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TepHoninbcokuil HaYloHANbHUL MeXHIYHULlL YHisepcumem imeHi leana llyniosn

MATEMATUYHA MOJEJIb BUBHAYEHHS TEMIIEPATYPHOI'O
ITHOJIA ITPH BIAHOBJIEHHI IETAJIEM WJITHAPUYIHOI ®OPMU

Pestome. Pospobrneno mamemamuuny mMooenv 0N GU3HAYEHHS MEMNepamypHo2o nojis 8 obnacmi
demarni neped 3aNUBAHHAM PO3NIABIEHO20 PIOKO20 Memany 6 CMEOpeHUll MexXHON02IYHUL MuU2elb 3a1eHCHO G0
nUMOMOI NOMYIICHOCMI Menn08UX 0dicepell HASPIBaHHs, KONU meMnepamypa Ha Nnoeepxui oemaini nepesuiyye
memnepamypy Kiopi. Temnepamypne none cmgopioemocs 6 obnacmi oemani 3 MEmow 3MeHUeHHs 2padienma
memnepamypu niciis 3anuSaHHs pOo3NIa8IeH020 Memany 8 CMEOpeHUll MeXHONOo2IUHUN muzenb, ma 3 Memoio
nokpaugennsi Ougysii posnnasienoeo memany 8 Mmamepiai oemaii. 3a 0ONOMO2010 po3pObIEHOT MamMeMamuiHol
MoO0elli npogedeHo OO0CTIONCEHHS 3ANeICHOCII meMnepamypu 6i0 yacmomu i cuiu cmpymy 6 iHOYKmopi ma
mpueanocmi Hazpi6aHHs.

Knwuoei cnosa: inoykmop, 8iOHOGNeHHs, ePAHUYHI YMOBU, MeXHONO2IUHUL mueens, memnepamypd,
nuUMoMa NOMYIACHICMb, Mennogi 0xcepena, piOKuil Memar.

0. Korol

MATHEMATIC MODEL OF DETERMINATION THE TEMPERATURE
FIELD WHILE RECUPERRATING THE CYLINDER-SHAPE PARTS

Summary. The increase of durability and reliability of parts and operating members of machines and
mechanisms is one of the most important issues for various sectors of the economy of Ukraine. In order to
improve the parts wear resistance during operation, their working surfaces are strengthened by various
surfacing methods. Available surfacing processes of worn working cylindrical bodies, induction ones in
particular, possess some disadvantages: relatively low productivity, large energy consuming and uneven
thickness of the surfacing metal. To improve these characteristics, theoretical foundations of improving welding
technology and increasing of its energy efficiency should be developed

Mathematical model of creation the temperature field for the case, when the temperature within the
entire region of worn parts exceeds the Curie temperature, was built. Temperature is created in a part to reduce
the temperature gradient afier pouring of the molten metal in the created crucible in order to increase the wheel
and to improve the diffusion of the molten metal in the material of a part. The temperature in the part is
described by the differential equation as

Investigation of the temperature field in the part during the process the obtaining of temperature
1450°C on the rim of the part at different heating times and different frequencies, has been carried out.

It was found that for the development of the recuperation technology of worn working surfaces of
cylindrical shape bodies it is necessary to heat its prepared end area up to 1300—1450°C to prepare the crucible
for pouring in it, the molten metal and cooling of base metal with cast metal in the crucible being followed. At
temperature 1450—1600°C both the filled liquid metal and prepared on the border between them the base metal
being in the liquid state and in the amount of liquid metal and austenite, that is, conditions for their mutual
mixing and diffusion will be created to promote their real joining.

Key words: restoration, boundary conditions, dynamic viscosity, pondemotorna force tangential
efforts, hydraulic pressure, shearing stress.

IlocranoBka mpoGaemn. OjpHuM i3  e(EKTHBHHX CIOCOOIB  BiJHOBJICHHS
eKCIUTyaTallifHNUX BJIACTUBOCTEH  CIpallbOBaHMX JeTaleid NWIHApUYHOI (opMu €
HapOIIyBaHHs CIIPAllbOBaHOI POOOYOT TOBEPXHI JeTali PO3IUIABICHUM MeTayioM. Jlis
3a0e3neueHHs] HaAIHHOTO 3’€HAHHS PpO3IUIABIEHOTO0 W OCHOBHOTO MeTaly HeoOXiJIHO
MOTIePEeTHRO TTITOTOBIICHY 1O BiJHOBJICHHS IMOBEPXHIO HArpiTH JIO BHUCOKOI TeMIepaTypH
(61M3BKOT 10 TemIiepaTypu IUJIaBJICHHS OCHOBHOTO MeTaty). Buxonsun 3 yMOB JOCATHEHHS
HEOOX1THOI TOYHOCTi, a TAKOXX 3 €KOHOMIYHUX MIipKyBaHb, HAWOLIBI CHPHHHSATINBUAM €
IHAYKIIAHUA HarpiB OJHOYACHO Bciel poO0OYOil MOBEpXHI JeTali IMIiHApUYHOI dopmu. s
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noOyIOBH pallioHAILHUX PEXHMIB TAKOrO HarpiBaHHS MOTPIOHO MOOYAyBaTH BiJOBIIHY
MaTeMaTHYHY MOJICJIb 1 Ha 11 OCHOBI IIPOBECTH HEOOXI THI JOCITIJDKSHHS.

AHaJi3 ocTaHHIX JocTiKeHb i myOaikamiii. Y nmiteparypHux mkepenax [1-3]
MPEJICTABJICHO TEXHOJIOTII0 IHIYKIIIHOrO HAaIIABICHHS JeTaleld NUIHAPAIHOI (HopMu
METOJIOM 3aJMBaHHS PiJKOTO MPHCA/KYBAILHOTO METaly Ha MiIIrpiTHH OCHOBHHUI MeTal.
Tam BinCyTHS METOTMKA BU3HAYCHHS! KOHCTPYKTHBHHX ITapaMeTpPiB HArpiBaTbHAX CUCTEM JIJIS
3a0e3meueHHsT HEeOOXIJHOTO HarpiBy MHOBEpXOHb JeTajei 3aleXHO Bl IX MeXaHIYHUX,
TCOMETPHYHUX, TEIJIO- Ta €ICKTPO(I3UIHUX BIACTUBOCTEH, 30HU HATpiBY MPH MiHIMaIBHIX
SHEePreTHYHUX 1 MaTrepiallbHUX BHTpaTax. 1oOMy BHHUKa€E HEOOXIJHICTh MOTTHOJIEHOTO
BHBYCHHS JAHOTO CIIOCOOY BIJIHOBIICHHSI CHpPAIlbOBAaHUX pPOOOYMX ITOBEPXOHb JeTalieit
WTIHAPHYHOT POPMU 3 BUKOPUCTAHHSM CTPYMiB BUCOKOT YacTOTH.

Metorw naHoi podoTH € POo3pOoOJIEeHHS MaTeMaTHYHOI MOJENi Ui BU3HAYCHHS B
obnacti JeTani TeMmIepaTypHOro TOJs, sIKe HEOOXiTHO 3a0e3MeUuTH Mepell 3aTHuBaHHIM
piAKOro MeTady B TEXHOJOTIUYHWHA THredb. Mojeiah MOBHHHA Tiepea0dadaTH BIACTUBICTh
MaTepialliB BTpayaTH MarHiTHi BIACTHBOCTI NPH JIOCATHEHHI Jesikoi Temneparypu. Pozmosin
BHYTPIITHIX JUKEepeNl TeIula 3ajJeXHATh BiJl PO3MOJTY TeMIepaTyp B oOyacTi meTanmi. 3a
JIOTIOMOTOI0  pO3pOOJICHOT MaTeMaTHUYHOI MOJIENi MPOBECTH JOCHIJKEHHS BIUIMBY HU3KH
(akTOpiB Ha XapaKTep TEMIIEPATYPHOTO ITOJIS.

Metoau i pe3yabTaT 10CHiIKeHb. J[JI51 BITHOBJIEHHS CIIPalbOBAHOI HUIIHIPUIHOT
JeTalTli CIMiJ ii HArpiTH IO TIOBEPXHI JO JEesSKOI HeoOXiMHOI (3 TEXHOJOTIYHHX MipKyBaHB)
TemIepaTypu. BpaxoByroun To# (akt, 1o MuIiHApHYHA AeTallb TOCUTh MAacHUBHA, il MOXHA
OJIHOYACHO HArpiTH IO BCHOMY IEPHMETPY TUIBKH 3a JOIMOMOTOK0 IHIYKI[IHHOTO CTpyMYy,
skuil OyJeMo TeHepyBaTh 3a JOMOMOTOK OaraTOBUTKOBOTO KiTBLIEBOTO 1HIYKTOpa, IO
OXOILTIOE CITpaIlbOBaHY JIeTalb Ha JISAKiH BijcTaHi BiJ ii moBepxHi. TeMIepaTypa moBepxHi Ta
il po3moIi y rIuOuHy 3aj1eKarth Bij yacy HarpiBanHs ° i eHeprii £, sxa nepenaeTscs merani
3a med yac. Posmonin eHeprii BHYTpIIIHIX JDKEpel Temja 3aleXUTh BiJ pPO3MOILLY
TEMIIEpaTypu B 00JIaCTi IeTaTi.

[Ipm HarpiBaHHI CTaJli 3MIHIOETHCS 11 MATOMHU OIIp p 1 MarHiTHa IPOHUKIIUBICTH

. Tlatomwmii omip 30UTBIIYETBCSA 31 3POCTAHHSAM TEMIIEpaTypd OO TOYKH MarHiTHHX
nepeTBopeHsb (Temrneparypa Kropi, 7, ~ 755°C ). 3 moganbeImuM 3poCTaHHAM TEMIEPATypH OIlip

3MEHIIY€eThes 1 pu Temmeparypi monan 800°C BiH Maiie MOCTIHHMIA 1 OHAKOBHHA AJIS BCiX
craneif. Y mpomikky a0 800°C muTOMHil omip 30UIBIIYEThCS Maiike B IT'SITh pasiB, a MpH
T > T, moxHa BBaXatd, o p=p, =10°0m-m.

MarniTHa TPOHWKJIMBICTH C1a00 3aJICKHUTH Bij| TeMIIEpaTypy MPHOIU3HO JO TOYKH
Kropi, miciast 9oro mBHIKO 3MEHIIYETHCS 0 MarHiTHOI IIPOHUKJIMBOCTI BaKyyMy. BBakaroTb,
SIK TIPaBHJIO, IO MarHiTHA MPOHUKIIUBICTH 3MEHINYEThest cTprOKkoM. Jlo Temmeparypu Kropi

Bi[HOCHA MarHiTHa NPOHUKIMBICTH I cTamedl mpuOmM3HO nopiBHIOE A= 16 Tlicna
nepexoy Touku Kropi p=1.

OCKiTbKY pajilyc HWITIHJIPUYHOI JieTall BEJTUKU, a IHIyKTOp, SKUI OXOILIIOE JIeTallb,
€ TapajJellbHAM JI0 MOBEPXHI JeTalli, TO eJCKTPOMAarHiTHy XBHIIIO, SIKYy T'€HEpY€E 1HIYKTOp,
MO’KHA BBa)KaTH MapajiebHOIO 10 TOBEPXHi i MPpUOIN3HO BBAXKATH IJIOCKOIO XBUIIEHO [4].

B po6ori [5] 3HaiiaeHO BiAMOBIIHY MaTeMaTHIHY MOJIETh JUISl BU3HAYCHHS ITUTOMOT
MOTYXXHOCTI TEIJIOBUX JDKepel B o0NacTi JeTali, KOJW Temmeparypa y BCiid jgeraini
nepeBuInye Temmeparypy Kropi. [TaToMy mOTyXHICTh TEIUTOBUX JKEpes Y BCil JeTalli MOJKHA
3amucaty y BUTISIL [ 5]

W =W,()U (=0 +[W, U (5 =)+ W, U, (e=x) [ [U. e =0 =U_(,,-0] (1)

ne U, i U — acumeTpuuHi oanHIYHI QyHKIIT, IO BU3HAYAIOTHCS 3a (HOPMYJIaMH
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I, mpm x>0,
U.(x)=40.5%0.5, npu x=0,
0 mpu x <0,

Jie ¢, — Jac TMosBH 0o0JacTi, mporpiroi Buiie Temneparypu Kiopi; 7 — moBHHI 9ac HarpiBy;
0<x<x,(¢) — obmacTp, B sKiif TeMIIepaTypa nepepuIye remneparypy Kiopi.
[TrToMi MMOTY)KHOCTI TEIUIOBUX JDKEPET BU3HAYAIOTHCS 3a hopMyiamMu [5]

N2]2 e—2k‘(x—x0)

WO = Zﬂ'ﬂoﬂ]f 2
WK e Mi+M;
1 me
noMNCEN; @)
w. :k22 H2 M122+M222
2

7o N12+N22 ) 3)

. . o,
Jle @ — KpyroBa 4actora; y, = 4z 10~ I/ — maruitHa noctiitna; g = |27 4y
M 2

. . . . 1 o
— B1AHOCHA MarHiTHa IPOHUKHICTb MaTeplaly, ¥, =-— — IHMTOMa IHPOBIAHICTD, CUm / M; p—

1

mutomuit  omip, Om-M, (i=1 B obmacti 0<x<x,/(f) i i=2 B obmacti x>x,(f));
N-1-\2 . . : .
H, =————, N — KUIBKICTb BHUTKIB IHIyKTOpa; / — CTpyM B IHIYKTOpl, a — BHCOTa
a
IHIYKTOpA.

M, = (14, Je W eose(x) - (1=, Je ™ cosd(x),
M, = (14, )W sine(x) = (1-uy, ) sind (x),
N, = M,(x,), N, =M,(x,),

M, =2me " cosk,x; M,, =2/ e sink,x,

c(x)=(k, —k)x, +hx; d(x) =k +k)x, —kx.

Hanani BBakaetbes [6], 1m0 TeMmepaTyponpoBiHICTh MaTepialy Aetani a i Horo
TEIUIONIPOBIIHICTh A € MOCTIHHUMHU 1O BCii HOro o6iacTi Ta JAeNio BUIIMMU BiJ] THX, IO € Ha
TPaHUI X =X, MDX ()epOMarHiTHOIO Ta HedepoMarHiTHOIO 30HaMu. Take mpesCTaBIeHHS €

IpUOTM3HAM, ajle BOHO J[a€ TEXHIYHO JOIYCTHMI Pe3yIbTaTH.

Bbynemo mozxemroBatu getans HECKIHYEHHHM MIapOM TOBIMMHOIO /H , moBepXHS X =0
SIKOTO HarpiBaeThcsi HECKIHUEHHUM IIJIOCKUM 1HIYKTOPOM, PO3MIIlEHUM Ha AesKiil Onm3bKiit
70 1€l TOBEepXHI BiJACTaHI. B pe3ynpTaTi NpOTIKaHHS I1HAYKIIWHAX CTPYyMIB y JAeTaii
BUHUKAIOTh JDKEpela JDKOYJIEBOTO Teljla, IHUTOMAa TMOTY)XHICTh SIKUX BHU3HAYAETHCS
dopmyamu (1)—(3).
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PosrnsiHemMo cnoyatky mpoliec iHIYKIIHHOTO HarpiBy JeTaii it MPOMIKKY dacy
0<t<t,. Tomi muTOMa MOTYXXHICTH JUKEped JKOYJIEBOrO TeIja OMHCYETHCS (YHKIIEO

W,(x) 1 TemmeparypHe IOJI€ B JIeTali ONUCYEThCS TU(epeHIlIaIbHIM PIBHIHHIM [7,8]
oT” 0T a

——a —

ot ot A

W, (x)
: 4

Ha moepxni nmerami x=0 Mae wmiclle KOHBEKTUBHUHN TEIJIOOOMIH i3 30BHIIIHIM
cepeIoBHINeM, a rpaHuIlo mapy X =1 BBaaeMo TeII0i30Ib0BAHOI0, TOOTO

oT* .

——hT"=0 mpu x=0, 7°=T-T, (5)

ox
oT"
—=0 npu x=H . (6)
Ox

a .. . . .
Tyr h = ; a — koedimient TtemnoBigmaui; 7, =const — Temmeparypa 30BHIIIHBOTO

CepeIoBHIIIA.
B moyarkoBuii MOMEHT dYacy TeMmIieparypa B JieTalli JOPIBHIOE TeMIleparypi
30BHIITHBOTO CEePEIOBHIINA

T" =0 npu t =0. (7)

Po3B’s30k 3amaui mrykaemo 3 BHKOpUCTaHHSM MeTony Dyp’e. Ilomamo po3B’sizox
OJTHOPITHOTO PIBHSIHHSI Y BUTJISI

T,=6()-X(x).

JIiis 3HAXODKEHHS BIIACHUX (PYHKINIH 3a/1a4i 0 ¥ OTpUMYEMO PiBHSHHS

2
d )2(+v2X=O ,
dx

(®)
3arajbHUM po3B’SI30K SKOTO TaKUI:

X =C, cos(vx)+C, sin(vx) .

VY pesynpTaTi 3a70BOJICHHS TPaHWMYHUX YMOB 3amadi (5), (6) oTpumaemMo BIacHi
GyHKIIT 3a1a9i y BUTIISAL

h .
XJ, =CosV X +—sinv,x,

Vi

Jie BJIACHI YMCIIa v, € KOPEHSIMH XapaKTEPUCTHIHOTO PIBHAHHS

W) =2 ©)

Poskmanemo W, (x) Yy Pl 32 BIacHUMH QyHKUisMH 331849l X | .
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Wy(x) =D w, X, (x). (10)
=

KoeimieHTH po3Kitaay MarOTh BATJISIT

)X, (x)dx,
" IIX ||
H 2
e x| = ! Xﬁ&:ﬁ H(v; +h2)—vf2'2V_h sin2v, H +2hsin’ v H |.
J J

Tenep po3B’ 430K HEOHOPIAHOTO PIBHAHHS (4) IIyKa€MO y BUTJISII

T =2q (1)X (x). (1)

[TincraBusimm B (4) Bupa3s (11) i popmyay (10), orpumaemo

0

de. a <
) dxz‘/ :Z;W‘/X/ :

J=1

BpaxoBytoun piBHSHHS (9) [Uist 3HAXO/DKEHHS 0, (1), OTPUMYEMO PIBHAHHS

dej 20 _ﬁ
dr T T
, (12)

PO3B’SI30K SIKOT'O, 1110 33J0BOJIbHSIE I0YATKOBY YMOBY (7), Ma€ BUTJIS

0,(1)= ;”V (1-¢)

Takum unHOM, po3B’s130K 3anadi (4)—(7) Takuii:

1 2 W V .
T" (x,1) EZ—Z( )(cosvjx+tgijsmvjx)
=Y (13)
PosristHemMo nporiec HarpiBy Ha MPOMIXKKY 4acy f, <t <7 . Tozi muTOMa MOTYXHICTh

JDKepesl  JDKOYJIEBOTO — Tella  OmUCyeTbess  QyHKmiero  W(x)=W(x)-U_(x, —x)+

+W,(x)-U,(x—x,) i TemmepaTypHe I0Je B JIeTali ONUCYETHCS TU(epeHIliaTbHIM PiBHIHHIM

* 2
ai—a 9 72 =W(x)
ot Ox _ (14)
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I'parnyni ymMOBH Ha 7, 3aJMINAIOTHCS TAaKMMHU K, K 1 B IToNepeHiil 3a1a4i, To0TO

oT, ‘
E_hT =0 ngpu x=0, (I'=T-T) (15)
oT,
—=0 mpu X = H (16)
a moyaTkoBa yMoBa Ha0y e BUIIISLY
T =T"(x.1 )—li&( )(cosv x+1gv Hsinv x)
Az V/2

,upu £=0- (17)

ToOGTo mouaTKOBa TeMmIlepaTypa B JeTalli Ha JPYroMy eTali HarpiBy JIOPiBHIOE
TeMITepaTypi, sika Oya JOCATHyTa Ha KiHellb [TONIEPeIHBOTO eTaly HarpiBy.

Po3p’s30k 3amaui (14)—(17) mykaemMo aHAJIOTIYHO, SK 1 JUIA MOTEPEIHBOTO €TaIry
HarpiBy. Jlerko 6auntu, mo BiacHi GyHKIT 3a7a4i Mo X 3aJuIIaThCs HE3MIHHUMU 1 PO3KIIAL
MUTOMOI MOTYKHOCTI W (x) 3a HUMU HaOy/ie BUTJISTY

= : (18)

W, = ”Xl ; IW (x) X, (x)dx

Jist 3HaxopKeHHs QyHKUIH 6, (1) OTpUMaEMO PiBHAHHS

do. 5 a_
dtj +av;0, :zwj,

3arajbHUN p03B,$I30K SAKOI'o

Qm:zl
3aranpHuiA po3B’ 130K 3a1a4i (14)—(16) 3anummemo

2 .
i (cos v, x+1gv Hsin ij).

1 xtzz

Jj=

3a/10BOJILHUMO TTOYaTKOBY YMOBY (17). V pe3ynbTari A MOCTIHHUX IHTETPYBaHHS

1 —av’t, —

3HauaCMO D/ = T W, (1 R )_ W, | ¥ OCTaTOYHO IIyKaHUU PO3B’s130K HalOy1e BUTISILY
« v . «

J
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1< W, —av} w —av? —av? .
T, (x,t)—zz V—;(l—e f’)+V—§(1—e f"')e ! (cosvjx+thszmij)
=LY ,- . (19)
T, °C
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Pucynok 1. 3anexHicTb Temneparypu B netani 7' Bin Oikyuoi KOOpJMHATH MPH TPUBAJIOCTI HarpiBaHHS
7 =600 ¢ i IpH pi3HUX 3HAYEHHSX YaCTOTH CTPyMy f B MpoLeci 10CATHEHHs Ha 00011 Kojeca TeMnepaTypH

T =1450°C, konu iHIyKTOp Mae N =7 BHTKIB

Figure 1. Dependence of temperature in part 7 on traveling coordinates during heating time
7 = 600 s under different values of frequencies f while reusing temperature 7" =1450 °C,

on the rim of the part when the coil has N =7 turns
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PucyHok 2. 3aJe)XHiCTh TeMIepaTypu B netaii 7' Big Oiky4ol KOOpIMHATH NPH Pi3HAX 3HAYCHHAX TPUBAJOCTI
HarpiBaHHA 7 HayactoTi f =1000 'y mpu cTpymi / =2000 A, xonu iHAyKTOp Mae N =7 BHTKIB

Figure 2. Dependence of temperature in the part 7" on traveling coordinates at different values of heating T
under the frequency f =1000 Hz at current / = 2000 4, and the inductor has N =7 turns
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3 momomororo ¢popmyiu (19) 3HAXOAUMO TeMITepaTypy B AeTali B OyAb-IKUH MOMEHT Yacy i
y BCIX TOYKaX JeTalli y BHITAJIKY, KOJU TeMIlepaTypa B YaCTHHI JIeTall IIePEBUIIYE
temreparypy Kropi, a Takoxk po3B’s3yeMO LTy HU3KY 3a/1a4, TIOB’I3aHUX 3 HAIPIBOM JIeTali 3
METOIO CTBOPEHHS TEMITEPATypH, CIIPHUSTINBOI IS HOTO HAPOIITYBaHHSI.

3a momomororo Gopmyau (19) mocmimkeHo TemmepaTypy B jgerani (puc.l) mpwm
TpuBajocTi HarpiBaHHS 7 =600 c, KUTBKOCTI BUTKIB iHAyKTOpa N =7 U pi3HUX 3HAYCHD
YaCTOTH CTPYMY B TIPOIECi JIOCSITHEHHS Ha TMOBEPXHI MUJIIHAPWYHOI JEeTall TeMIepaTypu
1450°C. 3 rpadikiB 6aunMo, 110 B HaBEJCHUX BHUIAJKaX TeMIlepaTypa B JAeTall IMOYUHAE
3poctaru mipu x =0,30 M, a KOOpAWHATA TOYKH HA CTUKY JIeTali i oci gopiBHIOE x =0,3675 M.
ToOTo B il ToUIll TeMIlepaTypa Ime He 30UIBIIYEThCS, ale BXKe IMOTPIOHO BXKHBATH 3aX0JU
JUTSL HEJIOMYIIeHHS 11 3pOCTaHHs, 00 MiCJs 3aJMBaHHS PO3ILIABICHOTO METaly B YTBOPEHHIA
TUTEITb TEMIIepaTypa B JIeTali MOXe 301JTbIITyBaTHCS.

3 puc.2 GaunMo, IO TeMIlepaTypa Ha IMOBEPXHI JeTalli 3pocTae Tpu 30LIBIICHHI
TpuUBaJOCTI HarpiBaHHs. Skmo B iHaykrtopi 3 wyacrtororo f =1000 ['m Ta crpymom

I, =1800 A, N =7 3a gac 100 ¢ pocsiraetbcst Temmeparypa 900°C Ha moBepxHi, TOAL NPH

x=0,115 m Bona nopiBHtoe Timbkr 50°C. fxmo mpu 7 =700 c Haibinpma TeMIepaTypa
T =1520°C, T =50°C nocsiraetnes mipu x = 0,245 M.

BucnoBku. [1o6y1oBaHo MaTeMaTHUHy MOJIENTb CTBOPEHHSI TEMIIEPATypHOTO TOJS Y
BHITAJIKY, KOJIM B yCiif 00J1acTi 3HOMEHUX pOoOOYMX MOBEPXOHB TiJ OOCpTaHHS TeMIleparypa
nepeBuinye Temneparypy Kropi. TemmepaTypa CTBOPIOETBCS B JeTalli 3 METOK 3MEHINCHHS
rpajJiicHTa TeMIIepaTypd IICIs 3aJMBaHHS PO3IUIABICHOTO METaly B CTBOPEHHWI THTEh 3
METOI0 HApOIIyBaHHS JIeTali Ta IMOKpaIleHHs Judy3ii po3IUIaBIeHOTO METaly B Marepial
TiNa oOepTaHHs. 3HANJAEHO AITOPUTM BH3HAYCHHS TEMIIEPATYpPHOTO IMOJISL B Tl 0OepTaHHS,
IO CTBOPIOETHCS 1HAYKTOPOM, MPOBEJCHO HOTO JOCITi/DKEHHS B IPOIECi JOCATHEHHS Ha
moBepxHi Temmeparypu 1450°C mpu pi3HHX dYacax HarpiBaHHS Ta pPI3HAX 4YacTOTaX.
OtpumMano (GopMysu sl BH3HAYEHHS MOTYXKHOCTI TEIUIOBUX JDKEPEN, IO BHTPAYAETHCS
BJIaCHE B TLJTI 0OepTaHHS Ha HOTO HArpiBaHHS Ta JOCIIJDKEHO i1 3aJIe)KHO BiJI YaCTOTH CTPYMY,
CWJIH CTPyMy U Yacy HarpiBaHHs. [loka3aHo, 10 31 3pOCTaHHSIM YacTOTH TOTYXKHICTB 1 CHIIa
CTPYMY 3HIDKYETHCS, HAIPABISIOYUCH J0 SKOICh (3HAWIEHOT) BETHMYMHU (TOOTO MPOXOJHUTH
HacWYeHHs). 31 3MEHINCHHSM dYacy HarpiBaHHS HEOOXiJHA MOTYXHICTh 1 CHJIa CTPyMY
3pOCTalOTh. Y CTaHOBJIEHO, IO JJIsl pO3pOOJICHHS TEXHOJIOTiH HapoIlyBaHHS CHpPAlbOBAHUX
poOOYNX TTOBEPXOHB TiJI 00EPTaHHS 3 METOIO PEMOHTY HEOOXITHO HArpiTH HOTo MiATOTOBJICHY
TtopreBy uactuHy 10 1300-1450°C 3 MeTor0 MiATOTOBKM TEXHOJOTIYHOTO THUTENS [0
3aJIMBaHHS B HHOTO PO3ILIABICHOTO METaTy Ta TOJAIBIIOr0 OCTHTaHHS OCHOBHOTO MeETalTy
pa3oM i3 3aTUM MeTalioM y turellb. [Ipudomy mpu 1450—-1600°C stk 3aimmaTHit pijkuii MeTadl,
TaK 1 MATOTOBJICHUN HA I'paHUIl MK HUMH OCHOBHHMM MeTan OyIyThb y piAKOMY cTaHi U y
CKJIQJIi PiKOro MeTairy i aycreHiTy. ToOTo OyAyTh CTBOPEHI YMOBH JUISl iXHROTO B3a€EMHOTO
nepeminryBaHHs Ta au¢ysii, mo Oyae copuatd IXHboMy JilicHOMY 3'eqHanHIO. Take
MoTepe/IHE  HarpiBaHHS  HEOOXITHO BHUKOPHUCTOBYBAaTH JUIsl  peaii3amii  TEeXHOJIOTil
BHATOTOBJIEHHS OaHaka 3 HEOOXI1THUM HATSITOM.

Conclusions. Mathematic model of creation the temperature field for the case, when
within all area of worn working surfaces of folding bodies the temperature exceeds the Curie
temperature, has been built. The temperature is created in the part to reduce the temperature
gradient after pouring the molten metal in the designed crucible in order to recuperate parts
and improve diffusion of the molten metal in the material of the rotating body. The algorithm
for determining the temperature field in the rotating body, created by the inductor, was found
and its research during the temperature growth to 1450°C at different heating times and
different frequencies was conducted. Formulas for of heat sources power, which is spent in
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the rotating body itself for its heating, have been obtained and its dependence on the current
frequency, current and heating time is researched. It is shown that with the increase of
frequency the power and current strength decreases, approaching some (found) value (that is,
saturation takes peace). With the decreas of heating time the power and current strength
increase. It was established that for the development of technology for recovering of worn
working surfaces of rotating bodies in order to recuperate them it is necessary to heat the
prepared end area up to 1300-1450°C in order to prepare technological crucible be filled nith
in it the molten, metal cooling of the base metal with cast metal in the crucible is followed. At
the temperature 1450-1600°C both filled liquid metal and prepared on the border between
them base metal being in the liquid state and in the amount of liquid metal and austenite. That
is, the conditions for their mutual mixing and diffusion will be created to promote their
joining. Such pre-heating should be used to realise the manufacturing technology band with
the necessary pooling.
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