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AHHOTANUA

Beedenue. OqHON M3 aKTyalbHBIX IPOOJIEM COBPEMEHHOTO MATEPHAJIOBEICHHMS SIBIISCTCS MOBBIIICHUE HAJECKHOCTH H
JIONTOBEYHOCTH MHCTPYMEHTA U ieTajel MaluH. sl ee peleHus enecooOpa3Ho Co3JaHue BBICOKOTBEPIBIX TOKPBITHH
C MOBBIIICHHBIMH SKCIUTyaTallMOHHBIMU XapaKTepUCTHKaMH. Kak mpaBmiio, It 3TOTO UCIIOJIB3YETCS BHICOKOIHEPTeTH-
yeckoe Bo3zaeicTBre Ha MaTepran. OHAKO OHO TPEOYEeT MCIOIB30BAHMUS CIOKHOTO U JOPOTOCTOSIIETO0 000pyJOBaHUS
U HE MOJIY4HIIO HIMPOKOro pacnpoctpanenus. [loaTtoMmy B HacTosIee BpeMs podiieMa co3/IaHus TAKUX MOKPBITHI 0CTa-
eTcsl akTyalibHOM. D((dEeKTUBHBIM U HEOPOTUM METO/IOM CO3JIaHMsl TAKHX ITOKPHITHI Ha CTANbHBIX M3JCTHAX SIBISETCS
MHKPOJIyTOBOE TIOBEPXHOCTHOE JIETHPOBaHUE N3 00OMAa3KH, IPEBAPUTEIFHO HAHOCUMOM Ha MTOBEPXHOCTh YIPOUYHSIEMBIX
u3znenuii. Llenbio paboThI sIBIsIACH OLIEHKA BO3MOKHOCTH CO3/IaHHS TAKUX MOKPBITHH C TOMOIIBIO TU(P(Y3UOHHOTO MO-
JMOIEHNPOBAHHMS C UCIIOJIb30BaHHEM MOJIMO1aTa aMMOHHS B Ka4eCTBE UCTOYHMKA MU Qy3aHTa.

Mamepuanst u memoost. J151s1 NOCTHKEHUS IENN UCCIIEIOBAHNS MCTIOJIB30BaIM TEPMOJMHAMUIECCKUI aHAIN3 XHUMUYe-
CKHUX PEaKIMi, MPOTEKaHHE KOTOPBIX BO3MOXKHO B TEMIIEPATypHOM JHAaNa3oHe Mpoliecca MUKPOAyroBoro Harpesa. s
Ka)KJJOM peaKlMy pacCYMTHIBAIN U3MEHEHHE CTaHIapTHOI sHepruu ['1b60ca, YTo MO3BOJIMIO ONPEAETUTH BOBMOXKHOCTh
W JMana3oH UX MPOTEKaHWs. JKCIEPUMEHTAIBHOE HCCIIe0BaHNE POoLiecca MUKPOYTOBOIO MOJIHOIEHUPOBAHHUS C UC-
MIOJIb30BaHUEM MOJMOJaTa aMMOHHMS BBIIIOIHEHO C HCIIOJIB30BAaHUEM J1a0OpaTOPHON yCTaHOBKHM Ha o0pasIax M3 CTalH
20; MOBEPXHOCTHAS IUIOTHOCTH TOKa cocTasisiia 0,53 A/cM?; POMOIKHTENBHOCTE IIPOIECCa — 6 MHHYT.

Peszynomamut uccnedosanusn. Paccuntanbl 3aBUCUMOCTH H3MEHEHUS CBOOOIHOM 3Heprun ['n00ca it XMMUYECKUX pe-
aKIWH, MPOTEKaHHe KOTOPHIX BO3MOXHO IPU TEPMHUYECKOM pPa3IOKEHHUH MONMO1aTa aMMOHHS. OKCIIEPUMEHTAIBHO
YCTaHOBIICHO (POPMHUPOBAaHUE MOJIHOACHUPOBAHHOTO MTOKPHITHS M OTIPE/ielieHa KOHIICHTPAIlUus MONnOAeHa B U Py3H-
oHHOM cJioe. Ha moBepxHOoCcTH 00pa3noB o0HapyxkeHbl kapouasl Mo,C u FesMosC. OnpeneneHna 3aBUCHMOCTD Ty OHHBI
TIOKPBITHSA OT coziepkaHus Au(dy3anTa B 0OMasKe U OT €€ TOJIIUHEI.

Oébcysyncoenue u 3akniouenue. AHanu3 NOTyYCHHBIX YPaBHEHUH MTOKa3a]l BO3MOXKHOCTH 00pa30BaHMSI aTOMapHOTO MO-
aubeHa IPSIMBIM BOCCTAHOBJICHUEM WITH Yepe3 IPOMEXKyTOYHOE 00pa3oBaHue THOKCHIA. Pe3ynbTaTsl sKCIepUMEHTab-
HBIX UCCIIeI0BaHUH OATBEpAMIHN 00pazoBanue 1] dy3HOHHOrO MOKPBITHS Ha CTANIN IOCIIE MUKPO/IyTOBOT'O HACKHIIIEHUS
Moo reHoM. ['ITyOmHa TaKoTo MOKPHITHSI 3aBUCUT OT cofiep kaHus muddys3anta B oOMaske 1 oT ee TOMIuHEI. [lomyden-
HbIE Pe3yJIbTaThl MOTYT OBITh UCIIOJIb30BAHBI ITPU Pa3pabOTKe TEXHOJIOIMYECKUX MPOLIECCOB MUKPOAYTOBOTO MOJIMOIe-
HUPOBAHUSI CTATBHBIX U3EIHH.

KiroueBble cJI0Ba: MHKPOIYrOBOE€ MOBEPXHOCTHOE JIETHPOBaHME, ANGQY3MOHHOE HACHIIIEHHE MOINOICHOM,
(hopMHpOBaHUE BEICOKOTBEPIOTO MOKPHITHS

BaarogapHocTH. ABTOpHI 0J1aroapsT PELCH3CHTOB 32 BHUMAaHHUE, MPOSBICHHOE K MyOJIMKAIIMN U IICHHBIC 3aMCUYaHHUs,
KOTOpBIE NMO3BOJIMIIN YJIYUIIUTh €€ COAEPKaHUE.

Jas  uwutupoBanms. CremanoB M.C., [lomOpoBckuii FO.M. MukpoayroBoe MOJMOJCHUPOBAaHHE CTald C
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Original Empirical Research
Microarc Molybdenum Steel Saturation Using Ammonium Molybdate

Makar S. Stepanov =>4, Yuriy M. Dombrovskii
Don State Technical University, Rostov-on-Don, Russian Federation
D4 stepanovms@yandex.ru

Abstract

Introduction. One of the most significant challenges in modern materials science is increasing the reliability and
durability of tools and machine parts. To address this issue, it is essential to develop high-hardness coatings with enhanced
properties. Typically, high-energy techniques are employed for this purpose, but they require complex and costly
equipment, limiting their widespread use. Therefore, problem of creating such coatings remains a significant challenge.
An effective and affordable approach to creating these coatings on steel products is microarc surface alloying from a
coating pre-applied to the surface of the hardened products. The aim of the work was to assess the potential of diffusion
molybdenum saturation for creating such coatings. Ammonium molybdate was used as the diffusant agent.

Materials and Methods. To achieve the aim of this study, we used thermodynamic analysis of chemical reactions that
can occur within the temperature range of the microarc heating process. For each reaction, we calculated the change in
standard Gibbs energy, which allowed us to determine the feasibility and range of occurrence. An experimental study of
the microarc molybdenum saturation process was conducted using ammonium molybdate on steel 20 samples using a
laboratory setup. The surface current density was set at 0.53 A/cm?, and the duration of the process was 6 minutes.
Results. The Gibbs free energy changes for chemical reactions that can occur during the thermal decomposition of
ammonium molybdate have been calculated. An experimental study has shown the formation of a molybdenum coating,
and the concentration of molybdenum in the diffusion layer has been determined. On the surface of the samples, carbides
Mo,C and Fe;Mo3;C have been found. The dependence of the coating depth on the content of diffusant in the coating and
its thickness has been determined.

Discussion and Conclusion. Thermodynamic analysis has shown that atomic molybdenum can be formed through direct
reduction or with the intermediate formation of molybdenum dioxide. The research has confirmed the formation of a
diffusion coating on steel after microarc saturation with molybdenum, and the depth of this coating depends on the amount
of diffusant in the coating and its thickness. These findings will be used to develop technological processes for microarc
molybdenum plating of steel products.

Keywords: microarc surface alloying, diffusion molybdenum saturation, formation of a high-hardness coating
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Beenenune. ®opMUpPOBaHUE BBICOKOTBEPABIX MOKPBITUN HA CTAJIBHBIX U3AETUAX SIBISIETCA OAHON M3 BaXKHEUIIMX 3a-
Jlad MatepuaioBeneHus [ 1], moaToMy B HacTosIIee BpeMs IPEATIOKEHBI METOIBI TIOTYICHUS TIOKPBITHI 32 CUET BEICOKO-
KOHIIEHTPHPOBAHHOTO ITOTOKA SHEPTUH HAa MaTepHa: Jla3epHoil 00paboTku [2], mrasMeHHOTO Harpesa [3], 31eKTpoxu-
MHKO-TEpMUYECKON 00paboTku [4], HarpeBa B MEKTPOJIHTE [5], MUKPOIYTOBOrO OKCHANPOBaHUS [6], MOHHO-TUIa3MEH-
HOW 00pabOTKH [7], 3IEKTPOUCKPOBOTO JICTUpOBaHus [8], a Takke KOMOMHAIUE ATHX MEeTOI0B [9]. OHAKO 3TH METOIbI
HE MOJIyYHIIU IIUPOKOTO PACIPOCTPaHEHHS H3-3a BEICOKOI 9HEProeMKOCTH U HEOOX0IMMOCTH HCIIOJIb30BAHUSI CJIOKHOTO
U jioporocrosiiero obopyaosanus. [ToaTomy npoGiiema co3aHusi YIPOYHSIOUIUX MOKPHITUI HA CTAIBHBIX M3JEIHIX
OCTa€TCs aKTyaJIbHOM.

D¢ PEeKTHBHBIM METOZIOM TTOBEPXHOCTHOTO YIIPOYHEHHMS SBJISIETCS MHUKPO/IYTOBOE JIETUPOBAHUE, TTPU OCYIIECTBICHHU
KOTOPOTO M3JIENHS MOTPY’KAIOTCS B METAJUTMYECKHI KOHTEHHEP, 3aII0JIHEHHBIN YTOJIBHBIM MOPOIIKOM C JaTbHEHIIINM Ipo-
IIyCKaHUEM Yepe3 KOHTEHHEpP JIEKTPUUECKOro ToKa. Mekay U31enueM U MOPOLIKOBON CPENO BOZHUKAIOT MUKPOYTOBbIE
pa3psdbl, B pe3yibTaTe 4ero MpoTeKaeT TUQPy3nOHHOE HACHIICHNE TIOBEPXHOCTH CTAIN YTIIEPOJIOM H JICTHPYIOIINM dJIe-
menToMm [10]. Habmromaercst yckoperue auddy3nOoHHBIX MPOIECCOB W 3HAUYUTENEHOE COKpPAIICHHUE TPOJODKUTEIEHOCTH
HACHIIICHNUS TI0 CPABHEHHIO C paHee M3BECTHRIMUA METOJJAMH, a TIPH €T0 pealT3ainil He TpeOyeTcss IPUMEHEHHUS CII0KHOTO
U DHEProeMKoro obopyaoBanws [11]. JlaHHBIN METOT MOXKET UCIIONB30BATHCS IS CO3MAHMS KapOUTHBIX IOKPHITHH, a UC-
TOYHUKOM JIETUPYIOIINX 3JIEMEHTOB SIBIISIETCS 0OMas3Ka, HaHOCHMMasi Ha oOpabaTsiBaeMylo 1moBepxHOCTh [12]. Bo3amoxHO
coznanue MU (y3UOHHBIX TTIOKPBITHI B pe3yJIbTaTe MOBEPXHOCTHOTO HACKHIIIEHHS MOJIMO/ICHOM, B KaU€CTBE HCTOUYHHKA KO-
TOPOTO B COCTaBe OOMAa3KH CIIE/lyeT UCIIONb30BaTh HEJOPOTUE U PAacIpOCTPaHEHHBIE €ro coequHenus. Hampumep, Moxer
HCII0JIb30BAThCS HEIOPOroe KOMILUIEKCHOS MUKPOJJIEMEHTHOE yao0penue — Moubaat ammonus (NHa),MoOs. Bozmoxk-
HOCTb €r0 MPUMEHEHHS B COCTABE 00OMAa3KH MOYKHO OIIPEACIHUTH TOIBKO C TIOMOIIBI0 TEPMOIUHAMIYECKOTO aHAJIH3A.
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Llens nccnenoBaHusi — ONpe/ieieHe BO3MOXKHOCTH U YCIOBUI NPUMEHEHHUS] MOJIO1aTa aMMOHHUS IIPU ITOBEPXHOCT-
HOM MOJINOZICHUPOBAHHUH CTaJH.

Marepuanbl 1 MeTOABI. [l TOCTIKEHUS LIENU HCCIIEA0BAHUS UCIIOIB30BATIM METOJl TEPMOJIUHAMHYECKOTO aHa-
JIN3a, B COOTBETCTBHH C KOTOPBIM H3MEHEHUE CBOOOIHOMN SHEPTUM XUMUIECKON PEaKIUK MPEICTABIAETCS B BUAE CyMMBI
SHTANBIHNHA 00pa30BaHUS BEILECTB, MOTYYAEMbIX B PE3YNIbTaTe €€ MPOTEKaHU, MUHYC CyMMY SHTAJBIINH 00pa3oBaHMs
TepBOHAYANBHBIX BemecTB [13]. Bo3M0oKHOCTh MpoTEeKaHUs peaknuy ONPEIeISIIN B AUara30He TeMIepaTyphl, IPH KO-
TOpPOM H3MEHeHHe dHepruu [ nbOca nMeeT oTprIaTeIbHOE 3HAYCHHUE, TPH 3TOM YUUTHIBAIH 3aBUCUMOCTh TETNIOEMKOCTH
0T Temreparypsl [14]:

Cp=a,+b -T+d,-T™. )
Duepruto I'n66ca AGy paccunTHIBAIM KaK:
AGY  AHS

T’:%—Asgg —(MoAa+MAb+M ,Ad), (1)

rne Aa, Ab, Ad — anreGpanueckue cyMMbl ko3 durmeHTos a;, b; u d; B popmyne (1); Mo, My u M_, — nuHTETrpaIbHbBIC
¢bynkuuu [13].
Ucxonnele nannele [15] mis pacu€roB npeacTaBieHsl B Tadbauue 1.

Tabmmua 1
VcxoaHsle JaHHBIE VTSl TEPMOJMHAMHYCCKHX PacuéToB
—AH"s, S%208, Cpaos, Co=at il + il
Bemectso k/[>x/Moib Jx/momsK Jx/momsK Aoy
a b10° d-107
C 0,000 5,744 8,540 17,170 4,270 -8,790
Co 110,600 197,680 29,130 28,430 4,100 —-0,460
CO, 393,777 213,820 37,140 44,170 9,040 -8,540
H, 0,000 130,520 28,830 27,300 3,270 0,500
H,O 241,990 188,850 33,599 30,020 10,720 0,330
CH, 74,850 186,190 35,710 14,320 74,660 —-17,430
Mo 0,000 28,600 24,100 21,670 6,950 -
MoO, 589,100 46,280 55,980 67,800 12,600 —13,000
MoO; 745,200 77,740 75,020 56,900 56,500 -
NH;3; 45,940 192,660 35,630 29,800 25,480 -1,670
Nz 0,000 199,900 29,100 27,880 4,270 -
NO» 33,500 240,200 37,500 42,160 9,550 —6,990

J1st sKCTIepUMEHTaIbHON MTPOBEPKH PE3yJIbTaTOB PACUETOB IMPOBOIMIM MUKPOAYTOBOE JISTUPOBAHHUE CTAJIBHBIX IH-
JIMHIPUYECKUX 00pa3LoB quaMeTpoM 12 MM 1 JutnHO# 35 MM. [ljist M3roToBIeHUS] 0OMa3KH MCIIOIB30BAIIH JIIEKTPOIIPO-
BOJIHBIH T'eJIb ¢ 100aBIeHNEM IOPOIIKa MOJIHO/1aTa aMMOHUSI.

MUKpOIyroBoe JIerHpOBaHUe BBIMOIHSIN 10 MeToauke [10], moBepXHOCTHAs TIOTHOCTh AJIEKTPUUECKOTO TOKa CO-
crapnsna 0,53 A/cM?, NPOJOJDKMTENBHOCTL Harpesa — 6 MuH. Ilociie 06paboTku oOpasibl MoABEpraiy IH(OBKE U
HOJIMPOBKE 10 CTAHAAPTHOW METOJIMKE C IOCIEIYIOIINM TpaBJIeHUEM peakTuBoM Pxkerrorapckoro. J{ns meramioBenye-
CKUX HCCJIeJOBaHMH Hcronb3oBanu Mukpockon Neophot-21, nudpakromerp ARL X’TRA-435 B Cu-Ko uznydenuwn,
anekTponHbIi Mukpockon ZEISS CrossBeam 340 ¢ mukpoananu3zaropom Oxford Instruments X-max 80.

PesyabTaTsl uccienoBanus. [Ipy HarpeBaHWU MONMUOAaTa aMMOHHS IIPOUCXOAUT PEAKIIUSL:

(NH4)2MOO4 = MoOs + H,O + 2NHj3

[Ipu TepMudIeckOM pasioKESHUH YTOJIBHOTO IMOPOIIKA BEIIEISIOTCS Ta3000pa3HbIe BemecTBa [16], KOTopsie MOTYT
SIBIISITBCS] BOCCTAHOBHUTEIISIMHA aTOMapHOTO MosinoeHa 1o cxemaM MoO3—Mo uimin MoO3—MoO,—Mo.

XUMHYECKUE PeaKkIiy U Pe3yJIbTaThl PACYETOB I10 BBIICONICAHHON METOAMKE ITpecTaBeHbl B Tabumie 2. s Kax-
JI0# peakIum paccunTana 3aBUcHMocTh AGY (T), ompenesiena Bo3sMoxHocTh (Jla/HeT) U TeMmepaTypHbIii IMATIA30H MPO-

TeKaHHs B IIPOIlecce MUKPOIyTOBOIO Harpena.
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Tabuuma 2

Pe3ynpTaThl pacueToB U BO3MOXHOCTD MPOTEKAHUS XUMHIESCKHX PEaKLnii
B TIPOLIECCE MUKPOIYTOBOTO HarpeBa

Ne Peaknuust 3aBucumocts AG (T) Bo3MokHOCTH TTpOTEKaHUS
1 MoOs+3C=Mo+3CO 383,100 —0,490-T Ha, > 509 °C

2 2Mo0O3+3C=2Mo+3CO; 130,600 — 0,230-T Ha, > 295 °C

3 MoO;+C=Mo0O,+CO 33,500 -0,147-T Jla, Bech nramazoH
4 2Mo0O3;+C=2Mo00,+CO;, -41,550 -0,061-T Jla, Becb nuama3oH
5 MoO3+3CO=Mo+3CO, —103,550 + 0,008-T Her

6 MoO3+CO=Mo00,+CO; —134,760 + 0,026-T Her

7 MoOs;+3H,=Mo+3H,O -24 830,000 - 61,180-T Jla, Bech nuamnazoH
8 4Mo00O3+3CH4 =4Mo+3CO»+6H,0 463 800,000 — 903,200-T Ha, > 240 °C

9 4Mo0;+CH4=4M00,+CO,+2H,0 —221 800,000 — 238,200 T Ja, Bech nuamna3ox
10 3Mo0O3;+CH4=3Mo00,+CO+2H,0 —-863 00,000 — 263,800 T Jla, Bech nuama3oH
11 7Mo00;+2NH3=7M00,+2NO»+3H,0 —258 000,000 + 554,200-T Ha, <190 °C
12 3Mo00O3+2NH3—3Mo00,+N,+3H,0 —446 900,000 + 143,800+ T Jla, Bech nramazoH
13 MoO; + C=Mo + CO, 181,070 — 0,169 T Ha, > 799 °C
14 MoO; +2C =Mo + 2CO 350,500 —0,353-T Ha, > 720 °C

15 MoO; +2CO = Mo + 2CO, 76,050 — 0,094 T Ha, > 536 °C

16 MoO; + 2H; = Mo + 2H,0O 77 612,000 — 56,472-T Ja, > 1100 °C

Takum 00pa3oM, TEPMOANHAMHYCCKIM aHAIH30M IOATBEPIKICHA BO3MOKHOCTD HCIIOJIb30BAHMS MOJHOIaTa aMMO-
HUS B COCTaBe 00Ma3Ku pu MoJubAcHupoBaHuy. Peakiuu 1, 2, 7, 8 oOecieynBarOT MpsiMOE BOCCTAHOBJICHHUE, PEAKIINU
3,4,9,10, 11, 12 — BoccTaHOBJIECHHUE C MPOMEKYTOTHOM CTaauel 00pa3oBaHUs JUOKCH/IA U JATEHEHITNM MIPOTEKaHUEM
peakuuii 13, 14, 15, 16.

JI7ist SKCIIEPUMEHTABHOM MTPOBEPKH MOTYYCHHBIX PE3YJIBTATOB BIMOJHUIA MUKPOIYTOBOE TOBEPXHOCTHOE JICTHPO-
BaHUE 00PAa3IIOB C UCIOIH30BAHUEM 00MAa3KH, COACPKAIICH MOITHOIaT aMMOHUS. AHAITU3 00pa3I0B MOATBEPIIT POPMH-
pOBaHKE Ha WX MOBEPXHOCTH CJIOS 0-TBEPJIOr0 PACTBOpA MOJIMOICHA, ajiee — 30Ha C MOBBIIICHHBIM COJIEPIKAHHEM YT-
JIepoia ¥ UCXOMHAs CTpyKTypa (puc. 1).

Puc. 1. MukpocTpykTypa nmoBepxHocTH cTtanu 20 mocie HaChIeH!s] MOJIHOAEHOM

CopeprkaHue MOIMO/IEHA B CTAJIH IO TITyOWHE CJI0s IIPEICTABICHO Ha pHC. 2.

Mo, macc. %

\\

0

0

Puc. 2. Pactipenenenne Mo o riryouHe audy3HOHHOTO CIIOSL.

0 0 X, MKM

Conepxanne nopomika auddys3anrta B oomaszke 50 %, ee Tommmaa — 1,0 MM
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PentreHoBckuM (pa3oBBIM aHAIM30M Ha MOBEPXHOCTH 0O0pa3IOB YCTAHOBIICHO OoOpa3oBaHue KapOumaoB Mo,C wu
FesMosC (puc. 3).

1 000
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HHTEeHCHBHOCTD, OTH. €]1

0 20 30 40 50 60 70 80 90 100 110 2O, rpan
Puc. 3. PenrrenoBckast quppakTorpaMma oBepXHOCTH

Ha puc. 4 npescraBiieHa 3aBUCUMOCTD TOJIIIMHBI TOKPBITHS OT KOJIMYeCTBa Hopoiika auddysanra B oomaske.

H, MKkM
3
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Puc. 4. 3aBucumocts riyounst H qu¢ddy3uoHHOTO €105 OT TOJIIMHBI /1 €10t 0OMa3KH U CoZepKaHus moporika audgysanra:
3aBUCUMOCTH 1, 2, 3 cootBercTBytOT 10; 30; 50 (06. %)

s mocTikeHnst HanOOJIBIIEro OKPHITHS coaepkanue nuddy3anta B oOMa3Ke 10IKHO cocTaBisATh 50 00. %, a Ton-
UIMHA CJI0s 00Ma3Kku Ha 00pabaThIBACMON MOBEPXHOCTH — 1 MM.

O0cy:x1eHne U 3aKiII09eHne. Pe3ybTaThl pacueToB MOKA3ay, YTO JUIs IPOBEICHUS MPOIIECca MUKPOAYTOBOTO MO-
THOICHUPOBAHUSI CTAH MOXKET OBITh UCITOJIb30BaHa 00Ma3Ka, B COCTaB KOTOPOW BXOAUT TIOPOIIOK MOJTHG1aTa aMMOHHUSI
U cBsizymoliee. B pe3ynbrare MUKPOyTrOBOTO HACKHIIICHUS 00pa3yeTcs MOIHOACHUPOBAHHOE MIOKPHITHE, COCTOSIIEE U3 (i-
TBEPOTO PacTBOpa MOJIHO/IEHA C BKIIOUCHUSIMH KapOHIOB, Jajiee paciojokeHa HayriIeposKeHHAs 30Ha, Iepexo/isias B
HCXOIHYIO CTPYKTYpY. TONIIMHBI MOKPBITHS OMpEnestoTcs coaepkanuem auddy3anta B oOMa3Kke U ee TONIIUHOI.
Haub6onbmmas TonmuHa mokpeitus (50—55 MkM) moydeHa npu conepxanuu nuddysanta 50 00. % u ToaIUHE 00Ma3Ku
1 mm. Mcrionp3oBaHue pe3ysibTaTOB UCCIACIOBAHMS TUIAHUPYETCS TPH pa3pabOTKe TEXHOIOTHMYECKUX MPOIIECCOB MHK-
POYTOBOTO MOJIUOICHUPOBAHHUS CTATBHBIX H3/ICIHIL.
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