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HPUTIIAIIEHHAA CTATbA

PACS 42.55.Wd; 42.79.Sz; 42.81.Pa; 42.81.Uv

BoJ/1oKkOHHAs1 ONTHKA: COPOK JIEeT CIyCTH

E.M. Inanos

Han kpamxuii 0030p pazeumus co8PeMeHHOU 0A0KOHHOU ONMUKU, NPENCOe 8Ce20 ee OCHOBHbIX NPUMEHEHUL: 80A0KOHHO-
onmu4eckoll c8A3u, 60.10KOHHBIX 1A3€POB U 60A0KOHHBIX OAMHUUKOE paA3AUdHbIX (huzuueckux noqeii. O6cyucoaiomes nepcnex-
MUBbL PA36UMUAL B0A0KOHHOL ONMUKU U cOCmoanue dea 8 Poccuu 6 smoti obaacmu.

Karouesvie caosa: 60.10x01HbLI ceemoeoz), B80/I0KOHHO-OnmMu4ecKkaAa ¢643b, 60/10KOHHblE Oamuuim, 60/0KOHHAA onmuKkda.

1. Beaenne

Bosoxonnast ontuka Bo3HHKIJA B 50-X TOAaX MPOILIOTO
BEKa KaK pa3/iejl ONTHKH, U3yYarOIINi CBOUCTBA U IPUMEHE-
HUSI CTEKJITHHBIX BOJIOKOHHBIX CBeTOBO10B. ITorJ1o1eHue ceeta
B CBeTOBOJIax ObLIO BhICOKMM (~ 1000 nb/xMm u Goiee), u
TOATOMY CBET OCIA0IISIICS MPAKTUUECKH BIBOE HA JINHE CBeE-
ToBojAa ~ | M. [IpumeHeHne Takux BOJIOKOHHBIX CBETOBOJOB
OBLTO OYEHb OTpaHMYCHHBIM, BOJIOKOHHASI ONTUKA pa3BUBA-
JIach BSLIO.

IMosiByienue 1azepoB B Havase 1960-x TO10B BBI3BAJIO HH-
TEHCUBHBIE MCCIIEAOBAHMS BO3MOXHOCTH Tepenayn uHpop-
Maly¥ ¢ TOMOIIBIO JA3€PHOTO HM3JIYYeHHUs 4epe3 CBOOO-
Hyto aTMocdepy. OTHAKO YKe MePBbIC IKCIEPIMEHTHI TTOKA-
3aJIM, YTO OHA HE SIBJISETCS] MOAXOIAIIEN cpenol s nepe-
JIavd ONTHYECKOU MHPOpPMAIIUU HA OOJIbIIINE PACCTOSIHUS.

B 1966 r. Kao u X0kX3M paccMOTpesau BO3MOXHOCTh
HCIIOJIb30BAHMSI CTEKJISITHHBIX BOJIOKOHHBIX CBETOBOJIOB B Ka-
YeCTBE MePeIAtoIeil CpeIbl B CUCTEMAaX ONTHYECKOH CBSI3H C
TOYKH 3pEHUS JOCTIDKEHUS JOCTATOYHO HU3KMX ONTHUYECKUX
MOTEPh M BBICOKOI MHpOpMaIMoHHO# eMKocTH [1]. X Teo-
pEeTHYECKUE U IKCIIEPUMEHTAJIbHBIE UCCIIETOBAHUS TOKA3AIIH,
4TO BBICOKME ONTHYECKUE TOTEPH B CTEKJIE OOYCIIOBJICHBI
OGoJIBIIIM cOoAepKaHUEM MPUMeECeil U UTO MPH YIyUIICHUN
TEXHOJIOTMM MOHO TOJIYYUTh B TAKUX CBETOBOJIAX ONTHYE-
ckue norepu 3HaunTeIbHO HUke 20 nb/xm. I1pu aTtom Bosto-
KOHHBIE CBETOBO/IbI UMEIOT 00Jiee BHICOKYHO UH(OPMAIIMOH-
HYIO0 €MKOCTb IO CPaBHEHHUIO C PAJAMOCHCTEMAMH U CHCTe-
MaMH, MCTIOJIb3YIOLIMME KOAKChanbHble Kabean . Pesysbra-
TBI 9TOH PAOOTHI CTUMYJIMPOBAIM HHTEHCHBHBIE HCCIIEIOBA-
HUS TI0 CO3JJAHUIO CTEKOJI ¥ CTEKJITHHBIX BOJIOKOHHBIX CBETO-
BOJIOB C HU3KUMHM ONTHYECKUMU notepsmu. B 1970 r. up-
moit Kopnausar I'itace Obuia pazpaboTraHa TEXHOJIOTHS U3T0-
TOBJICHUSI BOJIOKOHHBIX CBETOBOJIOB Ha OCHOBE KBapLEBOTO
crexia ¢ norepssmu 20 Ab/kM Ha nyHE BOJHBI 633 HM [2],
YTO OTKPBIBAJIO PEAJIbHYIO BOZMOXHOCTh CO3/IaHUS CUCTEM
OITHYECKOH CBS3U.

* 3a stu paborel Yapibzy Kao B 2009 r. npucyxaena Hobenesckas
npeMus o (pu3mKe.
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Bnarogapsi 5ToMy 1OCTHKEHHUIO BOJIOKOHHASI ONTHKA TIpe-
BpATHUJIACH B OJTHO U3 HanboJiee OBICTPO pa3BUBAFOIINXCS Ha-
MpaBJICHAN COBPEMEHHOM HAYKHM U TEXHHUKH, CHJILHO BOCTpE-
6OBaHHOE COBPEMEHHBIM OOIIIECTBOM, U HAYAJICS HOBBIH OT-
cuet B ee pazButuu. C Hayasa 1970-Xx ro10B BO MHOTHX CTPa-
Hax mupa, B ToM unciie u B CCCP [3], pa3BepHyJIUCh pabOTHI
10 TEXHOJIOTUH U3T OTOBJICHHUSI BOJIOKOHHBIX CBETOBOOB C HH3-
KAMH ONITHYECKIMHU ITOTEPSIMU, & TAKXKE T10 UCCIIETOBAHUIO OTI-
THYECKUX, MEXaHUYECKHX, TUCIEPCUOHHBIX U JPYTUX CBOMCTB
CBETOBOJOB. [IBMXyIlel CruiIoi B MPOBEIEHUH LIIMPOKUX UC-
CJIeIOBAHUI MO BOJIOKOHHOW ONTHKE CTajla BO3MOXHOCTb
CO3JIaHUST BOJIOKOHHO-ONTHYECKUX CHCTEM CBSI3H CO CKOPO-
CThIO TIepeaun nHPOPMAIIUU HAa HECKOJIBKO MOPSIKOB OoJiee
BBICOKOH, YeM B CUCTEMAaX PaJHOCBSI3H.

B pesyipTaTe OBIIO pa3paboTaHO CeMEHCTBO BOJIOKOH-
HBIX CBETOBOJIOB, BKJIFOYasi MHOTOMOJOBBIE CTYNEHYATHIE U
rpagueHTHbIE, OTHOMOIOBEIE, CBETOBO/IBI CO CMEILIEHHOI HY-
JIEBOH JIUCIIEPCUEH TPYIIIOBBIX CKOPOCTEH B 00J1aCTh BOJIM3U
1.5 MKM ¥ ¢ I3MEHSIOLLEHCS IO [IINHE AUCIIEPCUEH, & TaKXe
psn apyrux. OnTHYecKkue MoTepu B CBETOBOAAX OBLIN CHU-
JKEHBI JT0 TIPeIeSIbHO BO3MOXKHOT0 3Ha4YeHMs MeHee 1 1B /xM B
CIIeKTpaJIbHOM Auamna3zone 1 —1.7 MKkM, a IpOYHOCTH BOJIO-
KOHHBIX CBETOBOJIOB MPEBBICKUIIA IPOYHOCTD CTAIBHON MPO-
BOJIOKH TOTO ke quameTpa. B 1980 r. Obin BBEIACHBI B 3KC-
ITYyaTAIHAIO TIepBble KOMMEPUYECKUE BOJIOKOHHO-ONITHYECKHE
CHCTEMBI CBSI3H, pabOTAIONIUe B CIEKTPAJIbHOM JIHMANa3oHe
0.8—0.9 MxM u nepeanarolye HHGPOPMALUIO CO CKOPOCTHIO
45 Mo6ur/c.

B BOJIOKOHHO-ONTHYECKUX CHCTEMAX CBSI3U CIIEAYIOLIETO
TTOKOJICHNS MCIIOJIb30BAJIOCh JTa3epHOE M3JIyYeHHe C JIIHHON
BoJIHBI 1.31 MKM, KOTOpas momnajajia B 00J1acTh OJIM3KON K
HYJIIO IUCTIEPCUH CBETOBOOB HA OCHOBE KBAPILIEBOI'O CTEKJIA.
DTO MO3BOJISIIO NEpeaaBaTh MHPOPMALUIO CO CKOPOCTHIO
500 M6wut/c. B coBpeMeHHBIX BOJIOKOHHO-ONITHYECKUX CHC-
TeMax CBSI3H, KaK IIPaBUIIO, UCIIOIB3YeTCsl CHEKTPaIbHAS 00-
JIACTB BOJIM3U JUIMHBI BOJHBI 1.55 MKM, T'/Ie ONTHYECKUE TOTe-
pu umeroT abcomoTHRI MUHUMYM (~ 0.16 1b/km).

B 1988 r. ObL11a IpoJ10KEHA MMOIBOIHAS TPAHCATIIAHTHYE-
cKasl CUCTeMa BOJIOKOHHO-ONTUYECKOU CBsI3U Mexay EBpo-
ol 1 AMepukoi. YcrenHasi MpoKJiajka U MOCeayomast
paboTa mpoAEeMOHCTPUPOBAIIN HAIE)KHOCTH BCEX IJIEMEHTOB
U CUCTEMBI B [IEJIOM.

IToMuMO HCCIIeTOBAHUMN, HETOCPEACTBEHHO CBSI3AHHBIX C
CO3JJaHHEM BOJIOKOHHO-ONTUYECKUX CUCTEM CBSI3H, BO MHO-
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TUX HAYYHBIX IEHTPaX MHUPa MPOBOIVIIACH IIAPOKKE PyHIa-
MEHTAJIbHBIE UCCIICIOBAHUS CTEKJISTHHBIX BOJIOKOHHBIX CBETO-
BOJIOB KaK OY€Hb HHTEPECHOTO (U3MYeCKOro oobekTa. Jlei-
CTBUTEJIBHO, U3MEHSISI COCTAB CeP/IIEBUHBI U MPODUIIb MOKa-
3aTesis MPEJIOMJICHHSI, MOKHO MEHSTh B JIOCTATOYHO IIIH-
POKHUX Ipenesax CIeKTp MPOIYCKAHUS, HEJIMHEHHOCTD, TUC-
TIEPCUIO U JIPYTUE NMapaMeTphbl BOJIOKOHHBIX CBETOBOI0B. VX
HU3KHUE ONTHYECKHE MOTEPU U MaJIbId pa3Mep CepAllCeBUHBI
MO3BOJISIFOT HAOJIIOJIATh U U3y4YaTh SIBJICHUSI, BOSHUKAIOIIINE
Ha OOJIBIIINX JUTMHAX B3aUMO/ICHCTBUSI JIA3EPHOTO U3JTyYCHUS
BBICOKOM MHTEHCUBHOCTH C MAaTEpUAJIOM CEepJUEBUHBI. DTU
YHHUKaJIbHbIE CBOMCTBA CTEKJISTHHBIX BOJIOKOHHBIX CBETOBOJIOB
MPUBEJIM K BOSHUKHOBEHUIO 1 OBICTPOMY PAa3BUTHIO HOBOT'O
HaIpaBJICHUS JJA3epHON (PU3UKU ¥ ONITUKU — HEJIMHEWHOH BO-
JOKOHHOM onTuku. ®opMaT JAaHHOU CTAThU HE MO3BOJISIET
MOIPOOHO OMUCATH UCKJIFOYUTEJILHO HHTEPECHBIE KaK (pyH/1a-
MEHTaJIbHbIE, TAK U IPUKJIA/IHbIE PEe3YJIbTATHI, IIOJIyYCHHbIC B
9TOM 00JIacTH, UX MOXHO HAWTH B psijie 0030pHBIX paboT 1Mo
HEJIMHEHHOW BOJIOKOHHOM OITHKE (CM. Harmp., [4—06]).

B nannoit cTaThe s OCTAHOBIIIOCH HA TJIABHBIX MPUMEHEe-
HUSIX BOJIOKOHHOHW ONTUKU U OCHOBHBIX pE3yJIbTaTax, MOJIy-
YEHHBIX K HACTOSAILEMY BPEMEHH, & TaKKe Ha MepCHeKTUBAX
Pa3BUTHS BOJIOKOHHOU ONTHKHU.

2. OcHoBHbBIE INPUMECHCHHUA BOJOKOHHBIX
CB€TOBO/J10B

OCHOBHBIMHU TPUMEHEHUSIMHU BOJIOKOHHBIX CBETOBOJIOB
SIBJISTFOTCSI:

— BOJIOKOHHO-OIITHYECKASI CBSI3b;

— BOJIOKOHHBIE JIa3ephl;

— BOJIOKOHHBIE TATYUKH.

Kpome Toro, BOJIOKOHHBIE CBETOBOIBI IIIUPOKO KCITOJTb-
3YIOTCS JUTSL TIOJBOJA JIA3E€PHOTO H3JIYYEHUS K Pas3InuyHbIM
00BEKTaM, B YACTHOCTH IIPU 00pabOTKe MaTepuaoB, B Me-
JIMIUHE, & TaKXe B OMOJIOTHYECKHX, (PU3UUECKUX, XUMHYE-
CKUX M APYTUX dKCIEpUMEHTAX.

2.1. BoJsiokonHo-onTHYeCKAsI CBAI3b
BoJIOKOHHO-ONITHYECKAS! CBSI3b ObLIa TJIABHOW JIBYKYILECH

CHJION TIPU CO3JaHUU CTEKJISIHHBIX BOJIOKOHHBIX CBETOBOJIOB

C HU3KMMH ONTUYECKUMH noTepsiMu o, B Onmxaeid UK obna-

Trans-Oceanic
120-130 Channels
@10 Gb/s

cru cniektpa (¢ < 0.3 n1b/km B Auanasone 1MH BOJIH 1.35—
1.75 MEM, Olyin < 0.2 1B/kM Ha A = 1.55 MKM).

C 1980r., xor1a ObLIM BBEJICHBI B KCILTyaTAIIUIO KOMMEp-
YeCKHe BOJIOKOHHO-ONTUYECKUE CHCTEMBI CBSI3U, CMEHIIIOCH
MSITh MOKOJICHUH 3TUX CHCTeM. B HacTosiee BpeMsi CKOpOCTh
nepegavu MHGOpManuu Mo OJHOMY BOJIOKOHHOMY CBETOBO-
Iy B KOMMEPUYECKHX CHUCTEMaX CBSI3H, B TOM YHCJIE B TPAHC-
OKEAHCKUX MOABOJHBIX CUCTEMaXx, cocTapisier 1—2 Tout/c.
B skcnepuMeHTaIbHBIX CUCTEMAaX JOCTUTHYTa CKOPOCTD IIe-
penaun uadpopmarmu 25 Tout/c. Ucnonb3yeTcs CekTpalib-
HOE YIJIOTHEHNE KaHAJIOB C Mepeayeil Mo 0JHOMY BOJIOKOH-
HOMY cBeToBOy mopsika 100 kaHAJIOB ¢ pa3IMYarOIIIAMUCS
JUTHMHAMH BOJTH HECYIIIETO W3JIYUCHU S, PUYEM CKOPOCTb Iepe-
naun uHpopmanuu B oqHoM KaHajie pasHa 10 I'6ut/c. [Ton-
Hasl CHeKTpaJibHasi o0JlacTh Ul Nepegayn MHPOpMaIuud B
TaKUX cUCTeMax cocTaBisteT okoyio 80 um (1.53-1.61 Mrm),
YTO OTPEAEIISeTCS MOJIOCON YCUIIEHUS! 9pOUEBOTO BOJIOKOH-
HOTO YCHJTUTEJISL.

Bce KOHTHHEHTBI CBSA3aHbBI MOIBOTHBIME BOJIOKOHHO-OTI-
TUYECKUMHU KaOeJISIMU CBSI3H, 00111as1 IJIMHA KOTOPBIX COCTAB-
sisiet 600 000 KM (JI0CTATOYHO, YTOOBI OOMOTATH 3€MHOM 1IAP
15 pa3) (puc.1). CymmapHas qimHa BOJIOKOHHBIX CBETOBOIOB
B HA3E€MHbIX CETSIX BOJIOKOHHO-ONTHYECKOi cBs13u paBHa 10° k.
Oxupaercs, uro k 2015 . ata mudpa yaourcs. B mHacrosiiee
BpPEMSI MUPOBOE ITPOU3BOICTBO BOJIOKOHHBIX CBETOBOIOB IIpE-
BobIaeT ~ 100 MJIH. KM B TO/I.

3a mocieHNe HECKOJBKO JIET BO3HUKIIO U OYpHO pa3Bu-
BaeTCsl HOBOE HAIPABJICHUE BOJIOKOHHO-ONITHYECKUX CUCTEM
CBSI3M — o0ecreuenre mupokomnogocaoro (o 10 I'éut/c) mo-
CTyIla HaceJeHusl K UCTOYHUKaM uHpopManun (k MuTepHe-
Ty). B pse cTpaH MHTEHCHBHO BBINOJIHSETCS MporpamMma
«BoJiokoHHbIN cBeTOBO B Kaxubii nmom» (Fiber To The
Home (FTTH)).

JuHamMuka pocta 4mciaa JOMOB (ceMeil), OXBaueHHBIX
3TOU NMporpaMMoH, noka3ana Ha puc.2. Jlugupyer Snonus,
rae x 2008 r. cBeTOBOI MpHILES B 15 MJIH. TOMOB. DTa 1po-
rpammMma ycnemrso peaynmsyercs B CIIA u FOxnoii Kopee, a B
mocneqaee Bpemsi u B Kutae. EBpomneiickie cTpaHbl 3aMeTHO
OTCTAIOT, YTO CUJIILHO OecrioKouT EBpOCOIO3, HOCKOIBKY 3Ta
mporpaMma uMeeT 0oJIbIIoe conraibHOe 3HaYeHue. Macco-
BOE MOJIKJItoUeHHe K VIHTepHeTY O3Ha4YaeT oOecreueHne Ha-
CeJICHUSI TOTIOJHUTEIHLHBIMU COIMAJILHBIMU YCIIYTaMHU, BKITFO-

Puc.1. TpaHcokeaHCKHe JHHUM BoJIOKOHHO-onTHYecKoit cBsizu (R.C. Alferness. «Optical Communications — A View to the Future» (Europ. Conf. Opt.

Commun., Brussels, 2008)).
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Puc.2. Junamuxa pocra yucia 1oMoB (cemeil) (B MUJLIIMOHAX ), OXBAYECH-
HBIX BOJIOKOHHO-ONITHYECKOH CBsI3b10, B 2004 —2008 rr. (H. Tauber. «Why
a Competitive Europe needs FTTH?» (Europ. Conf. Opt. Commun.,
Cannes, 2006)).

Jasi TeJIeo0pazoBaHue, TeJIEMEIUIMHY, TeJIepadoTy U psi Apy-
rux. B Hactosiee Bpems:t UaTtepHeTom mosb3yercss 1 mMul-
JIMAp] YeJIOBEK, U OXmaaeTcs, uTo kK 2015 1. 3T0 yncio Bo3-
pacteT 10 ~ 5 MIWUMApAOB (MPU YUCIEHHOCTH HACEJICHUS
3eMII OKOJIO 7 MUJUITHAPIOB).

2.2. BosiokoHHBIe J1a3epbl

IlepBrlit BOJTOKOHHBIN JIa3€p U €T0 MOTEHINAbHBIE TIpe-
AMYIIIECTBA OBLIN MPOIEMOHCTpUPOBaHHI ettie B 1961 r. CHUT-
mepoM [7]. OmHako B TO BpeMs OTCYTCTBOBAJIU Jia3epHBIE
JINO/1bI, BBICOKOKA4eCTBEHHbIE BOJIOKOHHBIE CBETOBOADL, APY-
T'H€ BOJIOKOHHBIE 3JIEMEHTHI, B YACTHOCTH Op3TrTOBCKHE BOJIO-
KOHHBIE PELICTKH MOKa3aTellsl MPeJIOMJIICHHS], KOTOPbIE HbIHE
HCTIOJIB3YIOTCS IS co3aHus 3((EKTHBHBIX BOJIOKOHHBIX JIa-
3epoB. [Toatomy Toraa Onectsimast uaest CHUTLEPA HE TIOJTY-
ymiia pa3BuTusi. OHaKO OypHOE pa3BUTHE BOJIOKOHHO-OMTH-
4ecKoit cBs3M ¢ Havaja 1980-X ro1oB, JOCTUTIIIEE BEPIIMHbI
B KOHIIE MPOIIIOTO CTOJIETHS], IPUBEJIO K pa3paboTke Bcei
HEO0OXOAMMOM 1715 co31aHus 3P PEKTUBHBIX BOJIOKOHHBIX Jia-
3epoB 3JIeMEHTHOW 0a3bl. X pa3BUTHIO CIIOCOOCTBOBAT U
3aMETHBIN crajl B pa3paboTke BOJOKOHHO-ONTHYSCKUX CHC-
TEM CBSI3U B HauaJjie 3TOr0 BeKa.

Ha puc.3 mokazana cxeMa HENPEPLIBHOIO BOJIOKOHHOTO
nmazepa. o 2005 r. B kayecTBE aKTUBHOHM Cpelbl B TAKUX
Jla3epax HCIOJIb30BAJIICh BOJOKOHHBIE CBETOBO/IBI, JISTHPO-
BaHHBIC TOJIBKO peako3emenbHbiMU 3jieMeHTamMu (Nd, Yb,
Er, Ho, Tm, Pr), oqnako B 2005 r. 6bLIM CcO31aHBI HOBBIC
AKTHBHBIE CPEIbl — JIETUPOBAHHBIC BUCMYTOM CTEKJISIHHbIE
BOJIOKOHHBIE CBETOBO/IHI [8]. 3epkanamMu pe3oHaTopa Jiazepa
CJIy)aT BOJIOKOHHBIE Oparrosckue perietku (BBP), 3anucan-
HbIE B CEp/IIIEBUHE CBETOBO/IA W HE TPEOYIOIINE FOCTHPOBKH.
M CcTOYHMKOM HAKAYKH SIBJISIETCSI BBICOKOSIPKUIT M JIOJIT OXKUBY-
i nazepubii quox (JI1) ¢ BOJIOKOHHBIM BBIXOJ0M. Takum
00pa3oM, BOJIOKOHHBIN Jla3ep MPencTaBlIsieT coO0i MOHO-
JIUTHYIO U KOMIAKTHYIO CTPYKTYPY, HAASKHYIO U MPOCTYIO
B JKCIUTyaTanuy.

Cienyer otmeruth Bbicokmii (Oosee 30 %) KIIA (ot
pPO3ETKH) BOJIOKOHHBIX Y b-J1a3epoB, IpH 3TOM HX 3pdek-

AKTHBHBIH BOJIOKOHHBIH
CBETOBO.

BEP BBP
g == —>

Puc.3. Cxema HenpepbIBHOTO BOJJOKOHHOTI'O JIa3epa.

YLR - 20000

Puc.4. Bosoxonssiii s1azep pupmbt IPG (YLR-20000) MomHOCTBEO 20 KBT.

TUBHOCTb IO OTHOIIEHHIO K U3JIyYEHUIO HAKAYKU JOCTUIaA-
et 70 % —80 %, a UCIOJIb30BAHUE OJHOMOJOBOIO AKTHUBHO-
T'0 CBETOBOJA OOECTICUYMBACT BBICOKOE KAUYECTBO BBIXOIHOTO
myuka. BaxxHeIME U151 psifla TPUMEHEHUH SIBJISIFOTCSL MaJible
pa3Mepsl B BeC BOJIOKOHHBIX JiazepoB. Tak, oObeM Hempe-
PBIBHOTO BOJIOKOHHOTO Jiazepa MomHocThio 20 kBT paBen
00BeMY IBYX HEOOJBIINX XOJIOIUILHUKOB (pHC.4).

VkazaHHble IPEUMYIIECTBA BOJIOKOHHBIX JIa3epoB odec-
TEYUSIM UX OBICTpPOE pa3BUTHE B mociennue roanl. O0bem
pPBIHKA BOJIOKOHHBIX J1a3epoB coctanisul B 2007 1. 240 MuIH.
noswtapoB CIIA, n k 2011 1. oxumaercs ero ynoenne. Oco-
OCHHO OOJIBIINE YCIEXU JOCTUTHYTHI B CO3JTAHUM MOIIHBIX
HENPEePHIBHBIX BOJIOKOHHBIX Y b-J1a3epOB, IIMPOKO MPUMEHSI-
eMbIX npu 00paboTke MaTepualioB (cBapka, pe3ka, cBepJe-
Hue). [To cpaBaennto ¢ MomHbIMEI CO»-1a3epamu, KOTOpbIE
TPaJUIIMOHHO HCIOJB3YIOTCS IJIS 9TOH IeJIH, BOJOKOHHBIE
Jlazepbl OOECIICUMBAIOT JIyUIlIee KA4eCTBO W OOJIBIIYIO CKO-
pocTb 00paboTku MaTepuasioB (NP TOU XK€ MOIIHOCTH).
JIngepoM B pa3paboTke U CO3TaHUM MOIIHBIX BOJIOKOHHBIX
sazeposB siByisiercst komnanus IPG Photonics [9]. Iunamuka
poCTa MOIITHOCTH HEMPEPHIBHBIX BOJIOKOHHBIX JIA3€POB ITOKA-
3aHa Ha puc.S.

Bosbiioit uaTepec nposiBisSeTCs B MOCJIEAHUE T'OIbI K
(beMTOCEKyHIHBIM BOJIOKOHHBIM JIa3epaM, KOTOPLIE, B OTJIH-
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Puc.5. Poct MakcuMasibHOW BBIXOJHOW MOIIHOCTH HENPEPBIBHBIX BO-
JIOKOHHBIX JIa3epoB 3a mnocieanee aecsruierre; OM — OJHOMOOBBII
PEKHM.
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Puc.6. JIMHBI BOJIH IeHepalii, MOJIyYeHHbIe Ha JIETHPOBAHHBIX BICMY-
TOM (hochoporepMaHOCHIINKATHBIX BOJOKOHHBIX CBETOBOJAX, IPH pas-
JIMYHBIX JUIMHAX BOJIH HaKA4Kd, a TAKXKE CIEKTP ONTUYECKUX IOTEPb B
TaKHUX CBETOBOJAX (CIUToNIHAas cepas kpuBas). CTpenkaMu 0003HAUYCHBI
IUTHHBI BOJIH HAKAYKHU, BEPTUKAJIbHBIMU JIMHUSIMY — JUIMHBI BOJIH F€HEepa-
nun. COOTBETCTBYIOIIME IPYT IPYTY IJIMHBI BOJH HAKAYKH U TEHEPAIIUU
0003Ha4YEHbI JIMHUSIMU OTHOT'0 TUMA (CILIOIIHBIMY, IITPUXOBBIMU U ITyHK-
TUPHBIMN).

yre OT OOBEMHBIX aHAJIOTOB (Hampumep, Ti-candupoBoro
Jlazepa), 60Jiee KOMIAKTHBI U JICHIEBBI. DTO TO3BOJISICT IIIH-
POKO MCIOJIB30BATH X B MEAUIINHE, JIJIsl IPOBEACHUS OMOJIO-
THYECKUX U PU3UUECKUX MCCIIETOBAHMM, JIJIs1 CO3/IAHUS BBICO-
KOTOYHBIX JIa3€PHBIX YacOB. BOJIOKOHHBIN J1a3ep, reHepupy-
FOIIMH UMITYJIbChI JUIMTEIBHOCTBIO 0K0J10 50 de, momeriaer-
csl Ha J1a0HU. [{J1st MUKpOOOpabOTKU MPO3pAYHBIX U HEIIPO-
3payHbIX MATEPHAIOB (METAJIJIbl U MOJIYIPOBOIHUKN) Tpe-
OyroTCs heMTOCEKYHIHbIE IMITYJIbCHI C 3Heprueit 1o 1 Mk Ix
" 4acTOTOM ciemoBanus okoJio 1 MI't. B macTtosimmee Bpemst
co3JaHbl (PEMTOCEKYH/IHbIE BOJIOKOHHBIE JIa3epbl, TEHEPUPY-
FOIIIUE UMITYJIBChI JUTUTEIbHOCTBIO ~ 500 (¢ ¢ sHeprueir B
nmiyiasce ~ 0.1 mIx [10].

[Mupoxoe UCIOTB30BAHME JA3€POB B MEIUIMHE, B pPa3-
JINYHBIX 00JIACTSIX COBPEMEHHOW TEeXHHKH, JJISI TPOBEICHUS
Pa3HOOOPA3HBIX UCCIICOBAHMIA TpeOyeT TeHepaluu Jia3ep-
HOT'O U3JIy4€HHs] C HOBBIMU JUIMHAMHM BOJIH, KOTOPbIE MOTYT
OBITh IOJIYYEHBI JIUOO 3a CUET MPeoOPA3OBAHUS YACTOTHI U3-
JIydeHHs CYIIECTBYIOIIUX JIa3epoB, OO MyTeM CO3/IaHUs
HOBBIX aKTUBHBIX cpell. BOJIOKOHHBIE CBETOBOIbI C HU3KUMU
MOTEPSIMU U Pa3TMYHBIMUA COCTABAMHE CEPIIIEBUHBI TIO3BOJISI-
FOT 9 PEKTUBHO MPeoOPa30BBIBATH YACTOTY JIA3EPHOTO U3JTY-
yeHusi ¢ nomolbro BKP. Tak, BEICOKOHEIMHENHHbIE BOJIOKOH-
HbIE CBETOBOBI U3 (hOcHOPOCHINKATHBIX ¥ TEPMAHOCUIIMKAT-
HBIX CTE€KOJI C HI3KUMHU ONTHYECKAMH ITOTEPSIMHU CTATIH OCHO-
Boii cemeiicTBa 3¢ dexTuBHBIX BKP (paMaHOBCKIX) BOJIOKOH-
HBIX JIa3epOB, TEHEPUPYIOLINX B 00s1acT 1.1 —2.2 MKM 11pH ux
Hakayuke BOJIOKOHHBIM Y b-s1azepoM (4, = 1.06 mxm) [11, 12].

JlerupoBaHHbBIE BUCMYTOM CTEKJIa JJFOMUHECIUPYIOT B IIIH-
poxoii ciekTpaibHO# 06macTu (1.1 — 1.6 MKM), 4TO OTKpBIBa-
€T BO3MOXHOCTb co3/1aHusl 3()(HEeKTUBHBIX BOJIOKOHHBIX JIa-
3epoB Ha 3Ty obusiacts. B 2005 r. ObL1 BriepBbIe MPEACTABIICH
BHCMYTOBBIH J1azep B 001acTy 1yuH BoJH 1.15—1.215 mxwMm [§],
a3aTeM IPOJIEMOHCTPUPOBAHA JIa3epHasi TeHepalus BO BCEM
creKTpajibHOM auana3one 1.15—1.55 Mkm (cm., Hanp., [13—15])
(puc.6). JlaHHBIC JIa3epbl MOTYT HAWTH IIIMPOKOE MPUMEHE-
HUE TIPU CO3JaHUH HOBOTO TMOKOJICHUSI BOJIOKOHHO-OMTHYE-
CKUX CHCTEM CBSI3W, & W3JIYUYCHHE BTOPOW TapPMOHHMKH 3THX
JIa3epOB MOXET OBbITh UCIOJIb30BaHO B Meaunmue [16, 17],
actpo¢usuke [18].

2.3. BoJsiokoHHbIe JATYHKH

B nacrosimee Bpemst pa3paboTaHbl U IMIUPOKO HCHOJIb-
3YFOTCSl BOJIOKOHHBIEC TaTYUKH TEMIIEPATYPbl, JABJICHUS, Je-
(dbopmanuii, XAMUYECKUX BEILIECTB, BOJOKOHHBIE THPOCKOTIBI
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Puc.7. BonokonHo-ontuueckue «HepBHbIe» cuctemsl (K. Hotate. Laser &
Electrooptics Society Newsletter, 20, 5 (20006)).

U psan apyrux. OCHOBHBIMHU MPEUMYIIECTBAMH BOJIOKOHHBIX
JATYUKOB SIBJISTFOTCS HEBOCIPUUMYUBOCTD K 3JICKTPOMATHHUT-
HBIM IIOMEXaM, COYeTaeMOCTb C BOJOKOHHO-ONTHYECKUMU
CHUCTEMaMHU Tepeaud 1 00paboTku nHPOpPMAIIMH, KOMITAKT-
HOCTb, XOPOIIIO pazpaboTaHHas 3JeMeHTHas 6a3a [19].

B nmocnenane roas! 0obIIOe BHUMAHUE YACISETCS pas-
paboTke pacnpeesieHHbIX BOJIOKOHHBIX JTATYUKOB, MPEXKIIE
BCEr'0 IaTYUKOB TEMIIEPATYPHI, AaBJICHU U 1epopManuii, Ko-
TOPBIE TO3BOJISIIOT KOHTPOJUPOBATH COCTOSIHUE TAKUX 00B-
eKTOB, KaK 3JaHHS, MOCTBI, INIOTHHBI, KOPIIyca Kopadieil u
camMoJIeToB u 1p. (puc.7).

Taxue pacnpe/iesieHHbIE BOJIOKOHHBIE JATYUKU YaCTO Ha-
3BIBAIOT B JIMTEPATYpPE BOJOKOHHO-ONTUYECKUMU «HEPBHBI-
MM» CUCTeMaMH (10 aHAJIOTMU C HEPBHOW CHCTEMOH 4ello-
BEKa).

3. IlepcnexkTHBBI pa3BUTHS BOJIOKOHHOH ONTHKH

Pamkn HacTosIel cTaTbu HE MO3BOJISIIOT NPEACTABUTH
NOAPOOHBIN aHAJIN3 TEePCHEKTUB PA3BUTHUS ITOTO OBICTPO
PAa3BHMBAIOIIETOCS U BOCTPEOOBAHHOTO COBPEMEHHBIM OOIIIe-
CTBOM Hay4YHO-TEXHIUIECKOT0 HanpasyeHus. [ToaTomy s orpa-
HUYYCh MEPCIEKTUBAMHE CO3JIaHUSI HOBOT'O MOKOJICHUS BOJIO-
KOHHBIX CBETOBOJIOB U BaXXHEUIINX BOJIOKOHHO-OTTHYECKUX
cucteM (IIPex/Ie BCEro CUCTEM CBSI3U U nepeaadu nHpopMma-
MU U BOJIOKOHHBIX JIA3€POB), KOTOPbIE IITUPOKO OOCYKTAFOT-
cs1 B Tepatype. HeobxommocTh co31aHmst HOBOTO MOKOJIe-
HUS BOJIOKOHHBIX CBETOBOJIOB TUKTYETCSI, B IEPBYIO OYEPElb,
MOTPEOHOCTBIO COBPEMEHHOTO 00IIIeCTBa B O0JIee COBEPIIICH-
HBIX BOJIOKOHHO-OMITHYECKUX CHCTEMAX, KOTOPbIE MOTYT ObITh
pa3paboTaHbl TOJBKO C MCHOJIb30BAHHEM HOBOW DJIEMEHT-
HOI1 6a3bl.

Kax cnenyer u3 moknanoB u obcyxaenuit Ha EBpomneii-
ckoif koH(peperu o ontuieckoit csizu (ECOC’08, Bproc-
ceib, ceHTSI0pb 2008), 3koHOMUKA, UHPPACTPYKTYpa rocyaap-
CTBEHHOTO yIpaBJICHHS, 00pa3oBaHuE, 0€30MaCHOCTD TpeOy-
IOT CO3/IaHUSI HOBOT'O TIOKOJICHHUS] BOJIOKOHHO-ONITUYECKHX CHC-
TEM CBSI3H CO CKOPOCTBIO Niepe1aur HHHOPMAIIUH 10 OTHOMY
BoJIOKOHHOMY cBeToBOy 50— 100 TouT/c. Apyroe Tpedbosa-
HHE K CICTeMaM — MEeHbIIlee TOTpeOJIeHne SHEPTUN 1 OoJiee
HHU3Kasi CTOUMOCTb.

B cucremax cBsizu u mepenaun MHGOPMAIMK CO CIEKT-
paJIbHBIM YIJIOTHEHHEM KaHAJIOB MOJIHASI CKOPOCTH Hepena-
4y HH()OPMAIINY ITO OTHOMY BOJIOKOHHOMY CBETOBOY

B (6ut/c) = nb (bur/c),



BoJtokonHast ontuka: COPOK JIET CITYCTHA

TJie 7 — YUCJIO CIEKTPAJIbHBIX KAHAJIOB, BBOAUMBIX B OJHH
BOJIOKOHHBII CBETOBOJI; b — CKOPOCTH Mepeaaun uHpopMa-
IIMM B OJTHOM KaHaJe.

ITepBast 3anauya — nepegaya HHGOPMAIMU CO CKOPOCTHIO
50100 TouT/Cc MO OTHOMY BOJIOKOHHOMY CBETOBO/IY — MOXKET
OBITH pelieHa OTHOBPEMEHHBIM yBeJImueHneM 7 1 b. B Hacto-
stiee Bpemst yairie Bcero b = 10 I'6ut/c, Ho eme B 2008 1. ipo-
JIEMOHCTPUPOBaHbI KOMMepUeckue cucteMsl ¢ b = 40 ['out/c
1 HavaThl paboThl MO co3gaHuto cuctem ¢ b = 100 T'out/c.
ITo omeHkam, mpeesbHAsI CKOPOCTh Tepenaun nHhopManuu
110 OJTHOMY BOJIOKOHHOMY CBETOBO/y Ha paccTostaue 2000 km
cocrasiisieT ~ 500 Towut/c [20].

VBeJIMUeHUe YACIIa CIEKTPAILHBIX KAHAJIOB B OJTHOM BO-
JIOKOHHOM CBETOBOJIE HEM30EKHO MPUBEAET K PACLHINPEHUIO
CIIEKTPAJIbHOW 00s1acTH mepenauu uHpopmanuu. B Hacros-
1ee BpeMsi, B OCHOBHOM, HCIOJIb3YETCSI CIIEKTpajIbHast 00-
Jactb 1530—-1610 uHM, onpenensiemasi OJIOCON YCUIJIEHHS BO-
JokoHHOTO Er-ycumurens. [To MHEHHIO CrIeIMATICTOB, OYy-
1€ BOJIOKOHHO-ONITHYECKUE CUCTEMBI CBSI3U OYAYT UCIOJIb-
30BaTh BCIO CNEKTpajibHYytO 00jiacth 1300—1610 HM. D10, B
CBOIO Oouepe/ib, OTpedyeT pa3paboTku 3pPeKTUBHBIX BOJIO-
KOHHBIX JIa3epOB U IMIUPOKOMOJIOCHBIX BOJIOKOHHBIX YCHIIH-
TeJeld, KOTOPbIe ISl CieKTpaibHoli obmactu 1300 — 1500 HM
moka OTCYTCTBYIOT. HemaBHO pa3paboTaHHBbIE BUCMYTOBBIE
BOJIOKOHHBIE J1a3epbl U yCUIIUTENH [21] MOTYT 3aMOJIHUTD 3TY
HUIIly, OJTHAKO HEOOXOIUMBI JAJbHEWIINe MCCIeIOBAHUS C
LENTbIO MOBBIIIEHNS 3()(HEKTUBHOCTH BUCMYTOBBIX BOJIOKOH-
HBIX JIa3€pOB U CO3JIaHUS IIHPOKOIOJOCHBIX BOJIOKOHHBIX
YCUJIUTEJIeH 77151 3TOM CHEeKTpaJibHOU obJ1acTu.

Jpyrum ciaecTBUEM yBEIMYEHUS YHUCIIa KAHAJIOB B OTHOM
BOJIOKOHHOM CBETOBO/IE SIBJISIETCSI CYILLECTBEHHBIN POCT MOIII-
HOCTH CHUTHAJIOB B CEPALEBHMHE OJHOMOJOBOIO CBETOBOJA,
YTO MOXET MPUBECTH K IEPEKPECTHBIM NTOMEXaM U3-3a HeJlH-
HEHHOTO B3aMMO/JICHCTBHSI ONTUYECKUX CUTHAJIOB. B cBsi3m ¢
9TUM MOTPeOyeTCs CO3/TaHNe HOBOTO MOKOJICHHSI MEPeIaro-
LIIX BOJIOKOHHBIX CBETOBOOB JIMOO C OOJIBIINM JHAMETPOM
CepILIeBUHBI (TI0JISI MOJIbI) OJJHOMO/IOBOTO CBETOBOA (UTO HE
MPOCTO), JINOO C MaTePUAIOM CEep/IICBUHBI C MEHBIIICH He-
JIMHEHHOCTBIO (BO311yX?).

O6cynuMm Tenepb Apyroe TpeOoBaHKUE K BOJIOKOHHO-ONITH-
YEeCKMM CHCTEMaM CBSI3U U Tepeadll HHPOPMAIMUA — MEHb-
1iee noTpebdieHne SHepruu U 60Jiee HU3Kasi CTOUMOCTb.

W3BecTHO, uTO B HacTosee BpemMst UHTepHeT moTpedJis-
eT OOJIbIIIe SHEPTHH, UM BCSI ABHAIIUS B MHUpE. ITa SHEPTHsI
AT Ha MpeoOpa3oBaHMsI B BOJOKOHHO-ONTHYECKHX CETSIX
CBSI3M ONTHYECKUX CUTHAJIOB B JJIGKTPOHHBIE U OOPATHO B
onrtuueckue [22]. Pemenne 31ech o4eBUIHOE, HO HE TPOCTOE —
MOJIHOCTBIO omnTHUYeckasi o0paboTka curHasios. Eiie ogHum
pemeHreM NMpoOJIEeMbl CHM)KEHHsI OTPEOJICHUSI SHEPTUH U
CTOMMOCTH SIBJISIETCSI HHTETPAIUsT ONMTHYECKUX U JJIEKTPOH-
HBIX CXeM Ha OJIHOW KpeMHHueBOi# nojoxke. Ob6a moaxoaa
HOAPAa3yMeBalOT pa3paboTKy HOBOW 3JEMEHTHOH 0a3bl, B
TOM 4HCJI€ BBICOKOHEJIMHEHHBIX BOJIOKOHHBIX CBETOBOJOB
7 TUTAHAPHBIX BOJHOBOJIOB, ONTHYECKUX 3JIEMEHTOB HA MOJ-
JIO)KKE KpeMHHS (J1a3epoB, ONTHYECKUX YCUJIUTENEH, OTBET-
BUTEJICH, BOJTHOBOIOB 1 JP.).

Uro xacaetcs pa3pabotku 60Jiee MOITHBIX BOJIOKOHHBIX
J1a3epoB (HEeMpPEPBIBHBIX, (PEMTOCEKYH/IHBIX ), COXPaHSFOIIUX
BBICOKOE Ka4yeCTBO BBLIXOJHOIO IIy4yKa, TO 31ECh TOXE Tpe-
OYIOTCSI aKTUBHBIE U MACCUBHBIE BOJIOKOHHBIE CBETOBOIBI C
0OJIBIINM TMAMETPOM CEeP/IIICBUHBI IS CHIDKCHUS BIIUSTHIS
HEJIMHEWHBIX ONTUYECKUX SIBJICHU.

MHorue u3 OTMEYEHHBIX MPOOJIEM, BO3HUKAIOIIUX MPHU
pa3paboTKe HOBOT'O MOKOJIEHUSI PA3JIMYHBIX BOJIOKOHHO-OTITH-

CraHpapTHble CBeToBOJIbI HA OCHOBE
CBETOBOJIbI 3anpenieHHOi 30HbI
II0JIHOE BHYTPEHHEE
OTpaKEHHE
Ny ~ 1D-cTpykTypa
N (6parrosckue

R CBETOBOJIbI)

B

2D-cTpykTypa

Puc.8. MexaHU3MBbI PaCIpOCTPAHEHUS CBETA B CTAHIAPTHBIX BOJIOKOH-
HBIX CBETOBO/JIAX U B CBETOBOJAaX HA OCHOBE (POTOHHBIX KPUCTAILIOB.

YeCKUX CHCTEM, MOTYT OBITh pelIeHbl 0JIaroaps UCIOIb30-
BAHUIO BOJIOKOHHBIX CBETOBOJOB HAa OCHOBE (DOTOHHBIX KPU-
CTaJIII0B. B cBeTOBOIAX 3TOr0 THNA 0060J104Ka sIBjIsieTCsl ho-
TOHHBIM KPUCTAIIJIOM, T. €. CTPYKTYPOIi C HONIEPEUHBIM NIEPUO-
JIMYECKUM M3MEHEHHEM MOKA3aTes IPEJIOMIICHH S, TPUBOISI-
UM K 00pa30BaHuIo (POTOHHBIX 3aNPEIIeHHBIX 30H. B criek-
TPaJIbHBIX 00J1ACTSIX, COOTBETCTBYIOIIUX TAKUM 30HAM, CBET
HE MOXET PaclpOCTPaHIThCs B 000JI0UKE, & PACIPOCTPAHSI-
€TCsl TOJIBKO B CEPALIEBUHE BOJIOKOHHOTO cBeToBOAa. Ha puc.8
MPEICTABIICHB MEXaHU3MBbI PACIPOCTPAHEHUS CBETA B OOBIY-
HBIX CBETOBOJaX (IIOJIHOE BHYTPEHHEE OTPAKEHUE) U B CBETO-
BOJIaX Ha OCHOBE (DOTOHHBIX KPHCTAJUIOB C OJJTHOMEPHOH (Tak
Ha3bIBAEMbIE OPIITOBCKHUE CBETOBO/IbI) U IBYMEPHOU CTPYK-
Typamu 000JI0uKU. B BOJIOKOHHBIX CBETOBOJAX Ha OCHOBE
(DOTOHHBIX KPUCTAJUIOB MOKa3aTesb MPEJIOMIICHUS Ceplie-
BUHBI MOXET OBITb MEHBIIIE CPETHETO MOKA3ATENs IPEIOM-
JIeHHsI O0OJIOUKH, T.€. CBET MOXET PACIPOCTPAHSITHCS IO
BO3J1yILIHOM cepeBuHe. BOJIOKOHHBIE CBETOBOABI C BO31YILI-
HOU CepIlIeBUHOM NPEICTABIISIOT OOJIBIION HHTEepec Oiaro-
Jlapsi BO3MOXHOCTH JOCTIDKEHUS 00Jiee HU3KUX ONTHYECKUX
MOTEPb U MEHbIIIEH HEJIMHEHHOCTH, Y€M Y CYLIECTBYIOIIHX Te-
JIEKOMMYHHKAITMOHHBIX CBETOBOIOB [23]. B HacTosI1IEe BpeMst
HM3TOTOBJICHBI BOJIOKOHHBIE CBETOBO/IBI C BO3AYIIIHOM ceple-
BUHOW C MUHIMAJIbHBIMH ONITHYECKUMHE ToTepsiMu 1.7 1B /xm
[24]. CiekTp onTHYECKUX TOTEPH TAKOI'O CBETOBOAA IOKa3aH
Ha puc.9. CriekTpasibHbIe 00JIACTH HU3KUX ONTHYECKUX IOTEPh
COOTBETCTBYIOT (POTOHHBIM 3aIPEIIEHHBIM 30HAM O0O0JIOUKH.
sl BBISICHEHUS! MEXaHU3MOB ONTHYECKUX MOTEPh B TAKHX
CBETOBOJIaX M MX CHIDKEHHSI HEOOXOAMMBI JalbHen e GpyH-
JlaMEHTaJIbHbIE UCCIIEAOBAHMUS.

Cpeau Apyrux MPEUMYILECTB BOJIOKOHHBIX CBETOBOJIOB
Ha OCHOBE ()OTOHHBIX KPHCTAJIJIOB CJIEAyeT OTMETUTH BO3MOXK-
HOCTb U3MEHEHHMsI B 3HAYUTEIBbHO OoJIee NIMPOKUX Mpeesax,
YeM B OOBIYHBIX CBETOBOJAX, TAKMX BAKHBIX TAPAMETPOB CBE-
TOBOJIA, KaK JUCNIEPCUS], HEJIMHEHHOCTD, pa3Mep MOJISI MOJBL.
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Puc.9. CtpykTypa 1nosoro BoJJOKOHHOI'O CBETOBO/Ia (&) ¥ CIIEKTP ONTHYE-
CKHX OTEPb B BOJIOKOHHBIX CBETOBO/IAX C BO3AYIIHON CEPALIEBUHOI (6).
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Tak, HanpuMep, CO3MaHBI OJHOMOJOBEIE BOJIOKOHHBIC CBe-
TOBOJIBI C TJIOIIABIO CeveHust cepaeBrHbl 700 — 1200 Mxm?
(B OOBIYHBIX CBETOBOJAX OHA COCTaBIAET ~ 100 MKM?).

B HacTosiee BpeMst BO MHOTHX HAYYHBIX HEHTPAaX MUpPa
MPOBOMASITCS MHTEHCUBHBIE MCCIEAOBAHMS MO CO3AAHHUIO BO-
JIOKOHHBIX CBETOBOJIOB Ha OCHOBE (DOTOHHBIX KPUCTAJIIOB.
HeT comHeHns, 9TO yXe B HEaJIeKOM OyAyIeM OHH HAWIyT
LIXPOKOE KOMMEPUYECKOE IPUMEHEHUE.

4. 3akouenune

BoJiokoHHAs ONITHKA TPOJIOJIKAET OBICTPO PA3BUBATHCS,
¥ TJIABHOM JBIDKYINEH CUJION 3TOTO PA3BUTHS MO-NPEKHEMY
SIBJISIETCS. HOTPEOHOCTh B CO3/IaHMU elle 0oJiee BHICOKOCKO-
POCTHBIX BOJIOKOHHO-ONTHYECKUX CHCTEM CBSI3H U NepeJadn
uHpopMarmu. HeroBe4eCTBO yBEPEHHO UET K HHPOPMAIIH-
OHHOMY OOIIIECTBY, B KOTOPOM JIFO00# €ro 4jeH MOXET I0-
JIyYUTh JIFOOYIO HHpOpMAIHMIO B JEO00E BpeMs U B JIFOOOM
MecTe.

K coxanenuto, HeCMOTpsI Ha BBICOKHI ypOBEHb akajie-
MUYeCcKoil Hayku, Poccust moka ocraercss Ha 0O0OYUHE 3TOTO
MHHOBAIIMOHHOTO TIpoliecca. [pyrumu cioBamMu, HA rocyiap-
CTBO, HA OM3HEC HE MPOSBJISIIOT OOJIBIIIOTO UHTEpECa K pas-
BUTHIO B Hallleil CTpaHe BOJIOKOHHO-OTITHYCCKOW TEXHUKH.

DTO NOATBEPXKIAIOT U CKPOMHBIE 3aTPAThl HA HCCIIEN0-
BaHus U pa3paborky (R&D) B mporeHTax OT BHYTPEHHETO
BaJIOBOTO MPOAYKTa B Poccuu mo cpaBHEHUIO C HEKOTOPBIMHU
JIpyruMHu cTpanamu [25]:

. Uzpanns —4.71 9. TaiiBanb — 2.42

. MIBerus — 3.86 10. ®panmus —2.13
. Gunnsaous — 3.51 11. ABctpanus — 1.77
. SInonus — 3.18 12. Beaukobputanus — 1.73

13. Kuraii — 1.34

14. Poccus — 1.07

15. FOxnas Adpuka — 0.87
16. Aprentuna — 0.46

. FOxmnas Kopest — 2.99
. llIBetimapus — 2.93

. CIIA - 2.57

. T'epmanns — 2.51

0 ~J N L AW —

B To xe BpeMsi MOTPeOHOCTh CTPAHBI B OOJIBIINX MOTOKAX
“HPOPMAIMH JIJI1 SKOHOMUKH, TOCYTAPCTBEHHOTO yIpaBJie-
HUs, o0pa3oBaHus, 0e30MacHOCTH orpoMHa. U 3To ¢ Heus-

OEXHOCTBIO OpUBEACT K UBMCHCHUIO OTHOUICHUS ToCyaap-
CTBa M OM3HEca K Pa3BUTHUIO B Harmein CTpaHe BOJIOKOHHOM
OIITUKH.
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