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¢>aaoaoe ,ll.BH>K8HH8 B UHKnOTpOHe 'aayqanocb PB.OOM 8BTOpoa
11 •

21
• KaK H3B0CTHO, ypaa

H8HH8 rt>aaoaoro C.OBHra MO>KHO npe11cT8BHTb B cpopMe: 

'-2 2 2 

sin¢,-sin,f,
1
=K[ r h(EJdC +E, 2E1 -p(E,-E-1)], /1 / 

E, 

/2/ 

r.oe: q, - cpasa R 2 V
0 

- aMnnaTyaa ycxopmomero noTenuaana Me>K.oy .o.yaHTaMBi-

w. - KOH8'1H8H SHeprHSI HOHa, npHXO.UBlllBRCR Ha 0.llHH HYKnOHi 

e - sneMeaTltpHhiit 3apR.n; 

C - CKOpOCT_,b CBeTa; 

m - Macca noKOB eyKnoaa; 
0 

A - M8CCOB00, z - aaps.noaoe qecno Rona. 

Cua.a. MarHHTHOI'O nonB h(E) H np8BbIW0HH8 MarHHTHOI'O nonB B U8HTpe 

HbIM 3H8'10HH0M H •• onpe.nensnOTCfl COOTHOWeHHflMB: 

rlonaraH B /1/ E1 =E, 

r.a.e: 

npa11eM p =- h • + e, • , 

n,0 = H0 ( 1 - '• P J , 

E",. =E",. = 0 u pewaH /1/ 0TH0CHTeRbH0 

2eV 
0 

D(e-,, ,f,) = 

0 • 

r h(E) de -~ + pE 
Ea ~ • 

sin <f,
0 

- sin <p • 

B E- • - aeeprHSI BOHS B TO'IK8 'noaopOTa (p83bI • 

ll O HB.ll p030H8HC-

/3/ 

/4/ 

/5/ 

16I 

.l]nH onpe.neneHHSI aaeprBH noaopOTS E-• MO>KHO BOCnOnb30B8TbCB yp~aHeHBeM: 

B, a sin cb1c - sin q,0 

sin ,f,
0 

- sin ¢, 

3 

0 • 

r h(E) dE ---?- + p E 
E, 

/8/ 



B o6u.r.eM ·cnyqae HHTerpanbl 

I 

J.=-fh(e)dE 
0 

e. 
f,=(h(E) dE 

a aenHqHay E. H3 /8/ MO)KHO HaiiTH 'IHCJI8HHblMH MeTO.llaMH. Kax H3BeCTHO, BhI'IHCneua~ 

£. H D(@. 1 </, J 0'18Hb npOCTO BbillOJIHSl9TCSI auanHTH'leCKH B cneuaanbHOM cny'lae MarHHT-

Haro nons c napa6onaqecKHM cnanoM no panHycy una c nuHeDHbIM cnanoM no aHeprHa 

H (E) = If, ( 1 - a '• E- ) , /9/ 

T.e. h=aE. 

l3 STOM cny,1ae lln>I E, , D(E, , ¢,) H 2 e J: nonyqaroTCH O'leHb npOCTble Bblpa>KeHRH! 

rne B =1+81 

2 
E = 1 • 
• T;.;11' 

D= (l+a} E. 

2 

2e V = rr W• A 
0 ~-z--

2( sin <f,
0 

- sin</,. ) 

__ __J~+~---
(l+vB)' (sin<f,

0 
-sin</>,) 

/10/ 

/11 / 

OnHaKO B npa1tTH1IeCKHX cny11aS1X npOCTOil (popMynofi: /11 / MO>KHO ll0Jlb30B8TbCSI TOJibltO 

.nnB O'leHb npa6nameHH&IX oueHOK aa-aa Henapa6onH'IHOCTH peanbHOro ·cnalla. B peanbHblX unx-

noTpoaax IIM8fQTCSI 6oJibWHe OTKn_oaeHHH OT 'IHCTO napa6omtHeCKOr"O cna.oa B U0HTpe UHKIIOTpo

Ha, r.ne coa.n.aeTcH MarHBTHbIH 'rop6' .a.n:11 ynyqweHB.51 axcu:anbH08 qJoxycHpoaxa, H s6naau 

Kpag MarHHTa, r.ne nns annpexc11MaUHH nonH· uy)KHO K. na.pa6omp:1ecx0My ~uxeuy .no6aansiTb 

qnee1,1 Tana En c n ,:': 5 
121

• noaT0My cpopMyna /11 / naeT cam,Ho· aaBblW8HHyIO oueexy 

ansi 2e V
0 

, ecnu a onpe..aensreTca no cna.ay nonsi HA 1toaeqaoM pa.oHyce r -= RA: /aaat-.i-

wem,e II0Plllllta 50%/. Tl3KHM 98p830M, cpopMyna /11/; aoo6me l'0B0pH, uenpHeMneMa llllH rrpaK

THqeCKHX pacqeTOB. Mcnon:b30BaHJle o6lllHX cpopMyn /5-7 / .Ltn.sr aHanuaa MH0rHx B8pH8HTOB 

WHMMHpOBaHHSI MaraHTeoro non,r: B B&I6opa OllTHManl.HOf'O aapHaHTa B nponecce Hana.aKH yc

KOpHTens: npaKTB'l8CKB aey .no6eo, TSK KSK Tpe6yeT .O,OBOJibRO 6on&woro o6'beMa. Bbl'IHCJI8HHii. 

B 1955 r. 11.M. MaTopa npenno,1rnn TaKoli cnoco6 Bhl'IHcneHRH 2e V 
0 

• Korna (pyHKUH9 

cnana h(E) B OKpeCTHOCTH TO'IKH noaopoTa E • annpOKCHMHp~aanacb ne:HefiHbIM cna.ooM: 

h(E J = a+ a.; ,' E1 <E <G 2 /12/. 

B aTOM npa6nH*8HHH ypasaeHae /8/ xaa.a.paTHqao no E,. u aneMeaTapao pewaeTcn. 3To 

ynp~maeT BhlqHcneHHe, XOTSI npH E < El H E > el Bee 91U0 npHXO.O.HTCSI HM0Tb ne_no C qe:c

neHHhlM BHTerpl!pOBSHlleM, 'ITO 38TpyaasieT o5unfi:t aaanH3 cl,a30Bb!X COOTROWeae:ii. 

B nponecce aana.nx:s ycxopuTeneA: TSVKenbIX 1:1oaoa naOoparopau sulepHblX pea.KUBA 

OHHJ.1_ nOTpe6oaanoc& auanuaapoaaTb 6on&woe "IHcno sapaaHToa cnana MaraHTHoro nonSI. npK 

9TOM Ok838JIOCb noneaP.:hIM BhlB8C\B H npaKTHqecKH RCllOJib30BaTb npH6JIH)K8BHbI8 Q)opMynbl Tu

na /11/, .Zl8lOWH0 yn,OBJI8TBOpHT0JlbRYIO TO"'IHOCTb pacwTa llpa '-1:lillllMSJlbBOM o5t.eMe Bbl'll(HC

neao:A. np11 BhlBOD.e np•6nB>K8HHLIX cpopMyll Mhl HCXO.llHJ'Ilil 83 0606111eH.a:St annpOKCHM8IlHH Tana 

/12/. 11eTepean aeepral! OT O no 1 paa6aaaeTca ea n yqaCTKOB TOl{KSMH 
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Eo =- 0, E,, E2 , .. e,. -1~ QqeaHD.HO, l{TO npe: .llOCTSTOl{HO 6onbWOM qucne TOl{e.Jt n R npH llOCTSTOl{-

HO ManoA nnuae-·xam.noro H3 y11acTKOB (E
1

_
1

, E- 1 ) cnan nons:i: ua 1ea>K,c:0M i-M y"tl:aCTxe 

annpoxcHMHpyeTCll llHH8l!Hol! cpyH!tUHBll 

h(e) = a
1 

+ a
1 

E, e,_,-<E- <E-1 

c nro6oli aanepe.o. aan.auuoa To11aocTb to, 

/13/ 

., Ha npa1tTHKe H3 npocThIX coo6pa)KeHHA nerKo onpenenHTb, B xax:ou. H3 RHTepaanoa_ -

(E- ,., • .,., 
H8XO,llHTCst TO~Ka IlOBOpOTa E • • npen.nOJIO>KHM, 'ITO HOMep aToro 

HHTepBana uaBecTeH. Torna, o6oaaa'last 
e, 

] 1 = ( hde, , 

nonyquu: 

I 

]
1 

= :E [ a
1 

( E1 -E1.,J +½a; (G: -E-1~1 ) ] , 
J=t 

/14/ 

. 
2 

1,, = 1, .. 1 + a, 1c-. + T '=".' /15/ 

l,_, = i, .. , - a, £1-1 - T £,~, 
/15/ 

YpaBH8HB8 /8/ MQ>KeT 6hITb 38IlHCSHO B BHn.e: 

8
1 

= Q - 2E, 

-.~- T 

/16/ 

r.ne: 

{

Q =-2 __ (]. +½-a1 J 
1 + a, ~ 

T = _2_ J 
1 +a, 1-1 

./17/ 

OTKYllS HMeeM: 

E =--1-+...,:i!!_(-JI-x -1), 
• 1 + JB . 81 

/18/ 

r.a.e: 

{
z=q4 
q=\,+TB 1 -I /19/ 

¢yHKUHll D ( E. ' cf,) orrpen.enSleTCSI Bbipa>KeHBeM; 

D(E , ¢ J = 1.1:!:£,.lLE; - T J 
• 2(sinef, -sin</> ) 

0 • 

/20/ 

B "npaKTHlleCKB Ba>KHOM qacTHOM cnyqae, KO[",ll8 n = 3 

• 
i= 2 a

1
=0 t BMeeM: 

5 



2eV = -1l..!'L _A_ · rl+a, J £€~ - TI 
• 2m

0 
c• Z sin q,

0 
- sin¢. 

T = E2· C1z -·a, 
1 1 +a2 

q = __ 1_ [(E,-1/ (a,-a,J+ B ,;;: (a
1
-a,J I 

1 + a
2 

/21/ 

OKOH'laTenbHSSI · ipopMyna .[lRll 2e V 0 (151, /20/, /21/) 6nH3Ka no <pOpMe K /11/ HOT-

nH'480TCR OT Hee nonpaBO'IHblM MHO)KHTeneM, yqHTbIB8IOWBM OTKnOH0HH0 cna.aa OT napa5onu-

qeczt.oro. K81t npaaano, aeroPIHHa 

HHUbI. noaToMy aaeprHR noaopOTa 

q 0K83bIB80TCR B H0CKOnbKO ,U0CSITKOB pa3 M0HbW0 en.a-

'• 
cna6o aaaHCHT OT napaMeTpoa nonsr a H onpene-

nSleTCSI C TOllHOCTblO H0CKOnbKO npoueHTOB yanoabIMH cpaaaMH cpo "'· ct,k ( 'lepea 

B ): 

€!=-'-· • 1 +,JB /22/ 

Ma nonyqeaHbIX Bbipa»ceHHii .nnH 2e V0 
nerKO nony'IHTb aHanBTI.Pl0CKH B01IB'CfHHY owu5KB 

B onpe.oeneHHH V 
0 

, CBSl38HHYIO C OWH5K8MH B onpe.neneHHH K03q:lq)HUH0HTOB a 

.QnR BIJIJIC)CTpauHH scp4>e1tTBBHOCTH B TO'iHOCTH npe.nnaraeMoro M0TOJl8 paC'l0T8 2e V 0 

HS pac. 1 npHBOllHTCB cepe:sr KpBBblX cna.oa MarHBTHoro nonR UHKnOTpOHa na6opaTOPHH sr.aep

HblX peaKuHll QJ,Hll-1. l-13 pHCfHKS BB.OHO, 'ITO KpHBble cua.oa annpOKCHMt,rnpyIOTCll TpeM!I nn-

aeAHhIMH no E Y'l8CTKSMB C TO'IHOCTblO nyqwe 0,05%, 'ITO ne)KHT B npe.aenax TOtJ.HOCTB 

MarHHTHbIX aaMepeaaA. 

nHTepaTypa 

1. ,ll.M. K aMHHKep. ,llHccepTaUHH. 
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