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OfbIT UCNOJIb30BAHWA CKOPOCTHOIO TBY-BOPUPOBAHUA
AnA YNPOYHEHUA OETANEW CENbCKOXO3AWCTBEHHbIX MALLWH,
BOCCTAHOBJEHHbIX INIEKTPOKOHTAKTHbIM HAMEKAHUEM XENE3HOIO NMOPOLLKA

THE EXPERIENCE OF HIGH-SPEED HFC-BORATING
FOR HARDENING AGRICULTURAL MACHINERY PARTS RESTORED
BY ELECTRICAL CONTACT BAKING OF IRON POWDER

Kntoueebie criosa: UHOYKUUOHHBIU Hazpes, 3r1ekmpo-
KOHMaKmHoe HanekaHue, Memannudeckuli NoPOWOK,
MUKponopucmoe nokpbimue, ckopocmHoe TBY-60pupo-
gaHue.

Wccnepyetcst BO3MOXHOCTb W NpuUBELEHbl pesyrbTaThl
1CNOMnb30BaHNa paspaboTaHHOrO aBTOpaMW HOBOTO CO-
coba xumuko-Tepmmyeckoir 06paboTku — CKOPOCTHOMO
TBY-60pupoBaHmus 4ns NOBEPXHOCTHOIO CrOst BOCCTAHOB-
NEeHHbIX AeTanen rmagkix LWMNUHAPUYECKUX COMPSKEHUI 1
TPUBOTEXHUYECKUX Y3MOB (BanoB, BTYMOK), Momy4Yaemblx
NPy 3MEKTPOKOHTAKTHOM HanekaHun (3KH) Ha mx noeepx-
HOCTW XenesHoro nopoLuka. ViccnenoBaHo BAKSIHUE pexu-
MOB 3IIEKTPOKOHTAKTHOMO HarekaHusl, pexuMoB XUMWKO-
TepMuyeckoro 06paboTkn 1 napameTpoB COBMELLEHHOTO
ABYXCTafUAHOTO MPOLECca Ha MUKPOTBEPLOCTb, TOMLLMHY
W CTPYKTYpY NOBEPXHOCTHOrO cros obpasua. YcTaHoBneHa
CBA3b YKa3aHHbIX NapamMeTpoB C NWHEHOW CKOPOCTbH
HanekaHus 1 MOTOKOM Tenna (yOenbHOM MOLLHOCTM) Ha
CTaguW 3MEKTPOKOHTAKTHOMO HamekaHus, npu uKCupo-
BaHHbIX  MmapameTpax CTagWm  cKkopocTHoro — TBY-
BopupoBaHus. [oka3aHo, YTO Ha BOCCTAHOBMEHHOW MMWK-

POMOPUCTON NOBEPXHOCTW 0bpa3sua u3 ctanei 45 (45 ce-
MeKT) TonWwMHa nonyyaemoro GOPUPOBAHHOTO MOKPLITUS
3aBWCUT OT PEXMMOB €70 HAMeKkaHWst 1 NOPUCTOCTW Hane-
YeHHOro cnos, gocturas BenuumHbl 0,3 mm. [laHbl npaktu-
Yeckne PEeKOMEeHZaUMW NO BOCCTAHOBMEHMIO Pa3nMYHbIX
JeTanen CenbCKOXO3AMCTBEHHBIX MALLMH MO HOBOW TEXHO-
norum: IKH + ckopocTHoe TBY-BopuposaHume.

Keywords: induction heating, electrical contact baking,
metal powder, microporous coating, high-speed high-
frequency current (HFC) borating.

This paper discusses the possibility research findings
on the use of a new method of chemical-thermal treatment
developed by the authors - high-speed high-frequency cur-
rent - borating (HFC-borating) for the surface layer of re-
stored parts of smooth cylindrical junctions and tribotech-
nical units (shafts, bushings) obtained by electrical contact
baking (ECN in Russian) on their surface of iron powder.
The influence of the modes of electric contact baking,
modes of chemical-thermal treatment and parameters of
the combined two-stage process on the microhardness,

BecTHuk AnTanckoro rocyaapCcTBeHHOro arpapHoro yHmeepcuteta Ne 11 (193), 2020 KK



NPOLIECCHI U MALLUWHBI ATPOUHXEHEPHbLIX CUCTEM

thickness and structure of the surface layer of the sample
was investigated. The relationship of these parameters and
the linear speed of baking and the heat flux (specific pow-
er) at the stage of electric contact baking under fixed pa-
rameters of the stage of high-speed HFC-borating was
determined. It is shown that on the restored microporous
surface of a specimen made of steels 45 (45 select in Rus-

sian), the thickness of the resulting borated coating de-
pends on the modes of its baking and the porosity of the
baked layer reaching 0.3 mm. The practical recommenda-
tions are given for the restoration of various parts of agri-
cultural machines using an innovation technology: ECN +
high-speed HFC-borating.

KpuBovypoB Hukonain TUXOHOBMY, K.T.H., JOLEHT, 3aB.
kacp. TKM n PM, Antaickuin rocyaapCTBEHHbIN arpapHblil
yHuBepcuter.  Ten..  (3852)  20-33-13.  E-mail:
krivochurov_nt@mail.ru.

MwkoB Anekcen BnagmmmpoBuu, K.X.H., O.T.H., OOLEHT,
npod. kad. TKM u PM, AnTaiickuit rocyaapCTBEHHbIN ar-
papHbli  yHueepcuteT. Ten.. (3852) 20-33-13. E-mail:
alekseyyishk@rambler.ru.

MBaHainckuit Bukrop BacunbeBuuy, 4.T.H., C.H.C., npod.
kad. TKM n PM, AnTaiickuii rocygapCTBeHHbI arpapHbIn
yHuepcuter.  Ten..  (3852)  20-33-13.  E-mail:
viv174@pbk.ru.

DeviHeko Anekcangp BsuecnaBoBuu, acnvpaHT kad.
TKM un PM, AnTaiickuii rocygapCTBeHHbI arpapHblid YHU-
BepcuTeT. Ten.: (3852) 20-33-13. E-mail:
temirm2014@yandex.ru.

Krivochurov Nikolay Tikhonovich, Cand. Tech. Sci,,
Assoc. Prof., Head, Chair of Technology of Design Materi-
als and Machinery Repair, Altai State Agricultural Universi-
ty. Ph.; (3852) 20-33-13. E-mail: krivochurov_nt@mail.ru.
Ishkov Aleksey Vladimirovich, Cand. Chem. Sci., Dr.
Tech. Sci., Prof., Chair of Technology of Design Materials
and Machinery Repair, Altai State Agricultural University.
Ph.: (3852) 20-33-13. E-mail: alekseyyishk@rambler.ru.
Ivanayskiy Viktor Vasilyevich, Dr. Tech. Sci., Senior Staff
Scientist, Prof., Chair of Technology of Design Materials
and Machinery Repair, Altai State Agricultural University.
Ph.: (3852) 20-33-13. E-mail: viv174@bk.ru.

Deyneko Aleksandr Vyacheslavovich, post-graduate
student, Chair of Technology of Design Materials and Ma-
chinery Repair, Altai State Agricultural University. Ph.:
(3852) 20-33-13. E-mail: tcmirm2014@yandex.ru.

BeegeHue

BocctaHoBneHne — getanen,  BblpaboTaBLUMX
CBOW pecypc, SBMSETCS rMaBHbIM YCNOBUEM CHU-
KEHNS ce6EeCTOMMOCTI PEMOHTA arperaTa unm ma-
WwuHbl [1]. Mpn BOCCTAHOBNEHUN Ha AeTanb, ABNS-
lOLLYIOCS, MO CYTW, 3arOTOBKOW, C MOMOLLbIO pas-
NIMYHBIX METOAO0B, CMOCOBOB M TEXHOMOMMN HaHO-
CATCA (HapalMBatoTCsl) pasnnyHble NOKPLITUA (Me-
Tannuyeckne, Kepammuyeckue, KOMMOULMOHHBIE),
COMOCTaBNUMbI€ NO TOMLIMHE C BENMYUHON UX U3HO-
ca, kotopblit y 80-90% Takux WMpOKO pacnpocTpa-
HEHHbIX B CENbCKOXO3ANCTBEHHbIX MalUMHAX AeTa-
nen, Kak getanu rmagkux LMNMHAPUYECKUX conpsi-
xeHun (TLUC — Banbl, BTYNKM) U getanen Tpuboco-
npsbkeHun (TC — Konogku/HaKknaaKku, NeHTbl, AUCKU
W X anemeHTbl, 6apabaHbl 1 Np.), UMEET 3HA4YEHNE
0o 0,3 mm.

MakcumanbHO BbICTPO (3@ OAHY onepauuio) Ta-
Kyt TOMWMHY NOKPbITUS MO3BONSIOT MOMYYUTb 13-
BECTHble MEeTOAbl BOCCTAHOBIIEHUS AeTanein, OCHO-
BaHHble Ha Ayroeoit MeTannusauuv (OM): Hannas-
ke, npuBapke 1 np. [2]. OgHako NoBbIEHHbIE TPe-
D0oBaHMs K TOYHOCTM pa3mMepoB M hOpMbl BOCCTa-
HOBIEHHbIX feTanen, 0CO6EHHOCTU TEMMOBbIX NPO-
L|eCCOB B 3NIEKTPUYECKON Jyre 1 CBApPOYHOI BaHHE,
a TakKe WCMonb3yKLMecs B HacTosiee Bpems
ANS 3TOr0 B OTPAC/u pyyHble Crnocobbl anekTpoay-
roso Hannasku penawt M Hu3Ko3apgeKTMBHOM
[3]. Kpome Toro, nocrne BOCCTAHOBNEHUS AeTanen
OM Tpebyetca ymaneHue 6GonbLIOrO npunycka

HapOLLEHHOro MaTepuana MexaHuyeckon obpaboT-
KOW, YTO [OMOMHUTENBHO MOBbLILAET CTOMMOCTb U
TPYAOEMKOCTb BOCCTAHOBIIEHHS.

Haunbonee nepcnekTMBHbIM OKa3anocb BOCCTa-
HoBneHne getanen MLUC un TC, umeroLwmx cnoxHyio
(hopMy, NOCMONHBIM HAHECEHWEM MOKPbITUA HEOb-
XOOMMOW TOMLWMHbI METOLOM 3MEKTPOKOHTAKTHOM
npueapku (3lN) MeTannMYecKkon NeHTLl UK JNeKT-
POKOHTAKTHOro HanekaHus (9KH) metannuyeckoro
nopowka [4]. [ononHWUTENbHbIM MPEUMYLLECTBOM
OKH sBnsieTca u BbICOKOE KayecTBO MOBEPXHOCTU
BOCCTQHOBMEHHOW AeTanu, a nonyvarowuines npu
9TOM MUKPOMOPUCTLINA Crnon obecneynBaeT BbICO-
Kyt0 W3HOCOCTOWKOCTb BOCCTAHOBIIEHHOW [eTanu B
YCIOBUSIX TPEHUS CO CMa3Koi [5].

HO MMEHHO Hanuyne MUKPOMOPUCTOCTU Hane-
YEHHOro Crosi CyLECTBEHHO CyxaeT U obnacTb
NPUMEHEHNs AaHHOro cnocoba BOCCTAHOBEHMS.
Hanpumep, OKH He pekomeHayeTcs NpUMEHSTb
QNS BOCCTAHOBNEHUS AeTaneil, paboTatowmx npu
Hanuyuu Gonbloro kKonnyecTBa abpas3mBHbIX Ya-
CTUL, a Takxe Ons BOCCTAHOBIIEHUS AeTanei He-
NOABWKHbIX COMPSHKEHUIA, TaK Kak TBEPAOCTb W,
cnefoBaTenbHO, M3HOCOCTOMKOCTb BOCCTAHOBIIEH-
HbIX CTIOEB HE3HAYNTESbHbI.

Yka3aHHas npobnema 4acTu4yHO MOXeT ObiTb
peleHa nytemM AOMOMHUTENbHON MOAMUKaLIMK
(NerMpoBaHKsl) MCXOAHBLIX METaNNYECKUX MOPOLL-
KOB, NMBO HaneYyeHHOro Crost pasnuyHbIMK dne-
MmeHTamu kak metannamu: Ni, Cr, Mn, Co [5], TaK 1,
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yTo 6onee npeanoyTuTensHo, Hemetannamu: C, N,
S, B [6].

PaHee Hamu BbINo NpeaioXeHO OCYLECTBNATL
Takoe YNpPOYHEHWEe HaneyeHHOro Cros afeMeHTa-
Mu-HemeTannamm C u N, OQHOBPEMEHHO BBOAM-
MbIMU B XenesHblil NOPOLLOK B cocTaBe kapbamu-
[0-hbopMarnbaeruaHon CMonbl, HEMOCPEACTBEHHO B
npowecce ero opmupoaHus [7, 8]. 3To no3sonu-
N0 3HAYUTENBbHO CHW3WTL 3aTpaTbl HAa BOCCTAHOB-
nexve getanen. OgHaKo ynpoYHEHWe Cros yrie-
poAoM u(unu) asoToMm He obecneunBaer Heobxo-
AMMOW TBEPLAOCTU M W3HOCOCTOMKOCTU MOKPbITUS,
0COGEHHO B YCMOBMSIX MHTEHCMBHOMO abpa3vBHOMO
W yOapHo-abpasnBHOroO U3HalumBaHus. Kpome Toro,
Takne (MoAMGULMPOBAHHBIE) NOPOLLKA KOMMEpYeE-
CK/ He npou3BoaaTcs, Yto TpebyeT AONONHUTENb-
HOW TEXHOMOrMYeckon NpopaboTkM.

OpHako MOBbILLEHNE W3HOCOCTOMKOCTU Hane-
YEHHOrO Cnosi MOXET ObITb JOCTUrHYTO He TObKO
BBEAEHMEM YNPOYHSIOWMX (NErvipyroLLmMX) aneMeH-
TOB B npouecce OKH, HO W, Hanpumep, LONOSHU-
TENbHOM XMMUKO-TEpMUMYeckon obpaboTkon (XTO)
yXe BOCCTaHoBNEHHbIX OKH getaneir. [Ins atoro
nyylle BCEro NoaxoamT pa3paboTaHHbIil HaMK Cro-
cob ckopocTtHoro TBY-6opuposanms [9]. Mpu npo-
BegeHun TBY-BopupoBaHus Ha BOCCTAHOBMEHHOW
MOBEPXHOCTM AeTann BO3MOXHO MONyveHue nnoT-
HbIX (6ecnopucTbIX) MOKPbITUIA C BBICOKOW TBEPAO-
CTb0, U3HOCOCTOMKOCTBIO U KOPPO3UOHHOW CTOMKO-
CTbt0, YTO MO3BOMMUT CYLUECTBEHHO pacLUMpuUTb 06-
nacTb npumeHeHus metoga OKH ans BoccTaHoB-
NEHUst pasnuyHbIX [eTanen CernbCKOXO3ANCTBEH-
HbIX MaLLH.

Llenb paboTbl — nccnegoBatb BO3MOXHOCTb UC-
nonb3oBaHUs ckopocTHoro TBY-BopupoBaHns ans
YNyYLIEeHNs XapaKTepuUCTUK MOBEPXHOCTHOrO Cros
[€eTanen, BOCCTAHOBMEHHbIX 3NEKTPOKOHTAKTHBIM
HanekaHWeM Xene3Horo NopoLLKa.

JKcnepuMeHTanbHas YacTb

B kauyectBe 0ObEKTOB MCCneaoBaHMin Bbibpanu
HEeBOCCTaHaBMBaeMble (M0 aKTyasnbHbIM PEMOHT-
HbIM HT[1) yHucbuumpoBaHHele getanu MPM ggura-
Tenen A-41 n X COBPEMEHHbIX MOAWUKaLM
[-440, LWMPOKO MCNONb3YeMbIX Ha CenbCKOX03si-
CTBEHHbIX TpakTopax Tuna [T-75 B kayecTBe aHep-
roarperaros.

YkasaHHble [feTanu: pacnpegsan (get. 41-
05C7), ocb kopombicen (41-0644) n croika ocm
kopombicen (aet. 04-0686), BbINONHAOTCS U3 CTanu
45 n(unu) 45 cenekT, NOABEPralTCa TEPMUYECKOM
obpabotke (TBY-3akanka) B 30Hax M3HALLMBAHUS U

npeactaenawT  coboir  TuNoBble  AeTanu
rUC/rpuboconpsikeHnin (Ban, BTynka), pabotato-
LLKEe B YCNOBMSAX TPEHMSA CO CMaskol. MoaTtomy ans
nccnegosanus npouecca OKH, TBY-6opuposaHus
W COBMELIEHHOrO  crmocoba  BOCCTaHOBIeE-
HUS/YNPOYHEHNS, @ TaKkke CTPYKTYpbl M CBOWCTB
NOMyYaroLWMXCA NOKPbITUIA ANS ONbITOB NOArOTOBM-
nm obpasubl 13 ctanm 45 (TOCT 1050-88), pasme-
pom 10x50%5 mm.

B kayecTBe peakTMBOB [N1si NPOBEAEHNS UCChe-
[O0BaHWUA 1CNONb30BaM: XenesHblii MOPOLIOK Map-
kn THKB 2.160.28 (TOCT 9849-86); kapbug 6opa
(texHuy.) no FOCT 5744-85, mapkm M40; cntoc
nnaeneHbIn 60paTHbIN ANS MHAYKUMOHHOW Hannas-
kn, mapku 1-0,66 (npomssoacteo AO «AHUTAMy,
r. bapHayn).

OKH ene3Horo nopoLLKa Ha onbITHble 06pasLbl
ocywectsnanM Ha ycraHoske Tuna 011.1.02H
(npoussogctBo BHIMO «Pempetanby, r. Mocksa),
pexumbl IKH: HanpsikeHMe xomocToro  xoga
TpaHcopmatopa Uxx=4,94 B, TOK HanekaHus
,=10,77 KA, I5MHENMHas CKOPOCTb HanekaHus
vu=2,24-10-3 wm/c; yactoTa BpalleHuss AeTanw
n=(1,7-50)-10-3 ¢, HopmanbHOE AaBreHne Ha Crion
Pn=3,12 kH, vncnonb3ys KOMNAeKT BOZOOXNaxaae-
MbIX AMCKOBbIX CBAPOYHbIX AMIEKTPOLOB YCTaHOBKM,
pvametpoM D=100 MM, C LIMPUHOM [OPOXKM
b=5 mm 13 megn M1.

CkopoctHoe TBY-6opuposaHue obpasLos npo-
BOAMNM B LLUENEBOM BOAOOXSTAaXAAeMOM MeLoM
WHOYKTOPE, BbINOMHEHHOM U3 NPOQUIMPOBAHHOM
MegHon Tpybkn M1, ouametpom D=16 mm, ¢ pabo-
yam npoctpaHcTeoM 50x50%10 MM, Tepmuyecku
N30NMpPOBaHHLIM acbecToM. MHAYKTOp noakmoyanm
K npombluneHHomy uHBepTtopy AJICAT-100/40-70
(npomssoactBo OO0 «3Ancut», r. TOMCK), pexumbl
TBY-HarpeBa (BopupoBaHMs):  TOK  WMHAYKTOpa
l, = 80-95%; pesoHaHcHas yacToTa fp = 50-55 KI'y;
Bpems Harpesa/Bblaepxkn fy = 30/35-40 ¢ (npo-
rpaMmmnpoBaHo); Temnepatypa T = 1250-13000C.

MeTannorpaduyeckne wnccnegoBaHns obpas-
LJOB NPOBOANUIM Ha NPOTpaBMeHHbIX (5%-HbI pac-
T80p HNO3 B cninpTe) wrnugosaHHbIX 0b6pasyax Ha
MeTannorpacguyeckom obopyposanun MHUJT CBC
(®reQy BO AntlTY um. WM. MonsyHosa, r. bap-
Hayn): oTpesHoi ctaHok MICRACUT-201, npecc
ana obpasyos METAPRESS-P, wnudoBanbHo-
nonuposanesHas cuctema DIGIPREP, uHBepTMpo-
BaHHbI  MeTannorpauyeckun  yH1UBepcanbHo-
nccneposatenbckuin Mukpockon CARL ZEISS AXIO
OBSERVER Z-1M, uucpoBoii MUKpOTBEPLOMED
MH-6.
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PesynbTatbl U MX 06CyXaeHUe

Kommepuyeckne MOpOLLKM kenesa, MCnonb3aye-
Mble B HacTosLlee Bpems and 9KH, umetot Huskoe
COAEPXaHNe YNPOYHSIOLLMX SMIEMEHTOB M MO CO-
CTaBy HaMEePEHHO MPUBIKEHbI K HU3KOYrNepoau-
CTbIM cTanam. B Tabnuue 1 npuBedeH MCXOAHbIN
XMMUYECKMIA COCTaB MOPOLLKA BOCCTaHOBMEHHOIO
xenesa, ucnonb3osaHHoro aAnga OKH (TOCT 9849-
86).

MoaToMy Ans yNyyleHWs XapakTepucTuK BOC-
cTaHoBneHHoro 3KH noBepxHOCTHOrO cros aeta-
nen tpebyeTcs vx AONONHUTENbHAsA MognduKaums
yrnepogom nnbo nernpyroLwmMn aneMeHTaMMm.

Tak, B pabote [5] aBTopom Obiny NpoBeaeHbI
nccneaoBaHKa no BblGopy matepuana moguduum-
PYIOLLEeN Npucagkm u cnocoboB nervpoBaHns Cros,
noKasaHo, YTO UCNOMb30BaHWE Pa3nnyHbIX Gheppo-
MaTepuanoB (cheppomapraHed, heppoxpom), cop-
MalTa, a TaKkke UX CMecei noTeHuuansHo obecne-
YNBAET YBENMYEHME W3HOCOCTOMKOCTU Hane4yeHHo-
ro crnosl. 3aecb xe ObiNO NPeAnoXeHo yny4ywaTb
xapakrepuctuk  IKH-NokpbITUS, NpoBOAS HacbI-
LieHWe KenesHoro MopoLlka Yrrepoaom nepeg
OKH, nyTem ero 4nuTensHOro Harpesa ¢ kapbropu-
3aTopoM U Bbiaepxkon B neyn. OpHako Takas 06-
paboTka AnuTenbHa, TpebyeT CRoxHOro annapa-
TYPHOTO OCHOPMIIEHNSI U CYLLECTBEHHO CHUXaET
3 heKTUBHOCTb TEXHOMOMM B LIENOM.

Kak crnegyeT u3 gaHHbiIX Tabnuubl 1, MOpPOLLOK
xenesa mapku KB 2.160.28 copepxut go 0,1%
kpemHus n go 0,35% MapraHua, 4to npubnuxaert
€ro (Mo HWKHAM rpaHuLam COAEpKaHWs dneMeH-
TOB) K COCTaBY KOHCTPYKLMOHHOW FervpoBaHHoM
cTanwu 650, onsa KoTopor paHee Hamu Gbinu Npose-
[EHbl OCHOBHbIE 9KCMEPUMEHTbI MO CKOPOCTHOMY
TBY-6opuposanuo [10]. 3to nossonsiet 06OCHO-
BaHHO PEKOMEHOOBaTb MaTepuwanbl, cpeabl W na-
pameTpbl TBY-6opupoBanmusa cranm 65 n gnsa XTO
[eTanew, BOCCTaHOBMEHHbIX MeToaom OKH.

OKH BOCCTAHOBNEHHOMO KENE3HOro MopOLLUKa
NPOBOAMNOCL B LUMPOKOM AManas3oHe W3MeHeHMst
TEMNepaTypHO-BPEMEHHBIX MapaMeTpoB npoLecca

(HanpsbkeHne, TOK W NIMHEMHAs  CKOPOCTb):
U, =3,88-6,04 B (cTynexu TpaHcdopmatopa 3,88;
418; 4,52, 4,94, 543; 6,04 COOTBETCTBEHHO);
[=832-132 KA (COOTBETCTBEHHO CTYMEHAM);
Vv, =1,32-103...5,76-10-% m/c.

Kak n3BecTHO, pexumbl OKH okasblBalT KoM-
NNEKCHOe BIUSHWE Ha TemnepaTypy B 30He Cnnas-
nenus/Hanekanus [11]. Hanpumep, nameHeHue nu-
HENHON CKOPOCTM MK (OUKCUPOBAHHBIX 3HAYEHNSX
HaNpsHKeHUs 1 TOKa NPUBOAUT K U3MEHEHWIO TEM-
nepatypbl. CriegoBaTensHo, 3TW (hakTopbl 3aBUCH-
Mble. [loaTomMy B KayecTBe nepemMeHHoro ghaktopa
npouecca OKH uLenecoobpasHo wucnonb30BaHne
yOenbHOW 3Heprn, npeanoxeHHon B pabote [5],
KOTOpbI SBNSETCH UHTErpanbHbIM (0B0BLLIEHHBIM)
N 0ObEAMHSET YKa3aHHble NapaMeTpbl B OAMH.

Tak, npu OKH getanen tuna Ban BTynka 3T0T
0006LLUEHHBIN NapameTp UMeeT BUA;

U-1

§H_1.25'SKvVH-\/a't’

roe I — cuna Toka HanekaHus, KA;
U - HanpsixeHue, B;
S, — nnowjagb NATHa KOHTaKTa anekTpoda co

Cnoem, no KOTOPOW MAET CheKaHue M npunekaHune
METannmM4yeckoro NopoLuka, m?;
V., — NHelHas CKopoCTb HanekaHus, m/c;

a — KO3P(ULMEHT TeMnepaTyponpoBOGHOCTH,
m2/c;

{ — Bpems [elCTBUS UCTOYHMKa Tenna (Bpems
cnekaHusi cnosi), c.

Mpu OKH MuMKponopucToCcTb CNosi 3aBUCUT OT
MOLLHOCTW BBOAA Tenna (MOrfoLeHHOro TensoBoro
noToKa), KOTOpasi CBA3aHa C HanpshKEHUEM XOmo-
CTOro xoAa TpaHcchopmatopa (ero CTYNeHbK) W
NIMHENHON CKOPOCTLID npouecca. C TOYKM 3peHus
9KoHOMUW pecypcoB OKH nyyie npoBoguTb Npu
HEe3HauMTENbLHOM MOTOKe Tenna, HO Mpu 3TOM yBe-
NIMYATCSA M NOPUCTOCTb CrOSA, YTO MOXET HEraTUBHO
0TPasnTbCs Ha rMybuHe NPOHUKHOBEHUS B HEro
Bopa.

Tabnuua 1

Xumuveckuli cocmas nopowka 80CCMaHOBIEHHO20 XKeJle3a
ons OKH e cocmosiHuu nocmaeku (OaHHbIe nacnopma)

CopepxaHne KOMNOHEHTOB, %

Mapka nopoLuka Fo C S; N

S P O | ocratok, HepacTBopumblit B HCI

KB 2.160.28 ocHoBa | 0,02 | 0,10 | 0,35

0,02 | 0,02 | 0,25 0,3
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Mpoueccel OKH u ckopocTtHoro TBY-Bopupo-
BaHus 00pa3LoB OCYLWECTBNANMUCL MNOCNeaoBa-
TEMNbHO, APYT 3a APYrOM C OOHUM TEXHOMOMYECKUM
nepexofom Ans BOCCTaHaBnMBaemoin getanm (06-
pasua). B pesynbtate aTuUX NpoLECCOB Ha NOBEpPX-
HOCTM BOCCTaHaBnvBaemon getanum (obpasua) 0b-
pasyetcsd GopupoBaHHbin  IKH-Cnoit  CnoxHowm
mopdponornn.  [nybuHy  npoHukHOBeHMs  Gopa
ONpesensnn KOCBEHHO, MO W3MEHEHWO MUMKPO-
TBEpPAOCTH 0bpasua, a CTPYKTYpY 9TOro Cnos — Me-
Tannorpauyecku.

Ha pucyHke 1 npuBeeHO M3MeHeHWe 3Toro na-
pameTpa o rnybuHe HaneyeHHoro cnos. Mpn aTom
cnegyeT OTMETUTb, YTO MUKPOTBEPZOCTb Bopupo-
BaHHOrO CMnosl, kak M ee W3MEHeHWe no Ton-
LWMHe/rnybnHe, 04eHb CUMBHO 3aBUCUT OT PEXUMOB
OKH. BugHo, yto npu Gopuposanun SKH-crios,

H, MIla 1400

HaneyeHHoro npu napameTpax:. Ux=3,88 B,
V,=1,31x10-3 m/c, MmakcumanbHas MUKPOTBEPAOCTb
cnos coctasuna Hy = 840 MMa, a rnybuHa Gopu-
poBaHus — 0,2 mMm. [py GopupoBaHUK Crnosi no pe-
xumy Ux = 6,04 B, V,=3,34x10-3 m/c mukpoTBep-
pocTb crnos pgocturaet yxe H,=1220 MMa, a rny-
BuHa 6opupoaHus Bospacrtaet Ao 0,25 vm.

C yBenuyeHnem ygenbHoW SHeprum  OKH
HabntogaeTcss cumbaTHbIN POCT CpeaHen MUKPO-
TBEpPAOCT HOPMPOBAHHOTO CNOS (pUC. 2).

Otcroga MOXHO NPeanonoXuTb, YTO Ha NpoLecc
TBY-HarpeBa, cregoBaTtenbHO, M Ha npoLecc
TBY-6opupoBaHus BonbLuoe BnusHWE OkasbiBaeT
MOPUCTOCTb HaneyeHHoro cnos. Hamu yctaHosne-
HO, YTO B MUCCregyeMoM auana3oHe pexumor IKH
MWKPOMOPUCTOCTb Crost uameHsnack ot 28 go 10%
(puc. 3).

1200
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800 - -

e xx=6,04 B;

600

400

U_xx=3,88 B;
VH=1,31x10-3 m/c

VH=3,34x10-3 m/c

200 -

0

0 0,1 0,2

h, Mm

0,3

Puc. 1. U3smeHeHue mukpomeepdocmu 6opuposaHHo20 IKH-crosi no eny6uHe

y = -3,439x2 + 142,82x - 506,5
Hu, Mlla R? = 0,8894
1000 .
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600 /
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Puc. 2. 3agucumocmb Mmukpomeépdocmu 6opupoeaHHo20 IKH-cnosi om ydenbHol 3Hepauu HaneKaHusi
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Puc. 3. 3agucumocms mukponopucmocmu 3KH-cnosi om ydenbHol 3Hepauu HanekaHust

Kak BMAHO w3 rpacukoB, NpUBELEHHbIX Ha pu-
CyHKax 2 u 3, HabnogaeTcs 3aKOHOMEPHOCTb yBe-
NIMYEHNST MUKPOTBEPLOCTU NPU YMEHbLUEHUN NOpU-
croctn 6opupoBaHHoro OKH-crosi. 310 06bACHS-
€TCA TeM, YTO BPEMS HarpeBa U BblAEPXKKA HE Me-
HANOCb W 6bINO ANs BCex 06pasLoB OAMHAKOBLIM.
MOoXHO MpeanonoXuTb, YTO MHTEHCUBHOCTb Harpe-
Ba, Temnepartypa crnost u rnybuHa 30Hbl HarpeBa
npun TBY-HarpeBe 3aBMCAT OT MNOTHOCTW CreYeH-
HOro CNos, YTO M NOBNMANO Ha npouecc Gopuposa-
HUS.

ccnenoBaHne Makpo- U MUKPOCTPYKTYpbl 60-
pupoBaHHOro 3KH-crios nokasano Hanuuve He-
CKOMbKWMX XapakTepHbIX 30H Mo rnybuHe/BbICOTe
cnos. Ha pucyHke 4 npuBegeHa TMNUYHAs Makpo-
cTykTypa GopupoBaHHoro IKH-cnos, nony4eHHoro
Ha obpasue u3 cTanum 45, HaneyeHHOM npw

Ux=6,04 B, V,=3,34x10-3 m/c n noaBeprHyTom 3a-
TEM CKOpOCTHOMY TBY-BopupoBaHuto npu onTu-
ManbHbIX pexuMax. BuaHo, YTO Ha MOBEPXHOCTM
obpasua obpasoBanacb XxapakTepHas Ans nepe-
nnaeneHHbIx Gopnaos xenesa neaebyputononob-
Has CTPYKTypa, KOTOpas MMEeT YeTKyl rpaHuuy
pasgena C HWXepacrnomnoXeHHbIM MUKPOMOPUCTbIM
OKH-cnoem.

MuKpOTBEPAOCTb HMXEpacnonoxeHHoro OKH-
Cnos TaKkke U3MeHunach (puc. 1), No cpaBHEHMIO C
WCXOQHOW TBEPLOCTbI, YTO CBUOETENbCTBYET 00
WHTEHCUBHOM npoTekaHuy Audgy3nOoHHbIX npo-
L|ecCoB MO rpaHWLaM CrekaHust YacTul, MOpOLUKa
xenesa, obragalowyx nOBbILEHHbIM, MO CpaBHE-
HWIO ¢ 06BEMOM, KONMYEeCTBOM AedeKToB KpucTan-
NINYECKON PELLETKM, XOTS SBHbIX U3MEHEHUI B €ro
CTPYKTYpe 1 He HabntopaeTcs (puc. 5).

Puc. 4. Makpocmpykmypa 6opupoeaHHo20 IKH-cnos (50%)
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Takum oBpasom, npoBefeHHOe HaMu uccrneno-
BaHWE BO3MOXHOCTW WCMONb30BAHWUS CKOPOCTHOMO
TBY-60pnpoBaHMs ANnst yNyyLEHUs XapakTepucTuk
NOBEPXHOCTHOTO Cos feTanen, BOCCTaHOBMEHHbIX
metogom IKI1, nokasano, 4to napameTpbl obpasy-
IOLLMXCS KOMMO3ULMOHHBIX, [BYXCMOWHbIX MNOKPbI-
TUI Bonblue 3aBucAT OT pexumoB OKH, onpege-
NAOLWMX €ro MUKPOMOPUCTOCTb, U B MEHbLLEN CTe-
neHn — ot napameTpoB XTO. 3TO MOXHO C yCnexom
UCMONb30BaTb AN MPOEKTUPOBAHUS  MWUNOTHOM
TEXHOIOTMM BOCCTaHOBIEHUS [AeTanel B HOBOM,
COBMELLEHHOM, MocnefoBaTensHOM npouecce, Ko-
TOpbIA NO 3aTpaTaM BPeMeHW 1 PecypcoB 3aHUMa-
€T NPOMEXyTOYHOoe nonoxeHne mexay IKH u wu-
POKO MPUMEHSIEMON B OTPacnM TEXHOMOrMW BOC-
CTaHOBMEHUS (YNPOYHEHMUS)) AeTanen CenbCKOXo-
3AMCTBEHHbIX MaLUMH  METOAOM  WHAYKLMOHHOW
Hannaeku [12]. Mo knaccudmkaumm M.A. HOguHa
[13] ata TexHomormsi MOXeT ObiTb OTHeCeHa K
HayKOEMKMM, UHHOBALMOHHbBIM MpoLieccam BoccTa-
HOBMEHWs geTarnen.

MpakTuyeckue pexkomeHaauum No BOCCTaHOB-
NeHuIo aeTanen no HOBOW TEXHONOIMM.

a) BoccTaHoBNEHWe B COBMELLEHHOM, MoCneso-
BaTenbHOM npouecce OKH + ckopocTHoe TBY-
BopupoBaHne pekoMeHZyeTCs NPOBOAUTL ANS Ae-
Tanen M'UC u3 cranu 45, 45 cenekT, Tuna Ten Bpa-
WeHus (arnbl, BTYMKW), @ Takke ANS NAOCKAX no-
BEPXHOCTEN fAeTanen TpuboconpsikeHWn (Haknag-
KW, CEeKTopa AMCKOB).

6) B kayecTBE OCHOBHOTO METOAA HapaLLMBaHUS
W3HOLLEHHbIX MOBEPXHOCTEM W BOCCTAHOBIIEHUS
pasMepoB C MPUNYCKOM CreayeT WCnonb3oBaTh
OKH xenesHoro nopowka mapku KB 2.160.28, ao
0,3 MM 3a OOMH NpoXod, Ha YCTaHOBKE Tuna

Puc. 5. Mukpocmpykmypa 6opupoeaHHo20 SKH-crios (200%)

-

011.1.02H, Ha NOArOTOBMEHHYID MOBEPXHOCTL Ae-
Tanu (3aroToBKW), NP ONTUMAIbHBIX PEXUMAX.
ObopynoBaHue — cTaHaapTHOE, NPUCNOcobneHns —
TUNOBbIE, OCHACTKa — LiexoBasl.

B) B kayectBe ocHoBHOro metoga XTO, ans
YBEIMYEeHNs  TBEPLOCTH,  U3HOCOCTOMKOCTU U
YMEHbLUEHNSI MOPUCTOCTU MOBEPXHOCTHOTO  CIlos
BOCCTAHOBMEHHOW AeTanu creayeT MCnonb3oBaTb
ckopocTHoe TBY-GopupoBaHue B cpeae cmecw
kapbuga 6opa c dnocom [1-0,66 onTumanbHOro
coctaBa, Ha uHBeptope AJICAT-100/40-70, ¢ rny-
BuHon Bopuposanus go 0,25 mMm, nNpu onTUManb-
HbIX pexumax. ObopynoBaHue — CTaHAAPTHOE,
npucnocobnexns — TMNoBble, OCHACTKa — LiexoBas.

r) YuutbiBasi CBOWCTBA MaTtepuanoB obpasyto-
LMXCA NOKPLITUA U UCNONb3ys HaWAEHHble 3aKo-
HOMEPHOCTW M3MEHEHMs UX CBOWCTB, B HOBOW TEX-
HOMOMMW PEKOMEHAYIOTCS CheaytoLas nocneaosa-
TENbHOCTb Onepauuii TUNoBoro (rpynnoBoro) Tex-
HOMOrNYecKoro npowecca:

005. MogrotoButensHas. MoarotoBka NoBEpPX-
HOCTM BOCCTaHaBnuBaeMon aetanu (Mex. 0bpabot-
ka: ToueHue/ppesepoBaHue, WNMMOBAHNE; OUUCT-
ka, 06e3xupuBaHme);

010. OcHoBHas 1. HapaluBaHue MaTepuana
MetogoMm OKH (momyyeHue NOKPbITUS 3afaHHOM
TOMLLUMHBI, MAKPOMOPUCTOCTH);

015. MpomexyToyHas. lNpeasapuTenbHoe yaa-
fieHne y4actu npunycka HapolyeHHoro 3KH-cnos
(Mex. obpaboTka);

020. OcHoBHas 2. YnpOYHEHWE NOBEPXHOCTY
petanm XTO B npouecce ckopocTHoro TBY-
BopupoBaHns (NonyyeHne BEpXHEro Cnost Nokpbl-
TUSI 3afaHHON TOMLWMHBI, C YBENNYEHHON TBEPAO-
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CTbl0, W3HOCOCTOMKOCTbIO W YMEHbLUEHHOW nopu-
CTOCTbH));

025. OrgenoyHas. OkoHyaTenbHas yganexve
npunycka, obpaboTka 6opupoBaHHoro JOKH-cros,
BblBOA [€Tanu B PEMOHTHble pa3Mepbl/gonycki
(duHUWHas Mex. obpaboTka: WnngoBaHue, nonu-
poBaHue);

030. KoHTponbHas. OnpedeneHue CTPyKTypbl 1
CBOWCTB BOCCTQHOBIEHHOIO Cosi MOKPbLITUA U fe-
Tanu, CpaBHeHWe C HOPMUPOBaHHbIMK TpeboBaHK-
M (Metannorpacdus, LOPOMETPUS, MUKPOMET-
pax).

BbiBOAbI

1. Ona  ynyyweHns XapakTepuctuk aetanen
CEMbCKOX03ANCTBEHHbIX MALLMH, BOCCTAHOBMNEHHbIX
OKH >kenesHoro nopoLuka, NpeanoxeHo OCyLLecTB-
NATb JOMNOMHUTENBHOE YNPOYHEHWUE UX HANEYEHHO-
ro cnosi ckopoctHeiM TBY-6opuposanuem. [po-
Lecc anpobuposaH, paspaboTaHa MHHOBALMOHHASA
NUMOTHAs rpynnoBasi TEXHONOMMS BOCCTAHOBMEHMS
petanen [PM geuratens [1-440 tuna Ban, BTynKa,
BbINOSHEHHbIX M3 cTanu 45 (45 cenex).

2. OBHapyxeHo, 4yto npu TBY-BopuposaHum
OKH-cnosi  NpoucXoanT WHTEHCMBHas auddysuns
Bopa B NOKpbITUM, B pe3ynbTaTe Yero B CHoe BO3-
HUKAIOT [Be 30HblI GOpWUOOB Xernesa W TBepObIX
pacTBopoB Oopa B xenese, C HepaBHOMEPHbLIM
pacnpeferneHremM KoHUeHTpauum 6opa no obbemy
CNEYEHHbIX YacTuL, MOPOLLKa.

3. MokasaHo, 4TO napameTpbl 06pasyHoLwMXCs
KOMMO3WLMOHHBIX, OBYXCIOMHBIX MOKPbITUA B0rb-
e 3aBUCAT OT pexumoB nepson ctaguu — IKH,
onpegensiowmx ero MUKPONOPUCTOCTb, U B MEHb-
el CTeneHn, OT mapameTpoB BTOPOM CTaguun —
ckopocTHoro TBY-6opuposanus. MNpu nposeaeHum
TBY-60puposaHus SKH-cnos npu TBY-Harpese go
Temnepatyp 1250-1300°C n Bbigepxke 35-45 c,
MPOUCXOAMUT WHTEHCWUBHOE HacblleHne cnos 6o-
poM, a 0bpasyroLmMecs nokpbITMS 06nagatoT BbICO-
KOW MWKPOTBEPAOCTbIO W MOHWXKEHHOW NOPUCTO-
CTbIO.
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