYITiBJICI0 B HEIOCTATHIA KIIBKOCTI
HOBHX BaroHiB akTyaJlbHUM € MPOJOBKEHHS BU-
meBKa3zaHoro TepMmiHy. Komruiekc pobit 3 mpogo-
BXKEHHS TEPMIiHY CIIyXOW IependadeHnii MeTOau-
KOI0 TEXHIYHOI'O JIarHOCTYBaHHS ITacaKUPChKUX
BaroHiB, 1[0 BUCIY)KHJIM NMPU3HAYCHUI TepMiH [7],
Ta HOpMaTHBHUMH nokymeHtamu [11, 16]. deski
mpo0JieMH, 10 BUHHMKAIOTh IiJ Yac JiarHo-
CTYBaHHA TaCa)XUPCBHKUX BaroHiB, PpO3TJSHYTI
B crarTsax [9, 10, 12, 13, 17]. Konremniis o0rpyH-
TYBaHHS TIPOJIOBKECHHS TEPMIiHY CITy>KOH TTaca)Kup-
CBKMX BaroHiB 3 oOcepeikaMHu Kopo3ii XpeOToBoi
Oanku Bukigagena B [8]. B [1] posrismaerscs
BIUTHUB 3MiHU KOMIDIEKCY BIACTHBOCTEH cTajeil Ha
PIBEHDb MIIIHOCTI €JIEMEHTIB KOHCTPYKIIii.

Ane Hi icHyloua METOJMKA, Hi MHTaHHS, PO3-
TISHYTI y BUINEBKA3aHUX CTATTAX, HE BPAXOBYIOTh
IeSIKUX OCOOJMBOCTEN IIOLIKOIKEHDh €JIEMEHTIB
KOHCTPYKLUIi y mepiox ekcrutyaranii. Tak, B mpoue-
Cl TeXHIYHUX OTJISA/MIB Ta PEMOHTY BaroHiB HapKy
VYkp3ami3auIli Oyja BUSBICHA Tpyla BaroHiB Bif-
kpuroro tumy micist 30 pokiB ciryk0m 3 ocepeska-
MU KOpo3ii xpeOToBoi Oanku B KinbkocTi 779 oau-
HUIb. Taki JIOKaNbHI KOPO3iMHI TTOIKOIKECHHS
manu poBxuHy 400—600 MM Ta criocTepiraimch Ha
BEPTUKANBHIN monn4li XpeOToBoi 6anku B il KOH-
CONIBHIM YacTWHI Tiepe]] IIKBOPHEBOIO OaJKOr0
(puc. 1).

V Takux BUIIaAKax 3BUYAHI 3aCO0U TEXHIYHO-
ro JiarHOCTYBaHHS 3TiHO 3 [7] He malTh 3MOry
MTOBHOIO MipOIO OIIHATH HMOBIPHICTH TTPOIOBKCH-
HS TepMiHY CiIy>)kOM BaroHa. ToMmy JOCHiIKEHHS
pecypcy BaroHiB BUKOHYBAJIOCS 3 MOIMEPEIHIM pe-
TETbHUM BUBYCHHSAM ()i3MKO-MEXaHIYHHX BIIACTH-
BOCTEH MeTaty, HOro XiMiyHOTO CKJIaay Ta MIiKpo-

CTPYKTYpH.

Puc. 1. JlokanbHi KOPO3iiiHi MOIIKOIKCHHS
XpeOTOBOT Oanku

Fig. 1. Local corrosion damages
of the center sill

Meta

Mertorw poboTu € momryk 3aco0iB OOTpyHTY-
BaHHSI IPOJIOBXKEHHS TEPMIHY CITy>KOM MMaca>KupCh-
KHX BaroHiB, 110 MarOTh XpeOTOBI OajlKu 3 ocepen-
kamu Koposii. KpiMm Toro, 3mifiCHIOETBCS OIliHKA
BIJIITOBITHOCTI 3aJIMIIIKOBOTO PECYpPCy KOHCTPYKITii
Ky30Ba BaroHa eKCIUTyaTalliiHUM HaBaHTa)KEHHSIM
Ha TIPU3HAYCHUN HACTYITHUH Mepioj.

MeToauka

Ha nepmomy etari BUKOHYBaJIOCS 0OCTE:KEHHS
TEXHIYHOTO CTaHy KOHCTPYKILii BaroHa Bi3yaJIbHO-
ONTHYHUM METOJIOM Ta METOJaMH HEepyWHIBHOTO
KOHTPOJIIO 3 METOI0 BU3HAYCHHS MICIb Ta CTYIICHS
KOPO3iMHOTO MOLIKO)KEHHsSI OCHOBHHX €JIEMEHTIB
KOHCTPYKIIii. 3a pe3ynbraTaMu OOCTEeKEHHS TeXHi-
YHOTO CTaHy KOHCTPYKIIii BaroHiB IpOaHaTi30BaHO
BUSIBJICHI TIOIIKO/DKCHHSI Ta NPUHHATO pPilICHHS
I00 BHUIY PEMOHTY ab0 BHUKIIOYCHHS BaroHa
3 ekciutyaTtarii. Ha oMy erarni 3 mapky BaroHiB
IUIsl BUITPOOyBaHb OyJio BiliOpaHO JBa BaroHa Bil-
kpuroro tumy 1983 p. moOynoBH 3 XapaKTepHUMHU
JOKaJIbHUMH TIOIIKO/DKCHHSIMH XpeOTOBOi Oaku.
Ha xpeOTogiii 6anri Oynm BUKOHAHI MITY4YHI OTBO-
pu (muB. puc.l). MOXIHBICTH CTBOPEHHSI TaKHX
OTBOPIB po3rIsiaanacs sSK O3HaKa HE3aJ0BIIBHOTO
CTaHy paMH BaroHa, II0 BUMarajio eKCIepHMeHTa-
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JHHOTO MIATBEPKCHHS YW CIPOCTyBaHHs. Kpim
TOTO, MO OTBOPAaX MOXHA Bi3yaJIbHO CTEXXHUTH 3a
MOXIJIMBOIO 3MIHOIO CTaHy XpeOToBOi Oanku (Ha-
MpUKJIaa, 3MiHa TeOMETpii OTBOPY Ta HASBHICTH
TPIIIKH [0 30BHIIIHIA KPOMIIi OTBOPY).

3 METOI0 KOHTpPOJIO CTaHy HW)KHBOI OOB'S3KH
Ta CTIHOK 70, Ta MIC/IS YIApHUX BUIPOOYBaHB Oy-
JIO BUKOHAHO PO3KPHUTITS MaHesi OOKOBOI CTiHU
Ha JUISSHOI IIKBOPHEBOTO BYy3/1a Ha JIOBXKHUHI
2,5-3 m (puc. 2).

1

Puc. 2. Po3kputts manen 60KOBOi CTiHH

Fig. 2. Disclosure of side wall panel

Ha npyromy eramni BUKOHYBaJlaCh €KCIIEPHMEH-
TaJbHA MEepeBipKa BiAMOBITHOCTI MaTepiany KOHC-
TPYKIlii XpeOTOBOi OalKW BHMOTaM HOPMAaTHBHOI
JIOKYMEHTAIi1.

Jlis mociipkeHHsT OCepeiKiB KOpo3ii Ta MillHO-
CTi MEeTaJy HaBKOJIO YIIKOJDKEHHX 30H XpeOTOBOi
Oanku OyB BifiOpaHHii BaroH 3 HaHOUIBIIMMHU KO-
PO3IMHUMH TOIIKOMKEHHSAMH. 3 XpeOTOBOI Oanku
BUpI3aINCh 3pa3Kd 3 MICIb, 0 OynM HaWOLIBII
ypakeHi KOpO3i€lo, Tak 1 3 MiCIh, J1e¢ KOpPO3iitHi
MOUIKOJPKEHHST BIJICYTHI. 3pa3kyd MpPOXOMIN TaKi
BUNIPOOYBaHHS:

— [ BU3HAYEHHS MAapKu CTall €JIEeMEHTIB
XpeOTOBOT OallKu JOCHIKYBaBCs XIMIYHUHM CKIIaj
cTal,

—  JIOCTiPKEHHS MIKPOCTPYKTYPH TIpU 301JTb-
menni 100" Mo BU3HAYEHHIO BiNOBIIHOCTI BUMO-
raM Mo CTPYKTYpHHX CKJIQJIOBHX BHYTPIIIHBOI OY-
JIOBH METajy, a came. OaJbHICTh 3epeHHOI CTPYyK-
TypH Ta OaJIK 110 HEMETAIEBUX BKJIIOYECHHSX;

— MexaHiyHi BUNPOOYBaHHsS 3 BHU3HAYCHHS
BJIACTHUBOCTEW CTali 3a YMOB CTaTHYHOTO PO3TH-
raHHs 3a KIMHAaTHOI Temneparypu (Mexa ITHHHOC-
Ti, MeKa THMYacOBOTO ONOpYy pyWHYBaHHIO, Bil-
HOCHI BUJIOBXKCHHS 1 3BY)KEHHS METaly);

— punpoOyBaHHS 3 BHU3HAYCHHSA YJIapHOI
B’SI3KOCTI 32 KIMHATHOI Ta OHI)KEHOI TeMIepary-
pax.

Ha tpethoMy eram BUKOHYBJINCH CTaTHYHI
1 yIapHi Ha MILIHICTh BUNPOOYBaHHS 3 METOIO OIli-
HKH MIITHOCTI KOHCTPYKIIii BaroHa Ta BiAOBiTHOC-
Ti HOpMaTHBHUM HokymenTam [11], [16]. CraTuumni
MilHICHI BUIPOOYBaHHS Ha BEpPTUKAaJbHE HaBaH-
TaXCHHS 3JIMCHIOBANNCS IUISIXOM IOCAJIKH Ipa-
IBHUKIB Jeno (macakupiB) B KOXKEH BaroH 3 pe-
€CTpAIlI€I0 HANPYXKEHb B HOTO €JIeMEeHTaxX. Y AapHi
Ha MIIHICTh BUNPOOYBaHHS BHUKOHYBAJIUCH MLIS-
XOM HAaKOYYyBaHHsS BaroHa-OOWKa Ha JOCTIIHUI
BaroH. J[ys 3ammcy HampykeHb B eJIeMEHTax Baro-
Ha Ta 3yCWUIA B aBTO34inii BUKoHYBanoch 50—80
cuniBynapie B mianazoni 0,5 MH—-2,5 MH s3rigno
3 mporpamoro BunpoOyBaHb. [lepen BumpoOyBaH-
HSMH Ha CHIBYAap JUIs iMiTalii Macu Mmacakxupis
JOCTIJIHI BaroHW 3aBAaHTAKYBAIUCh MIIIKAMU
3 CHIyYHUM BaHTAXKEM, PO3MOJIICHUMHU TO TLIONI
IMUIOTH TaKUM YWHOM, 100 MaKCHMAaJILHO BiJITBO-
PUTH peaibHi YMOBH.

Ha nactymHOMy eTami BHKOHYBAIHCh YIapHi
pecypcHi BUTIPOOYBaHHS 3 METOIO IEPEBIPKU Bif-
MOBIIHOCTI 3aJIMIIKOBOI'0 PeCypCy BaroHiB HaBaH-
Ta)KEHHSIM HAaCTYIHUX 5 pokiB ekcrutyaramii. Kpu-
TepieM BIAMOBITHOCTI € HAIIPAIIOBAaHHS Ha pPecypc,
a o0csar BUNpoOyBaHb BU3HAYAETHCS PIBHICTIO Ha-
MpalOBaHHS BaroHa IIij Yac BHUNPOOYBaHb Ta
B ekcrutyaranii [15]. JIns mporo Oyno BHKOHAaHO
IIAKJT CIIIBYJapiB JJIS MTapu OJHAKOBHX BaroHiB SK
3a TUIIOM, TaK i 3a pOKOM moOyaoBu. B mepmriii
MOJIOBUHI LUKy OJIMH BaroH BUKOPHCTOBYBABCS
SIK BaroH-O0MOK, 1HIWNA — SK JOCTiAHMHN, B APYTii
— ix poui miHsuKCk. 1le cTamo MOXIUBUM uepes Te,
0 BaroH-OOWOK mMpH CHiByZapi BimdyBae Taky
K CHITY, SIK 1 JOCIIiTHUH.

PesyabTatu

OOcTe)keHHS TEXHIYHOTO CTaHy KOHCTPYKIIi
Ky30BiB BaroHiB [IMO 3 moxaJbHUMHU KOPO3iiiHU-
MH TIOIIKODKCHHIMH XpPeOTOBOI OaTKM IOKa3alo,
1I0 BiH € TUIOBMM JJIsl BaroHiB, sIKi EKCILIyaTy-
10Tbest mpoTsiroM 30 pokiB. Tak, 3MEHIIEHHS TOB-
IITUHA ITBOPHEBOI OAJIKW BHACIIIOK JIOKAJIBHOI KO-
posii mocsrano 43 % (MiHiManbHA TOBIIMHA TOJIKH
Ha OJJHOMY 3 BaroHiB ckiajzana 4,5 MM npH novar-
KOBiil 8 MM). 3MCHIIICHHS] TOBIIUHU TOJIKH XpeO-
TOBOI OaKM B 30HI JIOKAJIBHHX KOPO3IMHUX ITO-
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HIKO/KEHb cTaHoBMIIO OLIt 19 % Ha BciX BaroHax.
HasBHi nedopmanii Ta KOpo3iiiHI MOLIKOIKEHHS
HIDKHBOT OOB’SI3KM BaroHa (TOBIIMHA IMOJHYKH HA
JeSKUX BaroHax ckiana 4,2 mm — 3uoc 35 %), mo-
OJIMHOKI OOpUBU CTiHOK OOKOBOi CTIHH, IOIIKO-
JOKEHHSI Micllb 3’€THaHbh XpeOTOBOi Ta IIBOPHEBOI
Oaok.

OOpuBH CTIHOK Ta TPIIIMHMA YCYHYTI Mix Yac
MiTOTOBKKA JBOX BiJliOpaHUX BaroHiB JI0 BHKO-
HaHHS BUIIPOOYBaHb.

Pesynabratu  mocnimpkeHb  (i3MKO-MEXaHIYHUX
BJIACTHUBOCTEH, XIMIYHOTO CKJIaAy Ta MiKpOCTPYK-
TYpH TIOKa3aJIi TaKe:

— 3a XiMiuHEM cKiIamoM (YacTKHM BYTJIEINO,
KPEMHi0, MapraHiffo Ta XpoMy) MaTepian xpeoTo-
BOI OaJIK¥ BiNOBiZa€ BUMOTaM SKiCHOI KOHCTPYK-
wittaoi cram mapku 20 [2]. BmicT mKigmnBux m0-
mimok (cipka Ta ¢ocdop) BABIUI MEHIIE 3a JOMyC-
THUMUU;

—  piBeHb HEMETaJIEeBUX BKIIOYEHb B 2—8 pa-
31B MEHIIIHI 3a JOITyCTUMUH, IO BiATIOBIa€ BUMO-
raM BHCOKOSIKICHUX KOHCTPYKIIHHHX cTaiei [3];

—  JIOCHIKeHHS MIKPOCTPYKTYpH ITOKa3aly,
IO CTallb XpeOTOBOI OaNKku Mae IPiOHO3EPHUCTY
MOJIEIPUYHY CTPYKTYpY, MO TOBIIUHI CTPYKTypa
piBHOMIpHA, 3 BiACYTHICTIO O3HAaK JiKBamlii CTPYyK-
TYpPHHX CKIamoBux (puc.3).

Puc. 3. MikpocTpykTypa craii 3pa3zka

Fig. 3. The microstructure of the steel sample

MiKpOCTpyKTypa cTaii BiAllOBiIae CTaHy MeTalty
TicIIs KOHTPOJIBOBAHOT POKATKH [4]:

—  3a piBHEM MIIIHOCTI Ta IIACTHYHOCTI (rpa-
HUIS TeKydocTi 248—272 MIla, rpaHuiis MIITHOCTI
430—-481 Mlla, BiZHOCHE 3aJIMIIKOBE MOJOBKEHHS
27-36 %, tBepaicte HB 128—133) marepian xpeo-

TOBOI OaJKK BIAMOBIZa€ BUMOI'aM JIO CTali MapKu
20 [5], [6];

— U1 MeTaldy B 00JlacTi MaKCHMAJIbHOI KO-
po3ii yaapHa B'SI3KiCTh CKJIaJia 3HAUCHHS. 332 KiMHa-
THOT Temnepatypu 128 JTx/cm®, 3a TemmepaTypu —
40° C — 80 JIx/cm’. JlonycTuMi 3HAYEHHS YAAPHOI
B's3kocti KCU s crami mapku 20 ckimagaroTh
88 Jix/cm® 3a Temmeparypu 20 C;

— Marepiai xpeOTOBOi 0anKu 3a BHIEBKa3a-
HUMH MOKa3HUKaMH 3 Miclb 0e3 O3HaK KOoposii Ta
3 MICIIb, HAMOIIBII YpakeHUX KOPO3i€r0, MPaKTHU-
HO HE BIJIPI3HAETHCSA 1 IIIJIKOM BiIITOBIIa€ BUMOTaM
AKicHOT KOHCTpyKIHiiHOi crami mapku 20 Ta He
CTaHOBUTH 0Oe3mocepenHboi  3arpo3d  MIITHOCTI
KOHCTPYKITii Ky30Ba.

PesynpraTu BUIIpOOyBaHb Ha MIHICTh TTOKa3a-
JIM TaKe:

— piBeHb HaNpYyXXeHb Bl MacH MaCaXUPIB
€ He3HayHuUM — Haiouibme 3HaueHHs 30,3 Mlla
(aroKHS 00B’s13Ka OIS IIKBOPHEBOI OANKM);

—  mijJ 9ac BUNpoOyBaHb Ha CHiByHap NpH 3y-
cwnti — 2,5 MH Ha#Oi1bI HAPYKEHUMHU €JIeMEH-
TaMH € XxpeOToBa Oanka Ol  IBOPHEBOI
(228 MIla) Ta HWKHS OOB’si3ka OLIA LIBOPHEBOT
(162 MITa), B TOI 4ac K B IIBOPHEBIH Ta momepe-
YHii OajKax HampyXEeHHS He MePEeBUILyBaH
79 MIla. BokoBa cTiHa BaroHa TakoX HE3HAYHOIO
Mipot0 Oepe y4acTh y CIPHUHHSTTI MO3I0BXHBOTO
3yCHWUISI — MaKCHUMaJlbHe HampyeHHs 67 MlIla
(rodp oOIIMBKY Ha/l BIKHOM TIOCEPEIMHI BaroHa);

—  HaWOimbII cyMapHi HampyskeHHS 1o | pos-
pPaxyHKOBOMY pexuMy (KpiM BHIIE HaBEICHUX
HaBaHTaKEHb, BKIIIOYAIOTh B ceOe HANPYKEHHS Bif
MacH BOJM, BYTUUISA Ta iH. 1 BIacHOI MacH Ky30Ba
BaroHa CIIOCTEpPIrajuch y morepeyHii Oammi moce-
penuni BaroHa (224 MIla), xpeOroBiii Oaii
(166 MIla) ta HuxHiit 008’ s31i (145 MIla), sxi He
NEePEBUILYIOTh JOMYCTHMI.

Y napHi pecypcHi BUTIpOOYBaHHS TIOKA3aIH.

—  BaroHH NPOUNLIN PEeCypCHI BUIPOOYBaHHS
0e3 YIIKOIKeHb, SKi O MepenIKopKaal BUKOHAH-
HIO BUIIPOOYBaHb 1 HE MOTIIN OYTH YCYHYTI IIiJ] 9ac
BUKOHAHHSI YeProBOTO JICTIOBCHKOTO 200 KaIliTallb-
HOT'O PEMOHTY;,

— BaroHM MaJld HAIpaIlOBaHHSI Ha pecypc
6,7 pOKiB, SIKHI JO3BOJISIE TMPOJOBXKUTH TEPMIH
CITy>kOM BaroHiB Ha HACTYIIHI 5 POKIB;

— IOTYYHi OTBOPY B IIBOPHEBIH Ta XpeOTOBii
0arkax BaroHiB 3 JIOKAIbHUMH KOPO3IMHHMH IIO-
NIKO/DKCHHSAMH HE BIUIMHYJIM Ha iX ctad. [licis
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BUIIPOOYBaHb BCTAHOBJICHO: OTBOPH HE BTPATHIIU
¢opMy Ta BIICYTHI O3HAaKH PO3BUTKY TPILIUH
B 30HI OTBOpiB. HasBHICTH OTBOpPIB HE BILIMHYJIO
Ha TEXHIYHHWI CTaH 0aloK;

Oryisi; TeXHIYHOTO CTaHy BaroHiB, SIKI 3a3HajM
pecypcHi BUIIpOOYBaHHS, MOKa3aB HAWOUIBII CXH-
JIbHI 10 IIOMIKO/DKEHB TaKl €JIEeMEHTH. HIKHA
00B’si3ka (medopmartii, TPINMHHU), CTIHKH OOKOBOI
ctinu (Tpimmuu, obpuBu). CHijg 3a3HAYNUTH, IO
BHCOKHI piBEHb MOIIKO/KEHHS HUKHBOT 00B’SI3KH
3YMOBJICHUI 3HAYHOIO KOPO3I€H0 OCTaHHBOI, TOB-
IMHA SKo0i ckiagana 4,2—4,5 MM npu 1MOYaTKOBiH

6 mM. Kpim Toro, B o1HOMY Barosi HasiBHi TpiLu- Puc. 6. Tpimunu B Micli 3’ €{HAHHS
HU Ha 3BAapIOBAJIbHUX IBaX HUXXHBOI'O JIMCTA LUIBO- HIKHLOT'O JIUCTA 31 LLIBOPHEBOIO 0aJIKOIO
pHEBO1 0aiKH, B IpyroMy — BHsIBJICHA AedopMartis
TopueBoi CTiHW. [IpHKIaAM MOUIKOKEHb MiCis
pecypcHHX BUIPOOYBaHb HaBEACHI Ha puc.4—6.

Fig. 6. Cracks at the junction of the bottom
sheet with centre bearer

Ane BCi BKa3aHi HNOMIKOIKEHHS MOXYTb OyTH
YCYHEHI MiJ 9ac IIaHOBOT'O PEMOHTY 1 HE 3aBaJsTh
MOJIANTBIITI i eKCTUTyaTallii BaroHiB.

HaykoBa HOBU3HA Ta MPAKTUYHA
3HAYUMICTh

Bukonani nocimimkeHHS JO3BOJIMIN OTPUMATH
eKCIIepUMEHTAIbHI JIaHi 3 OOIpYHTYBaHHS MPOJIO-
BXKCHHSI TEPMiHY CIY)KOM MacaXMPChKUX BaroHIB
3 TOYKH 30py SIK HANPAIIOBAHHS HECYYHX €JIEMEH-
TiB Ky30Ba Ha pecypc, Tak i 3 ypaxyBaHHS XiMi4HO-
ro CKJIagy, CTPYKTypH Ta MEXaHIYHUX BIACTHUBOC-
Teil MeTany XpeOToBOi Oanku 3 ocepeaKaMu Kopo-

Puc. 4. O6pus crifixn 3ii. Pe3ysmbratu DOCHiIKEHb MOKYTH OyTH 3acTO-
Fig. 4. Break of vertical brace COBaHI MiJl Yac BUKOHAHHS POOIT 3 0OIPYHTYBaHHS
MIOJJOBXEHHS TepMiHY ciykO0H, a0 TepMiHy Kopu-
CHOT'O BUKOPHCTAHHS MaCa)KUPCHKHUX BaroHiB.

OTtpumaHi pe3ylbTaTH JO3BOJMIN OJHOYACHO,
0e3 0JJaTKOBHX 3aXO/liB MPOJIOBXKUTU TEPMIH CITy-
KOu 779 macak”pcbKMM BaroHaM 3 OCEpEIKaMU
KOpPO3ii XpeOTOBOT OaNKH.

BucnoBxku

KoMiurekcHl AOCHIKEHHST BaroHiB 3 JIOKaJIb-
HUMH KOPO3IHHUMM TIOUIKO/UKEHHSIMH XpeOTOBOT
0aJKM TOKa3aiH, 10 KOPO3ilHI MOMIKOIKEHHS 5K
3a SIKICTIO Marepiany, Tak i 3 TOYKH 30py OIOpY
BTOMi €JIEMEHTIiB Ky30Ba HE CKJIAJalOTh 3arpo3u

Puc. 5. [ledopmartist HIDKHBOT 00B’SI3KH, i i !
00pHB CTilKH I IOJAbIIO] eKcIuTyaTalli BaroHiB. HasBHICTB

JIOKaJbHUX KOPO3IMHUX MOMIKOKEHb XpeOTOBOT
0anKy HaBEICHUX PO3MIPIB HE CKJIAJae 3arpo3u
MIITHOCTI KOHCTPYKIIil Ta Oe3memni pyxy.

Fig. 5. The deformation of the lower binding,
break of the vertical brace
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Pobotu 3 mpomoBkeHHS TepMiHy ciyxOu Ba-
TOHIB 3 TAKMMH TOIIKOKEHHAMH PEKOMEH Y €E€ThCSI
BUKOHYBATH Yy 3arajJbHOMY IOPSIKY.

Ha ocHOBI BUKOHAaHUX AOCIiIXKEHb BU3HAUYCHO,
III0 BarOHU MaroTh 3aIUIIKOBHI pecypc, TOoCcTaTHii
JUTS X TIOaJbINO] eKCILTyaTallii BIPOJAOBXK HACTY-
mHUX 5 pokiB. Ilicas 3akiHYEHHS IIHOTO TEPMIHY
PEKOMEHIy€ThCSI BUKOHAHHSI PECYPCHUX BUIPOOY-
BaHb JUIS OLIHKW 3aJIMIIKOBOIO Pecypcy, KUl 3a-
JeKaTUMe BiJl YMOB €KCIUTyaTalii Ta 3arajJbHOro
CTaHy BaroHiB Ha Toil 4wac. ['paHWYHUI TepMiH
ciry:x0u Barosis — 41 pik.

s Takux BaroHiB MiA 4ac BUKOHAHHS IUIAHO-
BUX BUJIIB PEMOHTY PEKOMEHIOBAHO:

— TIpW JIOKAJbHUX KOPO3IMHMX IMOILIKOKEH-
Hsax MeHme 50 % 3nailficHIOBaTH SKiCHY aHTHKOPO-
3iftHy 00pOOKY MiCIIbh TTOIITKOKEHb;

—  SIKIIO MOIIKO/PKEHHSI JOCSTaloTh Ta mepe-
BepurytoTh 50 % — BuKIIOUaTH BaroH 3 iHBEHTAp-
HOTO TapKy 3rigHo 3 Bumoramu 11J1-0069 [14].
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OBOCHOBAHMUE ITPOJVIEHUA CPOKA CJIYXBbI HACCAXKUPCKHUX
BATI'OHOB C OYAT'AMH KOPPO3UM XPEETOBOM BAJIKA

Ieanb. Hayunas pa6ora npeamonaraet: 1) moMCK coco00B ydeTa BAMSHUS JIOKAIBHBIX KOPPO3HOHHBIX [TOBPEIK-
JICHUI KOHCTPYKIIMH BaroHOB, KOTOPBIC OTCITYKHJIN HA3HAYCHHBIA CPOK, C LEJbI0 €ro MPOJICHHS; 2) SKCIICPHMEH-
TaJIbHYIO IPOBEPKY COOTBETCTBUSI MaTeprajia KOHCTPYKIMU TPeOOBaHUSIM HOPMATUBHOM TOKYMEHTALUH U 0OO0CHO-
BaHHME IPOJUICHHS CPOKa CIy>KObI IAacCaKMPCKMX BaroHOB ¢ o4yaramMu Koppo3uu mocie 30 JieT sKcIulyaranu;
3) OLICHKY COOTBETCTBHSI OCTATOYHOIO Pecypca KOHCTPYKLHH Ky30BOB BAarOHOB JKCILUTyaTAlJHOHHBIM HArpy3Kam
B TEUCHHE CIIEYIONIMX 5 JIeT Hcnoib3oBanus. Meroauka. PazpaboTaHHBIN anropuT™M TEXHHYECKOTO JHAarHOCTHPO-
BaHMs BaroHOB C OYaramMM KOPpO3WH XpeOTOBOI Oanku COIEpKUT B cebe HEeCKONIbKO 3TarnoB. CHavyaja ImpoBOIUTCS
o0crneoBaHNE TEXHUYECKOTO COCTOSHMS KOHCTPYKLHUH BH3YaJIbHO-ONTHYECKUM METOAOM M METOJaMH Hepaspy-
HIAFOMIETO KOHTPOJIA, a TAKXKE OINPENENACTCS CTENEHb MOBpexaeHu. Ha ciemyromeM sTarne BBINOIHAETCS JKCIe-
pUMEHTalIbHAsl NTPOBEPKA COOTBETCTBHS CTPYKTYpPHl M MEXaHWYECKHMX CBOWCTB MeTayula XpeOTOBON Oaiku BaroHa
C o4aram KOppO3uM TPeOOBAHUSIM HOPMATHBHOW NOKyMEHTauuu. Jlanee BBIMONIHIETCS] UCCIEIOBAaHIE POYHOCTH
HECYIIMX KOHCTPYKLHUI Ky30BOB BarOHOB Ha OCHOBE JSKCIEPUMEHTANBHBIX CTATHYECKUX U YAAPHBIX MCIIBITAHUNA Ha
IPo4HOCTh. HakoHen npoBOAATCA PeECYpCHBIE UCIBITAHMS HA ACHCTBUE NMPOJOJIBHBIX CUII U BBINOIHAETCS OLEHKA
U IIPOTHO3UPOBAHUE COOTBETCTBUS PECYpca Ky30BOB BarOHOB Ha cieayrouuii nepuon. Pesyabrarsl. [eiicTBuTens-
Hasi paboTa 3aBepIlIeHa MOJYYEHHEM SKCIEPHUMEHTANBHBIX JaHHBIX 10 OOOCHOBAHUIO NMPOJUICHHS CPOKa CIYKObI
MACCAKUPCKUX BAaroHOB KaK C TOYKHM 3PEHHsS HapaOOTKM HECYLIMX 3JIEMEHTOB Ky30Ba BaroHa Ha pecypc, Tak
U C TOYKH 3PEHHs] XUMHUYECKOTO COCTaBa, CTPYKTYPhl M MEXaHWYECKUX CBOMCTB MeTaylia XpeOTOBOW Oanku ¢ ovara-
MH Koppo3uu. Hannune joKambHBIX KOPPO3HOHHBIX HMOBPEXICHUH XpeOTOBOH Oallky Mpe/iCTaBICHHBIX pa3MepoB
HE COCTaBJISIET YIpO3bl MPOYHOCTH KOHCTPYKIMU M Oe30macHOCTH ABMKeHHA. HayuyHnas HoBHM3HA. ABTOpamu mpo-
BE/ICHBl KOMIUIEKCHBIE MCCIIEAOBAHUS 10 OOOCHOBAHHMIO CPOKA CITy>KOBI ITACCAKMPCKUX BaroHOB KakK CO CTOPOHBI
HapaOOTKM JIEMEHTOB Ky30Ba Ha yJapHYIO BEIHOCIMBOCTH, TaK M OLEHKH MEXaHMYECKNX CBOMCTB METala, U3 KO-
TOPOrO M3rOTOBJIECHBI 3JIEMEHTHI BaroHa. BriepBeie 000CHOBaHa BO3MOXHOCTD JalbHEHIIEH 3KCIUTyaTallik BarOHOB
C KOPPO3UOHHBIMH TOBPEXICHUSIMU XpeOToBoi Oanku. IlpakTHyeckasi 3HaYNMOCThb. [lomydeHHbIE yIEHBIMH pe-
3yJIBTAThI TMO3BOJISIIOT 0€3 JOMOIHUTENBHBIX MEPOIIPHATHH MPOAIUTH CPOK CITYKOBI ITACCAKUPCKUX BArOHOB C OYa-
raM KOPPO3HH XpeOTOBOI OAIKH.

Kniouegvie cnosa: macca)kupcKuil BaroH; xpeOToBasi 0aika; KOPPO3HOHHBIE TOBPEXKICHUS, COOTBETCTBHE, XH-
MUYECKHI COCTaB; MEXaHUYECKUE CBOMCTBA; MUKPOCTPYKTYPA; IPOYHOCTh KOHCTPYKIMH; CTATHYECKUE HCIIBITAHNS,
yJlapHbI€ HCTIBITaHKs; HapaboTKa Ha pecypc
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THE RATIONALE FOR EXTENDING THE SERVICES OF PASSENGER
CARS WITH POCKETS OF CORROSION IN THE CENTER SILL

Purpose. The scientific work supposed: 1) the search of accounting ways of the local corrosion damages influ-
ence to the car design, that were expired the appointed time, for the purpose of renewal; 2) experimental verification
of conformity of material construction requirements of the normative documentation and justification for extending
the services of passenger cars with pockets of corrosion after 30 years of operation; 3) the conformity assessment of
residual life of the structure of car bodies operating pressures in the next 5 years of use. Methodology. The devel-
oped algorithm of technical diagnostics of cars with pockets of corrosion of the center sill contains several stages.
First, a survey of technical condition of structures is conducted by a visual-optical method and nondestructive con-
trol methods, and the degree of damage is determined. In the next phase the experimental verification of conformity
of the structure and mechanical properties of the center sill of the car with the pockets of corrosion to regulatory
requirements are executed. Next, the study of strength of the supporting structures of car bodies on the basis of ex-
perimental static and impact tests of strength is executed. Finally, the endurance tests are conducted on the effect of
the longitudinal forces and the evaluation and prediction of compliance resource car bodies for the next period are
executed. Findings. The actual work is completed by obtaining the experimental data on the feasibility of extending
the service life of passenger cars as from the point of view of an operating time of load-bearing elements of the car
body to the resource, and from the point of view of chemical composition, structure and mechanical properties of the
center sill with pockets of corrosion. The presence of local corrosion damages of the center sill of the presented size
is not a threat to the structural strength and safety. Originality. The authors conducted a comprehensive study to
validate the service life of passenger cars both on the part of the operating time of the car bodies elements on impact
toughness and the evaluation the mechanical properties of the metal from which the elements of the car are pro-
duced. For the first time the possibility of further operation of cars with corrosion damages in the center sill is
grounded. Practical value. The obtained results allow without the additional activities to extend the service life of
passenger cars with pockets of corrosion in the center sill.

Keywords: passenger car; center sill; corrosion damage; compliance; chemical composition; mechanical proper-
ties; microstructure; structural strength; static test; impact test; time to share
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CIIOCOBbBI YBEJIMYEHUS ITPOYHOCTHU BOKOBbBIX PAM
TPEXDJIEMEHTHBIX TEJEXEK

Heas. B pabore npeamonaraercss HAUTH CIIOCOOBI YCHIICHUSI KOHCTPYKIIMH OOKOBOM pambl TEIEKKHA B MECTax
KOHIICHTPALMU HANpPSDKCHHH (COSqUHEHHE IMOSICOB, YINIBI YENIOCTHBIX M OYKCOBBIX HPOEMOB H T. II.), L€, KaK
MOKa3bIBACT OMBIT IKCIUTyaTallH, BO3MOXHO 3apO’KICHHE YCTAJIOCTHBIX TpeuuH. CrnemyeT n30eXxaTh 3aMETHOTO
YBEJIMYCHUA MAaCChl KOHCTPYKIHMHU U HC BbI3BATH «IICPECTCKAHUI» 06ﬂaCTeﬁ ¢ OOJBIINMU HapsOKCHUAMHA U3 OJHUX
YYacTKOB KOHCTPYKIMHU B aApyrue. Meroauka. HarpsbkeHust B 00KOBOM pame aBTOPBI ONPEEIISIOT MyTeM KOHEYHO-
JIEMEHTHOro MojenupoBaHusa. CHauala BBIABIAIOT IMOAJSKAIIME YCHICHHMIO Y4YacTKM KOHCTpykuuu. Ha
CIIeYIOIIEeM 3Tare pa3pabaThiBAlOT BO3MOXKHBIE CHOCOOBI ycuiieHUs (YBEJIMYEHHE TONIIMHBI CTCHOK, H3MCHCHHUE
PaInyCcoB CONpPSDKEHUs, BBEACHHE IOIOIHUTENBHBIX pedep JKeCTKOCTH W 1pod.). Ilocie 3TOoro mo pesynbrartam
MOJICTIMPOBAHMS OIIEHUBAIOT 3(P(PEKTUBHOCTH KAXKJIOTO METO/A. Y CHIICHHE OTACIBHBIX YYaCTKOB OOKOBOH pamMbl HE
BCEra MPHBOJUT K YBEJIHYCHHUIO €€ MPOYHOCTH B LEJIOM (YMEHBIICHHE HANPSDKCHHI B OZHOM MECTE 3a4acTyIO
OPUBOMUT K POCTY HampsokeHWid B apyrom). JlambHelnmas mporeypa HOCHT HWTEPAIMOHHBIA XapakTep:
B KOHCTPYKIIMIO PaMbl BHOCAT YAa4HbIE N3MECHEHHS, BHOBb BBIABILIIOT OCIA0JICHHBIE yYaCTKH KOHCTPYKILUH U T. 1.,
JI0 TOCTHIKEHUS IPUEMIIEMOTO YPOBHS NIPOYHOCTH. Pe3yabrarhl. HanpaBieHHbINH HTEPALIMOHHBIN TOMCK [TO3BOJISIET
HAWTH KOMOMHAIMIO JIOKAJIBHBIX YCHJICHHUH, CYIIECTBEHHO yBEIMYHMBAIOIINX MPOYHOCTh KOHCTPYKIMU. A MMEHHO!
YBEIMYEHbl PaJUyChl IE€pexofa OT KOJIOHKH K OINOPHOM IIOBEPXHOCTM U B OTBEPCTHUM MEXKIY KOJOHKOH
1 HakIOHHBIM TosicoM 10 40 u 50 MM COOTBETCTBEHHO; /J100aBlICHbI pedpa JKECTKOCTH MEXAY BEpXHEH M HIDKHEH
MOJIOUKOH HAMpaBIAIOLIEH TPUAHTeNs, a TaKKe Ha BHYTPEHHEH HampaBisIOIEH YEeNIIOCTHOTO MPOEMa; YMEHbIIEHA
Ha TpPeTh IUIOUIAJb TEXHOJIOTHYECKOTO OTBEPCTHS B KOJIOHKE. 3a CUeT mpeajaraeMoll KOMOWHALMM YCHIJICHUH
HAalpsDKeHUS] B KOHCTPYKIMHU yanock cHU3HUTH Ha 41 %. Hayuynast HoBu3HA. YueHbIMHU ToKa3aHa 3 deKkTHBHOCTH
UTEpALMOHHOM  TpOLEIyphl  NMOWCKAa  KOMOMHAIMK  JIOKAIBHBIX  YCWJICHHH  KOHCTPYKIMH  OOKOBOH
pambl, TO3BOJISAIONIMX CYIIECTBEHHO YBEIMYUTH €€ MPOYHOCTh 0€3 3HAYUTENFHOTO YBEIWYEHHS MAacChl.
IpakTHyeckass 3HaAYUMOCTb. [loydeHHbIE pe3yIbTaThl O3BOJSIIOT CYIIECTBEHHO ITOBBICHTH MPOYHOCTH OOKOBOM
paMbl TPEXAIEMEHTHON TEIEKKH 0€3 3aMETHOTO U3MEHEHUSI €€ TEOMETPHUYECKUX U MACCOBBIX XapAKTEPUCTHK.

Kniouegvie crnosa: O0KoBast pama; TPEXJIEMEHTHAS TEJIEXKKA; IPOYHOCTh; MOJCPHHU3AIINS; YCUIICHNE

eMbl. Tak ke Ha OOKOBOW paMme OTJIUTHI KpOH-

BBenenue N
MITEHHBI U1 KPEIJICHUS. U ONMMPAHUS Pa3IUdHbIX

KoHcTpyxkiust 00KOBOW paMbl TPEXJIEMEHTHOMN
TEJEeKKH ISl TPY30BBIX BaroHOB KapAWHAIHHO HE
Mensiercs ¢ 1951 r. mociie BBOIA B 9KCILIyaTaI[HIO
tenexku turna MT-50, 3amMeHuBIIEN OSACHBIE Te-
nexku. C pa3BUTHEM HAYYHO-TEXHUYECKOU MBICTH
MEHSUICh W COBEPIICHCTBOBAINCH OT/AEIHHBIE €e
AJIEMEHTHI, HO cama OOKOBasl paMa IPEICTaBIsIeT
co0O0li CTanbHYI OTJIHMBKY, OOBEIUHCHHBIC BEpX-
HUH, HIDKHUH, HAKIIOHHBIE 1OsiCa M KOJIOHKU KOTO-
poit 00pa3yroT B CpemHeH YacTH MpoeM Il pas-
MEIIEHUSI KOMIUIEKTa IEHTPAIBHOTO PECCOPHOTO
MOJIBEIIMBAHNSA, 4 TI0 KOHIIaM — OYKCOBBIE IIPO-

3JIEMEHTOB TEJIEKKHU.

OTmuuaroTcss MexIy coboi pasiudHbBIe KOHCT-
PYKIIHH OOKOBBIX paM TEIIEKEK CEUYCHHUEM DIICMEH-
TOB M MECTaMH TIepexo/ia OJHUX DJIIEMEHTOB B JIPY-
rue. HeoOxoammocTs pa3paboTK HOBBIX MOJEICH
OOKOBBIX paM 3auacTyi0 CBSI3aHO C BBEJECHHEM
B KOHCTPYKIIHIO TEIEKKH HOBBIX JJIEMEHTOB HJIH
MOBBINICHUEM OCceBOW Harpysku [3, 4, 5, 9, 10, 16].
HampasieHsl HOBBIE pa3paOOTKH Ha TIOBBIIIEHHE
MPOYHOCTH U HAJEKHOCTH OOKOBOW pambl U 4acTo
CBOJSATCSI K BBIOOPY CEYEHHsS OTICIBHBIX JJICMEH-
TOB M ONTHMAIBHBIX KOHCTPYKTOPCKHX DPEIIEHUIH
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B MecTax IMepexoja OJHHUX DIIEMEHTOB B JIPyTHE.
Ha nocnennue 3a4acTyio HAJIOXEHBI OFPaHUYCHUS,
CBS3aHHBIC C B3aUMOJICHCTBHEM OOKOBBIX pam
U IPYTHX SJIEMEHTOB TEJICHKKH.

[Tocme cozmanust MOJENI HOBOM OOKOBOM pambl
JUIS HEe BBINOJHSIETCS MPOYHOCTHOH M YCTaJOCT-
HBIN pPacyeThl, MPU KOTOPHIX BBIIBISIOTCS YYACTKH,
HE BBIJICP)KUBAOIIME HATPY3KH, MPETyCMOTPEHHBIC
«Hopmawmu...» [6, 12, 13, 11]. A KOHCTPYKTOp
CTAJKUBAETCS C HEOOXOJUMOCTBIO YBEINYCHUS
MPOYHOCTH OTACNBHBIX YYACTKOB OOKOBOW paMbl
0€3 3HAYMTEIBHOTO YBEJIUUCHHS €€ MaCcChl U M3Me-
HeHus ee KoHcTpykiwu [1, 7, 11, 14, 16, 15]. DtoT
9Tan paboThl KOHCTPYKTOpPa B 3HAYUTENBHON Mepe
MOXET OBITh OOJIeT4eH, eClH YCHICHHE MOJENH
MIPOBOJUTH Ha OCHOBE PE3yJIbTATOB MPOYHOCTHOI'O
aHaJM3a MPU YYaCTUU B MX pa3paboTKe Crelraiu-
CTOB, MPOBOJSAIINX OIEHKY MPOYHOCTH KOHCTPYK-
1un. Tak Kak COBpEMEHHBIC METO/IbI OLICHKHU MPOY-
HOCTH CJIOXHBIX KOHCTPYKILIMH, a WUMEHHO METO]
KOHEUHBIX 3neMeHTOB (MKD) mo3BonsoT Bu3yas-
HO BBLICNUTh OYard KOHIICHTPAIlMU HATPSDKCHUH,
OIICHUTH TOJI PACIpPENCICHUS WX PaCHpeICICHUsI
B KOHCTPYKIIMH, YTO TIO3BOJISAET Ooee d(h(heKTHBHO
paspabartsIBaTh €€ MECTHOE ycuieHue [14].

Jnst uccrenoBaHusl WCIONB30BaNach OOKOBas
pamMa TpexdIIeMEHTHOM Telexku (puc. 1), KOHCTPYK-
IIMOHHBEIMU 0COOEHHOCTAMH KOTOPOI sIBJIstroTCs [2]:
onupaHue B OYKCOBOM IPOEME HE TOJIBKO
Yyepe3 TOPU3OHTAIBHBIC, HO M uYepe3 HaKJIIOHHBIC
MOBEPXHOCTH MPOU3BOJUTCSA HA YOPYTUH 3JEMEHT
OyKCOBOTO ajmanrepa;

HAJIMYKE BO BHYTPEHHEM U HApPY)KHOM YT-
nax OyKCOBOTO MPOEMa pasrpy304HON KaHABKH;
HAJINYMAE TEXHOJOTHYECKMX  OTBEPCTUH
B HIDKHEH 4YacTU KOJIOHOK I[CHTPAJIbHOTO Peccop-
HOTO ITPOeMa,

OTCYTCTBHE HA BEPXHEM IOSICE KPOHIITEH-
Ha JIUIsl KPEIUICHHs MOJABECKH TOPMO3HOro OarimMa-
Ka — ero 3aMcHIJIA MOJIOYKA JIJIs TPUAHTENs Ha Ha-
KJIOHHOM TMOsICE;

HAJIMYME KPOHUITEHHA JUIS JUArOHa bHBIX
CBsi3ell B 30HE TEXHOJIOTMYECKOTO OKHAa;
OWJIMHEHHOe pEecCOpHOE TO/ABEIIMBAHUE
U JICBATh JBYXPS/IHBIX TPYXKUH B ICHTPaIbHOM
pECCOpPHOM KOMIUIEKTE;

JUTSL TETICKKH TI0CJIEe CHATHUS MPYKUH HEOO-
XOJIMMO OINYCTUTh HAJPECCOPHYIO 0anKy 0 ymopa
B HIDKHUH TOSIC.
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Puc. 1. Tenexka HOBOro HOKOIEHUS

Fig. 1. The bogie of new generation

Hean

Lenpro paboOTHI SBISIETCS MOMCK BAPHAHTOB TI0-
BBIIIEHUS] TIPOYHOCTH MPOOJIEMHBIX YYacTKOB 00-
KOBOU paMBbl TPEXAIIEMEHTHOH TeNeKKH Oe3 3Hauu-
TEJIBHOIO YBEIMYEHUS €€ MacChl U CHWKCHUS
IIPOYHOCTH.

MeTtoauka

OneHka MPOYHOCTH NAaHHOW OOKOBOW paMbI
mpoBoaMIachk corimacHo «Hopw...». I[Ipu 3Tom OBI-
T BBISBJICHBI CIEAYIOIINE YYacTKH, IZl€ BO3HU-
KafoIue B KOHCTPYKIIMH HATIPSKEHUS TPEBhIMAI0T
nqomyctuMble 3HadeHust (tabm. 1). Jlomyckaemble
HaNpsDKEHUsT TIPUBENICHBI JJIsl CTaled, IpUMeHsie-
MBIX IJISl U3TOTOBJICHUS TENEXKEK I'PY30BBIX Baro-
HOB cornacHo OCT 32.183-2001 «Tenexku nBYyX-
OCHBIE TPY30BbIX BaroHoB koneu 1520 mm. [leranu
nutele. Pama OokoBas u Oanka HagpeccopHas.
Texuuueckue ycioBus» [8]. MuHUMaNbHBINA TIpe-
nmen Texkydectu ctaynm corsacHo OCT 32.183-2001
[6,]=294MI]1a. IIpenenbHbIe MOMyCKacMble Hampsi-
JKeHUs JUIS TaHHOM CTanu NPUHSTHI coriacHo [6]
(cm. Tabm. 1)

Koncrpykius He o0ecrednBaeT JOCTATOYHYIO
MPOYHOCTH BO BCEX MPHUBEJCHHBIX CEUEHUSIX KpOMe
Hapy»XHOTO yria OyKCOBOTO IMpoeMa Hu Tpedyer
MOJICpHHU3AIIHH.

YdacTkn OOKOBOH pambl, TJe HampsLKEHHS
MIPEBBINIAIOT TIPEENbHBIE JIOMyCTUMbIE 3HAYCHUS,
MOKa3aHbl HA PHC. 2, 2 HyMepalus Y4aCTKOB COOT-
BeTcTByeT Tab. 1.
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Tabnuma 1
HanpsizkeHus B 3j1eMeHTaX 00KOBOI paMbl TeICKKHU
Table 1
Stresses in the elements of a side frame of a bogie
| pacueTHsIl pexumM Il pacueTHBIN pexxum
[cs] =244MTIla [G] =140MIla
3o0Ha GOKOBOI paMbl & S 2 & S 2

5 © S [}

- = 9 o - 8§ = 9

= S £ = = £ = £ =

a = g = 3 o I S =

= bl 5 = Pl 5

= 3 = = 3 =

2 = = ) = =

S & g S & g
Hwxaunit YTOJI IEHTPALHOTO PECCOPHOTO MpoeMa 491 171 158 447 128 125
C BHYTpPEHHEH CTOPOHEI (pHC. 2)
Hwxanit YOI LIEHTPAIILHOTO PECCOPHOTO NMpoEMa 229 169 169.6 208 126 122
C Hapy>KHOH CTOPOHBI
30Ha mepexo/a OT OTIOPHOI MOBEPXHOCTHU IICHTPAIh- 264 236 219 185 128 128
HOTO PECCOPHOTO MpoeMa K HIDKHEMY TOSICY
BHyTpeHHHU# yros OyKcoBOro rmpoema 219 225 149 187 194 128
HapyxHblii yrosn 0ykcoBoro npoema 32 36 47 19 29 37
HwoxHuii osic 198 168 152 176 144 133
TexHoMOrMUECKOe OKHO BO3JIE KPOHIITEHHA 173 136 155 167 172 135
JUIA AUaroHaJIbHbIX CBA3CU
Pebpo TEpex0/1a OT BEPXHEH MOJOUKH TPHAHT e ) 236 240 ) 182 140
K HIDKHEH

Jnst ycuaeHus yrioB LHEHTPaTbHOTO PECCOPHO-
ro IpoeMa pacCMOTPEHBI CIEAYIOINe MOACPHHU3A-
U

I11) nUKBHUIAIHS TEXHOIOTHIECKOTO OTBEPCTHSI
B HIDKHEH 4acTH KOJOHOK. JlaHHas MomepHU3anus
HE BO3MOJKHA B IIOJJHOM 00BeMe, TaK KakK 3aTpy.-
HsieT (POpPMHUPOBAHUE OMOK ISl OTIIMBOK — yMEHbB-
HIeHa IOk OTBEPCTHSI U 10 TIEPUMETPY OTBEp-
CTHE yCHUIIEHO OypTOM;

112) yBenuyeHue paauyca yria LEHTPaIbHOTO
peccopHoro mnpoema. M3meHeHre BO3MOXKHO TOJIb-
KO Ha BBICOTE OyPTOB, OTpaHHMYHMBAIOIINX OHOPHYIO
HOBEPXHOCTH PECCOPHOTO MPOEMa;

113) yBenu4eHue AJIMHBI BEPTUKAILHOTO pedpa
B HIDKHEM TI05ICE;

114) ycranoBka pebep >KECTKOCTH MEXIy KO-
JOHKaMH ¥ OHOPHOH IOBEPXHOCTBIO PECCOPHOTO
npoeMa ¢ BHYTPEHHEH CTOPOHBI OOKOBOW paMbl

peccopHOro KOMILIEKTa. Bricota pebep KeCcTKOCTH
HEIOJDKHA IIPEBBIIATh BEICOTY OypTOB, OrpaHUYu-
BAIOIIMX OIOPHYIO MOBEPXHOCTh PECCOPHOIO MPO-
eMa, B IIPOTUBHOM Ciy4ae yCHJIEHHE HEBO3MOXKHO
TaK KakK MpPEMsITCTBYeT pa30opke Tenexku. Jlis
YCHUJICHUS BEPXHSASA M HIDKHSS TOJIOUKU TPUAHTEIIS
COCJIMHEHBl BEPTUKAIBHBIM pedpoM, mepexomis-
KM B OypThl, OTpaHHMYUBAIOIIUE ONOPHYIO IO-
BEPXHOCTh PECCOPHOTO MPOEMA.

Jns ycuneHus BHYTPEHHEro yria OyKCOBOIO
poeMa pacCMOTPEHbI TPY BapUaHTa!

b1l) yBenuyeHHe TONIIMHBI BEPTUKAIBHBIX I10-
BEPXHOCTEH B 30HE COIPSDKEHHUS BEPXHEro W Ha-
KJIOHHOTO TIOSICOB;

b2) yBenuueHue TOJIIMHBI TOPU3OHTAIBHOMN
MOBEPXHOCTH B 30HE BHYTPEHHETO yIiia OyKCOBOTO
npoema,
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b3) mukBUmanus pasrpy304HO KaHaBKH B YT-
1y,

b4) ycranoBka ycuiamBaromero pedpa B Impo-
OJIeMHOI 30HE IMyTeM NPOIJICHUS OIOPHOM TII0-
BEPXHOCTH /I OyKCOBOTO afanTepa.

Puc. 2. Yyactku O0OKOBOI paMbl TEIECKKH,
TpeOyIoIUe YCUIICHNUSI KOHCTPYKIHH:
a — BHCIIHAA CTOpOHA paMLI;
6 — BHYTPEHHSISI CTOPOHA PaMBl.

Fig. 2. Sections of the side frame of a bogie,
requiring structural reinforcements:
a — the outer side of the side frame;
b — the inner side of the side frame.

Jns yCWIIeHHsT TEXHOJOTHYECKOTO OKHA pac-
CMOTPEHEI TPY BapHaHTa!

T1) yBenuueHue paanyca HIKHETO BHYTPCHHE-
ro yrila TEXHOJIOTMYECKOTO0 OKHA M TOJIIIUHEI TIe-
PEMBIUKH TOJIOCKU ISl YCTAHOBKHU JUATOHATBHBIX
CBSI3EH,

T2) yBenuyeHue MUPUHBI YCHIUBAIOIIETO OYyp-
Ta BOKPYT TEXHOJOTHIESCKOTO OKHA,

T3) yBenuueHnue paaumyca mepexoja OT KPOH-
LITeiHA JUAroHaJbHBIX CBSI3€M K BEPTUKAJIBHOMN
IJIOCKOCTH OOKOBOM paMBl.

[TepBeIif dTanm ycuiieHWs KOHCTPYKITMU Hawmbo-
Jiee OJarompHUsTHO CKasajcs Ha 0OILIeM pacrpee-
JICHUW HAMpSOKCHUH M0 KOHCTpyKImu (Tabdm. 1)
U SIBJISIETCS OCHOBOM ISl JajbHEHIIed ee monep-
HU3AIHH.

Ha mepBom sTamne ycuiaeHus: mIpoOu3BEICHO yBe-
JUYECHHE paJuyca Mepexola OT OMOPHOU MOBEpX-
HOCTH IIEHTPAJIBHOTO PECCOPHOro MpoeMa K Ko-
sorke ¢ 34 mm 110 40 MmMm. BepxHss ¥ HUKHSS T10-
JIOYKW TPUAHTENSI COCTUHEHBI BEPTUKAIBHBIM ped-
pOM, TEPEeXOIsAIUM B OYypThI, OTPaHUYHBAIOIINC
OTIOPHYIO TIOBEPXHOCTH PECCOPHOTO  IMpOeMa.
A 30HA CKpYIJIEHHMS] HKIKHErO Yrja PECCOpPHOTO
MpoeMa MpoJIeHa Ha yCHIIMBarome pedpa.

DTO TO3BOJIMIIO 3HAYUTEIIEHO CHU3HUTH HAIpPs-
JKEHUS B HIDKHEM YTIIy IEHTPATHHOTO PECCOPHOTO
MpoeMa Kak C BHyTPEHHEH, TaK U C HAPY>KHOU CTO-
ponbl. CHU3WIO YPOBEHDh HANpPSDKCHUN B 30HE TIe-
pexojia OT OMOPHON TOBEPXHOCTU IEHTPATHLHOTO
PECCOPHOTO MpoeMa K HIDKHEMY MOSCY U B HUXK-
HeM 1nosice B uenoM. OOHAKO NPUBEIO TaKXKe
K BO3pacTaHUIO HANPSHKEHUH BO BHYTPEHHEM YIITY
OYKCOBOTO TpOeMa M TEXHOJOTHYECKOM OKHE Ha
5-8 MI]a.

Takxe ycuiieHue MPUBEIIO K MOSBICHUIO HOBOU
30HBI — PeOPO Mepexojia OT BEPXHEH MOJOYKU TPHU-
aHrens K HwkHed. HanpsokeHus B mHaHHOM 30HE
cocraBwin 236 u 187 MIla mo I pacuetHOMy pe-
xumy (manee — p.p.). u III p.p. COOTBETCTBEHHO.
KomOuHaiuu ycuieHudi Mojenedl NpUBEICHBI
B Ta0m1. 2.

CrenyromuM IaroM MOJEPHH3AIUHN SBIISIACH
JTUKBUAANNS TEXHOJOTHYECKOTO OTBEPCTHS B KO-
JIOHKE. DTO IMO3BOAIO TaK)Ke CHU3UTH OOIIMH
YPOBEHb HAIPSXKEHUN B HMKHEH 30HE PECCOPHOTO
npoema. OAHAKO JAHHBIA BUJl MOJEPHHU3AIUN OBLT
OTBEPrHYT, TaK KaK HAJIUYUE OTBEPCTHS SABIACTCS
o0s3aTelbHBIM  JUISI  (DOPMUPOBaHUS  JINTEHHOMN
OTIOKH, W €r0 JIMKBUJIAIUS TIPUBEAET K 3HAUNUTEIh-
HBIM K3MEHEHHUSIM BO BHYTPEHHEM MPOCTPAHCTBE
00KOBOI1 pambl. B kauecTBe anbTepHATUBHI ILIO-
maab JaHHOTO OTBEPCTHS OblIa yMEHBIICHA,
a KpOMKa yCuJeHa OypTOM C BHYTPEHHEH CTOPO-
Hbl. JlaHHas MoOIepHM3alMsl MpUBENa K mepepac-
MpEJEICHUI0 HANPSOKEHUH B HIMDKHEH 30HE pec-
COpPHOTO0 KOMIUIEKTa M OYKCOBOI'O y35a, B IIEIOM
MOJIOKUTEIBHOMY — HANpPSDKEHUS TIOBBICHIIHCH
BBIIIE NPEACIbHBIX JOMYCTUMBIX 3HAUEHUN TOJIBKO
B 30HE MEpexo/ia OT OMOPHOW MOBEPXHOCTU IIECH-
TPAIBHOI'O PECCOPHOTO MPOeMa K HIKHEMY TOSACY .
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A Tak>ke BbI3Bajia POCT HAIPSIKEHUM B TEXHOJOTH-
YECKOM OKHE.
Tabnuma 2

Bapl/laHTbl KOMﬁl/lHaHHH ycuijieHus Moae/1u
Table 2

Possible combinations of the model reinforcement

Bapuants! monepHu-

Crnoco0bl YCUIICHHS] KOHCTPYKIIMH
3a1uu ¥y pyKH

112 (yBenmuen paaunyc
HIDKHETO YTJia [EHTPAIbHOTO
peccopHOro mpoeMa
¢ 34 MM 10 40 Mm);

IlepBoHauanbHbII
BapHaHT

114 (tonuruna pedpa,
CBSI3BIBAIOIIETO BEPXHIOO
U HIDKHIOKO [TOJIOYKH
Tpuanrens 15 Mm).

KommnekcHas
MOJEpHHU3ALUSA

112 (panuyc yBenudeH
¢ 34 mm 10 40 mm);
114 (tonmuna pedpa,
CBSI3BIBAIOIIECTO BEPXHIOIO
1 HWXKHIOIO ITOJIOYKH
tpuanrens 10 mm);

11 (rutorams oTBepCTHS
ymenbIena Ha 35 %);
b4 (mna pebpa 115 mm);
T1 (yBemuueH pajuyca
HIYKHETO BHYTPEHHETO yIJia
TEXHOJIOTHYECKOT0 OKHA
C BHYTPEHHEN CTOPOHBI
OOKOBOI pambl
¢ 50 10 60 mm);

T3 (paguyc yBeaudyeH

¢ 10 g0 50 mm)

Takke ¢ 1EIbI0 CHIDKEHHUS HalpsSyKEeHUN
B HI)KHEH 30HE PECCOPHOr0 KOMIUIEKTa OBLIO Mpo-
BEJCHO YBEIWYEHHE UIMHBI MPOJAOIBHOrO pebpa
JKECTKOCTH, PAaCHOJIO)KEHHOTO BHYTPU HIDKHETO
nosica. DTO TMPHUBENO K HE3HAYUTEIHLHOMY CHIDKE-
HUIO HampsOKeHUM B 30HE HMKHETo yIia LieH-
TPaJbHOIO PECCOPHOI0 MPOEMa, OJHAKO BBI3BAJIO
3HAUUTEIBHOE IIPEBBILIEHUE JIONYCKAaeMbIX Ha-
HNPSDKEHUM B 30HE MEPEX0Jla BEPTUKAIBHON KpOM-
KA pedpa JKECTKOCTH B BEPXHUH JUCT HIDKHETO
nosica.

Ha cnenyromeM stane ycuneHus: KOHCTPYKLIUU
BHUMaHHE OBUIO COCPEIOTOYEHO Ha BHYTPEHHEM
yriry OYKCOBOTO IpoeMa.

st ero ycwnenust ObUTH OPOOOBaHEBI BapHUaH-
Thl YBEJIHMYCHHs TOJIIIMHBI BEPTUKAJIHHBIX JIUCTOB
0OKOBOI1 paMbl B 30HE JaHHOTO yria ¢ 15 MM g0
20 MM ¥ yBeNTMYEHHWE TOIIIMHBI HUKHETO IJINCTa
¢ 28 mm g0 33 mm. O0a BapuaHTa HE MPHBEIU
K 3HAYUTEJIbHBIM CHIDKCHHUSIM HAIPSDKCHUE B 30HE
WX KOHIEHTpaluu. Taxke He Jajo pe3yJbTaToB
MPOAOIbHOE pedpo YCHIIEHUS, PACIOJIOKEHHOE
BHYTpU OOKOBOW B 30HE COCIUHCHUS BEPXHETO
Y HaKIJIOHHOTO IOSICOB paMbl C BHYTPEHHEH CTOPO-
HBI, BBICOTON 15 MM u mmpuHO# 20 mM. [TombiTka
JIMKBUJAIMKA PA3rPy30YHON KaHABKH BO BHYTPCH-
HeM yriay OyKCOBOTO IpoeMa Jall0 yBEITUYCHUE
KOHIICHTpAIMH HAIPsDKEHUH B MPOOJIIEMHON 30HE
Ha 3-4 Mlla.

YMEHBIINTh HANPSAKEHUS B JaHHON 30HE HUXKE
MIPEJIENTBHBIX JIOMyCKAeMbIX 3HAYEHWH CTal0 BO3-
MOJKHBIM B pe3yJIbTaTe MpoAJieHHs pedpa OOpHOH
MOBEPXHOCTH OYKCOBOTO IMPOeMa BIOJb HAKJIOH-
HOT0 TOsica 3a 30HY BHYTPEHHEro yria. Makcu-
MaJIbHbIE HANPSKEHHs] BO BHYTPEHHEM YTy OyK-
COBOro mpoema cHu3mWInCh ¢ 225 no 149 MIla
u ¢ 194 no 128 MIla mipu I p.p. u III p.p. cooTBeT-
CTBEHHO.

[Ipn ycuineHnn TEXHOIOTUYECKOTO OKHA M3Me-
HEHHE paanyca €ro HIKHEr0 BHYTPEHHEIo yriia
Y TOJIIIVHBI MIEPEMBIYKH TIOJIOYKHU ISl YCTaHOBKHU
UATOHAJFHBIX CBS3€H MPHUBENO K CHIDKEHUIO Ha-
npsbxeHuit 1o yposas 160 MIla npu III p.p. YBe-
JIMYEHUE TONIIUHBI YCHUIHBarIero oypra ¢ 16 go
18 MM 1o BceMy HepUMETpY MPHUBEIO K TOSBIIE-
HUIO OYara BBICOKHX HaNpsDKEHWH B BEPXHEM Ha-
PY>KHOM yTIIy.

CHIXEHHIO HaIpsDKEHUI  1MOCTIOCOOCTBOBAIIO
YBEIMUYEHHNE yTiIa TepexoAa OT BHEIIHEeH dYacTu
MOJIOUKH JJI1 YCTAHOBKH JMArOHAJbHBIX CBS3eH
K BEPTHUKAIBHON TOBEPXHOCTH OOKOBOUM paMBbl.
B coueranun c yBenmueHWeM paauyca HIDKHETO
BHYTPEHHET0 yrja TEeXHOJOIMYECKOr0 OKHA 3TO
JIaJI0 CHWO)KEHUE HarpsbkeHudt co 172 mo 132 Mlla
npu 11 p.p.

[locne mprMeHeHHs BBIIIE OMUCAHHBIX MOJEP-
HU3aIUi 30Ha C HAPSKCHUSIMU, MTPEBBIIIAIOIUMU
MpeJieNbHbIE JIOMTyCKaeMble 3HAYeHHs, COXPaHU-
JIach TOJNBKO Ha pedpe, COeNMHSIONIEM BEPXHIOIO
W HWKHIOIO TMOJIOuKH TpuaHrens — 182 MIla mpu
III p.p. lns ee ycTpaHeHHs MPOBOAUIOCH U3MEHE-
HUE PaJUyCOB MEPeXoia COMPITraeMbIX DIIEMEHTOB,
a TaKKe UX TOJIIINH.
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M3menenne TOMMIUHEI aHHOTO pedpa ¢ 15 mo
11 MM mpuBeNno K CHIKEHHIO HAmpsKeHUH Co
182 nmo 140 MIla, a panmpHeiniee yMEHbBIICHUES
TONIIMHEI 0 9 MM BBI3BaJI0O BO3pacTaHUE HAMpA-
xenuit o 151 MIla. Takxe pe3yapTaTOB HE JaH
pa3rpy3ouHasi KaHaBKa U peOpo yCHJICHHS B MECTE
KOHIICHTpalluu HanpspkeHud. OHM BBI3BAIHA TIPU
III p.p. ckauek BO3HUKAIOIIMX B 30HE HANPSKEHUN
10 190 MITa u 205 MIIa cOOTBETCTBEHHO.

Tak kak 3(h(eKT OT yMEHBIICHUS IUIOINAIH
TEXHOJIOTHYECKOTO OTBEPCTUS B HIDKHEH dYacTu
KOJIOHKH HE3HAYUTEJICH, T0CJIEe KOMIUICKCHOW MO-
JICPHU3ALMN BBITIOJTHEHA OIEHKA HAIPSIKEHHOTO
COCTOSIHHSI TIPH HWCXOJHOHM IIJIOIIaTd OTBEPCTHUS.
BozHaukaromuye B KOHCTPYKIMH HaNpsDKEHUS yBe-
nuuuanck Ha 2—3 MITa.

PesyabTatsl

TlonyueHHass B pe3yibTaTe KOMIUIEKCHOH MO-
JIEpHU3alMK OOKOBasg pamMa TeNeXKH OTBEYaeT
TpeOOBaHHUSIM  HOPMATUBHOW  JOKYMEHTAIUU
(cMm. Tabn. 1), a ypoBeHb MaKCHMAJNBHBIX HAIpS-
KEHH, BOZHUKAIONINX B 2JIEMEHTaX KOHCTPYKIIHH,
CHI)KCH Ha HEKOTOPBIX ydyacTKax OoJiee 4eM B JBa
pasa.

Hayuynasi HOBH3HA M IpPaKTHYecKast
3HAYUMOCTh

OneHeHa 1enecoo0pa3HOCTh HECKOJIBKUX Ba-
PUAHTOB M3MEHEHHSI KOHCTPYKIMH OOKOBOW pambl
TPEXAJIEMEHTHON TENIeKKH, HAalpaBICHHBIX Ha Me-
CTHOE YCUJIEHHE KOHCTPYKIHHU. A TakXe UX BIIUSA-
HHUE Ha paclipelesieHHe HalpsHDKeHUH B KOHCTPYK-
IIUH B IIEJIOM.

[losydeHHbIe pe3ynbTaThl MO3BOJSIOT CYIIECT-
BEHHO MOBBICUTH IPOYHOCTH OOKOBOH pambl Tpex-
JJIEMEHTHON TENEXKH 0€3 3aMEeTHOTO M3MEHEHHS
€e TeOMETPUYECKUX U MACCOBBIX XapaKTEPUCTHUK.

BoiBoabI

BrimonHeHHBIN aHanM3 ycuieHuid O0KOBOH pa-
MBI TEJIeKKHM TO0Ka3all, 4YTO MPUMEHEHHE OYEBHI-
HBIX METOJOB IMOBBIIIEHHUA MPOYHOCTH KOHCTPYK-
MM HE BCErJa MPUBOAMT K OXKHUIAEMBIM pPe3yibTa-
TaM, a caMO YCHJICHHE CII0)KHO Harpy>XEHHBIX KOH-
CTPYKUMH TMpH YCIOBUH MHHHUMAJIBHOTO H3Me-
HEHHS WX MAacCChl JOJDKHO BBINOJHATCS KaK KOM-
IUIEKC B3aUMOCBSI3aHHBIX MOAEPHU3ALHH.
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CIIOCOBM 3BIVIBHIEHHA MINHOCTI BIYHUX PAM
TPHBOXEJIEMEHTHHX BI3KIB

Meta. B po6oTi nepenbadaeTbcs 3HAWTH CIIOCOOM TOCHWJICHHS KOHCTPYKIii Oi4HOT paMu Bi3Ka B MICIIAX
KOHIICHTPAIIil HAPY>KEeHb (3’ €IHAHHS MOSCIB, KyTH MICIEMHUX Ta OYKCOBUX MPOPI3iB i T. I.), /e, K MOKa3y€e A0CBi
eKCIUTyaTallil, MOXJIMBE 3apOXKeHHS] BTOMHHX TpiliuH. CIliJi YHUKHYTH ITOMITHOTO 301UIbIIEHHS] MAaCH KOHCTPYKIIiT
Ta HE BUKJIIMKATH «IIEPETIKaHHI» o0jacTell 13 BEIMKUMH HANpyXEHHSIMH 3 OJHHUX AUITHOK KOHCTPYKLIi B 1HIII.
Metoanka. HanpyxeHns B Oi4Hid paMi aBTOpHM BH3HA4YalOTh LUISIXOM CKIHUCHHO-CJIEMEHTHOT'O MOJICJIIOBAHHS.
Crioyatky BHSBJISIOTH AUBIHKM KOHCTPYKIII, SIKI IMiUIATaloTh mMocwieHHo. Ha HacTymHOMy erami po3poOisioTh
MOXJTHBI CIIOCOOM MOCHJICHHS (30UIbIIEHHST TOBIIMHKA CTiHOK, 3MiHa PajiyCiB CHOIYyYCHHS, BBEJCHHS J[OJJATKOBHUX
pebep skopcTKoCTi Ta iH.). ITicist 4oro 3a pe3yabraTaMi MOJEITIOBAHHS OIIHIOIOTH ¢PEKTHBHICTh KOKHOTO METOLY.
[MocunenHs OKpeMUX MINSHOK OI9HOI paMH HE 3aBXIOW TMPHU3BOAUTH IO 30UTBIIEHHS I MIIHOCTI B IJIOMY
(3MeHIIEHHsT HAMPYKEHb B OAHOMY MICIi YacTO MPU3BOIAMTH A0 3POCTaHHS HANpPYXEHb B iHmOMY). Ilogambina
MpoIieIypa HOCUTH iTepamiifHuil XapakTep: B KOHCTPYKIIiFO paMU BHOCATH BJIaNi 3MiHH, 3HOBY BHSABIISIOTH OClIabJIeHi
IUISHKA KOHCTPYKWii 1 T. M., IO MJOCSATHEHHS NPUHHATHOTO piBHSA MinHOCTi. Pesyabratn. CropsmoBaHuit
iTepaliiHuii TOIIYK JO3BOJISE 3HANTH KOMOIHAINIO JIOKAJBHHUX IIJCHIICHb, IO ICTOTHO 30UIBIIYIOTh MIIHICTh
KOHCTpyKuii. HuMU €: 301bIeH] pajiiycu nepexoay Bil KOJOHKH JI0 OIIOPHOI MOBEPXHI Ta B OTBOPI MiXK KOJIOHKOIO
i moxmwinM nosicom o 40 i 50 MM BiANOBiIHO; AoxaHi peOpa KOPCTKOCTI MK BEPXHBOIO 1 HUKHBOIO MOJIUYKOIO
HAIpaBJsIOY0i TPUAHTENs, @ TAKOXK Ha BHYTPINIHIA HaNpaBisIOYild MIEJIETHOro OTBOPY, 3MEHIIEHAa Ha TPETHHY
IUIOIa TEXHOJIOTIYHOTO OTBOPY B KOJIOHII. 3a paxyHOK IPONOHOBaHOI KOMOIHALil MiJCHJIEHb HAIpY>XCHHS
B KOHCTpyKUii Branmocsi 3HM3UTH Ha 41 %. HaykoBa HoBM3HaA. BueHnMHM moka3aHa e(eKTHBHICTh iTepamiiiHOl
MPOIETypH TIOIIYKYy KOMOIHAIiM JIOKANBHUX MiACHICHb KOHCTPYKIii OiYHOI pamMu, IO MO3BOJSIOTH iCTOTHO
30UTPIIUTH i MiIHICTE 0e3 3HauHOTO 30iUTbImIcHHS MacH. [IpakTHyHa 3HaYuMicTh. OTpUMaHi pe3ynbTaTd J03BO-
JISTIOTH ICTOTHO TiABUIIUTH MIIHICTh OI9HOT paM¥ TPHOXEIEMEHTHOTO Bi3Ka 0€3 TOMITHOI 3MiHH I TCOMETPUIHHX Ta
MAacoOBUX XapaKTEPHCTHK.

Knrouosi crosa: 6idHa pama; TpbOXEIEMEHTHUH Bi30K; MIIIHICTh; MOJICPHI3AIlisl; TTOCHICHHS
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STRENGTH INCREASE METHODS OF THE SIDE FRAME
OF THE BOGIE IN THREE-PIECE TRUCKS

Purpose. In the paper it is proposed to find methods of structural reinforcement of a side frame of a bogie in ar-
eas of stress concentration (the compound zone, the corners of the pedestal jaw opening, etc.), where, as the experi-
ence of operation shows, it is possible the emergence of fatigue cracks. It should avoid a significant increase in
weight of the structure and does not cause «overflow» areas with a lot of stress from one portion of the structure to
another. Methodology. The stresses in the side frame are determined by finite element modeling. Firstly parts of
structure that is subject to be strengthened are detected. At the next stage the possible ways of enhancement are de-
veloped (wall thickness increase, change of fillet radii, introduction of additional truss plate, etc.). After which ac-
cording to the results of simulation the effectiveness of each method is evaluated. Amplification of individual sec-
tions of the side frame does not always lead to its hardening as a whole (stress decrease in one place often leads to
stress increase in the other one). The further procedure is iterative in nature: best-case changes are entered in the
design of the frame; weakened areas of construction again are revealed and so on, till to the achievement an accept-
able level of safety. Findings. Directional iterative search allows finding a combination of local amplification that
increasing significantly the strength of structure. Namely, radius of the transition from the column to the support
surface and in the openings between the column and the inclined belt up to 40 and 50 mm are increased respectively;
truss plate are added between the upper and lower shelf of Triangel guide and on the inner guide of jaw aperture;
technological area of the aperture in the column is reduced by one-third. Due to the proposed stresses combination,
voltages in construction were reduced by 41%. Originality. The efficiency of the iterative search procedure of local
amplifications combinations in design of the side frame that let significantly increase its strength without a signifi-
cant increase in weight is presented by scientists. Practical value. Obtained results give the possibility to increase
significantly the strength of the side frame in the three-piece truck without any noticeable change in its geometrical
and mass characteristics.

Keywords: side frame; three-piece truck; strength; modernization; strengthening
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IMPROVEMENT THE CALCULATION OF THE STABILITY
OF BUILDING LOCATED NEAR THE SLOPES
FOR STRUCTURAL UNSTABLE SOILS

Purpose. This article is devoted to research of soil in complex engineering and geological conditions, as well as
ways to improve the stability of the stacked bases structurally unstable soils. The relevance of this work lies in the
solution of grounds stability problem interacting with foundations established on structurally unstable soils. In ac-
cordance with the researches results compiled recommendations aimed to the improvement of the base stability
folded by structurally unstable soils is supposed. Methodology. The aim of the work is to improve the reliability of
the strength characteristics obtained by the method of mathematical modeling of the expected processes. The objec-
tive was the enhancements the existing testing methods and technologies in order to determine the relative value of
safety factor and reliability assessment of the bearing capacity of the base folded structurally unstable soils.
Findings. This system was designed to ensure the automated measurement of deformation parameters on the on-line
with followed mathematical processing and presentation of data in an accessible form. Thus, the obtained results
allow drawing the conclusions about the patterns of structure strain state, as well as predicting its future behavior. It
all depended on well-formed mathematical algorithm, which is adjusted by tests conducted in natural conditions in
selected regions of the Donbass region. Originality. One of the most effective ways to start and register a timely
activation of deformation processes in plant cells from the damaging effects is the use of automated systems with
high reliability which receive signals from the deformable objects. The main tool used to solve the problem, was the
method of mathematical modeling in ACS reproducing receptive model processes in the soil with a program
«HRUNT» and kMONOMAKHS>. And modeling the three-dimensional base of the building on the joint work of the
soil mass and building by the finite element method (FEM-calculation) in the PC-LIRA system. Practical value.
The problem of increasing the sustainability of slope, the prognosis of deformations and their strengthening, remains
urgent. This is due to the increasing shortage of available land area and the location of facilities in cramped condi-
tions, near the slopes composed of the non-uniform grounds.

Keywords:  soil; subsidence; part; investigation; methods of testing; cramped conditions

Introduction location of facilities in cramped conditions, near of
escarpment stacked up from heterogeneous soils. It
is important to know, too, whether the possibility
of reduced resistance of materials and structures
under from any from factors. For example, a very

The problem of increasing sustainability of es-
carpment him prognosis, deformations and their
strengthening, remains urgent.This is due to the
increasing shortage of available land area and the
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important factors can be as flammability, and
accordingly flame resistance, and stability of
constructs interacting the base ground surface,
which loses structural strength at 500 ° C. Particu-
larly acute, this problem with respect to the stability
of slopes, their phenomena occurring on the
territory of Ukraine . Contribute to this, first,
strongly dissected relief, secondly, complex
engineering-geological conditions that endanger the
lives of people [4-9, 11-16].

These circumstances make it necessary to
improve the methods of calculation on the stability
of soil masses, particularly by escarpment.

Purpose

The purpose, all the work is to improve the
reliability of the strength characteristics obtained by
the method of mathematical modeling of the
expected processes.

The objective was to enhancements the existing
testing methods and technologies in order to
determine the relative value of safety factor and
reliability assessment of the bearing capacity of the
base folded structurally unstable soils.

Methodology

Object is achieved empirically by study sites
Donbass region and in the laboratory using real
groundwater characteristics. Unlike the previously
known methods for calculating estimates for the
stability of the array is the mathematical modeling
of real basis to the settings through a comprehensive
program for calculating algorithm specified.

Basic option would be the use of results from
prior continuous testing, maintaining the current
load in the study in the field [4, 9].

New variant provides modeling, which should
be carried out through an integrated computer-based
program (EBM), using actual ground conditions. It
is contemplated the load transmitted from the
simulation modeled structures located near the slope
by scaling in real-time by mathematical apparatus
containing the complex calculation programs that
allow to forecast occurring processes.

To determine necessary to carry out the relevant
calculations that will compare traditional evaluation
methods for calculating the stability array folded
structurally unstable soil under them with the
proposed load.

The task is complicated by the investigations in
parts establish limit relative values safety factor
and reliability assessment of the bearing capacity
of the base folded structurally unstable soils for
buildings located in cramped conditions.

In Parts creating recommendations, for
incorporating parameters affecting the calculation
to determine the resilience of buildings increased
fire combustion mode, depending on the cramped
conditions.

Unlike the previously known methods for
calculating estimates for the stability of the array
folded structurally unstable soils under the action
of the load transmitted from facilities located near
the slope in cramped conditions, is the
mathematical modeling of real base unit with the
specified parameters and process control test using
a computer, using complex programs (EBM).

In improving the method of calculation and
increase the accuracy of the recommendations of
parameters affecting the bearing capacity of the
foundation, in particular, to recommend the most
secure location facilities from the edge of slope.

In the account of the parameters affecting the
calculation to determine the resilience of buildings
increased combustion fire regime. From the
analysis of works of reference materials on the
grounds and foundations are values in the stability
factor K, for strengthening slopes by conventional

anti-landslide measures, but these measures are not
always acceptable.

There is a statement that to improve the
accuracy of the calculations and the use of more
efficient anti-landslide measures in order to limit
degradability structures required value of the
stability coefficient should decline only very small
values of K, in excess of unity. That is enough to

wonder at the Ky values from 1.05 to 1.1. This

assumption is  controversial and  requires
clarification by obtaining the most reliable data.

Known variational calculation  methods,
the proposed A.D. Girgidovym, M.N. Goldstein,
A.G. Dorfman, W.H. Magdeeva etc. The comp-
lexity of the known methods is enclosed in a large
volume of calculations, the possibility of a human
error, and complexity of calculations in such
methods is not justified by any refinement results
[1-3, 9-16].
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The main disadvantages of the currently
existing numerical methods are: the absence of
a rigorous analysis of the soil mass the VAT; slope
stability calculation is carried out using only the
vertical component of stress and excluding such
important characteristics of soils, as the coefficient
of lateral thrust and elastic modulus.

These shortcomings in many cases do not allow
sufficiently accurately and reliably determine their
stability. This requires further study and
improvement of methods of calculation for the
stability of slopes composed of heterogeneous,
with which one could establish the impact of all
factors on the overall stability. Therefore, the
issues of the problem solved, to improve the
sustainability of action bases foundations sensing
load of the entire structure, are the first and quite
relevant. The urgency of this problem increases
also due to the ever-increasing shortage of
available land area continues to be significant,
especially when assessing the bearing capacity of
foundation for structures located in cramped
conditions, taking into account the influence of the
degree of their increased resistance to fire the
combustion mode of information directly in the
literature.

Essence of the method lies in the
implementation of the calculation of the total
stability of the slope along the most probable or
known surface displacement by summing the

values of private K, received well-known

formula, (1):

<, S /5 ®

i=1 i=1

where: K, - the stability factor; n — number of

attracted in the calculation private values; t, —

private values of shear stresses
If the relative value of the stability factor K,

<1.10 - this means an unstable state of the wedge.
The reason is explained by the fact that the wedge
differ between a shape and dimensions that make
up the segment, the clipped area and rolling in the
overall wedge (Fig. 1, 2).The experiment was
carried out to verify the conditions for the most
safe distance for the location of the building near
the slope, by mathematical modeling using
integrated programs and the introduction of real
soil conditions.

Fig. 1. General view of a portion
of the slope planned for construction

Fig. 2. Calculation scheme for the definition
of stability base and a safe distance required
for location of the building near the slope.

Required recalculation and empirically confirm
that the planned location of facilities performed
within a convenient distance. Preliminary
calculations were obtained, as well field points and
interpolated data points stability factor K, which

allowed us to estimate these values and to reflect
them in the form of contouring at K, = const,

which allowed for further  experiments:-
Objectively select the position of the surface likely
Slope failure corresponding to the cut-off line
stability, with chalky soil masses Donbass region
(Fig. 2, 4) and on the slope near the undermined
areas (Fig. 2).

Assess the overall slope stability along the
surface displacement in the form factor of safety or
stability K, =K; and found in rock mass slope

zone of potential instability, where: Ky(l;
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-To quantify the degree of influence of various
geotechnical factors (Surcharging, anti-destroying
activities, decreased strength of rocks, hydrostatic
and hydrodynamic pressure) on the overall
stability; -construct a graph particular values along
the selected stability factor or known surface
displacement (Fig. 3).

Further studies showed that a more reliable
determination of the required values of the
coefficient of stability base folded structurally
unstable soils K;p strength (the first limit state)

should be determined by the expression:

_K,-n, -y

Kp T 2)
K, — safety factor for purpose facilities; n.- factor
load combinations; n, =1; n, — load factor; n, =
11, n, = 12; then coefficient of working
conditions; m, = 0,9 — for salty clay soils in
a stabilized condition, m, = 0,85 — in unsterilized
condition [10-16].

UTRO— oo™
N
iy .
a0
|
T
\

1 2 3 4
Parameter emplacement escarpment, m

Fig. 3. Nomograms to determine
the stability factor in ddepending
on the strength characteristics.

Important value has factors that affect the
overall stability of structures interconnected with
the base is not enough and not always taken into
account in the design of foundations — the
guantities fire resistance, flammability which
require further study, particularly in the wall
conditions.

Us in the study of factors such as the impact on
the fire set the earth’s surface and the material of
construction of the structure [9]. Setting its value
showed that the base loses structural strength at

500 ° C. It is therefore not necessary to plant at the
location in cramped conditions and near slopes,
increasing the distance between the buildings is not
less than 30% see Table 1.

Table 1
Values of temperature capable
materials resist fire.
material Po: T. °C T. %
kg /m3 bm em
sand 1.76 100 500
clay 1.78 100 510
sandstone 2.20 150 400
metal steel 2.70 150 400
concrete 2.20
reinforced 240
concrete

To elucidate the effect of the strength
characteristics of the material from which the
construction is made on the general stability at
ignition and to determine the fracture resistance
value of the interval of time were examined
various materials constituting an idea of interacting
with the base construction [4, 8-9].

Research was marked difference in the
readings, temperature softer emosti times. For
example, some materials when heated to certain
temperatures (below the melting point) are
transformed into a plastic state is softened (e.g., by
heating the glass to 750-900°C; asphalt than 50°C).

Some materials softened after cooling accept
previous structural condition. Further study of
factors affecting the overall stability of the
structures necessary to take account of
mathematical modeling showed that some of the
material ductility increases with heat and decreases
with decreasing temperature (steel, bitumen, some
plastics). Relaxation occurs, ie, other owls voltage
drop in the material at a constant initial strain.
Relaxation is detected in the material due to the
gradual transition to a plastic deformation of an
elastic, particularly enhanced at elevated
temperatures. Therefore, the material structures
must have a higher resistance at high temperatures
than the test samples

In mathematical modeling and drafting
calculation algorithm  were introduced by
the studied parameters: Mo 1700-2 000 °C,
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2 200-2 500 °C tungsten, niobium, 1 900-2 300 °C,
and others [1, 3].

Dependence an algorithm provided by the
saturated vapor pressure and temperature to
calculate the ignition point t,, °C, substances

composed of atoms of C, H, Oand N, and to
record, based on the known formula ,(3):

453

t,=———,
R/'DO'B

©)

where P, — partial vapor pressure of flammable
liquid at a temperature flash kPa; D, — the vapor
diffusion coefficient in air, cm2/s; B - the
stoichiometric coefficient of oxygen in the
combustion reaction

For the calculation of the ignition temperature
of the substances in the molecules which contain
structural group recommended Table 1, wherein
the algorithm is calculated according to the
formula, (4), ° C:

a
t, =—-47,79+0,882-t + > ajl
j=2

(4)

j ’

Where t, — the boiling temperature of the liquid at
101 kPa, ° C; Ij — the number of structural groups

of j-th species in the molecule; a; — empirical

coefficients, which values are shown in Table 1.

All these factors were taken into account and
the algorithm used to determine the deformability
of the mass soil and Forecasting processes.

Findings

One of the main factors affecting the quality
assessment base for the design of foundations, is
the lack of reliable features are included in the
calculation formulas. Ambiguous conclusions
obtained by engineering surveys are fraught with
consequences. This particularly applies to the
buildings on the grounds designed stacked
structurally unstable soils, where the slightest
deviations result in significant costs to strengthen
the foundations and crumbling foundation
interacting with the construction. Or leads to the
suspension of construction works or their complete
cessation.

The object of the study are presented with the
aim of designing buildings on their sites
undermined mine yard Torez, Donetsk region and
near slopes (Figure 4 a,b) composed of chalky soil
masses Donbass region (Figurel).

—da

F

Fig. 4. General view of a building under
construction and a portion
of the modeled area near the slope

Fos

In the period 2012-2014 we have studied and
investigated soil conditions plots for the design of
structures, in order to improve methods of
calculation using the potential of mathematical
modeling in the laboratory and comprehensive
calculation programs, by definition, the stability of
the soil mass and prediction of deformation
properties [3, 9].

One of the most effective ways to start and
register a timely activation of deformation
processes in plant cells from the damaging effects
is the use of automated systems with high
reliability which receive signals from the
deformable objects. Came to help computer
technology, enabled the massive processing, with
the probability of making a possible exception
error from the influence of the human factor in the
removal of the information and further processing
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of payment indicators included in the calculation
formulas [2].

And, also, allowed to confirm the accuracy of
the results processed by tables, graphs,
monograms, when compared with the full-scale
tests, the results of which were published
previously in other studies [1, 3].

This system was designed to ensure the
automated measurement of deformation parameters
on the on-line, followed by mathematical
processing and presentation of data in an
accessible form. So that the results obtained allow
to draw conclusions about the patterns of strain
state of the structure, as well as predicting its
future behavior, and it all depended on well-
formed mathematical algorithm, which is adjusted
by tests conducted in natural conditions in selected
regions of the Donbass region.

Originality and practical value

The main tool used to solve our problem, was
the method of mathematical modeling in ACU
reproducing receptive model processes in the soil
with a program «PRIMER» MONOMAH and
modeling three-dimensional base of the building
on the joint work of the soil mass and building the
finite element method (FEM-calculation) in the
PC-LIRA.

The solution to this problem and the reliability
of these decisions is a direct function of how
accurately and fully adopted calculation scheme
corresponds to the real conditions of collaboration
considered structures and subgrade.

Studies have shown that not every design
scheme adopted model can fully describe the
processes occurring in the soil and the array so far
not been adequately studied. Calculation scheme
model should reflect the main features of the
process of interaction with the engineering
structure subgrade — this requirement allows for
a simplified mathematical model of a good enough
reason to get the convergence of predicted values
with the experimental data.

From our point of view the study object is the
subject of today’s discussion and an example to
find the most practical activities that do not allow
the destruction of structures during construction
and further operation of the building. As reported
above, research has focused on the search patterns
of change in the properties of construction site of

a ground layer, which is in a dangerous state of
emergency. And also do not need to confirm the
emergence of strains of assumptions drawdown
respectively banks and as a result, disorders
compounds, followed by confirmation of the
reliability of the results applied in determining the
adequacy of the bearing capacity of the underlying
layer under the foundation.

To date, many publications in which they treat
them with two points of view. Geologists who
study these processes, based on the method of field
observations and methods for using the experience
accumulated over the centuries.

The direct use of techniques without specific
conditions in many cases leads to serious errors:
the reason for this — a variety of natural conditions
and soil types, conditions of their occurrence, and
hydrogeological conditions. The most promising
solution to this problem is to study the stress-strain
state of the soil mass the VAT using the finite
element method. Therefore, improving the
methods of research and calculation slope stability
analysis based on VAT is relevant task in
mechanics soils and rocks [14-16].

However, many questions have not been stud-
ied, and in the formulation and solution of prob-
lems of escarpment stability has a number of
drawbacks.

The main disadvantages of the currently
existing numerical methods are: the absence of
a rigorous analysis of the soil mass the VAT.
Calculation of slope stability is carried out using
only the wvertical component of stress and
excluding such important characteristics of soils,
as the coefficient of lateral thrust and elastic
modulus. These shortcomings in many cases do not
allow sufficiently accurately and reliably
determine their stability.

Conclusions

In conclusion we can say this improved method
will:

1. Estimate the magnitude of creep strain for
a period equal to the beginning of changes in the
structural strength of the subgrade and the
beginning of recovery to improve the strength
properties of soils measures applied in those cases

where korna K, (1,a K, >1.

2.  Know the amount of space stability factor,
we can predict compiled by nomograms (Fig. 2, 3)
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for the load and, what distance from the edge the
slope must have structure, so as not collapsed, or
make provision precluding change the structural
strength of the subgrade with to restore and
improve the strength properties of soils.

3. To detect probable zone of plastic

deformation and fracture (K =1) helps to organize

and purposefully mining and drilling operations,
selection and testing of samples, and apply
measures aimed at improving the sustainability of
the base, folded structurally unstable soils (eg soils
with folded subsidence properties Cretaceous
origin or undermined arrays).

4. To take into account factors that affects the
strength properties of the material of construction
of the structure.

5. Get interval fire resistance values over
time, according to the classification of the material,
to take into account when designing their
appointment and use the material for construction,
which will reduce accidents.
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YIOCKOHAJIEHHSI PO3PAXYHKY CTIMKOCTI BY AIBJII,
PO3TAILIOBAHOI NOBJIU3Y YKOCIB
HA CTPYKTYPHO-HECTIMKHUX I'PYHTAX

Mera. I{g cTaTTss npuUCBSYE€HA TOCTIHKCHHIO IPYHTIB Y CKIAJHUX iHKEHEPHO-TEOJOTIYHUX yMOBaX, a TaKOX
MOUIYKY HUISXIB MiJBUIIEHHS CTIHKOCTI OCHOB, CKJIaJCHHUX 13 CTPYKTYPHO-HECTIMKHUX IPYHTIB. AKTYaJbHICTh JaHOI
pobOTH ToNATaE y BHPIMICHHI MPOOJIEM CTIHKOCTI OCHOB, B3a€MOIIIOYMX i3 (yHIAMEHTaMH, BCTAHOBIICHIMH Ha
CTPYKTYPHO-HECTIMKHX IPYHTaX. 3a pe3ysbTaTaMu JOCIIKECHb HEOO0XiTHO BUKIACTH PEKOMEH/IAIIIT, 1110 CIIPSIMOBaHi
Ha TIJBHIICHHS CTIHKOCTI OCHOB, CKJIQJCHUX CTPYKTypHO-HecTiikuMmu IpyHTamMu. Metoauka. CyTs Bciel poboTH
NoJsirae y MiJBUILEHHI JOCTOBIPHOCTI MILHICHUX XapaKTEPUCTHK, LIO OJIEPXKYIOTHCS METOJOM MaTeMaTH4HOIrOo
MOJICITIOBAaHHS TiepeadadyBaHUX MPOIleciB. 3aqada JOCHTIHKEHb MOJATana B YIOCKOHAJICHHI iICHYFOUMX METOIIB Ta
TEXHOJIOTiH BUITPOOYBaHb JUI BU3HAUCHHS BIIHOCHOT BETMUMHHU Koe(illieHTa 3anacy HaJiiHOCTI Ta OIIIHKU HeCy4oi
3JATHOCTI OCHOB, CKJAJCHHUX CTPYKTYpHO-HECTiMkuMH IpyHTamH. Pe3yabTatm. Ll cucrema crnpsiMoBaHa Ha
3a0e3MeyeHHsT aBTOMATU30BAaHOTO BUMIpIOBaHHS AehopMaliiiHux mapamerpiB y pexumi on-line i3 momambiioro
MaTeMaTUYHOI0 OOpOOKOI0 Ta TPEJCTABICHHAM JIaHUX y MOCTYHHOMY BHIUIAAI. Tak, OTpHMaHi pe3ysibTaTh
JIO3BOJIMIIA 3pOOUTH BUCHOBOK IIPO 3aKOHOMIPHOCTI Je(OpMAIifHOTO CTaHy CIIOPYIH, a TaKOXX CIIPOTHO3YBaTH
Horo mopanelly IMOBEAIHKY. Bce me 3ameXuTh Bif MPaBHIBHO CKIAJEHOTO MaTEMAaTHYHOTO AaJITOPHTMY, SKHH
KOpPEKTYBaBCs BUNPOOYBaHHSIMH, NPOBEICHUMH B HATYPHUX yMOBax Ha oOpaHuX AinsHKax JloHOachbKoro perioHy.
HaykoBa nHoBu3na. OgHMM i3 Halle(eKTHBHININX CIIOCOOIB, IO MTO3BOJSE CBOEYACHO 3apPEECTPYBATH ITOYATOK
i akTuBi3alilo nepopMamiiHUX TPOLECIB y eNIeMEeHTaxX CIOpYA BiA PyWHIBHOTO BIUIMBY, € BHKOPHCTaHHA
aBTOMATH30BaHUX CHCTEM, SIKi 3 BHCOKOIO BIpOTIIHICTIO CHPUHMAIOTh CUTHAIH BiJ 00’ €KTIB, IO Je(OPMYIOTHCS.
OCHOBHUM IHCTPYMEHTOM, BUKOPHUCTAHNM JIJIsl BUPIIIEHHS HAIIOI 3a7a4i, 0yB METOJ MATEMaTHIHOTO MOJIETIOBAHHS
B cucreMi ACY, 10 BiATBOPIOE Ta CIpHiMae MOJeEIi MPOIECciB y IPyHTI 3a jnoromoroio nporpam «I'PYHT» Ta
«MOHOMAX». BUKoprCTaHO TaK0X MOJICITIOBAHHS TPUBUMIPHOI OCHOBH OY[IiBIi 3 ypaXyBaHHIM CHUTBHOI pOOOTH
IPYHTOBOTO MacuBy Ta OyaiBmi MmertomoM kinueBux enemeHtiB (MKE-pospaxynok) y cucremi ITK-JIIPA.
Hpaktnyna 3HaumMicThb. [Ipobnema mimBUIIEHHS CTIMKOCTI yKOCIB, MPOTHO3 nedopMmamid Ta X 3MIIHEHHS
MPOAOBXKYE 3aJHINATHCSA aKTyanpHOW. lle moB’s3aHO 31 30UMbIICHHSIM Ae(IMUTY BUTPHUX 3€MEIBHHUX IUIONI Ta
PO3TanIyBaHHIM CIOPYZ B 00MEXEHUX yMOBaX, MOOJIN3y YKOCIB, CKJIAAEHUX HEOJHOPITHUMH IPYHTaMH.

Kniouosi crosa: TpyHTH; IPOCAIOYHICTE; MIAPOOITOK; JOCIIIKESHHS; METOIM BUITPOOYBaHHS; 0OMEKEHI YMOBH

M. C. UBAHOBAY, C. B. KOHOBAJI?', C. ®. ABEJl*"

1*Ka(b. «CrpounTenbHble KOHCTPYKUNH», JJoHOacCKUil rocy 1apCTBEHHBIH TEXHOJIOTHYECKUH YHUBEpCUTeT, yil. JleHuHa, 16,
Aumuesck, Ykpauna, 94204, ten. +38 (095) 387 75 13, sn. moura marij5@mail.ru, ORCID 0000-0003-0622-3208

2*Ka(p. «]IpOMBIIITIEHHOE U IPaXkIaHCKOE CTPOUTENBCTBO», UepKacCKuil rocy1apCTBEHHbIN TEXHOIOTUYECKUH YHUBEPCUTET,
6-p T. I'. llleBuenko, 460, Yepkaccel, Ykpauna, 18006, ten. +38 (097) 384 08 34, >x1. moura seryoga.conoval@yandex.ua,
ORCID 0000-0001-5184-8683

¥Kad. «OcnoBanms i ¢pyHraMenTs», KieBcKiii HAMOHANBHBI YHIBEPCUTET CTPOMTENECTBA U ApXHTEKTYPEL,

npoci. Bozayxodumorckuii, 31, Kues, Yipauna, 03680, Texn. +38 (063) 348 30 78,

a1, moura samar_fg2013@yahoo.com, ORCID 0000-0003-2297-9427

doi: 10.15802/stp2015/53173 © M. S. Ivanova, S. V. Konoval, S. F. Abed, 2015

157



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

Hayka Ta nporpec Tpancnopry. BicHuk J[HIIponeTpoBChKoro
HalIOHAIBHOTO YHIBEPCUTETY 3ajli3HHYHOro Tpancmnoptry, 2015, Ne 5 (59)

TPAHCIIOPTHE BY AIBHULITBO

YCOBEPHIEHCTBOBAHHME PACUETA YCTOMYUBOCTU 3JAHNA,
PACITIOJIOKEHHOI'O BBJIM3U OTKOCA HA CTPYKTYPHO-
HEYCTOHUYMBBIX TPYHTAX

Hean. Orta cTaThsi MOCBSIICHA HCCICIOBAHUIO TPYHTOB B CIIOXKHBIX HH)KCHEPHO-TEOJOTHYECKHX YCIIOBHSX,
a TaKXKe IOWCKY IyTeH MOBBIIICHUS YCTOWYMBOCTH OCHOBAHHUH, CIIOXKEHHBIX W3 CTPYKTYPHO-HEYCTOWYHBBIX
TPYHTOB. AKTYaJIbHOCTh JaHHOH paOOTBl 3aKIIOYeHA B PEIMICHWH MPOOJIEMBbl yCTOWYMBOCTH OCHOBAHHH,
B3aUMOJICHCTBYIOIIMX C (YyHIAaMEHTaMH, YCTAHOBJICHHBIMH Ha CTPYKTYpHO-HEyCTOWYMBBIX TrpyHTax. llo
pe3ynbTaTaM HCCIEIOBaHUI MPEAINOoaraeTcs COCTABICHHE PEKOMEHAAINM, HaNpaBlICHHBIX Ha IIOBBIIICHUE
YCTOHYMBOCTH OCHOBAHHS, CIOXEHHOTO CTPYKTYpHO-HEyCTOWYMBEIME TpyHTamu. Metoauka. CyTb Bceld paboThI
COCTOUT B TOBBIIICHUH JOCTOBEPHOCTH IPOYHOCTHBIX XapaKTEPUCTHK, MOJYyYaeMbIX METOJOM MaTeMaTH4eCKOro
MOJICTIMPOBAHUSL MPEANOIaraeMbIX IIPOLIECCOB. 3ajaua MCCIEAOBAHUM COCTOAIa B  yCOBEPIICHCTBOBAHUU
CYIIECTBYIOIIUX METO/IOB U TEXHOJOTHI UCIIBITAHUH ISl OTpEJIeNICHNs] OTHOCUTEIBHOW BEIMYMHBI KO PHUIIUEHTA
3araca HaJIOKHOCTH M OICHKM Hecyled CIIOCOOHOCTHM OCHOBAHHMS, CIIOXKEHHOTO CTPYKTYPHO-HEYCTOWYMBBIMHU
rpyHTamu. PesyabTaTthl. Ota cucteMa Oblla HampaBiieHa Ha oOecriedeHHe aBTOMATH3HPOBAHHOTO W3MEpEHUS
nehOpMalMOHHBIX  apaMeTpoB B pexkume On-line ¢ mocnenyromieii  matematuueckod  0OpabOTKOM
W TPE/ACTaBICHUEM JIaHHBIX B JOCTYITHOM Buze. Tak, MOJy4eHHbIC PEe3yJIbTaThl MO3BOJMIM CIAENaTh 3aKIFOUCHHE
0 3aKOHOMEPHOCTAX Je(hOPMAMOHHOTO COCTOSHHS COOPYXEHHs, a TaKXKe CIPOTHO3MPOBATH €r0 JalbHEeWIIee
noBeseHHe. Bce 3TO 3aBHCENO OT MNPAaBMIBHO COCTABIEHHOTO MAaTEMAaTHYECKOTO ajlropuTMa, KOTOPBII
KOPPEKTHPOBAJICS. UCTIBITAHUSAMH, NPOBEIACHHBIMU B HAaTYPHBIX YCJIOBMSAX Ha BBIOpaHHBIX ydacTkax JloHOGacckoro
perrnona. Hayunasi HoBu3HAa. OmHMM H3 caMbIX 3(QEKTHBHBIX CIIOCO0OB, MO3BOJAIOIINX CBOEBPEMEHHO
3aperiCTPUPOBaTh HAYal0 W AaKTHBU3alMIO JAe(OPMAalMOHHBIX IPOIIECCOB B 3JIEMEHTaX COOPY)XEHHH OT
paspyIIaloiero BO3ACHCTBUS, SBISETCS HCIOJIB30BAHHE aBTOMATU3MPOBAHHBIX CHUCTEM, KOTOPBIE C BBICOKOM
JIOCTOBEPHOCTHIO BOCHPUHHMMAIOT CHTHaIbl OT Je(opMHPYIOIUXCS OO0BEKTOB. OCHOBHBIM HHCTPYMEHTOM,
WCIIONIB3YEMBIM ISl pEellleHns] Hamlel 3ajadd, ObUT METOJ MaTeMaTHYecKoro moxenuposanus B cucteme ACY,
BOCIPOU3BOASAIIET0 M BOCIPUHUMAIOIIETO MOJENb IPOLECCOB B IPyHTE ¢ momomplo nporpamm «I'PYHT»
n «xMOHOMAX». Vcnonp30BaHO TaKk:ke MOAEIHPOBAHUE TPEXMEPHOTO OCHOBAHUS 3[AHUS C YUETOM COBMECTHOM
paboThl TPYHTOBOTO MacCHBa M 3JaHWS METOIOM KOHEUHBIX syeMeHToB (MKD-pacuér) B cucreme ITK-JIMPA.
IIpakTuyeckass 3HauuMocTb. [IpoOnema MOBBIMIEHNS YCTOMYMBOCTH OTKOCOB, MHPOTHO3 AedopMammii M WX
YKpEIUICHHE MPOJOKAET OCTaBATHCS AKTyaJbHOW. DTO CBA3aHO C YBEIMUYMBAIOIIMUMCS JEPHUIMTOM CBOOOJHBIX
3eMENbHBIX IUIOMAAEH W PACHOJIOKCHUEM COOPYKCHUH B CTECHEHHBIX YCIOBHSX, BOIM3H OTKOCOB, CIIOKEHHBIX
HEOAHOPOAHBIMHU IPYHTaMHU.

Kniouegvie cnoea: TPyHTBHI, IPOCAIOYHOCTH; MOAPAOOTKA; MCCIEIOBAHMSA, METOABI HCIIBITAHUS, CTECHEHHBIC
yCIIOBUS
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KOHCTPYKUIA PAHIOHAJIBHOI'O CTAJIEBOI'O
I'O®POBAHOI'O ITPOPILJIIO

MeTta. Y poOOTi NpOBOANTHCS BUKIIAJA PE3yJbTATIB MOLIYKY HOBHX, OUIbLI €KOHOMIYHUX KOHCTPYKTUBHHX pi-
IIEHb METAJIEBUX CHJIOCIB, a CaMe: aHalli3 iICHyIOUMX THIIB IOIEPEYHOro nepepizy npodiiiB cTaeBoi CTIHKH TaKOTro
CHJIOCY Ta pO3pOOJICHHSI MEHII MaTepiaoeMHOro mepepisy rogpposanoro npodimo. Meroauka. [ nocsrHeHHS
MIOCTABJICHOI METH JOCIIJKEeHI ICHYI0Yl THUNH NpodiiiB €MHICHUX KOHCTPYKLIH Ta iX HampykeHo-aehopMoBaHUi
CTaH TpH [Iil HaBaHTa)XEHHS. AHAi3 BUKOHYBABCS 32 pe3ylbTaTaMU OOUYHCIIOBAIbHHUX eKcrepuMeHTIB. O0’eKToM
JUTS TOCTIKCHHS Oy MaTeMaTH9IHI KOMIT FOTepHI Mozeli. Po3paxyHKu MPOBEIeHO 3 BUKOPUCTAHHAM METOAY CKi-
HUYCHHUX eJIeMeHTIiB. [[Ji1 00YHCITIOBAIBHOTO SKCIICPUMEHTY OyB BHKOPHCTAHHN NPOSKTHO-OOYHCIFOBANTBHHUN KOM-
mieke Structure CAD s Windows. PesyabTatu. Y po6oTi Oyii OTpuMaHi [aHi, [0 J03BOJISIOTE OI[IHUTH POOOTY
npodiaiB Ta 3HAUTH OLNbII eEKTUBHUN TUII TTOMEPEYHOTO MEpepi3y 3 TOYKH 30py HOro MarepialioeMHOCTI. Y Tpo-
1eci CHiIbHOTO JIOCTIDKEHHS aBTOpaMu OyB po3poOJieHHH HOBHUI THI MPOQULII0 Ui EMHICHUX KOHCTPYKIIH, 110
Ma€e OUIbII BHCOKY €(EKTUBHICTh BUKOPUCTAHHS Ta BY30J KPIIUICHHS OKPEMHUX CTaJIE€BUX JIMCTIB i3 JTAHUM THUIIOM
npodinro. OOuaBa pillIeHHs TPOCTI B MOHTaXI, HAJIlHI B eKCILTyarTallii Ta MOXyTh OyTH BUTOTOBJICHI B YMOBax Cy-
YaCcHOT'O MPOMHCIIOBOTO BUPOOHHIITBA 3 BUKOPHCTaHHSIM CTaHIAAPTHOTO 00JIaHAHHSI, MaTepialliB i KOMIUIEKTYIOUHX.
HaykoBa HOBH3HA. ABTOpaMH 3allpONOHOBAaHMI HOBHUH THII ITOTIEPEYHOTO Nepepi3y npodiso rodpa i cTaneBux
CTIHOK CHJIOCHHX CIIOPYJ, SIKMH Ma€ MifBHIIEHY HECYdy 3/1aTHICTH i )KOPCTKICTh Ta HaJla€ MOXKJIMBICTh 3MEHILINTH
TOBIIMHY METaly, He 3MIHIOIOUH MPH IIbOMY HECY4y CIIPOMOXHICTh KOHCTPYKIIT, YUM 3HIDKY€E MaTepialoMiCTKiCTh
Bci€l KOHCTpYKii. s 11p0ro Ta moniOHUX THUIIB MPOQLTIB CKOHCTPYHOBAaHUN Ta 3aIPOTIOHOBAHUHA BapiaHT BY3JIO-
BOTO KPIIICHHS OKPEeMUX TOPPOBAHUX JINCTIB Ha OONTaxX i3 MOAOBKYIOUNM (pIIaHIeM, SKUH Ja€ MOKIMBICTh BIAIl-
TyBaHHSA 3’ €IHAHHS IPH HEBEIMKUX PO3Mipax XBHI rodpa, e HEAOCTATHRO BiICTaHI IS PO3MILICHHS MIANKH 00JI-
Ta MiX okpemuMu rodpamu. [IpakTHYHA 3HAYMMICTB. 3aCTOCYBaHHS 3alIPOMIOHOBAHUX PILlIEHb JIO3BOJISIE ITiJIBH-
IIMTH €KOHOMIYHICTh, TEXHOJIOTIYHICTh Ta PEMOHTONPHUIATHICTh KOHCTPYKIIi CTIHOK cTalneBUX cuiociB. OTpumani
B JIOCII/DKCHHX PE3yJIbTaTH CBIYAaTh MPO MEPCHEKTUBHICTH IOAANBIIOT0 PO3BUTKY HAYKOBO-JOCIIJIHUX POOIT i3
MOIIYKY HOBHX, OUIbIII €KOHOMIYHUX DillIeHb CTaJeBOl ro)pOBaHOI CTIHKU JUISi CHIIOCHUX CIIOPYH, & TAKOX THIIHX
CIOCO0IB 3MEHIICHHS MaTEPiaIOEMHOCTI KOHCTPYKIi# [U1st 30epiraHHsi CUITyYuX MaTepiaiiB.

Kniouosi cnosa: cunoc; eMHiCHa Cropyza; CTiHKa cuiocy; TodgpoBaHui npodiib; eKOHOMIUHICTh; HOBUIl THI
npodiJIro; By30I1 KpirIeHHs

Beryn nepedManucs Takow MpoOJeMolo, SIK 30epiraHHs
CHUITyYMX MarepiaiiB. AKTyaJllbHe II¢ ITHTaHHS
1 CBOTOJHI.

ByniBHUITBO cHiOCiB 1 OyHKEpiB, SIKHM BOHH
€ 3apa3, mouanocs y XIX cromiTTi OgHOYacHO
3 PO3BHTKOM TipHHYOPYIHOI IPOMHCIOBOCTI.
3 yacoM HaWOTBII MIMPOKE 3aCTOCYBAaHHS 1Iel BUA
KOHCTPYKUill 3HalIIOB y CIIbCBKOMY T'OCIIOAAPCT-
Bi, I 3 POKYy B piK HeoOXimHO 30epiraTe THCSIUI
TOHH 3epHOBHX MarepianiB [17]. IIporpec He cTO-
iTe Ha Micmi. 3a octanHi 20 POKIB BUTJISAA €MHOC-
Tel nns 30epiraHHs HaOyB HaWpi3HOMAaHITHIIIAX

Y HalOIIBII IMHUPOKOMY 1 3araJlbHOMy BH3HA-
YeHHI €MHOCTI, NMpU3HauUeHi JIjIs 30epiraHHs 1 re-
pEeBaHTaKEHHS PI3HUX CHIyYMX MaTepiajiB, Ha3u-
BaIOThCS CUIOCaMu 1 OyHkepamu. byHkepu Ta cu-
JIOCH MAalOTh JaBHIO iCTOpit0 3acToCyBaHHA. Apxe-
OJIOTIYHI PO3KOIKH 1 JAPEBHI TEKCTH CBiJ4aTh, 110
MPOTOTHITH CYYaCHHUX CHIIOCIB BUKOPHCTOBYBAITUCH
B JlpeBHiii ['pemii me HanmpukiHIli 8-ro CTOMITTS 10
Hamioi epu [15]. 3BicHO BOHM KapIHHAIBHO Bipi3-
HSUIUCh BiJl €MHOCTEH CBOTOJEHHSA, NpOTe LEeH
MPUKJIA CBITYHUTH, IO ME B CTAPOJAABHOCTI JIFOIH
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¢dopM 1 Moke OyTH BUKOHAHWIA 3 Halpi3HOMaHIT-
HIIIMX MaTepialiiB — BiJ| KJIACHYHUX CUJIOCIB i3 3a-
7i300€TOHY 10 PYKaBiB 3 IOJIMEPHHUX MaTepiajiB
[12]. TIpore Ha cHOTOAHI JiAUPYIOUi MO3HMILT
B YKpaiHCBKill arpOIpOMHUCIIOBOCTI 3aiiMalOTh came
CTalleBi ITIHIPUYHI CHIIOCH.

IToBHOTIpaBHUMH CHCTEMaMH IS 30epiraHHs
3€pHOBUX KYJIbTYp CTaJM CHJIOCH caMe 31 craje-
BuUMHU ropoBanumu crinkamu [11, 13]. [Jnst Oinb-
101 CTIHKOCTI Bif /il HABaHTaXCHHS BiJl CHITYy40TO
Marepiajqy Al TakuX CTIHOK BHUKOPHCTOBYIOTbH
criemianbHi 3HOcocTi#ki cram [1]. Hde-dakto cy-
YaCHUM CTaHJApTOM JUISi KOPIYCIiB YHIBEpCaIbHUX
METAJICBUX BEHTWJILOBAHWX CHJIOCIB 3a3BHYAl
e xBuusicti naneni [16]. Taka ¢popma npodinto Bu-
TPUMYE JIy)K€ BEJIWKI HaBaHTAKEHHS, SKI BUHMKA-
FOTh ITiJT Yac eKCIUITyaTallii CHIIOCIB 1 TepeIaroThCs
Ha BEpPTUKaIbHI cTiiiku (pebpa xopcTkocTi), 0e3
JIOJJATKOBOTO MOTOBIICHHS CTIHKHW 1 3aliBO1 BUTpa-
TH MeTalny. B Ykpaini maHeni 3 XBHJISCTOTO IpO-
(U0 BUKOPUCTOBYIOTHCS ISl OYNiBHUIITBA METa-
JIEBUX CHJIOCIB TIOPIiBHSHO HEJAaBHO. BiACyTHICTBH
MOBHOIIHHOI HOpMaTHBHOI 0a3m Ta iH(opmarlii,
OB’ 13aHO1 3 OCOOTMBOCTSIMHU BUTOTOBJICHHS, TIPO-
eKTYBaHHS Ta EKCIUTyaTallii TAKUX CXOBHII — OCHO-
BHA NMPHYHMHA YCKJIaJHEHB, MOB’sS3aHUX 3 BIPOBa-
JDKSHHSIM METaJIeBUX 3€PHOCXOBHIL, a/KE JOCBITY
poGoti 3 HUMH Yy (axiBHiB YKpaiHH NPaKTUIHO
He OyJ10.

Mera

3aragpHUMHU KPUTEPIsIMHU MO0 30epiraHHs 3e-
pHa € BHCOKOTEXHOJOTIYHICTh, HAAIMHICTh 1, 3BH-
YaifHO, eKOHOMIYHA BHUTIIHICTD SIK JUII BUPOOHUKA,
Tak 1 U1 croxuBada. MeToro 1€l poOoTH € To-
IIYK HOBHX, OLTBII €KOHOMIYHHX KOHCTPYKTHBHUX
pIlICHb METaNeBUX CHIIOCIB, a came CTalleBOi rod-
pPOBaHOI CTiHKM TaKOTO CHJIOCY, OCKITbKH BOHA
MOPIBHSIHO 3 TIOCKOIO CTIHKOI Ma€ OuUIbIIy Mill-
HICTb Ha PO3pHB 1 BUTHH. B 1ell vyac icHye Haa3BU-
YaifHO BEIIMKE Pi3HOMAHITTS MOTEPEYHOTO Tepepi-
3y mpodimo rodpa [14] mis crinku cuiaocis, on-
HUM 3 SKUX € XBIISICTUH TPOdiib, 0 BUKOPUCTO-
BYETbCA JUIS OYJIIBHUITBA CHJIOCIB IIOPiBHSIHO
HEJaBHO 1 3aIO3WYCHUI HAITMMHU TiATPUEMCTBAMHA
13 3apyOikHOTO JOCBiny. [IpoTe AoCiIKeHHS 110~
JI0 €KOHOMIYHOCTI 32 PaxyHOK 3MEHIICHHs MaTepi-
ATOEMHOCTI TakuX MpOo(iJiB aKTHBHO HE BUKOHY-
Banrch. TOMy OCHOBHY yBary aBTOpiB NPHUBEPHYB
aHaji3 icHyrouYMX mnpoQildiB Ta MOIIYK HOBOTO,

MEHIII MaTepiaJOEMHOTO Tepepidy TodhpoBaHOTO
npodinto, skuii OM NO3BONMB MPH 3MEHIICHHI TO-
BIIMHH BUTPUMYBATH Ti K HABAaHTAXCHHS, IO
1 loro aHajoTH 1 MpH IHOMY 3aI0BOJIBHITH BHMO-
TY MIITHOCTI Ta YKOPCTKOCTI.

MeTtoanka

JlocmipkeHHST BUKOHYBAICh 32 JIOTTOMOTOFO
MareMaTH4HOro MmozemoBanus [3]. JloriuHicTh
1 ¢QopmanizoBaHHICT KOMIT IOTEPHHX MOJEIeH
JIO3BOJIIIOTh BU3HAYUTH OCHOBHI (DaKTOpH, IO
BIUIMBAIOTh HAa BJIACTHBOCTI  JIOCIHIiPKYBaHOTO
00’eKkTa-opUriHally, 30KpeMa JOCHIUTH BIATYK
MoIenboBaHoi (hi3MYHOI CUCTEMH Ha 3MiHU 1i ma-
paMeTpiB 1 MOYATKOBUX YMOB. Po3paxyHKH BUKO-
HaHO 3 BHKOPUCTAHHSIM METOAY CKIHYCHHUX elle-
MeHTIB. J[is 0OYHCIIOBATBHOTO EKCIEPUMEHTY
OyB BHWIKOPHUCTAaHWUN TPOEKTHO-OOUHCITIOBAIbHIIMA
komrutekc Structure CAD mis Windows (SCAD)
[4], peamizoBanuit sk iHTErpOBaHA CHCTEMa MillHi-
CHOTO aHaNi3y Ta MPOCKTYBAaHHS KOHCTPYKINA Ha
ocHOBI Merony ckindeHHux enemeHTtiB (MCE),
AKMH ~ JIO3BOJISIE  BHU3HAYUTH  HAIpPYy>KEHO-
neopMOBaHUN CTaH KOHCTPYKIIN Bifl CTATHYHUX
1 IMHAMIYHAX BIUIMBIB, a TaKOX BHUKOHATH HHU3KY
(yHKIIH TPOEKTYBaHHS €JIeMEHTIB KOHCTPYKIIiH.

Komm’toTepHe MozemoBaHHS MONATano B Mpo-
BElleHHI cepil OOYHMCITIOBANBHUX EKCIICPUMEHTIB,
METOI0 SKMX OyB aHali3, IHTepIpeTalis 1 3icTaB-
JICHHS pe3yJIbTaTiB MOJIENIIOBaHHS 3 PEAbHOIO TI0-
BEJIIHKOIO JIOCTI/DKYBAaHOTO 00’ €KTa, MONANbIIe
YTOYHEHHS MOJENi. Y TPOIeci MOCHIKEHHS II0-
OyJI0BaHO MPOCTOPOBI T'€OMETPUYHI MOJIETi. 3a-
CTOCOBYBaHI €KCIIEPHMEHTAIbHI KOMIT FOTEpHI MO-
IIeJl BiATIOBIMAIOTH BUMOTAM, ITI0 BHCYBAIOTHCS 10
ctBopenHs mozeni B MCE, a came: 3a He0OX11HOTO
rycrotoro citku ckinueHHux enemenTiB (CE) [2],
turiom Ta po3mipom CE, croco6oM po3mimieHHs
CE Ta ix opieHTallii mo BiJHOIICHHIO IO MOTOKiB
OCHOBHUX Hampy>KEeHb.

Bapro 3ayBaxurtn, 1m0 AOCTIIKyBaHi 00’ €KTH
MOJCTIOBAIACH y BUTIIAMI ITMTIHAPUIHOTO KiTBIIS
3 To)pOBaHUMH CTIHKAMH, Ha SKi TepeaeThCs Ha-
BAHTAXKCHHS BiJl CHUIYyYOr0 MaTepially — 3epHa.
Binbm getambHO BUTIIAI PO3PAXyHKOBUX MOJIEIICH
Ta OMUC OOYHCIIOBAILHOTO EKCIEPHUMEHTY HaBe-
JICHO B TomepeaHix poborax asropie [9, 10]. Bei
po3paxyHKd OynM BUKOHAHI 3TiTHO 3 BHUMOTaMHU
YMHHUX HOPMATWBHHUX JOKyMeHTIB [5, 6] Ta mpo-
BeJICHI JUIg BOCBMH PI3HHX TUMIB IpodiiB rodpa,

doi: 10.15802/stp2015/55339

© B. B. Kauypenxo, /I. O. bannikos, 2015

161



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

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchKkoro

HAI[IOHAIBHOTO YHIBEPCHTETY 3alTi3HUYHOTO Tpancmopty, 2015, Ne 5 (59)

TPAHCIIOPTHE BYJIBHUIITBO

nepepi3z sKkux 300paxkeHo Ha puc. 1. Jlns ix mopis-
HSUIBHOT'O aHamizy mpogimi Oyiu 3 0JHAKOBOIO BU-
cororo rodpa (44 mm), noBxuHO xBHII (138 MM)
i TopuuHOO jmcra (1 mMm). JIIS KOKHOTO THITY
npodino OyB mpoaHaNi30BaHUIl HaNpy>KEHO-
nedopmoBaHuil cTaH mpu Jii HaBaHTaKeHHsS. Be-
JUYMHE HaBaHTAXXCHHS BHU3HAYAIHCS BiAMOBIIHO
no JIBH [5] 3a Bupazom (1):

R = %[1— e /b j (1)

Jle Y — IUTOMa Bara 3€pHa; p — TiApaBIiYHUN pa-
iyc mornepeuHoro mepepizy cuiocy, M, p=A/U,
(A, U —muomia i mepuMeTp MOIEPEUHOTO Tepepi-
3y cuiocy BiamoBimHO); f — koedimient TepTs
3epHa 110 MEeTaly.

PiBHOMIpHO PO3NOALICHUI IO TIEPUMETPY TOPH-
3OHTANBHMIT THCK CHIIy4nx Matepiamis (krc/m’) Ha
CTIHM CHJIOCIB BH3HAYA€ThCsl Ha rimOuHI Z (M) Bix
BEpXY HACHILY.

il
ity
DANNRNARK

iif
NN
S

it
o

[Ipu npOMy HEXTyBaTH TEPTSIM MaTepiaiy Io CTi-
HIII HENPHITYCTUMO, OCKUIBKH 1€ TPH3BOJHUTH M0
3HAYHHMX TOMWIOK. BHacmimok Teprts 3acumku 00
CTIHKM BEPTHKAIBHI 1 TOPH3OHTAIBHI THCKH 3pPOCTa-
F0Th HETIPOTIOPIIIHO TIO BUCOTI: IO Mipi 301IbIIICHHS
ITIMOMHM TIPUPICT THCKY 3MeHIIyeThes. [Ipu mpomy
nepen0avyacThCsl, MO BiTHOMIEHHS TOPU30HTAJIHHOTO
THUCKY JIO BEPTUKAJIBHOTO — BEIMYMHA MTOCTIHHA.

TakuM YMHOM, TOPH3OHTAJIBHHN THCK HA CTIHY
CHIIOCY 3aJISKHTh BiJ] 30BHIIIIHBOTO KyTa TEPTS 3epHA
00 CTiHY, HIUTBHOCTI MPOJYKTY, AiaMeTpa 1 BUCOTH
CHJIOCY.

ExcniepuMeHTa bHI AOCTIIKCHHS BUKOHYBaJIH-
Cs IS TEeKiTbKOX KOMOIHAIlH BUCOTH Ta JiaMeTpa
CHIIOCY.

Crin 3BepHYTH yBary, IO OCTaHHIHd THUN MpO-
dimro (puc. 1, €) € aBTOPCHKUM pillICHHSIM, BapiaHT
SKOTO BUHHK ITiCIIS aHali3y poOOTH BCiX Mmorepe-
JHIX TOTIEpeyHHX Iepepi3iB npodiiiB.

i
i l’ﬁll’

A

e—g

Puc. 1. JocmimkyBani Tunu roppoBaHuX Ipodisis:
a — KOPUTHUH; 6 — KOPUTHUH 3 MiJICHICHIUM TOPU30OHTAIILHHA PEOPOM; 6 — KOPUTHHHN 3 MMiICHJICHUM BEPTUKAIEHUM PEOPOM;
2 — XBWISICTHI; I' — KBAJIPaTHHIA; 0 — KBAJPATHHUH 3 MMiICHJICHUM BEPTUKAILHUM PEOPOM; ¢ — IICJOBHIA; € — HOBUH

Fig. 1. Research types of corrugated profiles:
a — channel; b — channel with an enhanced horizontal edge; ¢ — channel with an enhanced vertical edge; d — corrugated;
e — quadrate; f — quadrate with 3 an enhanced vertical edge; g — shed; h — new
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PesyabTaTtu

st KOX)KHOTO 3 BHIICHABEAEGHUX THIIB MPOQi-
7B OynM OOYHCIIeHI OCHOBHI T€OMETPUYHI Xapak-
TEPUCTHKH, IO BiIrPalOTh HAHOUTBITY pPOJIb TIPH
poOOTi €MHICHMX KOHCTPYKLiM MiJ HaBaHTa)KeH-
HSM — IUIOIIA ITOTIEPEYHOro mepepizy A4 i MOMEHT
OIopy B TopH30HTaNbHOMY Hampsmky W. Posris-
Jlanacst oiHa XBHIIs rodpa.

Takox OyB IOJATKOBO OOYMCICHHHA Hapamerp

p=W/A, mo xapakrepusye e()eKTHBHICTb BH-

KopuctanHs npodimo. OTpuMaHi pe3ynbTaTH Ha-
BeZeHO B Tabn. 1 B mopsaky 30inbieHHs Koedii-
€HTa e()eKTUBHOCTI.

Tabnums 1

I'eomeTpu4Hi XapaKTepUCTHKH
rogpoBanux npodiiis

Table 1

Geometrical characteristics
of corrugated profiles

& 2 o

S 2., z 5
jn Tunt npodyistzo gi ; § _% é
1| _\_ | L1666 | 1502 0,902
2| 1| 2342 | 2260 0,965
3 \ /N | 1892 | 2108 1,114
41 [TV | 2360 | 2725 1,155
5| [ L | 2260 | 2764 1,223
6 | /7 N\_| 1992 | 2570 1,290
7 _/_\_ 1,892 | 2,619 1,384
8 m_ 2,342 | 3,705 1,582

3 tabm. 1 BHmHO, MO 3 yCiX JOCTiIKYBaHUX
npodisiB MiHIMaJIbHY IUIOILY MEpepi3y Mae XBHIIS-
ctuit mpodine Ne 1, mpore HaHOUIbIE 3HAYCHHS
MIHIMaJIbHOTO MOMEHTY OIIOpYy Ma€ HOBHH THII
npoginro Ne 8. HaiiripmuMm 3a UM MMOKa3HUKOM
BusiBUBCS xBuisicTuid mpodine Ne 1. [Ipo ne came
CBIAYUTH 1 mapameTp p, SKUH XapakTepusye Bil-
HOIIIEHHS MiHIMAJIbHOTO MOMEHTY OTIOpPY /IO TUIOII

nepepizy rodpa. SIKino MopiBHATH MK COOOO Iii
JBa THITU TpOQisiB, TO BUXOAUTH, IO 32 TEOMET-
PUYHUMH XapaKTePUCTHKaMH HOBUH THI TepeBa-
ae XBHsIcTHi podine Ha 75 %.

VY mporeci crinkHOI poOOTH aBTOPIiB OYB PO3-
poOieHn#t HOBWU TWUN TPO(DUTI0 AN €MHICHHX
KOHCTPYKIIiH, [0 Ma€ OiIbIII BUCOKY €(heKTUBHICTh
Bukopuctanus (B Taba. 1 mpodine Ne 8). Bin mo-
3BOJISIE 3a0e3IevyBaTH HEOOXiHY MIIHICTh 3 Me-
HILOIO TOBIIMHOIO METANly MOPIBHSHO 3 TPaJMIIiii-
HUMH XBWISICTAM 1 KOPUTHUM NpodiinsiMu, sKi 3a-
3BUYall 3aCTOCOBYIOTHCS] B CUJIIOCHUX €MHOCTSIX.

Taxuit mpois, MO MICTUTh CHCTEMY BHKOHA-
HUX TIO IO JincTa TodpiB, Mae MPAMOKYTHHN 1X
mepepi3 Mo BCii JOBXKMHI CTAJIEBOTO JIMCTA 1 Bifpi-
3HSETHCSA BiJl HAHOLIBII ONM3BKOTO KBAJAPATHOTO
npodimo (Ne 5) THM, IO MOCHIIOETHCS BUTHHOM
OJIHIET 3 TOJIMIIb Yy BUIJISAII ABOCXHJIOTO naxy. Bu-
KOHaHHS BUTHHY TMOAiOHOI ¢opmu 3abe3neuye
KOHCTPYKIIi1 MiABUINEHY HECydy 3/IaTHICTB 1 )KOpC-
TKICTb.

Ha puc. 2, HaBenenomy HuXd4e, BUIHO, IO KO-
eH rop Takoro mpoQilo CKIagaeThCs 3 CUCTE-
MH IITACTHH, B SKUX MapajelbHO OCi X-X PO3TalIo-
BaHI Iu1acTUHY no3unii 1 B oaHii rwiomuHi. Y me-
PIECHAMKYIAPHOMY HaNpsIMKY Binx miacTuH 1 pos-
MIITyIoThCs TiacTuHr 2 1 5. Ilractmam 2 1 5
3 €HYIOThCS MiX CO0OK miacTuHaMu 3 1 4, ski
PO3MIIIYIOTHCS 3 HAXUIIOM BiTHOCHO OCi X-X B JI3€-
pKaJbHIA OpieHTaIlil OfHA IO OAHOI i YTBOPIOIOTH
mepepi3, MoMiOHUI 10 adpHuCy ABOCKATHOTO JaXy
Oyaunky. Kyt Haxunmy mmactuH 3 1 4 0JHaKOBHi
1 MOXKe BapirfOBaTHCS 3aJIeKHO BiJl mapaMeTpiB Iie-
peadadyBaHOTO CHITYYOTO Martepiany i chepu ioro
BUKOPHUCTAHHS.

3BHYaiHO, MOPIBHSHO 3 KOPUTHHM mpodizem
MaTepiaJoMiCTKICTh OoKkpeMoro rodpa apemo 30i-
JBIIYEThCS, alle 3 YPaxyBaHHAM TOTO, IO HOBHI
npoiab J1a€ MOXKIWBICT 3MEHIIUTH TOBIIUHY
CaMoro MeTaily, He 3MiHIOIOUM MPHU LBOMY HECydy
3IATHICTh KOHCTPYKIIii, MaTrepialloMiCTKICTh BCi€l
KOHCTPYKIIIT B 3aralIbHOMY 3MEHIITY€ThCSI.

[IpodinpoBanuii IMCT MPOCTUI B MOHTaXI, Ha-
MIAHANA B eKCIDTyartamii i Mo)ke OyTH BHTOTOBIIE-
HUI B YMOBaxX Cy4acHOTO TPOMHCIIOBOTO BUPOO-
HUITBA 3 BHKOPHUCTAHHSIM CTaHAApTHOTO 00Jaj-
HaHHS, MaTepialiB i KOMIUIEKTYIOUHX.
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;
A

Puc. 2. 3aranbHuil BUIIIS] OTIEPEUHOTO TIEpePi3zy KOHCTPYKIIT mpodiaro
1ABUIICHOT )KOPCTKOCTI

Fig. 2. General view of the structural cross section
of a profile with high rigidity

Kpim Toro, mopiBHIOIOUM 1eld THN TpOiIIo
3 momiOHnMu Homy kBaapaTHuM Ne 5 i memoBumM
Ne 2 (muB. Tabi. 1) MOXHA TOBOPHUTH MPO TEXHOJIO-
riyHi mepeBarn HOBOro npodimo. OCKiNbKH KyT
HEepEerHHy JHCTa METaly MPHU BUTOTOBJICHHI 3MEH-
IIy€ThCS, TO L€ TMO3UTUBHO BIUIMBAE HA 3/IaTHICTH
Martepiaiy He yTBOPIOBAaTH TPillIMHU.

ABTOpamy T0/1aHa TIaTeHTHA 3asBKa [/] Ha ro-
¢poBanuii mpodias HOBOTO THITYy 1 B IIeil 4ac Be-
JeThesl ODOPMIICHHST aBTOPCHKUX TIPaB.

[Ipu BukopucTaHHI TOPpOBaHOTO MPOPITIO HO-
BOTO THIy OKPEMHM IHTAHHAM CTajla MOMJIUBICTD
3a0e3MeueHHs] HaIIfHOTO CTHKOBOTO BY3Illa Kpill-
JICHHSI JIUCTIB MK c000r0. OCHOBHA CKJIaJHICTD IPU
BOMY TIOJISITAJIA B TOMY, 110 CTAHAAPTHUN TUIIOBUH
BY30J1 /ISl TIOAIOHMX KOHCTPYKINH HE Moxe OyTh
BUKOPHCTAaHUM, OCKUTLKU B IIbOMY BHUIAJKy HE BHU-
cTayae JOCTAaTHBOI BiAICTaHi I PO3MIIEHHS Iar-
K# 00J1Ta MK OKpEMHUMH rodpamu.

VIMOBIpHUM pillICHHSIM Y 1IbOMY BUIAJKY MOXKE
OyTH 3ampoNOHOBAaHUI HIDKYE Ha pHC. 3 BapiaHT,
SKUH TOKpAIlye TEeXHOJIOTIYHICTh 30ipKu 1 minBu-
IIy€ PEMOHTONPHIATHICTh KOHCTPYKIT By3Ja
1 CIIOpyT¥ B LLIOMY.

Oco0nuBicTh LHOTO By3Ja MOJSITAE B TOMY, IO
TS 3a0e3eueHHs HaaiiiHOi poOOTH 3’€THAHHS 1 KO-
peKTHOI Tepenadi 3ycuiib Ha JIMCTH BHKOPHUCTOBY-
€TBCs OOJIT CITUTHHO 3 TIOJOBKYHOUNM (HIAHIIEM, SIKHI
JTa€ MOKJIMBICTE PO3TAITyBaTH INMANKy O0JTa Ha I0-
TpiOHiH BifcTaHi Big rodpa nucra s TOro, 100
YHUKHYTH 3MUHAHHS 1 IpH LBOMY €peiaTu CTATy-
104€ 3yCUIUIS Ha EJIEMEHTH, 110 CKPIIUTIOIOTHCS.

CrmiHKU
bosnm E20PU3CHMAJIbHO20
CmuKa aucma cmiHKU

BepmukaibHa
cmi TKa

Puc. 3. 3aranpHuil BUTIISA CTUKOBOTO KPITUIEHHS
ro(p)poBaHUX JIUCTIB

Fig. 3. General view of the butt fastening
of corrugated sheets

JletanbHO KOHCTPYKIiS By3Jla HaBeJCHA Ha
puc. 4.

2

Puc. 4. CtukoBui By30J1 KpIiIUICHHS
ro(ppoBaHOTO MPOQiII0 HOBOTO THITY
Fig. 4. Mount pickup fitting of
a corrugated profile of a new type
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By3on cknamaerscst i3 CTIHOBOiI ToQpoBaHOL
naHeni 1, BepTUKanbHOI cTiliku 2, Oonra 3, Mera-
neBux maib 4 i 7, mogosxyrodoro (hiaHns 5, raii-
K¥ 0, YIIUTEHIOIOYOI maiou 8, mpyKHOT IpoKiIaj-
KM 13 IoniMepHoro Marepiany 9.

3’€eIHaHHS BUKOHYEThHCS TaKUM YUHOM. CTIHOBI
maHeni 1, BUKOHaHI i3 MPOITLOBAaHUX CTAJICBUX
JIMCTIiB, KPIIJISATHCSA JI0 BEPTUKANBHOI CTiKH 2 3a
JTOTIOMOTO0 001Ta 3 3 HAHECEHOIO Pi3b0OI0 HA OJ1-
HOMY KiHIlI CTepXKHS JJIsl MOJANBIIOTO 3aTAryBaH-
HS IECTUTPaHHOIO raiikoro 6. [lonepeanso Gont 3
BCTaBJISIETCS Y TOJAOBXKYIOUHH (uaHenp 5 s
TOTO, MO0 Oya MOXIIMBICTh BiJIBECTH IIAIKY 0O0J-
Ta pa3oM i3 maitooro 4 Ha MOTPiOHY I KPITICHHS
BigcTranep. MeraiieBi maiibu 4 1 7 miaKiIagaroTh i
raiiky i TOJIOBKY OonTa Ijisi CTBOPEHHS OiIbIIOl
IO OIOPHOI MOBEPXHI, 3amoOiraHHs caMOBif-
TBHHYYBaHHA KpINWIBHOT jertani. 30UTbIICHHS
TUTONII TIPUTHCKY JO3BOJISE 3aCTOCYBAaTH OiibIle
3YCHIUISL 3aTSOKKH, 00epirae MoBepXHIO €JIEMEHTIB,
10 CKPIIUTFOIOTHCS, Bifl IOLIKOIKCHbB, 301JIbIIyE
CTYIiHb YIIUILHCHHS 3’€THAHHS 3 MPOKJIAJKO0 8.
JIns repMETHYHOCTI 3’€JHAHHS BUKOPHCTOBYETHCS
MpoKJIaaKa 8, BUKOHAHA 13 TOJIIMEpHOTO Marepiaiy,
Ta YUIUIbHIOIOYA IMaiida 9 Ha MeraneBili OCHOBI.
B pesynbrati npu 3atsaryBaHHi OontiB 3 raiikoro 6
YTBOPIOETRCS MIUTEHE 00NITOBE 3’ €MHAHHS, SKE TIPH-
JIaTHE JJIsl 3aCTOCOBYBAHHS Y BHIIQJIKY, KOJH TOJIO-
BKa Oozira 3 He MOXKE pO3TalllOBYBaTHCs Oe3moce-
PEeNHBO MiK XBUJISIMA TO(pa.

TakvM YHHOM JIOCATAETHCS MOXKIUBICTD YJIaml-
TyBaHHs OOJITOBUX 3’€JHAHb MPHU HEBEIUKHX PO3-
Mipax XBWJIi To¢pa, BUKIIOYCHHS IPOTIiKaHHS BOU
B OONTOBHX 3’€JHAHHAX y TPOIECi eKCILTyaTariii
1 MJBUIICHHS HAIIHHOCTI 1 TEPMETHYHOCTI TaKHX
3’e¢HaHb. KpiM IIbOTO MOKPAIY€ETHCS TEXHOJIOTIY-
HICTh 30IpKM 1 TIiJBHIYETHCS PEMOHTONPHUAAT-
HICTb KOHCTPYKIIi.

Ile pimieHHS TaKOX MATCHTYETHCS ABTOPAMHU
[8], i Moxe 3 ycCIiXOM 3aCTOCOBYBATHUCS B MPAKTHU-
i JUI1 TIPOEKTyBaHHSA i OyMiBHUIITBA OLTBII €KO-
HOMIYHUX 1 MEHII MaTepiaJOEMHUX KOHCTPYKIIIH
JUTSL CHITyYUX MaTepiaiB.

HaykoBa HOBH3HA Ta IPAKTUYHA
3HAYUMICTh

3anpornoHOBaHO HOBWI THIT IMOMEPEYHOTO Iie-
pepizy npodinro rodpa Uil CTANEBUX CTIHOK CH-
JIOCHUX CIIOPY/, KM Ma€ MiJBUINECHY HECydy 37a-
THICTb 1 )KOPCTKICTh Ta JIa€ MOXJIUBICTh 3MEHIIINTH

TOBIIMHY METaJTy, HE 3MIHIOIOYHU MPH IIbOMY HECY-
4y CIPOMOKHICTH KOHCTPYKIil, YUM 3HHKYE Ma-
TEpIiaIOMICTKICTh BCi€l KOHCTPYKIIIi.

Jlns ieoro Ta momiOHUX THUIIB MPOQiiB CKOHC-
TpyHOBaHO Ta 3alpPOIOHOBAHO BapiaHT BY3JIOBOTO
KpITUIEHHSI OKpeMuX ro(poBaHHUX JIMCTIB Ha OoI-
Tax 3 MOJOBXKYIOUNM (hIaHIeM, KU JJa€ MOKIIHU-
BICTh BJAINTYBaHHS 3’€JHAHHS TPU HEBEIUKUX
po3mipax XBuii rodpa, Je¢ HEJAOCTaTHbO BiACTaHI
Ul PO3MILLCHHS INANKH OO0JTa MK OKpEeMHUMH
rodpamu.

OO0OunBa pilICHHS TPOCTI B MOHTaXi, HaIiiHI
B eKCIUTyaTalii i MOKyTh OyTH BUTOTOBIICHI B yMO-
BaX CyYacHOTO IPOMHMCIIOBOTO BHPOOHUIITBA 3 BU-
KOPHCTaHHSIM CTaHIAPTHOrO OOJIaJHAHHS, MaTepi-
amiB 1 KOMITIeKTyrounX. KpiMm 1iporo npu ix 3acto-
CyBaHHI 30UIBIIYETHCS EKOHOMIYHA BUTITHICTB,
MOKPAIIYETHCS TEXHOJOTIYHICTh 30IpKW 1 IiJIBHU-
HIYETHCS PEMOHTONPUAATHICTH KOHCTPYKIIi.

BuchnoBxku

Ha migcraBi BHKOHAHUX IOCIIIKEHbL MOXKHA
3pOOUTH TaKi BUCHOBKHU:

1. 3acrocyBaHHS 3ampONOHOBAHUX PilIEHb
JIO3BOJISIE MIABUIMUTHA €KOHOMIYHICTH, TEXHOJIOTIY-
HICTh Ta PEMOHTONPHUIATHICT KOHCTPYKIIiT CTIHOK
CTaJIeBUX CUJIOCIB.

2. OtpumaHi B J[JOCHIIDKEHHSX pe3yJIbTaTh
CBIT4aTh MPO MEPCIEKTUBHICTh MOJANBIIONO PO3-
BUTKY HAYKOBO-AOCIiHUX POOIT 3 MOIIYKY HOBHX,
OiNbII €KOHOMIYHMX pillleHb cTajieBoi rogpoBaHoi
CTIHKM AJsl CHJIOCHUX CIIOpY[, @ TaKOX 1HIINX
CHoco0iB 3MEHIIEHHS MaTepialloOEMHOCTI KOHCTPY-
KIIii 17151 30epiraHas CUITyYuX MaTepiaiB.
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KOHCTPYKIUA PAIIUOHAJIBHOI'O CTAJIBHOI'O
I'O®PUPOBAHHOI'O ITPOD®UJIA

Leab. B pabote npoBoauTcs U3I0XKEHHE Pe3yIbTaTOB IIOMCKA HOBBIX, 00J€€ 9KOHOMUYHBIX KOHCTPYKTHBHBIX
PELICHUI METAJUIMYECKUX CWJIOCOB, & MMEHHO: aHaJM3 CYIIECTBYIOLIMX THIIOB MONEPEYHOTo cedeHUs npoduiieit
CTaJBHOW CTEHKM TAaKOrO CHJIOCa M pa3paboTKM MeHee MaTepUaIOEMKOr0 CeUeHHs To(pUpOBAHHOTO TPOdHUIIs.
Metoauka. /Iy JOCTM)KEHHSI MTOCTAaBJICHHOM €M HCCIIEOBAaHBl CYIIECTBYIOIINE THUIIBI MPOQMIEH €MKOCTHBIX
KOHCTPYKIMI U MX HampspKeHHO-Ae(hOPMUPOBAHHOE COCTOSHHE TIPH BO3IEHCTBUM HArpy3KH. AHAJIN3 BBIIOJIHSUICS
IO pe3yJIbTaTaM BEIYHCINUTEIbHBIX SKCIepUMEHTOB. OOBEKTOM ISl HCCIICOBAHUS OBUIM MaTeMaTHYECKUE KOMITBIO-
TepHbIe MOJENHU. PacyeTsl MPOBENCHBI C UCIIOJIB30BaHUEM METOJa KOHEYHBIX 3JIEMEHTOB. J[JIi BBIYMCIHMTEIBHOTO
OKCIIEpPUMEHTa OBUT HCITOJB30BaH IPOEKTHO-BBIYHUCIUTENRHEIN Komuieke Structure CAD  mms Windows.
PesyabraTbl. B pabore ObliM MOJIydeHbl JaHHBIC, MO3BOJISIONINE OLEHUTH PaboTy mpoduiel W Haiith Oonee
9} (EKTUBHBIA THII MONEPEYHOTO CEUYEHMS C TOUKH 3PEHHS ero MaTepHaloeMKOCTH. B mpomecce coBMeCTHOTo
HCCIICIOBAHUS aBTOpaMy ObLT pa3paboTaH HOBBIA THI MPOMHUIS AT €MKOCTHBIX KOHCTPYKIMH, KOTOPBHIA HMeeT
Oosee BBICOKYIO 3(p(heKTHBHOCTH MCIIOIB30BAHUS U Y3€J KPEIUICHHS OT/CIBHBIX CTAJbHBIX JIUCTOB C IAHHBIM TUIIOM
npodmis. Oba penieHus MpoCcThl B MOHTaXe, HA/ICKHBI B DKCIUTyaTallid U MOTYT OBITh W3TOTOBJICHBI B yCIOBHSIX
COBPEMEHHOT'O MPOMBIIICHHOTO MPOU3BOJICTBA C WCIOJIb30BAaHHEM CTaHIAPTHOTO OOOpYIOBaHMS, CTAHIAPTHBIX
MarepuasioB U KoMmuiekTyomux. Hayunas woBm3na. [IpeayioxkeH HOBBIM THN IONEPEYHOrO CEYCHUs MPOGMIL

doi: 10.15802/stp2015/55339 © B. B. Kauypenko, /[. O. baunikos, 2015

166



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

Hayxka Ta nporpec tTpancropty. BicHuk J[HIponeTpoBcbKOro
HAI[IOHAIBHOTO YHIBEPCHTETY 3alli3HUYHOTO Tpancmopty, 2015, Ne 5 (59)

TPAHCIIOPTHE BYJIBHUIITBO

roppa Uil CTAIBHBIX CTEHOK CHJIOCHBIX COOPY)KEHHWil, KOTOPBIII MMEET IOBBIIIEHHYI0 HECYLIYI0 CIHOCOOHOCTH
W JKECTKOCTh M TMO3BOJISICT YMEHBLIMTH TOJILMHY METajula, HE M3MEHssS NpPU 3TOM HECYIIYI0 CHOCOOHOCTH
KOHCTPYKIIMH, YeM YMEHBIIAET MaTepUAIOEMKOCTh BCEH KOHCTPYKIMH. J[JIsl 3TOTO M 1MOMOOHBIX THIOB Ipoduireit
CKOHCTPYHPOBaH W IPEAJIOKEH BapHUaHT Y3JI0BOTO KPEIUIEHHS OT/AENIBHBIX TrO(pUPOBaHHBIX JIUCTOB Ha OonTax
C YMUIMHAIONIMM (IaHIeM, KOTOPbIH JaeT BO3MOKHOCTH YCTPOMCTBA COEJMHEHMs INpU HEOOJBIIMX pa3zMepax
BOJMHBI TOo(pa, TIe Majgo pacCTOSHUS JUIS pasMEIlIeHHs IIankh Oosita MeXIy OTIECIbHBIMH TodpaMu.
IIpakTuyeckass 3HAYMMOCTh. [IpHMeHEHME MPETIOKEHHBIX PEIICHHH IO03BOJSET IOBBICUTH IKOHOMHYHOCTB,
TEXHOJOTUYHOCTh M  PEMOHTONPHUTOAHOCTh KOHCTPYKIMHM CTEHOK CTalIbHBIX CHJIOCOB. llomyueHHBIC
B HCCICINOBAaHMAX pPE3YJNbTAThl CBHUJCTENBCTBYIOT O IIEPCHEKTUBHOCTH MJAJbHEHINErOo pPa3BUTHA HAydHO-
UCCIIEJOBATENbCKUX PadOT MO MOUCKY HOBBIX, 0OJiee€ 3KOHOMHYHBIX PEIICHHH CTadbHOW ro)pUPOBAHHON CTEHKH
JUIl CHJIOCHBIX COOPYXEHHH, a TaKKe APYrHX CIOCOOOB YMEHBIIEGHHS MAaTEPHATIOEMKOCTH KOHCTPYKIMH ISt
COXpPaHEHHMS CBIITyYHX MaTepHajoB.

Kniouegvie cnoga: cuinoc; eMKOCTHOE COOPYKEHHUE; CTEHKA CHIIOCA; TOGPUPOBAHHBIN MPOQUIb; IKOHOMHUIHOCTS,
HOBBIH THI NPOQUIIS; y3€I KPETICHUS
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RATIONAL STEEL CORRUGATED PROFILE DESIGN

Purpose. The work sets forth the search results of new, more efficient design solutions for metal silos, namely,
the analysis of existing types of profiles cross-section in a steel wall of such silo and development of less material-
intensive section of corrugated profile. Methodology. To achieve the set goal there were researched the existing
types of capacitive structure profiles and their strain-stress state under the load. The analysis was performed on the
results of computational experiments. The prototype object was mathematical computer models. The calculations
were made using the finite-element method. For computational experiment there was used the design-computing
system Structure CAD for Windows. Findings. In this work there were obtained the data allowing to assess work of
the profiles and to find more effective type of cross-section in terms of its material consumption. In the process of
joint study of the authors a new type of profile for capacitive structures was developed; it has higher utilization effi-
ciency and the attachment point of individual steel sheets with this type of profile. Both solutions are easy to install,
reliable in operation and can be manufactured in the conditions of modern industrial production using standard
equipment, materials and components. Originality. A new type of corrugated profile cross-section for steel silo
walls was proposed; it has higher load carrying capacity and rigidity and allows reducing the metal thickness with-
out changing the structure carrying capacity that results in material consumption reduction of the whole structure.
For this and similar types of profiles there was designed and proposed the attachment point of individual corrugated
sheets screwed with extending flange, which enables the unit connection in case of small size corrugations, where
the distance is not sufficient to accommodate the bolt cap between the individual corrugations. Practical value. Ap-
plication of the proposed solutions can increase efficiency, manufacturability and maintainability of steel silo wall
structures. The results obtained during the research show promise for further development of research on finding
new and more economic solutions for corrugated steel silo wall design, as well as other ways to reduce material con-
sumption of bulk material storage structures.

Keywords: silo; capacitive structure; silo wall; corrugated profile; efficiency; a new type of profile; attachment
point
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CONDUCTING AND ANALYZING THE RESULTS
OF THE EXPERIMENTAL BOX TEST OF RETAINING WALL
MODELS WITHOUT PILES AND ON THE PILE FOUNDATION

Purpose. Taking into consideration that the bearing capacity of the foundation may be insufficient, in the study
it is assumed that pile foundation can be used to reduce the impact of the construction of new retaining structures on
roads and railways near the existing buildings or in areas of dense urban development and ensure the stability of the
foundation. To reduce the volume of excavation it is necessary to choose the economic structure of the retaining
wall. To do this, one should explore stress-strain state (SSS) of the retaining walls, to develop methods to improve
their strength and stability, as well as to choose the most appropriate method of their analysis. Methodology. In the
design of retaining walls foundation mat and piles are considered as independent elements. Since the combined ef-
fect of the retaining wall, piles and foundation mat as well as the effect of soil or rock foundation on the structure
are considered not fully, so there are some limitations in the existing design techniques. To achieve the purpose the
box tests of retaining walls models without piles and with piles for studying their interaction with the surrounding
soil massif were conducted. Findings. Laboratory simulation of complex systems «surrounding soil — retaining wall
— pile» was carried out and on the basis of the box test results were analyzed strains and its main parameters of the
stress-strain state. Analysis of the results showed that the structure of a retaining wall with piles is steady and stable.
Originality. So far, in Ukraine has not been carried out similar experimental box tests with models of retaining
walls in such combinations. In the article has been presented unique photos and test results, as well as their analysis.
Practical value. Using the methodology of experimental tests of the retaining wall models with piles and without
them gives a wider opportunity to study stress-strain state of such structures.

Keywords: retaining wall; pile foundation; box tests; soil massif; stability and strength of structure; comparative
analysis of options

loads, located on the wedge of failure, including
vehicle loads, technological equipment, stocked
material, etc. [1].

Load of wheels in the form (LW-100)
(NK-100) was taken as notmative live vertical load
from traffic when calculating the retaining wall,
which consists of one wheeled machine.

Calculations of retaining walls should be per-
formed taking into account the characteristics of
the nonlinear behavior of soil. Moreover, some
existing construction technologies, such as piles
engineering without soil excavation, are new and
have not been reflected in the standards [4].

Introduction

Modern construction requires maximum space
use in the city. Engineering defenses and technolo-
gies of their application play a significant role in
these conditions. They should provide minimal
changes of strain-stain state (SSS) both of retaining
wall and surrounding massif of soil [11].

Retaining walls throughout the service life must
ensure safety and continuity of normal traffic, and
also the simplicity and the lowest complexity of
their service in the operation process.

In the thin retaining walls stability is provided by

its own weight and the weight of soil, which is
involved in to operation by the wall’s construction [2].

Retaining walls have to be calculated taking
into account the horizontal and vertical external

Solving transportation problems in Ukraine is
connected with the complex challenges in the
construction of bridge crossings of combined type.
Today one of these objects is a bridge across the
Dnieper River in Kiev city at the Kyiv-

doi: 10.15802/stp2015/55344

© M. A. Lisnevskyi, V. O. Sukhorskyi, 2015

169



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

Hayxka Ta nporpec Tpancnopty. BicHuk J[HIIponeTpoBChKoro
HaLiOHAJIIBHOTO YHIBEPCHTETY 3aili3HH4HOro TpaHcnopty, 2015, Ne 5 (59)

TPAHCIIOPTHE BY AIBHULITBO

Moskovskyi-Darnytsia railway section, which is
provided with road exits on the right and left
banks. One of these structures on the bridge
approaches is a motorway junction with the over

Dnieper highway on the right bank of the Dnieper
river. This junction in a form of road exit is
designed using retaining walls of complex struc-
ture, as shown in Fig. 1. [3, 10].

120,

250

Carnice blocks KB-1

Blocks of retaining

wall ISV A

|13

Metal pipe drain
with a pitch of 4.5 m

Crushed stone

Fig. 1. Structure of a retaining wall
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Purpose
The principal purpose of the research is

conducting and comparison of experimental box
tests results of retaining walls models without piles
and with pile foundation with the surrounding soil,
and analysis of obtained results.

In order to achieve this purpose it was neces-
sary to solve the following tasks:
Experimental study the stress-straine state
of structures in the laboratory;
Creation of computational model that
without any changes could be used in the
calculation of retaining walls;
Creation of soil models, which would
describe closely work of soil base;
Development the model of pile calculation,
flexible retaining walls;
Development methodology of experimen-
tal research of interaction between the surrounding
soil massif with different models of retaining walls
at different loads and movements;
Implementation the results of the
experimental box tests at design, reconstruction or
strengthening of mentioned structures;

Results comparison of calculation accord-
ingly to the method, which is offered with the
experimental data of the author and other
researchers, as well as with the results of
calculation accordingly to regulatory documents;
Recommendations development concern-
ing the use of research results.

Methodology

For laboratory research a road section with the
retaining wall «construction number 7P» at the
interchange leg from the over Dnieper highway on
the right bank of the Dnieper river was examined.

The total length of right-hand wall is 84 m. The
retaining wall was designed using unified concrete
structures of an angular bar from blocks.

Thus at the length of 42 m blocks of the
retaining wall are installed together with sole
blocks on the crushed-stone bed, thickness of
0.2 m. All dimensions correspond to the drawing
(see Figure 1).

The area of 42 m length houses 50 pieces of
piles with rectangular cross section 35x35 cm,
therefrom 12 piles, 12 m long each, were ramed at
12 m long part of the area, and 38 piles, 14 m long,
were installed at the other 30 m long part. The

doi: 10.15802/stp2015/55344
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highest and the most complicated construction of
the wall, with length of 30 m and maximum height
of 6.5 m and 14 m long piles is considered in the
paper.

For the purposes of this work several series of
experimental box tests were conducted. Assembled
device together with the installed box is shown in
Fig. 2.

%

Fig. 2. General view of
a device with installed box

Testing flat box (see Fig. 2) has a width of
5.12 m, so for the test was taken a part of an
angular wall, the length of 12.5 m along passage.
Dimensions for production of models were taken
from the drawing (see. Fig. 1). They were made on
scale 1: 100, respectively sizes of models are:
height 6.5 cm, width 4.5 cm on the sole and the
length of the walls part in the direction of passage
is 12.5 cm (Fig. 3) [6, 7, 8].

Fig. 3. Options of retaining wall:
1 — without piles;
2 — with 14 m long piles

Models of retaining walls, which are shown in
Fig. 4, were produced in specially built form.
Reinforcement cage was in the form of steel wire.
Concrete was prepared of cement, additives for
strength, graded sand and crushed stone of
appropriate size [13].

Fig. 4. Models of retaining wall:
1 — without piles;
2 —with piles, length of 14 m

In order to simulate the surrounding soil massif
of a wall, the basic soil model, which is shown in
Fig. 5, created from loam by soil layers compac-
tion with tamping was applied. Density, humidity
and deformation characteristics of models in
different series of tests were identical, it gives the
possibility to compare the stress-strain state (SSS)
of models at different options.

Fig. 5. The model of soil

Tamping is a horizontal metal disk and a rod,
connected rigidly with it. A striker has the cylin-
drical shape with a hole in the center, by which it
places on the rod and can move freely along it.
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Weight of the striker is 25 H. Shocks were hited on
the horizontal disk of temping, which was on
a wooden board on soil in the test box.

In order that power of strokes would be the
same, the striker is released with free fall from
a height of 30 cm, which is fixed by a limiter. For
convenience the striker is lifted using a cable.
Number of tamping strokes were experimentally
established so that soil characteristics of each layer
were similar.

On the side of soil massif a grid was divided
(see. Fig. 5), which was drawn with a pencil into
squares measuring 2 by 2 cm for a better view and
test results processing.

Features of soil massif from loam were
determined by laboratory tests (Fig. 6a) from
selected samples and soil rings (Fig. 6b). An
average, they were: moisture of soil was equal to
11.5%, soil density — 1.5 g / cm®, the density of
soil parts — 2.7 g / cm®, initial ratio of porosity —
1 module of strain — 3.4 MPa. There were also
found some other characteristics.

Fig. 6. Labotatory tests:
a) a type of device for compression tests;
0) soil rings

After preparing the soil by tamping for bed-
ding, models of retaining wall were set in the
center of the box (Fig. 7), soil was tamped by
tamping between them and on either side of them.
Then, on soil that was modeling the permanent
way and locating between retaining walls at the
maximum height, there was installed a metal die,
width of 10 cm, length of 12.5 cm and height of
1 cm (Fig. 7.2).

Fig. 7. Superstructure of a model:
1 —retaining walls; 2 — a metal die;
3 — massif of soil

Final box with soil massif in the box was
mounted on compression device (see Fig. 2).
Further lever system was set with lever arm 1:10.
Through it the load on the die, area of 116 cm?was
supplied. Load was applied by steps of 20N to
achieve pressure under die, which corresponded to
the existing load of wheels LW-100 (HK-100) in
regulations.

On the die and lever five indicators of clock
controlled type were installed (Fig. 8). During the
loading of models, level was controlled both as the
absolute displacements, with dial gage, an
accuracy of 0.01 mm, and relative strains, which
were calculated by dividing the displacements at
the starting height of soil massif. At appropriate
intervals of time readings were taken and recorded
in the log for further processing.

Fig. 8. Installing the lever system and indicators:
1 - a metal die; 2 —indicators of time type
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After reaching 100% or more of the (LW-100)
NK-100 load, device and box were disassembled
for examination of soil massif, the plotted grid, and
also for photographing the results (Fig. 9).

i

Y

Fig. 9. Analysis of test results

Findings

When conducting research, was investigated
the general nature of the work, strain and fracture
of the soil massif with retaining walls. These
studies were conducted on two models:
models of soil with an anglular retaining
wall without pile;
models of soil with an angular retaining
wall on pile foundation.

In course of experiments, connected with the
nature study of soil massif fracture, at all stages of
the model load it was monitoring over deformation
of soil massif using the deformation grid and abso-
lute moving of wvertical roadway surface by
indicators of clock type, placed in 5 points [9].

During the experiments the values of vertical
and horizontal displacements of the first model in
soil massif were obtained.

Results of points displacements at ten degrees
of load of retaining walls models without piles are
presented in Table 1.

A typical strain of a retaining wall model
without piles is the case of soil massif compression
between retaining walls and beneath them, which
is visible upon bend of grid 2 x 2 cm, marked on
the front side of the model (Fig. 10). Also,
analyzing the results and calculating the relative
strain of the model (Table 2) was constructed de-
pendence graph of the relative strains from tension
in the model with the retaining wall without piles,
as it is shown in Fig. 11.

Table 1

Absolute strain of retaining walls models
without piles, mm

Pressure
on die of Test number
a model
MlIla Nel Ne2 Ne3 Ned Ne5 Ne6
0 0 0 0 0 0 0
0.0172 | 0.08 | 0.09 | 0.14 | 0.07 | 0.09 | 0.11
0.0345 | 0.29 | 0.31 | 0.37 | 0.27 | 0.3 | 0.33
0.0517 | 044 | 046 | 052 | 048 | 0.5 | 047
0.069 | 0.67 | 0.74 | 0.81 | 0.74 | 0.81 | 0.71
0.0862 | 1.03 | 1.08 | 1.14 | 1.02 | 1.06 | 1.09
0.1035 | 1.91 | 2.05 | 1.81 | 1.83 | 1.91 | 2.01
0.1207 | 3.66 | 3.72 | 3.39 | 345 | 359 | 355
0.1379 | 534 | 571 | 545 | 583 | 595 | 5.85
0.1552 | 7.45 | 798 | 7.84 | 7.53 | 7.78 | 7.64
0.1724 | 9.05 | 9.08 | 9.23 | 8.93 | 9.05 | 9.13
Table 2
Relative strain of retaining walls models
without piles, mm
Pres-
sure
on die Test number
ofa
model
Mlla Nel Ne2 Ne3 Ned Ne5 Ne6
0 0 0 0 0 0 0
0.017 | 0.003 | 0.004 | 0.006 | 0.003 | 0.004 | 0.005
0.035 | 0.012 | 0.013 | 0.015 | 0.011 | 0.013 | 0.014
0.052 | 0.018 | 0.019 | 0.022 | 0.02 | 0.021 | 0.02
0.069 | 0.027 | 0.031 | 0.034 | 0.031 | 0.034 | 0.03
0.086 | 0.042 | 0.045 | 0.048 | 0.043 | 0.044 | 0.045
0.104 | 0.08 | 0.085 | 0.075 | 0.076 | 0.08 | 0.084
0.121 | 0.152 | 0.155 | 0.141 | 0.144 | 0.15 | 0.148
0.138 | 0.223 | 0.238 | 0.227 | 0.243 | 0.248 | 0.244
0.155 | 0.31 | 0.333 | 0.327 | 0.314 | 0.324 | 0.318
0.172 | 0.377 | 0.378 | 0.385 | 0.372 | 0.377 | 0.38
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Fig. 10. Strain of the retaining wall model
without piles after load application

Dependence graph of relative strain from stress

P
gou X
APl
008 ‘/
il |
004 f

f

test1
test2
test3
test4
test5
test6

Tension., M|

thdt et

o 005 01 015 0z 05 03 035 04 045

Relative strain

Fig. 11. Relative strain of the retaining
wall model without piles

In the course of the study and results prossess-
ing of experimental box testing of retaining walls
models on pile foundation, values of vertical and
horizontal displacements of models at different
levels of load were obtained (Table 3).

Using of pile foundation in the retaining wall
model has improved the strain figure as it is shown
in Fig. 12. This model has revealed no character
strain of soil massif and forming the core of soil
compression between retaining walls and beneath
them in comparision with the version without pile.

Application of piles has reduced vertical
displacement, absolute strains of retaining walls
model on pile foundation and strain of soil massif
around them compared with the option without
piles at average from 9.15 mm up to 2.34 mm.

Table 3

Absolute strain of retaining walls models
on pile foundation, mm

Pres-
;ligeogg Test number

model

MlIla Nel Ne2 Ne3 Ned Ne5 Neb

0 0 0 0 0 0 0

0.0172 | 0.045 | 0.11 | 0.04 | 0.065 | 0.06 | 0.04
0.0345 | 0.205 | 0.275 | 0.21 | 0.2 02 | 022
0.0517 | 04 | 042 | 04 | 034 | 035 | 04
0.069 | 059 | 055 | 0.6 | 0.47 | 0.495| 0.58
0.0862 | 0.76 | 0.69 | 0.77 | 0.61 | 0.65 | 0.765
0.1035 | 097 | 0.84 | 0.96 | 0.765 | 0.83 | 0.955
0.1207 | 1.19 | 1.03 | 118 | 0.94 | 1.03 | 1.175
01379 | 146 | 1.28 | 146 | 119 | 1.32 | 146
0.1552 | 1.85 | 1.68 | 1.85| 155 | 1.72 | 1.85
0.1724 | 248 | 218 | 249 | 215 | 224 | 25

Fig. 12. Strain of the retaining wall model
with piles after load application

According to relative strain reducing, models
with pile foundation are quite significant (table 4).

Using calculations were constructed depend-
ency graph of relative strains from tension in the
model with the retaining wall on pile foundation
(Fig. 13).
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Table 4

Relative strain of retaining walls models
on pile foundation, mm

Pres-
sure
on die
ofa
model

Test number

MlIla Nel No2 Ne3 Ne4d Nob5 Ne6

0 0 0 0 0 0 0

0.017 | 0.003 | 0.004 | 0.006 | 0.003 | 0.004 | 0.005
0.035 | 0.012 | 0.013 | 0.015 | 0.011 | 0.013 | 0.014
0.052 | 0.018 | 0.019 | 0.022 | 0.02 | 0.021 | 0.02
0.069 | 0.027 | 0.031 | 0.034 | 0.031 | 0.034 | 0.03
0.086 | 0.042 | 0.045 | 0.048 | 0.043 | 0.044 | 0.045
0.104 | 0.08 | 0.085 | 0.075 | 0.076 | 0.08 | 0.084
0.121 | 0.152 | 0.155 | 0.141 | 0.144 | 0.15 | 0.148
0.138 | 0.223 | 0.238 | 0.227 | 0.243 | 0.248 | 0.244
0.155 | 0.31 | 0.333 | 0.327 | 0.314 | 0.324 | 0.318
0.172 | 0.377 | 0.378 | 0.385 | 0.372 | 0.377 | 0.38

Dependence graph of relative strain from stress
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Fig. 13. Relative strain of the retaining
wall model on pile foundation

In figure 14 the dependence joint graph of
relative strain from tensions under a stamp of the
first and second versions of retaining walls models
with the surrounding soil massif is presented.

From this graph one can conclude that the use
of piles has positive impact on the stability of
retaining walls [14, 15].

The observations allowed studying models
fracture pattern of fixed soil massif by piles of the
retaining wall and unfixed soil massif (Fig. 10 and
12). As it can be seen in the figure, nature of their

fracture is different [16, 17]. Loads are also differ-
ent at which the destruction has occurred: soil mas-
sif, fixed by retaining walls on piles, did not ruin
under load of 172.41 kPa, which is approximately
171% of the equivalent load (LW-100) (HK-100),
and soil massif, fixed by the retaining wall without
piles under this load destructed and lost stability.
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Fig. 14. Relative strain of the supporting
wall model on pile foundation

The vertical strains of the second variant of the
soil massif model with retaining walls on pile
foundation are by 3.91 times smaller than the first
version of soil massif of soil with retaining walls
on a natural basis. It was also noted reduction of
horizontal displacements (deviation from vertical
ones) of retaining walls with piles by 25 ... 3
times.

Originality and practical value

Originality of the research is the following:

— Firstly in practice of simulation with
equivalent materials was developed the method of
experimental studies of retaining walls on pile
foundation and without it in large-scale models. It
let reproduce their work in semi-stabled soil and
identify the nature of the interaction between
retaining walls and soil massif;

—  Experimental research of the soil massif
stability with two options of retaining walls were
performed. As a result, new scientific results were
obtained, that allow revealing and assessing the
stability of the construction of retaining walls,
depending on various factors;

— Conducted field studies in real
construction projects allowed assessing not only
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assurance factor, technical feasibility, economic
efficiency and a degree of this fastening security,
but confirm theoretical and experimental research
reliability on models;

— Design scheme and the proposed method
of construction calculating of retaining walls that
takes into account the actual loading pattern were
substantiated.

Conclusions

The complexity of the mechanical processes
when there is an interaction of angled retaining
walls on the pile foundation and without them with
soil massif, as well as the variety of factors
affecting the nature of their interaction, cause
difficulties both for the analytic solution of the
problem at static work of supporting walls and for
the direct research in the full-scale conditions. This
circumstance has determined the choice of research
line, mainly with experimental and laboratory
methods on models.

Taking into account such specific features of
challenge as engineering and geological conditions
of construction, the need for experiments on
models, variety parameters under research and oth-
ers, it is worthwhile further investigation of the
system operation «pile foundation— retaining wall
—surrounding soil massif» to carry out by the
method of equivalent materials.

To study the static work features of supporting
walls on models using equivalent materials the
author has developed a method of experimenta-
tions that includes recommendations concerning
equivalent materials selection that simulate soil
massif and functions of main criteria of similarity
depending on the considered range of tasks.

Experimental research on two variant models,
conducted with the purpose to study the stability of
retaining walls construction on pile foundation and
without it, showed that as a result of piles applica-
tion in the foundation of retaining walls there is
soil massif reinforcement and self-supporting soil
massif is formed. It was found that the pile
foundation in the retaining walls is a robust design,
a feature of which is determined by its interaction
with the surrounding soil massif.

The stability of the retaining wall, fixed with
pile foundation, and performance of formed, self-
supporting soil mass depends on applied load.

The results of the experimental studies let ob-
taine changes dependences of absolute and relative
strains from load and stress under die.
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IMPOBEJEHHS TA AHAJI3 PE3VJILTATIB
EKCIIEPUMEHTAJIBHOT'O JIOTKOBOT'O BUIIPOBYBAHHS
MOJEJIEH MINIPHOI CTIHA BE3 TAJIb

I HA TAJTbOBOMY ®YHJIAMEHTI

Merta. bepyun 10 yBary, o Hecyd4a 3aTHICTh (pyHIaMEeHTy MOxe OyTH HeIOCTaTHBOIO, B HAYKOBii poOOTi me-
pendavaeTbes, MO NanboBUH (yHAAMEHT MOXe OyTH BUKOPHCTAHUWH JUIsS 3HW)KEHHS BIUIMBY OyIIBHHIITBA HOBHX
MiAMIPHUX CHOPY Ha aBTOMOOUIBHMX 1 3aJII3HUYHUX JOpOrax, OuIs BiKe ICHYIOUHX OyaiBeab a00 B MICI[SX HIUTbHOT
MicbKOT 3a0yJI0BH, Ta rapaHTyBaTH CcTaOUILHICTh (QyHIaMeHTY. [[yis 3HIKeHHS! 00CATIB 3eMIIIHUX poOIT moTpiOHO
00paTH eKOHOMIYHY KOHCTPYKLIIO HiAMipHOi cTiHKK. J{JIst IbOro HEOoOXiHO TOCTIUTH HaIlpy>KeHO-ae(opMoBaHHi
cran (H/IC) minmipHuX CTiH, po3poOUTH METOIH MiABUIICHHS iX MIIIHOCTI Ta CTIHKOCTI, a TAKOK 00paTH HaHOLIBLI
JMOUUTBbHUN MeToJ iX aHamizy. Meroamka. [Ipy mpoeKkTyBaHHI MiJIMIpPHUX CTIHOK POCTBEPK 1 IMaii BBa)KalOTHCS
He3aJe)HNMHU eneMeHTaMu. OCKUTBKH CITUTBHA [Iis MIAITPHOI CTIHKH, Mallb, POCTBEPKY, a TAaKOXK BIUIMB IPYHTY a00
CKEJIPHOT OCHOBH Ha CIIOPYIy BPaxXxOBYIOTHCS HE B MOBHIH Mipi, TOMY € AesKi 0OMEXEHHS B iICHYIOUMX METOMaX iX
npoeKkTyBaHH:. s MocATHEHHS MeTH OyJIHM MPOBEACHI JIOTKOBI BUIPOOYBAaHHS MOJEIEH MiIMipHUX CTiH 0e3 maib
1 3 mamsiMM 3 METOI0 BHMBYCHHS iX B3a€EMOMI{ i3 OTOUYIOUMM MacHBOM TIpyHTY. Pedyabratu. Buenumm Oyio
BUKOHAHO J1a0OpaTOpHE MOJENIOBAHHS CKJIATHOI CHCTEMH «OTOYYIOUMH TPYHT — MigmipHa CTiHKa — mams». Ha
OCHOBI pe3yJbTaTiB JIOTKOBUX BHIPOOyBaHb OyiM TNpoaHaiizoBaHi Jedopmaiii Ta OCHOBHI mHapameTpu ix
Harpy)XeHO-/1e()OpPMOBaHOT0 CTaHy. AHali3 OTPUMaHMX Pe3yJbTAaTiB MOKa3aB, [I0 KOHCTPYKINS MiAMPHOI CTiHU
3 masIMU € CcTilikoto Ta MinHowo. HaykoBa HoBm3Ha. [[o 1poro yacy B YkpaiHi He OyJiO MPOBEICHO aHAJIOTTYHUX
EKCIIEpUMEHTAIbHUX JIOTKOBHX BHIPOOYBaHb 13 MOJEJISIMM MIIMIPHUX CTIH Yy Takux KoMmOiHamisx. B crarti
npuBesieH] yHiKanbHI ¢ortorpadii Ta pesynbrarh BHNpoOyBaHb, a TakoX ix aHami3. IIpakTH4HA 3HAYMMICTB.
BukopucraHHs METOIMKH NPOBEJCHHS EKCIIEPUMEHTAIBHUX JIOTKOBUX BUIPOOYBaHb MOJENCH HiIMIpHUX CTiH i3
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naraMu 1 6e3 HUX [ga€ OUThII MIMPOKY MOMIJIMBICTH TOCTIKCHHS HAINPYKEHO-Ae(POPMOBAHOTO CTaHy TaKHUX
KOHCTPYKIIiH.
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IMPOBEJEHUE U AHAJIU3 PE3YJIbTATOB
SKCHNEPUMEHTAJBHOT O JJOTKOBOI'O UCIIBITAHUS
MOJEJEN NOAIIOPHOM CTEHBI BE3 CBAM

"N HA CBAMHOM ®YHJIAMEHTE

Heas. [IpuauMas BoO BHUMaHKE, YTO HECyIast CIOCOOHOCTh (hYHIAMEHTa MOXKET ObITh HEOCTATOYHOM, B Hayd-
HOH paboTe mpenmoyiaraeTcsi, 4To CBallHbIM (pyHOAMEHT MOXKeT OBITh HCIIONB30BAaH MAJSI CHWDKECHHS BIIMSHUS
CTPOUTEHCTBA HOBBIX IMOAMNOPHBIX COOPYKEHUIT HA aBTOMOOMIIBHBIX H KEJIE3HOIOPOKHBIX JOPOTaX, BO3JE CYIIECT-
BYIOIIAX CTPOSHHUH WJIM B MECTaxX IUIOTHOW TOPOJCKOW 3aCTPOMKH, M TapaHTHPOBATH CTAOMIBHOCTH (DyHIAMEHTa.
Jlnist cHIDKeHUsT 00BEMOB 3EMIISIHBIX PaOOT Hy’KHO BBIOPATh SKOHOMUYHYIO KOHCTPYKIMIO MOAMNOPHON CTeHKH. Jlist
ITOr0 HEOOXOAMMO HCCIEAOBaTh HANpshKeHHO-IehopmupoBanHoe cocrosinue (HIC) moamopHsIx creH, paspado-
TaTh METO/bI MOBBIILICHNSI UX ITPOYHOCTH U YCTOMYMBOCTH, a TaK)Ke BHIOpaTh Hanbouee 11e1ecoo0pasHblil METO] UX
aHanmu3a. Meroauka. [Ipu npoekTHpOBaHUM HOMOPHBIX CTEHOK POCTBEPK M CBAaW CUUTAIOTCS] HE3aBUCHMBIMHU 3JIe-
MeHTaMU. [lockonbky COBMECTHOE AEHCTBHE MOANOPHON CTEHKH, CBall, pOCTBEPKA, a TAKXKE BJIMSHHUE IOYBBI WU
CKaJbHOI'0 OCHOBAHUS Ha COOPYXKEHUE YUUTHIBAKOTCA HE B IIOJHOU MEpe, TO €CTh HEKOTOPhIE OrPaHUYEHHUS B CyILe-
CTBYIOIIMX METOJaX MX NMPOEKTUPOBaHUs. 151 TOCTIKEHUS Ien ObLIM ITPOBEJICHBI JIOTKOBBIE UCITBITAHUS MOJIEIICH
TIOJIITIOPHBIX CTEH 03 CBal M CO CBAasMHU C IIETBIO N3YyUCHUS MX B3aMMOJCHCTBHS C OKPY)KAIOIIUM MacCHBOM TPYHTA.
Pe3yabTaTbl. YueHbIMH OBUIO BBINOJIHEHO JIAOOPATOPHOE MOJICIHPOBAHHME CIIOKHOM CHCTEMBI «OKPYXKAIOIINH
TPYHT — MOJIIOPHAs CTEHKa — cBas». Ha ocHOBaHMM pe3yJIbTaTOB JIOTKOBBIX MCIIBITAHWN OBUTH MPOAHATM3HMPOBAHbI
gedopmanuy ¥ OCHOBHBIE IapaMeTPbl MX HANPSKEHHO-IE()OPMHUPOBAHHOTO COCTOSIHMS. AHANN3 MOIY4EHHBIX
pEe3yNbTAaTOB II0KAa3aj, 4YTO KOHCTPYKLHUS IOANOPHONH CTEHBl CO CBasMM SBISIETCS YCTOMYMBOM M IPOYHOM.
Hayunasi HoBu3Ha. /lo cux mop B YKpauHe HEe ObUIO NMPOBEICHO AHAJIOTHUYHBIX SKCIEPUMEHTAIBHBIX JIOTKOBBIX
UCIIBITAaHUH C MOJEIISIMU TOJIIOPHBIX CTEH B TaKMX KOMOMHAIMsX. B craThe nmpuBeneHbl yHUKaIbHBIE (oTorpaduu
U pe3yiabTaThl HCHBITaHUM, a Take uX aHanu3. IIpakTHuyeckasi 3HaAYMMOCTh. lCHoOJb30BaHHE METOIUKH
IMMPOBCACHUA SKCIIECPUMCHTAJIBHBIX JIOTKOBBIX HUCIIBITAHUH Moz[eneﬂ IMOJAOPHBIX CTEH CO CBAasAMU U 663 HHUX JacT
Oosiee NIMPOKYIO0 BO3MOKHOCTh HCCIIECAOBAHMS HAPSDKEHHO-1e()OPMUPOBAHHOTO COCTOSIHHS TAKMX KOHCTPYKINH.

Kniouegvie cnosa: monnopHas CTeHKa; CBAHBINA (yHIAMEHT; JIOTKOBBIE UCIIBITAHMUS; TPYHTOBBIH MacCUB; YCTOM-
YHUBOCTH U ITPOYHOCTH KOHCprKHHM; CpaBHHTeﬂbHLIﬁ aHaJIu3 BapuaHTOB
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JOCJIKEHHS HECYYOI 3JIATHOCTI METAJIEBOI
FO®POBAHOI KOHCTPYKIIII 3A KPUTEPIEM PO3BUTKY
IHJTACTUYHOI'O HIAPHIPY

Merta. [lane nocmimkeHHs cpsMoBaHe Ha: 1) MpoBeeHHs PO3paxyHKY €KBIBAJICHTHUX CHUIJI, sIKi BHHUKAKOTh BiJ
PYXOMOTO CKIIQAy 3aJi3HHIb Y 3MMOBHH Ta JITHIHM Mepioau poKy IpH Pi3HUX MapaMeTpax HepiBHOCTEH 3aTi3HHIHOT
KOJIi Ta MOMYJSl TPYKHOCTI IMiAPeHKOBOI OCHOBM; 2) MOCIHI/UKEHHS HECYdOl 37aTHOCTI METaJIeBOi roppoBaHOl
koHcTpykuii (MI'K) 3a mOka3sHHKOM pPO3BUTKY IUIACTUYHOTO IIAPHIPY y BEPIUHMHI METaneBOi TPyOM BHACIHIIOK
OTPUMAaHHS HE3BOPOTHHX 3QJIMIIKOBUX AeOopMaliii BEpTHKAIBHOTO Ta TOPH3OHTAJIBHOIO MAiaMeTpiB TpyoOu.
Metoauka. Po3paxyHOK €KBIBaJCHTHHX CHJI IPOBEACHHI 3a METOIMKOI0 PO3PaxyHKy 3alli3HHYHOI Komii Ha
MiIHICTh Ta cTilikicTh. Jlami 6y10 po3pobiaeHo MaTeMaTHYHKI aIropuT™ y mporpaMHomy cepemosuin Mathcad 14,
3a JIONIOMOTOI0 SIKOTO MPOBOJIMIIMCH PO3PaxyHKH YTBOPEHHS IUIACTMYHOTO HIAPHIPY Y BEPIIMHI TPYOH NpHU pi3HUX
BEJIMYMHAX HEPIBHOCTI 3aJII3HMYHOT KOJIIT Ta CTYNEHIO YUIUIbHEHHS IPYHTOBOI 3aCUNKH. [Ipy TaHUX JOCIIIHKEHHIX
PO3paxyHKH MPOBOAWJIMCS NPU NPOSKTHOMY 3HAU€HHI CTYyNEHs YIIUIBHEHHS I'PYHTOBOI 3aCHIIKW Ta BEJIMYMHHU
JMHAMIYHOTO HABaHT@KEHHS BiJl PYXOMOro CKiIaay 3ajli3HuIb. Pe3yabraTtH. AHam3 OaraTtoBapiaHTHHX
PO3paxyHKIB IMEepeBipKH yMOBH BUHUKHEHHS IIACTHYHOTO LIAPHIPY Y BEPIIMHI CKICHIHHS TPyOH MOKa3as, 10 3apo-
JDKSHHSI TUTAaCTHYHOTO LIApHIpY, ke Mae Mmicne y ckieninHi MI'K, BUKOHY€eTbCS TIIBKH 32 YMOBOKO OJJHOYACHOTO,
HECTIPUATIMBOTO BIUIMBY IBOX (akropis (mpuuwH). Ile GakTopu: MOMyIIEHHS PO3BUTKY HEPIBHOCTI KOJIi 32 MeXi
JOIyCTUMHUX 3HAa4eHb 0€3 BUKOHAHHS 3aXOJiB IMOAO il YCYHEHHs 4M OOMEXCHHS MIBUIKOCTI pyXy IOi3IiB (meprua
HPHUYNHA); 3HWKCHHS CTYICHS YIIUIbHEHHs IpyHTOBOI 3acunku Hmwk4de 90 % (apyra mpuumna). Ipu BincytHoCTi
OIHi€T 13 MPUYMH 3apOHKEHHS IUIACTHYHOTO MIapHipy He BinOynerbcs. HaykoBa HoBHM3HA. Brepmre mgocmimkeHo
HeCydy 3IaTHICTh MeTaieBoi TrodpoBaHOi KOHCTPYKIIiM Bemukoro miamerpy (Gimpimie 6 M) mpu BpaxyBaHHI
KOMIUTEKCY (DaKkTOpiB: CTYICHIO VIIUIBHEHHS TIPYHTOBOI 3aCHUIKH, BEIHYMHH JHHAMIYHOTO HAaBaHTAKCHHS
BiJl PYXOMOIO CKJaJy 3ajJi3HHMIb 3a KPHUTEPIEM PO3BUTKY IUIACTUYHOTO WIAPHIpY y MeTtaimi TpyOu npu
BUHHMKHEHHI 3QJIMIIKOBUX HE3BOPOTHHUX JedopMalliii BEPTHKAIBHOTO Ta TOpH30HTalbHOrO Jiamerpie MIK.
IpakTtnyna 3HaunmicTs. OTpuMaHi aBTOpaMH pe3yJbTaTH HECY4ol 37aTHOCTI METalleBUX TO(QpOBaHUX
KOHCTPYKLIH (THIly TOPH30HTAJIBHHUN EJINC MOMEPeYHOro MEepeTHHY) MOXYTh OYTH BHKOPHCTaHI iHXEHEepaMu
MocTtoBuIpoOyBaibHUX CTaHIIM YKp3ali3HULI Ta YKPaBTOJO0pY i HMPOEKTHUMH OpraHi3allisiMH, SKi 3aiMaroTbCs
MPOEKTYBaHHIM METAlIEBUX TO(POBAHUX KOHCTPYKIIH JiaMeTpoM, OLTbmmM 3a 6 M.

Kniouosi crosa: meraneBi roppoBaHi KOHCTPYKIIi; 3aJIMIIKOBI Aedopmallii; eKBIBaJIECHTHI CHIIH; IIACTHYHUN
HIApHIp; HANPY>KEHHS

Beryn

MeraneBi rodposani koucTpykuii  (MI'K)
B OCTaHHi JIBa-TpU NECSTUIITTS HAOyJIM LIMPOKOTO
PO3MOBCIOJDKEHHSI Y BCbOMY CBITI 4epe3 1X BUCOKY
edexTuBHICTS 3acTocyBaHHA. Lli cmopymm mocty-
MOBO aJanTyIOThCS Yy TPaHCHOPTHE OyIiBHHUIITBO
1 Ykpainu. Taki KOHCTPYKIii BUKOPHUCTaHI ITiJ 4ac

OyIiBHHIITBA TPAHCIOPTHUX PO3B’SI30K Ta Iepe-
mycky BoJoTOKiB B AP Kpum Ha aBTOMOOUIBHIM
noposi Kuie — Opeca, XapkiB — Cimdeponons
[7, 8], wa s3amizuuni cnopymkeHo MI'K Ha
ninmeauni Bagyn-Cuper — Hepxxopmon [2, 4, 10].
ITin 4ac coocrepexeHHs 3a IOBEIIHKOKO
MeTaneBoi roppoBaHOi TPyOH y TpOIeci eKCILTy-
atamii [4] BuABMIIOCH, IO BOHHM MalOTh HeE3ary-
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xarouui xapakrep. Tak, aHami3 IHTEHCHBHOCTI Ha-
KOTIMYCHHS 3IMIIKOBUX JAedopMaliii 3a oAuH pik
cimy:x0u MmertaneBoi rodpoBaHOi TpyOM MOKa3as,
0 BiTHOCHI fedopmartii TpyOn He 301IbIIYIOThCH,
a TIOCTYIOBO 3MEHIMYIOTHCA. ['padik 3aIUIIKOBUX
BEPTHKAJIbHUX Ta TOPU30HTAILHUX JehopMariiit i3
OKpECJIEHHSM T'paHHYHOI (IOIyCTHMOi) BEINYNHU
IIbOTO 3HAYCHHS HaBEJeHO Ha pHuC. 1.

Merta

Mertoro poOoTH € olLiHKa Hecydoi 3AaTHOCTI
MeTaneBoi rodpoBaHOi KOHCTPYKIII 32 MOKa3HU-
KOM YTBOPEHHSI IUTACTHYHOTO IIAPHIpY Y BEPIIUHI
MeTajaeBoi TpyOW TpHW BUHUKHECHHI HE3BOPOTHHUX
3aJIMIIKOBUX JAedopMalliii BEpTUKaIBLHOTO Ta TOPHU-
30HTaNBHOTO nmiaMeTpiB MI'K y MoMmeHT ekcrimya-
Tamii.

1.8

3annwkoea aedopmadia MI'T, %

0.5

01 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17

1 — —3anvllKoBa BepTUKansHa Aedopmauia MK
3anuuwkoBa ropusoHTaneHa gechopmauis MIK

=——TlonycTUMe 3HaYeHHS 3anuLIKOBUX AedopmaLlin

18 19 20 21 22 23 24 25

HaTta Bumipis

Puc. 1. I'padix HaKOTTMYEHHS 3aJIMIIKOBUX JeopMariii
MeTaieBoi ropoBaHoi TPyOH B Iepio]] eKCIuTyaTamii

Fig. 1. Accumulation graph of residual deformation
of the metal corrugated pipes during the operation

Ananiz docriosicenv ma nybonixayii. Jlocin 3a-
CTOCYBaHHSI METAICBUX TO(QPOBAHUX KOHCTPYKIIiH
MoKa3ye, 110 3HAYHMKM BIUIMB Ha iX HaIpy>XeHO-
neQOopMOBaHUI CTaH Ma€ CTYMiHb YIIIIbHEHHS
IpyHTOBOI 3acunku [12, 14-19, 21]. Pexomenmo-
BaHE 3HAYCHHS CTYNEHS YIIUIbHEHHS ITOBHHHO
sHaxomutvcs y Mexax 0,95-0,97  (cTymiHb
VINITbHEHHS BU3HAueHWU 3a MeTojioM [Ipokropa
[9, 18]). V poGori [16] 3a3HaueHO, M0 3HUKEHHS
crynens ymuieHeHHs TpyHTy 3 0,95 no 0,8 npu-
3BOJIUTH A0 3MEHIIEHHS MOy Aedopmaii rpyH-
Ty y 4 pasu, 1110, y CBOIO Yepry, CIPUYHHSE 3HAYHE
3pOCTaHHSl y CTIHKax KOHCTPYKLIi HampyXKeHb
1 gedopmarriii.

3nilicHeHHsT 0araTOpiYHOTO MOHITOPUHTY IIO-
Haa 900 o0’exTiB 3 roppoBaHuX TPyO, MOOyI0Ba-
HUX npotarom 1951-1965 pp. B wrari Oraiio
(CHIA) [4], mo3BONMIIO 3pOOUTH TaKHii BUCHOBOK:
y BCIX BUTIAJKaX IS KOHCTPYKIIiH, SKi HE 3a3HATH
pyHHyBaHb, BemuKi Jedopmarii  CTaHOBHIIH
22-34 %; nna KOHCTPYKUiH, SIKi 3a3HANU pyHHY-
BaHb, Taki nedopmarii csaramm 45-55 %. [lani

JOCHIPKEHHSI OTHO3HAYHO JTOBEJH, IO MPUIHHOIO
HaaMipHUX aedopmartiii Oyno HEIOCTaTHE YITiIh-
HEHHs TPYHTY a00 BHMKOPUCTAHHS JUISL 3aCHUIIKH
HEBJIACTHBOrO THUIly Marepiany. 3a manumu [15],
AKio nedopmariii mepedyBaroTs y Mexkax 15-20 %,
a BHCOTa Imapy Hajn TpyOoro Oimbmia 3a 1,8 M, To
KOHCTPYKLiSl HE BHUMAara€e Ajsl CBOTO 3MiIIHEHHS
JIOTaTKOBUX 3aXOJiB.

IIpoTte y *xomHiH i3 MpoaHaTi30BaHNX HAYKOBO-
JMOCTIIHUX POo0OTaX HE BHUKOHYyBaJacs OIliHKa
Hecydoi  3JaTHOCTI  MeTaleBUX TOQpOBaHUX
KOHCTPYKIIH 3a IMOKAa3HUKOM PO3BHTKY ILIACTHY-
HOT'O IIapHIpy y BeplInHI MeTaneBoi Tpyou. Tomy
JOCIHIDKEHHsI  HaTpYKeHO-Ae(OPMOBAHOTO CTaHy
METaJIeBUX  TOQPOBAHMX  KOHCTPYKIIH  IpH
BHHHUKHEHHI 3aJIMIIKOBHX Je(opMalliii BEpTHKAIb-
HOT'O Ta TOPH30HTAJIBHOTO JiaMeTpiB TPyOH € ak-
TYaJbHOIO 3aJ1a4ero.
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MeTtoanka

3a OCHOBHY YMOBY IIEpEBIpKH HECyd4ol 3iaT-
HOCTI MeTaJieBoi roppoBaHOT KOHCTPYKIIii BHOPAHO
MEePEBIPKY PO3BUTKY TIACTUYHOTO MIAPHIPY Y Bep-
XHIf 9acTrHI TpyOHu. /[BoMa ocHOBHUMH (hakTOpa-
MU BIUIMBY Ha HOTO PO3BUTOK € HEPIBHICTH reoMe-
Tpii KOJii HaJ BicCIO TPyOM Ta CTyHiHb yINIJIbHEH-
HSI TPYHTOBOI 3aCHUIIKH.

Buxioni oani oo pospaxynxy MI'K 3a miynicmio
ma cmitikicmio. 3 METOI0 OLIHKH BHUIUIUBY
HEpIBHOCTI HA BEJIMYMHY PO3BUTKY IUIACTUYHOTO
nrapHipy OyJiM BHKOHaHI JIOCITIJDKEHHS Hecydol
spatHocTi MI'K mpu HepiBHOCTSIX reomeTpii Kol
y TPbOX BUMAJIKAX:

—  y IPOEKTHOMY CTaHi;

—  JIOMyCTHUMa HEPIBHICTH 3TiHO 3 JIFOUYUMHU
HAa 3aTi3HUNAX YKpaiHH HOPMATHBHUMHU JOKYMEH-
tamu (TOOTO Taka HEPIBHICTh, AKa HE MOTpedye
OOMEXXEHHS BCTAHOBJIEHOI IIBHUAKOCTI 3TiJHO
3 Tabn. 5 Texuiynux BkasziBok [13] ta TabGmuiero
J1.8.11 Tuctpykuii [6]);

— Ha MOMEHT BUHHUKHEHHS HaWOIIbIIOl
HepiBHOCTI y mpo¢ini kKouii Hag TpyOoIo.

[puiimaeTscst MeTaneBa rodpoBaHa Tpyba
koHcTpykiii  Multiplate  MP 150 momxwuHO0O
12,69 M y ¢hopMi ropu30HTAIBHOTO efincy (puc. 2)
3 TAKUMH TMapaMeTpaMu. BHYTPILIHIM BEPTHKAIIb-
HuM giamerpoM 6,20 M, BHYTpILIHIM TOPH30H-
TaJlbHUM JiaMeTpoM 6,57 M, IOBXHUHOIO XBHIII
150 MM, BrucoToro xBuial 50 MM, TOBIIMHOIO MeTa-
JIEBOrO JINCTAa 6 MM, IIJIBHICTIO IIMHKOBOI'O IIO-
KPUTTS TOBHMHOK 85 MikpoH (567 r/m),
MUTOMa Bara TIPYHTY 3aCUIKH  CTaHOBUTh
y =20 xH/M*; Momyns nebopMarii rpyHTy 3acuri-

¢DEIEI"IZIDEI

ku — E, =33 MIla; Bigcrans Bix mizomsu peifok
0 Bepxy ckieminHs Tpyou — h =188 w™; eksi-
BAJICGHTHE  HABAHTAXCHHS,  BIiAMOBIAHO  JIO

JBH B.2.3-14 3anmexHo Bixm moBkuHHA 1 (opMu
minii BBy — (=235,3 kH/M; mMomyns mpyx-

Hocti crani — E =2.1-10° MIla; koediuient ITy-
accoHa marepiany cropyan — v =0,25; nuroma
Bara Marepianry MI'K Yo =145,4 xkH/M?;
iom@a Tepepidy oOnmHiei XBwiIi rohppum —
A=0,75715=11,355cm% pO3paxyHKOBHil OIip
R, =235 MIlg;

koedimieHT ymoB pobotn — M=0,9. Posmoxin
HaBaHTaXEHb 110 IITMaNaxX B3JOBXK KOJII OTpUMAaIH
i3 PO3paxyHKIB KOJi1 Ha MilHICTH [3].

Y TMO3M0BXHHROMY HamNpsSMKy TUIO TpyoOu
ckianaeTeest 3 14 xineup. Koxkne Kinple ckiana-
erbest 3 10 mucTiB, ki 3’eaHadi 6onramu. Orojos-
KA TpyOM BHKOHaHI 3a JIOTIOMOTOIO r'abioHIB cuc-
temu Teppamern. Moy po3TamoByIOTECS TOPH-
30HTANBHUMH spycamu. OCHOBOIO Ui OTOJIOBKiB
ciyxaTb rabionHi marpauu Peno 3:2:0,23, Bkia-
JIeH1 Ha TEOTEKCTUIIb Ta CITKY CEKYTPiI.

Bucora BepxoBoro oroioska 7,5 M, BUCOTa HH-
30BOr0 OrojioBka 7,5 M. JIOBXKHMHA YKpiIUICHHS
JBOOEPEIKHOTO YKOCY 3€MJITHOTO TOJIOTHA 1 M Ta
JIOBXXHMHA KPIIJICHHSI TIPAaBOOEPEKHOTO YKOCY 3EM-
JITHOTO TIOJIOTHA 28 M.

[TapameTpu HepiBHOCTEH Ta iHII BUXIigHI AaHi,
Kl Oyn¥ TPUHHATI AN PO3paXyHKY €KBiBaJeHT-
HUX CHJI Bijg JIoOkoMoTHBa 2M62 Ta BaHTaXXHOTO
BaroHa, HaseneHi B Taou. 1.

CTalli 32 MEXEH TEeKy4OCTi

Puc. 2. Po3paxyHkoBa cxema 3aaadi

Fig. 2. Calculation scheme of the task

doi: 10.15802/stp2015/55340

182

© .. JIyuko, B. B. KoBanbuyk, O. C. Habouenko, 2015



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

Hayka Ta nporpec Tpancnopry. BicHuk J[HIIponeTpoBChKoro
HalIOHAIBHOTO YHIBEPCUTETY 3ajli3HHYHOro Tpancmnoptry, 2015, Ne 5 (59)

TPAHCIIOPTHE BY AIBHULITBO

Tabnums 1
Buxinni naHi 1151 po3paxyHKy eKBiBaJICHTHHX CHJI
Table 1
Initial data for calculation of equivalent forces
3]719_[ By BUXiHUAX JaHUX Po3mipHicTh 3HaYeHHS
1 TOKOMOTHE _ 2M62i BanTaxai
HaIliBBaroHU
2 1IBUAKICTH KM/Ton 40
3 Tun peiiok - P65
4 T tman - 3aI1i300€TOHHI1
5 Pin 6amacTHOT moaymKu - meOiHb
6 Bucora 3acunkn M 1,88
[MapameTpu ekcIuTyaTariiHol HepiBHOCTI
7 JIOB)KHHA HEPIBHOCTI M 5,7
8 I'mubrHa HepiBHOCTI MM 447
9 YXua HepiBHOCTI %o 16,5
IMapameTpu HEpPiBHOCTI, 10 JOIYCKAOTHCS 3rigHO 3 [10—14]
10 JloBxxrHa HepiBHOCTI M 3
11 I'mubuna HepiBHOCTI MM 10
12 YXua HepiBHOCTI %o 3,3
13 Monyiib npy)KHOCTi MiAPEHKOBOT OCHOBU MiIa 73,6 (itito)
sriguo 3 [pasunamu [3] 92,1 (3uma)
14 Bijgcranps MiX OCAMM ILIIIaT M 0,625
15 KoedimienT o, - 0,403
16 Koeditient y - 1,0
17 Koeoiuient o — 0,931
18 Koeditient ¢ — 0,332
19 Koedimient 3 — 0,87
20 MowmeHT iHepuii peﬁlclf Bi}.IHOCHO " 3548
TOPU30HTAIILHOT OCi
21 MowmeHT onopy peI)'IKP.I. BigHOCHo o’ 436
TOPU30HTAIILHOT OCi
22 OmnopHa 1uroma ImiJKIaIKia om? 262,5
23 JloB)KHHA LITAIN cM 285
24 [[uprHa HIKHBOT TTOCTEI AN cM 27,5
25 OnopHa 1UIoIIa HaIBIIITATH cm? 3918,75
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Pe3yabTaTn cuI Bix TokoMoTuBa 2M62 HaBeneHi Ha puc. 3—4,

. . a BiJl BAHTQXXHOT'O BaroHa — Ha puc. 5—6.
Buknao ocunosnoco mamepiany oocnidicero.

P €3yJIbTaTu pO3anYHKiB BEIIMYMH €KBIBAJIEHTHUX

400
350 I ——Benn4yuHa eksisaneHTHMX cun
& & / \ / Be3 HepiBHOCTI

300 | !

250 |4 [
E 200 BenwuvHa ekBiBaneHTHWX cun
o ] A Lr npu napamMeTpax HepiBHOCTI:
= } AOBXUHA -3 M; BUcoTa- 10
& 150 2 \ MM; yxun - 3,3%

: \\/ \ = /\ VAVA A //\ f{&\“f\)\ / /{(\“’j \'\*"j

9] —=—Benu4nHa exeisaneHTHUX cun
ul [ npw NapaMeTpax HepiBHOCTI:
\’/\ \ /‘ \,/ noBkuHa-5.7 M; BUCOTa -
0 ~ ki e 44 7 mwm; yxun - 16,5%
0 5 10 15 20 25
-50 YT

Puc. 3. BapiantHuii po3paxyHOK BEIHYHMHN €KBIBAJIEHTHHUX CHJI BiJl JIOKOMOTHBa 2M62
TIpH 3HAYEeHHI MOAYIIS MPY KHOCTI IipeikoBoi ocHoBH 73,6 MIla

Fig. 3. Variational calculation of equivalent forces from the locomotive 2M62
when the value of the modulus of elasticity of the rail base is 73,6 MPa

450
400 —<-Benu4ynHa exeiBaneHTHUx cun 6es
6 e f \ HepiBHOCTI

350

300

250
E BenuuuHa ekBiBaneHTHWUX CWN NpM
o 200 napamMeTpax HepisHOCTI: JOBKMNHA -
= / J v 3 m; BucoTta- 10 Mm; yxun- 3,3%
= !

150 : i

100 . = v e L3 <

\ |/ \ Pt /\ X% /\\_‘ ,f\ P /\/ \{\ 9 /
. / i / \ 1 fe L) / \ i \ / \ 1 | =—Bennunna sxeisansHTHX cun npu
50 \/ AR / % A MK KK  a : .
% v s ~ oM X napamMeTpax HepiBHOCTI: AOBXKMHA -
A g i 5.7 m; BucoTa -44,7 MM; yxun -
0 \\J i %4 16,5%
0 5 10 15 20 25
-50 B

Puc. 4. BapianTHHIH pO3paxyHOK BEJIMUMHU €KBIBaJICHTHUX CHJI BiJl IOKOMOTHBA 2M62
IIpY 3HaYCHHI MOJYJIS IPYXKHOCTI mijpeiikoBoi ocHoBu 92,1 MIla

Fig. 4. Variational calculation of equivalent forces from the locomotive 2M62
when the value of the modulus of elasticity of the rail base is 92,1 MPa
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A M s
ULV
|

——Benn4ynHa exeieaneHTHUX cvn Bes

==
|

Zz 160 ‘ ! | :
x BenuunHa exsiBaneHTHUX CWN Mpy
o ! napameTpax HepiBHOCTI: JOBXKMHA -
= | I 3 m; BucoTa- 10 mm; yxun-3,3%
= o \_/\\ /,_/‘\/‘\\ /\/\\ /'«"\/
80 : b L) | /
JI/ \ \ / ——BenuunHa ekBiBaneHTHUX CUn Npu
b e # 5 I napameTpax HEepPIBHOGTI: SOBKVHA -
10 \ 7 £ \'\ // 5,7 m; BucoTa-44.7 Mm; yxun-
nd Dot 16,5%
0123 4586 7 8 91011121314151617181920!

-40

M

| \\ ”\\ {/’ “\ I\
g’ 200 \ U | ]

Puc. 5. BapiauTHuii po3paxyHOK BEJIMUMHH €KBIBAJICHTHUX CHUIT
BiJl BAHT2)KHOTO BaroHa Ipu 3HaYeHHI MOYJIs
NpYKHOCTI TiapeiikoBoi ocHoBu 73,6 MIla

Fig. 5. Variational calculation of equivalent forces from a freight car
when the value of the modulus of elasticity of the rail base is 73,6 MPa

——Benv4ynHa exeieaneHTHVX cvn Ges
HEepIBHOCTI

BenwuuHa exsisaneHTHWX cun
napameTpax HePBHOCTI: JOBKVHA -
3 M; BucoTa- 10 mm; yxun- 3,3%

\

50 \ [ / \ ‘|L f \ { ——BennunHa eKkBiBaNeHTHWX CUM Npu
\ // i \ /] / napameTpax HepiBHOCTI: AOBXKIWHA
o i\ . \"/ i\ / -5.7 m; BucoTa -44.7 mm; yxun -

-50

16.5%
01234567 891011121314151617181920211

S, m

Puc. 6. BapianTHuit po3paxyHOK BeJTMYMHN €KBIBAJIEGHTHUX CHJI
BiJl BAHT@)XHOTO BaroHa Ipy 3HaYeHHI MOJYJIS IPY>KHOCTI
migpeiikoBoi ocHoBr 92,1 MITa

Fig. 6. Variational calculation of equivalent forces from a freight car
when the value of the modulus of elasticity of the rail base is 92,1 MPa

OCKIIbKA  PO3PAaXyHOK JOMYCTUMHX HAMpy-
’KEHb Ta TIepeBipKka YMOBH yTBOPEHHS TUIACTHYHO-
TO HIAPHIPY BUKOHYETHCS MPH HAWOUIBII HECpPU-
ATIMBUX yMOBax (MakCHUMasbHil eKBiBaJCHTHIH
CHII), TOMY BHMKOHYEMO TIODIiBHSHHS €KBiBa-
JICHTHUX CHJI Bij JJokomMoTuBa 2M62 Ta BaHTaXXHO-
ro Barona 3a meromukamu [1, 5, 11-14, 20-21]. sk

BUJHO i3 puc. 3—6, BeNMYMHA €KBiBAJICHTHUX CHII
TIpH eKCIUTyaTalliiiHii HepiBHOCTI BiJl JIOKOMOTHBA
2M62 € OinbIIO, aHDXK BiJl BaHTa)XHOI'O BaroHa,
TOMY TIPH PO3PAXYHKY MOMYCTUMHX HAMPYXKEHb Ta
MePEBIPIli YMOBH YTBOPEHHSI TUIACTUIHOTO IIapHi-
py y BepmmHi cxiueninat MI'K  npuiimaemo
€KBIBAJIEHTHI CWJIH BiJ JIOKOMOTHBaA 2M62.
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Jam BuUKOHyEMO OaraTtoBapiaHTHHH pO3paxy-
HOK TepeBipku MeTalieBoi rodpoBaHoi TpyOM Ha
YTBOPEHHSI TUIACTUYHOTO HIAPHIPY 32 OTPUMAHUMU
3HAYCHHSIMH €KBIBAJCHTHHUX CHJI BiJl JIOKOMOTHBA
2M62 3a m0IOMOTOI0 MPOTPAMHOTO 3a0e3IeUeHHS
Mathcad. TIporpama uis po3paxyHKy HEepeBipKH
MeTaneBoi ropoBaHol TPyOM Ha yTBOPEHHS ILIa-
CTUYHOTO WIApHIpY po3poOiieHa BIAMIOBIAHO [0
merouk [3, 18].

MakcuManbHe Hamnpy»KeHHS y CTiHII TpyOwH
PO3paxoOBYEThCS 32 JOMOMOTOI0 piBHsIHHS Hap’€:

Nd.s Md.s

G=—ds y ds
W

A M)

yd

ae Ny, My, — cunmm Ta MOMEHTH CUIl y CTaHi

HOPMAaJIbHOT eKcIuTyararlii; A — mJjoIa momnepey-
HOTO TIepepi3zy Ta MOMEHT OTIOpY Mepepi3y Ha Ou-
HULIO AOBXUHA TpyOu; f,4 — rpanuus rexydwocri

cranmi Tpyou; W — MOMEHT OIlopy OAWHHII JOB-
KUHU TPYOH.

[IpoekTHa HOpMallbHA CHJIA 1 3THHAIBHUNA MO-
MEHT PO3pPaxOBYIOTKCS, SIK cyMa aOCOJIOTHUX 3Ha-
YeHb MaKCHMaJbHOI HOPMaJbHOI CHJIM 1 MakKcu-
MaJILHOTO 3THHAJIBHOTO MOMEHTY, BOHM OOYHC-
JIOIOTBCS. OKPEMO TpU HaBaHTAKCHHI IPYHTOM
1 pyXOMHM HaBaHTaXeHHsAM. [Ipu 11boMy BHKOpU-
CTOBYIOThCSL KoeQillieHTHn st poboTu TpyOm
B CTaHi HOPMaJbHOI eKcIuTyaTamii. BUKOHyeThCS
nepeBipka 3a0e3nevyeHHs] HeMEePeBUILCHHS TPaHuUL
Teky4octi cram f4 y criHuni BepxHpoi wacThHHM
TpyOH BIPOJIOBXK EKCIUTyaTalliHHUX HaBaHTAKCHb.

[lepeBipka pO3BUTKY IUIACTHYHOTO MIAPHIPY
y BEpXHill yacTuHi TpyOW y TpaHUYHOMY CTaHi BHU-
KOHYETBHCSI HA MAKCHMAJIbHO 3aBaHTAKCHY IUISTHKY
Tpy6u 3rigHo 3 [20] 3a popmyoro:

Nd.u
of 4 A

Ivld.u
M

u

<10, )

ae Ny, My, — cuaM Ta MOMEHTH CHJI y CTaHi
HOpMaJIbHOI eKcIuTyaTalii; A — mjoma mnomeped-
HOTO TIepepi3y Ta MOMEHT OIOpy Mepepizy Ha Ofu-

HUII0 JOBXHHU TpyOu; M, — momyctume 3Ha-

YEeHHS 3TUHAJIBHOTO MOMEHTY JUIsSi OJWHUIN JOB-
KUHU TpodiIto TpyOH, MpU SKOMY OCSTAIOThCS
HaIPYKEHHS TEKYJIOCTI.

3HayeHHs Yy 3HAMEHHUKY IepIIOoi CKJIaJ0BOi
dopmynu (2) po3paxoBy€eThCsl TAKUM YHHOM

©)

ne N, — KpUTHYHE HaBaHTAXEHHs, 110 00YNCITIO-

®=Ng /Afq,

€ThCsI, TPYHTyIOUMCh Ha Teopisx aBtopiB KIlop-
pel&Glock [18], 3a dopmyoro:

\ 3% [Ea(E),

crel — I Rt '

(4)

ne Ejq — mpoexTHMH MOAyJb 3CYBY /UL IDYHTY;
(EI )S — JKOPCTKICTh CTIHKH TPYOHW Ha OJUHHIIO i

JOBXHMHH, U — IIapaMeTp, L0 BpaXxOBY€E HECAOCTAT-

Hili OOKOBHWIA OITip TPYHTY, SKIIO BHCOTA 3aCUIIKH
HaJ TpyOOI0 € Maja; po3paxoBYeThCS 3a HACTYI-
HUMH (QOpMyliamMH, SIKi BHPaXKAIOTbCI 3 YMOBH
3MEHILIEHHS MOJYJISI 3CyBY IPYHTY:

Ej.red

1 2
Zhred o=
E, (1+K)

()

0,25

(El), 1
leEdets \/E

VY Bunanky, skmo R, =D/2, ug 3anexHicts

n=|122+195 (6)

Mae€ BUTTISAA.

0,25

8 1
11]7% \/E

[lapamerpy & Ta K pO3paxoBYIOThCA 3a

n=|122+195 )

dhopmynamu:
£=/k <1,0,
k=h/R,.

(8)
(9)

JonycTiMe 3HAYCHHS 3TUHAIBHOTO MOMEHTY
CHWUJI [T pOOOTH TPyOH Y TPAaHUYHOMY CTaHi BU3HA-
JaeThCs 3a (HOPMYIIOT0:

M:

u

zf (10)

yd
ne Z — IUIACTUYHUNA MOMEHT OTOpY OJMHHII JIOB-
JKUHU TPYOH.

3a nonomororo mporpamu Mathcad Gyso BrKko-
HAaHO PO3PaxyHOK XapaKTEPUCTUK IPYHTY 3aCHUIIKH
3aJIeKHO BiJ CTymHeHs ii yminbHeHHs. Pe3ynbraTu
PO3paxyHKiB HaBeJleHi y Ta0uI. 2.
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Pesynbrati  GaratoBapiaHTHHX pPO3pPaxyHKiB
NepeBipKH MeTajeBoi ToQpoBaHoi TpyOH Ha yTBO-
PEHHS TUIACTHYHOTO IIAPHIpY NpH pi3Hil BeTUUUHI

CTYINeHsS YUIUIBHEHHS! IPYHTOBOI 3aCHIKH, 3AiMc-

Po3paxyHKoBi XapaKTepHCTHKHU IPYHTIB MPH Pi3HUX CTYNEHAX YIILIbHEHHS

Design characteristics of soils at different degrees of compaction

HEHHX 3a JIONOMOIOK PO3pO0JIeHOT TMporpamu
y mporpamHoMy cepenosuii Mathcad, 3Beneno
B Tabn. 3—4.

Tabauns 2

Table 2

CryniHb yiiisHeHHs IpyHTOBOi 3acunku RP, %

XapaKTepUCTUKYU IPYHTIB e % o 97
KoedimienTt mopucrocTi € 0,425 0,40 0,329 0,30
KyT BHYTpIIIHBOTO TEPTS @ , Tpa 36 38 40 40,8
Monyis nedopmanii E , MIla E 6,584 11,54 21,089 27,27
Tabnuns 3
IlepeBipka yMOBH yTBOpPeHHs IJ1acTHYHOro mapnipa y MI'K npu Moay.Jii npy:xHocTi
migpeiikoBoi ocHoBH 73,6 MIla
Table 3

Checking the conditions of the plastic hinge formation in the MCC when the module

of elasticity of the rail base is 73,6 MPa

CrymiHb yIIiTbHEHHS IPYHTOBOI 3acunku RP, %

Cran xoii
85 90 95 97

Bes nepisHocti 54,555 43,906 29,677 24,186

(MpoeKTHE MOJIOKEHHS KOJIiT) 0,226 0,159 0,108 0,135
HepiBHicTs 3 mapamerpamu: 93,883 75,276 53,464 45,047

I=3wm; h=10mm; i, =3,3% 0,403 0,295 0,186 0,144
HepiBnicTs 3 mapamerpamu: 270,516 216,169 160,299 138,742

I =57wm;, h=44,7 mum; ey = 16,5 %o 1,233 0,949 0676 0573

[IpuMiTKa: y YHNCENbHUKY HaBEACHI 3HAUCHHS HANpy>KeHb, @ B 3HAMEHHHUKY — 3HAUEHHS BEJIMYMHH TIACTHIHO-

TO IIapHIpY.

Tabnuns 4

IlepeBipka ymMoBH yTBOpeHHS IIacTU4HOro mwapHipa y MI'K npun moayJii npyxnocti
niapeiikoBoi ocnosu 92,1 MIla

Table 4
Checking the conditions of plastic hinge formation in the MCC when the module
of elasticity of the rail base is 92,1 MPa
Crynisb yuiinbHeHHs rpyHToBOi 3acunku RP, %
Cran xouii
85 90 95 97
Bes nepisHocTi 55,21 44,428 30,073 24,53
(MpoeKTHE MONOKEHHS KOJii) 0,229 0,161 0,107 0,134
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3akiHuyeHHs TabI. 4

End of table 4

CrymiHb yIinsHeHHS IpyHTOBOI 3acumku RP, %
CraH xomnii
85 90 95 97
HepiBHicTs, 3 mapameTpamu: 98,894 79,273 56,495 47,706
I=3x; h=10mn; b, =3,3% 0,425 0,313 0,199 0,156
HepiBHicTs 3 mapamerpamu: 295,146 235,815 175,196 151,807
I=57w; h=44,7mm; i,,, =16,5%o0 1,353 1,045 0.749 0,637

HpI/IMiTKa: Y YUCCIIbHUKY HaBeI[eHi 3HAUCHHS HAIIPY’KCHb, 4 B 3SHAMCHHUKY — 3HAYCHHS BSJIMYMHU ITACTUYHO-

TO IIapHipa.

pHipy
S

o =]
(o7} ]
/

BeguwMHa nMacTUYHOro LA
s

02

86 88 90 92 94

9
CTyniHe YIWINEHEHHA TPYHTOBOI 3acunkw, %

BenwuyuHa nnacT4YHoro WapHipy
NP NPOEKTHOMY CTaHy Konii -
be3HepieHOCTI"

BenuuuHa nNacTUYHOro WapHipy
npu9 CTaHY KoMil i3 napamerpamm
HEPIBHOCTI: AOB¥MHA-3 M
eucota-10 mm; yxiun-3 32"

200

BenuuuHa nnacTMYHOro WapHipy
NP CTaHy Konif i3 napameTpamu
HEPIBHOCTI: AOBXMHA-5,7 M
BucoTa-44 7 mm, yxun-16,5%"

BenuuuHa Hanpy:KeHs npum
MPOEKTHOMY CTaHY KOnii - 0e3

100 HepieHocT"

/
Benw4yuHa HanpyxeHb, MMa

BenuuunHa Hanpy>KeHe NpU CTaHy
KORNIT i3 napameTpamin HepIBHOCTI
LOBXWHA-3 M, BUCcoTa-10 mm
yxnn-3,3%"

o
(=]

—O— BenuuuHa Hanpy:KeHs Npu CTaHy
KOMII i3 napameTpamn HePIBHOCTI
OOBXMHA-5,7 M; BUCOTa-44 7 mm
yxun-16 5%"

0

96 98

Puc. 7. IlepeBipka yMoBH yTBOpeHHS IuiacTudHOTO mapHipa y MI'K mpu momyi
MPYKHOCTI mijipeiikoBoi ocuoBu 73,6 MIla

Fig. 7. Checking the conditions of plastic hinge formation in the MCC when the module
of elasticity of the rail base is 73,6 MPa

AHayi3 pe3ynbpTaTiB 6araToBapiaHTHOTO pPo3pa-
XYHKY Halpy»eHb, [0 BUHHUKIU Yy BEpIINHI CKIle-
miuast MI'K, mokasas:

1) HampyKeHHS, SKi BHHHKIM BHACIIIOK
eKCIUTyaTalllifHOT HEepiBHOCTI, ckianaroth 138,742
MIla (ta6u. 3, puc. 8) Ta 151, 807 MIla (tabu. 4,
puc. 8) mpH CTyIeHi YIIiIbHEHHs TPYHTOBOI 000¥-
Mu 97 %, MO € MEHIIUMH 3a JOMYCTHMi Harpy-
skenng 235 MIla;

2) Hampy)KeHHs, SIKi BUHHKIM 0€3 HasBHOCTI
HEpPIBHOCTI B Pe3yNbTaTi YIIUIBHEHHS TIPYHTOBOI
oboitmu 90 %, cxmamarors 43,906 MIla (tabi. 3,
puc. 7) ta 44,428 MIlIa (tabmn. 4, puc. 8); npu cry-
MEeHl yIiibHeHHsT TpyHTOBoi oOoiimMu 85 % —
54,555 MIla (ta6mn. 3) ta 55,21 MIla (tadn. 4),
€ MEHIIINMH 3a JIOIycTHMi HanpykeHHs 235 Ml a;
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BenuyuHa nnacTuyHoro WapHipy

14 300

X BenwymHa NnacTu4Horo WapHIipy

i NpY NPOEKTHOMY CTaHy Konil - 6e3
S HepIBHOCTI

N
1531
=]

N BenwumHa nnactuyHoro LIapHIpy
Npw CTaKy Konii iz napamerpamu

HEPIBHOCTI: AOBXMHA-3 M, BUCOTa-
200 10 MM; yxun-3,3%
Benu4mHa nnacTW4HOro WapHipy
NpW CTaHy Koni i3 napameTpamu
150 HEPIBHOCTI: AOB¥WMHA-5 7 M

. BUcoTa-44 7 mm; yxun-16,5%
BenuunHa Hanpy:eHs npu
NPOEKTHOMY CTaHy KOl - bes
HepIBHOCT

BennuuHa HanpyxeHb, MMa

100

BenuurHa Hanpy eHs NpK CTaHy

KONiT I3 NapamMeTpamy HepiBHOCTI

02 LOBXMWHE -3 M; BUCOTa - 10 MM,
yxun - 3,3%

—C— BenuuuHa HanpyxeHs Npy cTaHy
Konil i3 napaMeTpami HepiBHOCT

OOBXKWMHA -5.7 M, BUCOTA - 447 MM

84 86 88 90 92 94 96 98 S
yxun - 16,5%

CTyniHb yWinsHEHHA rPYHTOBO! 3acunku, %
Puc. 8. IlepeBipka yMOBHU yTBOpeHHS MiacTH4YHOro MmapHipa y MI'K
MPU MOJIYJI1 MPY>KHOCTI minpeiikoBoi ocHoBu 92,1 MIa

Fig. 8. Checking the conditions of plastic hinge formation in the MCC
when the module of elasticity of the rail base is 92.1 MPa

3) HampyXeHHs, SKi BHHUKIMA BHACJiIOK
HEPIBHOCTI, sIKa JIOMYCKa€ThCS 3rimHO 3 Tabm. 5
[13] ta Tabm. J1.8.11 [6], ckmamarors 45,047 MIla
(tabun. 3, puc. 7) Ta 47,706 MIla (tad:x. 4, puc. 8),
NPy CTyMEH1 YIIIIbHEHHS IPyHTOBOI obOoiimu 97
%; 75,276 Mlla (tabx. 3, puc. 7) ta 79,273 Mlla
(tra6u. 4, puc. 8), mpu cryneni yiriasHenHs 90 %;
93,883 MIla (tabm. 3, puc. 8) ta 98,894 Mlla
(tabun. 4, puc. 8) npu cryneHi yminbHeHHs 85 %,
€ MEHIIIMMH 3a JIOIyCTHMI HanpyxenHs 235 MIa;

4) HanpyxXeHHs, SKi BUHHKIA TPH EKCIUTya-
Tamii Komii 3 HEepiBHICTIO Ta MPH CTYNEHI YIIiJb-
HeHHS TpyHTOBOi oOoiimu 90 %, ckmagaioTh
216,169 MIla (tabm. 3, puc. 7), IO € MEHIIMM
3a pomyctuMmi HampyxkenHs 235 Mlla Ta
235,815 MIla (tab:. 4, puc. 8), 1o € GinbuuM 3a
norycruMe HanpysxeHas 235 MITa.

[lepeBipka yMOBM BHHUKHEHHS ILIACTUYHOTO
HIapHipa y BEpLIMHI CKJICMiHHs TPYOH MpH CTyIIeH]
yHIibHeHHsT TpyHTOBOi 00o0iimm 90 % Ta Ha-
SBHOCTI EKCIUTyaTamiiHOi HEpiBHOCTI HE BHUKOHY-
€TBCS, OCKIJIBKM YMOBa BUHMKHEHHS TJIACTUYHOTO
IapHipa € OLIBIIO0 32 OMHHUIIIO.

Pospaxynox  Oonvosoi  uwacmku  enaugy
VWIIbHEHHA mMa HepPIBHOCMI HA pO36UMOK Njd-
cmuunozo wapHipa ¢ MI'K. 3rigao 3 Tadn. 4 mpu
CTyIEHI YIIIbHEHHs IpyHTOBOI 3acunku 90 %
(mpoekTHHMI CTaH 3aMi3HUYHOI KOJIi) BEIMYMHA
KoedilieHTa IUIACTHYHOTO WIApHipa JOPIBHIOE
0,161, a mpu cryneHi yIIibHEHHS IPYHTOBOI 3a-

cunkr 90 % 1 ekcrmyaTaniiHOI HEpPIBHOCTI CKIia-
nmae — 1,045. BinmoBigHo, BIUIMB HEPIBHOCTI Oyjie
ckiamary; 1,045-0,161=0,884.

[lpu exkcrumyaramiiiHiii HEpIBHOCTI Ta TpH
HEOOXiZTHOMY NPOEKTHOMY CTYIIEHI YIIiIIbHEHHS
rpyHToBoi 3acunku RP=95 % Benmumna koediri-
€HTa IUIACTUYHOIO ImapHipa mopisuioe 0,749. Bin-
MOBIJIHO, BIUIMB VINIJIbHEHHS OyJe CKJIaJaTu:
1,045 - 0,749 = 0,296.

Tonmi mompoBa 4WacTKa BiJl BIUIMBY EKCILTya-
TaliliHOi HepiBHOCTI Oyne craHoBuTH 75 %, a Bix
BIUIMBY CTYIIEHs yIIinbHEHHS — 25 %.

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYMMICTDL

ABTOpPOM BIepIIe BHKOHaHI OaraToBapiaHTHI
PO3paxyHKH Hecyd4ol 34aTHOCTI MeTaieBoi rodpo-
BaHOI KOHCTPYKIiH BeaMKOro miamerpa (Oijibiie
6 M) i3 BpaxyBaHHSAM KOMILIEKCY (DaKTOpIB — CTy-
MEeHS YIIIJIbHEHHsSI TPYHTOBOI 3aCHUIIKH, BEIMYMHH
JMHAMIYHOTO HaBaHTA)XKEHHS BiJl PyXOMOTO CKJIa[y
3aJi3HHL Ta PI3HOIO 3HAYCHHS CTYIIEHS YIiIb-
HEHHS MiIPEHKOBOI OCHOBH — 3a KpPHUTEPIEM pPO3-
BUTKY TUIACTUYHOTO IIapHipa y MeTaji TpyOu npu
BHHHUKHEHH] 3aJIMIIKOBHUX JeopMalliii BEpTHKAIb-
HOro Ta ropusoHTanbHOrO maiamerpis MI'K. V pe-
3yJIbTaTi 9OTO BCTAHOBJICHO, III0 BUHUKHEHHS TIIa-
CTHYHUX HE3BOPOTHHX JAcopMariii MeTanaeBoi
ro¢poBaHoi TpyOu MOKIIMBE TUIBKU MPH OJHOYAC-
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HOMY BIUIMBOBI JIBOX HECHPHUATIUBHUX (aKTOpIB,
a came: CTYIeEHs YIIUILHEHHS TPYHTOBOI 3aCHIIKH
Ta BEJIMYMHM HEPiBHOCTI HA 3aJ1i3HUYHIHN KOTii.

OtpumaHi pe3ysbTaTH HECydoi 3IaTHOCTI Me-
TaJeBUX TOPPOBAHUX KOHCTPYKINH THITY TOPHU30H-
TIGHUHA eJNC TOMEPEevYHOro Iepepizy MOXKYTh
OyTH BUKOPHUCTaHI iHXeHepamu MoCTOBUIPOOYB-
HUX CTaHIId YKp3aJdi3HHI Ta YKPaBTOIOpPY Ta
MPOEKTHUMH OpraHi3aisMu, siKi 3aiMaroThCs Mpo-
eKTYBaHHSIM METAIEeBUX TOPPOBAHUX KOHCTPYKIIH
nIiaMeTpoM OiTbIM 32 6 M.

BucHoBkH

Amnaniz OararoBapiaHTHUX PO3paxyHKIiB Iie-
PEBIpKM YMOBHM BHHHUKHEHHS IUIACTHYHOTO IIAPHI-
Py V BEpIIWHI CKJICHIHHSA TPyOHM MOKa3as, IO 3a-
POIDKEHHS TUIACTUYHOTO WIAPHIPY, SKEe Ma€e MicIe
y ckneniaHi MI'K, BUKOHY€ThCS TLNBKH 332 YMOBH
0JTHOYACHOT'0, HECTIPUSTIMBOTO BIUIUBY JBOX (hak-
TopiB (MPUYMH): TOMYIIEHHS PO3BUTKY HEPIBHOCTI
KOJi 32 MeXi JIOMyCTUMUX 3HAYCHb 0€3 BUKOHAH-
HS 3aXONiB IMOMO ii YCYHEHHS YH OOMEKEHHS
MIBUIKOCTI PyXy MOi3aiB (Iepima ImpuYrHa); 3HU-
JKEHHSl CTYNEHS YUIUIBHEHHS TPYHTOBOI 3aCHIIKH
awkue 90 % (mpyra npuumna). 3a BiACYTHOCTI
OJIHIET 3 TPUYMH 3apPOJPKEHHSI TUTACTHYHOTO Iap-
HIpy He BiaOyaeThcs. I3 1BOX mpUYMH, IO MAKOTh
BIUIMB, Baromille 3HA4YeHHS Mae€ Meplia NpuYrHa,
JacTKa BIUIMBY $KOi cTaHOBUTH /5 %, dacTka
Ipyroi npuurHU cTaHoBUTh 25 %. Tomy yTpuman-
HSl KOJii y TEXHIYHO CIIPaBHOMY CTaHi € HeoO-
X1THOI0 YMOBOIO MIOZ0 3a0e3MeueHHs TOBrOBIYHOT
Ta cTaOLIBHOT POOOTH MeTaTy TOPPOBaHUX TPYO.
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UCCJEJOBAHUE HECYIIEN CITIOCOBHOCTH
METAJUIMYECKO TO®PUPOBAHHOI KOHCTPYKINHA
MO KPUTEPHIO OBPA3OBAHUS MJIACTHUYECKOTO IIIAPHUPA

Lens. [laHHOE HCCIeAOBaHHE HAMPABICHO Ha: 1) mpoBeieHNe pacyeTa SKBUBAJICHTHBIX CHJI, BO3HHKAIOIIHUX OT
MOJIBIMYKHOTO COCTaBa JKEJIe3HBIX JOPOr B 3UMHHM M JIETHHH MEPHOIBI rofa MpU Pa3IWYHBIX ITapaMeTpax HEepoB-
HOCTEH JKeJIe3HOJOPOKHOTO IIyTH; 2) UCCIIECNOBAHUE HECYIIEeH CIOCOOHOCTH METalIMIeCKOi ropupoBaHHON KOH-
crpykuuu (MI'K) mo mokasatennto pa3BUTHS IIIACTHYESCKOTO IMAPHUPA B BEPIIMHE METAIUTHUCCKON TPYOBI BCICACT-
BHE TOJYYCHHsI HEOOpATUMBIX OCTaTOUHBIX JAedopmanuii BEpTHKAIBHOTO U TOPU30HTAJIHLHOTO JTUAMETPOB TPYOBL
Metoauka. Pacuet 3KBUBaJICHTHBIX CHJI IIPOBENIEH [0 METOAMKE pacdeTa XKeJe3HOJOPOKHOTO MyTH Ha MPOYHOCTH
U ycTOH4nBOCTh. Jlanee ObLT pa3paboTaH MaTeMaTHYECKUI alropuT™ B mporpammHoii cpeae Mathcad 14, ¢ momo-
IIBI0 KOTOPOTO MPOBOIMINCH pacueThl 00pa30BaHMA IUIACTHYECKOTO MIApHHPA B BEpPIIMHE TPYOBI IPU Pa3IIMIHBIX
BEIMYMHAX HEPOBHOCTHU KEJIE3HOJOPOXKHOM IYTH U CTENEHH YIUIOTHEHUS I'PYHTOBOH 3achinku. Ilpu maHHBIX uc-
CIIEZIOBAaHMAX PacydeThl MPOBOIWINCH NIPU MPOSKTHOM 3HAYCHHUH CTEIICHN YIUIOTHEHHS TPYHTOBOM 3aCBHITKU U BEIH-
YMHBI JUHAMUYECKOI Harpy3Kd OT MOABMXKHOI'O COCTaBa KeJe3HbIX Jopor. Pe3yabTaThl. AHAIN3 MHOTOBApUAHT-
HBIX PAacYeTOB MPOBEPKHU yCIOBUS BOZHUKHOBEHUS ITUIACTHYECKOTO IMIAPHHUPA B BEPIINHE CBOAA TPYOBI OKA3all, 4To
3apoXIeHHE IUIACTHMYECKOro IIapHUpa, KoTopoe uMeeT Mecto B cBoge MI'K, mposiBisieTcss TOJBKO MPU YCIOBUU
OJTHOBPEMEHHOTO, HEOIATONMPHUITHOTO BIUSHUS OBYX (akropoB (MpuuuH). ITO (AKTOPHI: MOMYIICHHE PA3BHTHS
HEPOBHOCTH IIyTH 3a HPEJIEIIbl JIOMYCTUMbIX 3HaUeHHH Oe3 BBHIMOJHEHHUsI MEPONPHUATHI 10 €€ YCTPaHEHHUIO WIIH Or-
PaHMYEHHNIO CKOPOCTH JBMKEHHUS TTOE310B (IIepBast IPUINHA); CHIKEHHE CTETICHH YIIOTHEHHUSI TPYHTOBOM 3aChITKA
umwke 90 % (Bropas mpuuunna). [Ipu OTCYTCTBUM OAHON M3 MPHYKMH 3aPOXKICHHS MIACTHYSCKOTO LIAPHUPA HE MPO-
n3oiiner. Hayunasi HoBu3Ha. BriepBrie miccieroBana Hecymas CiocOOHOCTh METANTHIEeCKON ropprupoBaHHON KOH-
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CTpyKIMH Gombiioro auamerpa (6onee 6 M) ¢ yueToM KOMILIeKca (haKTOPOB: CTEMEHH YIUIOTHEHHUsI TPYHTOBOM 3a-
CBITNIKY, BEIMYUHBI JUHAMUYECKOW HArpy3KH OT IOJABI)KHOTO COCTaBa JKEJIE3HBIX JOPOT IO KPUTEPUIO Pa3BUTHUS
IUIACTHYECKOro LIapHUpa B MeTaJuIe TPYObl IPU BOZHUKHOBEHUH OCTATOYHBIX Ae(opMaIuii BEpTUKAILHOTO U TOPH-
3oHTanbHOro nuamerpoB MI'K. TlpakTtuuyeckas 3HaunMocCTh. [lonydeHHbIe aBTOpaMu pe3ybTaThl HECYIIEH CIO-
COOHOCTH METAJUTHYECKUX TOMPHPOBAHHBIX KOHCTPYKIMII (THIA TOPH3OHTAIBHBIA JUIMIIC MOMEPEIHOTO CEUCHHS)
MOTYT OBITh HCIIOJIb30BaHBI MH)KEHEPaMH MOCTOHMCHBITATENbHBIX CTAaHIMHA YKP3aJM3HBIIHM, YKpaBTOIOpa M Ipo-
eKTHBIMM  OpTaHM3aLMSAMH, KOTOpbIE 3aHHMAIOTCS MPOEKTUPOBAHHEM METAJUIMYECKUX TO(QPHUPOBAHHBIX
KOHCTPYKIUH THaMeTpoM OoIbIe 6 M.

Kniouesvie cnosa: merajuimueckue ro(pUpoBaHHbIE KOHCTPYKLMH; 3KBHBAJICHTHBIC CHIIBI, IUIACTHYECKHUM
HIAPHUD; HATIPSOKEHUS
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STUDY OF CARRYING CAPACITY OF A CORRUGATED
METAL CONSTRUCTION BY CRITERION
OF YIELD HINGE DEVELOPMENT

Purpose. This research is aimed to: 1) calculation of equivalent forces caused by rolling stock in winter and
summer seasons at different parameters of the irregularities of railway track; 2) research of bearing capacity of cor-
rugated metal constructions (CMC) in terms of development of plastic hinge in the top of the metal pipe due to irre-
versible residual deformation of the vertical and horizontal diameters of the pipe. Methodology. The calculation of
equivalent forces is carried out according to the method of calculating the railway track on strength and stability.
Further a mathematical algorithm was developed in the software environment of Mathcad 14, with which the calcu-
lations were made about the formation of a plastic hinge at the top of the pipe for different values of the irregulari-
ties of the railway track and the degree of compaction of soil backfill. In these studies, the calculations were carried
out at the design value of the compaction degree of soil backfill and magnitude of dynamic loading on railway roll-
ing stock. Findings. Analysis of multivariate calculations of testing the condition of occurrence of plastic hinge at
the top of the pipe arch has revealed that the first plastic hinge, which occurs in the set of CMC is revealed only
when there is a simultaneous unfavorable influence of two factors (causes). These are the factors: the assumption of
the development of the track irregularities out of the allowable values without the implementation of measures to
eliminate or limit the speed of trains (the first cause); reduction of compaction of soil backfill below the 90 % (the
second cause). In case of absence of one of the causes the origin of the plastic hinge will not happen. Originality. It
was the first time, when the bearing capacity of corrugated metal construction with large diameter (more than 6 m)
with account of factors complex: the degree of compaction of soil backfill, the magnitude of the dynamic loads from
rolling stock by the criterion of plastic hinge development in the metal pipe when the occurrence of residual defor-
mations of the vertical and horizontal diameters of the CMC was investigated. Practical value. The obtained results
of the bearing capacity of corrugated metal constructions (like horizontal ellipse of cross-section) can be used by
engineers of Bridge building stations of Ukrzaliznytsia, Ukravtodor and design organizations, which are engaged in
the design of corrugated metal constructions with a diameter of more than 6 m.

Keywords: corrugated metal construction; equivalent forces; plastic hinge; tension
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HYDRAULIC CONCRETE COMPOSITION AND PROPERTIES
CONTROL SYSTEM

Purpose. Scientific work aims at the development and testing of information system to meet the challenges of
concrete composition design and control (for railway structures and buildings) based on the physico-analytical
method algorithm for hydraulic concrete composition calculation. Methodology. The proposed algorithm of hydrau-
lic concrete composition calculation is based on the physicochemical mechanics and in particular on the rheology of
elastic—viscous—plastic bodies. The system of canonical equations consists of the equations for concrete strength,
absolute volume, concrete mix consistency as well as the equation for optimal concrete saturation with aggregates
while minimizing cement content. The joint solution of these four equations related to composition allows determin-
ing for the materials the concrete composition of required strength, concrete workability with minimum cement con-
tent. The procedure for calculation of hydraulic concrete composition according to the physico-analytical method
consists of two parts: 1) physical, which is laboratory testing of concrete mix components in different concrete com-
positions; 2) analytical, which represents the calculation algorithm for concrete compositions equivalent in concrete
strength and workability that comply with the specific conditions of concrete placing. Findings. To solve the prob-
lem of designing the concrete composition with the desired properties for railway structures and buildings it was
proposed to use the information technology in the form of a developed computer program whose algorithm includes
the physico-analytical method for hydraulic concrete composition determination. Originality. The developed con-
crete composition design method takes into account the basic properties of raw materials, concrete mix and concrete,
which are pre-determined. The distinctive feature of physico-analytical method is obtaining of a set of equivalent
compositions with a certain concrete mix consistency and required concrete strength, which allows to optimize the
concrete composition by any optimality criterion, depending on the operation conditions. Practical value. Using the
developed method will expand its functionality when applied in the form of the composition calculation computer
program for the construction and repair of surface and underwater structures. The use of physico-analytical method
at production site will simultaneously solve the economic problems of construction and maintenance cost reduction,
component saving and ensure obtaining the concrete with the set properties for specific operation conditions of
transport engineering structures.

Keywords: concrete composition; physico-analytical method; hydraulic concrete

transport structures face new higher requirements
Introduction connected with increased train speed, district
electrification, introduction of new permanent way
designs, new technologies of structure and building
erection, the need to save energy and material
resources in structure fabrication.

The modern manufacturing process of concrete,
concrete products and structures is characterized
by expanded application field and therefore varies
due to different requirements for concrete mix and

Over recent years there is the tendency to
modernize the transport system of Ukraine, in
particular the railway network, and therefore
consumption and operational requirements for
transport infrastructure have increased, resulting in
extending use of modern high-quality construction
and repair materials, the most popular of which is
concrete. The concrete constructions of artificial
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concrete. The operational feature of transport
facilities is constant or periodic contact with
aqueous environment. Therefore these facilities
require the special concrete type — hydraulic
concrete, characterized by a set of properties to
ensure concrete stability in specific conditions.

Concrete for hydraulic and transport facilities
should provide reliable, durable and safe operation
of buildings and structures in aquatic environment,
and therefore should be characterized by complex
of technological and operational properties such as
workability, viability, connectivity, density,
strength, water resistance, frost resistance,
waterproofing, mechanical crack resistance, low
cement heat liberation (only for massive
structures), corrosion resistance, etc. These
requirements are achieved by the correct concrete
composition analysis.

Making concrete, whose properties comply
with the project requirements, is a complex
multistage process, each stage of which forms the
final quality. The most important step that forms
the design properties of concrete and allows
adjustments for changes in the properties aimed to
obtain a quality product is the concrete
composition design — an important technological
task accounting for the success of all the following
stages. Today the information management
systems are successfully used to solve this task.
However, the existing systems do not take into
account a set of specific requirements for concrete
of hydraulic and transport structures and buildings;
hence development of such a system is an actual
scientific problem.

Purpose

The purpose is the development and testing of
information system to meet the challenges of
concrete composition design and management for
engineering transport structures based on the
physico-analytical method algorithm for hydraulic
concrete composition calculation.

Previous studies analysis

Determination of the rational material content
in the concrete mix to achieve the project
properties, as a crucial stage of hydraulic concrete
technology, has been constantly within the field of
leading specialists’ interest. Full attention is given

to the problem of concrete composition design in
scientific, industrial and educational publications
[1...15] at the domestic and foreign conferences
and seminars. On the one hand, it confirms the rel-
evance of the problem, on the other hand, the exis-
tence of a number of outstanding issues in the con-
crete design methodology, as well as expanded
application of concrete for special construction.

However, the complexity of multi-component
concrete structure led to empirical nature of the
known methods of concrete proportioning.

Today there is a significant amount of methods
for concrete component calculation, but they are
distinguished by numerous factors and amendments,
herewith only one concrete composition is obtained
that meets the specified requirements [2, 5, 6, 11].
The main drawback of these methods is their
isolation from the basic sciences, and therefore
unilateral account of the raw material properties.
Instead, the proposed method considers the concrete
composition determination based on physically
reasonable theory of the composition of concrete mix
and concrete, developed by prof. Punahin V. M. and
for hydraulic concrete by prof. Pshinko O. M. [10].

To reduce the cement content and thus heat
liberation and cubic deformation while maintaining
the required concrete consistency and density there
are used chemical and mineral supplements that
allow to increase remarkably the composition
effectiveness, to achieve significant changes of
certain properties and so on.

The properties of the concrete mix and con-
crete, particularly workability, non-segregation,
fluidity, strength, frost resistance, thermal crack
resistance, non-pressure water penetration depend
on the structural characteristics of each level of the
structure, i.e. the quality of primary components
and their physical and mechanical characteristics,
coarse aggregate spreading factor in cement-sand
mortar, fine aggregate spreading factor in cement
paste (gravel), water-cement ratio, crystalline and
gel hydration products ratio.

The physico-analytical method for hydraulic
concrete composition calculation [10] developed in
Dnipropetrovsk National University of Railway
Transport named after acad. V. Lazaryan is based
on physical testing of concrete mix components in
various concrete compositions and analytical
calculation of compositions equivalent by concrete
strength and workability, which meet the specific
conditions of concrete placing.
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A large number of input parameters in the
design of concrete (characteristics of components,
characteristics of concrete mix and concrete at
project stage, special properties such as frost
resistance, water resistance, sulfate-, acid-
resistance, etc.), the complexity of calculation
methodology and the importance of immediate
optimal results generate a need for the use of
modern information technologies for solving the
concrete design tasks, including those for hydraulic
concrete.

The feasibility and relevance of the proposed
approach is proved by the existence of software,
both domestic [1, 4, 6, 8, 9, 7] and foreign [13-16]
one, to solve such tasks, its active development and
improvement, and the authors’ positive experience
in the development of such projects.

Methodology

The vast majority of requirements for concrete
and methods of its composition design are based
on the structure operation conditions. When
designing concrete and reinforced concrete
engineering structures it is necessary to meet the
requirements relating to the their operation
specificity: in the conditions of high humidity,
corrosive environment, with variable temperature
characteristics and so on. In this case, the basic
requirements for concrete are its compressive
strength, frost resistance, water resistance, crack
resistance, electrocorrosion resistance.

To preserve the integrity of this system, despite
the significant amount of the concrete components
and the dependence of its properties on multiple
input parameters, it is useful, when developing the
theory of the concrete mix, to apply a systematic
approach. It allows compiling and using of the
available fundamental knowledge about the elastic-
viscous-plastic bodies.

The developed theory is based on the
physicochemical mechanics and in particular on
the rheology of elastic-viscous-plastic bodies.
Herewith it was able to apply a systematic
approach in deriving composition equations. Fur-
thermore the used fundamentals of basic sciences
made it possible to obtain practically important,
and most significantly, very simple correlations,
which are easily used as for determination of
concrete compositions equivalent by set properties,

and for solving the tasks of hydraulic concrete
technology.

Based on the systematic approach the properties
and the relationship of input elements of concrete
are described. This allowed in the development
process to obtain analytical correlations that express
the technological properties of the concrete mix,
namely its consistency as the function of
composition and main component properties. The
obtained correlations, expressing the general laws of
the system structure, manifested themselves in all
range of real components of hydraulic concrete.

It is particularly important to effectively use the
developed method of concrete composition design
in the integrated production management system
programs for concrete works in the process of
construction and repair of various transport
engineering structures.

The system of canonical composition equations
consists of the equations for concrete strength,
absolute volume, concrete mix consistency as well
as the equation for optimal concrete saturation with
aggregates while minimizing cement content.
Canonical equations, forming a complete system, at
the same time reflect the current state of
physicochemical mechanics of concrete, which
allows to use them for description of the basic
material properties.

The joint solution of these four equations related
to composition allows determining for the materials
the concrete composition of required strength,
concrete workability with minimum cement content.

In practical terms it is appropriate to obtain not
just one composition, but a set of equivalent
compositions that for these primary materials
comply with two conditions: the necessary concrete
strength and the desired concrete consistency. To
achieve this it is necessary to set the values of sand
and cement ratio and conduct the calculation of
compositions with the desired consistency and
strength. The resulting compositions will include the
optimal formula for cement content.

Herewith the obtained compositions, with the
given project properties, are characterized by
different ratios of wvarious components and
technological properties, such as non-segregation,
crack resistance, etc.

This fact opens the possibility of optimizing the
concrete composition by the complex of
requirements that are most widely used in the
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technology practice for construction and repair of
local damage on the engineering structures.

Based on the above, the procedure for the
concrete composition design according to the
physico-analytical method consists of two parts:

a) physical, which is laboratory testing of
concrete mix components in different concrete
compositions;

b) analytical, which represents the calculation
algorithm for concrete compositions equivalent in
concrete strength and workability that comply with
the specific conditions of concrete placing.

PC-based concrete design allows to fully
automated the definition of tables determining the
equivalent components of concrete on the basis of
experimental data related to material, concrete mix
and concrete testing. The use of PC in the concrete
design process is especially effective as it gives the
opportunity not only to find the right composition
with a minimum content of binding substance but
also to obtain the adjacent equivalent
compositions, setting different sand-cement ratios.
This makes it possible to optimize the composition
by any optimality criterion.

The definition aalgorithm for the table of
equivalent components is developed based on
solving four concrete equations, including the
correlation (1).

*
0 m
fO -M-(1+YO .fJ),(l_FYO ,%&) _
oo 0 0

_9
@ (p®® +®0) (1)

This allows following the determination of the
main concrete composition with binder content
Coin setting a certain deviation from the value

Xopt, t0 build the entire table of components.

Block diagram of determining the equivalent
components of concrete strength and concrete
workability for machine-oriented concrete design
method is shown in Fig. 1.

Concrete properties management can be
realized by optimal combination of concrete
composition with adding of optimum amount of
superplasticizers, curing accelerators, micro-
disperse network modifiers that previously had
limited use for the concrete of transport structures

and facilities. The optimal amount and type of
these additives can provide in due time the optimal
balance between crystalhydrate and gel hydration
products, the minimum capillary porosity, that is to

improve operational performance and
technological properties of concrete — for concrete
mix [7].

The  developed  concrete  composition

determination method is added with the possibility
of additive action control of superplasticizer and
mikrofiller and is taken as a basis of computer pro-
gram algorithm.

Tritia! clevter inpruay

¥
Drefernination of companent
chargcteristics

There are

conchele pix hest data

Deserminarion al vheslogical

chargcleristics of components

l

» Determinarion of optimal
concrele composilion

.

Dieterminarion of equivalens
CORCIENE COMPas HIOnS

Calculating the concrete strength coefficients «, S

Approximate calculation of qualimeters a, b, ¢

Printing of concrete
composition fabie

Fig. 1 Block diagram of determining
the equivalent components of concrete

The developed for the software methodology of
concrete composition and properties information
management system has the following advantages:

—  Adjustability for Windows operating sys-
tem (XP or later versions);

— Availability of advanced graphical user in-
terface (client side);

— Possibility of formation of accounting re-
cords in the form of text editors with the possibility
of further editing;

—  Providing affordable compact software.

Available services and functionality of the
developed information system fully comply with
the requirements of operational management of
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hydraulic concrete composition and properties
when used in the process of repair and construction
of transport infrastructure facilities.

Fig. 2 shows a common interface of the
developed software to calculate the hydraulic
concrete composition table.

The computer program is adapted to implement
the intellectual decision support system that allows
in interactive and convenient form to solve the
problem of hydraulic concrete composition design
with desired properties, taking into account the
characteristics of the concrete mix components.

Fig. 2 Interface of developed software

Application of concrete
compositions for con-
struction and repair of
transport engineering
structures

Ha3znauenue cocraBos Oe-
TOHA JUTSI CTPOUTENIBCTBA U
PEMOHTA TPAHCIIOPTHBIX
HCKYCCTBEHHBIX COOPYIKE-
HUH

[puaHenpoBcKas xKemnes- Near-Dnipro Railway

Has jopora Railway Track Mainte-
Cityx06a IyTeBOro X03sii- nance

CTBa Engineering Structures
OTzHen HCKyCCTBEHHBIX Department

COOpYKEHUU

Dnipropetrovsk Na-
tional University of

JHenponeTpoBckuii Ha-
LIMOHAIBHBIA YHUBEPCUTET

KEIIE3HOJOPOKHOTO Railway Transport
TpaHcnopra uM. B. Jlaza- named after

psAHa V. Lazaryan
I'maBHas ctpanuia Home page

Concrete component
characteristics

XapaKTepUCTUKHU KOMIIO-

HEHTOB OeToHa
Beruncnenue kBanumerpoB  Qualimeter calculation

JaHHble ucnbITaHUMN A5
YTOUHEHUS KBAJIMUMETPOB

Test data for qualime-
ter refinement

Concrete strength fac-
tor calculation

Brrancnenue koa¢pum-
€HTOB MPOYHOCTH OETOHA

Design parameters of
concrete

[IpoexTHbBIE XapaKTepH-
CTHKH OeTOHa

Tab6uuma cocraBoB 6etona  Concrete composition

table

Hopmarueasie qokymentst  Normative documents

The program algorithm for concrete mix
includes such properties as workability (a user sets
cone slump or hardness), for concrete — strength in
project stage, concrete component qualimeters a, b,
¢, concrete strength characteristics — coefficients A
and B, as well as takes into account the types of the
structure, in which the concrete will be used and
the conditions of its operation.

The calculation results are submitted in a report
that can be saved in several formats (*.pdf, *.doc,
*.xlIs) or printed on the printer (Fig. 3).

PacueT cocTaBoB GETOHHOW CMEcKH [iNA CTpoMTEensCcTea 1 [
pPeMoHTa TPaHCTIOPTHBIX MCKYCCTBEHHBIX COOPYXEHWH

Fig. 3. Example of the table of equivalent
components in hydraulic concrete

Calculation of concrete
composition for con-
struction and repair of
transport engineering
structures

Pacuer cocraBoB OeToOH-
HOU CMeCH JIJIsl CTPOU-
TENBCTBA U PEMOHTA
TPAHCIOPTHBIX HCKYCCT-

BEHHBIX COOPYKEHHI
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I'maBHas ctpanuia Home page

Concrete component
characteristics
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JlaHHBIC NCTIBITAHUH JIJIS
YTOYHEHWUS KBAIUMETPOB

Brruncrienne koaddurm-
€HTOB MPOYHOCTH OETOHA

IIpoexTHbIEe XapaKTepu-
CTUKH OeToHa

Tabimuia coctaBoB 6eToHA

Test data for qualimeter
refinement

Concrete strength factor
calculation

Design parameters of con-
crete

Concrete composition

table

Hopmarusheie nokymen-  Normative documents

ThbI

Mna MPa 1, Kr/m® C, kglcm3
OK, cm CS, cm B, kr/v® W, kglcm3
K, I, kriv® S, kglcm3
Vp, 1 7 1], kr/m® G, kg/cm3
Dyan Dy«

Findings

To solve the problem of designing the
hydraulic concrete composition with the desired
properties for railway structures and buildings it
was proposed to use the information technology in
the form of a developed computer program whose
algorithm includes the physico-analytical method
for hydraulic concrete composition determination.

Originality and practical value

The developed concrete composition design
method takes into account the basic properties of
raw materials, concrete mix and concrete. Its
distinctive feature is obtaining of a set of
equivalent compositions with a certain concrete
mix consistency and required concrete strength.
The composition calculations can be conveniently
carried out using PC.

Conclusions

1. It is established that while developing the
methods for determining the concrete components
amount for construction and repair of transport
facilities it is necessary to use an integrated
approach: to take into account the quality and
quantity of the concrete components with the set
technological and operational characteristics of
concrete mix and concrete in specific operation
conditions of hydraulic and transport facilities.

2. The physico-analytical ~method for
determining the concrete components amount for
construction and repair of transport engineering
structures was developed and presented. It
provides preliminary laboratory tests of materials,
concrete mix and concrete (physical part) and the
calculation of concrete compositions, equivalent by
strength and consistency of concrete mix (analyti-
cal part).

3. The integrated management system for
hydraulic concrete composition and properties was
developed; it is presented as the concrete
component calculation software, implemented
through information technology on PC.

4. Application of the developed integrated
system at the production site will fully automate
the definition of tables determining the equivalent
components of concrete on the basis of
experimental data related to material, concrete mix
and concrete testing.

5. Implementation of  physico-analytical
method at production site will simultaneously
solve the economic problems of construction and
maintenance cost reduction, component saving and
ensure obtaining the concrete with the set
properties for specific operation conditions of
transport engineering structures.
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CUCTEMA YIIPABJIIHHSA CKJIIA/IOM TA BJACTUBOCTSAMHA
I'TIPOTEXHIYHOI'O BETOHY

Mera. HaykoBa pobora mae 3a MeTy po3poOKy i ampobariito iHhpopMarIiifHOi cucTeMH AJIsl pO3B’si3aHHs 3a/1a4
NPOEKTYBAaHHS Ta YIPABIIHHSA CKJIAJ0M OeTOHY (IUIsi KOHCTPYKILH i CHOpPY. 3aTi3HMIG) Ha OCHOBI aqropuTMmy
(i3UKO-aHANITHYHOIO METOJNy pO3paxyHKy CKJIaay TiIpoTexHiuHoro OeroHy. Meroanka. 3anporoHOBaHHUN
ITOPUTM PO3PAXYHKY CKJIaIy TiIPOTEXHIYHOTO OCTOHY 0a3yeThCs Ha MOJOKCHHSAX (DI3MKO-XIMIYHOT MEXaHIKH Ta,
30KpeMa, PEOJIOTIi MPYKHO-B'SI3KO-TUTACTHYHUX Tijl. CHcTeMa KAaHOHIYHUX PIBHSHb CKJIAAETHCS 3 PIBHSIHD MII[HOCTI
GeroHy, aOCONMOTHUX 00'€MIB CKJIaJJOBUX, KOHCHCTEHII OETOHHOI CyMillli Ta PiBHSHHS ONTHMAJILHOTO HACHYECHHS
OeToHy 3aroOBHIOBaYaMM IIPH MiHIMaJibHIA BUTpari neMeHTy. CyMicHe BHpILICHHS YOTHPHOX HepepaxoBaHUX
PIBHSHBb CKJIQAy JO3BOJISE BHU3HAYHMTH I JaHWX MarepialiB CKiIaj OCTOHY 3aJaHoi MIIHOCTi, HEOOXiTHOT
JETKOYKIIAAAaTbHOCTI OCTOHHOI CyMIlN 3 MiHIMAJIGHOK BHUTPATOI0 IEMEHTY. [lopsamok po3paxyHKy CKIIAIy
rimporexHiunoro GerToHy 3a (i3HKO-aHATITHYHAM METOJOM MOIUISEThCS Ha nBi wactuau: 1) ¢isuuny, Mo
mpeacraBisie mabopaTOpHE BHIIPOOYBAaHHA KOMIIOHEHTIB OCTOHHOI cywimi B pi3HHX CKIagax OCTOHIB;
2) aHANTHU4YHY, SIKA NPEACTABNIAE aITrOPUTM PO3PAXYHKY CKIIAJiB OETOHY, EKBIBAJEHTHHX 3a MIIHICTIO OETOH
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1 JIErKOYKJIaJaJbHICTIO OETOHHOI CyMillli, IO BiANOBIZa€ KOHKPETHHM yMoBaM OeroHyBaHHs. Pesyabratn. s
PO3B’si3aHHs 3a/adui MPOEKTYBaHHS CKJany OETOHY i3 3a/JlaHMMHU BIACTHBOCTSMH Ul KOHCTPYKLIH Ta CHoOpyn
3aJIi3HMIb 3alPONIOHOBAHO BUKOPHUCTAaHHS 1H(OpPMALIHUX TEXHOJIOTIH Yy BUIJISIII PO3pOOJIEHOT KOMIT FOTEPHOT
MPOTpaMH, B JITOPUTM POOOTH SIKOT MOKIaAEeHO (i3MKO-aHATITHYHUI METO/I BU3HAYEHHS CKJI/Iy TiJPOTEXHIYHOTO
6erony. HaykoBa HoBH3HA. Po3p0o0JeHMI METOA NMPOEKTYBaHHS CKJIaiiB OETOHY BPaxOBY€ OCHOBHI BJIACTHBOCTI
BUXIJIHUX MarepialliB, OETOHHOI cyMiln Ta OeTOHY, SKi IONEepeIHbO BH3HAUYAIOTHCS. BiaMiTHOIO pHcoro ¢izuko-
aHAIIITAYHOTO METOAY € Ofep KaHHSI HAOOpY €KBIBAJICHTHUX CKJIAJIB i3 33/1aHOI0 KOHCHCTEHIIIE€I0 OCTOHHOI CyMili
Ta MOTPiOHOO MIMHICTIO OETOHY, IO TO3BOJISIE ONTHMI3yBaTH CKJIAIN OCTOHY 3a JIIOOUM KPHUTEPIEM ONTUMAIBHOCTI
B 3aJISKHOCTI BiJ yMOB ekciutyararii. I[IpakTuyHa 3HaunmicTh. BukopucranHas po3po0iIeHOro METOAy J03BOJIHUTH
PO3IIMPUTH  HOT0 (YHKIIOHATBHI MOXUJIMBOCTI THpPH 3aCTOCYBaHHI y BHIJIAAI KOMITIOTEPHOI MNpOrpaMu Juist
NPU3HAYCHHS CKJIQJIIB JUISl 3BEJCHHS Ta PEMOHTY HAJBOJHUX 1 MIIBOAHUX CHOpPYZA. 3acrocyBaHHsS (i3UKO-
AHAJIITAYHOTO METOMy Ha BHUPOOHUIITBI J03BOJUTH OJHOYACHO BHUPIIIMTA CKOHOMIYHI MHTAaHHS 3MCHIICHHS
co0iBapTOCTi OYIIBHHMIITBA Ta PEMOHTY, €KOHOMIIO CKJIaJOBHX OCTOHY Ta 3a0e3MeYMTH OTPUMaHHS OCTOHY i3
3aJJaHUMH BJIACTUBOCTSIMH JIJIS CIIEUU(IYHUX YMOB EKCILTyaTalil TPaHCIIOPTHUX IITYYHUX CIIOPY,.
Kmiouosi crosa: cknan 6eTony; (i3UKO-aHATITHYHUN METOT; TIAPOTEXHIYHUIA OCTOH
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CHUCTEMA YIPABJIEHHASI COCTABOM U CBOMCTBAMM
I'MAPOTEXHUYECKOI'O BETOHA

Hens. Hayunas paGoTta cBoeil menpio mMMeeT pa3paboTKy W ampoOarnuro WH(GOPMAIMOHHOW CHUCTEMBI IS
pCIIeHHS 3a/1a4d POCKTUPOBAHKS W YIIPABICHHUS COCTABOM OeTOHA (sl KOHCTPYKLUHMH M COOPY)KCHHH JKEIEe3HBIX
JOpOr) Ha OCHOBE airoput™a (H3HKO-aHAIMTHIECKOTO METOAA pacyeTa COCTaBa THAPOTEXHUYECKOro OEToHa.
MeToauka. [Ipe/uiokeHHBIN aJrOPUTM pacdeTa COCTaBa TMAPOTEXHUIECKOr0 OeToHa 06a3nupyercsl Ha MOJOKEHHUIX
(PU3UKO-XUMUYECKOH MEXaHHKH M, B YaCTHOCTH, PEOJOTHH YIPYro-BA3Ko-macTudeckux Ten. Cucrema
KaHOHMYECKUX YPaBHEHHH COCTaBa COCTOMT M3 YypaBHEHMH IPOYHOCTH OeToHa, aOCOJIOTHBIX O0BEMOB
COCTAaBJISIFOLIMX, KOHCUCTEHIIMN OETOHHON CMECH M YPaBHEHHS ONTHMAJILHOTO HACBIIICHHs OETOHA 3aIllOJIHUTEISIMU
IpY MHHMMAalIbHOM pacxojie meMeHTa. COBMECTHOE pEILICHHE YeThIpeX IIePEUUCIICHHBIX ypaBHEHHIH cocTaBa
MO3BOJISICT ONPEACIUTHh ISl JAaHHBIX MaTepualloB COCTaB OETOHA 33aJaHHON NPOYHOCTH W HEOOXOANMOM
y100O0yKIIaIbIBAEMOCTH OETOHHOH CMeCH ¢ MUHHMAQJIBHBIM pPacxoJoM IHeMeHTa. [lopsjok pacdera cocTasa
THAPOTEXHUYECKOr0 OeToHa Mo (DU3MKO-aHAIUTHYECKOMY METOIY pa3AeiisieTcsi Ha JABe 4YacTH: 1) (H3HYEcKylo,
MIPEACTABISIIONIYI0 J1a00paTOpHOE WCIIBITAHME KOMIIOHEHTOB OETOHHOM CMEcH B Pa3HBIX COCTaBax OETOHOB,
2) aHAJIUTHUYECKYIO, KOTOpas IPEACTaBIsSeT COOOW alrOpUTM pacdera COCTABOB OETOHA, SKBHBAJICHTHBIX II0
MPOYHOCTH OETOHAa U yNOOOYKIaJbIBAEMOCTH OETOHHOM CMECH, OTBEYAIOIIYyI0 KOHKPETHBIM YCIIOBHSIM
O6etonnpoBaHus. Pe3yabTaTel. s penieHus 3a1adyu IPOEKTUPOBAHMS COCTaBa OETOHA ¢ 3aJlaHHBIMU CBOWCTBAMHU
JUIsl KOHCTPYKIUI M COOPY>KCHMH JKENE3HBIX JOPOr MPEJIOKEHO HCIOJIb30BAHNE MH(OPMAIIMOHHBIX TEXHOJIOTHIH
B Buae pa3pabOTaHHOW KOMIIBIOTEPHOH IPOTpaMMbl, B ajrOPUTM pPabOThl KOTOPOH MOJIOXKEH (U3UKO-
AQHAJMTHYECKUH METO]| OIPE/ICIICHHsI COCTAaBOB TMApoTexHu4Yeckoro 6eroHa. Hayunass HoBu3Ha. PaspabGoraHHbIit
METO/]l IPOSKTHPOBAHHUSI COCTABOB OETOHA YUUTHIBAET OCHOBHBIE CBOMCTBA HCXO/IHBIX MaTepHalIOB, OETOHHOH cMecH
n OeTOHa, KOTOpBIE ONPENESIOTCS NpenBapUTeIbHO. OTINYNTEIHHOH OCOOCHHOCTBIO (DH3MKO-aHATUTHYECKOTO
MeToJla SABJSIETCS MOJIyYeHHe Habopa SKBUBAJICHTHBIX COCTABOB C 3aJaHHON KOHCHUCTEHIHMEH OeTOHHOI cMmech
U TIPOYHOCTHIO OETOHA, YTO MO3BOJIIET ONTUMHM3MPOBATH COCTAaBBI OETOHA IO JIOOBIM KPUTEPHSM ONTHMAajIbHOCTH
B 3aBHCHMOCTH OT yCIIOBHH sKkcityaranmu. [IpakTuyeckasi 3HaunMocTh. Mcrons3oBanne pa3paboTaHHOTO METOIa
TIO3BOJINT _PACIIMPHUTE €r0  (YHKIMOHAIBHBIE BO3MOXKHOCTH TIPH HCIIOJIB30BAHWM B BHJE KOMIIBIOTEPHOM
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— ocobucTuil nMcToK 3 06niky kaapis 3 GOTOKAPTKOIO, AKHI 3achil¥eHO BiAALIOM KAAPIB 38 Mi-
CLIEM OCHOBHOT poBoTH,
—  BHTAT 3 TPYA0BOT KHIKKH,
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