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B HeKOTOp~X CnY 4aRX np~ npOBeAeH~~ He~TpOHHO-aKTHBa4~OHHOrO 
aHan~3a HAA B03 HHKaeT He06xoA~MOCTb 06nY4aTb 06pa34b! AOCTaT04HO 
60nbwo ro Beca / 6 0nee 5- 10 r/. 3 TO MOlKe T 6bITb CBR3aHO nl-t60 C Tpe-
60BaH l-t e M 06eCne4e Hl-tR npeAC TaB~Tenb HOC T~ np06b! , ~60 C Mano~ M~
HOCTb~ np~MeHReMoro HC T04HHKa He~TpoHoB, n H60 c' KaKo~-n~fio A Pyro~ 
n pI-t4~ Hoi1. np~ 06nY4eH I-t ~ o6pa340B uonbworo Beca YlKe Henb311 npeHe
6per aTb B03MYl1IeH~eM nonR He (:1 TpoHoB, Bb!3BaHHOro pacceRH~eM ~X 
Ha RA pax Bel1leCTBa npOOb!. 

Bn~RH~E PACCERH~R HE~TPOHOB HA T04HOCTb 

npOB EAEH HR AHAn~30B 


OA~H ~3 3$$eKTOB B03MYl1le H ~ R COCTO~T B TOM, 4TO B pe3yn bTa Te 
pacceRH~R 3 n~TennOB~X He~TpOHOB npo~CXOA~T ~3MeHeHHe ~ X cneKT pa 
H TepMan~3a4 ~ R ; 3TO MOlKeT npHBeCT~ K nORBneHH~ aKTH BHOCT~, AO
nonH~TenbHO~ TO~, 4TO ofipa30BanaCb fib! B OTCYTCTBHe pa cceRHHR. 
$aKT ofipa30BaH~R Ta KO~ AononH~TenbHO~ aKTHBHOCTH B 3aBI-tC ~MOCTH 
OT Ofil>eMa pacce~BalOUle~ CpeAb! OTMe 4e H B pa60Tax 1 1, 2 /, HO He fib!nO 
npOBeAeHO AeTan bHoro ~ccneAOBaH~R 3Toro RBneHHR. 

PaC CMOTpeHHe Bonpoca pacceRH~R 3nHTe nnOB~X He~TpOHO B 60nee 
Har nRA Ho MOlKeT ObITb npOBeAeHO B reO/~eTp~~ nnOCKoro 06pa3ua. np~

HHMaeTcR , 4TO nOr nOl1leHHe He~ T pOHOB HeCYl1IeC TB eHHO H OH O He BnHReT 
Ha nnOTH OCTb nOT OKa ~ cneKTpan bHoe pacnpe AeneHHe. 

AnR 3 nH TennOB~X He~TpOHOB, ~Me~~x B 06111eM c n Y4ae cne KTp anb-

Hoe pacnp eAeneH~e 4> :3 dl~ Ii' 4~cno a KTO B II I pacceRH~R He~T PO HOB 
E 2 /3 /

C 3Hepr~e~ (E l ' E 1 + dE 1) Ha nnOl1laA~ ofipa3ua 1 CM 3a 1 C paBHO . 

It S 1 - 2E :l ( I-' t .s ) d E I 
n "' <I> - -'-- /1/

1 :3 I-' 2 l - fl 
t E l 

r Ae ~s ~ I' l - K03$$Hu~eHT~ pacceRHHR ~ nonHoro B3al-tMOAeH CTBl-tR 
C Bell\eCTBOM 06pa3ua. D- Tonll.\~Ha oupa3ua, E (x) - Ta6yn~ poBaHHaR 

1 3 
11 - 2 - x / t 

¢yHKUHR E (x ) f I. c d I . B pe3yn bTaTe pa CCeR HI-tR n HeHTpo 
n 0 

HOB Bb!~AeT 1-13 HHTepeana IE I' E 1 ,dE I) ' HO OAHOBpeMeHHO B He ro no 
naAe T n 2 Hei1TpoHoB ~3 4~cna Bcex pacceRH H~x B ~HTepBane (E 1 + dE l' 

N i-I 'J 

E /11 1) ' rAe u i = l N . + I )~. N i - a TOMHb!H Bec flA pa i , cO,Qe plKaHHe 
I 

KOTo poro B np06e paBHO I ' 

1 

1 



2 

l c dE 1O = <1>3 ~,~ 2E3 ( I't 0) l- u l- (3 
/2/1=I't 2 (1 -It. )(1 - (3)

1 E 1 

tJ.nfl OC HO BHblX MaK pOKOMn OHeHT aeq e c Tsa r eon Or"l " e CKoro 06pa3L\a 3Ha

..eH ~ fI a j p a3n~4a~TCfI 0 4eHb Man o /0 , 73 ~ (11 ~ 0 , 86/ , TonbKO 

Anfl BOAopOAa, aXOAR~ero a COCTaB BOA~ M~ He panOB /a cB060 A HOM 

al1Ae ~nH a c Bfl3aHHoM/, tI = O. !o1cxo AfI ~3 :nor o . BbipalKeH~ e /2/ 
MO)t{e T 6blTb n p e A CT aBn eHO CYMMOi1 ABYX 4ne HOB, OAI1 H 113 KOTOPblX 

on~ CblBaeT paCCeflHI1f1 Ha flApax c y xoro e eU\eC T Ba n poGbi / Ll = 0 ,8/ , 
a APyroi1 - Ha flApa x BOAopOAa BOA~ . Anfl npOCTOT~ Ha n l1Ca HI1 f1 6y

AeM nonb30BaTbCfI OAHI1M ..n eHOM BblpalKe ll~fI / 2/, nOI~pil 3YMcaa R, 

.. TO BO BTOpOM ..neHe u = o. 
B 06~eM cny .. ae 0 ~ o ~ ~ B pe3ynbTaTc paCCCHHI1 R B ~HTe pB a 

1 
ne (E l ' E 1 .,. dE 1 ), npm1CxOA I1 T HaKonneH~ e I lei:; , POII09 , 

II 1 - 2E (p. 0) 1 - a } - {i 
An = o -0 - <I> _ _8 3 l ( 

2 1 3 I' 2 (1 _ ({ )(1 _ 
t 

3TI1 Hel1T poHbl An o6pa3YKH cfI paBHOMe p HO no 

tW 
I ) __~ l 

(~ ) I-: 1 
1 

B c eMY OG', I!MY 0 6 p a3L\a 

~ yrnoBoe pacnpeAeneH~e J-1X TaK >Ke J-130TpOnHo , Ka K Il e 1-lBI1 4H~X. 


4aCTb Hej;; TpoHoB 113 6 0 nOKI1HeT 06pa3ei.\, a 4 a CT b np0l13 BCA e T cne

AY~l1e cTon KHOBeHI1f1, B pe3ynbTaTe KOTOPblX npoI130 j;;/.I l! I 1111 6 0 I1X 


paC CeflHl1e, nl160 3axBaT, npl1BoAflQI1j;; K 06 pa30BaHI1~ ~K T ~aHOCT I1. 


npOBOAfI ~HTerpJ-1pOBaH~e no BceM yrnaM 11 Ton~I1 He oGpaaL\a. MQ>KHO 


Hai1T~ OTHocI1TenbHY~ 8en~"~HY aKTI1BHOCTI1, 06pa30Ba HHo i1 Hei1 Tpo


HaM~ 6 0 B pe3y nbTaTe OAHOKpaTHblX cTonKHoBeH~i1 C a eU\eCTBO M 06

pa3i.\a. Ecn~ Bocnonb30BaTbCfI annpOKCI1MaL\l1ei1 CIl YHKi.\1111 1- 2 E :3 l/ t t o), 

BxoAfI ~ei1 B nony ..eHHy~ CIlopMyn y. COOTHOWeH J-1 eM 2 ,t /j / (1 , ::! I' t l5 

TO 3Ta CIlopMyna MOlKeT 6b1Tb 3anl1CaHa B 60nee npOCT OM B ~AC : 


i\A 1 1- (3 _ _ 1= [ - a 

A 3 (1 - (l) (1 - (3) 

C y ..eT OM MHoro KpaT ~blx 

t-; A 1 - u 1- ~ 
- = [ - 1] 

2p. 01) _ _s 
/3/

1 + 2 p. to 

CTonKHoBeH~j;; Hei1TpoHoB CIlo pMyna ~ MeeT BJ-1A: 

A3 (l - rt) (1- {3 ) l ·t 2 p.on~O 1 . 2/i o 
l t 

rAe aA - np~pa~eH~e aKT~BHOCT~ BcneACTBl1e 

A3 - aKTI1BHOCTb, KOTopafl o6pa30Banacb 6b1 

2/i 0 21' sO 
s 1 ( ) 

Ha~ B OTCYTcTB~e paCCeflH "lfl; fLa = I-I - 1'5 
t 

Hev1TpoHoB. 


TaK KaK B 3nJ-1TennoBoi1 06nacT~ 3HeprJ-1i1 


MaKpOKOMnOHeHT reonOrl1 .. eC KI1X 06pa3i.\OB, 


ceflH~e Hei1TpoHoB npI1BOA~T K nI1Hei1HOMY 


C YBen~ ..eHJ-1 e M Ton~~HbI 06pa3i.\a. 


2 

-

n 1 - a }- f:3 2 /ts 8 
= f - 11--, 

(l-a)(I- f:3) h21'o 
u 

/4 / 
pilcceflH~fI Hei1 TpoH o B, 

Ha 3n~TennOB~X Hei1Tpo

K03C1lCll~L\~eHT 3a XB a Ta 

p. a « It s Anl1 OCHOBHblX 

TO np~ 0 « J I /'a pac

np~pa~eHI1~ aKT~BHOCT~ 

C nOMO~blO ¢oPMy nbl / 4/ MOlKe T 6bITb Ol\eHeH BKnaA Ka >KAo r o 4Jle Ha 

Bbl pa*eHI1f1 /2 / B 06~ylO Ben~4MHY OTHOC~Ten b Ho ro np~pa~eHJ-1f1 a KT I1 B

HOCT~, Bbl3Ba HHor o pa CCeflHl1eM HeAT p o HoB . 

K03C1ltllJ-1l\J-1eHT pacceflH~fI Hei1 T poHOB BOAoA /AS H '" 1,1.3 CM 2 r - : 3Ha

4eHI1e K03()l<l>~L\l1e HTa 1 1 ~1l AnR c y xoro Be~eCTBa np06bl Mo)t{e T 6bl T b 

Ol\eHeHO Ha OCHOBahHM cpeAHero 3 neMeHTHoro COCTaBa oeaA04HblX no
1pOA, npl1BeAeHHoro B 41 • no Ol\eHKe, II SO .", 0, 12 CM:? r- • 06bt4HO 

B MeCT3x 06nY4eH~fI 00pa3i.\08 cneKTp He0~?QHOB xapaKTepl13yeTcfI 

K03tf>¢J-1i.\~eHTOM f'3 ~ 0,1 / CM ., HanpIIIMep, '" / . nOACT <lBJ-1 B COOTseT

CTSYlOl!\lo1e 1<03(JJt!ML\J-1eHTbl B cjloPMyny /4/, MOll<HO BJ-1AeTb, 4TO - 25', BOAb! 

B COCT<lBC 06pa3i.\a npl1BOAflT K TaKOMY lI<e YBen~4eHJ-1~ aKT~BHOCTJ-1, 
KaK paCCeRHl1e Ha Beex HApax cyxoro Be~eCTBa • 

1';;'\ 13;Jt;JE:CI<a3aHHoro cneAyeT, 4TO paCe eflHJ-1 e Hei1TpoHOB Ha BOAO

pOAe, aX"AfI~eM B COCTaB BOAbl, MOlKeT GblTb npM4l11Hoi1 OWI1UKI1 npl1 

npcB;:A(': ~;"l. 1 aHanM 30a MeTOAoM ::IT anOH~p08 aHI1f1 . 3 T aJlOHbl, C nOMOUlblO 

KOTOPblX np0l13BOAI1 TCfI onpeAeneHI1c 3neMC ItTOa , 06bI4 HO BblcyweHb/ 

np~1 Te/~nepaType 105 , a K01lJ-14CCTBO BOAbi B 11ccneAyeMbix 06p;)3 

l\ax 4aUle Be l ro HeM3s eCTHO. TaKMM o o pa30M, AnA Toro 4T06b1 oWMGKa 

aHanl13a, Bbl3B<lHHaR HeonpCAeneHHO~TblO KonJ-14 e eTBa BOAbi. HC npCBw

UJaJla 3aAaHHoj;; BenM41-1Hbl . pa3Mepbl 06pa3l\OB AnH 0 6J1Y4eHI1R AonlKHbl 

6bITb OrpaHIo14C'lbi. npCAcnbHaR TOn~l1l1a 06pa3 L\ a MOlKeT 6WTb Hai1AeHa 

1113 <l>opMynw /4/ npIII q == O. HanpJ-1Mep. npJ-1 3aAaHHoA T04HOCTI1 5 ~ 
M paa6poce AD Bna>KHOC TJ-1 1O ~ OT Beca OOpa3l\a. np'" II == 0 . 05 TO," 

UlJ-1Ha 06pa34a He AOnll<Ha npeBblwaTb 3.4 r,eM - 2 

B TOM cnYlJae. KorAa ene KTpanbHoe paenpeAeneHlo1e 3nl1TennOBbiX 

I~C~TPOli08 cncAye T 3aKOHY l/E (/{ 0), ero BMA B p e 3YIIblaTe pac

C'::I1HMfI He M~HAeTCfl, 11 YBt.nJ-14eHl1e aKH1B~tOCTI1 npOJ-1 CXOAI1 T TonbKO 

3a C4eT TepManl1 3al~IH1 4acTI1 3TJ-1X He~TpOIIOB. 

Ii empl1MCp, npl1 06nY4e HI~11 0 6pa3i.\OB a KaA"H1eaOM 3KpaHe 311cp r HfI 

n epBl14HwX. ~i(- ~ TPOHOB , naAalOl1\J-1X H\l oopaa<,q , Bblwe E Cd / E CIl - KaA

Ml1eSal1 rpaHJ-1qa/ . Ho npJ-1 pac.ccRHI1I1 I lei1TpoHoB Ha AApax 0 6pa3i.\a 

..aCT b >13 H~X 6YAeT I1MCTb 3 Hc pr~1O II~ lI<C E r d .4I1CJlO TaK~X HCi1TPOHOB 

11 a ' 06pa3Y~I1XCI1 B 06b CMe V oGpa 3 i.\a, 3a 1 C pa SHO 

a· 
n <l> V ~ I' (1 · _ 1_- Inl1. l. 

a 3 1 S I 1 (l I 

1 


rAe II ~I - nap i.\ l1anbHbI~ K03ct>ct>~l\I1CllT pacceflHVlfI Ha 

KaK 11 B~we , MOlKHO nOKa3aTb , 4TO B 3TOM cnY 4ae 

HOCT.., B OCHOBHOM npol1eXOAI1 T 3a C4e T pacceflHI1R 

AOPOAC. OT HOC III Tcn bHafl Bem141111a 3ToI:; aKT ~BHOC TIo1 

/ 5/ 

RApax i. 3Aec b , 

Y Benl1 4 eHVle a KTI1B 

He~ T poHoB H.J BO

AA a fA" o Opa3YlOll\e i1 

.. 
CfI a 

,\A :, 

A3 

pe3ynbTaTe oA HoKpaTHoro 

iJSHO a 

1 - 2~( S 13 
rAe 

B3.JI1MOAei1cTBI1I1, pasHa 

/6/ 

A 3 - a KTI1 BHOCTb , 
e n e KTp 1 IE; , 

06pa3YlOl1\aflCR Ha 3 n~TennOB~X Hei:1TpoHax , J-1Me l::l~~X 

3 
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/It - CpeAHYI~ Ha VlHTepBane 3HeprV1~ (0 < E < E C d) K03CPCPV1L1V1eHT 

nonHoro B3aYlMOAe~CTBYlR; 
at - Ce4eHYle aKTVlBaL1Y1Y1 Ha TennOBWX He~TpOHax. 

npV1 BWBOAe /6/ Y4V1TWBanOCb, 4TO cneKTp He~TpoHoB, BnepBwe nepe
ceKWV1X rpaHV1L1Y ECd B pe3ynbTaTe pacceRHV1R Ha BOAopOAe, nOCTORH-

Hbl~ n (E) = const 5wno npV1HRTO, 4TO ce4eHV1e aKTV1BaL1V1V1 B 06nac
a ECd 

TYI 3HeprYl~ E < ECd cneAyeT 3aKOHY I / v. V1 6blna V1cnonb30BaHa YKa

3aHHaR Bblwe annpOKCV1MaL1V1R CPYHKL1VlVl 1 - 2E 3 (/l t o). CPopMyna /6/ 
npYlMeHYlMa TonbKO npV1 TOn~YlHaX 06pa3L1a, MHoro MeHbWV1X AnV1HW 
cB060AHoro npo6era He~TpoHoB At. npYl Ton~V1Hax, cpaBHV1Mwx CAt. 
6YAyT V1rpaTb ponb MHorOKpaTHwe CTonKHOBeHYlR V1 TepManV13aL1Y1R 
He~TpOHOB, B pe3ynbTaTe KOTOPWX OTHOCV1TenbHaR BenV14V1Ha 6Aa/ Aa 

6YAeT YBenV14V1BaTbcR C TOn~YlHo~. Ho 3aKOHOMepHOCTb 3Toro YBenV1
4eHYlR cnomHO 3anYlCaTb B aHanVlT V1 4eCKOM BYlAe, TaK KaK Teo p VlR Tep

ManV13aL1V1V1 AnR Ton~V1H. paBHWX MnVl MeHbWYlX AnMHW cBo60AHoro npo

6era He~TpoHa. n04TV1 He pa 3 p a60TaHa. 
IlnR pa3MepOB 06pa3L1a, npV1 KOTOPblX Ton~YlHa BOAbI B HeM 60nbwe 


AnV1Hbl cB060AHoro np06era, OCHOBHaR 4aCTb He~TpOHOB ycnee T AO 

BwneTa 3aMeAnMTbcR AO TO~ 06naCTV1 3HeprM~, rAe CV1nbHO CKa3W

BaeTCR BnMRHVle XMMYl4eCKMX cBA3e A. B 3TO~ 0 6nacTYI BenM4V1Ha 3Hep

rV1V1, nepeAaBaeMo~ He~TpoHoM, CTaHOBV1TCR Mano~, V1 MomHO c4V1TaTb, 

4TO y6wBaHV1e HeATpoHoB V13 KaKoro-nV16o 3HepreTV14ecKoro AV1ana30 Ha 

npoV1cxoAV1T TonbK03a C4eT V1X BwneTa V13 06pa3L1a . 

AHanor~4Ho TOMY; KaK 6wna nonY4eHa cpopMyna / 4/, C Y4eTOM 
MHoroKpaTHwx cTonKHOBeHV1~ MomeT 6WTb 3anVlcaHa cpopMyna AnA OTHO
CV1TenbHO~ BenVl4VlHbi aKTV1BHOCTVl Mal Aa,06pa3YiO~e~cA B 06pa3L1e Ha 

pacceAHHblx HeATpOHax C 3HeprV1eA E < E Cd ' 

11A", 2/ls 0 ..E.... . /7/ 
Aa 1 + 2/l ao la 

~3 cpop Mynw /7/ V1 CKa3aH Horo Bwwe cneAyeT, 4TO nocne AOCTV1meHV1A 

HeKoTopo~ Ton~V1Hbl YBenVl4eHV1e aKTVlBHOCTVl C POCTOM 8 6YAeT
00 
6nV13Ko K nMHe~HOMY, HO KOHKpeTHble BenV14V1Hbl 80 , /l s' a paCC4V1TaTb 
TPYAHO. YV1cneHHble 3Ha4eHVlR 6Aa/ Aa B 3aBV1CV1MOCTV1 OT 8 HaAO Haxo

AV1Tb 3KcnepV1MeHTanbHO. 

Bm1RHVlE PACCERHVlR HE~TPOHOB HA 3CPcpEKH1BHOCTb 

np\.1MEHEH ~R PE30HAHCHbiX cpVlnbTPOB 


Oc06eHHO CYlnbHO npORBnReTCR pacceAHVle He~TpoHoB Ha RApax 
Be~eCTBa np06w npM npoBeAeHV1V1 HAA C V1cnonb30BaHV1eM pe30HaHCHWX 
cpV1nbTpOB. B pe30HaHcHOM cpV1nbTpe npoV1cXOAV1T norno~eHVle He~TpOHOB 
B 06naCTV1 3HeprV1~ pe30HaHCHWX ypOBHe~ 3neMeHTOB, V13 KOTOPWX V13
rOTOBneH cpYlnbTp. B pe3ynbTaTe 3Toro aKTVlBHOCTb Tex ~e 3neMeHTOB, 

4 

npV1CYTCTBYiO~V1 X B aHanV13V1pyeMoM 06pa 3 4e, 3Ha4V1TenbHO CHV1maeTCR. 
MaKCV1ManbHoe 3Ha4eHV1e K03cjJcpV1L1V1eHTa F a YMe HbweHV1R aKTMBHOCTM 6e3 
Y4eTa pac ceRH V1R MomeT 6WTb Ha~AeHo C V1cnonb30BaHV1eM cjJopMyn

13 ' 
no Y4eTY caM03KpaHV1poBaHV1A CPonbr . TorAa Fa paBHO npeAenbHOMY 
OT HoweHV1iO aKTV1BHOCTV1 TOHKO~ cponbrVl B 3KpaHVl pY lOUleM cpYlnbTpe TOnll1V1
HoA d K aKT V1BHOC TM ee B HeBo3My~eHHoM nOTOKe npI1 CTpeMneHV1V1 Ton
~Vl Hbl t cjJon b rV1 K HY niO. 

<l>a N I)2d i t) <I> N ! 2d (\) Nit 
3 a JI a a

Fa l iml-- ---  -- - -,/8/ 
t ·0 

v I - 2N (:!d t) (J aD vI T2N2d o v l T 2Ntaao v'1 + 4Nd u ao ao 

rAe _ N - 4V1 cno aT OMO B B 1 CM 3 <!>V1nbTpa; aao - ce4eHV1e 3 a XBa Ta 
HeV1TpOHOB B MaKCYlMYMe pe30HaHC a. 

TaKV1M 06pa30M, cneKTp HeHTpOHOB, npOweAWV1X 4epe3 cpV1nbTp, 6y 
AeT V1MeTb "npOBanbl" n p l1 3HeprV1RX, COOTBeTCTBYiOll1V1X 3HeprMRM pe30 
HaHCOB. Ho Ha AanbHeAwe M nyTV1 He~TpOHOB 4epe3 Be~eCTBO 06pa3L1a 
3TV1 npOBanw 6YAYT CrnamV1Ba TbCA 3a C4eT paCCeRHYlR V1 nOTepV1 3Hep
rVlV1 60nee BWCOK03He preTV1 4HWX He~TpOHOB Ha RApax Be~eCTBa, YI pe
3ynbTV1pYiO~ee Ae~CTBMe 3KpaHV1pOBKV1 CHV13V1TCR. 

IlnR paC4eTa 3TorO 3<!><!>eKTa npeAnaraeTCR cneAY~Il1V1~ cpopManV13M. 
nOTOK HeATpOHOB, npoweAwV1X 4epe3 <!>l1nbTp, MOmHO npeACTaBV1Tb KaK 
CYMMY ABYX nOTOKOB: cneKTp OAHOro V13 HV1X TO)KAeCTBeH CneKTPY 
nOTOKa, He V13MeHeHHOMY cpV1nbTpOM, a APyro~, OTpV14aTenbHw~, I1MeeT 
nV1HeA4aTw~ cneKTp, cooTBeTcTBYiO~V1~ 3HeprV1RM pe30H9Hca. nnOTHocTb 
nOTOKa He~TPOHOB B KamAo~ 3HepreTV14ec KO~ nYlHYlV1 paBHa Aone He~Tpo
HOB (1 - Faj ) <1> (E j ). 3aXBa4eHHbiX cpV1nbTpOM npYl AaHHoi1 3HeprVlYl pe
30HaHca. 

PaCCMaTpV1BaR CYAb6y He~TpOHOB C OTpV14aTenbHWM nOTOKOM,MO~HO 
CKa3aTb, 4TO, npOXOAR 4epe3 TonCTwA 06p a 3e4, OHM nV160 3aXBaTRTCR 
RApaMV1 paccMaTpV1BaeMoro 3neMeHTa, HaxoAR~erocR S COCTaBe 06pa34a, 
V1 3TO npV1BeAeT K OTpV1L1aTenbHO~ aKTV1B HOCTM, nM6 0 pacc e iOTCA Ha RA
pax Bell1ecTBa 06pa3L1a V1 BW~AYT V13 06naCT YI 3 He prMV1 pe30HaHca. TaK 
KaK 4Vlcno 3aXBaTOB Mano, TO YMeH bweH V1e OTpV14a TenbHO~ nnOTHOCTYI 
nOTOKa He~TpOHOR C 3HeprYl eA pe30Ha Hca np Yl npo x omAeHYlV1 YlX 4epe3 
06pa3e4 6YAeT B OCHOBHOM o npeAenR TbCR pacceRHV1e M. BenYl4V1Ha OT
pML1aTenbHO~ aKT V1BHOCTV1 C paSHa 

1 - 2E (p 0)
C = /l. 0 3 so (1 - F )<l)(E) . /9/ 

a 2,.. 0 ~ 
S() 

Pe3ynbTV1PYiOIJ1a R aK TV1BHOCTb A 06pa3YiO~erocR Yl30TOna paBHa CYMMe 
aKTV1BHOCTe~ OT 0 60V1X nOTOKOB: 

2E 
A = /la 0 <l> (E)[1 _ (1 _) 1- s (/.£so13) 1. /10/ 

1 + 4Nd (7 2/l soo 
ao 

BwpameHVle, CTORll1ee B KBaApaTHwx cK06Kax <!>0pMynw /10/, eCTb KaK 
pa3 K03CPCPVl4VleHT, Y4VlTbIBaiO~Vl~ CHV1meHYle aKTYlBHOCTVl paCCMa TpV1BaeMO
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ro 3neMeHTa B peanbHOM o6pa34e TOn~~HO~ 0 np~ ~CnOnb30BaH~~ pe
30HaHCHWX $~nbTpOB TOn~~HO~ d. 4~CneHHY~ Ben~4~HY 3TOro K03$$~
4~eHTa HeCnO~HO paCC4~TaTb, ecn~ 3HaTb 3Ha4eH~e MaCCOBOrO K03$$~

4~eHTa paCCeHH~H. 

'opMynw 11-101 MorYT 6WTb ~cnonb30BaH~ ~ AnH 60nee cnO~HO~ 
reOMeTp~~ o6nY4aeMoro o6pa34a. KaK nOKa3aHO B pa6oTe /3/ 

, B3a~MO
Ae~cTB~e ~30TponHoro nonH He~TpoHoB C Be~eCTBOM o6pa34a pa3n~4H~X 
reOMeTp~4eCK~X $OpM on~CblBaeTCH OA~HaKOBbIM o6pa30M, ecn~ B Ka
4eCTBe reOMeTp~4eCKoro napaMeTpa o6pa34a B3HTb Ben~4~HY 2V / S , 
rAe V - ero 06"beM, a S - nno~aAb nOBepXHOCT~. TorAa AJlH nnOCKoro 
o6pa34a Ben~4~Ha 2V /S paBHa ero Ton~~He 0, An~HHoro 4~n~HAP~4e
CKoro - paA~Ycy R, a wapoBoro - 2/3 R. B o6~eM cnY4ae Ben~4~HY 2V/S 
Heo6xOA~MO nOACTaB~Tb B $opMynw BMeCTO O. 

3KcnEP~MEHTAnbHOE ~CCnEAOBAH~E PACCERH~R HE~TPOHOB 

B~we nOKa3aHo,4To OCHOBHO~ np~4~Ho~ OW~6K~ aHan~3a,cBH3aHHo~ 
C pacceHH~eM He~TpoHoB, HBnHeTCH HeonpeAeneHHocTb B Kon~4eCTBe 
BOA~, cOAep~a~e~cH B ~ccneAyeMoM o6pa34e. n03TOMY 3Kcnep~MeHTanb
HaH npOBepKa 3aKoHOMepHoc Te~ B03H~KHOBeH~H OW~6K~ npOBOA~naCb 

C pacce~BaTeneM ~3 BOAW ~n~ non~3T~neHa. IPacce~Ba~~~e CBo~cTBa 

BOAw ~ non~3T~neHa AnH 3n~TennOBWX He~TpOHoB 04eHb 6n~3K~/. 
3Kcnep~MeHT~ npoBoA~n~cb B rpa$~ToBoM Ky6e co CTOPOHO~ 80 CM 

C ~cnonb30BaH~eM cYPbMHHo-6ep~nn~eBoro ~CT04H~Ka He ~TpoHoB. 

~30TonHW~ ~CT04H~K Ha~6onee YAo6eH, TaK KaK B 3TOM cnY4ae He Tpe
6yeTcH npOBeAeH~e MOH~Top~pOBaH~H, ocy~ecTB~Tb KOTopoe B TaKoro 
pOAa 3Kcnep~MeHTax TPYAHO. 

B rpa$~TOBOM Ky6e Ha paCCTOHH~~ 20 CM OT ~CT04H~Ka 6wna CAe
naHa nonOCTb A~aMeTpOM 80 MM, Bwno~eHHaH ~3 HYT PH KaAM~e M Ton~~
HO~ 1 MM. no Ol..\eHKaM, CAenaHHblM C Au - ~ Cu - MoH~TopaMH, cneKTp 
He~TpoHoB B 3TOM MeCTe xapaKTep~3yeTcH K03$$~I..\~eHTOM ~=O,05. 

B nepBo~ cep~~ 3Kcnep~MeHToB ~3y4anocb Bn~HH~e pacceHH~H 
Ha Ben~4~Hy aKT~BHoCT~, o6pa30BaHHo~ HaAKaAM~eBwM~ He~TpoHaM~. 

3Kcnep~MeHTw npoBoA~n~cb C AeTeKTopaM~ ~3~ . OA~HaKoBwe AeTeK 
TOPW B KaAM~eBwx 3KpaHax nOMe~an~Cb Me~AY ABYMR nnaCT ~ H aM~ ~ 3 

non~ 3T HneHa pa3n~ 4Ho~ Ton~~Hw OT 0,07 CM AO 0 , 65 CM ~ nocneAO
BaTen bHO o6nY 4an~cb B 4eHTpe nonOCT~. BenH4~Ha o6pa3y~~e~CH aKT~B

HOCT ~ ~ 3Me pHnaCb C nOMO~blO Ge (Li ) -cneKTpOMeTpa. 
~3 pe 3ynb TaToB 3Kcnep~MeHTOB, npeACTaBneH HW X Ha p~c.1 , B~AHO, 

4TO OTHOC~TenbHaH Ben~4HHa aKT~BHOCT~, o6pa30 B a HHo~ He~TPOHaM~ 

C 3Hepr~e~ E > E Cd ' nH He j;1Ho B03paCTaeT C YBen~4eH~eM T On~I-1Hbl 

pacceHBalO~eA cpeAw, KaK 3TO npeAC Ka 3WBanOCb Bwwe. 3H a 4~ Ten bHaH 

Ben~ 4H Ha OW~6K~ 3Kcnep~MeHTa 06"bRC HHeTCH TeM, 4TO e pa BHI-1BalOTCH 
aKT~BHOCT~, 6n~3KHe no CBoeMY 3Ha 4eH~IO. 

Bo BTOPO~ 4aCT~ 3Kcnep~MeHTOB ~3Y4anaCb 3a KOHOMep HOCTb o 6 pa 
30BaH~H aKT I-1 BHOCT~ Ha 3aMeAn~BW~XCR B 06pa34e He~TpOH ax C 3Hep
r~e~ E < E Cd ' B 06naCTH Ton~~H pacceHBa~e~ cpeAbi AO 1 , 1 CM npl-1 
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PHC. I. OTHomeHHe BenH\{HHbl aKTHB

HO CTH Ap AeTeKTopa 3nHTermOBblX 

HeHTpoHoB, nOMe~eHHoro Me~y rmac

1,2 

<[0.1<[ 
THHKaMl1 nOJrH3THneHa TOJr~HHOH t, 
K aKTHBHOCTH A 6e3 nOJrH3THJreHa. 

1.1 
MeHHnCH AeTeKTop ~3 V205· np~Me

HeH~e TaKoro AeTeKTopa YAo6HO 
no cneAY~~~M np~4HHaM: 

1. OTHoweH~e I31 0T AnH o6pa30
1,0 BaHHH ~30Tona 52V paBHO 0,55; 

o· 0.1. 0.8 v l6 B pe3ynbTaTe 3Toro AeTeKTOp He
t , eM 4YBCTBHTeneH K B03paCTaH~1O aKT~B

HOCT~ Ha 3n~TennOB~X He~TPoHax; 
2, 3aB~c~MOCTb ce4eH~H aKT~Bal..\~~ B o6nacT~ 3Hepr~~ E < ECd 

cneAyeT 3aKOHY l / v ; 

3. Maml~ nep~OA nonypacnaAa ~30Tona 52y(1:: 1/ 2 = 3, 75 M~H) AaeT 
B03MO~HOCTb ~cnonb30BaTb OA~H H TOT me AeTeKTOp AnH npoBeAeH~H 

nocneAOBaTenbHWX ~3MepeH~~, 4TO nOBwwaeT ~X T04HOCTb. 

4. HeBbICOK~e ce4eH~H 3aXBaTa 1 6 1 0a =4,9 6, Ia =2,7 6 1rAe 
0a - ce4eH~e 3aXBaTa TennOBbiX Hej;1TpoHoB, Ia - pe30HaHcHblj;1 ~HTer
pan 3axBaTa/, n03BonHIOT He Y4~TbIBaTb B03My~eH~H AeTeKTopOM no
nH He~TpOHOB. 

3Kcnep~MeHTW npOBOAHnHCb TaK *e, KaK npeAblAY~~~, HO AeTeKTOp 
~3 V20 5 He o Kpy*anC R KaAM~eM. Pe 3ynbTaTbi np~BeAeHW Ha p~c.2. 

CneAY~~~~ 3Kcne p~Me HT n pOBOA~nCH C pacceHH~eM He~TpOHOB BOAoj;1. 
B Ka4eCTBe AeTeKTo p a ~ e non b 30 Ban e H Mn B B~Ae KMn0 4 . 6~no B3RT O 
4eTwpe 4~n~HAPH4e C K ~X cOCYAa c pa 3n~4H~M OTHoweH~eM A~aMeTpa 

K BWCOTe ~ OA~H B BHAe napannenen~neA a . COCYAW ~3rOTOBneHbI ~3 

an~M~H~H Ton~~Ho~ 0 ,2 MM. 6b1I10 B3 RT O 6 OA~HaKOBWX HaBeCOK KMn 04 
~ 5 ~3 H~X paCT Bo peHbI B BOAe , HanMTO~ B COCYAU. 3aTeM npO~3BO
A~nOCb no c n eAOB a Te nb HO o6n Y4e HMe c oeYAOB C BOAO~ H cyxoro nopow

a KMn 04 B o nHc aH Ho i1 Bblwe nOnoe TH rpa$~TOBoro Ky6a. ~3MepeH~e 
a KTMBHOCTM 56Mn npoBOA~noCb Ha ~(Li ) -c neKTpOMeTpe. ~nH c o x p aHe
H~R OAHOi1 ~ TO~ ~e 3'$eKTMBHOCTI-1 perM CTpa 4MH M3MepeHHA n po BoAH 
n MCb B OAHOM COCYAe MaKCMMa11b HOr O oGbeMa. n pM H3MepeH HH a KTMB
HO CTH, 06pa 30 Ba Bwe j;1cR B Me HbweM 06"beMe BOAbi HI1H B nopOWKe 6e3 
BOAbl , Aa6 aBnHn CR HeAocTa~~ Hj;1 AO MaKCHMa n bHoro 06beM 4~CTOM BOAbi . 
Pe3y n bTa Tbi 3Kcnep~Me HTa T aK~e np~BeAeHW Ha p~c . 2 . Ha OCH a6C4HCC 
OTn O)f(e H reoMeTpM 4e C K~ ~ na paMeT p 2V/S /r p,e V - Ofi"be M BOAb! B coc y
p,e, S - nnoU\aAb Ha pY>lIHoi1 nOBepX HOC TH BOp,bl/, Bbl4~cneHH bli1 AJlR 
Ka )!(Aoro COC YAa . 

Pe3 ynb TaTw 3To ro 3Kc ne pMMeH Ta nepeKp~BalOTCH C pe3ynbTaTaM~ npe
AbI~2~e ro . Ha pH c . 2 np~Bep,eHbl pe3yn bTa Tbi nepeC 4e Ta AaHHblX pa fio-
Tbl . JlnR Bbl4MCn eHI1R r eOMeTpH4eCKor o napaMeTpa 2V/S Gbl1111 I1C nOnb 
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PH c . 2 . 33BHCH MOCTb OTHoc HTe nbHoA 
+

L. 	 BenH'-II1 l1bI B0 3I1HK<lJOII(e rO rrp e B bJlUClIlH! 
2.0 

I\A...0115 3KTHBHOC TI1-- 01' p a 3MepoB B O,uO P O " 

~I<f [ ~ 	 A3 
+' co,nepJK<1mei'I CP e).\hl.1. S 

0- H3M e peHH H ,neTeKT opoM H3 V20, 

, -f 
t B reo MeTp IiH TOHKoro IUlOC K oro 

1. 0 ~ 	 06p a 3~ il. ,1 

~' 6 - W1HepeUJUI .IleTeKTop O M 1i3 Mn 

ij B OO'beMltoi'! reu~leTpHH , 

0.5 	 f- W~ + - pe3YJl bTaTbl~ I nOJlY'-IeHHbJe 1-13 .Il ;m
~ . HbIX pn60 T I..I ,

.4- ~ I - pe 3YJl b 1 ' il. TbJ paC 'leTa II lIpet:1 I- '~I I I 	 I 

rrOJlOJKe W 'I Jl O)VIO Kp aTtlOrO B3 a H0 G./. O.B 1.2 lEi 
Mo.o.erJCTBIHI ,2v .r.., 

S 	 aKTHllHOCT h 3a C'-IeT TepMaJIH

30BaHHWX 	 HeA TpO HOB. 

121 v

30BaHW npMBeAeHHwe B pa3Mepw 4MnMHAPOB C BOAOH , B KOTOPW X 

Ha6n~AanOCb YBe n M4e HMe aK TMB HOC TM MHAMKaTOPOB C YBenM4eHM eM 

06beMa 3at~eAnA lOU\e~ cpeAbI. Bce BenW.JM Hbl npMpOCTa aKTMBHOCTM, 
nonY 4eHHwe B pa60Te / 2/ , 6wnM YMHOlKeHW Ha K03¢$M4HeHT 0,345, 

4T06bl COBMeCTMTb MX C AaHHblr~vl HacTOAmei1 pa60 Tbl. f)onee BblCOKHe 


121
3Ha4eHMA • BepOATHO, cBA3aHbi C TeM, 4TO aBTopbl He AenanH nonpaB-
KY Ha caMonornOmeHMe 3nMTennOBWX He~TpOHOB n pOBo nOKaMM M3 MHAMA, 
C nOMOm b~ KOTOPWX npOBOAMnOCb H3MepeH Me . Te M He MeHee MOlKHO 
CAenaTb BWBOA, 4T O 06mMI1 xapaKT e p nonY4eHHWX 3 aBMCMMOCTe~ COB
naAaeT. 

Ha pMc.2 nYHKTMpHO~ nHHMe~ HaHeceHW pe3ynbTaTw paC4eTa 
no $opMyne 161 B npeAnonOlKeHHH OAHOKpaTHoro B3 aM MoAe~c T BMA 
pacceAHHWX He~TpOHoB C BemeCTBOM 06pa34a. BMAHO, 4TO B 06naCTM 
Manwx TonmM H pe3ynbTaTw COBnaAa~T. WTpMx-nYHKTMpHaA n pRMaA , 
npOXOAAmaA 4e pe3 3KcnepHMeHTanbHwe T04KM, nOKa3WBaeT, 4TO, 
CAenaHHwe Bwwe npeAnonOlKeHHA 0 nMHe~HO~ 3aBMCMMOCTM YBe
nH4eHMA 3KTMBH OCTH nocne AOCTMJKeHMA HeK o TopoM TonmHHbl 
06 pa34a, TaKlKe BwnonHR~TCR. 

Pe3ynbTaTw, npMBeAeHHwe Ha pMc.1 M 2, n03BonA~T 04eHMTb, 
HanpHMep, MaKCHManbH O B03MOlKHYlO TonmMHY 06pa34a AnA npO BeAeHHA 
HAA 3neMeHTa C 13 /l1 T = 10 Ha 3nMTennOBbiX He~TpoHax, MMeiOll\H X 
cneKTp l IE I-f3, rAe f3 = 0,05. EcnM 3aAaTbCA T04HOCT bIO npOBeAeHMA 
aHanM3 a 5% M B03MOlKH WM OTnH4MeM KonM4eCTBa BOAW B 06pa34e M 3Ta
nOHe - 10% OT Beca np06bl, TO MaKCMMa~bHaA TonmMHa COCTaBHT 
3,0 r.cM- 2. npM4eM 60nbwaA 4aCTb OWM6KM 13 . 5%1 B03HMKaeT BcneA
CTBMe B03MOlKHoro npMpOCTa aKTHBHOCTM Ha 3nMTennOBwx He~TPoHax, 
a 1,5% -	 Ha HefiTpoHax C 3HeprMei:1 E <.: E Cd' 

Pe3ynbTaTw, npHBeAeHHwe Ha pMc.2, nOKa3WBa~T, 4T O M npM npo
BeAeHHH aHanM3 0B Ha TennOBWX He~TpOHax 3neMeHTOB C ManwM OTHO
weHMeM 13 /U T = 1,TaKlKe B03MOlKHa oWM6Ka, CBA3aHHaA C pacceAHMeM 
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3nHTennOB~X. BcneACTBHe 3Toro B nonA X He~TpoHoB, rAe BenHKa 
AonA 3nHTennoB~x, TaKlKe CYmecTByeT orpaHM4eHMe Ha pa3Mepw 

06pa 34 a . 
PacceAHHe He~TpoHoB npoMcxoAMT TaKlKe Ha AApax MaTepHana 

ynaKoBKH, KOTOPY~ 06W4HO Aena~T H3 KBap4a, 4MCToro an~MMHMR 
MnH nonM3THneHa. HaMMeHbwee pacceAHMe He~TpoHoB npoMcxoAMT 
Ha AApax BemeCTBa KBap4a M an~MMHMA, HO nonM3TMneH caMw~ Aewe
B~~ MaTepHan. AnA npoBeAeHHA MaCCOB~X aHanM30B M3 nonM3THneHa 
MOlKHO M3rOTaBnHBaTb KOHTe~Hep~ AnA pa30Boro Mcnonb30BaHMA, 4TO 
MOlKCT 06ner4MTb np060nOAroTOBKY. ~ XOTA Ha AApax BOAopoAa, co
AeplKame rocR B nonM3TMneHe, 6YAeT npoHcxoAMTb pacceRHMe He~Tpo
HOB, 3TO He 6YAeT MMeTb oc060ro 3Ha4eHMA, ecnM YBenM4eHMe aK
TMBHOCTM, B03HM Ka~mee 3a C4eT 3Toro pacceAHMA, HeBenMKO M no
CTOAHHO AnA Bcex 06pa340B. npM 06ny4eHMM 3nMTennOB~MM He~Tpo
HaMM 06pa340B, ynaKoBaHHwx B nonM3TMneHOBw~ KOHTe~Hep, He06xo
AHMO 3KpaHMpoBaTb KaAMMeM KalKA~~ M3 HMX; B npoTMBHOM cnY4ae, 
HanpMMep, npM BHeWHeM 3KpaHMpoBaHMM 4eno~ CTonKM 06pa340B, MO
lKeT 06pa30BaTbCA 60nbwoe 4Mcno nOAKaAMMeBwx He~TpoHOB. 3TO 
npMBeAeT K yeenM4eHM~ aKTMBHOCTM Mewa~mMX 3neMeHTOB M KaK cneA
CTBMe 3Toro - K YBenM4eHM~ npeAena onpeAeneHMA. 

KaK cneAyeT H3 $OpMynbl 1101, nonM3TMneHOBaR ynaKoBKa HeAo
nYCTMMa npM Mcnonb30BaHMM pe30HaHCH~X $MnbTpoB. CHHlKeHMe 3$
$eKTMBHOCTM 3KpaHMpOBKM npM 06nY4eHMM 06pa340B B nonM3TMneHO

BWX aMnynax Ha6n~AanOCb B pa60Te /7 ' 

~3MEPEH~E K03$$~U~EHTA PACCERH~R HEnTPOHOB 

BE~ECTBOM rEOnOr~YECKOrO 05PA3UA 


npM 4McneHHWX paC4eTax Ino $opMyne 101 3$$eKTMBHoCTM npMMe
HeHMA pe30HaHCHbi X ~MnbTpoB AnA 06pa340B 60nbworo 06beMa He06
XO AMMO 3HaTb MaccoBbli:1 K03cP$M4MeHT pacceAHI~A fLso peanbHblx Bbl
cyweHHblx 	 06pa340B. AnA 3KcnepMMeHTanbHoro M3Me peHMA 3Toro K03$
$M4MeHTa B cnY4ae M30TponHoro pacnpeAeneH~R 6bln Mcnonb30BaH Me
TOA pe30HaHCHWX cPMnbTpoB M cPopMa nbHoe n peAcTaBneHMe nOTOKa 
He~TpoHoB, npoweAWMX $MnbTp, CYMMO~ ASYX n OTOKOB I KaK 3TO pac

CMaTpMBanOCb Bwwe/. 
DnA 3KcnepMMeHTa 6wnM npMroTo BneH w o6 pa3 uw reonorM4 ecKoi:1 

nD06~ Da3Ho~ TonWMHW: 4eT~oe 06oa 3ua TonWMHO~ 0,43 r.cM- 2 
, AGa 

- no 0,215 r.cM- 2 M ABa - no 0 , 107 r.cM- 2 . B KalKAbl~ 06pa3e4 
6wno A06aBneH o npM Tm a TenbH OM nepeMeWMBaHMH HeKOTopoe KonM4eCT
BO paCTBopa, COAeplKamero 4 Mr CYPbMW. 06pa3uw BWCYWMBanMCb M 
ynaKoBblBanMCb B anlOMMHMeBYIO <jlonbry TonmMHoi:1 0,05 MM. Me lKAY KalK 
AO~ napo~ 06pa340B oAMHaKoBo~ To nll1MHbl nOMemanMcb MOHMTOPbl M3 
CYPbMW M 30noTa, TaKMe lKe MOHMTOPW 6wnM pacnono*eHw Ha BH ewHe~ 
nOBepxHoc TM napw. MOHMTopaMM cnYlKMnM KPYlK04KM $MnbTpOBanbHo~ 
6YMarM, nponMTaHHo~ pacTBopoM, cOAeplKamMM M3BeCTHoe KonM4eCTBO 
CYPbMbl MnM 30nOTa, M TmaTenbHO BblcyweHHble, a 3aTeM 3anaAHHbie 
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8 naBCaH08YIO nneHKY TOnll\IIIHoi1 5 MKM. Bee napbl oG pa 3 L10 B C MO I1111 ro
aMIll pa3Mell\an MCb MemAY $ lIInbTpaMM M3 eCTe cTBeHHo~ CYPbM~ TOnll\M

2HO~ 5 MM, KpOMe OAHO~ napbl 06pa3L10B TOnll\lIIl~O~ 0, 43 r . cM- . MemAY 
(j1l-t n bT pa MI-I pa3Mel1lanlllCb TaKme MOHIHOPbl 6e3 06pa3 L1 0B . npMroToBnell 
Hble TaKMM cnoco60M o6pa34N !II MOHMTOP~ AononH!IITenbHO 6b1nlll 3Kpa
HlllpOBaHbI KaAMllleM M OAHOBpeMeHHO o6nY4eHbI B none He~TpoHoB 
rpa$MTOBoro Ky6a. MOHIllTopbl C 30nOTOM cnymlllJ1M t4oHillTopaMill nnOT 
HOCT III nOTOKa He~TPoHoB. HCT04HMKOM He~TpoHoB cnymMn ypaHoebl~ 
KOHBepTOp, o6nY4aeMbI~ TOPM03HblM 1113J1Y4eHllleM MI-IKpOTpOHa. nO CJ1e 
o6nY 4eHMfI aKTIIIBHOCTb o6pa3408 ., MOHIllTOPOB M3MepflnaC b Ha Ge(Llr 
AeTeKTope . 

K03!ll!ll >14I11eHT /L MomeT UblT b Hai'1AeH ~13 CJ1eAYlOlI\e~ CI-ICTeMbiso 
ypa8He HIII ~ : 

1 
1 KtJ A t - A 2 ·C A I - A~~(l1s"O) . C , A - - A.ll E" (~/L . 0) I C1 	 ~ :!..; .... 3 

rAe C t - aKTIII8HOCTb MOH IllT opa, nOMell\eHHoro Me~AY o6pa34aMIII; 
C~ - Ha BHewHe~ nOBepxHocTIll 06pa3L1a; C~ - o6nY4eHHor o 5e3 06pa3
408; Al - aKTHBHOCTb MOHIllTopa , 05ycn08neHHafl nOTOKOM co cneKT
por~, He 1.13MeHelHibU1 ¢I.1Jlb TPOt~. A'J - al<T I.1BHOeT b MOI·tI'ITOpa, o6ycno8
J1eHHafl nOT OKOM IIei1TpnHoB c m"Hei14aTblM cneKTpoM, E(x) - raGynw' 
p08aHHa~ ~YHK4111f1. 

B pe3ynbTaTe rpa~1II4ecKoro peweHIllA 3T0i1 CI.1CTeM~ yp~BHeH!II~ 

6blJ10 Ha~AeHo /1r;0 AJlA KalKAo~ napbl oGpa34oB. CpeAHee ~Ha4eHllle 
K03(j)¢1>1 41>1eHra pacccAHVlA /lso =/0.19+0, 03/cM!!r- 1. 3KcnepIII~leHTaJ1b
1I0e 3Ha4eH>1e K03~~IIILI~leHTa /I hn B nOJ1TOpa pasa GOJlbUJt! OL\t:'HeHHoro. 
nO-BIIIAIliMOMY, 3TO MOlKHO 06~ACHII1Tb HaJ11.14HCM B re0J10rI.14eCKOM 06
pa34e c Bfl3aHHoA BOA~ . 

110 pe3ynbTaTilM M3MCpeHYlfI aKTIII8110CTill CypbMbl, j:\o6a8neHHoi;; 
B o6pa 3 u~ pa3nlll4Ho~ TOJl~II1H~, III cpaBHeHlllfI aKTII1BHOCTIll CYPbMbI 
9 3Kp aH illpOBaHHblX o6pa34ax \1 He3KpaHMpOBaHHWX onpCAeneHa 3¢~eK
TI.1 BHOCT b 3KpaHlllpOBKIll. 3KCnepI.1MeHTaJ1bH~e 3Ha4eHillA YMeHbW~HMR 
aKTIIIB HOCT Ill CYPbMbI, 1113MepeHH~e c OWMGKOi1 10{, paBHbI : 9 ~,2; 3,8 
1.1 2,9 pa3a AJ1~ Ton~IIIH 06pa3408 0,2 15; 0,43 >1 0,83 r o~-2 COOT
BeT CTBeHHO. Pac4eTbl, npoBeAeHHble no ~opMync /10/ C 1.13MepeHHblM 
/1S0' AalOT 3Ha4eHI.1f1 : 4,6 ; 3.7 112 , 9 COOTg eT CTBeHHO PaCC41.1TaHHbie 
3Ha 4e HI.1A Xopowo cornacYIOTcA C 3KCnepl.1MeHTanbHblMI.1, B npeAenax 
YKa 3aHHo~ OWIl16KIII. 

ABTop 8~palKa eT 6naroAapHoc Tb O.C.3aMflTHIIIHV 3a nOne3HbI€ 06
eYlKAe HI.1A pe3ynbTaToB pa6oTbl, A.M.Ky4epy III A. r .6en08Y 3a nOMO~b 
8 np08eAeHI.1H 3KCnepI.1MeHTOB. 
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npMHHMaeTCA no~nHCKa Ha npenpHHTW H Coo6~eHHA 06~eAHHeHHOrO HHCTHTyTa 

AAepHWX HCcneAOBaHH~ . 

YcTaHosneHa cneAy~aR CTOHMOCTb OOAnHCKH Ha 12 MecR~es Ha H3AaHHR OHRH . 
BKn04aA nepecwnKy, no OTAenbHWM TeHaTH4eCKHM KaTerOpHAM : 

HH~EKC TEHATHKA 

1 , 3KcnepHMeHTanbHaA ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4ecKaA ~H3HKa swcOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpOHHaR ~H3HKa 

4. TeopeTH4ecKaR ~H3HKa HH3KHX 3HeprHH 

S. MaTeMaTHKa 

6 . RAepHaA cneKTpOcKonHR H paAHOXHMHA 

] . ¢M3HKa TA*eflWX HOHOB 

8 . KpHoreHHKa 

9 . YcKOpHTenH 

10 . Aero~TH3a~HA o6pa60TKH 3KcnepHMeHtanbHwx 
~aHHWX 

11. Bw4HCnHtenbHaA MateMaTHKa H rexHHKa 

2 . X HMMA 

13 . TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

1~ . HccneAOBaHHA rsePAW X ten H •HAKocreH 
RAePHWMH MeTOAaMH 

15 . 3KcnepHMeHtanbHaA ~H3HKa AAePHwx peaK~H~ 

npH HH3KHX 3HeprHAX 

16. ~03HMeTPHA M ~H3HKa 3a~HTW 

17. TeopHA KOHAeHCHPQBaHHOfO COCTOAH~~ 

18 . Hcnonb30BaHHe pe3ynbTaTOB H MeTOAOB 
~YHAaMeHTanbHWX ~3~4eCK~X HCCfleAOBaHH~ 

8 CMe*HWX o6naCTAX HayKH H TeXHHKH 

19. f>H~H3HKa 

UeHa noAnHCKH 
Ha roL 

10 p. 80 KOn. 
--

17 p. 80 KOn. 
---
4 p. 80 KOn. 
---
8 p. 80 KOn. 
--

4 p. 80 KOn . 
---
4 p. 80 KOn. 
--

2 p. 85 KOn. 
--

2 p . 85 KOn . 
--

7 p. 80 KOn . 
--

7 p . 80 KOn. 
---
6 p . 80 KOn . 
--
p . 70 KOn. 

---
B p. 80 Kon . 
---
1 p. 70 KOn . 
--

P. 50 KOn. 
---
p. 90 Kon . 
--

6 p. 80 KOn. 
---
2 p . 35 KOn. 

---
1 p. 20 KOn . 

noAnHCKa MO*eT fiWTb ~OpMneHa C nc6oro HeCR~a TeKywero roAa . 

no seeM eonpocaM o¢opMneH~A noAnHCMH cneAyeT o6pa~aTbCR a H3AaTenb CKH ~ 
OTAen OHRH no aApecy: 101000 MocK sa, rnasno~TaMnT, n/A 79. 

TeTepea ~.r. 
Y4eT anHRHHR pacceRKHR HeHT~OHOB npM npoeeAeHHH 
aKTH&a~wOHHoro aHanH3a reonorw~ecKMx o6pa3~oa 

t8-85-lflt3 

Opw npoaeAeHHH HeHTpoHHo-aKTwaa~HOHHoro aHanw3a o6pa3~08 6on~woro aeca 
/6onee 5 r/ Hen~3R npeHe6peraTb B03M~eHHeM nonA 30MTenno-.x HeHTPOH08, 
awaaaHHoro pacceRHHeM HX Ha RAPax a~ecraa npo6w. 8oaMy~eHMe MO*eT nPM&ecTH 
K noRaneHHO aKTH&HOCTH, AOnOflHMTenbHOH K ToH, ~TO o6pa30&anaCb 6W ~ OTCYT
CT&He pacceRHHA. 3TO MO*eT CTaTb npH~KHOH OWK6KH npK npO&eAeHHM aHaflH30B 
c noMO~bO aranoHOB· Oco6eHHO cwnbHO npoRanReTCA pacceRHHe npw wcnonbaoaaHHM 
peaoHaHcHwx ~wnbTPOB He~TPOHOB. PacceRHwe aeAeT K yMeHbWeHMO a~~eKTHBHOCTM 
3KpaHwpoaKw. B pa6ore nony~eHw aHanwrw~ecKKe awpG*eHHR AflR 3a~cMMOCTH &enM
~HHW OWM6KH MOH ~~eKTHBHOCoH 3KpaHHPOBKH OT CneKTpa HeHTPQHOB ~ OT pa3MePOB 
H paCCeHBa~HX csoHCTB B~eCTBa o6paa~a. 0oKa3aHO, ~TO OCHOBHOH &KnaA 
B pacceRHHe HeHTPOHOB BHOCMT npHCyTCTBKe 8 o6pa3Ue SOAW. Oony~eHW 3KCnepHMeH~ 
TaflbHWe OOATSep*AeHHR pe3YflbTaTOS pac~eTa. 

Pa6oTa awnonHeHa a fla6opaTopwH RAepHwx peaKUHH OI~M. 

OpenpHHT 06~eAHHeHHOrO HRCTHTYTB RAePHWX HecneAOBaHRA. ~y6Ha 1985 

18-BS-443 
Teterev Yu.i;. 
About the Neutron Scatterino Effect During Activation 
Analysis of Geolog ical Samples 

Uuring the neu t ron activation analysis of great mass samples (more 
than 5 g) one cann ot neglect the perturbation of epithermal neutron field 
caused by their scattering on sample matter nuclei. Perturbation can lead 
to 'appearance of an activity in addition to that formed without scattering.' 
This will cause errors during analysis by means of standards. Scattering is 
strongly develops when using neutron resonance fi l ters. It results in 
decreasing screeni ng effect. Analytical expressions areobtained for depen
dence of error va l ue or screening effectivity on neutron spectrum and 
dimensions and sample matter scattering properties. It is shown that the 
main contribution into neutron scattering brings in the presence of water 
in samples. Exp~r i mental confirmation of calculation results has been ob-

tained. 

The investigation has been performed at the Laboratory of Nuclear 

Reactions, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1985 


