YK 621.375.826

BbIBOP METO/IUKHN PACYETA ®OKYCHUPYIOLIUX CUCTEM
BOJIOKOHHBIX JIASEPOB HA OCHOBE UCCJIEJOBAHUA
XAPAKTEPUCTHUK U3JIYUYEHUA YCTAHOBKMU JIC-3,5

MeabaukoB Avutpuit Muxauiosuy, bornanosa Mapus
AJIeKCaHIPOBHA
Crynentsl 6-ro Kypca, ouHas popma
Poccuiickaa ®@edepayus, o. Mockea, Mockoeckuii ['ocyoapcmeennwiii
Yuusepcumem umenu H.D. baymana, kageopa «Jlazepnas mexuuxa u
MexXHON02UUY

Hay4yHblit pykoBoauTeans: A.B. bornanos
K.1.H., nouent kadgeapst MT-12 MI'TY umenu H.D. baymana

BonokonHas ontuka 3T0 0JHO M3 HauOosiee OBICTPO Pa3BUBAIOIIUXCS
HaIpaBJICHUI COBPEMEHHOW Jla3epHOW (PU3UKU. YCHEeXH 3TOro HamnpaBiICHUS
CBSA3aHBl C IPOBEJACHHEM UIMPOKUX KOMIUIEKCHBIX (PyHIaMEHTaIbHBIX
UCCIIEJIOBAaHUM, KOTOpble OOECHEeUMiIM HE TOJBKO CO3/1aHWE BOJIOKOHHBIX
CBETOBOJIOB C IPEJEIbHO HU3KUMU MOTEPSIMU, HO U YHUKAJIBHBIX UCTOYHUKOB
KOT'€PEHTHOI'0 M3JIy4eHHUsS B HEOOXOJIMMOM CHEKTpajJbHOM auana3oHe. OgHaKo
TpeOOBaHME YBETUYCHUSI CKOPOCTHU Tepeaaun 1 00padoTku MHGOPMAIIHN CTABUT
Ha TOBECTKY [HS HEOOXOAMMOCTH CO3/aHHUSl ONTHYECKUX KAaHAJOB Mepenadyu
uHPOpMAIIMU CO CHEKTPaJbHBIM YIUIOTHEHHEM. VIMEHHO Ha pelieHue 3Toi
npo0JieMbl B 3HAUUTEJILHOM MEpe M HallpaBJIeHbl YCUIUs yueHbIX. [JanbHeimmii
IPOrpecc HEBO3MOXKEH Oe3 JeTajbHbIX (YHAAMEHTAIBHBIX HCCIEAOBaHUN B
005acTu pa3pabOTKU HOBBIX 3JIEMEHTOB CHCTEM CBS3H: BBICOKOA(()EKTUBHBIX
MCTOYHUKOB ONTUYECKOTO U3IYyUYECHHUSI, ONTUUECKUX YCUIUTENIEH U BOJIOKOHHBIX
CBETOBO/IOB.

BonokoHHas onTuka B HAacTOsIILEE BpeMs MOJIy4YHJIa LIMPOKOE pa3BUTHE U
HaXOAMUT NPUMEHEHUE B Pa3IMYHBIX OOJACTSIX HAYKU M MPOU3BOJCTBA (CBSI3b,
PagMO3IEKTPOHHUKA, IHEPreTUKA, TEPMOSIEPHBIM CHHTE3, MEIMIHMHA, KOCMOC,
MAaIIMHOCTPOCHHE, JETAIOIINE OOBEKThI, BEIUNCIUTEIbHBIE KOMIUIEKCHI U T. [1.).

Metoauka pacuéra (OKyCHUPYIOUIMX CHCTEM BOJIOKOHHBIX JIa3€pOB
OTJIMYAETCS OT TPAJAULMOHHBIX METOAUK PACUETOB TBEPIOTEIBHBIX JIA3EPOB, UYTO
CBA3aHO C CYIIECTBEHHBIMU OTJIMYUSAMU B NMPUHIUIAX PaOOThl U CTPOCHHUEM
onTtuueckoro Tpakra. IloctaBinena wnenb: pa3padoTaTh METOAMKY pacdéra
doxycupyromed CHCTEMbl BOJOKOHHOTO Jla3epa, YYWTHIBAIOIIYIO JAaHHBIC
OCOOEHHOCTH.



Onthueckuid  TpakT  BOJOKOHHOIO  Jla3epa  OTIMYAETCS  OT
MPUHIUMITHAIBHON CXE€MbI TBEPAOTEIBHBIX Ja3epoB. Ero mpuHIMnuanpHas cxema
MPECTABICHA HA PUCYHKE 1.
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Puc. 1 [IpunnunuansHas cxema BOJIOKOHHOTO ja3epa (I — cepaieBuHa,

JerupoBaHHAs METaUIOM, auamMeTp 6—8 MKM; 2 — KBapleBO€ BOJIOKHO,
muametp 400—-600 MxM; 3 — monuMepHas 000JI0uKa; 4 — BHEIIHEE 3aIUTHOE
MOKPBITUE; 5 — Ja3epHbIe AMOJBI ONTUYECKOM HaKaykh, 6 — ONTHYeCKas

CHUCTE€Ma HaKayku; 7 — BOJOKHO (10 40 Mm); 8§ — KoimuMarop; 9 — mMoayasiTop
cBera; 10 — Qokycupyromas onTu4ecKas CuCTeMa)

Kak BugHO W3 puCyHKa BOJIOKOHHBIM Jla3ep MPEACTaBIsACT U3 cels
TPAHCIIOPTUPOBOYHOE BOJIOKHO, KOJUTUMATOP U (POKYCHPYIOILIYIO cucTeMy. Tak
K€ BHUICH COCTaB HEMOCPEICTBEHHOr0 BOJIOKHA. bonee moapobHOE
U300paKEeHNE BOJIOKHA NPEJICTABIIEHO HA PUC. 2.
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Puc. 2 CtpoeHue BoJioKHa J1azepa



B mHacrosiiee BpeMs Ha pbIHKE ONTHYECKUX CHUCTEM MPEACTABICHO
0OJIbIIOE KOJMYECTBO Pa3sHOOOPAa3HbIX BUIOB (POKYCHpYIOUIEH OITHUKH,
KOJUIUMATOPOB M JAPYIMX ONTHYECKUX KOMIIOHEHTOB. Bce oHM uMeror
pazNMyHbIe XapaKTepUCTUKU U mapaMmeTpel. [losTomMy BcTaer BoOmpoc
ONTHUMH3ALIUU TTOA00PA KAKIOTO 3JIEMEHTa UCXO/Isl U3 XapaKTepUCTHUK Jlazepa U
TpeOyeMbIX mapameTpoB rmpoiecca. [loaToMy OBUIO TPUHATO pelIeHHE
UCCIIEJIOBATh M3JIyuYE€HUE BOJIOKOHHOTO Jia3epa U BBIIBUTH OOIIYIO 3aBUCHUMOCTb
it 6onee yao6Horo moadopa odopyaoBaHust. st 3Toro ObLT POBENCH PacyET
dokycupymoimed CUCTEMbl, B XO0J€ KOTOpOro Obljla BBISIBICHAa 3aBHCUMOCTb
aaMeTpa Iyyka Ja3epHOro u3iayudeHuss B (OKyce OT pacxoJUMOCTH U
MOILIHOCTH M3JIyYEHHUS BBIXOJAILEr0 M3 KoJIMMaTopa. JlaHHas 3aBHCHUMOCTb, a
TaK € 3HaY€HUE OJHOM M3 OCHOBHBIX XapaKTEPUCTHK TPAHCIOPTUPOBOYHOTO
BOJIOKHA — YHCJIOBOW amepTyphl, NO3BOJMIA IPOBECTH MOAOOP ONTUMAIBHOTO
KOJUIUMATOpa J1J1s1 TpeOyeMBbIX XapaKTEPUCTHUK ITyUKa.

OnHOM W3 BaXHEWIIMX 3aBUCUMOCTEH, OIPENCIAIONIMX KOHEUHBIC
napaMeTpbl Iy4Yka, SBISETCA 3aBUCHUMOCTb pACIpEACNICHUs DHEPruu 110
CEYCHHIO TydykKa OT MOIIHOCTH u3NydeHus. Hamu ObUTM  mpoBenEHBI
UCCJIEIOBAHUS TI0 U3YUYEHHUIO JTAHHOW 3aBUCUMOCTH (CTOUT OTMETHUTh, YTO JUIS
UCIIBITHIBAEMONM  MOJIEM  Ja3epa  M3JIyYeHHE  SIBISJIOCh — M3HAYaJIbHO
MHOTOMOJIOBBIM). B 3KcllepuMEHTax HCIIOIb30BAJICA BOJIOKOHHBIN Jazep
komnanuu HWPD «llomocy JIC-3,5. [laHHOe uHCCiIeAOBAaHUE MPOBOJMIOCH
METOJIOM JIBYX CEUYEHHH, I M3Iy4YeHHs, BBIXOJALIEr0 M3 KOJIMMAaTopa.
Pacnipenenenre MOIMHOCTM MO CEUYEHUIO IIy4Ka KOHTPOJIMPOBAIOCH JUIS
pa3IMYHBIX MOJIyJied HaKayKy Jia3epa M MX KOMOHMHALMKA C BapbHpPOBAHUS
YPOBHSI MOLITHOCTH U3JIy4YEHHUS.
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Puc. 3 Cxema skcniepuMeHTa.

ITo uToram 3KCrEpUMEHTOB, IIPU UCIIOIB30BAHUU METOI0B
CTaTUCTUYECKOTO aHaJIN3a, ObUIO JOCTUTHYTO MOHUMAHUE TOTO, KaK
pacrpenensieTcs 3HEPrus B My4YKe MOITHOTO BOJIOKOHHOTO JIa3epa.

JIi1st 00paboTKH IKCTIEPUMEHTATLHO-TIONYYCHHBIX 3HAYCHUH HEO0X0IUMO
3HaTh, YTO PAAUATBLHO-CUMMETPUYHBIN MTyYOK J1a3€PHOT0 U3TyUCHHUS
ONUCHIBAETCSI MECTOIOJIOKEHUEM MIEPETSKKH MyUdKa Z, , IMaMETPOM ITydKa B

MCPCTAKKE VO'O , YIJIOM PaCXOoAuMOCTH ITYyYKa «Vo»B ,Z[ﬂJ'ILHCfI 30HC.

HepeTH}KKOﬁ IIy4Ka Uu3MCpACTCA €10 CCUCHHUC C MUHHUMAJIbBHBIMHU 110JIC3HBIMHA



pa3MepaMu. 3Hasi 3TH MapaMeTpbl MOXKHO ISl YIJIOB pacxoauMocTtu menee 0,8
paj 3anucaTh ypaBHEHHE paclpoOCTPAHEHHUs MTy4Ka BJOJIb €ro OCH Z:

d2(Z2)=d; +(Z-2, ) V2. Tne Z, - NON0XeHUe NEPETSHKKA OT HaYala ocu Z

(OOBIuHO HayasIo OcU Z COBMAAAET C BHIXOJAO0M H3ITYUYCHHS).
KauecTBO myuka B mpouecce ero pacupocTpaHeHus: Oy1eM, aHaJIOTMYHO
[100] xapakTepu3oBath nokazarenem (KodPpPuimeHTom) « K » pacupoCcTpaHSHUS

Iy4Ka WM 0OpaTHON eMy BEJTUYMHOW M’ , SIBJISIFOIIEHCS MepOr OJIM30CTH

IIPOU3BEACHUS MTAPAMETPOB U3MEPSAEMOT0 MyYKa K aHAIOTUYHOMY
MIPOU3BEACHUIO JIJISl MIEaJIbHOIO rayccona mny4ka.lloaroMmy nosiBuiioch
BBIPAKEHUE KKPUTECPUH M?». it rayccoBa myuka ¢ ogHou Moaou TEM
3HaueHne M°=1.

Bemuunnst K (M?), do, U V_ CBA3BIBAET BBIPAKEHUE:

1 44, .

K= = . = . , TJe. A, - JJIMHA BOJIHBI B BAKyyM€E; A -
M* x n-do,V, =x do,V, ’ vy
42, M*-42,
JUIMHA BOJIHBI B cpelie ¢ «n». [Ipoussenenue ndo )V, = X = SABJISICTCA
T T

WHBApPUAHTOM PACIPOCTPAHCHHUS ITy4Ka Ja3epHOTO U3TyUCHUS B
0e3abeppalliOHHON Cpe/ie B OTCYTCTBUH OTPAHMYMBAIONINX €ro quadparm.
[Tpu u3MepeHnu NPOCTPaHCTBEHHO-ICKTPUIECKUX XapPAKTEPUCTHK
Ja3€PHOTO U3TYUYCHUS PEIIar0TCs, KaK MPaBHIIO, YETHIPE 3a/1a4H OIMPEICIICHHUS:
IIMPUHBI U TUAMETPa MydKa, YIJia pacXoJuMOCTH Mmy4ka, Kodduimenra
pacnpoctpaneHus «K» wim koddduimenta npesbiieHus TuhPakKIMOHHOTO

1
npenena M’ = ra KoopaunaTel pacnosioKeHus NepeTsHkKKy mydka. s

onpeJieNieHNs IMaMeTpa Iydka do(Z) clielyeT U3MEpUTh pacnpe/ielieHre
MJIOTHOCTHU MOIIIHOCTH SHEPTUM B CEUCHUU MyUYKa x'uy’ ¢ KOOpJIUHATOMU Z U MpH
STOM HAUTHU a3UMYTAIBHBIN YTOJI @ MEXKIY OCBIO «X» IyYKa U OCBIO «X'»
nabopaTopHO# cucTeMbl KoopauHart. st onpenenenus V., - yria

PacXoUMOCTH IyYKa B JIaJbHEH 30HE — HEOOXOUMO HCII0Ib30BaTh
6e3abeppalmOHHbIN (HOKYCHPYIOIIHN ONITHYECKUH JIEMEHT ¢ (POKYCHBIM
paccrosinueM f. I3MepeHuIo noaieKuT 1uaMeTp do , Iydka B TOUKE OCH,

pacrnoioKeHHOM Ha paccTostHUM f OT 3aHEl TTIaBHOM MJIOCKOCTH
(bOKyCUPYIOIIETo 3JIEMEHTa. YTOJ] pacXxoIUMOCTH

do,
JTa3epHOTO Ty4yka paccuuTbiBaeTcss 1o  Gopmyne V. :7-’. s

o

2 .
onpenenenuss K wim M™ HE0OX0aUMO HAaWTH JUAMETP MEPETSKKU do, U yTJbl
pacxogumMoctd V. Jlnsa omnpeneneHuss KOOPAUHATBI «Z» PaCHOJIOKCHUS

NEPEeTSHDKKM  IydyKa HEOOXOJMMO YYHUTHIBATh MapaMmeTpbl PpaclpOCTPaHECHUS
U3JTYYEeHUS U UCTIOIB30BaTh AMMPOKCUMUPYIOITUE (POPMYIIBI.



B kadectBe wW3MepUTENs MOIIHOCTH M3JIyYEHHUS HCIIOIh30BAJICS
u3MepuTeNb Ha 6a3ze TepMmorosioBku Ophir 5000 W

PEIrYNIUPYETCA
135-180
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Puc. 4 3mepurenb MOITHOCTH.

ITo pe3ynbraram SKCHEPUMEHTOB M CTAaTHCTHUYECKOIO aHaiau3a, ObLIO
MOCTPOCHO CEMEWCTBO TpaUUECKHX 3aBUCUMOCTEH, TIPUMEpP KOTOPBIX
MIPEJICTABJIEH HA PUC. 3.
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Puc. 5 IIpumep pacrnipeneneHuss MOITHOCTH U3IyUYEHHS 110 CEYEHUIO ITyYKa

IIpn ananuse UTOTOB BBIIIECHU3IIOKEHHBIX MEPOIPUATHH CTAJIO SICHO, YTO
pacrpeneneHue MOIIHOCTH HM3JIyYEHHs II0 CEYCHHIO ITydKa IPAKTUYECKH He
3aBACHT OT MOIINHOCTH M3JIy4€HHUS, YTO IIO3BOJIIET HE YYMUTBHIBATH €€ IIpHU
noa0ope ONTUYECKOM cucteMbl. Tak Kak Takas 3aBUCHUMOCTb paHee TPYIHO
NIOIaBAJIaCh YMCIECHHOMY IPEACTABJICHUIO, UCKIIOYEHUE €€ U3 pacuéra Ipu
1no100pe ONTHUYECKON CUCTEMBbl MOXET MO3BOJIMTh 3HAYUTENIBHO NPHUOIU3UTH
pacyE€THBIE JaHHBIE K PEaJIbHBIM.
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Puc. 6 fIBneHue nMoaHOro BHYTPEHHETO OTPAKECHHUS

K ocHOBHBIM napamerpaM BOJIOKOHHOI'O CBETOBOAA OTHOCATCS AUAMETP
CEpALIEBUHBI 2a, TuaMeTp 000JI0UKH 2D, ynciioBas aneprypa NA, onTH4YecKue
norepu %, qymHa L. B 3aBHCMMOCTH OT TUIIA BOJIOKOHHOTO CBETOBOJA TUAMETP
Cepa-IIeBUHBI MOKET cocTaBiATh OT 1 10 100 MM, nuameTp 0601049ku — oT 100
10 1000 MxM. [ cBETOBOIOB, UCIIOIB3YEMBIX B ONITUYECKHUX JIMHUAX CBSI3H,
JTUaMeTp cepaueBUHbI 0KoJI0 10 MkM, 00607104KH — 125 MKM.

[ToHsiTHE YKCIIOBOM anepTyphl CBSI3aHO C MAKCUMAJIbHBIM YIiioM ¥,
MEXKy JIy4OM, BBEIEHHBIM B CBETOBO/I, U OCBIO CBETOBOJA, KOTAa U3JTyYCHUE

«3aXBaThIBACTCS» BOJHOBOIHOM CTpyKTypoit (¥, =90° — 8 )): NA =sing_/n’ —n}

Jlyuu, BBeIEHHBIE B CBETOBOI O] yIiiamMu Oosibirie ¥ ., HE UCIIBITHIBAIOT
MOJIHOTO BHYTPEHHETO OTPAXKEHUSI, a MPEJIOMIISIIOTCS U BbiTeKatoT. Ha Beixoje
BOJIOKOHHOT'O CBETOBO/Ia U3TyUYCHHUE TAKXKE COCPEIOTOUCHO B KOHYCE C
MOJIOBUHHBIM yTiioM ¥ .

OMNTHYECKUE TOTEPH, HIIN TTOTIOLICHNE, OOBIYHO BHIPAXKAIOTCS B CM .
OpaHako B CTaHAAPTHBIX BOJOKOHHBIX CBETOBO/IAX MOTEPU MaJIbl U OOBIYHO
BBIpa)KAroTCs B 1B/kM. [Ipu 9TOM cripaBeinBo cooTHomerue: 1 cM ' =4,3 « 10°
nb/xkm. JInmuHa L oTaeabHbIX OTPE3KOB CBETOBOAA MOYKET COCTABIATH HECKOJIBKO
JECATKOB KWJIIOMETPOB. BOJIIHOBOIHBIE CBOMCTBA BOJJIOKOHHOI'O CBETOBOAA
3aBUCST HE TOJBKO OT €ro apaMeTpoB, HO U OT JUIMHBI BOJIHBI *
pactpoCTpaHsIomEerocs u3mydeHus. YToobl yuecTb 3TOT (PakTop, BBOIUTCS

NA o
HOPpMHPOBAHHAA 9aCTOTa V =2m 7 . 3HaueHUe HOPMHUPOBAHHOHN 9aCTOTHI, B

YaCTHOCTH, OIPENEIIIET MOJIOBBIA COCTAaB U3Iy4eHUs B cBETOBOAE. C
dbopManbHON TOYKHU 3pEHHUS], MOJIa — ATO YCTOMUYHUBOE COCTOSIHUE
3JIEKTPOMArHUTHOTO MOJIsI BHYTPU CBETOBOJIA, OJHO U3 PEIICHUI YPaBHEHUIN
Makcseuia 1ist 3aJaHHOM CTPYKTYPbI. Y CJIOBHO MOJIy CBETOBOJA MOKHO
ONPENEIIUTh U KaK TPACKTOPUIO pacrpocTpaHeHus ceeta. Ecnu V' < 2,4, To B
CBETOBOJIE PaCIpOCTpaHsAeTcs JIUIb 0gHa MoAa. CBETOBO/BI, B KOTOPBIX
peanuzyercs Takoil pexxuM B Omkaert MK-o0nacTu, onpeaenstoTes: Kak
oonomooogvie. [1pu V> 2 4 nosBIsrOTCs MOIbI 00JI€€ BHICOKUX MOPSIIKOB.
Uwucno Mo ripu 60IBIIOM 3HAYEHUH HOPMUPOBAHHOW YaCTOTHI Mopsijka V2/2.
[ToHsITHE «OOAHOMOIOBOCTHY» HOCUT HECKOJIBKO YCIOBHBIM XapakTep, T.K. U



YMEHBIIECHUH JJIMHBI BOJHBI U3Iy4€HUS OJJTHOMOJIOBBIN CBETOBOJ CTAHOBUTCS
MHOTOMO/JIOBBIM. [ 1]
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Puc. 7 IIpuMep nosryyaeMbIX pacu€THBIX 3aBUCUMOCTEN: 3aBUCUMOCTD
IJIOTHOCTU MOIIHOCTH U3J1y4YE€HMS OT paCXOAUMOCTH U3JIyYEHUs U TUaMETpa
Jayda 10 POKyCUPYIOLIEH CUCTEMBI JUIsl pa3IMUYHbIX (DOKYCHBIX paCCTOSIHUM.

B xoneyHom sTane maHHOUM paboOThI, OBLI MPOBEACH Pacu€T ONTUYECKOU
CUCTEMBI C IEJIbI0 ONTUMM3AIMU TT000pa e€ KOMIOHEHTOB. MTorn pacuera ObLI
CPaBHEHbl C [apaMeTpaMM  pPEaJbHOW  ONTUYECKOW  CUCTEMBI,  JUIA
MIOATBEPXKACHUA €ro JIOCTOBEPHOCTU. llomydeHHBIE JaHHBIE TIO3BOJISIIOT
YBEPEHHO TOBOPUTH O BO3MOXXKHOCTH MCTIOJIb30BaHUS pa3pabOTaHHONW METOIUKH
pacuéra BOJOKOHHOW ONTUYECKON CUCTEMBI B TAJIbHEUIIIEM.



