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THE RESEARCH INTO THE INFLUENCE OF LASER THERMAL PROCESSING
PARAMETERS ON THE PROPERTIES OF STRENGTHENED SURFACE LAYERS

AHHOTAIUSA

[pescTaBnaeHbl pe3yNbTaThl UCCIACIOBAHUIN BIMSHHUSIPONECCA JTa3epHOM 00pabOTKH HA MUKPOCTPYKTYPY
U pacrpe/e/IiCHUE HIEMEHTOB MEX/y Pa3IHMYHBIMU CTPYKTYPHBIMH COCTABILIFOINMMHU, & Takxke Ha (hOpMHUPOBaHUE
30HBI TEPMHUYECKOTO BIHSHHS.

[Tosy4eHHbIe JaHHbIE O PACIPEIeICHUH MUKPOTBEPAOCTH B YIIPOUHEHHbBIX CIIOSX U UX U3HOCOCTOMKOCTH
B 3aBHCHMOCTH OT PEXKHMMOB Jla3epHOH 00paOOTKH MO3BOJSIOT, YIPABISATh MPOLECCAMH, MPOTEKAIOMIUMHE NPU
YOPOYHEHUH, U, KaK CIEJCTBHE, YPOBHEM MEXAHHYECKHUX CBOIICIB MOBEPXHOCTHBIX CJOEB IIyTEM H3MEHEHMS
PEXKUMOB J1a3epHON 00PaOOTKH.

KaioueBbie ciioBa:

MHUKPOTBEPJIOCTh, H3HOCOCTOMKOCTE; Ja3epHas 00paboTKka, TEPMOYNPOYHEHUE, MUKPOCTPYKTYpa, Jla3ep-
HOE JICTUPOBaHUeE, JIa3epHast 3aKalika, W3HAIIMBaHHUE; IyTYH.

Abstract

The paper presents‘the, results of studies of the effect of laser processing on the microstructure and distri-
bution of elements between.various structural.components, as well as on the formation of the heat affected zone.
The obtained data an the distribution.of microhardness in strengthened layers and their wear resistance depend-
ing on the modes of laser processing.allow monitoring the processes taking place during strengthening and, as a
consequence; the.level of mechanical properties of surface layers by changing the conditions of laser processing.
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Beeoenue pacnpocTpaHEeHUE HAXOJAT TEXHOJOTHH C
HUCITIOJIB30BAHUECM KOHICHTPUPOBAHHBIX
BuHacTosimiee BpeMst CyIiecTByeT Iie-
. HMCTOYHUKOB JHEPIrHH, HaAMpHUMep, Jlasep-
TR P pa3HOOOpPA3HBIX CIIOCOOOB TIO-
HOTO JTy4a.

BBHIICHUSA JOJIT'OBECYHOCTHU z[eTaneﬁ MalIuH.
Hapsiny ¢ TpaAMIIMOHHBIME METOJAMH I10-
BCPXHOCTHOI'O YHNPOYHCHUA, TAaKUMH KaK
TepMHUYECKasl, XUMHKO-TEPMHUYECKas Ha-
IUTaBKa, HANbLICHUE, BCe OoJiee IIMPOKOE

[TpUMEHSIOTCSI METOIbI  JIA3€PHOTO
JICTUPOBAHMsI, TMPEIIONAralone H3MEHe-
HUE XMMHUYECKOTO COCTaBa MOBEPXHOCTHO-
r0O CJIOS 32 CUCT «BIUIABJICHHUS» B 00pada-
THIBAEMYIO  MOBEPXHOCTh  JICTHPYIOIINX
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TEXHOJOTMYECKOro Ipoliiecca obecreynBa-
€TCs KaK BapbHUPOBAHUEM XUMHUYECKOIO
COCTaBa MOBEPXHOCTHOTO CJIOS, TaK U MU3-
MEHEHHEM PEXUMOB JIa3epHO 00pabOTKH.

[ToaTromy pa3paboTka TEXHOJOTHH C
WCIOJIb30BAHMUEM  JIa3€PHBIX HCTOYHUKOB
SHEPruM, HalpaBJICHHBIX HAa CO3/AaHHE IIO-
BEPXHOCTHOI'O CJIOSl C BBICOKUMH 3KCILTya-
TAllMOHHBIMU CBOMCTBAMM, SIBJIIETCS BaX-
HOM IIPUKIIAJHOM HAPOIHO-XO3SIMCTBEHHON
npoOsiemort. OJIHAaKO TEXHOJIOTHYECKUA
nporiecc J1a3epHoil 00pabOTKHU B MPOMBIIII-
JICHHOCTH HE IIUPOKO TMpPHUMEHSIEM. ITO
OOBSICHACTCS, BO-TIEPBBIX, IKOHOMHUYECKU-
MU TPYAHOCTSIMH TPEANPHUITHS, HA KOTO-
pBIX 1Ieecoo0pa3HO WX BHEApPEHHE, BO-
BTOPBIX, HEIOCTATOYHON HW3YYCHHOCTHIO
TEXHOJOTUHM TOJyYEeHUsI MOKPBITUA U BO-
MPOCOB WX OKCIUTyaTallMOHHBIX CBOWCTB
JUIS Pa3TUYHBIX YCIOBUI pabOTHI.

Ocobennocmu cmpoenus u CmpyKmypol
YyZyHO8 npu 1a3epHOIl 3aKaaKe

ITockonbKy mpu Ja3epHoit 06paboTKe
pa3IUYHbIE CJIOM HArpeBaloTCs 10 Pa3HbIX
TEMIIepaTyp, 30HbI JIJA3€PHOTO BO3ACHCTBUA
(3JIB) mmeror cimomcToe cTpoeHme: Pac-
cmoTpuM ctpoeHue 3JIB mocne JrazepHoit
3aKkaJIku 4yyryHoB. [lo pe3yibTaTam u3Mme-
pPEHHMS MHKPOTBEPIOCTH (U MCCIICTOBAHMS
MHUKPOCTPYKTYpHI 110 piiyoune 3JIB cranei
CYILIECTBYIOT B OOUIEM Cilydae TpH MPHH-
UIHAIBHO Pa3IMYHBIX 110 MpUpoae ¢azo-
BBIX MIPEBPAICHHUS CIIOS.

[lepBoIii ciioli — 30HA OIUIABJICHUA.
Crioif moNTy4aroT MpH 3aKalKe U3 paciiiaB-
JICHHOTO 4yryHa. B GonbIIMHCTBE Cily4yaeB
ClI0il MMeeT cTon04YaTroe CTPOeHHe, IMpH-
YeM KpPUCTAJLJIbl BHITSHYTHI B HApaBICHUN
TeriooTBoga. OCHOBHASI CTPYKTYpHAs CO-
cTaBsitonias — MapteHcut. KapOuasl mpu
3TOM OOBIYHO PACTBOPSIOTCS.

BTopoit cioil — 30Ha 3akaiku U3
TBepaoil Qa3pl uyryHa. Crnoil momydaroT
TOJTHON M HETMOJIHOU 3akankod. OH oTiH-
qaeTcss OONBIIONH HEOJHOPOAHOCTHIO TIO
r1yOuHe: OJMMKe K MOBEPXHOCTH — Map-
TEHCUT M OCTAaTOYHBIM ayCTEHHT, 00pa3o-
BaHHBIC NP OXJIAXKICHUU U3 00JaCTH Tro-

Mawunocmpoenue

MOTEHHOI0 ayCTeHHUTa, OJMKe K HCXOA-
HOMY METaJTy — CTPYKTYpBbI, TIOJyYCHHbIE
u3 00JacTH HErOMOI€HHOTO ayCTEHUTA
npu oxJaxjaeHuu. B cioe, Hapsaxy ¢ map-
TEHCUTOM, NPUCYTCTBYIOT 3JIEMEHTHI HC-
XOJHOU CTPYKTYpBI: (eppuUT B ITOIBTEK-
TOUIHOM M IIEMEHTHUT B 3a3BTEKTOUIHOMI
CTaJu.

Btopoit u TpeTuii ciom o0paszyroT
30HYy Tepmuueckoro Biausaus (3TB).

B mukpocTtpykType dYyryHa Imocie
o0paboTku HempepblBHBIM CO»-nazepom
BBIJICTISIIOTCS] 30HA OTUIABJICHHS U 30HA 3a-
KaJKu U3 TBepaoi ¢assl uyryHa (puc. 1).

Tperuit cnol — mnepexoaHas 30Ha
(3oHa ormycka), 30Ha TEPMHYECKOTO
BIIUsIHUA. B dyryHax cCio¥ BBIABIISIETCSA
peako. OH COCTOUT JIMIIb U3 30HBI 3aKa-
KM U3 TBepaoi ¢asel uyryna. Ilpu oOpa-
00TKE C OIUIaBJIeHHEM rpaduT pacTBOps-
€TCsl B pacIulaBe W TOCJE OXJaXICHUS B
3one omasnenus (30) dopmupyercs
CTpyKTypa 0Oeyoro 4yryHa, T. €. 3aTBepJe-
BaHUWE MJET 10 MeTacTaOWJIbHOW JaMa-
rpaMMe Kene30—yriepos 0e3 BBIIeNIeHUs
cBoOoaHOrO rpadura. Beicokas ckopocTh
OXJIAKICHHUSI MOKET NMPUBOJIUTH K OTKJIO-
HEHUIO OT OOlIel 3aKOHOMEPHOCTHU KpH-
CTaJNIM3alK OENbIX YyTyHOB.

B nosBTekTHueckoM OenoM 4yryHe
KPUCTAITM3AIUST HAYMHACTCS C BBIJEIE-
HUS IEPBUYHBIX 3€PEH ayCTEHHTA, a 3aTeM
npu Ttemreparype 1147 °C obpasyercs
3BTEKTUKA — Jeaedyput. B crpykrype 30
(cM. puc. 1) TpyAHO BBIACIUTH H30BITOY-
Hble 3€pHa ayCTEHHUTa; B HEH HMeeTcs
MEJIKOJIMCIIEPCHAsT CMECh ayCTeHUTa |
LEMEHTHTa,  HUMeol@as  JCHIPUTHOE
ctpoeHue. QOueBHAHO, WH3-3a BBICOKOH
CKOPOCTH OXJIQXKJEHUS KPUCTAJUIM3ALMS
M30BITOYHOTO ayCTCHHUTA IOJAABISETCS W
BECh pacIllaB 3aTBEPAEBAECT KBa3UIBTEK-
TUYECKH € 00pa3oBaHUEM KBazuieneoy-
puta. KBazusBTekTHYeCKOM KpHcTamin3a-
MU JOIBTEKTHYECKUX UYYT'YHOB CIOCO0-
CTBYET BBbIPAaBHHBAaHHE KOHICHTpALUU
KpEMHUS B 30HE OIUIABJICHHUSA, a 3TO MPH-
BOJMT K CMELICHHUIO 3BTEKTHUECKON TOUKU
Ha MarpaMMe BieBo (puc. 2).
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> ITepaslii ciioit

> Bropoii cioit

3onHa Tepmuueckoro Biusaus (3TB)

Puc. 1. MukpocTpyKTypa 4yryHa mocie o6pabotku HernpepsiBHbIM CO,-mazepom (X300)
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Puc. 2. PentrenorpaMma 30HbI OIJIaBJICHHS YyTryHa mmociie 0opadotku HenpepbiBHBIM CO,-J1a3epom

Ha puc. 2 mnpuBenaeHa peHTreHO-
rpaMMa 30HBI OIJIABJICHHUS CEPOTO YyTryHa
nocyie 00padoTku HenpepbiBHBIM COp-11a-
3epom. Ha Hell umerorcs nuHum y-Fe,
FesC, a-Fe u C. Aranu3 peHTreHorpaMMbl
MOKA3bIBAET, YTO KOJHYECTBO ayCTEHUTA
Kojeonercs B mpeaenax 25...65 %, nemeHn-
tuta — 10...45 %, a-Fe - 5...50 %, npuuem

Mawunocmpoenue

C YBETUYCHHEM CKOPOCTH OOpabOTKH KO-
audectBo o-Fe ysennuuBaercs, a y-Fe
ymeHnbmaercsa. Hanmane a-Fe B 3JIB mox-
HO OOBSICHUTH TE€M, YTO ayCTEHUT B IIPO-
1[eCCe 3aKaJIKM YaCTMYHO INPEBpAIlaeTcs B
mapreHcut. IlpucyrctBue rpagura B 30
00yCJIOBJIEHO HEMOJHBIM €r0 PacTBOPEHM-
€M, a TaK)Xe BCIUIBITUEM U3 HIKHHUX CJIOEB
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U o0pa3oBaHMEM BKJIIOYEHUH U HOp y ca-
Mol moBepxHocTH. Hammune mop oObsc-
HSETCS BBIJICJICHUEM Tra3a, aacopOupoBaH-
Horo Ha rpadure. Hanbomnpinee ux xomu-
4ecTBO 00pa3yeTcsl MPU BBICOKUX CKOPO-
CTH 00pabOTKH M TUIOTHOCTH MOITHOCTH
U3ITyUYCHHUS.

Jis yMeHbIIEHUs OPOOOpa3OBaHHUS
B psiJie CIIy4aeB PEKOMEHAYETCs NpeiBapy-
TEJIbHOE BAaKyyMHUpOBaHHUE JeTajlel mepejn
na3epHol 0OpabOTKOM, B pe3yibTaTre Ko-
TOPOrO yMEHbIIAeTCs KOJIMYECTBO Tasa,
cOpOMpOBaHHOTO TpPadUTOM, OIHAKO OHO
3HAYUTEIBbHO YCIOXKHAET mporecc. boiee
NPOCTBIM TPUEMOM SIBIISIETCSI TTOHWKECHUE
IUIOTHOCTH MOIIHOCTU H3IYyYEHHUSI M CKO-
poctu 00paboTku. B »TOM ciywae Takxke
npefoTBpalaeTcss o0pa3oBaHUe TPELUH —
pacrpoCTpaHEHHOTO BHUJA AEPEKTOB MpH

Tab6s. 1. PexxuMbl na3epHOi 3aKaJIkn

oOpaboTtke ¢ oraBiaeHueM. Ho mpu rimy-
OuHe oruraBieHHOro cios 6onee 0,5 MM
TPEUIMHOOOPa30BaHNE B YYTyHaX OIISIThH
MOXKET BO3pacTarh Jake MPH Majol CKO-
pocTu 06pabOTKH.

Takum 00pa3oM, YNpOYHEHHE UYTY-
HOB C OIUIABJICHUEM TPU BBICOKUX IIOTHO-
CTU MOIIHOCTU HU3JIYUYCHUSA U CKOPOCTHU 06'
pabOTKH HE PEKOMEHIYETCS.

Memoouka uccneooeanus

Jist TepMOYIIPOYHEHUST OBUIM H3TO-
TOBJICHBI 00pa3Ibl M3  BBHICOKOIPOYHOTO
gyyryna BY 50. B 1abm. "1 npencraBieHb
JBa peXuMa JIa3epHON 00paGOTKM, Ha
puc. 3 — cxema Ja3epHOH YCTaHOBKH, C
MIOMOIIIBI0 KOTOPO# YIPOYHCHBI 00pa3IIbI.

Howmep obpasna V, mm/MuH TInoTHOCTH MOMHOCTH, KB1/MM? Koaddunuent mepexpoitus Jlumametp maTHA, MM
1 50
1,57 0,35 2,5
2 100

o

N

Puc. 3. Cxema na3epHOil yCTAaHOBKH: 1 — paspsuinas Tpy6ka; 2 — nasepHbiii yd; 3 — OBOPOTHAS ONTHKA; 4 — HOKyCHpyIo-

1asi ONTHKA; 5 — yIPOYHEHHas TOBEPXHOCTh; 6 — neTaib

Mawunocmpoenue
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Bonbmioli  WHTEpEC MTPEACTaBIISIET
aHaM3 (PU3UKO-MEXAHUYECKUX CBOKCTB H
MHUKPOCTPYKTYpPbl TOBEPXHOCTH Ha HUXK-
HEW rpaHulle 30HbI OIUIABJICHUS, FPAHUYA-
el C 30HOM TEPMHUYECKOTO BIIMSHUS, HE-
00XOIUMBIM JISI OLIEHKH H3HOCOCTOMKHUX
CBOICTB Me€Tajla B CIydae W3HAIIMBAHUS
MOBEPXHOCTH, KOTJa M3HOC YINPOUHEHHOMU
MOBEPXHOCTH TPUOIMKACTCS K KpHUTHYE-
CKOMY IIpPEIeIbHOMY COCTOSIHUIO U 332 3TUM
HACTYIAeT YCKOPEHHBIM U3HOC METajljia Ha
Y4acTKax C MOHWKEHHBIMU 3HAYEHUSIMU
MIPOYHOCTHBIX U U3HOCOCTOMKHUX CBOMCTB.

OCHOBHBIM  (DU3HKO-MEXaHHUECKUM
CBOMCTBOM YIPOYHEHHOI'O CJIOf, OIpeJe-
JSIOIKUM €ro JKCIUTyaTallMOHHbIE Xapak-

Tabu. 2. PexxuMbl Harpy>xeHust

TEpUCTUKU (B TIEPBYIO OdYepeIb H3HOCO-
CTOMKOCTB), SIBISICTCS MHUKPOTBEPIOCTb.
Meron ompeneneHus MHUKPOTBEPAOCTH
npeaHa3HaueH Ui OIECHKH TBEPAOCTHU
OYEHb MajbIX 00BEMOB MATEPHUAJIOB, B 4a-
CTHOCTH — W 3TO TJIABHOE — JUIS OLCHKHU
TBEPJOCTH OTACIBHBIX (Da3 WK CTPYKTYp-
HBIX COCTaBISIONIMX CIUIABOB, a TaKXKe
pa3HHUIBI B TBEPAOCTH OTACIBHBIX y4acT-
KOB 3THX COCTABJISIOIINX.

WcnbiTaHuss MHKPOTBEPIOCTH TIPO-
W3BOJUIIUCH TMPU TIOMOIIHA MHKpPOTBEP/I0-
Mmepa [IMT-3 MeTo10M_ BOCCTAaHOBIICHHOT'O
oTIeyarka 10 CTaHmApTHON MeToIHKe
(Tabn. 2) mpu BEeTHYMHE CTATUYECKOW Ha-

rpy3ku P = 0,981 H (100 r).

Howmep obpasua Harpyska P, kH

Ckopocts V, M/c JMATEeNbHOCTD, MUH

1 (ne3axaaeHHbIH)
2.1 (V = 50 mM/MmuH) 6 (9)
2.2 (V = 100 mm/mun)

1,8 50

[Iporiecc m3HAIMIMBAaHUS OLPEACIHACT-
csi OOJBIIUM KOJIMYECTBOM B3aWMOBITHSIO-
mux (aKTOpOB, TAKUX KaK XUMHUYECKUN M
($a30BBIl COCTAaB YIPOUYHEHHBIX CIIOEB,. (Pu-
3MKO-MEXaHMYECKUE XaPaKTEPUCTUKH |
MUKpOTOTOrpadus. MOBEPXHOCTHOTO CJIOS,
KOHTaKTHasi HarpysKa, CKOPOCTh M TeMIle-
patypa B 30HE TPEHHS W PsJ JAPYTUX, CBS-
3aHHBIX CBINASHUEM CpEbl, HaIM4ueMm aod-
pa3UBHBIX YACTHUIL U T. 1.

BoiBienue (Hawbosiee  3HAYMMBIX
(bakTopoB TpeOyeT . MOJACTUPOBAHMS TIPO-
necca. Ha maHHOM 3Tane npoBOAMIIKMCH HC-
IBITAaHUS _BKCIPECC-METOAAMU IO YIIPO-
[ICHHBIM-CXeMaM Ha YCTaHOBKE TOPIIOBOTO
TPECHHS: «IUCK — BTYJIKA», «JIUCK — IMaJIb9H-
KOBBIE 00pa3ib» (puc. 4).

Pesynomamut

N3mepenuss MUKpPOTBEPAOCTH IpO-
BOJWINCH Ha TIOBEPXHOCTH JOPOKEK Jia-
36pHOM 3aKajJkd B MPOJOJBHOM W IOIE-
peyHoM HampaBieHusx. Ha ocHoBaHuu

Mawunocmpoenue

[TOITYYSHHBIX JaHHBIX ObLTM TOCTPOEHBI Ipa-
(VKK pacripeieNieHusi MUKPOTBEPIOCTH TI0-
BEPXHOCTH B TPOJOJLHOM H TOMEPSYHOM
HarnpasieHusx (puc. 5 u 6). OmTHOBpEMEHHO
Ha JTUX K€ JIOPOKKAX OBLUTH BBITIOJHECHBI
WCCIIEIOBAHUSI MUKPOCTPYKTYpBI. [Tpoanamm-
3UPOBAH XapakTep MU3MEHEHHs CTPYKTYPHBIX
COCTABJISIOIINX MTOBEPXHOCTH B TIPOIOIBHOM
Y TIOTIEPEYHOM HAIpPABJICHUSIX JOPOXKEK Tep-
MOYTIPOYHEHUs. bBBUIO yCTaHOBIICHO, YTO
pacnpenieieHie MHUKPOTBEPAOCTH  IOTEPEK
JOPOXKEK TOBTOPSIET Mpoduib Terodusmnde-
CKMX YCJIOBMM HarpeBa ¥ pacrpeaeieHus
TEMITEPATypPHBIX TIOJICH M TUIOTHOCTH MOIII-
HOCTH W3JIyYeHus] B TATHE Harpesa. [lomy-
4yeHHass (hopMa KPUBBIX TMPUOIKEHHO TIO-
BTOpsIeT hopMy pacrpesieiieHUs] TEMIIEPaTyp,
ONMM3KYI0 K rayccoBckoMy. JIist Takoro pac-
NpENeNICHHsT  XapakTepHO  (OPMHPOBaHHE
MaKCHMAJTbHBIX 3HAYCHUH MUKPOTBEPIOCTH
B IICHTpPE 30HBI C YMEHBIIICHHEM TBEPIIOCTH K
KpassM KpPHBOW pacIipeIelieHHsT TeMITeparyp-
HBIX TTOJIEH.
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Puc. 4. Cxema (a) u ¢otorpadus (0) yCTaHOBKHM Uil HPOBEACHUS HCIBITAHHHA H3HOCOCTOMKOCTH

06paBIIOBZ 1 — oOpasery; 2 — nojcTaBKa; 3 — LIMWIbKA; 4 — GUKCUpYIOIIas raiika; ‘5 — eMKOCTh; 6 — KOHTPTENO; 7 — HaTpOH
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Puc. 5. I'paduk pacnpeneneHuss MHKPOTBEPAOCTH B TMPOAOJIBHOM HANPABICHUU: 1 — HesakaneHHbI;
2 =\.= 50 mm/MuH; 3 -V = 100 mm/Mun

Mawunocmpoenue
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Puc. 6. I'paduk pacmpeneneHuss MUKPOTBEPAOCTH B IONIEPEYHOM HANPABICHHU: 1 — V = 50 mm/mum;

2 -V =100 mm/MuH

AHaU3 MUKPOCTPYKTYPhl MeTajlia
Ha Pa3JInYHBIX Y9acTKax 30H TEPMOYHPOU-
HCHMS TIOKa3bIBACT, YTO B LIECHTPAIBHBIX
ydacTKaxX TOPOXKKH W ONIMKE. K ee Kpasm
CTPYKTYypa IMOBEPXHOCTU JOCTATOYHO OJ-
HOPOJIHA, a 3a Mpe/eiaMy JTOPOKKH CyTIC=
CTBCHHO M3MECHSCTCSL,

Ha puc. 6 npexaeraBnen rpaduk pac-
npese/eH|sl MUKPOTBEPIOCTH ‘B TONEpeY-
HOM HampaBlieHUH, U3 KOTOPOTO BHIHO,
YTO MPH 00Pa0OTKE MOBEPXHOCTH JIa3epOM
npu ckopoctu V = 50 Mm/mMuH HabII01a€T-
Cs MaKCHMAJIbHBIA, CKAYOK MHKPOTBEP.IO-
ctu (7200 MITa) ¥ pe3kwii criag TBEPIOCTH
C YBEJIMYCHUEM TJTyOMHBI IPOIUIABJICHUS.
B03M0OXHO, 3TO €BS3aHO C OTIYCKOM CO-
CEJIHEM 3aKaE€HHOM 30HBl.

Pacripenenenre MUKpPOTBEPIOCTH TIO
LJIYOMHE 3aKaJeHHOH NOBEPXHOCTH Tpe-
CTaBJICHO Ha puC. 7.

[TpoBOAWIINCH KCIIBITAHHMS HA W3HO-
cocToKOCTh (puc. 8). B mepBoM ombiTe K
oOpasiaM npukiIaaeiBajiach cuia B 6 kH,
BO BTOPOM K AHAJIOTHYHBIM oOpasmam —

Mawunocmpoenue

12

cuwia 8.9 kH. Ha rpadukax (puc. 9 u 10)
BUIHO, 4YTO oOOpasel, 3aKaleHHBIH mpu
CKOPOCTH TIEPEMEUICHUs JIa3epHOro Jiydya
V = 100 MM/MHH, COTPOTUBIISIETCS U3HOCY
ropaszio OoJiblIee BpeMsi, 4TO OOBICHICTCS
ero 0oJiee BEICOKO MUKPOTBEPIOCTHIO.

HaunOosiee mepCleKTUBHBIMUA PEKH-
MaMH OOpabOTKH SIBJISIOTCS PEKUMBI 3a-
KaJIKU TIOBEPXHOCTH oOpa3zia Ne 2.2 u3 BbI-
COKOIPOYHOro yyryHa (cm. Tabi. 2).

Takum 00pa3oMm, aHaJIU3 MHKPO-
CTPYKTYpPBI METaJlJIa Ha Pa3IMYHBIX ydacT-
Kax 30H TEPMOYIIPOYHCHHS TOKa3bIBaCT,
YTO B IEHTPAIBHBIX yYacTKaX TOPOKKU U
OmmKe K ee KpasM CTPYKTypa IOBEpX-
HOCTH JOCTaTOYHO OJHOPOAHA, a 3a
npeieiaMud  JIOPOKKHM — CYIIECTBEHHO
W3MEHSIETCH.

YcranoBneHo, 4ro mpu 00OpaboTke
MOBEPXHOCTH  JIa3epOM TPH  CKOPOCTH
V = 50 mM/MuH HaONOmaeTCd MaKCUMAab-
HBII ckayok mukporBepaoctu (7200 MIla)
W PE3KHi CIajl TBEPIOCTH C YBEIHUCHHEM
TTyOMHBI TIPOTLIABIICHUSL.
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Puc. 10. I'paduk m3mMeHEHNS N3HOCOCTOMKOCTH TOBEPXHOCTEH 00pa3moB 3a [IEPHO BPEMEHH TIO] IeHCT-
BueM Harpysku 9 kH
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