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JOCJIIKEHHS 3AJIMIIKOBOI'O PECYPCY JE®EKTHUX PEMOK
THUITY P50 I3 BUTTIPOBYBAHHAMMU HA HUKJITYHY BUTPUBAJIICTD

Meta. CtaTTs NpUCBAYCHA BUBYCHHIO Ta OLIHII 3QJIMIIKOBOTO PECypCy sl 1e(EeKTHUX HETCPMO3MILHCHHUX Pe-
Hok Tumy P50, mo ekcrutyaryroThcst Ha Komisx KHIBCAKOrO METPOIONITEHY 1 BHIYYarOThCs 3 CKCIUTyaTallii uepes
HasiBHICTPH JedexTiB Ty 11.1-2 Ha OOKOBii BUKPYKIII HOBEPXHI KOUSHHS TOJIBKH peiikn. MeTtommuka. Jlociimken-
HSl BUKOHAHI 3 3aCTOCYBAaHHSIM €KCIEPHUMEHTAIFHUX METO/IB: BUIPOOYBaHHS 3pa3KiB 1e(EeKTHUX PEeHOK Ha LUKJIIY-
HY BUTPUBAJIICTD Ha IyJbCalliifHill MamMHI Ta BUOPOOYBaHHS 3pa3KiB Je(QEKTHHX PEHOK Ha CTATHYHE I'DaHUYHE
HaBaHTaXCHHS HA TiIpaBIiYHOMY BepTHKaJIbHOMY mpeci. PesyabsTaTh. [IpoBeneHi eKcriepuMeHTH CBiTIaTh Mpo Te,
mo Ha 0a3i BUMpOOyBaHB y 2 MIIH. IUKJIIB BiIOYBA€THCS JUIIE HE3HAYHWH PO3BHUTOK (30LIBIIEHHS PO3MIipiB) Ha
0,5-0,7 MM HasiBHUX AedekTiB koay 11.2 y pe3ynbTaTi OCHIIaHHS YaCTOK BUKPHUIIICHOTO METaITy Ha OOKOBiH poOodiit
BUKPYXKII TOJIOBKH JIOCHIJHUX 3Pa3KiB peiioK. IHTEeHCHBHOrO, THM Oliblie KaTacTpo(iyHOro, po3BUTKY NedeKTiB
tuny 11.2, abo neperBopeHHs nmux nedekTiB y aedextu tumy 21.2 abo 30I'.2 He BimOyioCcs B )KOJHOMY BHIAJKY.
HaykoBa HoBHM3HA. Briepiie B Ykpaini TeOpeTHYHIMH pO3paxyHKaMH OOTPYHTOBAaHO BEIHKY BIpOTiAHICTH yTBO-
peHHs nedeKTiB KOHTaKTHO-BTOMHOT'O MOXO/KEHHS y BUIJISAI BUKPHIIIYBaHHS Ta BUILEPOJIOBAHHS METaly Ha I0-
BEPXHI KOYCHHS peiiku, O Kparo rojoBku. Ile BiOyBaeThcs y pe3ysibTaTi CTBOPEHHS BUCOKOTO CTYIEHIO HAIpPY-
JKEHOTO HEpiBHOBA)XKHOTO CTUCKY B LIl 30HI, 32 paxXyHOK BHCOKHX 3Ha4€Hb IOJOBHMX HOPMaJbHUX HAlpyXKeHb —
MIOSIBU BEJIMKUX JIOTUYHHX HAlpY)XEHb y TiJIi TOJIOBKHM Ha TMOMHI 2,5-3,5 MM, SKi IEepEeBUILYIOTh MEXY TEKy4OCTi
i BuTpuBasiocTi Metany. IIpoBeneHi CTEHIOBI eKCIIEPUMEHTAJIbHI BUIPOOYBAaHHS NOCHIAHUX 3pa3KiB Je(eKkTHHX
peiiok Ha 0araTOIMKIOBY BUTPHUBATICTE (Ha 0a3i No=2, /x] (0 uukiiB) i3 nepiofnIHUM Ie(PEeKTOCKOITHIM KOHTPOJIEM.
[pakTnyHa 3HaAYUMICTh. Y pe3yibTaTi eKCIEPUMEHTIB OTPUMAaHI HOBI JaHi PO CIPOMOXKHICTH OMOPY PeroK i3
nedeKTaMi BUKPHITYBAaHHS Ha MMOBEPXHI KOUEHHS TOJIBKU 3a KomoMm 11.1-2 noBrorpuBanuM MUKITIYHAM HaBaHTa-
KCHHSIM BEIIMYMHOIO PIBHOIO €KCIDTyaTalifHOMY KOJIICHOMY HaBaHTa)KCHHIO Ha 0a3i BUIIPOOYyBaHb y 2 MIIH IUKJIIB.
TobTo, nedekTHI peiikn MOXKYTh MaTH 3aJIHUIIKOBHIA pecypc He MeHIe 30 MITH. T. OpyTTO.

Kniouosi crosa: 3amizHugHA KOJis; peiika; neeKTH; OUKITiYHI HaBaHTa)KEHHS

Beryn

JirounMu TEXHIYHMMH YMOBaMH Ha EKCILUTyara-
if0 peHOK METPOIIONITEHIB PEeriIaMeHTOBAaHO HOP-
MaTHUBHHM CTPOK eKCIuTyartarlii peiok tumy P50
(HEeTepMO3MIITHEHUX) MO JIePEKTHOCTI B MeXKax

T =450 miuH T OpyTTO MPOIYIIICHOTO TOHHAXKY.

HOpM

OpHak, K TOKa3ye IOCBiI, NeeKTHI pelKu micis
BUSIBIICHHSI MOXKYTh JESKUI Yac eKCIUTyaTyBaTUCS B
Kouii 10 ix BuimydeHHS i 3amian. ToOTO, Taki perku
MaloTh TIEBHHUU 3QJIMIIKOBHH pecypc pobotu 6e3
3arpo3u Oesmeni pyxy moi3niB. BuBueHHs aiicHOTO
MPAKTHYHOTO 3aJIMIIKOBOTO PECypCy eKCIUTyara-
mifiHO1 poboTH meeKTHUX peloK CTAaHOBHUTH 3HAY-
HUHA TPAaKTUYHUK 1HTEpec 1 3MOXeE JaTH MOX-
JMBICTH 3aIPONIOHYBATH MiJABUIICHHS (DaKTUIHOTO
pecypcy poOOTH peiiok B KOJii.

Merta

Mertoro cTarTi € BUKJIad pe3yibTaTiB AOCHi-
JDKEHb EKCIEPUMEHTAIbHUMU METOJaMM 3aJIUIL-
KOBOTO pecypcy nedeKTHHX peliok Tumy P50
(HETEpMO3MIITHEHUX ), IO EKCILTYyaTyIOThCS Ha KO-
mistx KuiBChKOTO METPOTIONITEHY 1 BUITY4YaroThCs 13
eKcIuTyaTarii dYepe3 HasABHICTE He(EKTIB THITY
11.1-2 Ha OGOKOBili BHUKPYXIi TOBEPXHI KOUYCHHS
TOJIBKH PEUKH.

MeTtoaunka

Jlis BUpilIeHHS 3aBJaHHS 3 IIBUIICHHS CKC-
IUTyaTaliifHOro pecypcy perok HeoOXiJHO BHKO-
HYBaTH X JTOCTIDKEHHS MiJ Jac poOOTH B KOJil
M Toi3aaMu, a TaKoX MOCHIMKEHHS IX poOOTH
MiJ] HABAHTKCHHSIM MICIS HAKOIMUUCHHS JeeKT-
Hocti 3a kogoM 11.1-2, 1110 BUB4YaeThCcsa. BuBueHns
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MOBENIHKA Je(PEKTHUX PEHOK MiJ HaBaHTaKEHHSIM
IPUHHATO BUKOHYBAaTH METOAOM BHUIPOOYBaHb Ha
BUTPUBAIICTh Ha MYJbCAI[IHHAX MalIMHaX B yMO-
BaX HAaBaHTA)XEHHs, ONU3BKMX OO eKCILTyaTawiid-
HUAX B KOJii. SIKIIO mOCHimHI 3pa3ku nedeKTHuX
peiiok o0pe BUTPHUMYIOTh BHUIPOOYBaHHS Ha BU-
TPUBANICTh — € MiACTaBa POOUTH BHUCHOBOK IO
MOXJIMBICTh MiJBUIICHHS pecypcy IX poOoTH.
Kpim TOro, anst BUBYEHHS I'PaHUYHUX YMOB 3aCTO-
COBYIOTb METOJ] BHIIPOOYBaHb IOCIITHHUX 3pPa3KiB
Ha rpaHuyHe HaBaHTaxeHHs. Came Taki MeTOOH
eKCIEePUMEHTAIbHUX  JOCIHIIKEHb  3aCTOCOBaHI
B Iiif poOOTI JJI1 BUBYCHHS 3aJIUIIKOBOIO PECypCy
nedexkTHuX perok Tumy P50, mo excrmmyaTyroThes
Ha Koisix KHiBCEKOTO METPOTIOITEHY.

Puc. 1. ExcriepuMeHTabHi 3pa3ku peiok,
1110 OyJM IPUUHSTI AJIs1 BUIPOOYBaHb:
Ne 1-6

Fig. 1. Experimental sample rails

that were taken for testing:
No. 1-6

3araapbHOBIAOMO, MO MeMEeKTHI pPEeUKH TiCisI
BUSIBJIICHHSI MOXYTh JCIKHI 4ac, JI0 TUIAHOBOi 3a-
MiHH, €KCIUTyaTyBaTUCs B KOdii. 3aJie’KHO BiJ BHIY
nedeKTy Ta YMOB eKCIDTyaTallil Taki peiKu MaloTh
MEBHUM, YacTO JOBOJII 3HAYHWU, 3AJIUIIKOBHHA pe-
cypc poboru 6e3 3arpo3u Oesreri pyxy MOi3IiB.
B ymoBax HecTaui KOIITIB Ha HOBiI MaTepianu Bep-
XHBOT OYIIOBH KOJii 3aJUIIIKOBUN pecypc poOOTH
Ne(eKTHUX PEHOK CTAaHOBUThH 3HAYHWHN MPAKTHY-
HUH iHTEepec, TOMy HOT0 BUBYCHHIO i NPUCBSUCHE
1€ JOCHIKEHHS.

3rigHo 3 METOoIo Ii€i pOOOTH K OCHOBHY 3a]ia-
gy OyJI0 BU3HAUCHO 3aBIaHHS 3pOOHUTH OIIHKY 3a-
JIMIIKOBOTO pecypcy Al NeQeKTHUX peHoK THITY
P50 (HeTepMO3MIiITHEHHX ), M0 EKCILTyaTYIOTHCS Ha
Komisix KWiBCHKOTO METPOIONITEHY 1 BIIyYEHI
3 eKcIulyaramii 4epe3 HasBHICTh NE(PEKTiB THITY
11.1-2 Ha OOKOBiH BHKPYXKI MOBEPXHI KOUYEHHS
TOJIOBKH PEUKH.

Hedexktn came Takoro THITy, SK CBiTJdaTh pe-
3yJNbTaTl CTaTUCTUYHOTO aHaNli3y, € HaiOuIbII
NOUIMPEHUMH Ul PEHOK, M0 eKCIUTyaTyIOThCS
B KoJisx KHuiBChKOTO MeTpomoiTeHy. 3BiCHO, Me-
TOJIUKA OLIHKU 3aJIMIIKOBOTO PEeCypCy IMOILIKOKe-
HUX PEHOK Mae€ BpaxoBYBaTH SK YMOBH POOOTH
pelkn y KoJTii METPOTIOIITeHY, TaK i XapaKTep Ha-
SBHUX JIe(EeKTIB Ta IX MOMJIMBUU PO3BUTOK IIPH
MOJaNbINiN eKcIuTyaTamii peiku.

Jns excrieprMEHTanbHUX AOCHiIKEHb IOBIO-
BIYHOCTI PeHOK, B TOMY YHCII 1 3aJUIITIKOBOI JOB-
TOBIYHOCTI JAe(EeKTHHX PEHOK, y BITUHU3HSIHIN
NPaKTULl NPUHHATO BUKOPUCTOBYBAaTH BHIIPOOY-
BaHHS PEHOK Ha BUTPHBANICTh Ha IyJIbCAIlIHUX
MaIlliHAX, CTBOPIOIOYM MOTPiOHI YMOBH B3a€MOIi
KoJieca 1 pelKu, 10 MOXKJIMBOCTI HAMOLIbII OJIM3bKI
0 eKcruryaraiitaux. JlocimKkeHHs BUTPUBAJIOCTI
peiiok 3 nedekramm B mporeci BHUNPOOyBaHb Ha
MyJbCAiHHUX MalllHaX JO03BOJISIOTH BUKOHYBATH
JleTaJlbHE BUBYCHHS MEXaHI3MIB YTBOPEHHS 1 PO3-
BHTKY BKa3aHUX Je(EKTiB, i HA OCHOBI ITLOTO, 3a
pPaxyHOK KOHKPETHHX IPOTO3HUIii, HOCITTH pea-
JBHOTO TpOTpecy y MiABHINEHHI JOBrOBIYHOCTI
3QTI3HUYHUX PEHOK.

Jiist BUKOHAHHS JIOCITIJPKEHb 3aJTUIIKOBOTO pe-
cypcy AedeKkTHHX peHOK Ha BUTPUBAIICTH Ha Tif-
paBIIIYHOMY ITyJIbCATOPi OyJIM BUKOPUCTaHI 3pa3Ku
petiok Ty P50 (momxwmHOMO 1 200 MM), ki Oyiau
HaJIaHi CITy>KO00 KOJIii, TYHeNbHUX cropy i Oymi-
BeJb MeTponoiiTeny. Bei mocmimHi 3pasku Oynu
BHpI3aHi 3 Ne(EeKTHUX PEHOK, SKi B IUIAHOBOMY
NOpsIKY OyJy BHIyYeHi 3 TOJIOBHUX KOJIiif MeTpo-
MOJITEHY TpH JOCSATHEHHI pOo3MipiB aedekTy 3a
xozoMm 11.2, 110 BUMarajiy oOMEKEHHS IIBUIKOCTI
110 70 KM/TOJ1 — TOBXKMHA HEPIBHOCTI TOHAT 25 MM,
rmbuHa — 10 4 MM BKIIIOYHO (puc. 1).

ExkcriepuMenTanbHI BUTTPOOYBaHHS HA ITUKITIY-
HY BUTPHUBAJICTh IOCITIIHUX 3pa3KiB PEHOK BHKO-
HYBaJIHCh JUI1 YMOB TPUTOYKOBOT'O 3THHY (pHC. 2).
Ilpn mpOMY eKCHIEpUMEHT BHKOHYBAIM 3a JBOMa
PI3HMMHU CX€MaMU HaBaHTAKCHHS:
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1 cxema — peiika BUIpPOOOBYBaach y 3BU-
JaifHOMY ITOJIOKEHHI «TOJOBKOIO BBEPX», TIPH SAKIi
B TOJIOBI[I PEWKH MiJ HABAHTAXCHHSM 3’ SBJISUTUCH
CTHCKalO4i HamNpy>KeHHs, a y MiI0MIBI peKu — po-
3TATYIOUI HanpyXeHHs ( puc. 2, a);

2 cxema — peiika BHIIPOOOBYBaiach y Iepe-
BEPHYTOMY IOJIOKEHHI «TOJIOBKOIO BHHU3», IPH
SKiii B TOJIOBIII PEHKH CTBOPIOBAJIACH 30HA PO3TH-
TyIOUMX HamnpyXeHb, a y IIOMBI pelikn — 30HA
CTHCKalOUMX HanpykeHb (puc. 2, 6). Taka cxema
OLIbIN TpUAHATHA Ul TIEPEBIPKU BIUIMBY PO3TS-
TYIOUHMX Halpy>KeHb y BEPXHIX Iapax TOJIOBKH Ha
MpoIleC HAKOIMYECHHSI BTOMHHX TTOIIKOKEHb.

a—a 4
-
-
it
= q o)
F /T}/ i F ér
6—b P

2

,47'9-

Puc. 2. Cxema TpUTOYKOBOTO 3TUHY
3pa3ka pelKy Ipu BHNPOOYBaHHI
Ha IUKJI{YHY BUTPHUBAJICTh:

a — 3a cxemoro Nel (TOJIOBKOIO BBEPX);
6 — 3a cxeMoro Ne2 (TOJIOBKOO BHH3)

Fig. 2. Scheme of three-point bending sample
rails when tested on fatigue hardiness:
a — the scheme No. 1 (head up);
b — the scheme No. 2 (head down)

Jis HaBeIEeHHMX CXEM TEOPETHYHHM IIISTXOM
OyJI0 BCTAaHOBJICHO TaKi mapaMeTpH, HeOOXiaHI IS
MOCTAHOBKH ekcrnepuMenty. [lng cxemu Ne 1 (pu
HAaBaHTAKEHHI B 3BUYAWHOMY IIOJIOKEHHI PEHKH
TOJIOBKOIO BBEPX) MPHUIHATA BiJICTAHh MK OTOpa-
Mu — [ =1 000 MM, TIpH IIOMY BEJIMYMHA BEPTHKA-
JTHEHOT CHJIM MO’KE 3MIHIOBAaTUChH Y MEXKax BiJl cepe-
IHBOI AUHAMIYHOI 1O MaKCUMAJIbHOI JUHAMIYHOL

cum, T0610 P =Pr0 / Pl (P5r=82,31 kH;

mx —90,0 kH).

Oun

Jns cxemn HaBaHTaxeHHS Ne2 (TOJOBKOIO

BHHM3) TIpUHHATA BIACTaHHP MDK  OIOpPaMH
/=800 MM, BenMYMHA BEPTUKAJIBHOI CHIIH
P =3 000 kr.

[ukniyHe HaBaHTaXCHHS PEUKH pPeai3yeThCs
Ha CIeliadbHUX JOCHIJHUIBKIX YCTaHOBKaX —
MyJIbCAIMANX MamuHax (myiscaTopax). Excrme-
PUMEHTH BHUKOHYBAJIHUCh 3a THIIOBOK) METOJIUKOIO
BH/II3T mo BH3HAYCHHIO BTOMHOI ITUKIIYHOI TOB-
TOBIYHOCTI HOBHX pEWOK Ha 0a3i BUIpPOOYyBaHBb

2-10° 1mKiiB HaBaHTaKEHHS 3 KoeQilieHTOM

acumeTpii nukiny » =0,1 1 gactortoro 5 I'i. 3a wiero
METOJIMKOI) BU3HAYAIOTh MaKCHMalbHE HaBaHTa-
JKEHHS, 3a SKUM peiika y KOXKHIH 13 cepiit gocmia-
HUX 3pa3KiB BUTpUMY€E 0a30BY KUIBKICTh LUKIIB
HaBaHTaKEHHS 0e3 pyHHYBaHHS.

YcraHoBka i BUNPOOYBaHb  CKIIAJaliach
3 came mynbcatopa ZDM-10Pu i omopHoi muTH,
Ha SIKifl po3MillyBaBcs OCTITHUMA 3pa30K perKu 3i
CHelialbHUMH KpiTuteHHsIMU. J[711 BUKOHAHHS BU-
nmpoOyBaHb Ha ITyJbCAIliifHE HaBaHTAKCHHS, Bif-
MOBITHO /IO PO3pPOOJIEHOI METOIWKH, YCTaHOBKa
Oyna JOYyKOMILUICKTOBaHA CICLiabHUMH MIAPHIp-
HUMH OMOpaMHU i POJMKOM IS Tiepeaadi HaBaHTa-
JKEHHSl BiJl IyJbcaropa Ha peHKy. 3araibHUuii
BUTJISA]] BUIPOOYBAIBHOT YCTAHOBKH i3 BCTaHOBJIC-
HUM JIOCHIHUM 3pa3KoM peiKd HaBeJACHO Ha
puc. 3 a, 6.

3 4-0x mochmigHUX 3pa3KiB pPeHoK JBa 3pa3Ku
(Ne 1 Ta 4) HaBaHTaXyBanuch 3a cxemoro No 1
(muB. puc. 2, @) B Aiama3oHi 3MmiHM cwm P BiX
P =91 xH mo P. =20 xkH 3 wactororo 5 I'm,

max min
(dopMa MKy — CHHYyCOiJaJibHA. AMIUTITYJHA Be-
JMUYMHA CWJIM BIAIOBifanma po3paxoBaHill BHILE
MaKCHUMaJIbHIA JAWHAMIYHIA cwimi. 3ycHiuis Tpu-
KJIaJaJii 3a JOTIOMOTOI0 poNrKa AiaMeTpoM 90 MMm.
KoHTponb HampyxeHb 3IHCHIOBANN 32 JOMOMO-
ro1o (OJIBrOBUX TECH30PE3UCTOPIB, IO HAKICIOBA-
JIMCh HA TOJIOBKY PEHKH CHMETPUYHO BiHOCHO OCi
pomnuka Ha BincTasi 50 M.

Js peamizarii  3amtaHOBaHUX BHUIIPOOYBaHb
KOXKHOTO 3pa3ka perok 0a3010 BUIPOOYBaHb
y 2 MJIH IIMKIIB i 3 9actoToro 5 ' moTpibHO Oyno
Butpatut 111 ronun Ge3nepepBHOI POOOTH ITyIIb-
caropa. J{Jsi KOHTPOIO MOXIUBOTO PO3BUTKY Jie-
(heKTiB y mpoIleci MUKIIYHOTO HABAHTAXKECHHS OYIIH
nependayeHi IJIaHOBI 3yMHHKH MynbcaTopa. s
[FOTO BUKOPHCTOBYBAIIM 3acO0M YIbTPa3BYKOBOT
JarHOCTHKY. Takuil KOHTPOJb 3IHCHIOBABCA Tie-
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pioanuHo micns peamizamii 4-10°, 8-10°, 1,2-10°,
1,6-10° i 2-10° mwkiaiB HaBaHTaxeHHS. Takum

YUHOM MiHIMQJIBHHHA TEpPMiH BUIIPOOYBaHL JIHIIIE
JUTSE OJTHOTO JIOCTIJIHOTO 3pa3ka CKIIajaB Maiibke
1 micane.

a—da

Puc. 3. 3aranbHuii BUIIILA BUIIPOOYBAIbHOT
YCTaHOBKH 13 BCTAHOBJICHUM 3Pa3KOM PEHKH:
a —3a cxemoro Nel; 6 — 3a cxemoro Ne2

Fig. 3. General view of the test setup
with established rails model:
a — the scheme No. 1; b — the scheme No. 2

[Ticas mpoBefeHHS BUNPOOYBaHb 32 CXEMOKO
Ne 1 (puc. 2, a) st GUIBII TOYHOT OI[IHKYU 3aJTUIII-
KOBOTO pecypcy perok Oyiu BHUKOHaHI eKCIepu-
MEHTAJIbHI JTOCII/DKEHHS IIUKJIIYHOTO 3THHY PEeHOK
3 pearizali€io po3TATYIOUMX HANpPyKEeHb Y TOJOBII
peiiku 3a cxemoro Ne 2 (nmuB. puc. 2, 6). 3 1i€ro Me-
TOIO Ha 3rajjaHiii BUIpOoOyBabHIA YCTaHOBII Oyia
JOCIIPKEHa TIOBE/iHKa BOX 3pa3kiB peiku (Ne 3
14) 3 nepexramu tumny 11.1-2 B yMoBax mUKIIYHO-
r0 HaBaHTAXECHHA. AHAJOTIYHO JO TOMNEepPEeIHbOT
CXEMH BHKOHYBaBCS Je(EKTOCKOIIYHUI KOHTPOJIb
3pasKiB perKu.

Bigcrane MK MapHIpHUMH OINOpaMHU 3pa3Ka
peiiku /=800 MM 1 MakcUMaJlbHa BEJIIMYMHA CHIIH
F=31xH BuOupammce TakuM YMHOM, 100 Ha TI0-
BEPXHI TOJIOBKM DPEUKM MisUIM HANpYKEHHS, IO
BiJINIOBIIaI0Th EKCIUTyaTallitHUM (TOOTO y HAIoMmy
BHIAJKY O, . =0, -20%=102-0,2=20,4 MIla)
a00 TpOXHU NEePEeBHUIIYIOThH iX. BenuunHa nposiboTy
Oanku [/ BHOpaHa TPOXHW OIIBINOI0, HIXK MIKIIITIA-
JbHA BIJICTaHb 13 YMOB 3a0e3MeueHHs] po3paxyHKoO-
BUX PO3TATYIOUHX HAIIPYKEHb.

ExkcriepumenTn Oynu 3aBepleHi Micls BHKO-
HaHHS ITOBHOTO ITUKITy BUTIPOOYBaHb TSI YCixX 4-0X
JOCIITHUX 3Pa3KiB PeroK.

Pesynbpratn eKkcrepuMEHTIB MOKa3ayid, IO Ha
0a3i BUMPoOyBaHb y 2 MIJIH IHKIIB PO3BHTOK Je-
¢exriB Ty 11.2 He BimOyBanuch, TaKOXK HE 3adi-
KCOBaHO 1 TOSBY IMONMEPEYHUX TPIMMH (JedeKT
tuny 21). 3a pesynmbratamu J1eeKTOCKOMIIYHOTO
YJIBTPa3ByKOBOTO KOHTPOJIIO HE BUSBIIEHO IOSIBU
nomnepeyHux TpimuH (To0T0 nedekriB tumy 21)
y JOCHiDKEHHUX 3pa3kax. IIpu npoMy He BHSBICHO
TaKOXK CYTTEBOTO 30UIBIICHHS PO3MIpIB HAsSIBHUX
nedekriB Tumy 11.2. Ilpu cepeaHboMy HaBaHTa-
JKeHHI Ha OJIHY BiCh Bi3Ka Barona merpo y 150 xH
Ta cepeaHiil MPOIyCKHiM cripoMokHOCTI 311 moTs-
riB y JeHb 2-10° wuKiIiB HABAHTAXKEHHS BiAMOBI-
JAI0Th NPOIYIIEHOMY TOHHaXyY y Maiike 30 MiIH m
opymmo (320 nHiB excruTyaraitii).

Takum uYUHOM, MOJICHA 66ANCANU, WO HANDY-
JHCEHHSL BI0 YUKTITYHO20 32UHY, DIGEHb AKUX 810N0GI-
0ae ekchiyamayiiHum, HeCymmeeo GNnaueaioms Ha
po3sumox Oeghexmis 8 petikax. BkazaHi BUCHOBKH
CTOCYIOTBCSI JIMIIE 33JaHUX YMOB IIMKIIIYHOTO Ha-
BaHTAXCHHSI.

Bunpobysanns na 0ilo epanuyno2o 6epmuKaib-
Ho20 Haganmadcenus. OCKUIBKM T Yac eKcIe-
PUMEHTAIBHHUX JOCTiIKeHb perok Tumy P50 Ha
rigpaBimiuHoMy Tmyibcaropi tunmy ZDM-10Pu 3a
2 MIH yuxnié TyJIbCAIliiHUX HAaBaHTAKCHD
He 3a(iKCOBAaHO MOSIBH IMONEPEYHHX TPIIIMH 32
nedexramu koxiB 21.2 i 30I".2, Tomy Oyno Bupi-
MIEHO TPOJIOBXUTH BUIPOOYBaHHS 3pa3KiB peHOK
METOJIOM PYHHIBHOTO KOHTPOIIIO i3 BUKOPHCTaH-
HSIM BEPTHKAIBHUX CTaTUYHHX HaBaHTaXXEHb [0
MOMEHTY 31aMmy a0o TpaHW4HOi nedopmarii
(cTpina BUTHHY OinbIe HiXK 35 MM JJII pEHOK TH-
ny P50) 3pa3ka 3 ogHOYaCHUM Je(PEeKTOCKOITHUM
KOHTPOJIEM 32 PO3BUTKOM J€(EKTIB.

BunpoOyBaHHs 3pa3KiB pefioK MpHu CTAaTHIHOMY
MOMEPEYHOMY TPUTOYKOBOMY BHTHHI BHKOHY-
Banucsi Ha KuiBcbkoMy peiiko3BaproBaIbHOMY
MIIIPUEMCTBI Taimy3eBoi cimyx6u xkomii  JITI'O
«IliBnenno-3axigna 3ami3HMILT», 0 OCHAIIEHE
rigpaBmiuauM npecoM tumy [1-500 (puc. 4) ans
BUIIPOOYBaHb 3BApHUX CTHKIB perok. Lleit rigpas-
TIHAE TIpec 00paHo 3 ypaXyBaHHAM iACHTHYHOCTI
BUNPOOYBaHb 3BapHUX CTHUKIB PEHOK 1 CYLiJILHOTO
BiJ[pi3Ka perKH.
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Puc. 4. T'inpasnivynuii npec tuny I1-500
Fig. 4. The hydraulic press-type P-500

BumnpoOyBaHHsI TOCTIIHUX 3pa3KiB peHoK NpH
CTaTUYHOMY HaBaHT&KEHHI Ha TigpaBIIYHOMY
mpeci tunmy I[1-500 BukoHyBamucs 3a KilbKa
1IEHTHYHUX LUKIIIB.

Y  mepmoMy 1Mk (KINBKICTP — LIMKIIB
BHU3HAYAIIOCS 33 XapakTepoM TMOBEIIHKHA 3pa3Ka
pelikH Tig dYac eKCIIEpPUMEHTY) BHUIPOOYBaHb
BUKOHYBAIIUCS MPOIIETYPH B TaKii MOCIiIOBHOCTI:

1 — mocTyIoBe 3aBaHTaXCHHS 3pa3ka PEHKH 3a
BIJIITOBITHOIO CXEMOIO (MPUKIAIACHHS BEPTHKATH-
HOI CTAaTWUYHOI CWJIM [0 TOJIOBKM a00 MiIOLIBU
peiiKi) CTaTUYHOIO BEPTHUKAIBHOIO CHJIOI 3 Bi-
3yaJbHHM KOHTPOJEM [0 MaHOMETPY BEIWYHHU
HApOCTaHHS NPUKIIAJICHOTO HAaBaHTAXKCHHSI,

2 — TIpU JOCATHEHHI BCTaHOBJIECHOI YMOBaMH
EKCIIEPUMEHTY BEJIMYMHA CTATUYHOTO HaBaHTa-
KEHHS (IKCYETHCS BEJIMYMHA CTPUIM BUTHHY 3pa3-
Ka peiKH, MPUKIAJACHE HAaBAaHTAXKEHHS 3HIMAETHCS,
3pa30K PEMKH BUBOJIUTHCS 32 MEXKI TipaBIi4HOTO
mpeca i MPOBOIUTHCSA ACPEKTOCKOMHUN KOHTPOJb
JOCITITHOTO 3pa3ka peiKu;

3 — BCTaHOBJIGHHS 3pa3Ka pelku y mpec i mo-
BTOpeHHs mpouenyp 11 2.

Y apyroMy Ta IHIIAX NHKJIAX BUIPOOYBaHb
BKa3aHa MOCIiI0BHICTh MPOLEAYpP NOBTOPIOBAIACS
JI0 TOCATHEHHS 3JIaMy a00 KpUTHYHOI nedopmartii
JTOCITITHOTO 3pa3ka perKH.

Hocnionuii spazox Ne 1. I'mnOuHa BUKPUIITYBaHHS
MeTany Ha OOKOBif poOOUill BUKPYKLI TOJOBKH peid-
KU B CEpeJIHI TOCIiTHOTO 3pa3ka periku Ne 1 ckiana-
ma H = 1,4 mm. 3aBaHTa)K€HHS BEPTUKAIBHUM CTaTH-
YHMM HABaHTHKEHHSIM BUKOHYBAJIOCS HAa MiJOLIBY
petiku. Ilepimii MK CTATUYHOTO 3aBaHTAKEHHS BU-
KoHyBaBcs 1o 40 Tc, npyruit — 10 80 TC. Y TperhoMy
LMK/l TIPM CTPLTI BUTUHY 7 MM 1 JOCATHEHHI CTaTHY-
Horo 3aBaHTakeHHsI 100 Tc BigOyBCs 311aM perKH.

Ha puc. 5 HaBemeHO BUTIISA IOIIEPEIHOTO TIepepi-
3y JOCHIAHOrO 3paska peiiku Ne 1 3 000X OOKIB 371amy.

Puc. 5. Burnsig 3namy gociigHoro 3paska peiiku Ne 1
Fig. 5. Type scrapped research sample rails No. 1

3a pe3yibpTaTaMd BHUKOHAHOTO EKCIIEPUMEHTY
371aM JTOCTiTHOTO 3pa3ka peiiku Ne 1 BigOyBcs mpu
HaBaHTa)KEHHI, 10 MPAaKTUYHO Ha HOPSIOK Iepe-
BUIIYE pEANbHI eKCIUTyaTaliiiHi HaBaHTaKEHHS
B YMOBaX METpOIOJIiTeHY. SIk BUAHO i3 puc. 5, mo-
BEPXHsI KJIIACHYHOTO KPUCTAIIYHOIO 3JaMy MPOXO-
IIATH Yepe3 po3IIapyBaHHS METaly B poOodiil BHU-
KPYXILi TOJOBKH JTOCTITHOTO 3pa3ka peiiku Ne 1
(Ha puc. 5 BHIHO TOPU3OHTAIBHY TOJIOUKY) 1 KOPO-
31fHY IIIMY B ITiIOIIBI 3 00Ky HepoOOo9Ooi IpaHi.

Hocnionuti spazox Ne 2. I'mubuHa BHUKpPHUIILY-
BaHHs MeTaly Ha OOKOBii poOOYid BHKpYXII To-
JIOBKH PEHKH B CEPEIUHI MOCIITHOTO 3pa3ka perKu
Ne 2 ckmagana H = 1,9 mm. 3aBantakeHHS BEpTH-
KaJbHUM CTAaTHYHMM HABaHTA)KCHHSIM BHKOHYBa-
JI0Csl Ha TOJNOBKY peiiku. Ilepmmii nukn cTaTU4HO-
T0 3aBaHTaXEHHS BUKOHYBaBcs 10 40 Tc, npyruii —
1o 80 TC. Y TpeThbOMY IIMKIII MPH JOCATHEHHI CTa-
THYHOTO 3aBaHTaxeHHs 100 TC cTpina BUTHHY
perKu JtocsAriia KpUTUYHOIO 3HA4YEeHHS 57 MM, 110
Yyepe3 TeXHIYHI MOXKIIUBOCTI Mpecy He Jajio 3MOTH
MPOJIOBXKUTH EKCIIEPUMEHT 110 3naMmy peiiku. Ilpu
FOMY BiJJIaMaBCsl KyCOK IiJIOIIBH PEHKH 3 OOKY
HepoOoYoi TpaHi.

Ha puc. 6 HaBemeHo BUINIA BWIYYEHOTO i3
Ipecy BUTHYTOrO IMiAOIIBOIO BBEPX AOCIiAHOTO
3pas3ka perdku Ne 2 3 BiJIOMJICHUM KyCKOM ITiJOIII-
BU 3 00Ky HepoOOYOi rpaHi peiKH.

Puc. 6. lepopmoBannii 3pa3ok peiikn Ne 2

Fig. 6. Deformed sample rails No. 2
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3a pe3yibTaTaMd BUKOHAHOTO EKCIEPUMEHTY
CTpijia BUTHHY JOCIIAHOTO 3pa3ka perku Ne 2 mpu
HaBaHTaxkeHH 100 Tc ckiana 57 MM, 110 mepeBu-
LIy€ HOPMAaTUBHE 3HAYEHHS CTPIM BUTHHY 35 MM
Ha 63 %. SIk BUAHO i3 puc. 7, TOBEpXHS Biamamy-
BaHHsS KycKa IIJOUIBH DPEHKH MPOXOIUTH 4epes3
BM’SITUHY Ha KPOMIIi ITiJIONIBH JOCIITHOTO 3pa3Ka
peiiku Ne 2, sika MMOBIpHiIIE BCbOTO YTBOPHJIACS
B PE3yNbTATI TPUBAIOI il €IEMEHTIB MPOMIXHUX
CKpITUICHB.

Hocnionuii spasox Ne 3. I'mnOuna BHKpHIIY-
BaHHS MeTaly Ha OOKOBif poOOYii BHKPYXKII To-
JIOBKU PEeUKHU B cepellnHi TOCITITHOTO 3pa3Ka peiKu
Ne 3 cknmapgana H = 1,6 Mmm. 3aBaHTa)keHHsI BEpTH-
KaJbHUM CTAaTUYHMM HaBaHTA)KEHHSIM BHKOHYBa-
JIOCSl Ha TOJIOBKY peiiku. [lepmmii UK cTaTUYHO-
TO 3aBaHTaXXEHHs BUKOHYBaBcs 10 40 Tc, npyruif —
10 92 tc. Y TpeTbOMy LMKIII NP JOCSTHEHHI CTa-
THYHOTO 3aBaHTAXEHHSI 156 TC cTpima BHUTHHY
perKH JOCsATNIa KPUTUYHOTO 3HAUYE€HHS 62 MM, IO
yepe3 TeXHIYHI MOXIIMBOCTI IIPecy He Jajio 3MOTH
MPOIOBKUTH €KCIIEPUMEHT [0 371aMy PEUKH.

Ha puc. 7 HaBeneHO BN BWIYYEHOTO i3
Npecy BUTHYTOrO MiAOIIBOIO BBEPX JOCIiAHOTO
3paska peitku Ne 3.

Puc. 7. lepopmoBanuii 3pa3ok peiiku Ne 3

Fig. 8. Deformed sample rails No. 3

3a pesynbTaTaMH BUKOHAHOTO EKCIIEPHUMEHTY
CTpiia BUTHHY AOCIITHOTO 3pa3ka peiiku Ne 3 mpu
HaBaHTaXeHHI 156 Tc ckiana 62 MM, IO TIEPEBH-
[Iy€ HOPMAaTUBHE 3HAYEHHS CTPIJIM BUTHHY 35 MM
Ha 77 %.

Hocnionuii spasox Ne 4. I'nmnOuna BHKpHIIY-
BaHHS MeTaly Ha OOKOBif poOOYii BUKPYXKII To-
JIOBKM pPelKHU B cepelnHi TOCTIIHOTO 3pa3Ka peiKku
Ne 4 cxknagana H = 2,3 MMm. 3aBaHTaXEHHSI BEPTH-
KaJbHUM CTAaTUYHMM HaBaHTA)KEHHSIM BHKOHYBa-
JIOCSL Ha TOJIOBKY peiiku. [lepmmii UK cCTaTUYHO-
TO 3aBaHTaXXEHHs BUKOHYBaBcs 10 60 Tc, npyruif —
1o 95 tc. Y TpeThoMy UK TIPH TOCSITHEHHI CTa-
TUYHOTO 3aBaHTaxkeHHS 140 Tc cTpinma BHTHHY
peiiku gocsAria KpUTUYHOTO 3HauyeHHS 47 MM, 110

yepe3 TeXHIYHI MOXIIMBOCTI IIpecy He Jajio 3MOTH
HPOJOBXXUTH EKCIICPUMEHT 0 371aMy PeHKH.

Ha puc. 8 HaBeneHo BUIIIA BWIIYYEHOTO i3
Ipecy BUTHYTOTO MiAOIIBOIO YHHU3 JOCHTIJHOTO 3pa-
3Ka peku Ne 4.

o,

g A

Puc. 8. [ledopmoBanuii 3pazok periku Ne 4
Fig. 8. Deformed sample rails No. 4

3a pe3yibTaTaMd BUKOHAHOTO EKCIEPUMEHTY
CTpiia BUTHHY AOCIiTHOTO 3pa3ka peiku Ne 4 mpu
HaBaHTaXeHHI 140 Tc ckimana 47 mm, MO TIEPEBH-
[Iy€ HOPMAaTUBHE 3HAYEHHS CTPIJIM BUTHHY 35 MM
Ha 34 %.
3a pesynpTaramMu BUIPOOyBaHb Oyno molymo-
BaHO (IUB. pUC. 9) 3aJICKHICTh CTPIJIM BUTHHY BiJ
NPUKIaJCHOTO 3aBaHTaKEHHS AJISl YCiX JOCIiTHUX
3pa3KiB peHoK.
T, vm
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Puc. 9. 3anexHicTh cTpijay BUTHHY BiJ ITpHU-
KJIaJICHOT'O 3aBaHTA)KEHHS JUISL JOCITHIX
3pasKiB peiok:
a—Nel;6—NeNe2 3i4

Fig. 9. The dependence of applied boom bend-
ing
load rails prototypes:
a—No. I; b —No. No. 2, 3and 4
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PesysbTarn

Pe3ynbrati eKCIIEpUMEHTIB CBigYaTh IO TeE,
110 Ha 0a3i BUNPOOyBaHb y 2 MJIH yuk1ie Bi0yBa-
€ThCSI JIMIIE HE3HAYHWUH PO3BUTOK (30LIbIIEHHS
po3MipiB) Ha 0,5—0,7 MM HasBHHX Ne(hEKTIB KOIY
11.2 B pe3ynbTaTi OCHNIAHHS YaCTOK BUKPUIIIEHOTO
MeTaly Ha OOKOBiil poOOdYill BUKPYXKLI TOJOBKH
JIOCTITHAX 3pa3KiB peliok. [HTeHcuBHOTO, THM Oi-
JIBITIE KaTacTPOQITHOTO, PO3BUTKY ACHEKTIB THUITY
11.2 abo mepeTBOpeHHs LUX Ae(eKTiB B AePeKTH
tuny 21.2 abo 30I'.2 He BimOyrnocs B KOIHOMY
BUTIA/IKY.

Pesynbratn BUNpoOyBaHb HA IUKIIYHY BUTPU-
BaJicTh Ha 0a3i 2 MJIH yukiié 3 HaBaHTAXKCHHSM,
0 BIANOBIAA€ EKCIUIyaTalliiHUM JHHAMIYHAM
KOJIICHUM HABaHTa)XCHHSIM BiJ] BaroHiB METPOIO-
niteny P),*=90,0 xH, nokasanu, mo peiiku 3 1e-
¢dexramu komy 11.2, siki BUITydeHi 3 eKCIUTyaTamii
3TigHO 3 BUMoOramu Hitounx TY, MOXKYyTb MaTH 3a-
JUTIIKOBUH pecypc eKCIuTyaTallii He MeEHIIe HixX
N =2,0 MITH yuk1ié KONICHHX HaBaHTaXeHb (IO
BinoBinae npubimsno 25+30 MiH T OpyTTO MpO-
MTyIIEHOTO TOHHAXKY ).

Pe3ysibpTat €KCIepUMEHTY CBiq4aTh, IO MPH
CTaTHYHOMY TIONIEPEYHOMY TPUTOYKOBOMY 3aBaH-
TaXXeHHI JOCIITHUX 3pa3KiB peiiok Tumy P50 Big-
OyBaeTbcst TpaHcopmMarliss medekTiB 3a KOIoM
11.2 B nedextu 3a komom 30I".2, ane nocsartu Ta-
KHX HaBaHTA)XCHb B PEaThbHUX YMOBAaX €KCILTyaTa-
ITii METPOTIOITECHY HEMOXKITHBO.

HaykoBa HOBM3HA Ta NPaKTUYHA
3HAYUMICTh

Bnepmie B YkpaiHi TCOPETUYHHMH PO3PaXyH-
KaMd OOIPYHTOBaHO BEJHKY BIpOTiHICTH YTBO-
peHHsl Ne(eKTiB KOHTAaKTHO-BTOMHOTO TTOXOJKEH-
HS Y BUIJISAI BUKPHUINYBaHHS 1 BUIIEPOIIOBaHHS
MeTaly Ha TOBEpXHI KOYEHHS peiikh, Ol Kparo
TOJIOBKH, B Pe3yJbTaTi CTBOPEHHS BHCOKOTO CTY-
MIeHS HaIPY>KEHOI'0 HEPIBHOBAKHOTO CTUCKY B Liif
30HI, 32 pPaxyHOK BHCOKHX 3Ha4E€Hb I'OJIOBHHX
HOPMAaJIbHUX HANPY>KEHb 1 MOSBU BEJIMKUX JOTHY-
HUX HampyXeHb B TUII TOJOBKM Ha TIHOMHI
2,5-3,5 MM, AKi TEepeBUIIYIOTH MEXY TEKy4dOCTi
1 BUTPUBAJIOCTI METaIy.

BukoHaHi CTEHIOBI €KCIIEPUMEHTAIIbHI BUIPOOY-
BaHHS JOCHTIHUX 3pa3KiB JeeKTHIX pelok Ha Oara-
TOIMKIJIOBY BUTPHBATICTD (Ha 0a3i Ne=2,1x10 muko1iB)
3 MIEPI0MIHIM Je(PEKTOCKOITHUM KOHTPOJIEM.

Pe3ynpratn BHKOHaHUX CTEHAOBUX J1abopaTo-
pHUX BHIPOOYBAaHb JOCITITHUX 3pa3KiB ACPEKTHUX
peiiok 3 nedeKTaMM KOHTAKTHO-BTOMHOIO THITY,
mo Oyny BWIIYYEHI 3 eKCIUTyartallii 3rifHo 3 Jito-
YUMH HOPMAaTHBaMHU, JO3BOJIMJIN BH3HAYNTH 3aJIH-
HMIKOBUE pecypc st nedekTHux peiiok tumy PS50
JUTSL YMOB €KCILTyaTallil MeTpPOIIOJIiTCHY.

Ha ocHOBi BUKOHaHHX IOCIiIKEHb pO3pOOIEHi
HOBI HOPMATHBHI TEPMIiHH CIIyOHW pEHOK THIIIB
P50 i P65 s pi3HuX KaTeropiil xomiil ajst yMoB
ekcruryatamii  KuiBcbKOTO MeTpomoiiTeHy; HOBI
HOpPMHU 301JIBIIIEHO BiTHOCHO icHytounx Ha 33 %.

BucHoBku

1. Ilpm mnepioguuHOMYy ne(hEKTOCKOMHOMY
KOHTPOJIi IIiJT 9Yac EeKCIePUMEHTAIBHHUX ITyJIhCa-
MIHHUX JTOCTiKEeHh He 3a(iKCOBaHO MOsABY abo
PO3BHTOK MONEPEUYHUX TPILIMH 3a AedeKTaMH KO-
niB 21.21300.2.

2. BumpoOyBauHS  3pa3KiB  peWok  Ipu
CTaTUYHOMY MONEPEYHOMY TPHUTOYKOBOMY BHUTHHI
MoKasanu, mo peiku tumy P50 mMerpomnomiTeHy
BiJINIOBI/IalOTh BCTAHOBJIEHUM HAMEHIINM 3Ha-
YEHHSIM IIOKA3HMKIB MIIIHOCTI ¥ IUIACTHYHOCTI,
a caMe: pylHiBHE HaBaHTa)XEHHS MPH MIPHUKIIaJIECHHI
BEPTHKAILHOI CTATHYHOI CHIIM HA TOJIOBKY peiKn
1200 xH, na mimomBy pefiku 1 000 kH, ctpina
BuruHy 35 mm. [lpu npoMy Tpu NpUKIageHHI 10
peliku BepTukanbHOi cratuyHoi cunu 1 000 kH Ha
MIIOMIBY PEWKH CTaBCs TONEPEYHUN 371aM perKH,
a TpU TPUKIAJCHHI 10 pPEeHKH BepTUKAIBHOI
crarnyHOi cuim Oinbine Hixk 1 000 kH Ha TomoBky
pefiku BimOyBaBCsS BUTHH pedkm 0e3 3mamy
3 TEpPEeBUICHHSIM HaHMEHIIOro 3HAYCHHS CTPLIH
BUTHHY Ha 34 % i Oinble.

3. PosmapyBanHs MeTamy B poOodiil BHKpY-
XKITi TOJIOBKH JOCITITHUX 3pa3KiB peHoK BinOyBajo-
CS TpU CTaTUYHOMY 3aBaHTaXEHHI OIU3BKO
800 xH.

4. Ilpm ekcrepuMEHTATHHUX HOCITIIKEHHIX
3pa3kiB peiiok tumy P50 He cnocrepiranacs TpaH-
chopmMartist nedektiB 3a kogoM 11.2 B yTBOpeHHs
nedekTiB 3a komoMm 21.2. OgHuM i3 TIOSICHEHB Ta-
KOro pe3ysibTaTy MOKe OyTH He3HauyHa TIMOWHa
BUKPHILIYBaHHS METay Mo poOodill BUKPYXKLi To-
JIOBKH PEHOK B MICIli NPUKIAACHHS BEPTHUKAIBHOT
CTaTHYHOI CHJIH, SIKa MPH BUKOHAHHI €KCIIepHMEH-
Ty HE NepeBuIlyBaia 2,3 MM.
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NCCIIEJOBAHHUE OCTATOYHOI'O PECYPCA
JAE®EKTHbBIX PEJIBCOB THUIIA P 50 110 UCIIBITAHUIO
HA HUKIMYECKYIO BBIHOCJINBOCTb

Henb. CtaThs NOCBSAIIEHA U3YUYEHUIO U OLIEHKE OCTaTOYHOTO pecypca s AeeKTHBIX penbcoB Tma P50, sxe-
IUTyaTUPYEMBIX Ha MyTAX KueBCKOro MeTponoJuTeHa, KOTOPhIE M3BIMAIOTCSA U3 JKCIUTyaTalluM HM3-32 HAIWYUS Jie-
¢exroB Tna 11.1-2 Ha GOKOBOI BBIKPY>KKE MOBEPXHOCTH KaTaHUs TOJIOBKM penbca. Meroauka. MccnenoBaHus
BBITTOJTHEHBI C IPUMEHEHHEM 3KCIICPUMEHTAIBHBIX METOJIOB: UCIIBITAaHUSI 00pa3LioB NEe(EKTHBIX PENILCOB Ha IMKJIIH-
YECKyI0 MPOYHOCTh Ha ITyJbCAIIMOHHOW MAaIIMHE W HCIBITAaHUS 00pa3loB Je(EKTHBIX PENbCOB Ha CTATHYECKYIO
MPeAENbHYI0 HAarpy3Ky Ha THAPABIMYECKOM BEpTHKaIbHOM Tpecce. Pe3yabTaThbl. [IpoBeneHHBIE 3KCIIEPUMEHTHI
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3AJIIBHMYHA KOJIIA

CBUJIETENBCTBYIOT O TOM, YTO Ha 0a3e MCIBITAHUHN B 2 MIJIH. IUKJIOB TPOMCXOINT JIUIIh HE3HAYUTEIFHOE Pa3BUTHE
(yBenmuenne pasmepoB) Ha 0,5-0,7 MM umeromuxcsa aedekroB koma 11.2 B pe3ynpTare OCBHITAHHUS YaCTHUI] BEIKPO-
IIEHHOTO MeTaiia Ha OOKOBOI pabodeil BBIKpY>KKE TOJIOBKH OIBITHBIX 00pa3loB penabcoB. IHTEHCHBHOTO, TeM 00-
Jiee KaracTpouyeckoro, pa3sutus aedekToB Tuma 11.2, i mpeodpa3oBanus 3TuX AehekToB B nedexTs! Trna 21.2
i 301".2 He mpom3onuio HU B KoeM ciayuae. Hayunasi HoBu3Ha. BriepBrie B YKpanHe T€OPETHIECKUMH pacyeTa-
MU 00OCHOBAHO OOJIBILIYIO BEPOSITHOCTh 00pa3oBaHus 1e()EKTOB KOHTAKTHO-YCTAJIOCTHOTO MPOUCXOKICHHS B BUJIE
BBIKpAIIMBAHUs W BBILEPOIMBAHUS METalJla Ha MOBEPXHOCTH KaTaHWs PENbCa, y Kpas TOJIOBKH. DTO MPOUCXOAUT
B pe3yJIbTaTe CO31aHKs BBICOKOW CTENEHU HANPSDKEHHOTO HEPaBHOBECHOTO CXKATHS B 3TOW 30HE, 32 CUET BHICOKHX
3HAYCHUH TJTaBHBIX HOPMAJIbHBIX HANPSDKCHUH W TOSBICHUS OOJBIINX KACATEIBHBIX HAMPSDKEHUHA B TENE TOJOBKH
Ha riyouHe 2,5-3,5 MM, IpEBBILAONINX MPeae] TeKYy4eCTH M BBIHOCIMBOCTH MeTaiia. [IpoBeneHbI CTeHIOBbIE
AKCIEPUMEHTANBHBIC MCIIBITAHUS ONBITHBIX 00pa3oB Ae(PEeKTHBIX PEbCOB HA MHOTOIMKIOBYIO BEIHOCIHUBOCTH (Ha
6aze Ne = 2,1x10 nukioB) ¢ mepuoandeckuM IePeKTOCKOMHBIM KOHTposieM. IlpakTuyeckasi 3HaYuUMoOCcThb. B pe-
3yJbTaTe SKCIIEPUMEHTOB TOTyYeHBI HOBBIE JaHHBIE O CIIOCOOHOCTH CONPOTHUBIICHHUS PENILCOB C Ae(heKTaMH BBIKpa-
IIMBAHUS HA TOBEPXHOCTH KaTaHUS TOJOBKH MO Koxy 11.1-2 muuTenpHBIM MUKIMYECKAM HArpy3KaMm BETHYHHOMN
PaBHOI IKCILTyaTallMOHHOW KOJIECHOM Harpy3ke Ha 0a3e MCIBITaHUI B 2 MJIH IUKIOB. TO ecTh, Ie)eKTHbIE PENIbChI
MOTYT UMETh OCTaTOYHBINA pecypc He MeHee 30 MIIH T. OpyTTO.
Kniouesvie cnosa: xene3HOIOPOKHBIN ITyTh; PENBC; Ne(PEKTH; UKINIECKUE HATPY3KU
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RESIDUAL RESOURCE STUDY OF DEFECTIVE RAILS
FOR TYPE P 50 CYCLE TEST OF ENDURANCE

Purpose. The paper is devoted to the study and evaluation of residual life for defective rails P50 operated on the
roads of the Kyiv subway, which are taken out of service because of defects 11.1-2 on the side of the rolling surface
of the rail head. Methodology. The studies were performed with the use of experimental methods: testing of sam-
ples of defective rails in the cyclical strength of the pulse machine and testing of defective rails in the static load
limit on the hydraulic vertical press. Findings. The performed experiments indicate that on the tests basis in 2 mil-
lion cycles is only a small development (increase in size) 0.5-0.7 mm of existing code defects 11.2 as a result of
shedding the particles of crumble out metal on the side of the rails head of working prototypes. The intensity and the
catastrophic development of defects, such as 11.2, or transformation of these defects in defects such as 21.2 or
30G.2 did not happen in any case. Originality. For the first time in Ukraine with the theoretical calculations sub-
stantiated the greater possibility of defects formation of contact fatigue origin in the form of spall and jag of metal
on the surface of the rail, at the edge of the head. It is the result of the creation of a high degree of stress non-
equilibrium compression in this area, due to the high values of principal normal stresses and appearance of large
shear stresses in the body of the head at a depth of 2.5-3.5 mm, exceeding the yield strength and metal endurance.
The tests of experimental prototypes of defective rails on high cycle endurance (based Ne = 2,1h10 cycles) with pe-
riodic defectoscopic control were conducted. Practical value. In experiments, the new data of the resistance ability
to spall rail defects on the surface of the head of rolling on the code 11.1-2 long-term cyclic loading equal to opera-
tional magnitude at the wheel load test of 2 million cycles was obtained. That is, the defective rails can have residual
life of not less than 30 million. t. gross.

Keywords: railroad; rail; defects; cyclic loading

REFERENCES

1. Aharkov O.V., Yosyfovych R.M. Vyznachennia kontaktnykh napruzhen v reikakh typu R50, yaki eksplua-
tuiutsia v metropoliteni [Determination of contact stresses in the rails p50, which are operated in the metro].
Nauka ta prohres transportu. Visnyk Dnipropetrovskoho natsionalnoho universytetu zaliznychnoho transportu
— Science and Transport Progress. Bulletin of Dnipropetrovsk National University of Railway Transport,
2015, no. 4 (58), pp. 71-86. doi: 10.15802/stp2015/49209.

2. Baraboshin V.F., Glonti A.A. Konstruktsii puti v metropolitenakh s ispolzovaniyem uprugikh elementov dlya
snizheniya vibroshumovykh faktorov [Track design in the subways with the use of elastic elements to reduce

doi: 10.15802/stp2015/57027 © P. M. Hocudosuu, 2015

86



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

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBcbkoro
HAIlIOHAJIILHOTO YHIBEPCUTETY 3aJli3HUYHOTO TpaHcnopty, 2015, Ne 6 (60)

3AJIIBHMYHA KOJIIA

10.

11.

12.

13.

14.

15.

16.

17.

the vibration noise factors]. Zheleznodorozhnyy transport za rubezhom. Seriya: Put i putevoye khozyaystvovo.
Proyektirovaniye i stroitelstvo [Railway transport abroad. Series: Track and track facilities. The design and
construction], 1979, issue 5. 12 p.

Balukh Kh. Diagnostika verkhnego stroyeniya puti [Diagnostics of permanent way]. Moscow, Transport Publ.,
1981. 451 p.

Belyaev N.M. Soprotivieniye materialov [Structural resistance]. Moscow, Nauka Publ., 1965. 856 p.

Albrekht V.G., Bromberg Ye.M., Zverev N.B. Besstykovoy put [Continuous welded rail]. Moscow, Transport
Publ., 1982. 206 p.

Borts A.L, Shur Ye.A., Reykhart V.A. K voprosu o kachestve i usloviyakh ispytaniy relsov [To the question of
the quality and test conditions of the rails]. Put i putevoye khozyaystvovo — Track and Track Facilities, 2012,
no. 1, pp. 14-19.

Georgiyev M. Defektostoykost zheleznodorozhnykh relsov [Defects resistance of rails]. Sofiya, Transport
Publ., 1999. 266 p.

Melentev L.P., Poroshin V.L., Fadeyev S.I. Soderzhaniye i remont relsov [Maintenance and repair of rails].
Moscow, Transport Publ., 1984. 231 p.

Metchel A. Issledovaniya i modelirovaniye dinamicheskikh sil vzaimodeystviya puti i podvizhnogo sostava na
EVM [Studies and modeling of dynamic forces of track and rolling stock interaction on the computer].
Moscow, Transport Publ., 1969. 11 p.

Danilenko E.I., Karpov M.I., Kosarchuk V.V., Tverdomed V.M., Boiko V.D., Molchanov V.M., Yosyfovych
R.M. Metchel A. Tekhnichni umovy na ekspluatatsiiu reiok na koliiakh Kyivskoho metropolitenu [Technical
specifications for operation of the rails on the tracks of the Kiev metro]. Kyiv, Kyivskyi metropoliten, DETUT
Publ., 2015. 17 p.

Timoshenko S.P. Napryazheniya v zheleznodorozhnom relse [Stresses in a railway rail]. Statisticheskiye i
dinamicheskiye problemy teorii uprugosti [Statistical and dynamic problems of the elasticity theory]. Kyiv,
Naukova dumka Publ., 1975, pp. 318-355.

Tsukanov P.P. Ustanovleniye norm periodichnosti smeny relsov i osnovnyye printsipy povtornogo ispol-
zovaniya starogodnykh relsov [Setting standards the periodicity of the shift rails and the basic principles of re-
use of old rails]. Trudy Vserossiyskogo nauchno-issledovatelskogo instituta zheleznodorozhnogo transporta
[Proc. of All-Russian Scientific Research Institute of Railway Transport], 1965, issue 292, pp. 184-231.
Shakhunyants G.M., Smirnova M.B., Glazkova L.V. Ispytaniya relsov na vynoslivost [Rails tests of endur-
ance]. Trudy Moskovskogo gosudarstvennogo universiteta putey soobshcheniya [Proc. of Moscow State Uni-
versity of Railway Engineering]. Moscow, 1977, issue 543, pp. 30-37.

Yakovlev V.F. Izmereniye deformatsiy i napryazheniy detaley mashin [Measurement of deformations and
stresses of machine details]. Moscow, Leningrad, Mashgiz Publ., 1963. 192 p.

Taraf M., Zahaf E.H., Oussouaddi O., Ze-ghloul A. Numerical Analysis for predicting the rolling contact
fatigue crack initiation in a railway wheel steel. Tribology Intern., 2010, vol. 43, issue 3, pp. 585-593. doi:
10.1016/j.triboint.2009.09.007.

Seo J., Kwon S., Lee D. Effects of surface defects on rolling contact fatigue of rail. Procedia Engineering,
2011, vol. 10, pp. 1274-1278. doi: 10.1016/j.proeng.2011.04.212.

Seo J., Kwon S., Lee D. Numerical stress analysis and rolling contact fatigue of White Etching Layer on rail
steel. Intern. Journal of Fatigue, 2011, vol. 33, issue 2, pp. 203-211. doi: 10.1016/;.ijfatigue.2010.08.007.

Cmamms pexomenoosana 0o nyonixayii 0.m.H., npog. B. JI. [lempenxom (Yrpaina), nayxosum xomi-

memom Mixcuapooroi Haykoso-npakmuunoi kougepenyii imeni 0.m.H. Cokona Edyapoa Mukonatiosuua
«bBesnexa pyxy i HayKosi 3acadu eKcnepmuux 00CIiOHCeHb MPAHCHOPMHUX NPU2OO MA IHHCEHEPHUX CNO-

Pyo»

Hani#irmura mo peaxoserii 25.09.2015
[Ipwuitasara no apyky 19.11.2015

doi: 10.15802/stp2015/57027 © P. M. Hocudosuu, 2015

87





