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BseneHHe 

DpH s.blnonHeHHH <f>HaH'I9CKHX sKcnepHMeHTOB Ha ycKopHTene Heo6xo-

.llHMO TO'IHOe 3H8.HHe BblXO.llH.biX napaMeTpOB BbiB9.1l9HHOI'O ny'IKB. yCKOpeH-

HbiX HOHOB 1 HCOOJlbSyeM.biX B 9KCnepHM9HTe. 

OcHOBH.biMH napaMeTpB.MH s.blseneHHoro ny'IKB. RBJIRIDTCR ~HeprHR 

'IB.CTHUbl E 1 cTeneHb MOHoxpoMB.TH'IHOCTH L\ E H HHTeHCHBHOCTb 'IB.CTHU 

s enHHHUY speMeHH J • B pa6oTe onHCbisaeTcSI M9TO.llHKB. H peaynbTB.T.bl 

H3M9p9HHR CT909HH MOHOXpOMB.TH'IHOCTH H 9H9pi'HH BbiB9.1l9HHbiX H3 .llByx

/2/ 
MeTpOBOI'O H30XpOHHOI'O UHKJ10TpOH8. (Y-200) a -'IB.CTHU M9TO.ll0M 

Ill 
nepeaapR.llKH I sneps.ble npe.llJI0)1{9HHblM r. H. <PnepOB.biM H np. 

1. 0nHC8.HH9 M9TOAHKH 9KCnepHM9HT8. 

EnoK-cxeMa ycTB.HOBKH HaMepeHHH napaMeTpos B.blseneHH.biX Ha 

UHKJ10TpOH8. a -'IB.~THU npHB9.1l9H8. HB. pHC. 1. 
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nepe,a Ha'!:anoM 3KCI19pHM9HTa C IIOMOlUbiO 3KpaHa, CB9TSilU9rOCSI 

IIO.ll B03.ll9li:CTBH9M IIa,aaiOlUHX Ha Hero YCKOpeHHbiX HOHOB, H IIOpTaTHBHOll: 

TeneBH3HOHHOll: ycTaHOBKH ( nTY) IIO.ll6HpanHCb ycnoBHSI cpoKyCHpOBKH IIy'l-

xa. 

4T06bi y6paTb 'laCTHUbl 0 paCC9SIHHbl9 BO Bp9MSI TpaHCIIOpTHpOBKH IIy'l

xa, H o6ecrre'IHTb .aocTaTO'IHO ManyiO pacxo.aHMOCTb ero rrepe.a rrorra.aa

HHeM Ha MHW9Hb0 IIy'IOK IIporrycxanCSI '19p93 KOnnHMHpyiOlUyiO CHCTeMy. 

/3/ 
KonnHMHpyiOlUaSI CHCTeMa COCTOSina H3 Tp9X KOnnHMaTOpOB C 

COOTB9TCTByJOlUHMH paCCTOSIHHSIMH M9:>K.llY HHMH H MHW9Hb10 450 MM 0 

220 MM H 1:d5 MM. nepBbie .aaa xonnHMaTopa a OTnH'IHe oT rrocne,aHero 

H MHW9HH 0 HaXO.llHBWHXCSI B peaKUHOHHOll: KaMepe, IIOM9WMHCb IIepe,a 

BXO.llOM B Hee Ha CHnbcpOHe. KonnHMaTOpbi H3rOTOBnSinHCb H3 M9,llH C 

UHnHH.llpH'19CKHM OTB9pCTH9M 10 MM B Ka:>K,llOM. 

~aTepHan H IIpOcpHnb OTB9pCTJISI KOnnJIMaTopOB B~6HpanHCb Ha OCHo-

/4/ 
aaHJIJI peayn&TaTOB pa60Thl 0 B KOTOpOll: HCCne,aoaanaCb aaBJICHMOCTb 

"XBOCTOB" 0 o6ycnoaneHHbiX pacceSIHHeM 'laCTJIU Ha KpaSIX 0 OT MaTepHana 

JI IIpOcpHnSI OTB9pCTHSI KOnnHMaTOpOB IIpH IIpOXO:>K,ll9HHH IIy'IKa IIpOTOHOB 

20 ~SB JI a -'laCTHU c aHeprHeA OT 50 .ao 80 ~sa c L\ E /E = 0,02%. 

reoMeTpH'19CKaSI COOCHOCTb KOnnHMaTOpOB 0 MHW9HH 0 UHnHH,llpa <l>apa-. ~ 
,ll9SI H CT9II9Hb cpOKyCHpOBKH IIy'IKa KOHTpOnHpOB8nHCb paanH'IHhlMJI CIIOC~ 

6aMJI H, B '18CTHOCTJI 0 M9TO.llOM IIpO:>KHraHHSI IIY'IKOM 6yMarH, KOTOpaSI 

BBO,llJinacb BM9CTO MHW9HH B TaKOll: :>K9 OIIpaae 693 HapyweHHSI BBKyyMa 

B p98KUHOHHOll: KaMepe. 

B xa'!:eCTBe MHweHH 6panacb cponbra H3 
197 Au TOnWHHoll: 0,25 MKM, 

qTo COOTB9TCTByeT IIOTepe B Hell: 40-50 KSB IIpH IIpOXO:>K,ll9HHH a -'lac-

/5/ 
TJIU 40 ~3B • 3onOTO IIOMewanOCb B OIIpaay C OTB9pCTH9M ,llHaM9TpOM 

15 MM 0 

4 

',I 

nocne IIpOXO:>K,ll9HHSI KOnnHMHpyiOWelt CHCT9Mhl H MHW9HH IIY'IOK rro

rra,aan a uHnHH.ap ¢apa,aeg, cHrHan c xoToporo rro.aaaancSI Ha rryn&T yrr

paaneHHSI ycxopHTeneM. 

HacTpoAxa rry'!:Ka aenac& IIO MaKCHMyMy TOKa B UHnHH,ape <l>apa.ae.H 

H OTHOW9HHIO TOKa B H9M K TOKy IIepe,a IIOBOpOTHhlM MarHHTOMo 

197 
B peayn&TaTe peaepcpop.aoacxoro pacceHaaHHSI Ha Au a -'laCTHUhl 

IIOIIa,aanH B .ll9T9KTOp, H8XO.ll.HWHitC.H BHe peaKUHOHHOit KaMephl, IIO,ll yr-

0 noM 20 B na6opaTopHOit CHCT9Me OTC'IeTa. 

B xa'leCTBe HH.llHKaTopa a -'laCTHU 6panc.11 rronyrrpoao,aHHKOBhlA 

2 rroaepxHOCTHo-6ap&epH~>IA (,aan&we rr.-6.) .aeTexTop c rrnowa.a&IO 27 MM 

HM9101UHA psr.a rrpeHMymecTB rrepe.ll Li -,apeAcpo·BbiM .ll9T9KTOpOM H 1 B 

'laCTHOCTH 1 ny'IWYIO nHH9AHOCTb cOOpa aneKTpOHOB IIpH 6on&WHX Haiip.H::>Ke

HHSIX CM91U9HHSI H ny'IW99 3HepreTH'I9CKOe paapeweHHe. 

4T06hl o6eCII9'1HTb rrornOW9HH9 BC9A SHeprHH yCKOp9HHhlX a- 'lac

THU B 'lyBCTBHTen&HOM cnoe, .ll9T9KTOp H3rOTOBn.SinC.SI H3 BbiCOKOOMHOrO 

0 
Kp9MHH.SI H pacrronarancSI IIO.ll yrnoM 45 IIO OTHOW9HHIO K pacceSIHHOMY 

IIy'IKYo 

Bon&raMrrepHaSI H aon&reMKOCTHa.SI xapaxTepHCTHKH rr.-6 • .aeTeKTopa, 

HCIIOn&ayeMOrO B pa60T9 1 IIpHBO,llSITC.SI Ha pHCo 2. 
0 i 

BhlCOKOOMHhlA MaTepHan H yron .ll9T9KTOpa B 45 IIO OTHOW9HHIO K 

paCC9SIHHOMy IIY'IKY o6eCII9'1HB8nH 'lyBCTBHTen&HhlA cnolt IIpH H8IIp.SI:>K9HHH 

CM9W9HHS1 OKOnO 300 B IIOp.SI,llKa ~ 800 MKM 0 'ITO COOTB9TCTByeT rrpo6ery 

/6/ 
a -'laCTHU C aHeprHeA ~ 45 ~3B • 

TeneCHhlA yron, IIO.ll KOTOpbiM ,ll9T9KTOp 'CMOTpen' Ha MHW9Hb1 6hln 

' -5 
paaeH 3,3.10 cTepa.aHaH. 

/3/ 
Bbi60p rr.-6. ,ll9T9KTOpa c;:,aenaH Ha OCHOBaHHH pa60Thl 1 B KOTO-

poA rroxaaaHa BbicoxaSI paapewaiOlUaH crroco6HOCT& rr.-6, .aeTexTopoa cpHp-

Mbl "ORTEC , C 'IYBCTBHTen&HbiM CnoeM ~ 2000 MKM IIO OTHOW9HHIO K 

IIpOTOHaMo 
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CHrHan c aeTexTopa noaaaancH Ha npeaycHnHTen& c noneBbiM TpaH

aHcTopoM Ha axo.ae ( Y03-51 ) I paapa6oTaHH&II B n.H Pe B.r. Cy66oTHH&IM 

c coTpy.QHHKaMH. Hat~an&Hoe paapeweHHe npeaycHnHTenH paaHo 5-7 xsa. 

4To6bi HCKniO'IHTb BK:na.Q sneKTpOHHKH sa C'I9T aarpy30K no HHTeHCHBHOCTH 

5 aaepreTHt~ecxoe paapeweHHe 1 TOK nyt~Ka noaaep:lKHBanH Ha ypoaHe 1 KOT0-
/3/ 

pbil!: COOTBeTCTBOBan CKOpOCTH C'leTa a -qaCTHU "' 100 HMnyn&eoa/cex. • 

CHrHan H3 npeaycHnHTenH noaaaancH no Ka6eniO PK-102 H3 ¢R3.wt~ec

xol!: xa6HHbt UHKnoTpoHa B HaMepHTen&H&Il!: ueHTp Ha cornacoaaHH&II c aon

HOB&IM conpOTHBneHHeM Ka6enH BXO.ll TpaH3HCTOpHoro cneKTpOMeTpH'IeCKOrO 

ycHnHTeng c axTHBHbiM ¢opMHpoaaHHeM ( YCT-3) c HHTerpHpyiOIUel :a aH<P

<tJepeHUHpyiOIUel!: uenot~xol!: anHTen&HoCT&IO 0 15 MKceK Ka:lK.Q8H 
171• 

I1a YCT-3 cHrHan noaaaancH Ha O.QHH H3 caao1!HH&IX xoaHpoamHxoa 

Ha 1024 KaHana B CTOIKe e.QHHOro KO.QHpOBaHHSI aHanH3HpyeM&IX napaMe~ 

pOB (CEKA0-4) 1 paapa6oTaHHOI n.n. 4enHOKOB&IM C COTpy.llHHKaMH, KOTo

paH 6hxna conpH:lKeHa c oauol Ha cToeK MHoroKaHan&Horo auanHaaTopa 

"'TeHaop' • 

I1u¢opMaUHH HaKannHaanac& a onepaTHBHOM aanoMHHaiOIUeM ycTpoAc~ 

ae (03Y) auanHaaTopa. KoHTpon& aa uaxonneHHeM ee aencH aHayan&Ho 

C noMOlUbiO OCUHnnocxona 1 a aaTeM HH<tJOpMaUHSI B&IBO.QHnacb Ha 6&ICTpyiO 

net~aT& ( EJ-:.42). 

BpeMSI SKCn03HUHH B&I6Hp8n0Cb H3 C006pa:lKeHHI HCKniO'IeHHSI 'non

aaHHSI' KaHanoB Ha-aa OTCyTCTBHSI cneuHanbHOI CTa6HnH3aUHH B KO.QHpOB -

lUHKe 1 a TaK:lKe acneacTaHe 'nnaaaHHH' t~acTOT&I B4 reHepaTopa ycKopH-

Ten H. 

nHHeAHOCT& TpaxTa MeTO.llHKH npoaepHnac& aeurepcKHM reHepaTopoM 
-3 

TO'IHbiX aMnnHTY.ll (rTA) (TO'IHOCTb 10 no OTHOWeHHIO K Hcnon&ayeMOI 

wxane) 1 HMnyn&ebi oT KOToporo noaaaanHc& ua axoa Y03-51 c noaKniO

'IeHHbiM .QeTeKTOpOM 1 a TaK:lKe Ha60pOM paanH'IH&IX SHeprHA a -nHHHI OT 

xanH6poaot~Horo a -HcTo'IHHKa npH paaHbiX xoa¢¢HuHeHTax ycHneHHH ( YCT-3). 
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Oocne CHSITHSI Cll9KTpa pacceHHHbiX a -'laCTHU pa3l'!epTK8 B 1024 

K8Hana rpa.QyHpoaanac& reHepaTOpOM TO'IHbiX aMnnHTY.llo rTA KanH6poaan

CSI no H3BeCTHbiM a -nHHHSIM OT 
212

Po (8,776 Msa) H 
216

Po (6,774Maa). 

3HeprHSI 1 COOTBeTCTBYIOWaSI MaKCHMYMY riHKa pacceSIHHbiX 

no.QC'IHTbiBanac& no ¢opMyne 

a -'laCTHU 1 

E (a) 
E( 212Po)- E( 216 Po) 

Ke
12

Po) -K( 
216

Po) 

(K(a) -K( 212po)) +E( 212po), 

rae 

ll6po, 

E( 216Po), E(212Po) 

212 Po H pacceHHH&IX 

H E(a) -aHa'leHHH aueprHA 

a -qaCTHU COOTB9TCTBeHHO; 

a -nHHHI 

K(216 Po), 

K( 212 Po) H K (a) -aHa'leHHH wKan&I reHepaTopa TO'IHbiX aMnnHTy.ll1 

cooTBeTCTByiOWHe MaKCHMYMY a -nHKOB 216 Po, 
212

Po H paccegH-

HbiX a -'laCTHU COOTBeTCTBeHHOo 

2. Peayn&TaT&I HaMepeHHA H HX o6cy:lKfleHHe 

CywecTBYIOT paanH'IH&Ie cnoco6&I H3MepeHHH aHeprHH. 
r 

B pa6oTe aHeprHH a -'lacTHU HaMepgnac& c noMOIU&IO peaep¢op-

.llOBCKOro pacceSIHHSI Ha TOHKOI 30nOTOI <tJon&re (0,25 MKM) no.Q yrnoM 
0 

20 n.c. 1 TaK KaK B aTol o6naCTH yrnoa anH KaHana peaKUHH 

197Au(a,a) 197Aa ceq;eHHe ynpyroro pacceHHHSI a -'laCTHU B .QHanaaoHe 

aueprHA 30-40 Mas ua HecKon&KO nopH.llKOB npea&IwaeT cet~eHHe ueynpy-

rHx npoueccoa H OTHoweHHe TeopeTHt~ecKero cet~eHHH x aKcnepHMeHTan&
/8/ 

HOMY 6nH3KO K 1 • 

Ha pRe. 3 npHBO.llHTCSI sHepreTH'IecKHe cneKTp&I pacceHHHbiX noa 

yrnoM 20° n.c. ua aonoToA ¢on&re (0 125 MKM) a -'laCTHU1B&IBeaeHH&IX 

Ha Y-200 1 H KanH6poBO'IHbie a -nHHHH. 
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3aaqeHHe sHeprHH a -qacTHU, Bblse.oeHHbiX H3 Y-200 c reoMeTpH-

qeCKOJ;'O pa.oHyC.!i 860 MM 1 113MepeHHOe BbiWe OIIIIC8HHbiM MeTO.OOM 1 paBHO: 

E (a) = (36,5 :!:.. 1,0) Mss. 

OoTepll a -qacTIIU c sHeprHell: 36,5 Mss np11 npoxo:>K.oeHHII 3ono

TOll: <i:Jonbi'II TOnWIIHOll: 0,25 MKM (oKono 50 K9B) II Ha OT.OB'Iy IIpll ynpy-

197A o ( ) rOM CTOnKHOBeHIIII C U 110.0 yrnOM 20 n.c. OKOnO 90 K9B He Mor-

nil IIOBniiHTb B rrpe~enax IIOI'peWHOCTII MeTO.OIIKII Ha 3HaqeHIIe 9Hepr11H II 

CTeiieHb MOHOXpOMaTII'IHOCTII rrepBII'IHbiX a -qaCTHU, BbiBe.oeHHbiX 113 

UHKnOTpOHao 

.[lng KOHTpOnH 113MepeHIIll: .BBO.OIInaCb CTOIIK8 6 MIIKpOHHbiX aniOMIIHH-

9BbiX <Pon~:>r c o6well: rrosepxHOCTHOll: rrnoTHOCTbiO ( 100 :!:.. 4) Mr/cM2 • 

3HaqeHIIe sHeprHII MBKCHMyMa a -nHKa rroc:ne rrornoTIITenH pasHo 

17,5 Mss, 'ITO cooTBeTcTsyeT sHeprHH rrepsii'IHbiX a -qacTHU ( 36,0 :!:.. 
/5/ 

+ 1,4) Mss (pH c. 4) • 

J.13MepeHHe sHepriiH c noMOIUbiO rrornoTHTenell: s rrpe.oenax rrorpew

HOCTH XOpOlUO cornacyeTCH C H3MepeHIIHMII C IIOMOlUbiO rT A. 

Co6cTseHHoe pa3peweHIIe MeTO.OHKII H3MepHnocb TpeMH H3BeCTHbiMH 

a -Kan116poso'IHbiMH niiHHHMII OT 289 Pu (5,150 Mss), 241 Am 5,482 Mss) 

H 244 Cm (5,798 Mss) (pHc. 5). 

3'HepreTII'IecKoe pa3peweHHe .oeTeKTopa cywecTseHHbiM o6pa3oM 

38BIICeno OT Haiipg:>KeHIIH CMeweHIIH. 

Op11 cMerueHIIII 200 s Ha .oeTeKTope pa3peweHIIe pasHH nocb 20 K9B, 

a IIpll 300 B "' 36 K9B ,OnH a -qacTIIU c sHeprllell: .. 6 Mss. 

CywecTseHHoro sniiHHIIH Ha sHepreTH'IeCKoe pa3peweH11e .oeTeKTopa 

BenH'IIIHbl TOKa a -nyqKa, KOTOpoe KOHTpOnllpOBanOCb C IIOMOlUbiO nH-

HHII OT rTA, He Ha6n10.oanocb. 

CTerreHb MOHoxpoMaTII'IHOCTII BbiBe.oeHHbiX H3 Y-200 a -qaCTIIU c 

saepr11ell: ( 36,5 :!:.. 1,0) Mss c yqeToM co6cTseHHoro pa3peweHHH MeTo.oii

KII paSHa ( 350 :!:_ 50) K9B 1 'ITO COCTaBnHeT OKOnO 1% OT 9H9pi'HH a -rry'IKa. 
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YcTaHosneHo, 'ITO O.OIIH 113 OCHOBHbiX BKna.OOB B pa3p9W9HHe BHOCIIT 

rrnasaHIIe 'laCTOTbl Bl{ reHepaTopa H3-3a OTCyTCTBIIH BbiCOKOll: CTa611n113a-

UHII IIO 'laCTOTe. 

B 3aKniO'IeHIIe aBTOpbi 5naro.oapHT aKa,09MIIKa r.H. <Pneposa 3a 

HHTepec K 9TOll: pa6oTe, C.M. nonHKaHOBa 3a o5cy:>K.09HHe pe3ynbTaTQB 

II rrpaKTH'i9CKHe COBeTbi, n.n. Y:enHOKOBa II B.r. Cy660TIIHa 3a IIOMOlUb 

B Hana.oKe sneKTpOHHKH, na5opaHTOB B. H. na5yTHHa H A.A. EpoiiKHHa 3a 

IIOMOlllb B pa6oTe. ABTOpbi Bblpa:>KaiOT 6naro.oapHOCTb TaK:>Ke KOnneKTHBy 

orrepaTopos Y-200 • 

nHTepaTypa 

1. r.H. BHnos, IO.U. OraHeCHH, r.H. <Pnepos. npenpiiHT OJ.1.HJ.1. 1884, 

.lly6Ha, 1964. 

2. H.A. Wenaes H .op. nperrpHHT OJ.1.HJ.1, 9-3988, .lly6Ha, 1968; 

H.A. Wenaes 11 .op. OperrpiiHT OJ.1.HJ.1, P9-4831, .lly6Ha, 1969. 

3. G.Andersson-Lindstroem. Nucl. Instr. & Meth., ~ 309-318, 

(1967). 

4. F.G. Resrnini, A.D. Bacher, D.J. Clark, E.A. McClatchie and 

R.de Swiniarski. Nucl. Inst. and Meth., 1.1, 261-267 (1969). 

5. L.C.Northcliffe. Ann. Rev.Nucl. Sci., g 67 (1963). 

6. S.L. Blankenship, C.S. Borkowski. JRE Trans., NS-7, 2-3, 190 

(1960). 

7. A.M. 3y6apesa, r.r. Cy56oTHHa, .u.r.Cy660TIIH. OperrpiiHT OJ.1.HJ.1, 

13-4458, .lly6Ha, 1969. 

8. R.M. Eisberg, G.Jgo and H.E. Wegner. Phys. Rev., !lll, 1606 

(1955). 

PyKOIIIICb IIOCTyiiiina B H3,0aTenbCKHll: OT.Oen 

19 asrycTa 1970 ro.oa. 
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PHc. 2. XapaKTepHCTHKH nonynpoBOllHHKOBoro n.-6. l19TeKTopa, HaroTos

neHHoro Ha BbJCOKOOMHoro MSTepHana, Hcnonb3yeMoro B pa6ore. 

1 -sonbT"" a~nepHBSI X8p8KT9pHCTHK8 n.-6. l19T9KTOp81 

2- BOnbT-eMKOCTH8SI X8p8KTepHCTHK8 n,-6, l19T9KTOpa, 
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PHc, 3, 3HepreTH'IecKHe cneKTpbi pacceliHH&IX a -'laCTHil ny'IKa, B&I
Be.lleHHoro Ha .llByxMeTposoro llsoxpoHHoro llHKnoTpoHa Tli)Ke-
n&Ix HOHOB OM.HM ( Y-200) H a -¥anH6poso'IH&Ix nHHHl!, 
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