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Beryn

Meranu, HamiBOPOBIMHUKH, OiNBIIICTh  1HIIMX
MaTepialiB y TBEpJIOMY CTaHi IepeBakHO (PYHKIIIOHYIOTh
B yMOBax 3MIHHHX Temmeparyp. B  mpomeci
BHIOTOBJIEHHS  a00  BIJHOBJCHHS BOHHM  TaKOX
MAnaoThcd 3MiHHIA TemmoBit  mii. Ilim BIuIMBOM
TEMIEPAaTypHUX  KOJHMBAaHb, BHACHIJOK  TEPMIYHUX

HaIpy’>keHb, 3yMOBJICHHX TEMIEPaTypHUMH TPaTi€HTaMU
Ta (a30BHMHU MEPETBOPEHHSMH, BIACTHBOCTI MartepialiB
MOXYTh HE 3BOPOTHO 3MiHIOBaTuCS. MiciieBe TemsioBe
HEepiBHOMipHE PO3LIMPEHHS 3aKPIIUTIOETHCS
Judy3iiHAMA  TIOTOKAaMU BakKaHCid 1 JIHCIOKOBaHHUX
aTOMIB, IO IPU3BOAUTH, KPIM MaKpPOCKOMIYHOi 3MiHH
dbopMu Ta po3MipiB, 10 (QOPMYBaHHSI B KIIOYOBUX
MOBEPXHEBUX IIapax Marepialy HOBHX (I3UYHHUX
BJIACTHBOCTEH, YacTo HeOaKaHUX.

TepmonmkiigHa 00poOka MeTaliB, 30KpeMa CTaJeH,
NPUBEPTAE yBary Cy4acHUX JOCHITHUKIB B KOHTEKCTI

BUCOKOIHTCHCHUBHHUX  IMIYJIBCHHX TEXHOIOTIH, IO
JO3BOJSIFOTh ~ TpHUCKOpUTH a3y  oOpobku  abo
3eKOHOMHTH BUTpatH pecypciB [1,2]. 3'sBuserscs

MOJXKJTUBICTh MiJBUIICHHS BCTAHOBJIEHUX BEPXHIX MEX
HarpiBaHH#A, iHTeHcu¢ikanii an¢ys3iliHUX mpoIecis,
MpOCTOi  peryismii TEemIoBHX MOTOKIB. IMITymbCHY
EHEepreTUYHy [0 JErKO BIITBOPUTH B paMKax MiCIIEBOI
TEPMOOOPOOKH 3 BUKOPUCTAHHSIM JOCTYITHHUX JIOKATbHUX
JOKepeT eHepril.

Yitka TeMrmepaTrypHa 3yMOBICHICT AH(Y3IHHIX
MOTOKIB, (a30BUX IEPETBOPEHb NOTpeOye BHSBICHHS
3aKOHOMIPHOCTEH HECTAIllOHAPHOTO TEeMIIEPaTYpHOTO
nois B IIOBEPXHEBOMY Iapi MeTaly B yMOBax

IMIYyJIbCHOI ~CHEpPreTHYHOi [Hii Ha TOBEPXHIO JUIA
NPOBEACHHS BHBA)XEHOTO II0 TOYKOBOI'O BIUIMBY Ha
JlaHUi wap.

Jns MBUIKOIUIMHHHMX HEPIBHOBAXHHUX IIPOIECIB B
YMOBaxX JIOKQJIbHOTO HAarpiBaHHA 1 OXOJOKEHHS
MOBEPXHI ~ METally  eKCIIEPUMEHTAJbHO  BU3HAYMTH
TeMIeparypy, MIBHIKOCTI ii 3MiHH, IiHIII HapamMeTpH
TEIJIOBUX IMOTOKIB Ba)KKO. MaTreMaTHyHe MOJIC/IOBaHHS
JOCIHIDKYBAaHMX SIBUIL 3HAYHO CIPOLIYE OJCpIKaHHS
pe3yNbTaTy, EKOHOMHTh Yac Ta PECYpPCH.

B ymoBax mnepioguuHOi 3MiHM TeMmepaTrypu Ha
MOBEPXHI CEpelioBUIIAa B paMKaX HaIiBOCCKOHEYHOI
OTHOPIMHOI MOAETI, aHANITHIHHN PO3B’SA30K PIBHSIHHS
TEIUTOTIPOBITHOCTI B OJHOBHUMIPHOMY HAONIDKEHHI, MpH
JIOCTAaTHBOMY BiJJAJICHHI BiJ IIOYaTKOBOTO MOMEHTY i,
NpU3BOAUTH 110  (GOpPMYBaHHI B CEpEIOBHIII
TEeMIIEpaTypHUX XBHJIb 3 €KCIIOHEHIIaJbHO CIaJal0vy0i0
aMIUTITYI00 1 cTanor (a30Bo MBUAKICTIO [3, C. 242],
[4, c. 178].

Jana 3amava (3amaya ®yp'e) B yMoBax 0OMEKEHOTO
CepeloBUIIa TAaKOX Ja€ PO3B'S30K Yy  BUIILAAL
rapMoHiuHOT (GyHKIIT abo cymeprno3uiii rapMoHik [3,
C. 242].

AJie BKa3aHi pe3yNbTaTH, OAepKaHi 0e3 IMOYaTKOBUX
YMOB TIpOIlECy, HE OXOIUIIOIOTh TEMIIEPaTypHi OIS
MOYaTKOBOTO IHTEpBay Yacy EHEepreTH4Hoi nii, sKi €
MPUHITUIIOBUMH TS IMITYJIBCHOTO PEKUMY OOPOOKH.

JIJ1s aHaNMiTHYHOTO KOHTPOJIIO AWHAMIYHUX MPOLECIB
TeIuIonepeiadi B TOBEPXHEBOMY Iapi MeTaly MpH
IMIYJIbCHIA eHepreTHuHiN Aii Ha NMOBEPXHIO HEOoOXiaHa
MOCTaHOBKa JKOPCTKMX TpPaHUYHUX YMOB 3ajadi. B
poGoTi [5] maHe oGIpyHTYBaHHS BiMMOBiIHOI Momewi i
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JOCTI[UKEHUH  PO3MOIiN  TeMIepaTypd B  CHCTEMI
“MeTan — migkaagka’ B yMOBaxX JIIHIHHOTO 3pOCTaHHS
TEeMIlepaTypd Ha TIIOBEPXHI €HEepreTH4yHoi nii mpu
(bikcoBaHiil TeMmepaTypi MiAKIAAKH. BigMidaeTscs pict
BIAXWJICHHS TEMIICPAaTypHOTO MO BiJ PIBHOBa)XHOTO
po3moiTy 3 3pOCTaHHAM IIBHIKOCTI HArpiBaHHI
TOBEPXHI.

AHami3 3aBepIICHOT0 IMKIY TeIJIoBOi [ii, mIo
CKJIaJaeThCs 3 €JNEeMEHTApHMX aKTiB HarpiBaHHA Ta
OXONIO/DKCHHST ~ NPOJIOBXKeHW B poGortax  [6, 7).
HepiBHOBakHUIT ~ XapakTep TEMIEPaTypHOTO  IOJA
ICTOTHO TIPOSBIISIETHCS MPU IIBUAKOCTIX TEPMOOOPOOKH
nonan 100 K/c.

Bxkazani poOoTH Jar0Th JHIIE TONEPEaHi pe3yabTaTH
HepioANYHOI TEIIoBO1 i Ha IOBEpXHEBUH IIap MeETaly,
NOCTIIBKM BOHM HE OXOIUTIOIOTH PE3yNbTyodoi il
CYKYITHOCTI [HUKIIB Ta MOJCIIOIOTh TeMIepaTypHHI
BIUIUB 32 JOINOMOIOI0 JUCKPETHHX JIHIHHHX, a He
TapMOHIYHHUX (DYHKIIIH, [0 3HAYHO CIIPOLIYE aHAII3, aje
BiJIaJIsI€ BiJ PEabHOCTI.

|. IlocraHoBka 3amaui

Meta poOOTH — aHANITHYHE MOCIKCHHS OIS
TEMIepaTyp OIHOBHMIPHOI OIHOPITHOI MeETaJigHOL
MOZeNli KOHEYHOI NOBXKHHH | B yMmMoBax mepiogndHoOl
(cuHyCOinansHOT) eHEPreTUYHOI il 3 3aJaHOK0 YaCTOTOO
o Ha ii OJHY, aKTHBHY, MOBEPXHIO 1 MIATPUMII CTajOi
TeMIepaTypd Ha iHIIINA, TpaHWYHIA 3 MiJKIAIKOIO,
noBepxHi. B mpormeci eHepreTmyHOi Aii Ha aKTUBHY

TeMmIeparypa MOBEepXHi, A — aMILTITyla TeMIIepaTypHUX
KOJINBaHb Ha TIOBEPXHi.

IlocraBneHa MeTa 3BOAUTBCS JO  PO3B'A3KY
OJTHOBHMIPHOTO PiBHSHHS TEILIONPOBITHOCTI
T T
I _ 1T )

Mt x?
ne T'= T(x,t) — remneparypa B 3pa3ky, t —yac 06podKu, x
— BIACTaHp BiJ MOBEPXHI OOPOOKHM Yy HAMPSIMKY IO
MAKIaaKH, az- Koe(illieHT TeMIepaTyponpOBiTHOCTI
OJIHOPITHOTO MeETally, 3 BIiAMOBIMHUMHU JOJATKOBUMU
YMOBaMHU:

m(t) =T(0,t) =T, + A- Acoswt, )
m () =T(1)=T,, ©)
- FPaHU4HI YMOBH 3pa3Ka,

P (0=T(x0)=T,- 1ilzyx. (@

- TIOYATKOBUH PO3MOIT TemrmepaTypu B 3pa3Ky

(piBHOBaXXHUIi po3moxin 3 Temneparypamu 1, npu x=0 i

T, mpux=1).

1. Pe3yabTaTn iXx 00roBopeHHs

Po3p’s30k  mocraBieHoi  3ajadi  IIYKaeEMO B
CTaHJapPTHOMY BHUTJISI
T(X,t) =u(x,t) +v(x,t), (5)

e U(X,t) — 0azoBa momomixkHa (YHKIisI, sSKa 3a1a€

MUTTEBUI pIBHOBAXHHM pPO3MOAIT TeMIepaTypu B

MOBEPXHIO 3pa3ka il  TemmepaTypa MEpiOJUIHO a0a3K
3MIHIOETBCS BiI MiHIMaJIBHOTO TeMIepaTypHOTo piBHS T ALY,
0 MakcuMmaibHOro piBHsA 71+24, ne 7; — movaTkoBa
X X
u(x,t) =m(t) +|—[rr5(t) - m(t)] =T, + A- Acoswt +|—(T2 - T,- A+ Acoswt) (6)

a n(x,t) — Iesika HeBimoMa (YHKINSA, IO Ma€ 3MiCT
imxunenns Bix U(X,t) .

OyHKIIA n(x,t) Ma€ HyJIhOBI KpaWoBI YMOBH i
BIIMOBila€ OMHOPIAHINA KpaiioBiit 3amaui [3, C.201] i

JIETKO 3HAXOJUTHCSA METOJOM PO3MOALTY 3MiHHUX [3, C.
202] y Burnsgi psiny
3 . pn
v(x,t)=gq vn(t)sml—x’
n=1

ac

w0 =g BRYa(e-1) 2, Oa

2

A 2
Capno
@

s 2 2
n(x,t)=-a —Aw
1pn ,U
&c—= a( tw
= I g

n=:

a f (t)- e xoedinientu ®yp'e dynxuii f (X,t) npu
po3kinazi i1 B psia o cunycam Ha intepsaii (0, 1):

FOot) = & fn(t)sinpl—”xi
n=1
|
£, (t) :lz(‘)f(x,t)sinpl—nxdx :
0

Micns pospaxynkis xoediuientis V (t) ta f (),

npoBefeHUX B pobori [8], omepkumo Bupa3z s
imxmnenns N (X, 1) :
€apn o’ uti
apno _, U ‘?ng+ a’ G  pn "
P22 a%tg+ € —2 sinwt - coswt Uy sin = x
€15 g ¢ @
€ ap
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B sKkocTi KOHKpeTHOro Mmartepiany wmojem Oyro
3aCTOCOBaHO 0a30BUil MeTaj sl LIMPOKOrO KIacy
TEXHOJIOTIYHUX 33729 — HU3bKOBYTJICIICBA CTAITb.

JocmimkyBaBcs MIUPOKHK  JTiamma3oH
EHEepreTUYHOT [il.

[louaTkoBHi  piBEHP  TEMIICPATypH  AKTHBHOI
noBepxHi 7; =550°C T1a po3max TemIepaTypHHX
xosmBanb 24 = 380 °C GyB oOrpyHTOBaHUIA B poOOTi [5]
i BIMOBIIaB TUIIOBUM PEXHUMaM TEPMOLUKITIOBAHHS [9 -
11]. Jns BuOpaHOTrO iHTEpBANY TEPMOIMKIFOBAHHSI
Koe(DilieHT TEeMIIepPaTypOIpPOBiTHOCTI HU3BKO
BYIJICLEBHX CTaleil craHoBuTh 6,9-10° M%c [5].

JloBxnHa 3pa3kiB MOAeNi BapitoBajach B Mexax 2-
20 MM (11 = 2 MM, |5 = 5 mm, |3 =10 MM, |4 = 20 mMm), 0
y3TODKYBAJIOCh 3 3a/aUaMHi MOMEPEHIX AOCTiKeHb [5],
[6], [7] i BiamoBigana HaWOiLIBIN 3aTPeOYBAHUM JETAIAM
Ta 3aroToBKaM, sKi 00pOOIIAIOTECS  JTOKATPHUMHU
eHeproHocismu. Ha#Oinpm iHQOpMAaTHBHEM 3pa3koM,
IO JaBaB HAWKpAIly PO3rOPTKY TEMIEPATYPHOTO TIOJS,
BBaXkaBcs 3pa3ok Iy = 20 mm.

ITepionndnicTh 00pOOKH BU3HAYAIACH IIBUIKOCTIMU
HarpiBaHHsS Ta OXOJOJDKCHHS aKTHUBHOI MmoBepxHi. Jlms
TPaHMYHUX IIBHAKOCTEH TEepMOOOpOOKH — Bim Iyxe
MOBUILHUX (=0,1 Klc) 10 BHUCOKOIIBHIKICHUX
( 1000K/c i HaBiTh 10 = 10° K/c), BiamoimHOo 10
BHOpPAHOTO PO3Maxy TCPMOLUKIIOBAHHS, MEPiOA MUKIY
moxe 3mintoBatuck Big 4000 c¢ po 0,4 ¢ (rpanudHO 0
0,4 mc). HukiniuHa yactota 0OpOOKH MPH LBOMY CKJIAIa€e
1,57-10'2 - 1,57 pan/c. JlocnipKyBanuch TaKOX MPaHUYHI
pexumu 3 yactoramu 15,7 pan/c Ta 15,7 10° pan/c.

Ho 3ajgaqd JIOCTI JIDKCHHS BiJTHOCHITHCE:
MiATBEPIKCHHS MepiOANIHOCTI TEMIIEPATYPHUX
KOJIMBaHb B MOJENI 1 1X BIAMOBIAHICTh BUXI1AHIN 4acTOTI,
BUSICHEHHS XapakTepy 3aTyXaHHs aMILTITy T
TEeMIIepaTypHUX KOJIMBAaHb 3 BiIJAJICHHSM Bijl aKTHBHOI
MOBEPXHI; aHai3 (a3 3ami3HeHHs! XBIJIbOBOI'O 30ypeHHs
TEeMIepaTypHOi XBUIIL.

B mexax mepiofy LUKy OIIHIOBAaJaCh BEIMYHHA
BIIXWJICHHS TEMICpaTypH B3JOBXK BCHOTO 3paska. [lis
KOHTPOJIO MU(Y3IHHAX MPOIECIB Y MOBEPXHEBOMY IIapi
Oyna BuOpaHa xapaktepHa Touka (D - Touka) Ha BigcTaHi
1 MM BiIl aKTHBHOI IOBEPXHi, B SKil BIACIIIKOBYBaJach
MOBEJIiHKa TEeMIEePaTypH B KOHTEKCTI CIPHUSIHHS HPOLiECy
HACHUYCHHS MOBEPXHEBOTO mapy JIETYI0YUM
KOMIIOHEHTOM, a TaKoX TOYKa MaKCHMalbHOTO
Bimxuienus: temneparypu (M - Touka), Onm3bKa 70
CepelMHM  3pa3ka, sKa  BUCTyNaja  KpUTepieM
30BHILIHBOTO TEIUIOBOTO BIUIMBY Ha 3pa3oK.

AHalizyBaBCcsl PO3IOMLT TEMIIEPaTypd B 3pa3Ky B
MepIr OUKIH TEPMIYHOI NIl Ha aKTHUBHY IOBEPXHIO i B
JIOCTaTHBO BiIAJICHI UKJIH, KOJU BETUYHHA BiIXICHHS
ctabimizyBanacs.

B 3amexxHOCTI Big MIBUIKOCTI HAarpiBaHHA —
OXOJIOJDKEHHS OYJIO BUALICHO YOTHUPU PEIKUMH OOpOOKH:
A-pexuMm - OIS ManuxX IIBHJIKOCTEH HarpiBaHHS

qacCTOT

~1Klc; B-pexum — I CEPEmHiX MIBHIKOCTEMN
~100K/c; C- pexuMm — sl BHCOKHAX MIBUAKOCTEH
~1000K/c; D -pexum — a8  HAAMIBUAKICHOTO
Harpisanns ~ 10° K/c.

Ha puc.l 1 puc.2 mnpuBemeHi pe3ynbTyrodi
KOJIMBaHHS B KOHTPOJIBHUX TOuYKax 3paska 14 mus C-
PSXUMY YHPOJOBX IepmMx IMKIiB. [loka3aHi Takox
BUXIZIHI KOJMUBaHHS Temmepatypu Ha moBepxHi T(0,t),
MHUTTEBI piBHOBakHI KonmuBaHHsS U(X,t) Ta BigXuicHHS
V(X,t) y BKa3aHHX TOUYKaXx.

Pucynku MiATBEPAKYIOTh MIEPiOANIHICTh
TEeMIIEpaTypHOTO TIOJIi TOBEPXHEBOTO IIapy 3paska,
3MEHILICHHS AaMIUNTyad Toyisi Ta 3pocTaHHs (asu
KOJIUBaHb 3 BIiAJAJCHHSIM BiJ AaKTHBHOI IIOBEpPXHI.
BimcmigkoByeTbcs TaKOXK MIAHOM  CEpeAHBOI  JiHIi
KOJIMBaHb Y HANpPSIMKY 1O PIBHOBa)KHOTO PO3MOALTY 3
temnieparyporo  740°C  Ha axkTHMBHIM 1OBepxHi, 3
BIJITIOBITHOIO CTA01Ti3aIli€I0 aMIDTITYAN BiAXMIICHHS.

[lo BigHOmIEHHIO OO0  BHUXIAHUX  KOJIMBAaHb
TEeMIIepaTypd HA AaKTUBHIH IIOBEpXHI  KOJIMBaHHS
TEeMIepaTypu B KOHTPOJBHHUX TOUYKAaX BiAOyBarOThCA 3
3ami3HEeHHAM 10 (a3i, 0 BU3HAYA€E MPOLEC MOUINPEHHS
TEMIIEPaTypHOTO  IMIIyJbCY B CEpeloOBHINI  —
TeMIeparypHy  xBuwiro B wertami.  IlIBumkocTi
TEMIIEPATYPHUX XBHJIb C Ta iX JOBXHHHU A B 3aJIEKHOCTI
BiJl pe)kuMy 0OpOOKH HaBeICHI B TAOIHII.

[Tapamerpu TeMITepaTypHUX XBHJIb
PO3paxoByBaNCh 1O 3ami3HeHHI pa3u B D-Toumi mst A-,
B-, C - pexxumiB 00poOKH Ta 10 3ami3HeHHi (a3u B TOUII
x=01MM jgnd  HAgWBHAKICHOI  0OpoOKH, IO
3YMOBITIOBAJIOCH AY)K€ LIBHIKHM 3aTyXaHHSIM KOJHMBaHb
B D - pexumi.

Sk BUIHO 3 TaONWIN, IIBHAKICT TOMIMPEHHS
TEeMIIEPaTypHOTO IMIyJbCy Y 3pa3Ky 3MEHILIYEThCS 3
3pOCTAaHHSIM IIBUAKOCTI TEpMOOOpPOOKHM Ha aKTUBHIH
MOBEPXHI Ta JEUI0 CKIAIHO 3aleXHUTh BiJl JOBXKHHU
3pa3ka, OCOONMBO Al TPAaHHUYHUX PEXUMIB OOPOOKH.
AHami3 HeCTalliOHApHOTO TIONS TEeMIleparyp B IHX
yMOBaX TIOKa3aB TIEBHUI KOHQIIKT MK BHOpPaHOIO
TOYHICTIO OOYMCIIEHb Ta OJECP)KAaHUMH pe3yIbTaTaMH.
MosknuBo, BHOpaHa ifeanizallis I'paHUYHOI YMOBH Ha
AKTHBHI MOBEPXHI IUITXOM KOHTPOJIIO TEMIIEpaTypu HE
30BciM JopeuyHa. Tomy, mpu mociimkeHHI D —pexumy
00poOKH, Iepexi B AKOCTI TPAHUIHUX YMOB IPOLIECY 10
€HEepreTUYHUX MOTOKIB MaTUMe NepeBary.

Harmsinue  300paskeHHST  XBHJIBOBOTO  IIPOLIECY
(MUTTEBMIA PO3MOJIT TeMIIEpaTypd Y3IOBXK BCHOTO
3pa3ka) Haf0imbll  BHPAa3HO  MPOSBIAETBCS  MPU
TPaHWYHUX TeMIepaTypax Ha aKTHBHIM ITOBEpXHI.
[IpencraBneHHs TeMIlepaTypHHUX IIOJIB HOBEPXHEBOTO
mapy 3paska Juist KpaiHiX TOYOK HarpiBy i OXOJOMKEHHS
AKTUBHOI TIOBEpXHI MmigBeno Ao inei rTpadigHOro
300pakeHHsI 00JIacTi 3MIHH TEMIEpPaTypH B 3pa3Ky IpH
PI3HUX IIBHIKOCTSX HArpiBaHHSA Ta OXOJOKCHHs (OISt
TEPMOLUKITHPOBAHUS).
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Puc. 1. Binxunenus temneparypu V(1,t), murtese pisHoBaxkHe U(1,t) Ta pesymnpryrode 7(1,t) konuBanHs
temnepatypu B D-touri 3paska |4 = 20 mm B ymoBax C-pexumy 06po6ku; 7(0,t) - BuximHi KoauBaHHS
TeMIlepaTypy Ha aKTUBHIH MOBEpXHI 3pa3ka.

1000
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o e (3, 1)
— 200 u@3, bl
== T(3,t)

/
_200(0 0|2 /04\06/08\1/
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\V/

-400

N\ ==
2\3/16

) Vg

t,C

Puc. 2. Bigxunenns temneparypu V(3,t), murteBe piBHOBaxkHe U(3,t) Ta pesynbryroue 7(3,t)
KOJIMBaHHS TeMIepaTypu B M-touni 3paska |, = 20 MM B ymoBax C-pexxumy o6pooku; 7(0,t) -
BHXIi/IHI KOJTUBaHHS TEMIIEPaTypH Ha aKTUBHIN MMOBEPXHI 3pa3Ka.

Jnsi 3HAXO/DKEHHS BKa3aHOi o007acTi B 3pasky
BUAUBUTUCH KiIbKa XapaKTEPHUX TOYOK: TOYKA aKTUBHOI
moBepxHi, D-Touka, M-Touka Ta iHIIN, - B SAKHX, Yy
BIJMOBIAHOCTI OO MIBHUIKOCTI TEIUIOBOI Aii, 3HAXOIWUBCS
po3Max KoJMBaHb (BEPXHE Ta HIDKHE 3HAYECHHS

TeMIepaTypy). 3HAYEHHS TPAHUYHUX TEMIEpaTyp Ui
3a3J]aHUX TOYOK 3’ €[IHYBAIUCH HEIICPEPBHUMH IiHISIMH,
sKi 1 popMyBasH TTOJIE 3MiHH TEMIIEPATYpU B 3pa3Ky L
JTAaHOT IIBUAKOCTI TEPMOOOPOOKH.

Ha puc. 3 mpuBeneHi BCi MOJsI TEPMOIMKITIOBAHHUS
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Tadauus
[TapameTpu TeMIepaTypHUX XBIIIb B 3pa3Kax B 3aJIEXKHOCTI BiJl pexXUMy 00pOOKH
Pexum 3paszok |; =2 mm 3pasok | =5 mm 3pasok I3 = 10 Mmm 3pazok |4 = 20 MM
06podxn ¢, MM/c A, MM ¢, MM/c A, MM ¢, Mm/c A, MM ¢, MMm/c A, MM
A 5,88 2350 3,13 1250 1,80 720 0,96 384
B 13,7 54,8 5,13 20,5 4,33 17,3 4,33 17,3
C 16,1 6,44 13,3 5,32 13,3 5,32 13,3 5,32
D ~ 300 ~0,1 ~ 300 ~0,1 ~ 500 ~0,2 ~ 500 ~0,2
1000 max-A
min-A
max-B
800 - min-B
=max-C
o min-C
8
5 600 -+ ¢ max-D
= ¢ min-D
400
200
0 1 2 3 4
X, MM

Puc. 3. [Tonst TepMOLMKITIOBAHHS TOBEPXHEBOTO Iapy 3paska |z = 10 Mm
B yMOBax A-, B-, C- ta D--pexxumiB 00poOKH.

MoBepxHeBOoro Imapy 3paska l3=10 MM B ymoBax
JOCTaTHBOI cTabimizarii mpomecy TermoBoi il (1 1wk
A-pexxumy, 24 nuxn B-pexumy, 48 uukn C-pexumy, 101
k1 D-pexumy), Koiu BimOyBa€ThCs BHPIBHIOBAHHS
(OHOBOT TemIiepaTypu KOXKHOTO LHUKIY 3 CEepelHbOI0
PIBHOB2)XHOIO TEMIIEPATYPOIO y3JI0BXK 3pa3Ka.

Sk BUIUIMBAE 3 pHC. 3, BIIOYBAETHCS Pi3Ke 3BYKEHHS
MoJisl TEPMOIMKIIOBAHUSI B HAOPSAMKY JIO TOBEpPXHi
eHepretuyHoi mii mpw 30iLmbmIeHHI 4YactoTm nii. Tak
HUKIIYHA [t A-peKUMY MPAaKTHYHO HE 3aTyXa€ B
MOBEPXHEBOMY MIapi, [Uis B-pexuMy TeMmIepaTypHi
KOJIMBaHHS TaKOX JOCTaTHRO e(pekTuBHI, y Bumaaky C-
PEXUMY TIOJIe TEPMOLUKITIOBAHUS CTATYETHCS 10 1-2 MM,
a Uil HaJAMBHAKICHOT TeMmeparypHoi mii (D-pexumy)
BUSIB TEMIIEPATYPHHUX KOJIMBaHb OOMEXYEThCSI INTHOMHOIO
~ 0,1 mm.

s Bcix 3paskiB OyB NpoaHaNi30BaHMH XapakTep
3aTyxaHHs aMIUIITYZ TEMIEepPaTypHOro IMIOyJibCy Y
noBepxHeBomy miapi. st npomiskaux (B-, C-) pexumis
00pOOKH HE 3alIe)KHO BiJ JOBXKUHH 3pa3KiB aMILIITyAa
TEeMIEpaTypHUX  KOJHMBaHb A TOYHO  BIAIOBiJa€e
CHIBBIHOIIIEHHIO

A= Ag ", (8)

JIe X — BiAJaJeHHS Bi aKTHBHOI MOBEPXHI B TIHOWHY

3pa3ka, Ag — aMIUNITYyAa KOJMBaHb TEMIIEPaTypH Ha
noBepxHi. KoediienT 3aTyxanus S npuiiMaB 3Ha4YCHHS
03Tal MM ® BignosigHo wis B — Ta C —pexumiB. s
TPaHMYHUX  pPEXHMIB  OOpOOKH  cIOCTepirajiuch
BIIXWJIEHHS BiJ BKazaHOi 3akoHOMipHOCTi. Tak nms
HalOUTBIT piBHOBAXXHOTO pexumy (A) BinOyBaeThCs
posmaposysauns koedirienta f Bix 0,05 10 0,7 mm'y
HaNpsSMKYy ~ 3MCHIICHHS  JOBXKHHH  3pa3Kka, IO
MIPOTHO30BAaHO OOYMOBIIIOETHCS CXEMOK JOCIHIIKECHHS.
Hus waiibinem  mBuAkoi  06pobku (D - pexum)
CIIOCTEpITa€ThCA 3HAYHE 3POCTAaHHS 31 3MCHIICHHSIM
JIOBXKUHH 3pa3KiB Koedimienta £ Bix 2,4 mo 34 um? 3
CYTTE€BUM BIiAXWICHHSIM Bix 3akoHomipHOcTi (8),
0COOJIMBO /7151 TOHKHUX 3Pa3KiB.

[opiBHIOIOUH pe3ynbTatu JIOCTIIKEHHS 3
po3B’si3koM  3amadi Dyp'e AnA  HamiBOpoOCcTopy O3
no4aTkoBUX YMOB [4, C. 178], 6yii0 BCTAaHOBJIEHO BUCOKE
CriBOamiHHS 1 KOehillieHTIB 3aTyXaHHs f, 1 MIBUAKOCTEH
TEeMIlepaTypHUX XBWJIb ¢ Ta IX JOBXKHH /A, UIO
MPUHIUIOBO. PO3XOMKEHHS BHUSABISUINCH y TPaHUIHUX
pexuMax OOpOOKH, KOJHM 3arOCTPIOBATHCH HPOTHPIUUSL
MK BHCOKOK HEPIBHOBAXHICTIO TMPOIECY, HOBUMH
KpalloOBUMH YMOBaMH Ta HEAOCTATHBOIO TOYHICTIO
YUCETHHOTO CKCIICPUMEHTY.

Ha puc. 4 a ta puc. 4 6 17151 HarJSIAHOTO 300paKEHHS
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1000- [0 800-1000
<>\ [0 600-800
400-600
800- “
@ 200-400
g
@®
a 600-
-
400-
- | =20 MM
I, MM
200+ |=5MMm
1 2 3 4 5 6 7
X, (1=0,5mm)

Puc. 4 a. Bepxusi rpanuiis moJisl TEPMOLMKIIFOBAHHS IIOBEPXHEBOTO IIAPY 3pa3KiB
I, = 5mm, I3= 10 mm, 14 = 20 mme ymosax C-pescumy obpobru.

0O 600-800

@ 400-600

@ 200-400

T, rpan

1 2 3 4 5 6 7

X, (1=0,5mm)

Puc. 4 6. HiokHs TpaHUIS IOJIS TEPMOLMKITIOBAHHS [TOBEPXHEBOTO MIAPY 3pa3KiB
I, =5 MM, I3 =10 MM, |4 = 20 MM B ymoBax C-pexxumy 0OpOGKH.

BucHoBkH
epexojy MoJisl TeMIepatyp B 6a30BHX 3paskax |, I3, 14,

Opu  TepiofMuHiil eHepreTHuHid Jii Ha iX aKTUBHY

| i / AHami3 HeCTaliOHApHOTO TOJII TEeMIeparyp B
moBepxHi0 B C-pexumi,  TOKa3aHi  ITOBEpXHI

YMOBaX MEPIOANYHOT CHEPreTHYHOI Mdii Ha IOBEPXHIO

MaKCHUMaJbHHUX Ta MIHIMAJbHHUX TEMIIEPATyp B 3pa3Kax B
3aJICKHOCTI BiJl BiZICTaHi IO TUTOIMHA €HEPTeTUIHOT Mii i
JOBXKUHH JOCHIDKYBaHHX 3paskiB. HaBemeHi moBepxHi
OOMEXYIOTh  peajibHe  IOJie  TEMIepatyp,  MIo
BIITBOPIOETECS B TOBEPXHEBOMY IIapi 3pa3KiB B
HIBUKICHUX YMOBaX TEPMOIIUKITIOBAHHS.

MeTaly IOKa3aB YTBOPSHHS B MOBEPXHEBOMY LIapi
MeTany TeMIepaTypHux XBWib. LIIBHAKICTB 1 Xapaktep
3aTyXaHHs 30ypeHb  TEMIepaTypH  BH3HAYAKOThCS
NPUPOJIOI0  MeTaly Ta LIBHAKICTIO TepMOOOpOOKH
noBepxHi. JloBK1HA 3pa3KiB B MOEJIHAHHI 3 TPAHUYHHUMHU
YMOBaMHU MiIKJIAJIKU Bifirpae ApyropsiiHy poib. Jlis
MIBUAKICHUX  PEXKHUMIB  INEPIOJMYHOI  €HepreTHYHOI
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@dopmyBaHHS TEMIIEPATYpPHUX XBUIJIb B YMOBaX IEPiOIUYHOI. ..

00poOKH IMHOMHA MOIIUPEHHS TeMIIepaTypHUX 30ypeHb

Houko B.I. — crapmmii Bukiagay kadeapu Gisukd Ta

B MeTaui (HM3bKOBYTIIeNeBa CTanb) ckiaagae ~0,1 mm. MaTepiao3HaBCTBA;

OpnepxaHi pe3ysibTaTH O3BOJISIOTH IPOTHO3YBATH Cnupuoonosa IM. — [OKTOp TEXHIYHHX HayK,
HoJie TEeMIeparyp B IIMPOKOMY Jiala3oHi HIBHIAKOCTEH npodecop, 3aBiyBad BIZUTLITOM JUHAMIYHO1
nepioguyHoi  eHepreTMyHoi  OOpOOKM  TOBEpXHi METATO(I3UKH;

HHM3BKOBYIJICEBOT ~ cTami 3 METOK  HaJaHHS Ilenewenko b.I'. — xaumunat (i3UKO-MaTeMaTHIHUX

MOBEPXHEBOMY IMapy MeTalmy OakaHuX (i3UYHUX

HayK, podecop Kadeapy BUIOT MATEMATHKH.
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Formation of Thermal Wavesin Periodic Energy of the Surface M etal
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In the periodic energy impact on the metal surface is anaytically investigated unsteady temperature field in the
metal. For example, low-carbon steel showed the formation of a surface layer of the metal temperature waves. The
parameters of the wave process. The study can be used for thermal cycling and processing for the diffusion saturation
of metal surfaces by alloying elements.

K ey words. temperature field, temperature fluctuations, temperature wave, thermal cycling.
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