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CIIEKTPbBI ®OTOJIIOMUHECHEHIIMN U KOMBUHAIIMOHHOI'O PACCEAHUA
CBETA MUKPOIIOPOHIKOB AJIMA3A, IOMEIIEHHBIX B POTOHHBIE
JJOBYIIKA
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Abstract. The photoluminescence and Raman spectra of diamond micropowders placed in
photon traps under repetitively pulsed excitation by a copper vapor laser are studied. The
recorded spectra of the photoluminescence and Raman spectra of micro-diamond powders were
characterized by anomalously high intensity, which was associated with the trapping of exciting
radiation in microparticles, the size of which significantly exceeded the lasing wavelength.
Keywords: diamond, micropowder, photon trap, photoluminescence, Raman scattering, copper
vapor laser.

Annomayusn. Hccredosanvl cnekmpvl (omomoMuHecyeHyuu U KOMOUHAYUOHHO20 pPACCesHUs
ceema MUKpPONOPOWKO8 aiMa3d, NOMEWEHHbIX 6 (DOMOHHble N08YUIKU NPU UMIYIbCHO-
nepuooutecKkomM 8030yocoeHuUu 1azepom Ha napax meou. Pezucmpupyemvle chnekmpbl
omonromunecyenyuy U KOMOUHAYUOHHO20 DACCESHUS C8emda NOPOUWKO8 MUKPO alMA308
Xapakmepuzo8aniucb aHOMAibHO OONLULOLU UHMEHCUBHOCTBIO, YO C8A3bIBANIOChL C NiIeHEeHUeM
68030yCcOaIOUec0 UZYHEeHUs 8 MUKPOUACUYAX, pasmep KOMOPbIX CYWECTN8EHHO NPEeGblUldl
ONUHY BOJIHbL IA3EPHOL 2EHEPAYUL.

KiroueBbie cioBa: anMas, MHKpPONOPOLIOK, ()OTOHHAs JIOBYIIKA, (OTOIOMHHECLICHLUS,
KOMOMHAIIMOHHOE paccestHhe CBETa, Ja3ep Ha Imapax Me/u.
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Annomauyusa. Domon my3oxnapuea HCOUAAUWMUPUILAH OAMOC MUKPOKYKYHIAPUHUHE MUC
Oyenapudacu  1a3epHUHe  UMNYIbCAU-OAGPUILIY  VUSOMUL2AH — (DOMOTIOMUHECYEHYUS  8a
EpY2IUKHUHE KOMOUHAYUOH cnexmpaapu ypeanunean. OamMoc MUKPOKVKYHAAPUHUHE Kallo
KUNUHeAH —DOMONIOMUHECYEeHYUs 64  EPYEIUKHUHE KOMOUHAYUOH COYUTUWL  CHeKmpAapu
eatpumabuuil Kamma UHMEHCUBTUKKA 32a OVIub, yiap Muxpo3appavanapoda yuomysuu
HYDAAHUUHUHR “xamanub6  Koauwu” my@aiinu cooup oynuwiu Ky3amuaou:
MUKPO3APPAYANAPHUHE YIUAMAAPY 1A3EP HYPUHUHS TMYIKUH Y3YHAUSUOAH AHYA KAMmaoup.
Tasinu cy3map: oIMOC, MHKPOKYKYH, (DOTOHIHU TY30K, (OTONOMHHECIICHIUS, EPYFIUKHIHT
KOMOMHAIIMOH COYMJIHIIHN, MAC OYFIIapHU/Iary J1asep.

Beenenne. OnTuueckue CHEKTPHI IOIJIOLIEHUS, JIOMUHECUEHIIMY, KOMOWHALMOHHOIO
paccesHUsl CBETa IMPHUPOJIHBIX M MCKYCCTBEHHBIX KPHMCTAJJIOB ajMa3a K HAacTOSIEMY BpPEMEHU
JIOCTaTOYHO XOpOLIO H3y4deHbl. B Toke BpeMs B MEHbILEH CTENEHU MCCIEAO0BaHbl ONTHYECKHE
CBOMCTBAa MHUKPO- M HAHO IOPOIIKOB ajiMa3a, a TakkKe IJIEHOK alMa3a, KOTOpble MpuoOpenu B
nocjeaHee BpeMsi 0COObIi MHTepec Onarogapsi pa3pabOTKe HOBBIX METOAOB MX cuHTe3a [1-3].
XapakTepHOl OCOOCHHOCTbIO ONTHYECKMX CBOWMCTB ajiMa3a IO CPAaBHEHHUIO C OOJBIIMHCTBOM
JOPYTUX KPUCTAJIOB SIBJIIETCS HAJIMUME JIIOMUHECLIEHLIMU B CUHE-TOIy0ol 1 Y@ obnacTu cnekrpa,
YTO HCIOJIB3YeTCs, HAIPpUMEp, Ul ONpE/CiICHHs KayecTBa anMa3oB. B dactHocTH, B pabote [4]
U3Y4EHbI pa3IuyHbIe THUIIBI JIFOMUHECIICHIINH (poTomromuHECTIEHITHS (DJD),
KaTOJIOJIIOMUHECIICHIIUSI, PEHTIeH JIIOMUHECHEHIHs) B aAuanazoHe ot 360 mo 900 am
CHUHTE3MPOBAHHBIX MUKPOYACTHUI aJIMa3a Pa3IMYHbBIX pa3mMepoB. BiusHue npumecein azora Ha DJI
HPUPOJIHBIX MOPOLIKOB anmasza u3ydanu B [5]. B pabore [6] ucciemoBanbl mpupoaHbie aaMassbl,
coJieprKallie MaKpo- U MUKPOBKJIOYEHHUs. PanuanuoHHas CTOMKOCTh CUHTETMYECKHX ajJIMa3HbIX
MHUKpPOIIOPOILIKOB B 3aBUCHUMOCTH OT HX MpPENeIbHOW MEXaHHYECKOM MPOYHOCTH MCCIIEeJOBaHA
METOJIlaMH PEHTreHOBCKoW audpakuuu B pabore [7]. CaMbiM pacmpoCTpaHEHHBIM JIe(PEKTOM
ajiMasa sIBJIsIeTCs IPUMECh a30Ta, OHa COAEPKUTCS B 98% GONBIIMHCTBO NIPUPOAHBIX aIMa30B, a eé
KOHIICHTpALIMsl OINpPEeIsieT MHTCHCUBHOCTh OKpacku kamus [8]. [Ipumecu a3zora B anmasHOi
pewméTke 00pa3yroT B 3alpelleHHON 30HE JIOKaJbHbIE YPOBHHU, KOTOPBIE CYLIECTBEHHO BIMIIOT Ha
JFOMHUHECIIEHTHBIC, ONITUYECKHE, INEKTPUICCKUE, MEXaHNYECKHUE U TEIUIOBbIC CBOWCTBA aimasa [9-
10].

B cnexrtpax xomOunanmnonHoro paccesiHus cera (KPC) Mukpo- u HaHONOPOIIKOB ajiMasa
MMEIOTCS TPU XapaKTEpPHbIX MakcuMyMa B o6macTax 1332, 1380 u 1580 cm ! [11] mmm 1332, 1500 u
1580 cm ! [12]. Makcumym KPC B obmacti 1332 cM 1, xapakTepeH IS KpPYIHBIX alMa3oB,
KOTOPBIN UMeET yIIUpeHHe B quanaszone ot 2 10 94 cv ' Iuku B nuanazone ot 1380 10 1500 cm ™!
XapakTepHbl KONeGAHUAM yIrIepOAHBIX TPy Ha TIOBEPXHOCTH YACTHIIH aIMa3a B SP>-THOPUIHOM
coctostun. ITuk mpu 1580 cM ™! otHOCHTCA K KoseGanuto cummeTpun Ezg a3kl

[lenp HacTosimielt paboTbl — ycTaHOBJIeHHE 3akoHOMepHocTel B crnekTpax ®JI u KPC
MOHO/IUCHIEPCHBIX aJIMa3HBIX IMOPOLIKOB B (POTOHHBIX JIOBYIIKaX B 3aBUCUMOCTH OT pa3MepoB
yactull B Auamnaszone 0,5-50 Mxm.

MeTtoauka 3KcnepuMeHTa. 3aroTOBKM Ul MOJIyYEHHsS MHUKPO ajIMa30B HM3TOTOBJIEHBI U3
rpaduTa METOJOM CTaTHYECKOTO CKaThus NpH Bbicokor Temmepatype (1000-3000 °C) wu
cBepxBbicokoM aaBieHuu (5-10 I'Tla). [{nst Bo3Oyxnaenust u peructpamuu crnektpoB ®JI u KPC
HCIIOJIb30Bajach BOJIOKOHHO-ONTHYECKass MeToAuka. (CxeMa »SKCIEepUMEHTAIbHON YCTaHOBKH
npuBefeHa Ha puc. 1. B kauecTBe HCTOYHMKA BO30YXKICHMS MCIIOJIB30BAJICS Jlazep Ha mapax
Meau (1), reHepUpyIOUIMil H3IydeHHe B BUIUMOM 00JacTH crekTpa ¢ JIMHamu BoiH 510,6 u
578,2 um. I'enepanust ocymiecTBIsIaCh B MOHOXpoMaTtuyeckoM pexxume (A=510,6 M), nmpu sToM
xentast muaus (A=578,2 uM) Obu1a mojgasineHa GuiabTpoM. Bo3oyxmaromiee u3nyuenue nasepa (1) ¢
noMouibio cBetT oBozaa (6) HampaBmsIOCH BHYTPH KIOBETHI ¢ 00pa3ioM (7). BropuuHoe u3nmydenue
BXoawino B apyroii ceer oBon (6) mmamerpom 100 MKM M HampaBsUIOCh K BXOTHOHM IIEIH
BOJIOKOHHO-ONITHYECKOTO MUHHU criekTpoMerpa (8). C MuHU criekTpomeTrpa nudpoBas HHPOPMAIHS

0 CIEKTpe BTOPUYHOTO M3iydeHus nocpeactBoM USB-kabens (9) mepenaBanack Ha KOMITBIOTED
(10).
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Cpennsisi MOIIHOCTh M3nmyueHus nazepa 10 Br. M3nyueHue reHepupyeTcss B UMIYJILCHO-
IIEPHOIMIECKOM PEKHUMe ¢ GOMbIION gacToToii ciaenoanus (10* ') koporkux (20 HC) UMITYIIBCOB
reHepaIuy ¢ MMKOBOH MoIHOCTHI0 10° Br.

1 Haubonee sdpdextuBHON 1151
u3yuenus crnekrpo @PJI oxazamacek

5 BTOpas  ONTHYEcCKas  TrapMOHHKA
3eJIEHOU JIMHUU (510,6 um)
reHepaiuu naszepa,
COOTBETCTBYIOIAs  JUIMHE  BOJIHBI
W3JTYyYCHUS A=255,3 am.Bricokas

Puc. 1. Cxema sKCepUMEHTANBbHOM YCTaHOBKHU. | — Jjasep Ha mapax fHkoBast MOTHHOCTE JIa3CPHOTO
Menu; 2 — cobuparomast nuH3a; 3 — BaB,04 (BBO); 4 — cBeTodunstp; 5 H3JIyYCHUA ITO3BONACT OCYIECTBUTH
— JepXartellb CBETOBOJA; 6 — CBETOBON; 7 — PE30HATOpHAs KIOBETa 3} dexTHBHOE yIBOCHHE U CIIOKEHHE
(boronnas nmoBymka) ¢ obpasuom; 8 — muancniekTpoMerp FSD-8; 9 — 4acTOT JMHMI TeHepauuu Jaszepa
USB-kabers; 10 — kommbioTep. IyTeM MCIIONb30BAaHUs HEIMHENHHO-
ontuueckux KpucrawioB (BaB20s). M3nydyeHne OT akTHBHOrO 3JIEMEHTA Jia3epa Ha mapax M,
paboTaromiero B pexxuMe HEYCTOMUMBOIO pe3oHaTopa, (poKycupoBaioch AMUHHOPOKYCHOM JTHH30M
B HeJMHEWHo-onTuiyeckoM Kpuctamie BaB20s. Kpucramn Obur BeIpe3aH TakuM 00pazoMm, 4TO
YCJIOBHE CHUHXPOHHU3MA BBINOJHSIOCH ISl YJIBOGHHS YacTOT HMCXOAHOTO JIA3€PHOIO H3IIy4YEHUS.
Takum 00pa3oM, Ha BBIXOJC KpHCTauia BO3HUKaAO Y® usnmydeHue ¢ JummHaM# BOJH 255,3, 271,2
nmm  289,1 kM.  M3nyyeHue nazepa  BUAMMOrO JAMana3oHa YCTPAHAJIOCh C  IOMOLIBIO
abcopOImoHHOTO (QUIIBTPA, ITOMENIaeMoro cpasy nocie BaB,Oa.

Jlns  ycuieHusl CWrHajga BTopuuHoro wusnydenuss (BUM) B mopoinkax HamMu ObUTH
M3TOTOBJICHBI  CIEUHMAIbHBIE  KOHCTPYKIMKM  JPYTUX  THUIOB  META/UNIMYECKHX  KIOBET:
MUHUPE30HATOPHBIE KIOBETHI Pa3jIMYHbIX BUIOB — (POTOHHBIC JIOBYIIKH, T.€. KIOBEThI, B KOTOPBIX
M3JIy4eHHUE MPETEepIieBaeT MHOTOPA30BOE OTPAKEHUE M paccesHue. DTU KIOBETHI UMENH JTUaMETpP
kanwusipa 1,5-3 mm u gmury 20-50 mum (puc. 2). Kpast oTBepCTHii KIOBETHI MOYKHO H3TOTOBUTDH M3
METaJUIOB JJII KOTOPBIX peann3yercs 3(h(PEeKT rMraHTCKOTO YCUJICHUS BEPOSTHOCTU BO30YKIIEHUS
IIPOLIECCOB BH.
KroBeTst
WCIIONb30BAIUCH IS
paboTHI TIO CXEME «Ha
OTpaX€HUE» M «Ha
IIPOCBET. Krosera
BHITIONTHEHA B (opMme
3aMKHYTOM TMOJIOCTH C
JIBYMSI  OTBEPCTHUSIMHU

10 9 8 6 5

IS BBOJIA Puc. 3. VYerpoiicTBo MHHHUPE30HATOPHOMI

KIOBETHI (poTonHoOI JIOBYIIIKH) c
BO30YKJIaI0IIET0 uMIMHEAPHYECKUM  (a) H  KoHyCHEIM  (6)
(TepBUYHOTO) u pesonaropamu: 1 — B030yXKaarolee H3IyueHHe;
BeiBOJa BU. Unpes pye 2. MunnpesonaTopasle 2 — MCCIETyeMOe BEIIECTBO (MOPOMIOK); 3 —
HMCIIOJIb30BaHMSI KIOBETBI C 00pa3laMu. abCOpOUMOHHBIN CBETOGMILTP; 4 — BTOPHIHOE

W3Iy4YCHHE; 5 — BXOJHOH CBETOBOm;, 6 —

(OTOHHBIX JIOBYIIEK
(puc. 3) cocroutr B
TOM, YTO 3HAYUTENbHas YacTh JOJHM IEPBUYHOrO (JIa3€pHOr0) CBETa, MOMNaAas B JIOBYIIKY,
nepexonuT Bo BU. B kopmyce ¢GoTOHHON NOBYHIKM Obla BbIpe3aHa IOJOCTb, SIBISIOLIASICS
pabouuM o00BEMOM U 3aloJIHSAEMas HCCIEAYEeMbIM TIOPOIIKOM. bBBIJIO yCTaHOBIEHO, YTO
KOHycooOpa3Hasi MOJIOCTh OKa3ajlaCh CaMbIM ONTHMAaJIbHBIM BapHAHTOM JJIsl YCHUJICHHS] CUTHAJIOB
BU (puc. 3, 6).

Hcnonp3oBaHne CBETOQUIBTPOB MO3BOJIMIO YMEHBIINTh MHTEHCHUBHOCTH BO30YXAarolien
auHuM nasepa B cnekrpe BUW moutn B 100 pa3 mpu mnosnHOM mpornyckaHuu curHana BU.

BLIXO,HHOﬁ CBCTOBOM.
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CBeToUIbTPHl HCHOJB30BATNCH B OCHOBHOM TIPH HWCIOJB30BAaHWW METO/MA «HA
oTpakeHue». [l Meroga «Ha TMPOCBET» OKa3aloch BO3MOXHBIM peructpupoBaTb BU 6e3
UCTOJB30BAHUS KaKUX-THOO0 (UIBTPOB, TaKk Kak NpPU 3TOM JIA3€PHOE HU3IYYCHHE CHIBHO
0cnabsI0Ch Ha BBIXOJIE U3 KIOBETHI U3-3a MPOLIECCOB MHOTOPA30BOT0 PacCEesiHUS B MOPOIIKE.

Pesynbratel m ux oOcy:xkaenme. Ha puc. 4 npencrasinensl cnektpsl DJI anmasHbIX
MHUKPOMOPOIIKOB Pa3IMYHBIX Pa3MEPOB MPHU HX BO30YKIECHUH BTOPOM ONTHYECKOW TapMOHHUKOM
(As036=255,3 HM) s1a3epa Ha mapax mean. CIEKTphI 3apEerHCTPUPOBAHBI IIPH OJUHAKOBBIX YCIOBHUAX
BO30YKIEHUSI M pPErUCTpaluu. DTOT (PaKT HCKIIOYAeT BO3HUKHOBEHHE Ppa3IMuUii, BBI3BAHHBIX
MeTtonukoi. Kak BuiHO U3 pucyHka, criektp @JI Mukponopomkos aiamasa (kpusble 1-4) Haxoaurcs
B juanazone 300-530 HM U mpeAcTaBIsSeT MIUPOKYIO TMOJOCY C JABYMs MakKCUMyMaMH B 00JacTu
420 u 460 M. Kpome Toro, B criekTpe HaOMrogaeTcs ciabdas mojioca B KOPOTKOBOJIHOBOM 00J1acTH
cnektpa (A=360 um). B oOpasne anmaza co cpegnum pazmepoM 50 MKM JaHHBIM MUK IOJIOCHI
MpOsBIIsIETCS SIBHBIM oOpa3oM (kpuBas 4). Jlng anmaza BTOpas rapMOHUKAa OT 3€JI€HON JIMHUU
Jazepa Ha Mapax MeAM Asos—=255,3 HM (4,8 3B) He mnpeBbimaer Eg, T.e. Epos<Eg (mmpuna
3alpelieHHoN 30HbI ajiMa3za MpU KOMHAaTHOM TeMmeparype Eg=5,4-5,5 3B). Pe3ynbraTel nokasanu,

YTO B HAIIUX MCCIEIOBAHUAX 1, om.ex. L oTH.ex.
1004 A=460 m 100 A
B aJiMase dJI A=420 um + ) z
v
OCYIUECTBIISACTCS npu A-510,6 : !
y4acTuu neeKToB B

nopomike [13-15]. M3BecTHO
u3 pabotel [16], yTo mMoNIOCH!
B obOmactm 410460 Hm B 50 1

CIIEKTpE OJI ]

MHUKPOIIOPOIIKOB 4

00yCIIOBJICHBI

ANEKTPOHHBIMU TI€PEX0/IaMU ° 0 10 20 30 40 dep, MKM
MCKIY JABAXKIbI 0300 B Puc. 5. 3aBHCHMOCTb MHTCHCHBHOCTH
BBIPOKICHHBIM Puic. 4. CriekTpbl oI @®JI monocsr mipu 420 M (1) 1 460 HM
BO30YXK/IEHHBIM  COCTOSIHHEM MHUKpPOTIOPOIIKOB ajiMa3a Pa3InYHBIX (2) ot pasiepa Hactiit
(Ev) H OCHOBHBIM  pasvepop mpH  HX  BOsOyweHun POl OPOIIKOB &iMasa.
HEBBIPOKJICHHBIM BTOPOHl  ONTHYECKOH TapMOHHMKON

cocrossuueMm (A1) nedekra
N3 B CIIEeKTpe OJI
MIPUPOIHBIX aJIMa30B.

(As0:6=255,3 HM) Jazepa Ha mapax
mean: (1) —de,=0,5 mrm; (2) —dep=1
MiM; (3) — dep=10 mxm; (4) — de,=50
MEKM(lgos6~ 107 B1/em?).

Habmtonaemplii ik (422 Hm)
B cnektpe ®JI Taxke oTHOcUTCS K 3TOMy THMy Aedekra. Cnadbiii MmakcumyM npu A=380 HM B
cuektpax @JI MHKpOMOpPOMKOB MOXHO cBsi3aTh ¢ gedexkrom “N2” Jledextor“N2” (N2-
LEHTPBI)OOPa3yIOTCsl 3aMElIEHHEeM JBYX CMEXHBIX AaTOMOB YIJIEpOJa, pPAacIlOJIOKEHHBIX Ha
TEJIECHOW TMaroHaju, aromMaMu azoTa [16]. Taxoii nedekt obmamaer cummerpueit Dig 1 mmeeT aBa
JMIIONIBHBIX Tepexo/ia ¢ JJIMHAMH BOJIH 6ec(oHOHHBIX nepexoa0B 317 u 330 HM.

Ha puc. 5 npuseznena 3aBucumocts uHTeHCUBHOCTH DJI monocs! npu 420 um (kpuBas 1) u
460 M (kpuBast 2) OT pa3Mepa 4YacTUI] MHUKPOIIOPOIIKOB aima3za. Kak BHJHO W3 pPUCYHKa,
nHTeHcuBHOCTh DJI B 000MX MakcuMyMmax ¢ yBelndeHHeM pasmepa dactull (oT 1 MM 1o 10 Mkm)
pPEe3KO BO3pacTaeT, Jajee BO3pacTaeT IUIAaBHO, YTO CBS3aHO C yBEIMYEHHEM KOJIMYECTBa a30THBIX
ne(eKToB BCIIEACTBUE YBEIMUYCHHS Pa3MEpPOB YacTHI[ aliMa3a. JDTO B CBOKO OYepeIb MPHUBEACT K
5¢GEeKTUBHOMY  MOIJIOIIEHUIO  oOpaslaMd  BO3OYXKAAIOLIET0  M3JIydeHHs.  AHaJIOTHYHAs
3aBucumocTth DJI oT 1ruameTpa 3epeH Qpakiuu A1 OKCHIHBIX TOPOIIKOB H3ydeHa B padote [17].

Crnextpsl KPC MUKpOIOpOIIKOB anMma3a pasziIHyYHBIX pa3MEpoB NpU HX BO30OYKIACHUU
3eJIeHOM JIMHUEH Ja3epa Ha mapax MeaH (Aso6—=510,6 HM) mpencrasieHs! Ha puc. 6. [IpakTudecku y
BCEX o0pasIos HaOJIrOIaeTCs 0COOEHHOCTD Ha  v=1332cm L, COOTBETCTBYIOIIIAS
(byHIaMeHTaIbHOMY KoJeOaHHI0 PemETKH anMasa. Peructpanus y3koil JIMHUM Ha JJAHHOM 4acToTre
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MOATBEPKIaeT HAMYKME KPUCTATMYECKON (a3bl ammasa B UCCleAyeMbiXx obOpasnax. OgHako, BO
BCEX CIIEKTpax MPUCYTCTBYET JIFOMHHECLUEHTHBIH (OH O Bcell 00JIaCTH CIEeKTpa, CBA3aHHBIN
cnByx(oToHHO-BO30Ykmaemoii  mromuHecuenuuerd  (ABJI). Ilpu  yBenwueHumn  pa3MepoB
MHUKpOINOpomKkoB 70 50 MkM criomHOW ¢GoH pe3ko mamaeT u  uHTeHcuBHOCTh KPC Ha
¢ysnamentansHoii  Mome 1332cm ! orHocuTensHO  (onHa  yBenmumBaerca  (puc. 6, g).
UnrencusHocTs 1332 cM 'Bo3pacTaeT Mo Mepe yBEIMUeHHs CPEIHUX Pa3sMEPOB MUKPOIOPOIIKOB U
JOCTUTAET MaKcuMyMa mpu 50 MKM.

Puc. 7 unmoctpupyer 3aBucuMoctu uaTeHcuBHocTH KPC (v=1332 cM 1) oT uHTEHCHBHOCTH
BO30YXHaromiero u3aydeHus (Aso:s—=510,6 HM). [Ipu cpaBHUTENBHO HEOOJBIIUX IJIOTHOCTAX (110
20-10° Br/cm?) 3aBucumocTh  |(lsoss) COOTBETCTBYeT CTemeHHOW 3aBUCMMOCTH ¢ 0~1,25
(kpuBbielu 2). Ilpy TOBBIIEHMH TUIOTHOCTH  MOIIMHOCTH  BO30YXKIAIOMIETO  HM3JIy4YEHUS
oOHapy>kuBaeTcs ciabasi HEIMHEHHOCTh (3aBHCUMOCTh XapaKTepU3yeTCsl SIBHBIM OTKJIOHEHUEM OT

1.25

~/
I ~ |6036)'

1, oTH.€/. I, oTH.ex. 1, oTH.€x. B
80 - (@) o, ® g (=)
60 A 60 A 60 +

B 1332 et
40 1 1332 cm'1 40 1332 ewt 40 - X
' v

20 A k’——g\ 20 A 20 A

0 T r 0 . . 0 . .

- 1
0 1000 2000 wv,eml 0 1000 2000 Vvieml 0 1000 2000 V,CM

Puc. 6. Ciektpsr KPC MUKpOIOPOIIIKOB ajMa3apa3InIHbIX Pa3MepoB MPH WX BO30YKIICHUH 3€JICHOI THHHEH J1a3epa Ha
napax MeaH (Aeoss=510,6 HM): (a) —d:p=0,5 MKM; (6) —dep=1 MKM; (B) —Uep=50 MEM(l5056~ 10° Br/cm?).

TakuMm 06pa3oM, B POTOHHBIX JIOBYIIKaX HHTEeHCUBHOCT, KPC Mukpomnoponikos anmasa Ha
BBIXOJIE M3 KIOBETHI CYIECTBEHHO Bo3pacTaer (cM. puc.6, kpuBas 3 u puc. /): Habiogaercs
CYIIECTBEHHOE BO3pacTaHue oOTHocutenbHOM wuHTeHcuBHOCTH KPC B cpaBHeHMHM ¢
MHTEHCUBHOCTBIO BO30yXXJaromeil JTuHUM (peKUM KOMOMHAIIMOHHOM —omajecueHIuH). ITo
OOBSICHSIETCSI 3HAYMTEIbHBIM YBEIMUYEHUEM IIOJHOTO MYTH, KOTOpBIA (POTOH BO30Y:KIarolIero
U3JIy4YEHUs] MPOXOAUT B MCCIEAYEMOM BELIECTBE, 32 CYET MHOTOKPATHOTO OTPaXXEHHUS OT CTEHOK
JIOBYUIKH M PacCcesiHUsl Ha HEOJAHOPOJHOCTAX cpenbl. Kak M3BECTHO, OTHOLIEHHE WHTEHCHUBHOCTU
KPC Ikpc B criekTpe BTOPUYHOTO M3YyYEHHMs] K MHTEHCUBHOCTH BO30Y’KIAIOLIET0 U3TYYEHUS lposs B
OJTHOPOJTHOM cpejie 3anuchiBaeTcs B Buje [18]:

IKPC

——==0-N-L-&2

|6036 (1)
rie o— osdoexrusroe cedenne KPC (0~102% cm?), N— kommenTpamums gactum, L— myTs,
npoiiieHHbIN (POTOHOM BO30Y’KJAIOIIEr0 U3IYUYECHHUs B BEIIECTBE, 0L2— TEJIECHBIN YIroi, B KOTOPOM
aHATM3UPYETCs HCClIeyeMoe u3nyueHue (yroma coopa).

Takum 00pa3oMm, NpU HCCIEAOBAHMM BEIIECTB B OOBIYHBIX KIOBETax JIUHONM ~ 1cm
otHomenne WHTeHCUBHOCTH KPC lkpc B crHekTpe BTOPHUYHOTO W3IMy4YeHHS K HWHTEHCHBHOCTH
BO30OYKIAIOMIETO H3Iy4eHHsS lsoss Mpu KoHieHTpamuu wactun N~102cm 3 u yrme cbopa
paccessHHOTO M3mydeHust 0Q2=1 cp cocraBisieT

¢ _ 10

6030

)
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Takum 00pazom, Ha BBIXOJE M3 KIOBETHI C OJHOPOJHOW cpenoi mHTeHCUBHOCTH KPC B
MUWIJIMOH pa3 ciladee MHTEHCUBHOCTU BO30YKIAIOIIET0 U3JTyUeHHs.
Jns ompeneneHuss MyTH, KOTOPBIA MPOXOAUT (OTOH BO3OYKAAIOMIETO H3Iy4YEeHUS B
YJIBTPAaJUCIIEPCHON cpelie, ObLIO MCII0JIb30BAaHO NPUOIMKeHne OPOYHOBCKOro ABMKeHHUs. Moaeinb
OpOYHOBCKOTO JIBUKEHHUS OOBIYHO NPUMEHSIETCS JJIsi ONMUCAHUS

L, oTH.ex.

100 - 1 XA0TUYECKOI'0 TEINIOBOIO JBIDKEHUS MEIbYAHIINX YacTHUI[ B
KUAKOCTA. B maHHON paboTe B KavyecTBE OpPOYHOBCKOW YAaCTHIIBI

80 paccMaTpUBaIOTCS (b OTOHBI, TPaeKTOPUHU KOTOPBIX B

yIBTPAJUCIIEPCHON  cpeae  (QOpMHpPYIOTCS B pe3yJsbraTe
MHOTOKPAaTHOTO PAacCessHUsl Ha HEOJAHOPOJHOCTsAX cpensl [18]. B
KauecTBe JUIMHBI  CBOOOMHOrO mpobera Axi=AX ¢oToHa
UCTIOJIB3YyeTCS XapaKTepHBIN pazmep OTNITUYECKUX
HEOJHOPOJHOCTEN B ylbTpaaucnepcHoil cpene. Ilonaras, uro 3a
HEKOTOPBIA TMPOMEXYTOK BpemMeHu Ati=At ¢oron mnpoxoaut
paccrosiHue AX B MPOW3BOJILHOM HAIpPaBJICHUU, MOXKHO 3aIlucaTh
»  3HaueHHe KBajpara okoHyatembHoro ypanenus (I%) doroma ot
0 10 20 30 40 pexoaHOro MoNOKEHMS 32 N IPOMEXKYTKOB BpeMeHH At:

60

40

20

IBmﬁ,lOS Br/cm? ) n ) n
Puc. 7. 3aBUCUMOCTh I = Z (Axi )+ Z (ZAXi Ii—l COS ai ) ) (3)
UHTEHCUBHOCTHU KPC i=1 i=2
MHUKPOIIOPOLIKOB anMasa .
(d=10 Mkm) (1) or mmotmocrn TH€ li— monHoe mepemernienne HOTOHA 3a IIPOMEKYTKOB BPEMEHH
MOIIHOCTH osGyxnatomero Al, ai— yrom mexnay Axiu mpomoikeHueM li-1. YuureiBas, 4to
usmydenns (lsos) B pesoHatopHodl (POTOH TMPOXOAUT 32 ONPEACNCHHBIA MPOMEXKYTOK BpPEMEHU
KIOBCTE. OKCIIEpUMEHTANbHAA  AtrpuOIM3UTENLHO — OJMHAKOBOE  paccTosHue  AX  (miuHa
kpusas (1) m (2) Teoperuucckas CBOOOJIHOTO TMpobOera) B IPOU3BOJIBHOM HAMPABICHUH U YTO
3aBHCHMOCTH (I ~ |:;)23%) COSOipaBHOBEPOSITHO MOYKET MMETh KakK IOJIOKUTEIIbHBIN, TaK W
cootBeTcTBYIOT v=1332 M, OTPHULATEIIbHBIN 3HAK, ITOCKOJIbKY 3HAYCHUS YIJIOB

GipPABHOBEPOSITHBI, IOJNyYMM JUISi CPEIHET0 3HAYEHHUS KBajapara
OKOHYATENBHOTO0 yaanenus (<I12>):
2 2
<| >= n(Ax) , (4)

O06o03HaunM uepe3 t Bpemsi, B T€U€HHE KOTOPOIO MPOM30LLIO N mepeMenieHuid AX, U3MEepPEeHHbIX
yepes3 IPOMEKYTKH BpeMeHH At, Toraa

t

n=-t ()= &,

At

At ()

[/12
OTcronia mosry4yaem JJis nepeMenieHus Io = <| > ¢dboToHa 3aBpems t

(Ax) N
At . (6)
[Tpu sTOoM mepemenienne lo ¢ OaMHAKOBOW BEPOSTHOCTHIO MOXKET UMETh JIFO0OC HAaNpaBJCHHUE B
MPOCTPAHCTBE.
TakuM o00pa3oM, MpPH PACCMOTPEHUH JAHHOW MOJENM MOXKHO ToJjlarath, 4To (OTOH,
HAaXOJUBIIHIICSA B HAYAJIbHBII MOMEHT BPEMEHU B ONPEACIEHHON TOUKE, Yepe3 t CeKyH/ OKaxeTcs
BOJIM3M TIOBEPXHOCTH 1apa paauycom R= lo:

A 2
R = —(Axt)\/f_ )

OTCIOILa nyTh, HpOfII[CHHBIfI (I)OTOHOM B BCIUICCTBEC, PABCH

IO
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R°At Ax R?
L=tc= -
(AXF At AX. ®)

IJle ¢ — CKOpPOCTh CBETa B BEILIECTBE.

s HOTOHHOI JTOBYIIKH, UCIIOJIB3YEMOI B AKCIIEPUMEHTE, PACCTOSHUE MEXY BXOJHBIM U
BBIXOJITHBIM TOPIIAMU CBETOBOJIOB, T.€. MepeMelneHue ¢GoroHa B (OTOHHOH JIOBYIIKE, paBHSIIOCH
R=1cm. [nmuHa cBoGomgHOTrO mpoOera (GoTroHa B YyIBTPATUCIEPCHOM CpPEAC MOXKET CUYHTAThCS
cpaBHEMOI1 ¢ pasmepamu wactuil, T.e. AX=10 % cm. Torma momHBIA 1yTh, TPOHAEHHEI HOTOHOM
BO30YXKIAIONIEro M3IydeHnss B (DOTOHHOW soBymke, paeH L~10%cm. B To xe Bpems mnpm
WCIOJIb30BaHUN (POTOHHOW JIOBYIIKH TEJIECHBIM yroyl paccesHHOro usnmydeHust 0Q~4mn. Takoii
BBIOOp 0C) OOYyCIIOBIIEH TeM, YTO BO30Yy)KJaroliee H3JIydeHHe, momnazas B (OTOHHYIO JIOBYIIKY,
MHOTOKPATHO OTPaXKaeTCsl OT €€ CTEHOK M OT IMMOBEPXHOCTEH YaCTHIl yIbTPAJAUCTIEPCHON CPEIbI.

[ToacraBuB nony4yeHHblie 3HadeHus B (1), momyuum:

I 4
KP =1O . (9)

6030

TakuM o00pazoMm, B pe3ynbTare HCIOJIB30BAHUSA pa3pabOTaHHONW (POTOHHOW JOBYIIKU
koHTpacTHOCTh KPC Ha BbIXO/€ M3 KIOBETHI JUJIsl BELIECTB, HAXOMALIMXCS B YJIbTPaJAUCIEPCHON
dbopMe, MO CpaBHEHHUIO C OOBIYHBIMH THUIIOBBIMU KIOBETaMM BO3pacTaeT Ha MTh MOpAAKoB. [lpu
3TOM HaOJroaeTcsi KOMOMHAIMOHHAs omnajnecueHuus, T.e. curiain KPC B crnekTpe BTOpUYHOIO
M3ITyYEHUsl OKA3bIBACTCSI CPABHUMBIM M0 MHTEHCUBHOCTH C BO30Y)KIAIOIIUM U3ITyUYECHUEM.

3akmouenue. Takum 00pa3oM, Py MCIIOJIB30BAaHUH Pa3padOTaHHBIX (DOTOHHBIX JOBYIIEK U
BOJIOKOHHO-ONTHYECKON TEXHHKHU B YJIBTPAJAMCIEPCHBIX CPElaX MOXKET ObITh pealn30BaH PEKUM
KOMOWHAIIMOHHOH OTIaJIeCIIEHIINH, COCTOSIINI B aHOMaJIbHOM Bo3pacTanuu naTeHcuBHocTH KPC B
CIEKTpPEe BTOPUYHOrO u3IydeHHs. Bricokas 3¢pdekTuBHOCTH mpeoOpazoBaHUsi BO30YKIAIOIIETO
m3inydeHus: B curain KPC oObsicHseTcst OOJIbIIMM 3HAYEHHEM IOJHOTO IMYTH, KOTOPBIA (HOTOH
BO30YKJIAIOIIET0 M3IYyYeHHs NMPOXOJUT B YIbTPATUCIEPCHON cpene, Haxonsulencs B (HOTOHHOU
noBymike. Paspaborannsiii meton peructpanuu cnektpoB OJI u KPC oTkpbeiBaeT BO3MOXKHOCTD JIJIsI
CO3/IaHUS MaJoTa0aPUTHBIX JIA3ePHBIX aHAIM3ATOPOB XUMUYECKHX COEIMHEHUH, HEOOXOAUMBIX IS
pelIeHNs MHOTUX MPAaKTUYECKUX 3a]1a4.
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