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) N 1 (z-2
in m. Here it is assumed thatZE:M,L:TZ/—/,-b<z<b, < y</. In formula (2)
a a
erf(s) Z%jexp(—fZ)df is the well-known Gauss error special function.
7T 0
Conclusions

1. A classification of the three-, two- and one-dimensional solutions of differential equations
of heat conduction with the same initial and boundary conditions, which best meet the grinding
conditions, was performed.

2. These solutions were converted to a typical dimensionless form, allowing investigating
the temperature field at the stages of heating the surface to be ground and its cooling (there is no
heating) depending on the dimensionless parameter s, which is equal to the Z/ H for three- and
two-dimensional solutions, and to the B/ H for one-dimensional one. In the first case, the variable
fis the ratio of the spatial dimensionless parameters while in the second — of the time
dimensionless parameters. Thus, the variable 7 is a twice dimensionless parameter.

3. The analysis of the maximum temperatures obtained from the two- and one-dimensional
solutions depending on the Peclet number H magnitude, which characterizes the dimensionless
velocity of the moving heat source, was performed. It is shown that if the Peclet number is greater
than or equal to 4 (H>4), the determination of the temperature both on the surface of the
workpiece and at a depth of two-fold temperature drop can be made on the basis of the one-
dimensional solution with a difference in determining the maximum temperature, compared to the
two-dimensional solution, of no more than 5 %.

4. In general, for the three-, two- and one-dimensional solutions there are two results close
agreement conditions. Firstly, for the rectangular shape of the contact spot with the overall
dimensions of 2H x 21, it is necessary to check the condition H/I.<1.For H/I.=1andH/I.>1
the close agreement is violated. Secondly, as it was mentioned above the Peclet number H should
be greater than or equal to 4 ( H >4), which corresponds to a fast moving heat source and multi-
strokes speed grinding modes on modern CNC machines, e.g. in the profile gear grinding.

CEKNISA «BHIIIA TA ITIPHKAAZTHA MATEMATHKA»

PO JOCJIIXKXEHHSA PIBHAHD IHOIHITE3UMAJIBHUX
KOH®OPMHUX JE®OPMAIINA MOBEPXOHb

®enuenko 10.C., k.¢p.-M.H., Jo1eHT
Onecbka HalliOHAJIbHA aKa/JeMisi Xap4oBHX TexXHOoJoriil, M. Oneca

PO3rIsHEMO TOBEpXHIO S y eBKIiZOBOMY mpoctopi E° 3 BEKTOPHO-TIapaMeTpHuHHM
PiBHSHHAM r:r(xl,xz) Ta i gepopmamito  S.: T, =r(xl,x2)+gU(x1,x2), ne

&

. —i 0 _ . 0
U(x', x?) = Ur +UN — BekTop 3MilleHHs, £ — Manmii mapametp, a U, (x',x?), u(x',x?) —
BIJIMTOBIHO TaHTEHITIAbHI Ta HOpMaJbHA KOMIIOHEHTH BeKTopa 3mimienHs (Puc. 1).
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Puc. 1 — INoBepxus S Ta ii nepopmanis S,

[ndinitesuManpHy aedopmaiiro MOBEpXHI S Ha3MBaTHMEMO  iHQIHITE3UMAIBHOO
KOH(POPMHOIO JAedopmaliiero, SKIO Koe]illieHTH Mepiioi KBaapaTHYHOi (opMu mMoBepxHi S
MPONOPIiiHI KoedilieHTaM TepiIoi KBagpaTHIHoi popmu 1e(OPMOBaHOI MTOBEPXHI S, 3 TOUHICTIO
JI0 HECKIHUEHHO MaJIuX BEJIMYHMH BUIIE NEPUIOro MOPSIKY BIIHOCHO MapaMeTpy aedopmartii.

Cucrema OCHOBHUX DIBHAHB iH(]iHITe3UMaNBHUX KOH(OpPMHUX nedopmariii TOBEPXOHb

0
yepe3 TaHTreHIiadbHi Ta HOPMalbHi KOMIIOHEHTH Mae pursin ¥ Ui T ViU, —2uby = 2¢g; , ne 9y,
by — KoeilieHTH mepmoi Ta Apyroi kBaapaTuuHux ¢opm™m, ¥ _ dyskimis koHpopmMHOCTI. Y poboTi
[1], mpoBeneHO AOCIHIHKEHHS TaHUX PIBHAHB 1 JOBEACHO, 110 TIOBEPXHI I0ITATHOI TayCOBOI KPUBUHH
JIOTTyCKaIOTh HETPUBiaJIbHI 1H(IHITe3UMaIbHI KOHDOPMHI aedopmarrii.

3 MeTo 3HAXOKEHHS IHIIMX KJIAaciB  IOBEPXOHBb (K 750), o0  JIOMYCKAaIOTh
iH}iHITe3MMaIbHI KOH(GOPMHI Jedopmarlii, BUBEACHO HOBY ()OpMY OCHOBHUX pIiBHSHBb uepes
_ 0 p - _
KOMITOHEHTH TTOX1HOT BEKTOPA 3MIIIICHHS Ui=C,|T —(Pcaﬂ rg+C,T°n [2]:
0 ok
V, T -biT*=¢,CY;

[z

K2

T (Clagjﬂ+cjaglﬁ):0’
@, =0,

0 ak
[IpoBeneno mociimpkeHHs piBHAHB (1) Ta 3HANWIEHO MIPEICTABICHHS TCH30PHHUX TOTIB T

T“ B ABHOMY BH/II:
0 ok

_ af a __ a af
T =tg“, T"=t,d* -¢,C”d},
BKa3aHO YMOBY Ha BHOip QyHkiii t 1 ¢ [2]:

V,(t,d°) -V, (p,Cd5) +2Ht = 0.
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Y pesynbTaTi AOCHiDKEHHS cucTeMu piBHSHL (1) Ta piBHAHHSA (2) 3 J0AaTKOBUMU
OOMEKEHHSIMH Ha THUII iehopMallii OTpuMalld HACTYIHI pe3yJIbTaTh:

— moBepxHs obepranns r =(ucosv,usinv, f(u)), df —d? #0 jomyckae HeTpuBianbHi
iH}iHITe3MMaTBHI KOHPOPMHI Aedopmartii;

— MiHIMaJbHI TOBEpPXHI JIONMYCKalOTh HETPUBiabHI 1H(]IHITE3UMaIbHI KOH(OPMHI
nedopmMariii 31 30epekeHHSIM CEPEeTHBOT KPUBUHH,

— KaTeHoin JOoIycKae HeTpuBiadbHI i1H(QIHITE3UMaNbHI KOH(MOpPMHI medopmariii  3i

CTalliOHAPHUM BIIXWICHHSIM BiJ] JOTUYIHOI TUIONTUHHU B OYIb-SIKOMY HAIIPSIMI.
0 Olk

B ycix Bumankax 3HaiiieHo TeHsopHimomst T, T“ y SBHOMY BHTJIAJII.
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A-JE®OPMAIIIL IOBEPXOHbD, LGT-JIIHII, TPAIIEHTHUI BEKTOP

!Bammanosa H.B., k.¢.-M.H, nouent, “Iloxoycosa T.IO., K.¢p.-M.H.
lOnecpbka HanmionaJbHA aKajaeMis Xap4oBUX TexXHOJIOTIH, M. Oneca
2OpechKa Aep/KkaBHa aKajgeMis OyIiBHHITBA Ta apxiTekTypH, M. Oneca

VY NOBCAKAEHHOMY JKUTTI MM HEPIAKO MaeMmo copaBy 3 mnoBepxHaMmu. Ilix moBepxHero
3a3BHYail, pO3yMilOTh IPAHUII0 00 YAaCTUHY TIPAHUII Tila y mpocTopi. JKUTTEBUIA TOCBiJ MOKA3Yye,
10 HAHO1IBINE 3aCTOCYBAHHS MalOTh JJOCTATHBO TJIAJKI MOBepXHi. bararo MeramiyHux, Kam’ sSTHUX 1
JIepeB’stTHUX BHUPOOIB HUTIQYIOTH 1 TMOMIPYIOTH AN HAJaHHA IXHIM TOBEPXHSIM pi3HY CTENiHb
TJIAJIKOCTI, a JJisi BUPOOIB 3 TKAaHMHH 3a JIOTIOMOTOIO TPACYBAaHHS JOCSTAlOTh PIBHOI MOBEPXHI
TKaHUHH.

[ToBepxHIO TakOXK 3pYy4HO TMPEACTABISATH Yy BHIJISAAI TOHKOI IUTIBKM ab0 OOOJIOHKH,
TOBILMHOIO SIKOi MOKHA 3HEXTYBAaTH B MOPIBHAHHI 3 IHIIUMH i JiHIHHUMHU pO3MipaMu (TOBKHHOIO
i mmpuHOK 06osoHKM). IIpu Takii iHTeprpeTallii MOBEPXHI JIETKO MPEACTaBUTH ii Aedopmalliro.
Skmo i3 3MiHOK 4Yacy (opMa 1 MOJOXKEHHS MOBEPXHI y MPOCTOPl 3MIHIOIOTHCS, TO OyIemMo
TOBOPUTH Tpo ii JedopMarniro. Sk mpaBuiio, Ha MPAKTHIIl PO3IIIAIAIOTh HemepepBHi Aedopmartii,
T00TO, nedopmarii, Ki He JOMYCKAIOTh PO3PHUBIB 13 3MIHOIO Yacy 1 BIAIrparOTh YUMAaIly poJib Y
CYCHUIBCTBI TPW BUPINICHHI TIEBHUX MpoOiieM. AJDKe, caMe MIIHICTh a00 THYYKICTh Oyab-sSKO1
KOHCTPYKIii, BUTOTOBJIEHOI 3 TOHKUX HE PO3TATHYTUX OOOJIOHOK, BU3HAYAETHCS HAsIBHICTIO abo
BIICYTHICTIO HECKIHYEHHO Maiux (H.M.) aedopmailiii, M0 OMNHUCYIOTh I KOHCTPYKIIIIO.
HeoOxiaHicTh AOCTIIKEHHS TaKMX KOHCTPYKIIM 4acTO BUHUKAE B aBiaOyayBaHHI, aBTOMOOLIbHII
MIPOMHCIIOBOCTI, MAaIIMHOOYAYBaHHI Ta 1HIINX 0071aCTAX TEXHIKH.

Came Tomy B po0oTi [1] posrmnsiianacs 3afada mpo iCHyBaHHS apealbHUX H.M. JedopMmariiit
(A-nedopmariii) oHO3B’s13HOT perynsapHoi mosepxHi S kmacy C* B Ez — mpocTopi i3 36epexkenHaM
TiHi# reoae3ndnoro ckpyty (LGT-miniit).

Jly1s MOBEpXOHBb HEHYIBOBOI rayCcCOBOT KPUBUHHU 0€3 OMOUIIYHUX TOYOK IS 337a4a 3BE/ICHA
JI0 JIOCHIJDKEHHS Ta pO3B’A3yBaHHS HACTYIHOI CUCTEMHU AM(EpeHLIaJbHUX PIBHSAHb BIAHOCHO
HEBIJIOMHX KOMIIOHEHT KOHTpaBapiaHTHOro BekTopa T %:

HT? K(d“iT.BmﬁiT.“)
P af _ [\ i T i) Bra _
(2112—1() g 2(2H2-K) + Db T% =0 (1)

y
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