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11aMepHTenbHblii KOMnneKC am1 cneKTpOCKOilli'I0CKHX HCCneaoaaHHii 

smep, yaaneHHbIX OT nonOCbl 6eTa-cTa6HnbHOCTli 

0nHCbIB8IOTCSI npHHUHilbl ycrpoiiCTBa Ii xapaKT0pliCTHKli pl!Jla cneKTpOMeT

poa, npeaHaaHa'IeHHb!X anll H3MepeHHSI y -, {3- Ii e- -H3ny'IeHHii, KOTOpbie 

B03HHKSIOT npH pacnaae KOpOTKQ)KlfBYmHX 1{30TOilOB, nonyqaeMbIX C IlOMOmbIO 

CHHXpOUHKnOTpOHa, Ilnll perHCTpaUHli Hany'IeHHH l{Cnonb3YIOTCSI nonynpOBOJlHHKO

Bhie Ii CUHHTHnnl!UliOHHbl0 )leTeKTOpbl, a 1{3MepeHHe cneKTpOB npOH3BOJlliTCSI KBK 

a OJlHOMepHOM, TaK Ii a MHOrOMepHblX pe)KJIMSX, Paapa6oTaHHSSI CHCTeMa npo

rpaMM Il03BOnl!eT npoBOJlllTb 9KCnpeCCHyIO npeaaap11TenhHyIO o6pa60TKY HHcpop

MSUHH II OilTHMH3SUHIO 9KCnepHM0HTS B pelKHMe aenocpeacTB0HHOii CBSl3H 

9KCilepHM0HTanbHblX ycTaHOBOK C Manoii 3BM. 

Pa6oTa Bb!IlOnHeHa a fla6opaTOpllli S!Jl0pHbIX npo6neM 011.HH. 

Coo6meHHe 06be,llHHeHHoro HHCTHTyTa H,llepHblX HCCJie,llOBaHHii 

~6Ha 1975 

Andert K. et al. 

A Measurement System for Spectroscopic 
Investigations of Nuclei Far from the 
Line 

P6 - 8564 

{3-Stability 

The construction principles and characteristics are 
given for a number of spectrometers intended for measure-
ments of y-, {3-and e--radiation arising at the decay of 

short-lived isotopes produced using the synchrocyclotron. 
Semiconductor and scintillation detectors are used to, . 
detect the radiation. The spectra are measured both in one I 
dimensional and in multidimensional modes. The developed 
system of programs allows the rapid preliminary data pro-• 
cessing and the optimization of the experimental setup 
on-line with a small computer. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research 
Dubna 1975 

1. Beeoenue 

lfayqeHHe eTpyKTYPLI aTOMHoro JI,npa H,neT no ,nByM 
HanpaaneHHJIM: nepaoe - ace 6onee .neTanLHoe Hcene.noaa
HHe xapaKTepHeTHK oeHOBH~X H B036y:>K,neHHLIX eoeTOHHHH 
g_nep B6nH3H nonoeLI 6eTa- eTa6HnLHOCTH; BTOpoe - Beene -
,noBaHHe eaoileT:e s,nep, Haxo.nJillUIXeJI .nanexo oT nonocLI 6e-ra
eTa6HnLHoeTH H B o6naeTH eaepxTH:>KenLix 3IleMeHTOB. 

. Ha yeTaHOBKe .HCHAilil -1 /I/ , · pa6oTaIOIQeH Ha eHHxpo
.QHKilOTpOHe Jla6opaTopHH JI,nepHLIX npo6neM OH.HH e 3Hepru
eil IlpOTOHOB BLIBe,neHHOro IlY'IKa 660 M3B, Be,nyTeH HCCJie
,noBaHHH, IlOCBHIQeHHLie H3y'leHHIO eBoHeTB g_nep, y,naneHHLIX 
OT nono,CL! 6eTa- eTa6HnLHOeTH. ,lJ;ng nony'leHHH H3 o6ny'leH
HLIX MHWeHeH BLieOKOaKTHBH_LIX npenapa TOB KOPOTicO:>KHBYllUIX 
e3oTonoa, 06pa"3y109,tHxes B peax.QHH rny6oxoro pacmenneHHH, 
6LinH pa3pa~oTaHLI ene.QuanLHLie 3KenpeecHLie MeTo,nLI oT,ne
neHHH MHKPOKOilH'leeTBa npo,nyKTOB peaK.QHH OT Ma~poxonu
'leeTBa BeI.QeeTBa MHWeHH, MeTo,nLI pa3,neneHHH XHMH'leCKH 
pa3IlH'lalOIQHXeH npo,nyKTOB peaK.QHH /2/ H MeTO,nLI HX Maee-
cenapa.QHH /3/. · 

B HaeTOHI.QeH pa6oTe onBeLIBaeTeH KOMilneKe annapaTypLI 
,nng npoae,neHHH npe.QH3HOHHLIX H3MepeHHH H3Jiy'leHHH g_nep, 
y,naneHHLIX OT nonoeLI 6eTa- eTa6HilLHOeTH, H ,nnJI ci6pa6oTKH 
3KenepHMeHTanLHLIX ,naHHLIX IlpH IlOMOllUI 3BM. OnHeLiaae
MLIH KOMnneKe eo3,naH Ha OCHOBe .QeHTpa mixonn'eHHH H o6-
pa60TKH . HH<l>opMa.QHH Jla6opaTOPHH JI,nepHLIX npo6neM 
OH.HH'/4/ H HBilHeTeH yeoaepweHeTBOBaiiiILiM aapHaHTOM 
ycTaHOBKH, omieaHHOH a /5/. · •· 

B Ta6n. 1 nepequeneHi.J BH.nLI H octtoBHLie , caoilcTBa 
H3Ily'leHHH, no.naepraIOllUIXCJI cneKTPOMeTpHpoBaHmo, a TaK

:>Ke. H3,¥epseMLie H BLI'IHCnHeMLie BenH'IHHLI. 
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Hccne,nyeMLie pa,nuoaKTHBHLie npenapaTLI HMeroT aKTHB

HOCTL OT 10 .no 100 MUl<pOKIOPU Ii nepuo.n nonypacna.na OT 
1 MUH .no HecxonLKHX oHeii. B 3KcnepuMeHTax H3Mep,moci. 
.no 10 npenapaToB B 'lac. 

CneKTpoMeTpH.11 H3nyqeHHH .11.nep, Haxo.n.11IUHxc.11 .nanexo 
OT no:rioci.I 6eTa.: C'.fa6un1>HocTH, HMeei p.11.n oco6eHHOCTeii. 
K HHM OTHOCJITC.11, 'B 1i'e1>BYJO oqepe,ni., OTHOCHTeni.Ho Manoe 
ceq~rnue 06pa3osaHu.11 · 3THX .11.nep H 6oni.wa.11 :JHepru.11 pacria.na. 
IIocne,nHee npHBO,nHT.K ManLIM :i11aqeHHJIM nepuo.na nonypac-

. . . 

na.na H K BO3MO>KHOCTH 3aceneHHJI BLICOKO3HepreTHqecKHX 
COCTOJIHHH, pacnono>KeHHLIX B. o6naCTH 6oni.woii nnoTHOCTH 
ypOBHeii_. Bcne,nCTBHe 3THX oco6eHHOc:reii Heo6xo,nHMO BLI
nonHeHHe p.11,na Tpe6oBaHHH K KOMnneKC)' annapaTypLI, B TOM 
qecne: 

- µpHMeHeHHe nonynpo:eo,nHHKOBLIX ,neTeKTOPOB, o6na.na
lOlltHX BLICOKOB, 3.W,eKTHBHOCTLIO perHCTpaUHH H. 6onLWHM 
3HaqeHHeM pa3pewaroiueii cnoco6HocTH xax no 3Hepruu, 
TaK H no BpeMeHH; . . . 

· - KOM6HHauu.11 nonynpoBo,nHHKOBLIX H CUHHTHnn.11uHOHHLIX · 
,neTexi'opoB .nn.11 H3MepeHHH coima,neHHii c 6oni.woii 3.W,eKTHB· 

. . ' . 

HOCTLIO; 

- ~LICOKa.11 CTa6HnLHOCTL 3IlCKTPOHHOH annapaTypLI KaK 

BO BpeMeHH, TaK H npH CHilLHO M_eHJIIOIUeiic.11 3arpy3Ke KaHa

noB Bcne.ncTBHe MaLioro nepuo.na nonypacna.na uccne,nyeMbIX 
.11,nep; 

- 11eo6xo,nHMocTL HaxonneHH.116oni.woro xonuqecTBa 3Kc
nepHMeHTanLHLIX .naHHLIX nyTeM uenoro p.11.na H3MepeHHii Ha 

npenapaTax o.nHoro H Toro >Ke H3oTona, H3roTaBnHBaeMLIX 
nocne;tOBa TenLHO BO BpeMeHH; 

- ~O3MO>KHOCTL npoBe,neHH.11 MHOrOMepHLIX H3MepeHHH 

KaK C npe,nBapHTenLHLIM OT60pOM perHCTJ)HpyeMOH HH4'0pMa-
UHH, TaK H 6e3 Hero; . 

- npHMeHeHHe 3BM .nn.11 3KcnpeccHoii npe,nBapuTenLHoii 
o6pa60TKH cneKTpOB BO apeM.11 3KCnepHMCHTa C uenLIO ero 

KOHTpon.11 H onTHMH3aUHH. 

2. H3MepeHue cneKmpoe zaMMa· u.peHmzeHoecKozo 
u3.11y'leHuii 

IIpeUH3HOHHLie H3MepeHHJI aMnnHTy,nHLIX cneKTpOB raM
Ma-. ~ peHTreHOBCKoro H3nyqeHHii JIBil.lllOTC.11 OCHOBHLIM Me-
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T0.IJ.0M .u.n.11 H,IJ.eHTHqlHKaUHH H0BhIX pa,IJ.H0aKTHBHhlX H30T0II0B 

H HCcne.u.oeaHH.11 HX 0CH0BHhlX lla})aMeTp0B. 3TH H3MepeHH.H 

,IJ.alOT TaKlKe B03M0:lKH0CTh .u.n.11 ,IJ.eTanhH0ro H3ylfeHH.H cxeM 

pac11a.u.a y:lKe H3BeCTHLIX H30T0II0B. Hau6onee 110,IJ.X0.IJ..HIUHMH 

11pu6opaMH e HaCT0.Hmee epeM.11 .HBil.HIOTC.11 ClleKTpoMeTphl c 

Ge( Li) - .u.eTeKTopaMH, 06na.u.a10mue xopomeii pa3pe-

rna10meii CIIOC06HOCTLIO H BhlCOKOH 3qiq>eKTHBHOCThlO. ,LJ,n.11 

nepeKphITH.11 ,IJ.Ha11a·30Ha OT M.HrKHX peHTreH0BCKHX nyqeii .D.0 

>KeCTKHX raMMa-KBaHT0B Tpe6yeTC.H uenhIH Ha6op ,IJ.eTeKT0-

p0B. 

,LJ,aHHhie o 11puMeH.11eMhIX B HacTo.11mee epeM.11 Ge( Li) -
,IJ.eTeKT0pax raMMa - H peHTreH0BCK0ro H3nylfeHH.H llpHBe,IJ.eHhl 

e Ta6n. 2. 

PerHtTpauu.11 aMnnHTY.IJ.HhlX cneKTp0B raMMa- H peHTre

H0BCKoro H3nylfeHH.H C .IJ.0CTaT0lfH0 6onhlllOH CTaTHCTHlfe

CKOH T0lfH0CThlO .IJ.0CTHraeTC.11 11yTeM nocne.u.oeaTenLH0ro 

H3MepeHHH OT 5 .IJ.0 50 11pe11apaT0B /B 3aBHCHM0CTH OT 

HHTeHCHBH0CTH 11epexo.u.oe/. ,LJ,nn Ka:lK,IJ.oro H3 3T~x npe11a

paToe M0>KeT H3MepHThCH PH.D. cneKTP0B B 011pe.u.eneHHOH 

epeMeHHOH nocne,IJ.oBaTenLH0CTH. 113MepeHHhle cneKTphI OT-

Ta6nuua 2 

Tim .It€T€KTopa 06t,eM 3aepreTH~ecKoe paape-
meJrue cneKTpoMeTpa 

I. KoaKcHa~bllllH c o.ItHHM 
38,5 CM3 OTKpHTHM ROHUOM 3 K3B IlpH I,33 M3B 

2. KoaKCH8~HllH C .ItEYWI 
Z'l CM3 3 KaB ITpH I,33 M3B OTKPHTHMH l{OffU8MH 

3. KoaitCHam,Hllli c .ItBY.,;sI 
OTKpHTllMlI ROHU8Ml'I 4I CM3 2,5 1taB rrpn I,JJ M3B 

4. KoaKCH8~bHllH C .ItByYR 
47 CM3 2, 8 1rnB rrpH I, 33 MaB OTKPHTHMH KOHUBMl'I 

5. II.naHapHIDi :nJr.n.i2xro Mit. 850 aB np.0: ·I22 ItaB 

6 

.u.enhHhlX 11pe11apaT0B CHalfana,IJ.On:lKHhl xpaHHThCH pa3.u.enhHO; 

cyMMHp0BRHHe ClleKTP0B M0:lKH0 IIP0H3B0.IJ.HTh T0ilhK0 11ocne 

HX 11pe.u.~apHTenhHOH 11poeepKH 3KCllepHMeHTaT0P0M Ha lfHC

T0TY 11pe11apaTa. 

.113 - 3.a Manoro 3HalfeHH.H 11epuo.u.a 11onypacna.u.a H30Tonoe 

3arpy3Ka B ClleKTP0MeTpH_lfeCK0M TpaKTe 6y,IJ.eT CHilhH0 

H3MeH.HThCH B TelfeHHe K0P0TK0r0 epeMeHH. C11eKTPhl ,IJ.0n:lKHhl 

perBCTpHpoBaThC.11 He MeHee lfeM e 4000 KaHanax. 

Kanu6pOBKa c11eKTp0B 110 3HeprHH H HHTeHCHBH0CTH 

llp0B0,IJ.Hnach B 3HepreTHlfeCK0M ,IJ.Halla30He OT 25 .IJ.0 3500 K3B 

C Il0M0mLIO Ha6opa a6conroTH0 Kanu6poBaHHhIX HCT0'IHHKOB, 

co.u.ep:lKamux H30T0llhI 56 Co , llO mAg, 152 E , 182 Ta , 
226 Ra. · 

IIo.u.roHKa qiyHKUHH 3q>q>eKTHBHOCTH E = f( E) 11pono.u.u-

nach Ha 3BM 1i3CM-6 110 qiopMyne 

-A
2 

-A
4

E .· -A 6 E 
E (E) = A 1 E - A 3 e - A 5 e 

co.u.ep>Kameii napaMeTpLI 

q>yHKUHH 3qlqleKTHBHOCTH, 

Topa c o6'beMOM 41 CM 
3, 

He /200 -:- 2000/ K3B. 

A 1 .;- A 6 • IlonyqeHHaH T0'IH0CTL 

HanpHMep .u.nn Ge( Li) -,IJ.eTeK

cocTaenneT /2 .;- 3/0/o B .u.uana30-

' 3. H3Mepe11.ue cneKmpoe Ko11eepcuo1111b1X 3AeKmpo11oe 

.l13MepeHHe CBOHCTB K0HBepcH0HHhIX 3neKTp0H0B HBnHeT
CH ea>KHLIM MeT0,IJ.0M ,IJ.IlH onpe.u.eneHHH MYilhTHilOilhHOCTeH 

)' -nepeX0,D.0B Me)K.IJ.y ypoBHHMH H,IJ.ep, 'ITO 1103B0Il.HeT ycTa

H0BHTh CilHH H lfeTH0CTh ypoBHeiL O11pe.u.eneHHe 3THX KBaH

T0BhIX xapaKTepHCTHK .IJ.IlH K0p0TK0>KHBymux H30T0il0B HaH6o

nee 3q>q>e,KTHBHO npOBO,IJ.HTCH B HacTo.11mee epeMH C Il0M0IUhlO 

KpeMHHeBhIX ,D.eTeKT0p0B. B 3KCllepHMeHTax HCil0Ilh30BanHCh 

Si( Li) - ,IJ.eTeKT0phl c pa6oqeii 11noiua.D.hl0 OT 0,5 .IJ.O 

1,5 CM 2 H TOilIUHHOH lfYBCTBHTenhH0ro cno.11 . OT 1,5 .IJ.O 

3,3 MM/5/ . BhIB0.D. uccne.u.yeMoro pa.u.uoaKTHBHoronpe11apa

Ta H3 KonneKTOPHOH KaMephl Mace- ce11apa Topa llp0H3B0.IJ.HTC.H 

HilH C II0M0mhlO .IJ.BH>KYIUeBC.11 neHThl /7 / , HilH qepe3 c11euu

anhHhlB lllill03. ,LJ,eTeKT0p H 11oneeoii TpaH3HCT0P oxna:lK,D.alOTC.11 

7 



i. 
I 
' 

I 

.z:to TeMnepaTypLI :>KH.z:t.Koro a3oTa. KanH6poe.Ka .z:teTe.KTopa 

no 3HeprHH H 34><lie.KTHBHOCTH BLIIlOJimieTCH C nOMOII.{blO 

-HCTO'lfHH.KOB 152 Eu , 160 Er H · 20 7Bi • 
Onpe,z:teJieHHe .K034><liHu:HeHTOB BHyTpeHHeii .KOHBepCHH npo

H3B0,I:tHTCH nocpe,z:tCTBOM 0,I:tHOBpeMeHHOro H3MepeHHHHe3a

BHCHMLIX aMnJIHTY.z:tHLIX cne.KTPOB raMMa-H3JiyqeHHH. C no

MO(UblO Ge (Li) - .z:t_eTe.KTOpa H .KOHBepcHOHHLIX 3Jie.KTpOHOB 

- _c - noMOlD:bIO Si (Li) - .z:t.eie.KTopa. IIpHBH3.Ka .z:tOCTHraeTcH 

no nepexo,tty C H3BeCTHOH MYJibTHnOJibHOCTblO, HanpHMep 

Ml-n_epexo,z:ty H.z:tpa 139 ce c 3HeprHeii 165,8 K3B /B/ . 
MepTBOe ·BpeM.H: Y'lfHTLIBaeTC.H: C noMOII.{blO reHepaTOpHLIX 

HMnyJibCOB, perHCTpHpyeMbIX O,I:tHOBpeMeHHO a o6oH:X .KaHa

nax. HMeeTC.H: Ta.K:>Ke B03MO:>KHOCTb H3MepeHHH pa3JIH'lfHLIX 

coena,z:teHHH. IlpH o6pa60T.Ke pe3yJILTaTOB Heo6xo.z:tHMO y•fa- . 

TLIBaTb BJIHJIHHe TeJiecnoro yrna .Ha· OTHOWeHHe HHTeHCHB

HOCTeii KOHBepcHOHHLIX JIHHHii K / LMN, · .KOTopoe MO:>KeT 

3aMeTHO HC.Ka:>KaTbC.H: 3a C'lfeT COBna,z:teHHH Me:>K,z:ty K- 3Jie.KT

poHaMH H K-peHTreHOBC.KHMH ny'lfaMH 191. IIpHMeHeHHe 

cneICTpOMeTpa oq~aHH'lfeHO B cnyqae O'lfeHb HHTeHCHBHLIX 

,8-n_epexo.z:toB H3-3a 6onLworo ,8-clioHa, a B .z:tHana3oHe 3Hep

rHii :5 50 K3B Tal()Ke H3-3_a 6onLworo y-clioHa. Ha .z:taHHOM 

cneICTpoMeTpe 6LIJIH H3y'lfeHLI cneICTPLI lC0HBepCHOHHLIX 

3JielCTpOHOB PH.z:ta H30TOnOB /10 /. Ha PHC." 1 H3o6pa:>KeH 

cneKTP 3Jie.KTpOHOB BHyTpeHHeii ICOHBepcHH H30Mepoe 153 Ho 
/ T½ • = 9,3 MUH H . T ½ = 2,0 MUH/. . 

2 2 . 

4. H3Mepe11ue cneKmpoe zaMMa- zaMMa- coenaoeuuii 

,[(n.H: H3y'lfeHH.H: cxeMLI ypOBHeii ·H.z:tpa, 3acenHeMLIX npH 

6eTa-p_acna.z:te, He06XO,I:tHMO. 3HaHHe HMeIOII.{HXC.H: B ICacICa.z:te 

nepexo.z:toB. OHH onpe.z:tenaroTcH c noMoll.{LIO H3MepeHHH aMn

JIHTY.z:tHLIX cneICTPOB raMMa- raMMa- coena~eHHH. · H:i - 3a 

CJIO)KHOCTH raMMa- c_neICTpa, lCOTOpLiii MO:>KeT CO,z:tep:>Ka TL ,I:tO 

100 JIHHHH, H 60JibWOro 3HepreTH'lfeClCOI'O ,I:tHana30Ha - OT 

20 K3B ·.z:to 3 M3B - cne,ttyeT IlPHMeH.H:Tb Ge(Li) -,I:teTeIC

TOPLI 60JibWOro 06'beMa, o6na.z:taIOII.{He BLICO.KOH pa3pewaroll.{eii 

cnoco6HOCTblO. 

Ba:>KHLIM BonpocoM HBJI.H:eTC.H: yMeHbWeHHe CTaTHCTH'lfe

ClCOH norpeWHOCTH B nHICax coena,z:teHHH; 3Ta npo6neMa B03 -

HHICaeT B CB.H:3H C TeM, 'lfTO 3«liclieICTHBHOCTb perHCTpaU:HH 
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Puc. I. CneKmp 3Ae,f111P0H0B e11ympe1111eii Ko11eepcuu Kopo111Ko
J1Cuey111ux u3oMepoe 153Ho /311epze111u'leCKoe pa3pewe11ue 
ti = 2,2 K3B Ha K-AUHUU 121 K3B 

152Eu /. 

cneICTpOB coena.z:te0HHH Ha HeCICOJib.KO nop.H:,I:t.KOB MeHLWe, qeM 

O,I:tHHO'lfHLIX cneICTpOB. KpoMe Toro, .KOpOT.KO:>KHBYII.{He HeiiTpo

HO.z:tecliHU:HTHLie H30TOnLI HBJIHIOTCH o6LI'lfH0 HHTeHCHBHLIMH 

13 1· -H_3Jiy'lfaTeJIHMH, H, 'lfT06LI yMeHbWHTb clioH OT coena.z:teHHH 

aHHHrHJIHU:HOHHLIX .KBaHTOB C 3HeprHeii 511 K3B, ,z:teTe.KTOPLI 

npHXO,I:tHTCH ycTaHaBJIHBaTb no.rt yrnoM 90° .z:tpyr .K .z:tpyry; 

a 3TO Be,z:teT lC ,z:taJibHeiiweMy yMeHbWeHHIO 34><lie1CTHBHOCTH 

perHCTpaU:HH npHMepHO Ha nop.H:,I:tOlC. Hy:>KHO y'lfHTbIBaTb 

TaIC:>Ke, 'lfTO epeMH H3MepeHHH ICOpOT.KO)KHByll.{HX H30TOil0B 

orpaHH'lfeHO. II03TOMY cne,1J,yeT npHMeHHTb BbICO.KOalCTHBHLie 

npenapaTbl H perHCTPHPOBaTb BCIO MaTpHU:Y coena,z:teHHH 

O,I:tHOBpeMeHHO. "lJT06bl yMeHbWHTb 'lfHCJIO cnyqaiiHLIX coena-
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,lleHBH npu BLICOKOH CKOPOCTB C'IeTa, Heo6XOABMO BMeTL 
Manoe pa3pewaromee BpeMH perucTpauuu coana,lleHuii. Ilpe -
,l{eJILHaH CKOPOCTL C'IeTa orpaHB'IBBaeTCH 3arpy30'IHOH cno
co6HOCTLIO cneKTPOMeTpB'IeCKBX TpaKTOB. 

C03,l{aHHLIH cneKTpOMeTp perBcTpBpyeT ABYXMepHLie 
aMilJIBTYAHLie cneKTPLI 4096 x. 4096 KaHaJIOB. O6'LeM Ge(Li) -
,lleTeKTOpOB COCTaBJIHeT 41 CM 3 B 27 CM 3 ; BX 3HepreTB1Ie-· 
cKoe paflpeweHBe yKa3aHo B Ta6n.2. Hcnoni.3oBaHBe 6LicTpo
ro BpeMeHHoro TpaKTa Il03BOJIHeT pa6oTaTL C pa3pewaIOUUIM 
BpeMeHeM 50 HC BO BCeM 3HepreTB'IeCKOM ,l{Bana30He. BCH 
perucTpupyeMaJi BHclJopMaUBH 3an:BcLiaaeTCH Ha MarHBTHYIO 
JieHTY 3BM. O6pa60TKa Be,lleTCH nocne 3KcnepBMeHTa nyTeM 
Bbl6opa y'IaCTKOB a O,llHOM cneKTpe BJIH no MeTOAY cyMMap-
HhIX 3Hepruii /l 1/. . . 

5. Onpeoe.11euue pa3uocmu Mace J10ep 

Hauny'IWHM MeTO,llOM onpe,lleJieHBH pa3HOCTB Mace 6eTa
aKTBBHLIX H,llep HBJIHeTCH B3MepeHBe cneKTPOB 6eTa-qacTBU 
B COBila,lleHBB craMMa-ne.l)eXO,llaMB, pa3pJI)KaIOI.QBMB C0CTOH
HBH AO'lepHero B306apa, cxeMa ypOBHeii KOTOporo ,llOJl)KHa 
6LITL B3y'IeHa B HB3K03HepreTB'IeCKOH o6nacTB. Heueneco
o6pa3HLIM B3- 3a CJIO)KHO~TB Heo6XOABMOH annapaTyphl HB

JIHeTCH OAHOBpeMeHHoe npBMeHeHBe CUBHTBJIJIHQBOHHLIX B 
nonynpoBOAHBK0BbIX •AeTeKT0P0B B pe)KBMe B3aBMHO K0p
peKTBPYIOUlBX C'IeT'IBKOB, KOTOpble BcnpaBJIHIOT BO BpeMH 
B3MepeHBH BCICa)KeHHH 6eTa- cneKTp0B, Bhl3BaHHble anepTyp
HhIMB 3clJ<l>eKTaMB; o6paTHbIM pacceJIHBeM B T.,ll. / 12 , 13/. Ilo3-
TOMY B HaCTOHU(eii pa6oTe npuMeHHJICH Q -MeTp, He o6na,llaIO
muii yKa3aHHbIMB He,llOCTaTKa.MB. IlpB ero Il0CTpoeHBB ·BC
Il0JIL30BaJiaCL CJie,llyIOmaH MeTOABKa: 

- npBMeHeHBe ToncTocnoiiHoro Si ( Li) . - AeTeKTopa, 
Il03BOJIHIOU(ero B3MepJITL 3HeprBB BLlCOK03HepreTB'IeCKHX 
f3 "'Ill.CTBU 6e3 B3aBMHO KOppeKTBPYIOU(BX. C1IeT1IBK0B; 

- B3MepeHBe fJ-y - COBila,lleHBii; 
- BcnpaBJieHBe HCKa)KeHBH f3 -cneKTPOB nocne BX B3Me-

peHBH C Il0MOI.QLIO 3BM. 
,lJ;JIH perHCTpaQBB f3 -qacTBU npHMeHJieTCH Si (Li) 

,lleTeKT0p c TOJII.QBHOH 'IYBCTBBTeJILH0ro CJIOH 15 MM B nno-

10 

maALIO 100 MM 2 • pa6oTaIOI.QBH B aaKyyMHOH CHCTeMe npB 
TeMnepaType )KH,llKOr0 a30Ta, ,lJ;JIH perBcTpaQBB y-KBaHTOB 
a coanaAeHBB c f3 -qacTBUaMH npuMeHHIOTCH Na J ( Tl) -
.l{eTeKTOpLI pa3MepoM / ¢ 4 x 4/ cM3 H / ¢ 8 x 8/ CM 3 c 
3HepreTH'leCKHM pa3peWeHHeM 9<1/o H 10,510 IlpH 3HeprBH 
662 K3B COOTBeTCTBeHHO. Hcn0JIL3yIDTCH 3JieKTPOHHLie cxe
MLI, KOTOpLie He OTJIH'laIOTCH OT npHMeHHeMLIX AJIH H3Mepe
HHH cneKTp0B yy-c.oBna,lleHBH. ffiHpHHa OKHa BO apeMeHHOM 
TpaKTe BLI6BpaeTCH paBHOH 50 HC npB IlOJlyillHPBHe KpBBOH 
coana,lleHBH 15 HC. Ilony'leHHLie {3-cneKTpLI o6pa6aTLIBaIOTCH 
Ha 3BM HP -2.116C c noMOI.QLIO cucTeMLI nporpaMM ":SE
TA" /14/ no MeTOAY rpaclJuKa <l>epMB- Kropu AJIH Toro, 'IT06LI 
onpe,lleJIHTL rpaHH'IHYIO 3HeprHIO {3- cneKTpa. ,D;nH KoppeKQHB 
BCICa)KeHHH rpaclJuJ<a cJ>epMH- KropB B. npe,llilOJIO)KeHHli, 'ITO 
rnaBHLIM BCKa>KaIOI.QHM 3cl>4>eKTOM JIBJIJieTCH o6pa THOe pac
ce,rnue f3 -qacTHU, npBMeHJieTC.JI MeTOA, KOTOpLiii 0CHOBaH Ha 
cpaBHeHHB B3MepHe~rnro cneKTpa co cTaH,llapTHLIM cneKTPOM 
f3 -l{ll.CTBU OAH0KOMilOHeHTHOr0 fJ -nepexo,lla C H3BeCTHOH 
rpaHH'IHoii 3Heprueii / 15/. B Ka>KA0M cnyqae B3Mep.JieMLiii 
cneKTP M( W) /rAe M ( W) - qucno co6LITBii npu 3Hep
ruu W / B · HCTBHHLIH cneKTP N( W) pa311uqa10TC.J1 ·clJaKTopoM 
a( W) • rpaHB'IHa.JI 3HeprH.JI WO HaXOAHTC.JI B3 BLipa)KeHB.JI 

• / N ( w) FCT ( w ' z) k CT ( w) 
W - W = (W '-W) v---------

o OCT NCT(W) F(W,Z) k (W) 

rAe k(W) - clJopMclJaKTOP fi-pacnaAa, F(W,Z) - clJyHKUH.JI 
<l>epMB, a HHAeKc CT yKa3LIBaeT Ha cTaHAaPTHLiii f3 -nepexo,zi 
Ilo,llr0HKa K rpaclJBKY <l>epMH- KropB npoH3BOAHTC.JI B o6nacTll 
3H_epruii, r,l{e BbIIlOJIH.JleTCJ! ycJIOBBe a( W) / aCT (W) = const npH 
k ( W) = con st • Me TOA npHMeHBM KaK npu Wo CT > W o , 
TaK H npu W

O 
CT < W

O 
• B nocneAHeM cnyqae aHaJIH3HpyeT

c.JI ue BeCL cneKTp, a TOJILKO yqacTOK, r,lle w <%CT' Ha 
puc. 2 npuae,lleHLI ABa rpaclJuKa <l>ep1,.rn-K10pu: AJI.JI pacnaAa 
l40Pr ➔ l40Ce /Wo · ~(2366 ± 6) K3Bl 16/;·u pacnaAa 
138 Pr ➔ 138 Cc / w

0 
= ( 3415 ± 10) K3B /

17/;LB KaqecTBe 

cTaH,llapTHoro cneKTpa npuMeH.JIJIC.JI cneKTP 
140 

Pr - AJIH 
KOppeKQBB BCKa>KeHBH rpatiJHKa <l>epMH- KropH pacna,lla 

138
Pr 

(W
O 

CT < W 
O 

) H 138 Pr - AJI.H KoppeKUHH HCKruKeHuii rpaclJBKa 

<l>epMu-Kropu pacnaAa 140 
Pr (W0 CT ::::. Wo ) • 

II 
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Puc. 2. I'pa¢uKu <PepMu· K10pu OAR 6ema- cneKmpoe, 06pa3y10-
111uxc.11 npu pacnaoe u3omonoe 138pr u 140 Pr, c coomeemcm
ey10111eil KoppeK't/Ueil ucKaxeuuil. 

,:.an '":: 
Kana6pOBKa Q ·MeTpa no 3HeprHH. BCTpeqaeT pH,n; Tpy.n;-

HOCTeii, CBH3aHHbIX C BhICOKHM 3Ha'leHHeM rpaHH'IHOH 3Hep

rHH f3 - CIIeKTPOB KOPOTKO)f(11BYII.UIX H30TOnOB H OTCYTCTBHeM 

Kana6pOBO'IHhIX HCTO'IHHKOB KOHBepcHOHHhIX 3neKTpOHOB B 

o6nacTH 3Hepraii 6onhwe 2 M3B. Ilo3TOMY ,n;nH 3Hepraii 

MeHhWe 2 M3B HCnOnh3yeTCH HCTO'IHHK KOHBepCHOHHhIX 

3neKTpOHOB 
20 7 Bi, ,n;nH 3HeprHii BbIWe 2 M3B - f3 ·HCTO'I· 

HHKH 140Pr , 138 Pr , 144 Ce H IO 6 Rh , rpaHH'IHaH 3HeprHH 

KOTOpbIX H3BeCTHa. JlHHeiiHOCTh Q · MeTpa H3MepHnach,TaKHM 

o6pa:ioM,.n;o- 3,5 M3B. Q ·MeTp 6hm npaMeHeH ,n;nH onpe.n;ene

HHH 3Hepraii pacna.n;a KOpOTKO)KHBymax H30TOnOB Tm H 

Yb I 18 , 19 I . 1Iony11eHHh1e 3Ha11eHHH xopowo cornacyIOTCH c 

pac11eTHhlMH ,n;aHHhIMH BancTpa H roee 120 1. 
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6. H3Mepeuue epeMeHU JKU3HU 6036yJKOeHHbtX 
COCTllOJIHUU JIOep 

Ba)KHYIO HHcpopManHIO O npapo.n;e B036~,l\eHHhIX COCTOH· 

HHH /ypoBHeii/ g,n;ep . .n;aIOT cpaKTOPhl YCKOpeHHH HnH 3anpeTa 

raMMa·n.epexo.n;oe. )];nH onpe.n;eneHHH 3THX cpaKTopoe Heo6xo

,n;HMO 3HaHHe BpeMeHH )KH3HH ypoBHeH. 

Pa3pa6oTaHHaH ycTaHOBKa no3BOnHeT onpe.n;enHTh BpeMH 

)KH3HH ypoBHeii g,n;ep B .n;uana30He OT 1 HC .n;o 10 MKC. IIpHH

nan H3MepeHHH OCHOBaH Ha ·ucnonh30BaHHH MeTO,IJ;HKH 3a

.n;ep)KaHHhIX f3 y, yy- , f3 e-- H ye - - coena,l\eHHii. Ho ,n;ng 

KOPOTKO)KHBY~HX H30TOnOB 3Ta MeTO,IJ;HKa HMeeT ,IJ;Be oco6eH-. 

HOCTH. Bo-nepBbIX, H3· 3.a Manora 3cpcpeKTa HCKJUOllaeTCH 

O,IJ;HOKaHanhHLIH pe)KHM H3MepeHHH COBna.n;eHHH. Bo·BTOpLIX, 

cneKTPhl raMMa- H_3ny11eHHH H KOHBCPCHOHHhIX 3JieKTpOHOB 

06bl'IHO BeChMa cnO)KHhl, a cxeMhl pacna.n;a Mano H3ylleHLI. 

l1o3TOMY )KeJiaTenhHO Bbl6HpaTh nepeXO.l\hl, 3acenH10mue 

H pa3pH)KalO~He HCCJie,l\yeMble COCTOHHHH, 'ITO Tpe6yeT npH· 

MeHeHHH ,l\Byx- IIJIH TpexMepHoro aHaJIH3a, T.e. COBMe{QeHHJI 

attanu3a no epeMeHH C aHanH30M no 3HeprHH 0,1\HOH Hnu· 

o6eux 11acTun. 

MO)KHO, HanpaMep, Ha6upaTh 3HepreTH'leCI<He CllCKTPLI 

COBna:u;eHHH ,l\JIH 0,1\HOro H3 napaMeTpOB npH pa3JIH'IHhlX 

HHTepeanax BpeMeijH HJIH BpeMeHHhle cneKTPhl ,l\JIH pa3HLIX 

1<0M6HHanaii o6oux 3HepreTu11ecKHX napaMeTpou. CacTeMa 

AOJDKHa 06ecne11HTh xopowee pa3peweHHe 1<a1< no aMnJIHTYAe 

/ :meprHH/, Tai< H no BpeMeHH, B TOM qacne H ,l\nH HH3KO • 

3HepreTH11ec1<ax nepexo.n;oe. 

B H3MepeHHHX npHMCHHIOTCH ,l\CTeKTOPLI cneAYIOII.UIX TH· 

DOB: 

- . Ge (Li) • .n;_eTeKTOphl, 06na,l\a10D.U1e cnoco6HocThlO 

npoH3BOAHTh lleTKHii 3HepreTu11ec1<Hii Bhl6op nepeXOAOB; 

- 1macTu11ecKHe cnHHTHJIJIHTOPhl, HMC10IIU1e BhICOK_oe epe

MeHHoe pa3peweHHe H B03MO)KHOCTh HMnnaHTanHH HCTO'IHH· 

Ka ,l\nH perHCTpanHH HH3K03HepreTH'leCKHX 3neKTPOHOB KOH;. 
BepCHH / 2 l/ ; . . .. .• . . . 

- . NaJ (Tl) -c.nuHTHnnHTOphl - _B TeX cny11aHx, I<Or,l\a 

He06XO,l\HMa BhICOKaH 3cpcpeKTHBHOCTh perHcTpanHH raMMa

KBaHTOB H MeHee Ba)KHO BhICOKOe 3HepreTH'leCKOe pa3peme

HHe. 
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.UeTeRTOp 

G-e ( L,) 27 CM3 

Ge (Li) v cM3 

Ge {Li) 27 cM3 

Cre (Li) ¢ 20- xIO w 3 

N·aJ{rt) ¢40x40+~Y-36 

NE -101 ¢34.x20~SY-36 

SHepreTH"ieCIUIH 
.I(ll8Il830H 

IOO KaB- I MaB 

30 KaB-00 K3B 

Ta6Jim:ta J 

IIo.nyll!Hplrna lilH,QHHa llpH 
BpeMeHHOro I/10 MSRCH-

IIH1{8 MYMB 

3,6 HC 

I8 HC 

8 HC 

38 HC 

I,325 MaB- I,340 MaB I,9 HC 4 HC 

IO K3H-IOO K3B 8,5 HC 

IOO KaB- I MaB 

IOO KaB- I MaB 

I,8 HC 

0,5 HC 

I9 HC 

3 HC 

I,I HC 

B Ta6n. 3 AaHO BpeMeHHOe pa3peweHHe AnH PHAaAeTeK
TOPOB. Bo Bcex cnytiaJIX HCTO'-IHHKOM HBnHnCH 60 Co ,a CHrHan 

nycKa nocTynan OT AeTeKTopa, cocTOHI.Qero H3 nnacTH'-le
cKo_ro CUHHTHnnHTopa H <l>3Y XP-1021. 

7. 3AeKmpo1ma.H annapamypa 

3neKTpOHHaJI annapaTypa, npHMeHHeMaJI a OUHCaHHhlX 
BhllIIe ycTaHOBKax, HOCHT B 3Ha'-IHTenbHOH CTeneHH yHHBep
canhHhlH xapaKTep. HH)Ke npHBOAJITCJI ee KpaTKHe xapaKTe

pHCTHKH. 

A/ AM n n H T y AH LI ii T pa K T 

AMnnHTYAHhlH TpaKT COCTOHT H3 npeAyCHnHTenH, OCHoB

Horo ycunHTenH H npeo6pa30BaTena aMnnHTYAa-KoA. ~nH 
'Ilony'-leHHH BhICOKOro 3HepreTH'-leCKoro pa3peweHHJI npH 
6onLwoii H 6LICTPOH3MeHHIOll\eiica 3arpy3Ke B aMnnHTYAHOii 
cneKTpOMeTpuqecKoii annapaType ucnonL30BaHhl cneAYIOll\He 

MeTOAhI: 
1. BhlnonHeHHe Me)KAYKacKaAHhIX CBJl3eii no UOCTOJIH

HOMY TOKy. 
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2. BBeAeHHe KOMUeHcaUHH UOJUOC0B HynHMH. 

3. IIP.HMeHeHHe KBa3nrayccOBCKoro cliopMHpoBaHHJI B oc
HOBHOM ycHnHTene. 

4. CTa6HnH3aUHH m,eAeCTana H KPYTH3Hhl npeo6pa30-
BaHHH C IlOMOI.QhlO 3TanOHHhlX HMnynhCOB. 

ManowyM.HI.QHH npeAyCHnHTenL/22/ HMeeT co6.CTBeHHOe 

pa3pemeHne B repMaHHeBOM 3KBHBaneHTe . 0,9 K3B + 
+ 0,04 K3B/nrfi•C I npu rJJ.mp = ruHT = 1 MKc/, onpeAem1e
Moe B OCHOBHOM BXOAHhIM noneBhIM TpaH3HCTOpOM. CTa6Hnh -

HOCTh napaMeTpOB npeAycunuTen.H o6ecne'-IHBaeTCJI BhICOKHM 
K03$$HUHeHTOM ycuneHHJI C pa30MKHYTOH o6paTHOH CBJl3hl0 

/ K - 20000/: MaKCHManLHaH BhlXOAHaH aMnnHTyAa 
+ 10 B. 
- CneKTpOMeTpH'-leCKHH ycHnHTenh/23/ HMeeT perynu

pyeMhlH K03$$HUHeHT ycuneHHJI OT 2 AO 2000; BhlCOKYIO 
TeMnepaTypHylO CTa6HnhHOCTh K034icliHuHeHTa ycuneHHJI /He 
xy)Ke 5, 10 - 3 o/o/ ° C/; cliopMHpoBaHue HMnynLcoe, 3KBH

aaneHTHOe OAHOKpaTHOMY CB -AuclicliepeHuupoaaHHio H 
6-KpaTHOMY RC-HHTerpupoaaHHIO; BOCCTaHOBHTenh Hyneaoii 
nHHHH Ha BhIXOAe. MaK_CHManhHaJI BhlXOAHaJI aMnnHTYAa 
COCTaBnJleT ± 12 B. 

Ilpeo6pa3oBaTenh aMnnuTyAa-Ko·A HMeeT 4096 KaHanoa; 
qacToTa npeo6pa3oBaHHH paaHa 20 MI'11. . 

MaKCHManLHaJI CKOpOCTh C'-leTa B aMnnHTYAHOM cneKT-
poMeTpH'-leCKOM TpaKTe npH perHCTpaQHH OAHOMepHhlX 
cneKTpOB MO)KeT COCTaBnHTh 10 4 UMn/c. Oiia orpaHH'-IH
BaeTCJI apeMeHeM, Heo6xoAHMhlM AnH npeo6pa3oBaHHH aMn
nHTYAhl HMnynLca B KOA H ero perHCTpaQHH .B HaKOUHTenL
HOM ycTpoiiCTBe. IlpH H3MepeHHH ABYXMepHhlX cneKTPOB, 

KOrAa perHCTPHPYIOTCJI TOnhKO coanaAaIOI.QHe co6hITHJI, 

'-IHCno KOTOPhlX Ha ABa IlOPHAKa MeHLIIIe,'-leM IlOCTynaIOI.QHX, 
orpaHH'-leHHJI Ha CKOpOCTh C'-leTa 6yAeT HaKnaAhlBaTh 3a
rpy30'-1HaJ1 cnoco6HOCTh ycHnHTenhHhlX 6nOKOB. TaK, npH 
3arpy3Ke 6onee 4- 10 4 uMn/c yxyAwaeTcH 3HepreTH'-le
cKoe pa3peweHHe, a TaK)f;Ce CTaHOBJITCJI 3aMeTHhIMH Il0TepH 
H3- 3a Hano)KeHHJI HMnynhCOB. 3aBHCHMOCTh HeKOTOphlX na -
paMeTpOB aMnnHTYAHOro cneKTPoMeTpH'-leCKOro TpaKTa OT 
CKOPOCTH C'-leTa npuBeAeHa Ha puc. 3; 
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3.6 
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2.2 

L 
103 

HA/\OXEHl,,1E 

MEPTBOE BPEM5'.I 
nPE06PA30BATE/\5'.I 

3HEPfETW~ECKOE 
PA3PEWEH"1E 

Er= 113 2 K38 ( 
6°Co ) 

2-10 3 5-10 3 10' 2-10' 5-10' 10 5 

CKOPOCTb CYETA ce,(1 

Puc. 3. 3aaUCUMOClllb HeK0III0PblX xapaKmepucmUK aMn.11U111yo
H0Z0 cneKIIIP0MelllpU'leCK0Z0 mpaKllla 0111 CKopocmu C'lema tlf" 
ucnoAbaoaaHuu Ge ( Li) - oemeKmopa c 061>eMoM 41 CM • 
I r - noc1110J1HHaJ1 apeMeHU ¢opMupoaaHuJ1 uMnyAbca a ycu
AumeAe/. 

li/ BpeMeHHOH TpaKT 

B MHOrOMCPHLIX H3MepeHHHX, KpoMe aMDJIHTY.IJ;HOH HH

·qiopMaUHH, KaK npaBHno, Heo6xo,zi;HMO nony11aTL H epeMeHHyro 

HHqJOpMaUHIO • BpeMeHHOH TpaKT COCTOHT H3 npe,zi;ycHnHTenH, 

6LicTporo ycHnHTenH, qiopMHPOBaTenH BpeMeHHOH npHBH3KH 

H ,IJ;HCKPHMHHaTopa ,IJ;nHTenLHOCTH /2 2/. 

16 

f 
M.P 1 

,L(nH nony11eHHH TO'IHOH BpeMeHHOH npHBH3KH npH pa-

6oTe c Ge( Li) - ,zi;eTeKTopaMH B WHPOKOM ,zi;Hana3oHe 

:rneprHii, Ha'IHHaH C E "' 20 K3B' 6LIJIH HCDOnL30BaHLI 
cne.zi;yIO[UHe MeTO,IJ;LI: y 

1. Pa3,zi;eneHHe cHrHana Ha ,zi;ea KaHana: Me.zi;neHHLIH 

3apH.IJ;011YBCTBHTenLHLIH ,zi;nH aMnnHTY.IJ;HLIX H3MepeHHH H 

6LICTPLIH ,zi;nH BpeMeHHLIX H3MepeHHH. 

2. KoMneHcauHH pa36pocoe no aMnnHTy,zi;e.H qiopMe HM

nynLcoe MeTo,zi;oM cne,zi;Hiuero nopora. 

3 • ,L(HCKPHMHHaUHH HMnynLCOB no .IJ;nHTenLHOCTH ,zi;nH 
OT6paCLIBaHHH KOpOTKHX WYMOBLIX HMnynLCOB. 

ManowyMH[UHH npe,zi;ycHnHTenL HMeeT ,zi;ononHHTenLHLIH 

BLIXO,IJ; ,zi;nH BpeMeHHLIX H3MepeHHH co BpeMeHeM HapacTa

HHH 2,5 HC. ManaH .zi;nHTenLHOCTL HMnynLca Ha 3TOM BLIXO,IJ;e 

/oKono 100 HC/ npaKTH'leCKH ycTpaHHeT 3<l>4>eKT Hano)KeHHH 

HMnynLCOB ,zi;pyr Ha ,zi;pyra npH BLICOKOH CKOPOCTH c11eTa. 

DLICTpLI:ii ycHnHTenL HMeeT K03<l><l>HUHeHT ycHneHHH ,IJ;O 

1500 H BpeMH HapacTaHHH 3,5 HC. 
cl>opMHPOBaTenL BpeMeHHOH npHBH3KH BLIDOnHeH Ha HH

TerpanLHLIX cxeMax, 'ITO Il03BOnHno nony11HTL BLICOKYIO 

CTa6HnLHOCTL H HH3KHH ypoBeHL nopora cpa6aTLIBaHHH 

/oKono 10 MB/. 
,L(HCKpHMHHaTop ,zi;nHTenLHOCTH nponycKaeT HMnynLCLI, 

HMeIO[UHe .IJ;nHTenLHOCTL 6onee eenH'IHHLI, onpe,zi;enHeMOH 

BHeWHeii nHHHe:ii· 3a.zi;ep)KKH /nopH,zi;Ka 100 He/. 

B/ AnnapaTypa ,zi;nH HaKonneHHH 

H nepBH'IHOH o6pa60TKH cneKTPOB 

HaKonneHHe O,IJ;HOMCPHLIX cneKTp0B, 3aHHMaIOJUHX ,IJ;O 

4096 KaHanoB, npOH3B0,IJ;HTCH B ycTaHOBKaX AH-4O96, 

KOTopL1e ex~HT B cocTaB ueHTpa HaKonneHHH H o6pa6oTKH 

HHqJOpMaUHH 4/. Ilocne OKOH'laHHH ycTaHOBneHHOH 3KCno-

3HUHH cneKTPLI qepe3 6yqiepHoe HaKODHTenLHOe ycTpOHCTBO 

MoryT 6LITL ainoMaTH'ICCKH nepe,zi;aHLI ,zi;nH xpaHeHHH H o6-
pa6oTKH B 3BM HP-2.116C /24,25~ 3Ta 3BM HMeeT onepa
THBHYIO naMHTL 32K 16-pa3pH.IJ;HLIX cnoe, HaKODHTenH Ha 

,IJ;HCKe H MarHHTHOH neHTe H WHPOKHH Ha6op ycTpOHCTB 

BB0,zi;a-BLIBO,IJ;a HHqJOpMaUHH. Pe3ynLTaTLI o6pa60TKH cneKT- ' 

pOB MOryT 6LITL npe,zi;cTaeneHLI Ha ,IJ;HCnnee, BLIBe,IJ;eHLI Ha 
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rpa$onocTpoaTeJih•HJIH oTneqaTaHbl Ha TeneTaiine. Pa6oTa 
3BM ocyll\eCTBmmach B .IJ.HCKOBoii onepau.aoHHoii cacTeMe. 

,D;m1 HaKonneHHJI ,IJ,Byx- _H TpexMepHbIX cneKTpOB BC· 
noJibJOBaJIHCb ,IJ,Ba MeTo,IJ,a: npe,IJ,BapaTeJihHblH OT6op HH$op_. 
MaU.HH C noMOll\blO u.a$pOBblX ,IJ,HCKpHMHHa TOpOB H JanHCb Bee ii 
nocTynaIOll\eH HH$opMaU.HH Ha MarHHTHYJO neHTY 6eJ cop
THPOBKH no KaHaJiaM. 

MeTO,IJ, npe,IJ,BapaTeJibHOro OT6opa HH$OpMaIJ,HH npHMeHHM 
B Tex cnyqaJIX, KOr,IJ,a nepe,IJ, 3KcnepHMeHTOM HJBeCTHbl 
yqacTKH MHoroMepHoro MaccaBa, co,IJ,ep)Kall\He Haa6onee 
Ba>KHYIO HH$opMaIJ,HIO /HailpHMep, npH HJMepeHHH BpeMeHH 
>KHJHH/. · YcTaHOBKa C :u.a$pOBblMH ,IJ,HCKPHMHHaTopaMH co
,IJ,ep>KHT 16 12-paJpJl,IJ,HblX .,IJ,HCKPHMHHaTopoB, c noMOll\blO 
KOTOpbIX Bhl6HpaIOTCJI perHCTpHpyeMble yqaCTKH cneKTpa. 
CopTHPOBKy no KaHanaM MO)KHO npoHJBO,IJ,HTb HJIH B ycTa
HOBKe AH-4O96 HJIH B 3BM HP-2116C. 

B nepB~M cnyqae / 25 / BblXO,IJ,HOH KO,IJ, OT ycTaHOBKH C 
u.u$pOBblMH ,IJ,HCKpHMHHaTopaMH ,IJ,On>KeH CO,IJ,ep)KaTh He 6onee 
12 paJpJl,D,OB. HanpHMep, npu .IJ.BYXMepHOM aHaJIHJe MO)KHO 
perHCTPHPOBaTb 512-KaHaJibHble cneKTpbl B 8 yqacTKax, 
onpe,D,en.HeMblX BTOPhlM napaMeTpoM. Tor,IJ,a HoMep KaHana 
nepe,IJ,aeTcJI no 9 MJia,IJ,WHM paJp.H,D,aM, a HOMep yqacTKa 
/u.u$poBoro OKHa/ - no TpeM cTapwHM. O6pa6oTKa Jape
rucTpupoaaHHhlX cneKTpoB npoHJBO.IJ.HTCJI B 3BM HP-2116C, 
KaK H npu O,IJ,HOMepHOM ~HaJIHJe. 

B cnyqae COpTHpOBKH cneKTpOB Henocpe,D,CTBeHHO B 
3BM HP- 2_116C /27/ BblXO,IJ,HOH KO,IJ, ycTaHOBKH c u.u$pOBbIMH 
,IJ,HCKPHMHHaTopaMH MO>KeT CO,D,ep>KaTh ,IJ,O 16 paJpJl,IJ,OB. OH, 
noMHMO HOMepa KaHana H HOMepa u.u$poBoro ,IJ,HCKPHMHHa -
Topa /HJIH .IJ.BYX ,IJ,HCKpHMHHaTopoB npu TpexMepHOM aHaJIHJe/, 
MO)KeT BKnIOqaTb TaK>Ke H HoMep KaKoro-nu6o BHewuero 
npHJHaKa. 3TOT KO,IJ, 6e J copTHpOBKH JanHCblBaeTCJI B nocne -
,IJ,oBaTeJibHhle JlqeiiKH JanoMHHaIOll\ero ycTpoiicTBa AH-4O96, 
a npa ero JanonHeHHH aBTOMaTuqecKH nepe,D,aeTCJI B 3BM 
HP-2_116C. _B onepaTHBHoii naMJITH 3BM npoHJBO.IJ.HTCJI cop
THPOBKa npHHJITblX KO,IJ,OB no KaHaJiaM MHoroMepHbIX cneKT
poB, KOTOpble HaKannaBaIOTCJI Ha ,IJ,HCKe. ,lJ;JIJI KOHTPOJIJI Ja 
XO,IJ,OM 3KCnepHMeHTa n106aJ1 qacTb HaKannHBaeMoro MHoro
MepHoro cneKTpa MO>KeT BblBO,IJ,HTbCJI Ha ,IJ,Hcnneii, qTo ocy-
11\eCTBJIJleTCJI 6eJ npepbIBaHHJI perucTpaIJ,HH nocTynaIOll\eH 
HH$opMaIJ,HH. B TaKOM pe)KHMe MO)KHO perHCTpupoBaTb ,IJ,O 
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16 cne1CTpoB, JaHHMaIOll\HX no 4096 KaHanoB Ka){(.IJ.hlii. MaK
CHMaJihHa.H CKOpOCTb .perHCTpaIJ,HH COCTaBJIJleT 2400 C06bl· 
-ruii B ceKYH.IJ.y. · 

Ilpa Janacu aceii nocTynaroll\eii HH$opMauua Ha Mar
HHTHyro neHTy npaxTuqecxu He HMeeTCJI orpaHuqeuaii Ha 
qacno O,IJ,HOBpeMeHHO perHCTp:UpyeMblX cneKTpOB. HanpHMep, 
MO)KeT perHCTPHPOBaTbCJI .IJ.BYXMepm.iii cneKTp, CO,D,ep>Ka-
1.QHH 4096 X 4096 KaHaJIOB. IlpH 3TOM KO,IJ,-C06blTHJI COCTOHT 
H3 ,IJ,Byx MaWHHHbIX CJIOB. )J;JIJI perHCTpaIJ,HH KO,IJ,OB B onepa
THBHOH naMJITH 3BM OTBO,IJ,JITCJI ,IJ,Ba 6ylfiepa no 1700 CJIOB 
Ka>K,IJ,hlii. Ilocne JanonHeHHJI O.IJ.Horo 6ylfiepa K<>.IJ.hl HaquuaroT 
nocTynaTb BO BTopoii, a CO,D,ep>KHMOe nepBoro nepenHCbl· 
BaeTCJI Ha MarHHTHYIO neHTy. B TO )Ke BpeMJI IlPOHJBO,IJ,HTCJI 
HaKonneHae Ha ,IJ,HCKe HHTerpaJibHbIX cneKTpOB COBITa,IJ,eHHH 
no Ka>K,IJ,OMY napaMeTpy. MaKCHMaJibHaJI CKOpOCTb perucT
paIJ,HH B TaKOM pe>KHMe COCT8.BJIJleT 1200 C06b1THH .B ce
KYH,IJ,y. CopTHpOBKa C06b1THH no K8.HanaM H ~T6op yqacTKOB . 
cneKTpa ~CyJ.QeCTBilJleTCJI nocne OKOHqaHHJI 3KCilepuMeHTa 
Ha OCHOBe 3aperHCTpHpoBaHHblX HHTerpaJibHblX cneKTpOB 
coBna,IJ,eHuii. Ilpu O.IJ.HOM npoxoAe MarHHTHoii neHThl OT6u
paeTcJ1_ ,IJ,O 80 yqacTKOB, cneKTphl HJ KOTOpbIX HaKannHBa -
IOTCJI Ha ,IJ,HCKax. 

Ha puc. 4 B Kalie.CT Be npuMepa npHae.u.eHa 6nox~ cxeMa 
3IleKTpOHHOH _annapaTyphl,\IlPHMeHJleMoii ,IJ,IlJI HJMepeHHJI 
BpeMeHH >KHJHH. B0~6y>K,IJ,eHHblX COCTOJIHHH Jl,D,ep MeTO,IJ,OM 
Ja.u.ep>KaHHhlX raMMa-raMMa-coBna.u.eHuii. O,IJ,HH HJ raMMa
KBaHTOB perHCTpHpyeTCJI NaJ ( •n) - CIJ,HHTHilJIJl~HOHHhlM 
C'ieT'iHKOM, a .u.pyroii - Ge (Li) - .u.eTeKTopoM. H~nyni.ci.1 
OT Ka>K.u.oro KBaHTa paJ,IJ,eJIJIIOTCJI COOTBeTCTBeHHO B <P3Y 
H npe,IJ,ycunHTene IIY Ha .u.aa TpaKTa - aMnJIHTY.IJ.Hhlii H ape -
MeHHOH. B aMilJIHTY.IJ.HhlX TpaKTax HMnyJihChl IlOCTynaroT Ha 
cneKTpoMeTpH'iecxue ycun11Tena. CY. Bo apeMeHHhlX TpaKTax 
OHH npoxo,IJ,JIT qepeJ 6hlCTpi.1ii ycHnHTeni. EY, lfiopMHpoaa
Teni. <P H ,IJ,HCKPHMHHaTop ,IJ,JIHTeni.HoCTH ,l(,4. K cooTBeTcT
BYIOIQHM 6noKaM ITO.IJ.KnIO'ieHi.I JIHHHH Ja.u.ep>KKH ·.l13. BpeMJI -
aMnnHTY~Hhlii KOHBepTop TA 3anycxaeTcJ1 HMnyni.coM, no
cTyna101.QHM OT CU.HHTHilJIJIIJ,HOHHOro C'ieTqHKa, H. OCTaHaBJIH• 
BaeTCJI HMnynhCOM, IlOCTymiIOll\HM OT Ge( Li) - ,IJ,eTeICTopa. 
Ha Bhlxo.u.e KOHBepTopa no11anJ1eTcJ1 ynpaBJIJIIOll\HH· curHan, 
ecnu HHTepaan BpeMeHH Me>K,IJ,Y npHXO,IJ,Jlll\HMH HMITYJihCaMH 
He npeBbIWaeT YCTaHOBneHHoro B HeM ,IJ,HanaJoHa. 
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6/\0K-CXE'MA YCTAHOBKVI AJ\tl 1!13MEPE'Hlt1tl 
BPEMEH XVl 3Hlt1 

.---...----.·npenapam 

,KOHmp0Abl 1.--_L--~----~--~--~----_j---~ I 16 pa3p5'8Hble CAOba 
T I AIA 

&b1&oa 8aHHblX 

Puc. 4. EAoK- cxeMa 3AeKmpo1111oii annapamypbl, npuMe11J1eMoii 
OAJI U3MepeHUJl epeMeHU JICU3HU B036yJ1Coe1111blX cocmOJIHUU 
JlOep MemOOOM 3QOepJICQHHblX yy - coenaoe11uii. 
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IlpH HanH'IHH ynpaBn.RIOIQero CHrHana C IlOMOIQLIO aMnnH

TY,D;HO-.Q_HqJPOBLIX npeo6pa30BaTenee: Al( H3Mep.RIOTCJI aMn

nHTY,D;LI HMnynLCOB, npHX0,11;.RIIUIX OT cneKTPOMeTpH'leCKHX 
ycHnHTenee: H BpeMJ1-aMnnHTy,11;Horo KOHBepTopa. QHcppOBLie . 

,11;acKpHMHHaTopLI I..(,lf npoH3BO,D;.RT npe,11;BapuTenLHLIH oi6op 

HHqJOpMaU:HH, Il0CTynaroiilee: C aMilnHTY,D;HO-U:HqlpOBLIX npe

o6pa3oBaTenee:, cB.R3aHHLIX co cn:HHTHnn.RU:HOHHLIM c11eT11H
KOM H BpeM.R·aMnnHTy,D;HLIM icoHBepTopoM.· ,D;n.R Krutc.zioro 

H3 3THX npeo6pa30BaTenee: OTBO,D;HTC.R rpynna H3 8 ,D;HCKpH

MHHaTOpOB. CHrHan, no.RBn.RIOIQHHC.R mi. BLixo,11;e KruK,11;00: 

rpynnLI ,D;HCKPHMHHaTopoB, 03Ha11aeT, 'ITO nocTynu:ew11e: xo.it 

HaXO,D;HTCJI B O,IJ;HOM H3 3apaHee ycTaHOBneHHLIX. y'laCTKOB 
cneKTpa. IlpH · HanH'IHH TaKHX curHanoB c o6eiix rpynn 

,IJ;HCKPHMHHaTOpOB B norH'leCKOM 6noKe JIE 4>opMHpyeTC.R 

16-p~3p.R,D;HOe cnOBO, B KOTOPOM 12 pa3p.R,D;OB OTBO,IJ;HTC.R 

,D;Il.R KO,D;OB, IlOCTyIIaIOIUHX OT aMililHTY,D;HO • U:H<i>POBOrO npe -
o6pa30BaTenJI, CB.R3aHHOro C . Ge( Li) - ,11;en:KTOpOM ,H 4 
pa3p.R,D;a - . ,IJ;Il.R BLI6paHHLIX KOM6HHaU:HH U:HqlpOBLIX ,D;HCKpHMH • 

HaTopoB o6eux rpynn. 3TH KO,D;LI 3ailHCLIBalOTC.R B HaKOnH

TenLHOe ycTpOHCTBO AH, HrparoIQee pOnL 6ycpepa, H 3aTeM. 

11epe3 6nox CB.R3H ECnepe,11;aroTc.R B 3BM HP-2116C. B 3BM 

npoH3BO,IJ;HTC.R copTHpOBKa cneKTpOB no KaHanaM H HX 3ailHCL 

Ha 'AHCKH M,l(. JI106oe: yqacTOK cneKTpa MO:>KeT 6LITL BLIBe,D;eH 
Ha ,D;Hcnnee: ,l(. • , 

CneKTpLI, KOTOpLie H3Mep.RIOTC.R aMilJIHTy,11;110 .;U:HqJPOBLIMH 

rrpeo6pa30BaTen.RMH, CB.R3aHHLIMH C U:HqlpOBLIMH ,D;HCKPHMH

HaTopaMH, MO:>KIIO 11a6nro,11;aTL C IlOMOIQLIO ,D;BYX KOHTponLHLIX 
aHailH3aTopOB AH. 

8. CucmeMa npozpaMM OAR npeoeapumeAbHoii o6pa6omKu 

u11¢opMa11uu 

OnTHManLHLIM BapHaHTOM o6pa6oTKH HHqJOpMaU:HH B Ha· 

CTOHID:ee BpeM.R .RBn.ReTc.R npoBe,D;eHHe ee B ,11;aa 3Tana. 

IlepBLIH 3TaII - IlO,D;rOTOBKa 3KcnepHMeHTa H npe,D;Ba
pHTeriLHa.R o6pa6oTK~; Ha 3TOM :naiie u:enecoo6pa3HO npe -
,IJ;OCTaBHTL 3KcnepHMeHTaTopy B03MO~OCTL . 6LICTpo:ii 
uana,D;KH H3MepHTenLHOH annapaTypLI H KOHTpon.R Bcee:·HH

cpopMan:HH, nony11aeMoe: uenocpe,D;CTBeHHO B npou:ecce 3Kcne-
. . -:. ·-·' 

PHMeHTa, C u:enLIO ero OilTHMH3aU:HH. 
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BTopoii 3Tan - . 0K0H'laTenLHaH o6pa60TKa cneKTp0B, 
K0Topa.SI Il03B0,frneT nony11aTh HaH6onee .T0'IHble 3Ha'leHHH 
ocHoBHhlX BenH'IHH, Heo6xo,nHMhIX ,nn,i: ciiH3H11ecKoii HHTepnpe-
TaUHH pe3ynLTaToB/14/. , 

C noM0IULIO pa3pa6oTaHHoii cHcTeMbl nporpaMM 3IIOC 
,I:(0CTHraeTCH aBT0MaTH3aUHH npe,nBapHTenhHOH o6pa60TKH 
raMMa-cneKTP0B, nony11eHHbIX npH HCil0ilb30BaHHH onH
caHH0ro KOMnneKca annapaTypLI. CHcTeMa co,nep)KHT p,i:,n 
6hlcTpo,neiicTBYIOIUHX nporpaMM, no3BonHIOIUHX onpe,nenHTh 
pa3perna.10my10 cnoco6HocTL ,neTeKTopa; oueHHTh nono)KeHHe, 
3HeprHIO H BbIC0TY IlHK0B, BbIBeCTH 3HepreTH'leCKHe cneKT
pbl Ha rpaclionocTpOHTenL, npoaecTH no,nroHKY H30nHpoaaH
HhIX H CJia6onepeKpbIBaJOlUHXCH IlHK0B C Il0M0IUblO CTaTHC
TH'leCKOH MeTO,I:(HKH/28/. 

lionblllOe BHHMaHHe npH pa3pa6oTKe CHCTeMbl nporpaMM 
6Lmo y,neneHo aonpocaM 06ecne11eHH.H ,nuanora Me)K,ny 3Kcne
PHMeHTaTopoM u 3BM c Il0M0IUhlO ,nucnneH.CHCTeMa 3IIOC 
no cpaBHeHHIO C ,npyrHMH CYIUeCTBYIOIUHMH nporpaMMaMH 
Il03B0n.HeT yaenH'IHTb CK0p0CTb o6pa60TKH cneKTP0B Ha 
nop,i:,noK H He Tpe6yeT 6onhlllOro 06beMa naM.HTH 3BM. 
Il03TOMY ee IIpHMeHeHHe oco6eHHO 34iclieKTHBHO Ha ManbIX 
3BM, HMe10mux o6beM onepaTHBHoii naMHTH 16K. l6-pa3-
p.H,nHLIX cnoa/29/. · 

CxeMa opraHH3aUHH pa6oTLI cHcTeMhl nporpaMM 3IIOC 
npHae,neHa Ha PHC. 5. B C0CTaB CHCTeMbl BX0,I:(.HT cne.u.y10mue 
nporpaMMhl: 

MONIR , ocy1UeCTBn,i:10ma,i: opraHH3aUHIO o6MeHa JJ.aH
HhlMH Me)K)J.y BCeMH BHelllHHMH HaK0ilHTen.HMH H BCeMH ycT
pOHCTBaMH BB0,na-BhlBo,na. IlporpaMMa npe,nHa3Ha'leHa J].n,i: 
K0HKpeTHoro o6opy,noBaHHH ueHTpa HaKonneHHH H o6pa6oTKH 
HHciiopMaUHH. BpeM.SI pa60Tbl - 5 c; 

EPOSl , cocTo,i:ma,i: H3 HecKonLKHX 11acTeii, K0T0phIe 
HMelOT cne,nyIOIUHH nopH)J.0K H Ha3Ha'leHHe: 

a/ HJ].eHTHqJHKaUH.H H onpe.u.eneHHe IIOilO)KeHHH IIHK0B; 
6/ HaX0)K,I:(eHHe cpe,nHeii nonyrnHpHHbl IlHK0B H pa3)J.ene -

HHe cneKTpa Ha HHTepBanhl; 
B/ onpe,neneHHe clioHOBOH KpHBOH H Bbl'IHCneHHe BbIC0-

Tbl IlHK0B; 
r/ aBT0MaTH'leCKaH ycTaH0BKa C00TBeTCTBHH Me)KJJ.y 

Kanu6pOBO'IHbIMH 3HeprHHMH H IlHKaMH B cneKTpe; onpe,ne-
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77 • 
Puc. 6. I'aMMa· cne1<111p u30111ona Hb, o6pa6omaHHblii c no-
MOUlb10 npozpaMMbl EPOSI U BblBeOeHHblU Ha zparjJono
c111pou111eAb. 

neHHe napaMeTpoa :rnepreTH11ecKoii Kanu6poBKH A0 , A 1 ; 
JJ./ BLIJJ,a11a pe3ynLTaTOB. 
EP0S2 , JIBilJIIOll\aJicJI aapuaHTOM nporpaMMLI o6pa-

6oTKH raMMa·c~eKTpOB, KOTOpldii nO3BOilJieT npoBeCTH noJJ,
rOHKY H3OIlHPOBaHHLIX H cna6onepeKpL1BalOII\HXCJI nHKOB, 
HaiiJJ,eHHLIX EPOSI • BpeMJI pa6oTLI - oKono 10 MUH 
JJ,IlJI 2q-3_0 nHKOB B cneKTpe. 

CALIB - npoH3BOJJ.Jill\aJI onpeJJ,eneHHe 3Hepruii nHKOB 
no MeTOJJ.Y HHTepnonJIIUIH Tpen.eii CTeneHH Me)KJJ.y _KanH-
6poBO'IHldMH IlHHHJIMH, a TaIOKe HHTeHCHBHOCTll nHHHH C y11e -
TOM Kanu6pOBKH no 3cW,eKTHBHOCTH JJ,eTeKTOpa. BpeMJI pa-
60TLI - 2,5 MUH. 

ZEICH, ocyll\eCTBnJiroll\aJI BLIBOJJ. cneKTpa c 3Hepre-
TH11ecKoii mKanoii Ha rpa~onocTpOHTenL. BpeMJI pa6oTLI -
1-1.0 MUH. 
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,lJ;nJI noJJ,rOTOBKH cneKTpOM~TpOB K onLITY HMeeTCJI npo
rpaMMa COBAL , · BLinonHHIOll\aH onpeJJ,eneHHe pa3pe
ma10i.qeii cnoco~HOCTH cneKTpoMeTpa C HcnonL3OBaHHeM cae-

TOBOro KapaH·JJ,ama JJ,IlJI pa3MeTI.<H nHKOB. Ha pHCYHKe OHa 
He noKa3ami.. 

Ha puc: 6 npHBeJJ,eHa 11acTL. raMMa-cneKTpa H3OTona 
77 Rb / T½ = 3,9 MUH/. CneKTP o6pa6oTaH no npor"paM-

Me EPOSl H BLIBeJJ,eH Ha rpa~onocTpOHTenL. CTpenKa~rn 
OTMe'leHLI n_HKH, HaiiJJ,eHHlde nporpaMMOH. 3HepreTH'leCKaJI 
mKana, H3o6pa:lKeHHaJI Ha 11epTe:iKe, TaIOKe BLI'IHcneHa npo

rpaMMOii. 
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