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BEHHE JIOKAJbHOH OCOOCHHOCTH HAIPSKEHHOTO
COCTOSIHMSI, HO ¥ TIOBBIIIEHUE IPOYHOCTH. PackphI-
BalOTCA TaKXe JOIOJHUTENBHBIE BO3MOKHOCTHU
HCCIICIOBAHUA JIOKAJIBHOIO MCYEpIaHUs pecypca
IUTACTUYHOCTH, BO3HUKHOBEHHE HAuYaJIbHBIX 3JIe-
MEHTOB pa3pyLICHUs, MPUBOIAMINX K Pa3BUTHIO
JECTPYKIUHN MaTepuaa, BIUIOTh 10 pa3pyLICHHUs.

BBIBO ]

[IpencraBneHne CONPOTHBICHUS CABUTY B CH-
CTeMe CaMOOpTaHHW3alNK Je(OpMAMOHHOTO JIBH-
JKEHHSI HE MOXET OBITh 3aBEpIIeHO 0e3 TeopeTnye-
CKOTO BCKPBITHS M 9THX COITYTCTBYIOLIHX 3aKOHO-
MEPHOCTEH MEXaHUKH, OKa3bIBAIOIINX CYIIECTBEH-
HOC BIMSIHUE HA CONPOTHUBICHUE IedopMHpOBa-
HHIO W JIOJITOBEYHOCTh W3Aeiuid. M3yueHue Bius-
HUS (haKTOPOB pa3pylIeHUs] KaK DIIEMEHTOB OOIIle-
TO CONPOTUBJICHUA He(i)OpMI/IpOBaHI/HO IIO3BOJIUT
HPEICTaBUTh TEOPUH TPOYHOCTH, ILIACTHYHOCTH,
paspylIeHHs M JAPYTUX CMEXKHBIX C HUMH JHCIIH-
IUIMH Ha OoJiee BLICOKOM YPOBHE IO CPAaBHEHHIO C
HBIHEIIHUM. VIMEHHO BBEZICHHE B TCOPHIO MMOHATHS
CTPYKTYpBI HaNpsKEHHO-1e(OPMUPOBAHHOTO CO-
CTOsSIHUSA KaK Q)aKTopa, YTOUHSAIOMIETO COMNPOTHUB-
nenne nedOpMalMOHHOMY JBIDKEHHIO B (hopme
CHMMETPUYHOTO ¥ aCHMMETPUYHOTO €€ TPEICTaB-
JICHUs1, TI03BOJISIET CYNIECTBEHHO TOBBICUTH pa3pe-
IIAFOIIYI0 CIIOCOOHOCTh TEOPUH JiehOopMaIMOHHO-
TO JIBVDKCHUSI.
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NCCIEJOBAHUE ITPOLHECCOB JJASEPHOI'O TEPMOYITPOYHEHU A
BHYTPEHHUX KOHTAKTHBIX IOBEPXHOCTEM TOPMO3HBIX
MEXAHU3MOB TPAKTOPA «BEJIAPYC»

Kano. mexn. nayxk KOGAKOB O. C., 0okm. mexn. nayk, npog. CIIHPH/IOHOB H. B.,
kano. mexu. nayk KAP/TAIIOJIOBA M. A., BAPKYH A. A.

bBenopycckuii nayuonanvbuwiti mexHuueckuii yHueepcumen,
Munckuti mpaxmopnulii 34600

TopMo3Hasi MHOTOIMCKOBAsI CHCTEMa TPaKTOpa
Moxaenu 1221M, paboTtaromias B cMa309HOM Mac-
JITHOU CpeJie, OTIMUYASTCS MOBBINICHHON HAJCKHO-
CTBIO, JIOJTOBEYHOCTHIO M OTBEUACT POy COBpE-
MEHHBIX TpEOOBaHMH M MEXKIyHAPOJHBIM CTaH-
JlapTaM KayecTna.

BectHuk BHTY, Ne 6, 2008

OpHako ¢ TOYKHM 3PEHHUS PaBHOPECYPCHOCTH,
psin pertaneil TOpMO3HBIX MEXaHU3MOB HYKAAIOTCS
B TOBBIIIEHNN HX pecypca MO MPOYHOCTHBIM U H3-
HOCOCTOWKMM cBoicTBaM. K unciy Takux neranei
OTHOCSTCSI KOPILyCHBIE JI€Tald TOPMO3a, U3rOTOB-
JICHHBIE U3 BEICOKONPOYHOTO YyryHa Mapku BU-50.
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B mpormecce skcruryatanuyd TOPMO3HBIX MeXa-
HU3MOB YCTaHOBJIEHO, YTO MOBBIIIEHHOMY H3Ha-
IIMBAHHUIO TIOABCPKCHBI YIIOPHI MPOMEKYTOUHBIX
JIUCKOB KOpITyCa, PAacCIOJIOKEHHBIC HA €r0 BHYT-
PEHHEH MOBEPXHOCTH.

[IpakTuka TMOKa3bIBACT, YTO WCIOJIH30BAHUE
TPaIUIUOHHBIX METOJIOB TEPMOYIpPOYHEHUsS (00h-
eMHas 3akaiika, 3akamka TBY u T. 1.) HEe obecre-
YUBACT MOJDKHOTO 3((eKTa MO MPOYHOCTHBIM W
W3HOCOCTOWKHM CBOMCTBaM W CO3J1a€T JIOTIOIHH-
TeJbHBIE MPOOJIEMBI MPU MOCIEAYIONIEH MeXaHH-
yeckoi 00paboTKe ynpoyHeHHbIX aetaneil. C yue-
TOM 3THX OOCTOSATEIHCTB HAMOOJIEE aKTyaTbHBIM
SBIISIETCS] WCIOJIb30BAaHUE TEXHOJOTHH JIa3epHOTO
TepMOyTnpouHeHus. JlazepHoe TepMOyNpoYHEHHE
W3MIEeTTUH U3 9yTyHa TIPEICTaBIIsIeT OOIBIION IpaK-
TUYECKUI WHTEPEC B CBSI3U C MIMPOKHM HCIOJIB30-
BaHUEM JAaHHOTO MeTaJla B CEIbCKOXO3SHCTBEH-
HOM MaImmHOCTpoeHuu [1].

HccnenoBanpl MpoOILECCHl JIA3epHOTO  TEPMO-
ynpouHeHus yyryHa BU-50 ¢ mporiaBneHuem mo-
BEPXHOCTHOTO cJog MeTaua. Vcmoisp3oBaincs
CO;-nasep HenpepbiBHOrO H3nyueHus «Komera-2»
BBIXOJTHOM MOIIMHOCTBHIO 1,5 KBT ¢ IJIMHOM BOJIHBI
m3nyaenns 10,2 MM, a Takke «apmyH-2M» ¢
BBIXOJJHOM MOIIIHOCTBIO 2,5 KBT.

Yacte 00pasioB MoilyuyeHa Ja3epHBIM TEPMO-
YIPOYHEHHEM C HCIIOIb30BAHHEM HOBEHIINX BO-
JIOKOHHBIX TUOIHBIX J1azepos BJI-2000 u BJI-3000
C JUTMHOM BOJHBI m3nmyudeHus 1,07 MKM U MOIIHO-
cteio 2000 u 3000 Bt coorBercTBeHHO. C LIETBIO
CPaBHHUTEIHHOTO aHallM3a M0 TMPOYHOCTHBIM U
CTPYKTYPHBIM CBOHCTBaM C BBICOKOIIPOYHBIM 4Yy-
ryaoM BY-50 gacte o0pasiioB ObLTa M3rOTOBJICHA
u3 ceporo uyryna CY-20. OCHOBHOU HENbIO HC-
CJIeTIOBaHMA OBLIO TIPOBEICHUE NIPEIBAPUTEIHBHOTO
aHalM3a BO3MOXKHOH 3aMeHBI Oojiee JOpororo u
TpynHooOpabateiBaemoro uyryHa BU-50 Ha memre-
BB M JieTYe TOJIAIONIUICS MEXaHUIEeCKOH o0pa-
ootke cepsiit uyryn CU-20.

HccnenoBanbl MpOYHOCTHBIE CBOMCTBA YIIPOU-
HEHHOT'O MeTaJuia, POPMUPOBAHUE MUKPOCTPYKTY-
PBI, pa3MepHbIe MapaMeTpbl U TeOMEeTpHs 30H Ja-
3epHOM 3aKaJIKH, & TAKXKe MIEPOXOBATOCTh MOBEPX-
HOCTHU. VCroNp30Bauch CTaHAapTHAS ammaparypa
¥ METOJUKAa M3MepeHnus. MUKpOTBEpIOCTh MeTall-
na u3Mepsnack MUKpoTBepaomepoM IIMT-3 mpu
Harpy3ke 100 r m BpemeHu skcmozuuuu 10 c,
a Takke Ha mpubope Micromet npu marpyske 200 T
W BPEMEHU 3Kcro3uiuu 5 ¢. PasmepHbie mapamer-
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pPBl 30H YNPOYHEHHUS! aHAJIM3HPOBAIHCH C IIOMO-
ret0 Mukpockona MBC-9 ¢ meTpudeckoi mKkaioi
¢ nenoi genenust 0,01 mm.

MHUKpPOCTPYKTYpa 30H JIa3EPHOTO TEPMOYIIPOY-
HEHUS aHAJIM3WPOBaJaCh ONTHYECKON MHKPOCKO-
nuel ¢ momomupo MukpockonoB Neophot, «2mu-
raoct», MICRO-200 npu yBenuuenun ot 150 mo
1000 pa3. lllepoxoBaTOCTh MMOBEPXHOCTH 00Opa3IOB
u3Mepsiach ¢ momouipio npodunorpada-npodu-
JomeTpa Moa. 252A.

JlazepHoe TEpMOYNpPOYHEHUE JEeTalled U3 Uy-
TyHOB 3a nociefgnue 10-15 net nmomyumso 3ameT-
HOE TPOMBIIUICHHOE TPUMEHCHHE B Pa3IHMYHBIX
OTPaCIIAX MPOMBIITUICHHOTO TTPOU3BOICTBA [2].

CroXHOCTh HaOIIOAAEMBIX MPOLIECCOB Ja3ep-
HOTO TEPMOYIPOYHEHHUS, WX KOJINYECTBEHHAsS
OLICHKA OIPEJEIAIOTCS, MPEeXKe BCero, Termohu-
3MYECKUMU CBOMCTBAMHU METAJIA, €ro (ha30BBIMH U
CTPYKTYPHBIMH XapaKTePUCTUKAMH, SHEpreThude-
CKMMH TapaMeTpaMH JIa3epHOTO W3ITydeHHs, a
TaKXKe TEXHOJIOTHUECKUMH (DaKTopamMHu TEpMOOO-
pabotku [3]. Hampumep, BIusHHUE TaKOro mapa-
MeTpa, KaK CKOPOCTh IBIKEHHS JIa3epHOTO IATHA
HarpeBa IMpHU IMOCTOSHHBIX 3HAYCHUSX MOIIHOCTHU
WJIH TUIOTHOCTH MOIIHOCTH JIa3€pHOTO JTy4a, SIBIIS-
€TCS OJHMM W3 HamOoJjiee CYIIECCTBEHHBIX (PaKToO-
POB, BIUSIOIINX Ha Mocieayiomee GopMupoBaHue
MHUKPOCTPYKTYPbl H TPOYHOCTHBIE (MHUKPOTBEp-
JIOCTh) XapaKTEPUCTUKH YIPOYHEHHOTO MeTajlia.
Hpyrum (akTopoMm SIBISIETCS HaIW4Yue cdepude-
CKUX TPa(UTOBBIX BKIIIOUYECHHHA B METAJLIe, BO MHO-
TOM ONpeAeNsomuXx (HOPMHUPOBAHUE CTPYKTYPHI
W CBOMCTB 3aKaJICHHOT'O MeTaJa.

Brut0 ycTaHOBIEHO, UTO IPUMEHUTENHHO K Uy-
TYHaM ¢ I[IAPOBHIHBIMH BKIIIOYCHUSMH Tpaduta
OCHOBHBIMU CTPYKTYPHBIMU COCTABIISFOIIIUMH SIB-
JAIOTCA MapTeHCHT M aycTeHuT. llpucyrcrtBme
ayCTeHHUTHOH (ha3pl 0OECIIeunBaeT BEICOKYIO TBEp-
nocte (mo 62-65 HRC) wm skcruryatalinoHHYRO
CTOWKOCTh TEPMOYIIPOYHEHHOTO MeTayljla BCIel-
CTBHE TPEBpAIICHNs METacTaOWIHLHOTO ayCTeHHTa
B MapTeHCuT [4].

Jns uccnenoBaHuid MapaMeTpoB MeTalljia 4y-
rynoB BU-50 u CY-20 TepmoympoyHEHHE OCY-
LIECTBISIOCH B OCHOBHOM C HCIIOJIb30BaHHUEM BO-
JIOKOHHOTO AuomxHOoTro jda3epa BJI-2000 BeIxomHo#M
MOIIHOCTBIO 2 KBT mpu cpeanem auamerpe msiTHA
Harpesa 4—5 MMm.

Ha ocHoBaHWM mOTy4eHHBIX JaHHBIX ITOCTPOE-
Hbl TpadUKA 3aBUCUMOCTH CPEIHUX 3HAYCHUUN
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MUKpoTBepaocTH uyryHa BY-50 ot ckopoctu
IBHKCHHMS 30HbI HarpeBa. Ha rpaduke (puc. 1)
MOKa3aHO M3MEHEHHE 3HAaYeHUH MUKPOTBEPIOCTH
(Hu100) B IMama3oHe CKOPOCTEH 30HBI HarpeBa OT
200 go 1400 MM/MHH W TIIyOMHBI 30HBI TEpPMO-
ynpounenus (h, MM) 3akanku, HaduHAA OT 1,5 MM.

Kak BumHO W3 Tpaduka, 3HAYUTEIHHBIA POCT
MHUKPOTBEPAOCTH HAONIOAaeTcss B MPUIIOBEPX-
HOCTHBIX ydYacTKaxX 30HBI ortaBieHus (1o 9000-
10000 MIla), a B cpeaHHX OOJIACTSX 30HBI TBEP-
JIOCTh METaJlsla yMEHbIIaeTcs: A0 3HaueHuit 8500—
9000 MIIa. B miemoM m3MeHEeHNEe MUKPOTBEPIOCTH
OT CKOpPOCTH Ui JaHHOTO AHMana3oHa HE CTOJb
3aMETHO MO CPaBHEHHUIO CO CKOPOCTSMH B Jauara-
30He 1800-3000 MM/MUH.

Kak BugHo u3 rpaduka (puc. 2), B AaHHOM
cilydae HaOMIOJaeTcs 3aMEeTHOE YMEHBIIICHUE MUK-

poteepaoctH a0 4000-4200 MIla mpu 3aMepax Ha
TTyOMHE 30HBI 3aKaIKH, HA9WHAS OT 1,5 MM.

CrnenyeT OTMETHTh, YTO TIOTYYCHHBIC 3HAUCHUS
MUKPOTBEPAOCTH Ha JHMOAHBIX JIa3epax HECKOJIBKO
BBIIIIE TI0O MaKCHMAaJIbHOMY 3HAYEHHIO TBEPIOCTU
MeTaJljia, TOTYYCeHHOMY HaMU paHee MPH UCTIONb-
3oBanuu CO,-1a3€pOB C IIUHOU BOJTHBI U3ITYUCHUS
10,2 MKM.

Hcnonp3oBaHue W3NMy4YCHUS TUOTHBIX BOJIO-
KOHHBIX Ja3epoB ¢ ANUMHON BosHBI 1,07 MKM He
TpeOyeT HaHECEHHS TMOTJIOMAIONINX ITOKPBITHH.
[ornomenne 0OYCIIOBIEHO B OCHOBHOM COCTOSI-
HUEM YIPOYHSIEMOM MOBEPXHOCTH, 3aBUCSILEH OT
BHJIa TIPEIBAPUTEIILHON MEXaHUIECKO 00paboTKu
MeTaJljia U COPMHUPOBABIIETOCS peibeda MoBEepX-
HOCTH.

| P _3‘:_14999_;__ I I

MukpoTeepaocTs, Mz

L Ya¥atat
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my6uHa 3akanku h, Mmm

1 - 1400 mm/mMuH; 2 — 1000; 3 — 600; 4 — 200 MM/MUH;

Puc. 1. 3aBUCIMOCTb MUKPOTBEPAOCTH H, 109 1 TITyOWHBI 30HBI Ta3epHOM 3aKanku h, M,
BBICOKOIPOYHOro yyryHa BU-50 oT ckopocTd V, MM/MUH, ISITHA HArpeBa B Auara3oHe
ckopocteit ot 1400 1o 200 Mmm/MuH
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0,05 0,15 025 035 045 055 065 0,75 085 095 105 115 125 135 145

ny6uHa 3akanku h, Mmm

1 — 3000 Mm/MuH; 2 — 2600; 3 — 2200; 4 — 1800 MM/MUH;

Puc. 2. 3aBUCHMOCTb MUKPOTBEPAOCTH H,,100 ¥ TIIyOMHBI 30HbI JIa3epHOH 3aKaiku h, MM,
BbICOKONpo4yHOro uyryna BY-50 oT ckopocTu V, MM/MHH, IATHA HarpeBa B JUana3oHe
ckopocreii ot 3000 1o 1800 Mm/MuH

BectHuk BHTY, Ne 6, 2008
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Hanpumep, cymecTBeHHOE BIMSHHE UCXOIHON
IIIEPOXOBATOCTH 00pabOTaHHOW TOBEPXHOCTH Ha
rIyOMHYy 30H TEpPMOYNPOYHEHHS OTMEYajloCh B
MIPOLIECCE JIA3EPHOTO JIETUPOBAHUS METAIOB [5].
3amepaMu IIEpPOXOBATOCTH OOpa3IOB W3 UyryHA
BUY-50, 06pab0oTaHHBIX METOAOM YHCTOBOTO (hpe-
3epOBaHMsI, HAMU OBUIM TOJIYYCHBI 3HaUeHUs R, =
= 5,35 mMxMm. B pesynbrare mazepHOM 3aKajlKu Me-
Tala U3 KUAKOW (pa3bl NPOUCXOAAT 3HAYHUTEIb-
HbIC U3MEHEHHUs KaK Npo(uis, Tak U LIepOXOBaTo-
CTH TIOBEPXHOCTH. Tak, MpH 3amMepax mapaMeTpoB
MOBEPXHOCTH BIOJb YIPOYHEHHBIX JOPOXKEK Be-
mnunHa R, ymenpmanace 10 R, = 3,2 MkM npu
cpemHuX 3HaYeHUAX Hy = 11,5 MkMm w0 Hpyjp, =
= 6,2 MmxM. U3Mepenust penbeda 1 mepoxoBaTOCTH
OTUIaBJICHHOM MOBEPXHOCTH B 3aBHCHMOCTH OT pe-
’KUMOB JIa3epHON TepMOoOpabOTKH TOKa3aau 3Ha-
YHUTENbHBIE M3MEHEHHs MPOQWIL W IIEPOXOBATO-
ctu (Tabi. 1, puc. 3) TOBEPXHOCTH OT U3MECHCHWS
PEKMMOB 3aKalKH U MPEXIE BCETO CKOPOCTH ABH-
JKEHHUs 30HBI HarpeBa.

Tabauya 1
Pa3mepuble mapaMeTphl 30HbI ONJIABJIEHHS U 30HbI
TEPMHYECKOr0 BJIUSHUS B 3aBUCHMOCTH OT CKOPOCTH
obpadorku yyryna BU-50 npu N =2 kBrud = 4 mm

Pa3mepHbIii| CKOPOCTh ABMKEHUS €Tl OTHOCHTENBHO JIy4ya
napaMmerp nasepa, MM/MHUH

200 | 600 | 1000 | 1400 | 1800 | 2200 | 2600 | 3000
L,mm |50]38|30|28]|25]|20]|24]| 23
H,mm |23]15(09| 06 |{035| 04|04 |04
H,,mm |06|05| 02 (045]| 04 | 0,6 [0,35]| 0,4

Tepmoynpounenue uyryna CU-20 ocymiects-
JSUIOCH € TIPOIUIABIIEHUEM TOBEPXHOCTH C TIOMO-

10000 -—

b0 JWOJHOTO BOJIOKOHHOTO Jsazepa BJI-2000.
Juamerp nsaTHa HarpeBa cocTaBista 3,5-5,0 mMm
MIPU BBIXOJAHOW MOIIIHOCTH J1azepa 2 kBT.

he

ks

Ay

Puc. 3. CtpykTypHas cxema 30H JIa3€pHOrO YIPOUYHECHUS U

pa3MepHBIX MapaMeTpoB 30H yIpOYHEHWs: L; — BepX 30HEI

orutasienust; |, — obnacte mepekpsiTHs 30H; hy; — riyOuHa

orutasieHust; hy — 30Ha TepMuueckoro BiusiHus; hy — HCXoa-
HBII MeTaJlT

HccnenoBanusi OCYIIECTBISUIMCH TIPU pa3iiny-
HOW CKOPOCTH JBIJKEHMs IISITHA HAarpeBa B MHTEp-
Base ckopocteit ot 200 10 3000 MM/MuH.

Lenbto uccnenoBanuii Obl BEIOOP PEKUMOB U
[apaMeTPOB 3aKAJIEHHOTO CJIOsl, OJIM3KUX K ONTHU-
MaJIBHBIM 10 TIPOYHOCTHBIM M KCILTYaTallHOHHBIM
cBolicTBaM. Ha OCHOBaHMM MONyYEHHBIX AAaHHBIX
[OCTPOEHbl TI'paUKU 3aBUCHUMOCTH BEIMYMHBI
MHKPOTBEPAOCTH H 100 OT TIIyOMHBI YIPOYHEHO-
ro ciuosi h; Tpu pasiUyYHBIX CKOPOCTSX 30HBI
Harpesa Vs.

Ha rpaduke (puc. 4) npeacraBiieHbl KPHUBBIC
JUISL CKOpOCTEH 30HBI HarpeBa B nuana3one ot 200
10 1400 mm/mMuH.
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nybuHa 3akankv h, Mmm

1 - 1400 mm/mMuH; 2 — 1000; 3 — 600; 4 — 200 MM/MUH;

Puc. 4. 3aBHCHMOCTb MUKPOTBEPAOCTH H 100 ¥ IJTyOMHBI 30HBI J1a3epHO# 3aKaiku h, MM, ceporo uyryna CY-20 ot ckopocTs V,
MM/MHH, IISITHA HarpeBa B quana3zone ckopocreit ot 1400 xo 200 mm/mun: 1 — 1400 mm/mus; 2 —1000; 3 — 600; 4 — 200 mm/MuH
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Kak BugHO u3 rpadmka, obmieii xapakTepHON
3aKOHOMEPHOCTBIO SIBIISIETCS YMEHBILIEHUE 3Hade-
HUN MHKpPOTBEPJOCTH C YBEITHYECHHUEM TIyOHHBI
3aKaJIEHHOTO CJOS. DTO CBA3aHO C MEPEXOIOM OT
peXHMa TOTHOTO MPOIUTABIICHUS K PEXUMY 3aKall-
KW U3 TBepAoH ¢asbl. 1 ncnonp30BaHus B MPO-
MBIIUICHHBIX LEISIX JIa3epHOMY TEPMOYIIpPOYHE-
HUIO Hamboliee YacTO IOJBEPTaloTCs YYTYHBI C
MEPIUTHONR WM TEPIUTHO-(DEPPUTHON METaJLIH-
YeCcKOH OCHOBOHM, BKJIIOYash MapKd YYT'YHOB OT
CU-15 no CU-32, a raxke CU-20 [5]. IIpu 3akanke
u3 TBepAOd (a3pl YNpOYHEHHWE JOCTUTACTCS 3a
CYeT MapTEHCUTHBIX INPEBPALICHUA B MaTPUIHOM
Metaiie. OHaKoO 3HAYEHHE MHUKPOTBEPIOCTH
YIPOUHEHHOTO CJIOSI B 3TOM CJIydyae HEBBICOKOE U
He npesbimaetr 42004500 MIIa. B cBs3u ¢ atum
HaMH UCTIOJIB30BAH METOJI YIIPOUYHEHUS U3 KUAKOU
($aspl ¢ TpoIUIaBIEHHEM ITOBEPXHOCTH METalia.
HawnGonbiiass MUKpOTBEPIOCTh TMOJydeHa HA TITy-
6uHe 3akaneHHoro ciosg 0,8—1,2 mm.

C menpro 6ojiee OMHO3HAYHOTO OIPEACIICHUS
BIIMSIHHSI CKOPOCTH 3aKalKH Ha TIyOMHY 3aKajeH-
HOTO CJIOSl U 3HAYEHUS MHUKPOTBEPAOCTH OBLIT TO-
cTpoeH rpaduk (puc. 5) mis Hauboyee ONTUMAIb-
HBIX CKOpPOCTEN 30HBI HarpeBa.

Kak BugHO M3 rpaduka, MaKCHMaJIbHOE 3HaUe-
HHUE MHKPOTBEPAOCTH TOIYYCHO TIpU JABIDKE-
HUM 30HBI B MHTepBasie ckopocted or 1000 mo
1400 mm/muH. Ilpu 5TOM cpeaHss BeTUUMHA MHUK-
POTBEPAOCTH HAXOAWJIACh B TUAIa30HE 3HAYCHUN
ot 7000 mo 8000 MIIa mpu riryomHe 3aKaJeHHOTO
cnost B mpenenax 1,0-1,2 mm. Hamu Oblio ycra-
HOBJICHO, YTO MHHHUMAaJbHOE 3HAYEHHE MUKPO-

TBEPIOCTH, IPU KOTOPOM 00eCIeunBarOTCs HE00-
XOAMMBIE TIPOYHOCTHBIE M OSKCIUTyaTalIOHHBIE
CBOMCTBAa ME€Tajlla, COCTaBISAE€T B CPEIHEM BeIH-
guHy nopsaka 7660 MIla. IlorydeHnasle dKcmepu-
MEHTAJIbHbIE 3HAYeHWS MHUKPOTBEPAOCTH IJIS Ce-
poro uyryna CH-20 no mopsaky BEJIHYUHBI TBEP-
JOCTH HE BBIXOJAT 3a MpeeNbl JaHHBIX 3HAUCHHH,
YTO CBHUIETEIHCTBYET O BO3MOKHOCTH TONYYEHHUS
HEOOXOAMMONW MHHMMAJIBHON TBEPAOCTH IS CEPO-
ro uyryna CY-20.

JlazepHOE TepMOYIIPOUYHEHHE YyTYHOB CBSI3aHO
MIpPEXJe BCEro C MOJMYYEHHEM CTPYKTYpP, COOTBET-
CTBYIOIIUX «OTOCICHHOMY» 4yryHY [6]. Dopmu-
poBaHHE TIOJOOHBIX CTPYKTYp BO3MOXKHO B yCIIO-
BUSIX TPOIUIABJICHUSI MOBEPXHOCTH MeTajia NpH
JOCTATOYHO BBICOKHX (He Menee 10° °C/c) ckopo-
cTsX HarpeBa u oxnaxaenus (1o 10° °C/c), cro-
cobcTByromux (ha3zoBBIM M CTPYKTYPHBIM IIpeBpa-
MIEHUSAM B MeTaiure [7].

B mpomnecce 3akanku ¢ ormaBieHueM (Hopmu-
pytorcs nBe 30HbI. OnHA W3 30H, TOJTYYCHHAS U3
paciiaBa, Ipu KPUCTAJUIM3aLUN METallla COCTOUT
U3 MEJIKUX JIEHAPHUTOB ayCTEHHTa. MeXIeHIpUT-
HO€ TPOCTPAHCTBO 3aIOJHEHO MEJIKOIUCTIEPCHON
neaeOypUTHON COCTaBISIONICH, 00JaIaromnel, Kak
W MapTEeHCHUT, MOBBIIIEHHBIMA TBEPAOCTHIO U H3-
HOCOCTOMKOCTBIO. BTOpOil cnoil 30HBI Ja3epHOrO
TEPMOYIPOYHEHUS] UMEET MUKPOCTPYKTYpPY, COCTOSI-
IO M3 MEIKOHUTOJIFYaTOr0 MapTEHCUTa, OCTAaTOYHO-
ro aycreHuta W rpadura. ['panuna pasmena Mexmay
30HOM MOJHOIO TMpOIUIABICHUA M BTOPOHl 30HOM,
c(hOpMHUPOBABIICHCS U3 TBEPAOU (a3bl, TOCTATOUHO
HEepOBHas, He UMEIOIAs YETKHUX TPAHUIL.
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Puc. 5. 3aBUCIMOCTh MHKPOTBEPIOCTH H, 109 ¥ TITyOUHBI 30HBI JTa3epHOH 3akanku h, MM, ceporo ayryna CU-20
OT CKOPOCTH V, MM/MUH, MIsITHA HarpeBa B auanasone ckopocreit ot 3000 no 1800 mm/mMuH
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[Ipu Oonee meTanbHOM aHalW3e BEpPXHEH YyII-
POYHEHHOH 30HBI C UCIOJIB30BAHUEM METOJIOB OTI-
TUYECKOH MHUKPOCKOIINY MpH yBenuueHuu 1o 1000
pa3 HaMu OBUIO YCTaHOBJIEHO, YTO MHKPOCTPYKTY-
pa MeTaymia GopMHUPYETCS U3 OYCHb MENKHX (T10-
pfAKa HECKOJIBKAX MKM) ICHIPUTOB HIIHM SUEEK
ayCTEHUTa C BKIJIIOUEHUSIMH MI0JIbYaTOr0 MapTeH-
cuTa. B MeXIeHAPUTHBIX MPOMEXYTKaxX pacroa-
raercsi AByxQa3Has COCTABIISIONIAs, COCTOSIIAs U3
nene0ypUTHO-IIEMEHTUTHON (a3el. Hamnume sToi
($a3bl 1 MapTEHCUTHOW CTPYKTYpHI OOecIieunBacT
BBICOKYIO TBEPJOCTh U M3HOCOCTOMKOCTh METAJIIA.
XapakTepHasi MHKPOCTPYKTypa YIPOUYHEHHOIO
gyryHa BU-50 mokazana Ha puc. 6a, 0, B.

Puc. 6. XapakrepHas MHKPO-
CTPYKTypa 30H JIa3epHOTO
BO3ICHCTBUS Ha MeETaul Ha
pa3sMUYHBIX yYacCTKaX 30HBI
omnasienus, x900: a — MuK-
POCTPYKTYypa HPHUIIOBEPX-
P 7 s W&, HOCTHBIX YYacTKOB  30HBI
Py PR s OIUTABJICHUS, COCTOSIIAs U3
STV PTW (YL UroJIb¥aToro MapTeHcura; 6 —
= g -'-f‘.’ i MIPOMEKYTOUHAsI 30HA — ayc-
s = _{{;:f;ll'f ‘s TEHUTHBIE IEHAPUTHI C Map-
TEHCUTHOM HTOJIBYaTON CTPyK-
TYpOif; B — 30Ha TEPMUUECKOTO BIIHMSHHS, COCTOSINAs U3 TPO-
CTUTO-COPOUTHON CTPYKTYPbI

OCOOCHHOCTBI0O  MHUKPOCTPYKTYPHI ~ BBICOKO-
npouHoro uyryHa BU-50 sBisiercss nHanmnume cde-
pudeckoro rpaduTa B MAaTpUYHONW METAIUTHYECKOM
OCHOBE, KOTOPBII1 BO MHOTOM OTIpEAENsieT CTPYK-
TYpHBIE M MPOYHOCTHBIE CBOMCTBA METaia B pe-
3yJbTaTe Ja3epHOro Tepmoynpounenus [8]. B cBs-
3 C 3TUM MHKPOTBEPIOCTh, HAIIPUMEP, ayCTEHUT-
HBIX U ayCTCHUTHO-MAapTEHCUTHBIX CTPYKTYp CO-
craBiseT 6400—6770 MIla, a neMeHTUTHAS U Jie-
neoyputhas ¢aser — 10000-12000 MIla. Hawm-
OONBIINN TPAKTHYECKUH HWHTEPEC MPEICTABIISCT
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MOJyYEeHHE 3aKaJIEHHOTO MeTajlla Ha peXuMax,
OMM3KMX K omnTUManbHbIM. Tak, Ha pexumax,
OJIM3KUX K ONTUMAJbHBEIM, HaMu [6] ObUTH TONY-
YeHbl 3HAYEHHWS MHUKPOTBEPAOCTH MJIsi  30HBI
orutaBiieHus B npenenax 9500-10000 MITa. Muxk-
POTBEPAOCTh MeTamga B 00JacTH TEPMHUYECKOTO
BJIMSIHUS, TIOJTyYeHHAs 3aKaJKOW U3 TBEpAOH (asbl,
coctaBmsuta 5700-5800 MIla, a TBepIOCTH UCXO-
Horo metauia — 2300-2400 MITa.

MukpoctpykTypa ceporo uyryHa CU-20 Gonee
OTHOpOAHA U (popMHUpYyeTCs U3 30HBI MOJHOCTHIO
«OTOEIIEHHOT0» MeTaJula U 30HBI 3aKaJIKU U3 TBEP-
no# (dazel. Hannune «benoro uyryna» o0yciioBie-
HO TeM, YTO KPHCTAUIM3allUs paciiaBa UAET IO
MeTacTaOMIBHON uarpaMme <«KeJe30 — YIriepom»
0e3 BelAcIeHUs cBoOoaHOrO rpaduta [9]. Ha oc-
HOBAaHWH HACTOSIIMX W TPOBOJUMBIX HAMHU paHeEe
uccleIoBaHui OB pa3paboTaH TEXHOJIOTHYECKUI
Mpolecc JIa3epHOTO TEPMOYIPOUYHEHHS YIOPOB
MPOMEKYTOYHBIX JHCKOB KOPIYCHBIX JeTaneit
Topmo3za 1221M.

Ha puc. 7 noka3zana npuHUIUNHAIbHAA CXeMa
JIA3epHOTO TEPMOYIIPOYHEHHUS BHYTPEHHUX KOH-
TaKTHBIX MOBEPXHOCTEH YIOPOB MPOMEKYTOUHBIX
IUCKOB OCTAaHOBOYHOTO TOpMO3a. YIIPOYHEHHE
OCYIIECTBIISICTCSl TIEPEMEILICHUEM J1a3epHOil (oKy-
cupytomeir ronosku (JL.I.) poborom-manumyms-
TOPOM B aBTOMAaTHYECKOM pPEXUME, KOTOPBII
yIOpaBIIsieTCsT KOMIIBIOTEPOM JIa3€PHOTO TEXHOJIO-
TUYECKOTO KOMITJIEKCA.
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Puc. 7. TlpuHnunmanbHas cxeMa TEPMOYNPOUHEHHS YHOPOB

MIPOMEKYTOUHBIX JIHMCKOB KOPIYCHBIX JeTajled TopmMo3a

1221M: 1 — ynpo4Hsaemas IOBEPXHOCTb OCTAaHOBOYHOTO TOP-

mo3a; JL.I. — mazepHas ¢okycupyromas rojioBka B HCXOI-

HOM TIOJIOXKEHHH (a); V — CKOPOCTh IIEPEMEICHUS] TOJIOBKH,;
| — mepemeliieHre rOIOBKY B HOBOE HOJIOXKCHHIE
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[Iponecc TepmoynpouHeHus: OyneT OCYILECTB-
JSATBCSL C MCIOJIB30BAaHUEM JITMHHO(POKYCHOH Jia-
sepHoit ontuk (f, = 500 MM) oz yriaoM K ynpou-
HSEMOW MOBEPXHOCTH, YTO MO3BOJUT UCKIIOYHUTH
HaJIM4YMe OTPaKaIOUIUX 3E€pKall, PacloyIOKEHHBIX
BHYTpPHU JA€TaJIN.

Ilocne oxoHYaTENBHON KOPPEKTHPOBKHU PEXKHU-
MOB IO pe3yJIbTaTaM CTEHJOBBIX MCTIBITAHUN JeTa-
JIel TeXHOJIOTUIECKUN MpoIiecc OYIeT PeKOMEHI0-
BaH Ul BHEJApeHus B nmpousBoacTBo Ha PVYII I1O
«MT3».

BBIBO ]

[Tomy4eHsl SKCIEpUMEHTAIbHBIE TaHHbIE IIPO-
LIECCOB JIa3€pHOTO TEPMOYIPOYHEHUS BBICOKO-
npouydoro BY-50 u ceporo CH-20 uyryHoB ¢ Hc-
I0JIb30BAHUEM Ta30BbIX U HOBEHIIMX JHOIHBIX
BOJIOKOHHBIX JIa3€pOB. OKCIIEPUMEHTAJIbHBIE pe-
3yJIbTaThl HCCIEAOBAaHUKA OyIyT MCIOJIB30BAHEI
pu pa3paboTKe TEXHOJIOIMYECKOIo Ipolecca Ja-
3€pHOT0 TEPMOYIPOYHEHHUS KOHTAKTHBIX MOBEPX-
HOCTEH yIOpPOB KOPITYCHBIX J€Taled TopMo3a.
OcBoeHHE TEXHOJOTMM IIO3BOJMT  YBEJIHUYUTH
MIPOYHOCTHBIE, H3HOCOCTOMKHME U 3KCIUTyaTallMOH-
HBIE CBOMCTBAa TOPMO3HBIX MEXAHH3MOB TpPaKTOpa
«benapycy.
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TEXHOJIOI'USAA CKOPOCTHOI'O I'OPAYEI'O BBIJIABJIMBAHUA
CTEPXXHEBBIX U3IEJINI C IJIAKUPOBAHUEM TOPIIOBOM UACTH
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Benopycckuil nayuonanvhvii mexHuyeckui yHugepcumem

XapakTepHOH OCOOEHHOCTBIO COBPEMEHHOTO
MIPOMBITIUICHHOTO TIPOM3BOACTBa PecmyOnmku be-
Japych SBISIOTCS OTCYTCTBHE COOCTBEHHOU CBHIPh-
€BOI 0a3bl M CYIECTBEHHAS 3aBUCUMOCTH OT HM-
MOPTHBIX PHEPTOHOCUTENEH M MaTepHalbHBIX pe-
CypCOB, MOCTaBJIAEMBIX [0 MUPOBBIM LieHaMm. llpu
paboTe B Takux ycioBUAX 3()()EKTHBHOCTH MPOU3-
BOACTBA B OCHOBHOM MOXKET 6I>ITI> AOCTUTHYTA 3a
CUeT BCCMepHOﬁ OKOHOMUHU U BHCAPCHUSA BBICOKO-
MIPOM3BOANTEIHHBIX, SHEPTO- U pecypcocdeperaro-
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IIMX TEXHOJOIWH, 00EeCIevMBAIOIINX MOTy4YEeHHE
BBICOKOKa4EeCTBEHHOW, KOHKYPEHTOCIIOCOOHOU IIPo-
IyKuud. B 3Tol CBA3M OONBITUMHU TOTCHIIMAIb-
HBIMH BO3MOXXHOCTAMH 00JIaJar0T TEXHOJIOTHYe-
CKHE TPOLIECCHl, OCHOBAaHHBIE HA MCIIOJIB30BAHUU
BBICOKMX CKopocTer aehopmupoBanus. K ux umc-
JIy OTHOCHUTCSI U CKOPOCTHOE TOpsAYee BbIJABIMBA-
HUE C IUTaKkupoBaHueM ToproBoit uactu (CI'B
¢ IITY), no3Bossiromiee 3a OQUH yAap IOJy4YaTh
3arOTOBKH CTEPKHEBBIX HM3AEIHI IIUPOKOro Mpo-
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