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Abstract. In the article receiving surface, the diffusion nitride-oxide layer on low-alloy
structural steel with specified structures and properties.

It is established that changing the composition and structure nitrid-oxid layer depends on
many factors such as the saturation temperature, the activity of a saturating atmosphere and modes of
nitriding in the ammonia at the first stage of processing and oxidation in water steam at the second
stage of processing. In the process of nitrooxidathion first is the process of nitriding with the
formation of the nitride layer, the nitride layer and formation of zones of internal nitriding in pure
iron occurs according to the diagram "Fe-N".

When oxidation of nitride layer begins partial dinitriding on the surface to form a thin surface
oxide layer after reaching certain thickness prevents dinitriding and makes the diffusion of nitrogen in
the depth of the metal. As a result the oxidation increases the thickness of low-nitride layer and the
zone of internal nitriding. For the development of regulated technology nitrooxidathion low-alloy
carbon steels we have investigated the dependence of the composition and structure of nitride and
oxide layer on the chemical composition of steel and technological parameters of the process. As a
model alloy used in the iron and processed samples from industrial steel 40X, P6M5 and steel 45.

Investigated the saturation temperature in the range above and below the eutectoid
temperature for the system "Fe-N", and "Fe-O" and found that the best structure is at temperatures
below the eutectoid saturation. The change of phase composition of diffusion layers were studied by x-
ray diffraction and auger spectral analysis obtaining nitrid-oxide layer at different treatment modes.

Investigated as structural steel 40X, samples of which are treated in an atmosphere of pure
ammonia, at a degree of dissociation a=40...60%, at temperatures 620°C and 580°C without removing
from the furnace was subjected to oxidation in water vapor and the addition of complexion.

Microsections on the treated samples determined the distribution of elements over the depth of
the oxide and nitride layers of Auger-spectral analysis. The study found education, nitride layer,
carbonitride character, which is due to the fact that the nitriding is dicarbonizithion, nitrogen
replacing carbon in the steel matrix and carbon in the matrix is involved in the formation of the layer.

Determined the formation of the surface layer oxycarbonitrid nature that when oxidation due
to diffusion of oxygen occurs at the same time dinitriding and dicarbonizithion in part of the nitride
zone. The results of obtaining the adjustable structure of nitride and oxide layer by choosing the
saturation temperature change of the nitrogen potential. When oxidation of nitride layer, is formed on
the surface of a dense oxide layer that prevents dicarbonizithion developed and obtained nitride layer
and simultaneous diffusion of nitrogen from the nitride zone into the sample with the formation of the
lower nitride zone and oxygen gas from the atmosphere. The study regimes for the technological
process of a combined technology of nitrooxidathion with getting adjustable thick carbonitride,
oxycarbonitride layers that has the best physico—mechanical and physico-chemical properties than the
nitride layer.

Bo03MOXHOCTh TPOTHO3UPOBAHMS CTPYKTYPbl M CBOMCTB a30THPOBAHHOTO CJIOS Ha
MOBEPXHOCTH KOHCTPYKIIMOHHBIX ¥ YTJIACPOAUCTBIX CTaJCH MMETh OOJBINOe 3HAYCHHE IS
ONTHMHU3AIMN BEACHUS TEXHOJOTHYECKOTO TPOIecca a30THPOBAHUS M, MOCIEAyomell 00paboTKu
a30TUPOBAHHBIX W3JICIIUM.

CtpyKTypa U CBOHCTBAa KOMOWHHUPOBAHHOTO TIpoIlecca a30TUPOBAHUS OIpeeseTcss MHOTUMHI
(hakTopaMu, OCHOBHBIMH W3 HUX SIBIICTCS TeMIlepaTypa, NABICHWS HACBINICHHS W IOTCHIIUAI,
HachImamui arMocepsl. C HM3MEHEHHEM yKa3aHHBIX (DAKTOPOB MOXKHO TIIOJYYUTH Pa3IUIHBIC
COCTaBbl M CTPYKTYpPBl a30THPOBAHHOTO MOBEPXHOCTHOTO ciosA. OIHOBPEMEHHO C H3MEHEHHEM
COCTaBa U CTPYKTYPBI a30TUPOBAHHOTO CJI0S MOXKHO PEryJIHpPOBaTh (PU3NKO-MEXaHHUECKUE U (U3UKO-
XUMHUYECKUE CBOWCTBA 00padaThIBACMbIX ITOBEPXHOCTEH METAILIIOB.,
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HNuTeHcudukanms KOMOWHUPOBAHHOTO TPOIECCa a30THPOBAHUS MOXKET OBITh JOCTUTHYTA
MOBBINICHUEM TEMIIEPATYPhl HACBIIICHUS, PETYIUPOBAHUEM aKTUBHOCTH aTMOC(hepbl, U3MECHEHUEM ¢
COCTaBa M MPUMCHEHUEM pa3iIMYHBIX ra3oBbIX cpel. OJHOBPEMEHHO MPUMEHCHHEM COBPEMEHHBIX
METOJIOB HCCJICIOBAHHS MOXHO TOJYYUTh OOJNBINOEC KOJMMYECTBO HH(POPMAMU O CTPOCHUU
HUTPUIHBIX WIH HUTPUI-OKCUIHBIX CIOEB.

Hnst 00CTOSTENHHOTO HAYYHOI'O ONHCAHUS CTpOeHUS AUG(Y3MOHHOTO HHUTPUIHOTO MU
HUTPHUI-OKCUIHOTO CIIOS HEOOXOAMMO M3yueHHE OOJBIIOro KoJM4YecTBa mapaMeTpoB. OTHUM U3 HUX
SIBJIICTCSI COCTAB HACBIMIAIOIICH CPEe/Ibl, KOTOPBIN ONpEeaeiIeT MPOIECChl HACBIIICHHS Yepe3 PeaKIiu
BBIJICJICHHS aTOMAapHOTO a30Ta, KUCIOpoJa U Yriepoia.

W3 Bcex H3BECTHBIX HacChIIaOInX Cpea HauOoJree JAUWHAMHWYHBIMH SABJBIFOTCS TI'a30BBIC
aTtMoc(epsl, KOTOpPBIE TMO3BOJISIIOT MOMYYUTh JI0OBIE CTPYKTYypHBIE HAOOpPBI M pa3iIHyYHBIA JHANa30H
rryouH nud@y3uoHHBIX cia0eB. Bo BceX ciaydasx ra3oBOro a3oTHPOBAaHUS aMMHUAaK sBIIIeTCS 0a3oi
JUTSL CO3/IaHMUs HACBIIIAOMIEeH aTMOChephI.

IIpu ompenenéHHBIX TEPMOIUHAMUYECKUX YCIOBHSAX (TEMIepaTyphl, JaBICHHH) aMMHAK
JIUCCOLIUPYET B COOTBETCTBUU C PEAKIIUCH:

NH; —N +3/2-H, 1)

B npouecce HacwilieHus oOpasyeTcsl Onpeaes€HHBIA a30THBIM MOTEHIHal U B TEUYEHHE
npoliecca NPOUCXOANUT paBHOBecHe a30THOro noreHnuana. CornacHo otHoueHue (1) obpasyromierics
aToMapHbIi a30T qudQyHIUpYyeT B MOBEPXHOCTh MeTaiuia oOpasys HuTpuasl MetauioB MeN. Ha
MOBEPXHOCTH METAJUIOB BHAYaje pa3BUBACTCS BHICIIME HUTPUABI METAJIOB B TMOPSJIKE CHUKEHHE
KOHIICHTPAINH a30Ta BIIIyOb HOBEPXHOCTH HACHIIIAEMOT0 METaJlIa WM CILIABA.

Jnsi  OIEHKH OTHOIIGHWE MaplUalbHOTO JaBlCHHS aMMHaKka K BOJOPOLY MOXHO
UCII0JIb30BaTh KOHCTaHTHI paBHOBecHsI (K,):

P 1
b @
H, N

3/2
raec: PNH3 - HapuuajibHOC NaBJICHHUC aMMUAKa, PH2 - IapouaJIbHOC AAaBJICHUE BOAOPOAA; aN -

AaKTUBHOCTb a30Ta WJIM a30THBIHN IMMOTEHIIAAI.

IIpu a3zorupoBanuu oOpasyeTcss TBEPABI pacTBOp a3ora B o-Fe, ¢y u e-daswel. Ilpu
NOCTOSIHHOM TeMIepaType W JaBJieHHs KOHCTaHTa pPaBHOBECHS OyAeT TOCTOSHHBIM, IOJTOMY
ypaBHEHHE (2) MOKHO HalucaTh B CIEIYIOIIEM BUE:

Pun,
ay =—3/2 3)

Pa,

Jus obecnieuenus mud¢dy3un a3ora B Marepuai, HEOOXOAMMO, YTOOBI a30THBIA MOTEHIHAI
HACBIIIAIONIEH cpebl ObIIO OOJIBIIE YeM COepKAHUE a30Ta B METaJlIe:

an -an’ O

VYpasuenue (4) xapakTepu3yeT HadaubHBIM 3Tanm Auddy3un, TOCKOIBKO ¢ 00pa3oBaHHEM
HUTpUAHOTO cJos (Y- u &-(ha3bl) COOTBETCTBEHHO BEIMYMHA Aa30THOTO TMOTEHIMAlla JOJDKHA
YAOBJIETBOPUTH YCIIOBUU:

ay >af >ajy
(5)

[Ipr KpaTKOBpEMEHHBIX MPOIECCOB HUTPOOKCHAMPOBAHMH CHAYala IIPOUCXOAWT TIPOIIECC
a30TUPOBAaHUM C 00pa30BaHWEM HHUTPUAHOTO clios. Bo Bcex ciydasx oOpa3oBaHWE HUTPHUIHOTO CIOSI H
30HBI BHYTPEHHET0 a30THPOBAHMS B YHCTOM JKeJe3e MMPOMCXOIUT B COOTBETCTBUH C AHarpaMmoit «Fe-Ny.

[Ipy OKCHMAWPOBaHWW HUTPHUIHOTO CIIOS OTHOIICHWE mapiuanbHbeIX gaBieHuii NHjz:H,
u3MeHseTcs. HauwHaercs [€a30THpOBAaHMHM HHUTPHIHOTO CIIos ¢ 00Opa3oBaHHEM TOHKOTO
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MIOBEPXHOCTHOTO OKCHIHOTO CJIOS, KOTOPBIA TMOCJIE TOJNyYeHHS ONpPEACTEHHONW TOJIIMHBI
MIPEISITCTBYET [1€a30TUPOBAHUIO U BBIHYXIaeT nuddys3un azora B IayOuHe MeTamwia. B pesynbsrare
IIPY OKCHIUPOBAHUM PACTET TOJIIMHA HHU3KOA30THCTOIO HHUTPHOHOIO CJIOS W 30Ha BHYTPEHHETO
A30TUPOBAHUSI.

Hnst pa3paboOTKH peryaupyeMblii TEXHOJOTMH BEICHHS TpOLecca M TEOPETHUYECKHUX OCHOB
TEXHOJIOTHMH HUTPOOKCUAMPOBAHHUS HU3KOJIETUPOBAHHOW YIIIEPOIUCTOMN CTall M3ydaid 3aBUCHMOCTH
COCTaBa W CTPOEHHUS a30THPOBAHHOTO M OKCHAHOTO CJOSI OT XHMHUYECKOI'O COCTaBa CTallell u
TEXHOJOTMYECKMX IapaMeTpoB Ipolecca. B KkadyecTBe MOJENBHOIO CIUIaBa HCIIOJIb30BaJIU
TeXHUIECKoe xkene30. MccnenoBanu Takxke npomeinnieHHbie ctamm 40X, POMS u cranm 45.

Ilocne HachllieHUs BbIIE 3BTEKTOMIHOM TeMmepaTypbl ains cucrtembl «Fe-N» B
a30TUPOBAHHOM CJI0€ HaOII0aeTCsl HUTPHJIHAS 30HA C YETKO BBIPAXKEHHON CTO104aTOCThIO. DTa 30Ha
COCTOUT M3 KPYNHBIX KPUCTAJUIOB C LIMPOKHMH TPAHUIAMU MEXKAY HUMHU U OOJBIIUM KOJIMYECTBOM
mop u tpemuH (Puc. 1, a u 6).

Takoe cTpoeHue oS UCKIII0YAeT MOJyYeHUE B JAJbHEUIIEM PABHOMEPHOM IUIEHKH OKCHAA.
Iocme a3oTHpOBaHHMS NpH Temmeparypax Hibke sBrektomaa (591°C) cIoM HMEOT MEHbIIYIO
TOJIBILIMHY, HO paBHOMepHOe cTpoenue (Puc. 2).

Puc. 1. Muxpocmpyxmypa azomupogantoeo cios Ha cmanu 45 (a) u cmanu 40X (6)

Pexum 06paboTtku: Aszoruposanue - 620°C, 3 yaca.
I B gy L~
- -

- ——

Puc. 2. Muxpocmpyxmypa Humpooxcuouposanio2o cios na cmanu 45.

Pesxum 06pabotku: Azotuposanue- 580°C, 3 waca; okcuaupoanue — 550°C, a- 1 yac u 6- 2,5
yaca B mapax Bojbl ¢ jobaBkamu 5% O /1.

I[Ipu noGaBieHUM B COCTaB KHUCJIOPOAOCOJCpIKAIICH HACBIIAIOIICH Cpelbl B  MajoM
KOJIMYECTBEC KOMIIJICKCOHOB, 6HaI‘OHpI/IHTHO BIIUAIOT K O6paSOBaHI/IIO IIJIOTHOT'O ITOBEPXHOCTHOI'O
OKCHJIHOTO CJIOS ¥ PE3KO YMEHBIIIACTCS MPOILECC JCa30THPOBAHMU BO BPEMS OKCHUIMPOBAHHH
HuTpUAHOTO cios (Puc. 2, 6).

PesynbTarthl W3ydeHWE BIMSHHS CTENCHU JHCCONMAIMA aMMHaKa Ha TOJNIIWHY U COCTaB
¢ Gy3UOHHOTO CIIOA TP HIKE 3BTEKTOMIHOM Temiieparype (5 80°C) moka3bIBatoOT, 9TO 06PA30BAHIE
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pa3BUTONW 30HBI BBICOKOA30THCTOTO HUTpHAA (&-Gha3pl) NMpU 3HAYUTETHHON OOIIEeW TOJIIHHE CIIOS
XapaKTepHO [UIS TPOIECCOB CO CTEMeHbI0 aucconuanuu ammuaka o<30%, OJHaKO TIpU STOM
MIOBBIIIAETCS TIOPUCTOCTHh HUTpUAHOTO cios (Puc. 3, muaun 2 u 3).

IIpu crenenu aucconumanuu ammuaka o>50% yMEHBIIAIOTCS TOJIIMHA HUTPUIHOW 30HBI U
KOJIMYECTBO &-(a3bl Ha moBepxHOCTH ciost (Puc. 3).

[Ipu mpoBeneHNM a30TUPOBAHUS HA IEPBOM CTaUU HHUTPOOKCUAMPOBAHUS OOpa3oBaHUE
HUTPHUAHOTO CJIOS C HAWIYYIIUMU KAa4eCTBaMHU ISl JAJIbHEUIIEro OKCHUAMPOBAHUS BO3MOXKHO IPHU
CTETIEHU JHUCCOITMAIIMN aMMHUaka B WHTepBajie crerieHn aucconuanuu 0=30-50%. C yBenmnueHueM
CTENIEHU AWCCONMAIMA aMMHaKa WHTCHCHBHOCTh OTPAKEHUS BBICOKOA30THUCTOTO HHUTpHUAA &-(Pa3bl
YMEHBINIAeTCs, a HU3KO0A30THCTOTO HUTpHIa Y'-has3pl YBEIWYUBACTCS, MOPHUCTOCTh U CTOJIOYATOE
CTPOCHHE TOBEPXHOCTHOTO HUTPHUIHOTO CIIOS MCUE3aeT.

80 —

60 —

40

20 —

HHTeHcuBHOCTD OTpakeHus (a3, yeiu. eiHuIa

Fe(N)

T T T T T T
0 10 20 30 40 50 60

CreneHp JUcCOoLallud aMMHuaka, %

Puc. 3. 3asucumocmov unmencugnocmu tuHuil paz om cmenenu OUCCOYUAYUY AMMUAKA.
Asomuposanue & cpede ammuara npu memnepamype 580°C ¢ npodonscumensrocmoio 3 waca. 1- y'-
daza (200); 2- e-cpasa (110) u 3 - ¢'-¢ghaza (101).

O6pazoBanue €'-¢pa3pl MPOUCXOIUT TOJIHKO IIPH a30THPOBAHHUH CTANN W CIUTABOB TP HATHYUHN
yriaeposa B UX MaTpulle M MMeeT KapOOHWTpHIHBIA XxapakTep. llosTomy 3ameTrHoe obOpazoBaHme
TaKOTO THIIA HUTPUAA XapaKTEePHA TOJIBKO NPH A30THPOBAHUHU YITICPOIUCTOM CTAIH U CIIJIaBOB.

IIpu pa3paboTkax KOMOMHHUPOBAaHHOW TEXHOJOTMU a30TUPOBAHUS C IMOCIEAYIOIIUM
OKCHIMPOBAaHUEM B Iapax BOJAbl HU3KOJIETMPOBAaHHBIX YIJIEPOAUCTBIX CTajed HEOoOXOOUMO 3HATb
pacrpenenieHre a30Ta, yIiepoaa U KUCIOPOAa Mo TIyOnHe yIpoyHeHHOro cinos. OTHUM U3 CIocO00B
UCCIICZIOBAHUS SBISETCS OXKE-CIIEKTPAJbHBIM aHalIM3 JJIEMEHTOB B MeTajulax. PaccMoTpum, ero
BO3MOKHOCTH Ha NMpHUMEpE ra30BOro a3oTupoBaHus ctanu 40X ¢ MocieayonmM OKCUIUPOBaHUEM B
napax BOJIBI.

HccnenoBanuchk B KauecTBE KOHCTPYKLIMOHHOM ctanu ctanb 40X, uMmeromas MapTeHCUTHYIO
cTpykTypy. OOpasibl 00padaThIBAIMCh B aTMOC(epe YMCTOr0 aMMHaKa, CO CTEIICHBIO TUCCOIUAIIMU
0=40...60%, npu Temneparype 620°C — BbIme TeMmepaTypsl BTEKTOMgA s cucTeMbl «Fe-N” (1
BapWaHT), W 9YacTh OOpa3IOB HE W3BJICKAsS W3 TEYM TIPU TOH XKE& TyMIIepaType IOIABEPTaInucCh
OKCHUIMPOBAaHMUIO B Tapax Boabl B Tedenue 1 daca, (Il Bapmant). M3 oOpaboTaHHBIX 00pa3IioB
M3TOTaBIMBAIN MUKPOUUIM(BI, W HM3Y49alld DPacHpeieieHHe 3JIEMEHTOB IO TIyOWHE OKCHIHOTO H
HUTPUOHOTO CJIOA OKE-CIICKTPAJIbHBIM aHAJIN30M. PeSy.HBTaTBI HCCIICA0BaHUA IPUBEICHBI HA Puc. 4.

[locne oxcumupoBaHusi, H3-3a AEa30THPOBAaHMA OOpPa3LOB, OO ONPENCIICHHON TiIyOuHBI
coJiep)KaHUe a30Ta OTCYTCTBYET M OOHapYXHMBaeTCsS YBEJIMYEHHE a30Ta MO IIIyOMHE HUTPUIHOTO, 3a
cueT quddy3nu a30Ta B HUITPUIHOH 30HE.

IIpu oxcumupoBanuu 3a cueT aAUGQGY3UH KHCIOPOZAa OTHOBPEMEHHO MPOHMCXOAUT
Jea30THPOBaHUs M 00e3yriiepakKWBaHUS B YacTH HU3IIEH HUTPUIHOH 30HBL. Ha moBepxHOCTH
oOpazyeTcs cloll OKCMKapOOHUTpHUIHOTO Xapakrepa (Puc. 2).

HutpuaHeiii crioit moxydeHHbIH MpH BBILIE IBTEKTOUAHON Temmeparype (Bbimie 590°C) umeet
CTOJNI0YaTOE CTPOCHHME, a TaKXKe SIBJISIETCS MUKPOMOPHCTHIMU. B mepuon oxnaxieHus oOpasia,
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HI/ITpI/I,Z[HHﬁ CIIOM OKHCIISCTCS U3 KHcCjIopoaa Bo3ayxa, O 4Y€M U CBUACTCIILCTBYCT HAJINIUC KUCIOPOAa
IIOCJIC Aa30TUPOBAHUA.

ATOMHBIH IIPOLICHT 2JIEMEHTOB

0 5 10 15 20 25 30 35 40 45 h
Paccrossaue ot TTOBEPXHOCTHU, MKM

Puc.4. Pacnpedenenue s1emenmos 6 Humpuonom cioe nocie azomuposanuu: t=620°C, =3 u. (uunuu
1,3,5) u asomuposeanue ¢ nociedyiouem oKCUOUPOBAHUEM. t=6200C, =0,5 u. (runuu 2,4,6).

[TomrydeHHbIe pe3yNbTaThl MMOKA3bIBAIOT, YTO BO BPEMS OKCHIUPOBAHHS HUTPUAHOTO CIIOS, B
OTIpEIETICHHOE BpeMs MIPOUCXOAUT POCT MO TIIyOWHE TOJIIMHA HUTPHIHOTO ciiosl. M3-3a peixiyio u
HOPUCTYIO CTPYKTYPY OKCHUIHOIO CJOsl, IpPONOJDKAaeTCs MAea30TUPOBaHMSA, a Takxke obesyrie-
paXMBaHUS HUTPUAHOTO CIIOSL.

C wenpio MOMydYeHHs MOJIHYIO KapTUHY W3MEHEHHWE HUTPHIHOTO CJIOSl IPU OKCHUAWPOBAHMU,
o6pasiel u3 cranu 40X asotupoBanu npu Temreparype 580°C, B TeueHune 3 yaca, OKCHIAUPOBAIM TIPH
temneparype 550°C HuKe SBTEKTOHMIHON TeMIepaType st cucteMbl “Fe-0” ¢ mpoI0JKUTETBHOCTHIO

1 u 2,5 4gaca.

ATOMHBIN TIPOLIEHT 3EMEHTOB

50

N
(=]
|

Pe3yJ’IBTaTbI HCCJICAOBaHUA NPUBCACHBI HA Puc. 5.

%

0 5 10 15 20 25 30 35 40 45 h
Paccrossnue ot TOBEPXHOCTH, MKM

—rcand®
Puc.5. Pacnpedenenue snemenmos 8 Humpuorom cioe nocie azomupoganuu: t=580°C, =3 y. u

OKCUOUPOBAHUU t=550°C, =1 u. (nunuu 1,3,5) u =1 u. (runuu 2,4,6).
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[lonmy4yeHHble pe3ynbTaThl MOKAa3bIBAIOT, YTO NPU OKCHUAMPOBAHWM HUTPUIHOTO CJIOS, HA
MOBEPXHOCTH 00pa3yeTcsi IUIOTHBIH OKCHIHBIA CIOH, KOTOPBIM HPEMSTCTBYET [I€a30THPOBAHUIO H
MOJIyYaeTCs Pa3BUTHIA HUTPUIHBIN CIIOM.

B pesynbrare mony4eHHBIX NAaHHBIX MOXHO yTBEPAUTbH, YTO HPHU OJArONpHUATHBIX YCIOBHAX
OKCHIMPOBAaHUS HUTPUAHOTO CIIOSI Ha YTJEPOTUCTHIX CTANAX, MOXHO IOJYYUTHh PEryJIHpyeMble
IUIOTHBIE KapOOHHUTPUAHBIE, OKCHKAPOOHHTPUIHBIE CIIOW, KOTOpPBIE HMEET JydIlhe (QH3HKO—
MeXaHH4YecKre ¥ (PU3NKO-XMMHUYECKHE CBOMCTBA, YEM CaMOT'0 HUTPUIHOTO CIIOSL.

beumn  mpoBeseHBI PEHTTCHOCTPYKTYPHBIH aHamn3 o00paOOTaHHBIX 00pasloB, KOTOpBIE
MOATBEPIMIM Hanmudue pas3BuTtod 7y -ha3el, €'- ¢aza KOpOOHUTPUIHOTO XapakTepa, & -(aza
OKCHKApOOHHTPUIHOTO XapakTepa M NpH Temmeparype okcuamposanns 620°C oxcuasr FeO Fe,0s,
Fes04, a pu Temmeparype okcuaupoBarus 550°C OKCHHBIHA CII10H COCTOUT U3 0HOTo Fez0,

Takum 00pa3oMm, 0Ke—CIIEKTPaNbHBIA aHAIN3 I03BOJIIET COBMECTHO C APYTMMH METOAAMHU
MCCIIEIOBAHUS MOIYUIUTh KAPTHHY HOCIOMHOTO paclpeesieH sl 3JIEMEHTOB B HUTPOOKCHINPOBAHHBIX
cramsix. llpm wumccnenoBaHuM TeMIepaTypHBIX M BPEMEHHBIX 3aBUCHMOCTEHl  (OPMHUPOBaHUS
YOPOYHSIOLIETO CJI0Sl 10 €ro pe3yibTaTaM MOXKHO PeryJupoBaTh KOMOMHHPOBAHHYIO TEXHOJOTHIO
HUTPOOKCHIMPOBAHUS TPU TOBEPXHOCTHOTO YIPOYHEHHUS HHU3KOJIETUPOBAHHBIX YTIEPOAMCTHIX
CTaJIeH.
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