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TeopeTn_ttecKHfi npeJlen sHepreTHttecKoro paspeiUeHHn /),. E - JleTeKTopoB 

onpeJlenmoT CTaTIICTHlJ9CKH9 !jJnJOKTyaUHH HOHH38UliOHHblX noTepb 38pSIX<9ltHbiX 

ttacTHU npH npoxoX<neHHH HX ttepes neTeKTop. PactteT HOHHsauHoHHhiX noTepb 

B nornoTHTennx Jlnn /),. E <0,1 E 0 6bm · BbmonHeH EopoM I 1 I. B 9TOM cnyttae 

pacnpeneneHH9 HOHH38UiiOHHblX noTepb HMeeT CiiMMeTplittHYIO l~OpMy 1 a !Uliplill8 

nHHlili Ha nonoBHHe BbiCOTbl naeTCSI Bblp8X<9Hii9M 

8 ( K9B ) = ]0,1 Z ~-;;;-; 

rne z - sapnn ROHH3HpyroiUefi ttacTHUhi 1 t - Tonuuma KpeMHHeBoro norno

THTemi • OpH BbiBOJl9 !jJopMynhi He yttHTbiBanoCb H3M9H9Jlll:e CKOpOCTH ttaCTHUbl 

B npouecce TopMoX<eHHSI ee Bnonh nyTH t 

OnHaKo ycnoaHe /),. E < 0,1 E 0 He BbmonaneTCSI nnSI a - ttacTHU c 

sHeprRefi 5-9 M 9B npn npoxoX<JleHHH f). E - neTeKTopon TOni.!lHJiofi 10-50MKM. 

0oTepH B 9TO~ cnyttae COCTaBnSIIOT 6onhWyiO JlOniO HattanbHOfi 9H9pl"iili BnnoTb 

JlO f). E ::: 0,9 E0 • 

TeopeTH~ecKHfi pactteT !jJyHKUHH pacnpeneneHHSI HOHHsauHoHHhiX noTepb 

nnn BenHttHH /),. E ~ 0,8 E 0 1 c ytteToM HsMeHeHHSI cKopocTH HOHH3Hpyromefi 

ttacTHUbi Bnonh rryTH B nornoTHTene 1 naH l.JsnepoM 121. 3KcnepHMeHTanhHbie 

pesynhTaTbi1 nonytteHHhie Ha npo;oHax 131411 xopoiUo coBnanaroT ~ TeopeTHtte

CKHMH pactteTaMH KaK no !jlopMe pacnpeJlene_HHst, TaK H no wHpHHe mmxm. 

CpaBHeHHe sKcnepHMeHTanhHoro sHepreTHttecKoro paspeiUeHHSI KpeMHHe

BbiX noBepxHOCTHO- 6apbepHbiX ' /),. E - neTeKTopoB B o6nacTn sHeprnfi 

THU 5-9 MsB c TeopeTRttecKHMH pactteTaMH I ~~21 6bmo nponenaHo B 

a- ttac

pa6oT~S/I 
B KoTopofi B Katte.cTBe oueHKH npenenbHoro paspeiUei!HSI npennaraeTcn. _Hcrronh

soBaTh !jlopMyny 
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8 ( ·KSB ) "" 15,5 Z y t ( MKM ) 

ann a- qacTnu c aneprn~:i!: -9 M aB, KaK yKaaano B I 61, omn6otiHbi:i!: · BbiBoa 

o nonyqennn npeaenbHO B03MO*Horo paapemennn ~ E . - aeTeKTopoB Bbi3BaH 

omn6Ko:i!: B nepectieTe TeopeTntiecKo:i!: aaBncnMocTn anepreTntiecKoro paapeme-

Hlln OT T~niUHHbl aeTeKTOpa • B ae:i!:CTBnTenhHOCTn, nx aKcnepnMeHTanhHbie 

peaynbT8Tb! ne)l{aT 3H8'1HTenbHO Bb!liie TeopeTH'IeCKOH KpllBOHo 

B aanno:i!: pa6oTe cnenana nonbiTKa na:i!:Tn npn'IIIHY pacxo)I{.QeHnn Me)I{.Qy 

Teopne:i!: n aKcnepnMeHTOM, 

Ha ocnoBannn pa6oT 13,41. Mbi MO)I{eM caenaTb npennono)KeJme, 'ITO B 

o6nacTn aneprn:i!: a - t!acTnu 5.:..9 M aB ann aeTeKTopoB Tonmnao:i!: oT 10 no 

50 MKM pacnpeneneane llOHll38UllOHHbiX noTepb COOTBeTCTByeT pactieTHOMy 1 

a OTKnOHeHlle 9KCTiepnMeHTanbHhlX BenH'IllH OT paCtieTa CBn3aHO C MllKpOHepoB

HOCTnMH noBepxaocTe:i!: aeTeKTopa. Torna BKnan aepaBHoMepnocTn TonnmHhi 

B paspewaromyro cnoco6nocTh neTeKTopa onpenenneTcn ns Bbipamennn 

8 "" ( 0 2 -02 ) I/2 ' 
1 naM. pacq, 

rae 8 naM. - naMepeaaan ·mnpnna pacnpeaenennn nonnaaunoHHhiX noTepb aa 

nonoBnHe MaKcnMyMa, opacq. - pactieTnan mnpnaa no qanepy. 

Ecnn npeanono)I{HTh1 'ITO Tonmnna aeTeKTopa ann pasnii"<IHbiX TOtieK no 
. - (t-tgJl 

noBepxaocTII pacnpenene~a no aaKoay faycca f (t)- _l_e 
a, 

2a2 
t 

Torna MO)I{HO ouennTh a, , cpenneKBaapaTn"<IHOe oTKnoaenne oT cpenne:i!: 

TOniUHHbl to 1 ncnonhayn ll3BeCTHOe COOTHOliieHne 0 t = 2, 35 at , He-

.AL 
dx 

nonhayn anaqenne nnn aaeprnn a - '18CTHU Ha 'Bb!XOne f).E 

neTeKTopa, nerKo onpeaennTh a
1 

B MKM1 TaK KBK a 
1
(KaB) = a 1 (MKM)X 

...lL 1 A (KsBIMKM), 3aatieane yaenbHhiX noTepb sneprnn. n npo6ern 
dx Eo -u B 

nnn a ·- qacTnu B Kpeitnnn 6bmn B3nThi · na pa6oTbi . 11 I. 

· 06pa6oTaHHbie TaKnM o6paaoM aKcnepnMeHTanbHbie pesynh·TaTbi · pa6oTh/ 
51 

rrpnBeaeHbl B. Ta6nnue. Benn"<InHa omn6Kn :!:.. 0,05 MKM onpeaenneTcn TO'IHOCTbiO' 

nsMepean.n.· HoMepa nsMepean·:i!: 1-4 cooTBeTcTByroT akcnepnMeHTarii.ahiM aaa -

HhiM; nonytieHHhiM npn aneprnn- a _. '-.1acTnu 8, 78 MaB; 7,68 MaB; 6,1~ MaB 
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ii 5,48. /v\a·a. ;KaK BII.ll.HO II3 "J:.'a6nHilbi1 cpe.oneKBallpaTiP:IHoe o~ 

rnnHhi aeTeKTopa oT cpeanero snaqennn ann paSHhiX neTeKTOJ 

OT 0,32 MKM no 0,43 MK~. TaK KaK· ,; t ciinsano c MllKpc 

KOTOpbxe pacnono*eHbi aa o6enx noBepxaocTnx cnytia:i!:HbiM o6p 

onpenennTh mepoxoBaToCTb oano:i!: noBepxnocTII neTeKTopa, I 

qennoe snaqenne a, na vl:f 
ITonTBep*neaneM npaBnnhHOCTn · Bbi6paHHhiX npennono*em 

'ITO B. npeaenax T0>1HOCTH 9KCnei:mMeHTa. Bbi'IIICneHHan Benll'IIIH 

BHCIIT oT aneprnii, npii KOTopo:i!: 6bmo caenano ee IISMepeam 

aKcnepnMeliTanhHbie naHHbie, nonytieHHhie Ha KpeMHHeBbiX 

6apbepllb!X l'l. E - aeTeKTopax, ll3f'OTOBneHHbiX B na6opaTopnn 

un:i!: OHHH, · npnMo noKa3biBaroT aa cnnhHYID saancnMoCTb paa: 

co6aocTu l'l. E - neTeKTOPOB oT HepaaHoMepnocTII ToniUIIHhl 

pa6oTe 161 npnBonnTcn peaynhTaTbi no paapemarorne:i!: cnoco6. 

cepn:i!: f'l.E - neTeKTOpOB C pa3nll'1HOH o6pa60TKOH noBepXHC 

3naqeane a, nnn cepnn c ynyqmenno:i!: o6pa6oTKo:i!: noae 

(0,32 :!:. 0,03) MKM ann paann"<IHhiX Tonmnn neTeKTopoB ( 25-f 

cepnn, ll3f'OTOBneHHO:i!: liS 38f'OTOBOK 6es nononHIITenhHOH 

(0 146 :!:_ 0,04) MKM B ananaSOHe TOniUHH OT 15 no 50 MKM .. 

a 
.t 

OT TOniUHHbl l'l.E - aeTeKTopa B cepnn nanneTcn n1 

no~TBep*nenHeM cnenaHHhiX npeanono*eHIIfi. 

ITpnBeaeHHbie Bbiliie peaynhTaThi noKaSBIBaroT, 'ITo npn 

TH'IHOM paa6poce no Tonmnae l'l. E · - aeTeKTopa 0,3 - 0,4 ~ 

no npnMo naMepnTh npenenhHoe paapemenne nnn a - qac~ 

5-9 MaB. B. aTOM cnyqae pas6poc noTepb anepriin Ha-sa HE 

TOniUHHbl aeTeKTopa CpaBHHM CO CT8THCTH'1eCKHM paa6pOCOM 

o6ycni:>BneHHbiM cpniOKTyaUIInMH 'IIICna o6pa30B8HHbiX 8 

HHOI'aa npeBbiliiaeT ero, llnn nonytieHHSI npeaenbliOI'O anepre 

pemeHIISI /1 E - neTeKTOpOB TOniUIIHOH 10-50 MKM B nHan 

f - qacTnu 5-9 M aB neo6xoanMo o6ecnetiHTb 'cpeaHeKBaape 

no TOniUnHe 3arOTOBKll Hll)l{e 0,1 MKM, 
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K838HO B /6/ 1 OUIH60'!Hblll · BbiBOil 

iUUI ~ E . - neTeKTopoB Bhi3BaH 

OCTll. 9HepreTll'I9CKOI'O pasperue-

!JlbHOCTll1 llX 9KCnepnMeHT8JlbHbl9 

ll'I9CKOll KpllBOli:, 

Tll npll'IllHy paCXOm)l9Hll5I M9mJlY 

cnenaTb npennon~*eane, 'ITO B 

neTeKTopoB TOJlll!llHOli: OT 10 JlO 

pb COOTB9TCTByeT pac'!eTHOMY 1 

pac'!eTa cBgsano c MMKpoaepoB

:nan HepaBHOMepHOCTll TOJlllillHbl 
'.. ,• 

onpenemreTcR :na Bbipamea:ng 

neHll5I llOHll38UllOHHbiX noTepb Ha 

r mnpnaa no 'tJ anepy. 

!KTopa nng 

~ f(t)-

pa3Jlll'IHbiX TO'IeK 
. 1 . .:..· (t- 'o'2 
--.e . 2a2 
a, t 

no 

cTll'IHOe OTKJlOHeHlle OT cpe)lHefi 

)llieHne 8 1 = 2, 35 a 1 • He-

a - '!aCTllU Ha -BhiXOJle .1:1 E 

raK K8K a 1(K9B) = a 1 (MKM)X 

IbHbiX noTe ph. aneprnn. n npo6ern 

[;'~a5oTbi•l7/. · 
• 0 ., • • • • /5/ 

eHT81lbHbie pe3yllbT8Tbl' pa60Tbl 

05' MKM oripenenReTC5I TOlJHOCTbJO 

-rayroT akcnepll:MeHTani:.ahiM nan -

· 8, 78 MsB; 7,68 M aB; 6,12 MaB 

\D 
i} 

:n 5,48 Mas. KaK BllllHO :ns ~a6nnUhi1 cpenHeKsanpaTll'!Hoe OTKnoHeJine To.ri

llillHhi )leTeKTOpa OT cpenHero 3H8'IeHll5I llll5I p83llbiX )leTeKTOpOB KOne6neTC5I 

OT 0,32 MKM no 0,43 MKM, TaK K8K. at CB5I38HO C MllKpoaepoBHOC'T5IMll1 

KoTopbie pacnono*eHhi na o6enx noBepxHOCTRX cny'!ali:HhiM o6pasoM, To nerKo· 

onpenennTh mepoxoBaToCTb onaoli: nosepxaocT:n neTeKTopa, pasnenns nony

'Ieanoe saa'!eane a, Ha v':f 
DollTB9p*ll9Hll9M npaBllJlbHOCTll Bbi6paHHbiX npe)lnOJlO*eHllll 5IBJ15IeTcg TO, 

'ITO B o npenenax TO'IHOCTll 9KCnepllM9HT8 Bbl'IllCJ19llH85I BeJlll'IllH8 at He 38-

BllCllT oT aneprnn, npn KoTopoli: 6bmo cnenaao ee nsMepeane, KpoMe Toro, 

9KcnepnMeHT8JlbHbl9 Jl8HHbie, noJiy'leHHbie Ha KpeMHll9BbiX nosepXHOCTH0-

6apb9pHbiX 1:1 E - Jl9T9KTOpax, ll3I'OTOBJ19HHbiX B na6opaTopnn 5J.JlepHbiX peaK

unit OHHH, · npRMO noKa3hiBaJOT Ha cnnhHYJO saBncnMOCTb pasperuaJOmeli: cno

co6aocTn 1:1 E - neTeKTopos oT aepaBHOMepaocTn TonmnHhi neTeKTopa, B 

pa6oTe I 6/ npnBOJlRTCR pesynbTaTbi no pasperuaJOmeli: cnoco6aocTn JlJIR llBYX 

cepnii: /:i£ - Jl9T9KTOpOB C pa3JlH'IHOli: o6pa60TKOli: noBepXHOCTH 38I'OTOBOK, 

3aaqeHIIe a 
1 

JlJIH cepnn c ynyqmeHHofi o6pa6oTKofi noBepxHocT:n paBHO' 

(0,32 ±. 0,03) MKM nnR pasnn'IHhiX TonmnH neTeKTopoB ( 25-50 MKM), ,a llJIH 

cepiiH
0 

ll3I'OTOBJ19HHOii: ll3 38I'OTOBOK 6ea ]lOnOJIHIIT9JlbHOll o6pa60TKll 1 -

(0 ,46 ±_ 0,04) MKM B )lHanasoHe TOJlllillH OT 15 llO 50 MKM, HesaBllCHMOCTb 

a OT TOJlllillHbl l:iE - )leTeKTOpa B cepHH 5IBJ15I9TC5I )lOnOJ1HllT9l[bHbiM 
.. t . 

no~TB9P*Il9HII9M C)l9J18HHbiX npennOJ10*9HIIii:, 

DpnBeneHHbie Bhillie pesynhTaThi noKasmBaJOT, 'ITO npn cpenHeKBanpa-

Tll'IHOM pas6poce no TonmnHe 1:1 E · - neTeKTopa 0,3 - 014 MKM HeB03MO*-

Ho npHMO nsMepRTb npenenhHoe paspemeHne llJIR a - .'IaCTIIU c aaeprnefi 

5-9 MaB, B. aToM cnyqae pas6poc noTepb aaeprnn na-sa aepaBHOMepaocTn 

Tonmnlihi neTeKTopa cpaBHMM co cTaTHCTH'!ecKnM pas6pocoM noTeph aaeprnn, 

o6yCJIOBJ19HHbiM !jJJIJOKTyaUll5IMII 'lllCJ18 o6pa30B8HHblX 8 - SJ19KTpOHOB 1 a 

HHOI'Jl8 npeBbilli8eT ero, llnH nonyqe}lll5I npeJl9JlbHOI'O aaepreTll'leCKOI'O pa3-

pelll9Hll5I 1:1 E - neTeKTopoB TonmiiHOli: 10-50 MKM B Jliianasoae sHepr:nli: 

.a - '!acTIIU 5-9 M aB Heo6xoniiMo o6ecne'IHTb cpenaeKBanpaTH'IHhili: pas6poc 

no TOJlllillHe 38I'OTOBKll HII*e 0,1 MKM, 
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B 3aKniO'I9Hlle 8BTOpbi Bbipa:lKaiOT 6n8ron8pHOCTb r.H. cl>nepoBy 38 

HHTepec K p86oTe, IO.IT. X8pHToHc>By 38 none3Hhie o6cy:lKneHHSI. 

nnTepaTypa 

I. N. Bohr, Phil. Mag,, ~ 581 (1915). 

2, C, Tschalli.r. Nucl,Instr, and Meth,, .§1:, 141 ( 1968). 

3, J, J, Kolata, . T,M, Amos and Hans Bichsel. Phys,Rev,, 176, No, 2, 
484 (1968), 

4. C. Tschalli.r, Nucl,lnstr, and Meth., £1, 237 {1968), 

5,. B.B. Annefi'IHKOB H np. Han, AH CCCP, cep, ljlna,, 34, N9l, 210 ( 1970), 

6. r.H. 3opHH, B.<P. KyniHHpyK, nperrpHHT 011.HI1, p 13-5970, Ily6aa, 1971. 

7, H. Bichsel, C, Tschalli.r.· Nucl,Data, Sec, A, v. 3, No. 3, 343 (1967). 

PyKOIIHCb IIOCTyiiHna B H3}:laTenbCKHfi OTAen 
29 OKTH6pH 1971 rona, 
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I 

Ta6JIHUa. B~qncJieHH~e 3HaqeHnH ~(uKM) 

~H pa3JIRqHUX ~eTeKTOpOB 

Houep ToJimnHa o6pa3UOB (MKM) 
nsuepe HHH i; = IO -t - I3, 3 -/:: =2;3, I 

I 0,29 0,28 0,34 

2 0,35 0,34 0,44 

3 0,30 0,37 0,40 

4 . ,0,34 0,36 0,36 

<J-e- o, 32,!0, 05 o, 34,! o, 05 o, 38,!0, 0~ 
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napHOCTb f.H. ~nepoBy 38 

IHbxe· o6cy:lKneHlHI. 

L ( "1968). 

, Phys,Rev., 176 1 No. 2, 

! (1968). 

pn3., 34, N91 1 210 ( 1970). 

P 13-5970, Uy6Ha, 1971, 

,, v •. 3, No. 3, 343 (1967). 

taTenbCKHit OTtlen 
l71 rona. 
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Ho:u:ep 
H3ue pe mm 

I 

2 

3 

4 

<J-c-

Bhl'l!liCJieHHhle sHa'l!eHl!H 6t (MKM) 

AJIH pa3Jill'l!HUX AeTeKTOpOB 

ToJimliHa o6pasuoB (MKM) 
t = IO -t = 13,3 

0,29 0,28 

0,35 0,34 

0,30 0,37 

. 0,34 0,36 

O, 32;tO, 05 0,34;tO, 05 

i: =23,1 t =2§._ 

0,34 0,39 

0,44 0,42 

0,40 0,44 

0,36 0,49 

0,38_!0,05 0,43_!0,05 


