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BABWH Ceprew Anexkceeeny —
4neH-koppecnoHaeHT PAH,

- J0kTOp (DM3MKO-MaTeMaTUHeCKIX

Hayx, 3aBeayoLmiA naboparopuen

- BONOKOHHOW oNTuKKM MHCTUTYTA

- a8ToMaTMKK U anekTpomeTpuu CO PAH
- (Hosocubupek).

- Aetop v coasTop 6onee 200 Hay4HbIX
paboT v 6 nateHTOB

Knsesbie CrI0Ba: Nasepsl, ONTOBOMIOKHO,
D3NEEBCKOR PACCEAHUE, BbIHYX/EHHOE
KMGMHALMOHHOE paccenHue.

ey words: laser, optical fiber, Rayleigh
tering, stimulated Raman scattering

EPKAN

B AnmHHOM BONIOKOHHOM CBETOBOAE MOXET BO3HWUKHYThL nasepHas
reHepauus ceeta — Heobxoaumas 4/ 3Toro rnosioxuTesibHas obparHas
CBfA3b CO34AeTCs N3-3a P3/IEEBCKOro PaccesHns reHeprpyemMoro nayHeHmnsa
Ha HeoHOPOAHOCTAX BOJIOKHA. Takown nasep MoXeT ObiTb OTHECEH

K Knaccy «cliy4antbix» 5la3epos, akTMBHO M3yYyaembix B rocrnegHee

Bpemsi. [1o aghhbekTMBHOCTH 1 KaYecTBY CO30aBaeMoro rny4ka ceerta nasep
€ pacnpefeneHHon cry4anHon 00paTHON CBA3LIO He YCTynaerT fia3epy

€ 00bI4YHBIM PE30HATOPOM, HO NPY 3TOM €ro uany4eHne obnagaet psgom
YHUKaIbHBIX CBOWCTB

CTDOﬁ(TTBO Jiaidepa ceifuac aHaer Jase mKoabHuk, C JlasepaMu Mbl

CTAJTKHBACMCSA TPAKTHYECKH Ha KaXJI0M [Iary — B MarasmHax ripm

CKAHUPOBaHUH IITPHX-KOJAO0B, IPH BOCHPOHUIBEACHUHU M YTEHHUH

KOMITAKT-JIHCKOB, IIPH [1€49aTH Ha JA3€PHBIX NPHHTEpPaXx. LHHPOKU
HCIIOJIL3YIOTCA JIA3€Pbl M B HPOMBIIJIEHHOCTH — JIJIS PE3KH, CBAPKHW H naiku
jaetasei n3 PA3/IIMYHBIX MATEPHAJIOB.

MSBC‘CTHO, YTO 1A .rtasepﬂoﬁ reHeparnm HyKHa akTHBHaA cpejia, AaTOMBI KOTO-
pOﬁ nepese/icHbl B B()36y}l(,e'_l{’.i-[]'l(l€ COCTOAHME C TOMOULBIO HAKAYKH, M PE3OHATOP,
KO'I‘Oph[ﬁ MO3BOJSET FEHEPHUPOBATL KOTEPeHTHOEe M3JYYeHHe. Cpe,[lb[ MOTYT
ObITh PA3HBIMH — Iasbl U IJIA3Ma, JKHJKOCTH U TBED/IbIE TeJa (l]{)J'IYI]p()Bt)ﬂHH-
KH, KPHCTALITBL 1 (‘TCKJI&). BOI‘]ﬁ}_«'HUlﬁHl‘lB ATOMOB aKTHBHOI Cpe/ibl B OCHOBHOM
OCYHIECTBJAACTCA JJIEKTPHYECKHM TOKOM HJIH CBETOM, [TOJIVYAEMbBIM OT JIAMIT HJIH
CBETO/IHOJIOB, — B 3TOM CJIy4ae roBopAT 00 ONTHYECKOIT HaKauKe.

PCSOIia'['Op 0OBIYHO COCTOUT N3 ABYX 3€pPKaJl, YCTAHOBJICHHBIX [apaJlie/IbHO
APYT ApyTY. 38])]{21.?]3 OTPAKAIOT CBET Ha3a/l B AKTHBHYIO CPEILY, H €CJIH €10 YCHJIe-
HHE 34 CHET BhIHYIK/IIEHHOTO U3IVYeHMA B()iiﬁy}KJlCHHbIMH ATOMaMH NPeBbLIaACT
HOTEPH, TO BOZHUKAET TeHEPAINA M MOITHOCTD H3JIYHEHMA PE3KO BO3pacTaeT.
O/HaKO MOUTHOCTD HE MOZKET pacTH 10 HECKOHEUHOCTH 1 CTil()]-’I.TIH:alyETCS Ha
VPoOBHE, OllpeleJiaeMOoM E)Cl)fl')Ci{'l‘()M HACBIIEHWA YCHIIeHMS — VCHIIEHHE B CTa-
HHOHAPHOM peXKHMe CTAHOBHTCS PABHLIM [MOTEPAM B PE30HATOPE.

Pcaoﬂa'rop H CaM Jla3ep He MOoTyT OBITH OYEHB JUTHHHBIMH, TAK KaK [IYHOK CBETa
NP PACIIpOCTPAHEHWUH paACUIMpAeTCs M3-3a HH(bpaKiIPIH. Yem Menbine pasmep
IMy4Kd, TeM CHJIbHEE €ro pacxojHUMOCTh M, COOTBETCTBEHHO, Goabiie norepu
Ha 3epKaiax. Yrobw VCTPaHnuTh }'I.HCI')D&K]!.HOHH])!C NOTEPH MPH PACXOAJIeHHH
MY4Ka, MOMKHO HCIIOJIB30BATE NOJTHOCTBIO Bal(]Jh!Tblﬁ pe30oHaTOp, pasMecTHB
B [IPOMEKYTKE MEXK/Y 3epKajJaMH BOJHOBO/L. B kauectse BonnoBOMA MOKET
BRICTVIIATL, HAIIpHMED, BOJIOKOHHBIH cBeToBO/I. B nocneanee BpeMs# Ja3ephl
Ha OCHOBE ONTOBOJIOKHA TOJYHHIIH HIHPOKOE PacipocTpaHeHme.
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notot

PeszoHatop nazepa o6bI4HO
npeacrasnaeT cobon Asa 3epkana,
BO3BpaLLaoLLMUX U3ny4eHue obpaTHo
B cpefy. AToMbl cpefibl NepeBoasaTcs
B aKTMBHOE COCTORHWE MPU NOMOLLN
Haka4ku. [pu JoCcTaTo4HO BbICOKOM
MOLLIHOCTM Haka4ku, Korga ycuneHue
CBETA CTaHOBUTCH BbiLLIE MOTEPb

OT paccenHus], reHepupyeTcs
nasepHoe uany4eHue

OnTOBOAOKOHHas PEBOAIOLNA

Kak e ycTpoeH BOJOKOHHBIH cBeTtoBOA? Ero cepi-
HEBHHA HM3TOTOBJIEHA M3 JETHPOBAHHOTO KBapueBoro
CTEKJIa U UMEET MOBBIIIEHHBIH [MOKa3aTe/b IpeJloMJIeHH S,
mnamerp cepauesunnl coctaBiser okono 10 Mxm, ana-
MeTp BHelIHel cTekIstHHOI obonouku nopsaaka 100 miMm.
Bremusist o6osiodka nokpeiBaetcs miacTukom. B Takom
BOJHOBO/JIE CBeET pacnpocTpaHdaeTcs MPaKTHYECKH 603
motepb. Hesnaunrenbubie notepu BO3ZHUKAIOT U3-3a
PJIEEBCKOr0O paccesiHus Ha CYOMMKPOHHBIX HEO[HOPO/I-
HOCTSIX TOKa3aTeJist [PEeJOMIEHHs, KOTOPbIE BCEr/ia ecTh
B cTekse. Koadybuiment noreps yMeHbUIAETCS ¢ POCTOM
JUIMHBI BOJIHBI: MUHMMYM IIOTEPH B IACCUBHBIX BOJIOKHAX,
HCI[UJ[IJ?&)’CMI)IX B TEJIEKOMMYHHEKAIIMAX, TOCTHIAETCH 36..'”-1-
3 ~1,55 Mrm (MHDpakpacHoe U3JIyUYEHHE) U COCTABJISET
OKO0JI0 5 Y6 NCXO/IHOM MOIHOCTH Ha KMJIOMETDP BOJIOKHA.

ﬂ,p)’l‘ﬂ;\{ BaXHbBIM (IB{)ﬁC'I‘BOM BOJOKOHHBIX CBETOBO-
OB siBJsieTcs (DOTOUYBCTBHTENBHOCTD: €C/In 00JIyYaTh
CePALEBUHY BOJOKHA YJALTPA(UOIETOBBIM U3ITYIEHHEM,
MOJKHO JIOKAJIbHO M3MEHATH [10KA3aTe b MPEJTOMICHMUS.
[Tepuomueckre U3MEHEHUs] HHTEHCHBHOCTH, TTOJIYYeHHbLE
HAIPUMEp, MPU MOMOILH HHTeP(hEepPeHIIHA IBYX ITYUYKOB

3epkano

aH\I.I.e

Hanu4uve akiug

yJasrpacduoierta, Ho3BoJAI0T chOPMHUPOBATE B CEP/ILEBHH(
CBETOBOJIOKHA MEPUOIMYECKYIO CTPYKTYPY — TaK Ha3hIBa:
eMY10 8010K0HHY10 Gp3azzosckyio peuemxky (BBP), koropas
OTPaKaeT CBET € ONpPeleJeHHOI JUIMHON BOJHBI 3a cYel
KOHCTPYKTUBHOH uuTepdepeninu audparupyonm:
nyukos. Koaddurmenr orpaxenns Takoii penerku MosxKe,
npesbarTh 99 %. BparroBckyio penerky MoKHO HCTIOJ b,
30BaTh B Ka4€CTBE Y3KOMOJOCHBIX BHYTPUBOJOKOHHBIY
JIa3ePHBIX 3€PKaJL, [IPH 3TOM OHH BbIJIEP/KUBAIOT OOJIBIIYIC
MOITHOCTb U <«3KH BYT# MHOTO JIET. |

P3NEEBCKOE PACCESIHUE '

Paccesnue cBera 683 W3MEHEHWA BNHMHbI BONHBI M, coar-:
BETCTBEHHO, NPaKTUYECKM 683 NOTEPD, HA3bIBAEMOE TAKKE
YNpyrum paccesHueMm, Ha 4acTuuax, HeoAHOPORHOCTA)Y
UNK APYrUX 00beKTax, pa3mepbl KOTOPBIX MEHbIUE ANWHb
BOMHbI. B YacTHOCTH, WMEHHO PINEEBCKMM PacCesHUew,
obycnosnex rony6oii user He6a — CHMHAA 4acTb CMEKTPZ
paccewBaeTc MONEKynamu, BXOQALWMKWMK B COCTaB BO3AYXa,
Haubonee atthexTuBHO



B BONOKOHHLIX nasepax BONHOBOOOM ABNAETCH

ONnTH4ecKoe BOMIOKHO U3 KBapLUeBoro crekna

C NIervpoBaHHon cepaueerHon. Ecnn B kadecTee 3epkan

Cnonb30BaTh CO3aasaemMble B BONOKHE Nepuoguyeckue
PYKTYpbl NOKasaTens npenomMneHus (BONoKoHHbIe

OparroBckue peleTku — BEP), oTpaxaroLine ceer

B Y3KOM AnanasoHe ANwH BOSIH, MOXHO YBenu4iuThL

cTabuneHOCTL paboThl Nasepa v CysuThb CNekTp

reHepauum

[Tpocreitimiit BApHAHT BOJIOKOHHOTO J1a3epa MpeacTaB-
Jifiet coh0it OTPE3OK BOJIOKOHHOTO CBETOBO/IA C CEP/IIEBH-
HO, IernpoBaHHOil HOHAMH PEIKO3EMEJIbHBIX DIIEMEHTOB
(urrepOus, spOus 1 AP.), Ha KOHIAX KOTOPOTO chopMHPO-
Baibl Oparropekue perierkn. HekorepenTtroe namyuenne
JIA3EPHOTO INO/Ia HAKAYKKM 3aBOJIMTCS B BOJIOKHO depes
OTBETBUTEJIb M IEPEBO/IMT MOHBI PE/IKO3EMETBHOM IIPUMECH
B B030YK/CHHOE COCTOSIHME, CO3/aBas TakuM 06pasom
VCHIMBAIONTYIO cpesty. Bosiokontbie Hparrosekue pemieTk,
OTPAKAIONINE CBET HAa pe3oHaHcHOi yactore, (hopmupy-
10T PE30HATOP Jladepa HEIOCPEeICTBEHHO B BOJOKOHHOM
cseroBojie. Peannsaiiis 1ogHOCTBIO BOJOKOHHOI CXeMbl
HPHBE/IA K PEBOJIOLMH B JIA3EPHOI TEXHIKE — TAKOI J1azep
HeTtpedyeT ICTHPOBKI 3ePKaJl, 00Ja/iaeT BRICOKOi ahhex-
THBHOCTBIO M CTAOMIIBHOCTBIO TEHEPALHH TIPH BBICOKOM
Kauectpe 1ydka. B nocuennee jecsituierne BOJOKOHHBIE
JIA3ePhl AKTHBHO Pa3BUBAJINCDH B TEXHOJOIMYECKOM TIJIAHE
H H0JIY4H/IH ITHPOKOE PacipocTpaHeHe Ha IPaKkTHKe,
B IIEPBYIO O4€pe/Ib B ONTHYECKOMH CBsi3n 1 0bpaboTke ma-
TEPHATIOB.

WHTEHCMBHOCTB

== - : [
1233 1234 1235 1236
[nuHa BonHLI, HM

0

Y39 .

gy
Tﬂomarmﬂﬁaﬂ Bonva

Aazep aAnHOM B 300 Km

HauGouiee sipkme gocriskenust 1abopaTopiun BOJOKOH-
HBIX JIa3epoB VIHCTUTYTA aBTOMATHKH U 3JIEKTPOMETPUH
CO PAH kacaiorest H3y9eHusi ABYX NPE/IEIbHbIX CIYYaeB:
O4€Hb KOPOTKUX U OUEHD JITTHHHBIX BOJOKOHHBIX JTA3€POB,
Ecin B akTUBHOM BOJIOKHE JUTMHOI BCEIO HECKOJIBKO
CAHTUMETPOB ¢(hOPMUPOBATL OPIITOBCKYIO PELIETKY, TO
MBI IOJIYHHM JIA3eP ¢ pacipeieieHHoi 00paTHOil CBSI3bIO
(rax HaspiBaemblit POC-nasep). B nem gocturaercs ouetn
ycroitunsas 1 apheKkTHBHASA TeHePaLvs U3TYUCH IS OLHOH
OTIPE/IEIEHHOI JI/IMHBI BOJTHBI

OG6pathas cuTyaums paccMaTpUBaIACh 10 CXeMe Jra3epa
Ha OCHOBE TACCHBHOTO O/IHOMO/I0BOTO BOJIOKHA, YCHJICHUE
B KOTOPOM JlocTuraercs 3a cuer adexta enmyrcdennozo
KoMOunayuonnozo paccesinusi (BKP) npu pacnpocrpare-
HHH 110 BOJIOKHY M3JIy4YeHUs HAaKAaYKH.

B Taxoii cxeme MOKHO IOJIY4UTDH pacipe/ieeHHOe yCH-
Jenue Ha GOJIBINOI JUTHHE ONTOBOJOKHA, & C IOMOLIBIO
OPATTOBCKMX PEIIETOK, OTPAXKAIONNX MU3JIYyYeHHe HA ero
KOHIIAX, CO3/1aTh JIMHEHHBIH pe3oHaTop.
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CTosyas anekTpoMarHuTHas BofHa

POC-na3zep — caMbili KOPOTKMIA BOJIOKOHHbI Nnasep,

B KOTOPOM Napy BONOKOHHbLIX 6P3rroBCKMX peLueTok
(BEP) chopmupytoT B aKTMBHOM CBETOBOAE TakK, YTOObI
paccToaHue Mexay HUMKW OKa3anoCe paBHeIM NoONoBuHe
nepuoaa. B atom cny4yae otpaxeHue (Kak u ycuneHue)
NPOMCXOAUT HE TOMbLKO Ha Topuax, a NpakTu4eckn

B N060M TOYKe, T.e. pacnpeneneHo no AnuHe BonokKHa.
Nazep ¢ pacnpeneneHHoi obpatHoi ceassto (POC)
reHepupyeT O4eHb YCTOMHMBLI MOHOXPOMATUHECKMIA
CBET: LUMPUHA NMHUKM Takoro nasepa mexsiue 100 kly,
a C aBTONOACTPOUKOW YacToTel — MeHee 1 KI'y. [o:
(Hukynud mn gp, 2009)

Jlo Kakux ke 1pejiesioB BO3MOKHO YBETHYEHHE [ITTMHDI
BOJIOKOHHOTO J1agepa? PaboTa HaYnHAIach ¢ PeaH3aiiin
JIa3epoB ¢ JJIMHOI pe3oHaTopa eJMHMIIbL, a 3aTeM je-
catkn kunomerpos (Babin, 2008). B 2009 r. cosmecTHO
¢ KoJuleraMu U3 OpPUTAHCKOTO yHHBepcuTeTa ACTOH ObLI
AOCTHIHYT Hpejes yAJIUHeHHs THHeiiHOTo pesoHaTo-
pa — 270 kM (Turitsyn et al., 2009). Okazanocs, 4To MeKLY
OTPAKAIONMMHI BOJIOKOHHBIMU OP3ITOBCKIMI PELIETKAMM,
pasHECEHHBIMU HA Takoe GOJIBIIOE PACCTOSHIE, BCE €Iie
chopmupyeTest crosdas aJeKTPOMarHUTHAs BOJIHA € YETKO
BBIPAJKCHHBIMH CHEKTPaIbHbIMH JUHAMI (MOJAMH), YTO
camo 1o cebe yausuresnbno. [lopasurensno, Ho u npu
pasibheiinem yseanaenn gl 10 300 kv 1 Gosee, naszep

TOMKE ]'J}l{l[)Til(;‘.T, npasja, B «6(33&10}'[0301\"[9 pexHME.

Bbl1o0 BBICKA3aHO HPEANOJOKeHne, YTO K TeHepaiuu
B 9TOM CJIydae IPHBOJUT PAJIeEBCKOE paccesiHue Ha cy0-
MHUKPOHHBIX HEOJHOPOAHOCTAX MOKA3aTeIs IpesiomMie-
HUSI — TO camoe, 9TO Olpe/ielisieT CHHIIl [BeT Heba Haj
rosoBoit. XoTsl Takoe paccesiHue IPOMCXOAUT BO BCe
(_'.'['{)[)0][[)], HacTh H3JIYUCHWA, PACCEAHHOTO Ha3al, MonajaacT
00paTHO B CBETOBOJ M PACIIPOCTPAHSETCS BO BCTPEYUHOM
Harpapyiennn. Cymmaphbiii achhekT pasieeBCKoro oTpaxke-
HUS JlocTaTouHOo MaJl, Ha yposre 0,1 %, HO ecyin B BOJIOKHE
CO3J1aTh pacipejle/ieHHOe YCuleHe, HAIIPUMep 3a CUeT
BBIHYAJEHHOTO KUM6H HAITHOHHOTO p':lCC(_‘H HHA, VCHJIEHHOE
paccemm()e H3JYYUEHHE MOMeT 6I)ITI) AOCTATOYHBIM JLJIA

BOZHHUKHOBEHMA IeHeparium.

WHTEHCHBHOCTh, OTH. 1.

-1 0 1
Lnpuxa nunmm, My

BbIHYXEHHOE KOMBWHALWOHHOE PACCESIHUE (BK

Mpu B3aumopeiicTeuu hoTOHA ¢ MONEKYNOA MOXeET np
M30ATH nornowenne 3Heprum. Mpu aroMm monexyna Bo
Gyxpaercs — BO36YXKAAKTCA €€ BHYTPEHHWE KonebaHu
a thoToH TepAer ¥acTh 3Hepruu. B pesynbrare 4acro
PaccesHHOro CBETa CTAaHOBUTCA MEHbILE, YEM Y UCXOHOT
Takoi npoyecc Ha3bIBAKT KOMOUHALUOHHBIM paccesHne
Ecnu MHTEHCHMBHOCTL NafalWIEro CBETa BENMKa, T0 pa
CeAHHOE KaKo#A-nubo MONEKynoi W3Nny4eHWe BCNEAcCTB
KBaHTOBbIX 3ththexToB ycUNMBAET NpoUecc paccesH
napawiiei BONHbLI APYrUMK MoneKynamu. 310 ABNEH
HA3bIBAKT «BbIHY)XX[AEHHOE KOMOGWHALUWOHHOE PACCEAHMN
(BKP), a B anrnos3biuHoi nureparype — athdexr Paman
MpuMenenne 3epKan-pe3oHaTopoB, 0TPAXKAOWMX paccen
HYH BOJIHY NO3BONIAET MHOTOKPATHO YBENU4HTD 3T0T athde
1 MONYYUTL KOTEPEHTHbIA NY4O0K N3NYYEHHS

CamoopraHusaums
AQ3€epHOWN reHepauum

JLutst ipoBepK# rHNoTe3b! OBl BBITOJHEH CleIHAbHbI
HKCTIEPHMEHT, B KOTOPOM B BOJIOKHE JUTHHOI 84 KM c03/1
Basioch pacrpeenentHoe BKP-yeunenne n 6buim npunsT
MepBbI 110 YCTPAHEeHHIO Mapa3uTHBIX OTPAKEHHH OT TOPIIC
1 coeiHenH i BostokHa. OKa3anoch, YTo IPH MPeBbIIeHN
HEKOTOPOTO MOPOTra 110 MOIIHOCTH HAKAYKY € IBYX KOHIL(
BOJIOKHA HAOJII0aeTCs CTallMOHAPHAS Jla3epHas reHepd
mms. [Tockosbky B KBap1leBOM CTEKJIE JIMHUS BBIHYK/ICH
HOTO KOMOWHAIIMOHHOTO PacCestHus] MMEET JIBA JTOKATbHb]
MaKCHMYyMa, B renepaiin HaboaaoTes 1ubo jiBe THHu]
1557 u 1567 um, 1ub0 0/lHA U3 HUX — B 3aBUCUMOCTH
MOIIHOCTH HaKauyKki. DPHEeKTHBHOCTL reHepaini B Tako
cucreMe cpaBHIMa ¢ ahhekTHBHOCTHI0 00bHbIX BKP-114
3epos. [1pu atom 6b110 tokasano, yto adexT BosHNKae
Gnaropaps cayuatinoi pacnpedeiennoil 06pammoii ces3
(CPOC), Bo3HMKAIONIEH H3-3a PAJEEBCKOT0 PACCETHII




RlecbexTel cTekna YeuneHHbIi NOTOK (hOTOHOB ‘\\

BKP-ycunexve

—— ——
——— .

[lonHoe BHYTPEHHEE OTPaXKEHUE MoTepwn hoTOHOB
(hOTOHA Ha rpaHuue -

lagepHas reHepauns B CBEPXANMHHOM ONTUYECKOM BONOKHE 6e3 3epkarn
MPOMCXOANT NOTOMY, YTO PeannayioTcs 06a HeoOX0ANMBIX YCNIOBUA:
= Ycunexwe cseta onpeaenedHon AniHbl BONHLI — bnaroaaps
ahheKTy BIHYKABHHOrO KOMBUHALMOHHOTO paccesaHus (BKP) caera
B KBapLIEBOM CTEK/E
MonoxuTencHas o6parHas CBA3bL — BO3BPALLEHUE YCUNBHHOTO
reHepupyemoro uany4eHns s BonHosoa Gnaroaaps
paneeBcKOMY paccesHuio Ha aedekTax cTekna

06wan anuHa 30—300 km

CepauesnHa BOITORT
@ 8 MKM o

a3epHast reHepauns g
3nyyenus, ~1560 Hm — uany4ehus, ~1560 Hm

P=2.78BT
Cnekrpb!

reHepupyemoro
W3Ny4eHns

OnTu4eckan Haka4yka
n3ny4yeHuem
~1455 Hm

P=208Bt

OTHOCMTENbHARA
WHTEHCWBHOCTb

1554 1557 1560 1563 1566 1569

nuHa BONHLI, HM

Karywwku
C BONOKHOM
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YcTaHoBKa Ans U3y4eHus BONOKOHHbIX Ta3epoB VIHCTUTYTa aBToMaTUKK 1 anekTpomeTpun CO PAH

Takoit CPOC-nasep MOXKHO IPEACTABUTL B BUJE CJia-
G6ooTpaxkaionieit 6ParrOBCKOIl PEIETKH 1OKa3aTes s
[PESOMICHHA CO CIYVYalHON aMIIMTYIOH U CIydaiiHbiM
PACCTOAHHEM MEZKLY Y3JIaMM B JUTHHHOI caraboycnimsaio-
uieif cpesie. YauBHUTeIbHO, HO [P 9TOM HIMpHHA 1 opMa
FeHEPHPYMOro CIIEKTPA TPUMEPHO COOTBETCTBYET CIIEKTPY
OOBIMHBIX BOJIOKOHHBIX JIA3€POB € Y3KOTIOJIOCHBIMH 3ePKa-
Jgamu, T.e. BGP.

Ormernm ente ojiHy BaxkHyio ocobennocts CPOC-naze-
pa: reHepHpyeMoe B OIPe/IeIeHHOM MeCTe BOJIOKHA JIazep-
HOE M3JIYYEHUE JIOKAJIbHO HCTOIACT IHEPIHIO N3/IYUEHIs
HAKaYKH, M 9TO CO3/IAeT ellie 0JiHy 00paTHyIo cBs3b. Takas
CBsA3b NPUHIMIINAIBHO MEHSIeT MeXaHM3M FeHepaliuu:
OTKPBITBIH B [IPO/IOJIBHOM HALPABJIEHUN CIYYaillHbIi pac-
IpEIeIeHH b PE30HATOP CTAHOBUTCS aalTHBHBIM M CaMO-
OPraHu3yINHMCH, YTO BJULET Ha YCIOBHS HACHIIEHHUS
reHeparms, KOHKYPEeHIIMIO PA3HBIX YACTOTHBIX KOMITOHEHT
H, KaK cje/lcTBHe, Ha DOPMY CHNEKTpPa W CTATUCTHYECKHE
CBOMCTBA M3JIy4eHHs. ITH BOIPOCH (QyHAaAMEHTAIBLHOTO
XapakTepa ceifyac akTHBHO M3Y4aloTCs — Tocie myoJImnKa-
unn Haumx pesyasraros B 2010 r. (Turitsyn et al., 2010)
9T0i npo6IeMOil 3aHI0Ch €le HECKOJIbKO IPYIII
(cm., nanp. (Andreasen, 2011)), n yske MOKHO TOBOPUTH
0 TOM, UTO HAY4HOE COOBIIECTRBO MPU3HAJIO PEIJIOKEHHYIO
CXeMY HOBBIM THIIOM JIA3€PHOIT TeHepariiu,

M3 xaoca BO3HMKAET NMOPSIAOK

Wneonornyeckn ata npobiaema GnM3ka akTHBHO Passl
BAIOIIEIHCA B [1OC/IE/IHEE BPeMst KOHIEIIHI <CaydaiHbh
nasepos (random lasers) — rerepaiym B pasynopsoyel
HbBIX YCHIMBAIOIINX CPe/iaX, TAKMX KaK MOPOLLIKHN JIa3epHH
KPUCTAJLJIOB WJIW [1OJIYIIPOBOIHUKOB, CYCIICH3HH JIA3EPHE
l{[)él(_'[l'l'e.u‘l(.‘[“l C paccerBaiIMMH HAHOYACTHLIAMH M Ap.

Briepprie konuernis 6ni1a chopmyauposana B pabo!
B.T. Jleroxosa (1967). B otimane ot 06bvHbIX JTa3epa

JI€ CBOMCTBA reHepUpPYeMOro H3JLydeH s (CIeKTp u (pr.\‘
BBIXOJIHOTO ITyUYKa) OTPELEISAIOTCS PE30HATOPOM, B <CJT
YaiiHBIX> JTa3epax ONTHYECKOTO Pe30HATOPA B TPHBLIYH(
MOHUMAHUU HeT — UX XapaKTEePHCTUKH OIPE/eIsIo
[IporeccaMu MHOTOKPATHOTO PacCesHus B Pasymnop
JAOYEHHOI yeumsalonieii cpese. «Coayuaiinpie» Jasep
00J1a/1a10T 1PeEIBLHO IPOCTON KOHCTPYKIMEIt, HO 06bIul
MBIYYal0T B MMITYJIbCHOM PEKUME, UMEIOT CJIOMKHBII CJI
YaiHbI CIEeKTP reHepalun 1 HeCTAIMOHAPHYIO Hapal
JEHHOCTH NMyYKa.

Onnum n3 cnoco6oB yayueHns HX XapaKTepHCTHK 51
JIAETCA Mepexo/l K MeHblei pasMepHocTH. Boijio mokasan
4TO OJIHOMEPHbBIE CJIyyaifHbIe Cpe/ibl: Habop NIACTHH CJI
YAHHON TOMIMHBI HIIF CYCIIEH3HA KPACHTEJIS ¢ HAHOYACT]
namu B rosom ceetosoje (de Matos, 2007) — nossossii




4acTuLbl

AKTUBHbIE aTOMbI
(Monekynbl)

(hopMupoBaTh HanpaBIEHHbIIT MYYOK, KAk B 0OBIYHBIX JIa3e-
PAx, 0/HAKO BPEMEHHDIE H CHIEKTPAIbHBIE XaPAKTECPHCTHKH
B TAKOM CJIyuae XysKe.

B atom embicsie cospanubrii BOIOKOHHbII Jla3ep co cay-
uainol pacnpederennoi obpamnoii ceazvio (C POC) mosxno
paccMaTpHBaTh Kak 0AAHOMEpPHBbILI cay4aiinbtii 1asep. [Ipu
ITOM OH OTJIHYACTCS OT OOBEMHBIX «CIYHaHBIX» TA3ePOB
Y3KUM CHEKTPOM, BBICOKOH CTabMILHOCTBIO M BHICOKHM
Ka'ecTsoM CHEKTPa/IbHbIX XapaKTePHCTHK [YYKa, ONpeie-
JADIHMICA BOJTHOBOJAHBIMU CBOHCTBAMM OITTOBOJIOKHA.
A BOTIHYHE OT 0OBIMHBIX BOJIOKOHHDBIX JIA3EPOB € PErYJIsip-
HBIMH (TOYEYHBIMM 1 PACTIPEICACHHBIMMU ) OTPaKATE/SIMH
ipaaeesckine CPOC-asepnl renepupyior «6eamonosoes
HBAYHEHHE, HE MMEIOT IPUHIMITHATBHBIX OTPAHHYEH I
{10 JUIHHE, MOIYT J0CTATOUHO MPOCTO HEPECTPANBATHCS
110 Y4CTOTE 1 FeHEPUPOBATHL HA MHOIMX JIMHUAX B PA3HBIX
CIEKTPATBLHBIX IHATIA30HAX.

HUKAJIbHBIE CBOHCTBA BOJIOKOHHBIX PAJIEEBCKHX
CPOC-nasepos 0TKpHIBAIOT HOBBIIT KJ1acc J1asep-
HBIX HCTOYHHUKOB, KOTOPBIE MOTYT HAITTH IIPHMe-
HEHHe KaK B (DYHAAMEHTATBHBIX M TPUKJIALHBIX
HAYYHBIX HCCJCA0BAHMAX, TAK M HA NPAKTHKE, 0COOCHHO
CBePXJIa/IbHET ONTHUYECKOIl CBA3M W paciipe/ieieHHbIX
“CHCopHbIX cnetemax. bBuarosapsa nasephoii reneparnn
ONTOBOJIOKOHHOI JIMHUM CBA3H, KOTOPasi CIYKUT Ha-
Kaukoii BKP-yennnrens, pacnpenenennoro spoan seeii
i, HHPOPMALMOHHBIN CHIHAJ MOKET HepeaBaThes
outn Ges noreps (quasi-lossless transmission) s HIHPOKOI
oioce. Ha a10ii 0cHOBE BO3MOKHO CO3RAHME TTPHHIAIN-
bHO HOBOIT CHCTEMbI BBICOKOCKOPOCTHOM Mepesayn nH-
puaLi Ha GOJbIINE PACCTOsA NS Ge3 TPOMEIKYTOMHBIX
yeireeit.

Paccewsaiowiume ceer

NazepHoe nany4exne
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KoHeTpykuma «cny4aiHoro» nasepa npeaensHo npocra: KoHrnomepart

13 NOPOLUKA Na3ePHBIX KPUCTANIOB AW CYCTEH3WUM NasepHbIX KpacuTernei
PN ONMTHHECKON Hakadke NpeBpaLLaeTcs B «CryHaiHblii» nasep.

Wx ocHosHas npo6nema — usny4exue B Henepuogn4eckomM UMMNYNbCHOM
Pexnme, Cy4aiHblii CNEKTP reHepauuy B LUMPOKOM AManasoHe AfvH BONH
W CIOXHOe HepaBHOMEPHOE pacnpefeneHue HanpaeneHHOCTM nyyka
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