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Tosu uac e pasriegame 3apas (3apsim) 10 MeTaaHu nopbpxHocTy. 11le TbpcuM IOTeHIMANA B TAKUBA 331841 C TIOMOIITA,
Ha MeToja Ha obpasure. 3a 1esiTa HeKa Ja TOKaXkKeM eIMHCTBEHOCTTA Ha PEIeHNeTo Ha ypaBHeHre Ha Jlamiac npu HaJoKeHn
rpaungan ycaoBus. IIpeamonarame, de mmame asa norennuana ®1 m Po, KouTo ca pernenne Ha ypaBHeHue Ha Jlammac u
YAOBJIETBOPSIBAT IpaHuIHUTE yeaosus Ha Jupuxie u Hoiiman 3a 3a3emenn Merannu TOBbpXHOCTH: Py o0 = 0 u 9Pq 2/0n = 0.
ToraBa Hexka B3emem TsaxHaTa paziauka U = @) — &,. Or juneitHocTTa Ha ypaBuenwe Ha Jlammac crensa, ge U cbIno
VIIOBJIETBOPSIBA, YpaBHEeHNe Ha Jlammac:

AU = 0.
3aemHO ¢ FPAHUYHHUTE yCIOBU:
U=0,
oUu
— =0.
on

Axko cera usnosssame dopmynara Ha ['pun:
0
/(gko YV VR) AV = @%d (?’
u n3bepem ckamapure ) = ¢ = U 1o nmame:
ou
/ (VAU +VUSU)dV = fU ‘?)

Oruuraiiku rpanugsuTe yeaosus 3a U =

/ IVU?dV =0

= VU = 0 = U e koHcTanTa B 0bema V 3apaju rpannvHoTo ycjoBue, Ho U= ( BbpXy MOBBPXHOCTTA 3arpaskaaiia obema V’
= U =0« &, = &, ¢ KoeTo TeopeMara 3a eIUHCTBEHOCT € JTOKA3aHA.

Sagaun:

1.1 AKO TOYKOB 3apsaJ ¢ € PA3NOJIOKEH BbB BAKyyM HA Pa3cTodnue d OT NOBbPXHOCTTA HA 3a3eMeHa Ge3kpaiiHa MeTanHa
wioua (@ur.1) To namepere:

a) TMoreHnmana ¢ HaJ MIOYATA;

6) ILIbTHOCTTA HA MOBHPXHUHATE 3APAIN KOUTO € HHIAYIUPAT BHPXY IIOYATA;

B) O0mmsar 3apsa MHAYUEPAH BbPXY IIOYATA;

r) Cunara ¢ KOATO CH B3aMMOAEHCTBAT 3aPsA/Ia U IIIOUATS;

1) Eneprusra na cucremara 3aps METAIHA [IIOYA.

Qurypa 1:

1.2 UsnonsBaiiku Merona Ha obpazure (npeauiinaTa 3aaa4a) U GpakTa, 4e B €JeKTPOCTATUKATA € BaJUIEH NPUHIIUIA HA
CYTIEPIIO3UIUATA TO HaMepere 0Opa3uTe HA 3aPIIUTE B CIAETHATE CUCTEMHU:

a) Jpe ycuopennu 6e3kpaiiHu v 3a3eMeHH METAJIHU [JIOYU U MEXKIY TdX TOYKOB 3apsiji C [OJEMUHA ¢;

b) Toukos 3apsif, ¢ ce HAMUDPA MEXKJY JBe TPOBOIAIIN, 3a3€MEHU U B3aUMHO TEPIEHIUKYIAPHE MeTaaHu mioun (Pur.2)
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Purypa 3:

1.3 Ako uMamMe TpU TOYKOBHU 3aPsAa PA3MOJOKEHU JI0 TOBbPXHOCTTA HA JBE B3AUMHO MEPIEHIUKYIAPHA 3a36MEHU Me-
ranau mwioau(®Pur.3), To Hamepere cuiara geificTBala Ha 3apAaa —¢.

14

ToukoB 3apsii ¢ TOJIEMUHA ¢ Ce HAMUPa Ha pa3cTosHue R oT meHTbpa Ha 3a3eMeHa Meranna cdepa ¢ pajuyc a, KakTo e
nokazano Ha ®ur.4 mamepere:

a) Iorennumana ¢ uzbh chepara;

6) ILrbrHOCTTA HA TOBBPXHUHUTE 3aPA/IM KONTO ce uHAynupar Bbpxy cdepara;

B) O6uiusT 3apsia uHIyUMpPaH BbPXy cdepara;

r) Cuiara ¢ KosTO cu B3aumoueiicrsar 3apsjia u cdepara.

1.5

Permere npenummnara 3ama4da, ako cdepara He € 3a3eMeHa a UMa nmoTeHnuas Vp.

1.6

Hamepere cunata KogTO M30UTBA TOYKOB 3apsi] C TOJIEMUHA ¢ aKO € TIOCTaBeH Ha pa3crognue R or menTbpa Ha chepudna
KyXUHA C PAINYC @ aKO KYyXHHATA € U3/IbJ0aHa B METaJ.




Peurtenusa:

1.1

3a norernuana umame ¢ (z,y,z =0) = 0 (BbpXy NOBBPXHOCTTA Ha To¥ara) U ¢ (z,y,2) = 0 Ha Ge3KpaiiHO JanedHO
pascrogaue OT 3apana. AKO MO HIKAKBB OCTPOYMEH HAYMH HAMEDPHM KOHMDUTYDAIHNs KOATO YAOBIETBOPABA TE€3U IDAHUTHH
YCJIOBHA W €IHOBPEMEHHO € TOBa YAOBIETBODABA U ypaBHEHHE Ha Jlammac To OT TeopemMaTa 3a €IHHCTBEHOCT HA PEIIEHAETO,
e IMAMEe 9€ CMe HAMEPH/IN HOTeHLHAIA .

Hexka na pasriaemaMe 3apsiia —¢ PasloIOiKeH OT APYTaTa CTPAHa Ha METATHATA ILIOCKOCT CHMETPHUTIHO OTHOCHO 3apsia ¢
(ma pascrosiHue —d oT WiIouaTa). Torapa MOTEHIMATIA KOHTO Ce Cb3LaBa B IPOCTPAHCTBOTO HAJ IJIOYATA €

_ 1 q . q
dmeo \/x2+y2+(z—d)2 \/x2+y2+(z+d)2

OYEeBUAHO TO3U MOTCHIINAJI YAOBJICTBOPABA T'PAHUTHUTE YCJIIOBUA:

o (x,y,2)

¢ (r,9,0) = 0,
Ya2iy2iz2>>d — 0.

Heka cera ma mpoepuM, 9e yIOBJIETBOPSBA U ypaBHeHne Ha Jlammac:

q 0? 1 1
72 —_ =
dmeo Ox 22 +y2 + (2 — d) 22 +y2 + (2 +d)°
q 32 1 322 1
- - +

~ 4meg 372

(.%‘2 +y2+(z+ d)2)5/2 (x2 +y2+(z+ d)z)

qg 02 1 1
72 _— =
dmeo dy \/x2 +y2+(z—d)?  (Jarty+ (2 +d)°

_q 3y? 1 3y n 1
T4 5/2 3/2 5/2 3/2
o <x2 +y2+(z— d)2) (a:2 +y2+ (2 — d)2) (mQ +y2+(z+ d)2) (x2 +y2+(z+ d)2)
q 0? 1 1
— _ —
47760 32’ \/1‘2 + y2 + (Z _ d)2 \/./,UQ + y2 + (Z + d)2
q 3(z —d)? 1 B 3(z+d)? 1

- 47760 5/2 B

(2 492+ (o - a)%) (a2 +92+ - d)2)3/2 (2492 + =+ cl)2)5/2 : (2 492+ =+ d)2)3/2

62

62 62
= azf = 0. Ilo Teopemara 3a 3a €IUHCTBEHOCT HA PEIIEHHETO CME HAMEPUIN

u caeposarenno A (v,y,z) = 55 + ayf +

noreHnmana @ (T,y, ).
a) e Karo 3HaeM noreHnuansa o (T,y,z) TO JECHO MOMKEM Ja HAMEDMM WH/YIUMPAHUAT [OBbPXHUHEH 3ap#ll BbpXY
METAJTHATA TIJIOYA OT TPAHUTHOTO YCJIOBHE:

Ip (z,y,2>0) 0Oy (z,y,2<0) o
0z 0z T eo
—_—
=0 z2=0
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o q (2 —d) (2 +d) _ qd
= 72 3/2 - 3/2
om0\ (@ e-a?) T (Bt ) L )
=
qd
g =

2 (22 + y2 + d2)3/2

6) obrusaT 3apg/ e HaMepUM KaTO IPEMUHEM B IOJSIPHU KOODAMHATH U MHTErPUPAME [0 ILIOIITa Ha miodara. Paguyc

BEKTOPa B HOJIAPHM KoopauHatu e 12 = 12 + y? u rorasa nmame:

Q= o2nrdr = —qd

—
r=—q
0 0 (r2+d2)3?

') CWJIATa ¢ KOATO CU B3aMMOJefcTBar ABaTa 3apaia e:

q2

F=-——
47T€0 (2d)

1) Tpsabea na ce BHUMABA [IPH IPECMATAHETO HA €HEPIUATA HA CHCTEMATA, [IOHEXKE EHEPrudTa He € DABHA Ha EHEPrHsiTa
MEZK/y JIBa TOYKOBH 3apsija C POJEMHUHHU ¢ M —(, KOITO ca Ha pascrosHue 2d equH OT APy a € JBa, I'bTH II0-MaJjKa. B ToBa
MOKEM J1a ce yHe M KaTo cMeTHeM paborara (A) HeoOXoamuMa 3a MpeMecTBaHe Ha 3apsiia ¢ OT pa3crostHue d 10 6e3KpaitHOCT:

o0 © g2 pr
A:—/ Fdz:/ —dz = —————
d a 4dmeg (22) dmeodd

ToBa e Taka MOHEIXKE HHE MECTHM CAMO 3apsija ¢, HO He M HeropuaT ofpas (IpemecTBaHeTo Ha 00pa3a HE € CBbP3aHO C
U3BbPIIBAHE HA PABOTa MOHEXKE METAJA € eKBUIIOTEHIIUAIHA CUCTEMA)

1.2

a) TTomywaBar ce 6e36poii MHOTO 06pa3y, AHAJOTHYHO HA CIAYYasiT B ONTHKATa KOTaTo nMame 6e36poii MHOro ofpasm Ha
MIPeIMET TTOCTABEH MEXKIY TBe YCIOPEITHU OTJIeIaa.

6) 3a obpaza Bux Pur.5.

1.3
3a obpaza Bk Dur.6.

F_2\/§—1 q2
 dwey 242

1.4 Topcum 06pa3 cbe 3apsa () PA3NONOKEH HA PA3CTOSTHUE b OT ITeHThpa Ha cdepara, KaTo JomyiaMe de () JexRu BbpXy
npaBaTa KOsaTO CBbLP3Ba IEeHThpa Ha cdepara u 3apsana ¢ (Pur.7). Torasa norenimana u3sbl cdepara ce 1aBa KaTo:

1
o= (Q + q) :
47760 1 )
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Qurypa 7:

KbJAETO PA3CTOAHUSATA 11 U T2 MOXKEM Ja U3Pa3UM OT KOCHHYCOBa TeOpeMa 3a JABaTa TPUbI'bJIHUKA =

o (r,0) = 1 ( @ + q >
dmeg \ Vb2 + 12 — 2brcosf  VRZ+1r2 —2Rrcosf

IMorenuuasna Tpabsa Ja e Hysa KOraro ' = @ 3a IPOM3BOJEH bl'bi O (TOBA HU € IPAHUYHOTO yCJIOBHE) =

o (a,0) = — ( @ d ):o. (1)

_l’_
dmeg \ /b2 + a2 — 2bacosf® VR2+ a2 —2Racosf

IMonarakiku 0 = 0 u § = 7 noay4aBaMe CIEIHATA CACTEMA;

@Q _ 9
(a—b)? V(R —a)’
Q I
(a+b)? \/ (R+a)®
ITocnemnara cucrema € eKBUBAJIEHTHA, HA:
Q(R—a)+qa = qb,
QR+a)+qa = —qgb.
Cnbupame jiBere paBeHCTBA =
2QR +2qa =0
OkoHYATETHO UMAME:
a
Q - _E(L
b= L
R

Tesu mBe ycaoBUsS 3aMECTEHU B ypaBHEHHE 1 OYEBUIHO IO YIOBJIETBOPSIBAT 34 MPOW3BOJIEH bI'b 6.



6) [LInbraocTTa Ha 3apaia WHAYIMPaHA BbPXy cdepara, [Ie HAMEPUM KaTO MPHJIOKUM FPAHUYHOTO YCJIOBHE 33 CKOK Ha
HOPMAJIHATA KOMIIOHEHTA HA MHTEH3UTETA HA EJEKTPUYHOTO IOJIE BbPXY MOBBPXHOCTTA HA cepara:

Ip(r>a,b) Op(r<a,b) o
or or g
—_—
=0 r=a
=
q 0 1 B 1 _
4reg Or \ VRZ + 12 — 2Rrcos 0 \/a2+(Rr/a)2—2chose - €0
- q 3/2
2 2\ (.2 2 -
a(H)zm(a — R?) (a® + R* — 2Racos )
B) Pemapame Tasm wacT oT 3amadara Kato mHTErpupamMe B chEePUIHE KOODIUHATH
™ 2m ™
Qinue = /ads = / / oa?sin 0ddp = 27ra,2/ osinf0df =
o Jo 0
= %(aQ—Rz)/O (a* + R* — 2Racos ) /QSin9d9:...:—%q

r) Cunara ¢ KOATO CH B3auMOAEHCTBAT 3apsaaa U MeTagHaTa chepa e:

qQ ¢*Ra

T dmeg(R—0)2 dmeo (R? — a2)?

1.5
PermaBame aHasorudHO Ha MPEIUITHATA 33/a49a, HO UMaMe W BTOPH 00pa3 B IeHTbpa Ha cdepara ¢ TOIEeMUHA KOATO 13
Ccb3/aBa MOTeHIHaIa Vo BbpXy MOBLPXHOCTTA HA cdepara:

% — (Inew 5
drega

2
Anew = 471'an VO

1.6
PemmaBa ce xaro crenpaMe CTHIKH aHAJOTMYIHE HA 3a7a4a 1.5 wim ce choOpa3sBa BeHATa OT CUMETDUSTA, 9€ PEATTHUSIT
3apsa u 00pa3a UMaT PA3MEHEHU MECTA.



