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Ilokazano, umo npu mpeHuu nO He3GKPENNEHHbIM YACMUYAM KOKCA C MAIbiM
Oaenernuem uznoc Cm. 3 menvuse, vem cmanu AISI 304. Ilpu oaenenusax 6onvwe 30 klla
bvicmpee usnawusaemcs Cm. 3. IIposenenue bonvuiedi cmoukocmu K uU3HOCy Koppe-
Jupyem ¢ yeenudeHuem 0eghopMayuoHHozo ynpourenus cmanei. I eomempus 60po30
HA NOBEPXHOCMU MPpeHUs, NONYYEHHbLIX 8 OOHUX U mex Jice YCIo8UAx, y cmaneu
PA3UYHA U ONpedensiemcs CAMOOP2AHU3AYuUeld DAa3pYUleHUuss om 63auMoOeicmeut
omoenvHbIX yacmuy abpasusa c 06pazyom.

Kniouesvie cnosa: uznococmoiixocmn, pazpywienue, oegpopmayus.

BBenenune

ITpy BBIMOTHEHUH MPOEKTA MO pa3paboTke KOMIUIEKCa 00OpydOBaHHs JIs
rpa¢uTH3anmy Kokca mis kommanuu "American Energy Technologies CO"
BO3HHKJIA mnpobieMa BbIOOpa MaTepuala M TOJIUMHBI CTEHOK IPOXOJHOM
O0XXHroBOHM Ie4H, HaXONALIMXCA MOJA BO3/EHCTBHEM IMOTOKAa 4YacCTHI[ KOKCa.
YacTuupl JBUraroTcs ¢ pa3sHON CKOPOCTBIO M OKa3bIBAIOT Pa3HOE AaBJICHHE B
pe3yJibTaTe MEepeMEHHOro ceyeHus nedd. IlyTe TpeHHs 4acTHIl KOKCa ompene-
JsieTcs BBICOTON MpPOXOJHON OGXKMIroBOM IedM, KoTopas cocTaBisger 12 M.
B3BelieHHbIE B MPOAYBa€MOM BCTPEYHO MOTOKE a30Ta YaCTHIBI IIPOXOIAT ITyTh
3a BpeMs okoo 20 MHH.

Bo3zzeiicTBHe MOTOKAa TBEPABIX YacCTHIL[ KOKCA, MOJYYeHHBIX ApobieHHeM
NPOOYKTOB IepepabOTKH YIiisi, NPHBOAMT K H3HAIIMBAHUIO CTEHOK IEYH.
KoHTakTHOE B3auMopneiicTBHe B TPHOOJIOTHMH MPHHATO KJIACCH(ULMPOBATH IO
THIy OJJIEMEHTapHbIX TMpPOLIECCOB pa3pylICHHUs B TOYKAX MEXaHHYECKHX
KOHTaKTOB TpyIIHMXCA moBepxHocteil. B pabore [1] MexaHuudeckoe
B3aHMMOJIC/ICTBHE HEPOBHOCTEH ITOBEPXHOCTH IOApA3JENAETCS Ha YINpPYroe
OTTECHEHHE, IUIACTHYECKOE OTTECHEHHE, MHKPOPE3aHHE M pa3pyllIeHHE.
B3aumopeicTBUs BceX BHIOB, B KOHEYHOM CYETE, NMPHUBOJAT K KOHTAKTHBIM
paspyiieHusM. Pe3aHue M Xpymnkoe pa3pyLICHHE NPOUCXOAAT NMPH OAHOM HIIH
HECKOJIbKUX BO3AeicTBUAX. Pa3pyieHue B pe3yibTaTe pa3sBHTHS KOHTAKTHBIX
nedopMmanuii HabmoaaeTcs nocie GoNbIIEro YMciaa LUKIOB B3aHMOJCHCTBHA.
OtneneHde 4acTHYEeK MaTepHala MNpH pa3pylleHMM B MECTaX KOHTaKTOB
TPYIIUXCHA MOBEPXHOCTEH Ha3bIBalOT M3HOCOM. CpenHAs CKOPOCTh HM3HAIIH-
BaHMA k mpeAcTaBiseT co00H OTHOLIEHHE KOHEYHOrO IMpPUPAILEHHs BETHYHHBI
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u3Hoca (YMEHbLICHHE JIMHelHoro pasmepa Ah, Maccel Am WM oObema Av) Kk
MHTEpBaJly BpEMEHH Af, 33 KOTOPbIH H3MEHEHHE MPOU3OLILIO:

k= Ah/At, k, = Am/At, k,= Av/At. (1)

NHTEeHCUMBHOCTL H3HAlUMBaHUA [ onpenensercs KaKk OTHOLUEHWE BEJIMYHHBI
M3HOCA K MyTH TpeHus Al, Ha KOTOpoM HaboAaeTCs 3TOT U3HOC:

I,= An/AlL, I, = Am/Al, I,= Av/Al (2)

BBuay C/I0XKHOI 3aBUCUMOCTH Tipoliecca (GOPMHUPOBAHUS pa3pylIE€HHs OT
cBOiicTB Matepuasia (B oObeMe M Ha MOBEPXHOCTH), OT LIEPOXOBATOCTH
TPYILKXCS TIOBEPXHOCTEH U OT YCJIOBMH TPEeHHS (CKOPOCTH M Harpys3KH) 4aile
BCEro TOJIbKO MOZEJBHBIE IKCIEPUMEHTBI MOTYT OMNpPENEIHTh IMPUrOAHOCTD
MaTepUalIoB 1JIs1 HCMOBb30BaHUA MX MPU KOHTAKTHOM B3aMMO/IEHCTBHH.

Ilens HacToswieii pabOThl — BBIICHUTh 3aKOHOMEPHOCTH H3HOCa (eppHT-
HOW W ayCTEHUTHOH cTajiell MOA BO3JACHCTBHEM IIOTOKA YaCTHIL KOKCa, CMOE-
JIUPOBAB MPOLECC TPEHHUEM I10 HE3aKPEIUIEHHBIM YacTHLIAM KOKca. Pe3ynbrarel
TO3BOJIAT BHIOpATh MaTepHal U TOJIHHY CTEHOK O0XKHIOBOH MeuHu.

Mertoauka 3KCIIepUMEHTa

H3Hoc cTajnpHBIX JAeTajiel 4acTULUAaMHM KOKCa XOpOLIO MOAEIUpPYETCs
MCTIBITAHUAMH Ha abpa3uBHBIN M3HOC Ha ycraHoBke Tuna HK (nemomsukHoe
konb10) KoHctpykumu I'ocHMM maummnoBenenus [2]. BeiGpanHblii MeTon
HCIIBITAHUS Ha aOpa3MBHOE M3HAIIMBAHUE OCHOBAH HAa TPEHHH BPAlAKOIIEroCs
ofpasua M KOJbla, KOTOPOE pacrojoXKeHO B emobe, 3achlIaHHOM
MCTIBITHIBAEMBIM TTOPOIIKOBBIM MaTepuasioM (puc. 1). Ocph, Ha KOTOpYIO
repeaaeTcs BpalleHHe OT MPUBOJA, NPOXOAMT YEPE3 LIEHTP KOJIbLIA U MMEET /1Ba
peluara [jis MCIIBITAaHUS OJHOBPEMEHHO IBYX o0pasuoB. HMcrnonb3oBaiu Tpu
YCHIIMS TIpMKaTUs 00pasuoB K Komblly: 1 — Macca jaepxarens 0,65 kr; 2 —
Macca aepskarens u rpysa 0,5 kr, Bcero 1,15 kr; 3 — Macca aepxartens U rpysa
2,3 kr, Bcero 2,95 kr.

IIpu MCHBITAHMM Ul KaKIOH HArpy3kM JKeno® C KOJIBLIOM 3aChIIalics
HOBBIM KOKCOM, KOTOpbIii npomes omkur npu 900 °C, apobGieHHe U pacceB ¢
BBIJAETEHUEM (DPAKIMH, NPOLIEAIIeH Yepe3 CUTO C pasMepoM siuekku 1 MM u
ocTaBlLelics Ha cuTe ¢ ayeiikoii 0,2 mm. PaccTosHue oOpa3iia OT OCH BpallEHHUs —
0,15 M, ckopocTs BpauieHus — 40 06/MuH. CKOpOCTh CKOJIbKEHHUs 00pasia 1o
KoJblly cocrasisyia mpu stom 0,3-3,14-40/60 = 0,628 m/c. OnHOBpeMEHHO
ucnbIThiBaM ABa oOpasua: Ct. 3 u AISI 304 (HeprkaBerolas CTaib).

HcnplTaHus ¢ perucTpalieil BpeMEHH H MacChl H3HOCA HAYMHAJIMCH I0CIe
npuTHPKU 06pasuoB. TpeGoBanoch 2—3 MHH, YTOOBI CJI€[ TPEHHUST ONPEALIIANICS

-

Puc. 1. O6umii Bua (a) u cxema (6) yCTaHOBKHU JUIS HCIIBITAaHUI Ha abpasUBHbIA H3HOC
mapku HK (uenomsuxkHOe KoibLo) [2]: 1 — ochb BpallieHus; 2 — MOPOLIOK KOKca; 3 —
obpasel; 4 — Harpy3ka Ha o6pasely; 5 — KOPOMBICIIO; 6 — Kelo0.
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LIMPHHOM Kombla (26 MM) M TosiuHO#M obpasua (8,7 Mm). Takum oGpasowm, nocm-
raJicst [OMHBIA KOHTAKT o6pasiia ¢ kosuoM. [Liowans kontakra F = 226 MM,

Jluneiinpiii u3HOC Ak yCTaHAaBNMBAIU IO TOTepe Macchl AP, MOCKONBKY
Gosiee TOYHO XapaKTepU30BaTh M3MEHEHHsA 00pasua Mocje TPEHHA MOXKHO ¢
TOMOLLBIO H3MEPEHHS MacChl, a He pasmepoB. I[ToTepio 06beMa onpeneit Kak
AV = Ply, yuntbIBas, YTO INIOTHOCTb CTAJIH AISI 304 coctasister y = 7,81 r/mMm’,
a CT. 3 — 7,86 r/cm’. JInHeiiHbIil H3HOC HECIIOXKHO OMNpENIEIHTD, 3Has MOTEPIO
o6bema AV u miomans konrtakra F, o dopmyne Ah = AV/F.

[Tocne MCMBITAHMA HA TPEHHE C MAaKCHMAaJbHOH Harpy3kod NPOBOAWJIH
dpakTorpapuyeckuii aHanM3 MOBEPXHOCTH O0pasLOB CTajiell Ha PacTPOBOM
3JIEKTPOHHOM MHKpockormne Syperprobe-733.

H3MeHeHHe TBEPAOCTH OKOJNIO TMOBEPXHOCTH TPEHHS ONpPECAId Ha
ronepeyHoM luude ¢ momouso Mukporsepaomepa [IMT-3. Hcnons3opant
npueMbl Jyis 06ecriedeHHss HeOOX0MMMOro PacCTOSHUS MEXIy OTIEYaTKaMH H
COXPAHEHHS MaJIOrO 11ara NpH NPUOIKEHHH K TOBEPXHOCTH TPEHHS. YKOIBI
HAHOCHJIM M0 MPSAMO#M, PAcHoOJOXEHHOH MO OCTPbIM YITIOM K IOBEPXHOCTH
TPEHUs], WM [0 JBYM MPSIMBIM, NEPHEHAUKY/ISPHBIM K MIOBEPXHOCTH TPEHHUS B
IIaXMaTHOM Topsiake. VcnblTaHUs Ha C)Karhe OCYLIECTBIISUIM Ha YHHMBED-
canpHOM MamuHe Mapku 1231Y-10 npoussoactsa HUKHMMIL.

Pe3yabTaThl H HX 00CyKIeHHE

I'pacuku 3aBucuMocTeil uHeiiHoro usHoca Ct. 3 1 AISI 304 ot BPEMEHH
M HArpy3Ky TMpH TPEHHH MO KOKCY MpEACTaBlNeHsl Ha puc. 2. B ciydae Cr. 3
yMEHBIIEHHE JIMHEHHOro pasmepa oOpasia BO3pacTaeT NpPOMNOPUHOHAIBHO
BpeMeHH B TeueHre 20 MUH MPHU BCeX Harpyskax (puc. 2, ). 310 03HaYaeT, uTe
M3HOC TPOUCXOAMT C MOCTOSHHOW ckopocTsio. Jlna cranu AISI 304 mpsmo
MPOTIOPLMOHAIBHAS 3aBHCHMMOCTh M3HOCA OT BpEMEHM HAOIIONAeTCA TOJBKC
Np¥ MHHAMaJIbHOM Harpyske (puc. 2, 6). Ilpu GomblumX Harpy3kax CKOpPOCTE
M3HOCA CO BPEMEHEM YMEHBIIAETCA.

Ha nporsbkeHHu paGoTbl TpUOOCONPSHKEHHE MPOXOAUT HEPE3 HECKOJIBKO
cTaauii, OTIMYAIOIUXCA CKOpOCTBIO M3HOca [3]. B oOuwem ciyyae MX TpH:
npupaboTKa, YCTAHOBMBIUMICS M3HOC M KaracTpoduueckud usHoc. Ilpupa-
6oTKa SBASETCS HECTALMOHAPHBIM PEXHMMOM H3HAIUMBAHUA, B TEYECHHE
KOTOPOrO  TPOMCXONMT (OPMHPOBaHHE TOBEPXHOCTH  B3aHMOICHCTBHS
9JIEMEHTOB TPHOOCOMpsDKeHHs. B HameM ciiy4yae 3TOT NMEPUOA NPOXOAMIT BO
BpeMs NpUpabGOTKH MOBEPXHOCTH KOHTakTa obpasua M Kpyra ¢ MOPOIIKOM
KOKca (CM. METOIUKY 3KCIIEPUMEHTa). Y CTaHOBUBLUHMIACS H3HOC — CTallHOHAp-
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Puc. 2. 3aBucumocty JuHeiiHoro uzHoca Ct. 3 (@) u AISI 304 (6) or BpeMeHH
Tpenus u Harpy3ku (k[la): 1 —30;2 — 50;3 — 130.

174



Hbl mepHoA paboTel TpHOOCOMpPSIKEHHA, BO BpeMs KOTOPOrO CKOPOCTh
M3HalIKBaHuA noctosHHa. MccnenoBanue uzHoca CT. 3 OCYIIECTBIISIM HMEHHO
B CTaLMOHAPHBIX ycioBHsaX. KaTtacTpoduueckuii M3HOC — 3aKJIIOYMTENBHBIN
NEepHOJ JKH3HEHHOTO LKKJIa TPHOOCONpPSHKEHHS, XapaKTePU3YIOIIHICA 00BIYHO
HapacTaHWEM CKOPOCTH HW3HalIMBaHUA (pa3pyLUeHHs) BCIIEACTBHE HAKOILIEH-
HbIX HM3MEHEHHH CBOMCTB TPYLIMXCS MOBEPXHOCTEH W YCIOBHH HX B3aUMO-
JEeHCTBHUA.

B npoBeneHHBIX 3KCIEpPUMEHTaX CBOWMCTBA TPYLUMXCS [OBEPXHOCTEH
MOTYT M3MEHATHCA B PE3y/bTaTe U3MENbYEHUS YaCTUL KOKCA WM 3aTYILIEHHUS
UX OCTPBIX YIJIOB, YTO NMPHBOAMT K YMEHBIUEHHIO H3HOca. OmHako oOpasiisl
TPYTCS OJHOBPEMEHHO I10 OHOMY M TOMY k€ nopouiky. [IosToMy yMeHbleHHE
u3Hoca Tojbko y crand AISI 304, ckopee, BbI3BaHO Jed)OpMaLHOHHBIM
YINPOYHEHHUEM €€ MPUMIOBEPXHOCTHOTO CJIOA.

Pesynbrartel H3ydeHHMs [Ae(pOpPMALHIOHHOTO YIPOYHEHHS MPH CHKATHUH
npuseaeHsl Ha puc. 3. YV cranu AISI 304 nedopmanmonHoe ynpouHeHHe
TIPOMCXOUT 3HAYMUTENIBHO CHIIbHEE, YeM y CT. 3, M BO BCeM HHTepBajie 3Haye-
Huii neopmaumu. ¥V Cr. 3 pe3koe ynpouHeHHe HabJIFOAAaeTCs TONBKO B HaYasle
(~2,5%) nedopmaumuu (puc. 3, a). IlomyyeHHble faHHBIE O M3HOCY (pHC. 2)
MOKa3aJld, YTO OCHOBHOH POCT Ae(OpPMaLMOHHOrO YNPOYHEHHS (HUKCHPYETCs
Ha CTaJud NpUTHPKK obpasua. B cranu AISI 304 ynpouHeHue Bo3pacraer ¢
YBEJIMYEHHEM HArpy3KH M BPEMEHHM TPEHUS NpPH Heil. DTO OOBACHAET poCT
CTOMKOCTH K u3HOCy ctanu AISI 304 ¢ yBennueHHeM BpeMeHH mpH GOJBIIMX
Harpy3kax (puc. 2, 6). :

Ha puc. 4 npeacrapieHbl 3aBUCHMOCTH CKOPOCTH H3HOCA OT MPHJIOKEHHOM
Harpy3kd uid M3y4vaBluiumxcsa crajied. Ilpu stom gns cranum AISI 304 B3sra
MaKCHMaJlbHasi CKOPOCTh M3HOCA, KOTOpasi KMEET MECTO HAa HAYaIbHOM CTaluH
TPEHHSI U ONpENENAeTCs HAaKIOHOM NpSAMBIX JIMHUI Ha puc. 2, 6. CKOpocTh
usHoca Cr.3 Gonbwe, yeM y cranu AISI 304, npu MUHUMAaNBEHON Harpyske
M MeHblIe npH OGonblIMX Harpyskax. M3MeHeHHe XapakTepa M3HOCA CTAIH
AISI 304 ¢ pocroM Harpy3ku BHAHO Ha pHC. 2, 6. IIpu Masioii Harpy3ke He
NpOSABIAETCS YNPOYHEHHE HEPXKAaBEIOIIEH CTald, O 4YeM CBHIETEIbCTBYET
OpsMO MPONOPLHOHANIBHAA 3aBHCUMOCTh HM3HOCA OT BPEMEHH IMPU Harpyske
30 xITa. X1 npu stoii Harpy3ke croiikocTh k u3Hocy CT. 3, koTOopas pe3ko
YIPOYHSAETCA Ha HA4YaJIbHOM 3TaIe, Oka3biBaeTcs BhilIe (pUC. 4).

Xota mpenen TekydecTH npu cxatud y crand AISI 304 3nauurensHO
Bollle, yeM y CT. 3 (puc. 3, @), 3HauYeHUs: MHUKPOTBEPIOCTH BIAJM OT MOBEpPX-
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Nedopmauus PaccrosiHue OT Kpasi, MKM

Puc. 3. Mexanuueckue cBoiictBa ctamu AISI 304 (1) u Cr. 3 (2): a — kpuBble
IUIacTHYeCKOH nedopMaly MpH CXKATUH; 6 — MHUKPOTBEPAOCTh B 3aBUCHMOCTH OT
PacCTOAHUSA OT MOBEPXHOCTH TPEHHUA.
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