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0TKpb1TBe !/J ·qaCTB~ CTBMYJIBpOBaJIO BHTepec K 3KCne

pBMeHTaM no nOBCKy B BCCJie,D;OBaHBIO HOBbiX 'laCTB~, B TOM 

'IHCJie C HeHyJieBbiM KBaHTOBbiM 'IBCJIOM "oqapoBaHBe". 

0CHOBHbiM MeTO,li;OM ,li;JI.H nOBCKa HOBbiX 'laCTB~ .HBJI.HeTCJI 

aHaJIB3 npO,D;YKTOB B3aBMO,D;eHCTBBJI 'laCTB~ BbiCOKOH 3Hep· 

raa B B3MepeHae no 3TBM ,D;aHHbiM cneKTpa Mace pmK,D;eH
BbiX 'laCTB~. 

Cpe,D;a HOBbiX <facTa~ npe,D;cKa3biBaiOTCJI TaKae, apeMJI 

)I(BJHB KoTopblx Jie)I(BT a BHTepaane Io-13 - I0"11 c. 

MeTo,D;oB BJMepeHBJI TaKax apeMeH )I(BJHB pe,D;KBX qacTa~. 
,li;JIJI nOBCKa KOTOpbiX Hy)I(Ha CBeTOCBJILHaJI 3JieKTPOHHaJI 

annapaTypa, He cymecTByeT. llo3TOMY HJMepeuae apeMeHa 

)I(BJHH nopJI,D;Ka H MeHLWe, 'leM IQ-11 c, B accne,D;oBaHHJIX, 

BblnOJIHJieMbiX 3JieKTpOHHOH MeTO,li;BKOH, He npoBO,li;HTCJI. 

TeM He MeHee B03MO)I(HOCTL nOCTaHOBKH TaKHX 3KCnepa· 
MeHTOB BMeeTCJI. 

HJMepeHae apeMeHa )I(HJHH qacTH~ cymecTBeHHO He 

TOJILKO nOTOMY, 'ITO ,D;aeT HHciiOpMa~BIO 0 CBOHCTBaX 'laCTB~, 
HO B nOTOMy, 'ITO n03BOJIJieT yBeJIB'IHTL 34>cileKTBBHOCTL 

noacKa HOBbiX <facTa~ I CHB3BTL clloH 3KcnepaMeHTa/. HH)I(e 

paccMaTpaaaeTcJI cxeMa 3KcnepaMeHTa, noJBOJIJIIOll.{a.R npo

BO,D;BTL nOBCK 'laCTB~ C BpeMeHeM )1(83HB > }Q •12c B, eCJIB 

TaKBe 'laCTB~bl Cyll.{eCTBYIOT, B3MepJITL BpeMJI BX )1(83HB. 

1. Teopelllu'lecKue npeanoct.IAKU dAJI noclllaHoeKu 
3KcnepuMeH•a 

Cyll(eCTBOBaHae JHa'laTeJILHoro qucna CTa6aJILHblx 

'laCTB~ /pacna,D;aiOII(BXCJI TOJILKO 3a C'leT Cna6oro B3aBMO· 

,D;eHCTBBI/ B pe30HaHCOB B CBCTeMaX CBJILHO B3aBMO,D;eii· 

CTBYIOll(Bx qacTB~ c MaccaMa M > 2 F3B/c 2, MHorae B3 

KOTOpbiX MOrJIB 6bl 6biTL BeCLMa Y3KBMB, npe,D;cKa3biBaeT-
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cH pH)l.OM TeopeTH'IeCKHX Mo.u.ene:H. Cpe.u.H HHX cne.u.yeT 

npe>K)l.e BCero OTMeTHTb MO)l.enH, OCHOBaHHbie Ha HCll0llb30" 

BaHHH KanHfipOBO'IHbiX TeOpHH nonH H ll03BOllHIOmHe C e)l.H" 

HOB TO'IKH JpeHHH paccMaTpHBaTb cna6ble, 3neKTpoMar

HHTHble H CHllbHble B3aHMO)l.eHCTBHH /l /. B paMKaX TaKHX 

Mo.u.ene:H, HBnHIOmHxcH o6o6meHHeM Mo.u.enH Ba:HH6epra

CanaMa, npe.u.nonaraeTcH, 'ITO, HapH.U.Y c a.u.poHaMH, co

cToHmHMH H3 Ofibi'IHbiX p , n , ,\ ·KBapKOB, cymecTBYIOT 

T .H. cynep3apH>KeHHble HllH O'lapoaaHHble 'laCTHI.I,bl, COCTOH

mHe H3 p·, n- , ,\ "KBapKOB IHnH aHTHKBapKOBI H C (p')
KBapKa /l ,2 ,3/. CymecTaoaaHHe c - KaapKOB Heo6xo.u.HMO 

)l.llH ycTpaHeHHH HeHTpanbHbiX TOKOB C H3MeHeHHeM CTpaH-

HOCTH. 
IiOllbWOe 'IHCllO HOBbiX qaCTHI.J, npe)l.CKa3biBaeTCH B MO-

)l.ellHX, r.u.e HMeiOTCH KBapKH HeCKOllbKHX COpTOB IT .H. 

I.J,BeTHbie KBapKHI, KOTOpble B 3TOM Cn,qae MOrnH fibi 

o6na.u.aTb ueno'IHcneHHbiMH JapH.U.aMH 
14

•
5 

. B qacTHOCTH, 

CaMH KBapKH MOrnH 6bl npOHBHTbCH KaK HeCTafiHllbHbie 

qacTHI.J,bl/6 ,7 / c MaccaMH 1,7-2 T:JB/c2 
H apeMeHeM >KH3HH 

10·10 - 10·12 c. 
B Mo.u.enHx c oqapoaaHHbiMH qacTHI.J,aMH t/1 -6o30Hbl 

Ofibi'IHO paCCMaTpHBaiOTCH KaK CBH3aHHble COCTOHHHH (cC), 

a B MO)l.ellHX C I.J,BeTHbiMH KBapKaMH KaK I.J,BeTHbie 'laCTHI.J,bl, 

B OTllH'IHe OT Ofibi'IHbiX a)l.pOHOB, KOTOpble C'IHTaiOTCH 

"6enbiMH". EcnH npHHHTb, 'ITO 11. 6o30Hbl HBllHIOTCH ( cc) -

COCTOHHHHMH, TO )l.Oll>KHbl cymeCTBOBaTb cynep3apH>KeHHble 

qacTHI.J,bl THna(c p), (en), (cA) c MaccaMH 1,7-2,3 T3B/c 2
• 

3TH 'laCTHI.I,bl MOryT 6b1Tb KaK BeKTOpHbiMH, TaK H nceB)l.O" 

cKanHpHbiMH. EcnH cynepJapH.U., KaK 3TO o6bi'IHO C'IHTaeTcH, 

COXpaHHeTCH B CHllbHbiX H 3lleKTpOMarHHTHbiX B3aHMO)l.eH • 

CTBHHX, TO HaHfionee nerKHe H3 3THX qaCTHI.J, fiy.U.YT pac

na)l.aTbCH TOllbKO Ja c'leT cna6oro BJaliMo.u.e:HcTBHH. OueHKH 

apeMeHH >KH3HH TaKHX qaCTHI.I, )l.aiOT BellH'IHHY -10"
12 

C /
3
/. 

TaKHM o6pa3oM, noHCK .u.onro>KHBymHx qacTHI.J,, a TaK>Ke 

onpe.u.eneHHe HX apeMeHH >KH3HH npe.u.cTaanHeTCH aa>KHbiM 

.u.nH BbiHCHeHHH ~YH.U.aMeHTanbHbiX cao:HcTB 3neMeHTapHbiX 

qacTHI.J,. 
OcTaHOBHMCH HeCKOnbKO no.u.po6Hee Ha oueHKe apeMeHH 

>KHJHH cynepJapH>KeHHbiX qacTHI.J,. B .u.anbHe:HweM Mbl 6y

.u.eM npe.u.nonaraTb, 'ITO HaH6onee nerKHMH cpe.U.H TaKHX 

qacTHI.J, HBnHIOTCH ncea.u.ocKanHpHble qacTHI.J,bl I ecnH 

OKa>KyTCH BeKTOpHble 'laCTHI.J,bl, TO OI.J,eHKH CHllbHO He 

MeHHIOTCHI. 34JqleKTHBHOe cna6oe B3aHMO)l.eHCTBHe, 

BeTCTBeHHOe 3a HX pacna)l.bl, HMeeT BH)l. /l-3/: 

HMH 

H3" 

OT-

/1.1/ 
~ ((-cnsinO+cAcos7;i)(ilv +ev +npcos0+Apsin0)+3.c.], 

V2 M e 

r .u.e 0 - yron Ka6H66o ... 1/ 4. 

llOCKOllbKY 'llleH C ,\ BXO)l.HT C MHO>KHTeneM COS e, TO 

rnaBHbiMH npH pacna.u.ax cynepJapH>KeHHbiX qacTHI.J, 6y.u.yT 

nepeXO)l.bl C H3MeHeHHeM CTpaHHOCTH. llOCKOllbKY MaCCbl 

cynep3apH>KeHHbiX a)l.pOHOB )l.OBOllbHO BenHKH, TO CO 3Ha

'IHTellbHOH BepOHTHOCTbiO MOryT npOHCXO)l.HTb nenTOHHble 

pacna)l.bl rHnepOHOB. TaK, )l.llH COCTOHHHH (c n) r((cn) -+K 0 e +v}"' 

-1,6x10llc-I /3/. Mo>KHO o>KH.U.aTb, 'ITO ,nnH (cp)- ,(en)
COCTOHHHH 6y)l.yT HMeTb MeCTO H HenellTOHHble pacna)l.bl 

Ha K 11' K 1111 I K*11, K p H .u.p.l' K11 1111 H T .)l.. rpy6yro OI.J,eHKy 

aepOHTHOCTH pacna)l.a (cp}->K+11- MO>KHO nony'IHTb, cpaBHH· 

aaH ee c aepoHTHOCTbiO pacna.u.a K 0 ... 11 +11 -
8 

( 
- + - 2 p k + 12 r cp) ... K 11 )-ctg e --·r (K: -+11 11J"' 10 

p11 

c -I /1.21 

3Ty OI.J,eHKY, no- BH)l.HMOMY, cne.u.yeT C'IHTa Tb JaBbiWeH

HOB, a CBH3H c HanH'IHeM ~opM-~KTopoa. O.u.HaKo cy

mecTBOBaHHe pH.u.a .u.pyrHx BOJMO>KHbiX KaHanoa c o6paJo

aauHeM 6onbworo 'IHCna 11 -Me30HOB, KOTOpble npH M
-2 T:JB/c, no-BH.U.HMOMY, 6onee aepoHTHbl, 'leM .u.ayxqac

TH'IHaH MO)l.a pacna)l.a, )l.aeT OCHOBaHHe )l.yMaTb, 'ITO BpeMH 

>KH3HH cynep3apH>KeHHbiX 'laCTHI.I, MO>KeT fihiTb 10"12 -10"
13

c. 

HecKonbKO 6onbwee apeMH >KH3HH MO>KeT HMeTb qacTHI.J,a 

( c A), KOTopaH .U.On>K!!a Pl,lCna.u.a!bCH s; o6pa3oaaHHeM .u.ayx 

cTpaHHbiX qacTHI.J, KK, KK11, K*K , KKtr11 H T.n. 

llpH pacna.u.ax KBapKoB /a paMKax cxeMbl uaeTHbiX 

'laCTHI.J,/, KOTOpble TaK>Ke, KaK npaBHllO, )l.On>KHhl COllpOBO>K

)l.aTbCH o6pa30BaHHeM CTpaHHhiX 'laCTHI.J,, BpeMeHa >KH3HH 

MoryT 6h1Tb JHa'IHTenbHO 6onbWHMH. O.u.HaKo B HacToHmee 

apeMH HX TPY.U.HO OI.J,eHHTb B CBH3H C OTCYTCTBHeM B TaKHX 

Mo.u.enHx nocne.u.oaaTenbHOH cxeMhl cna6blx B3aHMo.u.e:HcTBHH. 
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2. Memoo U3MepeHUJl 

HJBecTeH cnoco6 onpe~eneHHH BpeMeHH ~H3HH qacTHU 

DO H3MCpeHHIO HX npo6era OT TO'II<H po~~CHHJI ~0 TO'II<H 

pacna~a H H3MCpCHHIO HX CI<OpOCTH IHallpHMCp, qepe3 3Hep

f'HIO H HMDYJILCLI npo~yi<TOB pacna~al. IJo~o6HLIH CDOC06 

MO:>KCT 6LITL llpHMCHCH C HCDOJIL30BaHHCM pa3JIH1fHLIX ~CTCI<· 

Topoa IH~epHLie JMYJILCHH, nyJLIPLI<OBLie I<aMepLI, Tpei<o

BLie JJICI<TpOHHLie ~eTei<TOpLI H T .~./. He~ocTa TI<OM nepBLIX 

~BYX THDOB ~CTCI<TOPOB JIBJIJICTCH ManaH CI<OpOCTL aHaJIH3a 

C06LITHH, 'ITO 3aTpy~HJICT 06Hapy:>KCHHC 1faCTHU C MaflhlM 

CC'ICHHCM po~~CHHJI. IJpHMCHCHHC 3JICI<TpOHHLIX ~CTCI<TO· 

pOB llpH pa60TC Ha BLIBC~CHHLIX llY'II<aX YCI<OpHTCJICH Tai<· 

~e BCTpeqaeT Tpy~HOCTH npH DOHCI<C 1faCTHU C MaJILIM 

BpCMCHCM :>KH3HH H C MaJILIM CC'ICHHCM reHepaUHH H3- 3a 

llpOTHBOpC'IHBOCTH Tpe6oBaHHH I< pa3MepaM MHlliCHH H npo

CTpaHCTBCHHOMy pa3pClliCHHIO: YBCJIH'ICHHC BLIXO~a C06LI· 

THH Tpe6yeT yBenuqeHHH pa3Mepoa MHlliCHH, a JTo BLI3LI

BaeT llOTCpiO TO'IHOCTH B Onpe~eJICHHH BCplliHHLI pacna~a, 

T.C. BpCMCHH ~H3HH. 

UenLJO npe~no:>KeHHH HBnHeTcH yaenH'ICHHe TO'IHOCTH 

H3MCpCHHJI ~JIHHLI npo6era pacna~aiOI.LIHXCJI 1faCTHU C MaJILIM 

CC'ICHHCM pO>I<~CHHJI DYTCM HCDOJlh30BaHHJI MHlliCHH O'ICHL 

MaJlbiX pa3MCpOB, 3I<CIIOHHpyeMOH Ha BHYTPCHHCM DY'II<C 

YCKOpHTCJIJf B pe:>KHMC MHOf'OKpaTHh!.X llpOXO:>K~CHHH npOTOHOB 

'ICPC3 MHIIICHh/H/ .IJpHMCHCHHC 3TOT'O CIIOC06a o6eCDC1fHBaCT 

6 .. I L 1034 -2 .] I IIOHY'ICHHC OJILlliOH CBCTHMOCTH - CM C B CO-

1feTaHHH c TO'IC'IHOCThJO o6nacTH B3aHMO~eiicTBHH I i\x
- l0-3 cMI. To'IHOCTh ~HI<cauuu TO'II<H pacna~a qacTHU on· 

pe~CJIHCTCJI DpOCTpaHCTBCHHLIM pa3pCillCHHCM I<OOp~HHaT
HhJX ~CTCI<TOPOB, perHCTPHPYIOIUHX npo~yi<TLI HX pacna~a. 

To'IHOCTh, ~OCTHrHyTaB B HacToHmee BpeMH Ha 6LicTpo

~eiicTBYJOIUHX 3JICI<TpOHHbiX ~eTCI<TOpax ~~peii~OBLIC I<a· 

MepLII, COCTaBJIJICT 0,8.10"
2 

CM npH BPCMCHH naMHTH ~e
TCI<Topa MCHLWC 200 HC/9 ~ ,lJ;eTCI<TOpbl D0~06HOT'O THna 

ll03BOJIJIIOT H3MCpHTL ~JIHHbl pacna~a -10"
1 

CM npH BLICOI<OH 

CI<OpOCTH Ha6opa C06LITHH, 'ITO ~enaeT B03MO)I(HhiM perHCT· 

10
-12 

paUHIO 1faCTHU C BpeMCHCM ~H3HH 60JlhlliC, 'ICM C. 

6 

3. Ce'leHue zeHepaf.#UU u KUHeMalluKa 

POJit0€HUJI H08biX 'lQCIIUf.# 

PaccMoTpRM Tenepb sonpoc o TOM, I<aK o6pa3yJOTCJI 

HOBble 1faCTRUhl B npoueccax CTOJIKHOBCHRJI a,ApOHOB. IJo· 

CKOJILKY cynep3apJI,A IKai< R UBCT/,C'IRTaeTCJI COXpaHJIJO• 

IUBMCJI, TO TaiCBC 1faCTBUhl ,AOJI)I(Hhl o6pa30BhiBaTLCJI ac

COUHaTBBHO. 0THOCHTCJlbHO 1faCTHU, ICOTOpble B CHJIY 3aiCOHOB 

COXpaHeHBJI MOryT o6pa30BWBaTbCJI TOJlhKO aCCOUHaTBBHO 

IHanpuMep, K, pI H3BecTHo, 'ITO ax cnei<Tpw B P.P -cToni<

uoseHHJIX HMCIOT pe3I<HH Mai<CHMyM DpH X =2p/s~ ,.Q, T.C. 

TaiCBC qaCTHUbl, ICai< npaBHJIO, JIBJIJIIOTCJI MC~JICHHbiMH B l~ • 

CHCTCMC. ECTCCTBCHHO npe~nOJIO~BTb, 'ITO 3TO CBOBCTBO 

II<oTopoe o6~JICHJICTCJI, HanpHMep, MynLTunepu~epHqeci<oii 
MO~CJILJOI COXpaHHTCJI H ~JIJI cynep3apJI~CHHLIX 1faCTHU. 

IJOJTOMY HHI<Jl103HBHOC CC'ICHHC o6pa30BaHHJI HOBLIX qaCTHU 

6y~eM 3aDHCLIBaTL B BH~e 

E d 
3 
aId p 

3 
"" A exp ( - B I x I - C p; ) I 3. 1 I 

B-10, C -4 

K co:>KaneHHJO, B HacTOBJUee speM.II ~osonLHO TPY~Ho oue

HHTh BCJIH'IHHY CC'ICHHJI HHI<Jli03HBHOf'O 06pa30BaHHJI Tai<HX 

qaCTHU. IlOCI<OJlhi<Y ~OJI~Ha o6pa3oBaTLCJI napa cynep3apJI· 

~eHHhiX 1faCTHU, TO Macca Tal< OR CHCTCMbl ~OCT a TO'IHO Be

JIHI<a, a HHI<Jl103HBHbiC CC'ICHHJI 6LICTpO na~aiOT C pOCTOM 

Maccw I c pocToM 3Hepruu Tai<He ceqeHH.II o6wqHo 6wcTpo 

pacTyTI. Tai< I<ai< Macchi Tai<BX qacTHU ~o~HLI 6wTL 

-2 F:JB, TO CC'ICHBJI HX o6pa3oBaHHB MOf'JIH 6LI 6hiTL cpas

HBMLI C CC'ICHHJIMH o6pa30BaHHJI aHTH,ACBTpOHOB, TO CCTL 

cocTaDnJITL npa 3HeprHH 70 F:JB aenH'IHHhl-1,5.10 "
32

cM 211•0/ 

)l;JIJI 3JICI<TpOHHOB MCTO,AHI<H perHCTpaUHH npe,ADO'ITH· 

TCJlLHLI ~ByX1faCTH1fHbiC MO,Abl pacna~a HCCTa6HJILHbiX 

1faCTBU, CXeMa perHCTpaUHH H I<HHCMaTB'ICCKHH aHaJIH3 B 

JTOM cnyqae Hau6onee npocThl. Bw6epeM peai<UHJO po~

~eHHB napw HCHTpanbHhiX nceB,AOCI<aJIBPHhiX MC30HOB D0 
• 

c I<BaHTOBWM 'IHCJIOM "qapM" c = ±1 lrunep3apB~ Y = ± 1 I: 

p+N-oDo+i)o+··· 13.21 
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IlpH Macce D0 -Me30Ha Me= 2,1 F3B/c 2111~ 3HeprHH 

nepBH'IHoro ny'IKa npoTOHOB E0 = 50 F3B yrnhl BbiJieTa 

Ku rr -Me3oHoB /pacna~ no~ 90 ° s c.~.M./ B. na6opaTopHoii 

CHCTeMe paBHhl cf>= 10°0THOCHTeJibHO HanpaBJieHH.H BHyTpeH

Hero ny'IKa npoTOHOB. Yron c,b 3a~aeT onTHMaJibHOe pacno

Jio:>KeHHe nneq perucTpupyrow;eii ycTaHOBKH. 3Ha'leHHe ero 

Mano MeH.HeTc.H c yseJIH'IeHHeM Me H reoMeTpH'IecKa.H 341-

tlJeKTHBHOCTb yCTaHOBKH OCTaeTC.H npH6JIH3HTeJibHO no

CTO.HHHOH s HHTepsane N:acc M = 2-5 F3Bjc2. 
e 

IloHCKH ~syxqacTH'IHhiX a~poHHhiX pacna~os 'lapMo-

BaHHhiX 'laCTH~ 6hiJIH BhlnonHeHhl rpynnoii THHra s liHJI I 12/ 

Ilpu 3HeprHH npoTOHHoro ny'IKa 28,5 F3B nony'leHo orpa

HH'IeHHe Ha BepXHIOIO rpaHH~Y Ce'leHHH po~eHHJl 'laCTH~ 
c Maccoii- 2,25 F3B 

' ( - -32 -33 2 ac • B c ... 2 h) < 10 -10 c M • 

Pe3yJibTaThi/I 2 / He HCKJIIO'IaiOT Heo6xo~HMOCTH noucKa a~
POHHhiX pacna~OB npH 6onee BhiCOKHX 3HeprH.HX YCKOpHTeJI.H 

HciiB3. YKa3aHHe Ha po:>K~eHue HOBhlx qacTH~ co cna6oii 

Mo~oii pacna~a, nony'leHHoe npu aHaJIH3e nenTOHHhiX nap/ 131, 

llOBhiWaeT HHTepec K HCCJie~OBaHHIO llOJiyJiellTOHHbiX MO~ 

pacna~a C -> hf v. reoMeTpH'IeCKa.H 34xiJeKTHBHOCTb ycTa

HOBKH ~JI.H perHCTpa~HH TaKHX pacna~OB 6y~eT MeHbWe, 

'leM ~JI.H CJiy'la.H ~BYX'IaCTH'IHOH 3ap.H:>KeHHOH MO~bl pacna~a, 

O~HaKO OllTHMaJibHhle yrJihl perHCTpa~HH OCTaHyTC.H npH

MepHO TaKHMH :>Ke. 

4. TexHuKa pezucmpaijuu 

CxeMa pa3Mew;eHH.H ycTaHOBKH Ha np.HMOJIHHeiiHoM npo

Me:>KyTKe ycKopHTeJI.H HciiB3 noKa3aHa Ha puc. 1. 
Ilpe~nonaraeTc.H perucTpuposaTb pacna~bl qacTH~ Ha 

a~poHhl c .. Krr+ ••• H nenTOHhl C-o K11 + ••• (C ... Ke+ ..• )c 3ap.H:>KeH

HhiM KaOHOM cpe~H npo~yKTOB pacna~a. To'IHhiH ( t\p/p-10'2) 

HMllYJibCHhiH aHaJIH3 'laCTH~ npe~ycMaTpHsaeTC.H TOJibKO B 

O~HOM llJie'le YCTaHOBKH ~JI.H H~eHTHtlJHKa~HH KaOHa. 

B Ka'leCTBe MHWeHH HCllOJib3yeTC.H HHTb ~HaMeTpOM 
20 MKM. Ilo~ yrJIOM 11° B HanpaBJieHHH Bnepe~ OT MHWeHH 

paCllOJIO:>KeHhl ~Ba TOHKHX OKHa (W1 , W 2 ) ~JI.H BbiBO~a 'laCTH~ 
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pacna.na. B nepaoM nne'le ycTaHOBKH pa3MeLQeHhl: .npeii4>o

Bble KaMephl )J.KI , )J.K2, )J.K3 ; noporoBhiH 'lepeHKOBCKHH 

C'ICT'IHK C I , H&CTpOeHHhiH Ha perHCTp&lliiiO TT -Me30HOB C 

HMnynLcoM cawme 3 F3B/c, JIHBHeawii .neTeKTop 3JICKTpoHoB 

EDic:JH.D.BH'I H3 aecKoJILKHx cnoea "caHHen + ClliiHTHJIJIJI

Top"l C pa3peWeHHeM ~p/p - ±15~ ,AJJJI 3JieKTPOHOB C HM

DYJibCOM nops.zu<a p- 5 F3B/d 1!.JieTeKTOp MIOOHOB C HCDOJib-

30BaHHeM B Ka'ICCTBeDOrJJOTHTeJIJI a,ll.pOHOB lKeJie3aMarHHTa 

YCKOPHTeJIJI, H3MepJIIOlQHB C DOMOLQbiO rO.D.OCKonaHt HMDYJibC 

MIOoua c TO'IHOCThiO- 20~ I p > 3 F3B/cl, cnauTanns

UHOHHhle C'leT'IHKH S 1, S2 ,S 3, BXO.D.JILQHe B JIOrHKY 3aDyCKa. 

llne'lo I I ocyLQecTanseT a.neHTHI!>HKauaiO K -Me3ouoa c 

HMDYJibCOM p = 3,5-5 F3B/c H COCTOHT H3 cne,nyiOLQHX 

3JieMeHTOB: ,npeii4JOBhle K~)fet}bl )J.K4 , ,l],K5 , ,li,K()i noporOBble 

'lepeHKOBCKHe C'leT'IHKH C 2, C 3 .nns Bhl,neneuas K -Me 30HOB 

c HMnynhCOM p> 3,5 F3B/c; CUHHTHJIJIJIUHOHHble ro.D.OCKonbl 

H2 ,H:l .D.JIJI rpy6oro HMnynLcuoro auanala, BKniO_;euuble s 
JIOrHKy JanycKa COBMeCTHO CO C'ieT'IHKaMH t

2
, C

3 
; CUHH

THJIJIJIUHOHHble C'leT'iHKH S 4 , S 5 , S 
6

; aHaJIH3HpyJO~HH Mar
HHT M. 

<l>HKCaUHJl BeplliHHbl pacna,na OCyLQeCTBJIJICTCJI nyTeM 

perucTpauaH TpaeKTopHii qacTHU pacna.na B .nsyx nneqax 

ycTaHOBKH ,npeii4JOBbiMH KaMepaMH ,l],K I, )1.K 2 , )1.K4 , ,l],K 5 · 

llpH llpOCTpaHCTBeHHOM paJpellleHHH ,npeii4JOBbiX KaMep 

-70 M KM, pacna,n Ha paCCTOJIHHH). 1,5 MM OT MHllleHH In pH 

yrne BbiJieTa 11° I MOlKeT 6b1Th Ha,ne:>KHO a,neHTHI!>HUHpooaH 

KaK npoacxo,nJILQHH o aaKyyMe. CHrHaJibl ,neTeKTopoo ED a 

MD .naJOT cooTBeTCTBYJO~He MeTKH nonynenTOHHbiX Mo,n 
pacna.na. 

Yrnooo8 JaxaaT ycTaHOBKH onpe.nenseTcs anepTypo8 

MarHHTa H 'iepeHKOBCKHX C'iCT'iHKOB H COCTaBJIJICT 1\{l-
- 2.1 o-3 cp /o KalK.D.OM nneqe 1. 

5. fl>OH06ble YCA06UJI 3KcnepuMeHJfa 

5.1. <l>OHOBble YCJIOBHJI B KOJibl(eBOM Jane YCKOpHTeJIJI 

6biJIH H3Y'iCHhl 3KCDepHMeHTaJibHO. 0CHOBHaJI KOMDOHeHTa 

4JoHa o6yCJIOBJieHa, DO- BH.D.HMOMy, HeiiTpOHaMH C 3Hepraeii 

< 1 M3B. qHCJIO B3aHMO.D.eHCTBHH B CUHHTHJIJIJITOpe 06'be-

10 

MOM 1 CM
3 

B6JIH3H KaMepbi YCKOpHTeJIJI - 1051/CM 2c. 

3Ta KOMnoueHTa 4>oua y6blaaeT npa6na:>KeHHo nponopuHo

uanLHo paccTOJIHHJO OT KaMepbl ycKopaTens. 

llOTOK 6biCTpbiX 3apJI:>KeHHbiX 'iaCTHU B,Il;OJib KaMepbl 

YCKOpHTeJIJI, Bbl3biBaJOLQHX cpa6aTbiBaHHe TeJieCKODa C'ieT

'iHKa 110° KOCH KaMepbi YCKOpHTeJIJII,HMeeT HHTeHCHB

HOCTh OKono 2.104 1lcp cl. 06e npase.neHHLie uarlJpbi 

OTHOCJITCJI K CJiy'iaJO, Kor,na BHTeHCHBHOCTb YCKOpJieMbiX 

llpOTOHOB 6biJia 10
12 

1/f.IUKAI. 

Y CTaHOBJieHO, 'iTO o6e KOMDOHeHTbl o6yCJIOBJieHbl B OC

HOBHOM Jl,D;epHhiM B3aMMO,IJ;eHCTBHeM npOTOHHOrO llY'IKa C 

OCTaTO'IHbiM ra30M B KaMepe YCKOpHTeJIJI, H MOryT 6biTb 

CHH:>KeHbl npa noKanbHOM yny'illleHHH saKyyMa. <l>oH, o6yc

noaneHHbiH aKTHBa~aeii KaMepbi ycKopaTens, cy~ecTaenuo 
MeHbllle 1-10

3 
-10 'IUC1/1Uf.I/CM 2 cl. 

TaKHM o6pa3oM, ~oH pacceJIHHoro H3nyqeuuH ue npe

aocxo,nuT rlJoHa OT MHllleHH 1-10 5 'IUC1/1Uf.I/CM 2 cl. 

5.2. Pacna,nHblii rboH Bbi3biBaeTCH cne,nyJOLQHMH 3rbrbeK

TaMu, .KOTOpble MOryT npHBO,IJ;HTb K HMHTaUHH pacna,IJ;OB 

HCKOMbiX HeCTa6HJibHbiX 'iaCTHU B6JIH3H MHllleHH: 

11 BJaHMO,IJ;eHCTBHe DY'iKa IIpOTOHOB C OCTaTO'iHbiM ra-

30M B KaMepe YCKOpHTeJIJI. 

21 Kouequoe yrnoaoe pa3pellleHae cucTeMbi .npe8rboobiX 

KaMep l-0,1 Mpaoj npHBO,Il;HT K TOMy, 'iTO 3aperHCTpHpo

BaHHbie HanpaBJieHHJI TpaeKTOpHH /"MHHMble" TpaeKTOpHH/ 

,IJ;BYX 'iaCTHU, H,IJ;Y~HX OT MHWeHH, MOryT nepeceKaTbCJI BHe 

MHWeHH o npe.nenax o6'beMa npocTpaHCTBeHHoro pa3peweHHH 

,IJ;eTeKTOpOB. 

3/ 3lWJeKT, no.no6Hblii /2/, o6ycnoaneHHbiH MHoroKpaT

HbiM pacceJIHHeM ,IJ;BYX 'iaCTHU, H,IJ;YLQHX OT MHWeHH. 

4/ Pacna.n H3BeCTHbiX qacTHU c opeMeHeM :>KH3HH 6onb-

me 10-12c. 

5/ CnyqaiiHble coana,neHHJI co6biTHii TBna /2-3/ c pac

na,naMH I 4/. 
Pe3ynLTaTw oueHoK 

npaae.neHbl B ma611. 1. 
nepe'iHCJieHHbiX Bblllle 3lWJeKTOB 
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Ta6Auija 1 
)J,onx tlloHOBblX Tpurrepoa ,D,nH pacna.D.HOH o6nacTH, 

COOTBeTCTBYIOI.QeH HHTepaany apeMeHH t1 T = I 1 ,5 411.1 o·l }c 

HcTO'IHHK 4JoHa 

1. OcTaTo'IHblH raJ a KaMepe 
2. llpocTpaHCTBeHHoe paJpeweHue 

,D,eTeKTOpOB 
3. MHoroKpaTHoe pacceJIHHe qacTHU 
4. Pacna.D. H3BeCTHblX HecTa6unbHblX 

'laCTHU 
5. CnyqaiiHoe coana.D.eHue co6blTHH 

Tuna 2-3 c pacna,D,aMH 4 

N/N 0 * 
-1.1o·11 

-2.10 "6 

- 3.1o·7 

<Io-8 

-6.1o·8 

TaKHM o6pa3oM, Hau6onLwuB: BKna.D. a 4JoH ,D,nJI HHTepaa
na l1,5+2l10"12 y c BHOCHT npocTpaHCTBeHHoe pa3peweHue 
,D,eTeKTopoa. 0,D,HaKo a6conroTHaJI aenH'IHHa 3Toro tlloHa Mana, 
H He OHa orpaHH'IHBa_~J nOHCK HCKOMblX pacna,D,OB. )J,nJI 
apeMeH )I{H3HH r> 2,10 c ypoaeHh pacna,D,Horo 4JoHa 6blCTpo 
na,D,aeT. 

· 6. CKopocmb Ha6opa cmamucmuKu, 
npeoeAbl Ha ce'leHUJI 

CKopocTh Ha6opa cTaTHCTHKH orpaHH'IHBaeTcJI,D,onycTu
MOH aenuquHoii Jarpy3KH KaHanoa perucTpauuu, KoTofaJI,D,nJI 
,D,peB:4Joablx KaMep MO)I{eT 6b1Th M - 106 1/c 19 .TaKaJI 
3arpy3Ka )l.llJI Bb16paHHOH reoMeTpHH ycTaHOBKH COOTBeT
CTByeT 'IHCny B3aHMO,D,eHCTBHH B MHWeHH f- 108 1/c lnoTOK 
BTOpH'IHblX qacTHU paCC'IHTaH no ,D,aHHblM pa60Tial/1 3/l. 

31}JclleKTHBHOCTb perHCTpaUHH HCKOMblX pacna,D,OB f oue
HeHa Ha OCHOBaHHH npHBe,D,eHHOrO BblWe HHBapHaHTHOro 
ceqeHHJI d2a/dx. dp 2J. HHKni03HBHOH peaKUHH pp .... C+ ••• po-
3blrpb1WeM aKTOB po)l{)l.eHHJI u pacna,D,a MeTO.D.OM MoHTe-

"'Benuquua -flfi o6o3Ha'laeT qucno Tpurrepoa perucT
pupyroi.QeB: ycTaHOBKH, o6ycnoaneHHhiX COOTBeTCTBYIOI.QeH 
npH'IHHoB:, N 0 - nonHoe qucno Tpurrepoa. 

12 

Kapno I ( 
1 

= 10"4 ,D,nJI pacna,D,a C .... Krr Hf =8.10"
5
-.D.nJI 

nonynenTOHHOH MO.D.bl pacna.D.al. CKopocTh 
2
Ha6opa cTa

THCTHKH HCKOMblX pacna,D,OB COCTaBHT BenH'IHHY N - 2 co-
6bJmUJI/CymKU npH )l.llHTellhHOCTH c6poca Ha MHWeHh 1 C, 
qucne UHKnoa ycKopeHHJI n = 10 4 1/ cymKu H a c • B = 
= 10·33 eM 2 I ac - ceqeuue po)I{,D,eHHJI C-qacTHU, B- oTHo
cuTenLHaJI BepO.H.THOCTh HCKOMOH MO)l.bl pacna,D,al. 

reoMeTpH'IeCKa.H. 31}JclleKTHBHOCTh perHCTpaUHH pacna
)l.OB pacc'IHTblBanacb .D.n.H. Maccbl 2,2 F3B u 3Hepruu npo
TOHOB 50 F3B, O,D,HaKO ee 3aBHCHMOCTh OT MaCChi He3Ha'IH" 
TenLHa, u .D.n.H. HHTepaana Mace 2-5 F3B npu npoae,D,eHHH 
OUeHO'IHblX pac'leTOB ee MO)I{HO C'IHTaTh nOCTO.H.HHOH. 

Tpurrep - o6I.Quii KaK ,D,nJI a&oHHoii,TaK H nonynenToH
uoB: MO.D. pacna,D,a.llpu a·B =10·3" cM2 HaO.D.HononeJuoeco-
6blTHe O)I{H,D,aeTC.ft. -103 4JoHOBblX 3anyCKOB,06ycnoBneHHblX 
'laCTHUaMH, H.D.YI.QHMH OT MHWeHH. Heo6XO)l.HMa.H. CTeneHh 
)l.HCKpHMHHaUHH ,D,aHHOrO 4Joua OCHOBblBaeTC.ft. Ha yKa3aH
HOM npOCTpaHCTBeHHOM pa3peweHHH ,D,peatlJOBblX KaMep H 
MO)I{eT 6b1Th o6ecne'leHa .D.n.H. qacTHU c apeMeHeM )I{H3HH 
r> 10·12 . <l>ou, o6ycnoaneHHhiH B3aHMO,D,eiicTBHeM Ha ocTa
TO'IHOM ra3e H 34J4JeKTaMH, HMHTHpyiOI.QHMH pacna,D, B aua
llH3HpyeMOH pacna.D.HOH o6nacTH I ma6A. 11, Ha HecKonhKO 
nop.H.,D,KOB HH)I{e HCKOMOrO 31}JclleKTa, ecnH aC • B -10·

33 
CM 

2
. 

TaKHM o6pa30M, npe,D,en ua ac·B onpe,D,en.H.eTc.H. peanhHO 
)l.OCTYTIHblM BpeMeHeM )l.llJI npoBe,D,eHH.ft. 3KCnepHMeHTa Ha 
yCKOpHTene. llpH 3TOM 90%-HblH ypoBeHh )l.OCTOBepHOCTH 
,D,n.H. a c· B = 10·33 eM 2 MO)I{eT 6LITh .IJ.OCTHrHyT Ja 5 cyToK 

3KCn03HUHH lr .:; 2.10·1 2 cl. 
)J,anbHeHWee ynyqmeuue 'IYBCTBHTellhHOCTH MeTO,D,a CB.ft.-

3aHO C B03MO)I{HOCTbiO yBellH'IeHH.ft. CKOpOCTH C'leTa B KaHa
nax perucTpauuu 6e3 JHa'IHTenLuoro yaenuqeuu.H. 4Joua, 
o6ycnoaneuuoro npo6neMOH MHoroTpeKoBOCTH. O,D,HaKo co
OTBeTCTBYIOI.QHe OUeHKH MOryT 6b1Th C,D,enaHbl nocne H3Y" 
'leHHJI pa60Tbl ,D,eTeKTOpOB B peanhHbiX ycnOBHJIX B6llH3H 

KaMepbl yCKOpHTen.H.. 
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