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A6neee 8.r. H np. 13 - 10256 

MarHHTHbii! cneKTpoMeTp c nponopuHoHanbHbiMH KaMepaMH ycTaHOBKH 
'Anb~a• ang HCCnellOBBHHg paccegHHg BllpOHOB H pengTHBHCTCKHX gnep 

OnacbiBaeMbiH onaonneqeeoi! MarHHTHbiH cneKTpoMerp, pa6oTaJOmBil Ha 
nHHHH c 38M E3CM-4, gengercg 'IBCTbiO coanaeaeMoil a 011HI1 ycTaHOBKH 

• Anb~B • H BKnJO'!aeT B ce6g CUHHTHnngUHOHHbie C'leT'!HKH, nponopUHOH8nbHbie 

KBMepbi, MHW9HH H aHanH3Hpy!OIUHil MBI'HHT. Pel"'HCTpHpy!OIUBg, cneKTpOMeT
pH'IeCKag H norH'!ecKag 3neKTpOHHKa cneKTpoMeTpa, a TaK~e annaparypa 
ceg3H c 38M, BbmonaeHbi a craa.oapre KAMAK. 

npHBOilgTCg XapaKTepHCTHKH cneKTpOMeTpa, nony'!eHHbie HB ny'!Ke 

pengTHBHCTCKHX gnep, 6noK-CXeMa 3neKTpOHHOH annapaTypbl H OITHCBHHe 
ee pa6oTbi. 

Pa6ora BblflOnHeHa B na6oparopHH Bb!COKHX 3Heprull. 011HI1. 

JlpenpMHT 06beAMHeHHOrO MHCTMTyTa HAepHbiX MCCJieAOB8HM" 

,lJ,y6Ha 1976 

() 1976 06-.ec)uHeHHWU IIHc•u•y• Ac)epHWX IICCAec)oeaHIIU,llY6HG 

BBE,4EHHE 

OnucblaaeMbiB 3KcnepuMeHTaJJbHbiB on-line - KOMn-

JJeKC, ll03BOJJXIOil.lHB npOBO.IJ.HTb B peJJXTHBHCTCKHX x.n.epHbiX 

ny'IKaX H3MepeHHX llOJJHbiX Ce'leHHB, JJ.HtWJepeuu.HaJJbHbiX 

Ce'leHHB pacceXHHX B o6JJaCTH JJ.HclJpaKUHOHHOro llHKa, a 

TaK>Ke npou.eCCOB clJparMeHTaU.HH H HHKJJI03HBHbiX OJJ.HO'IaC

TH'IHblX cneKTpOB, XBJJXeTCX 'laCTbiO C03JJ.aBaeMOB B 011JIJ1 
ycTauoBKH "An~>clla .. ; 1 ~ 3To MarHHTHbiB o.n.uonne'leaou cneKT

poMeTp H3 nponopu.uouaJJbHblx KaMep /1200 KauanoB pe

rucTpau.uu/, CIJ.HHTHJJJJXU.HOHHbiX C'leT'IHKOB H COOTBeTCT

BYIOIIJ.eH perHCTPHPYIOIIJ.eH, cneKTpOMeTpH'IeCKOH H JJOrH

'IeCKOH 3JJeKTpOHHKH H annapaTypbl CBX3H C 3BM, BblllOJJ-
'2 I 

ueuublx B cTau.n.apTe KAMAK 1 1 
• 

Bee 3JJeMeHTbl cneKTpoMeTpa o6na.n.a10T BbiCOKHMH 6blcT

po.n.eBCTBHeM H 3$$eKTHBHOCTblO, 'ITO ll03BOJJXeT BeCTH 

pa6oTy B llY'IKaX C HHTeHCHBHOCTblO .U.O 106 
'IUC111Ul#/C H 

3a KOpOTKHH CpOK llOJJy'laTb BbiCOKYIO CTaTHCTH'IeCKYIO 

o6ecne'leuuocTb 3KcnepuMeHTa. 

Ilponopu.uouaJJbHbie KaMe phi ucnoJJb3YIOTCH .n.nx onpe

JJ.eJJeHHX KHHeMaTH'IeCKHX xapaKTepHCTHK H3y'laeMbiX npo

IJ.eCCOB, CIJ.HHTHJJJJHU.HOHHble C'leT'IHKH - JJ.JJX MOHHTOpHpo

BaHHX llY'IKa H .U.JJX ClleKTpoMeTpHpOBaHHX BTOpH'IHbiX 'laC

THU. no 3apXJJ.Y, 'ITO XBJJXeTCX CYIIJ.eCTBeHHbiM MOMeHTOM 

npu uccne.n.oaauuu npou.eccoa paccexuux u clJparMeuTaU.HH 

peJJXTHBHCTCKHX XJJ.ep. 

Bell uuclJopMau.ux c .n.eTeKTopos no.n.sepraeTcx npe.n.aa

puTeJJbHOMY auaJJH3Y ua yposue uauoceKyu.n.uoli noruqecKoB: 

3JJeKTpOHHKH H 6biCTpbiX U.HcPPOBbiX npou.eccopOB /< 0,8 MKC/, 

'ITO o6ecnequaaeT BbiCOKYIO cTeneub no.n.aaneuux ne

pe.n.a'IH B 3BM C06b1THB, He npeJJ.CTaBJJXIOil.lHX HHTepeca 
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HllH TaKHX, KOTOpble HeB03MO)KHO H,LJ;eHTH4JHU:HpOBaTb H3- 3a 

OTKa3a HeKoTOPhiX ,LJ;eTeKTopoa. B pe3ynbTaTe cpaBHH

TenhHO 6onbWOe MepTBOe BpeMJI 3BM /- 2 MC/ rrpaKTH

qecKH He YXY,LJ;WaeT IIpOH3BO,LI;HTellbHOCTH YCTaHOBKH. 

YrrpaaneHHe noruqecKoB: 3neKTPOHHKOB oT 3BM no3ao

nHeT 6biCTpO HO,LJ;6HpaTb ODTHMallbHble napaMeTpbl YCTa

HOBKH OpH OO,LJ;rOTOBKe K 3KCD03Hl.{HH, a TaK)Ke aBTOMaTH

qeCKH H3MeHJITb curHaTypy Tpurrepa a npouecce 3Kcne

PHMeHTa, o6ecneqHaaJI TeM caMbiM napannenhHoe HaKon

neHHe co6biTHB H3 pa3HbiX KaHanoa peaKUHH. 

Ha nHHHH c ycTaHOBKOB ucnonb30Banacb 3BM li3CM-4, 

B03MO)KHOCTH KOTOpOB 6blnH 3HaqHTellbHO paCWHpeHbl 3a 

cqeT no,LJ;KmoqeHHJI HaKonHTeneB: EC-5012 H ,LJ;Hcnneea 

BT-340. 

AIIIIAPATYPA 

Pa3Mell.{eHHe annapaTyphi Ha nyqKe noKa3aHo Ha puc. 1. 

M H we H H. llpu uccne,LJ;oBaHHH npoueccoa c H,D;paMH 

C , Al , Cu , Pb , CH2 ,LJ;llJI CMeHbi MHWeHeB ucnonh3yeTCJI 

Bpall.{aiOII.{HBCJI 6apa6aH C WeCTbiO OTBepCTHJIMH cp 100 MM, 

B KOTOpble ycTaHaBnHBaiOTCJI pa3nHqHbie MHWeHH. CMeHa 

MHWeHeB npOH3BO,LI;HTCJI ,LJ;HCTaHI.{HOHHO C HH,LI;HKal.{HeB 4JHK

CHpOBaHHOrO llOllO)KeHHH. 

~llJI npoae,LJ;eHHH HCCne,LJ;OBaHHB C Jl~aMH BO,D;Opo,LJ;a H 

renHH npHMeHJieTCJI KpHoreHHaH MHWeHb 
61 

C HeKOTOpbiMH 

MO,LJ;H4JHKal.{HHMH, KaCaiOII.{HMHCH ee HCllOllb30BaHHJI llpH 

HanonHeHHH BO,LJ;OpO,LJ;OM. 

Ha puc. 2 npuae,LJ;eHa cxeMa KpHoreHHOB MHWeHH 6e3 

npoMe)KyToqHoro cocy,LJ;a. 

0CHOBHbiMH 3lleMeHTaMH MHWeHH HBllHIOTCJI BHyTpeH

HHB cocy,LJ;, 3KpaH, oxna)K,LJ;aeMbiB )KH,LJ;KHM a3oToM, H aa

KYYMHbiB KO)Kyx. BHyTpeHHHB cocy,LJ; UHnHH,LJ;pHqecKoB: 4Jop

Mbl ,LJ;llHHOB 120MM llO,LJ;BeWeH Ha ropnOBHHe - TOHKOCTeHHOB 

Tpy6Ke H3 Hep)KaBeiOII.{eB CTanH. Ha TOpl.{aX C llOMOII.{biO 

4JnaHues 3aKpenneHbl ,LJ;BOBHble OKHa H3 naacaHoaoB: nneHKH 

rP 80 MM: Hapy)KHOe• TOIII.l.{HHOB 0,12 MM, BOCllpHHHMaiOII.{ee 

nepena,LJ; ,LJ;aaneHHH, paBHbiB 1 amM, H BHyTpeHHee nnocKoe, 
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Puc. 2. KpuozeHHa.R Muwenb Mr-1. 1 - (3HympeHHuil co

cyo, 2 - Q30mHbiU 3KpaH, 3 - 8QKYYMHbiU KOJICYX, 4 - 3K
paH, 5 - ZOpA06UHQ, 6 - OKHO Q30mH020 3KpaHa. 

TOJI~HHOH 0,012 MM, C nOMO~biO KOToporo KpuoreHHa.H 

~H~KOCTb /BO~Opo~ HJIH reJIHH/ orpaHH~eHa no TOPUBM. 

~JIJI TOrO, ~T06hl ~H~KOCTb B MHIUeHH He nepeceKBJIBCh 

ny3hlp.RMH, o6pa3yiO~HMHC.R B HH~HeH ~BCTH pa6o'lero co

cy~a, BHyTpb MHIUeHH BCTBBJieHa "JIO~Ha.H" o6e~aHKar/:>80 MM. 

Tennosal HJOJI.HUH.H BHyTpeHHero cocy~a ocy~ecTBJI.ReTc.R 
C nOMO~biO BhiCOKOrO BaKyyMa H 3KpaHa, OXJia~~aeMOrO 

~H~KHM 830TOM. Ha BXO~e H BhiXO~e ny~Ka B 830THOM 3K

paHe HMeiOTCJI OKHa, 38Kph1Thle 8JIIOMHHH3HpOB8HHOH JiaBca

HOBOH nneHKOH TOJI~HHOH 0,012 MM. BaKyyMHhiH Ko~yx 
COCTOHT H3 UHJIHH~pH~eCKOH o6e~aHKH H ~BYX <lJnaHQeB, 

BepxHero H HH~Hero. K BepxHeMy <lJnaHUY Kpen.HTC.R BHyT

peHHHH- COCYJJ. H 830THhiH 3KpaH. Ha BBKYYMHOM KO~yxe no 

OCH ny~Ka pacnOJIO~eHbl ~Ba OKHa rP 80 MM H3 JIBBCBHOBOH 

nJieHKH TOJlll.\HHOH 0,19 MM. 

llpH 38nOJIHeHHH MHIUeHH reJIHeM ~H~KOCTh H3 COCy~a 
~hlOapa eMKOCThlO 100 A no cu<lJoHy nocTynaeT a npoMe

~YTO~HhiH cocy~ eMKOCThlO 57 A, pacnoJio~eHHhiH Ha~ 
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Pa311epa ~l:!Hcno KaHMOB Z - KOOPAXHara,rM 
Aerexropa perRcrpauHH ( z..o, neHrp MJllllle?H) B Mil IIR 

cu.pRc.Ia Cll.pxc.IO 

50x50x5 - -800 -768 

50x50x5 - -:no -:352 

IOOxiOOx5 - -:325 -:347 

50x50x5 - -:320 -342 

I50xl50 :32 -280 -:JII 

I50xi50 :32 -276 -:307 

I50xl50 24 - 27 - 70 

I50xl50 24 - 2:3 - 66 

I50xl50xiO - 12 - 45 
~ 50 

150xi50 :32 50 75 

I50xl50 :32 54 79 

I50xi50 64 :325 240 

I50xi50 64 :329 244 

:J50x200 160 683 173 

:J50X200 96 751 18:3 

:J50x200 160 701 685 

900x:JOO 412 - 660 

350x200x10 - - 665 

:J50X200xl0 - - 665 

250x250x10 - - 749 

50x50x5 - 895 915 

IOOx100X10 - 900 920 
--- -
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MHilleHbiO, a OTTy,D.a CaMoTeKOM B MHilleHb. HcnapHBWHHC.H 

renuii uanpaanB:eTCB: a JIHHHIO B03BpaTa reJIHH. Pacxo.D. 

reJIHB: HJ MHmeuu H npoMe:>KyToquoro cocy,D.a B ycTauoaua

WeMCB: pe:>KHMe He npeBLilllaeT 1,4 A :>KH,D.KOCTH B 'IQC. 

IlpH JanOJIHeHHH MHllleHH BO,D.OpO,D.OM OH H3 COCy,D.a 

,ll;LIOapa no cu4Jouy nocTynaeT B npoMe:>KyToquLJB: cocy,D., 

a OTTy,D.a CaMOTeKOM no CJIHBHOMY ycTpOHCTBY ,D.JIHHOH 

1200 MM B MHllleHb. HcnapHBlliHHCB: raJoo6pa3HbiH BO,D.O

PO.D. c6pacbiBaeTc.H qepe 3 nnaMHnperpa.IJ.HTeJib B a TMoc<lJepy. 

Pacxo,D. napaao,D.opo,D.a B cTau;uouapnoM pe:>KHMe ue npe

BbiWaeT 1 ,5 A :>KH,D.KOCTH B qac. 

B C IJ; H H T H JI JI .H IJ; H 0 H H LI X C q e T q H K a X HCnOJib-

3YIOTC.H 4JoTOYMHO:>KHTeJIH <l>3Y-30 C ,D.eJIHTeJI.HMH, no,D.o6-

paHHbiMH no MaKCHMYMY CHrHaJia. ,ll;JIB: HCKJIJOqeHH.H Jaau

CHMOCTH cqeTHbiX H aMnJIHTY.D.HbiX xapaKTepHCTHK cqeT

qHKOB OT Jarpy3KH /BnJIOTb ,D.O -107 UMn/c OT reHepaTopa/ 

TPH nocne,D.HHX Me:>K,D.HHO.D.HLIX npoMe:>KyTKa <1>3Y ,D.ononuu

TeJibHO no,D.nHTbiBaiOTC.H OT HH3KOOMHbiX CTa6HJIH3HpOBau

HbiX HCTOqHHKOB. 

11 p on o p u; H o H a JIb H LIe KaMe phi HMeiOT mar ua-

MOTKH 2 MM H paJMepbl, yKaJaHHLie B llla6A. 1, 34J4JeKTHB

HOCTb OT,D.eJILHbiX IlK ;2; 99U/o, a TOqHOCTb perHCTpa

IJ;HH TpeKaa :::0,6 MM 11,4,51 

3JieKTpOHHyiO annapaTypy cneKTpOMeTpa, 

pa3MeiiJ;eHHYIO B 12 KpeiiTaX, MO:>KHO paJ,D.eJIHTb Ha CJie

.D.YIOIIJ;He rpynnLI. 

1. JlOZU'IeCKQJI 3AeKIIIpOHUKa 

B 3TY rpynny BXO,D.HT CTaH,D.apTHa.H HaHOCeKyH,D.HaB: 

3JieKTfOHHKal31, a TaK:>Ke MO.IJ.YJIH, ynpaBJIB:eMbie OT 

3BMI l,l 21. IlOCJie,D.HHe, eCTeCTBeHHO, HMeiOT BbiXO,D. Ha 

MarucTpaJib KAMAK. Ocuoaua.H Ja,D.aqa 3TOH rpynnLI -

OpraHH3aiJ;H.H pa60Tbl 3JieKTpOHHKH perHCTpaiJ;HH H Bbipa-

60TKa Tpurrepa. 

8 

t. 

' 

2. 3A€KIIIpOHUKa peZUCIIIpaijUU 

Bee MO.IJ.YJIH ,D.aHHOH rpynnLI HMeiOT BLIXO,D. Ha MarHCT

paJib KAMAK. CocTOB:HHe 3THX MO.D.YJieii B MOMeHT cqu

TLIBaHHB: HH<lJopMallHH B 3BM xapaKTepHJyeT napaMeTpLI 

aKTa BJaHMO,D.eiicTBHB:, npouJome,D.lllero B ycTaHOBKe. B co-

CTaB 3TOH rpynnLI BXO,D.B:T: , 

aj IlapaJIJieJibHbiH BXO,D.HOH perHCTp ;IOI, B KOTOpblii 

JaHOCHTC.H HeKOTOpbiH ua6op JIOruqecKHX CHrHaJIOB, co

nyTCTBYIOIIJ;HX OCHOBHOMY JIOruqeCKOMy CHrHaJiy-TpHrrepy. 

6/ IlepecqeTHLie cxeMbl 191 - .D.JIJI no,D.cqeTa curua-

JIOB nocJie paJHLIX CTyneueii OT6opa C06LITHH Ha ypOBHe 

JIOruqecKOH 3JieKTpOHHKH. 

a/ 3apB:.IJ.O- u;u4Jpoable H apeMB:- u;u<lJpoBble npeo6pa3o

aa TeJiu 18 •17 I. 
r/ 3JieKTpOHHKa perHCTpaiJ;HH CHrHaJIOB C nponopu;uo

HaJibHbiX KaMey: 6JIOKH r214l H 6JIOKH C JIOrHqeCKHMH 

4JyHKIJ;HB:MH rill 
71, KOTOpble Bblpa6a TbiBaiOT CHrHaJI "one", 

eCJIH B COOTBeTCTBYIOIIJ;eH IlK cpa6oTaJia O,D.Ha HJIH ,D.Be 

COCe,D.HHX npOBOJIOKH , H CHrHaJI "many", KOr,D.a Cpa60TaBlliHX 

npOBOJIOK OKaJaJIOCb 60Jibille; KpOMe TOro, 6JIOKH rill 

OCyiiJ;eCTBJIB:IOT npeo6pa30BaHHe nOJHIJ;HOHHOrO KO,D.a B ,D.BO

uqHbiH .D.JIB: nocJie.D.YIOIIJ;eii pa6oTbl 6LICTpbiX u;u<lJpoBhlx npo

u;eccopoa. 

3. libiCIIIPble f4U(/jpoBble npoijeccopbl 

B 3Ty rpynny BXO.IJ.B:T npou;eccopb/
7 1, BLipa6aTLIBaiO

J..IJ;He 3a BpeM.H- 500 HC JIOruqecKyiO e,D.HHHIJ;y, eCJIH BblnoJI

H.HeTC.H ycnoaue 

JA.x1 -B.x2 +C.x 3 -D J > Z, /1/ 

r,D.e XI' x2' x3- qucna c rrnl-:-rrn3 ;A 'B 'c' D' 
Z - KOHCTaHTLI npou;eccopa /3a,D.aiOTC.H KHOnKaMH Ha ne

pe,D.ueii nauenu/. 

4. 3AeKIIIPOHUKa CBJ13U C 3BM 

Coe,D.HHeHHe MarHCTpaJieH CeMH KpeiiTOB B BeTBb H Bbl

XO.D. Ha 3BM 63CM -4 ocyJ..IJ;eCTBJI.HIOTCB: qepeJ ,D.paiiaep/141 
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H HHTep4Je8c HK.Ii- 871 !Iii!; 06MeH HH$OpMaUHeH Me~y 
MO~ynHMH H ~paHBepOM OCy~eCTBJIHeTCH qepe3 KOHTpon· 
nepw Tuna A. 

OPTAHH3AUH.H PAEOThl CHEKTPOMETPA 

JinoK·cxeMa pa6oThi cneKTpoMeTpa npuse~eua ua puc. 3. 
Cosna~eHHeM CHrHaJIOB C MOHHTOpHbiX cqeyqHKOB 

S1 .S~.S 4 .A1 C llOMOIUbiO ynpasnHeMOrO $opMHpOBaTe· 
JIH /II; Bblpa6aTbiBaeTCH HMllYJibC "sopoTa", OTKpbiBaiO~HH 
BCe Kauanbl perHCTpaUHH ClleKTpOMeTpa H CTp06HpyiO~HH 
~pyrHe seTBH cosna~enHH. 

CHrHanbl CO CUHHTHJIJIHUHOHHbiX cqeyqHKOB HCllOJib3y
IOTCH KaK norHqeCKHe e~HHHUbl, a qacn. H3 HHX TaK)Ke 

'8' 
cneKTpoMeTpHpyeTcx c noMO~hiO 3U.TI 1 1

. KpoMe Toro, 
llpHMeHHeTCH ~HCKpHMHHaTOp, Bblpa6aTbiBaiO~HH norHqec· 
KYIO e~HHHU.Y, ecnH CHruan co cqeTqHKa npeswwaeT ue
KOTOpbiH yposeHb. 3TO 06CTOHTeJibCTBO yqHTblBaeTCJI npH 
Bblpa60TKe TpHrrepa, qyBCTBHTeJibHOrO K 3apB~Y BTOpuq· 
HblX qacTHU.. 

Hu$opMaUHB c nponopu.uouanhHblX KaMep nocTynaeT 
B perHCTpHpyiO~YIO annapaTypy H HCllOJib3yeTCJI B norHKe 
TpHrrepa, npuqeM ~nH TIK, CBH3aHHblX c r2, norHqecKHe 
CHrHanbl "HJIH" /COOTBeTCTBYIO~He cpa6aTblBaHHIO XOTH 
6w o.n;uo8 nposonoqKu ua KaMepe/ CHHMaiOTC.II uenocpe~
CTBenuo c KaMep. HanHqHe 3THX curuanos rapaHTHpyeT, 
qyo B 3BM nepe~aeTCB HH$opMaUHH, ~OCTaToquag ~JIJI 

nocne~y10~ero soccTauosnenHx napaMeTpos co6wTHB. 
AuanH3 norHqecKHX CHruanos c rw ll03BOn.lleT ocy

~eCTB.bTb 6onee BblCOKHB ypoBeHb OT6opa C06b1THH, Jape
rHcTpuposauuLix ycTauoBKOH. TaK, uanpHMep, MO)KHO no
Tpe6oaaTh, qyo6bl C06biTHe 6blJIO O~HOTpeKOBblM HJIH, Hao· 
6opOT, MHOrOTpeKOBbiM. 

Ha cne~yiOIUeM 3Tane oT6opa /~nx o~HoTpeKOBhiX co-
6wTHH/ BKJIIOqaiOTC.II 6blcTpble nu$poable npoueccopw. Bxo~
HblMH .QaHHhiMH .B.JI.II Ka)K~oro nponeccopa HBJIJIIOTCH npeo6-
pa3oaauuwe C llOMO~blO rill KO.D;bl C Tpex O.D;HOKOOp.D;HHaT· 
HhiX TIK, H3MepsiO~Hx X /unu Y I xoop.n;uuaTbl. Coo-Tuowe-
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HHe /1/ BblnOJIHJieTCJI B TOM CJiy'lae, I<Or,~ta B paiioHe 

BTopo:ii I<aMepbl HMeeT MecTo pacceJIHHe Ha yron/nnoc
I<H:ii/, y,noaneTaopJIIOII(HB ycnoaa10 

I 0 ( ) - const I > 0 . 
X y 0 /2/ 

CarHaJibl c nponeccopoa cny~aT ,~tJIJI oT6opa co6biTH:ii 

no yrny pacceJIHHJI (lOx 1>00 ,10 1>0
0

). Bo3Mo~eHTa~e aHa

JIH3 C06biTHB no yrJiy noaopoTa BTOpH'lHOB 'laCTHnbl B 

MarHHTe, npa 3TOM MO~HO HaCTpOHTLCJI I<ai< Ha ynpyrHB 

I<aHaJI peaxnaa, Tai< a Ha HHTepecyiOI.QYIO 3I<cnepaMeHTaTo
pa o6nacTL a HeynpyroM KaHane. 

B I<a'leCTBe 3JieMeHTa, Bblpa6aTbiBaiOI.Qero CHrHan Tpar

repa, HCnOJIL3yeTCJI YHHBepcaJILHbiB JIOrH'leCI<HB 6JIOI< 

/YJI.6j/I2/ .K ero BXO,l{aM MO~eT CXO.l{HTLCJI ,l{O 'leTblpex 

JIOrH'leCKHX BeTBeB. llpH BblpafiOTKe TpHrrepa B03MO~Ha 
opraHH3anHJI pa3JIH'IHLIX JIOrH'leCKHX I<OM6HHanaii Me)f(,ny 

nocTynaiOI.QHMH Ha YJI.Ii carHaJiaMH. CocTOJIHHe YJI.Ii lPHK

capyeTcJI C nOMOII(LIO 3BM. lf3MeHeHHe CHrHaTypbl Tpar

repa ocyll(ecTBJIJieTcJI B nepepLIBe Me)f(,ny c6pocaMa ny'II<a 

Ha MHWeHL. llpaMeHeHae YJI.Ii noJBOJIJieT a o,nHOM ceaHce 

napanneJILHo HaKannaaaTL HH$opManaiD no pa3HbiM KaHa

JiaM peaKnHH B TOM COOTHOWeHHH, KOTOpOe HaHfiOJiee BLI

rO,l{HO ,l{JIJI noJiy'leHHJI OnTHMaJILHOB CTaTHCTHKH, a TaK~e 

nepHO.l{H'leCKH OCyll(eCTBJIJITL TpHrrep, HCnOJIL3YIOI.QHBCJI ,l{JIJI 

KOHTPOJIJI pa6oTbl annapaTypbl. CooTHOWeHae Me~,ny Ko

JIH'leCTBOM CfipOCOB ny'II<a Ha MHWeHL C pa3JIH'IHLIMH TH

naMH TpHrrepOB BBO.l{HTCJI B 3BM B Ha'laJie 3KCn03HnHH 

C .l{HCnJieJI. )l;anee Bb16paHHOe COOTHOWeHHe no,n,nep)f(HBaeT
CJI aBTOMaTH'leCKH. 

BpeMJI Me~,ny perHCTpanaeB 'laCTHnLI MOHHTOpHLIMH 

C'leT'IHKaMH H nOJIBJieHHeM TpHrrepHoro CHrHaJia COCTaa

JIJieT - 0,8 MKC. MOHHTOpHaJI CXeMa Ha 3TO BpeMJI 6Jio

KHpyeTCJI. ECJIH 3a 3TOT BpeMeHHOB HHTepBaJI TpHrrepHLIB 

CHrHaJI He nOJIBHJICJI, npOH3BO.l{HTCJI CeJieKTHBHLIB c6poc 

peracTPHPYIDI.Ueii annapaTypLI, nocne 'lero ycTaHOBI<a 

rOTOBa K perHCTpanHH HOBOrO COfibiTHJI. C nOJIBJieHHeM 

TparrepHoro carHana npo,nneaaeTcJI MepTaoe apeMJI yc

TaHoBKH H COCTOJIHHe MO.l{yJieB perHCTpHpyiOI.QeB 3JieKTpo

HHKH C'IHTbiBaeTCJI B naMJITL 3BM. llOCJie npHeMa C06LI· 
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THJI 3BM OCyll(eCTBJIJieT nOJIHLIB c6poc perHCTPHPYIOII(eB 

annapaTypbl, 3aTeM C nOMOI.QLIO ynpaBJIJieMoro OT 3BM Te

CTOBOro 6JIOI<a /IS/ pa3pewaeT npHeM HOBOrO C06b1THJI. 

BpeMJI npaeMa HH$opManaH a 3BM a conyTCTBYIO

ll(HX .l{OnOJIHHTeJILHLIX nporpaMMHLIX onepaJ4HB CO

CTaBJIJieT - 2 MC. llaMJITL 3BM n03BOJIJieT npHHJITL ,no 

18K 6aiiT HH$opManaa 3a O.l{HH nHI<JI YCI<OpHTeJIJI. 0TMe

THM, 'ITO npHeM, 3anHCL Ha JieHTy H KOHTpOJIL Tai<oro KO· 

JIH'leCTBa HH$OpMaUHH CTaJI B03MO)f(eH TOJILKO 6naro,napJI 

acnonLJOBaHHIO HOBLIX HaKonHTeneB: EC-5012, a pe3yJIL

TaTe qero nOTepa BpeMeHH Ha 3anHCL HH$OpManHH yMeHL· 
WHJIHCL B 30 pa3. 

IIPHMEHEHHE CIIEKTPOMETPA B OIIhiTAX IIO 
PACCEJIHH/0 PEJIJITHBHCTCKHX Jl,4EP 

C noMOI.ULIO onacLmaeMoro cneKTpoMeTpa 6Lma npoae

,l{eHa CepHJI lPH3H'leCKHX H3MepeHHB B ny'IKaX peJIJITHBHCT

CKHX ,neBTpOHOB H a· 'laCTHn. 

Bbi,l{eJieHHe MOHHTOpHLIX 'laCTHn npOBO,l{HJIOCh C'leT'IH

KaMH S I , S 2 , S 4 , A I , a TaK)f(e nponopnaoHaJILHhiMH xa

MepaMa ITK1, ITK2, npa'leM oT Ka~,noii I<aMepLI Tpe6oaa

nocL o,nHonpoaoJIO'IHoe cpa6a ThiBaHae ('one'). Ha KaMe pax 

ITK 2x, ITK 2y, CTOHII(HX Henocpe,ncTBeHHO nepe.n MHWeHLIO, 

fihiJia BKJIIO'leHa TOJihKO 'laCTb npOBOJIOK C TeM, 'IT06bl 

Bbl,l{eJIHTh 'laCTb nOTOKa 'laCTHn, nona,naiOII(YIO B MHWeHh. 

IIKlx, ITK ly .non~Hhi 6LIJIH nepexaaTHTh aech ny'loK ,nnH 

no.naaneHHJI cnyqaea, Kor.na 3a apeMJI "aopoT" /50 He/ 
qepe3 ycTaHOBI<Y npowno 6onee o,nHoii 'laCTHnLI. 

KaMe phi ITK 1, ITK2 cny)f(a T ,nnH onpe,neneHHJI TpaeKTO

paD: na,naiOI.QHX Ha MaweHL qacTHU, KaMephi ITK3 7ITK5 - ,n:nJI 

onpe,neneHHB TpaeKTOpHB O.l{HOB HJIH HeCKOJihKHX BTOpaq

HbiX 'laCTHn. ,il;JIJI HMnyJihCHOrO aHaJIH3a BTOpH'IHbiX 'laCTHn 

acnonLJOBanacL ITK3 7 ITK7. C'leT'lHKH S B 1 7 S 83 6LIJIH 

npe,nHa3Ha'leHhl ,l{JIJI H3MepeHHH HOHH3anHOHHbiX noTeph BTO· 

pH'IHbiX 'laCTHn, a C'leT'IHK S3 - HOHH3anHOHHbiX noTepL 

nepBH'IHOrO ny'II<a, 'ITO no3BOJIHJIO H,l{eHTHlPHUHPOBaTh qac

THIJ;hl no 3apH,ny. C'leT'IHKH Ss ' s6 npHMeHHJIHCb ,l{JIJI on

pe,neJieHHJI 3~eKTHBHOCTH ycTaHOBKH. 
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K npoueccopaM 6blnH no.nKmo'leHbi KaMepbl IlK 1x, IIK2x, 
IlK 4x u auanorH'IHble I<aMepbl a yz -nnoci<OCTH. 

Ilpu npoae.neuuu limlH'IeCI<HX H3Mepeuu:H ua a -ny'II<e 
npOH3BO,IJ,HllaCb aBTOMaTH'IeCI<aB CMeHa THllOB TpHrrepOB. 
Ilpu 3TOM I< YJlli cxo.nunucb cne.nyiOmue noruqeci<ue BeT
au: 

1/ MOHHTOP - s l 1\ s2 1\ s 4 1\ 'A l 1\ "one"( TIK1) 1\ 

'one "(IJK2), r.ne "one"- o.nuonpoaonoquoe cpa6aTbiBauue. 
2/ "one '/IIK4/ 1\ jnpoueccop X v npoueccop Y /. 
3/ /"11Jll1" /IlKS/ v "111Il1" /IIK6/ I 1\ "111llf'' /IIK3/. 
4/ (a I ;:a 0 ) v (a2 :;:a 0 ) v (a:J :_: a

0 
),_ 

r.ne a 1-:-a :J- curuanbi co c'leT'IHI<OB SBI..,. Sna , a 0 - ypo
BeHb OTCe'IKH CHrHaJIOB Ha ,IJ,HCKpHMHHaTope, COOTBeTCTByiO· 
ll{HH 3apH,IJ,Y BTOpH'IHOH 'laCTHI.{bl L2. 

libiJIH peanu3oBaHbi cne.nyiOmue noruqeci<ue I<OM6uua
U.HH Me)I(,IJ,y BeTBJIMH, CXO,IJ,JIIl{HMHCB K YJIIi: 

1/ 1 A I n106aJI KOM6uuau.uH 2,3 ,4/. 
3TOT Tpurrep HCnOJib30BaJICJI ,IJ,JIJI OU.eHKH 3~eKTHBHO· 

cru ycranoBKH, ee paJpernaiOmeu cnoco6uocTH no yrny 
pacceHHHJI H HMnyJibCy 'laCTHU.. 

2/ 1 1\ 2 1\ 3 1\ 4 . 
C noMOIUbiO 3Toro rpurrepa or6upanucb co6biTHH B cny-

'laHX, I< Or ,IJ,a 
a/ qacruu.a 

jyroJI OTCe'IKH 
npou.eccopa/; 

pacceJinacb a Murneuu ua yron () > 00 
Ja.naercH KHOnKaMH ua nepe.nueu nauenu 

6/ ua6op cpa6orasrnux KaMep 6biJI ,IJ,OCTaTO'IeH ,IJ,llJI 
onpe,IJ,eJieHHJI KHHeMaTH'IeCKHX xapaKTepHCTHI< C06biTHH; 

B/ BTOpH'IHaJI 'laCTHU.a HMeJia 3apJI,IJ, 2. 
Ilpu 3TOM uai<annusanacb uucl>opMaU.HH o npou.eccax 

a +A-+a+X, 

:J 
a + A -+ He 

2 
+ X . 

0Tuorneuue n MOHHTOP I nTpurrep B 3aBHCHMOCTH OT rona 
MHllleHH H Bb16opa yrna OTCe'IKH 0

0 
MeHJIJIOCb B npe,nenax 

20-:-300. 
3/ 1 1\ 2 1\ 3. 
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~aHHbiH Tpurrep noaTopBeT npe,IJ,bi,IJ,YIUHB c To:H numb 
pa3HHI.{eH," 'ITO He HaKna,IJ,biBaeTCB YCJIOBHe Ha BeJIH'IHHy 
3apB,IJ,a BTOPH'IHOH 'laCTHI.{bl; OH npHMeHBllCB ,IJ,JIJI Ol{eHI<H 
noTepb co6biTHH a npe.nbl,nymeM rpurrepe, o6ycnoaneu
HbiX OTCe'IKOH ai >a O • 

4/ 1 1\ 3 1\ .f. 
3TOT TpHrrep HCnOJib30BaJICB ,IJ,JIJI HaKonneHHJI HH«i>op

MaU.HH 0 npoueccax, r,ne BTOpH'IHble 'laCTHU.bl HMeJOT 
Japx.n 1. 

B 'lacru 3Kcno3HUHH a I<a'leCTBe BTopo:H noruqecKo:H 
aersu 6epeTcJI ycnosue 

"many "(TIK4x) 1\ "many "(TIK4y). 
B 3TOM cnyqae c noMOIUbJO Tpurrepa 

1/\ 2/\3 
uai<annusanacb uucl>opMau.ux o npou.eccax, Kor.na .nse /unu 
6onbrne/ BTOPH'IHbie Japx)l(eHHbie qacTH.Ubi neTJIT anepe.n. 

.D,JIJI HaCTpOHKH pe)I(HMa 3KCn03Hl{HH, onepaTHBHOrO I<OHT • 
pOJIJI ,IJ,eTeKTOpOB, aBTOMaTH'IeCI<OrO nepeKJIJO'IeHHJI pe)I(H· 
MOB pa6orbi cnei<TpoMerpa u TeKymero auanu3a 3Kcnepu
MeHTaJibHOH CHTyal{HH B npou.ecce 3KCn03HU.HH 6biJI HC • 
nonbJosau ru6KHH KOMnnei<c on -line nporpaMM I 16/, 

n03BOJIJIIOIUHH onepaTopaM C noMOII.{biO ancl>aBHTHO·u.ucl>po
BbiX ,IJ,HCnJiees /Henocpe,IJ,CTBeHHO C YCTaHOBKH/ 3a,IJ,aBaTb 
pe)I(HMbl pa60Tbl H noJiy'laTb He06XO,IJ,HMYIO TeKyll{yJO HH· 
cl>opMaU.HIO /MaTpHI.{bl MOHHTOpHbiX 'IHCen H ,IJ,OJieH MHOro
npOBOJIO'IHbiX H KJiaCTepHbiX cpa6aTbiBaHHH IlK, npocl>HJIH 
nyqKa ,IJ,JIH I<a)I(,IJ,OH IlK, pacnpe.neneuue sropu'IHbiX 'lacruu. 
no yrnaM pacceJIHHH B Murneuu () H () , .nauuble o pa6ore 

X )' 
npou.eccopos, pacnpe.neneuuJI no yrny OTKJioueHHH qacruu. 
B Maruure () , aMnnury ,IJ,Hbie pacnpe.neneuuJI co C'leT'IH
KOB dE/dx u

2
!p./. 

OCHOBHME XAPAKTEPHCTHKH CllEKTPOMETPA 

AKcenTauc ycrauoai<u npe.ncTaaneu ua puc. 4, r.ne 
npuse.neua JcWleKTHBHOCTb perucrpauuu aKToa ynpyroro 
B3aHMO,IJ,eHCTBHB Kai< «l>YHKU.HH yrna pacceJIHHJI()l 2 ,paccqu
TaHHaJI MeTO,IJ,OM MouTe- Kapno c yqeroM peaJibHbiX na
paMerpos ny'IKa u yrna orce'IKH npoueccopa 4 Mpao. 
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Q.20 

Puc. 4. reoMempu~ecKaJI 
3¢¢eKmU6Hocm& cneKmpoMempa 
6 3aeucuMocmu om yzAa pacce
JIHUJI 012 . 

0 I , I ' i I I I I I I I I I I 1 I I I , I I 1 I , 

o s m - -
~(~ 

EMPTY 
MONITOR 

l 
6000 

j a ~ Jl 6 

-I 400ot-

"'t:l 
"'t:l " '- " E e Jooo 

lr) 

Puc. 5. ~ 2000 
0 

""' PacnpeoeAeHUJI ny~Ka, ;;:; ...... 
(/) 

noAy~eHHbte 6 3Kcno- ~ Q:: 
l<J 

3UJlUU Ha nycmou Mu- <!> ~ 2000 !:2 weHu npu mpuzze-: Q:: ~ 1-
pe 1: a; no Y2AY 
pacceJIHUJI 0 l2 8 MU- 1000 

weHu; 6/ no yzAy om-

LU 
100oj-

K/IOHeHUJI e23 6 aHa-
/IU3UPY101J1eM Ma2HU-

OUJ me, nuK coomeemcmey-
em OmKAOHeHU10 e 23 
= 160 Mpao. 0 2 3 4 5 -10 -5 0 5 10 e, (mrar:i.) e, (mrad.) 
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Puc. 6. Y2/108ble pacnpeoeAeHUJI pacceJIHUJI a- ~acmuij 
Ha Meou: a/ npu 3anycKe om MOHumopHbiX mpeKoe, Mooa 
P3Aee6cKozo pacnpeoeAeHUJI = 0,9 Mpao; 6/ npu mpuzzepe 
2, npoijeccopbl oucKpUMUHupyrom co6btmu.11 pacceJIHUJI 
6 UHmepea/le 0

12 
S 4 MpaO. 

Ha puc. Sa npuBe~euo pacnpe~eneuue nyqKa no yrny 
pacceB:HHB: 012 Ha nyCTOH MHIIIeHH, nonyqeuuoe npH TpHr
repe 1, T .e. no MOHHTOpHbiM TpeKaM. H3 JTOro PHCYHKa 
BH~HO, qTo pa3peweHUe no Y2/ly pacceJIHUJI 012 COCTaB
nB:eT - 0,75 Mpao. Ha puc. 56 noKa3auo pacnpe~eneuue 
nyqKa no yrny OTKllOHeHHB: 023 B MarHHTe. BH~HO, qTo 
UMnyAbCHoe pa3peweHue cneKTpoMeTpa 

~.e._,..~E_--:0,7%. 
p 023 (160 Mpa~ ) 

Pa6oTa npoueccopoB unniOcTpupyeTc.H: puc. 6, r~e npu-
Be~euo yrnoBoe pacnpe~eneuue co6biTHH pacceB:HHB: 
aCu-->a Cu, nocTynaiOll{HX B 3BM npH TpHrrepe 2 /c BKmo
qeHHbiMH npol{eCCOpaMH, puc. 66/ H MOHHTOpHOM TpHr
repe I puc. 6a/. 
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Puc. 7 AeMoHcTpHpyeT B03MO~HOCTH cenapa~HH qac
TH~ no senHqHHe 3apJIAa: pa3peweHHe no aMnnHTYAe CHr· 
Hana AllJI z,.,l paBHO 5711/o, a AllJI z,2 - 28,2!fo. Ha puc. 8 
npHBeAeHO ABYMepHoe pacnpeAeneHHe, H3 KOToporo BHA· 
HO, qTo COBMeCTHWH aHallH3 HH~OpMa~HH 06 HMnynLCe H 
BenHqHHe HOHH3a~HOHHWX noTepL HaAe~HO pa3AenJieT Ka· 
Hanw ynpyroro pacceBHHJI H ~parMeHTa~HH uaneTaiOIQeH 
a - qacTHU.hJ. 

N 

100 

Z=1 Z=2 

! 1 

• 
32 96 

KAHAI\bl 3APf1AO- U,lll«pPOBOfO 

n PE06 PA30BATEI\~ 

Puc. 7. AMnAumyOHbte cneKmpbt cuzHaAoe co C'-lelll'-IUKa SRI , 
noAy'-leHHbte c noMOlJib10 3apJtooiju(fipoeozo npeo6pa3oea
meAJt /3UII/ Ha ny'-IKe a - '-lacmuij. KpueaJt 1 - OAJI ecex 
'-lacmuij nocAe MUtueHu; KpueaJt 2 - OAJI CAy'-laJt, Kozoa 
aMnAUlllyOa CUZHQAQ CO C'-lel/l'-IUKa MeHbtue 3QOQHHOZO ypoe· 
HJI / - 90 oeAeHuii 3UII/ 6btcmpozo aMnAumyoHozo oucKpu
MUHamopa, K03(x/JUijUeH1/l nooaeAeHUJI '-IQClllUij C z,;}. - 250. 
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e23 (mr) 
Puc. 8. ,4eyMepHoe pacnpeoe.~teHue co6bJ111uii a A • e3auMo--
oeik111euii no UOHU3QUUOHHblM no111epJ1M dE/dx U YZAY 0111· 
KAOHeHUJI 6 MQZHU111e 023 npooyK11l06 peaK14UU. 

3AKJIJO flEHHE 

C fiOMOIQ~ID OnHCaHHOrO cneKTpOMeTpa B 1975-76 ro· 
AAX Ha CHHxpoclla3oTpoHe OIUIH nposeAeHw HccneAOBa
Ha• B3aHMOAeHCTBHJI penJITHBHCTCKHX JIAep c JIAPaMH H , 
He, C , Al , Cu , Pb . 3a ABa ue6onbWHX no AllHTenLHOCTH 
CeaHCa HaKOnneHO 6onee 2,5 MAH BbiCOKOKaqeCTBeHHhiX 
cTepeoMarHHTorpacllHH. )J.auuwe no ynpyroMy a A - pac
ce JIHHID I 18 I B no cneKTpaM nBAHPYIOIQHX aApoHosl 18 I 6LmH 
npeACTasneHw ua XVIII Me~AyuapoAHYIO xoncllepeu~HIO no 
cllB3BKe BWCOKHX 3HeprBH /T6HJlBCH, 1976/. 

B laKJllOqeHae asTopw cqaTaiOT CBOHM AOnroM no6na
roAapBTh KOJlJleKTBB Jla6opa TOpHH BWCOKHX 3HeprBH 3a 
nOMOUU. npB B3rOTOBJleHBH H HanaAKe cneKTpOMeTpa, KOJl· 
neKTBB U.3Ma OH.RH 3a onepaTBBHoe swnonHeHHe MHO· 
rBX 3aKa30B, CBJI3aHHhiX C C03AaHBeM cneKTpOMeTpa, AB· 
peK~BIO JIB3 - 3a noAAep~KY. Mw 6naroAapHw TaK~e 
3.ll.MOTBHOB B P .ll.fieTpOBOH 3a nOMOIQb B pa6oTe. 
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