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NPUMEHEHHE KAITWJUIAPHBIX CBETOBOJAOB B
CIHEKTPOCKOIIMHM

B crarTi HaBEACHO OIMIAA pi:umx 3aCTOCYBaHb KaMiMAPHHX CBITIOBOAIB Y cnenpocxom-umx

[ROCNIDKEHHAX. Posrnxﬂy'm OCHOBHI XapaxTEpHCTHKH Ta 3acOo0H BHKOpHCTAHHS HOBITHIX nnuupm mo
MAIOTH CBITIOBEAYYi AXOCTi TpH 3aMOBHEHHI BOASHUNA POJYHHaMH. Toxasano TeopCTHIHI MOXIHBOCTI
3aCTOCYBaHHA KaNiIAPHHX CB{TNOBOLIB NPH BHMIPIOBAHHI POIMIDPiB YACTUHOK 33 IONOMOTOI0 KOPENALLifiHOT

CNEKTPOCKONii.

The review of different capillary light guides applications in spectroscopy. Newely developed capillaries
with light guiding properties with water solutions fillings main features and applications methods are
discussed. Theoretical possibilities of capillary light guides application in correlation spectroscopy particles
sizes determination arc shown.

Jins y’mydmieRus YyBCTBHTEJBHOCTH ONTHYCCKHX W3MCEPEHHN HMCHOMB3YIOT
pa3M9dHbIE MCETOMB, TO3BOJAIOMME YBENWYMBATL HHTEHCHBHOCTL PpacCEAHHOIO
curnana. OaMH M3 CNOCOGOB YBEJNMYEHHMA MHTEHCHBHOCTH pPacCeSHHOTO CBeETa
COCTOMT B TOM, YTOOW YBENHYHTh UIAHY B3aHMOJCHCTBHA JlalepHOINO Jyda C
UCcCeayeMO XHAKOCTBEIO. JTOT Cnoco® peamnsyercs ¢ NOMOMBIO KANMA/UIAPHBIX
csetoBonoB (KCB) - T.e. CBETOBOIOB B KOTOPHIX CBET PacIpOCTPAHACTCA B XKHIKOH
cepALEBHHE BHYTpH oTpaxaiomeif obonouxs. CBeT ynepXUBaeTCA B CEpANEBHHE 33
CYET SBJICHHA NOJIHOTO BHYTPEHHEro oTpakenus [1].

KamwuispHsiit cBeTOBOJ MOXeET OHTH ABYX THIIOB:
| THI: CBETOBOA C MOBEPXHOCTHIO HOJHOINO BHYTPCHHEIO OTPaXEHHS Ha IpaHHIE
pasziesia HeclieAyeMoR JKHAKOCTH H BHyTpeHHelH rpaumueil 0600ukH, KoTOpas HMeeT
6onee HI3KUH NOKa3aTeNb NPENOMIICHAA, YeM HCCJIeyeMan JKBIKOCTS.

2 THII: CBETOBOA C MOBEPXHOCTHIO MOJHONO BHYTPEHHENO0 OTPRXKEHHA HA TpaHHLE
paizesia BHemHeH NOBEPXHOCTH O0OJIOYKH M OKpYXaromeli Cpeanl, KOTopas MMEeET,
NOKa3aTeb NMpeOMIICHAsS MEHbIIIE, YeM Y CEpALIEBHHNI H Y 0601049KH.

Hano cka3ats, 94TO NpoIyCKaHHEe CBETa B KaWUIAPHOM CBETOBOJAC 2 THNA
CWIBHO 33aBHCHT OT ONTHYECKOH YHCTOTH BHCIIHEH NOBEPXHOCTH CBETOBOAA.
BHemHAs s9encTad MOBEPXHOCTh M OKPYXKAalOIan Cpeia MOIYT JIErkO H3MEHHTH
npornyckanne ceera B KCB, @ 3HauuT, MOryT BO3[eHCTBOBATL Ha pe3yJbTaTHl
CneKTpaisHbIX H3MepeHHil. [lodToMy KamWwUIsphl HaHHOIO THIIA HE MNOMYYHIIH
3HAYHTE/NLHOINO Pa3BHTHA, @ €C/H H HCMONL3YIOTCA TO B BHAE KBAapHEBHIX
KanWUIAPHLIX CBETOBOAOB, NOKPHITHIX Tednonom — AF. Iocnennuit MaTepran umeer
nokasarens npenomnenns ot 1.29 go 1.31 ans anun Bonn or 200 no 2000 HM 1 ero
Co3naHue cyuecTeeHHO paciiupwio cdepy npumenenns KCB Ha XHAKOCTH ¢
HH3KMMHM MOKa3aTeNAMH MNpPEJIOMJICHHA, B YacTHOCTH, Ha cialbie BOAHbIE H
OpraHMYecKHe pacTBOpH [2].

[lpumensis xanwuUIspHEIE CBETOBOAK MOXHO YBEIHYIHTh YYBCTBHTEILHOCTH
OnpeneneHns JTOMHHECUCHIIMH, OCOGEHHO NMPH HH3KOM KOHUEHTPAalHH JIOMHHOPOpa.
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DT0 OYeHb BAXKHO, TaK KaK HE BCerga yAa&TcA MOJYyYHTh HEOOXOIHMOE KONUYECTBO
HCCIEQYEMOr0 BEIECTBA. YMEHBIIEHHE FOpOra OMpeAe/ICHUs JIOMHHECLCHIMH
AOCTHraeTcs 3a CYeT B3aUMOAEHCTBHA JIa3epPHOrO H3NTy4eHHSs CO BCeM 00beMoM
uccinexyemoro BemectBa B KCB, a 3To 3HauyuT, 4T0 BCE MOJCKYJIbl, KOTOpHE
CNOCOOHE! JIIOMMHECLMPOBAaTh, HM3MYYalOT  YTO M INPHBOAMT K 3HAYHTEILHOMY
YBCJIMMEHHIO  HHTEHCHBHOCTH  JIIOMHHCCLEHHAM. OKCIIEPHMEHTaILHO  OhuIO
YCTaHORJIEHO, YTO KOHLEHTpalMA (IyopeCHHpYIOIIero BEINECTBa B pacTBOpe, NPl
KOTOPOM ellie MOXHO o6HapyxuTh momuHecueHumio B KCB, cocraBmser 150 nmois,
YTO 3HAYHTCIHLHO MEHBIIIE, YEM 1A TPAJHILMOHHBLIX METOJHK H3MepeHHii [6]. ;

B cnextpockonmnm KkOMOMHAIMOHHOTO paccesHMs TOJHad HHTEHCHBHOCTH
M3NyYeHHA MO/IE3HOr0 CHIHala Ype3BbiYaiHO HU3Ka M ucronb3oBaHue KCB 3a cuer
YBE/IHYEHHA JUTHHB B3aUMOJENHCTBHA IA3EPHOTO M3NYYEHHSA C HCCIELYeMOi cpenoi
NO3BOJIAET YBEJIHIHTb YUCIIO (ICHTPOB KOMOMHAIIMOHHOrO PacCEAHHA, 9TO NMPHBOIMT K
YBEJIMYEHHIO HMHTEHCHBHOCTH CHTHAJla KOMOHHAIMOHHOIO paccesHHA, KOTO
onpenensercsa GopMynoii: i
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rae P MomHOCT> KOMOHRALMOHHOIO paccesHHdA, Py~ MOIIHOCTE Na3zepa, a —

xo3pdmmenT noreps KCB, x - mmHa Karmuuisproro csetoBoga H K - KoHCTaHTa,
KOTOpas 3aBUCHT oT koHpurypaumn KCB.

Taxoe yBenHuueHHe MHTCHCHBHOCTH CHTHaNIa KOMOHHALIHOHHOTO paccesnHs 6bu10
NOATBEPXIACHO  JkcrepHuMeHTanbHO  [1].  M3MepeHms,  BRINONHEHHBIE €
HCHOJIL30BAHHEM KanWUIAPHLIX CBETOBOJOB Noka3amy, 9ro ¢ nomompio KCB anunoi
1 MeTp MOXHO MONY4YHTs KOIpPUIMEHT yBEJIMIECHMA CHTHANAa KOMOHHALMOHHOIO
paccesaHmnsa B 20 pa3 11 BOXHBIX pacTBOpoB H B 120 pa3 ajiss OpraHH4eCKHX pacTBOpOB
(A=785 nm). Takoe pazmaaue B X03(pPHIHEHTAX YCHICHHA OOBACHAECTCS PasIHYHLIMH
k03¢ HIMEHTaAMH NOrNOMEHHA OPraHHYeCKHX U BOJHBIX PacTBOPOB.

Cnemyer cxa3aTh, 9TO MJIA YBEJIHYEHMS . MHTEHCHBHOCTH PacCEAHHOrO CHrHala B
KaNWUISPHBIX CBETOBOAAX C BOAHHLIMH H OpraHHIeCKHMH pacTBOpaMH Heobxomumo
NpaBHILHO BHIOHpaTH A/MHY BOJNHBI BO30Yxaenus. Jiiuna BonAn Gyner 3aBHCeTh OT
KOMOHHaUMH B BOXHOM PacTBOpE MOIJNOTHTENbHBIX, (TyOPECLEHTHRIX CIEKTPOB H
KBAHTOBBLIX NepexomoB. JIpyrWM mnapaMeTpoM, OT Kotoporo Oyzer 3aBHCETh
HHTCHCHBHOCTD, ARJIAETCA JJIHHA KAaNHUIAPHOTO CBETOBOAA: YeM Gonbme minHa KCB,
TeM BBIIlIE MHTEHCHBHOCTb CHTHAIA, HO B TOXE BPEMS YBEJIMYHBAIOTCA MOTEPH NpPH
PacrpoCTpaHeHHH CBeTa B cBeToBojie. HampuMep, 3KCEpHMEHTANbHBIC H3MEPEHHA
ans KCB ¢ BHyTpeHnnM nuamerpoM 150 MkM H BHemHHM 400MKM, 3aMOJIHEHHBIM
METaHO/NOM, NOKa3aJIH, YTO MAKCHMATbHaA lieiecoo0pa3Has A/IHHA CBETOBOJA paBHa 3
M, TaK KaK NpH JaibHeiineM YBEeIHYCHHH JUTHHbI MOTepH Bo3pacrtaioT o 14 ab, a
HHTEHCHBHOCTh pacCesHHOro cBeTa YyMeHbmaercs [4]). Kpome Ttoro, 6nuto
YCTaHORJIEHO, YTO NOTEPH KaMWUIMPHHIX CBETOBOJOB CYUICCTBEHHO 3aBHCAT OT
BHYTPEHHEro auamerpa H TonmmHe creHOK KCB, a Ttak ke, 4T0 KOI(HIHEHT
nepefayd KanWUIAPHOTO CBETOBOJA HE 3aBHCHT OT NOKa3aTess TNpPEJTOMIICHHS
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pccaelyeMoi XHIKOCTH, KOrAa ee NoKa3aTesb MPENIOMICHHUs Bblilie, 9eM NOKa3aresb
npeoMIIeHHs MaTepHana ceeToBoza [S].

DKCIEPHMEHTANBHBIC MCCIEAOBAHUA MOKAa3aiM, YTO KPOME PacCesHHOTO CBeTa
COAEPXKALIEN0 HATYYEHHd JMCKPETHRIX 9YacTOT, GONBLIMX M MEHBIMX HCXONHOH B
cnexktpe  KOMOHHAIMOHHOTO  PacCeAHHs  NPHCYTCTBYET — HWIy4eHHE  OT
dmyopecueHTHbIX ~ mpuMecelt  (¢umyopecueHTHHH ¢oH), koTOpOe  yXyHuuaer
4yBCTBHUTENILHOCTE CHEKTPAIbHLIX U3MEPEHHHA. B TBEpARX Tenax ABMKEHHE ITHX
npuMeceil OrpaHAYeHo, NO3TOMy, NpuMenss poroodecupeunsanme (photobleaching)
MOXKHO 3HAYHTENLHO YMEHBIIMTH MX BiHAHMe. DoToO0GeciBEUNBaHAE 3aKIFOYAETCA B
TOM 4TO, 00ydad Na3epHLIM M3TydeHHeM (ITyOpECICHTHEIE IPHMECH HX BRIHYKIAIOT
JAIOMMHECUHMPOBATh, a 3aTeM H3IMEPAIOT CIEKTP KOMOHHAIMOHHOIO paccesHHs BO
BpeMA peJlaKCallkH, TEM CaMbiM, YMEHBIIad HHTCHCHBHOCTS ITyMa [3].

Ho B xuaxocTH ¢uiyopecleHTHble TNPHMECH HENpephiBHO NHGQYHAMPYIOT H3
OCBEILIEHHOTO 06beMa HCCIEAYEMOro o6pa3lia B HEOCBEUIEHHKWH 06beM H M3TyyYaloT
nor;oueHHsle GOTOHB, CTAHOBACH MPH ITOM HCTOYHMKOM INyMa. YMEHBIIHTH 3TOT
IyM MOXHO JBYMA crnocobamH: nH6O yBEIHYEHHEM IUIOTHOCTH JIa3€pPHOrO
M3JTy9eHHUA, JUIA TOrO 4TOORI CKOPOCTH (hoTOOOECIBETHBAHAA MOJICKYJI IPHMECH CTala
GonbIIe CKOPOCTH BOCCTAHOBJICHHA JIHOO OCBEMICHHEM BCEro o0bheMa HCClIeyeMoro
obpasia, 4ToOH N06HTECA (oToOOECHBEUMBAHHA BCEX MOJIEKY/ NpHMecH. Bropoit
cnoco6 peammyercs ¢ nomomblo KCB, moCKkombKy JlasepHoe H3NTy4eHHE
pacnpocTpaHseTcs yepe3 HeclieayeMsiit obpa3ew, H, KpoMe TOro, MaJbiif BHYTPEHHHIH
JA¥aMeTp CBETOBOJA NMPHBOAMT K 3HAYMTENbHOMN IVIOTHOCTH JIa3€PHOI0 MATydCHHA, A
3To mnpuBomuT Xk OGomee OwncrpoMy ¢oroobecuseanBanmo. I[IpoBeneHHBiE
3KCAEPHMEHTH N0Ka3aTH, 910, npuMensa KCB B criekrpockonuy KOMOHHALMOHROTO
paccesHus MOXKHO JOOHTHCA yMEHbIIEHHA BETHIMHB (UIyOpecieHTHOrO $oHa Ha ABa
nopanka [3].

Hcnonn3oBaHHe KOPPEIAUMOHHON CNEKTPOCKONHH NO3BOJACT ONpPENeNATh He
TOJIFKO MMHAMHYECKHE CBOJACTBA pacceHBalolleii CHCTEMBI, HO H JAAET BO3MOXHOCTb
M3MEPEHHA Pa3MEpOB YaCTHII BO BpeMA MX pocta [7]. Jing 3Toro cineayer M3MepsaTh
aBTOKOppensaimosHyo pynxumo (AK®P) paccesHHoro Ha wactuuax cera. Ho gacro
BO3HHMKAET 3aJaJya MNpPOM3BOAMTL HM3MEPEHHE OpH HAIMYHH TYPOYJIEHTHOCTH B
HccaeayeMoii cpene (HanpHMEp B XHMHYECKHX PeakTopax), a 3170 IPHBOAMT K TOMY,
YTO BO3HHKalOT npobneMbl ¢ TouHeiM wu3MmepenneM AK®. Hcwmnouurs 3r1OT
HEJOCTaTOK MOXHO, €CJIM MCNIOJIb30BaTh KANWUIApHbIe cBeToBoan [8]. IIpumenenue
KCB nossonser orpaHuamTs MccnemyeMbilfi o6beM M AOOHTHCA JIAMHHAPHOCTH
TEYCHHS KHIAKOCTH B CBETOBOJE, YTO NMPHBOAMT HE TOJLKO K YCTPAHEHHMIO BITHAHHMA
TYPOYNEHTHOCTH, HO M TrayCCOBOH CTaTHCTHKH PpacCEesHHOrO HITydeHMA. 3TO
O3HauaeT, YTO aBTOKOPPENALHOHHAA (PyHKIMA MPHHHMAET CaMblli MpocTOH BUA:

2
R(z)=e??7t @
TZle q Ha3bIBaeTCH MEepefaHHbIM BOJIHOBBIM BEKTOPOM, MIIH BEKTOPOM paccesHus, a D-
ko3 duiment audysuu. Hamepsas Bpema, 3a KOTOPOE KOPPENALMOHHAA (yHKIMA
YMEHbUIAETCs B €-pa3, MOXKHO NOTYYHTh 3HAYCHHE BPEMEHH KOPPEJALHH Typ, 3 32TEM

HaHTH KO3 pHIMEHT TPAHCTAIHMOHHOH AU PY3HH, 3HAS KOTOPHIH MOXKHO OTIPEAETHTE
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pamuyc uwactHu. Heo6xomumo cxa3aTh, YTO NOJA PpagHyCOM 4YacTHHLI Clexyer
noHuMath 3¢QexTHBHLIA rHAPOAAHAMHYECKHH pamMyc B A CchEepHIECKHX
pacceuBartesief OH OOBIYHO HECKOJNBKO OoJibIIe, 9eM TeoMETPHIECKHE pasmep
9acTHIN, BCNEACTBHE BO3HUKHOBEHWS OOQJIOYKM H3 MOJIEKY]l PpacTBOPHTEN,
yBJIEKaeMHIX paccenBaiomel gactumeit [7]. Cinexyer oTMETATH, 9TO KOPPEIALHOHHAN
CHEKTPOCKONHs O00JIafaeT BaKHHIMH NPEHMYINECTBAMH M0 CPaBHEHMIO C NPYTHMH
METO/[aMH, a AMEHHO GoJIbIHM AMana3oHOM JOCTYNHEIX H3MepeHHIo paiMepoB [8], a
TaloKe MEHBIIIAM BPEMEHEM HeoOXOMMBLIM Uit 06paboTKa pe3ybTaToB A3IMEPEHHH.
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