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Kupu (1OKTOPJINK AMCCeDTANNSICH AHHOTALMUSICH)

Jucceprauus MaB3yCMHMHI Joja3apOauru Ba 3apyparu. KaxoHna
ax0oOpoT  KOMMYHHUKAIUSi ~ TEXHOJOTHUSJIADUHUHT  ONTHK  TOJIAJIM  ajloKa
JUHUSUIAPUHUHT  MabJIyMOT YTKa3yBUaHJIMK KOOWIMATAra OOFIMK OYIumiu,
TEJIEeKOMMYHHUKALIUOH, PAAUOTEXHUK Ba MOOUJI alloKa TU3UMIIapyu OO30pUHU U3UMII
cypbaTiiapfia PUBOXKJIAHUIIM ONTUK TOJajJapHU KaMmEO ep 3JeMeHTiIapu OuiaH
MoAM(pUKALMSIIAI YCYJIAPUHU KYJIIaran XoJjja ajJjoka TU3UMJIapu KOHBEPreHIUs
TYTYHJIAPUHU IOKOPH TE3NUKIAard Tpaguk OunaH Oornaiauran Oa3aBUM ONTHK
TapPMOKHUHT  YTKa3WIll KOOWIMATUHM OIIMPUIIHU TaK030 dTaaud. AJloKa
TU3UMJIAPUHUHT aCOCHM CErMEHTIapu — Liaxap, MarucTpai, XyAyajdap apo Ba
JOKajn XucoOJyaml THU3UMJapuia ONTHUK TOoJaHUHT Kyyanuwnumu 2005 iwn
XoJaTura kypa 68 MiIH.KM.HU TalUIKui 3THO, coxanap O6yiinya yeum napaxkacu 15%
ra omrad. ONTUK TOJIAaHW MILIA0 YMKUII Ba yHJAaH ¢oitnananum mukgopu 2012
Hunra kenu6 225 mutH.kM HU Tamkui 3tad. lyngan 35-36 mun.km SAnonwusra, 100
MJIH.KM XuUTOH Xank pecnybOnukacura, 32 muH.km AKII, 26 man.xkm EBpona
UTTUGOKU JaBiaTiiapura TYFpH Kelau.

TenexommyHukanus Tapmokiapunaa keHr mnojocanu LTE (Long Term
Evolution) TypTrHYM aBia0 MOOWI ajloKa TU3UMIIAPU TEXHOJIOTHIIApU aManuérra
Taa0WK STUIMOKIA. Xalkapo ysuik anoka Tamkuiaoriaapu 3GPP (3rd Generation
Partnership Project) Ba IMT-Advanced Tanabnapura kypa TYpTUHYH aBJIOJ MOOMII
aloKa TU3UMIapuja xap Oup aOOHEHT ydyH axOOpOTHM Y3aTHUII TE3JUTH
1T'6ut/cexynanan nact Oynmaciouru 3apyp. Kamé6G ep »siemenTinapu Ouman
MOAU(UKALMSIIAHTAaH ONTUK TOJAIM ajlOKa TU3UMIIAPUHM HILIATWINIINA YSId
orneparopiap ©0a3aBuil CTaHIMSUIAPUHUA IOKOPU TE3JIMKAAard ajioka OwuiiaH
TabMUHIANAM Ba MOOUI omeparopiiap 0a3zaBuil CTaHUUSIAPU XU3MAT KYypcaTyBuu
aOOHEHTJIap COHMHU OPTTUPUILTa UMKOH Oepaiu.

[y Gouc TeneKOMMYHHKALMOH, PAAMOTEXHUK Ba MOOWJI ajJoKa TU3UMIIapuIa
ONTUK TOJIATAPHU KaMmE€O ep aJIeMEeHTIapu OWwiaH MoAM(PUKaLUsIALI, KBapLIIU
pEe30HATOp Ba BaKyyMmja OOLIKApUIIUIM TEPMUK OYFJIAHTUPUIN YCYJIMHHU KyJUlaraH
X0J1/1a ONTHK TOJIaTapHU MOJU(UKAIUsIALL, ONITUK TOJA OYUK Y3arMHUHT CUPTUIA
XOCUJI KWJIMHAJWraH KYI KOMIIOHEHTJIM ONTHK IOMKa KaTjamiap KaJduHJIMIK Ba
TapKUOMHU IOKOPM aHUKIMKAA Ha30paT KWIHIL, 3pOuil, uTTepOuil, KpeMHHUI Ba
ATIOMUHUN OKCUJUTAPUHU OMp BaKTHUHT Y3u7a BaKyyM IIapOUTHIA OOIIKAPUIILIN
OyFJIaHTUPUIL, SpOUN MOHJIAPUHUHT KJIACTEPJIAHUIIMHU CYHAMPUII XYCYCUSITUTA
ara CTpyKTypajap HaMyHaJJapMHU Tai€prianl Ba IIAKUIAHTUPWITaH KaTjiamiiapaa
pOUil MOHJIAPUHUHT IOKOPU KOHIICHTPAIUSICUHU (1020 - 1021) CM™ OJIMII, OITHK
TOJIAaHUHT JIOKaJl OYMK y3aruja BaKyyM MyXHUTHJIa TEPMHUK OYFIQHTUPHIL YCYJIH
épnamuna onuHrad Er,O3 - Al,O3 - Si0y Ba Er,O; - Yb,O3 - AL O3 - Si0y, (1<x<2)
Kyl KOMIIOHEHTIM TapkuO OujaH JerupiaHraH MoAu(UKaUUAIAHTaH OMNTHK
TOJIaJlap CHEKTpasl XapakTEepUCTUKaJapUHU aHHUKJIall, KamEeO ep dJIeMeHTIap
AKTHB HMOHIIAPMHHHT [OKOopH KoHueHtpaumsicura (10%° - 10*') cm™ sra 6ymran
camMapaJid IUIaHap Ba ONTHK TOJNAIW KyYaWTUPrUYJapHU spaTull, >pOuid
WOHJIADUHUHT IOKOPU KOHLEHTpAUUsIu MOAU(UKAIMIAHTAH ONTUK ToJjaiap
acocusia sipaTWIraH ONTUK KydaWTuUpruwiap/a nacT IOBKUH-(DAKTOpU Ba IOKOPHU



OSNR (Optical signal noise ratio) mapamMeTpuHHM TabMHHJIALI MYyaMMOJapUHU
CUMILra WYHAITUPWITaH TEXHOJIOTMK HWIUIAHMalap acocuja  ONTHUK TOJaIu
MaTepUaJIapHU KalTa MILIANl Ba ONTORJIEKTPOH THU3UMJIApHAAa axOOpOT y3aTHIl
yCyJUIapUHU UIUIad YuKUI Joj13ap0 Macananap/ian Oupu XucoOJiaHaau.

Moaudukanusiairad ONTUK ToJajlapa aKTUB 3pOUN MOHJIAPUHHUHT IOKOPU
KOHUEHTPAIMSICUHU XOCWJI KWIHIL, ONTUK TOJIAHU caMapaid MOAN(PUKALMSIIAIIT
KapaCHIapUHU  TaKOMWUIAIITHPHUIL, camMapald Kucka Mmacoalu  ONTHK
Ky4aTUpruwiapHu gpaTUIl  y4yyH BakyyMJa Kyl KOMIIOHEHTIM IOMKa
KaTJaMJIapHU TEePMHUK OYFJIaHTUPHIL, XaMJa ONTUK TOJaJapHU 3pOuii, UTTepOui,
KpEMHUW Ba alIOMMHMA OKCHIJIApUHHM OOIIKApUIUIM OYFIaHTUPUII OpKAJIU
MOAU(pUKALMSIIALI YCYTIAPUHU UIIA0 YMKUII MyXUM axaMusT KacO 3Taau.

V36exucron PecnyGmukacu Ilpesupentunmar 2012 jiunm 21 wmapraarm
[1IK-1730-con «3amoHaBuil axO0OPOT-KOMMYHUKAIUS TEXHOJOTHSIAPUHHU >KOPUH
ATHII Ba sTHaJa PUBOXKIAHTUPUIL Yopa-Tanoupiapu tyrpucuaa»ru Kapopu, xamaa
Baszupnap Maxkamacununr 2015 #iun 4 nexadpaaru 353-con «2016 - 2018 itmmap
naBpuaa Y30eKHCTOH PecryGiMkacmiaa sJeKTPOH THXKOPATHH PHBOMKIAHTHPHII
KOHUEMUUACUHHA TacAMKIAIl TYFPUCUIAnTH Kapopuja OeirujiaHrad BasudaiapHu
MyailsiH Japaxkaja aMmalira OIIMpHUIITra MasKyp AHMccepTanus TaJAKUKOTH XHU3MaT
KUJIaIu.

TaaKuKOTHUHI pecny0auKa (aH Ba TEXHOJOTMAJIAPH PHUBOKJIAHWIIN-
HUHI YCTYBOp WHMyHaquuuiapura OoraMKIAMra. Maskyp Jauccepranus
pecnyOnuka ¢daH Ba TEXHOJOTHSJIApPU PUBOXKIAHUIIMHUHT KyWHIard YCTYyBOP
MYHaIIALIIIapUra MOC paBuLIga OakapuIIraH: NTH-5-«Kamusatau
ax0OpOTIAIITUPUII JIapaKaCUHU OLIMPHUIITra WYHANTUPWITAH WIMUN XaXMIOP
ax0oOpOT TEXHOJOTUSJIAPHHU, TEJICEKOMMYHHUKAIMOH TapMOKJIApHHU, almapar-
JacTypUll BOCHUTAJapHU WHTEJIEKTyal OOIIKapuIll, YKUTUII YCY/UIApUHU Ba
ti3umiiapuan - unwiad  uyukuny;  UT/-4-«Kaiita  TUkiaHyBYM — 3Heprus
MaHOanapuaH doitnananuin YCYJUIADUHU ~ PUBOKJIAHTUPHILI, WIFOP
TEXHOJIOTUsANIap, (OTOHMKA Ba HAHOTEXHOJIOTHSUIAP acOCHAAa TEXHOJOTHsIIAp Ba
KypriIMasap sipaThI».

Juccepranusa MaB3ycu OyiM4Ya XOPWKHUHM MIMHN-TAAKHKOTIAP IIAPXH.
OnTuk ToNAIM ax0OpOT y3aTUII BOCUTANIAPUHHU HMIIIA0 YMKHUII Ba amalia KyJulall,
ONTHUK TOJNAJNU ajoKa JMHUAJIAPU TU3UMIIAPUHU TEXHOJIOTHK Kapa€HIapUHU
TaKOMWJUTAIITUPUII Ba CHEKTpald XapaKTepUCTUKAJIapu caMapaJopJIMTMHU
OLLIMPYBYM OMNTUK TOJIAJTAPHU KaMmEOD ep aJieMeHTiapu OuiiaH MoJau]uKalusiamn
yCYJUIApUHU WIUIA0 YUKW MYHATUIINAA dKAXOHHUHT €TaKYd MamJjlakaTJIapUHUHT
WIMUKA MapKasjlapy Ba OJMWA TabliUM Myaccacanapuiaa, xymuagad, [TU-T
(International Telecommunication Union) xaakapo D3JEKTp ajoka HUTTU(OKHU
(AKI), Fukurawa, Sumitomo, Fujikura (SAnonus), Corning Optical
Communications (AKIL), Alcatel (®pannusa), 3A0 «ONTHUKOBOJIOKOHHBIE
Cucremb» (Poccusi), Dutch Fiber (I'epmanusi), Draka ([anus), Samsung
(Kany6uit Kopes) Ba Pirelli (Mtanus)napaa KeHr KaMpOBIM WIMUK-TAaIKUKOTIAP
o0 GOpUIMOK/IA.

Kaméd ep snemenTnapu OwinaH MoauduKauusiam ycyJUIapuHU KyJularal
X0J1/1a ONTHUK TOJAJIAPHUHT MAabIyMOT y3aTUII cu(daT KYypcaTKUWIapUHU OLIMPHIL,
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SIHTH aBJIOJ] CaMapalid ONTUK Ky4alTHPTUWIApHHU UILIA0 YUKW OYHnYa KaxoH/1a
KAaTop WJIMHUHN HaTIXKalap, *KyMmilaJlaH: ONTHK TOJaJlapHU KaMEO ep aeMeHTIapu
acocuga Momudukanmsutam ycymwiapu unuiad uukuiarad ALCATEL-LUCENT
(®panuus), NOKIA-SIEMENS (®unnsuaus); kam€O ep aeMeHTIapUHU ONTHUK
MyXuTaap OwiaH MojauduKanusaiam >kapaéHUHU MYyKaMMaJUIaIITUPUII acoCHja
ontuk Toyanu Kywdautupruunap spatwiran ZTE, HUAWEI (Xurtoit xank
pecnyOiMKacHu); CYIOK KpHUCTaUlap acocuja  ONTUK CUTHAJUIAPHU TYpJIU
WyHanmunuiapaa Oomkapunui  y3atuml yeyutapu umiad ugumkwiran  CISCO,
FINISAR (AKII); sHepreruxkazga Ba aBToMaTukaaa Kameo ep dJeMeHTIap OuliaH
MOAM(pUKALMSIIAHTAaH ONTUK TOJAJNApHU aMalija KyJulall yCyJlapu Takiaud
stiiirad ISKRA (CrioBenust); Moau@uKaluusiaHTaH ONTHK TOJAJapHU aH1a3anapu
apatwirad OIITEJI, Harekc, Zelax (Poccus).

Kaméd ep snementnapu OunaH MoAudUKAIMsUIAHTAH ONTUK ToJanapiaH
doiimananunarad  Xojija ONTHK TOJAIM alOKa JIMHUSJIAPUHUHT — CIIEKTpaj
camMapaJiopJIurd Ba YTKa3ulll KOOWIUATH a(3ajUTMKIAPUHU OLIMPHIL, KYMJIaJaH,
y30K Macodara oKopu Te3nuKia axOOpOoTiIapHH ONTOAIEKTPOH pereHepanuscus’
y3aTHII, caMapaid ONTHUK CHTHAIAP KyYaWTHUPTUYJIapUHU SPATHII Ba YIapHU
TEJIEKOMMYHHUKAIIMOH, PaTUOTEXHUK, MOOWJ ajloKa THU3UMJIApUra >XOPUH JTHII
Ka0W MyaMMOJIapHU €YMIIra KapaTWIraH yCTyBOp WyHanumiapaa OyryHru KyHaa
dbyHnaMmeHTan, amanvii Ba MHHOBALMOH JIoMUXajlap acocuja OuUp KaTop WIMHI
TaJIKUKOT UIIapH O0JIM0 OOpUIMOK/IA.

MyaMMOHHMHI YPraHMJIHHTAHIUK Aapaxacu. OnTuk TonanapHu kameD ep
AIeMEeHTNIapu OuiaH MoAU(UKAIMIAIIHUHT Ha3apui Ba aMaliuil MacajalapuHu
€UMILJ]a MOH-TIJIa3Ma, BAaKyyM TEXHOJIOTHSIIApU, ONTHKA, MAbIyMOTIAPHU y3aTHII
Ha3apusACH Ba PaAuOKypWiIMa TU3UMJApUa KYJUIAaHWIAIUTaH, BaKyyMJa TEPMHK
OyFJIaHTUpUI, MOJIU(DUKAIUSATIAHTAH ONTUK TOJalap MnapamMeTpiapuHU CHEKTpal
TAAKUK KWIHII, TEPMHUK OYFIaHTHUPHII EpJamMuaa XOCHJ KWIMHAETraH KaTiaMm
KaJTMHINTHHA HA30paT KWIMIIHUHT PaJlovacTOTald YCYJUTApUHH WIIA0 YWKHII
Ba TaKOMWJUIALITUPHIL Macananapu Oup kKarop onumiuap: G.P.Agrawal
(University of Rochester), A.Girard (EXFO Electro-Optical Engineering),
A.J.Morrow, A.Sarkar, P.C.Schultz (Research and Development Division Corning
Glass Works), S.R.Nagel, J.B.Macchensey, K.L.Walker (AT&T Bell
Laboratories), H.Murata (The Furukawa Electric Company), A.D.Yablon
(Interfiber  Analysis), H.H.CaenmoB (PDA nma karra wuaMuii  xoaum),
A K.IIpxkeByckuii, H.B.Hukonopos (Cankr-Iletepoypr Ax6opoT
Texnonorusimapu, Mexannka Ba OnTHKa YHUBEPCHUTETH) Ba OOIIKAaJapHUHT
UIUIapuIa Kypuo YUKHUITaH.

OnTUK TONANM anoKa JMHUSAJIAPWHHA HWIUTA0 YUKW Ba TAKOMWLIAIITAPHII
Macananapu OwiaH OOFJMK TaJKUKOTIAp pecryOMKaMu3 OJMMIIApU TOMOHUIAH
onmu0® Oopwiran, >xkymnanan: T./[.PamxaboB, C.A.baxpomos, A.M.Ha3zapos,
A.A.CumonoB, A.M.Kamapnun, ¥3  morupaiapu  OwiraH  kamEO  ep
AIIEMEHTIAPUHUHT (DOTOJIOMUHECIEHIIUS XYCYCUSTIIADUHU OMNTUK TOJAIH ajoKa
TH3uMiapura taabuk kKwimmrad, K.A.A6aymnaes, P.W.Mcaes, W.P.bepranos
OINITUK TOJIANU aJOKa JIMHUSJIAPUHUHT MabIyMOT y3aTHII KOOWIMSATHHU OIIMPHUII
Oopacuaa KeHr Joupana WIMHM TaAKUKOT uiuiapuHu onub Oopranmap. lynra
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KapaMaii ONTHUK TOJaJIM ajoKa JUHUAJAPUHM HOUTad YUKUII cOoXacuaaru Ky
COHJIM TaJKUKOTIAp/a MaBXyJ ONTHK TOJAJIApHU MOAM(PUKALUIAII Macajanapu
TYJIUK Y3 e4uMHHH TomMaraH. OnTUK ToJajlapHU JIOKaJl MOAM(UKALMSIIAII Ba
KaME€O ep DJIeMEHTJIADHUHI HOHJIAPU KOHIIEHTPALUACH HKCTpeMal IOKOpHU
napaxana 6yiran (10 - 10*') cvM® mommduKamMsnaHraH ONTHK TONATAPHHM
gpatuml  Oyiimua onubG OopwiraH TaAKUKOT MIJIApUM CaHOKIW. Awmania
MOAM(UKALMSIIAHTaH ~ ONTHK  TOJAJapHH  sIpaTUIl  ycyJulapuja  IOKOpHU
XapopatiapHy KYJUITAHUIUIIHN, TEXHOJIOTUK JKapaéHIapHUHT MYpaKKaOIuru, kaMeéo
ep 3JeMeHTIapu OuiaH JIeTupiiall >kapaéHuja 3apapiud Ba xaB(iu MopaaanapHu
WIUIATAIUINM ~ KabW  KaMYWIMKIap  MaBxXyd. byryHrm  KyHra  Kajaap
MOAU(pUKALMSIIAHTAaH ONTUK TOJIAJapHU SPATHINJIa MEXaHUK TMPEHU3HOH HIILIOB
Oepulll Ba ONTUK TOJAHUHI OYMK y3arura kam€O ep aleMEeHTIApHUHT HOHJIApUHU
MOHACUMOH TE€OMETpHUsl IaKJIHAa BaKyymMJa TEPMHUK OYyFIaHTHUPHIL OpKalu
MoauduKanusuiam ycyiiapu Kymianunmarad. Llynunraex, y3aruga kaméod ep
AIIEMEHTJIAPUHUHT OKOPU KOHLIEHTpAUUsIM MOJAu(UKAIMSIaHTaH OINTHUK ToJa
aHJa3aCUHU BaKyyM MYXMTH/JIA IpaTUII YCYJIM UIIa0 YMKUIIMAaraH.

OnTtuk TonamapHu MoaudUKanusuiam skapaéHuga kamE€O ep dIeMeHTIap
KOHIUEHTPAIMSICUHU Y3rapuiinura OOFJIMK XO0JJIa ONTHUK TOJAJIAPHUHT CIEKTpall
XapaKTePUCTUKAIAPUHUHT JUHAMUK Y3rapuIilIapuHU YpraHullira Ba WHTErpal
ONTHKaAAa  KYJUIAaHWJIAQOuUraH  HMX4aM  ONTUK  Ky4aWTUpruawiap  y4yH
MOAU(UKALMSIIAHTAH ONTUK MYXUTIApHU spaTuilra OaFulUIaHTaH WIMUN
U3JIaHUIUIAp Aesipiid onub Gopumaras.

Jucceprauusi MaB3yCHHUHT JHCCePTAlUA 0a:KapuaaéTrad oM TabJauM
MYacCCACACHHUHT MJIMHH-TAAKUKOT HILIAPH OWJIaH OOFIMKJIMIH. Maskyp
auccepranus TaAKUKOTH TOMKEHT axO0opoT TEXHOJNOTUsIapu YHUBEPCUTETU
WIMHUI-TAIKUKOT MILIapu OWiIaH OOFUKIUTH KyHuaard pyHJaMeHTal Ba aMaluid
noinxanapaa akc srrupwirad: bB-®2-002 connu «AXOOpOTIapHU Y3aTHILIHUHT
dbyHIaMeHTall acocjIapvHM TaJAKUK KUJIUII Ba COJIMTOHJIapAaH (oiganaHuiral
X0J1/1a ONTHUK TOJIAJIM ajoKa JMHUSAJIAPUHUHT TYTYHJIApU Ba THU3UMJIAPUHH HUIILIA0
gukum»  (2011-2013  #it.); AS5-003  connu  «AJIOKAaHUHT FOKOPH  TE3JIHKIIN
TEJIeKOMMYHUKALIMOH TapMOFU CHeKTpal XapaKTepUCTUKAIAPUHU
MYyKaMMaJUTAIITUPUITHUHT YCYJIIapUHU HI1a0 uukuin (2012-2013 ifit. ).

TaagKMKOTHUHI MakKcaau KamEO ep dJeMEeHTIIapura acociaaHud Mypakkad
rEOMETPUSIIM  KYIl KOMIIOHEHTJIM IONKa KaTJaMJapHU BakKyyM MYyXUTHIA
OYFJIaHTUPHUII OpPKaJIM ONTHK TOJAJapHU MoJuduKanusiall ycyJulapu Xamja
KaMED ep dIEeMEHTIAPUHUHT IOKOPY KOHIIEHTPALUSIN JTOKal MOAU(PUKALUIIAHTaH
ONTUK TOJIAIAPHU TaWE€piiall Ba CHEKTpal XapaKTePUCTUKAIAPUHU YIYAITHUHT
ONTHK Ba MEXaHUK KypHIMaJlap KOMIUIEKCUHU UILTa0 YUKUILIAH HOOpaT.

benrunanran makcajara SpulIMII Y4yH KyHUJard TAAKHKOT Basudajaapu
KYWWJITaH:

ONTUK  TOJIAJJApHM  Bakyymaa KamE€O ep  sneMeHTiIapu  OujaH
MoAM(pUKALMSIIAI MaKCaauJa ONTUK TOJAJAPHUHT HaMyHaJlapuHU Talépiain
TEXHOJOTUSAJIADUHU TAaKOMWUIAIITAPHUII Ba HaMyHajapra Hpelu3uoH MeXaHHUK
UIIOB OEpHUIll KYPHUIMACUHHU SIPATUII;



MoAM(UKALMSIIAaHTaH ~ ONTHK  ToJlajlapAa  JIETUPJIOBYM  KamME€O  ep
AJIEMEHTIAPUHUHT IOKOPH KOHUEHTpAUMsICUIra DPUIINII MaKCaauaa, ONTHK
TOJIATADHUHT OYMK y3arura -HpOuii, uUTTepOMil, KpeMHUN Ba aJTIOMUHUN
OKCUJJIADUHU BaKyyM MYXUTHAA OOLIKApWIaJAWIraH TEPMUK OyFJIaHTUPHUII
YCYJUHU HUILJIA0 YUKHIIL;

BaKyyM MYXHUTHAAa KaM€O ep dJeMEHTIApUHU OYFIAHTUPHIL OpPKajJd ONTHK
TONAJapJa XOCWUJ KWIMHAOUraH Kyl KOMIIOHEHTIM IONKA KaTJIAMIAPHUHT
KAJIMHJIUTYA Ba TApKUOMHU HA30paT KWIMII Ba OOIIKAPHIL XyCYyCHSITHra 3ra OyiraH
BAKyyM KypHJIMAJIapHUHU SIPaTUII Ba TAKOMUJUIAIITUPULI;

KHCKa Macodaid ONTHUK TOJadu KydaWTupruuiap Ba MoAuUKalUsIaHTaH
ONTHK TOJalap aHAa3aCHHU SpaTULI MAPOUTIAPUHH YPHATHUILI MAaKCAIHA, ONTHK
TOJIa Y3arMHUHT JIOKAJl KMCMHJAA MIAKIJIAHTUPUIAIUTaH, KaMEO ep dJeMeHTIapu
vonmapuauar okopu (10%° - 10°") cM® KOHIEHTpalMsmM IUIaHAp ONTHK HYyP
YTKa3ru4JIapHU SAPATHILL

BaKyyM MyXHTHJa KamM€0 ep »dJEeMEHTIapUHU TEePMUK OyFJIaHTHUPUILTa
acocjiaHraH MoJuduUKalusuIall ycyiapu épaaMua sipaTuirad Ky KOMIOHEHTIN
ONTHUK CTPYKTYPAJIAPHUHT TAPKHOU Ba KOHIICHTPALMACUHY aHUKJIAIIL;

kameO ep anemenTinapuHuHT Typiu (Er,O; - AlL,O5 - Si04 Ba Er,O;3 - Yb,O5 -
AL O3 - Si0y) Tapkubnapu OunaH MOAM(PUKALMSAIAHTAH ONTUK TOJanap CIEKTpal
XapaKTEPUCTUKATAPUHUHT KHECUM TaXJIWJIIAll;

kamME€O ep sJeMeHTiIapu OwiaH MOAu(UKAIMIAHTAH ONTUK MyXUTiapaa
KHCKa Macoaid ONTHUK TOJNANM KyYaWTHprU4jIapHU Talépiaml Ba YJIapHUHT
KyYaUTHPUII XyCYCHUSTIIAPUHY TaJAKUK KHUJIHILL

TaakuKoTHUHr o0bekTH cudartuaa OUp MOAANM ONTHUK Tojanap, Kyn
KOMIIOHEHTJIM OINTHUK IONKAa Karjamjap (MOHACHMOH T'€OMETpUSIU IUIaHap Hyp
yTKazruwiap), BakyyMJa TEpMUK OyFJIaHTUPHUII YyCcyldu &EpAaMuaa OJIMHTaH
MOAM(pUKALMSIIAHTaH OINTUK ToJlajap aHja3zajlapy Ba ONTHK MYXHUTJAp acocujia
ApaTWIral KMcKa Macodail ONTUK TOJAIA Ky4YaUTUPruwiapy OJIMHTaH.

TagKNKOTHUHT npeaMeTH KamEO ep AIEMEHTIAPH Ouan
MOAU(UKALMSIIAHTaH ONTUK TOJAJapHU TaWépiam ycyajgapu Ba YJIapHUHT
CHEKTpaJl XapakTepUCTHKAIapu XUcoOIaHaIu.

TaakKuKOTHUHT ycy/ulapu. TaaKuUKOT kapa€HHa ONTHK ToJla KOOWFUra
MPEU3MOH MEXaHUK HMIILIOB Oepulll, TOHACUMOH T€OMETPUSIN Ky KOMIIOHEHTIN
IONKA KaTJIaMJIApHUA BaKyyMJa Y3ard JOKajl OYMJITaH ONTHUK TOJAJapHUHI CHUPTHUTa
TEPMUK OyFIaHTUPUIL, KCEHOH JIaMIa HypJlaHUIIUAA MOJIU(UKAIUATIAHTaH ONTUK
TOJIATApHU  KYHAAQJAHr  Jamiiall, MOAM(UKALMJIAHTAH ONTHK  ToJajap
XapaKTEpUCTUKATApUHU  CIEKTpaJl  TaJKUK  KWJIUII, BaKyymMJa  TEPMHK
OyfiiaHTUpuIl EpAaMuja XOCWJI KUJIMHAETraH KaTiaMm KaJuHJIWTUHA Ha3opaT
KWIHIIHUHT PaJUOYacTOTANIA YCYJUIApU KYJJTAHUJITaH.

TagKNKOTHUHT MIIMHUIl SHTWIMIY Kyduaarmiapaan uoopar:

ONTHUK TOJNAJApHU KaMmME&O ep »dJeMeHTIapu OwiaH MoAU(pHUKALMIIAIIT
Makcaau/ia KBaplUId PEe30HATOp Ba TEPMUK OYFIaHTUPUIL YCYJIUHU KYJlaraH
X0J1/1a BaKyyMm/1a OOIIKAPUIILIM OYFIaHTUPHUII yCITyOu niuiad YuKUIraH;

ONTUK TOJIa OYMK Y3arWHUHT cupTHaa Xocwn kKuiauHaaurad (Er,Os - ALO; -
Si04 Ba Er,O; - Yb,03 - ALO; - SiO4) Ky KOMIIOHEHT/IM ONTHK FOTIKA KaTjaamJyap
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KAJIMHJIUTYA Ba TApKUOMHU IOKOPH aHUKJIMKIA Ha30paT KUIYyBUM SpOUid, UTTEpOuUH,
KpEMHHUW Ba aJIOMUHUNA OKCHUJIJIApUHM OUpP BAKTHUHT Y3HJa BAKyyM LIapOUTHIA
OOLIKAPUIIUIA OYFIAHTUPHUIL YCIYyOH UIILIA0 YMKUITaH;

5pOUli HOHJAPUHUHT KJIACTEPJIAHUIIMHU CYHAMPUII XYCYCHSITUTa 9ra
CTpYKTypaJlap HaMyHaJapuHHM Tai€piaml Ba MIAKUIAHTUPWITAH KaTjiamiiapaa
SpOUil HMOHJAPUHUHT IOKOPHU KOHIICHTPAIUSICUHHU (1020 - 1021) cM”  OJHIIHH
TA@bMUHJIOBYM OINTHUK TOJAJapHU BaKyyM MYyXUTHIA MOAuUKAIUsIALL YCYIU
SApaTUWITaH Ba SKCIIEPUMEHTAJl CHHOB/IAH YTKA3UJITaH;

peaktuB ra3 (kuciopon) armocdepacuna BakyymHuHr 0,25-0,35 Tla ((2-
3)-10° MM cHM.ycT.) G0CHM KMitMaTIapuaa MeTalT SpOuii Ba aTIOMHHHIHUHT GHp
BaKTIa OyFJIaHTUPUII YCYJAMHU KyJutaml E€paaMuia BakyyM MYyXUTHIA
MOAM(UKALMSIIAHTAaH ONTHUK TOJAJAPHUHT HaMyHajlapu, OINTHUK TOJIaJu ajokKa
JUHUSJIApY YUYH aMalliid axamusiTra sra SpOuil MOHJIApUHUHT (Er3+) ~1540 uM
TYJIKUH Y3yHJIUTH JAWana3oHuaa UHTEHCUB (oToNOMUHECHEHIUsI (Hyp TapkKarta
OJIUII KOOWUJTUATH ) MaBXYJIUTH UCOOTIIaHTaH;

IOKOpH TE3JMKIM ONTUK TOJAJIM ajoKa JHHMUsUIapuAa KyJUIaHWIaJuraH
MOAU(PUKALMSIIAHTAaH ONTHK TOJIATApHU MIUIA0 YMKHUIIHUHT aKTUBJIALITUPUITAH
aHja3ajapuHu Tai€prnaml Ba KaMEO ep AIeMEHTJap aKTUB HOHJAPUHUHT IOKOPHU
xourentpanmsmm  (10°°-10°") cM® camapann miaHap, Xamaa ONTHK TOJAJH
Ky4alTUpruiapHu SpaTHILl YCYJIU UIIa0 YUKUITaH;

KaME€O ep DJIEMEHTJIapUHM AaKTUBJIALITUPUIL MaKCaauJa WHTErpaj ONTHK
TOJIAIM THU3UMJIAp YYyH MOJU(UKALUMAIAHTAH ONTUK MYyXMTIapAa spaTuiran
IIaHap ONTHK Ky4YaTHpPruwiapHU KYHAAJIaHT Aamilall yciayOu amanjaa Taa0uk
ATUJITaH;

MOAM(UKALMSIIAHTAaH ONTHK ToJiajJlap Ba KUCKAa Macoaid  OMNTHUK
Ky4alTUpTruwIapHUHT CHEeKTpal XapaKTepUCTUKAIAPUHU Yypranumiia
HKCIIEPUMEHTAN TaJAKUKOT HATW KaJapUHU JKpaHAa Ky3aTUII Ba pyixarra OJUII
yCyJuIapu unuiad YuKuiIras;

MOAU(pUKALMSIIAHTaH ONTUK ToJlajap acocH1a UIUIaiural Kucka Macodanu
ONTUK TOJAIA Ky4YaUTUPrUwiapHU spaTuiijga KamEO ep dIeMEHTIapUHUHT
KOHIEHTpalsIcH OajaHJJIuTH, Ky4aUTHUPTUWIAPDHUHT IIOBKUH (DAaKTOPUHUHT
NacTIMIM  Ba  KydaWTUpuil KOd(QUIMEHT KYpPCAaTKUUYMHU  OKOPWJIUTUHU
TabMUHJIAII MEb30HIAPH UIILIA0 YUKUIITaH;

HpOUii MOHJAPUHH BaKyyMJa OOIIKApUILIA OYFJIIaHTUPUII OPKAJIH SpaTHIIraH
ONTUK Ky4yalTupruwiapaa MmoBKuH-(pakTopuHuHr nacTimru Ba OSNR (Optical
signal noise ratio) mapaMeTpUHUHT IOKOPUJIUTH aHUKJIAHTaH.

TaagKNKOTHUHT aMaJInil HATHXKACH KyluaaruiapjaaH noopar:

Karra Srpuiauk paguycau (R=180mm) Ba Oepunran uyKypiauKIa ONTHK
TOJIAaHM MEXaHWK WIIUIOB OepulgaH uobopaT kamEO ep dJeMeHTiap OwiaH
Jerupiam Makcaguja ONTHUK Tojla HaMYHaJapUHU Tal€praml yCylid TEXHUK
amaJra OlMpUITaH;

pbuit okcuan 5 Mob%, KpeMHui okcuau 70-85 Moib%, amtOMUHUN OKCUIU
10-25 monp% Ba uTTepOMii okcuau 5 MoOab% JaH TAIIKWJI TONTaH MOHACUMOH
CTPYKTypa Ba KaTTa CHHAUPUII KodhUIMeHTH Xxucooura Oup Moaalid ONTUK Toja
y3aruiad SHEPrUsiHU camapaid TOPTHO OJyBYM OMNTUK TOJIa Y3arMHUHT OYMK
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KHUCMHJIA INAKIUIAHTUPWITAH KYN KOMIIOHEHTJIM TIUIaHap Hyp YTKazruwiap
SApaTUIITaH;

ONTUK TOJa ¥y3aru Ba OyFJAaHTUPHUIL YyCylu OuiaH Taill€pinanrad Kym
KOMITIOHEHTJIM ONTUK CTPYKTYpPaHUHT Oup OupH OWJIaH HYp SHEPrUsCUHU Y3aTHUII
camapagopauru 65-75% xuimMatra TEHIJIMIM Ba 2-5 cM y3yHJIMKIAru 3pOouit
MOHJIapu OmiiaH MOoAM(UKALMUIAHTaH ONTUK Tojanap onTuk curHainu 5-10 ab ra
Ky4alTUpUII MYMKUHJIUTH aHUKJIaHTaH.

yp6uii nonmapuauar (Er'’) MakcHMan (hOTOTIOMHHECIICHINS HHTCHCHBINIT
XOHa XapopaTd Ba TEPMHK MIUIOB OepuiMaraH BakyyMJa MoAu(UKalHUsIaHTaH
ONTUK TOJNaJlap HaMyHajapuaa Ky3aTWIMIIKA HaTHKacuaa, MOAH(PUKaLUsIAHTaH
HAMyHQJIApHUHT 3pOMil aKTUB HOHJAPUHUHI IOKOPH KOHIIEHTpauusra »sra
DKAHJINTU Ba KUMEBHMM OYFJIAHTHpPHIN €KUM KUMEBUN WIIUIOB OEpuI ycCyJulapura
Kaparaija BakKyymMJa TEpPMHUK OyfIaHTHUpUll EpaamMuia Oup IKUHCIM ONTHK
CTPYKTypaJiap OJUII MyMKUHJIUTYA UCOOTIIAHTaH;

TEPMUK OYFIAHTUPHIL, OYFIAHTUPHWITaH 3JIEMEHTIIApHU Ha3opaT KUJIUII Ba
OyfJIaHUIII MHTEHCUBJIUTMHU OOILIKApUILI KaOW TEXHOJIOTMK >KapaHJapHH SroHa
AKCIIEPUMEHTAI KOMILIEKCa OUpIAIITUPYBYU OITHK TOJIaJITapHU
MoAM(pUKALMSIIAI YUYYH sIpaTWiIraH Kypuwima €paamuaa, MOIIUN pecypcriapra
KeTtagurad capd-xapaxariaapHu 35% ra Ba ONTUK TOJIAHM KailTa MILJIAIl BaKTUHU
50% ra kamalTHpUIITa SPULLNAJITaH;

CHEKTpaJl 3UYJIAIITHPUITAH FOKOPU TE3JIMKIM ONTHK TOJalIM ajoKa
JUHUSIApU OpalIUKJIapuaa MoAUu(PUKALMAIaHTaH ONTHUK TOJATapHU KYJUTaHUJIMILIY,
ONTUK KaOeTHUHI CIEKTpaj camMapajopiiird Ba YTKa3ull KOOWJIMSITHUHU
OLLIMPHINTa, CHEKTpal MYJIbTUIUIEKCUPJIAHTAH CUTHAJIHU MyailsiH caTxJaru
YU3UKJIW MIAKIMHKA CaKJalira, y30K Macodaiu opalukiapia KydalTUuprudiapcus
anoka macodacunu 100 kM raya omupuIIra UMKOH Oepras;

Bakyymaa sp6uii oxcuamun (Er'') Moamdukanumsmam acocuma spaTHIraH
KHCKa Macoanu ONTHK ToJanu Kydaltupruuiap 5-10 cM akTHMB ONTHK
MYXWTHUHT Y3YHJUTHIA ONTHUK CUTHaNHU 15 ab raya Ky4yaWTHpHUIIM, IIOBKUH-
¢dakropuHuHT nacTivry 1,2 1b Ba Kyucu3 cUTHaN pexumiapuiia KyJJaHWIraHjaa
ONTUK KyYaUTHUPrud Ce3rupJUrUHUHT MacTKu yerapacu -40ab HU TalIKWII STUIIN
aHUKJIAHTaH

CHEKTpaJl 3UYJIAIITHPUITAH FOKOPU TE3JIMKIM ONTHK TOJalIM ajoKa
JUHUSJIapUIa Bakyymaa HpOuil OKCHUIWHU (Er3+) MoaudUKAUSIIANT  aCOCH]IA
ApaTWIraH KUCKa mMacodald ONTUK TONAIM Ky4aWTUPTUYIApHHU KYIJIall OpKalu
ontuk curHagHUHr OSNR  mapamerpunu (ONTUK CHUTHAJTHUHT KYBBaTHHU
moBKuHra Hucbarn) 3ab ra (MKKM MapTa) OWIMpHUINTa Ba  XHU3Mar
KypcaTWJIMaiiurad Ky4aWTupull NyHKTJIapuHUHT coHuHU (1000 kM opanukna
KydalTupruuiap coHu 15 Tara TYFpu KenaJu) OMIMPUII XUCOOUra HAPXH IOKOpHU
OynraH pereHepanyoH KypWJIMAaJIapHUHI COHMHU 1,5 Maprara KUCKapTHUpPHILTa
APUILUJITAH.

OnTUK TONAJAPHUHT CHEKTpasl XapaKTepUCTUKAJapUHU YiIyall Ba yJapHU
BakyyMJa MoJuduKanusiam ydyyH MOUIa0d YMKWITaH YCyJJlap Ba sipaTHIIraH
TEXHUK BOCHUTAJIAP JIOKAJI MOAU(UKAIMSATIAHTaH ONTUK TOJIAJlapHU Talépianl, y30K
Macodaau ONTHK TOJIAJJAPHU aKTUBIAIITUPWUITAH aHAa3ajJapUHH SPATHIL, ONTHK
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TOJIAJIM ajJoKa THU3UMJIApUAa KYJJIAaHWJIAJUTaH camapaaop KuUcKa wmacodanu
KYYaUTUPTUWIAPHU Tauépranl, ONTUK MABIYMOTIAPHU pyHXaTra OJIMII Ba KaWTa
UIUIal Kabu MyamMMOJIapUHU XaJl 3TUII UMKOHUHH Oepaji.

TagKUKOT HATH/KAJAPUHUHI MINOHWIWINIHK. AMalIMETnAa YTKa3WIraH
TaxkpuOanap Ba OJMHIAH HKCIIEPUMEHTAN HaTHXKalap OpKajdd ONTHK TOJalapHU
kamME€O ep oaiemMeHTIapu OwinaH MoauduKauusinamaa EpPyFIMK OKUMHUHU
MOAYJSIUsIIANI Kapa€HU Ba TU(PPaKIMOH MaHXkapa acocuaa WIUIAWIuraH ONTHK
cniekTp aHanuszatopuaa 0,1 HM aHMKIMKIArd UIIOHWIMJIMKKA SPULLIAIINAILN, BAKYYM
MyXUTHJA Moau(UKAUMAIAHTaH HaMyHajlapaa KamEO ep dJIeMEHTIapUHHUHT
fokopr  (10°' cM”) KypcaTkmura OSramMru  peHTIEHIH CHEKTpan  yCylnaa
WIUTAWIMrad  MUKPO3OHIJa  TEKUIUPWIMIIM, MOAU(UKAIUSAIAHTAaH  ONTHK
MyXUTIap/ia UIIaiAUuran Kucka mMacoaiu KydalTupruyjiap MWUIMNA onepaTop
AK  «Y30exTenekoM» TapMOFMIAa aMaija CHHANMIIM, HAa3apuil Ba aMajuii
TaJKUKOTIapHUHT OJINHT'aH HaTWXaJlapu Ba YIIAPHUHT y3apo
MYBO(GUKIAII TUPUITAHINI Y, HITOHWIMIIMTUHU KYpcaTaiu.

TaaKUKOT HATHKAJAPUHUHI WIMHMH Ba aMaJuil axamMusATH. TagkukoTaa
OJIMHTaH HATWKaJapHUHT WIMHUN aXxaMHITH IIyHAaH UOOPATKH, ONTUK TOJAJApHU
kamME€O ep naJieMeHTIapu OwilaH MoAu(UKAUUsATIANl yCY/Ulapu, SbHU ONTHUK
TOJIAJIAPHU CIIEKTPaJl XapaKTepUCTUKAIApU CU(PATUHU OLIUPUILI MaKcaauaa Kameo
€p DJIeMEHTIapu OWIaH MOAM(PUKALMIIAIIHUHT BaKyymMaa TEPMUK OyFJIaHTUPHUII
yCcyJd Ba TaMOMWJUIapU SpaTWIIU, MOAU(UKAIUSAIAHTaH ONTHK ToJjajapja 3pOouid
MOHJIAPUHUHT KJIaCTepJIaHUIIMHU KaMaWTUPYBYH YCYIUIAapU aHUKJIaHAH, KaMED ep
AIEMEHTIAPUHUHT IOKOPH KOHUEHTPAUUSJIM ONTUK MYXWTIAp SpaTWiIu, Typiu
XWJIJArd JIETUPJIOBYM DIIEMEHTJIAPHUHT TapkuOu OusiaH MoauduUKalUsIaHraH
ONTHUK TOJIAUIAPHU CIHEKTPaJl XapaKTEpUCTUKAIapu TaakKuK KuiauHau, DWDM
ONTUK  TOJIAIM  ajoKa TU3UMJIApHAa KyJJjall Y4YyH ONTHK  TOJaiu
KyYaUTUPrUWIApHU Ha3apuil acocjiapyd ONTHUK TOJAIM ajoKa TU3UMHUHUHT
MabIyMOT  y3aTHII  KOOWJUSTA  Ba  CIEKTpajl  XapaKTepUCTUKAIapu
napaMeTpiaapyuHH SXIIWIALITa XU3MaT KAJIa IH.

Opulmniarad HaTWKAJapHUHT aMalui  axaMuATH EPYFIMK OKUMHUHHU
MoOAyJALMsIalm €pAaamMuia HILIAWIWTaH ONTUK TOJIAJIA CHEKTPOMETP acoCHIa
KypWIraH Ya4oB KOMIUIEKCH WIUIA0 YMKUITAHJIUTH, ONTHK TOJAJapHU KOOWFUra
NPEeU3MOH MEXaHWK HWIUIOB OepaauraH KypwiMallap XOCWI KWJIUHTAHIINTH,
BaKyyMJia TEPMHUK OYFJIAHTUPHUII OpPKAJIW MOAM(MUKAIUSIOBUA KypuUiMa Xamja
MOAU(UKALMSIIAHTAaH TUIaHAp ONTUK THU3UMJIAPHM KYHJAJaHT ONTHK Jamiiall
KypWIMacu aMaJu€Tna KYJUIAHWITAHIUTH, 3aMOHABUM ONTHK TOJIAJIA aJloKa
JUHUSJIAPU CTIEKTPall XapaKTepUCTUKANAPU Ba YTKA3UI KOOWJIMATUHH OLIUPYBUYU
KaME0 ep dneMeHTIapuHUHT oKopu Konuentpamwmsun (10°° - 10*') cm™ mokan
MOAU(UKALMSIIAHTAaH ONTHK TOJIajJap, ONTUK XapaKTepUCTUKaIapy Ba TapKuOu
aBBaJiJlaH aHUKJAHTaH ONTHUK TOJalap aHJa3ajapu Ba JIabopaTopusl IIapOUTHAA
ontuk curHauiapau (1529 - 1565 HM) opanukaa camapanud Ky4alTHUPYBYH
MOAM(UKALMSIIAHTaH ONTUK MYXHUTJIapAa HIUIalAuraHn Kucka macodalid ONTHK
TOJIAJIU Ky4au TUprU4JIapHU camapalid MIUTAIIMHA TaAbMUHIAIIaH noopar.

TaaKuKOT HATH:KAJAPUHHUHI KOpUl KuiIMHUIIMU. Tapkubuna cod >pOuit
Ba  repMaHWil  JAMOKCUIAMHMHT  (AaoUIAlUTUPWITaH  HOHJApU  IOKOpHU
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KOHIIGHTpAIMsACHTa dra 6yiaran Bakyym Myxutuaa 1%¥10° mam 5%10™ ITa Gocumu
octuja KaMEO ep JIEMEHTIAPHUHT TEPMHUK OYFIaHTHUPHUII OPKAJIM ONTHUK ToJajap
ApUM MaXCYJIOTHUHU TaNEpJIAIHUHT COAJANAIITUPUITAH Ba 3apapcu3, IKOJIOTHK
xaBdcu3 ycyiu sxopuit stmiran (Y36ekucton Pecriy6nukacu IAP 04944 uxtupora
nateHT). ONTUK TOJalapHU BakyymJa MoAM(UKaUMsAiIanm KypuiIMacHuia TEPMUK
OyfJIaHTUpUI, OyFJIAaHTUPWITaH 3JEMEHTIapHM Ha30paT KWIMII Ba OyFiaHUII
WHTEHCUBIIUTMHU  OOLIKapuil  KaOM  TEXHOJIOTMK  >KapadHJapHU  sITOHA
AKCIIEPUMEHTAI KOMILIEKCIa OUpIAIITHPUILL opKaJiu OJIMHTaH
MOAU(UKALMSIIAHTaH ONTUK TOJIAa Ba ONTUK TOJAIM Ky4daWTUpruwiap MHILTUN
TenekoMMyHHKaumsiap  onepatopn  AK  «V36ekTenekoM» ONTHK — TONANH
TApMOKJIapura  kopuii  oTunraH  (Y30ekucToH Pecmy6imkacm  ax6oport
TEXHOJIOTUSAJIApU Ba KOMMYHHMKAUUSJIAPUHU PUBOXIAHTUPUII Ba3UPIUTHUHUHT
2015 ¥un 12 wuronparm 02-8/2317-con mabiaymoTHoMacu). ONTHUK TojdallapHU
KaM€EO ep pyeMeHTIapy OUJlaH JIeTUpIIala MOJIIMN pecypciiapra KeTaauran capg-
xapaxatiapHu 35% ra Ba ONTHK TOJa aHaa3ajlapvHU spaTull BakTuHU 50% ra
Kamaiitupuimra ospunnwirad. Kucka wmacodanu ONTUK KydalTUpruuiap Ba
MOAU(pUKALMSIIAHTaH ONTUK TOJIaJlap KYPUHUIIUAATH HAaTHXKanap, OONIKapuiIyBUU
nyHKTIap opacuaaru opanuk Mmacodanu 30% ra omumu (1000 kM opanukiaa
KydalTupruwiap coHu 15 Tara TYFpu Kenaju) Ba pEreHEpaloH Kypuimaniap
coHMHMHT 1,5 Gapobap kamalumm xucobura WMUIMK UKTUCOAMM camapa 72 MIIH.
CYMHHM TaIIKWUJI HTTaH.

TaaKuKOT HATHXKAJIAPUHUHT anpodanuscu. /uccepTallusiHUHT Ha3apHil Ba
amMaiauil  JKMXaTiapu — KyWWgars — Xajakapo ~Ba  MWDIMH  CEMUHAp  Ba
KoH(epeHuusIapaa Myxokama Kuiunrat: «Bakyywm ¢anu Ba texuukacu» (Poccus,
Coun, 2010); «IEEE/IFIP International Conference in Central Asia on Internet»
(Uzbekistan, Tashkent, 2008); «International conference in Central Asia on
Internet» (Uzbekistan, Tashkent, 2013); «Bakyym ¢danu Ba Texuukacu» (Kpuwm,
I'acmpa, 2013); «®aH Ba TabauMmaa axOOPOT-KOMMYHUKAIIUS TEXHOJIOTUSIIAPH»
(V36exucron, Tomkent, 2010); «Application of Information and Communication
Technologies» (Uzbekistan, Tashkent, 2010); «IT Promotion in Asia» (Uzbekistan,
Tashkent, 2011); «Amoka TexXHMKAcH Ba TexHoIorusuapum» (Y30eKHCTOH,
Tomkent, 2008); «AXOOpPOT TEXHOJOTHUSAJIAPH Ba TEIEKOMMYHUKAIUsIAPU
MYaMMOJIApU» (V36ekucron, Tommxkent, 2012); «HdokoMMyHUKaMsIIap Ba
axGopOT KAMHUATHHH PUBOXJIAHTHPHITHUHT 10713ap0 MyamMMonapny» (Y36eKHCToH,
Tomkent, 2012); «XXI acpma ¢dan Ba TexHOJOTrHsIap COXACUIArd YCTYBOP
iiyramapy (Y36ekucton, Tomkent, 2014).

TaaKuKOT HATHXKAJAPUMHUHI 3bJOH KHJIMHMIIM. [luccepramms maB3ycu
Oyiinya 25 Ta UIMUN M, )KyMJIaJlaH, UXTUPO yUyH mateHT 1 Ta, 2 Ta XOpMXKHUI
WIMUM )KypHauiapa 2 Ta WiIMHAA Makoda, 4 Ta MAUIMHI )KypHaJU1apaa 9 ta uiMui
MakoJiajiap, XaJkapo WiIMUH-aManuii KoHpepeHmusuiapaa 12 Ta  wMabpysa
Te3UCIapu bJIOH KUIMHTaH.

JluccepTauMssHUHT Xa:KMHM Ba Ty3uwammM. [luccepranus kupuii, Oemra
000, xynoca, ¢oitnananwiran agabuétiap pyixartu, 199 caxudanan nbopar maTH,
75 ta pacMm, 14 Ta >xaaBan Ba 12 Ta uioBajaaH udopar.
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JINCCEPTAIIUSTHUHT ACOCHII MASMYHH

Kupum kucmuaa guccepranusi TaAKUKOTUHUHT JTOJ3apOJUTrd Ba 3apypHUsITH
acocllaHTraH, TaJKUKOT MakcaJlud Ba Basudanapu xamja OOBEKT Ba MpeaMeTiapH
TaBcH(IaHraH,  Y30ekucToH  Pecny6imkack  $aH  Ba  TEXHOJOIHACH
TapaKKUETUHUHT YCTYBOp WVHANIMILIAPUTa MOCIHMIM KYpCaTWUJTaH, TaJAKUKOT
WIMUI SHTWIMTM Ba amanuil HaTwkaimapu Oa€H KWIMHTaH, OJIMHTaH
HaTW)KAJIADHUHT Ha3apuil Ba amanuii axamMuatu o4u0® OepuiraH, TaJAKUKOT
HaTWKAJIApUHU KOPUW KWIMII PYHXaTH, HAIIp STWITAaH WIUIAp Ba JTUCCEpTaIUs
TY3WINIIH OYiinya MablyMOTIap KEITHUPUIITaH.

HucceprauusHuHr  OupuHYM «ONTHK  TOJAAM  aj0Ka JIMHUSUIapH
TU3MMJIAPH BA 3J1eMEHTJIAPUHMHT X03UPTH KYHAAT¥ HCTUKOOIAPH TAXJTHIIID)
606uga ontuk Toyanmu anoka JwmHusiap (OTAJI), ymapHuHr acocwuii
KOMITIOHEHTJIApHU, 3JEMEHTIapU Ba TYTYHJAPUHUHI Ha3zapui-aHAIUTHUK TaxJIMIN
kentupwirad. OTAJI Tusuminapuaa UIIATUIAATAH ONTUK TOJAJApPHUHT acOCUM
XapaKTepucTukayiapu KypuO umkwirad. KeHr nojocaiu paanoanoka TU3UMIIAPH,
xycycat, LTE (Long term evolution) TYpTuHYM aBiox MOOUI ajloKa TU3UMIIApUIA
OTAJI wusar xymnanwmudmura wucowiap kenrtupwirad. OTAJl  cnexrtpan
caMapaJIoOpJIMTUHU  OUIMPUII  YYyH  MWIUIATWIQJWIaH  ONTUK  TOJIAJIApHU
MOAU(pUKALMSIIAI YCYJUIAPUHUHT TaxXJIMIW YTKa3WiIraH, kaméo ep aJieMeHTIapu
Owian MoauUKalUsUIaHraH ONTHK Tojallap Typjapu Ba 3pOuil, uttepOuii OunaH
MOAU(UKALMSIIAHTaH ONTUK ToJlajap TaxXJauid KuwinHraH. Moaudukanusianrad
ONTUK TOJAJTAPHUHT TACHU(MIAHUIIN KENTUPWITaH Ba YJIAPHUHT KYJUIAHWIUII
coxalapu aHMKIaHrad. ONTHK ToJIaJlapHU  MOAM(PUKALUSIAUIHUHT  SHTH
TaMOMWJIapy Ba  YCYJUIAQpUHM  KUOUpUIL, KaM&O ep DJIEMEHTIApUHHUHT
xouuentparusacuan (10°° - 10°") cM™ raua omupum, Typan TapKUGIM JTErHPIOBYM
Kymumyanap OmiaH MoAM(PUKALUIAHTaH KUYUK XaXXMJaru ONTUK Ty3WIMallapHu
TaJKUK KWW, MOAU(DUKAIUSAIAHTaH ONTUK MYXUTJIAp acocuia caMapalld ONTHK
Ky4aTUpruwiapHu  SpaTHll, ONTHK TOJaJapHU MOAU(PUKAIMIIALL  YUYyH
HKCIIEPUMEHTAN KypuUJaMajapHU MOUIA0 YUKMIL, ONTHUK TOJAJIAPHU SPATHUILHUHT
TEXHOJIOTUK  JKapaéHJapvMHM  TaKOMWUIAWITHUPUIL,  ONTUK  TOJAJapHUHT
UMKOHUSATIAPUHU KEHTralTUPHILL, nabopaTtopus HIapouTIapuaa
Moau(dUKAIUSUIAHTaH ONTUK ToJIaJlapHU Taiépiai kabu macanap, OTAJI 6yiinua
YTKa3uiaraH TaxjIuJl acocuja, TaAKUKOT MIIMHUHT MyXUM Bazudanapu cudaruia
YpHaTWIraH Ba XyJiocanap KeJITUPUITaH.

JuccepTauussHUHT UKKUHYM «MoaupuKanuMsaJIaHIaH ONTUK TOJAJAPHUHT
CIEKTPAJ  XapaKTePUCTUKAJIAPUHU  TaAKUK KWIMII  YYYH  VJIYO0B
KYPHWJIMAJIAPVMHA MILIA0 YMKHID» 000U SKCIIEpUMEHTIap HATWXKAcuAa OJUHTaH
MOAU(pUKALMSIIAHTaH ONTHK ToJaJlap XapaKTEPUCTUKATIAPUHU Yiyall yCyJjapHu Ba
ONTHUK CHUTHAJJIAPHU VIYOBUM KYpWIMAJIApHU HWIUIA0 YUKUIITa OaFWIIaHTaH.
Mopaudukanusiairad ONTHK TOJAJApPHUHT CHEKTpal XapaKTepUCTUKAIApUHU
yi4yam y4yH ONTHK Ba MEXaHUK KypuUJIMajapHU spaTuil Oyinda Bazuda xyiuiras.
Nxxunun 60012 ApuM YTKa3TUWIM JIa3epilapHU ONTHK TOJIAHUHT Y4 OWJaH
MOCHALITUPUII  ycayOnapu amainuil TaJaO0uK OJTWIraH Ba yJIApHUHT UIIYU
XapaKTepUCTUKAJIAPU KEITUPUIITaH.
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Kaméd ep »snementnapum Owinan wmojaudUKalUsIaHTaH ONTHUK —Tojallap
CTHEKTpajl XapaKTEePUCTUKANAPUHHU TAIKWK KWIHII Yy4YyH OWp MOJamH ONTHK
TONIANap y3arura Jja3ep HYPIAHWUIINHU caMapalid KUPUTWINIIHHA TabMUHIAII
3apyp. ONTUK TOJAHWHT y3arura jiazep HYpUHH KHUPUTHII y4yH KOOMKCHU3 Jiazep
auoanapy uiatwirad. ONTUK ToJa y4japura ja3ep HypJaHUIUITApUHA MaKCUMa
camapaiay KUpuTHIga TOMKEeHT maxap amanuid ¢u3nKa TaIKAUKOT HHCTUTYTHIA
UIUIad YUKWITaH KOHYCIAp Ba MHUKDPOJMH3AJIAPHHU OJHII MAaxCyC TEXHOJOTHSICH
KymnaHwirad. MoaudukanusiaHTaH ONTHK ToJiajdap CHEKTPIApHHHU YPTraHUII
MaKcaauaa Ymdam KOMIUICKCUHH SpaTUIl yuyH HU(pakiruoH MaHXapa acocuia
UIUIaiurad cnekrporpadgaan goinananuiran (1-pacm).

24 25 26 27 28 29 30

I \ZS/5
19

1-pacm. EpyFiMK oKHUMH MOAYJISIUSVIAHTAH ONTHK TOJIAJM CIHIEKTPOMETP acoCHIA
KYPWITaH YJI40B KOMIIJIEKCHHUHT (DYHKIMOHAJI CXeMaCH

by epna, 1 - KCeHOH JaMIMaHUHT HypJaHUIIM, 2 - spuM chEepuK Ky3ry,
3 - coszmam BUHTH, 4 - Ay = 980 HM mapaMeTpnu HHTEPPEPEHLHOH (QHIBTD,
5 - nasep HypiaHuId, 6 - METAJUI TarjduK, / - CO3JIAll CTOJM, 8 - MaxKaMJall
KUCKUWIapu, 9a — wMoaudukanusiaHraH oNTUK Tojla, 9b - onTuk ToOjAa,
10-monynsusinoBund auck, 1l-aiinmanum vactoracu f = 50 aiimanunuiap/cex ra
TEHT OYnraH ABUrateln Bayiu, 12-onTpoH, 13 - cnekTporpadHUHT KUPHIL TUPKUILIH,
14 - oO6bexTHB, 15 - nudpakuuon nawxapa, 16-qudpakivoH naHxapa JABUTATENH,
17 - ABUTATETHUHT AJIEKTPOH OJIOKH, 18 - MUKpokoHTposuiep, 19 - KceHoH Jlamna
TabMUHOT Onoku, 20 - xommuMmarop, 21 - YUKHUII ONTUK THUPKHILH,
22 - (dokyciaoBuM JMH3a, 23 — ONTUK XTYTHUHT KUpUII yuH, 24 - (oroauof,
25 - KywlaHUII Ky4yaWTupruuu, 26 — KUCKa mojocainu QuibTp, 27 — y3rapyBuaH
KyWwlaHUIl Ky4auTupruuu, 28 - mnpeuusuoH paerekrop, 29 - PIC-16F873A
MHUKpOKOHTposiep acocuparu MAX-232 mukpocxema, 30 - KOMIBIOTEPHUHT
COM noptu (RS-232).
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Moaudukanusiianrad ONTHK TOJAJIAPHUHT CHEKTpall XapaKTepUCTUKATIApUHU
TaAKUK KWInil Oyiuya MWUFWIraH KypWIMaHUHT V3Mra Xoc XYyCYCHUSTH
cnekTporpad MTPEeHU3MOH CO3Jall KypwiMacu OWiaH STOHAa WIMUN-TaJAKUKOT
KOMIUJIEKCUTa OWpIalITUpWIraHn Xucobnanaau. by ¥3 HaBOaTtuaa OonTUK TOJa
y3arura Ja3epHUHT HYPJIAHUIIMHUA KUPUTHUII OpPKAJIW MOAM(PUKALUsIAHTaH Oup
MOJAJId ONTUK TOJAJAPHUHT CHEKTpal XapaKTepUCTUKAJIAPUHU Yiyam Kabu
TaJKUKOTIApHU YTKa3MIlITra UMKOH Oepaiu. SIpuM YTKa3ruwid Jiazep HypJlaHUILIN
OwiaH OuMp MOJanu ONTHUK TOJAHUHI Y3arMHU camapajd MOCHIALITUPHILI YCIyOu
Xama EpyFlIMK OKUMHM MOAYJSIUSJIAHTaH CXema acocuja CIeKTpaj acOOOHHHT
TaKOMUJUTAIITUPWIIMILIM, ONTHK TOJa Y3arura KUPUTUITaH KamMEO ep aiaeMeHTIap
JIOMUHECLICHLIMACH Ba Ja3ep HYPJIAHWUIIU CIEKTPJIapUHHU IOKOPH CE3THpIIUKIa
yiyam WMKOHHUATHHM TabMuHIaau. HOxopujga KeaTHpWITaH ONTHK ToJjaiap
CHEKTPUHU VI4OBYM acOOOJIApHUHT TaKOMWUIAIITUPWIMIIN Ma3Kyp 0o0na
KYHWIraH TaJKUKOT Bazu(danapuHu TYIUK KOHIUPUWIMILIATA UMKOH OEpIu.

JuccepTauussHUHT YIYUHYH «ONTHK ToJAa MOAM(UKANUSIIAIT YCY/JIapu Ba
KYPWIMAJAPUHUA HUNLIA0 4YUMKUID» Oo0HMJa ONTHK TONAJIApHH KaMEéD ep
AIeMEHTJIapu OwiaH MOAM(UKALMSUIAI YYyH HWINUIA0 YUKWITaH YCyljiap Ba
MoAU(pUKALMSIIAI XKAapaCHUHU amaira OLIMPHINJIa MIIATHITaH SKCIepUMEHTAal
KypWIMaJIApHUHT TaBcU(Iapy KEITUPUIITaH.

OnTUK ToNanap UILIa0 YMKAPUIIHUHT aCOCUH yCyJlapura IoKopHu Xapopatia
JIETUPJIOBUM DJIEMEHTIAp apajaliMajapuHU ONTHK TOJIa aHAa3acura UYKh EKu
TallKd aKcuaja OyFIaHTHpHUIN OpKaiu Jerupiam xucobsananu. By sxapaéunap
KpeMHUI Ba OOIlIKa JETUPJIOBYM MaTepuaiap OUPUKMAIADUHUHT IOKOpHU
Xapoparia  OKCWJJIAHWIIWIa  acoCJaHraH.  byHnmail  onTuk  Tojiajiap
MOAU(pUKALMSIIAI  YCYJUIADUHUHT KaMYWJINTA TEXHOJOTUK >KapaéHIapUHUHT
MypaKKkaOJIUru, ONTHK ToJjlajdapra IOKOPU Xapoparja HIUIOB OepuivIIM Ba
HATWKa/Ja ONTHUK TOJIAa KPUCTAJIMU TY3WJIMACHUHM OY3WJIWIIU, MOAU(PUKALMIOBYU
AIIEMEHTNIap KOHIEHTPALMSICUHU OoIKapuiMaciura xucobnanaau. FOxopuna
KypcaTWwiiraH  KaMYWIMKJIApHM  XpcoOra  ojiraH  Xojijaa,  JIETUPJIOBYU
ANIEMEHTJIAPHUHT TYypJid TapkuOura osra OYdaraH Kynm KOMIOHEHTIM IOTNKaA
KaTJaMJIapHU BaKyyM MYXUTHAA OOMIKAPUILIM OYFIAHTHPUII OPKAJIU XOCHI
KWK YCYJIH UIIa0 YUKUITaH Ba aMaluETra JKOpUi STHUIITaH.

Camapanu »pOuilini  KydaWTUpPruujapHd  OJMII  MYaMMOCH, d3pOui
WOHJIADUHUHT IOKOPU KOHIIEHTpalMsicCUra sra OYyJraH ONTUK MaTepuauiapHu
unuiad YMKUI Oopacujia u3NaHUIUIapHu TeznamTupanu. Ipouii (Er,03) okcunnu
cTpykTypamapaa Er'” opbuii akTHB HOHIAPMHHMHT KOHLEHTpaumsicu ~10°° oM
KMiiMaTra eTUInM ucOOoTiIaHraH. DpOuil OKCHUIM acoCHJard ONTUK Ty3uiIManapia
Er wonnapununr xonuentpauusicu EDFA (Erbium doped fiber amplifier)
Ky4alTUpruwiapu Yy4yyH SpaTWIraH CTaHIapT Jerupiam ycyulapu OpKalu
OJIMHTaH ONTHUK TojiaJlapjaru Er noHmapu KoHIEHTpaIusicuian oup Heua 6apodap
optuk OYymumunan panonat Oepamu. Lllynnmait kunuO, rokopuaa O0aéH STUITaH
WIMHUI FOSUTADHU aMajvil Ba SKCIEpUMEHTall Oakapuil Ma3kyp O0oOra Kyilwiraxn
acocuil Makcaanapaan Oupu xucobnanaau. bup BakTa UKKM KaMK4aJaH Ha30paT
KWJIMHAJUTaH BaKyyMJIM OYFJIaHTUPUIITHU aMajira OLIMPHIL YUyH UITa0 YMKWITaH
KypPWIMaHUHT (DYHKIIMOHAJ CXeMAacH 2-pacMaa KeITHPUITaH.
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D1eKTPOH
cxemara

JJIeKTPOH
cxemara

2-pacMm. Kyn KOMIIOHEHT/IM IONIKA KaTJaAMJIAPHM BAKYyM MYXUTHAA OOIIKAapHII
UMKOHMATJIN OYFJIAHTHPHII KyPHJIMACH

by epna, 1 - pesuctuB Tantamm Kuzauprud, 2 - (Er) spouil Tynaupunran
KoHTelHep, 3 - (Al) amomunuii Ba (S10) KpeMHHII MOHOOKCUAM TYJIIUPUITaH
KOHTEHHEp, 4 - SKpaHHUHT akpaTyBuu kecumu (AB), 5 - metann Tarnuk, 6 - y3aru
OUYMK OYyJIraH ONTHUK Toja, 7 - OyFlaHTUpWIAETraH Marepuaiap OyFJIapUHUHT
TapKaJull WYHAIMIIM, 8 - KBapIUIM MbE30IUIACTHHA, 9 - nuadparManu Koluiama,
10 - cyBnmu paamatop, 11 - TYpT THUPKUIUIM OUCK-00TIOpaTOop, 12 - ailianuin
4acTOTacu CTAaOWJUTAaHTUpUITaH JBuraten, 13 - AMCK-OOTIOPATOPHUHT YMyMUU
KYpUHUILHU, 14 - cO3MAIITUPUITaH JUCKIArd Y4 OypUaKiIu THPKHILL

DKcrnepuMeHTIIap xapa€Huia ONTUK TOJAHUHT JoKasl ouwiran y3aruaa Er,Os
- SiO4 - ALO; éku Er,O3 -Yb,03 - SiOy - AL, O; Ky KOMIIOHEHTJIM KaTjiamalap
KYPUHHUIIHUJATH MOJIU(DUKAUATIAHTAH ONTUK CTPYKTypanap OJIUIITa SPUIINIIIH.
Ma3kyp MacanajnapHd amaira OIIMpPUIIAA ONTHUK TOJAHUHT MEXaHUK HIIIOB
Oepuiral y3aruHuHT cupTura metai 3pouit (Er), kpemuuit Monookcuau (Si0) Ba
amoMuanit oxenan (ALOs), 2-3-107 ITa GOCHMIH BaKYyM MYXHTHIA KHCIOPOL
pEaKkTUB Ta3WHU MIIYM Kamepara KUPUTHIAIIK OPKadu OUprajiukaard TEPMHUK
OyFJIaHTUPUII TEXHOJIOTUSCH UIIATUIITaH.

Kyn koMIoHEeHT/IM IomKa KaTjaMiIapHH BaKyyMJa XOCHJ KWIMII BaKTH]A,
OyfJIaHTUPUIAETTaH IONKA KATIAMIIAPHUHT KAJIWHIWTH KBapIUIM KPUCTATHUHT
cuptujga OyfiiaHa€TraH MOJJIAHUHT [ONKA KaTJaMHu IIaK/UIAHWIIA —T[aiTuaa
KBapLJIU KPUCTAT TEOpaHUI YAaCTOTACMHUHT  Y3rapuillura acocjaHraH
paauoyactotanu ycyn Kymutanwirad. llynusraex, TepMmuk OyFJIaHTHUpHINIIA
JIETUPJIOBYM  DJIEMEHTIAp OKOMJAIUraH KAMUMKYAIAp KYPUHUIIUAATM  HUKKHU
OyFJIaHTUpPrU4Yjap XapopaTd MYCTaKwi OepuiiaJuraH yd4 Xapopatiu ycyi
unuiatuiarad.  Keapi — kpuctamiapu  XapopaTHUHT — y3rapuluiapura  ce3rup
OYNTraHgurd ydyH, MasKyp ycCyJiJa Mbe30JaTUUKIap YYYH MaxcyC COBYTHII
TU3UMHM UUUIATUAAM. bByfFnantupum xapa€Huaa pe3oHaTOp YacTOTACHMHHUHT
y3rapuiura OyFJIaHTUPrAY TOMOHHUJAH MCCUKIUK HYPJAHUIIM TabCUPUHU
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KOMIICHCAIMsJIAI, OYFIaHTUPWITaH KATJIaMHUHT KAJIMHJIUTUHU 5% aHUKIHKIA
ynyamra WMKOH Oepaau. OpOuil Ba KpeMHUW MOHOOKCHIMHHUHI BaKyyMJa
OYFIAHTHPHIMIIE WIIYM ra3 - kucaopoguuur 2-3-10° Ila Gocumuza Ba Typin
Ta"HTauM Kaukdanapau 1300 - 1600°C xapopataa KU3QUpHUIL OPKAJIM amaira
OLLUPHIIIN.

Moaudukanusnan xapaéHu, IIYHUHTIEK MapaMeTpiiapy aBBasilaH Oepuiiral
ONTUK TOJIAJTAPHUHT HAMYHAJIADUHU SPaTULI Ba TaEpianiHu XaMm ¥3 Uuura oJiaJu.
OnTuk TonanapHu kam€EO ep aneMeHTNIapu OwiaH MoauduKanusiamra Tanépain
MaKcaauJa ONTHUK TOJIAJIAp VY3arMHUHT CWJUIMKJIAIl KAJIMHJIWTHHU —Ha30pat
KWIMHUIIN, ONTHUK TOJAalap CUPTUTa MPELUU3MOH MEXaHUK HIILIOB OEpHIl yCylu
OpKaJii amanra omupuirad. [Ipenu3non MexaHUK MIUIOB OepHIl KypuiMmacu Oup
Momanu onTtuk Toia Yy3aruma (HE;;) acocuwit Momanum aHUK Kaiiag dSTHI
UMKOHUATHHM Oepaau. MexaHuK MIUIOB OepHIll OpKaJd CHUIUIMKJIAI >KapaéHUHU
YTKa3WIll y4dyH ONTHUK TOJAHW MaxkKamJjall y4yyH MeTaJll Tarjuk Tai€piaHaiu.
Vnap 3 mm Kanunaukaard, 15 mm kenrnukiau Ba 120 mv y3ynnukiu 1, 119 €xn
BAJI1 typmarm mropamtoMuHuil Oymakinapugan ubopar. by Oymakmap 3apyp
aiinanum paaumycurada sruinaau R=180 mm. Onmoc auck €pmamuga Oepuiiran
gykypiaukaa (0,1 wmM), [gopamoMuHUNA OYynakiapura apukdaigap Yuwuiaau.
Viiunran apukyanapra ONTHK TOJA SKOMIAIITHPHIANM Ba SIOKCH CIMM OWJIaH
KOTHUPUJIAIH.

Xucobnanuiap HaTWXKacura Kypa, OObEKTIApPHUHT Heall CUPTHIA alIaHUII
paauycura CWUIMKJIAma ¢ Tra TeHr OyiaraH CWUIMKIAl 4yKypiauruaa L
y3YHJIMK/Aaru opaiuk (xopaa) ounnaiu. by xaTTranukiap opacuaaru MyHocadaT

L=+8Rd ¢popmyna opkanu amuxnadagu. Ilynmail kwnmmO, d - CHUIMKIALI

ayKypmura d =L/8 dbopmyna opkanu udomanaHUIK MYMKUH. ONTHUK TOJAHU
JTIOpPATIOMUHUHN TUTacTUHAra (TariMKka) ENMIITUPULIAAH OJJAUH ONTHK Tojara He-
Ne ma3ep HypJaHHMIIM KUPUTWIAAM Ba ONTHUK TOJa MHUKPOCKOI OCTHAA
Tekmupmiaad. ONTUK TOJAHUHT KOOWFUTa MPEUU3MOH MEXaHUWK HIUIOB Oepuill
YCYJAUHUHT QYHKIIMOHAJ cXeMacHu 3-pacMa KeITUPUIITaH.

16 7 8
' : 3 7z 77 ° A
L/
. L2 <@ | &
XY LE 7

3-pacM. ONTHK TOJAHMHT CHITHKJIAII YYKYPJIUTMHH NPeUU3HOH
Ha30paT KUJIUII CXeMacH

by epna, 1 - He-Ne nazep, 2 - coznanaguran (poKycioBYd JIMH3a, 3 - ONTHUK
Tona, 4 - CWUIMKJIOBYM JHUCK, 5 - ONTUK TOJalyd CWUIMKJIAHAJAUTaH Tarjuk,
6 - KanmuOpPOBKAJIaHTaH 10K, 7 - (POTOUOIIN CO3JAlll CTOJIU, § - ONTHK TECTEP.

Onrtuk TecTep ONTHUK TOJAHWHI CUJUTMKJIAII YyKYpPJIUTHHU camapaliyd Ha3opaT
KWINITa UMKOH Oepaau. Tectep pyixaTra ojraH KOJIUK HYpJIAHUII KyBBaTH
ONTHK TOJa KOOWFM Ba V3aruHU CUWUIMKIANI JapaXacMHU KypcaTaju.
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OKCIEPUMEHTIIAp BAKTHUJIa ONTUK TOJAJAPHUHT TYpJd HAMYHAJIApU YUyH KOJIJIUK
HypJianui KyBBaTu KuiiMatu 20% nan 80% rada OynraH yerapanapia YTKa3HIIH.
By ycyn kelnHYaIMK BakKyyM MYyXUTHIa KamEO ep aJieMeHTIapu OujlaH ONTHK
TOJAJIADHU ~ caMapaii  MoAU(UKAIUSAJIANIHA ~ TabMHUHJIAWAWTaH  ONTHUMAI
CUJUTMKJIAII PeKUMHUHU SKCTIEPUMEHTAJ TaHJIalll UMKOHUSITHHU Oepasu.

Nkxunun Takiaug >TWITAH yCyJaa ONTHK TOJIAJIAPHUHT MOIU(pUKAIUSIAHTaH
aHmaszacu Tau€pnaHaaud. by ycynna ONTHK Tojajap aHAa3acuHU Tauépiiama
3axapyii OMpUKMaliap UIUTATUJIMHMAWIKM Ba Oapya skapaéHiap Bakyymaa kKameo ep
AJIEMEHTIIap OKCHJIADUHM TEPMUK OYFIIAHTUPWIHILK OPKAJIU amajra OIIMpUiIaIu.
bynna xam€6 ep aineMeHTNap KaTllaMM BaKyyM MyXHMTHJla aiaHa€TraH KBaplid
aHjasza WYura OKOWIAINTUPWITaH KU3JUPWITAaH KaluKYalapJlaH TEepMHK
Oyrnantupwiaan. Kynm katnmamim OyFJIaHTUPUII HMMKOHUATH  JICTHPJIOBYU
AJIEMEHTJIAPHUHT TYPJIM BapHalUsiapyaa ONTHUK ToJalap aHJAA3aCUHM SPATHILTra
UMKOH Oepanu. 4-pacmaa Takiaud ATUITAH ONTUK Tojlajap MoauduKalusiaHTaH
AH/IA3aCUHU Tal€piall yCyJau KeJITUPUITaH.

4-paCM. MO)II/I(l)I/IKaIII/IﬂJIaHFaH OIITHK ToJIaJIap aHda3aCUHU sIpaTUll yCyJIn

By epna, 1 - aiimaHHUIl UMKOHMSTUIA Ta MEXAHMK yCKyHara MaxkaMJIaHTaH
KBapIUIM IIMINA, 2 - 3JEKTP TOKH OPKAJIM KWU3AUPWIAIWTaH KUWWH SpUKNATaH
MartepualaH TaiépiaHraH OyFIaHTUPUII KaluK4danapu, 3 - 3pOuii, 4 - repMaHuii
OUOKCUAM, 5 - KBapl Jucnepc KyKyHH, 6 - OyFJaHTHpUITaH Marepuasuiap
KaTJIamJIapy, 7 - KBapIUIM WA MaxXKaMJIaHAJWTaH aiJlaHyBYM MEXaHHUK YCKYHa,
8 - MaxkamuIall 3JIEMEHTIIapH, 9 - MEXaHUK YCKYHA AIaHUII MYHAJIULIH.

KamE6 ep snemenTiapu OwiaH aBBajjaH JICTUPJIAHTAH aHJa3aHW SPATHII
3apyp Y3yHJIHKra 23ra Ba aKTHB KOMIIOHCHTJAD WOHJIAPUHUHT KEpaKiu
KOHIICHTPAIUSACH MaBxXy OYaran MoauduKaIusIaHTad ONTHK TOJATapHH OJIUIITa
UMKOH Oepaiu.
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JucceprauusaHuHr TypTuHUK «MoaupuKkauusaJIaHrad ONTUK TOJATAPHUHT
CIIEKTpaJ TaBcuduiapuHu JIKCIIEPUMEHTAJ TAAKUKH 600ua
Moau(dUKAMSUIAHTaH ~ ONTHUK  ToJajap  CIEKTpal  XapaKTepUCTUKATapUHU
AKCIIEPUMEHTAN TaIKUKOTIAPUHUHT acOCHM HaTwxkaidapu kentupuiarad. Kaméo ep
AJIEMEHTIAPHUHT Typiau TapkuOjapu OwinaH MoaudUKaAIlWsJIaHTaH OMNTHUK ToJia
HaMyHaJapUHUHT (OTOJIOMHUHECIICHIIMSA XOccallapd TaAKWUK KuiuHTraH. OnTuk
TOJIa HaMyHajapuja OYFJIIAHTUPUII HYIM OpKaJM OJMHTaH KYN KOMIOHEHTIU
KOIUIAMJIAPHUHT CTPYKTypa Ba Tapkubu ypranwiran. OTAJI na xynnaHunaauraxn
caMapajy ONTHK TOJalu Ky4auTUpTrU4JapHU SpaTUIl Ba MoOAW(UKAIUsIAHTaH
ONTHK TOJIAJIAp aHJIa3aCUHM Taképiain OYiinda amaauil TaBcUsIap KEITUPUITaH.

TaakukoT/Iap HaTWXKacKUaa, SpOUN aKTUB MOHJIIAPUHUHT DHT KaTTa HYpPJIAHHII
WHTCHCHUBJIUTH  BaKyyMJId  TEPMHUK  OYFJIAQHTUpHUII  yCcylu  Epaamuja
Moau(dUKAUSUIAHTaH ONTHUK ToJjlajJap HaMyHaJIapujJa aHWKJIaHTaH. byHaaH
TallIKapy, OYMK ONTHUK TOJIa Yy3arMHUW KOIUIAWAWIraH IOMKa KaTJaMHH
MaKJJIAHTAPAUTal  JICTUPJIOBYM  KyIIMMYajJapHU Ba HpOHWil HOHJIAPUHUHT
KOHIICHTPAIIMSICHHA ~ TYFpPW  TaHJall  OPUHIUIMAT  MacajajapjaaH  Oupu
xucobnananu. Al,O; éxu P,Os okcuanmapu OwiaH KBapll IIUIIACHHU KyIIUMYa
JIeTUpJIalll, KBapIUIM IIUIIara KyImuwirad kamMéd ep SJIeMEHTIapUHUHT MaKCUMa
KOHIICHTPAIMSICUHA ~ OIIMPAaJX Ba JpOMM HMOHJIAPUHUHT  KJIACTEPJIAHUIINHU
nacaitupanu. Maskyp auccepranusa umuga Er,Oz sp6uii okcuanau SiO, kBapil
mumacuay Ba Al,O; alFoMUHMM OKCUW OWjIaH OMprajivKaa JIeTupiaml TaHIaHTaH.

Moaudukanusuianrad ~ ONTHK ~ ToJIAJIap ~ HaMyHaJapUHUHT  CHEKTpal
XapakTepUCTUKATIApU TAAKUKHU kapac¢Hunaa ~1540 um MK-nuanazonuaa Er’ apOuit
MOHJIAPUHUHT UHTEHCHUB (OTOJIOMUHECHCHIMACH Ky3aTwiau (5 Ba 6 - pacmiap).
TagKUK STWIraH crektpiap Er'’ 9pOWii aKTHB HOHIAPHHUHT OUPHHYH 113
KY3FaJIMII XOJIATUIaH aCOCUM 15/, X0JIaTra YTUILINTa MOC KEJIaIu.
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5-pacm. Er;0; - SiO0;-ALO; Tapku6 0uaan Mogu(pUKANUSAIAHTAH ONTUK TOJAHUHT
JIIOMUHECHEHIUS CTIeKTPH
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6-pacm. Er,0;3 - Yb,0; - SiO; - ALO; Tapku6 0u1an Mogu(puKANUSIJIAHTAH ONTHK
TOJIAHUHT JIIOMUHECHEHIHSI CTIEKTPH

Bakyymaa kamM€0 ep ndieMEeHTJIapuHU MOAM(UKALMsIAIl HaTHXKacHua
OJIMHTaH OITUK TOJIaJlap YMKHIIKIA, JacCTIa0Ku TepMUK UIUIOB Oepuiicu3 ~1540
HM Opajufruaa dpOouil MOHJAPUHUHT (POTOTIOMHHECIEHIMACH Ky3aTuiau (5 Ba 6-
pacmiuap). by, kamE€®6 ep oanemeHTiIap OwiaH MoaUQUKAIUSIAHTAH ONTHK
MyXHTJapja HpOWil  HOHJAPHUHT  KOHIEHTPAlMSICHHU  OIIMPHUILI  y4YH
HYHANTUPWITaH IOKOPU XapopaTiii TePMUK HIUIOB OepwuinaH ¢oigaraHMaran
xonma, Er'’ opOuii MOHIAPHHM AKTHBIALITUPUII WMKOHHSATH MAaBKy[UIMTHHH
Kypcaraau.

TankukoTnap sxapaéuuaa, MOAU(PUKALMSIIAHTAH OPAJIMKJIApU TEHTr OYyiraH
SpOUN-UTTEpOU  JIeTUpJIaHTaH HaMyHajap, JpOud OuiaH  JerupiaaHran
HaMyHajapra HucOatad »pOuil MOHIAPUHUHT FOKOPH KOHIICHTPAIUSACHUTa ATAJIUTU
aHuKjaHrad. by, urrep6uii wonmapu 850 M man 1100 HM raya KEHr FOTHUII
MOJIOCAcCUra JTajluird Ba WTTEPOMN HMOHJIAPUHMHT HYPJIAHTUPHUIICU3 CHUIIKHUIIN
Xucobura Y3 DSHEpPrusiciHu 3pOuil HOHIapura camapaid Yy3aTUIIM OpKalu
tymyHtupwianu. Hatwxkana sp6uit monnmapunuar 980 HM oOpajduKIard FOTHII
auana3oH KeHrauru topasau (6-pacm). HamyHnanapuu ynuam xoHa XapopaTuia
(T=300K) amanra omupuiaau. CrekTpal XapakTepUCTHUKaJIapJaru ONTHUK ToJja
gyukumuaara KyBBaT 100% ra wmewnépnamTupwiraH Ba HUCOUN Oupiukiapaa
TacBUpiaHrad. MonudukanusaaHrad HaMmyHaJapHUHT aOCOJIOT OWpIUKIapaaru
momuHecueHnusacu Kysearu 0,3-0,4 MmBT ra TeHr.

BakyyMmaa TepMHK OYFIAHTUPWIraH KaTIaMIApHUHT Tapkubu Y3P DA
cunuHr ['eosiorusi Ba reodusvika WHCTUTYTUHUHI PEHTICHIN CIEKTpaT TaXJIWJ
KWINII KypuwiMacuja TEeKIIUpUIraH Ba Vypranwirad. HaTwkana TarjJuKHUHT
MybTagun xapopatiapuaa (150-200°C), BakyyMiau CHHTE3 OpKaldu dSpOouit
KJIACTEPJIAaHUIIN CYHIUPUITaH Ba 2-5 CM T'a TEHT aKTUB OpajUKIa IOKOpH 3pOuid
kouuentparmsacura (10 - 10*') oM™ ora mmaHap Hyp YTKasruwiap OJIMII
MMKOHUSITU aHUKJIAaHTaH. SlpaTuiraH ONTUK Ty3ujaMajapiard ONTHK HYKOTHUIILIAp
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kuiimatn 0,15 nb/cm gaH nmacTiMru ONTHK TONANApHU BakKyyMmMaa TEPMHK
Moau(pUKaIMsIIAIl YCYJUTApUHU UCTUKOOIITa 3ra SKaHIMTUAaH Janoiar oepaay.

OpOUMHUHT IOKOPU KOHIIEHTpPALMSACUTa 3Ta, TEPMUK SPUTHIMAraH ONTHK
TOJIa HaMyHajapu TEPMHUK dpHUIl OOCKMYMIAH YTraH HaMyHajlapra Kaparasja
SpOUli HWOHJIAPU JIIOMUHECUEHUMSACH WHTEHCUBIUTUHUHT IOKOPWIMTH OuiiaH
dapknanaan. MoaudukanusiaHirad ONTHK Toja HaMyHaJlapUHU TEPMHK HIIJIOB
OOCKMYMJAH YTKA3WIUIIM HaTWXKacuaa HSpOuil MOHJAPUHUHT JIFOMUHECLEHIIUS
CIIEKTPU Ba KNHETUKACHUIATH y3rapunuiap 7-pacMjia TaCBUpPJIaHTaH.
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®JI unTeHcHBIMIH (HUCOMI OMPIIMKIA)

1,54 1,56 1,58 1,56
TYAKMH y3YyHJIHUIH, MKM

1,52

7-pacm. Er,0; - SiOy - AL O3 Tapku6 0uiad MoaAuPUKANMSJIAHTAH ONTHK TOJTAHUHT
JIIOMUHECHEHIUSICH Y3rapuil KHHETHKACH

by epna, 1 — Tepmuk umoB Oepuiamarad onTUK Tosna HamyHacu, 2 — 400°C
Xapoparja TepMUK UIUIOB Oepuiiral onTuk Tojla HamyHacu, 3 — 700°C xapopatia
TEPMUK UIUIOB O€pUIIraH ONTHUK TOJIA HAMYHACH.

7-pacMIaH KypuHHO TypuOAuku, KamEO ep DdIeMeHTIapu OuiaH
MOAU(UKALMSIIAHTaH ONTHK TOJIa HaMyHAJapUHUHT TEPMHUK HWIUIOB OepHIIUIIN
HpOuii aKTUB MOHJIAPUHUHT KJIACTEpIaHUIIMHU KenTupub uukapaau. Hatukana
MoAM(UKALMSIIAaHTaH ONTHK ToJlajdap HaMmyHajdapujaa »dpOuil HOHJIAPUHHHT
JIOMUHECILICHIIMS CIIEKTPU KEHrasiiu Ba aKTUB KaMEO ep dJIeMEeHTIap UOHIapUHUHT
HHEPreTUK YTHUILIApU KUHETHUKACKA al-KOHBEPCHOH Oenrmiap naiao 6ynaau. by
xocca Er,O; - Yb,O5 - Si0; - ALO; Tapkub® OunaH MoaAWQUKIUSAIAHTAH ONTHK
ToJIaJlap HamyHalapuaa xaMm Hamo€H Oynau. Kamé€O ep anemeHTNapu Ouian
MOAM(pUKALMSIIAHTAaH ONTUK TOJIAJAPHUHI CIEKTpal XapaKTepUCTUKAIapu ONTHUK
TOJIa KUPHUIIUTAa SpUM YTKA3TMWiId Jlazep HypJjaHUIIM OepwiraHaa Ba OuUp
BaKTHUHT Y3W]a TAIIKW ONTHUK JAamilalll aMajra OMIMpUIraHia yirdaHaau.

OKcHepuMEeHTall KypWwiMaja ONTHK CHUrHajd MaHOau cudaruga MakcuMal
yuKuI KyBBaTH 5 MBT Ba TYynkuH y3yHnuru 1540 HM ra TeHr Oyiran sipum
YTKa3ruwin Jiazepiaan Qoiinananwirad. Moaupukanusuianrad ONTHK TOJaJlapHU
namitami 980 HM TYJIKWUH y3yHiauruaa unuiaiiaurad, 250 MBT HypJiaHUIIHUHT
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KyBBaTHra sra sipuMm yTkazruwiu jnazep €xu 980 um TynkuH y3yuwiaurunaru HMK-
¢bunpTp xamaa 100 BT KyBBaTiu KCEHOH Jamma OpKaJid aMajra OUIMpUIIraH.

Taxpubanapna monudukanusgaHraH ONTUK ToJIajap JIOMHHECLCHIUS Ba
Ky4alTUpHUII XOccalapH JIETUPIIOBYU 3JE€MEHTIAPHUHT KOHUEHTpAIUsIcUra OOFINK
XOJI71a Y3rapuily aHuKJIaHraH (8-pacm).
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®JI unTencuBIArE (HHCONH OHPARKIA)
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TYJAKUH Yy3YHIHTH, MKM

8-pacm. Er,0; - SiOy - ALLO Jerup/10B4y 371€eMEHTJIAPHUHT TYPJIM KOHIEHTpAauusicu OMIaH
MOIM(PUKANUAJAHTAH ONTHK TOJIA CIIEKTPH

By epna, 1 - 10 mol.% Al,O5; Ba 3000 ppm Er,O; 6unan nerupiaHrad ONTHK
MyXxHT, 2 - 1.5 mol.% Al,O3 Ba 3000 ppm Er,O; 6unan nerupiaanrad ONTHK MYXHT.

8-pacMaaH KypuHUO TypuOaMKHU, 1 - pakamiii HaMyHa 2 - pakamJId HaMyHara
Kaparaija IOKOpH JIIOMHUHECUEHIHUs JapakacuHu Hamoium 3tau. by xomuca
ALO; gerupiam 2JIEMEHTUHUHI KaTTa KOHIIEHTpaluscH OuiaH amaira
OIIMPUJITAHU OpKAIM TYIIyHTUpWIaau. Taxpubara acocaH, OyFJIaHTHPWITAH
Marepuaiap TapkuOuaa aJlOMUHUNA OKCHJIM KOHIICHTPAIMSICUHU OPTHIIHN 3pOUi
OKCHUIM OujlaH MojuduKanusIaHTaH ONTHK Tojajapjaa (POTOTIOMUHECICHITUS
WHTEHCHUBJIUTHUHU OIIMPAaAX Ba SpOMN aKTUB HOHJIAPUHHMHT KJIACTEPJIAHUIINHU
cyuaupaau. CrekTpall XapakTepuCTUKaaa, ONTUK Tosia yukuiuaaru KyBeatr 100%
ra MeBbEPIAITUPUITAH Ba HUCOUM OupiuKIapaa KEJITUPUJITaH.
MopaudukanusiaHraH HaMyHaJapHUHT JIFoMuHecHeHiusacu KyBBatu 0,3-0,4 mBTt
HU TaIlKWI 3TaJIH.

Vrkasuaran —Taxpubamap Ba  yiuammiap  acocHja  ONTHK  TOJAJIH
Ky4aUTUPTrUWIap KBaHT caMapaJopiuTrvMHu SpOud HOHJIApU Ba JIETHPJIOBUU
apajammaiap KOHIEHTpauusicura OOFIMKIUK kajBainu oJuHran (1->kamgsai).
DOpOuii nerupiianrad ToJjajdu KydauTUpruuaapHu paTUIa, *KaaBajira acocjaaHraH
X0J1/1a, YIAPHUHT KYYaUTUPHUII MTapaMeTpiIapuHy ONTUMAIIAIITUPUIIT MyMKHH.

Kanpanna rianap €pyFiauK YTKa3TMUUHUHT Ky4aWTHUPHUII camMapagopiIuruHu
yiyaim HaTwKanapu HUCOWMN Oupiukiapaa kentupuwirad. bupnuk cudartuna
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ATIOMUHUN OKCUAM OWJIaH MakcUMasl Jerupjamijga Ba 3pOuil okcuau OusiaH
ONITUMAJI JICTUPJIAIIIAr MaKCUMaJl OJIMHTaH KyYauTHPHUII KaOyJl KHJIMHTaH.

1-xkaaBaua
quai/iTupruq CI/I(l)aTI/I}Ia HIIAaTHJIATaH MO)II/I(I)I/IKalIl/IHJ'laHFaH HaMyHaJIapHI/[HF KBaHTJ/IN
CaMapajJaop/JIMIriii aHUKJIAI KAABAJHA

Er,O; . o
ppm Kyuaittupui camapagopiauru, HucOui oupiaukiapaa
10| 50 | 100 | 250 | 500 | 1000 | 3000 | 5000 | 10000
ALO;
mol.%
0 1 1077 | 061 | 0.38 | 0.07 - — — i
1.5 1 1094)|092]0.79| 0.60 | 0.29 | 0.02 — —
2.3 1 1098]1096|092]0.80| 0.69 | 0.30 | 0.13 —
10 1 1098]096|094|0.85| 0.73 | 0.34 | 0.15 | 0.03
15 1 1 0.981096]091] 0.81 | 043 | 0.23 | 0.10
18 1 1 1 0981096 | 0.88 | 0.56 | 0.32 | 0.18

OpOuil OKCUIMHUHT I0KOPU KOHLEHTpALMIIapUIa TOJAIN Ky4Yal TUPTUYHUHT
HUCOMN caMapaJopiuru KaMaluinura KapamacJaH, ajJlOMUHUA OKCUIAMHHHT
KYIIMMYa HOHJIApU 3pOMN MOHJAPUHUHT HYPJIAHTHUPUIL MapKazJapuHU OLIUpaId
Ba IUIAHAP TOJAIH Ky4YaUTUPTUUYHHUHT Y3YHJIUTUHH 5-10 cM ra eTKa3uil UMKOHUATH
ApayIaau.

HucceprauusHuar OemnHun «MoanpukanusaIaHraH ONTHK MYXHTJap
acocuaa KHCKAa MacodaiM ONTHK TOJAIM KYYaTHPTHYJIAPHHM SIPATHII»
0600uga Kucka Macodand ONTHUK KyYaWTUPrUYJapHH SpaTHIl ycyiuiapu OaéH
STWITAH, MHTETpaj ONTHUK THU3UMJIAp Y4YyH IUIAHAP ONTUK Ky4YaTUprU4djIapHU
SAPATUIIHUHT HKCIIEPUMEHTAN *)apa¢Hyiapu TaBcU(IaHTaH, UIYHUHTACK, CIEKTpall
3UWIAIITUPWITAH TU3UMJAPD YYYH ONTHK Ky4YaWTUprudjiap IapaMeTpiapuHu
xucobmam amanra omupwirad. Illy myHocabar OunaH Kucka macodanu ONTHK
Ky4aUTUPrUuIapHUHT acocuid ad3amiurd Moau@uKalusiaHraH opalnukia KaMeo
€p dJEMEHTIIap aKTUB MOHJIAPUHUHT FOKOPU KOHIIEHTPALUACH XUCOOIaHAIH.

bemnnun 6061a Kucka Macodanu ONTUK KydaWTUPTUYIapHU Tal€pialiHUHT
UKKU ycynu Takiud stunrad. bupunum Taknud sTwiran ycyia Kucka macodanu
ONTUK KyYaWTUpPruujgapHU Tai€pnam ycyau OYiaubd, ONTHK ToJaJapHU OYMK
cuptura 0eBoCHUTa TEPMHUK OYFIaHTHUpUII EpJaMujia JIOKaJl MoAU(UKaALUsIaHTaH
OITHK TOJIAJAPHM OJUIIAaH noopaT. TabKumanranuaek, 0y MoaupuKalusianral
ONTUK TOJalap 5 CM Y3YHJIHUKAAru OpajiuKAa ONTHUK cUrHaiHu & b raua
KydallTupuiura HMKOH  Oepanu. Mapxya  OynraH  ONTHK — TOJallapHU
MOAM(pUKALMSIIAI OPKAIM SIpaTHIIraH KUCKAa mMacodaiu ONTUK KydaTupruuiap
KyJnai xucoOmnanaau, uyHku ynap OTAJI ma kynnanunaérraH ONTHUK Toja OWJaH
MypaKKka® MOCTAIITUPHUII CXEMaJIapUHU Tajlad KUJIManIu.

NKKMHYM yCyl MOHOKPHUCTAUIM KPEMHMUJAH TauE€piiaHraH CalKaJUIaHTaH
TarJIuK CUpTUra MOAU(PUKALMSIIAHTAH KYII KOMIOHEHTIN ONTHK KATIAMHU XOCHII
KWW WYIM OWilaH MHTErpaj ONTUK THU3UMIIAD YYYyH MYVIDKaJUIAHTaH IUTaHap
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ONTUK Ky4aUTUpruwiapHu sipatumgad noopat (9-pacm). Kyn komnonentiu (SiOx
- GeO; - Er,03) onTuk KaTiaMHU YCTUPUIN KapaHU BaKyyM LIApOUTH]A amalra
omupmirad. Taxxpubanapra kypa 3pOuil akTUB HUOHJIAPU FOKOPU KOHUEHTPAIUSIN
(10 - 10*") cM” mawo TysmnMamap onTHK curHamHH 6 ab/cM KuMiiMaTraua
camapasiid Ky4alTUpHILIN aHUKJIaHTaH.

Si 7

4 5

9-pacm. UHTerpaJ onTuK TOJIAJM TH3UMJIAP YYYH IUIAHAP ONTHK KYy4YaHTHPIUYJIAPHHI
TaiépJiam cxeMacu

By epna, 1 - MOHOKpHUCTa/UI KPEMHHUMJIM TarjvK, 2 - OKCHJJIAHTHPUJITAH
KpeMHHUH KarjaaM, 3 - BakyyMmJa IIaK/UIaHTUPWITaH 3pOuil OwWiiaH JerupliaHraH
IJIaHap Hyp YTKa3ruu Y3aruHUHT KatiaMu;, 4 - OyFJIaHTUPHUJIAIUTaH dJIEMEHTIap
COJIMHTaH KaWuK4dajnap, 5 - 3JIEKTPOH OKUM OpKaJId KU3JUpHIAIuraH JAuOOopH
tutad (TiB,), 6 — TYcuknap, 7- NEKTPOH OKUM TPACKTOPHUSICH, 8 - TEPMOKATO/I.

Taxpubanap  HaTWKacuza  OJIMHraH  KUCKa  Macoaiu  ONTHK
KYYaUTHUPrUWIAPHUHT  CHEKTpajl  XapaKTEpUCTHUKAJIApM  Ba  Ky4YaWTHpHII
napaMeTpiaapuHu yndam 10-pacMaa KEATUPWITaH ONTHK KypWJIMAJIAPHU YJIAHMIII
CXEMacH acoCu/Ja aMaira OIIMUPHIIIN.

1
oo 57
ooog OO
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2 VOA 0sA

10-pacM. ONTHK KYYAaUTHPrHYHUHT KYYAUTHPUII KO3(PPUIUEHTHHH YI4alra
MYJ/IKAJUVIAHTAH ONITHK KYyPWIMAJAPHHU YJIAHUII 0JI0K-CXeMacH

by epna, 1 - curnan manGau (TOK Te€HEpPATOpPH), 2 - SIPUM YTKA3TUUIH JIa3ep,
3-onTuk arteHwoarop, 4-unrepdepennrion Guwibtp (980 HM), S-OorKapuaaguraH
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TOK MaHOaWra yJinaHraH KCEHOH JiamIia, 6 - KUCKa Macodalid ONTUK Ky4auTHprud,
7-onTuk criektp aHanuzaropu (OSA).

Maskyp Onok-cxema acocuaa KHCKa  Macodamy  ONTHK  TOJAJIU
Ky9aWTHPTUUIAPHUHT Ky9alTHPHII TTapaMeTpiapy 2->KaBaiia KeaTHPUTraH.

2-KaaBaj
Kucka macodanu onTHK Ky4ad THPruwiap napamMeTrp/JaapuHu yJI4am HATHKAJIapH
Jlamar (%) 50% | 100% 50% | 100%
Kupum
CUTHAJIMHUHT HMKHUIZATH ONTHK CHTHATHHHT CurnansHuHr Kyvaiiumu (ab)
kyBBaTH (15M) KyBBatu (1bm)
-30 -10,1 -7,2 19,9 22,8
-25 -7,1 -4,8 17,9 20,2
-20 -3,8 -1,5 16,2 18,5
-15 -1,6 1,1 13,4 16,1
-10 -0,5 2,2 9,5 12,2
-5 1 2,9 6 7,9

OnuHran SKCIEpUMEHTANl HaTWKajiap Jamiiaml KyBBaTd Y3uUHUHT 100% nu
KyBBatuJaH 50% KyBBaTHM TalIKWJI 3TraHja MacT CUTHAUIAp YYYH Ky4YaWTHPHII
kuitmatu 12,0216 ra Tenrnmruan kypcatau. Jdamnam KyBatu 100% makcuman
Kuiimatra sra 6ynranuna, - 304bM KyBBaT/IM KUPHII CUTHAIU YUYyH Ky4alTHpHUII
kuiimat 15,6816 ta Tenr. By spOuil serumpiaHraH ONTUK Ky4aWTHUPTUUHHHT
Ky4YalTHpUII XyCyCUSATIapu Jamjaml KyBBaTWra TYFPH NPONOPLUOHAN JIETaHU.
BUpOK, KUpHII CHTHaIM OpPTraHW Capu ONTHUK KYYaWTUPTHYHHUHI Ky4aWTHPUIIN
TyxTail OolUIaliiu Ba Ky4aTUpPrud TYHUHUII peXUMHUra yraau. by xycycust
Oapua >pOuil JerupiaHraH ONTHUK Ky4daWTUpruwiap yuyyH yMyMHUH XucoOJiaHaIu.
I1-pacmpa EDFA xampga wnwiad  4MkuiaradH Kucka Macodaiu  ONTHK
Ky4YaUTUPTUWIAPHHUHT CIIEKTPal XapaKTEPUCTUKAIAPU KEITUPUIITaH
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11-pacm. 3amonaBuii EDFA (akTHB ONTHK TOJ1a Y3YHJIMITH 2 M) Ba KUCKAa Maco(ajii onTHK
KYYal THPTHYHMHT (MOAM(PUKANMATAHTAH 0V/IaK Y3YHJIUTH — 6 cM) criekTpaJ
XapaKTepUCTUKAIAPH
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by epna, 1 - A = 1554 uM ra TeHr TYJIKUH y3yHJIWUTHUAArd KydalTUPHITaH
ontuk Hypaanul (Psour), 2-5pOWil  MOHIAPUHUHT  ¥3-Y3HMIaH aBTOMATHUK
smuccusimanum - catxu  (Pysg), 3 - A = ~1540 HM opanuruaa >pOuit
JIFOMUHECUEHIUACUHUHT MAKCUMYMH.

Kucka macodanu onTuk KyyauTupruwiapja aamiiam xucooura, 6 cM ra TeHT
Oynran oSpOui  JerupiaHrad  Oyiakagard  akTUB  SpOUN  MOHJAPUHUHT
xouuentparusack (10 - 10*") cm™ ra eraan. 3aMoHaBuil >p6uii JNermpiaHran
ONTUK Ky4yalTupruwiapja Oy KMWMaT JIETUpJIaHTaH ONTUK TOJaHUHT Oyiaru 4 m
JaH IOKOpH OViraHuja Ky3aTWiaau. 2-)KaJBaira Kypa KUcKa macodanu ONTHK
kydailtupruuiap 10-15 gb coxasa onTHK CHUTHA/UIApHU CcaMapajid Ky4aTHpUII
UMKOHUATHra 3ra. ll-pacMmra acocan Kucka macodaid ONTHK KydalTuUpruwiap
yuyH P,sp mapametp 3amoHaBuii EDFA kywailTupruunapra KaparaHja ce3uiapiiv
napakaga TacT OynumM  ungiad  YMKWIraH  KUCKa  Macodaiau  ONTHK
KyYaUTUPrUYHUHT IIOBKUH-(AKTOp NapaMeTpUHU TNACTIWTUHU TabMHUHIIANWIN.
Nnuta® yukuiaran Kucka macodaid ONTUK KydaWTupruuiapia HMIOBKUH-(aKTOP
kuitMaTy 1-2 1B ra Tenr. Y3 HaB6aTHAA IIOBKMH CATXM MACT OYJIraH ONTHK TONAJH
Ky4alTUpruwiapHd ONTHUK TOJAIU ajloKa THU3UMJIapuja KYJUIAHWIUIIA ONTHUK
curHaiHuHr OSNR kuiiMaTuHU 1OKOpH OVynuiura onu0 Keiaaau Ba HILIOHWIN
aNOKaHW TabMUHIAWIW. ByHnan Ttamikapu, nazep (curHan manOau) €KuiIraHia
KYHIQJaHT  ONTUK  JamJlaHraH odpOuil  HMOHJAPUHUHT  JIIOMHUHECICHIIUS
XapaKTepUCTUKACH CWUIMKIAHUIIM Ky3atwiaau, Oy aca, OTAJl tusummapuaa
KYJTaHWIaUraH KyYaWTUPTUYHUHT CHEKTpajl XapaKTePUCTUKACUHUHI YHM3UKIU
OYIUIIMHK Ba ONTHK TOJAJIAPHUHI MAabIyMOT Yy3aTHII MNapameTpiiapu cudartu
OLLMIINHYU TAbMUHIIAWIH.

XVJIOCA

TankukoTIapHUHT 0JMO OOpMIHILY KapaCHUAA OJMHITAH aCOCUM HaTIKajiap
KyluaaruiaapaaH uoopar:

1. Bakyymaa TepMuk OyFIaHTHPUIN YCYJIU OpKAJIW MOAM(PUKALMSIIAHTAH
ortuk Tonanapaa MK-apamasoHaa I0KOPH THHHKINK AapaxacH, 0KopH ~10° Om
CM COJMINTHPMA KAPIIMIHK Ba 3p6muii okcuanapuuunr (Er,0s) rokopu (107 - 10
CM™ KOHICHTPALMSCUra dra OUp KMHCIM IMANEKTPUK IONKA KATIAMIH ONTHK
Ty3WJIMaJapHU OJIUII TAbMUHIIAHA/IH.

2. DOp6uii oxkcunuan (Er,O;) amomunuit okcuau (Al,Os;) O6wian Bakyymia
KyIIMMYa JIETUpJAll OpKajdud HpOuil MOHJAPUHUHI KJIacTepjaHUIl Japa’kacu
nacauTupuiInIy, 2-5 cM yimyamian Moau(UKanusiIaHraH ONTUK Tojanapia 3pOoui
AKTUB HOHJIAPUHUHT  OKOPH (1020-1021) cM” KOHUEHTpaUUsi KUUMATUHU
TabMUHIANM, Iy OusaH Oupra an-KoHBEpCHs XoAucacu 6aprapad >TUiIaIu.

3. Bakyymaa Hazopar KWIMII YCYJIMHM KYyJJlaraH Xojja TEepMHUK
OyfnmanTupum €praMmujia ONTHK ToJIaHUHT Jokan Oymaruga Er,03-Si0,-Al,O5 Ba
Er;,03-Yb,0;-S10,-Al,03 TapkuOiam onTHK MIaHap Hyp YTKazruwiap TaiépiaHaau.
Jlokan momudukanusinanran MyxuT 980 HM TYJIKUH y3yHIMTW €pIaMuia ONTHK
JaMjiaHaId Ba MoauduKanusuiaHTad onka Kariaamaa ~1540 am coxana OTAJI na
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KYJUIaHUJUIIM y4yH aMmanuid axamusarra sra Oynran WK Hypnanum xocun
KWINHAIN.

4. OnTuK TONAHUHT JOKaJl Oynakiapuaa Ba kpemHHil okcuauHuHr (SIO;)
TarJIMKJIapuja BaKyyMJa Ha3opaT KWJIMHAIUTaH TEPMHUK OYFIaHTHPUII YCYIU
opkanmu sipatuirad Er,03-S10,-AL0; Ba  Ery03-Yb,05-S10,-Al,05 mnmanap ontuk
TY3WIMAJIAPHUHT KYyYaWTHPHUILI XOCCAlapHu TAAKUK KWJIMHAAW. XOCWJ KWIMHTaH
ONTUK  TY3WIMaJapHU  IOMIIATUII  Ba  DPUTUII  JpOUNA  MOHIAPUHUHT
KJIACTEPU3ALUACUHA KEATUPUO YUKapuiu KypcaTwiaad. ONTUK Ty3WIMalapHU
TEPMUK HILJIOB OEpHlll OpKaJW IOMIIATUII HATH)KAcHJa ONTHK HaMyHalapia
(OTOMOMUHECIICHIIMS CIIEKTPUHU KEHTralMIlM Ba HYpPJIAHUII KWHETUKACHa afl-
KOHBEPCHOH Kapa€HJIap Ky3aTUIaIau.

5. Kcenon nammna Ba 980 HM 5 uHTEpPEepeHIMOH QUIBTp €pAamMuaa ONTUK
naminanran 3pouii (Er), urrepOuii (Yb) Ounan Oupranukaa moaudukanysiiaHral
HaMyHajapja JIOMUHECUEHINS HYPJIAHTUPHIL CIEKTPUHUA TOPAUUILIN AHUKJIAHAIH.
Er Ba Yb Ounan Gupranukna MoauduUKalMsUIaHTaH ONTHK ToJiajap/ia HypJIaHUII
CHEKTPUHU TOpAMMIIKM MUTTEpPOMH HOHJIApPU MACTKU HHEPreTUK caTxra YTUIl
xKapa€HMIa Y3  DHEpruslapuHu  3pOuil  HOHJapura  y3aTHIIM  OpKalu
TYIIYHTUPUIIA]IH.

6. Bakyymnu OyfIaHTHpHUII yCYIM OpPKaJW SpaTHIIraH ONTHUK Ty3WJMaap
xoHa xapopatuza (7=300K) ¢oromomunecennmsiauar (Er™) Makcuman
WHTEHCUBIIUTY HaMOEH OYnaau, JIOKaJl OYMK ONTHUK TOJIAHWHT TasHY CHUPTHAArU
€Kl KpEeMHHUH Tariaukgard ONTHK TYy3WJIMa OHpHIl OOCKMYMHMU 4eTnad YTuo
OyFJIaHTUPHUII OPKAJIM IAKIIaHTUpWiIaad. ONTHK MyXUT Xaxkmunaa nuddysus Ba
KOHBEKTHUB OMMAaBUU YTHII )KapaCHIAPUHUHT CYHIUPWITAHINIY IIHIIA XaKMH]IA
HpOuUii aKTUB MOHJIAPUHUHT CTaTUK OUp TEKUC TAKCUMIIAHUIIUTa UMKOH Oepajiu.

7. HOxkopu Tte3muknu OTAJI nap Ba wHHTErpaJ ONTUKAJAa ONTHUK
Ky4alTHpruwiap, CEHcopiap Ba TOJAJIM AATUYMKIAP sSpaTHIIAA WIUIATHIAJIATaH
MOAM(pUKALMSIIAHTaH ONTUK MYXUTJIAap acocuja ONTHK ToJajlap Ba IUIaHAP ONTHK
Ty3wiMmanap TaWé€prnaHanu. byrnantupuwiaran  MoauduUKalUsIaHTaH — ONTHK
Ty3WJManap ONTUK Tosa y3aru OuinaH 65% man 75% rada mMociamuil Ba «ONTHK
TONAa y3arM — ONTUK MYXWAT — ONTUK TOJa y3aru» Jia3ep HYpJIaHUIIWHUHT
YTUIUIApYU CaMapaJOpJIMTMHU OPTUIIM HATWXKacuua, 2-5 cM ya4amid JIOKall
MoauduKanusiianran opanukaa 5-10 b raya onTHK CUTHAJIHU Ky4aWTUpPHILTa
SPUIIIIAIN.

8. MHTerpan onTUK THU3UMIAP YYyH KBapl OKCHIH Tarjluruia YCTUPWITAH
iaHap MoAUUKAIMUIAHTaH ONTUK Ty3UJaMalap KYpUHUIIUAAru Kucka Macodanu
ontuk kydantupruuiap C-Band (1529-1565 am) muanazonunnga DWDM Ttuzum
TYPYXJIU ONTHUK CUTHAJIHU KYYalUIIMHUA Ba KyYaWTHPrdd YUKHUIIUAATH TYPYXJId
CUTHAJUIAp KEHT TOJoCAId CHJUIMKIOBYM (UIBTpIapCcHU3 JUHeapu3alusIaHTaH
KYpUHUILA OYIMITUHU TabMUHIANIH.

9. Kaméb ep onneMeHTNnapyu HOHJIAPUHUHT IOKOPUM KOHUEHTpAILUsIN
MOAU(UKALMSIIAHTAaH ONTHUK MYXUTJIAapJa spaTWiraH ONTUK KydalTupruuiap
OTAJI suar DWDM Tuszumiapuaa macT MOBKUH - (GakTop mapaMeTpy Ba IOKOPHU
OSNR (Optical signal noise ratio) ONTHMK CHUTHAJHWUHT IIIOBKWHTAa HHCOATHUHU
oepaau.
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HAYYHBIN COBET npu TANIKEHTCKOM YHUBEPCUTETE
WH®OPMAIIMOHHBIX TEXHOJIOT U u HAITTUOHAJIBHOM
YHUBEPCHUTETE Y3EEKMCTAHA no IPUCYXKJIEHWIO YYEHOI
CTEIIEHM JOKTOPA HAYK 16.07.2013.T/FM.29.01

TAIIKEHTCKAHX YHUBEPCUTET HH®OPMAIIMOHHBIX
TEXHOJIOI'UN

NHOI'AMOB AKMAJI MYPATOBHUY

METOAbI MOANPUKALINU OIITUYECKHUX BOJIOKOH
PEAKO3EMEJIBHBIMHU JIEMEHTAMM N UX
CIHIEKTPAJIBHBIE XAPAKTEPUCTHUKHA

05.04.02 - CucremMbl 4 YCTPOICTBA PAAUOTEXHUKH, PAIMOHABUTAIIUM, PAIMOJTOKALMHU H
TeseBuAeHUusi. MoOMJIbHbIE, BOJIOKOHHO-ONITHYECKHE CHCTEMBbI CBSI3H
(TeXHMYeCKHe HAYKH)

ABTOPE®EPAT JJOKTOPCKOM JUCCEPTAIIMA

Tamkent — 2016
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Tema 10KTOPCKO# quccepTauuu 3aperucrpupoana 3a Ne30.09.2014/B2014.5.T329 B Boicuueii
arrectanuoHHoi komuccuu npu Kabunere MunuctpoB Pecny0suku Y30eKucraH.

JIokTopcKasi Juccepralds BbIONHEHa B TalIKeHTCKOM YHHBEPCHTETe HWH()OPMAIMOHHBIX
TEXHOJIOTUH.

ABTOpedepar auccepTalny Ha Tpex sA3bIKax (y30eKCKHi, pyCCKHiA, aHTJIMICKHIA) pa3MeleH Ha BeO-
ctpanune HaydyHoro comera mo aapecy (www.tuit.uz) u uH(GOpPMaIMOHHO-00pa30BaTEILHOM IOpPTAJIC
«ZIYONET» mo agpecy (Www.ziyonet.uz).

Hay4Hblil KOHCYJbTAHT: PamxaboB Tenbman [lamacBuy
JOKTOp (PU3MKO-MATEeMAaTHYECKUX HaYK, podeccop

O¢puunanbHbie ONMOHEHTHI: AOnykaroMoB AOaypamua A0y IXxaupoBuY
JIOKTOP TEXHUYECKUX Hayk, mpodeccop

Baxpomos Cabaysia AOaysuiaeBuy
JOKTOp (PU3MKO-MATEeMaTHYCCKUX HaYK, podeccop

PaxumoB HebpMatxoH
JIOKTOP TEXHUYECKUX HayK, mpodeccop

Benymasi opranusamnus: «UNICON.UZ» llenTp HayYHO-TEXHUIECKIX U MAPKETUHTOBBIX
HCCIIeIOBaHUI

3ammrTa QHCCEpPTALMH COCTOMTCS « 25 » despans 2016 r. B 10" wyacoB Ha 3acemanmu
Hayunoro cosera 16.07.2013.T/FM.29.01 mnpu TalikeHTCKOM yHUBEpCHUTETe HH(POPMAIIMOHHBIX
TexHonorud M HarumonanbHOM yHuBepcutTere Yi30Oekucrana. (Aapec: 100202, Tamkent, yia. Amwupa
Temypa, 108. Ten.: (99871) 238-64-43; dakc: (99871) 238-65-52; e-mail:_tuit@tuit.uz).

C nokropckod JmuccepTaliel MOXHO O3HAKOMHTHCS B MH(MOpMannOHHO-pECYPCHOM IIEHTpE
TalmkeHTCKOro YHUBEpCUTETa HH(OPMAIIMOHHBIX TEXHOJIOTHI (PEerucTpaliioHHbI HoMep Ne ).
Anpec: 100202, TamkenT, yn. AMupa Temypa, 108. Ten.: (99871) 238-65-44.

ABTropedepar auccepTanuy pasocialn « 25 » suBaps___ 2016T.
(mpotokon pacceuTky Ne oT « » 2016 T1.).

X.K.Apunos
[pencenarens HAYYHOTO COBETA MO MPUCYKACHUIO
y4€HOM CTerleHH JOKTOpa HayK, J.-(.M.H., mpodeccop

M.C.5Iky0oB
VYueHslii cekperapb HAYYHOT'O COBETA 110 MPUCYKIECHUIO
y4€HOM CTereHH JOKTOpa HayK, JI.T.H., mpod)eccop

T.H.Huumon6oen

Ipeacenarens HaydHOro ceMuHapa npu Haydanom
COBETE T10 TIPUCYKICHHUIO YIEHOH CTEIeHH TOKTOpa
HayK, JI.T.H., mpodeccop
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BBenenue (aHHOTAIMS JOKTOPCKOM TUCCEPTALIAN)

AKTYaJIbHOCTh M BOCTPe0OBAHHOCTH TeMbl auccepTamuu. B mupooi
apeHe, 3aBUCUMOCTh HH(POPMAIMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJOTMH OT
MPOIYCKHON CIOCOOHOCTH BOJIOKOHHO-ONTHUYECKUX JIMHUW CBSI3U, CTPEMUTEIbHOE
pa3BUTHE PHIHKA TEJIEKOMMYHHUKAIIUOHHBIX, PAJTUOTEXHHUUECKHMX U MOOMIBHBIX
CUCTEM CBSI3H BBIABISIET HEOOXOJUMOCTh UCIOJb30BaHUS METOJI0B MOAU(PUKALINU
ONTUYECKUX BOJOKOH PEAKO3EMEIbHBIMU  3JEMEHTaMU IS YBEJIHYCHHS
MPOIYCKHON CIOCOOHOCTH 0a30BOM ONTHUYECKOW CETH, KOTOpPas COCAUHSIET Y3JIbI
KOHBEPI'€HIIMM CHUCTEM CBS3UM BBICOKOCKOPOCTHBIM TpadukoM. B OCHOBHBIX
CErMEHTaX CeTeld CBSI3U - TOpPOJCKUE, MAaruCTPaJIbHbIE, MEXAYTOpPOJHUE W
JIOKaJbHbIE BBIYMCIUTEIbHBIE CETH, TIO MOoKa3aTesnssM Ha 2005 roj uCnoib30BaHUE
ONTUYECKOI'0 BOJIOKHA COCTaBUJIO OoJiee 68 MIIH.KM M yBEJIIMYUJICS MO OTPACsM B
nenom Ha 15%. Ilo wroram 2012 roma mnoka3aTenb HW3rOTOBIECHHBIX U
MPUMEHSEMBIX ONTUYECKUX BOJIOKOH COCTaBUI 225 MIH.KM, U3 KOTOpPOTO
npuHaexkuT SAnonun 35-36 muH.kM, Kutaiickoit napomHout pecmyOnuke 100
MiH.KM, CIITA 32 miH.KM U cTpaHaM EBporeiickoro corosa 26 MIIH.KM.

Ha mnpakTthke B TEJIEKOMMYHMKALIMOHHBIX CETAX Hayall HPUMEHSIThCS
mpokonosiociele LTE (Long Term Evolution) TexHonorum MoOMIBHOM CBS3U
YEeTBEPTOro IMOKOJIEHUs. B MOOMIBHBIX CETAX YETBEPTOrO IOKOJEHUS IO
tpeboBanusiM 3GPP (3rd Generation Partnership Project) m MmexaynapoaHoi
opranm3auuu IMT-Advanced, ckopocTes nepemaun uHbOpPMALMHU [JJIS OJHOTO
abOHEeHTa He JOJDKHA  omyckarbess  Hmxke  11'6ut/c.  Hcnonb3oBanue
MOAU(PUIUPOBAHHBIX ONTHYECKUX BOJIOKOH B CHCTEMax ONTHUYECKON CBS3U
oOecrieynBaeT 0a30BbI€ CTAHIMUM MOOWJIBHBIX OIEPATOPOB BBICOKOCKOPOCTHBIM
TpaMKOM U CIIOCOOCTBYET YBEJIMUEHHUIO YHCTIa AaOOHEHTOB.

B 3T0i1 cBsi3M, pelleHre TaKuX BOIMPOCOB KaK MOAM(DUKALMS ONTUYECKHUX
BOJIOKOH PEJIKO3EMENbHBIMU JIEMEHTAMU, MOJIU(DUKAIUS ONTUYECKUX BOJOKOH C
MPUMEHEHUEM METO0B KBapLIEBOIO PE30HATOPA U KOHTPOJIUPYEMOTO0 BaKyyMHOTO
TEPMHUYECKOTO OCAXKIEHUS, BBICOKOTOYHBIM KOHTPOJb TOJIIMHBI M COCTaBa,
OCaXKJA€MbIX MHOTOKOMIIOHEHTHBIX ONTHYECKUX TUIEHOK Ha JIOKAJbHO OTKPBITYIO
CEPJILIEBUHY ONTUYECKOTO BOJIOKHA, OJHOBPEMEHHOE KOHTPOJIUPYEMOE BaKyyMHOE
OCAXKJEHUE OKCUIOB 3pOus, UTTepOus, KpPEeMHUS U aJIIOMUHUSA, CO3JaHUE
ONTUYECKHUX BOJIOKOH C MOJIaBJIEHHOMN KJIacTepu3alieil HOHOB ApOus U MOIyYeHHE
BBICOKOM  KOHIIGHTpAallMM aKTUBHBIX HMOHOB  PEIKO3EMEIBHOTO  3JIEMEHTa
(10°-10°") cm” B DOPMHPOBAHHBIX ONTHYECKHX CTPYKTYpaX, HCCICIOBAHHUE
CHEKTPAIbHBIX XaPAaKTEPUCTUK MOJUPUIMPOBAHHBIX ONTUYECKUX BOJOKOH
JIETUPOBAHHBIX MHOTOKOMITIOHEHTHBIM cocTtaBoM Er,O; - ALO; - SiO4 u Er,O; -
Yb,03 - ALL,O; - SiOy, (1<x<2) MOAy4YE€HHBIX METOJJOM BaKyYMHOI'O TEPMUYECKOTO
OCAXJEeHUs, co3llaHue dS(PPEKTUBHBIX IUIAHAPHBIX M BOJOKOHHO-ONTHUYECKUX
YCUJIUTEJIEH C BBICOKUM (1020-1021) cM” COJEpP/)KAHUEM AaKTUBHBIX HOHOB
PEAKO3EMENBHOTO 3JIeMEHTa, pa3paboTka METOAOB O0OpabOTKM BOJIOKOHHO-
ONTUYECKUX MaTepUaJoB U pa3pabOTKa HAa UX OCHOBE OINTORJIEKTPOHHBIX CHUCTEM
nepenaun WHGOPMAIMM HAMPABIECHHBIX HA pEIIEHHWE BOMPOCOB oOOecreyeHus
HU3KOT0 ToKazarens myMm-(paktopa u Beicokoro napamerpa OSNR (Optical signal
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noise  ratio0) B  ONTHUYECKUX  YCHUJIUTENSIX  CO3JIaHHBIX HAa  OCHOBE
MOAU(PUIUPOBAHHBIX ONTUYECKUX BOJOKOH C BBICOKOW KOHIEHTpaluend 3pous
SBJSIETCS AKTyaJbHBIM ISl TEJIEKOMMYHHUKAIIMOHHBIX, PAJIUOTEXHUYECKUX U
MOOMIIBHBIX CHCTEM CBSI3H.

Jlnst  co3maHuWs BBICOKOM KOHIICHTpAIllMU AaKTUBHBIX HOHOB 3p0usi B
MOAU(PUIUPOBAHHBIX ONTHUYECKUX BOJOKHAX, YCOBEPIIEHCTBOBAHHME IPOIECCOB
s pexkTuBHON MOIUPUKAIIMK ONTUYECKUX BOJOKOH U co3faHue 3(P(HEKTUBHBIX
KOPOTKO-IUCTAHIIMOHHBIX BOJOKOHHO-ONTHYECKUX YCUIIUTENEH, NpecTaBiIseT
0CcOoOBIii HWHTEpec pa3paboTKa METOAOB MHOTOKOMIIOHEHTHOTO BaKyyMHOIO
OCAXKJEHUs M MOJU(UKAIMU ONTHYECKUX BOJOKOH MYyTEM KOHTPOJIHUPYEMOTO
TEPMUYECKOT0 OCaXACHUS OKCUAOB ApOUs, UTTEpOUs, KPEMHUSI U AITIOMUHUSA Ha
OTKPBITYIO TOBEPXHOCTH ONTUYECKOI'O BOJOKHA.

HccnenoBanue MaHHOW IUCCEPTALUU CIYXKUT JJisl 00eCleueHusl peanu3alnun
3amau onpeaeneHHbiX B [loctanoBnenun Ilpesumnenta PecnyOnuku Y30ekucrtan
Ne TITI-1730 «O mepax mo JajnpHEWIIEMY BHEAPEHUIO M PA3BUTHI0 COBPEMEHHBIX
MH(OPMAIIMOHHO-KOMMYHHUKAIIMOHHBIX TexHojorui» ot 21 maprta 2012 roga, a
Takke B nocrtaHoBieHun KaOunera MunuctpoB Ne 353 «O0 yrBepxkaeHUU
KOHIEMIMNA PAa3BUTUSA AJIEKTPOHHON Kommepuuu B PecnyOnuke Y30ekucraH Ha
nepuona 2016-2018 roas» ot 4 nekadbps 2015 rona.

CooTBeTcTBHE MCC/IEA0BAHUS PUOPUTETHHIM HANPABJIEHUAM Pa3BUTHS
HAYKH M TeXHOJOrui pecnyOauku. JlaHHas guccepTanusi BbBIIIOJIHEHAa B
COOTBETCTBUHM CO CIEAYIOMMMH MIPUOPUTETHBIMHU HANIPaBICHUSIMU Pa3BUTHUSI HAYKU
u TexHonorun B pecnybnuke: IIIIHU-5-«Pa3pabotka uHOOpPMAIMOHHBIX
TEXHOJIOTUM, TEJIEKOMMYHUKAIMOHHBIX CETEH, anmapaTHO-MPOrpaMMHBIX CPEJICTB,
METOJIOB U CHCTEM HHTEJUIEKTYaJIbHOrO YNpPAaBICHUS U 00y4YEHUs, HalPaBICHHBIX
Ha TIOBBIIEHUS] ypoBHSA uHPopmaTuzauu ooémectBay; [IIMIN-4-«Pa3Butue
METO/IOB HCHOJb30BAHUS BO300HOBISIEMBIX MCTOYHUKOB 3SHEPrUH, CO3JaHUE
TEXHOJIOTUH M YCTPOMCTB HAa OCHOBE HAHOTEXHOJIOTHM, (POTOHUKH M APYIHX
MEePeTOBbIX TEXHOIOTHII.

O030p 3apy0exkHBIX HAYYHBIX HCCJAECIOBAHHN IO TeMe IMCCEPTALMM.
B Beaymux HayqHBIX IEHTPAaX MHUPA U BBICIINX YUCOHBIX 3aBEJICHUSIX, B TOM UHCIIE
B MeXayHapoiHOM cotose dekTpocBsizu [TU-T (International Telecommunication
Union), Fukurawa, Sumitomo, Fujikura (Anonwus), Corning Optical
Communications (CIHIA), Alcatel (®dpanmus), 3A0 «ONTHKOBOJOKOHHBIE
Cuctembi» (Poccus), Dutch Fiber (I'epmanust), Draka (lanust), Samsung (FOxxnHas
Kopes) wu Pirelli (Mtanust) mnpoBoasiTcs MacmTaOHble HMCCIEAOBaHUSA IO
W3TOTOBJICHUIO U TMPAKTUYECKOMY MPUMEHEHUIO BOJOKOHHO-ONTHYECKUX CUCTEM
nepefgaud HMHQOpMALMK, BEAYTCS HCCIEIOBAaHUS 10 YCOBEPIIEHCTBOBAHUIO
TEXHOJOTUYECKUX MPOLECCOB MPOU3BOJICTBA ONTHUYECKOTO BOJOKHA M CO3/IaHUE
MOIU(DUITIPOBAHHBIX ONTUYECKUX BOJIOKOH C YJIYUYIICHHBIMH TapamMeTpaMu
CHEKTPaAIbHBIX XapaKTEepPUCTHK, MOCPEACTBOM ux MoaudUKaAIT
peaKo3eMenbHbBIMU  deMeHTamMu. CyMmmapHas [0Jis yKa3aHHbIX KOMIIAHUWA B
MHPOBOM 00BbEME MPOM3BOJACTBA ONTUYECKOTO BOJOKHA HAa CETOAHSIIHUI JI€Hb
cocTasisieT 0koio 90%.
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C nmnOpuMeHeHHEM  METOJOB  MOJAU(UKAIMK  ONTUYECKHX  BOJOKOH
PEOKO3EMENBHBIMU 3JIEMEHTAMH, B MHUpPE NPOBEAECH psJ HUCCIEAOBAHUN 10
yIYUYILIEHHWIO KauecTBa MapaMeTpoB Mepeiaud HHPOPMalUi ONTHYECKUX BOJIOKOH,
CO37laHME€ HOBOTIO TOKOJIEHHUA A((PEKTUBHBIX ONTHUYECKUX YCWIHTENEH MyTeM
MOAU(PUKALMHA ONITUYECKUX BOJIOKOH PEIKO3EMEIbHBIMU 3JIEMEHTAMH U MOJIY4YEHbI
CJIEIYIOIINE Pe3yabTaThl: U3yUYEHbI CIIOCOOBI MOAU(PUKALIUNA ONTHYECKUX BOJOKOH
Ha ocHoBe penko3eMenbHbIX dJeMeHToB ALCATEL-LUCENT (®panius),
NOKIA-SIEMENS, (®unnannus); co3faHbl ONTUYECKHE YCWIMTENU IyTeM
YCOBEpPUICHCTBOBAHUSA  MPOIECCOB  MOAU(UKAIMM  ONTUYECKUX  Cpel ¢
penkozemensubiMu  dnemeHTamu, ZTE, HUAWEI, (Kuraiickas HapogHas
pecny0imMKa); Ha OCHOBE KUJIKUX KPUCTAIIIOB CO3/1aHbl METOJbI KOHTPOJIUPYEMOU
nepefayn ONTHUYECKUMX CUTHAJIOB Ha pasHble HampasiieHus, CISCO, FINISAR
(CIA); mnpemnoxeHbl CMOCOObl MPAKTUYECKOrO MPUMEHEHUS ONTHYECKUX
BOJIOKOH MOJAM(PUIIMPOBAHHBIX PEIKO3EMEJIbHBIMU 3JIEMEHTaMH B JHEPreTUKE U
apromatuke, ISKRA (CnoBenus); co3maHbl 3aroTOBKM MOAMQPUIIMPOBAHHBIX
ontuyeckux BojgokoH OIITEJI, Hatekc, Zelax (Poccus).

Ha cerogusimHuii neHb, O BOMpOCaM MCHOJIB30BAHUST MOIUGULIUPOBAHHBIX
ONTHUYECKUX BOJIOKOH C pEOKO3EMEIbHBIMU JJIEMEHTAMH [JISl YBEJIMYCHHS
CHEKTpaIbHOU 3(PPEKTUBHOCTH U MPOIMYCKHON CIIOCOOHOCTH ONTHYECKUX CHUCTEM
CBS3M, B TOM YHCJE Mepeaya BBICOKOCKOPOCTHOW uH(poOpMaluu Ha Oojbline
paccTosiHUsL 0€3 ONTORJIEKTPOHHOro MpeoOpazoBaHus, co3gaHue 3>PEGEeKTHUBHBIX
ONTUYECKUX YCWIHTEIEM W UX BHEAPEHUE B TEICKOMMYHHUKAIMOHHBIE,
paAMOTEeXHUYECKUE W  MOOWJIbHBIE  CHCTEMBbl  CBSI3U, BEAyTCA  HAYy4YHO
UCCJIeI0BAaTENbCKUE paboThl Ha OCHOBE (yHAaAMEHTANbHBIX, NPUKIATHBIX U
MHHOBAIIMOHHBIX ITPOEKTOB.

Crenenb M3y4eHHOCTH NpodiaeMbl. B paborax yuenusix, kak G.P.Agrawal
(University of Rochester), A.Girard (EXFO Electro-Optical Engineering),
A.J . Morrow, A.Sarkar, P.C.Schultz (Research and Development Division Corning
Glass Works), S.R.Nagel, J.B.Macchensey, K.L.Walker (AT&T Bell
Laboratories), H.Murata (The Furukawa Electric Company), A.D.Yablon
(Interfiber Analysis), H.H.CnemoB (crapumii Hayunbli coTpyanuk PAH),
A.K.IIpxeByckuii, H.B.Huxonopos (Cankr-IlerepOyprckuii I'ocynapcTBeHHbIN
VYuuepcuter Undopmanmonnsix Texnonoruit, Mexanuku u ONTHKK) U IpYyTUE,
pPaccMOTpPEHbI BOIMPOCHI HAIpaBiIEHHbIE HA pa3padOTKy M yCOBEPUICHCTBOBAaHHUE
TEOPETUYECKUX W MPaKTUYECKUX 3aJlady MOAU(PUKALMU ONTUYECKUX BOJIOKOH
pPEAKO3EMENbHBIMHU 3JIEMEHTAMH MPUMEHSEMBIX B OOJACTSAX HOHHO-TUIa3MEHHBIX,
BAKYYMHBIX TEXHOJIOTMH, OINTHKA, CUCTEMBI PAJMOCBI3M WU TEOpHUs IEperadn
uHdopmaly, BKIOYaIMe B ce0d METOAbl BAKYYMHOIO TEPMHUYECKOTO
OCaXJIEHUS, METOJbl CIEKTPAIBHOTO WCCIECIOBAHUS ONTHYECKUX IapaMeTpoB
MOAU(PUIUPOBAHHBIX BOJOKOH, METOJbI KOHTPOJISI COCTaBa OCaXKJAaEMbIX
MHOTOKOMITOHEHTHBIX ONTHYECKUX IUIEHOK C NPUMEHEHHEM pPaguo4acTOTHOMN
METOAUKHU U3MEPEHUS TOJIIVH.

HccnenoBanust CBsI3aHHbIE ¢ BOMPOCAaMU pa3pabOTKHU U YCOBEPILICHCTBOBAHMS
BOJIOKOHHO-ONTHUYECKUX JUHUN CBS3M BEIYTCS YYEHBIMU PECIYOJIHMKH, B TOM
gucine:  T.J.Pamka6oB, C.A.baxpomoB, A.M.Hazapo, A.A.CuUMOHOB,
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A.M.KamapauH, ¢ ydeHHMKaMH MPUMEHUIN (OTOITIOMUHECIIEHTHBIE CBOMCTBA
pEIKO3EMENbHBIX  DJIEMEHTOB B  BOJOKOHHO-ONTHYECKUE JIMHUU  CBS3H,
XK.A.A6nynnaes, P.N.Hcaes, N.P.bepranos MIPOBEIHU Hay4HbIE
HCCIIEJIOBAHUSI IO  YBEJIWYEHUIO TMPOMYCKHOM  CIMOCOOHOCTH  BOJIOKOHHO-
ONTHYECKUX CHUCTEeM mepenaun uHpopmaruu. HecMoTps Ha OoJibllIoe YHCIIO
HCCIIeIOBAaHUM B 00JIaCTH Pa3paOOTKH BOJIOKOHHO-ONTUYECKUX JIMHUM CBSI3U, HE
MOJIHOCTBIO PEIIeHbl 3aJlaud M0 MOJAU(HUKAINKM CYIIECTBYIONIUX ONTHYECKUX
BOJIOKOH. HacuuThIBalOT eIMHUIBI PalbOThl MO JIOKAJIBHOW MoauduKaiuu
ONTHUYECKUX  BOJOKOH W  HCCIENOBAHUS  IOCBSIIICHHBIC CO3/IaHUIO
MOJIU(MUIIMPOBAHHBIX ~ ONTUYECKUX  BOJOKOH C  OKCTPEMAJIbHO  BBICOKHUM
(~10%°-10*") ecM™ comepkaHMEM aKTHBHBIX HOHOB PEIKO3EMENBHBIX JIEMEHTOB. B
MPaKTUKE CYIIECTBYIOT HEIOCTaTKM B W3BECTHBIX CHOCO0axX W3rOTOBJICHUS
MOIU(MUIIMPOBAHHBIX ~ ONTHYECKUX  BOJOKOH, TaKue  KaK  CIIOXHOCTb
TEXHOJIOTHYECKUX  MPOIECCOB € TPUMEHEHHEM  BBICOKMX  TeMIepaTyp,
WCIIOJIb30BaHUE B MIPOU3BOJICTBE BPEHBIX U OMACHBIX BellecTB. Jl0 CEroIHSIIHETO
JHSL U1 CO3/IaHUsl MOAU(MUIIMPOBAHHBIX ONTUYECKUX BOJIOKOH HE MPUMEHSIIUCH
METOJbl MEXaHMYECKON MPEIU3UOHHOW O0OpabOTKM U METOAbl BaKyyMHOTO
TEPMUUYECKOTO OCAXKJIEHUSI HMOHOB PEIKO3EMEIIbHBIX JJIEMEHTOB Ha OTKPBITYIO
CEpAIIEBUHY ONTUYECKOT0 BOJIOKHA C MCIOJIb30BAaHUEM KIMHOBUIHOW T'€OMETPHH.
Taxoke, HE paccMaTpUBAIUCh METOJNBI CO3JaHUS MOIU(DUIIMPOBAHHON 3arOTOBKHU
ONTHUYECKOT'0 BOJIOKHA, C BRICOKOW KOHIIEHTpAIMEH PeKO3EeMEIbHOIO PJIEMEHTA B
Cep/LICBUHE.

Mano wu3ydeHbl BOMPOCH  JUHAMHYECKOTO WM3MEHEHHUS CHEKTPaJIbHBIX
XapaKTEPUCTUK ONTHYECKUX BOJIOKOH OT KOHIEHTPAIMH PEAKO3EMETbHBIX
AJIEMEHTOB, B IMpollecce UX MOAUPUKAIMKA W HE MPOBOJWIUCH HMCCIICIOBAHUS
CO37IaHUsI MOJIU(DUITMPOBAHHBIX OMTHYECKUX CPel sl KOMIAKTHBIX IUIaHAPHBIX
ONTUYECKUX YCUIIUTENCH, IPUMEHSIEMBIX B HHTETPAJIbHON ONITHKE.

Cesi3b TeMBbI JHCCEPTANMM C IUIAHAMH HAaYYHO-UCCJIeA0BATEIbCKUX
pa6oT Bbicuiero yyeoHoro 3aBeaeHusi. CBsi3b TUCCEPTAIIMOHHOTO MCCIICAOBAHUS
C HAy4YyHO-HCCJEAOBaTEIbLCKUMU paboTramu  TalllKeHTCKOTro  YHHUBEPCUTETA
MH()OPMAIIMOHHBIX TEXHOJIOTUH OTpaKaroTCs B CIAEAYIOIUX (yHIAMEHTAIBHBIX U
npakTudeckux mnpoekrtax: bB-®2-002 «HccnenoBanue QpyHIaMeHTATIbHBIX OCHOB
nepenayn uHGoOpMaIMu M pa3paboTKa CUCTEM U Y3JI0B BOJOKOHHO-OMTHYECKHX
CHCTEM CBSI3M C HCHOJb30BaHHEM coiauToHOB» (2011-2013 rr.); A5-003
«Pa3paboTka  MeTOZIOB ONTHUMU3AIUU CHEKTPAJIbHBIX  XapaKTEPUCTUK
BBICOKOCKOPOCTHBIX IHPOKOIOJIOCHBIX TEIEKOMMYHHUKAIIMOHHBIX CETEH CBSI3U»
(2012-2013 rr.).

Heab wucciaexoBanusi pa3padOTKa METOJO0B MOJIU(DUKAIMK ONTHYECKUX
BOJIOKOH  PEIKO3E€MEJIbHBIMH  JJIEMEHTaMU  TOCPEJICTBOM  BaKyyMHOTO
TEPMUUYECKOTO OCAXJEHHUS MHOTOKOMITIOHEHTHBIX IIJICHOK CJIOKHOW TeOMETpHH,
M3TOTOBJICHUE JIOKAIBHO MOAUGMUIIMPOBAHHBIX ONTHYECKUX BOJOKOH C BBICOKOMU
KOHIICHTpAIlMEH  pEeKO3eMENIbHBIX d3JIEMEHTOB U pa3paboTKa KOMILIEKca
ONTHYECKUX M MEXaHUYECKUX YCTPOMCTB 1O M3MEPEHHUIO CIEKTPaJIbHBIX
XapaKTEPUCTUK MOAUPUIIMPOBAHHBIX ONITHYECKUX BOJIOKOH.
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Hns goctiwkeHuss  1end  cHOPMYJIMpPOBAaHBI  CIEAyIOUIME  3aJauM
HCCJIEeTOBAHNS:

YCOBEPIICHCTBOBAHUE METOJUKH M3TOTOBJICHUS OOpa3IOB  ONTUYECKUX
BOJIOKOH M CO3/laHM€ YCTPOWCTBA MPEHH3UOHHON MeXaHW4YecKoh o0paboTKu
oOpa3IoB B MEJIX UX JajdpHElmed Moaudukamuu ¢ pearKo3eMeTbHbBIMU
AJIEMEHTaMH B YCIIOBUSIX BaKyyMa;

pa3paboTka METOoJa KOHTPOJHUPYEMOI'0 BAaKYyMHOTO OCQXKJICHHUS OKCHIOB
pOusi, UTTEPOUS, KPEMHHUS M ATFOMUHUS HA OTKPBITYIO CEPJILIEBUHY ONTHYECKOTO
BOJIOKHA B IIEJISAX CO3J[aHUS BBICOKOW KOHIICHTPAIIUU PEIKO3EMEJIbHBIX DJIEMEHTOB
B MOJU(PUITUPOBAHHBIX ONTHYECKUX BOJOKHAX;

CO3JIJaHUE U YCOBEPIIECHCTBOBAHNE BAKYYMHBIX YCTPOMCTB C BO3MOXHOCTHIO
KOHTPOJISI TOJIIIMHBI W COCTaBa OCAXKJIA€MBIX MHOTOKOMIIOHEHTHBIX TOHKHX
IJICHOK CO3/1aBa€MbIX IyTEM HCIIApEHUsI PEKO3EMENbHBIX 3JIEMEHTOB B YCIOBHUSAX
BaKyyMa;

CO3/IJaHH€ TUIAaHAPHBIX ONTHYECKUX CBETOBOJOB C BBICOKHM COJEpKAaHUEM
KOHIICHTPAIIMM  MOHOB  PEJIKO3EMEJIbHBIX  3JIEMEHTOB (1020-1021 oM™ ,
bopMUPYEMBIX Ha JIOKAIHBHOM (parMeHTe CEp/LCeBUHBI ONTHYECKOTO BOJOKHA B
IENSAX  YCTAaHOBJICHUSI  OCHOBHBIX  NPEANOCBHUIOK  pa3pabOTKH  KOPOTKO-
JMCTAHIIMOHHBIX BOJIOKOHHO-ONTHUYECKUX YCUWIMTEIEH U MOAUDUIIMPOBAHHBIX
3arOTOBOK ONTHYECKHUX BOJOKOH;

M3YyUYE€HHUE COCTaBa U KOHIICHTPAIIMU CO3JIaHHBIX MHOTOKOMITOHEHTHBIX
ONTHYECKUX CTPYKTYp METOJAaMU BaKyyMHOW MOJIU(UKAIIMKM OCHOBAHHBIX Ha
TEPMUUYECKOM UCHIAPEHUU PEIKO3EMEbHBIX 3JIEMEHTOB;

MPOBEJICHNE CPABHUTEIBHOIO aHajlu3a CIEKTPaJIbHBIX XapaKTEPUCTUK
MOIU(DUITIPOBAHHBIX ONTHYECKUX BOJIOKOH HMMeEIONUX pasHbli coctaB (ErO; -
ALOj; - Si04 u Er,O3 - Yb,0;5 - AL O3 - Si0y) penko3eMenbHbBIX 3JIEMEHTOB,;

CO3JIJaHUE KOPOTKO-JAMCTAHIIMOHHBIX ONTUYECKUX YyCUIuTeNned Ha 0Oasze
MOIU(DUITIPOBAHHBIX ONTHYECKUX Cpell W HCCIEJOBAHUE WX YCHIUTEIBHBIX
CBOJCTB.

O0beKkTOM HCC/Ied0BAHUS BBHIOpPAHBI OJHOMOJOBBIC ONTHYECKHE BOJIOKHA,
MHOTOKOMITOHEHTHBIE ONTHYECKHUE IJIEHKU (TIPEACTaBIAIOMME CO0O0M TIaHapHbIC
CBETOBOJIbI  KJIIMHOBHJHOM  TE€OMETPUU), MOJIUQPUIMPOBAHHBIE  3arOTOBKHU
ONTHYECKUX BOJIOKOH, TOJY4YEHHBIE METOJOM BaKyyMHOTO TEPMHUUYECKOTO
OCXKJICHUS M KOPOTKO-TUCTAHIIMOHHBICE ONTHYECKUE YCWIMUTEIU Ha OCHOBE
MOIUDUITIPOBAHHBIX OMITUYECKUX CPE]I.

IIpeameToM Mcciie0BaHMs SIBISIOTCS METOABI MOAU(DUKAIIMK ONTUYECKUX
BOJIOKOH PEJIKO3EMETbHBIMH JIEMEHTAMH M MX CIICKTPaTbHBIC XapaKTEPUCTUKH.

MeToabl ucciienoBanusi. B npoiiecce uccieoBaHuii MPUMEHSIUCH METO b
MPEIU3UOHHON MeXaHW4YeCKOo o0paboTKH O0O0O0JIOYKHM OINTHYECKOTrO BOJIOKHA,
METOJ] KOHTPOJUPYEMOTO BaKYyMHOTO OCAXJACHUS MHOTOKOMIIOHCHTHOW IUIEHKHU
KIIMHOBUJHOM T€OMETPUU HAa OTKPBITHIM y4aCTOK ONTHYECKOTO BOJIOKHA, METO]I
MONEPEYHOM HaKaYKh MOJIU(DUITMPOBAHHOIO yYacTKa ONTHYECKOrO0 BOJIOKHA, C
W3JIydEHUEM KCEHOHOBOW  JIaMIIbl, METOJ] CHEKTPaJbHBIX HUCCJEIOBAHUMN
MOIU(DUITUPOBAHHBIX ONTHYECKUX BOJIOKOH, PAJAMOYACTOTHBIM METOJ KOHTPOJIsS
TOJIIIIUHBI OCAXKJAEMOTO CJIO0S.
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Hay4yHnasi HOBU3HA McCJIeI0OBAHUS 3aKITFOYACTCS B CJICIYIONIEM

pa3paboTaHa METOAWKA KOHTPOJIUPYEMOTO BaKyyMHOT'O OCaXKICHHUS ISt
MOU(DUKAIIUM ONTUUYECKUX BOJIOKOH PEIKO3EMEJIbHBIMH D3JIEMEHTaMU IyTeM
MPUMEHEHHUSI METOJOB KBapIlEBOTr0 pe30HATOpa W TEPMHUUYECKOTO BAKYyMHOTO
OCaXKJICHUS;

pa3paboTaHa METOJIUKAa OJHOBPEMEHHOI'O KOHTPOJUPYEMOTO BaKyyMHOTO
OCXKJICHUS OKCHUIOB JpOus, HUTTEPOUs, KPEeMHUS U QIIOMUHHS C BBICOKUM
KOHTPOJIEM TOJIIIUHBI U cocTaBa, ocaxaaemeix (Er,O; - ALO; - SiOx u Er,O; -
Yb,05 - AlLO; - SiO,) MHOIOKOMIIOHEHTHBIX ONTHYECKHX IUIEHOK Ha JIOKAJIHHO
OTKPBITYIO CEPALICBUHY ONTHYECKOT'O BOJIOKHA;

CO3/IaH M DKCIIEPUMEHTAIBHO allpOOUPOBAH METOJ BAKYyMHOW MOIUDUKAIIUU
ONTHYECKUX BOJIOKOH, OOECTICUMBAIOIINI BBICOKOE COJIEpKAHUE KOHIICHTPAIMU
AKTUBHBIX HOHOB PEIKO3EMEIBHOTO 3JEMEHTA (1020-1021) cM” 3a cuer
(hopMUpOBaHUS ONITUYECKON CTPYKTYPHI OAABISIONICH KIaCTEPU3AIUIO dSPOus;

JI0Ka3aHO, YTO M3TOTOBJICHHBIC MOAU(PUIMPOBAHHBIC OMTHYECKUE BOJIOKHA
METOJIOM BaKyyMHOI'O TEPMHUYECKOTO OCXKICHHS, IyTeM OJHOBPEMEHHOIO
WCIIapEeHUs] METAITUYECKOr0 APOUsl U alFOMUHMS B aTMOC(hepe peakTUBHOIO rasa
(kucrmopoza), mpu gaBileHnn Bakyyma 0,25-0,35 Ila ((2-3)-10° mm pr.ct.)
BBI3BIBACT MHTCHCUBHYIO (DOTOTIOMUHECIICHIHIO HOHOB dp6ust (Er'") B amamasone
~1540 HM, MpENCTABISIOMNN MPAKTUYECKUH HHTEPEC B BOJOKOHHO-OMTHYECKUX
JUHUSX CBSI3H;

CO3/1aH croco0 W3TOTOBJICHUS AKTUBUPOBAHHBIX 3aroTOBOK
MOIUDUITIPOBAHHBIX ONTUYECKUX BOJOKOH, a Takke 2((PEKTUBHBIX IJIaHAPHBIX U
BOJIOKOHHO-ONITUYECKUX YCHIIMTEJIEM C BBICOKUM (1020-1021) cM” COIEpKAHUEM
AKTUBHBIX HOHOB PEIKO3EMETBLHOTO AJIIeMEHTa MIPUMEHSIEMBIX B
BBICOKOCKOPOCTHBIX BOJIOKOHHO-ONITUYECKUX JINHUSX CBSI3H;

B IEJAX aKTUBU3AIMM HOHOB PEIKO3EMENbHBIX JJIEMEHTOB, NpPEIJIOKEHA
METOJMKa TONEPEYHON HAKAYKU TUTAHAPHBIX ONTHYECKUX YCUJIUTENIEH Ha OCHOBE
MOIU(DUITIPOBAHHBIX ONTUYECKUX Cpea NpPeAHA3HAUYCHHBIX IS WHTErPaIbHBIX
BOJIOKOHHO-ONITHYECKUX CUCTEM;

JUIT  W3YYEHUs]  CHEKTPAJbHBIX  XapaKTePUCTHK  MOIU(PUITMPOBAHHBIX
ONTHYECKUX BOJOKOH W YCHUJIUTEIBHBIX CBOWCTB KOPOTKO-AUCTAHIIMOHHBIX
BOJIOKOHHO-ONTHYECKUX YCUJIMTENEH TPEAJIOKEHBI METOAbI, IO3BOJISIIONINE
HaOJII0/IaTh W PETUCTPUPOBATH PE3YNIbTaThl CIEKTPAJIBHOTO HCCIIEJAOBaHUS Ha
AKpaHe KOMITbIOTEPA;

pa3paboTaHbl MPAaKTUYECKHE PEKOMEHAAIMM TI0 BBIOOPY  METOJMKHU
MOIU(DUKAIIUA U CO3JIaHHUS KOPOTKO-TUCTAHIIMOHHBIX ONTUYECKUX YCUJIUTENICH Ha
0aze MOAU(DUIIMPOBAHHBIX ONTHYECKUX BOJOKOH OOECIEUUBAIOIINN HHU3KUH
MOoKa3aTesb MIyM - akTopa U BHICOKHM KOA(DPUIIMECHT YCUIICHNUS,;

YCTAHOBJIEHO 4TO, CO3/IaHHBIC OINTHYECKUE YCWIMTEIM Ha OCHOBE
KOHTPOJIMPYEMOW BaKyyMHOW MOIU(PUKAIIMK HOHOB 3pOUsS HWMEIOT HHU3KUHU
nokaszatesb myM - pakropa u obecnieunBaroT Beicokuii mapameTp OSNR (Optical
signal noise ratio).

IIpakTyeckue pe3yJabTaThl UCCIAEA0BAHUS 3aKITIOYAIOTCS B CIICIYIOIIECM:
TEXHUYECKHU PEaTM30BaH CIIOCOO MOJATOTOBKH ONTUYECKOTO BOJIOKHA JISTUPOBAHUIO
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pPEAKO3EMENbHBIMU 3JIEMEHTaMHU, KOTOPBIM COCTOMT B HUIU(OBKE ONTUYECKOTO
BOJIOKHA Ha 3aJ]aHHYIO I1yOuHY ¢ 00JbIINM pagnycoM KpuBu3HbI (R=180Mm).

co37laH MHOTOKOMITOHEHTHBIN IJIAaHAPHBIM CBETOBOJ CPOPMUPOBAHHBIN Ha
JIOKAJIbHO OTKPBITOM (PparMeHTe CEepALIEBUHBI ONTUYECKOIO BOJOKHA, COCTOSALIUN
u3 5 monb% okcuaa 3pous, 70-85 monp% oxcuna kpemuus, 10-25 monp% okxcuaa
aNMoOMuHUSA U 5 MOJb% OKcHlla UTTEpOUs, MO3BOJISAIOMMMA 3(PPEKTUBHO BHIKAUNBATH
ONTUYECKOE M3ITYUYEHUE U3 CEPJILIEBHUHBI OJHOMOJOBOIO ONTUYECKOIO BOJIOKHA 3a
cu€T Gosiblero KodPuIMeHTa NpeaToOMICHHS U KIMHOBUIHON T€OMETPHUH.

MOKa3aHO, 4TO 3((PEKTUBHOCTH COIIACOBAHUS CEPIUEBUHBI ONTHYECKOTO
BOJIOKHA U OCAKJIEHHOM MHOTOKOMIIOHEHTHON ONTHUYECKOW CTPYKTYpPbI MOXET
nocTurath 65-75%, n obecrieunBaTh yCHJICHHE ONTHYECKOro curdaia Ha 5-10 ab
0T MOANGUIMPOBAHHOTO YYacTKa JIIMHHOU 2-5 CM.

YCTaHOBJIEHO, YTO MAaKCHUMallbHAasi WHTEHCHUBHOCTHb (HOTOJIOMUHECUEHIIUN
noHoB pOusi (Er’") mpu KOMHATHOH Temmeparype HaOmIOJaeTcs B IUICHKAX,
U3TOTOBIICHHBIX ~ METOJIOM  BaKyyMHOTO TEPMHUYECKOTO  OCaxaeHus, 0e3
npeaBapuTeabHoro omxura. HaGmromaemblili pe3ynbTaT OOBSCHAETCS BBICOKOM
KOHIIEHTpAaI[Meil aKTUBHBIX MOHOB 3pOUs, U MoNydyeHHueM Oosiee OAHOPOIHBIX IO
CTPYKTYpPE ONTHYECKUX IUJIEHOK METOJIOM TEPMUYECKOIO OCAXKIEHHUS IO
CPaBHEHUIO C METOIAMHU XUMUYECKOT'O OCAXKIACHHS MIIM XMMUYECKOTO TPaBIICHHUS;

CO3/aHbl YCTPOMUCTBA MOJU(PUKAINN ONTUYECKUX BOJIOKOH JJIs1 U3TOTOBICHUS
aKTUBHBIX ONTHYECKUX CpeJl TMO3BOJISIONIME OOBEIUHUTh TEXHOJOTUYECKHE
MPOLIECCHl KaK KOHTPOJIb U M3MEPEHHE OCAKIAEMBIX JETUPYIOUIUX 3JIEMEHTOB B
OJIUH AKCIIEPUMEHTATbHBIN KOMIUIEKC, YTO Ja€T BO3MOXKHOCTh CHU3UTH 3aTpPAThI
MaTepHalIbHBIX pecypcoB Ha 35% U BpeMeHHU Ha 00pabOTKYy ONTHYECKOTO BOJIOKHA
10 50%.

NpUMEHEHUE MOAU(PUIMPOBAHHBIX ONTHYECKUX BOJOKOH Ha ydacTKax
CHEKTPAIBHO YIJIOTHEHHBIX BBICOKOCKOPOCTHBIX BOJOKOHHO-ONTHUYECKUX JTUHHUI
CBSI3M, IMO3BOJWJIO  COXPAaHUTh JHHEHHYIO (OpMYy MYJIbTUILIEKCUPOBAHHOTO
CUTHAJIa Ha OJIHOM YPOBHE, 3a CUET MOBBIIICHUS CIIEKTPaIbHON 3()PEKTUBHOCTU U
MPOIMYCKHOM CHOCOOHOCTH ONTHUYECKOro Kalenss M o00ecreunso yBeJIndeHue
pacctostaust 10 100 kM 6e3 nmpuMeHeHUs MPOMEKYTOUHBIX YCUIUTEIIEH.

YCTAaHOBJIEHO, 4YTO  KOPOTKO-IUCTAaHIMOHHBIE  BOJOKOHHO-ONTHYECKHE
YCHINTENM Ha OCHOBE OKCHAa 9pOus Er'’ yCHIMBAIOT ONTHYECKHil CHIHAI 10
15 nb npu pnuHe aktuBHOM cpenbl 5-10 cMm, W 007agarOT BBICOKOH
YyBCTBUTENBHOCTHIO - 40 n1b ¥ HU3KUM ypoBHeM IuyM - ¢akropa 1,2 nb, npu
pabore B pexxumax ci1aboro curHania.

HCIIOJIb30BaHUE KOPOTKO-UCTAaHIIMOHHBIX BOJIOKOHHO-ONITHYECKHUX
ycuJuTedel B CHEKTPaIbHO YIUIOTHEHHBIX BBICOKOCKOPOCTHBIX BOJOKOHHO-
ONTUYECKHUX JIMHUM cBsi3u yBenuuuBaeT napamerp OSNR (oTHoOIIEHHE MOILIHOCTH
ONTUYECKOr0 CUTHaja K 1mymy) Ha 3 n1b (B ABa pa3a) W co3gaeT BO3MOXKHOCTh
YBEJIMUEHUS HEOOCIYy)KMBAaEMBIX YCHUIUTEIbHBIX MYHKTOB (15 e.n. onmTuyeckux
yeunureneil Ha 1000 kM), MO3BOJSASE COKPATUTh KOJUYECTBO JOPOTOCTOSIIETO
peresepanMoHHoro obopyaosanus B 1,5 pasa.

CoznanHble MeETOAbl W  pa3paboTaHHblE TEXHUYECKHE CpeaAcTBa s
U3MEPEHHUs CIIEKTPAJIbHBIX XapaKTEPUCTUK ONTUUYECKUX BOJIOKOH U UX BaKyyMHOM
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MOAU(PUKALNU, TO3BOJIAIOT PEIICHHE aKTyalbHBIX MPOOJEM Kak HM3rOTOBJICHHUE
JOKANbHO  MOAM(PUIMPOBAHHBIX  ONTHYECKUX  BOJOKOH,  W3TOTOBJICHUE
AKTUBU3UPOBAHHBIX 3arOTOBOK I MPOTSDKEHHBIX  ONTHYECKHX  BOJIOKOH,
U3roTOBIIEHHE 3(P(PEKTUBHBIX KOPOTKO-IUCTAHIIMOHHBIX BOJOKOHHO-ONTHYECKUX
ycUJIUTEEH MPUMEHSEMbIX B CHCTeMax Mepefadyd, perucrpaud U oOpadoTKu
ONTUYECKOU MH(DOpMAIUH.

JlocToBepHOCTH NMOJy4eHHBIX pe3yJIbTaTOB HccJIeI0BAHHUS.
JIOCTOBEpHOCTh  PE3yNbTATOB OOOCHOBBIBAETCS HM3MEPEHUEM CHEKTPaIbHBIX
XapaKTepUCTUK MOAU(PUUMPOBAHHBIX ONTHUYECKUX BOJIOKOH Ha CHEKTPaTbHOM
aHaNIM3aTOpe MOCTPOCHHOro Ha 0a3e AUPPAKIIMOHHOW PEIIETKH C MOIYJSIHEH
CBETOBOT'O MOTOKA, ¢ TOYHOCTHIO 0,1 HM. BO3MOXHOCTH MOJTYy4ECHUS (1021 CM'3)
BBICOKOKOHIICHTPUPOBAHHBIX 3pOMH  JIETUPOBAHHBIX ONTHYECKUX CTPYKTYP
BaKyyMHBIMU METOJIaMH MOJU(UKAINH, TOATBEPXKIAI0TCS pe3ysibTaTaMU COCTaBa
OCAKJEHHBIX  PEAKO3EMEIbHBIX MAaTEpPUAlOB, IMOJYYEHHBIX C  MOMOIIBIO
PEHTT€HOCIIEKTPATILHOTO MUKPO30HAa. [IpaBIuBOCTh MOIYYEHHBIX PE3yIbTATOB OT
MPAKTUYECKUX M HAYYHBIX MCCIEJIOBAHUM M MX B3aMMHO CKOOPJAMHHPOBAHHOCTH
MOATBEPKAAIOTCSA pe3yibTaTaMmu UCIIBITAaHUM napameTpoB KOPOTKO-
JUCTAHIIMOHHBIX ONTHYeCKUX ycunureneil B ceTsax AK «Y30ekrenexom».

Hayynasi u npakruyeckasi 3HAYHMOCTb Pe3yJbTATOB HCCJIEA0BAHUS.
Hayunass  3HauMMoOCTh  pe3yJdbTaTOB  AMCCEPTALIMOHHOTO  MCCIEIOBaHUS
3aKJII0YAETCsl B YBEJIMYEHMHM TPOMYCKHOM CHOCOOHOCTH U CIIEKTPaIbHOMN
sddextuBHocTn BOJIC, myreM coznaHus METOJO0B MOAM(PUKALMHU ONTUYECKUX
BOJIOKOH, TMIOBBIIIEHHE KAa4yeCTBA CIEKTPAJIbHBIX XapaKTEPUCTHUK ONTUYECKUX
BOJIOKOH, CO3/IaHM€ METOJOB M NPUHIMIOB TEPMHUYECKOM BaKyyMHOMH
MOAM(PUKALIMA ONTHYECKUX BOJIOKOH, OIpPEACICHHE METOJIOB TMOHMKAIOLIUX
KJIACTEPHU3ALMI0 AKTHUBHBIX HMOHOB 3pOus B MOAU(DUIMPOBAHHBIX ONTUYECKUX
BOJIOKHAX, IIOJIydYeHHUE BBICOKOW KOHIIEHTPAllUM HOHOB PEIKO3EMEIBLHOTO
plieMEeHTa B OpOMIl  JEerMpoOBaHHBIX ONTUYECKUX Cpelax, HCCleJOBaHUE
CHEKTPAIbHBIX XAPAaKTEPUCTUK ONTHYECKUX BOJIOKOH MOAU(PUIMPOBAHHBIX
pPa3HBIMU COCTaBaMU JIETUPYIOIIMX BJEMEHTOB, HCCIEAOBAHUS TEOPETUUYECKUX
OCHOB TPUMEHEHHS ONTUYECKHX YCWIUTENIed s CHCTEM C BOJIHOBBIM
MYJIBTUIIEKCUPOBAHUEM.

[IpakTnyeckass 1EHHOCTh  pabOThl  3aKiodaeTcss B oOecreueHuu
s¢dexTuBHON pabOThl KOPOTKO-TUCTAHIMOHHBIX ONTHYECKUX YCWIMTENIEeH U
MOAU(PUIUPOBAHHBIX ONTHUYECKUX BOJIOKOH MYTEM CO3JaHUS H3MEPUTEIHLHOTO
KOMIUJIEKCa Ha 0a3e CHEeKTpaJbHOr0 aHajau3aTropa C MOJIYJALME CBETOBOTO
MOTOKA, CO3JlaHWE YCTPOMCTBAa TMOMEPEYHON HAKAYKU U MPEHU3UOHHOTO
YCTPOICTBA MEXaHUYECKOW 0O0pabOTKH ONTHYECKUX BOJOKOH, H3rOTOBJICHUE
JIOKaNbHO MOAM(UUIMPOBAHHBIX ONTUYECKUX BOJIOKOH C BBICOKOW KOHIIEHTpaluen
pemxoseMenbubIX dmementoB (107°-107") oM™, cosmanme MoanduIMpPOBaHHBIX
3aroTOBOK ONTHUYECKUX BOJIOKOH C 3a/IaHHBIMU ONTHYECKUMU XapaKTepUCTUKAMU U
COCTaBOM JIETUPYIOIIUX JJIEMEHTOB U pa3paboTKa KOPOTKO-IUCTAHIIMOHHBIX
ONTUYECKUX YycuiuTene Ha O0a3ze MOAU(PUUMPOBAHHBIX ONTUYECKUX CpEel IS
3¢ PEeKTUBHOTO YCUIICHHUS ONITUUECKOTO CUTHaja B quama3oHne (1529 - 1565 um).
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Buenpenue pe3yibTaToB HcciaenoBaHus. BHeapeH cnocol ympolnarommi
TEXHOJIOTUIO U3TOTOBJIEHUSI aKTUBU3UPOBAHHBIX 3aTOTOBOK ONTHYECKHUX BOJIOKOH,
3a CyYeT NPUMEHEHHs O€3BpPEAHBIX, 3KOJOTMUECKH O€30MaCHBIX MPOLECCOB
MoanbUKAIMK B YCIOBHAX Bakyyma ot 1-107 go 5-10™ ITa, myreM BakyymHOro
TEPMHUYECKOT0 OCaXJIECHMs, 4YHCTOro okcuaa spous u repmanus (IAP 04944
[latenr Ha  wu3o0perenue  Pecnybsimka ~— Y306ekucran).  IlomydeHHble
MOAU(PUIMPOBAHHBIE ONTHUYECKHME BOJIOKHA U ONTHYECKUE YCHIUTEIU B
pe3ynbrate OOBEAMHEHUS! TEXHOJOTMYECKUX TMPOIECCOB KOHTPOJS M U3MEpPEHUs
OCXKJAEMBIX JIETUPYIOIIHUX 3JIEMEHTOB B OJIMH HKCIIEPUMEHTAIbHBIM KOMILJIEKC Ha
OCHOBE BaKyyMHOI'O YyCTpONCTBa MOAM(UKALUU, BHEAPEHBbI B CYIIECTBYIOIIHE
cetu  AK  «VY30ekrenexom» (CrnpaBka  MuHuUCTEpCTBa 1O  Pa3BUTHUIO
MH(OPMAIIMOHHBIX TEXHOJOTMH U KoMMyHukanui PecnyOnuku VY30exucrtan
Ne 02-8/2317 ot 12 wurons 2015 roga). JIOCTUTHYTO BO3MOXKHOCTH CHUKEHUS
3aTpaT MaTrepHalbHBIX pecypcoB Ha 35% u BpeMeHH Ha M3rOTOBJICHHUE
MOAU(PUIUPOBAHHBIX 3arOTOBOK ONTHYECKUX BOJIOKOH 10 50%. Pe3ynbpTaThl B
BUJI€ KOPOTKO-AUCTAHIIMOHHBIX ONTUYECKUX YCUIUTENEH U MOAM(PULIHUPOBAHHBIX
ONTUYECKUX BOJIOKOH YBEJIMYUITU MIPOMEKYTOUHYIO JTUCTAHIUIO
pereHepanmoHHbIX MyHKTOB Ha 30% (15 e.n. ontuueckux ycuureneit Ha 1000 km)
U COKpaTWIM KOJIMYECTBO pereHepalMoHHOro obopyaoBanus 1,5 pa3sa.
OkoHomMuYeckas 3pPEeKTUBHOCTh COCTABUIO 72 MIIH. CYyM.

Anpodanusi pe3yjbTaTOB HCCJHeA0BaHUsl. OCHOBHBIE TEOPETUYECKUE U
MPaKTUYECKUE PE3yNbTaThl JUCCEPTALMOHHON paldoThl anpoOupoBaHbl Ha 12
MEXIYHAPOJHBIX M PECHyOIMKAHCKUX HAyYHO-MPAKTHUYECKUX KOH(MEpPEHIUAX:
«Bakyymnas Hayka u texuuka» (Poccus, Coun, 2010); «IEEE/IFIP International
Conference in Central Asia on Internet» (Uzbekistan, Tashkent, 2008); «TexHuka
1 TexHoyoruu cBsa3m» (Y3o0ekucrtan, Tamkent, 2008); «International conference in
Central Asia on Internet» (Uzbekistan, Tashkent, 2013); «Bakyymnas nHayka u
texHuka» (Kpsim, ['acmpa, 2013); «MHPO-KOMMYHHUKAIIMOHHBIE TEXHOJOTUHU B
Hayke u oOpasoBanum» (Y30ekucrtan, Tamxkent, 2010); «Application of
Information and Communication Technologies» (Uzbekistan, Tashkent, 2010); «IT
Promotion in Asia» (Uzbekistan, Tashkent, 2011); «IIpo6iembl nHhopMamOHHBIX
TEXHOJIOTUH W TelekoMMmyHukarui»  (Y30ekuctan, Tamkent, 2012);
«AKTyanbHblEe TPOOJEMbl pa3BUTUS HH(POKOMMYHUKAIMH W HH(DOPMALMOHHOTO
obmectBa» (Y30exkucrtan, Tamkenr, 2012); «[IpuopurerHble HampaBlieHUS B
obnactu Hayku U TexHojoruu B XXI Beke» (Y30ekucran, TamkeHt, 2014).

Ony0JnKOBAHHOCTH pPe3yJabTATOB MccienoBaHus. [lo teme nuccepranuu
OIMyOJIMKOBAaHO 25 Hay4yHbIX paboT, B TOM uucie | maTeHT Ha u3o00pereHue, B 2
MEXIYHAPOJIHBIX KypHaiax 2 HaydHble CTaTbU, B 4 pecryOJIMKaHCKUX HAayYHBIX
KypHanax 9 HayyHble CTaTbl M B HAaYYHO-NPAKTUYECKUX KOH(epeHuusx 12
TE3HCOB.

O0bem M cTpykTypa auccepranmu. Jluccepranusi COCTOMT M3 BBEACHUS,
MSATU TJIaB, 3aKJIIOYEHMS, CHHUCKA JHUTEpaTypbl U colaepkut 199 cTpanull Tekcra,
BKJIIOYAET 75 pUCYHKOB, 14 Tabnui u 12 npuinoxxeHui.
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OCHOBHOE COIEPKAHUE JUCCEPTALINAN

B BBegeHmm 000CHOBaHAa aKTyalbHOCTb U BOCTPEOOBAHHOCTH TEMBbI
auccepTanuu, copMyIHpPOBaHbI LEAb W 3a7auM, BBISBICHBI OOBEKT U MPEIMET
UCCJIEIOBAHUS, ONPENEICHO COOTBETCTBHE HCCIEAOBAHHUS  MPUOPUTETHBIM
HaIlpaBJICHUsIM pa3BUTHS Haykd M TexHojorud PecnyOnuku VY30ekucraH,
U3JIOKEHbl Hay4yHas HOBU3HA W TIPAKTUYECKUE PE3yJbTaThl HCCIEIOBaHUS,
000CHOBaHa JIOCTOBEPHOCTh MOJYYEHHBIX PE3yJIbTaTOB, PACKPBITHI TEOPETUUYECKAS
U TpakTU4yeckas 3HAYUMOCTb TIOJYYEHHBIX pe3yJbTaTOB, NPHUBEACH CIHCOK
BHEJpPEHUI B  MpPaKkTUKy  pe3yibTaTOB  MCCIEIOBaHUSA, CBEICHHUS  TIO
OIMyOJIMKOBAaHHBIM pabOTaM U CTPYKTYpE AUCCEPTAIIH.

B nepBoil riaBe aucceprauud «AHAJN3 COBPEMEHHOI0 COCTOSIHUSI CHCTEM
U 3JIEeMEHTOB BOJIOKOHHO-ONTHYECKUX JIMHUH CBSI3W» IPOBEACH TEOPETUKO-
aHAJUTUYECKUI aHalu3 BOJOKOHHO-onTHueckux JuHui cBsizu (BOJIC), wux
OCHOBHBIX KOMIIOHEHTOB, DJIEMEHTOB M Yy3J0B. PaccMoTpeHbl OCHOBHBIE
XapaKTepUCTUKN ONTHUYECKMX BOJIOKOH uCHoJib3yeMblx B cucremMax BOJIC.
[IpuBenensl npumepbl ucnonb3zoBaHuss BOJIC B HMIMPOKOMOJOCHBIX CHUCTEMAaX
paaNoCBsI31, B YaCTHOCTH, B MOOMJIBHBIX cuUcTeMax yeTBepToro nokosnenus LTE
(Long term evolution). [IpoBeneH aHamu3 METONOB MOAU(DUKAIIMK ONTHYECKUX
BOJIOKOH HCIIOJIB3YEMBIX Ui YBeJIWYeHUs criektpaibHoi adpdexruBHoctu BOJIC,
MPOAHAIM3UPOBAHBl  THUMBI  MOJU(PUIIMPOBAHHBIX ONTUYECKUX BOJOKOH C
pEAKO3eMENbHBIMU  3JIEMEHTaMH, B  YaCTHOCTH  ONTHYECKUX  BOJIOKOH
MOAU(PUIUPOBAHHBIX dpOuemM u wutrrepOueMm. IlpoBenena kmaccuukauus u
orpejienieHbl 00J1aCTH TPUMEHEHUST MOAUPUIIMPOBAHHBIX ONTUYECKUX BOJIOKOH.

B 3akitodyeHnr TepBOM TJIaBbl NPUBEICHBI OCHOBHBIE BBIBOJBI IO
npoBesneHHOMYy 0030py B cdpepe BOJIC u chopmynupoBaHbl OCHOBHBIE 3aJauu
UCCJEIOBaHUS KaKk pa3paboTka HOBBIX MNPUHIUIOB  MOAUGULIKMPOBAHUS
ONTUYECKUX BOJOKOH PEIKO3EMENbHBIMU JJEMEHTAMHU U YBEJIMYEHHUE HX
KOHLEHTpALMU 10 (1020-1021 CM'3), HCCJIEJOBAHNE MHUHUATIOPHBIX ONTHUYECKUX
CTPYKTYp MOAU(PUIUPOBAHHBIX pa3HbIM COCTABOM JIETUPYIOUIMX MpPHUMECEH,
pazpaboTka Ha 0a3ze MOAM(PUUMPOBAHHBIX Cpel SPPEKTUBHBIX ONTHUYECKUX
ycunuresei, pa3paboTka SKCIEPUMEHTANbHBIX YCTaHOBOK JUIsl MOJU(pUKAIIIN
CYLIECTBYIOLIMX ONTHUYECKUX BOJIOKOH, YCOBEPIICHCTBOBAHUE TEXHOJIOTHYECKUX
MpOLIECCOB MO  CO3JaHUI0  MOAU(MUIMPOBAHHBIX  ONTHYECKUX  BOJIOKOH,
paclIMpeHre  BO3MOXKHOCTEH  ONTHYECKUX  BOJOKOH M HU3TOTOBJIEHHUE
MOAU(PUIUPOBAHHBIX ONITUYECKUX BOJIOKOH B JIAOOPATOPHBIX YCIOBUSX.

Bropas rnaBa nuccepranuu «Pa3padorka M3MepHTEJBLHOI0 KOMILIEKCA
sl MCCJIeIOBAHMS CHEKTPAJBHBIX XaPAKTePUCTUK MOIAM(PUIMPOBAHHBIX
ONTHYECKUX BOJOKOH) MOCBSAIIEHA pa3pab0TKe METOJIOB U YCTPOICTB U3MEPEHHUS
CIIEKTPAJIBHBIX ~ XapaKTePUCTHK MOJAU(PUIIUPOBAHHBIX OINTHYECKUX BOJOKOH
MOJIYYCHHBIX B pe3ysbTare SKcnepuMeHToB. [locTaBieHa 3ajaya MO CO3JaHUIO
ONTHYECKUX U MEXAaHUYECKUX YCTPOMCTB [JiI M3MEPEHHsS CIEKTPaJIbHBIX
XapaKTepUCTUK MOIU(UIMPOBAHHBIX ONTHUYECKUX BOJIOKOH. Bo BTOpoil riaBe
MPAKTUYECKU PEAU3yETCs] METOJIMKA COTJIACOBAHMSI MTOJTYIPOBOAHUKOBBIX J1a3€POB
C TOpLIAMHU ONTUYECKUX BOJIOKOH, U MPUBOASATCS UX pabOyue XapaKTepUCTUKH.
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JUist  ucclieoBaHusl CIEKTPANbHBIX XapaKTePUCTUK MOAU(GUIHUPOBAHHBIX
ONTUYECKHUX BOJOKOH C PEJIKO3EMEIbHBIMU 3JIEMEHTAMH, HEOOXOAMMO 00eCIIeYUTh
3G (}eKTUBHBIN BBOJA JIA3€pPHOTO U3IYYEHHUS B CEPJLEBUHY OJHOMOIOBBIX
ONTUYECKUX BOJOKOH. JlJI1 3TOr0 MCTIOJIb30BaHbl OECKOPITYCHBIE JIa3€PHBIE TUO/IBI.
Juis  makcumanbHO 3((EKTHMBHOIO BBOAA U3IY4YEHMs Ja3epa Ha ToOpel
ONTUYECKOIO BOJOKHA IPUMEHSIIACH CHELHAIbHAs  TEXHOJOIUS, IOJYyYCHUS
KOHYCOB M MUKpoiuH3, pa3paboranHas HWU Ilpuxnannoit ¢usuku ropona
Tamkenta. B co3maHuM U3MEPUTENIBHOIO KOMIUIEKCA I10 HU3YYEHUIO CIIEKTPOB
MOAU(PUIMPOBAHHBIX ONTUYECKUX BOJOKOH MHCIOIB30BaJCsA crekrporpad Ha
OCHOBE TU(paKIMOHHOM pewméTku (puc. 1).

24 25 26 27 28 29 30

Puc. 1. ®yHKkuHOHAJIBLHAS cXeMa U3MEPUTEIbLHOI0 KOMILIEKCA HA 0a3e BOJIOKOHHO-
ONITHYECKOI0 CIIEKTPOMeTpa ¢ MOAYJIsIliHeil CBEeTOBOI0 MOTOKA

3nech, 1 - u3nyyeHue OT KCEHOHOBOW JIaMIIbl, 2 - MOJIychepruuecKoe 3epKao,

3 - IOCTUPOBOYHBIM BHHT, 4-HHTeppepeHUMOHHBIA GMWIBTP (Ay, = 980 HM),
5 - u3nydeHue azepa, 6 - MeTaIM4ecKasl MOJJI0OXKKA, 7 - FOCTUPOBOYHBIN CTOJIHK,
8 - KpemexHble 3aXUMbI, 9a - MOAU(PUIMPOBAHHOE ONTUYECKOE BOJIOKHO,

9b - onTuueckoe BonokHO, 10 - Mogynupytomuit nuck, 11 - Ban nurarens (f= 50
o0opoToB/cek), 12 - ontpoH, 13 - BxonHas menb crnekrporpada, 14 - 0ObeKTHB,
15 - nudpakuvonHas pemérka, 16 - aBurarenb AUPPAKIUOHHOW PEIIETKH,
17 - snexTpoHHbIM Oj0K aBUraTens, 18 - MuUKpokoHTposep, 19 - 610k nuTaHue
KCEHOHOBOW Jiammbl, 20 - xoyummarop, 21 - BbIXOJHAas oNTUYEcKas Ielb, 22-
dbokycupyromas JuH3a, 23 - BXOAHOW TOpell ONTHYECKOTo KryTta, 24 - hoToanoI,
25 - ycuiMTellb HampspKeHus, 26 - y3KOMOJOCHBIM (QuibTp, 27 - yCHIHUTENb
MEPEMEHHOr0 HaMpsKeHUs, 28 - MPEelU3UOHHBIA AeTeKTop, 29 - MHKpocxema
MAX-232 na 6a3ze mukpoxontposuiepa PIC-16F873A, 30 - COM mnopt (RS-232)
KOMIIBIOTEPA.
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Oco0eHHOCThIO pa3pabOTaHHONW YCTAaHOBKH IO UCCIIEI0BAHUIO CIIEKTPAIBHBIX
XapaKTepUCTUK MOAU(PUIMPOBAHHBIX ONTHYECKUX BOJOKOH SBIAETCA TO, UTO
cnekTporpad COBMEIIEH B €IWHBIA HAyYHO-UCCIEAOBATEIbCKUI KOMILIEKC
MPEUU3UOHHBIM  IOCTHPOBOYHBIM  YCTPOMCTBOM, YTO TMO3BOJSET IPOBOAUTH
CHEKTpaJIbHbIE HCCIEOBAaHUS MOAUGUIUPOBAHHOTO OJHOMOAOBOTO ONTHYECKOTO
BOJIOKHA, BBEAEHHBIM B CEPALICBUHY JIA3€PHBIM H3JIydyeHHEM. lcnonb30BaHHbBIE
METOAMKU 3()PEKTUBHOIO COTIACOBAHMS H3JIYUYECHHs Jla3epa U OJHOMOJIOBOTO
ONTUYECKOI0 BOJIOKHA, & TAaK)KE YCOBEPLICHCTBOBAHUE CIIEKTPAJIbHOTO Mpuodopa,
Ha OCHOBE MOJYJISILUOHHOMN CXEMBI, oOecreynin BO3MOYHOCTb
BBICOKOYYBCTBUTEJIBHOIO  M3MEPEHUs CIEKTPOB  JIA3€PHOTO  M3JIYYCHHUS W
JIOMUHECUEHIIUM PEAKO3EMEIBHBIX JJIEMEHTOB, YTO IO3BOJIWIO IIOJHOCTHIO
PELINUTh IOCTABJICHHBIE 3a]a4 B IaHHOU IJ1aBe.

B Tperpeid rimaBe paucceprauuu «Pa3pa0orka MeTOA0B M YCTAHOBOK
MoauGpUKAIMU ONTHYECKHX BOJOKOH» IPHUBEACHBI pa3paboTaHHbIE METOIMKHU
MOAU(PUIUPOBAHUS ONTUYECKUX BOJIOKOH PEAKO3EMEIbHBIMU 3JIEMEHTaMU U
OIMCaHbl CO3JaHHBIC OJKCIECPUMEHTAIbHBIC YCTAHOBKU JJI OCYILIECTBIICHUS
MPAKTUYECKOHN peann3aiuy IpoleccoB MOAU(PUKALINH.

N3BecTHBIMH METOJAMHM IPOM3BOJACTBA 3aroTOBOK ONTHUYECKUX BOJOKOH
ABJISIFOTCSI.  METOJAbl BHYTPEHHETO WJIM BHEIIHETO AKCHUAJIBHOIO OCAXIACHUS
MIPUMECSIMU JIETUPYIOIIUX AJIEMEHTOB C UCIIOJIB30BAHUEM BBICOKOTEMIIEPATYPHBIX
o0paboTok. JlaHHBIE MpOIECCHI  OCHOBAaHbI HAa  BBICOKOTEMIIEPATYPHOM
OKCHUJMPOBAaHUM COCIMHEHUN KPEMHHUS M JPYTHX JIETUPYIOUIMX MaTepuajoB.
Henocratkamu Takux METOAOB MOAMGMUIMPOBAHUS  SBISAIOTCS  CIOKHOCTH
TEXHOJIOTMYECKUX IIPOLIECCOB, VCIIOJIb30BAHUE BBICOKOTEMIIEPATYPHBIX
00paboTOK, YTO BENET pa3pyLICHUI0 KPUCTAITMYECKON CTPYKTYpbl ONTHYECKOTO
BOJIOKHA ¥ HEBO3MOXXHOCTb KOHTPOJII KOHUEHTpALMK MOAUPUIUPYIOMHX
aeMeHTOB. Takum o0pa3oM, YyYMTHIBas BbIIICyKa3aHHbIE HEIOCTaTKHU, ObLI
pa3paboTaH U JOBEAECH /0 MPaKTUYECKON pean3aliii METOJl KOHTPOJIUPYEMOTO
BAKYYMHOI'O OCaKJI€HHSI MHOTOKOMIIOHEHTHBIX IUIEHOK C Pa3JIMYHBIMH COCTaBaMU
JIETUPYIOLINX DJIEMEHTOB.

[Ipo6nema  um3roroBneHuss  3(PPEKTUBHBIX  IPOMEBBIX  yCHIUTEIEH
CTUMYJIUPYET pa3pabOTKy MAaTepuajoB C HKCTPEMAIbHO BBICOKMM COJEpKaHHEM
MOHOB 3pOus. JlokazaHO 4YTO, ONTUYECKHE CTPYKTYphl Ha OCHOBE OKCHA 3pOus
(Er,03), MMEIOT OrpOMHOE KOJHMYECTBO KOHIIGHTPALMHM AKTHBHBIX HOHOB Er ',
NOCTHrafomux 10 3HaueHus ~10”> cm™. KOHIEHTpaIus HOHOB 5pOHs B JaHHBIX
ONTUYECKUX CTPYKTypax IIPEBOCXOJUT B HECKOJIBKO pPa3, KOHICHTPALUIO HOHOB
5pOus, B MOAU(PUIMPOBAHHBIX ONTUYECKUX BOJIOKHAX MOJIYYEHHBIX M3BECTHBIMU
criocobamu nerupoBanus A1t cucteM EDFA (Erbium doped fiber amplifier).

Takum oOpa3om, 1LeNbl0 JAaHHOW TJIaBbl SIBISIETCS CO3JaHUE METOIUKUA U
OKCIIEPUMEHTAJIbHBIX YCTAHOBOK JUI IPAKTUYECKOI'O OCYILECTBICHUS 3a1a4u
CO371aHUsI BBHICOKOKOHIICHTPUPOBAHHBIX 3POUI JIETUPOBAHHBIX ONTHYECKUX CPE.
Ha puc.2 npuBeneHa ¢pyHKIMOHaNbHAsI cxema pa3pabOTaHHOTO YCTPOMCTBA s
OCYILIECTBIICHUSI BAaKyyMHOI'O KOHTPOJIMPYEMOI'O OCaXKJICHUS, OJHOBPEMEHHO W3
JBYX JIOJIOYEK.
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K an. cxeme K an. cxeme

A

Puc. 2. YcraHoBKa VI BAKYYMHOI'0 PeryJIMpPyeMoro 0caxIeHus
MHOTOKOMIIOHEHTHBIX IVIEHOK

3necb, 1 - pEe3UCTUBHBIA TaHTAJOBBIA HarpeBaTellb, 2 - KOHTEHHEp C
MeTtaindeckum 3pouem (Er), 3 - koHTeitHep ¢ MeTauTnyeckuM anroMuanem (Al) u
¢ MOHOOKHUChIO kpemHus (S10), 4 - pazgenstouuit orceku skpan (AB), 5 -
METAJUIMYECKAS] TOJJI0KKA, 6 - ONTHYECKOE BOJOKHO C YYaCTKOM OTKpPBITON
CEepILIEBUHBI, 7 - HANpaBICHUS pACIPOCTPaHEHUs] TApoOB HCHApSEMbIX U3
KOHTEMHEPOB MAaTEpHANIOB, 8 - KBaplueBas MbE30IJIaCTHHA, 9 - KOXKYyX ¢
muapparmod, 10 - BoasHOW paauatop, 11 - IHUCK-OO0TIOPATOp C YETHIPHMS
npopessiMu, 12 - nBUrareib co crabuiau3aliuel 4acToThl BpamieHus, 13 - oOmumii
BU/J AUCKa-00TIOpaTopa, 14 - kanubOpoBaHHAas TPEyroiabHas MPOPE3b HA JIUCKE.

B xoxe akcrnepuMeHTOB OBUIM MOJYy4YeHBI MOIUQPHUIIMPOBAHHBIC ONTUYECKHUE
CTPYKTYpPhl B BHUJE MHOTOKOMIIOHEHTHBIX IIEHOK Er;03-Si04-Al,O; wim Er,Os-
Yb,0;-Si04-Al,03 Ha PparmMeHTe ONTUUECKOTO BOJIOKHA. J[J1 peanuzanuu 3a1aqu
WCIIOIB30BAJIACH ~ TEXHOJIOTHSI ~ COBMECTHOTO  TEPMUUYECKOTO  OCaXKIACHUS
Metaiudeckoro 3pous (Er), monookucu kpemuus (SiO) u okcujga amrOMUHUS
(AlL,O3) Ha nuIM@OBAHHBIA YYaCTOK ONTHUYECKOTO BOJIOKHA, C HAIMyCKOM B
BaKyYMHYIO pabouyio KaMepy KHCIOpo/a, Mo aaBieHuem 2-3-107 Ia.

[Ipy BakyyMHOM TEPMHYECKOM OCQXKICHUU [IJII KOHTPOJS TOJIIUHBI
OCaX/TaeMbIX MHOTOKOMIIOHEHTHBIX IUIEHOK OBUI NPUMEHEH PaJMOYaCTOTHBIN
METOJI, OCHOBaHHBIM Ha M3MEPEHUU M3MEHEHHUS YacCTOThl KOJeOaHUN KBapIEBOTO
KpucTajjia npu (popMUpoOBaHUHU Ha HEM TIJICHKH HAIBUISIEMOTO BelecTBa. Takxke,
MIPU TEPMUYECKOM HCIIAPECHHUH OBbLIT UCIIOJI30BAH TPEXTEMIIEPATYPHBIH METOI, TPH
KOTOPOM HE3aBHCHUMO 3aJal0TCS TEMIIEPATyphl MOJJIOKKH U3 JBYX HCHApUTENEH,
COJIepKaIllUX  HUcmapsieMble  dJeMeHThl.  [IOCKOJIbKY  KpUCTAJIBI  KBapiia
YYBCTBUTEJIbHBI K U3BMEHEHUSIM TEMIIEPATypPhl, B TaHHOW METOJMKE UCTOJb3yeTCs
CUCTEMa OXJIXIEHUs [Js JatyukoB. KomIieHcarusi — BJIMSIHUSL TEIJIOBOTO
M3JIY4EHHUs CO CTOPOHBI MCIApPUTENS Ha yXOJ 4YacTOThl PE30HAaTOpa B MpOIEcce
HaIBUJICHUS TTO3BOJIIET H3MEPSTh TOJIIUHY OCAXAEHHOTO CJIOSI ¢ TOYHOCTBIO 5%.
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Ncnapenue 3pOust 1 MOHOOKHCH KPEMHUST MTPOBOAMIOCH HA BAKYYMHOW YCTaHOBKE
C TIOMOIIIbI0 HAarpeBa pa3HbIX TAHTAJIOBBIX JIOJOUYEK MPH JIaBIICHUH pabovero rasza
(kuciopona) 2-3-107 Ila u Temmepatype 1300 - 1600 °C.

[Iporiecc mMoaudukanuu Takke BKIIOYaeT B ceOs Co3AaHUE M IMOITOTOBKY
0o0pa3IloB ONTHUYECKHX BOJIOKOH C 3apaHee YKa3aHHBIMH Tlapamerpamu. Jlis
MOATOTOBKM ONTHYECKUX BOJOKOH MOAUGMUIIMPOBAHUIO C PEAKO3EMETbHBIMU
aJeMeHTaMHu ObUT pa3paboTaH METOJ| MPEIU3UOHHOW MEXaHUYeCKOW o0paboTKu
MOBEPXHOCTH OINTHUYECKOTO BOJIOKHA, C KOHTPOJEM BBICOTHI CEPIIEBUHBI.
YCeTpoiCcTBO TPEIU3UOHHON MOJUPOBKH TO3BOJSET ¢ TOYHOCTHIO (PUKCHUPOBATH
ocHoBHY10 Moay (HE,) B cepaiieBuHe 0JJTHOMOJOBOTO ONTHYECKOTO BOJIOKHA.

Jlns  mpoBedeHUsT Mpolecca TMOJUPOBKH  MPEIBAPUTEIIHHO  JIETAIOTCS
METAJUTMYECKUE TOJJIOKKUA JUIS  3aKpeIUIeHUS ONTHYECKUX BOJOKOH. OHuU
M3TOTABJIMBAIOTCS M3 MOJOCOK AropamoMuHus wmapku (1, 19 wim BAJII,
TOMIUMHONM 3 MM, mupuHoM 15 MM u mmmHoM 120 mMwm. JlaHHBIE TOJOCKHU
crubarorcs 10 Heoboxomumoro paauyca ckpyrieHus R=180 mMm. C momoibio
aJMa3HOTO JMCKa BbIpe3aeTcs KaHaBKa c 3ajaHHOW riyouHou (0,1 mMm), pammyc
KPUBHU3HBI KOTOPOM OMpeenseTcs, pauycoM KPUBHU3HBI W30THYTOM TOJIOCKH M3
JIOPATTIOMUHUS.

Kak mokazanu pacueTsl, npu OUIM(OBAHUM HA HJEATBHON IIJIOCKOCTH
OOBEKTOB C paauycoM CKpyrJieHus R, npu T1iyouHe conuindoBbIBaHuS d
oOHaxkaeTcsi ydacTok (xopna) giauHOM L. COOTHOIIEHUS OSTHX BEIUYUH

onpenensercs (opmynoit, L =+/8Rd wu3 KoTOopoii MOXHO OLEHHTH I'€OMETPHIO

TIONIOCHI JIOPATIOMUHUA. [ Ty6uHA commudoBbBaHuS d BBIpaxkaercs d =L/8.
dopmynoil. Ilepen npukienBaHUEM ONTHYECKOIO BOJIOKHA Ha AIOPATIOMUHHUEBYIO
IUTACTUHY (IIO/JIOKKY) B ONTHYECKOE BOJIOKHO BBOAUTCS n3nydeHue He-Ne naszepa
U BbIOpaHHBIM 171 00paOOTKM YYacTOK MPOBEPSETCS MO MHKPOCKOIIOM.
OyHKIMOHAJIbHAA CXeMa pa3padOTaHHOTO METOJAa MPEIU3UOHHOM MeXaHU4YeCKOU
00pabOTKH 000JI0UKH ONTUYECKOTO BOJOKHA IPEJCTABIEHO HA PUC. 3.

. 3 7% 77 O
[/ AR 1N,

Puc. 3. Cxema npen3aMOHHOI0 KOHTPOJISA I1yOMHBbI NN OBKHU
ONTHYECKOro BOJIOKHA

3nec, 1 - He-Ne mazep, 2 - rocrtupyemas ¢GoKycupyromas JHH3a,
3 - onNTUYECKOE BOJOKHO, 4 - nUIu(OBaIBbHBINA TUCK, 5 - nutudyeMas MOJJI0XKKa C
ONTHUYECKUM BOJIOKHOM, 6-KaTMOPOBAHHBIH MPUKUMHON rpy3,

7 - JOCTUPOBOYHBIHN CTONMK € (POTOIUOAOM, § - ONTUUECKUHN TECTEP

OnTuueckuit Tectep MNO3BOSET 3(PHEKTUBHO KOHTPOJIUPOBATh TIyOUHY
NUIM(POBKM  ONTHYECKOTO  BOJOKHA. MOIIHOCTE  OCTAaTOYHOTO  W3JIYYCHHS
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MOKa3bIBAET CTENEHb NIIU(OBKUA 0OOJOUKH U CEPAIICBUHBI ONTHYECKOTO BOJIOKHA.
Bo BpeMsi 3KCIepUMEHTOB OCTAaTOYHOE HW3JIyYEHHE HaXOJWJIOCh B Mpenesiax oT
20% no 80% st pa3HbIX OOpa3lOB ONTHYECKOrO0 BOJIOKHA. DTO TMO3BOJISET
AKCIEPUMEHTAIBHO TMOA00paTh ONTHUMAJbHBIA PEXUM NUIU(OBKUA, UYTOOBI
obecnieunth, AhPeKkTUBHYIO  MOAUPUKAIMIO  ONTUYECKUX  BOJIOKOH  C
pEeIKO3eMETbHBIMU AJIEMEHTAMH.

Bropoit  pazpaboraHHBIii  cmoco0  3aKiO4YaeTcs B M3TOTOBJIICHUU
MOU(DUITIPOBAHHON 3arOoTOBKH ONTHYECKOrO BOJIOKHA. B maHHOM cmoco0e He
WCIIOB3YIOTCSl  pasjlaraloiuecs: SJIO0BUTHIC COCIUHEHHS, W BCE TPOLECCHI
MPOBOJSITCS B BakKyyMe IIyT€M TEPMHYECKOTO MCIHAPEHUS PEAKO3EMEIbHBIX
anemMeHToB. [Ipu 3TOM HaHeceHUe CJIOs PEeIKO3EMENbHBIX JIEMEHTOB MPOBOIUTCS
MyTEM TEPMUUYECKOTO HCIAPEHMS W3 HArpeThIX JIOJI0YEK, BHYTPU BpalllaroIieics
3arotoBku. Kpome TOro, Bo3MOXHOCTh MHOTOCJIOMHOTO HANbUICHHUS IO3BOJISIET
co37aTh MOAU(MUIIMPOBAHHYIO 3arOTOBKY OINTHYECKOTO BOJOKHA C Pa3IUYHBIMU
BapUalMsIMU JICTUPYIONIUX B3JEMEHTOB. Puc. 4. WUIIOCTpUPYET NPEIJIOKEHHBIN
METOJ] U3TOTOBJICHUS MOIU(PUITUPOBAHHON 3aTOTOBKH.

Puc. 4. Mertoa co3nanus 3aroToBKM MO (PHUIMPOBAHHBIX
ONTHYECKHUX BOJIOKOH

3nechb, 1 - omopHast TpyOKa M3 KBapleBOIO CTeKJa 3aKpeIuleHHas BHYTpU
BpAILIAIOIIECHCS OCHACTKHU, 2 - HAarpe€BaeMbI€ JJIEKTPUUECKUM TOKOM JIOAOYKU M3
TYTOIJIABKOTO MaTepuana, 3 - 3pbuii, 4 - AHOKCUJ TepMaHus, 5 - IUCTIEPCHBIN
MOPOIIOK KBapLa, 6 - CJIOM OCaXAAaEMbIX MaTepUaJIOB, 7 - BPAILAIOIIAsCA OCHACTKA
U1l (UKCUPOBAHUS KBapIEBOM OMOPHOM TPYOKH, 8 - KpEmeKHBbIE SJIEMEHTHI,
9O - HampaBJIeHUE BpAIlIEHUSI OCHACTKHU

Co3nanue 3apaHee JIETUPOBAHHOM 3arOoTOBKM € PEIKO3€MEIbHBIMU
AJIEMEHTaMH TO3BOJISIET MOJy4aTh MOAUGMHUIIMPOBAHHBIE ONTHYECKHUE BOJOKHA C
HEOOXOMUMOW  JUIMHHOM W  HYXXHOM  KOHIICHTpallMeil HMOHOB  aKTHUBHBIX
KOMITOHEHTOB.
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B derBépToil rnaBe auccepTanuu «JKCINEPUMEHTANbHbIE HCCIeI0BAHMUS
CNEKTPAJIBHBIX XaPAKTEPUCTUK MOAUPUIMPOBAHHBIX ONTHYECKHUX BOJOKOH)
MPUBEJICHHl  OCHOBHBIE  PE3yJIbTaThl  AKCIHEPUMEHTAIbHBIX  HCCJICIOBaHUMN
CIIEKTPAJIBHBIX ~ XapaKTEPUCTUK MOIUDUIIMPOBAHHBIX ONTHYECKUX BOJOKOH.
NccnenoBanbl (HOTOMIOMHUHECIICHTHBIE CBOWCTBA MOAMGMUIIMPOBAHHBIX 00pPa3IOB
ONTHYECKUX BOJIOKOH Pa3JIMUYHBIMU COCTABAMHU PEJIKO3EMEJIbHBIX 3JIEMEHTOB.
N3ydeHbl CTPYKTYphl M COCTaBBl OCaXJCHHBIX DJJIEMEHTOB Ha oO0pasmax
ONTHYECKUX BOJIOKOH. [IpenioxkeHbl MpakTUUeCKue PeKOMEHIAIUU TI0 CO3JaHUI0
3 PEKTUBHBIX BOJIOKOHHO-ONTUYECKUX YCHIHTEIEH U MOAUPUIIMPOBAHHBIX
3aroTOBOK ONTHYECKUX BOJIOKOH npumeHsembix B BOJIC.

HccnenoBanusi Mmoka3aiyd, 4YTO HAMOOJBIIYI0O WHTEHCUBHOCTH W3JIyUYCHUS
aKTUBHBIX HWOHOB 3pOHs MPOJEMOHCTPUPOBAIA 00pas3Ibl MOAUDUIIMTPOBAHHEIE
METOIaMH BaKyyMHOTO TEPMHUECKOTO OCaXKJCHUS. Kpome TOTO,
MPUHIUIHAIBHBIM  SIBJIIETCS BBIOOpP JIETUPYIONIUX J100aBOK (DOpMUPYIOIIHUX
IJICHKY U TOJA00p KOHILEHTPAIMK WOHOB SpOUsS IJIsi MOIU(PUKAIMU ONTHYCCKHUX
BOJIOKOH. M3BECTHO, UTO JOMOJHHUTEIBHOE JIETUPOBAaHUE KBapIIEBOTO CTEKJIa C
ALO; wm P,Os Ha MOpPANOK YBEJIMYMBAET KOHIICHTPAIIMOHHBIN TIpeel
BXOXKJICHUSI OKCHJIOB PEIKO3E€MEJIbHBIX JJIEMEHTOB U IMOAABISET KJIACTEPHU3AIUIO
HMOHOB 7poOusi. B nanHo# paboTe BEIOPAaHO COBMECTHOE JISTUPOBAHUE OKCHIA dPOus
Er,03, coBmecTHO ¢ okcugom kpeMHus Si0, u amomunus Al,Os.

HccnenoBanusi  CHEKTPalbHBIX  XapaKTEPUCTHK  MOJIUQPHUIIMPOBAHHBIX
ONTHYECKUX O0OpPa3I0B BBISBUIN HWHTCHCUBHYIO (DOTOJFOMUHECIICHIIUI0 HOHOB
spoust Er'” B HK-mumamasome ~1540 um (puc. 5, 6). IlomydeHHbIC CIIEKTPBI
COOTBETCTBYIOT NIEPEX0Oy aKTUBHBIX HOHOB 3pOUs Er'c MePBOT0 BO30YKICHHOTO
COCTOSHUSA 4113/2 Ha OCHOBHOE COCTOSIHUE 4115/2.

I Calibrate [_[O]x]
L1 [nkd) L2 (nkd) Speed (%) Num.Points ReCount Coef,

ETE [ E = E= o

START |
STOP | 100
CONTINUE | zg

70
60

Save to File | 50 \

Exit | A0
Com-Port— =
& -COM1 20 |

(r‘ -COM2 10 Vo AJdA A
1400 1450 1500 1550 1600 M

N

=
>

Puc. 5. CnekTp JroMuHeCHeHIIHUA MOAU(UIIMPOBAHHOTO ONITHYECKOTO
BOJIOKHA cocTtaBoM Er,0; - SiO, - ALO;
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I Calibrate [ (O] x]
L1 (i) L2 [nM) Speed (%) Num.Paints ReCount Coef.

|ETE= R EC S B 2] |50 %] forz [g]  Labele

. START |
STOP | 100
30 [
CONTINUE | 0 A1

70
B0 |
50 |

Exit I ;z
Com-Port—
& -COMI a I
" -COM2 10 =AW /] A
1400 1450 1500 1550 1600 nM

Save to File

——

| (|

Puc. 6. CiexkTp JIOMUHeCHEHIMU MO (PUIIMPOBAHHOI0 ONTHYECKOT0 BOJIOKHA
coctaBoM Er,Os - Yb,03 - SiO; - ALO;

Ha Bbixoge 00pa3noB  MOAMQPUIIMPOBAHHBIX  ONTUYECKUX  BOJOKOH
HaOJr0/1aach WHTEHCHBHAs (POTOMIOMHUHECHCHIMS, B auanazone ~1540 uM,
aKTUBHBIX MOHOB 3pOusi 0€3 MpOBENCHUs MPEeABAPUTEIBHOTO OTKHra 00pas3oB.
OTo yKashlBAET HA BOSMOXKHOCT AaKTHBAUMM Er~  HOHOB dpbus B
MOAU(PUIMPOBAHHBIX CTEKJIaXx 0€3 MCHOJb30BaHUS BBICOKOTEMIIEPATYPHBIX
omnmepaluuii  HAOpaBICHHBIX  JJIs  TOBBILIEHHWS  KOHILEHTPAllMM  HOHOB
PEAKO3EMENbHBIX 3JIEMEHTOB.

HccnenoBanusi mokasainu, 4TO 3SpOMM-UTTEpOMid JiIerMpOBaHHbIE O00pa3ibl
MMEIOT BBICOKYIO KOHIICHTPAllUI0 HMOHOB 3pOusi, ueM »HpOuil JIeTMPOBAHHbBIE
o0Opa3lpbl ONTHYECKUX BOJOKOH, MPH OJWHAKOBOW IJMHE MOAM(PUIHMPOBAHHOTO
aKTUBHOI'O y4acTKa. TO OOBIACHIETCS TEM YTO, MOHBI UTTEPOUS UMEIOT IIHUPOKYIO
nuHuo noryomenuss or 850 HM nmo 1100 HM u 3a cyeT 0e3bI3Iy4aTeTbLHOTO
nepeHoca Bo30yxkaeHus: 3QpGEeKTUBHO NEPEAal0T CBOIO HEPrUi0 MOHaM »pOusd. B
pe3ysbTaTe JIMHUS MOTJIOEHUs HOHOB 3pOus B paiioHe 980 HM CTaHOBHUTCS yKe
(puc. 6). H3mepenuss oOpasloB MPOBOAWINCH MPU KOMHATHOM TemIeparype
(7=300K). Ha cnekTpanbHbIX XapaKTepUCTUKAX MOIIHOCTh M3JIy4€HHs] Ha BbIXOJE
ONTHUYECKOr0 BOJIOKHA HopmupoBaHa K 100% wu moka3aHa B OTHOCHUTEIBHBIX
eauHuIax. B aOCoMIOTHBIX ~ €AMHMIIAX  MOIIHOCTh  JIFOMHHECLICHIIMU
MoaupUIMpPOBaHHBIX 00pa3uoB coctaniseT 0,3-0,4 mBrT.

CocrtaB cll0eB CO3/IaHHBIX B BaKyyM€ TEPMUUYECKUM HaIbUIEHUEM MPOBEPEHbI
U HU3yYEHbl PEHTICHOCHEKTPaJIbHbBIM MUKPOAHAIUW30M B VHCTUTYTE reosioru u
reopusukn AH PV3. YcraHoBiaeHo, 4TO BakyyMHbBIH CHHTE3 IMPU YMEPEHHBIX
temneparypax noaiuoxkud (150-200°C) mo3BoJisseT MOdydYaTh  IUIaHAPHBIC
CBETOBOJIbI C TOJABICHHOW KiacTepu3aledl U BBICOKYIO KOHIIEHTPALUI0 HMOHOB
sp6us (10°°-10*' cM™) Ha MasIBIX MOAH(HUIIMPOBAHHBIX YIaCTKAX PA3MEPOM 2-5 CM.
OnTuyeckue MOTEPU HA CO3JAHHBIX ONTHUYECKUX CTPYKTYpax COCTABUJIU MEHee
0,15 nb/cm. OTo noKa3bIBaET MEPCIIEKTUBHOCTH METO/I0B BAKYYMHOU TEPMHUUYECKOMN
MOIU(DUKAIIUH.
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Taxke mnokazaHO, YTO JIFOMUHECIICHTHBIE CBOMCTBAa aKTUBaTOpa B TaKUX
HEIUJIABJICHBIX CTEKJIaX C BBICOKHM COJIEp>KaHHEM APOUS BBITOJHO OTJIMYAIOTCS OT
CBOMCTB aKTHBaToOpa B T€X K€ CTEKJIaX, HO TMPOIICAIINUX CTAJUIO MPOIJIABICHHUS.
Ha puc. 7 npencrapieHa KWHETHKA U3MEHEHUS JIIOMUHECIIEHIIUM UOHOB 3pOUs B
pe3ysbTaTe HarpeBa ONTHUYECKOro oopasiua.

vy
=)

=
%

0,2

NaTencHBHOCTD H3/IyY€¢HMd, OTH.C1.

=]

1,52 1,54 1,56 1,58 1,56
JlinHa BOJIHBI, LM

Puc. 7. KuneTuka nu3aMeHeHHsl CIIEKTPA JJIOMHUHECHEHIHN ONTHYECKOT0 BOJIOKHA
MOAU(PUUHPOBAHHOTO cocTaBoM Er,O3 - SiOy - ALO;

3nech, 1 — OOpaser onTHYECKOTO BOJIOKHA HE MPOUIEIIIUN CTAIUI0 OTXKHUTA,
2-o0pa3zel] ONTUYECKOro BOJIOKHA Tocie oTxkura (temneparypa 400°C), 3-o0pazenn
ONTHYECKOI0 BOJIOKHA Tociie oTxkura (temmneparypa 700°C).

Ha puc. 7 BugHo, uyTOo TepMuueckas o0paboTka MOAU(GUIHUPOBAHHBIX
00pasloB C PeAKO3EMEIbHBIMU JIEMEHTAMHU BbI3bIBAET KJIACTEPU3AINIO0 aKTUBHBIX
MOHOB 3pOus. B pesynbraTe ymupsieTcss CHEKTp JIIOMUHECHEHIIMH ONTUYECKHUX
00pa3loB, U MOSBJISIOTCS MPU3HAKU all-KOHBEPCHUOHHBIX IMPOILIECCOB B KUHETHKE
HPHEPreTUYECKUX TMEePEeX0/0B AKTHUBHBIX MOHOB 3pOus. J[aHHOE CBOMCTBO Takke
MPOJIEMOHCTPpUPOBANIU 00pasipl, MoauduiupoBanusie Er,O; - Yb,0; - SiO, -
AL, O3 coctaBom. CHekTpalibHble  XapaKTePUCTUKU  MOAUPUIIMPOBAHHBIX
ONTUYECKUX BOJIOKOH U3MEPSIOTCS MOCPEACTBOM BBEACHUS JIA3EPHOI'O U3JIYYEHUS
Ha BXOJ] ONITHYECKOTO BOJOKHA U MPH BKJIFOYEHHON BHEIIHEH HAKAUKE.

B SKCIepuMEHTAIIBHOM YCTaHOBKE B KauyeCcTBE MCTOYHHMKA CHUTHaja
HCIIOJIB30BAJICST  MOJIYIIPOBOJHUKOBBIM  JIa3ep C€ MAKCUMAJIBHOM  BBIXOJHOWU
MOIIHOCTRIO 5 MBT Ha nnune Bomubl 1540 um. Jns MoamduuuMpoBaHHBIX
IJIAHAPHBIX CTPYKTYP HAKauKa OCYLIECTBIIAJIACH IOJYIPOBOJIHUKOBBIM Ja3€pOM
BBIXOJIHOM MOIIHOCTHIO 710 250 MBT unm kcenoHoBoit nammoi yepes MK-puibtp
Ha JUTMHE BOJIHBI 980 HM.
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B oskcnepuMeHTax MOAUGUIIMPOBAHHBIC ONTHYECKHE BOJIOKHA OBLIN
WCCJICIOBAaHbl HAa JIIOMHHECIICHTHBIC M YCHJIUTEIBHBIC CBOWCTBA OT BBEJICHHOM
KOHIICHTPAIIMH JISTUPYIOIIHUX 3JIEMEHTOB (puc.8).
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HHTEeHCHBHOCTEL H3JIYUCHHA, OTH.€O.

1,54 1,56

JJIMHA BOJIHBI, pm

1,52

Puc. 8. CnexTp JlloMMHeCHeHIMU ONITHYECKOI0 BOJIOKHA MOJAM(PUIHMPOBAHHOIO PA3HBIMH
koHueHTpamusaMu Er,03-SiOy-AL O3 iernpyomux 3;1eMeHTOB

3nech, l-ontuueckas cpena, jaerupoanHas 10 mol.% AlL,O; u 3000 ppm
Er,03, 2-ontrueckas cpena, serupoannas 1,5 mol.% Al,O; u 3000 ppm Er,0O3,

Kaxk BumHO 13 puc. 8, oOpazer] mojag HoMepoM 1 poIeMOHCTPUPOBAIT BBICOKUH
YPOBEHb JIIOMUHECIICHIIUM OTHOCUTEIBLHO OOpa3ia moj HoMmepoM 2. [laHHoe
SIBJICHUE OOBSICHSAETCS OOJIbIIICH KOHIIEHTpAILMK JIeTUpytomiero anemMenta - Al,Os.
Hcxonst u3 akcrepuMeHTaIbHBIX pe3yJIbTaTOB, YBEIUYECHUE KOHIIEHTPAIIUN OKCHIA
QTIOMUHHUST B COCTaBE OCAXKJICHHBIX MaTEPHAJIOB IMOJABISAET KIACTEPU3ALIUIO
AKTUBHBIX HOHOB pous, TTO3BOJISIS MTOBBICUTH WHTEHCUBHOCTD
dbotomomuHectieHIMd. Ha criekTpaibHOM XapaKTepUCTHKE, MOIITHOCTh Ha BBIXOJE
ONTHUYECKOTO BOJOKHa HopMHpoBaHa K 100% u mnoka3zaHa B OTHOCUTEIbHBIX
eauHuIax. MOIIHOCTh  JIIOMUHECIEHIIUM  MOJIU(PUIIMPOBAHHBIX  00pa3IoB
coctasiisieT nopsiaka 0,3-0,4 mBr.

Ha ocHOBaHMM MPOBEIECHHBIX HKCIEPUMEHTOB M HU3MEPEHUH IMOCTpPOCHA
3aBUCUMOCTh  KBAaHTOBOM  3(()EKTUBHOCTH  BOJIOKOHHOTO  YCWJIMTENIS  OT
KOHIIEHTpallMl HOHOB HpOus U Jerupyromux npumecei (tabauma 1). Ilpu
CO3JJaHUM DJPpOUN JICTUPOBAHHBIX YCWIMTEJIEH JaHHas Taljulla MOXET ObITh
WCIIOJb30BaHa ISl ONTUMM3AlMK  YCUJIUTEIBbHBIX TapaMeTpoOB ONTHYECKUX
YCUIIUTETICH.

B TtaGnuie mpuBeneHbl pe3ylbTaThl M3MEpeHUs A(MPEKTUBHOCTH YCHIICHHS
MJJAHAPHOTO CBETOBOJIa, B OTHOCUTEIBHBIX CIMHHUIAX. 3a EIUHUILY MPUHATO
MaKCHUMAJIBHO TIOJTyY€HHOE YCUJICHHE MPU MaKCHUMaJIbHOM JISTUPOBAHUHU OKCHUIIOM
ATIOMHUHUS U TIPU ONTUMAJILHOM JIETUPOBAHUN OKCHJIOM SPOus.
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Tadauna 1
Pe3yabTaThl H3MepeHUus1 KBAHTOBOM 3()GeKTUBHOCTH MOAM(PHIMPOBAHHBIX 00pa31 0B
HCIO0/b30BAHHBIX B Ka4eCTBE YCHJIUTEJIA

Er,O; D¢ PeKTHUBHOCTD YCIUICHIIS, B OTHOCUTEIBHBIX SAMHHATIAX,
ppm arbitrary unit
TS 10| 50 | 100 | 250 | 500 | 1000 | 3000 | 5000 | 10000
mol.%
0 1 [0.77]0.61 | 0.38 | 0.07 — — — —~
1.5 1 {094]092)|0.79| 0.60| 0.29 | 0.02 = =
1.3 1 {098]096) 092 0.80]| 0.69 | 0.30 | 0.13 —
10 1 {098]096 094 0.85| 0.73 | 0.34 | 0.15 | 0.03
15 1 1 0.98 096 091 ] 0.81 | 0.43 | 0.23 | 0.10
18 1 1 1 0.98 | 0.96| 0.88 | 0.56 | 0.32 | 0.18

HecmoTpst Ha TO 4rO, mpu OOJBUIIMX KOHIEHTpALUAX OKcHIa 3pOus
OTHOCUTENbHAs d(PPEKTUBHOCTh YCUJICHHS YMEHBIIAETCs, HO 3a CUYET OOJIBLIOrO
KOJIMYECTBA M3JIYyYAIOUMX LEHTPOB MOXKHO YMEHBIINUTH [JIMHY IIJJAHAPHOTO
BOJIOKOHHOTO YCUJIUTENS U JoBecTu €€ 10 5-10 cm.

B maroii rnaBe guccepraunu «Pa3padorka KOpPOTKO-IMCTAHUHOHHBIX
BOJIOKOHHO-ONITHYECKUX YCHJIMTEJed HAa OCHOBe MOAM(PHUIMPOBAHHBIX
ONTHYECKUX Cpex» U3JI0XKEHbl METOAbl CO3JaHUS KOPOTKO-AUCTAHLIMOHHBIX
ONTHUYECKUX YCWIHNTENIEH, ONUCAHbl JIKCIEPHUMEHTAJIBHBIE MPOLECCHl CO3JaHUS
IJJAHAPHBIX ONTHYECKUX YCWIMTENIEW IJI MHTErPAIBHBIX ONTHYECKUX CHUCTEM,
TAaKK€ OCYIIECTBIEH pacyeT MapamMeTpoB ONTHUYECKUX YCUIMTENEHd s
CIEKTPAJIIBHO MYJBTUILIEKCUPOBAHHBIX CUCTEM. (OCHOBHBIM IPEUMYIIECTBOM
KOPOTKO-JIUCTAHIUOHHBIX  ONTUYECKUX  YCWIMTENEW  SBIIETCS  BBICOKAs
KOHLICHTPALUS AKTUBHBIX MOHOB PEAKO3EMETBHOTO AIIEMEHTA B
MOAU(PUIUPOBAHHOM y4aCTKe.

B nsToil rmaBe mnpemsiokeHbl JABa Crocod0a H3TOTOBIEHHUS KOPOTKO-
JUCTAHIIMOHHBIX ONTUYECKUX ycunuteneil. [lepBblil  mpensiokeHHbI  crocod
M3TOTOBJIEHUS KOPOTKO-AUCTAHIIMOHHBIX ONTUYECKUX YCHIIUTENIEH 3aKIIFOYAETCS B
UCIIOJIb30BAaHUU JIOKAJbHO MOJU(MUIUPOBAHHBIX ONTUYECKUX BOJIOKOH METOJI0M
TEPMUYECKOro ocaxjeHus. Kak yxxe oTMeuanoch, TaHHbIE MOAU(PUIMPOBAHHBIC
ONTUYECKHE BOJIOKHA MO3BOJISIIOT YCWJIMBATh ONTHYECKUU CUTHAI 10 8 nb Ha
JIOKaJbHOM YYacTKe JIUMHON 5 cM. ONTHUYECKUE YCUIIUTEIN Ha OCHOBE JIOKAJIIBHO
MOAU(PUIUPOBAHHBIX ONTHYECKUX BOJOKOH HE TPeOyIOT CIIOXKHBIX CXEM
COIVIACOBAaHMS C ONTUYECKUM BOJOKHOM DWDM cucTeMmsbl, ITOCKOJIbKY JaHHbIE
YCWJIMTENH BBITIOJIHEHBI HA TAKUX 7K€ ONITHYECKHUX BOJIOKHAX.

Bropoii cnoco6 3akiioyaeTcss B CO3JIaHMM  TUIAHAPHBIX  ONTHYECKHUX
YCWIMTENEH NpeAHAa3HAUYECHHBIX [JI MHTETPAJIbHBIX ONTHYECKHX CHCTEM IyTEM
HAaHECEHUs MOAM(PUIMPOBAHHOIO MHOTOKOMIIOHEHTHOTO OINTHUYECKOro CJOs Ha
MMOBEPXHOCTh IOJUPOBAHHONW TMOJJIOKKHA M3 MOHOKPHUCTAIIMYECKOTO KPEMHUS
(puc. 9). Ilporecc HapalMBaHUsi MHOTOKOMIIOHEHTHOTO onTryeckoro cios (SiOx -
GeO; - Er,O3) nuieHKu IpoXOoIUT B YCIOBUSX BaKyyMa.
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Kak moxkasanu skcrnepuMeHTaJbHble pe3yJbTaThl JaHHBbIE HAHOCTPYKTYpPBI C
2 207 -
BBICOKHM COZICP’KAHHEM KOHIIGHTPALMK aKTHBHBIX HoHOB 3poust (107 — 107" cm™)
crIocOOHBI 3P PEKTUBHO yCUIIMBATH ONTUYECKUM curHai a0 6 nb/cm.

Si 7

Puc. 9. Cxema u3roroBjieHus IVIAHAPHBIX OIITHYCCKHUX ycunuTe.ﬂeﬁ AJIsI HHTErpajJdbHbIX
BOJIOKOHHO-OINITUYE€CKHUX CUCTEM

3nech, l-moanokka W3 MOHOKPUCTAJUIMYECKOIO  KPEMHUSA,  2-CIIOU
OKCUJMPOBAHHOTO KpeMHHUs, 3 - (OpMHpPYEMBI B BaKyyMmMe CJIOH CEpALCBUHBI
IUIAHAPHOTO CBETOBOJA JIETMPOBAaHHBIM 3pOuemM, 4 - TaHTaloOBblEe JOJOYKH C
UCIapsieMbIMU HaBECKaMHU MaTepuania, S5 - BBICOKOTEMIEpATypHas JIOJOYKA W3
auoopuaa tutana (TiB,), 6-3acioHku, 7 - TpaeKTOPHUsS 3JIEKTPOHHOIO IMOTOKA,
8-TepMOKaTO/I.

Jns u3MepeHus CHEKTPAJIbHBIX XAPAKTEPUCTUK U MAPAMETPOB YCHICHUS
KOPOTKO-IUCTAHIUOHHBIX ONTHYECKUX YCWIMTEIEH HCHOJIb30BaJach CXeMa
COEIMHEHUS ONTUYECKUX YCTPOMCTB, MpeacTaBiieHHas Ha puc. 10.

1
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2 VOA OSA

Puc. 10. Cxema coequHeHHIl ONTHYECKHUX YCTPOMCTB AJ1s U3MepeHus ko3 dunnenta
YCHJICHHS ONITHYECKOIr0 YCHJIMTEJIst

3nech, 1 - UCTOYHUK cuUTHaJIa (TeHepaTop TOKa), 2- jasep, 3 - ONTHYECKUU
aTTeHaTop, 4 - uatepdepeHImoHHbIN GuabTp Ha 980 HM, 5 - KCEHOHOBAs JIamIia
MOAKJIIOUEHHAs! K LENH NMUTAaHHS C PEryJHUPYEMbIM YIIPaBICHUEM, 6 - KOPOTKO-
JTUCTAHIIMOHHBIA ONTUYECKUHN YCHINTENb, 7 - aHanu3aTop criektpa (OSA).
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Ha Ta6JII/II_Ie 2 NPpUBCACHBI YCHIIMTCIBHBIC XAPAKTCPHUCTHUKHN KOPOTKO-
JAUCTAHIIHMOHHBIX BOJIOKOHHO-OIITHYCCKHNX YCHHHTCHCﬁ.

Taoanua 2
Pe3y.111,TaT1,1 H3MepeHHﬂ yCl/lJ'll/lTe.]'[l)Hl)IX CBOﬁCTB KOpOTKO-)II/ICTaHIII/IOHHbIX BOJIOKOHHO-
OIITUYECKHUX yCI/IJ'l]/ITeJ'leﬁ

Haxauxa (%) 50% \ 100% 50% \ 100%
Bxonnas
MOIIIHOCTh BbixoHast MOLITHOCTH ONTUYECKOTO Veunenne cnrnana (15)
ONTHYECKOTO curnana (nbm)
curHana (nbm)

-30 -10,1 -7,2 19,9 22,8

-25 -7,1 -4,8 17,9 20,2

-20 -3,8 -1,5 16,2 18,5

-15 -1,6 1,1 13,4 16,1

-10 -0,5 2,2 9,5 12,2

-5 1 2,9 6 7,9

Hcxonst u3 mosydeHHBIX 9KCIIEPUMEHTATBHBIX PE3YIbTaTOB, KOTJJa MOITHOCTD
HaKauku coctasisieT nojoBuHy — 50% ot cBoeit 100% moiHOoCTH, IS ClIa0bIX
curHanoB -30anbm, ycunenue paBHo 12,02 nb. Korja curnan Hakaukyd COCTaBIsIET
MakcumanbHoe 3HaueHue — 100%, nmga BxoaHoro curHaina ypoBHeM - 301bwm,
ycwieHue paBHo 15,68n1b. DTo oOBsACHSIETCS TEM, UTO YCHUIIMTEIbHBIE CBOMCTBA
SpOMEBOTO ONTHUYECKOTO0 YCHUJIUTENS TMPSIMO MPOMOPIHOHAIBHBI MOIIHOCTU
Hakaukd. Ho, Kkorja BXOJHOM CHUTHajl HapacTaeT, YCWICHHE OINTHYECKOTO
YCWJIMTENS HauWHAeT OCTaHABJIMBATHCSA, M YCWIMTEIh HAauyWHAET TEPEXOJUTh B
pexxuMm Hacklmienus. JlaHHbli 3ddext sBasercs oO0mMM Uil BceX dpOuid
JIETUPOBAHHBIX ONTHYECKUX ycwiuTene. Ha puc. 11 mokasaHbl cpaBHUTEIbHbBIC
CIIEKTpaJIbHbIC XapaKTepUCTUKHU coBpeMeHHbIX EDFA 1 KOpOoTKO-AMCTaHIIMOHHBIX
ONTUYECKUX YCUITUTEICH.
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Puc. 11. CnextpanbHble XapakTepucTUKU coBpeMeHHbIX EDFA (nimna
MOAU(PHUIHMPOBAHHOIO BOJIOKHA - 2 M) H KOPOTKO-IMCTAHUMOHHBIX (IVIMHA
MOAU(PHUIMPOBAHHOIO BOJIOKHA - 6 CM) ONTHYECKHUX YCHUJIUTEICH
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3nech, 1 — YcuneHHoe ONTHYECKOE U3IIydeHHEe Ha JIJTMHE BOTHBI A = 1550 HM
(Ps.our), 2 - YpOBEHb aBTOMAaTUYECKOW CITOHTAHHON 3MHUCCUU MOHOB 3p0us (Pysg),
3 - [Mux TrOMHUHECIIEHIIMY 3pOUS Ha JUIMHE BOJHBI A = ~1540 HM.

B KOpOTKO-IWCTAHIIMOHHBIX ONTUYECKUN YCUIUTENSAX JJIMHOW AKTUBHOTO
ydyacTka 6 CM, KOJMYECTBO AKTUBHBIX HMOHOB 3pOHsA, 3a CYET HAKaYKU MOXKET
nocturate  10°'-10°° cm”. Jlns EDFA ycuiureneil JaHHOE KOJTHYECTBO
KOHIEHTpAllMM  aKTHUBHBIX  HMOHOB  3pOUs  JIOCTUTaeTrcs  MHpU  JJIMHE
MOAU(PUIMPOBAHHOTO BOJOKHA Oojee 4 M. Ilo skcrnepuMeHTaIbHBIM JIaHHBIM
MPUBEACHHBIX B 2-TaONMUIE KOPOTKO-IUCTAHIIMOHHBIE ONTUYECKUE YCUIIUTENH Ha
06a3e MOAN(PUIIMPOBAHHBIX ONTUYECKUX Cpell 3PPEKTUBHO YCUIIUBAIOT ONTUYECKUI
curHan B paiione 10-15 ab. Kak Bunno u3 puc. 11, napamerp P45z AJIsI KOPOTKO
JUCTAHLIIMOHHBIX ONTUYECKUX YCHIIUTENIEW HUXKE IO CPAaBHEHHIO COBPEMEHHBIMHU
EDFA ycwiurensamu, 4TO JaeT BO3MOXHOCTh IOHWKEHHS MapaMmeTpa IIyM-
¢akrop. B panHOM ciydae 3HaueHue IIyM - (akropa g KOPOTKO-
JUCTAaHIIMOHHOTO ONTHUYECKOro ycunurtens paBeH 1-2 nb. M3BectHO TO 4TO, yeM
MEHbIIE 3HaYeHUs 1yM - (akTopa Tem yiyuiraetcss OSNR onTuueckoil cuctembl
u olecreunBaeTcs HAJIEKHOCTh ONTUYECKOW cBsi3u. Kpome Toro, mnwmk
JIOMUHECLIEHIIUHU 3pOHsl KOPOTKO-IUCTAHIIMOHHOTO YCHUJIUTENS MPU BKIIOYEHHOM
na3zepe (MCTOYHMKA CUTHAJIA) W MONEPEUYHONM HAKayKe CIUIaKUBAETCS, YTO BEJET
CIUIAKMBAHUIO  CIIEKTPAIBHOM XapaKTEpUCTHKM YCHIIUTENI W YBEJIWYHUBAET
npornyckHyto cnocoonocts BOJIC.

3AKITIOYEHHUE

OcHOBHBIE pe3yJbTaThl, IMOJYYEHHBIE B XOJE HCCIEIOBAaHUNA CBOJATCA K
CJIEIYIOUIUM:

1. VYcraHOBIEHO YTO, METOJOM TEPMHUYECKOTO HAMbUICHUS B BaKyyme
o0OecreynBaeTcs  BO3MOXKHOCTh  TOJIYYEHHMS ~ ONTHUYECKH  OJHOPOJHBIX
JIURJIEKTPUYECKUX TUIEHOYHBIX CTPYKTYp C OOJBIIONW KOHIIEHTpalMeW OKcuia
sp6us Er,05 (10°°-10%") cM™, ¢ BbIcoKoit cTemnensio npospadnoct (~80%) B MK-
JIMATIA30HE U BBICOKHM YETbHBIM COMpoTuBiIeHHeM ~10° OM cM.

2. DKCHEepUMEHTAIBHO J0Ka3aHO YTO, JOMOJIHHUTENbHOE JIETUPOBAHUE OKCHJIA
apbust (Er,03) ¢ oxcumom amomuausi (Al,Os3), cmocoOCTByeT MOJaBICHUIO
KJIACTEPHU3aLMU MOHOB 3pOHsl, YTO BEJET K YMEHbBIIECHHIO d(PeKTa an-KoHBEPCHUH,
TEM CaMbIM T[I03BOJISIE JOCTUraTh OJKCTPEMalbHO BBICOKOW KOHIIEHTpalUU
akTUBHBIX HOHOB 3p6ust (10°°-107") cM™ B ManbIx pasmepax MOAU(HIIPOBAHHOTO
ydacTka 2-5 cM.

3. V3roroBieHbl METOAOM BaKyyMHOIO KOHTPOJUPYEMOTO TEPMHUUYECKOTO
OCaXJICHUS TUTaHapHBIC ONTHYECKHE CcBeTOBOJBI cocTaBoM (Er,O; - Si0,-Al,03 u
Er,O3 - Yb,03 - Si0; - ALO;) Ha n0KanbHOM (parMeHTe ONTHUYECKOTO BOJIOKHA.
VYCTaHOBJIEHO, YTO HAaKayka JOKAJIbHO MOJIU(UIMPOBAHHON Cpenbl C IMHON
BosiHBI 980 HM B0o30yxmaer MK-uznyuenue B o0nactu ~1540uM, npeacrapisioniee
npaktuyeckuit uarepec B chepe BOJIC.

4. UccnenoBaHbl YCUIIMTENIbHBIE CBOWCTBA IJIAHAPHBIX ONTHYECKUX CTPYKTYP
Er,03-S10,-A1,05 u Er,03-Yb,03-S10,-Al,03 co3aHHBIX METOJOM BaKyyMHOT'O
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KOHTPOJUPYEMOI'O TEPMHUYECKOTO OCaXKJEHUs Ha (parMeHTe ONTUYECKOTO
BOJIOKHAa M Ha mnojoxkax KpemHus (SIO,). [lokazaHo, 4yTo B ONTHYECKUX
CTPYKTypaX, TOJIY4YEHHBIX BaKyyMHBIMH METOJJAMU OCQXICHUS, OTXKHUI U
IUIaBJICHHE BBI3BIBAET KJIAacTepHU3alMi0 HMOHOB »HpOus, B pe3yjibTaTe 4Yero B
CHEKTPAIbHBIX  XapaKTEePUCTUKAX YIIUPSAETCA CHEKTP JIIOMHUHECUEHUUU W
MOSIBJISIOTCS NMPU3HAKU all-KOHBEPCUOHHBIX MIPOLIECCOB.

5. TlocpencTBoM ToNepeyHON HaKaykul KCEHOHOBOW Jsiammoit (980 HM)
YCTaHOBJIEHO, YTO JOMOJHUTEIbHOE JerupoBanue 3po6us (Er) urrepouem (Yb)
CIIOCOOCTBYIOT CYXEHHUIO MIMPUHBI H3JIy4aeMOro CIHEKTpa JIIOMUHECICHIUH.
JlanHoe siBJieHUE OOBSCHIETCS TEM UTO, HOHBI UTTEPOUS MEPe/latloT CBOIO SHEPTHUIO
MOHaM 3p0Ousi, B Mpoliecce nepexoja Ha SHEPreTUUECKUil YpOBEeHb HUXKE.

6. JlokazaHo, 4TO ONTHYECKUE CTPYKTYPhI CO3[JaHHbIE METO/IaMH BaKyyMHOTO
OCaXKJEHUS JIEMOHCTPUPYIOT MaKCHUMAaJIbHYIO MHTEHCUBHOCTD
doromomunecnenmi  (Er”) mpum  komuatHOH  Temmepatype (7=300K).
HaGmiomaembiii pe3ynbTar OOBACHSETCS TEM, YTO ONTHYEcKas CTPYKTypa Ha
OMOPHOW TOBEPXHOCTH, JOKAJIbHO OTKPBITOIO ONTHYECKOrO0 BOJIOKHA WM
KPEMHHUEBOU MOJJIOXKKH, (hopMHUpyeTcs M3 ocaxaaeMoil ¢as3bl, MUHYS CTaJHIO
IaBieHus. B JaHHBIX YCIOBUSIX MOJABIECHHOCTH MpoleccoB audpdy3un u
KOHBEKTMBHOTO MaccolepeHoca B OOBbEME ONTUYECKOM Cpeabl MO3BOJISET
CTaTUCTHUYECKH PaBHOMEPHO PaCIpeeIUTh aKTUBHbIE HOHBI 3pOUs B CTEKIIE

7. Co3naHbl MOAM(PUIMPOBAHHBIE ONTHYECKHWE BOJOKHA M IUIAHAPHBIE
ONTUYECKHE CTPYKTYPBI JIJISi U3TOTOBIIEHUSI CEHCOPOB, BOJIOKOHHBIX JAaTYUKOB U
BOJIOKOHHO-ONITHUYECKUX YCUJIMTENIEH HCHIOIb3YIOIUXCS B BBICOKOCKOPOCTHBIX
BOJIC. BeisiBneHo, 4YTO OCaxJACHHbIE MOIUDPUIMPOBAHHBIE ONTHYECKUE
CTPYKTYPbl UMEIOT 3()PPEKTUBHOCTh COIIACOBAHMS C CEPALIEBUHON ONTHYECKOTO
BoJokHa 65% 10 75%. B pe3ynbTrare OaHHOTO CBOMCTBAa BO3pPACTaECT
3G (HEeKTUBHOCTH MEPEXO0B U3IIYUCHHS Ja3epa «Cep/leBUHA - ONTUYECKas cpena -
cepaueBrHay obecrneunBas 3@dekTuBHOEe ycuieHue curHama Ha 5-10 nb c
JIOKaJIbHO MOJAUMUIIMPOBAHHOTO y4acTKa pa3MepoMm 2-5 cM.

8. Co3maHbl KOPOTKO-IUCTAHIMOHHBIE ONTUYECKWE YCWIMTENIW  JUIs
MHTErpajJbHBIX ONTHYECKUX CHUCTEM B BHUJE IUIAHAPHO MOAMGULIHUPOBAHHBIX
ONTUYECKHUX CTPYKTYP HApALIEHHBIX HA MOJJI0XKKe KBapua. /JJoka3zaHo 4To, 1aHHbIE
YCUJIUTEIN UMEIOT BO3MOKHOCTh YCWJICHHUS T'PYIIOBOTO ONTHYECKOTO CHUTHAJa
DWDM cucremsl B nuanazone C-Band (1529 - 1565 um). I'pynnoBoit curnan Ha
BBIXOJIE€ TAKOT'O YCHUJIUTENSI UMEET CTIIaKEHHbIN U JIMHEapU30BaHHbBIN XapakTep 0e3
MPUMEHEHUS ITUPOKOMOJIOCHBIX CIIIAYKUBAOIINX (DUIIBTPOB.

9. DKCnepUMEHTAIBHO JOKa3aHO, YTO CO3/IaHHbIE ONTUYECKUE YCUIIMTENU Ha
0aze MOAM(PUUUPOBAHHBIX ONTUYECKUX CpeJl C OKCTPEMAIbHO BBICOKOM
KOHIIEHTpaIMell aKTUBHBIX HOHOB PEJIKO3EMEIBHOTO 3JIEMEHTa UMEIOT HU3KUU
napameTp myM - (akrtopa, 4yTO crnocoOcTByeT yBenunuyeHuio mnokasarenss OSNR
(Optical signal noise ratio) B cucteMax DWDM.
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Introduction (Annotation of doctoral dissertation)

Topicality and demand of the theme of dissertation. In the global arena,
the relation of information and communication technologies directly from
throughput capacity of fiber-optical communication networks and a rapid
development of market of telecommunications, radio and mobile communication
system detects the necessity of implementing modification methods of optical
fibers with rare earth elements in order to increase the bandwidth of backbone of
optical network which connects convergence nodes of communication systems
with high-speed traffic. In the main segments of the communication networks -
urban, trunk, international and local area networks, according to the statistics of
2005, the use of the optical fiber was more than 68 million km and increased by
industry in general by 15%. At the end of 2012 the index of manufactured and
applied optical fibers was 225 million km, 35-36 million km of which belongs to
Japan, China People’s Republic 100 million km, the United States 32 million km
and the countries of the European Union 26 million km.

Broadband LTE (Long Term Evolution) mobile technology of fourth
generation began to be applied all over the world. According to the 3GPP (3rd
Generation Partnership Project) and the International Organization IMT-Advanced
requirements in fourth generation mobile networks the information transmission
rate to a single subscriber should not fall below 1Gbps. The application of
modified optical fibers in optical communication systems provides base stations of
mobile operators with high data rate traffic and contributes to the growth of the
number of subscribers.

In this regard, the solution of issues such as modification of the optical fiber
with rare earth elements, modification of optical fiber with the application the
methods of the quartz resonator and controlled thermal vacuum deposition, high-
precision control of the thickness and composition of the deposited
multicomponent optical film to locally open core optical fiber, simultaneously
controlled vacuum deposition of oxides of erbium, ytterbium, silicon and
aluminum, the creation of samples with suppressed the clustering of erbium ions
and obtainment of high concentrations of the active ions of rare earth element
(10*°-10*") cm™ in formed optical structures, the study of spectral characteristics of
modified optical fibers doped with a multicomponent layers Er,O3 - Al,O5 - SiOx
and Er,O; - Yb,O; - ALO; - SiOx, (1<x<2) obtained by thermal vacuum
deposition, the creation efficient planar and fiber optical amplifiers with high
(10*-10*") cm™ content of the active ions of rare earth elements, the development
of methods of processing fiber-optic materials and development on their basis of
optoelectronic data transmission systems in order to solve the problems of low
noise figure and high-factor parameter of OSNR (Optical signal noise ratio) in
optical amplifiers created based on modified optical fibers with a high
concentration of erbium are topical for telecommunications, radio and mobile
communication systems.

In order to create high range erbium ions concentrations in modified optical
fibers, enhance the processes of effective modification of optical fibers with rare
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earth elements and create effective short-distance fiber optical amplifiers there is a
representing special interest for the development methods for multicomponent
vapor deposition, and modification of optical fibers by the controlled thermal
deposition erbium oxide, ytterbium, silicon and aluminum on the optical fiber
opened surface.

The subject of current dissertation is serving to provide the practical
implementation tasks identified in the Decree of the President of the Republic of
Uzbekistan «On measures to further the implementation and development of
modern information and communication technologies» on March 21, 2012,
Ne PR-1730 and in the resolution of the Cabinet of Ministers «On approval of the
concept of e-commerce in the Republic of Uzbekistan for the period 2016-2018
years» on December 4, 2015, No 353.

Research conformity to the directions of sciences development and
technologies of the republic. The dissertation is carried out according to priority
directions of state scientific and technical programs of applied research as:
ARP-5-«The development of information technologies, telecommunications
networks, hardware and software tools, methods and systems of intelligent
management and training aimed at improving information society».
ARP-4-«Development of methods for using renewable energy sources, the
development of technologies and devices based on nanotechnologies, photonics
and other advanced technologies.

Review of international scientific researches on theme of dissertation.
In world scientific centers and higher educational institutions, including companies
and organizations as ITU-T (International Telecommunication Union), Furukawa,
Sumitomo, Fujikura (Japan), Corning Optical Communications (USA), Alcatel
(France), JSC «Fiber optic systems» (Russia), Dutch Fiber (Germany), Draka
(Denmark), Samsung (South Korea) and Pirelli (Italy ) the researches are carried
out on manufacture and application of fiber-optic data transmission systems,
improvement of the optical fiber manufacturing processes and creation of modified
fibers with enhanced parameters of spectral characteristics by implementing the
processes their modification with rare earth elements. The total market share of
these companies in developing optical fibers in the world is about 90%.

By application optical fibers modification methods with rare earth elements,
all over the world, the direction of improvement the quality of information
transmission parameters and creation new generation efficient optical amplifiers,
by the optical fibers modification with rare earth elements were as follows:
methods of modifying of optical fibers with rare earth elements have been
examined by ALCATEL-LUCENT (France), NOKIA-SIEMENS, (Finland);
optical amplifiers by modifying optical mediums with rare earth elements have
been developed by ZTE, HUAWEI, (China People’s Republic); on the basis of
liquid crystals the devices of controlled optical signals of selective switching in
different directions have been created by CISCO, FINISAR (USA); the methods of
practical application of optical fibers modified with rare earth elements in energy
and automation have been developed by ISKRA (Slovenia); modified optical fiber
preforms have been created by OPTEL, Nateks, Zelax (Russia).
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Scientific research works on issues of using of modified optical fibers with
rare earth elements for increasing the spectral efficiency and capacity of optical
communication systems, transmission of high-speed data over long distances
without the optoelectronic transformation, the creation of efficient optical
amplifiers and their implementation in telecommunications, radio and mobile
communication systems are carried out.

Degree of study of problem. Researches of scientists as G.P.Agrawal
(University of Rochester), A.Girard (EXFO Electro-Optical Engineering),
A.J . Morrow, A.Sarkar, P.C.Schultz (Research and Development Division Corning
Glass Works), S.R.Nagel, J.B.Macchensey, K.L.Walker (AT&T Bell
Laboratories), H.Murata (The Furukawa Electric Company), A.D.Yablon
(Interfiber Analysis), N.N.Slepov (Senior researcher, Russian Academy of
sciences), A.K.Przhevusky, N.V.Nikonorov (St. Petersburg State University of
Information Technologies Mechanics and Optics) and others aimed to development
and research the theoretical and practical problems of modifying the optical fibers
with rare earth elements used in the fields of ion-plasma, vacuum technologies,
optics, radio systems and communication theory, including thermal vacuum
deposition methods, methods of spectral investigation of the optical parameters of
the modified fibers, methods of controlling the composition of the deposited
multicomponent optical films using a radio frequency method of measuring
thicknesses have been considered.

Researches related to questions of the development and improving fiber-
optics communication lines are held by scientists of republic, including:
T.D.Radjabov, S.A.Bahromov, A.M.Nazarov, A.A.Simonov, A.l.LKamardin with
their disciples have dealt with issues of application the photoluminescence
properties of rare earth elements to the fiber optic lines and J.A.Abdullayev,
R.I.Isayev, I.R.Berganov have held their researches on increasing the throughput
capacity of optical communication systems. Despite the large number of
investigations in the field of fiber-optic communication networks, the modification
issues of existing optical fibers are not completely solved. There are no any
researches on local modification optical fibers and investigations based on creation
locally modified optical fibers which have an extremely high concentration of
active rare earth ions (~ 10*°-10*") cm™. There are several disadvantages in the
known methods of manufacturing of modified optical fibers as the complexity of
technological processes with involving high temperatures and the usage of harmful
and hazardous substances in modification processes. Until today, methods of
precision mechanical processing and rare earth elements ions vacuum deposition
on the surface opened optical fiber core with using a wedge-shaped geometry have
not been applied for fabrication modified optical fibers. Also, methods of creating
modified optical fiber preforms with a high concentration of rare earth elements in
an optical fiber core have not been taken into account.

There are also no researches related to the issues of changes in spectral
characteristics of optical fibers in modification processes from concentration of
rare earth elements and the creation and study of modified optical mediums for
compact optical amplifiers used in the integrated optics.
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Research conformity to the plans of scientific-research works of
higher educational institution. Conformity to the theme of dissertation with
the plans of scientific-research works of higher educational institutions is reflected
in the following fundamental and practical projects: BV-F2-002, «Investigation of
the fundamentals of communication transmission and development of systems and
components of fiber-optic communication systems with the use of solitons
technologies» (2011-2013); AS5-003 «Development of methods for optimizing
spectral characteristics of high-speed broadband telecommunications networks»
(2012-2014).

Purpose of research is the development of methods of optical fibers with
rare earth elements modification by means of thermal vacuum deposition
multicomponent films of complex geometry, the fabrication locally modified
optical fibers with high concentration of rare earth elements, as well as parameters
measurement of modified optical fibers by creation of the complex of optical and
mechanical devices.

To achieve this goal the following tasks of research are formulated:

enhancement of the method of manufacturing of optical fibers and creation
precision mechanical processing device for the optical fibers modification purposes
with rare earth elements in vacuum chamber;

development of controlled vacuum deposition method for evaporation oxides
of erbium, ytterbium, silicon and aluminum to opened core of an optical fiber in
order to create high concentration of rare earth elements in modified optical fibers;

creation and enhancement vacuum devices with ability to control a thickness
and composition of deposited elements are created by rare earth elements
evaporation in a vacuum atmosphere;

manufacturing planar optical waveguides with high concentrations of rare
earth elements ions (10?°-10°") cm™ are formed on the fragment of local optical
fiber core in order to establishment the basic preconditions of development of
short-distance optical fiber amplifiers and performs of modified optical fibers;

studying a composition and a concentration of multicomponent optical
structures have obtained by implementing vacuum modification methods based on
thermal evaporation rare earth elements;

carrying out the comparative analysis of spectral characteristics of modified
optical fibers with different compositions (Er,O3 - AL, O; - SiO4 and Er,O3 - Yb,03
- AL,O3 - Si0y) of rare earth elements;

developing short-distance optical amplifiers based on the modified optical
mediums and investigation their amplification properties.

Object of research is a single mode optical fibers, multicomponent optical
thin films (are representing planar waveguides with wedge geometry), modified
optical fiber preforms obtained by vacuum deposition methods and short-distance
optical fiber amplifiers based on modified optical mediums.

Subject of research is a rare earth modification methods and their spectral
characteristics.

Methods of research. In the research the following methods are used the
method of precision mechanical processing of optical fiber cladding, the method of
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controlled vacuum deposition of multicomponent films with wedge geometry on
the opened core of optical fiber; the method of transverse pumping modified
section of an optical fiber by means of the radiation of a xenon lamp, the method of
spectral measurements of parameters of modified optical fibers, the radio
frequency method to control the thickness of the evaporated layers.

Scientific novelty of research consists in the followings:

the method of controlled vacuum deposition in modification purposes of
optical fibers with rare earth elements by the implementation of quartz resonator
and thermal vacuum deposition methods has been developed;

the method of simultaneously controlled vacuum deposition of erbium,
ytterbium, silicon and aluminum oxides on locally opened optical fiber core
surface with high thickness measurement accuracy of deposited multicomponent
(Er,O3 - ALLO5 - SiO4 and Er,O3 - Yb,O5 - ALL,O3 - SiOy) planar optical films has
been developed;

the method of vacuum modification of optical fibers providing high
concentration of active erbium ions (10°° - 10*") cm™ by formation of erbium ions
clustering suppressed structures have been created and experimentally tested;

have been proved that modified optical films manufactured on base vacuum
thermal deposition by simultaneously evaporation of metallic erbium, aluminum
and silicon oxides at the atmosphere of reactive gas (oxygen) and at the vacuum
pressure  0,25-0,35Pa  ((2-3)-10°mmHg) are causing the intense
photoluminescence of Er'” ions in the range of ~1540 nm, which represents the
practical value for the field of fiber-optical communication;

the method of manufacturing activated optical fiber preforms for the
fabrication of a long distance modified optical fibers and creation of effective
planar and fiber optical amplifiers which include high concentration
(10°-10*") cm™ of active rare earth ions using in high speed fiber-optical
communication networks have been created;

for the erbium ions activization purposes the technique of transverse pumping
of planar optical amplifiers on base modified optical mediums for integrated fiber-
optical systems has been offered;

measuring methods for study and investigation throughput characteristics of
modified optical fibers and amplification properties of short-distance optical
amplifiers with observing and registration possibility of spectral characteristics on
computer monitor have been proposed;

practical recommendations by choosing the methodology of modification
optical fibers and the creation of short-distance optical amplifiers based on the
modified optical mediums have been developed;

it is established that, optical amplifiers created on base of modified optical
fibers with a high concentration of erbium have a low noise figure and provide
high value of OSNR (Optical signal noise ratio).

Practical results of research consist in the following:

the method of preparation an optical fiber for alloying with rare earth
elements by polishing the optical fiber cladding to a given depth with a large
curvature radius (R = 180 mm) has been technically realized.
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multicomponent planar waveguides formed on the local opened fragment of
optical fiber core, consisting from 5 mol% erbium oxide, 70-85 mol% silicon
oxide, silicon monoxide, 10-25 mol% aluminum oxide and 5 mol% ytterbium
oxide, providing effectively pump out the laser radiation energy from the core of
the single mode optical fiber at the expense of greater value of refractive index
have been created;

it is experimentally proved that the adjustment efficiency of optical fiber core
and the deposited multicomponent optical structure could reach 65-75% value and
provide the amplification of the optical signal up to 5-10 dB from 2-5 cm modified
region;

it is established that the maximum photoluminescence intensity of erbium
ions (Er’") was fixed at room a temperature (7=300K) on optical fibers modified
by means of vacuum thermal deposition, without annealing. The observed effect
can be explained as higher concentration of active erbium ions and obtaining
homogenous structure on optical film by applying vacuum thermal deposition
method in comparison with chemical vapor deposition or chemical etching;

devices of modification optical fibers for manufacturing active optical
mediums allowing to combine in one experimental complex the procedures as
ability of control and measurement of alloying elements allows to reduce the cost
of material resources by 35% and time for processing the optical fiber active
performs to 50%;

application of modified optical fibers between regeneration sections of high-
speed spectral multiplexed fiber-optic communication lines are allowed to keep the
linear form spectrally multiplexed signal at the same level at the expense of
increasing the spectral efficiency and throughput capacity of optical fiber and
provide to increase a distance over 100 km without implementing repeaters;

it is established that, short-distance optical fiber amplifiers based on erbium
oxide Er’" have an ability to amplify an optical signal up to 15dB at the length of
active alloyed section 5-10 cm, have a sensitivity -40dB and low value of the noise
factor (1-2 dB), which gives the opportunity implementation them in a weak signal
mode;

implementation of short-distance fiber-optical amplifiers in spectral
multiplexed high speed fiber-optic communication lines increases OSNR (Optical
signal noise ratio) by 3dB (twice) and creates the possibility of increasing not
serving amplification sites (15 unites of optical amplifiers per 1000km) and allows
to reduce the number of high cost regeneration equipment by 1,5 times.

Practical results and developed effective technical devices for measurement
spectral characteristics of optical fibers and their modification allow solving
topical problems as manufacturing locally modified optical fibers, preparation
activated performs for creation the long distant optical fibers, manufacturing
locally modified optical fibers are using in transmission, registration systems and
in the systems of information processing.

Reliability of research results. Reliability of research are based on
measurements results of spectral characteristics of modified optical fibers with
an accuracy of 0,1 nm on the spectral analyzer constructed on the basis of the
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diffraction grating with modulation light pattern. The possibility of obtaining
10*' cm” highly concentrated erbium doped optical structures by vacuum
modification methods, is confirmed by results of composition of deposited rare
earth materials are obtained by X-ray microprobe analyzer. The plausibility of
results obtained from practical and scientific researches and their relative
coordination are confirmed with test results of parameters of short-distance optical
amplifiers in the networks of JSC «Uzbektelecomy.

Scientific and practical value results of research. The scientific
significance of the research results is increasing a throughput capacity and spectral
efficiency fiber-optical communication network by investigation of optical fiber
modification methods, enhancement the properties of spectral characteristics of
optical fibers, creation the methods and principles of vacuum thermal modification
of optical fibers, determination the methods of suppressing active erbium ions
clustering in the modified optical fiber, achievement highly concentrated rare earth
elements ions in erbium doped optical mediums, investigation the spectral
characteristics of optical fibers modified with different compositions of alloying
elements, researching the theoretical basis for the application efficient optical
amplifiers for systems with wavelength-division multiplexing.

The practical value of the work is provisioning of effective work
parameters of short-distance optical amplifiers and modified optical fibers
by creation measurement devices complex on base spectrum analyzer with
optical signal pattern modulation, developing the devises of transverse
pumping and precision devices for mechanical processing of optical fibers,
manufacture locally modified optical fibers with a high concentration of rare
earth elements (10°°-10*' cm™), creation a modified optical fiber preforms
with a predetermined optical characteristics and composition of alloying
elements and development short-distance optical amplifiers based on
modified optical mediums for effective amplification of optical signals in
the (1529 - 1565 nm) range.

Application of research results. It is implemented the method
simplifying the technology of manufacturing activated preforms of optical
fibers with applying the harmless, environmentally safe modification
processes under the vacuum from 1-107 to 5-10 Pa, by vacuum thermal
deposition pure erbium and germanium oxides (Republic of Uzbekistan [AP
N04944 patent for the invention). The optical amplifiers and modified optical
fibers obtained by the integration of technological processes as control and
measurement of deposited alloying elements into an one experimental complex
based on vacuum modification device have been implemented in existing fibers of
JSC «Uzbektelecom» (Certificate of the Ministry of development of information
technologies and communications of the Republic of Uzbekistan No 02-8/2317,
June 12, 2015). The achieved possibility to reduce the cost of material resources by
35% and the time for manufacturing modified optical fiber preforms to 50%.
Results as the short-distance optical amplifiers and modified optical fibers has
increased the intermediate regeneration distance up to 30% (15 units of optical
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amplifiers for 1000 km) and reduced the number of regeneration equipment at 1,5
times. Economic efficiency is 72 million sums.

Approbation of research results. The main theoretical and practical
results of dissertation proved on 12 national and foreign practical-scientific
conferences: «Vacuum Science and Technology» (Russia, Sochi, 2010);
«IEEE/IFIP International Conference in Central Asia on Internet»
(Uzbekistan, Tashkent, 2008); «International conference in Central Asia on
Internet» (Uzbekistan, Tashkent, 2013); «Vacuum Science and Technology»
(Crimea, Gaspra, 2013); «Info-communication technologies in science and
education» (Uzbekistan, Tashkent, 2010); «Application of Information and
Communication Technologies» (Uzbekistan, Tashkent, 2010); «IT
Promotion in Asia» (Uzbekistan, Tashkent, 2011); «Engineering and
communication technologies» (Uzbekistan, Tashkent, 2008); «Problems of
Information Technologies and Telecommunications» (Uzbekistan, Tashkent,
2012); «Actual problems of the development of information
communications and information society» (Uzbekistan, Tashkent, 2012);
«Priorities in the field of science and technology in the XXI Century»
(Uzbekistan, Tashkent, 2014).

Publication of research results. On the subject of the dissertation 25
scientific works were published, including 1 patent for invention, in 2 scientific
foreign journals 2 scientific papers, in 4 international journals 9 scientific
papers and in scientific-practical conferences 12 abstracts.

Volume and structure of dissertation. The dissertation consists of the
introduction, five chapters, conclusion, references and contains 199 pages of
the text, 75 figures, 14 tables and 12 appendixes.
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THE MAIN CONTENTS OF DISSERTATION

In the introduction the topicality and demand of the theme of dissertation is
substantiated, the aim and the tasks of dissertation are formulated, the object and
the subject of a study is determined, the conformity of research to priority areas of
the development of science and technologies in the Republic of Uzbekistan is
identified, scientific novelty and practical results of the dissertation are presented,
also proved the reliability of the obtained results, and the theoretical and practical
significance of investigation results are described, the list of results
implementations of the dissertation research in a practices and the briefly
information about scientific publications and dissertation structure are given.

In the first chapter of dissertation «Analysis of current state of systems and
components of fiber-optic communication lines» the theoretical and practical
analysis of modern fiber-optic communication networks, the main components,
elements and nodes implemented in a fiber-optic communication systems (FOCS)
systems are considered. Also the main characteristics of modern optical fibers used
in FOCS systems are studied. Examples of application of fiber-optic
communication lines in wideband radio engineering systems, additional in
wideband radio communication systems of fourth generation LTE (Long term
evolution) are described. Methods standing for modification of optical fibers have
been analyzed. Methods standing for increasing spectral efficiency of FOCS, types
of the fibers are suitable for modification with rare earth elements and in particular
with the cases existing fiber modification with erbium ions were also studied. In
the dissertation work briefly attentions have been carried out to the classification
and determination the practical implementation areas of modified optical fibers.

In conclusion of first chapter were summarized main highlights and briefly
stated the objectives of the study. The objects are consist of the development a new
principles of modification optical fibers with rare earth elements and increase the
active erbium ions concentration up to (10°°-10*' cm™), studying miniature optical
structures modified with different composition of dopants, the development
efficient optical amplifiers on basis of modified optical mediums, development
experimental devises for the modification of existing optical fibers, the
enhancement of modified optical fibers manufacturing processes, expansion of
optical fiber capabilities and the creation modified optical fibers in a laboratory
environments.

The second chapter of dissertation «Development of measurement system
for studying spectral characteristics of modified optical fibers» is devoted to
the development of methods and devices for measurement the spectral
characteristics of modified optical fibers obtained in a result of experiments. In this
chapter has targeted the creation of optical and mechanical devices for measuring
spectral characteristics of modified fibers. In this chapter is practically realizing
adjusting principles the optical lasers ends with modified fiber core and their
design and performance are provided.
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To investigate the spectral characteristics of modified fibers alloyed with rare
earth elements is necessary to ensure the effective input of laser radiation into the
core of single-mode optical fiber. For this purpose had been used frameless laser
diodes. For the most efficient input the laser radiation in to the «optical fiber ends»
was applied the special technology of producing cones and microlenses which was
developed in the Tashkent Institute of Applied Physics. For creation measuring
complex for studying the spectral characteristics of modified fibers was used the
optical spectrum analyzer (spectrograph) on basis of a diffraction grating (fig.1).

24 25 26 27 28 29 30

197

Fig. 1. Functional diagram of the measuring complex based on fiber-optic spectrometer
with modulation of the light flux

Here, 1 - radiation from a xenon lamp, 2 - hemispherical mirror, 3 - the
adjusting screw, 4-interference filter (A = 980nm), 5-the radiation of a laser,
6 -metal substrate; 7-the adjusting table, 8-fixing clips, 9a - modified optical fiber,
Ob-optical fiber, 10-modulating disc, 11-shaft of the engine (f=50rounds/sec),
12-photocoupler, 13 - the entrances slit of the spectrograph, 14-the lens,
15 -grating, 16-the engine of the diffraction grating, 17-electronic engine block,
18-microcontroller, 19 - power supply of xenon lamp, 20 - collimator, 21 - optical
output slit, 22 - focusing lens, 23 - input end of an optical harness, 24 - photodiode,
25 - voltage amplifier, 26 - narrow-band filter, 27 - AC-amplifier, 28 - precision
detector, 29 - MAX-232 chip based microcontroller PIC-16F873A, 30 - COM port
(RS-232) of computer.
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The main feature of current developed device for investigation the spectral
characteristics of modified fibers is that the spectrograph combined into a single
research complex with precision adjustment device. Such kind of combination is
allowing the spectrum investigation procedures of modified single mode optical
fibers with entered into the core laser radiation.

The implementation of methods of high-performance adjusting of
semiconductor laser diode radiation with single-mode optical fiber, the
improvement of an optical analyzer device, based on the light flux modulation
scheme are provided an opportunity for sensitive measurement of the laser
radiation and the luminescence of rare earth elements in modified optical fibers
with a high accuracy. Possibilities of full reproducing of measurements has made it
possible to solve the given tasks in this chapter

The third chapter of dissertation «Development methods and devices for
modification of optical fibers» is represent the techniques of modification of
existing optical fibers and briefly described the experimental equipments for the
practical implementation of modification processes of optical fibers and silica
based optical mediums.

The famous optical fiber preforms manufacturing methods are the internal and
external axial deposition the impurities of rare earth elements with implementing
high temperature treatments. These methods are followed by processing
compounds of silicon and other alloying materials with high temperature. The
main disadvantage of these methods are the difficulty of optical fiber preform
modifying procedures and implementing high temperature treatments on optical
fiber which give rise to destruction the crystal structure of silicon glass and
inability to control the alloyed impurities concentration during the modification
process. In this way, considering disadvantages of optical fiber preform
manufacturing methods has been developed and has been brought to
implementation the method of controlled vacuum deposition of multicomponent
films with different compositions of alloying elements.

The problem of obtaining the most effective erbium amplifiers based on the
modified optical fibers is stimulate the development of materials with extremely
high concentration of rare earth element ions. It is known that the glass based on
silicon dioxide (S10,) is a suitable matrix for erbium ions (Er) and provide in an
active ions state the photoluminescence. It is proved that the optical structures
based on erbium oxide (Er,Os3), have a huge amount of erbium active ions
concentration (Er’"), reaching the values up to ~10°* cm™. The concentration of
erbium 1ons in these optical structures is exceed by several times the concentration
of erbium ions in existing optical fibers prepared by standard EDFA (Erbium
doped fiber amplifier) active fibers alloying methods.

Thus, the purpose of this chapter is creation the methods and experimental
devises for the practical realization the tasks of creation high concentrated erbium
mediums. Fig. 2 is representing a functional block diagram of the developed device
for the controlled vacuum deposition from two metallic boats. The alloying
materials evaporation occurs simultaneously from a two metallic boats with rare-
earth element impurities.
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Fig. 2. The device for controlled multicomponent films
deposition in a vacuum atmosphere

Here, 1 - tantalum resistive heater, 2 - container with metallic erbium (Er),
3 - container with metallic aluminum (Al) and silicon monoxide (SiO), 4 -
separating screen compartments (AB), 5 - metal substrate, 6 - optical fiber with
opened core after mechanical processing, 7 - propagation directions of vapors
evaporated from the container with alloyed materials, 8 - quartz piezoelectric
plates, 9 - casing with a diaphragm, 10 - radiator, 11 - disc obturator with four slits,
12 - engine for the stabilization of obturator speed, 13 - general view of the disk-
obturator, 14 - calibrated triangular slits on a disk.

During the experiments by modifying optical structures the multicomponent
films as Er,03-Si104-AlL Oz and Er,O3-Yb,03-S104-Al,05 elements concentration
were obtained on a local fragment of single mode optical fiber. For the task
realization was implemented joint thermal deposition technology of metallic
erbium (Er), silicon monoxide (SiO) and aluminum oxide (Al,Os) directly to the
polished section of optical fiber. During the modification process the vacuum
chamber are overlapped with reactive gas as oxygen. The experiments were carried
out under the 2-3-10~ Pa pressure.

During the evaporation process of multicomponent thin films in a vacuum
atmosphere is very important to control the thickness of the deposited film and the
alloyed materials concentration. In the developed technique has been applied radio
frequency depth controlling method based on a measuring the changes of quartz
crystal oscillation frequency during the formation of thin film with alloying
materials on a crystal surface. In addition, the quartz crystals are very sensitive to
small variations of temperature. Thus current evaporation method is equipped with
cooling system for quartz sensors. During modification process the compensation
of evaporator thermal radiation from the resonator’s frequency is guaranty that the
measurements of the thickness deposited layer will be stable at 5% accuracy.
Erbium and silicon monoxide evaporation was carried out in the vacuum chamber
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by means of different heating tantalum boats at a pressure of the working gas
(oxygen) 2-3-10” Pa and at 1300 - 1600°C temperature.

The modification processes also include the creation and preparation samples
of optical fibers with pre-set parameters. To prepare optical fibers for the
modification with rare earth elements have been developed the precision
mechanical processing method of an optical fiber surface with controlling the
height of the fiber core. The device allows precision polishing and fixating the
main fundamental mode - (HE;) in the core of single-mode fiber.

For carrying out precision polishing process were prepared the special metal
substrates samples for fixing optical fibers. Fixing substrates are prepared from the
duralumin strips of the type (1, 419) and (BAJ[1). Dimensions of substrates is -
I5 mm x 3 mm x 120 mm (W x H x L). These strips are bent to the necessary
radius of curvature R = 180 mm. By means of the diamond blade with a
predetermined depth (0,1 mm) is carved the groove. The radius of curvature is
determined accordingly by a curvature radius of aluminum strips.

As shown preliminary calculations, during the polishing process of the objects
which has an ideal plane surface, with a radius of curvature - R, and at a depth - d
is exposed the polishing section (chord) with a length - L. The ratio of these

quantities is determined by a formula L =+/8Rd from which we can estimate the
geometry of the aluminum strips. The polishing depth - d is expressed by the

d=1I"/8 formula. Before bonding the fiber with duralumin plate (substrate) in to
the fiber is entering He-Ne laser emission and controlled by means of microscope.
Functional diagram of the developed method for the precision mechanical
processing the optical fiber cladding is shown on fig. 3.
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Fig. 3. The block diagram of precision polishing with controlling the depth
of optical fiber cladding

Here, 1 - He-Ne laser, 2 - adjustable focusing lens, 3 - optical fiber, 4 -
polishing disc, 5 - polishing substrate with fixed optical fiber, 6 - calibrated
pressure load, 7 - adjusting table with a photodiode, 8 - optical tester.

The optical tester allows effectively control the polishing depth of optical
fiber cladding. Residual power radiation indicates the polishing degree of the core
and the cladding of an optical fiber. During the experiments, the residual radiation
power was measured between 20% to 80% for different modes and samples of
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optical fibers. This allows choosing the optimal mode of polishing to ensure the
most effective modification of optical fibers with rare earth elements ions.

The second developed method for manufacturing a modified preforms allows
avoiding the toxic compounds and all modification processes are carried out in
vacuum chamber by thermal evaporation of rare earth element oxides and
including the core material. All modification layers for fiber optic preform which
include pure rare earth element oxides are directly evaporating from the metallic
boats in to the inside of rotating silicon tube. The ability of multilayer evaporation
allows an opportunity the creation optical fiber preforms with various
combinations of alloying elements. Fig. 4 is illustrating the proposed method of
manufacturing a modified preforms for optical fibers.

Fig. 4. The method of producing modified optical
fiber preforms

Here, 1 - support tube of quartz glass fixed in a rotatable pole, 2 - electrical
current heated boats prepared on the basis of refractory material, 3 - evaporating
erbium, 4 - germanium dioxide, 5 - dispersed silica powder, 6 - forming on the
surface of the tube and dispersed silica powder the layer of depositing materials, 7
- rotating equipment for fixing the quartz glass support tube, 8-fastening elements,
9 - the direction of rotation and equipment fixed inside the support tube made of
quartz glass.

Creating a pre-alloyed performs modified with rare earth elements allows to
obtain modified optical fibers with required length and the necessary ion
concentration of active element components.

The fourth chapter of dissertation «Experimental researches of spectral
characteristics modified optical fibers» presents the main results of experimental
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investigations of spectral characteristics of the modified optical fibers obtained by
implementing developed methods and devices. In this chapter the
photoluminescence properties of modified samples of optical fibers with different
compositions of alloying rare earth elements were investigated. The structures and
compositions of the deposited elements on samples of optical fibers were studied.
Practical recommendations according to the developing effective optical fiber
amplifiers, creating modified optical fiber preforms and components using in
FOCS are considered.

Research has shown that the highest intensity of luminescence radiation of
active erbium ions are demonstrated the samples modified by vacuum thermal
deposition. Cardinal importance also are representing the selection the types of
alloying elements which forms the film covering an open core of optical fiber and
selecting the concentration of rare earth elements ions. Operating by the
experimental results an additional doping quartz glass (SiO,) with Al,O3 or P,0s
an order of magnitude increases the entering concentration limit of free rare earth
elements ion oxides. In this work were selected jointly doping erbium oxide
(Er,03), silicon oxide (S10;) and aluminum oxide (Al,O3). Also, as mention above
it is possible to use more joint evaporating impurities as phosphorus oxide (P,Os).
Simultaneous implementing of phosphorus oxide allows compensating and
increase the refractive index of the deposited film. But such kind of additional
operations complicates the vacuum chamber.

During the measurement operations the spectral characteristics of an optical
fiber samples were observed intense luminescence of erbium ions (Er’") in the
infrared radiation range (~1540 nm). The spectrum characteristic of modified
optical fiber is shown on fig. 5, 6. Obtained spectrums are corresponding to the
(Er3+)4 active erbium ions transition from the first excited state 4113/2 to the ground
state 115/2.
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Fig. 5. Luminescence spectrum of the optical fiber modified with
Er;0; - SiO; - AL,O3; composition
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Fig. 6. Luminescence spectrum of the optical fiber modified with
Er;0O; - Yb,0; - SiO; - Al,O3 composition

It should also be noted that, at the output of the modified optical fiber samples
were observed the intense luminescence of erbium ions without high temperature
processing. The erbium ions radiation at a wavelength of ~1540 nm and at a room
temperature 7=300K indicates the possibility of activation Er’" ions without
implementing of high-temperature operations were aimed to increase the
concentration of free rare earth ions in the glass.

Erbium - ytterbium modified glasses have a several advantages compared to
the erbium rare earth element modified glasses. The researches have shown that the
concentration of erbium ions in the core of (Yb-Er) modified optical fiber could be
significantly higher than the only erbium modified optical fibers and moreover,
without significant reduction of quantum efficiency of an active fiber. This effect is
explained by the ytterbium ions radiationless transition transfer excitation energy
to the erbium ions. In addition, the ytterbium ions have a wide absorption line
(from 850 nm to 1100 nm) and the absorption line of erbium ions in the area 980
nm becomes narrow (fig. 6). Measurements of the optical samples were carried out
at room temperature 7=300K. On the spectral characteristic of optical fiber, the
output power is normalized to 100%, and is shown in relative units. In absolute
units the power of the luminescence modified samples was around 0,3-0,4mW.

The studying and determination the concentration of doped elements in
modified samples were carried out by means electron microanalyzer at the Institute
of Geology and Geophysics of Academy of science of Republic of Uzbekistan.

Established that, the vacuum synthesis under the moderate substrate
temperatures (150-200°C) are allowing to obtain the modified optical fibers and
planar light guides with suppressed erbium clusterization and free erbium ions
concentration up to (10*°-10°") cm™. Optical losses in the created optical structure
are less than 0,15dB/cm. This proves the prospects of using vacuum modification
techniques in order to create the optical amplifiers with high efficiency.
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Also shows that the luminescent properties of the activator in such kind of
non-fusing glasses with a high content of erbium ions favorably differ from the
properties of the activator in the same glasses after melting. Fig. 7 shows the
luminescent characteristics of samples after heating in a muffle furnace and the
changes in luminescence kinetics of erbium ions.
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Fig. 7. Kinetics of changing the luminescence spectrums of a modified optical fiber with
Er;03; - SiOy - ALO3; composition

Here, 1 - without heating (melting), 2 - after heating (melting temperature
400°C), 3 - after heating (melting temperature 700°C).

Fig.7 shows the melting of a glass modified with erbium ions causes
clustering of erbium. As a result of thermal processing the luminescence spectrum
of modified optical samples is became wider and up-conversion processes in the
energy transitions kinetics of active erbium ions could be observed. Such kind of
properties are also demonstrated the examples modified by Er,O3 - Yb,0; - SiO; -
Al,O5; composition. The spectral characteristics of modified fibers are measured by
entering a laser beam to the input of optical fiber and at the same time when an
external pump turned on.

In measurement equipment as the signal source were implemented
semiconductor laser with a maximum output power SmW at a wavelength of 1540
nm. For modified optical fibers the pumping are carried out by the laser with
maximal output power 250 mW and 980 nm wavelength or with xenon lamp
radiation obtained from infra red filter at 980 nm wavelength.
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Then the samples were examined for luminescent and amplifying properties
depending on the different concentration of alloying elements (fig. 8).
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Fig. 8. The luminescence spectrums of optical fiber modified with different concentrations
(Er;0; - SiOy - AL O3) of alloying elements

Here, 1-optical medium modified with 10 mol.% Al,O; and 3000 ppm Er,0;
concentration, 2- optical medium modified with 1,5 mol.% Al,O5; and 3000 ppm
Er,O5; concentration.

As seen from fig. 10 the sample - 1 is demonstrated a high level of
luminescence intensity relative to the sample - 2. This phenomenon is explained by
the greater concentration of the additional alloying element of Al,O;. According to
the experimental results can be concluded that increasing the concentration of
aluminum oxide in the erbium modified multicomponent composition suppresses
clustering of erbium ions thereby allows increasing the photoluminescence
intensity. On the spectral characteristic the output power of an optical fiber is
normalized to 100% and is shown in relative units. The power luminescence of
modified samples is approximately in the 0,3-0,4mW range.

Based on the conducted experiments and measurements were built the relation
the quantum efficiency of the short distance fiber amplifiers from the erbium ions
and aluminum impurities concentration (table 1). This relation table could be used
to optimize the amplification parameters of short distance erbium doped fiber
amplifiers.

The table is representing results the amplification efficiency measuring of
planar light guide. All output signal values are given in relative units. For the unit
«1» accepted the maximum gain obtained at the maximal doping of aluminum and
at the optimal doping mode of erbium oxide.
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Table 1
The results of measurements the quantum efficiency of the modified samples as
an optical light amplifiers

EROs | photoluminescence intensity in arbitrary units
ppm

ALO 10| S0 | 100 | 250 | S00 | 1000 | 3000 | 5000 | 10000

i

mol.%
0 1 10.77 | 0.61 | 0.38 | 0.07 - — — —
L5 1 1094]092)|0.79] 0.60| 0.29 | 0.02 — —
2.5 1 1098]1096|0.92]0.80] 0.69 | 0.30 | 0.13 —
10 1 10981096094 |085| 0.73 | 0.34 | 0.15 | 0.03
15 | 1] 1 |098]096]|091] 081 043 | 0.23 | 0.10
18 1 1 1 098|096 | 0.88 | 0.56 | 0.32 | 0.18

Despite the fact at high concentrations of erbium oxide relative amplification
efficiency decreases, but in current case the quantum efficiency is not decrease.
This effect can be explained by large number of emitting centers of erbium ions
after co-evaporation with aluminum oxide. Summarize, we can make a conclusion
as the additional co-deposition erbium ions with aluminum oxides allows to reduce
a length of active fiber and bring it to 5-10 cm without changing the amplification
gain.

The fifth chapter of dissertation «Development short-distance optical fiber
amplifiers based on modified optical mediums» is devoted to the methods of
creating short-distance optical fiber amplifiers. In this chapter the experimental
processes of creation planar optical amplifiers for integrated optical systems are
described. Also current chapter the calculation of parameters of short-distance
optical amplifiers for spectral multiplexed systems is considered. The main
advantages of the short-distance optical amplifiers are the high concentration of
active rare earth ions in the modified area.

In the fifth chapter were proposed two methods of manufacturing short-
distance optical amplifiers. The first proposed method is manufacturing of short-
distance optical fiber amplifiers with using locally modified optical fibers by
implementing a method of thermal deposition. As mentioned vacuum deposited
optical structures on the local modified optical fiber allow amplifying the optical
signal up to 8 dB on a 4 cm surface. Optical amplifiers based on locally modified
optical fibers do not require complex adjustment schemes for adjusting current
amplifiers with optical fibers of DWDM system.

The second method is creation short-distance optical amplifiers for integrated
optical systems by depositing modified multi-component thin films to the surface
of the polished substrate of silicon monocrystal (fig. 9). The process of building a
multilayer (SiOy - GeO; - Er,O3) optical film was held in a vacuum atmosphere.
According to the experimental results, obtained nanostructures with high
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concentrations of active erbium ions (10%°- 10%") cm™ are able efficiently amplify
an optical signal up to 6dB/cm.

Si 1+—1
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Fig. 9. The block diagram of manufacturing process short-distance fiber amplifiers for
integrated optics systems

Here, 1 - silicon monocrystal substrate, 2 - a layer of oxidized silicon;
3 - formed in the core layer of the planar waveguide alloyed layer, 4 - tantalum
boats for evaporation alloying materials, 5 - refractory boat from titanium diboride
(TiB;), heated by an electron beam, 6 - flaps, 7- trajectory of the electron beam,
8 - hot cathode.

For measurement purposes of spectral characteristics and amplification
parameters of short distance-fiber amplifiers were implemented the following
connection diagrams shown in fig. 10.
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Fig. 10. The block diagram of optical devices connection for the measurement amplification
gain of optical amplifier

Here, 1 - signal source (generator of a DC current), 2 - semiconductor laser,
3- optical variable attenuator, 4 - 980 nm wavelength interference filter, 5 - xenon
lamp connected to the power supply with adjustable AC control, 6 - short-distance
optical amplifier, 7 - spectrum analyzer (OSA).
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Table 2 represents the experimental results of amplification characteristics
created short-distance optical amplifiers.

Table 2
The measurement results of amplifying properties of short-distance
optical amplifiers
Pumping (%) 50% \ 100% 50% \ 100%
Input power of . .
og ticfl signal Output power of optical signal Signal gain (dB)
(dBm) (dBm)

-30 -10,1 -7,2 19,9 22,8
-25 -7,1 -4,8 17,9 20,2
-20 -3,8 -1,5 16,2 18,5
-15 -1,6 1,1 13,4 16,1
-10 -0,5 2,2 9,5 12,2
-5 1 2,9 6 7,9

According to the obtained results, when a pumping power is half - 50% of its
100% value, for the low signals -30dBm, the gain of an optical amplifier will be
equal to 12,02 dB. When a pump signal is equal to the maximum value - 100%, for
the input signals at a range - 30dBm, the gain of optical amplifier is equal to
15,68dB. It is explained by the amplifying property of erbium-doped optical
amplifier is directly proportional to the pump power. But when the input signal
continues to grow the amplification gain of erbium doped optical amplifier stops
and the amplifier starts to switch in to the saturation mode. This effect is common
to all erbium doped optical amplifiers. Fig. 11 represents comparative
characteristics of modern amplifiers and created short distance optical amplifiers.
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Fig. 11. Spectral characteristics of modern EDFA amplifier (modified section of optical
fiber - 2 m) and short-distance amplifier (modified section - 6¢cm)
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Here, 1 - amplified optical radiation A = 1550 nm (Psour), 2 - automatic
spontaneous emission level of erbium ions (Pysg), 3 - luminescence peak of erbium
ions on wavelength A = ~1550 nm.

Short-distance optical amplifiers modified section length is equal 6 cm and
the quantity of active erbium ions during the pumping processing can reach (10*-
10*") cm™. For modern EDFA amplifiers created by known modification methods
of axial deposition such concentration value of erbium ions could be achieved on
the length of the modified optical fiber sections more than 4 m. According to the
experimental results were presented in table 2 the short-distance optical amplifiers
based on modified optical mediums have a possibility of amplifying optical signals
in the 10-15dB range. As seen on fig.11 the parameter of P,z for short distance
optical amplifiers is significantly lower compared with modern EDFA amplifiers.
Respectively for short distance optical amplifiers the noise-figure will be lower
than EDFA amplifiers. In this case, the noise - figure of short distance optical
amplifier is NF=1-2dB. In conclusion we can say that for DWDM link OSNR
budget the short distance optical amplifiers will be more prospective. Moreover,
the peak of erbium luminescence of short-distance optical amplifiers during the
pumping becomes smoothed and amplified signals spectrums become linear. Such
effect contributes to linearization of DWDM group signals.

CONCLUSION

The main obtained results during the researches are follows:

1. It is established that, by the method of vacuum thermal evaporation could
be obtained optically homogeneous dielectric erbium oxide Er,O; thin film
structures with a high concentration of active erbium ions (10*°-10*' cm™) with a
high degree of transparency (~80%) in the visible and infra red bands and also
have a high resistivity value ~10° Ohm cm.

2. Additional doping erbium oxide (Er,Os;) with aluminum oxide (Al,O3)
promotes the suppression the erbium ions clustering which lead to decrease up-
conversion and modified samples fabricated by means of vacuum thermal
deposition methods have an extremely high concentration of active erbium ions up
to (10°°-10°' cm™) in a small active modified section (2-5 cm) have been
experimentally proved.

3. By controlled vacuum thermal deposition Er,O; - Si0,-Al,05 and Er,0O; -
Yb,0; - Si0; - Al,O3 planar optical waveguides on a local fragment of the optical
fiber have been manufactured. It is established that, pumping of locally modified
mediums with 980 nm wavelength radiation the deposited films are excited
infrared radiation at ~1540 nm which represents practical importance for FOCN.

4. Amplification properties of Er,O; - S10,-Al,0; and Er,O; - Yb,O5 - Si0; -
Al,O5 planar optical structures created by vacuum controlled thermal deposition on
an optical fiber fragment and on silicon substrates (SIO,) are investigated. In
modified optical structures obtained by vacuum deposition methods the melting
treatments causes clustering of erbium ions. As a result in the modified samples the
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luminescence spectrum becomes wider and occurring up-conversion processes in
the photoluminescence kinetics.

5. Light emitting properties of modified planar samples with direct transverse
optical pumping (based on xenon lamp at 980 nm) are studied. It is established that
additional doping erbium (Er) with ytterbium (Yb) promotes the narrowing
luminescence spectrum bandwidth. This phenomenon is explained by the fact that,
ytterbium 1ons transfer their energy to the erbium ions during the transition to a
lower energy level.

6. Proved that the optical structures modified by vacuum deposition methods
demonstrate the maximum intensity of the photoluminescence (Er”) ions at room
temperature (7' = 300K). Observed result explained by the fact modifying optical
structure on the optical fiber or silicon substrate is directly formed from the
deposited phase, avoiding melting stage. Furthermore, using the dopants as Al and
Si0 can create higher concentrations of the optically active ions Er, compared with
chemical modifying methods or magnetron sputtering.

7. Modified optical fibers and planar optical structures for creation sensors,
optical detectors and optical fiber amplifiers implementing in FOCN are
manufactured. It is revealed, that deposited multicomponent optical structures have
adjustment efficiency with fiber core around 65% to 75%. As a result of this
adjustment increases the efficiency of the laser transitions «fiber core — modified
medium - fiber core» providing effective signal gain around 5-10 dB from locally
modified section size 2-5 cm.

8. Short-distance optical amplifiers for DWDM systems based on modified
optical structures on base silicon substrate have been fabricated. Such kind of
optical amplifiers have the opportunity to amplify a DWDM group optical signal in
the range of C-Band (1529 - 1565 nm). The group signal at the output of this
amplifier is adjusted and linearized without implementing broadband smoothing
filters.

9. Its 1s experimentally proved that short distance optical amplifiers based on
the modified optical mediums with an extremely high concentration of active rare
earth ions have a low noise-figure parameter which increases the overall budget of
OSNR (Optical signal noise ratio) DWDM systems.
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