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AnHoTanus

UccenenoBanbl curuasibl 3aTyxXaHus cBOOOIHOM mosisipusanuu Ha GhOHe HeCTAIMOHAPHBIX OTl-
TUYECKUX HyTaIlnii, ()OTOHHOE 5XO0 W CTUMY/INPOBAHHOE (POTOHHOE X0, C(HOPMUPOBAHHBIE B Ta3e
13 CH 3 F MeT010M mITapKOBCKOro Hepek/ouenns yposHeil. Ha 0cHOBe KMHeTUKE CUrHaIoB (ho-
TOHHOI'O 9Xa U CTUMYJIMPOBAHHOIO (DOTOHHOIO XA ITOJLY Y€Hbl 3HAYEHU OJHOPOIHOIO YITUPEHUS
I'/p npm pasHBIX JaBIEHUSX ra3a.

KuroueBblie ciioBa: 3aTyxXaHue CBOOOIHON TO/Ispu3anum, (POTOHHOE X0, CTUMYJIUPOBAH-
Hoe (HOTOHHOE X0, HECTAMOHAPHBIE ONTUYIECKNEe HYTAIlUN, O[THOPOTHOE YIIUPEHNE CIIEKTPAIb-
HOI JTMHHUM, Ta3, MTapKOBCKOe IIePeKI0YeHne yPOBHeH.

1. OObBbeKkT ucciaegoBaHUA

B skcnepumenTe UCoab30BaH BpalaTeIbubiii nepexon R (4,3) konebarenbHoil mo-
aocer 0—1 momer v3 raza 'SCH3F, smeprernueckue ypoBHE HEPEXOa BBIPOZKICHBI IO
MarHATHOMY KBAHTOBOMY 9HCIY, HUXKHHUN nMmeeT 9 moayposueit, Bepxunii — 11. JTumoman-
HbIE MOMEHTHI B OCHOBHOM U BO30YyKIEHHOM coCTOsHHSX pasubie. dddert [Mlrapka
HA 3TOM TEpexoJie — JIMHEHHBIN, U JIeKTPUIECKOE TIOJIE CABUTAET YPOBHU OCHOBHOTO U
BO30YIKIEHHOTO COCTOSTHUH HA BEJIMUMHY :

MK,

AW, = —d; Bgy— bt
St Jz(J1 -+ 1)

i=0,1. (1)

Buech Jy, J1 — KBAaHTOBbIE YKCJIA YIJIOBOIO MOMEHTAa OCHOBHOI'O U BO30Y2KIEHHOI'O CO-
CTOsIHMI COOTBETCTBEHHO; Ky, K1 — KBAHTOBBIE YUCJIA MMPOEKIINK YIJI0BOTO MOMEHTA Ha,
OCh CUMMETPUU MOJIEKYJIbI B OCHOBHOM W BO30Y¥K/IEHHOM COCTOSIHHUSIX COOTBETCTBEHHO;
dy, di — AUTOIbHBIE MOMEHTHI OCHOBHOTO U BO30Y K IEHHOTO COCTOSIHUI COOTBETCTBEHHO;
FEsy — HaIps»KeHHOCTh MTAPKOBCKOrO 1oJist; M — MardHuTHOe KBAHTOBOE YUCJI0. Takum
00pa3oM, 3JIEKTPUYIECKOE I0JIe U3MEHsIeT 4acTOTy Iepexoa Ha BeauduHy Awps, pas-
JINYHYIO JJIs KAXKJI0r0 MArHUTHOTO MOy POBHS:

1

do K _ di1 K
J()(J0+].) Jl(J1+1)

) M Esy (2)

OKCIIEPUMEHTHI C 3aTyXaHWEM CBOOOIHOW MOJISPU3ANNANA TTPOBOIUIUCH TIPU TIOJIs-
pusanuu BO30YIKIAMOIMIET0 U3JIYyUEeHUs, TapaJIe bHON MTAPKOBCKOMY TOJI0, TIOITOMY
npasmia orbopa AM = 0, pasperieHo 9 mepexoos.

B skcnepumentax ¢ OTOHHBIM 3XOM U CTUMYJTHPOBAHHBIM (POTOHHBIM 3XOM TOJIs-
pusaius BO30YyKIAIONIEr0 U3IydeHus ObLTa MEePHEeHIUKYIIPHA MITAPKOBCKOMY IOJIIO,
npasmaa otoopa AM = +1, paspenreno 18 nmepexomos.
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2. ®opmMupoBaHWE CUTHAJA 3aTyXaHUs CBODOIHON IMOJISIPU3AINN,
doToHHOrO 3Xa M CTUMYJIUPOBAHHOTO (DOTOHHOTO 3Xa

[MoymuprHa I0TIepoBCKOTo KouTypa rasa > CHz F mpn KoMHaTHO TemmepaType
cocrapysier 39 MI't. CriekTpasbHas MHUPUHA TPYTTHI MOJEKYJ, KOTOPbIe B3anMOIeii-
CTBYIOT C JIA3€PHBIM U3JIy YeHHEM, 3HAYUTETbHO HIZKE; OHA ONpeIesieTcs 9acToroit Pabu
u coctapager Meree 1 M Ipyu MHTEHCHBHOCTH JIa3epHOro m3sydenns 3.2 Br/cm?.

Jlmsa bopMupoBaHusa CUTHAJIOB 3aTyXaHUs CBOOOIHOMN MOIIpU3aIini, (POTOHHOTO dXa
N CTUMYAMPOBAHHOTO (DOTOHHOTO dXA MPUMEHSIICA METOJ] MTAPKOBCKOTO MEePeKJIotve-
Hus ypoBHeii. V3nyvenne nazepa ObII0 HEMPEPBIBHBIM; 7151 (DOPMUPOBAHUS CHTHAJIOB
MOJIEKYJTBI BBOJAUINCH WM BBIBOAMINCH U3 pe3onanca g dexkrom [MlTapka.

B dopmupoBannu KOrepeHTHBIX OTKIUKOB IPUHAUMAIOT YIACTHE JIBE IPYMIIBI MOJIe-
KyJI: TepBasi TpyNa MOJEKYJ ¢ HYJEBOW CKOPOCTHIO JBHUXKEHWs BIOJb JIyda Jia3epa,
M BTOpas T'PYMa MOJEKYJ], ¢ TaKOi MpoeKneil CKOPOCTH Ha HAMPABJIEHNE BOJIHOBOTO
BEKTOPA M3JIy4eHUsl, 9YTO €€ JIONJIEPOBCKUil CABUT PABEH IITAPCKOBCKOMY caBury (dhop-
myaa (2)).

Takum 06pa3zoM, MOJIEKYJIbI BTOPO# TPYIIIbI TIOCTE BKIIOYEHUsT JIEKTPUIECKOrO OISt
[ONMAJAI0T B PE30HAHC U (GOPMHUPYIOT CHTHA HECTAIMOHAPHBIX ONTHYECKUX HYTATHIA.
MoJteKyabl TTepBOil TPYIIIBI, BHIMIEIITE U3 PE30HAHCA, NCIYCKAIOT CUTHAJ 3aTyXaHus
cB0oGOTHOM Mossipu3armu [1]. DTOT cUrHAT MOKHO HAGIIOAATH, €CIH TMTAPKOBCKUIT M-
MyJIhC TOCTATOYHO JJIWHHBIN, & MHTEHCUBHOCTD JIa3epHOTO M3JIyUeHns masaa. B MmomeHT
MPOXOXK/ICHHUS U3JIyUeHusT depe3 pabodyro s9eiiky ¢ ra3oM 3TH JBa sBJCHUS HAOIO-
JTAfOTCs OJIHOBPEMeHHO. Bo BpeMsi BBIKIIOYEHUS 3JEKTPUUCCKOrO MO TPYIIILI MOJIe-
KyJl MEHSIIOTCS POJISIMH, TO €CTh MOJIEKYJbl MEePBOil IPYMIbI MONAJAI0T B PE30HAHC U
dbOpPMUDYIOT CUTHAJ HECTAITMOHAPHBIX ONMTUYECKUX HYTAIUi, & MOJIEKYJIBI BTOPOI TPyTI-
BT, BBIIIE/IITHE U3 PE30HAHCA, NCITYCKAIOT CUTHAJ 3aTyXaHus CBOOOTHON MOJISIPU3ATIN.
IIpomeccsr popmupoBanust (POTOHHOTO 3Xa W CTUMYIUPOBAHHOTO (POTOHHOTO 3Xa PaCc-
CMOTPEHBI HUKE.

3. ®usmka NporeccoB

BaryxaHue CBOOOIHON MOJIPU3ANNANA — ITO YMEHBIIEHUE MOIIPUIAINN CPEIbI TTOCTe
MpEKpAIeHus IefCTBYUS BO30YZKIAIOIIEr0 UMITYIbCa, PE30HAHCHOTO u3jaydenus. Cyte-
CTBYIOT JIB€ KaY€CTBEHHO PA3JIMYHBIC TPUYIUHDBI, BHISBIBAIOMINE 3aTyXaHNe MaKPOCKOIIN-
qeckoil momspu3anun cpeanl. IIporecchl HeobpaTuMoit pemakcanu, KOTOPbIe TPUBOIAT
K pacnajy cocroguuii unu c6oro a3 (CHOHTAHHOE UCIYCKAHUEe, HEYIPYIHUe U yIpyrue
CTOJIKHOBEHUS U T. [I.), OLPEJIEJISIOT OZHOPOAHOE YIIUPEHUE CIIeKTPAIbHBIX JuHuii. Pa3-
Jinare COOCTBEHHBIX YACTOT Wgp, 00ycaoBaenuoe 3ddexkrom lomaepa mpu TEmIoBOM
JNIBUYKEHUN ATOMOB U MOJIEKYJI, — 9TO HEOJTHOPOIHOE YITHPEHUE.

Taxk kak B razax mpeobazaeT HEOTHOPOTHOE VIMHPEHNE, MAKPOCKOMHIeCKast MOIsI-
pu3anms ycrueBaeT MCIe3HyTh U3-3a 1e(Pa3supOBKU M3TydaTeseil ¢ Pa3HbIMU COOCTBEH-
HBIMH JACTOTAMH MPEK/Ie, YeM PeTaKCHPyeT KOTePEeHTHOe BO30Y K IEHNE OTAeTbHBIX W3-
Jyudareseit. BaxHo TO, 9TO 3TOT MEXaHU3M 3aTyXaHUs SIBJISETCS OOPATUMBIM.

[TepBriit BO30Y K IAMOMINN UMITYIHC TIEPEBOIUT ATOMBI B BO30YKIEHHOE KOT€PEHTHOE
COCTOSIHME, B KOTOPOM BCE 3JIEMEHTAPHbIE [UIOJU CBA3aHbI 10 (aze (B ONTUMAIbLHOM
cJlydae IIoma/lb yKa3anHoro uMiysibca pasaa m/2 ). [To okonyanuu Bo3aeiicTBus 3T0ro
HUMIIYJIbCa HaBeJAeHHad MAaKPOCKOIMYECKad IMONdpu3alud Cpeabl IIOCTEIIEHHO yMeHbIla-
ercsa. [IponcxoanT pacda3npoBKa KOJeOAHWH IUTIOJIEIH.

[Tom meficTBreM BTOPOTO MMITYJIHCA AOMIIEPOBCKUE (ha3hl OCIUIISITOPOB U3MEHSIOT
3HaK, u pacdasuposka cMensercsa dbasupoBkoil (7-ummyane). Korma Bee oCuuisTopbt
OKa3bIBAIOTCS BHOBD MOJTHOCTBHIO C(HAZUPOBAHHBIMU, (POPMHUPYETCA IXO-UMILYIHLC KOTE-
PEeHTHOro u3sydenus [2].
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[poriecc bopMupoBaHS CTUMYIUPOBAHHOTO (HPOTOHHOTO XA aHAJIOTHYeH (DOPMUPO-
Bauuio (PoTOHHOTO 3xa. CTuMmynupoBanHoe (POTOHHOE X0 (POPMUPYETCST TPEMS UMITYJIb-
camu. Tak ke, Kak B ciydae GOTOHHOTO 9Xa, MEPBbIH BO30Y K IAIOIINI HMITYIbLC CO3/IaeT
MOJISTPU3AIINIO cpeibl. BTopoii mpeobpa3yeT 3Ty MoIspu3aInio B Pa3HOCTh HACETEHHO-
creit. Tperuit meraer obpaTHOe MpeoOpa30BaHKe U U3MEHsIeT 3HAKU (as.

4. 3aryxaHme cBOOOJIHOI MOJApPU3AIIAN

B npoBeseHHOM KCIEPUMEHTE HANPSKEHHOCTH JIEKTPUYECKOro MO Oblia paBHA
160 B/cm; nasnenme raza 2CH3F — 1 MTopp, HHTEHCHBHOCTD M3JTy9eHns a3epa —
0.14 Br/cmo, quaMerp mydka — 3 €M, HOJIAPU3aLHs JIA3ePHOrO U3JlydeHus Oblia napasi-
JIETTHHON 3JIEKTPUIECKOMY TIOJII0, TO COOTBETCTRYeT npasuiay orbopa AM = 0. Takum
obpazomM, ObLTO pa3pernieHo 9 TepexoioB, HO BKJAI B CUTHAJ TAaBAJN JHUINH 8, TaK Kak
nepexon M = 0 ne cmerrnaercs snekTpudeckum mosem (dbopmyia(2)). Curnan 3ary-
XaHUsd CBOOOTHOMN MOMAPU3ANNAN TPEACTABAACT COO0i NHTEP(MEPEHITNIO N3TYIeHUH dTHX
1epexo/oB - buenus Ha (POHE HECTAIMOHAPHDLIX ONTUYecKux HyTanuii [1, 3|.

B namroM 3KcrepuMenTe CHTHAJI COOCTBEHHOTO W3JIYUeHHs CPEIbl PerncTpupoBal-
cs1 TIyTEM TeTepOIMHUPOBAHNS, TIOSTOMY CHTHAJ 3aTYXaHHs CBOOOMHONW TMOJIApU3AINN
MPOTTOPIINOHAJIEH HATPSIYKEHHOCTH TOJIST 9TOTO M3IyYeHnst W Ja3epHoro moJst Fy:

sin(90 Egyt/2)

sin(dFsit/2) 3)

E = EyQ Z cos(6M Es;) = EoQ

rae () — MHTEHCUBHOCTH TEPEX0/I0B, KOTOPbIE MPUHATHI PABHbIMU i Bcex M ;

1/ dK 4K
0= h (JO(JO + 1) Jl(Jl + 1)) ' (4)

[MIupuna n mepuos GueHUit 0OPATHO TMPOMOPITUOHAIBHBI HANPSIZKEHHOCTH SJEKTPH-
geckoro noss, cozpaorero sddexr Mlrapka [3]:

21
T =
B (5)
2
AT = ——
03B, (6)

rae AT — mwupuna naTepPQEPEHITNOHRHOTO MKa; 1 — mepuo OueHuii.

[Ipu yBesmyueHnn MOITHOCTH W3JIyY€HUsI CUTHAJ 3aTyXaHUs CBOOOTHOM OIS PUBAIINN
MOJIABJIAETCA CUTHAJIOM HECTAIMOHAPHBIX ONTHYECKUX HYTAIUH, 9TO MOATBEPIKIAETCS
KCIEPUMEHTOM.

5. Omnucanne SKCIIepuMeHTa

Usnyuenne fa3epa WHTEHCUBHOCTHIO 3.2 BT/cM? Mpoxommuio TpusKabl depes aueii-
Ky ¢ razoMm (qymna gueiiku 20 ¢M) U MTAPKOBCKUMHE 3JIEKTPOJAME (PACCTOSHUE MEKILY
9JIEKTPOJAMHU 3 CM), HA KOTOPBIE MOAABAIUCH UMILYJIbCHI ¢ reHeparopa. JaurejibHocTh
U 33JI€PKKY BPEMEHU MEXK/y MMITYJIbCAMHU MOXKHO ObLIO m3MeHsTh. IIpu BKIIOUYeHUU U
BBIKJIIOYEHUN ITEKTPUIECKOTO 1M0Jisi (POPMHUPOBAJICH KOTEPEHTHbBIH OTKJIUK CPEJIbI, KO-
TOpPBIi perucTpupoBasicsa (poronpueMankoM. CUTHAIBI ¢ (DOTONMPUEMHNKA ¥ TEHEPATOPA
9JIEKTPUIECKUX MMIYIbCOB MOMABAINCH HA MUMPOBOI ocruiorpad, 3amuchbiBAINCh U
obpabaThIiBaINCh HA KOMIbIOTEPE. B 3KkcmepuMenTax ¢ (DOTOHHBIM 3XOM W CTUMYJIU-
POBaHHBIM (DOTOHHBIM 3IXOM MOJIAPHUIANUA BO30OYKIAIONIET0 U3JIyUeHUs ObLIa OPHUEH-

TUPOBAHA IEPIEHIUKYJIAPHO 3JeKTpudeckoMy (mrapkosBckomy) mosio. Takas cxema
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Puc. 1. 3aryxanue hOTOHHOrO 3xa NPU PA3HBIX 33/EPKKAX JTEKTPUIECKUX UMITYIHCOB U Pa3-
HBIX JIaBJICHUAX Ta3a BCH3F
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Puc. 2. 3aBucumMocTh OJHOPOAHOIO yHIMPEHUs JuHUU [ OT [aBjeHWd, MOJy9YeHHAd METO0M
doronnoro sxa B 0671aCTH MAJIBIX 3a1epKeK 1’

[O3BOJIMJIA 3HAYUTENHLHO YBEJUIUTH AMILUIUTY/Ibl CUTHAJIOB (DOTOHHOTO 3Xa U CTUMY-
JINPOBAHHOIO (POTOHHOIO 3Xa, TAK KaK B 3TOM Ciydae mnpasuia orbopa AM = +1 u
KOJIMYIECTBO Pa3pereHHbIX Mepexo10B Bo3pocyo 10 18.

Ha puc. 1 nokasama kuHeTHKA 3aTyxXaHus (POTOHHOTO XA MPU PABHBIX TABJIECHUSIX
raza. HeskcrnoHeHImaabHOCTh 3aBUCUMOCTH (DOTOHHOTO 3XA OT 33JEPIKKHU MEKIY BO3-
Oy K IAIOIIMMHU UMITYJIThCAM¥ HAOJIOMAETCS [IJIsT BCEX WCCJIEIOBAHHBIX TABJIEHWI Ta3a;
BH/IHO TaKKe yBeJMYeHUe CKOPOCTH 3aTyXaHWs C POCTOM JABJIECHUS.

[To coornomenuto Epg ~ exp(—2TT) [5] (rne Espp — HAIPIAKEHHOCTb J€KTPU-
YECKOrO MOJIs 3JIEKTPOMATHUTHO BOJIHBI CTUMYJIUPOBAHHOTO (hOTOHHOIO 9Xa) MOJIyIeHa
3aBUCUMOCTH OTHOPOIHOMN MMTUPUHBI TUHUU [ OT JaBIeHWsS B 00JACTH MAJIBIX 33I€PIKEK,
peJcTaBIeHHasa Ha pucC. 2.

Yupenue I'/p = 13.4 MI'n/Topp cBs3ano ¢ HEyUPYrUME CTOJIKHOBEHUSAME M COJIA-
CYEeTCsl CO CKOPOCTBHIO BPAIIATEILHON pelakcaun, oIy YeHHoi MeTo1oM nH(ppPaKpPaCHO-
MUKPOBOJIHOBOrO pesonanca I'/p = 15.1 MI'/Topp B pabore [4].
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Puc. 3. Kunernka GhOTOHHOTO 3Xa M CTUMYJINPOBAHHOTO (DOTOHHOTO 3Xa NPU JABJICHUN ra3a
13CH3F, pasmom 1.288 mTopp

Ha puc. 3 npuBenena xunernka (hOTOHHOTO 9Xa W CTUMYIHPOBAHHOTO (HOTOHHOTO
9Xa IPU OJTHOM U TOM 2K€ JIABJIEHUU; BUIHO, 9TO CUTHAJ CTUMYJIAPOBAHHOIO (DOTOHHOTO
9Xa 3aTyXaeT MeJJIEHHEe.

N3 coornomennst Egprp ~ exp(—I'Ta3) [5] (rme Espp — HANPSIYKEHHOCTH 3JI€K-
TPUYECKOTO TOJIST 3JIEKTPOMATHUTHON BOJIHBI CTUMYJIUPOBAHHOTO (DOTOHHOTO 3Xa, 1oy —
BpeMs 3a/IePKKU MEXKJy BTOPBIM M TPETbUM 3IJEKTPUYECKUMU MMILYJIbCAME) [OJIYYe-
HA 3aBUCUMOCTH OJHOPOMHOIO ymupenus [ OT JaBieHus MeTOI0M CTHMYJIUPOBAHHOTO
doronnoro sxa: I'/p = 29.6 MI'u/Topp. Jro 3HaueHme corsiacyercs ¢ KOHCTAHTOMN
CTOJIKHOBUTEJILHON PEeIaKCAINy, U3MEPEHHOW METOI0OM 3aI€PKAHHBIX ONTUIECKUX HY-
rannii, pasroit 30.3 MI'i/Topp, a Tak>Ke ¢ OJJHOPOIHBIM YITUPEHUEM JIMHUN IBCH3F,
U3MEPEHHBbIM METOJIOM HACBIIIEHHOrO norJomienus, papubiM 33.6 MT'/Topp.

6. BriBoab!

13 npoBeIeHHBIX UCCIEI0BAHUN MOKHO 3aKII0YUTD ciefytomiee. CUrHA 3aTyXaHus
CBODOOTHO TTOIAPU3AINN UMEeT BUJI, ONMEeHU CUTHAJIOB, ChOPMUPOBAHHBIX MEPEXOTAMU,
C Pa3/JIMYHBIMU MarHUTHBIMU KBaHTOBbIMU unciaavu M . Konrpact Ouenwmii mamaer c
yBEJINYIEeHNEM WHTEHCUBHOCTU BO30YKIAIOIIErO JIA3epHOr0 W3JIydeHus. J[jisi CUTHAIOB
$OTOHHOrO dXa KMHETHWKA 3aTyXaHusd HedKCHOoHeHmmanbHa. Haiimermmoe meromom ¢o-
TOHHOTO 9Xa IPU MAJIbIX 3a/epKKax ymupenue jubauu '/p = 13.4 MT'u/Topp cea3ano
€ HEYIPYIUME CTOJIKHOBEHHUSIMU M COIJIACYETCS CO CKOPOCTHIO BpallaTebHON penakca-
WU, TIOJIYIEHHOW METOIOM JIBOWHOTO WH(DPAKPACHO-MUKPOBOJIHOBOTO pe3onanca. Haii-
JIEHHAS METOJIOM CTHUMYJIUPOBAHHOTO (POTOHHOIO X3 KOHCTAHTA CKOPOCTU PEIAKCAIIAN
CODJIACYeTCsl ¢ KOHCTAHTOM peslakCalui, U3MEPEHHOW METOJIOM 3a/IePXKAHHBIX ONTHYe-
CKMX HyTaluii, a Takzke ¢ ogHopoanbiM yiupenneM auanu > CH3 F, u3mepennsiv Me-
TOJIOM HACBIIIEHHOTO TOTJIOMIEHUS.

PaGora Beimosnena npu dbunancosoii mogmepxke PODU (npoextsr Ne 07-02-00091,
10-02-00071), a raxxke ITporpammbr O®H PAH «®yumaMentanbHas ONTHUECKAS CIEK-
TPOCKOIHKs U ee npuioxKenuss (rpant N 9.2).
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Summary

N.N. Rubtsova, D.V. Ledovskikh, E.B. Khvorostov, V.G. Goldort. Free Polarization Decay,
Photon Echo and Stimulated Photon Echo in Molecular Gas.

The signals of free polarization decay on a background of transient optical nutations, as well
as the photon echo and the stimulated photon echo, which are generated in *CH3F gas
by the method of Stark switching of levels, are investigated. The values of the homogeneous
broadening I'/p are obtained for different gas pressures on the basis of the kinetics of the
photon echo and the stimulated photon echo signals.

Key words: free polarization decay, photon echo, stimulated photon echo, transient optical
nutations, homogeneous broadening of spectral line, gas, Stark switching of levels.
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