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AaaoTaUHSI 

C DOMOWb!O .aeTeKTOpOB aaxBaTHblX !"aMMa-nyqell: H pacceSIHHbiX Hei!:TpOHOB HCCne.llOBa Hbl 

no MeTO.llY apeMeHH nponeTa Heli:TpOHHble pe30HaHCbl opoMa B o6naCTH saep!"HH aeli:TpOHOB .!10 

400 9B. Oony'leHbl napaMeTpbl llSITHa.llUaTH pe30HaHCOB. llnSI .aeBSITH pe30HaHCOB onpe.aeneHbl 

cnHHbl ypoaaell:. nnSI nSITH ypoBHell: I = 1 H .anSI qeTbtpex I = 2. 

D.Zeliger, N.Uiesku, Kim Hi San, D.Longo, 

L.J;J.Pikelner, E.I.Sharapov 

NEUTRON RESONANCES OF BROMINE 

Abstract 

Using detectors of the capture y -rays and of scattered neutrons the neutron resonances of bromine have been 

investigated by the time of flight in the range of neutron energy up to 400 ev. The parameters of fifteen resonan ces 

have been obtained. For nine resonances the spins of levels have been determined. For five levels J = 1 and for 

fourones J=2. 
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Vf c cneuoea HHe ael!TpoHHhiX pesoaaacoB HL!ep HMeeT uenbJO IIonyqeaHe cseueHHl! o IIa

p a Me T p ax y poBHeH , n elK 8 U.UIX B o5naCTH aHeprHH CB S!3 H HeHTpOHa. C10L18 OTHOCS!TCS! HeHTflOH

H 8 S! H p 8LlH8UIIOHH8SI WllpFi rl h l rn , ry H CIIHH ypOBHS! . HaH5onee WHpOKO IIpHMeHHeMbiH Me-

TOLl IIpOIIyCK8HHll II03B ODS! e T IIODY'I liT h 3Ha"leHIIH grn H r ,rue g 2 I + 1 

-cT8T HCTII'!eC KHl! cp8KT Op, 38BHCS!!llHl! OT CII IIHOB S!Llp8 B B035ylKL!eHHOM I 
2(21 + 1) 

H OCHOBHOM [ 

COCTORHHSIX • .LlnH IIODy"leHHSI IIODH OI" O H a 5opa IIapaMeTpOB He05XOL!HMO IIpOBeCTH LlOIIODHHTenb

Hhle 113MepeHH S! C e "ieHHSI p 8L! H8UIIOHHOI"O 38XB8T8 HDH Ce"ieHIIS! pacceHHHH Hel!TpOHOB. 

H 8CTOS!!ll 8 S! pa50T8 IIOCB SI !lleHa HCCDe L! OB8HII!O p8L!H8UHOHHOI"O 38XB8T8 I! pacceSIHHSI Hel!

TpOHOB S!Llp8MH 5pOM8 C UeDb!O YTO"i H e H H S! IIapaMeTpOB ypOBHeil: II IIODy"ieHHS! CIIHHOB, KOT0pbl9 

_q nSI 5poMa H e oiipeu enSIDIICb p a aee. 

Ill 
nap aM e Tpbl H el!Tp OHH h ! X pe3 0 H8HCOB 5pOM8 MeTOL!OM IIpOrryCK8HHSI 113Y"i8DHCb B pa5oTe • 

6 hiDH IIOny"leHhl 3H8"le HIISI grn I! r LlDSI ueBSITH pe30H8HCOB B 05D8CTH aaeprHl! Hel!TpOHOB 

121 
LlO 317 8B. P8 Ll li8UHOH H hl e W HpiiHhl 5wnH OIIpeueneHhl B pa5oTe , HO 3H8"ieHIISI CIIHHOB 

ypoeael! IIony"ieHhi a e 5hmH. 

A II II a p a T y p a 

Vf sMep e HHSJ c e qeaHl! pa u HauHoaaoro saxeaTa H pacceSIHHSI ael!TpOHOB IIpOH3BOLlllnHcb 

IIO MeToLly speMeHH IIpone T a c HMIIynbCHhiM 5biCTphiM peaKTopoM IVf BPI 05'be:C:HHeaaoro 

131 
IIHCTIITYT8 SIL!epHhlX HCCDeLlOB8HIIl! B Ka"leCTBe IICTO"iHHK8 Hel!TpOHOB. 

n po neTH8SI 5838 IIpH 113M epeHIIH C (n, y) -ueTeKTOpOM COCT8BDS!n8 750 M, IIpH 1!3Me

peHHH C L! eTeKTOpOM p8CC9SIH H hlX aeiTpOHOB - 500 M. 

3TO o5e cii e'!H Bano paspew eHHe 0,05 MK ceK I M H 0,08 MK ceKIM COOTB9TCTBeHHO. 

141 
B peMeHHOil: ciieKTp perHcTpHposancSI 1024-KaHanhHhiM speMeHHhiM aaanHsaTopoM IIpH 

W Hpll He K8H8D8 8 MKCeK • 

VfsMepeHHe p8LlH8UHOHHOI"O 38XB8T8 IIpOBOL!HDOCb C IIOMO!llb!O (n, y) 
151 

L!eT9KTOpa 

COCTOS!lllero H3 LlBYX OL!IIH8K0Bb!X 5aKOB e MKOCTb!O OKODO 200 n K8lKLlb!l!, 38IIODH9HHh!X 

)!{ HL!KHM CUHHTIIDDSIT OpOM. Vf CCneuy eMb!H 00p839U IIOMelU8DCSI H8 OCH UHDHHLlpH"ieCKOI"O OT-

BeP CTHSI COOCHO paCIIODOlKeHHbiX 5aKOB. 

[lnR IICCne L!OB8HIHI p8CCeSIHIIS! ael!TpOHOB IICIIOnb30B8nCll CUHHTHDDS!UHOHHh!l! L!eTeKTOp 

161 
a a ocaoee L:n S ( Ag) + B l ceeTococTaB T-1 I • .LieTeKTOp cocToSin 113 qepeuyJOwHx-

CSI c n oeB nneKCHrnaca II CB9TOCOCT8B8 T-1, H3 KOTOphlX C0511p8DCS! IIODhll! BOCbMHI"p8HHHK. 

C 050IIX T O pUOB OH IIpOCM8Tp11B8DCSI cfJOTOYMHOlKHTenSIMH ctJ3Y-24. npH T8KOH KOHCTpyKUHH 

IIneKCHrna c c n y)!( Hn o u aospeM eaao saM eunHTeneM H ceeT OBOLlOM. VfccneuyeM h!l! o5paseu 

IIOMe lU 8DCSI H a OCII OTB9pCTIISI BOCbMHI"p8HHHK8, T8K 'iTO p8CC9S!HHhle HeiTpOHhl perHCTpHpO-

B8DHCb B TeneCHOM yrne, 5nH3KOM K 4 17 • .[] DSI yM9HbWeHHSI cfJOH8 OT ael!TpOHOB, pacCeSIH-

Hh!X B03 Ll YXOM, o5paseu DOMewanCSI B BBKYYMHY!O Tpy5y. 
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PaaHBUHOHHhl il 3ax aaT HeiiTpOHOB 

PaccMoTpHM o5pa3eu D , pacn ono ~ eHH bill BHyTpH a.e 'r e KT Opa n epn e Ha HKymipHo na -

aaJOweMy ny'IKY HeATpOHOB. TonWHHa o 5 pa3ua n 0 11 a / cM 2 4 Hcn o C'leTOB aeTe KTopa , 

CBH3aHHblX C perHCTpauHe A 31lXBaTHblX y -KBaHTOB, Ha eaHHif'IH bili Bp eMeHHOH KaHan MO~ -

HO 3BIIHCaTb B BHae 

N1 (D) = ll(E) ,\E 1 [J-exp(-n0 a 1 )] ~ ·ly I ii 
a , 

rae 11 (E)- IIOTOK HeltTpOHOB E! e a HHH'I HOM HHTepBane SH epr Hlf , COOT BeTCTBy IOWei! BpeM eHHOMy 

KaHany , Ha BCIO nnowaa b o5pa3ua 3 a apeM s:I H3 MepeHHH; 

f:::. E I -sHepreTH'IeCKas:I WHpHHB BpeMeHHOrO KaHana; 

a, <1y -nonHoe ce'leHHe H ce'!eHH e 3axaaTa npH saeprHH E c y'leToM a onnnepoBc Koro 

ywHpeHHR; 

ly -scpcpeKTHBHOCTb perHCTpaUHif a eTeKTOpOM aKTa pa .O H8 UifOHHOrO 3 a XBaTa. 

CyMMapHb!A c'leT no seeM KaaanaM , coaep~awHM H3onHpoaaHH bi A p e30HaHc, He 3 a BH-

CHT OT pa3peweHHH If paBeH 

~ N 1 (D) r ll (E) [ 1 - exp (- n D a, ) ] ~ ( y dE . 
a, 

Bblpa~eHHe /2/ npH HeKOTOp bi X npH5 nH >KeHHs:IX MO~ Ho npHaei::TH K BR a yx / 

r 
~ N 1 (D) = 11 ( E0 ) €y 2_ {[ 1 
I [' 

exp ( - n 
0 

a, ) ] dE , 

rae a, -pe30HaHCHhlH '!l!eH nOl!HOrO c e'!e HHs:!, 

/ 2 / 

/3 / 

DeAcTBHTenbHO, noToK aeliTpOHOB a np eaenax pe3oHaaca H3M e as:~ eTcs:I He3Ha'I HT enbHO , 
a 

'ITO n03BOl!s:IeT Bb!HeCTH ero 38 3HaK HHT erpana, 0THOWeHHe .::.1'_ MO~eT 5b!Tb 3 a Me He HO 
r a, 

OTHOWeHHeM WHpHH + BBH!ly Mal!OCTH HHTepcpepeH UHOHHOrO 'l l!eHa no CpaBH eHHIO C p e -

30HaHCHbiM B U t npe sHeprHHX HeliTpOHOB M eHbWe } Ksa. noTeHuHal!bHoe p acceSIHHe B 

o5pa3Ue TaK~e MO>KeT 5blTb onyw eao, T 8K K8K npH M eHSi eMbi e o5p83U bl TOHKH ( n up << 1 ) 

I! ITOTeHUH8l!bHOe p8CCel'IHHe He npHBOa HT K y 5hl B8HHIO pe30HBHCHhlX He liTpOHOB B o5pa3ue . 

ViaTerpan a npaaon 'IBCTH ypaaaeHHSI /3/ npeacT a ans:~eT nnowa a b npoaana Ha KpH aon 

rrponycKaHH Sl AD , s:!Bl!s:!IOWYIOCSI cpyHKUHeii napaMeTpOB pe30HBHC8 g ln r , aonnne-

poacJtoA wHpHHhl 1:::. 11 Ton.wHHhl o5pa3ua n 0 • Ta5nRUhi 3 Ha '!eHHli A 0 npHBea e Hbl B 

/7/ 
pa5oTe • Toraa Bhipa~eHHe /3/ MO~Ho 3anHcaTb a BHae 

~ N 1 (D) 
I 

Il (Eo) (y 

!:i_ Ao 
r 

141 
c. 

ilnR onpeaeneHHH aenH'IHHhl c aeo5xoaHMO H8ATH npOH3BeaeHHe nOTOK8 Ha scpcpeK-

THBHPCTb. DnR HccneayeMoro o5pa3ua 5poMa 9TO npoH3Be:aeaHe onpeae nSinOCb no c'!eTy 

aeTeKTOpa B MaKCHMyMe Clfl!bHOrO H XOpOWO pa3peweHHOrO pe30HaHC8 C SH eprHe lt 35 ,9 9B . 

Vf3M9p9HHH C o5pa3UaMH H9CK01IbKHX TOl!WHH noKa3al!H, 'ITO C'!eT B M8KCHMyM e He M9HSieT

CR, T.e. a o5pa3uax nornowaiOTCH ace aeltTpOHhi p~30HaHcHo ii sa eprHH, Tora a H3 y p DBHeHHSI 

x/ 
OueHKa TaKoro npH51!H>KeHHSI a aHa ' B npHno~eHHH. 

4 



I 1 I c ne.ayeT, 'ITO 

[' 
N1 (D) = fi(E 0 ) I':. E1 --f-Ey 

r: 
/5/ 

VfM eSI B BHAy, 'ITO OTHOWeHH e ;, npH Manol! . BenH'IHHe [' n /eM. Ta6nHuy 1/ cna6o aasH-

CHT OT a6COniOTHb!X BenH'IHH l y H l , MO)!{HO Onpe.aenHTb ,anSI A8HHO!'O 

peaoaaaca • .llnSI nepexo:J.a K .a pyrHM peaoaaacaM aeo6xo.aHMO aaaTb OTHOCHTenbHbllt xo.a no

ToKa npH H3MeHeHHH 3HeprHH H OUeHHTb H3MeHeHHe a¢¢eKTHBHOCTH npH nepexo.ae OT pe30 -

HaHca K pe30HaHCY. 3aBHCHMOCTb nOTOKa OT 3HeprHH 6bJna nony'!eHa nyTeM H3MepeHHlt C _6op

Hb1MH C'!eT'!HK8MH. 4TO KacaeTCSI a¢¢eKTHBHO.CTH perHCTpaUHH 8KT8 pa.aHaUHOHHO!'O 38XBaTa, 

TO OHa He AOn)!{Ha 3aMeTHO H3MeHSITbCSI OT pe30H8HCa K pe30H8HCy, TaK KaK cneKTp !'8MMa

nyqelt ycpe.aHSieTcSI no 6onbwoMy '!Hcny nepexo.aos Ha npoMe*YTO'IHble ypoBHH, o6wHe .anSI 

pe30H8HCOB OAHO!'O H30TOna. H anH'IHe ABYX H30TOnOB ecTeCTBeHHO!'O 6pOM8 MO)!{eT npHBeCTH 

K HeKoTopoMy pa3nH'IHIO B a¢¢ eKTHBHOCTH .anSI pe3oHaHCOB pa3Hb1X H30Tonoa.· K poMe Toro, 

MO)!{eT cyiLteCTBOB8Tb HeKOTOpaSI 38BHCHMOCTb CneKTpa raMMa-nyqelt OT CnHHa ypOBHSI • .ilnSI 

9KCnepHMeHT811bHOH OUeHKH CTeneHH nOCTOSIHCTBa a¢4JeKTHBHOCTH 6blliH npo.aenaHbl H3MepeHHSI 

speM eaaoro cneKTpa 6poMa npH pa6oTe .aeTeKTOpa KaK B pe*HMe cosna.aeaHlt, TaK H B pe

*HMe cyMMHposaHHSI HMnynbCOB oT o6oHx 6aKOB. B nocne.aaeM cny'lae a¢¢eKTHBHOCTb perHc-

TpaUHH ( n , y ) - peaKUHH MallO 38BHCena OT BHAa cneKTpa PI MHO)!{eCTBeHHOCTH y 

KBaHTOB Ha 3aXBa'!eHHbllt HeltTpOH. KaK llOKa3anH p ·e3yllbT8Tbl H3MepeHHlt, OTHOWeHHe C'!eTOB 

no pe30H8HCY npH pa60Te B pa3Hb1X pe)!{ HMaX .He MeHSiliOCb OT pe30HaHC8 K pe30Ha.H'Cy, 'ITO 

n03B011SinO C'IHT8Tb £ 
y 

nOCTOSIHHbiM AJlSI BCeX pe30H8HCOB. 

VfcnOllb3YSI Halt.aeHH ble 3Ha'!eHHSI ll (E)£ y , MO)!{HO 6b1110 llOliY'IHTb 3KCnepHM eHT811bHble 

senH'lHHbl C .anSI scex Hccne.aosaHHblX pe3oHaHcos. B 3TH senH'IHHbl 6bl11H BBe.aeHbl no-

/8/ 
npaBKH, y'IHTb!BaiOwHe 3axsaT aeltTpOHOB B o6pa3ue nocne pacceSIHHSI H perHCTpaUHIO .ae-

TeKTOpOM pacceSIHHbiX aeltTpoHos. nocne.aHSISI nonpasKa pacc'IHTbiBanacb no ¢opMyne 

c 
--;=;---c 

1 + .£...fn 
[' ( 

y y 
H .anSI scex Hccne.aosaHHbiX pe3oHaHcos 6 billa MeHbl!le 2%. YpasHeHHe /4/ noaBonSieT nocTpo-

HTb rpa¢HKH 38BHCHMOCTH gf'n OT [' AliSI ABYX B03M0)!{ HblX 3Ha'!eHHlt CllHHOBO!'O ¢aKTOpa 

g 

noMHMO OllHC8HHO!'O 3KCnepHMeHTa, C (n, y )- ,aeTeKTO!)OM MO!'YT 6b!Tb npoBe.aeHbl H3-

/9 1 (}I 
MepeHHSI napaMeTpOB pe30H8HCOB MeTOAOM C8MOHHAHK8UHH, no.apo6HO OllHC8HHbiM B pa60TaX' 

CyTb MeTO U a 38K1110'18eTCSI B TOM, 'ITO KpOMe H3MepeHH .ll OnHC8HHO!'O Bb!We THll8 llpOBOAHTCH 

H3MepeHHe C AOllOliHHTenbHblM 06pa3UOM T H3 TO!'O )!{e BeiLteCTBa, pacnOnO)!{eHHbiM BHe 

.aeTeKTopa B ycnoBHSIX wxopowell reoMeTpHHw. HanH'l:He nponycKaiOwero o6paaua B ny'!Ke npH-

BOAHT K yMeHbWeHHIO llOTOKa HeltTpOHOB, II8A810ILtHX Ha .aeTeKTOpHbllt 06pa3eU 

HeHHe /2/ IlpH 3TOM nepeXOAHT B 

(ll(E)exp(-n a )[1-exp(-n a Jl ~fy dE. 
. T t D t 

at 

D • Ypas-

161 

npH OTMe'!eHHbiX Bb!We .aonyiLteHHSIX 3TO Bblpa)!{eHHe MO)!{HO npe.acTaBHTb B BH.ae 

5 
/ 

" 



,. 

r. f N1 (D,T)= O(E0 )Ey; exp(-nTap)l/11-exp(-(nD+nT)a,J]dE 
171 

r 
-([1-exp(-nTa,J]dEI= ll(E0 )£y ~ exp(-nTaPJ[~+T-AT], 

rae af! - ce'leHae noTeHuHanbHoro pacceSIHHSI. Toraa OTHoweHHe 

s ~ N I ( D ' T) exp (n TaP) 
181 

,<\ Q.j:_z - A T 

~ N
1 

(D) AD 

He coaepmHT 3Ha'leHHH nOTOKa H 9cpcpeKTHBHOCTH aeTeKTOpa I{ SIBnHeTCSI cpyHKUHelt napaM eT-

pO.B, onpeaenSI!Oll.lHX A , a TaKme oTHoweHHSI nT In D H aP • Ta6naua 3Ha'leHHlt S 

6bina paCC'IHTaHa anSI WHpOKO!'O Ha6opa napaMeTpOB Ha aneKTpOHHOH C'leTHOH MaWHHe. Ha-

XOaSI 9KCnepHMeHTanbHO BenH'IHHy S , MO)!{HO 6binO B COOTBeTCTBHH C ypaBHeHHeM 181 n o -

ny'IHTb 3aBHCHMOCTb gl.n OT l. 

B npoBeaeHHbiX H3MepeHHSIX B Ka'leCTBe o6paauoB Hcnonb30BancSI nopowoK [( Br , aa-

CbinaHHbiil B TOHKOCTeHHbie anlOMHHHeBbie KaCCeTbl a HaMeTpOM 190 MM laaaMeTp KOnnHMaTO-

pa 180 MMI. TonmHHbi npHMeHSieMbiX o6paauOB 1 KaK D 
I 

, TaK H 1 H3MeHSinHCb B wH-T 

pOKHX npeaenax, 'lT06bi nonyqHTb HaHnJ'IWHe ycnOBHSI H3MepeHHSI anSI pa3HbiX pe30HaHCOB. 

21 2 
YfaMepeHHSI C D -o6pa3UaMH npOBOaHnHCb npH 'leTb!pex TOnll.(HHaX OT 0 1 325.10 SialcM 

ao 7 1 7.1021 
SIUicM

2 
ecTeCTBeHHOH CMeCH H30TOnOB 6poMa IH30TOnHhlli COCTaB: 50 156% Br

19 

81 21 21 2 
H 49_1 44% Br I. 0SITb T - o6paauoB HMenH TonmHHbi oT 0 1 325.10 ao 61 1 6.10 Sialc M • 

21 2 
OpH HaroToBneHHH caMoro TOHKoro o6paaua D1 = T

1 
10 1 325.10 SialcM I [( Br cMew H-

BancSI c nopowKOM CaF
2 

anSI nony'leHHSI 6onee paBHOMepHoro pacnpeaeneHHSI no nnomaa H 

o6paaua. 

H a pRe. 1 npHBeaeaa aKcnepHMeHTanbHaSI KpHBaSI, nonyqeaHaSI npH H3MepeHHH c D 

21 2 
o6pa3UOM ~Onll.(HHOH 7 1 7.10 Sia l cM 3a 8 'laCOB. 

YpoBeHb cpoHa onpeaenSincSI Ha ocHoBe H3MepeHHH 6ea o6paaua H H3MepeHHI! c rpacpHTOM 1 

KOTOpbill aaeT TOnbKO pacceSIHH&Ie HeiiTpOHhi. nony'leHH&Ie peaynbTaT&I xopowo cornacoB &IBa 

nHCb C ypOBHeM y'laCTKOB KpHBOH pHC. 1, aaneKHX OT pe30HaHCOB~ .npH yqeTe BnHSIHHSI 

KphlnbeB pe30HaHCOB. 

\ 

Yf3MepeHHSI C rpacpHTOM n03BOnHnH OUeHHTb acpcjj eKTHBHOCTb perHCTpaUHH HeHTpOHOB, 

KOTOpaH HaHaeHa paBHOH ripHMepHO 0 1 15%, He3aBHCHMO OT 9HeprHH HeHTpOHOB B H3yqaeMOH 

o6nacTH. norpewHOCTb senH'IHHhi C B B&Ipa>KeHHH 141 6 &ma o6ycnosneHa B nepBylo oqepea b 

OWH6KOH B onpeaeneHHH npOH3BeaeHHSI li(E)Ey I KOTopaSI ou eHHBanacb paBHOH 8"-6. 

MeHbwe cKa3hiBanacb owH6Ka 1 cBSI3aHHal1 co cTaTH.CTHKoll 'lHcna C'leTOB no peaoHaHcy. D n SI 

Cl~nbHbiX pe30HaHCOB OHa COCTaBnSina 1-2%·, a a nSI C8Mb!X cna6biX LlOCTH!'ana 5-6%. 3H8'1H

TenbHhll\ BKnaa B owH6Ky an11 cna6wx peaoHaHCOB aaBana HeonpeaeneHHOCTb B ypoBHe 

cpOHa H B OTLleneHHH HX OT 6 nH3KHX CHnbHbiX pe30H8HCOB. 3T a OWH6Ka Llnll C8Mb!X cna6 biX 

peaoaaacoB 1 HanpHMep 1 npH 9HeprHH 212 9B HnH 256 9B a ocTHrana 15%. Dn11 cHnbHbiX pe-

6 



30H8HCOB ST8 OWH6Ka 6bin8 HeBe/IHK8 , 0KOH'I8Te/IbHO OWH6Ka Be/IH'IHHbl C orrpe.aemi/I8Cb 

KBK KOpeHb H3 CYMM bl KBa.apaTOB rrepe'IHC/IeHHblX OWH60K. 

npH H3MepeHHHX ITO MeTO.Uy C8MOHH.UHK8UHH HCK/IIO'I8/I8Cb OWH6Ka, CB5138HH851 C llOTO

KOM H s¢¢eKTHBHOCTbiO,HO yBe/IH'IHB8/I8Cb OWH6Ka, CB5138HH851 CO CT8THCTHKOl\, TaK K8K BenH-

'IHHa S Orrpe.ae/I51eTC51 OTHOWeHHeM C'!eTOB llO pe30H8HCY C l10f'/IOIL{810ll{HM o6p83UOM H 6e3 

COCTSB/151/18 l-3% ,U/151 06p83UOB Ol1THM8/IbHOH TO/I-

wHHbi B cnyqae CH/IbHbiX peaoHaHcoa. lln51 8aH6onee cna6biX peaoaaacoa owH6Ka B S aa-

MeTHO 60/IbWe, H HCl10/Ib30B8HHe MeTo.aa C8MOHH.UHK8UHH Heuenecoo6pa3HO, 

Pacce51HHe HeiiTpoaoB 

lln51 cny'la51 pacce51HH51 aeATpOHOB MO)KHO aarrHcaTb Bbipa*eHHe .anH cyMMapHoro cqe

T a .a eTeKTOpa, aHanorH'I HOe /2 I, 

CeqeHHe pacce51HH51 a 
n 

uHa/IbHoe pacceHHHe (o ) 
p 

( ri (E) £ n [ 1 - exp (- n a ) ] _!7_n__ d E . 
t at 

co.aep>KHT TpH '1/IeHa : pe30H8HCHOe pacceHHHe 

H HHTep¢epeHUHOHHblA '1/IeH ( 01 ) 

(a rn ) 
r[" 

/9/ 

, llOTeH-

PaCCMOTpHM B03MO)KHOCTb rrpeo6pa30B8HH51 rrpaBOA '18CTH Bblp8)KeHH51 /9/ K BH.ay 

rn 
ll(E 0 )E"tAJ 

y .ao6HOMY .an 51 orrpe.aeneHH51 rrapaM eTpoB peaoHaHca. 

1101 

npH e.aHHH'IHOM rrpOH3Be.aeHHH n ( E )En rrpaByJO '18CTb /9/ MO)KHO 38l1HC8Tb B BH,Ue 

I~ ( [1- exp(-nat )] _!_n__ dE. 
at 

paCCMOTpeHH51 y.ao6HO 38l1HC8Tb p83HOCTb 

I ~ ([1- exp(-na }]dE 
p p 

I -I p 

/111 

, r.ae 

OllHCbiBaeT CYMMapHb!H C'!eT B TOM )Ke HHTepBane SHeprHii llpH YCIIOBHH, 'ITO HMeeT MeCTO 

TO/IbKO llOTeHUHB/IbHOe paCCe51HHe. 3KCllOHeHUH8/IbHble '1/IeHbl llO.UHHTerpa.rlbHOf'O Bblp8)KeHH51 B 

I - I ~ (I [ 1 - exp (- n a ) ] ~ - [ 1 - exp (- n a ) ]I dE 
P t at P 

/12/ 

p83/IO >K HM B psi.a, HMeSI B Bli.Uy, 'ITO B SKClle OHMeHT8X llO pacce51HHIO llpHMeH5110TC51 TOHKHe 

o6pa3Ubl (no < 1) 
0 

• npoae.aeM .U8/IbHel\wee paCCMOTpeHHe 6e3 y'leTa .UOllllllepOBCKOf'O 

ywHpeHH51, B/IHHHHe KOTOpOI'O 6y.aeT 06Cy>K.aeHO Hli )Ke, 

C8Tb 

VfCl10/Ib3yH B Ka'!eCTBe apryMeHTa BMeCTO 

a 
0 

a = r 
00 

1 + X 
2 

a,o 

E 

a, 

A
0 

-.anHHa aonHbl HeATpoHa rrpH ~HeprHH peaoHaHca. 

7 

Be/IH'IHHY 

1 + X 2 

a ~ 

X , MO)KHO 38l1H-

X 
/13/ 

- ap 

J--
4rr 



flo.acT8B1ISUI 'ln9Hbl BH.U8 /13/ B p83/IO>K9HHe, HHTerpHpyH H r pynnapyH nony'IHBWH9CH 

Bb!p8>K9HHH, MO>KHO npHB9CTH /12/ K BH.UY 

I - I = _!!___ ( n u [' ) ['" [ 1 - ..!!!!_g__ + ( n uo) 2 - _5_ ( n u )' ] -
p 2 ° [' 4 16 384 ° 

17 f' ' 1 r. 1 r ' /14/ -- (n u10 ) [ 1 - -(2 + -"-)nu + 
32 

( 1 + -f- ) ( n u
0

) ] -
B 12 [' o .3 

17 r. 1 f'n 1 3f' :l 
--(nu f')(nu J[(1+f-)--(1 + 2--.-Jnu + -(1+ ")(nu) ]. 

4 0 p 6 0 32 [' 0 

B Bb!p8>K9HHH /14/ 0ITyiU9Hbl 'l/I9Hbl Bb!W9 '19TB9pTOrO nOpH.UK8 no (n u
0

) , BTOpOr'O H 

6onee BbiCOKoro nopH.aKa no (nuj,) H BbiWe TpeTbero no pSI .aKa no (n a
10

) • 

Bbipa>KeHHe 

..!L (n a f' )~[ 1-~ + (nao) 2 

2 o r 4 16 
- 5 384 (nao)

3
] • 

[' 
sxo.aHruee s /14/, npe.acTaBnHeT paano>KeHHe ¢YHKUHH -"- A , r.ae A 

[' 
-nnoma.ab npo a a-

/I8 H8 KpHBOH nponyCK8HH5!. 0603H8'185! UO/IHHOMbl, CT05!IUH9 BO BTOpOi!: H Tp9Tbei!: CK06K8X, 

COOTB9TCTB9HHO '19pe3 M H L , MO>KHO nepenHC8Tb /14/ B BH,Ue . 

f'n 17 [' 
1 

17 [' L I -I = _A - _ (na ) M - _ ( n a
0

) (na ) . 
P f' 8 IQ 4 P 

/15/ 

PaccMoTpHM no.apo6aee ¢H3H'19CKHi!: CMbiC/I nonyqeaaoro Bbipa>KeHH5!. PaaaocTb I- IP , 

yMHO>K9HH85! Ha fl(E)ln npH npe.aenax HHTerpHpOB8HHH, UO/IHOCTb!O BK/IIO'i810IUHX paceM 8TpH-

B89Mb!il: H30/IHpOB8HHb!il: p930H8HC, npe,UCT8B/IH9T C060IO pa3HOCTb Me>K.ay 3KCU9pHM 9 HT8 /IbHOlt 

CyMMOi!: C'19TOB no 06/I8CTH p930H8HC8 H CyMMOi!: C'i9TOB B T9X >K9 K8H8/I8X , o6yC/IOB/I9HHOf! 

TO/IbKO UOT9HUH8/IbHb!M p8CC9SIHH9M B OTCyTCTBHe p930H8HC8. f10C/I9,UH5!5! B9/IH'IHH8 Onpe.aeng-

9TC5! nyTeM HHTepnO/IHUHH ypOBH5! UOT9HUH8/IbHOrO pacC9HHHH H3 06/I8CTH, .U 8/I9KOi!: OT p930-

H8HC8, HnH H3 K8/IH6pOBO'IHb!X H3M9p9HHi!: C p8CC9HB8T9/I9M, He HM9IOIUHM p930H8HCOB, Ha n pH-

Mep Pb 

KaK BH.UHO H 3 /15/, s 3KCnepHM9HTe nonyqaeTcH senH'iHHa, M9HbW85! 

3Ta paaHHUa onpe.aengeTc5! senH'iHHOi!: nonpaBO'IHbiX '1/IeHos _!!___ [' (n a )1 M 
. 8 to 

.1L ( rn a 0 ) (n a ) L JlnH HX OU9HKH npeo6paayeM /15/ K BH.Uy 4 p 

r.ae 

~A 
[' 

n M -

nL 

I - IP 

1-OM - OL 

17 [' :l 
8 (n a ) M 

I 0 

f'n A 
r 

17 4 ( n a o r ) ( n aP ) L 

['n A 
r 

Jlanee y .U06HO npeo6p830B8Tb 38UHC8HHbl9 Bblp8)!{9HHSI K Bll.ay: 

8 

f'n A 
T 

, npH'i9M 

H 

/16/ 



nM naP 
g rn [ r 
--r r;;- I - k] 

nL = naP [_£_ I + s ] -2- rn 
1201 

Bxo.LunuHe B /19/ H 1201 senH'IHHbi I s H k SIBnSUOTCSI M9An9HHO M9HSI!Oll.{HMH-

CSI cpyHKUHSIMH n a
0 

1 < I < 1,2 

=s=l H k 

0 < k < 0,08 ; 1 > s > 0, 9 

0 nerKO BHA9Tb 1 'ITO 

OT 0 AO 2 3TH cpyHKUHH ne>KaT B npeAenaX 

nonaraSI AnSI Ka'l9CTB9HHOA OU9HKH 

Q M = n ap g 
121 I 

TaK KaJC n a << 1 , To aTa nonpaBKa o6bi'IHO npeae6pe>KHMO Mana. 3Ha'IHTen&HO cy
P 

W9CTB9HH99 BTOpaSI nonpaBKa, KOTOpaSI npH TeX >Ke npH6nH>K9HHSIX paBHa 

1221 

B cnyqae f' n << f' B9flH'IHHa 0 L MO>KeT OKa3aTbCSI cpaBHHMOA C 1 HnH Aa>Ke npeBOC<eO-

AHTb ee. npH 3TOM 1- I 
' p 

6yAeT OTpHUaTen&HOA B9flH'IHHOA, T.e. 3KCU9pHM9HTanbHSSI KpH-

BaSI ne>KHT HH >'< e HHTepnonHpOBaHHOrO ypOBHSI UOT9HUHan&HOrO paCC9SIHHSI. 

CneAyeT ocq6o OTM9THTb, 'ITO ecnH B COCTaB pacceHBa!Oll.{ero o6paaua UOMHMO SIA9p 

HCCneAyeMOrO H30TOUa BXOASIT ApyrHe SIApa, TO B cpopMynax 1201 H 1221 3TO AOfl>KHO 6biTb 

yqTeHo nyTeM aaMeHbi senH'IHHbi na 
p 

Ha ~ (n a ) 1 , rAe cyMMa B3SITa no seeM npHcyT-
1 p 

CTBYIOll.lHM SIApaM . 3TO He OTHOCHTCSI K Bbipa>KeHHSIM ./191 H 121 I 1 rAe AOn>KHO ClCTaTbCSI 

aaaqeaHe na 
p 

An.II AaHHOrO H30TOna. 

B Aan&aeJ\tweM paccMoTpeHHH Hcnon&aoaanoc& Bblpa>K eHHe 

A ' 
1231 

I -1 
rAe ~ Nl = n (E )t p - 3KcnepHM9H'fanbHaSI cyMMa C'l9TOB ;lleTeKTOpa, HCnpaa-

1 ° n 1- n -n 
neHHa.II B COOTB9TCTBHH C ~16l. 

OnpeAeneHHe npOH3B9A9HH.II nOTOKa HeATpOHOB Ha acpcpeKTHBHOCTb A9T9KTOpa n ( E )t n 

npOH'3BOAHflOc-b nyTeM KanH6pOBO'IHbiX H3M9p9HHA CO CBHHUOM . B Ka'l9CTBe o6pa3Ua. BaaHMO

AeACTBHe H9ATpOHOB C SIApaMH CBHHUa o6ycnoBneHO UOTeHUHanbHbiM· paCC9SIHH9M C C9'19HHeM 

11,4 6apHa, He 3aBHCSIWHM OT 9HeprHH HeATpOHOB B paCCMaTpHBaeMOA o6nacTH. 

rAe 

B aTOM cnyqae 'IHCno cqeToB aa KaHan speMeHHoro aaanH3aTopa 

T Pb = exp (-naP ) Pb • 

Vl c non&3YSI /23/ H /241, nony'IHM 

l!!__l _ ( 1 - T Pb) !'J. E 
NPb 

rAe N K /'J. E B3SIT bl AnSI KaHana, COOTB9TCTBYIOWero MaKCHMyMy p eaoaaaca. 
Pb 

9 

1241 

/251 



,, 

, 

Ha aKcnepHMeHTarrbHY~ eenH'iHHy 'iHcna cqeToe no peaoHaHcy oKaaweaeT BrrHHHHe aax

BaT Hel!TpOHOB rrocne pacCeHHHH, KOTOpblH yMeHbW8eT 'iHCJlO C'ieTOB aeTeKTOpa. 06bl'iHO !lJlH 

ycTp8HeHHH 3cpcpeKT8 MHOrOKpaTHbiX B38HMOaeliCTBHli rrpOBO!lHT H3Mep9HHH C HeCKOJlbKHMH 

TOJ1WHH8MH o6pa3UOB H SKCTpanonHpyii)T K Hyneeol! TOJlWHHe BerrH'iHHY 

I N1 I 

N n 
Pb 

(1- I;,b)~E 

Y1MeH B BH!ly, 'iTO !li1SI TOHKHX 06p83UOB 

A= 2r/ 1..1 ngr,. 

SKCTparrOJlSIUHH 1261 aaeT 3H8'i9HH9 
'J 

277
2

1..
1 ~ 

r;, 
r 

A 
n 

1261 

1271 

npH T8KOM M9TO!l9 H8KJ10H SKCTparrOJlHUHOHHOli KpHBOli o6ycnosneH llBYMH cpaKTOp8MH, aeliCT"" 

BY~WHMH B O!lHOM H8rrp8BJ19HHH: 38XB8TOM Hel!TpOHOB rroc·ne pacceHHHSI H HerrHHeliHOCTb~ 38-

BHCHMOCTH A OT n !li1H He CJlHWKOM TOHKHX o6p83UOB. TaK K8K TO'iHOCTb SKCTpanong-

UHH yXy!lW8eTCSI rrpH yserrH'ieHHH H8KJ10H8, H8MH !li1H HCKJl~.'ieHHH BTOpOrO cp8KT0p8 6bin8 rrp!r' 

MeHeHa SKCTparrOJlSIUHH apyrol! serrH'iHHbl 

Benw<IHHa A 

B I N 1 gr,. (l-T )~E. 
Pb 

NPb A 

, BXO!lHW8H B 1281, HBJ1H9TCH cpyHKUHeli rrapaMeTpOB g r n H 

1281 

[' , O!lH8KO 

rrpH nepexoae K npeaeny npH n .. 0 OTHoweHHe A I g r,. • KaK BHAHO H3 127 I, He aaBHcHT 

OT Bb16p8HHblX napaMeTpOB H HBrrHeTCH H3BeCTHOli BerrH'iHHOli. 8128/ ilO!lCT8BJ1HJ1HCb 3Haqe-

HHSI gf', H A , H3B9CTHhle H3 rrpeaeapHTeJlbHhlX peayrr&TaTOB. 

TaKHM o6paaoM, sKCTpanonHUHH aaeT 

lim B 
n-+o 

g [' 2 
__!! 

[' 
1291 

3TO ypaBHeHHe ll03BOJ1H9T nonyqHTb CBH3b Me>Kay g r,. H [' !li1H !lBYX B03MO>KHbiX 3Ha-

qeHHli B H rrpH COBMeCTHOM peweHHH C 141 H 181 HaliTH BCe napaMe Tphl ypOBHSI. 

npHMeHeHHe 3KCTparrOI1HUHHJ ITO"!,,HMO ycTpaH9HHSI OWH6KH, CBH3aHH'Jli C 3aXBaTOM rrOCJie 

pacceHHHH, HMeeT H apyry~ ilOJIO>KHTerrbHY~ CTOpOHy. LlrrS! TOHKHX o6pa3UOB BJ1HHHH9 . .[lOrrrrne

pOBCKOrO YWHpeHHSI H8 rl110W8!lb rrpOB8118 Ha KpHBOli rrponycKaHHH CT8HOBHTCH He3Ha'iHT9JlbHbN 

To >Ke caMoe HMeeT MecTo H anH aHanorH'iHOro HHTerpana Ill I. TaKHM o6paaoM, sKcTpano

rrHUHSI yCTpaHHeT HeKOTOpy~ H9TO'iHOCTb, CBH38HHY~ C rrpeHe6pe>KeHH9M !lOrrrrnepOBCKHM YWH

peHH9M rrpH Bb!BO!le Bblp8>K9HHH 1161. 

Y13MepeHH9 p8CC9HHHSI HeliTpOHOB rrpOBO!lHJ10Cb C o6p83UaMH, 8HarrOrH'iHhlMH rrpHM9HHB-

6 - 21 
WHMCH C (n, y ) - aeTeKTOpOM, HOI KpOMe Toro, biJIH H3rOTOBrreHbl TOHKHe o6pa3Ubl 10,16.10 

21 2 
H 0, 54 . 10 H A ICM I MeTO!lOM OC8>K!l9HHH H8 TOHKH9 llO!lJlO>KKH [(8r , 'iT06bl H3-

, yeenH'iHBa~wHx noTeHuHan&Hoe pacceHHHe. Ha pHc. 2 rrpHeeaeHa 

21 2 
aKcrr e pHM e HTaJibHaH KpHBaH, rronyqeHH8H rrpH H3MepeHHH C o6pa3UOM 4,14.10 Sl!liCM 3a 

6e >K 8Tb a o6aBOK Ca F
1 

15 qac o s. WHpHHa KaHana 8 MKceK. 

10 



·~ ,. 

8 K811H5pOBO'IHblX H3Mep8HHS!X npHM8HS111HCb 4 05p83118 H3 CBHHU8 T011lllHHOH OT 0,8 .llO 

4 MM. noMHMO H3M8p8HHH CO CBRHUOM H 5pOMOM H3M8pS111CSI cj:JOH .Q8T8KTOp8 npH pa50T8IO-

lll8M peaKTOpe. 3KcnepHM8HT8nbH8SI OWH5K8 SKCTpanom~pOB8HHOH . B811H'IHHhr 8 onpe.aenSI-

nacb rnaBHbiM o5paaoM own5Koii ~ N 1 , KOTopaSI oco5eHHO senHKa .anSI cna5biX peaoHaH-
/ 

COB. 1}nl'! SKCTpanOill'IUHH 8 '18pe3 SKCnepHM8HT811bHbl8 TO'IKH B 110I"8pHcj:JMH'leCKOM M8CW-

Ta5e npOBO.QH118Cb npl'IM8l'l M8TO.QOM H8HM8HbWHX KB8.llp8TOB C yqeTOM B8C8 SKCnepHM8HT811b-

HbiX TO'leK. Owa5KH sKcTpanonaposaHHOH senH'IHHbl B COCT8B11l'I11H 3-5% .ll11SI CH11bHhiX pe-

30H8HCOB H .llOCTHf'811H 20% .llil51 H8H5onee C1185biX p830H8HCOB /204,9 . SB H 394,8 sa/, HC

C118.llOB8HHb!X C nOMOlllbiO .ll8T8KTOp8 paCC8SIHHblX H8HTpOHOB. 3KCTpan011SIUHOHHbl8 rpacj:JHKH 

.llll l'l .UByX pe30H8HCOB npHB8.ll8Hbl Ha pHC. 3. 

Peay nbTaT bl H o5cy)j(.aeHHe 

3KcnepHM8HT811bHb!e .ll8HHble, nony'leHHb!8 no OIIHC8HHOH BbiWe MeTO.llHKe, n03B011HnH 

npoBeCTH 8H811H3 pe30H8HCOB 1 118)!(8lllHX B 05118CTH SHeprHH HH)!(e 400 SB. 

11 2/ 
noMHMO .Q8CSITH p830H8HCOB, napaMeTpbl KOTOpblX npHBe.aeHbl B ' , 5binO 05Hapy)!(e-

HO ewe nHTb Cna5b!X pe30H8HCOB, npOS!BHBWHXCSI B !{3MepeHHSIX C (n 1 y) -.aeTeKTOpOM. 1}nSI 

STHX pe30H8 HCOB MO)!( HO 5b!110 npOB8CTH T011bKO OUeHKY gr 
n 

, acnonb3YSI cj:JopMynbl /4/ 

R /27 / . non STOM npHHHM8110Cb, 'ITO ry ; r = J • no11H8SI WHpHH8 .ll11l'l STHX pe30H8HCOB He 

onpe.aens1nacb. 

1}/HI OCTFt.i !bHb!X pe30H8HCOB o5pa50TK8 npOBO.llH118Cb no nonHOll nporpaMMe, KpOMe peao

H8HC8 C SHeprHeH 295,1 SB, .ll11SI KOTOpOI"O He o5pa58Tb!B811HCb .ll 8HHb18 no pacceSIHHIO Hell-

TpOHOB H3-38 H8 .Q OCT8TO'IH0f'O pa3peweHHSI H cna50CTH pe30H8HC8. 

1}nS! nony'leHHSI napaMeTpOB pe30H8HCOB CTpOH 11HCb KpHBbl8 grn KBK cPYHKUHH r HB 

OCHOB8HHH ypaBHeHHH /4/, / 8/ H /29/. Ha pHC. 4 H 5 npHB8 .ll 8Hbl .ll11H npHMepa T8KIIe KpH

Bb!e .a nSI .aayx pe3oHaHcoa c 5onbWIIM 11 M811biM 3Ha'leHHHMII Hei!TpoHHoii wH p iiHbi. KpHBaH 

s 1 IIOSTOMY B B b!5p8HHblX KOOp .aHH8T8X 

HM88M O.llHY KpHByiO. 1}1151 KpHBb!X B H C nOHB11SI8TCSI Tp 8 THH napaMeTp, CniiHOBbiH cj:JaK-

TOp g 1 KOTOpb!H MO ;t< eT 1IpHHH M 8Tb .llB8 cj:JIIKC11pOB8HHblX 3H8'l 8 HHH. 1}1151 5pOM8, HMeiOmero 

cniiH 3 
2 

, STII 3Ha'leHHH oaBHbJ 3 / 8 H 5/8. TaKHM o5pa30M , ypasH e HHSI /4/ H /29/ 

n03B0/1HIOT nony'lHTb p83Hhl8 KPHB hle .ll 11SI p83Hhl~ g VfCTHHH bl8 3H8'l8HHH gl' 
n 

H r 
.Q/IS! .Q8HH0f'O pe30H8HC8 .QO/l)!(Hbl Y .ll OB/18TBOpS!Tb KpHBbiM Bcex Tpex TllnOB / s 8 H 

c 
c 

I. TaK KaK c KpHBoi! S COf'/IBCy e TCSI llHWb O D. H8 .TO'JK8 nepeC8'l8HHSI KpHBb!X 8 H 

1 TO STO SIB11SieTCSI O !l HOBp8M8HHO YK838HH 8 M H8 3H8'l8HH8 g , T.e. cnaH a ypOBHH. 

Ha pH·c. 4 npase .aeHO ceMei!cTBO KpHBblX .ll/151 pe3oHaHca 101,3 sa . KpHBbJe c 
1 

H CJ nony'leHbJ npH pa311H'lHbJX TO/IWHHax .a eTeKTOpHoro o5pa3ua. BH.aHo, 'ITO c s 
soli cornacyJOTCSI B H c K pHBbJe .Q/151 

5 
8 

• HecKOilbKO HHOi! xapaKTep HMeiOT 

KpHBb!e .Q/151 p830H8HC8 53,8 SB, npHB 8Ll8HHb18 H8 pHC. 5. Hei!TpOHH8SI WHpHH8 STOI"O peao-

H8HC8 3H8 'lHT 811bHO M8Hb ill e p8 D. H8 llH 0 HHOH, T8K 'ITO I~ / l ' ~ 1. B STOM cnyqae ypaBHeHHe 

/4/ np8KTH'l8CKH nepeXO.QHT B 

C = A 

3TO npiiBO.QHT K HC'l83HOB8HHIO 38BI1CH:vt0CTII KPHBOH C OT /l , II 8.llHHCTB8HH b!M IICTOLJHI1-

11 



KOM HH*OpMaUHH 0 CUHHe OCTaeTCH KpHBSH 8 

"'eHHH KpHBhlX 5 H C cornacyeTCH KpHBaH B 

Yfa pHcyHKa BH.llHO, 'ITO C TO"'KOA nepece

.llflH g = .i!._ • TaK KaK .una 6on&waH-
8 

_CTBa pe30H8HCOB 6pOM8 He ATpOHHbie WHpHHhl MeH&We p8.llH8UHOHHhlX, TO H3MepeRHe paccea

HHH aeATpOHOB HBflHflOCb OCHOBHb!M MeTO.llOM onpe.u eneHHH CUHHOB ypOBHelL 

Cne.uyeT OTMeTHTb , 'ITO aa.ue)!{HOCTb s -KpHBOA cywecTBeHHO 38BHCHT OT Bhl6paH-

HhlX TOnWHH D H T -o6pa3UOB, KOTOpb!e HMeiOT CBOe OUTHM8flbHOe 3Ha'leRHe .llflSI Ka)!{-

.llOrO pe30H8HCa. TaK KBK B H3MepeHHH HCnOnb30B8flCH WHpOKHA Ha6op TOnWHH 06p83UOB, TO 

::ITO U03B0fl51fl0 . Bhl6p8Tb TSKHe, UpH KOTOphlX nonyqanach MHHHM8flbH8H Heonpe.ueneHHOCTb B 

xo.ue S -KpHBOA. 

napaMeTphl pe30H8HCOB, nony"'eHHbJe OUHCSHHblM MeTO.llOM, npHBe.UeHbl B Ta6nHUe 1. Yfao

/1/ 
Tonaa!l npaaa.une)!{HOCTb aaHMCTBOBaHa H3 • CpasaeHHe napaMeTpOB peaoaaHcos , npase.ueH-

/1 2/ 
HhiX B ' , C peaynbT8T8MH HSCTOHWeii pa60Tbl UOK83biB8eT .ll flH 60flbWHHCTB8 pe30H8HCOB 

cornacae B npe.uenax owa6KH HaMepeHHH • .ilnH .ueBHTH peaoHaHcos 6poMa nony"'eHhi aHa"'eHHSI 

CUHHOB ypOBHeii, .ll8HHbie 0 KOTOpb!X paHee B flHTepaType He npHBO.llHflHCb. 

Ha ocaoBaHHH Ta6nHUhi 1 6hmo nocTpoeao pacnpe.ueneaae aaiiTpOHH hiX wapHH. TaK KaK 

H30TOUH8H npHHB.llfle)!{HOCTb Cna6b!X pe30H8HCOB HeH3BeCTHa, paCn!>e.UeneHHe CTpOHnOCb .ll nH 

scex peaoHaHcos. 

non)''leHHOe pacnpe.ueneHHe npHBe.lleHO Ha pHC. 6 BMecTe C KpHBOA nopTepa-ToMaCa 

.llflSI 11 = 1 • KaK BH.llHO H3 pHCYHKa, 9KCnepaMeHT8flbHble .ll8HHI>Je He npOTHBOpe"'aT Teope

TH"'eCKOA KpHBOA, OLi:HaKO rpynna cna6b!X pe30H8HCOB HeCKOnbKO Bh!US.llaeT H3 o6wero XO.lla 

KpHBOii. Cne.uyeT OTMeTHTb, 'ITO npH o6pa6oTKe :aKcnepaMeHTan&Hhl x KpHBhiX speMeHHoro 

cneKT'pa, nony"'eHHhiX c ( n, y) - .ueTeKTOpoM, HMenac& yKa3aHH51 Ha cy w ecTBOBaHHe e w e 

HeCKOflbKHX yposaeii, O.llHBKO ae.uocTaTO"'Hoe paapeweHae ae noasonano Bhl.uenHTb 9TH cna6bie 

ypOBHH CKOflbKO-HH6y .llb HS.lle)!{HO, noaTOMY OHH He UpHB!'!.lleHbl B Ta6naue. 

B cB513H c :aTHM npe.ucTaBnHeT HHT epee H3MepeHae c ny'IWHM paapew eHaeM, 'ITO no a so

naT 6 o nee Ha.ue)!{HO Bhi.ll9flHTb cna6bie pe30H8HChl H y.§eflH"'HT "'HCflO 8H8flH3HpyeMbiX y p OBHeii, 

KOTop oe noKa He.uocTaTO"'HO. CanosaH *YHKUHH 
ro 

5
0

= _n_ 6b!n8 paCC'IHT8H8 UO .ll8HHhlM Ta6-

flH U hl 1 C y "' eTOM CUHHOB ypOBHeii .ll nH H30TOna 
19 D -4 

Br H oKaaanacb pasHoii I 1,45:!;0, 2 I .t 0 • 

'Lln51 Bt 81 
CHflOBaH *YHKUIISI He paCC"'HTbiB8fl8Cb H3-3a Manoro KOflH"'eCTB8 pe30H8HCOB .ll 3HHOr o 

H30Tona. 

06pawaeT 

TOUOB Br
81 

I 

.ll flH Br
80 

H 

Ha ce6a BHHM8HHe 3H8"1HTeflbHOe p83flH"'He B p8 .llH8UHOHHblX WHpHH8X .llflH H30-

= 400 Mas/. 3aeprHH CBH3H HeiiTpOH8 r 
y 

Br 
82 

19 -
= 275 Mas/ H Br I r 

y 

, nony"'a!OWHXCH npH aaxsaTe HeiiTpoHa, sec&Ma 6nH3KH /7,98 M :a s H 

7,8 M:aB CO OTBeTCTBeHHO /. Cosna.ll 8IOT H CUHHhl OCHOBHOrO COCTOHHHH Sl.llep MHWeHH 

I I = 3/2/ , TSK .'ITO 9TO He MO)!{eT cn.y)!{HTb npH"'HHOA TaKoro pa3flH"'HH. no-BH.llHMOMy, 

p83HHU8
1 

B p a.llH8UH OHHhiX WHpHH8X CBH38H8 C cywe CTBeHHblM pa3nH"'HeM B CUHHSX OCHOBHOrO 

cocTOSIHHH H.ll pa npo.uyKTa : .unH Br 10 I = l, .u na Br
82 

I = 5. 

J]na peaoHaHCOB Br 
19 

, .una KOToporo onpe.u eneHht cnHHht w ecTH yposaeA , aaMeTHoro 

p a 3 nH"'HH B HeiiTpOHHblX H p8 .ll H8UHOHHhlX WHpHHSX ypOBHeii C p83HblMH CUHHSMH He H86fliO.ll8-

e Tc .a. 

12 



B aaKn~qeHH e aaTopw C4HTa~T cBOHM npHRTHhlM aonroM no6naroaapHTb <P .n. WanHpo 

a a none3Hbie o6cy>KaeHHR H HHTepec K pa6oTe. 

Ta6nHua 1 

napaMeTpbl HeATEOHH blX EeaoHaHcoa 6EOM8 

Eo r gl'n J rv VlaoTon 
l' 0 

n 
3a M3B M3B M3B M3B 

J5,9;t0,1 405;tJO 25;t2 2 J65;tJO 79 6,7 
5J,8;t0,2 4JO;t40 1J±1 1 J95:t40 79 4,7 

101,J;t0,5 420;tJO 97;t10 2 267;tJJ 81 15,4 
1J5,9;t0,7 590:t50 115;t15 1 285:t52 81 26,5 
157,J;t1,7 0,065 ;t0,015 
l89,8;tl,2 550;t60 28+2 1 475;t60 79 5,4 
204,9;t1,J 400;t60 6,5;t0,7 2 J90±60 0,7J 
212,4±2,7 o,o85;tO,o2 
2J9,4;tl,6 lJOO :tl50 J50;t50 1 J65;t160 79 60,2 
256:t J ,6 0,1J5;tO,OJ 
295,1;t2,2 460;t50 26+2 408±50 79 
Jl9,6;t2,5 800+80 JOO;t40 2 )20+90 79 26,8 
JJ6 ± 5 0,41;t0,08 
J68 + 6 0,26;t0,06 
J94,8fJ,5 610±50 56;t6 1 460+50 79 7,5 

/n .ll 
I = ( [ 1 - exp ( - n a t ) ) __l2__ d E 

at 
H nOKa>KeM 1 4TO OHO MO>KeT 6b!Tb C AOCT8T04HOJ.i T04HOCTb~ npeo6p830B8HO K BH Ay 

rY 
I, = -r- ( [ 1 - exp ( - n a, ) ) dE . 

/n.2/ 

Paano >K HM a pRA 3KcnoHeHTY a /n.l I, Toraa nOAHHTerpanbHOe Bbipa>KeHHe MO>K HO 

npeACT8BHTb B BHAe 

IS 



~ 

u. 

u, + U I + uP 
l 1 2 2 

n ( u + u1 + u ) - ~ n ( u + u
1 

+ u ) + 
t p 2 t p 

/ n.3/ 

13 314 4 I +- n (u + u 1 +I'! ) -...,..,.. n (u, + u 1 + u ) + ... 1 , 3! r P 4! P 

rAe u, . u 1 
H uP - pe30H8HCHb!fi, HHTep¢epeHUHOHHblfi H IIOTeHUH8f!bH blfi 'IneH bl IIOTIHOrO 

Ce'IeHHH, 

H 

rAe 

Hcrronb3YH B KaqecTBe rrepeMeHHoli X 
2( E- E) 

r 
, MO >K HO 38IIHC8Tb u ~ 

a 

u 
I 

OrrpeAeTIHeTCH H3 Bblpa>KeHHH 

ull 

1 + X 
2 

u ~ 4TTa 2 
p 

2ax 

,\ 
~ 

2 1 + X 

noACT8Bf!HH /rr.4/ B /rr,3/ H AenaH O'IeBHAHble rrpeo5p830B8HHH, IIOTIY'IHM 

r 
. nuo T 
1 + X 

2 
l 1 - _1_ n ( ~-- + u, o x + u ) + 

2! 1+x 2 1+x 2 P 

+_1_n 2(~+~ 
3! 1 +x 1 + x 

2 1 u ux 3 I + u ) - - n 3 ( o + to + u ) + . . . . 
P 4! 1+x 2 1+x 2 P 

u 

1 + X 2 

I rr.4 1 

/n.5/ 

PaccMoTpHM cny'Iali, KOrAa aenH'IHHa n u < 1 
0 • B HayqaeMOM AHarraaoH e a HeprHA 

HMeeT MeCTO YCTIOBHe uo,<<uo , 8 T8K>Ke Bb!IIOTIHHeTCH yCTIOBHe TOHKOCTH o5p83II8 A flfl 

IIOTeHUH8flbHOrO pacceHHHH n uP << 1 

Hcnonb3YH paano)l{eHHe /n.5/ H rrpoHaBeAH HHTerpHpoBaHHe, rrony'IHM 

_1_ 1 
r 

J [ 1 - exp (- n u 
1 

j] ~ dx 
u ·, 

11 n u 
0 

_s_l1-
r 

1 

2! 

[ nu 0 

2 
+ nuP] + 

13 2 15 3 9 2 1 + - [ - ( n u 0 ) + ( n u ) ( n u ) ] - - [ - ( n u
0 

) + - ( n u ) ( n u ) ] 1 
3! 8 p 

0 4! 16 8 ° p 

/rr.6/ 

B rrpaaoA 'IaCTH orrymeHhi qneHbi, coAep>KamHe n u 
p 

H nu B CT e rreHH A B8 H Bhl-
1 0 

me, 8 T8K>Ke HX IIpOH3BeneHHH, HBTIHIOLUHecH M8flb!MH Bef!H'IHH8MH BT OpOrO IIOpHAK8 . 

AHanorH'IHoe paano>KeHHe nnn /n.2/ naeT 

2 1 = 
"j7t 11nu _s_ 11 

r 
1 

2! 

nu 1 3(nu ) 2 
__ o_ +-- __ o 

2 3! 8 

0THOWeHHe ~-- MO)I{HO rrp e ncT a BHTb B BH A e ( 1 
1 

0 

1 - nuo 3( 2 --r + ~ 32 
2 

1 - r:~L + ( n u o ) 
4 16 

14 

1 
4! 

3 
5(nu0 ) 

16 

!!..!!.JL 0 ) 
2 

3 
S(n u 0J_ 
384 

I . / rr.7/ 

, r A e 



BenH'li!Ha 0 paBHa e.o.HHI!Ue npH noo=O I! y6biBaeT e B03 paeTaHHeM noo ·• T a KH M 

o6pa30M, OT/lH'!He B Bb!pa)KeHHS!X /n.l / H /n.2/ D.OeTaTO'lHO MallO; 'ITO ll03BO/lS!eT l!ellO/lb-

30BaTb B paeqeTax 6onee y.o.o6aoe Bbipa)KeHHe /n.2/. 

¢H3H'leeKHA eM bien nonpaBKH ~ 0 3aKniO'laeTeSI B TOM, 'ITO OHa Y'lHTb!BaeT oena6-. 2 
neaHe noToKa HeHTpo aoB B o6pa3ue H3-3a noTeHuHanbHoro paeeeSIHHH. npH aToM np e .o.nona-

raeTeSI, 'ITO HMeiOT MeeTO TO/lbKO OD.HOKpaTHbie B38HMOD.ei\eTBHSI. Y'MeHbllleHHe nonpaBKH e 

yaenH'leHHeM aenH'IHHbi n a 
0 

06'bSieHSieTeSI TeM, 'ITO Bee 60/lb lll ee KO/lH'leeTBO Hei~TpOHOB He-

llb!TJ:,IBaiOT pe30HaHeHoe 1",38HMOD.eikTBHe B nepeD.HHX e/lOSIX 06pa3U8, H llOTeHUH8/lbHOe pae-

eeSIHHe He OK83b!B8eT y)Ke 38MeTHOrO B/lHSIHHSI, 

Y' qeT MHOrOKp8THh!X npoueeeOB; a HMeHHO, 38XBaTa Hei\TpOHa noeiJe llOTeHUH8/lbHOrO 

paeeeSIHHSI, Be.o.eT K .0.8/lbHeHllleMy YM eHbllleHHIO nonpaBKH , 
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PRe. 1. 3KcnepHMeHTanbHaSI KpHBaSI ae J:\TpOHHbiX pe3oa a acoB 5poM a, nony'leHHaSI c 
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I n , y I - Lt eTeKTOpOM. UacppaMH yKa3aHa saeprHSI pe3oaa acoB B sB. 
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t ( 11KCeK) 

PHc. 2. 3KcnepaMeHTanhH8SI KpHBaSI aeliTpOHH biX pe3o aaacoB 5 poMa, no nyqe aa aSI c 

LteTeKTOpoM pacceRHH biX aeJ:\TpOHOB. UacppaM H yKa3 a Ha sa eprHSI pea o aa a

coB B 3B. 
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100 BrneVJ 

E.-101,3ev 

fO 

£.·53,8ev 

PHc. 3. 3KcTpanomiUHOHHbie rpac}:JHKH .anH pesoHaHcoa 6poMa 53,8 aa H 101,3 3B. 

200 

150 

IQO 

50 

~------~~--------~~------~~------~~------~ftme~ 200 300 400 500 600 700 

PHc. 4. P e soHaHc 101,3 _ aB. CeMe ikTBO KpHBbiX, nocTpoe HHbiX Ha OCHOBaHHH ypaBHeHHfi 

/ 4/, /8/ H /29/ • 
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Plic. 5. Pe3oHaHc 53,8 &B. CeM ellcTBO Kpi'IBbiX, nocTpoeHHblX Ha ocHoBaHHli y p aBHCHI'Iif 
/4/, /8/ H /29/. 

N 
15 

10 

5 

0 O.f 0.2 0.3 Q4-Q5--Q6 Q 08 QQ f.O l.f t2 1.3 1.4 1,5 {6 f,T {!f 

Plic. 6. PacnpeneneHHe npKBeneHHbiX HeihpoHHblX wlipHH pe30H8 HCOB 6poMa. KpH Ba!l 
COOTBeTCTByeT pacnpeneJleHI'IlO nopTepa-Toivfaca C 11 = 1. 


