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' 
HccnelloBauue BTOpH'IHbiX peaxuuA o6pa30B8HHSI ecTaTHHa ( z •85) npu 6oM6apllapoaxe 

BHCMyTa ( Z • 83) HliH CBHHU8 ( Z • 82) '18CTHU8MH BbiCOitHX 9HeprHil SIBliSieTCSI y ll06HbiM cno-

/1-5/ 
C060M H3y'leHHSI OC06eHHOCTeA o6p830B8HHSI H8ll6apbepHbiX a -'laCTRU RliH Slllep liHTHR 

3TO o6ycnaBliHBaeTCSI 1 C OllHOI CTOpOHbl, B03MO:lKHOCTbiO nony'leHRSI MHWeHell C Tpe6yeMOI 

CTeneHbiO 'IHCTOTbi OTHOCHTelibHO COllep:lKaHHSI 6onee TSI:lKelibiX aneMeHTOB, 'leM HCXOllHbll, C 

llpyrolt CTOpOHbi, MeHbWHMH TpyllHOCTSIMH B onepaUHSIX XHMH'ieCKOI O'IHCTKH H 

HHSI a -pallH08KTifBHbiX H30TODOB 8CT8THHa. He MeHbWee 3Ha'ieHHe HMeeT TSK:lKe OTHOCHTenbHO 

HH3K8H BeliH'IHH8 cpOHtj pacCeSIHHbiX a -H3liy'ieHifl, 'iTO D03BOnSieT Cp8BHHTenbHO nerKO nony'IHTb 

· pacn 
ycnoBHSI llliSI Halle:lKHoro o6Hapy:>KeHnH ue6onbwnx xonn'ieCTB npollYKTa ( S, 10 ·;MHH). 

HacToswas pa6oTa nocTasneHa c uenbiO H3MepHTb ce'ieHHR BTopH'IHbiX peaxuuA B ToncTbiX 

06p83U8X, 'iTO D03BOliSieT noii~y'iHTb CBelleHHR 0 BepORTHOCTSIX 06p830B8HHSI H8ll68pbepHbiX a -

'ISCTHU H Rllep liHTHH npn aHeprnHx npoTOHOB a HecxonbKO 6aa. OnbiTbi npoBOllHliHCb 

Ha CHHXpocpa30TpoHe na6opaTOpHH BbiCOKHX aHeprnA OHSIH npn HHTeHCHBHOCTHX BHyTpeH-

10 
Hero ny'IK8 npOTOHOB } -3 • 10 npOTOHOB B HMO. J1ng o6ny'ieHHH HCDOlib30B8liHCb DliSCTHHKH 

BHCMyTa H CBHHU8 pa3MepoM 70 X 20 X 2,0 MM H aecoM 10- 15 r. npuMeHHliCSI BHCMYT BbiCOKOI 

/2/ /3/ 
CTeneHH 'IHCTOTbl 1 nony'ieHHbll B lHpellMeTe, H CDeUH8libHO O'iHWeHHbii H8MH CBHHeU o 

nnaCTHHKH MeTSliliOB, o6epHyTbie B 8liiOMHHIIeByiO cpon&ry TOliWIIHOI 50 MHKpOH, CliY:lKHBWYIO 

MOHHTOpOM ny'IK8 npOTO:IOB, yxpennHliHC b H8 nnyH:lKHpyiOWeM npo6HnKe CHHXpOcp830TpOH8. 0HH 

DpHKpenliHliRCb K BHliKe npo6HHK8 T8KHM 06p830M, 'IT06bl HX DliOCKOCTb 6bin8 nepneHllHKYliHpHS 

ny'iKY npOTOHOB. nnyH:lKHPYK>WII.lt apo6HHK BblllBIIran MHWeHH H8 op6HTY ny'IKS B 38ll8HHbie MO-

---·~ MeHTbl OTHOCHTelibHO H8'i8li8 UHKli8 ycxopeHHSI, B pe3ylibT8Te 'lero llOCTHranoCb o6ny'ieHHe npo

TOH8MH Tpe6yeMbiX aueprnA ( 3, 6, 10 6as). 

B UeliHX <IKOHOMHH BpeMeHH pa60Tbl YCKOpHTeliSI o6pa3Ubl BHCMyTa H CBHHU8 o6ny'18liHCb B 50libWHH• 

CTae onbiTOB OllHOapeMeHHO. BpeMeHa o6ny'ieHHH cocTaBnHnH oT 1,5 llO 3,0 qacos. M3MepeHHH o6we

ro ypoBHH 8KTHBHOCTH o6nyqeHHbiX o6p83UOB H CHHTHe 8BTOrpacpoB DOK838liH, 'ITO B H8WHX Onbi

TSX o6a o6pa3U8 06ny'laiOTCH npHMepHO OllHH8KOBO, a HH60libW8H SKTliBHOCTb co.a.ep:lKHTCH B HX 

nepellHeA xpoMKe. Cneuuan&Hble p83llen&Hbie o6ny'leHnH MHweuen noxa3ann Taxne :lKe pe3yn&Ta

Tbl, K8K H DpH COBMeCTHOM o6ny'ieHHH. 

nocne o6ny'leHHH OT DliSCTHHOK OTpe38:IHCb H OT6paCbiB8liHCb Kp8H, KOTOpb!e KpeiiHliHCb 

K BHliKe npo6HHK8 1 8 OCT8BW8HCR 'ISCTb M8TepH8J18 pa3pe38Jl8Cb DODOJ18M. TaKHM o6p830M, B 

KS:lKllOM 06Jiy'leHHH 06pa68TbiB8JlHCb no llB8 o6pa3U8 yK838HHbiX MSTepHSliOB, BeCOM 4-6 rpaMMo .. 
MeTOllHKH XHMH'IeCKOrO BbilleJieHHH 8CT8THH8 H3 CBHHU8 H BHCMYTS 6b!J1H T8KHe :lKe1 K8K H 

/2 3 5/ 
a pa6oTax ' ' • B CBH3H c ucnonb3oaauueM MHweueA 6on&wero aeca, 'leM aTo llenanoc& 

paHee, cneUH8JlbHO npoaepRli8Cb BeJliPIHHS XHMH'IeCKOrO BbiXOll8 8CT8THHa B H8WHX CJIY'i8RX. 

npu YK838HHOM sece BHCMYTOBOI MHWeHH B HSWHX Ollb!TSX BbillenHeTCH 65 .!,5% 8CT8THH8i 

B CJiyqae CBHHU8 - 55:!:. 4% 8CT8THH81 'ITO cornacyeTCH C ll8HHblMH p860Tb/~/ • 
2
1
1 

At210 A,209 

OnpelleneliJIH ce'ieHHA o6pa30BSHHH At H OTHOCHTeJibHbiX BbiXOllOB A,211 , -;;;zrr, 
A~B At207 11-~1 5/ 

--:-711 .H ll8li8liRC& T8K :IKe, K8K aTO 6biJ10 ODHCaHO HSMH paHee ' • A6COliiOTHble 
At"'-- At 211 u z 
BeJIH'iHHbl ceqeHHI o6p830B8HHH At B TOJlCTbiX o6p83U8X onpe.lleliRJlHCb no OTHOWeHHIO K 

3 



r 

BhiXO.llY 
24 

Na 
24 

ua aniOMHHHesoro MOHHTopa. B Ka'leCTBe ceqeHHSI o6paaoBilHHSI Na B pac-

. 17 8 9/ 
C'MilTpBBileMOM HHTepsane aHeprHil npoTOHOB npBHHManBCb aenH'IHHa, paaHaSI 10 M6 ' ' • Bhlxo-

.llhl .llPYI"HX B30TOnoa llCTaTHHil OTHOCHTenbHO Bb!XO.llll 

/5/ 
HHSI HX a -cneKTpOB 

At 
211 

Haxo.aunacb B3 .llllHHbiX H3Mepe- • 

BY.aens:eMble llKTHBHOCTH acTilTHHa 6binH HesenHKH. B cnyqae cauHuoabiX o6paanoa OHH 

2 
cocTasnsmu oKono 10-10 pacn/MHH, a B cnyqae BHCMYTOabiX o6paauoa 6blnH Ha nopH.llOK a&~we. 

TeM He MeHee, HH3KHil «PoH a -.aeTeKTOpa ( - 0,3 p:tcn/MHH ) noaaonun yaepeHHO Ha6niO.llaTb 
2U 

so Bcex cnyqagx cna.a aKTHBHOCTH At · c nepHO.D.OM nonypacna.aa 7,3 qac Ha npoTH:lKeHHH 
x) 

Tpex H 6onee nepuo.aos nonypacna.aa. npH H3MepeHHH a -cneKTpoa npenapaTbi acTaTHHa .. 
B3 BHCMyTa OKaaanHCb .llOCTaTO'IHO HHTeHCHaHbiMH, 'IT06bl MO:lKHO 6binO npOC'IHThlaaTb HX C Mexa-

HH'I9CKHM KOnnHMilTOpOM, 3Ha'IHTenbHO KoppeKTHPYIOWHM 
210 208 

a -cneKTphl, a TaK)Ke oneHHaaTb o6paaoaaHHe 

.llO'IepHHX a - pll.llHOaKTHBHbiX H30TOnoa Po H Po • npenap8Tbl aCT8THHil H3 caHHUil 6bmH 

cna6bl H H3M9pSinHCb 6e3 MeXaHH'IeCKHX KOnnHMaTOpoa. 

Ce'leHHSI o6paaoaaHHSI HSOTona 
211 

At npH aHeprHH npoToHOB 3-10 Bas npHae.aeHbi Ha 

pHC. 1 H3 aHCMyTa - He3aqepHeHHhiMH Kpy:lKKaMH, H3 CBHHUa - Kpy:lKKaMH C KpeCTHKaMH, COO~ 

aeTCTBeHHo. B Kll:IK.llOM cnyqae .aaeTCH cpe.D.Hee HS 2-x onpe.aeneHHil. To'IHOCTb, c KOTopoA 

211 I 1-31 
,llaHbl Ce'leHHSI 06pasoaaHHSI At , KaK H a npe.D.bi.llYWHX pa6oTaX , OUeHHBaeTCSI OKOnO 

;!:.30%. Ha aTOM :lKe pHCYHKe npHae,aeHbl ceqeHHSI o6paSOBaHHSI yKasaHHOI"O HSOTOTia HS aHCMYTil 

(saqepHeHHbie KPY:lKKH) H CBHHua ( KpecTHKH) npu aHeprHHX npoToHoa .ao 660 Mae/2- 41 • KaK 
211 

aH.llHO HS pHCYHKa, C yaenH'IeHHeM ::mepi"HH npOTOHOB Bb!XO.llbl At pacTyT, KaK Y aHCMy-

2tl 
TOabiX o6paSilOB1 TaK H oco6eHHO y CaHHUOahiX o6pasuoa. BhiXO.ll At H3 aHCMyTa npu nepexo.ae 

OT aHeprHH 660 Mas K 10 Bas ysenH'IHaaeTCSI B 4-5 pas. noKa Tpy.llHO yTaep:lK.llaTb, HMeeTCSI 

nH MaKCHMYM a xo.ae ce'leHHH .aaHHoro H30Tona npH aHeprHH 3-6 Baa HnH :lKe Ha'IHHas c 3 Baa 

2tl 
cywecTayeT nnaTo. B cnyqae caHHUOBbiX o6pasuos ce'leHHe At pacTeT 6onee cHnbHO, u npH 

,:..-·· 

nepexo.ae oT 660 Msa K 10 Bas ahlxo.a aToro H30Tona yaenH'IHaaeTCH npHMepHo B 60 pas. Ka:lKeT

CH npH aHeprHSIX 6-10 Baa noHanHeTcH TeH.aeHuHH K saMe.aneHHIO pocTa ce'leHHH. 
2tl 

Bb!XO.llbl .apyi"HX HSOTOOOB aCTaTHHa no OTHOW9HHIO K abiXO.lly At H HX a03MO:lKH£l9 

MaKCHM8nbHbie OTKnOH8HHSI npHB9.ll9Hbl B Ta6nHue. YK83b!B810TCSI OTHOCHTenbHble abiXO.D.bl 1 nony

qeHHb19' a HacToswell pa6oTe .anH aHeprHH npoTOHOB 10 Bas, H HaA.D.eHHbie HaMH paHee
151 

.anSI 
210 208 

aHeprHH npoTOHOB 660 Msa. 0THOCHTenbHhle BhiXO.llhl At H At onpe.aenHnHCb no Bbl-
. 0 JK)8 -

XO.llaM· .llO'IepHHX Po21 H Po H HX y.aanOCb OU9HHTb TOnbKO B cnyqae aHCMyToaoll MHWeHH. 
JK)9 

BonbwHe norpewHOCTH onpe.aeneHHH oTHOCHTenbHhiX Bhixo.aoa sTHX usoTonos, a TaK:lKe At H 
207 

At B cnyqae CaHHIIOBhiX o6pa3UOB o6ycnoaneHbl M8nhiMH ypOBHSIMH 8KTHaHOCTell HSMepSieMbiX 

npenapaTOB. 

CpaaHHB8SI OTHOCHTenbHbie BhiXO.llhi paanH'IHhiX H3oTonos acTaTHHa npH aHeprHH npoToHoa 

10 Bsa H 660 Mas, Mbl aH.llHM, 'ITO B cnyqae aHCMyTa OHH COBna.aaiOT .apyr C .llpyroM .D.nH 

acex HSOTOnoa B npe.aenax norpeWHOCTei! onpe.aeneHHSI. B cnyqae CaHHila OTHOCHTenbHhli! abiXO.ll 
~ JK)7 

At cosna.aaeT, a TOM speMH KaK BhiXO.D. At oKasancH npHMepHo ·a nonTopa pasa ahrwe, 

'leM 6blnO Hai!.D.eHO paHee. Vis 9THX onpe.aeneHHll MO:lKHO C.llenaTb BblaO.ll, 'ITO H npH aHeprHH 

x) 
V'fsMepeHHSI H8 a -cneKTpOMeTpe BbinOnHeHbl COBMeCTHO C COTpy .llHHKOM PV1AH 

B.H. BenHeBbiM, KoTopoMy asTopbi npHHOCHT cso10 6naro.aapHOCTb. 
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06paseu 

At210 

Bi o,e1 :!:.0,08 

1,2 ::!:_0,72 

Pb 

BbiXO.!l no OTHoweHHIO K Al11 · 

At
209 At208 At207 

0,72::!;.0,06 0,40 :t,0,04. 0,51 ::!;.0,04 

0,88::!:_0,08 0,89::!:_0,47 0,53::!:_0,04 

1,43 ::!;.0,43 0,61 :!:,0,13 

1,87::!;.0,22 0,98::!:_0,08 

3aeprus 

UpOTOHOB 

660 Mas 

10 Baa 

660 Msa 

10 Baa 

10 Bas ae npoucxo.!lHT saMeTHoro HSMeHeHHH aaepreTH~ecKoro cneKTpa y~acTBYIOWHX s peaKUHH 

/5/ 
Ha.!l6apbepHbiX a .-~aCTHil-H.IIH H.!lep .JIHTHH 1 KaK aTO OTMe~a.JIOCb paHee .!l.JIH MeHbWHX aHep-

rHft npOTOHOS, 

n1060UbiTHO SaMeTHTb, ~TO yaenH~eHHe SbiXO.!la STOpH~HOft peaKUHH saxaaTa a -~aCTHU 

Ha Me.!lH ( Z = 29) H BHCMyTe C pOCTOM aHeprHH npOTOHOB OK83biBAeTCH UO~TH paBHbiM, 8 
/10/ 

pa6oTe npu nepexo.ae OT aHepruu npoToHoa 340 Mas K 2,2 Baa SbiXO.!l rannus ( z • 31) 
211 

us Me.!lH aoapacTaeT s 4 pasa. Y Hac .>Ke SbiXO.!l At us BHCMyTa .!l.IIH Toro .>Ke HHTepaana 

aHeprHA soapacTaeT B 4-5 pas, HeCKO.JibKO HHa~e o6CTOHT .!leno C nose.!leHHeM BbiXO.!lOB BTOpH'I-

/10/ 
HbiX peaKUHA saxsaTa H.!lep .IIHTHH S cny~ae M9LIH H CBHHUa. 8 cny~ae Me.!lH BbiXO~ H30TO-

UOB repMaHHH ( Z = 32) yaenH~HBaeTCH OT 340 Mae K 2,2 Bas B 10 paa, TOr.!la KAK Ha CBHH-

ae B TOM .>Ke HHTepsane aHeprHft SbiXO.!l C y~eTOM B03MO.>KHbiX OWH60K B03pacTaeT .B 2Q-100 pa3~ 
211 

C .!lpyroa cTopoHbx, OTMe~eHHoe HaMu paHee aospacTaHue ce~eHus o6paaoaaHHR At ua ·caua-

ua npu nepexo.!le OT aaepruu npoToHoB 660 Mas K 10 Baa a - 60 paa aennoxo cornacyeTCs c 

. /11/ . 
pOCTOM BbiXO.!la <j>parMeHTOB C aap.H.!lOM Z ~ 4 S <}:>OTOaMynbCHH B UpHM9pHO TOM .>Ke HH-

Tepaane aHeprHA np~OHOS, 8 UHTHpyeMOA pa6oTe BbiXOLI <}:>parM9HTOB 8 3»93.!laX npH nepeXO.!l9 

OT aHepruu 660 Mae K 9,0 Bas aospacTaeT s 40 pas, npu~eM sa c~eT HsMeHeHHH ce'leHHB o6-

pasoaaHHB SBeS.!l C OCKO.JIKaMH Sb!XO.!l SOSpacTaeT - B 10 pas H UO~TH B 4 paaa npH aTHX aHep

I'H.SIX pacTeT MHO.>KeCTSeHHOCTb 06pasOS8HHH <j>parMeHTOS S 3B93.!l8X. 0TCIO.!la cne.!lyeT, 'ITO Ma-

/8/ 
noe ysenu~eHHe Sb!XO.!l8 STOpH~HOA peaKUHH saxsaTa H.!lep .JIHTHR H3 M9.!lH , nO-BH.!lHMOMy, 

06'bHCH.HeTCSI 60.JibWHMH TpyLIHOCTHMH Ha6mo.aeBHSI ~HCTOrO a<}:><j>eKTa Ba TaKOM nerKOM S.JieMeHTe 
MHWeBH. 

0TCyTCTSHe cepbeSHblX H3MeHeHHA aaepreTH~eCKHX cneKTpOB y Ba.!l6apbepBbiX a -'laCTHU 

unu SI.aep nHTH.H npu nepexo.ae K aHepruu 10 Bas .!laeT soaMO.>KBOCTb oueHHTb Q6wyl0 seposT

HOCTb o6pasosaHHH Ha.a6apllepHbiX <}:>parMeHTOS H3 SHCMyTa H CSHHUa npH aTOA aaeprHH, Ce'le

-24 2 
HHe o6paaosaHHSI Ha.a6apbepHb!X a -~aCTHU npH yKasaHHOA aHeprHH COCTaBn.HeT - (•10 CM , 

-24 2 
s TO speM.H KaK .anH H.aep nHTHH nony'laeM aenH'lHHY (0,17-0,23) ·10 CM , Mbi y'IHT&IaaeM 

. 211 
npH aTOM, 'ITO BO STOpH'lHOft peaKUHH o6pa30B8HHH At H3 BHCMyTa Ha.!l6apbepHb19 a -'lac-

3 /2/ 
THUbi aaxsaTbiBaiOTC.SI npHMepHO Ka.>K.!laH H3 8• 10 o6pa30B8HHbiX 1 a S TOA .>Ke pe8KUHH aax-

4 /3/ 
saTa H.!lep .IIHTHH CBHHUOM - Ka.>KLIOe HS ( 1,8-2,4 )•10 06j>aSOBaHHbiX , nocKO.JibKY npOTQB 

C aHeprueA 10 Baa asaHMO.!leACTByeT C H.!lpaMH SHCMyTa H.IIH CBHHUa C Ce'leHHeM, 6.JIH3KHM K 
-24 2 . 

reoMeTpH'leCKOMy ( CT reOM, - · 2' 10 CM ) 1 nony~aeM, ~TO o6paSOB8HHe Ha.!l6ApbepHbiX a 

'laCTHU npOHCXO.!lHT UO~TH B Ka.>K.!lOM aKTe B3aHMOLieACTSHH UpOTOHa C H.!lpOM, M9.>K.!ly T9M K8K 

Ha.!l6apbepHfl9 nHTHeBbi9 <j>parMeHTbi C03Lla10TCSI npHMepHO S 20% cny~aea B38HMO.!leACTSHI, 

5 



3a noMOWb B npose.aeHHH sxcnepaMeHTOB sa caaxpocpa30Tpoae aBTOpbi 6naro.aapsrT 

H.B. t.Iy~ano H B.B. Mannepa, a Tax*e secb sxcnnyaTaup:oHHbiA nepcoaan caaxpocp83oTpoaa. 
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