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OcCHOBBIBasICh Ha KpUTEPUX (Ha30BO-CTPYKTYPHOI'O COCTOSHUSI M TBEPAOCTH, IPOBEICHO CPAaBHEHUE
3¢ (HEeKTHBHOCTH Ta30BOTO M HOHHOTO a30THPOBaHUs cpenHeaernpoBanHon cramu 30X3BA u BeIcO-
KoJierupoBaHHoM aycteHUTHOU ctanu 12X18HI0T. YcranoBiaeHo, 4TO UCIOIB30BAHUE TEXHOIOTUU
MOHHOT'O a30THPOBAHMUS IO3BOJISIET HA MOPSIOK CHU3UTH BpeMs mporecca azotuposanus. [lokaza-
HO, YTO 3HAYUTEIBHOMY TOBBILICHUIO 3 PEKTUBHOCTH a30TUPOBAHMUS BEICOKOJIETHPOBAHHBIX CTaJCH
CHocoOCTBYeT HaHECEHHE Ha IOBEPXHOCTH MIEPE a30TUPOBAHUEM TOHKOTO MOKphITUS 13 Mo. TBep-
JIOCTh MTOBEPXHOCTH TAKOM CUCTEMBI IOCJIEe HOHHOTO a30THpoBaHus gocturaer 18 I'Tla.

KuroueBble c1oBa: CTpyKTypHasi HHKEHEPHsI IOBEPXHOCTH, CPEAHENETHPOBAHHBIE CTaJIN, BEICOKO-
JIETUPOBaHHBIE CTAJIU, COCTaB, CTPYKTypa, Fa30BOE a30THPOBAHNE, HOHHOE a30TUPOBAaHUE, MOKPHI-
THE, TBEPAOCTb.

BUKOPUCTAHHSA CTPYKTYPHOI'O IIAXOAY ITPU OLTHIII

E®EKTUBHOCTI I'A30OBOI'O TA IOHHOTI'O A3BOTYBAHHSA CTAJII
O. B. Coboab, A. A. Anapees, C. B. llleneas, B. B. [Imutpux, M. A. Ilorpionuii,
I I. Imenko, C. A. Kuszes, H. B. [linuyk, A. O. Meiijexos, B. A. Croi160Buii,
M. O. Conory6, H. A. KpuBob6ok

[pyHTYIOUMCh HA KpHUTEPisAX ()a30BO-CTPYKTYPHOTO CTaHy i TBEPAOCTi, MPOBEICHO MOPIBHAHHS
e(heKTUBHOCTI Ta30BOT0 1 I0HHOTO a30TyBaHHsI cepeiHbosieroBanoi ctat 30X3BA 1 BucokoieroaHoi
ayctenitHoi ctani 12X18H10T. BcranoBneno, o BUKOPUCTAHHS TEXHOJIOTIi 10HHOTO a30TyBaHHS
JIO3BOJISIE HA TIOPSIOK 3HU3UTH Yac Tpoliecy a3oTyBaHHs. [loka3aHo, M0 3HAYHOMY ITiIBUIIICHHIO
e(eKTHBHOCTI a30TyBaHHS BUCOKOJICTOBAHUX CTaJiel CIpHsie HAHSCCHHS Ha TIOBEPXHIO Tepell a30-
TYBaHHSIM TOHKOTO TOKPHUTTS 3 Mo. TBepicTh MOBEPXHI TAKOT CHCTEMH MICJIsl I0HHOTO a30TyBaHHSI
nocsarae 18 I'Tla.

Kuro4oBi cj10Ba: cTpyKTypHa iH)XKEHEpis TOBEPXHi, CepeTHhOJIETOBaHI CTajli, BHCOKOJIETOBaHI CTaTi,
CKJIaJ], CTPYKTYypa, Ta30Be a30TyBaHHSI, I0HHE a30TyBaHHS, TOKPUTTS, TBEPICTh.

USING OF A STRUCTURAL APPROACH IN ASSESSING
THE EFFICIENCY OF THE GAS AND ION NITRIDING OF STEELS
0. V. Sobol’, A. A. Andreeyv, S. V. Shepel’, V. V. Dmitrik, N. A. Pogrebnoy,
G. L. Ishchenko, S. A. Knyazev, H. V. Pinchuk, A. A. Meylekhov, A. A. Stolbovoy,
M. O. Sologub, N. A. Krivobok

Based on the criteria of phase-structural state and hardness compared the effectiveness of gas and
ion nitriding medium-alloy 30H3 VA steel and high-alloy austenitic steel 12X18H10T. It was found
that the use of ion nitriding technology allows an order to reduce the process of nitriding. It is shown
that a significant increase in efficiency of nitriding of high- alloy steels contributes to applying to the
surface before nitriding thin coating of Mo. The surface hardness of the system after ion nitriding up
to 18 GPa.
Keywords: structural engineering of surface, medium-alloy steel, high-alloy steel, composition,
structure, gas nitriding, ion nitriding, coating, hardness.
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BBEJIEHUE

A30THpOBaHUE HHUPOKO HNPUMEHSIETCH
B Pa3JIMYHBIX OTPACISIX MPOMBIIIJICHHOCTH IS
MOBBIIICHHUS JJOJITOBEYHOCTH M HAJIC)KHOCTH Jie-
TaJIel U UHCTPYMEHTOB. 11 3TOro B HaCcTOsALIEE
BpeMsl Ha IPEANPHUITUAX B OCHOBHOM HCIONb3Y-
IOT, KaK YK€ CTaBlllee TPaIUIIMOHHBIM, Fa30BOE
a30THpOBAHUE, TaK U HOBYIO NMPOTPECCUBHYIO
TEXHOJIOTHI0 — MOHHOE a3oThpoBanue. [Ipu non-
HOM a30TUpOBaHuU AU (Py3HOHHOE HACHIILIEHUE
MOBEPXHOCTH a30TOM MPOUCXOIUT C UCTIONBH30Ba-
HUEM HU3KOTEMIIEpPATYPHOH 11a3msl [ 1—4].

Croco6 nuddpy3rnOoHHOTO HACHIIIECHUS TO-
BEPXHOCTH a30TOM C HCIIOJIb30BaHUEM HU3-
KOTeMIIEpaTypHOH MJa3Mbl Ka4€CTBEHHO
OTJIMYAETCA OT KJIACCUYECKUX CXEM XHMMKO-
TepMUYecKoi 00pabOTKK 3HAYUTEIBHO OoJiee
BBICOKOU CKOPOCTBIO AU y3HH, OTCYTCTBUEM
KOpPOOJEHUS MOBEPXHOCTHU, BO3MOXKHOCTHIO
3HAYUTEIBHOTO CHUXKEHUS TEMIIEPATypPbl MIPO-
1ecca u SKOJIOTH4YeCcKor ynuctoToi. B mporecce
HACBIIICHUS 01 AeiicTBUEeM MOHHOM 6oMObap-
JUPOBKM B MaTrepHalie BOZHUKAET N30bITOUHAS
KOHI[EHTpALH CTPYKTYPHBIX Ne(PEKTOB, YTO
CIIOCOOCTBYET MOBBIIIEHUI0 HHTEHCUBHOCTH
npoieccoB nuddy3un U B TOM YHCIE MACCO-
IepeHoca a3ora U Co34aeT BO3MOXKHOCTD JJIs
MOSIBJICHUS HOBBIX (ha3, KOTOpbie HE 00pasy-
I0TCSI B YCJIOBHSIX OOBIYHOTO HACHIIICHUS TPU
MOBBILIICHHON TeMIeparype.

OnHUM U3 NPEensATCTBUN Ul IHPOKOTO
BHEJPEHUSI METO/a HOHHOTO a30TUPOBAHUS
B IPOMBILIUIEHHOCTb SIBJISIETCS. HEAOCTATOYHOCTD
JAHHBIX JJIsI ONTUMU3ALUN TEXHOIOTHYECKUX
PEKMMOB MOHHOTO a30THUPOBAHUS HA OCHOBE
CTPYKTYpPHOIO noaxoaa. B aToi cBsi3u onpen-
enienre 3¢ (HEeKTUBHOCTU MPUMEHEHUS HOHHOTO
A30TUPOBAHMSA I PA3JIUYHBIX TUIIOB CTAJIEH
Y TEXHOJIOTUYECKUX PEKUMOB — SIBJISIETCS AKTY-
aJpHOM 3a/1aueid. M3yueHue B3auMOCBS3U MEXKTY
TEXHOJIOTUEH mpoIiecca, a TAaKkKe MOTy4aeMbIMH
CTPYKTYpPOM M CBOMCTBaMHM IO3BOJISIET, IIyTEM
YCOBEpIICHCTBOBAHUS MPOIECCa, YCKOPUTH Te-
pexop Kk 6osee MporpecCUBHBIM TEXHOIOTHSIM.
Takue TEXHOJIOTUU 00eCIeUNBAIOT U3ACIIUIM
MOBBIIICHNE (PYHKIIMOHAIBHBIX XapAKTEPUCTHUK,
a TaKk)Ke yBEJIMUEHHE pecypca uxX dKCIUTyaTaluH.

C uenbro onpeneneHus BO3MOXKHOCTH PH-
MEHEHMS CTPYKTYpPHOI'O MOJAXO0Ja JJIsl OLEH-
K1 3 PEeKTUBHOCTH UCTIOJIb30BAHUSI HOHHOTO
a30TUPOBAHUS JIe€Tallel U3 CTaJlel C pa3HOu

CTEIEHBIO UX JISTUPOBAHUS XPOMOM U HUKEIIEM
B paboTe MPOBEEHO CPABHUTEIHHOE HCCIIEN0-
BaHHE BIUSHUS ra30BOTO U HOHHOTO a30THUPO-
BaHMS, a TAK)KE HOHHOTO a30THUPOBAHUS uepe3
TOHKOE MOJIMOICHOBOE TIOKPBITHE HA CTPYKTYPY
u cBoctBa crajieii 30X3BA u 12X18H10T.

1. MATEPUAJIBI, METOJIUKA UX
OBPABOTKHU U UCCJIEJJOBAHUSA

B kauectBe MarepuanoB Ay UCCIECIOBAHUM
B pabore ucnonb3oBanuck cranu 30X3BA
n 12X18H10T B nmepBo#l U3 KOTOPBIX CONEP-
JKaHUe Jerupyroiero snementa Cr coctaBiser
2,3-3,7 mac. %, a BO BTOpOM, KOTOpasi OTHOCHUT-
Cs K BBICOKOJICTUPOBAHHBIM CTAJISIM ayCTCHUT-
HOTO KJIacca — COZIepKaHHE XpoMa JOCTUTaeT
17-19 ar. % u kpome Toro coaepxkurcs Ni ot 9
1o 11 mac. %. O0pa31sl mocie MeXxaHuIeCKon
00pabOTKH MOJABEPTIIUCH YIYUIICHUIO B BUIE
3aKaJIKU C MOCJIEAYIOIUM BBICOKUM OTITYCKOM
(nmst ctanu 30X3BA — 3akanka ot 870 °C
B MacJji€ U BBICOKUM OTIYCK MPU TEMIIEpaType
620 °C c BbLaepxkKO#l 1,5 yaca u oxJtaxkaeHu-
em B macne. s cramum 12X18H10T — 3a-
kanka oT Temneparypsl 1080 °C ¢ BeiaepkKoit
2 Yaca ¢ MOCJEAYIOIHNM OXJIaXIeHUEeM Ha
BO3/IyX€ U BBICOKHI OTITYCK MPU TeMIlepaType
890 °C ¢ BBIIEPKKON 5 4aCOB U OXJIAXKICHUE
Ha BO3/yXe).

OOGpa31sl ToIBEPraiuch a30THPOBAHUIO TIO
ra3oBOi TEXHOJOTHH B CpeJie JUCCOLMUPOBAH-
HOTO aMMHMaKa U a30Ta. A30TUPOBaHUE MPOBO-
nuock B anektporieun CHIA — 3,5.6/6-11 npu
temneparype 520 °C B reuenue 20—70 yacos.

HonHoe a30THpOBaHKE B TACIOMIEM pa3psie
npoBoauiioch Ha ycranoBke « MIOH — 30» mpu
temriepatype 520 °C B reuenue 160 MuH u ipu
temneparype 530 °C — B Teuenue 270 MuH.

HNonHoe a30THpoBaHUE B BAKYYMHO-/1yTOBOM
paspsiie OCyIIECTBIISIOCH B BAKYYMHOM Kamepe
yctaHoBKH «bynar-6» npu temmneparype 520—
540 °C B Teuenue 1 yaca.

MuxKpoTBepaOCTh U3MEPSIIH Ha MPUOOPE
[IMT-3 no cTanaapTHON METOAMKE TP HATPY3-
ke 200 .

@Da30BbIN COCTAB U CTPYKTYPHOE COCTOS-
HUE MCCIIEIOBAUCH METOJI0M PEHTTEHOBCKOM
nudpakuuu Ha audpakromerpe [JPOH-3M
B usznyyenun Cu-K ¢ MCIOIB30BAaHUEM BO
BTOPUYHOM IMy4Ke rpauTOBOr0O MOHOXpOMa-
Topa. CheMKa OCYIIECTBIISIACH IO TOUYCUHOMY
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peXuMy c marom ckaHupoBaHus A(20) =
0,05-0,2° 1 IIUTEIbHOCTLIO HAKOIICHUS UM-
MyJIbCOB B Kax0i Touke 20—40 c. Brinenenus
JU(PPaKLHUOHHBIX PO UIIeH B Cilyyae ux HaJlo-
JKEHMsI OCYIIECTBIISIOCH 110 IPOrpaMMe pasjie-
nenus muHUN «New_profiley. O6bemMHas yacTh
(a3 B IJICHKE pacCYMTHIBAIACH 110 CTAHIAPTHOM
METO/IMKE, KOTOPasl yYUThIBaJa HHTEIPATbHYIO
MHTECHCUBHOCTH U OTPAXKATEIbHYIO CIOCOOHOCTh
HECKOJIbKMX JIMHUHI KaxxJoi u3 ga3. Ananus
¢a3zoBOro cocraBa MPOBOIMIICS C HCIOJIBb30BaA-
HueM kaproreku ASTM. Mepa coBepiieHcTBa
TEeKCTYyphl (Ay) onpezensiack Mo MHUPHUHE HA
MOJTYBBICOTE TU(PPAKIITMOHHON JTUHUU CHATOMN
IpHU Y-CKaHUPOBAHUU.

2. PESVJIBTATDBI U UX OBCYKAEHUSA
2.1. A30TMpOBaHNE KOHCTPYKUMOHHOM
TEIJIOCTOMKOM CpeIHe-JIerupoOBaHHOM
cragu 30X3BA

Paccmorpum pesynbraTthl o0pabort-
KU MOBEPXHOCTHU MO TEXHOJIOTUHU ra30BO-
ro ¥ MOHHOTO a30THUPOBAHUS IS CTaJHU
30X3BA. PerrrenandpakiinoHHbIE CIIEKTPHI,
MOJIyYEHHBIE C IOBEPXHOCTU 00pa3loB CTaIU
30X3BA 10 u riocse a30TUpOBaHUs, MPUBEIEHBI
Ha puc. 1.

Fe,N(111)
a-Fe(110) Fe,N(101)

Fe,N(200)

1204

100

I, ycnos. eq.
(] (o]
.
)

Fe,N(220)

N
o
1

20, rpag.

Puc. 1. Yuactku peHTreHAn(PaKIIMOHHBIX CTIEKTPOB 00-
pasuoB u3 cranu 30X3BA 10 u mocie a30TUpOBaHUS:
1 —HCcX0IHOE COCTOSIHHE; 2 — IMOCIIE Ta30BOTO a30TUPO-
Bauus pu 520 °C B Tedenue 20 gacoB; 3 — mocie HOH-
Horo azotupoBaHus mpu 520 °C B TeueHme 2 HYacoB
40 muHyT; 4 — TIOCIE MOHHOTO A30THPOBAHMA IIPH
530 °C B Teuenue 4 yacoB 30 MUHYT

Amnaim3 (ha30BoOro cocrapa ¢ UCTIOIB30BAaHHEM
kapToreku ASTM nokasal, 4To B UCXOJHOM

COCTOSSHMM BBISIBIAETCA OAHO(pa3HOE
CTPYKTYpHOE COCTOSHHE Ha OCHOBE (pa3bl
o-Fe (puc. 1, cnektp 1). [Tocne razoBoro
a30TUPOBAHUS B MOBEPXHOCTHBIX CIOSIX
npoucxoaut popmuposanue y'-passl (Fe,N),
a Taxxke e-asel (Fe,N u Fe N). B o6pasnax
nocae 20 yacoB ra3oBoro a30TUPOBAHUS
COOTHOIIEHUE (a3 B MOBEPXHOCTHOM CJIOE:
60 06. % Fe,N, 20 06. % Fe,N n 20 06. % Fe,N.

ITpy noHHOM a30THpPOBaHUH (pHC. 1, CIIEKTPBI
3 1 4) B oTIIMYKE OT ra30BOTO MPOUCXOJIUT
popmuposanue tonsko 2 pas Fe, N u Fe N.
OGpasosanue 6omee xpynkoi daser Fe N B 9ToM
ciydae He IPOUCXOIUT.

B cnyuae azorupoBanus npu 520 °C
B TeueHue 120 MUH cooTHomeHue Qa3s
cocrapnseT 65 06. % Fe N u 35 06. % Fe N
v u3Mensercs 10 30 06. % Fe,N u 70 06. %
Fe.N mpu TeMneparype HOHHOTO a30THPOBaHHs
530 °C u murensHOoCcTH 270 MUH.

2.2 A30THpPOBaHHE BBICOKOJICTMPOBAHHOM
craau 12X18H10T

Ha puc. 2 u 3 npuBeeHbl yUaCTKU PEHTIEH-
TUpaKIMOHHBIX crieKTpoB ctamu 12X18H10T
B MCXOJTHOM COCTOSIHUH (pHC. 2), a TAKXKE MOCTe
ra30BOro 1 HOHHOTO a30TupoBaHus (puc. 3). 13
IIPUBEJICHHOIO Ha PUCYHKE 2 CIEKTpa BUIHO,
YTO B MCXOJHOM COCTOSIHUM (Da30BBIN COCTaB
MOBEPXHOCTH MPECTaBIIAET COOOM TBEPABIH pa-
cTBOp Ha ocHoBe Y-Fe. Ilocne razoBoro azotupo-
Banus (puc. 3, ciektp 1) popmupyercs e-daza
B 1ByX Momu(pukamusax: Fe.N n Fe,N ¢ 6nuzkum
00BbEMHBIM COZIEPIKAHUEM.

_y-Fe(111)

100 4
1
804 !
- g
% 60 5
e P8
= 1 > =)
o
> li N
£
20 1 i i _
N
0 : ' . : : r . ; s
30 40 50 60 70
26, rpag.
Puc. 2. PeHTreHmuppakinOHHBIA CIIEKTP CTald

12X18H10T B uCcXOAHOM COCTOSIHUU
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Puc. 3. Yyactku mudpakinOHHBIX CIEKTPOB 00pa3IOB
cranu 12X18H10T: 1 — nociie ra3oBOro a3oTUpOBaHUS
npu 560 °C B TeueHne 18 gacoB; 2 — mocie HOHHOTO
azotupoBanus npu 520 °C B Teuerne 2 gacoB 40 MuH.;
3 — mocne nonHoro azotupoBaHust npu 530 °C B Teue-
Hue 4 gacos 30 MuH

ITpucyrcTeue haswl HuTpUIa Keneza — Fe, N
MPOSIBIISIETCS HAa TUPPAKIIUOHHBIX CIIEKTPax
B BUJIC XapaKTEePHBIX s Hee mukoB: (111),
(200) u (220), yrnoBoe MoOI0KEHUE KOTOPBIX
MOJHOCTHIO COBMAJAET C TaONMYHBIMU. J{aH-
Has (aza uMeeT HauOOoJIBIIYI0 HHTEHCUBHOCTD
T pakIMOHHBIX TUKOB, a TOTOMY €€ 4acTh
B 00beMe MOKPHITHS HAaUOOJIbIIIAS.

Ha penTtrenorpamMmme mpucyTCTBYIOT JBa
nupakIMOHHBIX MUKa Ha yriax 20 = 36°
u 20 = 63°, KoTOpble HE OTHOCSTCS HU K OHO-
My HUTpHAY *kene3a. OaHako, OHU JO0CTATOUYHO
OJIM3KH K YTJIOBBIM IOJIOKCHHUSIM TTHKOB JIJISl HU-
tpusa xpoma CrN.

Takum 00pa3zoM, mociie Ta30BOTO a30TUPO-
BaHUS PoUCcXonuT popmupoBanue Tpexdas-
HOTO COCTOSIHMSI B 00JIACTH a30THPOBAHUS —
5T0 ocHOoBHas ¢asza Fe N ¢ 00beMHBIM CO-
nepxanuem oau3kuM K 70 %; ¢daza CrN ¢ co-
nepxanueM 10 %, dasa e-Fe,N ¢ 00beMHbIM
coaepxanueMm Onu3kum K 20 % u mepuogom
pEIIETKH, KOTOPBIN COBMAAaeT C TaOIMYHBIMU
3HAYCHUSIMH.

[Tocne MOHHOTO a30TUPOBAHUS, KAaK BUIHO
u3 puc. 3 (cnextpsl 2 1 3) hopMHUpPYETCS TIPaK-
TUYECKU UJICHTHYHBIN MPEIbIAYIIUM YCIOBU-
sM (a3oBbIid cocTaB MOKPBITHIL. [lomyueHHBIC
CIIEKTPHI UMEIOT COBIAJCHHUE C TAOTUIHBIMHU
3HAaUYEHUAMM JBYX HUTPHIOB xene3a: Fe N
u g-(has3pl. e-¢asza MposBISIETCSA B BUJIE €€ MO-
nuduxanuii Fe,N, KOTOpyI0 ONpenessIoT npu-
CYTCTBHE TpeX XapakTepHbIx auHuii: (100),

(102) u (101). CnenoBatensHo g-(haza B CTPYyK-
Type HOHHO-a30TUPOBAHHOMN CTaJIM BCTPEYACTCs
B Bujie Fe N.

IIpucyrcTBue Hutpuaa xenesa Fe N
(puc. 3, cuexTp 2) onpeaenseTcs o HaIu4uIo
TPEX XapaKTePHBIX AU(PAKIIMOHHBIX TTHKOB: Ha
yriie 20 = 41,1° — COOTBETCTBYET ITUKY OT IJIOC-
koctu (111), Ha yrme 20 = 47,8° — (200), a Ha
yrie 20 = 70,1° — nuky ot miockoctu (220).

Ha peHTreHorpaMMe NpPUCYTCTBYET
ITudpakIMOHHBIN MUK ¢ 20 = 63°, KOTOpBIi
OTHOCUTCS K HUTpHULy Xpoma CrN.

Takum 00pa3zoM, 1Mociie HOHHOTO a30TUPOBA-
HUS TIPOUCXONUT (OPMHUPOBAHHE TPEeX(PazHOTO
COCTOSTHUS B 00JIaCTH MOHHOTO BIUSHUSA — 3TO
ocHoBHas (paza Fe, N ¢ 00beMHBIM CONEPKUMBIM
6musko 55 %, dasza e-Fe,N ¢ o0beMHBIM
copepkuMbIM Onu3kuM kK 27 % u ¢daza-CrN
¢ cogepkanueM okono 18 % u nepuonom pe-
MIETKH, KOTOPBII COBMAaaaeT ¢ TaOIUYHBIMU
3HAYCHHSIMH.

[Tpu Gonbiieit TeMeparype HOHHOTO a30TH-
poBanus 530° u Bpemenu 270 MUHYT (ha30BbIH
COCTaB U3MEHSIETCS B CTOPOHY YBEIMYCHHUS CO-
nepxanus CrN u e-Fe N da3. O600mennsie
JaHHBIE 110 COOTHOIICHUAM (pa3 Mmpu pazHbIX
pe’KuMax a30TUPOBAHUS NPUBEIEHBI B Ta0II. 1.

Amnanm3 00001eHHbBIX B Ta0I. 1 pe3ynbraTtoB
MOKAa3bIBAET, YTO B CPEAHEIETMPOBAHHBIX CTANIAX
HMOHHOE a30THPOBAHUE TIO3BOJISIET MPAKTUIECKU
Ha TOPSIIOK YMEHBIINUTH BpeMsl a30THPOBAHUA,
npuBOsIIee K GOPMUPOBAHUIO aHATOTHYHBIX
10 COCTaBY HUTPHUHBIX (ha3 B MOBEPXHOCTHBIX
CIIOSIX.

B BBICOKONETMPOBAHHBIX CTalAX HOH-
HOE a30TUPOBAHHE 3HAYUTEIHHO TOBBIIIACT
3(PeKTUBHOCTH HUTPUI000PA30BAHHS C XPO-
MOM, 00€CreuynBaeT MPAKTUUECKH MOJIHBIH 11e-
pexona B a3oTupoBaHHOM obnactu ctanu kK CrN
daze.

Opnum u3 Haubosiee yHUBEPCATbHBIX KPU-
TepueB 3Q(PEKTUBHOCTHU MPOIIECCa a30THPO-
BaHUs CIIY)KHT IOKa3areiab TBepaocTu. Ha
puc. 4 nmpuBeIeHbB CPAaBHUTEIbHBIE TH-
CTOrpaMMBbI TBEPAOCTH JUIsl CTajel 0 U mocie
Pa3JIMYHBIX BUJIOB a30TUPOBAHUS, UCXOIS U3
KOTOPBIX MOYXKHO OTMETHTb, YTO TIOCIIEC a30TH-
pPOBaHMS MMOKA3aTeNN TBEPAOCTU MOBEPXHOC-
TH 00pa3L0B 3HAUUTEIBHO BRIPOCIU. Takxe
3aMETHO, YTO TBEPJIOCTh IMOBEPXHOCTU 00-
pa3ioB, 06paboTaHHBIX C MCIOJIb30BAHUEM
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Tabmuma 1

Bumsinue pe:kMMoOB a30THPOBaHUS Ha (pa30BbIil COCTAB MOBEPXHOCTH CTAJIEH

Cras Pexxum Fe N Fe.N Fe N CrN
a30THPOBAHMS 4 } :

30X3BA °
ra30213(g)z,aii(; C, 60 % 20 % 20 % -
e | 0% | 0% i _
R A i _

12X18H10T °
rasofé)z,aii(; C, 70 % 20 % - 10 %
nomllg(e),ljég C, 550, 279, _ 18 %
HOH;I;S,I\iig C, 45 % 35 % -~ 20 %

MOHHOTO a30TUPOBAaHMS, HECKOJIBKO OOJbIIE
AQHAJIOTMYHBIX 3HAUCHHUH MOJYYEHHBIX MOCIe
ra3oBOTO a30THPOBAHUS, P TOM, YTO BpEMS
a30TUPOBAHUS YMEHBIIEHO MPAKTUYECKU Ha
HOPSJIOK.

Tak>ke BUHO, YTO yBEJIUYCHHE IIUTEIb-
HOCTH NPU HOHHOM a30THpoBaHuU OT 160 10
270 MUHYT NPaKTUYECKU HE NMPUBOJUT K HU3-
MEHEHUIO TBEPAOCTH. DTO BO MHOIOM OIIpeie-
nsieTcst oopatHol quddy3ueit K MOBEpXHOCTH
HOABMKHBIX aTOMOB a30Ta B MPOLIECCE HOHHOTO
a30TUPOBAHMSL.

st popmupoBanus 6apbepa Takoid auddy-
3UH BaKyyMHO-JyTOBBIM METOJIOM Ha ITOBEPX-
HOCTb HAaHOCHJIOCH MOKPBITHE MO, TOMIIMHOMN
20-30 HM, mOCJE Yero OCyIlleCTBIsIICS MPOo-
1IECC MOHHOTO a30THUPOBaHUs (BpeMs a30TUPO-
Banus 60 munyt, 7'~ 500 °C, U_ = -1300 B)

w30X3BA=12X18H10T
[

WcxopHoe A VA NA

cocTosiHe 520 °C, éO yac. 520 °C, 16b muH. 530 °C, 270 MuH.

-
£

=
o N

N A O

TeeppocTb, HY, Mla

0

Puc. 4. CpaBHUTENBHBIE THCTOIPaMMBl TBEPIOCTH 00-
Pas3IoB B HCXOHOM COCTOSIHHH (JI0 a30THPOBAHNUS) U TIO-
CJIe Ta30BOTO M MOHHOTO a30THpoBaHus; [A — rasosoe
azoTupoBaHue; 1A — MOHHOE a30THPOBAHUE

[5]. B aToM ciiydyae moBepXHOCTHAsI TBEPAOCTh
JocTuria HauBeiciiero 3HadeHus 18,9 I'Tla, uto
npakThuyecku B 1,5 paza Gosblie, ueM A HOH-
HOTO a30TUpOBaHUs 0e3 MokpbITUA. [Ipu 3TOM
1yOrHa MOU(UIIMPOBAHHOTO CJIOS TIOCTUTAET
100 MKM, a TOJIIHUHA CIIOSI C HAUOOJIBINIEH TBEp-
noctbio 1018 I'Tla cocrasmusier 15 mMxMm (puc. 5).

20+
18-“'\
16
14
& 12
c ]
- 10-_
8 4
64
44 \I
2 . T ¥ T . T ¥ T . T
0 20 40 60 80 100

h, MKm

Puc. 5. 3aBucumocts u3menenus teepaoctu (H) mo rimy-
6une (h) mocne azoruposanus cranmu 12X18H10T ¢ no-
KpbITHEM U3 Mo

CxeMa mpoueccoB Ipu HOHHOM a30THPO-
BaHWH MOBEPXHOCTHU depe3 Mo MOKpHITHS,
OPUBOJALIUX K BBICOKOH TBEpJOCTH MOBEPX-
HOCTH ITpUBeJIeHa Ha puc. 6. B atom ciiyuae Mo
MOKPBITHE CIYXKHUT HE TOJIBKO TP PY3MOHHBIM
O6aprepoM it TUDPYHIUPYIOLIUX K [TOBEPX-
HOCTHU aTOMOB a30Ta, HO U B Pe3yJbTaTe MpUIo-
BEPXHOCTHOTO NIEPEMEIINBAHUS YIPOUHICTCS
MIOBEPXHOCTH IyTeM (popMUpOBaHUS a3kl HU-
TpUJa MOJIUO ICHA.
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N+
--...____‘1

2

Puc. 6. Cxema mpoueccoB Npu MOHHOM a30THPOBAHUH
yepe3 IMOKPBITHE: | — BBICOKOAHEPIeTHUECKUE HOHBI
a30Ta U3 IUIa3MBL; 2 — 00NacTh IMepeMeInBaHus; 3 —
HU3KOYHEPTETHIECKIE aTOMBI a30Ta, TUPPYHAUPYIOIINE
K TIOBEpXHOCTH; 4 — TmoKpeITHE MO; 5 — Marepuai oc-
HOBBI

ComnocTaBuTeNIbHBIN PEHTIeHO(]A30BbII aHa-
JIA3, BBIIIOJHEHHBIN IIyTEM I0CJIE10BATEIbHON
conuti(OBKH TOBEPXHOCTHBIX ClIoeB (puc. 7),
MOoKasall, YTo /10 a30TUPOBAHUS MOKpeITHE MO
dbopmupyeTcst Ha ayCTEHUTHON OCHOBE.

I[Tocne MOHHOTO a30TUPOBAHHUSA JU-
(GpakLMOHHBIM CHEKTP MOBEPXHOCTHOTO CJIOSI
noka3piBaeT Hamunuue CrN ¢a3bl u y-Fe da3zbr
C YBEJIMUEHHBIM IEPUOAOM (OMpenesieT CABUT
IIUKOB B CTOPOHY MaJIbIX YIJIOB Ha puc. 7),
MPUYUHON YEero MOXKET CIY)KUT pacTBOpPEHHUE
M30BITOYHON KOHIIEHTPALIUK a30Ta B PEIIETKE
v-Fe. I[TogoOub1ii nudpakiuOHHBINA CHEKTP

9000

ynbCbl/c

HTEHCUBHOCTb, UMM

nposBiaseTcs Ha ranyOuHax g0 30 MKM.
OnHOBpeMeHHO Ha TU(PAKIIMOHHBIX CIIEKTPAX
¢ OONBMIMMHU TTyOMHAMU BBISABISCTCS MHK
o-Fe cocransronieit, ¢ MOABIEHUEM KOTOPOU
CBA3BIBACTCS NAJCHUE TBEPIOCTH.

BbIBO/IbI

1. MoHHOE a30THpOBaHuE IS CPEAHE- U BbI-
COKOJIETUPOBAHHBIX CTaJledl sABISETCSA
3HAYUTEIbHO 00JIee TEXHOJOTUYHBIM MPO-
LECCOM 0 BPEMEHH CO3JaHMs YyIpou-
HEHHOTO CJIOS 10 CPAaBHEHUIO C ra30BbIM
A30THUPOBAHUEM.

2.B cpenHenerupoBaHHON CTajdd MOHHOE
a30TUPOBAHHME C YBEIMUYEHHEM BPEMEHU
HacbleHus ot 160 1o 270 MUHYT IPpUBOAUT
K YBEJIMUYEHHIO HACBIILIEHUIO a30TOM U POCTY
TBEPJIOCTH MOBEPXHOCTHOTO €104 OT 8,4 110
10,8 I'Tla.

3. B BBICOKOIEIrHpPOBAHHBIX CTANISIX YK€ 3a
BpeMs a30TupoBanusa 160 MUH JocTUTraeTcst
HauOonpmas TBepaocTh 12 I'Tla, a yBe-
JUYEHUE BPEMEHU a30TUPOBAHUS HE MPHU-
BOJIUT K €€ U3MEHEHHUIO.

4. Vicnonp30BaHKE B Ka4eCTBE Oapbepa 1Jis 00-
patHoit auddy3un a30Ta IpU HOHHOM a30-
TUPOBAHUU MOKPBITUA U3 MO TOIIMHUHON
20-30 HM NO3BOJISIET 3HAYUTEIBHO YBEJIH-
YUTh TBEPAOCTH OBepXHOCTH A0 18 ['Tla mpu
JOCTHKEHUHU NTyOMHBI MOAU(HULIMPOBAHHOTO
ciost okosio 100 MKM.

Mo(110)
(111)

]
; a— Fe(110)
;‘:
|

Puc. 7. TlocoiiHbIi aHaaM3 CTaIM MOCIe a30TUpoBaHus (MuKpodoTorpadus nuindpa OOKOBOW MOBEPXHOCTH C OT-
NeYaTKkaMy HCIbITaHUNA TBEPAOCTH M YYAaCTKH PEHTIeHAN(PPAKIIMOHHBIX CIeKTpoB): 1 — ¢ mokpeitieM Mo. [Tocie

A30THPOBAHUS: 2 — C MOBEPXHOCTH, 3 — mocie couUIM(pOBKH 5 MKM, 4 —

n 7 — 100 Mxm)

10 mxm, 5 — 15 MM, 6 — 30 MKM
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