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.Llo HeaaBH9I'O BpeMeHH )KHaKH9 CUHHTHnn.RTOpbl npHMeHSinHCb B OCHOB

HOM B ggepnoa ~H3HK9 1 a TaK)K9 B paaH06HOnOI'HH gng H3MepeHHSI KOnHqeCTB 

14c 111 
H30TOlla H TpHTHSI no HX 6eTa-H3nyqeHH~ • 

p a 60Th! nocneaHHX neT llOK83anH 1 qTO C llOMOIUb~ )KHgKHX CUHHTHnng-

TOpOB {)KC) MO)KHO TaK)K9 ycneiUHO H3MepSITb KOHU9HTpaUH~ pagoHa, npH.;. 

q~M qynCTBHTenbHOCTb 9TOI'O MeToaa B aeCSITKH pa3 BbiiUe, '19M paaHOMeT

/2/ 
pHqecKoro MeToaa • HeMeUKHe HCcneaonaTenu (X. 11ne, M. KapaaSIHHC H 

A. Mypenxo!}l) H3MepHnH c npHMeHeHHeM )!(C aKTHBHOCTH HCKyccTneHHhl~. 

2aoTh, 2a1Pa·H 237Np 6 0 npenapaToB ea npoayKTOB pacnaaa. IIH npea-

no)KHnH cxeMy npeuaauonnoa ycTaHOBKH anSI nponeaenHR H3Mepenua, a TaK~e 

npHM9HHnH CTa6HnH3Hpy~IUHe ao6aBKH gng nogannel!HSI aacop6UHH paaHOH3Q-
/3/ 

TOllOB Ha CT9HK8X cocyga C )KHgKOCTHO-CUHHTHnnSIUHOHHOa CM9Cb~ 

1.JeiUCKH9 yq~Hble pa3pa6oTanH CUHHTHnnSIUHOHHbla M9TOa onpeaeneHHSI 

KOHU9HTpaUHH paaHR B npo6ax BOa, OCHOBaHHbla Ha XHMHqeCKOM nonyqeHHH 

CMeCH cone a Ba"/ Ra I so 4 H Zn s ( CUHHTimnSITOp /
4 
I. 3TOT MeToa T8K)K9 

~13 < 

OTnH'IaeTCSI BbiCOKOa qyBCTBHTenbHOCTb~ (10 r/n npH TO'IHOCTH ±,20%) • 

QqenHaHO, 'ITO npH H3Y'I9HHH eCTeCTBeHllblX paaHOH30TOllOB C llOMOntb~ 

)!(C MO)KHO TaK)K9 go6HTbCSI BbiCOKoa 'IYBCTBHTenbHOCTH M9TOaHKH 1 T8K KaK 

• 
B )KHaKOCTliQ-CUHHTHnnSIUHOliHOM npenapaTe pei'HCTpHpy~TfS! npaKTH'I9CKH 

see aapsnKeHHbie 'llaCTHUbi npH reoMeTpHH H3MepeHHSI '4rr ., 

3 
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nnH UCCnenoBaHUH B03MOlliHOCTeil npnMeHeHUH llillllKUX CUUHTnnnHTOpOB 

(C UenbiO U3MepeHUH aKTUBHOCTU eCTeCTBeHHh!X pannoaKTUBHb!X aneMeHTOB 

ll UX U30TOnOB 6hinll _ onpo6,0BaHbl nsa TUna llillllKUX CUIIHTUnnHTOpOB ( )KC), 

fiepBhlll TUn - BOnopaCTBOpUMb!ll CUIIHTUnnHTOp Ha OCHOBe llllOKCaHa 
' 

c aKTI!BaTopaMn (Ha 1 n nnoKcaHa 8 r PPO n 50 r Ha!j!TannHa), fipH cMe-

umaa·Hnn C BO):lOll llllOKCaH He TepHeT CBOIIX CUIIHTnnnHUllOHHhiX CBOllCTB, ec- -

/5/ 
nn KOnU'leCTBO BO):lbl B CMeCU He npeBhiWaeT 40% , 

BTopoil TUn - opraHU'leCKUll )KC Ha OCHOBe TOnyona, He CMeWUBaiOWllllCH f 

c sonoii (Ha ln'Tonyona 4 r PPO n 0,05 r POPOP), 

Ha )KC nepaoro Tuna 6hmn npoaeneHhi nccnenoaaHnH B03MOlliHOCTeil 

npUMeHeHUH cneKTpOMeTpll'li3CKUX MeTOllllK nnH pa3nenbHOr'O onpelleneHUSI 

pallHOII30Tonoa B pacTaopax n sonax, B Ka'leCTBe anb!jla-n3ny'laTeneil ucnonb-
233 30BanHCb paCTBOphl U30TOnOB U 0 

238 u 
n pacTaop conn 226 Ra 

6e3 nponyKTOB ero pacna):la, B Ka'leCTBe ncTO'lHUKa 6eTa-n3ny'leHnsr npnMe-

. 234 238 HHnCH 9Tanol! sneKTpOnUTU'leCKll BbiCallieHHOr'O ypaHa ( U ll U 

B paBHonecnu c UX 1 n UX 2 ) , KOTOphiil npnKnallbiBancsr npn U3MepeHnsrx 

BnnOTHYIO K )KC, nnsr perncTpaunn TOnbKO meCTKOr'O 6eTa-n3hy'leHUSI ux 2 

sTanoH 3aKpbiBancsr amoMnHneaoil ¢onbroil, nonHoCTbiO nornowaJOmeil anb!jla-

n3ny'leHne, a TaK>::;e 6onee MHI'Koe 6eTa-n3riy'leHne UX 
1 

, fipn pa6oTe c 

~\C nepBOr'O TUna pallll08KTUBHblll paCTBOp ll06aBnHnCSI HenocpellCTBeHHO B 

- IKC n Konn'leCTBe He 6onee 20% OT acero o6'beMa, CMeCb )KC c pallnOaKTHB-

HbiM paCTBOpOM nannaanacb B CTeKnHHHblll CT8K8H'lllK, KOTOpb!ll noMeiUancsr 

Ha 4>3Y, 

Pe3ynbT8Thi cpanHnTenbHhiX H3Mepeunil aMnnnTyll nMnynbcoa, B03HUKa

IOIUHX B )KC npn B036yllillC'Hllll ero- anbcjla- ll 6eT8-lJ8CTllU8Mll BbiiUeynoMSIHy

Tb!X H30Tonoa, npnBellOHhi B ra6n. 1, Hpu aToM aMnnnTylla nMnynbca, B03-

HllK8IOIUero B ~\C 01' 6eT8-lJ8Cl'llU UX 2 , npnHHTa 3a ennuuuy, 

• 

4 

!., 

l13 nony'leHHhiX ll8H 

nun ){(C anbcpa-'lacTuuaMI 

IIMnynbca, B03HUK810IUero 

rneil 0,5-0,6 MsB, l13 Tal 

'lecKoro pa3neneHnsr OTlle1 

COB, B03HUK8IDIUUX B' )KC, 

' 1 

CpaBHHTenbHasr Bennt 

. ll 6eT8-lJ8CTUU B : 

Ng l1CTOlJHUK U3ny'lel!HSI 

UX 2 

2 233 u 

3 22oRa 

4 238 u 

OllHHM 113 Han6onee a 

ypaua B npnponHhiX Bonax s 

BanneM apceHa3o-III B. CO"! 

U3 BOllbl Tpn6yTnn!jloc!jlaTOM 

BopoM TE¢ B KaKoM-nn6o f 

peSKCTparnpyeTcsr U3 TE¢ 

csr na ¢oroKonopnMeTpe co 

Tope, liyBCTBHTenl:>nocTb Tal 

MepeHnH :!:,20%, 

~. ;;.' 



aAUOaKTHnHblX aneMeHTOn 

HX C~HH;H~liSITOpon ()!(C) • 

ITOp ,Ha OCHOne AHOKCaHa 

50 r ua$Tannua). Tipn cMe- , 

!THliliSIUHOHHbiX CnOllCTn, eC

'/o/5/• 

e Tonyona, He CMelllnna!OIUHllCSl 

=>OP). 

~ne.nonaHHSl n03MO)KHOCTell 

Ja3.nenbHOI'O onpeneneunsr 

3e-anb$a-n3nyqaTenei1 ncnonb-

n·pacTnop conn 
226 Ra 

HiiKa 6eTa-n3nyqeuusr npnMe-

l ypaua ( 234 U u 288 U 

li8llbJnanCSI npu U3MepeHUSIX 

rKoro GeTa-u3nyqeuusr UX 2 

llOCTb!O nornomaJOmefl anb$a

lHUe UX 1 • Tipn pa6oTe c 

lnl!SlliCSl Henocpe.ncTneHHO n 

~Ma. CMeCb )!(C c pa.nuoaKTun

{aHqnK, KOTOpbiil noMemancsr 

MllliUTYll UMllYlibCOn, no3HUK8-

eTa-qacTHU8MU nbillleynoMSIHy-

1-i aMITliUTYA8 UMllYlibCa, no3-

lHHSITa 38 e.nnuuuy. 

l13 nonyqeHHbiX A8HHbJX nUAH01 qTo aMriliHTYAa UMnynbCOn npU no36y)K.ne

HUU )KC anb¢a-qacTnUaMu c auepruefi: 5-6 Man cooTneTcTnyeT aMnnuTy.ne 

RMnynbca, no3HRKaJOIUero npn o6nyqeunn .neTeKTopa 6eTa-qacTRUaMH c anep

I'Refi 0,5-0,6 Man, l13 Ta6n, 1 BUAHa T8K)Ke n03MO)KHOCTb cneKTpOMeTpli

qecKOI'O pa3.neneHRsr oT.nenbHhlX rpynn anb¢a-qacTRU no aMnnuTy.naM HMnynh

con, n03HHK8!0IUUX n )!(C, 

Ta6nRua 1 

CpannnTenhHasr nenRqHIIa aMnliRTYAbi uMnynbcon OT anb$a

u 6eTa-qaCTIIU n )!(C (n OTHOCRTel!bHbiX e)lliHUUaX) 

Ng I1CTOqHHK H3l!yqeHHSl Bu.n n aneprusr AMnnnTy.na RMnynhca, 
u3nyqeuusr, Man OTH, e.n. 

ux 2 {3 2,32 1,0 

2 238 u 
a 4,85 0,28 

3 226Ra a 4,77 0,22 

4 288 u a 4,18 0,18 

0AHIIM H3 Hau6onee aKcnpecCHbiX MeTOAOn onpe.neneHUSl ~OHUeiiTpaUiill 

.ypaua n npupoAHhiX no.nax srnnsreTcsr KonopuMeTpnqecKnfi MeTo.n c ucnonb30-

nauueM apcena3o- III n coqeTauuu c npe.nnapuTelibHOfi SKCTpaK'uuefi: ypaua 
113/ 

U3 no.nbi Tpu6yTun4Joc$aToM ( TE<P) • Ypau U3nneKaeTcsr 113 DOAbi pacT-

nopoM TE<l> n KaKoM-nu6o nuepTHoM oprauuqecKOM pacTnopuTene, a 3aTeM 

peaKcTparRpyeTcsr ua TE<l> pacTnopoM apceua3o- III 11 cpannnnaeT-

CSI Ha cpOTOKOliOpUMeTpe CO CT8l!AapTHbiM paCTDOpOM ypaHa B aTOM UHAHKa

-6 
TOpe, l!yncTn"':renbHOCTb T8KOI'O MeTOA8 5•1 0 I'/ n npH ITOI'pelUHOCTll H3-

Mepel!l1Sl :!:_20%. 
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TottnocTb H ttyscTBHTenbHOCTb MeTona onpeneneHH.H KOHUeHTpaunn 

ypalla MO)I{HO 3Ha'1HTenbHO nOBbiCHTb (He CHHma.H ero 9KCnpeCCHOCTH), ecnH 

ucnonbaosaTb pacTaop TEr:l> n opraHnttecKOM pacTaopuTene, nanpuMep Tonyone, 

KaK )KC (CUHHTunn.HTOp BTOpOI'O Tuna), 

KaK obino BbiSICHeHO 9KCnepuMeHTanbHO, Hanuttue TEr:l> B paCTBOpHTene 

He OKa3biBaeT cymecTBeHHOI'O snustHHSI Ha CBeTOBOil: BbiXOn )!(C ( Ta6n, 2), 

8 9TOil: TaonHUe naHa cpaBHHTenbHS.H XapaKTepHCTHKS OTHOCHTenbHOil: aMnnH

Tynbi nMnynbcos ( OAH), aosnuKaiOwux a )KC npn onTHManbHbiX KonuenTpa-

unstx aKTHBaTopos, a sanHCHMOCTH oT KonnttecTsa TEr:l>, nn.H cpasne-

nusr sa ennnuuy npnnsrTa aMnnnTyna nMnynbcoa oT KpncTanna CTHnb6ena. 

N2 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ta6nuua 2 

CpaBHHTenhnasr xapaKTepucTHKa OAH npu onTuManbHoil: KOHUeHTpaunH 

niOMHHeCUHpyYHUHX no6aBOK B paCTBOpHTenSIX C 9KCTpareHTaMH 

H 6e3 HHX 

PacTsopnTenh 
, 

AKTHBSTOphl B r/n TEr:1>1 OAH 
paCTBOpHTen.H sec% 

Tony on 4 r PPO, 0,05 POPOP - 0,60 

( nnsr cpasnen.) 

Tony on 4 r PPO, 0,05 POPOP 7%TEr:l> 0,57 

Tony on - 14% 0,54 

Tony on - 21% 0,50 

Tony on - 28% 0,42 

Basenunosoe Macno 4 r P.PO, 0,05 POPOP, - 0,54 

50 r Ha4JTanHHa 

Basennuoaoe Macno - 7%TEr:l> 0,48 

Basennnosoe Macno - 14% 0,43 

To >KI.l - 2l'Yo o,sn 

To N\e - 28% 0,35 

6 ,. 
''~' 

nn.H HCCnenoBaHHSI Bl 

ypa11a, conepmawnxc.H a so. 

THnn.HTop BToporo THna), 

HaMepeHH.H nposonn 

Hbiil: CUHHTHnnsrUHOHHbiH ·n 

COKOBOnbTHbiH Bbinp.HMHTE 

n.HTop nanusancsr a cTeK~ 

KOTOpb!H nOMeruanc.H B CE 

nyttwero onTnttecKoro. KOI 

'npMemanc.H cnoil: saaennH• 

CT9HKaMH , paoOTaiOmeM l 

nanaiOwne non yrnoM, . 6o 

COoHpaiOTC.H Ha $OTOKaTW 

9THX nytteil: co6npaeTC.H a 

HHKOM HeonHoponnocTeil: · c 

HHe OTpamaiOWHX CTeHOK 

WeHH.H CUHHTunn.HTOpa 3Ht 

HOK, TO CT9HKH CTaKaHttlll 

noKasan, . ttTo npu 9TOM pE 

paaa, 

Onpenenenne KOHUeJ 

H Tpe6yeT OTpaoOTKH MeT 

no9TOMy Ha nepBOM 9Tan< 

Bbi6opoM onTnManbHbiX yc 

HOCTH naHIIOii 1\leTOnHKH, < 

nayttenn sr punnonaoTonon, 

8LI6op OIITHManJ 

OIITHMll1lbllliSl TOnlltHIIa )KC 

Homeunu CIII'II£ma K noMe~ 

c•r~Ta 4Jona ( J 41) OT Tc 



:]leneHHSI KOHUeHTpaUHH 

ero ~KcnpeccHOCTH), ecna 

raopaTene, HanpuMep Tonyone, 

m•me TB«<> a pacTaopaTene 

oii BbiXOJl )I(C ( Ta6n. 2), 

:THK8 OTHOCHTenbHOit aMnnH-

1 OllTHManbHblX KOHUeHTpa-

TB«<>, .UnSI cpaaHe-

IT ~pHCTarina CTHnb6eHa. 

ManbHOii KOHUeHTp8UHH 

C 3KCTpareHT8MH 

11 TB«<>, OAH 

sec% 

>P 0,60 

IP 7% TB«<> 0,57 

14% 0,54 

21 '1o 0,50 

28% 0,42 

P,, 0,54 

7% TB«<> 0,48 

14% 0,43 

21 'Yo 0,30 

28% 0,35 

,UnSI HCCneJlOB8HHSI B03MO*HOCTefi onpeneneHHSI KOHUeHTp8UHH H30TOnOB 

ypaHa, conep*allJHXCSI B B0Jl8X0 6bin npHMeHeH )KC Ha OCHOBe Tonyona ( CUHH

THnnSITOp BTOporo THna). 

HaMepeHHSI npoaonnnncb ua ycTaHOBKe, BKnJO'I8JOIIJefi B ce6SI yHnaepcanb

HbiH CUHHTHnnSIUHOHHbiH Jl8T'IHK YC.U-1 c CI>3Y -13, JlHCKpiiMUHaTop nn-2, Bbi

COKOBOnbTHbJH BbinpSIMHTenb BCB-2 II nepec'IeTHblit I!pH6op nn-8. CuHHTHn

nSITOp HanaaanCSI B CTeKnSIHHbifi CT8K8H'IIIK C nnOIU8JlbJO Ce'IeHIISI 10 CM
2 

t 

KOTOpblH nOMellJanCSI B CBeTOII30nllpOB8HHOfi K8Mepe Ha TOpeU 4>3Y -13, .UnSI 

nyqwero onTH'IecKoro KOHTaKTa Me*IlY JlHOM cTaKaH'IUKa H TopuoM 4>3Y 

npMemancSI cnofi aaaen11Hoaoro Macna. B CUKHTHnnSITope c npoapa'IHbiMH 

cTeHKaMK , pa6oTaJOmeM no np11Hu11ny nonuoro aHyTpeuuero oTpa*eHIISI, ny'Iu, 

' 
nanaJOmHe non yrnoM, 6onbwKM yrna nonuoro aHyTpeHHe ro oTpa*eHHSI, He 

co6npaJOTCSI Ha ¢oTOK8TOJle, npa uanH'IHU 3epKanbHOrO OTpax<eiiHSI 'I8CTb 

3TKX ny'Iefi C06HpaeTCSI Ha !pOTOK8TOJle, XOTSI H SIBnSieTCSI OCIIOBHblM UCTO'I

HKKOM HeOJlHOpOJlHOCTefi'caeToc6opa, nocKOnbKY npaKTH'IeCKOe ucnonb30B8-

HHe 0Tp8*8101UUX CTeHOK IIMeeT CMbiCII B cnyqae, KOr]la K09qxpiiUHeiiT no!"no-
~ . 

IUeHHSI CUIIHTHnnSITOpa 3H8'IKTenhHO MeHhWe K09¢q,HUHeiiT8 nornomeHHSI CTe-

HOK, TO CTeHKH CT8K8H'II!Kll 6J>InH nOKpblTbl anJOMHHUeaoii ~JOnurofi, 0nhiT 

noKa3an,. 'ITO np11 9TOM perHCTpnpyeMaSI CKOpOCTb C'ICT8 B03pllCT8CT B Tpli 

paaa. 

Onpenenenue KOHUeHTpaunn naoTonoa ypana n nonax Be_cbMa cno)!(UO 

11 Tpe6yeT oTpaooTKH MeTOJlHK c npaMeueulleM p;mnoxlll\III'IecKoro ananuaa. 

noaToMy ua nepaoM aTane accneJloaaHnfi 6bmo peweuo. orpalllPJHTb pa6oThi 

Bbi6opoM onTIIManbHbiX ycnoanfi H3Mepeuufi 11 pacqeTOl\1 IIopora 'IyacrnnTenb

HOCTH Jl8HI!Ofi MeTOJlllKH, a TDKX<e paCCMOTpCTb 1103MOJ!"IOCTb p83JlCnhJIOI'O 

113y'Ie!IH SI )HllliiOif30TOnOD, OTnJf'I8101UIIXCSI DIIJlOl\1 113ny•Iellllll •. 

B hi 6 o p o 11 ~ H Man b u o ii Ton 11111 ;I I>I c u n 11 Tun n siT o p a. O'IeBUiliiO, 
. . 

OIITUM811bllltll TOnUlUII8 )KC JlOnXO!a 6hiTb BJ,Iuplllllt npll, MllKCI!l\lllnbHOl\1 OT-

HOWeiiUif Clll'/lana K IIOMeXe, noaTOMY 6hinll CIIIJTl,J 38BIICIIMOCTII CKOJlOCTII 

C'IeTa ¢o11a ( 'J. q,) OT TOnWU/Ibl cnoSI )I(C (puc, 1 ) II CKOpOCTII C•i~Ta OT 



234
U ( j u } npu ITOCTOHHHOfi KOHU9HTp8UHH nocneanero B )KC, paBHOH 
-9 . 

4•10 P/Mn1 OT TOnutHHbl CnOH CUHHTUnnHTOpa (puc. 2). llo nony'!eHllblM 

aallllb!M 6hin8 paCC'IHTalla H ITOCTpOelia 38BHCHMOCTb ~ 
0 

COOTB9TCT-

J<fl 
BYIOutaH oTaoweanJ<> curaana K noMexe (puc. 3). KaK cmayeT ua 9Toro· 

pHCYliKa, HM99TCH pe3KHfi M8KCHMYM KpHBOH .B TO'!Ke, COOTB9TCTBYIOUl9H 

cno10 )KC B 2,5 cM. TaKHM o6paaoM, npH aaaaofi reoMeTpHH onhiTa H ycno

BHHX H3Mepel1Hfi OITTHManbHaH TOnutHHa cnog 6yaeT 2
1
5 CM

0 
a OITTHManbllbifi 

3 
o6'beM npo6bi - 25 CM • 

0 n pea en e au e no p or a 'I y B c T B u Ten h a o c T n. nnH nonyqeaaoro 

OUTHManbliOPO 06'beMa npo6bi 6bin noaC'IHT8H nopop 'IYBCTBHTenbli~CTH no· 
233 I 

U • Pac'I~T npoaoauncH no <flopMyne 

L = 3 vn ·v' l + _l _ , 

Tf lsT t <fJ 

rae J <fJ - CKOpOCTb C'I~T8 <fJOli8 1 HMn/MHli1 Tf - 'IYBCTBHTenbHOCTb .. 
MaToaa, HMU/MHH 118 1 P 1 l ST H l <fJ - COOTB9TCTB9HHO Bp9MH H3M9-

peliHH 9Tanona H <flona, MUH. 

qyBCTBHTenbHOCTb M9TOaa npu OUTHManbliOM 06'beMe MO*liO onpeae

nHTb no aaliHbiM1 B3HTbiM U3 puc, 2, K8K OTHOW9HUe CKOpOCTU C'I~Ta K KD-

. 283 U 25 . 3 ( . ) T nH'I9CTBY B CM OnTUManhHblfi 06'beM , 0 eCTb 

500.6 
3 10 10 233 

= • HMn/MUH 118 1 I' U , Tf=-.. ----
4·10-9.25 

llopOI' 'IYBCTBHTenbliOCTH C Y'l~TOM <flona, UOK838HliOPO Ha puc, 1
1 

UpH BpeMe

liH H3Mep9HUH 5 MHH paBeli 

8 

1!"1' II 
i 

j1· 

1' 
Jl 

. L= 
3~ v'40 • 

3.10 

TaKHM p6paaoM, yaepeaao 
. -9 ' 

aax ero He Meaee 10 r 

llOCKOnhKy nepuoabi .I 

cg' npHMepno B nonTopa · pa 

aonHT onpeaenHTh coaep*a 

-7 . 
H~I'O OT 10 r/n H BbiWe 

M91IbWHX KOliU9HTp8UUHX 
2: 

uccneayeMbiX aoa. 

Paaaenhaoe onpeaeneall 

lla pa3iJH'IliOfi 38BHCHMOCTH s4J 

Ma-Hany'I91IHH OT TOnutHlibl )K( 

THBliOCTH neTeKTHpOB8HHH 0 

H raMMa-uanyqenuH n Co 1 

B )KC. 

K8K cnenyeT ua pucyJ 

C'I~Ta OT TOnutHHbl )KC nUHE 

288 
nep*81IHIO . U • nnH I'a 

POCTH C'I~Ta npu TOnutHHe ~ 

CKOPOCTb C'I~Ta He M91IH9TC 

CBH381Ia c oco6eanocTHMH B 

B9Ul9CTBOM 0 a T8K*9 C yqac 

K8H'IUK8 0 B KOTOpEifi 118nHB81 

Taaa I'8MMa-uanyqenHH ua-a 

Topa. 

B CBHau. c TaKoA paan 

onpeaenenuH panuouaoTonoa, 



:ocneJlHero B )!(C, pasnoii 

2), H 0 nony'JeHHbiM 

~Tb', ~ 1 COOTBeTCT-
J<fl 

me. 

KaK CT.EJlyeT H3 9TOI"O' 

'IKe, COOTBeTCTBYIOllleH 

reoMeTpHH onbiTa H ycno

T 2,5 CM,, a OllTHManbHbdl: 

H 0 C T H, nnH nony'JeHHOI"O 

I" 'IYBCTBHTenbH~CTH no· 

I - 'IYBCTBHTenbHOCTb 

BeTCTBellHO BpeMH H3Me-

o6'heMe MO>KHO onpe.ne

IHe CKOpOCTH C'J~Ta K KQ

), To eCTb 

233 u. 

noro na puc. 1, npu apeMe-

. L == _3_~ ....:...v_4o_._6_ v _1_ + __:_ == 10 -9r 233 u. 

3.10 .5 5 

TaKHM p6paaoM, yaepennoe onpeJlenenue 233 U aoaMO>KHo npu Konu'JecT-
. -9 

sax ero ne Menee 10 r Ha 25 Mn )!(C. 

JlOCKOnbKY nepHOJlbl nonypacnaJla H30TOUOB 233 U 234 u 

CH' llpHMepHO B nonTOpa paaa, TO O'JeBHJlH01 'ITO Bbi6paHHaH MeTOJlHKa ll03-

234u sonuT onpeJlenHTb coJlep>KaHne B BOJlSX llpH KOHUeHTpaUHHX nocneJl-

nero OT 10-
7 

rln u Bbillle 6ea cneuuanbHOH o6pa60TKH npo6bi BOJlbi, Ilpu 

MeHbliiHX KOHUeHTpaUHHX 234 u 
neo6XOJlHMo npe.nsapuTenbHOe o6oramenue 

uccneJlyeMbiX BOJl, 

Pa3JlenbHOe onpe)leneHHe KOHUeHTpaUHH p8JlHOH30TOfiOB B BOJle OCHOBSHO 

HS paaiJH'IHOft 38BHCHMOCTH a<fl<fleKTHBHOCTH JleTeKTHpOBSfiHH anb<fJS-'JSCTHU H I"8M-

M8-H3ny'IeHHH oT TonmHHbi )!(C, Ha puc, 4 conocTaanenbi aasncHMOCTH a<P<PeK

THBHOCTH )leTeKTHpOBSHHH OT TOnlllHHbl cnoH )!(C ,[tnH anb<fla-'JaCTHU 283 U 

H I"SMMa-uany'IeHHH 

B .>KC, 

57 Co npu. nocTOHHHbiX KonuenipaUHHX paJlnouaoTonoa 

KaK cne)lyeT ua pucynKa, JlnH anb<fla-uany'JaTenn aaaucnMOCTb cKopocTu 

C'I~Ta OT TonmHHbi )!(C nuneiina H aoapacTaeT npHMO nponopuuonanbno co-

283U n 
Jlep>KSHHIO , nH I"8MMa-uany'JaTenn KpHBSH HMeeT MSKCHMYM CKO-

pOCTH . C'J~Ta npu TOnlllHHe )f(C 0,4 CM, Ha'IHHSH C TOnlllHHbl )!(C 2 CM. H Bbllll~ 

CKOpOCTb C'J~Ta He MeHHeTCH, Pa3f!HU8 B xapSKTepe KpHBbiX1 fiQ-BHJlHMOMy1 

CBH38fla C OC06eHHOCTHMH B38UMOJleHCTBHH anb<fla- H I"SMMa-uany'JeHHH C 

BellleCTBOM1 a TSK>Ke C Y'ISCTHeM B CUHHTHnnHUHOflfiOM npouecce CTeHOK CTa

K8H'JHK81 B KOTOpb!H HanusaeTCH )!(C, H C H3MenenneM cneKTpanbf!OI"O coc-

Taaa raMMa-uanyqenun ua-aa npouecca pacceHHHH ero. BHYTPH CUHHTunnH-

TOpa, 

8 CBH3H C TSKOH pa3HHUeft B xapaKTepe KpHBbiX )lnH.pa3JlenbHOI"O 

onpeJleneHHH paJlHOH30TOfiOB1 OTnH'Ja!OlllHXCH Jlpyr OT Jlpyra no anb<fla- H 

g 



PaMMa-aKTHBHOCTRM, npo6y nocnenoaaTenbHO HCCnenyiDT naa pasa: OaHH 

pa3 npH Mancil: TOniUHHe )KC, COOTBeTCTBYIDIUeil: MaKCHMYMY HHTeHCHBHOCTH 

PaMMa-aKTHBHOCTH (a aameM cnyqae 0 14 CM) 1 a npyPoil: pas - npn 6onbmoil: ' 

TOniUHH~ (2 15 CM), 

EcnH H3BeCTHO "'HCno HMnynbCOB 1 npHXOaSIIUHXCSI Ha enHHHUY KOHUeHTpa-
G 

UHH anbc!>a- H PaMMa-aKTHBHb!X H30TOITOB npH Mancil: H 6onbiUOH TOniUHHax 

J y 9T 6 Ja9T M 
(cooTBeTCTBeHHO --a-- 1 

Q 9T 

J ~T M Ja 9T 6 

Q y 1 Qa H -QY -) 1 TO no 
9T 9T 9T 

pesynbTaTaM H3MepeHHH npo6bi MO~HO COCTaBHTb CHCTeMy ypaBHeHHil:: 

J ·= 
M 

J 6 = 

Pae J M H 

IUHHaX; J a 
9T 

a 
J~T M J 9T M a 

-Q ~p Qnp + ' a y 
Q 9T Q 9T 

( 1 ) 

a' y 
J9T 6 a J 9T 6 Q y 

Qnp + 
Q a '• Q Y np 

9T 9T 

J 
6 

- CKOpOCTb C"leTa OT np06bi npH Man oil: H 6onbiUOH. Ton-
y a y 

1 j 1 j 
6 

1 J 
6 

- CKOpOCTH C"leTa OT 9T.a-
M 9T M 9T 9T 

nOHOB anb¢a- II PaMMa-aKTHBHbiX paaHOH30TOITOB npH Mancil: H 6onbiUOHTOn-

UU!HaX COOTBeTCTBeHHO; Q a 1 Q y 1 Qa 1 Q y - KOHUOHTpa..\ 
sT sT np np 

UIIH anb¢a- H PaMMa-aKTHBHOPO paaHOH30TOUOB B 9TanOHaX H npo6e COOT-

·BeTCTBeHH_o, 

B OTnH"'He OT npyPHX THITOB CUHHTHnnSITOpOB )KC 6hiCTpO MeHSIIDT CBOH 

CBOHCTBa C Te"leHHeM BpeMeHH 1 H IT09TOMY aonPoe XpaHeHHe HX He peKOMeH

nyeTCSI, CuHHTHnnSIUHOIIHf,fe caoficTBa npHPOTaannaaeMbiX )!(C TaK~e l\10PYT 

10 

HeCKOnbKO pa3nH"laTbCSI, n 
synbTaTbl H3MepeHHil: Bb!pa: 

· HbiX enna:nuax1 nyqme aceP 

HOPO H30TOITa 1 pesynbTaTbl 

MeHbiUe saBHCSIT OT o6'beMI 

paaHOH30TOITOB 6yaeM TaK~ 

HHUaX KOHUeHTpaUH~ HX STI 

06o3Ha"'HM: 

JM J --=-y . 
J . J 

9T M 

J 6 J as 
=--

J ~T 6 JYs 

---=AM 

M 

y 
Q np = qy 

QYST 



:cneAyiOT ABa pasa: OAHH 

MaKCHMYMY HHTeHCHBHOCTH 

a APYPOfi pas - npn 6onbwofi ' 

lllHXCSI Ha eAHHHUY KOHUeHTpa

ranofi H 60nbWOll TOnllliiHaX 

' 'J y 
•T'6 -aT6 
-:--II ---or--) 1 TO 00 
IT 9T 

~~ npn Manon n 6onbwofi · Ton-

• 
6 

_,... CKOpOCTH C"l~Ta OT 9T_a

m· npn Man oil H 6onbwofi Ton-

Qa - Q- y 
'np 1 . np - KOHUOHTpa.:.. 

, B; aTanouax n npo6e cooT-

pOB )!(C 6biCTp0- MeHSIIOT CBOH 

1POe XpaHeHne HX He peKOMeH

nnBaeMbiX )!(C TaK>Ke fo40PYT 

HeCKOnbKO pasnn"laTbCSI, nng HCKniO"leHIISI BniiSIHIISI 9TIIX ¢aKTOpOB Ha pe

aynbTaTbl II3MepeHHll Bbipa3IIM peaynbTaTbl II3MepeHIIll Op06bi B OTHOCIITenb

HbiX eAIIHHUaX
1 

ny"lwe BCePO B eAIIHHUaX CKOpOCTII C"l~Ta OT PaMMa-aKTHB

HOPO H30TOila
1 

peaynbTaThl nccneAOBaHIISI KOTOpOPO (KaK cneAyeT US puc, 4) 

~eHbWe SaBIICSIT OT o6'beMa )!(C, KpoMe TOP0 1 KOHUeHTpaUIIII onpeAenSieMbiX 

paAHOII30TOilOB 6yAeM TaK>Ke Bhipa>KaTb B OTHOCUTenbHhiX eAIIHIIUaX - B eAR-
l' 

HHUaX KOHUeHTpaUHII HX 9TanoHOB, C y"l~TOM 9TOPO 6yAeM IIMeTb 

0603Ha"'UM: 

J J 
a 

M 6 Q illL 
=AMi =A 6·; =q 

Jy ' J?' 
Qa a. 

9T M 9T 6 9T 

Qynp J a9T 
a 

M 
= k; 

J 9T 6 
= e • 

QYaT 

= qy 
J y 9T J y aT 

M 6 

11 



Tor.na (2) 6y.neT\HMeTb BHA 

AM=k-qa+qy 
(3) 

A6=f·qa+qy 

KoaljJ<jlnuueHThi k n e , nOCTOHHHhie AnSI A8HHOrO CUHHTHnnHTOpa, 

onpe.nenHIDTCH no peaynhTaTaM nccne.noBaHHH aranoaoB anhljla- H raMMa-aK

THBHhiX paAHOH30TOnOB 1 npHrOTOBneHHb!X Ha OCHOBe A8HHOrO )!(C, 

Pemeaue cncTeMhi ( 3) .naer cne.nyromne ljlopMyni,I .nnH pac'leTa KOHUeHTpa

unn anbljla-. n raMMa-aKTHBHhiX pa.nnouaoronoB: 

q = AM-A 6 

a k-f 

.. 
(4) 

k . e 
q =----A 6 ----AM. 

Y k- e k- e 

283 
.ilaHHaH MeTOAHKa 6hJna onpo6oBaHa Ha pa.nnonaoronax U (anbljla-

5 7 ,.. 
nany'laTenb) n Co ( raMMa-nanyqarenb}. O"!eBn.nao, "'TO no.no6HaH Mero-

AHKa MO>KeT 6b!Tb npHMeHeHa AnH onpe,neneHH5I KOHU9HTp8UHll 234 U H 235 U 

B BOJl8X1 llOCKOnbKy nepBb!ll o6nanaeT Manoft raMM8-8KTHBHOCTbiD ( OKOno 0,002 

raMM8-KB8!1T8 118 pacnan), a BTOpoft - liMeeT Jl0CT8 TO"'HO Bb!COKYID raMMa-

8KTHBHOCTb ( OKOnO 0,9 f'8MM8-KB8HTa 118 pacna)l), 0"19BHJlH0
1 

"'TO ,nng npn-

12 

I 

I 
t. 

MeHeHHH A8HH0ll. MeTOAHKH 

romnx ornn"'HYID o.r raMMa-J 

pHTenbHO He06XOAHMO CHHTb 

)!(C nnH onpeneneanH onrnM 

n 

1. B.O. BH3eMCKHil n AP~' C1 

AroMqanar,. 1981. 

·. 2. ,n.H. )!(unhUoBa n .np. 0 1 

KHX CUHHTUnnHTOpOB, TipE 

3. H~··rhle, M. Karayannis 

4. H. Bep>KMHPOBCKHil, I1. B: 

KOHUeHTpaUiill paJlH5I B'B< 

5, JI,H, ·)!(nnbUOB8 1i ,np, 0 I 

TIT3, N98, 1987, 

8; A.A. HeMOJlPYK li .np. «Pm 

pOJlHhlX BOJlaX C npnMeHe 

1988. 

P) 



(3) 

I ASHHOI'O CUHHTHnnSITOpa, 

·anonos anbc!Ja- u I'SMMa-aK

ose ASHHOI'O )KC, 

)pMynbJ AnSI paC'I~Ta KOHUeHTpa-

( 4) 

JlHQH30T0118X 
283

U (anbc!Ja-

:eBIIAHO, 'ITO llOA05HaSI M9TO

KOHU9HTp8Uilll 
234 U H 

285 U 
. . 

MM8-8KTIIBHOCTb!O (OKano 0,002 

IOCT8T0'1HO BbiCOKYJO I'SMMa

IA). 0'1eBHAH01 'ITO AnSI rrpll-

MSHSHHSI A8HHOll MSTOAHKII K HSY'19HHIO I'8MM8-8KTIIBIIblX paAUOII30TOilOB, l!MS-

57 
IO!llHX oTnH'IHYJO oT I'aMMa-KBaHTOB Co anepi'HJO I'aMMa-nsnyqenuSI, rrpeABa-

puTenbHO He05XOAIIMO CHSITb 38BHCIIMOCTb CKOpOCTH C'I~Ta OT TOn!lliiiibl CnOSI 

)KC AnSI orrpeAeneHHSI OIITIIManbHOii TOn!llllHbl CUIIHTIInnSITOpa, 

niiTepaTypa 

1. B.O. BSiseMCKIIii u Ap. CuunTIInnSIUIIOHHbiii MeTOA B paAaoMeTpffu. M., 

ATOM~3A8T, 1861. 

2, n.fl. )KIInbUOBa II AP• 0 B03MO)I{HOCTH II3MepeHIISI paAOHa C llOMO!llb!O )I{IIA

KIIX CUIIHTIInnSITOpOB, TipellpiiHT 0!1fll1, 12-3762, lly5Ha 1 1868, 

3. H~ .. Ihle, M. Karayannis und A~ .. Murrenhoff, Atomprakis, 9, 1968, 

4. H. Bep*MHposcKilii, 11. :pyquna. PaAHOXIIMII'IecKoe onpeAenenue HnsKux 

KOHUeHTpaUilll p8JliiSI s'B0Jl9, flpai'8 1 1868, 

5, n,fl, ·)KIInbUOBa H AP• 0 BOAOpaCTBOpiiMbiX )KIIJlKUX CUIIIITUnnSITOpaX, 

TIT3, N96, 1867. 
.. 

6; A.A. HeMDAPYK II Ap. !f>oToMeTpii'ISCKIIii MeTOA orrpenenennSI ypana B rrpn

poAHblX BOAax c rrpuMenenueM apcenaso- III • PannoxnMIISI, T,8, s.2, 

1866. 

PyKorrucb rrocTyrrnna B nsnarenbcKnii oTnen 

3 MapTa 1871 I'ona. 
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u..un 
IO~exj 

50 Puc.i 

lfO 

30 

20 

10 
1/ I 

h, 
1 2 3 'I c~ 

Puc, 1, 3aBUCUMOCTb CKOpOCTU C'l~Ta lj.JoHa OT TOnlllHHhl cnog )!(C, 

I~ 
/OC~K 

" 

Puc. 2. 

2.0 

0 0 

h. l'M 

Jl 
Puc, 2, 3aBHCHMOCTb CKOpOCTH C'l~Ta, o6ycnoBneHHOil 

233 U t OT TOnlllHHhl 

cnoH )!(C npH KOHUeHTp8UHll ypaHa 4,10-9 r/Mn, 

14 

!/u. -
Jp j Puc. 

12 

I 
I 

10 

8 / 
0 

Puc. 3, 3aBHCHMOCTb OTHI 

lllHHhl Cn!JH )!(C • 

.Yl!!!! 
MUH 

JOOO 

_./ 

Pu~;Jt 

800 

600f0 

400/ ·. 
:lOOf/ 

0 0.5 

Pnc, 4, 3aBHCUMDCTb atj:Jq 

anH anbtj:Ja-qacTHU (uanyq 

Tanh 07 Co ). 



,_......-

lT TOnlllRHbl enOS! )!(C, 

0 

1(.0 h t'M 

moil: 
283 U 1 OT TOnlllRHbl 

!Ju. 
Jcp 

Puc3. 
12 

I 

10 

8 

0 "----r------r-_J..;.,---r _____ ..._ft 
f 2 3 'f C/'1 

Puc. 3. 3aBncuMOCTh OTHomeanH 

lllRHbi cnOH )!(C, 

Puc. II 
JOOO 

800 

1.0 

(. 2a aU ) "' K '!'Oily OT TOn-

/.5 2.0 2.5 

Puc. 4. 3aBncnMOCTh 94l4JeKTIIBHOCTH neTeKTHponuunH oT TonmnHhl. cnon )KC 
)lnH anh4Ja-'!8CTUU ( U3nyqaTenb 288 U ) H LtnSl T'llMMll-KB811TOB ( H3nY'Iil-

Tanb 57 Co ) , 
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