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MOJIHOTO BHYTPEHHETO OTPaKEeHUs
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[Mocrynuia B pexpaxio 30.10.2019 r.

[IpuBemeHbl pe3yabTATbl HKCIIEPUMEHTATBHOTO HCCIEAOBAHUS XAPAKTEPUCTUK Pa3paGOTAHHOTO YaCTOTHOTO
¢uIbTpPa € UCIIOTH30BAHIEM SIBJIEHHS MOJTHOTO BHYTpeHHero oTpaskeHus. [[luprHa crieKTpa uU3JydeHHs BOJTH BHIM-
MOTO [Malla30Ha, M3MepeHHas C MOMOIIbI0 YacToTHOro (uiibTpa, cyskaercsa B 2 pasa (c 18 e 1010 em™! mocae

[POXOXK/IEHUS UePe3 YaCTOTHBIH (PIIbTp).

Knwouesvie caoea: 4acToTHBIN DUIBTP, SBJIEHIE TOJTHOTO BHYTPEHHETO OTPaKEHUs, NMIMPHUHA TTOJOCHI TIPOIYC-
KaHus, nHTepQepeHIonHas KapTHa, CreKTp usaydenus; frequency filter, total internal reflection phenomenon,

bandwidth, interference pattern, radiation spectrum.

Bseagenne

B Hacrosiiiiee BpeMsi aKTHBHO pPa3pabaThiBalOTCS
nHTepdepeHITMOHHbIE CTIEKTPAJIbHBIE TIPUOOPHI C YaCTOT-
HBIMH (PUJIBTPAMHU C MCTIOJIb30BAHUEM SIBJIEHUS MOJTHOTO
BHyTpenHero orpaskenns (ITBO) [1—13].

B [1—8] paccMoTpeHbBI CHEKTpaJbHblEe YCTPOiicTBa
6eryreit BoaHbl. [lokazaHa BO3MOJKHOCTb peasn3aiiuu
B KOPOTKOBOJTHOBOI YacTU MUJUIUMETPOBOTO JHMANa30Ha
Masepa Ha CBOOGOJHBIX 3JIEKTPOHAX C JIByX3€PKAJbHBIM
PE30HATOPOM, COCTABJIEHHBIM U3 MOIUMDUINPOBAHHOTO
U TPaAWIIOHHOTO OP3TTOBCKUX 3epKas. Pa3paboTaHbI
cepuueckre MUKPOpPE30HATOPHI ¢ MOJAMU THIIA IIeT-
yymreil Tajepen, KOTOpble MOTYT CTaTh CJIEeIYIONIAM TI0-
KOJIeHHeM B MHKPOOITHKe Iocje pe3oHatopoB Dabpu—
[Tepo.

B [9] mpensaraeTcs BO3MOKHOCTb IOCTHPOBKH yT-
JIOBOTO TIOJIOJKEHUS TpaHell YacTOTHOTO (PUIbTPa 3a CUeT
€ro BBITIOJTHEHNSI € TIOTIePEeYHOI peryJupyeMoil y3Koit
MeJTbIo, 3aTOJHEHHON WMMEPCHOHHON KUAKOCTHIO.
Takske IOCTHpPOBKA YCTpPOHCTBa BO3MOXKHa Oiaromaps
HAJIMYAI0 MeJbYafllinX YacTHIl B BO3IYITHOM 3a30pe
MEX/Yy YeThIPeXT'PAHHBIM KyOMKOM M MPU3MaMU BBOJA-
BBIBO/IA U3JTyIeHHUS.

Ilenp Hameit paGoTbl — pa3dpaboTKa Y3KOHOJIOC-
HBIX MHOTOJIyU4eBbIX MHTeP(hEPEHIINOHHBIX ONTHYECKIX
PUIBTPOB PA3TMYHBIX AUATIA30HOB CIIEKTPA, TIOBEPXHO-
CTH KOTOPBIX 06JIAZIAI0T MAJBIMU TIOTEPSIMU GJarofapst
MOJHOMY BHYTPEHHEMY OTpPa’Ke€HWIO CBeTa Ha TPaHHIlE
MIPO3PAYHBIX CPeJl C PA3JUYHBIMU IMOKA3aTesIMH Ipe-
JIOMJIEHUSI.

B HacTosIell cTaTbe MPUBEAEHBI PE3YJIbTATHI IKC-
TIePUMEHTATBHOTO WCCIeJOBAHUSA XapaKTePUCTHK pas-
PaGoOTaHHOTO YacTOTHOTO (PUIBTPA € MCHOJIb30BAHIEM
spJyienus [1BO.

* Anekcanzipa Cepreesra Coipresa (aleksandra-syrneva@
yandex.ru); Banepuk Cepreeuu Aiipanersit (V.S. Ayrapetyan@
ssga.ru).
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Yacrorupiii GuabTp
¢ noepxHoctamu IIBO

Pa3zpaGoranHoe ycTpoOHCTBO TMpeNCTaBJIsIeT coOOit
YaCTOTHBIN (PUIBTp 6eTyieil BOJHBI TUTA <«IMeTIyTIast
ranepes» [14, 15] ¢ 3amMkHyTO#l TpaeKkTopHell BOJHBI.
Ero cxema mpuBesieHa Ha puc. 1, BHEIIHUI BHJ IMOKa-
3aH Ha puc. 2.

n,

Puc. 1. Cxema yacToTHOTO (DUJIBTPA C HCIOJIH30BAHUEM SIB-
qerns [IBO [10, 11]: 1/ — ky6uueckas mpusMa ¢ 4 pabounMu
MoBepXHOCTAMY; 2, 3 — MPU3Mbl BBOJA-BBIBOJA HU3JIYUEHUST;
1y ¥ N3 — TOKa3aTeJH MPeJOMJIEHUS MPU3Mbl | U MPU3MEHHBIX
2JIEMEHTOB 2, 3 COOTBETCTBEHHO; 71 — IOKa3aTejb IMpeJoMIe-
HUS 3a30pa; ¢ — IIMPUHA 3a30pa, IO3BOJISIONIETO BOJHE
TYHHEJIMPOBATh B MPHU3MY ; ¢ — pa3Mep TpaHU MPU3MBI |

[lpusma (xy6ux) 7 BbimosHeHa u3 crexiaa K8;
IJIOCKOCTHOCTb ee rpaHeit — mopsaka 0,1 unTepde-
PEHIIMOHHOI TosIockl. V3/ydenne BBOAUTCS B KyOukK f
Yepe3 NPU3MEHHBII 3JIEMEHT CBSI3M 2; OHU Pa3eIeHbI
BO3/IYIIHBIM 3a30POM, IIO3BOJISIONINM BOJIHE TYHHEJH-
poBath B KyO6mk. Ha rpansgx kyOuka BOJHA ¥CITbI-
ThIBaeT ToJiHOe (BHyTpeHHee) oTpaskeHue. Ilpu yriie
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IpeTOMJIEHNST 0 = T/4 TpaeKTOPHMsS BOJHBI 3aMKHYTas.
W3myyerne BbIBoAWTCA U3 Ky6UMKa dYepe3 IpH3My 2
Jm60 4epe3 BTOPYIO IIPHU3MY 3, KOTOpas PacIoJioXKeHa
Tak’Ke C BO3MOKHOCTBIO TYHHEJNPOBAHIS BOJHBI B Hee.

Puc. 2. Yacrorublil puibTp ¢ ucroab3oBanueM spiaenus [IBO

[Ipy M3rOTOBJEHNN TLUIOCKOMAPa/LIeTbHOCTh TIPOTH-
BOJIeKAIUX TpaHell KyOMYecKOW MpPH3MBI MOKeT Ha-
pylaThcs. DTO IPUBOJAUT K HAKOILIEHHIO C KasKIBIM
MPOXOJIOM TI0 3aMKHYTOHl TPaeKTOPHU OTKJIOHEHUS
HaIlpaB/JeHHs CBETOBOH BOJHBI OT HeOGXOAUMOro,
U TpaeKTOpHs IlepecTaeT ObITh 3aMKHYTOH. Perysm-
POBKa BO3YLIHOIO 3a30pa MeKIy KyOUKOM M IIpU3Ma-
MH BBOZa-BbIBoja u3iydeHns (jocTupoBka (pHIBTPa)
OCYTIECTBJISAETCA C TIOMONIBIO PETYJIHPOBOYHBIX BUHTOB
(cm. puc. 2).

HccaenoBanne xapakTepUCTHK
YaCTOTHOTO (PUJIbTPA C HCIOJIb30BAaHHEM
asjaenusa [IBO

XapaKTepUCTHKN Pa3pabOTAaHHOTO YacTOTHOTO
¢unbTpa ¢ ucmoab3oBaHUeM saBieHug I[IBO uccieno-
BaJIHCh € TIOMOIIBIO CTEH/A, H306paKeHHOTO Ha pHC. 3.
Uayderue moaynposoaHukoBoro Jjazepa (JITH-207A)
¢ UTMHOHN BOJIHBI 654 HM MaJiajio Ha YaCTOTHBIN (UIbTP,
YCTAQHOBJIEHHBIH € BO3MOKHOCTBIO €r0 HAKJIOHA U TIO-
BopoTa. JlazepHoe M3iIydeHWe JOJIKHO TAJaTh Ha Ka-
TeTHYI0 TpaHb HPH3MBbl BBOJA MOJ ITIPAMBIM YIJIOM.
[lanee oHO, BBIH/IA U3 YaCTOTHOTO pe30HATOPA, € IIOMO-
b0 06bEKTNBA MOMA M0 Ha MATPHUIY TeJeBU3NOHHOM
kamepnl. Ilomydennas wuHTepdepeHIMOHHAS KapTHHA
o6pabarpiBasiach B HHTepaKTHBHOM cucTeMe Matlab.

Ha puc. 4 mpuBejeHn! HHTepdepeHIINOHHbIE Kap-
THHBI, ¢dopMupyeMble (GUIBTPOM O W TOCTE [OCTH-
poBkH. BoaaymHbiil 3a30p MexAy TpuU3Moil [ M mpu3-
MaMH BBOJa-BbIBoJa 2 M 3 Ha pHC. 4, @ MeHblIe, 4eM
Ha puc. 4, 6. CIeKTpbl paclpe/ie e sl NHTeHCHBHOCTH
U3JIy4eHUs 10 CTPOKe JAaHHBIX HHTepQepeHINOHHBIX
KapTHH mpejcTaBienbl Ha puc. 5 (X — BbiGupaeMast
CTPOKa Ha MHTeP(dEPEHIIHOHHOIT KapTuHe ).

Pucynku 4 m 5 mO3BOJIAIOT clenaTh cielylomuit
BBIBOJ: TIOCJe IOCTHPOBKM YacTOTHOTO (OUJIBTpA WH-
TepepeHINOHHAST KapTHHA CTAaHOBUTCS 6oJjiee Pe3KOi,
YTO MO3BOJIIET C BBICOKOH TOYHOCTBIO OIIpe/eInTh
CIeKTpaJIbHbIe TapaMeTpPbl U3TyUeHH:.

Puc. 3. CreHj sl MCCJIeJIOBAHUS ONTHYECKUX XapaKTePUCTUK

yacroTHoro (ubTpa: 1 — mazep; 2 — auadparma; 3 — 4acToT-

Hblil GUIbTP; 4 — CTONUK FOHHOMETPA; 5 — 06beKTUuB ¢ (POKyc-
HBIM paccTosgHreM 50 MM; 6 — doToMaTpHIla; 7 — HOYTOYK

Puc. 4. Vatepdepenmonnble KapTuHbl 10 (@) U TOC]Ie 10CTh-
poBku dacrorHoro ¢guiabrpa (6)
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Puc. 5. CmekTp pacnpeziesieHnss UHTEHCUBHOCTH W3JTyYe€HU
[0 CTPOKe AaHHbIX uHTepdepeHnoHHON Kaptuhbl 10 (a)
U TI0CJIe IOCTUPOBKH YacToTHOro ¢uibrpa (6)

I/IHTeHCI/IBHOCTb, yca. en.
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Bolna m3aMepeHa 3aBUCHMOCTb H3MEHEHUS HHTEH-
CHBHOCTH H3JIy4eHHs IIOCJTe €ero IIPOXOKJEHUs 4Yepes3
YacTOTHBIH (UIBTP OT yIJIa TIOBOPOTA TOCJETHETO
(puc. 6). YacrtoTHblii (UIbTP, YCTAHOBJIEHHBIH Ha CTO-
JINKe TOHUOMETPA, ITOBOpauUBascsa OTHOCUTENbHO IMaja-
Iolero W3Jay4eHns Ha 1°. Buano, WTo mpum He6OIbIIOM
OTKJIOHEHUH OT HOPMAJbHOTO YIJa MaJeHus u3JIyde-
HIA YaCTOTHOTO (UIbTpPa Ha KaTeTHYIO T'PAHDb IPH3MBI
BBOJla M3JIyYyeHUs MHTEHCHBHOCTb U3JIy4YeHUs Pe3Ko Ia-
JlaeT.
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Puc. 6. l"pa(bHK 3aBUCHMOCTU MHTEHCUBHOCTU OT yIJia IIOBOPOTa
YaCTOTHOTO (l)I/UII)Tpa

M3 aMILUIUTYIHO-CIIEKTPAIbHBIX H3MepPeHui ObLIn
olpeesieHbl XapaKTePUCTHKH YaCTOTHOTO (PUIbTPa
¢ nosepxHoctamu [1BO (ra6. 1).
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Ta6auma 1

XapaKkTepHCTHKH YaCcTOTHOrO (puiibTpa (JJIMHA 3aMKHYTOI
Tpaekropuu ay4ya Ly= 127,28 mm; okycHoe paccrosinne
o6bektuBa f = 0,05 m)

PacyerHple |DKcnepnMeHTab-
[Tapamerp

3HAUEHIT Hble 3HAYEHUST
Pesxoctb nHTEpdepernn-
OHHOI KapTUHBI 300 324
Paspemmatorias croco6-
HOCTb, M 4,2-107"2 9,4-107"2
[[Tupuna mosockl nporyc-
KaHUs, M 1,4-10" 2,9-10
[namerp 1-ro KosbIla, MM 0,37 0,42
[lnamerp 2-To KoJbIla, MM 0,60 0,66
[lnamerp 3-ro KoJbIla, MM 0,77 0,79

CrieKTp Wu3JIyYeHHs Jiadepa PEeTUCTPHPOBAICT 0
U ToCJe TIPOXOXKIEHWS 4Yepe3 YacTOTHBIN (UIbTP

AL
(puc. 7, a). Tlo dopmy.e AV:?[Q’ 13] u 3amm-

CaHHBIM CIIEKTpaM ObLIa BBIYUC/ICHA IMMPUHA CIEKTpPa
U3TyYeHus] 0 U Mocje 9acTOTHOTO (HJIbTpa. PacdeTsi
HOATBepANIN CyKeHHe CIIeKTpa H3JydeHus B 2 pasa.

AHa/I3 CIIEKTPOB IIOKA3bIBaeT, YTO YaCTOTHBIIL
dunbTp He uHcKaxkaeT (HOpPMY W He CMeIaeT IeHTD
CTIeKTpa/IbHON JIMHAM WU3JIy9eHUs IOMyIPOBOIHIKO-
BOTO JIazepa.

Takyke OBUTH 3alMCAHBI CTEKTPHI M3JIYYEHUS Jia-
3epa JI0 W TIOCJe TIPOXOXKIEHNUs depe3 MHTepdepoMeTp
®a6pu—Ilepo (puc. 7, 6).

B Ta6n. 2 mpuBedeHBI JaHHbIE SKCIIEPHMEHTOB
[0 CYKeHHIO CIeKTpa IIOJIyIPOBOJHHKOBOIO Jasepa
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Puc. 7. CnieKTp M3/Ty9eHns MOy IPOBOHUKOBOTO Jasepa 10 (vepHasa kpuBas) u mocie (cepas KpuBas) MPOXOKIEHUS U€pe3 HCCJIe-
JyeMmbiit yactorHblii puabtp (@) u yepes unrepdepomerp Mabpu—Ilepo (6)
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Ta6auma 2
Cy:keHne MOJOCHI MPOMYCKAaHUs MOJIYIPOBOIHUKOBOTO
Jazepa ¢ nomourpio uureppepomerpa MaGpu—Ilepo
M YaCTOTHOTO (PUJIBbTPA

YcI0BUS 9KCIIEPHMEHTOB Av, o
Bes BBosa IUCIEPTUPYIOIIETO
3JIeMeHTa B PE30HATOP Jia3epa 18
ITocne BBoga nHTEpdEpOMeTpa
Da6pu—Ilepo B pesonarop sazepa 10
ITocsie BBOJA 4acTOTHOTO (BUIbTPA
B pe30HATOp Jasepa 10

¢ nomorbio nHTepdepomerpa Dabpu—Ilepo u paspa-
60TaHHOTO YacToTHOTO (GUiIbTpa. BumHO, 4TO peE3yJib-
TaTbl COBMAJIAIOT C BBICOKOW TOYHOCTBIO.

3akouenue

Pa3pa6oTaH KOMIAKTHBIA YacTOTHBIN (PUIABTD st
JIa3epHOTO U3JIyueHHs BHJAUMOTO [Hala3oHa JJINH
BOJIH, OCHOBAHHBIH Ha 3¢deKTe MOJHOTO BHYTPEHHETO
oTpakeHus. llcxons U3 pacyeToB CIIEKTPAJbHBIX Ia-
paMeTpoB, 3TOT YAaCTOTHBIN (DUJIBTP He yCTyHaeT JIyd-
muM 06pa3liaM AUCIePTUPYIOMNX YCTPOHCTB.

Beicokoit  3(pdeKTUBHOCTH CeJeKIMH YacTOThI
JIA36DHOTO U3JIydeHHs Y/JIaloch AOCTHYb Oiarogaps
UCITIOJIb30BAHNIO Pa3paboTaHHOI HaMu KyOGuU4ecKoil
IpHU3Mbl ¢ 4 pa6ouNMU TIOBEPXHOCTSIMHU B COUYETAHUH
CO CTeKJISAHHBIMU IIPU3MaMH BBOJa U BBbIBOJA WU3JIY-
yeHus.

IIpoBeneHHble uccaeoBaHUS IIOKA3a/Id, YTO CO3-
JAaHHBIN 9aCTOTHBIN (PUIBTP He MeHSeT CIeKTPaJbHbIE
U TOJISIpU3ALUOHHbIe XapPaKTePUCTUKU HM3JIydeHUs II0-
JIyIIPOBOJIHUKOBOIO Jasepa. dopMa JIMHUU H3JIyYeHUs
IpH TPOXOXIEHNN dYepe3 YaCTOTHBIN (QUIBTP H3Me-
HAIOTCA HEe3HAUMTe/bHO, CHIeKTpajbHas HIMPHUHA U3JLY-
4YeHHd B BU/MMOM JHala3oHe cyXaeTcd B 2 pasa.

B 1esoM HaM TIpe/CTaBJIseTCS, YTO Pa3paboOTaH-
HBIIl KOMITAKTHBIN YaCTOTHBIN (DUIBTP MOKET OBITh HC-
HOJTb30BaH 6oJiee IIMPOKO, HAIPHUMep, JIS CO3JaHUS
BBICOKOMHTEHCHBHOTO U 4YacTOTHO-IepecTpanBaeMoro
JIa3epHOTO HMCTOYHMKA C y3KOH IMUPUHON CIleKTpa U3-
JIy4eHus.
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The results of experimental study of characteristics of a frequency filter designed on the basis of total
internal reflection phenomenon are presented. The spectral width of semiconductor laser radiation in the visible
region measured with this frequency filter two-fold narrows (from 18 to 10 cm™ after passing through the fre-

quency filter).
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