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Ha cospeMeHHOM 3Tane pa3BHTHR 3KcnepHMeHTanbHOH RAePHOH $H-

3HKH 3neKTPOHH~e MeTOAY perHCTpa~HH H HAeHTH$HKa~HH npOAYKTOB 
RAePH~X peaK~HH 3aHMMaOT oco6oe MeCTQ, TaK KaK n03BOnR~T B~Ae
nHTb KaHan~ peaK~MH H nony4HTb HH$OpMa~H~ 06 H3y4aeMOH peaK~HH 

HenocpeACTBeHHO B npo~ecce 3KCnepHMeHTa. 0AHHM H3 HHX RBnReTCR 
speMRnponeTH~H MeTOA pa3AeneHHR 4aCTH~, OCHOBaHH~H Ha OAHOBpe
MeHHOM H3MepeHHH CKOPOCTM H 3HeprHH perHCTpHpyeMOH 4aCTH~~. 
nepcneKTHBHOCTb MeToia, no3BOflR~ero c T04HOCTb~ AO OAHOH Mac
COBOH eAHHH~~ onpeAeflHTb MaCey npOAYKTOB peaK~~H He3aBHCHMO OT 
HX 3aPRAOBOrO COCTaBa, CTHMYnHposana C03AaHHe HOB~X THnOB 6~CTPbiX 
AeTeKTOpOB C HCnQflb30BaHHeM MHKpOKaHaflbH~X nnaCTHH /MKn//! 73/. 

npHH~Hn pa60T~ AeTeKTOpOB OCHOBaH Ha npo~ecce BTOpH4HOH 3neKT

pOHHOH 3MHCCHH H3 TOHK~ nneHoK-3MHTTepos, a MKn npHMeHR~TcR 
B Ka4eCTSe yCHflHTenR BTOpH4HOro TOKa, o6pa30BaHHOrO B ~enH 3MHT
Tepa npH npOXO*AeHMM perMCTpHpyeMOH 4aCTH~~. npHMeHeHHe B TaKHX 
AeTeKTOpax 3MMTTepOB BTOPH4H~X 3fleKTpOHOB H3 yrnepOAH~X H Kon
flOAHeB~X /TpHHHTpO~ennDn03a/ nneHOK n03BOflHflO C B~COKOH 3$$eK
THBHOCTb~ perHCTpMpOBaTb M HAeHTH$H~HpOBaTb OCKOnKH AeneHHR/4/. 
0AHaKO B cny4ae perMCTpa~HH nerKHX RAep HflH B~COK03HeprH4H~X 
nPOAYKTOB peaK~HM 3TM AeTeKTOp~ Mano3$$eKTHBH~ H3-3a HH3KOrO 
K03$$H~HeHTa 3neKTPOHHOH 3MHCCHH npHMeHReM~x 3MHTTepoe. Hcnonb-
3oBaHHe p~xn~X AH3neKTPM4eCKHX 3MHTTepOB ynpasnReMOH BTOpH4HOH 
3fleKTPOHHOH 3MHCCHH /YBJJj/5,6/ 3Ha4HTeflbHO ysenH4HflO pa604HH 

AHana30H AeTeKTOpOB BCfleACTBHe Taro, 4TO K03$$H~HeHT BTOPH4HOH 

3fleKTPOHHOH 3MHCCHM H3 p~Xfl~X AH3neKTpHKOB, HaXOAR~HXCR B 3neKT
pH4eCKOM none, 6onee 4eM a 102 pa3 swwe, 4eM y o6~4H~x 3MHTTe
pos. KaK noKa3aHo a/7/,aMnnHTYAa cHrHana OT AeTeKTopa c pwxn~M 
AH3neKTpH4eCKHM 3MMTTepoM npH perHcTpa~HH a-4aCTH~ c 3HeprHeH 
5,5 M38, B 10 pa3 npeewwana aMnnHTYAY cHrHana B cny4ae KonnOAHe
soro 3MHTTepa, a ~eKTHBHOCTb perHCTpa~HH TeX me 4aCTH~ COOT-
BeTCTBeHHO COCTaBnRna 100% BMeCTO 20%. • 

B HacTOR~eH pa6oTe onMc~saeTcR speMRnponeTHYH cneKTPOMeTp 
Ha OCHOBe AeTeKTOpOB C ~XflYM AH3fleKTPH4eCKHM 3MHTTepoM, HCn~
TaHHYH Ha YCKOPHTene TR•enwx HOHOB Y-300 n~P OH~H AflR H3MepeHHR 
3HeprHH H 3HepreTH4eCKOrO pa36poca ny4Ka HOHOB. 04eBHAHO, 4TO 
npH H3BeCTHOH Macce perMCTpHpyeMOH 4aCTH~~ speMRnponeTH~M MeTO
AOM, MOmHO C XOPOWeH T04HOCTb~ H3MepHTb ee 3HeprH~. 

AHarHocTHKa ny4KOB acerAa 3aHHMana oco6oe MecTo B ycKOPHTenb
HOH TeXHHKe. Ha YCKOPMTeflRX TRmen~X HOHOB H3MepeHHe 3HeprHH ny4-
KOB B OCHOBHOM npOBOAMflOCb C nOM~b~ nonynpOBOAHHKOBYX AeTeKTQ
pOB /nnA/. 0AHaKO AaHHYH MeTOA HMeeT PRA HeAOCTaTKOB, o6ycnos
neHH~X OTHOCHTeflbHO nnOXMM 3HepreTH4eCKHM pa3peweHHeM nnA AflR 
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PHc.l. CxeMaTHqecKHH BHA speMHnponeTHoro cneKTpoMeTpa 
H 6noK-cxeMbi ::meKTPOHHOH annapaTyphl: I - speMeHHble 
AeTeKTOphl, 2 - nosepxHocTHo-6apbepHbiH Si(Au)-AeTeKTop, 
3 - WfRHHAP !l>apaAeH, M - MHmeHb 299 Bi , ,U«<> - AHCKpHMH
HaTop-~opMHposaTenb co cneAH~M noporoM, n3 - nHHHH 
3aAeP~KH, BAIT - speMHaMTinHTYAH~1 npeo6pa3oBaTenb, 
AH - MHOroKaHanbHbiH aHanH3aTop HMnYRbCOB "TRIDAC", 
IIII - neoect~eTHhTif "!'l"fln!'; nv rv - "!'~.~T~!'!:~!~~~~=- ~~ ~~~::':"

poMeTpHqecKHH ycHnHTenb, OA - OAHOKaHanbHhrn aHanH3aTop. 
,llnHHa nponeTHOH 6a3bl f = 47 CM. 

TR>Ken~x HOHOB s~coKHX 3HeprHIIi I AE/E > 5%/ H HeonpeAeneHHOCTb~ 
8 KanH6poaKe, CBR3aHHOH c aMnnHTYAH~M Ae~eKTOM. C 3Tolli T04KH 
apeHHR 6onee AOCTOsepH~M, Ha HaW B3rflRA, RBnReTCR apeMRnponeT
H~H MeTOA H3MepeHVIR 3HeprHH H 3HepreTH4eCKOrO pa36poca ny4KOB 
TR>Ken~X HOHOB. 

CxeMaTH4ecKoe H306pa>KeHHe apeMRnponeTHoro cneKTPOMeTpa 
H 6noK-cxeM~ 3neKTPOHHO!Ii annapaTyp~ npHBeAeHo Ha pHc.1. CneKT
poMeTp COCTOHT 113 ABYX HAeHTH4H~X AeTeKTOpOB C p~xn~M AH3neKT
pHqecKHM 3MHTTepoM, noMe~eHH~X B BaKyyMHOM OfibeMe C pa604HM 
aaKyyMOM 10-s Top. KoHCTPYK'-IVIR 3THX AeTeKTopoa noApo6Ho onHca
Ha a/7/. B Ka4ecTae 3MHTTepa BTOPH4H~x 3neKTPOHOB Hcnonb3oaanHCb 
cnoH MgO c OTHOCHTenbHolli nnoTHOCTb~ p/p0 ~ 0,6% I Po 
= 3,65 r/cM2, nnoTHOCTb MOHOKpHCTanna Mg0 /, TO~HHOi1 
100 MKr/cM2, AHaMeTpOM pa604eH nno~aAVI 20 MM. 3MHTTHPOBaHH~e 
H3 CflOR BTOPH4H~e 3neKTPOH~ H30XPOHHO noaopa4HBa~TCR Ha 180° 
OAHOPOAH~M MarHHTH~M noneM H perHCTPHPY~TCR weapOHHOH cfiopKOH 
H3 ABYX MKn. 6~cTp~i1 cHrHan c MKn cHHMancR c noM~b~ KOaKcHanb
Horo aHOAa c BOnHOB~M conpOTHBneHHeM 50 OM. ao Ha4ana pa60T~ 
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PHc.2. 3asHCHMOCTb speMeHHoro pag
perueHHH CTieKTpOMeTpa OT HaTipH~eHHH 
nHTaHHH c6opKH MKn AeTeKTopos. 2r -
TIOnHaH WHpHHa Ha TIOJJYBbiCOTe KpHBOH 
3aAep~aHHbiX COBTiaAeHHII. 

Ha ny4Ke HOHOB npOBOAHnHCb npeABa
PHTenbH~e HCcneAOBaHHR speMeHHOrO 
pa3peweHHR cneKTpOMeTpa npH o6ny-
4eHHH a -4aCTH'-IaMH C 3HeprHelli 
5,48 M3B OT HCT04HHKa 241 Am. Gbmo 
o6Hapy~eHo, 4TO speMeHHOe pa3pewe-

2050 22~ HHe AeTeKTOPOB AOCTaT04HO CHnbHO 
U l'l~tn, B 3aBHCHT aT HanpR>KeHHR nHTaHHR c6op-

KVI MKn /pHc.2/. Bo speMR H3MepeHHIIi Ha o6oHx AeTeKTopax ycTaHas
nHsanocb OAHHaKosoe HanpR>KeHHe. KaK BHAHO, c ysenH4eHHeM UMKil 
aT 1900 AO 2200 B speMeHHoe pa3peweHHe 6onee 4eM s ABa pa3a 
yny4waeTcR, np~t~ AanbHelliweM ysen~t~4eHHH HanpR>KeHVIR OHO cy~ecT
seHHO He MeHReTcR. 3TOT $aKT o6oRCHReTCR ABYMR o6cToRTenbcTsa
MVI: Bo-nepB~X, ysenVI4HBaeTCR CKOPOCTb pa3BVITVIR 3neKTPOHHOH na
BHH~ s MKn H speMR HapacTaHHR CHrHana yMeHbwaeTcR, so-sTop~x, 

ysenH4HBaeTCR aMnnHTyAa CVIrHana VI COOTBeTCTBeHHO yMeHbWa~TCH 
aMnnHTYAH~e $nyKTYa'-IHVI 3a c4eT Hac~~eHVIR MKn, 4To npHBOAVIT 
K yMeHbWeHVI~ speMeHHOH AVICnepCVIH npVI AVICKPVIMVIHa'-IVIVI CVIrHana 
fl(..1(' KnlAMlAJ.-4~Tf"'!"'f""\M c~ -=-':~~:;~~~: ·. :-.:..~:..;- ..:,,... ~ ... 1111"1'-tMVC: tj ~eMtHHUe 1Ja3pe

weHVIe cneKTPOMeTpa AnR a-4aCTVI4 c 3Hepr~t~elli 5,48 M3B cocTa8~t~no 
2r ~ 0,25 HC /pVIc.3/, npVI 3TOM pa3peWeHVIe 3neKTPOHHOrO TpaKTa 
6btno ~ 0 , 1 2 HC. 

Ha '-IVIKnOTpoHe Y-300 speMRnponeTH~M cneKTPOMeTpOM npo8eAeHo 
VI3MepeHHe ynpyro pacceRHH~X nOA yrnOM 20° VIOH08 132 Xe Ha MVIWeHVI 
20 9 Bi TOn~VIHOi1 ~50 MKr /CM 2, HaHeCeHHOi1 Ha yrnepOAHYI') nOAJ10>KKY 
TOn~VIHOi1 ~30 MKr/CM 2. 

Bbt8eAeHHbti1 ny40K VIOH08 132 Xe nocne Konn~t~Ma'-IHVI, npVI npoxo~Ae
HVIVI 4epe3 MVIWeHb MOHVITOpV1p08anCR 4VIJ1VIHAPOM $apaAeR. H3MepeHVIe 
8PeMeHH nponeTa ynpyro pacceRHHbiX VIOH08 npo80AVIJ10Cb no 6noK
cxeMe, np~t~8eAeHHOi1 Ha p~t~c.1. CMrHan~ OT 8PeMeHH~x AeTeKTopo8 
nocne $OPMMP08aHVIH 8 AVICKPMMVIHaTopax CO CJleAR~VIM noporOM nOCTy
nanM Ha 8XOA~ "CTapT11 M "CTon" 8peMRaMnnHTYAHOro npeo6pa3o8a
TenR /BAn/, KOTOP~H ynpasnRJ1CR CMrHanOM OT nna AJ1R MCKn~4eHMR 
¢oH08~X M CJ1y4ai1H~X C08naAeHVIH. 

anR onpeAeneHVIH T04HOCTVI V13MepeHVIR 3HeprVIVI MOH08 V13MepRJ10Cb 
8peMeHHoe pa3peweHMe cneKTpOMeTpa AJJR VIOH08 I32Xe no cneAY~~e~ 
CXeMe: noporaMM OAHOKaHanbHOrO aHaJ1H3aTOpa /OA/, KOTOP~M yn
pa8nRnCR BAn, 8~pe3anacb y3KaR nonoca 3HepreTM4ecKoro cneKTpa 
ny4Ka, VI3MepReMoro nna, 4eM o6ecne4V!8anaCb AOCTaT04HaR MOHo
xpoMaTM4HOCTb perMCTPMPYeMbiX 4aCTVI'-I. TaKMM o6pa30M, M3MepeHHOe 
pa3peweHMe cneKTPOMeTpa COCTa8J1RnO 0,5 HC /pMc.4a/, M 3TO 3Ha-
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Prrc. 4. a/ KprrBaH gap;epJKaHHbiX coarrap;eHHH rrpH perHCTpa~HH 
MOHOXpOMa Tli3liPOBaHHblX HOHOB l32 Xe , ~eHa KaHana 0, 085 HC; 
6 I apeMHnponeTHbiii cneKTP ynpyro pacceHHHbiX HOHOB 132Xe. 

l 

4eH~e He yMeHbwanocb np~ AanbHeHweM cymeH~~ OKHa OA, T.e. no
ny4eHHoe 3Ha4eH~e ecTb co6cTBeHHOe epeMeHHOe pa3peweH~e cneKT
poMeTpa. TaKoe pa3peweH~e nony4eHo np~ HanpRmeH~~ n~TaH~R c6op
KI1 MKn AnR o6o~x AeTeKTopoe 1850 B /cornacHo KP~BOH p~c.2, 
c yeen~4eH~eM UMKIT B03MOmHo yny4weH~e nony4eHHoro pa3peweH~R/, 
cpeAHRR aMnn~TYAa c~rHanoe OT AeTeKTOpOB B 3TOM pem~Me COCTae
nRna ~7 B. KpoMe Toro, nony4eHHoe pa3peweH~e 0,5 HC· o6ecne4~
eano AOCTaT04HYI::l T04HOCTb ~3MepeH~R 3Hepr~~ ny4Ka I 32Xe. 

npoeepKa n~HeHHOCT~ eceH annapaTyp~ ~ onpeAeneH~e ~eH~ Ka
Hana aHan~3aTopa e eA~H~~ax He npoBOA~I1~Cb c nOMOII\b!O Kan~6po

eaHHOH n~H~~ 3aAepmK~. Aanee, AnR onpeAeneH~R a6con~THoro epe
MeH~ nponeTa, c~rHan OT cTapToeoro AeTeKTOpa pa3ABa~eancR ~ no
AaeancR Ha BAn 4epe3 KaHan~ "CTapT" ~ "CTon" 6e3 KaK~x-n~6o 
~3MeHeH~H e 3neKTpOHH~x TpaKTax. 3T~M cnoco6oM /oH np~MeH~M AnR 
~AeHT~4Hb!X AeTeKTopoe/ onpeAenRncR HoMep KaHana aHan~3aTopa, 
COOTBeTCTBY~~~H a6con~THO~ HyneBOH 3aAepmKe. 

CneKTP epeMeH~ nponeTa ynpyro pacceRHH~X ~oHoe Xe np~BeAeH 
Ha p~c. 5. H3MepeH~e npoBOA~nOCb np~ OTKpb!TOM OKHe OA. nony4eH
HOe cpeAHee epeMR nponeTa 132Xe cocTaBnReT 39,7 He, 4TO cooT
eeTcTeyeT 3Hepr~~ 96,8 M3B. C y4eTOM 3HepreT~4eCK~X noTepb 4ac-

T~~~ e M~weH~ /-3 M3B/ ~ e cnoe 
MgO cTapToaoro AeTeKTopa 
/~6 M3Bf/9/nony4aeM 3Hepr~~ ynpy
ro pacceRHHb!X noA yr noM 20 o ~OHOB 

132 Xe np~ 3Hepr~~ E = 1 06 M3B, 
4TO COOTBeTCTByeT 3Hepr~~ nepB~4-

HOro ny4Ka 115 M3B. 3To 3Ha4eH~e 
3Hepr~~ xopowo cornacyeTcR,a npe
Aenax ow~60K ~3MepeH~H, c pac4eT
H~M 3Ha4eH~eM 3Hepr~~ ny4Ka 
132Xe+8 no ~~KnOTpOHHOH $OpMyne 
JloypeHca /10/. 

BpeMeHHO~ pa36poc ny4Ka c y4e
TOM pa3peweH~R cneKTPOMeTpa co
cTaanReT t\tj +1 ,6%, OTCIOAa 3Hep
reT~4eCK~H pas6poc nony1.1aeTcR 
t\E/E :=.:t_3, 2%. 0AHaKO B 3TO 3Ha-
4eH~e t\E/E BXOART AOnonH~Tenb
Hble $nYKTya~~~, BHeCeHHb!e M~
weHb~ /-2%/ ~ yrnoa~M aKcenTaH
coM cneKTpoMeTpa /-0,6%/.C y4e
TOM 3T~X ABYX ~aKTOPOB co6CTBeH
HOe 3HepreT~4ecKoe pa3peweH~e 
ny4Ka 132xe8+ nony1.1aeTcR t\E/E = 
::: .:t_1 ,2%. 
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Prrc. 5. BpeMHIIponeTHbiH cneKTP 
ynpyro pacceHHHbiX HOHOB 56 Fe. 
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Puc.6. 3aBHCHMOCTb cKopocTH 

C~eTa ~eTeKTOpa C 3MHTTepOM 

MgO oT HHTeHcHBHOCTH ny~Ka 

HOHOB 132 Xe. 

On~caHH~~ apeMHnponeTH~~ 

cneKTPOMeTp C03AaH np~ ycTaHoa
Ke Jlf!P "t\3MAC" Ha YCKOP~Tene 
Y-300 ~ no3aonReT ocy~ecTBnRTb 
KOHTponb HaA 3Hepr~e~ ~ ee pa3-
6pocoM HenocpeACTBeHHO BO BpeMR 
3Kcnep~MeHTa. TaK, so apeMH 
3Kcnep~MeHTa 6~na ~3MepeHa 3Hep-

51L +8 
r~H nY4KOB MOHOB Ye /p~c.5/. 

OnpeAenneMaR ~3 cneKTpa p~c.5 

3Hepr~H ynpyro paCCeHHH~X ~OHOB 
56 Fe cocTaanRna E"" 283 M3B. 
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BpeMeHHOe pa3peweH~e cneKTpoMeTpa np~ HanpRmeH~~ UMKIT = 
= 2200 B, KaK fiblnO noKa3aHO Ha p~C. 2, COCTaBnRnO 2r ::::: 0, 25 HC, 
cneAOBaTenbHO, T04HOCTb ~3MepeH~R 3Hepr~~ ~OHOB B 3TOM cny4ae 
6~na alE ·~1,6%. Pa36poc 3Hepr~~ ny4Ka c y4eTOM co6cTaeHHoro 
1Ja3peweHVIH cneKTpoMeTpa nony4aeTcR 1\E/E :5o ~2%. 3AeCb He Y4TeHbl 
¢nyKTya~~~. BHeCeHH~e M~WeHb~ ~ yrnOB~M aKcenTaHCOM YCTaHOBK~. 

B~weon~caHHble ~3MepeH~R npoaoA~n~cb npM nponeTHO~ 6a3e f = 
47 eM, yaen~4eH~e KOTopo~ a HecKonbKO pa3 yny4waeT pa3pewa~

~Y~ cnoco6HOCTb cneKTPOMeTpa. 

HccneAoBanocb TaKme MepTaoe apeMH AeTeKTopoa, 3HaHMe KOToporo 
oco6eHHO aamHo np~ pa6oTe c ~HTeHCVIBH~MVI ny4KaM~ ycKop~TenH. 
Ha p~c.6 np~BeAeHa 3aBVIC~MOCTb CKOPOCT~ C4eTa CTapTOBOIO AeTeK
TOpa OT VIHTeHC~BHOCTVI ny4Ka Xe. ITo OCVI OPAMHaT OTnomeHa CKO
POCTb C4eTa, ~3MepeHHaR nepec4eTH~M npV160pOM /ITIT/, C y4eTOM 

l 

MrHoaeHH~x 3arpy3oK 6aH4eao~ CTPYKTYP~ ny4Ka Y-300. ToK ny4Ka • 
M3MepRDCH 4111n~APOM ¢apaAeR /cM.pMc. 1/. KaK B~AHO 1113 p111c.6, 1 

c yaenM4eH~eM TOKa ny4Ka 3arpy3Ka C4eT4~Ka npM6n~3MTenbHO nMHe~- / 
HO pacTeT, ~ npV! 3Ha4eHVIHX 600-650 r4 HacTynaeT HaC~~eH~e, 4eM 
~ onpeAenHeTCR MepTBOe BpeMR C4eT4~Ka rM ~ 1,5 MC /np~ 3TOM t 

4~cno co6cTBeHHbiX WyMOB AeTeKTopa < 0' 1 c -1 I. nony4eHHOe 3Ha-
4eH~e MepTeoro apeMeH~ AnR AaHH~x AeTeKTopoa He HBnReTcR era 
T~n~4HO~ xapaKTep~CT~KO~, TaK KaK OHO 3aB~CVIT TaKme OT ~OH~3VI-
py~~e~ cnoco6HocT~ HaneTa~e~ 4aCTVI4W, 111 MOmHO npeAnonom~Tb, 
4To npVI per~cTpa4~~ 6onee nerK~x 4aCT~4 MepTaoe apeMR AeTeKTopa 

6 

6yAeT MeHbWe, 4eM 1 ,5 MKC. 0AHaKO TaKoe YTBepMAeHHe HYMAaeT
CH B AeTanbHOH nposepKe. 

ABTOP~ s~pamaDT rny60KYD 6naroAaPHOCTb r.H.¢nepoay, A.U.AMa
TYHH, r.A.BapTaneTRHy, n.U.OraHeCRHY 3a noAAepmKY VI nocTOHHH~~ 
HHTepec K pa6oTe, f.A.ITanRHy 3a nOM~b S pa6oTe, a TaKme P.f.Ha
aacapARH M A.Il.EcwHOH 3a noM~b npw o¢opMneHwH pa6oT~. 
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