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KPUTEPHI1 I METOJUKA OLEHKH MEXAHUYECKOI'O
COCTOSIHUS PEJIHCOBOM CTAJIM M MX SKCIIEPUMEHTAJILHOE
MOATBEPKIEHUE

3anponoHOBAaHH KPUTEPiit MEXAHIYHOrO CTaHy CTalH, IO 6a3yeThcs Ha B3aEMO3B'A3KY MEXi KOHTaKTHOI BTOMH,
Mexi BHTPHBAJIOCTI NPH BUIMHI, Mexi MilHOCTI i TBepgocTi. Pospobiena MeToaMKa OIHKM MEXAHIYHOrO CTaHy
peiikoBoi crani. BukoHaHi excriepUMEHTANbHI JOCTIKEHHS HETEPMOYNPOYHEHHMX PEHOK Micias excruryatauii B
yMOBax MeTpomnoiTeHy. BupdeHi XxapaxkTep po3moiny TBEPHOCTI IO IMOBEPXHI KATAHHA TOJIOBKH PEHKH, BCTAHOB-
newsi xapaxTepHi 30HH i1 gedopmauii. BukoHaui MIKpOCTPYKTYpHI AOCITIHKEHHS MATepiaTy PeHOK B 30HI KOHTAKTY 3
KoiiecoM. B X0/1i BUKOHAHHX eKCIIEPHMEHTIB O/iepKaHi IiATBep/KeHHS PO3POOIEHOTO KPUTEPILO.

I[Ipemnoxken KpUTepHil MEXaHHYECKOr0 COCTOSHHS CTanH, Ga3upyOIUiics Ha B3aUMOCBA3H Npeaena KOHTaKT-
HO¥H YCTAJIOCTH, Ipefena BRIHOCAMBOCTH IpH H3rube, mpefena IMPOYHOCTH H TBepAOCcTH. PaspaboraHa meTomuka
OLIEHKH MEXAHHYECKOIr0 COCTOSHHA PEIBCOBOM CTaIH. BhINOMHEHB! IKCIIEPHMEHTAIBHEIE HCCIIEI0BAHHA HETEPMOY-
NPOYHEHHBIX PEILCOB MOC/E IKCIUIYATAMH B YCIOBHAX MeTponoikTeHa. 3yuen xapakrep pacnpe/enesns TBep-
JOCTH 10 MOBEPXHOCTH KATAHHA I'ONOBKH PelbCa, YCTAHOB/ICHBI XapaKTepHbIe 30HbI ee JedopMupoBanus. Baimos-
HEHBI MHKPOCTPYKTYpPHBIE HCCIE[IOBAHHS MAaTepHaNa PEIbCOB B 30HE KOHTAKTA C KOJecoM. B xofe BBINOIHEHHBIX
3KCIIEPHMEHTOB NO/TyYeHbl HOATBEPHKACHHA Pa3paboTaHHOrO KPUTEPHS.

The criterion of mechanical condition of steel, basing on interconnection of a limit of contact fatigue, a limit of
mechanical fatigue, a ultimate strength and a hardness. The technique of an estimation of a mechanical condition of
a rail steel is developed. Experimental researches of non-thermostrengthened rails after maintenance in conditions of
the subway are executed. Character of distribution of hardness on a surface of rolling of the head of a rail is
investigated, characteristic zones of its straining are fixed. Microstructural explorations of a material of rails in a
superficial zone of contact to a wheel are executed. During the experiments validation of the developed criterion are
received.

penbcosoﬁ CTaJTH M BBIIIOJTHEHO €ro 3KCIEPHMEH-

Beenenue TATbHOE TIOATBEPHICHHE.

I[lon Bo3zeiicTBHEM KONEC MOIBIKHOTO COCTa-
Ba IPOHMCXOHT yYMEHBIICHHE PasMEpPOB TOJOBKH
JKENC3HOMOPOXKHBIX pEIbCOB H H3MEHEHHE ee
dbopmsel, 9TO sBNAETCS CcneACTBHEM paboTHl CHI
TPEHHA B 30HaX KOHTaKTa Koneca u penbea. Kpome
TOTO, M3-32 NEHCTBHA CHCTEMBI IMKIHYECKHX Ha-
rpy30K B METale NMPOHCXOMAT: OCTATOYHAs [e-
(opmanms Ha MOBEPXHOCTH KAaTaHHMS, PA3BHTHE

1. Kpurepnii MeXaHH4eCKOI'0 COCTOSSHHSA CTAIH

OpnHolt 13 BaXHEHIIHX XapaKTEpPHCTHK paboTo-
cnocoOHOCTH PENbCOB ABJACTCHA INMpPEIE] KOHTAaKT-
HO# ycranoctu [1, 9]. U3BectHo, 9TO pOCT TBEpO-
ctu cranu (HB) o3nagaer nponopuuoHaIbHOE I10-
BhIIICHHE TIpelesia KOHTakTHOM ycramoctd pf.
AHanmu3 pe3ynbTaToOB HCCIe0BanMi [9] mo3somser

BHYTPCHHHMX M NOBEPXHOCTHBIX TPELIMH, H3MEHE-
HHE HAaNPsDKEHHOTO COCTOSHHA M Ap. OTH dakTopsl
NPHBOJAT K M3MCHEHHIO CONPOTHBIICHHA YCTaslo-
CTH, KOTOPOE ABIAETCA OCOOBIM CBOMCTBOM MaTe-
puana, GopMUPYIOIIMM 3KCIUTYaTAHOHHYIO TOII-
rOBEYHOCTh CHCTEMBI KOJECO/pelbe H €e OTHACHb-
HBIX 3JIECMEHTOB, B TOM 4HCIE M penbcoB. H3yde-
HHIO M3MCHCHHMS XapaKTEPHCTHK MEXaHHICCKHX
CBOMCTB MaTepHana pejibcoB B IPOIEcce 3KCILTya-
TalMK TOCBALICHB! MHOTOYHCIICHHBIE HCCIENOBa-
HuA [1-6], omHako, Ha Haml B34, YKa3aHHAsA
npobieMa 10 CHX IOp OCTaeTcs He pemeHHoH. B
JaHHOH pabore B pa3ButHe [7, 8] ycTaHOBNIECH KpH-
TEpHH JOCTHXKEHMA KPHTHYECKOTO COCTOSHHSA
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IPHHATH CIIEAYIOIYIO 3aBHCHMOCTh
p, =3,12HB. (1)

H3ydeHue MaccHBa 3KCIECPHMEHTANBHBIX [aH-
HbIX [10] mo wWccnemoBaHMIO CBS3M KOHTAKTHOM
YCTAIOCTH H TBEPAOCTH KOHCTPYKLHOHHBIX CTaNeH
MOKa3bIBAET, 4TO 3aBHCHMOCTh (1), momydeHHas
JUIA pEIbCOBOM CTalH, IPEICTABIACTCS B 3TOM
ClTy4ae Kak CpeXHEeCTaTHCTHYECKas.

Xopomo H3BECTHA TECHasA CBA3b TBEPAOCTH C
npenenoM mpovnocTH [11]:

op =3,50HB. (2)

O6beauunm 3asucumoctd (1) u (2) Ha puc. 1



(MHXKHAA €ro 9acTh), cornacosas inkansl HB, HV u
og. [Ipamas p(HB) He umeer kakux-mubo oco-
GeHHOCTE#; OHa HE NMPOTHBOPEYHT YCTOSBIUMMCS
HAYIHBIM IIPECTABICHHAM.

Jpyro#i BaxHeinle#t XxapakTepuCTHKOH pabo-
TOCIIOCOOHOCTH PENbCOB ABIACTCS HpeJen BHIHOC-
maBocTH nipH u3rube [1, 9]. Ecnu BRIMOMHUTE aHa-
M3 TI0 €ro CBA3H C TBEPAOCTHIO H IPEIEIIOM
NPOYHOCTH, HA OCHOBAaHMHU H3y4eHHA OaHKOB JaH-
HBIX [11-12], MOXXHO MOTY9IHTH 3aBHCHMOCTH, TIO-
Ka3aHHBIC B BEpXHEH MOJIOBHHE pHC. 1.
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Puc. 1. K anami3y B3aumMocBa3eii XapakTepHCTHK

CONPOTHBIIEHUA YCTAIOCTH, TBEPAOCTH H Mpeena

NPOYHOCTH
Busno, 9ro npsamas

o, =1,60HV. 3)

anNmpOKCHMHPYET HE BCK TPYNITy BKCIEPHMEH-
TaIbHBIX TOYEK, 2 TONBKO TE, A KOTOPBIX MPEIE
BEIHOCIHBOCTH ©—1 He mpesbimaer 550 MIla, a
tBepnocts HV < 350. [lanee 3aBuCHMOCTE O—
1(HV) craHOBUTCA CYHIECTBEHHO HENHHEHHOM.
OcHoBHAs 3aKOHOMEPHOCTh TAaKOBa: €CJIH TBEp-
Jocts mpessimaer npuMepHo 380 HV, to nams-
HEHIIui pOCT TBEPAOCTH HE BEJET K COOTBETCT-
BYIOI[EMY POCTY CONpPOTHBICHHS M3rHOHOH ycTa-
Joctu B cootBeTcTBuH ¢ (3). Hampotus: poct o-1
CHayajia 3aMeIUIeTCA, a 3aTeM, C JOCTHXCHHEM
TBepIOCTHIO 3HaueHHH npumepHo 500 HV, conpo-
THBNEHWE U3TUOHOH YCTAIOCTH NMpH MOBBIMICHHH
TBEPAOCTH TafaeT. Beck MaccHB 3KCIIEPHMEH-
TAILHBEIX TOYEK, NPEACTABJICHHBIM B BEpXHEH wac-
TH pyc. 1, anmMpPOKCHMHPYET, B IepBOM IpHOIMIKE-
HUH, KpHBas. VDABHEHHE KOTODOMH

6., =2,68HV —0,0025(HV)* -933.  (4)

O6mee 3axkmoveHHe, KOTOPOE CIEAYET H3 aHa-
JIM3a pHC. 1, TaKOBO: MOBBINIEHHE TBEPAOCTH Gonee
BenMuHEBl ~400 HV, no-sugumomy, He3(p EeKTHB-
HO JUIi CHCTEM, KOTOpble paboTaloT B YCIIOBHAX
OTHOBPEMEHHOTO COYETaHHS H3rHOHOH M KOH-
TaKTHOH ycTtanoctu. IMEHHO TakHe yClOBHA pea-
JHM3YIOTCS B IOBEPXHOCTHOH 30HE TONIOBKH PEJIbCa.

TaxuMm o00pa3oM, HCXOAA M3 H3NTOKEHHOTO,
MOXHO NPEIOKHTE CAEAYIOWYI0 MATpHIy B3au-
MOCBS3aHHBIX XapaKTEPHCTHK, KOTOpas OIpenens-
€T TEPEX0J CTAIH B KPUTHYECKOE COCTOSHHE IO
KPHTEpHAM CONPOTHBJICHHS KOHTAKTHOM M H3ruG-
HOH yCTaNoCTH:

o® =550...650 MITa,

p% =1200...1300 MITa,
HB® =380..420, | (5)
HV® = 400...440,

ol =1300...1500 MITa

Ecnu xapakTepHCTHKH, yKa3aHHBIC B PaBEHCT-
Bax (5), HE MPEBBIIAIOT YCTAHOBICHHBIX BEIHYHH,
TO YCTAJOCTHAs NMPOYHOCTh MaTepHaNa CYUTALTCS
obecnedeHHoil. B mNpoTHBHOM ciydae cleayer
OXKH/IATh BO3HHKHOBECHHS H PAa3BHTHA MOBPEKIE-
Huit. ECTeCTBEHHO, YTO 3TH BLIBOJLI MPHUMEHH-
TEIBHO K TaKOM OTBETCTBCHHOM CHCTEME, KaKOBOH
SIBIACTCA CHCTEMa KoJieco/pensc, TpebyloT aonon-
HHTENBHOTO 000CHORAHHSA.

Ha ocuoBanuu (1) — (5) MOXHO IpEINIOXKHTE
CIEOYIONIYI0 METONMKY aHAIH3a MEXaHH4eCKOro
cocTosHuA ctanei. C MCNONB30BaHHEM 3aBHCHMO-
CTeii, MpeACTaBACHHBIX Ha pHC. 1, H306paxaercs
JMarpaMMa COCTOSIHHSI, KOTOpPOH IpHpaercs cie-
myroumit cmeica. Ecmu B mponecce paboTe! mpouc-
XOJIMT TOBBIICHHE TBEPAOCTH HA MOBEPXHOCTH
JeTaly, TO 3TO 03HA9aeT, YTO OJHOBPEMEHHO MO-
BBIIAETCH CONPOTHBICHHE Kak H3rHOHOH, Tak M
KOHTAKTHOM yctanoctu. M 310 moBeimieHUE 0Tpa-
*aeT YNPOYHCHHE CTANM COITIACHO 3aBHCHMOCTAM
o_1(HV) u ps(HB). Mpoueccsl ynpouxenus OyayTt
HMETH MECTO TOJBKO IO TE€X MOp, MOKa I 3aBH-
CHMOCTH ©.j(HV) He HaCTyNHT MEpexXo] B KPHTH-
geckyio obmacts (3aTeMHeHO Ha puc. 1). 1o 06-
NIACTH HAyajia MOBEPXHOCTHOI'O paspyIICHHs.

CnenopatensHo, puc. | MOXKHO paccMaTpHBaTh
KaKk JuarpaMMy MEXaHHYeCKOTO COCTOSHHS Me-
TA/Ia 0 KPUTEPHAM M3rHOHOH M KOHTaKTHOH yc-
TaJIOCTH.
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2. MeToaHKa OLIEeHKH MeXaHH4YeCKOro
COCTOAHHSA PeIbCOBOMH CTAIH

MexaHHYECKOEe COCTOSHHE pENbCOBOH CTAIH
MOJKHO OIIEHHBaTh Kak 1o mo0oi H3 XapakTepH-
CTHK, NPEJCTABICHHLIX B MaTpHIe (5) H Ha pHc. 1,
TAK ¥ 110 HX MOJHOH COBOKYITHOCTH. Tak Kak TBep-
I0ocTh Haubosee JErko ONpesieNHTh, & TOYHOCTh
H3MEPEHHH TBEPJOCTH no BHkkepcy BhllIe, 9eM
no Bpuuemwmo, To npe/uiaraeMas METOJIMKA OLICHKH
MEXaHHYECKOTO COCTOSHMA pEeNbCOBOH CTamM OC-
HOBaHa Ha H3MEPEHHH TBEpPAOCTH No BHkkepcy.

HccnenoBanue TBEpIOCTH HAa NOBEPXHOCTH KaTa-
Husl OBLIO BBIIOJMHEHO I HETEPMOYIPOYHEHHBIX
pemscoB THma P50 mpomsBozacTsa MeTKOMOHHATA
“A30BCTaNb”, KOTOPHIE IKCIUTYaTHPOBAIHCH B MuH-
ckoM MerponomuteHe. OObeKTaMH I H3y4eHHs
CITYHJIH TPH OTPEe3Ka pesibcoB: 1) HOBBIH, HE ObIB-
MHH B OKCIUTyaTallMd (MCXOJHOE COCTOSHHME); 2)
CHATHIH C MPAMOTO Y4acTKa ITyTH, MOC/E MpOITycKa
300 mmu. T OpyTTO, T. €. HOPMATHBHOIO TOHHAXA,
SOPAKTIEYIIEND CyMMAE0 HapaGOTKy peltb-
COB, NpPH JOCTHXEHHH KOTOpOH [IO/DKHA NPOH3BO-
JTMTBCS MX 3aMEHa, HE3aBUCHMO OT TOrO, HCYeprnaHa
ux pabotocnocoOHOCTE MM HET; 3) CHATHIA C mps-
MOr0 y4acTKa rocne npomycka 210 mms. T 6pyTTo.

HcnsiTanda Ha TBEPAOCT METOAOM NpoOBI 1O
Bukkepcy NMpoBOMMIHM B COOTBETCTBHH C TpeboBa-
musamMu ['OCT 2999-75. Cxema u3mepeHuii Ha mo-
BEPXHOCTH KaTaHWA penbca [peCTaBIeHa Ha PHC. 2.
ITo mpomonsHO#H ocu penbca x pasmedamu 50 ps-
ZIOB, B KaXJOM H3 KOTOPHIX 4Yepe3 paBHBIE pac-
CTOsHUA pasMedand 50 Touek, B KOTOPHIX MPOH3-
BOJIHJIH H3MCPCHHA TBEpROCcTH HV.

W3mepeHns Ha MOBEPXHOCTH KATAHHA T'OJIOBKH
penbca, He OBIBIIEro B SKCITyaTallMH, IMO3BOIMIH
YCTaHOBHTB, YTO 3HAYCHHE TBEPHOCTH MaTepuana
B HCXOOHOM COCTOSHMH He mpesbuuano 300 HV,
HE3HAYUTENBHO  BapbHpyACh B  HHTEpBane
(230...295 HV) u coctasnss B cpenueM 261 HV.

Jns penbcos, OBLIBIIMX B OKCIUTyaTalldH, YCTa-
HOBJICHO, YTO IIOBEPXHOCTH KaTaHuA AedopMupyercs
HEPaBHOMEPHO — OOHapy»MBaIOTCS TPH XapakTep-
uele 3o0ms! (I, II, 11T cM. puc. 2) onpenensemsie pes-
KHM H3MEHEHHEM T0JIeH pacCesiHHA TBEPAOCTH.

[lo u3MepEHHBIM 3HAYEHHAM TBEPHOCTH BhI-
NOJIHEHA OLICHKA XapaKTEPHCTHK CONPOTHBICHHA
YCTQJIOCTH M IPOYHOCTH B cooTBeTcTBHH C (1)—(4).
PesymnpTatsl pacuera npuseseHs! B Tabm. 1.

IIpoananmmsmpyeM pe3ynbTaThl I penbea,
nponyctuBmero 300 mma. T Gpyrro. B 3ome I
TBEPAOCTh JIOCTHIACT HAMOONBIUMX 3HAYEHHMIl 1O-
panxa 500...600 HV u Gonee, coctaBnsas B Cpeil-
HeM 480 HV. Ora 30Ha HEpaBHOMEPHA MO MIMPHHE
TOJIOBKH M INEPHOAMYHA MO €€ IIMHE, APYTHMH
CNIOBaMH, OHA — HecTanuoHapHa. [lockoneky TBEp-
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ZOCTh MCXOQHOrO MaTepuana He npesbimaer 300
HV, T0 B 1aHHOM CIly4ae MMEeT MEcTO JABYKpar-
HbIH pocT TBepaocTH. B 3one II TBepaoCTE MOCTH-
raer 3Havenud mnopanka 460 HV, cocraBnss B
cpearem 410 HV, T. e. BhIIIE NEPBOHAYANBLHOH B
1,5 pasa. B 3o0me III TBepaocTh He NpeBHIIIACT 3HA-
vennit 400 HV; Ho B cpeaneM oHa coctasiuser 320
HV, 1.e. HemHoruM Gonsiue (mpumepHO Ha 25 %)
HCXOHOM TBEPIOCTH.

Tocae 210 mam. 'rzdpym

H
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Puc. 2. Pactpesenenne o NOBEpXHOCTH FOOBKH PEJib-
ca M3 MpAMOro y4acTKa TBepaocTH HV
nocse npormycka 210 1 300 muH T 6pyTTO:
1 — cpe/tHAs TBEPAOCTH 0 KCIUTYATALHH,
2 — TBEpHOCTH MOC/IE IKCILTYaTalHH

Tadonuna 1

CpenHme 3Ha4eHHS TBEPJOCTH, XAPAKTEPHCTHK
CONPOTHBJIEHHS YCTAJOCTH H Npeesia NPOYHOCTH

CocTosHHE PENBCOBOH CTATH

1o nocne npomycka 300 mus. T 6pyTTO
FROTHEY ST R 3oma 11 3oHa [I joHa |

Trepnocts no Bukkepcy

261 320 410 480

[Ipenen BeiHocMBocTH, MIla
436 506 584 612
Ilpenen KoHTaKTHOH ycTanoct, MIla

793 969 1235 1399
[Tpenen npounoctu, MIla

890 1090 1380 1590

Ecmu npezen BHIHOCAMBOCTH A0 3KCIUTyaTallH
B cpemHeM cocTtaBnsan o-; = 436 MIlla, To nmocné



aKcIUTyaTauud oH gocturaer 500...620 MIla. Dto
03Ha4aeT, YTO MMEET MECTO MOBBINIEHHE CONpO-
THBIEHHA ycTanoctd Ha 30...40 u gaxe mo 50 %.
Takoit BHIBOJ HE SBIAETCA HEOXHJAHHBIM, OH W3-
BecTeH B Tpubodaruke [13, 14].

IIpenen KOHTAKTHOH YCTaJOCTH B IIpomecce
9KCIUTyaTalliH BeIpoc Ha 22...76 %, B 3aBHCHMO-
CTH OT 30HBI Ae(OPMHUPOBAHHS, MAKCHMATBHOE €r0
NOBBIIEHHE OTMEYEHO B 30He 1.

Haubonee HM3KHH ypOBEHb IPOYHOCTH
(op = 890 MIla) uMeeT HETEPMOYNPOYHEHHBIH
pensc A0 3KcIuTyaranuu. B mpouecce skcruryara-
IHUH OpeJen NPOYHOCTH €r0 MaTepHala yBEIH4H-
paercs 10 1300...1400 Mlla. Taxue 3Haq9eHus xa-
PAKTEPHBI [U1s HOBBIX 00BEMHO HIIH OBEPXHOCTHO
TEPMOYIIPOYHCHHBIX, & TAKKE AJIA TePMHYECKH HE
YINPOYHEHHBIX DENbCOB TOCHE OIKCILTyaTallMH.
Kpowme Toro, B 30He | nmpeaen npouHOCTH AOCTHIa-
er 3HaucHuH nopsaaka 1600 MIla. Takum obpasom,
9KCIUTYyaTallHOHHOE YNPOYHEHHE HCCISTyeMbIX
PENbCOB OKA3bIBAETCA 3HAYUTEIIBHEIM.

ConocraBieHHE NOMYYEHHBIX pE3YJIbTATOB C
(5) nozBonsieT 3aKJIIOYHTE, 9TO TONBKO IS 30HHI |
IOBEPXHOCTH KaTaHUs pelbca CpeIHHE 3HAYCHHS
KPHTEPHAJIbHBIX XapaKTEPUCTHK MPEBBINAIOT KpH-
THYECKHE 3HAYCHHA. DTO CBHACTENLCTBYET O BO3-
MOXXHOCTH II€PEX0/a PeNIbCOBOMH CTalH B KPHTHYE-
CKO€ COCTOSHHME M, CIeI0BATelbHO, NOABICHHA
HavaIbHbIX NOBPEXKICHUH HMEHHO B 30HE 1.

JlnarpaMMa MEXaHHYECKOTO COCTOSHHA pEllb-
COBOH cTanu mocne npomycka 210 mmH. T 6pyTTo,
NOATBEPIKAAIOIIAS BbIIIE MPETOKCHHBIH KpHTe-
PHH JIOCTHXEHHS KPUTHYECKOTO COCTOSHHS pelb-
COBOH CTa/lH, NOCTPOCHA HA pPUC. 3 ¢ HCMONBL30Ba-
HHEM pEe3yJbTaTOB H3MEPEHHS TBEPAOCTH IOCHE
nponycka 210 mis. T 6pyTTo (cM. puc. 3).

BuaHO, 94TO CpeaHHe 3HAYECHUS XaPAKTEPUCTHK
(HV, 6., ps Op) HE NPEBHILIAIOT YCTAHOBICHHBIX
B (5) 3HaucHMI, cleOBaTENbHO, KPHTHIECKOE CO-
CTOSHHE MaTepHasa pejbca MOocie MpOIycKa TOH-
Haxxa 210 miH. T 6pyTTO €Ime He JOCTHTHYTO.

3. IkcnepuMeHTAIbHOE NOJTBEPAKIACHAE
KpHTepHs

MHuKpOCTpyKTYpa CTam¥ Il HOBOIO penbca
NpuBeAeHa HA pHC. 4, @; A4 30HE HAHOOIBIIEro
AedopmupoBaHHis — 30HBI | penbca mocne 3Kc-
ITyaTanyu — Ha puc. 4, 6.

B oboux cmydasx cTpykTypa cepaueBHHBI 00-
PasnoB xapakTepu3yercs HanuuueM copOuroolpas-
HOTO MEpiHTa, a TAKKE OTAENBHBIX 30H MENKOILUIa-
CTHHYATOro nepiura. B noBepXHOCTHOM ciioe 30HE |
o0pa3ma pernsca, npomycrusmiero 300 mmH. GpyTTo
T., BUJICH OXPYITYCHHbLIH [IOBEPXHOCTHLIHA CIIOH € 1Oo-
BBIICHHOM IIOTHOCTBIO Jie(eKToB (cM. pHc. 4, 6).
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Puc. 3. [lnarpamma MeXaHHYECKOrO COCTOSHHSA
peabcoBoii cTanu nocne npomycka 210 s T 6pyTTo

Ilpu nansHeHmueM HccneoBaHHH 30HHI [ B ce-
YEHHH MOBEPXHOCTH TOJNIOBKH penbca, ObIBIIEro B
OKCIUTyaTallW¥, BBIABJACHBI HAKIOHHBIC TPEMIHHEI
(puc. 4, B), xoTopsie 00pa3’oBaNHCh B mpoLEcce
skciuTyatanuu. HabGmonmaercs Tarkoke pan BHYT-
PEHHHX TPEIIMH, HE BBIXOMAIIMX HA TOBEPXHOCTH
M OPHCHTHPOBAHHBIX NPEUMYILECTBEHHO MNapai-
NIENBHO NOBEPXHOCTH (PHC. 4, I).

['my6una 3aneranus TpeImMH H3MEHsAETCs oT 17
1o 210 MM, a mpoTsKEHHOCTH — 0T 25 1o 2000
MkM. Kpome Toro, Ha MoBepXHOCTH IOJIOBKH pelib-
ca B 30H¢ | HaOmogaeTcs MOBEPXHOCTHOE YCTAlo-
CTHOE BHIKpamuBaHWe (MUTTHHT). ['myOmHa mwT-
THHTA COCTaBIAeT 2...5 MKM, NPOTSXKEHHOCTH —
2...7 MxM. Hapsany ¢ 3TuM MMeeT MECTO TPEIIHHO-
o0pa3oBaHHe B BHIE MEIKUX H3BHINCTBIX TPEIIUH.
Takam o6pa3oM, 3HaUHTEIbHOE NOBBINICHHE TBEDP-
noctd B 30He | O3HayaeT CHIBHOE YIPOYHEHHE
MIACTHYECKOH AedopManueil TOHKOro MOBEPXHO-
CTHOTO CJI0f TONOBKH penbca. Ho umenHO B 3TOM
30He co cpeaHelt TBepnocThio 480 HV passuBaroT-
csl MPOLIECChl PasyNpOYHEHHS, MPEIIIECTBYOMHE
OXPYITYHBAHHIO W pa3spyIICHHIO MaTepHana; 3/1ech
HaYMHAIOT BO3HHKATh Je(eKThl. D10 yOenuTensHo
TIOATBEPIKIAET MPABOMEPHOCTh H 00OOCHOBAHHOCTh
NPEUIOKEHHOTO KPHTEPHSL.

Bonbmioe 3HayeHWe INpU OLEHKE KauecTsa
PENBCOB UMEIOT HATYPHbIC HCIILITAHHA MOIHONPO-
GUIBHBIX PENBCOB NPH H3rHOHOM NHKIHYECKOM
HATPYKEHUH, KOTOpbIe ABNAIOTCA OOMIENPHHATHIM
METONOM OLeHKH paborocnocobrocty [15]. Takue
HCMBITAHUSA TIO3BOMAIOT ONPEJCIHHTh J0JIroBeY-
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HOCTb paboTsl pesbca 10 MOMEHTA BO3HHKHOBEHHS
B HeM Jedexra M H3IOMa. YCTAIOCTHYIO MpOY-
HOCTH OIIEHMBAIOT II0 OrPaHHYEHHOMY Npeieny
BeiHOCTHBOCTH (B KH) npu npuesTO# 6ase MCHbI-
taEmit 2'10° IEKNOB HATpYXEHMS, T. €. MaKCH-
MaJbHOH HArpy3Ke, NpH KOTOPOH peiibC B KaxI0i
u3 cepuu npo6 npoxoaut 6asy 6e3 paspymeHus.

Puc. 4. MukpocTpyKTypa CTany HOBOTO peibea (a) u
pelbca [ocie IKcIutyarauuy (6) ¥ TUIIHYHBIE YCTATOCT-
HbIE [OBPEXAEHN, 00HApYKeHHbIE B 30He | IOBEpxHO-

CTHOTO CJIOS TOJIOBKH peJibea (8, 2)

HatypHble HCIBITaHHA PENBCOBRIX Npo0 Ha
mMKIHgeckui u3ru® nposommnu Ha 100-ToHHOM
rapponyiascatope [[JIM-100 npu pacnonoxenuu
PENBCOBRIX MpO0 TOJOBKOH B 30HE PACTSKCHHA.
Paccrosnue mexnay omopamu cocraBmser 1,0 m.
CocpenorodenHas Harpys3ka IpPHKIaJBIBAalack B
CEPEMHE [POJIeTa, ACHMMETPHS LHKIA (Cmin/Omax)
coctasmana 0,1. Beum wucmoeITaesl aBe npoOsl
penscoB THna P50 mpousBomcTBa MeTaLTyprade-
ckoro komOuHaTa “A30BCTadh”, NMPOMYCTHBIIHE
HopMaTuBHBIA ToHHaX 300 My, T 6pyTTO B NpS-
MoM y4actke, npu Harpyske 300 u 280 xH, koro-
PYKO  pPeIBbCOBBIE  MPOOBI  NPEATIONOKHTEILHO
JOMKHBl ObUIH BhIAEPKaTh Oe3 paspymenus. [Ipu
Harpy3ke 300 xH (MakcCHMalbHOE HAINpPsKEHHE
cocraBuno 304 MIla) mpobGa cnomanace moclne
1,8:10° k0B HarpyxeHus, a npu Harpyske 280
kH (MmakcumansHOe HampsokeHue — 283 MIla)
penbe Beigepxan Oes paspymerus 2-10° muxios
HarpyxeHus. J[ia NOATBEPKICHHS HATPY3KH, TIPH
KOTOpO#l peNbehl BBIACPKMBAIOT 0a30BOe HHCIIO
IMKJIOB, GBI HMCIBITAH €Ie OXMH peibe mpu 280
kH, xotopsIif Taroke He paspymmica. Ha ocuosa-
HHH pEe3yJbTaTOB HATYPHBIX HCOBITaHHMH, ObLIa
NOCTPOCHA KpHBasA YCTAIOCTH 1, NMpe/cTaBNeHHAs
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Ha puc. 5. CpesHee 3Ha4eHHe Npefelia BEIHOCIH-
BOCTH MCCNIELyeMbIX HAaTYpHBIX penbcoB THna P50
cocrapyser 288 MIla.

Coge
MIla

450

400 ‘\

350 X T

300

[>

50
10 10’ 10°

Puc. 5. KpHBbie ycTanoCcTH A1 HETEPMOYNPOYHEHHBIX

penscoB Tuna P50:

1 —mocre nporrycka 300 Mg, T 6pyTTO; 2 — B COCTOSHHH I1O-
CTaBKH; 3 — IpH HATHYHH BHYTPCHHHUX IPOJOIBHBIX TPELIHH;
4 — pH HATHIHH TIONIEPETHBIX YCTANIOCTHBIX TPSIIHE MaoH
momany a0 8 % ceueHHd rONOBKH; 5 — NMpH HATHYHH Gote-

ILIHX TOMEPETHBIX YCTAIOCTHRIX TPENIHH, 3aHHMAIONHX 10
50...70 % ceucHHs TONOBKH

N, unkn

Kpussie ycranoctu 2-5 Ha pHcC. 5 MOCTPOEHBI
Ha OCHOBAaHWH AHAJIOTHUHBIX HCCIENOBaHHH He-
TEPMOYTIPOYHEHHBIX penscoB THna P50 npu Ha-
NMHYHM M pa3BUTHU B HUX nedexros [1]. [lo Tex
nop, moka B peibcax He oOpa3’oBalHch BHYTpEH-
HHE TpeMHBI (KpHBBIE | ¥ 2), HAKOIUICHHE yCTa-
JIOCTHBIX TOBPEX/ICHHH B TOBEPXHOCTHBIX CIOAX
TOJIOBKH penbca MPHBOANT TONBKO K HeGOombIIOMY
CHIDKEHHIO YCTalocTHOM mnpognoctd. IIpa BO3-
HHKHOBEHHMH IPOJONBHBIX TPEIIHH 3HaYeHUE Ipe-
Jiesia BHIHOCIIMBOCTH CHIDKaeTcs yxe no 240 MIla
(kpuBas 3), a npu 00pa30BaHHH MONEPEYHBIX TpPe-
IIMH pa3MepoM 10 S...6 % cedeHus TOIOBKH pellb-
ca — 10 120 MIla (xpusas 4). Ecnu mnomans Tpe-
e npessimaet Oonee 8 % cedeHHA TONOBKH, TO
npezen BEIHOCIHBOCTH He MOeT ObITh ompeneneH
[0 NMPHBEAEHHOM CXEME HCIBITAHWS, TaK Kak OH
cocrapnser meHee 70 MIla (xpusas 5).

Taxum oOpasom, mpenen BBHIHOCIHBOCTH HE-
TEpPMOYNPOYHEHHBIX penbcoB Tuma P50 mo 3ke-
IWIyatamuu coctaBmseT B cpexrem 300 MIla. Pe-
3y/NbTAaTHl BBIIOJNHEHHBIX HCCIEIOBAaHMH CBHIE-
TENBCTBYIOT O TOM, 9TO HX CONPOTHBICHHE YCTa-
JIOCTH  MONHONPOQHIBHBIX  PENbCOB  MOCIHE



npomycka 300 MaH. T 6pyTTO MOHM3MAOCH 110 288
MIla, T. e. Bcero Ha 4 %, H 3TO NOATBEPXKAAET
[PEJUVIOJKCHHBIH KPHTEpHH OLECHKH IpPelelIbHOro
COCTOSIHMA PEILCOBOH CTaJIH.

4. l]epcnem*unu HCHOJIL30BAHHSA KPDHTEPHSA

H3sectro [16], 94T0 OAHMM U3 mapaMeTpoB, KO-
TOPEIM MOXHO YIIPaBJATh B npouecce 06paboTku
nutidoBanueM, ABISETCA TBEPAOCTh Ha IOBEPXHO-
CTH KaTaHus. DTOT (aKTop ONpeaensdeT COCTOSHHE
perbca B MpOLEcce KCIUTYyaTallMH MM Iocie 06-
paboTKH H €ro CKJIOHHOCTh K YCTAIOCTHOMY pas-
PYIICHHIO. B CBA3H € 3THM NpPEAIAracTcs HCIOMb-
30BaTh pa3pabOTaHHBIH KPHUTEPHH B KadecTBe IIa-
paMeTpa, periaMeHTHPYIONEro Ha3HA4YeHHE MUIH-
¢osanus. [Ipx moMomIu NEpeHOCHOro TBEPAOMEDA,
B OKCILUTyaTallHOHHBIX YCIOBHAX MOXXHO omnpeje-
JTUTH TBEPAOCTH B 30HE KOHTAKTA PelibCa M KOJeca.
Ecnu cpemuss M3MepeHHas TBEPAOCTh JOCTHIaeT
400...440 HV (380...420 HB), To ycramocTHas
IPOYHOCTH PETBCOB CHIKACTCSA, & HA MIOBEPXHOCTH
KaTaHWsd BO3HUKAIOT noBpexncHHs. [IpH mpeswi-
MIEHWH YKAa3aHHOTrO 3HAYCHHS TBEPAOCTH HEoOXo-
IUMO TPHHATHE MEp MO YNy4IIEHHI0 MEXaHH4e-
CKHMX CBOWCTB MaTepHala TOJIOBKH PEbCOB, KOTO-
phle B JAHHOM ClIy4ae XapaKTepH3YIOTCA HMCHHO
yposHeM TBepocTH. HasHauenue mmmdosanns no
IPEUIOKEHHOMY KPHTEPHIO TIO3BOJIMT NPHOCTaHO-
BHTH MpOIECcChl 00pa3oBaHUsA MOBEPXHOCTHBIX -
(eKTOB yKe B HA9anbHOM HX IIEPHOJE.

Brisoasl

1) Ipennoxken obmmuit METO OLEHKH MEXaHH-
YEeCKOT0 COCTOSHHA CTAIM MO KPUTEPHSM H3rH0-
HO# M KOHTAKTHOM YCTAlIOCTH (BO B3aHMOCBS3H C
TBEPAOCTHIO H IPELETIOM IPOYHOCTH).

2) Paspaborana mpouefypa 3KCIIPeccHOH pac-
YETHO-3KCIEPHMEHTAIBHOH OLEHKH MEXaHH9eCcKo-
ro COCTOSIHHMS MaTephaya IOJIOBKH PEIbCOB, OCHO-
BaHHAs HA NIPE/UIOAKCHHOM METOJIE.

3) Meron u nponexypa NOATBEPIKACHBI IKCIIE-
PAMEHTAbHBIMH HCCIEI0BAHMAMH MEXaHHYECKO-
I'0 COCTOSIHHS HETEPMOYTPOYHEHHBIX PEIbCOB TH-
na P50 B mponecce skcmutyaTaluH (1ocie npoiryc-
ka 210 u 360 mun T OpyTTO), a TAKXKE MHKPO-
CTPYKTYPHBIM aHAIM30M HAYalbHOTO IOBPEK/E-
HHSl MaTepyasa Ha IOBEPXHOCTH KaTaHHUA,
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