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fipoSG.Q8B 8H8nH3 9JtCn8pHM8BT81ll>BbiX .Q8llllb1X no CM8III8BHXl pa3pll.Qa BCitpoBOft Jt8M8pb1 

B cJtpemeaabiX sneJtTpH'IecJtoM a MarsrraoM nonax. fioKaaaaa npuewnewocT& ojlopa.cyn~>~ Taya

cemul .Qna o n p e.Qenellllll senB'IHBbl cwemeBBa pa3pa.Qa no B3B&CTBbiM napaweTpaw nona x ra-

38, Jla&TCSI 38BBCBMOCT& Cp8.QB8ft '18CTOTbl B38RMOA8l!CTBHll 9JI9JtTpoHOB C 8TOM8MH ra3a OT 

senuqaubl MarBHTaoro nona, noaoonHJOIIIBR no ojlopwyne Tayucea.na nonyqaT& xopomee cor

nacae c axcnepuweaTOM npa uanonueuu JtaM&pbl RBTepTBbiMR raaaMR, 

Pa60T8 RCJtpoBOI! Jt8N8pb1 B MarHHTBOM n o ne, JtOr.Qa DOCTOilBB08 O'IRIII8JOIII88 9JI81tTpH

qecJt08 none nepD&B.QBXynRpBO MarHRTBOM}'0 npRBOABT It H3B8CTHOM}' a$ci>&JtTy CM8III9BRSI pa3-

pR.Q8 OTBOCBTenbBO M8CT8 nponeTa HOBB3HpyXliii8ft '18CTBUbl, 3TOT ~¢6KT aarnll.QHO npoliBnR-

9TCR B K8M8p8X CO 3B8Jt0'18p8AYXliiiBMCH 9JI9ltTpH'I8CltliN noneM B COC8.QHRX pa3pli.QHblX npo

M8lKYT1t8X, llna p8I118HBll 38A8'1B BOCCT8HOBn9HBH Tpexa BOHB3Bpy10III8ll '18CTBltbl DO pa3pH

A8M RCKpoBOII Jt8M9pb11 pa60T8JOIII9l! B Cltp8I118HHbiX M81tTpR'18CitON B MBrHHTHON nOnHX, neo5-

XOilBM8 T eopeTaqecxaH oneHJta senu'IBHbl CMemeHBH pa3psr.na. OnnaJto .Qna Jt&Mep, Hanonnen-

/1-4/ 
HbiX BH9pTHbiMB ra38MB1 T81tB9 OD9HitB 0 ony6nHKOB8HHbl9 B pa6oT8X 1 Be A8XlT 1IpB9Mne-

MbiX pe3yn&T8TOB1 'ITO Bb13B8B01 0'19BB.QH00 OWRtlO'I.RbiM 1Ipe!lCT8Bn9BB9M 38BBCBMDC'B CM8-
. /5/ 

III9BBR pa3pRA8 OT B91[BqHHbl MBrBBTBOrO nonR, llel!CTBHT8nbB01 JtaJt 9TO cne.QyeT B3 

CM9III9HB8 anexTpoH81 ABBJKYIIIBrOCll B Cltp8Ul9HBbiX 9n91tTpBqecxOM B MBrBBTHOM IIOnliX B ra-

3 91 MOlK9T 6bJTb Dp8ACT8Bn8HO ojlopMynol! 

y E 
E 

+ J/2 /GJ2 
(1) 

-aanpsrJKennoCTb anexTpaqecxoro nona, ·B -MarHBTH8 R RH!lYitURll, -Bp8MH !lBR-

lK9HRR 9n9KTpoR81 11 -cpeABHSI '18CTOT8 B38fMOA8l!CTBBH 9n91tTpoH8 C 8TOM8MB ra38 B C9Jt1 

GJ -qaCTOT8 napMopa, 

llaRHb19 9KCD9pBM9HT81 nonyqeBBbl9 8BT.Op8MH B8 MHOrocnol!aol! HCitpoBOI! Jt8M e pe1 H8-

nonH9BHOII _H90HOM (pac,1), DOnHOCTbJO OTB9'18JOT X8p8KTepy 38BBCRMOCTB (1) DpH ODpe.ne

n&HHOM BbJ6ope napaMeTpa v • H3 aToro JKe pacyaxa sa.nuo ( rpacjJux 1) , 'ITO. npaMenaswa-

uca paaee cjJopMyna naaellaoll 3BBBCRMOCTB Y •aEBtMOlK&T 6b1Tb acnonb3osaaa npu 3 aaqeaasrx 

MHrHHTHOll RBAyltllBB B < 0,2 Tn, BenB'IHBbl 3H8'1HT9n&HO M9HbW91! 06bi'IHO HCDOnb3y&MOI! B 

1Ip8KTHK9 cPH3B'I9CKOrO 9ltCD9pRM9HT8 C BCKpOBbiMB K8M9p8MB, llna AOCT8TO'IHO 6onbWHX 3H8-

'19HHll M8rHHTHOll HHAYKD:HH 9KCD9pHM9HT81ll>Rbl9 TO'IXB 1IpB6nBlK8JOTCH It KpBBOI! 2, DOCTpOeH

HOll B Dp9!lliOnOlK9HBB OTCYTCTBBR B38BMO!l9ftCTBBSI aneJtTpoHa C 8TOM8MB ra38, 3TO lK9 c n e

AY8T ua aenocpeACTBeBaoro aaanuaa cPoPM'Ynhl ( 1) B npeAen&BbJX cny'laax GJ >> v a GJ << ., 

CpeAHRR qacToTa B38HMOAellcTBHR sneKTpoaa c aToMaMB raaa MOJK&T 6b1Tb onpe.Qe-
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Jl9H8 JUl OeHOB8HHH 3JtenapHMSHT8JlbHbiX JlaHHbiX no eMSil-lSHHJO pa3pRJlA. flo Jla.lll>IxM 31tC -

nepHMSHTA aBTOpOB 0118 e JlOeT8TO'lliOil TO"iHOeTbiO JlJlR 1190118 np11 Jl8BJlSHHH p -Q,l.MK/M 
2 

B 01""p8HH"l9HHOA o6naeTH HenOJlb3yeMbiX !ISJlH 'IHH E H 8 RBnHBTCll noeTORHHoil. Dpe.ll-

c TaBnReT HHTepec oneHBTb a HaqeuHe v HS38BHeHMbiM nyTS M. HMSR B BH.lly B03M0}1{HyJO 

38BHeHMOeTb " OT E 8 11 xapaKTep HC TKK ra3a, KOTOpb!M 11anonHBHll K 8Mepa. Cne-

Jly e T OTMSTHTb, 'iTO ,PopMyna ( 1 ), BbiBSJlSHH811 B npe}lnOJlO>K9HHK H93aBHeiiMOeTH Beex 

n8p8MSTpOB OT 8p9MSKK t H npH MI!JlOM K3MSHSHHB eKOpOeTH JlBH>KSHHll 3Jl9KTpOH8, HS 

npoTHBope"lHT eymeeTBOB8HHJO <PYHKUHH " = " ( E , 8) • J.13 8HAJlK3 A l""p8tPHKOB pHe . 2 II 

pRe. 3, noeTpoeHHbiX e noMOil-lbJO ¢ opMynbl (I) no aKenepHNeHTMbHhiM .llAHH biM ewell.{eHKR 

p83p11JlA B HSOHS, BHJlHO, 'iTO epSJlHIISI "ll!e T~T8 ena60 3aBlleBT OT BSJlll'lliHbl M8f"HHTHOJI 

HHJlYKUHH DpH ¢HKeKp084HHOM 3H8"lSHBH non11 E 11 aHanof"H'IHO oT E npH ,PH~teHpOBaH-

HOM B • O"iBBHJlHO, 'iTO npe.llSJlbHbiMH 3H8"lSHHstMH " RBJliiJOTCR npH E = 0 (pH e. 2) 

epSJlHRR JllltPtPY3HOHH8R "l8eTOTa, OllpSJlSJlRSMI!SI, HanpHMep, 113 Bblpi!>KSHIIst 
161 

" _... = 6,7. 105 (A)-
1 

(T )~ (2) 
JlH'+"• • 

( A -epe.llHRst JlnHHa. eBo6o.llHOI""O npo6era aneKTpOHOB np11 JlaBJlSHHH p , T. -TeM-

neparypa aneKTpoliOll °K ~ H npH B = 0 ( pRe. 3) epe.llHHR "l8eToTa JlpeA,Poro JlBH>KeHKH 

3JlSKTpOH8 B 3Jl9ltTpK"l9CitOM none 

"o u .llp (41,) ~ (A) ·- I (k )~ (3 ) 

3JlSeb U.llp -eKOpoeTb 3JlSKTpH"l9CKOI""O JlpeA,Pa 3JlS1tTpOHOB npK B = 0 k -Koa¢-

tPHUHS HT n oTepH 3HSpl""HH 3Jl91tTpOH8 npH ynpyl""OM B38KMOJlSileTBHH e 8TOM8MK 1""1!38. 

B eJtpemeHHblx 3JlBKTpH"lBeKOM H Ml!f"HHTHOM non11x JlpeA,PoBaR eKopOCTb anexTpoHa 

B.llOnb aneKTpH"leeKoro uonst yMeHbll-laeTest H8 ¢axTop
171 

., •;(«> 2+.,2) . ( 4) 

CooTBeTCTBBHHO, 'iTO ene.llyBT H3 peweHHst KHHSTH"lecxoro ypasHeHHst JlBK:lKSHBII anexTpoHa 

B 1""839, .HOpW8JlbH8SI X Hell XOMnOHSHT8 Jlp9iltPOBOil eKOpOeTH 6yJleT yB91tX"liiBI!TbC!I e poeT-

OM cu • TaxHM o6p830M, B npHNOyronbHOil eHeT9M9 XOOpJlHHI!T HMSSM 

0TKy,lll! 

u (cu) = u "2 / ((JJ 2 + "2) • 
X Jlp 0 0 

u (w) = u "'2 /~ 2 + "2) 
y .llp 0 

u(w) u 
.llP 

4 

~ 
(cu'+.,•) 

2 2 
(U + v 0 

(5) 

(6) 



Tenepb, y'll!ThlliU (3), (6), nony'IBW 

-1 -li (cu • + v •) li 
(,\) (k) u 0 

.np (U 2 + v ~ 
0 

(7) 

B&rpAlKOKRO { 7) 3ABBCRWOCTB CpO.ABOA 'IACTOThl B38JIWOllOACTBRII 9llOII:TpOHA C ATOWAMH raaa 

OT napMOpOBOA 'lllCTOTbl an&II:TpOBA, a TOM CAWhlN OT BOnJl'IIIJI&l MArHBTIIOA llllllYitlllllK, ylKO 

llAOT B03MOlKIIOCTb n ony'lHTb no tP<>pwyne ( 1) y.r:toBJieTBopKTenblloe cornacae c a~~:cnepKwea

TOM .r:tnll ~~:awep, aanoJIHeBHhiX BBepTH&rMB raaaw11. O.r:txaxo npx aTOM ae y'IKTbiBAeTCII eme 

Ollii:R napaweTp, ltOTOp&lA DO 0Dp8ll0JIOHHIO CT8JIOBRTCII 38BJICRM&lM OT cu, - STO llJIRHil CBo-

6o.r:taoro npo6era aneRTpOBA RJIII .r:tABne&Ke raaa. B c11:ny RpRBOIIJUleAaocTK TpaeRTOpKR 

3ll81tTpOHA B MArBBTKOM Done pACCTOIIHRO MOlKllY IIOCJIOllOBATellbKbiMK COyllAp811Bll:....l ero C 

8TOMAWB raaa 6y.r:teT MOHbWO DpOAll9HHOrO DpB STOM nyTB, 'ITO 311:BIIBAJIOBTHO DOB&lWOBBIO 

ll8BJI8BHII rA3A 114 B9Jlll'lRBy i'>p 
161• npKRKM411 llJlll npOCTOT&l KpKBOJIIIReiBoe llBRlK9HR9 

3llOII:TpORA 34 Bp41114T9JlbR08, KM99M 

1 ~ ~ 
24p,\ /r 

r.r:te r -p&llKyC Bp4llleRilll aneKTpORa. Hna , B 6onee y.r:to6aow BB.r:te, 

~ ~ 
1/.\(cu) • (1 +cu /24v

0 
)/.\ 

Tenepb OROH'IATenbKoe BblpAlKeaae napaweTp4 v B cpopwyne ( 1) 6y.r:teT: 

u 
LIP 

~ ~ 
(1+cu /24v 

0 
) • 

(8) 

(9) 

(10) 

Cne.r:tyOT 34MOTBTb0 'ITO cpopwyna ( 10) nonyqexa DpB ROII:OTOphlX ynpOUIRIOUIRX ee Bhl-

BOll Dp9llDOJIOlKOIIIIIIX! 

a) axeprRK 311911:TpOBOB DOpBK'lHOA BOBB3ADBR DpHKHMilnACb pABKOA axeprRK TODJIOBOrO 

6anaaca xx c F430N; 

6) C'lHTilnOCb, 'ITO ,\ R v 119 38BRCKT OT axeprKB 3JlOII:TpOHOB, a p&lliiYC BpAUIOHRII 

aneKTpoxoB xe 38BKCIIT OT apewex11, O.r:tBaJCo cornacxe Teopxa c attcnepxweHTilnb!lhlMH .r:taa-

( /~ 
llbiMH ABTOpos rpl!cpHtt 4 pHC, 1 ) H peaynBT4TAN11 p460Tbl ,nony'lOltllhlMH 114 BCttpOBOll J<&Ne-

pe c xeoxoM x renxeM npx 6on&wxx aenH'lKHax E H B ( CM,Ta6nxay 1), roBOpBT o TOM,. 

'ITO OUIH6J<K, B03HIIJC410UIIl9 npB 3TOM yHpOUIOIIBH, MAllbl, 

Ta1< 1<81t v MOllllOltHO M0Hli8TC II C B3M8HOHKOM BOJIB'lRKhl O'lXU14101118rO 3llOII:TpB'lOC 

~~:oro nom< npa cjlHJ<CBpOBilHHbiX B II , TO K4 OCHOBilHIIII ( 1 ) MOlKHO OlKBll4Tb na-

KOliHOA 38BIICXMOCTH Y - bE 3TO yTB&p>KllOKIIO KllXOllHTCil B COrJlaCHII C 3lt_CDOpBMOH-

TllnbHbiNH llAHHhlNH ( pHC, 4), DOny'lOHHbiMH DpH p43JlH'lHOM BpOMOHH aa.r:tep~ 

5 



:fi<ll38HHQijl. H8 pHC, 4 p836poc 8 91IH'iKH CM91U9HHSI pll3p1Ul8 JJ.ll9T 803M0)1{H0CTh OU9HHTh pa3 · 

peWBIOW99- BpeNit HCI<pOBOlt K8M9pb1 0 pa6oTBJO Well B CI<pe weHHb!X NllrHHTHOM H 31I9 I<TpB'i9 C-

KOM nonHX, no COOTHOW 9HHlO 

t pa3 = ~t. 
y ( 11 ) 

Buauo, 'ITO MarHHTHoe none npu npaaHnhHOM Bbl6ope E H JtoHTponupyeuo M cweweHHH 

paapRJJ.B noabrwaeT paapewaJOWYJO cnoco6HocTh KaMepbi. Kpmo.~ e TOro, KOHTponupyeMoe CMe

IUeHHe pa3pltJJ.8 JJ.Ili?T JJ. OUOIIHHT91IhHY JO K JitPOPMB\IH IO 0 COOTB9'i'CTBKH peM!CTpHp yeMoro C06bl-

TKH onpeJJ.elieHHOMY Bp9M €HHOMY HHT9p881Iy, 

Bb!BOAbl 

1. <l:>opuynbl ( 1), ( 3), ( 10) n03BOIISIIOT C MllliOil norpeW HOCThiO BOCCTl\IIODHTb nOIIO)I{e-

HHe Tp9Kll HOHH3Hpy10Weil 'i8CTHUbl no p a3piiD:IlM HCKpOBOJ! K8Mepb1, HanOnHeHHOil BH9pTHQIMil 

rB38MH , pa60T810W9i! 8 CKp9W9 HHb!X M llrHHTHOM K 31I9I<TpH'19CKOM flOIISU, 

2. nauel!H09 np9JJ.CTllBII9HH9 3llBHCHMOCTK CM9lll9HHII pa3p11D: 8 OT B9ni! 'iHHbl MllriiHTH Oll 

HHJJ.YKUHH ue upoTHBope'IIIT 3KcnepHMeHT41IhHbiM aaHHbiM npH B < 0,2 Tn. 

3. HanH'iHe KOH-rponupyeMoro CMeweHH!I paa p 11aa aaeT B03MO)I{HOCTb no Kll)I(LJ:OMY 

cPH KCHpyeMOMY Kaapy OU9HHT h OTHOCHT9IlhH09 B p9MII C06bi THll l!' DOB biCHTb paspellll\IOWY IO 

CDOC06HOCTb HCI<pOBOil K awepbl. 
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Pac, I. 

O,.R 0,4 qcs q8 to 1,2 8, I7V1 

3aBHCHMOCTb CM9IJ.l9HHll p83pl1Jlll OT B9llli'IHHbl MllrHHTHOA HHJJ.YKUHH, 

HanonaeHHe KllMepbl: aeoa, p E O,II Ma/M2 ( 800 r.lM pT.CT.) . 

E E 8000 aiM, t • 0,35 MKCeK, 

I. y = aEBt . 
2. y = Et/B ( y » r) . 
3. ct>opMyna (I) npH v = v 

0 
4. To >Ke npH v ~ v ( w ) • 
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