


npH HeHTpOHHo-aKTHBa~HOHHOM aHanH3e 3neMeHTOB, HMe~HX 6onb
WHe ce~eHHR aKTHBa~HH Ha 3nHTennoa~x HeHTPOHax, o6ny~eHHe o6pa3-
~oe npoH3BOART a Cd 3KpaHax. KaK noKa3aHo a pa6oTaxll, 2/, a pei. 
3ynbTaTe 3Toro npH H3MepeHHH Ha raMMa-cneKTpOMeTpe o6ny~eHH~x 
o6pa3~oe ~oH 3Ha~HTenbHo cHH•aeTCR. Ho H a 3TOM cny~ae aKTHBH
PYOTCR 3neMeHT~, KOTOp~e HMeOT pe30HaHC~ B o6nacTH 3nHTennoB~X 
HeHTpoHoe, TaK•e C03Aa~He 3Ha~HTenbH~H ~oH. 8 pa6oTax12•3/ npeA
no•eHo Hcnonb30BaTb AOnonHHTenbH~e ~HnbTP~ KaK H3 6opa, TaK H 
H3 caMHX Mewa~HX 3neMeHTOB. Uenbo AaHHOH pa6oT~ RBnReTCR B~Rc
HeHHe B03MO*HOCTH HCnOnb30BaHHR TaKHX ~HnbTPOB H HCCneAOBaHHe 
3aKOHOMepHOCTeH 3KpaHHPOBKH. 3KcnepHMeHTanbHaR ~aCTb pa6oT~ 6~na 
B~nonHeHa B none HeHTPOHOB rpa~HTOBOrO Ky6a. 8 Ka~eCTBe HCTO~HH-

I Ka HeHTpoHoa cny•Hn ypaHo~~H KOHBepTop, o6ny~aeM~H Top- · 

/I
M03H~M H3ny~eHHeM MHKPOTPOHa/4/, HH*HRR rpaHH~a 3HeprHH HeHTpo
HOB, aKTHaHpy~HX o6pa3e~, o6ny~aeM~H B 3KpaHe H3 KaAMHR, coc-

1 TaBnReT 0,68 38 npH TO~HHe 3KpaHa 1 MM/ 5/, rpaHH~Y 3HeprHH HeH
TPOHOB MO*HO nOAHRTb e~e B~We, npHMeHRR 3KpaH H3 6opa, 
HO T.K. ce~eHHe norn~eHHR HeHTPOHOa 6opOM nOA~HHReTCR 3aKOHy 
1/v, TO onpeAeneHHOH rpaHH~~ HeT H HaH6onbWee CHH*eHHe aKTHBHoc

TH npOHCXOAHT AnR 3neMeHTOB, HMe~HX MeHbWYO 3HeprHO pe30HaHca. 
B npoaeAeHHOM HaMH 3KcnepHMeHTe npH Hcnonb30BaHHH 3KpaHa H3 Kap~ 
6HAa 6opa C napa~HHOM /a BeCOBOM COOTHOWeHHH 4:1/ TOn~HHOH 3 MM 
aKTHaHOCTb 30nOTa, HMe~ero pe30HaHC npH 3HeprHH HeHTPOHOB 4,9 38, 
yMeHbWHnaCb B 3 pa3a no cpaBH8HHO C aKTHBHOCTb~, nony~eHHOH B 
TOM •e none HeHTpOHOB 6e3 3KpaHa, a aKTHBHOCTb cypbM~, HM~eH 

peSOHaHCW npH 3HeprHRX 6,2;15,5 38 H B~We,np~ o6ny~eHHH a 3TOM 
•e 3KpaHe ynana TOnbKO a 2 pa3a. "3 3Toro 3RcnepHMeHTa cneAyeT, 
~To npH aHanHse 30noTa a reonorH~ecKHx o6pas~ax, rAe ocHOBH~MH 
MeWa~HMH 3neMeHTaMH RBnROTCR CYPbMa H MWWbRK/ 2•3/, HMeO~He pe

J30HaHCW B BWCOK03HepreTH~eCKOH o6naCTH,HCnOnb30BaHHe 3KpaHa H3 
6opa, He AaeT nono•HTenbHoro 3~eKTa. 8 AaHHOM cny~ae 6onee nep
cneKTHaHWM RanReTCR npHMeHeHHe pe30HaHCHWX ~HnbTPOB H3 B~eCTBa 
Mewa~ero 3neMeHTa. HeHTPOHW c 3HeprHeH a o6nacTH pe3oHaHcoe 
MeWa~ero 3neMeHTa norn~aOTCR ~HnbTpoM;H HX B03AeHCTBHe Ha o6-
ny~aeM~H o6pase~ CHH•aeTcR. Ko3~H~HeHT yMeHbWeHHR aKTHBHOCTH 
MO*eT 6~Tb HaHAeH KaK npeAenbHOe OTHOWeHHe aKTHBHOCTH TOHKOH 
·~nbrH H3 Mewa~ero 3neMeHTa B 3KpaHHpy~eM ~HnbTpe/ 5/ TO~HHOH 
d K aKTHaHOCTH ee B HeB03My~eHHOM nOTOKe/5/ npH CTpeMneHHH Ton
~~HHW ~nbrH t K Hyno, 
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rAe c/>epi - nnOTHOCTb nOTOKa 3nHTennoB~X HeHTPOHOB Ha eAHHH~Y ne
TaprHH, N- 4HCnO aTOMOB B CM 3 , 100 - pe30HaHCH~H HHTerpan, u 80 -

Ce4eHHe 3aXBaTa B MaKCHMyMe pe30HaHca. no 3TOH ~OpMyne fi~nH pac
C4HTaH~ K03~~H~HeHT~ yMeHbWeHH~ aKTHBHOCTH An~ ~HnbTPOB H3 ecTecT
eeHHOH cypbM~ H M~Wb~Ka. aaHH~e 0 HeHTpOHH~X Ce4eHH~X B3~T~ H3 
cnpaeo4HHKa161 • Pac4eT~ noKa3~ea~T, 4To npHMeHeHHe ~HnbTpoe H3 
cypbM~ TOnlliHHOH 5 MM n03BOnHT CHH3HTb aKTHBHOCTb 122gb H 124gb 
B 7 pa3, a HCnOnb30BaHHe ~HnbTpOB H3 M~Wb~Ka npHBeAeT K CHHme
HH~ aKTHBHOCTH 76 As e 1 0 pa3. 

BenH4HHa CHHmeHH~ aKTHBHOCTH H30TOnOB 122sb H 124gb npH HC
nonb30BaHHH ~HnbTpOB H3 ecTeCTBeHHOH cypbM~ onpeAeneHa 3KCnepH
MeHTanbHQ, MOHHTOpaMH cnymHnH Kpymo4KH ~HnbTPOBanbHOH fiyMarH 

1 2 -nn~aAb~ CM , KamA~H H3 KOTOp~X nponHT~Banc~ paCTBOpOM, COAep-
ma~HM 4 Mr cypbM~. MoHHTOP~ noM~anHcb MemAY ~HnbTpaMH Ton~HHOH 
4; 5 H 7 MM H o6ny4anHCb B OAHOPOAHOM no nnOTHOCTH nOTOKe HeHT
pOHOB. 0AHoepeMeHHO o6ny4anHcb MOHHTOP~ 6e3 ~HnbTpoe. BMecTe c 
MOHHTOpaMH H3 CypbMbl fi~nH ofiny4eH~ H MOHHTOp~, COAepma114He 0, 5 Mr 
3onoTa. B pe3ynbTaTe 3KcnepHMeHTa o6HapymeHo, 4TO aKTHBHOCTb 
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~eHH~X MemAY <IH1I!bTpaMH, no cpaeHeHH[I C aKTHBHOCTb~ MOHHTOPOB, 
ofiny4eHHbiX fie3 ¢HnbTPOB. 3aBHCHMOCTH BenH4HH~ CHHmeHH~ aKTHBHOCTH 
OT TOn~HHbl ~HnbTpa 06HapymHTb He YAallQEb, Bepo~TH0 1 H3 -3a Taro, 
4TO 3Ta 3aBHCHMOCTb cnafia~ /nopRAKa y d/,. a TaKme H3-3a HeKOTor 
poH HeOAHOPOAHOCTH nnoTHOCTH noToKa HeHTPOHOB npH o6ny4eHHH. B 
3TOM me 3KCnepHMeHTe OfiHapymeHO, 4TO ~HnbTp~ H3 cypbM~ npaKTH-
4eCKH He yMeHbWa~T aKTHBHOCTH 30nOTa. npH 3KpaHHPOBKe me peanb
HbiX reonorH4eCKHX npo6 eecoM 40 .;.50 r, ynaKoeaHHbiX e nonH3THneHo
Bble KOpOfiKH AHaMeTpOM 75 MM, aKTHBHOCTb cypbMbl B npofiax yMeHb
WHnaCb ecero e 1 , 4 .;-1 , 5 pa3a. 

an~ Ofi~~CHeHH~ 3TOrO 3~~eKTa fi~n nPOAenaH 3KcnepHMeHT, B~~c
H~~~HH BnH~HHe TOn~HH~ ofipa3~a Ha yMeHbWeHHe 3KpaHHPOBKH. o~nH 
npHroToeneHbl o6pa3~~ H3 reonorH4eCKHX npo6 pa3Ho~ Ton~HH~: 4e
T~pe o6pa34a Ton~HHO~ 0,43 r/cM2 , ABa- 0,215 r/cM2 H ABa- no 
0,107 r/cM 2• B KamA~~ o6pa3e~ Ao6aeneHo npH T~aTenbHOM nepeMewH
eaHH~ HeKoTopoe Kon~4ecTeo pacTeopa,coAepma~ero 4 Mr cypbMbl. 06-
pa34bl B~CYW~Ban~Cb npH KOMHaTHO~ TeMnepaType H ynaKOB~Ban~Cb B 
an~M~H~eey~ ~Onbry TOn~~HOH 0,05 MM. MemAY Ka~AOH napa~ ofipa3~0B 
OA~HaKOBO~ Ton~HH~ nOMe~anHCb MOH~TOpbl H3 cypbMbl H 30nOTa, TaK~e 
me MOH~TOPbl 6~nH pacnonomeH~ Ha BHewHe~ noeepxHoCTH nap~. Bee 
napbl o6pa340B c MOH~TopaM~ pa3Melllan~cb MemAY ~~llbTpaMH H3 ecTecT
BeHHO~ cypbMbl TOJllli~HOH 5 MM, KPOMe OAHO~ nap~ o6pa340B TOn~HHOH 
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no 0,43 r/cM2 • MemAY ~HnbTpaMH pa3MeCTHnH Tame MOHHTOp~ fie3 o6-
pa340B. 06pa34~ H MOHHTOp~ fi~JlH 3KpaHHpOBaH~ KaAMHeM H OAHOBpe-· 
MeHHO o6ny4eH~ B none HeHTPOHOB. nocne ofiny4eHH~ aKTHBHOCTb MQ
HHTOPOB H o6pa340B H3Mep~nacb Ha Oe(Li) AeTeKTope. 

CyTb 3KcnepHMeHTa cocToHT e cneAYOilleM. CneKTP noToKa HeHTpo
Hoe, npoweAWHX 4epe3 ~HllbTP, HMeeT npoea~ npH 3HeprH~x HeHTpo
Hoe B o6naCTH pe3oHaHCOB, 3TOT noTOK MOmHO npeACTaBHTb KaK CyM
My ABYX noTOKOB HeHTpOHOB, cneKTp OAHOro H3 KOTOP~X TO*AeCTBeH 
cneKTPY nOTOKa, He H3MeHeHHOMY ~HnbTPOM, a APYrOH,. OTPH4aTenb
H~H, HMeeT nHHeH4aT~H cneKTp, COOTBeTCTBYOIIIHH 3HeprH~M pe30HaH
COB. nnoTHOCTb noTOKa HeHTpOHOB B KamAOH 3HepreTH4eCKOH JlHHHH 
pasHa AOne HeHTPOHOB, 3aXBa4etiH~X ~HnbTpaMH npH AaHHOH 3HeprHH 
pe3oHaHca ( 1- F~i ) ¢ (E i). Tenepb, paccMaTpHea~ OTPH4aTenbH~H 
nOTOK, MOmHO CKa3aTb, 4TO HeHTPOH~,npOXOA~ 46Pe3 TOnCT~H o6pa3e4, 
llHfiO 3aXBaT~TC~ pe30HaHCOM cypbM~, 4TO npHBeAeT K OTPH4aTenbHOH 
aKTHBHOCTH, nHfiO pacce~TC~ Ha ~ApaX BellleCTBa o6pa34a H B~HAYT 
H3 o6nacTH 3HeprHH pe3oHaHca. TaK KaK 4Hcno 3axeaToe cypbMOH 
Mana, TO yMeHbW6HHe nnOTHOCTH noT6Ka HeHTPOHOB C 3HeprHeH pe3o
HaHca npH npOXO*AeHHH HX 4epe3 ofipa3e4 fiyAeT B OCHOBHOM onpeAe
Jl~TbC~ pacce~HHeM, TorAa aKTHBHOCTb MOHHTOPOB B cepeAHHe o6pa34a
C1, c Kpa~ o6pa34a-c 2 H MOHHTopa 6e3 o6pa340B-C 3 An~ H30TponHoro 
noTOKa HeHTPOHOB onpeAen~eTC~ ~OpMyJlaMH: 

A. 
--1 

1 ~~._r1 ...,_,<> .. ~'1 
2 -- ~ .. - ' - ~ '-,. s -, .. 

3AeCb A1 - aKTHBHOCTb MOHHTOpa, ofiycnoeneHHa~ nOTOKOM CO cneKT
poM, He H3MeHeHH~M ~HnbTpoM; A2 - aKTHBHOCTb MOHHTOpa, ofiycnoe
neHHa~ nOTOKOM HeHTPOHOB C nHHeH4aT~M cneKTpoM; ~s - MaCCOB~H 

K03~H4HeHT pacce~HH~; a - TOnlliHHa OAHOro ofipa34a H3 nap~; 
1 

E2- Ta6yn~poeaHHa~ ~YHK4H~; E
0 

(x) = J t 0
-

2 e-x/t d t. 
0 

8 pe3ynbTaTe peweH~~ 3TOH CHCT6M~ ypaBHeHHH rpa~H4eCKH fi~no HaH-
AeHO ~s An~ KamAO~ nap~ TOll~HH. B 3KcnepHMeHTe 6~110 nony4eHo 

~s = (0,19 ± 0,03) cM
2 
/r. 

3Ha~ 3TOT K03~~4HeHT, MOmHO HaHTH aKTHBa4H~ H30TOnOB cypbM~ 
OTPH4aTeJlbH~M nOTOKOM, y4HT~Ba~ pacce~HHe HeHTpOHOB Ha aToMaX 
ee~ecTea reonor~4eCKOH npofi~ TOnlliHHOH f . An~ 3Toro eocnonb3YeM
c~ ~QPMYJlOH An~ B~4HCJleHH~ aKTHBa4HH C B H30TpOnHOM_nOJle HeHTpo
HOB, npHBeAeHHOH B pafioTe/5/, TOnbKO BMeCTO ~a- MaCCOBOrO K03~
~H4HeHTa norno~eHH~-nocTaBHM HaHAeHHoe 3Ha4eHHe~ 8 

C = ~act. 0 
1- 2E 3 (~8 f) 
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TorAa aKTHBHOCTb B KaKoro-nH6o H30Tona cypbM~ e o6pa3~e, oKpy
•eHHOM ~HnbTPOM H3 ecTeCTBeHHOH cypbM~, onpeAenReTCR B BHAe 

1-2E 3 (jL 8 f) 
B =I' act 8 cf> l 1 .-. ( 1 - F 3 ) f J = IL act. 8 cf> k • 

• 21'8 

BenH4HHa," o6paTHaR k, ecTb K03~H~HeHT, noKa3~BaiOII(HH, eo cKonbKo 
paa yMeHbWaeTcR aKTHBa~HR MewaiOII(ero 3neMeHTa e reonorH4ecKoM o6-
pas~e, OKpylKeHHOM ~HnbTPOM. ,llslR HCnOnb30BaHH~X B 3KCnepHMeHTaX 
o6pa3~0B C TO~HHaMH 0,125; 0,43 H 0,83 r/cM2 paCC4HTaHH~e no 
3TOH ~OpMyne K03~H~HeHT~ paBH~ COOTBeTCTBeHHO 4,6; 3,7 H 2,9, 
a 3KCnepHMeHTanbH~e 3Ha4eHHR 4,0; 3,8 H 2,9 C OWH6KOH 10%. 3Kcne
PHMeHTanbH~e peaynbTaT~ cornacyDTCR C pac4eTH~MH, KPOMe 3Ha4e
HHH, nony4eHH~X AnR TOHKoro o6paa~a. PaanH4He CBR3aHo c TeM, 4To 
Bee 8nDMHHHeBOH ynaKOBKH cpaBHHM C BeCOM TOHKOrO o6paa~a H BnH
RHHeM ynaKOBKH Y*e Henb3R npeHe6peraTb. 

3TOT 3KCnepHMeHT n03BOnHn o6~RCHHTb Man~H KO~~H~HeHT 3Kpa-
.HHPOBKH CYPbMOH o6pa340B BeCOM 50 r B nonH3THneHOBOH ynaKOBKe. 
Bo-nepa~x, ynaKOBKa TO~HHOH 1 MM COAePlKHT BOAOPOA, HMeiOII(HH 6onb
woe ce4eHHe pacceRHHR, ao-aTop~x, TO~HHa o6paa~a cocTaanReT 
1,1 r/cM 2 H pacceRHHe a HeM TaK•e aenHKo. 

HaHAeHHoe 3Ha4eHHe 1'8 xopowo cornacyeTCR c ce4eHHeM pacceR
HHft Ha nerKHX RAP8X. npH npeAnono•eHHH 0 TOM, 4TO d6pa3e~ COCTOHT 
TOnbKO H3 &0 1 , cpeAHee MHKPOCKOnH4eCKOe Ce4eHHe pacceRHHR o8 
.COCTaBn.AeT 

o8 .. " 8 /N Jl. o,t9: 2,s. 10 22 ,. 6,7. to-24 eM 2 • 

ToT ~aKT, 4TO aenH4HHa ce4eHHR pacce.AH~ HecKonbKO a~we, 4eM ae
nH4HHa Ce4eHH.A pacce.AHHR Ha KHCnOPOAe, MOlKHO o6~.ACHHTb HanH4HeM 
B reonorH4eCKOM' o6pa3~e CBR3aHHOH BOA~ H OTnH4HeM COCTaBa 3Toro 
o6pa34a OT 4HCTOro 810 2 • PeaynbTaT~ 3TOH pa6oT~ MOlKHO Hcnonb30-
BaTb npH o6ny4eHHH o6pa340B, 3KpaHHPOBaHHWX nDfiWMH peaoHaHCHWMH 
~HnbTpaMH, 3nHTennOBWMH . HeHTPOHaMH OT P83Hoo6pa3HWX HCT04HHKOB, 
HanpHMep oT peaKTopa H I24sb- Be HCT04HHKa. 

AaTopw awpalKaDT rny6oKyD npHaHaTenbHOCTb aKaAeMHKY r.H.~ne
poay 3a nocTaHOBKY 3aAa4H, W. rep6Hwy H 8.E.fty4Ko aa noM~b npH 
npoBeAeHHH 3KCnepHMeHTOB, 
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