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Peslome

Llenu. OgHo 13 akTyanbHbIX 334324 Pa3BUTUS PAONONEKTPOHHBIX CUCTEM PA3IMYHOIO HA3HAYEHUS ABNAETCS Pes-
KOE€ yBenmyeHne oobema 1 CKOpOoCTU Nnepenayn MHGopMaunm Mexay aneMeHTaMm aTux cuctem. Takas 3agaya Haum-
6onee yCcneLlHo peLlaeTcs C UCMOMb30BaHMEM CPEeACTB BOJIOKOHHO-OMTUYECKOM TEXHUKUN, HE MMEIOLLMX allbTepHa-
TMBbI MO psay nokazateneit. NprumeHeHne onTnyeckux BoMOKOH (OB) B kauecTBe Gpuranyeckom cpeabl No3BONI0
OCyLLECTBUTb Nepeaayvy 60MbLUNX MOTOKOB MHPOPMALIMN HA 3HAYUTESNIbHBbIE PACCTOAHUS. YBENMYEHME NPOMYCKHOM
CMOCOBOHOCTU CUCTEM CBSA3W NOATANKMBAET MPON3BOANTENEN K pa3paboTke HOBbIX MapoK OB ¢ ynyyleHHbIMU ONTH-
YeCKMMU 1 3KCMlyaTauMOHHBLIMU XapakTEPUCTUKAMM, YTO NMO3BONSET YCOBEPLLUEHCTBOBATb PA3/IMyHbIe ONTUYECKMEe
KOMMOHEHTbI, KOTOPbIE NCMOJb3YIOT BOJIOKOHHLIN CBETOBOJ, B KA4ECTBE aKTUBHOM Cpelbl nepeaayn nHpopmaumn.
Havnbonee wmpoko ncnosb3yemMbiMm B BOJTIOKOHHO-0NTUYECKMX cnuctemax ceasmn (BOCC) aBnaoTcs AByXKaHabHbIe
oaHomMmonoBble WDM-MynbTUNNEKCOPbI/OEMYNLTUMIEKCOPBI, NPEeACTaBnsiowme cobor Bua, CnekTpanbHO-Cenek-
TUBHbIX pa3dseTBuTenei. Cpean npenmyiects WDM-MynbTUNIEKCMPOBAHUS CTOUT OTMETUTL Nnepeaayy 60bLIoro
obbema nHdpopmaumm no ogHomMmy OB 3a cHeT OpraHM3aumMmn KaHanoB Ha Pa3HbIX AJIMHAX BOSIH, BO3MOXHOCTb nepe-
nasatb No ogHoMy OB 0gHOBPEMEHHO B 060X HANpPaBfIEHUSIX CUTHANbI HECKOMbKUX OJINH BOJTH, KOTOPbLIE HE B3au-
MOLENCTBYIOT APYr C APYroM (aynfiekcHada cBadb). B npouecce akcnayataumm WDM-MynbTURAEKCOPbI MOTYT NOA-
BepraTbCs Pas3N4HbIM BHELLIHMM BO3OENCTBUSAM, BIUSIOLLMM Ha paboTy 1 cTabuibHOCTb NapamMeTPOB YCTPONCTBA.
B HacTosee BpeMsi OTCYTCTBYIOT AaHHbIE MO BAUSIHMIO U3rnbos OB Ha onTtuyeckue xapaktepuctukm WDM-myrnb-
TUNNEKCOPOB. B CBA3M C 3TNM aKkTyasibHbIM SBNSETCS UCCefOBaHMEe AAHHOM 3aBMCUMOCTU, KOTOPOE BKIIIOYAET B
cebs n3MepeHre napamMmeTpPOB ONTUYECKOW U30NALMU U BHOCUMBbIX NOTepPb. Llenb paboTel — oTpaboTka TEXHONOrm
M3rOTOBNIEHUS U UCCNEeAOBaHNE N3roToBneHHbIx WDM-MynbTUNNEKCOPOB Ha OCHOBE onpeneneHHbix Bnaos OB,
YCTOMYMBbIX K N3rnoby.

MeTopabl. 1nsg dopmMmnpoBaHuns AByxBOSHOBLIX WDM-MynbTUNIEKCOPOB UCMONb30BaHA TEXHOMOMNS CMIaBHOW Oun-
KOHM4eCcKom BbITsXKKM (FBT), no3songtowen OCTUYb HU3KUX BHOCUMBbIX NOTEPb OOHOBPEMEHHO C BbICOKOM CTene-
HbIO N3019LMM KaHasOB B LUMPOKOM Anana3oHe Temnepartyp.

Pe3ynbTaTtbl. B paboTe pacCMOTpEHbl BO3MOXHOCTU U3rOTOBJIEHUS BOJIOKOHHbBIX MYJIbTUMNIEKCOPOB HA OCHO-
Be M3rnboycronuymeoro BosokHa Corning SMF-28 Ultra. NMpeacTtaBneHbl pe3ynbTaTbl U3roTOBAEHUS U UCCTe-
LOBAHNSA ONTUYECKUX XapakKTepUCTUK SKCMEePUMEHTaNbHbIX 00pa3u,oB WDM-MynbTMNNEeKCOpPOB. YCTAHOBNEHO,
4TO NPUMeEHEeHMe KBapLeBoro BosiokHa SMF-28 Ultra no3Boino cyLecTBEHHO CHU3NTb AeBUaLINI0 ONTUYECKOM
309NN KaHaNOoB NMPU BO3HUKHOBEHUN MEXaHNYECKNX HaNPSAXXEHUN B CBETOBOLHOW CTPYKTYPE MYJbTUMNEK-
COpOB.

BbiBOAbI. OKCMNEPMMEHTaIbHO NOKa3aHa BO3SMOXHOCTb CO34aHUS ABYXBOSIHOBbLIX MY/IbTUMIEKCOPOB C MasbiMU
M3rMbHbIMM NOTEPSMU U onTuyeckon naonauuenn oo 20-22 ob. PaccMOTpeHbl BO3MOXHbIE MEXaHU3Mbl BM-
SAHUA CKPYYMBAHUSA BOJIOKOHHbLIX BbIBOLOB MYJIbTUMIEKCOPA HA ONTUYECKYIO U30NALNMIO KaHanoB. Mony4yeHHble
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pe3ynbTaTbl NOKa3blBAOT, 4TO MPU BO3HUKHOBEHUN MEXAHUYECKUX HAMNPS>XXEeHWN B CraBAEHHOW CTPYKType
MyJbTUMNIEKCOPA N3MEeHeHMe KoadduLUMeHTa ONTUYECKOK N30NALMN Ha ABYX Paboyumx OfMHAX BOSIH HE MPeBbl-
wano 1 ob.
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Abstract

Objectives. One of the topical tasks in the development of radio electronic systems for various purposes is a sharp
increase in the volume and data transfer rate between the elements of the system. This problem is most successfully
solved using fiber optic technology, which has no alternative to meet a number of indicators. The use of optical
fibers (OF) as a physical medium made it possible to transfer large information flows over considerable distances.
Increasing the capacity of communication systems is pushing manufacturers to develop new OF brands with
improved optical and operational characteristics, which makes it possible to improve various optical components
that use an OF as an active information transmission medium. The dual-channel single-mode wavelength division
multiplexing (WDM) multiplexers/demultiplexers, which are one of spectral selective splitters types, are most widely
used in fiber-optic communication systems. Among the advantages of WDM, it is worth to note the transmission of a
large amount of information over one OF by the arrangement of channels at different wavelengths and the ability to
transmit signals of several wavelengths simultaneously in both directions via one OF that do not interact with each
other (duplex communication). During operation, WDM multiplexers can be subjected to various external influences
that affect the operation and stability of the device parameters. Currently, there are no data on the effect of OF
bending on the optical characteristics of WDM multiplexers. In this regard, it is important to study this dependence,
which includes measuring the parameters of optical isolation and insertion loss. The purpose of the study is to work
out the manufacturing technology and investigate the manufactured WDM multiplexers based on certain types of
bend-resistant OF.

Methods. For the formation of two-channel WDM multiplexers, the technology of fused biconical tapering was
used, which makes it possible to achieve low insertion loss along with a high degree of channel isolation in the wide
temperature range.

Results. In the paper, the possibilities of manufacturing fiber multiplexers based on bend-resistant fiber Corning
SMF-28 Ultra were discussed. The results of manufacturing and studying the experimental samples of WDM
multiplexers optical characteristics were presented. It was established that the use of SMF-28 Ultra quartz fiber made
it possible to significantly reduce the deviation of the channel optical isolation in the event of mechanical stresses in
the multiplexers OF structure.

Russian Technological Journal. 2022;10(2):7-13


mailto:d.ivanov@tmvos.com
https://doi.org/10.32362/2500-316X-2022-10-2-7-13

BonokoHHo-onTrnyeckme WDM-MynbTUNNEKCOPbI/AEMYAbTUNIEKCOPbI

C ManbIMU N3rMBHbLIMY NOTEPSMU

[.A. IBaHOB

Conclusions. The possibility of creating two-channel multiplexers with low bending losses and optical isolation up
to 20-22 dB was experimentally shown. Possible mechanisms of the influence of the multiplexer fiber twisting on the
optical isolation of channels were considered. The results obtained showed that when mechanical stresses in the
fused structure of the multiplexer occur, the change in the optical isolation coefficient at two operating wavelengths

does not exceed 1 dB.

Keywords: fiber-optic communication systems, bend-resistant optical fiber, multiplexer, WDM multiplexer, fused
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BBEOEHUE

CoBpeMeHHbIE BOJOKOHHO-ONTHYECKUE CHCTEMBI
ceu (BOCC) xapakTepu3yloTcsi TOCTOSHHBIM PO-
CTOM IPOIMYCKHOH CITIOCOOHOCTH, COBEPILIEHCTBOBAHHEM
OKCIUTYaTaIlHOHHBIX XapaKTCPHCTUK ONTHYCCKUX KOM-
MOHEHTOB M Bce 0OoJiee LIIMPOKUM BHEIPEHHUEM OITO-
BOJIOKOHHBIX YCTPOWCTB B ammaparypy CIenruaibHON
TEXHUKU. DTO MPEIbSBISET MOBBILICHHbIE TPEOOBaHUSA
K HaJIC)KHOCTH, MHHHATIOPH3ALUN W OKCIUTyaTaI[MOH-
HBIM XapakTrepuctukaM komrnoneHtoB BOCC [1].

B mnocnennune roger BOCC co cnekTpainbHBIM
VIUIOTHEHHEM KaHaJOB aKTUBHO NPHUMEHSIOTCS B pas-
JMYHBIX TEICKOMMYHHUKAIIMOHHBIX cucTeMax. [ pea-
JU3aLUHU TAKUX CUCTEM 4aCTO UCIIONIB3YIOTCS CeIalb-
HBIC TTACCHBHBIC ONTHYECKHE YCTPOICTBA — CIUIaBHBIC
WDM-MyABTUIUIEKCOPBI/AEMYIBTUILIEKCOPBl  (aHIJI.
Wavelength Division Multiplexing, WDM), npennHa-
3HAYEHHBIE JIJIs1 OObEIMHEHUA U pa3fesieHUs] HeCKOIb-
KAX WH(POPMAIMOHHBIX CHTHAJIOB C JJIMHAMH BOJH
1.31 MxM 1 1.55 MKM U niepesiauu uX 1o OJHOMY ONTH-
yeckoMy BosIokHY (OB) [2]. Takue ycTpoiicTBa aBHO
UCIOJIB3YIOTCS HA PhIHKE U XOPOILIO 3apEKOMEHI0BAIH
cebst Omaromapsi JOCTaTOYHO BBICOKOMY YPOBHIO Xa-
PaKTEepUCTUK U HEBBICOKOM CTOMMOCTH. Brinyckaembie
B HACTOsIIIee BpeMs PAAOM Beaymux (upMm u mpen-
OPUSATUNA MYJIBTUILIEKCOPBI OOBIYHO H3TOTaBIMBAIOTCA
u3 cranmaptHoro BojokHa Corning SMF-28e+ kare-
ropun G.652.D, koTOpOoe aKTUBHO NPUMEHSETCS Ui
HCIIOJIB30BAHUS B TOPOJACKHX CETSAX M CEeTAX AOCTYyIa.
OpHako y Takoro BOJIOKHA €CTb OJWH CYLIECTBEH-
HBII HEIOCTAaTOK — 3TO MPHUPOCT MOTEPb, BHI3BAHHBINA
MaKpOU3rubdamMu, KOTOpPbIE YXYIIIAIOT KayecTBO CBs-
34U IpU nepenaue U npueme Janubix [3—5]. Ilostomy
MYJIBTUIUIEKCOPBI Ha OCHOBE 3TOTO BOJIOKHA TOXE
TMMOABEPIKCHBI BJIUAHUIO M3rn00B BOJIOKOHHBIX BEIBO-
JIOB M, KaK CIIeICTBUE, YXYIIEHUIO CBOUX ONTHYECKUX
XapaKTEPUCTHK.

B pabote paccMOTpeHbl BONPOCHI TEXHOJIOTHH H3-
TOTOBJICHUS W BO3MOXXHOCTH (bOpMPIpOBaHI/IH CIINTAaBHBIX

MYJIBTUIIEKCOPOB HAa OCHOBE M3TrMO0YCTOHMYMBOIO O-
HOMO0BoT0 BonokHa Corning SMF-28 Ultra!, mpen-
CTaBJICHBI PE3YJIbTaThl U3TOTOBJICHHUS U HCCIIEIOBAHMS
ONTUYECCKUX XAPAKTEPUCTHK SKCIICPUMEHTAIBHBIX 00-
pazunoB WDM-MynbTHIIIIEKCOPOB.

KBAPLLEBOE U3rMBOYCTOM4YUBOE BOJIOKHO
CORNING SMF-28 ULTRA

OnnomonoBoe BonokHo Corning SMF-28 Ultra ¢
VIYyYIICHHBIMA ONTHYECKAMU XapaKTEPUCTUKAMHU T10
3aTyXaHUIO U CTOHKOCTBIO K M3TMOHBIM MOTEPSIM, Tpe-
Beimmarommmu TpedoBanus [TU-T G.657.A1, naet Bo3-
MOYKHOCTB JUII MOJIEPHU3AIIUN CYIICCTBYIOIIUX BOJIO-
KOHHO-ONITHYECKUX YCTPOMCTB TEICKOMMYHHKAINH, B
YaCTHOCTH, JIByXBOJIHOBbIX WDM-MyNbTHILIEKCOPOB,
CBETOBOJ[HAS CTPYKTYpa KOTOPHIX YYBCTBUTEIbHA K pa3-
JUYHBIM BO3/ICHCTBYIOIIMM (haKTOpaM.

Ha puc. 1 moka3zaHa 3aBHCHUMOCTH 3aTyXaHUs OT
n3ru0oB B cTaHnapTHOM BosokHe G.652.D u B u3rubo-
croiikoM BojgokHe SMF-28 Ultra [6].

1.4 —— * BoniokHo ¢ harnbamu.
m1'2 —-- MpaMoi y4aCToK BOJIOKHA
q1-0 n}JCH (PAY'ARE - BUJTOUN UG.652.D
[9) C NIOXMMU U3rMBHLIMM MOTEPSIMU
§0.8
©
x0.6
504 \_—
o ——t——=de . __ |

0.2|BonokHo- SMF128 Ultra,—s———— ==

CcToViKoE K M3ruéam |
1250 1300 1350 1400 1450 1500 1550 1600 1650

JnnHa BOJSIHbI, HM
* 3atyxaHue 1 kM BonokHa ¢ 10 Butkamun gnametpom 30 mm.
Puc. 1. MNMpupocT 3atyxaHus Ha narmbdax
B CTaHOapTHOM BonokHe G.652.D
1 B N3rnbocTtorikom BosiokHe SMF-28 Ultra

1 SMF-28® Ultra Optical Fibers. URL: https://www.corning.
com/ru/ru/products/communication-networks/products/fiber/
smf-28-ultra.html, mata o6pamenns 07.06.2021. [SMF-28® Ultra
Optical Fibers. URL: https://www.corning.com/ru/ru/products/
communication-networks/products/fiber/smf-28-ultra.html.
Accessed June, 7, 2021. (in Russ.)]
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W3 puc. 1 BugHO, 4TO Mpu OONBLIMX JJIMHAX BOJIH,
KOT/Ia ONITHYECKNII CHTHAJ B MEHBIIIEH CTETICHN 3aBUCHT
OT cepAueBuHbl ogqHoMonoBoro OB, motepu Ha u3rud
3HAYUTENBHO BO3pacTaioT B BosokHe G.652.D mo cpas-
HEHHIO C N3ruboycToifunBbIM BotokHOM SMF-28 Ultra.

TEXHOJ1IONAA N3roToBJIEHUSA
WDM-MYJIbTUIJIEKCOPOB HA OCHOBE
BOJIOKHA CORNING SMF-28 ULTRA

TexHo0rHs U3rOTOBIEHUS BOIOKOHHO-ONTHYECKUX
JIByXBOJIHOBBIX WDM-MyNIBTUIUIEKCOPOB €  MAJIBIMHU
W3THOHBIMH TTOTEPSIMHE OCHOBaHA Ha CIUIABICHUH JIBYX
HEYyBCTBHUTEIbHBIX K M3ru0y BosokoH SMF-28 Ultra ¢
OJHOBPEMEHHBIM PAaCTSKEHUEM ydacTKa pa3BETBICHUS
C LENBI0 MOJYYeHUs IUIABHOTO OMKOHHYECKOTO CyiKe-
HUS, HEOOXoAMMOTO Ui 3(PPEKTHBHON BOJHOBOIHOM
CBSI3U MeXk]ly BojokHamu (Texnonorusi Fused Biconical
Taper, FBT) [7].

Merton cozmanust ogHoMonoBoro WDM-mynbTu-
MJIEKCOopa WILTIOCTpUpyeTcst Ha puc. 2 [8].

5 9
Q4P1 1=K

Puc. 2. CtpykTypHas cxema ycTpoincTea asisi
n3rotosneHus cnnasHblx WDM-MynbT1NIeKCopoB:
1 — onTnyeckme BonokHa SMF-28 Ultra;

2 — BbICOKOTEMMEpPaTYpPHbI HarpesaTtesb; 3 — y3bl
npuXmnmMa BOJIOKOH; 4 — NoABUXHbIE KapeTkun; 5 — 610k
nuTaHus Harpesatens; 6 — 6710k aneKTponpmnBoaa;

7 — MecTO cBapku nurterna c BosiokHom SMF-28 Ultra;
8 — ICTOYHMK ONTUYECKOro n3nydeHns; 9 — potooeTekTop;
10 — 6nok ynpaeneHus; 11 — nepcoHanbHbIN KOMMNbOTEP

3apaHee MOATOTOBJICHHBIE U OYMIIEHHBIC HA JJTUHE
~35 MM OT 3aIMTHOTO BHEITHETO IOKPBHITHS YIaCTKH
BosiokoH SMF-28 Ultra coenunsinuch Mexay coOoi ¢
MTOMOIIBIO CKPYTKH BOKpPYT NPOIOIBHOM OCH Ha OIHH
MOJHBINA 000poT (pHc. 3), 00pa3ys y4acTOK pa3BeTBIIE-
HUSL 11 (DOPMHUPOBAHUS MYJIBTHIUIEKCOPA, 3aKpeTris-
JIUCh Ha KapeTKax U MOMEIaIicCh B HarpeBaTelb.

Po‘o g -
PacTsxeHune PacTsxeHune
HarpeBmT o

Puc. 3. YyacTok pa3BeTBieHns U3 ABYX CKpy4yeHHbIx OB

Bo Bpemsi W3rotoBieHHsT MYJIBTUIIIIEKCOPOB KOH-
TPOJTUPOBATIUCH TEKYIIUE 3HAYCHUS MOIHOCTH H3ITY-
YCHUS P1 Hu P2, MIOCTYNAIOIIET0 ¢ BBIXOJHBIX KaHAJIOB

MYJIBTHIUIEKCOPa Ha (POTONMPHEMHHKH KOMITBIOTEPU3U-
poBaHHOI M3MepuTensHOi cuctemsl [9]. Ipomece npe-
Kpamajics MpH JOCTHKCHUHM OINPEICICHHOW JJIHHBI
oOacTi cBsi3M (z), HEOOXOMMUMOW ISt CIIEKTPAILHOM
CeJIeKIIMH JBYX AJUH BouH (puc. 4) [10, 11].

CepauesuHa OB

Py Pry==> =Py,

:>PA2
O6osnoyka OB

Puc. 4. Cxematnyeckoe nsobpaxeHue
FBT-mynbTunnekcopa

OJHUMHU U3 OCHOBHBIX XapaKTEPUCTUK CILIABHBIX
WDM-MyJIBTUIIIIEKCOPOB SABJISIOTCS BHOCHUMBIE IOTEPU
A, v kodbdunment nsomsunu K ., KOTOPbIA Onpeens-
€T YpOBEHb OCIIAOJIEHUs CHI'Haja B KaHajax, IIe ATOT
CUTHAJ He SIBIISETCS OCHOBHBIM. JIJIsi TaHHOTO YCTpOii-
CTBa YKa3aHHBIC BBIIIE TTAPAMETPhI OMPEIEISIOTCS Clie-
JYIOIIUMH BBIPAKCHUSAMU:

£y 1
ABH ZIOIg?, KH?):IOIg?;]?fl:l,Z, (1)
i J

r11€ P — OnTr4eCcKast MOLIIHOCTb BO BXOHOM KaHaJIe Ha [Tk~
HE BOJIHBI A;; P, — ONTUYECKas MOMIHOCTh HA BBIXOZIE i-TO
(OCHOBHOTO) KaHasIa Ha JUIMHE BOJIHBI A Pj — ONTUYECKas
MOUIHOCTB B j-M (HEOCHOBHOM) KaHAJIE Ha JVTUHE BOJHBI A,

BaxkHeWmiMu TpeOOBaHUSIMH, MPEABIBISIEMBIMUA K
ONTUYECKUM PA3BETBUTEIISIM JUTSI CUCTEM CIIEKTPAITBHOTO
VIUIOTHEHHUS, SBJIAIOTCS 00ECIeYeHne 3aaHHOrO KOd(g-
(unieHTa JIeeHHsI MeXKTy KaHaJlaMH C MUHHUMAJTbHBIMH
OTKJIOHCHHMSIMH OT 33/IaHHOTO 3HAYCHUS 1 MUHUMAJIbHAS
BEJIMYMHA BHOCHMOTO 3aTyXaHHWsl B MpeJiesiax BCero pa-
Oouero criekTpaibHOro auanaszona [12, 13].

MN3roToBJIEHUE U UCCINIEAOBAHUE
WDM-MVYJIbTUIMJIEKCOPOB

B nacrosimieii padore FBT-MynbTHIIIEKCOPBI H3TrO-
TaBJINBAINCH Ha sMOHCKOH ycTaHoBKe FCI-0201 dupmer
NTT AT ¢ kepamudeckum MUKpoHarpeBarenem [ 14—16].

Ha puc. 5 npeacrasien meros; GopMHpPOBaHUS CBe-
TOBOJIHBIX OMKOHMYECKUX cTpyKTyp [17].

Mg ycnemnoro usrorosieHus WDM-mynbru-
IUTEKCOPOB Ha ocHOBe BookHa SMF-28 Ultra 6b11a o1-
paboTaHa TEXHOJNOTHS C ONTUMAIBLHBIMUA TEMIIEpaTypHO-
BPEMEHHBIMU TapaMeTpaMu Ipolecca. Temneparypa
HarpeBa 30HBI CIUIABJICHHWS BOJIOKOH COCTaBIsIA
1500-1550 °C, ckopocTh pacTsDKEHUs] yMEHbIlazach ¢
60 mxm/c B Hauase mporecca 10 10 MKkMm/c B KOHIIE.
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Puc. 5. MeTon n3rotoBfieHns MyJibTUMNIIEKCOPOB:
1 — onTnyeckue BonokHa SMF-28 Ultra;
2 — KepamMmnyecKnin MUKpoOHarpeBaTesb

B nponecce pactsbkeHus u GopMuUpoBaHUS Ou-
KOHUYECKOH TEepeTsHKKH O0TOOpakaJoch H3MEHEHHE
MOIIHOCTH U3JlydeHusi P; u P, B BOJOKOHHBIX BBIXO-
JaX MyJBTHUIUIEKCOPA, U KOHTPOJIHPOBAINCH BHOCHMEIC
noTepu Juisl JUIMHBI BosHbI 1550 HM (puc. 6). Bpems
pacTspkeHns o0pasla TpH CIUIABICHUH COCTABIISIIO
oxoso 431 c. /lnuHa GUKOHMUYECKOTO CYXEHUs MOCIe
cITaBjieHus cocTaBisiia 17.26 MM, a oOmias ajinHa
CBETOBOJHOW CTPYKTYPBl MYJBTHIUIEKCOpa — 53 MM.
BHOCHMEBIE TTOTepH M3rOTOBIEHHOTO 0o0Opasia He Ipe-
Boimanu 0.1 nb. Koaddumuent ontudeckoit wuso-

Janun - KaHasmoB  WDM-mynbeTUILIEKCOpa COCTAaBUI
20-22 nb.

Branch
Temp(C) [dBm] Ratio[%)
1700 Pn -10.07
1600 cht -40.68 0.09
o h2 1041 99.91

Loss[dB],
0.4/-10

1300 Loss[dB] 0.03
1200 Pulng Time(sec] a1
Pul Lengthfmm) [ 17.26

4 VA 1)

0.0/-50 5 X X " 900
0 9 180 270 360 450 540 630 720 810 900

Puc. 6. Pe3aynbtaT n3rotoBneHus
WDM-mynbTmnnekcopa:

1 — MOWHOCTb N3Ny4YeHuns P1 Ha BbIxoge kaHana Chi;
2 — MOLLHOCTb M3ny4exus P, Ha Bbixoae kaHana Ch2;
3 — TeMmnepartypa Harpesa 30Hbl CMIaBNEeHNS BOJTOKOH;
4 — BHOCMMbIE NOTEPU

CraOunpHOCTh  XapakTepucTuk ~ WDM-MybTH-
IUIEKCOPOB B YCIOBUSIX OKCILIyaTallid B 3HAYUTEIb-
HOW CTENEHM 3aBUCUT OT UX CBETOBOAHOHI CTPYKTYPHI.
Paznuunble MexaHUUecKue BO3/EHCTBUS, KOTOPBIM MO-
JKET MOJIBEPrarbCsl MyJIbTUILIEKCOP B IIPOLIECCE IKCILTY-
aTalyi, MOTYT TIPUBOANTH K Ae(OpManiy ero OMKOHH-
YECKOH CTPYKTYpBI U, KaK CIEICTBUE, K YMEHBUICHUIO
kod(punMeHTa H30MANNH ¥ HApYyIIEHHIO paOOThI TIMHUH
nepenauu [ 18].

OnHUM U3 BO3MOXHBIX MEXAHHYECKUX BO3JEH-
CTBUH, BIMAIOIUX Ha MEpepaclpelesIeHue OITHYE-
CKOIl MOIIHOCTU B KaHallaX U HM3MEHEHUE BEIUYMHBI
ONTUYECKON H30JSLUY, MOXKET SIBIATHCA CKpyYUBaHHE

CBETOBOIHOM CTPYKTYpbl C(HOPMHPOBAHHBIX MYJBTH-
iekcopoB. Takoi 3 ekt HabIrOmaNCS MPH UCCIIENO-
BaHUM MYJBTHIUIEKCOPOB HA OCHOBE CTaHJApPTHOTO BO-
moxkaa SMF-28e+ [19].

BBt poBeieH SKCIEPUMEHT ¢ MyJIBTHILIEKCOPaMH,
M3TOTOBJICHHBIMH Ha OCHOBE M3THOO0YCTOHYMBBIX BOJIO-
koH SMF-28 Ultra, o uccienoBaHui0 BIUSHUS CKPyUH-
BaHMS CIIABHOM CTPYKTYPHI HA ONTUYECKYIO H3OJISIINI0
kaHaioB. Jng sroro oamH ywactok (1) BOJOKOHHBIX
BBIBOJIOB (2) MYJNBTUIIIEKCOpPA CO CTOPOHBI MCTOYHHKA
OIITHYECKOTO M3JIy4eHHs BpaIajcs BOKPYT ONTHYECKOH
0CH OMKOHHYECKON CTPYKTYPBI, & IPyror y4acTok (3) co
CTOPOHBI ONTHYECKOTO NPHEMHHKa ObUT 3a)MKCHPOBaH
(puc. 7). Paccrosiaue / Mmexay ydactkamu 1 U 2 BOJOKOH
cocrasnsio 200 mm. B mpouecce skcniepuMeHTa mpo-
BOJIMJIOCh HETIPEPBIBHOE HM3MEpPEHHE KOA(PPHUIIMESHTOB
M30JISIMK Ha JIBYX pabounx JJIMHAX BOJH A, = 1310 um
1A, = 1550 Hm.

_,P2

Puc. 7. Cxematunyeckoe nsobpaxeHme
CKPY4YMBaHWS BOJIOKOHHOM CTPYKTYPbI
WDM-mynsTunnekcopa

B pesynbrare mpoBeEHHOTO UCCICIOBAHUS yCTa-
HOBJICHO, YTO TIPH BO3HHKHOBCHHH MEXaHUYIECCKUX
HANPSOKCHUH B CIUIABICHHON CTPYKTYpE MYJIbTHUILICK-
copa m3MeHeHHe Kod(h(HUIMEHTa ONTHYCSCKOH H30IIsI-
U Ha JBYX pabOuyuX JJIMHAX BOJH HE IMPEBBIIIAJIO
1 nb. [Ipumenenue kBapieBbx BookoH SMF-28 Ultra
MO3BOJIMJIO CYIICCTBEHHO CHHU3WTH JICBHAIIUIO OITH-
YeCKOH HM3OJIMM KAaHAJOB MPH BO3HUKHOBCHHU Me-
XaHUYECKUX HAMPSIKCHUH B CBETOBOJHON CTPYKTYpe
MYJIBETHILIEKCOPOB.

SAKJTIO4MEHUE

[IpuBenen MeTO] W3TOTOBJICHHS CIUIABHBIX Of-
HOMOJIOBBIX MYIIBTHILIEKCOPOB M3 BoJokHa Corning
SMF-28 Ultra. HcciienoBaHbl ONTHYECKHE XapakTe-
PHCTHKH HM3TOTOBJIEHHBIX 00pa3noB. PaccMoTpeHsl
BO3MOJKHBIE MEXAaHW3MBblI BIMSIHHSI CKPYyYHMBaHUS BO-
JIOKOHHBIX BBIBOJIOB MYJBTUIUIEKCOpA HAa OMTHYECKYIO
M30JISIITUIO KaHATIOB. DKCIIEPUMEHTAIFHO IMOKa3aHa BO3-
MOYKHOCTb CO3/JaHHS JABYXBOJIHOBBIX MYJIBTHILIEKCOPOB
C MaJIBIMH M3TUOHBIMH ITOTEPSIMH M OIITHYCCKON H30J1sI-
muent no 20-22 nb.
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