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1. B B e 11 e H H e 

fing aanbHelhnero p83BHTHSJ TeOpHH S!Ap8 He06XOAHMO H8KOIIneHHe HOBbiX 

H 6onee TO'lHbiX sKcrrepHMeHTanbHbiX aaHHbiX o cno)I{HbiX s:~apax. HccneaoaaH-

Hbie ao cHx rrop s:~apa OTHOCSJTCSJ rrpeHMymecTBeHHO K rronoce H30Torroa, pacrrono

)KeHHbiX OKOnO nHHHH CT86HnbHOCTH 1 T.e. K CT86HnbHb!M H30TOII8M H H30TOII8M 

c 6onbWHM rrepHoaoM rronypacrraaa. B rrocneaHee apeMA ace 6onbwHA HHTepec 

<j>H3HKOB Bb!3biB8eT HCCneAOB8HHe H30TOIIOB, H8XOASIWHXCSI aaneKO OT IIOnOCbl 

CT86HnbHOCTH 1 'ITO II03BOnHT H3Y'lHTb H3BeCTHbJe B H8CTOSJIDee BpeMSI <jJH3H

'leCKHe s<l><!>eKTbl H SJBneHHSJ H8 6onee WHpOKOM CT8THCTH'leCKOM M8TepHane, a 

T8K)Ke MO)KeT IIpHBe CTH K OTKpblTHIO HOBbiX s<j><j>eKTOB H SJBneHHH, OC06eHHO IIpH 

HCCneAOB8HHH H30TOIIOB1 H8XOASJIDHXCSI O'leHb aaneKO OT IIOnOCbl CT86HnbHO

CTH/},2/• XOTSJ 9KCIIepHMeHT8nbHOe HCCneAOB8HHe SJAep T8KHX H30TOIIOB BCTpe

'l8eT pSIA TpyAHOCTeA, CBSJ38HHb!X rrpe)Kae BCero C M8nbiMH BenH'lHH8MH rrepH

OAOB nonypacnaaa H Ce'leHHA o6pa30B8HHSJ 1 a T8K)Ke C 6onbWHM 3H8'1eHHeM 

SHeprHH pacrraaa, 0630p 9KCIIepHMeHT8nbHblX B03MO)KHOCTeA IlOK83b!B8eT, 'ITO 

9T8 38A8'l8 MO)KeT 6b!Tb peweHa B H8CTOSJWee BpeMSJ/3/ • 

CHHXpOUHKIIOTpOH 06~eAHHeHHOI'O HHCTHTyTa SIAepHbiX HCCnenoBaHHA, 

ycKops:~JOmHA rrpoTOHbi ao SHeprHH 680 Msa, SJBnSJeTCSI MOIDHbiM cpeacTBOM anSI 

nony'leHHSJ H30TOilOB, H8XOASJIIUIXCSJ aaneKO OT IlOIIOCbl CT86HnbHOCTH B WHpO

KOM AH8Il830He 3H8'1eHHA Z H A /4/, KBK HeATpOHoae<jJHUHTHbiY B pe8KUHH 

rny6oKoro pacmerrneHHSI, TaK H HeATpOHOH36biTO'lHbiX a peaKUHH neneHHSI. B 

9 TOA CBSI3H B H8CTOSiwee BpeMSI ocymecTBnSJIOTCSI nnaHbl C03A8HHSI ycTaHOB

KH anS! IlOIIy'leHHSI H cneKTpOMeTpH'leCKOI'O HCCnenoBaHHS! KOpOTKO)KHBYIDHX 

H30Tonoa14,5/. - OnHCbiBaeMaSI B HaCTOSimeA pa6oTe ycTaHOBKa, BKnio'laromaSI 

MHWeHb, ycTpOHCTBO anSI ee TpaHCIIOpTHpOBKH, a T8K)Ke MeTOabi npHrOTOBIIeHHS! 

paAH08KTHBHbiX nperrapaTOB, perHCTp8UHH H 06pa60TKH 3KCI1epHMeHTanbHblX A8HHbiX 

rrpeaCT8BIISJIOT co6oA rrepBbiH war H8 rryTH OCyiDeCTBneHHSI 9THX rrnaHOB, TaK K8K 
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C03U8HH8H 8IIIIa p a T y p a II03BO!IHeT IIp OH3BO.OHTb HCC!Ie.OOB8 HHH H30TO IIOB C 

rrepHOUO M rr o n ypacnana IIO pSl.QK8 I MHH H OOfibll!e , 3 TI!' H30TOII~I OTHOC HTC H 

K Knacc y H30TOIIO B, H8XO.OHUIHXC H .08!IeKo O T IIO!IOC b l C T 8 0Ii !I bHOCTH, 

2. OcnoBHbie rpe6oBaHHH K annapa_rype 

llnSI CII9KTpOMeT p Hqe cKoro H C C!I9.QOB8HHSl K OpOTK O>KHBYiliHX H30TOIIOB 

T pe5yeTcR npe >K.Qe Bcero H3MepeH He napaMeTp o B c neKTpOB a , f3± , y -H3-

nyqeHHlt H K OHB9pC HOHHbi X 3 !1 9K T p OHOB B CBSl3H C qe~ K 8 IIIIapaType IIp 9.0'b

SIB !iSl9TCH pH.Q C II9 U HcpH qecKH X TpeOOB8HHlt, 

fn8BHbiM T p e 60B 8 HHeM IIp H HCC!Ie.Q OB8 HHH H.Oep H30TOIIOB
0 

H8XO.OSIUIHXC SI 

o qeH b aaneKO OT IIO!IOCbi C T80H!ibHOCTH, HB!ISie TCSI T8KOA p e)I(IIM p800Tb i
0 

KO T OpbiJ:i o 6ecne q HB8e T ObiCTpoe Herrp "epbiBHOe ITOCT y nneHHe 8TOMOB H3y q a e MbiX 

R.Oep B H3MepHTenbHy~ a nnap aTy p y/ 3 / , B H a ll!eM c nyqae H ccne.ooBa H HR H.oe p 

H30T OIIOB C rrepHO.OOM rronypacnana IIOp H.OK 8 MHH Y T b l MO >KHO Y .OOB!IeTBOpHTbC SI 

rrepH O.Q HqeCKHM IIOCT yiT!Ie HHeM 8 TOMOB 3 T MX R.Qep C .Q O C T A T O '{HO M8!Ib!M rre p H

O.OOM rroBTopeHHR , D p H perHcTpa u H H n o n )I(HO o c y mecTBnHTbCH c y M MHpoBa HHe 

rronyq aeMbiX crreKTpoB / 6/ , T onbKo T B K HM o6pa3e>M B03MO>KHO o npenenH Tb 

rrapaMeTp b l H3yqaeM biX H3JiyqeH H!'l: C .OOCT 8 T O'{ HOti C T 8 THCTHqe CKO H TO'{HOCTb~, 

B T op biM Tpe5o B 8HHeM HB!IHeTc H paa.oeneHH e rrp on y KTOB pea KuHA no Z 

H A . 3 TO T p e60B8HHe B b i.OBH r a eTC Sl H II pH H3yq e HHH H3nyqeHHH UO!Ir~)I(HBy
iliHX H 3 0TOIIOBj 3.0ecb )f( e OHO CT8HOBH T C SI O CO O eHHO B8)1(Hb!M, B CBSI3H C 

O T CyT C TBHeM B fla6op8TOpH M B H 8 CTOHUie e B peMH M8CC-CeiiapaTopa IIOK8 

IIpOH3B0.0HTCH TO!IbKO XH M HqecKoe p83.0eneHHe ( T , e , p83.QeneHHe IIO Z )j 

OIIbJT paOOTbl IIOK83biB8 eT, '{TO 3TO B03MO >KHO IIp H H C cneaoBa HIIH uenoro pH.Oa 

H 3 0TOIIOB c rr e pHO.OO M nony pacna.oa, 5 onbll!HM I MHH/6, 7 I, Ho npH a ToM He

o5xonHMo IIO!IY 'I8Tb H 3 y qaeMbl tl: H30TOII B OIITHM8 !IbHbiX YC!IOBHHX, Bbi0Hp8SI 

COOTBeTCTBY~iliHM 00ptl30M BflUieCTBO MHll!eHH, BpeMSI OO!iy'leHHSI
1 

CIIOC06 H 

B p eMH XHMH 'IeCKOrO Bbi.OeneHHH , 

O c o 6bie Tpe6oBaHHH rrpe.Q'bHB!ISI~TCSI K aeTeKTopaM HanyqeHHSI , BenHTIHHa 

3 HeprHH f3 -pacna.oa B03 p8CT8eT C y.oaneHHeM OT IIO!IOCbi CT80H!ibHOCTH, 

llnH H30TOIIOB C nepHO.OOM IIO!iypacna.na IIOpSI.QK8 I MHH O>KH.OaeMbie 3HeprHH 

f3 -pacrra.oa OO!Ib ll!e 5 M 3 B, no a ToMy neTeKTOpbi .OO!i>KHbl Ob!Tb npnro.QHbl 

.Q!ISl H3MepeHHSI CTO!Ib BbiCOK03HepreTH'IeCKHX. · {3-H y 

Toro neTeKTOpbi nomKHbi oTnH'I8TbCR B03MO>KHO 5onbll!HM 3 

!Ibl IIpH .OOCT8TO'IHO BbiCOKOM 3H8'1eHHH SHepreTH'IeCKOrO pa: 

Hee TpeOOB8HHe Bbi3B8HO OO!Ibll!HM 'IHC!IOM rrepeXO.OOB H KO! 

~UIHX IIpH pacnane H30TOIIOB0 OCOOeHHO B ycnOBHSIX OTqy~ 

nponyKTOB peaKuHA no A. 

Cepbe3Hbie Tpe5oBaHHSI npe.O'bSIB!ISI~TCSI H K 1 

perHcTpHpy~urelt annapaType. BcnencTBHe ObiCTporo pacna, 

Sl.Oep KOpOTKO>KHBYUIHX H30TOIIOB 8KTHBHOCTb oyneT CH!IbHO 

KOpOTKOrO Bp9M9HH. 003TOMY >K9!18T9!IbHO HCIIO!Ib30B8Tb n 

KOA H8'18!IbHOA 8KTHBHOCTb~, a, C!Ie.QOB8T9!IbHO , CII9KTpO~ 

aon>KeH Bbiaep>KHBaTb 5onbll!He 3arpy3KH 5e3 cyurecT B eHHor 

pell!a~urelt CIIOCOOHOCTH. 

B o MHorHx OIIbiTax Heo5xonHMO cnennTb 38 cnanoM 1 

O!I~.089MbiX c_neKTpOB B T9'19HHe .O!IHT9!ibHOrO BpeMeHH C 

HHTb IIpHMeCH .OpyrHX H30TOIIOB, onpe.Oel!IITb nepHO.O IIO!Iypl 

BYUIHX M8TepHHCKHX H30TOIIOB ITO H3MepeHH~ Cp8SHHTe!Ib 

.Q0'19pHHX H30TOIIOB H!IH HCC!Ie.QOB8Tb KOpOTKO>KHBYUIHe .00'19 

XO.OSIUIH9CSl B pa.OH08KTHBHOM p8BHOB9CHH CO Cp8BHHT9!IbE 

M 8 T9pHHCKHMH H30TOIT8MH, 3TO B!I9'1~T 38 COOO lt Tpe60B8H~ 

HOt!: CT86H!ibHOCTH CIT9KTpOMeTpHqeCKOrO Tp8KT8, 

lii3MepeHHe CII8.08 HHTeHCHBHOCTH H80!I~.08eMbiX CII9:R 

C!I9.00B8T9!ibHOrO CHSlTHSl 60!Ibll!Oro 'IHC!I8 CIT9KTpOB Ilp8KTHG 

BO BpeMeHH H8 nepeXO.O OT perHCTp8UHH O.OHOrO CIIeKTp. 

IIpHBO.QHT K Tp900B8HH~ ObiCTporo BbiBO.Q8 HHcpOpM8UHH I 

ycTpOti:CTB H!IH H900XO.OHMOCTH HCIIO!Ib30B8HHSI H9CKO!IbKl 

yCTpOACTB, 

llnSI .QeT8!IbHOrO CIIeKTpOMeTpH'IeCKOrO HCC!Ie.QOB8} 

KOpOTKO >KHBYll!HX H30TOIIOB TpeoyeTCSI OO!Iblllee qHC!IO H3ME 

qeM IIpH HCC!Ie.OOB8HHH .OO!IrO>KHByUIHX H30TOIIOB, 003TOMY • 

Obi o5pa5oTKa cneKTpoB rrpoH3BonHnacb c rroMOUib~ sneK ~ 

TenbHbiX MawHH. CneaoaaTenbHo, HHcpopMauHR H3 ycTaHOBKH 

CSl B BJ!.Oe , IIpHrO.OHOM .O!ISI ObiCTporo BBOll8 B Bbl'{HC!IHTem 

IIOCpellCTBeHH8SI CBSI3b THII8 , on lin e , yC T 8HOBKH C B b i'{Jl 

HOlt >KenaTe!IbH8 0 HO He SIB!IHeTCSI HeOOXOllHMOlt. 
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LlnH H3MepeHHH CTOnb BbiCOK0:3HepreTH'IeCKHX1 · f3-- H 

TOrO aeTeKTOpbl LlOn>KHbl OTnH'I8TbCH B03MO>KHO 60nblllHM 3H8'1eHHeM CBeTOCH

nhl ITpH Ll0CT8TO'IHO BbiCOKOM 3H8'1eHHH :3HepreTH'IeCKOrO pa3pellleHHH, nocnea

aee Tpe60B8HHe Bbi3B8HO 6onblllHM 'IHCnOM nepeXOLlOB H KOMITOHeHT, B03HHK8-

~111HX npH paCIT8Lle H30TOITOB, OC06eHHO B ycnOBHHX OTCYTCTBHH p83LleneHHH 

npOLlYKTOB peaKuHA no A. 

Cepbe3Hbie Tpe6oBaHHH npeLl'hHBnH~TCH H K paaHoaneKTpoaaoA 

perHCTpHpy~meA annapaType. BcneacTBHe 6biCTporo pacnaaa ocaoBnoA 'IBCTH 

HLlep KOpOTKO>KHBYillHX H30TOITOB 8KTHBHOCTb 6yaeT CHnbHO ll8Ll8Tb B Te'IeHHe 

KOpOTKOrO BpeMeHH. noaTOMy >KenaTenbHO HCITOnb30B8Tb npenapaTbl C BbiCO

KOA H8'I8nbHOA 8KTHBHOCTb~, a, cneLlOBaTenbHO, CITeKTpOMeTpH'IeCKHA TpaKT 

aon>KeH Bhiaep>KHBaTh 6onhii1He 3arpy3KH 6e3 cymecTBeaaoro yxya111eHHH p83-

pe1118~1lleA cnoco6aocTH. 

Bo MHOrHX OllbiT8X He06XOLlHMO cneLlJITb 38 CIT8Jl0M HHTeHCHBHOCTH H 8 -

6n~Jl8eMbiX c_neKTpOB B Te'IeHHe JlnHTenbHOrO BpeMeHH C Te!vf, 'IT06bl OUe

HHTb npHMeCH JlpyrHX H30TOITOB, onpenenHTb nepHOJl nonyp8CIT8)l8 KOpOTKO>KH

BYillHX M8TepHHCKHX H30TOITOB ITO H3MepeHH~ Cp8SHHTenbHO LlOnrO>KHBylllHX 

LlO'IepHHX H30TOITOB HnH HCCneJlOB8Tb KOpOTKO>KHBylllHe LlO'IepHHe H30TOllbi, H8-

XOJlHII1HeCH B p 8 JlH08KTHBHOM p8BHOBeCHH CO Cp8BHHTenbHO JlOnrO>KHBYillHMH 

M a TepHHCKHMH H30TOIT8MH, 3TO Bne'IAT 38 co6oA Tpe60B8H~e BhlCOKOA BpeMeH

HO~ CT86HnhHOCTH CITeKTpOMeTpHqeCKOrO Tp8KT8, 

Yf3MepeHHe CIT8Jl8 HHTeHCHBHOCTH H86n~Jl8eMbiX CITeKTpOB Tpe6yeT ITO

cne)lOB8TenbHOrO CHHTHH 6 0nblllOrO 'IHCn8 CITeKTpOB ITp8KTH'IeCKH 6e3 nepepblB8 

BO BpeMeHH H8 nepeXOLl OT perHCTp8UHH OJlHOrO CITeKTp8 K LlpyroMy, 'ITO 

npHBO)lHT K Tpe60B8HH~ 6biCTporo BbiBOL18 HH(j:>OpM8UHH H3 H8KOITHTenbHblX 

ycTpOACTB HnH aeo6XOL1HMOCTH HCITOnb30B8HHH HeCKOnbKHX H8KOITHTenbHbiX 

ycTpOACTB, 

LlnH )leTanbHOrO cneKTpOMeTpH'IeCKOrO HCCneLlOB8HHSI· CBOACTB HLlep 

KOpOTKO >KHBYillHX H30TOITOB Tpe6yeTCH 6onblllee 'IHCnO H3MepHeMbiX CITeKTpOB, 

"!eM npH HCCnellOB8HHH JlOnrO>KHBylllHX H30TOITOB, noaToMy O'IeHb B8>KHO, 'IT0-

6bi o6p860TK8 cneKTpOB npOH3BOJlHnaCb C llOMOillb~ aneKTpOHHhiX Bbi'IHCnH

TenbHhlX MalllHH. CnenoB8Tenhao, HHcpopM8UHH H3 ycTaHOBKH non>KH8 BhiBOllHTh

cH B BI~Jle, npHrO)lHOM JlnH 6bJCTporo BB0Jl8 B Bbl'IHCnHTenbHy~ M8111HHY. He-

nocpeJlCTBeHH8H CBH3b THIT8 , OD line, yCT8HOBKH C BblttHCnHTenbHOA M8lllH-

HO~ >Ken8TenbH8, HO He HBnHeTCH Heo6XOJlHMO~. 
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nnSI TOI'O 'iT06bi MO)!(HQ 6bifl0 onepaTHBHO MeHSITb YCITOBHSI npoaeaeHHSI 

3KCnepHMeHT8 0 O'ieHb Ba)!(HO HMeTb B03MO)!(HOCTb Ha6moaefi'HSI perHCTpHpyeMOI'O 

cneKTpa HfiH OTAeflbHbiX ero yqaCTKOB BO BpeMSI npoaeaeHHSI OflbiTa 6e3 npe

KpameHHSI perHCTpaUHH fiOCTyflaJOIUelt HH<j>OpMaUHH. 06pa60TKY 9KCnepHMeH

TaflbHbiX AaHHbiX Ha Bbl'iHCITHTenbHOlt MalliHHe TaK)!(e uenecoo6pa3HO flpOH3BO

AHTb fiOA HenocpeACTBeHHblM KOHTpOneM 9KCflepHMeHTaTopa C B03MO)!(HOCTbiO 

ero BMel!IaTenbCTBa B XOA o6pa60TKH. 3To fi03BOfiSieT 9KOHOMHO paCXOAOBaTb 

apeMH pa6oTbi Bbi'iHCITHTenhHolt Mal!IHHbi. HanpHMep, oqeHb yao6Ho npHMeHeHHe 

MeToaa wCBeTOBOI'O KapaHAal!IaN ITpH OflpeaeneHHH 9Hepi'HH Y -fiHHH lt H HX 

HHTeHCHBHOCTelt. 

3. EnoK cxeMa ycTBHOBKH 

C yq~TOM BbiiUeyKa3aHHbiX Tpe60B8HHlt 6bma Bbi6paHa 6noK-;-CXeMa YCT8HOB

KH0 KOTOpaS! npeUCTaBneHa Ha pHC. 1. 06nyqaeMaSI MHWeHb YCTaHaBITHBaeTCSI Ha 

BHelliHeM npOTOHHOM fiY'iKe CHHXPOUHKfiOTpOHa. nocne o6nyqeHHR MHI!IeHb flpH 

fiOMOIUH fiHeBMOfiO'iTbl 6biCTpO llOCTaBnReTCR B CfleUHaflbHOe fiOMemeHHe AfiR 

XHMHqecKoro pa3aeneHHSI aneMeHToa, a 3aTeM HccneuyeMbiH nperrapaT nepeaaeT

CR Ha H3MepeHHe. B HeKo.TopbiX cnyqaRx o6nyqeHHaR MHI!IeHb cpa3y nepeaa

eTcSI Ha H3MepeHHe. nnSI perHCTpaUHH H3nyqeHHR HCfiOflh3YIOTCSI rronyrrpOBOA

HHKOBbie, a HHOI'Aa H CUHHTHflfiSIUHOHHbie UeTeKTOpbi. j 11MrrynbCbl C AeTeKTOpOB 

YCHfiHBaiOTCSI H fiOCTyflaiOT Ha rrpeo6pa3oBaTenb aMflfiHTYAbl HMrrynbCOB B KOA. 

KaK npaBHfl00 B CfleKTpOMeTpH'ieCKOM TpaKTe ITpHMeHReTCR CHCTeMa CTa6HnH-

3aUHH. nonyqeHHbllt KOA orrpeaenSieT KaHan B HaKOfiHTenbHOM YCTpOltCTBe aHa

fiH3aTopa, B KOTOpb!lt llOfi)!(Ha 6b!Tb 3afiHCaHa HH<j>OpMaUHRo 11H<j>OpMaUHIO, Ha

XOARIUYIOCSI B HaKOfiHTenbHOM YCTpOitCTBe, MO)!(HQ Ha5niOUaTb Ha OCUHflfiOI'pa<j>H

qecKOH Tpy6Ke, H B cnyqae He06XOAHMOCTH BHOCHTb COOTBeTCTBYIOIUHe KOp

peKTHBbl B XOA 9KcrrepHMeHTa. 113 HaKOfiHTenbHOI'O yCTpoikTBa aHanH3aTopa 

HH¢opMaUHSJ MO)!(eT 6biTb 6biCTpO rrepeaaHa B 6y<j>epHOe HaKOllHTeflbHOe YCTpolt

C~BO, nocne qero HaKOfiHTenhHOe ycTpOHCTBO aHanH3aTopa cpa3y )!(e MO)!(HO 

Hcnonb30BaTb anR aanhHeltmHx H3MepeHHU. Ey<j>epHoe HaKofiHTenbHOe ycTpoU

CTBO HMeeT Ty )!(e CTpyKTypy, 'ITO H HaKOnHTeflbHOe YCTpOHCTBO 8HafiH3aTopa. 

11 H<j>opMaUHSI C 6y<j>epHOI'O HaKOITHTenbHOI'O YCTpoltCTBa MO)!(eT 6b!Tb BbiBeAeHa 

6 

Ha UH<j>poneqaTaJOIUee yCTpOltCTBO HfiH Ha MarHHTHYIO neHTy. 

CTH HH<j>OpMaUHJO Ha UH<j>poneqaTaiOIUee y c TpOltCTBO MO)!(HO BbiJ 

CTBeHHO c HaKonHTenbHoro ycTpoltcTaa aHanH3aTopa. MarH~ 

HOCHTCSI 3aTeM Ha apyrolt Mai'HHTO<j>oH,H C Hero HH<j>OpMaUH 

'iHCnHTenbHYIO MaWHHy. B HaCTOHIUee apeMH pa3pa6aTbiBaeT< 

peUCTBeHHOlt nepeaaqH HH<j>OpMaUHH H3 6y<j>epHOI'O HaKOfiHTe, 

B Bbl'iHCfiHTeflbHyiO MalliiiHy flO Ka6enbHOlt fiHHHH. 06pa60'T 

Bbl'iHCfiHTenbHOlt MaWHHe ITpOH3BOllHTCSI C fiOMOIUbiO OCUHflfiOI' 

KapaHaawoM. 

4. H3rorosnenne H rpancnopTHpoBKB ncroqnn~ 

06nyqeHHe MHWeHeH npOHCXOUHT Ha BHeWHeM nyqKenpO'T 

noTpoHa. B MecTe o6nyqeHHR aHeprHH npoTOHOB cocTaBnH 

TeHCHBHOCTb nyqKa '"4.10 11 npoTOHQB/ceK. MHWeHb MO)!(e 

I 
HfiH nopOWK006pa3HOM BHAe!.- a TaK)!(e B BHAe paCTBOpa Hll 

MeiUeHHbiX B Te<j>nOHOBYIO aMrryny C MaKCHMaflbHbiM 06'beiV 

npouecc o6nyqeHHH MHweHH H ee nepeMemeHHH c noM 

Tbl KOHTpOnHpyeTCR aneKTpH'ieCKHMH CHI'HanaMH Ha nynhTE 

TpaHCnOpTHpOBKY MHWeHH OT MeCTa o6nyqeHHSI K MeCTY X 

60TKH HfiH npRMO K aeTeKTOpy ( 75 M) Tpe6yeTCR 5 CeK I 

llHeBMOnO'iTbl TaK)!(e o6ecrreqHBaeT KOpOTKHe HHTepBaflbl Me . 

aenaeT B03MO)!(HbiM npoaeaeHHe HawHx onbiTOB napannenbH< 

nOflb3YIOWHMH npOTOHHbilt ' fiY'iOK 0 H 0 HaKOHeu, CHHMaeT Heo6x 

BaHHR 9KCnepHMeHTaTopa B 38fle CHHXPOUHKfiOTpOH8o 

06pa3y!OIUHeCR B WHpOKHX AHafla30HaX no Z H A r; 

rny60KOI'O pacwenneHHR HfiH aeneHHSI Heo6XOllHMO OTAenHTb C 

BeWeCTBa MHWeHH H BbiAefiHTb OTAeflbHbie 9fleMeHTblo npon 

Bb!llefleHHSI 3aHHMaeT BpeMSI fiOpRAKa MHHYT AfiR HCCneaye 

MeHTOB. B Ta6nHue f npHBOARTCR HeKoTopbie npHMepbi, 

nocneaHero apeMeHH. 113 aaHHbiX Ta6nHUbi BHAHO, 'ITO pa3aen 

HbiX aneMeHTOB Tpe6yeT HaH60flbWero BpeMeHH. npHMeHeHH 

KOMllfleKca OllHCbiBaeTCR B pa6oTe /9/ o 
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Ha UH~poneqaTammee ycTpo~cTBO HnH Ha MarHHTHYID neHTy. OpH aeo6xOAHMO

CTH HH~OpM8UHTO H8 UH~poneqaT8IDmee YCTpO~CTBO MO)I{HO BbiBeCTH H HenocpeA

CTBeHHO c HaKonHTenhHoro ycTpo~CTBa aaanHaaTopa. MarHHTHaR neHTa nepe

HOCHTCR 38TeM H8 Apyro~ MarHHTO~OH,H C Hero HH~OpM8UHR BBOAHTCR B Bbl

qHCnHTenbHYID M8WHHy. B H8CTORlliee BpeMR paapa6aTbiB8eTCR CHCTeMa Herro

peACTBeHHO~ nepeaaqH HH~OpM8UHH H3 6y~epHOrO H8KOilHTenhHOrO yCTpO~CTBa 

B BbJqHCnHTenhHYID MaWiiHY ITO Ka6enhHO~ nHHHH. 06pa60TKa HH~OpMaUHH B 

BbJqHCnHTenhHO~ M8WHHe UpOH3BOAHTCR C IlOMOllihiD OCUHnnorpa~a CO CBeTOBbiM 

K8p8HA8WOM. 

4. H3roroBneHHe H rpaHcnopTHpOBKB HcroqHHKOB 

06nyqeHHe MHWeHe~ IlpOHCXOAHT H8 BHeWHeM nyqKe IlpOTOHOB CHHXpOUHKnO

nOTpOH8. B MecTe o6nyqeHHR aaeprHR rrpoTOHOB cocTasnReT 660 Mas, HH-

TeHCHBHOCTb nyqKa • 4.1011 npoToHoB/ceK. MHweHh MO)I{eT 6biTh B ~nhro-
c 

HnH IlOpOWK006p83HOM BHAe!- a T8K)I{e B BHAe paCTBOpa HnH cycrreH3HH 0 ITO- . 

MemeHHb!X B Te~nOHOByiD 8Milyny C MaKCHManhHblM 06"heMOM 2:5 CM3, 

Opouecc o6nyqeHHR MHUieHH H ee rrepeMemeHHR C UOMOllihiD IlHe BMOilOq

Tbl KOHTponHpyeTCSI aneKTpHqecKHMH CHrHanaMH Ha rrynhTe yrrpaBneHHSI, H a 

Tp8HCilOpTHpOBKY MHUieHH OT MeCT8 o6nyqeHHR K MeCTy XHMHqeCKO~ o6pa-

60TKH HnH rrpRMO K aeTeKTopy (75 M) Tpe6yeTCSI 5 ceK 181 • OpHMeHeHHe 

IlHeBMOITOqTbl T8K)I{e o6ecrreqHB8eT KOpOTKHe HHTepB8nbi Me)I{Ay o6nyqeHHSIMH 0 

aenaeT B03M0)1{Hb!M npoBeAeHHe H8UIHX Ollb!TOB rrapannenbHO C ApyrHMH, HC

IlOnh3YIDlliHMH IlpOTOHHbl~ . rryqOK• H 1 H8KOHeU 1 CHHMaeT He06XOAHMOCTh rrpe6bJ-

B8HHSI 3KCilepHMeHT8TOpa B aane CHHXpOUHKnoTpOH8, 

06pa3yiDmHeCSI B UIHpOKHX AH8Il830H8X ITO Z H A IlpOAYKThl peaKUH~ 

rny60KOrO pacmerrneHHSI HnH AeneHHSI He06XOAHMO OTAenHTh OT MaKpOKOnHqeCTB 

BellieCTB8 MHWeHH H BbJAenHTh OTAenhHbie aneMeHTb! , Opouecc XHMHqecKoro 

BbiAeneHHSI 38HHMaeT BpeMSI IlOpS!JlK8 MHHYT JlnR HCCneJlyeMb!X H8MH ane

MeHTOB, B Ta6nHue f npHBOARTCR HeKoTopbie npHMephi, B3SITbie H3 OllbiTa 

rrocneaaero speMeHH. Ha A8HHbiX Ta6nHUbi BHAHO, qTo paaaeneHHe peaKoaeMenh-

Hb!X aneMeHTOB Tpe6yeT H8H6onhwero BpeMeHH, 

KOMilneKC8 OllHCb!B8eTCSI B pa6oTe /9/ • 
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nocne XHMH'IeCKOI-0 p83.cteneJIHSI p8.ctH08KTHBHbie semecTBa o6bi'IHO 

llOCTyna~T B BH.cte p8CTBOpa, llnSI H3MepeHHSI y -cneKTpOB p8CTBOp nepenH

B~eTCSI B Te$nOHOBbie COCy,ctbl 06'beMOM 3,5 CM3, Ha 3TY npoue.ctypy Tpe6yeTCSI 

OKOITO 30 ceK, J1CTO'IHHKH ,CtiTSI H3MepeHHSI ClleKTpOB KOHBepCHOHHblX 

aneKTpOHOB H (3± -cneKTpOB H3rOTOBITSI~TCSI npH llOMOmH HCilapeHHSI O.ctHOA 

K81liTH paCTBOpa H8 an~MHHHeBbie Hf!H Cfl~L:tS!Hble llO.ctf!O)KKH 'TonmHHoA• 2Mr/cM2, 

llnSI 3TOf'O Heo6xo.ctHMO OKOITO 1 MHH, TpaHCilOpTHpOBK8 npenapaTOB K MeCTy 

H3MepeHHSI C llOMOmh~ llHeBMOilO'ITbl 38HHM8eT OKOITO 3 CeK, flpH H3MepeHHH 

cneKTpOB H3ITy'leHHSI HCTO'IHHK yCT8H8BITHB8~CSI H8 T8KOM paCCTOSIHHH OT 

LJ.eTeKTOpa 1 'IT06b! B MOMeHT H8'18fl8 H3MepeHHSI 'IHCITO HMilYIThCOB B ClleKTpO

MeTpH'IeCKOM TpaKTe cocTaBnRno M8KCHManhHo .ctonycTHMoe 3Ha'leHHe. Ha 

3TO Tpe6yeTCSI eme ., 10 CeK, TaKHM o6pa30M, BpeMSI OT OKOH'18HHSI o6ny

'leHHSI .(tO HB'IBITB H3MepeHHSI HMeeT llOpSI.ctOK 1 MHHYTbl ( 6e3 y'leTa BpeMeHH 1 

He06XOLl.HMOf'O .ctiTSI XHMH'IeCKOf'O pa3.cteneHHSI aneMeHTOB). 

~ CHcTeMa aereKropoB H npeaycHnHTeneu 

lleTeKTOpbl Bb!6Hp8ITHCh,HCXO,CtSI H3 OllHC8HHblX Bb!me OCHOBHbiX Tpe60B8HHH 

K annapaType, npHMeHeHHe M8f'HHTHbiX a - H {3 -cneKTpOMeTpOB 1 p8CC'IH

T8HHb!X H8 llOK8H8IThHOe H3MepeHHe CneKTpOB 0 B ycnoBHSIX nepHO.ctH'IeCKOrO 

llOCTynneHHSI B H3MepHTenbHY~ 81lll8p8Typy BTOMOB H3y'laeMbiX H30TOilOB 

aeuenecoo6p83HO, llOCKOJibKY 'IHCITO .Heo6XOLIHMbiX o6nyqeHHf! i-1HIIIeHeA 6binO 

6b! oqeHh 60f!bUIHM. no 9TOlt )Ke llpHqHHe He9KOHOMI!qHblM 6h!n0 6b! 11 llpHMe

HeHHe M8f'HH'rHb!X Cf!eKTporpaljloB, XOTSI OHH H SIBITSI~TCSI MHOf'OKBH8f!bHbiMH 

perHCTpRpyiOUUHv!H npH6opA Ml1, 

HA.H6oriee uenecoo6pasHo opHeHTHposa;rbCSI Ha npHMeHeHHe nonynpo-

BOLIHHKOBbtX H CUI1HTHf!JISIUHOHHbiX neTeKTOpOB a - , {3 - H y - H3nyqeHHlrl: C 

nocTaToqHo¥1 TonmHHOii qyscTBHTenbHoro enos; . H a u6onee umpoKoe rr.pHMeHeHHe 

nony'IPf!B nonynpOBOQHUKOBN0 .cteTeKTOphl TKDO Ge(Li) H Si ( Li) H3-3a 

xopowero auepreTHqecKoro paspemeHJH! , Oa.HaKo B T ex c nyqaHx, Korna Ton um

Ha qyBCTBHTenbHOf'O Cf!OSI llO.'lyflpOBOLl.HHKOBLIX ueTeK TO pOE OKBilb!BaeTCSI HeDO

CT8TOqHoti, npHMeHSI~TCSI CUHHTI-l flf!SIUHOHHble LJeTeKTOpbi , HBllpHMep, npH H3-

MepeHHU M8f!OHHTeHCHBHb!X BblCOK03HepreTH'IeCKHX nepeXOLIOB0 llpH Ollpe

AeneHHH nepHO.ctOB llOITypacnaAa p83f!HqHbiX H30TOllOB no CllBLiy HHTeHCHBHOCTH 
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aaH6onee HHTeHCHBHbiX nepexonos HnH npH onpe.cteneHHH rp 

{3 -cneKTpOB. 

B Ta6nHuax 2 H 3 npHseneHbi xapaKTepHcTHKH npHMeasr• 

THlla Ge (Li) H Si (Li), COOTBeTCTBeHHO. Ge ( Li) 

naHhl B ~H3H'IeCKOM HHCTHTyTe R.ctepHhlX HCCneLJ.OB8HHit B 

LJ.eTeKTOpbl THll8 Si ( Li ) B UeHTpanhHOM HHCTHTyTe Rl 

BBHHA B Pocceanop¢le ( r llP) H Jia6opaTopHH sr.ctepHbiX npc 

Bee nonynposo.ctHHKOBbie .cteTeKTOpbi Haxo.ctsrTCSI B sa1 

H OXITB)KLJ.B~TCR )KHLJ.KHM 830TOM. 0nTHM8flbH8SI TeMnepaTypa 

THil8 Si( Li) yCT8H8Bf!HB8eTCSI C llOMOmb~ MeTanf!H'IeCKHJ 

f!HqHOf'O Ll.H8MeTp8 1 norpy)KaeMblX ODHHM KOHUOM B ,Ctb~ap C 

Pa.ctHOaKTHBHbie npenapaTbi nnSI H3MepeHHSI f3 -H3ny'leHHSI 1 

BepCHOHHbiX aneKTpOHOB BBOLl.SITCSI B B8KYYMHY~ KaMepy qep' 

Tpe6yeTCSI OKOITO 30 ceKyHD. 

8 CUHHTHflf!SIUHOHHbiX J].eTeKTOpax HCil0f!b3Y~TCSI KpHC 

pa3MepOM 7,5 X 7,5 CM H 8,0 X 8,0 CM C 9HepreTH'IeCKH 

OKOf!O 11% ,Ctf!SI aHeprHH y -f!HHHH 662 K9B 0 8 T8K)Ke KpHC1 

ueaa pasMepoM 30 x 20 MM c aaepreTHqecKHM paspemeHHeM 

aaeprHH 625 KaB. 

C nonynpOBOLl.HHKOBb!MH neTeKTOp8MH HCil0flb3Y~TCSI Ka: 

H Tp8H3HCTOpHble npeUyCHf!HTenH. JlaMllOBbllt npe.ctyCHf!HTenh 1\ 

o6paTHY~ CBSI3b/JO/, llJyM npegyCHITHTeJISI npH BHeUIHei!: eMKOC' 

nReT 3,2 K9B npH r LJ.H$ = r HHT = 1 MKCeK, l.JyBCTBHT€ 

cHnHTenH -0,5 s/ Mas. B npeaycHnHTene npeaycMoTpeHa B03MO 

HHSI ero sarpysoqaoi!: cnoco6aocTH/ I 1,12/, npH cKopocTH cq~Ta 

coBB ceKyHLl.Y paspemeHHe cneKTpoMeTpHqecKoro TpaKTa ae 

B TpaHsHcTopaoM npenycHnHTene/13/ nepBbiA KacKa.ct I 

neBOM TpHO,cte THil8 2 N 3823, llJyMOB8SI X8p8KTepHCTHK8 eTOr 

1/~ Ge 
1:1 = 0,9 + 0,05 C (n<P) npH r ~ = r = 1, 

K9B .ctH't'• HHT 

H8SI J].HH8MHqeCK8SI eMKOCTb COCTBBnSieT 2000 n$. l.JyBCTBHTenbl 

TenR 0,5 s/ Mas. JlHHeAHOCTb BbiXO.ctHOA aMnnHTY.ctbi coxpe 

B Ka'leCTBe ocHOBHoro ycHnHTenSI c o6oHMH npeaycHni 

3Y~TCSI Tp8H3HCTOpHbie ycHnHTenH YCT -1 H YCT -2, pa3p 

011.f1J11l41. 
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HaH6onee HHTeHCHBHbiX rrepexoAoB HnH rrpH orrpeneneHHH rpaHHqHo~ aHeprHH 

{3 -crreKTpOB, 

B Ta6nHuax 2 H 3 rrpHBeAeHbi xapaKTepHCTHKH rrpHMeHSieMbiX AeTeKTopoB 

THrra G e ( Li ) H Si (Li), COOTBeTCTBeHHO, Ge ( L i) AeTeKTopbi cAe-

Jt8Hbl B <f>H3HqeCKOM HHCTHTyTe S!AepHbiX I:ICCJteAOB8HH~ B P>Ke>Ke ( l.JCCP), 

neTeKTOpbl THIT8 Si ( Li ) B UeHTpanhHOM HHCTHTyTe SIAepHhlX HccneAo-

BaHH~ B PocceHAop¢e (rilP) H fla6opaTopHH SIAepHbiX rrpo6neM OYIHYI. 

Bee rronyrrpoBOAHHKOBbie AeTeKTOpbi HaXOASITCSI B BaKyyMHO~ KaMepe 

H 0XIl8>KA8~TCSI >KHAKHM 830TOMo 0rrTHM81lbH8SI TeMrrepaTypa LiltS! AeTeKTOpOB 

THITa Si( Li) ycTaH8BilHB8eTCSI C ITOMOmbiD MeTannHqecKHX CTep>KHefi pa3-

JtHqHoro AHaMeTpa , rrorpy>KaeMb!X OLIHHM KOHUOM B Ab~ap C >KHAKHM 830TOM. 

PaAHOaKTHBHhle rrperrapaThl AnSI H3MepeHHSI {3 -H3JtyqeHHSI H CITeKTpOB KOH-

BepCHOHHbiX aneKTpOHOB BBOLISITCSI B BBKYYMHY~ KaMepy qepe3 llill~3, H8 qTO 

Tpe6yeTCSI OKOilO 30 ceKyHA. 

B CUHHTHilllSIUHOHHb!X AeTeKTOpax HCIT0Jtb3y~TCSI KpHCT8Jtllbl Na J ( T 1 ) 

pa3MepOM 7,5 X 7,5 CM H 8,0 X 8,0 CM C aHepreTHqeCKHM pa3peUieHHeM 

OKOJtO 11% AilS! aHeprHH y -llH HHH 662 K3B, a T8K>Ke KpHCT81lllbl H3 8HTpa

ueHa pa3MepOM 30 X 20 MM C SHepreTHqeCKHM pa3peUieHHeM OKOJtO 14,5% ITpH 

SHeprHH 625 KSB, 

C rronyrrpOBOAHHKOBb!MH neTeKTOp8MH HCITOilb3Y~TCSI KaK Jt8MITOBbie, T8K 

H Tp8H3HCTOpHbie rrpeAyCHJtHTeJtH, flaMITOBb!H rrpeAyCHJtHTeJtb HMeeT eMKOCTHy~ 

o6paTHY~ CBSI3b/ 10/ • lliyM rrpenycHnHTeJtSI rrpH BHeUIHe~ eMKOCTH 24 rr<jJ C U L • dB

JtS!eT 3,2 K3B rrpH r AH<jJ r HHT = 1 MKCeK. l.JyBCTBHTeJthHOCTb rrpeAy

CHJtHTeJtSI -0,5 Bl MaB. B rrpeAyCHJtHTene rrpeAyCMOTpeHa B03MO:>KHOCTb rroBbtrne

HHSI ero 3arpy30qHOH CITOC06HOCTH/ J1 t 12/, f1pH CKOpOCTH cq~Ta AO 5,000 HMITyJtb

COB B ceKyHAY pa3peUieHHe CITeKTpOMeTpHqeCKOro TpaKTa He YXYAUI8eTCSI, 

B Tp8H3HCTOpHOM rrpenycHnHTene/ 13/ rrepBbi~ KacKaA BbiiTOnHeH Ha rro

neBOM TpHOAe THIT8 2 N 3823. lliyMOB8SI xap8KTepHCTHK8 eTOro rrpenyCHJtHTeJtSI 

1/2 A Ge 
u = 0,9 + 0,05 C ( rr¢) rrpH r r = 1,5 MKCeK. BxoA-

KaB AH<jJ, HHT 

H8SI AHH8MHqeCK8SI eMKOCTb COCT8BnS!eT 2000 rr<jJ. qyBCTBHTeJtbHOCTb rrpenycHnH

TeJtSI 0,5 Bl MaB. flHHe~HOCTh BbtxonHo~ aMrrnHTYLibi coxpaHSieTcSI AO 4 B. 

B KaqeCTBe OCHOBHOrO YCHJtHTeJtSI C o6oHMH rrpeAyCHilHTeJtSIMH HCITOJtb-

3Y~TCSI: TpaH3HCTOpHbie ycHnHTeJtH YCT -1 H YCT -2, pa3pa6oTaHHbte B 

OYIHYf/141. 
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8. 3neKTpOHH8H perHCTpHpyiOI.UBH CHCTeMB 

ilnR periiCTpaUIIII 113MepR9MbiX 11311Y'I9HH~ IICIT01lh3Y9TCR SJ19KTpOHHaR 

arrrrapaTypa U9HTpa HaKOITJ19HIIR II o6pa60TKII IIH~OpMaUIIII na6opaTOp1111 RUep

HbiX rrpo6neM/ 15,24/ 1 OCHOBOll KOTOporo SIBJIRIOTCR 113M9piiT91lhHbl9 CHC

T9Mbl AY!-4096116/ II AY!-16000117 I . 
• 

Ilp11 113MepeHIIII CIT9KTpOB OT C:UIIHTIIJIJIRUIIOHHbiX ll9T9KTOpOB ITpiiM9HRIOTCR 

CTaRnapTHhl9 npeo6pa30BaTeJIH aMIT1liiTYllhl IIMITYJlhCOB B KOll Ha 256 (HJIH 

512) KaRaJIOB TIIITa EAil-5-/ 18/, BXOllRIU119 B KOMITJ19KT 113M9piiT91lhHbiX CIIC

T9M, ilnR yny'IW9HIIR CTa61!JlbHOCTI! M O>K9 T 6b!Tb I!CITOJlb30BaHa CI!CTeMa CT861!1lll-

38UIIII 113M9piiT91lhHOll xapaKTepiiCTIIKII CIT9KTpOM9Tpii'I9CKOrO TpaKTa, pa3pa-

60T8HHaH paHee B na6opaTOp1111 UJIR BpeMeHHOrO CITeKTpOMeTpa HaHOC9KYHUHO

ro llii8ITa30Ha/19/, B K8'19CTBe 3T81lOHHbiX CllrHanOB B STOll CIICTeMe IICIT01lb-

3YIOTCR CB9TOBhl9 IIMITYJlbChl OT rronyrrpOBOllHIIKOBhlX IICTO'IHIIKOB CBeTa, KO-

TOpbie rroaaJOTCR Ha ~OTOKaTOll ~TOYMHO>KIIT9JIR, Ilp11 8MITJIIITYllHOM aHaJIII39 

CO cpaBHIIT91lbHO H960JibWIIM 'IIICJIOM KaH81lOB llOCTaTO'IHO CT86HJIII3Hp0B8Th 

OllHY TO'IKY Ha 113M9p11T91lbHOH xapaKT9p11CTIIKe, B Ka'I9CTB9 KOTOpO~ B naHHOll 

CIICTeMe Bbi6paHa eepxHRR rpaHHua rrocnenHero KaHana. 

Ilp11 perHCTpaUHII CITeKTpOB OT rronyrrpOBOllHIIKOBbiX ll9T9KTOpOB IICIT01lb3Y

e TCR rrpeUII3110HHbiH rrpeo6pa30BaTenb aMITJliiTYllbl HMrrynbCOB B KOll Ha 4096 

KaHanoa, pa3pa6oTaHHblH B na6opaTOp!i!i, CTa6HJ11138UIIR 113Mep11T91lbHOH 

xapaKT9piiCTIIKII CIT9KTpOM9TpH'I9CKOrO TpaKTa OCYW9CTBJIR9TCR ITO JlByM TO'IKaM, 

ToqKa B Ha'lane 113M9p11T91lbHOH xapaKT9pHCTHKH CTa6HJIII3HpyeTCR B OTJIH

'1119 OT paHee 113B9CTHhlX CIICT9M rryTeM 113M9p9HIIR II CTa611JIH3aUHII nbene

CTana a niiH9HHOH cxeMe rrporrycKaHIIR. BTopas TO'I:Ka, onpenenRIOIUaR RaKnoH 

113M9piiT91lbHO~ xapaKTepHCTIIKII, CT8611JIII311pyeTCR no ST8110HHbiM S119KTpH

'19CKIIM IIMnynbCaM, nonaB89MblM Ha BXOll npenyCHJIIIT9JIR, I10JIO>K9HH9 STOll 

TO'IKII Ha 113M9piiT91lbHOH xapaKT9p11CTIIK9 Bbi6HpaeTCR SKCnepiiM9HTaTOpOM, 

ilonroapeMeHHaR CT86HJibHOCTb IT0110>K9HHR KaHanOB paBHa 0,025%, qaCTOTa 

anpecRo~ cep1111 rrpeo6pa3oBaTenR 20 ~ru. 

HaKOITIITenbHOe ycTpOHCTBO aRanll3aTopa AY!-4096 IIMeeT 4096 KaRanoa 

C 9MKOC TbiO Ka>KnOrO 18 nBoii'I:HhiX pa3psnoa. KpoMe o6bi'IHoro aMrrnHTyn-

HOrO aHaJIH38 Ha 256, 512 HJIH 4096 KaHanoB CHCTeMa IT03BOJIR9T rrpOBOlliiTb 

H llBYXM9pHhlH 8MITJIHTYllHhlll 8H811H3 C o6IUHM 'IHCJIOM KaH81lOB llO 4096 (a 

rrpH Hcrronh30BaHHH cllcTeMbi AY!-16000 -no 16000). Aaan113 MO>K9T 
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I 

8BTOM8TH'19CKH rrpeKpamaTbCR qepe3 3aJlaHHblll HHT9pB811 B 

mero HnH ">KIIBoro"). EcnH llcnonh3yeTCR rrpeo6pa3oBaTen 

HMrrynbCOB Ra 256 ( HJIH 512) KaRanoB c RaKoiTHTenhHbiM y 

4096 KaH81lOB 0 TO MO>KHO qepe3 3allaHHbi9 HHT9pB81lbl BJ)eM 

111111 ">KHBOro") aBTOMaTH'I9CKII rrepeKJIIO'IaTb rpyiTITbl KaHan< 

512), B KOT0pbl9 ITOCTyrraeT IIH~pMaUIIR, 11, TaKIIM o6pa30M, I 

perHCTpllpOBaTb C9p1110 CIT9KTpOB, 3a XOllOM H860pa CIT9KTpOB 

J)aTb Ha 3KpaRe 3119KTPOHHO-nyqeBOH Tpy6KH, 

Ilocne 3anonHeHIIR acex 4096 KaHanoB HaKOITHTeJibHor 

HH~OpMaUHR 113 Hero MO>K9T 6b!Tb .rrepenaHa B 6y~epRoe 

ycTpOHCTB0
1 

B Ka'I9CTBe KOTOporo TaK>Ke HCnOJib3Y9TCR HaKOI 

poHCTBO CIICTeMbi AY!-4096. Ilepenaqa ocymecTBnseTcR no p. 

na6opaTopHH nporpaMMe, T.e. npoH3BonHTCR nocnenoeaTe. 

HH~OpMaUHH H3 Ka>Knoro KaHana HaKonHTenhRoro ycTpollcT 

CTByJOIUIIll KaHan 6y~epRoro HaKonHTenbHoro ycTpoAcTaa. HE 

llJIR nepena'IH IIH~OpMaUHH 113 BC9X 4096 KaHaJIOB Tpe6yeTCR 

0nRaKO nOJIHOe BpeMR, H906XOllHMO~ llJlR OCyiUeCTB119HHR < 

ITOKa COCTaBnReT "'1 0 ceK H3-3a Heo6xonHMOCTII py'IHOr• 

pe>KHMOB pa60Tbl H8KOnHT91lhHbiX ycTpOHCTB; Ilocne OKOH'i 

HH~OpMaUHH H3 H8KOnHT91lbHOrO ycTpOllCTBa 8HaJIH3aTopa 

cpa3y >Ke HB'IIIHaTb 3aiiHCb HOBoro crreKTpa, T,e. rrponon>KaT 

cep1110 113MepeHHHo 

YIR~opMaUHR c 6y~epHoro HaKorrHTeJibHoro ycTpollcTB 

BbiBeneHa Ha uH~porre'laTaJOmee yc'TpoAcTBO, pa6oTa10mee c 

20 CTOO'I9K ( KaHaJIOB) B C9KYHllY/ 16/, T,e, .EJ.JIR BbiBOJla BC 

Tpe6yeTCR H9MHOriiM 6onee 3 MI!H, Ha TaKoe >K9 Ull~porreqa'l 

CTBO IIH$opMaUIIR MO>K9T 6hiTb Flb!B9ll9Ha II H9IIOCP9llCTB9HHO 

HOrO ycTpOllCTBa aRaJIH3aTopa, 

ilns Bb!BO)la HH~OpMaUHH . 113 6y~pHOrO H8KOIIIIT91lbHO I 

B Bllll9o rrpHrOUHOM llJIR BBOJ)a B Bbl'IHCJIHT91lbHYIO M8WHHY, 

pa3pa6oTaHa CHCTeMa 38IIHCH IIH~pMaUHH Ha MarHIITHYIO 11 

HCITOJ1b3yeT y3KYIO MarHHTHYIO 119HTY ( WHpiiHa 6, 25 MM ) 1 119HTC 

X8HH3Mbl B3RTbl OT CTYllHHHbiX MarHHTO~OHOB ~33-28A. ilns aar. 

HIIR HH~OpM8UIIH HCII01lb3YIOTCR '19Tb!p9Xll0p0>K9'1Hbl9 YHIIBepcanl 

ronOBKIIo 
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aBTOMaTHqeCKH npeKpamaTbCH qepe3 sanaHHhlfi HHTepaan apeMeHH (TeKy

wero HnH ")I(HBoro"). EcnH HcnonbsyeTcH npeo6pasoaaTenb aMnnHTyn 

HMnynhCOB Ha 256 ( li:nH 512) KaHanoa c HaKonHTenbHhiM ycTpoficTBOM aa 

4096 KaHanoB, TO MO)I(HO qepe3 3anaHHbie HHTepaanbi BpeMeHH ( TeKymero 

HnH ")I(HBoro .. ) aaToMaTHqecKH nepeKnJOqaTb rpynnbi KaHanoa (no 256 HnH 

512), B KOTOpbie nOCTynaeT HH<jlopMaUHH, H0 TaKHM o6pa30M 0 nocnenoBaTenbHO 

perHCTpHpOBaTb cepH!O cneKTpOB. 3a XOAOM Ha6opa cneKTpOB MO)I(HO Ha6nJO

naTb Ha 8KpaHe aneKTpOHHO-nyqeaofi Tpy6KH. 

nocne sanonHeHHH acex 4096 KaHanoa aaKonHTenhHoro ycTpoAcTBa 

HH<jJopMaUHH H3 aero MO)I(eT 6biTb nepenaaa B 6y<jJepHOe H8KOnHTenbHOe 

ycTpOfiCTB~ B KaqeCTBe KOTOporo TaK)I(e HCnonb3yeTCH HaKOnHTenbHOe ycT

pofiCTBO CHCTeMbl AYI-4096. nepenaqa ocywecTBnHeTCH no paspa6oTaHHOA B 

fla6opaTopHH nporpaMMe, T.e. npoHsaonHTCH nocnenoBaTenbHbiA nepeHoc 

HH<jJopMaUHH H3 Ka)l(noro KaHana HaKonHTenbHoro ycTpoficTaa a cooTBeT

CTBYJOWHA KaHan 6y<jJepHoro HaKonHTenbHoro ycTpoficTBa. HenocpencTBeHHo 

nnH nepenaqH HH<jJOpMaUHH H3 BCeX 4096 KaHanOB Tpe6yeTCH OKOnO 0,3 ceK. 

OnaaKo nonaoe apeMH, Heo6xonHMo~ nnH ocywecTaneHHH aToA nepenaqH, 

noKa COCT8BnHeT ~10 ceK H3-sa aeo6xonHMOCTH pyqaoro nepeKnJOqeaHH 

pe)I(HMOB pa60Tbl H8KOnHTenbHbiX ycTpOfiCTB; nocne OKOHqaHHH nepenaqH 

HH<jJOpM8UHH H3 H8KOnHTenbHOrO ycTpOfiCTB8 8H8nH38TOpa B Hero MO)I(HO 

cpa3y )i(e aaqHHaTb sanHCb aoaoro cneKTpa, T.e. nponon)l(aTb HenpepbiBHYJO 

ce pH!O H3MepeHHli. 

Yfa<jJopMaUHH C 6y<jJepHoro H8KOnHTenbHOrO ycTpOfiCTB8 MO)I(eT 6biTb 

BbiBeneaa aa uH<jJponeqaTaJOwee yc'\'poAcTBO, pa6oTa10wee co CKopocTbJO 

20 CTooqeK { K8H8nOB) B ceKYHAY/} 6/ • T.e • .ElnH BbiBOA8 BCeH HHdJOOM8UHH 

Tpe6yeTCH HeMHOrHM 6onee 3 MHH. Ha TaKOe )l(e UH<jJponeqaT8JOUiee YCTpol\-

CTBO HHdJOPM8UHH MO)I(eT 6biTb RbJBeaeHa H HenocpenCTBeHHO H3 HaKOnHTenb

HOrO ycTpOi!CTB8 8HanH38TOpa. 

ilnH BbiBO.A8 HH<jJOpM8UHH .H3 6y<jJepHoro H8KOnHTenbHOro ycTpOfiCTBa, 

B BHne, npHronHOM nnH BBona B BbiqHCnHTenbHYIO M8WHHy, B fla6opaTOpHH 

pa3pa6oTaHa CHCTeMa sanHCH HH<jJopMaUHH H8 MarHHTHYIO neHTy. CHCTeMa 

HCnonh3yeT y3KYIO MarHHTHYIO neHTY ( IllHpHHa 6, 25 MM ), neHTOnpOTH)I(Hbie Me..: 

xaHH3Mbl B3HTbi OT CTynHl\HbiX MarHHTO<jJOHOB M33-28A. ilnH sanHCH H CqHTbiBa

HHH HH<jJopMaUHH HCnOnb3YIOTCH qeTbipexaopO)I(eqHbie YHHBepcanbHbie MarHHTHbie 

ronOBKHo 
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Ha OUHH H3 MarHHTO~OHOB IlpOH3BOUHTCR 3allHCb HH~pMaUHH C 6y~epHOrO 

3allOMHHaJOmero ycTpOHCTBa, a C Upy roro - BBOU 8TOH HH~OpMaUHH B Bbi

"lHCnHTenbHYJO MaWHHY. llm1 yaKol!: qeTbipexuopo>Ke"lHOl!: neHTbi o6ecne"lHBaeTcR 

xopowaR B3a HM03aMeHReMOCTb 3allHCbiBaJOmero H BOCilpOH3BO!IRlliero ycTpOl!:CTB. 

CKopocTb !IBH>KeHHR - neHThi KaK rrpH aarrHcH, TaK H rrpH aocnpoHaaeneHHH coc

TaBnReT 78 CM/CeK. no paapa6oTaHHOl!: nporpaMMe 3allHCb HH~OpMaUHH Ha 

neHTy IlpOH3BOUHTCR ITO TpeM UOpO>KKaM, a Ha "leTBepTylO 3allHCbiBaiOTCR 

CHHXpOHMnynbCblo llnR 3allHCH HH~OpMaUHH H3 Ka>K!IOrO KaHana OTBOUHTCR 7 

cTpoK. 3anHCaHHbie onpeneneHHhiM o6paaoM cny>Ke6Hbie HMrrynbChi oTMe"laJOT 

Ha"lano 3 allHCH HH~OpMaUHH, OKOH"la HHe 3allHCH HH~OpMaUHH H3 Ka>KUOrO KaHa

na H KOHeU BCel!: 3allHCH. Ha 3allHCb HH~OpMaUHH H3 BCex 4096 KaHanoB Tpe-

6yeTCSI oKono 7 ceK. 

BBon HH~opMau.HH c MarHHTHol!: neHThi npoH3BO!IHTCR B Bhi"lHCnHTenbHyJO 

MaWHHY MHHCK-2. 3TOT BBO!I ocymecTBnReTCR "lepe3 HMeJOWHHCR B MaWHHe 

KaHan BBO!Ia HH~pMaUHH C nep~oneHTbl C HCilOnb30BaHHeM COOTBeTCTByJOruel!: 

KOMaHUhi . YIH~opMaUHR qepea apH~MeTH"leCKoe ycTpol!:cTBO aarrHChJBaeTcR B 

onpeueneHHbJe R"lel!:KH M03Y. 

7. 06pa60TK8 HHl/JOpM8UHH H8 Bbr<lHCnHTenbHbiX 

M8I11HH8X 

06pa6oTKa aKcrrepHMeHTanhHhiX naHHhiX rrpoH3BO!IHTCR Ha 3UBM MHHCK-2 

H M-20 c rroMorubJO MeTona "'cBeToBoro KapaHnawa'/20~ Ha6op nporpaMM/21/, 

HMeJOWHXCR B paCilOpR>KeHHH 8KCilepHMeHTaTopa 1 Il03BOnReT H3Bne"lb H3 aM-

rrnHTyUHbiX ClleKTpOB TaKHe OCHOBHbie ~H3H"leCKHe BenH"lHHbl 1 KaK 8HeprHH 

a -, {3t- H y -Hany'leHHl!: H :ax HHTeHcHBHOCTH. B 6onbWOM '!Hcne cny-qaea 

'nHHHH" paapeweHbi apyr oT upyra. 3To o6nerqaeT onpeneneHHe KaK aHep

rHil:, TaK H HHTeHCHBHOCTel!: "nHHHl!:"' C IlOMOllibiO OCUHnnorpa~a CO 'cBeTOBbiM 

KapaHnawoM'. B cny-qae HenonHoro paapeweHHR 'nHHHl!:' B cneKTpax npHMe

HReTCR nporpaMMa AnR HX paanO>KeHHR/22/ • qaCTO npHXO!IHTCR TruaTenbHO 

cnenHTb aa cnanoM HHTeHcHBHOCTH "'nHHHl!:"' H KOMilOHeHT B crreKTpax. Torna 

npHMeHReTCR nporpaMMa !lnR pa3nO>KeHHR Ha6opa BenH"lHH 110 COCTaBnRJOWHM 

KOMilOHeHTaM/23/. npHcnoco6neHHe 8TOl!: nporpaMMbi UnR pa6oTbi Ha 311BM 

12 

MHHCK-2 noaaonHno npoHaaci.fiHTb paano>KeHHe "nHHHl!:", H 

COCTaBnRJOWHX. 

0KOH"laTenbHbie peaynbTaTbi BbiBOUHTCR H3 311BM ] 

BH!Ie UH~p 1 nH60 B BH!Ie rpa~HKOBo llnR H306pa>KeHHH rpa~H 

eTcH an~aBHTHo- ·UH~poBOe rre"laTaJOmee ycTpol!:cTBO AUnY 

H306pa>KaJOTCSI Ha 6yMa>KHOlf neHTe WHpHHOH 420 CMo CKopc 

CTaBnReT 400 Ka.HanoB B MHHyTy. 0!1HOBpeMeHHO MO>KHO Bb!B 

oex cneKTDOB. 

Ha pHc. 2 Hao6pa>KeH y -crreKTp pacnana H30Tona 1&9 

IlOMOllibJO KOaKcHanbHOrO UeTeKTOpa THila Ge(Li) c q: 
o6'heMoM 6,3 cM3, H TpaHaH c TopHoro npenycHnHTenR. CneK"I 

AUnY -128-2. non Ka>Knolf TO"lKOl!: neqa_TaeTCH HOMep KaHana 

HHe. 

B aaKnJO"leHHe aBTOpbi Bbipa>KaJOT 6naronapHOCTb B.A.EbJ 

CTOBy H M.Yf.<f>OMHHbiX 38 IlOMOWb B pa6oTe. 

flHTepaiyp8 

1.D.R.Bes. Nucl. Instr. and Meth., 3 8 , 277 (1965). 

2.I.Bergstrom. Nucl. Instr. and Meth., g 116 (1966). 

3.I.Bergstrom. Nucl. Instr. and Meth., g 128 (1966). 

4. r.My3HOnb. D.oxnaa HB X COBeUIBIIHH no HaepHoi/ c neKTpOCKo nHH b 

aei/JHIIHTHbiX H3 0TOnOB II TeopHH H/!pa. fly61Ia
1 

2 7-30 HIOHH 1967 r . 

npenpHHT 01-fHJ-f P6-3699,( 1968). 

5. r.My 3HOnb. D.oKnaa HB XVIIle)l(eroaHOM COBeUIBHJ!II no HaepHoil cne 

CKOnHH If CTpyKType BTOMHOro H/!pa . PHra, HI{B8pb 1968 r. 

6. P.ApnbT, 3.M amrK, r. MyaHOnb, r.nljJpennep, X. WrpyCHbiii. D.oxnaa 

e>KerOI!HOM COBeUIBHHJ! no Hl!epHOtl CfTeKTpOCKOfTHH J! crpyKType 8 T· 

Hl!pa , PHra, fiHBBpb 1968 r . 

7. P.ApnbT, T.Eaiiep, T.MyaHonb, n.K. neKep, r.n¢pennep, X.fllrpycll 

D.. Xpi!CTOB. npenpHHT 01-fHJ-f P6-3540, 0.)'6/fa 1968. 
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MHHCK-2 IT03BOnHnO rrpOH3BO.fHITh paano>KeHHe "nHHHt!:"' 1 HMeiOUIHX 110 4-x 

COCTaBnHlOIUHX. 

0KOH"l.aTenhHbie peaynbTaTbl Bb!B011SITCSI H3 3UBM MHHCK-2 nH60 B 

BH11e UH$p, nH60 B BH11e rpa$HKOBo ilnH H306pa>KeHHSI rpa$HKOB Hcnonhay-

eTCH an$aBHTHo- ·UH$posoe rre"l.aTalOUiee ycTpot!:CTBO AU IlY -128-2. fpa$HKH 

H306pa>KBIOTCSI HB 6yMa>KHOt!: neHTe WHpHHOA 420 CM. CKopOCTh Bb!B011a CO

CTaBmieT 400 KaHanOB B MHHyTy. 0JlHOBpeMeHHO MO>KHO BbiB011HTh 110 "l.eTbl-

oex crreKToos. 

Ha pHc. 2 Hao6pa>KeH y -crreKTP pacrraaa H30Tona 
169 Yb, CHSITOrO C 

ITOMOIUhlO KOaKCHanhHOrO aeTeKTOpa THrra Ge(Li) C "l.YBCTBHTenhHhiM 

o6~eMOM 6,3 CM3,H TpSH3H C TOpHoro rrpe11yCHnHTenH . CrreKTp OTrreqaTaH Ha 

A lillY -128-2. !loa Ka>K110A TO"l.KOA rre"l.a.TaeTCH HOMep KaHana H ero co11ep>Ka-

HHe. 

B aaKmo"l.eHHe aBTopbi Bbipa>KalOT 5naroaapHOCTh B.A.EbiCTposy, A.Il.Ky

CTOBy II M.l'f.cf>OMHHbiX 38 ITOMOWb B pa5oTe. 

flHreparypB 

J.D.R.Bes. Nucl. Instr. and Meth., 38, 277 (1 965). 

2.I.Bergs tro m. NucL. Instr. a nd Meth., g 116 (1966). 

3.I.Berg stro m. Nucl. Ins tr. a nd Meth., g 1 28 (1966). 

4. r.My3HOnb. lloKnBt:I HB X COBel.I!BHHH no Ht:Iepnofl cneKTpOCKOnHH HeiiTpOHO

t:Iet/JHUHTHbiX H30TOnOB II TeopHH Ht:IpB. fly6HB, 27-30 IHOHH 1967 r . 

npenpHHT OJ1HJ1 P6-3699.( 1968). 

5 . T.J\1y3HOnb. floKnBt:l HB XVJJleJKerOJlHOM COBelllBHJIH flO H/l epHOil CneKTpO

CKOnHH H CTpyKType BTOMHOrO H,apa . Pura, IlHBBpb 1968 r. 

6. P.ApnbT, 3.Manl1K, r.Myauonb, r.n,Ppennep, X. WrpyCHbiH. lloKnBt:I HB XVIII 

eJKerOJlHOM COBelllBHHH n o Ht:IepHOil CneKTpOCKOflHH ll CTpyKType B TOMHOrO 

HllpB , Pura, HHBapb 1968 r. 

7. P.ApnbT, T.Eaiiep, T .Myauonb, /J.K. n eKep, r .nljJpenrrep, X.IJirpycHbii1. 

ll. XpHCTOB. npenpHHT OYIHJ1 P6-3540, lly6HB 1968. 
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B. P.ApnbT, B.A .EbiCTPOB, r.My3HOnb, n. naarepo, X.WrpyCHblll • .iloKnBil 

HB XVIII eJKerollHOM coaemaHHH no Hllepnoll cneKrpocKonHH H crpyK r ype 

aroMnoro HllpB, PHra, flHBBpb 1968 r. 

9. r.Eallep, x.rpocce-PJOKeH, B.A.XanKHH • .iloKnBil naXVIII eJKeroaHOM 

coaema HHH no fl/lepnoll c neKrpocKonHH H crpyKrype BTOMHoro RllpB, PHra , 

1968 r. 

10. K.H.FpoMoa, A.H.KanHHHH, B.B.Ky::Jneuoa, H.n.Henoa, E.n.Oc HneHKO, 

B. J1.<1>oMHHbiX. npenpHHT OJ1HJ1 2724 , .ily6HB 1966. 

11. C .H.Nowlin, J.L.Blankenship. Rev, Scient. Jnstr., ;!,§., 1830 (1965). 

12. M . G . Stranss, I.S.Sher/TJ8.nn, R.Bremer, R.J.Rudnick, R.N. Larsen, 

H .M.Mann. Rev. Scient. Instr., ;H!. 725 (1967). 

13. P.ApnbT, r.My3HOflb,A.l1.KanHHHH, X. WrpyCHbiR • .iloKnBil HB XVIIleJKeroa-

HOM COBe/IlBHHH no flllepHvfl cneKTpOCKOnHH H CTpyKType BTOMHOrO flllpB, 

PHra, flHBBpb 1968 r . 

14. B .F. Cy66oTHH, E.B.<PeqJHnoa. npenpHHT OJ1HJ1 13-3811, .ily6HB 1967. 

15. E . E.03epoa, A.H.CHHBeB, Tpyllbi IV CHMn03HYMB no paaHocmeKrpoHHKe 

OJ1HJ1, npara 1966 r., crp. 43. 

16. C.C.KypO'lKHH, A .JJ.Eenoyc, A .<P.Eenoa, H.C.KpaweHHHKOB, E.l1.PexHH, 

B.H.CanH'lKO. Tpyll bi 6 KoH¢epeHuHH no flllepHoll pBilH03JieKrpoHHKe, r.3, 

'~• 1, c rp. 171. AroMH31lBT, MocKaa, 1965, 

17. C . C.Kypo'lKHH, A . JJ.Eenoyc, B.H.CanH'lKO. Tpya bi 6 KonrjJepeHUHH no flllepnoll 

paaHo3neKrpoHHKe, r.3, '1.1, crp. 137. AroMH3aar, MocKaa , 1965. 

18. C . C .Kypo'lKHH, A . <P.Eenoa, A .JJ.Eenoyc, 11.C.KpaweHHHKoB, B.H.CanH'l!(O, 

E.H. PexHH, B. A .<I>oreea. Tpyllbi CoJ03Horo HBY'lHo-Hccneaoaa renbCKoro 

HHCTHTyra npH6opocrpoeHHR, Bbin, 1, crp. 63, Aro.'viH31lBT, M ocKBB, 1964r. 

19. B.F.JlanwHH, M .H.OMenbflHeHKo, B.l1. PbiKanHH, A.H. CHnaea, B. n .XpoMoa, 

3.l1HceK. n penpHHT OJ1HJ1 p 13-3342, .ily6Ha 1967 r. 

20. r.l1.3a6HRKHH, l1.3BOflbCKHil, B.J1.npHXO/lbKO, 11. ToMHK, B.n. Tpy6HHKOB, 

B.H.<I>oMHHbiX, B.M.llynKo-CHTHHKOB, l13B. AH CCCP, cepHR rjJH3., !lJ.. 
( 1967), M 10, 1801. 

21. M.H.<I>oMHHbix, B.H.npHxoabKo, B.n. Tpy6HHKoa, 11. ToMHK • .iloKnaa HB 

COBe/IlBHHH no npo6neMBM 8BTOM8TH38UHH o6pa60TKH HHrjJOpMBUHH C HC

nOflb30B8HHeM 3fleKTpOHHbiX Bbl'lHCflHTenbHbiX MBWHH. fly6H8 1 23-27 OKTR-

6pR 1967 r. 
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22, l1.3aonbCKH, B.H.npHXOilbKO. npenpHHT p 6-3517 OJ1HJ1, .ily6R 

23, K.Esko l a , P. Paatero; Ark~v f. F'ysik, ;!,§., 581 (1966), 

24. C.B.Meaaeab, B.B.MoHceeaa, A.H.CHHaea, F-IO.llaxep, H. A . 'f1 

HB COBe/IlBHHH no npo6neMBM BBTOMBTH38UHH o6pa60TKH HHr/JOp! 

HCnOflb30Bl3HHeM 3JieKTpOHHbiX Bbl'lHCnHrenbHb/X MBWHH, fly6H8
1 

OKTfl6pR 1967 r, 

PyKonHCb nocrynHna B H3AaTenbCKHA OTJ 

20 Mapra 1967 roaa. 
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22, H.3BOflbCKH, B.H.npHXOJJbKO. npenpHHT p 6-3517 OHRH, fly6na, 1967. 

23, K.Eskola, P. Paatero; Ark~v f. F'ysik, 2£, 581 (1966). 

24. C.B.MeaBeJJb, B.B.MoHceeaa, A.H.CHH8eB, r-IO.llaxep, H.A. LfHCTOB. floKnaa 

H8 COBeW8HHH IIO npo6neM8M 8BTOM8TH38QHH 06pa6oTKH HH¢opM8QHH C 

HCI10flb30B8HHeM 3neKTpOHHbiX Bbi'IHCnHTenbHbiX M8WHH, fly6H8
1 

23-27 

OKTfl6pR 1967 r, 

PyKonHCb nocrynHna B HanaTenbCKHA oTaen 

20 MapTa 1967 rona. 
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Ta6nHua I 

HccneayeMbil! 
BpeMSI Bbi.QeneHHSI 

GneMeHT 

Zr 3-4 MHH, 

Ce 3-4 • 

Pm 13-20 • 

Sm 15-20 • 

Gd 15-20 • 

HI 3-4 • 

Os 3-4 • 

Ta6nHua 2 

LleTeKTop I 

4 yBCTBHTenbHb!l! 06'beM IQ CM
3 

c + c 
QeT MOHT8JK8 

.. 25 n!j> 

u 1200 B 
aeT 

aeT 
1,5 Ha 

3HepreTHqecKoe pa3peweaHe 

.QflSI E y = 1332 K3B H 

E y = 198 K3B 

"'5 -+ 6 K3B 

" 4 K3B 

16 

!LJ-_ 

MHweHb 

Y ~ oa 
Pr ~ 0 8 

Gd-DTPA 

Dy-DTPA 

Er-DTPA 

Ta~ 0 6 

Au 

[leTeKTOp 2 

3 
6,3 CM 

• 25 n!j> 

1500 B 

< 0,5 Ha 

3,5 ±_ 0,5 K3B 

2,5 ±_ 0,3 K3B 

nnomaab 

ToniUHHa qyacTBHTenbHoro 

enoS! 

u 
aeT 

aeT 

Ta6nHua 3 

LleTeKTOp I [leTeKTOp 2 

50 MM
2 

4 MM 

225 B 

3,6 MKS ITpH 170 B 1': +20°C, 

60 Ha npH 225 B H - 65°C 

72 MM
2 

J,2 MM 

50 B 

1,3 MKS npH +2Q°C 

·12 Ha npH -65°C 

3HepreTHqecKoe pa3peweHHe •18 K3B npH -65°C 
• 9 K3B npH - 65°C 

E {J-= 624 K3B "'45 K3B npH 20°C 
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