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B Te4eH~e MHor~x neT rnaeH~M MeTOAOM npe~~3~0HHoro aHan~aa 
3HepreT~4ecKoro pacnpep,eneH~R 6eTa-4acT~~ RBnReTcR MarH~T~H 
aHan~3. 3a 3TO epeMR 6btn~ pa3pa60TaHbl paan~4H~e KOHCTpyK~~~ 
MarH~THbiX cneKTpOMeTpOB /1/, npep,Ha3Ha'-leHHbiX p,nR ~ccnep,oBaH~R 
3neKTPOHH~x cneKTpoe e o6nacT~ 3Hepr~~. KaK npae~no, 6onbwe 
50 K3B. np~ 3Hepr~RX H~~e 50 K3B B03H~Ka~T 3Ha4~TeflbH~e TPYAHO
CT~, CBR3aHH~e C ~3rOTOBfleH~eM B~COKOKa4eCTBeHH~X pap,~OaKT~BH~X 
l!tCT04H~KOB, pa6oTO~ B o6naCT~ cna6biX MarH~THbiX noneH /eHeWH~M~ 
rlOflRM~, HeOP,HOPOfJ.HOCTRM~, KpaeBbiM~ 3~~eKTaM~ ~ T.p,./ ~ p,eTeKT~

poBaH~eM Hl!t3K03HepreT~4eCK~X 3fleKTpOHOB. nepcneKTI!tBbl pa3B~T~R 
cneKTPOMeTpl!tl!t H~3K03HepreT~4eCK~X 3neKTPOHOB CBR3aHbl B OCHOBHOM 
CO cnep,y~~l!tMI!t fJ.OCT~~eH~HMI!t: 

a/ pa3pa6oTaHW MeTOP,W l!t3rOTOBfleH~H B~COKOKa4eCTBeHH~X TOHKHX 
pap,~OaKT~BHbiX l!tCT04HI!tKOB, B 4aCTHOCT~, C nOMO~b~ 3fleKTPOMarH~T
H~X Macc-cenapaTopoe; 

6/ pa3pa6oTaHbl npOCTble ~ B~COK03~eKT~BHble p,eTeKTOpbl HH3K0-
3HepreT~~t4eCK~X 6eTa-4aCT~~: KaHanbH~e 3neKTpOHHble YMHO~I!tTen~~t 

/K3Y/ ~ M~KpOKaHaflbHWe nnacT~HKH /MKn/ • 
KpoMe Taro,' e CBH31!t c paae~~tT~eM 3neKTpoHHOH cneKTpocKon~~t~~t 

P,nR Xl!tMI!t4eCKOrO aHafll!t3a /3CXA/ B o6nacTI!t 1 38 - 2 K3B 6~n~ paa
pa6oTaH~ 3fleKTpOCTaT~~t~eCKI!te cneKTpOMeTpbl, KOTOPble o6nap,a~T pR
AOM npe~My~eCTB nepep, MarH~THWMI!t, a ~MeHHO: npOCTOTOH ~OPMI!tpo

BaHI!tH paC4eTHOrO nonH 1-1 3KpaHI!tpOBKI!t Mar·HI!tlHbiX IIUJit!fl, Mt!HbWi'IMI'I 
ra6ap~~tTaMI!t 1-1 BeCOM, OTCYTCTBI!teM 3HepreTI!t4eCKI!tX 3aTpaT Ha n~TaH~e. 

3neKTpocTaT~~t4eCK~~te cneKTPOMeTp~ noaeon~~tn~~t p,o6~~tTbCH 6onbw~~tx 

ycnexos, rnaeH~M o6paaoM e o6nacT~~t 3Hepr~~tA MeHbwe 2 K38 1~41 . 
npl!t nonWTKaX paCWI!tpl!tTb o6naCTb aHafll!t3a P,O 10~50 K38/~8/ B03H~
Ka~T TPYAHOCTI!t, CBH3aHHWe C penHTI!tBI!tCTCKI!tMI!t 3~~eKTaMI!t. Me~p,y TeM 
l!tMeHHO o6nacTb 1-100 K38 Cy~eCTBeHHa AflH HeKOTOPWX npo6neM, 
npep,cTaBflH~~I!tX 3Ha4~TeflbHWH ~HTepec p,nR COBpeMeHHOH aTOMHOH 1!t 

HP,epHOH ~l!t31!tKI!t, K Hl!tM OTHOCHTCH, Hanpl!tMep: 

a/ K03~~1!t~l!teHTW BHyTpeHHeH KOHBepCI!tl!t /KBK/ Hl!t3K03HepreTI!t-
4eCKI!tX 3fleKTpOMarH~~tTHbiX nepeXOAOB; 

6/ o~e-npo~eccw 11t npo~eccw, CBH3aHHWe c nepecTpoAKoA 3neK
TPOHHoA o6on04KI!t aTOMa; 

e/ 3HepreT~~t4eCKI!te noTep~~t 3neKTpoHoB e ee~ecTse 11t o6ycnoeneH
Hble l!tMI!t B03MO~HOCTI!t npe~l!t31!tOHHbiX l!tCCnep,osaHI!tH ~OpMbl HenpepbiBHWX 
6eTa-cneKTpoe. 

B HacTOH~eA pa6oTe on~~tcaH 3neKTpocTaT~~t4ecK~~tH 6eTa-cneKTpoMeTp, 
npep,Ha3Ha4eHHbiA p,nR npe~~~t3~~tOHHoro aHan~~taa 3neKTPOHHbiX cneKTpoe 
a o6nacT~~t 3Hepr~~t~ 0,5-50 K3B. B 3TOM np~~t6ope enepeble p,nR aap,a4 
Hp,epHoH cneKTpocKonl!t~~t o6~ep,~~tHeHw p,ea T~~tna aHan~~taaTopos /c~ep~~t-
4ecKI-1H 1!t ~l!tfll!tHP,PI!t4eCK~~/, 4TO n03BOnHeT l!tCKfl~41!tTb xapaKTepHble 
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AnH cneKrpoMerpa c OAH~M aHan~3aropoM penHT~B~cTcK~e 3~~eKT~. 
nepe~e pe3ynbTaT~ pa6oTbl TaKa~ c~cTeM~ B UeHTpe HAePHO~ cneKTpo
CKOn~~ ~ Macc-cneKrpocKon~~ e Opc3 /<llpaH~~H/ ony6n~KoeaHbl paHb
we 191 • 

KOHCTPYKUHH CnEKTPOMETPA 

np~H~~n~anbHaH cxeMa cneKTPOMerpa npeAcraeneHa Ha p~c.1. 
3aMeAn~Tenb COCTO~T ~3 ABYX KOH~eHTP~4eCK~X C~ep /1 -~ 2/, MemAY 
KOTop~MH np~nomeHo 3aMeAnH~~ee HanpHmeH~eU. B ~eHTpe BHyrpeH
He~ C~ep~ /1/, B~nOnHeHHO~ ~3 TOHKO~ CeTK~ C 6onbW~M K03¢$~~~eH
TOM nponycKaH~H /~95%/, HaXOA~TCH paA~oaKT~BHbl~ ~CT04H~K. MomHo 
TaKme 060~T~Cb 6e3 C~ep~ /1/, HO ~OpMa noAnOmK~ ~CT04H~Ka B 
3TOM cny4ae AOnmHa 6biTb c~ep~4ecKo~. HanpHmeH~e 3aMeAneH~H np~
nomeHo K ~CT04H~Ky, a c~epa /2/ 3a3eMneHa. 
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PHc. I. DpHH~HrrHaTibHaH cxeMa 3TieKTpocTaTH~ecKoro 

6eTa-crreKTpoMeTpa: S - pagHoaKTHBHbiH HCTO~HHK; F 1 -

KOHH~ecKaH gHa~parMa; ) - BHyTpeHHHH C~epa 3aMegTIHTeTIH; 

2 - BHeWHHH C~epa 3aMegTIHTeTIH; 3 - ~HTIHHgpbJ 3epKanb

HOrO aHaTIH3aTopa; 4 - KpyrOBbie gHa~parMbi; 5 - H30TIH

TOpHbiH 3KPaH C rrpoMeJKyTO~HbiMH ~HTIHHgpaMH. 

H3MepeH~e 3Hepr~~ 3aMeAneHHbiX 3neKTpoHoB npoBOA~TCH c noMo~b~ 

~~n~HAP~4eCKOro 3epKana.AnH yMeHbWeH~H BKnaAa pacceHHH~X B~COK0-
3HepreT~4eCK~X 3neKTPOHOB ~ KOMnTOHOBCK~X 3neKTPOHOB np~MeHeHO 
ABO~Hoe ~~n~HAP~4eCKoe 3epKano. K BHewHeMy ~~n~HAPY np~nomeHo 
HanpHmeH~e IAnH KparKocr~ 6yAeM Ha3~BaTb ero HanpHmeH~eM aHan~-
3a/, a eHyTpeHH~~- 3a3eMneH. Ha eHyrpeHHeM ~~n~HAPe pacnonomeHbl 
peryn~pyeM~e Kpyroe~e A~a$parM~ /4/, orpaH~4~ea~~~e ny40K 3neK
rpoHoe. Or npHMoro nonaAaH~H ~3ny4eH~R ~3 ~CT04H~Ka AeTeKTOP 
3a~~~e~ ABYMH ce~H~OBbiM~ nornor~renHM~. T~arenbHO o6pa6oraHHble 
noeepXHOCT~ ~ B~COK~~ BaKYYM CHHma~T BTOp~4HY~ 3neKTpOHHY~ 
3M~CCH~. 

2 

.. 

CneKTPOMerp 3a~~~eH rpeMH UMnMHAP~4eCKMMM MarHMTH~MM 3KpaHa
M~ M3 ~-Meranna, KOTOpble pa3Me~eH~ BHyTp~ BaKyyMHO~ KaMep~ M ne
peKpbiBa~T see npocrpaHcreo c~epbl M UMnMHAPM4ecKoro aHanM3aropa. 
C 3TO~ me uenb~ 6 UMnMHAPOB MeHbWMX pa3MepoB pa3Me~eHbl BOKpyr 
MCT04HMKa M AeTeKropa. B pe3ynbTare eenM4MHa ocraT04Horo MarHHT
Horo nonA e cneKrpoMerpe MeHbWe 1 Mrc. 

PerMCTPaUMH 3neKTPOHOB eo eropoM $oKyce D2 ocy~ecrenHeTcH 
c noMo~b~ KaHanbHOro 3neKTPOHHoro yMHOmMrenH TMna Benilix 
CEM4ro3. Ero KOHCTPYKUMH YA06Ha AnH yrnoe AeTeKTMpoeaHMH ~0°~50~ 
AMaMerp BXOAHoro KOHyca AeTeKTopa paeeH 12 MM. KoHCTPYKUMH Ae
TeKTOpHoro 6noKa no3BOnHeT M3MeHHTb n03M~M~ AeTeKTOpa 6e3 Hapy
WeH~H BaKyyMa B cneKTpOMeTpe. 

BaKYYMHaH cMcTeMa cneKrpoMerpa o6ecne4Meaer 6e3MacnRH~~ ea
KYYM ~10-7 Top, KOTOP~~ AOCTMraeTCH B Te4eHMe 15-20 MMH C noMo
~b~ $OpBaKyyMHOro Hacoca 2HBP-5A C a30THO~ noByWKO~ M MarHMTHOro 
3neKTpopa3PHAHOro Hacoca HOPA-250. AnH ycrpaHeHMH noMex or napa-
3MTH~x H3ny4eHH~, CBH3aHH~x c pa6oro~ HOPA-250 /xapaKrepMCTM4ec
Koe M3ny4eHMe, BT0p~4Hble 3neKTPOH~/ M npMBOAH~MX K yeenM4eHM~ 
$oHa AeTeKropa, noeAnpMHHT~ cneuManbH~e Mep~. B eaKyyMHOM nepe
XOAHMKe HaA HaCOCOM pa3Me~eHa 3KpaHMPY~~aH CMCTeMa, COCTOH~aH M3 
Tpex KOHUeHTPM4eCKMX AMCKOB, KOTOp~e nepeKp~Ba~T B~XOAHOe OTBep
CTMe Hacoca, a HaA HMMM - TpM KOHUeHTpM4eCKMX UMnMHApa. Pa3Mepbl 
3KpaHOB M paCCTOHHMe Me*AY HMMM 6blnM Bbl6paHbl Ha OCHOBe 3KcnepM
MeHTOB TaK, 4TO CKOPOCTb OTKa4KM cy~eCTBeHHO He yMeHbWanaCb, 
a perMCTpMpyeM~~ AeTeKTOpOM $OH He 3aBMCen OT pa60T~ HaCOCa. 

B OCHOBHOM cneKTPOMeTp cnenaH M3 HeMarHMTHO~ HepmaBe~~e~ 

rTanM. r.MnhHnP noeneaoMTenbHoe 3aMenneHMe 3neKTPOHOB n03BOnHeT 
o6o~rMcb 6e3 rpe6yeMo~ AnH o6bi4Horo UMnMHAPM4ecKoro aHanM3aro
pa T04HOCTM M3rOTOBneHMH M HaCTPOHKM AeTane~. npoCTOTa KOHCTpyK
UMM o6ecne4MBaer YA06crea AeMOHTama ecex 3neMeHTOB cneKrpoMerpa, 
4TO cy~eCTBeHHO npM era 3arpH3HeHMM paAMOaKTMBH~MM npenapaTaMM. 
BcH npoueAypa nonHoH pa36opKM M c6opKM cneKrpoMerpa 3aHMMaer 
HeCKOnbKO 4aCOB. 

nPHHLl~-1n PA60Tbl 

3neKTPOH~ B~neTa~T M3 MCT04HMKa S /pMc.1/ C 3HeprMeH E0 ,npoxo
AR c$ep~ /1 M 2/, 3aMeAnH~TCH AO 3HeprMM Ea M 4epe3 KOHM4eCKY~ 
~enb nonaAa~T B UMnMHAPM4eCKMH aHanM3aTop. npM o6~4Hb1X HanpHMe
HMRX aHanM3a /U <200 B/ penHTMBHCTCKHMH 3~~eKTaMH MOmHo npeHe-
6pe4b. TorAa 

Ea = E 0 - eU = ~eu, /1/ 

rAe ~ - npH6opHaH KOHCTaHra; e - 3aPRA 3neKrpoHa. nocne npoxom
AeHMR nepeoro $OKyca D1 3neKTPOH~ BXOAHT BO BTOpO~ aHanM3aTOp 
H AeTeKTMpy~TCH BO BTOPOM ~oKyce D2 . 
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Pac4ef 3neKTPOHH~X TpaeKTOpHA s ~HnHHAPH4eCKOM 

aHanJ.13aTope BblnonHeH 4HcneHHO H npoaHanH3HposaH npocTbiM rpa¢~>~-

4eCKHM MeTOAOM, 3AeCb M~ paCCMOTpHM nHWb npocTeAwHA cny4a~, 
KOrAa 3neKTPOHbl BblneTaiOT H3 J.1CT04Hr.1Ka nDA yrnOM a 0 H SXOA.AT B 
npocTpaHcTso ~HnHHAPH4ecKoro aHanHaaTopa c 3HeprHeA Ea. TorAa 
B ~HnHHAPr.14eCKHX KOOPAHHaTaX MOmHO 3anHCaTb: 

d
2r 2 2 -1 

r (--) + k 0 (2 cos a 0 ) 
dz2 

= 0' 
12/ 

2 -1 
k 0 = eu(EalnR2/R1) > 0 

YpasHeHHe /2/ cnpaseAnHso s nepsoM npr.16nr.1meHHI-1 - nposr.1caHHe non.A 
y AHa¢parM He Y4J.1T~aaeTc.A. 

Pac4eT onTr.1MH3a~H"' a6eppa~HA An.A T04e4Horo HCT04Hr.1Ka npr.1BDAI-1T 
K s~6opy cneAYIO~Hx npH6opH~x napaMeTpos: 

ao = 42,30' 
2 

k 0 = 0,783, 2L = 12,3R
1

• 

B HaweM cny4ae 

Rl =50 MM, R2 = 105 MM, 2L = 815 MM, p. = 1,98. 

TorAa 3HepreTH4ecKoe paapeweHHe ~r.1nHHAPH4ecKoro aHanr.13aTopa 
paBHO 

~Ea 4 3 
_,.. 0,09[ d/2R 1 + 1,e.Hr loa 01 ], 
Ea 

/3/ 

/4/ 

rAe d - A"'aMeTp AeTeKTopa, oa 0 - BXOAHDA yron /anepTypa/ a rpa
AYCax. C y4eTOM BbiCOKOA T04HOCTH CTa6HnJ.13a~HH U /-10-5/ pa3pe
WeHr.1e cneKTPOMeTpa MOmeT 6~Tb npeACTaaneHO 8 Br.1Ae 

~E0 ~Ea u [ u ] u 
-- ... -- .... 0,02- 1 + p.- .. 0,02-. 
E 0 E 0 u u u !51 

CneAOBaTenbHO, An.A ADCT"'meHH.A BbiCOKoro paapeweHH.A Heo6XOAHM pe
mHM aHanr.13a C Man~MH 3Ha4eHI-1.AMH U OTHOCHTenbHO U . 

3Kcnepr.1MeHT noKaaan /onHcaH"'e ero eM. HHme/, 4TO ynpo~eHHa.A 
KapTHHa, 8 KOTOpoA npeAnOnaraiOTC.A nHHeAHble TpaeKTOpHH 3neKTpo
HOB, B~neTaiO~HX H3 HCT04Hr.1Ka 1-1 BXOA.A~"'X B ~enb ~r.1nr.1HAPH4eCKOrO 

aHanH3aTopa, AaeT npaaHnbHYIO o~eHKY 3HepreTH4ecKoro paapeweH"'.A 
H napaMeTpos cneKTpoMeTpa. 3Ha4J.1TenbHO 6onee cnomHoA npo6neMoA 
.ABn.AeTC.A pac4eT CBeTOCHn~ npr.16opa. rnaBH~e TPYAHOCTI-1 803HHKaiOT 
r.13-3a HeB03MOmHOCTH onpeAeneHH.A 3KBr.1nOTeH~HanbH~X noaepXHOCTeA 
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cnomHOA MeXaHH4eCKOA KOHCTPYK~HH c¢epr-14eCKOro 3aMeAn~>~Ten.A C 
6onbwoA BXOAHOA ~enbiO. 

3nEKTPOHHKA H ABTOMATH3AUH~ 

B cneKTpoMeTpax c npeAsapHTenbHWM aaMeAneHHeM B03MOmHw ABa 
pemHMa paasepTKH cneKTpa: no aaMeAn.AIO~eMy Hanp.AmeHI-110 U r.1nH no 
aHanH3HPYIO~eMy Hanp.AmeHHIO u . neps~A pemHM noason.AeT aHanH3Hpo
aaTb secb 3HepreTH4eCKHA AHanaaoH cneKTpa /a HaweM cny4ae - AD 
50 K3B/, BTopoA- nHWb y3KHA, 3aBr.1C.A~HA OT KOHCTPYK~HI-1 ~HnHHAPH-

4eCKHX aepKan AHanaaoH /s npeAenax 5 K3B/. XapaKTepH~e oco6eH
HOCTH 3THX pemHMOB: 

a/ npH paasepTKe no U 3neKTPOH~ nonaAaiOT s K3Y c nocTo.AHHoA 
3HeprHeA, H HeT He06XOAHMOCTH Y4HTbiBaTb 3aBHCHMOCTb 3¢¢eKTHBHO
CTH AeTeKTOpa OT 3HeprHH 3neKTPOHOB, BnH.AH"'e me U cneAyeT r.13y-
4HTbi 

6/ npr.1 pa3sepTKe no U HeT He06XOAHMOCTH Y4HT~BaTb BnH.AHHe U 
Ha 3¢¢eKTHBHOCTb cneKTpOMeTpa, OAHaKO 3aBHCHMOCTb 3¢¢eKTHBHOCTH 
K3Y oT 3HeprHI-1 3neKTPOHOB cneAyeT H3Y4HTb. 

Bo3MomeH H pemHM pa6oTbl, KOrAa u/U = const. EcTb npeAnonomeHHe, 
4TO npH TaKOM pemHMe 3¢¢eKTHBHOCTb cneKTPOMeTpa He 6yAeT Me
H.ATbC.A npH pa3eepTKe cneKTpa. B AanbHeAweM MW nnaHHpyeM npoee
CTH TaKHe HCcneAOBaHH.A. Ha AaHHOM me 3Tane HaMI-1 B~6paH pemHM 
pa3BepTKH no U npH nOCTO.AHHOM Hanp.AmeHHH aHanH3a U • 

onoK-CXeMa 3neKTPOHHKH 3neKTpOCTaTH4eCKOrO 6eTa-cneKTpOMeTpa 
npeAcTaaneHa Ha pHc. 2. CHcTeMa·ynpaeneH"'.A cneKTpoMeTpa nonHo
CTbiO aBTOMaTI>13HPOBaHa Ha OCHOBe 6nOKOB H MHKpo-3BM B CTaHAapTe 
KAMAK. 0Ha o6ecne4HaaeT: 

a/ ynpasneH~>~e pemHMaMH pa6oT~; 

6/ ynpaeneH"'e Hanp.AmeHHeM 3aMeAneHH.A U; 
s/ ¢opMr.1posaHHe "' c4eT HMnynbcoe oT K3Y; 
r/ Br.13yanH3a~HIO H npeABapHTenbHYIO o6pa60TKY AaHH~X; 
AI ca.A3b c 6a3osoA 3BM An.A npe~H3HOHHoA o6pa6oTKH 3KcnepHMeH

TanbHbiX AaHHblx. 
B AanbHeAweM npeAnonaraeTc.A saeCTI-1 ynpasneHHe saKYYMHoA 

CHCTeMOA CneKTpOMeTpa. 
0CHOBH~e napaMeTp~ cneKTpOMeTpa 3aBHC.AT OT CHCTeM~ ynpaaneHH.A 

Hanp.AmeHHeM 3aMeAneHH.A U, An.A KOTopoA pa3pa6oTaH cne~HanbH~A 
6noK e cTaHAapTe KAMAK. C ero noMo~biO MOmHo 3aAaaaTb U a npeAe
nax 0-50 KB c waroM s ~U = 1 B, ocy~ecTBn.ATb cTa6HnH3a~HIO Ha 

-5 ypOBHe -10 H onTHMI-13HPOBaTb apeM.A yCTaHOBneHH.A U. onoK MOmeT 
pa6oTaTb KaK nOA ynpasneHHeM 3BM, TaK H B aBTOHOMHOM pemHMe, 
KOrAa 3Ha4eHHe U MOmHO 3aAaBaTb C nOMO~biO AeC.ATH4HOrO nepeKni0-
4aTen.A. 

PaCCMOTpr.1M KOPOTKO np"'H~Hn pa6oT~ 6nOKa ynpaaneHH.A /pHc.J/ . 
HcT04Hr.1KOM e~coKoro Hanp.AmeH"'.A U ynpasn.AeT ~H¢po-aHanoroe~A 
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PHc. 2. BnoK-cxeMa 3neKTPOHHKH 3neKTpocTaTH~ecKoro 
6eTa-crreKTPOMeTpa. 
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PHC. 3. llpHH~HrrHanbHaH CXeMa ynpaBneHHH H CTa6HnH3a~HH 
HanpH*eHHH 3aMeAneHHH U. 

... 

npeo6pa308aTenb /UAn/, 8XOAHO~ KOA KOTOporo MOmHO nony4HTb n~-160 
H3 MHKpo-38M /8 a8TOMaTH4eCKOM pemHMe/, nH60 OT cneuHanbHOrO ne
peKn~4aTenR /8 a8TOHOMHOM pe~HMe/. CneuHanbHaR CHCTeMa CTa6HnH-
3aUHH Henpep~8HO cpa8HH8aeT KOA HanpRmeHHR U /T04Hee, Mano~ ero 
AOnH/ H KOA aaAaHHoro Ha UAn HanpRmeHHR; ecn~-1 Ha6n~AaeTcR oTnH-
4He, KOMnapaTOp 8~pa6aT~8aeT pa3HOCTH~~ CHrHan H npOHCXOAHT Kop
peKTHP08Ka ynpa8nR~~ero HanpRmeHHR Ha 8XOAe HCT04HHKa 8~COKOrO 
HanpRmeHHR. AflR OnTHMH3aUHH 8peMeHH YCTaH08neHHR U C03AaH cne
UHanbH~~ ~HnbTp 1-13 ~OTOCOnpOTH8neHHR H ~OTOAHOAa, nocTORHHaR 
8peMeHH T KOTOpOrO 3a8HCHT OT 8enH4HH~ ~U. fcnH~U 8enHKO,r Mano 
1-1 Hao6opoT. 

PE3YJlb TATbl 

KaK yme OTMe4anocb, OAHHM H3 npeHMy~ecTB aneKTpocTaTH4eCKHX 
CHCTeM nepeA MarHHTHWMH RBnReTCR npoCTOTa ~OPMHp08aHHR pac4eTHO
ro nonR. B 3TOM MW y6eAHnHcb, KOrAa npH aanycKe cneKTpoMeTpa 
6wnH ewcTa8neH~ pac4eTHWe napaMeTpbl H cpaay nony4eHw xopowHe 

annapaTypHwe cneKTPW aneKTPOHOB 189 Yb . B AanbHe~weM 6wna 8~non
HeHa npoueAypa ~CTHpOBKH HCT04HHKa H AeTeKTOpa, npl-1 KOTOpO~ A0-
6H8am1Cb MaKCHMyMa c4eTa nHHHH M1 8,4 /E8 = 6105 aB/. KaK 11 
OmHAanOCb, Ha116onee KpHTI14eCKHM napaMeTpOM ~CTHP08KI1 OKaaanaCb 
no3HUHR HCT04HHKa B C~epH4eCKOM aHanH3aTope. 

~ccneD08aHHR XaOaKTeOHCTHK cneKTPOMeTpa np080AHnHCb C nOMO
~b~ H3rOT08neHHOrO Ha aneKTPOMarHHTHOM Macc-cenapaTope HCT04HM
Ka lB9yb. 4T06W yMeHbWHTb 3Hepr11~ 8HeApeHHR HOHOB 8 6epHnnHe8y~ 
noAnomKy AO -500 B, Hcnonb308anocb TOPM03R~ee aneKTPH4ecKoe 
none. AKTHBHOCTb HCT04HHKa COCTa8nRna -5·10

8 
pacn./c, ero AHa

MeTp -3,5 MM. H3MepeHI1R npOBOAHnHCb 6e3 8HyTpeHHeH CeTKH B 
C~epH4eCKOM aHanH3aTope 11 npH nonHOCTb~ OTKPWTWX AHa~parMaX 
/reoMeTpH4eCKI1H BXOAHOH TenecHWH yron -6% OT 4rr/. 

06~HH 811A cneKTpa 3neKTPOH08 H3 pacnaAa 189 Yb 8 o6nacTH 
3HeprHH 0-11,2 K38 noKaaaH Ha pHc.4 1-1 5. TaM me yKaaaHW H ycno-
8HR H3MepeHHH. npHHRTW cneAY~~He o6oaHa4eHHR: T(EXPr 8peMR HaMe
peHHR; T(DEAD) - 8peMR ycTaHo8neHHR U; ~U - war 113MeHeHHR Ha
npRmeHHR 3aMeAneHHR; U - HanpRmeHHe aHanH3a B ABOHHOM U11nHHAPH-
4eCKOM aepKane. 3aMeTHM, 4TO nHHHH M-ome-aneKTPOH08 1-1 K63,121 
3aMeTHO YWHpeH~, 4TO 8 3Ha4HTenbHOH Mepe CBR3aHO C Ka4eCTBOM pa
AHOaKTI18HOrO HCT04HHKa. AeHCT8HTenbHO, e nocneAoBaTenbHWX 3Kcno-
3HUHRX B Te4eHHe Tpex MeCRUe8 W11PI1Ha nHHHH K63,121 /E -3,7 K38/ e 
HenpepbiBHO 8oapacTana. 

AnR oueHKH 803MOmHocTeH cneKTPOMeTpa 6bin11 npo8eAeH~ AeTanbHWe 
HCcneA08aHHR pa3ni14H~X y4aCTKOB cneKTpa aneKTPOH08 l89 Yb. npH 
aHanHae 3KcnepHMeHTanbH~x AaHHbiX noneaHo HMeTb 8 8HAY, 4TO non
H~e W11PI1HW aTOMHWX ypoeHeH AnR Z= 69 1 10/cocTa8nR~T: 1(K) -31 aB; 
1(L)- 5 aB; 1(M 1)- 14 aB; 1(M 2)- 5 aB; l(M 3) _8 aB. 
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Anfl MHorwx 3aAa4, B oco6eHHOCTH Anfl 3aAa4 aTOMHoi1 $1o131o1KH, cy
~ecTBeHHbiM fiBnfleTCfl TpefiOBaHWe cpaBHWMOCT~ eCTeCTBeHHOi1 WWpHHbl 
nHHWW c 3HepreTW4eCKHM paapeweHweM cneKTpoMeTpa. Anfl onpeAene
Hio1fl npeAenbHOro 3HepreTH4ecKoro paapeweHwfl H3Mepf!nacb $opMa nH
HWW L 1 20,750 I Ee = 1 06311 K3B/ - pHc. 11 . B cooTseTCTBww c $op
Mynoi1 /5/ c yMeHbWeHweM Hanpf!meHwfl aHanHaa 3HepreTw4ecKoe paape
weHio1e yny4waeTcfl, w npH u = -25 B nony4aeM ~E = 8,5 3B. 3~eK
TWBHoe yMeHbWeHWe AWaMeTpa ~CT04HWKa OT 3,5 AO 1,5 MM /c nOMO
~b~ Te$noHosoro KonnwMaTopa/ npwseno K He3Ha4HTenbHOMY yny4we
Hio1~ 3HepreTw4eCKoro paapeweHio1fl AO ~E = 8, 1 38 /pHc. 12/. Ecn1o1 
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y4eCTb ecTeCTSeHHY~ W~p~Hy n~

H~~, TO nony4eHHoe annapaTypHoe 
3HepreT~4ecKoe pa3peweH~e pasHa 
AE/E -0,06% /To ecTb AP/P -
-0,03%/. Bs~AY Taro, 4To s s~-
6paHHOM pe>K~Me /U = const I pa6oTbl 
cneKTpoMeTpa sen~4~Ha AE RSnR
eTcR nocToRHHo~ so seeM pa6o4eM 
A~ana3oHe np~6opa /c T04HOCTb~ 
cTa6~n~3a4~~ U, KOTopaR pasHa 
-10-6/, 3HepreT~4ecKoe pa3pewe
H~e s o6nacT~ E e -50 K3B AOCT~r

HeT sen~4~Hb1L\E/E -0,012% /To 
ecTb AP/P - 0, 006%/. 

KaK s~AHO ~3 p~c. 11, c yMeHbWeH~eM HanpR>KeH~R aHan~3a ~H
TeHc~sHoCTb 3neKTpOHH~X n~H~~ naAaeT, 4TO MO>KHO 06bRCH~Tb He 
TOnbKO OC06eHHOCTRM~ 3neKTPOHHO~ OnT~K~, HO ~ cy~eCTSeHH~M 

yMeHbWeH~eM 3$$eKT~SHOCT~ perHCTPa4~~ K3Y. AnR ~ccneAosaH~R 
3Toro 3$$eKTa Mbl npeAnonaraeM ~cnonb3osaTb c~cTeMy ycKopR~~~x 
3neKTpoH~ ceToK, KoTopaR 6yAeT.Pa3Me~eHa nepeA AeTeKTopoM. Bo3-
Mn~~<l-ln T::ll<li<P vtrnnnh~()R::ll-liAP IIIPRnnHH()lA rnODI<IA MIAKDOK<'lH<'lnhHbiX nna
CT~HOK, XOTR Cy~eCTSY~T yKa3aH~R Ha S~COK~~ C06CTSeHH~~ $OH Ta
K~X AeTeKTopos. 

04eHKa a6con~THO~ 3$¢eKT~BHOCT~ cneKTPOMeTpa np~ u = -100 B 
oKa3anacb - 0,1%, 4TO 6onee 4e~1 Ha nopRAOK MeHbWe o>K~AaeMoi:i ~3 
reoMeTp~4eCK~x coo6pa>KeH~~- Ha AaHHOM 3Tane 3TOT $aKT M~ csR3~

eaeM c oco6eHHOCTRM~ pa6oT~ c$ep~4ecKoro 3aMeAn~TenR ~. KaK oT
Me4anocb, c 3$$eKT~BHOCTb~ per~cTpa4~~ 3neKTpoHoa K3Y. TaK~M 

o6pa3oM, aonpoc~ 3$$eKT~BHOCTH cneKTPOMeTpa Tpe6y~T AanbHei:iw~x 
~ccneAOBaH~~-

B 3aKn~4eH~e asTop~ a~pa>Ka~T cao~ np~3HaTenbHOCTb A~PeK4~H 
OHHH H Ha4~0HanbHoro HHCTHTyTa $H3HKH RAPa H $H3HKH 3neMeHTapH~x 
4aCT~4 /¢paH4~R/ 3a npeAOCTaaneHHY~ B03MO>KHOCTb COBMeCTH~X 
HccneAOBaH~~. M~ 6naroAaPH~ 4n.-Kop. AH CCCP npo$eccopy B.n.n>Ke
nenoay, npo$eccopy ~.[t.QraHeCRHy lA AOKTOpy TeXH~4eCKIAX HayK 
A.H.C~Haeay 3a ~HTepec H nOAAeP>KKY HacToR~e~ pa6oT~. AaTop~ 04eHb 
np~3HaTenbH~ A.Bapry, O.AparoyHy H B.ll.noKpoacKOMY 3a none3H~e 
06CY>KAeHHR, KOTOp~e np~Ben~ K B~RCHeHH~ MHOrHX BOnpOCOB $~3~K~ 
~ TeXHIAK~ cneKTpOMeTpH~ HIA3K03HepreTH4eCKHX 3neKTpOHOB, a TaK>Ke 
P. M~H~e 3a COAe~cTe~e a ~3roTosneHH~ ~CT04HvtKa 169 Yb Ha 3neKTpo
MarH~THOM Macc-cenapaTope. B C03AaH~~ cneKTpoMeTpa HaM noMoran~ 
COTPYAHHKIA 0TAena aBTOMaT~3ai.I~~.$~31A4eCKOrO 3KCnep~MeHTa nHn 

12 

. , 

OHRH H.H.~ypaenee, A.H.CanaMaTIAH, OTAena 3neKTPOH~KIA UeHTpa RAep
HO~ cneKTpocKon~IA lA Macc-cneKTpOMeTp~~ a Opc3 M.A~Abe, K.¢yKp, 
OTAena On~THoro npo~3BOACTBa nHn OHRH B.r.Ca30HOB, A.B.6oroMo
noa, MexaHIA4eCK~X MaCTepCKIAX nRn OHHH t1.M.~eAOPOB, B.H.Ko6o3eB, 
B.C.rop6a4ee. M~ xoTHM eocnonbaoeaTbCR npeAOCTaBIABWe~cR B03MO>K
HOCTb~, 4T06~ B~pa3~Tb ~M rny60KY~ 6narOAapHOCTb. 
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H3A3TenbCKHH OTAen 06~eAHHeHHaro HHCTHTYT8 RAePHbiX HCCnenoaaHHH 
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KATErOPID1 OYBJIMKAI.lHR TEMATM'IECKJ1E 

OB'bE,nHHEHHOrO J1HC'llfi'YTA 

J1CCJIE,llOBAmtR 

~PHYX 

JiHJleKC TeMaTIIKB 

1. 3KcnepMMeHTanbHaR ~3MKa BWCOKMX 3HeprMH 

2. TeopeTM4eCKaR ~3MKa BWCOKHX 3HeprHH 

3. 3KCnepMMeHTanbHaR HeHTpoHHaR ~H3HKa 

4. TeopeTH4ecKaR ~3MKa HM3KHX 3HeprMH 

S. MaTeMaTHKa 

6. ~AepHaR cneKTPOCKOnHR M paAHOXMMHR 

7. ~3MKa TR*enWX HOHOB 

8 . KoMoreHHKa 

9. YcKOPHTenH 

10. AaToMaTH3a~MR o6pa6oTKH 3KcnepHMeHTanbHWX 

AaHHwx 

11. Bw4McnHTenbHaR MaTeMaTHKa H TeXHHKa 

12. XMMHR 

13. TexHHKa CllH3M4ecKoro 3KcnepHMeHTa 

14. HccneA~BaHHR TBePAWX Ten H *HAKOCTeH 
RAepHwMM MeTOAaMM 

15. 3KcnepHMeHTanbHaR ~3HKa RAePHWX peaK~HH 
npH HH3KHX 3HeprHRX 

16. AoaHMeTPHR H CllH3HKa aa~HTW 

17. TeOpHR KOHAeHCHpOBaHHOrO COCTORHHR 

18. HcnonbaoaaHHe peaynbTaTOB H MeTOAOB 
CllYHAaMeHTanbHWX ~3H4eCKHX HCCneAOBaHHH 
B CMe*HWX o6naCTRX HayKH H TeXHHKH 

19. EiH04>H3HKa 


