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5aM6neBCKHfi B.n. 

3{jlcjleKTHBHOCTb pef'HCTpaUHH }'-KB8HI'OB KpHCI'ai1118MH 

AilS! 06'beMHb!X UH/1HHApH'!eCKHX HCI'O'!HHKOB 

Pl3 - 10367 
Nal<Tf) 

Pacc'!HTaHa a¢¢eKTHBHOCTb perHcTpaUHH y -Hany'leHHSI o6'beMHbiX uH-

11HHApH'!ecKHX HCTC'!HHKOB KpHcTannaMH NaHTf). BnepBbie paccMoTpen o6umfi 

BHA reOMeTpHH paC/10/lOlKeHHSI HCTO'!HHKOB H AeTeKTOpOB C OCeBOM CHMMeTpH

efi, npeAI10lKeHH8SI MeTOAHKC: D03BOI1SieT Bbl'l'IC/1S!Tb acjlcjleKTHBHOCTb perHCTpSUHH 

y -KBaHTOB KpHCTannaMH Nai<Tf) AilS! HCTO'!HHKOB reoMeTpHH MapHHennH, 

B H30Tp0DHOM none Y -KBSHTOB, a T8KlKe A/lSI HC TO'IHHKOB B BHAe AHCKOB H 

UH/1HHApOB npOH3B0/1bHb!X pa3MepoB, "Tpy6oK" H KO/leU C BHyTpeHHHMH paAHy

C8MH, npeBbiWaiOIIIHMH paAHyc KpHcranna, 8bi'!HC/1SIJOTCSI Ko3{jl{jJHUHeHTbi ocna6-

neHHSI B HCTO'!HHKe H ynaKOBKe AeTeKI'Opa, a TaKlKe reoMeTpH'!eCKaSI acjlcjleK

THBHOCTb, npeACTaBileHbl pe3yl1bTaTbl pac'!eTa a{jl{jleKTHBHOCTII perHCTpaUHH 

y -KBaHTOB B anepreTH'leCKOM HHTepBane 0,1-4 MaB KpHcTannaMH NaHTr> 
CJ4Qx4Q MM, (il63x63 MM, i!l10Qx10Q MM, Ql16Qx1QQ MM AilS! BOAHbiX HCI'O'!HII

KOB 06'beMaMH OT 0,1 AO 10 /1, npoBeAeHO cpaBHeHHe C /lliTepaTypHb!MH A811-

Hb!MH, Pa6oTa BbmonHeHa B Oraene paAnauHoHHofi 6e3onacnocTn O!HHI. 

llpenpBHT 061.e,llBHeHHOrO BHCTBTyTa •.llepHWX BCC/le,llOBaHBi. ,L{y6Ha 1977 

Bamblevskij V.P. Pl3 - 10367 
Gamma Detection Efficiency of Nai<n> Crystals 
for Volume Cylindrical Sources 

The gamma detection efficiency of Nai<Tf) crystals for 
volume cylindrical sources is calculated. For the first 
time the axisymmetrical geometry of arrangement of cylind
rical sources and detectors is reviewed. The proposed me
thod permits to calculate the gamma detection efficiency 
o f N al<Tfl c r y s t a 1 s for Mar i n e 11 i b e a k e r s w i t h s our c e s , for 
isotropic gamma-ray fields, as well as for sdurces in the 
form of disks and cylinders of arbitrary sizes, of the 
tubes and rings with inner radii which exceed the radius 
of a crystal. Attenuation factors in the sources and in 
the detector housing are calculated simultaneously as well 
as the geometrical efficiency. 

The results of calculation of gamma detection effi
ciency in the energy range 0.1 - 4 MeV for NaBTD ¢40x40 mm, 

¢63x63 mm, ¢100xl00 mm, ¢i60xl00 mm crystals and for 
aqueous sources of volumes from 0.1 till 10 liters are 
presented. 

The comparison with other published data is given. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1977 
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IlpH peweHHH MHOrHX 3a)J,a'l C npHMeHeHHeM CUHHTHJIJIH

UHOHHbiX raMMa- cneKTpOMeTpOB 'laC TO llpHXO)J.HTCH onpe)J,e

JIJITb y -aKTHBHOCTb 06'beMHbiX UHJIHH)J.pH'ieCKHX HCTO'IHHKOB. 

0)J.HaKO Bbi'IHCJieHHe 3~eKTHBHOCTH perHCTpaUHH 3Ha'IH

TeJibHO Tpy)J.Hee )J,JIH 06'beMHbiX HCTO'IHHKOB, 'leM )J.JIH TO

'Ie'IHbiX III acne)I,CTBHe 6onee cnmtmoil reoMeTpHH, norno

meHHH a caM OM ucTO'IHHKe H T .)I.. B pa6oTax I 2•
11 pac

CMOTpeH 'laCTHbiH cnyqaif: )J,HaMeTpbi HCTO'IHHKa H )J.eTeK

Topa O)J.HHaKOBbi. Cne)J.yiOlUHH war B 3TOM uanpaaneHHH 

6biJI C)J,eJiaH aBTOpaMH pa60T 14,SI, KOTOpbie paCCMOTpeJIH 

06'beMHbie UHJIHH)J.pH'IeCKHe HCTO'IHHKH, OKpy)l(aiOlUHe )J.eTeK

Top /reoMeTpHR MapuHennu/. Ilpu<~eM B I 41 pac<~eTbi 
npoBO)J.HJIHCb MeTO)J.OM MoHTe- Kapno )J.JIH KpHcTannoa 

Nai<TP) pa3MepaMH (Z) 50x50 MM H 0 38x38 MM 6e3 y'leTa 

BJIH,HHJI ynaKOBKH KpHCTaJIJia, pac'leT )l(e, npe)J.JIO)I(eHHbiH 

BIS , CO)J.ep)I(HT pJI)J. ynpomeHHH, rJiaBHbiM H3 KOTOpbiX 

JIBJIJieTCJI paBeHCTBO )J.HaMeTpa H BbiCOTbi KpHCTaJIJia. 

B HacToJimeil pa6oTe paccMoTpeH o6muil BH)J. reoMeT

puu pacnOJIO)I(eHHJI UHJIHH)J.pH'IeCKHX HCTO'IHHKOB H )J.eTeK

TOpOB C oceBOH CHMMeTpHeH, KOTOpbiH, ecTeCTBeHHO, 'lame 

Bcero HMeeT MeCTO B CUHHTHJIJIJIUHOHHOH ClleKTpOMeTpHH. 

Ilpe)J.CTRBJieHbi pe3yJibTaTbi pacqeTa 3«WleKTHBHOCTH pe

rHCTpaUHH y -KBaHTOB B 3HepreTH'IeCKOM HHTepBaJie 0,1-

-4 M3B KpHcTannaMH NaHTf) pa3MepaMH (Z)40x40 MM, 

063x63 MM, 0100x100 MM, (Z}160x100 MM )J,JIR BO,l\HLIX 

HCTO'IHHKOB 06'beMaMH OT 0,1 ,1\0 10 II. 
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1. PaCCMOTpHM BHa'laJie cnyqaii, KOr,zJ,a pa,IJ,HYChl HC

TO'IHHKa H KpHCTanna paBHhi I puc. 11. 3«b<PeKTHBHOCTh 

perHCTpaU.HH y- KBaHTOB dE) JJ,JIH yKaJaHHOH reoMeTpHH 

onpe,IJ,eJIHeTCH 4JopMynoii 

dE)= - 1 -ffll-exp[-fL(E)ZJI·exp[-r(E)X] x 
4rrV v Q 

x exp[-K (E)Y]dQdV, Ill 

r,IJ,e V H Q - 06JiaCTH HHTerpHpOBaHHH ITO 06beMy HCTO'l

HHKa H TeJieCHOMY yrny; /l(£), r(E), K (E)- ITOJIHbie JIHHeii

Hbie K034JiiJHU.HeHTbl OCJia6JieHHH y -KBaHTOB C 3HeprHeH 

E/6/ JJ,JIH MaTepHanoa KpHcTanna, HCTO'IHHKa H ynaKOBKH 

COOTBeTCTBeHHO; X, Y, Z - npo6erH y- KBaHTOB B HCTO'l

HHKe, ynaKOBKe H KpHcTanne Nal<Tf ). 34J4JeKTHBHOCTh <(E), 
onpe,IJ,eJIHeMaH 4JopMyJIOH 111, 03Ha'laeT OTHOllieHHe KOJIH

'leCTBa JaperHCTpHpoaaHHhiX y- KBaHTOB c 3Heprneii E K 

'IHCJIY o6paJoaaHHhiX a HCTO'IHHKe )'-KBaHTOB Toil )l(e 

3HeprHH. llocne paccTaHOBKH npe,IJ,enoa HHTerpnpoaaHHH 

a 4JopMyne I 1/ nonyqaeM 

r --
1 

~ 

"" 

I:Q 

4 

' 
' 

' 

L 

HCTO'IIHH~ 

Nal(Tl) 

't 

Puc. 1. K pac"'emy 3rjjrjjeKmueHo
cmu pezucmpa14uu y- KBaHmoe 

KpucmaAAaM u Nal('ff) OAJI o61>eM
HbiX I.IUIIUHOpU"'eCKUX UC1/l0'-IHU

K08. 

"'" 

d+ L A TT 02 

<<E)= _I - J dh J pdp J d¢ J 11-exp[--t.dE>Zll x 
rrBA2 d o o o 

x exp [- r<E>X] · exp [-K (E)Y] sin OdO , 

r,IJ,e 

X (h-d)/cosO 

Y = c/cosO 
,!J,JIH 0 < 0 < 0 

2 

~ 
Bl cos e' eCJIH 0 'S_ (} ~ 0 l 

z = 

(p cos¢ + /A 2 ~; 2 sin2¢ )/sinO - h/ cosO, ecnu 

0
1 

= arctg[(pcosc,l> + /A 2 -p 2 sin 2 ¢)/(h +13)]; 

0 2 = arctg[(p cosc,l> + J;2- p 2 
sin 

2¢)/h]. 

121 

131 

0(0::_02; 

141 

lSI 

161 

HcnonhJYH 4JopMyJihi 12-61, MO)I(HO npoao,IJ,HTh pac'leTbi 

£(E) Ha 3BM. 
Ha puc. 2 noKaJaHa reoMeTpHH pacnoJIO)I(eHHJI o6beM

Horo HCTO'IHHKa H JJ,eTeKTOpa, JJ,JIH KOTOpOH npoBe,IJ,eHbl 

pac'leTbl dE) a JJ,aHHOH pa6oTe. BHJJ.HO, 'ITO aecb HCToq

HHK cocTaaneH HJ Tpex HCTO'IHHKOB I, II, III. Pac'leTbl 

f (E) JJ,JIH Ka)I(JJ,OrO HCTO'IHHKa npOBOJJ,HJIHCb OTJJ,eJibHO no 

4JopMynaM, aHanorH'IHhiM 12-61 c ornH6Koii He 6onee 2%. 
HcTO'IHHK, cocTaaneHHhiH H3 HCTO'IHHKOB I H I I I, 

6y,IJ,eM HaJbiBaTb "HCTO'IHHK IV ", a aecb HCTO'IHHK, 

HJo6pa)l(eHHhiH Ha puc. 2, 6y,IJ,eM HaJbiBaTL "HCTO'IHHK VI ". 
060JHa'leHHH Ha pUC. 2 6y,IJ,yT HCITOJib30BaHbl B JJ,aJibHeii

llieM. 

Cne,IJ,yeT OTMeTHTL, 'ITO JJ.JIH HCTO'IHHKa I MO)I(HO Bhi

'IHCJIHTL <<E) H JJ,JIH CJiy'laH, KOr,IJ,a pa,IJ,Hyc 3TOrO HCTO'l-

5 



A1 

~ 

.... , 
"d·l I 7/ ; 1 1 I (I ( ( ( I c ( ( I< I 

~ 
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Puc. 2. PaccMampuaaeMa.R npu pac'lemax zeoMempu.R pacno
AOJICeHUJI oemeKmopa u o6oeMHozo ucmo'IHUKa /zeoMempu.R 
MapuHeAAu/. 

HHKa A 1 MCHhiiie, lfCM pa.D,uyc KpHcTanna A , a ecnu 

nono:>KHTh R
2
=0, TO MO)I(HO BhllfHCJIHTh E (E) )J,JIJI HCTOlfHHKa 

IV, KOTOphiH npe.D,cTaBnHeT co6oii. u.unHH.D.PHlfCCKHH uc

TO'IHHK .D,HaMeTpOM 60JihlllC .D,HaMeTpa KpHCTanna. 

II . C u.enhiO cpaaueHHH paclfeToB c 3KcnepuMeHTOM 

onpe.D,CJIHJIHCh E (E) )J,JIH HCTO'IHHKOB, npe.D,CTaBJIHIOII(HX CO-

6oii. BO.IJ.HhiH pacTBop H30Tona 
198 Au. ll3MepeHHH npoao

)J,HJIHCh Ha O.D,HOKpHCTaJIJIHlfCCKOM y- cneKTpOMCTpe C KpH

CTaJIJIOM Nal<T n pa3MCPOM QJ 79x58 MM, HMCIOII(CM pa3pe-

IIICHHC no 137Cs OKOJIO 100/o. 3KcnepHMCHTaJihHhlC 3HalfCHHH 

E onpe.D,enxnuch no dJopMyne: 

f 
s 

qVF TJ X 100%' /7/ 

6 

"' 

,., 

.. 

"' 

r.D,e S [ uMn/c] - nnoma.D.h $oTonuKa B cneKTpe, nonyqeu

uoro OT 06'hCMHOrO HCTOlfHHKa; V [MA ) - 06'hCM HCTO'IHHKa; 

F - d>oTolfaCTh KpHcTanna Nai<Te) paJMepoM (2) 79x58 MM 
H y-KBaHTOB TO'IC'IHoro HCTOlfHHKa 198 Au; q[pacnjc.MA ] -
Y.IJ.CJihHaH aKTHBHOCTh HCTOlfHHKa, onpC.D,CJICHHaH MCTO.D,OM 

fry - COBna.D,CHHH; TJ - BhiXO)J, y- KBaHTOB Ha pacna.D, H30Tona 
19BAu /7/ . 

3Halfeuue F onpe.D,enxnoch 3KcnepHMeHTanhHO u oKaJa

noch paBHhiM 0,70, 'ITO xopoiiio cornacyeTcH c .D,aHHhiMH /8/. 
Cne.D,yeT OTMCTHTh cna6y10 JaBHCHMOCTh F OT paccTOHHHH 

MC)I(.IJ.Y TO'IC'IHhiM HCTO'IHHKOM H nOBCpXHOCThiO KpHCTan

na /9/, Pe3yJihTaThi 3KcnepHMCHTa npe.D,cTaaneHhi B ma6Au
t~e, r.D,e )J,JIJI Ka)I(.D,OrO HCTOlfHHKa yKa3aHhl pa3MCphl, 06'heM, 

3KcnepHMCHTanhHhie u pacclfHTaHHhie J$$eKTHBHOCTH. Bu.D,

uo, 'ITO cornaCHC MC)I()J,y 3KCnepHMCHTOM H paCl{CTaMH 

xopoiiiee. 

III . Ha Haiii B3rJIH.D., npe.D,cTaBnHnoch uenecoo6pa3HhJM 

H HHTepeCHhiM cpaBHHTh HaiiiH pe3yJihTaThl C pe3yJihTaTaMH 

auanorHlfHhiX paCl{CTOB .D,pyrux aBTopoa. HaiiiH paCl{CTbi 

c(E).D,JIH reOMCTpHH HCTOl{HHK- KpHCTann,yKa3aHHbiX B / 2 , S/ , 

OTJIH\faiOTCJI OT paClfCTOB E(E) B 3THX pa6oTaX HC 6onee 

'ICM Ha 0,40/o H 1 ,00/o COOTBCTCTBCHHO. Ha puc. 3 llOKa3aHbl 

peJynhTaTbi paclfeTa MeTO.IJ.OM MoHTe-.Kapno H 3Kcnepu

MeHTanhHoro onpe.D,eneHHH c H3 I 4/, a TaK)f(C Haiii pacl{eT 

E .D,JIH KpHCTanna Nai(Tf) pa3MCpOM 0 50x50 MM H HCTOl{HHKa 

IV, npe.D,cTaBnHIOmero co6oii. raJOBbiH HCTO'IHHK 41 Ar 

[1o 

"l Q6 '"--..... ........ 

05 --r- -0.4 --~ .... -- -0.3 ~ ---
0.2 

0.1 

0 
0 1 2 3 4 5 b l 8 

d1, CM 

Puc. 3. 3aaucuMocmt. E om paccmo.RHU.R d 1 OA.R KpucmaAAa 
NaHTO pa3MepoM !Z>50x50 MM u za3oaozo 41 Ar ucmo'IHUKa 
IV I R 1 = 15 cM, R 2 =0, d2= 12,5 cM, c1 =c 2 =0/; 
x - :JKcnepuMeHm /4/, · - pac'lem /4/, --- - Haw pac'lem. 
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B 1101 pacc'IHTaaa 34><}leKTHBHOCTL t: i(E) KpHCTannoB Nai(TI') 

B H30TponaoM none y - KBaHTOB. B 3TOM cnyqae t: . (E) 
I 

onpe~enHeTCH KaK BepOHTHOCTb perHCTpaUHH y-KBaHTa, 
na~aiOIUero aa KPHCTann. Ha puc. 4 npe~cTaBneHbi pe3ynL
TaTbi pac'leTa t:i(E) aBTOpOB pa60Tblf10/a ~aHHOH pa60Tbi. 

Ecna B <iJopMynax pac'leTa dE) nonHLiii naaeiiHLiii KoJ<lJ
<lJauaeHT ocna6neHHH y - KBaHTOB B KpHCTanne 3aMeHHTb 
nonHbiM naaeiiHLIM Ko34><}lauaeHTOM ~nH <iJoTo34><}leKTa, TO 
MO:>KHO Bbi'IHCllHTb 3dJdleKTHBHOCTb € f(E) , noKa3biBaiOl.QYIO, 

Puc. 4. 3!PrjeKmueHocmb q 
KpucmaAAoe Nai (Te) pa3-
MepaMu ;J76.2x76.2 MM /1/ 
U Qj J27x127 MM /2/ OA.R 
U3omponHozo noA.R y -
KeaHmoe /c 1=d 1 =c2 =dz= 
=0/; --- - pac1.1em /10/ , 

- Haw pac1.1em. 4 
E,M•B 

KaKaH 'laCTb nepBH'IHbiX y ·KBaHTOB, HCnyl.QeHHbiX HCTO'I
HHKOM, Bbi30BeT <iJoToJ<ll<iJeKT B KpacTanne. 3Ha'leHHH t: f (E), 

pacc'IHTaHHLie B /II/ a B ~auuoii pa6oTe, npe~cTaBneHbi 
ua puc. 5. 

CpaBHeuae dE), onpe~eneHHbiX no uameii MeTo~HKe, 
C pe 3YllbTa TaMH ~pyrHX aBTOpOB o6uapy:>KHBaeT, C O~HOH 
CTOpOHhi, o'leHL xopomee cornacae, a c ~pyroii - ~eMou

CTpHpyeT IIIHpOKHe B03MO:>KHOCTH npHMeHeHHH Haiiiero Me
TO~a. 

IV. Ha puc. 6 npe~cTaBneubl pe3ynLTaTLI pac'leTa 
3WWeKTHBHOCTH t:(E) ~nH pa3nH'IHbiX pa3MepOB KpHCTannOB 
Nal(Tf) H BOJJ.HbiX HCTO'IHHKOB VI. B Ka'leCTBe MaTepaana 
ynaKOBKH paccMaTpHBancH aniOMHHHii. Pa3MepLI KpHcTan
noB yKa3aHhl Ha 3TOM pHCYHKe B MHllllHMeTpax, OCTanh
Hble - B CaHTHMeTpax. 

O~uoBpeMeauo c pac'leTaMH t: (E) Bbi'IHCnHncH pH~ Be
llH'IHH, none3HbiX B npHKlla)J.HOH raMMa·cneKTpOMeTpHH: 
reoMeTpH'IeCKHH <iJaKTOp, 34><}leKTHBHOCTh perHCTpaUHH nep-
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E. M36 

Puc. 5. 3¢(/JeKmUBHocmb ( r Kpu
cmaJZJia NaHTr) pa3MepoM 
0 76,2x76,2 MM OJI.R aJI10MUHue
Bozo ucmo'iHUKa I; Ar =1, 90 cM, 
C 1=0, d1 = 0,3 CM, H1 =1 CM /1/, 
R1 =3 cM /2/. -- - pac'iem /II/, 
- - - - Haw pac'iem. 

BH 1·IHOro y -KBaHTa, ~OeTHrmero KpHeTanna, a TaK)I(e 3Ha

"'eHHH I!JyHKU.HH T1 (E) H T2<E>, noKa3biBaJOIIJ,HX, eooTBeTeT

oeuuo, KaKa.H "'aeTb nepBH"'HbiX y- KBaHTOB, neT.HllJ,HX B 

eTOpOHy KpHeTanna, He llpOB3aHMO~eHeTByeT B eaMOM 

HeTO"'HHKe H B ynaKOBKe. EenH eaMooena6neHHeM }'- KBaH

TOB B HeTO"'HHKe MO)I(HO npeHe6pe"'b /HaOpHMep, ~n.H ra-

30BOrO HeTO"'HHKa/, TO 34J4leKTHBHOeTb perueTpaU,HHc
1

(E) 

B 3TOM enyqae eB.H3aHa e f (E) eOOTHOlUeHHeM 

c 1 (E) = dE)/T 1 (E). /8/ 

Eenu )l(e BnHHHHe ynaKOBKH HeeymeeTBeHHO, TO 34J4leK
THBHOeTb c2(E)MO)I(H0 Bbi"'HenHTb DO I!JopMyne: 

c 2 <E> = dE>/T 2 <E>. /9/ 

10 

E%1 I I I I II ill I I I 

E.r.L I 11111111 I 'J 
12 =-----.._ ff'\.C""l .. c~- .. 

10 ~ "' -l 

8F ............ ~ •1 -1 
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Puc. 6. 3(/JdieKmuBHocmb pezucmpaijuu y- K6aHmo6 KpucmaJZ
JIQMU Nal(T~) pa3MepaMU 0160x/00 MM, 0 100x100 MM, 
063x63 MM, 0 40x40 MM OJI.R BOOHbiX ucmO'iHUK06 VI. 
c 1 =d 1 = c 2 = d 2 =0,4 cM, B-H =0,5 cM. ' 

,l],n.H oo~HhiX uero"'HHKOB VI I!JyHKU.HH T 1 ena6o JaoueHT 

oT pa3Mepoo Kpueranna /eM. puc. 7/, a Tz ena6o JaBHeHT 

KaK OT pa3MepOB KpHeTanna, TaK H OT reoMeTpH"'eeKHX 

pa3MepOB HeTO"'HHKa /eM. pUC. 8/. 
0TMeTHM TaK)I(e, "'TO pae"'eT reOMeTpH"'eeKOrO I!JaKTOpa, 

liJYHKU.HH T 1 H T 2 MO)I(eT oKaJaTheH u.eneeoo6pa3HhiM npu 
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T.i 

R1.1lR_a.(CMI 

I I 
1~1 ;1.. 1 

2-2,2 
3-4' 4 
4-6' 6 

05 o~.1----Q~2~~-QL4~MLLQL8L1L_---+2--~J4 
£ ,M>B 

Puc. 7. 3aeucuMocmb (/JyHKfiUU T1 
om · 3Hepzuu y- KeaHmoe i:>A.R 
eoi>HbiX ucmot~HuKoe VI u oe
meKmopoe pa3MepaMu ~ 160 x 
X 100 MM U ~ 40x40 MM. CI = 
=d1=c2=d2=0,4 CM, B-H = 
= 0,5 CM. -- -f/)160x100 MM; 
-- - - '/J40x40 MM. 

rpa~yHpOBKe He TOllhKO ~eTeKTOpOB Ha OCHOBe KpHCTanna 

Nai<TP), HO H ~pyrux THnoB ~eTeKTopoa. 
IJpe~llO)I(eHHaR B HaCTOR~eH pafioTe MeTO~HKa ll03BOll11-

eT BhiYHCll11Th J<ixbeKTHBHOCTh perHCTpaLJ.HH y -KBaHTOB 

KpHCTannaMH Nai<Te) ~ll11 HCTOYHHKOB B reoMeTpHH Mapu

HellnH, B H30TpOllHOM none y-KBaHTOB, a TaK)I(e ~ll11 HCTOY

HHKOB B BH~e ~HCKOB H U.HllHH~pOB llpOH3BOllhHhiX paJMepoB, 

uTpy6oKu H Koneu. c BHyTpeHHHMH pa~uycaMH He MeHhWe 

pa~uyca KpHcTanna. 

PeJynhTaThi ~aHHOH pa6oThi MoryT c ycnexoM npu

MeHRThCR B HeHTpOHHO-aKTHBaU.HOHHOM aHallHJe, pa~uau.u-

Tz 
Q9 

0.8 

0.1 

()j 4 
, MJ6 

Puc. 8. 3aeucuMocmb (/JyHKt~uu T 2 om 3Hepzuu y- KeaHmoe 
OA.R ucmot~HUKoe VI u oemeKmopoepa3MepaMu f/J160x100MM 
U ~40x40 MM C ynaK081<0U U3 QA10MUHUJI.CL =d1=c 2= d2= 
= 0,4 CM; B-H= 0,5 CM. 1 - ~ 40x40 MM,H

1
xR

2
=6x6 CM; 

2- 0160x100 MM, R
1
xR

2
= 1x1 CM. 
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OHHOH Me~HU.HHe, B HCCne~OBaHH11X pa~HOaKTHBHOCTH OKpy

)l(aJO~eH cpe~hl, KOHTpone Bhl6pOCOB pa~HOaKTHBHhiX OTXO

~OB A3C H B ~pyrHX Hay'IHhiX H npHKna~HhiX o6naCT11X, 

CB113aHHhiX C llpHMeHeHHeM CU.HHTHllll11U.HOHHhiX raMMa

ClleKTpOMeTpOB. 

B JaKnJO'IeHHe aaTop Bbipa)l(aeT 6naro~apHOCTh 

M.M.KOMOYKOBY Ja llOCT011HHOe BHHMaHHe H HHTepec K 

pa6oTe, a TaK)I(e A.H.CanThiKOBY Ja KOHcynhTau.uu npu 

paJpa6oTKe anropHTMa pacYeTa. 
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