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OnTHKO-AKYCTHISCKUM METOI0M HCCIIeAYeTcsl 3aBHCHMOCTh MOJIOKEHHS] MAKCHMYMA HHTEHCHBHOCTH
CBETA B pacceuBaloNieil cpele 0T COOTHONMEHHS KoHXDPUIHEHTOB NOrJIOMEHUs] W JKCTHHKIUH IIPH
pa3IuuHBIX KO UIHenTaX paccestHus ceera. 3zMepenusi npoBoasiTes 1o BpeMeHHOMY npodIInio AaBJIeHHsT
TEPMOONTUICCKH BO30Y:KIAEMOro AKYCTHUECKOro HMnyiibca. IIpenioxkeH Merol H3MepeHHS ONTHIECKHX
XAPAKTEPUCTHK PACCEHBAIONINX CBET cpell — KoM PUIHEHTA NOrJIOEHUSI U NPUBEIEHHOr0 Ko dunuenrta
paccesiHisT — 1m0 BpeMEeHHOMY NpoQIII0 AKYCTHYECKOro CHrHAJA.

HccnenoBanue pacnpocTpaHCHUS CBETA B PACCCUBAIO-
MIUX CPEAAX, U B YACTHOCTH PACIPESACICHUS MOMIOIIAI0-
IIUX U PACCCUBAIOIIUX HCOAHOPOTHOCTEH, SIBIISICTCS BaXK-
HOU HayuHoH mpobiemoii [1]. B mocneanee Bpemst uH-
TepeCc K HEl 3HAYUTENLHO BO3POC, UTO B 3HAUUTEILHOMN
CTCIICHU CBSI3aHO C PA3BUTHEM ONTHKH OHUOJIOTHYECKUX
cpenl 1 TKaHeH (cM., Hamp., [2]). U3aMepeHHe MPOCTpaHCT-
BCHHOTO PACIPEICICHAS HHTCHCUBHOCTH CBETA B TAKUX
cpellax U UX ONTHUYCCKUX XaPAKTCPHUCTUK HCOOXOAUMO
JUIsL ompeAcIcHUST ONTUMAJIBLHOH JAO3UPOBKU NMpU 001y-
YCHUU OMOJIOTUYCCKUX TKAHCH.

Mupoko obcyIAIOMMECT METOAB HCCICTOBAHUS
ONTHUYCCKUX XAPAKTCPUCTHK PACCEUBAIONIUX CPEl OCHO-
BAaHBI HA PETUCTPAIMH PACCEIHHOLO CPEON CBETOBOIO
noins [3—6]. Pasaenenne BIusSHWA paccessHUS W MOTIIIO-
MICHUS HA YMEHBIICHUEC HHTCHCUBHOCTHU CBETa HanboJee
3aTPYHCHO, CCITA OJIUH U3 3TUX MPOIECCOB 3HAUUTEILHO
a¢pexTuBHEE Apyroro. IMEHHO 3TO UMEET MECTO B CITy-
yag OMOJOTHYECKUX TKaHel: koadduimenT paccesHust
cBera 1 HUX B 10100 pas mpepbimaer KodhUImeHT
MOTJIOIIeHHUS (CM., Hatp., [7]).

P anbonee pacmpocTpaHeHHBIM METO/IOM Pa3IcibHBIX
u3MepeHui KoadduitmenTa MOrNOMEHUS (1, W IpUBe-
AeHHoro kodddurmenta paccesHus ceera g, = (1—g)ps
(s — xoaddunueHT paccesHus cBera, g = (cosf) —
CpeTHUA KOCHUHYC yIia OJHOKPATHOLO PACCESHUS) SB-
JIseTCS METOJ «BHUneopednekroMerpum» [4-6]. OmHako
JAHHBIA METO TPeOYET AMUTESIBHON U CITOXKHOHI Mporie-
JIypbl 00pabOTKH HKCIICPUMEHTAILHEIX JAHHBIX U IPH-
BOIHUT K 0OJBIION morpemuocta uaMepenuit ( > 10%).

Taxum obpazoM, pazpaboTka OPSIMOro HEBO3IMYIIA-
IOIEr0 METOAA U3MEPCHHUS MMPOCTPAHCTBCHHOTO pacIpe-
JICICHUSI UHTCHCUBHOCTH U ONTUYECKUX XaPAKTCPUCTUK
CUJILHOPACCCHBAIOIINX CPEJT MPOIOIKACT OCTABATHCS aK-
TyaJIbHOW 3amaded. g ee pellleHHs B HACTOAIIEH pa-
borte mpemnaraercsa onTuko-akycrudueckuii (OA) meron,
OCHOBAHHBIH HAa TEPMOOINTHYCCKOM BO3OYXKIACHUH YIIBT-
Pa3BYKOBBIX BOJH B Cpel¢ INMpU IOIVIONICHUH B HEH
HUMITYJILCHOT'O JIA3€pHOro U3ilyueHus [8—12]. Ptor meron
MO3BOJISICT BBHIMOJHUTE MPSMOE U3MEPCHHUE MIPOCTPAHCT-
BCHHOTO PACIPECICHUS HHTCHCUBHOCTH CBETA B OJTHO-
POAHO MOTJIONIAIONINX U PACCEUBAIONINX CPEIax U OIMpe-

JISTATE WX ONTHYSCKHUE XapaKTepUCTUKH (KoadduIment
TIOTJIONICHUS W TIPUBEICHHBINA KO3PUITMEHT paccesHus
cBera) Mo BpeMeHHOMY mpodumio OA-curHamia.

Pyaem cumrarth, 4UTO paccemMBampoIas cpena 3aHH-
MaeT MOIyNpocTpaHcTBO z > 0. PaccMmorpum curya-
U0, KOTTIa paccesHue mpeodagaet Hal MOTJIOMEHUEM
(pa € ps), T.€. B Cpene peanu3yercsl peXuM MHOIO-
KpartHoro paccessHus u3iaydeHud [13]. P pu magenun Ha
TaKyI0 CPey CBETOBOTO UMIYJIECA C IUIOCKUM BOTHOBBIM
(bpoHTOM, UIMEIOIIETO BPEMEHHYIO 3aBHCHMOCTH WHTEH-
cuBHocTH BUAa Iof(t) M XapaKTepHyIO JIUTEIbHOCTD
WUMITyJIbCA 77, , HHTCHCUBHOCTE U3TyUeHUS BHYTPH CPEBI
MOXeT OBITH TIpeACTaB/icHA KaK CyMMa WHTEHCHBHOC-
TeH OCMabJIeHHOTO TEPBHUYHOTO TydKa (GOTOHOB, €IIe
He MpeTepneBUINX paccesHusl, I.on(z,t), u auddysHoro
nonst paccessHHOro cBetra Igir(z,t). Ecau BpeMs xu3HH
dorona B cpenie (pgc) ™! MHOTO MeHBINE JUTHTENBHOCTH
Ja3zepHOro UMIyabca (p,crr > 1, TAe ¢ — CKOpOCTh
CBETa B CPENE), TO MOXHO CUHTATH TPOIECC PACCEeTHUS
cBera KBasucranuoHapHeIM, KorepeHTHas coCTaBIsio-
mas OBICTPO CHaJacT ¢ yBeaudeHueM z [13]:

Ieon(z) = Io exp{—(pa + 122},

a auddysHas KOMIOHEHTa WHTCHCHUBHOCTUA CBETa MO-
XeT OBITH HaWjCHa KakK pelieHue ypaBHeHHS Tuddy3un
[10, 14]:

31

Toie(2) = g

x {exp(feftlir) — €xp[—pfremrlir(2A + 1)]} exp(—prefr2),

1
CHpaBeIMBOC Ha pPACCTOSHHSIX 2z > (2 =+ 3)ltr(:)
= 1/u, [15]. 3nech peg — KOIDPUIMEHT IKCTUHKIIUH
cBera; Iy, — TpaHcmopTHas UIMHAa CBOOOTHOTO Mpodera
¢dorona (cpemHee paccTosHHE, KOTOPOE MPOXOTUT HOTOH
B cpernie O¢3 U3MCHEHUS CBocH TpackTopun). P ocrosHuas
A yUUTBHIBAET YaCTh CBETOBOW SHEPTHUH, BBIMICANICH U3
paccenBaromiell cpebl 0OpaTHO B MPO3PAUHYIO, U 3aBH-
cut oT Koapdunmenra orpakerus AuQy3HOTO H3TyUe-
HUSl 74 OT TPAHUIBI pasfielia pacceMBaroIasl cpefa —
npospaynas cpega [14]: A = (2/3)(1 + rq)(1 — raq).
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Pa paccrosHusax z > (2 + 3)l;, MHTEHCHBHOCTbH CBETa
B paccemBaOIIEH cpefe ompenensercss ToapKo nuddys-
HOU KOMIIOHEHTOW CBETOBOrO MONS I4if, IMOCKOIBKY
Peft < s

B npumnoBepxHoOCTHOH 00/1acTH paccerBaroliei cpe/Ibl
MPOCTPAHCTBEHHOE pacIipe/ie/icHHe UHTEHCUBHOCTH CBe-
ta H(z) = I(z)/Iy He MOXeT OBITh BBIPAXKEHO AaHATUTH-
ueckoii dynkiueit [16, 17]. YucaeHHOE MOACTHPOBAHNUE
Mero/ioM MonTe-Kapio mokaseiBaer, 4To MAKCUMYM HH-
TEHCUBHOCTH CBETa /IS CIydas p, < p, Habmomaercs
MO/, HOBEPXHOCTBIO CPeAbl HA TAYOUHE Zpy, .y, ONPEACTS-
eMoit TIpuOImKeHHOH dopmymoit [11]:

Zmax & (1 — 74)(1 — 0.4ry). (2)

P ycre TommmHa cpenpl L W XapakTepHBIA paanyc
JIA3epHOTr0 MyYKa ag, UCTIONB3YEMOTO 11 BO3OYKACHUS
3BYKa, MHOT'O OOJIBIIIC ITyOMHBI TPOHUKHOBCHUS CBCTA B
cpeny zp & ,ue_ﬁ}. Torma MOXHO HCIOAL30BATE OPUOIU-
JKEHUE MOTYOCCKOHEUHOHU CpeAbl U CUMTATH JIA3CPHBINA
NYy4OK KOJUIMMHUPOBAHHBIM. P pH MOTIOIICHUU B CPeAc
KOPOTKOTO JTa3epHOTO UMIyNbca (g Vorr < 1, Vo —
CKOPOCTb 3BYKa B Cpe/e) MHTCHCHBHOCTL U3yUCHUS B
cpene Iof(t)H(z) = IpT0(t)H(2) = Eod(t)H(z), Tae
Ey — TJI0THOCTH JIa3epHOW SHEPrMU Ha IMOBEPXHOCTH
cpenbl z = 0. B aToM ciydae BpeMcHHASI 3aBUCHMOCTD
JlaBlieHUsT B Gerymei akycrudeckolt BomHe (OA-curHa-
Ja), U3Iy4acMoil B MOTJIONIAIONIYIO Cpely, UMCECT BHJ
[8, 12, 18]

p(r=t-z/Vy) =
Ve [H Vi), r<0, (3)
= 2¢, MOV (1= N) /(1 + N)H(Vor), 7> 0.

3neck 8 — KO3pPUIMECHT TEIUIOBOTO PaCIIMpPEHUS
Cpenibl, ¢, — y/AeIbHas TEIIOEMKOCTDL IPH IIOCTOSHHOM
napieHnd, N — OTHOIICHHE aKyCTHUSCKUX UMIICAHCOB
MNOMIOMAIONICH U Mpo3pauHoil cpea (A1 aKyCTHUECKH
JKECTKOW TpaHUIlbl Morjomaroieh cpeasl N < 1, ausa
cBoOOIHOM rpaHulibl N > 1).

Onpeacneane MoMcHTa 7 = (0 (COOTBETCTBYIOIIECTO
B0o30yxacHNIO OA-CHUTHAIA Ha TpaHUIlE CPebl) Ha IKC-
epuMeHTATRHOM Tpoduie masienus OA-curHaiza mo3-
BOJISIET MTpeoOpa3oBaTh BPEMEHHYIO 3aBUCHMOCTE TIEpe/-
Hero ¢ponta OA-curHana p(r < 0) B MPOCTPAHCTBEH-
HyI0 3aBUCHUMOCTE p(z = —Vy7 > 0). Ppu 2z > (2+3)l;,
¢ ucnoap3oBanueM (1) u (3) nomyuum

pVS 3
= o
p(2) 3¢, HaFog, T

x {exp(erlir) — exp[—potlir(2A 4 1)]} exp(—prerz) =

BVs
= 4—Co,u/eﬁ'E0{eXp(,u'eﬁ'ltr) - exp[_/J/effltr(2A + ]-)]}X
D
X eXP(—fheff2).-
(4)
Kak BuaHO 13 (3), 9Ta 3aBUCHMOCTD, HOPMHPOBAHHAS
Ha (BVE/2¢,)paEo, €CTh MPOCTPAHCTBEHHOE PACIIPE/Ie-
JeHUe UHTEHCUBHOCTU CBeTa B cpefe H(z).

Jas paccenBaronieii cpeibl ¢ HEM3BECTHBIMUA ONTHYECC-
KUMH XapaKTEePUCTHKAMH IO IKCIIOHEHITHATRHON 3aBH-
cumoctr pponra OA-curaana p(r < 0) ~ exp(pegVoT)
onpenensercss KOI(pOUITUEHT IKCTUHKIAU CBETA fhoff =
= /3u. 1. Po abcomoTHOH BeJIMYHHE HOPMHPOBAH-
uoro Ha I' = (BV{/4c,) e Bo maBienns OA-curHama
B objmacru, rAe HaOMIOZAaeTcs ero HKCIOHCHITHAIbHBIN
CIlajl, MOXHO OINpPENeUTh 3HaueHue Iy, — 1/y. 3Has
BETUYUUHBL flegr U liy, MOXKHO HAUTH p, U .

Takast MeTOAWKA OMPEACTACHUS OMTHUECKUX CBOHCTB
Pa3TUYHBIX CHITBHOPACCEHBAIONINX BOOTOOOHEBIX CperT
mo ¢opme mepeaHero ¢ponra maemenus OA-curHana,
3aperuCTPUPOBAHHOTO C BEICOKMM BPEMEHHBIM pa3peliie-
HHMEM B aOCONIOTHBIX ¢AMHHUIIAX, ObLIa MOAPOOHO OMuca-
Ha B pabore [12].

OpnnHako ISl peaibHBIX OMOJIOTHICCKUX TKaHEH mo-
JIydeHHEe HOPMHPOBAHHOTO Ha BedWUMHY I' JaBJICHHS
OA-curHaja TpeaCTaBlIseT 3HAUMTEIBHBIC TPYTHOCTH,
MTOCKONBKY BemumHa I, Kak TpaBuiIo, Hem3BecrHa., Kak
YKa3BIBAJIOCH BBIIIE, MPH BBITIOJHCHHH COOTHOIICHUS
g <, TIONOXEHUEe MAKCHMyMa HHTEHCHBHOCTH CBETa
B CPEJIE Zinax OTPECIASTCS TOMBKO TPAHCIIOPTHOM TH-
HOH cBOOOHOTO Tipodera oroHa [y, u 3pdekTHBHBIM
koadurmenTom orpaxkenns muddy3HOTO HITYISHUS 7y
(cM. (2)) u He 3aBHCHT OT KOd((UIHEHTa MOTIOIMEHUS
CBeTa i, . P pU yBemMUYeHUN OTHOIICHHUS L, /), (HamIpH-
Mep, TyTeM YBeTUUYeHUS KO3(hPHUITNEHTa TOTIONICHUS
TP TOCTOSTHHOM KO3((PUITHSHTE PACCSSIHIS) TIOJIOKEHUS
MaKCHUMyMa WHTCHCHBHOCTH CBera OyAeT CIBUTAThCA K
MOBEPXHOCTH CPeNbl, MOCKOJBKY B TPEIENe fy > M
BCe W3IIyUeHHME TNOTJIOMASTCS, TMPaKTHISCKN HE YCIIEB
paccesdrbesl, U IOITOMY Zyax = 0 (KaK B OIHOPOJIHO TIO-
[IIOIMAIoIEel HepacceuBatolel cpeze). CrenoBaTelbHo,
onpeaeane OA-MeTOOM AMIUPHUECKYIO 3aBUCHMOCTH
BEJIMUUHEl Z,,, OT KO3(hHUITHEHTA TIOTIONICHUS CBETa
[la B paccenBarolied cpefie, MOXHO Oyler H3MepsATh
ONTHYCCKUE XAPAKTEPUCTUKHU (fty U flog) PACCCHUBAIO-
e CpesTbl TOMBKO IO BPeMEHHOMY TTPO(UIIO AaBIcHUS
OA-curnana.

M3MepeHust NpOBOAWIUCE MO MCTOAMKE € OpPSIMOil
perucrparueii OA-CHUTHAJIOB, TMOAPOOHO OMUCAHHOU B
pabote [12]. Takas MeTO KA TTO3BOJISET U3MEPSITH BEIH-
YHHY peg TMYyTEM ammpokcumaniuu ¢ponra OA-curaana
B suanazone 1.5+ 100 cM~!. Jlnga Bo3OyxmeHus 3By-
Ka B HCCCIEIYEMOM Cpe/le MCHONB30BAIOCh H3IyYeHUE
OCHOBHOHN TapMOHHKH HMITylIbcHOTO Nd:YAG-nazepa ¢
MoOAyasuei AoOpoTHOCTA (AyIMHA BOJHEL 1.06 MKM,
XapakTepHas JIUTSIBHOCTE UMnyibca 77, = 10-12 HC).
Pueprus B umnyinbsce cocrabisuia S0-70 mIx. s nony-
YCHUS AKYCTHUCCKH KECTKOHM IpaHUIIBI 00TYUCHUC UCCIIC-
JIyeMOM Cpe/ibl MMPOBOIMIIOCH Yepe3 KBaPIIEBYIO IUIACTHH-
Ky (N = 0.1). P onepeunoe pacnpe/ic/icHUEC HHTCHCUBHO-
CTH JIA3€pHOT0 U3TyYEHHS Ha IIOBEPXHOCTH HCCIIETYEMOM
cpeibl OBLIO OJIM3KO K TayCCOBY € XapaKTCPHBIM PaIny-
COM IIyuKa ap = 2.5 cM. P OCKOIBKY B yKa3aHHOM BBIIIIE
JIAATIA30HE 3HAYECHUN [l TOJIIHUHA UCCICAYEMOMN CPEIB
L = 2 cM ¥ paauyc J1a3epHOTo Ny4dKa ag YAOBIETBOPSIOT
cooTHomteHuto (L, ap) > ,ue_ﬁ} U pegVorr <€ 1, TO M4



Becmnux Mockosckozo yuusepcumema. Cepusi 3. Qusura. Acmpornomus. 2001. Ne 2 41

aHalin3a SKCIePUMEHTATRHBIX Tpodmieli OA-CUTHATOB
MOKHO MCHONB30BaTh BhIpaxeHue (3).

B kadecTBe HCCISYEMBIX PACCCHBAIONINX Cpel OBLIN
B3SITHI B3BeCh YacTHIl okcuia tTutaHa TiO 4 B Bojie (cpef-
HUN pas3Mep JacTull rg < 1 MKM, oObeMHas KOHIIEHTPA-
g Ny = 0.2+1.7%) u monoko 3.5% xupHocrd. M3-3a
MaJIOCTH OOBEMHOI KOHIICHTPAIIMHM YACTHI] MTOKA3aTENb
MPSTTOMJICHUST U TEIUIO(QHU3NUECKUE TTapaMeTphl HCCITe-
JIyEMBIX Cpell CUATAINCh PABHBIMH WX BEMUMHAM TSI
BOJIEL. P orjoliicHAE yIBTpa3ByKa B BOJAC B UCCIACTYCMOM
AuanazoHe 4acTor MeHpIe 2.5-1072 cm ™!, mosromy ero
BrusHue Ha Gopmy OA-CHUTHANIOB TIPU pacrpocTpaHe-
HUUW B Cpefie TOMIMMHB L — 2 CM MOXHO HE yIHUTHIBATE.
MaMepeHHasd CKOpOCTb 3BYyKa B HCCICAYEMBIX CpeAax
cocraButa Vp = (1.49+0.01) - 10° cmic.

Jns monyaenus OA-MeToI0M IMITUPUICCKON 3aBUCH-
MOCTH BETUUUHEI 2., OT KO3(pHUITUCHTA MOTIOMICHUS
cBeTa p, B OAMHAKOBEIE 0O0BEMBEI (100 M) B3BecH H
MOJ0Ka M00aBIsUIACE YepHAs TYIIb B PA3IUYHBIX KOIU-
yectBax (0.3=1 mn). P onaranock, uro nipu 1o0aBaecHUA
TaKAx O0BEMOB TN KO3(UITHSHT paccesHUs CBeTa B
WCCTIeTyeMBIX cpefax He MeHsercs. Koaddurmenr mo-
[JIONIEHUS CBETa [, HW3MEPSUICS CIEAYIONUM 00pa3oM:
ONTMHAKOBEIC 00BEMBI TYIITH TO0ABIISUINCH B PABHEIE 00B-
EMBI UCCIIEYEMOHN KUAKOCTH W uHcTol BoApl. Cumra-
JIOCh, YTO A00aBICHUEC OJMHAKOBOTIO KOJUYCCTBA TYIIIH
B UCCACAYEMYIO KUIKOCTH U B YUCTYIO BOAY AACT OJHO H
TO JKe 3HAUeHHE p, . BennumHa p, 1718 pacTBOPOB TYIIH
B YHCTOH BOJIC ONPEACIUIACE 0 U3MEPECHUIO ONITHYCCKO-
o MPOMYCKAHUS CI0Sl PACTBOPa M3BCCTHON TOJIIIUHEI.
OtHocHuTenbHAA TOTPENTHOCTE ONPENENeHNd K, 3THM
MeToJIoM cocrasisia 2-3%.

P a mepBoM sramme OA-Meronom [8, 12] 6uH ompe-
JICTICHBl 3HAUCHUS p, W {, B HCCICAyEeMBIX cpelax Oe3
nobGasiaenus tymu (cM. gopmyny (4)). Pa puc. 1 moka-
3aH THIHYHBIN BpeMeHHON Tipodms OA-curHanma (moc-
Jie KOMIIGHCAITMH JUPPAKITMOHHBIX HcKaxeHmid [18]),
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Puc. 1. Bpemennoit npodwins nasmenust OA-curHaiza, BO3-

OyxaaeMoro Bo B3BecH vactuil TiOy TpH JKECTKOW TpaHHIIE:

TOYKH — 3aPETUCTPUPOBAHHBIN CHTHAJ, CIUIOIIHAS KPUBAS —
IKCIIOHECHITMATIBHAS ATIITPOKCHMAIIHS

BO30OyXmaeMoro Bo B3ecH uacTHil TiO, (Ny = 0.2%)
IOpH KeCTKOH akycruueckoil rpanune (p.g = (4.09 +
+0.08) em™1, pl = (31.7£0.9) eM ™1, p, = ple/3u, =
= (1.76 £ 0.12) - 107 cm~!). JlokanbHBIH MHHEMYM
napneHus npu 7 — 0 coorBercrByer npuxoay OA-cur-
Haja oT moBepxHocTH z = 0 wmccaemyemMol cpeanl [12],
MaKCUMYM TPH Ty, — MOJTOKSHUIO MAKCUMYyMa WHTEH-
CUBHOCTH CBETA Zy,.x IOJ TOBEPXHOCTBIO CpeAbl (TIpH
Zmax = —V0Tmax ), KpuBas p(7 > 0) — CHUrHaI, OTpa-
JKEHHBIM OT KBapIIeBOM IUIACTHUHEI. P OCKOJBKY B /IaH-
HOM clydae p, < g, < ps (g ~ 0.9), ncnonszoBaHue
BeIpakeHHS (1) A/ pacuera MPOCTPAHCTBCHHOIO pac-
MpEACACHUSI MHTCHCUBHOCTH CBETA B UCCIICAYEMOM cpefie
MpaBoMepHO (711 TpaHUIlBl B3Bechb—KBapii A = 0.689).
PeayapraT pacuera mpeacTaBICH HA PUC. 2 CIUIONIHOM
muapedt. Kak BuaHo, pu z > Iy, = 1/l ~ 0.03 cM
3TO paclpefieieHue COBMajacT ¢ MpoduaeM TepeaHero
¢dponTta nasreHus OA-curHana p(z), HOpPMUPOBAHHOIO
Ha (BV}/2cp)paFEo (IMOTHOCTH DHEPIUH MANAIONIEro
nasepHoro manmydenuss Eg = 1.57 mx/cm?). Ornocu-
TeAbHAS TOTPENTHOCTE B WM3MEPSHHH IPOCTPAHCTBEH-
HOTO pacIlpefielieHus] MHTEHCUBHOCTU cBera H(z) He
npeBbimaet 10%. JAns cpaBHeHMS Ha puC. 2 INTPUXO-
BOU TUHUCH MOKa3aHa TEOPETUUYECKAS 3aBUCUMOCTE MPO-
CTPAHCTBCHHOTO paclpeieicHus HHTCHCUBHOCTH CBETa
I(z)/Iy B oqHOpPOAHO MOTIIOIMIAOIIEH HepaccenBaromleh
cpesie, UMeIoIell To ke 3HA4YeHUe ., YTO W HCCIENy-
¢Mas B3Bech. BUAHO, UTO CBET B pacceUBAIOIICH cpe-
Jie TIPOHHWKAET HAa TOpas3lo MEHBINYID TIyOWHY, YeM B
OTHOPO/THO MOTJIOIIAIONIEH, MOCKONBKY fefr > g . ON-
HaKO B IMPHUIOBECPXHOCTHOM CIIOC PACCCUBAIONICH CPEABI
npu z < (10-12)l;, UHTEHCHBHOCTH CBETa IIPEBHINIAET
BeIUUUHy [, NpUdeM Ha TAyOHHE z ~¢ [, OTHOIICHHE
I(z)/Iy ~ 4.0, T.e. U3-32 MHOTOKPAaTHOTO Ilepepacces-
HUS TIAJAIONIETO W3TyUSHHUS] UMEET MECTO XapaKTepHas
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Puc. 2. TIpoCcTpaHCTBEHHOE pACHpPEIEICHNEe HHTEHCHBHOCTH

cBeTa BO B3BecH dacTull TiOo (TOYKM) M B UUCTOH BOJE (IITPHU-

XOBas JIMHUS) IPU OJHOM M TOM K€ 3HAUYeHUH Ko3(duimeHTa
TIOTJIOMIEHUS CBETA [ig4; CIUIOIIHAS KPHUBAS — pacdeT
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JUTSL CHIIBHOPACCEMBAIONNX Cpe/l KOHIEHTPAIUsSl CBETO-
BOH 3HEPIUM B IIPUIOBEPXHOCTHOM cioe [11].

P a BTopom sTane OBLIM NPOBEACHE U3MCPCHUS T1Y-
OMHBEI MAaKCHMyMa WHTCHCHUBHOCTU CBETA Zpax IO BE-
JUYHHE Tp,.x BO B3Becsix TiO, B Bome (g, = 35.56 u
51.1 cm~ 1) u monoke (y, = 21.6 cM~!) ¢ pazmmu-
HBEIM COJICPKaHUEM TyITH. OTHOCUTEIBHAS OTPEITHOCTD
B OMNPEACACHUU Ty,,y, COCTABISLIA 5-6% (B nuamas3oHe
Tmax = 90 = 200 HC).

Pa puc. 3 mnpuBeacHa 3aBUCHAMOCTH BEIUYWHBI
Y = Znaxfesr OT OTHOMICHUS X = po/pe. 3HaUCHHE
[eff OTIPENENSIOCH MO IKCIIOHEHITMANBHON anmpoKchMa-
mun ¢pporra OA-cHUTrHANA, 3apeTUCTPHPOBAHHOIO B OT-
HOCUTENBHBIX ¢IUHHUIAaX. OTHOCUTEIbHAS HNOTPEITHOCTh
u3MepeHus cocrapisia 3—4% ans BenmuuuHbl X U 6—7%
At Y. Kak BUAHO W3 pHUC. 3, IKCIMECPUMEHTATBLHEIC
JlaHHBIE B Pa3IUYHBIX cpefax (MoJjioke U B3Becsx TiO,
B BOJIC) C Pa3IHYHBIM 3HAUYCHHEM y/, B Ipe/enax Mo-
TCPEIIHOCTH U3MEPEHUN COBIAIHA MEXAy coboid. PTo mos-
BOJISCT ANNPOKCUMUPOBATH HOMYUCHHEIC TaHHEBIC HEKO-
TOpOH OAHO3HATHOW (PYHKIHEH, KOoTOpas Mpe/cTaBIcHa
Ha puc. 3 cruiomHoi nuHueil. ClaeoBaTeNbHO, B UCCIIC-
AyeMOM JTHANIa30HEe BEIUIHH (i, / for < 0.33, THIIHMIHOM
17151 OMONOTHYECKHUX TKAHEH, Ziax = (1/ plest) F'(fa / Hett) ,
rae gyHKIMS F' 3aBUCHT TOJIBKO OT OTHOIIECHHUS BETH-
UUH fig/fleff, @ HE OT UX aOCOMIOTHBIX 3HadeHWH. P pu
ITOM JUI fhg/pet < 0.06 HSKCIIepHMEHTAIBHBIC TOYKH
JIoXkKaTCsA Ha OpsaMylo Yy = kX (I0TpUxoBas JTUHUSA), TC
k=286=3(1-r4)(1-0.4ry) (rq=1.65-10"2%), 1.e.
B 2TOM ClIy4yac INIyOMHA 2z, OIHCHIBACTCS BEIPAXC-
HueM (2). P ongydeHHAs] KpuBas MOXKET OBITH HCHONb-
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Puc. 3. 3aBHCHMOCTH TIPOM3BEICHHUSI DIIYOMHBI MaKCUMyMa
MHTEHCHBHOCTH CBETA Zmax HA KOIPOHUIMEHT IKCTHHKIMU
CBETA [ieff OT OTHOIIEHHUsST KO3(DPHIMEHTA TOTIIONICHUS CBE-
Ta fiq K KOIDOPHUIMEHTY HKCTUHKUUH [leff B PABTHYHBIX
cpenax JUIA pasHBIX 3HaveHmit pf: ph = 35.5 (KBajpaTh),
51.1 (xpyxxu) u 21.6 cm~ ' (rpeyrombuuku), CIUIOIHAS
KpUBasi — ANIpPOKCHMALMS KCIICPUMEHTAIBHBIX JTAHHBIX,
IITPUXOBAs — 3aBUCUMOCTE Y = 2.86.X

30BaHa IS rpaduIecKoro onpene/icHus KoadduimenTa
IIOITIOIICHUS. CBETA g IO HM3MEPEHHBIM 3HAYCHHIM
Peff B Zmax. 3aTeM, UCIONMB3YS GopMyny p) = pla/3p,
B o0Jact¥ TpUMEHUMOCTH JTU(PY3HOTO TPUOTHKCHUS
tta € s, MOKHO BBIYMCINATE MPHUBCACHHBINA Koadduiu-
eHT PACCesiHUS (), B MCCIeyeMoU cpere.

Takum obpaszom, B HacTodIeH padboTe MPOJAEMOHCT-
pUpPOBaHA BO3MOXKHOCTE MPSAMBIX U3MEPSHHH MPOCTPAH-
CTBEHHOTO PACIIpe/Ie/cHIS MHTCHCHBHOCTH CBETA B CHITh-
HO PAaCCEHBAIONINX CBET KOHJGHCHPOBAHHEIX Cpeflax o
a0COMIOTHON BeTTMUWHE JTABIICHUS TIepeAHero ppoHTa OT1-
THKO-aKyCTHICCKOTO cHUTHama. [ ¢pesl ¢ U3BeCTHBIMH
TEIIOPU3NIECKUMH XapaKTePUCTUKAMHA TIPEIOKEH Me-
TOJ U3MEPEHUS ONITHISCKUX XapaKTePUCTUK — Ko3ddu-
ITUEHT2 TIOTJIONIEHHS f, W MPUBEICHHOTO Ko3bHUIeH-
Ta paccesiHUs CBeTa p, — IO BPEMEHHOMY INPOQUITIO
abcomorHoro masieHus OA-curHaia. M3MepeHbl omrH-
YeCKHE XapaKTCPUCTUKH B3BECH YaCTHUI] OKCHIA THUTAHA
TiO5 B BOjic U B MOJIOKE ¢ JOOABJACHUEM TYIITH B JIHA-
masone g, =0.17+15 eMm~!, p/ =18 + 57 em~!. [as
cpell ¢ HEM3BECTHRIMU TEILIOPH3NUSCKUME MTapaMeTpaMu
paspaboraH MeTo]T I3MepeHUs K03 uImeHTa MOTI0IIE-
HUS W TPUBCACHHOTO KO3(pUITMCHTa PacCesTHUS CBeTa
Mo BpeMeHHOMY npodmmio OA-curHana 0e3 u3MepeHus
a0COTIOTHOTO 3HAUCHUS JABICHUS,

Pabora BRIIIOTHEHA TIPH YaCTHIHOM MOIEPKKe AMe-
pUKaHCKOTO (OHJA TpakIaHCKUX UCCICIOBAHUN U pa3-
BHTHS JUTS HE3aBUCUMEIX TocyAapcrB ObrBiiero Coser-
ckoro Comwsa (ADPI'UP) (rpant RP2-2109).
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HOJIy‘leHI)I NpOCThIC BBLIPAMKCHUS, NO3BOJIIIONIHUEC OLCHUTL AABJICHUA rasa, KOTOpbIC 00ecneYuBaIoT
BbINOJIHCHUC yC.TIOBPli;I (l)a301;oro COrJIaCcOBaHUA NpU reHepanun TpeT])ei;I rapMOHUKM B NOJIOM BOJIHOBOJE C
nOoTEPpAMH, 2 TAKIKE BblﬁpaT]: OITUMAJIbHBIC PAa3sMEPLI 10JIOr0 BOJHOBOAA I NOJYYCHUSI CBCPXKOPOTKHUX
HMNYJILCOB. l'[pm;e)leHa OolcHKAa YBCJIHYCHUS 3(1)(l)eKTl(lBHOCTl(I regepanyu rapMoHuk B 1noJIOM BOJIHOBO/IC
OTHOCUTCJILHO ICHEpAlUd rapMOHMK B CBOGO)IHOM rase.

Beenenue

P emrHEHHO-ONTHUYECKHAE TMPOIIECCHI, COMPOBOXKIAIO-
IIUC B3aHUMOJICHCTBUC CHILHBIX CBECTOBBIX MOJICH C ra-
30BBIMH CPEaMH, OTKPBIBAIOT YHUKAJIBHBIC BO3MOXHO-
CTH /151 TCHEPAIUH TPE/SIbHO KOPOTKUX UMIYILCOB H
NPOABMKCHUS B CHEKTPAIBHBIC 00IACTH, HEAOCTYIIHBIC
JUIST UMCIONIUXCS JIA3¢PHBIX UCTOYHUKOB U TPAJUIUOH-
HBEIX IpeoOpazoBareicii yacToTel. P anmpuMep, siBacHUE
thazoroit caMOMOMY AN B HATIOJHEHHBIX TA30M ITOJIBIX
BOJIHOBO/IAX IO3BOJISICT MOJYYATh MUMIYILCH JJIATCIb-
HOCTBIO MeHee 5 (¢ ¢ sHeprueii B HECKONBKO JeCHT-
KOB MUKpomkoyieil [1, 2]. Ucnonb3oBaHue MOAOOHBIX
CBCPXKOPOTKHAX UMIYJILCOB /IS TCHEPAIIUH BLICIITUX Tap-
MOHHK, B CBOIO OUCPEb, MO3BOJISCT JOCTUYL BBICOKUX
3¢peKTHBHOCTEH HEIMHEHHO-OIITHIECKOTO TPpeodpas3o-
BaHUS 4acrorel [3, 4] W pemmuTh 3a/7a4y TreHepalun
KOTCPEHTHOTO HW3/IYUCHUSI B OOJACTH BOJSHOIO OKHA
(2.3-4.4 am) [3].

BaxHylo poib B TNMOHUMAHUHU SIBICHUS TCHECPAIUMHU
BBICOKHX TapMOHHUK YU B (POPMHUPOBAHUU COBPEMEHHOM
napagurMel NpeodpPa3oBaHUS YaCTOTHl U3IYUCHUS U Te-
HEpallMU KOPOTKUX HMOYJILCOB KOPOTKOBOIHOBOTO H3-
JIydeHUs chirpand pabotel (cM. [5, 6]), B KOTOPHIX OBI-
Ja TpemIokKeHa MPOCcTas MOACAb HETUHCHHO-OMTHICC-
KOTO OTKJIMKa aTOMapHOH CHCTEMBI Ha CBEPXCHIBHOC
cBeroBoe moje. Pddektsl pacnpocrpaHeHUs H3TyUeHUS,
cBs3aHHBIE ¢ (Pa30BOM W TPYMIIOBOH paccTpONKON MM-
NyJbCOB HAKAUKUA W TAPMOHUKH, & TaKXKE C ONTHYCC-
KUMH MOTEPSMHU, OKA3LIBAIOT CYIICCTBCHHOC BIIHASHUC
Ha 3¢ ¢eKTHBHOCTE HETMHEHHO-ONITHISCKUX TMPOTIECCOB
B MNpOTSDKEHHBIX cpeaax [7-10]. HccnemoBanme Bcel
COBOKYMHOCTH 3(PPEKTOB pacHpOCTpaHSHUS KOPOTKUX
CBCTOBBEIX HMMIYJILCOB B HEIMHCHHBIX Cpelax MOKa HE
MNPUBEJIO K MOSBICHUIO MOJCIU CTOJIb JKE SICHOH U Mpoc-
TOU, KaK MOJISIIb HEIMHEHHO-ONTUYCCKOTO OTKINKA O/~
HOYHOI aToMapHo# cuctembl. OCOOCHHO CIOXHON JaH-

Hasl npobiacMa SBISICTCS B CAy4ac HANOJHCHHBIX Ta30M
MOJIBIX BOJIHOBOJIOB, KOTOPBIE BCE IMHUPE HUCIOIB3YIOTCA
JUUIA TEHEPAITHU CBEPXKOPOTKUX UMIYJbCOB [1, 2], Henn-
HECHHO-ONTUYCCKOTO Mpeodpa3oBaHus 4acToTel [11-15]
H 11 HETWHEWHOH cnekTpockomuu [16, 17], Tak Kak
AHATIN3 HEIMHERHO-OIITUYECKUX B3aUMOJIEHCTBUI B 9TUX
VCIIOBUAX JTOJIKEH BBIIOJHATHCA C YYETOM Pa3IMYHBIX
COCTABJISIIONINX JUCIIEPCHHU.

B nacrosmieil padore NpeAToXKeHBl MPOCTHIC PEICII-
THI yBenmuueHHS 3(ppeK TUBHOCTH HETMHEHHO-OTITHICCKUX
MPOIIECCOB B MOJIBIX BOJHOBO/IaX. P ONy4eHBl MPOCTEHIE
BBIPa’KeHHS, IO3BOJISIIOINIHE OIIEHUTH ONTHMAJIBHBIE JTAB-
JIEHHS Ta3a IPH TeHEepaAIllud TapMOHHK B IIOJBIX BOJI-
HOBOJIAX ¢ HOTEPSIMH, & TAKXKC BEIOpATH ONTUMAJILHBIC
pasMepbl BOJHOBOJA B CXeMax KOMIIPECCHH JIa3epHBIX
HMITYJICOB.

1. I'enepanus Tperbeil rApMOHHKH B I10JIOM
BOJIHOBO/IE € IIOTEPIAMHU

PaccMmotpuM mpoliece TeHepalud TPeTheil rapMOHU-
ku (I'TT) B moJoM ONTHYECKOM BOJIHOBOJE, 000JIO0Y-
K& KOTOPOT0 MUMECT JICHCTBUTEABHYIO TUIICKTPHUCCKYIO
MPOHUTIAEMOCTE €2, & CEPAIEBUHA PAJTAYCOM @ 3aImo-
HEHa Ta30M C TOKa3aTeleM MPETOMIEHHS 1y < 4/€3.
P peanonoxum, 4To Bo30YKAcHA BOOIHE OOPCACTCHHAS
BOJTHOBOHAS MoAa Moioro BomHoBoaa EHi, Ha wac-
TOT¢ OCHOBHOI'O W3Iy4YCHUS (HAKAUKU) U PACCMOTPUM
redepaiuio Moael EHg,, Tperbeill rapmonuku (TT) B
OPUOTNNKCHUN MEAJICHHO MCHSIOIIMXCSl aMIUTUTYA, CUU-
Tas, YTO JUIUTCALHOCTE CBETOBHIX UMITYJILCOB BEJIMKA IO
CpPaBHEHMIO C MEPHOIOM CBETOBOTO TMOJIS.

Hccrmenyem mponecc I'TT’ B HamonHEHHOM Tra3oM
MI0JIOM BOJHOBOJIE ¢ MOTEPSAMH, MCIONB3ys CIeNyIollee
VpaBHCHUC 7151 MEIJICHHO MCHSIIOIICHCST aMIUTUTYABI UM-



