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MeTO.lUl pe30HaHCHOA Jia3epHOA cneKTpDCKOnKK BLICOKOro pa3pemeHKR noJiy'IKJIH 
' ' : ' ' . . . . . -. - . 

B noCJieAHKe ro.!Ul mKpoxoe npKMeHeHKe B KCCJieAOBaHKRX CTpyxTypl>l aTOMHHX RAep. 

YHKKaJibHI>Ie CBOACTBa Jia3epHoro K3Jif'leHKR, . (HCICJII()'IHTeJibHO BLICOKHe 

MOHOXpoMaTH'IHOCTb H HHTeHCHBHOCTb, HanpaBJieHHOCTb, KOrepeHTHOCTb, 

B03MOZHOCTb nJiaBHoro H3MeHeHHR AJIHHLI sciJIHLI) no3BOJIKJIK npOBOAHTb 3TH 

KCcrieAOBaHHR AJIR mHpoK~ro-xpyra RAep: KaK ,CTa6~bHHX, TaK K paAHDaKTKBHHx, 

o6pa3yiOIUHXCR B peaKUKRX C HH3KKMK BLIXOAaMH. IlpeA»eTOM 9THX HCCJieApBaHKA 
. . . . . . 

.RBJIRIOTCR RAepHI>Ie napaweTpl>l, OnHCLIBaiOIUKe pacnpeAeJieHHe 9JieKTpK'IecKOro 3apRAa 

K TOKa B R1pe (~p~AH~A paAKyc, cnHH, MarHKTHLIA AKf!OJib~A W ~JieKTpH'IecKHA 
KBaApynoJibHLIA MOMeHTLI) [1-3]. -. 

0AHH H3 pacnpoCTpaHeHHLIX MeTOAOB Jia3epHOA cneKTpDCKOnKK . OCHOBaH Ha . 

pe30HaHCHOM Bo36yxieHKH ypOBHeA 9JieKTpoHHOA o6oJIO~KH aroMa KJIK HOHa CBeTOBLIM 

H3Jiy'leHHeM Jia3epa H perKCTpauHK CnOHTaHHO KcnymeHHLIX ~TOHOB (MeTOA 

pe30HaHCHOA Jia3epHOA !pJ!yopecueHUHH) [ 4, 5] • B 9TOM MeTOAe H3MepReTCR 

3aBHCKMOCTb BepORTHOCTH B03'6yz.ne1JKR aroMa KJIK HOHa ' OT . qaCTOTLI Jia;epHOro 

H3JiyqeHKR, K TaKHM o6pa30M onpeAeJIRIOTCR pe30HaHCHJ,Ie ~aCTOTLI, KOTOpl>le ?B~3aHJ,I 

C yKa3aHHLIMK Bl>lme RAepHWK napaweTpaMK. HeAOCTaTKOM MeTOAa RBJIReTCR ero 
\ ·-- ~ . . . . ' . ' 

OAHOKaHaJibHOCTb - B Ka:E,Ili>IA MOMeHT BpeMeHH H3MepeHHe npoBOAKtCR npK 

KaKoA-JIH6o OAHOA qacroTe. Il09TOMY Heo6XOAKMO nOAAepXKBaTb :noCTORHHLIMH (KJIH· 
- . , ' . ' - . ' )_ . . . ~ -. .. - ' ; - ·' . -., . 

KOHTpOJIHpoBaTb) HHTe~CKBHOCTK, KaK Jia3epHOro K3Jiyqei_IK.R, TaK 

Kpowe TOrO, npK CKaHKpOBaHKK.'IaCTOTLI B03MOZHLI ee c6oK~ 

K nyqxa aTOMOB. 
,· 

B ·; MeTOAe KOJIJIKHea~HOA Jia3epHOA cneKTpoCKOnKK _[6] 'laCTOTa Jia~epHoro 

K3JIY'I~HKR !pKKCKpyeTCR, a ee:CKaHKpO.SaHHe 3aMeHSieTCR K3MeHeHKeM AOnJie~~CKoro 

CABKra 'laCTOTLI KOHOB npK CKaHHpOBaHKK ycKOpRIOinero HanpSill:eHKR. 3TOT MeTOA _ 

AOCTaTO'IHO CJIOXHLIA, · B HeM CMRr'I~TCR TpefuBaHKR ~. c-i-a6KJibHOC'f~. · .. 'uo 
• •• • ·.' • _:_·--· •• ,. ; .'·,, • ••• < 

OAHOKaHaJibHOCTb OCTaeTCR_. B AaHHOA pa6oTe ,,OnKCLIBaeTCH , wero.A, n03BOJIRIOinHA 

OAHOBpeMeHHO K3MepRTb BeCb cneKTp pe30HaHCHLIX qaCTOT; K .OCHOBaHHaR Ha, HeM 

9KcnepKMeHTaJibH~R . YCTaHOBKa - BpewgnpoJieTHLIA ~ Jla3~p~o-!pJ!y~p~cueH~HA 
'< • • • • -.. • ~ ' 

cnexTpoMeTp onTK'IeCKOro K3JiyqeHHR aTOMOB. 

B. npeAJiaraeMOM MeT().Ile KCnOJib3yeTCR He CKaHKpoBaHKe,. qaCTOTLI, Jia3epHOro 

K3Jiy'leHKR :HJIH ycxopRIOinero HanpSI][eHKR,.a H3MepeHKe ~neKTpa ~KOpoCTeA aTOMOB, 

HCni>IT8,BmHX pe30HaHCHoe B036yz,neHKe, H onpeAe.JieHKe. TaKKM, o6pa~O!I. HX 

AOnJiepoBCKOro CABKra. OTHOCKTeJibHO_!pKKCKpoBaHHOA _'laCTOTLI Jia3ep~ ••. IlOCKOJibKY 

HenocpeACTBeHHoe K3MepeHKe 9HeprKK· aTOMOB . npaKTK'IeCKH HeB03MOZHO H3."-3a HX 

MaJIOA cxopOCTK, xoropag He npe~HmaeT 106 
cM/c, ·TO K3KepReTCR spexg npoJieTa 

KMK 3aAaHHOro pacCTORHHR K TaKKM -oopaiow ·anpeAeJIReTCR HX __ .~l(OpD~b K OTCIOAa 

AOnJiepoBCKKA CABKr 'laCTOTLI. · 3TOT. CABHr onpeAeJIReTCR Bl>lpall:eHHeM:. 
v . . 

'lw=v0 ~7]cos ex, (1) 

n,., ,..,,. ·• .. ··1\ .l,. __ ,~ -~ 
l!"'..,. ..... , .. a:: Ju .. :...tu r._:.'"''~~ )' ... il . n 
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r.ne v · - I!IHKCHpoBrurna.ll qaCToTa Jia3epnoro H3Jiy'leiiH.II; v H c '.:. · cooTBeTCTBeHIIO 
0 . ' ' •. -' . ' 

cxopoCTH aToKa H cBeTa, a- yroJI Mexay nanpaBJieiiH.IIMH ny:xa aroMoB H Jia3epnoro 

Jiyqa. B llOTOKe aTOMOB C mHpoKHM cneKTpOM CKOpoCTeR BCer.na OKU}'TC.II TaKHe, 

)lJI.II KOTOpYX .no6aBJI.IIeMYR K ~~~~KCHpoBaiiiiOR 'laCTOTe Jia3epa )lOnJiepOBCKHA 

C)lBHr npHBe)leT K pe30IIaiiCIIOA 'laCTOTe: . 

vp = v +t.v. (2) 
e3 .. o , 

fi03TOMy.eCJIH_ H3Mep.11Tb cneKTp BpeMeH npoJieTa aTOMOB, HCnYTaBWHX pe3oHaHCHOe 

B036yxaeli:He, TO B HeM OKU}'TC.II llHKH, ~TBeTCTBYIOJnHe pe30HaHCHYM 'laCTOTaM 

(3TH 'laCTOTY npiiiia)lJle:z:aT pa3HYM H30TOnaM•''HJIH pa3HYM KOMllOHeiiTaM. CBepXTOHKOA 

CTPYKTYPY O.llHoro H3orona). · CB.II3b Mexay BpeMeHeM npoJieTa H pe3onaHcnoA 

qaCTOTOA onpe.neJIHeTCR ~YpaxeHHeM: 
' -· . 

v 
·t.t=( pe3. ,.. l)-1 -l-cos a 
. 110 ' c • (3) 

r.ne l ~·npoJieTHOe paCCTOIIIIHe: 

BpeMH npoJieTa onpe.neJI.IIeTCH no BpeMeHHOMY . !iHTepBaJIY · Mei)ly .lll:lYMH 

HMllYJibCaMH. O.llHH H3. HHX · COOTBeTCTByeT MOMeHTY BYJieTa cryCTKa aTOMOB H3 

HcCJie.nyeuoro o6pa3Ua; a .npyroR ·- uoMeHTY npoJieTa qepe3 Jia3epnYA JIY'~· 
KopOTKHA cryCTOK aTOMOB MO~eT 6YTb noJiy'leH 'npH HcnapeHHH BemecTBa no.n 

.neACTBHeM MOmHOrO HMllYJibCHOro Jia3epHoro H3Jiy'leHHH. ·. H3BeCTIIO, 'ITO' npH 

~03)leRCTBHH Ha.nosepXHGCTb' o6pa3Ua Jia3epHYM H3Jiy'leHHeM C nJIOTHOCTb~ MOJnHOCTH 

BYme noporOBOA (107 -108
. BT/cM2 )lJI.II ··pa3JIH'IHYX BemeCTB) .o6pa3yeTC.II 

BYCOKOTeMnepaTypHYR nJI~3MeiiHiiA cryCTOK. H3 HeATpaJibHYX aTOMCJB, HOHOB H 

3JieKTpOHOB [7,8). llpH )loCTaTOt{HO KOpoTKOM HMllYJibCe Jia3epHOro H3JiyqeHHH (s10 

HC) BpeMH o6pa3oBaiiHH 3TOro nJia3MeHiioro crycTKa ·He npeBhimaeT 0,1 MKC, 'ITO 

3Ha'IHTeJibHO MeHbme cpe)lHero BpeMeHH npoJieTa aTOMOB (~100 MKC). 

YCTaHOBKa; HCllOJlb3YIOWaH TaKOA cnoco6 noJiy'leHH.II aTOMHOrO nyqxa, C03)laHa 

HaMH [91 .H ycnemno HcnoJib3yeTc.ll • )lJI.II Hccne.noBaHH.II CTpyitTypY aTOMHYX g.nep 

[10). oJIOK-CXeMa 3KCnepHMeHTaJibHOR YCTaHOBKH, OCHOBaiiiiOA Ha 3TOM MeTO)le, 

npe.ncTaBJieHa Ha pHc.1. 

OCHOBHYe Y3JIY ycTaHOBKH: 

1.HMnyJibCHYA Jia3ep Ha HTTpHR-aJIIOMHHHeBOM rpaP.aTe (YAG) RTHfiq-7, 

paooTaiOJnHA B pe~Me iiO.llYJIHpoBaHHOA .no6poTHOCTH. 9TOT Jia3ep CJIY~.HJI )lJI.II 

noJiy'leHH.II HMnyJibCHOrO nyqxa HCCJie.nyeMYX aTOMOB. Era OCHOBHYe napaMeTpY: 

)lJIHHa BOJIHY H3Jiy'leHH.II 

3He~rHH B HMllYJibCe 

-· 1,06 MKM, 

- .no_5o M,ll:J:, 

)lJIHTeJibHOCTb HMllYJibca - 10 HC, 

'laCTOTa CJie)lOBaHH.II HMllYJibCOB - 12,5+100 ru. 

:.2 ' .. ·" :..-. ~ 
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PHC. 1 •. SJIOK'""CXeMa 3ItcnepHMeHT9.JibHOA yCTaHOBICH: i. - o6pa3eU, 

2 - KOJIJIHMaropY, 3 - HMnyxbCHYA Jia3ep, 4 ..: uenpepi.limi.IR 

Ar-Jia3ep~ 5 - Jia3ep Ha ItpaCHTeJie, · 6 ~. ICOHI!IOKaJibHYe 

HHTep~pOMeTpY, 7 - H311epHTeJib .)lJIHHY BOJIHY, 8 

I!IOKYCHPYIOIIlHe JIHH3Y, 9 - 3epitaJia, 10 - HHTepq,epeiUlHOmmA 

I!IHJibTp, 11 - I!IOTOYMH~eJib, 12 - CHCTeMa CKaHHpoBaHH.II 

'laCTOTY, 13 - . 6JIOKH 3JieiCTpoHHKH, 14 - nepCOHaJibHYR 

KOMllbiOTep 
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2.HenpepuaHHR, nepeCTpaHaaeMHR no qaCTOTe, KOnLueaoR Y3KononocHuR.na3ep 

Ha KpaCHTene (MO~eBb 380D Spectra Physics) C aKTHBHOR'Cra6HnH3aUHeR qacTOTH 

H3nyqeHHH, HaKaqHaaeMHR HenpepHBHHM aproHOBO-HOHHHM Ha3epoM (MO~eHb 2030T 

Spectra Physics). 9Ta CHCTeKa Ha3epoB HCfiOHb30BaHaCb ~g B036y~eHHH 

pe30HaHCHOR ~yopecueHUHH B nyqKe aTOMOB H HKeBa napaKeTpH: 

SP 2030T: MaKCHManbHaH HHTerpanbHaH MomHOCTb - 20 BT; 

BHXO~ag KomHOCTb Ha HHHHH 0,514 KKK - 9 BT, 

SP 3800: BHXO~ag MOmHOCTb H3HyqeHHH - ~0 800 KBT· npH MomHOCTH HaKaqKH 
J 

4 BT Ha HHHHH 0,514 KKK; 

o6naCTb nepeCTpoRKH ~HHH B~HHH - 0,450-0,850 MKK; 

WHpHHa HHHHH· H3nyqeHHH C 6HOKOK aKTHBHOR CTa6HnH3aUHH 

1+3 Mru; 

~Hana3oH cKaHHpoaaHHH qaCTOTH - 0+30 rru. 

3.npH6opu.~g HaCTpoRKH ~HHH BOHHH Ha3epHOrD H3nyqeHHH H ee KOHTpOHH: 

H3MepHTeJib ~HHH BOHHH ( TQqHOC"fb "'1, 5 ffU) Ha OCHOBe CKaHHPYIOUiero 

HHTepiJiepoKeTpa MaRKeHb~'OHa C penepHW CTa6HnH3HpOB8HHHK no qacTOTe He-Ne 

na3epou; 

KOHTpOHbHHe HHTep~epoMeTpU ~6pH-nepo C nOCTO~MH pemeTKH 8 MfU H 150 

Mru·~ng KaKH6pOBKH pa3HOcreR pe30HaHCHHX qaCTOT; 

H3MepHT9Kb IIOmHOCTH HenpepHBIIOrD Ha3epHOrD H3HyqeHHH. 

4.BaxyyuHaH Kauepa ~g nonyqeHHH aTOMHoro nyqxa H B3aHMo~eRcTBHH ero c 

Ha3epHHM H3HyqeHH9M, npe~CTaBHHIOU{aH co6oR UHB~p H3 Hep3aB910U{eR CTaHH 

~HaMeTpOM 40 CM H BHCOTOR 35 CM C CHCT9MOR naTpy6KOB ~g no~coe~HH9HHH 

uacoca, ycTaHOBKH o6pa3UOB · H OnT~eCKHX OKOH ~g BBO~a Ha3epHOrO 

(HenpepHBHOro H HllnyHLCHOrO) H BHBO~a pe30HaHCIIO-pacceHIUIOrO H3nyqeHHH. 

BHyTpH KaMepu HaXO~HnCH BpamaiOlllHRCH C 3a~aHHOR CKOpOCTbiO ~HCK, Ha KOTOpOM 

yxpenHHHCH HCCHe~yeMHR o6pa3eU, CHCTeMa KOHHHMaTOpOB ~g ~pMHpOBaHHH 

aTOMllOrD nyqxa H KHH3H ·~H c6opa H ~KycHpC>BKH Ha ~TOKaTO~ clGY pe30HaHCHO

pacceHIUloro H3nyqeHHH. CHCT.eMa xoHHHMaTOpoB H, cne~oaaTenbHO, HanpaaneHHe 

aTOMHOrO nyqxa 6HHH ~HKCHpOBaHHHMH. .B TO ze BpeMH, BBO~H HenpepHBHOe 

na3epHoe H3nyqeHHe a xauepy qepe3 pa3HHq8He naTpy6KH, MOXHO 6uno ueHHTb yron 

ero B3aHMO~eRCTBHH C aTOMHUM ny'IKOM OT 20 ° ~0 90 °. Tell caMHM UOXHO 6UHO 

BH6HpaTb Heo6XO~HMHR ~Hana30H ~onnepOBCKHX ~BHrOB qaCTOTH. KaMepa 

6o 
. . . . ~ 

oTxaqHaanacL TYP uonexynHpHHM Hacocou ~o ~aaneHHH 5·10 TOpp. 

5. CHCTeMa perHCTpaUHH pe30HaHCHO-pacceHIUIOrD , H~3epHOrD H3nyqeHHH, 

BKHIO'IaiOU{aH ~TOYMHOXHTeBb H ua6op Heo6XO~HKHX 6HOKOB 3HeKTpOHHKH B CT8H~apTe 

KAMAK. HcnonL3yewR ~TOYMHOXHTenL (clGY-136 c uynLTHilleBOqHHII ~TOKaTO~OM) 

- XapaKTepH30BaHCH OOHbWHM K03iXIHUHeUTOII YCHH9HHH ( 10
7
), MaJIWI T9MHOBHM TOKOII 

4 
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' -8 . ·. . ' . ' . . . 
(c 10 A), WHpDKOR OOHaCTbiO Cfi9KTpanbHOR qyBCTBHTeBbHOCTH (0,3+0,8 IIXII), H 

paOOTaH B peiHM~ cqeTa 0~~0~: ~TOHOB. ~KTHBHOCTb, cqeTa ~TOHOB B 

MaKcHIIy~e cneKTpaKbHOR qyBCrBHT9HbHOCTH COCTaBHHHa 10Y.. 

6. nepcoHaHbHHR KOIIfibiOTep THna IBM AT-486 ,llJIH HaKonneHHH H o6pa6oTKH 

3KCnepHIIeHTanbHHX ~aHHHX, a TaKXe ,llJIH KOHTpoKH H ynpaBH9HHH 3KCnepHKeHTOII; 
. ' ' ~" . 

npH BHfiOHHeHHH OfiHCBHHWx HHXe 3KcnepHKeUTOB Ha 3TOR YCTaHOBKe H3Hf'leUHe 

HMnynL.CHoro na3epa ~KycHpoaanocL. c nOIIOIIlbJO JiJI~'*"iyCHoR HHH3H CF=2do MM) 

Ha H3yqaeMOM o6pa3Ue B nHTHO JlHaK9TPoK 0,3+3 11M (paslleP. nHTHa onpeJleBHHCH 

Tpe6ye110R nKOTHOCTbiO IIOmHOcTH H3KY'I9HHH). o6HqHO JIHaKeTp nHTHa 6WJI lleHLme 
' ' 

pa311epoa o6pa3ua, no3TOIIY BpallleHHe nOCHe~ero no3BOHHHO o6JiyqaTL 6oJILWYJO 
' ' 

t~aCTL ero noaepXHOCTH. npH B03JteRCTBHH ua noaepXHOCTb o6pa3ua nasepHHM 

H3Hy'leHHell c niioTHOCTbiO llomHOCT~ aume noporoaoR. McDHO 6uno .. 3ipcpeKTHBHO 

HcnapHTb. npaKT~~cKH JII06ue, ~axe cawe TyronnaBKHe · aemeCTaa,' pa3naraTL 

coe~HHeHHH H TaKHM o6pa3oll nonyt~aTL HUTeHCHBHHe HilnyHLCllHe riyt~KH cao60~ 

aTOIIOB HBH HOHOB. 

~p11HpOBaHHe nyqxa 8TOIIOB npH HX CBo6o~OII pa3HeTe C HCnapHeiiOR 

noaepxHOCTH'a'aaxyyll npOH3BO~HnOCb ~ nOMOUibiO CHCTeiiH KOHJIHIIaTOpoB (JlHalleTpH 

OTBepCTHR COCTaBHHHH l_.:3 1111). npH TaKOR KOHJIHIIauHH ~HalleTp nyqKa B
1 

OOJI8CTH 

B3aHMo~eRcTBHH c HenpepHBHHM na3epaml •· H3nyqeHHeu·· Cs' ·ueHTpe ·xa11epu Ha 

paccTOHHHH::20 ·~ OT. o6pa3ual ~BKM 5~~. Pa311epu o6nacTH B38HIIOJieRCTilHH 

onpe~eKHKHCb JIHaMeTpOM Jia3epHoro''nyqa '(1 1111) H ~HHOR ero yqaCTKa, 

C KOTOporo npOHCXOJlHHO co6HpaHHe .. pe30H8HCHO-paCC9HIUIOrD H3nyqeHHH Ha 

~TOKaTO~ clGY ( .. 6 MM). 9Ta o6naCTb OXBaTHBaKa TenecHHR yron (OTHOCHTeJrbHO 
. ., ' '. 5 ' 

TO'IKH o6pa30BaHHH aTOIIHOrD nyqxa) B 2•10- OT 2n.:' 

.llOCTaBKH aTOIIOB B o6naCTb B3aHuo~eRCTBHH · 6una 'B 
O~HaKO 3~~eKTHBHOCTb 

2+4 pa3a 60JILme a 

3aBHCHMOCTH OT HHTeHCHBHOCTH HllnyHLCHOrD' Jia3epHOrD H3nyqeHHH H llaTepHana 

o6pa3ua H3-3a aHH3oTponHH yrJI~aoro pacnpe~eneHHH C6anLme aTOMOB nun~Tanono 
HOpllruiH K rioaepXHOCTH,' qell no~~)lanHMH yrJtaMH).· 

HEmpepHBHoe na3epHoe H3JiyqeHHe c 3aJirurnoR ~HHOR BOHHH BBOJlHBOCb ' B 

xawepy qepe3 oxHa H3 onT~ecKoro CTexJia. .llJIH no~asileiiliH 41(lHa -'oT pacceHHHH iia 

HHX Jia3epHOrD H3nyqeHHH OHH .. 6WJIH ' YCTaHOBJieHH ' noil · yrJIOII · 5piOCTepa' K 

HanpaaneHHJO · Jia3epHoro nyqa. Kpoue TOro, Ha nyTH Jiyqa · a o6JiaCTL 

B3aHMo~el1CTBHH · 6WI · noMeUieH PH.ll ' ~Haippan., · · noJianmmlllHX opea.ll ·na3epnoro 

H3nyqeHHH.. • 

o6pa3yJOmeecg B 30He B3aHIIO~eRCTBHH Jia3epHOrD H3JiyqeHHH C aTOIIHWII·nyqKQII 

pe3pHaHCHO-pacceHHHOe H3JiyqeHHe · HaripaBJIHHOCb cneuHaHbHOR · OfiT~~KOR 

CHCTeiiOR 'caeTOc6opa Ha KaTOJI ~TOYIIHOXHTeBH. 9Ta CHCTella CocTOHHa H3 <iayx 

HHH3 . C ~KYCllHII,. JmCCTOHHHell 40 11M H CBeTOCHJIOR 1, 4 H, Cipep~ecxoro 3epxana. · C 
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pa.ltHYCOK ,KpHBH3HH 40 n. TaKas~ CHCTeKa nepe.~taaa.na o61>eKTY H3 o6JiacTH 

B3aHllo.lteRCTBHg na KaTOn ~Y B 111acmra6e i:1. npH 3TOK noJiHHR TeJieCHYR yraJI 

co6HpaHHg CBeTa COCT8BJigJI 181. OT 4ll. . .llJig cmm:eHHg 4K>Ha OT Jia3epHora 

H3Jiy'leHHg H CBe'leHHg OJI83W Ha DOBepXHOCTH o6pa3U8 OOJI8CTb ·. B38HllO.I(eRCTBHg . . ~ 

oKpy.K8Ji8Ch cneUHa.JihHW 3KpaHOK, a weZAy JIHH38KH nowema.ncg noJiocoBoA 

HHTep~peHUHOHHHR ~HJibTp, OO.ItOOpaHHHR .I(Jig .I(JIHIW BOJIHH H3KepgeKora H3Jiy'leHHg, 

C IIIHpHHOR. nponycKaHHg 10+20 HK. 

HllDYJibCY C ~y, B03HHKaJOillHe npH nona.l(aHHH . H~ era K8TO.I( ~TOHOB 

pe30HaJICHo-pacce~ora H3Jiy'leHI{g, nOCJie npe.I(BapHTeJibHOra ycHJieHHg 

uanpaBJigJIHCb Ha 6YCTpYR YCHJIHTeJib, 3aTell Ha .I(HCKpHllHHaTop-~pllHpOBaTeJib, 

003BOJI~HR OTCe'lb co6cTBeHHHe myMY ~Y. B pe3yJibTaTe 3TOra TeKHOBOR ~H ~y . . . . - . . 
He npeBYma.JI 40 HKn./c. C~pKHpoBaHHYe HKDYJibCY (HX .I(JIHTeJibHOCTb COCTaBJigJia 

10 He) nOCTyna.nH Ha: BXO.I(. "CTOn" npeo6pa30BaTeJig "BpeKg-aJlnJIHTY.Ita"., Era 

"cTapT" 38.1(8BaJicg CHrHaJIOil OT, ~TO.I(HO.I(a, ~a KOTOpYR_ nona.l(a.na '18CTb H3JiyqeHHg 

HKDYJibCHOra Jla3epa, H COOTBeTCTBOBaJI KOKeHTY o6pa30B~Hg nJI83KeHIIOra cryCTKa 

Ha noaepXHOCTH o6pa3ua H Haqa.ny pa3JieTa aTOMOB. TaKHK.o6pa30K, pacnpe.l(eJieHHe 

BpeweH nponeTa aTOMOB npeo6pa30BYBaJIOCh B aKnJIHTY.ItHYR cneKTp, KOTOpYR H 
' ' ' 

CJiy:nut npe.I(MeTOll aHaJIH3a. Pe3yJibT8ToK H31lepeHHg 6YJIH cneKTpY, BYpaxaiOmHe 
. ·~ ' ' . . ' . 

38BHCHKOCT'b HHTeHCHBHOCTH pe30HaHCiiO-pacce~ora,. Jia3epHOra H3JiyqeHH.g OT 

BpeKeHH npoJieTa aTOMOB. llpeOOpa30B8HHe ,3THX cneKTpOB C OOMDmblO Bi>lpa%eHHR 

(1 )-(3) B 38BHCHKOCTH O.T '18CTOTY Jl83epHOra. H3Jiy'leHHg. 003BOJigJIO , onp_e.l(eJIHTb 

pe30HaHCHI>Ie '18CTOTY HCCJie.l(yeKYX 8TOMOB, a H3 HHX OOJIY'IHTb yKa38HIII>Ie Bl>lme 

gnepm~e napaKeTpi>i • 

.llJig OOTHKH38UHH paOOTY yCTaHOBKH H onpe.l(eJieHHg ee napaKeTpOB 6YJIH 

nposeneHH CJie.ltyJOmHe 3KcnepHXeHTY: 

1.H3MepeHHecneKTpa CKOpoCTeR aTOMOB. B 3TOM 3KCnepHKeHTe '18CTOTa 

Jla3epnora H3Jly'leHHg COOTBeTCTBOBaJia pe30HaHCHOR .I(Jig Bl.l6paHIIOra CO~Ta aTOMOB, 

H OHO nepeceKaJIO aTOllHI>IR Dji'IOK 00.1( npgww yrJIO!i. llpH TaKHX YCJIOBHgx 

H3KepgJIHCb Cri~KTpi>l BpeMeH npoJieTa 8TOKOB pa3JIH'IIIi>IX 3JieMeHTOB, H3, KOTOpi>IX 

6YJIH nonyqeHH cneKTpi>l cKopocreR~ Ha pnc. 2 npencmsneHH B Ka'leCTBe npHKepoa 

3TH. cneKTpi>l .I(Jig. aTOKOB. H30TOna 
90Zr (pe30H8HCHag .I(JIHHa BOJIHH i\=0, 5736 MKK 

HJIH pe30HaHCHag '18CTOTa v=5,22·10
14 

ru) H 
160

Gd (i\=0,5752 IIKK). BH.ItHO, 'ITO 

cneKTpY · COOTBeTCTBYIOT KaKCBeJIJIOBCKOIIY . pacnpe.l(eJieHHIO CKOpoCTeR B .I(Hana30He 

105 -106 CK/c. . , . 

· :3TH cneKTpi>l cKujlOCTeR no3somnoT cynHTh o nonJieposcKHX ,C.ItBHrax 

pe30HaHCHI>IX 'laCTOT aTOKOB, Ha pHC.3 npe.I(CTaBJieHH paCC'IHTaHHHe H3 H3llepeHIII>IX 

cneKTpoB cKopocreR cneKTpi>l .I(OnJiepoBcKHX C.ltBHraB (.l(onJieposcKH~. KoHTyp~>~) .I(Jig' 

160' aTOKOB Gd npH pa3JIH'IHHX yrnax nepece'leHHg na3epHora nyqa c: aTOKHI>IM 
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PHC.2 •• cneKTp CKOpoCTeR.aTOMOB: 

90 - 7 2' 
V - Zr. (q=2·10 BT/cM ), 

N,oTH. e.Q. . 

160 ' ' . 7 ·:· ' ' 2 
- Gd (q=1,5•10 BT/cM ) 

6V, 
rrLt 

PHC,3. CUeKTp .I(OnJiepoBCKHX C.I(BHraB 'lllCTOT aTOIIOB 
1~0Gd npH 

pa3JIH'IHHX yrnax nepeceqeHKg HX c·na3epHW nyqow: 

1 - cx=25°, 2 - cx=60°· 
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ny'IKoM. BHJUIO, 'ITO mHpHim .nmmepOBCKHX KOIITYpoB .nocraTO'IHO ... neJIHKH, · OHH 

3aMeTHO npeBYmamT H30TOnH'IeCKHe C.llBHrH H CBepXTOHKoe pacmenJieHHe OTITH'IeCKHX 

JIHHHR aTOIIOB Gd. 

2.H3MepeHHe cnexTpoB tJaCTOT. B'3TOK CJiyqae cnexTp npe11en npoJieTa 

H311ep&JICS1 npH yrJiaX a, OTJIH'IHYX OT npmmro (OOWmO BliDHpaJIHCb 3Ha'ICHH51 

a=25+60°), a ~HKCHpoBaHHa51 tJaCTOTa Jia3epHoro H3JIY'ICHH51 C.llBHraJiaCb 

OTHOCHTeJibHO OZH.llaCIIOR pe30HaHCHOlt na HeCKOJibKO rru. 0J1HH H3 H311epeHHYX 

TaKHM o6pa30M cnexTpoB npeHeH npoJieTa npH a=25°, a TaK~e npeo6pa3oBaHHYR H3 

nero cneKTp JlOnJiepoBCKHX CJlBHrDB tJacToT J1JI51 aTOIIOB Gd · eCTeCTBeHHOrO 

H30TOnHOro COCTaBa npe.nCTaBJICH , Ha pHC. 4. B o6oHX cneKTpaX BH.lliiY TIHKH, 

COOTBeTCTBYIOIIlHC 'ICTHYII H30TOTiaM, H KOIITIOHCHTY CBepXTOIIKOR CTpyKTypu 

HetJeTHUX. qaCTOTHYR cneKTp TIOJIHOCTblO COOTBeTCTByeT H311epeHHOKY OOY'IHYM 

cnoc06o11 npH CKaHHpOBaHHH tJaCTOTY Jia3epnoro H3JiytJeHH51 [9). WHpHHH TIHKOB B 

cnexTpe pacryT c yaeJIHtJeHHell .nonnepoacxoro C.llBHra H COCTaBJI5110T · ao Mru J1Jl51 
160Gd. H 150 MrU J1JI51 154

Gd: 3Ta WHpHHa, HJIH - tJaCTOTHOe pa3peWE:HHe, 

onpe.nenHeTc51 B ocnonnou npoT51XeHHOCTblO ooJiaCTH B3aHMoieRCTBH51 Jia3epnoro JiytJa 

c . riytJKOM aTOMOB H BHTeKaiOmeR OTCIO.na neonpe.neneHHOCTLIO · IIOHEmTa HcnycxaHHH 

no36y~eHHYM aTOMOII ~TOHa. lJIHHa ooJiaCTH B3aHMo.neRCTBH51 ~CTaBJI51eT oT 1 MM 
0 0 ' - ~· ·,_,.,, . 

npH a=90 .no 5 MH npH a=25 • Pa3pewenHe no tJaCTOTe yJiyqmaeTC51 npH nepexo.ne K 

6oJILmHII yrJiaM a, OJUiaKo npH 3TOII CTaHOBHTCSI 6oJiee Y3KHM .nonnepoBCKHR 

KOHTyp, T.e. J1Hana30H H311Cp51eKUX tJaCTOT. ' 

3.0npe.neJieHHe 3~q,eKTHBHOCTH yCTaHOBKH. lJI51 3TOro cpaBHHBaJIOCb 

'IHCJIO HllnyJibCOB B TIHKe, npHHaJlJle~ell .naHHOMY H30TOny (pHC. 3) C 'IHCJIOM ero 

aTOMOB, H~napeHHI:lX H3 oopa3Ua. llOCJieJlHee onpe.neJI51CTC51 npH· TIOJIHOM HCnapeHHH 

00pa3Ua H3BCCTHOro Beca,·· XHMHtJecKOro lf lf30TOIDIOro COCTaBa. llOJiytJeHHI:le TaKHM 

CnOco6oM 3HatJCHHH 3~CKTHBHOCTH COCTaBJI5110T 10-B -10-10 J1JI51 pa3JIH'IHYX 

OOpa3UOB •. 9TH 3HatJeHHH.
1 

3aMCTHO MeHbWe BeJIH'IHHH, noJiytJeHHOR KaK npOH3BCJ1CHHe 
' -6 

pacCMoTpeunux aume ~KTOpoB, onpe.lleJI511011lHX 3q,~KTHBHOCTL yCTaHOBKH ("'10 ). 
. 5 

9TH ~KTOpu - J10JI51 aTOHOB, .nocrHralOIIlHX ooJiaCTH · B3aHMo.neRCTBH51 (>2·10- ), 

Bep051THOCTb HX B036~eHH51 Jia3epHI:lll H3JiytJeHHCII (=1) H 3q,q,eKTHBHOCTb 

perHCTpaUHH ~TOYIIHOZHTeJieM pe30HaHCHO-paCCe51HHOro H3JiytJeHH51 . (2•10-2
). 

llpHtJHHaiiH 3TOro pa3JIH'IH51 51BJI5110TC51: HenoJIHa51 aTOMH3aUH51 npH B3aHMO~eltCTBHH 

IIOIJlHOrD Jia3epHOro H3JiytJeHH51 C oopa3UOK (tJaCTb BCIIleCTBa JICTHT B BH.lle HOHOB, 

KJiaCTepOB, KpynHHOK); cneKTp HatJaJibHYX COCT051HHR aTOMOB npH Bl:lCOKOR . 
TeMnepaTYpe HX HcnapeHH51j B036y~eHHe JIHWb TeX aTOIIOB, 'lb51 CKOpOCTb 

Y.llOBJieTBOp51eT Bl:lp~eHHIO (1). nepaue .nne npH'IHHI:l xapaxTepHY J1JI51 acex.Jia3epHI:lX 

lleTO.llOB, HCnOJib3YIOIIlHX · no.nooHYR CTIOcOO aTOIIH3auH_H BemeCTBa, 

npHcyma o6cy~aeKOKY IICTOJly. YlleHbWCHHe 3~t€KTHBHOCTH no 

8 

a nOCJieJUI5151 

3TOR . npHtJHHe 

ilt, 
MKC 
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158 
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160 
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200 160 
158· 
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0 1 ,..._./ ,'---' 1- ~ 1 ·~ - Y ' 1 · · 1 
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· rrll 
PHC.4. CneKTp BpelleH npoJieTa B036y~eHHI:lX.aTOIIOB Gd (BBepxy) 

H np~pa30BaHHYR . H3 Hero cneKTp JlOnJiepoBC~HX C.llBHroB ( BHH3 y) • 

UH~pu y nHKOB o3HatJaiOT waccoaoe tJHCJIO H30TOna 
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COOTBeTCTByeT OTHOmeHH» mHpHHH TlHHHH B036y.KAeHHg K nonHoA mHpHHe 

,aol1JiepDBCKOrD KOHTYpa, KOTOpoe IIOll:eT COCTaBngTb 10-l +10-
3

• 

~KTHBHOCTb YCTaHOBKH H ypoBeH& cpcma no3BongJOT 

llHana30ll 

OllTHKMbHYII 

3nexTpoHHoro 

HHTeHCHBHOCTell aTOIIIIOrO P.Y'IKa, KOTOpYA 

onpeJtenHTb 

gsngeTcg 

Oco6eHHOCTb M.ll H3KepeHHg pe3oHaHCHblX . 'laCTOT. 

TpaKTa YCTaHOBKH TaKOBa, 'ITO CKOpOCTb c'leTa 

HKllYJlbCOB, llOCTYflaJOIIIHX Ha BXOJl 3aflOIIHHaJODlerD finoKa, ne IIOll:eT npeBOCXOJlHTb 

qacrilTy HKnyn&cHoro na3epa ;um ucnapeHug BemeCTBa (::s100 ru1. no3Towy npH 
. :.a . . ; 

MaKCHKMbHOil 3~eKTHBHOCTH .yCTaHOBKH (10 ) TaKa.ll CKOpOCTb C'leTa HKnyn&COB 

COOTBeTCTByeT HHTeHCHBHOCTH OOTOKa HCcneJlyellbiX aTOIIOB H3 o6pa3Ua 10
10 

1/c 

(npH 6oJI&meA HHTeHCHBHOCTH 6yJlyT npoc'leTY HllllYTlbCOB). npH MeH&meA 

3~KTHBHOCTH yCTaHOBKH . . HHTeHCHBHOCTb ny'IKa aTOMOB nponopUHOHMbHO 

B03paCTaeT. TaKa.ll MaKCHKMbHa.ll HHTeHCHBHOCTb aTOIIOB, HCnapgeMYX H3 o6pa3Ua, 

.llOCTHraeTC.II npH l1JIOTHOCT.IIX KOIIIHOCTH eme 3aKeTHo weH&me noporosoA [BJ. npu 

· TaKOA HHTeHCHBHOCTH aTOHHOro nyqxa IIOli:HO H3MepHTb 'laCTOTHYil cneKTp ClleCH 

H30TOOOB (KaK B npHBe.lleiDroll BYme cnyqae C raJlOTlHHHeM) BCero 3a HeCKOTlbKO 

cexyHJl. 

·Eme KeH&mero BpeweHH H3KepeHH.II (B npe.11ene 3a _OJlHH HMnyn&c ucnapgl()mero 

BewecTBO na3epa) MOli:HO J!OCTHrHYTb, ecnH HCflOJlb30BaTb BMeCTO npeo6pa30BaTeng 

"spell.ll:_alll1JIHTY.Ila" 6wCTpYA BpeKeHHOR aHMH3aTOp HnH pa6oTy ~y B TOKOBOM 

peli:HKe C flQCTQgMHO!l HHTerpHpoBaHHg, paBHOA BpeKeHH nponeTa cryCTKa. aTOMOB 

qepe3 na3epHYA . nyq. B nocneJlHeM cnyqae cjlapwa roxoBoro uwnyn&ca c ~Y 

COOTBeTCTByeT cjlOpMe 'IB.CTOTHOro cneKTpa, H· M.ll era H3MepeHHg IIOJJIO 

HCllDnb30BaTb 3Ha'IHTeJibHO OOTlbWHe HUTeHCHBHOCTH aTOMHOro ny'IKa. 3Ty 

HHTeHCHBHOCTb i(Oll:liO 3Ha'IHTeTlbHO yBenH'IHTb, npH TOll lle MODIHOCTH Jla3epuoro 

H3ny'leHH.II, ecnu npHKeHgTb oco6y10 toPKY H3Kep.lleworo o6pa3ua: TOHKHA cnoA era 

HaHOCHTC.II Ha crexno H 3axpYBaeTC.II.cjlan&roA, a na3epHoe H3nyqeHHe HanpaBngeTcg 

Ha 3TOT CJIOR qepe3 CTexno [121. B 3TOII cnyqae ton&ra npengTCTByeT 6YCTpOKY 

paCIIHpeHH» l1Jia3MY, B pe3yTlbTaTe qero J!OCTHraeTC.II OOJiee BYCOKa.ll TeMnepaTypa H 

aTOIIH3HpyeTC.II 3Ha'IHTen&HO OOn&mee KOTlH'leCTBO BellleCTBa. 

MHHHKan&Ha.ll HHTeHCHBHOCTb aTOMHOro nyqta, npH KOTOpOA eme B03MOllHY 

H311epeHHg cneKTpa . 'laCTOT, 3aBHCHT OT ypOBH.II cjlOHa. nocne.llHHR cnaraeTC.II H3 

co6cTBeBHHx myMOB ~Y. pacce.IIHHoro na3epaoro H3ny'leHH.II H cne'leaug l1Jia3KY Ha 
• . -4 . 

OOBepXHOCTH 00pa3ua H COCTaBngeT "'100 HJ(n/C, HnH "'10 HKnyn&ca 3a BpeM.II 

npo.nem aTOKa qepe3 Tla3epHYA nyq ("'1 IIKC). H3 YCJIOBH.II paBeHCTBa 3!MeKTa cjlOHy 

H MaJ:CHKan&HoA . 3cMeKTHBHOCTH ycraaoBKH cne.ayeT. 'ITO MKiiHKMbHag 

HHreHCHBHOCTb aTOMHOro ny'IKa .llOnli:Ha 6YTb 10
6 

1/c. 

10 

"B pe3yn&TaTe 3THX 3KCnepHMeHTOB 6YT1H onpe.lleT!eHY OCHOBHJ.Ie napaMeTpY 

onucaHHoro BpewgnponeTHOro na3epHo-~yopeCIIeHTHOro cnexTpoKeTpa: 

~Hana30H JlOnJiepOBCKHX C.llBHrDB --0,5·- ~0 rru: 

- .110 so Mru: mHpHHa pe30HaHCHOil JlHHHH 

3~~eKTHBHOCTb yCTaHOBKH - ,llo 10-B (npH· aTOIIH3aUHH BemeCTBa·. 

100:1., OJlHOII_ Ha'IMbHOII COCTOmHH H WHpJ.ffie JlOl1JiepoBCKOrD KOHTypa 1. rru) :. 

KepTBOe BpeM.II 3TleKTpDHHOro TpaKTa - 100 He; 

HHTeHCHBHOCTb aTOIIHOro ny'IKa - ~106 1/c. 

nony'leHHYe napaKeTpY ycraHOBKH YKa3YBaJOT Ha mupoxue nepcneKTHBY · ee 

ucnoJI&3oBaHHg B pa3JIH~HYX 3KcnepHKeHTax. Xopomee· qacioTHoe pa3pemeHHe 

n03BQJlgeT npoBOJlHTb npeUH3HOHHI~e H3MepeHH.II . H30TOflH'leCKHX C.llBHrOB H 

CBepXTOHKOro pacmenJieHHg OnTH'IeCKHX TlHHHA B cneKTpax aTOMOB· .. H. onpeJleJlgTb 

3Ha'leHHg 3apgJlQBYX pa.llHYCOB H g.llepHbiX MOMeHTOB. HeCKOTlbKO Xy.llmag 

3~~eKTHBHOCTb no cpaBHeHH» c· .llpyrHMH no.llo6HYMH yCTaHOBKaMH noJIHOCT&JO 

KOMneHCHpyeTcg B03MOli:HOCTbiO O.llHOBpeMeHHOro H3MepeHHg Bcero cneKTpa 'laCTOT. 

no3TOMY OCHOBHYe OOJlaCTH npHKeHeHHg OnHcaHHOA yCTaHOIIKH - 3~cnepHMeHTY . C 

o6pa3UaKH, · B xoiopwx !':oaueHTpauug ucr..ne.u.ye.iwx amwoB HeH3BecTHa H cun&Ho 

weH~eTcg; no o6'beMy, a Taxze • 3Kcn~puweaw Ha·: nyqxax. _ ycxopHTeneA, r.11e BblXO.Il 

·nany'laewwx AJig u3y'leHH.II .11.11ep 6wcrpo MeHgeTC.II co BpeKeHeM. 

B 3aKT!IO'leHHe ,aBTOpY BYpall:aiOT . ·6naro.llapHOCTb 

ll.3.neHHOHli:KeBH'IY 3a noMepli:Ky pa6oTY, K.n.MapHHOBOA, 

r.B.MblWHHCKOIIY 3a noKOIIlb B pa6oTe ~ noJle3HYe o6cyl[JleHHg. 

11 
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nim"Pciliu IO.Il. u.,np. 
_/I B peMHnponenibiH na:repH~:qmyopecueHTHbiH c. 

onni-'-JeCKOfO H3JlyqeHHJI aTOMOB -
-,. 

06'c~a~TCJI . MeTO,n H3MepeHHJI pe30HaH• 
Ha onpe,neJieHHH .iJ.oniJepOBCKHX C,llBHfOB liac:J"<Y 

HbiM H3JlyqeHHeM. ,UJig 3Toro onpeAeJIJIIOTCJI cKc 
H3MepeHHJI .HX JipeMeHH ~npOIIeTa- OT MeCTa 

i ·1 OnHCbiBileTcH· ycTa~oBKa/ HcnoJib.3YIOlllaJI. 3TOT 
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- )'he method~ of the m.e_asurement for _tl 
is- discussed. It ·is based ori the determinati< 
at' the excitation .of atoms by the laser irradia 
are. dete~ined using the ·measurements of il 
of 'production and the laser ray . intersectio 
the e~periments . for- its' parameters determina 
are described. -~ · 1 _ 

-The Jnvestigation':has -been performed -~~ 
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