
13 - 7968 

P .r .ACTBaQaTypOB, H.3a6epoBCKH, B.A.KpaMapeHKO, 
AJ1.MaRaXOB, r .JI.MeRKyMO~, M.H.XaqaTyp~H 

HCCJIE~OBAHJ1E CilEKTPOMETPHqECKHX 
XAPAKTEPHcrnK roTOYMHO~HTEJIEH fflnA 49B 



13 - 7968 

P .r .ACTBaQaTypOB, H.3a6epoBCKH,* B.A.KpaMapeHKO, 

AJ1.Ma~axoa, r.JI.Me~yMOB, M.H.XaqaTypHH 

HCCJIE~OBAHJ1E CTTEKTPOMETPHqECKHX 
XAPAKTEPHcrnK OOTOYMHOXHTEJIEH fflnA 49B 

HanpaB.11,•Ho B "Nucleonica" 

* HHC:TH.TYT srnepHOH qllf3HKlf, no!J.3b, TT011l>lll8 



l.BBE,l!EHHE 

3HaquTenhHLIH nporpecc , Ha6mo.n.aIOIUHHCH e ynyqrneHHH 
napaMeTpoe cneKTpoMeTpnqecKoii annapaTyphl Ja nocne.n.
HHe ro,IJ,LI, noTpe6oean cyIUeCTBeHHOro nepeCMOTpa OCHOB
HhIX Tpe6oeaHHH, npe,IJ,'LHBnHeMhIX K pa3nnqHLIM JneMeHTaM 
cneKTPOMeTpnqecKHX CHCTeM. 

O,IJ.HHM H3 eamneiilllHX JneMeHTOB cneKTPOMeTpnqecKOH 
annapaTyphl HBnHIOTCH <lioTOYMHO)KHTenu, napaMeTphl KOTo
phIX B 3HaqnTenbHOH CTeneHH onpe,D.enHIOT OCHOBHhle xa
xaKTepHCTHKH cneKTPOMeTpuqecKHX TpaKTOB: aMnnHTY.IJ.HOe 
pa3peweHne, epeMeHHYIO CTa6nnLHOCTL KOJ4xiiuuueHTOB ycu
neHHH H ,D.p. 

Bb16op OilTHManbHhIX pemHMOB pa60Tbl <1>3Y 3aBHCHT OT 
BH,IJ.a pacnpe.n.eneHHH IlOTenuuanoB ,IJ.HHO,IJ,HOH CHCTeMhl, KO
TOpbie ,B CBOIO oqepe,D.b, onpe.n.enHIOT TaKue napaMeTphl <1>3Y, 
KaK. KOJ4xiinuneHT ycuneHHH, nuneiiHOCTb CBeTOBOH xapaK
TepHCTHKH, HepaBHOMepHOCTb qyecTBHTenbHOCTH <tioTOKa
TO,IJ.a, <!iopMa HMnynbca H qacTOTHhle CBOHCTBa. 

B nacTOHIUeii pa6oTe npe.n.cTaeneHhl pe3ynLTaTLI uccne
.n.oeaHHH nuHeHHOCTH cneKTPOMeTpnqecKHX <tioTOYMHO)KH -
Teneii THna <1>3Y-491i, HCilOilb3yeMhIX B qepeHKOBCKHX 
raMMa- cneKTPOMeTpax nonHoro nornoIUenug/ 1 /. 

2. YCJIOBHJI 3KCIIEPHMEHTA 

linoK-cxeMa JKcnepnMeHTB.nLHoii annapaTyphl npe.n.cTae
nena na puc. 1. Hccne.n.yeMhle <!ioTOYMHomnTenu noMeIUa
IOTCH B CBeTonenpoHHUaeMhIH CTanbHOH Komyx, KOTOphlii 
0,1),HOBpeMeHHO cnymHT H MarHHTHhIM 3KpaHOM. ,IJ;ng 3KpaHH
poBKH OT cna6hlx MarHHTHblX none ii / - 1 3/ HCilOilb3yeTCH • 
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Puc. 1. E1101<- cxeMa U3MepeHuii. 1. CmaAbHOii caemoHenpo
Hu1,1aeMb1ii KOJICyX. 2. JiepMa/l/lOe6blU 3KpaH mOIIUIUHOii 1 MM. 
3. HcmO'-IHUK UMnyllbCHblX caem06blX acnb&WeK. 4. Hcc11e
oyeMblU ¢omoyMHOJ1Cume11b. 5. ,lfe11ume11b Hanp11J1CeHu11 01111 
OUHOOHOii U ¢01<ycupy10111eii cucmeM <1>3Y. 

nepMannoeBLIH 3KpaH TOJIUUIHOH 1 MM. HCTO'IHHK HMnynLc

HLIX CBeTOBLIX BCilLIWeK noMe~aeTCjl Ha,IJ; 4>oTOKa TO,IJ;OM Ha 

pacCTOjlHHH, KOTOpoe MO:>KHO H3MeHj{Tb B WHPOKHX npe,u;enax 

OT 0 ,IJ;O 20 CM. B Ka11eCTBe HMnynLCHOro HCTO'IHHKa 

CBeTa B 3KCneputieHTe HCil0Ilb3YIOTCj1 CBeTOBLie BCDLIWKH 

B KpHcTanne NaJ (Tl), 06pa3yro~ecg B peJynLTaTe 

06ny11eHHf KpHcTanna anL4>a-11acTHUaMH pa,u;uoaKTHBHoro 

113oTonl
4 Am c 3Heprueii 5,5 M3B. HHTeHCHBHOCTL a.JIL4>a-uc-. -

T011HHKa - ,oKono 100 pacna,IJ;OB B ceKyH,u;y. AMnnHTY.IJ;HOe 

pa3peweHHe - 5,2<fo /nonHag WHpHHa Ha nonyBLICOTe//2 / • 

Pacnpe,u;eneHHe IlOTeHUHanoB 4>0KyCHpyro~eii CHCTeMLI 

H Ha nepBLIX .IJ;HHO,u;ax 6Lino BLI6paHo TaKHM o6pa3oM, 11TOOh;J 

npH OCBe~eHHH CBeTOBLIMH HMnynbCaMH BCeii noBepxHOCTH 

4>oTOKaTO,IJ;a 06ec:ne11HTb MaKCHMYM aMilnHTY.ziHoro pa3pewe

HHjl. CxeMa yKa3aHHoro ,u;enuTeJu npe,u;cTaBneHa Ha puc. 2. 
rpacl>HK 3aBHCHMOCTH aMnnHTY.IJ;LI CHrHaJia H aMnnHTY.IJ;HOro 

pa3peweHHjl 4>oTOYMHO)KHTeng OT MeCTa OCBe~eHHji 4>oTOKa

TO,IJ;a ,u;ng yKaJaHHOro ,u;enHTeng npHBO,IJ;HTCjl Ha puc. 3. 
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,Um1 BLUICHeHHH BnHHHHH Ha K03ti>4>Hn;HeHT ycHneHHH, 
I 

nHHeHHOCTL cBeTOBOH xapaKTepHCTHKH H qacTOTHhle xa-
paKTepHCTHKH <1>3Y pacnpe.neneHHH noTeHn;Hanoa Ha nocne.n
HHX .ZJ;HHO,nax 6LmH HCilOilL30BaHhl .nemITenH Tpex THilOB. 
3TH .nenHTenH npe,ncTaaneHLI B 111a6.11. 1. 

Ta6.11u11a 1 

THn .nenHTem1 Rn/KOM/ R12 /KoM/ R13 /KoM/ R14/KoM/ 

,D;enHTenL 1 56 56 56 56 

,D;enHTenL 2 56 62 68 82 

,D;enHTenL 3 56 68 82 150 

3aBHCHMOCTb K03cl>cl>HUHeHTa YCHneHHH <1>3Y OT HailpH -
:>KeHHH .nns .nenHTenefi, npHBe,neHHbIX B 111a6.11. 1, HnnrocTpH

pyeT puc. 4. 3TH ,naHHhle nonyqeHbl c IlOMOID;blO qioccl>H.zi
rannHeBoro caeTo,nHo,na, paG°oTaJOID;ero B pe)KHMe, cooT
BeTCTBYJO~eM npHMepHO 1300 CBeTOBhlM KBaHTaM a HM -
nynhce a o6naCTH cneKTpanbHOH qyaCTBHTenbHOCTH cl>oTo

KaTo,na /150 MKA/AM/. 

Cne,nyeT OTMeTHTb, qTo HaH60nhIUee YCHne1me .nns 
qJOTOYMllO)KHTenH nonyqaeTCH c .nenHTeneM 1, Kor.na Ha 
nocne,nHeM .ZJ;HHO,ne' R 14 . HanpB:)KeHHe COCTaBJIHeT OKOno 

0,7 · OT BenHqHHhl HanpH:>KeHHH Ha npe,nhl.ZJ;YIUHX .ZJ;HHO,nax 
R 13 • Ilocne,nHee CBH3aHo c TeM, qTo Ha aHo,ne <1>3Y He 

npOHCXO.ZJ;HT yMHO)KeHHH 3neKTpOHHOH naBHHhl H, cne.no

BaTenbHO, He Tpe6yeTCH BhlCOKoro JJ:HHO,nnoro IlOTeHn;Hana. 

B TO )Ke apeMH ynenHqeHHe IlOTeHD;Hana Me)KJJ:y aHO.ZJ;OM 
H nocne,nHHM .ZJ;HHO.ZJ;OM . 3a cqeT YMeHhllleHHH HanpH)KeHHH 
Ha OCTanbHbIX .ZJ;HHO,nax npHBO.ZJ;HT' npH HeH3M.eHHOM 06ID;eM 
HanpH)KeHHH, K CHH:>KeHHJO K03cl>cl>HUHeHTa ycHnenmI cl>oToyM-. ' ' , '~, . 

HO:>KHTens. · 
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3. HCCJIE,lfOBAHHE JIHHEJiHOCTH CBETOBOJi 
XAPAKTEPHCTHKH <l>OTOYMHO)I(HTEJI.Jl 

C yaenuqeHBeM qucna cneTOBbIX KBaHTOB B BMnynhce 
4 

JJ.O nenuqun nopHJJ.Ka 10 ycuneHHe <tioTOYMHO:>KBTeng yMeHh· 

rnaeTCH H3 • 3.a npocTpaHCTBeHHOro 3apHJJ.a, KOTOpblii Ha -

KannHBaeTCH y nocne)J.HBX )J.BHO)J.OB. 

,ll;ng onpe)J.eneHBH nBHeiiHOCTB dioTOYMHO:>KBTeng Heo6-

XO)J.BMO BMeTh CTa6BnhHbIH u perynupyeMhIH n IIIBPOKBX 

npe)J.enax no BHTeHCBBHOCTB'BMnynLCHbIH BCTOqHBK CBeTa. 

B Ka1IeCTBe TaKoro BCTOqHBKa B B3MepeHBHX HCilOilL3yeTCH 

(}ioc<tiu.IJ. • r~nnnueBLiii 3neKTpomoMBHecueHTHhlii JJ.BOJJ., pa6o

TaIOll{BH B BMnynLCHOM pe:>KBMe. KonuqecTBO CBeTa, B3ny

qaeMoe cneTOJJ.BOJJ.OM, nponopuuonanLno nanpH:>KeHBIO. O.IJ.· 

HaKO 3Ta 3aBBCBMOCTb He HBJIHeTC.JI JIHHeiiHoii. Kanu6pOBKa 

xapaKTepBCTBK CBeTOJJ.HO)J.a npOB3B0)J.HJiaCb C IlOMOll{blO <tio -

TOYMHO:>KHTeJI.JI, pa6oTaIOll{ero B 3aBe)J.OMO JIHHeiiHOM pe:>KBMe. 

TaK KaK npu <iiHKCBPOBaHHOM CBeTOBOM CBrHane 3aBHCBMOCTb 

aMITJIBTYJJ.bl Ha BbIXO)J.e <1>3Y OT HanpH:>KeHBH HMeeT !lKCno

HeHl{HaJihHYIO <liopMy, TO npu HanpH)KeHHHX IlOJ)H)J.Ka 1000 B 
npocTpaHCTBeHHbIH 3ap.JIJJ. Ha nocne)J.HHX )J.BHO)J.aX He )J.OJl)KeH 

HaKaITJIHBaTLCH. 

3aBHCHMOCTb ano.u.noro TOKa <1>3Y 11 OT aMITJIHTYJJ.LI 

u HMnynLca renepaTopa, 3anycKa101l{ero cneTOJJ.BOJJ., 6blna 

B3Mepena npH V ( ct>3Y) = 1000 B. Be MO)K}{O Bblpa3BTh 

(}iopMynoii: 

I 
1 

(u)=Kct>
3

Y (<I>)• j .<IJ (u), /1/ 

r)J.e <I> ( u) - BHTeHCBBHOCTh CBeTOBOH BCilbIIIIKB )J.HO)J.a, 

K ct>3Y ( <Ii ) - YCHJieHBe <1>3Y, j - IlOCTOHHHaH BeJIHqBHa. 

Bo BTOpOM H3MepeHBH CBeT OT ,l\BO)J.a C IlOMOll{LIO<iiHJihT· 

pa ocna6JIHJICH npBMepHo B )J.eCH~h pa3. B 3TOM cnyqae 

HMeeM: 

I 2 (u)=K4>3y(~).j-t • <l>(u) /2/ 

H3MepeHHH noKa3anH, qTo nenuquua K = const • Cne)J.o· 

ea TeJILHo, npu ·v = 1000 JJ Ko3<1i<tiuuueHT ycuneHHH <1>3Y 
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KB 3a)J.aHHOM )J.Hana30HC H3MeHeHHH aMITJIHTY.ll 3anycKaIOll{HX 

)J.HOJJ. HMITYJILCOB He 3aBHCBT OT nenuqBHbl CBeTOBOH BCilbIIII· 

KB. B 3THX H3MeHeHHHX CTa6BJibHOCTh CBeTOBOH BCilbIIIIKB 

OT JJ.HO)J.a KOHTPOJIHponanach CBeTOBbIMB BCilbIIIIKaMB B 

KpBcTanne NaJ(Tl) anL<tia-qacTHU 241 Am/cM. cTp. 4/. 
C IlOMOll{blO CBeTO)J.BO)J.a, OTKaJIB6poBaHHOro yKa3aH

llbIM BbIIIIe cnoco6oM, 6LIJIB B3MepeHbl CBeTOBble xapaK

TepBCTBKB <1>3Y npu ·v == 1600 B .llJIH JJ.eJIHTeneii, npHBeJJ.eH· 

HbIX B 111a61Z. J. 
3aBBCHMOCTb HHTerpanhHOH HeJIBHeHHOCTH <tioTOYMHO • 

:>KHTeJIH OT BeJIBqBHbl HMilYJILCa aHO)J.HOro T0Ka <1>3Y npe)J.· 

CTaBJieHa Ha puc. 5. H3 puc. 4 B 5 BB)J.H0, qTo ,lleJIBTeJib 3 
o6na)J.aeT HaBMeHhlIIeii BHTerpaJILHOH HeJIBHeiiHOCThlO H KO· 

3<1i<tiuuueHTOM ycBneHHH no cpaBHeHBIO c .llBYMH ,llpyrBMH 

)J.enBTeJIHMH. 
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Puc. 5. 3aeucuMocmb immezpa11b11ou 11e11u11eu11ocmu 0111 a1100-
11ozo 1110Ka '1>3Y 011.11 pa3HblX oe11ume11eii. 
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B nocne,D,YIOIUHX H3MepeHHHX 6hln Bb16paH ,D,eJIHTeJib 

2, 06ecne1rnBaIOIUHH OilTHMaJibHble BeJIH'IHHbl HHTerpaJibHOH 

HeJIHHeHHOCTH H K03qi4)HuHeHT ycnneHHH. Pe3yJibTaThl HC

cne,D,oBaHHH 3TOro ,D,eJIHTeJIH ,D,JIH pa3JIH'IHhIX HanpH)KeHHH 

IlHTaHHH <l>3Y npe,D,CTaBnen Ha puc. 6. PaccMaTpHBaH 3TH 
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Puc. 6. 3aeucuMocm& uHmezpaA&Hoil HeAuHeiiHocmu om auoo
Hozo mo1<a OA.R pa3HblX Hanp.RJKeHuii. 

pe3yJibTaTbI, nerKO 3aMeTHTb, 'ITO npH 3Ha1.{eHHHX aHo,D,

noro CHrHana, He npeBLIIllaIOIUHX 10 MA, B IllHpOKOM ,D,Hana-

30He HanpH)Kt!HHH !JHTaHHJI <l>3Y, HHTerpaJibHaH HeJIHHeii

HOCTb He npeBhllllaeT 0,5'1<,. 
Ha puc. 7 npe,D,CTaBJieHa CBeTOBaH xapaKTepHCTHKa 

<I>3Y ·.D.nH 'V = 1800 B. Konn11ecTBO cBeTa, paaHoe 0,1, 
3KBHBaneHTHO 'IHCJIY qepeHKOBCKHX clioTOHOB, KOTOpoe H3ny-

IO 

qaeT 3JieKTpOH C 3HeprHeii 7 I'3B B 11epeHKOBCKOM raMMa

cneKTpOMeTpe H3 CBHHUOBOrO CTeKJia / 3 / 
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Puc. 7. Ceemoea.R xapa1<mepucmu1<a cP3Y. 

C uem.10 BbIHCHeHHJI 3aBHCHMOCTH aMilJIHTY.D.HOH pa3 -

pelllaromeii cnoco6nocTH <l>3Y oT BeJIH'IHHhl · nHTaromero 

<l>3Y nanpH)KeHHH 6bIJIO HCCJie,D,OBaHO 100 clioTOYMHO)KHTeneii 

496. Hccne,D,OBaHHH noKa3aJIH, 'ITO H3MeHeHHH HanpH)KeHHH 

IlHTaHHH <I>3Y B ,D,Hana30He OT 1200 ,D,O 2000 B He OKa-

3LIBaeT 3aMeTHoro BJIHHHHH na BeJIH'IHHY aMilJIHTY,D,Horo 

pa3pellleHHH <I>3Y. 3TH H3MepeHHH npOH3BO,D,HJIHCb npH oc

BemenHH Been IlOBepxHOCTH clio:roKaTO,D,a CBeTOBhIMH BCilbIIll

KaMH B NaJ ( 1)), B03HHKaIOIUHMH B pe3yJibTaTe 06ny11e11HH 
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KpHcTanna anL<lia-11acTHUaMH 241 Am. Pe3ynLTaTbl licnbl-· 
TaHHH npe.n;cTaBnCHbl Ha puc. 8. 
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Hanp>1JKeHue (KB}·. 

Puc. 8. 3aoucuMocmb aMnAunyouoii pa3pewa101J1eii cnoco6-
11ocmu om 11anpRJ1Ce11u.11 nw:ra11u.R <1>3Y. 

3aBHCIIMOCTh a1-mmny.n.uoro pa3pelllemrn <lioTOYMHO)l(H
Ten» OT eenH'IHHbl KDaHTOBOH 3(pqlCKTHBIIOCTH <lioToKa TO,IJ;a 
nnmocTpnpyeTCH puc. 9. 11.3 pucyuKa n11.n.11O, 'ITO c yee1rn
qeuueM KBaHTOBOH 3(pqlCKTHBHOCTII aMnn1ny.n;uoe pa3pellle -
uue Bo3pacTaeT no JaKouy R - \ -;-, r.n.e c - qyecTBHTenh· 
HOCTb <lioTOKaTO,IJ;a / MKA/AM/. . 

B 3aKn10•1e11ue aBTOphl Bblpa»caIOT 6naro.n;apuocTh 
E. Bnacoey 3a IlOMOll(h B H3MepeHHHX. 
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Puc. 9. 3aBUCUMOCll1b aMnAUll1YOHOU pa3peWUI01J1ei1 cnoco6-
HOCll1U om 11yecmeumeAbHocmu ¢omo1<amooa. 
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