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E.,D;epMeHA>KHeB, H.KMHHKOBa, H.KamyKeee, 
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OCKORKOB ,li;EnEHHH B YCROBHHX PABOTH 

C HMllYRhCHHM HCTOqHHKOM HERTPOHOB 



liJccnenoaaHHe KHHeTH'IeCKHX aueprHif E k 
OCKOnKOB neneHHB B pe30~ 

HSHCHOif o6naCTH SHeprHif HeftTpOHOB E~ B CHny pBll8 npH'IHH BBnBeTCB 

aecbMa Tpynuoii aanaqeif. K HHM uano oTHeCTH cpaBHHTenbHO Manbie noTOKH . 
HeiiTpoHOB npH nponeTHbiX .6aaax,. o6ecne'IHBaromHx ueo6xollHMOe paapeweHHe 

_no Eu , 
'J'pe60B8HHe llOCTSTO'IHO BbiCOKOrO. a!IepreTH'IeCKOrO paapeweHHB 

neTeK.Topa B coqeTaHHH ·c 6onbmoif caeTocHnoii, aeo6xo.nHMOCTb Hcnonb

aoaaHHB.MHweueif 6onbWOif nnoillBllH H .np. 8THM Tpe60B8HHB~ B H3BeCTHOli 

Mepe yllOBneTBO.pBeT .HMnynbCHBB HOHH38UHOHH8B KaMepa (11liJK), KOTopag 

npH HanH'IHH 217 - reoMeTpHH o6nanaeT llOCTBTO'IHbiM llnB cneKTpOMeTpHH 

OCKOnKOB neneHHB SHepreTH'IeCKHM paapeweRHeM. 

B HSCTOBWeH pa6oTe onHCaHa lleTeKTOpHaB annapaTypa1 npHMeHBBWSBCB 

llnB onpeneneHHB KHHeTH'IeCKHX SHeprHif OCKOnKOB neneHHB. B HeliTpOHHhlX. 

peaouaucax 
235 U Ill.· MeTOll H3MepeHMA, KoTopbili .Hcnonb3oBa~cB all!, 

aaKniO'IancB B oueuKe aapHaUHH Ek B peaouaucax ypaHa no HaMeHeHHIO 

OTHOCHTenbHOrO BbiXOll8 OCKOnKOB HS llBYX MHWeHeii pa3HOli TOnillHHbrf21. ,0ng 

STOrO B KaqeCTB9 lleTeKTOpa OCKOnKOB HCnOnb30Banacb· llBOli-HSB liJliJKo liJCTO'I-. . 
HHKOM TennOBbiX H pe30H8HCHblX HeiiTpOHOB cny:l!<Hn HMnynbCHbiii peaKTOp 

liJEP. OliJ.HliJ. HapBllY c onHcaHlleM ycTaHOBKH ·H ee napaMeTpoB HH>Ke o6cy>K..;. 

ll810TCB H HElKOTOpbl9 oco6eRHOCTH 1 B03HHK8IOWH9_ npH HCnOnb30B8HHH liJliJK 

llnB cneKTpoMeTpHH OCKOnKOB neneHHB B ycnOBHBX pa60Tbi C HMnynbCHbiM 

IICTO'IHHKOM HeliTpOHOBo 
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I. 

HHK. llBoiiaasr HHK cocTonT na nByx onnaaKOBbiX HHK c ceTKaMn ¢pn

ma H C o6mHM U9HTp8ilbHb!M Bb!COKOBOJlbTllbiM SJ19KTpOJlOM 1 H8 . KOTOpOM Kpe

USITCSI o6e JleJin:TeJlbHble MlliiieHllo 06mnii BllJl Ka)'vfepbl C BHeiiiHIIM KOmyxoM 

n 6ea aero npencTasneH Ha pnc •. 1,2. Oco6eaaocTbro KOHCTpyKun:n: aacTostmeii 

KaMepbi SIBn~eTCSI noMemeHn:e nepBbiX ycnnnTenbHhiX naMn npeJlycn:nn:Teneii 

B o6'heM KaMe phi aenocpeJlCTBeHHO y co6nparomn:x · sneKTPOJlOB. C saemaeii 

CTOpOHbl HHmHero $JISIHU8 K8M9pbl CMOI1THpOB8Hbl OCT8Jlbllbl9 K8CK8Jlbi npeny-:

CHJlllTeJieii. 0CHOBHbl9 pasMepbl KaMepbr: JlH8M9Tp II BbiCOT8 BH91IIHero KO

myxa· 300 MM, Jln:aMeTp sneKTPOJlOB cp = 160 MM. CeTKH K:aMepbi n:aroToB

neHbi H3 HHKeneBOii npOBOJlOKll C cp = 0,08 MM 1 paCCTOSIHHe Memny npOBO-

JlOK8MH C9TKII "" 1,5 MM II "aesKp811HpOBK8 6
• CeTKll/3/ _"a~ 0,02. 

• Pa6o'!Hft raa. ·ITocne OTK8'1Kll JlO BaKyyMa 10:...2. MM pT.CTo o6'beM K8-

M9pbl HanonasrncSI cMec;:bro n:s aproaa n ae6onbmoro Konn:'IeCTBa (,. 0,4 -

0,8%) aue_TnneHa. KaK H3BecTao, 6nn:aocTb n:oHnaaun:omioro no'.renunana C2 H 2 

6 
·.ap ap A. 

K 9HeprHH M9T8CT8 liJlbllbiX COCTOSIHllll O li 2. B I UpliBOJlliT K Jl0-

UOJlllliT9JlbllOH noimaaunn, tmaronapSI KOTopoH: nponcxonnT yMellbiiieHn:e cpnyK-

Tyaun:n rioHn:aaunn: n ysenn'leHn:E:! aMnnnTyJlhi HMnynbca c KaMepbi Ha 25-

30%14/. Ha;._m nccnenoBanac~ saBHCHMOCTb Memny nonomeHneM MaKcnMyMa 
. . 235 . 

nnKa nerKoro ocKonKa B saepreTn:'IeCKOM cneKTpe neneHHSI U TennoBhiMH 

HeiiTpoHaMH .• n BenH'IHHoii £I P JlJISI npoMhiiiineHHoro Ar ( Ar - 99,9%, 

N 
2 

- .. =,0 1%, 0
2 

':.... 0,007%) .II cMeCll Ar + 0,6% C 2 H 2 ( pnc. 3) 1 rue 

- HanpsrmeHHOCT.b UOJlSl B BoCM.:..1 B npoMemyTKe BbiCOKOBOJlbTllbiii SJleKT-

" pon - cexKa n: P J JlaBneane rasoBoii cMecn B MM pT. cT. I1pn IL3Mepe-

HHH 9HepreTH'I9CKHX cneKTpOB Jli1SI"yny'IIII9HHSI 9HepreTH'I9CKOrO paspemeHHSI 

IrpliM9HSIJ18Cb 600 - KOJ1JlliM8UHSI OCKOJlKOB no .yrny BbiJ19T8 1 nono6HaSI onn.:. 

C8H~Oii B/5/. llaBJI9Hll9 CM9CH p "' 300 MM pT. CTo haHHbl9 H3MepeHHii rrpen

CT8BJ19Hbl aa pnc. 4. Bee pa6o'!ne nsMepeansr nanee_ npoBOJlHnncb npn saa

'IeHHH £/ p"" 0,3, JlJlSI KOTOpora· 8MI_.IJlHTyJla HMUYJlbCa HOHH38UHII B- CM9CH 

Ar + c2 H 2 HMeeT M8KCIIM8JlbHOe 3H8'19HHe. ITocKOJlbKY ·peKOM6HH8UHH ·. sneKT-

pOHOB, JlBHmyiiiHXCSI· IIOJl B03Jl9iiCTBH9M IIOJlSl K co6nparomeMy SJ19KTpOllY1 06-

paTHO nponopUliOH8JlbH8 IIX npeiitlJoBoii CKOpOCTH. w /6/ •. TO MO)!{HO. npenno~~-
)!{liTh, 'ITO npH Bbi6paiiHOM OTHOIII9HHH B9JlH'IHH8 W T8K me 6JIII3K8 K M8K-
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. . ~- . - ·.l 

I. 

nayx onn:HaKOBbiX HHK c ceTKaMn: ¢lpn:-

BbiCOKOBOnbTHbiM aneKTpOAOM 1 Ha KOTOpOM Kpe

eHIIo 06IIIHH BHA KaMepbl C BH8IIIHHM KOmyXOM 

piic •. l,2. 0co6eHHOCTbiO KOHCTpyKUHII: HBCTOH!II8H 

nepBbiX ycn:nn:TenbHbiX naMn npenyciinnTenefi 

HHO y co6IIparomnx aneKTponoa. C BHeiiiHeii: 

CMOHTHpOB8Hbi OCTanbHbie K8CK8Abl npeny-:

B 

nn:aMeTp II BbiCOTB BH8IIIHero KO-

cp = 160 MM. CeTKII icaMepbi IIaroToB

cp = 0,08 MM1 paCCTOHHHe M8)1(AY IIpOBO-

·- · a < 0,02. 

MM pT.CT. 06"heM Ka

aproHa II ae6onbiiioro Konii'!eCTBa ("" 0,4 -

6nH30CTb HOHH38UHOHHOI'O IIOT8HUHana C2 H 2 
. . 3 3 p 

COCTOHHHil: p 
0 

II 'J. B Ar IIpHBOAHT K .QO-

pH KOTOpofi IIpOHCXOAHT yMeHbiii8HH8 ~nyK-

.""'HHe :BMIInHTYAbl IIMnynbCa C KaMepbi Ha 25-

38BIICHMOCTb Memny nonomeHIIeM MBKCHMYMB 
. . 235 

Tl~'!eCKOM CII8KTpe neneHIIH U TennOBbiMH 

nns npoMbiiiineHHoro Ar ( Ar - 99,9%, 

),n cMecii Ar + 0,6% C2 H 2 (pn:c. 3), rn.e 

BeCM.:.} a· IIpOMemyTKe BbiCOKOBOnbTHbiil: aneKT

I'830BOil: CMeCII B MM pT. CT. flpH H3Mepe-

8HepreTH'!eCKOI'O pa3p8III8HIIH 

OCKOnKOB IIO .yrny BbW8T8 1 IIOA06HaSI OIIH .... 

300 MM pT. CT. llaHHbi8 H3MepeHHil: rrpen

H3M8p8HIISI nanee_ npoaonnnHcb rrpn aHa-

.· 8MIIniiTyna IIMIIynbca IIOHII38UIIII B. CMeCII 

3H8'I8HUe. fioCKOnbKy·peKOM5IIHBUIIH aneKT

K co5IIparomeMy aneKTpo.lly
1 

o5-

cKopocTII. Vf /6/ 1 . TO MO)I(HO. IIpe.QIIOnO-

aenii'IUHa w TBK me 6nii3K8 K MBK-
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Puc. 1. • .Uaol\HaSI 
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~. _., } 

PH c. 2. .[l.BoftHaH MM K. 

~ 

l 
l ,, 

Nt 

zooo 

fSIIO 

1000 

500 

Rr+0,6"/. Calla 

. . ·... · .. ~ . .. 
•. i. ··~ 

. . 
.,... .:~-o 

, ' , .. ·'· . ... . ... · . . . 
• It: • --v·-='t . . . ~ . 

.... . & -: 

0 50 

. .. 
.. 

PHc. 3. 8HepreTH'IeCKHe cneKTpbi ocKom 
He iirpoHaMH. KonnHMaUHH yrna 1 
lflparMbi/5/~ · Pa6o'IHH raa· Ar-. 

• - 0,273; f.. - 0,197; v 
X - 0,39.0; • - 0~445. 
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Puc. 2. .D.aoitHaH HH K. 

1! 

I 
I 
" 

I 

NJ 

!DOD 

f500 

fDOO 

500 

0 

Puc. 3. 

Rr+0,6"/. C,H,. 

•• . . . •. • • 
~ 
·~""' • 

lJr!• ~·~ .... . ... ... . · .. 
• ··' ... . a -t • ·... . .t ·.. ··*· I~-~ 

··i. ·t~,.. 
.,. ... a 
"C . • ... 

··.··'. w 
• 

. . .. •• . 
·,; 

.. ..... 
~· • • ··_t 

• J.: • ·.': • 
• ~ • • • . l 

•• -va. -~ ... I • i. ~ . : ~ . .. .;:. .~ .. ....... ,. . . .~ ... .,.. .. 
~ 

50 

. .. .. ... 
• .::: jA' . .,.. :_,.,' 
~~f ;411o • 

100 

O., a 

··--: . 
•. o+ .. 
• l 

·:t 
• .. ' .. 
• ·.' ·:· 

"''~~' 

f50 N• 

. 2. 
3HepreTnlJ:ecKne crreKTpbi ocKonKoB JleneHnH U TerrnoBbiMH 
He ftrpoHaMHo KonnnMaiiHH yrna BbineTa OCKOliKOB II pH IIOMOIUII Jllla-
!flparMbl/5/~· Pa5oqnii: raa~ Ar.; 0,6 %C2 H 2• 3aaJJeHnn E/P[B/'MM.pT.cT J: 

• - 0,273; ll - 0,197; v -. 0.244; + - 0,293; 0 - 0,344; . . 
X - 0,390; • - 0,445. • • 
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CHMBnbHOMy 3Ha'le.Hlll0o TaKOH pe:lKHM pa60Tbl SIBmieTCSI 1 O'l9BHJlH01 HBH6onee 

6naronpHSITHbiM nnSI ncnonbsoBaHHSI MMK B n'efiTponnofi ~neKTpoMeTpnn. 

YpaHOBbte MHIII9HR. naHHbl9 06 ypaHOBbiX MHIII9HSIX1 HCITOnb30B8BIIIHX

CSI H8MH 1 npHBOJlSITCSI B pa6oTe/ 1/ • TexnonorHSI H3I'OTOBneHHSI MHIII9Hefi ITOJl-

p06HO onncana B pa6oTax17,8/. 

,--·~ __ .. MO:lKIIO .. OTM9THTb1 _'ITO ___ HCITOllb_30B8HHe . JlOCTBTO.'lHO .. T?HKHX .:!'•fHUe!Jeii: 

; ( "';•10 - 40 MKI'.CM-2) .B CO'l9T8HHH C HH3KOIIIYMSilllHMH npenycnnHTenSIM;r 

! n pa6oqefi cMecbro ns . kr H • c2 H 2 
nosBoJJHno nony'laTb snepreTH'lec~~~ 

. paspernenue nopSIJlKa 1-1,5% nnsr a ,.. 'lBCTHJl ypana B MMK c 217 -reoMeT-. --~ 

"'~ r; • { .. 
; pnen. . . 
. 3neKTp~HH~I;e 6noKH. B H3MepeHHSIX ucnonbsoBanncb naMnOBbifi H Tpan-

; 3HCTpOHblfi BapHBJI.Tbl sneKTpOHHOfi annapaTypblo 

" ITpeneapll'renbHoe ycnnenne nMnynbcoB ocymecTBnsrnocb npn noMomn 

HH3KOIIIYMSIIIIRX npenycnnnTenefi. Onn nocTpoe~bi no cxeMe, KoTopasr onncana 

B pa6oTe/9/, C TOfi pa3HHU9fi1 'ITO nepB~Ie naMITbl .Tnna E88CC CTBBHnHCb 

B pe:mHM MHHRMyMa ceTO'lHhiX TOKOB. MsBeCTHO, 'ITO npH -nannofi nonaofi eM-

. KOCTH C, npRB9Jl9HHO.fi K BXOJlY nepBofi naMITbl npenycRnRTenSI, OTHOIIIeHH9 

cRraan/rnyM nponopuRoaanbHO S1
/

4 
•. J; 1

/
4 

/10/, rne S H ls - Kpy-

' TH3H8 H ceTO'lHbiii: TOK COOTBeTCTB9HHOo I1pll 8HOJlHOM Hanpsr:lKeHHH U a. .. 

,s 55-60. B
1 

HarrpSI)KeHHH HaKana .UH = 5,5 B; HanpSI:lK9HHH H8 ceTKe U ;;: ... 1,2B 
. • g 

JlllSI BXOJlHOI'O TpHOJl8 KBCKOJlHOI'O YCHllHT9llbHOI'O K8CK8Jl8-B9llli'IHH8 

· Js :S 10-IO A. I1oMern~HHe nep.Bofi naMrrhi BHyTpH MMK y co6Hparomero sneKT

pona H9CKOnbKO yMeHbiiia:eT BenH'lHHY C (HCKnlO'l89TCSI eMKOCTb 'coeJlHHH.., 

TenbHOI'O BBOJl8 B KaMepy) H ynyqrnaeT 8Kp8HHpOBKY nepBOI'O ycRnHTenbHOI'O 

K8CK8Jl8o 

,UanbHefirnee ycnneHH9 1 JlHCKpHMHHBUHSI H !J!opMHpOBBHHe HMrrynbCOB; ocy-- . I . 

meCTBnSinOCb rrpH·noMOlllH CT8HJl8pTHhlX p8JlHOT9XHH'l9CKHX 6nOKOB Ha naM-

naxf 11 I. nnH na TpaH3Hc~opax1 12/ •· _ 

B Hcno1lb30BBBIIIHXCSI HaM~. ycnnnTensrx THna YCT -11121 ¢opMHpoBa-

HH~HMnynbcOB ocymeCTBnSillOCb OJlHOfi HHTerpHpyromefi H JlBYMSI JlH!J!!J!epeH

UHpyiOlllHMH ueno'lKaMH. CnenyeT oTMeTRTb, 'ITO xoTSI ripH pa6oTe c MMK 

MaKCHManbHBSI BenH'IHII8 OTHOII19HHSI CHI'Han/rnyM JlOCTHI' aeTCSI npH 3H8'I9HHSIX 

ITOCTOSIHHblX BpeMeHH T u II T 
g 

rropSIJlKa necKonbKHX H 6onee MeeK ( aarrpn-

8 

I 

.I 

I 

I 

1 
l 
I 

Mep,- B/13/r 
u 

.. r 
g = 18 MKCeK). 

Ta senH'lHHa T u Bbi6Rpanacb 

K -38M9THOMY yxynrneHHlO BpeMeH. 

nucKpHMHH8UHSI HMnynbCOB_ 

JlHCKpHMHH8TOpOB1 CXeMa KOTOpb 

EnoK-cxeMa pannoTexHH'lec 

TOpHOI'O BapH8HTOB HMeeTCSI -~ p~ 

Ka6enro .. 700 M) HMnynbCbi 

OM.HM H BpeMeHHbie cneKTpbi ne 

npH JlOMOlllH MHOrOK8H8llbHbiX B 
naMSITblOo 

I1pH HCIT0llb30B8HHH MMK JlJ 

BHSIX pa60Tbi. C HMnynbc:HblM HC' 

u y -ny'IH nenenus£ oT nefiTpol 

o6'heM KaMepbi H HOHH3HpyroT p 

Heo6XOJlHMbie_ JlnSI H3MepeHHSI SH' 

ITepsoHa'IanbHO . nnsr BhiSICHe 

THU H OCKOnKOB npll pa6oTe 

( .. 90% 
235 

U, p "' 150 MKI'.CM' 

OT aKTHBHofi 30Hhi peaKTopa •. Cp 
' BCfibiiiieK ( f = 5 ceK-1') .He fiT 

KaMepbi. I1ocne npenBapuTenbHO 

ycHnHTeneM .YCT-1 ( r u =· 0, 

aa axon MHoroMepnoro anannsaT' 

3YllbT8Tbi H3MepeHHfi npHBOJlSITC 

a -nH!JIIfi, nonyrnRpHHa u. nono 

IV . H v ( E < 1, 8 SB 

H rrono:meHiiSI MBKCHMyMa a - l 

CSI npH rrepeKpbiTOM ny'lKe) • 



M pa60Tbl SIBnSieTCSI, 0"19BH.llHO, H8H6onee 

l1l1K B H·eliTpOHHOfi cneKTpOM9TpHHo 

o6 ypaHOBbiX MHW9HSIX1 HCnOnb30B8BWHX

TeXHOnOrliSI naroToaneHHH MnweHefi no.ll- · 

l>nb30B8HH9 _ .llOCT8TO.'IHO . TOHKHX .Jv!HileHefi 
; ' . ~ 

HH3KOWYMSilllHMH npe.llyCllnHTenSIM:K 

IT03B01JHnO nony'laTb :3HepreTH'l9CKOe. 
'-,~: >" 

,... qacTIIU ypaHa B l1l1K C 2rr -reoMeT-

ncnonbaoaanHCb naMnOBbifi H TpaH-

npH ITOMOlllH 

nocTpoeHbi no cxeMe, KOTopaSI onncaHa 

nep:Bi,~e ;;aMnbi. THna E88CC cTaBun.Hcb 

l13B9CTHO, "'TO npH .ll8HHOfi nonHOfi 9M

npe.llyCHnHTenSI9 OTHOW9HHe 

I 101, r.lle S n J g - Kpy

aHO.llHOM HaiTpSI)K9HHH U a"" 

5,5 B; HanpmKSHHH Ha ce~Ke U :;;-1 1 2 B 
' g 

ycnnnTenbHoro KacKana-BenH'IHHa 

BHyTpu l1l1K y co6nparowero aneKT

( HCKniD"'89TCSI 9MKOCTb . C09.lliiHH

:3KpaHHpOBKy nepaoro ycunuTenbaoro 

H «}JopMHpOB8HH9 IIMnynbCOB; ocy

P8.llHOT9XHII"'9CKIIX 6noKoB Ha naM-

Tengx THna YCT-t112t «}lopMHpoBa

H .llBYMSI .llH«}J«}JepeH

t 'ITO XOTSI ITpH pa6oTe C l1l1K 

curaan/wyM .llOCTnraeTCH npu aHa"!eHIIHX 

PH.llKa H9CKOnbKJIX II 6onee MC9K ( Hanpu-

8 

I 

I 

~ 
I 
') 

' I· 

I 

l 
l 

Mep · B/13/r 
I U =T 

g 

Ta B9nH"'HHa T u 

= 18 MKceK), B aaweM cnyqae no ycn'oBHHM 

Bbi6npanacb 0, 7 MKCeK. Yaennqeane T 
u 

9KCne·pHM9H

npHBeno 6bi-

K .aaMeTHoMy yxy.llweHHID apeMeaHoro paapeweHHSI HefiTpOHHoro cneKTpoMeTpa. 

JlHCKpHMHH8UHSI HMnynhCOB_ ocym_eCTBnSinacb npH nOMOlllH HHTerpanbHbiX 

.llHCKpHMHH8TOpOB1 CXeMa KOTOpbiX npHBO.llHTCSI B pa6oTe/ 14/. 

EnoK-cxeMa pa.llHoTeXHH'leCKofi ·annapaTypbi .llnSI naMnoBoro H TpaHanc

TopHoro B8pHaH~OB HM99TCSI .B pa6oTe/ 1/ • 0TM9THM TOnbK0 1 'ITO no .llnHHHOMy 

Ka6enro ( ""700 M) HMnynbCbi nocTynanH B l1aMepHTenbHbiA U9HTp nHcl> 

Ql1.Hl1 H Bp9M9HHbl9 cneKTpbi .lleneHHSI .llnSI Ka)K.llofi H3 MHWeHefi H3MepsrnHCb 

npn noMomn MHoroKaHanbHbiX apeMeHHhiX aHannaaTopoB c npoMe)KyTO'IHOA 

naMSITblOo 

II. 

IlpH HCITOnb30B8HHH l1l1K .llnSI cneKTpOM9TpHH OCKOnKOB .ll9n9HHs;' B ycno

BHSIX pa60Tbl C HMnynhCHbiM HCTO'IHHKOM H9fiTpOHOB MI'HOB9HHbi9 HefiTpOHbl 

H y -ny'IH .lleneHHSI OT HefiTpOHHOI'O HMnynoca, l1EPa nOIT8.ll8!0T B pa60'!Hfi 

o6'beM KaMepbl H HOHH3Hpy!OT pa6oqnfi -1'83 1 Hapymasr TeM CSMbiM ycnoBHSI, 

Heo6XO.llHMbi9_ .llnSI H3MepeHJISI :3HeprHfi ·a -'ISCTHU H OCKOnKOB .ll9n9HHSio 

IlepBOH8"18nbHO , .llnSI BbiHCHSHIISI B03MO)KHOCTII H3M9p9HHSI 9HeprHfi a -qac-

THU H OCKOnKOB ITpH pa6oTe Ha l1EPe, KaMepy C ypaHOBOfi MHW9HbiD 
235 2 . . 

( .,. 90% U, p ,. 150 MKr.cM- ) ycTaHaBnHBann Ha paccToSIHHH L = 21,5 M 

OT aKTHBHOfi 30Hbl peaKTOpa. Cpe.llHSISI MOIIIHOCTb l1EPa p = 4 KBT, "18CTOTa 
' . 

BCITbiiii9K ( f = 5 CeK-1') .HefiTpOHHblfi ny'IOK o6ny'Ian B9Cb pa6o'!Hfi .o6'beM 

KaMepbi. Ilocne npe.llBapnTenhaoro ycnneHHSI HMnynhCbi .llanee ycnnnBanHcb 

ycnnnTeneM YCT-1 ( r =· 0,7 MKCeK, r . =r = 5 MKceK) n no.llaBanncb 
u . gl g2 

Ha BXO.ll MHOI'OM9pHOI'O aHanH38TOpa C naMHTb!O Ha M81'HHTHOfi neaTel18t. Pe-

aynhT8Tbl H3Mepeanfi llpllBO.llSITCSI Ha pnc. 5. MO)KHO OTMeTHTb
1 

'ITO «}JopMa 

a -nn,Hnfi, nonywnpnaa H- nono)KeHne MaKcnMyMoB ua BpeMeHHbiX paapeaax 

IV H .V ( E s; 1,8 aB) Mano oTnH"'aiDTCSI OT «}lopMbi, nonywnpHHbi 

H nono)KeHnSI MaKCHMyMa a - nnHnn Ha paapeae VI ( a -cneKTp naMepm:i-

CSI npn nepeKpbiTOM ny'!Ke). 

·g 
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Puc. 4. ITono)Kenue MaKCHJ>4yMa nuKa nerKoro ocKonKa B saBHCHMOCTU OT 
Benu'IHHbi c/ P • N -~·(IoMep Kanana ananusaTopa. 
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Puc. 5 •. a -cneKTpbi ypaHoBoll MnmeHH B pa3Hhie 
BCnbiiiiKn HEPa. Eaaa L = 21,5 M. Paa 
poMeTpa "' 3 M!CCeK·M-1. BpeMSI naMepeJ 
H IIIHpHH8 BpeMeHHb!X KaHanoB: 128 X 16 
BpeMeHHble paape3bi: 1 ·- 0 - 120 MKceK; 
m .;.. 630 - 1140 MKCeK; IV - 1140 - 26 

VI- a- cneKTP .n~n nepeKpbiTOM ny'IKe. T 

11 
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Pnc, 5, . a -cneKTpbl ypaHOBOft MHWeHH B p83Hbie. MOMeHTbl BpeMeHH ITOCne 

BcnhrwKn HEPa. Ea3a L = 21,5 M, Pa3pewemre ·HeltTpoHHoro cneKT
poMeTpa "' 3 MKCeK•M-l, BpeMli H3MepeHnli T = 8 qac. '4ncno 
H WHpHH8 BpeMeHHbiX KaHanoB: 128 X 16 MKCeK .. 128 X 32 MKcei,· 
BpeMeHHbie pa3pe3bi: 1 ·- 0 - 120 MKCeK; II ~ 120 - 630 MKCeK; 

III .:.. 630 - 1140 MKCeK; IV - 114 0 - 2680 MKCeK; V -2680-5730 MKCeK; 
VI-a- cneKTP .n~n nepeKpbiTOM ny'IKe, T = SO MnH. 
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BTopoft MeTOJl U3y'l:eHUSI BnUSIHUSI BCllbiWKU Ha pa5oTy KaMepbi 3BKmo-

"lanCSI B perUCTpaUUU "'UCna a - "laCTUU ypaaa BpeMeHHbiM aaanu3aTOpOM1 

KOTOpbifi 3anycKanc.s~ Ha "' 50 MKCeK paabwe aeii:TpOHHoro uMnynbca peaK

Tepa, · HefiTpoHHbifi ny"loK nepeKpbxBanc.s~ !flunbTpoM H3 B 'c TonmaaoiO 
4 

B 5 eM. Ha puc. 6 noKaaaHbi : BpeMeHHOft cneKTp JleneHUSI c. 6opHbiM <fmnbTpoM 

B ny"'Ke, apeMeaaoft C"leT "lucna a - "laCTHU npu HyneaoM nopore perucTpa

uuu JlUCKpUMHHaTopa H BpeMeHHOii: C"leT a -"laCTUU npu no pore "" 0,9 B 

(a!I.HinHTYJlHbiH cneKTp a - "laC_TUU ypaHOBOH MUWeHU B WKane noporOBbiX _ 

aanpR)!{eaaft npaae)leH aa pac.: 7.). BKnaJl "lucna Jleneauii: B C"l~T a -"laCTUU 

N (eM. puc. 8) npu Bbi6paaaoft Tonmuae 6opaoro !flunbTpa oKa3biBancH 
a • 

aecymecTBeHHbiM B UHTepecyiDmeii: aac o5nacTu Ea • l13MepeanH. npoBOJlU-

nuci. npu pe:lKUMe pa60Tbi l1EPa C MUKpOTpOHOM/16/, )lnSI KOTOporo f =50ceK-1, 

P"' 0,9 KBT. ITpone'Taa.s~ 6a3a L = 16,5 M. l13 rpa!flaKoB puc. 8. BUJlHO, 

'ITO BOCCTaHoBneiiHe pa5o"lero pe)!{HMa KaMepbi 1IpOUCXOJlHT IIpU ~"' 6 9B 

( qepea "' 500 MKCeK nocne BCIIbiWKU l1EPa) 1 npu"leM. U3Mepeaue C BbiCO

KUM llOpOI'OM ( "' 0,9 B) ropa3Jl0 5o.nee 'IYBCTBUTenbHO K U3MeHeHH10 aMnnH-

TYJlbl HMnynbCOB OT -a -"laCTUU1 "leM UqJMepeHUe C HYl!eBbiM noporoM 1 npU 

KOTOpOM pei'UCTpHpylOTCSI npaKTH"leCKU BCe a -"laCTUUbie 

EbinO ycTaHOBneao, 'ITO npu MOWHOCTH l1EPa P- "" 0,5 KBT1 Ce'leHUU 

HefiTpOHHOI'O IIY'IKa .. : 30 CM2 H f = 50 CeK-1 BOCCTaHOBneHHe C'leTa a -'laC

THil npOUCXOJlUno ..cnyCTSI "' · 250 MKCeK nocne BCIIbiWKU l1EPa. BpeMeHHbie 

cneKTpbi JleneauH, H3MepeHHbie 8 TaKHX ycnoBHHx, o6pa6aTbiBanacb JlO 

Err 20 sa. 

l1cnonb30BaHHe H~CTORWei'O MeTOJl8 B CO"leTaHHH C o5ny"leHHeM ypaHO

BOfi MHWeHH.TennOBhlMH HefiTpOHaMU OT IIOCTOpOHHero HCTO"'HHKa HefiTp~HOB 

H pei'HCTpauHefi OCKOnKOB )leneHHSI MOI'nO f5bi JlaTb 6onee TO'IHY~ HHijJOpMaUHlO 

0 B03MO)!{HOCTH cneKTpOMeTpUpOBaHHSI OCKOnKOB l1l1K 3a HHTepBan BpeMeHU 

200-500 MKCeK Bcne)l 3a BCIIbilUKOft l1EPa. flOJl05Hbie 9KCnepuMeHTbi1 .OJlHaK0 1 

Tpe6ylOT HanU"'USI HefiTpOHHbiX HCTO"'HUKOB, 5onbWOfi MOWHOCTUo 

12 

. l1aMepe~ae BpeMeHHbiX cneKTpoB Jlen' 

15 ~SB) B KaHane perHCTpaUUU OCKOnKOl 

BbiCOKUM noporoM ( "' 35 - 80 ~SB) B Kl 

JlaBano 
1
B03MO)!{HOCTb oueHHTb 3Ha<ieHHe. EH 

acnbiWKU l1EPa MO)!{HO 5bmo C"'UTaTb aec 
) 

H3MeHeHHe "'HCna 3aperUCTpHpOBaHHbiX OC} 

nnHTYjlbi II_MI!:Yn.t:-C:I?B OCK~~~()-~-- ~ ~aH~.~-e ~0 

MeHbWe 1 "leM B KaHa~e TOnCTOll MUWeHHo 

."'eCKU BCeX OCKOnKOB. U3 TOHKOH MUW~HU, 
' OCKOnKOB_ BO. BpeMeHHOM CIIeKTpe .JleneaHSI 'I 

BO BpeMeHHQM.cneKTpe TOHKOfi MUWeHU 

JlOn:lKHO B6nH3H BCIIbiillKH 11EPa CHCTeMriTH~ 
E H ·• Ha pac._ 8 npHBOJlHTCSI 3Ha'leHHH \\ 

a f =· 50 ceK71 •. Benu"'UHbi W. · a.pe3oHa 

:... w = 1,00 JlnR peaoaaaca 0,29 sa~ ·BrrJlHI 

W,.. Bbi'IHCneHHbie JlnR JlByx rpynn 5onbu 

HaHCOB1- cymecTBeHHO MeHbWe cpe)lHero· 31l 

HaHCaM0 KOTOpbie. H3y'lanUCb B pa5oTe/1/. 

l1cnonb30BaHHe TaKOI'O OTHOCHTenbHO' 

KOBo KaKUM SIBnHe~CH Hl1K, JlM HefiTpOHil 

nponeTHbiX 5aaax 1 5-20 M Morno npuaec~ 

aKTOB JleneauR B crrnhHhlX pe3oaancax rr 

peJleneHHSI MaKCHManbHOfi CKOpOCTH aa5opa 

Tbl aa C'leT Hano:lKeHHfi HMIIynbCOB He BbiX 

W , Mbl BOCIIOnb30BanHCb TeM Q6CTOSITeJ 

= 0,02 - 0, 1 8B . w "" o,gglll. KoHTponbl 

THKpaTaoe yaenuqearra cKopocTH cqeTa ( 

0.04,- 0,08 8B) IIpHBOi:UIT K "' 4% IIOTe 

urm. )leneauft B ToncToii: Muweaa .. Pe3ynh' 

HHTb MepTBOe BpeMH )leTeKTOpHOH annapa 

Ka 20 - 30 MKCeKe 

13 



. ' 
nay'leHHSI BnHRHHSI BCITbiiiiKH Ha pa6oTy KaMepbl 3SKniO

a - 'laCTHU ypaHa BpeMeHHhiM aHannaaTopoM, 

50 MKCeK paHbllle Hefi:TpOHHOrO HMnynbC8 peaK-

nepeKpbiBanCSJ <}JnnbTpOM H3 B 
1
C TOniiiHHOlO 

4 
:BpeMeHHOfi: cneKTp ~eneHHSI C 6opHhlM ~HnbTpOM 

'lncna a - 'lacTnu npn HyneBoM nopore perncTpa

BpeMeHHOfi: C'leT a -'18CTHU npH ~opere "' 0,9 B 

a - '18~THU ypaHOBOfi: MHUJeHH B UJKane noporOBbiX 

puc,: 7.) • BKna~ 'IHCna ~eneHnfi: B C'I~T a -'lacTHU 

Bbi6paHHOfi: TOniiiHHe 6opHoro <}JnnbTpa OK83blB8nCSJ 

HHTepecyiDmef!: nac o6nacTH E:a • 11aMepemtH. npoBo~n

MHKpoTpoHoM/ 16/, nnH KOToporo f =50 ceK- 1, 
. -

L = 16,5 M, J1s rpa<}JHKOB pnc, 8. BH~HO, 

pa6o'lero pe)!(HMa KaMepbi nponcxo~HT npn En"' 6 · aB 

nocne BCITbiiiiKH J1EPa), npH'IeM. HSMepeHne C BbiCO-

B) ropaano 6~nee 'IYBCTBHTenbHO K naMeHeH~lO aMnnn

-'lacTnu, '!eM HqJMepeHne c HyneBhiM noporoM, npn 

npaKTH'IeCKH BCe a -'laCTHUbl, 

MOIIIHOCTH J1BPa p "" 0,5 KBT0 Ce'leHHH 

= 50 CeK-} BOCCT8HOBneHHe C'leTa a -'laC

"' · 250 MKCeK nocne BCllbiiiiKH J1BPa, BpeMeHHbie 

B TaKHX ycnoBHRX, o6pa6aTbiBanncb .llO 

c o6ny'leHneM ypaHo

Hefi:TpoHaMn OT UOCTOpOHHero HCTO'IHHKa Hefi:Tp~HOB 

~eneHnH Morna_ 6bi ~aTb 6onee TO'IHYlO nHcpopMaUHlO 

MeTpUpOB8HHSI OCKOnKOB J1J1K sa HHTepBan BpeMeHU 

BCITblliiKOii 11EPa, 0o~o6Hbie aKcnepnMeHTbi 0 o~HaKo, 

IHblX HCTO'IHHKOB, 6onbl!IOH MOIIIHOCTH, 

12 

t 

J1aMepe.r;me BpeMeHHbiX cneKTpOB .lleneHUSI .C HHSKHM noporoM ( ;, 10 

15 ~aB) B KaHane perHCTpaUHH OCKOnKOB ~eneHHSI HS TOHKOfi MHUJeHH_H 

BbiCOKHM noporoM ( "' 35 - 80 ~aB) B KaHane TOnCTO.fi: MHIIIeHn/1/ TaKiKe 

~aBano 
1
B03MO)!(HOCTb OUeHHTb 3Ha-.ieHne EH, _ ~0 KOTOpOrO BnHHHHe Ha'lanbHOfi: 

BCUbiUJKH 11BPa MO)!(HO. 6bmo C'IHTaTb HecymecTBeHHbiM. O*n~~anocb, 'ITO 

HSMeHeHHe 'IHCna saperncTpHpOB8HHblX OCKOnKOB sa C'I~T yMeHbl!IeHHSI aM

nnnTy~bl UMnynbCOB OCKOnKOB B KaHane TOHKOH MHIIIeHU 6y~yT CyiiieCTBeHHO 
.~ -· .. --~- - ----- . -·· "- ~ --··-···-- -- ,. - -~--- ., 

MeHbiiie, '!eM B KaHane ToncTofi: MniiieHn, 6nar~~apg pernc:Tpaun:n · npaKTn-':_.: 

_'leCKH BCeX OCKOnKOB, H3 TOHKOH MHUJeHH, OoaTOMy OTHOUJeHHe: ~ 'IHCna 

OCKOnKOB_ BO BpeMeHHOM cneKTpe .~eneHHSI TOnCTOfi: MUIIIeHU K _'IHCny .. OCKOJ1KOB.-, 

nnR ~naHHoro nJtTepBana ~E ~H ,._. BO BpeMeHHOM cneKTpe TOHKOH MHUJeHH 

~OnlKHO B6nnan BCITblliiKH .1:1BPa CHCTeMaTU'IeCKH na~aTb riO Mepe ;yBenH'IeHHSI 

E H • Ha plic. 8 npHBO~RTCSJ .sHa'!eHHH W. ,,, nony'leHHble .. npn- Pl"'! :Q~S _K~T 
n f =· 50 ceK~l •. Benn'IHHbi W B.pes?HaHcax_ Kann6poBanncb Ha sHa'leHne·-· 

:.. w = 1,00 ~nR pesoHaHca 0,29 aB; Bn~ao, 'ITO· npn E~ >. 20 aB sHa'leHnR 

W, . Bhi'IHCneHHbie ~nR ~Byx rpynn 6onbiiioro . 'IHcna HepaspeiiieHHbiX peso.,. .. 

HaHcos,. cymecTBeHHO MeHbiiie cpenaero sHa'leHHR W ~ 1,00 no 11 peso-

HaHcaM; KOTOpbie . nay'lanncb B pa6oTe/ 11 •. 
11cnonbsosaHne TaKoro oTHocnTenbHoro MenneHHoro neTeKTopa ocKon-. . 

KOB, KaKHM SJBnHeOX:CR J1J1K, J:tmi Hefi:TpOHHOfi: cneKTpoMeTpHH Ha J1BPe npn 

nponeTHbiX 6asax 1 5-20 M Morna npnBecTn K npoc'leTaM npn perncTpaunn 

aKTOB neneHHSI B cnnbHbiX pesoHaHcax n. rennosoii o6nacTn EH • nng on

peneneHHSI MaKCHManbHOH CKOpOCTH Ha6opa .CT8THCTHKH 0 npn KOTOpOii.npOC'Ie

Tbl 38 C'leT HanoJKeHnii HMITynbCOB He BbiXOJ:tSIT 38 · npenenbi OIIIH60K BenH'IHH 

W,. Mbl BOCITOnb30B8nHCb TeM Q6CTOSITenbCTBOM0 'ITO B HHTepB·ane EH = 
= o:o2 - 0,1 aB. w "' o,gg/ 11, KoHTpOnbHbie H3~1epeHHSI noKasarin, 'ITO: IISI

THKpaTHOe yBenn'leHne. CKOpOCTH C'I~Ta ( "'_ 301?0 UMn.ceK.,.1 B. o6naCTH E 

0.04 - 0,08 aB) npHBOi:UIT K "' 4% ITOTepe HMnynbCOB B KaHane perHCTpal+_'' 

• unn neneanii B ToncToii Mnlliean. PesynbTaTbi nsMepeHHii nossonnnn one_': .. : 

HllTb MepTBOe BpeMR )leTeKTOpHOii annapaTypbi 0 KOTOpoe OKa3aiiOCb nopRJ:t

Ka 20 - 30 MKCeKo 
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UHH ( 1) It C noporoM "'0,9 a(2), YcnoBH!I H3MepeHH!I: _L = 16,5 M1 

P .. 0,9 KBT, f = 50 ceK-1. ~IHcno KaHanoa aaanHaaTopa - 1024, 
t = 4 . MKC8Ko BpeM!I H3MepeHH!I: T(l) = 15 MHH1 T(2) = 40 MHHo 
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HCo • peMeHHOH CITeKTp neneHHSI nnSI TOnCTOli Mlllll9HH H 3H8'19HH5J. 

W B peaoHaHcax. fopH30HTanbHbiMH nHHIHIMH o6o3H8'19Hbi HHT9flB8nbi 
~ nnR rpynn HepaapellleHHbiX peaoHaHcoB. 

16 

B aaKnroqeHne KopoTKo OTMeTnM, 

ycnoBuli, Koiopbie onucaHbi. Bbillle, SH• 

6nH)I<aeTCSI K paapellleHHI01 KOTOpbiM C 

BepXHOCTHo-6apbepHbie . neTeKTOpbi OC 

HCITOnb30BaHHSI 6onblliHX MHllleHeli H3 ~ 
) 

·HOllleHHll HHK aHa"'HTenbHO npeBocxo 

ITpenBapJITenbHoe RccnenoBaHJie BnllSIJ 

. pa6oTy HHK, onJicaHHoe Bbillle, cBJine 

aoBaHJISI HHK nnSI pellleHuSI. pSina aana' 

peaoHaHCHbiMH HeliTpOHaMII. 

ABTopbi Bbipa*aiOT 6naronapHo 

fl.E.ITnKenbHepy aa COB9Tbi ll o6cy)l(ne: 

KoBa II HH)I(eHepa E.ll)l(aKoBa na 11HcTE 

conellc-r.Bne B pa6oTe II coTpynHRKa 

BAH H.ITaBnoBa aa .uaroToBneHue HOH: 

nrrTep 

1. C.BorrBapoB, E.llepMeHJVKHeB, H.R 

Jly6na, J 968. 

2. E.Melkoi?ian ar:d G.K.Mehta. F 

(IAEA, Vienna/ :1.965), vol.II, 

a. O.Buneman. et al. Canad. J. 

4. E.f'~KoqapoB. H3B. AH CCCP, c 

5. B.tP.AnanHH H ap. )f(:3TtP, 1§., ·1 
' . 

B. A.A.Bopo?beB, B.Jl.Kopone63. n~ 

7. V.Z.Mihailova and E.G.Dermenc( 

(:1.968). 

B. E.[lepMeHJ:l»fHeB1 M.llenrreB. ITT; 

9. B.B. cPeljJHnoB, n.KyMnljJ. flpenpm 

10. C.Elmore. Nucleonics, Jb :1.6 

11 • . r_. n.)f(yxoB H ap • . npenpHHT OH. 

12. B.r.Cy66oTHH, B.B.tPeljJrrnoB. flpe 
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ang TOnCTOH MllllieHH ll 3Ha~eHHR 
miHHRMH o6oaHa~eHbi HHTepsanbi 

peaoHaHCOBo 

16 

B aaKmo~eHne · KopoTKo oTMeTHM, ~To npn npaBHnhHOM Bbi6ope pa6o~nx 

ycn~Bnfi, Koiopbie onncaHbi. Bbime, ·sHepreTn~ecKoe paapemeHne I111K npn-

6nnmaeTCR K paapemeHnro, KOTOpbiM o6nanaroT OTH~CHTenbHO 6onbmne no

sepxHOCTHo-6apbepHbie _neTeKTOpbi OCKOnKOBo 4TO KacaeTCR B03MOmHOCTll 

ncnonbaoBaHHR 6onbmHx MnmeHefi na nengmerocg BemecTsa, To B aToM oT

·HomeHHH 1111K aHa~HTenbHo npeBocxonnT nonynposonHHKOBbie neTeKTOpbi. 

IlpenBapnTenbHoe nccnenosaHne BnHRHHR HefiTpoHHoro nMnynbca HEPa Ha 

. pa6oTy 1111K, onncaHHoe Bbime, csnneTenbCTByeT o BOaMomHocTn ncnonb.,

aoBaHHR 1111K nnR pemeHHR. pRna aana~, KoTopbie CBRaaHbi c neneHHeM Rnep 

peaoHaHCHbiMH HefiTpOH8MIIo 

AsTopbi BbipamaiDT 6naronapHOCTb ct>.n.lllannpo, B.H.MocToBoMy n 

n.E.IliiKenbHepy 38 COB9Tbi II o6cymneHHR. ABTOpbi TJKme 6naronapRT H.4H-: 

KoBa H HHmeHepa E.llmaKoBa na 11HCTHTyTa sneKTpoHHKH Eonrapc'Kofi AH aa 

coneftCT.BIIe B pa6oTe ll COTpynHIIKa MBCTepCKHX cf>H3H~eCKOrO llHCTHTyTa 

BAH 11.Ilasnoaa aa naroToBneHne IIOHnaaunoHHofi KaMepbi. 

nnTepaTypa 
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