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JladopaTopis “EnekTpukH Ta MAarHeTU3MY
JlabopaTopna podora Nel5S

“BU3HAYEHHS IMTOMOTI'O 3APANY EJIEKTPOHA
METOJOM MAT'HETPOHA”

Merta po6oTu: BuzHauntu nuTOMUN 3aps]] €1EKTPOHA e/ m , BABYAIOUM HOT0 pyX y B3aEMHO
NEePIEHINKYJIIPHUX €ICKTPUYHOMY Ta MAarHITHOMY IIOJISIX.

Beryn. BigHomenHs e/ m U1 €leKTpOHA BU3HAYUTHCS 33 JOMOMOTOI0 METOAY MarHEeTPOHA.
Ha3za Mmertony moB'si3aHa 3 THM, HI0 KOH(QIrypamisi eJeKTpHYHOrOo 1 MAarHiTHOrO TIOJIB, SKa
BUKOPUCTOBYEThCS B JabopaTopHiid poOOTi, Haramye KOHQITypalilo TOJiB B MarHeTpoHax -
reHepaTropax eJIeKTPOMAarHiTHUX KOJIMBaHb B 00J1aCTi HAJIBUCOKUX YaCTOT.

PyX ej1eKTPOHIB B MArHETPOHI

Pyx enexTpoHiB B MarHeTpoHi BiI0yBa€ThCs B POCTOPIi
MiX KaroqoM K 1 aHOIOM A JBOXENEKTPOIHOI JaMITH.
Hutka po3zxapeHHs (KaToj) po3TaloBaHa Y3IIOBX OCI
IWJIIHIPUYHOTO aHO/A, TAaKUM YHWHOM, IO €JIEKTPHYHE
nojie HampaBiieHe To paxaiycy. Jlamma posramoBaHa
yCepearHi COJICHOINa, KUl CTBOPIOE MarHiTHE IIOJe
B=(0,0,B), nanpaBiieHe B3I0BXK OCi z JIaMIIN.

Posrnssmemo pyx enekrponiB. Hexait mowarkoBa
HIBUJKICTh €NEKTPOHIB, 3 SIKOO BOHHM BUIITAIOTh 3
Karoaa, JOpPIBHIOE Hy0. Toai pyX eleKTpoHa

BiZIOyBaTUMEThCSI B IUIOLIMHI, KA MEPNEeHAUKYJISIpHA .l\

. X
MarfHiTHomy  momo.  CKopucTaeMocsi — TOJSPHOIO
CHUCTEMOIO KOOpIWHAT. B 1IbOMy BHMIAJKY IOJIOKEHHS
CIICKTPOHA XapaKTEePU3y€EThCS BIACTAHHIO JO OCI
HWTIHAPA 7 1 TOJSIPHUM KYyTOM @ .
Ha puc.3. moka3zano optu paaiyc-Bekropa @&, 1
TOJISIPHOTO KyTa &, .
rd
Puc.3.
BekTop mBHIKOCTI MOXKHA 3aITUCATH y BUTIISII:
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Cuna JlopeHna 1OpiBHIOE:
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e, e, e
Fo=qv, v, 0. ()
0 0 B
Takum YrHOM, BIIMIHHI BiJl HyJIsl KOMIIOHEHTH CHJIM JIOpeHIla, MarOTh HACTYTHUI BUTJISI:
F, :—quB:—qZ:B, 3)
F,=qv,B=qroB. 4)

3anMIueMo PiBHSHHSA PyXy €JNEKTPOHA, CKOPHCTAaBIIMCh PIBHSAHHAM JUII MOMEHTY iMITyJIbCy
enexTpoHa L :

6§=q?x(E+\7xE), (5)

1€ g = —e - 3apsAf eNeKTpoHa, £ - HApy »KEHICTh eJEKTPHYHOTO MOJIS MiK KaTOAOM 1 aHOJoM, B -

IHIYKI[IS MATHITHOTO TTOJTSI.
Tak six 7 || E', TO MOMEHT CHII 3yMOBIICHHH TiIbKM MarHiTHOKO CKJIaZ0BOKO cuiu JlopeHa

/8 _
6jl:q?x(\?xB):foL, (6)
t
PiBHSIHHS MOMEHTIB MOJKHA 3aIMCATH Y HACTYITHOMY BHUTJISIIIL:
e e e
Z ~ r [ z
i:M:?xFqu r 0 0l. (7
dt dr

roB —-g—B 0
q th

[poekuis piBusuns dL/dt = M w\a Bich z Ma€ HACTYITHUH BUTJISIL:

2
dimro) __ 9 p_ g )
dt dt dt
3BiJICH OTPUMAEMO:
mr2w+C:;er23, )

ne koHcranta C - cTaja iHTeTpyBaHHS, SIKa BU3HAYAETHCS 3 HACTYIMHUX MipKyBaHb. Tak sK paiiyc
KaToja 7, - Maja BEJIM4YHHA, TOMY Ha IOYaTKy pyXy €JEeKTpOHa pajialbHa KOOpAMHATAa €IEKTPOHA

r =r, Tex Mana. Tomy cranmy iHTerpyBaHHs C 3 IESKOIO TOYHICTIO MOXKHA ITOKJIACTH PIBHOIO HYJIIO.

KyToBa gactota @ pyxy eIeKTpOHA B MarHETPOHI IOPIBHIOE JIAPMOPIBCHKIM 4acTOTI @) :

eB
O=w, =——. (10)
2m
SKmo po3rsIaTH  CNEKTPOMM  JIAMITA  SK  IWUIIHAPWYHUN  KOHJEHCATOp, TO MOJYJIb
EJEKTPUYHOTO oI £ 3MIHIOETHCA 3 BIICTAHHIO 3T1HO 3 3aKOHOM:

U 1
E=— "~
In(r,/n.)r
1e 7, - paalyc aHola, 7; - paalyc KaToja.
Tak sk Mar”iTHe ToJie HE 3/IMCHIOE pOOOTH HaJ 3apsSAoM, TO KIHETUYHA €HEprisi eIeKTpPOoHa

BU3HAYA€THCSI pOOOTOIO €JIEKTPUYHOrO OIS, 1 32 YMOBH, L0 IOYAaTKOBA IIBUJKICTh €JIEKTPOHA IpU
=1y, JIOPIBHIOE HYJIO, MOKe OyTH 3allMcaHa y HaCTyITHOMY BHIJISI:

(11)
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[IpoBenemo aHaii3 XxapakTepy TPaeKTOpii €IEKTPOHIB, SKi BHIIITAIOTH 3
KaToja Ipu aHOAHIM Hampy3i U ,. 3a BIACYTHOCTI MarHiTHOIO MOJs
TPAEKTOPIs €JeKTpOHA MPSAMOJiHIAHA 1 HampaBleHa Y3I0BXK paaiycy.
[Ipn cnabkoMy MarHiTHOMY TIOJi, TpPAEKTOPIsS €JEKTPOHA CTae
KPHUBOJIHIMHOIO, alle €eJEeKTPOH Bce XK Taku Jocarae aHopaa. [lpu
301IBIIEHH] MAarHITHOTO TOJISI TPAEKTOPISl HACTIIBKU CKPUBIIOETHCS, IO
IpU JeAKOMY 3HaYE€HHI MarHiTHOro moius B, cTae€ JOTHYHOIO 1O aHOJA.

Lle mone B, Ha3MBaeTbCs KPUTHMYHMM MarHitHuM nonem. Ha puc.4

IHAYKIS MarHiTHOTO MoJisi B, MOMEHT immynbcy L Ta MoMeHT cun M
HampaBJieH1 0 Hac.

[Tpu momanpmioMy 30iIbIIEHH] MAarHITHOTO TMOJIE B, Tak, 10 BOHO CTae OUIbINE 3a KPUTHUYHE
3Ha4YeHHs B, , eNEeKTPOH B)K€ HE MOTpaIIsie HAa aHOJ 1 MOBEPTAEThCA HAa KaToA. 3HANAEMO BEIHMUUHY

cro

B, B3BIIN 710 yBarW, 110 y BUMaAKy B =5, paaianpHa MBUAKICTb €IeKTpoHa dr/dt Ha aHOAI
(r =r,) 3BepTaETbCA B HYJIb!
2.2
eB . r
U, = "ela (13)
Sm
3BIJCH KPUTUYHE 3HAYEHHS MarHiTHOTO TIOJISI IOPIBHIOE:
SmU
— a
B, = |—73"%. (14)
er

a
®opmyna (14) no3Bomnse odunciuT e/ m , AKIO npu 3aganoMy U , 3HaHIEHO Take 3HAYECHHS
MarHiTHOro mnois (abo HaBNakW, IpU 3aJaHOMy B Take 3HaueHHs U ,), IpU SKOMY €JIEKTPOHU
IepecTaloTh Momajgati Ha aHoA. OTpuMmaHi pe3ynbTaTh 0a3yBajluCh Ha NPUIYLICHHI, IO BCi
€JIEKTPOHU MOKUAAIOTh KaTOJ| 3 HYJIOBOIO MIBUJKICTIO. [Ipy IboMy y BUIa/Ky, KOJIM MarHiTHE IoJie
MEHIIe KPUTUYHOrO 3HaueHHs (B < B, ) BCl €NEKTPOHU IoNafadu O Ha aHOJ, a NPHU CHIbHOMY
Mar"itHoMy nomi (B > B, ) Bcl €IeKTpOHH NOBepTalucs 6 Ha KaTOA, TaK 1 HE JOCSITHYBIINM aHOLY. Y
IIbOMY BHIAJKy 3aJ€XKHICTh AHOJHOIO CTpyMy [, BiIl MarHiTHOro mHoysi MOKa3aHa Ha puc. 5
IMYHKTHPHOIO JIIHIETO.
B peasbHuX yMoBax €IEKTPOHH, L0 BUXOIATH 3
KaToJa, MalOTh Pi3HI HE HYJbOBI MIBUAKOCTI. Y Iy
IIbOMY BHIIQJIKy KPUTHYHI YMOBH JUI1 KOKHOTO
€JIGKTPOHA BUKOHYIOTHCS TPHU PI3HUX 3HAYCHHSX
MarHiTHoro nons B . TakuMm 4MHOM B 3araJbHOMY
BHUIIAJKY 3aJIEKHICTh aHOAHOTO cTpymy [, Bin

MarHiTHOTO MOJsi B TpuiiMae BUTIJISA CYHUTBHOL
KpuBoi Ha puc. 5. B ganii poboTi s

3HAXOKCHHS e/m BUKOPHCTOBYETHCS

I[BOXGJIGKTPOI[H& JlaMIia 3 LII/IJIiH,HpI/ILIHI/IM o] B B
HEMAarHiTHAM AHOJIOM. Paniyc aHOIy e

r, =4.5mm.

Puc.5.
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Onuc eKCnepuMeHTAIbHOI YCTAHOBKH. @

[IpuHIMIOBa €JIGKTPUYHA CXEMa YCTaHOBKH
nokazaHa Ha puc.6. OOMoOTKa coneHoina
MIIKTI0YeHAa 10 OJIOKY >KHBJICHHS. [HITyKITis
MarHiTHOTO TMOJISI yCEepeAMHI cojeHoiga 0e3
CepJICYHHKA TIPSIMO MPOIIOPIIiHA CHJIl CTPYMY,
KU mpoTikae 1o obmotmi B=DI,.

R

R

3HadyeHHs ~ Koe(ilieHTa  MPONOPLIHHOCTI

D=41x10"Tn/A. J
U

BukoHaHHs po0oTH.
1. 3i6patu cxeMmy 3rigHO pUC.6 1 3HATHU 3aJEXKHICTh aHOJHOTO CTpyMy [, Bix cTpymy /., 1o

IPOTIKA€E Yepe3 CONEHOI A IICThOX 3HaYeHb aHOAHOI Hanpyru U, =3B,5B8, 7B,9B,11B, 13B.
2. Ilobynysatu rpadiku [, = f(I,) Ta 3a iX JONOMOrOK BHU3HAYUTU KPUTHYHE 3HAYECHHS

MarHiTHOro mnoist B, . Bubip KpUTHYHOTrO 3HAu€HHS CTpyMy /.., SIKMM INPOTIKAE IO COJEHOIAY

Ccro»

(B, = DI, ) BU3HayaTu y BIIIMOBIJHOCTI 3 TAKUM CTPYMOM B COJICHOI[l, IPH SIKOMY aHOJIHHUH CTpyM
1,=0.851,, ne I, - MmakcuMasbHe 3Ha4EHHs aHOJIHOTO CTPYMY IIPH BiJICYTHOCTI MAarHiTHOTO TOJI.

3. Jlns 3apaHuX 3HaueHb aHOAHOI Hampyru U, 3HaWTH BianosigHe 3HaueHHs B, . Ha ocHOBI
OTpUMaHUX 3HAYEHb 3HAUTH yCepeTHEHE 3HAUCHHS e/ m .

4. IlobynyBaru rpadix 3anexnocti 88U,/ rj BiJl Bf,, Ta TOSCHUTH XapakTep OTPUMAHOL

3aJIEIKHOCTI.

KOHTpOJILHI IUTAHHS.

1) Lo Take cuna Jlopenua?

2) Yomy MarHiTHa ckJjiafjoBa cwin JIopeHiia He 3/1iicHIOe poOOTH Hal 3apsioM?

3) 3anmcatu piBHAHHS pyXy €leKTpOHa B KOH(Irypalii eJIeKTPUYHOr0 1 MarHiTHOTO MOJIiB, SKa
BUKOPHCTOBYETHCS B MarHETPOHAX.

4) Yomy opOiTambHHI MOMEHT IMIYJbCy YaCTUHKHU 30€pira€Tbecs, SKIIO BOHA PYXa€ThCS B
HEHTPaIbHUX MOJISX.

5) Otpumatu piBHSHHS ISl KyTOBOI IIBUKOCTI PyXy €JIEKTPOHA.

6) YoMy nOpiBHIOE YacTOTa Mmperecii opOITAIPHOTO MAarHiTHOTO MOMEHTY B 30BHIIIHBOMY
MarHiTHOMY OJIi?

7) BuBecTtu piBHSHHS 7151 paialIbHOTO PyXy €JIEKTPOHA.

8) BuBectu opmyity [UTsi BA3HAYEHHS TUTOMOTO 3apsily €JICKTpoHa e/ m .

9) o Take kpuTHYHE MarHiTHe nosue B, ?

10) Yu 3aeXuTh CHUJIa aHOJHOTO CTPYMY BiJl HAMPSAMY MarHiTHOTO TOJIA, 1 SIKIIO 3aJIEKUTh, TO
SIK Kpallle IPOBOIUTH BUMiPIOBAHHS.
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JIOPEHII (Lorentz) Xennmpik Amnton (1853 - 1928) -
Hifgepianacekkuii ¢izuk. Buuscs B JlelinmeHcpkomy yHiBepcuteti (1870-
72), B 1878-1923 mpodecop mporo yHiBepcurery. 3 1923 mupexTop
JOCHITHUIBKOTO 1HCTUTYTY Teiinopa B Xapneme. Y cBOiM JOKTOPCHKIN
muceptanii (1875) JI. po3risiHyB BiIOWTTS Ta 3allOMJICHHS CBITJIA 3
MO3UIIiH enekTpomarHiTHOI Teopii k. Makceenna i mokasas, 110 Ha MEX1
2 cepenoBuIl BUHUKAIOTh 4 yMoBH (a He 6, K BUMarajga MeXaHIuyHa
Teopis cBiTia). Lle cBiMUMIIO MPO MONEPEYHICTh CBITIOBUX XBUJIb 1 CTAJIO
JIOKa30M €JIEKTPOMArHiTHOI Teopii cBitna. Y 1878 JI. mosicHUB Aucmepcio
CBiTIa 1HTep(EpPEeHLi€l0 MAJal0YUX XBWIb 1 BTOPUHHHUX XBHIIb, IO
BUHHUKAIOTh NIPY KOJHMBAHHAX 3apsUKCHUX YaCTHHOK ITiJI €0 MaJal0unx
xBWwib. Llg pobora Oyna mepmmuM KpOKOM JI0 PO3POOKH EIEeKTPOHHOI
Teopii, OCHOBHI ToJI0>keHHS siko1 JI. copmyirroBas B 1892.

JlopeHI BHBIB BHpa3 JJIsl CHJIM, LIO i€ 3 OOKY €JEeKTPOMAarHiTHOTO MOJIS Ha PYXOMHH 3apsj
(Mopenua cuna).

3a gomoMoror enekTpoHHoi Teopii JI. Baanocs mosicHuTH 6arato sBUIL (CIiBBIAHOIICHHS MiX
KOeQIIi€EHTOM 3JIOMJICHHS PEYOBHHH 1 TIOJSPU3YEMICTHIO - Jlopeny - Jlopenya gpopmyna, 3B'I30K Mix
KoedillieHTaMH TeIJIO0- 1 eeKTPONPOBIAHOCTI MeTaniB, epektu Xomna, Keppa ta inme).

JI. mosicHuB 3eemana 3¢)ghexm 1 mependAYUB TONSPHU3AII0 KOMIOHEHT 3€EMaHOBCKOTO
posmemieHHs (HoGeniBepka npemis, 1902, cninbHo ¢ [1. 3eemanom).

Knacnuna enektpoHHa Teopis 3HaWnmwia cBoe 3aBepmieHHs B MoHorpadii JI. «Teopis
enekTpoHiB» (1909). Bona 3'sBunacsa GpynaamenTom 0aratbox cy4acHUX (i3UYHUX ySIBICHbD.

JI. - aBTOp KJIACHYHHX pOOIT TO eNeKTpoauWHamimi pyxomux cepemoBuml. Y 1895 BiH
dopManbHO BBIB TOHATTA «MICIIEBOrO Yacy» 1 TOKa3aB, 1[0 pIiBHIHHS MakcBena MNpUOIU3HO
CIPaBEITMBI B IHIIIIAJIBHUX CHCTEMaXx BIIIKY.

Jns mosicheHHss Maiikenbcona onvima JI. BUKOPHCTOBYBAB IPHITYIICHHS TPO CKOPOYEHHS
MOJOBXKHIX PO3MIpIB y HampsMi pyxy Tija, BucioBieHe iM B 1892. BBiB mpocTOpoBO-4acoBi
MIEPETBOPEHHSI, [0 OMKUCYIOTH MepeXia B OMHI€T iHEPIiaTbHOI CHCTEMHU BIJUTIKY JIO 1HIIOT 1 PIBHSIHHS
MakcBena, 10 3aJIMIIAIOTH 1HBapiaHTHUMHU (Jlopenya npeobpazoeanus 1904), a TakoX 3HAWUIIOB
3aJIeXKHICTh MacH Bia mBuaKocTi. L1 pobotu JI. 3irpanu BenuKy poJib B MATOTOBIN OMHOCUMENbHOCHIU
meopuu.

JI. 6yB roJIOBOIO KOMITETY 3 MIATOTOBKH MPOEKTY YAaCTKOBOTO OCYIIICHHS 3aTOKH 3enmep-3ee
(1918-26); nnsa 1pOro MpPOEKTY BIiH pPO3pPOOMB HOBI MaTEeMAaTU4HI METOAM TiAPOJUHAMIYHHUX
po3paxyHkiB. ByB opranizaropom i rosoBoto CoylbBEEBCHKHX KOHTpeciB 3 ¢izuku (1911-27). Unen
Kowmitery Jlirn Hauiif mo intenexryanpHiit cmiBmpani (3 1923, npesunent 3 1927). Unen 6aratbox
aKaJieMiil 1 HAyKOBUX CYCI1JIbCTB

JIAPMOP (Larmor) /Ixozed (11.7.1857, Mareparomn, rpadpctBo AHTpiM, Ipmannis, — 19.5.1942),
aHTmichkui Pizuk, uneH (3 1892), cekperap (1901—12) 1 Binte-ipe3uaeHt (1912—14) JIongoHCHKOTO
KOpOJIIBCBKOTO ToBapucTBa. 3akiHuuB KemOpimkcpkuit yniBepcurer (1879). ¥V 1903 otpumasn
mokacoBckyto kadeapy B KemOpimki. HaykoBi mpari mo eIeKTpOHHIN Teopii, eIeKTpoaMHAMIIl
pyXoMuX cepeloBHI i MaTeMmaTtuuHid ¢izumi. Brnepme omucaB sBuiie T1.3. Jlapmopa npeueccuu
(1895). V 1900 nezanexno Binm X. A. Jlopenya TPUNIIOB 10 PEISITHUBICTCHKUX IEPETBOPCHB
KOOpAMHAT 1 4Yacy (Tak 3BaHOTO Jlopenya npeobpazoganus) i GOpMymi CKIaJaHHS MIBUIKOCTEH.
[TinroryBas no Bumanus npait Jx. P. Cmoxca, k. K. Maxcsenna, Y. Tomcona ta iH.




