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i-1CCileAOBaHI1e BbtXOAOB BTOPI14HbiX 4aCTI11..1 B fiAePHbiX peaKU11fiX C 
penfiTI1BI1CTCKI1MI1 Tfl~eilbtMI1 110HaMI1 npeAnonaraer aHai1113 4aCT11U no 
11X 3apfiAaM, Macce 11 3Heprl1fiM. 3TOT aHai1113 OCy~eCTBilfleTCfl pa3Ili14-
HbtMI1 cnoco6aMI1: Ha OCHOBe BpeMflnponeTHO~ MeTOAHKI1 C peri1CTpaul1-
e~ 3Heprl111 4aCTI11..1/l,2!, MeTOAI1KI1 ~E-E 131 , a TaK>Ke MeTOAI1KI1 Mar
HI1THbtX aHai1113aTopoB /4,5/ 

HaMI1 peani130BaH sap11aHT ~E-E cneKrpoMerpa c Hcnonb30BaHHeM 
C1..111HTI1IlilfiTOpos CsJ(Tl), no3BOilfl~~l1~ npoBOAHTb 3HepreTI14eCKI1~ 

aHai1113 ni10HOB, npoTOHOB, Ae~TPOHOB, Tpi1TOHOB. 

1.0ni-1CAHI-1E YCTAHOBKI-1 

3HepreTH4eCKI1~ A11ana30H cneKrpoMerpa ~E-E r11na onpeAenReTcR 
ron~11Ho~ AereKropa nonHoro norno~eHI1R.3$$eKT11BHOCTb per11crpaUHH 
4aCT11U, onpeAeilReMaR BepORTHOCTb~ 11X B3ai1MOAe~CTBI1fl C Be~eCTBOM 
AeTeKropa, naAaer c pocroM 3Heprl111 3a c4eT ysenl14eHI1R Heo6xOA11-
MO~ TOI1~11Hbl AeTeKTOpa. liiCXOAR 113 orpaHI14eHI1~, KOTOpble He06XOA11MO 
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np11 KOHCTpy11pOBaH~I1 YCTaHOBKI1 6btna Bbt6paHa CYMMapHaR TOil~HHa 

AeTeKropos 41 r/cM 2 , AOCTaT04HaR AilR ocraHOBKH nporoHoB c 3Hep
rl1e~ -185 M3B. YcraHOBKa COAePmi1T ABa He3aBI1C11MO pa6ora~~11x 
11AeHTI14HbtX TenecKona. Ka~Abt~ TenecKon COCTOI1T 113 BOCbMH CU11H
TI1IlilRI..II10HHbiX AeTeKTOPOB, xapaKTepi1CTI1KI1 CUI1HTI1IlilRTOpOB AilR Ka>K
AOro npi1BeAeHbl a ra6n. 1,cxeM~renecKona- Ha p11c. 1 .nor11Ka or6o
pa C06btTI1fl - n1 X n2 X n3 X nA; Ailfl yMeHbWeHI1R HailO>KeHH~ B KaHa
ne cneKTpOCKOnl111 npeAYCMOTpeHa 6IlOKI1pOBKa Cl1rHaila 3anycKa cneKT
POMeTpa. np11 nORBileHI111 CHrHaila 3anycKa 6IlOK ynpaBileHI1fl cneKTpo
MeTpOM opraHI13yeT o6pa60TKY cneKTPOCKOnl14eCKO~ 11H$OpMaU1111 CO 
C4eT411KOB A1, A2, A3, A4 11 nepeAa4y ee B 3BM EC-1040. C4eT411KI1 
n1, n2, n3 o6ecne411Ba~T OT6op C06btTI1~ no CHrHailaM C HaHOCeKYHA
HbtMI1 speMeHHbtMI1 xapaKrepi1CTI1KaMI1. Pa3Mepbt c4eT411Ka n3 onpeAenR
~T reneCHbt~ yron scero renecKona, KOTOpbt~ cocrasnfler 3 MCp. Bo 
scex c4eT411Kax 11CnOilb30Bai111Cb ~3Y-85. 

6noK-cxeMa 3IleKrpoHI1K11 or6opa co6btTHR npeAcrasneHa Ha p11c.2. 
On11caH11e 6noKoB c11creMbl ynpasneHI1fl pa6oro11 cneKrpoMerpa npl1se
AeHo B pa6ore 161• I-1H$OpMaU11R o co6btTI1RX nepeAaBanacb B 3BM 
EC-1040 no Ili1H1111 CBfl311 AI111HO~ 1200 M171 11 4epe3 MHKponporpaMM
HbtH KOHTPOililep /S/ nocrynana B npOI..Ieccop. QpraHI13al..ll1fl COBMeCTHOH 
pa60Tbl cneKTPOMerpa 11 3BM OCy~eCTBilRilaCb C 11CnOilb30BaHHeM KOMn
IleKCa annapaTHbtx 11 nporpaMMHbtX cpeACTB, pa3pa6oraHHbtX a na6opa-
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Til , IT2 

IT3 

ITA 

Cu;HHTmuiHTOp H 
pa3Mepbl /MM/ 

ilJlaCTHK 
30x40xl ,8 

nnacTHK 
10x!Sxl,8 

nJiaCTHK 
60xl00x!O 

L(eTeKTOp 

.U2,.U3,.U4 

TaflJIHIJ;a 

Cu;HHTHJlJIHTOp H 
pa3Mepbl /MM/ 

CsJ(Tl) 

30x40x2,4 
30x40x3,0 

CsJ(Tl) 

30x40x30 

--·-------------------------------

Ml-1WEHb 

I 

PHc.l. Pacnono~eHHe CIJ;HHTHJlJlHIJ;H
oHHblX ,!l;eTeKTOPOB B TeJleCKOne! 
ITI-IT3, ITA - nnacTHKOBhle CIJ;HHTHJ1JlH
TOpbi TpHrrepa, ,[(J-,[(4 - CIJ;HHTHJlJIH
TOpbl CsJ(Tl) AJIH aMnnHTYAHoro 
aHaJIH3a. 

Pur.?. Yn~nmPHH::lH nnnK-C.XeMa cneKT
poMeTpH~eCKoro TpaKTa H JIOrHKH co-
6blTHH cneKTpoMeTpa: IT! , IT2, II3, ITA 
- p;eTeKTOpbl C TIJlaCTHKOBhlMH CIJ;HHTHJI
JlHTOpaMH; ,[(J, ,[(2, ,UJ, ,[(4- cneKTpo
MeTpH~eCKHe p;eTeKTOPbl CO CIJ;HHTHJI
JlHTOpaMH H3 CsJ(Tl) ; 3Il - 3MHT
TePHbiH TIOBTOPHTeJlb; Y - cneKTpo
MeTpH~eCKHH YCHJIHTeJib; llB - JIH
HeHHble eopoTa, AUII - aMnJIHTYAHo
IJ;H~poeoll: npeo6pa3oBaTeJib; ~ - ~op
MHpoeaTeJib; OB - OAHOBH6paTop; 
CCA - cxeMa coenap;eHHH H aHTHcoe
nap;eHHll:; llorB - JIOrH~eCKHe BOPOTa; 
p - pa3BeTBHTeJib; C~ - C~eT~HK; 

BYC - 6JioK ynpaeneHHH cneKTpoMeT
poM; I-II - BXOAbl AJIH cneKTpocKo
nH~ecKHx cHrHanoe I H II TenecKo
noe COOTBeTCTBeHHO. 

TOPI-11-1 BbiCOKI-lX 3HeprH~ OHRH 191. HH~opMa~l-1~ o co6biTHH nocTynaeT 8 
3BM B BI-1Ae cnoea 1-13 weCTI-1 6a~T, B KOTOpbiX COAep~l-lTC~: 1/ KOA 
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TenecKona, 2/ OTC4eTbl Al..ln, KOAI-1PY~I-1X aMnnl-lTYAbl Cl-1rHan08 C Ae
TeKTOP08 ~1-~4. B KOH~e Ka~oro ~1-lKna YCKOpeHI-1~ 8 3BH npOI-138o
AHTC~ 3anHCb OTC4eT08 MOHHTOPHbiX C4eT4HK08, HH~OpMa~HI-1 C CHCTeM 
H3MepeHH~ MepTeoro epeMeHH TenecKonoe. 

nporpaMMa OH-na~H 3KCnepHMeHTa B XOAe 3KCn031-1~HH KOHTpOnl-lpyeT 
Ka4eCTBO pa60Tbl CHCTeMbl CB~31-1 YCTaHOBKI-1 C 3BM, npae!-lnbHOCTb 
~yHK~HOHHpOBaHI-1~ cneKTpOMeTpa, npOH3BOAHT nepBH4Hy~ o6pa60TKY 
HH~OpMa~l-11-1, CTpo~ ABYMepHble pacnpeAeneHI-1~ An~ nap ~1-~2, ~2-~3, 
~3-~4 AeTeKTOpOB, 3anHCbiBaeT BC~ npHH~Ty~ HH~OpMa~l-1~ Ha MarH!-lT
HY~ neHTy. 

MexaHH4eCKa~ KOHCTpyK~I-1~ YCTaHOBKI-1 COCTOI-1T 1-13 eepTHKanbHO~ 
Tpy6bl, ~Bn~~~e~C~ OCb~ epa~eHI-1~ ABYX KpOHWTe~HOB, Ha KOTOpbiX 
CMOHTHpoeaHbl TenecKonbl. ~Hana30H yrnoe eblneTa peri-1CTpl-1pyeMbiX 
4aCTI-1~- OT 20 AO 160°. MHWeHI-1 TOfl~l-lHO~ 1 r/cM2 Al-laMeTpOM 15 MM 
Kpen~Tc~ a neHonnacTOBOM Aep~aTene, ycTaHaen!-leaeMOM a ~eHTpe 
epa~eHI-1~ nne4. PaCCTO~HHe Me~AY MI-1WeHb~ 1-1 C4eT41-1KOM n1 - 14,5 CM, 
Me~AY MHWeHb~ 1-1 AeTeKTOpOM ~4 - 40 CM. 

Bee C~HHTHnn~TOPbl YCTaHoeneHbl Ha CBeTOBOAaX C B03AYWHbiM KOH
TaKTOM; B Ka4eCTBe OTpa~aTen~ I-1CnOflb3yeTC~ an~MI-1H~31-1pOBaHHbl~ 

Ma~nap TOfl~HHO~ 10 MKM. ~~ HaCTpO~KI-1 cneKTpOMeTpl-14eCKI-1X TpaKTOB 
eo ecex c4eT4HKax c CsJ(Tl) ycTaHoeneH ceeTOAI-lOA An-1 02B. 

2. 3HEPrETH4ECKAR KAnH6POBKA CnEKTPOMETPA 

IIOCKOnbKY B HeOOXOA~MUM ~Hit::IJ~dJit: .3Mt:f''";' ,'::;::~8 ~·.~~,' ;.·.::;::::;
xpoMaTI-14eCKI-1X ny4KOB e HaweM pacnop~~eHI-1~ He 6blno, An~ npoeeAe
HI-1~ rpaAYI-lPOBKI-1 I-1Cnonb30Bani-1Cb ABYMepHble rpa~MKM 3HeprOBb1Aene
HH~ B nape AeTeKTOpOB, rAe Ha nnOCKOCTM nhE•nE 3anMCb1BaflOCb 
4Mcno co6biTH~ c AaHHbiM 3Ha4eH!-1eM oTc4eToe Al..ln a hE- M E-AeTeK
Topax. B 3TO~ nnOCKOCTM MO~HO 6blnO npocneAMTb flOKYCbl, COOTBeT-
C TBY~~Me OTAeflbHbiM 4aCTM~aM, M C4MTaT b KOOPAMHaTbl 3TMX flOKYCOB, 
AnropMTM rpaAYHPOBKI-1 CTpOMflC~ B npeAnono~eHMM! 1/ flMHe~HOCTM 
CBeTOBbiXOAa KPMCTannoB CsJ(Tl) B 3aBMCMMOCTM OT BbiAeneHHO~ B 
KpMCTanne 3HeprMM; 2/ He3aBMCMMOCTM CBeT08biXOAa OT copTa 4aCTM~; 
3/ nMHe~HoCTM TpaKTa ~3Y - ycHnMTenb - AUn. HMe~Tc~ 3KcnepMMeH
TanbHble AaHHble /tO/, yKa3biBa~~Me Ha flMHe~HOCTb CBeTOBbiXOAa B 
CsJ(Tl) An~ npoToHoe M Ae~TPOHOB c 3HeprMe~ BbiWe 3 M3B, npM4eM 
CBeTOBbiXOA An~ npOTOHOB M Ae~TpOHOB He 3aBHCMT OT copTa 4aCTH
~bl. Ce~3b 3HeprMM E c oTc4eToM Al..ln a nHHe~HOM npM6nH~eHMM HMeeT 
BMA E = k • (n- N0 ), rAe k - HaKnoH rpaAYHPOB04HO~ 3aBI-1CMMOCTH, 
N0 - OTC4eT, cooTeeTcTey~~M~ nbeAecTany AUn. OnpeAeneHH~ noA
ne~MT napaMeTp k, xoT~ N0 He ~MKCHpoeanc~ a 3KcnepHMeHTe, a 
TaK~e C4MTanc~ HeM3BeCTHbiM. TaKHM o6pa3oM, An~ 4eTblpex AeTeKTo
poe Heo6XOAHMO 6blnO onpeAenMTb BOCeMb HeH3BeCTHbiX napaMeTpOB -
no 4 3Ha4eHH~ k M N0 . AnropHTM Haxo~AeHH~ HeH3BeCTHbiX napaMeT
poe COCTO~n B cneAy~~eM: nyCTb Bb16paHbl HeKOTOPble 3Ha4eHH~ napa
MeTpOB k 1-1 N 0 . TorAa MO~Ho An~ KalKAO~ napbl 1-13 (n-1) -ro 1-1 n -ro 
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PHc. 3. 3KcrrepHMeHTaJibHbie H pactieTHbie JIOKYCbl p;na rrpo

TOHOB H p;eHTPOHOB BO BCeX rrapax p;eTeKTOpOB, 

1\E = k (n(n-1)_ N(n-1)) E 
n-1 0 • 

N3 

AnR KOOPA~HaT nOKYCOB 4aCT~~ HeKOTOporo COpTa. 3aTeM HaAT~ non
HytO 3Hepr~ta 4aCT~~bt E = 1\E +E. 3HaR Ton~~Hbt (n-.1)- ro ~ n-ro 
AeTeKTopoe, no 3aB~C~MOCT~ noTepb OT 3Hepr~~ AnR ~3BeCTHoA 3Hep
r~H 4aCT~~bl E MomHo pacc4~TaTb noTep~ e (n-1)-M ~ n-M AeTeKTo
pax - 1\ET, ET, ~ cpaBH~Tb ~x c 1\E ~ E. no pacxomAeH~tO MemAY 1\E, 
E ~ 1\ET, E T BHecTH KoppeKT~Bbl e 3Ha4eH~R napaMeTpoe K ~ N 0 ~ 
noeyop~Tb ~~Kn. PeanbHO 3Ta KoppeKT~poeKa ADCT~ranacb nyTeM ~c
nonb30BaH~R MeTOAa Ha~MeHbW~X KBa,QpaTOB, np~4eM M~H~M~3~poeanaCb 
een~4~Ha 
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rAe f HyMeposano nap~ AeTeKTopos /1-2, 2-3, 3-4 nap~ AeTeKTopos/, 
m- noKyC~ /1-npOTOH~, 2-AeATpOH~, 3-Tp~TOH~/, j- T04K~ Ha no
Kycax. Bee a W fjm Bbl6~pan~cb TaK~M o6pa3oM, 4T06bt cyMMapH~A sec 
KamAOro noKyCa paBHRnCR eA~H~~e, BHYTP~ noKyca Bee KamAO~ T04KH 
6~n nponop~~oHaneH ee paccTORH~~ no 3HeprH~ AD cneAY~~eA T04K~ 
noKyca. M~H~M~3a~~R npoBOA~nacb c ~cnonb3osaH~eM nporpaMMbt 
FUMILI 1111 • CooTHOWeH~e 3Hepr~R-npo6er AnR 4aCT~~ B CsJ B~4~c
nRnocb no MeTDA~Ke pa6oTbt /12/, AnR YAOficTBa ~cnonb3DBaH~R cooT-

b HOWeHHe npo6er-3Hepr~R annpoKC~M~poeanocb 3ae~c~MOCTb~ R = a·E , 
KOTopoe s ~HTepecoeaew~x Hac A~ana3DHax BblnonHRnocb c T04HOCTb~ 
He xyme 2-3%. 3Ha4eH~R napaMeTpoe a ~ b, ~cnonb3oeaHHbtX HaM~, 
COCTaB~nH: a- 0,5548·10-2, 0,348]·10-2 , 0,2730·10-2 ; b-

1,709, 1,704, 1,696 AnR npoToHoe, AeATpOHOB ~ TP~TOHOB cooTeeT
CTBeHHO /E- B 1438, R- B r/cM2/. Ha npaKT~Ke, OAHaKO, BO Bcex 
napax AeTeKTOPOB CTaT~CT~Ka, HaKann~eaeMaR 3a BpeMR 3KCn03~~~~, 
BCerAa no3BOnRna C AOCTaT04HOA T04HOCTb~ ~3Bne4b npOTOHHbiA noKyC, 
a ~HOrAa ~ AeATpOHHbtA. no3TOMY B 6onbW~HCTBe cny4aeB rpa,Qy~pOBKa 
npoxoA~na TOnbKO no TpeM npoTOHH~M noKycaM. Ka4eCTBO rpaAy~poeK~ 
~nn~cTp~pyeT p~c.3. rpaAy~poeKa npoeeAeHa eo ecex Tpex napax no 
npoTOHH~M noKycaM. 3Kcnep~MeHTanbH~e KODPA~HaTbl npoTOHHoro no
Kyca HaHeCeH~ 4epH~M~ KpymKaM~, a He3aKpaWeHH~M~ noKa3aHbl KOOPA~
HaTbf npOTOHHoro noKyca, nony4eHHbte no cooTHoweH~~ npo6er-3Hep
r~R ~ nepec4~TaHH~e e KODPA~HaT~ oTC4eToe AUn no HaAAeHH~M rpa
AY~POB04H~M 3ae~c~MocTRM; np~ 3TOM nonHaR 3Hepr~R AnR 3Kcnep~
MeHTanbHoA ~ pac4eTHoA T04K~ DAHa ~ Ta me. CnnowHoi1 n~H~eA noKa
~~~ ~~rnpn~MP~T~nhH~~ ne~TOOHH~A nOKVC: nOKVC. OaCC4~TaHHbiA no 
COOTHOWeH~~ npo6er-3Hepr~R ~ KOHCTaHTaM rpaAY~POBK~, HaAAeHH~M 
H3 npoTOHHbtX noKycoe, noKa3aH wTp~xoeoi1 n~H~eA. AnR npoTOHOB oT
KnoHeH~R He npee~wa~T 2-3%. AnR AeATpoHOB MaKC~ManbHbte pacxom
AeH~R MemAY 3Kcnep~MeHTanbH~M ~ pac4eTHbiM nOKYCOM - He 6onee 
5-7% B o6nacT~, rAe Han~4He Be~eCTBa MemAY napoA AeTeKTOPOB /B03-
AYX, CBeT0~30nR~~R KPHCTannoe/ Ha~6onee C~nbHO ~CKamaeT paC4eT
H~A noKyc, AnR KOToporo Han~4~e ee~ecTBa He y4~T~eanocb. 

To4HOCTb rpaAY~POBK~ o~eH~eanacb TaKme no socnpo~3BeAeH~~ 

MaKC~ManbHOA 3Hepr~~ 4aCT~~ Ha noKyce, TO eCTb 3Hepr~~ 4aCT~~ 
C npo6eroM, paBHbfM cyMMapHoA TOn~~ He napbt AeTeKTOpOB. 3Ta 3Hep
r~R, nony4eHHaR no rpaAy~poeKe, coenaAana c pacc4~TaHHoA no co
OTHoweH~~ 3Hepr~R-npo6er c ow~6KoA He 6onee 5%. M~ C4~TaeM, 4TO 
ocy~eCTBneHHbtA anrop~TM rpaAY~POBK~ n03BOnReT ~MeTb T04HOCTb 
onpeAeneH~~ 3Hepr~~ He xyme 5%. 

3• 3$$EKTHBHOCTb PErHCTPAUHH 4ACTHU TEnECKOnOM C4ET4HKOB 

4acTH~~. nonasw~e e TenecKon, ecTynaR e RAePH~e B3a~MOAeA
CTB~R C Be~eCTBOM AeTeKTOpOB, Bbl6biBatOT ~3 nOTOKa. 3$$eKT~BHOCT b 
per~cTpa~~~ 4acT~~ c 3Hepr~eA Eo BblpamaeTcR 4epe3 ce4eH~e peaK
~~A u KaK 
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NA Eo dx 
tR (E

0
) = exp[- - f u(E) 1-1 dE], 

A 0 dE 

rAe N A - 4HCJlo Aeor a APO, A - aTOMHbl.:i sec MaTepHana AeTeKTopa; 
dE/dx- YAeJlbHble noTepH 3HEf,prHH IM3B·(rlcM2)-11. 

BBHAY Taro, 4TO R = a. E , 

N Eo b 
exp[-a.b~ ( u(E)E -ldE]. 

A o 111 

AaHHble o ce4eHHRX peaK~HH e AHana3oHe 3HeprH.:i 0-300 M3B AllR 
npOTOHOB, Ae.:iTpOHOB, TPHTOHOB Ha Cs HJlH J npaKTH4eCKH OTCyT
CTBY~T. B pa6oTe 1181 npHBOARTCR 3KCTpanonHpoeaHHble no coceAHHM 
Z"' Au AllR npoToHoe "'Ae.:iTpoHoe Ha J. B pa6oTe 131 npeAnaraeTCR 
3MnHpH4ecKoe BbiPa*eHHe AllR Bbi4HCJleHHR u AJlR 4aCTH~bl c Macco.:i 
m H 3aPRAOM Z Ha RAPe C Macco.:i A, 3aPRAOM Z BHAa 

u(E) = rrr~(l- Q/E), r
0 

= 1,43(A113 + m 113
) <!>M, 

Q = zZe 2 lro npH E < EP , 121 

u(E) = u (E P) npH E :: EP. 

napaMeTp E p AllR z =32 COCTaBJlReT 30 M3B AJlR Ae.:iTpOHOB "' 50 M3B 
AllR TPHTOHOB. 

0~e~~~.-.~ C'!!!~~~~!~ C'~::'e~'="~~~~~A~ ";\~'!'~~TIACIUf'\rTIA n!"lA '-'l~nn!"'P,n,PnP~~OC:T&A 

B BeJlH4HHe u. ~CJlH B3RTb AJlR U npHBeAeHHOe BbiWe Bblpa*eHHe 121 
"'npoHHTerpHpoeaTb 111, nony4HM 

(E) exp[- NAu(EP)R(E)]exp[NA·rrr 2
0

R(Ep) ..!:_] 1 
R = A A b-1 Ep ' 131 

rAe R(E)- npo6er 4aCTH~ c 3HeprHe~ E e ee~ecTee AeTeKTopa. BenH-
4HHa BTOpOrO COMHO*HTeJlR He 3aBHCHT OT 3HeprHH 4aCTH~bl; AJlR 
He.:iTpOHOB npH Ep= 30 M3B OHa COCTaBJlReT 1,02, B TO epeMR KaK 
npH 3HeprHH Ae~TPOHOB 240 M3B IMaKCHMallbHaR 3HeprHR, yKnaAbiBa~
~aRCR B 40 rlcM21 nepBbl.:i COMHO*HTeJlb paeeH 0,66. 

TaKHM o6pa30M,T04HOCTb onpeAeJleHHR 3~eKTHBHOCTH B OCHOBHOM 
3aBHCHT oT 3HaHHR u npH E>Ep' OTHOCHTellbHaR owH6Ka onpeAeJleHHR 
3~~eKTHBHOCTH (E > Ep) 

L\tR N A 
- = - u(E )R(E) · (L\u(E ) I u(E )) • 141 

fR A P P p 

AllR R(E) = 40 rlcM 2 H u(E ) = 2,6 6
1131 

L\tr/t = 0,5·L\ulu, 
TO ecTb npH L\ulu- 20% OWHGKa He npeBbiWaeT 1 o'\ AJlR MaKCHMaJlbHbiX 
3HeprH.:i Ae.:iTpoHoB "' cy~ecTeeHHo naAaeT AllR MeHbWHx 3HeprH.:i. 

EcnH B3RTb AJlR u(E) BbiPa*eHHe /21 H AJlR cpaeHeHHR AllR u(E) 
B3RTb 3Ha4eHHR, npHBeAeHHble B /131, TO COOTBeTCTBY~He 3Ha4eHHR 
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PHc.4. 3~eKTHBHOCTb perHcTpa~HH 
qacTH~ TenecKonoM: tR - 3~eK

THBHOCTb C yqeTOM .Rp;epHblX peaK
~HH, ta - C yqeTOM TOnbKO MHOro
KpaTHOrO pacceHHHH B Be~eCTBe 
p;eTeKTOpa, llonHaH 3~eKTHBHOCTb -
fR. fa • 

3~eKTHBHOCTH perHcTpa~"'"' Ae.:iT
poHoe c 3HeprHe.:i 160 M3B cocTa
BRT 0,86 H 0,80,a AllR 240 M3B -
0,67 "' 0,64. 

Ha pHc.4 npHBeAeHbl 3Ha4eHHR 
3~~eKTHBHOCTH perHCTpa~HH (R 
AJlR npOTOHOB, AeHTPOHOB H TpH
TOHOB, paCC4HTaHHble C HCnOJlb30-
BaHHeM 111 H 121 AllR Hawero re-
necKona. 

3~~eKT MHOrOKpaTHOrO pacceRHHR 4aCTH~ B Be~eCTBe AeTeKTOpa 
TaK*e MO*eT Bb13BaTb yMeHbWeHHe 3~QeKTHBHOCTH perHcTpa~HH 3a C4eT 
BbiXOAa 4aCTH~ 3a npeAeJlbl AeTeKTopa. PacnpeAeneHHe 4acTH~ no 
CMe~eHH~ f~ B nepneHAHKYJlRpHOM HanpaBJleHHH K HanpaBJleHH~ ee 
nepBOHa4aJlbHOro ABH*eHHR OnHCbiBaeTCR HOpMaJlbHbiM pacnpeAeJleHH-
eM /14/: 

151 

rAe R- noJlHbiH npo6er 4aCTH~bl e ee~ecTee; v- nyTb, npo.:iAeHHbiH 
4aCTH~e.:1; <r.f>- cpeAHee 3Ha4eHHe rf Ha rny6HHe v. 

B HepeJlRTHBHCTCKOM npH61lH*eHHH npH v ocR 1141 

K 
2 = (m /m)(Z + 1) ak I a , e u 

161 

= ln[198(AZ)-1i~; 

R,dE{dx, ~ - npo6er, YAeJlbHble noTepH H CKOpOCTb, KOTOpaR Bbi-
4HCJlReTCR AllR Ha4aJlbHo.:i 3HeprHH 4aCTH~bl; A,Z - xapaKTepHCTHKH 
ee~ecTea AeTeKTopa, m,z - 4aCTH~bl, me- Macca 3JleKTPoHa. 

AnR npoToHa c npo6eroM 41 r I cM2 e CsJ, 4TO cooTBeTcTeyeT 

3HeprHH 185 M3B, ~<r~> = 0,8 eM. 
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B~6btBaH~e 4acT~~ ~3 TenecKona 3a C4eT MHoroKpaTHoro pacceAH~A 
pacc4~T~eanocb cneAY~~~M o6pa3oM: 1/ no Bbl4~cneHHOMY npo6ery e 
Kp~cTanne CsJ HaxoA~nacb T04Ka, 4epe3 KOTopy~ npoeoA~nacb nnoc
KOCTb, nepneHA~KynApHaA TpaeKTOp~~ 4aCT~~, ~ Ha 3Ty nnOCKOCTb 
npoeKT~poeanOCb 11 ~3o6pa>KeH~e11 Tp~rrepHoro C4eT4~Ka n3 - MeCTO ~ 
$OpMa npoeK~~~ OnpeAenAn~Cb B03MOlKH~M~ TpaeKTOp~AM~ 4aCT~~, npo
XOAA~~X 4epe3 n3; 2/ pacnpeAeneH~e 4acT~~ no nonepe4HoMy cMe
~eH~~ /6/ ~HTerp~poeanOCb AnA Ka>KAO~ T04K~ ~3o6pa>KeH~A n3 no 
nnocKOCT~ ce4eH~A ~ ycpeAHAnocb no nn~aA~ ~3o6pa>KeH~A. HHTer
p~poeaH~e npoBOA~nocb 4~cneHH~M cnoco6oM. ca,onpeAenAeMaA MHoro
KpaTHbiM pacceAH~eM, 3aB~C~T OT KOOPA~HaT T04K~ B3a~MOAe~CTB~A Ha 
M~WeH~, TaK KaK nono>KeH~e npoeK~~~ n3 e ce4eH~~ AeTeKTopa MeHA
eTCA AnA pa3n~4H~x T04eK M~WeH~. 3Ha4eH~e Ea pacc4~T~eanocb AnA 
Tpex T04eK M~WeH~, ~Meewe~ $OPMY Kpyra C paA~YCOM RM = 0,75 CM: 
AnA ~eHTpa M~weH~ £ &1' AnA T04K~ c KOOPA~HaTaM~ x = R M , y = 0 
(ca2 ) ~ T04K~ c KOOPA~HaTaM~ x = 0, y = R M (c a ) • Oc~ x, y ne)l(aT 
e nnocKocT~ AeTeKTOpa, KOTopaA nepneHA~KynApHl oc~ TenecKona. 
YcpeAHeH~e no noeepxHoct~ M~WeH~ e n~He~HOM np~6n~)l(eH~~ 3ae~
c~MOCT~ E a OT X ~ y AaeT AnA CpeAHero 3Ha4eH~A -;-;- Bblpa>KeH~e 

l a = f a + ( 4/3 IT) • (c a + l - 2 f a ) • 
1 2 a 3 1 

Ha p~c.4 noKa3aHbl pacc4~TaHH~e AnA Hawero TenecKona 3$$eKT~eHoc-
T~ ER' fa ~ pe3ynbT~py~~aA 3$$eKT~BHOCTb per~CTpa~~~ f = f R • E a 

AnA npoToHoe, Ae~TpoHoe, TP~TOHOB. 

4. XAPAKTEPHCTHKA CnEKTPOMETPA 

On~c~eaeM~~ cneKTpoMeTp 6~n ~cn~TaH Ha ny4Ke ycKopeHH~x AAep 
12C c~Hxpo$a3oTpoHa JlB3 OHHH. HoH~ 12 c ~Men~ 3Hepr~~ 4, 6 f38/HyKn. 
HHTeHC~BHOCTb B~BeAeHHOrO ny4Ka COCTaBnAna 2·10 6 AAep B ~~Kn. 
CneKTpoMeTp 6~n ycTaHoeneH e $oKyce TpaKTa MeAneHHoro B~BOAa, 
epeMeHHaA pacTA>KKa B~BOAa ny4Ka cocTaenAna 400 Me. M~weHb ~3 Pb 
~Mena Ton~~Hy 1,0 r/cM 2 ~ pacnonaranacb nepneHA~KynApHo ny4KY, 
o6a TenecKona ycTaHaen~ean~cb noA yrnaM~ 146° ~ 160° no OTHo
weH~~ K HanpaeneH~~ ny4Ka cnpaea ~ cneea oT ny4Ka. 

Ha p~c.5 np~BeAeH~ cneKTP~ Mace, nony4eHH~e AnA TenecKona 
noA yrnoM 146° np~ Tpex KoM6~Ha~~Ax AeTeKTopoe: 1-2, 1,2,3, 
1,2,3,4, np~4eM AnA ABYX nocneAH~X KOM6~Ha~~~ np~ nocTpoeH~~ 
cneKTpa Mace e Ka4ecTee E-AeTeKTopa e~6~pancA nocneAH~~ AeTeK
Top, a 3HeproebiAeneH~A e npeAbiAYill~X cyMM~poeanocb ~ ~cnonb3o

eanocb KaK ~E-c~rHan. 
CneKTp Mace CTpo~nCA MeTOAOM, npeAnO>KeHH~M fonbA~HrOM, KOTO

p~~ OCHOB~BaeTCA Ha 3Mn~p~4eCKOM COOTHOWeH~~ 3Hepr~A-npo6er115/ 
b 

R = aE , rAe napaMeTp a ~MeeT AnA pa3n~4HbiX 4acT~~ pa3Hoe 3Ha-
4eH~e, a b np~6n~3~TenbHO paeHo 1,7 AnA ecex 4aCT~~. Ecn~ Ton
lll~Ha ~E-AeTeKTOpa COCTaBnAeT t~ 3HeprOB~AeneH~A B AeTeKTOpax-

8 

.. 
I 
~ 

p 
N 

400 t-1-3-4 

300 i xtO 
rr 

~ 
200 

100 

N 5 10 p 15 20 
t-2-3 

2000 1 xtO 
I d 

rr 

~ tOOO 

N 
8000 s 10 p 15 20 

t-2 

6000 ~ 4000 

2000[ V\J ~ 
I I i I 

5 10 15 20 

p 

p 

p 

PHc.5. CneKTphl Mace AnH Tpex 
KOM6HHa~~ AeTeKTOPOB. 

COOTBeTCTBeHHO ~E ~ E, TO ~3 co
OTHOWeH~A 

a(E + ~E) b = t + aE b 

nony4~M 

napaMeTp ~AeHT~$~Ka~~~ P ~MeeT 
AnA Ka>KAoro copTa 4aCT~~ ceoe 
3Ha4eH~e; ecn~ ~cnonb3oeaTb pa
Hee np~BeAeHH~e 3Ha4eH~R a, b, 
TO P paBHAeTCA AnA n~OHOB, npo
TOHOB, Ae~TPOHOB, TP~TOHOB 7, 1; 
13,4; 16,9; 19,1 COOTBeTCTBeHHO. 
3Kcnep~MeHTanbH~e 3Ha4eH~R 3TOro 
napaMeTpa, ~3Bne4eHH~e ~3 cneKT
poe Mace, np~BeAeHH~X Ha p~c.5, 
npeACTaeneH~ B Ta6n.2. Qw~6Ka 
onpeAeneH~A P COCTaBnAeT ~0,5. 
Q, .. .. , ,...., t ,,..,.., ,..,,,..,..Onl.tii.AIOUT':'3 nL ULtQ. n:::.u-
...,,.,,..., ....... J I I..., ..... ,,._, ,_,..., o• •-• • o -• •-. ·-• _ ,-,-

H~e xopowo cornacy~TCA c pac4eT
HbiM~. 3To cornac~e AOnonH~TenbHO 
cB~AeTenbcTeyeT o6 YAOBneTeop~
TenbHOM Ka4eCTBe 3HepreT~4eCKO~ 
rpaAY~POBK~, TaK KaK OW~6K~ B He~ 
np~een~ 6~ K OTKnOHeH~AM ~ B 
3Kcnep~MeHTanbH~x 3Ha4eH~Ax P. 

B np~BeAeHH~X cneKTpax Mace xopowo pa3AenA~TCA npoToH~, Ae~T
poHbl ~ Tp~TOH~. n~oH~ TaK>Ke B~AH~ OT4eTn~BO, HO OH~ HaXOAATCA Ha 
3Ha4~TenbHOM $OHe, 06A3aHHOM CBO~M npO~CXO>KAeH~eM n~oHaM, 3axea
T~BW~MCA ~n~ pacnaew~MCA e AeTeKTope 4acT~~aM, nonaew~M e AeTeK
Top, Ho e~6~ew~M ~3 Hero e pe3ynbTaTe ynpyroro ~n~ Heynpyroro 
B3a~MOAe~CTB~A. 

A~ana30H~ per~cTp~pyeM~X TenecKonoM 3Hepr~~ 4acT~~ np~BeAe
Hbl e Ta6n.2. 3HepreT~4ecKoe pa3peweH~e cneKTpoMeTpa onpeAen~Tb 
TPYAHO, HO npeACTaeneH~e 0 HeM AaeT Ta6n.3, B KOTOPO~ AnA pa3-
n~4H~X nap AeTeKTopoe np~BeAeH~ lAnA HeKoTop~x 3Hepr~~ npoToHoe, 
onpeAeneHH~x 3Kcnep~MeHTanbHo/ pac4eTHoe 3Ha4eH~e 3HeproB~Aene
H~A e ~E-AeTeKTope ~ 3Kcnep~MeHTanbHoe 3Ha4eH~e c ow~6Ko~, pae
HO~ nonyw~p~He pacnpeAeneH~A Ha nonoe~He e~coT~. Ow~6Ka pac4eT
Horo 3Ha4eH~A 3Hepr~~ B~4~cnAnacb KaK nonyw~p~Ha pacnpeAeneH~A 
noTepb npOTOHOB B AeTeKTOpe no Ta6n~~aM/18/, 
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PHc.6. CneKTP AeHTPOHOB HS peaK-
1.\HH 12 C + Pb -+ d + X, HSMepeHHbiH 
nOA yrJIOM 146° . 

npHMep 3HepreTH 4ecKoro cneKTpa, nony4eHHoro c Hcnonb308aHHeM 
cneKTPOMeTpa, npHBeAeH Ha pHc.6, Ha KOTOpOM noKa3aH

1
i T04HOCTb~ 

AO nocTOfiHHoro MHOJKHTenfl 8biXOA AeihpoHoe e peaKL.IHH C + Pb-+ d +x. 
3HeprHfl Ae~TpOH08 nonpa8neHa c y4eTOM noTepb 8 n1' n2, n3. 

A8Top~ 6naroAapH~ H.H.rpa$o8y, B.n.CaAHno8y sa noMo~b e 
nOArOTOBKe H npoBeAeHHH H3MepeHH~. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 

13. 

14. 

15. 
16. 
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CneKTPOMeTp 6E-E THna AnR H3y4eHHR 8WXOA08 4aCTH~ 
8 peaK~HRX C penRTH8HCTCKHMH HOHaMH 

13-83-681 

0nHCW8aeTcR ycTaH08Ka AnR cneKTPOMeTPH4eCKHx H3MepeHHH H HAeHT~HKa~HH 
aapR*eHHWx 4aCTH~. CocTa8 H AHana3oH 3HeprHH perHcTpHpyeMwx 4aCTH~: npoTo
HW - 45-190 MsB, AeHTPOHW - 60-250 MsB, TPHTOHW - 70-300 MsB. YcTaH08Ka coc
TOHT H3 A8YX TeneCKOn08; Ka*AWH TeneCKOn COAeP*HT 4eTwpe 6WCTPWX C~HHTHnnR
~HOHHWX AeTeKTopa H 4eTwpe cneKTPOMeTPH4eCKHx AeTeKTopa Ha ocHo8e CsJr,n). 
C8eTOCHna Ka*AOro TenecKona 3 MCp. npH80ARTCR xapaKTepHCTHKH YCTaH08KH, 
cneKTPW Mace, 3HepreTH4eCKHH cneKTp, Hnn~CTPHPY~He pa6oTy cneKTpOMeTpa 
Ha CHHXp~a30TPOHe 8 ny4Ke 12C C 3HeprHeH 4,6 rsB/HyKnOH/C. 

Pa6oTa 8WnonHeHa 8 fla6opaTOPHH 8WCOKHX 3HeprHH OHRH. 

Garkun V.V. et al. 13-83-681 
Spectrometer of 6E-E Type for Investigation of Particle Yields 
in Reactions with Relativistic Ions. 

An experimental set up for charged particle spectrometric measurements 
with their identification is described. Composition and energy ranges of 
detected particles are as follows: protons- 45-190 MeV, deuterons-
60-250 MeV, tr i tons - 70-300 MeV . The set up consists of two telescopes, 
each one includes four fast scintillation detectors and four spectrometric 
detectors based on CsJ(Tl) , The acceptance of each telescope is equal to 
3 mstr. The characteristics of the setup , its mass and energy, which illust
rate the spectrometer operation on the 4.6 GeV/per nucleon of 12c nuclear 
beam , extracted from the synchrophasotron are presented. 

The investigation has been performed at the Laboratory of High 
Energies, JINR-. 
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