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ocumnndaunn pPABM NPN TPEX®OTOHHOM JIABEPHOM
BO3BYXXAEHNN OANHOYHOIo PNOABEPIOBCKOIO ATOMA
PYENANA B ONTUYECKOI AMNOJIbHOW JIOBYLLKE
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B skcnepumenTe no TpexchoToHHOMY nasepHomy BosDy»aeHnto 551 /2 — 5P5/2 — 6512 — 37P3/2 oanHouHoro
puabeprosckoro atoma 5" Rb, 3aXBaUeHHOro B ONTUHECKYIO AMMOMLHYIO JIOBYLLKY, BliepBble HABIOAANNCH TPex-
hOTOHHbIE OCLUNNSALMN HAaceNeHHOCTeN Pabn mexay OCHOBHbIM 1 puabeprockum coctosiHueM. OAnHOYHBbINA
aTOM PErucTprpoBasICsi ONTUYECKUM METOLOM MO CUFHay PE30HaHCHON hAyOpeCLEHLMN HA ManoLWyMsLel
sCMOS-eugeokamepe. Vamepsinack oTHOCUTE IbHASE BEPOSITHOCT aTOMY OCTaTbCsl B JIOBYLUKE MOC/e AeliCTBUS
TPeX CUHXPOHW30BaHHbIX BO3DYXXAAIOLLMX NA3EPHbIX UMMYAbCOB C AAUTENbHOCTAMMU, W3MeHsiembiMu oT 100
HC 80 2 MkC. OCOBEHHOCTbIO 3KCMEpUMEHTa OblIO MCMO/Ib30BaHUE WHTEHCUBHOMO N1a3ePHOrO N3JyHeHUsi C
AanHol BonHbl 1367 HM Ha BTOpoll cTyneHu BO3bYXAeHus, obecnednsatoLiero ogHoboToHHYO YacToTy Pabu
80 2 Ty ans ynpaeneHnsi 3¢ppeKTUBHBIMU OTCTPOKaMU MPOMEXYTOUHBIX YPOBHel TpexchOTOHHOro nepexoaa
3a cueT anHamuueckoro adpdpekta LllTapka. 3apeructpuposatbl ocuunnsiuum Pabu ¢ wactoToii ot 1 go 5
Ml 'y B 3aBUCUMOCTW OT WHTEHCUBHOCTU JIa3ePHbIX MMMYNLCOB NepBOli U BTOPON CTyneHel BO3OYKAeHUs npw
Bpemenmn korepeHTHocTn 0.7—0.8 Mkc. OBcyKaatoTcst NyTn yBENIMYEHUS) BPEMEHU KOTFEPEHTHOCTU U KOHTpacTa
TpexdOTOHHBIX oCLMANAUNA Pabu ans npumeHeHunii B KBaHTOBOI NHGOPMaTUKe C pMABGEProBCKUMIN aToMaMu.

Cmamvsa npedcmasiena 8 PamMKar nYbAUKAUUL MAMEPUAN0E KOHPEPEHUUL
«Dusuka Yyavmparosoonux amomoss (PVXA-2023), Hosocubupck, dexabpo 2023 .

DOI: 10.7868,/50044451000000000 1. BBEAEHUE

ViabpTpaxosionHble HEHTPAJIbHbIE ATOMBI B IIOCJIE/I-
HU€ TONBl CTAJIM OIHOW M3 HamboJiee MEePCIEKTUBHBIX
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JIBYXKyOnToBBIX BeHTHIeH (Gomee 99.5%) npm mx ma-
PAJLIETLHOM BBITIOJTHEHUH Jijist 60 OJIMHOYHBIX ATOMOB
Rb [1] u peasusosan 3axsar Gosee 6000 OJMHOUHBIX
aTOMOB CS B MacCCUB OITHUYECKUX JUIIOJIBHBIX JIOBY-
ek [2|. s peaju3anuy KBAHTOBBIX BBIYMCJIEHHI C
VJIBTPAXOJIOMHBIMUA HEATPAIbHBIMUA ATOMaMU TpedyeT-
csI KOTEPEHTHOE JIa3epHoe BO30YKIEHNE ATOMOB B PU/I-
GEeproBCKUe COCTOSIHUS € TJIABHBIM KBAHTOBBIM UHCJIOM
n >> 1 [3]. TlockosbKy paguyc opOUTHl PUAGEPrOB-
CKOTO 3JIEKTPOHA PACTeT KaK M2, JUMOJbHBIE MOMEH-
TBI PHJOEPrOBCKIX ATOMOB TaKyKe PAcTyT Kak n’, n
OHM B3aUMOJIEHCTBYIOT JAPYT C JAPYLOM HAMHOIO CHUJIh-
Hee, YeM aTOMbl B OCHOBHOM COCTOsIHHU. Bjaromapsi
GOJIBIIMM SHEPIUsSIM B3aMMOJEHCTBUS PUIOEPIOBCKUX
ATOMOB CTAHOBUTCS BOZMOYKHBIM ITOJTyYeHUE KBAHTOBO-
[IePEITy TAHHBIX COCTOSTHUIT HETPAIHLHBIX ATOMOB U BbI-
[OJIHEHUE JIByXKyOUTOBBIX KBAHTOBBIX orepanuii [4-6].

Kax mpaBmiio, B 9KCIIEpUMEHTAX 10 CO3/IAHUI0 KBAH-
TOBBIX ITPOIECCOPOB € HEUTPAJIHLHBIMEA ATOMAME B Kade-
cTBe KyOUTOB MCIIOJIB3YIOTCS OJMHOYHBIE aTOMbI Rb 1
Cs [6]. Hust smasepHoro Bo36yxaenust aroMos Rb mmm-
POKO TPUMEHSIIOTCST ABYX(OTOHHBIE CXEMbI JIA3EPHOTO
BO30OYXKIeHUS pumdeproBckux nS- u nD-cocTosHuil mo
cxeMe BO30Oyxkjenus 5S — bP — nS, nD c mmHOMK
BoJiHbl 780 HM Ha nepBoii cryneru u 480 HM Ha BTO-
poit crynenu [7,8] wim 5S — 6P — nS, nD ¢ min-
HO#1 BosHBI 420 HM Ha nepsoil crynenn u 1013 BHM Ha
BTOpOH crymnenu [1]. B skcnepumenTax ¢ oauHOIHBIMI
aromMamu Cs Kak MPABUIJIO Peau3yercs ABYyX(MOTOHHAS
cxema BO30yxkjenus 65 — TP — nS, nD c¢ mgiuaamun
BoJiH 459 HM Ha mepBoit ctymenn n 1040 HM Ha BTOPOIH
crynenn [9]. OmrodoToHHOE BO3OYKIEHNE PUAOEPTOB-
CKUX aTOMOB BO3MOXKHO C MOMOIIBIO YIbTpadroIeTo-
BOIO JIA3EPHOrO U3JydeHus (JyiuHa BOJHbI 297 HM 115
aromos pyounus [10]). IIpu neyxdoronHOM BO36YXKIE-
HUU BO BCTPEYHBIX JIA3EPHBIX ITy9IKaX YACTUYHO MOIAB-
JisieTcst octaTouHbl 3ddexrT Jomrepa, BOZHUKAIOIII
BCJIEJICTBUE KOHEYHOM TeMIIepaTypbl ATOMOB B OIITHAYE-
CKUX JIOBYIIIKAX U MPUBOJAIIHII K MOTEPE KOT€PEHTHO-
cru [11]. B orimame ot nByxdOTOHHON U TpexdOTOH-
HOIT cxeM, OJIHOPOTOHHOE BO30YXKJIeHNEe He JIOMyCKaeT
Jayke JacTUIHON KoMmmeHcannn g derTa lomrepa.

Tpexdoronnoe gazepHoe BO3DYKIEHNE OIMHOY-
HBIX PUJIOEPTOBCKUX aTOMOB O0JIAIAeT PsiJIOM IIPEUMY-
ecTB. Bo-TIepBBIX, OHO MMO3BOJIIET BO3OYKIATH PUJI-
6eproeckue nP-coCcTOsSHUS, I KOTOPBIX OBLIN Tpe-
JIO’KEHBI OPUTHHAJIBHBIE CXEMbl TPEXKYOUTOBOTO KBaH-
rogoro BeHTHasi Todbdonn [12,13]. B mesom, B omim-
qpe OT ATOMOB B PHJIDEPTOBCKUX N.S- 1 n.D-COCTOSHUSX,
OJIMHOYHBIE PUIOEPrOBCKUE N P-aTOMBI IMEJIOYHBIX Me-
TaJIJIOB U WX B3aUMOJENCTBUE IPYT C JAPYyIOM IIPaKTHU-
YeCKH He MCCJIeJIOBAHBI IKCIIEPUMEHTAIBHO.

Bo-BTopnIX, TpexdoTonHoe sTa3epHoe BO30Y K ICHUE
[TO3BOJISIET TPAKTUIECKH ITOJTHOCTHIO MOAABUTE 3(hdeKT
otmaun u 3pdext Hommepa mpu 3Be31000pa3HOil Teo-
MeTpUM TPex Jiydell ¢ paBHON HyJII0O CyMMOW MX BOJIHO-
BBIX BEKTOPOB [14]. D10 11epCHeKTUBHO 11jisl YBEIMIEHUS
TOYHOCTU KBAHTOBBIX BEHTHJICH.

B-Tperbux, npu aByX(OTOHHOM JIa3€PHOM BO30Y K-
JIeHUN 13-33 OOJIBINONH CKOPOCTH PACIa/ia IIPOMEXKYTOY-
HBIX BO30YXKIEHHBIX COCTOSTHUI HEOOXOINMO BBOIUTH
GOJIBIIIE OTCTPOIKM OT TOYHOI'O PE30HAHCA C IPOMe-
)KyrounbiMu cocrosHusivu (> 1 I'T'r). Hamr reopern-
9eCKuil aHajIn3 MOKa3aJl, YTO TPeX(OTOHHOE J1a3epHOe
BO30OyxKIeHne ¢ O0sbINoi yacroToii Pabm Ha BTOpOIt
CTYIIEHU 110 CPABHEHWIO ¢ yacToramMu Pabu Ha mepBoii
U TpeTheil CTYIeHsIX MMO3BOJIAET JIOCTUYb PEXKUMA KO-
TEePEHTHOTO BO30YXKIEHUS Ja’Ke MPU HACTPONKE BCEX
Tpex CTyIeHell B TOYHBIN Pe30HAHC C aTOMHBIMU IIepe-
xomamu. Ilpym sTOM OTCyTCTBHE 3acesieHUS U CIIOHTAH-
HOTO PACIajia MPOMEXKYTOUYHBIX COCTOSHHUI obecrievn-
BAaETCsI 32 CUET CBETOBBIX CIBUTOB CUJIbHBIM U3JIyY€HU-
€M BTOPOH CTYIICHHU.

B npempimymmx paborax [15-18] mamm Obum
9KCIIEPUMEHTAJBHO WCCJIEIOBAHBI  CIEKTPHI
HAMHUKa TPEeX@OTOHHOI'O JIA36PHOIO  BO30OYXKI€HUS
55172 — 5P3/3 — 6512 — NP XOIOAHBIX PHUIOEPTOB-
ckux aroMoB Rb B paboraromieil MarHUTOOITHIECKOM

u i

JIOBYIIIKE C WCIOJIb30BAHNEM HeIPEPBIBHBIX OJHOYA~
CTOTHBIX JIA3€POB Ha KaXKJIOil CTYIEHH U PEruCTPAIIu
OIMHOYHBIX PHUADEPrOBCKUX ATOMOB METOIOM CeJIeK-
TUBHON MOHUBAIMA 3JIEKTPUIECKUM IoJ1eM [3].

B wnameii nocienneit pabore [19] Gbuio 3KCIEPH-
MEHTAJIBHO IIPOJIEMOHCTPUPOBAHO TPeX(OTOHHOE Jia-
3epHOE BO3OYKJIEHHE OJMHOYHOrO aToMa S Rb B om-
TUYECKOI JUIOJILHOM JIOBYIIIKE B PHUIOEPIOBCKOE CO-
crognue 37Ps;/; Ja3epHLIMU U3JIYyYCHUAMU C JIJIHHA-
ma BosH 780 HM, 1367 EM m 743 HM 1O cxeMme
551/2 — 5P3/2 — 651/2 — 37P3/2 BO36y)K,ZLeHI/Ie B
PUI0EPTOBCKUE COCTOSIHUSI JIETEKTUPOBAJIOCH OITHUYE-
CKUM METOJIOM IIO IIOTE€PSAM aTOMOB B OITUYECKOHN -
[TOJTBHOM JIOBYTIIKE. BhLIN 3ancanbl CIEKTPBI MMITYJIbC-
HOT'O TPEX(OTOHHOTO JIA3EPHOI0 BO30Y 2K IEHUsI OMHOY-
Horo puabeprosckoro aroma. [Ilupuna cruekTpa cocra-
Busa 2 MI'. Takxke ObLia n3MepeHa 3aBUCHMOCTH Be-
pOSITHOCTU BO30OYKIEHUS OT JJIUTEILHOCTH JIa3epPHO-
r'0 UMIIYJIbCA, OJTHAKO IIPU3HAKOB OCIMJLIAIINI HaCeJIeH-
Hocreit Pabu MexKay OCHOBHBIM WM PUADEPTOBCKUM CO-
CTOIHUEM B Hell He Habonanochk. Takue oCIuLIsSIuN
HEOOXOIMMBI JIJIsI TTOCJIE/IYIONIEN peau3alu KBaHTO-
BBIX OIIEPAINI ¢ PUIOEPIOBCKUME ATOMAMU.

B  macrosmieii  crarbe — IpeACTABIIEHBI  pe-
3yJIbTATBl  HAIEIO0  HOBOIO  SKCIIEPUMEHTa  II0
TPexdOTOHHOMY JIa3epHOMY BO30OY K JIEHUTO
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Ocumnnnsummn Pabun npn TpexdOTOHHOM. . .

551/2 — 5P3/2 — 6S1/2 — 37P3/2 OJIMHOYIHOI'O
pun6epropckoro aroma o' Rb, 3aXBaYeHHOrO B ONTH-
9eCcKyl0 JIMMOJIbHYIO JIOBYIIKY. Bjaromapsi Cy:KeHUIO
IUPUAH JIMHUNA JIa3epoB BTOPOM M TpeTeil crylieHei
BIIEPBBIE VAAJIOCH HAOIIONATH TPEX(POTOHHBIE OCITUJI-
JISIIUK HacejdeHHocreilt Pabu ¢ wacroramu or 1 g0 5
MI'1; B 3aBUCHMOCTH OT WHTEHCUBHOCTU JIA3€PHBIX
UMITYJIbCOB TIEPBO# M BTOPO#l CTymeHeit BO30YKICHMSI.
OCOOEHHOCTHIO ~ IKCIIEPUMEHTA  OBLIO  HCIIOIH30Ba-
HU€ UHTEHCHUBHOI'O JIA3€PHOIO W3JIyYeHUsl C JJIMHOMN
BoJiHBI 1367 HM Ha BTOPOH CTyHeHH BO30YKJIE€HUS,
obecrreanBaronero oaHogoToHHy0 dacrory Pabm 10
2 [T murst ynpasiieHust 3(pPEKTUBHBIMI OTCTPORKAMMU
[IPOMEXKYTOYHBIX YPOBHEHl TPex(OTOHHOIO IE€pPexoia
3a cuer muHammdeckoro 3sddekra Illrapka. Taxxke
00CYKIAIOTCs IIyTH YBEJMYIEHUsT BPEMEHU KOI€PEeHT-
HOCTH U KOHTPAacTa TPeX(OTOHHBIX OCIUJIJISIUI
Pabu mia mpumeneHuit B KBaHTOBONH WH(MOPMATHKE C
pUIOEPTOBCKUMA ATOMAaMU.

2. 9KCITEPUMEHTAJIBHA{ YCTAHOBKA

CxeMa 9KCIIEDUMEHTAIBHON YCTAHOBKH, IIOIPOOHO
onucaHHasd B Haimell upexapiaymeil pabore [19] mo
Tpex(OTOHHOMY JIa3epHOMY BO30YKJIEHUIO OJIHOYTHO-
ro puabeprosckoro aroma 5'Rb, npusenena na puc. 1.
OcHOBHBIE U3MEHEHNUS B HACTOAIIEH paboTe BKIIOIAIOT
Cy’KeHUE CIIEKTPAJIbHO IMUPUHBI JTUHAN JIa3€pOB, OIl-
TUMU3AIMI0 UHTEHCUBHOCTEH JIA3EPHBIX MYyYKOB U MO-
JIEPHUBAIIIO ONTHIECKUX CXEM TSI MOJIYJIAIIH JIa3ep-
HOTO M3JIyICHUS.

2.1. 3axBaT aTOMOB B OIITUYECKYIO JUIOJIbHYIO
JIOBYUIKY

Arombr 8"Rb oxjTasKmaloTcs U 3aXBATLIBAIOTCS B
MmarauroonTuieckyo Jjosyiky (MOJI) B BakyymHOIl
KaMepe, B IIeHTPe KOTOpoil hopMupyeTcss 00JaKO XO-
JIOMHBIX aToMOB ¢ TemmepaTrypoit 80 — 100 MxK. 3arem
Jutst 3axBara aroMoB u3 MOJI B onruyecKyio JUHosb-
HYIO JIOBYIIIKY HCIIOJIb3yeTCs M3JIydeHre Ja3epHOil Cu-
CTEeMbI C JJIMHOM BOJIHLI 850 HM Ha OCHOBE 3aJAIOIIEro
DFB nazepa Eagleyard EYP-DFB-0852 u nostynposo/i-
HUKOBOro ycunuresisi Toptica Boosta Pro ¢ Beixomnoit
mommuocThio 1.4 Br. OHO MOmysimpyercst ¢ MOMOIIBIO
aKycToonTuiaeckoro Mojyisitopa (AOM) u 3aTem 3aBo-
JIATCS B ONITHYECKYIO CHCTEMY 110 ONTOBOJIOKHY. 1locie
BBIXO/IA U3 OIITOBOJIOKHA U3JIyYeHUeE JIA3ePa JIUIIOIbHOI
JIOBYIIKH KOJUIMMUPYETCsI, OTPAXKAETCSI OT JINXPOUTHO-
ro 3epKaJia, IPOXOIUT Yepe3 MOJIAPU3AIMOHHBIH CBETO-
JeJnTeNb 1 3aTeM (POKYyCUPYETCs B O0JIAKO XOJIOTHBIX

aTOMOB pyOUIMsT 00 BEKTUBOM C (POKYCHBIM PACCTOSHH-
eM f = 119 mm u uncsoBoit aneprypoit NA= 0.172. ITe-
peJi 00bEKTUBOM YCTAHOBJIEH PACIIUPSIIONINN TEJIECKOII
u3 JIBYX JIUH3 ¢ POKYCHBIMU PACCTOSHUSME f = 75 MM
u f =500 mm. Uzmydenne onTuaeckoil JUMOILHON JI0-
BYIIKH (DOKYCHUPYETCS B IIATHO JUAMETPOM 8—9 MKM 110

YPOBHIO UHTE€HCUBHOCTHU 8_2.

2.2. Perucrparus 3aXBaueHHBIX aTOMOB

JIIsl perncTpaliii 3axXBadeHHBIX aTOMOB °'Rb mc-
[IOJIb3YeTCsl PE30HAHCHAs (DIIyOPECIeHINS, UHIYITHPO-
BaHHAS OXJIAXKTAIOIIMME JIa3epaMi C JJINHON BOJIHBI
780 um (He mokasaHbl Ha puc. 1). CIOHTAHHO HCILyC-
Kaemble (DOTOHBI COOUPAIOTCS TeM 2Ke OOBLEKTHBOM C
dokycupiM paccrosiauem f = 119 mm, mpoxomgar de-
Pe3 TEJIEeCKOIl, YACTUIHO OTPAXKAIOTCS OT IMOJISIPU3AIU-
OHHOT'O CBETOJEJIUTENS, a 3aTeM (DOKYCHUDPYIOTCH JINH-
ot f = 50 mm ma 1mudposyio sCMOS-Bueokamepy
Tucsen Dhyana 400D. Ilepen Bumeokamepoi yCcTaHOB-
JIEHBI JIBa NHTEePMEPEHIIMOHHBIX (DUIIBTPA, IPOILYCKAIO-
MUX U3JIyYeHUe TOJHKO Ha JITUHE BOJIHBI 780 HM.

2.3. JlazepHoe B0O30YyKaeHUE PUAOEPTOBCKUX
COCTOSTHUIA

Ha mepBoit crymenu jazepHOro BO30OYXKICHUS HUC-
MOJIb3yeTCs IIOJIyIIPOBOAHUKOBLIN J1a3ep C BHEIITHUM Pe-
zonatopom Toptica DL Pro ¢ mosynpoBOIHHKOBBIM
ycunurenem Toptica Boosta Pro. Usmydenme ommOro
¥ TOTO JKe Jiazepa HCIOIb3YeTCd KaK ISl JIa3epHOrO
OXJIAYKJICHUsI, TaK U JIJIsI JIA3€PHOTO BO30OYXKJIEHUST ATO-
MOB B PUJIOEPrOBCKUE COCTOsIHUSL. JacToTa jazepa nep-
BOI CTyIeHM TpHUBsI3aHA 30HAHCAM HACBIIEHHOIO
norsiomennst B aromax 87Rb (Kpocc-pe3oHaHC Mex Ly
CBEPXTOHKMME TOAypoBHsiMu |F' =2) n |[F/ =3) co-
crosuust 5P3)9). JIia He3aBUCHMOTO yNpaBJIeHHs OT-
CTPOMKAMU YACTOTHI OXJIAXKIAIOIIEr0 U3JIyIeHUs] U U3~
JIy9eHUsl IePBOY CTYIIEHU JIA3ePHOTO BO3DYKIEHUST UC-
nosib3ytorcss AOM. YHacrora usiydenusi Jjiazepa mnep-
BOIl cTymneHu cMmeraiach ¢ nmomoinbio AOM, paborato-
Eero B JIBYXIIPOXOTHON KOHMUTYPAIIMH TaK, ITO U3JIYy-
JeHre UMEJIO CHHIOI OTCTPoiiky 01 = +30 MI'm ot pe-
3oHaHca |F = 2) — |F’ = 3), Kak 110Ka3aHO Ha BCTaB-
ke Ha puc. 1. V3mydenne mepBoii CTyleHU JIAa3epHOTO
BO30Y XK I€HUS O0bEUHSIOCH € U3JTy9eHUEM JTUTOJBHOM
JIOBYIIIKHY IT€PEJ] OIITUIECKUM BOJIOKHOM C ITOMOIIBIO JIU-
XPOUIHOTO 3epKaJia.

Ha BTOpOit cTymenn ja3epHOro BO30YKIEHUSA HUC-
[I0JIB3YeTCsl TIOJTY IPOBOIHUKOBBII JIa3ep ¢ BHEITHUM pe-
zonaropom Sacher Lasertechnik ¢ mymnoit Bostabr 1367
oM. Yacrora JIa3epHOTO W3JIyYeHUs] IIPUBSI3BIBACTCS
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Puc. 1. DkcnepumeHTanbHas yCTaHOBKA A1 peasin3auun KOrepeHTHOro Tpexc)oTOHHOrO la3epHoro Bo3bykaeHus B pnabepros-

ckoe cocTosiHne no cxeme 55712 — 5P3/2 — 6571 /2 — 37P; /> (nokasaHa Ha BCTaBKe) OAMHOYHOrO aTOMa 87Rb, 3axBadYeHHOro B

ONTUHECKYIO ANNONIbHYIO JIOBYLLKY

meronoM Ilaymna-/IpuBepa-Xonana K ogHOMYy W3 TH-
KOB IIPOILYCKAaHUs BICOKOCTAOMIBHOIO HHTEP(EPOMET-
pa @abpu-Ilepo npoussomacrea kommannu Stable Lasers
C ToOMOIbIO cucTeMbl npuBs3kKu Vescent Photonics
D2-125PL. B pesyibrare, uajydeHue HMeET Kpac-
HYIO OTCTPOWKY YaCTOTBI OT PE30HAHCA C IIePexo-
aoM 5Py (F = 3) — 6S1,2(F = 2) senmuunOlM
0o = —60 MI'm, kak moKa3aHO Ha BCTaBKe Ha puc. 1.
Ol1leHKa MUPUHBI €10 JIMHUK 110 CUTHAJIY OIIMOKU CO-
craBisier MeHee 25 k['1, a mo cuekrTpy Oumenwnii, mo-
JIYIEHHOMY METOJOM CaMOT€TEPOIMHUPOBAHNS — MEHEE
5 k[, st aMIyiaTyHONR MOLYJISIIIUN U3JTy YeHUs Jia-
3epa BTOpOIi cTymeHn ncnosb3yercs AOM.

Ha tpeTbeit cTymenn ncmomb3yeTcst OqHOIaACTOTHBIH
TUTAH-CAII(UPOBBIN JIa3ep C KOJBIEBBIM PE30HATOPOM
npou3BojicTBa Kommanuu Tekhnoscan ¢ Hakagukoii TBep-
noresnbabiM Nd:YVOy-1azepom Coherent Verdi Gb5.
YacroTa J1a3epHOrO MU3JIyYeHUS CTAOWIM3UPYETCH II0
MUKy TPOITyCKAHWS BBICOKOCTAOMIBHOINO WHTEpdEPO-
Merpa Pabpu—Ilepo npoussojcrea Kommanuu Stable
Laser Systems ¢ MOMOIIBIO CHCTEMBI N€HEPAIMHA CHUT-
maja omubku meromom llaymrma— Ipusepa— Xonna u
IIN/I-perynaropa Vescent Photonics D2-125. Tiist Toro
9TOOBI 00ECITeINTh BO3MOXKHOCTHL HACTPOMKHU Ha, MIPO-
U3BOJIBHOE PUI0EPrOBCKOE COCTOSTHUE, JJIsi ITPUBSI3KU
9aCTOThI UCIOJIb3YIOTCH OOKOBBIE CIIEKTPAJIbHBIE KOM-
[IOHEHTBI, BO3HUKAIONIAE IPHU IOAMEIIMBAHUNA PaHO-
9aCTOTHOI'O CUTHAJIA C IMPOM3BOJIBHO 3aaBaeMOil Jac-
Toroil B auamnaszone or 10 MI'nm mo 200 MI'nt ma BxOs,
3JIEKTPOOIITHYECKOTO MOJYJIATOPA B CUCTEME CTaOMJIn-

3allUU 9ACTOTHI. PaHOYaCcTOTHBIN CUTHAJ CHHTE3UPY-
ercsi ¢ moMoIkio rereparopa Rigol DG4202, yupasiisi-
emoro gepe3 LAN-unrepdeiic. Onenka mupuHb! JTHHIH
Jlazepa TpeTheil CTYIEeHH [0 CUTHAJIY ONIMOKHU He IMpe-
Boimaer 2 kl'm. s aMmauTyaHo#t Momy s Jja3e-
pa Tperbeii crynenn ycranosier AOM. Hacrora usiry-
YeHUsT KOHTPOJMPYETCs] MPENU3UOHHBIM HU3MEPUTEIEM
aymH Boaa WS-U npoussoicrsa KoMuanuu AHrcrpe.

W3znydenne 1a3epoB BTOPOIl CTYIIEHU C JAIUHOMN BOJI-
el 1367 aM 1 MomuOCTHO 710 1 MBT n Tperneii cryrre-
HU C JJIMHOM BOJIHBI 743 HM 1 MorHOCTHIO 10 — 50 MBT
3aBOJIUTCS B ONTUYIECKYIO CUCTEMY C ITOMOIIBIO OT/IE/Th-
HBIX OINTUYECKUX BOJIOKOH, KaK [TOKa3aHo Ha puc. 1. Jla-
3epHBIE IYYKH COBMEITAIOTCS HA JIUXPOUIHOM 3€PKAJIE
U 3aBOJIATCSA B ONTUYECKYIO CUCTEMY COOCHO ITyUKY OII-
TUYECKOM IUIOJIbHOM JIoBYIIKU. C OMOIIBIO yCTAHOB-
JIEHHBIX HA TPENU3NOHHBIX MOJBUKKAX JIMH3, KOJJIU-
MUPYIONNX U3JIyYeHUE Ha BBIXOJE M3 ONTUYECKUX BO-
JIOKOH, PACXOJIMMOCTB JIA3€PHBIX IIYYKOB BTOPOIl U Tpe-
Thell CTyNIeHell MHINBUIYaJIbHO ITOJCTPANBAETCS TaKUM
00pa3oM, 4ToObl MX (DOKYCHBIE IMSITHA JIUAMETPOM HE
6ostee 10 MKM II0 YPOBHIO HHTEHCHBHOCTH € 2 TOYHO
coBHAJIN ¢ (DOKYCHBIM IIATHOM OITUYIECKOI JIUIIOIBHOI
JoBymKH. 151 9TOrO MCIOIb3yeTcss M3MEPUTENb IPO-
buiisi THTEHCUBHOCTHU Jia3epHoro uaiaydenus DataRay
BeamMap2. Bce na3epublie my<uKkn BO30Y XK TAIOMINX JTa-
3€pOB IIPOXOJSAT Uepe3 MOJISTPUIAIMOHHBIN CBETOIEIHU-
TeJb U UMEIOT FOPU3OHTAJIBHYIO TOJIAPUIAINIO, KaK U
U3JIy4YeHNe OUTUYECKON JMUIIOJIBHON JIOBYIIIKU.
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3arpyska 1-e Bo3byx- 2-e
OMnonbHon petektup. Hakauka [eHne OeTeKTup.
TOBYLLKM :: 175mc , 2mc ; 0,1-5mkc: 175 mc
OxnaxaatoLLmii ‘ i E 3—!
nase :
P : H : >
Na3ep i i
nepekaykm : l l >
MpagueHT mar- i i
HWUTHOrO Nons >

Pun6eprosckoe
BO30YyxaeHue

Jlasep gunons-
HOW MOBYLLKN

IEETETETTETPTTETITE:

IR

CMOS
iamepa | || E ;

S E——

Puc. 2. BpemenHas gnarpamma skcnepumeHTa No KOrepeHTHOMY TpexddOTOHHOMY J1a3epHOMY BO3OYXAEHMIO OQMHOYHOrO aTOMa
87Rb B pugbeprosckoe cocTosiHne

2.4. BpemeHHas aumarpaMMa 3KCIIepUMeEHTa

Bpemennasi quarpamMma BBINOJTHEHUS SKCIEPUMEH-
Ta IpejcTaB/ieHa Ha puc. 2. Jisi yrupaBjieHUs] 9KCITe-
PUMEHTAJBLHOI yCTAHOBKOU HCIIOJb3YeTCd IJIaTa IIPO-
rpammupyemoro Taitmepa SpinCore PulseBluster. Aro-
Ml 3"Rb nepeonauasnsso 3arpyskatorca 8 MOJI B Te-
qenne 0.1 — 5 ceKyHJ M OJHOBPEMEHHO 3arpyzKaloTcs
ONTUYIECKYIO JUMOJIBHYIO JIOBYIIKY. V3iyuenue saze-
pa JIUIIOIBHONM JIOBYIIKKA MOJYJIUPYETCsl TIPSIMOYTOJThb-
HBIMI UMIyJIbcaMu ¢ yacToroil 1 MI'm u ckBaKHOCTBIO
60%, 9TOOBI B OTCYTCTEHME M3JIy9deHUsl Ja3€pa JIOBYII-
KU n30€2KaTh BJIMSIHUS CBETOBBIX CIBUIOB HA PETMCTPA-
nuto aroMoB. Hudposas sSCMOS-sueokamepa Tucsen
Dhyana 400D perucrpupyer aToMbl IOCIEI0BATEIHHO-
CTHIO CHUMKOB CO BpEMEHEM IKCIIO3UIuu 175 Mc 10 Mo-
MEHTa, 3arpy3KN OJIMHOYHBIX aTOMOB B JIOBYIIKY U TIO-
sIBJIEHUs [IEPBOI'O CHUTHAJIA PE30HAHCHOH (iyopeciieH-
A7 OT 3aXBAYEHHBIX ATOMOB.

ITocie perucrparuu OJMHOYHOIO aTOMa 3AILYCKa-
eTcsl TPOIEypa JIa3epHOTO BO30YXKIEHUs aTOMOB B
pUI0EProBCKUE COCTOSIHUS U ONTUYECKON PErucTpaIiun
puIbeproBekoro Bo30yxKaeHusi. OXJrarkKaatonme Jjase-
pbl u rpajuentaoe MarautHoe noje MOJI BoiksOUa-
FOTCsI. 3aTeM BKJIIOYAIOTCH JIyUHM OXJIAXKIIAIOIIEro Jia-
3epa, Jlazepa MepeKavyKy W BUJeOKaMepa [Jisi [epBOii
PErucTparnuy CUTHAJIOB (DJIYOPECIIEHIINH OT 3aXBadeH-
HOTO aTOMa, YTOOBI MOJTBEPIAUTH, UTO ATOM YIAEPIKU-
BaeTCsI B OIITUYECKON JIUIIOJIbHOM JioByiike. [Toce sto-
IO OXJIAXKTAIONIHII J1a3ep BBIK/IIOYAETCS, a JIa3ep Iepe-
Ka4YKN OCTAETCH BKJIIOYEHHBIM Ha BpeMs 2 MC. DTO ra-
PaHTUPYeT ONTUYECKYI0 HAKAUYKY 3aXBAYEHHOI'O aTOMa,
B cocrogmne ¢ 55 5(F = 2). Iloce sroro msmiyuenue

ONITHYECKON JTUMOJBHOI JIOBYIITKU BBIKIIOYAETCS, ITO-
OBl yCTPAHUTH CBS3AHHDBIE C ITUM H3JIy9IEHHEM CBETO-
BBbI€ CJBUTH, U BKJIIOYAIOTCS BCE TPU CTYIEHU JIa3€PHO-
ro Bo30y:KJIeHUsI PUIAOEPrOBCKUX ATOMOB. depe3 Bpe-
s 0.1-5 MKC n3irydeHne Bo30yKIAIONINX J1a3€POB BbI-
KJTIOYAETCsI, 1 TOBTOPHO BKJIIOYAETCS U3JTyIeHNEe OITHU-
9eCKO#l JUIOBbHON JIOBYIIKU. BpeMeHnnast guarpamma
UMITYJILCOB JIA3€PHOTO BO30YKIECHUS JETAILHO 00Cy K-
JaeTcs B pas. 4.

WNurencuBHoe wn3iydeHue Ja3epa IUIOJIBHONR JIO-
BYIIKH BBLIABIMBACT aTOM 5 Rb U3 JUIIOILHOM JTOBYII-
KU, €CJIA OH HAXOJUTCS B PUAOEPIrOBCKOM COCTOSTHUM, U
[1epe3axBaThIBAET, €CJIU OH B OCHOBHOM COCTOSTHUU. 3a-
TeM MMOBTOPHO BKJIIOYAIOTCS JIYIH OXJIAKJAIOIIETO JIa-
3epa, Ja3epa MepeKadKy u Bujeokamepa. AToMm, He BO3-
Oy KJIaBIINNCSI B PUIOEPTOBCKUE COCTOSTHUSI W OCTAB-
IUiCAd B ONTUYECKOI JIMIIOJBHOI JIOBYIIKE, PETUCTPU-
pyeTcst MOBTOPHO. B aKcniepuMeHTe ¢ OMMHOYHBIMUI aTO-
MaMH U3MEPSIETCS BEPOSTHOCTH MOBTOPHON perucrpa-
A aTOMa B 3aBHCHMOCTH OT YACTOTHI JIA3EPHOI'O W3-
JIy9eHusI.

3. TEOPNA TPEX®OTOHHOTI'O JIABEPHOI'O
BO3BY2XXKJAEHNA PUABEPTOBCKOTI'O
COCTOAHNA B OAMHOYHOM ATOME

B Teopernveckom ommcaHuu MbI 0O03HAYUM OCHOB-
HOe cocTosiHue 5S; /2(F = 2) KaK COCTOsiHUE 1, mepBoe
HpoMexKyTouHoe cocrosnue 5P; o(F = 3) ¢ pajnany-
OHHBIM BpeMeHeM KU3HU 27 HC KaK 2, BTOpoe IpoMe-
xKyTounoe cocrosnue 65y /5(F = 2) ¢ pajuanuonnbM
BpemeHeM ku3Hu 50 HC KakK 3, U PUIOEPrOBCKOE CO-
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crognue 37FP3/p ¢ pajualliONHbIM BpeMeHeM KU3HU 43
MKC Kak 4 (cxeMa ypoBHEll M [Iepexoj0B [IOKA3aHA Ha
BeTaBke puc. 1). Jljisi KaXKJ0ro npoMeXKyTOIHOrO O
HodoTOHHOTO TIepexona j = 1,2, 3 MbI BBEJIEM COOTBET-
crBylomyio 4dacrory Pabu Q; = d;E;/h (3mecy d; —
JIUTIONTEHBIE MOMEHTBI OJTHOOTOHHBIX MEPEXOJIOB, [V; —
AMILINTY/IBI SJIEKTPUIECKOIO MOJIs JJIs JTMHEHHO OIS~
PH30BAHHBIX CBETOBBIX IOJI€il) I OTCTPOKY ;. CKamHu-
POBaHME TIOJHON OTCTPOiKKM & = 01 + do + 03 Tpexdo-
TOHHOT'O Tepexojia 1 — 4 MOYKeT OCYIIECTBIISTbCS CKa-
HUPOBAHWEM YaCTOTHI JIFOOOTO Jia3epa. B Hammx 3IKc-
NEepUMEHTaX CKaHUPYeTCs OTCTPOMKa Jiazepa TpeTben
CTyHeHH J3.

Kaxk 6bu10 mokazano Hamu B pabore [14], B orcyT-
CTBHE CIIOHTAHHOI peJiaKCallui BCEX YPOBHEH U IIpU
JIOCTATOYHO OOJIBIIUX OTCTPONKAX OT IIPOMEXKYTOUHBIX
pesoHancoB Q1 << |01|, Q2 << |d2| HacemenHocTh
PUIOEPTOBCKOTO COCTOSTHUST MOYKET OBITH PaCCINTAHA
myTem perteHust ypasuenusi [lIpenunrepa st Haxox-
JICHHA aMIUIATY]] BEPOSTHOCTEH a; KarKJOrO YPOBHSI
7 = 1—4 B npubymKennn BpaIaroIieiics BOIHbI. B pe-
3yJIbTaTe MOJIYIAETCH CJSAYIONas 3aBUCUMOCTDH HACe-
JIEHHOCTHU PUJIOEPTOBCKOIO COCTOSIHUSI OT BPEMEHU B3a-
UMOJIEHCTBUSA t TIPU MOJTHOCTHIO KOT€PEHTHOM Tpexdo-
TOHHOM JIA3€PHOM BO30Y K I€HUN:

jaal? ~ > 9
TR0+ AL+ A2

X % [1 — cos (t\/92 + (0 + 4, +A4)2)} , (1)

rie = Q1Q03/(40103) — abderrupras gacrora Pa-
6u s Tpexdorornoro BosbyKaenus, A = Q2 /(46;)
u Ay = Q%/(463) — ceeroBbie cupurH cocTosHmit 1
u 4 coorsercrBeHHO. YpapHenue (1) mokaseiBaer, 4To
YCJIOBUEM TOYHOIO TPEX(POTOHHOIO PE30HAHCA SIBJIsI-
erca 0 + A1 + Ay = 0, upu 3TOM HACEJEHHOCTH OC-
MUJIAPYET MEXKJy OCHOBHBIM U PHJIOEPTOBCKAM COCTO-
stHueM Ha vacrore ). Ypasuenue (1) Takxke ONMCHI-
BAaeT CIIEKTP BO30YKIEHUS PUIOEPTOBCKOIO COCTOSTHUS
IPU CKAHUPOBAHWK O JJIst (DPUKCHPOBAHHOTO BPEMEHH
B3aUMOJIeHCTBYS {.

B dopmyne (1) ocrumsimun Pabu misarces Gecko-
HEYHO J0Jir0. B 0oJiee PealncTUIHON TeOPeTHIeCKOi
MOJIEJTH, YUUTHIBAIOIIEH CIIOHTAHHYIO PEIAKCAIIIO BO3-
Oy >KJIEHHBIX YpOBHe# 2 — 4, ocnmynsdiun Pabu 3aty-
XaloT ¢ KOHCTAHTON 3aryxaHus y = 1/7, oupezeJse-
MOl OOpaTHBIM BPEMEHEM YKU3HU PUAOEPIOBCKOIO CO-
CTOSIHUsI T, WJIN €Ille ObICTpee, eC/ii OTCTPOWKHU IIPO-
MEXKYTOUHBIX PE3OHAHCOB HEJIOCTATOYHO Besuku. [Ipn
3TOM HACEJIEHHOCTH PUIAGEPTOBCKOTO COCTOSTHUS BBIXO-
JINT Ha HEKOTOPOE CTAIOHAPHOE 3HAUeHUe. Takas MO-
Jiefh OblTa [MOCTPOEHA HAMM pPaHee B UYETHIPEXYPOB-

HEBOM IPUOJIMKEHNN Ha OCHOBE ONTUYECKUX ypaBHe-
Huit Bioxa g Marpurs! mioraocra [15]. Haiirn rou-
HOE AHAJIMTHYECKOE DPEIIeHUe JiIsi HACEJEHHOCTH P44
PUI0EPTOBCKOIO COCTOSIHUS IIPU IIPOU3BOJIBHBIX IIPO-
MeXKyTOYHBIX YacToTax Pabum m oTCTpoiKax He mpe-
CTaBJIAETCS BO3MOXKHBIM, II0O3TOMY B OOIIEM Ciydae
HeOOXOIMMO pemaTh 3ajady uucieHHo. OHaKo 1pu
OOJIBITINX OTCTPONKAX TACTOT JIA3EPHBIX U3JTYIEHUH OT
MIPOMEXKYTOYHBIX PE30HAHCOB HAINA YeTHIPEXYPOBHE-
Basl CUCTEMa, MOXKET OBITH AIIPOKCUMUPOBaHa 3hdek-
TUBHOH JIBYyXYPOBHEBOH CHUCTEMOH C IIPAMBIM OITHYE-
CKHUM TIepexojioM 1 — 4.

Jast aByXypoBHEBO# cucreMbl B pabore [15] Ha-
M OBLITIO HAMIEHO CcJieAyIoIiee MTPUOIUKEHHOE aHa-
JIATHYECKOE DEIeHNe B ciydae cuiabHoro (0 >> 7)
BO3OYK/I€HUSL:

QZ
ST RN i
202 + 42

02/2 202 + 52
et | i)

6Q% + 6% yt
— exp (ZW 2> COS (t QQ + 52) . (2)

+

Cpasrenne dopmyinsl (2) ¢ Gonee mpocToii GhopmMystoi
(1) st Momesiu 6e3 pejlakcanuy OKa3biBaeT, 9To dhop-
Mmysa (1) npuMeHnMa HA KOPOTKUX BPEMEHAX B3aUMO-
neficrBust (vt << 1). Ilpu Gospliux BpeMeHax B3au-
mogzeiictBust (yt >> 1) ocumsuisnun Pabu 3aryxaror
¥ HACEJIEHHOCTH BBIXOJUT HA CTAIIMOHAPHOE 3HAYEHUE,
OIIMCHIBAEMOE JIOPEHIIEBCKUM KOHTYDPOM CIIEKTDA BO3-
Gy nennsi. Cpasaenne dbopmysbl (2) ¢ pesyabraTamu
TOYHOTO YUCJIEHHOT'O PACYEeTa MOKA3AJI0, U9TO yXKe IPH
Q > 3 oHa MMeeT XOPOIIYIO TOYHOCTD. JjIst TOro «uTo-
661 puMeHnTh GOpMyIy (2) K AHAJIATHIECKOMY OIIU-
CaHUIO CIIEKTPa KOTEPEHTHOTO TPEX(MOTOHHOTO BO30Y K-
JleHus, B Hell caenyer noaokuth = Q1 Q9Q5/(40103)
— TpexdoToHHas dYacToTa Pabu, v — obpaTHoe BpeMs
JKU3HU PUJIOEPTOBCKOTO COCTOSIHUSI, U CJEJIATh 3aMEHY
0 = 0+ Ay + Ay s yaera CBETOBOTO CABUTA TPeXdO-
TOHHOI'O PE30HAHCA.

B Tounom pesonance (npu § = 0) dopmyra (2) maer
MaKCUMAJIbHYIO aMILIATY/y ociuisiinuit Pabu u nmeer
CJIEJIYIONIYIO 3aBUCUMOCTH OT BPEMEHU:

2 t/2
A 1—e 7 }
Par™ 50 + 42 [ € +
1
+3 [e* V2 e85 Q)| . (3)
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TTockosIbKY JIOJIZKHO BBITIOJIHSATHCS yeyioBue {1 >> -,
dopmyiy (3) MOXKHO yIPOCTHTH U HOJLYIUTH CJIEILYIO-
Y0 3aBUCUMOCTBH JJIsI AIIIPOKCUMAIAN SKCIEPUMEH-
TaJIbHBIX ocHuJLIAnuit Padu:

1
P1u 5 1—e 374 cos (Qt)} . (4)

Kpome Toro, paspaboranmas TeopeTHIecKas MO-
Jesb [15] mosBosisier heHOMEHOJIOrNIeCKH YIeCTh KO-
HEJHbIE MUPUHB! JIUHAHN ['; BCeX Tpex Ja3epoB B MOJIEIIH
muddysun dasbl, KOrja B Ja3€PHOM H3JIyIE€HUU IIPU-
CyTCTBYIOT Ciyvaitabie (bykTyaruu (hasbl, HO OTCYyT-
cTBytoT ammuTyaable daykryaiwn [20]. dias ux yae-
Ta B yPABHEHUSAX MATPHUIIBI IJIOTHOCTH JIJIsI OIITHIECKUX
KOTE€PEHTHOCTEHN B KaXKJIyI0 OTCTPOUKY J; H0baBJisieTcst
MHHMas! 9aCTh, PaBHAs 110 MOYIO 1'; /2 1y1st BHECEHUSsT
JIOTIOJTHUTEJIFHOTO 3aTyXaHUsl B KOrepeHTHOCTH. Harmm
YUCJIEHHBIE PACYEThl COIJIACHO ITON MOJIEIHN TTOKA3aJIH
XOpOIIlee COrjiache MexKJly IKCIEPUMEHTOM ¥ Teopueil
[15-18]. OmHako HEOOXOMMMO MMEThH BBHUJY, UTO B Ta-
KOI MOJIeJIN CIIEKTD W3JIyYeHUsl Jia3epa UMeeT JIOPEH-
1eBy (OpMy, B TO BpeMsi KakK Jia3epaM OOBIYHO IPU-
cyIr rayccoB nmpoduib ¢ 60jiee OBICTPBIM YOLIBAaHUEM
Ha KpbUIbsaxX. [loaToMy TeopeTmyeckme CHEKTPhI BO3-
OyKJieHUsT PUIOEPTrOBCKUX COCTOSTHUI B 9TOI MOJeun
MOI'YT UMETH HEKOTOPBIE PACXOXKJIEHUsI C YKCIIEPUMEH-
TAJIbHBIMU JAHHBIMUA HA KPBLIbIX PE30HAHCOB.

4. METOOMNKA IIPOBEJIEHN A
SKCIIEPMMEHTOB IIO0 KOTEPEHTHOMY
TPEX®OTOHHOMY JIASBEPHOMY
BO3BY2KJAEHNIO OMHOYHOT'O ATOMA
8RB B PUJIBEPTOBCKOE COCTOSHUE

Bpemennasi jmarpaMma, JIa3epHBIX UMITYJIBCOB 1 — 3
CcTyIeHell B 9KCIIEPUMEHTE 10 KOM€PEHTHOMY Tpexdo-
TOHHOMY JIA3€PHOMY BO30YKIEHUIO OJMHOYHOI'O ATO-
Mma 8"Rb B pHIGEProBCKOe COCTOSHUE IPUBEICHA HA
puc. 3. Ummynbc sazepa 1 crynenu (JJiMHA BOJIHBI
780 uMm) dopmuposaicsa ¢ nmomoribio AOM, paboraro-
IEro B JIBYXIIPOXOJHOW CxeMe €O C(OKYCHPOBAHHBIM
JIy9OM, ¥ UMeJI caMble KOpoTkue (HpoHTH (0K0s10 50
uc). Ummynbest sazepos 2 u 3 cryueneit (1367 um u
743 um) dbopmuposasuch ¢ nomonipio AOM B ofmo-
IIPOXOJIHBIX cXeMax 0e3 (POKYCUPOBKU JIyUell U UMejn
gymurenabaoctu dpoutos okoso 100 ue u 200 He cooTBeT-
crBerHo. [loaromy myist obecriedeHnst HANJTY IIIIETO Bpe-
MEHHOI'O pa3pelleHusl 1 KOHTPACTa IIPU 3aIMCH OCIIUJI-
nanuit Pabu Oblia mpuHATA CJIEAYIONAs JIOTUKA Bpe-
MEHHO# TOCJIe0BATEbHOCTHA, KOTOPAs SIBJISETCS OC-
HOBHO# OCOOEHHOCTBIO MMEHHO TPeX(OTOHHOI'O JIa3ep-
HOTO BO30YKIEHUsT PUIOEPTOBCKOTO COCTOSTHUS.

Q2
Q3
Q1

0 1 2 3 4 5
Bpems (Mkc)

Puc. 3. BpemeHHas guarpamma nasepHbix umnynabcos 1 — 3

CTyneHel B 3KCMNEepPUMEHTE MO KOrepeHTHOMY TpexchOTOHHOMY

Nla3epHOMY BO3GY>XEHMIO OfMHO4HOTO aToMma &' Rb B pugbep-
rOBCKOE COCTOsIHME

[lepBBIM BKJIIOYAJICS WUMILYJIbC Jia3epa 2 CTYIIEHU.
Ero narencuBHOCTD BHIOMPATIOCH TOCTATOYHO BHICOKOIA,
q100BI ObecreunTh OIHO(POTOHHYI YacToTy Pabu Ha
nepexogie 5P /o (F = 3) — 651 2(F = 2) okomo 2 I'T'm.
TlockosbKy m3JIydYeHme 3TOro Jia3epa MMeJIO KPACHYIO
oTcTpoiiky 0o = —60 MI'1p or ToOUHOI YacTOTHI mEepe-
XO7[a, OHO CO37aBaJjIo OOJIBIIIIE CBETOBBIE CIBUTH JBYX
yposaeii (1 I'T'n), mpuaem yposens 5P; /o (F = 3) capu-
raJicst BHU3 TI0 SHEPrHuH, a yposenb 657 /5 (F = 2) BBepx.
Takum 06pa3oM, MHTEHCUBHOE W3JIyUeHHE 2 CTYIIEeHU
dopMupOBaIO TaK HA3bIBAEMbIE ~ 0/IeThie” YPOBHHU KBa-
3USHEPIUH, YTO 3aTeM ODECIeUnBAJIO OOJIBIINE TPOMe-
JKYTOYHBbIE OTCTPOMKM JjIsi U3JIydeHuii jiasepoB 1 u 3
CTyIIEeHEeH OT UX PE30HAHCOB C ATOMAMU.

BropeiM BKIIOUasics Jiazep 3 CTYNEHU C 3aJ€PiK-
Koit 0.5 MKC TocjIe BKJIIOUEHNUs Jj1a3epa 2 crymenu. M3-
HaYaJIbHO 9TO U3JIyYEeHNE UMEJIO HEDOJIBIITYI0 OTCTPOM-
Ky 03 = 430 MI'y or To4YHOI YacTOTHI IEpexoa
651/2(F = 2) — 37P3/3, oHaKo 61aroapst CBETOBOMY
casury cocrosuua 657 /o(F = 2) 3a cuer pamee BKJIIO-
YEHHOTO M3JTyUIeHUs Jia3epa 2, OTCTPOHKa JaCTOTHI Jia-
3epa 3 CTYIEHM U3MEHSIACh JIO BEJIUYUHBI 03 ~ —1
[T, Brarogapst Takum GOJIBIIMM OTCTPOWKAM, B OT-
CyTCTBUE U3JIydeHUs ja3epa 1 CTYIEeHU HACEJIEHHOCTH
BCEX aTOMHBIX YPOBHEIl HUKAK He M3MEHSINCH B II0JIe
BKJIIOUYEHHBIX U3JIyYEHU J1a3epoB 2 u 3 CTyIEHEN.

[Tocnemamm BRITFOUaAICs J1azep 1 cTyIeHn ¢ 3a1epxK-
koit 0.5 MKC Iocjie BKJIIOUEHUS Jia3epa 3 crynenu. Ms-
HaYaJIbHO 9TO U3JIy9eHNE TAKXKE UMEJIO HEOOIBIIYIO OT-
crpoiiky 03 = +30 MI'; or TOYHOI 4acTOTHI IEpexo/ia
5512(F = 2) — 5P3,5(F = 3), omnaxo Giaromaps
CBETOBOMY c/BUTY cocrognus 5P o(F = 3) 3a cuer
paHee BKJIIOYEHHOIO W3JIydYeHUs Jia3epa 2, OTCTPOIiKa
9aCTOTHI Jla3epa 3 CTYIEeHN M3MeHsSIach JI0 BEJIUINHBI

01 ~+1I'Tm.
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C BrJTIoueHneM Jiazepa 1 CTyleHr Ha9UHAJIOCH TPeX-
doTorHOE BO3OYKIEHIE PUAOEPTOBCKOTO COCTOSHUS IO
cxeme 5519 — 5P3/9 — 6515 — 37P3/5. Hecmorps
Ha, OOJIBIIE CBETOBBIE C/IBUTHU MIPOMEXKYTOIHBIX yPOB-
Hell 110J1 JefiCTBUEM MHTEHCUBHOI'O U3JIyYEHUd JIa3epa
2 cTynenn, TPeX(OTOHHBIN PE30HAHC BO3HUKAJ BOIM3H
orcTpoiiku ytazepa 3 crynenu d3 = +30 MI'1 or TouHOI
gacToThl nepexofa 65y ,9(F = 2) — 37P;/5, Tak Kak
WMEHHO I|jIs 9TOU OTCTPONKHU BBIMOJHSIOCH YCJIOBUE
TOYHOIO TPEX(POTOHHOTO pe3oHanca & = d1+ds+d3 = 0.
B miestom, 3nadennst HEOOIBITUX UCXOTHBIX OTCTPOEK OT
TOYHBIX ATOMHBIX PE30HAHCOB IMIPAKTUIECKN HE BIIUSIIN
Ha HaOJIIOJeHNe ocnmuisinuit Pabu, Tak Kak OTCTPOii-
KI IIPOMEKYTOYHBIX YPOBHEN pu Tpex(OTOHHOM BO3-
Oy ennn 3ajaBajuch ux orpomubivu (~1 I'T') cse-
TOBBIMU CIIBUTAMHU IO JefICTBIEM MHTEHCUBHOTO W3JIYy-
qeHus J1azepa 2 crynenu. VIMeHHO 3TO sBJIsIeTcs 3aMe-
qaTebHON OCOOEHHOCTHIO TPEX(OTOHHOTO BO30YKIe-
HUsI, TPEJICKA3aHHOW HAMHU B XOJI€ TPEIBAPUTEIHLHOTO
TEOPETUTIECKOTO AHAIN3a U PEATU30BAHHON B JAHHOM
IKCIIEPUMEHTE.

HmTenbHOCTD UMITYIbCA TPeX(MOTOHHOTO BO30Y K-
JEeHUs 33/1aBaJIaCh JJINTEIbHOCTHIO UMITYJIbCa Ja3epa 1
crynenu. Ero gaurensnocTs Morya 3agasaTbest oT 100
HC JI0 5 MKC, ITPU 3TOM Ha KOPOTKUX BpeMeHax HeoOXO-
JTAMO OBLIIO YIUTBHIBATH 3P HEKTUBHYIO JIUTETHHOCTD C
yaerom dporToB 50 He, T.e. JIeaaTh Iepecder Ha I1JI0-
MAJIb UMILYJIbCA.

Brikrouenne Tpex Jia3epHBIX UMITYJIbCOB ITPOUCXO-
JIUJI0 B 0OpaTHOl TocJieoBaTe IbHOCTHA. [IepBbIM BBI-
KJTIOYaJIcs UMIyJbe 1 cTynenu, depe3 0.5 MKC OT HeEro
— AMIIYJIbC 3 CTYIEHU, 3aTeM elle depe3 1 MKC — uM-
myJibC 2 crymeHu. 3a c4yeT GoJiee IOJITOrO yIepKaHUsI
WHTEHCUBHOI'O HMMIIYJIbCA 2 CTYIeHH ODeCIevYnBaJINCh
6OJIbIIIE OTCTPOMKY IIPOMEXKYTOIHBIX OTHO(DOTOHHBIX
IepexoJIoB OT YacToT JiazepoB 1 u 3 cryneneit. s
3 CTymeHH 3TO MO3BOJSIO m3berarh MapasuTHON 00-
paTHON epeKadKN HACEJTEHHOCTEH MPU OTHO(DOTOHHOM
JEeBO30YKIEHNN PUIOEPIOBCKOTO COCTOSIHUSI 110 CXEMe
37P3/5 — 6S1/2(F = 2) c mocieayionmm GhICTPLIM
CIIOHTAHHBIM PacmaioM cocTogaus 65 /9 depes mpome-
KYTOUHOE cocTostnue 5P B 0cHOBHOE cocTostnue 557 /3.
IIpu BapbuUpoOBaHUU JJINTEIBHOCTH UMITYJIbCa 1 cryIre-
HU TaK2Ke CHHXPOHHO BapbUPOBAJIMCH UMILYJIBCHI 2 U 3
cTymeHeil, 9ToObl BpEMEHHASI [TOC/IeI0BATEILHOCTD BbI-
KJTIOYUEHUsT UMITYJIbCOB OCTaBAJIACh HEM3MEHHOI.

Yepez 1 MKC Toc/Ie BBIKJIIOUEHUS JIA3€PHOTO M-
IyJIbCa, 2 CTYIEHU BKJIOYAJIOCh U3JIYUEHUE JIa3€epa Ju-
[IOJIbHOM JIOBYIIKHY, & 3aTE€M OCYIIECTBJISIOCH IeTEKTU-
POBaHIe HAJIMYMS OJUHOYHOrO aToMa o' Rb 1o curnasry
€ro pe3oHaHCHOI duryopectieHImu. Keim aToMm oKasbl-
BaJICsI B PUIAOEPIOBCKOM COCTOSIHUU, TO H3JIyY€HUE Jia-

3epa JIOBYIIKH OBICTPO (38 HECKOJIBKO MHKDPOCEKYH]I)
€ro BLITAJIKMBAJIO U3 JIOBYIIKHU, W CUTHAJ (DIyOPeCIeH-
MW OTCYTCTBOBaJI. KCJM aTOM OKa3bIBaJICsi B OCHOB-
HOM COCTOSIHUU, TO OH [1€Pe3aXBaThIBAJICH B JIOBYIIIKY, U
curHaT (QIyOPECIIeHIMA TPUCYTCTBOBaI. Takum obpa-
30M, U3MEPIACh HACEJIEHHOCTD 011 OJUHOYHOTO aTOMa
B OCHOBHOM COCTOSHHHU 5S7/p TI0C/Ie OKOHYaHHs Jeii-
CTBUSA JTA3ePHBIX MMITYIHCOB TPEX(OTOHHOTO BO30Y K-
nennst. [JoCKOIBKY TTPOMEXKyTOYHBIE YPOBHU Tpexdo-
TOHHOTO IIE€PEXO0/Ia MPAKTUIECKHU HE 3aCEe/ISIIOTCS U3-3a
uxX OOJIBIIUX OTCTPOEK OT PE30HAHCOB CO BCEMH Jia-
3€PHBIMU U3J/Iy9€HUSIMA, SKCIIEPUMEHTAIBHO M3MEpPEeH-
HYIO HACEJIEHHOCTH (BEPOATHOCTH BO3OYKIEHUS) PUI-
0GEeproBCKOro COCTOSIHUS € XOPOIIeil TOYHOCTHIO MOXKHO
JaJiee OIPeNeNuThb KaK pqq ~ 1 — p17.

Ha npencraBiieHHBIX HUKE SKCIIEPUMEHTAJIbHBIX 3a-
NHUCAX KazKJiasd TOUKa ycpelHsutach mo 100 mamepeHu-
siM. [ToCKOIbKY KaxKjioe M3MEepeHre MOTJIO COIIPOBOXK-
JaThCd IOTepeil aToMa IPHU ero BO30YKIEHUH B PHJI-
6eproBCKOe COCTOSTHIE, OHO MOTJIO 3aHUMATh HECKOJIHKO
CeKyHJI JIJIsi IOBTOPHOT'O 3aXBaTa OJUHOYHOTO aTOMA, a
o0r11iee BpeMsi, HEOOXOIMMOE JIJIsl OJTHOM 3aIiCH COCTAB-
JISIO OKOJIO TIostyvaca. IloaroMmy MemjieHHbIe apeiidb
9aCTOTHI X MOIITHOCTH JIA3EPHBIX M3JIyI€HUI MOTJIN CKa~
3bIBATHCSI HA TIOJIyYeHHBIX PE3YJIbTaTaX.

5. PE3VJIBTATHI SKCIIEPUMEHTOB 1
CPABHEHUE C TEOPUE

Ha puc. 4 a npejcraBiena skcriepuMeHTATbLHAS 38~
much (CHHUE TOYKU) CIEKTPa TPeX(OTOHHOIO JIA3EPHO-
ro BozOyxKJeHus 5510 — 5P3/0 — 6512 — 37P39
pudeprosekoro cocrognud 37P;/, B OUHOYHOM aTo-
me 8"Rb mpu BpeMenn B3amMoIeficTBHS (ITATeIHBHOCTH
umirybca jasepa 1 crynenn) 0.4 mxe. Ckanuposasach
OTCTpOiiKa 03 YaCTOTHI Jia3epa 3 CTYIIEHH OT TOYHOI
9acToThl nepexoza 651 /o(F = 2) — 37P;5. Habmo-
JaJics KOHTYD, OJIM3KUl K JIODEHIIEBY C IMUPUHON Ha
nosryBeicoTe 3 MI'IT, a aMIInTya pe30HaHCa B IEHTPE
JocTturana p4q ~ 1 — p11 ~ 0.7.

3areM vacToTa Jiazepa 3 CTyIeHH ObLIa HACTPOe-
HA B IEHTP TPex(OTOHHOIO PE30HAHCA, U M3MEPEHA, 3a-
BUCHMOCTB P11 OT JJINTEJIBHOCTU JIA3EPHOIO WMILYJIhb-
ca 1 crymenn. IlosydyeHHast 3aBUCUMOCTD (CHHUE TOU-
KH) HoKazaHa Ha puc. 1l 6. OHa yBepeHHO JeMOHCTDU-
pyet Hasmune ocrmnisiiuit Pabu. [lpu anmpokcumarinn
9TOM 3aBUCUMOCTH aHAJIMTHIECKOH hopMyItoit (4) 6b110
OIIPEJIESIEHO, 9TO YAaCTOTa OCIMLIAuit Pabu coctapiis-
na Q/(2m) ~=1.35 MI'n, a BpeMst nX KOrepeHTHOCTH (3a-
TYXaHUsI 110 YPOBHIO 1/€) — Teoner 0.8 Mkc. IIpu sTOM
repBast OCHUJIJISINS C aMIIUTYI0H paq ~ 1 — p11 =~ 0.7
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Puc. 4. @ — OkcnepumenTansHast 3anuck (cuHme

TOuKM)

Bpewms t (Mkc)

crnekTpa TpexcpoTOHHOro nasepHoro Bo3byxaeHus

551/2 — 5Pz — 6S1/2 — 37P3/2 puabeprosckoro CocToAHWS 37P3/> npu BpeMeHn B3anMoAeicTBuA (anuTensHoCTN
umnynbca nasepa 1 crynenun) 0.4 mkc. CkaHnpyeTcst OTCTpoOliKa 4acToThbl flasepa 3 CTyneHu O3 OT TOYHOW HaCTOTbI MEpPexoAa
6S1/2(F = 2) — 37P35. 6 — JKcnepumenTanbHasi 3anuch (cuHue Toukm) ocuminsiumii Pabn ¢ wactotoit 1.35 MIy B uenTpe
TPexdOTOHHOrO pe3oHaHca. 3efieHble CMJIOWHbIE KPUBble — pe3ynbTaTbl YUCAEHHOrO MOAENMPOBAHUSA B YeTblPEXYpPOBHEBOI
MOZENN C penakcauueid npm ogHoOTOHHbIX YacTtoTax Pabu Q1 /(27) ~ 80 MIy, Qa/(27) ~ 1740 MI'y, Q3/(27) ~ 30 MI'y,

BO3HHKAET 1Ipu JumTebHocTH (.4 MKC, ITO KaK pa3 co-
OTBETCTBYET CIEKTPY Ha puc.4 a.

W3mepennble paHee MHUPUHBI CIHEKTPOB JIa3ep-
HOTO W3JIy4YeHUs] HA KAaXKJIOW CTYIEeHH COCTABJISLIN
I'' = 100 xI'n, T'y =~ 5 k[, I's =~ 2 k['u. Takum
obpa3oM, cymMMapHas IMAPWHA JUHWA Tpex Ja3epoB
cocrapiyana ' ~ 107 xI'n. IlosTomy oxkmmaemoe Bpemst
KOTEPEHTHOCTH JIOJIZKHO OBLIO OBITh Teoher & 1/ & 9
MKC, UTO Ha TMOPSI0K OOJIbINE, €M B IKCIIEPUMEHTE.
Takke aMIIATy 8 TIEPBOH OCIUJIIAIINN JTOJI2KHA OBLIA
ObITh Os3Ka K 0.95, 9To 3aMeTHO 6OJIBIIE, YeM B IKC-
nepuMenTe. BbUT ¢ie/1alH BBIBOJI, UTO B TPEX(OTOHHOM
pe30oHaHCe TMPUCYTCTBYET IOMOJHUTEILHOE IMapasuT-
noe ymupenue okosio 1MI'n, koTropoe oTBedaeT 3a
3HAYUTE/ILHOE YMEHBITeHNEe BPEMEHN KOT€PEHTHOCTU U
AMILIATY/IBI OCHUIATNi Pabwu.

Kaxk mnpasusio, mapasuTHbIE YIIUPEHUS PE30HAH-
COB B 3KCIEPUMEHTaX C PHUAOEPrOBCKUMHU ATOMAMMU
00YCIOBICHBI TTAPA3UTHLIMA 3JICKTPUICCKUMHI TIOJIAMA
[17], Tak Kax MOJApPU3yeMOCTU PUAGEPrOBCKUX COCTOS-
Huil PACTyT Kak 1’ ¢ POCTOM IVIABHOTO KBAHTOBOI'O UHC-
sa n. OJHAKO B HAIIIEM SKCIIEPUMEHTE OJMHOYHBINA aTOM
87TRb maxommiics B IEeHTpe BAKYYMHON KaMephl U JaJIe-
KO OT Beex nosepxuocreit (~10 ¢M), Ha KOTOPBIX MOI'YT
[IPUCYTCTBOBATDH MAPA3UTHBIE 3JIEKTPUYICCKHE 3aPSIbI.
TTosToMy BIMSIHEE TAPA3UTHBIX JJIEKTPUYECKUX MOJIEH
OT CTEHOK WMJIM OKOH BaKyyMHOH KaMepbl ObLIO IpaK-
TUYECKU UCKJIIOYEHO.

EnuHcTBEHHBIM UCTOYHMKOM HAPa3UTHOIO YIIUPE-
HHUS MOIJIO SBJIATHCA He JI0 KOHIA CKOMIIEHCUPOBAHHOE
J1abopaToOpHOEe MarHUTHOE II0JIe B IIEHTPE BaKyyMHOI
KaMepbl. XOTsI OHO KOMIIEHCUPYETCS 110 TPEM OCAM UMe-

FOIUMUCSI KOMIIEHCUPYIOIIUMU KTy IIIKAMH | eJIbMroJib-
na upu zHacrpoitke MOJI, TOYHOCTL €ro KOMITeHCAIH
cocrajsier 50 — 100 ml'c. Takoe ocTaToyHOE MATHUT-
HOE I10JIe TIPUBOJIUT K 3€eMAaHOBCKOMY PAaCIIEIIEHUIO U
YVIIUPEHUIO KaXK/I0r0 U3 ONTUYECKUX I[I€PEXO/I0B MeK-
Iy UCIoJib3yeMbiMu S U P ypoBHSIMHU Ha BeJUYUHY 0
250 — 500 I'm.

Ha puc. 4 3esieHbIMU CIUIONTHBIMEU JIMHUSMU TIPEI-
CTaBJICHbI PE3YJIbTaThl YHUCJIEHHOTO MOJICIMPOBAHUS
IIpU BBEJEHUU B YeTHIPEXYPOBHEBYIO MOJEJb Iapa-
3UTHOTO 3eeMaHoBCcKoro yrmupenns: 'z =~ 300 x['mt ma
KaXKJIOH CTYIEeHU Jia3epHOro Bo30OyXKieHusi. TOJIBKO
IIPU BBEJCHUU TAKOrO VIIUPEHHS VIAJIOCh OIHOBDE-
MEHHO IIOJIYYUTH XOPOIIee COIJIACHE ISKCIIEPUMEHTa
U TeOpUU KaK JJIsl CIIEKTpa, TaK W JIJIS OCIIUJIISIIINIA
Pabu.

[MoaronouHBIME napamMeTpamMu TeopeTnde-
cKoil Mozesnn Obliu  OnHOMOTOHHBIE YACTOTHI Pa-
6u Q;/(27) ~ 80 MI'm, Qy/(27) ~ 1740 MI'm,

Q3/(27) ~ 30 MI'n, a oTCTPOWKY U IMUPUHBI JIKHUI
J1a3epoB OBbLIM B3SITHI PABHBIMU 9KCIIEPHMEHTAJIBHO U3~
MepeHHBIM. [Tt ogHOMDOTOHHBIX YacToT Padbu nMerach
HEKOTOPAasd HEOIPEIEJIEHHOCTh B WM3MEPEHUN WHTEH-
CHBHOCTEH JIa3ePHBIX HMITYJIbCOB, TaK KaK peajbHBIE
JMaMeTPhI TepPeTsizKeK CHOOKYCHPOBAHHBIX Ja3€PHBIX
Jydeil B 00JACTH 3aXBAYEHHOI'O aTOMa HU3BECTHBI C
KOHEUYHO# TOYHOCTBIO. [Ipr 5TOM MOITHOCTH JIa3epHBIX
u3nydenuii 1 — 3 cryneneit 6ptm paBubl 150 MkBrT,
180 MxBr m 3 MBt coorBercTBenno. I3mepennbre
3apaHee JHAMETPhl MEPETsKEK JIa3epPOB BTOPOl U
TpeTbeil cTymeHm cocTaBiasaaun 10 MKM, a Juamerp
IIePeTsPKKN JIa3epa IIepBOI CTYIIEHH B OOJIACTH, TJe
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Puc. 5. DkcnepumenTanbHble  3anucym  (CMHME  TOYKM)  CNEKTPOB  TPexOTOHHOrO  na3epHoro  Bo3bykAaeHus

5S1)2 — 5P3;5 — 6510 — 37Ps 5 prABEpProBCKOro COCTOSHUS 37P3/o npu ysenudenHoli npumepHo B 10 pas (no

CpaBHeHMto ¢ puc. 4) MOLYHOCTM M3Ny4deHnust nasepa 1 cTyneHn n Bpemenn s3ammogeiicteus 100 (a) n 150 (6) He. CkanupyeTcs

OTCTPOiliKa H4acToThl Jlasepa 3 CTyneHu d3 OT TOHHON HacToThl nepexoaa 6572 (F = 2) — 37P3/5. 3eneHble cnoLHble Kpuebie

— pe3y/bTaTbl YUC/IEHHOrO MOAENVPOBAHUS B HETbIPEXYPOBHEBON MOAENM C penakcauueil npn ogHodoTOHHbIX YacToTax Pabu

Q1/(27) &~ 260 My, Q2/(27) &~ 1740 My, Q3/(27) ~ 30 Ml y. Mogenb TakXe y4uTbiBana AanTeNbHOCTb hpoHToB 50 HC
ansa na3epH0r0 VIMI'Iy}'IbCa

HaxoauTcst aroM, cocrapui 200 Mmxm. Mcxons u3 gero IlosTomy B ciemyoomeM 3SKCIIEPUMEHTE  MOIII-
7 OBLTU TTOJIYYI€HbI ONCHKH I OTHOMDOTOHHBIX TaCTOT HOCTH JIA3€PHOTO WUBJIyUeHUs: Ha 1 CTymeHu ObLIa
Pabu B Teopermueckoit MOmENM C YIETOM HM3BECTHBIX yBequuena mpumepHo B 10 pas, Omaromaps we-
(mng mepexomoB 1 m 2 cTyneneil) W pacCIUTAHHBIX My oxHOOTOHHas dYacToTa Pabm Ha 1 crymneHn
(11st 3 CTYNEHN) MATPUYHBIX 3J€MEHTOB JHUIOJIBHBIX yBesqumuamiiack ¢ 80 mo 260 MI'm. Ha pwmc. 5 mpen-
MOMEHTOB. CTaBJIEHBI IKCIIEPUMEHTAJIbHBIE 3alucu (CUHIE TOYKH)
CIIEKTPOB TPEX(OTOHHOIO JIA3€PHOTO BO3OYKIEHUS

ITo pesymbraTaM 3TOro SKCHEPUMEHTa OBLIT CIETAH 5S1/2 = 5P3/5 — 651 /2 — 37P3/2 pUIOEProBCKOro co-

BBIBO/I, YTO [TAPA3UTHOE 36eMaHOBCKOE yIIINPEHNEe Orpa- croanust 373/, ipu yBenndennoit npumepno B 10 pas
HAYMBAET KOHTPACT M YUCJIO HADJIIOMAEMBIX OCIIUJLIsI- (mo cpaBHenuio ¢ puc. 4) MoImHOCTH Ja3epa 1 cryneHu
nuit Pabu. s ux yBesmueHUs JO IIPEJIEIBHOIO TEO- u Bpemenn B3aumogetictsus 100 (a) u 150 (6) ue.
PeTHYECKOro 3HAYEHUST HEOOXOMMMO JIM0O JIydIlie CKOM-
[IEHCUPOBATH OCTATOYHOE MATHUTHOE I10JIe, JTubO HaJjIo- Ha puc. 5 a MOkHO yBUIETDH, 9TO P BPEMEHH B3a-
JKUTh JOCTATOYHO OOJIBIIIOE BHEIIHEEe MarHUTHOE I10JIe umogieticrBusa 100 HC aMIUIATY/Ia PE30OHAHCA YBEJIMIU-
U OCYIIECTBJIATH IIePEXO/Ibl MEZK/Ty OIPeJIeJICHHBIMUA 3€- JIach 110 paq = 1—p11 = 0.8, a mmpuna 10 6.5 MI'. I1o-
€MaHOBCKUMU TIOyPOBHSIMA OCHOBHOI'O U PUI0EPTOB- cJleJiHee CBS3aHO C yBesndenneM (ypbe-IUPUHBI KO-
CKOI'O COCTOSIHU{l, JIIOO IIPOCTO yBEJIUYIUTH MHTEHCHB- POTKOT'O JIa3ePHOI0 mMMITy/ibca. 1Ipu yBesumdenuu Jiiu-
HOCTb JIA3€PHOT0 U3JIyIeHUS U JOOUTHCS 3HATNTEIHHO- TesibHOCTH 70 150 HC Ha puc. 5 6 aMIIUTyIa pe30HAHCa,
r'0 yBeJIMYEHUs 9acTOThI Pabu mpu TOM »Ke BpeMeHU KO- yMenbmmiack 10 0.6, a mupuna — g0 5 MI'n. Ilpu
repeHTHOCTH. [lepBble jiBa BapuaHTa TPEOYIOT JIOIOJI- 9UCIEHHOM MOJIEJTMPOBAHUU ITHUX CIEKTPOB BBIACHU-
HUATEJIbHBIX MCCJIEIOBAHMA U OY/IyT Peasn30BaHbl HAMHI JIOCh, 9TO JIJIsi UJIEAJIBHO PE3KUX (DPOHTOB JIA3EPHOTO
B Oymmkaitiem Oyjyrem. B mannoil cratbe HAMU OBLIT UMITYJIbCA HA KPbLIbIX PE3OHAHCA JOIKHBI OBLIU ObI
HCIIOJIL30BAH MTOCTETHUN BAPUAHT. HaOJIIONATHC oCIuIAauu Pabu, onuceiBaembie Gop-
mysoii (1). Ogaako Hasmuue (GPOHTOB, CPABHUMBIX C
Heob6xomuMo 0TMETUTD, UTO JIJIst YBEJTMIEHUST TPeX- JUTUTEILHOCTBIO CAMOT'0 UMITYJIbCA, IIPUBEJIO K CTJIAYKH-
doronnoit vacrorer Pabu cieayer yBesnauBaTh HHTEH- BAHUIO TUX ocnuutAnmii. J[Jis a/leKBaTHOrO OIMcaHus
CHUBHOCTDb m3ytyueHus jubo 1, mubo 3 crymenu. YBesu- 9TOrO SBJIEHUs] B TEOPETUIECKYIO MOJIEIb ObLIa 100aB-
JeHUe WHTEHCUBHOCTHU 2 CTYIIeHU, HaoOOPOT, IIPUBEIET JIEHA TpallelUeBHUIHAsl 3aBUCUMOCTh 4acToThl Pabdm 1
K YMEHBIITEHNIO TPexOTOHHOI wacToThl Pabu Beies- CTyIIEHH OT BpeMeHH, Kak Ha puc. 3. Tosbko 310 1103-
CTBUE yBEJIMYEHUs CBETOBBIX C/IBUTOB IIPOMEXKYTOUHBIX  BOJIMJIO JTIOOUTHCST XOPOIIETO COTJIACUST SKCIEPUMEHTa U
YPOBHEH U OTCTPOEK JIA3€PHBIX U3JIy4YeHU OT 0JHO(O- Teopur (3eJI€HbIE CIUIOIIHBIE KPUBBIE) HA PHUC. 5, IPU-
TOHHBIX PE30HAHCOB. 9eM Ha PHC.H 6 KaK B IKCIIEPUMEHTE, TaK U B TEOPHHU
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Ocumnnnsummn Pabun npn TpexdOTOHHOM. . .

Ha KPBLIbSAX BUJIHBI OCTATOYHbIE OCIUJIIAIN Padn.
Ha puc.6a npencraBieHa  SKCIEPUMEHTAJIb-
Hast (curme  Toukm) ocrmuiAwi  Pa-
6u 1pu TPeXdOTOHHOM JIA3EPHOM BO30YKIECHUU
581/2 = 5P3/5 — 651 /2 — 37P3/2 pPUIOEProBCKOro Co-
crognus 37PF3/5 mpu yBenmaennoil npumepno B 10 pas
(1o cpaBHEHUIO ¢ pUC. 4) MOIIHOCTH M3JIyYeHUsl J1a3epa

3aIlluChb

1 crynenun. DKCHEpUMEHTAJIbHBIE TOUYKU JIJIsI HATJISI-
HOCTHU HWHTEPIIOJINPOBAHBI KPUBBIME CILIARH-(DyHKINH,
TaK KaK WX YHCJIO Ha OJHY OCHWJIJIAIUIO HEBEJIHMKO
BCJIEJICTBHE TOT'O, 4TO Tpex(dOoTOHHAsA dYacToTa Pabu
yBenmuniack o /(2m) ~4.45 MI'n. Ilpu srom mep-
Basd OCIUJIIAIUS C aMIUTATYION pgq ~ 1 — p11 =~ 0.65
BO3HUKaeT npu jaiaureabHocTu 100 HC, 9TO Kak pa3
COOTBETCTBYET CIIEKTPY HA PHUC.Da. YMeHbIIeHne
AMIUIUTY/IBl PE30HAHCA I10 CPABHEHUIO C PHC.D d MO-
KeT OBITh CBS3aHO C HEJOCTATOYHBIM BPEMEHHBIM
pas3penieHueM Ha puc. 6 a, KOTOpoe OrpaHUIEHO [IPUMe-
HAEMON 3JICKTPOHMKOI, MMeIOeil MUHUMAJIbHBINA I1ar
CKaHWUpOBaHUA 10 BpemeHn 50 HC.

3eJieHasl CIUIONIHAS KpuBasi Ha puc.6a — pe3yib-
TaT YUCJEHHOTO MOJIEJIUPOBAHUS B UETHIPEXYPOBHEBOIT
MOJIEJIA C peJIAKCAIell Tpu OMHO(POTOHHBIX IACTOTAX
Pabu Q;/(2m) 260 MT'm, Qo/(27) 1740 MTI'n,
Q3/(2m) ~ 30 MI'n u ¢ yd4eroM HmapasUTHOrO 3eeMa-
HOBCKOT'O VIITUPEHUS TPEX(POTOHHOTO pe3oHaHca. Moxk-

~
~

~
~

~
~

HO OTMETUTH, YTO TEOPETUIECKAs] KPUBAs XOPOIIO BOC-
[IPOM3BOJUT AMIUIUTY/Ly M YACTOTY HAOJIIONAEMBIX OC-
nmwutanuit Pabu, HO HETOYHO ONMHUCHIBAET CTAIMOHAD-
HBIIl YPOBEHb, Ha, (DOHE KOTOPOT'O UYT 3aTyXAIOIINE OC-
nusaiun Pabu. B skcriepuMenTe OH cOCTABIISIET BEJIH-
qauHy p44 ~ 1 — p11 =~ 0.4, B TO BpeMsI KaK IUCJIEHHBIN
pacuer u aHajuTudeckas dopmysa (4) npenckasbiBa-
0T, 9YTO OH JIoJizkeH ObiTh paBeH 0.5. Mbl 0ObsicHsieM
9TO sABJIEHHE IBYMs (PaKTOPaAMU.

Bo-mrepBoIx, permcrpariist puadeproBCKOro aTroMa
MIPOUCXOJUT C 3aJEPKKOIl B HECKOJIBKO MUKPOCEKYH]T
OTHOCHUTEJIbHO OKOHYaHMsS WMILyJIbca Jia3epa 1 cryrre-
HU. 3a 9TO BPEMsI HACEJEHHOCTb PHI0EPTOBCKOIO COCTO-
anus 37P3/5, umeromero 3hgekTuBHOe BpeMsl KU3HUA
43 MKC 1pu KOMHATHOI TeMmIleparype, YaCTUIHO Pac-
rmajiaeTcs B OCHOBHOE cOCTosiHue. B nasbHeiiniem Ha-
MU TIPEJIIIOJIATAeTCs IPOBOIUTH IKCIEPUMEHTHI ¢ OoJtee
JIOJITOYKUBYIIIUMU BBICOKUMU COCTOSIHUSIMHU, TJ€ STOT
addekT OyIeT mo1aBIeH.

Bo-BTOpBIX, B TeUeHHE JIA3€PHOIO HMITYJIHCA 3aCe-
JIsTeTCS He TOJIBKO PUIOEPIOBCKOE COCTOSTHIE, HO U TIPO-
MEXKYTOUHBIE BO3OY K IeHHbIe COCTosHUA 5P3 /5 1 6.5 /o
TpexdOTOHHOTO Tepexoa. B TeopeTudeckn pacuerax
MX CyMMapHast HaCEJIEHHOCTh COCTaBasgeT okosto 3%. ITo
OKOHYAHUU JIA3€PHOIO UMILYJIbCA ITU COCTOSIHUSI OBICT-
PO PaCIaal0TCsd B OCHOBHOE COCTOSIHHE, YTO JAeT I0-
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[TOJIHATEJBHBIA BKJIAJI B YMEHBIIEHUE CTAIMOHAPHOTO
ypoBHS 3aryxafomux ocumuranunit Padu. s ymers-
[IEHUs] STOTO SIBJIEHUs HEOOXOMMO JlabHeliInee yBeIu-
YeHHe OTCTPOEK IIPOMEKYTOYHBIX COCTOSHUI OT pe3o-
HAHCOB C JIA3€PHBIMU U3JIyYEHUSIMUA. DTOTO MOXKHO 0~
CTUYb YBEJIMYCHNEM WHTEHCUBHOCTHU JIa3epa 2 CTYIEeHU
U COOTBETCTBYIOIIUM YBeJIMIEHNEM UHIYIIUPYEMbBIX M
CBETOBBIX CABHUTOB. IIpum aTOM, OmHAKO, OyIET YMEHb-
maThcsa Tpex(oToHHas dacToTa Pabm.

J171s1 TpOBEPKYU TIOCTIEIHETO YTBEPKICHIST HAMU Obl-
Jla yBeJIMYIeHa MOITHOCTD Jia3epa 2 cTyleHu B 1.3 paza,
9TO yBEJUIMIIO OTHOMOTOHHYIO YacToTy Padu 2 cryre-
HE 10 Qo/(27) = 2 TTu. CoorBercrBylomas KCIepu-
MEHTaJIbHAS 3aIUCh TpUBeieHa Ha puc. 6 6. MoxxHo Bu-
JIETh, 9TO 3TO JEHCTBUTEIHLHO TPUBEJIO K YMEHDIIECHIIO
rpexdoronnoil yactorsl Pabu o Q/(27) ~ 3.9 MI'n,
Habronaemoe n3aMenenne moTBepKIaeTCs U TEOPETH-
YECKHMM PACcUeToM (3esieHasi CIIIONIHAs KpUBas). TakumM
00pa3oM, BapbUpPysl MOIIHOCTH 2 CTYIEHH, MOXKHO B
MIUPOKUX IIPeJIesIaxX YIPABIAThH HapaMeTpaMu Tpexdo-
TOHHOTO JIA3€PHOT0 BO30YKIEHUSA PUIOEPTOBCKUX CO-
CTOSIHMIL. DTO CYIIECTBEHHO OTINYAET TPEX(POTOHHOE
BO30YXK/IEHHE OT OOBIMHO HCIOJIb3YEMBIX JBYX(OTOH-
HBIX CXEM, IIPEJIOCTABIIsIST JOMOJHUTETbHBIE BO3MOXKHO-
CTH JJIs yBeJIWYeHUsI KOHTpacTa ocrnmwuiannit Padu u,
B KOHEYHOM HTOr€, yBEJUYIEHUs] TOUYHOCTU KBAHTOBBIX
oreparuit ¢ puaOeProBCKUMHI ATOMAMH.

6. SAKJ/ITFOYEHUE

B  macrosmeii  craree  IpeJCTABJIEHBI  pe-
3yJBTATBl  HAIler0  HOBOT'O  3JKCIIEpUMEHTa IO
TPex(OTOHHOMY JIa3epHOMY BO30Y 2K /IEHUIO

5512 — 5P35 — 6515 — 37P3/5 OJMHOYHOTO
pun6epropckoro aroma o' Rb, 3aXBaYeHHOrO B ONTH-
9eCcKyI0 JIAMOJIbHYIO JIOBYIIKY. Bjaromapsi Cy:KeHHUIO
[IUPUHBI JIMHUK JIA3€POB BTOPON W TpeTeil crymeHeit
BO30YXKJI€HNUsT BIEPBbIe HAOIIOAAIUCH TPEXdOTOH-
HbIe OCIMJIJISIIIIN HaceJaeHHocTeir Pabm ¢ wacroramu
or 1 go 5 MI'm B 3aBUCHMOCTH OT WHTEHCHBHOCTHU
JIA3EPHBIX UMIIYJIbCOB I[E€pBOI M BTOPOI CTyIlleHel
BO30OyKIeHus npu Bpemenu kKorepenrHoctn 0.7 — 0.8
MKC. OCOOEHHOCTBIO 3KCIIEPUMEHTa OBLIO HCIIOIb30-
BaHUEe WHTEHCHBHOI'O JIA3€PHOIO W3JIYYEHUs C JJINHOM
BoJiHbI 1367 HM Ha BTOPOH CTyHeHH BO30YKIEHUS,
obecrieanBaoIiero onHOMGOTOHHYO YacTory Pabu mo 2
I'Tn st ynpasienust 3p@pEeKTUBHBIMUA OTCTPOMKAMEI
[IPOMEXKYTOYHBIX YPOBHEH TPex(dOTOHHOIO IEPexoIa
3a cueT guHamMmdIeckoro apdekra [Tltapka.

B skcrepumenTax ObLIO BBISIBJIEHO HAJIMYME IApa-
3UTHOI'O 3€eMaHOBCKOI'O yIINPEHUs TPeX(OTOHHOTO pe-
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Puc. 6. a — JkcnepnmeHTanbHasi 3anucb (CuHMe To4KM) ocumnnsumii Pabu npu TpexdhoToHHOM nasepHoM BO3bYKAeHWU

5812 = 5P3/3 — 6512 — 37P3,5 puabeprosckoro coctosiHus 37PF;/; Npu ysenudenHoli npumepro 8 10 pas (no cpasHeHuto

C puc. 4) MOWHOCTN n3nyveHus nasepa 1 cTyneHn. 3eneHble CMOLWHBIE KPUBblE — PE3YAbTaTbl HUCIEHHOrO MOAENNPOBaHNS B

YeTbIPEXYPOBHEBO MOAENN C penakcauueid npu ofHOMOTOHHbIX YacToTax Pabu 1/(27) ~ 260 Mly, Q2/(27) ~ 1740 MTly,

Qs/(2m) ~ 30 MlNy. 6 — To >ke camoe Mpwy yBeNNHEHUN MOLLHOCTY nasepa 2 cTyneHn B 1.3 pasa, 4To yBesm4uio vactoty Pabu
2 crynenun go Q2/(27) = 2 Ty

30HAHCA OT HEJOCTATOYHO TOYHO CKOMIIEHCHPOBAHHOTO
J1abOPATOPHOIO0 MATHUTHOTO IOJI B OOJIACTU OMMHOY-
HOT'O aToMa. DTO IPUBOJMWIIO K YMEHBIIIEHUIO KOHTPA~
CTa ¥ BpEMEHU KOTePEeHTHOCTH ociusiiuit Pabu. s
ycTpaHeHus: 3Toro apdexkra B JaTbHEHIIIEM TPE o Ia-
raercs peajn30BaTh ONTUYECKYI0 HAKAYKY OJIMHOIHO-
r'o aToOMa Ha OIpeJe/IeHHbIN 3eeMaHOBCKUII 110/[y POBEHb
OCHOBHOI'O COCTOSIHUSI W JOOABUTH OJHOPOIHOE MAar-
HUATHOE TIOJIE JIJIsi CO3/IaHUs 3€MaHOBCKOTO DacIlernie-
HUsI YPOBHEN U BO30YKJI€HUsI TPeX(OTOHHBIX IIePeXo-
JIOB MEXK/Ty 3aJJAaHHBIMHU 36eMaHOBCKUMI O/ POBHSIMU
OCHOBHOT'O M PUAGEPTrOBCKOTO COCTOSTHMUIA.

Takke HEOOXOIUMO HCCJIEIOBATH BJIIMSHIE OCTATOY-
voro sdderra /lonepa Ha KOHTpACT U BpeMsi Kore-
penTtHoCcTH ocimtAnuii Pabu ogumnoIHOTrO pridepros-
cxkoro aroma S’Rb, 3aXBaueHHOTO B ONTHYECKYIO JH-
OJIbHYI0 JIOBYIIKY. IIpegBapuresibHble pacyeThl MOKa-
3a/IM, 9TO JlaXKe IPH HMEIOIelcs TeMIepaTrype arTo-
ma, oreHennoit kak 50 — 100 MK, sacddexr Horure-
pa MOXKHO CYIIECTBEHHO IOJIABUTH IIPU UCIOJIb30BaAHUT
BCTPEYHBIX JIA3€PHBIX IIYYKOB 1 U 3 cTymeHeil Bo3OyK-
JEHUs, B OTJIMYHE OT COHAIIPABJIEHHBIX IIyIKOB B HACTO-
smeM sxcrepumerTe. OTMETHM, 9TO B HEIABHEM KC-
[IEpUMEHTE 110 TPEX(OTOHHOMY BO30Y2KIEHUIO PUIHED-
TOBCKHUX COCTOAHUN B ONITUYECKON dAYeliKe C TelIOBBI-
vu aromamu Cs 3a cuer Takoil KOH(MUIYpAIUU JIa3ep-
HBIX JIy4Yeil yJaJIOCh IIOYTH ITOJTHOCTHIO MOJABUTH -
dekT Jlomnepa u MOMYyIUTh IPE3BBIYANHO Y3KUI pe3o-
HaHC 3JIEKTPOMATHUTHO-WH/IYIIHPOBAHHON MPO3PAYIHO-
ctu mmpuHoit 190 k' [21].

Bce ykazannbie BbIle Mepbl JIOJIKHBI TO3BOJIUTH
3HAQYUTEJIBHO YJIYYIIUTh KOHTPACT U BpPeMsd KOT'€PEeHT-

HOCTH TPex(OTOHHBIX ocimianuit Pabu u, B KoHEU-
HOM WUTOr€, YBEJIUIUTh TOYHOCTH KBAHTOBBIX OIEpAITHil
C puIOEproBCKUMHU ATOMaMU [0 CPABHEHUIO C TOYHO-
CTSIMU, JIOCTUTHYTBIME [PHU JIBYX()OTOHHOM JIa3epHOM
BO30YXKIEHNN PUIOEPTOBCKUX ATOMOB.

dunaHcupoBaHue. Pabora BbIOJHEHA TIPU IO~
nepxkke Poccuiickoro nayanoro donga (mpoekr 23-12-
00067, https://rscf.ru/project,/23-12-00067/).
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