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YtJeHbiii ceKpeTapb 

AnccepTRQUOHHoro COBeTa ~I>< tvu/? M.<l>.Jlnxa'leB 

O6~aJI xapaKTepHCTHKa pa60Thl 

AKTYaJibHOCTb TeMbl. Cym;eCTBOBaHHe 'IeTBepToro, oqapOBaHHoro, nnn C-KBap

Ka, 6bino npegcKaoaHo TeopeTntJecKu, ucxogsr Im npegcTaBneHHii o cHMMeTpnn 'Incna 

KBapKOB H nenTOHOB, C QenbIO 061,srcHeHUH Ha6n10gaBmerocsr 0KCnepUMCHTanbHO noga

BnCHHH cna6bIX HeiiTpanbHbIX TOKOB', MeHHIOlll;lIX CTpaHHOCTb. 8To npegcKaoaHUe 6bino 

nogTBep)KgeHo 'B KOHI~e 1974 r. OTKpbITUeM ceMCHCTBa yeKnX BeKTOpHbIX peooHaHCOB 

J /iJ!, iJ!' lI AP-, lIHTepnpeTnpyeMbIX KaK MC30HbI, COCTOHID;ne ll3 c- H C-KBapKOB, 'ITO no-. 

nO)KUno Ha'lano UHTCHCHBHbIM 0KCnepnMeHTanbHbIM H TeopeTII'ICCKUM nc_cnegoBaHlIJIM 

O'IapoBaHHbIX qaCTHQ. HHTepec K 0THM ncc~egoBaHIIHM noggep:lKIIBanCH cnegy10m;nMn 

o6CTOJITenbCTBaMn: 

1. JI3yqeHne cneKTpocionnn agpoHoB Ba)KHO gnsr cncTeMaTnKn eneMeHTapHI,IX qa-

CTlIQ. 

2. XapaKTepUCTHKlI pacnagoB O'IapoBRHHbIX 'IRCTHQ - BpeMeHa ~ImHH, napQHanb

HbIC BCpOHTHOCTlI pacnap;OB H T.Il. - coµ;ep)KRT nii<popMaQUIO O cna6bIX B3aHMO

p;eliCTBlIHX C y'IaCTHCM C-KBapKa, a TaK)KC O npoQeccax agpoHU3aQIIH B pacnagax. 

3. XapaKTepUCTHKlI q>OTOHHOro H aµ;poHHOro po:iKgeHnH OTpa:lKaIOT MexRHlI3MbI Ii3a

nMogeii:cTBlIH agpoHOB. 0THocnTenI>Ho 6on1,masr Macca c-KBapKa ( ~ 1, 5reB/c2) 

Il03BOnsreT HageJITbCH, 'ITO µ;nsr paC'ICTOB xapaKTepHCTHK pO)KACHHH oqapOBaH

HbIX 'laCTHQ MO)KHO npnMeHHTb Teopu10 B03Mym;eHnii: KBaHTOBOH xpoMDAHHa

MHKH. 8KcnepnMeHTRnbHbIC nccnegoBaHIIH po:iKgeHIIH O'IapOBaHHbIX qacTHQ HC

o6xoµ;IIMbI gnsr npegcTaBneHnii: o B3aHMogeii:TBIIHX agpoHoB. 

IlonCK aµ;poHHoro po)KgeHHH O'IapOBaHHbIX qacTIIQ 3aTpygHeH psrgoM o6CTOHTenbCTB: 

MCHee 0,1 % Bcex B3allMOACHCTBHH cogeplKaT O'IapOBaHHble "!aCTliQbij nap~nanbHbIC Be

poHTHOCTH ygo6HbIX gnsr perncTpaQnn pacnaµ;oB oqapoBaHHbIX 'IaCTHQ cocTaBnHIOT 

(1 - 5)%, npo6eru O"IapoBaHHbIX qacTHQ go pacnaga ManbI, nx perriJTpai:J;nsr Tpe6yeT 

cneQnanbHOll TexHHKUj perncTpaQIIH acCOQHaTUBHOro p~lKp;eHIIH O'IapoBaHHbIX 'IaCTHQ 

:JaTpygHeHa H3-3a Man_oii: BepoiTHOCTn ygo6HbIX gnsr pernc-rp11Qnn pacnigoB .. 

ll;eJibIO pa6oThl HBnHeTCH C03AaHHe 0KCnepnMCHTMbHOH ycTaHOBKH, IIOHCK C ee no

MOlll;bIO oqapoBaHHbIX n°-Me30HOB B HeHTpoH-HgepHbIX B3anMogeii:CTBHHX npn 0Heprnn 

cepnyxoBCKoro ycKopnTensr MeToµ;oM aHann:Ja cneKTpoB e<p<peKTHBHbIX Mace u nccneµ;o

BaHne xapaKTepncTnK ux poJKgem_rn n pacnaga. 

Hay'IHaJI H0BHOHa pa6oThl'. BnepBbie o6HapylKeHO nyTeM IIpJIMoro Ha6mogeHIIH 

agpOHHOe polKgeHne O'IapoiiaHHbIX n°~MCOOHOB npn_ 0Hepnrnx, 6mmKHX K nop~ry po

:lKACHHH, II nccnegoBaHbI xapaKTepHCTHKlI 0TOro npoQecca. 

Hay.'iHo~npaKTH~ec~aJI OHa~HMOCTb paOOThl CO~TbUT B cneµ;y~uieM': 
. ' . . -

• HOMepeHbI cetJeHHH polKgeHHH oqapOBaHHbIX n°-MCOOHOB Ha 11µ;pax Boµ;opoga, 

yrnepoga n an10MHHIIH npn 0Heprnn, 6n:imKo:ii K noporoBo:ii µ;nsr ·poJKµ;eHIIH o:-Cm

poBaHHbIX qac-rnQ n B KnHeMaTn'IecKoii: o6nacTn p; < l(reB/c)2, XF ~ 0, 4; 
• H3MepeHbI AH<p<pepeHQIIRnbHbie CC'ICHIIH pOlKACHHH O'IapOBaHHbIX no -MCOOHOB 

npn: eHeprini:; • 6n:imKoii: K rroporo:soii: gnsr poiKgeHIIH oqapoBa.HHbIX qacTnQ; 

e li3Mep~Ha A-3aBllCiI:Mocrt. Ce'leHHH J)OlK~eHIIH 0'9:apoBaHHbIX n° ~ MCOOHOBj. 

• panpa6oTaH 
0
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• paap&ioTairn H BHeµ;peHa B axcnepHMeHT cncTeMa npeµ;Bap1nerrhHoro oT6opa co-

6hITHn no MHO:lKeCTBeHHOCTH BTOpH'IHhIX '!aCTHI:( C HCnOJihDOBaHHeM nponopr(HO

HaJihHhIX KaMep B Ka'!eCTBe OCHOBHOro arreMeHTaj 

• noxaaaHa nepcneKTHBHOCTh nccrreµ;oBaHIDI O'IapOBaHHhIX '!aCTHI:( npH cepnyxo

BCKllX aHeprWIXj nOlIY'!eHHhie proyllhTaThI MoryT CJIY:lKHTh OCHOBOH npH nrraHH

poBamm HCCJiep;oBaHllll O'IapoBaHHhIX '!aCTHI:( Ha cepnyxoBCKOM ycxopHTerre. 

Anpo6aQH.II pa60Tbl H ny6JIHKaQHH PeoyrrhTaThI npoBeµ;eHHhIX pa6oT o6cy:lKp;a

JIHCh Ha Hay= H MeTop;n'!ecxHX ceMHHapax Jla6opaTopnn Bhlcoxnx aHeprn:ii: OHJIM, 

Ha Me:lKp;yHapop;HhIX pa6o'!HX coBemaHH.HX CoTpyp;HH'leCTBa BMC-2, npoBop;HBWHXC.H 

OM.HM, npeµ;cTaBJI.HJIHCh Ha Me:lKp;yHapop;HhIX ceMHHapax, CHMnoonyMax H xompepeH

r(WIX: Me:lKp;yHapoµ;Hoe coBemaHHe no MeToµ;nxe npoBolIO'IHhIX xaMep (,Uy6Ha, 1975), IX 
Me:lKp;yHapop;HhIH CHMnoonyM no xµ;epHo:ii: arrexTpOHHKe (BapHa, Borrrapnx, 1977), CnM

noonyM ITO ·axcnepHMeHTaM H 0KCnepHMeHTaJihHhIM MeTOp;aM B q>HDHKe BhICOKHX 0HeprHH 

(BexnH, 1Iexnx, 1987), a TaK:lKe ny6rrnxoBarrHch B :lKYIJHarrax "Ilpn6op& 1i TexHHKa axc

nepnuenTa", "H~epnax rpnaHxa", "Czechoslovak Journal of Physics", "Zeitschrift fur 
Physics C - Particles and Fields" H B BHp;e npenpHHTOB H Coo6ll\eHHH OM.HM. 

OcHOBHhie proyJihTaThI µ;nccepTar(UH ony6rrHKOBaHhI B pa6oTax [1) - [10). 

06'LeM H CTPYKTypa pa60Tbl. ,UnccepTar(HOHHa.H pa6oTa COCTOH'.l]c•HD BBeµ;eHH.H, 

p;Byx rrraB H DaKJIIO'leHWI. ',{,, 

AeTop oaw:uw;aeT 

• ProyJihTaThI HDMepeHHll xapaxTepHCTHK po:lKp;eHH.H O'IapoBaHHhIX D 0 -MeDOHOB 

npH 0HeprHH, 6rrHDKOll K noporoBOll µ;JI.H po:lKp;eHWI O'IapOBaHHhIX '!aCTHI:(: norr

Hhle ll, µ;mp<pepeHI:(llaJihHhie ce'!eHH.H po:lKp;eHH.H, A-DaBHCHMOCTh ce'!eHWI po:lKp;e

HWI O'IapOBaHHhIX fl 0 -MeDOHOBj 

• Coop;aHHe xoMn,;eica arrexTpOHHo:ii: annapaTyphI µ;rrx nponopr(HOHaJihHhIX xaMep; 

• Coop;aHHe CHCTeMhI npeµ;BapHTeJihHOro OT6opa co6bITHll no MHO:lKeCTBeHHOCTH 

BTOpH'IHhIX '!aCTllr( C HCnOJihDOBaHHeM nponopr(HOHaJihHhIX, KaMep B Ka'!eCTBe 

OCHOBHOro arreMeHTaj 

• Cooµ;aHne µ;eTexTopa '!aCTHI:( oTp;a'IH. 

CO,IJ;EP)KAHHE ,IJ;HCCEPTAQHH 

Bo eeeµ;eHHH o6ocHoBaHa aKTYaJihHOCTh µ;nccepTar(HH, c<popMyrrnpoBaHa r(eJih pa-

6oThI, npHBep;eHo xpaTxoe coµ;ep:lKaHHe µ;nccepTar(HH no rrraBaM. 

B nepeoii rnaee c<popMyrrnpoBaHhI Tpe6oBaHlrn, KOTOphIM p;Oll:lKHa yp;OBJieTBOpJITh 

axcnepnMeHTaJihHaJI ycTaHOBKa µ;JI.H peweHHJI nOCTaBJieHHOll oaµ;a'ln; H npHBoµ;JiTCJI pe

DYllhTaThI pa60ThI no cooµ;aHHIO TaKOll ycTaHOBKH. Iloµ;po6Ho onncaHhI aneMeHThI cneK

TpoMeTpa, B ,CODp;aHHe KOTOphIX aBTOp BHec OCHOBHOH BKJiaµ;: aneKTpOHHaJI arrnapaTypa 

p;ll.H nponopr(HOHallbHhIX KaMep, µ;eTeKTOp '!aCTHI:( OTp;a'IH, CHCTeMa npeµ;BapHTeJihHoro 

oT6opa co6hITHn. 

8xcnepHMeHTaJihHaJI ycTaHOBKa, Har(eJieHHaJI Ha noHCK n HDy'leHHe. O'IapOBaHHhIX '!a

CTUI:( B HenTpOH-.Hp;epHhIX BDaHMoµ;e:ii:cTBWIX MeTOp;OM aHaJIHDa cneKTpOB a<p<peKTHBHhIX 

Mace, B r(eJIOM p;OlI:lKHa HMeTh BhICOKYIO a<p<peKTHBHOCTh perncTpar(HH COOTBeT,CTByIO

ll\HX Mop; pacnaµ;a n OTBe'!aTh crreµ;yromnM Tpe6oBaHH.HM: 
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• cnexTpOMeTp µ;orr:lKeH HMeTh BhICOKYIO a<J><peKTHBHOCTh perHCTpar(HH npor(eCCOB C 

MaJihIMU ce'!eHWIMH H pa6oTaTh B ny'!Ke C HHTeHCHBHOCThIO p;o 5 · 10
7 

HeHTpOHOB 

oa r(UKJI ycxopnTerrx; 
• xoopp;HHaTHhie µ;eTex-i-opbI p;Oll:lKHhI UMeTh a<J><peKTHBHOCTh perHcTpar(HH co6bI

Tllll c BhICOKOll MHO:lKeCTBeHHOCThIO B KOHe'!HOM COCTO.HHHH He xy:lKe 98% npH 

oarpyoxax, COOTBeTCTBYIOll\llX yxaaaHHOll BhIWe JIHTeHCHBHOCTH ny'!xa; 

• KOJIU'leCTBO BemecTBa B µ;eTeKTOpax µ;orr:lKHO µ;aBaTh MHHIIMaJihHhill BKJiaµ; B MHO

roxpaTHOe pacce.HHHe BTOpll'IHhIX '!aCTllr(, 'IT06hI He yxyµ;waTh paapeweHHe cneK-" 

TpoMeTpa; 
• cneKTpOMeTp µ;orr:lKeH o6rraµ;aTh BhICOKHM paapeweHHeM no a<p<peKTHBHhIM MaCCaM 

B nHTepBarre (1500 - 3000) MaB/c2
; 

• µ;rrJI yMeHbWeHHJI KOM6HHaTopHoro q>OHa :lKeJiaTeJihHO nMeTh B COCTaBe cneKTpo

MeTpa µ;eTeKTOphI p;ll.H Hp;eHTH<pHKar(llll BTOpH'IHhIX '!aCTHI:(j 

• C11cTeMa oanycxa cneKTpoMeTpa µ;on:lKHa o6ecne'IHBaTh a<p<peKTIIBHhIH oT6op co-

6hITHH c 6orrhWHM 'IHCJIOM '!aCTllr( B KOHe'IHOM COCTOJIHHU. 

BoJihWaJI '!aCTh 0THX Tpe6oBaHHll yµ;oBJieTBOpJieTCJI npH HCnOJihDOBaHHH MHOronpo

BOJIO'IHhIX nponopr(UOHaJihHhIX KaMep, KOTOphie MoryT 6hITh HCnOJihDOBaHhI KaK µ;nJI pe

rncTpar(Hll TpeKOB "laCTHI:(, TaK H µ;JI.H Bhlpa60TKH ycrrOBHll npeµ;BapHTeJihHOro OT6opa 

co6hITIIH. 

:,: 
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Pnc. 1: Pacnorro:lKeHHe aneMeHTOB crrexTpoMeTpa BMC-2 Ha KaHarre 4H 

Ha pnc.1 npnBeµ;eHa npnHI:(HIIHaJihHaJI cxeMa crrexTpoMeTpa BMC-2. 3µ;ech A- c'!eT

'IHK aHTHCoBrraµ;eHHn, Tl - 3 - MnweHn; MO - HenTpoHHhIH MOHHTop, M - crrexTpoMe

Tpn'Iecxn:ii: MarHHT CII-40, I'l ~ I'2 - Cr(HHTHJIJI.Hr(HOHHhie roµ;ocxorrhI, Cl - C2 - rroporo

Bhle raaOBhI,e :'j:epeHKOBCKlle C'leT'IHKH CHCTeMhI nµ;eHTHq>HKar(HH oapJI:lKeHHhIX '!aCTHI:(, 

C3 - C4 - '!epeHKOBCKIIn crrexTpoMeTp rronHoro nornomeHWI, IIK - nporropr(HOHaJihHhie 

KaMephI, ,[('<JO - p;eTeKTOp '!aCTHI:( OTp;a'IH. 
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8neKTpOHHaJI anrrapaTyrra grur IIK.,IJ;rur rrporrop~omim,HhlX KaMep crreKTpoMeTpa 

aBTOpOM 6blna panpa6oTaHa 0JieKTpOHHa!I annapaTypa, KOTOpa!I ct>YHKIIIIOHallbHO ge
lIIITCJI Ha TPII 'IaCTII: 

• ycIIJIIITenII-cpopMIIpoBaTellll 6Ycl>912 

e 6lIOKII perncTp~II 922r2 

• annapaTypa, rrpegHanHa'IeHHaJI grur o6pa6oTKII cnrHanoB "BhlcTpoe HJIH" 

KoHCTPYKTIIBHO ycIIJIIITellll II anrrapaTypa "BbicTpoe HJIH" pacrrono)KeHbl Herrocpeg

CTBeHHO Ha KaMepax, 6noKII perIICTp~IIII BbIIIOJIHeHbl B CTaHµ;apTe KAMAK. 

u!! 

-3B 

2D1 - 6D1 
2VD1-2VD2 - 6VD1-6VD2 
281-283 - 681-683 
2C1-2C4 - 6C1-6C4 

KaHanLI 2 - 6 

PIIc. 2: IIpIIHIIIInnanhHaJI cxeMa ycIIJIIITerur 6Ycl>912 

6-KaHanbHblii: ycIIJIIITellb 6Ycl>912 panpa6oTaH Ha ocHoBe MIIKpocxeMbl K243Arl. 

IIpIIHIIIIIlllallbHaJI cxeMa 0Toro ycIIJIIITerur rrpegcTaBneHa Ha pIIc.2. HcrronM30BaHo BKJIIO

'IeHIIe MIIKpocxeMbl K243Arl c cpopMIIpoBaHIIeM Ha Bhlxoge cIIrHanoB c ypoBHJIMII TT JI. 
Ka)K):lblll KaHan cogep)KIIT ycIIJIIITenb .Dl, proIICTIIBHO--J:IIIO)J;Hhlll orpaHII'IIITeJib BXO

):\HhlX cIIrHanoB Rl - R2, V Dl - V D2, o6ecrre'IIIBaIO~IIii: aa~IITy MIIKpocxeMbl OT rre

perpyaoK no BXO):\HOMY HanpJI)KeHIIIO II TOKY, KOHµ;eHcaTop B 11errII o6paTHOll CBJI:JII 

02, peaIICTIIBHO-eMKOCTHYIO panB.1I:JKY B 11errII aap;aHll.lI rropora cpa6aTbIBaHI1.II R3, Cl 

II eMKOCTHhle ct>IIJibTpbl B 11e=x IIIITamrn 03, 04. BelIII'IIIHa rroporoBoro HanpJI)KeHll.lI 

aaµ;aeTCJI pe3IICTIIBHbIM geJIIITeJieM R4.' R5*' o6~IIM µ;rur BCex rnecTII KaHalIOB. 

Ka)Kµ;blii: KaHan IIMeeT norII'IeCKIIii BhlXOJ:1, Harpy)KaeMblll Ha cKpy'IeHHYIO rrapy. 

IIpeµ;ycMOTpeHa BO:JMO)KHOCTb IIMeTb lIIIHellHblll BbIXOJ:1, ):\JI.II 'Iero Ha rrnaTe yc1mIITerur 

aaproepBIIpOBaHO MeCTO ):\IDI panMe~eHll.lI B Ka)K):IOM KaHane 0MIITTepHoro IIOBTOpII

TenJI, o6ecrre'IIIBaIO~ero cornacOBaHIIe JIIIHeii:Horo Bhlxoµ;a MIIKpocxeMbl c KOaKcIIanb

HhlM Ka6eneM. CIIrHanbl c norII'IeCKIIX BbIXO)J;OB o6'be):\IIH.IIIOTCJI Ha rrnaTe c IIOMO~bIO 

MIIKpocxeMbl D2, 06pany.11 CIIrHan "BbicTpoe HJIH". HcrronwoBaHIIe B Ka'IeCTBe Bhl

xogHoro 0JieMeHTa ):\JI.II 0Toro CIIrHana TpaH:JIICTopa VTl C OTKpbITbIM KOJIJieKTOpOM 
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110::JBOJIHeT rrepeµ;aBaTb CIIrHan 110 CKpy'IeHHbIM napaM II rrpmmBO)J;IITb rrocnegy10~ee 

cyMMIIpoBaHIIe MeTO):\OM "rrpoBOgHoe HJIH" µ;nH rrony'IeHlrn norII'IeCKOII cyMMbl CIIrHa

lIOB OT 6oJibllIIIX rpyrrrr IIpOBOlIO'IeK. 

HcrroJib:JOBaHIIe B Ka'!eCTBe BbIXO)J;HbIX 0lieMeHTOB cxeM C OTKpbITbIMII KOJIJieKTopaMn 

npeµ;ocTaBJIHeT, KpOMe BO::JMQ)KHOCTII IICIIOlib::JOBaHlrn B Ka'IeCTBe rrepeµ;aIO~IIX mrn11fr 

cKpy'IeHHbIX nap, rrpIIMeHeHIIH MeToµ;a "npoBogHoe HJIH" II yMeHbllieHIIH pacce1rnae

MOfr Ha rrnaTe MO~HOCTII, coKpa~aTb B HeKOTOpbIX ClIY'Ia!IX 'IIICJIO 6JIOKOB perncTpa111m. 

HarrpnMep, ecmr "rronroHbIM" C'IIITaeTCJI co6bITIIe, B KOTopoM rrpmmornno cpa6aTbIBa

HIIe TOlibKO O):\HOll rrpoBOJIO'IKII BO Bcefr IIK, 'tO MO)KeT 6bITb IICIIOJib::JOBaHO cneµ;y10~ee 

BKJIIO'IeHne ycnnnTeJiei'r: O)J;HOIIMeHHble BbIXO)J;bl C HeCKOJibKIIX IIJiaT o6'be)J;llHHIOTCH 110 

"npoBogHoMy HJIH" II rrop;KlIIO'IaIOTCH K o6~eii: cKpy'IeHHOII nape. Ilo p;pyrlIM rrapaM 

rrepeµ;aIOTCJI cnrHanbI "HJIH" OT Ka)K):IOII rrnaTbl. B 0TOM cny'Iae c11rHan c Bblxop;a "BbI
cTpoe HJIH" YKlli?bIBaeT HOMep cpa60TaBrnei'r rrnaTbl, a CIIrHall C BbIXO)J;OB yc11mrTenei'1 

" .It ~ ~ ~.,. 0 ,, 

- HOMep cpa6oTaBi.nero KaHana Ha mraTe. •• • 

KpaTKIIe xapaKTepIICTIIKII cxeM: Bxop;Hoe corrpoTIIBJieH11e yc11mrTenei'1 - 1,3 K0M; 

HOMIIHallbHblll rropor cpa6aTbIBaH1rn - 1MB; ycTOll'IIIBOCTb KaHana K HaBOp;KaM OT ne

perpy:JKII cocep;HIIX - He Hl!)Ke 200 rrp11 rropore 1MB; p;1rnaMn'IeCKIIII g11arranoH no n11-

Heii:H0My Bxoµ;y - He MeHee 60; IIOTpe61rneMaJI MO~HOCTb Ha KaHan - 60 MBT. 
EnoK perncTpaIIIIII gaHHhlX c IIK BhlIIOJIHeH B cTaHµ;apTe KAMAK, cop;eplKIIT 32 

KaHana perIIcTpaIIIIll, :JaHIIMaeT Op;Hy CTaHIIIIIO B Kpeii:Te II BbIIIOJIHHeT cneµ;y10~1Ie cpyH

KIIIIII: 

• ,.aap;ep)KKa B2(0):\HbIX cnruanoB Ha BpeMH Bbipa6o:;rKII IIMIIYJibCa nam1c11 CIICTeMOll 

oT6opa co6bITIIllj · ' 

• :JanOMIIHaHIIe BXOp;HOll IIHct>opMa111111 110 CIIrHany :"oaI11ICb''("cTpo6") II xpaHeHl!e 

ee p;o MOMeHTa C'IIITbIBaHIIJI nmr c6poca; 

e Bblp;a'Ia gaHHbIX Ha MarIICTpanb 110 KOMaHp;e "'ITeHIIe ". 

Ha pIIc.3 rrpep;cTaBJieHa rrpIIHIIllIIllallbHa!I cxeMa 6JIOKa. Bxop;Hble CIIrHaJibl IIOCTY- , 

rra10T no Ka6enIO 11n cKpy'IeHHbIX nap. PemrcTop R rnyiKuT HarpynKoii p;nH BhIXOp;Horo 

KaCKap;a C OTKpbITbIM KOJIJieKTOpOM yc11miTeJIH 6Ycl>912 II COBMeCTHO C KOHp;eHCaTo

poM C o6ecne'IIIBaeT cornacoBaHIIe cKpy'IeHHhlX nap. B Ka'IeCTBe 0JieMeHTa nap;eplKKII 

rrpIIMeHeH O)J;HOBII6paTop C IIOTeHIIIIaJibHblM BXO):\OM, BbIIIOJIHeHblll Ha 'IeTblpex 0JICMCH

TaX H-HE c oTKpbIThIM KonrieKTopoM. BpeMH Bblp;ep)KKII op;HoBn6paTopa nap;aeTCH 11e

IIO'!Koii RTCT. Ilog6opoM pe::JIICTopa RT npmmBO)l;llTCH IIH)l;IIBIIp;yanbHaH rrop;cTpoi'iKa 

BpeMeHll naµ;ep)KKII B Ka)K):IOM KaHane, aero o6~aJI perym1poBKa npmmaoµ;nTCH II::JllleHe

HIIeM BeJIII'IIIHbl HarrpH:iKeHll.lI llCTO'IHIIKa UT, K KOTOpOMY 110):\KJIIO'IeHhl TOKonap;aIO~IIC 

pe::JIICTOpbI Rr. 
8neMeHTOM IlaMHTII cny:iKIIT D-Tpnrrep. 'Iepen 50-0MHblll pan'beM, paCIIO/IOlKCHHbIIi 

Ha rrepep;Hell rraHeJIII 6noKa, rrocTyrraeT CIIrHan "cTpo6", Bblpa6bITbIBaeMblli CIICTC'll!Oii 

rrpegBapIITeJibHoro oT6opa co6bITllll, II •repen rrpeo6panoBaTeJib ypoBH~ii NI AI -TTL 
rroµ;aeTCH Ha Bxoµ; "D" Tpurrepa. 3amrcb 1rncpopMa11mr rrpmmBO/J;IITCH nap;HI!M cppoHTOM 

IIMIIYlibCa O)J;HOBII6paTopa nagep:iKKII, KOTOpblii rrop;aeTCH Ha BXO)l; C Tp1Irrepa. 3anu

CaHHa!I IIHcI>opMaIIIIH BbIBO)l;IITCH Ha MarncTpanb KAMAK no KoMaHµ;e 'ITeHIIH •wpen 

BbIXO)l;Hble BeHTIIJIII. 

,!J;nH opraHII::J~Im 'ITeHIIH µ;aHHhlX 32 KaHana 6noKa panµ;eneHbl Ha 2 rpyntihl no 

µ;ByM cy6agpecaM. CnrHan narrpoca L Bhlpa6aTbIBaeTcH npu Hann•mn HcHyncBoii IIH

cpopMa111111 XOTH 6bl B O):\HOM II::J KaHaJIOB ( "HJIH C IlaMJITII"), ):\JIH 'ICro Ha 'ICTblpex 
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Pnc. 3: CxeMa 32-KaHaJibHoro 6rroxa perncTpa~nn 922r2 

B0CbMHBxoµ;oBbIX arreMeHTax HJIH-HE co6paH rrorn-qecxnn: cyMMaTop. 

R 

L 

N 
A 
F 
C 
z 
X 
Q 

KpaTKlle xapaKTepncTllKll 6rroxa: H0MllHaJibHaJI µ;rrnTeJibH0CTb oaµ;ep)KKll - 350 He; 

µ;narraooH peryrrnpoBKll µ;rrnTeJibHOCTll oaµ;ep)KKll - ±50 HCj µ;pen:qi p;llllTeJibH0CTll oa

µ;ep)KKll - TeMrrepaTypHbIH He 6orree 0, 15%/1 °c, c llOMeHeH~eM HarrpJI)KeHllJI IlllTaHn.lI 

He 6orree 2%/B; MllHllMaJibHaJI µ;rrnTeJibH0CTb BX0p;HbIX cnrHaJI0B - "cTpo6" n "c6poc" 

- 40 HCj "rrporreoami:e" Ha Bxoµ;e 6rroxa rrpn cpa6aTbIBaHnn Bcex coceµ;Hnx KaHan:oB - He 

6orree 450 uB; rroTpe6rrJieMaJI MOI.L\HOCTb Ha KaHan: - 200 MBT. 
BpeMeHHbie CBOHCTBa rrporrop~l:OHaJibHbIX KaMep IIO0BOJI.lIIOT rrpnMeHJITb nx B cn

CTeMax oarrycxa crreKTpOMeTpOB. 8Ta B00MO)KHOCTb pean:noyeTCJI rryTeM llCIIOJib0OBa

Hll.lI cnrHan:oB "BbicTpoe HJIH". B crrexTpoMeTpe BMC-2 aTn cnrHan:bI rrocrreµ;oBa

TeJibH0 061,ep;Il:HJIIOTC.ll B Tpn cTyrreHn. 

IIepBon: cTyrreHn cooTBeTCTBJIOT cnrHaJibI "BMcTpoe HJIH", Bbipa6aTbIBaeMbie xa

)Kp;bIM ycnrrnTeJieM 6Yct>912 ("1m)1"HDH,!fYa.JibHoe HJIH"). 8Tn cnrHan:bI BbIB0p;.lITCJI c 

BCIIOMOr~TeJibHOH MarncTpan:n Ha '!eTbipe MHOI'OKOHTaKTHbIX pao'beMa, pacIIOJIO)KeH

HbIX Ha xoprryce KaMepbI. ,Uan:ee IIO xa6eJIIO co CKpy'IeHHbIMll rrapaMn OHll IIOCTJIIaIOT 

Ha rrorn-qecxy10 CllCTeMy OT6opa co6bITllH, rµ;e MoryT llCIIOJib0OBaTbC.lI B paollll'IHbIX 

KOM6nHa~llJIX, 

Ha BTopon: cTyrreHn cyMMnpoBaHlllI cnrHan:oB "BbicTpoe HJIH" Bbipa6aTbIBaIOTCJI 

cnrHan:bI, cooTBeTCTBYIOI.L\He oµ;Hon: p;BeHaµ;~aTon: -qacTn n '!eTBepTn X-rrrrocxocTn xa

MepbI. ,UeJieHne IIJIOCKOCTll Ha 12 -qacTeH CB.lI0aHO c TeM, 'ITO B p;an:bHeHilleM llCIIOJib0J

IOTC.lI Ma)KopnTapHbie cxeMbI COBIIaµ;eHnn:, llMeIOI.L\lle 12 BXOp;OB. 8TOT CJMMaTop CMOH

TnpoBaH Ha MHOrOKOHTaKTHOM pao'beMe, KOTOpbIH corrp.llraeTCJI C pao'beMOM p;ll.ll cnrHa

lI0B "nH)1"HBH,!1"Ya.JibHoe HJIH" .. B crry-qae ncrroJib0OBaHlllI B cncTeMe oT6opa co6bITllH 

cnrHaJI0B "BMcTpoe HJIH" aToro ypoBHJI cxeMa ycTaHaBmrnaeTCJI Ha KaMepe BMecTo 

yrroMnHaBwerocJI B rrpep;bip;yl.L\eM a6o~e xa6errJI. BbIXop;Hbie cnrHan:bI B ypoBHJIX NIM 
BbIBOp;.lITC.lI Ha µ;orroJIHHTeJibHbIH pao'beM; pacIIOJIO)KeHHbIH Ha xoprryce KaMepbI, OTxyp;a 

IIO BbICOKO'iaCTOTHOMY xa6eJIIO IIOCTJIIaIOT Ha CllCTeMy OT6opa co6bITllH. CnrHarr, co-
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OTBeTCTBJIOI.L\llH -qeTBepTll IIJIOCKOCTll KaMepbI BhIBOp;llTC.lI Ha OTp;eJibHhIH pao'beM THIIa 

CP50 n M0)KeT 6hITb mi:60 ncrroJib00BaH B cnc;eMe oT6opa co6hITHH, rrn6o rroµ;aeTCJI 

Ha TpeTbIO cTyrreHb qiopMnpoBamrn cnrHan:oB,'"BMcTpoe HJIH". Ka~µ;aJI cyMMaTop 

µ;orrycxaeT cJio)KeHne µ;o 24 cnrHan:o_B "HH)1"HDHJfYa.JibHoe HJIH". 
Ha TpeTbeH cTyrreHll cyMMllpOBaHllJI Bhlpa6aTbIBaIOTC.lI cnrHaJibI, COOTBeTCTBJI0-

1.L\IIe IIOJIYIIlIOCKOCT.lIM KaMephI II Been: IIJIOCKOCTII. Bxop;Hhle ll BhIXOp;Hhle cnrHaJihI llMeIOT 

ypoBHn lie'l.;,THaJI rrrraTa c aTon: cxeMon: paoMel.L\ae'l'cJI H~ BCIIOMoraTeJibHOII MarncTpan:n 

KaMepbI. 
OrrIIcaHHaJI cTpyxTypa cnrHan:oB ,;BiicTpoe HJIH" rrpIIMeHJieTCJI xax µ;rrJI X- Tax n 

p;ll.ll Y-rrrrocxocTeH xaMep. OTJIII'llle p;ll.ll Y-rr;ocxocTeH cocTOIIT B TOM, 'ITO B cn:iron c 

llX MeHbWIIMll paoMepaMll OHII paop;eJieHhI He Ha 12 a. Ha 8 '!aC;eH. 

CIIcTeMa rrpeµ;BapIITeJibH0ro oT6opa co6hITHH. Kp~M~ o6ecrre-qeHlllI nH<popMa~IIII o 

xoopp;IIHaTax TpexoB -qacTn~ B perncTpnpyeMbIX co6bITHJIX, rrporrop~nOHaJibHbie xa

Mephl llCIIOllb0JIOTC.lI TaK)Ke B CllCTeMe OT6opa co6hITllH. Tax KaK OIIllChIBaeMaJI Cll~TeMa 

oT6opa co6hITHH ncrrorrboyeTcJI B panJIII'IHhIX axcrrepnMeHTax, To rrpIIMeHeHIIe IIK µ;irn 

aTnx ~erren: µ;oJI)KH~ HocnTb- yHnBepcairbHhIH xapaKTep. BhIIIOJIHeHne 0-roro Tpe6o:sa

HIIJI µ;ocTIIraeTCJI ncrro.rrbooBaiu,:eM rrorn-qecKIIX cIIrHan:oB "BbicTpoe HJIH;', K0TOphle 

BhIBOp;.lITC.lI c Ka)Kµ;on: rrrraThI ycnrrnTeJIJI 6Yct>912. Ka)Kµ;oMy TaxoMy cnrHan:y cooTBeT

CTBJIOT IIOJIOCKll KaMephI wnpIIHOH 12 MM, .lIBll.lIIOI.L\lleCJI aHan:oraMn BepTllKaJibHbIX n 

ropIIOOHTallb~: rop;OCKOIIOB. 8TH CIIrHaJihI MOrJT p;an:ee 6hITb crpyrrrrllpOBaHhI p;ll.ll 

Toro, 'IT06hl rro~y-:inTl_roµ;ocxorrII'!ecKIIe JI'len:xn Tpe6yeMOH B axcrrepnMeHTe ·wIIpHHhI. 

( I1K3X )( I1K5X )~( I1K9X )(rrK1ox)(rrK12x)(rrKl3X)QQ 
· 9 12 

"3AilYCK" 

Pnc. 4: Brrox-cxeMa cncTeMhI rrpeµ;BapnTeJibHoro oT6opa co6hITIIH 

C rroMOI.L\bID cncTeMhI rrpeµ;BapnTeJibHoro oT6opa co6hITHH orrpeµ;errJirrocb 'IUCJI0 cpa-

6aThIBaHIIH roµ;ocKOIIH'ieCKllX eJieMeHTOB B X-IIJIOCKOCTJIX rrporrop~nOHaJibHbIX KaMep II 

C~llHTlllllI.lI~llOHHbIX roµ;ocKOIIOB. B _crry-qae cpa6aThIBaHllJI oap;aHH0ro 'IIIcria 9JieMeH

T0B CllCTeMOH_ rrpeµ;BapIITeJibHoro OT6opa reHepnpoBaJIC.lI cnrHa.JI "cTpo6", IIO KOTO

poMy rrponoBoµ;nrracb 0aIIIICb µ;_aHHbIX C µ;eTeKTOpOB B perncTpllpJIOI.L\YIO_ arrrrapaTypy' 

oarrycxan:ncb TpeKOBhle rrp_o~eccophl ll llHll~aJIUOIIpOBaJI_acb rrporpaMMa C'illThIBaHIUI 

IIHqJOpM~llll B 9,B:M• . . 
Ha pnc.4 npeµ;cTaBJieHa 6rrox-cxeMa cncTeMp1 rrpep;BapnTerrbHoro oT6opa co6hITHH. 

3p;eCb,JClIOB:l~O_He IIOKaDaHbI qJOJ)MllpOBaTelIII ll paoBeTBIITeJIII CIIrHaJIOB, a TaK)Ke 6JIOKII 
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oaµ;ep:m:KII. OcHOBHblMII µ;eTeKTOpaMII .IIBlllIIOTCJI nporropIIIIOHaJibHble KaMepbI, CIIIIHTIIJI

lllI~OHHble roµ;oCKOill,I BKJIIO'IaJIIICb, B OCHOBHOM, p;lllI YJIY'IWeHll.11 "BpeMeHHOM npII

BJmKII" llMIIYJibCa oarrycxa K MOMeHTY Bt3aliMOµ;eiicTBli.ll. 

CnrHaJibI "llJIM" c IIK rrop;aIOTC.II Ha 12-TII Bxoµ;oBble Ma:m:opIITapHbie cxeMbI co

BIIap;eHlili, IIMeIOIIITe 4 BbIXOp;a, COOTBeTCTBYIOIIIIIe KpaTHOCT.IIM BXOp;HbIX CIIrHaJIOB OT 

"op;IIH II 6oJibWe" µ;o "'IeTbipe II 6oJibWe", IIpli'IeM IIMilYJibCbI IlO.IIBlllIIOTCJI oµ;HoBpe

MeHHO Ha BCex BbIXOp;ax, COOTBeTCTBYIOIIIIIX II MeHbWIIM KpaTHOCT.IIM. 8To IlOt3BOJIJieT, 

xacxaµ;IIpy.11 p;aHHble cxeMbI, peaJIIIDOBaTb Ma:m:opIITapHbie coBrraµ;eHIIJI p;lllI 6oJibWero 

'IIICJia BXOp;HbIX cIIrHaJIOB. Taxoe CBOMCTBO 0TIIX cxeM 6bIJIO IICilOJibt30BaHO µ;JI.II BKJIIO'Ie

Hli.11 Ka.Mep IIK12X II IIK13X, KOTOpbie B cIIcTeMe npeµ;BapIITeJibHoro oT6opa co6bITIIii 

paccMaTpIIBaIOTCJI xax oµ;Ha IIJIOCKOCTb. CIIrHaJibI c nJiocxocTII IIK12X, cooTBeTCTBYIO

IIIIIe o6JiaCTII nepeKpbITli.11 ee c IlJIOCKOCTbIO IIK13X, He BKJIIO'IaJIIICb B Ma:m:opIITapHyIO 

cxeMy. 

CIIIIHTIIJilllI~OHHbIM roµ;ocKOII I'l BKJIIO'IaJIC.II B CIICTeMy npeµ;BapIITeJibHOro OT6opa 

c rroMOIIIbIO 16-TII Bxoµ;oBoii Ma:m:opIITapHoii cxeMbI coBrraµ;eHIIii MCC-158, a CIIIIHTIIJI

lllIIIIIOHHblii roµ;ocxon I'2 c IlOMOIIIbIO 6bICTpoµ;eiicTBYIOIIIero napaJIJieJibHOro C'IeT'IIIKa 

(BIIC-31). 

YcJIOBIIeM Bbip;eJieHll.11 Bt3aliMoµ;eiicTBli.ll HeiiTpOHOB 6bIJIO OTCYTCTBIIe CIIrHaJia OT 

c'!eT'IIIKa aHTIICOBrraµ;eHIIii A. CIIrHaJI oarrycxa reHepIIpoBaJICJI npII ycJIOBIIII cpa6a

TbIBaHli.ll oaµ;aHHOro 'IIICJia roµ;ocKOilII'IeCKIIX aJieMeHTOB nponopIIIIOHaJibHbIX Ka.Mep II 

C'IeT'IIIKOB B CIIIIHTIIJIJI.II~OHHbIX roµ;ocxonax. 3aµ;aBaJIIICb o6bl'IHO HII)KH~e rpaHIIIIbI 

Ha 'IIICJIO cpa6oTaBWIIX 0JieMeHTOB. llMIIYJibCbI, COOTBeTCTBYIOIIIIIe Tpe6yeMbIM KpaT

HOCT.IIM Ma:m:opIITapHbIX cxeM, rroµ;aBaJIIICb Ha BXOp;bI cxeM COBnaµ;eHIIM. MorJio 6bITb 

TaK:m:e oap;aHO orpaHII'IeHIIe Ha 'IIICJIO cpa6oTaBWIIX 0JieMeHTOB CBepxy, Korµ;a 0TO Tpe

' 6oBil.!10Cb ycJICJBII.IIMII, axcrrepIIM~~Ta. B ,a,TOM CJIY,'Ia~ JI?r,II'Il:CKaJI cyMMa CIIrHaJIOB Ma:m:o

pIITapHbIX cxeM, COOTBeTCTBYIOIIIIIX BepXHIIM rpaHIIIIaM KpaTHOCTeii, noµ;aBaJiaCb Ha 

BXOp; oarrpeTa cxeM COBIIaµ;eHIIM. BbIXOp;Hble CIIrHaJibI cxeM COBnaµ;eHIIM nop;aBaJIIICb Ha 

JIOrII'IeCKIIM cyMMaTop n Ha perIIcTp npIIt3HaKa co6bITli.ll ( Ha pIICYHKe He IIOKaDaH). 

BbIXOp;Hoii CIIrHaJI cyMMaTopa .IIBlllIJICJI IIMilYJibCOM oarrycKa crreKTpOMeTpa - IIt3 Hero 

q>opMIIpOBaJICJI CIIrHaJI BOpOT p;lllI perIICTPIIPYIOIIIeii 0JieKTpOHHOM arrnapaTypbI II CII

rHaJI npepbIBaHli.11 8BM p;lllI oarrycKa nporpaMMbI C'IIITbIBaHIIJI IImpopMaIIIIII. 

Ta6JIIIIIa 1: KpaTHOCTII COBnaµ;eHIIM Ma:m:opIITapHbIX cxeM 

n .> l n .> :l n .> l n .> :l n .> l n .> ii n 
IIK5X n'.51 n'.52 n :5 1 n'.52 n '.> 1 n'.>3 n '.> 2 
I'l n=l - n=l - n '.> 1 n:53 n '.> 3 
IIK9X n>l n>2 n>l n>2 n '.> 1 n'.>3 n '.> 2 
IIKlOX n :5 1 n'.52 n'.52 n'.>3 n'.52 n '.> 3 n'.54 
IIK12X+13X n'.> 1 n'.52 n:52 n'.>3 n'.52 n:53 n :5 4 
I'2 n :5 1 n'.52 n :5 2 n'.>3 n'.52 n '.> 3 n '.> 4 

B Ta6JIIIIIe 1 npIIBep;eHbI npIIMepbI KpaTHOCTeii Ma:m:op11TapHbIX cxeM µ;JI.II HeKOTOpbIX 

TIInOB oarrycKa cneKTpoMeTpa. 3µ;ecb B KOJIOHKax C II AC npIIBeµ;eHbI HII:m:HIIe II BepxHIIe 

rpaHIIIIbI 'IIICJia cpa6oTaBWIIX aJieMeHTOB. 

IIepBbiii TIIn oarrycKa (T Rl ), noKaoaHHblii B aToii Ta6JIIIIIe, Bblp;eJIJIJI co6bITIIJI, B 

KOTOpbIX perncTpIIpOBaJIC.II TOJibKO oµ;IIH TpeK OT '!aCTIIIIbI, npoweµ;weii 'Iepeo Beeb 

cnexTpoMeTp. 8To MOrJIII 6bITb, HarrpIIMep, co6bITlIJI, COOTBeTCTBYIOIIIIIe peaKIIIIII ne

proap.lip;KII HeiiTpoHa, KOTOpble lICilOJibt30BaJIIICb p;lllI BOCCTaHOBJieHII.II 0HepreTII'IeCKoro 
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crreKTpa ny'!Ka HeiiTpOHOB, IIJIII co6bITII.II c np.lIMbIMII TpeKaMII ( nplI BbIKJIIO'IeHHOM 

MarHUTe), C IlOMOIIIbIO KOTOpbIX onpeµ;eJIJIJIOCb Bt3alIMHOe pacno110:m:em1e Ka.Mep Ha Ka

HaJie. ,!lJIJI 0Toro TIIna Tpe60BaJIOCb cpa6aTbIBaHIIe TO/lbKO oµ;Horo rop;OCKOIIII'IeCKOro 

aJieMeHTa BO Bcex µ;eTeKTopax. 

C noMOIIIbIO BToporo TIIIIa oanycKa (T R2) Bblp;e11.1IJIIICb co6bITlIJI, cooTBeTCTBYIOIIIIIe 

KOHBepcIIII raMMa-KBaHTOB B aneKTpOH-nomITpOHHYIO napy. TaKIIe co6bITII.II llCIIO/lbt30-

BaJIIICb µ;JI.II BOCCTaHOBJieHII.II aHepreTn'IeCKoro cneKTpa raMMa-KBaHTOB, nplIMeCb KOTO

pbIX IIMenacb B HeiiTpaJibHOM 'ny'!Ke KaHaJia 4H. TaK KaK npll 0Hepnrnx B HeCKO/lbKO 

raB BelllI'IIIHa yrJia paoJieTa KOHBepcllOHHOM•napbI MaJia II pacCTO.IIHIIe Me:lKµ;y TpeKa:!.m 

napbI cymecTBeHHO MeHbWe WllpIIHbI roµ;ocKOIIII'IeCKOM JI'IeiiKn, TO B KaMepax, pacnono

:m:eHHbIX µ;o MarHIITa, TaKoe co6bITlle perIICTp1IpyeTC.II KaK oµ;HoTpeKOBOe. IIocJie npoxo

:m:µ;eHIIJl o6nacTII MarHIITHoro II0/1.II TpeKII OT aneKTpoHa II nomITpOHa paoµ;eJIJIIOTC.II. B 

COOTBeTCTBIIll C 0TIIM II BbI6IIpaJIIICb orpaHII'IeHIIJI CBepxy Ha KO/llI'IeCTBa cpa6oTaBWIIX 

roµ;oCKOIIII'IeCKIIX aJieMeHTOB. 

TpeTIIM TIIII oanycKa (T R3) Bbrp;eJIJIJI npoIIecc p;IIq>paKIIIIOHHOII µ;uccOIIIIalIUII HeJI

TpoHa B ClICTeMy p7r- Ha npoTOHe, IICIIOJibt30BaBWUMC.II KaK eme oµ;uH l!CTO'IHIIK IIHq>op

MaIIIIII 06 aHepreTII'IeCKOM cneKTpe IIY'!Ka HeiiTpOHOB. B µ;aHHOM cJiy'Iae Tpe6oBaJIOCb 

cpa6aTbIBaHIIe oµ;Horo II/III p;Byx roµ;ocKOnll'IeCKIIX aJieMeHTOB B nJIOCKOCT.IIX µ;eTeKTO

poB, pacnono:m:eHHbIX nepeµ; MarHIITOM, II poBHO p;Byx aneMeHTOB B OCTa.."IbHblX IIJIOCKO

CT.IIX. 

OcHOBHbIM TIIIIOM oanycKa JIBJI.IIJIC.II '!eTBepTbIJI (T R4 ), Bblp;eJIJIBWJIII co6bITlrn c '!e-

TbipbMJI II 6oJiee TpeKaMll oapJI:m:eHHbIX '!aCTIIII- 3µ;ecb Tpe60BaJIOCb cpa6aTbIBaHIIe He 

MeHee '!eTbipex JI'!eeK B µ;eTeKTopax nocJie MarmITa II He MeHee µ;Byx 11m1 Tpex JI'!eeK 

B µ;eTeKTopax nepeµ; MarHIITOM. Ilocneµ;Hee o6CTOJITeJibCTBO CBJit3aHO c TeM, 'ITO pac

nap;Hble '!aCTIIIIbI JieT.IIT B yoKOM KOHyce, II rronepe'IHOe paCCTOHHIIe MC:lKAY nx TpeKaUII 

MeHbWe, 'ICM WIIpIIHa JI'IeCK. OrpaHII'IeHIIe CHUDY Ha 'IIICJIO cpa6oTaBWIIX JI'IeCK B µ;e

TCKTOpax nepeµ; MarHIITOM nop;61IpaJIOCb 0KCIICp1IMCHTaJibHO 'no MaKCUMaJibHOMY 'IIICJIY 

perIICTpIIpyeMbIX co6bITIIM, B KOTOpbIX nplI noc11eµ;y10wei'1 o6pa6oTKe BOCCTaHaBm!Ba

JIOCb He MCHe'e 'ICTbipex TpCKOB. OrpaHII'IeHUC CBepxy Ha 'IIICJIO cpa6aTbIBaHUii B 0TOU 

TIIIIe oarrycKa He nplIMeH.IIJIOCb. 

B t3aBIICIIMOCTII OT Tpe6oBaHIIM 0KCnepuMeHTa B ClICTeMy npeµ;BapuTeJibHOro OT-

6opa co6bITlIM MOrJIII BKJIIO'IaTbC.!I curHaJibI II OT µ;pyrnx µ;eTCKTOpoB. HanpnMep, npu 

IIt3MepeHIIII aHepreTII'IeCKoro cneKTpa raMMa-KBaHTOB B coBnaµ;emrn BKJIIO'IaJIC.II CllrHaJI 

c 'ICIIII, npII IICCJieµ;oBaHIIII npoIIeccoB µ;nqipaKIIIIOHHOII II KorepeHTHoii µ;uccoIIIIaIIIIII 

HeiiTpoHa BKJIIO'IaJIIICb paomI'IHbIC KOM6IIHaIIIIII CIIrHaJIOB c ,a110 u T.µ;. 

BIIµ;Ho, 'ITO IICnOJibt30BaHHOe IIOCTpoeHIIe CIICTCMbI npeµ;BapuTCJibHOro OT6opa, 06-

naµ;aeT µ;ocTaTO'IHOM yHIIBepcaJibHOCTbIO. llcnoJib30BaHIIC pa3llll'IHbIX KOM6IIHaIIIIII 

MHO)KCCTBeHHOCTII cpa6aTbIBaHII.II roµ;ocKOIIII'ICCKlIX aneMC'HTOB II03BOJI.!leT OT6upaTb 

co6bITII.!I np~KTli'JeCKII JII06oii TOIIOJIOrIIII II npII HeKOTOpOM ycJIO)KHCHIIII Bblp;l'JI.!ITb, Ha

IIplIMep, co6bITII.II c pacnaµ;aMII HCHTpallbHbIX '!aCTIIII no pa3HOCTII 'IIICJia cpa6oTaBWIIX 

arreMeHTOB _ B BbI6paHHbIX ~JIOCKOCTHX. IIp11MeHem1e BMCCTO norwicckoro cy:1.iMaTopa 

ynpaBJIHCMOro OT 8BM_ JIOrlI'IeCKoro 6JioKa II03BO/IIIJIO 6bl aBTOMaTIImlpoBaTb BbI6op 

TIInOB 3anycKa II IIX 'Iepeµ;0Ba1;rne B npoIIecce pa60TbI: OCHOBHOll, Kam16pOBO'IHhIIi, KOH

TpOJibHbIM II T.n. 

,!leTeKTOp '!aCTIIII OTp;a'III COCTOIIT 1i3 p;Byx CIIIIHTIIJIJI.IIIIIIOHHbIX roµ;ocKOIIOB, BHl'W

Hero II BHyTpeHHero, 06pa:Jy10wux IIIIJIIIHp;pn'ICCKllC IIOBCpXHOCTII II pacnoJIO)Kl'HHbIX 

coocHo Bµ;onb ny'!Ka HeiiTpoHOB. C'IeT'IIIKU BHCWHero roµ;ocKona IIMCIOT He6oJiblllOC' 
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nepeKpbITIIe, 'ITO o6ecne'IUBaeT ero a<t><t>eKTIIBHOCTb npn ncnOllbl30BaHUil 0TOro rOAO

CKona B aHTIICOBnaAeHU.IIX. C'!eT'IIIKil BHyTpeHHero rOAOCKona nepeKpbITil.lI He UMeIOT. 

8To no:JBOll.!IeT ncnOllbt30BaTb ero All.II onpeAellemrn MHOlKeCTBeHHOCTil BTOpII'IHblX '!a

CTIIIl;. MelKAY rOAOCKOnaMII, COOCHO UM, pat3Mell\eH <I>nllbTp, CllylKall\IIH All.II TOpMOlKe

HII.II 'laCTIIU: OTAa'III. cf>nllbTp COCTOIIT Il::3 Ha6opa Il;IlllIIHAPII'leCKIIX CTaJibHblX o6e'!aeK 

TOllll\IIHoii no 4 MM KalKAM- Kolln'leCTBO o6e'!aeK orpaHII'IlIBaeT cHn:Jy aHeprn10 '!a

CTIIU: OTAa'In, perncTpnpyeMblX BHeWHIIM rOAOCKOnOM. MaKCIIMaJibHM TOllll\IIHa <I>nllb

Tpa COCTaBll.!IeT 40 MM, 'ITO COOTBeTCTByeT norllOU\eHIIIO npoTOHOB c IIMilYllbCaMII. 

:S 600 MaB/c. BAOllb ocn AeTeKTopa MolKeT 6blTb pat3Mell\eHa lKIIAKOBOAOPOAHM nlln 

"lKIIBM" nollIICTIIpOllOBM MUWeHb. Ha pnc. 5 cxeMaTn'leCKil noKa::JaHa KOHCTPYKU:II.II 

AeTeKTOpa 'laCTIIU: OTAa'In c nOllIICTIIpOllOBOH MUWeHbIO. 3AeCb 1 - BHeWHIIH rOAOCKon, 

2 - CTaJibHOH <l>IIllbTp, 3 - BHyTpeHHIIH rOAOCKon, 4 - "JKIIBM" nOllIICTIIpOllOBM MIIWeHb. 

B cocTaB ,If'IO BXOAIIT TaKJKe c'!eT'IIIK aHTIICOBnaAeHnii, npeµHa::JHa'leHHblH All.II Bbl

AelleHII.II npon:ecCOB TOllbKO C HeiiTpaJibHblMil 'laCTIIU:aMII B KOHe'IHOM COCTO.IIHIIII. OH 

ycTaHaBllIIBaJIC.II noclle MIIWeHII ,If'IO II COCTO.!Ill Il::3 ABYX CU:IIHTilllll.!IqIIOHHblX nllaCTIIH, 

CKlleeHHblX onTII'leCKIIM KlleeM II CKpenlleHHblX no nepnMeTpy MeTaJillII'leCKOH paMKOH. 

Tom~nHa Cil;IlHTIIJIJI.IITOpa 6bllla paBHa 15 MM, ero cyMMapHM nllOU\aAb - 520 x 520 

MM2
• CnrHarrbl CHIIMaJIIICb C 'leTblpex <t>oTOYMHOlKUTelleii, pacnOllOlKeHHblX no yrllaM 

C'leT'IUKa, II BKllIO'laJIIICb B cxeMy llOrII'leCKOro cyMMIIpOBaHU.II. 

~ 
~ 

Puc. 5: KoHcTpyKU:Il.lI AeTeKTopa 'laCTIIU: OTAa'In. 

To'IHOCTb Ilt3MepeHII.II yrlla BbllleTa '!aCTilqbl OTAa'IH orpaHU'leHa MHOrOKpaTHblM 

pacce.lIHUeM B Bell\eCTBe MUWeHn, C'leT'IHKOB rOAOCKOnOB H CTaJibHOro <I>nllbTpa. Ha

npnMep, npoTOHbl, HMeIOU\Ue MIIHIIMaJibHblH HMnyllbC, AOCTaTO'IHblH All.II npoXOlKAeHII.II 

'Iepro ¢nllbTp ::JaAaHHOH TOllll\IIHbl, HCnblTblBaIOT pacce.lIHUe B <t>nllbTpe Ha yroll ~ 4°. 

B COOTBeTCTBHH C 0TIIM KOllH'leCTBO C'leT'IHKOB B KalKAOM rOAOCKone Bb16paHo paBHblM 

18, npn'IeM rOAOCKonbl noBepHyTbl APYr OTHOCIITellbHO Apyra· BOKpyr nx 06U1eii ocn 

Ha yroll 10°. ThKnM o6pa::JoM, All.II '!aCTIIU:bl, ::JaperncTpnpoBaHHoii B o6onx roAOCKo

nax, o6ecne'IUBaeTC.II TO'IHOCTb lIDMepeHH.II a::JIIMYTaJibHOrO yrlla BbllleTa He xylKe ±5° • 

.il:llmia C'leT'IIIKOB no ny'IKY Bb16paHa B COOTBeTCTBHil c AIIaila::JOHOM perncTpnpyeMblX 

nonepe'IHblX IIMnyllbCOB. Pa::JMepbl C'leT'IIIKOB COCTaBll.lIIOT 40 X 10 X 320MM3 All.II BHy-

TpeHHero n 80 x 20 x 400MM3 All.II BHewHero rOAOCKOnOB. . 
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B KOHn;e nepBOH rllaBbl npnB~eHbl xapaKTepnCTIIKH pOlKAeHII.II rnnepoHOB B nC
Bt3a- HMOAeiicTBirnx, nolly'leHHble c noMOU\bIO cneKTpoMeTpa BHC-2: nx Maccbl, wn

pnHbl, ce'!eHU.II pOlKAeHII.II H_ KHHeMaTII'leCKUe xapaKTepncTUKH. 8TII AaHHble npeACTaB

lleHbl B Ta6llnn;ax 2 n 3. 

Ta6llIIU:a 2: XapaKTepncTUKII n 'IIICJIO Ha6llIOAeHHblX rnnepoHOB n aHTHrIInepOHOB 

.. .L.J...LV' VV ...L. v, VU .L.L.LV,v ...L. v, 

E+?385~ 1382,3 ± 0,4 1386, 1 ± 1,5 ·35,0±1,0 42 1800 ±200 
E- 1385 1387,4 ± 0,6 1386,8 ±0,9 40,0 ± 2,0 47 5200 ±500 
3- 1321, 32 ± o, 13 1321,0 ± 0,3 0 6,4±0,4 390 ± 30 
3°(1530) 1531,8 ± 0,3 1528,6 ± 3,3 9, 1 ± 0,5 18,0 ± 8,0 35± 10 
n- 1672, 45 ± 0, 32 1669, 7 ± 2,2 0 9,2 ± 5,0 40±10 
7(l 1115, 60 ± o, 05 1115,8 ± 0,2 0 4,0±0,6 420 ±30 
E+(1385) 1382 3 ± 0,4 1381 8 ± 6 6 35 0± 1 0 42 75±25 

I K 0 I 497,67±0,13 I 498,0±0,2 I 0 I 7,0±0,5 
Ta6llIIU:a 3: HHKllIOt3IlBHble ce'!eHII.II n KHHeMaTn'leCKHe xapaKTepncTUKil pOlKAeHU.II rn-

( . 
nepoHOB II aHTHrnnepOHOB 

UHKJIIOOUBHOe Ce'leHne MK6H 
'lacTm:1a U,:.!: < X < 1 u<x<1 n B, 

UnG Una!A2f3 O"nG O"nG /A2f3. (foB/d 
K 4200 ± 900 800 ± 200 5900 ± 2J00 1100 ±45U 0,9 ± 0,3 3,42 ± 0,04 
E+(1385) 190 ±45 36±10 340 ± 140 65±27 2,9 ± 0,5 2,9 ± 0,1 
~=(1385) 290 ± 70 56 ± 15 420 ± 170 80± 32 1,1 ± 0,4 2,65 ± 0,10 

29±6 5,5 ± 1,4 52±21 10±4· 1,9 ± 0,4 2,7±0,3 
::::

0(1530) 9±4 1,8±0,8 17±9 3±2 
n- 6±3 1,1±0,5 19 ± 9 4±2 
7(l 52± 11 10±3 170 ± 60 33± 12 5,4±0, 7 3,0 ± 0,3 
°E+(1385) 14±6 2,7±1,2 48 ±25 9±5 
s- 4±2 08±04 14±8 3±2 

BnAHO, 'ITO Ilt3MepeHHble c noMOU\bIO cneKTpoMeTpa BHC-2 Maccbl 'laCTUU: c TO'l

HOCTbIO He xylKe 0,5% COBnaAaIOT c IIX Ta6llII'IHblMII t3Ha'leHII.IIMH, a BellII'IIIHbl ce'!eHnii 

II t3Ha'leHII.II KIIHeMaTII'leCKHX napaMeTpOB HaxOA.IITC.II B JAOBlleTBOpHTellbHOM corllacnn 

c AaHHblMII, nolly'leHHblMII B pp-Bt3anMOAeiicTBII.IIX. TaKnM o6pa::JoM, II::3 npnB~eHHblX 

AaHHblX CJieAyeT, 'ITO ncnollb::JyeMM B aKcnepnMeHTe BHC-2 annapaTypa II MeTOAIIKa 

perncTpan:=, peKOHCTPYKU:IIII II aHaJIIlt3a AaHHblX o6ecne'IIIBaeT AOCTaTO'IHYIO AOCTO

BepHOCTb norry'leHHX <l>=Il'leCKIIX proyllbTaTOB II COOTBeTCTByeT noCTaBlleHHblM ::JaAa

'IaM - IlCCll~OBaHHIO CBOHCTB II xapaKTepnCTIIK pOlKAeHII.II rnnepOHOB, aHTIIrnnepOHOB, 

O'IapoBaHHblX 'laCTIIU: II noncey Y::JKIIX 6apIIOHHblX pet30HaHCOB B ny'IKe HeHTpOHOB cep

nyxoBCKoro ycKopnTell.lI MeTOAOM aHarrn::Ja cneKTpoB a¢¢eKTIIBHblX Mace. 

Bo BTOpoii rJiaBe onIICblBaIOTC.II proyllbTaTbl aKcnepnMeHTa no IICCJieAOBaHHIO xa

paKTepIICTIIK polKAemrn o'IapoBaHHblX D0 -Me::JOHOB BO B::JanMOAeiicTBII.IIX HeiiTpoHoB c 

HAPaMII BOAOPOAa, yrllepoAa II arrIOMHHII.II npII aHeprIIn HeiiTpoHoB 37,5 - 70 raB. 

B nepBOM pat3AeJie aTo:ii rllaBbl onncblBaIOTC.II ycrroBII.II aKcnepIIMeHTa - aHepre'I'Il'le

cKIIH cneKTp He:rrTpOHHoro IlY'J:Ka II ycrroBII.II oT6opa co6blTIIH. 

8HepreTU'leCKIIH cneKTp HeHTpOHOB Ilt3Mep.!IllC.II TpeM.!I pat3llII'IHblMH MeTOAaMH: 

• c noMOU\bIO perncTpan;IIII peaKU:IIII neproap.!IAKII He:rrTpoHa B npoToH, xapaKTe

pIICTIIKII KOTopo:ii npn cepnyxoBCKHX 0HeprT.IIX Ilt3BeCTHblj 
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• c noMolll;hIO perrrcTpan;mr peaKn;rrrr µ;mppaKn;rroHHOH µ;rrccon;rran;mr HeirTpoHa B crr

cTeMy p7r-' xapaKTeprrcTHKll KOTopoir TaK)Ke U:3BeCTHhlj 

• C nOMOlll;hIO aµ;poHHoro KanoprrMeTpa. 

1,2 

~ 1,0 

... 
" g 0,8 

" ... 
0 
• 0,6 
.: 

f;J 
~ 0,4 .,, 

0,2 

□ - np-nepeaapSI,n1ea 
o - h-xanopHMeTp 

}tf t~''""""= 

;{· \ 
\'I' 

En. r3B 

Prrc. 6: 8HepreTrr'IeCKllli cneKTp HeliTpOHOB B KaHane 4H 
·(°; 

PeoyrrhTaThI HOMepeHllli cneKTpa HeliTpOHOB TpeMH HeOaBllCllMhIMll cnoco6aMrr, noKa

oaHHhle Ha prrc.6, xoporno corrracyroTc.ll µ;pyr c µ;pyroM. CneKTp rrMeeT KorroKorroo6pa

oHyro <popMy C MaKCHMYMOM OKOJIO 40 raB ll lllllpllHOli Ha norryBhICOTe OKOJIO 20 raB. 

IlepBll'IHaJ:I llHq>OpMan;1rn 6h!rra norry'IeHa B µ;Byx OKCnOOllIJ;ll.lIX cneKTpOMeTpa Ha 

ny'!Ke HeirTpOHOB KaHaJia 4H - 28-ir rr 29-ir ceaHChI. B Ka'!eCTBe MllllleHeli rrcnOJihOO

BaJillCh :lKllp;Kllli Boµ;opoµ;, yrrrepoµ; ll aJIIOMllHllli . .I(aHHhle C Boµ;opoµ;Holi MllllleHrr oa

nrrchIBaJiaCb HenpephIBHO, TBepµ;hle MllllleHll 'Iepeµ;oBaJillCh nprrMepHo 'Iepeo 50 ThIC. 

oaperrrcTprrpoBaHHhIX co 6h!Tllli. B Ta6rrrrn;e 4 nprrBeµ;eHhI TOJilll;llHhI MllllleHeli t A, 'IllCJIO 

oaperrrcTprrpoBaHHhIX co6hITllli NA rr COOTBeTCTByrom;rre CBeTHMOCTll LA. 
Torrm;rrHhI TBepµ;hIX MllllleHeir Bhl6rrpanrrch HO COOTHOllleHll.ll tA = 3,4 X A1l3

, rµ;e 

A - aTOMHhlli Bee .llp;pa MllllleHrr, c n;eJihIO o6ecne'IHTh nprr6rrrrorrTeJibHO oµ;rrHaKOBYIO 

oarpyoKy cneKTpoMeTpa nprr pa6oTe c paoHhIMH MrrrneH.lIMH . 
.I(rr.ll oanrrcrr Ha MarHHTHyro rreHTY oT6rrpanrrch co6hITH.ll, yµ;oBJieTBop.1rnrnrre crreµ;y

rom;rrM ycrroBHJIM: 

• HeT cpa6aTh!BaHll.ll C'IeT'IHKa aHTllCOBnaµ;eHlllij 
• nporroornrro cpa6aTh!BaHHe He MeHee µ;Byx roµ;ocKonrr'IecKrrX JI'IeeK B nrrocKOCTJIX 

IIK 3X, 5X, 9X; 
• cpa6oTaJIO He MeHee Tpex c'IeT'IllKOB CD;llHTllJIJIJIIJ;llOHHOro roµ;ocKona I'l; 
• npoHOOlllJIO cpa6aThIBaHlle He MeHee '!eTh!pex roµ;ocKonrr'IeCKllX .ll'IeeK B nJIOCKO

CTJIX IIK lOX, 12X rr 13X cyMMapHo c y'IeTOM rrx nepeKphITH.ll rr He MeHee '!eThI

pex C'IeT'IllKOB CIJ;llHTllJIJIJIIJ;ll:OHHoro roµ;ocKona I'2. 

Co6h!THJI, oanrrcaHHhle Ha :r;rnrHHTHhle rreHThI cHa'!ana noµ;Bepranrrch o6pa6oTKe no npo

rpaMMe reoMeTprr'IeCKOII peKOHCTPYKIJ;llll co6h!Tllli, a oaTeM npeµ;BaprrTeJihHOMY aHa

JIHOY, COCTO.lIBllleMy 1m crreµ;yrom;rrx aTanoB: 
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• "<prrJihTpan;rr.ll" TpeKOB - Bh!6op oµ;Horo HO µ;Byx llllll HeCKOllhKllX TpeKOB c 6mm

KllMll napaMeTpaMHj Hamry'Illllill TpeK onpeµ;eJI.lIJICJI rrrr6o no MaKCllMaJihHOMY 'IU

crry cpa6aTh!BaHllli B nJIOCKOCTJIX KaMep, mr6o no MHHHMYMY x2
; 

• onpeµ;erreHHe Koopµ;rrHaT TO'IKH BOaHMOµ;eircTBHJI H COOTBeTCTBHJI HX npocTpaH

CTBeHHOMY norro:iKeHHIO MrrrneHHj 

• BhIµ;erreHne co6h!THli HCKOMOli KOH<pnrypan;1m, B HarneM crry'Iae - co6h!THH, B KO

TOphIX HMeeTCJI He MeHee 2-x TpeKOB oap.ll:lKeHHhIX 'IaCTHIJ; Ka:iKµ;oro OHaKa, HCXO

µ;Jilll;HX HO TO'IKH BOaHMoµ;eircTBll.llj 

• uµ;eHTH<pHKaIJ;H.ll oapJI:lKeHHhIX '!aCTHIJ;. • 

Ta6rrun;a 4: Korrn'IeCTBO nepBH'IHOH HH<popMan;urr 

I I MurneHh I H 2 I C I Al I 
CeaHc tA,r/cM2 2,1 7,8 10,2 

28 I NA x 10
6
co6. I 9,1 I 7,3 I 7,0 

LA, 1034cM2 11, 6 ± 1, 5 2, 44 ± 0, 27 1, 18 ± 0, 15 

29 !=¥A x 1Q
6
co6. r==- t 5,6 I 5,2 I 

--
34 2 ~ I.87±~ o,~±0,11 I LA, 1034

CM
2 I I 1.87 ± u, :W I u, 88 ± u, 11 I 

.I(rrJI BhIµ;erreHHJI co6hITHli Ha BOµ;opoµ;e 6hIJI paopa6oTaH BcnoMoraTeIIhHhIII MeToµ;, 

OCHOBaHHhlli Ha aHanrroe 'IHCJia cpa6oTaBlllHX C'IeT'IHKOB BHyTpeHHero roµ;ocKona ,lf'IO. 
BhIJIO noKaoaHo, 'ITO co6h!THJI, B KOTOphIX cpa60TaJIO 6orree Tpex C'IeT'IIIKOB, o6ycJIO

BJieHhI BOauMoµ;eircTBHJIMH HeirTpOHOB ny'IKa C arreMeHTaMH KOHCTPYKIJ;IIII MllllleHH. 

BTopoir paoµ;err OTOH rrraBhI nocBJilll;eH <pllOH'IeCKOMY aHanuoy OT06paHHhIX co6h!

THli. 

CneKTphI a<p<peKTHBHhIX Mace • .I(rrJI co6h!THH, nporneµ;rnux npon;eµ;ypy uµ;eHTil<pllKa

IJ;HU, 6h!JIH IIOCTpOeHhI cneKTphI a<p<peKTlIBHhIX Mace I{ 7r7r7r. CurHan OT D0 -MeOOHOB 

HCKalIC.ll B cneKTpe a<p<peKTUBHhIX Mace 

J{+7r+7r-1r-, 

a CHrHan OT fl 0 -MeOOHOB - B CIIeKTpe 

I{ - - + + 7r7r7r. 

(1) 

(2) 

B CBJIOH c TeM, 'ITO aKcnepHMeHTaJihHhle p;aHHhle Ha6npanncb c paoHhIMII MIIUICH.lIMII 

npaKTH'IeCKH B uµ;eHTH'IHhIX ycrroBHJIX, cneKTphI a<p<peKTlIBHhIX Mace, norry'IeHHhle Ha 

paoHhIX MHllleH.lIX, 6h!JIH CHa'Iana cyMMUpoBaHhI C n;eJibIO yBem1'!eHIIJI CTaTIICTil'IeCKoii 

OHa'IHMOCTH J}OOMO:lKHhIX oco6eHHOCTeir B cneKTpax a<p<peKTHBHhIX Mace. Ha puc. 7a 

noKaoaHhI cyMMapHhle cneKTphI a<p<peKTHBHhIX Mace (1) u (2) , B KOTOphIX XOTJI 6h! 

oµ;Ha KoM6HHaIJ;ll.ll (1r+1r-} lIMeeT a<p<peKTHBHYIO Macey B HHTepBane 660- 860 MaB/c2 • 

BerrhIMH KPY:lKKaMll: - 0 - npeµ;cTaBJieHhI a<p<peKTHBHhle MaCChI J{+7r-7r+·7r-. Ha BCTaBKC 

- '!aCTh OToro cneKTp HO o6rraCTH nnKa µ;rrJI co6h!THH, B KOTOphIX KaoH uµ;cHTil<pllIJ;IIJ>O

BaH oµ;aooHa'IHO. Bnµ;ao, 'ITO B cneKTpe (1) Ha6rrroµ;aeTcJI curmur, coµ;cplKam;nii 119± 10 
KOM6naan;uir Haµ; <poHoM B 808 KOM6HHan;uir. KoM6irnaTopHhIJI <poH B rurHaJIP He IIJl<'

BhllllaeT 2% . To'le'!Hhle KpHBhle - peoyrrhTaT annpoKCIIMaIJ;lm aKcnepI!MC'HTaJihHhIX 

µ;aHHhIX cyMMOli <pyHKIJ;HH raycca H OKcnoHeHThI. Cpeµ;Hce OHa•1em1e MaCchI, COOTBCT-

. CTByrom;eir CIIraany, paBHo 1863 MaB/c2, norrHrur rnup1rna CIIrHana paBHa 27 MaB/c2, 
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'ITO JIBmreTCJI annapaTypHoH Bemx'IIIHOH. Ma.JIM nrnpIIHa cIIrHaJia II BemI'IHHa cpe

µ;Hero 3Ha'leHIIJI MaCCbI Il03BOJIJIIOT C'IHT.aTb, 'ITO Ha6rr10µ;aeMbill cnrHaJI o6JI3aH CBOIIM 
-=-0 . . .. 

npOIICXOlKµ;eHneM pacnap;aM fl -Me30HOB, Ta6JIH'IHOe 3Ha'leHIIe MaCCbI KOTOpbIX paBHO 

1859, 9 ± 13, 2MaB/c2 • B Bnµ;e rIIcTorpaMMbI 3p;ecb npeµ;cTaBJieH crreKTp Mace. (1) µ;irn 

co6bITIIH, B KOTOpbIX oµ;Ha H3 IIOJIO:lKIITeJibHO 3apJI:lKeHHbIX 'laCTIIq nµ;eHTmpIIqI!pOBaHa 

KaK rrpoToH, HO npII BbI'IIICJieHmI MaCCbI C'IIITaJiaCb KaOHOM. 3µ;ecb He Ha6rr10µ;aeTCJI CTa

TIICTII'leCKH 3Ha'IHMbIX BbI6pocoB .. 8To MOlKeT CJIYlKHTb CBIIgeTeJibCTBOM Toro, 'ITO Ha-. 

6rr10µ;aeMbill IlllK He JIBJIJieTCJI pe3yJibTaTOM HenpaBHllbHOll nµ;eHTH<pIIKaqI!II pacnap;HbIX 

'laCTI!q. BerrhIMH KBaµ;paTaMII - □ - npeµ;cTaBJieHbI cneKTPhI Mace K-1r+1r+1r-. CnrHaJia 

OT D0-Me30HOB B cneKTpe mp<JieKTIIBHbIX Mace (2) He Ha6rr10µ;aeTCJI. 

"' " 1:10,a;opo.n B) '--- a) 900 o- f<+717r+7r-
~ 350 a - fC1t+rr-rr+ 

" '-

'° lH - 700 
0 i.ij 
0 

'--- 500 )-+.¾,n 
>!S1 

-~-
:=: 150 .. 
::. 

300 ' "' 100 •• D 
¢\¢.¢9¢¢ ¢ 

0 00000¢ 

" ••• 
D 50 ~. ············ 100 °0000 

0°
0

00000 
t: 

" :=: 

I 
;:J' 1,7 1,8 1,9 2,0 1.7 1.8 1,9 2.0 I 1,7 1,8 1,9 2.0 

M(K±1T+1T±1T+), r:,B/c2 M(K+1r'-1r+1r1, fuB/c2 · M(K±1r+1r±1r+), r:,B/c2 

PIIc. 7: CneKTpbI 0<JiqieKTIIBHhIX Mace K 1r1r1r 

Ha pnc. 76 IlOKa:JaHhI cneKTpbI 0<JiqieKTHBHbIX" Mace (1) p;lIJI KalKp;OH MHWeHII OT

µ;eJibHO. BIIµ;Ho, 'ITO cnrHaJihI Ha6rr10µ;a10TcJI BO Bcex cneKTpax B µ;nana:JoHe Mace 1860-

1870 M0B/c2 • CTaTIICTH'leCKHe xapaKTepHCTIIKII Ha6rr10µ;aeMhIX CIIrHaJIOB npnBep;eHbI 

B Ta6rr.5. 3µ;ecb A - Tnn MIIWeHn, NA - 'IIICJIO KOM6IIH~Ilii B cnrHaJie, Ncp - 'lncrro 

KOM6IIH~Hll B qJOHe, MA - cpeµ;Hee 3Ha'leHne MaCCbI, COOTBeTCTBy10m;en cnrHaJIY Ha 

MIIWeHII A, 6..MA - norrHaJI wnpnHa 0Toro cnrHaJia. 

Ta6rrnqa 5: XapaKTepI!CTHKH cnrHaJIOB B cneKTpax 0<Ji<JieKTIIBHbIX Mace (1) 

1 V ->- .._., 

39, 0 ± 5, 71197 ± 16 
49,0 ± 6,5. 286 ± 19 

1859; 9 ± i5; 2 
1859, 0 ± 21. 4 

c2 

' 26 4 
42'.8 

,Il;aHHbie, npIIBep;eHHbie mi pIIC. 7a,6 II B Ta6rr.5 noµ;µ;ep:lKHBaIOT BbIBOp; 0 TOM, 'ITO Ha
-=-0 

6rr10µ;aeMbIH cnrHaJI JIBJIJieTcJI proyrrbTaTOM perIIcTj:JaqnII D -Me:JoHoB, pacnaµ;a10m;nxCJI 

B KOHe'IHOe aµ;poHHOe COCTOJIHIIe yf ⇒ K+1r+1r-1r""'. Ycpeµ;HeHHOe no BCeM MIIWeHJIM 
-=-0 . 

:JHa'leHIIe MaccbI D -Me:JOHa paBHO 1866 ± 8MaB/c2 II Haxop;IITCJI B xopoweM corrracnn 

c ee Ta6JIH'IHOH BeJIH'IIIHOll. · 

8qiqieKTHBHOCTb perIICTp~IIH CIICTeMbI K+1r+7r-7r- B 3aBIICHMOCTII OT npop;Ollb
-=-0 

Horo (p1) II nonepe'!Horo (pi) HMilYllbCOB polKp;eHHbIX fl -Me30HOB npeµ;noJiaraJiaCb oµ;n-

HaKOBOll µ;JIJI ncex MHIIleHell II ceaHCOB. 0Ha onpeµ;eJIJIJiaCb Moµ;eriIIpOBaHIIeM MeTogoM 
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MoHTe-Kaprro p;lIJI wecTII qJIIKCHpOBaHHbIX 3Ha'leHIIll Pl , npII 0TOM µ;JIJI peKOHCTpyKqun 

II aHaJIH:Ja Moµ;errIIpoBaHHhIX co6bITIIH IIcnoJih30BaJiacb Ta :lKe npoqeµ;ypa o6pa60TKII, 

'ITO n p;lIJI peaJibHbIX co6bITIIll. 8qiqieKTIIBHOCTII perIICTp~IIII µ;JIJI cpeµ;HIIX OHa'leHHH 

HHTepnaJia Pl,i arrnpoKcnMnpoBaJIIICb qiyHKqueii 

c(Pr,i,P;) = Eoie-b,p; (3) 

3Ha'leHIIJI napaMeTpOB co; II b; µ;JIJI paDHbIX IIHTepBaJIOB Pl npIIBep;eHbI B Ta6JIIIqe 6. 

Ta6rrnqa 6: 3Ha'leHIIJI rrapaMeTpoB cot II b; µ;nH paoHbIX HHTepBaJIOB Pl 

I i I P1,;,r0B/c I coi Ii; 

1 32,5 ± 2,5 0,57 · 10-• 2,35± o, 15 
2 37,5±2,5 1 28 • 10-2 1,88±0,08 
3 42,5 ± 2,5 2' 11 · 10-2 1,47±0,06 
4 47,5±2,5 3' 33. 10-2 1, 16 ± 0,05 
5 52,5 ± 2,5 4' 97. 10-2 0,92± 0,04 
6 57 5 ± 2 5 6' 76. 10-2 0 73 ± 0.03 

CrreKTp IIO KBaµ;paTy rrorrepe'IHOro IIMIIYJibCa. B CBJIOII C TeM, 'ITO KOJIII'leCTBO Ha-

6rr10µ;eHHbIX yf HeBeJIIIKO, HMIIYJibCHbie pacrrpeµ;erreHIIJI CTpOIIJIIICb µ;JIJI cyMMbI Bcex oa

perncTpnponaHHbIX co6bITI!ll no BCeM MIIWeHJIM II ceaHCaM. B Ta6JI. 7 rrpIIBep;eHbI Hall

µ;eHHhie H3 CYMMapHoro crreKTpa 0qiqieKTIIBHhIX Mace K+1r+1r-1r- pacrrpeµ;erreHIIJI Ha-

6rr10µ;eHHhIX 15°-Me:JOHOB IIO KBaµ;paTy rrorrepe'IHOro IIMIIYJibCa . 3µ;ecb j - HOMep IIH

TepBaJia IIO p;' 6..p;j - BeJIH'IHHbI 0TIIX IIHTepBaJIOB, Noxcn,j - 'IIICJIO Ha6rr10µ;eHHbIX II 
-=-0 

NTeop,j - pacc'lnTaHHoe 'IHCJIO D -MeOOHOB B IIHTepnaJie. 
-=-0 · 

Ta6rrnqa 7: Pacrrpeµ;erreHI!e D -Me30HOB IIO IIHTepBaJiaM KBaµ;paTOB rrorrepe'IHbIX IIM-

IIYJibCOB 

I j I 6..Pt,;,(r0B/c)
2 I 

2 
3 
4 

oi -V0,3 
03-06 
o'.6 - 1'.o 

N.KCD,j 

42'8± 3'8 
21'0±4'7 
15:9 ± 6'.3 

42 
30 
14 

-=-0 
3aBIICIIMOCTb p;II<Ji<JiepeHqIIaJibHOro ce'leHIIJI po:lKp;eHIIJI D -Me30HOB OT KBaµ;paTa IIO-

rrepe'IHOro IIMIIYllbCa HCKaJiaCb B <JiopMe 

du/dp; ~ e-Bv;_ (4) 

0Ha 6bIJia peKOHCTpyIIpOBaHa Im 0KCIIepnMeHTaJibHoro pacrrpeµ;erreHIIJI C y'leTOM 0<Ji

q>eKTIIBHOCTII perIIcTp~IIII D°-Me:JoHoB. Haxop;IIJICJI MIIHIIMYM BeJIII'lIIHhI 

x2 = L (Nm,cn,j - NTeop,j)2. 
. u2 ' J oxcn,j 

rµ;e 

. . p~r1 e-(B+b,)p; dp; 
N0xcn,i 

2 
Pt,; N. . = ""' 1 b ) 2d 2 Teop,J .7 J e-(B+ , Pt Pt 

0 

npII BapbupoBaHIIII OHa'leHIIJI B. 
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PIIc. 8: HMrryrrhCHbie pacnpeµ;erreHIIJI D°-MeooHoB. 

B pe3yJihTaTe BbIIIIeyKaGaHHOll npou;eµ;ypbI Haii:µ;eHo, "ITO 3Ha"IeHIIJIM x;.;n ± 1 co

OTBeTCTByeT BeJIII"IIIHa 

B = 1 3+0
•
2 (raB/c)-2 

, -0,3 

Ha pIIc.8a noKaGaHo 3KcnepIIMeHTaJibHOe pacnpeµ;erreHIIe co6bITIIll no KBaµ;paTy no

nepe"IHoro IIMnyllbCa ( TO"IKII C OIIIII6KaMII) II pe3yJibTaT qmTIIpOBaHII1! 0Toro pacnpe

µ;erreHIIJI Bbipa:iKeHIIeM (3) npII B = l,3(raB/c)2 (rncTorpru.iMa). '• 

CneKTp no npoµ;orrbHoMy IIMIIYJihcy. 8KcnepIIMeHTaJibHoe. pacnpeµ;erreHIIe co6bITIIii: 

no npop;OllbHOMY IIMnyJibCY arrnpoKCIIMIIpOBaJIOCb q>yHKD;IIeii: . 

du/dxp ~ (1- xpt (5) 

C y"IeTOM 3HepreTII"IeCKOro cneKTpa ny"IKa Heii:TpOHOB, aqiq>eKTIIBHOCTII perIICTpau;IIII 

po:iKp;eHHbIX D°-Me30HOB B 3aBIICIIMOCTII OT Pl II 0HepreTII'IeCKOll 3aBIICIIMOCTII none
-=-0 

pe"IHOro Ce"IeHIIJI po:iKµ;eHIIJI fl -Me30HOB B IIHKJII03IIBHOM npou;ecci,. 

B Ta6rr.8 npIIBep;eHO Haii:µ;eHHOe II3 cyMMapHoro cneKTpa aqiq>eKTIIBHbIX Mace CII

CTeMbI K+,r+7r-7r- pacnpeµ;erreHIIe Ha6rr10µ;eHHbIX D°-Me30HOB no IIHTepBarraM npop;Ollb

HbIX IIMnyJibCOB. 3µ;ecb i - HOMep IIHTepBarra ITO Pt, .6.p1,i -BeJIII"Il!Ha 0Toro l!HTepBarra, 
-=-0 

Nax=,i - "IIICJio Ha6rr10µ;eHHbIX D -Me3oHoB B l!HTepBarre, NTeop,i - paCC"Il!TaHHoe "Il!CJIO 

D°-Me30HOB B l!HTepBarre. 

Ta6mru;a 8: Pacnpeµ;erreHIIe D°-Me30HOB no l!HTepBaJiaM npoµ;oJibHbIX l!MnyJibCOB Pl 

2 
3 
4 
5 
6 

35 - 40 
40 - 45 
45 - 50 
50 - 55 
55 - 60 

48' 4 ± 6' 0 
32' 5 ±4' 5 
11'4±3'3 
3 '9 ± 1 '9 
o'.0±1'.o 

B HaIIIeM crry"Iae IIIIIpOKoro cneKTpa Heii:TpOHOB 

37 
28 
14 
5 
1 

NTeop,i = 
P•.•+i dN dx dN 6 

j ( d )( d )dp1 = j ddx = Ae;Lo I; wk(l - X;kt fk(E).6.xik· 
Pl,i X Pl X k?_i 
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3µ;ecb Wk - Bee noTOKa Heii:TpOHOB C 0Heprl!eii: Ek± .6.E, .6.x;k - IIHTepBarr no Xp µ;JIJI 

Ek(PL,i), X;k - cpeµ;Hee 3Ha"IeHIIe Xp µ;rr11 Ek(Pt,i), A - HOpMnpoBo"IHaJ.I KOHCTaHTa, L
0 

-

CBeTIIMOCTb. 

<l>yHKD;l!JI f ( E) ~ [y / ( 1 + y) ]{ , rµ;e y = m N( ,Is - Fo) / so , vs -aHepnrn B cncTeMe 

u;eHTpa Mace B npeµ;noJio:lKeHIIII, "ITO CTaJIKIIBaIOTCJI µ;Ba HYKJIOHa: s = 2Enm + 2m2 = 
-=-0 

2m
2
( 'Yo + 1 ), Fo-MIIHIIMaJibHaJ.1 noporOBaJ.I 0Hepnrn µ;rr11 po:iKµ;emrn D B CUCTeMe u;eH-

Tpa Mace B N N-B3aIIMoµ;eii:CTBUJIX, mN-Macca HYKlIOHa, xopOIIIO onUCblBaeT 0Hepre

Til"IeCKYIO 3aBIICIIMOCTb noJIHbIX ce"!eHI1ii: po:ii,µ;emrn rIIrrepoHOB A, E±(1385), ::::- . Ilpn 

aTOM µ;rr11 A 11 E±(1385) ( = 1, a µ;rr11 ::::- ( = 4/3. Ilpeµ;noJIO:lKIIB, "ITO B HaIIIeM aKc

nepIIMeHTe 1J° po:iKµ;aeTCJI COBMeCTHO c At, p;ll11 KOTOpoii Mb! 6yµ;eM C"II!TaTb ( = 2, 

" -=-OD ncnOJib3yeM p;ll11 onncaHIIJI 0HepreTII"IeCKOll 3aBIICIIMOCTll Ce"IeHI111 po:iKµ;eHI111 q>yH-

Kil;IIIO f(E) ~ [y/(1 + y)] 2. 

TaKIIM o6pa3oM, Hallin 0KcnepuMeHTaJibHbie p;aHHbie MoryT 6bITb npeµ;cTaBJieHbI B 
crreµ;yro~eM Bnµ;e: 

6 

NTeop,l ~ t:1Lo L Wk(l - XJkt fk(E).6.xlk = 4'1, 
k=I 

6 

NTeop,2 ~ t:2Lo L Wk(l - X2kt fk(E).6.x2k = <P2, 
k=2 

6 

NTeop,3 ~ c3Lo L Wk(l - XJkt fk(E).6.x3k = 4'3, 
k=3 

6 

NTeop,4 ~ c4Lo L wk(l - X4ktfk(E).6.X4k = 4'4, 
k=4 

6 

NTeop,5 ~ cs Lo L wk(l ·_ Xskt fk( E).6.xsk = <I>s, 
k=S 

NTeop,6 ~ t:6Low6(1 - X55tfk(E).6.x66 = 4'5, 
6 6 

A= I;N;/I;<I>; 
i=l i=1 

Bapbnpy11 n, Haxoµ;IIM MIIHIIMYM x2-pacnpeµ;erreHUJI: 

x2 = t (Naxcn,i ~ NTeop,i)
2 

i=I Uoi:cn,i 

(6) 

(7) 

B pe3yJihTaTe Haxoµ;nM, "ITO 3Ha"IeHUJIM x;.in ± 1 COOTBeTCTByeT n = 2, 3~~:;, npn 

0TOM < Xp >= o, 65. Ha pIIc.86 nOKa3aHo 0KcnepIIMeHTaJibHOe pacnpeµ;eJICHIIC co6bITIIll 

no npop;OllbHOMY IIMnyrrhcy (TO"IKII C OIIIII6KaMII) ll proyJibTaT q>IITIIJ)OB1lHIIJI 0Toro 
pacnpeµ;erreHIIJI Bbipa:iKeHneM 5 rrpn n = 2, 3 (rIIcTorpaMMa). 

Onpeµ;erreHIIe rrorrepe"IHbIX ce"IeHIIii:. Ha puc. 7B rrpeµ;cTaBrreHbl crreKTpbI aqiq>cKTII

BHbIX Mace (1) II (2), OTJIII"Iaro~nec11 OT crreKTJ)OB, rrp1rneµ;CHHbIX Ha pnc.7a, T('M, 'ITO 

3p;eCb OTCYTCTBYIOT orpaHII"IeHII1! Ha aq>q>eKTIIBHYIO Macey 1\f(1r+1r-). CnrmUI B C'Ilt'K

Tpe K+,r+7r-7r- coµ;ep:lKIIT 153 ± 12 KOM6irnau;m,: Haµ; q>OHOM B 1320 KOM6i1Hau;nii. Ilpn 

0TOM BKJiaµ; OT KOM6nHaTopHoro q>oHa B o6rracTn curHarra He npeBocxoµ;uT 2% . Korrn

_"IeCTBa co6bITIIll B CIIrHarrax 7a II 6 C xopoIIIeii: µ;ocTOBepHOCTbIO corrrac,y10TCJI C TCM, 
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'ITO npaKTU'IeCKII B Ka)K)];OM co6b!Tllll eCTb XOTH 6bl oµ;Ha ir+ ir- -napa c Macco:ir, Haxo

µ;m1-1eircH B o6JiaCTII Mace p0-Me30HOB. B CBH31I C 3TUM npu Bbl'IlICJiemm nonepe'IHb!X 

ce'IeHIIll po)Kµ;eHUH J5° Y'IIITb!BaJilICb IIOTepu 15°-Me30HOB ( Ta6n.5), CBH3aHHbre c uc

IIOllb30BaHHb!MlI orpaHU'IeHUHMlI Ha Macey 7r+7r- -napbl. 

HHKJIIOtllIBHbie nonepe'IHbie Ce'IeHUH po)Kµ;emrn 15°-Me30HOB B Ha6nIOµ;aeMOII KlIHe

MaTU'IeCKOll o6JiaCTll ITO u PL Bbl'IlICJIHlllICb c lICIIOllb30BaHneM COOTHOllleHUH 

Br~uA = NA/(kt:wLA), (8) 

rµ;e w = 0, 43 ± 0, 01 - µ;onH IIOTOKa HellTpOHOB c 3Heprue:ir Bblllle 37,5 raB, KOTOpaH 

HBJIHeTCH noporoBoll µ;nH perucTpa1-1uu crreKTpoMeTpoM BHC-2 poµ;nBlllellcH cucTeMbI 

K iririr, k = 0, 78 - Koacf>cf>u1-1neHT, Y'IlIT:&IBaIOII-IUll noTepu 15° u3-3a orpaHn'IeHUll Ha 

acf>cf>eKTlIBHYIO Macey 7r+7r- -napbl, E° = ( 4, 6 ± 0, 5). 10-3 
- acf>cf>eKTI~BHOCTb perucTpa1-11m 

-=-0 
ll peKOHCTPYKl-llIU KOHe'IHblX npoµ;yKTOB pacnaµ;a n -Me30HOB, NA - 3aperucTpupoBaH-

. -=-0 
Hble KOJIU'IeCTBa n -Me30HOB, poµ;UBllllIXCH Ha MUllleHU C aTOMHblM HOMepoM A II LA -
COOTBeTCTBYIOII-llle CBeTUMOCTll (Ta6JIUl-lbl 4 u 5 ). 

IIoµ;cTaBUB 'IlICJieHHble 3Ha'IeHUH B Bblpa)KeHue (8), nony'IaeM: 

Br~uH = 0, 24 ± 0.09 MK6H, 

Br~uc = 2, 1 ± 0, 7 MK6H Ha Hp;po C, 

Br~uA1 = 3, 9 ± 1, 2 MK6H Ha Hp;po Al. 
-=-0 

Y'InTblBM, 'ITO Br(n ⇒ K+1r+ir-ir-) = (7, 5 ± 0,.5)%, Haxoµ;uM: 

~UH= 3,2 ± 1, 1 MK6H, 

~uc = 28, 6 ± 9, 7 MK6H Ha Hp;po yrnepoµ;a, 

~UA/ = 51,6 ± 17,0 Ha Hµ;po aJIIOMUHUH. 

Onpeµ;eneHue A-3aBUCUMOCTII. 3aBUCIIMOCTb lIHKJII03lIBHOro Ce'IeHUH po)Kµ;eHUH 'Ia

CTlil-1 OT aTOMHOro Beca (A) Hp;pa-MUllleHU npeµ;cTaBJIHeTCH 06bI'IHO B BUµ;e 

~uA = uoA", (9) 

rµ;e Uo II O-KOHCTaHTbl. 

,Il;nH onpeµ;enemrn napaMeTpoB u0 u o Heo6xoµ;uMo 3HaTb BeJIU'IUHbl ce'IeHuir po)Kµ;e

HUH 'IaCTlil-1 Ha pa3lllI'IHblX Hµ;pax. BeJIU'II!Ha lIHKJII03UBHOro Ce'IeHirn po)Kµ;eHUH U A Ha 

Hp;pe c aTOMHblM HOMepoM A CBH3aHa c 'IlICJIOM Ha6JIIO)];eHHblX co6b!Tlill Naxcrr,A COOT

HOllleHUeM: 

Naxcrr,A = £LABr~uA, 
rµ;e £ - acf>cf>eKTlIBHOCTb perucTpa1-1uu II peKOHCTPYKl-llIU KOHe'IHbIX npoµ;yKTOB pacnaµ;a 

15° -Me30HOB, Br - µ;onH pacnaµ;oB 15° -Me30HOB no Ha6JIIOµ;aeMOMY KaHany, LA = 
wtN A/ PA - COOTBCTCTBYIOII-la.H CBCTlIMOCTb, W - µ;onH IlOTOKa HellTpOHOB C 3Heprue:ir 

Bblllle nopora perucTpa1-1nu J5° cneKTpoMeTpoM BHC-2, t - TOllll-lUHa MUllleHU B 

r/cM2,NA -'Iucno ABoraµ;po, PA -nnoTHOCTb Be11-1ecTBa MUllleHu'c aTOMHblM HOMepoM 

A. Iloµ;cTaBJIHH B 3TO Bblpa)KeHue 3aBlIClIMOCTb Ce'ICHIIH OT aTOMHOro HOMepa B HBHOM 
. . 

Buµ;e, nony'IaeM: 

N,xcrr,A = "tLABruoA". 
IIocKOllbKY B )];aHHOM aKcnepUMCHTe perucTpa1-1UH co6b!Tllll c TpeMH patllllI'IHbIMlI MlI

lllCHHMll npoBoµ;unacb B uµ;eHTlI'IHblX ycJIOBlIHX, TO napaMeTp O onpeµ;eJIHeTCH 113 COOT

HOllleHUH, KOTOpoe nony'IaCTCH ll3 npep;b!p;y11-1ero Bblpa)KeHUH nyTeM npocTblX npeo6-

pat10BaHUll: 
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0 = In (Nuca,A1Lc) / In ('1.41) 
N~s.ca,cLAt Ac 

BIIµ;Ho, 'ITO B HallleM cny'Iae lIC'IetJaeT ::JaBllCIIMOCTb OT acf>cf>eKTllBHOCTII perncTpa1-11m ll 
. -=-0 . 

peKOHCTPYKl-llIU pacnaµ;a n -MC30HOB, KOTOpaa o6bl'IHO HBJIHeTCH O)];HIIM 113 OCHOBHblX 

UCTO'IHUKOB CIICTeMaTI!'ICCKOll norpelllHOCTll U::JMepeHJIII a TaK)Ke BKJiaµ; OT norpelllHO

CTll BeJIU'IllHbl Br ll OCTaeTCH TOllbKO norpeIIIHOCTb onpeµ;enemrn CBeTJIMOCTll, KOTOpaH 

B HallleM cny'Iae UMeeT BeJIII'IIIHY nopHW[a 10 % • Iloµ;cTaBJIHH B nocneµ;Hee Bbipa)Kemie 

'IIlCJICHHble 3Ha'IeHUH BXO)];Hll-lIIX B Hero BeJIIl'IIIH, nony'IaeM: 

a = 0, 73 ± 0, 23. 

Tenepb MO)KHO aHaJIOrll'IHblM 06pat10M Oilp!!Aelll!Tb BeJII!'IIIHY napaMeTpa Uo, IICIIOllb-

3YH 'IIICJIO 15° -MetJOHOB, 3aperncTp1IpOBaHHl,lX Ha Boµ;opop;HOII MJillleHII, ll nony'IeHHOe 

3Ha'IeHue o. Ilocne npeo6pat10Bamn1 nony'IaeM: 

In Uo = In Nmn AILH - a/ In AA/ 
Nncn,HLAI 

Iloµ;cTaBUB 'IIlCJICHHble 3Ha'Iemrn, Haxoµ;IIM: 

uo = (1, 5 ± 0, 8)~uH, rµ;e ~UH - ce'IeHUe po:a,:µ;emrn J5° -MetJOHOB Ha Boµ;opoµ;e B Ha-

6nIOµ;aeMoir KUHeMaTl!'IeCKOll o6nacTU. 

B oaKJIICl'IeHHH ccf>opMynIIp(lBaHhl OCHOBHble Bb!BO)];bl µ;nccepTa1-1m1: 

1. Ha6JIIOµ;eHO aµ;poHHOe po)Kµ;emie O'lapOBaHHblX n°-Me30HOB BO B3am.,10µ;e11CTBIIHX 

HellTpOHOB C Hp;paMU Boµ;opoµ;a, yr.rrepoµ;a II aJIIOMUHlrn npu aHeprun HeIITpOHOB 

37,5 - 70 raB. 

2. 3aperIICTpI!pOBaHbl pacnap;b! O'IapOBaHHbIX n°-Me30HOB B KOHe'IHOe COCTOHHI!e 

n° ⇒ K+1r-1r+1r-. 8To nepBoe Ha6mop;eHUe po)Kµ;emrn O'IapoBaHHbIX n°-Me30HOB 

npu 3HeprUHx, 6.rrl!3KlIX K nopory po:iKp;emrn B HeIITpOHHOM IIY'IKe. 

3. H3MepeHhl µ;ucf>cf>epeHl-lIIaJibHble ce'Iemm po)Kµ;emrn n°-Me3oHoB no KBaµ;paTy no

nepe'IHoro IIMnyllbCa p: II cf>eirHMaHOBCKOH nepeMeHHOll XF B Ha6J1IOµ;aeuoii o6aa

CTII Pt < lraB/c u XF > 0, 4. Ilpu arrnpoKCI1Ma1-11m µ;ucf>cf>epeH1-1naJibHbIX ce•1eHn1i 

3aBI!ClIMOCTbIO Ed2u/dp:dx ~ (1 -xr. exp(-Bpn nony'IeHO 

n = 2,3!g•;, 

B = 1,3!~:;(raB/c)-2 

4. H3MepeHo nonepe'IHOe ce'leHue po:a,:p;emrn O'IapoBaHHblX n°-Me3bHOB HeiiTpo

HaMU Ha Hp;pax Boµ;opoµ;a, yrnepoµ;a n a.lIIOMIIHIIH npn cpeµ;Heii aHeprm1 B c.1-1.1\1. 

OKOJIO 10 raB. IIo.rry'IeHo, 'ITO B Ha6moj\aeMOl
0

I o6naCTII KIIHeMaTlP!eCKIIX nepe
MeHHblX 

Br~uH = 0,24±0.09 MK6H, 

Br~uc = 2, 1 ± 0, 7 MK6H Ha Hp;po C, 
Br~uA1 = 3, 9 ± 1,2 MK6H Ha Hp;po Al. 

-=-0 
C y'IeTQM Be.lIIl'II!Hbl Br(n ⇒ J(+7r+1r-1r-) = (7, 5 ± 0, 5)%: 

~UH= 3,2 ± 1, 1 MK6H, 

~uc = 28, 6 ± 9, 7 MK6H Ha Hp;po yr.rrepop;a, 

~u Al = 51, 6 ± 17, 0 Ha Hp;po aJIIOMlIHIU[. 

5. Onpeµ;e.rreHa 3aBI!CIIMOCTb lIHK.IIIOaBBHOro Ce'Iemrn pO.lK)];l'HIIH o•mpoBaHHb!X n°
MetJOHOB OT aT0MHoro HOMepa Hj\pa MHIIIeHU. Ilpu napaMeTpII3al-lUlI aToii 3RBII

CI!M0CTII q>opMy.rroH ~UA =·u0 A" IlOny'ICHO: 

u 0 ~ {1,5 ± 0, 8)~uH, 

a = 0, 73 ± 0, 23. 
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6. Pa3pa6oTaH II BHep;peH B npom3B0)J;CTB0 K0MnneKC ::meKTpOHHOH annapaTypbl p;nH 

nponop[III0HMbHblX KaMep, COCTOHL1.1Illl Il3 6-KaHMbHOrO ycllJ_Ill'feITH-qJOJ>MilpOBa
TenH, 32-KaHanbHoro 6noKa perI1cTpa[II1I1 II annapaTyphl ·µ;nH o6pa6oTKII cnrHa

noB "BhlcTpoe MJIM". B.p;aHHOM aKcnepI1MeHTe I1cnonb:JoBaHo oKono 10 TbICH"I 

KaHM0B perIICTpa[IIIII, 
7. Pa3pa6oTairn II BHep;peHa B aKcnepIIMeHT CIICTeMa npep;BapIITeilbH0ro OT6opa co-

6blTilll no MH0JKeCTBeHH0CTII BT0pil"IHblX "IaCTil[I C IICnOnb:JOBaHileM nponop[III0-_ 
HMbHblX KaMep B Ka"IeCTBe 0CH0BHoro aneMeHTa; 

8. Pa3pa6oTaH, Il:Jr0T0BJieH II BKJIIO"IeH B aKcnep~MeHT p;eTeKT0P "IaCTil[I OT)J;a"II1.
pa3pa60TaH MeT0)J; Bblp;eJieHIIH B:JaIIMOp;ellCTBilll Ha B0)J;0pop;e C n0M0Ll.lb!O :lT0r0 

p;eTeKT0pa. 
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