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TEOPH.Jl 

IlpHHUHll pa60Tbl pa,nHO'IaCTOTHOrO non.llpH3a Topa HC

TO'IHHKa llOn.llpH30BaHHbiX HOHOB Jla6opa TOpHH Jl,nepHLIX npo6-

neM OHJIH ocHoBaH Ha MeTo~e a,nHa6aTH'IecKoro npoxo:>K

,neHH.II A6paraMa H BHHTepa /I/, TeopHIO KOToporo MO:>KHo 

H3nO:>KHTL, HCDOnL3YJI KaK KnaCCH'IeCKHe, TaK H KBaHTOBO

MeXaHH'IeCKHe npe,nCTaBneHH,. 

B KnacCH'IeCKOH TeopHH 2/ 'laCTHIJ;a co CllHHOM n1 H 

CBJI3aHHbiM C HHM MarHHTHLIM MOMeHTOM ~ = Y tJ 1 B 

MarHHTHOM non~ if HCllbiTbiBaeT ,neHCTBHe MOMenTa Bpa

J.UeHHJI it: .. M x B = y 11 1 x B . YpaBHeHH.II ,nBH:>KeHH.II cnHHa 

H MarHHTHOrO MOMeHTa, COOTBeTCTBeHHO, HMeiOT BH,n 

/1/ 

dM ... ... 
at =y M X B 

/2/ 

B CHCTeMe KOop,nHHaT s ', BpamaiOIUeHCJI C yrnoBOH CKo

pOCTLIO c;! OTHOCHTenLHO na6opaTOpHOH CHCTeMbl KOOp,nH

HaT S, ypaBHeHHe /2/ npHHHMaeT $opMy ... 
dM == y M X B + M X~ 
dt 

HnH -+ -+ 
dM ... ... w 
lft =y M X (B + -y-). /3/ 
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IlepeXO)J. H3 CHCTeMbl S B CHCTeMy S' 3KBHBaneHTeH 3aMeHe 
nom1 g Ha 3!WieKTHBHOe none B3 q)(p, r,D.e 

.... -+ 

8 3 ¢¢ = B 
-+ 
w +-y 

PaccMOTPHM .D.Ba qacTHbiX cnyqaJI. 

-+ 

/4/ 

1. IlycTb MarHHTHoe none B nocTOJIHHoii aMll.!JHTY.IJ.bl 
H3MeHJieTCJI no HanpaaneHHIO C yrnOBOH CKOpOCTbiO 0 , a 

-+ -+ 
B HaqanbHbiH MOMeHT apeMeHH M H B nap~nnenbHbl. B cH-
cTeMe S' , BpamaromeHCJI CO CKOpOCTbiO 0 , 3!WieKTHBHOe 

.... 
-+ .... 0 -+ 

none paBHO ~¢¢=Bn + y-- , r,D.e n - e,D.HHHqHbiH BeKTOp, 

.... 
napannenbHbiH HaqanbHOMY 3HaqeHHIO M. EcnH O<<y B , TO 

-+ 
B CHCTeMe s' BeKTOp M npeueccHpyeT BOKpyr OCH, Ha-

-+ 
npaBneHHe KOTOpOH 6nH3KO K BeKTOpy n .Yron Me)I(.IJ.Y BeK-_,. .... 
TOpaMH M H n H3MeHJieTCJI BO BpeMeHH, HO He npeBbiWaeT 
MaKCHManbi_\Oro 3HaqeHH.H, paaHoro ""2 0 I y B . B CHCTeMe 

s BeKTop M cne,D.yeT 3a HanpaaneHHeM .... seKTopa B . EcnH 
B HaqanbHbiH MOMeHT BpeMeHH BeKTOp M o6pa3yeT HeKo-

-+ 
TOpbiH yron C BeKTOpOM 8 , TO 3TOT yron B ,D.anLHeiiweM 
noqTH He H3MeHJieTc.H. YcnoaHe 0 << y B Ha3b1BaroT 
ycnOBHeM a,D.Ha6aTHqHOCTH. 

.... 
2. IlyCTb 

noHeHTbi: 
MarHHTHoe none B HMeeT cne,D.yromHe KOM-

~ -t ... _. 
B "'tB 1cosw 1 t -jB1sinw 1 t +k [B 0 +L\B(t)l. /5/ 

3a apeM.H, orpaHaqeHHoe ,D.eHCTBBeM nonJI B1 ,KoMnoHeHTa 
;\ B(t) H3MeH.HeTc.H 2T +L\ B0 .D.2 -L\_!3 0 • YrnoB~.H cKopocTb 
apameHa.H seKTopa B paaHa w 1 = w 0 = -yB

0
k. B cH-

, ~ I -+ .... ..,.... 
CTeMe S , BpamaromeHC.H CO CKOpOCTbiO w = w O , 3'1"!'eKTHBHOe 
none paBHO 

.... ... .... 
B3¢¢ = j B 1 + k L\ B ( t). /6/ 

Ilpe,D.nono)I(HM, qTo BbmonHeHo cne,D.yJOmee ycnoaHe: 

L\B 0 » B 1 . /7/ 

4 

-+ 

Tor,D.a Ja apeMJI ,D.eiicTBHJI KOMnoHeHTbl B 1 BeK_.Top B3cpcpno
aepHeTcJI Ha yron 180°· IlpH 3TOM aeKTop M nocToJIHHO 

-+ 
cne.D.yeT Ja HanpaaneHHeM BeKTopa B 3 cpcp. ecnH .D.nJI mo6oro 
MOMeHTa BpeMeHH BblnOnHeHO ycnOBHe 

dc;b 
-- «y 83¢¢ ' 
dt /8/ 

.... 
r ,D.e c;b - yron ':" o6pa3yeMbiH BeKTopoM B 3 ¢¢ c e.D.HHHq
HblM aeKTopoM J • YcnoBHe /8/ MO)I(HO npeo6pa3oBaTb K 
BH,D.y: 

d B3 
dt(L\B) «y-~¢(t) B --, 

I 

/9/ 

r.D.e 

B 3¢¢ ( t) = V B ~ + [ L\ B ( t ) 1 2 . 
/10/ 

YcnoaHe /9/ TPY.D.Hee acero BblnonHHTb B ToqKe, B KoTopoii 

B3<P<P .. B 
1 

a r.D.e Tpe6yeTcJI, qTo6w 

d 2 
dt(L\B)«yB 1 • /11/ 

Cne,D.yeT JaweTHTb, qTo ycnoBHe /7/ aaToMaTHqecKH 
BblnOnHJieTCJI B peanbHblX CHCTeMaX C qacTHUaMH, KOTOpble 
nepeceKaiOT o6nacTb ,D.eii:cTBHJI nonJI B 1, TaK, qTo pa,D.ao
qacTOTHoe none, cHaqana paaaoe aynro, Me,D.neHHO HapacTa
eT Ha BXO,D.e H Me,D.neHHO cna,D.aeT Ha BblXO,D.e 3TOH o6naCTH. 

Paccw:oTpHM Tenepb KBaHTOBow:exaHHqecKyro TeopHIO 
a,D.aa6aTaqecKoro npoxo)I()J.eHHJI. EcnH qacTHUa HMeeT cnHH 
I '"' 1/2 , TO B none Bo o6pa3yeTC.H cHcTeMa H3 .D.BYX KBaH
TOBblX ypOBHeH C 3HeprHJIMH 

1 W+_j_ = - - y 1i B 
-2 +2 I 0 

/12/ 

a 3Hepraeii nepexo,D.a w:e)I()J.y HHMH, paaaoii Y111 Bo · PeJo
HaHcHaJI ytnoBaJI qacTOTa, COOTBeTCTBYJOI.UaJI nepeXO.D.Y 
Me)I()J.y 3THMH ypOBHJIMH, paBHa napNOpOBOH qaCTOTe W L = 
= y 1 Bo . Ecna a - yron w:e)I()J.y Hanpauneaaew: aeKTopa 
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~ 1 ~ 
B0 H BeKTopa , TO npouecc noBopoTa BeKTopa I ua yron a 

CB.R3aH C BepO.RTHOCThiO 

1-cos a 
p I l = ----
--,+- 2 

2 2 

. 2 (l 

= Slfl -2 1131 

A.IJ.Ha6aTH'IecKoMy npoXO)f(.IJ.eHHIO pe3onauca, paccMoTpeu

HoMy B Cnyqae 2, OTBe'laeT yron a = 180°, 'ITO COOTBeT

CTByeT nepeXO.IJ.Y CnHHOB BCeX 'laCTHU aHCaM6n.R H3 COCTO.R-

HH.R m 1 = + 1/2 B COCTO.RHHe C m 1 =- 1/2. 
IloMeCTHM .RJ],pO CO CnHHOM I= 1/2 H MarHHTHhiM MOMeH

TOM Ill= Y! "h I B MarHHTHOe none, KOTOpo~e HMeeT )],Be 

KOMnoneHTLI: nocTo.RHHoe MarHHTHOe none B 
0 

H cna6oe 

none B 1 , nepneH.IJ.HKyn.Rpuoe nonro B 0 H BpamaroiUeec.R 

BoKpyr BeKTopa B 0 c yr noBoil cKopocTLIO w 1 = - y 1 B 0 • 

CyMMapuoe none HMeeT BH.IJ. 

~ ~ ~ ~ 

B =i B
1

cos w
1

t -j B
1

sinu>
1

t +kB
0

• 1141 

raMHnhTOHHaH B3aHM0)1,eHCTBH.R MarHHTHOrO MOMeHTa .RJ],pa 

c noneM paBeH 

r.IJ.e 

H =-~ e 
I 

.... ~ ~ 
= -y n I B 

I 

1 i WIt 
= -y 11 I B - - y 1i I B e 

I zz 21 +l 

I+ ± i I 
X y 

MaTpH'IHLIH 3neMeHT nepexo.n.a paBen 

1 -;-r 111I 

1151 

B -iwl t 
I e ' 

1161 

1 1 (--\H\-) 
2 2 

!_ ~ 1i B ( - _ll I I l) -i w l t 
21 l 2 -2e 

1 ~ l y I 1'i B I e - iw I t 1171 
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a Bepo.RTHOCTL nepexo.IJ.a onpe.IJ.en.ReTc.R BLipa)f(eHHeM 

P_.J_+1 =sin
2

(;1 B 1t)= ~ [1-cos(yiB 1 t )l. 1181 

2, 2 

BH.IJ.HO, 'ITO yron a = YI B 1 t paBH.ReTc.R yrny noBopoTa 

CnHHa B KnaCCH'IeCKOM cnyqae. 

BMecTo BpamaiOIUeroc.R non.11 B peanLHLIX ycTaHOBKax 

06hi'IHO HCnonL3YIOT OCUHnnHpyiOIUee none, KOTOpoe CO

CTOHT H3 KOMllOHeHT, BpaiUaiOIUHXC.R C 0)1,HHaKOBhiMH yrno

BhiMH CKOpOCT.RMH B .IJ.BYX B3aHMHO npOTHBOllOnO)f(HhiX Ha

npaBneHH.RX H HMeiOIUHX OJ],HHaKOBLie aMnnHTY.IJ.hl. IlpH 3TOM 

r.n.e 

BpRIU 1 OCL\ 
B =- B 

I 2 I 

BB!llll\ 
I 

OC'-\ 
- aMnnHTy.IJ.a BpamaroiUeroc.R, a B 1" 

1191 

aMnnHTy.n.a OCUHnnHPYIOIUero non:L Pe30HaHC Bhl3hiBaeT 

Ta KOMnOHeHTa OCUHnnHpyiO~ero non&, KOTOpa.R BpaiUaeT

cx c yrnoBoil cKopocTLIO w 1 '"' - y 1 B o • 34><}1eKT BTopoil 

KOMnOHeHThl, BpaiUaiOIUeHC.R B npOTHBOnOnO)f(HOM HanpaB

neHHH, npene6pe)f(HMO Man B o6nacTH pe3ouauca. 

CuAbHOe MaZHUIIIHOe noAe. PaccMoTpHM pa.IJ.HO'IacToT

HLie nepeXOJ],hl aTOMa BOJ],OpOJ],a B CHnhHOM MarHHTHOM none • 

H3 .IJ.HarpaMMLI ypoBHeil 3HeprHH lSo cocTO.RHH.R aToMa 

Bo.n.opo.IJ.a B MarnHTHOM none I puc. 11 BH.IJ.HO, 'ITO KoM

noueHTLI I II H 121, KOTOpble clloKyCHPYIOTC.R wecTHnonroc

HbiM pa3)1,enHTenLHhiM MarHHTOM, J],aiOT HyneByiO nonHpH-

3aUHIO no CllHHY npOTOHa, ecnH HOHH3aUHIO TaKHX aTOMOB 

npOH3B0)1,HTh B CHnhHOM MarHHTHOM none. )l,JI.R TOrO 'IT06hl 

nony'IHTh non.RpH30BaHHbiH ny'IOK npOTOHOB, HCXO.IJ.HYIO 3a

ceneHHOCTh ypOBHeH 111 Hl21 He06XO)J,HMO H3MeHHTh. 0)1.HH 

H3 nyTeH - 3TO COBepWHTh a)1,Ha6aTH'IeCKHH nepeXOJ],aTOMOB 

H3 COCTO.RHH.R 121 B COCTOJlHHe 141, B pe3ynLTaTe qero 

nonyqaeTC.R non.RpH3aUH.II npOTOHOB, paBHa.R p = + 1 B 

HJ],eanLHhiX ycnOBH.RX. 

)l,n.R auanH3a npouecca nepexo.IJ.a H3 cocTo.RHH.R 121 
B COCTO.RHHe 141 BOCllOnL3yeMC.II cPOpManH3MOM cPHKTHBHOrO 

CnHHa/3/. EcnH Ha aTOM J],eHCTByeT B03MyiUaiOIUee CHHYCOH-

W2- w4 
)1,anLHOe none C 'laCTOTOH W "' ti , TO C J],OCTaTO'IHOH 
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w 
... w 

0,5 I 

F =1 - -

0 

I 
-0,5 

F=O 

CD }mrf 
@ 

/ ..,...... 

® 

2 X=%c 

~ 

-1 l ~ 
: }md 

Puc. 1. ,4uazpaMMa 
6 MaZHUmHOM noAe. 

ypoeueii 3Hepzuii amoMa eooopooa 

TOqHOCTbiO MO:>KHO CqHTaTb, qyo aTOMbl HMeiOT TOJibKO 

~Ba cocTOHHHH: /2/ H I 4/. HJMeHeHHe JaceneHHOCTH ypoB

HeR BO BpeMeHH onpe~eJIHeTCH t}lHKTHBHhiM CllHHOM J ', 1/2 
H t}lHKTHBHbiM rHpOMarHHTHbiM OTHOIUeHHeM y '. CBH3b Me~y 
t}lHKTHBHbiMH H peaJibHhiMH t}lHJHqeCKHMH BeJIHqHHaMH Ja· 

~aeTCH raMHJihTOHHaHOM B3aHMO~eHCTBHH a TOMa C Mar· 

HHTHbiM llOJieM. fiOJIHbiH raMHJihTOHHaH J{ COCTOHT H3 

cnaraeMoro }{0 , o6ycnoBJieHHoro BJaHMo~eiicTBHeM cnHHa 

c OCHOBHhiM noneM B 0 , H BOJMyJ..Qaromero cnaraeMoro }{I . 

8 

,lJ;JIJl nepexo~a /2/-+ /4/ KOMnoHeHThl peaJihHoro raMHJih· 

TOHHaHa paBHhl 

-+ -+ 
}{ 0 = -ye 1iSz B 0 -y1 1llz B 0 H S I 

}{I "" ( y e 1i Sz + y1 1i lz) B1 cos w t , /20/ 

r~e 

}{
0 

12) = W2 12), H 0 14 ) "' W4 1 4 ) . /21/ 

Cne~yH /15/, Haxo~HM t}lHKTHBHhiH cnHH J 'u t}lHKTHBHoe ru

poMarHHTHoe OTHOIUeHHe y' :. 

}{, -- '1i J , B, 
0 y z 0 

' iw t ' · 
J{'=-(Lii J' B' e +Lii J' B e-•wt ) , 

1 2 +1 2 -I 
/22/ 

r~e B i - aMnJIHTy~a t}lHKTHBHoro BpamaromerocH non11. 

llpeHe6peraH B3aHMO,AeBCTBHeM MarHHTHOrO flOJIH CO CflHHOM 

Jl~pa, nonyqaeM MaTpHqHwii 3JieMeHT nepexo~a: 

-(4!y tiS I2)Bicoswt 
p .,. 

y1'1 
•- e ~2~ 

V 1 + x2 

BI cos ~<> t 
-------. /23/ 

113 /21/ H /23/ HaXO~HM CBJI3h Me~y t}lHKTHBHhiMH H peaJih • 

HhiMH BeJIHqHHaMH 

'B' ~w _,---2 y =W -W = -- v 1 +X 
0 2 4 h 

Bt y 
B ' .!...CL ---2-

y' 1=2 yl+X /24/ 
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r.ne 

!'lW .. 2J.LB, 
e c 

2J.Le 
Y. =---, 

e "h 
Bo 

X=J3 
c 

1251 

Y cnoBHe a.nua6a TH'IHOCTH I 111 Tenepb npB;HHMaeT BH,n 

2 d 3 0 _1 ____ -~ B I --- << ---- 2n 
dt xy1+x2 1261 

B CHCTeMe KOOp,nHHaT, CBJI3aHHOH C aTOMaMH, MarHHTHOe 

none H3MeHJieTCJI oT 3Ha'leHHJI B o +Ll B o.no 3Ha'leHHJI Bo-Ll Bo 

3a BpeMJI e I v 'r.ne e - ,nnHHa o6nacTH ,ne:iicTBHJI pa,nHO'IaC-

TOTHOrO nonJI, V - Cpe,nHJIJI CKOpOCTb aTOMOB B ny'IKe. 

Tor,na 1261 nepexo,nHT B 

~~.Q- v « 
r 

1 

xy1+x2 

J.Lr 

21i 

2 
BI 1211 

C y'leTOM 1241 ycnOBHe nony'leHHJI MaKCHManbHOH nonJipH-

3aD;HH 11 I npHHHMaeT BH,n 

---- B 
Ll ( Ll W V 1 + x2) »·_Ye __ L_ 

~ 2 ---r 
y1+X 

1281 

HnH 

2!'lB
0 

» ~ 
X 

1291 

CAa6oe MaZHUIIIHOe noAe. PaccMoTpHM pa,nuoqacToT

Hble nepexo,nbl aToMa Bo,nopo,na B cna6oM MarHHTHOM none, 

KOr,na ypOBHH 3HeprHH 111, 121 H 131 MO)I(HO C'IHTaTb 

npu6nH)I(euuo 3KBH,nHcTaHTHbiMH. Hcxo,nuaJI nonJipH3au;HJI 

no cnuuy npoToua B cna6oM none paBua P;wx = + 1 I 2 
Pa,nuoqacToTuoe none uu,nyu;upyeT nepexo,nbl 111 .... 121 
H 121 ... 131, B pe3yn&TaTe qero 3aceneHHbiMH ypoBHJIMH 

CTaHOBJITCJI 121 H 131, a nonJipH3aD;HJI npOTOHOB B cna60M 

10 

none pk • -1/2 . fipH HOHH3aD;HH TaKHX aTOMOB B CHnbHOM 

MarHHTHOM none nonJipH3aD;HJI npOTOHOB OKa3biBaeTCJI paB

HOH P0 --1. 3,nec& ua6mo.naeTCJI KBaHTOBOMexauuqecKH:ii 

34KPeKT H3MeHeHHJI CTeneHH nonJipH3aD;HH npOTOHOB npH 

nepexo,ne aToMa H3 cna6oro B cun&uoe MarHHTHOe none. 

3TOT 3~eKT HCnOnb3yeTCJI B HCTO'IHHKe nonJipH30BaHHbiX 

HOHOB, He HMeiO~eM pa,nHO'IaCTOTHOrO nonJipH3aTOpa H B 

KOTOpOM HOHH3aD;HJI aTOMOB, pa3,neneHHbiX B WeCTHnOnb

HOM MarHHTe, npOHCXO,nHT B cna60M MarHHTHOM none. 

llOCKOnbKY B cna60M MarHHTHOM none nonHbiH MOMeHT 

aToMa F JIBnJieTcJI xopowHM KBaHTOBbiM 'IHcnoM, To pean&

Hbl:ii raMHnbTOHHaH, OTBeTCTBeHHbiH 3a 3TH nepexo,nbl, 

HMeeT BH,n: 

}{ = _l'..e._'fi F B . 
0 2 z 0 

}{ ,._ ...!_ ( Ye1i F B elwt + Ye1i F B e-lwt ). 
I 2 2 +I 2 -I 1301 

<I>HKTHBHbiH raMHnbTOHHaH ,nnJI CnHHa j '• 1 paBeH 

}{~ =-r '1i J3 8 o 
}{ , 1 ( 'L J, B, i ()) t '1i J , B -i ()) t ) = - - y n e +y e · 

1 2 + 1 - I 
1311 

B 3TOM cnyqae CBJI3b Me)l(,ny pean&HbiMH H WHKTHBHbiMH 

BenH'IHHaMH 3a,naeTCJI npOCTbiMH COOTHOWeHHJIMH: 

y' ... k_ 
2 ' 

s;.- B
0 

, Bi • Bl 

YcnoBHe a,nua6aTH'IHOCTH HMeeT BH,n 

dBo « ~ 8 2 

dt 2 I 

1321 

1331 

11 



Ecnu none HJMeuJieTcJI oT Bo+~ B 0 .n:o B 0 - ~ B 0 
,n:nHHe E, a CKOpOCTI> ,lJ,BH)KeHHJI aTOMOB paBHa V, TO 
nepexo.n;HT a 

2 ~ Bo 
--V --y-

Ye 2 
<<-- B I 

2 

ua 
/33/ 

/34/ 

r.n:e B I - aMnnuTy.n;a apamaiOmerocJI MarHHTHoro nonB. 
Ycnoaue nony'leHHB MaKCHMam.uoii nonBpH3al.(HH co

xpauJieT BH.D. /7 I: 

~B0 »BI. /7/ 

TaK KaK ypOBHH /1/, /2/ H /3/ npH KOHe'IHOH BenH'IHHe 
nonB B o ue BBnBIOTCB cTporo 3KBH.D.HCTaHTHhiMH, To none 
B I .n:omKHO 6biTh TaKHM, 'IT06bl 3HepruB B03MymeuuJI, Bhl-
3biBaeMoro 3THM noneM, nepeKpbiBana 3HeprHIO He3KBH
,lJ,HCTaHTHOCTH ypOBHeH /1/, /2/ H /3/, KOTOpaJI paBHa 

2 
(ye 8 o) ( .. ( w - w ) - ( w - w ) "" _, __ 

I 2 2 3 2~W 
/35/ 

3To ypaaueuue uaKna,n:blaaeT ua none BI cne.n:yromee or-
paHH'ICHHe: 

y BI 
_L __ >> ( 

2 ' 

3KCIIEPHMEHT 

2 
Ye B I ( Y e B 0) 

---- >> ------
2 4 ~ w /36/ 

llonBpH3al.(HJI npOTOHOB B HCTO'IHHKe nonBpH30BaHHbiX 
HOHOB Jla6opaTOpHH B,ll,epHbiX npo6neM npOH3BO,lJ,HTCJI npH 
nOMOlUH a.n:ua6aTH'IeCKHX pa,ll,HO'IaCTOTHbiX nepeXO,!J.OB B cna-
60M MarHHTHOM none. llonHpH3aTop, cxeMa KoToporo npu
ae.n:eua Ha puc. 2, COCTOHT H3 nOCTOJIHHOrO MarHHTa, 
KaTylliKH HH,ll,YKTHBHOCTH, pa,ll,HO'IaCTOTHOrO reuepaTopa, 
Kaapueaoii Tpy6KH H pacnonaraeTcJI Me*.D.Y rnecTunonb-

12 

' I 

' ' 

HbiM paJ,n:enHTenbHbiM MarHHTOM H HOHH3aTOpOM. llOCTOJIH
HblH MarHHT, C03,lJ,aiO{UHH cna6oe MarHHTHOe none, COCTOHT 

0 t 2 3 4 5 CM 

Puc. 2. CxeMa paouo<~acmomHozo noAJipu3amopa. 

H3 noniOCOB C H3MeHJIIO{UHMCJI 3a30pOM, HaMarHH'IHBaiO
meii BCTaBKH H npoKna,lJ,KH. lloniOCa H3rOTOBneHbl H3 )Kene3a 
apMKO, BCTaBKH - H3 cnnaBa anbHHKO, a npoKna,lJ,KH -
H3 .r\IOpaniOMHHHB. KaTyrnKa uu,n:yKTHBHOCTH, aoJ6y>K,n:aro
maB pa,n:uoqacToTuoe none, yKpenneua ua KBapu,enoii Tpy6-
Ke, BHYTPH KOTOpoii npOXO,lJ,HT aTOMHbiH ny'IOK. llOCTOJIHHbiH 
MarHHT C KaTylliKOH HH,lJ,YKTHBHOCTH noMe{UeH BHYTPH ,lJ,Boii
HOrO MarRHTHOrO 3Kpana, H3rOTOBneHHOrO H3 )Kene3a apMKO. 

CxeMa pa.n:uoqacToTuoro renepa Topa npuae.n:eua ua 
puc. 3. KaTylliKa un,n:yKTHBHOCTH LI , ao36y)KJ\aiOmaB Mar
HHTuoe none, axo,n:HT n uarpy30'IHblii: KOHTYP renepaTopa. 
lfcnOnh30BanBCb ,IJ.Be pa3nB'IHblC KaTylliKH Hll,lJ,YKTHBJIOCTB. 
Ka TYlliKa N21 BMena 15 BHTKon Me.n:noii npoaonoKH .n:uaMeT-
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Puc. 3. CxeMa paouotlacmomHozo zeHepamopa. L 1 - pa6o'laJI 
KamywKa UHOYKIIIU6HOCIIIU; L 2 - noocmpoe'lHQJI UHOYKIIIUB
HOCI/fb; L3' L4- ,a 0,15/150 MKFH/; Ls- opocce.llb, 
HQMOIIIQHHblll Ha fjepf2UIII060e KO.IIbl#O; C 1 = 10/100; C 2 
= 150; C3 = 130; C 4= 200; Cs= 300; C6= 0,01; Rt = 
= 18 K; R2= 390; R3= 100; R4 = 1,5 K. 

pOM 1,8 MM, ,IJ;nHHa KaTyWKH 38 MM, ,IJ;HaMeTp 18 MM, HH
,IJ;YKTHBHOCTL oKono 2 M KFH. Ka TYWKa H!2 co,~~;eplKana 26 
BHTKOB Me,IJ;HOH npoBOnOKH ,IJ;HaMeTpOM 0,8 MM, HaMOTaH
HLIX Ha KapKaC H3 rtneKCBrnaca. Cpe,IJ;HBH ,IJ;HaMeTp KaTyw
KH 22 MM, ,IJ;nHHa 40 MM, BH,IJ;YKTBBHOCTL OKOno 8 MKFH. 
qacToTa reaepaTopa perynapyeTcJI OT 9,5 ,11;0 14 MFI.I 
npa noMOIQH clleppaToBoro a Me,~~;aoro cTeplKHeii, nepeMe
J:QaeMwx BHYTPH KaTyWKH HH,IJ;YKTBBHOCTH H!2. AMnnaTy,~~;a 
pa,~~;aoqacToTaoro nonJI B3MeHJinacL oT 20 ,11;0 200 B nyTeM 
B3MeaeaaJI R 4 . 

H3Meaeaae MarHBTHoro nonJI a,~~;onL aanpaaneaaJI; coa
na,~~;aiOJ:Qero c ocLIO aToMaoro ny'IKa, a a6coniOTHoe 3Ha'le
uae MarHHTHOrO nons B neHTpe Ka TylliKB BH,IJ;yKTBBHOCTB 
no,IJ;6apanBCL 3MnHpB'IeCKH nyTeM B3MeHeHBJI TOniQBHLI npo
Kna,IJ;KH. HanpJilKeHHOCTL MarHBTHoro nonJI B3MepJinacL Mar-
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Puc. 4. CxeMa MazHumo,Mempa. 

HBTOMeTpOM, CXeMa KOTOporo npHBe,IJ;eHa Ha pUC. 4. )J;aT'IHK 
Xonna .n;xr-2M c 'IYBCTBBTenLaocTLIO 23,5 MKB/rc npa 
ynpaBnJIIOJ:QeM ToKe 5 MA acnonL30BancJI ,IJ;nJI H3MepeaaJI 
nonepe'IHLIX COCTaBnJIIOIQHX MarHHTHOrO nonJI, a ,IJ;aT'IHK 
.n;xr - 0,5M c 'IYBCTBHTenLHOCTLIO 10,1 MKB/rc npH 
ynpaanJIIOJ:QeM TOKe 12 MA - ,IJ;nJI H3MepeHHJI npo,~~;onLHoii 

COCTaBnJIIOJ:Qeii MarHHTHOrO nonJI. B Ka'leCTBe HCTO'IHHKa 
ynpaanJIIOJ:Qero ToKa acnonL3oaanacL nenL aaKana TepMo
napuoro BaKyyMMeTpa BT- 2/4/. 3,D;C ,~~;aT'IHKOB Xonna H3-
MepJinaCL nacilpOBLIM BOnLTMeTpOM C 'IYBCTBHTenLHOCTLIO 
20 MKB una ranLBaHoMeTpoM M 195 c Kanu6poaauuoii 
'IYBCTBHTenLHOCTLIO 0,1 +0,2 Fc. 

Pac.ceJIHHoe none 3neKTpoMarHHTa HOHH3aTopa B MecTe 
pacnonolKeHHJI nonJipH3aTOpa COCTaBnJinO OKOnO 200 Fc. 
)J;nJI ero ocna6neHHJI 6Lin acnonL30BaH ,~~;aoiiuoii MarHHTHLiii 
3Kpau. HaMarHH'IHBaaae nocTOJIHHoro MarHHTa nonJipH3a
Topa npOH3BO,IJ;HnOCL B co6paHHOM BH,IJ;e BMeCTe C 3KpaHOM 
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Puc. 5. PacnpeoeAeHue eepllluKaAbHOU nonepe~HOU KoM
noHeHIIIbl MOZHUIIIHOZO nOA-'. 

B none oKono 15 KTc. TonuuiHa npoKna.D.KB 6wna no.D.o6paaa 

TaK, 'ITO none B neHTPC KaTyWKH HH.D.YKTBBHOCTB paBHJinOCb 

9 rc. Ha puc. 5 npHBC,D.eHa 3aBBCBMOCTb nonepe'IHOi Bep

THKanbHOB KOMnOHCHThl warHBTHOrO nons OT KOOp,D.HHa Thl 

x B.D.Onb ocs aTowaoro ny'IKa. Kpsaas 1 nonyqeaa nps 

BWKniO'ICHHOM 3nCKTpo:w:arHBTC BOHB3aTopa, KpBBaS 2 -
npH BKniO'ICHHON, KOr,D.a npO,D.OnbHOC none B neHTpe BOHH-

3aTopa cocTaansno oKono 2 KTc. BB.D.HO, 'ITO paccesaaas 

BepTBKanbHaS KOYnOHCHTa :warHHTHOrO nons BHYTPH Ka

TyWKH HH.D.YKTHBHOCTB HC npeawwaeT 0,2 rc. Pacnpe,D.e

neHHS ropH30HTanbHOB nonepe'IHOB B npO,D.OnbHOB KOYno

HCHT OCTaTO'IHOrO :w:arHHTHOrO nons, npHBC,D.CHHWC Ha puc.6 
B 7 ,D.nS BKniO'ICHHOrO /2/ H BWKniO'ICHHOrO /1/ 3nCKTpo-
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Puc. 6. PacnpeOeAeHue zopu3oHmaAt.Hou nonepe~Hou KoM
noHeH111bl MOZHU111HOZO nOA.R. 

:warHHTa HOHB3aTopa, yKa3biBaiOT Ha TO, 'ITO .D.BOBHOB :war

HHTHbiB 3KpaH .D.OCTaTO'IHO nonHO 3KpaHHpyeT nonspB3aTop 

OT paCCCSHHbiX MarHHTHbiX noneii. 113 pUC. 5 BH.D.HO, 'ITO 

Hanps~eHHOCTb MarHHTHOro nons BHYTPH KaTyWKH HH.D.YK

THBHOCTH H3MCHSCTCS OT 4,4 .D.O 14 Tc. llpH 3TOM 80 = 
= 9,2 rc, ('.. B o= 4,8 rc, a pe30HaHCHas 'laCTOTa 

w y 
y "" __ JL = _..:L B .. 12,9 ~tru, 

0 2rr 4rr 

AMnnsTy,na Bpamaroi.Qerocs MarHHTHoro nons B 1 6wna 

oneHeHa no BenH'IHHe aMnnHTY.D.bl Hanps~CHHS UaMn.IJ. Ha 

I<neMMaX KaTyWKH HH.D.YKTHBHOCTH. ,lJ;ns KaTyWKH .N!!l UaMnJI= 
= 30 B, a Bt = 0,5 rc. ,D;ns KaTyWKH .N!!2 uaMnJI.= 200 B, 
a B 1"' 1,2 Tc. 

Y cnoass /7 I H /36/ cao,nsTcs K nepaaeHCTBY 

0,2 rc « B1 « 5 rc, /37/ 
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Puc. 7. PacnpeoeAeHue npoooAbHOU KOAmoHeHmbl MazHum
Hozo noAJL 

a ycnOBHe a.n;ua6aTH'IHOCTH /34/ npHHHMaeT BH,I.l 

B1 »0,3 Tc /38/ 

.n;n.11. P = 4 CM H v = 3.105 cM/c. YcnoBHJI. /7 I, /34/ H /36/ 
O,I.lHOBpeMeHHO BblnonHJI.IOTCJI. ' ecnH B, ... 1 rc. 

Pe3yAbmambl U3MepeHuu. Pa.n:uoqacTOTHbiH nonHpH3aTop 

6bin onpo6osaH B pa3nH'IHbiX pe)KHMaX pa6oTbl. AHanHJa

TOpOM non.ll.pH3aU.HH npOTOHOB cny)KHn non.ll.pHMeTp ny'IKa 

Me.n;neHHbiX npOTOHOB C HCnOnh30BaHHeM n3MfiOBCKOrO C,I.lBH

ra /s/. HJMep.ll.nHcb KaK non.ll.pH3aU.H.II. npoToHoB, Bblllle.IJ:lllHX 

H3 HOHH3aTopa H OT,I.leneHHbiX OT .n;pyrHX HOHOB npH nOMOlli.H 

aHanH3HPYIOlll.ero 3neKTpOMarHHTa, TaK H 3~eKT ~OHa OT 

Henon.ll.pH30BaHHbiX npOTOHOB, BbiXO.IJ:.II.mHX H3 HOHH3aTopa 

B OTCYTCTBHe aTOMHOrO nyqKa. JTO n03BOn.ll.nO HaRTH 
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Puc. 8. 3a6ucuMocmb noA~pu3aijuu npomoHo6 6 amoMHOM 
ny'lKe om tlacmombl u aMnAumyobl paouotlacmomHozo noA~. 
Hanp~JICeHHocmb MazHumHozo noA~ 6 ~JeHmpe uoHu3amopa 
pa6HQ 2100 Tc. 

non.ll.pH3aU.HIO npOTOHOB B aTOMHOM nyqKe H TeM CaMbiM 

OU.eHHTb 3~eKTHBHOCTb pa60Tbl pa,I.lHO'laCTOTHOrO nOn.ll.pH-

3aTOpa. 

B nepsoii cepuu onbiTOB c KaTylllKOH .N!!l non.ll.pHJaU.H.II. 

npOTOHOB B aTOMHOM nyqKe COCTaBn.ll.na p = -/0,59±0,04/. 
l.JTo6bi nOBbiCHTb 3~eKTHBHOCTb nOn.ll.pH3aTopa, 6bma ynyq

llleHa CHMMeTpH.II. MarHHTHOrO non.11. B o6naCTH U.e3HeBOH 

MHllleHH, B 'laCTHOCTH, BCe MenKHe CTanbHbie .n;eTanH, pac

nonO)KeHHble B6nH3H Hee, 6blnH JaMeHeHbl HeMarHHTHbiMH. 

~n.11. yTO'IHeHHJI. JHa'leHHJI. nonpaBO'IHoro K03~HU.HeHTa C1 
6blnH TliJ.aTenhHO H3MepeHbl KOMnOHeHTbl MarHHTHOrO non.11. 

B o6nacTH u.eJuesoii MHllleHH. HaKoHeu., ucnonhJyeMbiH pa

Hee pa.n;HO'faCTOTHbiH reHepaTop, He n03BOn.II.BlllHH H3MeHJI.Tb 

B lllHpOKHX npe.n;enax 'laCTOTY H aMnnHTY.IJ:Y non.11., 6bln 3aMe

HeH HOBbiM, cxeMa KOToporo npuse.n;eHa Ha puc. 3. KaTylllKa 

.N!!l COJ,i.i,asana none B 1 ~ 0,5 rc, Ho He noJBOn.ll.na nepe

KPWTI. ;-::~.:ma30H qacTOT no o6e CTOpOHbl OT pe30HaHca. 

KaTylllKa ~2 noJBonHna nony'IHTh none npu Bcex Heo6xo

.IJ:HMbiX 'laCTOTaX H aMnnHTy.n;ax. 

Ha puc. Ba npuse.n;eHbl 3Ha'leHHJI. cTeneHH non.ll.pH3aU.HH 

npOTOHOB B a TOMHOM nyqKe, H3MepeHHbie npH pa3nH'IHOH 
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Puc. 9. 3aeucuMOCllfb noAApu3aijUU npo•oHoe e allfOMHOM 
ny~Ke Olft MU2HUllfH020 nOAA e ijeHllfpe UOHU3U1110pa. Ka
llfYUlKa }(!2, B 1 = 1,2 rc, v = 12,5 Mrij. 

qacToTe reHepaTopa c KaTywKoii X!2 npu aMnnHTyJJ.e B 1 = 
1,2 rc. MaKCHManbHOe 3Ha'leHHe nonJipH3aU.HH, paBHOe 

p --(0,90±0,07), /39/ 

CBH)J.eTenbCTByeT 06 3~eKTHBHOH pa6oTe fiOnJipH3aTopa H 

cornacyeTCJI C OUeHKOH BKna)J.a HenonJipH30BaHHWX aTOMOB 

ny'IKa, paBHOH ,.. 0,05. 
Ha puc. 86 JJ.aHw pe3ynbTaTbl H3MepeHHii, awnonHeH

Hble c KaTyWKOH 1&1. KpHBaJI 1 COOTBeTCTByeT B I = 0,5 rc, 
a KPHBaJI 2 - B l = 0,2 rc. BHJJ.HO, 'ITO HapyweHHe ycnoBHJI 

a)J.HafiaTH'IHOCTH /38/ npHBO)J.HT K yMeHbWeHHID nonxpH3a· 

U.HH. llony'leHHWe )J.aHHWe )J.eMOHCTpHpyiOT BWCOKYIO yCTOii· 

'IHBOCTb napaMeTpOB non.HpH3aTOpa K )J.peii4>y 'laCTOTW H 

aMnnHTY.ll.bl pa)J.HO'IaCTOTHOrO nonJI. 

Ha puc. 9 npHBe)J.eHw pe3ynbTaTw H3MepeHHJI cTeneHH 

non.HpH3aU.HH npOTOHOB B aTOMHOM llY'IKe npH pa3nH'IHWX 
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MarHHTHbiX llOnJIX B U.eHTpe HOHH3aTopa lleHHHHra )J.nJI 

KaTyWKH H!!2 npH B 1 = 1,2 rc H v = 12,5 Mrij. BHJJ.HO, 

'ITO C pOCTOM MarHHTHOrO nonB non.HpH3aU.HJI npOTOHOB 

HeCKOnbKO yBenH'IHBaeTCJI, H 'ITO MarHHTHbiH 3KpaH o6ec· 

ne'IHBaeT 3~eKTHBHYIO 3KpaHHpOBKY non.HpH3aTopa npH 

MaKCHManbHO B03MO>KHOM MarHHTHOM none HOHH3aTopa. 

B 3aKniD'IeHHe aBTOpbl Bblpa>KaiOT 6naro)J.apHOCTb 

B.A.6ora11y, B.ll.Ba.IJ.eeay, A.C.CepryHHHY 3a noMowb B 

pa6oTe. 
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