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1. Me•oobJ U3MepeHu.R apeMeHu JKU3HU 

TT
0 -Me3oHa 

llepBhle HllofepeHHJI BpeMeHH )KHJHH TT
0 

-MeJOHa npo

BOAHnHCL C DOMOIJ.(LIO MeTOAa, OCHOBaHHOrO Ha HCDOnLJO

BaHHH K + • TT • + "" pacnaAOB npa ocTaHOBKax K +_Me JOHOB 

B 3MynLCHJIX/ 1-6/, T 71 o onpeAenJinOCL Ha OCHOBe HJMepe-) 

HHJI AnHHhl pacnaAa TT
0 

- MeJoHa, npaqeM ToqKa pacnaAa 

TT
0

- MeJoHa uaxoAHnacL no napaM )J.anHTUa. OcHOBHaJI TPYA

HOCTL 3TOrO MeTOAa JaKnroqaeTCJI B TOM, qTO HJMepJieMaJI 

Anaua pacnaAa I -0,04 MKM/ JuaqaTenLHO MeHLWe paJ

MepoB lepeH 3MynLCHH /- 0,3 MKM/. 

B pa6oTe /7/ HJMepJinacL Anaua pacnaAa "n -MeJoHoB, 

o6pa30BaHHhiX DpH BJaHMOAeBCTBHH BhiCOKO 3HepraqHhiX TT- -

MeJOHOB c JIApaMH 3MynLcHH. CpeAHJIJI AnHHa pacnaAa "n -
MeJoua, 6naroAaPJI ee penJITHBHCTCKOMY ysenaqeuKOO, co

cTasana senaqauy 0,5 MKM. 0AHaKo B 3TOM cnyqae 6wna 

nnoxo HJBeCTHa 3HepraJI TT
0 

-MeJOHOB. 

B 3KcnepaMeHT.i' 8,' AnJI HJMepeHHJI r"o acnonLJOBanacL 

TT
0 

-MeJOHhl, KOTOphle o6paJOBhiBanHCL DPH BJaHMOAeBCTBHH 

BHyTpeHHero nyqKa DpOTOHOB YCKOpHTenJI C MHWeHJIMH Hl 

nnaTHHhl paJnaqHOB TOnmHHhl /3 7 60 MKM/; Y -KBaHThl OT 

pacnaAOB TT
0 

- MelOHOB KOHBepTHpOBanB B caMOB MHWeHH 

ua :JneKTpou-noJHTpouuyw napy. HJMepJinocL KonaqecTBO 

DOJHTPOHOB B JaBHCHMOCTH OT TOnll(HHhl MHWeHH. 3Ta Ja

BHCHMOCTL 6narOAapJI KOHeqHOB AnHHe paCDaAa TT
0 

-MeJOHOB 

oTnaqanacL oT naueiuoi. HenaueHHOCTL nonyqanacL pas

Hoi - 1 ,5~, a T TT" 6hlnO B3MepeHO C TOqHOCTLIO ±17lfo. 
)J.pyroi MeTOA HJMepeHB.R apeMeHH )KHJHH TT

0 
- MeJoHa ,, ~ 

OCHOBaH Ha 3~eKTe llpBMaKOBa .3TOT 3~eKT COCTOHT 

B TOM, qTO ceqeuBe «JloTOpOJK..lleHH.R ~- -MeJOHOB B Kyno-
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HOBCKOM none B~ep o6paTHO nponopqBoHanLHO BX BpeMeHB 
:>KB3HB. 3TO Ce'leHBe cpaBHBTenLHO ManO, BMeeT OCTpblii: 
MaKCBMYM no~ yrnoM -m;/2E /r~e E-3Hepras y ·KBaHTOB/ 
u 6blcTpo na~aeT npa 6onLwax yrnax. Ouo nponopqaoHanL
uo Z2 B ero 3Ha'leHae B MaKCBMyMe nponopuaoHanLHO E 4 • 
O~HaKo Haps~y c 3clx)eKTOM llpaMaKoBa aMeJOTCB ~pyrae 
KauanLI o6pa3oBaHas rr 0 ·Me30HOB. llo3TOMY npa BHTep
npeTau;aa pe3ynLTaTOB Ha~o acnonL30BaTL TeopBJO, co~ep
:>KaiUYJO HeCKOnLKO HeB3BeCTHLIX napaMeTpOB. 3TIIM MeTO· 
~oM r 

77
" 6blno B3MepeHo B pa6oTax ' 10- 12 c xopowei Toq

uocTbiO jma6A. 1/, O~HaKO pe3ynLTaTLI pa60T, KaK B~HO, 
nnoxo cormrcyroTcs Me:>K~Y co6oi. 

Ta6Auf.la 1 

MeTO~LI 83MepeH8B BpeMeH8 Pe3ynLTaT /Io- 1rc; ro~ 
0 :>K83HH rr -Me3oHoB 

1. 3MynLCBH K-1 -•rr+ +nr' 

2. 3MynbCB8 n- + H -->rr 0 J- ••• 

3. flo 3aB8C8MOCTB '18Cna 

1 ,0±0,5 ' 5 

1,7±0,5 7 

KOHBepC80HHbiX no 3BTpOHOB 
1 
'J 

OT T OniiJ;BHLI MBWeHB 1 , 05±0, 18 II I 

" " 

4. 34>4>eKT llpaMaKOBa 0,56±0,06' ' , 
" " 0 90+0 07 ' I 0-

, - ' ! 12 
0,83±0,04' -

Cpe~uee 3Ha'leHae 0,832±0,037 

1966 
1964 

1963 
1970 
1969 
1974 

TaKBM o6pa3oM, MB B3MepeH8B BpeMeHa :>KB3HH rr 0 
-

Me3oua acnonL30Ban8CL npsMble MeTo~bl /B3MepeHas B 
3MynLCBB, B3MepeH8e BbiXO~a BLICOK03HeprB'IHLIX n03BTpO· 
HOB/ B KOCBeHHLie, KOTOpWe OCHOBaHbl Ha 3clx)eKTe flpaMaKO· 
Ba. 

llpsMble MeTo~w He Tpe6yroT npaBneqeHas Teop8a, 
o~HaKo pe3ynLTaTw 6wna nony'leHw 83 Ha6nro~eHas O'leHL 
ManbiX 3clx)eKTOB. 
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B KOCBeHHLIX MeTo~ax r 77 o onpe~enJieTCJI 83 OTHOCB· 
TenLHO 6onLworo 3clx)eKTa, HO npa 3TOM npaxo~aTcs np8-
MeHBTL cnO:>KHYJO TeOpBIO. 

B ~aHHOii pa6oTe a3y'leHw B03MO:>KHOCTB HoBoro npJIMO
ro MeTo~a B3MepeHBB BpeMeHa :>KB3HB 77° -Me3oHa, ocHo
BaHHoro Ha peracTpau;aa ero aTOMHoro pacn~a. 

2. AliiOMHble pacnaoa-1 77°- Me3oH06 KaK ..wellfoO 
U3MepeHUJI r 

17
o 

B pa6oTe 113/ paccMoTpeHbl pacn~w 77°-MeloHoB c ac
nycKaH8eM n038TpOH8eB 

77° -> y + n03BTpOH8B . /1/ 

0THOWeH8e BepOJITHOCTB npou;ecca /1/ K BepOJITHOCT8 
pacna~a 77° -Me3oHa Ha ~Ba y -KsaHTa paBHo 1 ,70.IQ-9/13j 
fl03BTpOHB8 o6pa3YJOTCB B Tp8nneTHOM COCTOJIH88, BpeMJI 
:>KB3HB KOToporo r = 1,4.10-7c. OT pacna~oB 77° -Me30HOB 
BLICOK8X 3Heprai B03HBKaJOT penJITBB8CTCK8e n038TpOH88. 
~eTeKTBpys BbiXO~ penBT8BBCTCK8X n038TpOH8eB Ha YCKO
paTensx BWCOK8X 3Hepraii/ B np8Hu;ane MO:>KBO onpe~en8TL 
BpeMB :>K83HB 77° ·Me30HOB l3/. 

CyiUHOCTL MeTo~a onpe~eneHBB r 17 o no 83MepeHBJO sw
xo~a no3aTpOHBeB 3aKnro'laeTCJI B cne~yroiUeM. Ha BHyT
peuHeM nyqKe npOTOHOB yCKOp8Tens BLICOKBX 3Hepr8H yc· 
TaHaBnBBaeTCB TOHKaB MBWeHL, /TOniiJ;BHOH ..,.1 M KM/. lina
ro~apJI MHOrOKpaTHOMY npOXO~eHHIO ny'IKa qepe3 MBWeHL 
K03clx)8u;8eHT 8cnonL30BaHBJI ny'IKa /oTHoweH8e '18Cna npo
B3aBMo~eicTBOBaBwax npoToHoB K qacny ycKopeHHwx/ 6na-
30K K e~8HBIJ;e. qaCTL o6pa30BaHHLIX B M8WeH8 77° ~Me30• 
HOB pacna~aeTcs Ha y ·KBaHT a nolBTPOHai. O~HaKo, ecna 

0 w 
rr ·Me30Hbl pacna~aJOTCJI B CaM08 MBWeHB, TO n03BTPOH88 
C 6onLWOH BepOJITHOCTLIO pa3BanJITCJI B KynOHOBCKOM none 
s~ep MBWeH8 8 He 6y~yT 3aper8cTp8posaHw. llonoMy 
OCHOBHbiM 8CTO'IH8KOM n038TpOH8eB JIBnJIJOTCB Te 77° ·Me30 • 
Hbl, KOTopwe nepe~ pacna~oM BwneTaJOT 83 MaweH8 B sa
KyyM. O'leB~Ho, KOn8'1eCTBO BWneTeswax B BaKyyM 77°·Me-
30HOB 3aBBC8T OT BX BpeMeH8 :>KB3H8. 
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B pa6oTe -' 6 / H3JJO)I(eH cnoco6 ~eTeKTaposaHHJI penJI· 
THBHCTCKHX n03HTpOHHeB, a TaK)I(e paccqHTaH~HHTeHCHB• 
HOCTH H 3HepreTaqecKHe cneKTpbl no3HTpOHHeB MJI yc· 
KopaTeneii pa3naqawx 3Hepraii. 

B ~aaaoii pa6oTe nocpe~cTBOM Mo.z.enaposaHHJI a3yqa
JJHCL B03MO)I(HOCTH H3MepeHHJI T ifo no Ha6mo~eHB10 a TOMHbiX 
pacna.z.oa rr"- Me30HOB. Bee pacqeT~ 6biJJH BblnOJJHeHbl ~JJJI 
ycKopuTenJI Hci»B3 /Cepnyxos/. llonyqeaa 3aBHCHMOCTL 
KOJJHqeCTBa no3HTpOHHeB OT yrna HX BbiJJeTa H OT TOJJJUIIHbl 
MHWeHH. Haii.z.euo H3MeHeHHe KOJJHqeCTBa n03HTpOHHeB npH 
aapLupoaauuu r .,· • 3Ta senuquaa ~aeT npe.z.cTasneaue o 
qyBCTBHTeJJbfiOCTH MeTo.z.a. ,L(JJJI 3KCnepuMeHTaJJLHOH ycTa· 

uosKu c anepTypoii 10-
1cp onpe.z.eneaa cTaTHCTuqecKaJI Toq

uocTL, c KOTopoii MO)I(eT 6b1TL H3Mepeao 'rr' 3a ~HKcu
posaHHoe apeMJI pa6oTbl Ha ycKopHTene. 

3. Pe3yAutallbl MOOeAupoeaHUJI 

Mo.z.enapoaaaae aTOMHbiX pacna~os rr''·Me3oHOB npo
so.z.unocL MeTo~oM MoHTe· Kapno. llpa 3TOM ucnoJJL3osa
nacL 3MnHpaqecKaJI ~OpMyJJa H3 pa60Tbl , I~.: OnHCbiBaiOutaJI 
cneKTPbl BTOpHqHbJX qacTH.Q, o6pa3YJOIUIIXCJI B pp ·coy~a
peHHJIX. CneKTp rr 0 ·Me30HOB 6pancJI B B~e nonycyMMbl 
cneKTPOB TT 1 H TT-·Me30HOB, KaK 3TO ~eJJaJJOCL B pa60Te '15 .• ' 

Mo.z.eJJHpoaa.aae npoBOJUIJJOCL no cne~YJOuteii cxewe. 
Baaqane B cacTeMe ,ueHTpa wacc pp pa3blrpwB8.JlCJI HM· 
nynLc TT

0 ·Me3oaa a no cl»opwyne· 14-' swqacJJJIJJCJI sec .z.aa
aoro co6WTBJI. 3aTeM npoB3BOJUIJJCJI po3wrpWJU pacn~a 
17° ·Me30Ha Ba Y •JCBaHT B D03BTpOHBii C DOfJJeJlYJOUUIM Depe· 
so~oM npo.z.yxToa pacna,lla B na6opaTopHYJO cacTe.wy. Kpowe 
Toro, pa3wrpwsanacL yoqKa o6pa30B8.HBJI 17°· Me3oHa B MH· 
WeBB H BWqBCJJJIJJaCL BepOJITHOCTL BWJJeTa 77° • Me30Ha 83 
Muweaa. llpe~nonaranocL, qyo ecJJH 17° ·Me3oH pacna,lla· 
eTcJI B MBWeaa, To no3HTPOHBH pa3B8.JIHB8JOTCJI. Ha 3axmo
qayenLHOM 3Tane npoB3BO~anocL 3aHeceaae napaMeTpos 
C06WTHJI B COOTBeTCTBYJOutBe rBCTorpaMMW. Pe3yJJLTaTbl 
Mo~eJJHpOBa.BBJI npase~eaw sa puc. 1-5. 

Ha puc. 1 npBBOJUITCJI JCoJ1HqecTBO y ·xaa.aTOB OT pac
na~a 17° • Me30HOB B 3aBBCBMOCTH OT yrna HX BWJJeTa 83 
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0 so f0° 

Puc. 1. 3aeucUMOCIIb KoAut~ec•ea y- K60HII06 Ha oouH 
npOIIOH Oil YZAO UX 6biA€110. 

MBWeHB. 3aBBCBMOCTL ICOJJBqecTBa U03HTPOHBeB OT yrna 
6nB3JCa x npase.z.eaaoi aa puc.' 1 B3- 3a uanoii uaccw no-
3BTpoaaes. H3 pacyHKa B~HO, qyo BHTeHCBBHOCTL y ·Ksaa
TOB 6wcTpo y6waa.eT c ysenuqeaueM yrna ax awneTa. 

Ha puc. 2 npase~eaw ~aaawe o6 BHTeHCBBHOCTB no-
3BTpOHBeB B 3aBBCHMOCTH OT TOJJutBHbl MBWeHH H yrna HX 
swneTa. KonaqecTBo no3BTpoHues N A HopMapoBa.JJocL aa KO
naqecTBO y ·xaa.HTOB Ny no~ 3THM )l(e yrnoM. 

ToqaocTL H3MepeHBJI r o 3aBBCBT oT qyscTBBTenLHOCTB 
if 

qacna 3aperBCTpBpOBaHHWX n03BTpOHBeB K BeJJBqBHe T 
17

0 • 

Ha puc. 3 npaso~BTCJI 3aBBCHMOCTL B3MeHeHBJI qacna no· 
3BTpOHBeB UpB BapLHpOBaHBB T 17 o Ha } 0~ OT TOJJutBHW MB· 
WeBB B OT yrna BbiJJeTa no3BTpOHBeB. 
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I 

NA 2 -·-
1,0~ 

Nr P 

Q8~\~" 

Q6t- \\\\~ ~ / 70 

D.4t- ,,,,~~20 

Q2t- ~E: 
fi.J. 0 

0 f 2 .3 q. 5 d,p 
Puc. 2. 3a6UCUMOCIIb OIIHOCUIIeAbHOZO KOAU'IeCII60 no-
3UIIpOHUee 011 IIOAJIIUHbJ MUUleHU U yzAa 6bJAella, 1 

77° = 
= Uf-16c, P = 1,70.10-~ 

H3 puc. 2 B 3 BB,llHO, 'ITO BLIXO,ll D03BTpOHBeB yMeH&

waeTCJI DpB yaeJIB'IeHBB TOJIIQIIHLI MBWeHB, HO DpB 3TOM 

YCBJIBBaeTCJI 3aBBCBMOCTb KOJIB'IeCTBa fi03BTpOHBeB OT 

apeMeHB )I(B3HB 17'
0
·Me3oHa. CJie,lloBaTeJI&Hq, MO)I(HO BLI6paT& 

MBWeHb ODTBMaJibHOR TOJilQIIHLI , DpB KO'Topoi TO'IHOCTb 

B3MepeHBJI r o DpB ciiBKCBpOBaHHOM BpeMeHB pa60TLI Ha 

ycxopaTeJie C;y,lleT MaKCBMaJI&Hoi. CTaTBCTB'Iecxa.ll Toq

HOCTb onpe,lleJieHBJI r 
17

o B 3aBBCBMOCTB OT TOJilQIIHLI MB· 

WeHB B yrJia BLIJieTa D03BTpOHBeB, KOTOpaJI MO)I(eT 6b1Tb 

DOJiy'leHa 3a 250 'IOC. HenpepLIBHOR pa60Tbl Ha YCKOpBTeJie 

Hci>B3, npaae,lleHa ua puc. 4. KpBBLie BLI'lBcneHLI .llJIJI 

3KCDepBMeHTaJibHOR ycTaHOBKB C anepTypoi 10 -4 cp /DJIO

ll.la,llKa 0,4 X 0,4 M2u:a paCCTOJIHBB 40 M OT MBWeHB/. 

KpoMe Toro, npe,llDOJiaraJioc&, 'ITO Ha MBWeH& c6paCLIBa

eTc.ll 1012 
DpOTOHOB Ja ~BKJI YCKOpeHBJI. 
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NA(UTo}-NA(To} 
·IOO(o/o) NA('ro) 

I 
5o go ffo 

fO ~ ~ 
~s ~s ~s f'l- 0 

s 
( 

s 
70 

q.o 

Br/11~2· 
6 

"' 
2 

0 2 '+ 6 8 10 d,).l 
Puc. 3. H3MeHeHue KOAU'1ec11ea no3UIIpoHuee npu eapr.upo
eaHuu T 17o Ha 1()tfo 6 306UCUMOCIIU 011 IIOAJIIUHbJ MUUleHU U 
YZAa 6bJAellla. 

HJ puc. 4 cJie,llyeT, 'ITO ua ycxopaTeJie Hci»B3 /Cepny

xoa/, ,lleTeKTHpyJI D03BTpOHBB, MO)I(HO B3MepBTb r 
17

o CO 

CTa TBCTB'IeCKOB TO'IHOCTbiO ±/1-2/0/o. . 
Ha puc. 5 npBBO.ll.IITCJI BMDYJibCHLie cnexTpLI no3BTpo

HBeB DO,ll pa3HLIMB yrJiaMB. 

,naHHble 0 BeJIB'IBHe BpeMeHB )I(B3HB 17'
0 

- Me30Ha MOryT 

6b1Tb DOJiy'leHLI B3 llHaJIB3a 3aBBCBMOCTB OTHOWeHBJI N,/N y 

OT TOJilQIIHLI MBWeHB, npB'IeM NY- 'IBCJIO y ·KBaHTOB OT pac

na,llOB 
170

- Me 30HOB. Ho BCTO'IHBKaMB Y • KBaHTOB 6Y.llYT JIB

JIJITbCJI TaiOKe 71 ·Me30HLI /ax npaMepuo a 5 pa3 MeH&we, 

'leM 17'
0
-MeloHoa/ B npo~eccbl TOPM03Horo B3JIY'IeHBJI. B To 
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I 

6, "!o 

4 15° 

ff0 

2 
- -7,50 

-- --- 5,50 

0 5 10 d,)J 

Puc. 4. To'IHoc•b 6 onpeoeAeHuu r 77 o 6 3a6ucuMoc•u o• 
•oAII#UHbr MUJUeHu u yz11a 6brAe•a no3u•poHue6. BpeMJI 
pa6o•br Ha ycKopu•eAe - 250 'lac. 

>Ke speMJI no3BTf:OHBB, o6pa3YJOutBeCJI npa pacna.ne TJ -Me-

30HOB I r.,- 10- It/ a npa TOPM03HOM Blny'leHaa, pa3sa

nasaiOTCJI B MBWeHB B, cne,nosaTeJihHO, He peracTpBp}'IOT

CJI ycTaHOBKOB. 

0THOWeHae P sepoJITHOCTB pacna.na u 0 -Me3oHa Ha no-

3BTpoHBii: B Y -KBaHT K BepOJITHOCTB pacna,na Ha ,nsa y -
KBaHTa paBHO 1, 70.10-~ 0THOWeHBe CKOpOCTeii perBCTP8llBB 

D03BTpOHBeB B)' -KBaHTOB OT 77°-MeJOHOB npa O'leHb TOH

KOB MBWeHa 6y,neT pasHo p/2. Cne.nosalrenbHO, '1To6w onpe

,neJIBTb KOnB'IeCTBO Y -KBaHTOB OT TT
0
-Me30HOB, He06XO,ltBMO 

B3MepBTb OTHOWeHBe 'IBCna D03BTpOHBeB K 'IBCny Y -KsaH

TOB .rtnJI MBWeHeii pa3HOB TOnutBHW B 3KCTpanonapoBaTb 

K HyneBOB TOniUBHe MBWeHB. 0TKnOHeHBe 3TOrO OTHOWeHBJI 

OT TeopeTB'IecKoro 3Ha'leHBJI .naeT npe,ncTasneHae o BKna

.ne )' -KBaHTOB OT pacna,na TJ -Me30HOB B OT ,npyrax BCTO'I

HBKOB B DOTOK perBCTpapyeMWX cjiOTOHOB. He06XO,ltBMO 

OTMeTBTb, 'ITO MHO>KeCTBeHHOCTb TT
0 -Me30HOB DpB 3HeprBB 

npoTOHOB 70 F3B, nony'leHHaJI no cjlopMyne · · 1 '!· oKa3wsaeTCJI 
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dN I dp·d~·npomoH·P 
m'~--~--~--~-------

Po•7Dr36/c 

~ \\\\\ \ " to·z 1 1 \\ \ \ '.3,5° 

45° 550 I 

' 6.50 

1.50 

~so7.SO. 

10-~ 5 10 15 20 p.fi~/C 

Puc. 5. CneK•P no3u•pof,uee, P 0 = 70 F3B/c. 

B 2 pa3a MeHbWe, 'leM 3KCnepaYeHTaJibHOe 3Ha'leHBe MHO· 

>KeCTBeHHOCTB rr 0 ·Ye30BOB DpB B3aBMO,lteBCTBBB DpOTOHOB 

C TJI>KenWMB Jl,ltpaMB/I 7 /.fl03TOMY B03MO>KHO, 'ITO BHTeH

CBBHOCTb D03BTPOHBeB OKa>KeTCJI B 2 pa3a swme, 'leY BW

'IBCneHHaJI no cjlopw:yne / 14/a, cne.nosaTem.Ho, cTaTBCTH'Iec

Ka.ll TO'IHOCTb B onpe,neneHBB T r/' yny'IWBTCJI DPBMepHO B 

1,5 pa3a. 

B 3aKnJO'IeHBe asTopw swpa>KaJOT 6naro,napHOCTb 

li.M.flOHTeKopBO 3a BHTepec K pa6oTe B none3HWe o6cy>K

,neHBJI, 
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