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Awunoramus. IlpeacraBimen amajn3 CBOWCTB TMOBEPXHOCTH OOPA3IIOB PA3IUYHBIX CILJIABOB MeTaJl-
JIOB TIOC/Ie MX OOpabOTKH IITa3Moil Tierolero paspsaa. IIpencrasiieHo ommcaHme SKCIEPUMEHTAIHHO-
ro KOMILIEKCA U PEeRUMOB 00paborku oO6pa3uos. ljis aHaim3a CBONCTB HOBEPXHOCTH IIPUMEHSIACH
3JIEKTPOHHO-MUKPOCKOIIMYECKUH U PEHTTEHOCTPYKTYPHBIN METOIBI aHAJIM3a (pa30BOT0 COCTABA M CTPYK-
TYPbI TIOBEPXHOCTHOIO CJIOfI, & TAK¥XKe JIOPOMETPUYECKUN METO[ Jijisi OlpPeeseHus] MUKPOTBEPIOCTH.
IIpeayoskena rumoresa, 00bACHSIIOMAs (PUBNICCKUN MEXAHU3M, JIEYKAIUNA B OCHOBE UCCJIEIYEMBIX TPO-

neccoB. https://doi.org/10.33849/2019103

1. BBEJIEHUE

Tneromuit paspsam Kak UCTOYHWK WOHW3AIWUH ITHPO-
KO HCIIOJIb3yeTCs IPYU PEATU3ANNY PAIUIHBIX TEXHOJIOT Ui
yYUpo4YHEeHUudA nJjIn MO,H,I/I(I)I/IH;I/IpOBaHI/IH TTOBEPXHOCTHBIX CJIO-
€B METAJLJIOB, OCODEHHO WMCIOJIb3yEMBIX B MWHCTPYMEHTA b
HOI MPOMBIILJIEHHOCTH, [JIe OT CBOMCTB IOBEPXHOCTHOTO
CJI0si CYUIECTBEHHO 3aBHUCUT HAJEXKHOCTH PabOTHI JIOPOro-
CTOSIIIMX PEXYUMX WHCTpyMeHToB [1, 2]. Ha mporsikenun
muOrmX JieT B Benopyccko-Poccuiickom yHuMBepcuTeTe Be-
JIyTCsi PAOOTHI MO BHISABICHUIO MEXAHU3MOB BJIMSHUS TEXHO-
JIOTHYECKAX AapaMETPOB OOPADOTKHU TJECIONIAM Pa3PAIOM
Ha 3SKCIJIYATAIIMOHHBIE XapPaKTEPUCTUKU W CTPYKTYPHO-
Gda30B0Oe COCTOSTHNE TIOBEPXHOCTHBIX CJIOEB PA3JIUIHBIX Me-
TaJIJI0B, METAJINYECKUX CILJIABOB W MOKPBITUI, KAK B CO-
CTOSHUM IIOCTABKHU, TAK U IIPOIIEAIIAX PA3IUIHbIE BU/IbI
MpesBapuTenbHON 06paboTku [3-9].

CymrocTh crocoba 00pabOTKY 3aKJII0YaeTCs B TOM,
9TO U3IEINE, MOMEIIEHHOE Ha KaToe, 00padaThIBAETCS TIe-
IOIUM Pa3PsiIOM IIOCTOSHHOTO TOKA YAEJIbHON MOITHOCTHIO
roperus 10 1 kBt/mM? B cpesie ocTaTounbIX aTMochepHbIx
ra3os, gasjieaueMm ot 1.33 mo 13.33 Ila B Teuenme oTHO-
CUTEJIbHO HEDOJIBIIIOr0 IPOMEXKYTKA BpeMeHu (IopsiIKa Jie-
carkos munyt [10]). IIpu sTom Temneparypa usienust BO
Bpemst 0O0paboTku He mpesbimaia 125 °C. CTouT oTMeTHTD,
gro HuTpuaHaa ¢asza (y-dasza) moxker GOpMUPOBATHCs
[PU PA3JMIHBIX BUAAX A30TUPOBAHUS, C TEMIEPATYPAMU
ot 400 10 600 °C. IIpu KOMHATHBIX TeMIEpaTypax odpa3o-
BaHUE TAKOI (a3bl C TOUKY 3PEHNS PABHOBECHON TEPMOIHU-
HAMUKHU MaJIOBEPOSTHO.

UccnenoBatne 3HEPreTHIECKUX XAPAKTEPUCTUK TPH-
MEHSIEMOT'O TJICIOIIEr0 Pa3psijia MOCTOSTHHOIO TOKA, (hop-
MUDYEMOTO JIBYXIIOJIYIEPUOIHBIM BIIPAMUTETEM (Ha, MPO-
MbinuieHHoi gacrore 50 I'ir), mokazasu, 4TO HA OCIUJLIO-
rpaMMe TOKa pas3psia HADIIOJAITCA BBICOKOYACTOTHBIE KO-
sebanus (90-110 kI'n) B Havgase nukia pocra Toka. Ocobo-
T'O UHTEPECA 3ACAYKUBAET TOT (PAKT, YTO KOJIEOAHUST BOSHU-
KAIOT IIPY TEX K€ 3HAYEHUSX MapaMeTpPOB TJICIOIIEr0 pa3psi-
713, TIpX KOTOPBIX Habmomaercs 3¢ ekt rimybokoit Moaudu-
Kalluy CBOWCTB 00paboTaHHbIX Pa3psioM Marepuasios [11].
B mammnoit pabore mpeacTaBIeHbl PE3YIbTATHI FKCIIEPUMEH-
Ta O CTPYKTYPHO-PA30BOMY MOAAPHUITIPOBAHAIO CTPYKTY-
PBI MOBEPXHOCTHOIO CJI0S MATEPUAJIOB M MPEJJIOKEHA THITO-
Te3a, 00bACHAMAA (DUIUKY TTPOIECCA.

2. OIINCAHUE SKCIIEPUMEHTA

B kauecTBe 00beKTa MCCIEIOBAHNS OBLIN BHIOPAHBI 00-
pasiibl IPAMOYTroabHON (hopmbl (15X 15x5) us:

e cramm X12 T'OCT 5950-2000 (maccoBast 1omst 3me-
menros: C — 2.0...2.2%, Si — 0.1...0.4%, Mn —
0.15...0.45%, Ni — 10 0.35%, S — 10 0.03%, P — no
0.03%, Cr — 11.5...13.0%, Mo — mo 0.2%, W — no
0.2%, V — no 0.15%, Ti — mo 0.03%, Cu — mo 0.3%, Fe
— 110 86.81%) TPOMBINLIEHHO MITABKY, MOABEPTHYTHIE
sakaike B Macye ¢ 970 °C (Bbiaepxkka 1.5 4.) ¢ nocie-
ayitorum ormryckom pu 180 °C B Tevyenne 1.5 4.;

e cramm P6M5 T'OCT 19265-73 (maccoBas mons 3me-
menros: C — 0.8...0.9%, Si — 0.2...0.5%, Mn —
0.2...05%, Ni — no 06%, S — no 0.025%, P —
70 0.03%, Cr — 3.8...4.4%, Mo — 4.8...5.3%, W —
5.5...6.5%, V. — 1.7...2.1%, Co — 10 0.5%, Cu — 10
0.25%, Fe — no 81.57%) npoMbIIeHHON NIABKY, TTOA-
BeprayThie 3akajke B Macie or 1220 °C (Boiaepxka 1.5
9. B II€YM C YYT'YHHON CTPYZKKOM) € MOCIIEAYIONMM TPEX-
kparabiM oriryckoMm mpu 560 °C B Teyenwue 2 4.;

e craim 20 TOCT 1050-88 (maccoBast mOnsi 3JI€MeEH-
ro: C — 0.17...0.24%, Si — 0.17...0.37%, Mn —
0.35...0.65%, Ni — mo 0.25%, S — no 0.04%, P — no
0.035%, Cr — 10 0.25%, As — 10 0.08%, Cu — 10 0.25%,
Fe — 110 97.3%) mpOMBINITIEHHO T1IABKY, TIOABEPTHY THIE
[EMEHTAIMKA B TBEPAOM KapOIOpH3aTope TpH TeMIepa-
rype 930 °C, oxmaxaenuio Ha Bozayxe ot 890 °C, 3a-
kasike B macise or 810 °C (BbLaepzxkka 1.5 4.), ormycky
mpu 190 °C B Teuenue 2 4.;

e crasu X12M® I'OCT 5950-2000 (maccoBas mojs 3Je-
menros: C — 1.45...1.65%, Si — 0.1...0.4%, Mn —
0.15...0.45%, Ni — mo 0.35%, S — mo 0.03%, P —
70 0.03%, Cr — 11.0...12.5%, Mo — 0.4...0.6%, V
— 0.15...0.3%, Fe — no 84%) noxBeprayTbie 3aKajke
B macsie or 970 °C (Bbraepxkka 1.5 4.), OTIycKy Ipu
180 °C B Teuenue 2 4. C noc/ieyOmmM HOHHBIM a30TH-
poBanuem mpu Temmeparype 400-450 °C.

e rBepzoro ciiaa BK8 T'OCT 3884-74 (WC — 92%, Co
— 8%), 110JIy4EeHHOIrO METO/IOM CIIEKAHMUS;

e tepaoro ciyaa TH-20 TOCT 26530-85 (TiC — 79%,
Ni — 15%, Mo — 6%), noJ1y 9eHHOrO METOIOM CIIEKAHMUS;

CxeMa 9KCIepUMEHTATBHON YCTAHOBKY MMPEICTABICHA
Ha pucyake 1. O6paborka 06pa3IoB MPOBOIUIACH B TPEX
OCHOBHBIX pexkuMax (110 Hanpsizkenuto paspszga U u mwior-
HOCTH TOKa J), yKazauubix B Tabmuie 1. Bpemsa o6paboTku
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Pucynok 1. Cxema ycTaHoBKU 151 OCyIeCTBJIeHUs MOaudu-
nupyiomeit oopaborku. 1 — kamepa; 2 — aHOM; 3 — CTOJI-KATO;
4 — mspenme; b5 — dopBakyyMmHBIH Hacoc; 6, 7, 15 — kiamaH;
8 — cucrema m3mepenusi masyenus; 9 — muddy3noHHbIN Ha-
coc; 10 — 6ok muranwns; 11 — mpeobpa3oBaTesb BHICOKOTO Ha-
npsikenusi; 12 — 6JI0K U3MEPEHUs FJIEKTPUIECKUX [TaPAMETPOB
pa3psaia; 13 — 3acsionka; 14 — a30THas JIOBYIIKA.

Pucynok 2. CTpyKkTypa MOBEpXHOCTHOTO CJI0s1 cTaan X12: a —
0 06paboTku; 6 — 1ocse 06pPabOTKU B pexkume 1; B — pPekuM
2; r — pexum 3.

BO BCEX PEXKMUMaAX COCTABIAIO 30 MUH.

B pabote MIPUMEHSIIUCH 9JIEKTPOHHO-
MHKPOCKOIIMYECKHI ¥ PEHTIeHOCTPYKTYPHbBIA METOIbI aHa~
Jin3a (PasoBoro cocraBa U CTPYKTYPbl IOKPLITUN, U JIOPO-
METPUYECKUN aHAJU3 IJIsT OMpPEIeSIeHUsT MUKDPOTBEPIOCTH
MMOBEPXHOCTHBIX CJIOEB. DJIEKTPOHHO-MHUKPOCKOIAIECKUI
aHAJIU3 [OBEPXHOCTHOI'O CJIOS OOPa3LOB HIPOBOAMJICA IIPU
LIOMOLIY CKAHUPYIOLIEIO 3JIEKTPOHHOIO MUKpOCcKoma Tescan
VEGA 2SBA ¢ npumeHeHHeM CTaHIAPTHOLO IETEKTOPa,
BTOPWYHBIX 3JIEKTPOHOB. PEeHTTeHOCTPYKTYPHBIN aHaIu3
OCYIIECTBJISLJICS HA ABTOMATH3MPOBAHHOM PEHTIE€HOBCKOM
koMmIuiekce, Ha Oasze pudpaxkromerpa JIPOH-3M c¢ upu-
MEHEHHEM MOHOXPOMATH3UPOBAHHOTO (O, —M3JIydeHUs.
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Tabauna 1. Pexxuvbt 06paboTKu 00pa3IoB B TJICIONIEM pa3psiie
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Pucynoxk 3. ®parMeHTsl pEHTIeHOBCKUX (P PAKTOIPAMM CTa-
mm X12: a — 1o obpaborku; 6 — mmocse o6paboTku B pexxume 1;
B — PEXKUM 2; T — pexRuM 3.

V3meperne MHKPOTBEPAOCTH IIPOMU3BOIMIOCH HA TBEPIO-
vepe Zwick Roell ZHV 1M. Mopdosorudeckuii ananu3
C WCHOJIb30BAHUEM 3JIEKTPOHHO-CHJIOBOH MUKPOCKOIIMU
He NpOBOAMJICs. V3MeHeHUsI CTPYKTypbl METaJIJIOB OT-
crmexxuBanoch 1o mudam. lamee Ha pucyHkax i
(a) coorBercrByer wucxomHOoMy o00pasny (10 00paboTku
reomuM  paspsaom). Hlnudsr (6)—(r) coorsercTByOT
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Pucynok 4. CTpykTypa MOBEpXHOCTHOrO cyiost ctagm P6Mb5:
a — 10 obpaborkmu; 6 — mocse 00paboTkm B pexmme 1; B —
pexuM 2; 1 — pexum 3.

TeM YK€ CIJIaBaM, HO TMPOIIEAITUM COOTBETCTBYIOIIYIO
00pabOTKy B PA3JIMIHBIX PEKUMAX.

3. PE3VYJILTATHI IIJTA3SMEHHOII
MOJIN®UKAIINY IOBEPXHOCTU
OBPA3IIOB

Ha ocnoBanum meranmorpaduaeckoro MCC/IeI0BaHUsT
YCTaHOBJIEHO, UTO CTa b X12 10 00pabOTKM MMEET CTPYK-
TYpy MapTEHCHUTA 3AKAJKUA C KAPOWIHBIMYU BKJIIOUYEHUSIMU
cnoxkuoit popmbr. O6paboTKa TIEIOIUM PA3PSAIOM TPUBO-
JUT K UBMEJIbYEHUIO U IepepaciipeaeeHuio Kapou aHoit ga-
3Bl B TIIOBEPXHOCTHOM CJIO€ TayOuHoi 10 30 MKM (pHUCYyHOK
2) [12].

Ha ocnoBanmnu anasmsa ¢pparmMeHTOB 1udpPaKTOrPAMM
cranu X12 10 u mocyie MoguduIupyomeit 00paboTKn B Tie-
oieM paspse (PUCYHOK 3) yCTAHOBIIEHO, 4TO 00PabOTKa
MPUBOIUT K CHUKEHUIO CTEMEHN MCKAYKEHWS KPUCTAJLIAYIE-
ckoit pererku a-Fe m 00beMHOMY yMEHBITEHUIO Y—das3bl
¢ 33.7 10 31.4% , 4TO CBHUAETENLCTBYET O NPOTEKAHUH B
mporecce 06paboTKu MOINMOPMHOTO MpeBpailienus y—Fe —
a—Fe, yBeIn4eHNI0 KOHIEHTPAIMA B MApPTEHCUTHON (dase
aATOMOB BHEJIPEHUsI, MOBBIIEHUIO TLIOTHOCTH TUCTOKAIUH B
a-Fe ¢ 2.1x10'% 10 3.5x101% em—2 [12].

Crpykrypa Obicrpopexytieit cramu P6M5 mo obpa-
OOTKM COOTBETCTBYET MAPTEHCUTY 3aKAJKU C KAPOUIHBIMU
BKIoUeHuAMA. OOpabOTKa, TICIOMIUM PA3PSIIOM ITPUBOIUT
K U3METBICHUTO U TepepacipeieieHnio KapouaHoit pas3bl B
LIOBEPXHOCTHOM CJI0€ IiybuHoit 10 25 MKM (pucyHok 4) [7].

O6paborka crasu He MPUBOAUT K U3MEHEHUIo (azo-
BOTO COCTaBa, OJHAKO HAOJIIOIAETCS CHUYKEHUE TLIIOTHOCTH
JUCJTOKAIMi, Kak B KapOuauoit (ase, Tak U B MATPUIHOM
MmaTepuane (pucyHoK 5) [7].

IIpoBemennpiii Merasmorpaduyuecknii aHaan3 odpas-
OB W3 TleMeHTHpoBaHHOM ctau 20 10 0O6paboTKH TiIeio-
UM Pa3psAIOM CBUAETEIbCTBYET O TOM, YTO MUKPOCTPYK-
Typa COOTBETCTBYET KJIACCHIECKON MUKPOCTPYKTYPE, OJIY-
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PucyHok 5. ®parMeHThl pEHTTEHOBCKUX TU(PAKTOrPAMM CTa-
mu P6Mb: a — mo o6paborkm; 6 — moce 0O0paboTKu B pexKMME
1; B — pexum 2; r — pexxum 3.

YEeHHOW MOocje ImeMeHTanuu. Ha CHUMKAX SpKO BBIPAYKEHO
XapaKTepPHOE st 3a9BTEKTON/IHBIX CTajlell pacipe/iesieHne
[IEMEHTUTHO# (Pa3bl.

Monudunupymoias 00pad0TKa, MPUBOIUT K IUCIED-
TUPOBAHUIO BKJIIOUYEHWI [IEMEHTHUTA, B TIOBEPXHOCTHOM CJIO€
1 (POPMUPOBAHUIO CTPYKTYPHI METKOUTOJIBIATOTO MAPTEH-
cura (pucynok 6) Ha riybune no 35 mxMm [6]. Ha ocnosa-
HUU PEHTTEHOCTPYKTYPHOTO aHAIN3a 00pabOTKA TJIEIOIIIM
Pa3psIoM IEMEHTUPOBAHHON cTanu 20 MPUBOIUT K CHUXKE-
HUIO CTENEeHU UCKAYKEHUsT KPUCTAJINIECKOl perrerku a—Fe
" 00'bEMHOMY YMEHBIEHUIO Y—(ha3bl, YTO CBUIETETHCTBYET
O TIPOTEKAHWY B MPOIecce 00pabOTKM MOJIUMOPMHOTO Mpe-
spamienus y-Fe — a-Fe (pucynok 7) [6].

Crpykrypa azorupoBaHHOi craju X12M® 10 06-
paboOTKN pa3psiioM COOTBETCTBYET KJIACCHYECKONH MHUKPO-
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Pucynok 6. Crpykrypa N0BEpXHOCTHOIO CJI0s IIEMEHTUPOBAH-
HoWt crasu 20: a — mo o6paboTkm; 6 — mocsae 06paboTKM B pe-
KuMe 1; B — pexum 2; © — pPexum 3.

CTPYKTYPE CTaJIH, TOIBEPTrHYTOH a3oTupoBanuio. CTpyKTy-
pa TakKe XapaKTepPU3yercs OOBIINUM KOJIUIECTBOM Kap-
Guanoit daszpl naacruauaroii hpopmbl (pucyHox 8).

Momudmutupyiomias 06padoTKa IPUBOIUT K JAACIEPTH-
POBAHUIO KAPOWIHBIX BKJIIOYEHUIT 1 UX PABHOMEDHOMY Pac-
MPEIEIEHIIO B TIOBEPXHOCTHOM CJIOE Ha, TIIyOUHY 10 25 MKM,
9TO MOYKET CBHJIETE/IhCTBOBATH O MPOTEKAHWHU B ITPOIIECCE
MOAU(DHUITUPOBAHUS PATAANMOHHO-UHATTHHPYEMOH 1uddy-
3un [6].

Ha ocHoBaHWEM PEHTTEHOCTPYKTYPHOTO AHAJIN33 yCTa-
HOBJIEHO, 9TO 00paboTka a30TupoBaHHOil cramn X12MO®
MPUBOIUT K TIOHUKEHWIO TJIOTHOCTH JAe()EKTOB B MaTpUU-
Hoit daze a—Fe u Borgenenuto menkux gactui; CrN (pucy-
HOK 9) [6].

Merastorpadudeckuii aHAJIN3 TOBEPXHOCTHBIX CJIOEB
obpa3moB u3 TBeporo ciiaBa BK8 ceuzerenscTByer o Ha-
JIMYUU KJIACCHYECKOH CTPYKTYPBhI Te€TEPOreHHOro CILIABa,
[JIe B KA4ECTBE CBA3KH BLICTYNAET KODAIBT, a B KAYECTBE
tBepaoit daspl — kapbun sBosibdpama (pucyrok 10(a)).
YCTaHOBIEHO, 9TO TOBEPXHOCTHBIA CJIOH CILTaBa OTIHMYa-
ercs OorT OCHOBbI. J/laHHOEe OT/indne O0bsACHSAETCH CKOILIEHU-
eM KODaJIbTOBOI CBSI3KU y TIOBEPXHOCTH O0bSACHIEMOE 00pa-
30BAHUEM KaIeIbHOW (a3bl B MpOIECce CIEKaHUs CILJIABA.
Crour Tak Ke OTMETUTH YTO CILIAB XapaKTePU3yeTcs Mo-
PHUCTOCTBIO.

O6paboTKa MPUBOIUT K MOSBIEHUIO W3MEHEHHOTO CJIOs
Ha ruryouny 10 200 MM (pucynok 10(r)). Pesysnbrarst penr-
FEeHOCTPYKTYPHOTO aHAIN3a 0Opa3loB W3 TBEPIOTO CILIa-
Ba BKS8 ykaspiBaioT Ha TO, 9TO 0OpabOTKA TJICIOIIMM Pa3-
PSIIOM MPHUBOIUT K M3METBICHHUIO 3epeH KapOmIHON (hasbl
WC, dbopmupoBanuio 6;109H0-GparMeHTUPOBAHHON CTPYK-
typbel WC u rpaanunoit u oobemuoit auddysun Co 8 WC
3, 11].

Crpykrypa tBepaoro cmiaa TH-20 B cocrosinum mo-
CTaBKW, Tak ke Kak n BK&, cooTBeTcTByeT CTPyKType Te-
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Pucynok 7. @parmeHTbl PEHTI€HOBCKUX U} PaKTOrpamMM Iie-
MeHTHpOoBaHHOM cTaau 20: a — 10 06paboTkm; 6 — mocye o6pa-
00TKHU B pexxkuMe 1; B — PeXRUM 2; T — pexuM 3.

TEPOreHHOTO CILIABA, TJIe B KAYECTBE CBA3YIOIIEro Marepua-
Jla BBICTYITaeT HUKEIb-MOJTUOIEHOBAS CBA3KA, & B KAYECTBE
TBepIOi pa3bl — Kapbua TuraHa. ['paHuIb 3epeH Kaponi-
HOM (ba3bI ABIAIOTCA PABMBITHIME, a 3€PHA UMEIOT CJIOXK-
uyto ¢popmy. Tak ke Kak ¥ y TBEPIOrO CILIaBa, U IO TEM YK€
[PUIMHAM PErUCTPUPYETCs CKOIJIEHUE CBI3KU y OBEPXHO-
cru [2]. B pesyabrare 06paboTku pa3psiaom 3abuKcnpoBa-
HO HAJWYWe W3MEHEHHOro cJosi TayOuHO# 10 60 MM (pu-
cynok 11).

IIpu ananuze pe3yabTATOB PEHTIEHOCTPYKTYPHOIO
aHaIM3a 0OHAPYKEHO, 9TO 00PAOOTKA MPUBOJUT K TTEPEPAC-
MIPEIEICHIIO HUKEJIS B MOBEPXHOCTHBIX CJIOSTX, PACTBOPUMO-
CTH €ro B KapOuae TUTAHA IPU OJHOBPEMEHHOM (POPMHUPO-
BaHUK OJIOIHO-(PPArMEHTUPOBAHHOM CTPYKTYPBI TTOCIEIHE-
ro. Kpome 3Toro, mpoucxomur obOpa30oBaHUE MO T'PAHUIAM
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Pucynoxk 10. CrpykTypa HOBEPXHOCTHOIO CJIOSI TBEPIOIO CILIa-
Ba BKS8: a — 1o obpaborkm; 6 — mocie 06paboTky B pexkume 1;

. B — PEXHUM 2; T — pexRuM 3.
Pucynok 8. CTpykTypa MOBEpXHOCTHOTO CJI0s1 30 THPOBAHHOM p ) p

crasm X12M®: a — 10 obpaborku; 6 — rocsie 06paboTKu B pe-
KuMe 1; B — pexUM 2; T — PexXHUM J.
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Pucynok 9. ®parmeHTsl peHTI€HOBCKUX AP PAKTOrPaMM a30-
tupoBanHOi ctaan X12M®: a — mo obpaborkm; 6 — mocse 00-
paboTku B pexxume 1; B — pexum 3.
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rpaHuYHON u 00beMHO#N nuddy3un MepexoauT B CBA3YIO-
it marepuad [2]. B pesyabrare crpykrypHO-ha30BbIX U3-
MEHEHUH, ONUCAHHBIX BBIIIE, ITPOUCXOJAUT OBBIIIEHUE MUK~
POTBEPIOCTH MMOBEPXHOCTHBIX CJIOEB MaTepUAJIOB. Pe3ymb-
TATHI JIIOPOMETPHYECKOTO AHAJIN3A MTOBEPXHOCTHBIX CIIOEB
IpeJcTaBaeHbl Ha pUCYHKe 12.

Hecmorpst Ha ybeauresibHOE 9KCIEPUMEHTAIBHOE TTOJI-
TBepxKIeHre (PGDEKTUBHOCTH OMUCHIBAEMOTO METOIa MO-
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Pucynok 12. MuKpoTBepIOCTb IOBEPXHOCTHOIO CJIOS IIOCIIE
obpaboTku TaeomuM pa3pagom: 1 — cram X12; 2 — craam
P6Mb5; 3 — nmemenTupoBanuoil cramu 20; 4 — a30THPOBAHHOM
cramu X12M®; 5 — tBepmoro citaBa BK-8; 6 — tBepmoro cruia-
Ba TH-20.

IuUKAINN  TTOBEPXHOCTH, WCUYEPIBIBAIOIIEH TeopeTmde-
CKOIl MHTepIpeTaIu HAOII0IaeMble sIBJICHUS HE IMOJIY Y-
nu. JIpyrumMu CJIOBaMH, HE BBIICHEH (PU3WIECKHUil Mexa-
HU3M, JIeXKalmuit B OCHOBe Meroza. IIpu 3rom, moBTOpS-
€MOCTh PE3YJbTATOB OCTaércs crabmyibHON. Kpome Toro,
U3y9EeHBI PA3JIUIHBIE PEKMMBI 0OPAOOTKHU, UTO MO3BOJIU-
JIO OIITUMU3UPOBATH MPOIIECC YIPOIHEHNST TOBEPXHOCTH 00~
pasmos. Ilpexe deM mpernoKuTh TUMOTE3y (PU3HMIECKOIT
KAPTUHBI U3yYaEMbIX MPOIECCOB, CJIEAYET MUCKIIOYUTH W3-
BeCcTHbIE PU3NIECKUE MEXAHU3MbI. B HACTOsIIEE BpEMs I~
POKO IPUMEHSIFOTCST METO/bI A30TUPOBAHUS U IEMEHTHPOBA-
Hus crasieil u ux ciuiasos [1].

TIporecc azorupoBamusi 00ycioBIeH (HPOPMUPOBAHUEM
COEIMHEHUI a30Ta B MPUIIOBEPXHOCTHOM CJIoe 00pasiia, Ko-
TOpbIE MOTUQPUITUPYIOT CBOMCTBA METAJIA U MOTYT IIPUBO-
OUTHh K YIAYYMNIEHUIO JKCILUIyaTAIMOHHBIX CBONHCTB HHCTPY-
MEHTOB N JPYTUX O6"beKTOB. (I)I/ISI/ItIeCKI/II.;I MeXaHU3M OCHO-
BaH Ha Auddy3un aToMOB a30Ta u3 OydepHOro ra3a B Mo-
BEPXHOCTHBIN €TI0l 0OpabarbiBaeMoro oobekTa. IIpoMbri-
JIEHHOE a30TUPOBAHUE OCYIIECTBJIAETCS IIPU TEMIEpATypax
400-600 °C, Ha TPOTSIKEHUU TIOPSAIKA HECKOJLKUX JIeCT-
KOB 9acoB. ONUCHIBAEMBIH B JAHHOI CTaThe MeTo 1, 00paboT-
KM HUKAK HE CBS3aH C a30THpPOBaHWEM. BO-IEepBBLIX, XOTH
IJIA3MOOOPA3YIOMIMM [a30M HABJISIETCS BO3/IYX, YBEJIUICHUE
KOHIIEHTPAIINN a30TA B MOBEPXHOCTHBIX CJIOSX 00PA3IOB HE
nabsonaercs (mosockl y-Fe Ha peHTreHorpammax CooT-
BETCTBYIOT OCTATOYHOMY AayCTEHUTY B O0Opa3iax, MpeIBa-
PHUTEIBHO TIPOIIEINUX MPOLEAYPY 3aKaaku). Bo-BTopbIx,
TeMIIepaTypa ra3a B HAINEM CJIydae COCTAB/ISET TOPSIKA
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300 °C, a gimuTeapHOCTH 00PAbOTKY — mecaTku MuHyT. Pac-
Cy»KJlasi AaHAJIOTMYHO, MOXKHO TIOKa3aTh, YTO HCCIEIyeMbli
MeroJ 00pabOTKU He CB#A3aH € LeMeHTupoBaHueM (C HACbI-
I[IEHUEM TIOBEPXHOCTU 00pa3Iia COCAMHEHUAMU YIIIEPO/IA).

CTouT OTMETHUTH, 9TO UCCJIEAYEMBII MPOIECC TIIYOOKOMH
MO/udUKAINE TTOBEPXHOCTH BCET/IA ACCOIMMPOBAJICS C BO3-
HUKHOBEHUEM BBICOKOYACTOTHBIX OCIUJLISIUN Pa3PsiTIHOTO
roka [11]. XapakrepHble 4acTOTbl YKA3aHHBIX OCIMJIIALIMI
coctapasgior ~ 100 k['m. He kacasch MpUYInHBI UX BO3HUK-
HOBEHUS MOXKHO MPEINOJIOKNUT, YTO MPOIECC MOAMMUKa-
MM CBSA3aH CO CKUH-3(PEKTOM, BOZHUKAIOIIAM IMIPHU IIPO-
TEKAHWHM BBICOKOYACTOTHBIX TOKOB II0 [IOBEPXHOCTH 00pa-
OaTpiBaeMbIX 00pa3IoB. [yOuHy CKUH-CJIOS MOYKHO OIpe-
JIeJIATh WCXOZs U3 BbIpaskenus [13]:

A= [P
\ g

rje p — YJleJbHOe COLIPOTHUBJIEHUE MaTepuaja 3aroTOBKH,
V — YacTOTa MAarHuTHOTO TIOJISA, [, — MarHUTHAs TTPOHUIIA-
€MOCTh MaTepuaJia 3arOTOBKH, [ig — MAarHUTHAS MOCTOSAH-
Had.

(1)

st paccMOTpeHHBIX B paboTe cTajieil U CILIaBOB TJIy-
Obuna ckuH-cJ0si JiexkuT B mpenenax A = 30-100 mkwm,
U XOPOLIO COIJIACYETCH C TOJIIUHON MOAuMUIMPOBAHHOIO
cnosi. CTOUT yHOMSIHYTH 37€Ch METOI WHIYKIIMOHHON 3a-
KaJIKA, B OCHOBE KOTOPOrO TaK>Ke JIEKUT CKUH-I(PGDEKT.
Onako, usmdeckune MEXaHU3Mbl y 00CYKIAEMBIX METO-
JIOB, TIO-BUINMOMY, pa3audHbie. [Ipn nHIyKITMOHHOM 3aKaJI-
Ke 00pa3IIbl MOABEPTAIOTCS TOCTATOYHO CHIILHOMY TEPMUYe-
CKOMY BO3JEHCTBHUIO TTPX OOJIBINMAX MOBEPXHOCTHBIX TOKAX.
B paccmarpuBaeMom ciiydae TOKU HEBEJIMKH, TAKXKE KAK U
AX TEePMUYECKOE BO3EHCTBHE.

st moATBEPK AEHUS [IPE/JIOZKEHHON ITUIIOTe3bI 3aIlj1a-
HUPOBAHbI HOBBIE IKCIIEPUMEHTHI, CBA3aHHBIE C BHICOKOYA-
CTOTHBIM BO3/IEACTBUEM HA MCCJIEIyeMbie OOPA3IIHI.

SAKJIFOYEHUE

IIpencrasnen mMeron MoanUKAIIMK CBONWCTB TIOBEPX-
HOCTHBIX CJIOEB METAJIJIOB W CILJIABOB B ILJIA3ME TJICIOIIETO
pa3psama. JJannabiii MeTons ObLT pa3paboTaH aBTOPAMHU M HC-
[I0JIb3YeTCs B TEYEHUH IIOCJEIHUX JecaTu Jjer. IIpeumyie-
CTBa METOJA: a) WCIOJL30BAHME BO3IyXa B KauecTse Oy-
depHoro raza; 6) OTHOCUTEILHO HU3KAs MOIIHOCTH Pa3ps-
JIa; B) BBICOKas CKOpocTh 06paborku (20-30 munyr). [Ipea-
CTaBJIEHO OLMCAHNE IKCIEPUMEHTAJIBHOIO KOMILIEKCA U pe-
KUMOB 00paboTK¥M 00pasnos. s amanam3a CBOHCTB IMO-
BEPXHOCTH TPUMEHSIJIUCH IJIEKTPOHHO-MUKPOCKOMIUIECKUI
U PEHTTeHOCTPYKTYPHBIA MeToabl aHajm3a (ha30BOro Co-
CcraBa M CTPYKTYPbL LOBEPXHOCTHOI'O CJIOS, & TaKKe JII0-
POMETPUUIECKUIT METOT JJIsl OMPEIEIeHIs MUKPOTBEPIOCTH.
ITokazamo, uT0 (pU3NIECKNi MEXAHU3M, JIEKAIIUH B OCHOBE
METO/A He CBA3aH C MEXaHU3MAaMK a30TUPOBAHMS, IEMEHTHU-
pPOBaHKs W MHIAYKIIMOHHOM 3aKajiku. B Kadecrse rumoresbl
MPEJIOKEHO, 9TO MOM(PUKAIINS MOBEPXHOCTH B PACCMAT-
PUBAEMOM CJIy9ae CBA3aHa C BO30YKIEHNEM BbICOKOIACTOT-
HBIX OCUMJIISIUA Pas3psiIHOrO TOKA, U, CJIEIO0BATEIHLHO, CO
cknH-3(BHEKTOM, TPOABIAIONMMCH B 00pabaThIBAEMbIX 00-
pasmax.
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