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1. BBEAEHHE 

3apRA He171TpOHa H3MepR.flCA B pa6oTax 11-3/ MeTOAOM pen1CTpa

~HH OTKflOHeHHA ny4Ka He~TPOHOB B S.fleKTPH4eCKOM none H B pa-

60TBX /4,5/ * KOCBeHHbiM o6pa30M - nyTeM lo13MepeHHR 3BPAAa Mo

fleKy.n. B npAMbiX 3KcnePHMeHTax no.ny4eH sepxHHH npeAe.n AnA aa

PRAa I qnl.<:, 5·1 o-18 1 q.l. B KocaeHHbiX "3MepeH.RX lq.I:>,2.10-22 l~l· 

B nocneAHee epeMA npeA.no*eH~ HOBble aapHaHTbl npAMbiX 3KCnepH

MeHTOe, o6.naAa~~He, 8 npHH~Hne, 6o.nee BbiCOKO~ 4YBCTBHTe.nb

HOCTbiO. 8/&/ OOHCaHa MOAJ.1Q)Ir1KaU,H.R MeTOAa OTKllOHeHHR Hei71TpOH

HOrO ny4KB 8 3.neKTpH4eCKOM none C HCOOflb30BaHHeM Y.flbTPBXO.flOA

HbiX He'1TPOHOB, OTPB>KBIOUII-'IXCR OT OJlOCKOrO fOP\.130HTB.flbHOrO 3ep

Ka.na H $0KYCHpyeM~X HB ~e.nb AeTeKTOpa C OOMO~biO aepTHKBflbHOfO 

U,Y1!1J.1HAPHL4eCKOrO ·3epKaJ1a. 8/7/ C006W,eHO 0 HBMepeHHH HCOO.Tlb3Q

B8Tb Ail~ YT04HeHH~ 38P~Aa He~TPOHa HeHTpOHH~H HHTep$epOMeTp. 

BIB/ npHBeAeHbt npeAsapHre.nbHble peay.nbTBTbt 3KcnepHMeHTa c J.1c

noJ1b3oaaH•eM <l>oKYC"PYIOUI"X He>1TPOHHbiX 11"Ha: I qn I '0. 10-20 I q0 1. 
B pa6ore191• nocs~ll.leHHOH onHcaHHIO MeroAa cnHHoeoro 3Xa AnA 

Ten.nOBbtX HeHTpOHOB, COAeP*HTCA, B 48CTH0CTH, npeA.nO*eHHe \.13-

MepRTb 38PAA He~TpOHa 3THM MeTOAOM. 

8 H8CTOAIL\e~ pa6oTe OOHC8H8 MOAJ.1¢HK84HA MeTOAB He~TPOHHOrO 

COHHOBOrO 3X8 B npJ.1MeHeHHH K Y.flbTPBXO.flOAHbiM Hea:iTpOHBM /YXH/, 

a T8K*e npeA.flO~eH BbtCOK04YBCTBHTe.flbHbt~ 3KCnepHMeHT no H3Me

peHHIO 38PRA8 Hea:1TPOH8. 

2. CnHHOBOE 3XO HA HEATPOHAX 

CYTb MeToAa HeHrpOHHoro cnHHosoro 3xa aaKn104aerc~ a c.neAYI0-

11.\eM. ny40K OO.flRpH3088HHbiX He~TPOHOB 4epe3 COe~Ha.nbHOe ycTpoH

CTBO He8AH868TH4eCKOrO OOBOpOT8 C0HH8 HeHTpOHOB H8 90° npoxo

AHT e pa6o4yo o6.nacTb c MarHHTHbtM no.neM, Hanpaa.neHHbtM nepneH

AHKy.nApHO nonRpHaa~HH ny4Ka HeHrpoHos. Pa6o4aR o6.naCTb paaAe

.neHa H8 ABe OAHH8KOBbte 48CTH, S KOTOPbtX MarHHTHble no.nR Hanpas

.neHbt 8 npOTHBOOO.flO*Hbte CTOPOHbt H pa&Hbt no a6COI110THOH Se.TlH4HHe. 

8 3TOM c.ny4ae no.nHbte yr.nbl npe~eCCHH COHHOB HeHTPOHOB B ABYX 

no.nOBHH8X pa604eH o6.nacTH paBHbl no MOAYI110 J.1 npOTHBOOOI10*Hbt 

* 8 KHHre~/ OPHBOAHTCA CCbti1K8 H8 48CTHOe C00611.\eHH~ 

H.K•Hra. 
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no 3HBKy, TBK 4TO B KOH4e pa604e~ o6naCTH BOCCTBHaBn~eaeTCR nepBOHa4aDbHaR nonRp~3B4HR He3aBHCHMO OT CKOPOCTH He~TpOHOB. EcnH ~MeeTCR pa3HH4a eo epeMeH~ nponeTa He~TpoHaM~ ABYX nonoBHH pa6o4e~ 06J1BCTH, TO 3TO npHBOAHT K ~3MeHeHH~ nOl1RPH3a-4HH HB BbiXO,Qe pa604ei:1 06JlaCTH, KOTOpOe MO)f(HO H3MepHTb no H3MeHeHH~ HHTeHCHBHOCT~ He~TpOHOB nocne BHBJ1~3aTOpa. 3KcnePHMeHT no noHCKy 3apR,Qa He~TpOHa 3BKJ1~4BeTCR B per~CTPB4HH H3MeHeHHR CKOPOCT~ C4eTa He~TpOHOB npH np~J10)f(eH~H 3J1eKTPH4ecKOrO nonR BAOnb HanpaeneHHR ny4Ka a OAHOi:1 H3 nonoe~H pa6o4ei:1 o6nacTH Hl1~ nepeKJ1~4eHHH 3HBKOB nOJ1R B o6eHX nOJlOBHHBX pa-6o4eti o6naCTH. 
4yBCTBHTeJ1bHOCTb TaKOrO 3KCnepHMeHTa cpa3y M0)f(H0 04eH~Tb no nopR,QKY Bel1H4HHbt. r1HTeHCHBHOCTb J npowe,QWHX 4epe3 BHBJ1H-3aTOp Hei:1TPOHOB cne,qy~~~M o6paaoM e~pa)f(aeTCR 4epea yron ~ Me)f(,qy HanpaeneH~eM HaMarH~4eHHOCTH aHanH3aTopa H HanpaaneHHeM MarHHTHOrO MOMeHTa He~TPOHa: 

J - J0 cos 2 ~L. 
2 /1/ 

Bbrpa)f(eHHe ,qnR 4YBCTBHTeJ1bHOCTH K H3MeHeHH~ 3Hepnfl.1 Hei:1TpoHa HMeeT BH,Q 

/21 
3,qeCb 't - epeMR nponeTa pa6o4ei:1 o6nacTH ,Ql1VIHOi1 e ; v ,m H E -CKOPOCTb, MBCCa ~ 3HeprHR Hei:1Tp0HOB, y - rHpoMarHHTHOe OTHOWeHHe ,QllR Hei'!TpOHa. 4YBCTBHTel1bHOCTb pe3KO B03pBCTBeT C yMeHbWeHHeM 3HeprHH Hei1TPOHOB. 

np~ pa60Te 8 ny4K080~ reoMeTPHH nOTOK MeAJ1eHH~X He~TPOHOB nponOP4HOHaneH: 

Jo(vz)- 1\vz •{1\v, f. 131 
r,qe ~VZ VI ~Vr - COOTBeTCTBeHHO HHTepaa/1~ npo,QOJlbHO~ VI nonepe4HO~ KOMnOHeHT CKOpOCTei1 Hei:1TPOHOB B ny4Ke. Clle,QOBBTellbHO, 

dJ H£ 1\vz (1\v, fl 
--Y- · /4/ dE m v z 

npVI pa.5oTe C n)'4KOM TennOBbiX He~TpOHOB, KaK npe,QllO>KeHO a191, ~Vz /v z ... 10-2 + 1 o-l, TBK KaK yCTPOtiCTBO Hea,QVta6aTVI4eCKOrO noBOpOTB cnHHa Ha 90° 3$$eKTHBHO pa60TaeT JlVIWb B ,QOBOJlbHO Y3KOM HHTepeane CKOPOCTeH Hei1TPOHOB. 0TC~,Qa 04eBVI,QeH B~Hrp~W B 4YBCTBHTe11bHOCTH aa c4eT nepexo,qa a o6nacTb YXH. B 3TOM cny-4ae dV2 /vz-1, nocK011bKY ycTpoHcTea AJlR noeopoTa cnHHa HB 90° MoryT pa6oTaTb a o6nacT~ YXH A11R ecero cneKTpa. Bae,qeHHe a pa-6o4Y~ 06J1aCTb 3epKBJ1bHOrO HeHTpOHOBO,Qa npHBO,QHT K ,QOnOJ1HHTeJ1bHOMY yBeJ1H4eHVI~ 4YBCTBHTeJ1bHOCTH HB HeCKOJlbKO nOpR,QKOB, TaK 
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KaK np1o1 3TOM !'J..v r /vz - 1, B TO BpeMfl K8K Ailfl Ten.nOBbiX He~TpO

HOB !J.vr /vz ..,.,Q-2 npH pa60Te C yMepeHHOi:i KO.nilHMa~He~ ny4K8, 

3. CXEMA YCTAHOBKH 

CxeMa npeAnaraeMoH ycTaHOBKH noKaaaHa Ha pHc. 1. YXH oT 

HCT04Hio1Ka noCTyna~T B YCT8HOBKY no HeHTpOHOBOAY /1/. Ha BXOAe 

pacnortomeH TOHKOn.neH04Hbliil $eppOM8fHHTHbliil n01lfiPI-138TOp /2/ *. 
Oco6eHHOCTb ero 3aKil~4aeTCfl e ToM,4To OH AOrtmeH pa6oTaTb aero

HOMHo, 6e3 eHewHero HaMarHH4HBa~~ero nonA, KOTopoe paapyw1o1no 

6bl He06XOAHMy~ OAHOPOAHOCTb M8fHI-1THOro nonA B pa6o4eH o6naCTI-1. 

13 
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PHc.l. CxeMa ycTaHOBKH /a/; B03MoEHhle pacnpe~eneHH~ 

3neKTPH~ecKoro noTeH~Hana B paGo~eH oGnacTH /G,B/. 

*TaKOH nortRPH38TOp OAHOBpeMeHHO BblnOrtHReT ¢YHK~HID YCTpO~CT

ea AilR nosopoTa cnHHa HeHTpoHa Ha 90° OTHoci-'ITeJlbHO Hanpaane

HI-'IR MarHio1T_Horo nonfl B pa6o4eH o6nacnot. B npHH~\IIne ao3MOmHo 

HCnOilb30B8H!-1e OTAeJlbHoro nonRPio138TOpa B KOM6HHa~lo11o1 C yCTpoH

CTBOM aAH86aT\114eCKOfO nosopoTa cnHHa YJlbTpaXOilOAHbiX HeHTpOHOB 

Ha 90°, KaK 3TO AeJlailOCb 8 3KCnep!-1MeHTe no nOio1CKY 3AM HeHTpO

Ha /lO/, 0AH8KO ~CTHpOBKa B 3TOM CJ1y4ae CJlO)I{Hee • 
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nep~OA~4eCKoe nOAMarH~4~BaH~e nOI1RP~3STopa /2/ /H SHSI1H3STopa /3// OCy~eCTBnReTCR C nOMO~b~ KSTyweK /4 H 5/. nonRp~30BSHH~e HeC1TpOHbl npoXOART B pa60I.lYIO o6naCTb, OrpaH~I.leHHYIO 3epKanbHbiM He~TPOHOBOAOM !6!. B pa6ol.leC1 o6nacT~ MarHHTHOe none, C03AasaeMoe KSTyWKaM~ /7 H 8/, HSnpasneHO no OCH HeHTPOHOBOAS /nepneHAHKYilRPHO HanpasneHHIO nonRpH3S4HH HeC1TpOHOB/ B npOTHBQnO!lO>KHble CTOPOHbl B ABYX nOilOBHHaX npoileTHOC1 6a3bl Me}f(AY nOnAPH3aTOPOM H aHal1~3aTopoM. B pa6ol.leC1 o6naCTH ,qeHCTByeT 3IleKTpHI.lecKoe none, C03ASBaeMOe KOilb4eBbiMH 31leKTPOASMH /9 H 1 0/; pacnpeAeneHHe noTeH4Hana noKa3aHo Ha p~c. 16, s. nocne aHaIl~3aTopa HeC1TpOHbl no 3epKSI1bHOMY HeHTPOHOBOAY /11/ npOXOART a ,qeTeKTOP /12/. BcR ycTaHosKa OKpymeHa MarHHTHbiM 3KPSHOM /13/. 8 3KCnepHMeHTe H3MepReTCR pa3HOCTb CKOPOCTeC1 Cl.leTa npH nepeKJ1101.leHHH 3HSKOB noTeH4HSJ10B 3J1eKTPOAOB /9 H 10/. 

4. PACYET YYBCTBHTEnbHOCTH 

EcnH HanpasneHHR HaMarHHI.leHHOCTeH nonRp~3aTopa H aHan~3aTopa cosna,qaiOT, TO HHTeHCHBHOCTb HeC1TpOHOB nocne SHSilH3STOpa pasHa 

J~ ~(x) dx I dv · 
v(x) 0 !51 

3,qeCb N(v) - cneKTP npOeK4HH CKOpOCTH H_,ei:1TpOHa Ha OCb Hei1TpoHOB0AS; Ht(X) H H 2(x) - COOTBeTCTBeHHO BeilHI.lHHbl MarH~THoro nonR s ABYX nonoBHHax pa6o4eC1 o6nacT~. 
8 /5/ He Y4HTbiBSeTCR nornotqeHHe HeHTpOHOB B noilRpH3aTOpe H aHanH3aTope H OTpa}f(eHHe OT HX noeepXHOCTeC1. 8TopoC1 3$$eKT 6y,qeT paccMoTpeH HH>Ke. MarHHTHoe none H(~. KOHe4HO, Heo,qHoPOAHO no o6oeMy, 4TO AHKTYeTCR caMo~ nocTaHOBKO~ 3Kcnep~MeHTa, OAHSKO Heo6XOAHMa OAHOPOAHOCTb nOilR B KS>KAOM nonepel.lHOM Cel.leHHH HeHTPOHOBO,qa. 8b16HpaeTCR f 1 = f 2 = f C MSKCHMS1lbHOC1 TOI.lHOCTbiO, OAHSKO 3AeCb paCCMSTPHBSeTCR HeCKOilbKO 6onee o6~.qH~ cny4ai1 1 1 ~f 2 • 

-- -m--v.~g-------
v (x) ~ v'~ v -~-+ E(x), !6/ 

r,qe m- MSCCS He~TpOHa; Vo- HS4anbHSR CKOPOCTb HeC1TpOHa; noTeH4"anbHa~ 3Hepr"~ E(x)~qV(x) I q- aap~A Hei<TpoHa/ 0 npoCTble Bbi4HC1leHHR C y4eTOM MSJ10CTH E no CpSBHeHHIO C KHHeTH4ecKOa1 3HeprHeC1 HeC1TpOHOB npHBOART K CJleAYIOI.qeMY Bblpa>KeHHIO! 
v
2 

2 Y ~(HI) E<HI> J = f, N(v)cos -·1 -- - )dv, /7/ v1 2 v m v3 
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/8/ 

/9/ 

E-V0q: v 0 --max!V (x) 1, 1-1 pacnpeAeneHHe noreH~Hana cooTBeTcrey

eT PHC. 16. 
LlyBCTBVITeJlbHOCTb Onpe,QeJlReTCfl Bblpa}l(eHHeM 

dJ v2 
dE I -y~ CN(v)sinly 

~HI') dv 1H v2 . 
-1--y- f N(v)sm!y 

1~H dv 
--l-•/10/ 

E=O m v 1 v v3 m v 
1 

v y3 

AnA noTeH~~ttana, pacnpeAeneHHoro a cooreercTBHH c p~ttc. 1e, 

4YBCTBHTel1bHOCTb B ABa pa3a MeHbWe. 

Ha p~ttc. 2 noKa3SHbl rpa¢1~t~Klr1 aae~ttci'IMOCTVI !! ..... (~H) vt 
Jo 

npL-1 C!leAYIO~Io1X 3Ha'-leHio1.AX napaMeTpOB YCTSHOBKH: e =20 

=1 QQ 3 Itt cnet<Tpe HeL1TpOHOB B BVI,Qe 
11

CTOJU1KS 11 ! 

dJ (~H) 

~dE 
eM; H = 

!11 I 

V1 =3,2 M/c; v 2 =5,7 M/C /COOTBeTCTBeHHO rpaHH4Hble CKOPOCHI 

S1110MHHHR ltl Me,QH/. 

BpeMR, Heo6xoA~t~Moe AilR per~t~crpa~HH aapRAa q c T04HOCTbiO 

~Q=Q,pSBHO~ O,QHOL1 CTSTHCTH4eCKOL1 OWJ.16Ke lti3MepeHHfl! 

T~--~
dJ 2 2 _2 

n(dE) q Yo 

r,Qe n- HHTeHCHBHOCTb He~TPOHOB HS BXO,Qe YCTpOL1CTBa. 

/12/ 

npH MSKCHManbHO~ 4YBCTBHTenbHOCTH 1-13 rpa¢HKa Ha pHc.2:J~E= 
- --- 0 

~4·10 11 38 
1

; Yo =300 KB; n =103 c-1 H Q=10-21 1CJ.Inony4aeM T ~ 
=40 4. 

KaK BHAHO 1-13 Bblpa>KeHHi1 /7/-/10/, Bbi60p pa601.1ei1 TOI.IKH ocy

ll.leCTBJ1fleTCfl pa3Aei1bHbiM H3MeHeHHeM Be!lHI.IHHbl MarHHTHOrO nQilfl 

e ABYX nonoBHHax pa6o1.1eH o6nacTH. 

5. TEXHHYECKHE TPE50BAHHR 

A. 0AHOPOAHOCTb H cTa6HnbHOCTb MarHHTHoro nonfl 

KaK BHAHO H3 KPHBbiX p1-1c. 2, nepHOA OCU.I-1Jl11fiU.Hi1 lltHTeHClltBHOCTllt 

Ha BbiXOAe aHaJ1!-13aTopa B pacCMOTpeHHOM npHMepe COCTaanReT 

1 Cf2 3. CTa6!-1!1bHOCTb MarHHTHOro nOJ1fl BA0J1b TpaeKTOp~H HeliiT-
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1dJ 

..fJ0 dE 
5·10,38 , 

a 

3 

Pac.2. Pac~eTHaH 3aBHCHMDCTb cKopocTH c~eTa HeHT
poHoB OT pa3HOCTH BeJUflJHHbl MarHHTHOrO IlOJIR B ABYX JlOJIOBliH8X pa6o"tieJ1 o5naCTH /H =100 3, f =20 CM/! ] - 6e3 yqeTa rrepeOTpa~eHHH HeHTpOHOB Me*Ay ITOJIRpH3aTOpOM H aHanH38TOpoM; 2 - C yqeTOM nepeOTpa~eHHH /a/.PacqeTHaR 38BHCHMOCTb qyBCTBHTeJibHOCTH ycTaHOBKH OT p83HOCTH BeJIHqHH MarHHTHOrO ITOJIR 
B ABYX IIOJIOBHH8X pa6oqeJ1 o6naCTH: J - 6e3 yqeTa 
nepeOTpa~eHHli HeliTPOHOB; 2 - C yqeTOM rrepeoTpalKeHHH /6/. 

POHOB ~ OAHOPOAHOCTb 8 KamAOM nonepe~HOM C€4€HHH He~TpOHOBOAa AOn>KHbl 6b!Tb He Xy>Ke 1 o-3 3. BpeM.A nponeTa HeiiiTPOHS 4epe3 
ycTaHOBKY ~,.... 0,1 c, noaTOMY YXYAW8Tb 4YBCTBI-1Tei1bHOCTb MOrYT 
I11-1Wb ¢11YKTY6~1-1H nOll.A B o6nacTH 4aCTOT 10 f~; 6onee HI-13K04acTOTHble ¢11YKTySL1'·1J.1 8 MeTOAe cn~t~HOBOro 3XS KOMneHCitiPYIOTCR, BbiCOK04SCT0THble ycpeAHRIOTCR. 3TO 06CTORTe11bCTBO CYtqeCTBeHHO o6ner4aeT 3aAS4Y cTa6~t~n~t~aa~~t~J.1 nonR. 

6. To4HOCTb "' mecTKOCTb MexaH~t~4eCKJ.1X yanos 

no11RPJ.13STOP J.1 SHSJ1J.13STOP AOJlmHbl 6b1Tb paCnOJ10H<eHbl CTPOrO napannellbHO APYr APYrY ~ nepneHA~KYllRPHO oc~ He~TPOHOBOAa. 3TO MOH<eT 6btTb AOCT~rHyTO 8 pa6041-1X YCJ10BJ.1RX C nOMOtqbiO IOCT~po-
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B04Hblx e~t~HTOB. Heo6xo,q~MaR T04HOCTb onpe,qenReTC.A Tpe6osa
HVI€M 

M « y!f· ==· 2 MKM' 1131 
rAe ~e - pa36poc e paccTORH~VI Mem,qy nnocKocTRM~ nonRPH3aTopa 
~ aHaJl~3aTopa. 

B. 0Tpama~~aR noeepxHocTb HeHTpoHoeo,qa 

npVI pacnpOCTpaHeH~~ He~TpOHOB no 3epKaJlbHOMy H€~TPOHOBOAY 
H€06XO,Q~MO CTporoe nOCTO.AHCTBO npO,Q011bHO~ KOMnOH€HTbl CI<OpOCT~ • 
0TKJlOH€H~€ reoMeTpVIVI OTpama~~e~ noeepXHOCT~ OT ~,QeaJlbHO~ 
/~VIJlVIH.QPV14€CKOH VIJ1~ nJlOCKO~ B Clly4ae npRMoyrOJlbHOrO C€4€HVIfl 
H€~TPOHOBO,Qa/ MOmeT npV18€CT~ K ~3M€H€H~~ npo,QOJlbHO~ KOMnOHeH
Tbl CKOPOCT~ nOCJl€ OTpameHH.A H€~TPOHa ~ COOTB€TCTB€HH0 K pag
MbiBaH~~ KP~BbiX' no,Q06HbiX yKa3aHHbiM Ha p~c. 2. np~ MaJlbiX yrnax 
a OTKJlOHeHHR noeepxHOCT~ OT H.QeaJlbHO~ 1-13MeHeH~e Av npo.QOilb
HO~ KOMnOH€HTbl CKOPOCT~ V paBHO 

1141 
r,Qe $- yrOJl na,QeHVIfl H€~TpOHa Ha nosepXHOCTb. HaHXY.QWa.A CVITya
~~fl VIM€€T M€CTO, KOr,Qa OTpameH~e C ~3M€H€HVI€M CKOpOCT~ npo~c
XO,Q~T nocepe,Q~He nponeTHO~ 6a3bl. 11cxO.QR ~3 Tpe6oeaH~R, 4T06bl 
pd3HOCTb $a3 ~¢ npe~eCC~VI Cn~Ha H€~TpOHa 3a C4€T ~3M€H€H~.A 

tKOPOCTVI H€~TPOHa He npeBbiWaJla 0,1: < 0' 1' 
nony4aeM orpaH~4eH~e Ha a.: 

a . < ___....Q,!.!._ · I 1 5 I 
- 2yH£ctg{:l 

np" v =4-10 2 cMic-
1

; H =102 3; 1 =20 eM; {3 =60 ° 3TO ASeT 
a ~0,2 yrn.c. 3To AOB011bHO cepbe3Hoe Tpe6oeaH~e. 

r. Hea,Q~a6aT~4HOCTb npoxom,QeHHR He~TPOHOM 
o6nacT~ peeepca MarHVITHoro nonR 

B on1o1caHHOM MeTo.Qe cnlo1HOeoro 3Xa Heo6xo.QVIMO, 4T06bl npoxm+<
A€HHe H€~TpOHOM npOCTpaHCTB€HH0~ 0611aCT~, 8 KOTOpO~ pa604€€ 
MarHHTHoe none MeH.AeT HanpaeneHHe /cepe,Qlo1Ha pa6o4e~ o6nacTH/, 
6bl110 H€a,QHa6aTVI4€CI<VIM,AJ/• 

O~eHHM eepoRTHOCTb Hea,Q~a6aTH4ecKoro npoxom,QeHHR A11R c~cTe
Mbl V13 .QBYX nocTaBJl€HHbiX BnllOTHy~ O,Qlo1HaKOBbiX COOCHbiX ,QJlVIHHbiX 
coneHO~.QOB c nonRMVI, HanpaeneHHbiMH HaecTpe4y APYr .Qpyry. Be
poRTHOCTb H€a,Qlo1a6aTVI4€CKOrO npOXOm,Q€HVI.A onpe,Q€Jlfi€TCR $OpMy-
110~/11/ 
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2 
w ( rr~H, 

= exp - 11 v aH, /h). /16/ 

rAe /1 - MSrHl4THbliif MOMeHT HeiifTpOHa; Vx- oceaa.A KOMnOHeHTa CKO
poCTJ.1 HeHTpoHa; Hx' H H r - cooTaeTCTaeHHO oceaaR 1-1 PSA~<otallbHaR 
KOMnOHeHTbl MSrHI-1THOrO nonA. 

J.1cnOJlb3YR 06Ll.ll-1e BblpameHVIR AllR nOJlR TOHKOrO CO!leHOHAa/12/, 
MO}I(HQ nOJlY414Tb npH6JlJ.1}1(eHHY~ ¢DPMYI1Y AilR KOMnOHeHT nOJl.A B nnoc
KOCTJ.1 TOp~a COlleHOHAS 861114314 ero OCH: 

5/2 6 
H, "H0 4, /(l+d /17/ 

H 
-fCl+ v /18/. 

rAe H0 - MarHI-1THoe none Ha oe~-1 BHYTPVI AilHHHoro co.neHOf..1Aa; 
X- paCCTORHHe BAOilb OCH COJleHOJ.1AS OT ero TOp~a; R- PSA14YC 

COJleHOl4AS; E = ~; f - paCCTORHitle OT OCYI COileHOJ.1AS. 

,llJl.A CI-1CT6Mbl 143 ABYX COJleHOl-1AOB nony\.laeM 

32rr" ,5 fb R 
W= exp(- - ) fl v • /19/ 

np" r =1 eM; R=30 eM; H0 =100 3; V =400 eM/e Ha OeHOBe ~op
MYJlbl /19/ nony4aeM w- 0,9. JlononHJ.1Tel1bHa.A KoppeKl.li-1R a o6nacTH 
peeepca MSrHHTHOrO nOilR MO}I(eT CyLl.leCTBeHHO YI1Y4W~Tb C~Tya4~~. 

,Q. Pacce.RHHbte non.R non.AP~3aTopa 1-1 aHai1!-13aTopa 

Pacce.RHHbte non.A TOHKonneH04HbiX non.RpH3aTopa ~ aHanHaaTopa, 
.ABI1.AIOUJ,HXC.A noCTO.AHHblM~ MarH~TaMH, MOryT 6blTb CAei1aHbl AOCTaT04-
HO M8JlbiM~ 3a C4eT yMeHbWeHitt.A TOJlUJ,IttHbl nlleHOK • Pac4eT nOKa3biBaeT, 
4TO Hanp.AmeHHOCTb pa~ce.AHHoro non.A non.Ap~3aTopa c HHAYK4~e~ 
20 Krc, TOJlUJ,HHO~ 1Q3A ~ At.18MeTpOM 5 CM COCT8BJl.AeT ...,.1Q-23.KOH
~t.1rypa4~.A pacce.AHHOrO nOJl.A TaKOBa 1 4TO OHO MOmeT 6blTb KOMneHCH
poBaHO C nOMOW,biO nonA npOBOAH~KOB C TOKOM, pacnO!lO>KeHHbiX 
s6I1H3H non.ApH3aTopa (1-1 aHanHaaTopa/ BHe pa6o4e~ o6nacTH ycT
po~cTea. 

6< YYET nEPEOTPAmEH~~ HE~TPOHOB MEmAY 
nOflRP~3ATOPOM ~ AHAfl~3ATOPOM 

CAenaeM cneAYIOW.He npeAnonomeHH.A: 

1/ non.ApH38TOp H aHa!1~3aTOp HMeiOT 100% nOJ1.ApH3YIOW.YIO cnoco6-
HOCTb; 

2/ HHTeHCHBHOCTb OTpameHHbiX OT aH8I1H3aTOpa /H non.Ap~tt3aTopa/ 
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H€i1TpOHOB BbtpaH<aeTCA l.l€P€3 yr011 ¢ M€H<,Qj Hanp6Bil€HI-1€M H6Mar
HI-1~€HHOCT~ 6HSil~3aTOpa /nOilAP~36TOpa/ ~ H6np6Bil€HH€M M6rH~T
HOro MOM€HT6 na,Qa~~ero H€i1Tp0H6 Cil€,QY~~~M 06pa30M: 

J J . 2 ¢ 
~asm2, /20/ 

np~ 3TOM HanpasneH~e MarHIIITHOro MOM€HT6 OTpameHHbiX HeHTpOHOB 
npOT~BOnOilOH<HO HaMarHlii~€HHOCTH nneHK~. 

Yron nosopoTa cn1.1Ha Hei1TpOHa np111 OAHOKpaTHOM nponeTe pa-
6o'-lei1 06Il6CTIII B COOTBeTCTBllllll C /7/ paseH 

a=LI-~-E<H£2:_1 /21/ 
2 v mv3 ' 

r,Qe 0603H61.l€HHA T6Klll€ H<e, KaK K ¢OpMjil6M /9/, /10/. 
Tor,Qa MOmHo Hai1Tlll, 4TO liiHTeHC~BHOCTb npowe,Qwlllx l.lepe3 aHa

Illii36TOP Hei1TpOH08 /B pacl.leTe Ha O,Q~H H61.l6IlbHbli1 nOilAPlii30B6HHbli1 
Hei1TpOH/, nony4aeMaA e pe3yilbTaTe nocne,QoBaTeilbHbiX nepeoTpa
meHHi1 M€H<,Qy 6H6Ill.136TOpOM Ill nOilAPlii36TOpOM, pasHa 

J=cos2E.... .2a 2 a .2a 2a 2a 2a 2a .2a '"" 
2 

+ sm 2 cos 2 -sm 2 + sm 2 cos 2 .cos 2 .cos 2 .sm 2"+··· 

2a .4a 2a: 
= cos - + sm - cos -

2 2 2 

OQ 2 cos
2 

2
" 

l 4a 
n=O cos "2 = 

2 a 
1+ cos 2 

/22/ 

B 3TOM cny4ae liiHT€HCIIIBHOCTb Hei1TpoHos nocne aHailH3aTopa MomeT 
6btTb npe,QCTas.neHa a Blii,Qe cpopMYilbJ 

J 

dJ 
dE 

v 2 cos2 2::.. I t.(He)- E<He > I 
2 2 v mv3 

{ N(v) --------- dv, 
v 1 2 Y I I'.(Hf) E<HI> 1 +COS-- ---

2 v mv3 

sinly t.(H1) ldv 

=2yH1 ~2N(v) v 

E=O m vl [1. 2Yt.(H1) fv3 + cos 2 v 

CooTeeTCTBYtoW.llle pacl.leTHble KpliiBble noKa3aHbl Ha p1o1c. 2~ 

/23/ 

/24/ 

B 3aKiltol.leHHe aeTop sblpaH<aeT nplii3HaTeilbHOCTb ~.A.KopHeeey 
aa none3Hoe o6cyH<,QeHllle. 

9 



nHTEPATYPA 

1. WanHpo H.C., 3cTynHH H.B. ~3T~, 1956, 30, c. 579. 
2. Zorn J.C., Chamberlain G.E., Hughes V.W. Bul I .Amer.Phys. 

Soc., 1960, 5, p. 36. 
3. Shull C.G., Billmann K.W., Wedgwood F.A. Phys.Rev., 1967, 

153, p. 1415. 
4. Zorn J.C., Chamberlain G.E., Hughes V.W. Phys.Rev., 1963, 

129, p. 2566. 
5. AneKcaHAPOB IO.A. $yHAaMeHTailbHble ceoiicTea Hei:1TpoHa. 

11HayKa 11
, M., 1976, c. 85. 

6. KawyKees H.T., ~Hesa H.6. 6onrapcKHH 4>~3H4eCKHH mypHan, 
1978, 5, c. 243. 

7. Physics Today, August 1975, p. 20. 
8. ILL Annual Report, 1979, p. 87. 
9. Mezei F. Z.Phys., 1972, 255, p. 146. 

10. E>KOB B.~. H AP· nHcbMa B 1.<3T~. 1976, 24, c. 39. 
11. BnaAHMHPCKHH B.B. m3T~. 1960, 39, c. 1062. 
12. KapacHK B.P. 4>H3~Ka H TeXHHKa CHllbH~X MarHHTH~x noneH. 

11HayKa 11
, M. , 1964, c. 26. 

10 

PyKonHCb nocTynHna e H3AaTellbCKHH OTAell 
9 ~eepanR 1981 rOAa. 


