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B nanHOM paboTe MpOAEMOHCTPHPOBAH CIOCOO yBENWYEHHS MHTCHCUBHOCTU JIIOMHHECLIIEHIMN MHUKPOKpPHCTAI-
J0B pyOMHA M TUTaH-candupa Npu 3aMOPKUBAHUK BOJHOM CYCIIEH3MU 3THUX YaCTHI[ BCIEICTBHE YBEIUUSHHS MX
KOHLICHTPAILlMKM BOJIM3HM TPaHUIIBI 3aMep3aHus. Eciy oxiakaaeTcsi TOJNBKO JHO KIOBETHI C CYCHEH3WEH, 4acTUIIbI
KOHIIEHTPUPYIOTCSI B IIPUIIOBEPXHOCTHOM cioe. [Ipu oxnaxkaeHnn KIOBETHl OJHOBPEMEHHO CO BCEX CTOPOH IIPOHC-
XOJUT KOHIIEHTpAIUs YacTUI] B LIEHTPE MPUIIOBEPXHOCTHOIO CJIOS. YTIaKOBKA JIIOMUHECLIEHTHBIX YaCTHUIl METOAOM
3aMOpayKMBAaHUsI MOKET OBITH UCIIOJIb30BaHA JUISl MIepeCcTpanBaeMoi CIlydalHOH JIa3epHON TeHepaluy WK MOBBIIIe-
HUS 9P PEKTUBHOCTH Pa3INYHBIX HEIMHEWHO-ONTHYECKNX 3()(EKTOB BO B3BECSAX YACTHI]. YBEIMUYCHHE KOHLIEHTpA-
MM YacTHUIl Ha (pOHTE 3aMep3aHus M, KaK CIEACTBHE, MOBBIIIEHHE (P(HEKTHBHOCTH TIOMHHECIICHIIUH TTO3BOJISIET
HCTIONIB30BATH 3TOT 3P QEKT I ANCTAHIIMOHHOTO YIIPABICHUS TIPpoIieccoM (a3oBOro rmepexosa.

Knrouesnie cnoea. MHUKPOKPHUCTAJLI, CYCII€H3HU, JIFOMUHECUCHIIYA, JIA3CPHOEC BO36y)K,I[€HI/Ie; 3aMOpPAKHNBAHUC.
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In this work, we demonstrate a method for increasing the luminescence intensity of microcrystals during freezing
of an aqueous suspension of particles due to an increase in their concentration near the freezing front. Microparticles
of ruby and titanium-sapphire laser crystals obtained by mechanical crushing were used as samples. The particle size
ranged from hundreds of nanometers to several microns. Luminescence was excited by the second harmonic of a
picosecond Nd:YAG laser operating in the mode-locked mode (wavelength 532 nm, pulse duration 30 ps, maximum
energy 8.5 mJ, frequency 10 Hz). A Peltier element was used to cool the samples. If only the bottom of the cell with
the suspension is cooled, the particles are concentrated in the near-surface layer. When the cell is cooled simultane-
ously from all sides, particles are concentrated in the center of the near-surface layer in a volume with a radius of 0.5
to 1 mm, depending on the concentration of particles in the suspension. Under our experimental conditions, no lu-
minescence was observed in a liquid suspension of microparticles. Luminescence was observed in microcrystals of
both ruby and titanium-sapphire when the samples were cooled below 0°C. It was shown that the dependence of the
luminescence intensity on the pump energy is linear, while the concentration dependence is nonlinear. The lumines-
cence duration was 3.0 ms in ruby microcrystals and 3.5 ms in titanium-sapphire microcrystals, which is in good
agreement with theoretical estimates. An increase in the concentration of particles at the freezing front and, as a con-
sequence, an increase in the luminescence efficiency makes it possible to use this effect for remote control of the
phase transition process. Freeze packing of luminescent particles can be used for tunable random laser generation or
for increasing the efficiency of various nonlinear optical effects in particle suspensions.
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BBenenue YIIAKOBKH, TaK U JJISI LEJIOTO psijia IpaKTH4e-

B3anMopeiicTBue TBEpIbIX YacTHULl, B3Be- CKMX NPUIIOKEHHUI, B YaCTHOCTH, B TaKHUX
IICHHBIX B KUIKOCTH, C ABIXKYIIUMCS (HPOH- 001acTsIX, Kak KPHOOHMOJIOTHS, aKKyMYJTHPO-
TOM 3aTBEPACBAHUA NPU 3aMep3aHUU TPea- BaHHE TEIJIOBOW JHEPTuu, JTMH3000pa3oBa-
CTaBJIsieT OOJIBIION WHTEpEC Kak IS TOHH- HUE JIbJIa, TIUIIEBas WHXKEHEPHs, reodu3nKa
MaHMs IIOBEIECHHUS 4YacCTUIl B IIPOLECCE HX u np. Kiaccuueckum mnposiBieHHeM B3auMO-
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JEHCTBUS ¢ PPOHTOM KPHUCTAJUTH3AINH SBJIS-
eTcsl Tporecc 00pa3oBaHUsl IUIOTHOYIAKO-
BaHHOTO CJIOSI Tepej] TPaHMIeH 3aTBepicBa-
HUS TIpU 3aMep3anuu cycrensuu [1, 2]. Ipo-
necc GOpMHPOBAaHUS TJIOTHOYNAKOBAHHOU
CTPYKTYPBI C JIFOMHHECIICHTHBIMU CBOMCTBA-
MU TI03BOJIICT YIPABIATH MapaMeTpamMH JIro-
MUHECIICHIIMH 32 CYeT U3MeHeHus: (pa3oBoro
COCTOSTHUSI CHUCTEMBI, 2 UMEHHO, 3aMOPaXKH-
BaHUs. B mocienHue ToAbI JIFOMHHECIICHT-
HbIC HAHOYACTHUIIbI, B YAaCTHOCTH, HAHO- U
CYOMHMKpPOHHBIC KPUCTAJUIUTHI M3 MaTepua-
JIOB, IIMPOKO HCIIOJb3YEMbIX B BHUC KpPH-
CTaJUIOB B TBEPJOTEIBHBIX JIA3EPHBIX CHCTE-
MaX, HallUId MHOYKECTBO NMPUMEHCHUN B pas-
JUYHBIX 00JIaCTSIX, OCOOCHHO B OHOMEIH-
muHEe W (IYOPECUEHTHOW MHKPOCKOTIIHH.
O¢ddekTuBHOCTE B3aMMOACUCTBUS AJIEKTPO-
MarHUTHBIX BOJIH C CHCTEMaMu HaHOpa3Mep-
HBIX U CYOMHKPOHHBIX YaCTHIl 3aBHCHUT OT
KOHIICHTPAI[MU YacTHUIl, KOTOpasi, B CBOIO
ouepellb, ONpeAeseT UIMHY CBOOOJIHOTO
npobera ¢ortona B cpene. B nameit padote
MBI HMCCJICIOBAIIM BIIMSHHE IpoIecca U3Me-
HEHUS KOHIIEHTPAIMU YacTHIl ABYX Ja3ep-
HBIX KPUCTAJUIOB Ha TpaHUIle pa3aena a3
pU 3aMOPAKUBAHUU CYCIIEH3UM Ha Xapak-
TEPUCTHKH MX JIFOMHHECICHIINU. [T0CKOIBKY
(GpOHT 3aTBEp/IEBaHUS TEPEMENAeT YacTH-
IbI, U3MEHSISI KOH(QUTYPAIUIO 3TOTO (PPOHTA,
MOKHO YTPAaBISTh T€OMETPUEH IUIOTHOYMA-
KOBaHHBIX CTPYKTyp. B nmaHHOW pabote
BIICPBBIC  HCIOJNB3YETCS  KOHQHUTypaIHs
(GpoHTa 3aMOpaKUBaHHS, OOECICUYHUBAIOIIAS
YBEIMUEHUE KOHIICHTPAIMKM YacTHI] Jiazep-
HOT'O KpUCTaJUTa B MaJioM 00BbeMe, YTO I03-
BoyisieT A((EKTHBHO UCCIIEIOBaTh CIICK-
TPaJbHO-BPEMEHHBIC  XAPAKTEPUCTHKH  HX
JTFOMUHECIICHITHH.

MarepuaJjibl H METOIbI HCCIETOBAHUS

B kauecTBe 00pa3lOB MBI HCIIOJIB30BAIH
BOJTHBIC CYCIICH3UH MUKPOKPHUCTAIJIOB PyOH-
Ha W TUTaH-candupa. TuraH-candup - 3TO
carnup, JETHPOBAHHBIM HMOHAMH THUTaHA
(Ti**:Al203). Housl Ti** umeror 6Gombmryio
M0JIOCY YCWJIEHHS ¢ MakcumyMmom npu 780
oM. PyOunH mpencraBiser coboil Kpucramn
okcupa amoMuHus (Al203), B KOTOpOM YacTh

(~ 0.05%) atomoB Al 3amelneHa HOHAMH
xpoma (Al203:Cr¥*). O6a marepuana sBis-
IOTCSI XOPOIIIO M3BECTHBIMHU JIA3EPHBIMH KPH-
CTaJulaMd ¥ O0JIaJaroT PSJIOM CBOWCTB, Jie-
JAIOIIUX WX MEPCIEKTUBHBIMU ISl MPHUME-
HEHUs B 00JIACTM HAHO(POTOHMKH. MHUKpO-
KpUCTaJIIbl pyOMHa M TuUTaH-candupa ObuH
MOJYYCHBl MEXAaHWYECKHM HM3MEIIbYCHUEM
00BEMHBIX KPHCTAJUIOB. Pa3mMep MHKpOKpH-
CTaJUIOB BapbUPOBAJICS OT COTEH HAaHOMET-
POB 10 1€CATKOB MUKPOH. [1j1s1 BO30OYX)1eHUs
JIOMHUHECHEHIIMA B 00pa3iax HMCIOIb30Ba-
nack Bropas rapmoHuka Nd:YAG-mazepa c
cuaxponuzamnuet mox (A = 532 um, T = 30
nic, yacrora 10 I'm). JlnMHa BOJIHBI HaKaYKU
1orajiaia B TMoJIOCy MOTJIOIIEHUSI 000X Ma-
TepuanoB. CIeKTpbl PErHCTPUPOBAIHCH MOP-
taTuBHBIM criektpomerpoM (Ocean Optics)
CO CIIEKTpaJibHBIM pazpemenueM 1 HM. s
MOJIABJICHUST  BO30YXKIAIOUIETO  M3JIy4CHUS
UCIIONIB30BaJICs  HOTY-puibTp. Doroamon,
MOJKITFOYEHHBIH K ocuuuiorpady, HCIOIb-
30BaJICSI JUIS 3alUCH BPEMEHHOW JIMHAMHKU
JTIOMHUHECHEHIMA. JIJ11 3aMOpakKMBaHUS CyC-
TICH3UH UCTIOJIB30BaJN JIeMeHT llenbThe.

Pe3yabTaThl U HX 00Cy:KIeHHE

[Tonmxenne temmepatypbl Huxke 0°C
IIPUBOJIUT K Hayady Ipolecca 3aMep3aHus U
IBUKEHHIO (DPOHTA pasniena KHUAKOU U TBEp-
noi  ¢a3. CkopocTb JABMKEHHUS JIEASHOTO
¢dbpoHTa B TpoIlecce 3amMep3aHHs SBISAETCS
BaKHBIM MapaMEeTPOM B IPOIECCE €0 B3au-
MOJIEUCTBUSA C B3BELICHHBIMU YaCTHUIIAMH.
IIpn ouyeHb MaybIX CKOpPOCTSAX 3aTBEpAEBa-
HUs (U << Vkp) YACTHILIBI MOJHOCTBHIO 3aXBa-
TeiBatoTCs pponToM [3]. Tlo Mepe yBemuue-
HUSL CKOPOCTHM 4YacTHIIbI BCE MEHbIIE U
MeHbIIIe 3axBaThiBatOTCA (hpoHToM. Kpurtu-
Yyeckasi CKOpOCTh 3aBUCUT OT pajauyca TBep-
JOW YacTUIBl, OT CPEJHEr0 pacCTOSHUS
MEX/1y MOJIEKYJIaMH KUAKOCTH, OT TOJIIIUHBI
CJIOSl JKUIKOCTH MEXIy TpaHulel paszziena
TBEpPAOE TENO — KHUJIKOCTh U YaCTUIEH, OT
JUHAMMYECKON BS3KOCTU HUJIKOCTH, OT IO-
MpaBoYHOTO KOd(HIMEeHTa HA CHIIBI OTTal-
KMBaHMs. boyiee Menkue 4acTUIbl COOTBET-
CTBYIOT OOJbIIIEH KPUTHYECKOW CKOPOCTU H,
CJIEIOBATENbHO, 3HAYUTENIBHO JIErye MepeHo-
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CATCSL Ha TIOBEPXHOCTH JICASHBIM (POHTOM.
OTHOCUTENBHO HH3Kas IAUHAMHYECKas BS3-
KOCTh BOJIBI, @ TAKXKE BBICOKAs TEMIIEpATypa
3aMep3aHus TaKXKE COOTBETCTBYIOT Oojee
BBICOKOMY 3HAUEHMIO Vkp U OINPENEIHIN BbI-
00p 93TOM JKUAKOCTH [UIsI OSKCIIEPUMEHTA.
CkopocTh nensHoro (GpoHTa OMpenesieTcs
TPagUeHTOM TEMIEPATYPbl, KOTOPHIH MOKHO
BapbUPOBATh, U3MECHSS HANPsHKEHUE Ha dJIe-
menTe IlenbThe. B skcnepumente ckopocTh
¢dpoHTa v, IPU KOTOPOH YACTHUIIBI ONITUMAITh-
HO BBIXOJIMJIM Ha TMOBEPXHOCTh, COCTaBJIsIA
npumepHo 10 Mxm/c. MBI HCTIOIB30BATIH JBa
crocoba  oxJaxkaeHWs 0o0pas3noB. Ecmu
OXJIQKJACTCS TOJILKO JTHO KIOBETHI C CYCIICH-
3Uel, YaCTHIIbl KOHLIEHTPUPYIOTCS B MPUIIO-
BEPXHOCTHOM clioe. [Ipu oxitaxaeHnu KroBe-
Thl OJTHOBPEMEHHO CO CTOPOHBI JHa U ¢ 0o-
KOBBIX CTOPOH MPOUCXOIUT KOHIEHTpPALUS
YaCTHIL B LIEHTPE MPUIOBEPXHOCTHOTO CJIOA B
obbeme ¢ paguycoMm oT 0.5 g0 1 MM B 3aBU-
CUMOCTU OT KOHIIEHTpAI[MM YacTUI[ B CycC-
MICH3UH.

B Hammx sKcnepuMEHTAIbHBIX YCIOBHIX
B JKUJKOM CYCIIEH3WH MHUKPOYACTHII JIFOMH-
HecleHIUs He Habmonanack. [Ipu oxmaxzae-
HUU o0pa3ioB HWke 0°C B MUKPOKpHCTAI-
Jax Kak pyOuHa, Tak W THTaH-candupa BO3-
Oyxnanachk mroMuHeceHus. Hanbonee un-
TEHCUBHAs JIOMUHECIEHIIMs HalOoanach B
ciydae, KOT/Ia 4acTHIbl OBLIM CKOHIICHTPH-
poBaHbI B HEOONBIIOM OOBEME. IKCIepu-
MEHTAJILHO TMOJIyYeHa 3aBUCUMOCTh WHTCH-
CUBHOCTH JIIOMHHECLIEHLIMM OT DSHEPTuu
HAKaYKd W OT KOHIIEHTPAIIMH YaCTHI]. 3aBH-
CUMOCTb OT DHEPIMH HaKayKu JIMHEHHA, B TO

BpeMsl KaK 3aBUCUMOCTb OT KOHLIEHTpalHUH
HOCUT HEJIUHEWHBIM Xapakrtep. Jlmurens-
HOCTb JIFOMMHECLIEHIIUU COCTaBisijla B MHUK-
pokpucramiax pyouna 3.0 Mc, B MUKPOKpH-
cTajlaX TUTaH-candupa 3.5 MKC, 4TO XOpo-
110 COIJIacyeTcsi C TEOPETUUECKUMU OLIEHKa-
MHU.

3akiarovenue

Takum 00pa3oM, CBOHCTBO CyCIICH3UU
MHUKPOYACTHUI] 00Pa30BBIBATH MPH 3aMOPaKU-
BaHUHM KOMIIAKTHBIE CTPYKTYPBI MOXET OBIThH
UCTIOJIB30BAHO JUISl TOBBIIICHUS 3((EeKTUB-
HOCTH B3aUMOJICHCTBUSI TaKMX CHCTEM C
AJIEKTPOMArHUTHBIM H3imydeHueM. [lokazaHa
BO3MOYKHOCTh KOHIICHTPAIlMM YacTHUI] B Ma-
JoM o0beMe TpU ONTUMAIBHOM BBIOOpE Ta-
paMeTpoB, YTO MO3BOIMIIO Haubosee ddek-
TUBHO TpeoOpa3oBaTh BO30YKAAIOMIEEe U3ITY-
YCHUE B JIFOMHUHECIICHIIUIO HCCIIEyEeMbIX CH-
cteM. DTOT 3(D(EeKT MOXKET CTaTh OCHOBOM
IUIL  CO3JIAHMsI JUCTAHIIMOHHBIX JATYUKOB
(hazoBoTrO MEepexo/ia B CyCIEH3UsX.
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