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Abstract. The article discusses the use of optical fibers in a fiber-optic communication lines, the main types
and characteristics of the optical fiber. Also, manufacturing methods describe basic characteristics of fiber Bragg
gratings, and their properties are used in optical fibers.
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INPUMEHEHHWE BOJIOKOHHBIX PEINETOK BPOITA
B OIITOBOJIOKOHHBIX JIMHUAX CBA3U
N UX OCHOBHBIE XAPAKTEPUCTUKH

I'. b. Kamaranosa, A. T. xkayp6aesa, M. KacaHabIKbIi3b1

Kazaxckuii HanmoHanbHbIH TexHmueckni yausepeuter uM. K. M. Carmaesa, Anmarer, Kazaxcran

Kirodepnie ¢10Ba: ONTOBOJIOKOHHBIC THHAH CBS3H, ONTOBOJOKOHHBIH KaOeIb, 0THOMOI0BOE BOJOKHO, MHOTO-
MOJOBOC BOJIOKHO, 3aTYXaHHE, TUCTICPCHS, BOJIOKOHHBIC pemeTkn bparra.

Aunnoranmmsi. B CTaThe PacCMOTPEHBI BOMPOCHI HCMOJIB30BAHMS ONTHUYCCKUX BOJIOKOH B BOJIOKOHHO-OTITH-
YECKHX JTHHHUSX CBS3H. [IPHBEACHBI OCHOBHBIC BUABI M XAPAKTCPUCTHKH ONTHYCCKOTO BOMOKHA. A TAKKC OMHUCAHBI
OCHOBHBIC METO/bI H3TOTOBJICHUS, XaPAKTCPHCTHKH BOJOKOHHBIX BpPATTOBCKHX PEINCTOK, M UX CBOWCTBA HCHOJIb-
3yEMBbIC B ONITHUCCKIX BOJOKHAX.

Bonokxonno-ontaueckue cBazu muaun (BOJIC) — 3to Bua cBsa3m, npu KOTOpoM uHGpOpMAaUus Ie-
peAAcTCI TO ONTHYESCKHM JMAICKTPUUSCKUM BOJHOBOJAM, H3BECTHBIM TIOA HAa3BAaHHEM «OITHYESCKOS
BonokHo». BOJIC — 310 mMH)pOpMAITMOHHAS CETh, CBA3VIOIIMMH 3JIEMCHTAMH MEXKIY V31aMU KOTOPOH
SBISIFOTCS BOJIOKOHHO-oNTHYCCKHE THHUHM cBs3u. TexHonorun BOJIC momuMo BOMPOCOB BOJOKOHHOM
ONTUKH OXBATHIBAIOT TAKKE BOIMPOCH, KACAIOIIUECS 3JICKTPOHHOIO MEpeAaromero obopyaoBaHUs, €ro
CTaHIAPTH3ALHUH, MPOTOKOJIOB NEPEAAYH, BOMPOCH TOMOIOTHHM CETH H OOIIHME BOMPOCH TOCTPOCHHS
CCTEH.

OnTHYECKOE BOJOKHO B HACTOSIICE BPEMsI CUUTACTCS CAMOH COBEPIICHHOU (DU3MUYCCKON CPeaoi s
nepegaun wH(GOpMALMK, A TAKXKES CAMOUM MEPCICKTHBHOW CPSAOH [Uis mepeaadd OOJbIIUX MOTOKOB
nHGPOPMALTHH HA 3HAYUTENbHBIC paccTosHUA. OHO U3rOTOBJICHO M3 KBapLa, OCHOBY KOTOPOTO COCTABICT
JBYOKHCH KPEMHHS, — ITHPOKO PACHpPOCTPAHEHHOTO M HEJOPOTOro Marepraia, B OTIMYHE OT MEAH,
HCTONB3YEMOH B OOBIYHBIX MpoBoAax. ONTHUECKOE BOJOKHO OYCHb KOMIIAKTHOE U JIETKOE, €r0 THAMETP
Bcero ok. 100 mxMm. BomokoHHbIE CBETOBOABI MPEACTABISIOT COOOH BOIOKOHHO-ONTHYCCKUE JKI'VTHI,
CKJICCHHBIC WM CIICYCHHBIC V KOHIIOB, 3alMIICHHBIC HEMPO3PAYHON 000IOUYKOH M HMCIOLIME TOPLEI C
MOJMPOBAHHOH NOBEPXHOCTBIO. CTEKIIHHOC BOMOKHO — JOUIICKTPHK, MOTOMY IPH CTPOHTEIBCTBE
BOJIOKOHHO-OTITHUECKHUX CHCTEM CBA3HM OTACIBHBIC ONTHIESCKUE BOJOKHA HE HYXKAAIOTCA B M30JLIINH APYT
oT Apyra. BaxxHoe CBOMCTBO ONTHYECKOTO BOJOKHA — JOJITOBEYHOCTh. Bpems KU3HH BOJIOKHA, TO €CTh
COXPaHEHUE UM CBOWX CBOWCTB B ONPEACICHHBIX MPEAeiax, MPEBHIAcT 25 JIET, YTO MO3BOJACT MPOJIO-
JKUTh ONTHKO-BOJIOKOHHBIH KaOenp OJWH pa3 W, MO Mepe HEoOXOAMMOCTH, HAPAIUBATH MPOITYCKHYIO
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Pucynox 1 -
CTpyKTypa OIITOBOIIOKOHHOT'O Kabeyst

CHOCOOHOCTD KaHalla MyTeM 3aMEHbI MPHEMHHUKOB U MEPEIATINKOB Ha Oonee ORICTpoAcHcTBYOMME, O3
3amMeHBI camoro kades. Ha pucynke 1 mpeacrasieH ONTOBOIOKOHHBIHN KaOe b .

IMpu cozmanuu BOJIC HEoOXOAUMBI BBICOKOHAICHKHBIC 3JICKTPOHHBIC 3JICMCHTHI, MPeoOpasy oIS
SMEKTPUICCKHUE CHIHAJBI B CBET U CBCT B BICKTPUUCCKUE CHUTHANBL, & TAKKE ONTHICCKUE COCTUHHUTEIH C
MaJIBIMHA ONTHYCCKUMH TMOTepsMu. [lodToMy I MOHTaka TakMX JIMHHA TPEeOYeTCcS AOPOrOCTOSIES
obopyaosanue. OHaKO MPEUMYIIECTBA OT MPUMEHEHHUS BOJOKOHHO-ONTHYCCKUX JTHMHUH CBA3H HACTOIBKO
BEJIMKH, YTO, HECMOTPS HA NMEPEUNCIICHHBIC HEAOCTATKH ONTHYCCKUX BOJIOKOH, 3TH JTHHHUH CBSI3U BCC LIMPE
HCTIONB3VIOTCA A1 nepetadn uadopmarmn. CKOpOCTh MEpeaayd JAHHBIX MOXKET OBITh YBEIHUCHA 33 CUET
nepeaaun uHGOPMAIMK CPpa3y B ABYX HAMPABJICHHUAX, T. K. CBSTOBBIC BOJIHBI MOTYT PACIPOCTPAHSITHCS B
OJHOM ONTHYCCKOM BOJIOKHE HE3aBUCHMO APVT OT APyra. DTO JACT BO3MOXKHOCTh YIBOHTE MPOIYCKHYIO
CHOCOGHOCTD ONTHYECKOTO KaHama CBA3H.

BonokoHHO-ONTHYCCKHE THHUU CBA3HM YCTOWYHBBI K 3JICKTPOMATHUTHBIM NIOMEXaM, a repeaaBacMast
MO CBETOBOAaM HMH(OPMAITUS 3aINMINCHA OT HECAHKIMOHUPOBAaHHOro Aocryma. K Takum IuHHAM CBA3M
HEBO3MOXKHO TOJKTIOUUTECS O€3 HapyLICHUS LEJIOCTHOCTH NHHHMU. Brepsble mepeaada CHUTHAIOB MO
ONTUYCCKOMY BOJIOKHY ObLTa ocyiuectsiacHa B 1975 r. HeriHe ObICTphIME TEMIIAMU PA3BHBAKOTCS CHCTEMBI
JANbHEH ONTHYCCKOMN CBSI3U HA PACCTOSHHUSI BO MHOTHE THICSIH KUIOMETPOB.

HocTonHCTBa BOJIOKOHHO-ONTHYCCKUX JTHHHHA OOYCIOBHIIO WX LIMPOKOC NPUMCHEHHE B TEICKOM-
MYHHKAIMOHHBIX CETSX CAMbIX PA3HBIX YPOBHCH — OT MCKKOHTHHCHTAIBHBIX MArUCTPAJICH IO KOPIO-
PaTHBHBIX U JOMAIIIHUX KOMITBIOTCPHBIX CCTCH.

EcTb B BOJTOKOHHOM TEXHOJOTHH H CBOH HEAOCTATKH.

Henocratky BOTOKOHHO-ONITHYECKHE THHUH CBA3H:

— OTHOCHTEJIbHAS XPYNKOCTh ONTHYCCKOrO BOJOKHA. [Ipu cuibHOM m3rnbaHuM KaGemst BO3MOXKHA
MOJIOMKA BOJIOKOH HJIH WX 3aMYTHCHHE H3-32 BO3HHKHOBCHHS MHKPOTPCLIHH, MOSTOMY HPH MPOKIAIKE
Kabens HeoOXOAUMO HCMOIb30BAaTh PEKOMCHAALMH MPOU3BOIUTEIS ONTHYCCKOro Kabens (rae, B JacT-
HOCTH, HOPMHPYETCSI MUHUMAIBHO AOMYCTUMBIN PAIUyC U3ruda);

— CJI0KHOCTh COCTUHCHUS B CIYYAC Pa3phiBa;

— CJI0’KHAS TEXHOJIOTHS H3TOTOBJICHHUS, KaK CAMOT0 BOJOKHA, Tak B koMrnoHeHToB BOJIC;

— CIIOXHOCTB TpeoOpaszoBanus curaania (B HHTepGEHCHOM 000PYI0BaHHN);

— OTHOCHTEIIbHAS JOPOTOBH3HA ONTHUCCKOTO OKOHEYHOTO 000y IOBaHU;

— 0JHAKO, 00OPYAOBAHHUC SBILICTCS AOPOTUM B a0COMIOTHBIX LH(pax;

— COOTHOLICHHE LICHBI U npomyckHoi cnocoOHocTr Anst BOJIC nyuine, yem ams Ipyrux cucreMm;

— 3aMYTHCHHE BOJIOKHA BCICACTBHC PAIHALMOHHOTO OOMy4YeHHs (OAHAKO, CYLIECTBYIOT JICTHPO-
BaHHBIC BOJIOKHA C BHICOKOH PaIHALIMOHHON CTOHKOCTBIO).

Oaaum u3 BakueHmux komnoueHToB BOJIC sBasieTcst onTOBOOKOHHBIN Kabeap. OnpeaeasommuMu
napamMeTpaMyd NpPH HPOU3BOACTBE ONTOBOJIOKOHHOTO KaOCIsl SIBJISIOTCS VCIOBHS JKCIUYATALMK H IPO-
MyCKHAs CIOCOOHOCTh JIHHUH CBSI3H.

[To ycnoBuaM skcrutyatanuu kabeau NoAPa3ACIsAIOT Ha:

— MOHTAKHBIC,

— CTAHI[UOHHBIC,
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— 30HOBEIC;

— MarucCTpaibHbIC.

Ilepsric aBa Tuma kabejcH MPEIHAZHAMCHBI [T MPOKJIAAKA BHYTPU 3aHUM U coopyskeHui. OHH
KOMIIAKTHBI, JICTKHU U, KaK [MPABUIIO, UMCIOT HEOOBIIYIO CTPOUTCIBHY O JUTHHY .

KaGenu nociaeauux AByX THUIOB OPSIHA3HAMCHBI /IS MPOKIAAKH B KOJAOANAX KAOCIBHBIX KOMMY-
HUKAaLWH, B TPYHTE, Ha onopax B0k JIDIL, mox Boxoii. Dtu kabenu UMEIOT 3alUTY OT BHEIIHUX BO3ACH-
CTBUH U CTPOUTSIIBHYIO JJIHHY OONICe ABYX KHIIOMETPOB.

Hna obecnieueHus GONBIION MPOMYCKHOH CHOCOOHOCTH JMHUHU CBS3H MPOH3BOIATCS ONTOBOJO-
KOHHBIN KabeIb, coAepkainue HeOOIpIoe Yncio (10 §) OJHOMOMOBBIX BOOKOH C MAJIbIM 3aTyXaHHEM, a
Kkabenu Ui PaclpeaCIUTEIbHBIX CETEH MOTYT COACpKaTh a0 144 BONOKOH Kak OJHOMOJOBBIX, Tak H
MHOTOMOJOBBIX, B 3aBUCUMOCTH OT PACCTOSHUH MEXKAY CCTMCHTaMHU CeTH [1].

Jis mepenadu CUrHAIOB MPUMEHSOTCS JBA BHIA BOJOKHA. OJHOMOJOBOS M MHOromomosoe. Coe
HA3BAHMC BOJIOKHA MOJYYWIM OT Crnocoda pacmpoCTpaHCHHs H3Iy4CHUs B HUX. BojokHO cocrout us
CCPALCBUHBI M O00JOYKK ¢ PAa3HBIMH TOKA3aTC/ISIMH TPEAOMICHHS. B 0THOMOIOBOM BOJIOKHE IHAMET]
CBCTOBOAHOU KWl mopsaka 8-10 MxM, TO €CTh CpaBHMM C AJHHOW CBCTOBOM BOMHBEL Ilpm Takoi
TCOMETPHHN B BOJOKHE MOKET PACIPOCTPAHITHCS TOJIBKO OJUH Jy4 (0OAHA MOJA, KaK €€ HA3BIBAIOT).

B MHOTOMOIOBOM BOJOKHE PasMEp CBCTOBOIHOM JKHIIBI mopsgka 50-60 MM, ITO XEIaCT BO3MOXK-
HBIM PACIPOCTPAHCHHUE OOJBIIOTO YHCaa JIyueh (MHOTO M0a). MHOrOMOIOBOE BOJIOKHO, B CBOIO OUYEPE/b,
OBIBACT ABYX BHJIOB. CO CTYMCHYATHIM M TPATUCHTHBIM MPOQUISIMH MOKA3ATENS MPEIOMIICHHUS MO €ro
CCUCHHIO

Ha pucynke 2 paccMOTPEHBI BUIBI ONITOBOJIOKOHHOTO KaOC/ s M PA3HHUIIBI MEKIY HUMH.

PacnipoctpaneHue nyua B BOJokHE. st TOro 9roObl Jyd pacmpoCTPaHSUICS BAOJb BOJOKHA, OH
JOJIKCH BXOJUTh B HErO MO YIJIOM HE 00JCC KPUTHUYCCKOTO OTHOCHTCIBHO OCH BOJIOKHA, TO €CTh
nomagaTh B BOOOpakacMbl BXOAHONW KOHyc. Ha pucyHKe 3 MpPUBCACH MpUMEP OTPAXKCHHUS Jyda B
OJHOMOJIOBOM UM MHOT'OMOJIOBOM BOJIOKHE.

PacnipocrpaseHue curHaia B ONTOBOJIOKHE OMUCHIBACTCS YpaBHCHUsIMH Makcseia. B OonbuinHcTBe
CIy4acB MOKHO MOJIb30BATHCS MPUOMMKCHUEM FCOMETPHUICCKOW ONTHKU. ECau paccMarpuBaTth pacmpo-
CTPAHCHHUC CUIHAJIA C MMO3UIHIA FCOMETPHICCKOM OMTUKH, TO CBESTOBBIC JIYUH, BXOIAIINES [0 PA3TAIHBIMH

DpnemonoEsli kabenk IMuoromogoewi kehenk
[RSTIET Wl Moz80nABT CEETY NPARTIWYE WX
TRASKTORIAK ANA CEETA REIEIEENI TREEHTOPHAM
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= ForrEn meuwG repnAuHur = KITR? R suepod
Mnarmpoera cTevne, 125 MUEPOH B QHEMETpe

Pinawipoera cTerna, 125 MUKPOH B AHAMETRE

Tlon uwepHos NokpemHa Mospima
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PucyHok 2 — Bujipl oNTOBOJOKOHHOTO Kabens
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IAUMTHAR
ofanouKa

OLA CAMOTO
BRICOLOND NOPRLES

PI/IcyHOK 3- O’I‘pa)KeHI/IH JIyua B CEPJACUHUKE B O THOMOJOBOM M MHOTI'OMO/JIOBOM BOJIOKHE

VyriaMu, OVAYT PactpoCTPaHAThCA MO Pa3THIHBIM TpackTopusM. bonee BRICOKHM MOJaM COOTBETCTBYIOT

JAYYH, BXOJAIIKE T0A OONBIINM YIJIOM, OHH OVAYT UMETh OOJNBIICE YHUCIO BHYTPCHHUX OTPAKCHHH 10 My-

TH B BOJIOKHE M NPOWAYT Oonee NMUHHBIA myTh. UUCIo MO A KOHKPETHOTO BOJIOKHA 3aBHCHUT OT €r0 KOH-

CTPYKLMH: TOKA3ATCICH NPETOMICHHS H TUAMETPOB CEPALICBUHBI U 000IOUKH, 4 TAKKE U AJIHHBI BOTHBL.
Ha pucynxke 4 paccMOTpeH mpuMep pactipoOCTPaHESHHE JIyda B Pa3HBIX BHIaX BOJIOKHA.
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PucyHok 4 — PactipocTpaHeHue JIyda B BOJIOKHE:
1 — 0THOMO/TIOBOM, 2 — MHOTOMO/IOBOM CO CTYIIEHUATHIM ITPodIIeM, 3 — MHOTOMOJIOBOM ¢ I'ap/IMEHTHBIM IIpodernem

Oba THma BOJOKHA XapPaKTCPHUIYIOTCA MBYMSI BAKHCHINUMHU MApaMETPAMH. 3aTYXaHHEM H JHC-
nepcuei.

3aTyxaHue OMPEACTIACTCH MOTCPSMH HA TMOTJIOMICHHE M HA PACCCSHHUE HM3IYUCHUS B ONTHYCCKOM
BosiokHe. [loTepu Ha MOTJIOIICHHWE 3aBHUCAT OT YHCTOTHI MaTepHaia, MOTCPU HA PACCEAHUC 3ABHCIT OT
HCOMHOPOJHOCTCH TIOKA3aTeasi NPCIOMJICHHS MaTepuaga. 3aTyXaHWe 3aBHCUT OT [JIMHBI BOJIHBI
M3IYYCHUS, BBOIUMOTO B BOJIOKHO. B HacTosInee BpeMs nepeaady CUTHAJIOB 110 BOIOKHY OCYINCCTBIISIFOT
B Tpex amamnazoHax: 0,85 mxm, 1,3 Mxwm, 1,55 MM, Tak kak IMCHHO B 3THX AHMANA30HAX KBAPI[ UMCCT
MOBBILICHHY IO TIPO3PAYHOCTb.

3aTyxaHHe CBETa B ONTHYCCKOM BOJIOKHE, BBI3BAHHOC MOTJIOMICHMEM cBeTa. llormomenue Moxer
OBITH OIMPEACICHO KAK MPEBPAIICHNUE MOIHOCTH CBETOBOTO HMITYJIbCA B TCIUIO, U CBI3aHO C PE30OHAHCOM B
marepuane BojokHA. CyIIECTBYIOT BHYTPCHHHC MOTJIOIICHHS, CBS3aHHBIC CO CBOWCTBAMH Marepuaia
BOJIOKHA M MOJICKY/SIPHBIM PE30HAHCOM, W BHCIIHHE MOTJIOIICHUS, ONMPCACTSCMBIC HATHIHUCM MHUKPO-
npumeced B Matepuane BonokHa (Hanpumep, OH-nonoB). CoBpeMEHHBIC ONTHYCCKUE BOJOKHA UMCIOT
OUYCHb HEOOMBIIOE KOJHYCCTBO MHKPOMPHUMECCH, MO3TOMY BEAHMYHMHA BHCIIHETO MOTJIOUICHHUS MHHHU-
MajibHA U MOXKET HE MPUHUMATHCS B PACUCT.

3aTyxaHHe CBETa B ONTHYCCKOM BOJIOKHE, BBI3BAHHOC pacceuBaHueM usayucHus. PacceuBanue —
OJIMH U3 OCHOBHBIX (haKTOPOB 3aTYXaHHS CBETA B ONTHYSCKOM BoJjokHe. Hamuume 3roro tumna 3aryxaHust
CBSI3aHO, MPESHKAC BCEro, ¢ ACEKTaMU CEPALCBHHBI ONTUYCCKOTO BOJOKHA, 4 TAKKE C HAJHYHCM II0O-
CTOPOHHUX BKPAILICHUA W TPUMECCH B ONTHYCCKOM BONOKHE. [log00HBIC MOCTOPOHHHE BKITFOUCHUS
3HAYUTCIIBHO BIUSIOT HA BO3MOKHOCTh MPOXOXKICHHUS CBETOBOTO IMOTOKA IO IMPABHIBHOW TPACKTOPUH,
MPUBOAIT K €TI0 OTKJIOHCHHIO W, KaK CJCACTBHC, MPEBBHIIICHUIO VIVIA MPCIOMICHHS U BBIXOAY YaCTH
CBETOBOTO JIy4a 4epe3 000I0UKY.

3aryxaHusi, CBSI3aHHBIC ¢ M3rHOAMHU ONTHYCCKOTO BOJOKHA. Pasauuaror aBa Tumna u3ruda BOJIOKHA!
MHKPOH3rud U MaKpOH3rHo.
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MI/IKpOI/ISI‘I/I6 — 3TO MHUKPOCKOIMUYUCCKUC HU3MCHCHUA I'COMCTPUU CCPACUYHUKA BOJIOKHA, MOABIIANO-
LIUECS MPU TPOU3BOJCTBE.

Maxpouzrubom Ha3bBalOT OONMBIIOH H3rHO ONTHYCCKOTO BOJOKHA, KOTOPBIM MPEBBHINIACT MHHU-
MaJIbHO JOTYCTHUMBIH PAIHYC U 3aCTABISICT CBETOBOH MOTOK (MJIM YaCTh €r0) MOKUHYTh CCPALICBUHY OMTH-
YECKOTO BOJIOKHA. MHUHMMAIBHBIN Paguyc n3ruda OJHOMOJIOBBIX BOJOKOH cocTaBiseT 10 caHTUMETPOB.
[Tpu TakoM H3rudOE CBETOBOH HMMIIYIBC PACIPOCTPAHACTCS 0OC3 CHIBHBIX NCKAKCHHH. YMECHBIICHHC JKE
pazuyca u3ruda NpUBOJAUT K 3HAUYUTCIPHOMY MOBBIIICHHIO 3¢(ekTa paccenBaHus ONTHICCKOTO UMITYIBCA
yepe3 000I0UKY BOJIOKHA.

3atyxaHue U JUCTICPCHS V PA3HBIX THUIIOB ONTHYCCKUX BOJIOKOH PA3IHYIHEL.

OxHOMOJOBBIC BOJIOKHA OOIAJAIOT NYUIIHMH XapPAKTCPUCTHKAMH 0 3aTyXaHHI0 W MO TOJOCe
OpoImyCKaHuA, TAK KaK B HUX PACHPOCTPAHACTCA TOJIBKO OIWH JIyY. O,Z[HaKO OAHOMOAOBBIC UCTOYHHUKH
H3TYYCHUS B HECKOIBKO pa3 JOpPOKE MHOTOMOJOBBIX. B OZHOMOZOBOE BOJOKHO TPYOHEE BBECTH
U3JIYUCHUC H3-3a MAIBIX Pa3sMCpOB CBGTOBO,Z[HOI\/'I JKHJIBI, II0 STOU KE OPUIUHC OAHOMOABIBOC BOJIOKHA
CI0KHO CPaIluBaTh ¢ MaTbiMKU HOTePsiMu. OKOHLICBAHUE OJHOMOJOBBIX KAOCICH ONTHICCKUMH Pa3beMa-
MH TaKKE OOXOAUTCS JOPOKE.

MHoromMoaoBEIC BOJIOKHA 00Nee yIOOHEI MPH MOHTAKE, TAK KaK B HUX pa3Mep CBCTOBOIHOM >KUJBI B
HECKOJBKO pa3 0oJbplIe, YeM B OJHOMOJOBBIX BOJOKHaX. MHOroMomoBblii kaOenp MpOINE OKOHLICBATH
ONTHYCCKUMU pPa3bCMaMu ¢ MaJIbIMH MIOTCPAMU. Ha MHOTOMOJOBOC BOJIOKHO paCYHUTaHbI U3IYyYATCIIU Ha
AJIUHY BOJIHBI 0.85 MxM — cambic AOCTYIHBIC U ACHICBBIC U3JIYYATC/IN, BBIITYCKACMBIC B OUCHb IMIUPOKOM
accoptumcHTe. [lonoca mpormyckanns v MHOTOMOAOBBIX BOJOKOH gocturact 800 MI'm-km, uto mpuem-
JEMO OJIA JIOKAJIBHBIX ceTCH CBA3H, HO HC JOCTATOYHO AJId MAruCTPaJIbHBIX JIMHHH.

Jpyroii BayKHEHIIMH IMapaMeTp ONTHUIECKOTO BOJOKHA — gucnepcus. Jucrnepens — 3To paccessHue BO
BPCMCHU CIHCKTPAJIbHBIX W MOAOBBIX COCTABIANOINNUX ONTUYUCCKOIO CHUTHaJIA. I[I/ICHCpCI/IH CHUIBHO
OTPaHHYUBACT CKOPOCTh PabOThl ONTHYCCKUX CHCTEM, 3aMETHO CHIDKASI TPAHHYHYIO MOJIOCY IMPOMyC-
KaHH:A. I[I/ICHepCI/IH HC TOJIBKO OTpaHUIUBACT YJACTOTHBINA AUaNa30oH HCIIOJb30BAHHUI CBCTOBOAOB, HO H
CYIMCCTBCHHO CHUKACT AAJIBHOCTDL NCPCAAYU I10 OK, TaK Kak 4Y€M JIHHHCC JTHUHHA, TCM 6OJ'ILH.IC aposAaB-
JSIETCS JUCTIEPCHS B OONBIIE YINHPCHHUE UMITYIbCA.

[ponycknas cnocoGHOcTs OK cymecTsenHo 3aBucHut ot THna BC (0aHOMOXOBBIC, MHOTOMOJOBEIC,
IPaJUCHTHBIC), a TAKXKE OT TUIA U3Iy4aTe;is (a3ep, CBETOAUON).

HpI/I‘II/IHaMI/I BO3HUKHOBCHUA JUCIICPCUU ABJIAKOTCA:

— HCKOI'CPCHTHOCTD UCTOYHUKOB U3TyUCHH U MOABJICHUC CIICKTPA,

— CYIIECTBOBAHHE 00.1pIIOT0 KouuecTsa Mo (N).

CyInecTBYIOT TP THIIA JUCTIICPCHUH: MOJOBAS, MATCPUANTbHAS U BOTHOBOIHAS.

MogoBas aucnepcus — MPUCYIAa MHOTOMOJOBOMY BOJIOKHY H OOYCIOBICHA HATHYHEM OONBIIOTO
YHCIa MOJ, BPEMs PACTIPOCTPAHCHHS KOTOPBIX PA3IHIHO.

Marepuanshas qucnepens — 00y CIOBICHA 3aBHCHMOCTBEO MOKA3aTES NPETOMIICHHS OT AJTHHBI BOJIHBL

BonuoBoanas mucnepcus — 00yCNOBICHA MPOLIECCAMH BHYTPH MOJBI U XapaKTEPH3YCTCs 3aBUCH-
MOCTBIO CKOPOCTH PACIPOCTPAHEHUS MOJBI OT JJIUHBI BOTHBL. [I0CKONBKY CBETOIUOA MM Ja3ep H3IydacT
HCKOTOprfI CIICKTP AJIMH BOJIH, AUCTICPCUA MPUBOAUT K YITUPCHUKO UMITYJIBCOB IIPU PACIIPOCTPAHCHUIO 110
BOJIOKHY U TCM CaMbIM MOPOXKIAACT UCKAKCHUA CUTHAIOB. HpI/I OIICHKC IMOJb3YIOTCA TCPMHUHOM «II0JI0Ca
MPONYCKAHMS» — OTO BEIUYHMHA, 0OpaTHAS K BEIHYHHC YIDHPCHHS HMIYJIbCA MPU MPOXOKACHHH UM IO
ONTHYECKOMY BOJIOKHY pacctosHud B | kM. Mamepsercsa nonoca npomyckanusd B MI kM. M3 onpenerne-
HUA MOJIOCHI IPOITYCKAHUA BUAHO, YTO AUCTICPCHUA HAKIAABIBACT OIPaAHUYICHUC Ha JAJIBHOCTDH IICpCaavuu U
Ha BEPXHIOIO YaCTOTY NMEPEIABACMEBIX CUTHAIOB.

Ecnmu mpu pacmpocTpaHeHHH CBETa MO MHOTOMOJOBOMY BOJOKHY, KaK MPaBUIO, Hpeo0IafacT
MOJOBas JUCHEPCH, TO OAHOMOAOBOMY BOJOKHY IIPUCYIIH TOJIBKO ABA NOCICIHUX THMA JUCIICPCHH.

Bonee moapoOHO paccMOTpUM METOABI KOMIICHCALTHH Aucnepcud. B HacTosmiee BpeMs MPeaoKeHO
U HCCIENOBAHO OOIBINOC KOTHYECTBO CHOCOOOB KOMICHcammu aucrepcud. Mx MoxHO pazzenuTs Ha
cACaVIOMUE Tpu Knacca [2]:

— CIOCOOBl KOMIICHCAITUHM AUCICPCHH, OCHOBAHHBIC HA VIPABICHHUHM NPOCTPAHCTBEHHBIM pacIpe-
JCICHUEM JUCICPCHH BOJIOKOHHO-OmTHueckod juaun cBs3u (BOJIC) gias obecrnieucHust HyneBOro
CYMMApPHOTO (MHTEIPATBPHOIO) 3HAUCHHUS TUCTICPCHU IS BCCH JTHHUM,

— crocoObl KOMITCHCAIUH TUCTICPCHUH, OCHOBAHHBIC HA YIPABACHUU MEPEIATINKOM HITA MPUEMHUKOM
W3TYUCHUS;
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— CIoCcOOBl KOMIICHCALIMH JUCTICPCHH, HCTIONB3YIOIMUEC HETHHCHHBIC onTHUecKue 3¢QeKThl amsa
VIPaBJICHUS MPOCTPAHCTBCHHO — BPEMCHHBIMH XapaKTCPHUCTUKAMH CBETOBOT'O UMITYITBCA.

[IpuHIMD KOMIECHCALIMK AMCHCPCHH, OCHOBAHHBIM HA VIPABICHHH MPOCTPAHCTBCHHBEIM pacrpe-
JCTICHUEM AMCIICPCHH BOJOKOHHO-ONTHYCCKOW JTHHUH CBS3H, 3aKkmodactcs B ToM, uto B BOJIC mexny
VUACTKAMH TEJICKOMMYHHUKALMOHHOTO BOJNOKHA VCTAaHABIWBAKOTCS VCTPOHCTBA, AMCHCPCHS KOTOPBIX
paBHA MO BEIWUYMHE M MPOTHBOIOJIOXKHA MO 3HAKY AHCICPCHH MPEILICCTBYIOLICIO MM Y4acTKa Tele-
kommyHuKanponHoro OK. MoxHO paccMaTpuBaTh XpOMAaTHUYCCKYIO TUCTIEPCHIO Kak (ha30BBIH CABHT
MEKIY Pa3HbIMH JITHHAMU BOIH cHrHana. B komMneHcupyromeM BoJIOKHE Ga30BbId CABUT TIOCTOSHEH, UTO
MPEANOIAracT TOAbKO CTATHUSCKHH METOX KoMIleHcanuu. B macanpHOM cnydae (pa3oBbIH CABHT CIEK-
TPaJbHBIX KOMIIOHCHT MONHOCTBIO KOMIICHCHPYETCS B YCTPOHMCTBE — KOMIICHCATOPE XPOMATHICCKOM
JUCTICPCHH.

Haubonee pacnpocrpaneHHbIMU yCTpOUCTBaMH Jist kKomreHcarmu auctiepeun BOJIC ssstroTest:

— OTPE3KH KOMIICHCHPYIOIIETO JTUCTICPCHIO BOJIOKHA;

— VCTPOHCTBA HA OCHOBE BOJOKOHHBIX BparroBckux AuQpakHOHHBIX PEIICTOK;

— HHTEPPECPOMETPUUCCKUE YCTPOHCTBA.

Onrudeckoe BOMOKHO € KOMIICHCAITUEH TUCTIIEPCHUH SBISCTCS OCHOBHBIM KOMIIOHCHTOM TIPH CTATH-
YeCKOM TOAABICHHH XpoMaTuueckod aucnepcuu. Ero orpunarensHas xpoMaTHyeckas IHUCHCPCHS B
HECKOJBKO Pa3 TPEBHIIACT MOJOKUTEIBHYIO XPOMATHUCCKYIO AHCICPCHIO OJHOMOJOBOTO BOJOKHA.
HobaBiecHue y4yacTka BOJIOKHA ¢ KOMIICHCAIMEH AMCICPCHH ONPEACICHHOU JIMHBI KOMIICHCUPYET AWC-
MEPCUI0 JIMHUK Tiepenaud, oOpamas ee B Homb. OTpHuaTenbHas IUCIICPCHA, KaK MPaBHIO, obecrie-
YHBACTCS VMCHBIICHHEM AMAMETpa CEPALCBHHBL M CJIa0BIM BONTHOBOAHBIM pacmpocTpaHeHueM. K
COXKANICHUIO, HEAOCTATKOM TAKHUX BOJIOKOH CO CIa0BIM KAHATUPOBAHUEM CBETA SBILICTCS VBEIUUCHHC
3aTyXaHUS U MOTCPb HA U3THOBL.

Kowmmnencaropsl Ha ocHoBe BparroBckux pemeTok NPHBICKAIOT B TMOCTCAHES BpeMs OOIbIIOS
BHUMAaHHE HCCICAOBATCICH CBOMMH OOJBLINMH MOTCHIMATBHEIMH BO3MOXKHOCTAMH. BomokoHHas
Bparroeckas pemerka FBG (fiber Bragg grating) — onTHYeckHi 371€MEHT, OCHOBAHHBIH HA MCPHOIU-
YECKOM M3MEHCHHH TMOKA3aTeNsl MPEIOMICHHS CEPALICBHHBI HITH 000IOUKH ONTHICCKOTO BOIOKHA.

K kmaccy HeTHMHEHHO-ONTHYESCKHX METOJOB KOMIICHCALMH XPOMATHYCCKOW JUCTICPCHH OTHOCHTCS
HWHBEPCHS CIICKTPa CBCTOBBIX CUTHANOB B CEPEAMHE JIMHUM CBs3H. [[puHIMI paboTH HHBEPTOPOB CIECKTPA
OCHOBAH Ha sBICHUHU oOpameHus BoaHOBOTO (ponta (OB®), xoTopoe 3akarouaetcs B mMpeoOpa3oBaHUU
OJHOH BOIHBI B JPYIVIO ¢ UACHTHYHBIM PACHPEACICHHUCM aMILTHTYIB U (pasbl M ¢ MPOTHUBOIOIOKHBIM
HamnpasiacHueM pacnpoctpanetus. OB® momyuarT MeTOA0M YETHIPEXBOIHOBOTO CMEIICHU |3 ].

Hac unrepecyror koMmeHcaTopel Ha OCHOBE BOJMOKOHHBIX bparrosckux pemerok. bonee moapoGHo
paccMOTpUM BOJIOKOHHBIC Bp3rTrOBCKHE PeIICTKH.

Bonokonnas peuwemra bpseea (FBG) cocTout u3 0Tpe3ka ONTHICCKOTO BOJIOKHA, MOKA3aTelb Mpe-
JOMIICHHS KOTOPOTO MEPHOAMYCCKA H3MCHSCTCA MO JJIMHE BOJOKHA. DTH HU3MCHCHHS IMOKa3aTens mpe-
JOMIICHHUS MOJCTHPYIOT CTPYKTYPY pewmeTku bparra. O6mmii meton msrotonenns FBG coctout B TOM,
YTO BOJOKHO MOABEPracTCs WHTCHCHBHOMY VIBTPadHONECTOBOMY OOIVUCHHIO uecpe3 IIabIOH, KOTOPBIH
HUMEET MEPUOJ, PaBHBIH NMEPUOAY PELICTKH, MOAICKaeHd uarotopincHuio. Koraa repMaHuii-cHiuKaTHas
CCPALICBUHA BOJOKHA S3KCIIOHUPYETCS HMHTCHCHUBHBIM CBCTOM, MpPOLICAIIMM dYepe3 IabnoH, B HEH
(hOPMHPYIOTCS CTPYKTYPHBIC ACCKTHI H, CICIOBATEIBHO, BO3HUKAIOT MOCTOSHHBIC W3MEHCHHUS ITOKA-
3atens npenomMiacHusa. OHU UMEIOT Ty KE NMEPHOAMYHOCTh, UTO M O0My4YacMblil yiasTpaduoneToM mad-
ToH [4].

brnaroxapst cBOMM YHHKAIbHBIM ONTUYCCKUM CBOWCTBAM BOJIOKOHHBIC Oparrockue pemetku (BBP)
HAaXOT MIHPOKOE NPUMCHCHHE B BOJIOKOHHOW ONTHKE H ONTO3JCKTPOHHKE, B YACTHOCTH, JJIS CCNCKIHH
ONTUYCCKUX KAHATIOB W KOMIICHCAIIMU AUCIICPCHU B JTHHUAX CBS3H, B KAUCCTBEC 3C€PKAT B BOJOKOHHBIX
Ja3epax M YCHIMTENAX, KaK CTAHAAPTHBIH KOMIIOHCHT B CHCTEMaX CXKATHS ONTHYCCKUX HMITYJIBCOB, a
TaKKE B KAQUECTBE YyBCTBHUTCIBHOTO 3IEMCHTA BOJOKOHHO-ONTHYCCKUX JATYMKOB (PU3HYCCKUX BEIUYHH.
PemeTku MoryT co3aaBaTbhes A1 pabOTH B ITHPOKOM JHANA30HE AJIHH BOJH — OT VJIBTPa(HOICTOBOTO 10
undpaxpacHoro [5].

BonokoHHas pemeTka mokaszaTens MPEIOMICHHS MPEACTABIICT cOOOH YYacTOK BOMOKOHHOTO CBE-
TOBOJA (KaK MPaBHIIO, OMHOMOJOBOTO), B CEPALCBUHE KOTOPOTO HaBEACHA nepuoamdcckas ctpykrypa [T
¢ mepuoaoM L, uMeromas ompeaericHHOES MPOCTPAaHCTBEHHOE pacnpeaeicHue. Kak mpasumo, permerka

— |4 ——



ISSN 1991-3494 M 2. 2015

dopmupyeTcs B POTOUYBCTBUTEIBHOMN CepALICBUHE CBETOBOAA, B TO BpeMs kak [T kBapiiesoii 060mouxu
OCTACTCSl HEM3MCHHBIM. Takas CTpyKTypa o0mafacT VHUKAIbHBIMU CICKTPAIBHBIMH XapaKTCPUCTHKAMH,
KOTOPBIC U OMPCACIIAIOT ¢C MTHPOKOEC MPUMCHCHUC B PA3MHYHBIX YCTPOUCTBAX BOJOKOHHOU ortuku. Hau-
60.]'[66 BAYKHBIM CBOMCTBOM BOJIOKOHHBIX 6p3I‘I‘OBCKI/IX PCHICTOK ABIACTCA Y3KOIIOJOCHOC OTPAKCHUC OIITU-
YCCKOI'0o U3IYUCHUA, OTHOCUTCIIbHAA CIICKTPAJIbHAA MIUPUHA KOTOPOI'0 MOXKCT COCTABJIATDH 106 " MCHBIIIC.

[MpuHIpn paGoTH KOMIIEHCATOPOB HA OCHOBE OPSTTOBCKUX PELICTOK C MEPEMECHHBIM TNEPHOIOM
MOSICHACT PUCYHOK 5. OH OCHOBAaH Ha TOM, YTO KOMIIOHEHTHI C PA3TUYHON ATHHOH BOJHBEI OTPAKAKOTCS OT
PA3IUIHBIX YUACTKOB PCIICTKU U, TAKUM o6pa30M, opoxXoaiaT paSJ'II/I‘{HbII\/'I IyTh. PemeTkn 3anuchIBarOTCS
(Hpoqep‘II/IBaIOTCH) B BOJOKHC C HUCIOJb30BAHHUCM (I)OTO‘IYBCTBI/ITCJ'ILHOCTI/I ONPCACIICHHBIX TUIIOB OIITHU-
YECKUX BOJOKOH. OQOBIMHOC KPEMHHECBOS BOJIOKHO MPU A00aBICHHUH HPUMECH TEPMAHUS CTAHOBUTCS
4pe3BBIYANHO (OTOUYBCTBUTEIbHBIM. [loaBEprast 3T0 BOJIOKHO BO3ACHCTBUIO YIbTPA(PHOICTOBOrO CBETA,
MOXKHO BBI3BATh H3MCHCHHS TMOKA3aTCIs MOPCIOMICHHS B CCPALCBHHC BONOKHA. B TakoM BOMOKHE
peleTka MOXeT OBITh CO3JaHa € MOMOINBIO OOIVUCHUS BOJIOKHA ABYMS UHTEP(EPUPYIOLIMMH VIbTpa-
(I)I/IOJ'IGTOBLIMI/I Oy4YKaMu. 3TO 3aCTaBIACT UHTCHCUBHOCTE UBJIYUCHUA HU3MCHATBCA NCPUOAUYUCCKHU 110
JUTMHC BOJIOKHA. TaM, TI¢ HHTCHCHUBHOCTD BBICOKAS, TTOKA3ATCIIb MPCIOMIICHIS YBCIMIUBACTCS, a TAC OHA
Maja, MoKa3aTe/ib OCTACTC Oe3 U3MCHEHHI [6].
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PI/IcyHOK 5-— Bp3FFOBCKa$I pemieTKa, rnmpeJiHasHaucHtad JJil KOMIIEHCalluu JUCIIEPCUN

@Daz30BbIi CABUT B KOMIIEHCATOPAaX HA BOJOKOHHBIX PEIIETKAX 3aBHCHT OT MOIYJIALIMN HHTEPBAJIOB
MEXKTy 30HAMH C ITOBBIIICHHBIM TI0Ka3aTeIeM MIPEIOMIICHHS B peIieTke. ECIi 3TH HHTEpBANBI BO3PACTAOT
BJOJb BOJIOKOHHOH PEIICTKH, TO JTHHHOBOIHOBAS YacTh CUTHANA MPOHHUKHET TYOXKE B PEIICTKY, TPEKIC
YEeM MOMHOCTBIO OTPA3UTCA. JTO MPUBOIMT K 33JCPIKKE JTHHHOBOIHOBBIX COCTABIIIOMINX OTHOCHUTCIBHO
kopoTkux. Eciam paccrosHme MeXAy KOPOTKOBOJHOBOH W JUIMHHOBOJHOBOW HYaCTAMM PEIISTKH
cocTaBIeT | MM, TO JTHHHOBOJIHOBBIC COCTABIAIONINE OVAYT 3aep kaHsl npudau3uTensHo Ha 10 mc.

Tak xax mepuoj PEeImeTKH M3MEHAETCA BAOJNb BOJOKHA, TO M YCIOBHA OTPAKEHUSA TS PA3NHIHBIX
CIIEKTPATBHBIX KOMIIOHEHT BBITIOMHAIOTCS HA Pa3HBIX ydacTKax. JI1 KOMIEHCAIMH TIONOKHTEIBHOM
JUCHIEPCHH CTAaHAAPTHOTO OJHOMOJOBOTO BOJOKHA HCHOJB3YIOTCS PEHIETKH, 4 KOTOPBIX KOPOTKOBOI-
HOBBIC COCTAaBIIAIOIINE CBETOBOM BOJHBI OTPAKAIOTCS B TOYKE, PACIONOKECHHON Jaibllle OT Hadaia
YCTPOMCTBA, Y€M TOYKA, B KOTOPOH OTPAKAIOTCH ATMHHOBOJHOBBIE COCTABIAIOIME. TeM caMbIM KOpOT-
KOBOJTHOBBIE COCTABIISIOINNE 33ACP’KUBAIOTCA OTHOCUTEIBHO AITHHHOBOIHOBBIX COCTABIIIOIIIX.

B mpcane jkenateNbHO MONYYUTh PEIICTKY, KOTOPAs BHOCHT OOMBIIVIO JUCIICPCHIO IS IIHPOKOTO
JIVATa30Ha JJIWH BOJH A1 IPUMCHCHHA B cuctemax nepeaaan WDM 1 DWDM. MakcumansHas 3aaepx-
Ka, KOTOpas MOKET OBITh MOMYUYCHA C IOMOIIBIO PEIICTKH, COCTABISCT 1 He. DTa 3aaepikKa COOTBETCTBYET
MPOU3BEACHHUIO TUCTICPCHHN, BHOCHMOH PEIICTKON U AMHHBI BOJHBL, HA KOTOPOH oHA Bo3HHKacT. CieaoBa-
TENBHO, MOYKHO MONYYHTh PELICTKH, KOTOPHIC BHOCAT OOJBIIVIO JUCICPCHIO I MANBIX IHAMA30HOB
BonH, 1000 mc/HM B quanazone 1 HM, WM MaTVIO AUCTICPCHIO B OONBINUX AWANA30HAX BOJH, HAPUMED,
100 nc/am B auanaszone 10 uM. 3amerrm, uto 100 KM CTAHAAPTHOTO BOJIOKHA BHOCST OOIIYIO AUCIICPCHIO
1700 nc/mm. TloaTomMy Ha mpakTHKE A7 TOTO, YTOOBI HCTIONB30BATh PELICTKH C TMHECHHO M3MEHSIOMEMCS
MEPUOJOM ATl ONTUYCCKOTO BOJIOKHA ATHHOH HECKOIBKO COTEH KHIOMETPOB, OHH JOJDKHBI ObITh OUCHb
V3KOAWANA30HHbIMH, T.€. HCOOXOJUMO HCIIONb30BATh PA3HbIC PELICTKH AT PA3NUYHBIX AJIWH BOJIH.
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[TosToMy permeTku ¢ TUHEHHO U3MEHSIOLICHCS TOCTOSHHON HACATBHO MOAXOAAT A KOMICHCALINN
otaensHbIX AavH BodH. HampoTus, xomnencupyromee BomokHo (DCF) nydmie moaxoaur A KOMIICH-
caly MIUPOKOTr0o AMAanazoHa MauH BOaH B cuctemMax WDM u DWDM. Opnako, mo CpaBHCHHIO C
peleTkaMu ¢ THHEHHO uaMeHsromeics noctosHuol, DCF BHocaT Gonmblnne mMoTepy U JONOIHHATEIBHBIE
3aJ€PKKHU U3-32 YBEIUUUBAIOIINXC HETUHEHHOCTEH.

Ho FBG uMerOT 1 CYIIECCTBEHHBIC HEAOCTATKH:

— PCIICTKH H3roTaBiMBalOTCI (otocnocoboM u3 ¢orouyscTButreapHoro OB, co BpeMeHeM mofg
JCUCTBUEM CBETOBBIX CUTHAIOB MPOUCXOJUT HAPYLICHUE PCIUETKH (Pa3MBIBAHHUE);

— y OONBIIMHCTBA KOMIICHCATOPOB HA OCHOBE BOJOKOHHBIX PELICTOK UMECTCS HEAOCTATOK, 3aKITIO-
YAIOLIUICS B TOM, YTO CHTHAT ¢ KOMIICHCHPOBAHHOM AWUCHEPCHEH 0TpakaceTcsl B 00paTHOM HalpaBICHHH,
MO3TOMY AJISl OTACICHHS BXOAa OT BEIXOAA HYKHO HCIOIb30BaTh ONTHUCCKUN LUPKYIATOP;

— ISl HOpMaJIbHOTO (DYHKIMOHMPOBaHUs yCTpoiicTBa Ha ocHOBE FBG HeoOxommma crabuausariust
TEMIICPATYPHBIX YCIOBHUIL, UTO YBEIUUUBACT OOINYIO CTOUMOCTb KOMIICHCATOPA.

HzrorosneHre BOTOKOHHBIX OP3TTOBCKHX PEIICTOK OOBIMHO BKIIOUACT B ¢€0d OCBELICHUE OCHOBHOTO
Marepuana ynerpaduoncToBeiM cBeToM nasepa (Hampumep, KrF mmm ArF skcumepnoro mazepa wmm
JPyro# BHA yIbTPa(QUOICTOBOIO Na3epa), KOTOPHIH BBI3BIBACT HCKOTOPHIC CTPYKTYPHBIC U3MEHCHHS U,
TaKuM 00pa3oM MOCTOSHHOC H3MCHCHHE MOKa3aTels mpenoMicHus. DOTOUYBCTBUTEIBHOCTE AKTHBHOTO
CTCKJIA HAa CAMOM JENE CHIIBHO 3aBUCHT OT XHMHYECKOT0 COCTaBa M JIUHBI BOMHBI Y @: KBapLIEBOE CTEKIIO
HMEET OUCHb cIa0yIo (POTOUYBCTBUTEIBHOCTD, B TO BPEMsl KaK T'ePMaHO-CUITUKATHBIA BUJA CTCKIA UMECT
ropasao 6omee CHITbHBIN (B (EKT, UTO JEMAET BOIMOKHBIM Kod(dHimenT npentomaernus 10 ~ 107, 3aaun-
TENBHOC JATbHCHINECE VBEINUCHHE CBETOYYBCTBHTEIBHOCTH MOYKHO AOCTUYb IYTEM 3arpy3KH BOIOKHA C
BOAOPOAOM (THAPOTCHU3UPOBAHHBIC BOJOKOHA). (st 3TOM 1emH, BOMOKHO XpaHUTCS B arMmocdepe
BOJOPOJA MO BHICOKUM JABJICHUECM B TCUCHHUE HEKOTOPOro BpeMeHH.) DocdaTHrie CTeKNIa, KaK MPaBUio,
paccMaTpHBAKOTCs KaK HEMPHUTOAHBIC Mg u3rotoBneHus BBP, HO crmenmanbHbie METOAB JEIAIOT 3TO
BO3MOYKHBIM.

[lepebic BBP OBITH HW3rOTOBICHBI € BHIUMBIM JIA3CPHBIM JIVUOM, PACHPOCTPAHSIOIIAMCSH BIOJb
CCpALICBUHBI BOJIOKHA, HO B 1989 roxy Oonee yHuBEpcambpHbIH MeTox 611 mpoaeMoncTpuposad G. Meltz
C UCHOJNB30BAaHUEM HHTEPPEPOMETPHUECCKHX CYMEPHIO3ULUN  yIbTPAQHOICTOBEIX JIyUEeH, KOTOPBIC
MPUXOAAT CO CTOPOHBI BOJOKHAZ (NOMEPEYHOM TrOJOrpaUucCKOd TEXHHKE). YTON MEXIY MYIKaMH
VIbTPahHOJICTOBOTO ONPEACLIET MEPHOA CBETOBOTO MOTOKA B CCPALICBHHE BOJIOKHA W, CJICIOBATEIBHO,
JUTMHY BOJHBI bparra.

A Taicke A7 MPOU3BOJCTBA PELICTOK MOTYT HCIONB30BATHCSA APYTHE METOIBI, HAIpUMep, (a3oBrie
mMackd. OHa gBmsIeTcs JUQPPAKIHOHHBIM ONTHYSCKHM 31eMeHTOM. [locne ee oOaydYeHHS My4YKoM CBETa,
OHA PaCLICIIICT 3TOT MYYOK HA PasHbC TUPPAKIHOHHBIE MOPSIAKH, KOTOPBIE MOTOM HHTEPHEPHPYIOT,
MPOYCPIMBAs PELICTKY BHYTPH BOJIOKHA.

JpyruM MeTo0M SBISETCS TEXHUKA TOYKA 32 TOUKOH, TAC PETHOHBI € MOBBIMICHHBIM MOKA3aTEIICM
MPEIOMJICHHS MUIIYTCS MO TOYKaM ¢ HEOO/bIION CHOKYCHPOBKOH jydva Jjasepa. ITo HeoOxoaumas (1
OYCHb M'MOKUIT) METOIMKA OCOOCHHO Ha JUIMHHOIICPHOAHBIX peieTkax bparra.

Bwmecrto Toro yaerpaduoneTossiii cBeT, HHOPAKPACHBIH CBET B BUAC WHTCHCUBHBIX VIBTPAKOPOTKHUX
(beMTOCEKYHIHBIX) UMIY/IbCOB TAKKE MOXKET OBITh MCHOIB30BAH TS 3AITUCH OPATTOBCKUX PCIICTOK B
PasNUYHBIX BUAAX CTekna. B atoM cinyyae nBYX(OTOHHOE MOTJIOLICHHE MPOUCXOTUT BOMU3H (okyca
Ja3epHOTO JIy4a, HO HE B PETHOHAX 3a mpeacnaMu doxyca. MoxKHO Aaxe 3alicaTh PEIIeTKY Ha BOJOKHE C
MOJIMMEPHBIM MOKPBITHEM, TaK KAaK HHTCHCHBHOCTh B TNOKPBITHH 3HAYHTENBHO HIDKE, KOTJa MYYOK
dokycupyvetcs B cepauecsuHe BolokHA. COBEPIICHHO APYrOH METOA, B KOTOPOM HCIONb3yeTcsd HH(Pppa-
KpacHBI CBET HW3rOTOBJICHUA AiamHHONEepuogHeix BBP B (doToHHOKpHCTATIMYECKUX BONOKHAX MPH
obayuenun tydom CO, 1asepa.

B 3aBrcuUMOCTH OT YCIOBHH 3alTUCH, CYIIECTBYIOT Pa3MHYHbIC (PU3HUCCKUC MEXAHU3MBI, VIaCTBYIO-
mue B popMUpoBaHNN OPITTOBCKOH PELICTKH, H PA3THUYAIOT PA3IUYHBIC THITH PELICTOK.

Tun [: pemieTkn 3amuchIBAIOTCS ¢ YMEPCHHOM WHTCHCHBHOCTBIO M MPOSBIIOT LIArOBOC IEpEeMe-
HICHUC PELICTKH BBEPX BPa3pes3 CEPALICBHHE.

Tun II: pemmerkn MoryT ObITH 3amucaHbl ¢ ropazno 0ojec BEICOKOW HHTCHCHBHOCTBIO B TCUCHHE
OYCHb KOPOTKOT'O BPEMCHH, YaCTO OJHOKPATHBIMH HUMITYJIBCAMU JIUTCIBHOCTBIO 1 HC OT 3KCHMEPHOTO
nasepa (single-shot damage gratings). OHu MOTyT OBITh HAIMCAHBI HA OAIITHE [T BRITATHBAHKS BOJIOKHA
HETIOCPEACTBCHHO IMEPE] MOKPHITHEM BONOKHA MONMMMEPHOU OOONOYKOW, YTO MO3BOMACT H30CKATH
MpoLecca VAAICHHUS VKE U3TOTOBJICHOTO NIOKPHITHA, a TAKKE MOTYUYACT PEIICTKU C MMOTHOH MEXaHUIECKOH
MPOYHOCTHIO OOBIMHOTO BOJOKHA.

— | ——
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BonokoHHBIE Op3rroBckHe PEeMIETKH JOCTATOYHO IMPOYHBIC, HO CTCMEHb NMPOYHOCTH (HAMpPUMED,
TEMIEPaTypa, MpU KOTOPOU PEIICTKH MOTYT ObITh CTEPTHI) CHIBHO 3aBHCHT OT MaTepHana BOJIOKHA U
JCTaIH PEIICTKH M3roToBacHu. ONTHICCKHE CBOWCTBA MOTYT MCHATHCA B TCUCHHUE HEKOTOPOTO BPEMEHH
MOCIIE M3TOTOBJICHHS, MPEXKAE YeM OHH OCEJAIOT Ha MX OKOHYATEIbHBIC 3HA4YCHUS. [l MOCTIDKEHUS
CTa0UIIBHOTO COCTOSIHUSL OBICTPEE, MOXKET OBITh MNPHMCHEHA MPOLEAYPA OTKUT, KOTOPas OOBIYHO
03HAYACT, YTO BOJIOKHO XPAHHUTCS B KAKOH-TO MOBBIIICHHOW TEMITEPATYPE B TCUCHHE HECKOIBKUX YACOB.

AHanuzupys bluleusnoNceHHvle 0COOeHHOCIMU ONMOBOIOKOHHO20 Kabens, Mbl YOeOUnuCs, Ymo echb
OCHOBAHUS CHUMAMb, YO ONMUYECKOE BOJIOKHO CHUMACMCS HEe MOIbKO CAMOT COBEPULEHHOT (YU3UHECKOT
cpedoii 011 nepedayl uHGOpMAayuU, HO U CAMOTl NePCReKMUBHOT cpedoti 0 nepedayl 6OIbULIUX NOMOK08
ungpopmayuy Ha 3HayumenvHvie paccmoanui. A maxoce coenanu 0630p 6010KOHHBIM peutemram bpaeea,
npumenseMvle 8 ONMOBOIOKOHHOM Kabee.
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ONTHUKAJBIK TAJIIIBIKTHI BAUTAHBIC )KEJLIEPIHJE TAJIIIBIK ThI
BPIIT TOPJAPBIH KOJJAHY KOHE OJAPJAbIH HEI'I3T'T CHITATTAMAJIAPBI

I'.b. Kamaranora, A.T. [ikaypoaesa, M. ZKacaHIbIKbI3bI
K. H. Corbacs arsrHmars! Kazak YITTHIK TCXHHKAIBIK YHHBEPCHTETI, AnmMatsl, Kazakcran

Tipek ce3mep: ONTHUKANBIK TAMMIBIKTEI OAWNAHBIC KEILIEPI, ONTOTANIIBIKTBI CHIMAAPHI, OIPMOATHI TAJIIBIK,
KOIIMO/ITHI TAJIBIK, LIy, AUCIICPCHS, BP3IT TANIMIBIKTHI TOPHL.

AnHoTanusa. Makanaaa ONTHKAIBIK — TATIIBIKTE OAHIAHBIC JKCTiCiHIH ONTHKABIK TAMMIBIKTAPABIH MAHIATAHY
CypakTapbl KapacTeIpbUraH. ONTHKAIBIK TATIIBIKTEIH HCTI3TI TYPJCPl JKOHC CHIATTAMACHI kepceTinreH. COHBIMCH
KaTtap, Bparr TamubIKTHI TOPIAPBIH JAHBIHAAYABIH HETI3TI TOCLIIEP] JKOHE OJNAPABIH ONTHKAJIBIK TAIIIBIKTAPAAFHI
KOJIAAHBLIATHIH KACHETTEP1 CHITATTAIFAH.
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