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IIpencraBneHo onKUCaHUE HOBOTO CIEKTPOMETPA, IPEJHA3HAYEHHOIO Ul UCCISI0BAaHUS MUKPOBOJIHO-
BBIX CIIEKTPOB aTOMOB B PHI0EPTOBCKUX COCTOSHUIX. CIIEKTPOMETp 00ecTIieYrnBaeT TOYHOCTh U3MEPEHHSI
4acToT nepexofoB He Xyxe 10.05 MI'm. IlpeacraBneHsl pe3ynbTaTsl TECTOBBIX M3MEPEHHH HEKOTOPBIX
MHUKPOBOJHOBBIX NIEPEXOJOB MEXIY PUAOEPrOBCKUMH COCTOSIHUSIMH aTOMa Ie3usl.
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MHKPOBOJIHOBBIH JTMara3oH

1. BBenenue

bnaromapssi moctaTo4HO 0ONBIIOMY BpPEMEHHU
JKU3HU aTOMBI B PHAOEPTOBCKHX COCTOSIHUSAX
ABIISIOTCA WACATBHBIMU OOBEKTAMH UISI CIIEKT-
POCKOIINHU CBEPXBBICOKOH pa3pelIaroneii crnocoo-
HOCTH ¥ SKCIIEPUMEHTOB B 00JacTH KBaHTOBOH
ANMEKTPOAUHAMUKN. YacTOTBl MHOTHUX HEPEXOAOB
MEXIY 3TUMHU COCTOSTHHSIMH JIE)KAaT B MUKPOBOJI-
HOBOM U MH(paKpacHOM ArANa30HaX, a AHOMAaJb-
HO BBICOKHME 3HAUCHHsSI MATPUUYHBIX 3JIEMEHTOB
JUTIONBHBIX MOMEHTOB (BIUIOTH JIO THICSYH aTOM-
HBIX €IMHHI) 00yCIaBINBAIOT BEICOKYIO UyBCTBH-
TEJNBHOCTH K BHEITHUM NOJIsIM. Bee 310 mo3Bossier
BO30YK/IaTh Kak OOHO(OTOHHBIE, TaK U MHOTO(O-
TOHHBIE TIEPEXO/IbI IPY HU3KOH MOIITHOCTH H3ITy4e-
HUS ¥ IPOBOANTE YHUKAJIbHbIE CIIEKTPOCKOIINYEC-
KHE HCCIIEeIOBAHNUS B YCIOBHUSIX OTCYTCTBHSI CIIOH-
TaHHOW peJlaKCallMyd dYHEPreTHUYECKUX YPOBHEH,
HHU3KOI KOHLIEHTPAIUX aTOMOB M YyBCTBUTEIBHOC-
TH JICTEKTUPOBAHHUS Ha YPOBHE OJAMHOYHBIX aTO-
MOB (METOJIOM CEJIEKTUBHOM H0JIEBON HOHU3ALIUH).

Wzyuenne puaOeproBCKUX COCTOSHUI aTOMOB
uMeeT OONbIIoe HAydHOE 3HAYCHHE W SIBIISETCS
Ha/IeKHBIM HHCTPYMEHTOM [UIS IPOBEPKU QyHAa-
MEHTaJbHBIX TEOPHUIl B aTOMHOI (hu3nKe, B o0nac-
TH KBAaHTOBOM JIEKTPOAMHAMMKHU ¥ AaTOMHOM CIIEKT-

pockonuu. 3To 00yCIOBICHO BO3MOKHOCTSIMH TMO-
CTPOCHUSI TOYHBIX TCOPETHUYCCKUX MOJCICH st
SNIEKTPOHA B PUAOEPTOBCKOM aroMe CO Ca0bIM
B3auMojieiicTBreM. biarogaps npocrore momyue-
HUS aTOMHBIX ITyYKOB, HU3KHUX MOTEHIHAIOB HOHH-
3aI[UM U TMPOCTOHW CTPYKTYpe IHEPreTUYECKOro
CIIEKTpa aToMa ¢ OJJHUM BaJCHTHBIM DIIEKTPOHOM
HanOoJjee yIoOHBIMU 00BEKTaMH /ISl TAKOTO POAa
HCCIIeIOBAHUI SBISAIOTCS, OE3YCIIOBHO, ATOMBI II[E-
JIOYHBIX METAJUIOB (JIUTHS, KaJIusl, HATPUSI, IC3Us,
pyounus) [1-10]. [Mogarnsroniee OOMBIIMHCTBO
paboT B pyclie JaHHOW TEMAaTHKU BBITIOJIHEHO
WMEHHO JJIsl 3THX aTOMOB. B MeHbIlel cTerneHu
HU3y4YEHBl PUIOEPTOBCKHE COCTOSHHS aTOMOB
C JIByMsl BAJICHTHBIMH DIICKTPOHAMHU — KaJbIUA,
Oapust, Maraus, crponuyst [11-17].

Oco0oe 3HaueHHe ISl PaAU0acTPOHOMUHN HUMEFOT
CHEKTPBI PUAOEPTOBCKUX COCTOSIHHI yriepoja
u kpemuus. Hamomuanm, 9To uMeHHo B Paanoact-
ponomudeckoM uHCcTUTYTe HAH VYKpanus! Boep-
BbI€ OBLTH OOHAPYXKEHBI B KOCMOCE PATHOIUHUH YT-
Jepoyia B COCTOSIHUSIX C OTPOMHBIMH 3HAYCHUSIMU
KBaHTOBOTO umcia (Bmrots go N =1000) [18-21],
U OBLIO OBl JIOTHYHBIM MPUCTYIUTH K UCCIICIIOBA-
HUSIM TaKUX aTOMOB B JJaO0OPaTOPHBIX YCIIOBHSIX.
OpHako Ha CETOAHSIIHUN JeHb PUIOCPTOBCKUE
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COCTOsIHUSI aToMOB [V rpynmel nepuoaudeckou
cucteMbl MeHpeneeBa (yriiepoaa, KpeMHUs, Tep-
MaHUs, 0JIOBA M CBMHIIA) OCTAIOTCA MPAKTHUECKU
Heu3ydeHHbIMU. [IpuunHa Takoro MogoKeHus e
IpocTasi U 3aKJII0YaeTCsl B PE3KOM POCTe Cyryoo
3KCIEPUMEHTAIBHBIX MPOOJIEM, B YUCIIE KOTOPHIX
BaXKHeHIIas — OTCYTCTBHE MCTOYHUKOB >KECTKOTO
KOT€PEHTHOTO YIBTPa(HUOIETOBOTO H3ITyUCHHS.
[Ipunumas BO BHIMaHHE OOJIBIIOE KOTUIECTBO
MOTEHIMANbHBIX OOBEKTOB HCCIEIOBaHUS, MBI
pEIIMIN TOCTPOUTD HOBBIH CIIEKTPOMETP, TIpeTHa3-
HA4YeHHBIH JUIsI MCCIIEOBAHUS MHMKPOBOJIHOBBIX
CIIEKTPOB aTOMOB B PHIOEPTOBCKUX COCTOSHHSIX.

2. O0mas KOHIeNnuus MOCTPOECHU
CIeKTpoMeTpa

Bce onucansble B muTepaType SKCIEpUMEHTAIb-
HBIC YCTAHOBKH ISl HCCIICAOBAaHMS B3aUMO/ICHCTBHUS
ITy4Ka TEIUIOBBIX PUAOEPrOBCKUX aTOMOB C MUKPO-
BOJIHOBBIMH TTOJISIMU TIOYTH MICHTHYHEI 110 001IeH
CX€Me YCTPOHCTBA, HO CYILECTBEHHO PA3IMYar0TCs
B TaKMX JETaJIsX, KaK THUIbI UCIIOJIB3YEMBIX JIa3e-
POB, PEKUMBI X paObOTHI, 0COOCHHOCTH PETUCTpPa-
LUK aTOMOB, PE30HAHCHO B3aMMOACHCTBYIOLINX
C M3ITyYCHHSMH, U TEXHUKA 00pabOTKU PEerHCTpH-
pyemoro curHasia. HakomieHHbIi OIbIT mocTpoe-
HUS TakuxX MprOOpPOB 00O0OIIEH B pslie MOHOTPa-
¢wuit, Hanpumep, B [22-24]. ABTOpBI HacTOsIIEH
paboTHl TaKKe MMEIOT ONBIT CO3MAaHHUS COOT-
BETCTBYIOIIUX CHEKTPOMETPOB M HCCIEJOBAHUN
B 3TOM obmactH [3, 5, 6, 25-29].

Baxneiimeli 0COOCHHOCTBIO CHEKTPOCKOIHH
9TOTO THIIA SBJISETCS CIIOCO0 MOTyUYeHHUs puadep-
TOBCKHX aTOMOB, U 3TOMY BOIIPOCY IIPH pa3padoT-
K€ CIIEKTPOMETpa YIeNseTcsl TNIaBHOC BHUMaHHE.
OOBIYHO aTOMHBIN MyYOK Moydaercs mpH dhdy-
3MM aTOMOB M3 HarpeBaeMoi Me4r W pacrpocTpa-
HSETCSl B KaMepe C JaBJICHUEM OCTATOYHBIX I'a30B
107°+10"" mm pr. cT. THIHYHAS TUIOTHOCTH aTO-
MOB B 06macTH B3auMoneiicTeus — 107 +10° em >
Takoii crocob momyyeHus: aTOMHOIO Iy4YKa YIo-
OeH /7151 BellecTBa C OTHOCHTEIBHO HU3KOW TeM-
nepatypoi ucnapeHusi. B ciaydae BeIcOKHX TeMmIe-
paTyp UCHapeHus TPEeANOYTHTEIbHBIM SBISETCS
IpoILiecC B3PBIBHOTO UCIIAPEHHS 1 aTOMH3AIIHHU Be-
LIeCTBa IPY BO3/AEHCTBHUHU Ha HETO C(HOKYCHUPOBAH-
HBIM U3TTY4CHHEM MOIIHOTO JIA3€PHOTO HMITYITbCA.
WHorna mpuberamT K pacHblICHUIO BEIIECTBa
MOHHOH O0MOapIMPOBKOH MITH ITyYKOM BBICOKOIHED-
TeTUYECKHUX HIIEKTPOHOB.

JlyumimM criocoOoM CeNeKTHBHOTO BO30Y KICHHS
aTOMOB B COCTOSIHHMSX C 3aJaHHBIMU KBaHTOBBIMHU
YHUCIIaMU (B TOM YHCIIC U C OYEHb BBICOKHMH) SIB-
JsieTcsl CTyNEeHYaroe Ja3epHoe BO30yXKAeHHUE.
Cucrema 1a3epHOro BO30YKACHHS, KaK 4acThb CTIeK-
TpOMETpa, HaCTpauBaeTCsl MHAMBUAYAJIbHO IS
Kaxzaoro atoMa. Ee cIOXHOCTh W 1eHa OBICTPO
BO3pACTAIOT Il aTOMOB C BBICOKUMH ITOTEHIIMA-
namu noHnzanuu. OOBIYHO cHCcTEMa BO30Y KICHUS
CIIEKTPOMETpPaA COCTOUT U3 “CHIIOBOTO” Jazepa
U HECKOJIBKUX JIa3€pOB C MEPECTPOUKON 4acTOTHI
(Ha KpacuTenax, IeHTpax OKpacKH, HOHAaX THUTaHa
B pelleTke KOpyH/Ia U T. 11.), BO30Yy)KIaeMbIX W3ITy-
YEeHHEM “‘CHJIOBOTO’ JTa3epa IO ero rapMOHUKaMH.
Kpome Toro, ncnosip3yercsi yMHOKEHHE YaCTOTHI
WM TIOJTyYeHHE CYMMAapHBIX 4acTOT Jia3epa C IIe-
pecTpanBaeMoii U (PUKCHUPOBAHHOW YaCTOTOM
C TIOMOIIBIO HETMHEHHBIX ONTHYECKUX KPHUCTAIIIOB.
B kagecTtBe “cHI0BOT0” Harie BCEro MPUMEHSIOT
HMITYJIbCHBIE a30THBIC, SKCHUMEPHBIC Ja3epsl,
YAG : Nd* -nazeps1, 1asepsl Ha Tapax MeIy M Jp.

IIpu Bo30yXk1eHUH ITyyKa aTOMOB UMITYJIbCHBIM
nazepoM (GopMHUPYETCsl CTYCTOK IBIIKYLIUXCS
pUAOEPTOBCKUX aTOMOB, KOTOPBIH MOXET OBITH
3aperuCTPUPOBAH METOIOM ITOJIEBOM HOHU3ALUH B
HMIIYJIbCHOM Ione. B kadecTBe merexTopa asek-
TPOHOB (MOHOB) NMPUMEHSIETCS BTOPUYHBIN AJIEKT-
POHHEIN YMHOXKUTENb — KaHaaoTpoH [30]. Bo3zmoxk-
HOCTb PETUCTPALIMIY MUKPOBOJIHOBBIX PE30HAHCOB
IIpU Iepexofax MEeXIy ONU3IekKalUMH COCTOS-
HUSIMH PHIOEPTOBCKUX aTOMOB 00YCIIOBIIEHA pe3-
KOW 3aBUCUMOCTBIO TOKa HOHU3AI[UHN OT KBAaHTOBO-
ro uucna n [22-24]. Kputnyeckas HanpsS>KEHHOCTh
nonst F,, (M3MepsiemMasi B BOJNIBTaX Ha CAaHTHMETP)
cBs3aHa ¢ A(QPEKTUBHBIM 3HAYCHHEM TJIABHOTO
KBAHTOBOTO YUCa N TMPOCTHIM COOTHOLICHUEM:

3.2-108
- ZW’ (1)

rme N"=(n-3,,;), a §, ; — KBaHTOBHII 1c-
(ekr.

Takoli xapakTep 3aBUCUMOCTH MTO3BOJISIET OCY-
MIECTBIATH BRICOKOA(PPEKTUBHOE (B TMPHUHIIUTIE —
MOMITYYHOE) ACTEKTHUPOBAHUE PUIOEPTOBCKUX
aTOMOB, PHEPTHUsl KOTOPHIX ompenensercs 3hdek-
THBHBIM [JIABHBIM KBAaHTOBBIM umcioM n°. [lpu
HaIpsHKEHHOCTH MOHU3UPYIOLIETO MOJIST, HECKOJIBKO
MPEBBILAIOLIEH KPUTUUECKYI0, HEUTPAJIbHBIN pUIT-
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OeproBckuii atom moHusmpyercs. OOpazoBas-
mviecs 3apsHDKeHHBIE YaCTHUITBl — SJIEKTPOH B FHOH —
JIETKO OOHAPYKUBAIOTCS, HAIIPUMED, KAHAJIOTPOHOM.
CyI1ecTBeHHO, YTO aTOMBI C KBAHTOBBIM UHCIIOM
(n"-1) yxe ue merexkTHpyrorcsa. Bor mouemy,
M3MEPHB BeM4MHy F,, MOXKHO O/JHO3HAYHO H/ICH-
THQUIMPOBATH IO N° yYaCTBYIOLIUE B MPOIIECCE
TIOTIIONICHHS SHEPTETHUECKIE YPOBHHU.

Crenyer Takke 3aMETHTh, YTO CEJEKTUBHOE
JIETEKTHPOBaHUE PUIOEPTOBCKAX aTOMOB METO-
JIOM TIOJIEBOI HOHM3ALMH () PEKTUBHO B ITyUKax aTo-
MOB IIpH BaKyyMe He Xyke, ueM 107° MM pr. cT.
Ecnm sxe B 001macTu B3aUMOACHCTBHS IIPUCYTCTBYET
3HAYUTEIHHOE KOJMYECTBO MOJICKYNI WIIU aTOMOB
MIPUMECHBIX Ta30B, TO IIPOUCXOIUT BecbMa d(hek-
TUBHAsI CTOJIKHOBUTEIIbHAS MOHU3ALIUS pUAOEPTOB-
CKHX aTOMOB, KOTOpast IPUBOTUT K TTOJTHOH TIOTEpE
CEJIEKIMH TI0 TIIABHOMY KBAHTOBOMY 4YUCIy N’
B sToMm cnyuae mccrnenoBaHWe MHUKPOBOIHOBBIX
MEePEXoJ0B MEXIY 33JaHHBIMH PHUIIOEPTOBCKUMHU
COCTOSTHUSIMH 2aTOMOB CTAHOBUTCS] HEBO3MOKHBIM.

Yucro cTymneHel jla3epHoro Bo30yKICHUS OTI-
penensercss CXeMOW SHEePreTHYecKHX YpOBHEH
HCCIIelyeMbIX aTOMOB M MpaBHJIaMH OTOOpa AJist
JTUTIONBHBIX TiepexofoB. OOBYHO BBIOWpAIOT 2—3
CTYTIEHH ONTHYECKOTO BO30YKIeHus. Bpemst xm3-
HH BO30Y>KICHHBIX aTOMOB B IIPOMEXYTOUHBIX CO-
CTOSIHHSAX OY€Hb Majio, TIOATOMY TpeOyeTcs JKecT-
Kasi BpeMEHHasi CHHXPOHHU3allUsl BCEX JIa3epoB.
JlomnepoBckuid CABAT MUKPOBOJIHOBBIX PE30HAH-
COB BCIIE/ICTBHE OPTOTOHAIBHOCTH BEKTOPa CKO-
POCTH Iy4Ka ¥ BOJTHOBOTO BEKTOPa HE3HAUUTEIICH.
[[lnpuHa MUKPOBOTHOBBIX PE30HAHCOB B TAaKOH
CIEKTPOCKOIIHY OIPEeNsieTCs B IEPBYIO OYepeb
MPOJIETHBIM BpEMEHEM JKH3HU. 3aMETHOE BIIHS-
HUE Ha MIMPHUHY JIMHUHA MOXET OKa3biBaTh U 3(¢-
¢ext llTapka B Tak Ha3bIBAEMBIX OIYXKIAIOIIHX
AIIEKTPUUYECKUX MOJISIX B 00JIACTH B3aUMOICHCTBHSI.
Otun nonst TpedyroT ocoboro BHUMaHusA. HecMoT-
ps Ha TO YTO WX HANPSHKECHHOCTh MOXKET COCTaB-
JISITh BCETO HECKOJIBKO MUJUIMBOIIET HA CAHTHMETD,
BCJIE/ICTBHE OTPOMHOM TOJISIPU3YEMOCTH pUadep-
TOBCKMX aTOMOB HaOiogaeMasi JIMHUS MOXET
YIIUPSATHCS C 3aMETHBIMHA UCKAXCHHUSIMH (HOPMEI.
[Ipu »TOM ee meHTpallbHAs YacTOTa CIIBUTACTCA.
VYmmpenue nuHuil Benenctue 3gdekra 3eemana
B NPaBUJIBHO CKOHCTPYHPOBAHHOM CIIEKTPOMETpE
HEBEJIMKO, a CJIBUT LIEHTPA PE30HAHCOB OTCYTCTBYET.
B o0Omem cimyyae MarHuTHOE ToJie 3eMJH
(~0.2+0.5 T'c) obecreunBaet GakTop yUIMPEHUS
nopsinka ~1 MI'/I'c. Bee 3Tu BOIIPOCHI BBIXOISAT

Ha MEePBBIi TIIaH MPU pa3paboTKe MHKPOBOIHOBO-
r0 CIEKTPOMETpa pUAOEPrOBCKUX aTOMOB C BBI-
COKMMH pa3pelIeHHeM M TOYHOCTBIO ONpeserne-
HUSl pE30HAHCHBIX YacCTOT.

Eme onHO# 0COOEHHOCTBIO MpeIaraeMoro
CIIEKTPOMETpa SIBISIETCS padoTa B MUMITYJbCHOM
pexxume. M3-3a duykTyanuii MOITHOCTH UMITY/Ib-
COB JIa3€pHOro BO30YXXIEHUS U Majoro 4mcia
aTOMOB, B3aMMOJICHCTBYIOIIMX C U3JIYUYECHHEM,
OTHOIIEHHE CUTHAJI/IITYM OAWHOYHOM 3aI1CH pe30-
HAHCHOTO MIepexoia MEXKAY pUIOCPTOBCKUMH YPOB-
HSIMH OOBIYHO OKAa3bIBAETCSI HEYAOBJICTBOPUTEINb-
HBIM, TIO3TOMY OY€Hb Ba)KHO UMETh BO3MOXKHOCTh
MOJIy4aTh CEpUI0 pealu3aluil ¢ MOoCIeAYIOINUM
ycpenHeHnueM. llpuMeHeHne IUIsi MUKPOBOJIHO-
BOI0 BO30YXJEHHS CHHTE3aTopa YacTOThI MO3BO-
aseT 3¢ ¢EeKTUBHO peliaTh 3Ty 3a1ady.

[IpuBeneHHbIE BBIIIE TONOKEHNS JIETJIU B OCHO-
By pa3pabOTaHHOIO HaM{ CHEKTPOMETPA, B COCTa-
B€ KOTOPOT'O MOXHO YCJIOBHO BBIJICJIUTH CIEIYIO-
II1€ OCHOBHBIE CHCTEMbI: HOHU3AIMOHHAS KaMepa,
cUcTeMa JIa3epHOrO BO30YXKIEHHS aTOMOB, MHUK-
POBOJIHOBBIA CHHTE3aTOp HacTOTHI, T€HEPATOP
HMOHHU3aLMOHHOTO UMITYJIbCA.

Huxe MBI mpeacTaBisieM OMMCaHHME CIIEKTPO-
MeTpa, IpeJHa3HauYeHHOTro JJIsI MCCIeI0OBaHUs
MHUKPOBOJIHOBBIX CIIEKTPOB aTOMOB B pHIOEProBC-
KHX COCTOSTHUSIX, a TaK)Ke pe3yJbTarhl ero TeCTH-
pOBaHUS Ha aTOME LE3Usl.

3. OcHOBHBIE 3JIEeMEHTBI CIIEKTPOMeTpa

3.1. Honuzayuonnas xkamepa

11 TpoBeieHUs U3MEPEHUM ATOMHBIX CIIEKTPOB
HamH pa3paboTaHa M M3TOTOBJICHA CHELHANbHAs
HMOHM3AaLMOHHAs Kamepa. [Tydok HeWTpaIbHbIX aTo-
MOB (hOPMHUPYETCS] HICTOYHUKOM, MPEICTABIISIOIM
coboit omHy W3 pazHoBUAHOCTEH Teun KHynceHa.
Mgl pa3paboTainu 1 anpoOUPOBaANIN Pa3InvHbIC Ba-
pHAHTBI KOHCTPYKIMI HICTOYHUKOB ITy4Ka aTOMOB
U OCTaHOBUJIMCH Ha CIEAYyIOUIeM BapHaHTe. DTO
OUIUHIPUYECKUM pe3epByap AuaMeTpoM 6 MM
1 JUIMHOU 15 MM U3 TyroIuiaBKMX METaIOB WU
KEepaMHUKHU C HEOOJIBIINM OTBEPCTHEM HIIN IIEITBIO
IUIs BBIXOJA aTOMOB. B Hero mpeaBapuUTENbHO
3arpy>kaeTcsl BEIIECTBO, Mo yIekKalllee UCITAPEHHIO.
Pasorpes pe3epByapa 0CyIIECTBISETCSA TOKOM, ITPO-
TEKAOIIIM 4Yepe3 BOJb(PPAMOBBIN MM TAHTAJIOBBIN
MIOJIOTPEBATENb, PACIIOIOKECHHBIA HA €r0 HApY>KHOU
MTOBEPXHOCTH. 3HAUYCHHE TEMIIEpaTyphl yCTaHa-
BJIMBAETCSl YPOBHEM IPOTEKAIOIIEro TOKa M KOH-
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TPONUpPYETCs TEPMOTIapOl. ATOMBI B TIyUKe JBUKYT-
cs ¢ TermoBbiME ckopocTamu (~10% +10° cwm/c),
COOTBETCTBYIOLIMMH TEMIIepaType HCTOYHHKA.
Jns yMeHbIICHUS KOJIWYECTBA TEIUIOBBIX HOHOB
B 00JIACTH B3aMMO/ICHCTBHS ITyYOK MPOITyCKAETCs
Yyepe3 CUCTEMY U3 TpexX Iuadparm ¢ NoTeHIHaNa-
MU [TPOTUBOIONOKHOM MOJIIPHOCTH.

IToTok aToMOB HampagjeH CHU3Y BBEPX U IPOXO-
JIAT Yepe3 LEHTP 00pa3yIoNMX HOHU3ALMOHHYO sTueii-
Ky IUTaCTUH MApaJlIeNIbHO UX II0CKOoCTH. I lmacTuns
STYCHKHM U3TOTOBIISUIMCH U3 TIPOBOASALINX MaTepHa-
7oB (MeTaul, rpaduT) U pacroJiarajiuch Ha pac-
CTOSHUU 7 MM CTPOTO mapaiienbHo. Bwibop
MaTepHaa pou3BOIHICS U3 COOOpakeHUI MUHH-
muzannu portodddexra 3a cuer momamaHus pac-
CESITHHOTO M3JIy4EHUS Ha IJIACTUHBI U MTapa3sUTHBIX
NOTeHIHANOB Ha HUX. OlHa U3 ITACTHH 3a3eMJICHA
U yKpeIJieHa Ha KOpITyce KaHanoTpoHa. B meHTpe
OHAa MMEET MHOXECTBO OTBEPCTHH AMAMETPOM
0.5 MM, TpeTHAa3HAYEHHBIX AJISI TPOXOXKICHHUS HIICK-
TPOHOB, BO3HUKAIOIIMX IIPH HOHU3ALMH BO30YKIEH-
HBIX aTOMOB. BTopas 1uracTMHa MOHM3ALMOHHOU
SYEHKH yKpPEIUIEHa Ha U30JISITOPax U HCIIOIb3yeT-
csl AN CO3/IaHHs OJHOPOJHOTO 3NIEKTPUYECKOTO
noJisi B o0JlacTH B3aMMOJCHWCTBUSI MPH IOAadye
Ha Hee MOHM3AI[IOHHOTO UMITYJIbCA.

Jis MUHUMHU3AUK TPOSIBJICHUS TAPa3UTHOTO
BBICOKOUACTOTHOTO 3¢ dekra IllTapka, nckaxaro-
miero popMy CrieKTpaabHBIX JIWHUH, HOHU3aIIMOH-
Hasl KaMepa TIIATeJIbHO 3KpaHupoBaHa. C 1ebio
MHUHAMU3AIMHN BIUSHUS MATHATHBIX ITOJIEH ee Kop-
ITyC BBIMOJIHEH U3 HEP)KaBEIOLICH CTall C MaJIbIM
OCTaTOYHBIM HaMarHUYHBAaHUEM.

Kamepa mmeeT nBa ONTHYECKHX KBAapLEBBIX
OKHA, PAcIOJI0XEHHBIX HAa TOPU3OHTAIBHOW OCH
TakuM 00pa3oM, 4TO BO30yKJaroliee Ja3zepHoe
H3JIydeHUEe HPOXOIUT 4Yepe3 BXOJHOE OKHO Ia-
paIeNBHO TUIOCKOCTH HOHU3AIIUOHHBIX TIACTHH.
[IpaBUIABHOCTH FOCTUPOBKH BO30YKJAFOILETO ITy4-
Ka U3JIY4YeHHUS] U COOMpArOIeii ONTHKH KOHTPOJIH-
pYeTcs Mo TPOXOXKACHUIO M3ITyYeHHs 4epe3 BbI-
xonHoe oKHO. [Tocie rocTHpoBKHM na3epHO cucTe-
MBI BO30YXKJICHHSI B KaMepy 4epe3 BTOPOE OKHO
K 00J1aCcTH B3aMMOAEHCTBHSI BBOAUTCSI MUKPOBOJI-
HOBOE U3JIy4YeHHE.

dopMupoBaHHE My4yKa HEHTPAIbHBIX aTOMOB
HCCIIEAYEMOT0 XMMUYECKOTO 3JIeMEHTa, B3auMO-
JefiCTBHE aTOMOB C M3IIyYEHUSIMH ONTHYECKOTO
1 MUKPOBOJIHOBOT'O IMAIIa30HOB, HOHU3ALMS UX UM-
MYJTbCHBIM JICKTPUYECKUM TI0JIEM U PETHCTPALIUs
00pa30BaBUIMXCSI B PE3YNbTaTe 3JIEKTPOHOB MO-

ryT OBITh OCYIIECTBJICHBI B BaKyyMe C JaBlie-
HHEM OCTaTOYHEIX Ta30B He Bhime 107° MM pT. cT.
JLost o iep KaHust TAKOTO TaBJICHUSI HOHU3AI[MOH-
Hasi KaMepa yCTaHOBJIEHA HEMOCPEIACTBECHHO
Ha MU GY3MOHHOM HACOCE C a30THOM JIOBYIITKOM.

3.2. Cucmema Kackaonozo
1a3epHo20 6030yrcoenusn

Kak n3BecTtHO, HanOoJee COBEPIICHHBIM Me-
TOJOM CEJIEKTUBHOTO BO30Y>KICHHs PUAOEProB-
CKHX COCTOSTHHI aTOMOB SIBJIIETCS JITa3€pHOE BO3-
OyxaeHre. B 3aBHCHMOCTH OT CXeMBl ypOBHEH
9HEpPruil aToMOB (MX AJISl HAITISIAHOCTH MPEICTaB-
JSIFOT AMarpaMmamMu I porpuana) u npasui oToopa
JUISL AMTIONBHBIX TIEPEXOIOB MPOoIiecC BO30YKACHUS
PHUIOEPrOBCKUX COCTOSIHUH aTOMOB TpeOyeT IpH-
MEHEHHUS! OJHOTO WJIM HECKOJbKHX HCTOYHHUKOB
H3Ty4eHHs. DT HUCTOYHHUKU OJDKHBI IIepecTpan-
BaTbCsd HE3aBUCUMO JIPYyT OT Jpyra u paboraThk
B yIBTpaduoIeTOBOM, BUANMOM WM UH(]pakpac-
HOM JIMarna3oHax JJIHH BOJH U, KPOME TOr0, UMETh
y3Ky0 JTUHUIO renepanuu. IlocnenHee TpeboBanne
CTaHOBUTCSI OCOOCHHO aKTYaJbHBIM ISl BEPXHUX
CTyIeHel BO30YK/ICHUS aTOMOB W3-32 MaJIOW IIIH-
PHHBI SHEPTETUYECKUX YPOBHEH aTOMOB U CyXKe-
HUSI MHTEPBAJIOB MEKAY YHEPreTUUECKUMH YPOB-
HSIMH 110 ME€pe pOCTa INIaBHOTO KBAHTOBOT'O YHCIIA.

B Hacrosimiee BpeMsi BeCh CHEKTP CENEKTHB-
HOTO BO30Y>XIEHHUS PUAOEPrOBCKUX COCTOSHUMN
o0ecrieynBaeTcs jla3epaMy Ha KPacHTESIX C Ie-
HepaTopamMu TrapMoHUK. B kauectBe “cuiioBoro”
B HallleM CIHEKTpPOMETpe MpUMEHSETCs jJasep
Ha YAG:Nd* ¢ mammoBoii Hakadkoif B pexume
Q-moxynauuu. I'eHepupoBaHUe THTAHTCKOTO MM-
IyJbCa OCYIIECTBISUIOCH P TOMOILH MOJISIPU3a-
LUOHHOTO MoAayinsitopa Ha kpucramiae DKDP,
Ha KOTOPBIN ITOCTYNAET KOPOTKUN UMITYJIBC HAIIPS-
skeHus amrumutynoi 1o 5000 B. Ummynec nazepa
uMeeT Takue mapamerpsl: sHeprus — 40 mJx,
MPOJIOJKUTENBHOCTE ~ 20 HC, 4acToTa MOBTO-
perust — no 20 I'm. [IpeoOpa3oBaHrne OCHOBHOTO
H3JIy4YeHUs Jla3epa ¢ JIMHOM BoJHbI 1064 HM B U3-
JydeHHe, HeoOX0oAuMoe sl HaKadyKu J1a3epoB
Ha KpacuTensax, — 532 HM, IPOUCXOIUT B KPUCTAJ-
Jie H1oOara JIUTHUS C TeMIIEPaTypHOU MOACTPOHKON
YCIIOBUM CHUHXpOHU3Ma. 3HaYeHHE TeMIepaTyphl
KpHUCTaJJIa B TEPMOCTATE MOAEPKHUBACTCS C BBI-
COKOH TOYHOCTBIO LIU(POBBIM IEKTPOHHBIM PETY-
JSITOPOM IPH UCTIOIb30BaHUH KAJTMOPOBAHHOTO AAT-
ynka ADT7301 (c pa3zpemienuem 1o remneparype
10.03125 °C). DddexruBHOCTH Tpeobdpa3zoBa-
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TeJsl DHEPTUH OCHOBHOTO H3JIY4YEHHs BO BTOPYIO
rapMmoHuKy nocturaet ~ 20 %, urto cocraBiseT
~8 mJIx.

MBI ucCnoNb30BaNM J1a3epbl Ha KPacUTENIIX
DCM u R6G c nonepeyHoit HakauyKoi N3Iy4eHHeM
2-it rapmonnku YAG : Nd* -maszepa. Pezonatop
Ja3epa Ha KPacUTEISIX COCTOUT U3 BBIXOIHOTO 3€p-
kama, audpakiuonHoi pemetku (1200 mrpu-
XOB Ha MUJUTUMETP) B PEKUME CKOJIB3SAIIEIO Ma-
JIEHUs W MOBOpOTHOro 3epkana. Ilepectpoiika
nazepa obecrieunBaeTcs W3MEHEHHUEM yIla TIOBO-
poTa 3epKajia ¢ MOMOLIBI0 MHKPOMETPHUYECKOIO
BUHTA C YAJMHUTENBHBIM pblyaroM. D¢ddexTus-
HOCTh IEpPEeCcTPauBaeMbIX Ja3epOB COCTABIISIET
okoso 17 % npu MakCUMaJIbHOM 3HA4E€HUU JHEp-
I'MY TeHEPaLH B Ipejiesiax 001acTH MepeCcTPONKH.
VY3K0IMoI0CHOE U3TYyUYEHUE C IEPECTPOHUKON B yib-
TpadroIeTOBOM AHUATIa30HE ITMH BOJIH IOY4aI0Ch
MyTeM reHepaLuy BTOPO TapMOHUKH B KpUCTaJLIE
KDP ¢ Mexanndeckoid HOACTPOUKOI yIia CHHXPO-
HU3Ma. DHEPrusi UMIyJIbca BTOPOH TapMOHHMKHU
Ja3epa Ha KpacHuTele COCTaBIsIeT OKoJo 5 MKk
[IPY MaKCUMaJIbHOM 3HaYE€HHH SHEPTUH TeHepaluu
naszepa.

3.3. Mukpoeoinoswlii cunme3amop 4acmomsul

CHeKkTphl Iepexoi0B MEXAY PUIOEPTOBCKHU-
MU YPOBHSIMH 3aIMCHIBAIOTCSl TIPH CKaHHPOBa-
HUW YacTOTHl BBIXOJHOTO CHTHAla CHHTe3aropa
50000+250000 MI'n. OToT cuHTe3aTop ObLI
panee pazpaboTaH HaMU IS UCCIICTOBaHUS Bpa-
HIaTeNbHbIX COEKTPoB Mosekya [31-33]. B teue-
HUE I0JITOTO BpeMeHH OH 3P QEKTUBHO MPHUMEHSLI-
cs Ui 9ToH menu (oM., Hampumep, [32, 34-36]).
Hawm ynanocs agantupoBaTh 3TOT CHHTE3aTOP IS
WCCIIEIOBaHMS CIIEKTPOB aTOMOB B pUIOEProB-
CKHX COCTOSTHUSX C MUHUMAaJbHBIMU MOAM(pUKA-
uusimu [37].

Cunres yactot B tranasone 50000150000 MI'g
JIOCTHTAETCS TIPH JBYXCTYIIEHYaTOM YMHOXCHHH
4acTOTHl OMOPHOTO CHHTE3aTopa JAuamna3zoHa
385+430 MI 11, mOCTpOEHHOTO Ha OCHOBE CHHTE-
3aTopa mpsmoro nudposoro cuHTeza (CIILIC,
B aHIIOA3BIYHOM uTepatype DDS — Direct Digital
Synthesizer) AD9851 [38]. MakcumanbsHas pa-
6oudas gactota AD9851 He mpeBpimaer 70 MI'nt
npu TtakToBoi yactore 180 MI'm. [ns monmxe-
HUS KPaTHOCTH YMHOXXEHHUS CIEKTP BBIXOIHOTO
curHana AD9851 mepeHocuTcs B Auamna3oH
385+430 MI'm mpu momMomy npeodpazoBates
4acTOTHl HA OCHOBE BCIIOMOTATEJIbHOTO CHHTE3a-
topa 360 MI't u 6anancuoro cmecurens [31, 32].

Ha mepBoii cTyneHu yMHOXEHHUS OOecreym-
BaeTcs (a3oBas CHHXPOHH3ALUs KIUCTPOHA CaH-
tuMmeTpoBoro auamnazona (3400+5200 MI'1)
10 TAPMOHMKAM OIIOPHOTO cuHTe3aTopa. brarogaps
BBICOKOH COOCTBEHHOW CTaOMIBHOCTU YacTOTHI
1 JJOCTAaTOYHO HU3KOMY YPOBHIO COOCTBEHHBIX (a-
30BBIX LIYMOB KJIMCTPOHA IOJIOCA IMPOIYCKaHUS
3aMKHYTOH meTiau (pa3oBoil aBTOMMOACTPOUKH Yac-
TOTHI BBIOpaHa mopsiaka 1 kI'm. Tem cambim obec-
neynBaeTcs QUIBTPAINs HOOOYHBIX CIIEKTPAIbHBIX
coctasisitonux CIILC [39]. Bo BTOpoii cTynenu
YMHO>XEHHSI YaCTOTHI HCIOIB3YETCS PAJ CMEHHBIX
OJIOKOB Ha OCHOBE JIJaMI 0OpaTHOH BOJHBI C (a3o-
BOM CHHXpOHHU3AIMEN 110 TaApMOHUKAM KIMCTPOHA.
[IpsiMoii cMeHO#T OITOKOB TEepeKphIBAETCS Trara-
30H gacTtoT oT 50000 no 150000 MI'11. YeranoBKoit
YABOUTENS YacTOThl AMANa30H 4acTOT PacIlu-
paerca go 250000 MTI'n. [dnst gocTvKeHUs] Hau-
BBICIICH TOYHOCTH BCE CHTHAJIBI B CHHTE3aTOPE
CHHXPOHHM3HUPYIOTCS 110 PyOUIMEBOMY CTaHIAPTY
YacTOTHI.

3.4. I'enepamop uOHU3AUUOHHO20 UMNYTIbCA

Hmnynbc noHU3MpYIOLIETo HapsoKeHus: Gop-
MHUPYETCs] TIPY TIOMOIIH BBICOKOBOJIBTHOTO TOJIE-
BOI'0 TPaH3UCTOpa C MaJbIM COIMpPOTUBICHUEM
kanaia (~5 Om). ViipaBiieHrue aMIUTUTYI0H HOHH-
3aLMOHHOTO UMILyJIbCa 00ECIIeYNBACTCs IpHU MO-
MOIIY U3MEHEHUSI MUTAIOLIETo HanpshKkeHus. Becs
muanazon 20+1000 B pa3owut Ha aBa moaauanaso-
Ha: 20+200 B u 200-+1000 B. B xaxzaom noa-
uarna3oHe HCIOIb3YeTCsl CBOM yHpaBisieMblil
crabunm3atop HanpspkeHus. Oba crabunmmzaTopa
MIOCTPOCHBI IO CXeME JIMHEHHOTO cTabuim3aropa
HaNpsDKEHUST ¢ MOCIEeJ0BaTEeIbHBIM BKIIOUCHUEM
YIPaBJIAIOMIEr0 TPAH3UCTOPA C ONTOAIEKTPOHHBIM
yhpaBiieHHEM. YpaBlieHne cTabrI3aTopaMu ocy-
LIECTBIIIETCS MUKPOKOHTPOJIIEPOM Ha OCHOBE MHK-
poxonBeprepa ADuC841, conepxkamum mudpoa-
HaNoroBhIi mpeodpazoBatens (LIAIL). Usmenenne
BBIXOIHOTO HANpsDKEHUS (Kak B pyYHOM pexHMe,
TaK ¥ AUCTAaHIMOHHO) 00ecreunBaeTcst MpH ycTa-
HOBKE COOTBETCTBYIOILIETO OIIOPHOTO HANPSKECHUS
c nomorbio LIAIL ITpruMeHeHne OnTo3IeKTPOHHO-
IO YIpaBJIeHHs, a TAK)KE KOHEUHOE COIIPOTHBICHHUE
KaHaja TOJIEBOrO0 TPaH3UCTOpa BEIyT K TOMY, YTO
aAMIUTUTY/Ia MOHU3AIIMOHHOTO UMITYJIBCA HE MPOIIop-
[MOHAJTbHA BEJIMYMHE OMOPHOTO HanpshKeHus. s
MUHHMH3AIUH TOTPENIHOCTH MBI IPOBEIN Kallno-
POBKY, Ha OCHOBE KOTOPOI OIlpe/IeNuiIu napamMeT-
pBl KOPpEKTHpPYIOLIEro nojivHoMa. B Hacrosiiee
BpeMsi HeoOXoJuMasi KOPPEKIUsl BBIMOIHICTCS
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KOHTPOJIJIEPOM CTabUIM3aTOpa, II03TOMY ITOrpell-
HOCTh YCTAaHOBKHM aMIUIUTYIbl MOHHU3ALMOHHOTO
nMIynbca He mpesocxoaut 0.5 B.

4. PaboTa cnekTpoMeTpa

OyHKIMOHANBHAS CXeMa MUKPOBOJHOBOTO
CTIIEKTPOMETpPa aTOMOB B pUAOEPTOBCKUX COCTOS-
HUSX NpuBeneHa Ha puc. 1. [Tydok uccaemyeMbix
aToMOB (OpMHUPYETCS BHYTPH HOHH3AMOHHON
KaMepbl (ee omMcaHue MPUBEIEHO BhINIE). ATOM-
HBIH MY4OK HEePIEeHANKYISIPEH INIOCKOCTH PUCYHKA
u obo3HayeH cuMBoiioM O (cm. puc. 1). Yactp
ATOMOB TMEPEBOIUTCSI PE3OHAHCHBIM H3IyYCHHUEM
7a3epoB B pUAOEPrOBCKHE COCTOSIHUS, KOTOpBIE
Janee Mbl OyaeM Ha3bIBaTh MCXOJHBIMH.

CriekTpoMeTp npeaHazHaveH Uil perucTpanun
TeX MEPEX0J0B MEXKAY PUAOCPTOBCKUMHU yPOBHS-
MU, YaCTOTHI KOTOPBIX JIeKaT B AMANa3oHE MUII-
JMMETPOBBIX BOJIH, IMO3TOMY B 00JacTh B3aUMO-
JEHCTBUS TIOCTYNAeT U3TyYeHUE OT CHHTE3aTopa
yactoTel 50+ 250 I'Tu. IIpn Hanmuuum pe3oHaHc-
HOT'O MOTJIOLICHUS MHUKPOBOJIHOBOTO M3JIy4EHUS

pacTeT 3aceIeHHOCTh PUAOEPrOBCKOTO YPOBHS, Jie-
JKAIETO BBILIE UCXOMHOTO HA BEIIMYUHY YHEPTUU
KBaHTa MHKPOBOJIHOBOTO M3ITy4eHUs. AMIUTUTYA
MOHHM3UPYIOIIETO HMITYJIECa BEIOMPACTCS TAKMM 00-
pa3zoM, 4TOOBI HAMPSDKEHHOCTh 3IIEKTPHYECKOTO
MOJIsI B MOHU3AIIMOHHON SUeiKe MpeBbINIaia IMmo-
pOTOBYIO IIJIsl BO30YXJAEHHOTO MHKPOBOJHOBBIM
W3ITy4YeHHUEM YPOBHS, HO IPU 3TOM Obla HIDKE
MOPOTOBOH AJIst UCXOAHOTO. B 3TOM Ccityuae npowc-
XOAUT MOHM3AIUS TOJBKO TeX PUAOCPTOBCKUX
aTOMOB, KOTOpBIC TOTJIOTHIIM KBAaHTHI MHKPOBOJI-
HOBOTO m3nyueHus1. Cie1oBaTeNbHO, IPH MOIIaro-
BOM CKaHHUPOBAHNH YaCTOTHI H3MEHEHHUSI HOHHOTO
TOKa OyyT BOCTIPOM3BOANTD JIMHHIO MOTJIOMICHHUS
pUIOEPrOBCKUX aTOMOB.

Oco00eHHOCTHIO BEIOPAHHOTO METOJIa CIIEKTPO-
CKOIIUU PUIOEPTOBCKUX COCTOSIHUH aTOMOB SIB-
JSIETCSl UMITYJIBCHBIA PEXXUM PaOOTHI, IIOATOMY Kak
CKaHWPOBAaHUE YacCTOTHI CHHTE3aTopa, TaKk M pa-
0ota ananoromudposoro mpeodpazosarerns (ALIT)
JIOJDKHBI OBITH JKECTKO CHHXPOHHM3WPOBAHBI C pa-
00Toi#1 UMITYIBCHBIX J1a3epoB. Kpome Toro, BBUAY
BBICOKOTO YPOBHSI UMITYJIbCHBIX TIOMEX HEOOXOAH-
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£ *
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/ I Ll IA (////////{f/
CHHTe3aTop / OHW3ALHOHHAA | Aueiika CHetema
T TOTED i ESSEESREEERERTEERENESN ¢ NA3EPHOTO
50+250TTu | MB || B ___ 7 No ______ d |_Jlasepuoe | Bosbymnenns Fa
HITy4CHIEe i { | u3myuenne
== ? 7
- A 4 Cr
’
; |
1 et 1 [rs-232 7 7 d
i repdedic | ; z AL
Konrpozep 7 //
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Puc. 1. Qynxyuonanvhas cxema MuKpo8OIHOB020 CHEKMPOMEMPA pUObepeo8CKUX COCMOSIHUU AMOMO8
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MO pa3MemaTth cuctemy peructpanuu u ALII
B HETIOCPEACTBEHHOM OJIM30CTH OT HOHU3AIMOHHOM
KaMephl, a liepejady CUTHAJIOB YIIPaBISHUS U JJaH-
HBIX OCYIIECTBIATH C UCTIOJIb30BAaHUEM ONTORJIEKT-
POHHBIX U TPaHC(HOPMATOPHBIX Pa3BA30K.

CoBpeMeHHBIH (pU3NYecKuil SKCIIEPUMEHT He-
BO3MOYKHO MPEACTaBUTh 0€3 aBTOMAaTH3alHHU IIPO-
1ecca M3MEpeHuil: ynpaBleHHe anmnapaTypoiu
1 cOOp AAHHBIX BBIMOJHSIOTCS YHIPaBJISIOLINM
KOMITbIoTepoM. BOT moyeMy HeManoBa>KHBIM BOTI-
pocom sIBIIsieTCst BEIOOp MHTEpdeiica ans CBSI3U
9KCIIEPUMEHTAIBLHOTO 00OpYIOBaHUS M YIIpaB-
JISIIOLLErO KoMIbloTepa. Temn u3MepeHuil B crek-
TPOCKOIIUH PHAOEPrOBCKUX aTOMOB MOIHOCTBIO OII-
penesieTcs MaKCUMalabHO BO3MOXHOM 4acTOTOMN
3aIycKa UMITYJIbCHOI CHCTEMBI JIa3€PHOTO BO30YX-
JCHMA, KOTOpasi B HAllleM Cly4yae HE IPEBBILIAET
20 I'u. Ilpu TakoMm Temme W3MEpPEHHUl KaKk ympas-
JIeHHE, TaK U cOOp JaHHBIX JIETKO OCYIIECTBIAThH
4yepe3 CTaHJAPTHBIN MOCIEN0BATEIbHbBII UHTEP-
¢eiic RS-232, koTopsIiM OCHAIIaeTCs OONBITMHCTBO
komIbloTepoB. [lognepxka sToro uaTepdeiica
CO CTOPOHBI amlmaparypsl CeKTpoMeTpa obecte-
YHMBAETCSI LIMPOKO PACHPOCTPAHCHHBIMH MUKPOKOH-
Beprepamu ADuC834 u ADuC841 ¢pupmsr Analog
Devices Inc. [40]. K nocromrcTBaM 3THX MUKPO-
KOHBEpTEPOB CleAYeT OTHECTH HAJHUNE aHaJIOTO-
(pOBBIX U U(POAHATOTOBEIX peodpa3oBaTe-
neii, cranapTHBIX HHTEpdeiicoB RS-232, SPI, 1°C
U T. A., YTO MO3BOJSET CO3/aTh KOMIaKTHYIO
1 oueHb 3P (HEeKTHBHYIO HHPOPMAIIMOHHO-U3ME-
pUTEIbHYIO cUCTeMy. B Hamem ciydae 3amyck
CHUCTEMBI JIa3€PHOTO BO30YKIEHH, yIpPaBICHUE
cunTe3aropom gactoTel 50000+ 250000 MI,
a Takxe onpoc AlIIl obecieunBaroTCss KOHTPOII-
nepoM Ha ocHoBe ADuC834.

[Tocne mpeaBapUTENbHON HACTPOMKHA CUCTEMBI
JIa3epHOTO BO30YXKIEHUS M aMIUIUTYObl HOHHU3H-
pYIOIIEro MMITyJbCca 3alUCh CIEKTPOB aTOMOB
B pUIOEPrOBCKUX COCTOSHHUSAX 00ECIeynBaeTCs
cieayomuM obpazoM. KonTpomnep BelaaeT uM-
MyJIbC 3aITyCKa CUCTEMBI JIa3epHOT0 BO30YKACHHUA.
B nensx MCKIIOUEHHs BIMAHUS UMIYJIBCHBIX I10-
MeX Ha U3MEPUTEIbHYIO CHUCTEMY CIEKTpOMeTpa
B IIETIN 3aIlyCKa HCIOJb3yeTcsl TpaHchopMaTop-
Has pa3Bs3Kka. Mexay CUTHAJIOM 3aIycKa U MOsB-
JICHUEM HUMIYJIbCa JIa3€pHOTO H3JIyUEHHS €CTh
HEKOHTPOJHMpYyeMasi 3a1€pP’KKa B HECKOJIBKO MHUK-
POCEKYH]I, TO3TOMY YIIpaBJIeHHE CUCTEMOIl HOHH-
3a0Mu 00ECIIEYMBAETCS ONTHYECKUM AATYHKOM
1o (akTy MOsIBIICHHUS JIa3epHOT0 UMITYJIbca. Takum
obOpa3om obecreunBaeTcsi BpeMEHHasl MPUBSI3KA

MOHM3AIMOHHOTO UMIYJIbca. DKCIEPUMEHTAIbHO
YCTaHOBJICHO, YTO B HAUIEM CIIEKTPOMETPE MAaK-
CUMaJIbHasi aMIUIATY/la CUTHAJIa HAa BBIXOJE Ka-
HAJOTpOoHa HaOmromaercs yepes 15 MKc mocie
MOHU3AIIMOHHOTO UMITYJIbCa, o3ToMYy 3amyck AL
OCYILECTBIIETCS C TAKOM XK€ 3aJEPKKOM U ¢ MpH-
BSI3KOM K MOHU3aLIMOHHOMY UMITYJIbCY. J{71s1 ucKito-
YEHUs BIUSAHHUSA UMITYJIbCHBIX TIOMEX Pe3yJIbTaThl
A3MEPEHUN CUUTHIBAIOTCS KOHTPOJUIEPOM IIPU
nomoinu uHTepdeiica SPI ¢ onrTo3nekTpoHHOU
pa3Bs3koi. [lonyueHHbIE TaHHBIE MEPENAIOTCS
B YIPaBISIONIMNA KOMIIBIOTEP 17151 00pabOTKH U BH-
3yayIn3alum.

3amycK CUCTEMBI JIa3epHOT0 BO30YKIEHHS OCY-
LIECTBIISIETCA IIPU MIOUIarOBOM CKAHUPOBAHUY Yac-
ToTHl cuHTe3aropa 50000+ 250000 MI'n. Takum
00pa3oM MOoTydaroTcs 3alMucH MEePEX00B MEXIY
puAOEpProBCKUMHU COCTOSHUSAMHU aToMOB. {7 1o-
BBIIICHUS] OTHOIICHUS CUTHAJ/IIYM TIPUMEHSIETCS
MHOT'OKPAaTHBIN IIPOXOJ Y4aCTKa CIEKTPa C Mocie-
JYIOIIUM yCPEIHEHUEM IIOJIyYEHHBIX peaInu3aluil.

5. TecTroBbI€e 3aNIMCH MUKPOBOJHOBBIX
CIEKTPOB MOIJIOLIEHHUS] ATOMA 1[e3Us
B pu/10€proBCKUX COCTOSTHHUAX

st ucnpiTanus pa3pabOTaHHOTO CIIEKTPOMET-
pa MBI 3aIHMCaIM HECKOJBKO MEPEXOI0B MEXIY
PUIOEPrOBCKUMHU COCTOSIHUAMU aTtoma ne3usi Cs 1.
Br100p UMEHHO 3TOr0 aroMa B KayecTBE TECTOBO-
ro ObII cAeNaH MO CIEAYIOUIMM COOOpPaKEHUSIM.
DHepreTUyecKnil CIeKTp Le3usi B puadOepros-
ckux coctostHusIX S, P, D u F xopormo usyuen [10].
ABTOpamMH 3TOH pabOTHI ONpeAeNeHbl 3HAUYCHUS
NOCTOSIHHBIX JJISl pacyeTa KBaHTOBOTO JedeKTa B
YKa3aHHBIX COCTOSIHUSIX, YTO MO3BOJISICT PACCUH-
TaTh C MPUEMJIEMON TOYHOCTBIO YPOBHU 3HEPIUU
W YacTOTHl NEPeXoloB. JIeTKo TakKe BBIYMCIUTH
IIOPOT'Y OJIEBOM MOHU3ALIUM aTOMA 11e3Us1 B KaXKIOM
U3 TUX COCTOSIHWH, YTO 0Ojeryaer maeHTuguKa-
LU0 3aIMCaHHBIX Pe30HaHCOB. KpomMe Toro, my4ox
aTOMOB LI€3Hs HECIIOKHO MOTYYHTh MPU CPABHUTEIb-
HO HHU3KOM TeMmIlepaTrype MCTOYHHKA, a MEPEeBOJ
aTOMOB B PUAOEPTOBCKUE COCTOSHUS MOXKHO OCY-
LIECTBUTH ITyTeM JBYX(OTOHHOTO MOIVIOIEHHUS U3-
JTydeHus eTMHCTBEHHOTO Jlazepa Ha kpacutene DCM
(KpacHBIN CBET) C MepecTpOUKON YacTOTHI.

B pab6ore [10] momy4eHsl cienyromue 3Hade-
HUSI TIOCTOSIHHBIX /IS pacieTa KBaHTOBOT'O AedeKTa
D-tepmos  (1=2):  E,,,=2475365-10";
A, 4, =00554-10"°  E,,,=2.466210-10";

204 Pagnodusuka u pagmoactponomust, 2011, 1. 16, Ne2



MUKpPOBOIHOBBIH CIIEKTPOMETP aTOMOB B PHJIOEPrOBCKUX COCTOSTHUSIX

-3
A, 5/, =0.0670-10"". C nx nomouibto Mbl paccuu-
TaJM YPOBHH YHEPTUH C UCIOIB30BaHUEM H3BECT-
HOT'O BBIPQ)KCHUSI

.. —R -R
E , |, — *Cs — Cs ,
(n J) (n )2 (n_sn’hj)z

rae Rg, =3289828299 MI' — nocrosunas Pun-
Gepra anis mesus, a KBaHTOBEIH nedexT 9, ;
MOJKeT OBITh mpeacTaBieH Gpopmynoit Purma [10]:

AL

=E .+
" (n_E|,j)2

n 1 j

YacToThl IEPEXOI0B HAXOAMIUCH U3 Pa3HOCTH
COOTBETCTBYIOIIMX YPOBHEH SHEPTHH.

[Tony4eHHast 3KCIIEPUMEHTAIBHO 3alUCh 3aBH-
CUMOCTH MOHHOTO TOKa OT aMIUIMTY/bl HMITYJIbCa
Ha IUIaCTUHAX MOHU3ALMOHHON AYEeUKHU JIJIsl 1By X-
oronnoro nepexona 27D, — (27 +1) Dy, aromos
1e3us npuBeneHa Ha puc. 2. Ha »Toil 3anucu Ha-
OITIoaeTCs YeTKO BEIPaKEHHBIH MOPOT HOHU3AITHH,
KOTOPHIM C WCTONB30BaHMEM cooTHomeHus (1)
TTO3BOJISIET JIETKO HICHTH(QHIIMPOBATH TUTI IEPEXO-
Jla TI0 TIABHOMY KBaHTOBOMY 4wciy #. [l sHep-
reTdeckoro yposHsi 27D, u paccrosHus 7 MM
MEX]ly TUIACTUHAMH MOHU3AIMOHHON SYCHKHU BbI-
YUCJICHHOE 3HAYEHUE KPUTUUYCCKOW aMILTUTYIIbI

0 T T T T T T T T T
300 400 500 600 700 800
HonmnzanmonHoe HanpshkeHue, B

Puc. 2. 3asucumocme cuenana OmKIUKa Om amMnaumyoul
uMnyIbea uonuzayuu ona N = 27. Beiuucnennoe snave-
HUe Kpumuyeckol amniumyosl umnyavca pasHo 618 B,
9KCHepUMEHMAIbHO NOIYyYeHHOe 3HaYeHue — 615 B

uMIyibca paBHO 618 B. DkcnepuMeHTanbHO Mo-
Jy4eHHOe 3HaueHue cocrapnaer 615 B. [Iposepka
[I0Ka3aja XOopolllee COOTBETCTBUE PACUETHBIX U 3K-
CTIIEpUMEHTANBHBIX PE3Y/IBTaTOB B IIMPOKOM JHaria-
30HE M3MEHEHMs KBAaHTOBBIX YHCEN U MPUTOTHOCTh
METOJa JUISl ONIPEENICHUs] KBAHTOBOI'O YHCIIa CTap-
TOBOT'O YPOBHSI.

3anmcu AByX()OTOHHBIX MUKPOBOIHOBBIX Pe30-
Hatcos 34D;, —35D;, u 35D, —36D;, npuse-
JIeHbI Ha puC. 3 U puc. 4 COOTBETCTBEHHO. CreayeT
00paTUTh BHUMaHNE HA MAJIyIO [IUPUHY PE30HAH-
coB, coctapistoinyto ~ 0.5+1.5 MI'u. Takue 3Ha-

1.0

AwMmuuryna, o. e.
< o o
i o %0
1 1 1

S
[\
]

100120 100125 100130 100135 100140
Yacrora, MI't

Puc. 3. PesonancHbill 08yX@homonHbli nepexoo
34Dg), — 35Dy, . Briuucnennoe no oantvim [10] snave-
Hue yacmomut cocmasnsem 2-100130.026 My, sxcne-
pumenmansvro noayueno snavenue— 2 -100130.247 My

Awmmiutyna, o. e.
e o o =
B o » o
1 1 1

<
N
1

91308 91312

Yacrota, MI'm

0 —
91304

Puc. 4. PesonancHbill 08yX@homonHblU Nepexoo
35Ds), =36 Dy, Betuucnennoe no dannvim [10] snaue-
Hue wacmomol cocmasnsiem 2-91306.370 M1y, sxcne-
pumenmanso noayieno 3uavenue — 2-91306.998 MIy
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YEeHUS TPUOIM3UTENLHO COOTBETCTBYIOT 0OpaTHO-
My BpeMEHH NpeObIBaHUs BO30Y>KIEHHOIO aroMa
B aKTUBHOMH 30HE, T. €. IPOJIETHOU lupuHe. Manas
LIMPHHA PE30HAHCA CBHUIAETEIBCTBYET TAaKXKE O
HE3HAYUTEIHHOM yPOBHE MTapa3UTHBIX IIEKTPOCTa-
TUYECKUX I10JIe B 001aCTH B3aMMOACHCTBHSL.

Pe3oHaHCHBIC YacTOTHI MEPEXONOB ONMPENEs-
FOTCSI IPU MIOMOIIY aNIIPOKCUMALINHU SKCIIEPUMEH-
TaJIbHOU 3anucu KoHTypoM Jlopenna. Pesynprarsl
WU3MEPEHMs YacTOT YEThIpEX IMEPEeXOA0B MEXAY
PUIOEPTOBCKMMY COCTOSIHUSIMH aTOMa LI€3Us IIPH-
BeeHbl B Tabnuue. HanmomHuM, 4To mepexoas! —
IBYX(OTOHHBIE, OITOMY 3HAYCHUSI HKCIIEPHMEH-
TaJIbHO W3MEPEHHBIX YacTOT JOJDKHBI ObITH YMHO-
’KeHbI Ha 1Ba (B TaOIHUIlE 5T0 0003HAYEHO KaK “2-").
[ns cpaBHeHUS TaMm ke NPHUBEAECHBI 3HAYEHUS
4acTOT, BBIYUCIICHHBIX MO JaHHBIM padotTh [10],
a TaKKe Pa3HOCTH MEXAY dKCIIEPUMEHTAIBLHBIMU
W pacueTHBIMH 3HaueHUsIMH. Kak criemyert u3 tabd-
JIUIIBI, PACXOXKICHUE MEXTy SKCTIEpUMEHTANIbHBI-
MU U BBIYUCIEHHBIMM 3HAUEHHUSIMH COCTaBIISAET
0.4+1.2 MI'u, yTo cleayeT paccMaTpuBaTh Kak
XOpoLIee COOTBETCTBHUE, ITOCKOIBKY HOIPELIHOCTH
YaCTOTHBIX U3MepeHuid B paboTte [10] mis pa3mmd-
HBIX NepexoAoB nexar B npegenax 0.2+10 MI.
3aMeTHM, YTO 3HaYE€HHE YaCTOTHI ABYX()OTOHHBIX
MIEPEX0/I0B MOABEPKEHO €1IIe MOIIHOCTHOMY CABH-
Ty, 0oOyCIOBIIEHHOMY IMHAMHYECKUM 3(QerTomM
[Irapka:

2 2 2

(-a)e

0~ - .5 .
8h%A

TIe dl, d2 — JUIIOJBHBIE MOMEHTHI HHKHETO

U BEPXHEro MEPEXOIOB uUepe3 MPOMENKYTOUHBII

YPOBEHb, £ — aMIUIMTy/1a HAIPSXKEHHOCTH MUKPO-
BOJTHOBOT'O TIOJIA (TIPH €10 JINHEWHO! TOJIpHU3aI|n),

A — OTCTpoOMKa MPOMEXKYTOYHOro ypoBHs. Ilpu
yactore Pabu aByxdoToHHOro mepexoma €, =
d,d,E? / (4h*A) mopsaka 1 MI MOIHOCTHBINA
CIBUT CPABHUM C LIMPUHON PE30HAHCA, T. €. TOXKE
nopsiaka 1 MI'm (mpu 3aMeTHBIX oTnHUusAX d,
u d,). Yuer sToro ciBura He0OXOANUM IIPH NPOBE-
JEHUH TOYHBIX U3MepeHuH. J{J1s 3Toro u3mMepstor
3aBUCHMOCTEH YaCTOTHI OT MOIIIHOCTA MHKPOBOJI-
HOBOTO W3ITyYEHUS W MOTOM [EIar0T JTUHEHHYIO
AKCTPAITONSIITUI0 K HYJIEBOW MONIHOCTH. BBumy
WCIIONB30BAHUSI aTOMOB II€3UsI UCKIIOYUTEIBHO
B IIEJISIX TPOBEPKH pabOTOCTIOCOOHOCTH CIIEKTPO-
MeTpa TaKOTO PojJia MU3MEPEHHUS B HAIllEM CIydae
HE MTPOBOIIIINCE.

CrenyeT 3aMETUTh, YTO CHHTE3aTOP YaCTOTHI
HAIIIETO CIIEKTPOMETPA aKTUBHO UCIIOJIb3YETCS TS
WCCIIEIOBAaHUH BpalaTeNbHbIX CIIEKTPOB MOJIEKYI.
MHoOro4YuCICHHBIC OLICHKH, TPOBEICHHBIE 110 MO-
JEKYISIPHBIM CIIEKTpaM, MOKAa3bIBAIOT, YTO TPHU
OTHOLICHUHU CUTHaI/myM Ooxpmie 10 morpem-
HOCTH YaCTOTHBIX MU3MEPEHHI HE MPEBOCXOIAT
+0.010 MTI'u. M3-3a cpaBHUTEIBHO BBICOKOTO
YPOBHS IIIyMa Ha 3aMHUCIX MEPEXOI0B MEXIY PUI-
OEeproOBCKIMHY COCTOSTHHUSMH aTOMa IIe3HUsT OIIHOKA
MIPY U3MEPEHUSIX UX PE30HAHCHBIX YACTOT MOTIIU
nocturatb +0.050 MI'm.

6. 3akirouenue

Pa3pabotan 1 co3gaH MUKPOBOJTHOBBIH CHEKT-
poMeTp IJs HCCIEeAOBaHUSA CBOICTB aTOMOB
B PUIOEPTOBCKUX COCTOSAHUAX. [lepBbie HcmbITa-
HUS CIIEKTPOMETPA, IIPOBEJIEHHBIE C aTOMaMH I1e-
3Msl, MOKa3ajJl €r0 COOTBETCTBHE COBPEMEHHBIM
TpeOOBaHUAM K IpHOOpaM Takoro tuma. B mais-
HelIeM npennoiaraeTcsi aianTaus ClIeKTpOMeT-
pa K HCCIIeAOBaHUSIM PUAOEPrOBCKUX COCTOSHHUN
aTOMOB yIJIepo/ia U KPEeMHUS, MPeICTaBISIONINX
0cOOBIi MHTEpEC TS PaJHoacTPOHOMUH.

Ta6auua. Pe3onanchvie uacmomsl 4emuipex 08yX@QOmOHHBIX NEPex0008 MexHCOy
PUO6GEP2OBCKUMU COCTNOSHUAMU AMOMA Ye3usl
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Yacrora (pacuer Yacrora PasHocTh yacToT
Iepexon o naHHbM [10]), | (9KcmepuMeHT), | (IKCIIEPUMEHT —
MI't MI'1t pacuer), MI'nt
33D/, —34Dg), 2-110128.355 2-110128.887 1.064
34D;/, —35D;, 2-100130.026 2-100130.247 0.442
35D;, —36Ds), 2-91306.370 2-91306.998 1.256
36Ds/, —37Ds), 2-83489.987 2-83490.172 0.370
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Horo npoekra POOU-T'ODU Yipannsl (Ne09-02-
90427-Ne®28/259-2009), a Takxke rpanra PODU
Ne 10-02-00133.
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MikpoXBHJILOBHI CIIEKTPOMETP ATOMIB
y pin0depriBcbKHUX cTaHAX

C. I1. dwbxo, M. JI. Ilorpednsk,
€. A. Anekcees, 1. 1. Psioues,
0. C. Kyuenko

OnucyeThCsl HOBUI CIIEKTPOMETP, PO3paxoBa-
HUU JIJIs1 TOCITIIKCHHSI MIKPOXBHIIBOBUX CIIEKTPIB
aTOMiB y pin0epriBchkux craHax. CHeKTpoOMeTp
3a0e3reuye TOYHICTh BUMIPIOBaHHS YacTOT TIepe-
xoniB He ripme 3a £0.05 MI'u. HaBeneHo pe3yib-
TaTH TECTOBUX BUMIPIOBaHb JESKUX MiKPOXBHIIb-
OBHUX TEPEXOdiB MK PiIOepriBCHKUMH CTaHAMHU
aToMa Ie3li0.

Microwave Spectrometer
of Rydberg State Atoms

S. F. Dyubko, N. L. Pogrebnyak,
E. A. Alekseev, L. 1. Ryabtsev,
and A. S. Kutsenko

A new spectrometer designed for investigation
of microwave spectra of Rydberg state atoms is
described. The spectrometer provides an accuracy
of transition frequencies measurements about
+0.05 MHz. Results of test measurements of some
microwave transitions between Rydberg states of
cesium atom are presented.
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