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BaelleHHe 

B pa6oTax 11,2/ 6binH paccMoTpeHbi pacnallbi aneMeHTap

HbiX '18CTHU1 COllpOBO:lKilaiOWHeCSI HCllYCKaHHeM CBSI3aHHbiX 

COCTOSIHHH. 3TOT KllaCC npoueCCOB llOIIY'IHII Ha3BaHHe aTOM

HbiX pacna]lOB, a CBSI38HHble COCTOSIHHSI 0603Ha'leHbl CHMBO

IIOM A 21 , ecnH aToM o6paaoaaa 'laCTHUeii f H aHTH'IaCTHUeii, 

HIIH Au, ecnH 'laCTHUbl pa3Hbie. B nocnellHeM cny'lae lliiSI 

OllH03Ha'IHOI"O OllHCaHHSI aapSIIlOBOI"O COCTOSIHHSI Ha MeCTe 

HHileKCa k llHWeTCSI CHMBOII llOIIO:lKHTellbHO aapSI:lKeHHOK 'laC-

THUbl. TaKHe pacnallbi, KaK 

110 _,. y + A 2e • ( 1 ) 

.,o .... y + A2e • (2) 

Ko 
L 

.... ,. + A,p. (3) 

Ko .... ,. +A L p.rr 

SIBIISIIOTCSI HCTO'IHHKOM penSITHBHCTCKHX ll03HTpOHHeB (A 2e) 
H aTOMOB 0 o6pa30BaHHbiX llHOHOM H MIOOHOM. 

B pa6ore"I/ 6brno o6pameao BHHMaHHe aa B03MO:lKHOCTb 

onpelleneHHSI BpeMeHH :lKH3HH HeHTpallbHOI"O llHOHB MOilellbHo

He3aBHCHMbiM CllOC060M1 H3MepSISI OTHOWeHHe 'IHCIIa ll03HT

pOHHeB K 'IHCny cpoTOHOB, HCnyrueHHbiX B OllHH H TOT :lKe 

TenecHbiii yron. 

B HBCTOSIWeii pa6oTe OTMe'laeTCSI, 'ITO ny'IOK penSITH

BHCTCKHX ll03HTpOHHeB ll03B011SieT ocyrueCTBHTb 3KCllepHMeH

T811bHyiO npoaepKy cneURBIIbHOH TeOpHH OTHOCHTellbHOCTH 

llpH 3HB'IeHKSIX I"aMMa-cJ!aKTOpOB 10 3 fo 10 4 C OTHOCKTellbHOH 

TOifHOCTbiO -10 ~ T aKaSI npoaepKa OKa3biBaeTCSI B03MO:lKHOii 

BCIIellCTBHe OCUHIIIISIUHH HHTeHCRBHOCTK ny'IKa peiiSITHBHCTCKHX 
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n03HTpOHHeB npH ero JlBH:>K9HHH B M8I'H~THbiX nonSJX, 

HM910WHX npOCTYIO KOHtPHI'ypaUHIO. 

8 nepaoA: '18CTH pa60Tbl OnHCbiB8IDTCSI OCHOBHbl9 xapaK

repHCTHKH n03HTpOHHeB, HCnymeHHbiX B pacna)laX ( 1), (2), 
H npHHUHDH8nbH8SI CXeMa 4JopMHpOB8HHSI H Jl9T9KTHpOB8HHSI 

ny'IKa penstTHBHCTCKHX A 2e , oueHHBaeTCSJ TO'IHOCTb 

onpeAenepHSJ I'8MMa-¢aKTOpOB ll03HTpOHHeB no s¢¢eKTY 

pa3aana STOMa M8I'HHTHbiM noneM, a T8K:>Ke TO'IHOCTb 

npoaepKH COOTHOW9HHSI M9:>KJlY HMnynbCOM '18CTHUbl H aenH

'IHHOH ee raMMa-¢aKTopa. Bo BTopoA qacTH paccMoTpeHbi 

ypaaaeHHSJ, onHCbiBaromHe JlBH:>KeHHe ny'IKa A 2e B OAHopoA

HOM M8I'HHTHOW none, nonyqeaa 38BHCHMOCTb HHTeHCHBHOCTH 

ny'IK8 OT pa3nH'IHbiX napaMeTpOB H CAenaHa OU9HK8 TO'IHO

CTH, C KOTOpOil: MeTOJlOM OCUHnnSJUHH MOI'yT 6biTb npoaepeHbl 

npeo6pa30B8HHSI Cfi9UH8nbHOH TeOpHH OTHOCHTenbHOCTH ~nSJ 
BpeMeHH H KOMDOHeHT sneKTpOM8I'HHTHOI'O nonSJ, 

I 

§ 1 • 0 C H 0 B H bl e X a p a K T e p H C T H K H n 0 3 H T p 0 H H SJ, 

HcnycKaeMoro npH aTOMHOM pacnaAe 

HeA:TpanbHOI'O DHOHa /1/ 

0TaomeHHe aepostTHocrH pacnaAa (1) HnH (2) K pac

naAy Meaoaa Ha Aaa ¢oToaa paaao: 

Jl 8TOMH, 
= 1,70.10-9 p (4) Wyy 

ToqaoCTb npHaeAeaaoro 3Ha'leHHSJ cocra~nsteT npHMepao 

1%, TaK KaK npH ero Bbi'IHcneHHH npeae6peranocb cpeAHHM 

HMnynbCOM '18CTHUbl B 8TOM9 no OTHOW9HHIO K ee M8CCe 

noKoSJ H paAHBUHOHHbiMH nonpaaKaMH. BcneAcraHe roro, 'ITO 

BepOSITHOCTb 8TOMHOI'O pacnaAa nponopUHOHanbHa KB8JlpaTy 

BOnHOBOA ¢yHKUHH STOMa Ha ManbiX paCCTOSIHHSIX
1 

Op6H

TanbHbiH MOMeHT fi03HTpOHHSI •l paBeH Hynro, 

l{Hcno ·A 2e B COCTOSIHHH C •L = 1 COCTaBnSJeT -10-4 OT 

KOnH'IeCTBa fi03HTpOHHeB C ·L =0. 
3apSIJloBaSJ 'leraoCTb noaHTpOHHSJ paaaa C ==(-1) L+S H 

llOn:>KHa COBn8Jl8Tb C 38pSJAOBOH '19THOCTbiO BHpTyanbHOI'O 

tPOTOHa (pHC, la). 
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PHc. 1 • .UHarpaMMa <t>eH:HMaaa, onHCbiBaromast aTOMHhiA 

paCD8Jl HeHTpanbHOI'O M930Ha Ha tPOTOH H n03HTpOHHH. 
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TioaToMy cnuH A2e paaeH eaHHHUe. fnaaHoe KBaHToaoe 

qucno n MO)KeT npHHHMaTb ace 3Ha'leHHR. BepoRTHOCTb 

o6Hapy)KeHHSI n03HTpOHHSI C KBaHTOBbiM 'IHCnOM fi o6paTHO 

nponopUHOHanbHa n3.TI09TOMY OCHOBHaSI 'laCTb aTOMOB 

HMeeT 3Ha'leHHR n:::;; 4. TaK KaK no3HTpOHHH HcnycKaeTCR 

COBMeCTHO C peanbHblM ¢oTOHOM, a CnHH nHOHa paBeH 

Hynro, TO npOeKUHSI CnHHa n03HTpOHHSI Ha ero HMnynbC 

B CHCTeMe nOKOSI nHOHa MO)KeT 6biTb paBHa + 1 HnH -1 j 

npoeKUHR HOnb 3anpemena. TipH nepexoae s CHCTeMy no

KOR'A2e HMnynbC nHOHa, OT pacnaaa KOToporo B03HHK 

n03HTpOHHH, SIBnReTCSI TeM HanpasneHHeM, Ha KOTOpoe aTOM 
r--1 

HMeeT onpeaeneHHyro npoeKuHro cnHHa. 

BpeMSI )KH3HH n03HTpOHHSI B TpHnneTHOM COCTOSIHHH 

c rnaBHbiM KBaHTOBbiM 'IHCnoM n paBHO 1,4.1o-7n
3 

c. TaK 

KaK Ha YCKOpHTenRX BbiCOKOH 9HeprHH reHepHpyroTCSI 

nHOHbl C 6onbWHMH HMnyn&caMH, TO no3HTp0HtiH, B03HHKaro

WHe npu aTOMHbiX pacnaaax, o6naaaroT raMMa-¢aKTopaMH 

-103 H pacnaaaroTCR s na6opaTopHoii CHcTeMe Ha anuHe 

-42 KHnOMeTpa. 

TipH npOXO)KAeHHH qepe3 semeCTBO penRTHBHCTCKHH 

n03HTpOHHH, B3aHMOAeHCTBYR C KynOHOBCKHM noneM RAep 

H aneKTpOHOB, MO)KeT pa3sanHBaTbCSI, nepeXOAHTb H3 TpH

nneTHOrO COCTOSIHHSI B CHHrneTHOe H B036y)KAaTbeR. Bee 

9TH npoueeebi npHBOART K oena6neHHID nyqKa A 2e H H3Me

HeHHro KBaHTOBb!X queen aTOMOB. 

§2. C X eM a ¢0 p M H p 0 BaH H Sl H A e T e K T H p 0 BaH H Sl 

ny'IKa penRTHBHCTeKHX n03HTpOHHeB 

llnR ¢opMupoaaHHR ny'IKa no3HTpoHkes a saKyyMHOH 

KaMepe UHKnH'IeCKOrO yeKOpHTeng AOn)KHa 6biTb ycTaHOB

neHa MHWeHb TOnWHHOH OT OAHOrO AO HeeKOnbKHX MHKpOH. 

PenRTHBHeTCKHe no3HTpOHHH, B03HHKWHe oT paenaaos 

Hei!:Tp8nbHbiX Me30HOB B BaKyyMe H B MaTepHane MHWeHH, 

AOn)KHbl BbiBOAHTbeSI R3 KaMepbl YCKOpRTeng no eneUHanb

HOMY KaHany. llnSI Toro 'IT06bi He oena6nRTb ny'IOK no3RT

pOHReB, Me*AY KaHanOM H KaMepoi!: ycKOpHTeng He AOn)KHO 

6biTb neperopoaoK, a aaKyyM B KaHane aon*eH noaaep*R

saT&eR Ha yposHe l0-6.0ena6neHHe ny'IKa no3RrpoHReB Ha 

anHHe 100. MeTpos npR TaKOM saKyyMe pasHo: AJ I J .... 0,1 %. 
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Baon& KaHana co3aaeTcR ena6oe MarHHTHoe none, 
KOTOpoe, He pa3pymag n03HTpOHHSI, OTKnOHReT 3apg)KeH

Hbie 'laCTHUbl C HMnynbCaMH, ne)KaWHMH B HHTepsane OT 

0 JlO Pmn. 
Eenu anHHa KaHana 40 MeTpos, a MarHHTHoe none HMe

eT HanpR)KeHHOeTb 30 3, TO 3apSI)KeHHble qaeTHUbl C HM

nyn&eOM p = 3 faB/c OTKnOHSIIDTCSI Ha paecTOSIHHe 

20 eM. Bbi,aeneHHe aTOMOB no3HTpOHHR Ha ¢oHe noToKa 

y -KBaHTOB, KOTOpblH npeBbiWaeT HHTeHeHBHOCTb ·A 2e 

nO'ITH Ha 10 nopSIJlKOB, B03MO)KH0 C nOMOWbiD pa3Bana 

n03HTpOHHSI B CRnbHOM MarHRTHOM none /3/.llng 9TOrO 

KaHan AOn)KeH 3aKaH'IRBaTbCSI BaKyyMHOH KaMepoi!:, noMe

meHHOH a 3a3op MarHRTa, none KOToporo pa3aanRaaeT 

n03HTpOHHH. 06pa30B8BWReCSI aneKTpOH H n03RTpOH OT

KnOHSIIDTCSI MarHHTHblM noneM H BblBOASITCSI H3 ny'IKa. 

3neKTpOH H n03RTpOH, B03HHKWHe OT pa3aana n03RTpOHHSI, 

HMeiDT 'leTbipe xapaKTepHbiX npR3HaKa, no KOTOpbiM MO)KHO 

ycTaHOBHTb HeTO'IHHK HX npoReXO)KJleHRSI: 

1) OAHOBpeMeHHOCTb B03HHKHOBeHHSI, 

2) paBeHCTBO 9HeprRif, 

3) OJlRHaKOBOe OTKnOHeHRe OT ropH30HTanbHOi!: nnOCKO

CTH, 

4) noKanR3auuro o6nacTR pa3sana B npe.aenax uecKon&

KHX CaHTRMeTpOB. 

§3. 0 n pea en e H He raM M a-¢ a K Top o B n y q K o a bi x 

'laCTHU no pa3sany B MarHHTHOM none 

llng n03RTpOHReB e HMnyn&CaMR 1 faB enpaBeJlnHBbl 
-7 

C OTHOeHTen&HOH TO'IHOeTbro 5.10 eneayromHe COOTHOWe-

HHR: 

1 p 
y =-

..; 1 - f32 

8(1-{3) 2!2:_ 
y 1 -/3 

rn 
E = p , 1- f3 = 0,5y-2 , (5) 

(6) 
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rae 8(1-{3) H 8y - OlllH6KH onpeaeneHH.H COOTB8TCTBYIOlllHX 

aenH'IHH, a {3 =vIc • DpH pa3aane A2e B MarHHTHOM none 

yrnhi OTKnOH8HH51 CB060aHhiX aneKTpOHa H n03HTpOH8 OT 

ocH ny'IKa TeM 6onbllle, 'IeM MeHhllle raMMa-<PaKTOp A 2e • 

DoaTOMY perHCTpaUH.H e- H e+B onpeaeneHHhiX yrnOBbiX 

HHTepaanax OT () ao 8 + 11 8 03HalJaeT aeTeKTHpOBaHH8 

npOAYKTOB AHCCOUHaUHH n03Hl'pOHH8B C onpeaeneHHblM 

3HaqeHHeM raMMa-<PaKTopoa ( oT Y ao y + 11 Y ) • E cnH 

yaenHqHBaTb MarHHTHOe none B ronoBHOI qaCTH KaHana, 

TO acneaCTBHe aHCCOUHaUHH A 2e C 6onblliHMH raMMB-

<iJaKTOpaMH (YO ) HHTeHCHBHOCl'h aneKTpOHOB H n031il'pOHOB, 

B03HHKaiOllli!2- OT pa3Bana n03H Tp0Hif8B C y = yO H nO.HBnSI

IOlllHXC.H B COOTBeTCTBYIOlllHX yrnOBbiX lfHTepaanax, HaqHeT 

yMeHhlllaThC.H. H3yqag 3aBHCHMOCTh HHTeHCHBHOCTH aneKT

poHOB H n03HTpOHOB 1 HCnyllleHHhlX B yrnOBOM HHTepaane 

OT 8 ao 8 + 11 8,0T Ben!fqHHbl MarHHl'HOrO nonst B ronOBHOI 

qac TH KaHana, MO)KHO onpeaenHTh raMMa-<PaKTOp A 2 e 

TaK KaK npa <PaKCHpoBaHHOM 3HaqeHHH y aTa 3aBHCHMOCTh 

HOCHT noporOBbii xapaKTep 131, TO 3Ha'IeH!f.H y MOryT 6hiTh 

onpeaeneHhl C BhlCOKOI TOqHOCTbiO, ecn!f H3B8CTHO TeO

peTHqeCKOe Bbipa)KeHH e an.H BepO.HTHOCTH HOHH3aUHH a TOMB 

aneKTpHqecKHM noneM. 

DycTh pen.HTHBHCTCKHI A 2e aB!f)KeTC.H a na6opaTopHol 

CHCTeMe B n0110)KHTe1lbHOM HanpaB118HifH BA01lb OCH Z 

a MarHHTHoe none Ho aanpaaneHo no OCH x. B CHCTeMe 

nOKO.H n03HTpOHH.H (CDD) B03HHKHYT MarHHTHOe H aneKT

puqeCKOe non.H, B8KTOpbl Hanp.H)K8HHOCTH KOTOpbiX paBHbl! 

Hx = y Ho ' E = {3yH 0 y 

(Be3ae HCITOnb3yeTC.H npaBa.H CHCTeMa KOOpaMHaT). 

!V\arHHTHOe none rrpueeaeT K pacmerrheHHIO ypOBHefi, 

aenuqHHa KOToporo nop.HAKa aaeprHH caepXTOHKoro pacmen

neHH.H 11 E, aneKTPH'IeCKOe none npH aocTaToqHofi Hanp.H)KeH

HOCTH HOHH3yeT ·A 2e • BepO.HTHOCTb HOHH38UHH aTOMa, Ha

xoa.Hlllerocg B OCHOBHOM COCTO.HHHH, cna6hiM aneKTpHqec

KHM noneM 6hma BhrqHcneaa B pa6oTe I 41, an.s~ B036y)KaeH

Horo aTOMB - B pa6oTei5I.TaK KBK B aanbHelllleM BCe 

paccMoTpeHHe 6yaeT BhmonH.HThC.H an.s~ A2e, Haxoa.s~muxc .s1 

B OCHOBHOM COCTO.HHHH, TO an.H OUeHKH TOqHOCTH orrpeae

neHH.H raMMa-<iJaKTOpa paCCMOT,PHM 3BBHCHMOCTh llHCCO

llHBUHH n03HTpOHH.si npH n = 1/41: 

8 

3 
7 - 2,8.10 

W (y,H
0

) = 1,18.10 e y Ho-I /eM, 

y2 Ho 

rae W- aepo.HTHOCTb HOHH3aUHH A 2e npa npoxo)KaeHHH 

(7) 

1 CM a na6opaTopHol cacTeMe; H 0 Bhrpa)KaeTC.H a apcTe

aax, Y aomt<Ha yMHO)KaTbC.H Ha 10 -
3 · 

~opMyna crrpaaeanaaa npa 

E ={3yH 0 «1, (8) 

eCnH Hanp.H)K8HHOCTh aneKTp!fqeCKOrO non.H Bblp8)KaTh 

a aTOMHbiX eaMHHuax XapTpH. DpaKT!fqecKH 3HaqeHH.H E , 
Heo6xoaHMbie an.H onpeaeneHHSI raMMa-<PaKTopoa, yaoaneT
aopSIIOT ( 8) 1 T BK K8K He npeBbllli8IOT B81lliq HHbl 10-2 . 

BepoSITHOCTb o6Hapy)KeHiiSI no3RTPOHHSI rrocne npoxo)K

aeHHSI MarHHTHoro nonSI, nplino)KeHHoro Ha paccToSIHHii S, 
pasHa: 

w ( S) = e -S W ( H 0 , y ) (9) 

DonaraSI,qTo OlliH6KH H3MepeHH.H MarHiiTHoro nonSI MHoro 

MeHbllle Olll1i60K onpeaeneHHSI w .anSI norpelliHOCTii a 3Ha

qeHHH y -<PaKTopa nonyqaeM: 

~ 
y 

1 ( 10) 8w 
w 2,8.103 

SW(y,H 0 )( __ u_ -2) 

DonaraSI w = 0,5, 
3 ·L = 10 CM, Y = 1, nonyqaeM, qTo 

~ = 8.10-2 8w (11) 
y w 

TaK KaK w <lJaKTiiqecKH onpeaenSieTcSI HHTeHCHBHOCTbiO no-

31iTpOHiieB C onpeaeneHHbiM raMMa-$aKTOpOM 1 TO XapaK.._ 

TepHaSI OTHOCHT8nbH851 OlliH6Ka 3TOI BenHqliHhl paBHa10-2 • 

DyqKH A2e .s~an.HIOTCSI a#eKTHBHhiM MeToaoM npoaepK.H 

CIT8UHBnbHOI TeOpHH OTHOCiiTenbHOCTH npli 3HaqeHH.HX OT

HOCHTenbHbiX CKOpOcTel, 6nH3KHX K CKOpOCTH CBeTa. 
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l13 npHB9ll9HHbiX COOTHOWeHHii cneayeT, 'iTO, onaroaapSI 

8TOMHOil: CTpyKType 'i8CTHU ny'iK8, onpeaeneHHe y -ljlaKTO

pa MO.lKeT ohiTb ocymecrsneao c TO'iHOCTbiO.., 0,1 %. l13Me

PSISI no HMnynbC8M npOllYKTOB pa3Bana D03HTpOHHSI HM

nynbC 'A2e• MO.lKHO npoeepHT b COOTHOWeHH9 

P=my (12) 

C TO'iHOCTbiO nyqwe npOU9HT8 npH 3H8'i9HHSIX raMMa

ljlaKTOpOB 10 3 • 10 4 • 

~ II 

§1. Ocaoeaoe ypaeaeHHe, onHCbiBaiOmee 

COCTOSIHH9 n03HTpOHHSI 

0o03H8'1HM CnHHOBbi9 B011HOBbie ljlyHKUHH TpHnneTHOI'O 

n03HTpOHHSI B COCTOSIHHSIX C npOeKUH9H CDHHB +1, -1,0 H 

CHHrneTHOI'O n03HTpOHHSI COOTB9TCTBeHHO 'lepe3 

Jl>, 12>, 13> H 14> • (13) 
B K8'1eCTB9 OCH KBBHTOB8HHSI BbioepeM HanpaeneHHe 

BH9WHero M8I'HHTHOI'O ll011SI B CHCT9M9 llOKOSI ll03HTpOHHSI 

(Cnn). BeKTOp COCTOSIHHSI BTOMB B 3TOti: CHCTeMe HMeeT 

BHll 

11/J(t)> 
4 
I 

a= I 
I a> a (t), 

a 
(14) 

rae aa (t)- aMnnHTyahl eepoSITHOCTH o6aapy.lKHTb A 2e a co

CTOSIHHH a • B HB'181lbHblil: MOMeHT BpeMeHH BeKTOp COCTOSIHHSI 

n03HTpOHHSI paBeH: 

4 
!I ¢(0)'> = I I a> aa (0). 

a= I 

B npHonH.lKeHHH Bail:cKonljla-BHrHepa/6/ 

aa(t) yaoenereopSIIOT ypaeaeHHIO: 

rae 

10 

11 
aa(t) 

at = Ka(t), 

a(t) = ( al (t) ---- ) 
a 4 ( t) . 

(15) 

8Mll11HTyahi 

(16) 

(17) 

Dna no3HTpOHHH, aaxoagmerocg B oaaopoaaoM MarHHTHOM 

none, OT11H'IHble OT HY11SI MBTpH'IHbie 311eMeHTbl onepaTopa 

K paBHbi: 

K11 = K22 = I( 33 = E 1 - f- ri · K 44 =Eo- ~ ro • 

... - ( 18) 
K34 -po gH 1(43 =-p 0 gH 

I'lle H - MBI'HHTHOe none B CHCTeMe DOKOSI A 2e t n ( ro ) 
H E1 (Eo)- nonHaSI eepoSITHOCTb pacnaAa H 3HeprHSI nroHT

pOHHSI B TpHnneTHOM (cearneTHOM) COCTOSIHHH,p O - MBI'

HeTOH Bopa, 

8=2(1+ __!!_ 

2rr 
0 a2 /7/ - ,328-) = 2x 1,0011596 . 

npellCTBB11SISI a ( t) B BHlle 

-i,\t (0) a(t) = e a • 

rr2 

H3 ypaaHeHHSI (16) cpa3y nony'laeM: 

Ka (0) = ,\ a(O) . 

PewaSI ypaaaeHHe ( 19), HMeeM: 

4 
I¢< t) > = I I.P, ( t) > 

i= I 

( 19) 

(20) 

rAe 1 ¢
1 

( t) > onHCbiBBIOT cocTOSIHH Sl c onpeAeneHHbiMH 3Ha-

'leHHSIMH 3H9pi'HH H pBBHbt , i 
-i ( E I - '2 r 1 ) t 

1¢ I (t) > = 11 > al (,\1) e 

i 

l¢2(t)> = 12 >a (A) e -i(EI -Trl) t 
2 2 

I -i(t1--r1 )t 

l¢
3

(t)> =[ll>-14>a(x)}a
3

(>.
3

)e 2 
, (21) 

1¢4 (t) > [13> +14> x 2 + a(x) x 1 a (,\ ) e -i(to- -j-roh 
X 3 4 

II 



-
2p.0 gH 
AE 

,AE- aHeprus caepxTOHKoro pacmenne-r.[le x = 

HHH CHHrneTHOrO H TpHnneTHOrO ypOBHeft B OCHOBHOM co-

( ) ..jl.;:iT-1 u 

CTOHHHH, a X = ,fl H f O - 3HeprHH COCTOHHHH, 
X /8/ 

OUHCbiB8.9MbiX B9KT0p8.MH lr./Ja (t)> H lr./14. (t)> ': 

1 f 1=E1+ 2 a(x) xAE, f 0 =E0 - ia(x)xAE, 

8. Tl H TO- UOnHble WHpHHbi 3THX )l{e COCTOHHHii: 

rl = 

ro 

----- -----
ro ( ..j 1 + x2 - 1 ) + r 1 ( ..j 1 +X 2+ 1 ) 

2-J1+x2 

r 0 ( v' 1 + x 2 + l) + r 1 ( v' 1 + x 2 -l ) 

2 v' 1 + x2 

(22) 

(23) 

fiOCTOHHHbi9 ai (A i ) onpet:tenHIOTCH H3 ycnOBHH HOpMH
pOBKH (15). EcnH a Ha'laJlb HbiA MOMeHT apeMeHH aMnnH
rynbi BepOHTHOCTH 06Hapy)I{HTb '18.CTHllY ny'IK8. B COCTOSI
HHHX 13> H 14•> paBHbi COOTBeTCTBeHHO 

i¢ a3 (0) = p 1 e 1 a4(0) =Poe ic/Jo ' 

To aHa'leHHH a3 (A3)u a3 (A 4) aanuwyrcs a BHtle 

·¢ i¢ 
1 (2+a(x)x)p1 e 

1 1 - p 0 · x e 0 

a3 (A3) = 2 I 

1+a(x)x 

1 (p
0 

e i¢o +a{x)p
1 

e i¢1 ) x 
a3(A4) =y 

1 + a(x)x 

12 

(24) 

(25) 

.Uns K8.'19CTB9HHOrO 8.H8.nH38. OCllHnnHllHii none3Hbl Bblp8.)1{9-
HHH, OfiHCbiB8.101IlH9 ny'IOK npH TSKHX 3HaqeHHHX H ,nnSI 
KOTOpbiX 3HeprHH B38.HMOJleil:CTBHH MarHHTHOro MOM9HTa 
C BH9WHHM noneM CTSHOBHTCH MHOrO 6onbWe 3HeprHH 
caepXTOHKoro pacmenneHHH, r.e. npH x •>> 1 .B aroM cny
'lae nns napaMerpoa, xapaK TepH3YIOillHX ny'loK, nony'laiOT
cs cneayiOmHe Bbipa)l{eHHH: 

a(x)=1, ro 
(I-fo=x AE , rl = ro = -2-' 

(26) 

a (A ) - 1 ( ic/Jt i¢o ) ( ) 1 ic/Jo i¢11 
3 3 -2 ple -poe ' a3 A4 =2(poe +pie ). 

PaccMoTpHM ypaaHeHHe (21 ). 11a aero cpaay nonyqa
ercs Bbipa)l{eHHe nns aMnnHTYtl aepoHTHOCTH A 1 ( t) H 
A 0 ( t) 06Hapy)I{HTb U03HTpOHHil: COOTB9TCTB9HHO B COCTOH
HHHX!3> H 14>': 

-i((1--fr1) t -1 (f0-i-.r0 )t 
A1(t) = ~ (A3 ) e +a3 (A4

) e , 

. i (27) 
-i(f1--fr1)t 2+a(x) x . . -i(to-1 r0 )t 

A
0

(t) =-a(x)a
3

(A
3
)e + x a

3
(A

4
) e . 

BepOHTHOCTH o6Hapy)I{9HHH U03HTpOHHH B COCTOHHHHX 13-> 
H 14 > p8.BHbi: 

WI= 1At(t)!2=1aa(Aa)12 e-rl t+l«a(A4)12e-rot + 

TJ+To 
- --t -Ht 1-(0 )t 

+ 2e 2 Re [ a3( A 3) a; (A 4) e ] , (28) 

2 
2 2 · 2 -r1 t (2+a(x)x) 2 -rot 

Wo=IA0 (t)l =a (x)l a3 (A3 ) I e + 
2 

la3(A4)1 e -
. X 

- r~..:::a_t . 
-2a(x) 2+a~x)x e 2 Re[ a3 (A3)a; (A4) e -dq -fcjt]. 

Bee nepeMeHHbie B (27) H (28) OTHOCHTCH K Cfifi. 
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II 
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B !~JopMynax (28) oTcyTcTayeT MHO>KHTenb, y'IHTbiBato
meH: AHCCOUHaUHIO A2e•0AHaKO STOT MHO>KHTenb npH 
Hanpsr>KeHHOCTHX, MeHbWHX KpHTH'IeCKHX1 npaKTH'IeCKH He 
3aBHCHT OT aenH'IHHbl MaFHHTHOI'O nong H noSTOMY He 
6yAeT snHSITb Ha TO'IHOCTb npoaepKH TeOpHH OTHOCHTenb

HOCTHo 

§2. Cnenoaoe cocTOSIHHe A2e 

Dnsr onpeaeneHHH COCTOHHHH ny'IKa He06XOAHMO 3HaTb 
HCXOAHy~aonHOBYlO 4JyHKUH101 KOTOpag aaaaeTCH B 6a3H

ce a a aMnnHTyAaMH aa (0). 
KaK OTMe'lanocb B 1.1. n03HTpOHHil B cnn HMeeT 

onpeaeneHHYIO npoeKUHlO CDHHa Ha HMnym.c HeATpanbHOI'O 
DHOHa B STOil >Ke CHCTeMe. noKa>KeM, 'ITO AnSI D03HTpOHH
eB C y ~ 103 yron Me>KAY HMDYIJbCOM DHOHa H HanpSI>KeH
HOCTblO MarHHTHoro nong B cnn 6nH30K K 71/2. Dnsr 
sToro paccMoTpHM pacnpeaeneaae no yrny cJ) Me>KAY 
HMDynbCaMH 71 °-Me30HOB, OT pacnaaa KOTOpblX B03HHK 

ny'IOK D03HTpOHHeB, H OCblO nyqKa. 
ct>opMa STHX pacnpeaeneaaA aaBHCHT oT saeprHH A 2e 

H OT napaMeTpOB 1 xapaKTepH3ytomHX yrnOBble H HMnynbC
Hble pacnpeaeneHHH 11 ° -Meaonoa. B Ta6nHue npHaeaeHbi 
MaKCHManbHble H Hau6onee BepOHTHble 3Ha'leHHH yrna ¢ 
B 3aBHCHMOCTK OT BenHqHHbl HMnynbCa D03KTpOHKH1 a TaK
>Ke HaH60nee sepOSITHble 3HaqeHHH HMnynbCOB 71° -Me30HOB 1 

oT pacnaaa KOTOpbiX B03HHKatoT A 2e c HMnynbCOM p ± ~ p. 

Ta6nHua 

PA2e (FsB/c) l;t_0,2 2;t_0,2 3;t_0,2 4;t_0,2 

¢ BepOHTH. 3,6° 2,1° 1,5° 1,0° 

so 2,1° 1,5° 1 2° cJ) MaKe. • 
p 710 (FsB/c) 1,5 2,5 3,5 4,5 
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''i ,l 

npeanonaranocb, qTo AH!IJ!IJepeHUHanbHble ceqeHHH pO>Klle
HHH OnHCbiBalOTCSI !~JopMYnaMH pa60Tbl/lOf: Ha'lanbHaSI saep
I'HH npoToaoa paaaa 70 FsB. 11a Ta6nHUhi cneayeT, qTo 
B Cnn KOMDOHeHTa HMnynbCa DKOHa, ne>Kamag B nnOCKO
CTH xy, paaaa -100 MsB/c, a To apeMsr KaK nonHhiA 
HMnym.c Me30Ha B TOil >Ke CHCTeMe paBeH -9000 MsB/c. 
nosTOMY yron Me>KllY HMnynbCOM nHOHa H aanpsr>KeH
HOCTblO Mal'HHTHOI'O nong OTnHqaeTCH OT 1T /2 MeHee 

0 
qeM aa 1,5 • PaccMOTpHM B cnn opToroaanbHYIO CHCTeMy 
KoopauaaT (pRe. 16). MarnHTHOe none aanpaaneao no 
OCH X, OCb Z COBnaaaeT C OCblO nyqKa. OpT 0, onpe
aensreMbiil yrnaMH () H ¢, aaaaeT aanpaaneHHe, aa KOTO
poe n03HTpOHHH HMeeT onpeaeneaayto npoeKUHIO CnHH8 -
On = 1 HnH On =-1. nonarag, qTo sin() =fJ H npeHe6perag 

qneaaMH nopsraKa 0 2 ,nonyqaeM: 

- i¢ 1 - ic/> 1 - icp 
I '1'(0)>= f<e +fJ)Il>+ T(e -0)12>-~e · 13'> 

..; ansr o =+1, (29) 
icp icp icp n 

I'P(O)>=}(e -fJ)Il>+-}(e +0)12>+ J}e 13> 

ansr o = -1. 
n 

B Ka'leCTBe ocH KBaHTOBaHHH Bbi6paa aeKTop aanpsr
>KeHHOCTH MBI'HHTHOI'O Dong. 

§3. n p 0 C T bl e 0 C U H n n g U H H H H T e H C H B H 0 C T H 
nyqKa n03HTpOHHeB 

PaccMoTpHM nyqoK A2e H 6yaeM npeanonaraTb ero 
q ecTo TpHnneTHhiM. Torna .rioacTaansrsr a (25) Po= ¢o =0 
( OTCyTCTBHe CHHrneTHOI'O no3.HTpOHH sr), H3 (2H nonyqaeM 

icpl -ill t .!f!- -- - 9 t 
~(t)=tp1 1 e e e [(y1+x2+l)e 4y'I+x2 + 

..;~ 
rot 

+(V1+x 2-1)e -iyr+i2 -i(£o-£1)t e ], Tot 
(30) 

rot 

.Ar,(t)=!-p _x_ icpl -il1 t - ~ 4.1~ " 1 ~e e e .. '[ . v + x 
..jl+x:~< -e . 

4..jl+ x2 
+e X 

-i(£o-£I h 
xe ]. 
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TipH 9TOM CqHTanOCb 

r 0 <v1+x 2 -1)·» r 1 <ii+x 2 +1). (31) 
) 

B J:tanhHeiimeM Hac 6yJ:tyT HHTepecoaaTh 3HaqeHHSI x- 1 , 
AnSI KOTOpbiX COOTHOWeHHe (31) XOpOWO BbinOnHHeTCSio 

nnSI BepOSITHOCTeH 06Hapy~eHHSI ll03HTpOHHSI B TpHnneTHOM 

H CHHrneTHOM COCTOSIHHSIX C yqeTOM (31) HMeeM: 

2 f'ot --2- 2 
f'ot 

W -lA ( )l 2 _j_ 2 _x_ --r [ h/1+x +1) 2yf+ x2' 
I - I t - PI 2 e - e + 

4 1+ X X 

rot 
2v'T+i! + 2 cos(c 

0 
-c 

1 
)t], 

2 2 
_ l 0 t _ 10 t 

Wo=IAo(t)l = l.p2_x_ .e 2 [e 2y J+x2 
4 I 1 +X2 

lot 

+e 2~ -2cos(t -c )t). 
0 I 

(32) 

+ 

2 
3aBHCHMOCTh ljlyHKUHH IA 1(t)! or HanpH~eHHOCTH MarHHT-

Horo nonSI B na6opaTOpHOH CHCTeMe KOOpJ:tHHaT npeJ:tCTaB

neHa Ha puc. 2. Ha Hero cneJ:tyer, qro aepOSITHOCTh 

06Hapy~eHHSI ll03HTpOHHSI B TpHnneTHOM COCTOSIHHH OC

UHnnupyeT, npHqeM nepHOJ:t ocuunnHUHH yMeHhwaeTCSI 

C yBenuqeHHeM paCCTOSIHHSI S, Ha KOTOpOM llpHnO~eHO 

MarHHTHoe none. 

QqeBHJ:tHO, qro KOrJ:ta WI J:tOCTHraeT MaKCHManhaoro 

3HaqeHHSI, Wo 6nuaKo K MHHHMyMy. Ecnu nocne MarHHT

Horo llOnSI HMeeTCSI CB060J:{HblH npoMe~\yTOK J:{nHHOH - 40 M
1 

TO fi03HTpOHHH B TpunneTHOM COCTOSIHHH Ha TaKOM pac

CTOSIHHH He pacnaAyTCSI1 B TO BpeMSI KaK HHTeHCHBHOCTb 

~e B CHHrneTHOM COCTOSIHHH CyiUeCTBeHHO yMeHbWHTCSI1 

TaK KaK npH y= 1<>'1 aenuquHa cr pasHa 36 M. TioaroMy 

qucno ll03HTpOHHeB, aaperHCTpHpOBaHHOe. MarHHTHbiM ClleKT

pOMeTpOM nocne pacnaAHOH 6a3bl 1 6yJ:teT 3aBHCeTb OT co

OTHOWeHHSI Me~AY A2e B rpunneTHOM H cuarneTHOM co

CTOSIHHSIX nocne KaTylilKH S H 6yJ:teT OCUHnnHpOBaTb C TeM 

~e nepHOAOM, qro H WI , ecnu npeae6peqh roii J:tone:A A2e 

B CHHrneTHOM COCTOSIHHH, KOTOpaSI OCTaeTCSI nocne pac

naAHOro npoMe~yTKa. 
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TipH ljJHKCHpOBaHHbiX 3HaqeHHSIX Y H S HHTeHCHBHOCTb 

nyqKa 3aBHCHT TOnhKO OT OAHOrO napaMeTpa: HallpSI~eH

HOCTH MarHHTHoro nonH. TaKHe ocuunnHUHH 6yAyT a J:tanh

HeiiweM Ha3biBaTbCSI npoCTb!MH. 

Mo~ao noKaaarh, qro npH x-1 9KcrpeMyMbi ljlyHKUHii 

lA 1(t)1
2 

H I A0(t)l 2 
npaKruqecKH coanaJ:taiOr c 9KcrpeMyMa

MH KOCHHyca. B qacraocru, aepOSITHocrb o6Hapy~eHHSI 
ll03HTpOHHSI B TpHnneTHOM COCTOSIHHH, a, cneJ:{OBaTenbH0

1 

H HHTeHCHBHOCTb nyqKa 6yJ:teT MaKCHManhHa llpH 3Haqe

HHSIX MarHHTHbiX noneii B na6oparopaoii CHCTeM e H n , 

yJ:toaneraopHIOIUHX ypaaaeHHIO: 

(c 1 -c 0 )t = 2110, 

H - 170C 
n- g;s-v1-( 

0 

~L\....:...E....:...S_ )2 (31) 

3J:teCh S -paCCTOSIHHe, Ha KOTOpOM J:teHCTByeT MarHHTHOe 

none B na6oparopaoii CHCTeMe, a n npHHHMaer uenhie 

3HaqeHHSI OT HynSI J:{O Omax• KOTOpoe COOTBeTCTByeT MaK

CHManbHOMy MarHHTHOMy noni0 1 He paaaanHBaiOIUeMy ll0-

3HTpOHHH. Ha ljlopMynhi (7) cneJ:tyer, '!To sepOSITHOCTb paa

aana onpeAenHeTCSI aenH'!HHOii ~ paaaoii 

~= rHo · 

Ha (31) H (32) cpaay nonyqaeTCSI, 

pSieT cneJ:tyiOIUeMy COOTHOWeHHIO: 

1 I L\E 2 
Omax •y = - y(p.Og~f + ( y) 

S 17C 

(32) 

'!TO "max YJ:tOBnerao-

P.o8~ 
::::---- (33) 

17C 

nnSI Ka TYWKH J:tnHHOH 10 M , Y 

"max= 27 · 

3 
10 u H0 = 130 3 

(34) 

PaccroHHHe Me~AY J:tBYMH coceJ:tHHMH nuKaMH paaHo -5 3. 

3ra uu¢pa J:taer npeJ:tcraaneHHe o TO'!HOCTH, c Koropoii 

MO~eT 6h!Tb H3MepeHa HallpSI~eHHOCTb MarHHTHOro non:g, 

cooTBeTCTBYIOIUaHn -My MaKCHMyMy. EcnH C'!HTaTb J:tHcnep

CHIO rayCCOBOH, TO Ha craTHCTHKe -10 4 C06hlTHH Hn MO~eT 
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Puc. 2. 3asHCHMOCTb HHTeHCHBHOCTH ny'IKa penSITHBHCTCKHX 

ll03HTpOHH9B OT BenH'IHHhl MarHHTHOrO nonSI B na6opaTop

HOil: CHCTeMe KOOpaHHaT. 8bi'IHCneHHSI caenaHbl ans KaTyWKH 

anuHoil: 1 MeTp (neBbiil: cTon6eu) H 3 MeTpa (npasbril: cTon-
6eu). 3Ha'leHHSI raMMa-cjlaKTopos 'laCTHU ny'IKa yKaaaHbi 

B sepxHeil: 'laCTH Ka*aoro pucyHKa. HHTeHCHBHOCTb B MaK

CHMyMe paBHa 0,5, TaK KaK OCUHnnupyeT nonOBHHa ny'IKO

Bb!X 'laCTHU. 
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-2 
6biTb H3MepeHO C TO'IHOCTblO 10 3, 'ITO aaeT anSI OT-

HOCHTenbHOil: norpeWHOCTH BenH'IHHy 

BH27 = s .w-5 
"27 

(35) 

0nTHMH3aUHSI npoueaypbl H3MepeHHH, ysenH'I9HHe anHHbl 

KaTyWKH H CTATHCTHKH ll03BOnHlOT yMeHbWHTb OTHOCH

TenbHYlO norpeWHOCTb B HeCKOnbKO pas. 

nposepKH §4. OueHKa TO'IHOCTH 

npeo6paaosaHHi1 nopeHUa anSI BpeMeHH 

H KOMllOHeHT 3neKTpOMarHHTHOrO nonSI 

3Ha'leHHe HanpH*eHHOCTH MarHHTHOrO nonSI, npH KOTO

poil: HHT9HCHBHOCTh ny'IKa aoCTHraeT MaKCHMyMa, paCC'IH

TbiBaeTCSI TOnbKO C llOMOIUhlO KBaHTOBOH MeXaHHKH H npe

o6pa30BaHHil: nopeHUa anSI BpeMeHH H KOMllOHeHT aneKTpO

MarHHTHOrO nonSI. TioaToMy conocTasneHHe senH'IHHbi Hn 
H3MepeHHOH B na6opaTOpHOH CHCTeMe KOOpJ:tHHaT, C Bbi'IHC

neHHOi1 SIBnHeTCSI 3KCnepHMeHTanhHOH npOBepKOi\ npeo6pa-

30BaHHH cneUHanhHOil: TeOpHH OTHOCHTenbHOCTH npH 0'19Hb 

6onbWHX 3Ha'leHHSIX raMMa-«PaKTopos. B §3 6hrna caenaHa 
oueHKa TO'IHOCTH H3MepeHHH Hn .PaccMoTpHM norpewHoCTh 

npH Bbi'IHCneHHH 3TOH senH'IHHbi, o6ycnosneHHYlO H9TO'I

HbiM 3HaHHeM napaMeTpos KaHana H ny'IKa. B 4JopMyne 

( 31 ) BTOpOH qneH llOJ:tKOpeHHOrO Bblp8*9HHSI 3aBHCHT OT 

aTOMHOro raMMa-«PaKTopa, KOTOpbril: onfeaenSieTCH no paa

sany C OTHOCHTenhHOil: TO'IHOCTblO 10- .TI03TOMY ang 
YM9HbW9HHSI BKnaaa norpeiiUIOCTH 3TOH BenH'IHHhl H3Mepe

HH9 H n HY*HO BeCTH npu n, 6nH3KHX K n max' B 3TOM 

cny'lae 

BHn By 2 BL\E 2 By -5 
--::::0,07-../(--) +<---r:ar> ::::0,07-=6-10 . (36) Hn y UJ y 

CneayeT noa'lepKHYTh, 'ITO cna6aSI aaBHCHMOCTb Hn OT 

raMMa-4JaKTOpa SIBnSieTCSI npHMblM Cne~=tCTBH9M 4JopMbl 

npeo6pa30BaHHil: nopeHUa ang BpeMeHH H KOMllOHeHT aneKT

pOMarHHTHOrO nong. 3TO cpaay BHJ:IHO, ecnH 3allHCaTb 

(31) B nepeMeHHhiX CTITI: 
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770 
Hn=gp

0
t y' 1- ( )2 . (37) 

l13 (37) cneayeT, 'ITO OTCYTCTBHe 38BHCHMOCTH OT Y 
s ocaosHOM '!neue o6ycnosneao TeM, 'ITo npu nepexoae 

H3 n860p8Topaoi1 cucTeMhi 

t n860p8T, 
t = 

y 
-
Hn = Y Hn , (38) 

Ecnu 6hi no3HTpOHHi1 p83B8JlHB8JlCSI npu O'leHb 6onbwux 

H8DpSI)I{eHHOCTSIX M8I'HHTHOI'O DOJlSI ( Omu BeJlHKO) 1 TO 

B (31) 38BIK:HMOCTb OT I'8MM8-lP8KTOp8 HC'ie38Jl8 6bi
1
'1TO 

npusoauno 6hi K oaHHM H TeM )l{e 3H8'1eHHSIM Hn anSI no3HTpo

HHes c p83HhiMH nMnynbC8MH, B 3TOM cny'l8e OTKnoaeaue 

OT Dpeo6p830B8HHH JiopeHU8 DpOSIBHJlOCb 6hi B OTJlH'IHH 

3H8'1eHHH Hn anSI D03HTpOHHeB p83HhlX HMDYJlbCOB, 

BTopbiM D8p8MeTpoM, oT KOTopoi'o 38BHCHT 3H8'1eHHe 

H n. ecnu ei'o H8XOaHTb K8K 3KCTpeMyM W 1 ,SIBJISieTCSI p8c

D8aH8SI WHpHH8 ro · nng KllTYWKH anHHOH 10 M, y = 10 3 

H H = 130 3 

rot -4-10-2 . 
2y'"I:'iT -

(39) 

flo3TOMY 3KCDOHeHTbi B ( 32) MO)I{HO p83Jl0)KHTb H OCT8-

BHTb TonbKO as8 nepsbiX 'IJieH8, Ecnu 38DHC8Tb TO'IHhie 

3H8'1eHHSI X 0 , COOTBeTCTBYIOIUHe M8KCHMYM8M HHTeHCHB

HOCTH TpHDJleTHhiX D03HTpOHHeB B lflopMe 

Xn= xon + fn, 

I'ae x 00 yaosneTsopSieT yp8BHeHHIO (31 ),\TO npu n 

6nH3KHX K 0 max' HMeeM 

£n r. ---- ot 
X - - -::--:::----On 2

17 
2 

0 
2 =- 2 ·10-5 . 

( 40) 

(43) 

/II/ 
fl03TOMY OWH6K8 B ro , p8BH8SI B H8CTOSIIUee BpeMSI 1,5% , 
He BJIHSieT H8 p8C'IeTHYIO senH'IHay Hn • 

0cHOBH8SI ueonpeaeneanocTb B p8c'leTe Hn D03HHKaeT 

BCneac TBHe KpaeBhiX 3lPeKTOB1 KOTOphie He Y'IHThiB8JlHCb 
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npH BhiBOae lflopMyJlhl (31 ). nng Y3KOil: H anHHHOil: KaTyw

KH 3TO 6yaeT nonp8BKa, sseaeaue KOTopoA uau6onee ue -

necoo6p83HO B 'IHCJleHHOM BRae. 

B 3aKJIIO'Ieuue SI Bhip8)1{810T I'ny6oKy10 6n8I'Oa8pHOCTb 

C.M.EuneHbKOMy, C.C.fepwTeitay', B.H.J1106owuuy, 

B.A.HnKHTHHy, M.H.Iloai'opeuKoMy, E.M.DoHTeKopso H 

M.M.lll upoKosy 38 o6cy)l{aeHue u ueEI:Hhie 3aMe'laHHSI. 

H T8K)I{e npH3HaTeneu B.B.AnH38ae H O.E.fop'laKosy 
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