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DOTOH - ITO IJIEMCHTAPHOC JIEKTPOMAIHUTHOEC BOSMYIIICHUE

Annoranusi: @OTOH - 3TO KBaHT SIEKTPOMATHUTHOTO TI0TOKA U3Iy4EHHMsI, COOTBETCTBEHHO, COCTOUT M3
KkBaHTa dnekrpudeckoro moroka (1.602:107'° Ki) u xBanra marmuTHOro moroka (2.068-10715 B6). Droii
UHPOPMALIUK OCTATOYHO, YTOOBI C MOMOLIBI OOBIMHOM >JIEKTPOJMHAMHUKH IOJHOCTBK) PACcCYUTAThH
aGCOJIIOTHO BCE CBOMCTBA DIIEKTPOMATHUTHOM 49acTUILI (POTOHA - DIEKTPOMATHUTHYIO DHEPIUIO, CIIMH M
Op. - CEHCAlMOHHAas HOBOCTh JUIS KBaHTOBOM (usuku! MHOro Jer He MOIIM  ClejaTh
SIEKTPOAMHAMMYECKHI pacuéT (POTOHA - Jaxe ObUIO OIIMO0YHOE MHEHHE, YTO STO HEBO3MOXKHO. Teneps,
HaKOHEll, CAENaH SIEKTPOJMHAMUYECKUH PACUET - CTAl0 M3BECTHO II0JIEBOE CTPOeHUe (POTOHA U YAAIOCh
BBIIOJIHUTH PAcdéT BCEX CBOMCTB. TeM caMbIM OBLIO [OKa3aHO, 4TO ()OTOHBL, KAaK H IIHOOBIE
3JIEKTPOMArHUTHBIE BOJIHEI, MOIHOCTHIO PACCYMTHIBAIOTCS HAa OCHOBE DIEKTPOIMHAMHKH, 0€3 BCAKOM
nocrossHHOM Ilnmanka. Buammo, BBOAS mnocTositHHyro I[lnaHka, mpocto HE ywid TO, YTO, COTJIACHO
SJIEKTPOJIMHAMUKH, B 3JIEKTPOMATHMTHON BOJIHE TEYET BJIEKTPUYECKHMI TOK CMEIIEHUs (KyJIOH/CEKyH/Ia).
Kynon - muckperHas (KBaHTOBAs) BEIMYMHA, OTCIOJA JUCKPETHOCTh TOKA M, COOTBETCTBEHHO, BOJIH.
[Tonydaercs, HEAETUMOCTh (DOTOHOB BIEMEHTAPHO OOBACHAETCS KBAHTOBOW MPUPOIOH TOKA, KOTOPHIH
TEYET B DJIEKTPOMATHMTHOM BOJIHE, YTO JIETKO MOKHO MOCYMTATH OOBIYHON 3JIEKTPOJMHAMUKOMN. 3Has
YacTOTYy ODJIEKTPOMATHUTHBIX KOJNEOAHMH, C IOMOLIBI IPOCTHIX JIEKTPOAMHAMHYECKHX (POPMYII
BBIUMCIIAETCS BEIMYMHA TOKA CMEIEHHs B (POTOHE, Hy a Jajiee DIEKTPOMArHUTHAs SHEPTUs TOKA U BCE
OCTalIbHBIE CBOMCTBA, PH 3TOM MOCTOssHHAs [T1anka BOOOIIE HE HYXKHA.

KiaroueBbie cinoBa: Cmpoenue gomona, ceoilicmea, sHepeus, Keawm, céem, Qusuxd, nOCMOSHHAS
Ilhanka.

Wuorna ommb04YHO CUUTAETCS, UTO 3JIEKTPOMArHUTHBIE KBAHTHI - 3TO BCET1a MUKPOUYACTUIIBI ((POTOHBI),
HO 3TO HEBEpHO, MOTOMY YTO MX JUIMHA BOJIHBI MOXeT ObITh mo0oi. Hampumep, cymecTByroT
AJIEKTPOMAarHUTHBIE KBAaHTHI C JUTMHON BOJIHBI 21 cM, CBOICTBA KOTOPBIX MOXKHO MCCIIEIOBATH C TOMOUIBIO
OOBIYHBIX PAJMOAHTEHH, T.. HAOJIIOJaTh Y HUX MOTOKU JEKTPUUYECKON W MarHUTHOW MHIYKIMU. Takum
00pa3oM, SKCIIEPUMEHTAIILHO MOATBEPKACHO, YTO KBAHTHI JIEKTPOMAarHUTHOTO MOTOKA U3TYYEeHHUSI, KaK U
BCE DJIEKTPOMATHUTHBIE BOJIHBI, MMEIOT IIOJIEBYID CTPYKTYpYy, T.€. COCTOSAT M3 DIJIEKTPUYECKHX U
MarHMTHBIX TOTOKOB M, COOTBETCTBEHHO, Ha HHMX PACHPOCTPAHSIOTCA BCE 3aKOHBI 3JIEKTPOJMHAMHUKU.
[TosToMy, Kak JHOObBIE JEKTPOMArHUTHBIE BOJHBI, (POTOHBI MOKHO IMOJIHOCTBIO PACCUUTHIBATH YUCTO HA
OCHOBE DJIEKTPOJUHAMHKH, HCIIONb3YysSd TOJBKO 3JEKTPOMAarHUTHBIE IOCTOSIHHBIE. OJHEprus BceX
ANIEKTPOMAarHUTHBIX BOJH CKJIAJBIBAETCS M3 DHEPTUM DIIEKTPUYECKMX M MArHUTHBIX IIOTOKOB - 3TO
OTHOCHUTCSI U K (poToHaM. /[t TeX, KTO 3HAET 3JIEKTPOAUHAMHUKY, YTOObI HAWTH JIEKTPOMATHUTHYIO
JHepru0 (oroHa, coBceM He HYy:XKHa mnocrosinHasa Ilianka, a Hago mpocro aeaarp BCE, Kak
MOJI0KEHO B JJIeKTPOAUHAMHUKE - MOCYUTATH JHEPrUI0 IJIEKTPHYECKOI0 MOTOKA M 3JHEPruio
MATHUTHOIO TOTOKA, a NMOTOM CJOKMTH MX. DJEKTPUYECKHME M MarHUTHBIE MOTOKH (IIOJIA) - 3TO
peasibHble (U3NUYECKHE OOBEKTHI, MPEJCTABISIIONIME OJHY M3 (OpM MaTepuu, KOTOpble 00JagaroT
SHEprueil M Maccod. DIEKTPUYECKUH IOTOK - 3TO KOJMYECTBO D3JIEKTPUYECTBA (€AMHMLA KYJIOH),
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MarHUTHBIH TIOTOK - ATO KOJIMYECTBO MarHeTW3Mma (eAWHUIa BeOep). DKCIEPUMEHTAIBHO YCTAaHOBJICHO,
9TO KYJIOH U BeOep SBISIOTCS KBAHTOBAHHBIMU (DM3MUECKUMHU BEIMYMHAMH, KOTOPHIE MOTYT MPUHUMATh
TOJILKO JMCKPETHBIA psif 3HaueHUi. COOTBETCTBEHHO, JIEKTPOMArHUTHBIE BOJHBI, U3-32 JTUCKPETHOCTH
ANEKTPUYECKUX M MATHUTHBIX TIOTOKOB, TAKXKE SIBJISIFOTCS JUCKPETHBIMHU. DJICKTPOMArHUTHAS YacTHIA
(GOTOH - ATO JABHXKYIIEECS JUCKPETHOE TOIEPEYHOE AIEKTPOMArHUTHOE BO3MYILIEHHE, COCTOSIICE W3
KBaHTa »jekTpudeckoro noroka (1.602-107'°Ki) m xBanra MaramtHOro moroka (2.068-1071°B6), T.e.
MPEJCTABISET JIEMEHTAPHOE JIEKTPOMAarHUTHOE BO3MYIICHHE, C KOTOPHIM, KaK M Y BCEX JIBHKYIIUXCS
4yacTull, CBsi3aHa BosHa je bpoinst A =h/p. JluckpeTHOCTh SHEPrHHM SJICKTPOMArHUTHBIX IOTOKOB
U3IYYCHUS - OTO CIICACTBUE IUCKPETHOCTH SHEPTUH FJICKTPUICCKUX U MArHUTHBIX TIOTOKOB.

B snexkTpoMarHUTHOM BOJHE 3HEPrUs AMEKTPUUECKOrO MOTOKA BCErJa paBHA SHEPTUU MArHUTHOTO
HOTOKA. V3MeHsIommiicss 3IEKTpUYECKUH IMOTOK oOpasyer Tok cmemienus |, =dd,/dt, a

U3MEHSIONMICS MarHUTHBIN oTok co3aaetr D/1C U = dd,/dt.

3Hasi 4acTOTY W3MEHEHHUs DJEKTPUUECKOIO IOTOKa (YacTOTY AJIEKTPOMArHUTHOTO KBAaHTA), MOYKHO
HAaWTH TOK 3JIEKTPUYECKOTO CMELICHU:

I, =e/(T/2) = 2ev,

rJe € - KBaHT JJIEKTPUUYECKOro MOTOKa (KBAaHT KOJIMYecTBa siekrpuuectsa) 1.602-107° K, T - nepuon
koneOanus (B popmyne crout T/2, Tak Kak B 3JIEKTPOMATHUTHOW BOJHE BEIMYMHA AJICKTPUYECKOTO
MOTOKA JBAXIbI JOXOIHUT 0 HYJIS 38 IEPHO KosiebaHwust), V - yactota V= 1/T.

3H€pFI/I$[ MAarauMTHOTI'O ITOTOKA 3JICKTPOMArHuTHOI'O KBaHTa (MaFHI/ITHaﬂ OHEPIUA KOHTYpa C TOKOM)I

W, =D, /2 =edy,

cM

riae @, - KBAHT MAarHUTHOTO MOTOKA (KBaHT KojuuecTBa Marnetusma) 2.068-1071°B6. B momepeunoit

BHGKTpOMaFHI/ITHOﬁ BOJIHC DJICKTPHUYCCKAA SHEPIrrd BCCrla paBHA MarHUTHOM Wa = VVM , HOOTOMY IIOJIHAA

OHEPTUA JICKTPOMATrHUTHOI'O KBAHTA pABHA:

W=W, +W =2W, =] = 2ed,y.

om
[Tpoussenenue 2ed, = 6.626-10734 K- B6 npeacrasisier nocrostuuyro [Lianka h:
W =2ed, = hv.
3Has 4acTOTy M3MEHEHHsI MArHUTHOTO OTOKA, MOXHO Haith DJ[C:
U=0a0,/(T/2) =2d,v.

OT0 MaKCUMAaJIbHBIN MOTEHUUAIBHBIA O0apbep, KOTOPBII MOXKET MPEeOoa0JIeTh, HapUMep, JIEKTPOH IpU
norjoumeHnu ¢orona. O6 3/C GOTOHOB MOXKHO CYAWTHh MO MaJCHUIO HANPSHKEHHS HA CBETOIMOAAX
(o6patHbIil npouecc). Hanpumep, U1si CBETOMOIOB ¢ KPACHBIM CIIEKTPOM H3JIYYEHHUS C JUTMHOM BOJHBI
7-1077 M Hanpskenue npumepHo 1.8 B.

DHeprus 3J1eKTPUIECKOro MOTOKA 3JIEKTPOMArHUTHOTO KBaHTa (SHEPTHs 3apsKEHHOTO KOH/IEHCATopa):
W, =eU/2 =ed,v.
O¢ddexTuBHAs MOIIHOCTD ANEKTPOMArHUTHOTO BO3MYIIICHHUS:

P=Ul_, =2®y\ - 2ev = 4ed\V>2.



HpOTH)KéHHOCTB IMOIIEPECUYHOTO BO3MYUICHUA pPaBHaA ITOJOBHUHE TJIIMHBI BOJIHBI, TaK KaK B IMOINCPECYHOM
BO3MYIICHUUA paSHOI/IMéHHHe obactu PacCioJIOKCHbI IMONCPEYHO, a HC IIPOAOJBHO, YTO ABJISACTCA
OTIIMYHUEM IIOIIEPECUYHOTO BOZMYIICHHUA OT IPOJOJIBHOTO. T.e., 9TOOBI HAMTH OHEPIur0, HaaA0 YMHOXHUTH
MOIITHOCTH Ha BpCMs, paBHOC ITOJIOBUHC II€prUoaa:

W = PT/2 = 4edV?/2v = 2eDv = hv.

B momnepeuHOl 37€KTPOMAarHUTHON BOJHE A(PPEKTUBHBIN paanyc, IO KOTOPOMY TEUET 3aMKHYTHIN
JIEKTPUUECKUI TOK CMEIICHUs moJist: I = A/27 (TOK Bcerja 3aMKHYT), Iie A - JJIMHA 3JIEKTPOMAarHUTHOM
BosHbl. Korzma Teuér KpyroBoil TOK CMeEIIeHHs IOJs, TO CMEIIAeTCs Macca, TaK Kak Ioje o0najaaer
SHEprueil U, COOTBETCTBEHHO, Maccoi. Eciu yMHOKHUTH T1071€BYyI0 Maccy dorona M = W/c? = 2ed,v/c?
Ha pajJlyc KPYroBOro TOKa CMEIICHUS MOJS U €ro CKOPOCTh (CKOPOCTh TOKAa CMEILEHHUs IOJis paBHA
CKOPOCTH CBETa), TO MOJYYMM MOMEHT KOJIMYECTBA JBHIKCHUS TTOJIEBOW MacChl (POTOHA (CITHH):

S = Mrc = (2edv/c?) - (AI2r) - c = edy/n =h/2r =h.

CnuHOBBIM MarHUTHBIHA MOMEHT KPYTOBOTO TOKa CMEIIEHUS MOJis (MarHUTHBIM MOMEHT, CBSI3aHHBIN C
MarHUTHBIM TTIOTOKOM):

M, =17r? =ec?/2nv = e/ sgyuu,2mV .

M

B BemiecTBe TOKM CMEIICHHUS TOJSI CBETOBBIX BOJH IMEPEXOISAT B KPYrOBBIE NOJSPU3AUOHHBIC TOKU
cMmenieHusd. T.e. NPOUCXOAUT MarHUTHOE BO3MYIIEHHME BeIIeCTBA M IOJ JEHCTBHUEM BHELIHETO
MarHUTHOTO TIOJII MOXET HaOJII0IaThCsl BPAIICHHE TUIOCKOCTH MOJSIPU3ALMOHHBIX TOKOB CMEICHHS, KaK
pe3yabTaT NPELEecCCHPOBAHUS MOMEHTOB KOJMYECTBA JBM)KEHUS HJIEKTPOMATHUTHBIX BO3MYIIEHUH -
MarauToontudeckuii 3¢ dexr Dapanes. Bpamienne miocKoCTH MONSIPU3aMN CBETa HAOIIOJAeTCsl TOIBKO
B BEIIIECTBE, IOTOMY YTO BAKYyMHBIM TOK CMELIEHHs HE OTKJIOHSETCS B MarHUTHOM I10JI€ M Ha HEro He
neiictByer cwia Jlopenna (Amriepa), Tak Kak OH NPEACTABISAET M3MEHSIOIIEECs AJIEKTPUUYECKOE IOJIE.
[Tonspu3allnOHHBIE e TOKH MPEICTAaBISAIOT JABM)KEHHE 3apsDKEHHBIX YacTHll, Ha HUX JIeHCTBYeT
MarHuTHOE T0Jie, TT03TOMY U HaOII0JaeTcsl MarHuToonTuueckuit apdext dapanes.

Cootnomenne mexay IJC u sHEprueii:
W =2edy=-eU.

[MTonyuaerca, 1B - 1.602-107'° ]Ik, T.e. paBeH OHOMY DIEKTPOHBOJNLTY. Takum 00pa3om,
5JIEKTPOMArHUTHBIN KBaHT ¢ DJIC B OMH BOJIBLT 00JIalAET SHEPTUEH, PABHOM OJIHOMY DIIEKTPOHBOJIBTY
(1 5B =1.602-10"° JIx). Hanipumep, B ¢poTone ¢ uactoroit 610 'y;

o TOK cmemtenus - 1.923-10% A (1, = 2ev );

« DJIC-2481B (U =20y );

e MomHoCTh - 4.771-104 Bt (P = Ul , = 4ed\V?);

e DHEPrHs DIEKTPUUYECKOro moroka - 1.988-1071° Ik (W, = eU/2 = ed,V );
12=edy\V),
e oyieKTpOMaruuTHas sHeprus - 3.976-1071 i (W = 2edv );

* OHEprusi MarHUTHOrO motoka - 1.988-1071° ik (W, = @,

e DJIEKTPOMArHWTHAS YHEPTHs B AJIEKTPOHBOIBTAX - 2.481 3B (W, = 2D v );

e DJIEKTPOMAarHuTHas Macca B Bakyyme - 4.424-1073 kr (M = egyu W );
e DJIEKTPOMArHUTHBIA UMITYJILC B Bakyyme - 1.326-107%7 kr-m/c (p = (ggoyyo)l/ZW )

e JUIMHA BJICKTPOMArHUTHOM BOJHBI B Bakyyme 4.997-1077 m ( A = 2ed,/ (ggoyyo)l/zW =2ed,/p);
o cruH - 1.056-107 JIk-c (s = ed, /7 );
o MAarHuTHbI MOMeEHT B Bakyyme - 3.820-107!8 [lx/Tun (M, = e/ egyup,2nv );



B ckobOkax mpuBeneHbl 3JeKTpoauHamudeckue Qgopmynsl (6e3 mocrossHHOM [lnmanka), ¢ moMomIbIO
KOTOPLBIX paCCUUTBIBAIOTCA CBOMCTBA (I)OTOHa - KBaHTa 3JICKTPOMAIHUTHOI'O IMOTOKA HU3JTy4YCHUS. Taxum
00pa3oM, B 3JIEKTPOMArHUTHBIX BOJHAX IUCKPETHBl TOKHM CMEIICHUS M DHEPTUs SJICKTPUYCCKHUX H
MAarHuTHBIX ITOTOKOB. I[J'ISI HUX BBIYHUCIICHHUA AOCTATOYHO 3HATHL 4YaCTOTY OSJICKTPOMArHUTHOI'O KBAHTA,
BEJIMYMHY KBAHTA DJIEKTPHUYECKOTO TIOTOKA M KBaHTa MAarHUTHOTO TOTOKA, JINOO BMECTO HUX, YUCTO IS
YOPOUICHUA BBIPAKCHUA, MOXHO HCIOJB30BaThb MPOU3SBCACHUC JSJICKTPOMAIrHUTHBIX IMOCTOAHHBIX
h =2e®, = 6.626-10*Kin'B6 - ko3 duimentT nponopuuoHansHoct (ocrosiHuas [hianka), ero emg

Ha3bIBAIOT KBAHTOM JICHCTBHS, HCKYCCTBEHHO M3MeHss pasMepHocTh ¢ Kii-Bo wa Jx/T'n mwim Ix-c. Ho
UCMOJIb30BAHUE TOJNBKO KOI(P(HUIMEHTAa MPONOPLUOHAIBHOCTH HE II03BOJSAET  PACCUUTHIBATH
AJIEKTPOAMHAMUYECKUe TTapameTpsl potoHa: Tok cmemenns, /C u np. To, 4To MeKTpoJMHAMUKA Yepe3
JJIEKTPOMAarHUTHBIE IOCTOSIHHBIE IIO3BOJIAET PACCUMTHIBATH IHUCKPETHBIE DJIEKTPOMATHUTHBIE BOJIHBI -
(OTOHBI, HE SBIAETCS YEM-TO HEOOBIYHBIM, dJIEKTPOJAMHAMHUKA U CO3/laHa I TOTO, YTOOBI OOBACHATH U
pacCUUTHIBATh AIEKTPOMArHUTHBIE MpoliecChl. PacuéT (poToHA - ITO OOBIYHBIN JIEKTPOAMHAMMYECKH I
Pac4éT 31eKTPOMATHUTHOI0 BO3MYIIICHHUSI TOJIbKO C 3J1eMEHTAPHBIMHM MOTOKAMH - JIEKTPHYECKHM
U MarHUTHBIM. B ToM, uTO 311eMeHTapHas yacTula (POTOH MMEET TaKOU K€ IEKTPUUECKUI MOTOK, KakK,
HalpuMep, 4acTULA AIEKTPOH, TAK)KE HET HUYEro HEOOBIYHOIO - MHOTHE YaCTUIl MMEIOT TakoW ke
AJIEMEHTApHbIN JJIEKTPUYECKUN MOTOK. [Ipym IBMKEHMHM CO CKOPOCTBIO CBETa 3TOT 3IIEMEHTapHbBIN
ANEKTPUYECKUN NOTOK IPEACTaBIsSeT KBAHT MAarHUTHOIO IIOTOKA, TaK KaK MAarHUTHBIM IOTOK - 3TO
ABWDKYIIMHCS 3eKTpudeckuii moTok B = 4 [vD]. B ToMm, uro wactHia (OTOH MMEET SIICKTPHYESCKHUH
IIOTOK, HO HE MUMEET AIEKTPUUYECKOrO 3aps/ia, TAK)KE HET HUYET0 HEOOBIYHOIO - 3JIEKTPUUYECKUE NOTOKU
MaTepHalbHbl, 00JIaZal0T SHEpruen (Maccoi) M, COrIacHoO 3JIEKTPOJUHAMUKE, MOTYT CYLIECTBOBaTh 0e3
3apsA70B. DJIEKTPUUECKUNM NMOTOK, KaK W 3apsijl, U3MEpSEeTCsl B KYJIOHaX M HPEJCTaBISIET KOJIMYECTBO
antekTpuuecTBa. T.e. X0Ts yacTuua GOTOH U HE UMEET 3apsA/a, HO 00J1a1aeT KOJIMYECTBOM 3JIEeKTPUIECTBa,
TAKUM K€, KaK U yacTtuna d5ektpon 1.602-10719 Kir (koau4ecTBO IeKTpHIECTBA MOXKET ObITh KaK B BUJIE
3apsiia, Tak M IOPOCTO B BHJIE BHUXPEBOIO JJIEKTPUYECKOro MOTOKa Oe3 3apsanga). DoToH - 3TO
3JIEKTPOMAarHUTHAs 4YacTHIa, OoOJajarolas KBAHTOM KoiaudecTBa oyekrpudecta 1.602-107°Kn wu
marnetusma 2.068-10715B6, rue ABMKYIIMICS DIEKTPHYECKMH IIOTOK CO3MAET TOK DIEKTPHYECKOTO
CMEILEHUS NOJIA. DIEKTPOMArHUTHBIM KBaHT, JBUTAsACh PAaBHOMEPHO, SIBISETCSI HCTOYHUKOM BTOPUYHBIX
BOJIH, HO U3-3a MHTep(EepeHIH He CO3/aéT M3JIy4€HHUs, BCE BTOPHYHBIE BOJHBI TacAT APYT Jpyra, He
U3ITy4ascCh.

«Coenacno npunyuny Ioticenca Kaxcoas mouka n08epxXHOCmu, KOMopou 00CmMu2id 6 OAHHbIIL MOMEHM
BOJIHA, SGNACCS MOYCUHBIM UCHOYHUKOM 8MOPUYHLIX 604H.» [1]

«llpu pasrHomepHom O8UdNCEHUU YACUYLL MU BOJIHbI OKA3BIEAIOMCA KOLEPEHMHbIMU U NOIMOMY
unmeppepupyiom mexcoy coboii. » [2]

«Inst kaxcoo2o 3Hauenus A ONUHBL GOJIHbL ULYYEHUsT MOJNCHO Hatmu maxoe 3uauenue | =\, npu
komopom A = A2, max umo snemenmapmuvie 6onnwvl 2acsm opye opyea ...» [3]

DNEeKTpOJUHAMHKA TI03BOJISIET OJJHO3HAYHO OTBETUTH Ha BOIMPOC, YTO Takoe (POTOH. POTOH - 3TO KBAHT
3JIEKTPOMATHUTHOIO0 MOTOKA M3JYYCHHs, COCTOAINMI W3 KBAHTA JJIEKTPHYECKOI0 IOTOKAa
(1.602:10Ka) m kBanTa MarHuTHOro moroxka (2.068-10715B06). JIpmikyleecsi KBAHTOBOE
(3JIeMeHTapHOe) JJIEKTPOMarHuTHOe BO3MylleHMe oOpasyer (B0O30y:Kgaer) mnapuuajibHbIe
3JIeKTPOMATHUTHBIE BOJIHbI, KOTOpPble KOrepeHTHbI M, corjacHo mpuHuuny [lolirenca, 3a cuér
HHTepdepeHH, He M3JY4YalTCsl B NMPOCTPAHCTBO, a JABMKYTCH BMeCTe € 3JIeKTPOMATHUTHBIM
KBAHTOM KaK eJuHOe 1ejioe (BoHa ae bpoiisi), mpeacrasisis makeT napuuajbHbIX BOJH B BHE
nyra.

T.e. QJICMCHTAapHas 3JICKTPOMAIrHUTHAsA YaCTULd (I)OTOH - OTO OAHO MOIICPCHYHOC ISJICKTPOMATHUTHOC
BO3MYHIICHUC, C KOTOPBIM, KaK HW Yy BCEX JBWXKXYIIHUXCA YaCTHIl, CBsgA3aHa BOJHA [O€ BpOI\/'IJ'Iﬂ -
KOpHyCKyJI)IpHO-BOJ’IHOBOfI AyaJIn3M, IMO3TOMY OH, KaK U 3JICKTPOH, MOXKCT CO31aBaThb I/IHTep(bepeHI_II/IIO.

«Boanwvl 0e Bpotins - 6o1nbl, cés3anubie ¢ A000U 08uxcywencs mukpouacmuyet, ...» [4]
«DPomoHy Kax K6aHMOBOU yacmuye c80UCMEeHeH KOPNYCKYIAPHO-60THOB0U dyanuzm.» [5]



Bce gacTuiiel, a He TOJIBKO (POTOHBI - 3TO BO30YKIEHHBIEC COCTOSIHUS TIOJIEBOM CpEJbl, KOTOPHIE MPH
JBUKCHUH COMIPOBOXKIAIOTCS BOJIHOU jie bpoitis. [103ToMy BONHBI AJI1 BCEX YaCTHIl, BKItO4Yasi (POTOHBI,
PacCYMTHIBAIOTCS OJIMHAKOBO - 10 hopMyJie BostHbI e bpoitnsa: A = h/p, rae p - umnynbe.

«DnekmpomacHumHas npupooa ceema noomeepaiicoena oxonuamenvuo. Jluww ¢ 2009 200y puzuku
€030anu MemoouKy, CHOCOOHYIO USMEPUNb KOAeOAHUs MACHUMHOU KOMNOHeHmbl céema.» [6]

Ecnu panbiue emé OblJIM COMHEHUS, MOXKHO JIM PacCUMTHIBATh (POTOHBI HA OCHOBE 3JIEKTPOJIUHAMUKH,
TO TOCJTEIHUE SKCHEPUMEHTANbHbIE (PAKThl OJHO3HAYHO IMOJATBEPAWIM, YTO (POTOHBI - 3TO OOBIYHBIC
JIEKTPOMAarHUTHbIE Kojle0aHMsA, 1O03TOMY IIpu pacuyére (OTOHOB Bcerga HaAO0 HCHOJIb30BaTh
3JIEKTPOMArHUTHBIE MIOCTOSTHHBIE, @ HE KAKHE-TO CTPaHHBIE KOA((UIIMEHTHI TPONOPIIMOHATBHOCTH.

«dnexmpomaznumuvie nocmosuuvle: Inemenmapnwiti 3apao e (1.602-107'°Kn), Keanm macnumnozo
nomoka @, (2.068-10"1° B6).» [7]

@DOTOHBI NPEACTABISIOT JICKTPOMArHUTHBIC KOJIeOaHHs, TaKHe K€, KaK, HalpuMep, B aHTEHHAX, IJe
ANEKTPOJMHAMUKA ITH KOJEeOaHUs MPEKPACHO PACCUYMTHIBACT, HO KOTJa TMepexoisaT K (OTOHaM, TO
MOYEeMy-TO Cpa3zy 3a0bIBalOT ayekTpoanHaMuky. Cama ¢opMynia 3JIEKTPOMarHUTHBIX KojeOaHui
yuuBepcanbHas: V= 1/2n(LC)”2 u, ecaum TPyQHO NPEACTABHUTH SICKTPOAMHAMUYECKHE IPOLECCHl B
¢doToHe, TO IS HATTIAHOCTH MOXKHO MPOCTO PACCMOTPETH 3JIEMEHTapHbIE KOJICOaHUsI B CAMOM IPOCTOM
UcaIbHOM KOJICOATEIIbHOM KOHTYpE, HalmpuMep, B IOJIYBOJIHOBOM JUIOJE (QHTCHHA), IJIe SHEPIus
AIIEMEHTAPHOTO 3JIEKTPUUECKOTO 3apsijia MEPEXOJUT B SHEPTHUIO SJIEMEHTAPHOIO MAarHUTHOTO MOTOKA.
KBaHT anexTpudeckoro 3apsga € ¥ KBaHT MAarHUTHOTO NmoTtoka @, - 3TO MHHUMAJIBHO BO3MOXKHBIE
(du3MYeCKUe BEIMYUHBL, KOTOPBIE MOTYT Y4YacTBOBaTh B JJICKTPOMArHUTHBIX KoyieOanmsx. T.e.
NPEJCTAaBISCT OJMH KBAHT JJICKTPOMArHUTHBIX KOJeOaHW - MHUHUMalbHas BEIWYMHA. BbiBenem
Gopmyny sSHepruu KoieOaHMH SIeKTpoMarHuTHoro kpauta. M3 @y =Ll u W= /2 nomydnm

L=®2/2W. U3 e=CU u W=¢eU/2 nonmyunm C =¢€?/2W. TloactaBue L u C B ¢opmyry

3JIeKTPOMATHATHBIX Konebauuii v = 1/2r(LC)Y2 = W/ ned,, MoJTyIrM 3aBUCHMOCTh SHEPTUHU KOJIeOaHUH
ot yactotel W = 2e®,Vv - /2 = hv - n/2 (npoussenenue 2ed, npencrasiser nocrosuuyro [Tnanka h, eé
MOXXHO BCTaBHTh B (pOpMyiy Aisi HariasgHocTH). M3BecTHO, 4TO 3 PeKTHBHOE 3HAYCHUE MapaMeTpPOB
nosyBosiHOBoro aunous 2/w, monydaercs W = hv. T.e. adhdexTrBHOE 3HaYCHHE TOKA, KOTOPBIA TEYET MO
BCEMY JTUIIOJIIO, MEHBIIIE TOKA, KOTOPBIN TEUET B ICHTPE, OTCIOJIA, BEIMYMHA YHEPTUU MAarHUTHOTO MOTOKA
He W = @ 1/2,a W = @l/n. Takoii Tok pacnpenessieT 3apsiibl (HapspKeHHe) TaK, YTO BEJIWYMHA SHEPIHH

anekTpudeckoro nmoroka e W =eU/2,a W =eU/x.
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Ecmu GoTOH - 3TO 3NEKTPOMArHUTHBIA KBaHT, TO U COCTOUT OH W3 DJIEKTPHUYECKOTO W MArHUTHOTO
KBaHTOB U, €CJIM B (OPMYTy 3JICKTPOMATHUTHBIX KOJEOAHWU TMOJCTABUTh OTH JJIEKTPOMArHUTHBIC
MTOCTOSIHHBIEC (KBAHTHI), TO, B pe3yJibTaTe OyeT monxydeHa dhopmysa sHepruu GporoHoB. JIr0oO0H, 3HAFOIIII
ANEKTPOIMHAMHKY, MOXKET CaM JIETKO BbIBeCcTH 3Ty hopmyiny W = 2edV u mocunTars SHEPrui0 GOTOHOB

0€e3 HCIIONIb30BaHUS JIMIIHEH CYIIHOCTH - KO3(QHIMeHTa nponopuoHaIbHOCTH, MocTosHHON [lnaHka,
KOTOpas TMoKa emé Hucrhojib3yercsi, Onaromaps koHpopmusmy. Ha 3ToM mpumepe BHUIHO, YTO, XOTS
AIIEKTPOMArHUTHBIE TPOIECCHl B JUIONE U B (OTOHE OTIMYAIOTCS, HO OHHEprus KojeOaHud B
AJIEKTPOAMHAMHUKE PACCUNTHIBACTCS OJIMHAKOBO - I10 OJIHUM H TEM e (popmMyIiam.

Boxkpyr ¢otona, npencrasisitoniero 6aHagIbHOE AJIEKTPOMArHUTHOE BO3MYILEHHE, COCTOSIIEE U3 JIBYX
3JIEMEHTApHBIX IOTOKOB - 3JIEKTPUYECKOTO W MAarHUTHOTO, NMOHAMMCAIM CTOJIBKO HHTEPHpETalHil U
JOTOBOPMJIMCH JI0 TOTO, YTO CBET CTAJIM CYMTATh «CaMBbIM TEMHBIM MECTOM B (pusuke». B pesynbrate BcE
3TO MPUBEJIO K TOCHOJICTBY Ha MPOTSKEHUH IMOYTH L[EJI0r0 BeKa MeTahu3uuecKoro MHEHHsI, YTO CTPOEHUE
¢doroHa BOOOIIIE HENb3s MPEACTABUTh U TeM 0OJIee pacCUMTaTh Ha OCHOBE AJIEKTpOoAMHAMUKU. Haznerocs,
YTO B KOHIIE KOHIIOB 3TOT MPOCTOH JIIEKTPOJMHAMUYECKUN pPACUYET MOSABUTCA B Y4EOHUKAX IIO
anekTpoanHamMuke. Hy a moka, ecim BCTpeTUTCSl yTBEpKACHUE, OynTo OBl AJIEKTPOAMHAMUKA HE MOXKET
paccuuThiBaTh (DOTOHBI, 3HANTE, YTO 3TO 3a0NMyXKICHHE U HE COOTBETCTBYET JEHCTBUTEIBHOCTH, a
¢bu3nky, 3aHUMarOIMeCs (OTOHAMH, YACTO HOMPOCTY HE 3HAIOT AJIEKTPOAMHAMHUKY - TO, YTO (DOTOHBI 3TO
OOBIUHBIE DJEKTPOMArHUTHBIE KOJIEOAHUS, COCTOAILIUE M3 JJIEKTPUYECKUX M MArHUTHBIX ITOTOKOB
MHAYKIMU U HY’KHO BCETO JIMIIb [TIOCUUTATh SHEPTUIO 3TUX MTOTOKOB.

«Apucmomenv ymeepacoan, umo y mMyxu - ocemv Ho2. M eéexamu ece eeponelickue yuéHvle 8 ImMoM He
commesanucsy. [lotimams Myxy u nocuumams - HeOOCMOUHO YuéHozo.» [8]

AHanornyHas CUTyalust C YTBCPKIACHHUCM, YTO JSJICKTPOAWMHAMHKA HE MOKCT INOCHUTATH CBOMCTBA
q)OTOHa, XO0Tda Haago OBLIO BCErO JIMINL B3ATh SJICKTPOMArHUTHBIC ITOCTOSIHHBIC U C IMOMOIIBIO OOBIYHBIX
QJICKTPOAJUHAMHUYCCKUX (I)OpMy.]'I IIOCYUHUTATh (1)OTOH. OTO0 TaKkKe MpocCTo, KaK Yy MYXH INOCHUTATh HOT'H.

«... nocmosnnou Inanka nazvieaemes kodgguyuenm nponopyuonaiverocmu ...» [9]
«He cnedyem be3 neobxooumocmu ymnosicams cywrocmu.» [10]

B sekTpoaMHaMuKe HeT He00X0AUMOCTH B KO3(punueHTe nponopuuoHajbHocTu. /List pacuéra
3JIEKTPOMATHUTHBIX BOJIH JIOCTATOYHO JJEKTPOMATHMTHBIX NOCTOAHHBIX. McKyccTBeHHOE
BBeleHue nocrosinHoi Ilnanka napymaer nmpunuun "OpurBbl Oxkama'. Ilocrosinnas Ilinanka
NMOABIJIACH M3-32 TOI0, YTO pPaHbIIEe HE YMEJHM PACCYUTHIBATH (POTOHBI M BPEMEHHO ObLIH
BbIHY:K€HbI BBeCTH K03((PHIMEHT NPONOPIHOHATBHOCTH.
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