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1. BBE,IlEHHE 

npv. !IICCileAOBSHHH MeXaHH3Ma B3aHMOAei:1CTBHR CilO>KHbiX RAep 

B noCileAHHe rOAbl WVIPOKOe pacnpoCTpaHeHHe nony4HI1H MeTOAbl H3-

MepeHHR KOppenHpoeaHHbiX npoAYKTOB RAepHblx peaK~HW/t/. B cBA3VI 

C nporpaMMO~ HCCileAOBaHHH HS HOBOM H30XPOHHOM ~VIKI10TpOHe TR

*en~X ~OHOB Y-400 a fla6opaTOP~H RAePH~X peaK~HH OHRH C03AaeT

CR KOppeJlA~VIOHHSA annapaTypa AilA WHPOKOro Kpyra HCCileAOBSHHW 

MexaHH3Ma B3SHMOAe~CTBHR AAep.QcHOBHbiMH 4BCTRMH 3TOj;1 annapaTy

pbl ABilAIOTCA BpeMRnpoileTHble cneKTPOMeTpbl,n03BO.flRIO\l.llo1e VIAeHTVI$a.-t

~~~~pOBSTb per!IICTpHpyeMble 4SCTVI4bl no MSCCSM 6e3 KaK~~tX-nVI60 npeA

nonomeHHH 0 KV!HeMaTHKe peaK4VIj;1.C 4ei1biO AOCTHmeHHA BbiCOKOH 3$

$eKTHBHOCTVI perHCTpa4HH COBnSAeHVIH BpeMAnponeTHble CneKTpOMeTpbl 

AOil>KHbl AeTeKTHpoeaTb V~cnycKaH~e 4acr~~ B w~poKoM renecHoM yrne. 

BMecre c reM AeTeKTOP~ AOn*H~ o6naAaTb noa~~HOHHoH 4YBCTBH

renbHOCTbiO. 
B AaHHO~ pa6ore onHC~BaJOTCR KOHCTpyK~HR, npHH~Hn AeHcrBHR 

H pe3ynbT8T~ Hcn~TaHHR o6pa3~a CHCTeM~ AeTeKTOPOB, n03BOflRIO

~HX onpeAefl~Tb BpeMR H MeCTO nonaAaH~R 4aCT~~, ~X 3HeprHIO H, 

no B03MOmHocTH, eenH4HHY YAeflbH~x norepb 3Hepr~H, Heo6XOAHMyiO 

AflR ~AeHTH$HKa~HH npoAyKroa noZ. 0 AeTeKTopax, AaJO~~x ronbKo 

epeMeHHble orMeTKH, HaMH coo6~anocb paHee/2,3/. 

nnR AOCT~meH~R OTHOCHTeflbHO 60nbWOrO yrna perHCTpa~HH Ae

TeKTOPOM ny4we ecero HcnonbaoeaTb raaoHanonHeHHble AeTeKTOPbl 

C 60flbW~M BXOAHbiM OKHOM, o6naAaiO~He no3H~HOHHOH 4YBCTB~Tenb

HOCTb~. npeHMY~eCTBO ra30Bb1X AeTeKTOpOB nepeA aflbTepHaTHBHbiM 

peweHHeM npo6neMbl - MoaaHKOH H3 nonynpoBoAHHKOB~X AeTeKro

poa/4/_cocroHT rnaBHbiM 06pa30M B AOflroBe4HOCTH H B OTCYTCTBHH 

Ae$eKTa aMnnHTYAbl B aaeHCHMOCTH or Maccbl. CpeAH eoaMo*HbiX ea

pHaHroe raaoeblx AeTeKropoe, noaeonR~~x npoHaeecrH MHoronapa

MerpoeyJO perHcrpa~HIO co6blrHH, Bbl6op 6bln CAenaH B nonb3Y noaH-

4~0HH0-4YBCTBHrenbHOH HOHH3a4HOHHaH· KaMepbl /n4HK/, KOTOpaR 

RBnReTCR OTHOCHTeflbHO npOCTOH B H3rOTOBfleHHH H He Tpe6yeT 

cnomHoH perHcTpHpyJO~eH 3neKTPOHHKH~ THnH4Hoe 3HepreTH4ecKoe 

paapeweHHe AflR HOHH3a~HOHHbiX KaMep COCTaBnReT 1%. TaK KaK npH 

HCnOflb30BaHHH BpeMRnponeTHOrO MeTOA8 onpeAefleHHR M8CCbl AOCTH

raeMoe Maccoeoe paapeweHHe ycraHaBnHeaercR c noMo~biO epeMeHHo

ro 6.t/t H 3HepreTH4ecKoro paapeweHHR AE/E cneKTpoMerpa: 

~M/M=[(~E/E)2 +(2~t /t)~ 112, 
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TO AIIR AOCTH}I(eHHR MSCCOBOro paapeweHH.R B 1,5% Tpe6yeTG-R TO~
HOCTb H3MepeHlr1R epeMeHH nponeTa 6.t/t = 0, 5%. Oo3TOMY npH nPo
neTHo~ 6aae 1M lr1 CKOpOCTH perHCTpHpyeM~X npo,qyKTOB 1,4 eM/He 
CYICTeMa CTapT-CTon-geTeKTOpOB AOJl}I(Ha HM€Tb apeMeHHOe paape
WeHHe lit~ 350 nKC. 

2. KOHCTPYKLjHR KAME Phi 

KoHCTPYK4YI.R n03H4HOHHO-~YBCTBHT€JlbHO~ HOHH3a4HOHHO~ KaMep~ 
npe,qcTasneHa Ha pHe. 1. AKTHBHbiM 06beMOM KSMepbl R81l.R€TCR npocT
paHCTBO Me}I(AY KaTOAOM H 3KpaHHpy~~eH eeTKo~. AnR H3MepeHHR 
YAe11bHbiX nOT€pb 3HeprHH lt1 OCT3TO~HOi:1 3HeprHH YaCTHL\ SHOA paa
,Q€!1.R€TC.R HS cerM€HTbt WHPI-1HOH 60 MM Ill 120 MM COOTB€TCTB€HH0. 
MaT€pi-13J10M ,Qllfl 3HOA3 Ill KaTo,qa CJ1Y}I{lr1T ¢>OilbrHpOBaHHbli:1 OAHOCTO
POHHHH CTeKnoTeKCTOJlHT. B cooTseTCTBlr1H e TenecH~M yrnoM ,qe
TeKTopa, onpeAeileHHbiM WYIPYIHOH BXO,qHoro OKHa lr1 ero paCCTO.AHH
€M OT Mlr1W€HH, SKTHBHSR nno~a,qb aHO,qa B~TpSBJlYIBSilSCb B BHA€ 
Tpane4Y1H Y13 o6w.eH nnaeTHHbl. 3t<paHHPYIDW,SR CeTKS 6btfla HaMOT3Ha 
Be-Cu -npOBOilOKOH AHaMeTpOM 70 MKM C WaiOM 0,5 MM Ha 113TYH

HYID paMKy. Bee TpH 311€KTpo,qa 3SKpenneHbl Mem,qy C060i'i H OTHOCH
T€JlbHO KQ}I(yXa n4HK CTep}I(HfiMH H3 ¢>TOponnaeTa, 

AKTHBHbtH 06b€M KSMepbl OKPY}I(3€TC.R KOppeKTHPYIOW.HMI-1 M€TSJ111H-
4€CKHMH nOilOeKaMH, KOTOp~e o6ecn€4HB310T OAHOPOAHOCTb 3Il€KTpH-
4€eKoro nOJlR Bn110Tb AO pacCTORH~.R 5 MM OT KPSH 3fl€KTP0AOB. WH
PJ.1H3 8XOAHOrO OKHa nYHK COCTaBnHeT 180 MM, a 8biCOTa 50 MM. Pa-
6o~HH raa KaMep~ OTCeKaeTCR OT B3KYYMHOrO 06beMa ¢>onbroi'i H3 
¢>opMaapa/5/ HJlH nonHnponHneHa/s/ Ton~HHO~ 50-100 MKr/eM 2. $onb
ra nOAAep}l(lr18SeTCR MeTaJ1flH4eCKOi'! CeTKOi'i H3 Hlr1K€nR. 

HenocpeACTBeHHO 3a BXOAHbiM OKHOM OLJHK BMOHTHpoBaH nflOCKO
napanneJlbHbli1 Jl38!.1HHbl~ C4eT4HK JnnJ1C/ A11R CHRTHR CHrHana 11 CTon 11 
epeMRnponeTHoro H3MepeHYIR. CeTKa H3 napannenbHO HaMoTBHHbrx 
nposonOK aa KSTOAOM nnnC o6ecne4HBaeT OAHOPOAHOCTb 3Jl€KTpH4e
CKOrO nOJ1R BnilOTb AO paCCTORHHR 30 MM OT CeTKH. Qnpe,qeneHHe 
MeCTa nona,qaHHR 4SCTH4 ocy~eCTBJlReTCR nyTeM H3MepeHHR ABYX 
saavtMHO nepneHAHKY11RPHblX KOOPAHHaT x 1o1 y. KoopAV1HaTa y, nep
neHAlr1KYI1RpHa.R nilOCKOCTH peaK4HH H 3JleKTP0AOB n4HK, noily~aeTCR 
C nOMO~biD H3MepeHHR speMeHH AP€~$a 3Jl€KTPOHOB OT M€CTS HX o6-
pa30BSHHR AO 3KPSHYIPY~~eH ceTKH. AJ1R H3MepeHHR KOOPAHHSTbl X 
npHM€H.ReTC.R cne4HaJ1bHbl~ KOOPAHHaTHbtH AeTeKTOP /K,Q/, noMeuteH
Hbli'i B npOM€>KYTKe Me>K,qy ABYMR cerMeHTaMH 3HOAB /HCIA utel1bl0 B 
aHOAe/. 

npV1MeHeHV1e TOHKHX ¢>OJlbr BO BXOAHOM OKHe BJle~eT aa eo6o~ 
Heo6XOAYI·MOCTb o6ecne4eHHR HH3Koro ,qaaneHHR pa6oyero raaa KaMe
Pbt. ,llnR ocy~eCTBl1eHHR MSKCHMSJlbHOH TOPM03HOi1 cnoc06HOCH1 B yc
JlOBHRX HV13KOrO ,qaBJ1€HHR H orpaHH4€HHOrO pa3M€pa KSMepbl Heo6-
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PHc.l. CxeMa TI03H~OHHo-qyacTBHTenbHOH HOHH9a~HOHHoH 

KaMepw /rrqHK/: 1,- BXOAHOe OKHO H nnOCKOTiapannenbHhlH 

naBHH~ cqeT~K /rrnnC/; 2- ~enb COTIPOTHBneHHH AnR 

KOppeKTHpym~eH CeTKH; 3 - KaTog; 4 - 3KpaHHpyro~aR 

ceTKa /3a3eMITeaa/ H3 nposonoK AHaMeTpOM 70 MKM; 5 -

~E - yqacTOK aHoAa; 6 - 3KpaH AeTeKTOpa KOOpAHHaThl 

x ; 7 - E - ~acToK aHOAa; 8 - noMep]KHBaJO~an: ceTKa 

BXOAHOrO OKHa; 9 - paMKa 3neKTPOAOB TITiflC; 10 - 3neKT

POAhl nunc; II- npoBOnOKH KoppeKTHpyiD~eH ceTKH; 12-

nponop~oHanbHaa HHTb KOOpgaaaTHoro AeTeKTopa; 13 -

nHHHa 3aAep~a; 14- H30na~a. 

XOAHMO npHMeH~Tb pa604H~ raa C B~COKHM MOneKynApH~M BeCOM. 

K 3TOMY A06aan~eTCR rpe6oaaHHe OTHOCHTenbHO HH3KOf0 3Ha4eH~A 

cpeAHero aroMHoro 4Hcna raaa c ~enb~ yMeHbWeHHR 3$$eKTa RAep

Horo MHOrOKpaTHOrO pacceRHHA. no3TOMY HaMH B~6HpanHCb B Ka

~eCTBe pa6o4ero raaa nap~· neHTaHa HnH reKCaHa. AaaneHHe napoa 
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Ha.q 3Tlo1MH >KHAKOCT.RMH MO>KHO nllBBHO MeH.RTb 8 HHT"epaane OT 5 
.qo 250 Top nyTeM npocTo~ perynHPOBKH TeMnepaTyp~ >Kl-1AKOCTM 
3J1eMeHTOM nenbTe, no3BOJ1.R~~lo1M ycTBHBBllHBaTb T€MnepaTypy 8 
npe.qenax -35°C :$ 0 ~- +10°C. KoHCTPYK41-1.A 3TO~ raaoaoH c.wcTeM~ 
n03BOJ1.A€T pa60TBTb 111-160 B pe>Kl-1M€ CTB4HOHBPHOrO ra30HanOJ1HeHlo1R, 
111-160 B npOT04HOM P€>Kl-1Me. B pa6o4eM COCTO.RHI-111 nLJ~K napbl lo1M€10T 
Henpe-pbiBHbnlt .qocTyn a KaMepy. Heo6XO-AHMbtti AJlR npoToKa nepenaA 
.qaBJ1€HH.A C03.qaeTCR B JlOBYWKe, rAe B~MOPB>KHBaiOTCR nap~, nocTy
naiO~He 113 KBMepM 4epe3 HrOJ1b4aTMti BeHTHJlb. 8M.RCHH110Cb, 4TO 
npHMeH.ReM~e a Ka4eCTBe pa6o4ero rasa yrneao.qopo.qM npe,qeapH
TeiJbHO HBAO 041-1CTHTb OT 3IJ€KTpOOTPI-14dT€JlbHbiX nplo1M€Cei1 (02,H2 0). 
Xopowo sapeKoMeH.qosano ce6R MHoroKpaTHoe aaMopa>KHBaHHe npH 
0 = -196°C C nOC11€AYIO~ei1 AHCTHJ111R4H€t1 npH TeMnepaType Hlo1>K€ 

-10°C. 

3. PE3YnbT/\Tbl Hcnb/TAHHR 

3. 1 .. OnpeAeneHlo1e 3HeprHI-1 

3HepreTH4ecKoe paspeweHHe npocToH HK 17/ rnaBHbiM o6pasoM 
onpeAe!1R€TCR Cl1€AYIO~HMH $BKTOpaMH: 

- 3HepreTH4eCKHM paa6pOCOM npH npoXO>KA€Hlo1H 4aCTH4 4€P€3 
BXOAHO€ OKHO H M€pTBbl€ CJlOH raaa; 

- CTBTI-1CTHKOi1 06pa30BBHI-1.A nap HOHOB; 
- H€3¢¢eKTio18HOCTbiO 3KPBHHPYIO~€i1 C€TKI-1 H 
- WYMBMH perHCTPHPY~~eH 311€KTPOHI-1Kl-1. 
Ao6aaneHI-1e K npocToH HK 3IJeMeHTOB AIJ.A onpe.qeneHHR MecTa 

1-1 BP€M€Hl-1 nonaABHio1R 4SCTI-14 ae.qeT, KaK npaBI-1110, K YXYAW€HH~ 
ee 3HepreTH4ecKoro paapeweHHR. Oco6yiD npo6neMY npe.qcTaanReT 
co6oi:1 nony4eHI-1e AOCTaTo4HO 6btcTporo cTon-cl-1rHana .qn.A lo13Mepe
HH.A apeM€HH nponeTa, TdK KBK lo1MflYIIbCM C KaTOAd ~-K lo1M€10T A11HH
Hbtt1 ¢poHT. 06bi4HO 3Ta npo6neMa pewaeTc.A nyTeM aae-AeHI-f.A AOnon
HHT€llbHOro 6MCTPOro A€T€KTopa nepe.q HIIH sa BXOAHbiM OKHOM Ka
Mep~, BHOC.A~ero, OAHaKO, AOfl011HHT€JlbHbli:1 pa36pOC no 3HeprH.AM. 
no3TOMy aa.qa4a flOCTpO€Hio1R KOMflJleKCHOJII ~K CBOAHTC.A rnaSHbiM o6-
pa30M K HaXO>KA€Hio110 pa3yMHOrO KOMflPOMHCCa np1o1 AOCTH>K€HHH T04HO
CTH onpe.qeneHH.A oT.qeiJbHMX napaMeTpoa. 

Bni-1RHHe paanH4HMX ¢aKTopoa Ha 3HepreTH4ecKoe paapeweHHe Ae
MOHCTPHPYeTC.A s cny4ae npocTot1 HK Ha npHMepe a-cneKTpa HCTo4-
HHKa 241Am /pHC.2a/. nonHa.A Wl-lpHHa J1HHI-1H 5,"48 M38 COCTBBJ1R€T 
z1E= 50 K38 npH pa6oTe KSM€PM C 4HCTbiM M€TSHOM B Kd4€CTB€ pa-
6o4ero rasa. Pas6poc no 3HeprH.AM eo BXOAHOM oKHe, onpe.qeneH
Hblt1 npH flOMO~H nonynpOBOAHHKOBOro A€T€KTOpa, HMeeT B€!1~4~HY 
~Esx.o.= 34 K38. BKIIBA WYMOB 3neKTPOH~K~ COCTBBJl.RJl B cny4ae 
npHMeHeHHR sap.AA04yacTB~TenbHoro npeAYCHnHTenR ORTEC120-3Fae-
11H4HHy z1E ~JI. = 33 K38. npH4HHoH 6oJ1bWOro BKJlBAa 6.E~JI. 8 pas-
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PH c. 2. 3HepreTHt~eCKHH cneKTP a -"t~aCTH~ HCTOtiHHKa Am, 

H3Mepemn.n1: npH p;aBneHHH 240 Top CH 4: a/ 5e3 mmc 
H 1(,[1 B IlK; 6/ C BKJIIO'ieHHbJMH IlllllC H 1(,[1, 

peweH~e RBnAeTcR 6onbWaR eMKOCTb aHoAa, paeHaR 100 nK~. Bn~R

H~e HenonHoro 3KpaHHPOBaHHR CeTKOH /~aKTOp He3$¢eKTHBHOCTH 

U=0,6%/ onpeAenAeTCR COOTHOWeHHeM 

t.E =(<'>E2-t.E2 -t.E2 -t.E2 )1/2 
3,C. BX ,0. 3JI, n.H. 

AaiOLI.IHM AE 3,c. = 1 0, 5 K3B, ecnH AJlR CTant.CTio1KH o6paaoeaHVIR nap 

HOHOB ~;tCnO.Ob3yeTCR BeJ1H4V1Ha L\.E fi.H, = 13 K3B, nony4eHHaR A.nxa-

30Bb1M/B/, 

AeTailbHO 6~110 H3y4eHo BilHAHHe KOOPAHHaTHOro AeTeKTopa Ha 

T04HOCTb onpeAeneHHR 3HeprHH. MeTOA onpeAeJleHHA KOOPAHHaT~ 

npH noMOLI.IH K.Q Tpe6yeT JU1Wb He.aHa4HTenbHOH AOnl-1 o6paaosaHHbiX 
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PHc.3. BnHHHHe 3neKTPH~ecKoro nann B npocTpaHCTBe 
ITOA ~enbiD B aHOAe /eM. pHc.J/ Ha 3aBHCHMOCTb CHrHarra 
c aHop;a oT KoOp,!J;HHaTbi y : a/ a c.rryqae op;aopop;aoro 
rronR; 6/ B cnyqae aeop;aopop;aoro rronn. 

npoXOA.R~e~ 4SCTH~eH 3neKTPOHOB. 0KS3S110Cb, 4TO npH611H3HTeJlbHO 2000 3neKTPOHOB ,qocTaTo4HO All.A onpe,qeneHH.A KOOPA11HaTbl x. Tpe-
6yeTC.A, OAHSKO, XOpOWS.R OAHOPOAHOCTb non.R HSA ~ellb~ B SHO,qe 
Ail.R TOro, 4T06bl noTepH aap.R,qa Ail.A BCex 3HS4eHHC-i KOOPAHHSTbl y 
6biJU1 6br o,qi-1HSKOBblMYI, B npon1BHOM CJ1Y4ae aMnllHTy,qa aHo,qHoro 
CHrHana 3SBHCHT OT MeCTa npoxom,qeHH.A 4SCTH4bl· TaKOH C11Y4SC1 
npe,qCTSBlleH Ha pHc,J6. npo6neMSTH4HOC1 OKS3SJ1SCb H BbiCOK04aC
TOTHS.A 3KpaHHpOBKS Ka OT SHO,qa. npH nOMO~H Cn€4HSJ1bHOH KOHCT
PYK4HH aKpaHa /eM. pHc. 1/ 6~n AOCTHrHYT ypoaeHb noMex, ne*a~H~ HH*e YPOBHR WYMoe-aHOAa. 3KpaH, OAHaKO, BHOCHT AOnOnHH
TenbHY~ eMKOCTb aHOA-3eMnR, yaenH4HBaR TeM caM~M BKnaA ~E 3~. B 3HepreTH4eCKOe paapeweHHe AO senH4HH~ 49 K38. 

nnocKonapannenbHb!H naBHHHbla:i c4e;r4HK, cny*autHt1 cTon
AeTeKTOPOM, noMe~qaJ1CR HenocpeACTBeHHO 3a BXOAHbiM OKHOM B o6-
lqeM ra30BOM 06beMe nYHK. 3TOT eapHaHT HMeeT npeHMy~qeCTBO B TOM, 
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PHc. 4. 3KBHnoTe~HanbHbie JIHHHH B o6naCTH .t\E -yqacTKa 

aHOAa 6e3 1- - - -1 n c I I KoppeKTnpYJOmell ceT

KoH. HanpHEeHHH Ha 3neKTPOAax: 1 - KaToA /-1700 B/; 

2 - rrnnc l-1280 Bl; 3 - 3KpaHHpywmaR CeTKa IO Bl; 
4,5- aHOA 1+520 Bl. 

4TO nOTepH 3HeprHH 3AeCb MeHbWe nO cpaBHeHH~ C BapHaHTOM MOH

Ta*a nepeA BXOAH~M OKHOM, Tpe6y~~HM AOnOnHHTenbHO~ OTCeKa~~eH 

$OnbrH. KpoMe TOrO, He Tpe6yeTCR AOnonHHTenbHOH CHCTeM~ raao

o6ecne4eHHR nnnC. HeAOCTaTOK MOHTa*a B 06DeMe n4HK COCTOHT 

B He06XOAHMOCTH KOppeK~HH nOnR KaMepw, HCKa*aeMoro KaTOAOM 

nnnc. ~nR 3TO~ ~enH CnymHT ceTKa nOTeH~HanbH~X npOBOflOK, no

Me~eHHaR Ha paCCTORHHH 1,5 MM 3a KaTOAOM nnnC. 3¢¢eKTHBHOCTb 
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t<OppeKI.l,HH, 04eBHAHO, pacTeT C yMeHbWeHHeM Wara HaMOTKH_, HO, 
c Apyro~ cTopoHw, npH 3TOM yMeHbwaeTCR npoapa4HOCTb BXOAHOH 
4aCTH n4MK.Ha OCHOBe pac4eTa non.R 191 a~~panacb KOH$Hrypall,H.R, 
06ecnet.~HBaiOII.IaR O.QHOPOAHOCTb nOilA Ha.A 1116l1bl0 B aHo.Qe /pHc.4/. 
0Tt<l10H6HH.R OT OAHOPOAHOCTH B rny6HHez $3 CM 3aMeTHO~JlH.R~T 
Ha onpe,QeneHHe 3HeprHH H KOOp,QHHaTW X. ~ByMepH~H cnet<Tp 3Hep
rH.R-KOOP.QHHaTa y, npe,QCTaaneHH~H Ha pHc.Ja, nOATBepmAaeT pe-
3YJlbTaTbl pac4eTa. AononHHTenbH-biH paa6poc no 3HeprHRM, BHeceH
H~H nnnC, yae!lH4HBaeT Bt<JlaA ~Esx .o. AO BeJlt-14HHb1 47 t<38, Ta
KHM o6paaoM, nonHa.R WHPHHa IlHHHH 5,48 M3B pasHa 70 K3B/pHc.26/. 

3.2. ~3MepeHHe KOOPAHHaT 

MecTo nonaAaHH.R pen'lcTpHpyeMoH 4acn1ll,bl a nLH1K onpe.Qen.ReTC.R 
nyTeM H3MepeHHR KOOPAHHaTbl X /napal1!16JlbHO n110CKOCTH peaKll,HI-1/ 
H y /napanneJlbHO 3116KTpH46CKOMY nOJ110 n4HK/. Koop,QHHaTa X 
H3Mep.R6TC.R Ha OCHOBe BpeMeHHOH 3a,Qepmt<H CHrHaJlOB, nOCTynaJOII.IHX 
c o6oHx t<OH40B 11HHHH 3a.QepmKH Jn3/, pacnonomeHHoH aa nponop-
4HOHa11bHO~ HHTbiO /eM, pHC,l/~ 

npHHll,Hn H3M6p6HH.R oCHOB;saeTCR Ha TOM, 4TO BCJle,QCTBHe Ma-
110H ,QH$$y3HH npocTpaHCTB6HHOe pacnpe.Q,eneHHe 311et<TPOHOB MeH.ReT
C.R H63Ha4HT611bHO BO BpeM.R HX ,QpeJ1$a K aHO,Qy/10/, COOTB6TCTBeH
HO npOHCXO,QHT raaoaoe YCHJ16HH6 311eKTpOHOB Tpet<a, ,QpeJ1$yJO~HX 
4epea 11161lb s-aHo,Qe e K~, IlHWb a yat<oH o6nacTH oKono nponopll,Ho
HanbHOH HHTH. C 3TOrO MeCTa HHAYU.HPY6TC.R CHrHaJ1 Ha n3, KOTOPbti1 
pacnpOCTpaH.ReTCR B,QO!lb Hee CO CKOpOCTbiO 22 HC/CM. C o60HX 
KOHLtOB na CHrHaJl~ nocTynaJOT Ha 6blCTPble npe,QyCHilY!Te!lH /nY I' 
HMeJ0111He co6cTaeHHoe speMR HapacTaHH.R CHrHanos 1,5 He. Pa6o4ee 
COnpOTHBJ16HJ.16 ny Bbi6HpaJ10Cb paBHbiM BOilHOBOMy COnpOTHBJ16HHIO n3 
Z=l t<OM C ll,6J1bl0 npe,QOTBPall.leHH.R OTpameHH?i OT KOHll,OB n3. Koop

AHHaTHbiH ,QeTet<TOp OKpymaeTC.R 3t<paHOM, COCTORUIHM H3 ABYX H30J1H
poaaHHWX APYr OT ,Qpyra 4aCTeH. HHmH.RR 4aCTb BXO,QHT a 1116l1b aHo
,Qa /eM. pHc.1/. Ee noTeHll,J.1an ,QonmeH 6blTb paaHblM H11H HecKonbKo 
BbiWe nOT~Ila aHO,Qa, 4T06bl 4aCTb 3l16KTPOHOB ,Qpea:i$oSa11a B 
111611b K~ t< nponopll,HOHa!lbHOH HHTH, KoH,QeHcaTopoM eMKOCTH 4 Mt<$ 
o6ecne41o1Ba6TCR BbiCOK04aCTOTH06 3aMbiKaHH6 3t<paHa OTHOCHTeJlbHO 
3eMJ1H. 

KOOP,QHHaTa Y nony4aeTC.R nyTeM H3MepeHH.R BpeM6HH ,Qpei1$a 
3Jlet<TPOHOB c MecTa HX o6paaoaaHH.R AO 3t<paHHPYI0111eH ceTKH. Ha-
aa noCTO.RHCTBa Ct<OpOCTH ,QpeH¢a B OAHOpO,QHOM 3!16KTPH46CKOM none 
H3MepeHHwH cnet<Tp speMeHHblX HHTepsanos ,QaeT np.RMoe Mao6pa
meHHe pacnpe,QeJleHH.A no y axoARW.HX a nt.JHK 4aCTHtt. CHrHaJlbl 
11CTapTil H 11Cron11 CHVIMaJOTCR c nnnc H c aHOAa HK COOTBeTCTBeHHO . 
.QayXMepHbiH CneKTp KOOp,QHHaT (x.y). CH.RTbiH C nOMOLl.lbiO MHOrOAblpOI.l
Hm1 ,QHa$parMbl, noMell.leHHOJ1 nepe,Q BXOAOM n4HK '· ,QeMOHCTpr.1pyeT xo
powee paapeweH!-16 KaMepbl OTHOCHTe!lbHO o6eHx KOOp,Q·VIHaT /pHC. 5/. 
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PHc • 5. KoopAHHaTHbiH cneKTp HCTQtU-IHKa a -qacTHIJ;, H3Me

peji'Hbm: C flOMOIIJ;biO MHOro~pO'tlHOfi ,u;Hacl>pal"'Mbl /paCCTOHHHe 

MeEAY OTBepCTHHMH JQ MM, gaaMeTp OTBepCTHH paBeH 2 MM/: 

a/ O,UHOMepHblli H 6/ .D;BYXMepHble cneKTpbi KOOp,tr;I1HaT X,y, 

3.3. HaMepeH~e epeMeH~ nponeTa 

OnpeAen~~~HM $aKTopoM AflR ycTaHoeneHHR eenH4HH~ AaeneHHR 

pa6o4ero raaa e n4~K RBnReTcR npo6er HBH6onee cna6o HOHH3Hpy~

~HX perHCTpHpyeM~X 4BCTH~, KOTOp~H AOflmeH YKflBAMBSTbCR 8 pa6o-

4HH 06DeM KSMePbl. no3TOMy MO*eT B03HHKSTb Heo6XOAHMOCTb pa6o

TBTb npH AaBneHHH snnoTb AO 60 Top . MemAY TeM H3BeCTHO, 4TO 

HSHflY4Wee epeMeHHOe paapeweHHe nnnC AOCTHraeTCR npH CpaBHHTenb

HO ManoM AasneHHH pa6o4ero raaa, paaHOM 5-10 Top /tt~no3TOMY 

HaXO)f(AeHY1e YCJ10BY1H pa60Tbl nnnc npY1 6onee Bb1COKY1X AaBJ1eHY1RX 

npeACTaBJ1.AeT C060i:1 CaMOCTO.ATeJ1bHb1H Y1HTepec. 
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PHC. 6. Bpew:rrrponeTHble cneKTPhl a -qacnn.J; cMemaaaoro 
HCT'O'iiHHKa 

241
•
243

Am B 3aBHCHMOCTH OT KOOpgHHaTbl X • 
3neKTPO~ 11TIJ1C: 50 MKr CM-

2 IPopMBapa H 30 MKr eM - 2 
sonaTa! a/ AasneHHe napos neHTaHa 15 Top , 6/ 50 Top 
CTpenKaMH yKasaHO IIOJIOEeHHe IIOAAeP~B~~X CTepEHeH 
paMKH rrrmc. 
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PHc. 7. 3HepreTH'tleCKH:H: I a/ H BpeMHnponeTHblli cneKTpbl I 6/ 

a -qacT~ CMeWaHHOro HCTOtiHH.Ka 241 •243Arn. TOJifiU'IHa 

3JieKTpO~OB ITITTIC 130 MKr CM-2 ~pMBapa H 30 MKr CM-2 

30noTa. Pa6oqHfi ra3: naphl rreHTaaa, P= SO Top, AnHHa 

rrponeTHOl1 6a:'lhl 52 CM. 
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3neKTPOA~ flnnt COCTORT 1<13 $Qnbr ~OpMBapa, Han~neHH~X 30110-
TOM H HM.e!OlqHX TOiltltHHY 50-l30 MKr/cM 2 8 3aBHCHMOCTH OT pe>tcHMa 
AasneHHR. 3neKTPOAW Ha paccTORHHH T~6 MM HaKneHBa~TCR Ha paM-
KH 1113 CTeKilOTeKCTOilHTa VI 3aTeM npHKI1eHB8~TCR K MaCCHBHOH paMKe, rapaHTHpyK>&qeH Heo6XOAI>IMYIO napannellbHOCTb aneKTPOAHbiX n.nocKOCTeH. BpeMeHHOe paapeweHHe nnnc 6wno onpeAeneHO B peayJlbTa-
Te H3MepeHHR speMeHH nponeTa a -4aCTH~ HCT04HH-Ka, COCTORutero 
H3 CMeCH 241Am H 248Am. CHrHan 11CTapT 11 speMeHl1 nponeTa Bblpa-
6aTb1Bal1CR ~eTeKTOPOM BTOPH4HbiX 311eKTPQHOB C MVIKPQKaH8JlbHbiMH nnacTHHaMH/2~ noMeuteHHbiM a 5 eM aa HCT04HHKOM. Ha pHc.6 npeA
cTasneHbl peayJlbTaTbl H3MepeHHR speMeHH npOJleTa 8 3aBHCHMOCTH 
OT KOOPAHH8Tbl X npH paal1H4HOM- AaBneHHH pa6o4ero raaa B KaMe
pe. BHAHO, 4TO npH AaBneHHH 50 Top Ba4HHaeT cKaa~aaTbCR npo
rH6 ¢onbr ~~ta-aa HX aneKTpocTaT~~t4eCKoro np~~tTR~eHHR. YMeHbWeH~~te 
paCCTORHHR Me~AY 3J1eKTPOAaMH nnflC npHBeAeT K yMeHbWeHH~ ape
MeHH APeH¢a 311eKTPOHOB, YCKOPReTCR o6pa30BaHHe 3JleKTPOHHOH na
BHHbl !It TeM CaMbfM CMe~aeTCR apeMeHHaR OTMeTKa Ha Bel1"14HHY 1 , 8 HC. 
flpH CKOpOCTH APeH¢a 14 CM/MKC Al1R AaHHOH Bel1H4"1Hbf E/p 
= 160 8/Top /t2/npOCH5 ~Onbr COCTaBn~eT 0,25 MM. npH OTHOCKTenb
HO BbfCOKHX AaBlleHHRX H COOTBeTCTBY~~HX HM 6011ee BbfCOKHX pa6o-
4HX HanpR~eHHRX nflflC nporH6 $011br yMeHbWaeTCR B pe3Yl1bTaTe 5onee TOJlCTbfX aneKTPOAOB. TaK KaK nporH6 o6paTHO nponop4HOHaneH 
TpeTbei:1 CTeneHH OT T011IJ.Ii1Hbl ¢QJ1brH/13~ TO AJlR AOnYCTHMOro CMe~e
HHR apeMeHHOrO cneKTpa Ha 100 nKC, COOTBeTCTBY~IJ.Iero npOrH6y 0,014 MM, 311eKTPOAbf H3 ¢opMaapa AOJl~Hbf HMeTb TOJl~HHY 130 MKr/cM2 
npH AaBneHHH 50 Top • noBTOpHbfe onbfTbf c ¢onbraMH TaKoH TOJliJ.IHHbf 
nOATBePAH11H AaHHY~ 04eHKY. BnnoTb AO AasneHHR 50 Top aaMeT
Horo nporH6a He Ha6n~Aanocb. 5onee Toro, apeMeHHoe paapeweHHe 
eo aceH o6nacTH AaaneHHH oKaaanocb paaHbfM 400 nKc /pHc.?/. C 
y4eTOM BKJlaAa CTapT-AeTeKTOpa /250 nKC/ C06CTBeHHoe-8PeMeH
HOe paapeWeHHe flnflC COCTaBnReT 300 nKC. Ha 3TOrO CJleAyeT, 4TO 
Aa~e B Cl1Y4ae OTHOCHTeJlbHO BbfCOKOro AaBlleHHR npH OnTHMaJlbHOi:1 
TOJl~HHe 311eKTPOAOB nnnC loiMeeT XOPOWHe 11 BpeMeHHble CBOHCTBa 11 . 

4. 3AK11n4EH~E 

B Ta6111o14e npeACTaBneHbf OCHOBHbfe napaMeTpbf n03H4HOHH0-4YBCT
BHTeJ1bHOH HOHH3at.tHOHHOH KaMepbl, npeAHa3Ha4eHH0'1 A11R onpeAene·
HHR 3HeprHH, yrna HcnycKaHHR H apeMeHH nponeTa npoAYKTOB peaK
t.tHH C TR*ellbfMH HOHaMH. npH AaHHOH KOH~Hrypat.tHH AHanaaoH pe
rHCTplo1pyeMbiX 3HeprHH orpaHH4HBaeTCR 3Ha4eHJ.oteM S: 2 M3B/A Al1R 
nPOAYKTOB C A>10. 3TOT npeAeJl CJleAYeT 1.13 MaKCHMaJlbHO B03MO~
HOro AaBJleHHR pa6o4ero raaa 8 nnnc' paeHoro .. 50 Top • .llnR H3-
MepeHHR 6onee BbfCOKHX 3HeprHH t.tel1eC006pa3HO OTAeJlHTb nnnC OT 
HOHH3at.tHOHHoH KaMepbf, 4To6bf MO*HO 6bfno noabfCHTb AaBJleHHe a HK. 
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IlapaMeTpbi H CBO:fiCTBa INHK 

Bxo,c;aoe oKHO 
Pa3Mep: 50x180 MM2 

~OJihra: ~OPMBap KnH TIOnHTIPOrrHJieH 50-100 MKr CM-2 

Ilo,c;,c;epJKHBaiO~a.R ceTKa: Ni, npo3pat.mocTb ~ 90% 

HoHH3a~HOHHa.R KaMepa 
PaCCTO.RHHe KaTo,c; - 3KpaHHpyiD~aH CeTKa 90 MM 

PaccTo.RHHe 3KpaHHpyiO~a.R ceTKa- aao,c; 11 MM 

fny5HHa 180 MM 

3KpaHHpylO~an ceTKa Be-Cu -npoBonoKa ,i = 70 MKM, 

napannenbHO aaMOTaHHaH c maroM 0,5 MM 

~aKTOp He3¢NlleKTHBHOCTH a= Q, 6% 

Ta6JIHQa 

flnocKonaparrnenbHhlH naBHH~ cqeTt.IHK 

JneKTpo,IJ,bl: q:,onbrH H3 lbopMBapa /50-130 MKr eM - 2 I, HammeHHbie 

Au I 30-40 MKr eM - 2 I ; 
PaccTo.RHHe M~Y sneKTpo,c;aMH: 1,6 MM 

KoppeKTHpyro~a.R ceTKa 
CTanhHa.R npoBonoKa ~ = 200 MKM 

illar HaMOTKH 5 MM 
PacCTO.RHHe OT nrrrrc 1,5 MM 

06~ee conpoTHBneaae ,c;enHTeJIH aanp~eHH.R 170 MOM 

Pa6ot.IHH ra3 
IIapbi neHTaHa (C5H12 ) rrpH p;a.BneHHH 5-250 Top 

HanpH~eHH.R aa sneKTpo,c;ax 

3KpaHHpyro~a.R ceTKa: us.c.= 0 B 

AHOA: IUAI.?0,3jUKI 
!illllC: U llllllC = 640 B I P = 10 Top I 

Urumc=1800 B I P = 50 Top I 
KaToA: UK/U rnmc = 1,33 
/10IIYCTHMblli HHTepsan ~U !illllC :+]QQ B (UK=COnSt) 

3HepreTHt.IecKoe pa3pemeHHe 
~E/E = 1,3% Anll Ea·· 5,5 M3B 

Tot.IHOCTh onpe,c;eneHHH MecTa 
.'\x :5 1 MM 
~y ;;I MM 

BpeMeHHOe pa3pemeHHe 
M=400 IIKC 

~t !illllC = 300 IIKC IBKnaA !illllCI 
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0Ka3aJlOCb, 4TO napbl neHTaHa MOryT fibiTb YICnOilb30BaHbl 8 Ka4eCT
Be pa6o4ero raaa a o6o~x AeTeKropax. 0THOCHTeilbHO ManaR rny-
6HHa HK Tpe6yeT KOppeK~HH noilR aa nnnc, nPH4€M A0CTaT04HaR 
OAHOPOAHOCTb nonR AOCTHraeTCR IlHWb npH OnpeAei1€HHOM OTHOWe
HYI~ HanpR~eHH~ Ha KaTOAaX HK ~ nnnc. KpoMe roro, AilR cpaSHH
T€IlbHO Herny6oKHX HK, KaK 3TO cneAyer H3 pa6oTbr/t4/, Heilb3R 
onpeAeJlHTb Z npOAYKTOB C OnT~MailbHbiM pa3p€W€HH€M B WHDOKOM 
AHana30He 3HeprHH. no3TOMY B fiYAY~eM 6yAeT C03AaHa 60JlbWaR 
n4HK C rny6HHOi:1 - 80 CM, no3B0JlRJOU4aR perHcTpHpOBaTb 4aCTYI~bl 
c 3Hepr"RM" AO 10 M3B/A. 

ABTOPbl BbiPa*aiOT 6naroAapHOCTb f.H.~nepoey H ~.U.OraHeCRHY 
aa OOCTORHHO€ BHHMaHH€ H nOAAepmKy AaHHO~ pa60Tbl. Mbl 6naro
AaPHbl X.KenepHHKY, E.Wycrepy, A.Banb~ory, H.~YIAJlep H P.KHpx-
6axy aa noMOU4b a HaroroaneHHI-1 OTA€IlbHbiX 3IleMeHToB AeTeKropa 
K aa y4aCTHe B HX HCnbiTaHYIRX, a TaK*e P.fJOH~eny 3a npeAOCTaB
IleHH€ nporpaMMbl pac4era 3JleKTpocraTH4eCKoro nonH. 
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