
blbo/tJ 
I 

OfilaBAMHBHHbiM 
MHCTMTYT 
RABPHbiX 

MCCIBAOB8HMM 

AYfiHa 

18-83-668 

ID .C.AHHCHMOB, ID.8.3aHescKHH, A.B.HsaHoB, 
C.A.MosqaH, B.,l(.nernexoHoB, lfaH ,lJ,biK TxaHb, 
,..., n UonuOUVf'\ n ~ 1l"ll ... A'1'.ftltA'f'\* ~a l{notlunnun* 
_ . ..... ....... t' ............. .. .... , ... . - . .. ·-······ .. ··r ' ..., .... . .................. ,..., ......... ' 

H.B.Y JibHHOB*, A.A.lfepHbiH * 

BHCOKOlfYBCTBHTERbHAH YCTAHOBKA 
HA OCHOBE MnK 
,Ll,RH HEPA3PYWAIDmErO 3KCnPECC-AHARH3A 
~ ~ -AKTHBHhiX TOHKOCROtiHhiX 
PA,Ll,HOXPOMATOrPAMM H 3REKTPO~OPErPAMM 

HanpaeneHo e mypHan 
11 Nuclear Instruments and Methods 11 

* HHCTHTYT MoneKynRpHOH 6HonorHH AH CCCP, MocKea 

1983 

• 



BBE,QEHI-1E 

MHoronposono4Hbre nponOPLIHOHallbHble KaMepbl /MnK/ s nocneAHee 
BpeM~ HaWill-1 WHPOKOe npHMeHeHHe B MeAHK0-6HOilOrH4eCKHX HCCileAOBa
HH~X. CpeAH HaH6onee nepcneKTHBHbiX o6nacTe~ npHMeHeHH~ clleAyeT 
yKa3aTb peHTreHOBCKY~ AH¢paKTOMeTpH~, ~AePHY~ MeAHLIHHy, paAHO
rpa¢1-1~ C nOMOillb~ pa3IlH4HbiX BHAOB H3Jly4eHH~, a TaK)!{e aHaJll-13 TOH
KOCJlO~HbiX xpoMaTorpaMM 1-1 3JleKTpo¢operpaMM /TCP3/1 1- 31. XpoMaTo
rpa¢H~ H 3JleKTpo¢ope3 B TOHKOM CJlOe xapaKTepH3·Y~TC~ TeM, 4TO 
pa3AeJleHHe Be~eCTBa /B OAHOM 1-1111-1 ABYX HanpaBileHH~X/ npOHCXOAHT 
3¢¢eKTHBHO 1-1 C BbiCOKO~ T04HOCTb~, 4TO BbiABHraeT nOA06Hble )!{e Tpe-
60BaHH~ K napaMeTpaM aHallH3HPY~~e~ annapaTypbl. 

,[111~ MeTKH 6HOJlOrH4eCKH aKTHBHbiX Be~eCTB, pa3Aell~eMbiX XpOMa-
• - -- ~ -- 1 "'-
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35S, 32P. BamHbiM 3TanoM aHallH3a ~Bll~~Tc~ noKanH3aLIH~ 30H npena
paTa 1-1 onpeAeneHHe HX aKTHBHOCTI-11 41. K AeTeKTopy npeAD~Bil~~'-' 
CJleAY~~He Tpe6oBaHH~: 1/ Hepa3pywa~~H~ AByMepHbl~ aHaJll-13 OAHOBpe
MeHHO see~ n110111aAH o6pa34a j 2/ BbiCOKHe 4YBCTBHTeJlbHOCTb 1-1 npo
CTpaHCTBeHHOe pa3peweHHej 3/ B03MO)!{HOCTb pa60Tbl Ha JlHHHH C 38M; 
4/ 6biCTpa~ 1-1 HeCJlO)!{Ha~ nOArOTOBKa o6pa34a K H3MepeHH~Mj 5/ Ha
Ae)!{HOCTb, npocToTa s 3KcnnyaTa4HH. 

TpaAHLIHOHHbiM AeTeKTopaM - peHTreHOBCKo~ nneHKe 1-1 mHAKHM opra
HH4eCKHM CLIHHTHJlJl~TOPaM - npHCy~ P~A npHHL!HnHaJlbHO HeycTpaHHMbiX 
HeAOCTaTKOB. PeHTreHOBCKa~ nneHKa o6ecne4HBaeT BbiCOKoe npocTpaH
cTBeHHoe pa3peweHHe, OAHaKO HMeeT BeCbMa HH3KY~ 4YBCTBHTeJlbHOCTb, 
4TO yBeJlH4HBaeT BpeM~ 3KCn03H4HH AO HeAeJlH. npH 3TOM KOJlH4eCTBeH
Hbl~ aHaJll-13 3aTPYAHeH BCJleACTBHe HeJlHHe~HOCTH xapaKTepHCTHK peHT
reHOBCKO~ nneHKH 1-1 Heo6XOAHMOCTH AeHCHTOMeTpHH. ~HAKHe opraHH-
4eCKHe CLIHHTHJlll~TOpbl HMe~T BbiCOKY~ 4yBCTBHTellbHOCTb 1 HO Tpe6y~T 
pa3pyweHH~ aHallH3HpyeMoro se~ecTBa, 4To TaKme conp~meHo c HCTo4-
HHKaMH OWH60K 1-1 APYrHMH TPYAHOCT~MH. YcnewHoro peweHH~ 3aAa4H He 
AallH TaKme HCnOilb30BaHHe ra30BOrO nponOPLIHOHaJlbHOrO C4eT4HKa 1-1 
HCKposo~ KaMepbl I 4• 51. Cy~ecTseHHbiM o6pa30M CHTYaLIH~ H3MeHHnac b 
TOilbKo s pe3yllbTaTe npHMeHeHH~ MeTOAHKH MnK 13,6 •7 I. 

BnocneACTBHH TaKo~ noAXOA 6brll ycnewHo Hcnonb30BaH asTopaMH pa-
6oT IB,91 All~ H3y4eHH~ MexaHH3MOB soccr~t:Jo.~netli:W IJOB.Q~mAeHH~ ,QHK. 
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1. MnK C fl3*- ABYMEPH~~ AETEKTOP ~-- AKTHBH~X TOHKOCflO~H~X 
PAAHOXPOMATOrPAMM H 3flEKTPO~OPErPAMM 

npo611eMa n011y4eHH.A BbiCOKHX 3Ha4eHHH 3~eKTHBHOCTH perHCTpa
~HH H npocTpaHCTBeHHOrO pa3peweHH.A 8 C11y4ae HCn011b30BaHH.A npo
nop~HOHa11bHOH KaMepbl CB.A3aHa C Kpai:1He WHPOKHM AHana30HOM 3Hep
rHH H30TponHO H311y4aeMbiX ~--4aCTH~ /OT eAHHH~ K3B AO eAHHH~ M3B/: 
E~:::;18 K3B( 3 H), E~::;156 K3B(l4C), E~< 1,7 M3B(32P). 

B pa6oTel6/ 6~11a H3y4eHa B03MOmHoCTb MnK c fl3 perHcTpHpoaaTb 
~--H311Y4eHHe TCP3. Hcc11eAOBaHH.A npoBOAH11HCb c KaMepoi:1, HMe~~el:1 

4YBCTBHTe11bHY~ n110~aAb 200x200 MM 2 H Mem311eKTPOAHOe paCCTO.AHHe 
6 MM. AHOAHa.A n110CKOCTb HaMOTaHa npOB0110KOH 20 MKM C waroM 2 MM, 
KaTOAH~e - npOB0110KOH 1 00 MKM C war OM 1 MM. ra30B~H 06"beM KaMepbl, 
1-130111-!POBaHHbiH MaH11apoM T011~HHOH 20 MKM, nPOAYBa11C.A CMeCb~ 
Ar + c4 HIO + c2 Hs OH /87%' 10%' 3%/. A11.A no11y4eHH.A ABYXKOOPAW 
HaTHOH HH~OpMa~HH KaTOA~ MnK HaMaT~Ba11HCb 80 B3aHMHO nepneHAHKy-
11.ApH~X HanpaB11eHH.AX. npoB0110KH aHOAHOH n110CKOCTH 3anaHBa11HC~ Ha 
o6~y~ WHHy. KOOPAHHaTHa.A HH~OpMa~H.A C KaTOAH~X 111-!HHH 3aAepmKH 
nocTyna11a Ha AHCn11eH H aMn11HTYAH~H aHa11H3aTop. HH3KHH ypoBeHb 
WYMOB MnK /-10-3 c-l. MM-2/, xopowee A11.A 3H H YAOB11eTBOpHTe11bHOe 
A11.A 14 c npocTpaHcTaeHHoe pa3peweHHe, BbiCOKa.A 3~eKTHBHOCTb perH
cTpa~HH ~--H311y4eHH.A /B C11y4ae 3H HMeeTC.A BBHAY B~WeAWee 1-13 
ae~ecTaa TCP3 H311y4eHHe/ noKa3a11H nepcneKTHBHOCTb TaKoro noA
XOAa K peweHH~ npo611eM~. 

0AHaKo A11.A npaKTH4eCKOH pea11113a~HH ycTpoi:1cTaa, ocy~ecTB11.A~-
....... _ ......... , .. ___ .... ____ ,,_ ........... ,..,..,,, •• ,...,....,,,,...., Tr-n~ -- ..... C:------· --··"·-· -- ..... -···--· 
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~He BOnpoc~: 1/ o6ecne4HTb AOCTyn nepBH4HOH HOHH3a~HH, Bbi3BaHHOH 
a~weAWHMH H3 ae~ecTaa TCP KopoTKonpo6emH~MH ~--4aCTH~aMH, a 
4YBCTBHTe11bHbiH o61>eM KaMepbl; 2/ paAHKa11bHO Y11Y4WHTb npocTpaH
CTBeHHoe pa3peweHHe A11.A 32P, KpaHHe HeYAOB11eTBOpHTe11bHOe BC11eA
CTBHe 6011bWHX npo6erOB H30TpOnHO H311y4aeM~X ~-4aCTH~ B~COK0-
3HepreTH4HOH 4aCTH CneKTpa; 3/ H3~CKaTb B03MOmHOCTb HCnpaB11eHH.A 
H KOppeK~HH BHeWHero ~OHa H C06CTBeHH~X WYMOB MnK; 4/ CHa6AHTb 
AeTeKTOP B~4HC11HTe11bHbiM ycTpoi:1cTaoM 1-1 rpa~H4eCKHM AHCn11eeM, 4To 
n03B011H110 6bl cy~eCTBeHHO nOAH.ATb ypoBeHb aBTOMaTH3a~HH, T04HOCTb 
1-1 cKopocTb npo~ecca o6pa6oTKH TCP3. 

2. AnnAPATYPA H nPOrPAMMHWE CPEACTBA YCTAHOBKH 

OcHoaH~MH y311aMK ycTaHoBKH YPAH-2/l7/.Aa11.A~Tc.A: 1/ no3H~HOHHo-
4yacTBHTe11bHbiH AeTeKTop /n4A/; 2/ 311eKTPOHHa.A annapaTypa perHcT
pa~HI-1 H o6pa60TKH AaHHbiX; 3/ ycTpOHCTBa ynpaB11eHH.A H KOHTP011.A; 
4 I ~aeTHOH Te11eBH3HOHHbiH AHCn11eH; 5/ 3 BM CM-4 c cooTBeTCTBY~HM 
MaTeMaTH4eCKI-1M o6ecne4eHHeM H Ha6opoM BHeWHHX ycTpOHCTB. 6110K
CXeMa yCTaHOBKI-1 npHBeAeHa Ha pHC.1. 

* fl3 - 311eKTPOMarHHTHa.A 111-'!HI-'I.A 3aAepmKH. 
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PHc.l. BnoK-cxeMa ycTaHOBKH YPAH-2. 

A-u JlHCnnEii1 I 
Al.lnY I 

M .. 1-1 :K 

n4A C03AaH Ha OCHOBe YCTPOHCTBa A11.A aHa11H3a TOHKOC110HH~X pa
AHOXPOMaTorpaMM H paAH0311eKTp~operpaMM, npeA110meHHoro C ~e11b~ 
YCKOPHTb npo~eCC aHa11H3a yKa3aHH~X 06"beKTOB H OCy~eCTBHTb HAeH
TH~HKa~H~ H3oTonoa1 10 1. Ha pHc.2 noKa3aHo cxeMaTH4ecKoe H3o6pa
meHHe KOHCTpyK~HH AeTeKTOpa /II/, COCTO.A~ero 1-13 Tpex /nK-1, nK-2 
1-1 nK-3/ nponop~HOHa11bH~X KaMep c APeH~OB~MI-1 npoMemyTKaMI-1, noMe
~eHH~MI-1 a eAHH~H ra3oa~l:1 o6beM_ Pa6o4a.A nn~aAb nK-1 -
240x24Q MM 2 ; nK-2 1-1 nK-3 - 300x300 MM 2. AHOAH~e n110CKOCTH KaMep 
/A 1/ HaMOTaH~ 301104eHOH B011b~paMOBOH npOB0110KOH AHaMeTpOM 20 MKM 
C warOM 2 MM. npoB0110KI-1 aHOAHOH n110CKOCTI-1 B~BOA.ATC.A Ha o6~y~ Wl-1 · 
Hy. KaTOAH~e n110CKOCTH /K 1/ a~n011HeH~ H3 npoB0110KH /6epH1111HeBa.A 
6pOH3a/ AHaMeTpOM 0,1 MM C waroM 1 MM. Mem311eKTPOAH~e paCCTO.A
HH.A KaMep COCTaBil.A~T 4 MM. npoB01104H~Ie 31leKTPOAbl A1 1-1 A2 1-1 
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PHC. 2. Il03HI~HOHHO-~YBCTBHTeJihHblli 
p;eTeKTOp. 

PHc.3. 06~1'! ~mp; ycTaHoBKH YPAH-2. 
IloKa3a~ MoMeHT ycTaHoBKH TCP3 B 
ra30Bblli o6beM p;eTeKTopa. 

3neKTpo,q A3 ~3 an~M~H~e8oi1 ~onbr~ /Ton~~HOH 0,45 MM/ cnymaT ,qnH 
Co3AaH~H 3neKTP~4ecKoro ,qpei1~o8oro nonH s 6n~3nema~~x K KaTo,qaM 
KaMep ra3oBbiX o6beMax. 3neKTpo,q A3, KPoMe Toro, cnym~T ~~nbTpoM, 
norno~a10~~M ~3ny4aeMble f3 --4acT~4bl H~me onpe,qeneHHoi1 3Hepr~~ 
E {3 < 0 ,5 M3B. OrpaH~4~BaeMbiH aniOMI-'lH~eBbiM 6oKcoM c Mail!napoBbiM~ 
OKHaM~ o6beM ,qeTeKTopa npo,qysaeTCH ra3oBOH CMeCbiO Ar+ CO +C H 
!82%, 15%, 3%/. C IIK-1 ~ IIK-2 cH~MaeTcH KooPAI-1HaTHaH ~H~;pMa~~:; 
aHoAH~e c~rHan~ C4~T~BaiOTCH co scex Tpex KaMep. 

AHan~3~pyeMaH TCP3 pa3MepoM ,qo 200x200 MM 2 ycTnHasn~sueTCH Ha 
npenapaTHbiH CTOnl-'lK, 3aKpblsaeTCH 3a3eMnHeMbiM 3neKTpo,qoM JJ: ~ BBo-
A~TCH 4epe3 na3 s ra3oBbli1 o6beM ,qeTeKTopa. Ha p~c.3 noKa~aH ,qe
TeKTop B MoMeHT pa3Me~eHI-1H B HeM TCP3. IInocKoCTb TCP3 npaKT~4ec
K~ snnoTHYIO np~M~KaeT K 3neKTpo,qy ,n:0 , scne,qcTBI-'le 4ero Bo3H~Ka10 -
~ee B ,qpeill~oBOM npoMemyTKe A0 -A 1 3neKTP~4eCKoe none o6ecne41-1BaeT 
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,qocTyn nep8~4HOH ~OH~3a41-1~ OT H~3K03HepreT~4HbiX 4aCT~4 8 4YBCT-
8~TenbHbiH o6beM IIK-1. 

Ha ocHo8e nepsoi1 MoA~~~Ka4~~ II4A /c o,qHoi1 Koop,q~HaTHoH KaMe
poll! IIK-1/ 6wna co3,qaHa asToHoMHaR ycTaHOBKa YPAH-11 121. Annapa
Typa HaKonneH~H ~ o6pa6oTK~ ,qaHHbiX 8 3ToM cny4ae 6a3HPo8anacb Ha 
Tene8~3HoHHoe yCTpoHCT8o, C03AaHHoe Ha OCH08e KpeMHHe8oH Tpy6KH 
nma "Lithocon"/1 3/. Ha 3TOH OTHoC~TenbHo npocToH, y,qo6HoH B 
3KcnnyaTa4~~ ~ He,qoporoi1 ycTaHo8Ke oTpa6oTaHa MeToA~Ka ~ccne,qo-
8aH~H TCP3, Me4eHHbiX 3H ~ 14C, ~ nony4eHbl 3Kcnep~MeHTanbHble pe-
3ynbTaTbl/141. O,qHaKo, KaK oTMe4anocb e~e 8 pa6oTel 151, B8e,qeH~e 
BTopoH Koop,q~HaTHoH KaMepbl /IIK-2/ ~ 8b14~Cn~TenbHoro yCTPOHCT8a 
,qonmHo cy~ecTseHHo yny4W~Tb napaMeTpbl ycTaHo8K~ ~ noMo4b non
HoCTbiO ~3sne4b npe~My~eCT8a MeToA~K~ MilK. 

C4~Tbl8aH~e A8YXKoop,q~HaTHoi1 ~~opMa4~~ ocy~ecT8nReTcR nocpe,q
CTBoM KaToAHbiX 113 C noroHHOH 3a,qepmKoH T "' 2 HC • MM - 1• CHrHanbl 
CH~MaiOTCR C A8YX KOH40B 113 np~ noMo~~ ManowyMH~~X yc~n~Tenei1, 
~MeiO~Hx Ko3~~~4~eHT yc~neH~H Ky - 300, ~ no,qaiOTCR Ha ,q~cKpHM~Ha
Topbl HynR. Co6cTBeHHoe pa3peweH11e 3neKTpoH~KH cbeMa -3 HC 
/FWHM/. C noMo~biO ,qaHHoi1 annapaTYPbl nony4eHo nnaTo c4eTHbiX xa
paKTep~cT~K -150 B ,qnR 32p ~ 14c /no CYMMe OTC4eTo8 nK-1 -;. IIK-3 
~ IIK-1 7 IIK-2 cooT8eTcTseHHo/. Aanee cHrHanbl o6pa6aTb18aiOTCR 8pe
MeHHbiM npo4eccopoM, oT6~pa~~M co6biT~H, xapaKTep~3yeMble Han~4~eM 
TonbKO o,qHoro CHrHana 8 Kam,qoM per~cTp~py~eM TpaKTe. u~~po8oe 
KOA~P08aHHe 8peMeHHbiX ~HTepsanoB npo~3BOA~TCH 8peMR-4~~po8biMH 
npeo6pa3oBaTenRM~, pa6oTa~~M~ no MeTOAY ~HTepnonR4~~ /c waroM 
L HC/ nepHo,qa OCHOBHOH TaKTOBOH 4aCTOTbl /IL~ Ml 4/. W~PHHa KaHa
na AHCKpeT~3a4~~ COCTa8nHeT 0,5 MM, 4TO cornacyeTCR C Tpe6oaa
H~eM AOCTHmeH~H MaKC~ManbHOrO npoCTpaHCTBeHHoro pa3peWeHHR 
,qnH 3H. 

Ilepe,qa4a ,qaHHbiX 8 3BM npo~380A~TCH no nporpaMMHOMY KaHany. 
Ha Kam,qoe C06b1T~e nepe,qaiOTCR KOOPA~HaTbl o,qHoH Hn~ A8YX T04eK 
TpeKa 4aCT~4bl, ~. ecn11 Heo6xo,q~Mo, - KOA 3aper~cTp~po8aHHoro 
cosna,qeH~R aHoAHbiX c~rHanos. 

IIporpaMMHoe o6ecne4eHHe c~cTeMbl ,qnR 3Kcnpecc-aHan~3a TOHKo
cnoii!HbiX pa,q~oxpoMaTorpaMM ~ aneKTp~operpaMM cocTo~T H3 ,qayx 
nporpaMM. IIep8aR ocy~ecT8nReT ynpasneH~e ycTaH08KOH ~ np~eM 3a
per~cTp~po8aHHoi1 ~H~opMa4~~. BTopaR npe,qHa3Ha4eHa ,qnR o6pa6oTK~ 
~ BH3yan~3a4HH HaKonneHHOH ~H~opMa4~~. Bee nporpaMMbl Han~caHbl 
Ha R3b1Ke ~opTpaH ~ npe,qHa3Ha4eHbl ,qnR pa6oTbl a ,q~anorosoM pem~Me. 
IlporpaMMbl pean~3oaaHbl Ha Manoi1 3BM CM-4. · 

CBR3b ,qeTeKTopa YPAH-2 c 3BM ocy~eCT8nReTcR nocpe,qCT80M KOHT
ponnepa,sblnonHeHHoro 8 cTaH,qapTe KAMAK.AeTeKTop no38onReT pa3n~-
4aTb pacna,qbl ~3oTonos 3H, 14c, 32p, TaK~M o6pa3oM, HMeeTcR so3-
MomHoCTb aHan~3~Po8aTb o6pa34bl C Be~eCT8oM, Me4eHHbiM CMeCbiO yKa-
3aHHbiX H3oTonos. Ko,q aHan~3HpyeMoro ~3oTona /,qnR cMec~ ~3oTonos/, 
a TaKme o6~ee ~~cno pacna,qo8, KoTopoe Tpe6yeTCR 3aper~cTpHpo8aTb, 
3a,qaiOTCH nonb3oBaTeneM c TepM~Hana 3BM. B ,qanbHeil!weM per~cTp~
PYIOTCR pacna,qbl TonbKo yKa3aHHbiX ~3oTonOB. Ilpe,qyCMoTpeHO 80CCTa
HoBneH~e TpaeKTop~i1 f3--4aCT~4 s To4KY 8blneTa H3 npenapaTa. 5 



AnR BH3yanH3a4HH HH¢OpMa4HH 0 pacnpeAeneHHH aKTHBHOCTe~ B o6-
pa34e HCnOnbayeTCR 4BeTHO~ TeneBH3HOHH~~ MOHHTOp, ynpaBnReM~~ 

AHcnneeM-Apa~eepoM, e~nonHeHH~M e cTaHAapTe KAMAK, a TaKme an
¢aeHTH0-4H¢poeo~ AHcnne~ H AUnY. 

AnR yny4weHHR Ka4eCTBa H3o6pameHHR npeAyCMOTpeH~ 4H¢poeaR 
¢HnbTPa4HR MaTPH4~ aKTHBHOCTe~/!6 /, B~4HTaHHe WYMOB MnK, a TaKme 
HeKOTOp~e KoppeKTHpy~~He npeo6pa3oBaHHR MaTpH4~ aKTHBHOCTe~. 
WyM~ t1nK /He3Ha4HTenbHO MeHR~~HecR eo epeMeHH/ yxyAwa~T Ka4ecT
eo H306pameHHR paAHOXPOMaTOrpaMM, COAepma~HX H30TOn~ C MRrKHM 
ff"=·H3ny4eHHeM ( 3H ).HaKOnHB HH¢OpMa4H~ 0 TaKHX WyMaX H 3anHCaB ee 
Ha HaKOnHTenb Ha MarHHTH~X AHCKaX,HX MOmHO Y4HT~BaTb B npo4ecce 
¢opMHPOBaHHR MaTpH4~ aKTHBHOCTe~.Cny4a~H~e me WyM~,KaK npaBHnO, 
npoRBnR~TCR e BHAe OTAenbH~x npocTpaHCTBeHHO AeKoppenHpoeaHH~x 
HMnynbCOB, H MOryT 6~Tb 3¢¢eKTHBHO noAaBneH~ crnamHBa~~HMH HH3-
K04aCTOTH~MH ¢HnbTpaMH. B aaBHCHMOCTH oT xapaKTepa npenapaTa 
/paaMepa nRTeH, HX eaaHMHoro pacnonomeHHR/, 4enecoo6paaHo noA-
6HpaTb TOT HnH HHO~ THn ¢HnbTpa, n~-160 onpeAeneHHy~ nocneAOBaTenb
HOCTb ¢HnbTPOB, n03BOnR~~HX yny4WHTb BH3yanbH~e napaMeTpbl H306pa
meHHR C MHHHManbH~MH HH¢opMa4HOHH~MH noTepRMH. nporpaMMa COAepmHT 
cneAY~~H~ Ha6op 4H¢pOB~X ¢HnbTPOB: crnamHBa~~He, KOHTpaCTHpy~

~He, MeAHaHH~e c KpecToo6paaH~M ''oKHoM''. B HeKOTOPbiX cny4aRx, 
AnR ny4We~ BH3yanH3a4HH H306pameHHR, MOmHO npeo6pa30BaTb MaTpH4Y 
aKTHBHOCTe~, HCnOnb3YR cneAY~~He MeTOA~: nOA4epKHBaHHe H BbiAene
HHe KOHTYPOB, CKOnb3R~aR KOppeK4HR. 

3. AHAn~3 PAA~OXPOMATOrPAMM ~ 3nEKTP0¢0PErPAMM 

npo4eAypa aHanH3a paAHOXPOMaTorpaMM Ha ycTaHOBKe YPAH-2 co
CTOHT H3 Tpex nocneAoBaTenbH~x 3Tanoe: 1/ noArOTOBKH TCP3 K Hc
cneAoBaHH~ /paaMe~eHHe e raaoeoM o6oeMe AeTeKTopa H ycTaHoBKa 
pa604ero pemHMa n4A/; 2/ Ha6opa AaHHbiX; 3/ o6pa60TKH HaKonneH
HO~ HH¢OpMa4HH. 

noArOTOBHTenbH~~ 3Tan. nocKonbKY paaMe~eHHe TCP3 B n4A CBR-
3aHO c 4aCTH4HO~ paarepMeTH3a4He~ raaoeoro o6oeMa AeTeKTopa, TO 
Tpe6yeTCR HeKOTopoe epeMR AnR BbiXOAa YCTPO~CTBa He pa604H~ pemHM. 
YcTaHoeneHHe pa6o4ero pemHMa KOHTponHpyeTCR no a/cTa6HnbHOCTH 
3¢$eKTHBHOCTH perHCTpa4HH ~--H3ny4eHHR Be~eCTBa; 6/ypOBH~ WYMOB 
nK-1 7 nK-3 npH HOMHHanbHOM 3Ha4eHHH HanpRmeHHR B~COKOBOnbTHOrO 
nHTaHHR. YKa3aHHaR npo4eAypa aaHHMaeT epeMR -10 MHH. 

HaKonneHHe HH¢OPMa4HH. Pa3Mep~ MemaneKTPOAH~X paccTORHH~ n4A 
H TOn~HHa Al-¢HnbTpa TaKOBbl, 4TO nK-3 perHcTpHpyeT TOnbKO ~--4a
CTH4~ c Ha4anbHO~ 3HeprHe~ 6onbwe 0,5 MaB,nK-2 - 6onbwe 100 K3B, 
a nK-1 - npaKTH4eCKH BeCb cneKTp 8--4aCTH4,H3ny4aeM~~ H30TOnaMH 
3 H, I4c , 32p. AHanH3HPYR KOM6HHa4HH coenaAeHH~ aHoAH~x CHrHanoe, 
MOmHO pa3AenbHO perHCTpHpOBaTb B~COK03HepreTH4H~e Y4aCTKH cneKT-

6 

) 

) 

poe H3ny4eHHR l4 C H 32p H B~AenRTb H3ny4eHHe 3H no OTCyTCTBH~ 
AnHHHonpo6emH~x ~-4aCTH4. HanH4He coenaAeHH~ A1 ·A2·A3 CBHAeTenb-

. 32 v 

CTByeT 0 perHCTPa4HH H3ny4eHHR p ; perHCTPa4H, COBnaAeHHH BHAa 
A1·A2·A3 yKaa~eaeT Ha AeTeKTHpoeaHHe Hany4eHHR 

4C; perHcTpa4HR 
TOnbKO KOM6HHa4H~ B11Aa A 1 •A2 ·A3 B03MO>KHa nHWb npH AeTeKTHPOBaHHH 
TpHTHeBoro H3ny4eHHR. THn~ coenaAeHH~, KOTOp~e AOn>KH~ npHBOAHTb 
K perHCTpa4HH C06~THR, 3aAa~TCR B cne4HanbHO pa3pa6oTaHHOM 6no
Ke oT6opa no nporpaMMe 3BM nepeA Ha4anoM 3Kcno3H4HH. BpeMR Ha
KonneHHR AaHH~x onpeAenReTcR aKTHBHocTb~ 30H TCP3 H cocTaenReT 
06~4HO -30 MHH. 

Q6pa60TKa AaHH~X, 3aKn~4a~~aRCR B onpeAeneHHH KOHTypOB paAHO
aKTHBH~X aoH TCP3 ..., B~4HcneHHH e HHX 4Hcna HaKonneHH~x co6~TH~, 
ocy~ecTBnReTCR onepaTopoM e AHanoroeoM pemHMe. BpeMR o6pa6oTKH 
HC4HCnReTCR MHHyTaMH. 

4. OCHOBHbiE nAPAMETPbl YCTAHOBK~ 

AnR H30Tonoe 3H, 14 c ..., 32 P 04eHeH~ H aKcnepHMeHTanbHO onpeAe
neH~ npeAenbHO AOCTHmHM~e npOCTpaHCTBeHHOe paapeweHHe, 4YBCT
BHTenbHOCTb, a TaK>Ke CnOC06HOCTb HAeHTH$HKa4HH H30TOnOB MeTKH. 

4.1. npocTpaHCTBeHHOe paapeweHHe 

npoCTpaHCTBeHHOe paapeWeHHe H3MepRnOCb C nOMO~b~ C¢opMHpo
BaHH~X 3oH Kpyrno~ ¢opM~ IAnR 3H- AHaMeTpoM -0,5 MM, AnR 14 C 
H 32p - 2 MM/ H xapaKTepH30BanOCb CpeAHeKBaApaTH4HO~ OWH6KO~ 
aaperHCTPHPOBaHH~X pacnpeAeneHH~. 

3H. ManaR eenH4HHa peanbHbiX npo6eroe Rf3 {3--4aCTH4 AnR 3Ha-
4HTenbHO~ 4aCTH CneKTpa H3ny4eHHR 3H H ee 3$¢eKTHBHaR perHCTpa-
4HR n03BOnHnH AOCTH4b B~COKOrO pa3peweHHR ax ~ ay ~ 0,5 MM, 
4TO AaeT B03MO>KHOCTb HaAemHo pa3AenbHO perHCTpHpoeaTb o6beKT~ 
Man~x paaMepoe I- 1 MM/ c paccToRHHeM MemAY rpaHH4aMH .1,5 MM 
/pHc.4/. 

14c. npH AeTeKTHPOBaHHH H3ny4eHHR 14 c 6~no nony4eHo paapewe
HHe--5-~ 6 MM /FWHM/, 4TO xopowo cornacyeTCR c pac4eTH~M AnR 
cny4aR OTCYTCTBHR napaaHTHoro norno~a~~ero cnoR ee~ecTea. 

32p, YAoeneTBOPHTenbHoe paapeweHHe e cny4ae HcnonbaoeaHHR 
32p Gblno AOCTHrHyTo nyTeM npHMeHeHHR npo4eAYP~ 3KCTpanonR4HH 
B T04KY B~neTa TpaeKTOpH~ AnHHHOnpo6e>KH~X {3~4aCTH4, HCn~T~ea

~~HX He6onbwoe OTKnOHeHHe TpeKa Ha nyTH OT TCP3 K nK-2. PeKoH
CTPYK4HR npOH!BOAHnaCb no ABYM T04KaM, 3aperHCTpHpoeaHHbiM KaMe
paMH nK-1 H nK-2; nony4eHO npocTpaHCTBeHHOe paapeweHHe FWH~1 = 
= 4 MM. 
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PHc.4. fHcTorpaMMa pacnpeAene
HHft, nony~eHHaH npH perHCTpa~HH 
30H, COAepEa~x 3H. PaccToHHHe 
M~Y rpaHH~aMH llHTeH ~1,5 MM. 

4.2.4yBCTBHTenbHOCTb 

4yscTBHTenbHOCTb npH6opa YA06-
HO O~eHHBaTb 3Ha4eHHeM speMeHH 
3KCn03H~HH T3 , Heo6XOAHM~M AnR 

AOCTHmeHHR 3aAaHHOrO YPOBHR CTa
THCTH4eCKO~ OWHfiKH 81 /OTHOCH
TenbHaR cpeAHeKBaApaTH4HaR no
rpeWHOCTb/. nonaraR, 4TO WYM~ 
MnK H BHewHH~ ~oH sa speMR 3Kc
noaH~HH He H3MeHR~TCR H,CneAo
BaTenbHO, MOryT 6~Tb npeABapH
TenbHO H3MepeH~ C 6onbWO~ TQ4-
HOCTb~ H HCnOnb30BaH~ AnR B~4H
TaHHR H3 3aperHCTpHpOBaHHOrO 
H306pameHHR, HMeeM: 

T3 

(.J f}l + J M) ~ 

f,[l • AH ___ _t: _________ • 

2 81 • f .!1 • A"-

rAe AH- BHeceHHaR aKTHBHOCTb HccneAyeMo~ 30H~, P - ee nno~aAb, 
£.!1 - 3~~eKTHBHOCTb perHcTpa~HH AeTeKTopa, J¢, JM- YAenbHble /Ha 
eAHHH~Y nno~aAH/ HHTeHCHBHOCTH C4eTa ~OHa H WYMOB AeTeKTOpa. 

~. B cny4ae HCnonb30BaHHR TPHTHR, KOrAa perHCTPHPY~TCR CoB
naAeHHR BHAa A1·A2·A3, J ¢ = 0. WyM~ nK-1 B pa6o4eM pemHMe COCTas
nR~T J Ul - 3 n KH oCM - 2 • npHHRB AHaMeTp MHHHManbHO B03MOmHo~ AnR 
aHanH3a nosepxHOCTH TCP3 "'3FWHM, nony4HM Pmin "'0,2 cM 2• MaK
CHManbHOe 3Ha4eHHe f.!l• nony4eHHOe npH OTCyTCTBHH norn~eHHR B 
B~eCTBe HOCHTenR C y4eTOM 217 reoMeTpHH, COCTaBnRnO "' 20%. 8 peanb·· 
H~X ycnOBHRX 3Ta BenH4HHa MOmeT 6~Tb cy~eCTBeHHO MeHbWe BCneA
CTBHe norno~eHHR HH3K03HepreTH4H~x 4aCTH~ B se~ecTBe TCP3. 
Ha PHC. Sa npHBeAeH~ 3aBHCHMOCTH T 3 "' f(AH, P )' AnR E .!1 =:o20% H E A =5%. 

l4C. ,l\nR 14C MOmHo HCnonb30BaTb cosnaAeHHR A1·A2·A3+A1·A2·A3 
/EA~50%/, H A1·A2·A3 /fA = 20%/. B nepsoM cny4ae J ¢"' 0, 
J w "'3 n KH ·eM -2 so-sTopoM - J <b "' 0, J w "' 0. MHHHManbHO perHcTpH-
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T:!I,"L T3,"1. 

2,0 l 
I I I I 

J I I 3H 2,0 I , . 
I 

14c 
I 

'·5m, \ j 1,5 

\ \ 
1,0 . ~ ~' 1,0 

-- l\1.,.n·~A1·Al,Al 

--- - llt·A2·~ 

0.5 1- \\ ;·,~ -,~ 

~ 
0.5 

so 80 100 A,nKu 4 
1~ 20 A,n~u 

a 
6 

T3,"L 

2.0 L \ 32 p 

\ ea.:S%' P=lcM2 
1,5 1-

1,0 

0,5 

I 

Puc. 5. KpHBbJe, xapQ.l<TepH3YIO~e 
~YBCTBHTenbHOC§b Y~TaHOBKH 

YPAH-2, AflH a/ H, G/ 14c, B/ 32 P. 
AH - BHeceHHaH aKT~BHOCTb, T3 -
BpeMH 3KCIT03H~HH, ~eOOXOAHMOe 

I I 
0 20 40 60 80 

B 

100 
AllH rrony~eHHH cTaTiicTH'leCKOft 

A, nKu -ro~HOCTH 81 = I 0%. 

PYeMaR nno111aAb npHHRTa pasHa~ 1> min 

T3 =f(AH,P) npHBeAeHa Ha pHc.56. 
2,5 CM

2
• 3aBHt~MOCTb 

32p. 8 AaHHOM cny4ae perHCTpHpy~TCR TOilbKO COBnQAeH~H BHAa 
A 1 · A2 · A3, no:noMy J w ~ 0, J ¢ ~ 1 n KH ·eM- 2

• l-13MepeHHoe 3 Ha 4eHHe 
£ ~ 5% /ManaR senH4HHa f.!l o6ycnosneHa norno1J1eHHeM 4acTH~ 8 Af - $~nbTpe/. l-1cxOAR H3 npocTpaHCTBeHHoro paspeweN~R FWH~1=4 MM 
Bbl6paHo Pmin "'1 CM 2

• 3aBHCHMOCTb T3=f(AH) AnR P, Pmin npH
BeAeHa Ha PHC.5B. 

4.3. l-1AeHTH$HKa~HR H30TOnOB MeTKH 

Cnoco6HOCTb ycTaHoBKH HAeHTH$H~HposaTb ~30Tonw 3Q, 14c, 32p 
Hnn~cTp~pyeTCR TafinH~e~, B KOTOpO~ npHBeAeHbl OTHOC~renbHWe CKQ
POCTH C4eTa 3aper~CTPHPOBaHHbiX KOM6HHa~H~ aHOAHWX C~rHailOB 
nK-] 7 nK-3 AnR pasn~4HbiX MeTOK/7/. ,l\onesoe COOTHOWeH~e C4eTOB 
He ~3MeHHeTCR BO BpeMeHH ~ MOmeT fiWTb n03TOMY HCnonbsoBaHO AnR 
HAeHTH$HKa~HH H30TOnOB H onpeAeneHHR HX OTHOCHTenbH~x aKTHBHOC
Te~ /c Y4eTOM 3$$eKT~BHOCT~ perHCTpa~HH/ KaK B OAHO~, TaK H B 
Pa3Hwx soHax. 
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'l'a6nHu;a 

BHA H30Tona 
0THOCHTeJibHaH CKOpOCTb cqeTa f,n (%)* 

A1·A2·A3 A1•A2·A3 A1·A2•A3 

3H 100 0 0 20 

I4c 62 38 0 50 

32p 29 59 12 40 

• c A- a6comoTHaH cyMMapHaH /A1·A2·A3 A1·A2·A3 A1·A2·A3/ 
s~eKTHBHOCTb AeTeKTopa. 

'3AKI1104EHHE 

Co3AaHHaR ~ ~ccneAoBaHHaR B 06oeA~HeHHOM ~HCT~TyTe RAePH~x 
HccneAOBaH~~ ycTaHOBKa YPAH-2 ycnewHo 3KcnnyaT~pyeTCR e HaCTOR
~ee epeMR B HHCT~TyTe MOneKynRpHo~ 6HonorH~ AH cccp/l7/. 

npHMeHeH~e MeTOA~K~ nponop~HOHaflbH~X KaMep n03BOfl~flO COKpa-
TlATL Qr'\OUc=l nF\.n"""''hr'\TVI.olll T-l..JV,...,_ n,....t"':.L.JI 1>.~ .... -. n,,.,.......,..,.,.....,.-. ... ,...,......, ..... ,..~ ,.. ,,,..,..,,,...no -

- -.--- --· --.----. ·-·· • -···~--··-····-··- r"' ... ,.., ............. _. • ............................... _. ............... _ 

K~x AHe~ ~ HeAenb AO 4aca ~nH Aame AeCRTKOB MHHYT ~ ocy~ecTBHTb 
Hepa3pywa~~H~ r~6K~~ aBTOMaTH3~POBaHH~~ 3KCnpecc-aHafl~3. 

AeTop~ 6naroAaPRT aKaAeMHKa A.M.6anA~Ha 3a nocToRHH~~ ~HTepec 
K pa6oTe ~ nOAAepmKy, a TaKme npQ$eccopa 3.1-1.6yAOBCKoro 3a no
ne3H~e o6cymAeHHR. 
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