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B na6opaTOPHH RAePH~X peaK~HR OHRH ocy~eCTBneH MeTOA raMMa
aKTHBa~HOHHOrO aHanH3a/c npHMeHeHHeM MHKpoTpoHa MT-22 s Ka4ecT
se HCT04HHKa H3ny4eHHR/ AnR onpeAeneHHR COAepmaHHR a30Ta, a 
cneAOBaTenbHO, H 6enKa, B 6HOnorH4eCKHX 06beKTax, B 4aCTHOCTH, 
B 3epHaX pa3nH4H~X cenbCKOX03R~CTBeHH~X KynbTyp /nweHH~~. pmH, 
pHCa, TPHTHKane H T.A.// 1/. rnaBHbiMH npeHMyiJieCTBaMH MeTOAa RB
nR~TCR BbiCOKaR 4YBCTBHTenbHOCTb, 3KCnpeCCHOCTb H HH3KaR CTOHMOCTb 
aHanH3os, 4TO s~rDAHD oTnH4aeT era oT APYrHx cnoco6os onpeAene
HHA a3oTa /6enKa/ B TaKHX o6oeKTax. 0AHaKo AnR nonHero Hcnonb-
3osaHHR B03MOmHOCTe~ MeTOAa BeCbMa BamHO HaHnY4WHM o6pa30M 8~6-
paTb TaKHe napaMeTp~ H3MepeHH~, KaK rpaHM4HaR 3HeprHR TOpM03-
HOrO H3ny4eHHR MMKpOTpOHa H BpeMeHHO~ pemHM H3MepeHH~, OT Ko
TOp~X B 6onbWO~ CTeneHH 3aBHCRT T04HOCTb M 3KCnpeCCHOCTb aHanH-
308. 

HaCTORIJiee HCCneAOBaHMe npeAnPHHRTO C ~enb~ nony4eHMR MCXOA
HbiX AaHH~x AnR ocy~ecTsneHHR TaKara Bbl6opa. 

nOCTAHOBKA 3KCnEPHMEHTA 

AnR nony4eHHR Heo6xoAHM~X AaHH~x npDH3BDAHnocb o6ny4eHHe 
CTaHAapTH~X o6pa3~0B nweHH~~ H TpaBOCMeCH TOpM03H~M H3ny4eHHeM 
MHKPOTpoHa MT-22 c nepecTpaHBaeMo~ 3HeprHe~ ycKopeHHbiX 3neKTpo
HOB, H nocneAY~~ee H3MepeHHe aHHHrHnR~MOHHOrO H3ny4eHHR o6pa3-
~0B B Te4eHHe 2-3 4 nocne OKOH4aHHR o6ny4eHHR. CoAepmaHHe 
PRAa 3neMeHTOB B CTaHAapTH~X o6pa3~ax npMBeAeHO B Ta6n.1 .Q6pa3~~ 
nweHH~~ BeCOM 3 r noMeiJianHCb B CTaHAaPTH~e nonM3THneHOB~e KOH
Te~Hep~, o6pa3~~ TpaBOCMeCH BeCOM OKOnO 0,5 r - B KOHTe~Hep~ 
H3 oprcTeKna. moHOBaR aKTHBHOCTb MaTepHana KOHTe~Hepa HCKn~4a
naCb nH6o nyTeM nepecblnaHHR o6pa3~os nocne o6ny4eHHR IAnR nwe
HH~bl/, nH60 o6ny4eHHeM nyCTOrO KOHTe~Hepa M H3MepeHHeM era aKTHB
HOCTH IAnR TpasocMecH/. 

YcTaHOBKa o6pa3~os Ha MeCTO o6ny4eHHR H M3MepeHHR aKTHBHOCTH 
npOH3BOAHnacb C noMOil\b~ nHeBMOTpaHcnopTHO~ CHCTeMbl, HCnonb3ye
MO~ AnR raMMa-aKTHBa~HOHHoro aHanH3a 111. Ee npHMeHeHHe no3sonRno 
Ha4HHaTb H3MepeHHR 4epe3 1 MHH nocne KOH~a o6ny4eHHR. npoAon
mHTenbHOCTb o6ny4eHHR COCTaBnRnn OT 1 AD 5 MHH, 4TO o6ecne4HBa
no AOCTaT04HO Many~ CTaTHCTH4eCKY~ norpeWHOCTb Ha npOTRmeHMH 
scero ~HKna H3MepeHH~. 

06ny4eHHe o6pa3~0B npOH3BOAHnOCb B CTaHAapTHO~ reoMeTpHH / 1{ 

npM4eM AnR o6ecne4eHHR pasHoMepHo~ aKTMBa~MH no o6oeMy o6pa3e~ 
spaiJiancR soKpyr ocM, nepneHAHKynRpHo~ HanpasneHH~ ny4Ka raMMa-
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Ta6nm~a 

Cop;epJKaHHe 3JieMeHTOB a CTaHp;apTHbiX o6pa3~ax 

JJICMCHT 

A30T 

ti>occpop 

Xnop 

KanHH 

IlmeHH~a, % TpasocMecb, % 

2,27 3,38 

0,36 0,34 

0,07 0,84 

0,42 2,39 

KBaHTOB. MOHHTOpHpOBaHHe HHTCHCHBHOCTH o6ny4CHH~ OCy~eCTBnRnOCb 
nyTeM HSMepeHH~ SapRAa, nepeHOCHMOro YCKOpeHH~MH 3neKTpOHaMH 
Ha TOPMOSHy~ MHWeHb Sa BpeM~ o6ny4eHH~. 

HsMepeHHe aKTHBHOCTH o6ny4eHH~x o6pas~os ocy~ecTsn~nocb no 
aHHHrHn~~HOHHOMy HSny4eHH~ o6paSOBaBWHXC~ ~+ -aKTHBH~X HyKnHAOB 
C nOMO~b~ AeTeKTHPY~~e~ CHCTeMbl, COCTO~~e~ HS ABYX C~HHTHnn~
~HOHHbiX AeTeKTopos NaJ(Tl), BKnl04eHHbiX Ha cosnaAeHH~, s<t><!>eKTHs
HOCTb perHCTpa~HH COCTaBn~na ~ 10%. HH<!>OpMa~H~ 0 4HCne COBna
p;eHH~ Sa Ka~AY~ MHHYTY HSMepeHH~ nocneAOBaTenbHO B~BOp;HnaCb Ha 
~H<!Jpone4aTb An~ nocnep;y~~e~ o6pa6oTKH a 3BM. YnpasneHHe npo~ec
COM HSMepeHH~ npOHSBOAHnOCb npH noMO~H MHKpo-3BM "MHKAM-2" /Z/. 

PE3Y.IlbTATbl H3MEPEHHt1 H ~1X OoPAoOTKA 

YKasaHH~M s~we cnoco6oM 6~nH onpep;eneH~ KPHB~e cnaAa ~+
aKTHBHOCTH o6paS~OB, nony4eHHO~ npH HX o6ny4eHHH TOPMOSHbiM HS
ny4eHHeM C pasnH4HO~ rpaHH4HO~ 3HeprHe~ B p;HanaSOHe OT 15,4 AO 
21,3 M3B. 4eT~pe HS 15 Ha~p;eHH~X KPHB~X noKaSaH~ Ha pHc.1. 
AHanHS $OPM~ KPHB~X noKasan, 4TO B o6~eM cny4ae HX MO-HO npeA
CTaBHTb B BHp;e CYMMbl 4-3KCnOHeHT C nepHop;aMH nonypacnap;a 
- 2 MHH /KHCnOPOA+<!Joc<!Jop/, - 10 MHH /aSOT+KanH~/, - 20 MHH 
/yrnepop;/ H - 32 MHH /xnop/ /Ta6n.2/. AHanHs KPMB~x H onpep;eneHHe 
BKnap;a pasnH4HbiX COCTaBn~~~HX 8 CYMMapHy~ aKTHBHOCTb.~OHSBOp;H

nHCb MeTop;oM HaHMeHbwHx KBaApaTos no nporpaMMe FUMILI 31. nony-
4eHH~e npH 3TOM SHa4eHH~ Ha4anbHO~ CKOPOCTH C4eTa OTAenbH~X 
HyKnHp;OB Sa B~4eTOM <!JOHa OTHOCHnHCb K ep;HHH~e Beca o6pas~a M 
HHTerpanbHOMY nOTOKY TOPMOSHOrO HSny4eHH~ Sa speM~ o6ny4eHH~. 

KaK noKasanH pesynbTaT~ HSMepeHH~, c yMeHbWeHHeM rpaHM4HO~ 
3HeprHH TOpMOSHOrO HSny4eHH~ Ha4anbHa~ aKTHBHOCTb Ka~p;O~ co
CTasn~~~e~ N

0 
yMeHbwaeTc~ M MC4esaeT nonHOCTb~ HH~e nopora cooT

seTcTsy~~e~ <!JOTO~p;epHO~ peaK~HH. npM 3HeprHH HH~e nopora (y,n) 
peaK~HH Ha KHcnopop;e 6blna saMe4eHa He6onbwa~ aKTMBHOCTb c nepHo
AOM 2,5 MHH, o6ycnosneHHa~ npHCYTCTBHeM $OC<!JOpa. AKTHBHOCTb 
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P11c. I . KpHBble cnap;a aKTHBHOCTH o6nytieHHbiX o6pa3~os: 
a/ nmeHH~a, E 1,p"'l7,5 M3B, 6/ nmeHH~a. Erp =19,1 M3B, 
s/ nmeHH~a. Erp=21,3 M3B, r/ TpasocMech, E 1,p=l8,5 M3B. 

Ta6nH~a 2 
Pap;HOHYKJIHAbi, o6pa3yw~ecH a pe3yJibTaTe (y,n) peaK~HH 

3JieMeHT Pap;HOHYKJIHA OepHOA Tlopor 
nonypacnap;a,MHH peaK~HH,M3B 

KHCJiopop; I so 2, I I 5, 7 

tl>occ!Jop 30p 2,5 12,3 

Kanm':t: 38K 7,7 I 3, I 

A30T I3N 9,9 10,5 

Yrnepop; tic 20,3 18,7 

Xnop 34mCl 32,0 12,6 
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PHc. 2. BbiXO)J,bi rrpo,o;yKTOB ( y, n) 
peaK~Hll B 3aBHCHMOCTli OT rpaHHq
HOH 3HeprHli TOpM03HOrO li3ITyqe
HliH: X - a30T, 0 - KliCITOpop;, 
;.. - yrrrepo,o;. 

xnopa npaKT~4eCK~ OTCYTCTBOBarra B o6pa3~aX nweH~~bl ~ AOCTaT04HO 
4eTKO npORBrrRrraCb B o6pa3~ax TpaBOCMeC~, B COOTBeTCTB~~ C 6onee 
B~COK~M COgepmaH~eM B He~ Xrropa. 3aB~C~MOCTb OTHOC~TeiTbHOrO B~

XOga npogyKTOB (y,n) peaK~~~ Ha a3oTe, K~cnopoge ~ yrnepoge 
OT rpaH~4HO~ 3Hepr~~ TOpM03HOrO ~3rry4eH~R noKa3aHa Ha p~c.2. 

norpewHOCTb 3Ha4eH~~ B~XOga onpegerrRrraCb, B OCHOBHOM, CTaT~CT~-

4eCKO~ OW~6KO~ ~3MepeH~~ CYMMapHO~ aKT~BHOCT~ o6pa3~a ~ cnoco-
60M ee pa3rromeH~R Ha cocTaBrrR~~~e /-1% gnR K~cnopoga ~ a3oTa, 
--4%- gnR yrnepoga/, a TaK~e socnpo~3BOA~MOCTb~ reoMeTp~~ 
o6ny4eH~R ~ ~3MepeH~R o6pa3~os /- 3%/. 

OnTHMH3AUH~ MOMEHTA HA4AnA H3MEPEHH~ 
H rPAHH4HOA 3HEPrHH TOPM03HOrO H3nY4EHH~ 

KaK B~AHO ~3 Kp~B~X p~c.1, B~6op OnT~MaiTbHOrO MOMeHTa Ha4arra 
~3MepeH~~ aKT~BHOCT~ a30Ta OnpegerrReTCR, C OAHO~ CTOpOHbl, Heo6-
XOA~MOC TbiO pacnaga 6onee KOPOTKOm~BY~~X HYKIT~AOB ( IS 0, 30 P), 
yrry4Wa~~ero OTHOWeH~e 3$$eKT/$OH, C gpyro~ - yMeHbWeH~eM CTaT~

CT~4eCKO~ T04HOCT~ ~3MepeH~~ scnegcTs~e pacnaga caMoro a3oTa, 
a TaKme yBerr~4eH~eM BKrraga aKT~BHOCT~ gonrom~BY~~X HYKIT~AOB 
(llc, 34mcl). AHarror~4HaR c~Tya~~R ~MeeT MecTo np~ BbJ6ope onT~
MarrbHo~ rpaH~4HO~ 3Hepr~~ TOpM03HOrO ~3rry4eH~R: aKT~BHOCTb a30Ta 
~, COOTBeTCTBeHHO, - CTaT~CT~4eCKaR T04HOCTb ~3MepeH~~ 3aMeTHO 
nOBbiWa~TCR C yBerr~4eH~eM rpaH~4HO~ 3Hepr~~, OgHaKO np~ 3TOM 
YXYAWaeTCR OTHOWeH~e 3$$eKT/$OH 3a C4eT 6biCTporo POCTa aKT~BHOC
TM yrn~poga ~ K~cnopoga, ~Me~I!\~X 6onee BbiCOK~e nopor~ ( y, n) 
peaK~~~-

C ~errb~ nony4eH~R Kon~~ecTseHH~x s~sogos 6~n~ pacc4~TaH~ 3a
s~c~MocT~ OTHOWeH~R 3$$eKT/~OH- NN/Nm~ OTHOC~TeiTbHO~ CTaT~CT~-
4eCKO~ ow~6K~ onpegerreH~R a3oTa L\NN/NN = yNN + 2Nm/NN OT speMeH~ 
oxnamgeH~R o6pa3~a toxn~nR Kamgo~ rpaH~4HO~ 3Hepr~~ TOPM03Horo 
~3rry4eH~R Erp•np~ 3TOM 3a N¢ np~H~Manacb cKopocTb c4eTa, o6yc-
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Puc.3. 3aBHCHMOCTh OTHOWeHHH 
3$~eKT/~OH OT BpeMeHli li3MepeHHH 
ITpH pagrruqHOTI 3HeprHH TOpM03HOrO 
H3rryqeHHH: 1/ Erp =15,4 rhB, 
2/ Erp =16,5 M3B, 3/ Erp = 

I DO 17,5 M3B, 4/ Ero =18,5 M3B, 
75 5/ Erp =18,8 M3B, 6/Erp =19 IH~"S. 
50 
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ITOBITeHHaR pacnagOM HYKIT~AOB C nep~ogaM~, OTIT~4H~M~ OT 
T1/2 ~ 11) M~H *. 

Pe3yrrbTaT~ pac4eTos np~segeH~ Ha p~c.3 ~ 4. H3 p~c.3 B~AHO, 
4TO c pocToM 3Hepr~~. scnegcTs~e yserr~4eH~R pan~ K~cnopoga, 

onT~MarrbHOe cooTHoweH~e NN/N¢HacTynaeT np~ see 6onee no3gHeM 
speMeH~ ~3MepeH~~, gocT~raR t oxn.= 35 M~H np~ E rp = 18,5 M3B. 
B paMoHe nopora peaK~~~ (y,n) Ha yrnepoge /18,7 M3B/ 3Ta TeH
geH~~R ~3MeHReTCR, ~ MaKC~MyM Kp~BbiX Ha4~HaeT nepeMe~aTbCH 

B o6paTHOM HanpasrreH~~. a Berr~4~Ha OTHOWeH~R NN/N¢pe3KO nagaeT. 
Ha p~c.4 np~segeH~ aHanor~4H~e 3as~c~MOCT~ gnR oTHOC~TerrbHO~ 

CTaT~CT~4eCKO~ OW~6K~ ~3MepeH~~ L\NN/NNnp~ o6rry4eH~~ 3 r nweH~

~bl B Te4eH~e 1 M~H. 0nT~MarrbHOe BpeMR ~3MepeH~~. COOTBeTCTBY~~ee 

M~H~MaiTbHO~ OTHOC~TerrbHO~ OW~6Ke, ~MeeT TaKO~ me xapaKTep ~3Me
HeH~H C POCTOM rpaH~4HO~ 3Hepr~~ TOPM03HOrO ~3rry4eH~H. 0gHaKO 
BCrregCTB~e yBeiT~4eH~H Cldi~CI~YeLKU~ uw~GK~ IIU Mc~c ~OHnvo~~n~ 

HOrO pacnaga HYKIT~AOB OnT~MaiTbH~~ MOMeHT Ha4arra ~3MepeH~~ go
CT~raeTCR 3Ha4~TerrbHO paHbWe ~ He npes~waeT 17 M~H, a caMa 
ow~6Ka Hec~rrbHO MeHReTcR c ~3MeHeH~eM 3Hepr~~ s npegenax 0,4 ~ 
~ 0,8%/. CnegyeT 3aMeT~Tb, 4TO HecMOTPR Ha pe3Koe nageH~e OTHo
weH~R NN/N¢c pocTOM rpaHH4HO~ 3HeprH~ s~we 18,5 M3B, OTHOc~
TerrbHaR OW~6Ka ~3MepeH~M He TOITbKO He B03pacTaeT, HO game 
HeCKOITbKO yMeHbWaeTCH 3a C4eT nOB~WeHHR aKTHBHOCTH BCeX HYKrr~

AOB, B TOM 4HCITe ~ a30Ta. 
np~ s~6ope onT~MarrbH~x ycnoBH~ H3MepeHH~ cnegyeT Y4HT~BaTb 

xapaKTep ~3MeHeHHR KaK NN/N¢,TaK H L\NN/N N. Ha~6onee npas~rrbHbiM 
Kp~Tep~eM onT~M~3a~H~ ~3MepeH~~ HBITReTCH norry4eH~e Ha~MeHbWe~ 

CTaTHCT~4eCKO~ OW~6K~ np~ 3agaHHOM orpaH~4eHHOM BpeMeH~ ~3-
MepeHHH. OgHaKo s crry4ae Hcnorrb30BaH~R MeToga/l/ cnegyeT Y4~
T~BaTb, 4TO OTgerrbHO H3MepeH~H N¢ He npOH3BOARTCR, H BCrregCTB~e 
3Toro HaKnag~saeTcR gononH~TerrbHoe orpaH~4eHHe: OTHoweH~e NN/N¢ 
gorrmHo 6b1Tb 6orrbwe onpegeneHHO~ eerr~4HHbl > 1 00/p, rge p - go
nycTHMaR gonR Hey4~T~saeMoro $aHa s npo~eHTax. Ecn~ C4HTaTb, 

* BKnag Karr~R /5 ~10%/ no pa3pa6oTaHHO~ MeTOA~Ke/ 1 / onpe-
geiTRITCR He3aB~CHMO ~ B~4~TaiTCH ~3 CyMMapHO~ aKT~BHOCT~ a30Ta 
~ Kan~R. 
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PHc.4. 0THOCHTenbHaH cTaTHCTH
qecKaH omH6Ka H3MepeHHH co~ep~a
HHH asoTa: I/ - Erp =15,4 MsB, 
2/ -: Erp = 16,5 MsB, 3/ - Erp = 
= 1~,5 HsB, 4/ -Erp=l8,8 MsB, 
5/ E rp = 21,3 MsB. 

g O·B 4TO OTHOCHTenbHaH CTaTHCTH4eCKaH 
OWH6Ka H3MepeHH~ H OWH6Ka, 803-

J: 

b 
0·6 

0·~ 

HHKWaH 3a C4eT Hey4HT~saeMOrO 
!jloHa, AOn>KHbl 6b1Tb npHMepHo pas
H~, TO H3 PHC.3 H 4 MO~HO 3aKn~-

0_21 I I ! I I I ! I ! I ! I! I ! I ! I I I I I I [ I [ ! [ ! I 

o ~ e 12 •s 2o 24 2BM~H 4HTb, 4TO npH Erp =17,5 M3B H 
Ha4ane H3MepeHH~ 4epe3 23 MHH 

nocne KOHUa o6ny4eHHH t.NN INN= P H AOCTHraiOT MHHHManbHO~ senH4H
H~ 0,8%. no-BHAHMOMy, 3TH 3Ha4eHHH Erp H ~XR. cneAyeT peKOMeHAO
BaTb KaK HaH6onee onTHManbH~e. CneAyeT Ao6asHTb, 4TO 3aBHCHMoc
TH, npHBeAeHH~e Ha PHC.3 H 4, AaiOT B03MO~HOCTb B~6HpaTb onTH
ManbH~e 3Ha4eHHH 3THX senH4HH H AnH APYrHx ycnosH~ nposeAeHHH 
aHanH30B, OTnH4H~X OT OnHCaHH~X s/1/, 

nocnEnOBATEnbHOE H3MEPEH~E AKTHBHOCTH 
A30TA H YrnEPO~A 

B~coKaH 3KcnpeccHOCTb pa3pa6oTaHHO~ MeTOAHKH H3MepeHH~ 1 11 

nepeHOCHT OCHOBH~e TPYAHOCTH npOBeAeHHH aHanH30B Ha CTaAHIO 
nOArOTOBKH npo6, TaK KaK AnH onpeAeneHHH npoueHTHOrO COAep~aHHH 
6enKa B o6pa3Ue nOMHMO KOnH4eCTBa a30Ta Heo6XOAHMO 3HaTb SeC 
o6pa3Ua. 0AHHM H3 B03MO~HbiX cnoco6os npeOAOneH~H 3TO~ TPYAHOCTH 
HBn~eTCH HCKnl04eHHe onepaUHH B3BeWHBaHHH nyTeM OTHeCeHHH H3Me
peHHO~ aKTHBHOCTH a30Ta He K Becy o6pa3Ua, a K aKTHBHOCTH yrne
POAa, COCTaBnH~~ero OCHOBHYIO H AOCTaT04HO CTa6HnbHYIO 4aCTb MaCCbl 
:3epHa. 

TaKO~ Cnoco6 H3MepeHH~ HMeeT e~e TO npeHMy~eCTBO, 4TO HCKn~-
4aeT PHA !jlaKTOpOB, BHOCR~HX BKnaA B norpeWHOCTb H3MepeHH~ 1 
BcneACTBHe HX OAHOBpeMeHHOrO BnHAHHH Ha aKTHBaUH~ a30Ta H yrne
POAa. HanpHMep, OTnaAaeT He06XOAHMOCTb MOHHTOpHpOBaHHA HHTe
rpanbHOrO nOTOKa 3neKTPOHOB npH o6ny4eHHH o6pa3UOB, HCKn~4aeTCH 
BnHHHHe Bna~HOCTH 3epHa, HCKamaiO~eA HCTHHH~A sec o6pa3Ua,H T.A. 
KpoMe Toro, onpeAeneHHe coAep~aHHR yrnepoAa s o6pa3uax Mo~eT 
npeACTaBnHTb CaMOCTOHTenbH~~ HHTepec AnH HeKOTOp~X 3aAa4. 

YKa3aHH~e so3MOmHOCTH MoryT 6~Tb ocy~ecTsneH~ nyTeM npose
AeHHH ABYX nocneAOBaTenbH~X H3MepeHH~ aKTHBHOCTH o6pa3ua B MO
MeHTbl speMeHH t l H t 2 nocne KOHUa o6ny4eHHR. 

nycTb NNO ,NNl ,NN2•NCooNCl ,Nc2- CKOPOCTH C4eTa, o6yc
nosneHH~e aKTHBHOCTb~ a30Ta H yrnepOAa B MOMeHTbl BpeMeHH to 

6 

t 1 H ~ COOTBeTCTBeHHO /OCTanbH~e H30TOn~ AnH npOCTOT~ paCCMaT
pHBaTb He 6yAeM/, TOrAa CYMMapHaH CKOpOCTb C4eTa B MOMeHTbl t1 H 
t2 6yAeT pasHa N1 =NNl+ Nc 1 = NN 0 e->.Ntt + Ncoe-.\ctt H N2 = 
= NN

2 
+ Nc 2 = NN 0e-ANt2 +Nco e-Act2 • PewaH 3TY CHCTeMy OTHOCHTenb

HO NNO H Nco•Ha~AeM 3Ha4eHHH Ha4anbHOA CKOPOCTH C4eTa a30Ta 

H yrnepoAa: 
-ACt2 -ACt! 

N1e -N 2 e 
N = ---------------• 
. NO e-(,\Ntt+Act2)_ e-(,\Nt2+Actl) 

->. t ->. t N2 e Nt_N1 e N2 
Nco 

-(,\Ntt+Act2) -(,\Nt2+Acttl 
e -e 

H HX OTHOCHTenbHY~ CTaTHCTH4eCKYIO norpeWHOCTb: 

t.NNo J -2Act 2 -2Act 1 N1 e +N2 e 
= --------------) 

NNO Nl e->. cl2 - N2 e->.ct 1 

t.Nco yN1e- 2,\Nt2+N 2 e-2AN1 t 

-Nc; = -N- -ANt f- N ->.Nt2 
2e - 1 e 

3TH B~pa~eHHR MOryT 6~Tb HCnonb30BaH~ AnH HaXO~AeHHH OnTH-
ManbH~X MOMeHTOB BpeMeHH nposeAeHHH H3MepeHH~ t1 H t 2 , 

Ha ocHoBe 3KcnepHMeHTanbH~x pe3ynbTaToB, nony4eHH~x npH rpa
nn"inu;', ..:rn~IJ• Yw• ,-u •.. ,.,.,v.;r-.v;-..:. ~;,3..,-;J"-::,::~:;: ~ ~,:; ~=-~, !'"""":'.:;- ~""~::"~-!~'=~'='uuLtu 

B~We !j)OpMynaM 6~nH paCC4HTaH~ OTHOCHTenbH~e CTaTHCTH4eCKHe 
owH6KH H3MepeHH~ AnH pa3nH4H~x 3Ha4eHH~ t 1 H t 2 • Pe3ynbTaT~ 
pac4eTa, npHBeAeHH~e Ha p~c.5, noKa3~Ba~T, 4TO B npegenax 3Ha-

I!·O 
1
,, 4eH~H 9 M~H ::; t1::; 25 M~H HaHny4-

s//t!/ WaH CTaT~CT~4eCKaH T04HOCTb H3-
1 ·B 

~ t ·6 

.. 
"' , ·'I 
LD 

"' 3 
0 , I! 
1-

"' u 
§"? , 0 
1-
0 

O·B 

0·6 

0·'1 

, 

1/.f I 1 I v \ //~1/! MepeHH~ AOCTHraeTCH npH t 2 -t1 = 
\1 I 11 4 ~.1\ ////; = 07 50 M ~ COCTaBnReT AnH a3o-
\"\, / I I I I 
!l~~' /t'/// Ta 0,5 71%, AnH yrnepoAa -
~\\ " / /I / I 
1($<------'>// / / 1 , 2 7 1 , 5%. np~ 3TOM MOMeHT Ha-

~' .... _ _ ___ .. / / // \.::_,_-.:-_--:>/ 4ana nepsoro ~3MepeH~H t 1 Bbi6H-
paeTCH B COOTBeTCTB~~ C B~BOAaM~ 
npeA~AY~ero naparpa!jla H onpeAe-

'<:::::------

0 I! 
0 1!0 40 

t2 - t 1 
60 BO MVIH 

PHC.5. 0THOCHTenbHaH CTaTHCTH
qecKaH OWH6Ka H3MepeHHH CO~ep
~aHHH a3oTa H yrnepo~a ~H pag
nHqHbiX MOMeHTOB nepBOrO H BTOpo
ro H3MepeHHH: --- t.NN/NN' 
----- t. N cl N c: 1 ;t 1 = 9 MHH, 
2/- t 1 = )3 MHH, 31- t 1 = J7 MHH, 
4 I - t I 2 I MHH ' 5 I - t I 2 5 MHH • 
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nReTCR pacnaAOM 150 AO Tpe6yeMOrO YPOBHR, nony4eHH~e norpeWHOCT~ 
~Me~T enonHe np~eMneM~e SHa4eH~R ~ MoryT 6~Tb HecKonbKO yny4we
H~ /oco6eHHO AnR yrnepoAa/ np~ noe~weH~~ rpaH~4HOH 3Hepr~~ Top
MOSHoro ~Sny4eH~R. 

BbiBO.Qbl 

1. 3Kcnep~MeHTanbHO onpeAeneH~ B~XOA~ (y,n) peaK~~H Ha K~cno
POAe, asoTe ~ yrnepoAe np~ o6ny4eH~~ pacT~TenbH~x o6DeKTOB Top
MOSH~M ~sny4eH~eM M~KPOTpoHa MT-22 c rpaH~4HOH 3Hepr~eH OT 15,4 
AO 21,3 M3B. 

2. OnpeAeneHo onT~ManbHoe epeMR Ha4ana ~sMepeH~H aKT~BHOCT~ 
asoTa ~ rpaH~4HO~ 3Hepr~~ TopMOSHoro ~sny4eH~R AnR nony4eH~R 
SaAaHHOrO COOTHOWeH~R 3~~eKT/QOH ~ Ha~MeHbWeH CTaT~CT~4eCKOH 
ow~6K~ ~sMepeH~H. 

3. npeAnO~eHa MeTOA~Ka OnpeAeneH~R COAep~aH~R aSOTa no OTHO
WeH~~ K yrnepOAY nyTeM nocneAOBaTenbHOH per~cTpa~~~ aKT~BHOCT~ 
o6pas~oe e Te4eH~e ABYX ~HTepeanoe epeMeH~, ~cKn~4a~~aR Tpy
AOeMKY~ onepa~~~ BSBeW~BaH~R o6pas~OB . 

4 . HaHAeH~ onT~ManbH~e MOMeHT~ epeMeH~ ~sMepeH~R aKT~BHOCT~ 
asoTa ~ yrnepoAa np~ ~cnonbsoeaH~~ 3TOH MeTOA~K~ . 

. 
ABTOP~ B~pama~T rny6oKy~ np~SHaTenbHOCTb aKaAeM~Ky r . H.~nepo-

ey sa ~H~~~~poeaH~e ~ccneAOBaH~H no np~MeHeH~~ raMMa-aKT~ea~~oH
Horo MeToAa AnR aHan~sa sepHa, ~ sa nocTORHH~H ~HTepec K pa6oTe. 
AeTOPbl TaK>~e 5narOAaPHbl A. r. 6enoey sa · nOMOlllb np~ o6ny4eH~~ 
o6pas~oe . 
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PyKon~cb nocTyn~na e ~SAaTenbcK~A OTAen 
29 AeKa6pR 1983 roAa. 

3eH 4aH YK,3aMRTHHH ~.c., IY4KO B.E. 18-83-915 
0nTHMH3a~HR ycnOBHH H3MepeHHH npH onpeAeneHHH COAeP*aHHR a3oTa 
B 3epHe raMMa-aKTHBa~HOHHWM MeTOAOM 

3KcnepHMeHTanbHO onpeAeneHW BWXOAW (y,D) peaK~HH Ha KHCnOPOAe, a30Te 
H yrnepoAe OPH o6ny4eHHH o6pa3~0B TOpM03HWM H3ny4eHHeM MHKpOTPOHa MT-22 
C rpaHH4HOH 3HeprHeH OT 15,4 AO 21,3 M3B. Ha OCHOBe 3THX AaHHWX ycTaHOBneHW 
OOTHManbHoe apeMR H3MepeHHH aKTHBHOCTH a30Ta H rpaHH4HaR 3HeprHR TOPM03HOro 
H3ny4eHHR, o6ecne4HBa~He HaHny4WHe COOTHOWeHHR ~eKT/$QH H HaHMeHbWY~ CTa
THCTH4eCKy~ OWH6Ky H3MepeHHH. npeAnO*eHa MeTOAHKa onpeAeneHHR COAeP*aHHR 
a30Ta B o6pa3~e no OTHOWeHH~ K yrnepOAY nyTeM nocneAOBaTenbHOH perHCTpa~HH 
aKTHBHOCTH o6pa3~0B, HCK~4a~aR Onepa~H~ HX B3BeWHBaHHR. HaHAeHW OOTHManb
HWe MOMeHTW BpeMeHH H3MepeHHR aKTHBHOCTH a30Ta H yrnepOAa. 

Pa6oTa awnonHeHa a na6opaTOPHH RAePHWX peaK~HH OM~M. 

C~eHHe 06oeAHHeHHoro HHCTHTyTa RAePHwx HCcneAo&aHHM. ay6Ha 1983 

Zen Chan Uk, Zamyatnin Yu.S., Zhuchko V.E. 18-83-915 
Optimization of Measurement Conditions at Determining the Nitrogen 
Content in a Grain Using the Gamma-Activation 11ethod 

The yields of (y,n) reactions on oxygen, nitrogen and carbon are 
determined experimentally at the irradiation of samples with strahlung brems 
of IH-22 microtron with 15.4 up to 21.3 1-leV boundary energy. On the basis 
of these data optimum time for measurements of nitrogen activities and 
boundary energy of bremsstraqlung which provide best effect/background ratii 
and the least statistical error are determined. A technique is proposed for 
determining the nitrogen content with respect to carbon by mean of succes
sive registration of sample activity, which excludes sample weighting pro
cedure. Optimum time momenta for measuring nitrogen and carbon activity 
are found. 

The investigation has been ' performed at the Laboratory of Nuclear 
Reactions, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1983 
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