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PACUYET TEMIIEPATYPHI HIIJTAGOBAHUS 1151
HEYCTAHOBHBIIET'OCSI BO BPEMEHH TEILIOBOT'O
MPOIIECCA

[pousBeneHo CpaBHEHHE PACUCTHBIX 3HAYCHUIT TEMIIEPATYPHI, MOMYIYCHHBIX C MCIIOJIb30BAHUEM KIIac-
CHYECKOTO YPaBHECHUSI TEIJIONPOBOIHOCTH U YIPOIICHHOTO YpaBHEHHs OajiaHca Terjia B MOBEPXHOCT-
HOM ciioe oOpabarsiBaeMoit ieTanu. JIoka3aHO HE3HAYUTEIbHOE OTJIMYHME JAHHBIX 3HAYEHUH M BO3MOXK-
HOCTb IPAKTHYECKOTO HCIIOIb30BAHUSI TIOTYYCHHBIX TEOPETHUECKIX PEIICHHI

BHKOHAHO NMOPIBHAHHA PO3PaXyHKOBUX 3HAUCHb TEMIIEPATypH, OTPHMAHUX 3 BUKOPUCTAHHSIM KJIaCH4-
HOTO PIBHSHHS TEIUIONPOBIAHOCTI i CIPOIEHOr0 PiBHAHHS OalaHCy TeIula B IOBEPXHEBOMY Inapi 00-
pobimoBaHoi neraii. JloBeneHO HE3HAUHY BiIMIHHICTH OTPHMAHUX 3HAYCHb 1 MOXIIUBICTH IIPAKTHYHOTO
BHKOPHCTAHHS JJaHUX TEOPETHYHUX PillleHb

Comparison of calculation values of temperature, got with the use of classic equalization of heat con-
ductivity and simplified equalization of balance of heat in the superficial layer of workpart is produced.
The insignificant difference of these values and possibility of the practical use of the got theoretical
decisions is well-proven

KiroueBbie cioBa: TemriepaTypa HUTH(OBAHUS, IIOTHOCTh TEIUIOBOTO MOTOKA, aAna0aTHYeCKHil cTep-
JKEHB, Ka4eCTBO 00pabOTKH

Brenenne. [IpakTrkoil ycTaHOBJICHO, 4TO (hOPMHPOBAHUE MAPAMETPOB Kaue-
cTBa 00pabOTKH JieTanell IPOUCXOIUT, KaK MPaBUIIO, MOJ] BO3JCHCTBHEM TeMIepa-
TypHOro (hakropa. O6pa3zoBaHHe MPUKOTOB M MUKPOTPELIHH Ha 00pabaThIBaEMBIX
MTOBEPXHOCTSIX SIBJISIETCS HTOTOM BBICOKHMX TEMIIEpaTyp, BO3HUKAIOIIUX B 30HE pe-
3anus [1-5]. [ToaToMy HM3bICKaHUE MyTel YMEHBUICHHS TEIIOBOH HANPSIKCHHOCTH
MEXaHUYeCKOH 00paboTKH, B 0COOCHHOCTH TpoIlecca NUTH(OBAHUS, TPEACTABISIET
c000ii BAKHYIO M aKTYyalIbHYIO 33/1ady, HAIPABJICHHYIO HA MOBBIIICHHAE KauecTBa U
MIPOU3BOAUTENHFHOCTH 00paboTKu. Llenpro paboThl SBIAETCS OINpEIeICHIE TEMIIe-
patypsl nu(OBaHHUS HA OCHOBE Pa3NIMYHBIX TEOPETHUYCCKHUX TOAXOJOB U OIICHKA
BO3MO>KHOCTH MTPAKTHYECKOTO MCIIOJIE30BAHMS TEOPETUICCKUX PEIICHHA.

OcHoBHOe cofep:kanue padoThl. IS OIEHKH TEIUIOHANPSHKEHHOCTH IIPO-
necca numrpoBanus B pabote [1] mpemnokeHa ympolneHHass pacueTHas cXema, B
KOTOpOf/i CHUMAaeMBbIH MPUITYCK NPEACTABJICH IMAKETOM 3JIEMECHTAPHBIX MPSAMOJIN-
HEHHBIX aqra0aTHYeCKUX CTEP KHEH C TUTOMANBI0 MTOTIEPEYHOT0 CEYCHUS S , KOTO-
pBIe Tiepepe3aroTes MUTH(OBaTbHEIM KpyroM. Ha Kax b1l CTep)KeHb B TCUCHHE €r0
KOHTaKTa ¢ KPYroM JICHCTBYET TEIUIOBOM MCTOYHHK IUIOTHOCTEIO (. B pesyibrare
IIPOUCXOJUT HarpeBaHue crepkHdA. I[Ipyu 3TOM IPUHATO cuuTarh, 4TO TEIUIO pac-
HPOCTPAHSIETCS BAOJb CTEPIKHS (CTCHKH CTEPIKHSI M30JMPOBAHbBI) — BIOJIb KOOPIH-
Hatel x . CiemoBarenbHO, HamOONbBIIAs TEMIEpaTypa JOCTUTAETCS Ha TopIie
CTEpIKHsI, KOHTAKTUpYIoIero ¢ umpoBanbHbIM Kpyrom. [lo Mepe ypaneHus ot
HCTOYHHUKA Teruia (TopIia CTePIKHs) TeMIIEpaTypa yMEHBIAETCS.
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Jlnst pacuera Temrepatypsi 0(X,7) B CTEpKHE MOXKET GBITH HCTIOTb30BAHA
aHaIUTHYeCKas 3aBUCHUMOCTH [6], moiydeHHas Ha OCHOBE pPENICHUS ypaBHEHHS
TeIIIONPOBOAHOCTH st rparmuroro §(X =0)= g, u Hagamsroro &z =0)=0 yc-

JIOBHIA:
2

PPN I Svergi: OV P (R S
O(x,r)=2-a \/; e X {1 erf(2~a~\/?ﬂ' (1)

. 2
rae 0, — IUIOTHOCTb TEIUIOBOTO MOTOKA, Br/iv?% a® =4l (c~p) — k03 dunneHT

TEMIePaTypOIPOBOIHOCTH 00pabaThIBAEMOro MaTepuanma, MJ/c; ¢ — yenbHAs
TEIIOEMKOCTh 0OpabaTbiBaeMoro Marepuaia, x/(krK); A — xosddurument ren-
JIOTIPOBOHOCTH obpabarsiBaeMoro Mareprana, Br/m-K; p — mioTHOCT 06pada-
THIBAEMOTO MaTepHara, KF/MS; T — BpeMs 00paboTKH, C; X — KOOpIUHATA.

C yderoMm Oe3pa3MepHOI BEMYNHBI Z = , IMeeM

_*x
2.a.\/?
0(z,7)=2-a- r~%~{%~e‘zz—z~(l—erfz)} )

HJIX B OTHOCUTCIIbHBIX BEIMYHUHAX

9(2,1):2-a-x/;-q7°-§(z), 3)

rie 0 (Z): |:i et -z (1— erfz )} — Oe3pa3mepHass (QYHKIHS TEMIIEPaTypbl
4
[7.8].
0(2) \ q()
0,45 0,75
’ ’ N
0,30 \\ 0,50 AN
0,15 \\ 0,25
\¥
0 0,4 0,8 1.2 1,6 z 0 04 0,8 1,2 1,6 z
a 0

Puc. 1. Xapakrep nzmenenust GpyHKuumit: a — 9_(2); 60— q_(z) .

Makcumanbnas Temneparypa uuidosanust 6., nocruraeres npu X =0 u
paBHa

O(x=0,)= 0, =1129-a-q7°.ﬁ. @)

C yuetom (4) 3aBucuMocTs (3) BBIpa3UTCSI

0(2)=7 0,4, -0(2). ©)

93



ILTOTHOCTH TEIIIOBOTO TTOTOKA

q(x,z)= —/1~%(x,r) =0, -|1—erf (6)

_x
2a~\/?

a(z.7) =g,-q(z) , (7)

rae q‘(z): 1—-erfz — 6e3pasmepHast GyHKIHUSI IUIOTHOCTH TEIIOBOTO MOTOKA.

HJIN B OTHOCHUTCJIBHBIX BCJIMYHMHAX

I'padukn usmenenns GyHkuuii 6 (Z) u q_(z) nokasansl Ha puc. 1. C yBenu-

YeHHEM TMapaMeTpa Z (QYHKIUU 0 (z) u ﬁ(z) HEOTPAaHMYEHHO YMCHBIIAIOTCH,
ACHMITTOTUYECKH MIPHONKASICh K HYNI0. DTO HE IMO3BOJISET OMPEIACITUTh HCTHHHOE
3HAYCHUE TIIyOWHBl Z TPOHWKHOBEHHWS TEIIa B IOBEPXHOCTHHIN cIOH 00padaThI-
BaeMOM AeTanu. Ero MOKHO yCTaHOBUTH C JIMIIb Hamepen 3aJaHHOM CTEHEHbIO
TOYHOCTH, Hanpumep, npunuMas Zz =1; 1,5; 2 u t.a. [Toaromy st onpeneneHus
JAHHOTO 3HAYEHHUS Z HEO0OXOIMMO MCIIONB30BaTh APYTOW IMOAXOJ K PacdeTy TeM-
IepaTypsl pe3aHusl.

B cnydae neficTBHs TEMIOBOrO MCTOYHMKA C MOCTOSHHOM IJIOTHOCTBIO (], B

TEYEHUU BECbMa MaJloro IMPOMEXYTKa BpeMeHH A7 , Korja TeIulo paclpocTpaHs-
eTcsl BAOJIb aIuadaTH4ecKoro CTEPXHS Ha HEOONbINyI0 IyOmHy AX, permeHue
MOJKHO YHPOCTHTh. Bynem cumrtaTh, 4TO XapakTep W3MEHEHHsS IUIOTHOCTH TEIUIO-

X
BOIr'0 MOTOKa ( INOAYMHACTCSA 3aBUCUMOCTH q(x)Z qO (1_4]_) . KomuectBo Ten-
X

J1a, BOLLEIIIEE B CTEPIKEHD 3a BpeMs A7 , paBHO
Q=0q,-S-4r. (8)
KomaecTBo Temna, Heo0X0QUMOE I HarpeBaHUs CTEPIKHA Ha TIIyOuHy AX ,
10 Temriepatypsl 6 3a BpeMst A7 , paBHO

Ax
Q, =c-p-S- [6(x)-dx. €)

0
3nech H(X) = —% j q(x)~ dx . C y4eToM IpaHHYHOTO yCIOBHS H(x =MX)=0,

uMeeM
X 2
9(x)= amaxz (1_Ej ; (10)
q, Ax

H(X = 0): emaxz = 707 : (11)

U3 ycnoBus Q, =Q, nomyuum
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AX = g 4 ‘At =245-a-4J 47 . (12)
\C-p

0(x=0)=0,, =1225-a- ‘i; ar . (13)

max;

3aBucumocTh (13) MMeeT BHI, aHAIOTHYHBIH 3aBUCUMOCTH (4), OTIHYAOIIHIA-
CsI JIMILb YHCIOBBIM K03 duunentom (paccmatpusas At = 7). Pacxoxnenue pac-
YETHBIX 3HAYCHHUII MaKCHMAIIbHON TEMIICPATYPHhl, YCTAHOBJICHHBIX 110 3aBHCHMO-
ctsm (4) u (13), cocraBusier Bcero 7,8%. B 0OTHOCUTENBHBIX BEINYHHAX:

0(2)=0,,, -1-0816-2) =0, -0(2); (14)

Q(Z)ZQO'(1_0'816'2):qo'q(z)v (15)
rae 0(z)=@1-0816-2f; q(z)=(1-0816-2).
[IpoBenem ananus remneparypsl HUTMGOBAHHS H(x) U BEIUYUHBI Ax Ui ciy-

yas q(x)z (o . B nanHOM cityuae pemeHne npuMeT 6osiee MpocTon BT

X
0(X)= Oy, | 1-— | 16
(=0 (1) (16)
O(x=0)=0,,, =1414-a- 10 ar (17)
Ax=1414-a-Ar . (18)

B WTOTE MPHILTHA K 3aBUCHMOCTSIM, aHAJIOTHIHBIM 3aBHcHMOCTsM (12) u (13)
M OTJIMYAIONIMMCS OT HHX JIMIIG YMCIOBBIMU Kod(duinmenTamu. Kak BHaHO, pac-
XOXKACHHE 3HAYCHHUI MaKCHMAalbHOH TEMIIepaTyphl H(x = O) HE3HAYHUTEIILHO
(13,7%), Torma Kak pacxoxIeHHe 3HaueHHi Ax Oombire u cocraBmsiet 42%. 3a-
BucuMOCTh (17) TarkKe OTIMYAETCSA OT aHAJOIMYHOM 3aBUCHMMOCTH (4) auiib 4u-
CJIOBBIMU KOd(puieHTaMu. Pacxox/ieHne 3HaueHH MaKCUMaJlbHOM TeMmepary-
PBI, PaCCYMTAHHBIX IO JJAHHBIM 3aBUCUMOCTSM, coctaBisier 20%. B oTHocuTesnb-
HBIX BEJIMYNHAX

0(z)= Orax, - (1-1414-2)= O, 0(2); (19)
q(z)=1,-a(z). (20)

rae 0(z)=01-1414-2); qg(z)=1.
s Gonee HAJISAHOTO IMPEACTABICHUS O XapaKTepe M3MEHEHUsS! (YHKIHUU
9(2) JJIA Tpex paCCManI/IBaeMLIX B pa60Te cnyqaeB HpeI[CTaBI/IM nux Fpa(bI/I‘{eCKI/I B

00o00mmenHoM Buae. Pacuer 3HadeHMA 19(2) MPOM3BEAEM IO TpeoOpa3oBaHHBIM
3aBucumMoctsm (2), (14) u (19):

0(z)=2-a-7-%0. i.ezz_z-(l—erfz)}; (21)



6(z)=1,225~a-\/?~%~(1—0,816-z)z; (22)
0(2):1,414~a~\/?-%-(1—1,414-z). (23)

q
Jlnst ynoOcTBa aHanu3a MHOXKHUTEIb 4 -+ T 70 B 3aBHCHUMOCTSIX IPUMEM PaB-

HbIM eauHune. Kak criemyer u3 puc. 2, 3Hau€HHE MaKCUMaJbHOW TeMIlepaTypsbl
Ui OBaHUSA 6’(2), YCTaHOBJICHHOE Ha OCHOBE 3aBHCHUMOCTH (23), HanbonbImee, a

YCTaHOBJIEHHOE Ha OCHOBE 3aBHCHMOCTH (21), — HaumeHbInee. Bo BceMm quamnasone
N3MEHEHHs (YHKIMU Q(Z), ONMUCHIBACMOHN 3aBHCUMOCTBIO (22), ee 3HAUCHHUS He-

3HAYUTENBHO OTJIMYAIOTCSA OT 3HaYeHMH (QyHKIMN 19(2), OITMCHIBAEMOH 3aBUCHMO-
cteio (21). B nuanasone z < 0,7 3HaueHus QyHKIUH 9(2), ONHCHIBAEMON 3aBUCH-
MOCTBIO (23), TaKkXKe OTIMYAIOTCS HECYIIECTBEHHO OT 3HAYCHHUM H(Z), paccunTas-

HBIX TI0 3aBUcuMOCTsM (21), (22). DTo ykassiBaeT Ha TO, YTO TEMIEpaTypa ILIH-
dosarms 6(2), B 0COGEHHOCTH MaKCHMATbHAS TEMIIEPATypa LTH(OBAHHS, C J0C-

TATOYHOW JUTSA MPAKTUKH TOYHOCTHIO MOXET OBITh ONMHCAHa YHPOIICHHBIMH 3aBH-
cumoctsimu (22) u (23), momy4eHHBIMA Ha OCHOBE YIIPOIICHHBIX PaCYeTOB, HE Tpe-
OYIOIMX PELICHUS CIOKHOTO Au(depeHINANTBHOTO yPaBHEHUs TEILIONPOBOIHO-
CTH.

Heo6xonuMo OTMETHTB, YTO COTJIACHO IOJTYyYCHHBIM HPHOJIMKCHHBIM pelie-
HusM (22) u (23) Temnepatypa nutndoBaHUs H(Z) C YBEJIMYEHHEM KOOPJIMHATHI Z

YMEHbBIIAETCS OT MAKCUMAJIBHOTO 3HAYEHHs 10 HYJS, TOr/a KaKk B YTOYHEHHOM
peuiernu (21), oHa HEMPEPHIBHO YMEHBINACTCS, ACUMITOTHYECKH MPUOIMKAACH K
HYJIO, HO, HE JOCTHTas HYJCBOTO 3HAYCHHWSA. B 5TOM OTIMYME MPUBEICHHBIX pe-
11307178

0(z)
1,25 \

3
1,0 \\
! \
0,75

0,50 N

0,25

K\\
0 0,4 0,8 1,2 1,6 z
Puc. 2. I'paduku dyHkimm H(Z): 1 — pacuer no 3aBucumoct (21); 2 — pacyer Ho 3aBHCH-

Moct (22); 3 — pacuer 1o 3aBUCUMOCTH (23).
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Puc. 3. 'paduku GpyHKIHHI q(z) : 1 — pacuer o 3aBucumoctH (7); 2 — pacyer Mo 3aBHCH-
moctu (15); 3 — pacuer 1o 3aBucumoctu (20).

Ha puc. 3 B 000OuieHHOM BuIe NpeacTaBieHbl rpaduku Oe3pa3MepHbIX
YHKIMH TUIOTHOCTH TEIUIOBOTO MOTOKA §(Z), OMMCHIBAGMBIX COOTBETCTBEHHO

sapucumoctsiMu (7), (15) u (20). Kak BHIHO, pacXOXICHHS 3HAUCHUIT q(z) 60J1b-
e, uem pacxoxaeHns 3uauennii §(z). [l cyuacs, OMMCHIBAGMBIX 3aBHCHMO-

crsvu (7) u (15), 5TH pacxokIeHUs HAXOIATCS B Tpeenax 25%.

BeiBoabl. B paboTe yCTaHOBJIEHO, YTO 3HAYEHHS MAKCUMAJILHON TeEMIEpary-
pbl LTKM(OBaHKS, PACCUMTAHHBIE HA OCHOBE NPHUBEIECHHBIX BBIIIE AHATMTHYECKUX
3aBUCHMOCTEN (KOTOpPBIE IOJAyY€EHBI 10 Pa3IMYHbIM METOAMKAM), OTIHYAKOTCS He-
3HayuTeNbHO. ClIe0BaTENbHO, BCE BbILIEYKA3aHHBIE 3aBUCUMOCTH MOTYT OBITh
UCIIOJIB30BaHbl IS MPAKTHYECKMX PACUETOB. DTHM, COOCTBEHHO, U OOBACHAETCA
TO, YTO Pa3IMYHBIE METOAMKU pacueTa TEMIIEPATYPhI pe3anus (OmyOIMKOBaHHbIE B
HAyYHO-TEXHUYECKOH JINTEpaType) MPHBOIAT K JOCTATOYHO BBICOKOM CTENEHU
CXOZMMOCTH PACUETHBIX M OKCIIEPUMEHTANIBHBIX JaHHBIX.

Crncok juteparypsr. 1. Termtodizuka mexanigsoi o0pooku: minpyunuk / O.B. Akumos, A.B. Ycos, I1.T.
Cnoboosinux, /[.B. lopeauos. — Oneca: Actponpunr, 2000. — 256 c. 2. Cunatinos B.A. Teruiossie nporiec-
CBI TIpH NUTH()OBAHUH U yIpaBlieHHe kKaduecTBoM oBepxHocTH / B.A. Cunaiinog. — M.. MammHoCTpOeHHe,
1978. - 166 c. 3. Cuaun C.C. Metox nmogo6ust npu pesannu Marepuaios / C.C. Cunua. — M.: Mammso-
ctpoenue, 1979. — 152 c. 4. dusuko-mMaTeMaTHIeCKasi TEOPHs MPOLECCOB 0OpabOTKH MaTepuaoB H
TexHonoruu MammHoctpoenus / [lox obmur. pen. @.B. Hosukosa u A.B. Axumosa. B necsitn tomax. — T.
10. "KoHuenuuu pa3BUTHsI TEXHOJIOIHU MammHocTpoenus ” — Onecca: OHITY, 2005. — 565 ¢. 5. Psa-
6benros 1.0. TTinpuimeHns edeKTHBHOCTI (iHINTHOT 00poOKY JeTasieil rinpoariapaTypy Ha OCHOBI BHOOPY parliOHaIb-
HOI CTPYKTYpH 1 TapaMeTpiB orepattiit: aproped. uc. Ha 3100y TTS HayK. CTYIIeHs KaH[I, TexH. Hayk : crerl. 05.02.08
“Texuororist ManmHOOyxyBaHus” / 1.O. Pabenxos. — Opeca, 2009. — 21 ¢. 6. Yynpos .. YpaBHeHHs: MaTeMa-
THYECKOH (PM3UKH C NPHIOKECHHAMHU K 337adyaM He(TeJ0OBIYH U TPYOOIPOBOJHOrO TPAHCIOPTA ras3a:
VYuebnoe nocodue | U.®. Yynpos, E.A. Kanesa, A.A. Moposunos. — Yxta: YI'TY, 2004. — 128 c. 7. .
Kopn I'. u Kopn T. ClipaBOYHHK 110 MaTeMaTHKE ISl HAYYHBIX PaOOTHUKOB M MHXEHEpPOB, — MOCKBa,
1974. - 832 c. 8. byepos A.C. Briciuas matematuka. Jubdepenimansusie ypasueHus. KpaTusie nnre-
rpaisl. Psagsl. @yukunn komiuiekcaoro nepemernoro / 4.C. Byepos, C.M. Huxonvckuii. — M. Hayxka.
I'n. pen. pus.-mat. out., 1981. — 448 c.

Haoitiuna oo pedaxyii 04.05.11

97





