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Beeoeuue 

B pa6oTax /J · 2/ 6LmH paccMoTpeHLI pacna,nLI 3JJeMeH

TapHLIX 'laCTHU, COllpOBO)I(J:taJOIUHeCJI HCllYCKaHHeM CBJ13aH

HLIX COCTOJIHHB. 3TOT KJlaCC npouecCOB llOJJY4HJl Ha3Ba

HHe aTOMHLIX pacna,nOB, a CBJ13aHHLie COCTOJIHHJI 0603Ha

'laiOTCJI CHMBOJJOM ,\2 f, eCJJH aTOM o6pa30BaH 4aCTHUeH f H 

aHTH4aCTHUeB. 0THOCHTeJJLHLie BepOJITHOCTH aTOMHLIX pac

na,nOB MaJJLI, O,nHaKO HeKOTOpLie H3 HHX MOryT ua6mo,naTb

CJI Ha cy~eCTBYJOIUHX ycKopHTeJJJIX. B 'laCTHOCTH, npouecc 

• y + A 2P /n03HTPOHHB/ /1/ 

B npHHUHlle ll03BOJJJieT llOJJY4HTb llY4KH peJJJITHBHCTCKHX 

ll03HTpOHHeB, HCCJJe,noBaHHJI C KOTOpLIMH npe,ncTaBJJJIIOT 

HecoMHeHHLIB HHTepec I 1 ,.'l/. 
BepoJITHOCTb npouecca /1/ nponopuuoHaJJbHa Kaa,npa

TY BOJJHOBOB ~YHKUHH ll03HTpOHHJI Ha MaJJLIX paccTOJIHHJIX 

( 1/J n, L, j ( 0)) 2 H :meMeHTY s -yaTPHULI, OllHCLIBaJOJ..QeMy 

pacna.n 77°-MeJoHa c BHyTpeHHeii KOHBepcueii o,nHoro ~oTo

Ha B 3JJeKTpOH-n03HTpOHHYIO napy npH paBHLIX 4-HMllYJJb

cax 3JJeKTpOHa H ll03HTpOHa. 0THOWeHHe p BepOJITHOCTH 

pacna_na 77°-Me30Ha C HCllYCKaHHeM ll03HTPOHHJI K BepOJIT-
' I i 

HOCTH pacna,na Ha ,naa y-KBaHTa paBHO 

- -9 
l. '0 . 10 . 

. ~ ( r/ , y 4 ) 

/2/ 

ll03HTpOHHB OT pa<;na,na " -Me30HOB o6pa3yeTCJI B 

TpanneTHOM cocTOJIHHH. BpeMJI )f(B3HB Tp~nneTHLIX noJBTpo

Haea B OCHOBHOM COCTOJIHBB - = 1,4.10- C. 
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Ha YCKOpHTenJIX BbiCOKBX 3Hepraii MO)KHO nony'IBTL 

ny'IKH penJITHBHCTCKBX n03BTpOHBeB /OT pacna,D;a 77°·Me3o

HOB B~COKBX 3Hepraii/. 0CHOBHble CBOBCTBa penJITHBBCT· 

CKHX ll03HTpOHHeB, Ba)I(Hble, B 'laCTHOCTH ,D;nJI HX ,D;eTeKTH

poBaHHJI, TaK)Ke paCCMOTpeH~ B pa6oTe /I/. 
PenJITHBHCTCKHe noJaTpoaaa MO)KHO paccMaTpaaaTL KaK 

CTa6anLHble aTOMbl. ):leBCTBHTenLHO, BpeMJI )KHJHH nOJH· 

TPOHHJI c 3Hepraeii 1 F3B paaHo r .1.c. = 1,4.10-4 c, a 

,D;nHHa pacna,D;a - -40 KM. 

IIpa npoxo)K,IJ;eHHH qepeJ aemecTao penJITHBHCTCKHe 

noJaTpoHHH, BJaaMo,D;eiicTBYJI c KynoHoBcKHM noneM JI,D;ep 

H 3neKTpOHOB,..'__t paJBanHBaiOTCJI. 

Ecna A 2e ,D;BH)KeTcJI B nonepe'IHOM MarHHTHOM none 

If, TO OH TaK)Ke MO)KeT paJBanHBaTLCJI. 3TO CBJIJaHO C 

HanH'IHeM B CHCTeMe llOKOJI ll03HTpOHHJI 3neKTpH'IeCKOro 

nonJI E = f3yll,r,D;e {-3- cKopocTL no3HTPOHHJI a na6opaTopHoii 

CHCTeMe KOOp,D;HHaT, a 
] 

y = r,- .BepOJITHOCTL pa3Bana 

yl-{3 2 

ll03HTpOHHJI Ha e,D;HHHUY ,D;nHH~ paBHa: 

W(y,H) 

7 
l, 18 • 10 
---
y2H 

e 

3 
2,8·10 

yll 
-1 

CM, 
/3/ 

1 
r ,D;e y Bblpa)KeHo B e,D;BHBUax 10 , II - MarHHTHoe none 

a na6opaTopHoii cacTeMe, a 3pcTe,D;ax. 

3KcnepaMeHTanLHaJI ycTaHoaxa, npe,ZJ;~a3Ha'leHHaJI ,D;nJI 

perHCTpal{BH ll03HTpOHBeB, ,IJ;OJJ)I(Ha HMeTL cne,IJ;YIQIIlBe OC

HOBHble oco6eHHOCTB. Ha BHyTpeHHeM nyqxe npoToHoa 

YCTaHaBnHBaeTCJI TOHKaJI MBWeHL /"= 1 MKM/. Jinaro,D;apJI 

MHOroxpaTHOMY npOXO)K,IJ;eHHIO nyqxa qepeJ MHWeHL K03~

ciiHUHeHT HCnOnLJOBaHBJI nyqxa /OTHOWeHHe 'IHCna npOB3aH

MO,D;eBCTBOBaBWHX npOTOHOB K 'IBCny ycxopeHHbiX/ 6y,D;eT 

6nB30K K e,D;BHHI.{e. qaCTL 77"' ·Me30HOB, o6paJOBaHHbiX npa 

B3aBMO,D;eBCTBHB npOTOHOB C JI,D;paMH MHWeHH, pacna,D;aeTCJI 

Ha y·KBaHT H n03BTpOHHB. 0,D;HaKO OCHOBHbiM HCTO'IHBKOM 
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n03HTpOHHeB 6y,D;yT TOnLKO Te 77° ·Me30H~, KOTOp~e nepe,D; 

pacna,D;OM BblneTaiOT H3 MHWeHH B BaKyyM. 

PenJITBBHCTCKHe noJHTPOHBH nponycKaiOTCJI qepeJ aa

KYYMHbiB KaHan ,D;nHHOB "'50 M, B,IJ;OnL KOTOporo . COJ,D;aHO 

cna6oe nonepe'IHOe MarHHTHoe none, OTKnOHJIIOUlee HJ Ka

Hana 3apJI)KeHHble qacTHUbl. Ha BLIXO,D;e KaHana noJaTpoHHH 

pa3&anHBaiOTCJI B CHnLHOM none MarHHTHOrO cneKTpOMeT

pa, npa nOMOIIlH KOTOporo HJMepJIIOTCJI HMnynLC~ 3neKTpo

Ha H noJHTPOHa. 

B ,D;aHHoii pa6oTe pacc'IHTaH~ HHTeHCHBHOCTL H 3Hepre

TH'IeCKHe ClleKTpbl ny'IKOB ll03HTpOHHeB, B03HHKaiOLL\HX TOnL

KO OT pacna,D;a 77°-MeJOHOB, 06pa30BaHH~X Ha YCKOpHTeJHIX 

C 3Hepraeii npOTOHOB 13, 30, 70, 400 H 5000 r3B. 
IIony'leHbl JaBHCHMOCTH 3THX xapaKTepucTHK 01 yr na 

B~neTa ll03HTpOHHeB. 

1. MoOe.llupoeaHue amoMHbiX pacnaooe 77'- Me3oHoe 

qHCneHHble pac'leT~ HHTeHCHBHOCTH H 3HepreTH'IeCKHX 

cneKTpoa noJHTpoHaea npoao,D;anacL MeTo,D;oM MoaTe-

Kapno. )l,nJI onHcaHHJI yrnoaoii a 3HepreTH'IecKoii Jaaucu

MOCTH KOnH'IeCTBa 77' -Me 30HOB, o6pa3YIOIIlHXCJI B p p- coy-
I , 

,D;apeHHJIX, HCllOnLJOBanHCL ~OpMyn~ H3 pa60T, ~.H/. 

3MnHpH'IeCKaJI ~OpMyna H3 pa6oT~/~/HMeeT BH,IJ; 

1 ~ 
d a = A • <fJ 1 • <fJ 2 • <l> 3 • <1> 4 • d p/f~ . /4/ 

cl>yHKI.{HH <fJ I H <fJ 
2 

dnBCLI'BaiOT 3aBHCHMOCTL Ce'leHHJI OT 

aenH'IHHbl nonepe'IHoro a npo,D;onLHoro HMnynLcoa, cooT

aeTCTBeHHo; <fJ 1 onpe,D;enJieT noae,D;eHae cneKTpa y aepx

Hero KHHeMaTH'IecKoro npe,D;ena, <1> ~ onacblaaeT noae,D;eHae 

cneKtpa B , MJirKOB 'laCTH H B o6naCTH MaJJLIX yr nOB. 
IIony3MnHpH'IeCKaJI ~OpMyna /R/ OCHOB~BaeTCJI Ha ,D;BYX-

v If ~I 
TeMnepaTypHOH MO,D;ena BaiinaH,D;a a 6oy3Ha' "· /. OcHoa-

aoe npe,D;nOnO)KeHHe MO,D;enH 3aKniO'IaeTCJI B TOM, 'ITO 

~YHKI.{HJI pacnpe,D;eneHHJI BTOpH'IHbiX 'laCTHI.{ B CHCTeMe 

l{eHTpa Mace B3aHMO,D;eBCTBYIOIIlHX 'laCTHI.{ MO)KeT 6biTL 

3anHCaHa B ~aKTOpH30BaHHOM BH,IJ;e f I ( p ~) • f 2 ( p [1 ) · 
B pa6oTax I 4 • 81 He npaae,D;eHbl napaMeTpLI hmt ,D;H~

~epeHuaanLHLIX ce'leHaii ;;c- Me JOHOB. IIo3TOMY npa pac-
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'leTax cneKTP r? -u:e30HOB 6panc.. B BRAe nonycyu:u:w 

cneKTpos rr+a rr--u:e30HOB, Kak 3TO ,~:tenanocb B pa6oTe/5~ 
Mo,~:tenaposaaae aTOMHWX pacna,~:toB r? -u:e30HOB npo

BOAHnocb no cneAYJOIQei cxeu:e. Baa 'lane B cacTeMe ueHT

pa u:acc pp pa3wrpwsanc .. au:nynbc rr
0 

-u:e3oHa, a no lltop

u:yne /4/ BW'IBcn .. nc .. sec 3Toro co6wTa ... 3aTeM npoBOAHJI

c .. po3wrpwm pacna,~:ta r? -u:e3oHa aa y -KsaHT a no3aTpo

HBi c nocne,~:tyJOIQBM nepeBOAOM npo,~:tyKTOB pacna,~:ta B na-

6opaTOPHYIO cacTeMy. Kpou:e Toro, nposoABJic .. po3wrpbllll 

TO'IkB o6pa30BaHB .. rfJ-u:e30Ha B MHWeHB B BW'IBCn .. nach 

BepO .. THOCTb ero BWneTa B3 MBWeHB. Ha DOCJieAHeM 3Tane 

napaMeTpW C06WTBB 3aHOCBnBCb B COOTBeTCTBYJOIQBe ra

CTOrpaMMbk 

2. HH•eHCU6Hoc•u u aHepze•ut~ecKue cneK•pw 
noau•poHue6 

lloJiy'leHHWe DpB MO,J:tenBpOBaHBB ,J:taHHWe 06 BHTeHCBB

HOCTB B 3HepreTB'IeCKBX CDekTpax D03BTpOHBeB DpBBe

,aeaw aa puc. 1-8. 
Ha puc. 1 npBBOAHTC .. 3aBBCBMOCTb BHTeHCBBHOCTB 

D03BTpOHBeB OT yrna BX BWneTa AJI .. 3Heprai YCkOpeHHWX 

npOTOHOB 13, 30, 70, 400 B 5000 raB. llpB pac'leT&X 

npeAfionaranOCb, 'ITO D03BTpOHBB BHYTPB MBIUeHB He pa3-

BanBB&IOTC .. , T.e. Ha pBCYHJCe DPBBOABTC .. BepxH .... rpaHBil& 

BHTeHCBBHOCTB no3BTpoaaes. HHTeHCBBHOCTb A? CBJibHO 
-e 

y6wsaeT c ysena'leHBeY yrna ax swneTa. ~ .. aa6JIJO,~:teaa .. 
D03BTPOHBeB DOA YanWYB yrn&YB DOTpe6yeTC .. 31Cp&HBpo

BaHBe xaaana oT non .. uarHBTOB ycxopaTen ... 

Ha puc. 2 npBBOAHTC .. 3asacauocTb xonaqecTsa no-

3BTpoaaes OT yrna AJI .. .MHWeHB To~oi 1 MKM. C'laTa

JIOCb, 'ITO BCTO'IHBICOM D03BTPOHBeB MOryT 6WTb TOnbiCO 

..-o-ue3oaw, swneTeBWBe B3 uHWeail B saxyyu. CBJibHoe 

yYeHbWeHBe BWXOA& D03BTpOHBeB B3- 3& pa3sana B MBIUeHB 

H&6JIIO,J:t&eTC .. B TOM CJIY'I&e, ICOr,J:ta &TOYW o6pa3yiOTC .. OT 

paCD&,J:t& rr
0

-Ye30HOB HB31CBX 3Heprai: DO,I60nbWBMByrna.MB 

B DpB OTHOCBTenbHO He6onbWOB 3HeprBB DpOTOHOB. 
11T06W ODpe,J:tenBTb B3 puc. 1 B 2, k&ICOe ICOJIB'IeCTBO 

D03BTpOHBeB MOlKeT 6WTb 3aperBCTpBpOBaHO 3kCDepBYeH

TanbHOB YCT&HOBICOB, paCDOJIOlKeHHOB DO,I HekOTOPWY yrnou: 

6 

dN 1 drJ.-npomOHfJ 

(0°1---- =---"""""' :::,~ 

to-t so too tso 

Puc. 1. 3aaucuMoc•b KOAUt~ec•6a noau•poHuea /Ha oouH 
npo•oH/ o• yzAa ux 6WAe•a OAJI npo•oHoa c aHepzueu 
13, 30, 70, 400 u 5000 raB. Kpu6we noAyt~eHbl 6 npeo
noAoJKeHuu, t~•o noau•poHuu 6 MUIIIeHu He pa36aAu6aiO•
CJI. p = 1,7.10- 9 . 
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dN I dn·npomOH·P 

fOO 
r .........._ ........ "- "-"-

_L_____ let' so f0° (5° 

Puc. 2. 3a6ucuMocmb KOAU'lecm6a no3umpoHue6 /Ha oOuH 
npolloH/ 011 yzAa ux 6b1Aema OA.R npoiiOH06 c 3Hepzueu 13, 
30, 70, 400 U 5000 F3B. TOAJIIUHa MUWeHU - 1 MKM. 
Kpu6ble noAy'leHbl 6 npeanoAoxeHuu, 'IIIlO ucao'lHUKOM no-
3umpoHue6 .R6A.RIOac.R aoAbKO TT

0 
- Me30Hbl, pacnaOaiOUIUec.R 

6 6aKyyMe. p = 1,7.10-9. 

8 

h~ 
~~ 
il 
( 
I 
I 

' 

'I 
I 

~ 

' 

K TIY'IKY npoTolioB, Ha,AO BenH'IHHY dN/ d !J • npOTOH • p YM

HOJKHTL Ha TeneCHLIH yron YCTaHOBKH~ Ha 'IHCllO YCKOpeHHLIX 

npOTOHOB H Ha BenH'IHHY p = 1, 7.10- , 
Ha ycKopaTene H~B3 400 pa3 B qac ycKopJleTcJl 

2.1012 npoTOHOB .AO 3HeprHH '""'70 F3B. B peanLHLIX ycno

BHJIX Ha MHWeHL 6y,AeT c6paCLIBaTLCJl 1012 
TipOTOHOB 3a 

UHKn. Ha puc. 3 npHBO.AHTCJl 3aBHCHMOCTL OT yrna H Ton

IUHHLI MHWeHH KOllH\feCTBa TI03HTpOHHeB, KOTOpoe 6y,AeT 

3aperHCTpHpOBaHO ycTaHOBKOH C anepTypoii 10- 4cp. 3a 

250 'lac HenpepLIBHOii pa6oTLI Ha ycKopaTene. Ecna nocTa-

(06 NA ----

f051 

f0 4 

fOJ 

(02 So f0o f5o 

Puc. 3. KoAU'leca6o no3umpoHue6, Koaopoe MOJICHO 3ape
zucapupo6aab 3a 250 'lac Ha ycKopuaeAe HtPB3 /Cepn-y
xoej 3KcnepuMeHaaAbHou ycaaHoeKou c anepaypou 1Gr4cp 
e 3aeucuMocau oa yzAa u aOAJIIUHbl MUWeHu. 
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BBTb MBWeHb TOJIIIUIHOB 1 MKM, TO 6y~eT 3aperBCTpBpOBAHO 
5.104no3BTpoaaes no~ yrnoM 5° a 10 4 no~ yrnoM 10 c. 

Ha puc. 4-8 npaso~.IITc.a aMnyn~ocawe cneJCTpw no3BT
poaaes ~n.11 ycJCopeaawx npoToHos c 3Hepraei 13, 30, 70, 
400 a 5000 F3B. llapaMeTpoM .IIBmteTc.ll yron swneTa 
n03BTPOHBeB. 

d N I dp·dR·npo1170Hp 

Po•l3{i6Jc 

f0-21 \\\ \\ \ \~'\ (~ 1: \ \ \ '1: ---

fO-JI \\\\\ ' ·~,o · 

5 10 p{JIJ/C 
I 

Puc. 4. Cnetr•p~>r noau•poHuee. P0 = 13 F3B/c. 

10 

fl,i, 

1 ~d~N/~d~p·~d~n·n~~m-~~~--------------m'~ 

Po - 30{jfJJc 

to·'L "''\ \((\ ' ' ' ' ' " < ' < 

'\ ...... ' , ' ' \ '\: Js• 
1o-

1

't:-- \ \ \ \ \ ·"'·s· · 
~~s·7,s 

6.s-S.5 
0, 

10-
3 

5 10 15 p,f31J/c 

Puc. 5. CneK•pw noau•poHuee. P0 = 30 F3B/c. 

II 
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to' 
dN 1 dp·dQ·npomOH·P 

-~~--~~-~ 
, _d_N~/a~p-·d_Q_·n~p_om_o_H~p ____________ __ 

m2~ 

Po=70r36/c Po = 4-00f3fJ!c 

to·tl ~ _ _:- 1.50 
-~--·--

0.50 

2.5° 

10·2 ~ \ \ \ \ \ \ '3,5° 

•• to-2 

45° 
\ \ \ \ fr \ o,go 5,50 ' 

' ~ 06.50 0 f!l . 
f.?of.5 · gso7.S 

10-3 
5 10 15 20 1 p.D~Jc ' 50 100 ISO 

p,f3fJ/c 

Puc. 6. CneKIIIPbl no3U111POHUee. Po= 70 r3B/c. 
Puc. 7. CneKIIIPbl n03U111POHUe8. Po = 400 r3B/c. 
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dN/dp-dg.npomoH·p 

Po • 5000(J~/C 

,S(~~ '\. " f0°L W~' ' \. \: 

fO-IL \ \\\ \ , \. ' ~ '\ " 
11,75° 2.75" 2,25°.1.75° '1.25° 0.75° 

- ----'---

25 50 '30 .75 p, t; /C 

Puc. 8. CneKIIIPbl no3umpoHuee. P0 = 5000 F3B/c 

Bee peJyn&TaTw nonyqeuw c DOMO~ID JMnapaqecKoi 
tbopMynw BJ pa6oTw / 41. liwna npose.QeHw TaK>Ke pacqeTw, 
B KOTOpWX CDeKTp 77°·Me30HOB ODHCWBanCJI DOHY3MDBpH
qecKOB tilopMynoi H3 pa60TW /R/. IIof.yqeHHWe HHTeHCBB· 
HOCTH D03BTpOHBeB npB 3HeprBJIX 13-5000 F3B OTnaqa-
IDTCJI oT npase.Qeuuwx J.Qec& senaqau ue 6onee qey 
s 2 paJa. 

BoJMO>KHO, qyo BHTeHCHBHOCTB noJBTpouaeswx nyqKos 
oKa>KyTcJI paJa B 2 6on&we, qey swqacneuuwe no tbopMy
ne/4/, TaK KaK MHo>KecTseuuocT& 77° -MeJoHoB npa 70 F3B, 
nonyqeuuaJI B peJyn&TaTe HHTerpaposaHBJI tbopMynwh/ , 
oKaJanac& B 2 paJa HB>Ke, qeM 3KcnepaMeHTan&Hoe Juaqe
HBe MHO>KeCTBeHHOCTB 77°- Me 30HOB DpB BJaHMO,QeBCTBHH 
npOTOHOB C TJI>KenbiMH JI.QpaMH /9/. 
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