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MeTtomoM Jla3epHOI KUHETUYECKOM CITEKTPOCKOITUY (JIa3epHOro (POTOIM3a) C OMHO- U ABYXUMITYJIbCHBIM
BO30YXXIIEHEM MCCIenoBaHbI (hOTOIPEeBpaIieHUsT 6-HUTPO-8-METOKCH-3aMEeIIEHHOTO CITUPONMpaHa NH-
JIOJIMHOBOTO PSiJia B alleTOHUTPWIIE. YCTaHOBJIEHA POJIb TPUILJIETHOTO COCTOSIHUSI B KUHETHUKE (DOTOOKpa-
muUBaHUs criuponpana. [TokazaHo, 4To (poToOXpOoMHBIE TIpeBpallleHus CITUPONMpaHa MTPOUCXOIT C yJa-
CTHEM HECTaOUJIbHBIX MpaHc-u30MepoB (KOHDOPMEPOB) OTKPHITOM MEPOLIMAHUHOBOIM (hDOPMBI CITUPOTIH -
pana. [IpuBomsATCS MaHHBIE IO KWHETUKE TIPEeBPAIeHUST MpaHCc-N30MEPOB.

Karouesbie cro6a: cnupornmpat, JJa3epHbIi (hOTONIN3, TPUTLIETHOE COCTOSIHUE, YUC-MPAaHC U30MEepU3allnsl,

NBYXMMITYJIbCHOE (hOTOBO3OYKIACHVE
DOI: 10.31857/50023119323050017, EDN: LXPOTJ

BBEAJEHUWE

M3BecTHO, 4TO CIMpOINMpPaHbl MPUHAJIEXKAT K UMC-
Jy (hOTOXPOMHBIX COEMUHEHUI, 0OPaTUMO U3MEHSIIO-
KX okpacky npu Y®-oo6myuenuu [1—4]. MUccaenoBa-
Hue (hoToIpeBpalleHUI CITUPONUPAHOB MPEACTABISICT
MHTEPEC B CBSI3U C TIEPCIIEKTUBOI X MPAKTUIECKOTO
KCIIOJIb30BaHUS B KauecTBE (POTOXPOMHBIX MaTepua-
JI0B [5—9]. Panee ObUTO ITOKA3aHO, YTO MO ACHCTBAEM
Y®-cBera mporcXoauT o6pa3zoBaHUe M3 MCXOTHOMN
OecuBeTHOM (3aKpbIToit) (hopMbl (A) ciMpomnupaHa
OKpallleHOUW (OTKPBITOM) MEpPOLMHUHOBON (OopMBbI
(B), momnoiaronieit B rojioce ¢ MakKCUMyMoM 550—
620 HM B 3aBUCUMOCTH OT TIPMPOIBI PACTBOPUTEIIS
[9—12]. ITo maHHBIM Na3epHOIl KUHETUIECKOM CIIeK-
TPOCKOTIMU (POTOpeaKIIus HUTPO-3aMeIIEHHbIX CITH-
pOMUPaHOB MPOTEKAET C y4aCTUEM TPUILJIETHOTO CO-
CTOSIHUSI M 32 HECKOJIBKO MUKPOCEKYH MPUBOIUT K
obOpa3zoBaHNIO MepolIMaHUHOBOI hopmul [ 10, 13, 14].
MepolmaHnuHoBasi ¢opMma CIuponupaHa SIBIsSETCS
mpaHc-U30MEPOM, U COMJIACHO pacyeTaM MaKCHU-
MaJIbHO BO3MOKHOE YMCJIO MPAHC-U30MEPOB CITUPO-
nmupaHa paBHO 4deTbipeM [15—18]. Peakuus ¢doto-
OKpallliBaHUsI MOXET MPOTeKaTh Yepe3 psill B3auM-
HoMpeBpallaommuxcs mparc-uzomepon [19—25]. B
CBSI3U C DTUM MPENCTABISETCS BaKHbIM MCCIe0Ba-

HUEe TMpepalieHnus mpaxHc-u30MepoB CIUPOTNUpaHa
MpU Ja3epHOM BO30OyxneHuu. s 3Toi 11e1d HaMu
MPUMEHEH MEeTOJ ABYXMMITYJIbCHOTO JIa3€PHOTO BO3-
OyxaeHust [26—28], mpu KOTOPOM TIOf, JENCTBUEM
nepBoro Y®-uMmmyiabca TPOUCXOIUT OoOpa3oBaHUE
OTKPBITOM MepOILIMaHMHOBOI (pOpMBI CIMpONIMpaHa,
TOIa Kak BTOPOIi Ja3epHbIiA UMITYJIbC, 3alepKaHHbI
OTHOCUTEJIbHO TEPBOTO, BO30OYXK/IaeT MepOolMaHUHO-
By10 (DOpMY B BUOIMMOIA 00JIaCTH CIIEKTpa.

OKCITEPUMEHTAJIbHAA YACTb

HM3MepeHUsT CIEKTPOB MONIOIICHUST 1 KUHETUKHU
MpepaiieHus TPOMEXYTOYHBIX IIPOAYKTOB (hoTope-
aKIIMM MIPOBOIMINA Ha YCTAHOBKE MMITYJIBCHOIO Jia-
3epHOro ¢oToNn3a, B peXUMax OOHO- U JIBYXUM-
MyJIbCHOTO BO30YXXIeHUsi. B KauecTBe MCTOUHUKOB
JIa3epHOTO U3JIy4eHUsI TIPUMEHSIM HEOAMOBBIE Jia-
3epbl Ha UTTpUii-amoMuHueBoM rpaHate (Nd-YAG)
Mapku Solar. B kadecTBe mepBoro nCToayHmMKa poro-
BO30YyXIeHUsI Mchojb3oBaiau yazep Solar LQS529A
(A = 355 uM, sHeprus B umityibee 70 MIX), B Kade-
cTBe Broporo — naszep LQ129 (A = 532 um, sHeprus B
nmiyibee 150 MJIX). JIIUTeIbHOCTh MMITYJIbCA CO-
crasisgia 10 He. CucTeMa CMHXPOHU3ALUU TTO3BOJIS -
JIa OCYILECTBIATH 3aITYyCK IBYX UMITYJILCOB C PETYJIM-
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Puc. 1. Cxema na3epHoil KHUHETUYECKOI yCTAaHOBKU. / — MCTOYHUK 30HAUPYIONIEro cBeTa (KceHoHoBas Jamma — 150 Br); 2 —
sazepHbliii uznydarenb LQ529B (355um); 3 — nazepHbiii usnydarens LQ129 (532 Hm); 4 — anekTpuyecKuii 3aTBop (IITOPKA);
5 — KIOBeTa ¢ UCCIeayeMbIM PACTBOPOM; 6 — ONTUYECKUE JIMH3BI;, 7 — CBeTOOWIBTP; & — MoHOXpoMaTop MJIP6; 9 — doto-
yMHOXuUTeIb PDY-84; 10 — 610K aBTOMAaTUYECKOTO yIipaBieHus:; /] — anmapaTypa perucTpauuy cUurHana (KOMIIBIOTEP CO
BCTPOEHHOI 1utaroii-ocunyiorpagom Bordo-211); /2 — noBopoTHOE 3epKalo.

pyeMoii 3aaepxkoit B uHTepBane 500 Hc—500 MmKkc.
CucremMa CIEKTPaIbHOM PEeruCcTpallii IIPOMEXYTOU-
HBIX MPOAYKTOB (hOTOPEAKLIMU BKIIIOYAIA 30HAUPYIO-
1WA UICTOYHMK CBeTa — KCeHOHOBas lamria Osram-150
¢ 61oxkoMm nutaHus (Applied Photophysics), nBoiiHo
MoHoxpoMmaTop MJIP-6, mNpueMHUK U3Iy4EeHUS
DdHOY-84, undponoii ocumniorpad (ruiara Bordo-
211) 1 nepcoHanbHBI KOMITbIOTED (puc. 1).

PacTtBOpEeHHBIN KNCIIOPOI YOS ITyTeM 0ap00-
TUPOBAHUSI PACTBOpaA aproHOM B TeUyeHUE 25 MHH.
Bce uzmepeHus IpoBoAMJIM TP KOMHATHOI TeMIie-
patype. B kaudecTBe pacTBOpUTEssl MCIOJb30BAIU
aunetoHutpuia (MeCN, “oc.4.”, copt 0, “Kpuo-
xpom”). Bce M3mMepeHUs IIpOBOAMIIM TP KOMHATHOM
TeMIIeparype B KBapleBoii ktoBere 1 X 1 X 4 cm. B pa-
00Te MCTOIB30BAIN CIMPONMPAH MHAOIMHOBOIO PsIa
(1',3",3'-tpumeTrn-6-HUTpo-8-Metokcucnupo [2H-1-
6ensormpan-2,2' -(2H) namon]) (CIT). KoHneHTpaLms
CII B pactBope coctapisuia 1 X 1074 Monb/1.

XUMUSA BBICOKHX DHEPTUM

PE3VJILTATBI U OBCYXIEHHWE

ITpu n1azepHOM (OMHOMMIYJIbCHBIM) Y®-B0O30YK-
nenuu CIT HaGmomanu U3MEHEHUsI B CIIEKTPE TIOIIO-
IIEHMSI, KOTOPBIE CBSI3aHbI C 00pa30BaHUEM OTKPHITOM,
MepormanuHoBoi, ¢popmbl CI1. Ha puc. 2 npuBeneHBI
CIIEKTpPHI, XapaKTepu3ylolie U3MeHEeHUsT (POTOMH-
JIYLIAPOBAHHOTO MOIIOLICHUS O0ECKUCIOPOXEHHOTO
pactBopa CI1, usmepennsnie yepe3 20 1 260 MKC 1mmociie
OKOHYaHMS JJa3epHOT0 UMITYJIbCA.

Ha puc. 3 npuBeneHbl KWHETUYECKUE KPUBbBIE U3-
MeHeHUs (poTonHayLupoBaHHoOro ToroiieHus CII.
VBenuyeHue nomioweHusa npu A = 630 um (puc. 3a)
CUMOATHO YMEHBIIEHIIO TIOMIOIIEHNS ITpU A = 470 HM,
KOTOpOE CJIEAyeT OTHECTH K TPUILIET-TPUILIECTHOMY
(T-T) TIowIoIIEeHNIO IIPOMEKYTOYHOTO LU C-ITUCOMTHO-
ro usomepa CIT (3X*) [17]. B nosb3y 3T0ro CBUAETENb-
CTBYIOT KMHETUYECKHNE KPUBbIE N3MEHEHMSI MOIIOIIC-
HUS, UBMEPEHHBIE TIPU A = 470 HM B OTCYTCTBUE U B
MNPUCYTCTBUU KUCIOPOIa Bo3ayxa (BCTaBKa, puc. 30).
Takum obOpa3zom, KuHeTH4decKast KpuBasi [/, TIpuBe-
JIeHHas Ha puc. 3a, XapakTepu3yeT oOpa3oBaHHE
Ne 5
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Puc. 2. Pa3HOCTHBI CIIEKTP MOMIOLIEHUs 06ecKuciopoxeHHoro pactsopa CIT, uamepenHsiii uepes 20 (/) u 260 (2) Mkc rocie

OKOHYaHUS Ja3depHoro umityabca. Konuenrpamus CITI—1 X 1074 MOJIb/JI.

OKpallleHHOM MepOLMaHUHOBOI (hOPMBI CITUPOITH-
paHa, mpoTeKalollleil yepe3 TPUILJIETHOE COCTOSIHUE
yuc-yucouonozo nsomepa (°X*). Ha Bcraske puc. 36
npusencH cnekTp T-T momIomeHns yuc-yucoudHoeo
n3zomMepa.

Kunetnueckue KpuBble TIpUBEICHHbIE Ha puc. 4
CBUAETEJBCTBYIOT O CUMOAaTHOM M3MEHEeHUU (HOTO-
VHIYLMPOBAHHOIO MONIOMEHM TIpy A = 630 1 550 HM.
VMeHbllIeHHe TTOIONEeHNs pu A = 630 HM compo-
BOXIIAETCH YBEJIMYEHUEM ITONIOLLIEHNS IpU A = 550 HM,
YTO MOXHO MHTEPIPETUPOBATH KaK MEePEXOJ mMPaHC-
uszomepa B, B mpanc-uzomep B, [17, 24]. IIpouecc
repexofa OMNUCHIBAETCS SKCIIOHCHIIMAILHOM 3aBHU-
CHUMOCTBIO C KOHCTaHTOH ckopocTu k = 1.5 x 10% ¢!
U HE 3aBUCUT OT KOHIIEHTPAIIUX KMCI0POIa BO3ayXa
B pacTBOpeE.

Takum oO6pa3zoM peakiuio (poTOOKpaITUBAHUS C
obpazoBaHueM mparnc-uzoMepon CII MoxHO Tipen-
CTaBUTH B BUJIE CXEMBI:

A— 5 3A*

SX* B1 kT

hv,

B, (1)

KoHcranTa ckopoctu nepexona ‘A* — 3X* pasHa
1083—10'" ¢! [10], B 3aBUCUMOCTH OT CTPYKTYPHI CITU-
ponmMpaHa 1 ee 3HaYeHUE MPaKTUIECKN He 3aBUCUT
OT KOHIIEHTpAIIM1 KMCIIOpoa BO3IyXa B pacTBOpE.
XUMMUS BBICOKUX DHEPTUM
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IIpu nBYXMMIYJIbCHOM JIa3€pHOM BO30YKIEHUU
pacTBopa HaOJIOJAIOTCS M3MEHEHUS TOIJIOLICHUS,
NpUBEICHHBIC Ha puC. 5.

IMepBbiit ummynbe ( A; = 355 HM) BO30yKIaeT uc-
XOIHYIO, 3aKpbITyI0 dopmy (a). Bropoit mmirynabc
(A, = 530 HM ) BO30OYXITAET OTKPHITYIO, MpaHC-
bopmy (0).

M3menenue nornomeHust pactsopa CII, Habo-
JlaeMble TIpU BO3OYXneHuu mpauc-uzomepa (hv,),
MOXHO MHTEPIIPETUPOBaTh KakK (hOoTompeBpalleHre
mpanc-n3zomepa B, B mpanc-uzomep B, c nocnenyro-
el oOpaTHOU TEMHOBOI peaKIIUeil, TIPUBOISIIENA K
oOpazoBaHuio B,. B moJib3y 3TOr0 CBUAETENBCTBYET,
BO-TIEPBBIX, TOT (DAKT, YTO KMHETHKA 3TOTO IIpeBpalle-
HUSI TAaK3Ke OIMMCHIBACTCST 9KCITOHEHIINAIHLHOM 3aBHUCH -
MOCTBIO C TOM K€ BEJIMIMHOM KOHCTAHTHI CKOPOCTH k =
= 1.5 x 10* ¢!, a, BO-BTOPBIX, CXOICTBO Pa3HOCTHBIX
CIIEKTPOB HM3MEHEHMS ONTUYECKON IIJIOTHOCTU
(puc. 6), UBMEPEHHbBIX MO0 KUHETUYESCKUM KPUBBIM,
aHaAJIOTUYHBIM MpUBEACHHBIM Ha puc. 5. [IpencraB-
JIEHHBIE Ha pUC. 6 CIEKTPhI MONIOIIECHUS SIBJISIIOTCS
Pa3HOCTBIO ONTUYECKUX IUIOTHOCTEI, M3MepPEeHHBIX
K MoMeHTaM BpeMeHHU 20 u 270 mkc (puc. 6a), 500 u
750 mkc (puc. 606) TToc/Ie OKOHYaHUSI TIEPBOTO Ja3ep-
HOTro UMITyiabca. TakuMm o6pa3oM, pa3HOCTHBIE CITEK-
TPbl (DOTOMHIYLIMPOBAHHOTO TIOTJIOIICHUS, TPEACTaB-
JICHHBIC Ha PUC. 2, MOTYT OBITh OTHECEHBI K MPaHC-
uzomepam B, (1) u B, (2) mepoiinaHuHOBOI (hOpMBbI
CIl.
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Puc. 3. Kunetnueckue KpuBbie (POTOMHAYLIMPOBAHHOTO U3MEHEHUSI TTOMIOLIEHUsT 0OeckucaopoxkeHHoro pactBopa CIT npu:
(a) A = 630 (1) u 470 uMm (2); (6) A = 470 um. Ha BcTaBKax — KMHETUYECKUE KPUBbIE (DOTOMHAYLIMPOBAHHOIO U3MEHEHMS
TIOTJIOIIEHMsI 00ECKUCIOPOKEHHOTO (/) ¥ BO3MYIIHOHACKIIIIEHHOTO (2) pacTBOpa U CIEKTP TPUTLIET-TPUTIETHOTO ITOTJIOIIE-
Hus CIT.

SAKITIOYEHUE NCTOYHUK ®NHAHCHUPOBAHUMA
Hcrnonp3oBanne MeTona ABYXUMITYIbCHOTO BO3- PaGoTa BBITIOIHEHA TP MoLIepXKe MMHHUCTEpCTBA
OyXIeHHMs TO3BOJIMIIO HAOIIONATh 3a IPEBPALUECHUA-  Hayku u BbICIIero oGpasoBanust Poccuiickoit ®eneparinm
MU mpanc-u3oMepoB oTKpbiToit popmbl CIT. B paMKax BBITIOJTHEHUsT pabot 1o [ocymapcTBeHHOMY 3a-

XUMUA BBICOKUX DBHEPTUM  Tom 57 Ne 5 2023
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Puc. 4. Kunetnueckue KpuBble U3MEHEHUST (POTOMHAYLIMPOBAHHOTO TIOIIOINIEeHNsT obeckuciopoxeHHoro pactBopa CII (a)

npu A = 550 (1) u 630 um (2).
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Puc. 5. Kunernueckue kpuBble (OTOMHAYLMPOBAHHOTO
U3MEHEHMS TOIIOLIEHUSI 00ECKUCIOPOKEHHOTO PaCcTBO-
pa CII nipu AByXUMITYJIbCHOM BO30yxXaeHUU. A = 530 HM
(a) u 630 HM (0).
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Puc. 6. Pa3zHOCTh CHIEKTPOB M3MEHEHUs MOIIOIICHMS,
U3MEepeHHBIX K MoMeHTaM BpemeHU 20 u 270 MKc (a) u
500 u 750 Mxc (0) mocyie OKOHYaHUSI MIEPBOTO JIA3€PHOTO
WMITYJIbCA.
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nmanuio @HUII “Kpucramnorpadust u poronuka” PAH B
YacTH CHEKTPpaTbHO-KMHETUYEeCKUX uccienoBanuii u Poc-
cuiickoro HaydHoro ¢onzaa (mpoekt Ne 22-13-00064) B ya-
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