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4.4 Metoau nodynosu dyuknii ['pina aag kanoniunux odbjacreit . 8
4.4.1 Ilobymnosa ¢dpyukiii ['pina mMeTomoMm BijoOpazKkKeHnHs 3a-

pPSJIB 19 TPAaHUIHUX 3ajad oneparopa Jlamrmaca . . . 8
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4.3.5 ®yskuig 'piHa rpaHUYHUX 33724 OMEpPaTOpPa TEILJIOMPOBiI-
HOCTI

Bynemo posragaaru rpaHudHi 33/1a9i I PIBHAHHS TEILJIOTPOBITHOCTI:

a’Au(z,t) — % =—F(z,t), z€Q, t>0
&U(.ﬁlﬁ,t)’xes = f(i[f,t), L= 17 27 3.
Tyt
Gu(z,t)] e = w(@, t)],eq s (4.3.51)
ou(z,t)
€2u(x7t)‘m65 == T wES, (4352)
Cyu(z, 1)), g = QL) L nt) -l t) (4.3.53)
on zes

— OIlepaTOpPU I'PAHUYHUX YMOB IIEPIIOro, JAPYroro, abo TpeThoro poiy.

Busznauenns 4.3.5.1 (byskmii I'pina pisHsHHA TeronposigHocti). DyH-
kmito Fi(z,&,t — 7) 6ymemo masuBatu ynkuicto ['pina nepwoi, dpyz0i abo
mpemvoi epaHuYHoi 3adayi pieHANHA menaonposidnocmi B obacti ) 3 rpa-
Humeo S g t > 0, SKI0 BOHA, € PO3B'IA3KOM HACTYHOI TPAHUYIHO! 3a/1ai:

alein(xaé?t - T) - aEZ(x?;;t_T)
Ei(x,f,t - T)‘tfrgo = 07

LEi(z, €t — T)\Ies =0, 1=1,23.

=—dx—-¢&t—71), z€Q, t>0

(4.3.54)

ExBiBajenTHe BU3HAYEHHST MOYKHA, HAJIATH Y BHUIJISII



Busznauenns 4.3.5.2 (byskmii I'pina pisHsgHHA TeronposigHocti). DyH-
kuito E;(z,&,t — 7) Gynemo Hasuatu @ynxyicto I'pina nepwoi, dpyeoi abo
MPemvoi epaHuYHoi 3adayi PieHANHA menaonposidnocmi B obacti ) 3 rpa-
murero S g t > 0, aK11o BOHA MOXKe OYTH MpeCcTaBIeHa Y BUTIAI

Ei(z,6,t—T1)=¢c(z—§&t—7) +wi(z, &t — 1), (4.3.55)

Jie TepIuil T04aHOK € (DYHIAMEHTAILHIUM PO3B I3KOM OMePaTOPa TEILIOMPO-
BIZHOCTI, & APYTUiil € PO3B’I3KOM HACTYIIHOI TPAHWIHOL 3a1ati

_ awi(x7§>t - T)

2AI 7 b=
@ Agui(z,€,t = 7) >

=—d0(x—-&t—71), z€Q, t>0

wi(xa§7t - T)‘tf-rgo = 0’

éiwi(x,g,t — T)‘:EGS = — &81(33 — f,t — T)’zes 1= 1,2,3.
(4.3.56)

Busunmo

Buactusocrti 4.3.5.1 (dynkuil ['pina onepaTopa TemionpoBiiHOCTI)

Jlerko 6aunTn, 1110

1. @ynkimiag ['pina rpannIHuX 33189 PIBHAHHS TEIJIONPOBIIHOCTI 3
aprymentamu E;(z, £, —t) 3a10BosIbHSIE CHPSZKEHOMY JudepeHIii-
ATbHOMY PIBHSIHHIO

aEZ(Z', 57 _t)

AL E; —
a xT Z($’§7 t)+ 8t

= 5(z—€)d(t—1), (4.3.57)

gaex, £ €Q, t>0.

2. Qyuknig ['pina € TakKoXK CUMETPUYHOIO (DYHKIIEIO CBOIX MEPITUX
JIBOX apryMeHTIB.

JHosedenna. JloBenemo ApyTy BAACTHBICTD. 3aMNAITEMO CIIBBIAHOIIEHHS, SIKUM
3aJ10BOJIbHsE hyHkig ['pina:

B aEz(x7 gat - Tl)

ALE; t—
a (l’, 57 Tl) 8t

=0 —8i(t—n), =,£€Q,
(4.3.58)
aEi<$)n7 T2 — t)

N, E; —t
a (I, 1, T2 ) + at

=—0(x —n)i(t—1), z,n€N.
(4.3.59)



[Tepirie piBHSHHS MTOMHOXKUMO Ha F;(, £, To—1t), IpyTe PIBHSIHHS TOMHOKIMO
Ha E;(x,&,t — 71), BigHiMeMo BiJ meprmoro apyre i mpoiHTerpyeMo mo € )
imo —oo <t <7

//// (2,7, 72 — )AL Ey (2, €t — 1) —

Ei(x7 gvt - Tl)Ain(x, n,To — t)) dt dx—

//// (2,6t = 71)Ey(w,n,m — 1)) dt dz =

= —Ei(f,n,Tz — 1)+ Ei(n, &1 — 7).

(4.3.60)

B pesynbrari 3acrocyBanns Apyroi dpopmysu ['pina g0 neprioro inrerpasty
B JIiBiif 4acTUHI piBHOCTI i 0OYMCJIEHHS JIPYTOro iHTerpaJjy JiBOl YacTHUHH,
OTPUMAEMO:

g 1, T2 — Tl i(777577'2 - 7—1) -

/// (2,6,7 — 1) Ei(z,n, 70 — 7)—

— Ei(z,&, —00)Ei(z,n, —oo)> dQ+

/// (GE z,§t— )Ei(ZL‘,n77'2—t)_

— Ei(z,&,t — Tl)aEi(x’;;TZ — t)) ds dt.

(4.3.61)

Obupatoan 7 > Ty > Tp , OTPUMAEMO 3 yPaxXyBaHHS TPAHUIHUX 1 TOIATKOBUX
yMoB Jutd pyHKIl ['pina, 1m0 inTerpaJju B IpaBiii YacTUHI OCTaAHHBOI PIBHOCTI
JIOPIBHIOIOTDH HYJTIO. O

JIng oTpuMaHHS IHTErpaJbHOTO MPEJICTABICHHS PO3B’43KIiB I'DAHUYHUX 3a-
Jlad, 3alUIIEeMO TPAHUYHY 3324y TeIIONPOBIIHOCTI y 3MiHHUX &, T :

CLQAu(f,T>—%_—F(f,T), £eQ, 7>0,

U(g,()) = uo(g)a
(€, T)lees = f(E7), i=1,2,3.

(4.3.62)



Ta piBugnag g GyHKIil ['pina mo aminnux &, 7

AP AeEi(z, 6t —7) + 8Ei(x§;t =7 =—0(z—&)o(t — 1), (4.3.63)

e x, £ €Qt>71>0.

[leprme piBHstHHST MoMHOXKUMO Ha Fj(x,&,t — 7), a apyre — ua u(&, T), Bia-
HiMEMO Bi mepiroro japyre, i npoiarerpyemo mo 0 < 7 < t+ ¢ ta mo £ € ().

OTpuaemo CIiBBiIHOIIEHHS:

t+e

//// (2, €.t — 7)Au(g, 7)—

—u(&, ) AEy(x, &t — 7’)) ¢ dr+

+ ZS/Q//Ei(x,ﬁ,tT)F(ﬁ,T) d¢dr— (43.64)
//// (8 EN) g

_ /// 5(x — &)5(t — 7)d dr.

[licoia 3actocyBanug japyroi ¢dpopmyau I'pina jgo mepiioro inrerpany, o04vu-
CJICHHS TPETHOTO iHTerpaJjy npu & — 0 OTpEMaEMO HACTYIIHY ITPOMiXKHY (Hop-

u(z,t) = O/ /Q// Ei(z, &t — 7)F(€,7) d¢ dr+
+///E x, & t)ug(§) dE+
v [ (pioa-n 452

i(l‘ygat -7
8n§

(4.3.65)

— u(&,T) )> dS dr.



BpaxoBytoun BiIIOBi/IHI TPAHUYHI YMOBH, IKUM 3a/I0BOJIbHSE PO3B’SI30K HA
PAHUI TOBEPXHI S OTPUMAEMO JIJId MEPIIO] TPAHUYHOI 3a/1a4i:

u(x,t):/// By(2, 6,1 — ) F(E, 7) A drt
+///E1(w,£7t)u(>(£) dé— (4.3.66)

- aQO/tZ/ <8E1<xéfl;t - T>f(§,7')) dSe dr.

g aApyroi Ta TpeTboi IpaHuYHUX 33189 OTPHUMAEMO

u(w, t) = / /// Ei(x,&,t — 1)F(€,7)dE drt

n /// Ei(w, €, t)uo(€) de+ (4.3.67)

Q
+a20/[/Ei(x,ﬁ,t—T)f(g,T)ngdT, i=2,3.

4.3.6 ®PDynkunizg I'piHa rpaHMYHUX 33714 XBHJIBOBOIO OllepaTopa

Bynemo posragaaTtu rpaHUYHI 3a1a91 A1 XBUJIBOBOTO PIBHSIHHS:

( 2
a’Au(x,t) — % =—F(x,t), z€Q, t>0,
u(z,0) = uo(x),
4.3.
ou(x,0) ool) (43.68)
(% — o )
| liu(z, )] es = fla,t), i=1,2,3.

Busuavenns 4.3.6.1 (dbyskuii 'pina xsuibosoro pisustus ). Oyukiio O;(x, &, t—
T) 6ynemo wasuaTu GyHkiieo ['pina meprioi, 1pyroi abo TpeThol TpAaHUIHOT
3aa4i XBUJILOBOIO piBHAHHY B obaacti {2 3 rpanunero S it > 0, gKIo BoHA €



PO3B’A3KOM HACTYITHOI IPAHUYHOI 33/1a9i:

B 8291'(357 67 t— T)
ot?

a2Ax@i($7 57 t— T)
@i(x,g,t—7)|t_7§0 =0,
8®i($,€,t—7)

8t t—7<0
&-@i(x,g,t—T)]xeS:O, i:1,2,3.

= —0(z = §)é(t —7),

(4.3.69)
pu— ()7

ExBiBajenTHe BU3HAYEHHST MOYKHA, HAAATHA Y BUTJISII:

Busznadenns 4.3.6.2 (dbyukuil ['pina xsuiboBoro pisasiuus). Oyukio O;(z, £, t—
T) Gynemo nazusaru dynknicto ['pina nepuioi, apyroi abo Tperbol rpaHudHOT
3aja4l XBUILOBOTO piBHAHHA B obJsacti {2 3 rpanunero S it > 0, aKIo BOHA
Mo2xkKe OyTH TpecTaBjieHa y BUTISIL

0i(z,§,t—7)=P(x - &t — 1)+ 0i(z,§,t —7), (4.3.70)

Jie repinwit 101aH0K € (DYHIAMEHTAIBHUM PO3B’I3KOM XBUJIHLOBOTO OIIEPATOPA,
a IPyTrhiil € po3B’I3KOM HACTYIIHOI IPAHHYIHOI 33 1ati:

. 829i<$7£7t B T)
ot?

a?A 0;(x, &t —7) =0,

0i(2,&,t — 7)li_r<o = 0,
691(x7§7t B T)

ot t—7<0
. Ezez(xagat - T)|x€S = - €Z¢l($,£,t - T)‘xES’ 1= 17 2’ 3.

(4.3.71)
— 07

BukopucToBytoun monepeaHi BUKIAJIKY /I PIBHSIHHS TEILIOMPOBITHOCTI, JIer-
KO BCTAHOBUTH, 110 pyHKIis ['piHa XBUILOBOIO PIBHSHHS € CUMETPUYHOIO
GDYHKITIEIO IepIuxX ABOX apryMEeHTIB 1 10 CyKyIHOCTI apryMeHTiB &, T 3a/10-
BOJIbHSIE PIBHIHHS:

_ 82@i(x7€7t - T)
ot?

a®AeO;(z, 6t —7) = —0(z —&)o(t — 7). (4.3.72)
Jns po3B’s3Ky I'paHHYHUX 3aJ1a4 XBUJIHOBOI'O PIBHAHHS MOXKHA OTPUMATH
dopMyIn iHTErpaabHOro MpeICTaBACHHs aHAIOTITHI Bi OB THIM (hopMyIaM
JIJI PIBHSAHHS TEIJIONPOBLIHOCTI:



4 N
®opmyna 4.3.6.1

Po3p’s13koM mepiinol rpaHuYIHOIL 334241 /i XBUJILOBOI'O PDIBHAHHS €

u(z,t) = /t///@ﬂx,f,t_ﬂp(&ﬂ e
+///®1(x’€’t)7}0(§),dg_

(4.3.73)
004 ( t—
/// @ELZD) ) ae-
=0
001 (z,&,t — 1)
—a ///( e f(f,T)) dSe dr.
. J
I Bopara 4.3.6.1. Orpumaiite HaBegerny GhopMyJTy.
4 )
®opmyna 4.3.6.2
Po3p’sa3koM jipyroi i TpeThol rpaHuYHEX 331249 JIJId XBUJIHOBOI'O PIBHSIH-
HA €
t
U,(f[,‘,t) = @i(i’,f,t—T)F(g,T) d€d7—+
[
¥ /// Oi(a, &, H)uo(€), de—
(4.3.74)
004 (
/// OS] (g ae-
7=0
—a /// i(x, &t — f(§,7')) dSe dr.
- J

I Bopasa 4.3.6.2. Orpumaiite Hasejieny GhopMyJry.



4.4 Metroau nodymoBu yukiiii I'piHa aj19 KaAHOHIYHUX
obsacreii

BHaxo/ZKeHHsI PO3B’ 3Ky IPpaHnIHOI 331241 3a gormomMorow GyHKIl ['pina gis
BiAIOBIIHOTO OllepaTopa, 3aJaH0i 00J1aCTi Ta THIY I'PAHUYHHX YMOB (paKTH-
YHO 3BOJANTHCA 10 HEOOXITHOCTI PO3B’s3aHHA IPAHUYHOI 33/1a4l €KBiBaJIeH-
THOI BUXIJIHIM 3 crenjajbHUMU IpanudHuMu ymoBamu. lloGymosa dynkiii
['pina a1s g0BiIbHUX 00J1aCTel € 3a7a9er0 TaKOro »K PIBHS CKJAIHOCTI SK
i 6e3nocepe/iHe 3HAXOJKEHHs PO3B’d3KYy, B TOW »Ke 4Yac ICHYIOTH TaK 3BaHi
KAQHOHIYHI 00J1aCTi JIJIT SKUX MOYXKHA B SBHOMY BHUIVISJ 3alucaTd (DyHKIIO
['pina, a 3HAYUTH TOOYIYBATH PO3B 30K I'PAHHIHOI 3a1adi.

Jlo kaHoHiuHUX oOjacTeit OyaeMoO BIIHOCHTH HmapaJiesernine] B NpIMOKYTHiit
CUCTEeM1 KOOP/IMHAT, & TAaKOXK 00JIacTi gKi B OPTOrOHAJILHUX KPUBOJIHIHHIX
KOOP/IMHATAX € MapaJieenineaMn. 30KpemMa, MBIPOCTIp, 9eTBePTa TaCTUHA
IPOCTOPY, NBOIPAHHUN KYT BEJIMYHHHU 7 /1, MIAp, MO MICTHTbCA MiXK JBOMA
mapaJjeJbHAMHI IJIOTUHAMY, KyJd Ta 11 KAaHOHIYHI YaCTHHY, MUJIIHIAD TPIMO-
KYTHOTO Ta KPYTOBOT'O Tepepi3y, mapaJsesiernine 1 Ta iHIITi.

4.4.1 IlobynmoBa dbyukmnii I'piHa meTromom BimoOpakeHHdA 3apsiiB
OJId TPAaHUYHUX 3a4ad omeparopa Jlammaca

Jlnsa mobynosu dyukiii I'pina oneparopa Jlamnaca BHKOpUCTOBYEThCsT (i3u-
YHa iHTepuperaliisa QyHIaMEeHTAJILHOIO PO3B A3KY TPUBUMIPHOIO Ta JIBOBH-
MIPHOT'0 €BKJIiI0BOTO 1mpocTopy. Haragaemo, mo ¢gpynmaMenTaabHuil po3B’ 130K
omepatopa Jlammaca Ma€ BUTTIST:

1
4—’|7 WS RS,
go(z) = ¢ T (4.4.1)
—In—, z€R%
2 ||

s TpuBUMIpHOrO TpocTOpPY (i3sudHuUil 3MicT (pyHIaAMEHTAJBHO PO3B’A3KY
HaM BiIOMUii i mpeacTaBjsge NOTEHIIA] eJIEKTPOCTATHIHOTO IOJd B TOYIl &
OJIMHUYHOTO TOYKOBOTO 3apsijly, KWl PO3TAIIOBAHUN B HOYATKY KOOD/IUHAT.
JIng nBOBUMIPHOIO BUIIAJAKY MU BU3HAUUMO (DI3UUHUI 3MICT DYHIAMEHTATb-
HOTO PO3B’43KYy TPOXU HUZKYE.

Takum aynnom dyukiio ['pina jig jgedaKol TpocTopoBol 001aCTi MOXKHA TITy-
KaTH Yy BUIVIA/Il MMOTEHIIAIY eJIEKTPOCTATHIHOIO MO CYKYIMHOCTI TOYKOBHUX
ab0 PO3MOILIEHUX 3apsAIiB, OAUH 3 SIKUX € OIMHUYHUM IMO3UTHBHUM 1 3Ha-
XOJUTHCS B AOBLIBHIN BHYTpimHifl Touni obaacti 2, a yci i jexars mo3a
obacTioro {2, MicIe po3TanryBaHHs 1 BeIUYHHA 3aPSA/IiB i I0NPAIOTHCA TAKIM



YUHOM, MOOM 3a/I0BIILHUMU OJHOPIIHUM T'PAHMYHUM yMOBaM Ha TTOBEPXHI
obmacTi.

Tobro dyukmig ['pina g KaHoHIYHEUX obJIacTell JIyzKe YacTo MOxKe OyTH
3Hali/leHa y BUTISIL:

1

%
Gi(p, Py) = 3 . 4.4.2
(p. Po) 4ﬂP—%(%j4ﬂP—ﬂ\ (44.2)

Y miit bopmysi nepiiuii 10JaHOK € (PYHIAMEHTAJIHLHEM PO3B’A3KOM 1 OJIHO-
JacHO MOJEIOE MOTEHIIAT B TOUIMl PP OAWHWIHOTO TOYKOBOTO 3apsay po3-
tammoBanoro B Tourni Py € (). Cyma — apyruil perynasipHuil J01aHOK, SIKUit
dbirypye B oznavenni 2 bynxmii ['pina npegcrasase dynxmnioo gF(z, £), v, —
KOHCTAHTH, fKi MOJEIIOI0Th BeJINYNHY TOYKOBOTO 3apsay, P; ¢ (0 — Toukn
pO3TalllyBaHHS 3aps/IiB, SKi JexKaTh 1103a 001acTio 2.

OCKUIBKH Ma€ Micle piBHICTD

1

Ap— " =
"ax|P — P

0, (4.4.3)

nra P # Pj, To cyma
i
—_ 4.4.4
2 PP (444)
B piBHOCTI BHIIE JilicHO 3a/10BO/IbHSE piBHsAHHA Jlamnaca ko P € (), P; ¢

Q.

4.4.2 3amaua ipixJje ajas miBmpocTopy

Posriisinemo rpanudny 3ajaqy:

U(P)|Pes = f(P), S = {(x’y7z) c2=0,2,y € R}. (4.4.5)

{AUGﬁ:—ﬂP% PeQ={(z,y,2):2>0,z,y € R},
JLna 3naxo/pKenHs po3B’a3Ky 1€l 3a1a4i nodyayemo ¢gyunkiito ['pina nepmroi
rpaHIIHOI 33/1a4i ormepaTopa Jlammaca y miBmpoctopi 2z > 0.

B nmoinbHiN ToUm Fy BEPXHBOTO MIBIPOCTOPY PO3TAIIYEMO OJUHUYIHHUI TO-
YKOBHUU 3apsi/l, IOTEHIIAT SKOr0 0OUHCIIOETHCA

1

- 4.4.6
47T‘P—P0‘, ( )



B HHXKHBOMY TiBIpocTOpi z < (), po3TamntyeMo KOMIEHCYIOUN 3apsif, Tak
mo 6u B KOKHIH Touni moBepxHi (mwiomuan z = () cyMapHHUi HOTEHIIAT
eJIeKTPOCTATHYHOTO T10JIA JTOPIBHIOBAB HYJIIO:

+P = (20, 40:20) . p = (z,y, 2)

»
>

—?0 = (wo,yo, —Zo)

Kopucrtyodnch TPUHIATIOM CYTEPHO3UIIil eJIeKTPOCTATHIHUX IOJIB, JIETKO
3PO3yMiTH, IO KOMIEHCAIlis MOTeHIialy 3apsiy B To4ni Py Bigdyuerbes y
BUMAJKY, KOJW KOMIEHCYIOUHii 3apsa PO3TAINTYBATH A3€PKAIbHO ICHYIOUOMY
BigHOCHO TIonmHaN 2z = (), & BEJIMINHY 3apsi/ly 00OpaTh OJMHUYHY 31 3HAKOM
MiHYC.

B pesyapraTi oTpuMaeMo cyMapHHI TOTEHIA eJIeKTPOCTATHIHOTO TOJS:

1 1
I(P) = — — =
(P) 4r|P — Py|  4n|P — Py
1
= - 4.4.7
i/l — 2P + (5 — P+ — ) 47
1
dmy/(x =202 + (y — 90)? + (2 + 20)*
Jlerko mepeBipuTH, 10O

I(P)|peg = 0. (4.4.8)

Takum ynnom nodyr0BaHa PYyHKINA pejcTaBiasge coboio pyuknio ['pina mep-
moi rpanuaHol 3agad9i ([lipixse) omeparopa Jlamraca s miBnpocTopy:

1
Gl y40) — -
(5 Fo) A/ (x — x0)? + (y — 10)? + (2 — 20)?
1

- Amy/(x — 20)? + (y —90)® + (= + 20)2

(4.4.9)

10



Jlna 3Haxo/zKeHHs po3B’a3Ky 3ajad4i /lipixje ckopucraemocs (hopmyJion iH-
TErpajbHOTO MPEICTABICHHSA:

U(PO):// Gy(P, R)F(P)dP — //@Glafppo (P)dSp.  (4.4.10)

O06uucaumo

0G,(P, R)
071]3

:_£< ! )
Pes 9z \dm\/(x — 20)® + (y — y0)? + (z — 20)?

1
B A/ (x —x0)? + (y — y0)? + (2 + ZO)2> -

- (47r((x —20)2+ (y — y0)? + (2 — 20)?)3/2 B

CAn((w— o)+ (y— o)’ + (2 + 20)2)3/2)

2m((x — 70)* + (y — y0)* + 23))*/*

z2=0

(4.4.11)
Takum ansOM, BuKOpHCTOBYIO9H dbopmyny (4.3.45) (3 monepeHboi JIeKIiii)
iHTErpaJbHOro NPEACTABICHHS PO3B’A3KY MEPITol rPAaHUYHOI 34241, MOKEMO
3amucaT po3s 30k 3aadi lipixiae nua piBusuauns Ilyaccona:

U@, vo 20) = ///( V(x — 20)? +(y1—yo)2+(z—zo)2_

1
_ F(z,y,z)drdydz
\/(x—x0)2+(y—yo)2+(z+zo)2> 2) vet

| [ e

T (4.4.12)
4.4.3 3amaua Heiimana aysa miBrmpocTopy
ByjemMo posrisjaru rpanudHy 3a/a4y:
AU(P)=—-F(P), PeQ={(z,y,2):2>0,z,y € R},
_ oulp) =f(P), S={(z,y,2):2=0,z,y € R}. (4.4.13)
0z |pes

11



Jnsa 3HAXOzKeHHs PO3B 3Ky M€l 3aj1adi mobyayemo dyHkKIo ['pina apyroi
rpaHUIHOI 3a/1adi ormepaTopa Jlammaca /11 miBIPOCTOPY.

1 BUMAIKy YMOBH JPYTOrO POy TOOTO KOJIM HA IJIOMMHI 2z = () BUKOHYE-
ThCI YMOBa

0Gs(P, Py)

=0, 4.4.14
onp Pes ( )

11 MOZKHa 1HTepIIPeTyBaTH K PIBHICTH HY/IIO IMOTOKY e1eKTPOCTATUIHOIO T0-
Jist Kpi3b maomuny 2z = 0.

[le o3Hauae, 110 1MOJI€ BHYTPIIIHBOIO OJUHUYIHOIO 3apsiay Tpebda KOMIIEHCY-
BaTH OJIEM 30BHINTHIX 3aps/iiB. [le MokHA 3p0o0UTH, AKIIO JI3€PKAJTBLHO OJIH-
HAYHOMY HO3UTHUBHOMY 3apsiy B TOUIl Fy po3TalryBaTh 3aps/l J0/IaTHOIO
3HAKy B CHMETPHUYHIHl TOHIIL Py:

+P = (Z0,%0,20) . p = (2,4, 2)

»
>

+?0 — (x()a Yo, _ZO)

TakuMm 9uHOM CyMapHUIl OTEHIIaI JIBOX 3aps/IiB, a 3HAUUTH 1 pyHKIII0 1'pi-
Ha MOYKHA 3aIUCATH Y BUIISIII:

1 1
( ) 47T’P—P0’ 47T|P—P0|
1
= + 4.4.15
Amy/(x — 20)% + (y — y0)? + (2 — 20)? ( )
1
+ — GQ(P, P(])

Am\/(x — 20)2 + (y — y0)? + (2 + 20)?
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[Tepesipumo, 1o modymoBana GpyHKIlis ['piHa 3a10BOAbHSIE TPAHUIHINA YMOBI:

0GsL (P, Fy)

8np

0 1 1
= - +
Pes 9z 4w (\/(l' —20)? 4+ (¥ —v0)? + (2 — 20)?

1
' V(@ = 20)? + (Y — y0)? + (Z+ZO)2>

B i ( N z=0+
ar \ (2 = 20)? + (y —90)? + (2 — 20)2)*/?
4 z+ 2 ) 0
(x—20)2+ (Y — )2 + (2 +2)2)32 )| _,
(4.4.16)

Bpaxosytoun dhopmyity (4.3.47) (3 momepeabol JIeKIlii) iHTerpaJbHOTO Tpei-
CTaBJICHHS PO3B’'43Ky APYrol TPAHUYHOI 331a4l, OTPUMAEMO (POPMYIY I
po3B’a3ky 3aja4i Hefimana piBusnns [lyaccona B miBnpocropi:

U(x(”y‘”z‘)):ﬁ! // (\/($—$0)2+(yl—yo)2+(2—20)2 '

1
+ ) F(z,y,z)dxdydz+

V(@ —x0)%+ (y — y0)® + (2 + 20)?

1 f(x,y) de dy
*%/ / (2 —20)2 + (y — yo)2 + )2

—0o0 —0O0

(4.4.17)
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