NA3EPDbI U 1IA3EPHbIE CUCTEMDbI
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

YJ/IbTPAA4JINHHDIE
BOJIOKOHHDIE J1IA3EPDI

C CUHXPOHU3ALMEN MO.,
U3JITYHEHNA

C.CMHUpHOB, K.0.-M.H., C.Kobues, a.d.-M.H.,

C.KykapuH, K.$.-M.H., A.IBaHeHKo, K.}p.-M.H.,

HoBocuMOUPCKUI HAallHMOHAIBHBII HUCCIe0BaTe/IbCKUI FOCYIAPCTBEHHBIN YHHUBEPCUTET,
OTtnen 1azepHON GU3UKU U MHHOBAIIMOHHBIX TeXHOJIOTUM, HOBOCHOHPCK
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O6pa3  "HenpuTs3aTeNbHbiX"  BOJIOKOHHbIX  Jla3epoB  MpuB/AeKaeT  MHOIMUX
nonb3oBaTesied CBOMMMWU BbICOKO3HEPreTUYHbIMU CBEPXKOPOTKMMU UMMNY/bCAMMU,
npespawasch B UX pykax B CTaHAAPTHbIA MHCTPYMEHT. [loCTUYb TaKUX nokasartesnen
NO3BOJISET KOHCTPYKUUSA nasepa, BbiNoJIHEHHas nn6o no cxeme MOPA (Master
Oscillator Power Amplifier), n1M60 No cxeme C yBe/IMYEHHOW AJINHOW pe3oHaTopa.
NMocnepHsas peanusoBaHa B KOMMEpPYECKWM UCMNOJIb3yeMOM CBEepXAJIMHHOM nasepe
KoMnaHum "TexHockaH — JlasepHble cuctembl”. OnucaHbl HeKOTOpble 0CO6EeHHOCTU
nasepoB CO CBepXAJ/INHHbIM pe30HAaTOpPOM — OHU, B YAaCTHOCTU, MOryT reHepupoBaTb

KBasncrtoxacrnyeckue (LLI\/MOFIOD,06HbIE) BOJIHOBbIE NMaKeTbl.

pec K BOJOKOHHBIM JIa3epaM H Ja3epHBIM

CHUCTeMaM. DTO CBS3aHO KaK C IIPOrpeccom
B 06J1aCTH BOJIOKOHHO-OIITUYECKHUX TeXHOJOTHH, TaK
U C peajM3alided B Jla3epax 3TOr0 THIIA IIMPOKOrO
Kpyra IapaMeTpOB JIa3ePHOTO H3JIy4eHHUs, B TOM
YHC/le peKOpPAHBIX. OCHOBHBIE OKUJAHHUS MOTEHLIH-
aJBPHBIX II0B30BaTeeN BOJOKOHHBIX JIa3epOB CBSI-
3aHBI C TEM, YTO BOJIOKOHHBIE JIa3ePhl B CHJIY '3aKPBI-
TOCTH" pe30HaTOpa He TPebyIoT PyYHOM HACTPOHKHU
U 06C/Ty>KMBaHUS, B CBSI3U C 3TUM IIPOCTHI B IKCILIY-
aTalMu U 0671afal0T OTHOCHTENbHO BbICOKUM KIIJ,.
HeobxoqMMO OTMETHTh, YTO He BCe BOJIOKOHHBIE
Ja3epsl M CHCTEMBI YIOBIETBOPSIOT 3THM OXHJA-
HUSIM, B KOHCTPYKI[MSIX MHOTHX JIa3ePOB 32JI05KEHBI
MeXaHHUYeCKHe PeryTHpPOBOYHBIE /IeMeHTHl (HallpH-
Mep, KOHTPOJIJIEpPHI IIOISIPU3ALIUH) HIH JUCKPETHbIe
ONTHYeCKHe 371eMeHThl, He OTBedalollhe KOHIIEIl-
uuu hand-off masepa. Tem He MeHee, CIOKUBIIMICS
06pa3 "HempUTSA3aTeNbHBIX BOJIOKOHHBIX JIa3epoB
SIBJISIETCS IPUBJIEKATEIBHBIM [/ISI MHOTHX I10J1b30Ba-
TeJIell BO MHOTHX 00/1acTSX.

B ImocjaeaHre roabl 3aMETHO ITIOBBIIIAETCS HMHTEe-
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K HacTosilleMy BpeMeHH BOJIOKOHHBIE JIa3epbl
[IPOYHO 3aHS/IH JIMAHUPYOILIHE IIO3ULUU [JISI BBIIIOJI-
HEeHHUSI pa3sHOOOpasHBIX TeXHOJIOTHYECKHX oOllepa-
LK B IIPOMBIIUIEHHOCTH - Pe3KH, CBAapKH, IIep-
dbopanuu, MoAMOUKALUMU IIOBEPXHOCTEM M T.I.
[IprMeHseMble B IPOMBINIJIEHHOCTHU Ja3epsl, Kak
[IpPaBUJIO, SBISIOTCSA MOIIHBIMH MCTOYHHKAMHU
HeIIPepbIBHOIO M3JIydeHHsI. OT TaKUX HCTOYHUKOB
B IIepBYI0 o4epenb TPebyIOT BBICOKOM Ha/eKHOCTH,
6onpmroro pecypca paboTel, ymobcTBa B 3KCILIyaTa-
uuy ¥ Bbicokoro KIIJ. Hawmnydmire BO3MOKHOCTH
MOIJIH ObI OBITH PeasM30BaHBI C [IOMOIIBIO JHOIHBIX
na3epoB (4TO, BO3MOKHO, U IIPOH30HET B bynymem,
[0 KpanHeH Mepe /sl ONpefe/leHHBIX TeXHOJOTH-
YeCKHUX oIepalui). Ho Ioka AHUOOHBIe Jia3epsl He
MOTYT 00ecCIeYUTh OZHOBPEMEHHO OTHOCHTEIBHO
BBICOKYIO MOIIHOCTb M3JIy4YeHHSI M BBICOKOE Kaue-
CTBO IIy4YKa M3Ay4YeHHS. MoOIIHbIe TeXHOJOruye-
CKHe BOJIOKOHHBIe JIa3epbl, II0 CyTH, TPaHCHOPMHU-
PYIOT MHOIOMOJOBOE H3jly4YeHHe NHOAHBIX JIa3epoB
HaKadK{d B COOCTBEHHOe OJHOMOJOBOE H3J/lydeHHe
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U IpefyCMaTPUBAIOT H3MeHeHHe TOJIbKO OFHOIO
ImapaMeTpa U3JIyUYeHUs -~ MOLIHOCTH.

I1g Opyrux npuMeHeHHH (MCCIefOBaTelbCKUX,
METPOJIOTHYeCKUX U T.I.) OT BOJIOKOHHBIX JIa3ePOB
TpebyeTcs peanu3anus Habopa QUKCHPOBAHHBIX U/IH
BapuabesbHBIX [IapaMeTPOB U3/IyUeHUs, aHAJIOTHUY-
HBIX TeM, KOTOpHIe [I01y4YaloT B TBepAOTe/IbHBIX jIa3e-
pax, WIM Jaske jaydiie. IIporpecc B 3TOM HaIlpaBiie-
HHUU eCTh, COBpeMeHHBbIe BOJIOKOHHBIE U THOPUAHbIE
(BOJIOROHHO-IUCKPETHBIE) J1a3epHble CHUCTEeMBI 0b6ia-
JaI0T BO3MOXKHOCTBIO ITIePeCTPOUKH I10 IIMHE BOJIHEI,
peryiupoBKe JJIHUTEeIbHOCTH K YacTOTHI C/IeJOBAHHU
HMIIY/JIBbCOB U T.A. Ho, MOXKanyH, OOHUM H3 CaMBIX
BBIJAIOIIMXCSL AOCTUKEHUH CTal HeLaBHHUM YCIlexX
BOJIOKOHHBIX JIa3epoB B 00JIACTH TeHepalluU CBepx-
KOPOTKHMX ONTHYECKUX HMIIYIbCOB, TPAaJHULIMOHHO
3aHUMaeMOM TBEpPAOTEIbHBIMH ONTHYECKHMHU
reHepartopamu. J[loiroe Bpems 3azada LeHepalluH
CBepPXKOPOTKHX MMIIYIbCOB B OIITUYECKOM BOJIOKHE
Kasajaach Hepas3pelIMMOM H3-3a XPOMaTHUYeCKOH
OUCIIepCUH TPYIIOBBIX CKOPOCTEH, IPHUBOASIIEN
K 3HAQUMUTe/IbHOMY yIIMPEHUIO0 MMIIYJIbCOB B OIITHYe-
CKOM BOJIOKHE. YCIIeXH B TEXHOJIOTUU U3TOTOBJIEHU S
HOBBIX OIITHUYECKUX BOJIOKOH, a TaKXKe ITOMCK HOBBIX
CXeM U PeXHMMOB TeHepalllu Cleja/l BO3MOXXHBIM
[IOJIy4eHHe B BOJIOKOHHBIX Jla3epax OIITHYeCKHX
HIMITYJIBCOB JJIMTEIBHOCTHIO Bcero 14 ¢c (1,4107% ¢) [1],
YTO BCeIr0 B HECKOJIBKO Pa3 IIPeBbIIIaeT AU Te/TbHOCTD
OJHOT'O IIePHO/Ia CBETOBOM BOJIHBI!

J7151 TI0NyYeHHU I UMITYJIbCOB CTO/Ib Ma/IOH AJIUTe/Ib-
HOCTH HCIIONBb3yeTCs, KaK IIPaBU/IO, OBYXCTYIIeHYa-
Tas cxeMma. 3afalolluM ja3ep reHepupyer ¢as3oBo-
MOAYIMPOBAHHBIE HMIIYJIbCH  OJIHUTEJIbHOCTHIO
nopsaka 100 ¢c, KoTopele 3aTeM [IOOIOIHUTEIBHO
CKHMMAIOTCSI, IIPOXOAsl 4Yepe3 OTPe30K OITHUUYEeCKOIo
BOJIOKHA, 3a CYEeT COBMECTHOTO MEeHCTBHUS HeIu-
HeMHOCTU U [ucnepcuu. Ho [daske reHepalus
100-¢c MMIy/nIsCcOB B BOJIOKOHHOM 3ajalollleM CeHe-
paTope siBIsleTCS HEeTPUBHAJIBHOM 3ajadell. s ee
pelLIeHUs MCIIOAb3YIOT MACCUBHYI CUHXPOHH3ALIHUIO
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Puc.1. Cxema Hacbluarowe20cs no2Aomumenst Ha 0CHoae
appexma HII. 1, 5 —auHeliHoe cocmosiHUe NoASpu3auuU Ha
8xode U 8bIx00e u3 cucmemsl, A/2, A/4 — dgynyuenpenomasiouue
NAGCMUHKU, 2, 4 = 3AAUNChI NOASIPU3AUUU HA 8X00€ U 8bix00e

U3 80A0KHA, a — Y201 N080POMA 3AAUNCA NOASIPU3ALUL 8 B0NOKHE,
3~ 80A0KHO, 5 - NOASpU3AUUOHHbI deaumens

MoJ], BOJIOKOHHOT'O Pe30HaTOpa, MPUHILIUII JeHCTBUS
KOTOPOM 3aK/II0YaeTCs B CAMOYKOPOUeHUH UMITy/IbCa
[P IIPOXOKJEHUH Uepe3 HAChIIAIOMINUICS IIOIJI0TH-
Tesb. KoadPUIIMeHT IPonycKaHU S HaChIIIAOIerocs
IIOIJIOTUTENS. YBETHYHBAETCS C POCTOM HHTEHCHB-
HOCTH H3/Iy4eHHs, YTO BHOCHUT J[OIIOTHHUTEIbHbIE
[IOTEPH Ha KpasX Ja3epHOro UMITY/IbCa K BefleT K eTo
YKOPOYEHHI0, KOMIIEHCHPYIOIIEMY POCT IIHUTENIb
HOCTH HMIIyJIbCa 3a CUeT AUCIepCcHH. B KadecTe
HaCBINIAOMUXCS IIOIJIOTUTeNer Hauboiee YacTo
HCIIONIB3YIOTCS MaTepHUasbl C BBICOKMMH HeTHHeH-
HBIMH CBOWMCTBAMH - IIOJyIIPOBOJHUKOBBIE CTPYK-
Typbl Ha 3epKajiax (SESAM) M yriepojHble HaHO-
Tpybku. OAgHAKO, KaK IIPaBUJIO, Ja3epsl Ha HX
OCHOBe He I03BOJISIIOT IOJy4YaTh MMIIY/IbChl KOpoUe
1 mic, T.e. OYTH Ha /iBa MOPsiAKa BeJTHUYHHBI 60/bIIe
PEeKOPAHOKOPOTKOM AJIUTETBHOCTH AJISI BOJIOKOHHBIX
7a3epoB. DTO CBSI3aHO C OTPAHUYEHHBIM "ObICTpOIEH-
CTBHeM" HeJHHEHHOro OTK/IMKa IIONyIPOBOLHHUKOB
M MeTaMmaTepuasoB. [ reHepauuu 6oee KOpoT-
KHX HMIIYJIbCOB He0OXOAHMMO HCIIO0Ib30BaTh TOpa3/io
6onee "OGBICTPyI0" HENIHMHEHMHOCTh Cpexdbl, 06ycIoB-
NeHHyI0 JebopMaIider 3JIeKTPOHHBIX OpbuTasei
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aromoB. CaMa 10 cebe KeppOBCKasi HeJIHMHEHHOCTb
He IIPHUBOAHUT K 3QPeKTy HACHIIIALIErocs IorJIole-
HHS B BellleCTBe, OJHAKO Ha ee OCHOBEe MOKeT OBITh
CO3IaH 6I>ICTp0J:[eIZCTBy10LuH1?1 HCKYCCTBEHHBIM HacCBhl-
IIAOMIUECS MOMIOTUTENb. UTOOB MOHSTH IPUHIIUAI
ero Je’CTBHS, PACCMOTPHUM JIMHEMHO I0JISIPHU30BaH-
HBIM MMIYILC 1, IPOXOSUIUN Uepe3 ONTHYECKYIo
cuctemy (puc.l). Ilocie IpPOXOKIEHHS Uepe3 ABY-
JTy4enpesIoOMISIIOIINe TUIACTUHKH A/2, A/4 MMIIyIbC
npuobpeTtaeT IIUIMITHUYECKYIO IOASPU3ALMIO 2,
KOTOpasi Mo, IeHCTBHEeM KeppPOBCKOK HeTMHEeHHOCTH
[I0BOPAaYMBaAeTCI B OITHYECKOM BOJIOKHE Ha YIrojl «,
[IPOIOPLIMOHAIBHBEIN MOIIHOCTH HMITylbca (3pdeKT
HeJIMHEHMHOHN SBOJIOLKHK Ionsgpu3anuu, HIII).
Janee, u3ny4yeHHe IIPOIYCKAeTCS 4Yepe3 IIOIsIpHU3a-
LIUOHHBIN fenuTens (PBS), yepe3 KOTOPBIM ITPOXOOUT
TOJIPKO OfJHA K3 BOJH OPTOrOHAJIBHBIX MONISPHU3ALIUH.
BTopas BosiHA BBIBOAUTCSI U3 Pe30HATOPA, BHOCSI TEM
CaMBIM OIITHUYeCKHe IOTEPH, BeJIMYHMHa KOTOPBIX
3aBHCUT OT yIJIa II0OBOPOTA O JUIMIICA MONSIPU3aALUUA
U, ClIefj0BaTe/IbHO, OT MOLIHOCTH UMITyJIbCa. JlaHHOe
06CTOSITeIBCTBO I103BO/IsIeT PaboTaTh pacCMOTpPeH-
HON CXeMe B KayecTBe CBepXOBICTPOro HacChIIAIO-
mierocsi moryloTUTens [2,3] U peanu3oBaTh reHepa-
LIMIO JIAa3€PHBIX MMIIYJIbCOB AJIUTENbHOCTHIO 100 ¢C
U MeHblIIe,

ITocne peasy3aliiyd B BOJIOKOHHOM JIa3epe TeHe-
PallMM CBEPXKOPOTKMX KMMIIY/IbCOB JJIUTE/IbHOCTHIO
BCEro B HECKOJIBKO AeCSITKOB GeMTOCeKYH/[ U MeHBIIIe,
BO3HHKAaeT HOBas 3aJada: II0Jy4YHUTh OJHOBPeMeHHO
M BBICOKYIO IIHKOBYIO MOLIHOCTb H3/1y4eHHs (BBICO-
KYI0 3Heprui0 MMIIYJIbCOB). DTa 3ajaua SIBISETCA
HeTPHUBHANIBHON, TaK KaK CBepXMasylo [AJIHUTeNb
HOCTb HMIIY/IIBCOB CJIOKHO COYeTaThb C HMX BBICOKOH

BbixogHoe
MO N4 n3nyyeHue
(1 7 M1
na
@ G
M2
MO N4 A2

Hakayka 980 HM

Puc.2. Cxema 8010KOHH020 UMMmep6bueso2z0 Ad3epa c CUHXPOHU-
3auueli Mod U3AyYeHUSs 8 YAbMpadauHHOM pe3oHamope [7]:

M1 - noasipuzayuoHHbil deaumenn, M1,M2 - 3epkana,

MO - mukpoobeekmusg, OB — donoAHUMeAbHOe 0Nmo8oAOKHO
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SHepruem u3-3a HaTHU4YUS QyHIAMeHTAIbHBIX QU3H-
YeCKUX OTPAaHHUYEHHN - HeJHHEeHHBIX ITPOLIecCOB.
[IpesieTbHO BBICOKHE IHKOBBIE MOIIHOCTH, OCTH-
raeMble B CBEPXKOPOTKHX BBICOKOIHEPTeTHYHBIX
MMITY/IbCAX, BBI3BIBAIOT LIEJIBIH PsJi HeTHHEHMHBIX
3¢ deKkTOB B Ccpene, depe3 KOTOPYIO PacIIpoCTpaHi-
I0TCS TaKHe MMIIYJIbCBI: BRIHYKJeHHOe KOMOHHAIIU-
OHHOe pacCessHUe, YIIMpPeHHe CIeKTpa HMIIYJIbCOB
3a c4eT $a30BOM CAMOMOAYISLIMU U IIapaMeTpHue-
CKHX IIPOIecCOB, CaMOPOKYCHUPOBKY M HIaMeHTa-
LIIMI0 H3JIy4eHHsI. YKa3aHHBbIe 3PGeKThl HPUBOLAT
K OBICTPOMY Ppacrajy CBepXKOPOTKHX BBICOKO3HEP-
TeTHUYHBIX UMITYJIbCOB B HeJIMHEHHOMN Cpefie, a IIpU
eme 6osee BBICOKHMX MOIIHOCTSIX - K QH3MYECKOMY
pa3pylIeHHI0 CaMOM cpefpl. [ IpefoTBpaleHUs
He>Ke/laTe/IbHBIX HeTHHEHMHBIX 3P(PeKTOB HCIIONIb3Y-
eTCsl TaK Has3blBaeMasi TeXHOJIOTHS 'PacTSITHBAHUS
umnynscoB” (pulse stretching). Cmeicn ee coctout
B yBeJIMYEHUHU [JIUTEIBHOCTH HMIIYIBCOB 3a CYeT
OUCIEPCUU TPYIIIOBBIX CKOPOCTEH, B Ppe3ysbTare
Yero MPOMUCXOAUT IIPOIOPIIMOHAIBHOE YMeHbIIeHHe
IIMKOBOK MOIIHOCTH MMIIYJIbCOB M CHHKeHHe 3 deK-
TUBHOCTHU HEJTHUHENHBIX MporeccoB. Takue "pacTs-
HyTble" MMITY/IbCBl YCHUIHMBAIOTCS O HEOOXOAHMOTo
YPOBHSI SHEPrHM U C IIOMOIIBI0 OINTHYECKHX KOM-
IIpecCOpoB CKUMAIOTCsl o mpenena dypbe Iepern
CaMOM "MHIIEHBIO', KOTOPOHM O0b6Iy4aroTcsi TaKue
HIMITYJIBCBI.

TakumMm obpa3oMm, CTAaHAAPTHBIM peIIeHHeM [JIs
IIOJIy4YeHHUSI BBICOKO’HEPreTHUYHBIX CBEPXKOPOTKHX
Na3epHBIX KMIIYJIbCOB SIB/ISIETCS MCIIOIb30BAHUE
JIa3epPHOM CHCTEMBI, COCTOSIIIE! M3 33/1aI0lIero reHe-
paropa, BpeMeHHOIO "pacTsATHBATeNsl HMIIYIbCOB,
OJIHOTO MJIM HeCKOJIBKUX KaCKaJOB ONTHYECKUX YCH-
JUTeNell MOLIHOCTH (B aHIJIOSI3BIYHOM JIMTepaType
00BIYHO UX Ha3bIBaIOT MOPA, Master Oscillator Power
Amplifier) u omTuveckoro KomIpeccopa, BOCCTa-
HaBJIMBAIOIIEr0 Malyl0 [JIHUTEIbHOCTh HMIIYJIbCOB.
K HemocTaTKaM TaKOM CHCTeMBI MOXKHO OTHECTU ee
OTHOCHTE/IBHYIO CTIOKHOCTh, HEOOXOAHUMOCTD UCIIONb-
30BaHHUSI HECKOTbKHX HCTOYHHKOB ONTHYECKOHN
HaKa4K{ (KOKABIA U3 KOTOPBIX HMeeT CBOHM OJIOKH
IIUTAHUS, YIPaBIeHUS! M OXJAKIEHHs, UTO BefeT
K YXYAIIEHHIO MaccorabapHUTHBIX XapaKTepHUCTHK
BCEI CHCTeMBI), PUCK IIOBPeKIeHHUs yCHUIHUTEeNIbHbBIX
KacKaJZioB IIPY BO3HHUKHOBEHHM peXKHMa 'THIAHT-
CKHX MMIIYJIBCOB", a TAKKE B C/lydae IpesKeBpeMeH-
HOT'O BK/IIOUEHHU S YCHITUTETbHBIX KaCKa/[0B.

ANPTePHATHUBHBIM pelIeHHeM, B 3HAUYUTeTbHOH
CTeIeHHU JTHIIeHHBIM YKa3aHHBIX HEeJIOCTATKOB, SIBJIS-
eTCsl IIOBBIIIEeHKe YPOBHS SHEPIrUU HUMITY/IbCOB HeIlo-
CPeACTBeHHO B 3aJaplleM reHepaTtope. B ocHoBe
3TOr0 IIOAXOAA JIEKUT IIPOCTasi U OPHUIHHAJbHAS



H[es: IOCKOJIbKY YacTOTa IOBTOPeHUS UMIIY/IbCOB,
reHepUpyeMbIX JIa3epaMHU C IAaCCMBHOW CHHXPOHU-
3anueit Moz, 06paTHO ITPOIIOPLIMOHAIbHA BpEMEeHHU
06xofa pe3oHaTopa, IOBBIIIEHHS YPOBHSA SHEPTHUHU
HMIIyJIbCA MOXHO JOCTHYb 32 CYeT yBeJUYeHHs
IUIMHBL pe3oHaTopa. [JeHCTBUTE/NbHO, €C/IU B JBa
pasa yBeJIMYHUTD JJIMHY Ja3epa, MEpUO[ ClefoBa-
HUS UMITYIBCOB YIBOUTCS U, KaK CJIeCTBHE, YIBO-
HUTCS 3HepPrusi ONTHYeCKOM HaKayKM, HaKOIIIEeH-
Has 3a 3TO BPeMsI B BU/ie HHBEPCUHU HaCeJIeHHOCTeN
KBAaHTOBBIX YPOBHEI SHepPruu Jasepa. Hecmorps
Ha IIPOCTOTY HJeH, ee MpakTUYeCKas peaau3arus
COIpsI’KEHA CO 3HAUUTeNbHBIMH TeXHUYECKUMH
TPYOHOCTSIMH, II03TOMY [0 HeJaBHEro BpeMeHH
PeKopl IJIKMHBL Pe30HAaTOPOB COCTaB/s1 Bcero 100
M )11 TBEPAOTEIbHBIX [4] 1 400 M [J151 BOJIOKOHHBIX
(5, 6] 1a3epoB c CHUHXpPOHH3alKer MoA. B 2008 roxy
Halleyd TPyIIle YAanoCh MONYyYUTh CHUHXPOHM3A-
[0 MOJl B BOIOKOHHOM Pe30HaTope CyIIeCTBeHHO
Gonbiied MIHUHBL - 3,8 KM [7], I0/ly4HB peKOpAHBIN
ypOBEHb 3HEePruH HMIIYJIbCOB HEMOCPeACTBEHHO
B J1a3epe C [MaCCUBHOM CHMHXPOHHM3aLuerd Mof - 3,9
MKJ[’K Ha PeKOpAHO HH3KOM [JIs TaKHUX JIa3epOoB
YacToTe Cef0BaHUS UMIIYIbCOB 77 KI'11. B ITAHHOM
pabore 6bUT HCIOAB30BAaH THOPUAHBIN (06BEMHO-
BOJIOKOHHBII) JIa3epPHBIM Pe30HaTOp, CXeMa KOTO-
poro ImpefcTaB/eHa Ha PUC.2.

dTa paborta [7] BbI3BaIa 60IBIIOK HHTEPEC BBUAY
OTKPBIBIIUXCSI IEepPCIIeKTUB TeHepalluh CBEPXKO-
POTKHX BBICOKOSHEPreTHUHBIX HMITYTbCOB U TIOCITY-
SKUJIA OTIIPABHOM TOYKOM [Js1 OypHBIX MCCIIeZO0-
BaHHWH B JAHHOM 007aCTH B IIOC/IeYIOIIHE TOJbI
(cm., Hampumep, [8-19]). B wacTHocTH, B pabore
[8] 6bLs1a IKCIIEPUMEHTAIBHO ITPOIeMOHCTPHUPOBaHA
reHepanus 1,7-HC HMIIyJbCa C TMTFAaHTCKUM YHP-
momM B 1,2-KM BOJIOKOHHOM Jla3epe C CHMHXPOHM3a~
IIMeH MOJ C HCIIONIb30BAaHHEM HaCHIIAIONErocs
[OTJIOTUTENS Ha OCHOBE YIVIePOAHBIX HaHOTPY-
6ok. Ilpor3BefeHHe AJIMTENIBHOCTH HMIIYJIbCa HA
ero CHeKTPaJbHYI0 HWKPHUHY COCTABHUJIO ~ 236, YTO
B 750 pa3 bonbie npefena Gypoe 1 CIIEKTPATIBHO-
OTpaHUYEHHBIX MMIIYIbCOB C GopMoM orubaio-
mer, omnuchiBaeMon ¢yHKIMen sech2. B pabore
[9] 6bL1 POMEMOHCTPHUPOBAH Ja3epHbIM DPe30Ha-
TOp C HOBOM O-KOHQUTIypallMeH, BBIIOTHEHHbBIN
M3 BOJIOKHA C IOAJEPKKOM monspusanuu (PM),
CUHXPOHM3AIUSl MOJ B KOTODOM TaKsKe TOCTHUIa-
JIach C TIOMOLIBI0 HACHIIIAIOIIErocs IIOIJIOTHTeNIs
Ha OCHOBe YIJIEPOJHBIX HaHOTPYybOOoK. IeHepamus
B CBEPXI/IMHHOM Jia3epe C aHOMaJbHOM [HCIIep-
CHeH TPYIIIOBBIX CKOPOCTei Oblla HMCCIeoBaHa
B pabore [10]. B paborax [11, 12] coobmianock o momy-
YeHHUU ITACCUBHON CHHXPOHH3ALIUM MOJ B CBEPX]-
JTUHHBIX Pe30HATOPax C HMCII0Jb30BAaHHWEM HacChIIIa-
IOLIUXCS II0yIIPOBOAHUKOBBIX IIOIJIOTUTEEH Ha
3epkanax (SESAM). B [13] aBTOpHI KCCIeI0BaIH [Ba
PasIHYHBIX PeXHMa reHepanuu HOIII-1asepos (B
TOM YHCJIe U C IIMHHBIMU Pe30HaTOPaMH).

HeobX0MHMMO OTMETHTb, YTO PeKOPAHO 60b-
IIHe TIUHBI Pe30HATOPOB JOIMYCKAIT JOCTaTOYHO
KOMIIAaKTHOE WCIIOJHEHHe - HaIpUMep, IIpo-
TOTUII KOMMEPYECKOro CBepXIJHHHOIO Jja3sepa
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KoMraHuu 'TexHocKaH - JlazepHble CHCTeMBI"
(puc.3). YBenu4deHHe JIMHBI PE30HATOPA IIPOH3BO-
OUTCS IIyTeM IOAK/IOUeHHs OyXThl BOJIOKHA Yepes
OIITUYECKHE Pa3beMbl K OCHOBHOMY 010Ky BOJIOKOH-
HOro iazepa. lHaMeTp MHOTOKU/IOMETPOBOM Oy XThI
BOJIOKHA He IIpeBbIIIaeT 25 CM, ee BbIcOTa - 10 cM.
Hawubosnbinas onTuveckas AJIHHA pe30HaTOpa BOJIO-
KOHHOTO Jia3zepa, B KOTOpPoM Obla OCyIIecTBIeHa
CHHXPOHH3ALMg MOJ, U3JIyYeHHs, COCTABISET Ha
CerofHSIIHUM IeHb 37 KM [20].

OnHOM U3 MIO6OINBITHLIX 0COBEHHOCTEH BOJIO-
KOHHBIX U THUOPUIHBIX JIa3epOB C IaCCHUBHOU
CHHXPOHM3allMen MOJ Ha ocHoBe 3pdpexrta HIII
aBseTCs 60bIIOe KOTUYEeCTBO IIOAJEePKHUBAEMBIX
MMH PeXUMOB IeHEpalluH, KOTOpble MOTYT OBITh
peanr30BaHbl DU Pa3IUYHBIX YPOBHSAX MOII-
HOCTH HaKayK{ U Pa3IUYHBIX HACTPOMKaX BHY-
TPUPE30HATOPHBIX IIONSAPU3ALMOHHBIX 3JIeMeH-
ToB [13]. Eme 6osee MHTepeCHBIM SBIAETCS TOT
bakT, 4YTO HMMIIYIbCHl, FeHepUpyeMble TaAKHMHU
JasepaMy B pasJIMYHBIX PeXXHMax, MOTYT OTIIH-
YaThCsl He TOJBKO KOJNHMYeCTBEHHBIMHM IIOKa3aTe-
ASIMU (IJINTENbHOCTBIO, YPOBHEM JHEDPIUH, BEIH-
YUHOU YHpIa U T.I.), HO U KayecTBeHHo. Tak,
IIOMHUMO "0BBIYHOr0" CTAbMJIBHOTO OJHOMMIIY/IbC-
HOTO pekMMa TaKHe JIa3epbl MOI'yT TeHepPHPOBATh
KBa3UCTOXaCTUYeCKHe (IIyMOIOAO0OHbBIe) BOJIHO-
Bble [aKeThl, COCTOSIIHe K3 OO0JBIIOro Koauye-
CTBa CY6-MMIIyJIBCOB CO CAy4YaWHBIMHU (PIyKTY-
UPYIOUMMH) IapaMeTpaMH - [JIUTeIbHOCTHIO,
IIMHOM BOJIHBI U SHepruem. IIOCKOIBKY IJIHTEIb
HOCTb TaKUX CYyO-HMIIY/IIbCOB K PACCTOSHME MEXIY
HUMU HaxoAUTCS B GeMTOCeKyHIHOM BpEMEHHOM
IMara3oHe, OTAe/lbHBIe CYyOHMMIIY/IbCHl He MOTYT
6bITH pa3pellleHbl Jaske C UCIIOIb30BAHHEM CaMBIX
OBICTPBIX COBPeMEHHBIX (GOTOAHOMOB K IIHPOKO-
MOJIOCHBIX ocUM/IIorpadoB. O HaAMYMKU B J1a3ep-
HOM HMIIyJIbCe BHYTDEHHEM CTPYKTYPBl MOKHO
CYZMUTb JUIIb [0 HAJTUYUIO Y3KOrO LEHTPAIBHOIO
MHKa Ha ABTOKOPPEISLIUOHHONU QYHKUHM HHTEH-
cuBHocTH [13]. [IByxmacmTabHas (mHKo-pemToce-
KyHAHas) AK® Hampsmyio CBA3aHA C HaTHYKEM
IByX MaculTaboB BpeMeHHOM KOrepeHTHOCTH
TaKUX UMITYIbCOB: MaCIITabOoM BOJIHOBOIO IIaKeTa
M 3aMO0JHSIOMMUX ero cybummynbcoB. Kak 6bI0
[oKka3aHo mo3ke B paborax [16, 17], cymiecTByioT
Takke PeKMMBl TeHepallMy IIepexXO[JHOro THUIIA,
3aHUMaAIHe IPOMeXYyTOYHOe MeCTO MeXKIy CTa-
OMJIBHON OJHOMMIIYIBCHOM TeHepaluerd U TeHe-
pallKer CTOXaCTHYeCKMX BOJHOBBIX MakeToB. AKD
TaKUX 'TI€PeXOAHBIX' HMMIIYJIbCOB HMEET KOJIOKO-
noobpasHyo $opMy C MaJeHbKHMM IIMKOM B LIEH-
Tpe, CBU/ETEIbCTBYIOIEM O Ha/TUYUK He6o/IbIIon
CTOXaCTHYECKOHM COCTaB/IsoOIel (myma) Ha doHe
KOJIOKOTI006Pa3HBIX HMITY/IbCOB.

IIpoBeneHHEBIE B (18] umccrmemoBaHMS ITOKA3au,
YTO NPH yBeJIMYEHUU [JIMHBI JIa3€PHOTO Pe30Ha-
TOpa BEPOSITHOCTb IOJyueHHUs CTabUIBHOrO OMHO-
MMIIY/JIbCHOIO Pe>KMMa FreHepaliy IaaeT, B CBSI3H
C ueM J[JHHHBIE Ja3epbl C OOJBIIOM BEPOSATHO-
CTBI0O TeHepUPYIOT KBa3HCTOXaCTHYECKHE BOTHO-
Bble IMakeThl K60 paboTaroT B MPOMEXYTOYHOM
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(IToMmycTOXacTHYeCKOM) PesKMMe reHepanyu. JJaHHoe
06CTOSITEeNIBCTBO [OITYCKAET JOCTATOUHO IIPOCTOe 06B-
scHeHHe. Tak, C poOCTOM [JIMHBL JIa3epHOIO pe30-
HAaTOpa ero CyMMapHasl OHUCIepCHS JHHEHHO BO3-
pacTaeTr, B CBS3M C 4eM pacTeT M [AJIHUTEJIbHOCTb
reHepUpyeMBbIX MMIIY/IbCOB, a TaKXKe HX 3Heprus.
Kak ciencTBue, IIMKOBAas MOLIHOCTh TAKMX UMIIY/Ib-
COB OCTaeTcss NpPUOIH3UTENPHO IIOCTOSHHOM U He
3aBHUCHUT OT JJIMHEI pe3oHaTopa. i Ioly4YeHus CTa-
6UIBPHOrO PeXKUMa TeHepalhuU KOJIOKOI006pa3HbIX
HMIMITYJIBCOB HeoOXOAMMO, YTOOBl KpHBasi IIPOIyCKa-
HHUS 3QPeKTUBHOIO0 HACBHIMIAIOMIETOCS IIOIJIOTHUTENS
(cucTeMa BOJIOKHO + da30Bble 3J1eMeHTHl + IIOISpU-
3aLIMOHHBIN OTBETBHUTeJNb) OblIa IVIALKOM Ha IPO-
TSKEHUHM BCero MMIIyJbCa M CIagajia Ha Kpasx.
JI7151 BBITIOSTHEH U 51 3TOTO YCJIOBH I HEOOXOAHMMO, YTOOBI
MaKCHMaJbHBIH Yroj I[OBOPOTa 3JUIMIICA IIOISIPH-
3allMK He IIPeBOCXOAU/I HeKOTOPOIO0 KPUTHUUYECKOIOo
3Ha4yeHM MopsaAKa /2. [IoCKoIbKY MaKCHMaJIbHBIN
yTOJI IIOBOPOTA 3JIIMIICA IIOASPU3aLUU ITPOIOPLIHO-
HaJIeH IIMKOBOX MOIIHOCTH HMIIy/Ibca (KOTOopasi, KaKk
6BLJIO TIOKA3aHO BBINIE, OCTAETCS IPUOIU3UTENBHO
MOCTOSIHHOM) U IUJION[A[M CaMOTO 3JIIMIICA, Heob-
XOZMMO, YTOOBI IIOIIAZAb 3JIIMIICA IOMSPU3ALUU
yMeHblIasack 06paTHO MPOINOPLHOHANBHO MAJIHHE
pe3oHaTopa. VYMeHbIIeHHe IUIOIIALX 3JUIMIICA
MOJIApHU3aL UK JOCTUrAeTCS 3a CYeT HACTpoeK ¢aso-
BBIX IIJIACTUH (MM60 KOHTPOJIEPOB IIONSIPU3ALIHH)
B CXeMe jia3epa, OJHAKO HEOTPAaHHWYEHHO YMeHb-
IaTh IJIOLIAAb 3/UIMIICA HEBO3MOXKHO, YTO CBSI3aHO
C HaJu4uMeM CJIy4YaKMHOIO [BYy/lyuellpeloM/eHHUs
B IJIMHHBIX BOJOKHAaX. [lelICTBHUTE/NbHO, B IIpoliecce
BBITSIDKKH BOJIOKHO IIOJNIY4aTCs He HJeajbHO Kpy-
[JIBIM, a CJIerKa 3JUIMIITHYeCKHMM, 4YTO IIPUBOLHUT
K HaJHUYHIO B HEM XOTS U (1aboro, HO HEHY/IEBOIO
ABy/lyderpenoMiaeHus. IIOCKONBKY B JOCTAaTOYHO

Puc.3. OnbimHblIl 06paseu, KOMMepPYeckoz20 C8epX0AUHHO20
Ad3epa komnanuu "TexHocKaH — JlasepHble cucmembl”
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IOIUHHBIX (HEeCKOJIBKO COTEH MEeTPOB - KHJIOMETP
1 6oslee) BOJIOKHAX OPHEHTALMS JJIMIICA B CEYeHUH
OIITHYeCKOro BOJIOKHA MeEHSeTCsl CJly4anHBIM o06pa-
30M, PacIIpOCTpaHsIONIeecs 110 BOJIOKHY OIITHYeCcKoe
M3/ydeHHe He MOKeT COXPAaHSTh CBOIO JIMHEHHYIO
MIOJISIPU3ALIMIO U CTAHOBUTCS UIUITUYECKUM. DTOT
MeXaHHU3M IIPUBOLUT K OIPAHHYEHHI0 Ha MUHHU-
MaJIbHYIO IJIOMAb JLJINIICA IIOTSPU3ALHUYU UMITY/Ib-
COB M BHOCHT CTOXaCTHYECKYI0 COCTaBJISIONYIO
B TeHePAllHIO CBePXIJIMHHBIX JIa3epOB, YMeHbIIas ee
CTabUIBPHOCTD U feJasi YyBCTBUTEIBHON K Jepopma-
LIMSIM BOJIOKOHHOTO pe30HaTopa.

HecMoOTpsl Ha HaJIMYKe CTOXaCTUYeCKOM COCTABIIS-
IOIel, BHICOKOSHEPreTUYHble MMITYJIbChl, [eHEePHUPY-
eMble yIbTPAA/IMHHBIMH BOJIOKOHHBIMH JIa3epaMH,
MOTYT IIPEeACTaB/ISATh 3HAUHUTENBHBIN HHTEpec JIs
IIPUJIOKEHUN 61arofapst BBICOKOM ITHKOBOM MOII-
HOCTH COCTABJSIIOIMIUX HMX CYOHMIIy/IBCOB, BBICO-
KOMY YyPOBHIO 3HEPrMHM M OTHOCHUTEIbHO MaJoH
OIUTeNbHOCTH. K YHCIy IepCIeKTUBHBIX IIPHMe-
HeHHH TAaKHUX HMIIYIbCOB OTHOCSTCS IeHepaTophl
CYIIepKOHTHHYYMa, MHOTOBOJIHOBble HCTOUHHUKH Ha
OCHOBe 3¢ deKTa reHepallMu ONTUYECKUX FTAaPMOHHUK,
MHKPO- U HaHO06PaboTKa OIITHUYeCKHUX MAaTepPHAJIOB,
H3rOTOB/IEHHE KOMIIOHEHTOB GOTOHHUKH H [ApPyrue
IlepCIIeKTUBHBIe HAIlPaBIeHUS. [OIIOTHUTEIbHBIM
IIPeMMYIIecTBOM [JIMHHBIX JIa3epoB II0 CpaBHe-
HHUIO C JPYTUMH CXeMaMH IeHepalluM BBICOKOSHEep-
TeTUYHBIX HMIIYJIBCOB SIBJISIETCSI OTCYTCTBHE Heob-
XOOUMOCTH CTPeTUHPOBAHUS HMIIYIBCOB B Cllydae
KCIIONIB30BAHUS JOIOTHUTENbHBIX KAacKaJoB BHepe-
30HATOPHOTO YCUJIEHHUS.

HeobX0oMMO OTMETHTD, YTO C TOYKH 3PeHHUs pea-
JTHU3a0UKA OLHOBPEMEHHO MaJIoM [JIUTeNbHOCTH
1 BBICOKOHM SHEPTHH HMIIYIbCOB HM3/Iy4eHUS IJIHHA
BOJIOKOHHOI'O 3aJ]aIOLIero reHepaTopa MMeeT HeKYIo
"3omoTy0 cepemuHy” (18], nexkamyio B JHaIa3oHe
0,5-1,5 KM. DHepPruu UMIIYJIbCOB, JOCTHIAeMBbIe IIPH
3TUX JJIMHAX Pe30HATOPOB, BBIIIe 3HEPrUI MMITY/Ib-
COB KOPOTKHX 3aJaI0IIHX IeHEpPaTOpOB, a reHepa-
LM MOXKET OCTaBaThCS "OOBIYHOM' OJHOMMIIYIBC-
HOM, KOTOpas I03BoisieT 3QPeKTHUBHO CKHUMATh
MMIIYJIbCBI OIITHYEeCKHUM KOMIIPECCOPOM.
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EMISSION MODE-LOCKED
ULTRA-LONG FIBER LASERS

S.Smirnov, candidate of physic-mathematic sciences, S.Kobtsev, doctor of physic-mathematic sciences,
S.Kukarin, candidate of physic-mathematic sciences, A.Ivanenko, candidate of physic-mathematic sciences.
Novosibirsk national research state university,

Department of laser physics and innovation technologies, Novosibirsk

The image of "unpretending” fiber lasers attracts many users by its high-energy ultra-short impulses becoming
a standard tool in their hands. To achieve such indexes of laser is possible thanks to construction of laser, which is
performed either due to scheme MOPA (Master Oscillator Power Amplifier) or due to scheme with increased length
of resonator. The latter is realized in commercially used ultra-long laser of the company "Technoscan - Lasernie
systemi”. Some of characteristics of lasers with ultra-long resonator are described. In particular they can generate
quasistochastic (noise-like) wave packets.

O ver the last years the interest to fiber lasers and laser both progress in the field of fiber-optic technologies and
systems increased significantly. This is because of realization in lasers of such type of wide range of parameters
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of laser emission including record ones. Main expectations of
potential users of fiber lasers are related to the feature that
fiber lasers do not require manual adjustment and servicing
because of resonator’s "closed nature” and that is why they
are simple for operation and have relatively high efficiency
coefficient. It should be noted that not all the fiber lasers and
systems satisfy such expectations. In constructions of many
lasers there areincluded the mechanical adjustment elements
(for example, polarization controllers) or discrete optical
elements which do not correspond the concept of "hand-off"
laser. Nevertheless existing image of "unpretending" fiber
lasers is attractive for many users in many fields.

At the moment fiber lasers took stable position for
fulfillment of different technological operations in industry -
cutting, welding, perforation, modification of surfaces and
etc. Lasers applied in industry are usually the powerful
sources of continuous emission. High reliability, high
operation recourse, convenience in operation and high
efficiency coefficient are demanded from such sources in
the first turn. The best opportunities could be realized using
diode lasers (which perhaps will occur in the future at least
for some technological operation). But now diode lasers can
not ensure simultaneously relatively high emission power
and high quality of emission beam. Powerful technological
fiber lasers as a matter of fact transform multi-mode
emission of diode-pumped lasers into own single-mode
emission and provide the changing only of one emission
parameter - power.

For other applications (research, metrological and etc.) the
realization of the set of fixed or varied emission parameters
is required from fiber lasers. And such parameters should
be similar to those obtained in solid-state lasers or even
better ones. Definitely there is a progress in this issue.
Modern fiber and hybrid (fiber-discrete) laser systems bear
an opportunity of reconstruction due to wave length and
adjustment of duration and frequency of impulse flow and
etc. But perhaps one of the most exciting achievements is
the recent success of fiber lasers in the field of generation
of ultra-short optical impulses which field was traditionally
occupied by solid-state optical generators. For a long time the
issue of generation of ultra-short impulses in optical fiber
seemed insoluble because of chromatic dispersion of group
speeds which lead to considerable widening of impulses in
optical fiber. Successes in technology of new optical fibers
production as well as the search for new schemes and modes
of generation made it possible to achieve in fiber lasers of
optical impulses with duration of only 14 femto-seconds
(1,4x10-14 sec) [1] which increases the duration of one period
of light wave only in several times!

To obtain impulses of such a short duration there is usually
used a two-stage scheme. Initiating laser generates phase-
modulated impulses with duration of the order of 100 femto-
seconds (fsec) which are then additionally pressed when
passing the part of optical fiber for account of joint influence
of nonlinearity and dispersion. But even the generation
of 100-fsec impulses in fiber initiating generator is the
uncommon task. Passive synchronization of fiber resonator
modes is used for its salvation. The principle of action of
such synchronization lies in self-shortening of impulse
when passing through saturable-absorber. Transmission
coefficient of saturable absorber increases with growth of
emission intensity which makes additional losses on the
edges of laser impulse and leads to its shortening which
compensates growth of impulse duration for account of
dispersion. As saturable absorbers there are more often
used materials with high nonlinear characteristics -
semiconductor structures on mirrors (SESAM) and carbon
nanotubes. However as a rule based on them lasers do
not allow to achieve impulses shorter than 1 psec that is
almost on two orders of value higher than record-short
duration for fiber lasers. This is connected with limited
"response rate" of nonlinear response of semiconductors and
metamaterials. For the generation of shorter impulses it is
necessary to use much "faster” nonlinearity of environment
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which is caused by deformation of electronic orbitals of
atoms. Kerric nonlinearity by itself does not lead to effect of
saturating absorption in the substance, however high-speed
artificial saturable absorber can be made on its basis. To
understand the principle of its action let us consider linear
polarized impulse 1 which passes through optical system
(Fig. 1. Scheme of saturable absorber based on NEP effect.
1, 5 - linear state of polarization at input and output from
the system, A/2, A/4 - birefringent plates, 2, 4 - polarization
ellipses on input and output from fiber, a - angle of turning
of polarization ellipse in fiber, 4 - polarization separator).
After passing through birefringent plates A/2, A/4 the impulse
obtains elliptic polarization 2 which turns in optical fiber
under the influence of kerric nonlinearity on the angle «
which is proportional to impulse power (effect of nonlinear
evolution of polarization, NEP). Further the emission is
passed through polarization separator (PBS) through which
passes only one of waves of orthogonal polarizations. The
second wave is moved from resonator thus causing optical
losses. The value of such losses depends upon the angle of
turning o of polarization ellipse and consequently from
impulse power. Such circumstance allows the described
scheme to operate as a ultra-high-speed saturable absorber
[2,3] and perform generation of laser impulses with duration
0f 100 fsec and less.

After realization in fiber laser of ultra-short impulses
generation with duration of only several dozens of
femto-seconds and less the new issue arises: to obtain
simultaneously high peak emission power (high energy of
impulses). This issue is non-trivial because it is difficult to
combine the ultra-small duration of impulses with their
high energy because of fundamental physical limitations -
nonlinear processes. Maximally high peak powers achieved
in ultra-short high-energy impulses cause the set of
nonlinear effects in the environment in which such impulses
are distributed: stimulated Raman scattering, widening of
impulse spectrum for account of phase self-modulation and
parametric processes, self-focusing and filamentation of
emission. Mentioned effects lead to fast breakage of ultra-
short high-energy impulses in nonlinear environment. And
in case of even higher powers - to physical destruction of
environment itself. To prevent undesirable nonlinear effects
the so-called technology of "pulse stretching" is used. Its
sense lies in increasing of impulses duration for account
of dispersion of group speeds which lead to proportional
decreasing of peak power of impulses and decreasing of
effectiveness of nonlinear processes. Such "stretched"
impulses are strengthened to the necessary energy level and
pressed using the optical compressors to Furier level before
the "target” itself which radiates such impulses.

Thus the standard solution for obtaining the high-energy
ultra-short laser impulses is the usage of laser system which
consists of initiating generator, temporary "stretcher" of
impulses, one or several cascade optical accelerators of power
(MOPA, Master Oscillator Power Amplifier) and optical
compressor which recovers the small duration of impulses.
The limitations of such system include its relative complexity,
necessity for usage of several sources of optical pumping
(each one should have its power supply, control and cooling
units which leads to worsening of mass and dimensional
characteristics of all the system), risk of damage of
accelerating cascades in case of mode of "giant impulses” as
well as in case of early turning on of accelerating cascades.

An alternative solution which is considerably free from
the mentioned limitations is the increasing of the level of
impulse energy directly in initiating generator. This approach
bases on simple and original idea because the frequency of
repetition of impulses which are generated by lasers with
passive synchronization of modes is inversely proportional
to the time of resonator round. The increasing of impulse
energy can be achieved for account of increasing of resonator
length. In fact is the length of laser will be increased in two
times the period of impulse flow will double and the energy
of optical pumping which was absorbed for this period in the
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form of inversion of population of quantum levels of laser
energy will double as a consequence. Despite of simplicity of
idea its practical realization is combined with considerable
technical difficulties, that is why until recent time the
record of length of resonators was only 100 m for solid-state
[4] and 400 m for fiber [5,6] lasers with mode synchronization.
In 2008 our group achieved synchronization of modes in fiber
resonator of considerably higher length - 3,8 km [7] and the
record level of energy of impulses was obtained directly in
laser with passive mode synchronization - 3,9 mcJ at impulse
flow frequency of 77 kHz which is record-low for such lasers.
In this work the hybrid (volume-fiber) laser resonator was
used. Its scheme is presented on fig.2 (Fig.2. Scheme of fiber
ytterbium laser with synchronization of emission modes in
ultra-long resonator [7]: PD - polarization separator, MI1,2 -
mirrors, MO - microobjective, OB - additional optic fiber).

This work [7] caused high interest in view of opened
prospects of generation of ultra-short high-energy impulses
and served a start-point for dynamic researches in this field
in next years (see, for example, [8-19]). In particular in the
work [8] there was experimentally demonstrated generation
of 1,7-nsec impulse with giant Chirp in1,2-km fiber laser with
mode synchronization using the saturable absorber based
on carbon nanotubes. Multiplication of impulse duration
on its spectral width composed ~ 236 which is by 750 times
more than Fourier limit for spectrally-limited impulses with
envelope shape described by function sech2. In work [9] there
was demonstrated laser resonator with new ©-configuration
performed of fiber with support of polarization (PM). Mode
synchronization in it was achieved using saturable absorber
based on carbon nanotubes. Generation in ultra-long laser
with anomalous dispersion of group speeds was studied
in work [10]. In works [11,12] there was informed about the
achieving of passive synchronization of modes in ultra-
long resonators with usage of saturabling semiconductor
absorbers on mirrors (SESAM). In [13] the authors researched
two different generation modes of NEP-lasers (including
those with long resonators).

It should be noted that record-high lengths of resonators
allow quite compact appearance - for example, the prototype
of commercial ultra-long laser of company "Technoscan -
Lasernie sistemy" (Fig.3. Experimental sample of commercial
ultra-long laser of company "Technoscan - lasernie sistemy").
Increasing of the length of resonator is performed through
connection of fiber coil through optical sockets to main unit
of fiber laser. The diameter of multi-kilometer fiber coil does
not exceed 25 cm and its height - 10 cm. The highest optical
length of fiber laser resonator in which the synchronization
of modes emission was performed composes today 37 km
[20].

One of the points of interest of fiber and hybrid lasers
with passive synchronization of modes based on NEP effect
is high number of generation modes supported by them
which can be performed at different levels of pumping
power and different adjustments of inter-resonator and
polarization elements [13]. Even more interesting is the fact
that impulses generated by such lasers in different modes
can differ not only by quantitative indexes (duration, level of
energy, Chirp value and etc.) but also qualitatively. In such
a way except for "common" stable single-impulse mode such
lasers can generate quasistochastic (noise-like) wave packets
consisting of high number of sub-impulses with random
(fluctuating) parameters - duration, wave length and energy.
As the duration of such sub-impulses and distance between
them are within femto-second time range some impulses
can not be allowed even with usage of the fastest modern
photodiodes and wideband oscillographs. It is possible
to estimate the availability in laser impulse of internal
structure only by availability of narrow central peak on
autocorrelation intensity function [13]. Double-scale (peak-
femtosecond) AKF is directly related to availability of two
ranges of time coherence of such impulses: the scale of wave
packet and sub-impulses which fill it in. As it was shown
later in works [16,17] there are also generation modes of
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transitional type which take intermediate position between
the stable single-impulse generation and generation of
stochastic wave packets. AKF of such "transitional" impulses
has a bell-like shape with small peak in the centre testifying
on availability of small stochastic component (noise) on the
bell-like impulses background.

Researches performed in [18] showed that in case of
increasing of laser resonator length the probability
of achieving the stable single-impulse generation mode
decreases. In this connection long lasers with high
probability generate quasistochastic wave packets or
function in intermediate (semi-stochastic) generation mode.
This situation allows quite simple qualitative explanation.
Thus with increasing of the length of laser resonator its total
dispersion increases linearly. In this connection the duration
of generated impulses as well as their energy also increases.
As a consequence the peak power of such impulses remains
approximately constant and does not depend upon the length
of resonator. To achieve the stable generation mode of bell-
like impulses it is necessary that the graph of passing of the
effective saturable absorber (system fiber + phase elements
+ polarization tapper) was even along all the impulse and
would fall on the ends. To perform this condition it is
necessary that the maximal angle of turning of polarization
ellipse would not exceed some critical value of the order
of m/2. As the maximal angle of turning of polarization
ellipse is proportional to peak power of impulse (which as it
was shown above remains approximately constant) and the
square of the ellipse itself it is necessary that the square of
polarization ellipse would decrease inversely proportional to
the length of resonator. Decreasing of polarization ellipse
square is achieved for account of adjustments of phase plates
(or polarization controllers) in the scheme of laser. But it
is impossible to decrease the ellipse square unlimitedly
because of availability of random birefringence in long
fibers. In fact in the process of stretching the fiber will
not be ideally round but a bit ellipse-shaped which leads to
availability in it of slight but not a zero birefringence. As in
long enough fibers (several hundreds of meters - kilometer
and more) the orientation of ellipse in section of optical fiber
changes randomly the optical emission which is distributed
in fiber can not keep its linear polarization and becomes
elliptic. This mechanism leads to limitation on minimal
square of impulse polarization ellipse and adds stochastic
component to generation of ultra-long lasers reducing its
stability and making it sensitive to deformations of fiber
resonator.

Despite the availability of stochastic component the high-
energy impulses which are generated by ultra-long fiber
lasers can be of a considerable interest for applications
thanks to high peak power of sub-impulses which compose
them, high level of energy and relatively small duration.
Prospective application of such impulses include generators
of super-continuum, multi-fiber sources based on effect of
optical harmonics generation, micro- and nanoprocessing
of optical materials, producing of photonic components
and other prospect trends. Additional advantage of long
lasers comparing to other schemes of generation of high-
energy impulses is the absence of necessity for stretching the
impulses in case of using additional cascades of off-resonator
acceleration.

It should be noted that from the point of realization of
simultaneously small duration and high energy of emission
impulses the length of fiber initiating generator has some
"golden mean" [18], lying in the range of 0,5-1,5 km. The energies
of impulses achieved in case of such lengths of resonators
are higher than the energies of impulses of short initiating
generators and a generation can remain "common" single-
impulse generation when the impulses can be effectively
pressed by optical compressor. ]



