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MATHEMATICAL MODELING OF TEMPERATURE FIELDS IN CROSS-
BORDER AREAS AT ELECTRONIC RADIATION WELDING

VY cratti Bniepie nmo0yaoBaHa MaTeMaTH4Ha MOJIENb PO3PaXyHKy TMONIB TEMIIEPAaTypy B JAOBUIBHHX OONACTSX
IpU €JIEKTPOHHO-TIPOMEHEBOMY 3BapIOBaHHI Y BHUIUIAI KpaiioBoi 3ajadi MareMaTHYHO! (Pi3MKU AJIsl MapoOOIiYHOrO
PIBHSIHHSI TEIIONPOBITHOCTI 3 TPaHUYHUMHU yMoBaMu Hefimana. TenyioBuii NOTIK y Tijli MpH 3BaplOBaHHI MOJIEITIOBABCS
TOYKOBHUM JDKEPEIOM TeIlIa, IO PYXaeThesl MO0 KOHTYPY Tilla 3 CTAJO0 IIBUAKOCTHIO 3a JonoMororo (yHkuii ipaka.
Byso nobynoBane HOBe iHTErpajbHE EPETBOPEHHS /ISl IBOBUMIPHOTO KiHIIEBOTO POCTOPY, 13 3aCTOCYBAHHSIM SIKOTO,
a TaKoX METOJIIB KiHIIEBUX €JIEMEHTIB i ['aybopkiHa, 3HaliIeHo TeMIiepaTypHe ToJie Y BUIVIsiIL 301KHOTO PsiTy.
KirouoBi ciioBa: nenpra ¢ynkuii [dipaka, MylbTHIHEKC, IHTErpaJibHE TIEPETBOPEHHS

In the article for the first time a mathematical model for calculating temperature fields in arbitrary domains with
electron-beam welding in the form of a boundary value problem of mathematical physics for a steam-wave heat
equation with boundary conditions of Neumann is constructed. The heat flux in the body during welding was modeled
by the point source of heat moving along the contour of the body with a constant velocity using the Dirac function. A
new integral transform for a two-dimensional finite space was constructed, with the application of which, as well as

finite element and Galerkin methods, a temperature field was found in the form of a convergent series.
Keywords: delta functions Dirac, multi-index, integral transformation

Beryn

Y BUpPOOHUIITBI 3BApHUX KOHCTPYKIIIHA
BCEe OUIBIIOTO TMOIIMPEHHS HAOyBalOTh TYro-
MJIaBKi, XKapOMIillHI, aHTUKOPO3iiHI 1 pajia-
IHHO-CTIAKI MaTepiaim, Ui 3BaprOBaHHS
SIKUX TOTPiOH1 OCOONMBI METOJIUKH. TaKi SK
€JICKTPOHHO-TIPOMCHEBE  3BApIOBaHHSA, IIPH
SKOMY TeMmIlepaTypa akTUBHOI poO0o40i 30HU
J0CATa€E B THUCSYY pa3iB OUIBIINUX MMOKAa3HHKIB,
HDK TIPH TPAIULIHHUX CIoco0ax.

Jlanuii B 3BaprOBaHHS IIMPOKO 3aCTO-
COBYETHCSI TPU 3BApIOBaHHI BHCOKOMIITHUX
JICTOBAHUX CTajied 1 CIUIaBIB Ha TUTAHOBIH
OCHOBI, a TaKO)X TaKUX METaNIB K MOJIIOJICH,
TaHTaJl, HIOOi, Bonb(paM, IUPKOHIH, Oepu-
T Tpu TouHii 00poOLi 1 3BaplOBaHHI PI3HUX
MikpojeTaneil. BUKOpPHCTOBYeTbCS Yy TaKux
rany3six sk pakeToOyayBaHHS, siiepHA €Hep-
reThKa, TOYHE NpUIafoOyayBaHHS, MIKpO-
eJIEKTPOHIKA Ta 6araTbOX IHIIUX.

© ML.T'. BepaHux

IlocTanoBka nmpodJjemu

3aJIe)KHO Bifl KOHCTPYKIIMHUX OCOOJIH-
BOCTE€W YCTaHOBKH, €JIEKTPOHHO-IIPOMECHEBE
3BapIOBAaHHS MOXE IPOBOJUTHCS IEpPEeMi-
HICHHSM TPOMEHI0 MO0 3adikcoBaHOi Jera-
ni. TermoBui MOTIK y BUp0O1 MpH 3BaprOBaHHI
MOJICJIIOIOTh ~ 30CEPEIDKCHUMH,  PO3IIOIiIe-
HUMH TIO TMMOBEpPXHI a00 00'eMHUMH JDKEpe-
JIaMH TETLIA.

TpyaHouii BUBYEHHs (PI3UYHUX SBUIL Y
30HI BIUIMBY €JICKTPOHHOTO MPOMEHIO 00XO-
JSITh IIUISIXOM BBEJIEHHS TIEBHOTO JDKEpena
TEIJIOTH 1 BUKOPUCTAHHS TEOPii TEIUIOMPOBi-
HocTi. Taki migXxoau B psiji BUNAJAKIB NAIOTh
MOKITUBICTh IIBU[IIE OTPUMATH METOAUKH
IH)KEHEpHUX PO3paxyHKIB TpoIecy, HIK
neTanbHUi aHamiz (i3UUHUX sSBULl. Tomy
MOJaJbIINNA PO3BUTOK METOJIB PO3PaXyHKY
TEMIepaTypHUX TOJIB 3BapHUX BUPOOIB €
aKTyaJlbHOI0 HAayKOBO-TEXHIYHOIO MpoOIe-
MOI0, IO JI03BOJIMUTH OTPUMATH OUIbII edek-
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THUBHI 1 OOIpYHTOBaHi pilIEHHS MPO HAIpy-
KEHO-/1e()OPMOBAHUH CTaH MPH 3BAPIOBAHHI.

Ocp YoMy m0 umcina mpolseMm, MHIo
NPEJCTABISAIOTh BEIMKHA TEOPETUYHHHA 1
NPaKTUYHUNA IHTEpeC, HAJICKHUTh Mpodiema
BHUBYCHHS TEMIIEPATypPHOTO TOJIA y TUIaX MPHU
€JIEKTPOHHO-TIPOMEHEBOMY 3BapIOBaHHI.

Y nmaniii poboTi OyAemMo poO3TIsIaTH
CJIEKTPOHHO-TIPOMEHEBE ~ 3BApIOBAaHHA  SIK
crnoci0 3'€THAHHS TUT IOBUIBHOT KOHGITypartii.

AHami3  ocTaHHiX JocJigKeHb i
nyoaikanii

3apyOLKHUMH JOCHITHUKAMHU I MOJIe-
JIFOBaHHS TEIUIOBOTO IMOTOKY IPU 3BApIOBaHHI 1
PO3paxyHKy TEMIEpaTypHUX TIOJIB 3BapeHOT
KOHCTPYKIII{ 3aCTOCOBY€ETbCS MOJEH 00'€MHOTO
okepena Temta [3], y SKi TEIIOBHH TMOTIK,
po3NoJUIeHN 3rifHO 3 3akoHoM [aycca, nie
BCEpe/IMHI MoBIHHOTO enincoiga. OaHak 3acTo-
CyBaHHS ITi€l MOJIeI BUMAarae BiI JOCITITHHKA
TIOTIEPETHBOTO 3HAHHS XapaKTEpHUX PO3MIpIB
3BAPIOBATLHOI BaHHU (JOBKWUHH, IMTUPUHM, TITU-
OWHM), 110 TOB'SI3aHO 3 HEOOXITHICTIO TPOBE-
JICHHSI HaTYpHUX EKCIIEPUMEHTIB Il 0OpaHMX
PEKUMIB 3BapIOBAHHSL.

Jlyia BU3HAYEHHS TEMIIEPATYPHOTO TMOJIsS
IpU 3BAPIOBAHHI IIMPOKO BUKOPHUCTOBYIOTH
sSK aHamitHaHi [1-4], Tak 1 YUCebHI METOIu
[5-6]. Omuak, ckiIagHIiCTh TEPMOMEXaHIYHUX
MPOIIECIB, 110 MPOTIKAIOTH P 3BapIOBaHHI B
MaJHx 3a po3MIpOM 30HaX BIUIMBY JIa3€pHOTO
MIPOMEHI0O Ha Marepiaj, 4acTO YHEMOKIIUB-
JIIOE PO3PAaXyHOK TEMIIEPaTypHUX MOJIIB JJIs
KOHCTPYKITIT 3a/1aHOT reOMEeTpii.

[Tomanbmmii  pO3BUTOK METOMIB poO3pa-
XYHKY TEMIIepaTypHHX TOJIiB 3BApHHUX BUPOOIB €
aKTyaJIbHOI0 HAyKOBO-TEXHIYHOIO MPOOIEMOIO,
10 JIO3BOJIUTH OTPUMATH OUThIN €PEKTUBHI 1
OOrpyHTOBaHI pillIEHHs PO HaMpy)KeHo-Aehop-
MOBaHMI CTaH MPU 3BapIO-BaHHI.

Tomy B pgaHiii poOOTI MPOMOHYETHCS
METO/I PO3paxyHKy TeMIepaTypHUX IIOJIB Yy
JOBUTBHUX  OONIaCTAX TMpPHU  EIEKTPOHHO-
MIPOMEHEBOMY 3BapIOBaHHi.

Merta crarri

[Tob6ynoBa HOBOT MaTeMaTUYHOI MOJENi
pO3paxyHKy  TeMmmepaTypHUX  TONIB Y
JOBUTBHUX O0JIACTAX MPU €IEKTPOHHO-TIPOME-
HEBOMY 3BapioBaHHI Yy BHUIJISII KpaioBOi
3amayli  MaTeMaTHyHOl (I3MKH, a TaKoXK
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3HAaXO/PKEHHS pIlIeHb OTPUMaHOi KpaioBOi
3aadi.

BukJjiaJeHHs1 OCHOBHOI'O MaTepiaay
AOCJIiIKEeHH S

PosrnsiHeMo po3paxyHOK TeMmmepaTyp-
HOTO TOJS TpU 3'€AHAHHI TIT JOBUIBHOT
KOH(Iryparii eneKTpoOHHO-IPOMEHEBUM 3Ba-
piopantsaM. Hexait D < R’—  o6mexena

o0nacTe 13 3aMKHEHMM KYCKOBO-TJIQJKUM
koHTypoM I, a N —30BHiIHA omMHUYHA
HOpMaJib 70 I', TO TemsaoBHi NOTIK y TUIl IpH
3BapIOBaHHI OyJIeMO MOJIEIIOBATA TOYKOBHM
JOKEpEJIOM TeIlla, 10 PYXa€eThCsl IO KOHTYPY
I' 31 mBuakicTio V 3 iHTeHCHBHICTIO Q.
Temno¢i3uyHl BIACTUBOCTI Tida HE
3aiexarb Bl TeMmIepaTypu. Y MOYaTKOBUMN
MOMEHT 4acy TeMmIeparypa  LHJIIHJIpa
nocriiiHa G, a Ha 30BHIIIHII TOBEPXHIi Bigo-

M1 3HAYEHHS TETUIOBOTO MOTOKY Gl(x, y).

3 ypaxyBaHHSIM NPUNHATUX JOIYIICHb,
MaTeMaTHUYHO 3a/1a4a BU3HAUCHHS TeMIlepa-
Typroro mons T(X,y,t) ckmanaethes B
IHTErpyBaHH1 JUEPEHITIaTbHOTO PIBHSIHHS
TETIONPOBITHOCTI B 06sacTi D:

Q-5 _[dl—Vt
06 0’6 0% op
— =+t |t
ot X Oy ep(T... —G,)

1)

3 IIOYaTKOBOIKO YMOBOIO
6(x,,0)=0, @)

1 TPaHUYHOIO0 YMOBOIO

00

—| =Axy)

on | , (3)
ne T(X, y,t) — TeMmIeparypa
Ti1a; ¥ — UIUIBHICTh MaTepiaiy; ¢ — TUTOMa

TEMI0EMHICTB;

A — Koe(iIieHT TeTUIONPOBIAHOCTI;, & = —— —

Cy
KOe(]illieHT TeMIEepaTypOIpOBIIHOCTI,
d(x) —  JenbTa ¢ynkuii  ipaxa;
0 T(X,y,t)—G0

BIIHOCHA TeMmIieparypa
Toex —Go

max
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Tina; Alx, Y):M' dl _ xpuponiuiii-
T —Go " 7
max 0

Hull inTerpan; O — moyaTkoBa TOYKa 3HAXOJ-
JKEHHS TOYKOBOTO JDKepena Tera, P — mo-
TOYHA TOYKAa 3HAXO/DKEHHS  TOYKOBOTO
JpKepena Tera.

s po3B’sizaHHs KpaiioBoi 3amagi (1)-
(3) 3acTocoByeMO iHTErpajgbHE IEPETBOPECHHS:

f(ﬂk):_g¢(xa y’luk)‘f(xl y)dG, 4)

ne ¢(X, Y, ,uk), 1, — BracHi GyHKUIT i BracHi
3HAYCHHSI.

Kiacuuna npo6iemMa BiIacCHUX 3HAYEHB 1
BJIaCHUX (DYHKIII1 (OpMYIIO€THCS K 3a/1a4a
PO BU3HAYCHHS 3HAYCHD YUCIIOBHX TapaMeT-
piB (BJacHi 3HAYeHHs) 4, 1 QyHKUIA (BiacHi

byHKITIT) ¢(X, Y, ,uk), Kl TOTOXXHO HEPIBHI
Hymo B obmacti D Tta 3amoBonbHsIOTH

PIBHSIHHIO:
2 2
T8, g
ox* oy )
1 TpaHUYHUN YMOBI:
|
onl. (6)

ne ¢(x, Y, 1,) = C*(D) = {u(x, y) e C(D):

o u(x,y)eC(D), Va, |a|<2 };

|ex|
o,u(x,y)= w la|= o + o, —Mysb-
X OXy?
THIHIEKC, KOMIIOHEHTH SKOro € Il
HEBII'€MHI YuCIIa.
3HaliieMo BacHi 3HAYECHHA 4, 1 BIACHI

byHKIiT ¢(X, y,,uk) 13 po3B’s3Ky 3amadi (5)-
(6) 3a JIOTIOMOTOKO METOMIB  KiHIIEBHX
eneMeHTiB 1 ["anmbopkina. [l iporo 3po6umo
po30HUTTST 00JacTi Ha CHUMIUIEKC E€JIeMEHTH

(puc. 1):
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3 (x3,v)

2 (¥z¥2)
1 (x0p) \
X 7

Puc. 1. TpuxkyTHUI1 e1eMEHT NOPSAKY.

$.(x,y) Bcepemmui
eNeMEHTa BUPAKAETHCS HUepe3

Tomi  ¢yHKUisA
CUMILIEKC
¢ynkuii popmu N,, N, u N, i3 Bitomumu
3HAQUEHHAMH ¢, ¢@,, ¢ y BeplIIMHAX

TPUKYTHHUKA:

¢e (X7 y) = N1¢1 + N2¢2 + N3¢3 =
[N.] "4, }, (7)

ne [NJ=IN, N, NI {8 =1 )
HIDKHIA  1HAEGKC (€) O3Hadae JOBUIbHUM
CHMILIEKC €JIEMEHT.

Hns i-ro Byznma (1 = 1, 2, 3) dynkmii
dbopMHu MarOTh BUTJIS;

Ni(Xv Y):%(ai +biX+Ciy)’

Jc
S, =210 = 10 %) = (6 = x)(¥2 = )l

a =X;¥Y — XY, b; =Y — Y G =X X,
S, — IIoIa TPUKYTHOTO eneMenta; (X, Y;),
(X5,Y,) 1 (X3,Y3) — KoopauHaTH HoOro
BepmmH; |, , K — mocrmimoBHa Hymepatis
BY3JIB CHUMILIEKC €JIieMEHTa MHpu 00XoAdl ix

NPOTH TOJAMHHUKOBOI CTPLIKH.
Jns BusHadeHHs QyHKuid gopmu N,

N,, N; 3pydno BukopucroByBatu L,
KOOPJMHATH BCEpPEAMHI CUMIUIEKC eleMEHTa,
Skl BHW3HAYAIOTHCA BIQHOIIEHHSIM  ILJIOIII
TPUKYTHUKA, YTBOPEHOTO TOYKOIO 1

CTOPOHOO, MPOTHIICKHOIO BEPUIUHI 1, JI0
3arajabHOI TUIONT TPUKYTHHKA:
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L, :2_18-6'[§1(X_X2)+V1(y_y2)] g
L, :2_18-6'[§2(X_X3)+V2(y_>/3)] '
L= el x=x) 4y =yl

e

e ¢ =Y,=Ys: G=Ys— Y1 G3=Y1 =Y
Vi=Xg = X5, Vo =X = X3, V3 =X, =X

VY pasi IHIHHOTO CUMITIEKC €JIEMEHTa, 10
MICTUTh TpU BEpIIMHM, (yHKUl Qpopmu
30IraroThCs 3 BUIMOBITHAMH L, KoopauHaTamu:

N, =L, N,=L,, Ny=L;.

Jlnst mpencraBiieHHsT 3ajadl Ha BJacHI
3HAYeHHS B MaTpU4Hiil GOpMi BUKOPUCTAEMO
Merona [anbopkiHa. IlizcraBuMo B pIBHSHHS
(5) wnabmmwxkenuit posB’szox  (7), TOmII
OTPUMAEMO PIBHIHHS:

82 o2 .
(ax_z—i_W][Ne] {¢e}+ .

# [N {$.}=0 (8)

MHoOXeHHsI y JIBIA YacCTUHI PIBHSIHHS
(8) Ha ¢ynkuito dopmu [N.], Ta inTerpy-
BaHHS 110 CJIEMEHTY e JIa€:

I+1, = {0} (©)

[67+—j [N, ] dxdy{s.};

= s [[ INJIN, 1" dxcy{g,}.

Inrerpyroun I, 1o x 1y, oTpuMaemo:
L=1-1,

i (S]
{j[N S I g
I[N ]6[N L ]{%};
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{ ”{ [N.]@ [N I,
J[N.]2IN]

€ € dxd )
Y }Xy}%}

BpaxoByro4n TOTOKHE CITIBBIIHOIICHHS

o op . _
ll//ader'[V/de_

0 acoJ 0
y| —dy+——dx |=|y —dI'
J{ 22ay+ 22 ax] [y S0ar

OTPUMYEMO

[j{N] (NI dr}(qﬁ}

e §/on — MOXIAHA MO 30BHINIHBOI HOPMAJTI;

[-dI" — kpuBomiHiiiHMit iHTErpan mo Mexi.
Toni (9) nHabyBae BUrIAdY:

{I REURS dr}we}—

”{a[N ]a[N I' a[Ne]a[NelT}_
&y o

dxdy-{g.}+
s [[ INJIN,T" dxdy{g,} = {0} (10)

CymyBanHs 1o Bcix enementax y (10)
nae:

Z{j[N] (NI dr}¢}+

e

s 3 [[ INJIN, T dxdy{g, 3 -

Z”{a[N ]a[N]
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A[N.1O[N.T°
= . dxd ={0}. (11
YR }xy{;zse} {0} (11)

[TomHOoxkuBIIM nepmuii noxanok (11)
na upas {g, Ha.}' , onepxyemo:

= Y {j[N T dr}we}:

{jw} [N.])

e

) ANT 463) dr} :
on

2

e

0
[4. P ar| .
rooon
[Ipn uboMy KpUBOIIHINHHI IHTETpaJId MO
mexax ', enementis ycepemuni o6macri D

CKOPOYYIOThCSI, OCKUIBKM HampsiMH 00Xxony
MeXl Tpu  OOYHMCIEHHI  KPUBOJIHIHHUX
IHTEerpayliB MPOTHIIEKHI A KOXHOI Mapu
CYCIIHIX €JIEMEHTIB. Y pe3ysbTari 3ajuiia-
€ThCS TUIBKM KPUBOJIHIMHUK I1HTETpai II0
mexi I Beiei obmacri D .

Toni, BpaxoByrouM TpaHHYHY YMOBY
Helimana, MokHa  3HEXTyBaTH  MEpUIUM
nomankoMm y (11). Orxe, (11) HaOyBae BUTTISITY:

([KI+ 4 [MD) g} ={0} (12)

e

K- Z”{G[N ]a[N ]

OIN,1 9IN,T' }dxdy
y

[M]= Z” I dxdy;
)= g{@}

Takum  uyumHOM  BiacHi  (yHKil
¢(X, Y, ,uk) 1 BlacHl 3HA4Y€HHS 4, 3HAXO-

nateess 3 (12), a ¢dopmyna oGepHEHOTo
HepPEeTBOPECHHS Ma€ BUTIISAL [7]:

f(p,z):iMf(ﬂk). (13)

= oz, )
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3actocoByeMO 10 IUQEPEHIIATBHOTO
piBHsiHHA (1) iHTErpanbHe mepeTBOpeHHs (4).
VY pe3ynbTari OTpUMYEMO 3BUYAHE TUEPEH-
IiaJIbHE PIBHSHHS

& vaud -alt) 14

3 MMOYAaTKOBOIO YMOBOIO

6(0)=0 (15)

IS

Q.
.cp(Trmx _GO)

[Jo0xy.8.)- Um thdo-+

§¢(X’ Y 1y )A(X, y);“;

r

Q(thuk):

['-mogaTHO OPiEHTOBAHHI KOHTYD.

Po3B’s3aBmm qudepeHitianbHe piBHAHHS
(14) 3 mouarkoBoro ymoBoro (15), ogepxyemo:

t

e_(ﬂk ,t) = J. Q(x, Hy ) e elx

0

TakuM yrHOM, 3 ypaxyBaHHIM (hopmyiu
obepuenoro meperBopenns (13) orpumyemo
HIyKaHe TeMIIepaTypHE MoJie 9(x, Y, t):

< ¢(X! yv :uk)
o(x,y.t)= Z (24, 1) 2
k=1 ‘ ||¢(X’ Y, My mz
BucHoBku

VY crarti Brepie noOyaoBaHa Marema-
TUYHA MOJIEJIb PO3paxyHKy IMOJIIB TemIepa-
TYpH B IOBUIbHUX OOJIACTSIX IPU €JIEKTPOHHO-
IIPOMEHEBOMY 3BaplOBaHHI y BUIVIAII Kpailo-
BOi 3a/aui MareMatuyHoi Gi3UKH Ui Tapa-
00JIYHOTO PIBHSAHHA TEIUIONPOBIIHOCTI 3
rpaHM4HuMU yMoBamu Helimana. Tennosuit
HOTIK Yy TUIl NPHU 3BaplOBaHHI MOJIEITIOBABCS
TOYKOBUM JKEPEIOM TeIla, IO PYXaeThCs
[0 KOHTYpY Tila 3 CTaJIOK0 HIBUAKICTIO 3a
nonomoroto ¢yskuii ipaka. bymo moOyno-
BaHE HOBE IHTErpajibHe MEPEeTBOPEHHS IS
JTBOBUMIPHOTO KIHIIEBOTO MPOCTOPY, 13 3aCTO-
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CYBaHHSIM SIKOTO, & TaKOX METOJIIB KiHIIEBUX
eleMeHTiB 1 ['anpopkiHa, 3HAWICHO TeMIie-
paTypHE TMOJe Yy BUIIIAAI 30DKHOTO psmy.
3HaiileHo PO3B’SI30K KpaloBOi 3a/1a4l TEIIO-
oOMiHYy B  JOBUTBHHUX  00JacTax Tpu
€JIEKTPOHHO-TIPOMEHEBOMY 3BapIOBaHHI MOXeE
3HaWTH 3aCTOCYBaHHS TPHU MOJICIIOBAHHI
TEMIEepaTypHUX TIOJIB, SKIi BUHUKAIOTH Y
TUTax TOBUTRHOT KOH(Irypartii.
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RESUME

M.G. Berdnyk

Mathematical modeling of
temperature fields in cross-border areas at
electronic radiation welding

In the article for the first time a
mathematical model for calculating tempera-
ture fields in arbitrary bounded regions with a
closed piecewise smooth contour under
electron-beam welding in the Cartesian
coordinate system in the form of a boundary
value problem for a parabolic equation of
thermal conductivity with initial and boun-
dary conditions is constructed, provided that
the thermophysical properties of the body are
constant. At an initial time, the temperature of
the body is constant, and on the outer surface
of the body are known values of the heat flux
which are continuous coordinate functions.

In this paper, the heat flux in the body
during welding was modeled by the point
source of heat moving along the body's
contour with a constant velocity and a known
intensity using the Dirac function.

To solve the boundary value problem, a
new integral transform for a two-dimensional
finite space was constructed. Own values and
their own functions for the integral transfor-
mation kernel are found using finite element
and Galerkin methods. In this case, the divi-
sion of the area into simplex elements was
made. Thus, the problem of finding eigen-
values and eigenfunctions was reduced to the
algebraic problem of finding eigenvalues and
eigenfunctions.

After application to the obtained boundary
value problem of the constructed new integral
transformation, we obtained the Cauchy problem
whose solutions were found analytically. The
obtained solution of the boundary value problem
is twice continuously differentiated by spatial
coordinates and once per time.

As a result, the temperature field in
arbitrary bounded regions with a closed piecewise
smooth contour at electron-beam welding is found
in the form of convergent series.

The temperature field found in arbitrary
bounded regions with a closed piecewise
smooth contour at electron-beam welding can
be used for modulating the temperature fields
that arise when welding a construction of a
given geometry.
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