JeiicTBMe HA MATHUTHO TOJIe BbPXY JABHIKelll ce eJleKTpu4eH 3apsia. Cuiia Ha Jlopenu.
JABHKeHUe HA 3apeleHd YaCTHIM B MATHUTHO 110J1e — YACTHH CJIy4YaH, NPHJIOKeHHe.
Edexkr na Xoa

I[eﬁCTBHe HAa MAarHuTHO 110JI1€ BbPXY ABHUKEI CE€ CJICKTPUYICH 3apsil. Cunia Ha .JIopeHu

OxoJ10 Bcexu ABWIKEI CC€ 3apsaa €€ Ch3JaBa MAroHuTHO I10JIC. Axo 3apAdbT CC IBU)XU BbB BbHIITHO MArHUTHO

rmoJsie ¢ MHAYKIUA B, coOCTBEHOTO MMOJIe, KOETO TOW Ch37aBa MPU CBOETO JIBIKEHHWE M BHHITHOTO MAarHUTHO
MoJIe 1IE CH B3aMMOJECHCTBAT IO HSIKAKBB HAauuMH. TOBAa O3HAauyaBa, Y€ HA JBWXKEIIMA CE 3apsj UIe JeHCTBa
HSKakBa cuia. MoxkeM Ja ompeneiuM Ta3d CWJia M0 HayuMHa KaTo M3Moj3BaMe 3akoHa Ha Ammnep. Ha
MPOBOJIHUK, IO KOMTO Te4e €JIEKTPUYEH TOK, IOCTAaBEH B MAarHUTHO MoJjie, My JeiicTBa cuia Ha Awmrep. Ta3u
CUJIa MOKE J1a C€ MPEJICTaBU KAaTO CYIEPIIO3UIMS HA CHIMTE, C KOUTO MAarHUTHOTO IOJ€ JCHCTBA HA BCEKU

oT/IeNeH 3apsi ot npoBonHuka. Ha enement dl ot mpoBojHuKa neiicTBa cuia Ha Amriep:

(1) dF = IdeB:(IdI)x
Hexka Ja pasricgaMe nmponu3BCACHUCTO |d| . Koraro HN3BCKIAXME€ 3aKOHA Ha Om IMOJIYYUXMCE 3a IroJICMHHAaTa Ha
TOKa |:nqu, KBACTO N € KOHICHTpalusATa Ha TOKOBUTEC HOCUTCIIN, q N V — CBOTBETHO rojicMuHaTa Ha 3apsaa u

cp€aHara CKOpPOCT Ha HACOYCHO ABWIKCHUC Ha HOCUTCIIMTC, a S e ceueHuero Ha IMIPOBOAHUKA. OTTYK
oJrydyaBame:

(2) Idi =nqvSdi =nqSvdl =gndVv =qvdN,
Thii KaTo 0GeMbT Ha enementa dl e dV=Sdl, a KOHIICHTpalusATa Ha TOKOBUTe HocuTenu — N=AN/dV.
Kato 3amectum (2) B (1) 1mie momyymnm:
3) dF =(|m)x§ :(quG)xE — dNqVxB.
CuiiaTa, KOSTO JeiicTBa Ha OTHAENICH 3apsia ( Iie MmojayduM, Kato pasaeinuM (3) Ha Opos AN Ha 3apsiute B
enementa dl :

— dF - -
4) F.=——=qvxB.
(4) Fo= = avx

Cunara l? (4) e ompenencHa eKCIEPUMEHTATHO OT XosaHackus Qu3uk X. JlopeHil u 3aToBa HOCH
HETOBOTO MIM€ — CHJIa Ha HopeHu Bmwxkname, de T4 3aBHCH OT TOJIEMHHATA M 3HAKa HA 3apsjia U B3aWMHaTa
OpHEHTALKs Ha CKOPOCTTa V HA 3apsija U MarHHTHATA WHTYKITHSI B Ha BbHWIHOTO moxe. loneMuHATa Ha
cuiara Ha JlopeHrr ce naBa ¢ ¢popmynarta:

(5) F.=qvBsina,

KbBJIETO O € BI'bIBT MEX1Y OCOKUTE Ha BEKTOPUTE vuB (dur. 1). Ot (5) ce Bk 4, Ue cuiata € MaKCHMaliHa
KOTaTo 3apsiAbT HABJIM3a B MOJIETO MEPIEHAUKYISIPHO HA MATHUTHATA UHYKITUS (\7 1 B,sina =1, F.=qvB).

Ot nmony4enute popmyin (4) u (3) MOXKEM J1a HAIIPABUM CICJAHUTE M3BOIM 3 CHJIIATA A A A A A
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Ha JlopeHu: T jeiictBa camo Ha aBmkemm ce 3apsaau (ako V=0=F =0); pymarue ' ' 1 1B
HACOYEHA MEPNEHUKYISIPHO HAa CKOPOCTTAa, a ThH KAaTO HPEMECTBAHETO € BUHATH MO | | o 1 |
MOCOKA Ha CKOPOCTTA, TS € MEPIICHINKYIISIPHA U HA MPEMECTBAHETO — CIICIOBATENIHO CHIaTa | F—: O
— o I I IV 1

Ha Jlopeniy He w3BBpIBa pabGora BBpXy 3apsma (F_Ldr,cosp=0) u He mpomens '>p !
1 1

1 1

1 1

€HeprusiTa My, T.€. TS MOK€ J1a MPOMEHSI CKOPOCTTa CaMo IO MOCOKa, HO HE U M0 TOJIEMHHA (:®) I(q<p)
(urpae ponsitTa Ha EHTPOCTPEMHTEIHA CHJIa); TOCOKAaTa M 3aBUCH U OT 3HAKa Ha 3apsjia —
axo >0 mocokara Ha F € B ITOCOKaTa Ha BEKTOPHOTO MPOU3BEICHHE vxB (Ha ¢ur. 1 e Qur. 1
KBbM Hac), a ako <0 — B mocoka oOpaTHa Ha TOBa BEKTOPHO Mpou3BeeHue (Ha ¢pur. 1 — kbM ueprexa).

AKO 3apsIbT ( ce JBHXKHM €JHOBPEMEHHO B €JIEKTPHUYHO I10JI€ C MHTEH3UTET E ¥ B MarHuTHO moONE ©

HHAYKIOUA B , CHUJIaTa, KOATO MY HeﬁCTBa, € Cynepno3unusa OT CJICKTPpUYHATA U MAIrHHUTHATA (.HOpeHI_[OBaTa)
CHUJIIN:

F=qE+qvxB.
I_[Bl/l)KeHI/le Ha 3apE€ACHA YaCTUIIM B MATHUTHO I10J1€ — YaCTHH CJIyYau, MIPUJI0KCHUEC

]_He pasricaamMme HO-HOI[pO6HO JABMKCHUCTO Ha 3apCACHHU YacTUlM B CAHOPOJHO MArdvuTHO IIOJIC, B

3aBUCHMMOCT OT B3aMMHAaTa OpHMCHTALMA Ha CKOPOCTTa V HA YaCTHIMTE M MarHuTHAaTa MHIYKIMS B ma mosnero.



[IbpBO 1IE pasrienamMe J1Ba 4aCTHU cliydasi — KOraTo HallpaBlIEHUATA HAa BeKTopute V U B ca ycnopenHu wim
NEepHeHIuKyIApHU. ToraBa dacTulaTa H3BBPILIBA BH3MOKHO HAW-IPOCTUTE [BUKEHUS — PAaBHOMEPHO
MIPaBOJIMHEITHO U PAaBHOMEPHO IO OKPBIKHOCT.

_, Axo VB wm v B (bur. 2), sreapT Mexay Tax ¢ a=0 wim a=m u Sina=0.
B CrnenoBarenHo B TO3U cilydail roneMuHata Ha JlopeHuoBara cuia (5) e:
l\*/TTE F.=qvBsina =0,
| Te. ako 3apsaabpT (| (HE3aBUCHMMO OT HErOBHMsA 3HAK) CE€ JBWKM II0 HAIIPAaBICHUETO Ha
Y [v M B marnurHara MHIYKIUS, HA HErO HE MY JIeMCTBA HUKAaKBa CUJIAa U ChIJIACHO IIbPBUS IPUHIUI HA
5 HroToH 1mie npoabiku 1a ce IBUKY pAaBHOMEPHO U IPABOJIUHEHHO.
ur. Hexka cera 3apaapT ( 1a HaBIu3a B IIOJIETO NEPIEHIUKYJIIPHO HA IOCOKATa HA MarHUTHATA

uaaykus B (v L B, ¢ur. 3). [Tocokata Ha mojeTo € KbM deprexa. B To3u ciydyaii cumara Ha JlopeHI uma

makcuManiHa rojemuHa FL=qvB (5). [Tocokara Ha cuiara e meprneHIUKY/IIpHa Ha OCOKaTa Ha CKOpoCcTTa V U
e npeau3BUKa caMo MPOMsIHA Ha Mocokarta M. Thil kaTo mosero e egHoponHo (B=const) u ckopoctra He ce
mpoMeHsi mo rojsemuHa (V=CONSt), cuiata ChIIO HE Ce MPOMEHS IO TOJIEMUHA W JIBIXKEHUETO IIe OBJAe C
IOCTOSIHHO HOPMAJIHO yCKOpeHHe an=V2/R=const, oTkbaeTo ciensa, e 1 R=CONSt, T.e. IBMKEHUETO 1IE ObIE
PaBHOMEPHO IO OKPBXKHOCT ¢ paaumyc R. Karo mmame mpeasun Bropus npuHiun Ha HroToH, mMoxem ma

OmpeieNIiM pajanyca R Ha Ta3u OKPBKHOCT: A\N® ®
2
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qB AET D
Bmkame, 4e KOJIKOTO IO-TOJIsIMa € MacaTa M Ha 3apeJeHaTa 4acTULA IIPU €JHAKBH - ®.- ® ®

Apyru yCJIOBH:A, TOJIKOBA IIO-TOJISIM € paguyChT R Ha OKPBIKHOCTTA, II0 KOATO CC IBUKU,

T.€. TOJIKOBA I10-CJIa00 T C€ OTKJIOHSBA OT HaIpaBJICHUCTO CH HAa ABUKXCHHUC. Tri1 KaTo (1)I/IF. 3
ABHKCHUCTO € PAaBHOMCPHO IIO OKPBXHOCT, MOXKXCM Ja OIpCACIMM H IICpUoaa T nHa oOuKangHe IO
OKPBKHOCTTA, KaTO U3IIOJI3BaMC OIIPCACIICHUECTO 3a IICPHUOd U BPB3KUTEC MCIKIY JIMHECHHM U BIIIOBU BEIMUNHU:

T =E= 2nR _ 21tm
® Vv gB

KOWTO HE 3aBUCH OT CKOPOCTTA, C KOSITO YaCTHUIIaTa HaBJIN3a B MOJIETO.

[Tocokara Ha JlopeHmoBara cuia 3aBHCH U OT 3HaKa Ha 3apsna (4). 3aroBa, Mpu HABIKW3aHE B MAarHUTHOTO
T0JIe, TMOJOXKUTEITHUTE U OTPUIATESITHUTE 3apsJIU 11 Ce OTKJIOHSBAT B MPOTHUBOIIOIOXKHH IMOCOKH (Ha ¢ur. 3 —
TUTHTHATA OKPBHIKHOCT 32 TOJIOKUTENEH 3apsijl U MyHKTHUPHATA 32 OTPHUIATEIIEH).

[Ipn HaBnu3aHe Ha 3apelaeHaTa YacTHL@ B MOJETO MOJ MPOU3BOJEH BIBI O CHPSIMO IOCOKaTa Ha
MarHuTHaTta UHAYKIus (¢ur. 4), ABUKEHUETO M MOXKE JIa C€ MPEJCTaBU KaTO CYNEPIO3UIUS OT JIBE IBHKCHHS —

i)

Y [0 HampaBJeHWE Ha MarHUTHaTa HMHIyKIMs B cbc ckopocT Vx=vCOSa u
B HEePIeHIUKYISIPHO Ha MOJETO ChC CKOPOCT Vy=VSiNa. 3a Te3u JiBe ABMKEHHUS ca
~ B CHJIa Pa3ChKICHUATA, KOUTO HanmpaBuxMme jocera. [1o mocoka Ha MHAYKLHUATA
4yacTULaTa 1€ C€ JBUKH PaBHOMEPHO U IPABOJMHENHO CBHC CKOpPOCT VCOSA,
KaTo 3a BpeMme, paBHO Ha enuH mepuon 1 (7), onmucBa OKPBKHOCT, B paBHUHA

nepreHauKysipaa Ha B, ¢ paguyc (6):
mv i
@ R=My _Mvsina
X ,
¢ur. 4 qB qB
ThH KaTO CKOPOCTTa M B TOCOKAa MEPIEHINKY/SIPHA HA MOJETO € VSiNa. 3a ToBa BpeMe YacTHIaTa Ie ce
HPEMECTH IO OCOKa HA MHIYKIHSATA HA Pa3CTOSIHUE:

@) 1 =v,T =T cosg = 2V E0SCt
qB
CremoBareiHO B OOIIMS CIy4aid, KOraTo yacTHUIlaTa HaBJIM3a B IMOJETO  TOJ
MPOU3BOJIEH BB, TS  WM3BBPIIBA  IO-CIIOKHO ¢ur. 5 JIBIYKEHUE, 1o T.Hap.
BuTiioBa JuHUs (¢ur. 5) cbe crenka | (9) u paguyc R (8).

HBI/I)KGHI/IQTO Ha 3ap€ACHU YaCTUIM B MAarHuTHO IIOJIC HaMHpa MHOI'0 IIHUPOKO IMPUIIOKCHUC B HAayKaTa U
TexHuKaTa. Moxe aa Obe U3MEpeHa MacaTa Ha MOJIEKYJIUTE, CIIe]l TAXHOTO HOHU3HpaHe, C MAaCCIIEKTPOMETHD,
KaTo ce ompenenu paanychbT R Ha xpuBuHarta (6) Ha TpaeKTopusta UM (KOJIKOTO € TO-ToJisiMa MacaTa Ha



MOJIy4eHHUs1 MOH, TOJKOBA MO-ToJisAM Ie Oble paauychT R). Moxe na ce pa3fensiT CHOMOBE MOJOXKHUTEIHO U
OTPHLIATEIIHO 3apelieHH YacTUIM (¢pur. 3), KOUTO Clea TOBa Morar Aa ObIaT yCKOPSBAaHU B YCKOPUTEIH 3a
3apelIeHN YaCTULH.

E¢exT Ha Xou

JlopennoBara cuia, KOATO JIeCTBA Ha 3ape/IeHU YaCTUIU, KOUTO CE JIBKAT B MarHUTHO MOJIE, € OTTOBOPHA
3a eIMH UHTEepeceH eeKT, KOUTO CHIO HAMUPA TOJIIMO puiiokeHHe — eeKThT Ha Xoi. Heka BMecTo TuHeeH
MPOBOJIHHUK, JIa U3I0JI3BaMe METallHA IJIACTHHKA C IIMPOYMHA @ U BUCOUUHA D, 10 KOATO Teue MocTosiHeH TOK |

110 u36panara oc X ((ur. 5). AKO OCTABUM [UIACTHHKATA B SAHOPOJHO MAHHTHO I0JIE ¢ MHAYKIMSA B 10 ocTa
Y, mepreHauKyIsIpHa Ha TMOCOKaTa Ha TOKa, MKy ropHata W joiHaTta creHa (mo octa Z Ha ¢wur. 6) Ha
IUTACTUHKATa BB3HHMKBA TOTCHIMANTHA pa3iuka A@. Xol € yCTaHOBWJ, Y€ Ta3u IMOTCHIHAlHA pasiifKa €
MPaBONPOIOPIIMOHAIIHA HA TOJIEMUHUTE HAa TOKa | m MarHuTHaTa MHAYKIUSA B 1 00paTHO nMponoprroHaiHa Ha

IUPOYMHATA HA MJIACTUHKATA a: A

(10) Ap=R-E. _ P2

a Y= B - I

KoeduuueHnTsT Ha mponopuuoHasHocT R e HapedeH KOHCTaHTa N\ — b
Ha XoJ. 3HaKbT Ha Ta3uW KOHCTaHTa (B mM30paHa KOOpIWHATHA N 1E ¥ FT
CHCTEMA) Ce OIpeeIis OT OCOKaTa Ha Ch3AaICHOTO €JIEKTPUUHO e v+ + S a
nosie. 3a ciyvasi, moka3aH Ha ¢ur. 6 (MeTaleH MPOBOAHHK, B + o -
KONTO TOKOBUTE HOCHUTEJH Ca €IEKTPOHU C OTPULIATENEH 3apsin), X
R<0, 3amoro @2<@1=>AQ@=@2—@1<0, T.e. BB3HUKHAIOTO (ur. 6

EJICKTPUYHO TIOJIe € B MOJIOKUTENHATA Mocoka Ha octa Z. Twit
Kato edeKkThT Ha XOoI ce HabIoJaBa U B MOJIYNPOBOAHMIIM, MO 3HAKa HA R MokeMm [1a ompenenuM 3HaKa Ha
TOKOBUTC HOCUTCIIM B IIOJYIIPOBOAHHKA, @ OTTaM U THIIA IPOBOAUMOCT — p- WU N- TUII.

®opmyia (10) moxe aa Obae u3BeacHA Ha 0a3aTa Ha MPOCTH Pa3ChKIACHUA. Ha eleKTpOHHUTE B METaTHUS
MPOBOJHUK JeWCTBA CWJIa Ha JIopeHl, KOSATO B AaJcHUsA Ciiy4yad JaeicTBa Harope. Thil KaTo CKOpOCTTa Ha

HACOUCHO JIBI)KEHHE Ha enekTponute V L B, cunara e makcumanna — FL=qvB (5). CienoBaTenHo enekTpoHuTe
IIIe 3aII04BaT /1a CE HATPYIBAT B TOPHUS Kpail Ha INIACTUHKATa U TOH ce 3apekaa OTPULATETHO, KOETO TOBEXK/Ia
10 oOeqHsBaHE HA EJIEKTPOHHM B JOJNHUS Kpall — TOW e(pEeKTHBHO ce 3apexia mojoxurenHo. Ilpu ToBa

IIpepasNpeAeIeHUe Ha 3apsAauTe B IUIACTHMHKATa CE Ch3aBa €JIEKTPUYHO I0JI€, C UHTEH3UTET E mHacoueH OT
J0JHaTa KbM TOpHAaTa CT€Ha Ha IUIACTHHKATa, T.e. eJNeKTpUYHaTa cuia, ¢ roiemuHa Fe=QE, neiictBa Ha
€JIEKTPOHUTE B IIOCOKA, 0OpaTHa Ha JlopeHoBaTa cuiia (3apsibT Ha €JIEKTPOHUTE € OTPULIATEIIEH U CHUJIaTa € B
[I0COKa, 0OpaTHa Ha MHTEH3UTETa Ha eNeKTpUYHOTO moJje). Korato aBere cuiin ce M3paBHAT MO TOJIeMUHA
HACTHIIBA PABHOBECHE M CE€ YCTAaHOBSBA IOCTOSHHATA MOTCHIMANHA pa3nuka A@Q MEXAy ropHaTta W JojHara
creHa Ha rtactTuHkata (10), KoATo MOXKeM J1a U3MepuM:

F=F=B=E

| =ngqvS =>v= = I B _A9
ngS ngab|ngab b
e Ao _Ap
Az b
(1) sp= LB _g 1B
ng a a

N3nonsBaxme (opmynaTa 3a TOKa U Bpb3KaTa MEXTy MHTEH3UTETa U MOTEHIMANIa Ha eNeKTPOCTATUYHO TOJIeE,
KaTo B Clyd4as HMHTEH3WTETa € HacoueH mo ocra Z u 3aroBa Ar=Az=b. Ot (11) moxeMm jga mMoIy4ynM M

CTOMHOCTTA Ha KOHCTaHTaTa Ha XOJI:

N

ng
T.€. TSI 3aBUCH CaMO OT KOHIICHTpAIMsATa Ha TOKOBUTE HOCUTENH U 3apsiia M. T0Ba HU JJaBa Bb3MOXKHOCT OCBEH
Ja ompejeNsiMe 3HaKa Ha 3apsja Ha TOKOBUTE HOCHTENHW (OT 3Haka Ha R), ako 3HaeM KakBH Ca HOCHUTEIUTE
(Hamp. B MeTajHMTe 3HAeM, Y€ ca €JIeKTPOHM W 3HaeM 3Haka M TroJieMHHAaTa Ha 3apsjaa) Ja ompeiesiMe
KOHIIEHTapalusiTa UM CJeJ KaTo OINpeJeNuM eKCIepUMEHTAIHO KoHcTaHTata Ha Xon R. Ha ocHoBara Ha
edekra Ha XO0J ChIIO Taka ce U3padoTBAT ypeau 3a ONpeAessiHe Ha roJieMUHA Ha TOKAa M MarHUTHA UHTYKITHS.



