MHUHUCTEPCTBO BBICHIEI'O U CPEJJHEI'O CIIEHUAJIBHOI'O

OBPA30BAHUA PECITYBJIMKH Y3BEKUCTAH

CAMAPKAHJICKHA I'OCYJIAPCTBEHHbBIY YHUBEPCUTET

NUMEHU A.HABOU

Ha npaBax pykonucu
YK 535.36+534.522

BEKIIYJIATOB NJIbXOM PYCTAMOBHY

H3MepeHne HHTCHCUBHOCTH pPacCesiHUA CBE€TA B BOJIHBLIX pacTrBOpax

HEIIEKTPOJMTOB

MAT'UCTEPCKASA INCCEPTAIIUA

HAa COUCKAHHE CTCIICHU MAarucrpa mo CriequaJdbHOCTH

5A-440105 - JlazepHas puszuka

PaGota paccmoTpena u HayuHblii pyKOBOOUTEIIB:
JOMYIICHA K 3aIlUTe npod. Cabupos JI.M.
3aB. kadeapoii “ Teoperuueckas

¢bu3MKa 1 KBAaHTOBAs JIEKTPOHUKA”

nou. Xangapos X.C.

CAMAPKAH]T - 2012



COJEPKXAHHUE

BBEJAEHHUE

I'JIABA I.
PACCESAHME CBETA B OJHOKOMIIOHEHTHBIX
AKNIKOCTAX U PACTBOPAX

1.1. PacueTr HHTEHCHBHOCTH PACCESHHOTO CBETa 0 DUHIITEHHY

1.2. Koad¢uuueHt paccessHus

1.3. Kputmdeckas omanecieHus npu (a3oBbIX MEpexoaax BTOPOTo
pona

1.4. OcHOBHbBIE XapaKTEPUCTUKH U CBOICTBA 0CO0OI TOUKH pacTBOpa

1.5. MounekynsipHoe paccesHUE CBETA B BOAHBIX pacTBOpax
HERJIEKTPOJIUTOB

1.6. KoHueHTpannoHHasi 1 TEMIEpaTypHas 3aBUCUMOCTH
kod(pduireHTa paccesiHUs CBETa B BOJIHBIX pacTBOpax
HEAJIEKTPOJIUTOB

1.7. CrnocoObl u3MepeHusi UHTEHCUBHOCTHU PACCESIHUE CBETA B BOJAHOM
pPacTBOpPE HEIIEKTPOJIUTOB

I'JIABA II.

METOJJUKA HWCCJEIOBAHUA CIIEKTPOB TOHKOM
CTPYKTYPBI JIMHUA PIJIESS B PACTBOPAX C OCOBOM

TOUYKOH

2.1. TlpuHnunuanbHas ONTHYECKask CXeMa dKCIEPUMEHTAITbHON
YCTaHOBKH

2.2. VcTtouHHK BO30YKIECHUS MOJIEKYJISIPHOTO PACCEsTHUS

2.3. Hexotopsle crieKTpaibHble 0COOEHHOCTU JBYXITPOXOIHOTO
unteppepomerpa @adpu-Ilepo

2.4. KoHCTpYKIUS U IOCTUPOBKA JBYXIPOXOTHOTO HHTEpPepomMeTpa
dabpu-Ilepo

2.5. OreHka BO3MOXKHBIX OITHOOK B TIPOIIECCE PETUCTPAIIUU

10

12

12

14

21

23

26

29

29

32

34

37

40



KOMIIOHEHT MaHienbiurama-bpusosna
2.6. TloaroroBka 00pa3ioB K 3KCIEPUMEHTAIBHOMY U3YUECHHIO

TJIABA III.
TEMIIEPATYPHBIE HUCCJIEJOBAHUSI OTHOCHUTEJBHOM
MHTEHCUBHOCTHU KOMIIOHEHT TOHKOM CTPYKTYPbI
PACCESIHUSI CBETA B BOJHOM PACTBOPE »IIHKOJIMHA
C OCOBOM TOUKOU

3.1. TemnepaTypHO€ U KOHIIEHTPAIIMOHHOE MOBE/ICHUE CIIEKTPOB
TOHKOM CTPYKTYpPbI JUHUU Pasiest mpu MajbiX KOHIEHTPALMIX -

IIMKOJINHA B BOAC

3.2. H3mepeHue TemnepaTypHOU 3aBUCIMOCTH HHTEHCUBHOCTH
paccessHHOI'O CBETA B PaCTBOpE ) -NMUKOJIMH-BOJA

3.3. P€3YHBTaTI>I HN3MCPCHHA HHTCHCHUBHOCTHU PACCCAHUA B
3aBUCUMOCTH OT TCMIICPATYPbI

BbBIBO/IbI

JIMTEPATYPA

11

44

48

48

49

51

63

65



BBEJAEHUE

MonekynsipHOe paccessHUE€ CBETa WM PacCesHUE CBETa BOOOIIE MOXKET
BO3HHKHYTh TOJIKO B PE3YyJIbTaT€ MOSIBICHUS ONTHYECKUX HEOAHOPOIHOCTEH B
pacceunBaroulel cpesie WM Ha PacCENBaIOILEH TOBEPXHOCTH BEIIECTBA.

®dusnyeckue MNPUUYMHBI BO3HUKHOBEHHUS OINTHYECKUX HEOJHOPOIHOCTEH
MHOTOYHUCJIEHHBI U pa3HO0Opa3Hbl. ONTHYECKH HEOJHOPOIHOM Cpe/la MOXKET CTaTh
BCJIEICTBUE TpYyOBbIX BKIIOUEHUII OJHOIO BEIIECTBA B JpPYyroe, Halpumep, B
pe3ysbTare MOCTOPOHHUX BKIIFOUEHHI B KPUCTAJIaX, KaleJlIeK BOJbI WU TBEPIBIX
yacTull B arMmocepe, B KOJUIOMAHBIX pacTtBopax u T.a1. C Apyroid CTOpPOHBI,
paccestHie cBeTa MOKET HaOJI0JaThCsl U B BEILIECTBAX, COBEPIIEHHO CBOOOIHBIX OT
KakuX Obl TO HM ObUIO NMOCTOPOHHHUX BKIIFOUEHHM, BCIEJCTBUE CTATUCTUUYECKOTO
XapakTepa TEIJI0BOrO IBUKEHUSI YaCTHUL] BELIECTBA.

B 53TOM ciyyae NpUYMHONM ONTHUYECKUX HEOJHOPOJHOCTEM CTAHOBSTCS
(GAyKTyalluu ONTHYECKON HUAJIEKTPUUYECKON MPOHUIIAEMOCTH, BBI3BAHHBIE B CBOIO
ouepep (IYKTyalMsIMU IUIOTHOCTH BeHIECTBA MU (PIYyKTyalUsMU OpPHUEHTAIUH
MOJIEKYJl. B OZHOpOAHBIX pacTBOpax OMOJHUTEIBHOM M OYEHb CYLIECTBEHHOMN
OPUYUMHOM  MOJIEKYJISIDHOTO  paccestHUsi CBeTa  CTAHOBATCSA  (UIyKTyaluu
KOHLIEHTpalMi KOMIIOHEHT pacTBOpA.

Paccessnue cBeTa, BbBI3BAaHHOE TAaKUMHM  Pa3IUYHBIMU  CIyYailHBIMU
GiykTyalusiMi, HOCUT Ha3BaHUE MOJIEKYJISIPHOTO paccesHUsl CBETa B OTIUYME OT
paccesiHus Ha KOJJIOMJHBIX YAaCTHULIAX U JPYIMX B3BECSX M OT KOMOMHAIMOHHOIO
paccesiHUs CBETA.

Kaxnoe ¢usnueckoe sBieHue, Beayllee K BO3HUKHOBEHHUIO PACCESHHOTO
CBETA, HAKJIAAbIBAET CBOW XapaKTEpPHBbIA «OTIEYATOK» HA HWHTEHCUBHOCT,
NOJISIPU3ALINIO U CIEKTPAIbHBIA COCTAB PACCESIHHOIO CBETA.

XapakTepHble  «OTIEYATKW»  PA3NUYHBIX  (PU3NYECKUX  SBJICHUH B
paccessHHOM CBETE IO3BOJIAIOT M3YYUTh CaMHU 3TU SIBJICHHUS CBSI3AHHBIE C HUMU

pa3zHooOpasnbie pobsemsl. [Ipu moMory paccesHusl CBeTa U3ydaeTcs CTPYKTypa
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MOJIEKYJ, ONpPENENSIIOTCS  MOJIEKYJISIpHbIE Beca  pPacTBOPOB M OEIKOB,
ONPENENSIIOTCA pa3Mepbl MOHOB, ONPENENSIETCS YHMCIO ABOraapo, HCCIEAYHOTCS
KMHETHKA (DIyKTyallud W paciupoCTpaHEHUE THUIEp3BYKa B KOHICHCHUPOBAHHBIX
cpenax, ¢ha3oBble Mepexoabl 1 MHOTHE APYTHUe BOMPOCH.

MonekynsipHOe paccessHue CBETa B UYHMCTBIX KHUAKOCTSX OOYCIOBIIEHO,
IJIaBHBIM 00pa3oM, (QIyKTyalusiMu IJIOTHOCTH W aHu3oTpornuu. Diaykryanuw,
BO3ZHHKAIOIIME BCJIEJICTBHUE CIIyYailHOTO OTKJIOHEHHUS CHCTEMBI OT PABHOBECHOI'O
COCTOSIHUS, MEHSIIOTCS BO BPEMEHHM U MPOCTPAHCTBE, YTO M CKa3bIBACTCS Ha
CIEKTPE PpACCEeIHHOTO cBeTa. PaccesHHbII cBeT, TakuM o0Opa3oM, Oyner

IIPOMOJIYJIMPOBAH B COOTBETCTBUU C XapAKTEPOM BPEMEHHOI'O M3MEHEHHS TEH30pa
JIVRJIEKTPAYECKON IPOHUIIAEMOCTH Cpepl & . B pacTBopax 3HAUMTENBHBIN BKIA/

B MOJICKYJIIPHOE paccesHUE CBETAa BHOCAT TAKXKe M (PIYyKTyallud KOHLIEHTPALUH.
Bxiian B HHTEHCHUBHOCTb MOJIEKYJSIDHOTO paccesiHUs CBeTa (IIyKTyaluit
TEMIIepaTypbl CYLIECTBEHHO MEHbIIE BKIada APYyrux TUIOB Gaykryauuu. llpu
PacCMOTPEHHUH CHEKTPAJILHOTO COCTaBa MOJIEKYJIIPHOTO pacCesHUs CBETA, YA0OHO

UCITIOJIB30BaTh CIEAYIOIIME XAPAaKTEPUCTUKU (DIYKTyalluu B cpele: (QIyKTyaluuu

nasnenus AP, surpormu AS | konunentpanuu AS u anmsorpormu A&, . [Ipuuem

MPEIoJIaraeTcs, YTo OTMEYEHHbIE (PIYKTyalluu CTAaTUCTUYECKU HE3aBUCHMBI.

B cBs3u ¢ 3TUM 0COOBIN MHTEpEC MPEACTABISET U3yUYeHUE MHTCHCHUBHOCTH
CBETa pPACCESHHOTO B pacTBOpax, a HWMEHHO - TOM 4YacTU HWHTEHCUBHOCTHU
paccessHHOTO CBE€Ta, KOTOpasi OTBETCTBEHHA 3a MOJSPU30BAHHYIO YacCTh,
BO3HMKAIOIIYIO BCJEACTBUE (IyKTyaluii TIUIOTHOCTU M KOHIIEHTpauuu. B
pacTBOpax K M30TPOMHOM COCTABJISIIONICH PAacCEIHHOTO CBETa M3-3a (DIyKTyaluid
MJIOTHOCTU TpHOAaBIIAE€TCS TaK Ha3bIBaeMasi KOHIICHTPAIIMOHHAS COCTABJISIONIAS.
Bxknaza 3Tol yacTu paccestHHOro cBeTa TeM OoJibllie, YeM OOJIbIIE Pa3IuIue MEXIy
MOJIEKYJIaMU COCTaBIISIOLIUX PACTBOPA.

BOnu3u kputhueckod TOUYKH WHIMBHIYAIbHBIX BEIIECTB WJIM BOIU3U
KPUTHYECKON TeMIepaTypbl pacClOeHUs WM CMEIIeHUsT OMHApHBIX PacTBOPOB

Ha6J'IIOI[aeTC$I rpoMaiHOC YBCIIMYCHHUC HWHTCHCHUBHOCTHU PACCCAHHOI'O CBCTA
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MPEUMYIIECTBEHHO B HAMPAaBICHWW PACHpPOCTPaHEHUsS BO30YKIIAIOIIETO CBETa.
SIBneHre 3TO HaA3bIBAETCA KPUTUYECKOW omnanecieHuuen. CMOTyXOBCKU
OOBSICHUJI 3TO SIBJIGHUE CHJIBHBIM POCTOM JIOKAIBHBIX (IYKTyarui IJIOTHOCTH
(I  WHOIWBUAYANbHBIX  BEMIECTB) WJIA CHJIBHBIM  POCTOM  (DIIyKTyaIrwii

KOHIIEHTpalui (B ciyyae OMHApHBIX paccilauBaroluxcsi pacTBopoB). Jleno
3aKJII0YAETCS B TOM, YTO M30TEPMHUUECKAs CKUMAEMOCTh S IpH NPUOIMKEHUH K

KPUTUYECKOMY COCTOSIHUIO CHJIBHO BO3pacTaeT (oOpamaercsi B OECKOHEYHOCTh B
KPUTHYECKOM TOYKE) YTO TMPUBOAUT K pocty Quykryauuid. I[losTomy
HEOTPAaHUYEHHO BO3pACTae€T W HWHTCHCHBHOCTh paccessHHOro cBera |, u
kodhduimeHT paccesHus R, oOpaimiasch B OECKOHEYHOCTb MPU KPUTUUYECKOUN

TeMIIepaType.

AKTYyaJIbHOCTb Pa0dOThI

B Hacrosiielt paboTe OCHOBHBIM OOBEKTOM HCCIIEIOBAHUS SIBISIETCS BOIHBIN
pacTBOp He’JeKkTposuTa. PaccmaTpuBaemblii  pacTBOp HE  OTHOCHUTCS K
paccinauBaromuMces. OQHAKO, SKCIEPUMEHTAIBHBIE JAHHBIE 10 WHTEHCUBHOCTH
paccessHHOTO CB€Ta IOKa3aJd, 4YTO IIPU OIPEACIICHHBIX KOHIEHTPALUIX
HEAJIEKTPOJIUTAa HAa TEMIEpPaTypHOU 3aBHCUMOCTH MHTEHCHUBHOCTH HM30TPOITHOTO
paccesiHMsI cBeTa HAONIOAAeTCd MAaKCUMYM. OTO YKa3bIBaeT, MO-BUAMMOMY, Ha
pocT (QIyKTyaluuid KOHIEHTpaUHuidi npu (GUKCUPOBAHHOM TEMIIEpAaType B PacTBOpE
OnpeJeNeHHOW KOHIEeHTpauuu. O TakuxX pacTBOpax TOBOPST, OOBIYHO, YTO OHH
o0namaroT 0coboi TouKoi. XOTs oco0as TOUKA HE SBISICTCS KPUTUUECKOU, TEM He
MEHEee, OHa T'€HETHMYECKHU CBf3aHa C MOCJIEIHEW. DTO MPEIINOJIOKEHUE O CBA3U
MeX1y 0CO00M TOYKON M KPUTUYECKUMHU TOUYKaMU paccilanBaHusi pacTBOPOB OynieT
MOJIBEPTHYTO CIIELUAIbHOMY OOCYXXJIEHUIO B XOJE U3JIOKEHUS PE3yJbTaToB
HACTOSAIIECH pabOThI.

BrimenepeurcieHHbple 0COOCHHOCTH WHTEHCHUBHOCTH pPAcCesHUs CBETa B

pacTBopax B BOJHBIX pacTBOpax HEINEKTPOIUTAX ObUIM HM3Y4YEHBI TMPH
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UCCJIEIOBAHUM HWHTErPAIIbHOM (CyMMapHOI) HMHTEHCHUBHOCTH MOJIEKYJISIPHOTO
paccesHua. B 3TMX  JKCIIEpUMEHTax  pPErucTpUpoBajach  CyMMapHas
MHTEHCUBHOCTh PAaCCEsHMsI Ppa3IMYHOM MpPHUPOABI - KaKk Ha (QIyKTyalusx
IUIOTHOCTH, TaK W Ha (IyKTyanusx KoHUeHTpauuu. [lpm 3ToM B KauecTBe
UCTOYHUKA  W3JIy4yeHUus [UIsi  BO30YXKACHHUA  MOJEKYJISIPHOTO  paccesHUs
MCITIOJIB30BAJIOCh M3JIy4eHUE PTYTHOM jamnbl. ClieKTpanbpHas MIUPUHA WU3JIy4YCHHUS
ra3opaspsaHbIX UCTOYHUKOB HAMHOI'O MPEBOCXOAMT CIEKTP HM3JIYYEHHS] TOHKOU
CTPYKTYpPhl ~ MOJEKYJSPHOTO  paccesHusi, M 1O 3TOM INpUYMHE  BCE
HKCIIEPUMEHTAIbHBIC UCCIEAOBAHUS CBETOPACCESIHUS OBLITN CBSI3aHBI C U3yUYECHUEM
MHTErpajibHOM MHTEHCUBHOCTH 0€3 ero pasnoxeHus B cuektp. [Ipeanonoxenue o
TOM, YTO MAaKCUMyM HWHTEHCHUBHOCTH pPACCESHHUS B BOJHBIX pPacTBOpax BbI3BaH
TOJIBKO POCTOM (DIYKTyallii KOHIIEHTpAallUM, a HEe JPYyruMHU (PU3NUECKUMU
IpUYMHAMU, HY>KJIa€TCSl B OKCIIEPUMEHTAIbHON MpoBepke. i 3TOro He0OX0IMMO
BBIJICIINTh TY 4YacThb pAacCEsHMsl CBETa, KOTOpass CBsI3aHA C pACCESIHUEM Ha
(GaykTyauusx KoHIEeHTpauuu. [locTaHOBKa Takoro pojaa HCCIEIOBAaHUM cTana
BO3MOXXKHOM TOJIBKO C HCIOJB30BAHUEM B KadyecTBE BO30Y)KIAIOILIEro CBETa

MOHOXPOMATHUYCCKOI'O U3JTy4YCHUS JIa3Cpa.

eab padoThl

[lenpto  auccepTallMOHHOM  pabOThl  SIBJSETCS  MCCIEAOBAHHWE  TOBEJICHUS
MHTEHCUBHOCTHU PACCESHHOTO CBETA B CIEKTPE TOHKOW CTPYKTYpHI JINHUU Penes B

pacTBope ) -IUKOJWH-BOJA, OOJIajalonuM 0co0oi ToukoW Ha  (a3oBoi

JrarpaMMe COCTOSHUS B KoopauHatax temmeparypa (7) — konuenrparus (C).

Jnst MOCTY KEHMs LIeNId JAUCCEPTAIMOHHOTO HMCCIEAOBaHUs ObLUIA TOCTAaBJEHBI U
pEIIeHBI 3a1a4H.
1. AHaIM3 DHKCHEPUMEHTAILHOTO M TEOPETUYECKOTO U3YUYEHHS TOBEICHUS

HHTeraHBHOI;'I HHTCHCUBHOCTH  CBCTOPACCCAHUA B 3aBHCHUMOCTH OT
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KOHIEHTpALUU U TEeMIlepaTyphbl, KOTOpPbIe OBUIM  BBIIIOJIHEHBI B
MPEIIIECTBYIOMIMNX UCCIIEIOBAHUSX;

2. PazpaboTka METOIMKM HU3MEPEHHUs] HWHTECHCUBHOCTH CBETOpaccesiHUs B
CIEKTPAJIBHO PA3JIOKEHHOM CBETE;

3. UccnenoBanue 4acTOTHOTO paclpeiefieHuss MHTEHCUBHOCTH B KOMIIOHEHTaX
TOHKOW CTPYKTYpHI JIMHUM Pernes.

4. Ananu3 pe3yJbTaTOB UCCIEIOBAHUS U BHIBOJBI.

3a1umuaeMble MHOJIOZKCHHUSA

1. PesynbTaThi DKCIEPUMEHTAIIBHOTO VICCIIEIOBAHUS UHTEHCUBHOCTH
MOJIEKYJISIPHOTO PAaCCESIHUs Ja3€pHOT0 M3IYYEHHUS] B KOMIIOHEHTaX TOHKOMU
CTPYKTYpHbI TUHUU Penes;

2. DKCIEPUMEHTAJIbHO I[I0KAa3aHO, YTO MAaKCUMyM CBETOpacCesHUs MpH
ONpPEACIEHHON KOHIEHTPAIMM W TEMIeparype B BOJHOM pacTBOpE
HEJJICKTPOJIMTAa THUNA ) -IIAKOJMH-BOJA CBS3aH C HAIUYUEM PA3BUTHIX
GbayKTyanuii KOHIICHTPAIINH;

3. IHTeHCHBHOCTh paccesHusS Ha (QIyKTyalusx IUIOTHOCTH B OKPECTHOCTH
0CcO0O0M TOUYKM pacTBOpa MEHSETCs cjaabo M CBs3aHa C TEMIIEpaTypHOH
KMHETUKOU ainabaTU4eCcKON CKUMAEMOCTH pacTBOPA;

4. JlazepHas CIEKTPOCKOMHUS MOJICKYJISIPHOTO pacCEsHUs TMO3BOJIAECT BBIACIUTH U

HCCJIEIOBATh paccesiHue Ha (DIyKTyalusaX pa3TudHOM MPUPO/IBI.
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I'JIABA |
PACCESAHUME CBETA B OJHOKOMIIOHEHTHBIX KUJIKOCTAX 1
PACTBOPAX

1.1. PacyeT HHTEHCMBHOCTH PACCESIHHOIO CBETA MO JWHINTECHHY

Bormpochl, Tak WM HHA4Y€ CBSI3aHHBIE C MOJIEKYJSIPHBIM pacCEesIHUEM CBETa B
KHUJKOCTAX U pacTBOpax, WIMPOKO OOCYKIanuch B psiie padboT, MoHorpaduil u
0030poB [1-11]. MeTtos pacueTa HHTEHCUBHOCTH PACCESIHHOTO CBETA B JKUIKOCTSIX
MU pacTBOpax, NPUMEHEHHBIM OWHIITEHHOM [l], 3akmrodaercs B CHEAYIOLIEM.
®Onykryanust A& KoTopask MOXKET ObITh (DYHKIHEH Mapbl JIFOOBIX HE3aBUCHMBIX

TCPMOANHAMHUUYCCKUX IICPCMCHHBIX, IIPUMHUMACTCA paBHOﬁ

os

Ag = (gl Ap (1.1)

HPGIICTaBI/IM (bHYKTyaIII/II/I IIJIOTHOCTHU A,O B BHAC IIPOCTPAHCTBCHHOI'O

TpexMepHoro psajga Oypee
Ap =D Ap.e", (1.2)
q

rae g— mapameTp pasjioKeHus ¢ cocrasisiromumu  (,,(,,(,, npuaMMarommuMu

zim .
3HaYeHMs, paBHbIe - —— (M= 0,+1,%2,...). [Ipeanonaraercs, 4To paccenBaroIIuii

2|

oobem V umeer dopmy kyba co CTOpOHOU E:(V)% >> 4. KoaddummenTs

paznoxxenus (1.2) BeraucnsaroTcs no Gopmyne [3]

1 —iqr
Ap, Z\TIApe Tdv (1.3)

U B CHIy BEIECTBEHHOCTH Ap CBS3aHBl MEXKAY COOOHM COOTHOLICHHEM

Ap = Ap; . [ToncraBus (1.1) u (1.2) nonyuum

17



1= Eoeikll‘ o€ J‘ZAP e—i(k'—k—q)l’dv 1.4
47Z'L 8p ; 5 q ( . )

WUurterpan B (1.4) mpu Oompmmx oObeMax V OTIMYEH OT HYJIS W pPaBeH

npousBeAeHNI0 Ap V' TOJIBKO HPH YCIOBHH

K'—k—q=0 (1.5)
Utak, pu codmoaenun ycmosus (1.5) Bexkrop 'epma (1.4) nmepexoaut B
E Veik'l_ de
=" Ap,,.
AL ( o0 ). Lq (1.6)
W3 nocneaHero BeIpaXeHUs U HalAeM MOJIe pacCesTHHOM BOJHBI
\2 .
. K JEgve™t (o :
E = ( ) 0 £ Ap,Sing (1.7)
Arl_ op )+
3necy ¢ — yron Mexay HampaBiicHHeM BekTopa K' (HampaBiicHHE pacCesHHOM

BOJIHBI) W HAllpaBJIEHHEM KojieOaHMsi BEKTOpa BO30yxaaromieil Boausl Eg. Ilpu

OCBCHICHUH ITOJIAPHU30BAHHBIM CBCTOM C BCKTOPOM EO Il'z

2 .
! ik L
. ‘k VE e de
‘ e, L op
Ipu ecTecTBEHHOM BO30YKIAIOIIEM CBETE

N (1 ¥ _ N 1
E(E’oy)2 - A (Eoz) - 210’

rac |0- I0JIHAsl MHTEHCHUBHOCTH E€CTECTBEHHOI'O CBeTa. VIHTEHCHMBHOCTH CBETa

j A,quin 19y (1.8)
.

-2 1 -2 1
BhIpOKAEeTCss B 9p2-Cm “-cek , wim 6ém-cm -, uad em cmepad - [4-5].
VIHTEHCMBHOCTh PACCESIHHOIO CBETa IPU BO30YKIECHHU €CTCCTBCHHBIM CBETOM

ecTb cymMa kBajzipatoB (1.4) u (1.5):

2
: os
K )vz 22| ap?
) (épl il (sin?9, +Sin29, ) (1.9)
2(4ze, L) ’ ’ '

I=1

(0]

Y4uuTeIBast, 4TO
Cos®9, + Cos?9, + Cos*3, =1
[Tonyunm
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Sin?9, +Sin*9, =1+ Cos?*9,
rie ¢, =60 -yrom Mexay HaIpaBI€HMEM paCcHpPOCTPAHEHHs BO30YXKIAOLIETO

cBeta K n HampaBieHHeM HaOIIOACHUs paccesHHoro cBera K'. CraTucthyeckwii

pacuer Ap§ JaeT
—— 1 2

YyuThiBasi, 4TO ‘k‘ = , monyuum, nozactaniss (1.10), uzBectuyto dopmymy

Zﬂx/g
A

DUHIITEHHA

72V oe)
I=1, SOE pap o kT(l—l— C0826’) (1.11)
T

3nech cienyeT JUllb OTMETHTb, 4YTO OWHIITEHMH NpPeNCTaBisl (PIyKTyaluu

IVIOTHOCTKU B BHUJAE  MPOCTPAHCTBEHHO-NEPUOAMYECKUX  (QyHKUUNA. OTH
OWHIITEHHOBCKHE «(OpMallbHbIE BOJHBD» HOCHUJIM CTaTHYECKUH XapakTep.
['myOokuil (pU3nYeCKuil CMBICT U TUHAMHYECKUI XapakKTep 3THX BOJIH CTaJl SICEH
JIMIIb 3HAYUTEIBHO MO3HEE.

Ceituac crnenyer oOpaTuTh BHMMAaHUE Ha TO, 4YTO cooTHouieHue (1.6)
pescTaBiIsieT cO00M 3aMCaHHOE B BEKTOPHOU (popMe XOPOIIO U3BECTHOE YCIIOBUE
bperra.

[IpeneOperass HEOOABIIMM M3MEHEHHEM JJIMHBI BOJHBI IPH KOTE€PEHTHOM

paccessuun u nonarast |K'|=|k|, mosryanm

(1.12)
rae g =2%- A - nnmuaa ynpyroit BomHbL. MHawe (1.12) MOXHO mepenucarh

CJIEAYIOIINM 00pa3oM:

. 0
2NnASIn E =A (1.13)
MaKCI/IMyM HNMHTCHCHUBHOCTHU paCCCHHHOFO CBCTa 6y1[eT HaGJ'IIOI[aTBCH 10 yFJ’IOM

paccestuust 0 npu 3agaHneix A u A B cootBercTBHM ¢ yciaoBueM (1.13). TIpu Toit
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ke A, mox apyrum yrioM 6, paccessHHBIN CBET OyIET ONpeNeIsThest APYroi
dbypbe-koMmoHeHTON pasznoxenus (1.3) wu, cremoBaTrenbHO, IPYroM ITUHOM

yrpyroit BoaHbl A, . Takum 00pa3oM, KaXkI0My yIiIy HaOJIOJAEHHS [IPU 3aaHHOM
A cooTBeTcTBYET CBOSI hyphe-KoMIoHeHTa AQ,, Onpenensomas HHTEHCHBHOCTh

CBETa, PACCESIHHOTO B JAHHOM HampaBlICHUH.
1.2. KoadppunueHT paccesiHus

MHTEHCUBHOCTh PAacCESIHHOIO CBETa 3aBUCUT HE TOJIBKO OT (DU3MUECKHUX
XapaKTEPUCTHK PACCEUBAIOIIEH Cpella U €€ COCTOSHUS, HO U OT BHEITHUX YCJIOBUUN
skcriepuMenTta lg V, L — uHTEHCMBHOCTM BO30YyXJaloIIero cBera, o0beMa, U
PacCcTOSIHUS TOYKHM HAaONIOJCHUSI OT TOYKU PAacCEsHUs, COOTBETCTBEHHO. [loaTomy
BMECTO a0CONIOTHOM WHTEHCUBHOCTH PpACCEIHHOTO CBeTa YAOOHO BBECTH
BEJIMUMHY, HE 3aBUCAIIYIO OT YCIOBUM IKCIIEPUMEHTA.

B kauectBe Takoil BenuuuHa BbIOpaH KO3(PuUUEHT paccesHus R, 1o

ONPEIECIICHUIO PaBHBIN

| L?
R=|—7 em (1.14)
0

YyuteBas (1.11) u (1.14) nonmyanm ko3P UIIMEHT paccessHus

2
7T

R =
21"

(o 2—8)5 KT (1+cos” ®) (1.15)
0

Ipu HaGmoaenun mox yriaom paccesaus © =90° popmyna (1.15) mepexomut B

2
7T

R —
0 24

OE  »
(o op )T KT (1.16)

1.3. Kpurnueckas omnajiecueHuusi npu ¢Ga3oBbIx nmepexoaax BTOPOro pojaa
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BOau3u KpUTHYECKOM TOUKH MHIMBUYaTbHBIX BEIIECTB WM BOJIU3U KPUTHUECKON
TEMIIEpaTypa pPacciIOCHUs WU CMEUICHUs OMHApHBIX PAacTBOPOB HAOMIOAAETCA
I'POMAJIHOE YBEIUYEHUE NHTECHCUBHOCTH PACCESIHHOIO CBETA IPEUMYIIECTBEHHO B
HalpaBJIeHUU PacIpOCTPaHEHUs BO30YKIAIOIIEro CBETA.

OTO sABJICHHE HOCUT Ha3BaHUE KPUTUUECKOU onanecueHunn. CMOIyXOBCKUI
OOBSICHIII 3TO SIBJIEHUE CUJIBHBIM POCTOM JIOKAJIBHBIX (PIIYKTyalluii MJIOTHOCTH MIPH

NPUOIIMKEHUN K KPUTHYECKOMY COCTOSIHMIO. Jlermo 3akiroyaroTrcss B TOM, YTO
M30TEPMUYECKAS CKUMAEMOCTE [ npyu OpUOTMKEHUH K KPUTHUYECKOMY

COCTOSIHUIO CHJIBHO BOo3pacTtaeT. Bmecte ¢ Tem kak 370 cieayeT u3 ¢popmyna (1.14)

HCOI'PAaHUYCHHO BO3pAaCTaCT H HHTCHCUBHOCTL PACCCAHHOIO CBCTa |, u

To?
kodddummenT paccesHuss R. YuuTbiBas dTO Br =5, +—pC . Hnsa  cnyyas

KpPITPI‘-ICCKOﬁ OMaJICCLCHIIMHY MOXHO HAIIMCAaTh.

°KT o€ - 1 o¢

Rao = 5 W0 5002 e+ (SO0 = )]

MHTEHCUBHOCTh CBETa, pACCEIHHOIO Ha aauadaTH4ecKuX (IyKTyalusx

IJIOTHOCTA BOJW3U OT KpI/ITI/I‘IGCKOﬁ TOYKA M B CaMOM ATOM TOYKE HHMKAKHX

KatacTpo(MUECKNX M3MEHEHWH He mnperepresaer, s cnabo MeHSETcs, B TO

BpeMs Kak f; -Heorpannyenno pacrer. Orcrona u koddduient paccesnue R xak
3TO BUAHO U3 QopMyna Toxe pacter. OpHiuTelH u LlepHuke mocTpousiv TEOpuUIo
CHJIBHOTO BO3pAacTaHUsi HHTEHCUBHOCTU PACCESIHHOTO CBETa BOJIM3M KPUTUYECKOU
TOYKH, MCHOJB3Yysl UACI0 O TOM 4YTO BOJU3U T, CHUJIIBHO PacTeT CKUMAeMoCThb. B
CBSI3M C 3TUM (IIYKTyallld IJIOTHOCTU B COCEAHMX 00BbEMaxX yKe Hellb3sl CUUTATh
CTAaTUYECKU HE3aBUCHUMaMH. YU€T 3TOro (aktopa MO3BOJWI HOMYy4uTh i R
cleayrmyw GopmMyy:

_ (p 85)2 KT (1+ cos? @)
- 2
28 7 op (L g2 ?

T

7 (A—cos p)]

U3 1ot popmyiisl BUaHO uTo ipu @ =0 COS@ =1 u torpa:

21



2

7T OE |
R = —)1 2KT, = 0 —
Y (p ap)T Fr ampu =0 c0s90° =0
7? o€ kT
R=_"—(p=5)7
27V op) 1 g
12

A
Oty GopMynbl MOKa3bIBAIOT UYTO MHAMKATPUCA PACCESIHUSI UMEET OCOOCHHOCTb, a

HMCHHO HMHTCHCHBHOCTBL PACCCAHUA 110 MAJIBIMH YIJIaMH IOpas3nao Oobllle YeM

0
nox Harnpumep @ =180". Takum 06pa3oMm yrioBas 3aBUCHMOCTh MHTEHCUBHOCTH

pacCeiHusg IIpu KpI/ITI/I‘{ETCKOﬁ TCMIICPATYpE CYHICCTBCHHO OTINYACTCA OT

pEJIEEBCKOM.
1.4. OcHOBHBIE XapAKTEPUCTUKH U CBOICTBA 0C000ii TOYKH PacTBOpPa

CymiecTBytoT creuuuyecKkue HepaccilauBaoluecs OMHapHBIE PACTBOPHI
(HampuMmep, BOJHBIE PACTBOPBI HEAIEKTPOJIUTOB), KOTOpbIE 00J7a/lal0T MHOTHMMHU
CBOMCTBaMHU pPacCIauBalOIIMXCsl pacTBOPOB. B yacTHOCTH, MO Mepe NpUOIKEHHS
K OIpeNeCHHON KOHLEHTPAallUh M TeMIlepaType pacTBOopa HaOJIOIaeTcsi pocT
baykryanuid. [IpuHATO TOBOPUTH, YTO ATU PACTBOPHI 00JATAIOT OCOOOW TOUKOMA.
DTON TEPMUHOJOTUU Mbl OyZeM MpUIEPKUBATHCS U Aanbliie. B HacToslee Bpems
HET €JMHOr0 MHEHMSI O IPUPOJIE 3TUX PACTBOPOB, OOIAAIOIIUX TEMIIEPATYPHBIM
MUHUMYMOM CTa0uibHOCTA. B 0co0Ooili Touke WM BOJIM3M HEEe B PacTBOpax
OOHapy>KEHbI MakCUMyMbl B HHTEHCHBHOCTH pACCEIHHOIO CBETa M B
K03 uIMeHTe MOIJOoIEHUsl yiabTpa3Byka. lIpeamornaraercsi, 4YTO pacTBOPHI,
UMeroIe 0co0yr0 TOUKY, MOKHO YMOJOOUTH pacTBOpaM C 3aMKHYTOUN 00JIaCThIO
pacciauBaHusi, Iojlaras, 4YTo 00JIacTh paccilauBaHUS CTSHYTa B TOUKY.
COOTBETCTBEHHO, MPEIIONAraeTcsi, 4To ocobas TOYKa pacTBOpa pOJACTBEHHA
NBOMHON KpuTHuecko Ttouke (AKT), a mocienHssi TEHETHUYECKH CBSi3aHa C

BEPXHEH M HWKHEH KPUTUUECKMMH TOYKAMH pacCliauBaHUsi OMHAPHOTO pacTBOpa

[12-23].
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MexaHu3M, OTBETCTBEHHbIH 3a oOpa3oBaHuME 3aMKHYTOW  00JacTu
pacciamBaHusl W TOCIEAYIOUIYyI0 €€ TpaHchopMmaluio B OCOO0YI0 TOYKY, ObLI
npeioxkeH B [12,13], 1 MbI H3JI05KHM €r0, CIEAYs 3TUM paboTaM.

N3BecTHO, 9TO CYIIECTBYET KJIacC OMHAPHBIX CMECeH, 00JIalalomnux BEPXHEH
KpUTHUYECKON TemrepaTypoit paccinauBanus (BKTP). OHu TOMOT€HHBI TOJIBKO MpHU
TeMIIepaTypax, MPeBbIIANMX KpuTHUecKyr (Tx). KpuBas cocyiiecTBOBaHUS B
ATOM CJIy4ae BBITJSIUT TakK, Kak n3o0pakeHo Ha pucyHke 1.(a). Ecou OuHapHBIH
pacTBOp TOMOTEHEH TOJBKO IpPHU TeMIEepaTypax HHUKE, 4eM Tk, TO TOBOPAT O
HaJIMYUHM HIDKHEH KPUTHYECKON Temmneparypsl pacciauBanusa (HKTP) ¢ kpuBou
COCYUIECTBOBaHUsA, U300pakeHHO! Ha pucyHke 1.(0). Hapsamy ¢ 3TuM cyliecTByroT
OMHapHBIE CMECU C 3aMKHYTON KPUBOM coCylecTBOBaHMs. Takas CMECh JABaXK]Ibl
OBIBAET B TOMOT€HHOM COCTOSIHMM: IIPU TEMIIepaTypax Bblle TemiepaTypbl HKTP
u Hike Temneparypbl BKTP. 3aMkHyTOW KpUBOM cocyiiecTBoBaHusl (puc.l(B))
001aa0T 0OBIYHO OMHApHBIE PACTBOPHI HEAJIEKTPOJIUTOB, KOMIIOHEHTHI KOTOPBIX
CIIOCOOHBI IPU ONPEJEICHHON TeMIlepaType 00pa30BbIBATH BOJOPOIHYIO CBS3b.

U B TOM, U B IpyroM ciaydae 3a CYHeT U3MEHEHUs cuil BaH-nep-BaaibCcoOBCKOTro
B3aMMOJICUCTBUSL M BOJOPOJHBIX CBSI3€d HM3MEHSETCS TEPMOJUHAMUYECKOE
COCTOsIHME pacTBopa. AHaiu3 (a30BOM JuarpaMMmbl CUCTEMBbl METOHOJI-H-TENTaH
[11,12], mocTpoeHHOH 1O U3MEHEHUIO TETUIOEMKOCTH, MOKa3aj, 4To B pe3yJibTaTe
YMEHBUIEHUSI COJAEPKaHMUsI BOABI 00JacTh paccianBaHusi cMmemaercs. [lomooHoe
U3MEHEHHEe O0O0JacTH pacciauBaHUs HAOMIOJAeTCsl Takke INpU HaJOKEHUU
M30BITOYHOTO BHEIIHETO JaByieHus. Huke, npusnekas uccienoanus nalinepa u
ap. [18-25], Mmbl mokaxkem, Kak IPU U3MEHEHUH JABIICHUS B PACTBOPE MPOUCXOIUAT
«CTATUBAHUE» 3aMKHYTOM KPHUBOM COCYIIECTBOBAHUS B JBOWHYK KPUTHYECKYIO
touky ([KT), a 3atem - TpaHcpopMalus MOCIeAHEeW B 0COOYI0 TOUKY pacTBOpa

(TouHee, B IENYIO JUHUIO OCOOBIX TOYEK)
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BKTP

Tk

(@)

Tk

(b)
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BKTP

HKTP

(B)

1 (B). ®a3oBble 1uarpaMMbl pacTBOPOB:
a - C BEpXHEW KpUTUYECKOW TEMIIEPATypOil pacCilanBaHus;
b - ¢ HIKHE# KPUTHYECKON TeMIepaTypoil paccianBaHus;

¢ - ¢ 3aMKHYTOH 00JIaCTBIO paccilanBaHHs;
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<«—edALtedsuns |

BKTP X

AOABJIEHUE, P

3

]
<«— edAiedauna] ©

Py 2x108 Ma

-7x10" MNa

Puc.2. Cxema da3zoBoit nruarpammsl (P, 7, C) A pacTBOPOB S-MIUKOIHUH-BOJIA

26



Oco0oii TouKO0#l 00J1aaI0T pacTBOPHI, KOHIIEHTPALIMOHHBIE U TEMIIEPATYPHbIE
KOOPAMHATHI KOTOPBIX XOTS M COBIAJIAIOT C COOTBETCTBYIOIIUMHU KOOPAMHATAMHU
IOBOMHON KpUTUYECKOU TOYKU Crxr U Tjxr, HO HM3-3a OTIMYAIOIIErOCA 3HAYCHHUS
JaBieHUsl (CYHIECTBEHHO OOJBIIEr0 WM MEHBLIEr0, 4Ye€M B KPUTUYECKOM
pacTBope) pedbIBatOIINEe B ”THOM TEPMOJAMHAMUYECKOM COCTOSHUU.

CrenyeT OTMETUTh, UTO TEPMOAUHAMHUYECKUM COCTOSIHUEM PACTBOpPA MOKHO
yIpaBIATh HE TOJBKO U3MEHEHUEM JaBiieHus (P), Ho u J00aBJIeHHEM K PacTBOPY
TPEThE KOMITOHEHTHI.

Pucynok 2. 3aumMctBOoBaH Hamu u3 [15,16]. KpuBbie cocymiecTBoBaHusI B
pacTBOpax METUJITIUPUIUHOB B BOJIE MIPEACTABJIEHBI B 3TUX pabOTax B TPEXMEPHOM
npocTpaHcTBe ¢ koopauHatamu 7, C, P. HyneBas Touka Ha ocu AaBieHHl P
COOTBETCTBYET HOpPMallbHOMY atMmocdepHoMy pAaBieHuro Py. O0nactbio
«OTpUIIATENIbHBIX» JaBJICHUN cuuTaercs objacTe npu P<Py; COOTBETCTBEHHO,
MOJIOKUTEIIbHBIMUA TPUHATHL AaBieHuss P>Py . Ha pucynke 2. cxemaTudecku
NpPEeACTaBICHa KpHBas  COCYLIECTBOBAHMS  JJIi  BOJAHOIO  pacTtBopa  3-
METWINUPpUIUHA ([F-TUKOJNMHA) U €€ JAUHAMUKA Npu H3MeHeHuH napieHus. C
MHOTO00pazuemM (opM KpPHUBBIX COCYIIECTBOBAHUS B Pa3HBIX PACTBOpPAX MOKHO
03HaKOMUTBCS B pabore [18].

Kak BuAHO u3 pucyHKa, TpU TOBBIINICHUU AaBJICHUS 3aMKHYTas 00JacThb
KPHUBOU COCYILIECTBOBAHUSI PACTBOPOB METWJIIIMPUIMHOB B BOJE IOCTEIEHHO
craruBaercss B /J[KT. Ilpn panpHeHIIeM YBEIMYEHUM NABJIEHUS MBI IOJIy4aeM
pacTBOp, 00namaroMii 0co00i TOYKOM, TOUHEE - HEMPEPBIBHBINA pAJl paCTBOPOB,
oOnamaronx 0co0oil ToukoW. JlampHEHIIMI pOCT [aBlIEHUS TPUBOAUT K
oOpa3zoBanuto BTOopod /KT w oOnactu pacciiauBaHUsi TpPH TMOBBIIIEHHBIX
napieHusx. Ciaeayer OTMETHTh, 4To il 2-, 3-, 4-metwinupuauHoB ¢ H,0, a
Takxke s 4-metwinupuauHa (y-nukonuHa) ¢ D,O «kynon paccinavBaHus» (B
koopauHatax P, 7, () mnpu HHU3KUX [IaBJICHUSX CMEUIEH B CTOPOHY
«OTpHIATENbHBIX» AaBieHui, u JKT pacnoyioxKeHbl B 0071aCTH «OTPULIATEIbHBIX)

JIaBJIICHU.
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[Ipn BBICOKMX JaBIEHUSX (2x10° = 5x10° IIa) Bce MOHOMETHUJITPOU3BOIHBIE
nupuguHa ¢ H,O u D,0 00pa3yioT BTOpPOH «Kymojd pacciauBaHusy (puc.2),
npudueMm s 3-metwinupuanHa ¢ DO  «kymonma» ciauBarotcs, o0Opasys
«MEPEMBIUKY» (TO €CTh paccllauBaHUE TMPOUCXOAUT TIPU BCEX 3HAYCHUAX
nasieHus); 2-metwinupuand ¢ D,O obpasyer yxe npu HOpMaJIbHOM JIaBJIEHUU
3aMKHYTYI0 00JacTh paccllauBaHMs, KOTOpas MpU HEOOJIbIIOM TMOBBIIICHUN
nasieHus crsaruBaerca B JKT, a npu P>2x10° Tla oOpasyercss HOBasi 00J1acTh
paccianBaHus.

Hapsny ¢ OuHapHbIMH pacTBOpaMy, UMEIOMIMMU BEPXHIOID KPUTHUYECKYIO
TOYKY paccllauBaHus, W OWHApPHBIMM  PAaCTBOPAMH, HMEIOIIUMU HHUKHIOIO
KPUTHYECKYI0O TOYKY pAacCIauBaHUsl, CYIIECTBYET HEMHOTOYHUCIIEHHAs TpyIla
OMHApHBIX PAaCTBOPOB, KOTOPBIE, OyIy4H OJHOPOJHBIMH Ha BCEH IIIOCKOCTH ¢, T
(c-koHIIeHTpanusa, I-Temmeparypa), NpUOOPETAIOT  3aMKHYTYIO  OOJacTh
paccianBaHus TpU J00ABJICHUM  MaJIOrO KOJIMYECTBA TPETbE KOMITOHEHTHI.
[IpuMepoM Takoro pacTBopa SIBJISETCS PaCTBOP I'BasKOJ-IIIMIEPUH. [[ocTaTOuHO B
TaKoil pacTBOp BHECTM | MoOJIeKyly BOAbI Ha 23 MOJEKYJbl pacTtBopa wid 1
MOJIEKYJIYy YETBIPEXXJIOPUCTOro yriepoga Ha 170 moiiekyn pacTBopa, Kak B
HEKOTOPOM MHTEPBAJIC TEMIIEpATyp BO3HUKHET 3aMKHYTasi 00JaCTh paccianBaHUs
(CSR) ¢ BepxHei#t 1 HIDKHEH KPUTHYSCKUMH Toukamu [24-28]. Kak mokasai OIIbIT,
00JlacTh pacciauBaHUsl BO3HHMKAET JIMIIL MPU J0OABKAX, pPACTBOPUMBIX TOJIBKO B
OJIHOM M3 KOMIIOHEHT pacTBopa. Jlnarpamma, n3o0pakeHHass Ha puc.2.a U B3ATas
13 paboThl [28], WILTIOCTPUPYET ATy cUTyaruo. OcOOBIMU TOUKAMU SIBIISIFOTCS BCE
Touku JUHUU AB B uaTepBanie oT A 1o DCP. B aTux Toukax mpu (UKCUpOBAaHHOM
¢, UMEETCSd MAaKCHUMYM B 3aBUCHUMOCTSIX HMHTEHCHUBHOCTH pAaCCEsHUA U pajuyca

KOppesiuuu (PIyKTyanuil KOHUEHTpauu ot 7 U c.
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Puc.3. Jluarpamma, B3sitas u3 paboThl [28], MOsACHAMOMIAS CMBICT 3aMKHYTOH o00JacTu
pacciauBaHusl, TBOMHON KPUTUUYECKONH TOUKH U OCOOON TOUKH B PACTBOPE I'BasSKON-TIUIEPUH: T’
- TEMIEeparypa, ¢ - KOHLIEHTpAlUs IBasKojia, ¢y — KOHLEHTpanus 1o0aBku, 7y —Temmneparypa
BEPXHEH KPUTHUECKOW TOYKH, || - TeMIepaTypa HuxkHeH kpurndeckoit Touku, DCP - nBoiiHas

KpUTHYEcKas Touka, SP - ocobast Touka.
1.5. MoJieky.isipHO€e paccesiHMe CBeTAa B BOJAHBIX PACTBOPAaX HEJICKTPOJIUTOB

B »TOomM pasnmene Mbl NPUBENEM HEKOTOPBIE TEOPETUUYECKHE OCHOBBI pacyera
WHTCHCUBHOCTM CBE€Ta INPU NPUMEHEHHH KIACCUYECKOW CTaTUCTUYECKOU
TEPMOJIMHAMUKH, cieyst MoHorpadguu N.JI. @adenunckoro [1].

[IprumMeHeHnEe KIACCUYECKOW CTAaTHCTUYECKONM TEPMOIAMHAMHUKHM K PacyeTy
WHTEHCUBHOCTU CBETA, PACCESIHHOTO B KOHJIEHCUPOBAHHBIX M30TPOIIHBIX CpPElax,
NPUBOJAUT K (PyH/IaMEHTAJIbHBIM Pe3yJibTaTaM, KOTOpbIE OYyT U3JI0KEHBI HUKE.

PeSYJ'IBTaTBI TAaKOro pacucra IMIPpUMCHUMBI, CCIIM CPCOHAA JIHMHA CBO6OI[HOF0

npobera MoJIeKyJ1 cpeibl £ Topa3o MEHBbIIIE JIHHBI BOJIHEI CBETa B cpeze A /n.
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KpomMe TOro, KnacCM4eckui TEPMOAMHAMMYECKHM pacdyeT IHNPUMEHHUM, KOTIa
napaMeTphl, XapaKTepU3ymollue cpeAy W BXoAsgmue B (QOpMysbl TEOpUH, HE

3aBUCAT OT 4aCTOTHI.

Ecnu  BemonHeHO — ycioBue ! <<’%n0 Cpelly MOXHO CYMTATh

HENIPEPBIBHOM M XapaKTEPU30BATh HEKOTOPOM ONTHUYECKOW JHMAIIEKTPUYECKOU

OPOHULIAEMOCTBIO &y .

Korpa Takasti cpega onHopoaHa, T. €. €, HE 3aBUCUT OT KOOpPJUHAT (HET

ONITUYECKUX HEOTHOPOJTHOCTEH), TO, KaKk ObLIO MTOKa3aHO BO BBEJICHUH, HE Oy/IET
paccestHus CBETa.

TennoBoe JBMKEHHME MOJEKYJ CpelIbl MPUBOJUT K BO3HUKHOBEHHIO
GbayKTyaluu TWIOTHOCTU M OPUEHTAIMH aHU30TPOMHBIX MOJIEKYJI, KOTOPHIE B CBOIO
ouepe/ib BBI3BIBAIOT (DIIYKTYaIlMH ONTUYECKON JUAIICKTPUUECKON MTPOHUIIAEMOCTH.

[Tonoxum, 4TO AMAIEKTPUUYECKAs MPOHUIIAEMOCTh CPEAbl CKIAIbIBACTCS U3
£, HEBO3MYIIICHHOU Cpe/Ibl M Maioro qo0aBka A& , BRI3BAaHHOTO (DIIYKTyaI[UsIMHU.
Ecau wuzoTpomHasi B IIeJOM cpella COCTOMT W3 AaHU3OTPOMHBIX MOJEKYJ, TO
BceACTBUE (IIYKTyallud WX B3aMMHBIX OpHUEHTAllMM B 00bEMa (IyKTyaruu
TOSIBUTCSI aHU3OTPOTHSI, U MOITOMY A& CTaHOBUTCS TEH30PHOW BEIWYMHOW H,
CJIeI0BATENbHO,

i = &0y + Agy, (1.17)

rae O, - enunuuHblii Tensop Kpownekepa. Ilepsonii umen (1.17) onpenenser
3HAaUYEHWE & B OJHOPOJHOW cpele, B KOTOPOM paccessHUE CBETa OTCYTCTBYET,
MO3TOMY 3TOT WIEH Jalbllie HE pacCMaTPHUBAETCS.
DddexT paccesHUs CBETa ONMPEAEIAETCS TONBKO 3HaUeHHEM A&, , KOTOpoe
yI00HO MPEJCTAaBUTh B BUJIE IBYX YaCTEH:
Ag, = A&, +Ag (1.18)

3

rae ZAgii =0. Onykryaumn A& WM3OTPONHBI M ONMPEIENSAIOTCS TOIBKO
i=1

bnykryanusamu  gasienuss AP wu ouTpormu  AS  wmim  miotHOocTH AP W

30



temnepatypbl AT, unm m000i Ipyroi mapbl HE3aBUCHUMBIX TEPMOJIMHAMUYECKUX
NEPEMEHHBIX.
Ecim paccMarpuBaeTcst pacTBOp HJIM CMeCh Ta30B, TO A& OyIeT Takke

(GyHKIMEH KOHLIEHTPAllM KOMIIOHEHT pacTBOPA UM CMECH.

1.6. KoHueHTpanuoHHas U TeMIIepaTypHas 3aBUCMMOCTH K03 Ppunuenrta

paccesiHUs CBETA B BOAHBIX pPacTBOpax HEIJICKTPOJIUTOB

Cpean BOOHBIX PACTBOPOB HEDJIEKTPOJHUTOB PACTBOPBI TPETUHYHOIO OYTHUIIOBOTO
ciiupta (TBC) B BoJie HHTEHCUBHO UCCJICOBAaHbI Pa3IMYHBIME MeTonamu [29-33]
YTO  OOBACHSAETCSA MHOTOYMCIEHHOCTBIO  OCOOEHHOCTEM HMX  (PU3MYECKHX
xapakrepuctik. Monekyna ThC obnagaeT cBOMCTBOM reTepoPpyHKIMOHAIBHOCTH.
Jpyrumu cioBamMu, B 3aBUCHMOCTH OT TeMIlepaTypbl pactBopa moJekyisl ThC
criocoOHbI TN00 00pa30BBIBATh BOAOPOAHBIEC CBA3U (H-CBsI3M) ¢ MOJIeKyIaMu BOIbI
U, TAKUM 00pa3oM, MpPOSBIATh CBOK TMIPO(UIBLHOCTD, 100 u3derate H-cBs3M ¢
MOJIEKYJIaMH BOJBI, MPOSIBISISL CBOIO THApoPoOHOCTh. B 3aBUCHMMOCTH OT TuIa
NPOSIBJICHHOW  (PYHKIMOHAJIBHOCTH B  BOAHBIX pacTBopax TBC  Moryr
00pa30BBIBATHCS PA3IMYHbIE BUIBI CTPYKTYp: OT HaJAMOJIEKYJISIPHBIX arperaros,
JNBIKYIIMXCA KaK OJHO 1EJ0€, JO AacCOlMaTOB, COCTOSALIUX W3 MOJEKYI
OJIMHAKOBOTO copTa. OCOOEHHOCTH BO3HUKAIOMIMX MPU 3TOM PA3IUYHBIX CTPYKTYP
IPOSIBIISIFOTCS. B TEMIIEPATYPHOM NOBEAECHUM CKOPOCTH THIIEP3BYKA.

O030p pa3nUYHBIX MHTEPHPETANI SKCIEPUMEHTAIBHBIX PE3YJIbTATOB,
BBITIOJTHEHHBIH B [33], mokasayi, 4TO OHM NPEANOJIaraloT OJMM30CTh COCTOSIHUS
pacTBopa Ipu HOPMAJIbLHOM JIaBJICHUH K ()a30BOMY MEPEXOy KUIKOCTh-KUIKOCTb
[3,35] wnmm oOpa3oBaHHWE HAJIMOJEKYJSAPHBIX CTPYKTYp THNAa KJIAcCTEPOB
(H,0);;TBC [22]. KoHueHTpalMOHHBIE | TEMIEpaTypHbIE HCCIICIOBAHUS
TEIUIOEMKOCTH, NpoBeJAcHHbIE B [32,36-41], 1alOT OCHOBAaHME TOBOPUTH O
CYLIECTBOBaHMM B BOAHBIX pacTtBopax TbC crpykrypHOro (¢azoBoro mnepexoja

THUTIa TIOPAIOK-OECTIOPSAIOK Ha MaciiTadax ONMKHETO KPUCTALTMYECKOTO MOPsIKa
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[3]. B paborax [35,36] pa3BuTa KOHIIETIHS CYIIECTBOBAHMS HEIOCTHKUMBIX
KPUTUYECKUX TOUEK B BOJIHBIX PACTBOPAX HEAIEKTPOIUTOB.

B [42] npu uzmepenun kosdduiinenta B3auMHon 1udPpy3un B 3aBUCUMOCTH
OT KOHIIEHTpAIlMU U TeMIepaTyphl B BOAHBIX pacTBopax THC ObLIO BBHISBICHO
WHTEPECHOE SIBJICHUE - POCT JJIMHBI KOppensanuu (BIyKTyaruii KOHIeHTpanun & B
pacTBOpE Kak MpH MOBBIINICHUH, TaK W TIPH MOHIWKEHUN TeMriepaTypsl. [Ipu s3tom
3HAUCHUE TEMIEPATyphl, MPU KOTOpPOW & TPUHUMAET HAWMEHBIIEE 3HAYCHUE
(MUHUMYM JUTMHBI KOPPEJSIUN) MEHSIETCS B 3aBUCUMOCTH OT KoHIeHTpauuu ThC
B pacTBOpeE.

Takoe moOBeAeHUE JUIMHBI KOPpPEIALMH OOBSCHAETCA aBTopaMu [42]
CYIIECTBOBAaHMEM B BOJHBIX pactBopax TbC BbIcOKOTEMIEpaTypHOU W
HU3KOTEMIIEPATYpHOU  oOnacTel  pacciamBaHMs, KOTOpbIE, OJIHAKO, HE
JIOCTUTalOTCS B KCIIEPUMEHTE BBUAY TOTO, YTO IIPU HOPMAJILHOM JaBJICHHUH JIEKAT
BBIIIE TEMIIEPATyphl KUIECHUS U HIDKE TEMIIEpaTypbl 3aMep3aHusi PacTBOPOB.
[IpubnnkeHne K COCTOSHUAM PACCIOEHUS OOYCJIOBIEHO, IO MHEHHUIO aBTOPOB
[42], arperaimueii MOJIEKyJI pacTBOpa 3a CUET MPEUMYIIECTBEHHOTO 00pa30BaHUS
CBs3€H THIIa «BOJA-BOAa» B 00JIACTH HU3KUX TemrepaTyp u cBszeil tumna « ThC-
BOJa» B 00JIACTH BBICOKUX TEMIEPATYD.

B pabore [41] Obima mpennpuHsATa TOMBITKA OOBSICHEHUS MEPECTPOUKH
CTPYKTYypbl BojHOro pactBopa TBC, o0O0yClOBJIEHHON CMEHOW mNpUOpUTETA
dbynkunonagbHOoCcTH MOJiekyn ThC, u BIusHUM 3TOW MEPeCTpONKH HAa U3MEHEHHE
TEeMIIepaTypHOTO KO3 (PHUIIEHTa CKOPOCTH TUIIEP3BYKA.

N3BecTHO, YTO CyHIECTBEHHass HHQpOpMalus O JAUHAMUKE MPOIECCOB,
MPOTEKAIONUX BOJIM3U KPUTUUYECKUX TOUYEK, MOXET OBITh IOJy4YyeHa TMpu
MCCJIEIOBAHUM CKOPOCTU PACIpPOCTPAHEHUsI BHICOKOYACTOTHOIO 3ByKa. OCOOEHHO
LHEHHBIMU B O3TOM CJlydae OKa3bIBAIOTCS MCCIEIOBAHUS pacHpOCTpaHEHUs
TUMEP3BYKa, JUTMHA BOJIHBI KOTOPOTO COMOCTaBMMAa C XapaKTEPHBIM MacIITaboM

(bayKTyaluii KOHIIEHTPALIUH.
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B [32] Osima wmccrmemoBaHa TeMmIepaTypHash 3aBHCHMOCTh CKOPOCTH
runep3Byka V B BogHoMm pactBope ThC ¢ konuentpanueit C=0.19 monbpHON momu
(m.1.) TBC.

Kak oka3zaioch, TemmepaTypa mepexoja OT OJHOTO  3HA4YEHUs
TeMIlepaTypHOTro KoddduiMeHTa CKOPOCTH K JpPYyroMy B HU3YYEHHOM HaMu
pactBope (C=0.19 m.n. TBC) [32] He NPOTHUBOPEUYUT 3HAUCHHUIO TEMIEPATYpPHI
MUHAMyMa JUTHHBI Koppesaun (8-10 °C) mis pacTBopa ¢ KOHLEHTpauueu
C=0.201 m.xn. TBC [42].

Jlns  Bomubix pactBopoB THBC Ha KOHIEHTpPAllMOHHOMW 3aBUCUMOCTHU
kodpdunreHTa paccesHus cBeta R HaOmOJarOTCs JABa MakCMMyMa IpU
koHneHTparusax ~0.04 u ~0.19 m.n. TBC [7]. Takas xe ocoOeHHOCTH (JBa
MaKCUMyMa CBETOpaccesHus) Obula 3aperucTpupoBaHa W A pAla BOJHBIX
pacTBOPOB IPYTUX HEIIEKTPOIUTOB.

B paGore [36] KOHIICHTpAIMOHHBI WHTEPBAJ, pa3JCIAIONIMNA JBa
MakcuMyma Ha 3aBucHMOCTH R(C) B BOIHBIX pacTBOpax HEIJICKTPOJIHMTOB,
paccMaTpHuBaeTCs Kak MHTEPBaJl pa3pylICHUs] CETKH BOJIOPOJIHBIX CBSI3€Ml BOJbI B
pacTBope.

Takum oOpa3oMm, ¢ OJHOW CTOPOHBI, UMEIOTCS JAHHBIE O TeMIeparypax
MUHMMYyMa JUIMHBl KOppeisimuu B BOAHBIX pactBopax TbC gns  psana
KOHIEHTpalui [42], ¢ Apyrod CTOPOHBI, €CTh KOHIEHIMS CYIIECTBOBAHUA
KOHIICHTPAIIMOHHOTO WHTEpBaJIa pa3pyuieHus ceTku H-cBsa3el BOJbI B BOIHBIX
pacTBOpax HEIIEKTPOJUTOB [36].

Bo3nukaer Bompoc, kKakuM o0pa3oM 3TH (PakThl U MPEANOI0KEHHUS MOTYT
OTPa3UTHCS HA TEMIIEPATYPHBIX 3aBUCUMOCTSIIX CKOPOCTU TMIEP3BYKAa B pacTBOpPAX
TBbC-Boa Mpy ATUX KOHLEHTPALIUSIX.

Bribop pactBopa ¢ konunenrpanmeirt 0.04 m.a. ThC mis wmccnemoBaHus
CKOPOCTH PACTpPOCTPAHEHUS TUIIEP3BYKa ObUT CBsI3aH UMEHHO C TeM, 4TO B [32]
HaMM OBUI HW3Y4Y€H pacTBOp ¢ KoHueHTpamuer 0.19 M.7., cooTBETCTByOLIEH
OJHOMY W3 MakCMMyMoOB Ha 3aBucuMOCTH R(C), B TO Bpemsi KaK KOHIICHTpAIHs

0.04 m.a. TBC coOTBETCTBYET APYroMy MakCUMyMy.
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1.7. Cnioco0b1 n3MepeHus1 HHTEHCUBHOCTH PaccesiHie CBeTa B BOTHOM

pacTBOpPe HEIIEKTPOJINTOB

ABTOpHI [33] CUMTAIOT BO3MOXKHBIM CYIIIECTBOBAHHE ME30MAaCIITA0OHBIX CTPYKTYP
U HEOJHOPOJHOCTEH B BOJHBIX pacTBOpax HEIJIEKTPOJUTOB. Pasmepnl  3THUX
HEOJHOPOJIHOCTEN WM ME30CTPYKTYP JOCTUTAIOT MOPSAKA COTEH HAaHOMETPOB U
Jla’ke HECKOJIbKO MUKPOH [33].

N3yuenne QyHKIIUKA KOPPESAIMU W BPEMEHW peakcanud (IyKTyaruii
KOHIICHTpaIuu, Wikl AuG(Py3nOHHBIX MOJI JBHKEHHUS MOJIEKYJ Cpeibl, MoKa3alu
HaJu4yue JByX BpeMeH penakcauuu [33]. Manoe BpeMs penakcaiuu nopsiaKa ~10°®
C ¥ 0OJBIIOE BpeMs pelakcalyy MOpPsAKa 4acoB. DTO JOKa3bIBAET, YTO HAPAIY C
BPEMEHEM peJlaKcaluu B3auMHOU nuddy3uu (Majioe Bpems) B Cpelie CyIIeCTBYET
U JIOCTAaTOYHO MEJUICHHOE BpeMsi, CBs3aHHOEe C auddy3ueil yacTuiy ropasio
KpPYIHEE MOJIEKYJI C IPOMEKYTOUHBIM PAa3MEPOM.

AHHCUMOB C coaBTopamu [33] mporycKaliu BOIHBII PacTBOpP TPETUYHOTO
oyrtunoBoro cmupra (TBC) uepe3 ¢uubtp ¢ sueiikoit 20 M. [lpu sTOM
KOHIIEHTpAIMsl pacTBOpa HE M3MEHSIach, a JOJiA KOPPEIAUOHHON (QYHKIUH,
COOTBETCTBYIOMIAs MU(PPy3un ME304aCTHI], CYIIIECCTBEHHO YMEHbIIIAIACH.

[Ipu HarpeBaHuu pacTBOpa 10 TeMIepaTyp BbIIIE KOMHATHOW (YHKITUS
KOPPEISIHE ME30YaCTHI[ TAKKe YMEHbIIamach, a mpu 60°C mcuesama COBCEM.
ABTOpBI JIeJaI0T BBIBOJ, UTO ME30YACTHUIIHI CYILIECTBYIOT MPU TeMIEpaTypax HUKE
KOMHATHBIX U Pa3pylIaloTCs C TOBBIIIIEHUEM TeMIIEpPaTyphI.

Otu (HakThl, MO MHEHHUIO AHHMCHUMOBA C COABTOpPaMHU, SIBJISIOTCS MPUYHHOU
YBEJIMYEHUsS]I HMHTCHCUBHOCTH PACCEIHHOTO CBeTa B pPa30aBIICHHBIX BOJHBIX
pacTBOpax  HedjekTposuTa. Jpyrumum  cioBamu, 3(PGEKT  yBeIUUYEHUs
kod(ddurmenTa paccesHHOro cBeTra (B pa30aBICHHBIX BOJHBIX PAcTBOpax) B
uccienoBanusix Bykca u IllypymoBoit [7] MOXHO mnpumnucarb HOOOYHOMY
abdexTy, CBSI3aHHOMY C YHCTOTOM  wHcciemyemoro obObekrta. OnHaKo,

HCCJIEI0OBAaHUS TMOBEJICHUS TEIUIOEMKOCTH [3] MOKas3aayd aHOMalbHOE ITOBEJCHUE,
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KOTOpO€ AHUCHUMOB C COABTOpaM OOBSICHIIN CTPYKTYPHBIMH ITPEOOpPa30BaHUSIMH,
B TO BpeMsl KaK YBEJIMYEHUE HMHTEHCUBHOCTh PACCEIHHOTO CBETA B TEX K€
YCJIOBUSIX TIPUITUCHIBAIIA TOOOYHOMY (D PEKTy.

Bonee paHHMe Hay4yHbIE U3BICKAHUSA, SKCIIEPUMEHTBI M TEOPETHUYECKHUE
pacy€Thl OBUTM OCHOBAHO HA TAKUX IKCIIEPUMEHTAIBHBIX (DaKTaxX Kak:

1. cymecTBoBaHME HAa  KOHIEHTPAIIMOHHOM  3aBUCUMOCTH  MaKCHUMyMa
MHTEHCUBHOCTU PACCESHHOTO CBETA, YMEHBILIAIOIIETOCS C IOBBIIIEHHEM
TEeMIIepaTyphl.

2. acMMMETpHUs WHIUKATPUCHI PACCESIHUS TIPH KOHIICHTPAIMSIX OJM3KHX K
KOHIICHTPAITUSAM MaKCUMyMa HHTEHCUBHOCTH (Rmax);

3. MUHUMYM Kod(duimenTa B3aumMHou 1udPpy3uu;

4. aHOMaJbHOE MOIJIOUIEHUE U AUCIEPCUs CKOPOCTH 3BYKa, MPOSIBISAIOIUECS [IPU
Rmax-

OTu sBIEHUS TOBOPAT O ToM 4TO Ipu R=R; . Bo3pacTaeT ypoBeHb (QuiyKTyaruu

KOHLIEHTPAILMU U POCT X pajyca KOPPEISLHUH.

Bc€ oTu siBneHUST MOKHO OOBSCHUTH MPEAKPUTHUECKUMHU (IIYKTYyallUsIMU
KOHIICHTpAIlMM W CYIIECTBOBAaHWEM B PACTBOPE HEIOCTHKUMBIX KPUTHYECKHUX
Touek paccinaumBanusa [29,30]. PaccrnauBanue OOBSICHSIETCS HAIMYUEM YHIPYrou
CETKU BOJOPOJHBIX CBSI3€H BOJABI HapsAy ¢ ruApodoOHBIMU dPPekTaMu MOJEKYI
AIEKTPOJIUTA.

Y CTaHOBIIEHO, UTO Pa3BaJI 3TOM CETKU IMPU ONPEACICHHON KOHLIEHTPAlUU HE
MTO3BOJIAET IOCTUYD YKA3aHHOW KPUTHYECKON TOUKH.

Bwmecte c¢ tem, Hapsay ¢ koHueHTpauuen C, nexaiei B oonactu C<0.1 m.1.
TBC, cymectByer koHmeHtpamus C>0.1 m.a. TbC, npu KOTOpoll Takxke
CYILIECTBYET HEJOCTHKUMAsi KpUTUYECKas Touka paccianBanusi. OHa o0yciioBieHa
CEeTKOW Apyroil mpupoasl. A uMeHHO - Boaa-TBC, B KOTOpOil OCHOBHYIO pOJb

UTPAIOT TUAPO(HUILHBIE CBOMCTBA MOJICKYJT HEAJIEKTPOJIUTOB.
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TI'JTABA 11
METOJIUKA UCCJIEJOBAHHUA COHIEKTPOB TOHKOM CTPYKTYPHI
JUHUHU PIJIESI B PACTBOPAX C OCOBOM TOUYKOM

2.1. lIpuHUMNIMAJIbHAS ONTHYECKAS CXeMa IKCIEPUMEHTAIbHON YCTAHOBKHU

[TpyHIMNIMaNbHAs cXeMa dKCIEPUMEHTAIIBHON YCTAaHOBKH IIPE/ICTABICHA Ha puC.4.
B kaudectBe ncrouHuka Bo3Oyxknaromero cera (1) ucnonb3oBancs He-Ne nazep
tuna JII'-38 (anuHa BonHBL 632.8 HM, MOITHOCTh U3JIy4eHUs OKOJO 15 MBT). Jlyu
nazepa ¢okycupoBaics MIMHHOPOKycHOM muH30i (3) B kioBery (4). VYron
paccesiHUs YCTaHaBIIMBAJICA C TIOMOIIBIO MEHTANpu3Mbl (TouHOCTh +0.2°). Ha mytu
paccessHHOTO cBeTa Haxoawiach npusma dpanka-Putrepa (7), mo3Bossioas Bbl-
JEUTh PACCEesIHHBIA CcBeT TpeOyemoil mnonspuzanuu. TOYHOCTh FOCTUPOBKH
nonsipuzaropa  (+0.5°) BmonHe  yAOBIETBOpsIa  3adadye€  AKCIEPUMEHTA.
PacceuBaronuii o0bem Haxomwics B ¢okyce oObekTuBa (6), KOTOpBIH
dbopmupoBan napaviedbHbIA MYYOK Jy4deld, MpoXoAsuiuil yepe3 npusmy PpaHka-
Purtepa u 3aTeM nanaromniuii Ha uatepdepomerp Padpu-Ilepo (8).

UtoOsl oOecreyuTh JTUHEHHOCTh HATEKAaHWs Ta3a MPU CKAaHUPOBAHHUH, MbI
WCIIOJIb30BAIM UTOJIBYATHIA CBEpX3BYKOBOW HaTekaredab (17). Jus moBbIieHUS
JMHEHHOCTH CKAaHUPOBAHUS MNpUMEHsUIcA OanmnacTHbI o0beM. JlaBieHue rasza
(a30Ta) Ha BXOJI€ HAaTEKaTels COCTaBIsLIO 6-8 atM. Takas cucTeMa IOoja4yu Tras3a
MO3BOJIMJIA HaM JIOOMTBCS TOTO, YTOOBI HEJIMHEMHOCTh CKAaHMPOBAHUS Ha TpPeEX
nopsiikax uarepdeporpammel cocrasisiia He O6onee 0.5%.

[Tocne nBYXmpoOXomHOTO UWHTEpPEepoMeTpa pPaCCeSTHHBIA CBET, MPOUIS
NOBOPOTHYIO mnpusMmy (9), coOupancs B (OKaJbHOM IUIOCKOCTH KaMEpHOTro
oowektrBa (10) ¢ ¢oxycHsiM pacctossaHueM 270 mMM. B ¢dokanpHO# MmIOCKOCTH
KaMepHOTo o00BeKkTHMBa YycraHoBieHa muadparma (11). Pammyc muadparmsi
noAOUpAJICSl OMBITHBIM IyTEM, MCXOJla M3 YCJIOBUS MHUHUMAJIBHOTO YIIUPEHUS

anmapatHod  ¢yHkuuu. Hampumep, B ciaydae, KoOrJa  HCIIOJB30BaJICs
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untepdepomerp ¢ obnacteio aucnepcun 0.417 cm, auadparma umena auameTp
0.25 mm.

[Tonmymupuna amnmapaTHOM (QYHKIIMM CTaHOBUTCS MHUHHMMAJIBHOW B TOM
ciydae, Korja BhIXOJHAs nuadparma moMelieHa B IEHTpe WHTEep(EepeHIMOHHON
kaptuHbl. FOctupoBka  guadparmMbl  NPOBOAMIACHE € TMOMOIIBIO  JABYX
MUKPOMETPUYECKUX BUHTOB, EPEMEHIAIONINX €€ BO B3aUMHO MEPIEHIUKYIISIPHBIX
HaNpaBJIEHUSAX B (POKaTBHOM MI0CKOCTH 00bekTHBa (10).

B kadectBe (QoTompueMHHMKAa B Hallled YCTaHOBKE HCHOJIb30BaJICA
OXJIaXK1aeMbIi (POTOAIEKTPOHHBIN YMHOXHTENb PIV-79, paboTaromuii B pexxume
cueTa OTOHOB.

Cxema oxmaxzaeHuss @IV cobpaHa Ha OCHOBE TMOJYIPOBOJHUKOBOIO
MUKPOXOJIOJUJIbHKKA, paboraronmiero Ha npuHunune d3ddekra IlenapThe.
Oxnaxnenne @IV no -25 °C nocturanoch B TeueHue 1 vaca. [Ipu oxnaxaeHuu 10
ATOM TeMIIepaTyphbl YHCIIO TEMHOBBIX UMITYJIbCOB YMeHbIaa0ch co 100-150 um./c
10 10-15 ummn./c, mpu ToM ke YyBCTBUTENBHOCTH (POTOKATOAA.

Nmnynecsl ¢ aHona @IV nopaBalivuch Ha BXOJA AMUTTEPHOTO IMOBTOPUTEIIS
(14). DOMuTTEpHBIM MOBTOPUTENb 00JIaIa€T JIOCTATOYHO BBICOKUM BXOJIHBIM
CONPOTHUBJICHUEM W HU3ZKOM BXOJHOW EMKOCTBhIO, 4YTO, HapsIy C HHU3KUM
BBIXOJITHBIM COTMPOTHBJICHUEM, HEOOXOIMMO Ui Tiepeaaud ummyibca. Jlanee
CUTHaJ1 Tomajajl Ha BXOJ JUCKPUMHHATOpA JIMHEHHOTO  aHAJIOrOBOTO
unteHcumerpa [1M-4-1 (15), KOTOpBIA MPOMyCKaJl HUMITYJIbChI C AMIUIUTYAOM,
3aIaHHON AUCKpUMHUHATOpOM. Ha BBIX0/1€ HHTEHCUMETPA MOSIBISIIOCH TOCTOSIHHOE
M0 3HaKy HamnpsbKeHUE, BEIMYMHA KOTOPOro Obla MpONOPIUOHATbLHA YHUCITY
UMITYJIbCOB B CEKyHJIy, Mojaromieecss 3aTeM Ha moteHimometp KCII-4 (16),
CaMOITHCEI] KOTOPOTO 3aMKChIBAJI CUTHAJ HA TUarpaMMHOM JICHTE.

Cucremarnueckasi ommOka mpu onpeaeneHuu cmerienus: KMBb, cBs3aHHas ¢

HCTOYHOCTBIO OIIPCACJIICHUA yIJlIa pacCCiaHuA, HaxoAWJIaCb II0 Q)opMyne,
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Puc.4. IlpuHnunuanbHas cxeMma 3KCIEePUMEHTAIbHONW YCTAHOBKM JJISl PETMCTpAllUU CIEKTPOB

TOHKOHM CTPYKTYpbI JIUHUU Pasest:
1 - He-Ne nazep; 2 — nuadparma; 3 — oowextuB (120 MMm); 4 — cocyn ¢ uccnenyeMon
KUIKOCThIO; 5 — nuadparma; 6 — KOUTMMATOpPHBIM 00BekTHB (210 Mm); 7 —
nonspusatop (mpusma @Ppanka-Purrepa); 8 — Oapokamepa ¢ JIBYXIPOXOJHBIM
untTeppepomerpom dabdpu-Ilepo; 9 — noBopotHas npusma; 10 — kamepHbI 00BEKTHB
(270 mm); 11 — quadparma (0.25 mm); 12 — @IY-79; 13 — 610k nuranus PIY; 14 —
SMUTTEPHBIN MOBTOpUTEND; 15 — uHeNHbI nHTeHCcuMeTp; 16 — camonuceny KCI1-4; 17

— CBEPX3BYKOBOI UrojibyaThlii HaTeKaTesb; 18 — GaJIJIOH ¢ a30TOM.

npuBeneHHo B [1]. Oka3anoch, 4TO mpH HaAIIEd TOYHOCTU YCTAHOBKH YIJIOB
0
(+0.2°) ommbka B ompenenernn cmemennss KMB mis yrima paccesnus 90° He

npeBbimana 1%. Jlns yMmeHblIeHUs BIMSHUS CIy4YalHBIX OIIMOOK CIEKTPbI
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3aMKMCBHIBAIMCh HE MEHEE YeThIpeX pa3 (YeThIpe MNOpsSAKa CHEKTPOrpaMMBbl), U

pe3ynbTaThl 00pabOTKU CIIEKTPOB YCPETHSUIIUCE.
2.2. UcTOYHMK BO30Y K/AEHUSI MOJIEKYJISIPHOTO paccesiHUsA

PaccmoTtpuMm Bkpatue crneunduky paboThl Hanboliee IIUPOK HCIONb3YEMOro B
npaktuke He — Ne mazepa.
DNEKTPOHBI, YCKOPEHHBIE IOJIEM, NPU CTOJKHOBEHHWH B IIJIa3M€ Ta30BOTO

pas3psiia ¢ aToMaMu Telusi BO30YKIal0T MOCIEIHHM 10 cXeMe
e+ He — He*(2%5,,2'S,) +e
B pesyasrate atom He NEpexomuT B BO3OYXIEHHOE coctosHHE 2°S; m 2'Sy, B
COOTBETCTBUM C LS-CBsI3bI0, CripaBemIMBOM JJI aToMa TENUs MPHU JICKTPOHHOM
Bo30yxmenun (n= 2; S = 1/2; | = 0; j = 1/2) u m1a HEBO3OYKIACHHOTO
(n=2;S =1/2;1 =0;j =1/2)
B nmpubmmwkennn HopManbHOU CBsi3u (LS) onmTudeckne mepexoinl U3 ITHUX

BO30YXJCHHBIX COCTOSHHMIT 3ampemens! (2'S; < 1'S, Tak KakAj=0, a 2°S, < 1'S;-

MHTEPKOMOUHAIIMOHHBIM 3alPeTOMAS #0), B CHTy dero coctosums He* 2°S; u
2'Sy SIBISIOTCS METacTaOMIBHBIME C BpeMeHeM ku3HH mopsaka 10° c. 3atem B
pe3ynbpTaTe HEYNMPYruX CTOJKHOBEHUH BO30YXACHHBIX aToMOB He ¢ atomamu Ne
nocyeAHNE BO30YKIAIOTCS 1O CIEIYIOIIEeH CXeMe:

He* + Ne -> Ne* (2p°n,) + He, wmun  He* + Ne-> Ne* (Zpsnp) + He.

D¢ beKTHBHOE CedeHne 3TOro mporecca Heemnko — 3,7 107 cM?, Tak Kak
ne(eKT SHEpPruu MexLy cocTosHusMA 2'Sy u 2°S, atoma remus u (2p5nsnp) HEOHa
oxoino 313 cm™, uto CYIIECTBEHHO BbIIe, 4eM KT mpu KOMHATHOW TemIiepaType
(200 cm™). BosGyxkaennoe cocrosiaie (2p°Ns) OINMCHIBAeTCS KBAHTOBBIMH
gucmamu S=1/2, /=0, j=1/2.

Hockonbky juts atoma Ne cripaeusa csi3b (jl), To 115 cocrostauit (2p°ng)

1 3
noJtyqaetcsi ueteipe noxypoBHs ("P; 1 “Py,1,2), KoTOpbie 0003HAUYNUM Ngp, 253, 254 U
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Nss Y aHamoruyHo a1t BO30YKIEHHOTO COCTOSHUS (2p5np) — JIeCATh MOypOBHEN
n (Py ...p1o). st octatka (2p°) S'=1/2,L'=1,0'=12mm S' = 1/2, L = 1, J'= 3/2.
Bpems xu3Hu 2S- u 3S- cocTosHMI HEOHA HECKOJIbKO OOJible, Yyemy 2p- u 3p-
coctostHui. [loaToMy nmaxke HpU PaBHBIX CKOPOCTSIX BO30YXKIEHUS BO3MOXHA
WHBEpPCUSl B CTAIIMOHAPHOM PEKMME U COOTBETCTBEHHO TeHepanus Ha S -> P
nepexonax. Hanuuue ypoBHsa 1S y atoma Ne HECKOJIBKO OCIOXKHSET CUTYaIHIo,
IIOCKOJIbKY OCBOOOXIeHHe Np-ypoBHell uzer Ha 1S. IlosToMy uyeM MeHble
HACEJICHHOCTh ATOT0 YPOBHS, TEM Jydllle yclioBue renepauuu. [Ipu 3HaunTenbHON
HACEJICHHOCTH YPOBHS 1S MOMHMMO TOTO, UTO yXYIIAIOTCS YCIOBHUS OMYCTOIICHUS
ypoBHEW 1S, BO3HWKAaeT BpeAHBIM TPOIECC pPATMANMOHHOTO 3axBaTa, T. €.
3anoJaHsA0TCS YpoBHU 2p U 3p u3 coctosHus 1S. Ecnum B razoBoit cmecu He— Ne
HeT npumMeceid, Hapumep, aToMoB Ar (Ne*(1S)+ Ar -> 42*+ Ne), To npakTHUeCKH
CAMHCTBEHHBIM crocoboM mepexoaa aroma Ne ¢ meracTtabwibHOTO ypoBHA 1S
SBJIAIOTCSL CTOJKHOBEHMSI CO CTEHKaMHU Tra3opaspsigHOi TpyOKH, M MOITOMY
YCWJICHHE OKa3bIBaeTCsl OOpATHO MNPONOpPUUOHANBHBIM €€ nuameTpy. C omHoi
CTOPOHBI, YBEIMYCHUE JMaMeTpa BEAET K POCTy 00beMa aKTUBHOW CpENbl, a C
JIPyroM, 5TO MOPUBOAUT K TMOHIKEHHUIO DJJICKTPOHHOM TeMmepaTrypbl U K
3aMOJHEHUIO0 YPOBHA 1S. DTH JBa KOHKYPUPYIOIIMX MPOIEcCa UMEIOT ONTUMYM,
KOTOPBIN 3aBUCUT OT JJIMHBI TpyOku. VccnemoBaHusi mokasaiu, 4TO TP JJIMHE
pazpsaa B 750 MM 1 nporyckanuu 3epkai okoso 0,2 % makcumanbHasi BBIXOIHAS
MOITHOCTh JOCTUTAIACH MPH CICIYIOMINX COOTHOIICHUSX TapaMeTPOB:

OO0BbeM aKTUBHOM Cpeabl MOXKHO YBEIWYUTH 3a CUET MPUIAHUS CEUYCHUIO
paspsiiHoi TpyOoku ¢opmbl dunca. Ho ato GecripesienbHO AenaTh TOXKE HEb3S.
OnTtuMyM COOTHOULIEHUs TMoayoced mnopsaka 1-4. JlanbHeliee yBeaudyeHUeE
OPUBOJUT K HAPYLICHUIO CTAOWJIBHOCTH JoKanu3auuu paspsaa. [lockombky
unBepcusi Ne ompenensiercs nepeaaveil sHeprum ot aroma He x atomy Ne, To
CYILIECTBEHHOE 3HAYEHUE MUMEIOT UX MaplMajibHbIC JaBJICHUS. Y CTAHOBIIECHO, YTO
ONTUMAJILHOE COOTHOIIEHNE TapIuaIbHbIX JAaBJICHUM HEOHA U Iejus HaXOJUTCS B
nuanaszone ot 10-1 mo 5-1, yto oOecneunBaeT HampaBieHUE TMpoIlecca Mepeaadn

sHeprun atoma oT He x atomy Ne. OnTuManbHbI pexuM Npu JaBlieHuu He
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nopsnka 80 ITa u Ne nopsaka 10 ITa. MomHOCTE reHepauu pacTeT JUHEHHO C
yBeIMYEeHHEM JUHbI, HauuHast ¢ 60...70 cm. Crnemyer OTMETHTH, YTO claboe
yCUJIeHHE B BUAMMOM obsiactu Ha ogHoMm mpoxojae 0,1 — 0,25 nb/m) B He—Ne-
Ja3epe HakIaJbIBaeT BEChMa XECTKUE TPeOOBAaHUS HAa KAaueCTBO €ro pe3oHaTopa.
Hcropuuecku mnepBoi Oblja MOJMyuyeHa T'eHepalusl Ha TpyIe MepexoioB 2S->2p
(1,15mxmMm), a 3atem Ha 3S-3p(3,39 mxm) u 3s -> 3p (0,63 mMkm). B rpynme
IIEpEXo0oB 2S — 2p OCHOBHAs JOJI1 MOIIHOCTH TE€HEPAlMU IPUXOIUTCS Ha
nepexon 2S,->- 2p; ¢ anuHouM BosHBL 1152,6 HM (ycunenuwe 0,4 nb/m).
CpaBHUTENBFHO JIETKO TMOJMYYUTh YCTOWYMBOE WHIYIMPOBAHHOE W3IIYYCHHE Ha
nepexoaax 2S;-+- 2P, (1161,7 am), 25,->- 2p, (11778M), 253->2p, (1198,8 HM).

B kaudecTBe McTOUYHMKA BO30YKIAIOIIETO CBETA HCIOIB30BAJICS He-Ne

nazep tumna JII'-38 (mmHa BoHbI 632.8 HM, MOITHOCTh U3JIy4EHHUS OKOJIO 15 MBT).

2.3. HekoTopble cieKTpaJbHbIe 0COOEHHOCTH IBYXIIPOXOIHOT 0

uHTepdepomerpa ®adpu-llepo

BBumy ManocT CHEKTPaTbHOTO CMEMICHWH KOMIIOHEHT CIHEKTPabHBIX
JVHUHA pa3IudHON NPUPOJIbI pacCcesiHUsI, HEOOXOIMMO MPUMEHEHHS CIIEKTPaIbHOTO
npubopa BBICOKOTO paspeiieHusa. Hambosee MOAXOAUT CHEKTPaIbHBIM MPUOOP
unteppepomerp Dadpu-Ilepo. Taxk Kak HMHTEHCHUBHOCTb MOJEKYJISIPHOTO
paccesHNs HAMHOTO MEHbIIE MHTEHCHBHOCTH BO30yxaaromiero csera, 10° To
CHEKTpaIbHBIA NpUOOP TOHKEH OBIT CBETOCHIIBHBIM. TaKoi CBETOCHIION 00JiaaeT
unTepdepomerp. [losToMy B mpakTUKe IKCIEPUMEHTA MPH HU3yYECHUU CTPYKTYPHI
munuu Penes npaktukyercs npumenenue nareppepomerpu dadpu-Ilepo. Onnako
NPUMEHEHHE €ro MPH W3YYCHHH KPUTHUYECKOHN arajuleCHEHIsl BCTPEYAeTCs C
OPUHLUINUATBHBIMUA TPYAHOCTSIMH, a HMMEHHO: HWHTEHCHBHOCThH IIEHTpPAJIbHOMN
KoTopasi oOycioBiieHa (QIYKTyalMsIMH KOHIIGHTpAallMM HaMHOTO  OoJiblie
WHTEHCUBHOCTH KOMIIOHEHT Manaenbiitam-bpumitosna. Iloatomy Ha ¢one

OOMBIIIE HMHTEHCHUBHOCTH IEHTPAIBHOW KOMIIOHEHTBI PETUCTpaIus ciaadbIx
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CIIEKTpaJbHbIX JUHUNW Manaenpmram-bpriuitooHa CTaHOBUTCS HEBO3MOXKHBIM
BOJIM3M KPUTUYECKON TOUKH.

Cnoco0 TIOBBIINIEHHS  KOHTpacTa CIEKTPAIbHOM  KapTUHBI  METOI0M
HEOJTHOKPATHOTO TPOIMyCKaHUs CBeTa uepe3 mHTephepoMeTp ObLT yKa3aH JaBHO,
HO peajibHO, B IIUPOKHUX MaciiTabax, 3TOT CMOCO0 MOJyYWs Pa3BUTHE JIHIIbL C
HenaBHero BpeMmeHu. IlIupokue BO3MOKHOCTH MCMOJIb30BaHUS MHOTOIPOXOIHBIX

untepdepomerpon Padbpu-Ilepo 06061eHsI B 0630pe [1].

OpuruHanbHbIN CIEKTP TOHKOW CTPYKTYphI TUHUH P3ses, mony4eHHbI B BOJHOM pacTBOpE -

IIMKOJIMHA.

VYcnoBue — cymiecTBOBaHUS  MHTEP(EPEHIIMOHHOM  KapTUHBI  OMpEIessieTcs
BBIPAKCHUEM:

2tncosp = mA (2.1)
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rae t, N, ¢, m, A - paccrosHue U KOIDPUIUEHT NPEIOMICHUS CPEIbl MEXKIY
3epKaJlaMH, yroJl MaJieHus TII0CKOM BOJHBI HA 3€pKallo, MOPSA0K UHTepdepeHuuu
W JJMHA BOJIHBI CBETa, COOTBETCTBEHHO. «MHCTpyMeHTanpHas QYHKIHDY
uHTEepdepoMeTpa OrpeaeNseTcss u3BecTHol Gopmynon Diipu [1] , kotopas s
cillydasi, KOrjja Ha  IUIOCKHE M OJIMHAKOBBIE 3epKajla MHTepdepomMerpa Majgaet
napasuiesibHbIi TOTOK MOHOXPOMAaTHYECKOI'0 CBETA U €r0 MHTEHCUBHOCTbH MPUHSTA

34 CAMHUIY, MOKCT OBITH 3aIMcaHa B BHUAC:

T\ 1
Y(m):(l+Rj 1+(2F (22)

2
j sin? zm

T

rie R u T — xoapduumeHTsl OTpa’keHUs M MPONMYCKaHUs CBETa 3€pKajaMu
uHTep(hepomeTpa, a A UACATBHO INIOCKUX 3epKall

_mR

R71-R

(2.3)

Bennunny F HazbIBaroT ocTpoToil HHTEPHEPEHIINOHHON KapTHHBI.
[Ipunsis B (2.2) m=mg+y, rae My — 1eJI0e Yuciao, a ¥ — JpoOHas 4acTh
NopsJIKa, U MpeAroaras 7y MajibiM, popMyity (2.2) MOKHO 3alucath B BUJE:

TY 1
YOO:(1+RJ 1+4F 22 (24)

N3 (2.4) cnemyer, 4To TOJHAs WHCTPYMEHTaJbHas (WM amnmapaTHas)
*
NOJIYIIMPUHA OV, B JNOJdsAX obnactu aucnepcun Av (B J0JIX HopsAjka) Oyner

COCTaBJIATH

5 )
Ya 2y =F (2.5)

Av

Kontpact C uHTEp()EpEHUMOHHOrO CHEKTpa I  OJHOIPOXOJHOIO
uHTep(epomeTpa oOIpenenasieTcss OTHOLIEHHEM MAaKCUMalIbHOM WHTEHCHUBHOCTHU
Ymax B MakCUMyM€ K MUHUMAJIbHOM HHTEHCUBHOCTH Ypmin MEXKIY MOPSAKAMU
uHTepdeporpammel. B ciayyae mcnonb30BaHus A OCBEUICHUs] WHTEpdepomeTpa

MOHOXPOMATHYCCKOI'0 HMCTOYHHMKAa CBCTa C COOCTBEHHOM IHHpHHOfI JJMHHUH,

43



CYLIECTBEHHO MEHBIIEH IIMPHUHBI aIllApaTHOTO KOHTypa, KoHTpact C

ONpCACIIICTCA BBIPAKCHHUEM

Y (1+RY 4
C:Y :(1—R) ~1+—F? (2.6)

min

Octpora F, o00blyHO, g1 miIockoro wuHTEppepomerpa Dadpu-Ilepo
OTpaHMYMBACTCS 3HAYEHHWEM BeJIMYUMHBI R, KoTOpas, B CBOIO O4Yepelp,
JUMUTUPYETCS HECOBEPIICHCTBOM HW3TOTOBJICHHS IUIOCKUX TIOBEPXHOCTEH U
OTpaXalomuX TOKPBITHH 3epkaid. Eciaum MIOCKOCTh 3epkajia HM3rOTOBJICHA C

TOYHOCTBIO 10 A/M, TO B 3TOM cllydae MaKCUMasbHast ocTpoTa Fs=m/2.

JJ1si MHOTOTIPOXOAHBIX UHTEP(PEpOMETPOB BMECTO BhIpaskeHuit (2.5) u (2.6)

NMCECM.
ov 1/n 12 -1
Fa _(2vn _1f"*F ,
Te= (21 @)
1+RY" (2 )
C,=C"=|——| =|—F
” (HJ (7, j (28)

N3 (2.8) cnenyer, 4To MpH yBEIMYEHUHU YKCIIA TPOXOJO0B KOHTPACT MEHSAETCS
oueHb cHiIbHO. JleiicTBuTensHo, npu R=0.95 u n=1 Gyger C=10° a m1s N=2 npu
TOM ke R momyunm Cn=106. DTO 03HAYaeT, YTO C MOMOIIBIO0 JABYXIMPOXOJIHOTO
unteppepomerpa Dabpu-Ilepo MOXHO H3ydaTh JIMHUM, PA3IAYAIONIUAECS T10

HNHTCHCHUBHOCTH 60nee, 4CM Ha IMCCThb ITOPAIAKOB.

2.4. KoHCTpPYKIIUS ¥ OCTHPOBKA IBYXIIPOXOAHOI0 MHTep(epomeTpa

daopu-Ilepo

Jlnst co3manust CcTaOWUIIBHO paboTAroOIIero ABYXIIPOXOJHOTO HHTEephepomeTpa
UCIIOJIb3YETCSl YTOJKOBBIM OTpaxkarenb (yroa KyOa) WM, OPYTUMHU CIIOBAMU,
TPUIUTb-TIPHU3Ma, KOTOpasi 00JIajaeT CBOMCTBOM OTpaKaTh MaJaloNIui HA HEe JTyd
TOYHO oA yriaoM 180°, mpuueM  TOYHOCTh AHTHUIIAPAIUIENBHOTO OTPAXKEHUS
3aBHCHUT TOJBKO OT TOYHOCTH M3TOTOBJIICHUS TPUILIH-TIPU3MBI i HE 3aBUCHT OT yTJia

nagcHusA CBCTA.
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Tpumie-ipu3mMa MpeACTaBIsIET COOOW TPEXTpaHHYIO MpU3MY, Tpu pedpa
KOTOPOM MepeceKkaroTcsl B BepiiuHe noA yriioM 90° apyr kK Ipyry, a TpU Apyrue
pebpa 00pa3yroT OCHOBaHKE MPU3MBI, KaK MMOKa3aHo Ha puc. 5. JIyd, nagaromuii Ha
IPU3MYy CO CTOPOHBI OCHOBAaHMS, IPOHHUKAET B MPU3MY M, IOCJIE TPEXKPATHOIO
OTpaXeHUsi OT €€ OOKOBBIX I'paHell, BBIXOJUT U3 MPU3MbI Ha3aj, MapaieIbHO
nagaromemy  ayudy. llociemoBaTenbHble  HPOXOJIBI  MEXKIY  3€pKallaMu
uHTep(dhepoMeTpa JOIKHBI OBITH OAMHAKOBBI IO ONTUYECKON AnuHe. Benencreue
HEUJeaNbHOCTU 00pabOTKH MOBEPXHOCTH IJIACTUH MHTEphEepoMeTpa KeaaTeIbHO
UMETh BO3MOKHOCTH BBIIIOJIHEHHUSI 3TOTO YCJIOBHUS Ha MPAKTHKE C IOMOIIBIO
CHEIUATbHBIX YCIOBUN FOCTUPOBKH.

B mnameit pabore 5TO JOCTUTraeTcss TEM, 4YTO IMpPU3Ma YKpEIUIieTcsd Ha
METaJUIMYECKOM KOJIbLE, TTOJIOKEHUE KOTOPOTO JIETKO MOKHO U3MEHSTh.
[TpuHiunuanpHas cxema JBYXIIPOXOJHOTO HWHTepdepoMeTpa Mpe/CTaBICHA Ha
puc.6. Ota cxemMa M OblJJa OCHOBOWM MOCTPOCHHOW HamMu HHTEp(EPEHIMOHHOU
YCTAaHOBKH, TMPEAHA3HAYEHHOM 1 HW3Y4YEHUS CIEKTPOB  MOJEKYJISIPHOIO
paccesHus CBETa.

OnuH U3 TOPIOB KaMmepbl NPEACTAaBIAECT COOOM CTEKISIHHOE OKHO (2)
tommuHoi 10 MM u nuamerpom 80 MM, 3aKpETJICHHOE KOJIBIIEBBIMH (DIIaHIIAMHU.
OKHO KaMmephl PaCIONIONKEHO TOoJ HeOONbIMUM yriaoM [17] OTHOCHTENHHO OCH
uHtepdepoMerpa, UYTOOBI MCKIIOUHUTH TapasuTHbIE oOTpakeHus. KoHCTpykius
KaMmepsbl MpeaycMaTpUBAET UCIIOIb30BaHUE CTAaHAAPTHBIX AeTallel (3epKai, KoJIel,
NPOKIAA0K, nomoiHeHuil) uHTepdepomerpa UNT-28-30. OcHoBaHWE TPHUILIH-
OpPU3Mbl  YCTAHABJIMBAETCS  NEPHEHAMKYJISAPHO K  HAlpaBJIEHUIO  OCHU
unteppepomerpa. [lpusma kpenutcs Ha MeTayuimyeckoM Kosbile. [lonoxkenue

KOJIbIIa JICTKO MOKHO MCHATDH, MCHSA TEM CaAMbBIM I10JIOKCHHUEC ITPU3MBI.
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Puc.5.

X0/ 1ydeil B TPUILIb-TIPU3ME.

Z 17

Z 2 Puc. 6

7 Z X y
| 3 — OJ1 JTy4eH B IBYXIIPOXOTHOM
—Z Z
U7 — ¢ uHTepdepomerpe.

2 /2

Puc.7 Koncrpyknus

n
i S : W JIBYXIIPOXOIHOTO
\ Ao \ _
RS BN Y &7\ unteppepomerpa Padpu-Ilepo

ol ELD W[ AN _N

N . N R 2

K NI mR . 1 — xopmyc unTeppepomeTpa;

-~ W TR 2~ creamimioe 0Ko;
2 > — FOCTUPOBOYHBIC BHHTHI;
- 4 — ¢pukcupyromuas npyXuHa,
7 : - 5—cunbdonsl

6 — TpHUIIIb-TIpU3Ma;

7 — MeTaJUTMYECKOEe KOJBIO IS
KPETUICHUS! TPHITh-TIPU3MBI;

8 — moBopoOTHas pHU3Ma.
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J7is 10CTUPOBKH MHTEp(EepoMeTpa UCIONIb3YIOTCA IOCTUPOBOYHBIE BUHTHI (3),
KoTophle Gukcupyrorcs npyxuHamu (4). FOcTupoBouHbIe BUHTHI UMEIOT pe3b0y ¢
JOCTaTOYHO MENKUM IaroM — 0.5 MM, 4TO JaeT BO3MOYKHOCTb OCYLIECTBIIATH
TOHKYIO IOCTUPOBKY uHTepdepomerpa. BuHTBI Isi IOCTHPOBKM IIJIACTUH
uHTep(epomeTrpa BbIBEIEHbI U3 Oapokamepbl. ['epmernsanus Oapokamepsl
OCYIIECTBIISUIACH C TIOMOIIBIO CUITb(POHOB (5).

[TockonbKy HHTEPPEPEHIMOHHBIA CHEKTP CKAHUPYETCS HM3MEHEHHEM
JaBJeHUs, OblIa MPEeJyCMOTpEHa cHeluaibHas (UKcalus FOCTHUPOBKU IIIACTUH
uHTep(hepoMeTpa KOHTPrakamMmu, 3aKUMAIOITIMHU IOCTUPOBOYHBIE BUHTHI (4).

KOcTtupoBka ABYXNpOXOAHOrO MHTEpPEpOMETpa MPOBOAWIACH B JIBA JTara.
CHuManach TPUIUIb-TIpU3Ma U MHTEPPEPOMETP FOCTUPOBAIICA B PEXKUME PabOTHI
OTHOTO TPOXO0Ja TakK, Kak 3TO omucaHo B [1]. 3areM ycraHaBimMBanach TPHUILIb-
npusMa. 3MeHeHHeM  IOJOXKEHUs NPU3Mbl  JOCTUTAJIOCh  COBMEILECHHE
UHTEP(EPEHIIMOHHBIX KapTUH OT JABYX HpoxoJoB. Ilpu 3ToM MBI CcTpeMuiIucCh
NOJIYYUTh MAaKCUMAJbHYIO SIPKOCTh U, IO BO3MOYHOCTH, PaBHOMEPHYIO
OCBEILIEHHOCTh TMOPSJIKOB HMHTEPPEpOrpaMMbl, a TaKKe YMEHBLUIUTh BCerna
CYILLECTBYIOIIMI cl1a0bIii Opeost 1Mo 00€ CTOPOHBI MAaKCUMyMa MHTEpP(EepOrpaMMBl.
[To mepe npubmMKEHUST K ONTUMAJIbHOMY KadeCTBY FOCTUPOBKH OpEOJl C 00enx
CTOPOH MaKCUMyMa HMHTEpP(EpPEHLMOHHBIX IMOPSJIKOB HcCUe3al, a SIPKOCTh 3TOTO

MaKCUMyMa CTaHOBMJIACh HAanOOJIbIIEH.

2.5. OueHka BO3MOKHBIX OIIMOOK B NPOLECCe PErHcTPAlMU KOMIIOHEHT

Mamngeasmrama-bpuiiirosna

Cucmemamuueckas OWM6KCI, CBA3AHHAA c KOHeYHOCmblo anepmypbsl

KoJutumupyrouieco yCI’I’lpOl:iCI’I’ZBCl

[Ipu u3MepeHun CHEeKTPaIbHBIX XapaKTEPUCTUK PACCEIHHOTO CBETa (CMENICHUs U
mupuHbl  KMDB) Heo0XoauMo HWMETh CTPOro OrpaHUYEHHYI0 — anepTypy
BO30YXKJAIOIIETO M PACCESIHHOTO MyYKOB cBeTa. KOHEUHOCTh anepTyphl IPUBOIUT
K CUCTEMAaTUYECKOM MOTPEIIHOCTH B U3MepeHusix mupuH KMb.
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[TpousBeneM oneHkKy 3Toi morpemHoctu. M3 (2.9) nerko nosy4uTs, 4To Mpu

anepTypHOM yTIiie =06 KOMIIOHEHTHI OyAyT pa3MbIThl HAa BETUYUHY

ié‘(Av):inv\icosgée (2.9)
c
Torza npu yrite paccesiHus 0, papaom 90°, mosyunm:
s(Aav) 1
+ 22 =5
Av 2 (2.10)

Ha cxeMaTuyeckn IOKa3aHO MAaKCHUMAJIbHOE OTKJIOHEHHE pPacCEIHHOIO
U3IYy4YEHUS! OT ONTHUYECKOM OCH, B CIIyyae UCIOIb30BaHUS KIOBETHI, N300payKEHHON
Ha puc. 8.

B sTOM ciiydae anepTypa paccesHHOro CBeTa OrpaHW4yuBaiach Auadparmamu
D; u D,, aneprypusiii yron 206 coctaisun 0,024 npu (poKyCHOM pacCTOSHHUH
kommmaropa f, pasaom 210 mm u gmadparme D, amamerpom 5 mwm. Takas
BEJIMYMHA AaNepTypHOrO0 YIVIA BHOCUT CHUCTEMATHYECKYH) IOTPEIIHOCTh IpHU
ONPEIEIICHNH IUPUHBI KOMIIOHEHT nopsiaka +£0.001 em™,

Ouennm Temepp  amepTypHBIM  yIOJl  PETUCTPUPYEMOTO  PACCESHHOTO
U3Iy4yeHUs] B  KiOBeTe LWIMHIpuueckod ¢opmbl. Ha puc. 9 mnpusenen
CXeMaTHUYECKUI YepTeX M yKazaHbl pazMmepsl auadpparm. Ha pucynke nzodpaxeHa
MOJIOBMHA KIOBETHI. YKa)XeM, YTO AuadparmMa HaxXxOJIUTCS HEMOCPEICTBEHHO Ha
KOJUIUMAaTOPHOM 00BbeKTHBE ¢ (pOoKycHbIM pacctosHueM 210 mm. unadparmoii Dy
CILY’KMT HE30KpAILLEHHBII y4acTOK KIOBETHI. M3 pucyHKa BUAHO, YTO TakK K€, KaK U
B [IEPBOM CJIy4ae, yroJ onpenensarcs pazmepom auadparm Do, T.e. 200<0.024. Jlyu
BO30Y)K/IAIOIIEr0 CBETa MOXHO paccMaTpuBaTh KaK MPOTSKEHHBIM HCTOYHHK
(0Q).

Paccmotpum, k npumepy, nyuun CA u CB, T.e. cBeT, paccesaHHbId Toukoil C.
[Munuaapuyeckyto KIOBETYy MOMKHO paccMarpuBarh kKak JuH3y. llocrne
npenomiieHust ayun CA u CB ganyt mHUMOe u3o0paxkenue touku C B Touke C’

Touka C’ HaxoauTcs 3a OKYCHBIM PACCTOSSHUEM KOJUTMMATOPHOTO OOBEKTHBA H,
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Jlyy
nasepa D
2

e e e s

0

210 mm

Puc.8. Cxema ydera anepTypbl KOJIMMUPYIOLErO yCTPOUCTBA

D=3 MM D=5 mm
C-<L___ \JA
¢ ’

_O — _____________ - S —
s o0
s
o B _—
I
il
o

_ L=210 mm o

Puc.9. Cxema ydera anepTypbl KOJUTMMATOPA MPU UCTIOIH30BAaHUH KIOBETHI ITUIHMHAPUIECKON

(hopMBI.

MO3TOMY, ATH JIyYd YYacTBYIOT B (OPMHUPOBAHMHU MapajUIENBHOTO MOTOKA

paccesTHHOTO CBETa, MAJaro0IIEero Ha HHTEpPEepOMETP.
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Beiiie  paccMarpuBaliuCh  Cllydall  PETUCTpPAllMd  PACCESHHOIO  yriax
m3nydeHuss npu yriae paccesums 90°. IlokakeMm Temepb 4YTO U yIUax,
CYIIECTBEHHO GOMbIIMX 1 MeHbmux 90°, 3HaUCHHE anepTypHOTo yria 206, paBHOe
0.024, naer pasmbitue KMB He Gornee uem Ha 0.001 cm™,

Ha puc.10 nmpuBeneHa ontuueckas cxema YCTaHOBKH, NMPETHA3HAYCHHON 1Jis
OJHOBPEMEHHOTO HAGIIOCHHS CBETa, paccestHHoro mox yriaamu 6 u 180°%-6°. Kax
BUJIHO U3 YEPTeka, BO30YKAAIONINN JIyd HAITPABIISECTCS B KIOBETY 3€pKajioM 31, U C
MOMOIIBbIO KOH(OKAILHOTO eMy 3epkaia 3, Bo3Bpaliaetrcs oopaTHo. M300paxenus
Touek K m M noxarcs Ommke W manbine Toukd O, Jexameid B (GOKaIbHOU
IJIOCKOCTH KOJUIMMATOPHOTO OOBEKTMBA. B 3TOM ciyyail, Tak € Kak U B
peabIayIeM, anepTypHblid yroa 206 pasen 0.024.

PaccunTaeM IOMycTUMOE 3HadeHne 200 1 yriaos paccesans 45° u 135° mpu
YCIIOBUH, UTOOBI «Pa3MbBITHE» KOMIIOHEHT Obl1o He 6ojee yem +0.001 cM™ ITpu
yIiIe paccestHus, paBHOM 45°, mveem:

M:ltg 22.5° 509 (2.11)

Av 2
Hampumep, st pactBopa areton-Boga mpu  0=45°, Bemmumna cmemenns KMB
Av=0.2 cm' HaxoguM [ONYCTHMYH —ameprypy 200=0.05°. Haiinennoe
JONMyCTUMOE 3HAUYCHHE amnepTypbl MOYTH B JiBa pa3a IMPEBbIIIACT 3HAYCHUS,
UCIOJb3YyEMbIE B HAIIMX  DKCIEPUMEHTaX, 4YTO  CBHUJETEIBCTBYET O

0
HECYIIECTBEHHOM BIUSHHUM «pa3MbITus» KMb 1nipu yriax, npesbimatomux 90°.
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D=5 mm

L=210 mm

Puc.10. Cxema yuera anepTypsl KoJuIuMarTopa B ciydae peructpauuu KMb npu cymiectBeHHO

PAa3JIMIHBIX yIJIaX PACCCAHUA.

2.6. lloaroroBka 00pa3uoB K IKCIEPUMEHTAIbLHOMY U3Y4YCHUIO

Tepmocmamuposanue obpazya ucciedo8anus

Hcnonp30BaHHbIE HAMH UWJIMHIPUYECKHE KIOBETHl uMmenu nuametrp 40+20 mm u

BbicOoTy 60-70 MMm. Jlnsg »9Tux KoBeT ObUT  CHEHAJIBHO  W3TOTOBJICH
TEPMOCTATHUPYIOIIUN KOXKYX, MEXAY CTEHKaMH KOTOpPOTO LMPKYJIMpOBaa
XKUJKOCTh U3 Tepmoctara (tuna 7C-24). Tepmocrat (n300paxeH Ha puc.l1) umeer
TpoiiHbIe CTeHKH. [lepBas 1 BTOpasi M3rOTOBJICHBI U3 METAJUIA, a TPEThsI, BHEIITHSS,
U3 TEIUIOU30JSILMOHHOTO MaTepuana (meHoruiacta). Mexay MepBod W BTOpOM
CTEHKaMH LUPKYJIUPYIOT TepMocTatupyromas KuakocTs (Boaa). KroBera c
UCCIIEMYEeMON KHUAKOCTHIO TOMEIIaeTcsl MeXAy IacTuHkamMu (a) u (B) u
3akperisiercss  3axkumamu  (4). JKemaemas — BbIcOTa  yCTaHaBJIMBAETCS
perynupoBoYHbIM BUHTOM (9). Kppimika (7) U3rotoByieHa U3 TEMIOU30ISIUOHHOTO
Marepuana - TecTojuTa. TemmepaTypa BHYTPU TE€pMOCTaTa KOHTPOJIUPOBAIACH

BJIaJIM OT KPUTUYECKONW TOUYKH OOBIYHBIMU PTYTHBIMH TEpMOMETpaMu (TOYHOCTb
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0.1°), a BOMM3MU KPUTUYECKON TOUKH (MO Mepe HEOOXOAMMOCTH) - TEPMOMETPOM

bexmana

Memoouka ouucmxu u npucomoeieHus onnmu4eckKku 4Yucnioblx 00veKmos

B mo0om oOpasiie pacceBaromieid cpeipl, He MPUTOTOBICHHOM CIEIHaIbHO, KaK
PaBUiIO, CYHIECTBYIOT MOCTOPOHHUE BKIIOYEHUS (IIbUIb, KOJUIOMJAHBIE YACTHUIIbI) C
KOO PUIIMEHTOM TMpeIoMIIEHUs, OTJIMYHBIM OT TIOKa3aTelis MpeIoMIICHUS
OKpyXarouien cpeapl. ECTECTBEHHO, YTO Takue IMOCTOPOHHUE BKIIFOUEHHUS JTAOT
ropaszio 0ojiee MHTEHCHUBHOE CBETOPACCESHUE, YEM CTaTUCTUYECKUE (PIIyKTyaIuu
nokaszarens npenomieHusa. [loaToMy BO3HUKaeT cepbe3Has 3ajadya O Croco0ax
OUHCTKU PACCEHMBAIOIICH CpeAbl OT MOCTOPOHHUX BKIIIOYEHUN — MPUTOTOBJICHUS
ONTHYECKH «ITYCTOI» MOJIEKYJISIPHO PACCEUBAIOIIEH CPEJIbI.

[Mpuammn metoma Maptura [1] cocromt B cienyromeMm: kK cocyay V, B
KOTOPOM 3aTeM OyJeT u3ydarbesl paccesHue (mpumnaumBaercsa koidoa 4. B konby A
MEPErOHSIETCA YK€ TMPEIBApUTEIBLHO OYMIIEHHAs OT TMpuUMeced U B3Becei
KMKOCTb. 3aTeM OTPOCTOK ¢ OTMAHBACTCS, M COCYH DBAKYHPYETCS HUepes
OTPOCTOK b, KOTOpbIii mOCIHe MOCTHKEHHS JHKENaeMOro BaKyyMa TakoKe
oTnauBaeTcs. 3aTeM Koyida A MOAOTpeBaeTCsl HA BOJASIHOW WM MaclisiHOW OaHe, a
cocyn V oxJiaxkaeTcsi MpOTOYHOW BOJIOU HUITH JIIOM.

Korma mocne memneHHoro ucrnapeHus u3 kojiobl A B cocyae V coOupaercs
HEKOTOPOE KOJUYECTBO >KUJKOCTH, MPUOOP CHUMAIOT CO IITaTUBAa U DHEPTUYHO
BCTPSIXUBAIOT JKUJKOCTh, OOJMBAas CTEHKU cocyna V, W BBUIMBAIOT >KUIKOCTbH
oOpatHOo B k0yiOy A. Takasi omepaius MOBTOPSETCS HECKOJIBKO pa3, MOCje 4ero
MEJIJIEHHBIM UCIMapeHueM cocyl V TOJHOCTHIO 3alOJHSETCS JKUJKOCTBIO.

KayecTBO OUHCTKHM MPOBEPSETCS MPU MPOCBEYNBAHUM PACTBOPA JIA3EPHBIM JIyUYOM.
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Puc.11. Cxema TepmocTaTa uisl TMIMHAPUYECKUX KIOBET:
]l u 2 — MerajuInyecKue CTEHKHU; 3 — CTEHKH, U3FOTOBJICHHBIE U3 TEIUIOM3O0JIALIHOHHOIO
MaTepuaia; 4 — 3aKUMbl; 5 — OJICTaBKU (TEIJIOU30JISLUOHHBIN MaTepuan); 6 — OKOIIKH; 7
— KpBILIKK (TEIJIOM3OJSIUOHHBIM MaTepuan); 8 — KOHTPOJIbHBII TepMoMeTp; 9-

peI‘an/IPOBO‘IHHﬁ BHHT, 4, 6 — METaJUIMYECKHE IUIACTUHKH.

Puc. 12 OOmmii BUA CUCTEMBI IUIS OIITUYECKOH OUMCTKH KUIKOCTEN
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Ananuz owubox u mounocmu UsmepeHu:

VIcTOYHUKOM CIydalHBIX OINMMOOK SIBJISIETCS HEKOTOpash HEIWHEHHOCTh 3aIuCH
CIeKTpa. B Hammx omnbITax JUHEWHAs JUCIEPCUS MPU UCIOJIB30BAaHUU 00JIACTH
mucrepcnn uuTephepomerpa 0.625 cvm™ Gbita paBHa 0.002 cm/mm. Ommlka B
0.5 MM Ha cpoekrporpaMmMe BHOCWIA IIpU H3MepeHuH wmupuHsl KMb
HEONpE/ICICHHOCTh, paBHyI0 +0.001 cM™. DTa BeIMUYMHA, B 3aBHCHMOCTH OT
mpunbl KMB, coctasisiia oT 1% m0 10% omubku nipu onpeielieHud UCTUHHOM
mpuabl KMPB. Tlpu ymeHbiieHnn o0JacTH IUCIIepcuu HHTEpdepomMeTpa ormmoka
YMEHBIIIAETCS.

JIns TOBBIMIEHWS TOYHOCTM M3MEPEHMM B KaXJAOW CEpUM HU3MEPEHUH
MpOU3BOAMIIACH  3allUCh HE MeHee 6 TOpsSAKOB — MHTepdeporpaMmal.
OKOHUATENbHBIM pe3yNbTaT MOIYYaJCid MOCPEACTBOM YCPEAHEHUS PE3YIbTAaTOB

W3MEPEHUI 110 BCEM CIIEKTPOTPaMMaM.
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TJIABA 111
TEMITIEPATYPHBIE UCCJIEJOBAHUS OTHOCUTEJBHOM
WMHTEHCUBHOCTU KOMIIOHEHT TOHKOM CTPYKTYPbI

PACCESIHUSI CBETA B BOJJHOM PACTBOPE »+ITMKOJIMHA C

OCOBOM TOYKOM

3.1. TemnepaTypHoe U KOHIIEHTPAIIHOHHOE MOBeIeHHE CTIEKTPOB TOHKOM

CTPYKTYPbI JTUHHHU Praesn IPHU MAJIBIX KOHIHCHTPAIUAX y -MIMKOJIHUHA B BOJ€

PGBYHBTaTBI H BBIBOJbI I/ICCJIGI[OBaHI/Iﬁ BOIHBIX pPAacTBOPOB ) -IIMKOJIMHA IIpU

BBICOKMX KOHIIGHTPAIMSIX SBJISIFOTCS JOCTaTOYHO HeokumaHHeiMH [38-40].
BreigenuM OCHOBHEIE MOMeHThl. Ha wu30TepMax 3aBUCMMOCTH BEJIUYUHBI

cmemenuss KMB OT KOHIIGHTpallid ) -TIMKOJWHA  HAOJI0/1aeTCsl MaKCHUMYM,

OTHOCHUTEJIbHAS BBICOTA KOTOPOT'O U IOJIOXKEHUE I10 IIKAJIE KOHUEHTPALMHU CUIIBHO
3aBUCHUT, KaK MOKa3bIBAE€T aHAIIU3, OT TEMIIepaTypbl pacTBopa. Takoe moBeaeHue
MakCUMyMa Ha 3aBUCHMOCTH OOYCJIOBJIEHO COOTBETCTBYIOLIUM CMEUICHHEM I10
IIKaje KOHIEHTpAallMd MUHHMyMa aJda0aTH4YecKOd CHKUMAEMOCTH pPacTBOpa.
[loBenenne  TeMmepaTypHOIoO kodpduimenta cmemenus KMB  pns
MCCIIEJOBAHHBIX PACTBOPOB B MHTEpBaJie KOHILEHTpalui nukoiauHa ot 1 mo 0.1
M.J. TO3BOJWIa aBTopaMm paboTtel [38] caenarh MPEINOIOKEHHE O
CYIIECTBOBAaHMM TakoW KoHIeHTparuu (mopsaka 0.05 m.A. mukoinMHA), TpU
KOTOpOW cMeleHne He OyJIeT 3aBUCETh OT TEMIIEpaTyphl BO BCEM TEMIIEpaTypHOM
MHTEpBaJe UCCIIEOBAHUS.

IIpencka3piBaemasi pacueramu [38-40] HE3aBUCHMOCTH BEJIMYHUHBI OT
TEMIEPATypbl MOKET O3HayaTh TOJHKO OOpa30BaHUE ONPEAEIIEHHOW CTPYKTYpPHI
pacTBopa, KoTopas SIBJISIETCA K TOMY € JOCTaTOYHO MPOYHOM AJI CYIIECTBOBAHUS
B CTOJIb IIMPOKOM TEMIIEPATYPHOM MHTEPBAJIE.

Takum 00pa3oM, pe3yiabTaThl HCCIIENOBaHUM, TpoBeneHHBIX B [38-40],

MMO3BOJIAIOT CACIAaTh MPCANOJIOKCHUEC O CYIICCTBOBAHMU B BOJHOM pPAaCTBOpE )} -

NUKOJIMHA (HAa30BOrO TEpexoja THUMA CTPYKTYPHOTO, TPHUBOJSIIETO TPHU
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OMpENICICHHOW KOHUEHTpauuu nukojiuHa (~0.05 M.o.) K 3HAYUTEIBHOMY
YIPOYHEHUIO CTPYKTYPBI pacTBOpa.

Hcxons u3 CHENaHHBIX NPEIINOJIOKEHUN, OBLJIO MPOBEACHO OTEIbHOE
HKCIIEPUMEHTAJIbHOE HCCIEAOBAaHUE TEMIIEPATypPHOIO MOBEACHUS BEJIMYMHBI B
pacTBOpe J -MHUKOJMH—BOAAa B mpu ManbiXx (x<0.1 M.A.) KOHUEHTpamusix J -
nukonuHa [39]. IlosydyeHHbIE B COBOKYIHOCTH KCIEPUMEHTAIBHBIC PE3YyJIbTaThI
0 TOBEICHUIO BEIMYMHBI B IIMPOKOM wuHTepBaze Temmeparyp (1080 °C) u
KOHUEHTpauui ) -nukoinHa (1+0.005 m.p.) OynyTr mo mepe HEoOXOAMMOCTU
MPUBJIEKATHCA MPU OCYXKJIEHUM PE3YyJbTAaTOB HACTOSIIEH pabOThl C TOYKU 3PEHUS
NPOSIBJIICHHSI B CIIEKTpAaX paccessHUs (pa30BOro INepexoia TUIla CTPYKTYPHOrO B
00JIaCTH MaJIbIX KOHIIEHTPALUK ) -MIMKOJIMHA B BOJIE.

Pe3ynpraThl 3KCIEPUMEHTANBHBIX HCCIENOBAHUM YAaCTOTHOTO CMEILECHHUS
KOMIIOHEHT Manenbiitama-bpuimossa B obnactu koHueHtpauuit ot 0.1 mo
0.005 m.A. mOKa3bIBAKOT, UTO, KAK U B CIly4ac BBICOKMX KOHUEHTPALWW, I BCEX
UCCIIEJOBAaHHBIX ~ pacTBOpOB  HaOdrogaercd  JUHEWHas (B mpenernax
HKCIIEPUMEHTAJIbHBIX OIIMOOK) 3aBUCUMOCTh BEIMYHMHBI OT TeMmeparypsl t.
Opnako, TemmeparypHblii kodhduiuent cmemenuss KMB otauyaercss s

PacTBOPOB Pa3IMUHbIX KOHIEHTpauuii [40].

3.2. U3mepeHue TeMnepaTypHOi 3aBUCHMOCTH HHTEHCUBHOCTH PACCESIHHOTO

CBe€Ta B pacTBope ) -IMUKOJHH-BOAA

Bonnblii pactBop ) -nukonvHa ¢ KoHueHTpauwed 0.06 M.A. Y -IUKOJIWHA
OTHOCHTCS K pacTBopaM, oOJajalomuM 0co00i TOYKOH. OITOT pacTBOp
cnaboonanecuupyomui, B OTIUYUE OT PacTBOPOB, OOJAJAIOIMINX KPUTHYECKON
TOYKOM.

Hameir 3amauyed, kKak 3TO yXE€ YyKas3blBajJoOCh, SABIIUIOCH H3y4YEHHUE
TEMIIEpaTypHON 3aBUCUMOCTH MHTEHCHUBHOCTH paccesHHOro ceera. Llenp Takoro
U3y4EHHUs — BBISIBJIEHHE 00JIaCTH TEMIEpaTyp, B KOTOPOH HAOIII01aeTCsl MAKCUMYM
uHTeHCMBHOCTU. Kak yxe Obulo cKa3aHo, Mpu NPUOJIMKEHUU K KPUTHUYECKOU
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TeMIlepaType M30TePMHUUYECKas CKUMAaeMOCTh f; OECKOHEYHO BO3pAacTaer, B TO

BpeMsi Kak ajuabaTuueckas CkumaeMocTh g ocraercs 0e3 msmenenuit. Ilpu

CTSATMUBAHUU 3aMKHYTOW OOJIACTH pacclavBaHUsl BEPXHSS U HUXKHSSI KPUTHUECKUE
TOYKU TMPEBPALAIOTCS B JBOMHYIO KPUTHYECKYIO TOYKY. A TpH JaJbHEHIINX
U3MEHEHUSX MOCIEAHSS TepepokaaeTcss B 0co0yo Touky. B oco0Ooit Touke Bce

SIBIICHUS, TPUCYIIIUE KPUTHUECKOM TOUKE, TAK)KEe UMEIOT MECTO, HO B OoJiee cabom

BapHUaHTC. To ecth 30CCh TAKXKC JOJIXKHO Ha6JIIO,ZIaTBCH YBCIMYCHUA ﬁT u

HCU3MCHHOCTDB ﬂs . B pe3yijibTaTe  OJOJIKHO Ha6JII-OI[aTI>C5I YBCIIMYCHUC

WHTEHCUBHOCTU LIEHTPAJIbHOW JIMHUM PAacCEsHUA, 10 CPAaBHEHHUIO C JIMHHUIMH
KOMIOHEHT MaHnenpmrama-bpuiiirosna.

B 4HCTBIX )KMIKOCTSX MHTEHCHUBHOCTH LICHTPAJIBHOTO KOMIIOHEHTA TPUILIETA
oOyCJIOBJIEHAa pacCEeIHHEM CBETa Ha H300apUYecKuX (IyKTyalusix IJIOTHOCTH.
NHTEHCUBHOCT, KOMMNOHEHT Manaeneirama-bpuiuitosHa BO3HMKAET 3a CUET
paccestHis CBeTa Ha ainabaTHUeCKUX (IyKTyalHsX MIIOTHOCTH.

B pactBOopax B MHTEHCUBHOCThH LIEHTPAJIbHOW KOMIIOHEHTHI J1a€T BKJIAJ CBET
paccestHusl Ha (QIyKTyalusx KoHUeHTpauuu. [Ipu npubimxeHun K TeMieparype
KPUTUYECKON TOYKUA WJIM OCOOOM TOYKH BKJAJ B WHTEHCHUBHOCTH IICHTPAJIBLHOMN
JIMHUU CO CTOPOHBI ()IYKTYyallMi KOHIIEHTPALMK CYIIECTBEHHO pacteT. OTcrona u
OTHOUIEHWE MHTEHCUBHOCTU LIEHTPAIbHOW JINHUHA K WHTEHCUBHOCTSAM KOMIIOHEHT
Mamngensiirama-bpusitosHa Takxke OyIeT pacTu.

B sToM ciiydae Henb3si CUMTaTh, YTO MbI M3MEpsieM COOTHouleHue Jlannay-
[Tnaueka, koTOopoe onpeaensercss GopMyoi

. _C-G, _
2|ME C:V

rac Cp n Cv— YACJIbHBIC TEIJIO0EMKOCTH IIpHu IIOCTOAHHOM AJaBJICHHUHU U ITIOCTOSHHOM

y—1 (3.1)

00BbEM COOTBETCTBEHHO.
3necb | — WHTEHCHMBHOCTH NIEHTpa, |y - WMHTCHCUBHOCTH KOMIIOHCHT

Mangensmrama-bpuitosna.
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B nameit pabote B MHTEHCUBHOCTD IIEHTPA BXOAUT HE TOJBKO CBET PaCCEesTHUS
Ha u300apHUeCKUX (QIYKTyalMsX IUIOTHOCTH, HO M CBET, pPACCEsHHBIM Ha
Ic

baykTyanusx KoHIeHTpamuid. [loaToMy B HaimieM ciiydae OTHOIICHHE Y
ME

IMOKAa3bIBACT JIMIIIb OTHOCHUTCIIBHOC YBCIMYCHHC MHTCHCHBHOCTH LICHTPA, KOTOPOC

yKa)KeT Ha KOOPANHATY 0CO00# TOUKH.

3.3. Pe3yJILTaTbl U3MEPEHNA MHTCHCUBHOCTH PAaCCEAHUA B 3aBUCHMOCTH

OT TeMIepaTypbl

Kak OblIO cKa3zaHO BbIIIE, WHAMKATPUCA PACCEIHHOIO CBETa BOJIU3H
KPUTHYECKUX U OCOOBIX TOYEK PAcTBOPOB OTJIMYAETCS OT PEJIEEBCKOW TEM, YTO
paccestHie 10 MajJbIMU YIJIlaMU UMEET OOJIbIIYI0O MHTEHCUBHOCTb, YEM pacCesiHUE
noja OOJNpIIMMU yrilamMH. JIpyrMMH CIOBaMH, pacCesHHUE BIEpPE]l CYLIECTBEHHO
BbIIlIE, YEM paccesHue Haszaa. TakuMm oO0pa3oM, OCOOEHHOCTH OIaJeCLEHLIUN

OO0JIbIIIE BBIPAKEHBI IIPU MAJBIX YIJIAX PACCESIHUS.

B Hammx skcnepuMeHTax yros paccesHus @ = 45° . 3rotr YTOJI MO3BOJISIET
M3y4yaTb MHTEHCHUBHOCTh B 0ojiee OJarompusiTHBIX YCJIOBHUSX, MO CPaBHEHHIO,
Hanpumep, ¢ yriom @ = 90°,

TeMriepaTypHblii MHTEPBAT HCCICIOBAHMN OXBaThIBaN 06macts ot 9 °C 1o
80 °C.

B tabnuiie 1 npeacraBieHsl pe3yabTaThl IKCIIEPUMEHTA.

Hapsny ¢ MakcuMalnbHBIMM  HMHTEHCHUBHOCTSIMHU  IIEHTPOB  TpUILIETA
Mangenbiirama-bpumirosna,  Obla  M3MEpeHa  TaKKe U MHTErpajibHas
MHTEHCUBHOCTD. [[711 3TOr0 MHTEHCUBHOCTh LICHTPA YMHOXkaJaCh HA MOJYIIUPUHY
JIUHUH.

[Ton nHTEHCHBHOCTBIO ManaenpiTama-bpuiuirosHa HCIOIb30BaIN BBICOTY
CIIEKTPAJIbHOM JIMHUU Ha JUArpaMMHOM JIEHTE CHEKTpa, KOTopas OblIa MoJIydeHa

IIpu OAHMHAKOBBIX YCIIOBUAX HNHTCHCUBHOCTH B036y>1<z[aBmer0 CBCTa,
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KO3 GUIMEHTa YCUIEHUSI TPUEMHO-PETUCTPUPYIOIIEH CUCTEMBI, HAMPSHKEHUS Ha
AMUTEPHBIX IeMeHTax POV T.1.

[Ipy HEOOXOAMMOCTM LEHTpajbHas CIEKTpalbHas JHMHUSA OCIa0JsIoCh
HelTpanbHbld PunbTpoM. C H3BECTHBIM, MPOTPATYUPOBAHHBIM KO3(DPHUIIEHTOM
ocnabieHusi, KOTOpPOE  MCIOJb30BAJIOCH INPU  OLEHKE  HMHTEHCHUBHOCTH.
PacnipenienieHe MHTEHCUBHOCTH B CHEKTPAJIBHBIX JHMHHUIX alpOKCUMHPOBAJIOCH
dynkmueit ["aycca, moaToMmy B mpejenax OmIMOOK 3allMCH CIIEKTPa Mbl OLIEHUBAJIH

N UHTCTPAJIBHYIO HTHTCHCHUBHOCTD JIMHUHN U3JIYUCHUA.
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Tabnuna 1. IHTEHCHBHOCTB CBETOPACCESHUS B PACTBOPE BOJIA- y TUKOJIMH TPU

koHueHTparuu 0.06 m.x.

TeMHepaTypa | Max | urm | Max | v

Y y Mb MbB

1 9.5 83.3 1433 78.3 1353
2 16.0 99.3 2136 90.7 2146
3 19.8 87.3 1368 50.7 980
4 21.8 103.7 1866 92.2 1610
S) 25.5 110.0 843 92.2 720
6 27.0 121.7 2596 91.5 1983
7 30.5 148.3 2942 99.6 2033
8 36.4 126.3 2021 97.7 1514
9 38.9 95.0 2136 78.3 1749
10 40.8 176.0 3696 112.7 2469
11 41.6 148.7 3171 101.2 2141
12 42.8 149.0 2384 104.8 1790
13 45.0 179.7 3662 109.3 2191
14 47.6 86.3 1353 56.4 982
15 49.6 173.3 3871 127.5 2869
16 57.8 171.7 3548 91.0 1850
17 58.3 208.0 4368 121.3 2427
18 59.8 178.0 3797 115.0 2396
19 60.4 178.0 3797 116.2 2401
20 60.6 173.3 3897 102.5 2394
21 60.9 166.0 3486 101.0 2155
22 61.2 143.7 3304 92.3 2000
23 61.6 153.3 3450 99.0 2182
24 62.8 155.0 3513 84.8 1896
25 63.6 149.7 3043 73.3 1442
26 64.6 155.7 3424 77.2 1648
27 65.3 185.7 4085 117.0 2506
28 66.6 220.3 4548 134.8 2718
29 66.8 166.0 3652 100.3 2140
30 67.3 231.3 5086 123.8 2700
31 69.1 166.7 3500 104.3 2174
32 69.4 166.7 3611 100.0 2120
33 71.6 180.0 3915 115.5 2493
34 78.7 155.7 3269 97.0 2086
35 79.4 163.0 3532 108.3 2474
36 81.3 149.3 3136 109.3 2278
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B Ttabnuue 2 mpencraBieHbl JaHHbIE, KOTOPBIE OMpPENEISIIOT HW3MEHEHUE
MAaKCHMAJIBHOTO 3HAYE€HWs MHTEHCUBHOCTH LIEHTpPA TPUIUIETA 0 OTHOLICHHUIO K

_gcO
WHTEHCUBHOCTH TIpH TeMIieparype pactBopa t=9.5 "C

Ta6J'II/IHa 2. OTHOCUTEIbHASI UHTEHCUBHOCTh HCHTpaHLHOfI JIMHUA B paCTBOPC y -

MUKOJIMH- BoJia npu KoHIeHTparuu 0.06 M. (yroJs paccesHus 450)

Temneparypa I |
y /4
I 0
1J9,5° C

1 9.5 83.3 1.00
2 16.0 99.3 1.19
3 19.8 87.3 1.05
4 21.8 103.7 1.24
S) 25.5 110.0 1.32
6 27.0 121.7 1.46
7 30.5 148.3 1.78
8 36.4 126.3 1.52
9 40.8 176.0 2.10
10 41.6 148.7 1.78
11 42.8 149.0 1.79
12 45.0 179.7 2.16
13 49.6 173.3 2.08
14 57.8 171.7 2.06
15 58.3 208.0 2.50
16 59.8 178.0 2.14
17 60.4 178.0 2.14
18 60.6 173.3 2.08
19 60.9 166.0 1.99
20 61.2 143.7 1.72
21 61.3 147.3 1.77
22 61.6 153.3 1.84
23 62.8 155.0 1.86
24 63.6 149.7 1.80
25 64.6 155.7 1.87
26 65.3 185.7 2.23
27 65.6 164.7 1.97
28 66.8 166.0 1.99
29 69.1 166.7 2.00
30 69.4 166.7 2.00
31 70.6 121.3 1.46
32 78.7 155.7 1.87
33 79.4 163.0 1.96
34 81.3 149.3 1.79
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Tabmuma 3. OTHOCcUTenbHAs MHTeHCUBHOCTH KMb B pacTBOpe y -MUKOIMH-BOAA

npu kouuenTpamun 0.06 M. (yrox paccestams 45°)

Ne | Temmneparypa | |
MBE - MBE
IME9.50

1 9.5 78.3 1.00
2 16.0 90.7 1.16
3 21.8 92.2 1.18
4 25.5 92.2 1.18
5 27.0 91.5 1.17
6 30.5 99.6 1.27
7 36.4 97.7 1.25
8 38.9 78.3 1.00
9 40.8 112.7 1.44
10 41.6 101.2 1.29
11 42.8 104.8 1.34
12 45.0 109.3 1.40
13 47.6 56.4 0.72
14 49.6 127.5 1.63
15 57.8 91.0 1.16
16 58.3 121.3 1.55
17 59.8 115.0 1.47
18 60.4 116.2 1.48
19 60.6 102.5 1.30
20 60.9 101.0 1.29
21 61.2 92.3 1.18
22 61.3 91.8 1.17
23 61.6 99.0 1.26
24 62.8 84.8 1.08
25 63.6 73.3 0.94
26 64.6 77.2 0.98
27 65.3 117.0 1.49
28 65.6 86.3 1.10
29 66.8 100.3 1.28
30 67.1 66.5 0.85
31 67.3 123.8 1.58
32 69.1 104.3 1.33
33 69.4 100.0 1.28
34 70.6 71.8 0.92
35 71.6 115.5 1.47
36 78.7 97.0 1.24
37 79.4 108.3 1.38
38 81.3 109.3 1.39
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B Tabmuie 3 mpencTtaBieHBI JaHHBIC, KOTOPHIE OMPENCISIOT W3MCHECHHE
MaKCUMaJIbHOTO 3HAYCHHUS WHTEHCHBHOCTEH KOMIIOHEHT MaHjenpinrama-
BpHILTIO9HA 10 OTHOLICHHIO K Temmeparype t=9.5 °C

Ha pwuc.13 nokazana 3aBUCUMOCTb OTHOCUTEIBHOM WHTEHCUBHOCTHU

I
o MbE
PAcCEessHHOTO CBETA OT TEMIIEPATYPhI B TOHKOM CTPYKTYypE JIMHUM Penes

Ly
ly.e.
0.60 -
0.55
0.50 .

0.45 -

Puc.13. 3aBHCUMOCTb OTHOCUTEIbHON HUHTCHCUBHOCTH pacCeaHHOIro CBECTa OT TEMIICPATYPHI B

TOHKOM cTpyKType uHuu Penes (tabnuua 1)

Kak BHgHO M3 puCyHKa, HECMOTpS Ha OOJBIIYIO OIMIMOKY 3KCIEpHMEHTA
(30%), BumHa TEHIEHIUS K Pa3BUTHIO HEOONBIIOTO MaKCUMyMa B
BBICOKOTEMIIEpaTypHOU 00J1aCcTH.
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UtoObl yOeauThcsi B TOM, YTO B BBICOKOTEMIIEpATypHOW 0O0JIacTH
JEHCTBUTEILHO CYIIECTBYET MAKCUMYM, MBI BOCIIOJIB3yEeMCS JJaHHBIMH Ta0JIUIl 2 U
3. 34echb NMHAMHKAa WHTEHCUBHOCTU pAacCEesHUS paccMaTpPUBAETCS HaMHU Kak
BeIMYMHA OTHOCUTENbHAsA. Bce maHHBIE TepecunTaHbl ISl WHTEHCHBHOCTH

MaKCUMYMOB IO OTHOILIEHUIO K MaKCUMyMy, IOJYYEHHOMY MpH TeMmIepaTrype

|
95 — —=a

Iueﬁ%f

Ha puc 14. npencrapieHsl 3HaueHus, MPUBEACHHBIC B TaOIUIIE 2.

24
250 -

200 -

150 4

100 -

50 -

U ! | ! 1 ! 1 ! | ! | ! | ! | ! | ! |
0 10 20 30 40 50 60 70 80 90
0
t, C
Puc.14. TemneparypHas 3aBUCUMOCTb HHTEHCUBHOCTH IICHTPAIbHOMN JIMHUY (Tabnuia 2)
Bce nanHble mepecuuTaHbl JJIi MHTEHCHBHOCTH KOMIIOHEHTHI ManjenbiiTama-
bpunintooHa 10 OTHOIIEHHWIO K KOMIIOHEHTe ManjenbsintaMa-bpuiosna npu
0 IME _,B
temneparype 9,5°C T P
MB.9,5°C
Ha puc.15. mpencrasneHa 3nadeHus1, IpUBEICHHBIC B TaOmIIe 3.
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Puc.15. TemneparypHas 3aBucumoctb uHTeHCUBHOCTH KMbB

CIiomHpIMM ~ JUHUAMM  Ha  pucyHkax 13-15 mnoka3zaHo  ycpegHeHue
AKCTIIEPUMEHTAJIbHBIX TAHHBIX METOJIOM HAUMEHBIIUX KBaJAPATOB.

Crnenyromum 3TarnoM ObIJIO UCTIOJIB30BAHUE CIUIONIHBIX JIMHUM TSI TTOTYYEHUS
OTHOCHUTEJIbHOTO  yBEJIWYEHUS  HMHTEHCHBHOCTH  pPACCESIHHOIO  CBETa B
MICCIIEIOBAHHOM PACTBOPE B TeMIepaTypHoM uutepsane ot 9,5 °C 1o 80 °C.

B Tabnune 4. npuBeneHbl 3TH JaHHBIC, KOTOPBIE TOJYYEHBI MyTEM JEICHUS
3HAQYEHUH CIUIOIIHOW KPUBOM, M300pakeHHON Ha puC.l5, Ha COOTBETCTBYIONIYIO

KpUBYIO Ha puc.14.

Ta6nua 4. OTHOCUTENIPHOE U3MEHEHNE HHTCHCUBHOCTH LIEHTPAbHOM

komrtoHeHTEI 1 KMb
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No Temneparypa I,
o0
I A% 0
ME9,5

1 10 1.00

2 15 1.10

3 20 1.25

4 25 1.30

3) 30 1.40

6 35 1.45

7 40 1.54

8 45 1.60

9 50 1.64
10 55 1.67
11 60 1.68
12 65 1.65
13 70 1.60
14 75 1.50
15 80 1.38

Pe3ynbTrathl, npuBeeHHbIE B TabauLe 4, Moka3zaHbl Ha puc.16
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Puc.16. OTHOCUTE/IbHOE U3MEHEHHE NHTEHCUBHOCTHU LIEHTpaibHONU KoMIoHeHThl 1 KMb

Kak BuMAHO M3 pPUCYHKa MAaKCUMyM HWHTEHCUBHOCTH PAaCCESIHHOIO CBETa
NPUXOJIUTCS Ha 00JacTh TeMmieparyp OT 55 °C no 65 °C. Dro Hemmoxo
corjacyercs C pe3yibTaToM, TOJYyYEHHBIM C HUCIOJIb30BaHUEM H3IydeHus 0e3
CIIEKTPAJIbHOTO pa3fioxkeHus. Tabmwuia 1, rie MakCUMyM pacrojaraeTcs B paiioHe
65 °C.

N3 npuBeneHHBIX Ha pUCyHKax 13-16 pe3ynbTaToB BUAHO, YTO
OTHOCHUTEJIbHASI ~ MHTCHCUBHOCTh  IIEHTPAJIbHOM  KOMIIOHEHTBI  pacTéT C
TEMIEPATypol, MPOXOJUT 4Yepe3 MAKCUMyM, a 3aT€M yMeEHbIIaeTcs. MakcuMmyMm
WHTCHCUBHOCTU PAaCCesHUsS ISl LEHTPAJIbHOM KOMIIOHEHTHI HaOMIOfaeTcs Mpu

Temmepatype nopsiaka 60°C.

67



Poct wuHTEHCHMBHOCTM C  TeMmeparypod HAYMHACTCA  JAJIEKO  OT
MpeArnogaraeMor KpUTHIECKOW TOYKH, TOTJa KaK pOCT (PIyKTyaIruid u uX paamyca

Koppeiinuy, IMpUCymue KpUTHICCKUM TOYKaM, JOJDKHBI CYIICCTBCHHBIM 06p330M

MpOSIBIIATECA B CBETOpAcCesHMM B Temmeparypbix mnpememax AT <0.3°C,
MOHOTOHHOE  yBEJIMYEHHE MHTCHCHUBHOCTH paccesHuss Ha  (QIIyKTyalusax
KOHIICHTPALlMU B HAIIEM clly4ae He XapaKTepHO IS KPUTUYECKOH OTajieclieHIIHH.
3aMeTHOE PACXOXKICHUE TIOBEJACHUS HWHTCHCUBHOCTU DPACCESTHHOTO CBETa, IO
CPaBHEHHIO C MOBEJICHUEM 3TOM BEJIWYHHBI B OKPECTHOCTU JBOMHON KPUTUYECKON
TOYKH PaCTBOPOB, MPOSIBISIETCS KAK KAYECTBEHHO, TAK M KOJIMYECTBEHHO.

[To oroifi mnpuumHE MBI MOXEM TOJNBKO KOHCTaTUPOBaTh  TOT
AKCIIEPUMEHTAIbHBIN (DAaKT, 4TO IS MCCIEAYEMOrO pPAacTBOpa B CIEKTPAIBHO
Pa30KEHHOM CBETE HAOII0JaeTCsl HATMYHE MAaKCUMyMa PacCesiHUS B OKPECTHOCTH
TEMIIepaTypbl, COOTBETCTBYIOUIEH TeMIiiepaTrype oco0oil TOouke pacTBopa. IDTOT
MaKCUMYM pacCesHHUs CBS3aH C Pa3BUTHIMHA (DIYKTyallMsIMH KOHIICHTPAIUH.
XapakTep TeMIepaTypHOTro TOBEICHHS, T. €. POCT pa3Mepa (QIyKTyaluid 1 paguyca
UX KOPPEJSIHU, BPSA JIM MOXKET OBITh OOBSICHEH KPUTHYECKUM MOBEICHHEM,
AHAJIOTMYHBIM KPUTHYECKUM SIBIICHUSIM B CJIydae pacclanBaroOIIUX PacTBOPOB
BOJIM3U KPUTUYECKON TOUKH pacCIIauBaHHUSL.

Takum 00pazom, cpead BOIHBIX PACTBOPOB HEIIEKTPOJIUTOB PACTBOp ) -
IIUKOJIMH-BOIa 00JIaJIaeT SPKO BBIPAKCHHBIM (U3NYECKUM CBONCTBOM TIpH
ONPEAETICHHOW  KOHIEHTpAallMM ¥  TeMIlepaType, KOTOpOe  OINpenesnseT
TEPMOJINHAMHYECKOE COCTOSIHHE PAacTBOPa, M KOTOPOE MPUHATO HA3BIBATh 0COOOI
TouKoi Ha a3zoBoil nuarpamme 7-C.

[TompoOHbIe wWccaenoBaHUS WHTETPATbHOW WHTEHCUBHOCTU — PacCesHUS
BykcoM u JIMCHSHCKMM TO3BOJIMJIM aBTOpaM MPEAIOJIOKUTh, YTO 0CO0asi TOYKa
pacTBOpa  COOTBETCTBYET COCTOSIHUIO TEPMOJWHAMHYECKH HEYCTOHYHMBOTO
paBHOBECHS, KOT/Ia PacTBOP IO TeMIIEpaType M KOHIIEHTpAIK Hanboiee OJIM30K K
KPUTHYCCKOW TOYKE pacciamBaHus. B To ke Bpemsl, MOJPOOHBIC HCCIICIOBAHUS
AHUCHMOBA TIOBEICHUS  YACINBHOW TEIJIOEMKOCTH B  3aBUCUMOCTH  OT

KOHOCHTPAIWH U TCMIICPATYPhI ITIO3BOJINJIN CACIIATh BBIBOA, YTO B IIPUPOAC ocoOou
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TOYKE BOJHBIX PACTBOPOB JIEKUT MEXAHU3M CTPYKTYPHOTO MEPEXO0/A, a MAKCUMYM
WHTEHCUBHOCTH PACCEsTHUS CBS3aH HE C KPUTHYCCKUMHU  (IYKTyarusiMu
KOHIICHTPAIIMU, & BBI3BAH IPOLIECCOM CTPYKTYPHOU NEPECTPOMKH pACTBOPOB Ha
MOJIEKYJISIpHOM YpOBHE. B pesynbTaTe 3TOM MEepecTpOMKH BO3HUKAIOT 00JIacTH,
CoIepiKalllue TNPUMECH TPETe  KOMIIOHEHThl  pacTBopa. Bo03MOXHOCTh
CTPYKTYpHOTO (Pa30BOro mepexojia B PacTBOpax B OKPECTHOCTH OCOOOW TOUYKH
MOKa3aHa »JKCIEPUMEHTAIHHO B paboTtax [26-28]. B BomHBIX pacTBOpax B
3aBUCUMOCTH OT THIIA TPOSBICHHOIO B3aWMOJEHCTBUS MOTYT OOpPa30BBIBATHCS
pa3JIMUHbIE TUIBI CTPYKTYP: OT HAJIMOJEKYJSPHBIX arperaToB, JBMXKYIIUXCA Kak
OJIHO II€JI0€, /10 ACCOLIMATOB, COCTOSIIIIUX U3 MOJIEKYJI OJJHOTO COPTA.

O030p pa3ITUYHBIX MHTEPIPETAN SKCIECPUMEHTAIBHBIX PE3YJIbTATOB,
BBITIOJTHEHHBIM B [33], mokasaj, 4TO OHM MPEANOJiaraloT OJM30CTh COCTOSIHUS
pacTBopa mpu HOPMAJILHOM JaBJieHUS K (a30BOMY MEPEXOY KUAKOCTh-KUIKOCTh
WM 00pa3oBaHUE HA MOJICKYJISIPHBIX CTPYKTYP THUIIA KJIACTEPOB.

N3BecTHO, YTO CYHIECTBEHHYIO HH(POPMALIUIO MOKHO MOJIYYHTh O XapakTepa
nepexoga TEPMOAMHAMUYECKHM COCTOSIHUE pPAacTBOpa W JUHAMUKE IPOLECCOB
MPOTEKAIOIUX BOJM3M KPUTUUECKUX TOYEK MOXKET OBITh IMOJyYeHa IMpHU
VICCJIEIOBAHUM CKOPOCTH BBICOKOYACTOTHOT'O 3BYKa. Takoro pojaa HcciaeqoBaHUs
OB BBIMOJHEHBI, KOT/A JJIMHA BOJHBI 3ByKa COMNOCTaBUMa C XapaKTEepPHBIM
MacmTaboM CTPYKTYPHBIX (hiykTyaruii [41].

AHanu3 BBINICTIEPEYUCIICHHBIX IKCIIEPUMEHTATIBHBIX (PAKTOB MO3BOJISIET HAM
clelnaTh BbIBOJ, UTO TIOJYyYEHHbIE HAaMHU PE3yJbTaTbl 1O IOBEJIEHUIO
WHTEHCUBHOCTU CBETOPACCESHUSI B OKPECTHOCTU OCOOOM TOUKM Ha (PIIyKTyanusx
KOHIIEHTpAIUH, CKOpee BCEro, 00yCIOBIEHBI CTPYKTYPHBIM MEPEX0JOM KUIKOCTh-

JKUJIKOCTb.
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BbIBO/1bI

PGSYJ'II)TaTBI HCCICOA0OBAHU HHTCFpaHBHOfI HMHTCHCHMBHOCTH B KOMIIOHCHTAax

CIIEKTpa TOHKOM CTPYKTYpbl JIMHUUA Panes — NeHTpanbHasi KOMIIOHEHTa W

KOMITOHEHThl MaHienpiTama-bpuiitoosHa — B MIMPOKONH 00JIaCTU TeMmIeparyp B

pactBope ) - mukonumH-Boja (0.06 M.m. ) - mMUKOJIWHA) MOTYT OBITH OOOOIICHBI

CJIEAYIOIIMM 00pa3oMm:

1.

BbllloNlHEH ~ aHanu3  COBPEMEHHBIX  CIOXHUBIIMXCS — MPEICTAaBIECHUHM O
bu3MUEeCKUX MEXaHU3MaX, MPUBOISIIMX K YBEJIWYCHUIO WHTEHCHUBHOCTU
paccesHUs CBETa B OKPECTHOCTU KPUTUUYECKUX M OCOOBIX TOUEK PACTBOPOB;
Mertonom na3epHOM CHEKTPOCKONMH C MCIOJIB30BAHUEM JIBYXITPOXOJHOTO
unTeppepomerpa Padbpu-Ilepo BEICOKOTO pa3pelieHUs] U KOHTPACTHOCTH ObLIH
MOJIYYEeHbl CHEKTPhl TOHKOW CTPYKTYpbl JIMHMM Penes B BOJHOM pacTBOpE
KPUTHUUECKON KOHIIEHTPAIMHU B OKPECTHOCTH 0CO00I TOUKU COCTOSIHMS,
[IpoBeneHO wHccClIeIOBAaHUE TEMIIEPATypPHOIO TIOBEACHHS WHTEHCHBHOCTHU
U30TPOIHOIO PAcCCesHUs CBETa B PACTBOpPE ) -MHMKOJIMH-BOJA KPUTHUUYECKOMN
KOHLICHTpaLUy;

N3yuyenue pacrpenesieHuss MHTEHCUBHOCTH B KOMIIOHEHTAaX TOHKOW CTPYKTYpBI
MOKAa3bIBAET, YTO paccesiHUE Ha (PIyKTyalusx KOHIEHTPALMHU B LEHTPAIbHOU
HECMELIEHHON KOMIIOHEHTE TpHUIUIETa IPEBOCXOAUT [0 WHTEHCHBHOCTU
paccesnue MangenbiitaMa-bpusitosHa Bo BCEM TeMIlepaTypHOM HMHTEpBaJe
UCCJIeI0BAHNUS;

MakcuMyM  MHTEHCHUBHOCTH  pPacCesHMs, KOTOPBIA  INPUXOAWUTCA  HA
LHEHTPAIbHYI0O KOMIIOHEHTY TOHKOH CTPYKTypbl JUHUU Penes, oOycioBiieH
GbayKTyanusiMu KOHIIEHTPALIHH;

LleHTp TpuIuieTa pacTeT ¢ POCTOM TEMIEPATYPbl 1 UMEET MAaKCUMYM B pailoHe
65°C. D10 cormacyercsi ¢ TeM, 9TO NPH NPHOTIDKCHHH K 0COo0Oil TOUKe
pacTBOpa MPOUCXOIUT POCT (PIYyKTyallui KOHIICHTPALUH;

NHTEHCUBHOCTD KOMIIOHEHT Mangenbitam-bpuruitodna BO BCEM

HCCJICIOBAHHOM HHTCPBAJIC TCEMIICPATYP MCHACTCSA HC3HAYHUTCIIBHO KakK II0
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abCONIIOTHOMY 3HAU€HUIO, TaK U MO OTHOIICHHWI0O K MHTEHCUBHOCTU MpPH
Temmepartype t=9.5°C;

8. Kak u cienoBano 0xuaaTb, MAKCUMYM OTHOCHUTEIBHOM MHTEHCUBHOCTH BEChMa
HEGOIBIION 1 3aXBaThIBACT 00MAcTh Temmepatyp He Meree 5-10°C B oTimune
OT PE3KOT0 yBEIMUYEHUSI MHTEHCUBHOCTH PACCESHHOTO CBETa BOJM3U HUKHEH U
BEPXHEH KPUTHUECKUX TEMIIEPATyp pacCIauBaHuUs;

9. locraToyHasi MIMpPHHA KyMHojia HaOII0AaeMOr0 MaKCUMyMa MpPeIOCTaBIsET
BO3MOYKHOCTh M3YYEHUS Pa3IMyHbIX SBJICHUN BOJM3M O0COOOH TOUKU yXke 3a 3-
5°C oT Heé, B TO BpeMsl KaK BCE KPUTHUECKHE SBICHHS BOIHM3M BEpXHEil i
HIDKHEW TOYKU pacCiIauBaHMs Pa3bITPHIBAIOTCSA B HETIOCPEICTBEHHOW OIM30CTH
ot Hee B peAenax 0.1-0.01 0C;

10.Hamm wuccnemoBaHusi JAlOT BO3MOXHOCTh  CYIIECTBEHHO  PaCIIMPHUTH
TEMIEPATYPHBII Hana3oH H3y4yeHUs KPUTHUECKUX SIBJICHHUM, BO3HUKAIOIIMX

BCJICACTBUC PA3BUTBIX (I)JIYKTyaI_[I/Iﬁ KOHIOCHTPAIIWH.

71



10.

11.

12.
13.

JIUTEPATYPA

Dabenunckuu HU.JI. N36panusie Tpyasl. B 2 1. [lox pen. B.JI. 'ma30ypra. M.:
duszmatiut, 2005. Padenunckuti M.J1. MonekynspHoe paccesiHue cBeta. M.:
Hayxa, 1965.

Dabenunckuu U.JI. /| YOH. 1994. 1.164. Ne9. ¢.897.

Anucumos M.A. Kputuueckue sSIBIECHUS B KUJIKOCTAX U KUAKUX KPUCTaIIaX.
M.: Hayka, 1987.

Byxe M.®., Jlucuanckui JILU. B xH.: Kputnueckue siBieHus U GiayKTyaluu B
pactBopax. M., 1960.

Jlucusanckuii JILU., Byke M.®. // Bectauk JleHunrp. yH-Ta. 1962. Ned. c.67.
Ockun B.E., Hecmepog A.E. // Yxp. us. xxypH. 1964. 1.9. Ne5. ¢.540.

Bykc M.®. Paccesnue cBeTa B rasax, *XUIAKOCTSAX WU pactBopax. JI., M3a-Bo
Jlenunrp. yu-ta, 1977.

Cabupos  JLM. Cnextpsl  MOJIEKYJSIPHOTO  paccesHHs CBeTa U
pacnpocTpaHEeHUE THUIEpP3BYKa B XKUAKOCTSAX U pacTBopax. ucc. nok. ¢us.-
Mmart. Hayk. Camapkanz. 1984.

Xaiioapoe X.C. CHexkTpbl TOHKOW CTPYKTYpbl pPACCESIHUSI B OKPECTHOCTH
0Cc0o00i TOYKM BOJHBIX pacTBOpoB. Jlucc. kaHA. ¢pu3.-mar. Hayk. CamapkaH/.
2010.

Koesanenxo K.B., Kpueoxuoxca C.B., @aberuncxun H.JI., Yaixos JLJI [l
Kpatkue coobmenus mo ¢pusznke PHUAH. 2002. Nell. c.19.

Llaxnaponoe M.J. BBeneHne B COBpEMEHHYIO TEOPUIO pacTBOpoB. M.: Bricr.
mkoua, 1976.

Walker J.S., Vause C.A. // Phys. Lett. A. 1980. v.79. p.421.

Walker J.S., Vause C.A. // J. Chem. Phys. 1983. v.79. p.2660.

72



14.
15.
16.
17.
18.
19.
20.
21,

22,

23.
24,

25,

26.

217,

28.

29.

30.

31.

Anucumose M.A., Bopownenv A.B., I'opodeyxui E.E. /| KIOTD. 1971. 1.60.
c.1117.

Andon R.J.L, Cox J.D. // J. Chem. Soc. (London). 1952. p.4601.

Andon R.J.L, Cox J.D. // J. Chem. Soc. (London). 1952. p.4606.

Powuna I'1l., Anmonosa M.I'., Hwenxo 3./1. // Ykp. dus. xxypsa. 1967. 1.12.
No2. c.315.

Shneider G.M. // Ber. Bun. Gessel for Phys. Chem. 1972. v.76. p.325.

Garland C.W., Nishigaki K. // J. Chem. Phys. 1976. v.65. p.5298.

Larsen G.A., Sorensen C.M. // Phys. Rev. Lett. 1985. v.54. p.343.

Sorensen C.M., Larsen G.A. // J. Chem. Phys. 1985. v.83. p.1835.

Jacob J., Kumar A., Asokan S., Sen D., Chitra R., Mazumder S. /[ Chem.
Phys. Lett. 1999. v.304. p.180.

Hasuoosuu C.A., Hunoep U.U. /| KXITD. 1989. 1.95. c.1289.

Kpusoxuoca C.B., Jlyeosas O.A., @abenuncxkui U.JI., Yaiikos JLJI. /| KITD.
1985. 1.89. Nel, c.85.

Kpusoxuowca C.B., @aberunckuii H.J1., Yaiixoe JLJI. // N3Bectuss BY3o0B. Cep.
Pagnoduzuka. 1987. 1.30. Ne2. ¢.308.

Kpusoxuoca C.B., Jlyeosas O.A., Dabemuncxkuu H.JI., Yavixos JILJL,
Lumposckuii A., Anu JI. // KOT®. 1993. 1.103. Nel. c.115.

Kpueoxuowca C.B., @abenunckuu U.JI., Yatikos JI.JI. // Tlucema XKITD. 1994.
T.60. Ne5. ¢.333.

Kpueoxuowca C.B., @abenuncxui H.JI, Yauixoe JILJI. // Axyctuyeckuii
xypHai. 2001. 1.47. Ne2. ¢.238.

Poonuxosa M.H., Jlanwuna JI.B., Yaban U.A. /| Joxnager AH. 1990. 1.315.
Nel. c.148.

Jlanwuna JI.B., Poonuxosa M.H., Yaban U.A. /| Kypu. ¢uz. xumun. 1992.
T.66. Nel. ¢.204.

Kopcynckuu B.U., Habepyxun FO.U. // XKypH. cTpykT. xumuu. 1977. 1.18. Ne3.
c.587.

73



32.

33.

34,

35.

36.

37.
38.

39.

40.

41.

42.
43.

Kawaesa JI.M., Omonosa H.III., Cabupos JIM., Cabupos P.JI., Typaxynos
A.T., Ymaposa T.M. /| Akyctuueckuil xxypHai. 1996. 1.42. Ne5. ¢.639.
Subramanian D., Ivanov D.A., Yudin I.K., Anisimov M.A., Sengers J.V. // J.
Chem. Eng. Data. 2011. v.56(4). p.1238.

Anmonuenxo B.A., /lasvioos A.C., Unvun B.B. OcHOBBI (¢u3uku Bojabl. Kues:
HaykoBa nymka, 1991.

Poonuxosa M.H., Yymaescxuti HA. // Kypu. crpykryp. xumuu. 2006.
T.47[IIpun.]. S154.

Yaban U.A., Poonuxosa M.H., ’Kaxosa B.B. // MonexkynspHaas Ouodusuka.
1996. 1.41. Ne2. ¢.293.

Semenov D.I. // Physics of wave phenomena. 2010. v.18(3). p.155.

Cabupos JI.M., Cemenos /[.U., Xauvoapos X.C. // OnTruka U CHEKTPOCKOMHUSI.
2007. 1.102. Ne6. ¢.955.

Cabupos JI.M., Cemenos /[.U., Xatioapos X.C. // OnTrka U CIEKTPOCKOIHUS.
2008. 1.105. Ne3. c.405.

bynxun H.@., I'openux B.C., Cabupos JI.M., Cemenos J.HU., Xatioapos X.C. Il
KBanrtoBas snexkrponnka. 2010. 1.40. Ne9. ¢.817.

Sabirov L.M., Semenov D.l., Utarova T.M., Haydarov H.S. // Physics of wave
phenomena. 2011. v.19(3). p.177.

Euliss Q.W., Sorensen C.M. // J. Chem. Phys. 1984. v.80(10). p.4767.

JIM. CabupoB, .M. CemenoB, X.C. XarimapoB, WM. bekmynatoB //
«CTpyKTypHasi HEOTHOPOJIHOCTh BOJHBIX PACTBOPOB TPETUYHOTO OYTHIIOBOTO

CIpTa B 00J1aCTH MajbiX KoHIleHTparuid.» 2012 1. 338 c1p.

Cnucok ucnosib30BaHHBIX HHTEPHET-PECYPCOB

www.ufn.ru — Caiit )xypHana «Ycrexu pU3HuecKuX HayK»

www.quantum-electron.ru — Caiit xypHana «KBaHTOBast JJICKTPOHHKA
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Poccun, conepxanue xypHana «Kparkue coobmenus o dpuzuke GDMAH»
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OT3bIB

Ha JUCCePTAIMOHHYIO paboTy MaructpanTa kadeapsl « Teopetudeckas pusnka u
KBaHTOBAs AJEKTpoHUKa» (pusndeckoro akymnbrera Caml'yY bekmynatosa M.P. Ha Temy
«M3mepeHre HHTEHCUBHOCTH PACCESHHS CBETA B BOJIHBIX PACTBOPAX HEIICKTPOIUTOBY

no crneruanbHOCTH SA-440105 — na3zepuas pusuka.

HccnenoBanus GpazoBbIX NEPEX0I0B U KPUTHUECKUX SIBJICHUI B )KHJIKOCTSAX U pacTBOpax
NpPEJICTAaBISAIOT cOo0O B Hacrosiliee BpeMs OOMMPHYIO OOJacTh HWHTEPECHBIX U
aKTyaldbHBIX (u3nueckux 3amad. OnHUM U3 HaumOosiee OOMMX (PU3NUYECKUX SIBICHUM,
COMPOBOXKIAOMUX (PA30BBIM MEPEX0]], SBISETCS CHIBHOE YBETUYCHHE WHTEHCUBHOCTHU
paccestHHOTO CBeTa, 00yCIOBIEHHOE POCTOM (hIyKTyalluid mapameTpa nopsaka.

UccnenoBanrus HMHTEHCUBHOCTH CBETOPACCESIHUSI B pacTBOpax C 3aMKHYTOU
00JacThIO pacciaanBaHUs MOKa3alIM, YTO TaKHME CUCTEMbI 00Jaat0T PSAOM CBOMCTB, €l
TpeOytonmx o0bsicHeHnil. OTIeNbHBIA UHTEPEC B 3TOM IUIAHE MPEACTABISIIOT PacTBOPHI
HEIJIEKTPOJIUTOB B BOAE. B BOJOHBIX pacTBOpax MUPHAMHA U €r0 METHINPOU3BOAHBIX
(MMKONMHOB) M3MEHEHUE KOHIICHTPAIIMU HESJEKTPOJINTa U TEMIIEPAaTyphl pacTBOpa HE
NPUBOAUT K pacciamBaHuio. HecMoTps Ha OTCYTCTBHME TOYKM pACCIaMBAHMS B 3THUX
pacTBOpax HaOJI01aeTCs aHOMAJIMU B PACCESTHUM CBETa B 00JIACTH MasbIX KOHIEHTpalui
HEDJICKTPOJIUTA. BBIpaKeHHBI MakKCUMMyM Ha KOHUEHTPALMOHHOW 3aBUCUMOCTH
koa(dduimenTa paccessHusi cBeTa oOHapykeH Ha KoHueHtpauuu 0.1 M.J. 7 CUCTEMBI
Boja — mupuauH U B o6mactu 0.06-0.09 m.a. 1u1st cucteM Bofia — METHUIIITHPUIUHBI.

[ToBeneHne MHTErpabHOW MHTEHCUBHOCTH PACCESIHUSA CBETA B BOJHBIX PACTBOPAX
HERJIEKTPOJIIUTOB HM3YYEHO JIOCTATOYHO NOJApOOHO, HO HH(OpManuUs O TOBEIECHUU
CIIEKTPAJIbHBIX XAPAaKTEPUCTHUK PACCEIHHOTO CBETa B HUX B IIMPOKOM HWHTEpBaje
KOHIICHTpAallUi MPaKTHYECKH OTCYTCTBYeT. BMecTe ¢ Tem, n3yueHue Takux MnapaMeTpos,
KaK, HallpUMEP, UHTEHCUBHOCTh KOMIIOHEHT P3JIEEBCKOI0 TPUIUIETa (TOHKOW CTPYKTYpbI
auHUM Penest) Mo3BOJSET MOMYYUTh Tropaszio Oojbiie HHPOpMAUMU O (U3HYECKHUX
npoiieccax, MPOUCXOJAIIUX B BOJHBIX PACTBOpAX MPU H3MEHEHHHM TeMIEpaTypbl MU
KOHIIEHTPALIUU MOJIEKYJT HEAIEKTPOJIUTA.

Henpto  mucceprauvoHHoro wuccienoBaHusi beknynmatoBa W.P.  sBuioch

HUCCIICAOBAHUC TIOBCACHHA HWHTCHCUBHOCTHU PACCCAHHOIO CBC€TAa B CIICKTPC TOHKOM
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CTPYKTYpbI JIMHUU Paniest B pacTBOpe )~IMUKOJIMH-BOJA, 00JaAat0IIMM 0CO00M TOUKON Ha

¢dazoBoil TUarpamMme COCTOSIHUS B KOOPAMHATAX «TeMIIepaTypa — KOHIICHTPAIUS.

Jlnst nocTKeHUs Leau padboThl EPE]] TUCCEPTAHTOM ObUIM MOCTABIIEHBI CIEIYIOIINE
3a/1auu:

1. IlpoBeneHue aHanM3a 3KCHEPUMEHTAIBHOTO U TEOPETUYECKOTO M3YyUEHUSI MOBEACHHUS
UHTETPaIbHOW WHTEHCUBHOCTH CBETOPACCESHUS B PAcTBOpax C 0COOOW TOUKOW B
3aBUCUMOCTH OT KOHIIGHTPAllMM U TEMIIEpaTypbl, KOTOPhIC OBLIM BBIIIOJTHEHBI B
MPEALIECTBYIOUIUX HCCIIEI0BAHMSIX;

2. Pa3paboTka METOMWKH H3MEPECHHsS] HHTCHCHUBHOCTH CBETOPACCESHHS B CIEKTPAILHO
Pa3I0KEHHOM CBETE;

3. HccnenoBaHue 4acTOTHOTO pacHpe/ieleHs MHTEHCUBHOCTH B KOMIIOHEHTaX TOHKOM
CTPYKTYpHbI JInHUU Penes.

4. AHanmu3 pe3ylnbTaToOB UCCIIEIOBAHUS U COOTBETCTBYIOIINE BHIBOIBI.

bexnymaros N.P. ycnemHo chnpaBuics cCO BCEMH IMOCTABICHHBIMU MEPE HUM
3amayamu. B mporecce oOyueHuss Ha Kadeape M BBIOTHEHUS IHUCCEPTAIIHOHHOTO
UCCJIEIOBAaHUSI OH IMPOSIBUI CIIOCOOHOCTH B IUJIaHE IOMCKAa M aHalU3a HMEIOIIUXCS
JUTEPATypPHBIX HCTOYHUKOB, YMEHHE MPOBOJIUTH HEOOXOAMMBIE pacueThl, pabOTaTh C
HAyYHBIM O0OpYIOBAaHUEM, TMOJIy4aTh OJKCIEPUMEHTAJIbHbIE ITaHHBIC, TPOBOAUTH HUX
aJIeKBaTHYI0 00pa0OTKYy M COMNOCTaBJIEHHWE C pe3yjbTaTaMH HKCIEPUMEHTAIbHBIX U
TEOPETUYECKUX HCCIEAOBaHUN APYruX AaBTOPOB, a TaKKe TIPaMOTHO M aKKypaTHO
OoQOpMIISITH pe3ynbTaThl CBOMX MCCIEJOBAaHUI B BHJIE OTYETOB U MarucTepCKOn
JUCCEpTaLUU.

Cuuraro, 4to quccepranmonHas pabora beknynarosa W.P. Ha temy «3mepenne
WHTEHCUBHOCTH DPAacCesHMs CBETa B BOJHBIX pPAacTBOpax HEMIEKTPOJIUTOB» IO
aKTyaJIbHOCTH, HOBH3HE, 00bEMY BBIIOJHEHHBIX HCCIIEIOBAHUN M HAyYHBIM BBIBOJIAM
COOTBETCTBYET TpeOOBAaHMAM, MPEABIBISIEMBIM K MaruCTepCKUM JHUCCEPTALMIM, a cam
bexnynmaroB W.P. 3acinyXuBaeT NpUCYKACHUS €My YYEHOM CTEIEHHM Marucrpa Iio

crenpanbHocTh SA-440105 — Jlazepras ¢pusuka.

HayunbIit pykoBoauTE B! pod., 1.¢.-m.H. Cabupos JI.M.
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PELHEH3USA

Ha JIUCCEPTAIMOHHYIO paboTy MaructpanTa kadeapsl «Teopernueckas (Gpu3nuka u KBaHTOBas
aeKTpoHUKay ¢uszndeckoro pakynpTeTa Caml'yY beknynaroa M.P. Ha temy «3mepenue

HHTCHCHUBHOCTHU paCCCAHUA CBETA B BOAHBIX paCTBOpax HEQJICKTPOIUTOB) 110 CIICHUAIBHOCTH

5A-440105 — nazepHas GpusuKa.

Huccepranmonnas pabota bexknynatoBa W.P. mnocsiieHa u3y4eHHI0O HWHTEHCUBHOCTU
pPaccessHHOrO CBeTa B CIIEKTpEe TOHKOW CTPYKTyphl JMHUHM Penes B BOJHOM pacTBOpe
HEDJICKTPONIUTa, oOO0mamaronmeM ocoboii Toukoi Ha (a30BOM JuarpaMme COCTOSTHHS B
KOOpJMHATAX «TEMIIepaTypa — KOHIICHTPAIIHS.

B kaudectBe oObekTa wuccneqoBaHuUM ObUT BBHIOpAH BOAHBIM PACTBOp Y-NIMKOJUHA (4-
METUIUPHUANHA) ¢ KoHLeHTpareid 0.06 m..

AKTYyaJIbHOCTh TOJOOHBIX UCCIIEJOBaHMM OOYCJOBIIEHA TEM, 4YTO HCCIEI0BaHUS
WHTETPAJIbHOW HMHTEHCHUBHOCTH PACCESHMsI CBETa B ATOM pPACTBOPE IPOBEACHBI JIOCTATOYHO
nopoOHO, HO HH(MOpPMANHS O TEMIIEPATYPHOM IIOBEICHUM CIEKTPATBHBIX XapaKTEPUCTHK
PacCesTHHOTO CBETa — MHTEHCUBHOCTH KOMIIOHEHT PAJIEEBCKOTO TPUILIETA - B HUX IMPAKTHUECKU
OTCYTCTBYET. OKCIHEPUMEHTaJbHOE UCCIIEJOBAaHNE TaKUX CIEKTPAIbHBIX XapaKTEPUCTHK
MO3BOJISICT TOJIYYUTh IEHHYIO HHPOpMamuio o (PHU3UYEeCKHX Mporeccax, MPOUCXOIAININX B
BOJIHBIX PacTBOpax ¢ 0co00# TOYKOW MpH W3MEHEHUU TeMIIepaTyphl U KOHIICHTPAIIMH MOJICKYIT
HEDJICKTPOJINTA.

Huccepranmonnas pabora beknmynatroBa W.P. cocroutr w3 BBeneHus, Tpex TIJasB,
3aKJTFOUYEHHUS U CTHCKA UCIOIb30BAaHHON JIUTEPATYPHI.

Bo BBegenuu cdopmynupoBaHa aKTyaJbHOCTh JHUCCEPTAIMOHHOW padoThI, IENb M
OCHOBHBIE 3a]a41 HCCIIEIOBAaHUSA, COPMYIUPOBAHBI TTOJIOKEHUS, BRIHOCUMBIE INCCEPTAHTOM Ha
3aIUTYy.

B mepBoii rmaBe MpUBOIUTCS KPAaTKH 0030p TEOPETUYECKUX U IKCIEPUMEHTATbHBIX
paboT 1o uccnexyeMoit 00JacTH, M CTaBSATCS KOHKPETHBIE 3a]Ja4M JIJIsl HACTOSIIICH paboTHI.

Bo BTopoit riaBe paccMOTpEHbI OCHOBHBIE KOHCTPYKTHUBHBIE OCOOCHHOCTH U
XapaKTePUCTUKU  OKCIIEPUMEHTATBbHOW  YCTAHOBKH, HW3JI0O)KEHAa  METOJAMKA  W3YYCHHUS
WHTEHCUBHOCTH CHEKTPAIbHBIX IMHUHN B CIIEKTPE TOHKOW CTPYKTYpBI TUHUH Panest.

B  Tperpeit rmaBe muccepTanuud  OOCYXKIAIOTCS  pe3yibTaThl  MCCIICIOBAHMS
TEMIIEPATYPHOH 3aBHCHMOCTH HWHTCHCHBHOCTH IICHTPAJIBHOH KOMITOHCHTHI JIMHUU Panes u
KOMIIOHEHT TOHKOHM CTPYKTYyphl (KOMIOHEHT ManaenbinTtama-bpuiiosHa) B BOJHOM pacTBOpe

ramMma-IimKoJIMHa C KOHLIeHTpaL[I/Ieﬁ, COOTBCTCTBYIOH_[Cﬁ 0Cco00i TOUKeE. HpOBOI[I/ITCH aHaJn3
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MOJIYYEHHBIX 3KCIIEPUMEHTAIbHBIX JAHHBIX C TOYKH 3PEHHSI COBPEMEHHBIX TEOPHUHM O MPHUPOJIE
0Cc000¥ TOYKH U UMEIOIIUXCS PE3YIbTATOB UCCIICIOBAHUI IPYTUMH METOIAMHU.

B 3axiroueHuun nuccepTanuy MpUBEICHBI OCHOBHBIC BBIBOJBI MO Pe3yJbTaTaM paboThI.
Ilo pe3ynbpTaTam BBINOJIHEHUS JMCCEPTALMOHHOIO MCCIENOBaHUS aBTOPOM CHI€JIaH OCHOBHOM
BBIBOJ, O TOM, YTO MAaKCUMyM HMHTEHCUBHOCTH CBETOPACCESHUS, KOTOPBIA NPUXOJUTCS HA
[EHTPAIbHYI0 KOMIIOHCHTY TOHKOW CTPYKTYphl JIMHMU Panes, cBsi3aH ¢ QUIyKTyarusMu
KOHIIEHTPaLUM.

B nenom crnegyer OTMETHTD, YTO IOCTOMHCTBO JUCCEPTALMOHHON paboTe 3aKIoyaeTcs B
TOM, YTO B HEW 3aTPOHYThIE BOIIPOCHI PACCMOTPEHBI JOCTATOYHO MOJHO, 000OCHOBAHHO MPOBEICH
aHAIN3 SKCIICPUMEHTAIBHBIX PE3YyJIbTaTOB. B CBs3u ¢ 3TUM CHOPMYIMPOBAHHBIE HAyYHBIC
BBIBO/JIBI 110 pe3yiIbTaTaM PabOThl HE BBI3BIBAIOT COMHECHHIA.

B kauecTBe 3aMevanuii o paboTe cieayeT OTMETUTH CIIEAYIOIIee.

1. He coBcem moHATHA MpUYHMHA BBIOOpA OTHOCUTENBHBIX €AMHUIl U3MEPEHHS] WHTCHCUBHOCTHU
PAacCesHHOIO CBETA IIPU aHAJIU3€ CIIEKTPA PACCESIHHOIO CBETA;

2. Ha rtemneparypHbIX 3aBUCHMOCTSIX WHTECHCUBHOCTH paccesiHusi cBeTa (LIEHTpaibHas
KOMIIOHEHTA) MIPU OIpEe/IeJICHHON TeMIIepaType OTYETIMBO BUACH MAKCUMYM, HO XOTEJIOCH OBl B
paboTe BUIETh OPUTHHAIBHBIC CIEKTPBHI, M3 KOTOPBIX 3Ta OCOOCHHOCTH OblIa ObI MOHSTHA
YUTATEINIO.

Kpome storo B pabore BCTpewaroTcs HEKOTOpPHIE IPaMMAaTHYECKHE U CTHIIMCTHYECKHUE
OIIMOKH, KOTOpHIE, B IIETIOM, HE BIUSAIOT Ha KQ4eCTBO pabOThI ¥ MOMyYEeHHbIC B HEH pe3ylbTaThl
Y BBIBOJIBI.

HecMoTps Ha 3aMeuaHus celaHHbIC 3aMEUaHUsl, CUYUTAIO, YTO MO TIIyOnHE pa3paboTKu
TeMbl, O0BEMY M KA4eCTBY TMOJYYEHHBIX pPE3yJIbTAaTOB M BBIBOJIOB MAarucTepckas
nuccepranmonHas pabora bekmymaroBa U.P. ynoBnerBopsier TpeOOBaHUAM, MPEABIBISIEMBIM K
MarucTepCKUM JIUCCEPTalUiIM, U MOXKET OBITh JOMYIEHa K 3alllUTe, a €€ aBTOp 3acIy>KUBaeT

NPUCYKACHUS CTETIEHH MarucTpa no cnenuanbHoctd SA-440105 — JlazepHas ¢puznka.

Penien3eHrt: Hcmanios 3.
K.(}.-M.H., JTOIEHT Kadeapsl

ectecTBeHHbIX Hayk CamCXU

PELIEH3 U
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Ha JIMCCEepPTAIMOHHYI0 paboTy MaructpanTa kadeapsl «Teoperndeckas Gpusuka u
KBaHTOBAs AJEKTpoHUKa» (pusndeckoro pakynbrera Caml'yY bekmynatosa .P. Ha Temy
«3mMepeHrne NHTEHCUBHOCTH PacCesHUS CBETA B BOJHBIX PaCTBOPaxX HEANEKTPOIUTOB)
no crienmanbHocTH SA-440105 — nmazepHas dusuka.

B nuccepranuonnoit pabore bekmymaroBa WM.P. uzyuena temmepaTypHas 3aBUCUMOCTh
MHTEHCUBHOCTH KOMIIOHEHT CIEKTpa TOHKOW CTPYKTYpbl JIMHMM Panes B pacTtBope ¢
ocoboil Toukoil. B kauecTBe 00beKkTa HM3yueHUs ObL1 BbIOpaH BOJIHBIA pPacTBOp Y-
MUKOJIMHA, B KOTOPOM o0co0asi Touka COOTBETCTBYeT KoHueHTpauuu 0.06 wM.n.
HEJIEKTPOJIUTA.

N3ydyeHne CHEKTpalbHO-PA3JIOKEHHOIO CBETA  MOJEKYJISIPHOTO  PAacCEsTHUS
MpeJICTaBIsIET COOOM aKTyalbHOE HAMpaBIeHUE IPU U3yYeHUU HU3HMUECKUX MEXaHU3MOB,
IPOUCXOSAIINX B PACTBOPE HA MOJIEKYJSIPHOM YPOBHE B OKPECTHOCTH 0c000i Touku. K
HACTOSIIEMY BPEMEHH CJIOXKMWJICS PNl MPEICTaBICHUI O MpHUpojae OCOO0OM TOYKH, HO
MOJIHOTO TOHMMAHMSI BCEro CHEKTpa IIPOLECCOB, MPOUCXOASIMIMX B  00JACTH
TEPMOJUHAMUYECKON HECTAOMIBHOCTH PAaCTBOPOB, MOKa ellle HeT. P BonpocoB Tpedyer
AKCIIEPUMEHTAIBHOTO ¥ TEOPETUYECKOTO U3YUCHHUS.

HuccepranmonHnasi pabora beknynaroBa WM.P. coctoutr u3 BBeaeHUS, TpeX IjaB,
3aKJIIOYEHUS U CIIHCKA HUCIIOJIb30BAHHOM JINTEPATYPHI.

Bo BBeneHMH OOOCHOBBIBA€TCS aKTYaJbHOCTh JUCCEPTALlMOHHOM padoThI,
OXapakTepu3oBaHa CTEMEHb W3YYEHHOCTH  TPOOJIEMBbI, HCXOJId U3  KOTOpPOH
chopMynHpOBaHbl 1Edb W 33Ja4d MCCIEAOBAHMS, a TAKKE€ OCHOBHBIE IOJIOKEHUS,
BBIHOCHMBIE Ha 3alIUTY.

B mepmoil rmaBe mOpUBOAMTCS  KpPAaTKUM  0030p  TEOPETUYECKUX |
AKCMEPUMEHTANIbHBIX Pa0OT MO HUccaeayeMoil 00J1acTi, UMEIOIIHUECS Ha JTaHHbIIT MOMEHT
JOCTH)KEHUSI M HEpEIICHHBbIE 3a/laud, CTAaBATCS KOHKPETHbIE 3aJlauyd [JIs HACTOSIEH
paboThL.

Btopas r1maBa moOCBAIIEHa PACCMOTPEHUIO SKCHEPUMEHTAIbHONH METOANKHU
U3YYECHHS CIIEKTPOB MOJIEKYJISIPHOTO paccesiHus B JKHJIKOCTAX M pacTBOpax, CXeme U
NPUHIUMITY ~ paOOThl  JKCIEPUMEHTAIbHOW  YCTAaHOBKHM,  METOJUKE  HM3YYCHHS
MHTEHCUBHOCTH CHEKTPAIbHBIX JTUHUN B CIIEKTPE TOHKON CTPYKTYphI JIMHUU Pasnes.

B Tperbeli rnaBe nuccepTalMM OPUBOJATCA M OOCYXKIAIOTCS Pe3yJbTaThl
UCCJIEAOBaHUSI MHTEHCUBHOCTH KOMIIOHEHT PAJIEEBCKOTO TPHUILIETA B 3aBHCUMOCTH OT
TEMIIEpaTypbl B BOJHOM pPacTBOpE Y-NHUKOJMHA MPU KOHLEHTPALUU, COOTBETCTBYIOIIEH
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ocoboil Touke. IlomyudeHHbIE SKCIIEPUMEHTAIbHBIE JTAHHBIE AHAIM3UPYIOTCSA C TOYKHU
3pEHUsI COBPEMEHHBIX NPEJCTaBICHUI O MpUpoAe OCO0OM TOUYKM W HMMEIOIIUXCS
pE3yJIbTaTOB UCCIIEJOBAHUMN IPYTUMU METO/IaMHU.

B 3axitoueHnu quccepraiuuu aBToOp IPUBOAUT OCHOBHBIE BBIBOJBI 10 PE3yJIbTaTaM
pabotel. K Hanbomnee BaxXKHBIM BBIBO/IAM MOXKHO OTHECTH BBIBOJI 00 OMpeeNsoNieit poau
baykTyanuii KOHIIEHTpAallMd B SIBIEHUU CYIIECTBEHHOTO pOCTa HWHTEHCUBHOCTH
LEHTPAJILHON KOMIIOHEHTHI PU NPUOIMKEHUH K TeMIIepaType 0co00i TOUKH.

B umenom guccepranuoHHas paboTa MPOU3BOAUT XOpollee BIEYaTIICHUE.
Y06enurenbHO TPOBENEH AaHAIM3 IMOJYYEHHBIX OJKCIEPUMEHTAIBHBIX pE3yJbTAaTOB.
HayuHble BBIBOJBI 11O pe3yibTaTaM padOThI HE BbI3BIBAIOT COMHEHUH.

B kadectBe 3ameuanuii mo pabore, Ha MOU B3TJIS, MOKHO OTMETHUThH CIIEAYIOIIIee:
1. B 3amuiaeMpIX MOJI0KEHUAX aBTOPY CIAEAOBATIO Obl UCKIIOYUTH IIYHKT O TOM, YTO Ha
3aIUTY BBIHOCSITCS Pe3yJIbTaThl SKCIIEPUMEHTANBHOTO HccienoBanus. JKenarensHo ObUI0
OBl 3alUIIATh HE PE3YJIbTAThl, @ HAYYHBIE BHIBOBI IO MOTYYEHHBIM PE3YJIbTATaAM;

2. XKenarenbHo OBLIO OBl MCKIIOUHUTH AYOIHPOBAHUE SKCIEPUMEHTAIBHBIX JIaHHBIX B
BUJIE U TaOMUIl, U TpadUKOB, a OCTAHOBUTHCS TOJHKO HAa JAEMOHCTpAIMU PE3yJIhTAaTOB B
BU/JIE TPaUKOB.

3. B paGote BcTpewaroTcsi OnedaTKH, HEKOTOPbIE IPaMMATHUYECKUE U CTUIUCTHYECKHE
OIIMOKH.

B nenom GONBIIMHCTBO 3aMeyaHUil Mo paboTe HOCAT CKOpee peKOMEHIaTelIbHbIN
XapakTep U He BIUAIOT Ha KaueCTBO paOOTHI U MOJyUYEHHBIE B HEW BHIBOJIBI.

Cunrato, 4ro 1O 00BEMYy MpoOAeNaHHOW pPaOOThI, KAauecCTBY IOJYYEHHBIX
pE3yNIbTaTOB M CIICTaHHBIM HAyYHBIM BBIBOJAM MAarucTepcKasi AUCCepTaIlMoHHas paboTa
beknynatoBa W.P. ynoBnerBopsieT TpeOoBaHUSAM, NPEIbABISAEMbIM K MarucCTepcKuM
JUCCEpTalUsiM, a €€ aBTOp 3aciHyKHMBAET MPHUCYXKACHHUS CTEIEHU Marucrpa Io

crenuanbHocTu SA-440105 — JlazepHas ¢pusuka.

Penensenr: K..-m.H. CemenoB JI.1.
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