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1. BeeoeHue 

B JKcnepuMeHTax c noJI.!IpH30BaHHbiMH ueiiTpouaMH, KaK 

npaBHJIO, Tpe6yeTC.!I H3MeH.!ITb OpHeHTai.I,HIO BeKTOpa DOJIHpH-

3ai.I,HH HeHTpOHHOrO nyqKa Ha 180° OTHOCHTeJibHO HeKOTO

poro Ja.D.aHHoro uanpaaJieHH.!I /uanpuMep, aeKTopa uaMarHH

l.JeHHOCTH aHaJIH3aTOpa DOJI.!IpH3ai.I,HH, BeKTOpa DOJI.!IpH3ai.I,HH 

.!I.IJ.epHOH MHUleHH H T . .IJ../. 06bll.JHO HCDOJib3yeMble B TaKHX 

cJiyYa.!lx cnoco6bi peaepca noJinpuJauuu ueiiTpouoa onucaHbi 

B pa6oTe /I/. C .IJ.pyroH CTOpOHLI, B MeTO,!I,HKe HCCJie,!I,OBaHHH 

a,!l,epuoro MarueTH3Ma .D.JI.!I pesepca ».LI.epuou noJinpu3auuu 

UlHpOKO npHMeHHeTC.!I TaK Ha3biBaeMbiH MeTO,!I, 6biCTporo 

a.D.ua6aTul.JecKoro npoxmK.LI.eHH.!I /I>All/ /eM., uanp., pa6o

TY I 2 I /. I13JIO)I(HM KpaTKO cyTb 3Toro MeTo.LI.a npuMeHH

TeJibHO K HeHTpOHY C rHpOMarHHTHbiM OTHOUleHHeM 'f , 
.D.BH)I(Yll.l,eMycn co cKopoCTbiO v. CoJ.LI.a.LI.HM ua nyTH uenTpoua 

HeO,!I,HOpO.IJ.HOe CTai.I,HOHapHOe MarHHTHOe flOJie Jlo H nepneu

.D.HKYJI.!IpHOe eMy, apamaiOmeecn c yac1 OTOH u,, MarHHTHoe 

noJie II 1 . 
flepeXO,!I,.!I B flO,!I,BH)I(HYIO CHCTeMy /n.c./ KOOp,!I,HHaT S' , 

CB.!I3aHHYIO C ,!I,BH)I(Yli.I,HMC.!I HeHTpOHOM H apall.l,aiOll.l,yiOC.!I CO 

CKOpOCTbiO cd BOKpyr 11 0 , llOJIY'IHM ,!I,JIH 3$$eKTHBHOrO llOJI.!I 

B n.c. _,.: 

/1/ 

-· 
r.D.e k u - e.LI.HHH'IHble aeKTOpbl B.LI.OJib H0 u H1 , t,. -
apeM.!I, CB.!I3aHHOe C TeKyll.l,eH KOOp,!I,HHaTOH HeHTpoua. 

113 /1/ BH,!I,HO, 'ITO 3cPcPeKTHBHOe flOJie MeH.!IeT 3HaK npH 

npoXO)I(.IJ.eHHH yepe3 pe3oHaHc. Ec11u H3Meueuue no11.11 II 0 

npOHCXO,!I,BT .D.OCTaTOl.JHO Me,!I,JieHHO, TO yroJI Me)l(,!l,y BeKTOpOM 
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HeHTpOHHOH IIOnRpH3aiJ;HH H MrHOBeHHblM HarrpaBneHHeM IIOnJI 
RBnReTCR HHTerpanOM ,.IJ;BH>KeHHJI. B 3TOM cnyqae CIIHHHeiiT
poHa, BHaqane rrapannenbHblH rromo H0 , 6y.n;eT uerrpepbiBHo 
ocTaBaTbCR rrapannenhHblM He, H rrocne rrpoxo>K.n;eHHR qepe3 
pe3oHaHc CTaHeT aHTHrrapannenbHblM H 0. KaK rroKa3aHo B /2/, 
ycnoBHeM rronHoro o6pai.QeHHR /peBepca Ha 180 ° I BeKTopa 
nonRpH3aiJ;HH RBnReTCR HepaBeHCTBO 

dHo 2 --- « yH . 
d t 1 /2/ 

BnepBble B 3KcnepHMeHTanbHoii HeiiTpOHHoii WH3HKe 
MeTo,n; JiAII no npe,n;no>KeHHIO B.H.JlyLQHKOBa ucnonb30Banu 
Jio6ameB, IlopceB, Cepe6poa /3/. 

IlpeHMYI.QecTBa 3Toro MeTo,n;a cne.n;yiOll.\He: 
a/ BepOJITHOCTb · rrepeBOpOTa He 3aBHCHT OT CKOpOCTH 

HeHTpOHOB HH>Ke HeKOTOpOH MaKCHManbHOH, ,n;nR KOTOpoii 
Bblnonueuo ycnoBue /2/; 6/ ueo,n;uopo.n;uocTb Buemuero 
nonB H0 ue BnHReT ua peBepc nonRpH3an;uu ueiiTpouoB; 
B/ KonnHMan;uR IIY'IKa ueiiTpouoB Hecyi.QeCTBeuua. B qacT
HOCTH, .n;nR KauanH3HpoBauuoro noToKa ra3a YXH 3TOT 
MeTo,n;, no- BH,.ll;HMOMy, RBnReTCR YHHKanbHblM. 

IlpH paC'IeTe H npoeKTHpOBaHHH YCTpOHCTB ,n;nR peaepca 
HeiiTpOHHOH IIOnRpH3aiJ;HH Ha OCHOBe JiAII BeCbMa cyi.QecT
BeHHblM RBnBeTCR BOIIpoc 0 CTeneHH BblnOnHeHHJI HepaBeH
CTBa /2/. B HaCTORI.Qeii pa6oTe H3naraeTCJI KpaTKaJI TeOpHJI 
JiAJI, npHBO,.ll;JITCJI pe3ynbTaTbl 'IHCneHHblX paC'IeTOB H 06-
Cy>K,n;aiOTCJI HeKOTOpble B03MO>KHOCTH HCnOnb30BaHHJI JiAII 
B ueiiTpouuo:H WH3HKe. 

2. Teopu.11 

YpaBueuue ,n;BH>KeHHR yrnoBoro MOMeHTa M 
B n.c. S' cne.n;yroi.Qee /2( 

-> 

dM 

dt 
= y[MHeL 

HeiiTpOHa 

/3/ 

Bae.n;eM BTopyro n.c. Koop.n;uHaT S", BJ<OTopo:H ocb z coB
na,n;aeT c MrHoBeHHblM uarrpaBneuueM He ( t) , BpaQ.taroi.Qy
IOCR no OTHOWeHHIO K II.C. S' C MrHOBeHHOH OCbiO Q ( t) H 
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yrnOBOH CKOpOCTbiO fl , paBHOH yrnOBOH CKOpOCTH Bpai.QeHHB 
BeKTopa He B rr.c. S' . B HOBoii rr.c. ypaBHeHue .n;BH>KeHHB: 

aM ~ ~ n 
- = y [M ( He + - ) ]. 
cit y /4/ 

IIo onpe,n;eneHHIO, B rr.c. 
=He , rrony'IHM: 

S"H =II =0H,o6o3Ha'laBH = e,x e,y e,z 

oMx 

cit 
yM H -M a 

y e z y 

a My '= - yMX He + Mz n X -cit 

oMz 

dt 
Mx ny- My n X 

/5/ 

-> 
Ha:H.n;eM Terrepb 3Ha'leHH~ n . ~BBe.n;eM B,.IJ;Onb ~e e.n;HHH'I-
Hblii BeKTop h , Tor,n;a He =He h. )l;u4>ci>epeHn;HpyB 3Tp Bbi
pa>KeHue, rrony'IHM: 

dll . -> ,, 

__ e_ =II h + II --1 ~ /6/ 
dt e e cit . 

-> 

TaK KaK I hI= <'lmst., TO ro.n;orpa4> h ( 1) ecTb cci>epuqecKaR 
-> 

KpHBaR, H, nonh3YRCb ci>opMynoii 3iinepa ~¥- = [ fz h J 

HMeeM 

-> 

dHe 

d I 
~-fie + 
He 

[ n lie : /7/ 

Ilepaw:H qneu a ~Toil cl>opMyne xapaKTepH3yeT H3MeHeHue 
.n;nuuw BeKTopa H , a BTopo:H - H3MeueHHe ero HarrpaBe 
neHHB. 

C ,n;pyro:H CTopoHw, .n;uc1>4>epeuu;upyR /1/, rrony'IHM: 

dH . ~ 
_e_ = 11

0 
k . /8/ 

dt 
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_, 
Bb1pa3HM oeKTop k qepe3 H 0 , H 1 H w, nonh3YHCh cne-

AYIOII.\HMH O'leBH,IJ,HblMH COOTHOWeHHJIMH: 

(uei:J =H 1 [ik; =H 11{, 

[[ H k ]H i = H2k -, H cosO H 
e e e e e 

_, _, 
r,IJ,e e- yron Me>K,IJ,Y Ho H lie B n.c. S'. Tor,IJ,a 

_, 
k 

II e [il He 1 
---cosO + -----sinO. 
He He 

191 

fiO,IJ,CTaBnJIJI 191 B 18/ H cpaBHHBaJI nonyqeHHOe Bblpa>KeHHe 

c 17 I, HMeeM: 

_, Ho _, 
0 = --sinO n 

He 
1101 

r,IJ,e sin0=yH/y'(yH 0 -w)
2 +lH

2
1 =Ht/He. 

_, 
0TCIO,IJ,a BH,ll,HO, 'lTO BeKTOp f! BIT. C. S' He H3MeHJieT CBOeH 
opueHra.u;Hu, no3TOMY _,OAHY H3 oceB: x HnH y n.c. S" Mo>K
HO HanpaBHTb B,IJ,Onb n . C'lHTaH ,IJ,nJI onpe,D,eneHHOCTH n =0 H X 

f! = f!, CHCTeMy 151 nepellHWeM cne,IJ,yiOII.\HM o6pa30M: 
y 

CJM 
X 

dt 
yM H - M 0 

y e z 

CJM y a-= -yM H t x e 

~~=Mx 0 · 
dt 

/11/ 

Ecnu f!<<yH' e 
TO TOnbKO nepBble ,l],Ba ypaBHeHHH B 1111 

A Mx 
\1 =,( ) H MaT-

M 
B3aHMOCBH3aHbl. Boo,IJ,H oeKTop-onepaTop 

y 

6 

A 0 i 
pH.u;y a = (_ i O ) , 3allHWeM CHCTeMy ,IJ,ByX ypaBHeHHH B qacT-
HLIX llpOH3BO,IJ,HblX B BeKTOpHOH cllopMe: . 

A 
.. A 

M =- i ya HeM . 1121 

Haxo,IJ,HM peweHHe 1121 B BH.n.e: 
.. t A 

M ( t) = exp (- i y~ f He dt) M 
0 

0 
1131 

Ilo,IJ,CTaBnHH I 131 B I 121 H ,IJ,enaH PH.l1. 
rpoM03,IJ,KHX npeo6pa3oBaHHH, nony'lHM: 

HeCnO>KHbiX, HO 

M . a M = Mx 0 '·osa + .v,O sin 
X ' I 1141 ) M = M o y x, 

M . l I'OS a - x,O Sin ( 

t 
r ,IJ,e a = y J II edt . 

0 
TaK KaK B cHny Haqani:.HhiX ycnoBHH \lx,O ~ \1 y,O c 0, 

To Mx ( t) ~MY ( t) ~ 0 , u B cuny TpeThero ypaBHeHHR B 
cucTeMe 1111 \lz = 1·onst . TaKHM o6pa30M, npoeK.QHH yrno
ooro MOMeHTa HeHTpoHa Ha HanpaoneHHe 3cllclleKTHBHoro 
nonH II e coxpaHHeTCH la,IJ,ua6a~uqecKH cne,IJ,yeT 3a HHMI, aHa 
HanpaoneHue BHewHero nonH II 0 peoepcupyeTcH. Ilonh3YHCb 
/101, nepenuweM HepaoeHCTBO 0 / yll cne,IJ,yJOt.u;HM o6-

P 
pa30M: 

t't 0 

I' II :J 
(' 

II t 
1151 

Ilpu 
H paBHO 

TO'IHOM pe30HaHCe 3cllclleKTHBHOe none MHHHManbHO 
He ~ 11 1 . Boo.n.H napMopoBcKyiO qacrory w

1 
= y II 

1 
u 

opeMH npoxo>K,IJ,eHHJI qepe3 pe3oHaHc 
ycnooue a,IJ,Ha6aTH'lHocru: 

wl;>>l. 

r == 
Ill 

it 0 
nonyquM 

1161 

flpaKTH'leCKH Ba>KHblM HBnHeTCH BOfipOC 0 CHne BblfiOnHeHHH 
HepaoeHCTBa 1161. C 3TOH .u;enbiO 6blnH npo,D,enaHbl 'lHcneH
Hhie pacqeTbl. 
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3. PeayAb111a111bl pac'lemoe 

PemeHHe CHCTeMbl ypaBHeHHH I 11/ npoH3BO.IJ.HJIOCb l.fHC

JieHHhlMH MeTO,IJ,aMH Ha 3BM Ji3CM -6 npH pa3JIH1.fHbiX 3Ha

'!eHH.IIX H1 H H0 . 

,D;n.11 ynpm.QeHH.II Ja,IJ,al.fH rpa,IJ,HeHT MarHHTHoro non.11 H B 

6 u 0 
0 JiaCTH ,IJ,eHCTBH.II OC.QHJIJIHPYIOI.Qero IIOJI.II 3a,IJ,aBaJIC.II ITO-

CTO.IIHHbiM. 

Ha puc. 1 c unmocTpaTHBHOH .QeJibiO npuBe,IJ,eHbl pemeHHB 

3THX ypaBHeHHH B n.c. S" B 3aBHCHMOCTH oT BpeMeHH 

,IJ,JIB W 1 T = 0,2 /HeT a,IJ,Ha6aTH1.fHOCTH/ H 2 /yCJIOBHe a,IJ,Ha-

6aTH1.fHOCTH nol.fTH BbiiiOJIH.IIeTc.ll/. Pe3yJibTaTbi pacl.feToB 

rpa!l~Hl.feCKH rrpe,IJ,CTaBJieHbl Ha puc. 2 B BH,IJ,e 3aBHCHMOCTH 

OT napaMeTpa w I r OTHOCHTeJibHOH IlpOeK.QHH "' / M O yr

JIOBOro MOMeHTa HeHTpOHa Ha OCb z B n.c. S"~OCJie rrpo

XO)I(,IJ,eHH.II 1.fepe3 pe30HaHC. 

BBe,IJ,eM 3q,q,eKTHBHOCTb nepeaopoTa rronBpHJa.QHH ¢ KaK 

OTHOIIIeHHe IIOJI.IIpH3a.QHH IIYl.fKa llOCJie H ,IJ,O IIpOXO)I(,IJ,eHHB 

qepe3 pe3oHaHc * . Tor,IJ,a, Cl.fHTa.ll ¢ s_ -0,9 ,IJ,OCTaTOl.fHo:H 

,IJ,JI.II 60JibiiiHHCTBa 3KCllepHMeHTOB, IIOJIYl.fHM H3 puc. 2, "'TO 

w 1 r .D.OJI)I(HO 6biTb He MeHee 2. TaKHM o6pa30M, Hepa-

BeHCTBO /16/ He .IIBJI.IIeTC.II CHJibHbiM. 

4. Bo3MOJICHble npuAoJKeHUJI EAII 

4.1. He:HTpOHHbiH cnHHOBbiH poTaTop 

0603Ha1.fa.ll MHHHMaJibHO ,IJ,OIIYCTHMOe ,IJ,JI.II 3a,IJ,aHHOrO 

3KcrrepHMeHTa 3Ha1.feHHe w 1 r qepe 3 K , JarrumeM ycnoaue 

a,IJ,Ha6a THl.fHOCTH B CJie,IJ,yiOI.QeM BH,IJ,e: 

I grad H0 I 
u2 

1 

1,32. w-2 

Ky E max 

/17/ 

* 0TMeTHM, "'TO ¢ CB.II3aHO C BepO.IITHOCTbiO rrepeaopoTa 

CllHHa HeHT~OHa f CJie,IJ,yiOI.QHM o6pa30M: ¢ = l- 2f /CM., 
HanpHMep,/ I , CTp. 24/. 
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~ 

I 
l 

MjM. 
11 

01 

-1 l 
0 

1 
M/M. 

50 t 100 
a) 

0 I < I J I 11111111 

-1 
500 1lXXJ 

5) 
t 1500 

Puc. 1. IIpoeKI4UU yzAoeozo MOMeHma HeiimpoHa M x /Kpu
eaJI 1/, My /KpueaJI 2/ u Mz /KpueaJI 3/ .Ha ocu n.c.S", 
HopMupoeaHHbre Ha MooyAb yzAoeozo MoMeHma M0 , e 3aeu
cuMocmu om epeMeHu t /MKC I OAJI paccmpouKu euoa 

• • 5 
H 0 -w/y=H0 (t-t0 )npu H1 =13:a/H =1,82.10 3/c. 
to= 55 MKc, w 1 r = 0,2; 6/ A= 9,J.J03 ,t 0 =1100, 

w
1 

r =2. 
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r.ne I grad H 0 I /3 · CM- I I - a6comoTHoe 3Ha'leHBe rpa
.nueHTa CTal(BOHapHoro MarHBTHoro nonJI H 

0
, HI /3/ -

aMnnury.na apai.QaiOI.QerocH MarHBTHoro nonH, Emaxl :JB/ -
MaKCBMaJihHaH 3HeprBH B cneKTpe nOJIHpB30BaHHOrO nyqKa 
HeiirpoHoa. 3a.naaaH aenuquHy H 1 /BJIB grad H 0 /, MO)f(HO 
onpe,L(eJIBTh MaKCBMaJihHYIO BeJIBqBHy rpa.L(BeHTa B MarHBTe 
/BJIB MBHBMaJihHYIO aMnJIBTy,L(y B pe30HaHCHOH neTJie/. 

Ba)f(HOH xapaKTepBCTBKo:H pora ropa HBJI.JieTcH ero .nnBHa 
L B HanpaaneHBB nyqKa HeiirpoHoa: 

L= Kl T. v • mm max /18/ 

r.ne K 1 - qucneHHhiH MHO)f(BTeJih, xapaKTepB3YIOI.QBH y.na
neHHOCTh KpaeBhiX YCJIOBBH OT pe3oHaHCHOH ToqKB; cornac
HO pacqeraM, K 1 .L(OJI)f(HO 6hiTh He MeHhllie 7, v max -
MaKCBMaJihHaH CKOpOCTh B cneKTpe HeHTpOHOB B r min -
COOTBeTCTBYIOI.Qee 3TOH CKOpOCTB BpeMH npOXO)f(,L(eHBH qepe3 
pe3oHaHc. Bhlpa)f(aH r min qepe3 11 1 B grad H 

0
, nonyquM: 

L 
K I Ill 

I grad II ; 
0 

BJIB, HCnOJih3YH ypaBHeHBe /17/, BMeeM: 

L 
75,7 K K 1 v· Em ax 
~---

HI 

/19/ 

/20/ 

Onpe,L(eJIBM OCHOBHhle napaMeTphi CnHHOBOrO poTaTopa 
.L(JIH ynhTpaxonO,L(HhiX, TennOBhiX /.no 0,5 3B/ H pe3o
HaHCHhiX /.no 1 K3B/ HeHTpOHOB. 

a/ YXH, E max -:" 2 · ~0 -? 3B. Bhi6BpaH .nnH 11
1 

nerKo 
,L(OCTB)f(BMOe 3HaqeHHe ::. 0,3 3, nonyqHM, qyo rpa.nHeHT 
MarHBTHOrO nonH .L(On)f(eH fihiTh He 6onee 1 3· CM-l /npB 
K =3/, a .L(JIBHa poraropa - He MeHee 2 CM. TaKue rpe6o
BaHBH nerKO peanB3YIOTCH, npBMepoM qero HBnHeTCH paHee 
ynoMHHyTaH pa6ora /J/. 

6/ Tennoahle HeiirpoHhi, E max .= 0,5 :JB. B 3TOM cny
qae, qro6hl nonyqBTh pa3yMHYIO aenuquHy rpa.nueHTa, Ha.no 
C,L(enaTh KaK MO)f(HO 60JihllieH HanpH)f(eHHOCTh nepeMeHHOrO 

10 

-
! 

I 
I 

1 

nonH. CquraH aenuquHy 10 3 rexHuqecKB .nocTB)f(BMOH, 
nonyquM cne.nyiOI.QBe rpe6oaaHBH grad H 0 :::; 0,6 3· CM-I, 

L :::: 1 M. Ocy~.QecraneHBe poraropa c raKBMB napaMerpa
MB, no-BB,L(BMOMY, BnOnHe B03MO)f(H0. 

TaKo:H porarop o6na.naer npeBMyi.QeCTBOM nepe.n pora
ropoM C BCnOnh30BaHBeM MeTO,L(a CnBHOBOrO pe30HaHCa 
I eM., Hanp., 111 , crp. 43/, TaK KaK ero 31}MileKTBBHOCTh 
He 3aBBCBT OT CKOpOCTB HeBTpOHa /HB)f(e HeKOTOpOH 3a,L(aH
Hoi/. B cpaaHeHBB c .npyrBM mupoKo ucnonh3yeMhiM THnoM 
CnBHOBOrO poT a TOpa, OCHOBaHHhiM Ha MeTO,L(e nepeaopoTa 
HanpaaneHBH ae.nyi.Qero nonH /eM. TaM )f(e, cTp. 47 I, MeTo.n 
.bAil o6na.naeT 3HaqBTeJihHO 6onhlliBM 6hiCTpo.neHCTBBeM. 

a/ Pe3oHaHCHhle He:HTpOHhi, E max ::: 1 K3B. IlonyqaJO
I.QBeCH Tpe6oaaHBH Ha aenuquHy rpa.nueHTa / -s_ 0,02 3· CM-

1 

npu H 1 = 10 3/ B .nnBHY ycTaHOBKB / 2: 50 M/ .nenaiOT 
OCyi.QeCTBneHHe ee npaKTBqeCKB Hepa3yMHhiM. 

4.2. 3aMe.nneHBe unu ycKopeHHe 
HeHTpOHOB 

B 1960 z. )l;pa6KHH B XBTHHKOB I 4 I npe.nno)f(HnB cnoco6 
nonyqeHBH YXH 3aMe.nneHBeM HeiTpOHOB B Heo.nHopo.nHoM 
MarHHTHOM none. )l;nH 3TOrO Ha nyTH nyqKa HeBTpOHOB 
C03,L(aeTCH MarHHTHOe none HanpH)f(eHHOCThlO 20 .; 30 K3. 
IlpB BXO,L(e B o6naCTh, 3aHHTYIO noneM, HeHTpOHhi C npoeK
l(BeH CnBHa no noniO 6y.L(yT yCKOPHThCH, a npOTHB noJIH -
3aMe.nnHThCH. EcnH ueHTpanhHYIO qacTh 3Toro nonH c.nenaTh 

O,L(HOpO.L(HOH B C03,L(aTh TaM OCI.(HnJIHpyiOI.Qee MarHHTHOe none, 
nepneH,L(BKynHpHOe CTaTHqecKOMY B TaKOB aMnnHTY.L(hi H 
qaCTOThi, qT06hi npOBCXO,L(Hn pe30HaHCHhiH nepeaopOT CnBHOB 
HeBTpOHOB /T.e. BCnOnh30BaTh ynoMHHYThiH paHee MeTO.L( 
CnHHOBOrO pe30HaHca/, TO npH BhiXO,L(e B3 CTaTHqecKOrO 
nonH ero B03.L(eHCTBHe Ha HeHTpOHhi 6y.neT aHaJIOrHqHhiM 
ao3.neiicTBBIO npu axo.ne a Hero. Co3.naaaH .nocTaToqHoe 
KOnBqeCTBO TaKBX yqaCTKOB C noJieM Ha nyTB nyqKa, MO)f(HO 
TpaHcliJopMBpOBaTh HeHTpOHhl CO CKOpOCThiO, CKa)f(eM, 50.; 
.; 100 M/C B YXH. 

IlpBMeHeHHe B 3TOM npe.nno)f(eHBB ,L(nH peaepca CnHHOB 
HeBTpOHOB .bAil BMeCTO ofihlqHoro pe30HaHCHOrO nep~ao-
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poTa* n03BOnBeT CYI.QeCTBeHHO paCWBpHTh BHTepaan CKO· 

pocTeii HeiiTpoHoB, yqacTBYIOUUIX B nponecce 3aMe,IJ;neHBB. 

,lJ.eHCTBHTenLHO, ,IJ;nJI MeTO,IJ;a CnBHOBOrO pe30HaHCa Tpe-

6yeTCJI BhlllOnHeHBe Onpe,IJ;eneHHOrO COOTHOWeHBJI Me)K,ll;y 

HanpB:>KeHHOCThiO OCUHnnBpyiOI.Qero non11 B ,IJ;nBTenLHOCThiO 

ero B03,IJ;eHCTBH11 Ha CnBH HeHTpOHa, T.e. ero CKOpOCThiO. 

B MeTo,IJ;e EAII nepeaopoT cnBHOB npoBcxo,IJ;BT y acex HeiiT

pOHOB, 3HeprBB KOTOPLIX HB:>Ke HeKOTOpoii, onpe,IJ;enBeMOH 
ypaBHeHBeM 1171. 

M1.jMo 
1 

0 

-1 
q1 1 Wt'C 10 

Puc. 2. 3aeucuMocmb npoeKliUUYZAoeozoMoMeHma Mz/M 
0 

e 
n.c. S" nocAe npoxoxoeHuJI ttepe3 pe3oHaHc om napa,wempa 
w 1 r /oo npoxoxoeHUJI ttepe3 pe3oHaHc M z /M 
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~ IIo CBB,IJ;eTenLCTBY H.M.MaTophl, Ha B03MO:>KHOCTL npB
MeHeHBB EAII B MeTo,IJ;e ycKopeHBB HeiiTpoHoB MarHBTHhiM 
noneM yKa3hiBan ci>.JI.IIIanBpo. IIpB 3TOM HeiiTpOHhl Bcex 
CKOpOCTeii 6y,I(yT O.I(HOBpeMeHHO YCKOpJIThCJI. 

12 

• 
' I 

f 

t 
I 
! 
~ 
I 

i 

,ll.n11 BLIBO.I(a YXH npoMe:>KyTKH Me:>K.I(y yqacTKaMB c no

neM MO:>KHO CHa6,IJ;BTL 3epKanaMH, OTpa:>KaiOUUIMH YXH B 

nponycKaiOUUIMH HeiiTpOHhl C 3HeprBeii BhiWe rpaHB'IHOH 

3HeprBB 3epKan E ~ep ,IJ;nB .I(anLHeiiwero 3aMe.I(neHBB. ,ll.n11 

TpaHcnopTBpOBKH B ¥oKycBpoBKH BLIBe,IJ;eHHhiX YXH Mo:>K:Ho 

npBMeHBTh CBCTeMy H30rHyThiX HeHTPOHOBO,I(OB. B03MO:>KHhiH 

BapBaHT TaKoro YCTpOHCTBa CXeMaTB'IeCKB B306pa:>KeH Ha 

puc. 3. HeiiTpOHhl B3 3aMe,IJ;nBTenB 1 BXO.I(JIT B MarHBTHLIH 

KaHan. B nepsoii ceKIJ;BB 2 3Toro KaHana HeiiTpOHhl c Ha

qanLHoii 3HeprBeii B BHTepsane OT E ~~p .I(O E ~ep + 211 H 
0 

3aMe.I(nBTCB ,IJ;o 3HeprBH YXH c BHTepsanoM I E3~ - 2 f1 II 
0 

• 

E ~,~P I B c noMOIIJ;LIO 3epKana 3 B HeiiTpoHoiib.I(a 4 MoryT 

6hiTL BLIBe,IJ;eHLI B3 KaHana. IIocne BTopoii ceKUBB MarHBTHO

ro KaHana B YXH nepeii,IJ;yT HeiiTpOHLI c HaqanLHoii 3HeprBeii 

OT E~gp + 2/L H o ,IJ;O E ~~ + 4 f1 H o B T • .I(. IIocne 

n -yqacTKa B YXH nepeii.I(yT HeiiTpOHhl c HaqanLHoii 3Hep

rBeiioT En-t=E~?t +2(n-l)f1.Ho .I(o En ""E~~p +2nf1.H
0

• 

BLIBrpLiw TJ B BHTeHCBBHOCTH nyqKa YXH c noMOIIJ;LIO 

TaKoro YCTpOHCTBa no CpaBHeHBIO C npe,IJ;nO:>KeHBeM ,lJ.pa6KBHa 
H )I(BTHHKOBa paBeH: 
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E3ep + (2n-l) fl. "o rp 
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II pH n = 1 BMeeM TJ = 1. II pH n ? > 1 B ,IJ;OCTa TO'IHO 6onLwHx 

3Ha'leHBBX H0 lcKa:>KeM, 20 c- 30 K31 xopowBM npB6nB:>Ke

HBeM BBnBeTcB cne,IJ;yiOI.Qee Bhlpa:>KeHBe: 

- n 
TJ :::. 2- 1221 

PaccMOTPHM cne.I(yiOI.QHii npBMep. IIycTL H 
0 

= 20 K3, 
En= 1,3·10-

5 
3B I3TO COOTBeTCTByeT CKOpOCTB HeHTpo-

38p 7 
HOB 50 M/c I B E r:p = 1,7 ·10- :JBI3TO cooTBeTcTsyeT 
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Puc. 3. CxeMamutJenwe U3o6paJKeHue MQZHUmHozo KaHaAa 
OAJI 3aMeOAeHUJi HeiimpoHoe: 1 - 3QMeoAumeAb peaKmopa, 
2 - 3AeKmpOMQ2HU111, 3 - 3epKQAO, 4 - HeiimpOH0600. 

Me)l.H C \ I'p = 5,7 M/C /. Tor)l.a He06XO)l.HMOe KOnHl.JeCTBO 

CeKJJ;HB MarHHTHOrO KaHana paBHO n :;;. 50 H B03MO)I(HbiB 

BbiHrpbiUI 7J :::_ 25. 
,L\pyrHM npeHMYIL\eCTBOM HCITOnhJOBaHH.!I liAll .!IBnHeTC.!I 

B03MO)I(HOCTb JaMe)l.neHH.!I HeKonnHMHpOBaHHbiX nyl.JKOB, 'ITO 

TaK)I(e )l.aeT BbiHrpbiUI B HHTeHCHBHOCTH. 

5. 3aKA10'leHue 

ilO)l.BO)l..!l HTOrH, OTMeTHM, 'ITO llpHMeHeHHe liAll: 

1/ IT03BOnHnO COJ)l.aTb YHHKanbHbiB CITHHOBbiH poTaTOp 

JJ.n.!l YXH 6e3 KaKHX- nH6o nepeKniOYeHHB ae.D.Yil\HX MarHHT

HhiX noneB:; 
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2/ ll03BOn.!leT OCyll\eCTBHTb CITHHOBbiH poTaTop )l.n.!l Ten

nOBbiX HeHTpOHOB C BbiCOKHM 6biCTpO)l.eHCTBHeM; 

3/ ll03BOn.!leT ITOBbiCHTb 34MlJeKTHBHOCTb CITOC06a nony

YeHH.JI YXH JaMe)l.neHHeM Heii:rpoHoB B MarHHTHOM none. 

ilO-BH)l.HMOMy, 6y)l.yT HaH)l.eHhl H )l.pyrHe B03MO)I(Hble npH

MeHeHH.JI liAll. 

AaTop nonhJyeTCH cnyyaeM, l.JT06hl no6naro)l.apHTb 

IO.B.HHKHTeHKO Ja noMOIL\h B YHcneHHhiX pacYeTax, B.K.Hr

HaTOBHl.Ja - Ja MaTeMaTH'IeCKHe KOHcynhTau;HH H B.H.lly

Il\HKoaa - Ja npoYTeHHe pyKonHcH. 
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