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2. Spectral Effects in Interaction of Continuons Wave Dye Laser Radiation with Atoms and Molecules

Pedepar:

1. lucepTaliis mpucBsYeHa NOCAIIKeHHIO CTIEeKTPaIbHUX e(eKTiB, 1110 BUHM-Ka-10Th [IPU HACTPOIOBaHHI
HEIEePEPBHOTO Jla3epa Ha OAPBHUKY B OKiJl CUJIbHOI JIiHii BHYTPIlIHPO-PE30HATOPHOrO aTOMHOTO MOTJIMHAHHS, Ta
PO3BUTKY MeTOZa (JIyOPECLIEHT-HOI J1a3€pPHON CIIEKTPOCKOIIil 3 BAKOPUCTAHHSM Jla3epa Ha 6apBHUKY 3 BY3bKUM
CIIeK-TPOM BUITPOMIHIOBaHHS. PO3p06sieHO OpUriHajIbHy METOAMKY /1J1s1 BUMipIOBaHHS BEJIM-UYUHU CEJIEKTUBHOIO 3a
4aCTOTOIO 3MEHIIEHHS BTPAT YU J0JaTKOBOTO MiJICUJIEHHS B PE30HATOPI INMPOKO-CMYTOBOTO JIa3€Pa, sIKa [0JIsIrae y
BAMIpPIOBaHHI YaCTOTHOI Bill-CTaHi MIX JIiHIIMY BUITPOMIHIOBaHHS [IO Ta IiCJIS 3aXOIJIEHHS YaCTOTU Ha BY3bKY JIiHIIO
IOATKOBOTrO mincuneHHs. [TokazaHo, 1mo B j1a3epi Ha 6ApBHUKY HellepepBHOI Aii, pe30HATOp SIKOro Mae
iHTepdepeHLiHO-3aMKHEHU BUXi[l, YaCTOTHO-3aJI€>XKHi JIIH30-T10[1i0-Hi BJIaCTUBOCTI BHYTPilIHbO-PE30HATOPHOTO
IIOTJIMHAKYOT0 CePEelOBUIIA CIPUYMHIOIOTh 3aXOIJIEHHS YaCTOTYU BUNPO-MiHIOBAaHHS JIa3e€pPa, B Pe3yJIbTaTi 40ro
J10ro creK-TpaJlbHi XapaKTepUCTUKY BU3HAYAIOTHCSI BHYTPIlIHbOPE-30-Ha-TOP-HUM iHTeppepomeTpoM. Ha oCHOBI
IOCTi-eHb CIIeKTPiB 30yIKeHHs QIIyo-peclieHLii i30TOIiB MoJieKyJIsipHOro Hony 12711291 i 12712 Bu3HaueHo



CEJIEKTUBHICTb J1a3epHO-(IIyOPECLIEHTHOI MeToAuKNY peecTpalii 1291 Ha ¢oHi 3Ha4HO GibIIMX KOH-LIEHTPALlil
CTabisIbHOTO i30TOMY i 3MifICHEHO KOMIT'IOTEpHUI BUOIp JIiHil nornyu-HaH-Hs 1271 1291, mo 3a6e3nedyoTh
MaKCHMaJIbHY BEeJIMYMHY BiJHOLIEHHs iHTeHCUBHOCTI ¢puryopecuenuii 12711291 no inTeHcuBHOCTI (POHOBOI
dayopecueHuii 12712, YytausicTe meTony cTaHoBuia 3410-4 i BU3HAYAIBHOIO IPUYUHOIO ii OOMEXEHHS OyIu
¢doHoBa PparyopecueHis 12712 Ta He-cTa-6i/1b-HiCTb IOTY>KHOCTI J1a3epa Ha 6apBHUKY. [I0Ka3aHo, MO BXKe NpU
BigHOCHI! KoHUeHTpauii 1291 0,25 % 1o BigHOIEHH!O 40 KOHUeHTpalii 12712 BrjiuB 3a6pyAHEeHHs HOAHOi
nornuHawyoi komipku He-Ne /12712 nazepa isotonom 1291 Ha noripiieHHs BiATBOPIOBAHOCTI YaCTOTHU JIa3epa €
CIiBMipHMM 3 BIIJIMBOM YCiX iHIIMX BiTOMHUX (PakTOpiB. [IJ1s1 KOHTPOJIIO 32 3a6PyLHEHHIM KOMipOK i30Tonom 1291
3aIpPOINIOHOBAHO iX T€CTYBAaHHS 32 JOMOMOTOIO JIa3€PHO-(PJIyOPECLEHTHOI METOJIMKY, 110 3abe3Medye 4yTIUBiCTb

nerexktyBaHH4 1291 B koMipui Ha piBHi 0,03 % Bin KoHUeHTpawji 12712.

2. The thesis is devoted to the studies of spectral effects which arise when the continuous wave dye laser is tuned
in the vicinity of the strong absorption line of the intracavity atomic gas, and to the development of a method of
fluorescence laser spectroscopy using the narrowband dye laser. The new technique for the measurement of the
value of the frequency selective reduction of losses or the narrowband additional gain in the cavity of the
broadband laser is developed and experimentally realized. It is shown, that in the dye laser with interference-
closed output, frequency dependent lenslike properties of the intracavity absorbing medium cause the
phenomenon of frequency-locking of laser radiation, and the spectral characteristics of this laser are determined
by the intracavity interferometer. On the basis of the studies of the molecular fluorescence excitation spectra of
iodine isotopes 12711291 and 12712 the selectivity of the laser-fluorescence technique of 1291 registration on the
background of considerably larger concentration of the stable isotope 12712 is found. The computer-based
selection of absorption lines of 12711291, which provide the maximum ratio of 12711291 fluorescence intensity to
12712 background fluorescence intensity, is carried out. The ultimate sensitivity of the laser fluorescence technique
of the isotope 1291 detection amounts to 3:10-4. The main sensitivity limitation factors are the background 12712
fluorescence and the fluctuation of the dye laser intensity. It is shown that already at relative 1291 concentration
about 0,25 % of 12712 concentration the influence of pollution of a He-Ne /12712 absorption cell by an isotope 1291
on the laser frequency reproducibility is comparable with the influence of the all other known factors. To monitor
the isotope 1291 pollution of the iodine absorption cells, testing of cells using the laser fluorescence technique
which provides the detection sensitivity of 1291 at a level of 0,03 % is suggested.
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