
/! - ........... 

1313 

06bE.lU1HEHHbiA HHCTHTYT SJ.nEPHbiX HCCJlE.nOBAHHIII 
nAEOPATOPI-HI HE~TPOHHO~ <1>J.13J.1KJ.1 

BaH HaA-SIHb, Yf. Buau, B.H. E<j:JHMOB, 3.H. Kap)I<8BHHa, KHM XK C'IH, 
A.B. nonoa, J1.B. ni{KenbHep, M.Yf. nwuTyna, T. CTa.QHI{KOB, qeH J1HH-S!Hb, 

3.Yf. Wapanoa, Yf.Yf. WenoHuea, H.lO. WupHKOaa, lO. C.Slaa'uuKHA 

P- 1313. 

• YfCCJ1E.LlOBAHYIE 
103 

HEYITPOHHb!X PE30HAHCOB Rh •..l 

9\-t ~ 19" '3, r 'IJ, C 61 e, t:r r J ~19f'J . 

.LlyoHa 1963 



BaH Hal!-S!Hb, Vi. BH3H, B.H. EcpHMOB, 3.H. Kap)I{8BHHa, KHM XH CaH, 
A.E. nonoa, n.E. rlHKe!IbHep, M.V1. rlWHTyna, T. CT8LlHHKoa, qeH nHH-S!Hb, 

3,!.-1, Wapanoa, V1.V1. WenoHuea, H.IO. illHpHKoaa, 10. C.5l3aHUKHl! 

P- 1313 

V1CCnEI10BAHV1E 
1

o3 

HEHTPOHHb!X PE30H AHCOB Rh 

HanpaaneHo B >K3T<P 

ily6Ha 1963 



Vlccne.noaauue ueATpOHHbtx peaouaucoa noaaonsreT nony 'IKT b pHD. cae.o.eun A o caoAcTaax 

ypo aH eA sr.aep c 3HeprneA soa6y)f{.aeHHH, 6nu axoA: K aueprnn CBH3H ueATpoua. B uacTOHutee ape-

MSI HM eeTCSI o6wu pHbiA M8TepH811 0 napaMeTp8X ueA:TpOHHbiX pe30H8HCOB MHOI"'HX H.O.ep nepHOD.H

qeCKOA cucTeMbi aneMeHTOB . O.auaxo 3THX .aauubrx oxaabtaaeTCH ue.aocTaTOlfHO .nnH npose.aeHHH 

u :c. ne:>Kuoro conocTaane anH 3KcnepuMeHTBilbHbiX H Teop eTu q ec Knx p eaynbTaTos . CospeMeHH BH 

, . p HH l' COCTOSIHHH npe.llCK838Tb llHWb CT8THC TH'IeCKHe 38KOHOMepHOCTH 8 OOBeLJ.eHRH napaMeTpOb 

( uanpnMep, cpyuxu Hn pacnpen.eneanH napunan bHbiX wHpHH .ansr peaouaucos o.auoro H.Opa nnn o6-

W He 38K0Hbl H3Me HeHHSI HeKOTOpbiX Sei1HlfHH1 ycpe.aHeHHbJX no MHOI"'.HM pe30H8HC8M O.llHOI"'O Sl.llp8, 

npH H3MeHeHHH 8TOMHOI"'O HOMepa, CllHH8 pe30H8HCOB H T.n.) • 8 TO )f{e spe MH .Ue T 811bHbiA C T8TH-

CTHlfeCKHil 8H811H3 3KC nepHMeHT811bHbiX .08HH biX npBKTK'ieCKH HeB03 M O>KeH u a - 38 TOI"'O, t.tTO .llllH 

K8>KD,OI"'O OT.llellbHOrO S1.llp8, K8K npBB H/10• H3BeCTH bJ napaMeTp bJ CpBBHHTellbHO M8110I"'O 'IH CI18 p e -

30H8HCOB. TOilbKO D./lSI HeCKOilbKHX g_nep HCCile/.lOB8HO 00 HeCK Oil bKO .O.eCSITKOB p e30H8HCOB, HO 

.QB)I(e B 3TKX Clly'iBSIX CO KH bJ O'leHb MHOI"'HX pe30H8HCOB HeK3BeCTHbi. 8 CBSI3 K C 3THM nolly'leHHe 

HOB blX D.BHHbiX 0 pe30H8HC8X SIBilSieT C SI 8KTY811bHOA 38.0.8"1e l:t. npH'IeN OC06biA KHTepec npe.llCTBB

IlHeT onpeaeneu u e COHHOB pe30H8HCOB, He.QOCT8TOK csen,eH KA 0 KOTOpbiX He 00380/lHeT oposeCTH 

nonuoueHHbiA auanHa .a.a>Ke HMeJOwerocH MBT epuana. 

C u e n biD C HC T e MaTH'Iecxoro nccnenosaunH ueATpOHHbiX peaouaucos K nonyqeu u sr soaMO>KHO 

6onee nonuoro ua6op a uapaMeTpos D.llH Ka>K.aoro peaouauca a 06"be.anueuuoM HHCTHTyTe srnepHbiX 

u ccne.ao a aHHA na 6aae HMnyn hCHoro 6btC T poro peaxTopa ( VIEPa)
111 

6btn coanau ueATpOHHbtA 

cn e xTpOMeTp, pa6 o TaJOWH11 no MeTo.ny speMeu u nponeTa ueA"Tpouos. EbtnH paapa6o T8Hbi 1024-Ka

uanbH hlA BpeM c>HIIOA 0HfJn H38 T Op/
2
/, .neTeKTOpbl D.llSI K3MepeHKH 00/lHbiX acPclleKTHBHbiX Ce "'eHKA. 

B38HMO.Uei\CTB H SI HeilTpOHOB C SID.p8MH o /S/ , 3cpc:peKTH BHbiX Ce\feH KA p 8.U K 8UHOHHOI"'O 38XB8T8 

131 
nonu . 

141 
Oy H 3cj:JQ1eKTHBHbiX Ce 'leHHft p BCCeHH HH HeATpOHOB 0 n , 8 T8K>Ke MeTO.Qbl 06pa60TKH 

3 KCnepnMeHT811bHblX .Q8HHbiX C OOMOWbJO 3/leKTpOHHOft: Bbi"'KCilHTellbHOft M8WHHbi. 

B .aauuoA pa6oTe coo6waeTcH o peaynbTBTax nep abrx naMepeunA:, Bbmonue unbiX ua cnexTpo

MeTpe. Paapeweun e cneKTpoMeTpa s paaubrx n aMepeunSJx 6hlllO paannquo u onpe.aensrnocb a oc 

uoauoM .nnHTenbHOCTbJO ueATpo uuoA scnbtWKH V16Pa H yaaneuneM n eTeKTopa oT peaxTopa. XapaK .. 

TepucTnKH VIEPa K8K HMnynbCuoro HC T O'IHHKB ueATpouoa T a Kos&r: annTenbHOCTb a c nbtWKH -

- 36 MKCeK, '18CTOT8 OOBTOpeHHSJ - 8,3 HMO/CeK, 'IHCilO HeftTpOHOB HB K8>KD.yJO BCO biWKY •5•10
12

• 

Pac c TOSJHHe KCTO"'HHK-.aeTeKTop n cooTs e TCTayJOw.ee paapeweuue 6bti1H c n e.nyJOWHMK: npu naMe

peHKH 00/lHbiX actxt:>eKTKBHbJX Ce \feHHft - }000 M H 0,036 MKCeK/M, npH K3MepeHKH acpcjleKTKBHbJX 

C9'18HHA p8CC8SIHHSJ:-500M H 0,08MKC9K / M (a nocne .nHeM Clly'lae H8 p aapeweHHH CK83b!B8nOCb 

T8K>Ke Bp8MR »<H3HK p8CCeSIHHbiX H8ATpOHOB B .Qe T e KTOpe) . 

B KB"'ec Tne o6paaua .nnH nepabiX u a MepeuuA: 6brn s a SJT 
, .. 

Rh • VIM e ll c nKH 112, liJlPO 

R.h lOJ SJBI1SJ 8 TCH Yll06HbiM 06"be KTOM llllH Onpe.a.eneHHH COKHOB p83 0H8 HCOB C OOM OWbJO KOM6HH8-

UHH .o.auu hi X o onona!'"J n a" • .ilononuuTellbHbtA HHTepec K uccne.a.oaanHJO 3 T o r o H.npa 6hm sbJa

sau TeM• "'TO Rh lOJ HB.XO.QHTCSI B TOA: 06118.CTH MBCC, r.n e MOryT 6hiTb o6uapy>KeHbl pe30H8KCbi, 

Bbi3B8HHble p -ueATpoH8MH. PeaynbTS.Tbi npe.nwecTayJOW.HX 3KCnepuMeHTOB c Rh npnse.a e Hbi 

3 



a p a 6 o Te1 51 . O .aH o apeMe HH O c uawHM H npoxo.aunn uccne.noaaunR Rh
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ua .aeA: TpoHHOM cneKTpo

M e Tpe a C aKn e161 . K a K a pa6oTe
1 51 , TaK u a pa6oTe

161 
H3MepRnnc b nnw b nomtbte ceqeHHst, 

IT 09T OMY C ITUHbl p e30HBHCOB He 6 blnH 0 11pe .aeneHbl. 

Vf a M e p e HHSI nponyCK8HHR 

P eaouaucba a nonuoM c eq e uuu p o .n.uR u cc n e .aoaanHCb s o6nacTH oT 30 as .ao 1200 as nyTeM 

H3 M e p e HHSI npo nyCK8HHSI o6pa3UOB M e T81111H't eC KOf'O p O.OHSI TO/lWHHOA 2,805• 10
2 1 

RD../CM
2

, 

\,38 ·\022 Q.ct ./C,/, 5,68•l022
Q.ct/CM

2 . 0 6 pa3Ubl y CT8HBBnHBBnHCb HS pacC T OQHHH 500 MOT p eaK

TopS. nep e.a o6 p 83U8MH n o Mewanc R 6opH biA ¢mnbTp TO/lWHHOA: 0,2 1 r/cM
2 

I no.aaanRlOWHR. p eun 

Kfli.Pt eC KH e u e R.TpOHbl. Ha pacc T ORHHH 70 M OT peaKTopa uaxo .annHCb 6opH bte c l.f.eTI.f.HKH, cny)I(Ha

w n e M QHHTOp 8 MH. Vfx B btXOLl OTK/l to tt811C R OT p e rHCTpHpy JO UlUX CXeM n e pe.a HMITYil bC OM M OWHOCTH 

pe aKTO p8 H BHOB b BK/l to l{8/1C SI npHM e pH O l.f. e p e3 400 MKCe K. 

.[lnR pe l"'lf CTpBUHII u e RTpOHOB HCIT O/l b30 B811CSI >K K.lJ.KOC TH bi A: CUKHTH/1/lRUH OHHbiA .aeTe KTOp C 

MeTnn6 opaTo M 131 • DeT e KTOp nM e n n o n eauy ro nnowa.a b 490 c M
2 

1 rny6 uuy a uanpaaneHHH nyttKa 

3 CM H p a60T811 HB l.f. e T blpex Q:loT oan e KTpOHHbiX YM H0)KHT911RX THl18 ct>3Y-24. \.{TQ6bl H36e)K8Tb 

11e p erpyaoK noc n e .auux KBc Ka.a on, Q:lo T OYMH O>K HTe n u aam~panucb ua ape MSI pe8KTopuoro uMnynbca. 

3 n e KTpo HH 8 R c u c Te Ma .ne T e KTo p a npo u a s o nuna B bt.ae neuue coana.aa10WHX uMnyllbCOB ct>3Y 

c c yMM a pu oA aM nnHTynoA, n e >K aweA a o6n ac Tn mtKa, o 6ycnoaneuuoro peruc TpauueA a -qacTuu 

pea KUHH 8 1 0 (n , a ) Li 7
1 

npOHCX O.OH.We A B CUHHTH/1/lRTOpe. 6:xaro .aapH. TWBTellbHOA OTp860 TKe 

p8.0 HOCX9 M H Bbt6opy llY'iWHX a K39MITllRpOB H3 60JlbWOrO '·lHCJl8 ~OTOYMHO>KHTeneR, LJ.9T9KT0p 

pa6oTB/1 O'ie H b CTB6HilbH O: ,apeA:cj::l aQ:lQ:le KTHBHOCTH 38 2 He.Qe/lH p860 Tbl .aeTeKT Op8 He npeBblW8Jl 

3%. 
3Q:lQ:le KTHBH OC T b p e rUC TpBUHH KeATpOKOB H ap9M9HK bi9 xap8KTepHCTHKH .09T9KTOp8 onpe.aeng

~TCR npouecc aMH aaMe .aneHHR H aax aaTa ueATpouoa a cuHHTHnnRTope. B T a 6nKue 1 npe.ncTaane

Hbt Ll,8Hii bl9 .O.JlSI C UHHT~!Jl/lH.TOpa , npHM CHRBW e f'OCR B aToA pa6oT e. 

D e Te KTOP 6 bln IIOM e w e u auyTpH cauuuo aoA aawuTbi c OKHBMH .nnR axo.aa H Bbtxona ueRTpou

u oro ny'iK8. n pu a T OM C'i9T ,aeT e KTOp8, He CB H.:38HHblA C pe8KTOpOM, COCTSBHn 3,5-4,2•10-4 HM

f! YII bCOB 3 8 UHKJI H8 K8H811 16 MKCeK. 

VI 'JM e p e une Q:loua c OTKpblTbiM nyttKOM npouaao.nunocb MeTo.noM peaouaHCHbiX ¢unbTpoa. 

B o6n ac TH uu >Ke 1,2 xaa 
1 

r.n e npoao .aunu c b H3MepeHKH. nponycKBHHR Rh 1 a6contoTuoe auatt euue 

Q:IOHB IT O'iTH IT OC T OSIHH 0
1 

B T O apeMR K8K Cl.(eT H8 K8H8Jl p8CT9T 8 CTOpOHY M8/lblX apeMeH nponeT8. 

no9TOMY OTHOCHTe JlbHbiR. BKJlB.lJ. ~OH8 CHK>KMCSI OT 20% npH E 11 •5 as .ll.O 3% npK En., 340 as 

H JJ.O e w e M 9 HbW e R. ae /lHttHHbl npH 6 0JlbWKX aueprKSI X . no- B HllKMOM y , OCHOBH8SI .OOJlSI clJOH8 o6yc

/1 0B/le H8 3 811 83 .0. biB8toWHMH u e ATpOH8MH
1 

pO>K.lJ.BlOWHMHCR K p83MHQ)l{8}()WHMKCSI B 8KTHB~OA 30He 

p 98KTOp8 M .:!>K .Uy HMnynbCSMK MOU.lHOCTK . 

H enoc p encTseuuaR aa.naqa Ka Mepe uuA cocTosrna a nonyqeuuK a peMeHHbiX pacnpe.aeneuKA ueA

Tpo u o a a OTKPbiTOM ny'i.Ke K a nyl.f.Ke, nponyweunoM lfepea uccne.nyeMwR o6 p aaeu. B pa6oqux 

H3 M e pe HHRX q e p e.a OB8/1HCb c e pHH npO.ll 0 11>KiiT9/lbll0CTbiO O.OHH 'i8C C o6p83UOM K 6e3 o6p83U8 . 

n e pu o,QH'i 9C KH 1 pa3 B 5- 6 ttac os c noM OWbto pe a OH8HCHbiX cpu n bTpOB K3 Co Ag K3Mepgn-

CH. cpo u n nR cepuA o 6 o ux THU OB . npuMep aKcnepuMeuTanbHOro cneKTpa , nonytteuuoro aa 1 ttac 

H3!>.1epeuuA c o6 p aauo M Rh T Oil W HH OR 5 1 68 · 10
22 

H..a./cM
2 

noKaaaH ua p uc. 1. 

4 

·~ 

Bb1\f.KCneHKe nponycKBHKSI no 9KCn 

B bJ 'IHCnKTenbuoA: MBWKHe. B nporpaMMl 

38TOp8 nO MHOf'KM O.QHOTHnHblM CepKSI~ 

ITOK838HKR MOHKTOpOB, BbPfHCneHHe npo 

KB8..0.p8TKtleCKHX OWH60K nponyCK811HR. 

cepKH Cp8BHKB8nKCb CO Cpe..o.HKM 3 Haqe 

uero 6onbwe tteM Ha 3 c pe.aueKaa.apa1 

aanocb. TaKaR npoue..nypa HCKn tottana E 

Ha puc. 2 Kao6 pa.M<eHa KpHBBSI nponycJ 

nocKOJlbKY 3HepreTKI.f.eC K09 paapE 

CTH npeBblW8/10 WHpRHY p930H8HCOB 1 C 

nnowa..neA (eM., HBIIPKMep/
81

). 3ToT 

K IT03BOJlR9T OOJlf'tHTb KpHB bte 38BHCH~ 

WKpKHY pe30K8 HC8 g r" OT OOJlHOA W 

npoaana A ~ a nponycKaHKH o6paaua 

To'IKa nepecetteuusr KpHBbiX f Ia (l
1 

} = 

..naeT 3H8ti9HKH gf'nf H f'1 • 

npu np8KTHt~eCKHM npHM eHe HHH ME 

pe30H8HC8 ( 9 TO CHH)K8eT OTHOCKTenbHI: 

Kpbln b sr o6peaanKcb CKMMeT pKttKO OTHC 

E01 + £ 1 • r..ne nponycKanue 6nuaKo K 

OT 3HeprKK). nonpBBKH H8 KpblnbR /),
1 

npK6JlK>KeHHA. Vfcn paBneHHbie 3H8\IeHKA 

HOB pe30H8HCOB no ..0.8HHbiM (n y} H 

= {Ia (r; ). 3,aeCb1 K8K K npH Bbl'lHCneH 

T e OpeTH'l9CKH9 rpa~KKH, CBR3bla8IOWH€ 

ca., TOnlllHHOR o6paaua H nonnnepoac! 

IOaoM/S/. 8 .ctaKKOA pa6oTe Kcnonb30I 

C U9Jlbto yMeH~eHHSI 3KCnepHM9 

Te c KpaBbiMH g f'111 • 1
1
a(l

1
) , n o nytte 

nonyqeHHWe H8 OCHOB4KHH ~3MepeHHA C 

onpe.aenRnHCb no Jtoop.a,uuaTaM aqxpeK· 

norpeWKOCTK - no rp8KKU8.M aTOA o6n 

uaxo.aunocb no nnowa.a.u peaoHaHcn orc 

HHK 1 'ITO nonHaSI WHpHHtl. a T oro pe30Ht 

p930K8HCti.M 1 .QilSI KOTOpblX OHB 6bl/18 H 

napaMe Tpoa npuae..nena a Ta6nuue 2. 

Vf3M9peMH 

Ll.eTeKTOp 
131 

KCnOnb30B8HH blA 

OllHHB.KOBblX UlfllltH.llPH'l9C KH X 6 8KOB e~ 



,., 
~saHKst Rh ua .aeRTpoHHOM cneKTpo-

3MepsmHCb nnwb nonubte ceqeuJHI, 

'" 
1 o6nac TH o T 30 as no 1200 as nyTeM 

:>nWHHO A 2,805· 10
21 

on.fc M
2

, 

l811HCb H8 paCCTOR HHH 5QQ M O T p ea K 

HOA 0,2 1 r/cM
2• no.a.a snsuoLUHR: peun-

XOOI-tnH Cb 60pHbl9 C 1.( 9 T1.fKKH 1 C llY :>K HB-

lHX CXeM nepe.a. HMOYil bCOM MOWHOC TK 

Tli~R: C UHHTHilllHUH OHH~A .0.9T9KT0p C 

c M2 , rny6nuy a uanpasneunn n yqKa 

IX THna ct:>3Y-24. 'fT06bl H36e>K8Tb 

nuc b ua apeMst pe8KTo puoro HMnynbca. 

leHH.e COB08.0.8K>WHX HMfiYilbCOB C1J3Y 

:nosneuuoro pe rHCTpa uneA a -qacTHU 

3.18f'0.0.8pS1 TW8T91lbHOR OTpa60 TKe 

'i HCI18 cpoTOYMHO>KHTelleA, .O.eTeKTOp 

~.aenn pa6oTbJ .aeTeKTopa u e npeBbJWan 

. xapa KTe pH.CTHKH .aeTeKTopa onpe.aeng

iTHnnHTope. B Ta6nnue 1 npe.acTaane

;JB6oTe . 

: OKH8MH .D. Ilst BX0.08 H Bb1X0.0.8 HeATpOH

peaKTOpOM, COC T88Hn 3 1 5-4,2•10-4 HM-

b Me T O.OOM pe30H8H CHbiX ctJnnbTpOB . 

ponycKBHHSI Rh 1 a6comoTuoe auatteune 

tCT9T B CTOpOHY M8fl biX apeMeH nponeTa. 

pH E n • 5 38 LI O 3% rtpK En • 340 38 

)- S H.llKMOMy 
1 

OCHOBHBSI ,llOnSI ctJOH8 06yc

l p83MHO>K810W KMH CS1 B 8KTHBHOA 30He 

ony'ieHifH speMeHHbiX pacnpeaeneunA uea~ 

3 Hccne.ayeMbJA o6paaeu. B pa6o'iKX 

1!1KH qac c o6paauoM H 6ea o6paa ua. 

:.1x ¢nnbTpoa K3 Co A~ H3Mepon-

HOI"O cneKTpa, nony't9HHOI"O 38 1 't8C 

10K838H H8 pKC. 1. 

Bhi'IKCneuae nponycKaHHR no axcnepHMeHTBnbHbiM cne xTpaM npoH3BO.OHnocb ua a nexTpoHHOA 

BbJ'IHCnHTenbHOA MB.WHHe. B nporpaMMY BbJ'IKCneunA sxonnno ycpe.aueune OTC'IeTos xauana auanH

aaTopa no MHOI"HM O.llHOTHflHbiM cepKSIM, y'leT nonpSBOK H8 ¢>oH, H8 npOC'teTbl 8HMH38TOp8 H H8 

nOK838.HKH. MOHHTOpOB, Bbi'IKCfl8HHe nponyCKBHHSI LlflSI K8>K.OOr"O K8H8n8 H Bbl'tHCfl8HH8 cpe.aue

KB8.Up8TK'I9CKKX owx6ox nponycxaunsr. npn ycpe.aueHHH no cepnHM OTC'IeTbJ xauana a oT.aenbuoA 

CepHH cpaBHHBB.nKCb CO Cpe.aHKM 3H8'1eHHeM .llflSI 3TOI"O K8H8fl8. EcnH OTC'l8T OTflK'IMCSI OT cpe.a

Hero 6onbwe qeM ua 3 cpe.a.ueKsa.apaTn'leCKKx own6KK, ou oT6paCbiBB/tCH n cpe.auee nepecqHTbl

sanocb. TaxaH npouenypa HCKnJOqana snHHHHe cny'laAHbtx B&I6pocoD a noxaaauusrx auann a aTopa. 

Ha puc. 2 Hao6pa>KeHa KpKaao nponycKaHHO o6paaua pan•• TonwKHoA 1,38•10
22 

on.lcM
2

• 

nocxonbKY auepreTK'Iecxoe paapeweune ycTaH OBKH a ncc ne.ayeMoA 3HepreTH'te cxoA o6na

CTH npeBbiWB.flO WHpHHY pe30H8HCOB 1 o6pa60TK8 KpKBhiX nponyCK8HHSI npOH3BO.OKfl8Cb M 9TO.ll0M 

nnowa.aeA: (eM., HllllpHMep/
81 ). 3TOT MeTO.ll He Tpe6yeT 3H8H-HSI <PYHKUKK p83peW e HHSI y CTBHOBKK 

K noaaonHeT nonytt:HTb xpHBbte aaaucnMOCTH npouaae.aeunsr cnuuoaoro <iJaxTopa ua ueATpoHHYJO 

WKpHHy pe30H8HC8 g f'n OT nQnHOA WKpHHbl p eaoH8HC8 f' , HCXO.O. R OT IlflOW8.QH pe30H8HCHOI"O 

npoaana A~ a nponycKBHKH o6paaua (anecb - 'HOMep' pe30H8HC81 - 'uoM e p' o6paaua). 

Tot~Ka nepecet.teHHH KpHBbiX I Ia (f'
1 

J = gf' nJ, COOTBeTCTByiOu.tHX o6pa3U8M paauoA TOfllUHHbl J 

ll89T 3H8'1eHKSI gf'nf H f'1 • 

npu IIp8KTHt.t9CKHM npHM8H8HHH MeTO.ll8 Bbi'IHCflSiflHCb nnOlUB.OH A ~a 6ea y'le Ta KpblnbeB 

pe30H8HC8 (3TO CHK>K89T OTHOCHT9flbHbie CT8TUCTH't9CKHe norpeWHOCTK nnOlU8.0H pe30H8HCa). 

KpblnbR o6peaanncb CKMMeTpKqno OTHOCKTenbHO peaoaaucuoA auep run E
01 

a T O'IKax E
01

- f 
1 

u 

E 01 + f 1 , r.ae nponycxauue 6nuaxo K 0,9 T e ( T e - KOMnoue HTa nponycxauusr, He a asucsr waR 
,. 1 

OT 3H9pi"HK ). rJonp8BKH H8 KpblnbSI 6. 1a-=-~. -- BBO.OHflHCb MeTO.O.OM nocne.D.OB8T~nbHbiX 
2 <I 

npu6nx>KenuA. VfcnpanneHHbte auaqeuusr nnowa.ae A A1 a ucnonb3osanncb .anR onpe.aeneunsr cnK-

uos pe30H8HCOB no .Q8HHbiM (n y) H (n, n) -.aeTeKTOpOB H .QflH nOCTpOeHHSI KpHBbiX g f'nf • 

= [Ia (l, ). 3.aeCb1 KBK H npH BbllfHCIIeHHH nonpaBOK H8 Kpbi flbSI pe30H8HC OB ,6bJnH HCnOflb3088Hbi 

TeopeTH'Iecxue rpa<iJuxu, CBH3bJ&810tUHe nnoma.ab peaouauc uoro npoaana c napaMeTpaMu peaouau

ca, TOIIWHHOA o6p83U8 H .aonnneposC!COA WKpKHOA. 3TH rpa<iJHKH snepBbJe 6bt1IH npe.ano>KeHbl 

IOaoM/S/~ B nauuoA pa6oTe ucnonb3osanucb rpaci:JHKK, pacctfHTSHHbie a pa6oTe
191 

C UellbiO YM8HbilleHHH 3KCnepKM8HT8flbHbiX norpe WHOCTeA B 3H8lfeHKSIX g f' nf H 1 1 BMec-

Te C KpKBbiMK g f'nl • f
1
a(f'

1
) t IIOfly'leHi.lbiMH no nponyCK8HKI0 1 CTpOKflKCb 4H8fl0I"H\fHbl9 KpHB ble, 

IIOIIyqeuHbl8 H8 OCHOB4HKK ii3MepeHHA C (n, y) - D.8T8KTOpOM. 3HatfeHHSI n4p4MeTpOB gf'nJ K r, 
onpe.aeiiRflHCb no KOOp.llHH8T8M 3¢<f>eKTHBHOI"O ueHTp4 TSI>K8CTK o6naCTK nepeceqeHHSI KpHB biX 1 a 

norpeWHOCTH - no rpaHHU8M 3TOA: o6nacTH. B c nyttae 0'18Hb c na6b1X p e30H8HC08 3 H4'19 HHe g rnl 

uaxonunocb no nnowanu pe3ouaucuoro npoaana nnsr uau6onee ToncToro o6paaua ~ npe a nono.)l(e-

HHH, 'ITO nOIIH4R WHpHH4 3TOrO pe30H8HC4 p8BH8 p8.0.H4UHOHHOA WHpHH8 1 y cpe.a.HeHHOA 0 0 T8M 

peaouaucaM, .ansr xoTOpbiX oHa 6bma ua.ae>Kao onpe.a.eneua. Cso.a.xa nonyqeHHbJX peaouaucHbiX 

napaMeTpos npuaeneua a Ta6nnue 2. 

Vf3M9peMH SI C (n, y) - .a,eTeKTOpOI..t 

lleTeKTOp /
3/, MCDOnb30B8HH biA .llflSI: pei"ltCTp81UUI p e 8KUHH (n, y) 1 COC TOSifl K3 LlBY X 

O.O. HHBKOBbiX UHflHH.OPH'IeC KHX 68KOB e MK OC TbiO OKOflO 2QQ n K8>K.llbiA 1 a an o nHe HU bi X ptlCTBOpOM 

5 



napaTepcj>eHHna (3r-/n) H popop {0,1 r/n) a Tony one . 06paaeu na uccnenyeMoro sewecTaa 

OOMeUiai1CR HB OCH UUIJitH.OpH'teC KOf'O OTBepcTHH COOCHO p acnono>KeHHbiX 68KOf:' . BHeWHH A: .QHa

MeTp 6BK8 - 8QQ MM, JJ.H8MeTp OTe epcTHst - 220 MM 1 .Q11HH8 - 400 MM. K B>KJlbiA 68K npOCM8TpH

B811CSI 'I B TblpbMSI QlOTOYM.H0)KHTei1HM H ¢3Y-49, yKpenneHH biMH HB T O pUOBbiX KpblWKBX. VfMny11bCbl 

C KB>K.OOR l.l e TBe pKH ct>3Y OO,ll88811HCb HB C yMMB T Op, y CH/1H8811HCb H nponyCK811K Cb "1 epe3 8Mr1 11H

Ty.OHOe OKHO. Danee HMnynbCbi OT .nayx 6aKOB no.aaaanHCb ua cxeMy coananeuuH. Bue.oeuue 

CXeMbl COfmB.QeHHA 3H8"1HTe/1bHO yMeHbWH/10 eCTeCTBeHH blA QlOH .OeTeKTOpa, KOTOpbUl npH ypOBHe 

.llHCKpHMHHBUHH 0,5 M 3B COC T8B/1H/1 4500 HMn/ceK B Cny qae C yMMHpOBB HHH HM11yl1 bCOB OT 060 H X 

6BKOB . 

B pe)KHM e coana.aeu uH ecTecTeeHHbJA cjJoH .aeTeKTopa C HH >Kancst ao 15 HMn /ceK. KpmAe 

TOI"'O, CXeMa COf\ OB.Q e HHil 1103BOII HII8 cyweC TBeHHO yMeHbW ~fT b pe8KTOpHbiA c:PoH, CBH38HHbiA C 38X

B8TOM p8CCeHHHbiX HeATpOHOB BO.C.Op O.OOM CU HHTlillliHTOp8. llanbHe.AI!.lee yMeHbWeHHe a TOI"O c:POH8 

6btJ10 ,OOCTHIHfTO l.l068BlleHHeM B COC TSB CUHHTHIIIIHT0p8 6opa B B H.Oe M eTHn6op8T8 B(OCH J )
3 

B KOII H ~eCTBC } II 118 20 II CU HHTHllliHTOp8 . 

0nHC811HbiA .D,eTeKTOp npnM eHHIIC SI AIISI nony~eHHH HHcPOpM8UHH ,onyx B H.ll.OB : H8XO>K.OeHHSI 

M~Tb,C.OM C8MOH H.llHK8UliH napaMeTpO& ,r.nl H r I COBMeCTHO C ~TO.llOM Hpji\f1YC K8.HHSI H Ollpe,oe-

neHng CfiHH8 ypOBHSI. 

no.apo6uoe n ano»<euHe MeTo.oa nony'ieHHSI peaoHBHC HbJX napaMeT p oe H a H3 MepeunA c {n, y J 

- .o e TeKTopoM .aaHo f\ pa6oTe
1 101

. Me To .a caM OHH.lllfKBUUH 
1 111 

aaKmo '-laeTcsr s TOM, ttTo naMepe-

HHR nposo.LHITCR KBK c o6paauoM D , pacnono>Ke nnbJM nuyTpn .oeTeKTopa, TaK u c aononunTenb-

Hb!M nornoTnTene M T H3 T a ro >Ke sewecTea, p acnon o>Ke HHblM a nyqxe a ycn oBHSIX •xopoweA• 

reoMeTpun. TaKHe naMepE"HHSI noaeonRiOT nony~utTb senH'IHHY 

s '5_ N I ( _l!__:_!_l 
'5. N 1 (D) 

n~p 
e A D + T 

AD 

AT 

r.ae I. N
1 

( D, T) - cyMM8pH biA C 'leT no peaoHaHcy npn H811H'-I HH s ny'IKe o6pa;::,uoe D 

I. A; (D)- cyMMapHbiA C'leT no peaoHaHcy npr~ H811H'IHH TOllbKO o6paaua D ; 

n T- 'IH Cno R.Oep/cM
2 

o6paaua T 

a P - ceqeune noTeHunanbuoro paccesmnSI .anSI sraep o6paa ua T ; 

( I ) 

T 

A D.+ r' A r' A 
0

- nnowa.an p eaoH aHcHoro nposana .anR o6paauos cOOTBe TCTBYiOW e A T O.'lWHHbJ. . 
3H8'-ICHUSI s KBK cpyHKU HH napaMeTpOB pe30H8HC8 1 .aonnnepOBCKOA: WHpHHbl H TOIIWHHbl 

o6pa~uos 6bl liU pacc•ntTB:Hb! Ha 3 /leKTpOHHOA Bbi~IH CII HTellbHOA MBWHHe. Ha p«c. 3 npueene Hbl .anst 

npHMepa HeCK OllbKO KpHBLIX .ll.Jlst OTHOI U C HI!st ~ .:2. 
no 

Vf a MepeHKSI pa.anauuoHHoro aaxsaTa HeitTpo u oe st.apBMH po.oHsr npoeo.annHcb c .neTeKTop-

HbiM o6pB3UOM TOIIWHHOA 7,0 · 10
2 1 

st,Q./CM
2 

npu 0611y 'IBeMO A OliOW8Ll H o6p83 U8 250 CM
2 

H C 

nponyCK8JOWHMH o6p83U8MH TOn WHHOA (,4 • 10
2 1 

7,0· 10
2 1

; ( 4· 10
2 1

; 28 •1 0
2 1 

H 56 ·10
2 1 

Ul./CM
2

• 

Ha pnc. 4 npHee.aeH y'laCTOK Bpe M e Huoro cnexTpa. nony~eHHbiA npn n aMepeHH H 6ea nornowaiOLUe

ro o6p83U8 (eepXHHA rpacf:JHK} It C IIOf'liOWBK>W HM o6pa3UOM T 011W.HHOA 14·10
2 1

st.o. / c M
2 

(HHii<HHA 

r·j•.t 1.~, h J. 

3 K C 11 e pHMeHT8llbHO H8A.OeHHble 3H8tteH nst s 11 038011 HIIH nonyttUTb KpHBbJe gr nl K8K 

cPYHKUifiO { "' I .0/ISI p83 liH'IH biX n T • 3 TH KpHBbJe H8H OCitllli Cb H8 06WHA rpacpnx C 8H 8liOf'H ~H biMH 

6 

... 

' ' 

KpHBblMH , nony'leHHhiMH M eTOllOM npon 

,QllSI HCC11e.O.OB8HHhi X pe30H8HCOB. 

npK K_3 M epeHKH C .D.eTeKTOpHbJM C 

l: N1 (D 

r-.ne n ( E 0) - noTOK He ATpOHOB npH 

HbiA HHTepean 3Hepri 

l y - 3Cj:H:PeKTHBHOCTb perHCTp8UHH a : 

npoH3Be.neHHe ll (E 0 )< y H8XO. 

r n « r y , OTHOWeHH9 ry / r npa 

K I. Tor-.na H3 Bbtpa>KeHHD (2) c n e.ny 

n c E 

no.oCT88liSISI HaA:,aeHHOe paH ee 3H. 

.OB.HH OA 3Hepruu. 

0THOCHTellbHbiA: XO.D. OOTOK8 n { E 

H3MepeH HA C TOHKHMH 60pHbiMH C'leT'IH : 

K8HCOB npoaepHIIOCb nyTeM C p8BHeHHH I 

H OI"'O B 06bJ'IHOM p 9>K HMe p860Tbl .OeTCJ 

6axoe .aeTe xTopa He e a coena,aeune, a 

HB.HCY B cny'lae pa3HblX p e>K HMOB pa6o· 

YK83bi88110 H8 OOCTOSIHCTBO CDCKTpB 38: 

'y 

HaA..aeuHoe T8KHM o6paaoM npoH3 

ypOBHe A, .ll.llSI KOTOpbiX HeA:TpOHH8st WH~ 

npeo6paayst (2) K BH.<ly 

l: 

II( 

MO)KHO nony'IHTb H3 ypaBHeHHSI (4) .OBC 

MOCTH o T npeHsrToro aHa'leHHSI g • Bbi 

HB ypOBHSI .aenancg B 38BHCKMOCTH OT 

nepeCe'leHHSI KpKBbJX, 0011y11eHHbiX MeTO 

Vf3MepeHKSI C .ae~ 

Ce'leHHe pacceSIHHR neA.Tpouos nee 

B KOTOpoN HCOOnb30BA11CR B K8'1eCTBe C 

.[lng OOBbJWeHHSI scllciJeKTHBHOCTH .neTeK 

.nyiOUliUI ltOHCTpyi<UMll. nopowoK T-1 n 

H8MH nnex.c•rn8C8 TOnlllHHOI 9 MM, T81 



p aaeu It a u ccn e .uy e Moro newe cTsa 

ro>Ke HHblX 6 0KO E:< . BH e wHuA .nHa-

400 MM. K a)f( Jl biA 6aK npoc MaTpu

H a T OpUOB bTX KpLTWKBX. V1Mnyn bC bl 

HCb H npo nyC K811H Cb 'i e p ea 8MrlllH

C Xe My c o sn a .oeHHH. BH e .o e uu e 

i .neTeKTopa, x o TOpbri\ npu yposHe 

'MMHpOB8HH SI HMOynbC OB OT 060HX 

I >Kan c H .no l5 HMn /ce x. KpoM e 

peBKTOpH biA ct>o u, CBSI3 8HHbiA C a ax

bHe Aru ee yMeH bwenue 3Toro ct>oua 

B B H.Qe M e THI160p8T8 B(OCH 
3 

)
3 

BUKK D.8yX 8 H.llOB: H8XO.>K.ll9 HHSI 

~TO.OOM r!p,si\fl.yCKBHHSI H onpe.ne-

a paMe Tpoe Ha H3 MepeuuA; c (n, y ) 

38KllK> 'i8e T C.:SI 8 T OM 1 'ITO H3 M e p e -

aeTeKTo pa, Tax u c .non onHnTe nb-

I B ny'iKe B yCllOBHSIX • xopow e l\* 

T 

a nyqxe o6pa3 u o a D 

'o o6 p a3ua D ; 

T; 

(I) 

T 

COOTBe TCTBY K>W.e A: T O.'l lllHH bl. 

!llle p OBC KO A WHpHH bl H TOl!UlHH bl 

t W HHe. Ha p «C . 3 n p u ae,ae Hbl .anst 

poa HH npo80LlHllncb c aeTe K Top

owa.n u o6pa3ua 250 c M
2 

" c 

)
2 1

; 28•10
2 1 

H 56·10
21 

o .a./c M
2

• 

npu n aMepeH HH 6ea n o rnowaK>we

llUHHoA (4· 10
21

on . / c M
2 

(tHt>KHHA 

nony 'ilt Tb xpH Bbi e gr "' xax 

18 06W HA rpact>HK C 8 H 8110r H 'IH blMH 

KpHBblMH, nolly'leHHbiMH MeTO.O.OM nponyCXBHHR, 'ITO 003BOI1Rl10 OOlly'IHTb 3H8'1.eHHSI g r nl H r, 
.011H HCClle.OOB8HHbiX pe30H8HCOB . 

npu H.3MepeHHH C .neTeKTOpHblM 06p83UOM 

(2) 

r.ae ll ( £ O) - OOTOK H e ATpOHOB npH pe30H8HCHOA 3HeprHH HB BClO fil101U8.llb 0 6p83 U8 HB e .O KHH'i-

HblA HHTepB811 3HeprHH 38 BpeMH H3 MepeHHSJ; 

f y - acjJQ:>eKTHBHOCTb perHCTp8UHH BKTB pB.OH.!!iUHOHHOrO 38XB8T8 HeATpOHB. 

npoua ae.o.eHHe n (Eo )t y H8XO.O.Hl10C b c ne,nylOLUHM o 6paaoM • .llnsr pe30H8HCOB , HMelO LUHX 

rn << r y , OTHOWeHue ry Jr OpB.KTH'IeC KH He 38BHCHT OT napaMe TpOB pe30HB HC8 H 611H 3 KO 

x 1. Tor.aa ua BbJpa>KeHnR (2) c nenyeT, 'iTO 

(3) 

non cTaenRsr HaA.neHnoe paHee auaqenue AD, MO>KHO n o ny'lnT b u c x o M o e n pou a s e n e nue n pu 

.0.8HHOA aneprHH. 

0THOCHTellbHblA XO.O. OOTOK8 ll (E) KB.K Q:>yHKUHH 3HeprHH HeATpOHOB 6blll nony'l.e H n yTe M 

H3MepeHHA C TOHKHMH 60pHbiMH C'leTt.tHKBMH. nocTOHHCTBO act>Q:>e KTH B H OC TH LlllR p83 11H'IHblX peao-

HBHcoa npoeepHnocb nyTeM cpaaHeHHH cyMMapaoro C'leTa n o ucc ne.nyeMOMy p eaoH a Hc y, n o ny'teH

Horo B 06bi'IHOM pe>KHMe pa60Tbl .QeTeKTOpa 1c T e M, KOTOpbiA 0011Y'i811CR DpH BKmo t.teHHH o60HX 

6axoa .neTe xTopa ue ua c o ana.o.euue, a na cno>K e Hne HMnynbC o s. 0 TH OW e Hue c q e T oa no peao

uaucy B cnyqae p83HbiX pe>KHMOB p860Tbl .Q e TeKTOp 8 He M e HHllOC b OT p e30H8HC 8 K pe30H 8 HC Y 1 'ITO 

YK83biB8110 H8 UOCTOSIHCTBO C neKTpa 38XB 8THbTX y -nyqeA:, 8 c n e a OBBT 9 llbH0 1 H aciJciJe KTH B HOCTH 

'y 

Hail.a.eHHOe TBKHM 06p830M npOH3Be.QeHHe fi ( E)ty HCI10llb30B8110Cb .llllSI onp e n e neHHSJ C OHH OB 

ypoaueA, anH KOTOpbiX neATpOHHBSI wupuua cpaa HnMa c pa.nuauuoHu o A. 

npeo6paayst (2) K BK.OY 

'}; N 1 (D) 
-------

(4 ) 

MO>KHO OOlly'IHTb H3 ypaBHeHHH ( 4) .ll,Be p8311H'iHbl e KpHBble 8 K00pLJ.HH8T8X g rn H r B 38BH CH

MOCTH OT npHHHTOrO 3H8"18HHSI g • 8bl60p HC THHHOrO 3H8't9HHH g, 1 B Cne.0088Te llbH0 1 H c nu-

HB ypoBHSI .o.enancg B 38BHCHMOCTH OT TOrO, K8K8H H3 .OByX JtpHBbiX npOXOLJ.HT q e pea TO'IKY 

nepecet.teHHSI KpHBbiX, nonytteHHbJX MeTOLlOM nponyCK8HHH H CBMOHH.O.RKSnHB. 

J..13M6peHHSI C .D,eTeKTOpDM paccestHHblX H8ATpOHOB 

Ce~eHKe p8CCeSIHHS! HeATpoHOB HCCne.aosanOCb C DOMOlUbiO CUHHTHnnSIUHOHHOrO .09 TeKTop/
41 

B KOTOpoM HCDOnb30BWJCJI B XB.CfeCTBe CUHHTKHllS1TOpa Zn S ( Ag) + 8 (cseTococT&B T-1 l. 

.QnH fiOBbJW8HHSI S<t>cj>eJtTHBHOCTH Ll6T9KTOpB H yny'IWeHHSI CseToco6Hp8HHJI 6b1118 npHM 6 H6H8 cne

.D.YJOWBSI KOHCTpyKUMSI. nopoWOK T-J OOMeWB.llCSI B BH.lle cnoee TOllWHHOA. 1 MM M e >t<ay 0118CTH

H8WM nnez.c•rnaca TonwHuoa 9 MM, TBK 'ITO nony'lMCH 6nox Tpaneueau.nuoro c e t.t e HHR .annHoil 
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50 CM, Co.ne p >t<8 LUHA 5 Clloe e T-1. .Q e TeKTOp COCTOSIJl lt3 BOCbMH 61IOKOB, Co6p81111bJX B BOCbMH

rp811HHK, KOK 3 TO II OK83 8HO HO p~ C. 5 , H8 KOTOpOM .Q8HO Celt e HH e .Oe TeKTOp8. 

Ka>K.O biA 6 n o x npoc M8TpHaancsr c o6oux Topuos cpoToyMHO>KHTenRMlr ct>3Y-24. Taxag: xou-

CTpyxuuH n. e Te KTo pa nosbJwana e ra 3 ctxPexTHBHOCTb 6naro.oapR aaMe .oneHHfO ueATpOHOB a nnexcu

rnace , KOTOpbiA O.O IIOBpeMe HHO Cllf>KHll CBeTOilpOBO.OOM. 

.Ll e Te KTOp 6 blll 38KlliO'I.e H B CBe TOHenpOHHUBeMbiA KO>KyX, BHyTpeHHHA UHilHH.OpH'I.eCKHA K8H811 

KOTOpOrO HM e ll .0H8MeTp 220 MM . .Qnst yMeHbWeHHSI pBCCeSIHHSI ueATpOHOB H8 B03.0yXe 06p83UJ:.I 

fCT8H8BilKB81111Cb B oaxyyMHyiO Tpy6y, KOTOpBSI llOMelUOilBCb B K8H81l .aeTeKTOpa. 

3ct><Pe KTH8UOCTb .oeTEJCTOpa cna6o 388HCH118 OT 3HeprHH HeATpOHOB H COCT8811SIIl8 OKOilO 15% 

a .ouanaa oue 5-400 38. 3cP¢eKTH8HOCTb x y -ny~.t.aM Co 
60 

-oxono 0,01%. BpeMH >KK3HK HeA

Tpouo8 B .O eTe KTOpe - 15 MKCeK, 'ITO npH llllKTeJlbHOCTH BCilbiWKK peaKTOpa 36 MKCeK SIBJlSillOCb 

11pHeMJleMbiM. 

VfaMe peHHR p acceHIIHR t:eATpOHOB R.D.p8MH pOD.HSI npOBOD.HilHCb .OilSI o6p83UOB TOJlWHHOA: 

0,67·10
21

; 2, 82·10
21 

H 6,73·10
21 

RD../CM
2

. 3 TH H3MepeHHR qepeD.OB8JlHCb C H3MepeHHSIMH lj>OH8 

8 OTCfTCTBHH o6paaua H H3MepeHHRMH CO CBHHUOM, npuMeHSIBWHMCH 8 K8'teCTBe CT8H.08pTa C H3-

seCTHblM ceqenueM paccesiHHR, pa&HblM 11,3 6apua • .LlnSJ oueHKH BKna.aa a cpou aanaa.nbiBBJOWHX 

HeATpOHOB, pacce R.HHbiX 06p83UOM 1 np080.llHflOCb H3Mepeaue CO CBHHUOM H <PHllbTpOM H3 Cepe6pa. 

B o6nacTu peaouauca 5,2 ae <Pou OT aanaa.abiBBIOWHX ueATpouos ue npea&Jwan 5% oT o6wero 

<t>oua, a a o6nac TH 6onbWux auepruA urpan ewe MeHbWYJO ponb .. 

Onpe.ne n e •1ne napaMeTpoa peaouauc oa, 6 one e no.apo6uo 
I 101 

OllHC8HHOe 8 OCyll..leCTBnHilOCb 

c ne .ayJOWKM o 6paaoM. CyMMapubtA. c qe T no pea onaucy ua.o ypoaueM noTeuunanbuoro pacceHHHH 

r 
( l: N ) ~ 11 (E) < n ...,..'!- A 

I Rh l 
(5) 

8 H8 110 f'H'iH O BblpS>KeHHJO (2) .011H pe8KUHH ( n, y ). 

npii H3 Me p e HHSIX CO CBKHUOM C'le T B K8Hane, COOTBeTCTByiOWeM 3Hepf'HH pe30H8HC8 1 p8B8H 

NPb ~ 11 (E)c n (I- TPb)f'iE , (6) 

r.ne TPb = exp(-no )Pb - npo nyCK8HHe CBHifU8 TOnWHHOA n stLl.ICM
2

, 

,\ E - HHTepe an 3 He prHH ue ATpouoa, o npeae nsre MblA wupnHoR: 8peMeuuoro xauana auanuaaTopa 

( : 

u pH peaou a uc u o A 3 He prun. 

0THOWe HK e Bb1p8)t(eHitA ( 5) H (6) He COD.ep>KHT 3 HB"'eHHA llOTOK8 11 (E) H 3ctJcf:>eKTHBHOCTH 

(l: N1) Rh 

N Pb 

_s,__ ___ A 

r (I-Tp•)f'iE 
(7) 

Bbr pa>Keun e ( 7) u e Y 'i.~ Tblaae T n o npasxy ua aaxaaT uei1Tpouoa nocne pacceHHnsr, KOTopast 

sec bMa c ywecTae uu a a cny 'fae r'Y > 1 n • .llnst y'i.eTa nonpaaxH ua ocuoaauun naMepeuuA c o6-

paau a MH p83 11H'I.HOA TOnW HH bl n pOBOD. Hn 8Cb 9KCTp811011SIUHSI K Hyneaoft TOnWKHe QlyHKUHH 

8 (n) (l: N 1 ) Rh (I - T ) f'i E _!S. 
N Pb A 

Pb 

(8) 

8 

l 

I 

rlpe n.enbuoe aun~.t.e HHe 

lim 8 (r 
n ~ 0 

onpe.oensteMoe nyTeM 3KCTpanonSiuuu, 

B03MO>KHbiX 3H8'ieHKil CllHHOBOf'O ctJax# 

peuuA nonHbiX ·ce'feuuB H ceqe uuA aax 

HHa /J 

Ypoaeub noTeuuuanbuoro pac ce s. 

Me>K.Oy pe30H8HC8MH H H3 Cp8BH eHHSI 

uusr .nng Rh u a An.eu o p asu bJM 5,3 ±_( 

F 

Cso.nxa nonytteHH bi X na paM e Tpo s 

ae.a e ua a Ta6mtue II. Kpo Me ne pe ttn• 

:>Hepr-HSIX 365, 407, 436, 447, 556 , 64 

Ha pHc. 6 H3 06pa>KeH rpa lj>nK q 

ue ATpouos. B o6naCTH npHM e puo .ao .: 

.aeTellbCT8YSI 0 TOM, 'ITO B :3TOA o6n 

ua. Cpe n.u ee paccTo Huu e Me>Kn. y ypoe 

pHC, 6 OK83 bf88e TCSI p8BH biM 17 ±_ 4 :38 

TH"'ecxoA own5xe 'lHCna peaouauc oa c 

HHSI p8CCTOSIHHA. Me>t<n,y ypOBHSIMH 3 KC 

VfuTe rpanbuoe pacnpe.aeneune " J 

Hbl .J 2 gr: , nocTpoeuuoe no a a uu 

pHC, 7, npu Cp8BHeHHH 3T0ro pacnp eJ 

CTeneHbiO cso5o.abl o6uapy )i( BaaeTc Sl H 

:' .coaneTsopnTenbHoe c ornacne 3 Kc ne t 

CH, eCJlH KCKlliOttHTb H3 paCC MOTpeHH SI 

B 06118CTH MBKCKMYMB CHJlOBOA ci>YHKl 

3TH pe30H8HCbl o6ycnoaneHbl 838HM O.OE 

'ie HHSI CKn OBbi X cf:>yHKUHA .O llSI s -ue eh 

Be T C TeaH H O 5
0 

•(0,46 :t_0,1 8 )·10-4 > 

11 a aen~'iltHy S
0 

Mano o n nHe T, KBKOe 

IIH e 5
1 

na- aa ManoA CT8TKCTH'i eC KOi1 

C ne.ayeT a aMeTHTb, l.fTO o6 1Ue n p1 

OTKn OHe HHSI 3 KC11epHMeHT8nbHOrO pac n ~ 

KOTOpbiM Mhl llOn b30 B811HCb 1 0CHOB8H 1-

OT cmru a peaou aucos . T a x oe npen.non1 

TllK H CT8nfCTII'IeC KOA MOD.enu S1D, p8 7 

3 aTe1lbC T 8 . C y a S'I no TOMy, l.fTO s o6n . 

pHMenTanbHble pacnpen.en e HHH a a a 'ie HI! 



BOCbMH 6 JlOKOB , C06p8HH biX B BOCbMH-

:e '-leH u e n.eTeKTopa. 

'YMHO>KHTenAMU <l>3Y-24. Taxasr xou-

uapA aaMen.neun~ ueATpouos a nnexcn-

:yx, BHyTpeHHHA: UH11HHD.pH'-19CKHA K8H811 

;runA ueATpouo a ua aoan.yx e o6paau.t:.r 

b B KBHBil n,eTeKTOpa. 

HH He ATpOHOB H COCTBBI1AI18 OXOilO 15% 

0
10 

- o x ono 0,01%. BpeMA »<uauu ueA-

ICllbiWKK peaKTOpa 36 MKCeK ABilAJlOCb 

30JJ. HI1HC b .llllSI 06p83UOB TOillllHHOA 

if. SI ttepeJJ.OS811HCb C H3MepeHHSIMH cpoua 

~ HSIBWHMCSI B KB'IeCTBe CT8H,aapT8 C H3-

)UeHKH BICI18D.8 B cpou 381183D.b1BBIOLUHX 

e CO CBHHUOM H cilHilbTpOM H3 cepe6pa. 

!TpOHOB He npeBbiW811 5% OT o6mero 

o ponb. 

I 101 
HO Oll HC8KHOe B ocyweCTBllSlllOCb 

ypOBHeM 110 T9HUHB!IbKOrO p8CC9SIHHSI 

A (5) 

rcTsy~weM ::tHeprnn peaouaHca, paaeu 

(6) 

HOA BpeMeHHOrO K8H8118 8H811H38TOp8 

'eHH A noTOKB 11 (E) " 3<j>cjJe KTHBHOCTH 

A 
(7) 

l eif:TpOHOS II OCJle p 8CC9 AHHA 1 KOTOp8A 

p 8BKH H8 OCHOBBHHH H3Me pe HHA C o6-

K Hynes oA: TOilWKHe cflyHKUHH 

(8) 

r 
.t 

l 

rlpeaenbuoe aua'-leu u e 

lim B(n) ~ 

n ~ 0 

r• 
g " - r - ( 9) 

onpe.nensreMoe nyTeM 3KCTpanonstunn, noaeonstno nonyttHTb aaaucuMOCTb g 1
11 

oT r n.n A .asyx 

B03MO>KH bJX auaqeuuA c nuuosoro Q:laxTopa g . Co'-leTBHHe ::tTHX xpusbrx c nony'leH Hbi MH H3 uaMe

peuuA nonublx ·ce'leuuA u ceqeuuA aaxsaTa noasonAno c.aenaTb B&J6op o.auoro ua n.syx a uaqe-

Ypoaeub noTeuuuanbuoro pacceSJHHR u e A:Tpo u o e RnpaMH poauR onpeaenRncR no yqacTKBM 

Me>Kn.y peaouaucaMu u ua cpasueuuR c pacce RHHeM ua csuuue. Ceqeuue noTeuuuanbu o r o pacceg

HHst n.nst Rh u a Aneu o paaubiM 5,3 :t_0,3 6 a pua. 

PeaynbTBTbJ u o6cy>K.aeuue 

Cson.xa nony'leHHbJX napaMeTpoa 17 peaouaucoa poaust c 3 uepru e R oT 34,4 no 320,7 3B npu

ae.ae ua a Ta6mtue II. KpoMe n e p e ttucneH HbiX a Ta6nuue, o6uapy>KeHbJ TBK>K e peaou a ucbt npu 

3HeprHOX 365, 407, 436, 447, 556, 648, 701, 780, 843 3B. 

Ha puc. 6 uao6pameu rpacf:>ux 'IHCna aaperucTpHpoeaHH &IX peaouaucoa a cpyuxuHn 3HeprHH 

ueATpouos. B o6nacTH npuMepuo .ao 350 3B qucno peaou a ucos pacTeT nnHeAHo c 3He pru e A, csu

.aeTenbCTBYR 0 TOM, '-ITO B 3 TOA: 06118CTH D.O!ISI He3 aperH CTpHp088HH biX pe30HBH COB HeCyWeCTBeH 

H8, Cpen.uee paccTOSJHue Me>K.ay ypoBHstMH (6ea y'-leTa cmt u a) , onpeneneHuoe no u aKn OHY npstMOA 

puc . 6 o Kaa&rsaeTC H panHbtM 17 :t_4 as . YxaaauHaH norpe w HOCTb onpe.aen SJnacb no cpe.o.HeKaa.a p a 

TntteC KOA owu:6xe •mcna p eaou aHcos c E
0

;5. 350 aa npu npe.anono>KeHuu, 'ITO aa KoH p acnpenene

Hust paCCTOSIHKA M9>K.Uy ypOBHSIMH 3KCilOHeH.UHBn9H . 

VIHTe rpa nbHOe pacnpe.aeneKHe npuae.aeHHbiX HeATpOHHbiX wupuH 2 g r"' l1~ B cpy HKUHH senuqu-

Hbl ..j 2 g r: , llOCTpOeHHOe 110 JJ.BHHbiM T8611HUbl fi C Y'i9TOM ypOSHSI 1,32 as
151 

1 ll0K838H0 HB 

pHC. 7. npu Cp 8BH9HHH 3T0ro p acnpe.aeneHHSI C Teo p e TH'ieCKO A KpK BOA: nopTepa-ToM8C8 C O.UHOA 

CTeneHbJO CS060JJ. bl o6uapy:w. a aaeTCSI H36biTOK peaOH8HCOB C MBilbiMH ueATpOHH biMH WHpHH8MH . 

:' .c.osneTaopHTe nbHOe cornacue 3KcnepuMeHTanbuoro u TeopeTH'-I eC Koro pacnpenen eH HR nony 'l aeT-
zoJ 

Cst , ecn n HCKiliO'iHTb H3 paCCMOTpeHHSJ 5 C8MbiX CJ1 86&IX p eaOHBHCOB . noc KOilbKY Rh HSXOJJ.HTCSI 

B 0611BCTH MBKCHMYMS CHilOBOJI cf:>yHKUHH IJ.IlSI p- He ATpOHOB 1 ecTeCTSeHHO npe.O.llOllO>KHTb, 'iTO 

::tT II peaoHBHCbi o6 y c n osneH&J saanMo.aeAcTaueM c ueATpOHBMH npn f = 1 • Ecnu 3TO TBK, TO a Ha 

qe HHSI CHil OBbi X ciJYHKUHA .O.llSI s -HeATpOHOB H .O.llSI p -HeATpOHOB OK83b1Il8K>TCSI p8SHbiMH COOT-

OeTCTOeHHO 5
0 

•(0,46:+:_0, 18 )•10-4 
H 5 1 • ( 1,8:+:_1,4)·10- 4 

B COrn llCH H C 
161

. 3aMeTHM, 'ITO 

Ha aenu<tnny 5
0 

Mano DllHHeT, KBKOe 'iH Cno c na6biX peaou a ucoa npumtCBHO p -ueA TpouaM. 3H.aqe

uue S 
1 

ua-aa MBllOA CT8THCTH'ieCKOA TO'-IHOCTH c ne.o.yeT p8CCM8Tp11 B8T b llHW b KBK rpy6yK> OUeHK Y. 

C nen.yeT 38M9THTb 1 '-ITO o6menpHHS1Tbi A CllOC06 Bbi.UeJleHHSI p - peaOHBHCOB HB OC HOBBHH H 

OTKllOHe HKSI 3KC nepHMeHT8llbHOrO pacnpe.aen e HHSI 3 H8'ieHUA 2 g [': OT 38KOHB nopTepa-TOMBCB, 

KOTOpblM M hl llO!Ib30B811HCb 1 0CHOB8H HB TOM npeD.11011Q}l{ e HHH 1 'iTO BellH'iiiHB 2~ He 38BHCHT 

OT CllHHB peaOHBHCOB. T axoe npe nnono>KeHH e MO}l{eT 6 b!Tb 06bACHeHO H8 OCHOSe K8K OllT H'-19CKOA 1 

T D K H CT8THCTH'i9CKOA M O.llelln Sl.llpa, HO He HMeeT .UOCTBTO'iHO BeCKH X 3KCnepuMe HT8llbHbiX .llOKa-

3 a TenbC TB. CynR no ToMy , 'iTO a o6nacTu a TOM HbiX secas , n.aneKux oT MaxcnMyMa 5
1 

, ::tKcne-

pHMe HTBJl bHbTe pacnpe,neneHHSI 3H8'1e HHA 2g r n~ Clle.O.y K> T 38KOH.y nopTepa-TOMBCB (eM ._. H. a -

9 



OpHMep/
121 ), MQ)KHQ HS.QeHTbCH, "''TO "Ur! .neACTBIIT9nbHO He 38BHCHT OT COHRS.. C Ll.pyroA 

CTOpORbi, BbiBO.O.bl pa60Tbi / JS_t r11e 6blnO Dp08HBnH3HpOB8HO fiOBeLl,9HBe 5
0 

B WRpOKOM .QH8D830H9 

aTOMHbi X eecos, roeo pRT a n onb3y Taro, "''T02Aro nponopuzoaanbHO __ 1_ • XoTH BbiBOLlbi pa-
/13/ " (2} +1) 

60Tbl H Hy>K.OBIOTCSI 8 llO.llTB9p>K.09HHH, OHH c ny>KBT, 0JlH8KO, yK838HH 9M HB 803MO>KHOCTb 

OTKflOH9HH it OT 38KOH8 nopTepa-ToM8.C8 He T OnbKO 38 C"''9T p -ue ATpOHOB, HO H 3 8 C"''9T pas-

nH"''HSI B 3 H 8"'19 HHHX 2 A r :, .a.nH 2-x CHCTe M s -yposaeA co COHHBMH [ + If.. M [ - Y, 

(I - COR Y H.npa-MHWeHH). npHB9)leHHbl9 coo6 pa>Ke HHSI nHWHHR p83 no.a.tt:epKHB8JOT Heo6xo.nK-

MOCTb H3MepeHH SI C OHH OB p930H8HCOB. 

LiTO K8C891'CSI HBW HX .QBHHb!X 0 CO HH8X pe30HBHCOB pO.O.HSI 1 TO M O)KHO OTM9TH Tb nHW b 

Cfl9.llYIOW.ee . 0 THOW9H H e "''KCn8. pe30H8HCOB 1 .anSI KOTOpblX onpe.aeneH COHH 1, K "''HCny p e30H 8 H

COB1 .llnR KOTOpb!X onpe.aeneH COHH 0, p88H O 3/5. Corn8C H O npe.O.CK838HHHM CT8THCTH"''9CKOA Mo

.a.enK SI.O.p8 1 9TO OTH OW9HH9 .aon>KHO 6b1Tb p8BHO 3. npH"''HH8 p8CXO>K.O.eHHA MO>K9T 38KfliO'f.8TbCSI 

B TOM, "'TO 9XCnepHM 9H T Bn bHO onpe,nen H IOTCSI CO HHbl ypOBHeA nHWb C .UOCTBTO"''HO 60flbWHMH 

3H8"'19H HSIMH [' • Tax xax cpe.aHee aHa"''eHHe 6onbwe .anH 

"' 
ypoBHe A C } • 0 , "''eM .nnH ypos-

ue,A C } • J , HM 99TC SI 60nbW8SI sepOSITHOCTb OOpeJJ.enKTb CDHH 0. EcnH BCeM ypOBHSIM C HeHa-

BeCTHbiM CI1HHOM 1 38 HCKfliO"''eHHeM OSITH ypOBHeA, npHOHC8Tb j "'" 1 1 TO 9KCnepHM9 HT8n bHOe 

OTHOWeHHe CT8H9T p8BHbJM 1,4. 0 C T 810W99C SI p8CXO>K.QeHHe MO>K e T Of5'bHCHHTbCSI cJ>nyKTJ8UHeA 

"''HCn8 ypOBHe ft CO COHHOM Q B HayqeHHOM HHTepaane 9 HeprHA • .ilnH Bbi SICHeH HSI BOnpoca Heo6-

XO.UHMO on p e.aenKTb CllKHbi 3H8\fHTeflbHO 60flbWei""O \fHCna y p OBHelt . 

B aaxniO tt:eH we asTopbi C"''HT8JOT CBOKM npHHTHbiM .aonroM BblpaaHTb npH3H8TenbHOCTb 

Vf.M.¢pauxy " ¢.n.WanHpo aa KHTepec K pa6o Te K none3Hbte o6cy>K.neHHH. 

Ta6nuya 

Pac"''e THbie auaqeuHH a<PcJ>eKTHBHOCTH l H cpe.nuero s p e MeHH >KH3 HH ueATpoaos r .nnst .neTex-

Topa C . w eTun60p8TOM H8 OCHOBe ec TeCTB9HHOI""O 6o p a • .[l8HHbie nony"''eHbl MeTO.OOM MOHTe

Kapno/7/. 

En sa 10 100 1000 10000 

0,00 0,72 0,51 0,37 0,27 

Mxcex 2,38 1,75 1,60 1,57 1,50 
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(' 
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F-

I 
nap?MeTr 

!::
0 

13al 2g r" / M 3a/ 

34,4~0,1 0,011~0,002 

46,7~0,1 0,37~ 0,03 

68 , 3~0 , 2 0, 1 5~ 0,01 

95,5~0,4 1,7~ 0,1 

98 ,4 ~0,4 0,06~0,02 

I 10, 7~0,5 0,12~0.02 

11 4 ,0~0, 5 0,10~0,02 

125 , 3~0 , 6 6, 1~0.4 

154 , 5~0, 6 46 ~ 5 

178 , 7~1 0, 10~0.03 

1 87,0~1 30~2 

' 205:!:.1.1 0,20~0,05 

253,7~1.6 ,20 ~1,5 

263~1.7 1, 5~6.4 
272,5~1.8 4 1.~ 3 

290,2~1.9 11~1 

320,7~2. 3 57~10 
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.JO He 38BHCHT OT CflHH8. C .npyro A 

::>Be.neHB9 5
0 

B WRpOJtOM .QH8D830 H8 

Han& HO __ I _ XoTH s&rso.nbl p a 

(2 } + I) 
aH8K01 yK 838HHeM H 8 B03MO>K H OC T b 

p -ue AT p OHOB , HO H 3 8 C "'eT p aa-

: o C UHH8M H I + ¥.1 " r - v. 
IHK A p a a no.nqepKHBBJOT He o6xo.a.u-

l .O.KH 1 T O M O>K H O OT M e TH T b n HWb 

npe.aeneH cnu H 1, K t.tucny peaoHau 

npe ncKaaaHK HM CT8THCTK t.teC KOA M o -

18 p a CXO>K.D,eHHA MO)KeT 38Kn JO "'8 TbCSI 

A nuwb c nocTBTOt.t HO 6onbW HMH 

y p o aHe A c J - 0 , q eM .a.n H ypoa-

:nuu 0. Ecnu seeM y posHHM c He u a -

b } = 1 1 T O 3 KCOepHMeHT8n bH Oe 

M O)KeT 0 6'bSI CHHT bCSI cj:>ny K T YBU He A 

trHA. nnSI BbiSICHeH HH BOn p oca Heo6-

JOB He A. 

'OM Bbip83 KTb npH3H8T e n bHOC Tb 

i &Ie o6c y * n e u u H. 

! HH >K H3 HH HeA:TpOHOB T .Qn SI n e T e K-

JbJe n o nyt.t e H bt M e T onoM M o uTe-

1000 10000 

0,37 0, 27 

1,57 1,50 
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34,4:_0, 1 

46 , 7:_0, 1 

68 ,3:_0 ,2 

95 ,5:_0 ,4 

98 ,4 :_0,4 

11 0 , 7:_0 ,5 

114 ,0:_0 ,5 

125 ,3:_0 ,6 

154 , 5:_0 ,6 

178 , 7:_1 

187 ,0 :_1 

• 205±_1, 1 

253, 7:_1,6 
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T a 6 n " u a II. 

rlap?M e T p br p ea o u aHco n Rh
1 0

J 

0,0 11:_0,002 

0 ,37:_ 0,03 

0, 15:_ 0 ,0 1 

1, 7:_ 0,1 

0 ,06:_0 ,02 

0,1 2:_0,02 

0 ,1 0:_0,02 

6 , 1:_0,4 

46 :.. 5 

0, 10:_0,03 

30:_2 

0, 20:_0,05 

"<!0 :_1,5 

1, 5:_0,4 

4 1,:_ 3 

11:_1 

57:_1 0 

1 / M s a / 

155:_16 

150:_15 

175:_1 5 

280:_30 

182:_1 0 

190:_20 

300:_1 5 

160:_40 

380:_50 
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0 

0 
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0 

0 

0 

] 1 ~ I M ae/ 

155:_16 

143:_15 

16 7:_15 

96:_36 

142:_1 3 

163:_2 1 

136:_20 

11 6:!:10 

152:_63 

2 ~ r: I M sa/ 

0 ,0040 

0 ,1 08 

0,036 

0,348 

0 ,0 12 

0 ,02:! 

0 ,0 19 

1,09 

7 ,4 2 

0,0 15 

4,38 

0,028 

2,52 

0, 185 

4,96 

1,29 

6 ,38 
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Puc . 5. nonepe"'HOe Ce lfe HH e Ll9T9KTOp8 pacceHHH biX HeRTpOHOB. 

1 - cnoA caeTococ Taaa T-1; 2 - nnacTHHa nneKc nrnaca ; 
3- BH9WHHA KO>Kyx; 4 - .lUOpaneaaH B8KYYMH8H Tpy6a; 
5 - 3awenKa KO>t<yxa . 
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PHC . 6 . rpaQ:l HK 3881-l C HM OC TH ~Hcna aa p e rnC TJ:'HpOBBHHbiX p e30 H8HCOB 
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c aueprueA: MeHbwe 320,7 s a .. 


