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IKCIeprIMEeHTAIbHO H3y4eHa JuarpaMMa HalpaBieHHOCTH Quryopecuennnn Pogammaa 67K u3 xuakoro aspo-
30711 TIPU BapbUPOBAHUH KOHIEHTpauuu ¢puryopodopa, 06IydeHHOT0 HAHOCEKYHIHBIMU JTa3epHBIMU IMITYyIbCaMU C
amuHoil BosHbL 1,06 MxM. O6GHapysKeHa 3aBHCHMOCTb CHTHAJIA (DIyOpecLeHINN B HAIPABICHHU <«HA3al» OT KOH-
eHTpaimm Mostekysn P63K: ¢ poctoM komientpatmn dayopodopa ot 1072 10 5% B pacTBope 3TaHOIa HaGIOIaeTCH
yMeHbIIIeHNe HHTEHCUBHOCTH (DJIyOpecleHINH IPAaKTHYeCKH B /Ba pasa Kak IIPH OAHO(OTOHHO-BO3GY KIEHHOI
¢ayopecuennuy, Tak u npu AByXdoToHHOI. CHrHax (IyopecHeHINN PACTeT ¢ yBeJHYeHHeM SHeprUH HAKAYKH.
ITpu 6ombIINX KOHIEHTPALUAX KpacuTess AIS 0JHOGMOTOHHO-BO30OYXACHHOU (ryopeciieHINN HAGMIOACTCS MPaK-
THYECKU HaCbIeHUe CUTHATa ¢ POCTOM sHeprum Hakauku. /s aByxdoroHnoil ¢uyopecleHINN 3aBHCUMOCTb OT
9HEPrHK coXpaHseTcs U IPU OOJbIINX KOHLEHTPALUAX. YCTaHOBJEHA 3aBUCUMOCTb (POPMBI JMarpaMMbl HAIPaB-
JICHHOCTU U3JydeHus (pyopeclieHInN IpU Pa3INyHbIX KOHIIEHTPALUAX KPacHuTe/s U sHepruil Hakauku.

Kntouesuvie caosa: diayopecteHnnst, >KUJKO-KAeJbHBIN aspo30Jb, Ja3epHOe H3JIydeHHe, HAHOCEKYH/HBIN
ummyabe; fluorescence, liquid-drop aerosol, laser radiation, nanosecond pulse.

[lannasi aKcriepuMeHTaIbHASI CTAThsI HAIIPABJIEHA HA MOJydYeHune WH(OPMAIUU O AUATHOCTUYECKOU CIIOCOGHOCTH
MeToia (PIyopeciieHTHON CHEeKTPOCKOMUN TPH JIMJAPHON cXeMe perucTpanuu (pJayopecieHIIn OpraHmyecKux MoJie-
KYJI, COIEPKAIUXCS B JKIJIKUX KallIAX. DbLIM MCCIe0BaHbI 3aBUCUMOCTb (DJIYOPECIIEHTHOTO CUTHATA OT KOHIIEH-
tpanuu dayopodopa, cofepiKalierocs B Kalisax, U SHEPTUH BO3/EHCTBYIOIIETO JIA3ePHOTO MMITyJbca. BaskHoe 3HaA-
yeHne 1719 3(pHEeKTUBHOCTH 30HANPOBAHUSA aspo30Jieil urpaerT ¢opMa JuarpaMMbl HATPAaBJEHHOCTH M3JydaeMoil W3
yacTuIl (JIyopeciieHTHOH aMuccnu. PaHee Takasg 3ajada pelnajach TEOPETHYECKH W 3KCHEPUMEHTANBHO [T OT/AeTb-
HBIX Karesb, cogepskammx duayopodop [1]. Bburo mokaszano, 4To WHAMKATPUCA HEYIIPYTOTO PACCESHUS BBITSIHYTA
B HANPABJEHUU «HA3a/(» MO OTHOIIEHUIO MAJAIONIero u3aydenusi. B [2] skcmepuMeHTAThHO U TEOPETHYECKU HCCJIE-
JIOBaJIach 3ajlaya O BJMSHUM IIOTJIONIEHUS] HA WHIUKATPUCY HEYIPYTOro PacCesiHUsI M3 OTIEJIbHDBIX a3PO30JbHBIX
qacTuil. DbIIO yCTaHOBIEHO, YTO JAMAarpaMMa HAlpaBJIEHHOCTH 3HAYUTEJbHO BBITSITHBAETCS B HAIPABJICHUH «HA3a.»
nasi dayopodopa ¢ GosbiiuM kosdduimenToM norsoiienus. TakuMm o6pasoM, ciaydail 30HAMPOBAHUS TOJUIUC-
MEPCHOTO a3p030Jisd, CoJeprKaliero (ryopeciupyonie IpUMecH, Ja3epHbIMI UMIYJIbCAMU C PA3JNYHON MWHTEHCHB-
HOCTBIO OCTAETCSI HEJOCTATOYHO M3YYEHHBIM M TpeGyeT CBOEr0 PACCMOTPEHMS.

Jlns mpoBeseHNS sKcIepHMeHTa OblIa MCHOJIb30BaHA dKCIEpHMEHTATbHAs yCTAHOBKA, CXeMa KOTOPOH mpen-
cTaByleHa Ha puc. 1.

(8]

o

Puc. 1. Biok-cxema skcnepuMentasibhoii ycranosku: Nd:YAG — masep (1,06 mxm, 0.53 mxm) (1); cerodpuiabtp MKC-1 wiu
C3C-25 (2); muuza (3); reneparop aspososst (4); onrososokno (5); monoxpomarop YM-2 (6); ®IY-75 (7); ocunmiorpad
Agilent Technologies DSO6052A (8)
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B akcnepuMenTe B KavecTBe MCTOUYHUKA M3JTYYeHUS MCIOJb30BAJICA TBepAoTeabHbIi Jazep Lotis TII ¢ maumoii
BoaHbl TeHeparmu 1,06 u 0,53 MM ams Kpacurenst pogamuna 65K (P6JK). Manyuenne mazepa MpOXOAMJIO 4epes3
cetopuabtp UKC-1 amg usmyuenus ¢ amunoii Borasl 1,06 MM u cBetopuabtp C3C-25 And M3aydeHus ¢ AJIUHOM
BosiHbl 0,53 MKM st aspo3osisi ¢ P6/K. DunbTpbl NPUMEHSINCH IS YCTPAHEHUS U3JYYeHUs JTaMIbl HAKAUKK Jia-
3epa. Wanydenue, npoiinss o6beKTuB ¢ (POKycHBbIM paccrostHueM 40 cM, HAIpaBJSIOCh B CTPYIO JKHUIKO-KAeJbHOTO
aspososa ¢ kpacurensmu P67K. B pa6ore B KauyecTBe reHepaTopa aspo30Jisi MPUMEHSICS yJIbTPa3BYKOBOW WHTAJIS-
Top «Myccon-1M», pacupLisionuii a3po3oib co ckopoctbio 0,4 M/ Mun wm 6 - 10718 Ma/c. Paguyc aspo3osbHoit
YACTHUI[BI COCTABJSI ~ 5> MKM. V3iyuenune (pryopecieHIny ¢ MOMOIIbIO CBETOBO/IA, PAa3MEIAeMOro Mo/ PA3THYHbBIMU
yraamu (5, 45, 90, 135, 175°), nocrynajio Ha BXOAHYIO IieJb MOHOXpoMaTopa YM-2. MOHOXPOMATOP UCHOIB30-
BaJICS B KayecTBe ONTHYECKOTO (UJIbTpa M HACTPAaWBAJCSA Ha JJIMHY BOJHBI MaKCHMyMa WHTEHCHBHOCTH (uryopec-
neHIn pactBopa kpacurensi P67K onpenenennoit konientpanmu. [locie MoHoXxpoMaTopa usmydenne (JryopeciieH-
UK Ipoxoauso vyeped 670k co cBeroduabrpamu OC12 nu OC13 npu Bo3Oyskjenun Ha e BoJHbI 0,53 MKM,
u C3C-25 npu Bo36yskaeHnu Ha jyuHe BoaHbl 1,06 MKM npu ucciemoBanuu (GJyopeciieHimn aspo3ossi ¢ P6IK.
W3anydenue dayopecueniiuun peructpupoBagoch MIAY-79. Curnan ¢ DAY peructpupoBajcss OCIHUIIOTpadoM
Agilent Technologies DSO6052A.

Ha puc. 2 npeacraBjeHO ITOTy4eHHOE YIJIOBOE pacipeiesieHNe OAHO- U JABYX(OTOHHO-BO36OYKIEHHOH (iryo-
peciienin pactsopa kpacurens P6K ¢ xommentparmeii 10°% B asposzone. Iockoabky Beanunny (JIOpeCHeHIT
mpu 0 u 180° 3aperucTpupoBarh O6bLIO HEBO3MOXKHO U3-32 OCOOEHHOCTEN IKCIEPUMEHTATbHOI YCTAHOBKH, TO COOT-
BETCTBYIOIINE TOYKU HA AMArpaMMax puc. 2 OBLTH TOJTYYE€HBI METOOM AlPOKCUMAIIUN.
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Puc. 2. ¥Yrnosoe pacnpejenenue

Ha puc. 3-4 rpaduueckn

KJINKa.

P6K ¢ xounenrpanueii 1073% B 3TAHOJBHOM asposose
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onHodororHo- (@) u aByxX(oTOHHO- (6) BO3GYKAEHHON (JIyOpeCHeHIn PACTBOPa KPACUTEJIst

MpeacTaBaeHo BaugHue KouieHTpanun P6JK B pactBope Ha sHepruio o6paTHOTO OT-

Benmuusza (IyopeciieHIIHY B HATIPABISHHN Ha3al, ell.

Konnenrtpaumnsg pacteopa Ponamuna 62K, %

Puc. 3. 3aBucuMOCTb cHrHaJIa 0JHOMOHHO-BO36Y KIEHHON (DJIyOpecHeHIINN OT CTPYH aspo30Jd B HAIPABJIEHNH Ha3aJ OT KOHIIEH-
TpaIun pacTBopa
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Puc. 4. 3aBucuMocTb curHasa ABYX(OHHO-BO30OYKAEHHOU (DJIyOPECIEHIIN OT CTPYH a3pO030Jis1 B HANPABJIEHUH HA3a] OT KOHIIEH-
TPAIMK PacTBOpa

Ha ocHOBe mMOJIy4eHHBIX 3KCHEPUMEHTANbHBIX [AAHHBIX OblIa NPOAHATM3NPOBAHA 3aBHCUMOCTL (DOPMBI Ha-
rpaMMbl HampasjenHoctn duayopecueniun P6)K (oTHONIEHNE MHTEHCHBHOCTH B HANpPaBIEHNH «Ha3al» K WHTEHCHB-
HOCTH B HalPaBJIECHUU <BIIEPEA») OT KOHIEHTPAIMK MOJIEKYJ B PACTBOPUTENE — STUJIOBOM CHHPTE — IIPU Pasjny-
HBIX 9HEPIHSIX HAKAYKU. DBLIO YCTAHOBJIEHO, YTO B MOJUAMCIEPCHOM aspo3oJie ¢ (huiyopodopoM Takke Kak U st
OT/IEJIbHBIX Kalesb CyI[ECTBEHHA aCHMMETPHSI HHIUKATPHCHI PACCESTHUS — €€ BBITSIHYTOCTb B HAINPABJIEHHUH <«HA-
3a1» HaunmHas ¢ 107°% KOHIeHTpaIH.

Habmonaercs najanue ¢axropa acuMMeTrpun BIUIOTh 0 KouieHrparuu 0,1%, a 3ateM poct npu GOJbIINX
KoHIeHTpanuax. [Ipn Manbix 108X KOHIIEHTPAITIT 107°-1072% ¢daxTop acMMMeTPUN COOTBETCTBEHHO paBeH 2,75—
2,3 nns aByxdoronHoit duryopeciieniinuu u npuMepHo pased 1,5 masi ogHodoToHHO. /151 3HAavYeHuil sHepruum Ha-
kauku 0,7 u 2,5 M/[)K OH NpaKTUYECKH OJMH M TOT 3Ke.

[l otHOMEHMS cUTHAIOB (hJIyOpeCIIeHIINN «Ha3a]] - BOOK Ha 90°» cutyanus cuaenyiomasd. /[ Menbineit sanep-
UM OTHOIIeHue pacter oT 3,5 A0 4,5, a 1 sueprun 2,5 M/[PK — cHavasa majaer ¢ 3 10 2, a 3aTeM pacTeT ¢ 2 110
2,5. Uro kacaercss ogHOMDOTOHHOI (DIyopecieHInn, TO 3/1eCh He HAaOII0aeTCsi MOHOTOHHOTO Y4YacTKa 3aBUCHMOCTH
or KoHrenTpamnuu (uyopodopa. ITO CBA3aHO ¢ OCOOGEHHOCTSAME TIpoiiecca (hJIYyOPECIeHIINE B KAMIAX npu 0aH0¢0o-
TOHHOM U IByX(DOTOHHOM XapakTepe BO3OYKIEHUSI.

Wndopmaiust o popMe MHAMKATPUCH! SBJSETCS TOJE3HOM C TOUKU 3PEHMs] MOCTPOEHUS NMPOCTOil (haKkTuyecKoi
Mozesu (POTOIPOIIECCOB B Kallsle-MUKpope3oHatope. B ycioBuax ABYX(OTOHHO-BO36Y:KIEHHOH (ryopecieHInn
MPOUCXOMUT CUJIbHAS JIOKAJIU3AINSA SHEPTUN B 3aHeM (oKyce Kamui. JTO MOXKHO pacCMaTpUBaTh KaK MOSIBJICHUE
TOYEYHOTO MCTOYHUKA HEYIIPYTOTO M3JIydeHHs B POKyce BOIM3M OTpakarollell CBeT 3aJHell MOBEPXHOCTU KaILTH.

[Ipocreiimmeit Mofebio U3AYyUeHNS B HATIPABIEHUN «HA3a(» SIBJISGETCSI MOENb M3JydeHUs TOUYeUYHOTO obJrydare-
g B (okyce mapabosndeckoro 3epkaia. IIpum TakoM pacCMOTPEHUH [JIT 3TOTO CJIydast Bo3OYXKIeHUs (Iyopeciien-
IUU BHYTPH Karmiu (GOPMHUPYETCST OTPAKEHHAS] OT 3a/Heil TOBEPXHOCTH CJAG0PACXO/ISIIASsICS CBETOBAasl BOJHA C aM-
IJTUTY/IOW, KOTOpasi 3aBUCHT OT KO3 (PUIMEHTa MOrJIONeHns] HEyIPyroro uaJjydenus. VI3BeCTHO, YTO C POCTOM
KOHIeHTpanun MosekyJ duayopodopa Hacrymnaer addext peabcopbiun, KOrja CIEKTPAIbHBIN KOHTYD MOTJIOIEHIS
dayopodopa HauMHAET MEePEeKPbIBATLCS KOHTYPOM HM3JyuyeHus. Mojelb TOUeYHOrO HCTOYHUKA (DIyopecleHInH T0-
3BOJISIET OIIEHUTH BinsAHUE 3derTa peabcopOIINN HA NHTEHCHBHOCTD OOPATHOTO PACCeSTHHS Kalleil. DTa WHTEHCHB-
HOCTh (POPHMUPYETCSI OTPA’KEHHBIM OT 3a/JHell TTOBEPXHOCTH W HAMPABJIEHHBIM Ha3aa (PIyopecuupyrolmuM U3Jryde-
HUeM. VHTEHCMBHOCTD STOTO M3JIyYeHUs BHYTPM Karau Oyzer nponopuuonansha exp(—2a,l), rae [ = 2r, vy — pa-
aUyc Kamam, o, — Ko3a(duumenT camonorjomenns MoJsekya ¢diayopodopa. M3 skcmepuMenTta cieayer, 4UTO
UHTEHCUBHOCTb CHTHAJIA OOPATHOTO PACCESHUS MAJaeT MOYTH B 2 pasa ¢ yBejmdenuneM KouieHTpaiuu duyopodopa.
Ito osnavaer, yro npu [ = 10° eM o, = 3,5 - 102 em 1.

st ogrodoTOHHO-BO36Y:KAeHHOU (ryopeciieHIInu HEOOXOMMO PACCMATPUBATD MOJEIb M3JIYYEHUS MOJIEKYJI
BHYTPH KalleJJb Ha OCHOBE NMPUOJMKEHNSI TeOMeTPUYECKOil onTuKM Jmb6o MeToja JMCKPeTHbIX aumoJieil [3]. B pam-
KaX paccMOTpeHus Mpo6JeMbl 3aBUCUMOCTU CUTHAJA (PIyopecieHIMy OT KOoHIeHTpaiun (uyopodopa Heo6X0IuMO
OTMETHUTDb pe3yJbTat [4], rae 6bw1 yeraHoBseH 3(pdeKT HACHIIEHNs] CUTHAIA C YBEJIHYEHNEM KOHIIEHTPAIUH.

TakuM 06pa3oM B MOJUIUCTIEPCHOM a3pPO30Jie CUTHAT KaK OTHO(POTOHHO-, TaK M ABYX(OTOHHO-BO30OY KIEHHOM
dayopectieniun 3 dayopodopa, pacCTBOPEHHOTO B KaIlIIX, XapaKTEPU3yeTCs MeHee SIPKO BBIPAKEHHON aHU30TPO-
nueil [uarpaMMbl HAPABIEHHOCTH SMUCCHH. JTO OTJUYAET €r0 OT COOTBETCTBYIOIIErO CHTHAA OT OJUHOYHBIX Ka-
mesib, rie 9TH OTHOIIEeHUs Bbime. [lajserne curnaga ¢ poctoM KoHIeHTparmu (ayopodopa CBSI3aHO C CaMOIOIJIO-
IIEHNEeM HeyIpyroro uajiydeHus: B Kamisix. llocreayromuii poct o6ycioBieH ocobeHHOCTsIME (PoToaDDEKTOB Tpu
BBICOKUX KOHI[EHTPAIMSAX MoJIeKyJT (aypodopa U BbICOKUMU WHTEHCUBHOCTSIMH HAKAYKU.

BaarogapuHoctu. Pa6ora BbinosiHeHa B pamkax rocdaganus MOA CO PAH.
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The fluorescence pattern of rhodamine 6G from a liquid aerosol was studied experimentally with varying
concentration of the fluorophore irradiated by nanosecond laser pulses with a wavelength of 1.06 pm. A
dependence of the fluorescence signal in the “backward” direction on the concentration of R6G molecules was
found: with an increase in the fluorophore concentration from 10—2% to 5% in an ethanol solution, a decrease
in the fluorescence intensity by almost two times is observed for both single-photon-excited fluorescence and
two-photon fluorescence. The fluorescence signal increases with increasing pump energy. At high dye
concentrations, signal saturation with increasing pump energy is observed for single-photon excited
fluorescence. For two-photon fluorescence, the energy dependence is preserved even at high concentrations. The
dependence of the fluorescence radiation pattern shape at different dye concentrations and pump energies is
established.
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