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CEJIEKIIUSA YACTOTBI B JIABEPE HA OCHOBE
YETBIPEXCEPAIHEBUHHOI'O UTTEPBUEBOI'O OIITUYECKOI'O BOJIOKHA

B nanHoii paboTe peann3oBaH U HCCIIENOBAH Ja3ep Ha OCHOBE YETHIPEXCEPALIEBUHHOTO HTTEPOHEBOTO BOJIOKHA U OJHO-
MOZIOBOH Opa3rroBckoi pemeTku. HecMoTps Ha TO 4TO 0OpaTHast cBA3b OblIa cAedaHa TOJIBKO Ui OTHOW CepALIeBHHEL, JIa-
3epHas reHepalys MIPOUCXOAUT BO BCEX UETBIPEX CepJIeBUHAX. DTO JOKA3bIBACT B3aMMOAEIHCTBHE H3IyUeHUI U3 Pa3HBIX
cepareBuH. Mojenb B3auMoAeHCTBHSA, OCHOBAaHHAsI HA TEOPHUU CBSI3aHHBIX MOJI, HE MTOATBEPIHIACK.

Kniouesvie cnoga: onTudeckoe BOJIOKHO, BOJIOKOHHBIH 1a3zep, Op3rroBcKas penerka.

BBeaenue

BonoxoHHbIE Ja3ephl ABIASIOTCS OJHUM U3
SIPKUX JTOCTUXKEHHMI BOJOKOHHOW ONTUKHU HU
nazepHoit pu3uku. OCHOBHBIMH TIPEUMYIIIEC-
TBaMHU OIITOBOJOKOHHBIX JIa3€pPOB SBISIOTCS:
3D PEKTUBHBIN TEIIOOTBOM, KOMITAKTHOCTH
MW MaJIBIi BeC, BBICOKOE KaueCTBO BBIXOJIHO-
TO M3JIy4eHHUs, BBICOKAs CTAOMIBHOCTD, BBICO-
Kast 9P (HEKTHBHOCTH UCIIOIH30BaHUS HAKAYKH
Y TIPX BCEM 3TOM OTHOCHUTEIHHO HU3KAs CTO-
UMOCTb.

Bo mHOTHX mpunoxeHusx Tpedyercs MOII-
Hoe (Oomee 1 kBT) omHOMOIOBOE HW3ITydYCHHE.
OpHako JUIsI YBENWYEHHS MOIIHOCTH HE00-
XOIMMO YBEIWYEHHE IUIOMAAN CEepaIeBUHBI
ONTUYECKOTO BOJIOKHA, YTO B CBOIO OUYEPEh
MIPUBOAUT K HEOIHOMOIOBOCTH BBIXOIHOTO M3-
my4yeHus. [ coxpaHeHHUs OTHOMOOBOTO pe-
JKUMa M3ITyYeHUs] TIPU TPOU3BOACTBE ONTHYEC-
KOTO BOJIOKHA HEOOXOAMMO TOYHO COOIIOCTH
oueHb MalleHbKyI0 (An ~ 0,002) pa3HOCTH TI0-
KazaTesed MpesioMJICHUs MEXIy CEeplEeBUHON
n oOomoukoi. JlaMbHEWIINHT pPOCT BBIXOTHOU
MOIITHOCTH MOKET OBITh TOJYYEeH MPH HCIIONb-
30BaHUM KOTE€PEHTHOTO CIIOKEHUS HM3ITy9ICHUS
HECKOJIBKUX J1azepoB. OQUH U3 CIIOCOOOB pea-
JU3aIIH TAaHHOW 3a1a9 OCHOBAH HA MHTEpde-
poMeTpHUYecKord KOH(HUTypaIri pe3oHaTropa ¢
WCTIOJIH30BAaHNEM BOJIOKOHHBIX OTBETBUTEIEH.

OpHako BBIXOJHAS MOIIHOCTh, ITONyYeHHAs
JTAHHBIM METOZOM MaJa, TaK KaK BOJIOKOHHBIN
OTBETBUTENb BHOCHUT B CHUCTEMY JIOTIOJIHUTEIb-
HbIE ONTHYECKNE TIOTEPH.

Hpyroii mojaxon — npuMeHEHHEe MHOTOCEP/I-
[IEBUHHBIX aKTUBHBIX BOJIOKOH B KaueCTBE aK-
THUBHOH cpensl Ja3epa. [maBHas mpobiaema B Ko-
TepEHTHOM CIIOKEHHH COCTOWUT B pean3aluu
(ha30BOH CHHXPOHH3AINH H3ITYYCHHUH, pacIipo-
CTPAHSIONIUXCS B Pa3UYHBIX CEp/IeBHHAX.
Hampumep, B padore [1] ObUT pean3oBaH a3ep
Ha OCHOBE 19-CepaIleBUHHOTO HTTEPOUEBOTO
BOJIOKHA. B KadecTBe pe3oHaTOpa MCIOIh30Ba-
HBI TACCHBHBIE BOJIOKHA OTIPENIEICHHON ATHHBI
Y HaHECEHHbBIE Ha TOPIIbI BOJIOKHA 3epKaia (pe-
3oHaTop Tamp0o0Ta).

Hpyras peamuzanus (Ha3oBoi CHHXpPOHH3A-
MU M3ITyYeHUI — UCTIONh30BaHNE MHOTOMOIO-
BOW OpATTOBCKOH perieTku. B pabore [2] Obut
C/IeTaH Jia3ep Ha OCHOBE HTTEPOMEBOTO YETHI-
PEXCEepAIIEBHHHOTO ONTHYECKOTO BOJOKHA U
OpSTTOBCKOM pemIeTKH IMoKa3aTems MperomiIe-
HUS, 3aIIICAaHHON B IPaJieHTHOM BoJlokHe. Of-
HUM W3 PE3YJIbTaToOB ATOH pabOTHI CTANO MOITY-
YeHHe TreHepaIiui BO BCEX CepIleBUHAX C OYeHb
y3KOW IMpUHOU crnekTpa — mnopsaka 0,02 um
(mms ma3zepoB Ha OCHOBE HTTEPOMEBOTO OIHO-
CEpIIIEBUHHOTO BOJIOKHA INWPHHA JHHUU CO-
craBiseT 0,2 HM). DTOT (PaKT OOBSCHICTCS TEM,
YTO M3ITyYEHUS U3 PAa3HBIX CEPAICBHH B3aUMO-

ISSN 1818-7994. Becthmk HI'Y. Cepus: ®Puauka. 2007. Tom 2, sbinyck 3

© WN. A. Jlo6ay, C. N. Kabnykos, 2007



42 KBaHTOBOS ONTMKQ, KBAHTOBAS 3NEKTPOHMKA

JIEHCTBYIOT MEXKITy COOOM BHYTPH MHOTOMOIIO-
BOI'O BOJIOKHA MEX]ly peuieTkoit bparra u mec-
TOM CBAapK{ C aKTHBHBIM BOJIOKHOM. ABTOPBHI
MCKJTIOUAIOT MPSIMOE ONTHYECKOE B3aUMOJEHC-
TBHE TI0 JUTHHE CBETOBOJIA, TAK KAaK PACCTOSHHE
MEX]ly Cep/lieBUHAMH OYeHb BENUKO (TIpY AHa-
METpEe CepIIEeBUHBI 6 MKM PaCCTOSHUE MEXKIY
ONMmmKaNTIIIIMK cepIieBUHaMu — 25 MKkM). B Ha-
crosmei padoTe OBIT peam30BaH Jia3ep Ha OC-
HOBE HWTTEPOMEBOTO HYETHIPEXCEPIIEBUHHOTO
ONTUYECKOTO BOJIOKHA M OIHOMOJOBOW OpaT-
TOBCKOM pEeIIeTKH.

d cladding

0

Puc. 1. YerblpexcepALIEBUHHOE BOJIOKHO: d — MOJIEIb;

6 — potorpadus

XapakTepuCcTHKHU
YyeThIpexcepaAleBHHHOTO HTTepONeBoro
ONTHYECKOr0 BOJIOKHA

B kauecTBe akTUBHOM Cpe/ibl J1a3epa UCTIOIb-
30BaJIOCh YETBIPEXCEPAIICBUHHOE UTTEPOMCBOE
OTITHYECKOE BOJIOKHO (pHc. 1).

XapaKTepUCTHUKH BOJIOKHA: AWAMETP Cep-
auesuH d = 6,5 MKM; auameTp 00O0IOYKH
d,. ing — 200 MKM; pacCTOSHHE MEXIy Cepalie-
BuHamu d, = 27,5+28,5 MKM; PasHOCTb IOKa-
3areiel MPEeTOMIICHUS MEXKIY CEPIIICeBHHON W
obomouroit An = 0,008; KOHIIEHTpAI¥sI HOHOB

uTTepous B cepareBunax N ~ 5-10" cm3

Cxema YCTAaHOBKH M €€ OIIMCaHue

B KadecTBe HaKauKH MCCIIETyeMOTO J1a3epa 1c-
TTOJTb30BAJICS AUOMHBIN JIa3ep ¢ BOJIOKOHHBIM BbI-
XOJIOM U JJTMHOM BOJTHBI M3 Ty YEeHHUS ?Lpump =970 M.
J1s1 3aBeieHus HAaKagKy MTPUMEHEHBI JIBE JIH3BI
(c doxycupiMu pacctostausaMu 11,0 u 4,5 Mm) 1
3epkaio. OHO MPOIyCKaeT N3MydeHNe HAaKauKH,
HO HE TIPOITYCKaeT TeHEPUPYEMYIO B BOJIOKOH-
HOM JIa3epe BOJHY OOpaTHO B AMOMHBIA Ja3ep.
Takast cxema HEOOXOoaUMa JIJISl 3aIUTHI Ja3ep-
HOTO JMOjIa OT 00paTHOTO M3my4deHws. JInH3a ¢
(hokycHBIM paccTtostHuEM f2 = 4,5 MM (POKyCH-
pyeT H3NIy4YeHrne HaKadyKy B UTTEPONEBOE YEThI-
pexcep/IlieBUHHOE BOJIOKHO JJIMHOU 6 M.

B kadectBe 3epkan pe3oHaTopa jasepa HcC-
MOJIb30BAIUCH C OJTHOM CTOPOHBI MPSMOU CKOJI
BOJIOKHA (KO3 puumrent orpaxenus R ~ 4 %),
C JpyTod — OJTHOMOJIOBAs OPATTOBCKAS peIIeT-
Ka Ha JUIMHy BOJNHBEI A, = 1 066 HM ¢ mmpu-
HOH AL~ 1HM (kO3 UIHMEHT OTpakeHUS
R,> 99 %), npuBapenHas K OJXHOW U3 Ceple-
BHH. CBapKa BOJIOKOH MTPOU3BOINIACEH C IPHUMeE-
HEHUEM Tensl (ITOKa3aTelb MPEJIOMIICHUS Tels

Py
JInn3El Utrepbuesoe
YEeTHIPEXCEPALIEBUHHOE
=11 mm 2=45um BOJIOKHO
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Juonnas Hakauka  p 3eprano N .
C BOJIOKOHHBIM pump R
BBLIXOJIOM
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Puc. 2. Cxema dKCIIEpUMEHTAIBHOM yCTaHOBKU
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OM30K K TIOKA3aTellt0 TPEIOMIICHUS CTEKa),
YTOOBI MCKJIFOYHMThH TCHEPAIHIO Jla3epa Ha TOp-
I1aX aKTHBHOTO BOJIOKHA. TakmM 00pazom, Oblia
peanu3oBaHa oOparHasi CBS3b TOJBKO ISl OJ1-
HOW Cep/IEBUHBI, a HE JJIsl BCEX, B OTIUYHUC
oT paboTHI [2].

XapakTepuCTHKH Jiazepa

Hecwmotps Ha TO 9TO OOpaTHas CBS3hL OBLIA
co3/1aHa TOJBKO ISl OHOW M3 CepIeBUH (s
sapa 4), O0bUT0 00HAPYKEHO, YTO BCE YETHIPE
Cep/IEeBUHBI TEHEPUPYIOT N3NTyUeHHNE Ha JUTHHE
BOJIHBI penetku 1 066 uMm. Ha puc. 3 npencras-
JICHBI SHEPTETHYECKNE XapaKTEPUCTUKH Jla3epa.
Hywmepamus cepaiieBuH Mpou3BOAMIACH IO Ya-
COBOM CTpeJKe.

Ha puc. 4 npencraBieHbl CrieKTpbl reHepa-
WU KaXI0H CEpALIEBUHBI A0 U MOCIE CKICHKU
¢ peuieTkoil. BuaHo, 4TO B OTCYTCTBUE TS 10-
MHMO TeHEepaIii Ha pelIeTke MPONCXOANUT Te-
Hepanus Ha Toplax BoimHoBona. [Ipm Hanece-
HUY TeJs TTapa3uTHAs TeHepans Ncue3aeT.
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Puc. 3. 3aBHCUMOCTb BBIXOIHON MOIIIHOCTH J1a3epa
(Pz) OT MOIIIHOCTH, BXOJISILEH B Jlazep

Ha puc. 5, a npeacraBieHo ceMeNncTBO CIeK-
TPOB TE€HEPAINU KAKIOH CePAIIEBUHBI, CHATHIX
B pa3IHYHbIE MOMEHTHI (CIIEKTPHI HAIOKEHBI
OIIMH Ha Ipyroi). BuaHo, 9TO CIIeKTp reHepa-
[IMU Jla3epa COCTOUT U3 JIBYX MUKOB, pa3/ielieH-
HBIX pacctosaueM 0,2 HM. OTMETHM, YTO STOT
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Puc. 5. Criextp reHepanuu jasepa mnocie cKiIeiku ¢ pemerkoil. Mourxocts Hakauku 3,8 BT.
Paspemenne cnexrpoananusaropa 0,02 Hm
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a¢ddeKT B Jazepe Ha OCHOBE OTHOCEP/IICBHH-
HOTO aKTMBHOTO BOJIOKHA He HaOmromancs. Ha
pHcC. 5, 6 M300paKeH CIIEKTP TeHEeparuy Ceprle-
BuHEI 4. [lmpura mika AL ~ 0,025 M. [l maze-
pa Ha OCHOBE OTHOCEPIIIEBUHHOTO UTTEpONEeBO-
TO BOJIOKHA 3Ta IMUPHHA cocTaBisieT AA ~ 0,2 HM,
YTO Ha MOPSAIOK OOJbIIIe.

O0cy:x1eHue M0JIyYeHHbIX Pe3yJIbTaTOB

Ms1 BUIUM, 9TO B TIOCTABJICHHOM JKCIIEPH-
MEHTE TIPOSBIISAETCS B3aWMOJICHCTBHE H3ITyde-
HUH U3 pa3HBIX CEpAIIEBHH II0 UTMHE BOJOKHA.
OcTraeTcst BOpOC 0 MEXaHU3Me dTOTO B3aUMO-
JieiicTBusA. PaHee cuuTalioch, 4YTO M3JIyYECHUS
B3aMMOJICHCTBYIOT TIOCPEICTBOM TYHHEIHPO-
BaHUS (TEOpHUS CBS3aHHBIX MOJ], HaIpPaBJICH-
HBEII oTBeTBHUTENS [3; 4]). OIEHUM pOJIb ATOTO
addexTa, s yero oOpaTuMcs K 3aaa4e O IByX
MapajuIeTIbHBIX BOJIHOBOAAX, B KOTOPBIX B3aW-
MOJICHCTBYIOT OCHOBHBIE MOJIbl. MOIIIHOCTh B
TaKoW crcTeMe OyJeT MepruOJNIECKH TI0 JITHHE
MepPeKaYnBaThCS U3 OJHOTO BOJHOBOZA B JIPY-
roi. XapakTepHBI MacmTad IepeKadykd OIl-
penernsieTcss OTHOIICHHWEM PACCTOSHHS MEXIY
BOJTHOBO/IaMHU K WX pasmepy. K mpumepy, ecin
MBI 3aITyCTUM H3JIy9€HHE B MEPBBIA BOTHOBOII,
TO 3aBUCHUMOCTD paclpeie]IeHHsI MOITHOCTH TI0
CepIeBUHAM OT PACCTOSHUS, TPOHACHHOTO U3-
JTydeHrueM, OyneT ciemyromei [4]:

PI(Z) =1- Sinz(C : Z), (1)
P,(2) = sin(C - 2).

C — k03h(HUIHEHT CBA3U MEXKITY COCCITHUMHU
Cep/IlIeBUHAMYU TPH B3aUMOJICHCTBUU OCHOB-
HBIX MOJI, KOTOPBI HAXOIMUTCS U3 CICAYIOIIETO
BBIPKCHUS:

C= 2\/3 U_z KO (W i deist /dcore)
e V7 K2O)

2
5:1—[”—2] .
n

V' — Ge3pa3MepHasi 4acToTa, KOTopas onpejie-
JIIETCS CICMYIONTIM 00Pa3oM:

e

2
V2 :(ﬂdczrenlj ‘5:U2+W2.

U — sBnsieTcs peleHueM ypaBHEeHUS

U-KyW)-/(U)=W-K(W)-J,(U),

rme J — ¢yakmuu beccemst; K — Mmonudummpo-
BaHHbIE QyHKIMU XaHKENS, 1, U 71, — MOKa3a-
TeNH TIPETOMIICHUSI CEPALIEBUHBI U 000JIOYKA
COOTBETCTBEHHO; A — JJIMHA BOJHBI PAaCIIPO-
CTPaHSIOMIETOCS H3ITydeHUSI.

Kakx Bumno u3 ypaBHenus (1), gepe3 mamu-
HY, paBHYI0 L = 1/ 2C, W3IydeHne u3 MepBOM
CEpP/IIEBUHBI MTOTHOCTHIO TEPEHIET BO BTOPYIO.
B macrosme#i pabore OblTa paccunMTaHa ITH-
Ha B3aUMOJCWCTBUS C TIapaMeTpaMu HCCIeNTy-
eMoro BoJjiokHa. [TomydeHo, uro L = 4 kM, 4TO
HaMHOTO OOJbINEe JTMHBI JIa3epa L= 6wM
TakuM o6pazoM, dPpPeKT mepekadyku mo Mexa-
HU3MY TYHHEITUPOBAHUS B TaHHOM CITydae Ipe-
HEOPEKUMO MaJl.

BoiBoabI

YCTaHOBIIEHO, YTO B3aUMOJCHCTBHUE U3TyUe-
HUU K3 pa3HbIX CEPJILIEBUH POUCXOUT HA BCEI
JUTHHE aKTHBHOTO BosIoOKHA. [Ipw aTOM rumoTesa
0 MeXaHHM3Me TepeKadyky, OCHOBaHHAs Ha TeO-
PHH CBS3aHHBIX MOJI, HE TIOATBEPINIACE.

Taxxe 0OHapy»XeHO, YTO CIEKTP TeHepaluH
TTOTY9EHHOT O JIa3epa COCTOUT U3 JIBYX ITHKOB, pa3-
neneHHbIX paccrosaueM 0,2 HM. Takoit sddext
B O/THOCEPAIIEBHHHOM BOJIOKHE HE HAOIOIAIICS!.

YcTaHOBJIEHO, UTO MIMPHUHA CIIEKTpa TeHepa-
LMY B YETHIPEXCEPALIEBUHHOM BOJIOKHE Ha TOPsI-
JIOK MEHBIIIE, 9eM B OJJHOCEPAIIEBUHHOM. AHAJIO-
THYHBIA pe3yibTar ObLT TToTy4eH B padore [2].

ITocnenane mBa >ddekTa, HanbOomee BEpo-
SITHO, CBA3aHbl C MPHUPONION B3aUMOJCHCTBUS
u3IIydeHud. JlJii  yCTaHOBJIEHMSI MEXaHU3MOB
B3aMMONCHCTBHAS TPEOYIOTCS NajdbHEUIHe WC-
CITeTOBaHMSL.
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