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AKTViLIL TeMbI

[Ipu BIanMoIcicTeNiY HENPCPRIBHOID }I‘ilﬂl‘lﬂﬂﬂﬂ“ﬂm JIEFCEHOT O HIAYMCHHA
ATOMAPHBIMH [1AD3AMH  ICI0YMHEIX MCTAEOR, PAAHIVEITCH GD.JIEILH:HE YHCES ONTHYCCEHX H
MATHHTO-ONTIHECKHY NPOLIECCOE. Hcm:rnpm‘: 03 ITHX (pOUGCCoBs B MOCHEIHHE MOJR! Hatin
UIHPOKOS MPHMEHCHHE B JG9CPHLIX  TEXHOMOTHAY, MCTPOROrHH  BMCOKOID SHAcCTOTHOID
PEIPCIICHAN, B COIIAHNH BRCORCMYBCTBHTCARHEIL MAIHCTOMCTPOB, B 3A1443K KBANTOBOH
KOMMYHEKALD, JanucH onmiveckoi wndopsammn w ap. [ul-u2]. Mosrosy, wearepes & i
HCCASA0BAHHAM NPOAMTERCT OCTARATECE OYelh BhicokiM. Hagnnas ¢ 2001 roza, B pabote [13]
G0 MPOAEMOHCTPHPORIRD, HTO HCMOIEIOBAHMHE HAHO-AYeik, paspaboTannoil 8 HOH, HAH
ApsieHHN, ¢ TOMMMHON cTonfa napos atoMmos L < | MEM B NOMNE HITYUCHHS HENPEPLIBHEIX
YIRONONOCHMX MIABHO-IIEPECIPANBIEMEX AHOIHEX A33CM0E CO COCKTPIBHOI WHpHHOE ¥; ~]
Ml posMokno dopaupoBanie cyGIOMACPOBCKIE PEIOHANCOD OMTHMECKOTD THANAIOND CO
crerTpanteioil mmpraoi 15-70 M7, [pa srom scnonssyoTes coeaveoumme 1aa npogecca: 1) s
CMeKTpax MpONMyCKaHNA HaHo-mueiikn anonsennoll napamn atomon pyGuoma (0, ; aummm),
HMERAINE TOMIHHY cTonba £ = & (h=ZU1Wim BOTHE PEIOHANCHOTO WIAYYEns pastas 794 uwm
wan TR0 psm ana Ly u Dy nenwil, COOTRETCTRERHO), NPH NCNONLIOBARKHE ACPCCTPAHBACMOTD
NAICPROTS WANYISHHR, HOPMEPYIOTCE YIKHE, CCNCKTHBHEIE N0 CROPOCTAM OIITHNMECKHE pe-
somamcn (OPCC), pacnonoseHibLe HA aTOMHEIX MEPEXOIAX ¢O CIEKTPAnLHOR wipunod 15-20
MINu; 2) B coextpax pesoHancHoi dquiyopeciieninn  Hano-AveHKn sanoaHeHnol  mapass
pyfuama (O i O: neswi), aMeomnx TomumnHy cronfa L = U2 hopMHpyIOTCE YIKHE [THKH
dunyopecueHuMy co cnexTpankioi wapriod 60-70 MMy, Yie npensapHTeaAbHKE PeIyIbTaTH
NOKAIATH, T10 npHMenenie OPCC o yikomonocHoll dayopecismiil MoIBoNgoT yenemno
HCCTEA0BNTE NOBEASHHA ATOMHLX MEPEXONOR CREPXTONKOR CTPYKTYPE atoMoB pyGimd, B
YACTHOCTH, HOCTCMOBATE MOBCICHHA ATOMHEX m:ptxu,':un ]'.I'y'EIIJ]_III MCEay ICCMAHOBCKH MM
[HAYPORHAME BO BHCIHIHHX MAMHHTHLIX MTONEX.

Ha ociope BLISHIADKEHIOND MOKIID GRUIO ORHIATE, 9T NPUMEHEHNE VIKHX OIITHYEC-
KIX PETOHAHCOR MOTBOTHT CCYIIECTRITE Janbieiiniee Hocne oBaHHe aTOMHLR nepexoaon Rb s
IHIUHTEARHO HONCE MHPOKOM HHTEPEAAS BETHYHE MATHHTHOTO MOARA (4eM 370 GRID peannso-
BAHO K MOMEHTY HAMARA AHCCEPTAMONNHON paboTl), 2 TAKAE NPUMCHITE NONYYCHHME PeTyik-
TaATHI A8 IT_EEH'I'H.‘-H:I'_'I.'HI ﬂFHm—iH’ﬁ. Tam BAKHBIM RRIAAOGCEH HOCNEAOBAHHE }'EIIQBH;H‘ AR
OPMHPOBANHA ONTHMANLHEIX NAPAMETPOR HEMOTRIYEMBIX PEIGHAHCOR,

Heanis padoThl ARTANOCE IKCOEPHMEHTANRHOE H TEOPETHYECKOE HIVHEHHS MOBCICHITA
HHAMBHIYVAIRHEIX STOMHBIX NCPEX0I0B CECPXTOHEOR CTPYKTYPH atomos pyGuana ) u 0 an-
HHE MEATY FECMAMOBCKIMI NOIYPOBRAMH BO BHCIIHHX MATHHTHEX MOAAX B WNPOKOM HHTEP-
Bane MarduTusx nonedi 5-7000 I'c ¢ npuMeHeHHeM YIKONOIOCHOND HENPEPLIBMOTD Ta3epa, M
HAHO-AYSCK, & 'I'E'.‘ﬂﬂ:, Il'l}"‘ll.'llllt BOSMOGKHOCTH ﬂpﬂlﬂ':ﬁ‘lﬁﬂ:ﬂm I‘IFHHEH'EHIIH Hﬂn""IEIIHHR P{:-
Iy ALTATOR,

Jlna AoCTHRENHA NOCTARMEHHOIN Bem Dhi NOCTARAEHE CHSAYROUINE JATasn:

1. PaspaboTka yCTRHOBEH H3 OCHOBE MOCTOAHHEIX MATHHTOR, NOMBOARIILAR (opMIpo-
BaTh CHIMHEIE MATHHTHELS MONA © BOIMOKHOCTEID MOMCINCHHA B HOC p}rﬁﬂmmﬂ.ﬁ HARO-AMeKH
C HArPeBITENCM Il BOIMOKNOCTRI NPONYCKINMA I PCrHCTRILNN 12 FEPHOND HIIYYCHHA.

2. H{:EJ’IE;L{JH.’:IIIHE‘ BIMAHHA :I'.IB.PGM{HFJ‘E '.IIH.'!I}E'[IILHEII'I'!. TAKMX KAK CPHAR HHTCHCHB-

HOCTE, gofapka OydepHOIO rana, WIMEHCHHE TONUMMLL cToada napos & nHTepmute AS2-4a,
NAGTHOCTH MAPOB ATOMOE Hi BETHMIHY COCKTPANBHON IINPHHL PEIOHARCHON QUYOPECIIEHIINN
# OPCC peaoHascon ¢ Ueabio JANBHEHINCTO MPHMEHCHHR U1 HOCNSI0BAHKA HACTOTHOTD I0BE-
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[EHHA W HHTEHCHBHOCTH AHHAR (BEPOATHOCTH NEPEXOA0R) STOMHEIX NEPEXGA0R CHEPXTOHKON
cTpyETYpRl Rb, O 5 0 nnnil Mesny IeeMiBoRckuMi oIy POBHAMHE BO BREWHHN CHIbHBX
MATHHTHLLX MOARX.

3. PapaboTen WMCcneHHO NPOrpaMMel, NOIBOAAKIUCH ONPEIEIATL Y4CTOTY H BEPORT-
HOCTH 474 ATOMHEIX MEPEXOI0B MEKTY ICCMAHORCKHMN NOAYPOBHAMY B CHABHLIX MarHUTHHX
nonsx ang Dy u Dy nwuuit aromos Rb.

Havunas yopmina:

1. Henonsiya yakononocHywo gayopecueilng of HaHo-aueixn ¢ Tomumnod L = L2 »
OPCC peronanice, dopaupyessie npi Tonmuue £ = A, snepasie aIRcnepHMeHTANLHO HCCIEA0-
BAHO SACTOTHOC MOBCICHEE H BEPOATHOCTH ATOMHBMX NCPCXON0B MEETY HIGKHHMH H BERXHAMM
YPOBHAMM CBEpXTOHKON cTpviTypsl Rb, O u Dp mnnii B0 BHCIIHIK MATHRTHEX NOAAX B HH-
Tepaane 5-7000 [e. Heenenosano nopeaenie HECKONLENY JCCATKOB PANSE HEHIVUCHHIX ATOM-
HEX NEPEX0d0n H NOKA3AHO, YT0 HHTCHCHBHOCTH YTHX AHARN MOTYT KaK CHALHO BOIPACTETH,
TAK #H CHALHO YMEHBILATLCA (B QSCATKH pa3).

2.  Bnepsuie npoaeMOHCTPHPOBAHO, Y4TO NPH ONPEICACHHBX BEIHTHHAX MAIHHTHEIX [10-
e, BEPOATHOCTL JNPCUICHARX (MPH HYNSBOM MATHHTHOM NONe) NepexoLon ir?li‘.l:ln, Dy mouisnm,
F=1—F=3 (Tpu nepexona npu posysienny inyLentes ¢ ot nonapuianmeii), F=1—F =|
(OmME Mepexon NpH  BOTOYMICHMM  HINYYEHHEM C© T ONOIAPHIAUMSH); Rb, D nawem
Fe=l—=F =1 u F=1—F =1 (no oguomy nepexoay npn sodfysacin nyMEHHEM ¢ T DOnEpH-
SAUHEN), CHIBHO BOIPACTACT H NPCBEOCKOINT BEPORTHOCTE PASPEINICHHBX STOMHBIX EPCXOA0E.

3. OGuapysen crasimii aosini nepexon *'Rb, Dy ausin, F=l, mp =+ 1—F =1, my
=+] 9ACTOTA KOTOPOrd AEMOUCTPHPYET YHHKLILHOE IOBEISHIE. SaCTOTA OCTACTCA NPAKTHYEC-
Kl HEHIMEHHOH B HHTEpBANE MaruuTHux nonert 100-1 100 e,

4. Pazpaborana SHCACHHAR MPOrPAMMA, NOMBOARKILAN OMPEICIATL “SACTOTHHE NOM0-
HWEHMA W BEPORTHOCTH [LNH ATOMHEIX NEPEXON0R B0 BHEIIHNY MATMHTHLIX HOMAX B MUTepRAne
0-10 000 T'c an Dy w D; sl amomos Rb, Cs u Na. Teoperudeckie KpHBLE XOpoimo
COrJACYIOTCA € JKCTIEPHMEHTANBHBIMHI eIy LTATAMM,

5. Bnepesie noxmano, wTo npe aobasnewun GydepHoro rasa HeoMA © NABIEHHEM
BAOTE A0 6 TOPp B HaHo-AYeiiKy © Tonumuod L = L sanoanennoii Bb, OPCC pelonaucel Tem
HE MEHEE YBEPEHHO PETHCTPHPYETCA, B TO BpeMA Kak fo0aBncHME ras HEOMA © JARACHHEM
seero 0.1 Topp B sueiikax caHTHMETPOBOH JAIHHLL NPHBLINT K NOAHOMY HoaesHoscHme OPCC
PEICHANCOR,

6. DBnepBie NOKATAHO, YTO CTICKTPATBHAN HPHHL PEIOHAHCHOR yOpeCUeHInl OT
pyOnancEol Hano-gueiikn © TomwmHoi L = A2 npu ecex gapneunax GydepHoro rasa neosa
OCTACTCA 3HAUMTEntHO Ve (B 6-8 pas) no cpasmenmio ¢ pelonamcnodl doyopecnenumedi o
obpr ok pyGimEcroil AMcHK CRHTHMETPOBOH LNHHEL ¢ TAKHM K¢ JARTCHHEM HEOHA,

Hpakruteckas uennocTs pador:

. Peanu3oBana nNpocTas KONCTPYKLUMS MATHHTOMETRS Ha  OCHOBE  Hamo-suelisn
JAMOANCHHOH pyOHINMEM, NOIBONAMOUIAS ONPEICHATL BEAHMHHY KAK OZHOPOAHOMD, TAK M
CHALHO HEOIHOPOAHOTO MATHHTHOTO MONE: ) © NOMOWEK peloHaHcHoll duyopecueninm B
snTepsane 30-2500 I'c; 6) ¢ nomompio OPCC pesonancor HOpMUPYeMERE TPR TOTIHHAE Hao-
myeiikn L = A 8 uurepaane 5-7000 I'c.

2. Peanwiosida npoCTas KOHCTPYKUMA Ha OCHOBE Wano-aueiiku, lanoamenioit pyGn-
AMeM, H MOCTOANHOTO MarwiTa, [OIBOMAOIAA PEATHIOBATE HACTOTHLIL pencp Ha “acTorTax
ememenbx Ha 3-3 [Ty oTHocHTeNbaHo HeXOMHEX ATOMHERX sacToT Kb O u D) i,

3. Cobpana weDoNbian YCTAHOBKD HA OCHOBE NOCTORHHRIN MATHHTOB, MOIBONRIIIAN
hopMHpORETE CHABHOC MarHITHOS nofe ao 7000 e, Hecnenyemuil obpaieu MoweT BT no-
scuen B obnacts unanHapiesecknil dopue auaserpos 50 su 1 Toaummod 20 MM, ¢ BooK-
ROCTER 0GTyvenns obpatua nasepruis manyaeiies. [pasenenie yToil YeTaNoBKH NOIBOTHAD
peannzorath Pokns [lamena-baka Ans cRepXTOHKOil CTPYETY PR atosmos Rb, D nsemn.

4. C nomomsso paipaboraduodl yncieHioil nporpasys! BOIMORHO ONPEICIRTE YACTOTH
H BEPOATHOCTH ANA ATOMHBIX NEPEXOS0B MEATY ICCMAHOBCKIMA NOIYPOBHAME CRCPXTOHKOI

CTPYKTVPR BO BHCIIHIX MATHATHRXE monax & uarepaane 0-10 000 Fe ann 0 w 0 auuuii ato-
mos Rb, Cs i Na,

5. Henonbaya perosascHyo nyopecieHiiig 0T HAHO-A4CiKd © TomumHoil L = &2
NpeAIOKEHEA KOHCTPYKIMA MAHOMCTA, NOIBVISIOUET0 WIMEPATE AapaeHne Gvipeproro rana
HEOHE B CMECH © FOPAYHMEH NAPaMH aTOMOB P}'ﬁ}'l.ﬂl-!l HI"’EFIE&H ONPEASASEMOTD JABICHHA 6)"—
freproroe rasa coctannset =400 Topp. HisepeHis BOIMORKHO OCYINCCTAIRTE B POKHME ORIA-
itH

Oemoniiie 30 HIaeM BIe mo0me

I, Henonesosapue yIROMOAOCHOA PEIOHAHCHOR QUIyOPECICHLIHN 0T HAHO-AYCHKN © TON-
ran L = 32 u L = & no3sonser HOCIEA0BATE SACTOTHOS NORCICHHE W HHTCHCHRHOCTE IH-
HHIl HHANBILAVATEHOIG ATOMIOTO NEPeXoLa ceepXToHKoi cTpyvrTypr Bb, ) i D muonmii sese-
Iy IECMAHOBCKHMHN [TOOYPOBHAMNI B0 BHEILIHHX MATHHTHMEX noaax B narepeane 5-T000 Ue. fnx
GOMBIIONG YHCA MPHBEISHHMY ATOMHLE NEPEXofon NHTCHCHBHROCTH MIHNA B ¥TOM HHTEpBATE
BOFPACTAKIT H ¥MCHBIIEHYTCH HIIDHJI:FBTHLL

2. IMpw BEMARTEHHEX HAME BCTHYHHAX MATHHTHRIX NORCH, HOTCHCHRHOCTI HCCAEN0REN-
HEIX [CCTH ATOMHLX NEPEXOA0R MCAY ICCMAHOBCKHMN noayposmaMu Rb, Ly w0 mommi,
KOTOPEIC 3ANPEIUSHE NPH HYACEOM MATHHTHOM N00E, NPEROCKOANT HHTCHCHBHOCTH MHHIT pas-
PEIICHHLIY ATOMHLIX nepexofon. HacToTa CRALHONO nepexola TR, 0y ammm,  Fe=1,
St = o], mp =+ AEMONCTPHPYET YHIKAILHOS NOBEAEHHE — OHA OCTACTCH NPAKTHMECKN HE-
HIMCHHOI B HHTCPBANE MArHUTHEX nonei 100-1100 e,

. PapaGoTanian MHCTEHHAA MPOTPAMMA MOTBOMAET ONPECNATE YACTOTHEE NONO&E-
HitH M BEPOATHOCTH 14 STOMHBIX MEPEXOI0E MEHKLY ICCMAHOBCKHMI NOIYPOBHAMN B MATHHT-
HEIX noaax s warepeane 0-10 000 e ana 0y w 0 aueii atomos Rb, Cs i Na,

2. Mo pemruun nasrenns Oydpeproro raza neona 6 topp OPCC pelonancl ynepeno
PErHCTPHRYETCA B HAHO-Rueike sanonunendodd Bb npa romuune L = i Cnextpanshan mnpHHa
pelonancuoi ayopecucium ot pySnanesoii nano-guciixn ¢ tomumoil L = A2 npn soex
aannenusx OypepHoro raz ocTaeTea B G- paz yie no cpasHeHHIo ¢ peloHancHoll duyopec-
ueniei o1 pyGnasesoil sueHkl CAHTHMETPOBOR LIHNLL ¢ TAKHM #¢ JARNCHHEM HEOHA.

Anpofaunn_paborsl. [TonyueHnbse PEIVIETATE JOKTAILBATNCE HA MERIYHAPOINBIX
koHpepeRuMax 1o naseproil w atomnoi wsnke - “European Conference of Physics EGAS-407
(Graz, Ausinia, 2008), “European Conference of Physics EGAS-41" (Gddnsk, Poland, 2009),
l6=th International School on Quantum Electronics “Laser physics and application™ (Nessebar,
Bulgaria, 2010), “European Conference on Atoms Molecules and Photons ECAMP-10
(Salamanca, Spain, 2010}, “European Conference of Physics EGAS-43" (Fribourg, Switzerland,
2011}, “High Resolution Molecular Spectroscopy HRMS-22" (Dijon, France, 2011), na Pec-
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nybmikancknx Kowdepenunax “Laser Physics-2005, 2007, 2008, 2009, 2010, 20117 (Ashiarak,
Armenia, 2005, 2007-2011) n na maymmx cesmusapax HOH HAH PA » Byprynacxoro
YHMBEPCHTETA,

HyvGaneann. Mo Teme anccepraimn onybnrrosano 25 pabor (& Tom yncne 15 crateil
PeLCHINPYEMBIX XKYPHANAX ).

CrpveTypa it ofkesm paborn: JnccepTannonnan paGoTa COCTONT W3 BBefeHus, 4 rias,
JEMOUEHMA H CIHCKD UHTHPYeMOl AnTeparypel. Cotepaanie INCCePTalHH HANoKeHo Ha 149
CcTpaHHuAx, sxmovan 81 pucynra i 2 TaGnrust. CoHCoK AHTEpaTYph comepaut 125 nanmeno-
BAHMITL,

Kparkoe copepaanme padori

B ppexenun obocHoBIHa SKTYANLHGCTE TEMBL, CHOPMYTHPOBINLL LUEAL W 321341 paboTsl,
of HOYYHAY HOBHIHA W NPAKTHYMECKAR UEHHOCTD, MPEICTARICHE DCHOBHBIC OMOKEHHA, BRIHO-
CHMBIC HA JALIATY, 3 TAKAC KPATHO WAMGECHO conepikatne pabors no raasaw.

B nepeoil raape npuseiet of0p CyISCTRY UMY CNCKT-
POCKOTIHYMECKHN METOA0B MIYYCHHA ATOMHMX TEPEXOOOR [me- Mano-cel
NOYHBIX METARNOB HA OCHOBE ODLIVHBIX FMECK CAHTHMETPOBOG K & [= 100nm= & gm
MIITHMETPOROT JTHHEL, H HX CPABHEHNE ¢ YCOBEPILIEHCT BORIH-
HBEIM  METOI0M H OCHODE Hano-Rueiikn ¢ Tomunnoi L = 300 +
800 mm. B §1.] npueeacHo  onMcaHme N NAPAMETPM
HENPEPRIBHBIX HOMHBX A238POB PAVTHMHON KOHCTPYKLHH ©
AnuHaMH Bonm A = T80, 794 u ap.; ONMCAME NAPAMETPM Cell, ] e
HENOALIOBANAOH IKCIEPHMEHTANLHON ANNAapaTyphi: dapaiecsc-
KM HIOIATOP, CHCTEMA PCrHCTPANHH Cnabex  ONTHYeCKHX
WY HEHIT W .

B §1.2 npupeacHil TPAAMIHOHHME COCKTPOCKONHYCCKHE
METOMEL HIYHCHHA STOMHBIX NEPEX0I0R ¢ HOMOILRID CIEKTPOR
MOCAOIEHAA M ayopecucHum) fYeek o0EYHON CAlTHMETPO=
BOF SUTMHEL B WX CPABHCHHE ¢ MCTOAOMH HA OCHOBE HAHO-A4Eii-
kit. B wacTHOCTH, nokazano, uto duyopecuerins, a takae npo-  Pie.l. Cxema komctpyx-
MYCKAHHE HAHO-AMEHKN, COOTBETCTREHHD ¢ Tonupmamn L = /2 1M komGEMpoRanoil
L= L (A-AnHES BOAHEW WATYHCHAS, pesonancioe D ; aniam aveding. Bepxnan wacts -
atomon Rb: A = 794, 780 nu), smasercs yaobHuM cnexrpocko-  Wano-auedika, ®» cpened
AHYECKHM METO0M MIYUSHNH MCpexoion MEKLY Yposmmsy ACTH  NOKAAHA AHeiina
caepxTomKoll cTpyKTYpH atomos Rb. B §1.3 npusesen ofsop — OOBMHOR Lk,
COBPEMEHHLIN METOA0R Peamniaimn cyiaonnepoRckofi CIEKTPOCKONHN AN HIYHCHHA aToM-
HBIX NEpexonos aTomob. [IpHBeneno cpanHeHNE ¢ METOZAMM, OCHOBAHHLIMH HA MPHMEHEINH
HAHO=-RYeHKE ¢ Tommuuasmy L = A2 | A, 0 oTMEYEH pail npedMylecTs. B vactwocts B §1.3.5
MPHBEACH AHATHI CHCKTPOCKOMHYCCKOND METOMM, B KOTOPOM MCTIOALIYETCR CIEKTP NPOIyckd-
HHA FHCHKH © napasu atosmos Rb toaummmod L~ | s, 0 NOK33aHE NPEHMYNICCTRA METOA0E
CCHOBAHHEIX HA NPHMEHEHHN A9eck ¢ TomummaMi L = W2 n L =34,

B §1.4 npapefest KOHCTPYEUNRA pa3paboTaniiy HAHO-RYSCK ¢ KAHHOBHAMOM TOMUMHO
croaba MApoB ATOMOR Rb o1 20 nm a0 145 MEM, 8 TAKKE KOHCTPYKIUHHN TOHEHX A49CCK © TOULH=
Hoit ctona NMAapoB aTOMOB OT HECKOMBKHX MEM 10 Heckonbkmx MM, B §1.4.3 npasecncna
KOHCTPYKUMA KOMOMHHPOBANOH, MHOrO-00MacTHOH ASCAKH, HCNONBIVEMOR IR HIVYUCHHA
sansHnA GydepHoro rasa Ma cnekTpel npomyckanna W duiyopecuemmg oT ofuunoli n 1aHo-
aueiikn. Ha Puc. ] npusesena cxema KOHCTPYEUHH KOMOHHRPOBANOH Aueiikn, KOTOPAA COCTONT
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H3 JBVE COODIMIOUIMACE S9CCK! HAHO-AYCHEN (MOKATAHHODR B BEPXHCR 4acTH) o AveiKn
obuqHoi amnHe (nokasadnofi B cpeaneil HacTH), KOTOpLIE cotTMHMenn Toukod candmponofi
TpybEoi.

B §] S I'l'FI‘:HJH:.-‘lI:IIE. MCTOIAHED IJIIIEIE.I'I,EJII:IIH:R TOAIIHHE IISHD-I"’II‘..'IT!HI MO LR J'IE.'IGPHEII‘D
HRTYHCHNA.

B gonue I'a.l npopeacHsl BRBOIH 0 38KTIONCHNE.

Bo sropoil  raaee nccnqm:;lm BAHAHKE  HITCHCHBHOCTH  A83CPHOTe  WHTYUCHUA,
Gydibeproro rasm, HIMEHEHHE BeAHYHHbL TOMHE cToaba napos o wirrepsaie ot A2 ao 44,
BIHAHHE [UIOTHOCTH ATOMHEIX MAPOB HA CHCKTPAIRHVIO [IMPHHY W OHKOBYI AMITHTYIV

Transrmissson {arbour.

52 MHz g J6F MHz
| P s o MR 1. o L T
Laser frequency detuning (MHz) Laser frequency detuning (MHz)

Puc.2.a. Cnextp nponyckanna sano-sdeiien  Pucl 6. Cnextpu “Hackmenne nornomeHns™,
L = k. l-wpcree napw Rb, 2-BRb+6 topp l-muwciika ¢ L = 3 cm, wmcte napm Rb. 2-
Me, 3-Rb+20 Topp Me. suefikac L =1cm, Rb+6 Topp Me.

coeKTpor nponyokamus ¥ duyvopecnenumn HA ¢ nenno BuEprenns yenosni HeobxoanMe
AR ZOCTHACHHA IVIIHE CICKTPATEHLIX XaPaKTePHCTHE.

B $2.1 nposcncn ananmy BAMAHHR GyduflepHoro rala Ha cOCKTPANBHEC XapaKTePHCTHEN
nponyckanua M quyopecuemumy.  Paspaborana
TeOpeTHYECKad  MOACAL  ONHCWBAIOMIAN  RIHAHHES
Oyddepore rasa  wa  cnexrp. floa onmca#mms
aHnasMHaeckore aanaHHa Gyddeproro ram HCNOALIO-
BAH  POPMATAIM MATPHIE NIOTHOCTH HA  OCHOBAHWM
ypanuenuua fluysunns [1]. Boepsue nokazano, wio B
CNEKTPE NPONYCKANHA HAHO-A4efKH ¢ TomumHuol L = A
saponncHHoi Rb npn pammusn Gyvddeproro raza Ne c
nanmenwes 1o 6 Topp, OPCC pelonanch vBepenno pe-
rucTpipyerca (Pnc.2.a), B T0 BpeMA KAK, NPH BLTHYHH
Byddeproro rasa ¢ namnetmes > 0.1 Topp, B cnektpax  Pucd  Crickip duiyopeciieniim
NOMY92eMEIX NPH NOMOLIH WIBSCTHON TEXHHEN «HACH-  papo-muaeiikn [ = L2, |-4HeThiC
Wenns noraomennas, OPCC pesoHanch NOANOCTR0 01-  papw Rb, 2-Rb+6 topp Ne, 3-
cyteteyior (Puc.2.6). Takae, snepeble noxasano, 410 Rb+20 topp Ne
CTCKTPATLHAR IIHPHHA dUIVOPECUEHLHE 0T HAHO-AYCiiKH
¢ Tomumnoil L = 472 npn goex napmeniax GydepHoro rasa HeoHa OCTACTCR THANTENLHO YKe (B
6-8 paz) no cpaRieHno ¢ peroHancHoi quivopecuenmmeil o7 SMCiKH CANTHMETPOROH ATHHE ©
TaKHM e dapncunes neoua (Prc.3). [Tpuaeaeno cpapienne RCICPHMEHTLAMIWY PEIVALTATOR
H TeopeTHUSCKNN pacaeTon. B §2.2 npHBeaeio RIHANAA HHTEHCHBHOCTI DATEPHONO HITVISHHA

{arty. unp
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Puc4d.a. Cnexrput duvopec- Puc.4.6. Crestpansias wu- Pucdn. Tuxosas asmusry-
USHIMH TIPH MHTEHCHBHOCTH pHHA dayopecueninn B 33- a3 GUuyopecucHUHy B 33RM-
HAICPEOTD HAIYICHUA 4-252 BMCHMOCTH OT MHTCHCHBHOC- CHMOCTH OT MHTEHCHBHOCTH
uBriew’. TH AAICPHOIO HINYHCHHE, NAIEPHOTO HITYISHIA.

Ha cnextpel OPCC pesonanca n gnyopecucHiny, a TaKAC HIMEHEHHE CICKTPATRHBIX XapaKTe-
PHCTHE Iy OPECIEHINN OT TonmHHE L,

Ha Pucd.a npueesenn cnestpet duryopecuenmunin wano-sgeien gan D; “Rb Fg=3 ot
MHTEHCHBHOCTH nasepuoro wanyyenns. Ha Pruc 4.6 n 4.8 npuBeaciil cnekTpaisnan |uupm-ra "
MMKORAR AMILIUTY2 OT HHTCHCHBHOCTH JAISCDHOTD WETYCHNA, Buano, 910 40 WHTSHCHBHOC-
Teil < 250 mBr/es” dnyopecuenums umeer cybaonIepoBCKyIO MPHHY (A0ONNCPORCKAR IIHPHHA
GUIyOPECIICHITHN OT CARTHMETPOROI Aveiin ~500 MIu). JameTum, 4To 10 HHTEHCHBIOCTENH <
50 mBr/cs” nafmogaetca mumeiinni POCT NUKOBOH aMnaANTY A duyopecueHuEn (nph chafos
YBCOHICHHH ero cnextpanioil wnpsyn) (Pred.0 u 4.8), B TO BPeMa KAK 408 CaHTHMETPORO
Aueiinn, dpderTsl Hacmenns nabmonalorca nps weckonskux MBr/es’. [okasano, wro npu
TomumHe croaba napos L < 4.5 wes enertpaisias mmpina dayopectenum <500 MM,

Ha Puc5.a npnsencns cnextpu nponyckanns (copepsamme OPCC pelowance) or
HUTEHCHBHOCTH nadephoro wanyuenis. Ha Puc 5.6 u 5.5 npunencnn cnekTpanbas MMpHHA §
nigosad asuuryaa OPCC pesoHanca o7 MHTEHCHBHOCTH NasepHoro wamysenns. Tlokaano,
410 10 uasennii | < 270 sBr/em’ wnpyma OPCC pesonanea < 100 M.

B §2.3 ncenenosano sIMARNE TEMNEPATYPEI OTPOCTKR HAHO-RYEHAKK (KOTOPAA onpelenseT
HAOTHOCTE ATOMAPHEN NAPOB) A ACCTHEHCHHA MEHHMAILHEX CIEKTPATRHLX 1HpuH OPCC
Pe30HAHCA W pe3oHARCHOR duyopecuchny. [Tokatano, YTo ONTHMARLHAR TEMICPATYPH OTPOCT-
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PucS.a. Coektpw nponycka- Puc.5.6. Cnestpanesan wu- Prc.5.8. IMuxosas asmnumry-
una (conepaammne OPCC pe- puna OPCC pesowanca o1 g3 OPCC pesomanca ot uu-
BOHANCH) [UIA SHAYCHHA MH- HMHTCHCHBHOCTH  JAICPHOID TEHCHBHOCTH NAEPHOTD
TEHCHBHOCTH JIATCPHOTD. W3- WRTYUeNA. HUAYUCHNA,

ayaenns 4-250 mBriom”.

|
!

ka < 130 °C (naorsocts atomos Rb — 3 = 10" cu™). MNpn Gonsuimx Temmeparypax. nponcxo-
ANT CnexTpanLHoe yumperne kak OPCC pesonanca, TAK H pelonancHod duyopectieni,

B gome I'n. [l npubesens BLBOIE H JKIR0YEHIA; pely nsTaThl onyGnuxosans & [ 1-4,16],

B 1perbeil raape npeacTanieno TEOPETHYECKOS PACCMOTPEHNE BIANMOSENCTBAA MeaoM-
HBIX ATOMHBX CHCTEM C MAPHITHEIM TOMEM. PRCCMOTPCH OCHOBHBIE TCOPETHYECKHE SCTICKTH

MATEMATHYECKON MOJEH, ONHCHBAKMICH Npoucce BIanMoaciicTena. B ToM SHCAe 0OBACHCHE
NPHHUMITEL KOMIEHTEPHON MOJENH, HCMOIBIVEMBIY MATEMATIUCCKHE METONOE, OCHOBHLIE
TOTHYECKHE TIPHHIMNG, NEKMIHE B OCHOBE MOACAH, 4 TAKKS KOMNBIOTEPHAR MpOrpamMua
NOFECAARLIAA Fﬂfqmumb YACTOTHRIE CABHIT B HIMCHCHHC IIEW.I'I'IIWTH OIIMTHYSCEHX epe-
XOJ0B MERIY ISCMANOBCKMAMM IOAYPOBHAMY CREPXTOHKON CTPYETYPE D IHAHI mMEn0MHLx

"Rl D, o - polergaton, F = 7 - F 0122

i i —— ; -i —— -4 — E‘r—' ;-.:' = 1'_"._.;.

PP ] 5 ) il

j = ) F :'-[!1_,- fﬁ';:"-,u'.."-.r;' -r 'F:*u
£ ES i
= " I f' Il |
g T e e o THE f

e [ Frlfﬁif- lr'Il ‘|I|il f Eid

- i .

Preba. Yactornme casurn Prc.6.6. Hamewenns wimen- Puc.6s. .[l,ua.rpauun mepe-
ICOMAHOBCKMX NEPEXONOB B CHBHOCTH JCCMAHOBCKHX Ne- xofiom “Rb, D,  misnin
JEBHCHMOCTH OT BOIHYHHE PeXOlon B MBHCHMOCTH o7 Fe=2—F=0 1,2 3, o+ no-
BHENINErD MATHHTHOTO OMA. BENHYHHBE BHEOINETO  Mar- ASpHIaHi  poshysiammero
HMTHORO MO, AAIEPHOTD ATy EHIA,

MCTANOB.

[pencTapneHo NeTanbHoe paccMoTpelne ocobennocTell NOBEACHHE ACCATEOR, palee e
H'a-jl"lcllbl?i MEPEXON0E MEATY ICEMAHOBCKHMHE NOAY POBHAMN CBEPXTOMKON cTpykTypet Ly u 35
RbuRb B CAYYae of, T HO- NOAAPHILIT ROy RAIOUICTO JATEPHOTO HINYICHNA.

Brepsre nccaeloBanid cHenyillne s«anpemémibies Mepexoinl: a} 'H.h, Ly nvmnea,
Feml—F=3 (TpH Nepexons MEKLy TeeMatoBekHMN NOAY PORIAME TpH Boalyaaeninn naiyye-
HHEM ¢ ot noaAprsaimed), £ 1—F =1 (oann nepexon uca%y ICCMAHOBCKHMH NOIYPOBHAMI
npH BoIByAIeHHH WRIyMeHeM © 1 noaapesanwcii); 6) TRb, Oy mwmm F=l—F =3 n
Fe=l=F =1 (no oanomy nepexony Memay SeesanonckiMi noIypoRHAMI pH Iumy:menuﬂ
HITYSCHHEM ¢ T noaspiaieii). [lokasano, 4To 408 onpeaend ELx SHAYCHNl MArHHTHOTO no-
N4 BEPOATHOCTH ITHX s RNMPeLIERHEKS NEPEXOI0R CHILHO BOIPACTAET H NPCBOCKOINT BEPOST-
HOCTE HHBIX aToMHbLX mepexomon. [Tokamane, 410 4acTOTa CHALHOTO ATOMHOIO Ne-
pexoga T Rb, D ammmm, £ =L mip =tl—F71 By =] 2eMOBCTPHPYET YHHEANLHOS NOBEIS-
HHE! eI YacTOTa OCTACTCH NPAKTHYECKH HelMeHion 0 Himephane Mariimpsx nosei 100-
1100 Ie. Mlag atomusrx nepexonos F=1— F=0, |, 2, 3 nokasannnx na Puc b6p nocTpocns
KPHBLIE JABHCHMOCTH YacToOTHLIX cABRros (Puc.6.a), 1 MommduEaiins HETCHCHBHOCTI { BEpOAT-
HocTH) nepexoaon (Puc.6.0) B 3RHCHMOCTH 0T BETHNHIE MATHHTHOO MOJ.

B wonue Umo [l npuecaens BMBOTM W IAKARYMSHIA, PEIVARTATL OnyOAHKOBANM B
[5,7,10-13,17,16].
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B uernépToil riase, npHBEACHH BKCICPHMCHTAILHEE PEIYALTATE MOATBEPRANOUNE
pacafTel, OpHBCASHHLE B TDETLe raape. HononpsopaHsl TPH PAuIHYHEIX AECICPHMEHTANL-
HBIX METONA: 1) «A-SeeMaHOBCKAA TEXHMEA» - METOA, OCHOBAHHE Ha npuMcicHun QPCC
peioianca popMEPYEMOTD B CIEKTPE NPOMYCKANIE HARG-RYCHKE ¢ TonumHoi cTonba L = 4} ii)
eh/2-3eeMANOBCKAA TEXHHKRY - METOMN, OCHOBARMEG Ha NPHMCHCHHH COCKTPE Y3KoMORocHod
dinyopecueHInyg Hano-Tueiikn ¢ Tonummol ctoaba napos L = L2; i) «A-Dayopecuenrins
3eeManOBCKAS TEXHWKA® - MCTOH, OCHOBAHHBIE Ha NpPHMCHCHHH CTEKTPa YIKONOMOCHOR
dinyopecueni nano-gueiikn ¢ TonmumHodi L = L,

Ha prc.7 pepxHas KpHBAA MOKAILBAET CNCKTP (GAYOPSCUCHUMR Hano-gueiikn ¢ L = M2
npu &; = 2480 e, a HiGkHAR KPHBAS NOKATLIBACT CNCKTP NPONYCKAHNA Hano-Auelikn ¢ L = A

Famrssrenia, (=02, B = 3263 0
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Pue.8. APAMMA  ATOMHBIX  [EPCXOJI0R
ueHUMN Hano-R4eiikn ¢ Tonumoli cronéa L “Rb w “Rb, D, anunn npH o+ NoaspHa-
= A2 npu By = 2480 Uc: HIckHAA KpUbag no- UMK B030YRAA0WETS Na3CPHOND HITYy4e-
kasupaer OPCC pelonancs, KoTopsie op-  HMA,

MUPYIOTCH B CACKTPE NPONYCKAHWA HAHO-

aqedign ¢ L =3 (8, = 2420 Ic).

Puc.7. Bepxuan KpHBAR — CekTp dquiyopec-

(B, = 2420 I'c), na kotopom npHcyTcTRyiOT OPCC peionance (Anarpamma atoMHMX nepexo-
Acs npubenena ua puc.8). Kak Bano, npensymecTso HCnoapsosaima pesonancioli duyopec-
LISHLMH B TOM, YT0 COSKTP hOPMHPYETCE HA TOpHIoHTANLHOH npasod, yTo yaobuo A wame-
PCHHR AMOANTY (MHTCHCHBHOCTH muuiii). [Ipenmymecteo wenoasiopanina OPCC pesoiancon
{#h-JeeMaHOBCKAN TEXHHKAR) B TOM, YTO OHH HMEKOT MCHBLIVE CHCKTPANRHYI WHPHIY (370
NPOABMACTCA B TOM, HTO MEPEXOIE C HOMEpaMi 3 0 5 nyuie paipeiienid Ha nokHeR kpueofl,
weM Ha Bepxued kpusoi). Bemmumin A, Az B A TOKAIRIBAKOT CMENIEHNE pe3onancos |, 2w 3
NpH YRSTHYCHHH MardiTHOro nons Ha 20 Te. [Mps duecHposansoi WHTEHCHBROCTH Nazepa
AMNIHTYAA NHEOD dayopecuenuns ¥ amnanTyaa OPCC peloHaHcos NponopUHOHANLHA Be-
POSTHOCTH aToMHMX nepexonos. CReloBaTelbio, HIMEHEHNE AMIIATY AN QIyopecucHUNN H
OPCC pesoHaHcoB NPH MIMEHEHHH MATHMTHOMO NOAR 0387 HHQOPMALMED O NOBENEHHH
BEPOATHOCTH ATOMHOIO NEPEX0a B 3BHCHMOCTH 0T BEAHYHHB MATHHTHOrD noas. JactotHoe
nofomenne nukos guyopecuenuny o OPCC pesonamcoR oNpeicaseT MACTOTHOS NONOMCHAS
aToMHBIX Nepexonos. TakkM o0pasoM, HEMOALIYE BMILEOTMEHCHHEE METOM, ONPEIEIEHE KiK
WACTOTHWIC CABMIH, TAK H HIMEHCHHE MHTEHCHBHOCTH WHAMBHAYANBHMK NCPEXOIOn MEKTY
TECMAHOBCKHMIL MIOAYPOBHAMK CBEPXTORKOIH cTpykTyput D nunii “*Rb n “Rb  cayuae o', nu
O NONAPHIALHA Bo3GYANAIWErD NAICPHOND HUTYYSHHS [UIA HHTEPBLIA 3HAYCHHI MarHHTHOTO
nons 5-TO00 Ie.

1]

-

Havueno nopenenwe wianpewnnuie (npu B=0) nepexoaon sesiay 3eeMaHOBCKIEMH
nonyposiami, PeantniosaHa KOWQUIYPALUER WIMEPCHIA, NMOIBOAAONAS WaMepeHie crabui
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Puc9a Cnextp nponycka- Puc90. Cpaspenme swene- Puc9a. JlHarpaMsa  SToM-
i MaRo-gMellKH AN9 IHAYe- PUMEHTANBHMX [3HHMX € HBIX MCPEXONOB aToMos — Rb
HHA MATHHTHOrO nomf f = TCOPeTHHECKHME PAcHcTaMM TRb P O+ MOTAPHIALHH
0.605 Te, a+ nonApHIauMil B HHTCPBRANE MArHMTHRX No- BOIOVAIOWEre ITaIEPHOTO
NACPHOTO HATYYEHHA. ned 0.5-0.7 Te. HITYUCHHA B CIYMAC POEMMa
Mamwena-baka ans cpepxron-
KOM CTPYRTVPR £} mHHHN.

smaruuTHux mogel o1 5 e, Taxxe paygen Pexny [lamena-baka ana CBCpXTOHKON CTPYETYPEL
aromon Rb, 0y mumwn (Puc.9.a, 9.6, 9.8} B sirepeane snasednii marnimioro nona 0.5 - 0.7
tecaa (5000 — 7000 [c). lNokaano, YTO BIANMOACHCTEHE C CHABHBIM MATHHTHBIM NONEM
IMAUHTENLHO HIMEHACT KBAHTORBIC XAPAKTEPHCTHEN aTOMHOH cHoTembl, HHTepecHo O0TMETHTE,
wto npu B < 500 Ce ang Rb, D; nueun npy ¢ NOMAPHIAONH BO3IBYAIZHINETO TA3CPHOIO
WAIYYCHHA PErHCTPHPYSTCR 32 aTOMHEIX NEPexona, MHCAO KOTOPMY YMeHbmaeTes oo 10 npu
monax B> 4000 I'e,

“PH:E:,'.‘I,EHO CPABHEHHE IRCMEPHMEHTANLHEX JAHABX © TCOPCTHUCCKHMHE PARCUCTAME BO
BCCM HHTCpBANC HCCSTOBAHHRX AHAMEHMA MATHHTHOTO [0JIA.

B kouue [n. IV npreencnsl BRBOALM H IAKTHONEHHA, peIyabTaT onybmukosade B [3-
15,17-22).

B raxamdenun cHOopMyTHPROBIHE OCHOBHBIE HAYHHEIE PETYILTATLL pabors:

I. Paspaforana yCTaHOBKA HA OCHOBE NOCTORAHHEIX MAIHHTOR, NO3ROARI0OMAR (opuupo-
BATH CHALHOS MAruUTHOE note Ao 7000 't ¢ POIMOGKHOCTLIO MOMEeNId B Hee pyOuamesoii
HANC-AMCHKH C MEMKOR H BOIMOEHOCTRI NPONYCKIHHA H PErHCTPAIHH JAPEPHOTD HUTY HESHHA.
[pisenenne 310l YCTAROBKH MOIBOMHI0 peannionath Pexnwm [lamena-baga na crepxronkofi
cTpyeType arosos Rb, Dy nismm.

2.  Onpeneneds ONTHMANLHME MAPAMETPE! IKCHCPHMCHTA, TAKHE KAK: NACPHAN HHTCH-
CHBHOCTE, AoGanka Gyepuoro rasa, MIMEHEHHE TOMUMAR cTonba napos B warepaane L = A/2-
4k, NNOTHOCTH MAPOB ATOMOB NPH KOTOPHX PETHCTPHPYCTCH MHHMMANBHAN CHEETPAThHAN
mHpHHA pelonaHcHof duyopecuesmy (60-70 M) n OPCC pesonancos 15-20 MInm npux
HCIONBIOBARNH HAHo-AuciKn ¢ Rb

3. Henonesyd YIEONONOCHYI0 PEIOHAHCHYR fyOPECCHINIO 0T HARO-NYEHKH C TONIH-
woil L = A2 n OPCC pelonancs lopMHpyesMile npy Tonmune L = A, BOEPELIC IKCICPHMEH-
TAALHO HCCACAOBAND YACTOTHOS MOBEACHHE H BEPOATHOCTH STOMHBX NEPEXON0E CRCPXTOHKON
CTPYKTYPH “Rhb, ”Rb, Dy n Dy AanuAi MERAY ICCMANOBCKHMN NOAYPOBIHAME B0 BHEUIHHX

© National Library of Armenia



MArnHTHEY nonax B wevepsane 5-T000 Fe. Hecnemosamma nposemcHbl 48 HECKOTBEHX
ACCHIROB paNee HEMIYHEHHBIX aTOMHEIX nepexoos. Jlna uenoro paga fepexonos noxasano,
HT0 HHTCHCHBHOCTH AMHMA MOTYT KaK CHALNO DOIPACTATE, TAK M CHALHO YMEHBUMTECH
MHOMOKPATHO, BIAOTE 10 JeCITKOR pan.

4. Bnepeie NposeMoNCTPHPOBAHO, HTO TPH ONPCACTCNNMX BETHTHNAX MATHHTHAIX
ROACH, BEPORTHOCTh SANPemieHHbIX (NPH HYNCHOM MAFHUTHOM none) nepexogos T Rb, 0;
auunM, Fe=l—F=3 (1pn nepexona npn BoIBYRACHAN HEMYUeHHEM © at MOTAPICERCIT),
Fi=1—+F.=1 (oamn nepexon npu posBysiennn wityschmem ¢ = noaspwsauneit); “Rb, D,
AHHHK F, ,-I—:F_.==3 W F=1=F =1 (0o onxomy nepexomy npu sosbysnenmm WY HEHHEM © 7
NOAAPIIALNEE), CHALHD BOIPACTAET M MPEBOCKOAHT BEPORTHOCTHL PAIPCIICHHBIX ATOMUBIX
nepexoos. Ouapyken curnumii aromuuit nepexon "Rb, D; mummm, Fo=1, mp =+1—F=1,
my =+] sacToTa ROTOPOID QeMOHNCTPHPYET YHHEAIBHOE MOBEACHES ~ YACTOTE OCTASTeR npa-
THHECKH HEHIMEHHON NP3 BAPEHPOBIHIN MATHHTHORO NOJA B Himepaane | 00-1100 e,

5. PaspaloTana 4MCACHHAR NPOTPAMME, KOTOPAS NOIBONACT OIPEACARTE YACTOTHLE M0~
FIOGKCHIR M BEPOATHOCTH AR ATOMHBX NEPEX010B MEATY JCCMAHOBCKIMI NOTYPORMSME BO
BHELIHHY MATHHTHMX MOAAX B HHTepBane 1-10 000 Fe pna Dy v D auanii avomos Rb, Cs i Na,

6. Peannnosana npoctas KOHCTPYKUNS MATHHTOMETPA HA OcHOBS PyOHAHEBEGH HAHO-
AUCHKH, NOGBONAIOMIAR ONPEICAATH BEIHHY KiK OIHOPOIHOTD, TAK H CHALRO HEOIHOPOAHOTO
(npi ¥ToM 0GCCHCUMBACICH JIOKANLHOE CYTMUKPOHHOE NPOCTPANCTBEHHOS PIAPELICHNE) Mar-
HHTHRIX nonci 8 wHTepeane 5-7000 e Peanwsosana npocras KOHCTDYKUHS HA OCHORE
PYGHICBONl HaHO-NuelKN 0 MOCTORHHOTO MATHIT, NOBOTRIOLIR PeAINIORATE YACTOTHHI

pc;cp HA HOCTOTAX CMEEHHEIX HA 3-5 [TU OTHOCHTENLNO HCXOMMLIX STOMHBX 4acTor Rb iy
RIS TS

7. Hcnoneays peaoHaschys @UIyOPECUCHUMIO OT MAMO-R4CAKH ¢ Toiummoi £ = A2,
PCLUMICIORIHA KONCTPYKLINA MAROMET[H, NO3BOMAIUAA WIMCPATE fanncane Gydepuoro ram
HEOHA B CMECH © [OPRYMME Mapasu atomon pyGuans. Hurepsan onpenenacsors daniesns
Heoua cocTapnaer 1-400 Topp. Hasepenns poIMoao oCyMIECTBASTE B PCANME OHTARN.
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wnbnuljupwd b dpgppn wundwlwh whgnufobph dpw b mbkb 15-20 g

15

of Armenia




uyblponpup  pubmpnel: 2} Rb wnndwlull  gninpahbbpm] (h,  shgniwbuwghi
dwnuquypdwl wihph Epjupnippub jEuhl huwjwowp hoowonippudp bobn-pesh
Ppmunphugkbghwh ey Ewpoud weogwbnud b dynonphugkbghwih bbn rbgnlwbubbp,
npnlip mbkh 60-70 Ulg pugbmpyod: Lwjubwlwb wpymbphbpp goyg wjkghl, np
UUowr b jpunphugbbghugh  phgnbwbebbph  cquuugrpbnulp pnay; B oughu
mumubwuehpk;  emphphowlh  ghpbmpp  Joueng]ugph l!'ml.].l.uﬂl]u.tllhl'-pb ok
winnolmb  whgnuibbph  Jwppp, bwwlwwybs  muondbwehpl) emphnhnodh
Shwlpul Bhpuduwljupyuijbbph dheb wondwlpuob whgnulfbbph Juppp wpuwphb
dumghifumljuh pusnnd:

Zftftym] dbpp bpdush dpw Ywpkih b owlblugb, op uwblopog by
nkgnbwbulikph oqinugnpénulp poyy £ ownughe  ppolobughl Rb-h wnndaljob
whgnuibbkph  hbwwgqu  munafboehpupgmbp doegipuoljoh goanh adbh  Jdkd
wpdbphbph nlwypmud b oquuugnpiby wyn wpymbpbbpp Ghpwmoljwb beyuemwlibpng:

Uanbbi jununipgnubnud Ubplpupugdud wpymbipltphg bunnmld) nupangpooppub B
wpdm'i:b hkwnljuy I.|1.1.1|1hn]1 1 '|.|.21.1.1.hu.11|u.1'|l‘|.g mlltuﬂlllptlh]‘.l[ll

I Oquuugnpdtym] £ = M2 peopg pmunpbughlbghwb b £ = A ppghg LUOU
nbgnliwbubitpp wewehb whgud hnpdiwljwbnpbl gogg & updws B®Bb, ¥Rb, L Dy
gikph ghpunpp unnugdwdph Shtdwlpob Bipadwlpoppuljubph dheb whgnudtbph
hwfwpmpnitbbph b hodwhalpobmpgmbbbiph  uodnumpymbp 5-7000 Su
dwglhuwlmb qunh wpdbpbbph whpoypod: Dunadbwohpt) ©owabpal, dhiy
wpchd smounuflouppwd whgnudbbph Juppp b goyg b wpdly, op wyn whgnudbkph
huwiwlmljpubmpmbbbpp Jupng b pygbo wak), wbybe b jwgl) owubpul
whguil dwgbhuwljwh quanh waiub hb:

2, Upwehl whgut gnug b wupdl), np dwgbhuwljpwb gpuoanh npng wpdbplbph
niypnud  qpopulwh  dwqbbuwwlol guonnd swpgbplugs  whgnulubph
hunjubmljpubmpmbp jwpnn b wdl b gbpuogubgh) spogjuopduwis wbgnudbbkph
hunjurtroljubmpymbp:

3. Usulpjwd b pughlt dpughp, npp prygp £ vaghu bwadb)p Rb, Cs m Na
wwndubph & b D¢ ghliph Shbdwbpul Bipudwljpupnguljbtph dheb whgnulbbph
hwimpouypl ghpptpp b haojwiwlpwimprodbbpp opowphl dugbhowmlwlh gognh
0-10000 Su wpdbplbph Jhewlhugpnud: Shuwlpub  hwauplbbpp  quinmd kb
hunfwawjlimpjub dbe fnplwpupalpob wpymbphbph hbn:

4. Urughb whaund gnyg b b, ap hunbpugphh bknh quqh’ dhlish 6 wapp
dupfwl ghypnud £ = X bwuinmpunip bwbn-pegh pugpnnqiwh wyblpnpoud EUOL
nhgnbwbubbpp  bunwlnpbl  gpubgind B dhlsgbe sfpubdwl hwgbglwbs
ublpnpmud bogbhuly 0,1 wnpp Sbpdwh weljuympmbp bwbgbghnuod £ ULOLT
nbqnbwbubbph wihbnwglobp: Lob woweht whqud gryg £ updwd, np £ = M2
bwbn-peehg munpbugblighugh wwblpapu) pujbngeniep hunjbjpughl benbh qugh
dbdwh pnpnp wpdbpbbph hwdwp mbh 6-8 whowd wibjh dopp  wwklupeg
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SUMMARY

The progress achieved in the fabrication of smoothly tunable narrowband continuous wave
(CW) lasers (linewidth v, ~ | MHz), which are resonant with atomic wransitions of Rb and Cs,
provides increasing of researches in the field of high resolution spectroscopy. Usage of modern
diode lasers (DL) allows to develop experimental techniques to investigate the hyperfine
structure of alkali metal vapours.

There are several advantages which lead to high interest investigation with alkali metals: i)
in optical domain alkali metal vapours have strong dipole momenta of transitions from ground
state that cause strong absorption and fluorescence; i} density of vapour can be easily changed
by varying the cell temperature; i) presence of a single valence electron simplifies the
theoretical consideration of the system for various conditions.

A number of different coherent and magneto-optical processes, which can be realized
through interaction of atomic vapours with the narrowband lasers, find applications in laser
technique, metrology (high precision determination of atomic transition frequencies and
development of new standards of time), in development of high sensitive magnetic gauges, in
quantum communication, information optical storage and many other fields.

To make experiment with vapours of Rb and Cs it is convenient 1o use sealed-off glass cell,
which may contain pure vapours of these metals ar mixture of Rb and Cs vapours either
mixtures with other gases. Glass cells are suitable up to temperatures around 100 °C, although at
the room temperature the number of atoms of Rb and Cs reaches 10" at/em’ which is enough
for registration of resonant absorption and fluorescence in field of radiation of narmowband DL.
The Doppler-broadening is a peculiar characteristic of absorption and fluorescence processes,
which may reach up to 400-600 MHz and it is much broader in comparison with nataral width
of atomic lines (5-6 MHz). Hence because of strong Doppler-broadening. a major part of
transitions between states of the hyperfine structure can not be resolved and it leads to
complications in the process of study of atomic stales, particularly in presence of extemal
magnetic and electric fields. Presently, it is an important arca of investigation in high resolution
speciroscopy: development of new methods, which allow a strong reduction of the Doppler-
broadening and thus improvement of the spectral resolution of different atomic transitions and
achievement of natural linewidth, which is caused by finite lifetime of hyperfine atomic states
(in some cases it is possible to reach subnatural spectral width).

In the 90s there were published a large number of theoretical and experimental articles,
where was demonstrated new possibilities of usage of thin sealed-off glass cells, which allow 1o
confine atomic vapour column in space with thickness variable from 10 to 100 micrometers.
Usage of these cells allows to form optical resonances with sub-Doppler linewidth (from 10 to

100 MHz}, although is it necessary to use supplementary techniques as frequency modulation of
laser radiation and implementation of technique of synchronous detection.

Since 2001, it was demonstrated that using nano-cells which have thickness of column of
atomic vapour equal to a few hundreds of nanometers (cells fabricated from technical sapphire
(i.c. sapphire grown in artificial way) and suitable up to 500 %), allows one 1o obtain
resonances with sub-Doppler linewidth equal to 15-70 MHz, Usage of these cells allows 1o
obtain sub-Doppler resonances without any supplementary technigues. At the same time the

following two processes are used: 1) In the transmission spectra of a nano-cell filled with

vapours of rubidium (or cesium) atoms (D, ; lineg), having the column thickness £ =& (& is the

wavelength of the resonant radiation equal either to 794 or 780 nm for [ and D, lines,

correspondingly), in case of use of tunable laser radiation, narrow velocity selective optical

resonances (VSOP) are formed located at the atomic transitions with a spectral width 15-20

MHz: 2) In the fluorescence spectra of a nano-cell filled with the vapours of Rb (D and Dy
17
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linezs), with the thickness of the column L = /2 narrow peaks of flusrescence with a spectral
width 60-70 MHz are formed. This narrowing is based on coherent Dike namrowing effect, The
preliminary results showed that the application of VSOP and the namrow-band resonance
fluorescence (FL) allow us successfully investigate the behavicour of the atomic transitions of
the hyperfine structure of Rb (or Cs) atoms, particularly, to investigate the behaviour of the
rubidium atomic transitions between Zeeman sublevels in external magnetic fields.

Based on the foregoing, one might expect that the use of narrow optical resonances will
allow to realize the further investigation of Rb atomic transitions in a large range of values of
the magnetic field, and the results usage to practical applications. It was also important from a
scientific point of view to investigate the influence of experimental parameters on the
resonances mentioned above, in order to obtain the optimal experimental parameters.

Among the results obtained in the work, we would like to mention number of the most
important and notable statements:

I. Using a narrow-band resonant fluorescence from a nano-cell with a thickness of L =
A2, and VSOP resonances formed at a thickness £ = A, for the first time it was experimentally
investigated the behaviour of the frequency and intensity (transition probabilities) of the atomic
hyperfine structure transitions between the **Rb, ¥Rb, D, and 0 lines Zeeman sublevels in
external magnetic fields in range 5-7000 G. The behaviour of tens of previously unstudied
atomic transitions was analyzed and it is demonsirated that the intensities of these lines can both
greatly increase, and decrease (tenfold).

2. For the first time it is demonstrated that, for certain values of the magnetic fields, the
probability of the “forbidden”™ transitions (at zero magnetic field) "'Rb, D; line, =l
(three transitions between the Zeeman sublevels for a o polarization of exciting radiation),
F=1=Ff =1 and F,=1—F=3 (one in each group of transitions between the Zeeman sublevels
for a = polarization of exciting radiation); “'Rb, D, line, Fe=1—F=1 (one transition between the
Zeeman sublevels for a & polarization of exciting radiation), strongly increase and exceed the
gmbnbil.ily of the allowed atomic transitions. Frequency shilt of the strong atomic transition

‘Bb, Dy line, F=1, mg = +l—+F =1, my = +] shows a particular behaviour: the frequency
remains practically unchanged in the range of magnetic fields of 100-1 100 G.

3. A numerical program that allows us to calculate the frequency positions and the
intensities of the atomic transitions between Zeeman sublevels in external magnetic fields in the
range of 0-10 000 G for 0, and (3, lines of atoms Rb, Cs and Na is developed. The theoretical
curves ar¢ in good agreement with expenimental results.

4.  For the first time it is demonstrated that, in the case of partial pressure of neon buffer
gas up to 6 torr into the nano-cell of thickness £ = i filled with Rb, VS0P resonances are
recorded confidently, while the addition of 0.1 torr neon buffer gas in the cells of a centimeter
thickness leads to the complete disappearance of VSOP resonances formed with the help of the
widely used techmique of saturated absorption. It is demonstrated for the first tme that the
spectral width of the resonant fluorescence of the rubidium nano-cell with thickness L = A2, for
all values of the neon buffer gas pressures is much narmower (6-8 times) compared with the
resonant (luorescence of an ordinary centimeter cell containing rubidium with the same
pressures of neon.
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