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ITpe,llCTaBJieHO OilHCaHHe SKCnepttMeHTaJlbHOH ycTaHOBKH ,llJUI H3MepeHml OilTH
tJeCKHX cneKTpOB aTOMOB Ha nyqKe 3ap5DKeHHbIX tJaCTHU UHKJIOTpOHa. Y CTaHOBKa 
BKJIIOtJaeT ra30BYIO KaMepy ,llJUI c6opa H TpaHCilOpTHpOBKH npO.llYKTOB .H,llepHbIX 
peaKUHH, HOHmauttoHHbIH cneKTpoMeTP Ha ocHoBe HMnymcHoro Nd:YAG-naJepa 
H CHCTeMy sneKTPOHHblX 6noKOB. O6C)')K,llaIOTC.H pe3ynbTaTbl SKCnepttMeHTOB 
no onpe,lleneHHIO napaMeTPOB ycTaHOBKH H OilTHMaJibHbIX ycnOBHH ee pa60Tbl. 
ITapaMeTpbl ycTaHOBKH Il03BOn.HIOT npOBO,llHTb Hccne,llOBaHH.H .H,llep Ha rpaHHUe 
HYKJIOHHOH CTa6HnbHOCTH. 

Pa6orn BbmonneHa B fla6oparnpHH .H.llepHbIX peaKUHH HM.f.H.ct>nepoBa 0115111. 
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ITepeBO,ll aBTOpOB 
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Laser Ionization Spectrometer 
on the Charge Particle Beam of Cyclotron 

The experimental set-up for the measurements of the atomic optical spectra 
on the charge particle beam of cyclotron is described. The set-up includes 
the gaseous chamber for the collection and transportation of reaction products, 
ionization spectrometer on the basis of the pulsing Nd:YAG-laser and the system 
of electronic blocks. The results of the experiments on the determination of the set
up parameters and of the optimal condition for its operation are there. The set-up 
parameters allow one to perform the study of nuclei on the boundary of nucleon 
stability. 

The investigation has been performed at the Flerov Laboratory of Nuclear 
Reaction, JINR. 
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BBE.QEHl'1E 

lllccJ1eAOBaHlll51 CBOii!CTB SIAep no . Mepe npOABlll)l(eHI/ISI K rpaHIIIL(e 

HYKilOHHOiil cTa6111J1bHOCT111 Tpe6y10T see 60J1ee cosepweHHblX 

3KCnep111MeHTaJ1bHblX MeTOAOB. 3Tf:'1 Me_TOAbl AOJl)l(f:lbl n03B0JlSITb npoBOAIIITb 

ycneWHble 1113MepeHIIISI pa3Jllll'lHblX xapaKTeplllCTIIIK SIAep, 111Me10LUIIIX KOpOTKllle 

speMeHa )1(1/13HIII (AO 10-3 
C ) Ill MaJlble ce'leHIIISI. o6pa3oBaHI/ISI (AO 1 MK6). B 

nocJleAHllle rDAbl noJ1y'llllJ1 pa3BIIITl/le OAIIIH 1113 TaKIIIX MeTOAOB, OCHOBaHHbliil lia 

1113MepeHI/IIII onTlll'leCKIIIX cneKTPOB aTOMOB C IIICCJleAyeMblMl/1 SIApaMIII C 

111cnOJ1b30BaHl/leM J1a3epHoii1 TeXHIIIKIII. ll13MepeHI/ISI 1/130TOnlll'leCKIIIX CABlllrOB Ill 

csepxTOHKOiil CTPYKTYPbl onTl/l'leCKIIIX JllllHllliil no3BOJ1SIIOT onpeAeJll/lTb 3apSIA0llble 

PaAIIIYCbl SIAeP Ill SIAePHble MYJlbTlllnOJlbHble MOMeHTbl (cn111H, MarttlllTHbll,1 

AlllnOJlbHbliil, 3JleKTplll'leCKlllii1 KBaApynOJlbHbliil). 3Ha'leHI/ISI 3TIIIX SIAePHblX 

napaMeTpOB AalOT B03MO)l(HOCTb CYAIIITb O npocTpaHCTBeHH0M pacnpeAeJleHI/IIII 

3JleKTplll'leCKOro 3apS1Aa Ill T0Ka B SIAPe 11, TaKI/IM o6pa30M, SIBJlSIIOTCSI-. Ba)l(HblM 

IIICTO'lHIIIK0M IIIHcj)OpMau.111111 0 SIAepHoiil CTPYKTYpe. 

YKa3aHHble Bbl We CBOiilCTBa SIAep Ha rpaH111u.e HYKJlOHH0l/1 CTa6111JlbHOC 1111 

npeAbSIBJlSIIOT A0CTaTO'lHO )l(eCTKl/le Tpe6oBaHI/IH K 6blCTPOAeiilcTBIIIIO 111 

'lYBCTBI/ITeJlbHOCTIII_ MeTOAIIIKl/1 AJlSI I/IX IIICCJleA0BaHl/151. CpeAIII onTlll'l_eCKIIIX MeTOA0B 

3TIIIM Tpe60B3HIIISIM B Ha11160J1bWeiil crnneHl/1 YAOBJleTB0pHeT MeTOA pe30HaHCH0l,1 

na3epHoii1 1110H1113au.111111 [1-4]. lllcnoJ1b30BaH111e M0LUHblX 111MnyJ1bCHblX na3epou 

no3B0J1H8T A0CTlllrHYTb Bep0SITH0CTIII III0Hl/13al(IIIIII aT0M0B, nonaBWIIIX B 30Hy 

J1338pH0ro 1113J1V'l8HIIISI, 6Jllll3KOii1 K 100%. C TaKOl/1 )1(8 BepoHTHOCTblO B03M0)l(Ha Ill 

per111cTpau.111H o6pa3YIOLlllllXCH IIIOH0B. 3TIII onepau.111111 (III0Hl/13al(IIII0° aT0M0B Ill 

per111cTpau.11110 III0HOB) M0)l(HQ npoB0AIIITb' B HenocpeACTB8HH0lil 6Jllll30CTIII or 

MeCTa o6pa30BaHIIIH 1113y'laeMblX SIAep Ill TaKI/IM o6pa30M A06111TbCH BblCOKOl,1 

YVBCTBIIIT8JlbH0CTIII Ill 6blCTPOA8i.1CTBIIIH M8TOAIIIKIII. 

B npeACTaBileHHOi-1 pa6oTe onlllCblBaeTCSI 3Kcnepl/lM8HT3JlbHaH ycTaHOBKa 

C 111cnoJ1b30B3Hlll8M na3epHoro III0Hl/13al_\l/l0HH0ro cneKTpoMeTpa, C03AaHHaSI B 

na6oparnp111111 HA8PHblX peaKl_\1111/1 I/IM.f.H.<DnepOBa O6beAIIIH8HHOro IIIHCTIIITYTa 

51A8PHblX IIICCJ18A0BaHllll/1 AilH 1113V'l8HIIIH 51A8P Ha rpaHIIIL(e HYKJlOHH0i.1 

crn6111J1bHOCTIII, o6pa3ylOLUIIIXCH B peaKL(IIIHX C 3a'pH)l(8HHblMIII 'l3CTIIIL(3MIII Ha 

L(IIIKJl0TP0He. 

onl'1CAHl'1E 3KCnEP"1MEHTAJlbHO~ YCTAHOBKl'1 

)le111crn111e hpeACTaBJleHHOi.1 3Kcnep111MeHTaJ1bH0l/1 ycTaHOBKIII 0CH0BaHO Ha 

c6ope 1113y'laeMblX flPOAYKTOB HA8PHblX peaKi.J.IIICl B 6ycpepHOM ra3e, III0Hl/13al_\llllll 

IIIX Jla3epHblM 111311Y'l8H1118M Ill TpaHcnopTIIIP0BKe o6pa3ylOLUIIIXCH III0H0B K 

A8TeKT0PY C noMOLUblO ra3osoro noTOKa Ill 3J18KTPlll'l8CK0ro n0JlH. 6JlOK-CXeMa 

ycTaH0BKIII np111seneHa Ha p111c. 1. OHa BKJllOYaeT ra30BYIO KaMepy AJlH c6opa Ill 

TpaHcnoprnpoBKIII np0AYKTOB HAepHblX peaKU.111111, Jla3epHbliil I/IOHl/13aU,I/IOHHbliil 

cneKTP0MeTp Ill CIIICTeMy 3J18KTP0HHblX 6JlOKOB. ra3oBaH KaMepa COCTOIIIT 1113 ABYX 

YaCTeCl (MIIIWeHHOCi Ill AeTeKTOPHOlil), I/IMeeT KBapu,eBble OKHa . AJlH BXOAa 

na3epHoro 1113J1Y'l8HIIISI Ill BB0Abl AJlH HanycKa Ill OTKa'lKIII ra3a. ny'lOK ycKopeHHblX 

B Ll,IIIKJl0TPOHe III0HOB 06J1yYaeT MIIIW8Hb, paCn0J10)1(8HHYIO BHYTPIII ra30B0l/1 

H'l8CiKIII. Bbl6111Tble 1113 MIIIW8HIII HApa 0TA3'llll (npOAYKTbl SIA8PHblX peaKU,111111) 

TOPM03HTCH B 6ycpepHOM ra3e, AaBJleHl/18 Kornporo Bb16111paeTCSI TaKIIIM, 'lT06bl I/IX 

npo6er 6b1Jl cpaBHIIIM C pa3MepaM111 KaMepbl. 3TOT npo6er 3aBI/ICIIIT OT MaCC0BblX 
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P1,1c. 1. 3Kcnep1,1MeHTaJlbH851 YCTaH0BKa: 
1 - KBap[.\eaoe 0KH0, 2 - ML-1WeHb, 3 - KOJlJlOA"1e·aa51 nneHKa, 4 - nnA 

'iHCeJl 51Aep M"1WeH"1 1,1 1110Ha, a TalOKe 3Hepn11,1 1,10Ha, no3T0MY AHana30H 

A8BfleH"1H A0CTaTO'iH0 WHP0K (OT AeC51TK0B AO COTeH Topp). 8 Ka'ieCTBe 

6ycpepHoro o6bl'iHO Bb161,1pa10TC51 HHepTHble ra3bl 1,1111,1 830T, 'iT06bl 1,1CKJ1IO'il,1Tb 

x111MH'iecK111e peaKL\111"1 c o6pa3YIOl.l..l"1Mll1C51 arntv1aM111.' 
3aTOpM03"1BWl,1eC51 B ra3e ' .· np0AYKTbl pe8KL\111H H8X0A51TCH 

npe1,1My1.J..1eCTBeHH0 B B111Ae 0AH038P51AHblX 1,10H0B •. noaTOMY He06XOA"1M8. l,1X 

HeHTP8Jl"138L\"151 )lll51 nocneAYIOI.J..leH "10H"138L\"1"1 . pe30HaHCHblM Jl83epHblM 

1,13Jly'ieHHeM. '3cj)cj)eKTll1BHas:i HeHTP8Jl1,138L\"151 i.10H0B M0)KeT 0CYI.J..leCTBJl51TbC51 B 

nnoTHOH nna3Me. TaKa51 nna3Ma 06pa3yeTCH np1,1. npoxo)f(AeH1111,1 111Hrni-ic111aHoro 

ny'iKa 1,10H0B 'iepe3 6ycj)epHblH ra3. KoH[.\eHTP8L\"151 1,10H0B nna3Mbl y6blBaeT co 
apeMeHeM t no 38K0HY [5] . . 

n = no(1 + l3not)"
1

, ( 1) 

rAe 13 - K03cj)cj)1,1[_\J,1eHT peKOM6"1H8L\"1111 1,10H0B. np111 l,1HTeHCll1BH0Crn ny'iKa 1,10H0B B 

HecK0JlbK0 MHKpoaMnep 1,1 nornp51x 111x 3Hepr111111 a ra3e 6onee 1 MsB 

K0HL\eHTP8L\1,151 1,10H0B 1,1 3JleKTp0H0B B nna3Me no> 10
13 

CM.
3

• 8 3T0M cny'iae 

C 38MeTHOH Bepo51TH0CTblO ripOll1CXOA"1T TpeXrnJlbHa51 · peKOM6111H8L\11151 "10H0B 

C Y'i8CTi-ieM A0n0JlHl,1TeJlbH0ro 3JleKTp0H8. np1,1 YK838HHblX BblWe ycn0B"151X 

13 - 10:20-no CM3/c, no3T0MY K0HL\eHTP8L\"151 1,10H0B naAaeT 0'ieHb 6blCTPO 1,1 38 

AOJll,1 Ml,1JlJll,1CeKYHA AOCT111raeT BeJl"1'il,1Hbl n < 10 11 
.CM-

3 
• np1,1 TaKOH H1113KOH 

K0HL\eHTP8L\l,11,1 1,10HOB 0CHOBHYIO P0Jlb H8'i"1H8eT 1,1rpaTb TpexTeJlbH851 

peKOM6"1H8L\"151 C Y'i8CTll1eM aTOMOB ra3a, 3Ha'ieHll1e 13 cy1.J..1eCTBeHHO 

yMeHbW8eTC51 (13 = 10·27-nA CM3/c, rAe nA - nJJOTHOCTb aT0M0B B ra30BOM 

06beMe), 1,1 naAeH1,1e KOHL\eHTP8L\l-1"1 1,10HOB CTaH0B"1TC51 ropa3AO Me)llleHHee. B 

3TOT MOMeHT apeMeHl,1 3H8'i"1TeJlbH851 'i8CTb npOAYKTOB peaKL\111H ~e 

HeHTP8Jl"13088Jl8Cb, a nornp1,1 38 C'ieT peK0M6111H8L\111111 BH0Bb o6pa3yl01.J..1"1XC51 

'1110HOB CTaHOB51TCH M8JlblMl,1. 3TOT "1HTepaan apeMeHl,1 ('iepe3 HeCK0JlbK0 COT 

MHKPOCeKYHA nocne 0KOH'i8H1,151 111MnyJlbCa 6oM68PAll1PYIOI.J..ll,1X 'i8CTll1U 1,1 AO 

CHl,1)KeH"151 nJJOTHOCTl,1 • afoMOB 38 C'ieT A"1cj)cj)y31,11,1) 111 1,1cnOJlb3yeTC51 )lll51 

1,10H1,138L\l,11,1 pe30H8HCHblM Jla3epHblM 1,13Jly'ieHHeM [6]. 
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. O6pa3YIOl.l..l"1eCSl "10Hbl BblHOCHTCH ra30BblM nOTOKOM 'iepe3 OTBepcrne 

Al/18MeTp0M 0,8 MM BO BTOPYIO, AeTeKTOPHYIO, 'i8CTb KaMepbl, rAe C03AaeTCH 

pa3pe)KeH"1e (A8BJleH111e Hl1)Ke .10-2 TOPP) 611aroA8PH OTK8'!Ke M0I.J..IHblM HaCOCOM . 

(npOl13B0A11TeJlbH0CTblO 150 n/c). B 3TOH '!acrn K8Mepbl H8X0AHTCH YCK0PHIOl.l..1851 

C"1CTeMa 1,1 AeTeKT0P '!8CTll1L\, 1,1cnycKaeMblX np111 P8A"108KTl'1BHOM pacnaAe 

11CCJleAyeMblX HAep. YcKOPHIOl.l..1851 C"1CTeMa C0CT0Hm:i 1,13 '!eTblpex K0JlbUeBblX 

8JllOMI/IHl'1eBblX A"1CK0B, Ha K0T0Pble npl/lKJ18Abl88Jl0Cb Hanpm1<eH1-1e. 
PacCTOHHHe Me)f(Ay A1'1CK8M11 1,1 HanpH)KeH11e MOrJll,1 MeHHTbCH, 1,1 l,1X 3Ha'ieHHH. 

nOA611pan1-1cb )lllH A0CTHlKeHHH M8KC"1M8JlbHOH 3cj)cj)eKTl'1BHOCTl,1 c6opa 1,10HOB 

B CO0TBeTCTBl,11,1 C YCJl0Bl'1HMl,1 3Kcnep1-1MeHTa. AllH 1,13MepeH"1H cneKTpOB 

THlKeJlblX 38pH)KeHHblX . 'i8CT"1U (npoTOHOB, a-'iacrnu, 0CK0JlK0B AeJleH"151), 

1,1cnycKaeMblX np1,1 P8Al-108KTl'1BH0M pacnaAe, 1,1cnoJ1b3088JlCH KpeMHHeBblH . 

noaepxi-iocrno-6apbepHblH · AeTeKTOP AHaMeTpoM • 20 MM 1,1 T0Jll.J..IHHolli 

'iYBCTBl1TeJlbH0ro CJl0H 30 MKM. 

8 YCT8HOBKe npeAyCMOTpeHbl ABa MeCTa, rAe np01,1CX0A"1T 

B381,1MOAeHCTBl1e na3epHoro "13Jly'ieH"1H C HeHTP8Jl1,13088BWl'1Ml,1CH np0AYKTaMl,1 

HAepHblX peaKL\11H, K0T0pble H8XOA51TCH B BHAe CB060AHblX aT0M0B. OAHO 1,13 HHX 

pacnoJJo)KeHo BHYTPH ra3oaoro o6beMa (TO'iKa a Ha p111c. 1 ), a Apyroe .- Me)l(Ay 

nepBblM 1,1 BTOPblM ycKOp51io1.J..1111M 3JleKTPOAOM (TO'iKa 6). Ka)f(Aoe 1,13 smx MecT 

111MeeT cao111. npe111My1.J..1eCTBa 1,1 HeA0CTaTKH 1,1, c11eAoaarn11bH0, 0611acTb 

np111MeHeHll1H. B nepBOM cny'iae 60JlbWe scj)cj)eKrnBHOCTb ycTaHOBKl,1 ·. (nOA 

· scj)cj)eKrnBHOCTblO n0Hll1MaeTCH 0THoweH111e 'i1,1CJla 3apen1cTp1,1poaaHHblX 1,10HOB 

11111111 '!8CTll1U P8A"108KTll1BHOro pacnaAa K 'ill1CJly rlPOAYKTOB pe8KL\"1H, Bbl6111TblX.1,13 
Mll1WeH111), HO BblWe ypoBeHb cj)oHa 1,13-38 HenonHOH HeHTP8Jl1,138L\111"1 npOAYKTOB 

peaK[.\l,1H B nna3Me. Bo BT0POM cny'iae 3T0T 1,1CTO'iHl,1K cj)oHa ycTpaH51eTC51 

3an1,1pa101.J..1"1M noTeHL\1118Jl0M y 0TBepCTl,151, HO np1,1 3TOM yaenll1'i1,188IOTCH n0Tep1,1 

npOAYKTOB peaKL\111H np1,1 nepeHoce 1,1x ra30BblM noToKOM K na3epHOMY Jly'iy. 

JlA3EPHbi~ cnEKTPOMETP 

nopor 1,10H"138L\111111 8T0MOB 60JlbWll1HCTBa 3JleMeHT0B BblWe 5 38. [7]. 3m 

3Heprn51 CJl"1WKOM Be111,11<a, 'iT06bl oCyl.J..leCTB"1Tb 1110Hll13a[.\111IO' 8T0M0B eA"1H"1'iHblM 

cj)oTOHOM np1,1 1,1cnonb30BaH1,11,1 coapeMeHHblX 11a3epoa c nepecTpa1,1aaeMOH 

AJl111H0H BOJlHbl (Tpe6yeMa51 )lllH 3TOro )llll,1Ha BOJlHbl A < 250 HM). noaTOMy 

npHMeHHeTCH ABYX· l,1Jll,1 TpexcryneH'iaTa51 1,10Hll138L\111H, npll1HL\111n AeHCTBl,151 

~ ~ ..;: 

-#- F 
P111c .. 2. CxeMa ABYX· 1,1 

TpexcryneH'iaTOH 1,10Hll138L\l,11,1 

KOTOPOH np01,1JlJllOCTPll1P0BaH Ha p1,1c. 2. 

Jla3epHoe "13Jly'!eHHe Ha 'iaCT0T8X 0>1 1,1 0)2 

pe3oHaHcHo ao36YlKAaeT npoMe)l(yT0'iHbJe 

aT0MHble YPOBHl,1, a 1,1311y'ieH1,1e Ha 'i8CT0Te Ol3 

AOBOA111T 3Heprnl0 B036y)f(AeHll1H AO nopora 

1110Hll138L\111"1. np1,1 3T0M 1110Hl,138L\111H MO)l(eT 

npOll13BOA111TbCH Hepe30H8HCH0 'iepe3 

KOHTll1H"1YM ypoaHeH, 1,1111,1 pe30H8HCH0 • 'iepe3 

B036y)f(AeH111e 8BT0ll10Hll138L\l,10HHblX l,1Jll,1 

PHA6eproBCKl,1X COCT051H"1H. B CJly'iae 

pe3oHaHCHblX nepeX0AOB ce'!eH111e 

B036Y)l<AeH"151 COCT8BJl51eT 10·10
- 10·14 

CM2 
• a B 

cnyyae Hepe30H8HCHblX - 10· 15• 10·17 
CM

2 
[8]. 

Ha1,160JlbW"1e ce'!eHll1H 111MelOT MeCT0 np1,1 803· 

6YlKAeH"11,1 Hl,1)1(Hl,1X YPOBHeH (Ha 'i8CTOTe wi). 
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Ami 3Q)Q)eKTI1BHOH I/IOHH3aU,l/ll,1 aTOMOB He06XOJJ.1,1MO HaCblll.leHl/le 

nepexoJJ,oa Ha acex ciyneHSJX ao36Y)K.ll.eHHSJ. Yc11oa1,1e HaCblll.leHIIISJ 03HaYaeT 

aepOS!THOCTb B036Y)K,ll.eHHSl, paBHYIO . .100%, acex aTOMOB B 30He 11a3epHOro 

1/13JIY'feHI/ISl 3a apeMSl, MeHbWee BpeMeHI/I )Kl,13HI/I B036Y)K,ll.aeMoro YPOBHS!. 3TOMY 

YCJI081,1IO COOTBeTCTByeT COOTHOWeH111e 

cr-1-r > 1, (2) 

rJJ,e cr - ce'!eHl/le B036Y)K.ll.eHI/ISl, t - BpeMSJ )Kl/l3HI/I YPOBHS!, I " I/IHTeHCI/IBHOCTb 

JJa3epHOro 1/13JIY'feHI/ISl Ha eJJ,HHIIIU.Y nJJOl.l.laJJ,111 (MOl.l.lHOCTb JJa3epHoro 1/13JIY'feHHSl 

B 1 BT 3KBI/IBaneHTHa I/IHTeHCHBHOCTI/I Q)OTOHOB c J].Jll/lHOH BOJlHbl 500 HM B 

2,5• 10 18 c·' ). 1/13 ycnOBI/ISl (2) MO)KHO onpeJJ,eJll/lTb MHHI/IMaJlbHYIO nnoTHOCTb 

MOl.l.lHOCTl,1 JJa3epHoro 1/131lY'feHI/ISl, Tpe6yeMylO J].JlSl HaCblll.leHHSl nepexoJJ,a. np111 
TlllnH'fHblX' apeMeHax )Kl/l3HI/I. aTOMHblX YPOBHeH 10·5 ~- 10·5 C :HIii BeJIH'fl/lHbl 

COCTaBJlS!IOT: J].JlSl pe30HaHCHOro B036Y)K,ll.eHI/ISl Hl,1)KHl,1X YPOBHeH - 1 BT/CM
2 

' a 

J].JlSl Hepe30HaHCHOro B036Y)K,ll.eHI/ISl YPOBHeH B KOHTI/IHl/lyMe - 108 
BT /cM

2 
. TaKOH 

JJ,l/lana30H MOl.l.lHOCTeH JJ.OCTl/lraeTCSl B I/IMnyJJbCHblX 11a3epax, Ill 3TO onpeJJ,eJlSJeT 

Bbl6op Tl/Ina Jla3epa J].JlSl on111Cb1BaeMOH ycTaHOBKI/I. KpoMe Toro, Hl/l)KHl/le YPOBHI/I 

aTOMOB u.enoro PSJJJ.a 3JleMeHTOB I/IMelOT JJ.OCTaTO'fHO BblCOKYIO 3Heprnio (BblWe 

3 sB); Ill -J].JlSl l,1X B036Y)K,ll.eHI/ISl Tpe6yeTCSl 11a3epHoe 1/131lY'feHHe C KOPOTKOH 

J].Jll,1HOH BOJIHbl p .. < 400 HM). TaKoe· 1/13Jly'feHl/le Ha1116011ee YJJ.06HO nony'faTb np111 

YJJ.BOeHHI/I 1/1111,1 YTPOeHHI/I OCHOBHOH yacTOTbl Jla3epa; '!TO Ha1116011ee 3Q)Q)eKTI/IBHO 

JJ.OCT111raeTCSl np1,1 111cnOJ1b30BaHl,11,1 HMnyJJbCHblX 11a3epoa•60J1bWOH M0l.l.lHOCTI/I. B 

cnyYae · 111Mny11bcHoro 11a3epHoro 1/13JJY'feHI/ISJ yc11oa111e Hacb11.l.leH111S1 nepexoJJ,a 

HMeeT BI/IJ]. 

cr-hU>1, (3) 

rJJ,e ~t - J].Jll/lTeJJbHOCTb I/IMnyJJbCa, I - I/IHTeHCI/IBHOCTb 1/13JIY'feHI/ISl B _ I/IMnyJJbCe. 

BblnOJlHeHHe 3TOro ycllOBI/ISl o6ecne'fl/lBaeT 100% aepOS!THOCTb B036Y)K,ll.eHI/ISl 

aTOMOB 3a BpeMSJ IIIMnynbca. 

lllcnonb3YeMblH J].JlSJ pe3oHaHCHOH Q)OTOI/IOHl/l3au,1,11,,1 JJa3epHblH 

1064 HM 

532 HM 

nn, J:P 

532 
, . HM 
:Jh I ~----~ 

JMH3bl 

355 
HM 

Nd:YAG 

5nm: 
nv1TaHv1>1 
NdYAG 
-I -

~--+---+---;:;~::-::::-:::;-;:-::;::;-:-;;:;;::;::')lt-llVnpaBneHvte ~ I I Cv1Hxpov1MnynbC cKaHvtPOBKO~ 

P111c. 3. CxeMa 11a3epHoro cneKTpoMeTpa 

4 

\ 

, 

\ 

('. 

i 

cneKTp0MeTp BKJIIO'faeT HMnyllbCHblH na3ep Ha OCHOBe IIITTPIIIH-aJllOMl,1Hl,1eBoro 

rpaHarn, 11er111poaaHHoro · HeOJJ.HMOM (Nd:YAG - ·11a3ep) 111 JJ,Ba 11a3epa Ha 

Kpac1,1rn11e (p111c. 3). Nd:YAG - 11a3ep cocrn111T 1,113 3aJJ,aioll.lero reHeparnpa, 

. OJJ.HOnpoxoJJ,OBOro yc1,111111TeJ1Sl 1/1311Y'feHHSl Ill JJ,Byx npeo6pa30BaTeneH 'faCTOTbl BO 

BTOPYIO ( t..= 532 HM) Ill TpeTblO ( t..= 355 HM) rapMOHl,1Kl,1. npeo6pa30BaHl/le BO 

BTOPYIO rapMOHHKY ocyll.leCTBJJSleTCSl Ha KPHCTaJIJle KTP (pa3Mep 9 X 9 l( 11 MM
3
), 

a B TpeTblO - Ha Kp1,1crn1111e DKDP (pa3Mep 10 x 10 x 30 MM3). Ka)KJ].blH Kp111crn1111 

HaXOJJ,HTCSl B CBOeM TepMOCTaTe, KOTOpble CTa61/1Jll/l3HPYIOT. TeMllepaiypy (JJ.1lSl 

nepaoro T = 50°C , J].JlSJ arnporo T = 87°C ) . Pa3JJ,eneHi:.ie rapMOHHK 

np01,1380J].I/ITCSl. C noMOl.l.lblO' no1151p1,,13au,1,10HHOH nnaCTIIIHbl (nn) 1,1 

JJ.HQ)cj)epeHu,1,1a11bHoro 3epKana (A3) •• 3aJJ,alOl.l.l"1H reHeparnp pa6orneT B pe)K1,1Me 

MOJJ,y111,1poBaHHOH JJ,06pOTHOCTIII Ill BblJJ,aeT IIIMnyllbCHOe 1/13JIY'feHl/le C '!aCTOTOH OT 

10 JJ.O 100 ru. np1,1· J].JlHTellbHocm HMnynbca 10·5 c. Xapa1<Tep1,1ci-1,1K1,1 11a3epHoro 

1,1311y'feHl,1Sl (3Heprns'l E Ill MOl.l.lHOCTb W B I/IMnynbce, JJ,1,1aMeTp d Ill pacXOJJ.1,1MOCTb 

11a3epHoro 111/'fa S) Ha acex Tpex rapMOHHKax npeJJ,crnaneHbl B rn6111,1u,e 1. 
BIIIJJ.HO, '!TO nnornocTb MOl.l.lHOCTI/I 1,,1311yYeHHS1 Ha 111060H rapMOHHKe anonHe 

.O:ocrnToLJHa J].JlSJ pe3oHaHcHoro B036Y)K.ll.eHHSJ npaKTIIILJecK111 11io6b1X aTOMHblX 

ypoaHeH. O.0:HaKo J].JlSJ Hepe3oHaHcHoro Bo36Y)K.ll.eHI/ISJ (Hanp1,1Mep, ypoaHeH a 

KOHTl,1H~yMe) Tpe6yeTCSl JJ,06aBOLJHaSl Q)OKyc1,1poaKa 11a3epHoro 1,13Jly'leHHSl J].JlSl 

nOBblWeHHSl era nnoTHOCTl,1 MOl.l.lHOCTI/I. 

, .AnSJ.nepecTpOHKI/I AflHHbl BOJlHbl 11a3epHoro 1/13Jly'feHHSl IIICnOJlb31/IOTCSl JJ,Ba 

11a3epa Ha Kpac111TeJ1SJX. OJJ,1,1H 1,13 HI/IX C WHPIIIHOH Ill/IHI/II/I 1/131lY'feHl,1Sl 30 [Tu,,. a 

JJ,py"roH, Y3KOnonocHblH, C W1,1p1,1HOH Jll,1HI/II/I 1, 1 rru.. _C1/)KeH1,1e 11a3epHOH Jl~Hl,11,1 

OCYl.l.leCTBJISleTCSl c noMOl.l.lblO I/IHTepcpepoMeTpa <Da6p1,1 - nepo (lll<Dn), KOTOpblH 

BBOJJ,I/ITCS! B pe30HaT0P Ill BPall.laeTCSl CI/IHXPOHHO C noaopOTOM JJ.1,1Q)paKU,"10HHOH 

pewei-K111: nocJJeJJ,HS!Sl SlBJlSleTCSl JJ,"1Cnepc1,10HHblM 3JleMeHTOM 1,1 CJ1Y)K1,1T J].1151 

HacTpOHKIII Ha Bb16paHi-iyio J].JlHHY · BOJlHbl 1,1311yYeH111SJ. Ocyll.lecTBnSJeMblH 

aBTOMaTI/ILJeCKI/I noaopoT JJ.IIIQ)paKU,"10HHOH peweTKI/I Ha 3aJJ,aHHblH yron 

no3B0J1SleT CKaHHPOBaTb J].Jll/lHy BOJlHbl 11a3epHoro 1/131lY'feHl,1Sl B JJ,l/lana30He JJ.O 

0,05 · HM (60 rru.) .. A11111Hy BOJJHbl 1,,1311yLJeHHS1 11a3epa Ha Kpac1,1Tene MO)KHO 

"13MeHSJTb B I/IHTepaane. 400. - 850 HM, 111cnoJ1b3YSl pa3Jll/l'lHble Kpac1,1Te111,1, np1,1 

3TOM MOl.l.lHOCTb cocrna.riSJeT 5 .- 20% MOl.l.lHOCTIII 1,1311yYeH111S1, Bbl3b1Bal01.l.lero 

reHepau,1,1io 11a3epa Ha Kpac111Te11e. 

Ta611111u,a 1 
napaMeTpbl J1a3epHoro 1/1311YLJeH"1Sl Ha pa3Jll/l'!HblX rapMOHHKaX 

;..'., 
napaMeTp OCHOBHaSJ BrnpaSJ TpeTbSl 

rapM0HI/IKa rapMOHI/IKa rapMOHI/IKa 

A11111Ha aonHbl 1.., HM 1064 532 355 
3HeprnSJ a HMnynbce E, MA)K 300 120 30 
MOl.l.lHOCTb B IIIMnynbce W, BT 3-107 1.2-107 3-106 

AHaMeTp nyya d, _MM ·a 9 10 
PacXOJJ.1,1MOCTb s, MCTP 7 8 9 

TaKIIIM o6pa30M, JJa3epHblH cneKTpOMeTp no3BOJ1SleT nony'faTb nSJTb 

He3aBHC"1MblX nyLJKOB caeT0Boro 1/131lY'feHIIISJ: TPH 1,13 HHX C Q)I/IKCl/lpOBaHHblMI/I 

J].Jll,1HaMH . BOJlH Ill C napaMeTpaMI/I, np111BeJJ,eHHblMl,1 B Ta611. 1, a JJ,Ba - co 

CKaHHpyeMblMl,1 B yKa3aHHOM JJ,"1ana30He. . 3To n03B0JlSleT ocyll.leCTBJlS!Tb 

3Q)Q)eKTI/IBHYIO I/I0Hl/l3aLJ,1,1IO aTOM0B w1,1p0Koro Kpyra 3JleMeHTOB. Heo6XOJ].l,1Mble 
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AJl5l IIIOHlll3al.ll11,1 ny'iKIII Jla3epH_oro 1113/lY'ieHIIIH C noMOll.lblO CIIICTeMbl 3epKaJ1 Ill 

Jll/lH3 HanpaBJlHIOTCH B on111caHHYIO BblWe ra3OBYIO KaMepy. 

"1CnblTAH"1E YCTAHOBK"1 "1 flA3EPHOro cnEKTPOMETPA 

,[J,1151 onTIIIMlll3al.lllllll pa60Tbl ycTaHOBKIII Ill onpeAeJleHl/151 ee napaMeTpOB 

6b1Jllll npoBeAeHbl 111cnb1TaHI/IH B pa3Jllll'iHblX pe)l(I/IMaX, BKJllO'ialOll.lllle: 

1. TpaHcnoprnpOBKY IIIOHlll3111POBaHHblX npOAYKTOB HAepHblX peaKl..lllliil K 

AeTeKTOPY paAI/IOaKTIIIBHOro 1113/lY'ieHIIIH C noMOll.lblO ra3osoro noTOKa Ill 

3/leKTpl/l'ieCKOro no1151; 

2. ¢,OTOIIIOHlll3al.lllll0 HeiilTpaJlbHblX aTOMOB B napa1111eJ1bHOM ny'iKe C 

per111cTpau111eii1 o6pa3ylOLl..llllXCH IIIOHOB Ill 1113MepeHllleM I/IX BpeMeHIII npoJleTa. 

YKa3aHHble 111cnb1TaHIIIH npoBOAIIIJllllCb KaK co CTa61/1JlbHblMIII 1113OTOnaMIII, TaK 

Ill C paAI/IOaKTIIIBHblMIII HenocpeACTBeHHO Ha nY'iKe l.llllKJlOTPOHa. 

,[J,1151 onpeAeJleHIIIH 3¢,¢,eKTIIIBHOCTIII Ill speMeHIII TpaHcnopTIIIPOBKIII 6b1Jllll 

Bbl6paHbl IIIOHbl· 1113OTOna 212At· B OCHOBHOM Ill B 1113OMepHOM COCTOHHIIIHX' C 

nep111OAaM111 no11ypacnaAa COOTBeTCTBeHHO 314 Ill 119 MC. 3TOT 1113OTOn 6b1Jl 

nony'ieH B peaKl..ll/1111 
209

Bi(
4
He,n)212At Ha ABYXMeTpOBOM 1113OXPOHHOM l.llllKJlOTPOHe 

mlP 0v1}lv1. napaMeTpbI 111cnoJ1b3yeMoro ny'iKa 
4
He: 3Hepr111H - 22 M3B, 

IIIHTeHCIIIBHOCTb - 0, 1 - 0,6 · MKA, A/llllTeJlbHOCTb IIIMnyJlbCa 3 MC, 'iaCTOTa 

IIIMnyJlbCOB - 150 ru. Bbl6111Tble 1113 MIIIWeHIII HAPa OTAa'il/l 212At TOPMO3111Jl111Cb 

B 6ycpepHOM ra3e (re/1111111 111/1111 aproHe), nepeHOCll1Jl111Cb ra3OBblM nOTOKOM 

'iepe3 OTBepCTll1e BO BTOPYIO 'iaCTb KaMepbl Ill np111rnr111BaJ1IIICb K 

KOJ1JlOA111eBoii1 nneHKe, nOKPblTOiil CJlOeM aJllOMIIIHIIIH TOJlll.llllHOiil 40 MKr/cM
2

, 

KOTopaH yKpen115111acb Ha MeAHOM KOJlbl.le Ha pacCTOHHll1111 1 MM OT 

nosepXHOCTIII . KpeMHllleBoro nosepxHOCTH0-6apbel)HOro AeTeKTOpa a-'iaCTl/ll.l, 

v13Mep51Jl111Cb cneKTPbl. a-'iaCTllll..l - np111 pa3Jllll'iHblX YCJlOBIIIHX 3KCnep111-· 

MeHTa (IIIHTeHCIIIBHOCTb ny'iKa 
4
He, AaBJleHl/le 6ycpepHoro ra3a, CKOpOCTb 

ra3OBOro noTOKa, HanpmKeHl/le Ha YCKOPHIOll.lll1X 3/leKTPOAaX). 3TIII 

3Kcnep111MeHTbl 6b1Jllll nOAP06HO on111caHbl B [9]. np111Mep OAHOro 

1113 1113MepeHHblX cneKTPOB a-YaCTllll..l np111BeAeH Ha' PIIIC. 4. 8 cneKTpe 

YeTKO Ha6J110Aa10TC5l /J,Be a-Jlll1Hll1111 C 3Hepr11151MIII 7,68 111 7,84 MaB, 

np111HaAJ1elKall.l111e OCHOBHOMy '111 1113OMepHOMY COCTO5lHlll5lM 212At. v130MepHOe 

N 150 

2l2At 

7.68 MaB _, 

100 

50 
/

·~ mmAI . t 7.84 MaB .·..... . ,.,_: 
)[ ' .. ·.-;,j~~ 

u 1 .. · ·~:~~ . ,. ) .. ,,·. .. \. I 

2900 3000 3100 3200 3300 

KaHaJJbl 

P111c. 4. CneKTp a-'iaCTll11..l 212·212mAt 

6 

OTHOWeHl/le, Bbl'llllCJleHHOe 

B COOTBeTCTBl/1111 C [ 10]. 

OKa3aJlOCb paBHblM 0,46(4). 

Ce'ieHl/151 o6pa30BaH111H 
212

·
212

mAt onpe/J,e/151/llllCb no 

OTHOWeHIIIIO 111X BblXO/J,OB 

K BblXOAY /J,OJlrQ)l(IIIBYll.lero 

1113OTona 
211

At (era 

nep111OA no11ypacnaAa 7,2 'i), 

KOTOPblH nony'iaJlC5l 
O/J,HOBpeMeHHO . B. peaKl..ll/1111 
209

Bi(
4
He,2n) c 1113BeCTHblM 

ce'ieH111eM [11]. OrnoweH111e 

Ce'ieHIIIH o6pa30BaHlll5l 

HAeP 
2I2

At 111 ~
II

At 

np111 3Hepr111111 
4
He 

21,9 M38 . COCTaB/151/1O 

0,052(7). 3TO nplllBOAIIIT,K 

'_Jr 
:· 
,' 
1: 

' 
i 

-1 
I, 

l 

i 
J, 

! 
\ 

- i, 

/1~ 
\U 

). 

r 
' 

aTOMHbll1 nyYOK 

J
~ I . 11 B3Y-6 

0 
, , , . ~ K yc1-1mnemo 
I (±1- I I G)- lL_J----:o" 

~ i ii 
na3epoa ceTKl-1 

P111c. 5. np111Hu111n111a11bHaH cxeMa speMH-

nponeTHoro ceneKTopa 

Ce'ieHIIIIO o6pa3oBaHlll5l 
212

At, 

paBHOMY 2,6(4) M6, 111 
212mAt - 1,2(2) M6. 

npoBeAeHHble 3Kcne-

p111MeHTbl no3BOJl111Jllll 

onpeAeJ1111Tb 

3Ha'ieHlll5l 

onTIIIMaJlbHble 

napaMeTpos 

ycTaHOBKll1, np111 KOTOpblX 

nonyYaeTC5l MaKCIIIMaJlbHa5l 

3¢,¢,eKTIIIBHOCTb c6opa 

npOAYKTOB peaKl..llllH Ha 

AeTeKTOpe. 

npoBeAeHHble 1113Me-

peHIIIH noKa3an111: 

1. MaKCIIIMaJlbHa5l 3¢,¢,eKTIIIBHOCTb c6opa npOAYKTOB peaKl..llllH (111x 3Heprlll5l 

COCTaBJ15lEff 0,4 M38) nony'iaeTC5l np111 I/IX OCTaHOBKe B 6ycpepHOM ra3e B 

ueHTpe MIIIWeHHOiil 'iaCTIII KaMepbl. ,[J,1151 3TOro Tpe6yeTC5l i:\as11efi111e reJll/151 

300 ropp 11111111 aproHa 80 rnpp; 

2. noc11e OCTaHOBKIII B 6ycpepHOM ra3e - 80% 51A8P OTAaYIII HeCiTpa111113yeTC5l B 

06pa3osasweCic51 re11111ellOCi nna3Me 111 - 98% B aproHosoCi; OH111 MoryT 661Tb 

111cnOJJb30BaHbl A/151 nOCJ18AYIOll.leCi IIIOHlll3aLt~III. 3m B8/llll'llllHi:l npaKTl/l'l8CKIII 

He 3aBIIICIIIT OT 111HTeHCll1BHOCTIII ny'iKa 
4
He B Alliana3oHe 0, 1 - 0,6 MKA; 

3. 'iepe3 ornepcrne AlllaMeTpOM 0,8 MM nepeHOCIIITC5l B A8TeKTOPHYIO .YaCTb 

KaMepbl 30% ocrnH0B111Bwi-1xc51 npoAYKTOB peaKl..lllllll np111 cKopocT111 ra3osorn 

noTOKa 10 M/C A/151 re/111151 Ill 15% A/151 aproHa np111 CKOPOCTIII ra3OBOro 

nornKa. 3 M/c; 
4. 3¢,¢,eKTIIIBHOCTb TpaHcnoprnpoBKll1 1110Hcili K AeTeKTOPY 3neKTpocrnrn'ieCKOCi 

CIIICTeMOH COCTaBJ15leT 80% np111 Hanp51)1(8HIIIIII MelKAY 3Jl8KTPOAaMIII BblWe 

180 B. 

TaKI/IM o6pa30M, nOJJHa5l 3¢,¢,eKTIIIBHOCTb c6opa npOAYKTOB peaKl..lllliil Ha 

AeTeKTOpe AOCTl/lraeT 2,5% A/151 remrn np111 AaBneHl/1111 150 TOPP Ill 0,25% AJl5l. 

aproHa np111 AaBneHl/1111 80 rnpp. 
,[J,1151 onpeAeneHl/151 ·napaMeTpoB na3epHoro cneKTpoMeTpa 111cnoJ1b3OBanc5l 

BpeM5lnponeTHblH ceneKTOP (p111c. 5. ). 8 3TOM cny'iae 1113MepeHlll5l npoBOAIIIJllllCb B. 

BaKyyMe (AaBJ18Hlll8 OCTaTO'iHOro ra3a COCTaB/151/1O 10'6 
Topp). 8 Ka'ieCTBe 

o6beKTOB ¢,OTOIIIOHlll3al.lllllll 6b1Jllll . Bb16paHbl aTOMbl 
23

Na ' ny'iOK KOTOPblX 

nony'iaJlC5l np111 111c'napeHIIIIII 3TaJlOHHoro O6pa3ua NaCl 1113 TaHTEIJlOBOrn Tlllr/151. 

nocJleAHIIIH HarpeBaJlC5l C flOMOll.lblO cn111pan111 1113 BOJlb¢,paMa AO Tervmeparypbl 

~800 C • C noMOll.lblO CI/ICTeMbl Allla¢parM ¢,opMIIIPOB~JlC5l n'apan11enbHblH ny'iOK 

HeilnpaJlbHblX aTOMOB HaTPl/151, KOTOPblH no/J, np51MbIM yrnoM nepeceKan 11a3epHoe 

111311yYeH111e. <t>orn1110H1113al.llll5l aToMOB HaTpi;rn ocyll.leCTBJJHJlacb B ABe cryneH111: Ha 

nepiioCi cryneHIII B036y)l(J:laJlC5l ypoBeHb 2P112 1113JlY'i8Hlll8M C. A/llllHOH BOJlHbl 

589,6 HM OT na3epa H_a Kpac111Te11e, Ill Ha BTOpoCi cryneHIII 1113JlYY8HllleM TpernCi 

r·apMOHIIIKIII C AJllllHOH . BOJlHbl 355 HM B036y)l(J:la/1111Cb BlllpryaJlbHble YPOBHIII B 

KOHTIIIHlllyMe Bblll..18 nopora 1110Hlll3al.lllllll (5, 1. 38). 
06pa30B8BWl/lec5l IIIOHbl ycKOp5111111Cb CIIICTe.MOH 1113 Tpex C8TO'iHblX 

3/leKTPOAOB 111 . per111cTp111posaii1,1cb BTOPlll'iHblM 3/leKTPOHHblM YMHOlKll1TeJleM 

(83Y). v1MnynbCbl C 83Y. nocryna/1111 Ha BXOA 6blCTporo YCIIIJllllTe/151. Ill 

nae/le AIIICKPIIIMI/IHaTopa-cpopMi,,poBaTe/151 C 3aA8P)l(KOH OTHOCIIITeJlbHO 

na3epHoro 111Mny11bca, cooTBeTcrny10ll.leCi speMeH111 nponeTa 111OHOB OT Mec-ia 
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N 400 

:350 

'300 

250 

'~ 
150 

100 
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HX o6pa3088HHH AO B3Y, 

nOA8B8flHCb Ha BXOA CYeT'lHKa 

HMnyflbCOB, pa6oTa KOTOporo 

ynpasmrnacb nepCOH8flbHblM KOM

nb~TepoM PC486. ~3MepHfl8Cb 

38BHCHMOCTb CKOPOCTH . CYeTa 

3THX HMnyflbCOB OT AflHHbl BOflHbl 

na3epHoro H3flyYeHHH tta nepsoH 

CTYneHH B036y)l(AeHHH ( B o6naCTH 

AflHHbl BOflHbl 589;6 HM). npHMep 

nonyYeHHoro TaKHM cnoco6oM 

~ 400 450 500 . ~50 •.. 
600 

cneKTpa npeACTaBfleH Ha PHC. 6. 
Pa3naraH 3TOT cneKTp Ha ABe 

'.-:·· 

KaHaJlbl 
KOMnOHeHTbl csepXTOHKOH 

CTPYKTYPbl D1-nHHHH 
23

Na c 

PHC. 6. 3KcnepHMeHT8flbHblH cneKTp H3BeCTHblM paCCTOHHHeM Me)l(Ay 
HOHOB 23Na HHMH B 1,78Tru. [12] H OLJ,eHiilBaH 

H3 yrnOBOfO pa36poca 8TOMHOfO 

nyYK8 AOnnepOBCKOe YWHpeHHe 'l8CTOTbl B 0,3 ffLJ,, MO)KHO onpeAeflHTb 

co6crn.eHHY~ WHPHHY fl83epHOH flHHHH . (YaCTOTHOe pa3peweHHe 

cneKTPOMeTpa), KOTOpoe COCTaBflHeT 1,6 rru.. YXYAWeHHe pa3peweHHH na:iepa 

Ha KP8CHTefle no cpaBHeHH~ C pa Hee AOCrnniYTblM ( 1. 1 rru.) [ 13] MO)KeT 6b1Tb 
CBH38HO . C npHCYTCTBHeM B 3ane Ll,HKflOTpoHa , H

0

H3KO'l8CTOTHblX BH6p.aLJ,HVI. 

Pa3pe"weHHe MO)KeT 6b1Tb ynyYWeHO nYTeM YCHfleHHH BH6pOH30JlHLl,HH 

fl83epHoro cneKTPOMeTpa H ra30BOH KaMepbl. 

. . LIHCflO HMnyflbCOB B nHKe, OTHeCeHHOe K YHCflY HcnapHBWHXCH aTOMOB, 

no3BOmieT nonyYHTb 3H8YeHHe acpcpeKrnBHOCTH ycTaHOBKH AflH pa60Tbl B 

pe)KHMe HCnapeHHH aTOMOB H3 THrnH. OHa OK838fl8Cb paBHOH 5-10-
7 

H BKfl~Yana, 

KPOMe sepOHTHOCTH HOHH38Ll,HH, AOfl~ aTOM0B, AOCTHra~W,HX o6naCTH 

B38HMOAeVJCTBHH C fl83epHblM H3flyYeHHeM, KOTopaH paCC'lHTblBaeTCH , H3 

reoMeTpHH 3KCnepHMeHT8 H COCTaBmieT 10·2 ; H BepOHTHOCTb npOXO)l(AeHHH 

ai-o~oM o6nacrn B3aHMOAeHCTBHH B MOMeHT na3epHoro HMnynbca - 5-10·
4

, 

OTC~Aa MO)KHO onpeAeflHTb sepOHTHOCTb HOHH38Ll,HH, KOTopaH COCT8BHfla - 10·
1

• 

HH3K8H acpcpeKrnBHOCTb ycTaHOBKH . B onHC8HHOM 3KCnepHMeHTe 06bHCHHeTCH 

TeM, ';ffO _HOHH38Ll,HH ocyw,eCTBflHeTCH TOflbKO B MOMeHT npoxo)l(AeHHH na3epHoro 

HMnynbca, B TO BpeMH K8K HcnapeHHe aTO_MOB npoHCXOAHT HenpepblBHO. _KpoMe 

TOro, 3H8'-lHTeflbH8H YaCTb aTOMOB TepHeTCH npiil cpopMHP0BaHHH napanneflbH0ro 

aTOMHOro nyYKa. npH pa6orn Ha nyYKe Ll,HKflOTPOHa, HCnOflb3YH.ra30BY~ KaMepy, 

K0rAa see aTOMbl H8XOAHTCH B 30He B38HM0AeHCTBHH C na3epHblM H3flyYeHHeM, 

H CHHXPOHH3YH HMnyflbCbl fl83epa C nyYKOM 38PH)KeHHblX Yacrnu. •. MO)KHO 

AOCTH'lb_ a¢cpeKTHBHOCTH perHCTJ)8Ll,HH 1 %. . 
Maflble 3HaYeHHH AflHTem;Hocrn HMnynbca fl83epHoro H3flyYeHHH ( 10 HC) H 

CHrHana C B3Y (-20 HC) no3B0flH~T C BblCOKOH TO'lHOCTb~ onpeAeflHTb BpeMH 

nponern HOHOB OT Mecrn HX o6pa30B8HHH AO MOMeHrn perncTpaLJ,HH. OcHOBHblM 

napaMeTpoM, onpeAeflH~W,HM speMeHHOe pa3peweHHe speMHnponeTHblX cneKT

poMeTpos, HBflHeTCH era nponeTHaH 6838, KOTOpaH 06bl'lHO COCTaBflHeT ( ~ 1,5 

MeTpa. B HaweM cnyyae nponernaH 6a3a cc:icrnsHna 10 CM, nocKOflbKY ocHOB

HblMH Tpe60B8HHHMH K ceneKTopy 6blfl0 npe,ciornparnTb 38CBeTKY B3YoT npoxo

AHW,ero fl83epHoro HMnynbca H yMeHbWHTb cpoH OT HOHOB OCT8TOYHOro ra3a. 

npH Bbl6paHHblX B A8HHOM 3KCnepHMeHTe napaMeTpax YCKOPH~W,eH CHCTeMbl 

( L = 10 CM, V = 2300 B) speMH nponern HOH0B HaTpHH COCT8BflHflO 2,2 MKC 
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npH speMeHHOM pa36poce 0, 1 MKC. npH TaKOM BpeMeHHOM pa3peweHHH. 

ycKopmow,eH CHCTeMbl MO)KHO npoBOAHTb pa3AefleHHe H30TOnOB no HX BpeMeHH 

nponern TOflbKO AflH C8MblX nerKHX 3fleMeHTOB (A<20). YBeflHYeHHe nponeTHOH 

6a3bl H YflYlJWeHHe _BpeMeHHoro pa3peweHHH n0380flHT BblAeflHTb H3 CflO)KHOro 

onTHYeCKoro cneKTpa B CflyYae CMeCH H30TOn0B flHHHH, npHH8Afle)l(8W,He 
Bbl6paHHOMY H30Tony. 

3AKJ1I01.fEHl-1E 

nonyYeHHble B pe3yflbTaTe HCnblT8HHH napaMeTpbl YCTaHOBKH 

npeACTaBfleHbl a rn6n. 2. 3cpcpeKrnBHOCTb H 6blCTPOAeHCTBHe ycTaHOBKH 

n0380flH~T npoBOAHTb H3MepeHHH onrnYeCKHX cneKTpOB aTOMOB C HAP8MH Ha 

rpaHHLJ,e HYKflOHHOH CTa6HflbHOCrn, KOTOpble xapaKTepH3Y~TCH KOPOTKHMH 

speMeHaMH )KH3HH (AO 1 MC). H HH3KHMH BblXOA8MH (AO HeCKOflbKHX HAep B 

CeKYHAY), Xorn 'l8CTOTHOe pa3peweHHe na3epHoro cneKTpOMeTpa A8HHOH 

ycTaHOBKH x~e. 'leM B aHaflOrHYHblX ycTpOHCTBax, Hcnonb3y~W,HX na3epbl 

HenpepblBHOro AeHCTBHH, OHO AOCT8TOYHO AflH HCCfleAOB8HHH OTMeYeHHblX 

HAep. 3TH HAP8 HepeAKO OTflHYa~TCH PHAOM oco6eHHOCTeH (He06bl'lHO 60flbW8H 

Ae¢opMaLJ,HH, BblCOKHH yrnoB,0H MOMeHT), H 3TO H8XOAHT OTpa)KeHHe B HX 

Ta6nHu.a 2 

napaMeTpbl 3KcnepHMeHT8flbHOH ycTaHOBKH 

3cpcpeKTHBHOCTb YCTaHOBKH 

BpeMH TpaHcnoprnpoBKH npOAYKTOB peaKLJ,HVI 

1.facTOTHOe pa3peweHHe na3ep1mro cneKTpoMeTpa 

BpeMeHHoe pa3peweHHe speMHnponernoro ceneKTopa 

3HepreTHYeCKOe pa3peweHHe AeTeKTOpa a-'laCTHLI, 

0,01 

2 MC 

1,6 ffll 

100 HC 

50 K3B 

onTHYecKHX cneKTpax. Pa3AeneHHe H30Tonos no HX speMeHaM nponeTa HflH no 

3HeprnH HX P8AH08KTHBHOfO H3flyYeHHH n0380flHeT nonyYaTb OTAeflbHble 

cneKTpb1 AflH Ka)l(Aoro H30Tona 6e3 Hcnonb3oBaHHH Macc-cenapaTopa. 

B 38Kfl~YeHHe 88TOPbl Bblp8)1(8~T 6naroA8PHOCTb I0.1...1,.OraHeCHHY, 

I0.3.neHHOH)KKeBHYY H P.Maxy 38 nocTOHHHblH HHTepec H BHHM8HHe K pa6orn, 

A.n.LlepeBaTeHKO 38 npoBeAeHHe o6nyYeHHH Ha Ll,HKflOTPOHe, C.H.AHApeeBy 38 

noMOW,b B HaflaAKe na3epHoro cneKTpoMeTpa. 

Pa6oTa BblnOflHeHa npH noMep)KKe PoccHHCKOro cpOHA8 
<PYHA8MeHTaflbHblX-l-1CCfleAOB8HHH (rpaHT N 96-02-19166a). 
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