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AnaHOTa U

B crarne paccmorpenst ocobernHocTH (hOPMUDPOBAHUS IIPW KOMHATHONW TEMIIEpaType CHr-
HAJI0B caMOAnu(PAKIINKA W CUTHAJIOB MEPBUYHOTO U CTUMYINPOBAHHOTO (HhEeMTOCEKYHIHOTO (ho-
TOHHOTO 9Xa B IJIEHKE MOJUBUHUIOYTUPAJIS, JIETUPOBAHHOM Momekyaamu dragornmnannaa HW
1009 ¢ xommentpammeit 1072 <+ 10™* momn /. Tlokasano, uTo TpH BO3GYIKICHUN PABIUTHEIX
VYaCTKOB JIMHUU HOTIJIONIEHUs B Auana3oHe uH BoaH 760 <+ 790 HM MaKCUMyMBbI CIEKTPOB
CUTHAJIOB (PEMTOCEKYHIHOTO (POTOHHOTO XA CABUTAIOTCS OTHOCUTEIHHO MAKCHMyMa CIEKTDPA
BO30y K JAIONMX MMITYJIHhCOB KaK B CTOKCOBY 061aCTh (TpW HAKadKe Ha JJIMHE BOJTHBI 765 HM),
TaK W B AHTUCTOKCOBY 00s1acTh (Ipm HAKAYKe HA jymHe BOMHBL 790 HM), M IPEIONKEH CrIoco6
KOTE€PEHTHOTO aHTUCTOKCOBOTO JIa3€PHOTO OXJIAYKIEHUS JIETUPOBAHHBIX ITOJIUMEDPHBIX TIJIEHOK.

KuroueBbie cioBa: ¢eMToCeKyHIHBIN, camomudpakiius, (GOTOHHOE X0, MOTUMepPHAast
MJIeHKa, AaHTUCTOKC, ONITUYECKOe OXJIayKeHre, (hOHOHBI.

BBenenue

DddexkTrBHOE pereHne MPodIeMbl JTa3ePHOTO OXJIAYKICHUS TBEPABIX T MpH-
BEIEeT K CO3/aHUI0 KOMIAKTHBIX TBEPAOTEJBHBIX ONTHYECKUX pedpPUKEPATOPOB,
pPaIMAInOHHO-COATAHCUPOBAHHBIX JIA36POB U KBAHTOBBIX 3XO-TIPOIECCOPOB, (PYHKITHO-
HAPYIOMHUX 063 KPUOTeHHBIX KUIAKOCTei. [lepBbIil yCHemHblii SKCIePUMEHT IO OXJIa-
JKJIEHUIO JIA3ePHBIM CBETOM TSXKEJI0r0 MeTasi(hIyOPUIHOIO CTEKJIA, aKTHBUPOBAHHO-
ro peIKO3eMeIbHBIMA HOHAMHU TPEXBAJEHTHOrO urTepbusi, ObLT mpoBemen B 1995 . B
CIITA [1], n Obl1a 3amaTeHTOBAHA TIPUHINTIHATIBHAST KOHCTPYKIINS J1a3epHOTO pedpurke-
paropa [2]. OTMeTnM, 9T0 HA BO3MOYKHOCTh OXJIAYKIEHWs TBEPIOTO Tejla B ONTHYECKOM
[IUKJIE TOTJIONIEHUS W AaHTUCTOKCOBOII itoMuHectennu srepsbie ykasas [1. Ilpunrcxeitm
B 1929 r., a nozauee, B 1950 1., A. Kactiep npeainoxKuin ucnoab30BaTh B KAYECTBE OTI-
TUYEeCKN AKTUBHOW CPEIbl /i BBHICOKOI(M@MEKTUBHOTO OXJIAXK/IEHUS PEIKO3EeMEeTbHbBIE
npumect [3, 4].

Hammu paspaboTku mpobsieMbl JTa3epHOTO OXJIAXKIEHUST TBEPIBIX TeJl HAYAINCH B
1996 r., nupeaBapuTesbHbIE UX WUTOIM HAILIU OTpazxkenue B Monorpadusax [5, 6]. K na-
CTOAIIEMY BPEMEHN MAKCHUMAJIBHO JOCTUTHYTOE IKCIEPUMEHTATLHO TOHUKEHNEe TeMIIe-
paTypbl KPUCTALIMIECKOTO 00pasia cocrapiser nopsaka 100 °C, HaunHast OT KOMHAT-
HO#i [7]. AKTHBHO MIITyTCS HOBBIE PESKUMBI U MPEJIATAIOTCS HOBBIE CPEJIbl OXJIAXK IeHMUS
JIJTs TIOBBITeHUs 3 MEKTUBHOCTH OMTUYECKOTO XOJIOAUIBHOTO 1ukjia. Cpeau HUX — 1Mo-
JIYIPOBOJTHWKH, B TOM YHCJIe HAHOPA3MEPHBIE TETEPOCTPYKTYPHI, U KPUCTATTNUECKIE
nanonopomiku [8-11]. BosbmuHCTBO MPeIoKEeHHbIX CXeM Ja3ePHbIX pedh)PUzKEePATOPOB
ABJAIOTCS HEKOT€PEHTHBIMU, W3-3a 9er0 HHTEHCUBHOCTD IPOIECcca OXIAKIeHN MTPOTIOP-
IMOHAJBHA, JIUIITH YUCTY MPUMECHBIX TTeHTPOB N . VIcKIi0uenne coCcTaBisgeT cxemMa, OCHO-
BaHHAsl HAa PE’KMUMe OTITHYECKOTO CBepxu3yuenus [6]. B manHoii paGore MbI mpeiaraem
HOBYIO CXeMYy AHTHCTOKCOBA PEKMMa KOTEPEHTHOTO JIa3ePHOTO OXJIAYKICHUS C WHTEH-
CHBHOCTBIO, MPOIOPIHUOHATLHON KBAJIPATY YMCIA AKTUBHBIX HPHMECHBIX Mojexkya N2,
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Puc. 1. Crokcos (a) u antucrokcos (6) casuru cruekrpa dhemMmroceKyHaHOro orkiauka (IIODI),
CO®D u CC/I) mo OTHOMEHUIO K CHEKTPy BO30YKIAIONMX HUMITY/THCOB Ha JJIMHE BOJIHBI \:
765 um (a) m 790 ' (6): I — mwaTencuBHOCTH (OTH. €1.), 1 — CreKTp BO30Y K IAIOIAX UMITYIHCOB,
2 — CIIEKTP OTKJIMKOB

W nest 06cy»k/1aeMOT0 pesknMa OXJIaKIeHNsT BO3HUKIIA N3 aHAIN3a PE3yIbTaTOB IKCIIEPH-
MEHTOB TI0 U3YUEHUIO OCOOEHHOCTEH CMEKTPOB CUTHAIOB (PeMTOCEKYHIHOTO (POTOHHOTO
5Xa B mosmMepHoii ruienke [13, 14]. B uacTtHOCTH, OBIIIO OOHAPYYKEHO, YTO CIEKTPHI
9XO0-CUTHAJIOB CIBUHYTHI B KOPOTKOBOJIHOBYIO OOJIACTH 110 OTHOIIEHUIO K CIIEKTPAM BO3-
Oy 2K /IAI0IIIX UMITYJIHCOB.

1. KorepeHTHoe Ja3depHoe oXJiaXX/IeHue
J'IEI‘I/IpOBaHHOﬁ HOJ'II/IMepHOﬁ IIJIEHKHN

Paccmorpum criekTpabHBIE OCOOEHHOCTH CUTHAJIOB (DEMTOCEKYHIHOTO (DOTOHHOTO
sxa (II®D) ma smeprermueckoMm mnepexoge Sy — S7 (Ha mauHe BOMHBL 795 HM) MO-
sgekysn ¢gramonmannaa mapku HW 1009 B mosmmepHON IJIEHKE MOJUBUHUIOYTEPAJISA
npu KOMHATHOHN Temmneparype. Bouio obnapyzxkeno, aro crnexkrp [I®D ucnbiThiBam an-
THCTOKCOB CJIBUT TI0 OTHOINEHUIO K CIIEKTPY BO30YKIAIOININX UMITYIHCOB HA BETUUNHY
3.5+4 HM, 9TO HE MOXKET ObITh 00BACHEHO HEKOJIMHEAPHOCTHIO UMITYJILCOB JIPYT OTHO-
cuTebHO Apyra. HemaBHO 3Tu crniekTpasibHbIE UCCIEI0BAHUS OB HAMU TTPOI0IKEHDI
Ha HOBOM (DEMTOCEKYHIHOM 3X0-criekrpomerpe [15]. CuekTpbl CUIrHAJIOB CTUMYJIMPOBAH-
sHoro (CO®D) u nepsuunoro (IIODI) demToCEKyHIHOrO 9Xa, a TAKXKe CUTHATIOB Ca-
mozpudparuuu (CCI) uccnenoBanuch npu Bo30yKACHUU PA3JIUIHBIX YIACTKOB JIMHUM
norjomenns (B gauanaszone 760 + 790 mum). Pesynbrarsl 31ux HEMTOCEKYHIHBIX 3XO-
9KCIepuMeHTOB (mpu AmurenbHocTu uMnyabeos 60 ¢dbc) npusenenst na puc. 1. U3 pu-
CYHKa BHJIHO, 9TO [PH PE30HAHCHOM BO3DYKIEHUU HUMILYJIHCAMH PA3HBIX JJTUH BOJIH
CABUD CIEKTPOB Jubo crokcos (puc. 1, a — A = 765 um), n1ubo anrucrokcos (puc. 1, 6 —
A =790 um). Jaaum urrepnperaiuio JaHHOro obcrosrenbcrsa. s sroro obparum-
ca K dopme onrtudeckoil junun (S — S1) MOTJIOMEHUs MOJIEKYIbl (DTaJTONUAHUHA B
MOJIMMEPHOIT TIJIeHKe TIPW KOMHATHON TeMIepaType, MoKa3aHHo# Ha puc. 2 [14].

Bummo, ato dbeMTOCEKYHIHOE MMITYIHCHOE BO30YIKIEHNE HA JJIUHE BOJHBI 765 HM
[OMaJaeT B JIEBYIO 9aCTh MOCIETHEr0 «ropbay JIMHUU MOTJIONICHWs, a Ha JIJIHHE BOJ-
bl 790 HM — B mpaByio dacTb. B jasnbHeitmeM Mbl yOeauMcs, 9TO y9acTOK BO30YK-
JIEHUsT UMEEeT BAyKHOE 3HAUYEHUE s O0bsICHEHWS XapakTepa casura. 3 puc. 2 BUIHO,
YTO MUPWHA CIEKTPA UMITYJIbCA HA MOJIYBBICOTE cocTaBiser 28 um. Pa3zmennm mocse-
HUil «ropO» JIMHWY TOTJIOIEHNS HA [IBEe YaCTHU: JEBYIO U MpaBy0. Bricora BepTuKaaIbHO
JIMHUY XapaKTepU3yeT YUC/IO MOJEKYJI, COOTBETCTBYIOMIUX ONPEICTEHHOM IJTHHE BOJTHBI.
ITpu aToM OyieM MOMHUTE, 9TO DOJBIIEH JTMHE BOJTHBI COOTBETCTBYET MEHBIIAs 9acTOTa
(4, cooTBeTCTBEHHO, BeJuunHa KBaHTta). Ha JjieBoil crekTpasbHON 4acTu 1mo Mepe yBe-
JINYEHUsT IJIMHBI BOJIHBI CYIIECTBEHHO BO3PACTAET YHCJIO MOJIEKYJI, TIOTJIOTHBIIIX U3 UM-
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Puc. 2. ®opma muann norsiomenns MoIeKya pTaIoNuaHnAa B TOJIUBUHUIOY THPAIEBOI TJIEHKE
B auanaszone v BoyH 600 <+ 850 HM 1Ipu KOMHATHOI TeMIeparype

My/IbCa YHEPTETUYECKH «Caabble» KBAHTHI cBeTa. 1losroMy crekrp orkanka (IIODI,
CO®3, CC), ucmyuenHoro 3Toi CneKTpajbHON 9acThIO, TOIKEH UCTIBITHIBATH CTOK-
coB capur. Teneph oOpaTnMcs K TpaBoii CIEKTpaIbHO| dacTh. 37ech OOIBITMHCTBO MO-
JIEKYJT [IOJIOIIAIOT CBET MEHbIIKX JIJIMH BOJIH (TO €CTh MOIJIOMIAIOT IHepreTudecku bosiee
«CHJIbHBIE» KBAaHTBI cBeTa). [loaromy cienyer oxunarh, 9ro crnekrp orkiuka (I[IPDI,
CO®3 u CCJI) 6ymer uCnbITHIBATH AHTUCTOKCOB CJ/IBUT.

Takum 00Opa3om, T peaju3amii KOT€PEHTHOTO (DEMTOCEKYHIHOTO OXJIAYKICHUS
HAM CJeayerT BO30YyXKJaTh MPABBIM CIEKTPAJIbHBIN YyYaCTOK TOCIETHEr0 «ropbas Jiv-
HUU ONTHYECKOrO MOTJIONIeHNs, n300paKeHHoit Ha puc. 2.

OcuoBHbIE yca0BUs (HPEMTOCEKYHIHOIO KOTEPEHTHOTO JIA3EPHOTO OXJIaXKJIeHus 06-
cyxnaiauch Hamu B [16]. @usnueckasg KapTuHa IPOLECCca OXJIAZKIEHUs ¢ YIeTOM JaHHOMN
HAMW WHTEPIpETaIneil CieKTpaJbHBIX CABUTOB 3aK/II0YAETCS B CJIEIYIOMIEM.

CTpykTypa ypOBHEH, yJ4aCTBYIOIINX B MPOIECCEe MOTJIOIIEHNST W UCIYCKAHWS CBETA
Ha mepexome Sog — S1, COCTOUT U3 JMEKTPOHHBIX COCTOAHUI Sy U S U MPUMBIKAIOIIETO
K HEM Ha0OOpa 3JIEKTPOHHO-KOIe0aTeTbHBIX MoaypoBHei. Jlaxke mpu Temmneparype abco-
JIIOTHOTO HYJIS 3J€KTPOH-(OHOHHBIE JTUHUU HE MCUYE3AI0T, OCKOJBKY (DOTOMEPEXOIbI C
POXKIEHUEM 3JIEKTPOHHOTO BO30YyIKIeHUS W (POHOHA HE 3AMPEIEeHbl TTPU HYJIEeBON TeM-
neparype. [ToaTomy onTudeckas moJioca MOTJIOIIEHNsT TPUMECHON MOJIEKY/IBI B 001aCTH
0-0-1mepexo/1a Ipu HU3KUX TEMIIEPATYPaX COCTOUT U3 y3Koii 6econonnoit muaun (B®.JT)
u mupokoro ¢pononnoro kpouia (PK). dro kpbuio pacnosnaraerca B 006aactu 60IbIITX
mume BostH 1o oTHomeHnio K BOJI. Ilpu Hu3kux TeMmmeparypax 3TO CBSA3aHO C OTCYT-
CTBUEM 3aCEIEHHOCTH 3JIEKTPOHHO-KOJIe0ATeIbHBIX MomaypoBHeil BOau3u S1. C pocrom
TEMIIEPATyPhI U, KAK CJEJICTBUE, YBEIUIECHUEM 3IEKTPOH-(DOHOHHOTO B3aUMOIEHCTBUS
3JIEKTPOHHO-KOJIe0ATEIbHBIE MOIYPOBHN BOMU3U S| HAYMHAIOT MPUHUMATH AKTUBHOE
ydacTre B MPOIECCaxX MOIJIONeHNs U ucyckanns csera. [Ipu komHaTHO#N Temmeparype
unrencuBaHocTb B®JI oYeHs Maia u MPAKTUYECKU BCH SHEPIUS COCPEJIOTOYEHA B CIIEK-
rpanbHOil obnactu @K, a Bea kapTuHa CKpbITa HEOTHOPOAHBIM yiuperueM. OHOPOI-
HAs MTUPUHA JIEKTPOHHOTO MEPEX0/1a COCTABISET HECKOJIBKO TUrarepil. Breicokast remre-
parypa omnpejaesser Bu (POHOHHOTO pACIpeIe/IeHnst B aMOPQHOI MATPUIIE U 3aCTABIISIET
MOJIEKYJTBI KOIE0AThCsl Ha pa3Hbix dactoraX. CrocoOHOCTb MPUMECHONH MOJEKYJbl CO-
BepINaTh KoMeOAHus 3a70KeHa B Hell IPUPOIOH 1 ONPeesaeTcs CI0KHON XUMUIECKOit
crpykrypoit. DK xapakrepusyer Ty CrieKTpaIbHYIO PA3HUILY, KOTOPAS OTJIMIAET CIEKTP
HEKOJIEOJTIOMIENHCS MOJIEKYJIBI OT CIIEKTPA MOJIEKYJIbI, COBEpINalolei Kojgebanns, a (Hop-
va @K ompemesnsier Bce BO3PACTAIIYIO POJIb 3JIEKTPOHHO-KOJIE0ATEIHHBIX MOy POBHEH
BOIM3M cocTosiHus S7 B mporeccax noryorienns u dayopectuennuu. [1o cymecrsy, DK
SABJISAETCH OJHOPO/IHBIM yIUPEHUEM JIMHUH. e IMuprHa COCTABJISAET MOPAIKA TeCATH
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u 6oslee cM !, geMy cooTBeTCTBYeT BpeMs neda3upOBKH B HECKOJLKO COTEH (heMToce-
KyH 1. CTOJb CI0XKHAS CTPYKTYPA ONTUYECKON TOIOCKHI MONJIOIIEHUsT CKPBITA HEOTHOPO/I-
ueiM ymuperrem (370 cv ~1, mwam 22 aM). OcymmecTBass UMITyIbCHOE BO3OYK/IeHIe Ha
MIPABOM CKJIOHE CIEKTPATBHOTO «TOpP0Oay, Mbl YBEJIMUNBAEM BIIUSIHUE CJIOYKHON KHHETUKHU
MOTJIOIIEHUST ¥ UCITyCKAHWs (DOHOHOB HA 3JEKTPOHHO-KOIe0ATeTFHBIX Tepexo1ax BOIu3u
ypoeHeit Sy u S7. C mpakTUUeCKOil TOYKM 3pEeHUsT BAXKHO, YTOOBI pa3pabaThiBaeMbIil
HAMU onTudeckuii pedpukeparop (QpyHKIIMOHMPOBAJ MMEHHO IPU KOMHATHOW TeMIie-
parype. Pexxum paboTbl Takoro pedpuzkeparopa sBASeTCsS KOTePEHTHBIM, TOCKOJIbKY
B ero pabore WCIOIb3YIOTCH KOTEPEHTHbBIE siBJIEHUS, NHTEHCUBHOCTH KOTOPBIX IIPOIOP-
[IMOHABHA KBAIPATy YNCIA AKTHBHBIX IEHTPOB — MPUMECHBIX MOJIEKYJI. Pa3ymeercs,
9TOT PEKUM PAOOTHI SIBJISETCS EIle W aHTUCTOKCOBBIM, MTOCKOJIBKY MBI yIKe TIOHSJIN, YTO
PE30HAHCHOE UMITY/IHLCHOE BO3IEHCTBUE CJIeIYeT OCYIIECTBIATH B MPABOI CIEKTPAIbLHOM
yacTu nocseanero «ropbas» Sy — Sp-nmHMM morsomenus. A uMenHo, 6arogaps cie-
1uduIeCcKoil KWHETHKE MPOIECCOB MOIJIOMIEHNs U Mepen3iydenns (POTOHOB JIa3ePHOTO
UMITYJIBCA B ITON YACTH JIMHUU W BCEBO3PACTAIOIIEH POJIN yIaCTBYIONNX (DOHOHOB OKO-
JIO S1-COCTOSTHUS, B KAyKIOM aKT€ MOTJIOMIEHNs U (hJIYOPECIIEHITNN BHY TPEHHSIST SHEPTUsT
amMopdHON MATPHUITHI TPEOOPA3YETCsT B SHEPTUI0 KOJIEOAHMI TPUMECHBIX MOJIEKYJT U BbI-
HOCHTCS U3 CPEJIbI BMECTe C M3JIyIY€HHEM CUIHAJIOB AHTUCTOKCOBOTO (POTOHHOIO 9Xa WU
CUTHAJIOB CBOOO/IHO-WH/TYITUPOBAHHOIO CIA/IA.

Pa6ora noguep:xkana PODPU (mpoextsr Nt 07-02-00883, 08-02-00032, 08-02-90001-
Ben, 09-02-00136-a), a Takxke nporpamvamu Ilpesumuyma PAH «Ksanrosas dbusuka
kougercupoBanubix cpefy, OOH PAH «®yngavenrtanbaas ONTHYIECKAsS CHEKTPOCKO-
Us U ee NpUIoKeHus», «DyHIaMeHTATbHBIE OCHOBBI aKyCTUYECKOW THATHOCTUKHU UC-
KYCCTBEHHBIX U MPUPOIAHBIX cpemy u rpantoM IIpesuaenta PO MK-6162.2008.2.

Summary

S.V. Petrushkin, V.V. Samartsev. Optical Cooling of Dye-Doped Polymer Films during
Photon Echo Emission.

Some spectral features of the femtosecond self-diffraction, primary and stimulated photon
echo signals on the S — So (at the wavelength 795 nm) of the phthalocyanine molecules HW
1009 type in the polyvinylbutyral film at room temperatures were observed. It is shown that
under resonant pulsed excitation of various sections of the optical absorption band the spectral
shifts for responses could be Stokes and anti-Stokes as well: at pump wavelength A\ = 765 nm
there is Stokes shift and at A = 790 nm there is anti-Stokes shift. A simple femtosecond
coherent laser cooling regime for dye-doped polymer film is proposed.

Key words: femtosecond, sefl-diffraction, photon echo, polymer film, anti-Stokes, optical
cooling, phonons.
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