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Pe3siome

Lenbto pabomsi sensnock uccriedosaHue 6USHUS J1a3epHO20 MUKPOCMPYKMYPUPOBaHUs Ha U3SMEHEeHUe MUKPO-
meepdocmu U cmpyKmyphbi 30HbI fla3epHo20 8030elicmeaus IUcmos8ol 8bIcoKoyarnepoducmoul cmanu Mapku Y8A.
Memodki. B kavecmee 06bekmos uccriedosaHusi bbina ebibpaHa ucmosasi UHCMpyMeHmarsbHasi 8bICOKOy21epodu-
cmas cmarnb Mapku Y8A (monwuHa nucma 10 MM), U3 KOmMopo20 € MOMOWbIO HEMPEPbLIBHO20 8ONTOKOHHOZ0 fasepa,
cHabxeHHo2o orimuydeckol eonoskoti AMI1119 npouseodcmea HTO «MNP3-lNontoc», ebipe3anu obpa3subi 0ns uccrie-
OdosaHus. [locne 2a3onasepHol pe3ku MpPo8oduUNU S1a3epHOe MUKPOCMPYKMYypuposaHue MoeepxHOCmu rfpokKama
Q-switch 80/I0KOHHBIM UMIMYIIbCHBIM 1a3epoM o pexumy: ckopocms 40 mm/c; mowHocms 100 Bamm, yacmoma
100 kl'y, 0numernbHocmb umnynsca 100 He, aHepausi umnynsca TMIK. Ans usyyeHuss MUKpocmpykmypbl 6biiu u32o-
moerieHbl WUkl ¢ nocrnedyrouum mpasneHuem nosepxHocmu 5%-+Heim pacmeopom HNOs e criupme. Mukpocmpyk-
mypy usydyanu Ha uHeepmuposaHHoM, Memainozpagpuyeckom mukpockore Nikon MA200 ripu pa3sHbiX yeesu4deHusix.
[ns usmepeHus Makpomeepdocmu UCronb308anocsk credyuiee obopydosarHue: meepdomepsbi Pokeenn TP-150M
(wkanbl HRC, HRB u HRA), Cynep-Pokeenn TPC 5009-01M (wkana HRN15 — npu Haepys3ke 15 kec). Mukpomeep-
docmb usmepsinu Ha meepdomepe KBW1-V npu Haepyskax: 10 H, 1 Hu 0,25 H.

Pe3ynbmamsl. YcmaHoeneHo, 4mo obpabomka 5ia3epoM 1ogepxHocmu obpa3yo8 npueersna K nosbieHuUo meepoo-
cmu rnosepxHocmHozo cnosi anybuHol 0,029-0,045 mm npubnusumernbHO 8 08a pa3sa. BbisigrneHo, Ymo rnosbileHue
meepdocmu npoucxodum 3a cyem U3MeHeHUs1 CmMpPYKMypbl M08ePXHOCMHOZ0 C/1051 06pa3yo8 8 pedynbmame ygesu-
YyeHus1 ducrepcHOCMU 3ePHUCMOR20 nepauma. B npoyecce nasepHo2o eo3delicmeusi npoucxodum Hazpes rnogepxHo-
cmu obpa3syos u GanbHeliwee oxnaxdeHue Ha 8030yxe rocrie omeedeHuUs nasepa, YMO CcOOMeemcmayem Knaccu-
yeckoli mepmoobpabomke — Hopmanu3dayuu. lNony4yeHHble 3Ha4YeHUsi meepdocmu COOMEemcmasyom CmpyKmype
mpoocmuma.

3aknroyerue. lNonyyeHHble pesynbmambl Mo2ym bbimb UCMOb308aHbI MPU co3daHuu pecypcocbepeaarowjux npo-
ueccos obpabomku Mamepuaros.

Knroyeenle criosa: nasepHoe MUKPOCMpyKmypuposaHue, Mukpomeepdocmb, 30Ha /1la3epHo20 8030elicmeusi; MUK-
pocmpykmypa.

KoHgpnnukm uHmepecoe: Aemop Oeknapupyem omcymcmeue si8HbIX U MomeHyuanbHbIX KOHYIUKMO8 UHMEepPECos,
cesizaHHbIX ¢ nybnukayuel Hacmosiuwel cmamabu.

Ans yumupoeaHusi: MuHaeB V.B. BrnvsaHue nasepHOro MMKpOCTPYKTYPUPOBaAHUS Ha CTPYKTYPY M CBOMCTBA NOBEPX-
HOCTHOrO Crosi AeTanen U3 yrnepoaucton ctanu mapku Y8A // Ussectus KOro-3anagHoro rocyaapcTBEHHOMO YHUBEpP-
cuteta. Cepus: TexHuka un texHonornm. 2025. T. 15, Ne 1. C. 61-70. https://doi.org/10.21869/2223-1528-2025-15-1-
61-70.
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Abstract

The purpose of the work was to study the effect of laser microstructuring on changes in the microhardness and struc-
ture of the laser exposure zone of U8A high-carbon steel sheets.

Methods. High-carbon steel sheet USA grade (sheet thickness 10 mm) was selected as the objects of the study, from
which samples for the study were cut using a continuous fiber laser equipped with an EIP1119 optical head manufac-
tured by NTO IRE-Polyus. After gas laser cutting, laser microstructuring of the rolled Q-switch surface was performed
using a fiber pulsed laser according to the following mode: speed 40 mm/s; power 100 Watts; frequency 100 kHz, pulse
duration 100 ns, pulse energy 1TMJ. To study the microstructure, slits were made, followed by etching the surface with
a 5% HNO3 solution in alcohol. The microstructure was studied using a Nikon MA200 inverted metallographic micro-
scope at different magnifications. The following equipment was used to measure the macrohardness: Rockwell TP-
150M hardness meters (scales HRC, HRB and HRA), Super-Rockwell TRS 5009-01M (scale HRN15 — at a load of 15
kgf). Microhardness was measured on a KBW1-V hardness tester under loads: 10 N, 1 N and 0.25 N.

Results. It was found that laser treatment of the surface of the samples led to an approximately two-fold increase in
the hardness of the surface layer with a depth of 0.029-0.045 mm. It is revealed that the increase in hardness occurs
due to a change in the structure of the surface layer of the samples as a result of an increase in the dispersion of
granular perlite. It is shown that during laser exposure, the surface of the samples is heated and further cooled in air
after laser removal, which corresponds to classical heat treatment — normalization. The obtained hardness values
correspond to the troostite structure.

Conclusion. The results obtained can be used in the creation of resource-saving material processing processes.

Keywords: laser microstructuring; microhardness; laser exposure zone,; microstructure.
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Beenexue CIJIABOB, YTO CHOCOOCTBYET U3MEHEHMIO MX
MHKPOCTPYKTYPBI U CBOMCTB [2].

Takue TeXHOJIOTHYECKUE MPOIECChI, KaK
Ja3epHas pe3ka 1 MUKpOCTPYKTYpUPOBaHHUE,
XapaKTEepPU3yIOTCS NHTEHCUBHOW CKOPOCTBIO
narpesa (ot 10° 10 10° °/c) u 6bIcTpBIM OXJ1a-
xnenreM (10° °/c u Beie) 06pabaTeIBAEMBIX
MOBEPXHOCTEH, OOYCIIOBICHHBIMH BBICOKOM
CKOPOCTBIO TOTOKA KBAHTOB JIA3€PHOI0 U3ITY-
yenns (~3-10% m/c) [3].

Cpenu o0muUX MPEeuMyIIECTB JIa3ePHbIX
METOA0B 00pabOTKH 0C000 BBIJIEISAIOTCS CIe-
AYIOLIME CBOMCTBA JIa3€pHOIO0 MUKPOCTPYK-
TypupoBaHusl [4]: BBICOKOTOYHAs JIOKaJIbHAs

Jla3zepHble TEXHOJOIMM U CHUCTEMBI Jia-
3epHOT0 BO3JICHCTBUS MPEICTABISAIOT COOOH
MHOI000€IIa0IIe TOAXO0bI ISl U3TOTOBJIE-
HUS 1 00pabOTKH pazHOOOpa3HBIX M3EIHH,
Onarosapst yeMy OHH HAIITH IPUMEHEHUE BO
MHOTHX OTpacisix MOPOMBIIIIEHHOCTH [1].
3HauMMOM 3ajadell TEeKyIlero 3Tamna pas3Bu-
THS METALTYPTUU U TEPMUUYECKON 00pabOTKH
ABJISICTCSA M3Yy4EHUE BIMSAHUSA Ja3€pHOTO U3-
Jy4eHUs TpU JIa3epHON pe3ke MeTajuinye-
CKHUX JleTajlell 1 Hepa3pylIaoleM JIa3epHOM
BO3/ICHCTBUM Ha MOBEPXHOCTH METAIOB U
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00paboTKa, JOCTYHn K CIOXXHOJIOCTYITHBIM
ydacTKaM, XUMHYECKasi YMUCTOTa, KOHTPOIH-
pyemMas TOJIIMHA U3MEHEHUH, MUHUMAaJIbHas
WJIM COBCEM OTCYTCTBYIOIIas (hrHaIbHAs J10-
BOJIKA, BO3MOXKHOCTh JMCTAHIMOHHOTO MO-
HUTOPUHTA U aBTOMaTHU3alusl, HU3Kas MOpH-
CTOCTh I0JIy4aeMOro MOKPBITHUS [5], MUHU-
MU3HPOBAHHOE JePOPMUPOBAHUE U3ICITHS
[6], BbICOKass 3((HEKTUBHOCTD U JIOJITOBEY-
HOCTh c(hOPMUPOBAHHBIX CJI0€B [7], a Takxke
3HaUMTENbHOE (B 2—5 pa3) MpoieHue CpoKa
CITy»OBI 00pabOTaHHBIX U3IeTuH [8].

Tem He MeHee Ha CETOJHSIIHUHA JCHb
MMEeTCs] OrpaHUYeHHOE KOJMYECTBO HCClie-
noBaHUM [9], NOCBAMIEHHBIX aHAIU3Y U3Me-
HeHus cTpyKTypbl [10] u cBoicTB ameraneit
MamuH [ 11] mocie npuMeHeHus: JTaHHBIX TeX-
HOJIOTHIA.

Llenvio pabomul SBASAIOCH HCCIEAOBA-
HUE BIIMSHUSA JIa3€PHOTO MHUKPOCTPYKTYpH-

TazepHOe
VIIpOUHEeHHe

pOBaHMS Ha U3MEHEHHWE MHUKPOTBEPAOCTH U
CTPYKTYPbI 30HBI JIA3€PHOIO BO3JACHUCTBUSA
JIUCTOBOM  BBICOKOYTJIEPOJUCTOM  CTalU
Mapku Y 8A.

MaTepMaﬂbI n MetToabl

B kadecTtBe OOBEKTOB HCCIICOBAHHUS
ObL1a BEIOpaHa JIMCTOBAsI MHCTPYMEHTAIbHAS
BBICOKOYIJIEPOJIUCTAs CTalb Mapku YS8A
(TommuHa aucta 10 MM), U3 KOTOPOH ¢ ITOMO-
IIbI0 HENPEPHIBHOIO BOJIOKOHHOTO Jia3zepa,
CHA0XKEHHOTO ONTUYECKOU TOJIOBKOM
OUIII119  npoumssoactea  HTO «MPO-
[Tosoc» BeIpe3ann 00pa3ibl AJis UCCIIE0Ba-
Hus (puc. 1). CoocHO € a3epHbIM MTyYKOM B
30HY Ta30JIa3epHON PE3KU MOJIaBalId CTPYIO
TEXHOJOTMYECKOro Kuciopoaa. Pesky mnu-
CTOB OCYIIECTBISUTM 1O PEXKHUMaM, IpHUBeE-
EHHBIM B Ta0swmIe 1.

IUIOCKOCTE
11 45111

Puc. 1. Ockus obpasua nocre nasepHoro MUKPOCTPYKTYPUPOBAHUS C OQHOBPEMEHHbBIM

ynpo4YyHeHnemM noBepxHOCTHU

Fig. 1. Sketch of a sample after laser microstructuring with simultaneous surface hardening

Tabnuua 1. Pexumbl rasonasepHomn pesku MMCTOBON MHCTPYMEHTaNbHOM cTanu mapku Y8A

Table 1. Modes of gas laser cutting of USA grade sheet tool steel

Mapxka cranm / MomHoCTh Cropocrs, JaBnenue
Howmep pe3Ku DoKyCHOE
TOJIIIMHA JTUCTA, pesKiMa / M3Ny9eRus | o o | BCTIOMOTaTenbHOro paccronme F
mm / Steel grade Mode W, .BT. / / Cutting rasa I.D’ am / MM / Focal
/ sheet number Radiation speed ¥V Auxiliary gas lenoth F. mm
thickness, mm power W, W rrrl)m /mir; pressure P, atm g s,
6-1 1400 1000 0,8 +1 (301)
Y8A/10 6-2 1200 700 0,8 -1 (299)
6-3 1200 700 0,8 0 (300)
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[Tocne razonazepHoil pe3ku MPOBOAUIN
Ja3epHOE MUKPOCTPYKTYPUPOBAHUE MTOBEPX-
HOCTH mpokara (puc. 1) Q-switch BosokoH-
HBIM UMITYJIbCHBIM JIA3€POM I10 PEKUMY: CKO-
poctb 40 mm/c, momHocTh 100 BT, yactorta
100 kI'u, mmurensHOCT, UMIydbca 100 He,
sHeprust umnyibca 1 mJx.

Jnist u3ydeHuss MUKPOCTPYKTYPBI OBLIH
W3TOTOBIEHBI  HUMA(BI  C TMOCIEITYIOIIIM
TpaBJICHUEM MOBEPXHOCTU 5%-HBIM PAacTBO-
pom HNOs B crimpre (puc. 1). MukpocTpyk-
Typy U3y4aau Ha UHBEPTUPOBAHHOM, METAll-
norpapuueckom mukpockone Nikon MA200
MIPH Pa3HBIX YBEIUYCHHSIX 110 CXEMe, IIPUBE-
JICHHOW Ha PUCYHKE 2.

TIOBEPXHOCTE
oGpaboTaHHas
nazepoM

cepeqHa

eI N
obpazna

TIOBEPXHOCTE He
oGpabGoTaHHas
mazepoM

Puc. 2. Cxema uccnegoBaHuns 30H Wnvda nocne TpaBneHns

Fig. 2. The study scheme of the slot zones after etching

st u3MepeHHuss MakpOTBEPIOCTH HC-
M0JIb30BAJIOCH ClIEyIoliee 000pyIOBaHUE:
tBepaomepbl  PokBemm TP-150M  (mukassl
HRC, HRB u HRA), Cynep-Poksenn TPC
5009-01M (mxama HRN1S5 — npu Harpyske
15 xrc). MuUKpOTBEpAOCTh H3MEpSUIM  Ha
tBepaomepe KBW1-V npu narpyskax: 10 H,
1 Hu 0,25 H.

PesynbTaTtbl U nx obcyxaeHune

Ha nonyyeHHbIX MUKPOCHUMKAX BUIHO,
YTO MHUKPOCTPYKTypa OCHOBHOIO MeTajia
MPEACTABISIET COOOW 3E€PHUCTBHIM TEPIHUT

(puc. 3).

Puc. 3. MUKpoCTpyKTYpbl cepeaunHbl (OCHOBHOrO MeTanna) o6pasLoB nocne nasepHoro
MUKpOCTPYKTYpupoBaHus, x1000: a — obpasen 1; 6 — obpasey 2; B — obpasey 3

Fig. 3. Microstructures of the middle (base metal) of the samples after laser microstructuring, x1000:

a —sample 1; 6 — sample 2; B — sample 3
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Co cTOpOHBI TOBEPXHOCTH, MOABEPTHY-
TON Ja3epHOMY MHUKPOCTPYKTYPHUPOBAHUIO,
oOHapykeHa 30Ha C W3MEHEHHOH CTPYKTY-
poit (3oHa mnaszepHoro Bo3aeHcTBHs). [y-

OuHa TaHHOM 30HBI 711 00pasnos 1, 2 u 3 co-
crabuna 0,045 mMm, 0,032Mm  u 0,029—
0,041 MM cooTBeTCTBEHHO (pucC. 4).

a

B

Puc. 4. MukpocTpykTypa 30HbI nasepHoro Bo3genctaus, x1000: a — obpasey 1; 6 — obpasey 2; B — ob6pasey 3

Fig. 4. Microstructure of the laser exposure zone, x1000: a — sample 1; 6 — sample 2; B — sample 3

CTpyKkTypa 30HBI JIa3€pHOTO BO3JEH-
ctBUs (puc. 4) pencTaBiseT cOO0 BBICOKO-
IHCTIEPCHYIO CMECh, HAIIOMHHAIOIIYIO TI0
CBOCH MOP(OJIOTUU TPOOCTUT WIH OCHHUT.
Hcxons w3 xapakrtepa HpOBOAMMON 00pa-
00TKM Haj oOpaslamMu, MOXXHO IIPEAIoJo-
JKUTh, YTO HArpeB C TMOMOIIBIO JIA3ePHOTO
Jyd4a JI0 BBICOKHX TEMIIEpaTyp M MOCIEIyI0-
IIee OXJIaXICHUE Ha BO3/IyXe COOTBETCTBYET
o0OpaboTke — Hopmanu3anus. [lanHas obOpa-

00TKa MOKET ITPUBECTH K MOTYUECHHUIO BBIIIE-
ONMCAHHBIX CTPYKTYp [12].

Jlanee uccienoBanu CTpPyKTypy oOpas-
IIOB CO CTOPOHBI, HE TIOJIBEpraBILIeiiCs JIa3ep-
HOUl 00OpaboTke (puc.5). Ha momydeHHBIX
MHUKPOCHMMKAaX He 0OHapy>KeH CTPYKTYpPHBII
CJIOW, OTINYAKOLUICS OT CTPYKTYPbI OCHOB-
HOI'O METaJula, YTO CBUJAETENBCTBYET O J0-
CTOBEPHOCTH IOJYYEHHBIX pE3yJbTaTOB CO
CTOPOHBI JIa3epHON 00paOOTKH.

Puc. 5. MukpocTtpykTypa HeobpaboTaHHOI (ropsvekaTtaHon) nosepxHoctu, x1000: a — obpasewn 1;

6 — obpasel 2; B — obpasey 3

Fig. 5. Microstructure of the untreated (hot-rolled) surface, x1000: a — sample 1; 6 — sample 2; B — sample 3

Janee Ha o6pasmax ObLIO MPOBECHO U3-
MEpPEHHE TBEPAOCTH IO MNPEACTABICHHOU
HIwKe cxeme (puc. 6). Pesynbrarel usmepe-
HUS MaKpoO- U MUKPOTBEPIOCTH CO CTOPOHBI

MOJABEPTHYTOM JIa3€PHOMY MHUKPOCTPYKTYPH-
POBaHHIO U JJI CPaBHEHHUS C HEOOpaOOTaH-
HOM CTOPOHBI MIPEACTABJICHBI B TAOIHIIE 2.
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CTOPOHA ¢ Ja3epHoH 006paboTKoi

(M3MepeHHe MaKpo- H MHKPOTBepIOCTH)

ILTOCKOCTE H.[.]'IPICI]a

7

oGHapyKeHHBIH cnoil
(HM3MepeHNe MHKPOTBEPIOCTH)

Puc. 6. Cxema M3MepeHuss Makpo- 1 MMKpOTBEPAOCTY Ha oBpasLax

Fig. 6. Scheme of measuring macro- and microhardness on samples

Tabnuua 2. Pe3ynbtaTbl UI3MEPEHNS Makpo- 1 MUKPOTBEPAOCTU CTanu mapkm Y8A

Table 2. The results of measuring the of macro- and microhardness of steel grade U8A

Howmep

TBepnoctb / Hardness

oOpa3sua /
Sample number

Muxkpotsepaocts, HV / Microhardness, HV

HRC | HRB | HRA [HRNI15

10 H | 1H

O6paboTtanHas gazepom noBepxHOCTh / Laser-treated surface

1 0 84 50 54 297 412

2 0 83 51 58 280 483

3 0 84 49 53 282 464
HeobOpaboTtannas nazepom nmoBepxHocTh / Non-laser treated surface

1 0 82 51 56 218 313

2 0 84 50 56 231 315

3 0 81 50 57 215 313

[Tocne ananu3a MOMy4YEHHBIX pe3yJibTa-
TOB MOJKHO CJE€JaTh BBIBOJ O TOM, YTO
HanOOJIbIIIE 3HAYEHHUS TBEPAOCTH HAOIII0/1a-
I0TCSI TIPYU U3MEPEHUH MHUKPOTBEPIOCTH IPU
Harpyske | H. JlanHbIil pe3ynbTar noaTBep-
JKIACT paHee MOJyUYEHHbIE JJAHHbBIE NPU U3Y-
YEHUU MUKPOCTPYKTYPBI U CBUIETEIHCTBYET

O TOM, YTO YIIPOYHEHHBIN CJI0W UMEET OTHO-
CUTEIHLHO HEOOBIIYIO TTyOHHY.

Jl71s yTOuHEHUs MOJIyYeHHBIX pe3yJibTa-
TOB [TPOBOJWIIOCH U3MEPEHNE MUKPOTBEPAO-
CTH CO CTOPOHBI KA B Mpeenax ooHapy-
JKEHHOI'0 CJIOSl C U3MEHEHHOW CTPYKTYpOU
(30Ha J1a3epHOTO BO3/ICUCTBHS) U B OCHOBHOM
Metasuie (Taoim. 3).

Tabnuua 3. Pe3ynbTaThl U3aMepeHns MUKPOTBEPAOCTM CO CTOPOHBI LWnuda ctanu mapku Y8A

Table 3. The results of measuring microhardness from the side of the U8A grade steel slot

Howmep Muxkpotsepaocts, HV / Microhardness, HV
oOpasma / 1H 0,25H
Sample YIOPOYHEHHBIHN CITOM / OCHOBHO# mMeTat / YIOPOYHEHHBIN CITOM /
number reinforced layer base metal reinforced layer
1 379 213 330
2 360 186 351
3 395 180 382
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Paznuynie B 3HaUEHUSAX MUKPOTBEPIIO-
CTH, 3aPUKCUPOBAHHOIN MPH UCHBITAHUU CO
cTopoHBI utHda (cM. TabJ1. 3) ¥ ¢ TOBEPXHO-
CTH, TOJBEPrHYTOM Ja3epHOM 00paboTke
(cM. Tabu. 2), MOXKHO OOBSICHUTD T€M, YTO I10-
clie MpUMEHEHHU S J1a3epa MOBEPXHOCTh CTAHO-
BUTCs OoJiee MEepOXOBATOM MO CPAaBHEHHIO C
nuudoBanHoi [14]. D10 00BsCHSET pa3nu-
Yhe B MUKPOTBEPAOCTH Ha HEOOpaOOTaHHOMU
Ja3epoM NOBEpXHOCTU IpH Harpyskax 10 H
u 1 H, npu Gomnbiieii Harpy3ke U3MepseTcs
MHTErpaibHas TBEPJIOCTb, OXBaThIBAIOIIAS
6onee ryookue cion marepuana. CTOUT ot1-
METHUTh, YTO Pe3yabTaThl pu Harpy3ke 10 H
(cM. Tabm. 2) coBmajarOT C pe3yibTaTaMi,
MOJyYeHHBIMM Ha OCHOBHOM MeTajuie (CM.
Tab:1. 3) npu Harpy3ke 1 H.

W3 nurepaTypHBIX HaHHBIX H3BECTHO
[14], 4TO 3€pHUCTHII TEPIUT UMEET TBEP-
nocte 160-200 HV, copbur 270-328 HV u
tpooctut 337-420 HV. W3 Tabmuuer 3
BUJIHO, YTO 3HAYEHUS] MUKPOTBEPAOCTH, IO-
nyuyeHHsle nipu Harpyskax 1 H u 0,25 H, no-
MajaloT B HMHTEPBAJ, COOTBETCTBYIOILUI
CTPYKTYp€ TPOOCTHUT. DTO COBIAIAET C paHEe
CHICTIaHHBIM MPEANOJIOKEHUEM, YTO BBISIB-
JICHHBIN CTPYKTYPHBIN CJIOW SBISIETCA TPO-
OCTHUTOM.

Takum 00pazom, HA OCHOBAaHUH BBIIIIE-
MIPUBEACHHBIX PE3yJIbTaTOB MOXHO YTBEp-
KJ1aTh, YTO JIA3€PHOE MUKPOCTPYKTYPHPOBA-
Hue [15] sBnsercs >PpPEeKTUBHBIM HHCTPY-

MEHTOM IMOBBIILIEHUSI Ka4eCTBEHHBIX Xapak-
TepucTUK [16] moBepxHocTHOro ciuos [17],
MO3BOJIAIOIIMM TMOJIy4YaTh W3JEIHsl U3 KOH-
CTPYKIIMOHHBIX CTaJI€H, IO CBOMM CBOMCTBaM
[18] He ycrynaromue H3IEIUSM, HU3TOTOB-
JICHHBIM C IPUMEHEHHEM TPaJULHOHHBIX
TEXHOJIOTHI TepMudeckoit oopadotku [19].

BbiBOoAbI

1. YcranoBneHo, 4ro oOpaboTka nase-
POM TMOBEPXHOCTU OOpPAa3lOB MpHBeENa K IMO-
BBIILICHUIO TBEPJOCTU MOBEPXHOCTHOTO CIIOS
riyounoi 0,029—0,045 MM puOIM3UTENHEHO
B JIBa pasa. BrpiABIEHO, YTO NOBBILICHHE
TBEPJAOCTH MPOUCXOTUT 33 CUET HU3MEHEHUS
CTPYKTYpBI IIOBEPXHOCTHOTO CJIOSi 00pa3IoB
B pe3yJibTarTe YBEIMYEHUS TUCHEPCHOCTH
3€pHUCTOTO MEPIIUTA.

2. Tloka3aHo, 4yTO B IIpolLI€CCE Ta3epHOT0
BO3/ICIICTBUS MPOUCXOAUT HarpeB MOBEPXHO-
CTH 00pa3IIoB U JambHEHIIIee OXJIaXICHUE Ha
BO3/IyXe MOCJIe OTBEJICHUS J1a3epa, YTO COOT-
BETCTBYET KJIACCHYECKOW TEPMOOOPadOTKE —
HopManm3anuu. [lomydeHHbIE  3HAYCHUS
TBEPAOCTH COOTBETCTBYIOT CTPYKTYpe TpO-
OCTHUTA.

3. Ha nmpumepe J1a3epHOTO MUKPOCTPYK-
TYpUPOBaHHS CTalu Mapku Y8A moarsep-
JKJICHAa BO3MOXHOCTh COBMEILICHUS JTa3epHOI
MHUKPOOOpaOOTKM MpoKaTa 3aJaHHON TOJ-
HIMHBl C MPOBEIECHUEM IOBEPXHOCTHOTO
YIPOYHCHUS.
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