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OBIIAA XAPAKTEPUCTUKA PABOTDI

AKTYaJIbHOCTb T€MBI.

HNHTepec K Hakauke ONTUYECKUX MapaMeTpuieckux reHeparopos ceera (I1I'C)
MMKOCEKYHHBIMU UMITYJIbCAMH BO3HUK B CBSI3H C 33/1a4aMH UCCIICIOBAHNS TMHAMUKH
MOJIEKYJIIPHBIX IPOLECCOB, C Pa3BUTUEM METOJOB CIIEKTPOCKOMNHU HECTAMOHAPHBIX
IPOLIECCOB [1], NOJISIPU3ALIMOHHOM CBEpXObICTpOH CIIEKTPOCKOIIUU
(GOTOMHAYIIMPOBAHHOTO TMOMJIONIEHUSI [2] HM CHEKTPOCKONMH MHOTO(OTOHHOTO
MOTJIOIIECHHS.

BBugy HeoOXOAMMOCTH IUIABHOW TMEPECTPOMKH B IIMPOKOM JUaNa3oHE,
pacrnpocTpaHeHue noaydmin ogHope3oHaTopHble [1I'C ¢ cuHXpoHHO#M Hakaykoit [3-5],
U3-32 WX MPOCTOTHI Pea3allii U OTCYTCTBHS KJIACTEPHOTO d(PQeKTa B CpaBHEHUH C
nByxpe3zoHaropubiMu III'C [6]. C nHawanma 1990X romoB B KauyecTBE HMCTOYHHMKOB
Hakaduku B [I['C HauMHAIOT MIMPOKO HCHOJIB30BATHCS TBEPAOTEIBHBIE JIA3€pbl C
Hakaykoll oT Jsa3epHblx auofoB [7]. Omuopesonatopusie III'C ¢ cuHxpoHHOMH
HAaKauyKol OT JMOJAHO-HAKauMBAaEMBbIX TBEPIOTENbHBIX Ja3epoB oOsagaroT Oolsee
BBICOKOW CTaOMJIBHOCTBIO T'E€HEPALMOHHBIX XapaKTEPUCTUK, HAJCKHOCTBIO U
KOMITAaKTHOCTBIO.

C pa3BUTHEM METOJIOB AJIEKTPOCTATUYECKON MEPHUOIUYECKON NMEPENOTIOCOBKI
BEPKTOpA MOJIApU3AMK B PeppodsieKTpukax[8, 9], cramo BOZMOXKHBIM ITPOU3BOICTBO
MaTepHuasoB ¢ NEPUOJUYECKON MOJISIPUZOBAHHON CTPYKTYpPOH (PEryasipHOM TOMEHHOM
ctpykrypoit) [10], Takux kak PPLN. biarogapst 3Tomy cTajgo BO3MOXKHBIM CO3/1aBaTh
s (exTuBHBIE MapaMeTPUUYECKUE TEHEPaTOPhl CBETa, C NPUHIMIHAIBHO HOBBIM
METOZIOM TPEX BOJHOBOI'O B3aUMOJICUCTBUSA — KBa3u(a3oBbIM CUHXpoHU3MOM [11].
Takoe B3auMOJIEHCTBUE UMEET Psi/i TPEUMYIIECTB, 8 UMEHHO — OTCYTCTBHUE yTia CHOCA
MEXIy B3aUMOJCUCTBYIOIIMMH BOJHAMU M 0o0yiee€ BBICOKHUU KOA(PDUIIUECHT
HEJMHEWHOCTU. B HeM MOXHO npeHeOpeyb TaKUM IMOHATHEM KaK yIJIoBas IIMPUHA
CUHXPOHM3Ma, TAK KaK B3aUMOJICHCTBUS 10 MOJISIPU3ALUA UMEIOT BUJ €€€ U 000.

B Hacrosimee Bpemsi nukocekyHaHble U (pemTocekyHanbie III'C Ha ocHoOBe
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KPUCTAJVIOB C TMEPUOJMYECKOM JIOMEHHOM CTPYKTYypOH, BBHUAY HMX IPOCTOTHI
peanu3aluu, JOJTOBPEMEHHOM CTaOMJIBHOCTH, KOMITAKTHOCTH, OOJIBIIOTO CpOKa
CIIy)OBbl M YCTOWYMBOCTH K TPYyOBIM BHEITHUM BO3JCHCTBHUSAM, HAXOASAT IIUPOKOE
OpUMEHEHUE B TMPEIU3UOHHOM NTPUOOPOCTPOCHUM, TPAXKIAHCKOH U BOEHHOM
MIPOMBINICHHOCTH, MEAUIIMHE U SKOJIOTHH. Takke OHU SABISIOTCS aKTyaJbHBIMU B
3amayax (hyHJAaMEHTAIbHBIX HMCCIEAOBAHUMN, CBA3AHHBIX C CO3JaHHMEM KOMITAKTHBIX
UCTOYHUKOB TepecTpauBaeMoro wusinydeHuss B JnainbHeM-UK u  TepareproBom
JMaria3oHe NP HCIOJIb30BAHUM HOBBIX MartepuasioB, Takux kak GaAs (OP-GaAs),
GaP (OP-GaP), CSP [12].

OnHOBpeMeHHO ¢ paboTamu o co3nanuto NuKoceKyHIHbIX [II'C ¢ cunxpoHHOI
HAaKayKoOM,  BBIMOJHSIOTCS  pabOThl MO  TMOJYYEHUI0  MapaMeTPUUECKOM
CyIepJIIOMUHECLIEHIIMH (0e3pe30HaTOpHON apameTpuieckoi reuepanun). HecMotps
Ha Oojiee BBICOKMI MOpPOr TreHepamuu, paszpadotka Oe3pe3onaropusix [II'C Ha
KpHUCTAJUIaX C IEPUOAUYECKON MOJSIpU3aLMEnd SBISETCS aKTyaJbHOW 3aJadei.
NHTepec uxX mNpuUMEHEHHUS B HMHCTPYMEHTAPUHU JIA3€PHBIX CHEKTPOCKOMMYECKUX
METOZI0B M JIMJAPHBIX MPUIIOKEHHM OOYCIOBJIEH B YHPOUIEHUH KOHCTPYKIIHH,
BO3MOKHOCTBIO OJTHOBPEMEHHOM IéHepalruyd B HECKOJBKUX 00JIACTSIX ONTHYECKOTO
CHEKTpa, YMEHBUICHUIO TadapUTOB M YBEJIWYEHUH CTAOMIBHOCTH MOJYYaIOIIUXCS
npubopos [13, 14].

PazButne 6e3peszonaropuasix I1I'C, B mociaeaHue rojpl, CBA3aHO C MOSBICHUEM
JTUOAHO-HAKAYMBAEMBIX  TBEPAOTENIbHBIX JIa3€pOB C  BBICOKUMHU  MHUKOBBIMU
MOIIIHOCTSIMA C HOBBIM KOHCTPYKIIMOHHBIM ucrnonHeHueM — MOPA cucrtemsl u
MUKPOYHII JIa3ePhl C MPOJAOJbHON HAKAYKON OT MOIIHBIX AUOMHBIX JuHeeK [15]. [Tpu
UCIOJIb30BAaHUU TAaKHX JIa3€pOB B KAU€CTBE HCTOYHUKOB HAKAYKU JOCTUTHYTHI 00IIIHE
KIIJI mpeobpazoBanus Ha ypoHe 10-40%.

VYBenuuenue oO1ero KITJ npeoOpa3zoBaHus 0e3pe30HaTOPHBIX
napamMeTpUYeCKHX T'€HEepaToOpoB, KaK M JUana3oHa MEepecTPOKHU, CBA3aHO, TOMHUMO
Iporpecca B MOJIYITPOBOTHUKOBBIX TEXHOJIOTHSX U TIOSIBJICHHEM HOBBIX MAaTEPHAJIOB, C
Pa3BUTHEM METO/IOB MOJYUYEHHUS PA3IMYHBIX PEXUMOB JIa3€pHOM T'eHepaliy B MO THO-

HaKa4yMBaeMbIX TBEPAOTEIBHBIX W  BOJIOKOHHBIX  Jla3epax, IMOBBIIIAOIINUX
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3 PEeKTUBHOCTh M CTAaOMJIBHOCTh WX T'€HEPAllMOHHBIX XapaKTePUCTHK HapsAy C
KOMITAKTHOCTBIO U YCTOMYMBOCTBIO K BHEIITHUM BO3/ICHCTBUSIM.

B rpynmne, rae pabotaet aBTop, moa pykoogactBoM B. U. JlonnHa paspaboTan
HOBBI METOJ] TOJYYEHUsS] CHUHXPOHM3AIMU MOJ U MOJYJISIIIUKA JOOPOTHOCTH Ha
akycroorntuueckoM wmoayisitope (AOM) Oerymeidl BOJHBI B COYETAaHUU CO
cheprueckuM 3epkaiioM B auoaHo-HakaurnBaeMoM Nd:YAG nazepe (MmeToq C3AOM)
[16]. TBepmoTenbHbIC Ja3ephl ¢ TAKUM CIIOCOOOM CHHXPOHHU3ALNN OTAMYAIOT BHICOKAS
KPaTKOBPEMEHHAsI ¥ JJOJTOBPEMEHHAsI CTAOMIILHOCT T€HEPAIIMOHHBIX XapaKTEPUCTHK,
0e3 HCIOJIb30BAHUS JOTIOJHUTEIBHBIX CXEM aBTOMOJACTPONKHU. Jlpyrue MeTobl
CHHXPOHM3AIIMM MOJI, ucrnoib3yronme AOM Oerymei Bojubl [17-19], ornuuaer
WCTIOJIL30BAaHUE  JIOMOJIHUTENBHBIX  ONTUYECKUX  DJIEMEHTOB  JUIsi  BO3BpaTa
nudpardpoBaBmKX MOydkoB B pe3oHatop. B merome C3AOM g Bo3Bpata
Tu(dparupoBaHHOTO MyYKa HCHOJB3YeTCs C(EepUUecKoe BBIXOAHOE 3EpKajo
pe3oHaTopa Jiazepa, 4YTo CYIIECTBEHHO YIIPOIIAeT ONTUYECKYIO CXEMY U, 3a CUET ATOTO,
YBEJIMYUBAET KOMIAKTHOCTh BCEH JIAa3€PHOM CHCTEMBI.

['eHeparuss mepecTpauBaeMOro M3JIy4YEHUS! OJIHOBPEMEHHO B Pa3JIMYHBIX
00JIacTsIX CIEKTpa JaeT HOBbIE BO3ZMOXHOCTH, Hanpumep, B MK cniekTpockonuu, e
JIOBOJILHO YacCTO CHEKTPhI JIMHUM pa3IMUHBIX BEIIECTB NepeKpbiBatoTcsa. Hamuuue
W3IIy9CHHUS] C OTJIWYHOW JJIMHOW BOJIHBI TIOBBICHT TOYHOCTHh WACHTH(PUKAIINN
Pa3IMYHBIX BEIIECTB M3-3a JOTIOJHUTEIBHBIX JAaHHBIX B JIPYroil 0OJacTH CHEKTpa.
MHOroBoJIHOBasi MepecTpanBaeMas TeHepalus NOpuaacT TaKoMy HCTOYHUKY

U3ITydeHUst OOJBIIYI0 YHUBEPCATBHOCTD.

Henbro HacTOsIIEH OUCCEPTAIMOHHOW pabOThl  SABIJIACh  pa3pabOTKa
CYNEPJIFIOMUHECIIEHTHOTO TepecTpanBaeMoro B Buaumon u cpeaneit MK obnactu
criekTpa mapamerpuyeckoro reaeparopa csera (I1I'C) ¢ nakaukoit ot Nd:YAG nasepa
¢ merogom C3AOM, B 4aCTHOCTH UCCJIEAOBAHUE BIUSHUS PE30HATOPA HA BHIXOJHBIC

XapaKTEPUCTHKHU TTapaMETPUUECKON TeHEPAIIUH.

OcHoBHBbIE 3a1a4H padOTHI.

I[J'If{ JOCTHIKCHU A IMOCTaBJICHHOM EJIn pCajaInucCh CICAYIOIINUC 3ala9n:



1. TlomyuyeHue ™ HCCIENOBAaHUE XAPAKTEPUCTUK CYNEPIIOMUHECIICHTHON
napameTpudieckoit reneparuu npu Hakauke oT Nd:YAG-nazepa ¢ C3AOM.

2. Cozmanue W HcclefoBaHuE J1a0OpaTOpHOro 0Opasiia OJHOPE30HATOPHOIO
ITI'C ¢ cuaxponnoi Hakaukoit oT Nd:Y AG-nazepa c C3AOM.

3. DKCIepUMEHTAIBHOE CPaBHEHHUE XapaKTEPUCTUK CYMEPIIOMUHECIICHTHOM
reHepanuu C reHepaueit OJIHOPE30HATOPHOTO CUHXPOHHO-

"HakauuBaemoro I1I'C.

Hay4ynasi HoBU3Ha pa0doOThI:

1. BnepBble nojyueHa CyNnepIlOMUHECIICHTHAS TTapaMeTpuuecKasi reHepalus ¢
Hakaukod m3mydeHueMm oT Nd:YAG-nazepa ¢ C3AOM. [Jocturayr KIIJ]
npeobOpa3oBaHus 1Mo npeodpazoBaHHON MomHOCTH ~80%. OOImas nmukoBas
MOIIIHOCTb U3JTyYEHUsI HAa CUTHAJIBLHOM M X0JIOCTOM JiymuHe BOJIHBI ~150 kBT 1
~50 kBT, COOTBETCTBEHHO.

2. BnepBbie oOHapyxkeHo uTo onaHope3oHaTopHbii [II'C ¢ cunxpoHHOM
Hakaukoi oT Nd:YAG-nazepa c C3AOM nomyckaeT yBeIHueHHbBIN qHaa3oH
M3MEHEHUS JUTMHBI pe3oHaTopa, KoTtopbld B 10-20 pa3 Oosnblie, yem mpu
JIPYTUX UCTOYHUKAX CUHXPOHHON HAKAUKHU.

3. YCTaHOBIEHO  TPOMCXOXKIECHWE  BHIWMBIX  JIMHWA B CIEKTpe
napamMeTpuueckor renepaiuu ot kpuctauia PPLN, mpoBeneHo usmepenue
CHEKTPAJIbHOM MMUPUHBI ATUX JIMHUN U UX 00JIaCTH MEPECTPOUKH.

4. BrepBbie TOKa3aHO, YTO TPU CPABHEHUM XaPAKTEPUCTUK H3ITYUYEHUS B
peXrMe  MapaMeTPUUECKON  CYNEpPIIOMUHECHEHIIMM U CHUHXPOHHO-
HakadyuBaeMoMm onHope3oHaTopHoM [II'C oT Hakadyku NUKOCEKYHIHBIMHU
HUMITYJIbCAMH, UCTOIICHUE HaKauYKu MOXET HocTurath ~50%, 4to OJU3KO K

TeopeTnyeckomMy npeneny [20].

IIpakTueckasi 3HAYMMOCTBL PadoThbI: Pe3ynbrarel pabOThl MOTYT OBITh
MPUMEHEHBI B CO3MaHUH A(H()EKTUBHBIX UCTOUYHUKOB MAPaAMETPUUECKOTO W3IIYYCHUS
CYyNEpIIOMUHECIEHTHOTO TUIAa Ha OCHOBE Jiazepa Hakauku ¢ C3AOM u HeTMHEHHBIX

KPUCTAIJIOB C MEPUOJAUYECKH MOISIPU30BAHHBIMU CTPYKTYPAMMU.



['eHepupyeMoe H3iIyuyeHHE COACPKUT HAOOp CIEKTPaIbHBIX KOMIIOHEHT (OT
BuauMoro 1o cpeanero UWK), mepectpoiika IUIMH BOJIH KOTOPBIX TPOUCXOIUT
OJHOBpeMEHHO. Kakmas M3 CHEeKTpalbHBIX KOMIIOHEHT MMEET BBICOKYIO IMHKOBYIO
MOIIIHOCTh. TaKkue MCTOYHUKU MOTYT HAWTH MPUMEHEHHS B CHIEKTPOCKOIHHU OBICTPO
NPOTEKAIOMINMX MPOIECCOB, ABYX(OTOHHOTO MOTIJIOMICHHUS, MYJIbTH(IYOPECIEHTHOTO
aHanu3a, OHMOPOTOHMKM W  JAMCTAHIIMOHHOTO  3O0HAMPOBAaHUS  aTMoc(hepsl,

MCIUIMUHCKUX IIPUIIOKCHUAX U 1.

IHon0xkeHus1, BIABUTaeMble HA 3AIUTY

1) KITJI mnpeoOpa3oBaHus  W3Iy4YCHHs  HAKaykd B  [apaMETPHUYECKYIO
CYNEPIIOMUHECICHTHYI0 TE€HEpAlMI0 MOXET naocturate mnopsaka 80% mo
MOTJIONIEHHON MOIIHOCTH U OTPAHUYEH ONTHUYECKUM KaueCTBOM HEIMHEHHOIO
KpUCTAILIA.

2) MakcuManbHOe 3HAYEHUE HCTOILIECHHUS HaKa4yKu B pexuMe
CYNEPIIOMHUHECIICHIIMM ¥ CHUHXPOHHO-HAKaYMBAa€MOI'O OJHOPE30HATOPHOIO
[I"C na kpuctawie PPLN mpu Hakauke Nd:Y AG-nazepom ¢ C3AOM pocturaer
ypoBHs ~50% u ¢1a00 3aBUCUT OT IJIMHBI HEIMHEWHOTO KPUCTAJlJIa B IMANa30He
oT 20 10 50 mm.

3) Onnopesonaropubiii I[II'C ¢ curxponnoi Hakaukod ot Nd:YAG-nasepa ¢
C3AOM ponyckaeT yBEIMYEHHBIN HANa30H U3MEHEHUs IJIMHBI pEe30HATOpa,
KoTopbiii 10 20 pa3 Oosble, YeM MpH JPYTUX HCTOYHUKAX CHHXPOHHOU
HaKa4yKH.

4) TII'C cymneparOMUHECIIEHTHOTO TUMAa O0JIagaeT CIEKTPaJbHBIM JHATa30HOM
reHepaluu BBIXOJTHOTO M3ITy4YECHUS 3HAYUTEIBHO mpe, yem
oaHope3oHatopHslii [11'C.

JInunblii BkiIax aBTopa. Pe3ynbrarbl naHHOM pabOThI MONYYEHBI JIMYHO
aBTOPOM MOJT HAYYHBIM PYKOBOJACTBOM 1. ¢.-M. H. Jlonuna Banepus Nnsnuua. ABTOp
oOecrieunBajl OPraHU3alMI0 U MPOBEJCHUE BCEX KCIEPUMEHTOB. AHAIU3UPOBAT U
oOpabaTbiBaJl MOJYYEHHbIE JaHHblE. 3aHUMaJICS TOATOTOBKOM pE3ylbTaToB K
JOKJIaaM M Te3MCaM MEXIYHAPOJIHBIX KOH(pEPEeHIM, COBMECTHO C COaBTOPAMHU

TOTOBHJI HAYYHBIC HY6HI/IKaHI/II/I B I1I€4YaTh.
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Anpobauust padorsl M nyoaukanuu. Crucok mnyOJuKanuid OCHOBHBIX
pE3yNbTaTOB JUCCEPTAIIMOHHON paboThl (IPUBEAICH B KOHIIE aBTOpedepara) COCTOUT
u3 [ nevyatHblx padoT. 3 HUX 4 — B peUEH3UPYEMBIX U3JIaHUAX, PEKOMEHIOBAHHBIX
Briciieli arrectaiimonHoit komuccued P® um 3 — B Te3ucax MeEXIyHAPOIHBIX
koH(pepenumii: XXV Mexnynaponnas Kondepenuus “JlazepHo-uHpOpMaMOHHbIE
TEXHOJIOTMH B MEIUITMHE, OWOJIOTHH, Teodkosornu u tpancrnopte” (HoBopoccwHiick,
2017); International Conference on Semiconductors Optoelectronics and
Nanostructures (ITapmx, @panmus, 2018); International Conference on Laser, Optics
and Photonics (ITapmwxk, ®panrus, 2018).

CTpykTypa U 00beM AUCCEPTAIMOHHONM padoThl. J(uccepTanmonHas paboTa
COCTOUT M3 CIIMCKA COKpAIEHUW W YCIOBHBIX 0003HAYCHUM, BBEACHUS, TPEX IJIaB,
3aKJIIOYEHUS], CIMCKa JuTeparypbl W3 118 HauMeHOBaHMIM M OJHOTO MPUIIOKECHHUS.
[lonublii 00beM paboThl comepkuT 105 cTpanui], B ToM yucie 37 pUCYHKOB U 1

Ta0JIuILy.
COIEPXAHUE PABOTLI

Bo BBeaenuu mpejcTaBieH 0030p JIUTEpaTypbl, 0OOCHOBaHA aKTyaJbHOCTh
TeMbl, CQOPMYJIUPOBAHBI 1€MW M 3aJa4d JUCCEPTAIMOHHOTO HCCIICIOBAHMUS,
NpeACTaBJI€HAa Hay4yHasi HOBUM3HA M MPAKTHYECKass 3HAYMMOCTh TMOJYYEHHBIX
pe3yabTaToB, CHOPMYITUPOBAHBI OCHOBHBIC TOJIOKEHHUS, BBIHOCUMBIC Ha 3alllUTY,
MPUBEICHBI CBeJIeHUsI 00 ampoOalru MaTepuajioB JUCCEPTAIMU, JIMYHOM BKJIAJIE

aBTOpA, OMUCHIBACTCS CTPYKTYpa H 00HEM pabOTHI.

IlepBasi rmaBa COCTOUT U3 TpEX pPa3AeiiOB U MOCBSIIEHA pe3yibTaTam
AKCIEPUMEHTOB [0 MapaMeTpUyecKol reHepanuu oaHope3zoHaTopHoro III'C Ha
ocHoBe kpuctasyia PPLN npu cunxponnoit Hakauke Nd:Y AG-nazepom ¢ C3AOM,
paboTaronM B MHOTOMMITYJIBCHOM peXuMe. Takod pexXuM Jiazepa HaKauku ObLI
BbIOpaH, 4TOOBI M30€XaTh JETpPAJalfio M pa3pylIeHHE KpUCTaula MpU JUAMETPE
nepeTsbkku 120 mxm. Mcnons3yemslid HenmuHenHbIM Kpuctamn PPLN ¢ nByms
nepuoaaMu noJisipu3auuu (peryasipHoi ToMeHHOU cTpyKTypbl) A=29,5 MxM u A=30

mMkM ObL1 sterupoad MgO (5 mou. %) u 6611 ¢ pazmepamu 5X1X20 mm.
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B Paznene 1.1 OIIMCBhIBACTCA OKCIICpUMCHTAJIbHAA YCTaHOBKa

oxHope3onaTopHoro [1I'C ¢ cuaxponHoi Hakaukoit oT Nd:YAG nazepa ¢ C3AOM,
paboTaroero B MHOrOMMITYJIbCHOM PEXHME, a TaKKe MPUBOIATCS XapaKTEPUCTUKH
UCIIOJIb3yeMOIr'0 U3MEPUTEIILHOTO 000PYT0BaAHUS.

Jlazep Hakauku 1, u3nyyan Ha anuHe BOiHBI 1,0645 MKM Lyr UMIyJbCOB C
yacToTou nosropenus 1 kl'n, pmurenbHOCTH Iyra ~ 100 HC ¥ OTAETBHOIO UMITYJIBCA B
nyre ~ 45 1nc coorBercTBeHHO. I[IukoBas MomrHOCTH coctaBiasia < 0,5 MBT.

Oco0eHHOCTD Jla3epa HAKA4YKW 3aKJI04Yajgach B TOM, YTO MPHU OTCTPOUKE JUIMHBI €ro

Cc
pe3oHaropa OT JJUHBI Ly = i 1,5m (rme ¢ — ckopocTh cBeTa, f — yacroTa

3BYKOBOH BOJIHBI B MOJYJISTOPE) C IOMOIIBIO MEPEMENICHUS BBIXOIHOIO 3epKaa
MIPOUCXOJIUIT PACTIa]l YACTH MUKOCEKYHAHBIX UMITYJILCOB Ha JBa U 00JIee UMITYJILCOB B
3aBUCUMOCTH OT BEJIMYMUHBI OTCTPONKH. DTO CBSA3aHO C BO30OYKICHHEM HECKOJIBKHX
KOHKYPHUPYIOIIUX TOMEPEYHBIX MOJ, YTO MPUBOJUIO K PACIICIICHUIO OJUHOYHBIX
MUKOCEKYHJIHBIX HMMIYJbCOB CHUHXPOHHU3AIMM MOJ Ha HECKOJBKO HMITYIbCOB C
BPEMEHHBIM paccTosstHueM Mexay Humu ~ 100 me [21]. Tlockosbky mipu
MOHOMMITYJIbCHOM pEXKHME O0O0pa3oBBIBAIMCH Cepble TPEKHM B Kpuctamie [22],
M3MEPCHHsI TIPOBOIWINCH TIPH OTCTPOMKE BBIXOIHOTO 3€pKajia Jiazepa HaKadykh OT
mmHbl pe3onaropa AL,=300 MkM (cTaTUCTHKA UMITYJIBCOB Hakauku Obuia ~ 53%
onuHOuYHbIX, 37% nBolHbIX U ~10% Tpoinubix) u AL,=700 MKM (cTaTucTHKa
UMIyJIbCOB: 25% - oguHOYHBIE, 45% - ABoMHBIC, 20% - TpoitHbIe 1 10% - YeTBEepHBIE).
Cpennsis  MONIIHOCTh  HAKauykd  IUIABHO  PETyJIMpOBajach C  MOMOIIBIO
MOJISIPU3ALMOHHOrO aTTEHI0ATOpa A.

Pe3onatop I1I'C 6wt 06pa3zoBan Tpems 3epkaiamu 31, 32 u 33. 3epkano 31
uMeno kodpdurment orpaxkenuss B obmactu 1,4-1,7 Mxm Risi17 =99,5% mu
kod(ppunneHt npomnyckanus Ha 1,064 MM T1064~99,2%. Meanoe 3epkaio 32 umeno
KO3 dunmeHTsl oTpakeHus: Rip17~90% B obmactu 1-1,7 MM HR30.40~97% B
obnactu 3-4 mxM. I[1nockoe BrixomHOE 3epKasio 33 ¢ KO3IPPUIMEHTOM OTpaKEHUS B
obmactu 1,2-1,7 Mxkm R12.17=99,5% wumeno Beicokoe mpomyckanue Ha 1,064 MxM

(T1,064=78%) u B quama3zone 3-4 MM (T30.40=99,5%).
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Pucynok 1. DkcniepuMeHTanbHas ycraHoBka ogHope3onatopHoro II'C. 1 — Nd:YAG
Jazep Hakadku; 2— MoHoxpomatop MJIP-23, 3 —wum3mepurens MomiHOCTH; A —
MOJIAPU3AIMOHHBIN aTTeHtoatop; JI1, JI2—cornacyromue nun3bl; JI3 —hokycupyromast
munH3a; 31, 32, 33 —3epkana pesonaropa III'C; I11 —candwuposas miactunka; 12—

IrepMaHucBasd IJIACTUHKA, - HOFJIOHIaIOH_[I/Iﬁ 9KpaH.

Canduposas mnactunka 11 orpaxkana okosio 15% wuznyuenust u3 pe3oHaTopa.
I'epmanueBas nnactunka [12 ncnosnb3oBaack AJIsl CENEKIMU XOIOCTOM JIIUHBI BOJTHBI.
OO0bexTuB, oOpazoBaHHbIM JmH3aMu JI1 u JI2, yMmMeHbIan pacxoguMoOCTh Jiazepa
Hakauku 1 B ~4,5 paza s ooecniedeHus Hy»KHOM KayCTUKHU TayCcCcoBa My4yKa HaKauKHu.
Jlunza JI3 ¢oxycupoBana u3IydeHHUE HaKauyku B HenuHeWHbIM kpuctamn PPLN.
JluameTp Jyda HAKA4KU B MEPETKKE COCTaBiswl ~120 MKkM 110 ypoBHIO €2, Dkpan D
MCIIOJIb30BAJICS JI1 HAOMIOAEHUS PEKUMA CYNEPIIOMUHECHEHIIMN, KOT/Ia PE30HATOP
OTCYTCTBYET M T€HEpalus BO3HHMKAECT 3a OAWH IPOXOJ B HEIMHEWHOM KPHUCTAJLIE.
Kpucrann Haxomuics B TepMmocTare, TemIepaTrypa KOTOPOIO pEryJHpOBAIACH C
noMompto IIM/I-perynsaropa. [nsd KOHTPOJIE U HU3MEPEHUS MOILIHOCTU XOJIOCTOU
JUTMHBI BOJIHBI HCTIOJB30BAIUCH MHPOANIEKTprueckuii ¢otonpueMHuk MI'-30 wumm
u3MepuTess MomHocty 3 tumna Thorlabss302c.

B pazzene 1.2 npuBoasTcsa pe3yiabTaThl SKCIIEpUMEHTa. [[namna3oH nepecTpomku
BBIXOJHOTO H3Jy4YE€HUs, B 3aBUCUMOCTH OT M3MEHEHHUS TEeMIEpaTyphbl KpUCTaJLIa

ot 20 o 150 °C, cocraBun 1,48-1,58 mkM u 3,8-3,4 MKM, JJIs1 CUTHAJIBHOM U X0OJIOCTOI
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JUIMH BOJIH COOTBETCTBEHHO Ha JByX oOjactax kpuctamia PPLN ¢ mepuomamu
nossgpuzanuu 30 u 29,5 Mxm. M3MepeHuss BceX T€HEpPAlMOHHBIX M CIEKTPaJbHBIX
XapaKTEpPUCTHK mpoucxoamwmn B obmactu kpuctamia PPLN ¢ A=30 Mkm u npwm
KOMHAaTHOM TemIepaType KpucTaia.

bputn M3MepeHbl 3aBUCHUMOCTH CPEIHEN MOIIHOCTA HA CUTHAIBHOW JJIMHE
BoJiHBI B pe3oHatope [1I'C P,,., 1 BBIXOIHOW MOUIHOCTH HA XOJOCTOM JIJIMHE BOJIHBI
Pon OT CpeiHel MOIIHOCTH HaKadku ¢ candupoBoil minactuHkoi I11 B pezonarope u
3aBUCHUMOCTh BBIXOJHOM MOIIHOCTA XOJOCTOM BOJHBI 0€3 ATON IUIACTUHBI.
MakcumanbHasi CpeHsIsl BBIXOJ/IHAs MOIIIHOCTh Ha XOJOCTOM JUTMHE BOJHBI Pyo; ObLIa
10 u 12 mBT, ¢ candupoBoil miacTUHKON B pe30HATOpe U 0€3 Hee COOTBETCTBEHHO.
N3nyyeHue cuUrHaibHOM JUIMHBI BOJIHBI BBIBOJAMJIOCH M3 PE30HATOpPA C IOMOIIBIO
candupoBOM TIUIACTUHKH, Jajee uepe3 CBETOQWIbTp TMolajaia Ha HU3MEPUTEIb
MOIITHOCTH U TI0 HEH ompeJensiach MOIIHOCTh B PE30HATOPE, MAKCUMYM KOTOpPOM
coctasui 30 mBt. [ToporoBasi MomHOCTh Hakauku Obl1a Ha ypoBHE 100 MBT BO Bcem
3agaHHOM TemmeparypHoM auanazone (20-150 °C) u mano 3aBucena OT M3MEHEHUS
TEeMIIepaTyphbl KpUcCTasia.

brina m3Mmepena Takke mporienmas udepe3 HenuHewHsld kpuctamn PPLN
MOITHOCTh HaKauKu Pg, B 3aBUCUMOCTH OT Majaroileid MOIIHOCTH HaKauku Py, a u3
MOJTYYEHHBIX JIAaHHBIX ObLJIO PACCUMTAHO 3HAUYCHUE TMOIJIONIEHUS] HAKAYKH, MAKCUMYM
kotoporo O6bu1 ~ 50%. Takum oOpazom, KIIJ mpeoOGpa3zoBaHus MO MOTJIOIMIEHHOM
MOIIIHOCTH JJISI XOJIOCTOU UTMHBI BOJIHBI ObLT ~10%.

st abdextuBnoit reneparnuu [1I'C B pexkume yIbTpaKOPTOKUX HUMITYJIBCOB
HE0OX0IUMO OOECIEeYUTh PABEHCTBO MEXKMOJOBOM yacToThl pe3onaropa [II'C u
MEKMOJOBOM YacCTOTHI Ja3epa HaKayKu. OTO JIOCTUTAIOCH MOACTPOMKOW JIMHBI
pesonaropa III'C k mmuHe Lo=1,5 M. TouHas mnoacTpolka OCYIIECTBISIACH
nepemMelenneM 3epkaia 33 Baosib ocu pesoHatopa III'C. Hwxke Ha Pucynke 2
MpeACTaBICHbl 3aBUCUMOCTH BBIXOJHONW MOITHOCTH Ha XOJIOCTOM JJIMHE BOJHBI OT
n3MeHenus 1nunbl pesonatopa [1I'C otHocuTtenbHO Lo mpu ABYX pa3IMUHbBIX PEKUMAX

paboThI Jlazepa Hakauku, onucanHbIX Boile (mpu AL,=300 mxm u AL,=700 MkMm).

11



Pxon, OTH. 1. Pxon, OTH. €.

1.0 - 1.0

0.8+ 0.8

0.4+ ._.__!/ e . 0.4+

-0 5
0O, MM

(a) (6)
PucyHok 2. 3aBUCUMOCTh OTHOCUTEIBHOM BBIXOTHOM MOITHOCTH XOJIOCTOM BOJIHBI

Pxon OT & u3MeHeHus aiuHbl pesonaropa [1I'C. (a) — nmpu AL,=300 mxwm; (0) — npu

AL,=700 MKM.

W3 naHHO# 3aBUCUMOCTH BUIHO, YTO IIMPUHA U3MEHEHUsI AuHbI pe3oHaTopa [1I'C &
OTHOCUTENBHO Lo Ha mosyBBICOTE ObLIAa HA YPOBHE 8 MM B IIEPBOM Ciiydae v 12 MM BO
BTOPOM.

C nomourpio MoHOXpoMaTopa MJIP-23 Obl1 M3MepeH CHEKTp reHepaluu Ha
CUTHAJIBHOM JITTMHE BOJHBIL. [IlupuHa TMHUK reHepaluuy CUTHAJIbHOW BOJIHBI COCTABUIIA
13 em?! mmm 400 I'Tu. [Iupuaa BXOJHON U BBIXOAHOM IEIeH MOHOXpOMAaTopa ObLia
50 MKM.

[TockonbKy BCE U3IIydEeHUE UMEJIO BBICOKHE MUKOBBIE MOIIHOCTH Ha JITMHAaX
BOJIH Hakauku W mapameTpudueckoit reneparuu (~0,1-0,5 MBT), To BO3HUKaIH
JOTIOJTHUTENbHBIE HEJIMHEHbIe B3auMozeiicTBus B kpuctamie PPLN, pesyiabTaTom
KOTOPBIX ObUIM JIMHUM BUAMMOIO JHMAara3oHa B BBIXOJHOM u3iydeHuu. [lomydennas
cnekrporpamma B nuamazone 350-830 M mpencrtaBieHa Ha pucynke 3. Hapsmy c
JUHUSMUA TEHEpalUd BTOPHIX TapMOHUK OT HAKa4kKd — 932 HM U CHUTHAJIBHON
BOJIHBI — 754 HM OBUIM TOJYYEHBI CIEKTPaIbHBIC JUHUHM C IEHTpaMHu Ha 624 HM,
463 1M, 442 uM, 392 um 1 355uM. /lnanazoHbl NepecTPOMKHU IJIUH BOJIH Ha JUHUSX
442 um, 463 HM 1 624 HM, TP U3MEHEHUHN TEMIIEPATYPBI HETMHEHHOTO KPUCTAIIA OT
20 10 150 °C ne npepbimamy ~5-10uM.
[upuHbI U3MEPEHHBIX JTMHUN ObLIM Ha ypoBHE 0,3-1 HM. B yactoTHOI 00nacTu

WAPUHBI U3MEPEHHBIX JTUHUUPABHBI:
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Av3s5 = 190 1Ty ; Avzg, = 26011y ; Avyy, = 29017y ; Avees = 300177y
Avsz, = 250 [Ty, Avgys = 170 [Ty, Avg,, = 230 I'T'.

[TapameTpuueckas reHepaliys UMesia MECTO U B PEXKUME CYTNIEPIIOMUHECIICHIINH,
KOTJla Tepesl BBIXOJHBIM 3epKajoM 33 moMelnancs Hempo3payHblii skpaH. B oboux
cllydasix, MOMHMO XOJIOCTOM M CHUTHAJILHOW BOJIH, B CHEKTPE BBIXOJHOTO HW3ITYUYCHHUS
NPUCYTCTBOBAIM JIMHUM B BUIMMOM Juana3oHe. MakcumalibHasi BBIXOJHAs CpeIHss
MOIIIHOCTb TTapaMeTPUUYECKON CyNepIIIOMUHECHIEHIINY Oblila Ha YpoBHE ~ 4 MBT.

Pazpen 1.3npeacrasisieT co00il aHAIN3 MOJYYEHHBIX PE3YJbTAaTOB U BBIBOBI.
[IpuBonaTca pacdueTsl Ko>()PUIUEHTa IMapaMeTpudeckoro ycuienus G =~ 3 X 1012,
BBIXOJTHOM THMKOBOW MOITHOCTH Ha XOJOCTOM miuHE BOJNHBI P, = 25 xBm
VYka3zpiBatoTcs npuuuHbl noidydyeHHorosHauenus: KI1J[ mpeoOpa3zoBanusi B XOJOCTYIO
mHY BOTHBI (~10% mo morsomeHHoNH MOIITHOCTH ).

AHaIM3UPYIOTCS  TOJYYECHHBbIE  JAHHbIE 1O  I[IUPUHE  OTCTPOUKHU
pe3zonartopa [1I'C 6. [Ins Hamiero ciay4asi ImpuHa OTCTPOMKHK cocTaBuia 8 u 12 mwm,
YTO COOTBETCTBYET paccoriacoBaHuio no BpeMenu A7 B 27 nc u 40 nc. B 1o Bpems
KaK, B YCJIOBHSIX CUHXpOHHOW Hakauku [1I'C, mmpruHa OTCTpONKHU JIMHBI pe30HATOPA
0 00b14HO coctaisiet (1/20 — 1/10)cz, [21]. B pabote [24], ¢ mOMOIIBIO KOMITEHCAIIUH
JTUCTIEPCUU TPYMNIOBBIX CKOPOCTEH HMITYJIbCOB CUTHAJIBHOW JJIMHBI BOJIHBI H
U3Ty4YeHUs] Hakaukd, yBenuuuiau o Ao ~0.25Cr,. B Hamem cinywyae o ~Crp 0e3
WCIIOJb30BaHUS DJIEMEHTOB KOMIICHCAIIMM AUCIEPCUU. YBEIMYEHHas IIUPUHA O,
OTHOCHTEJIbHO JIPYrMX paboT mo cuHXpoHHON Hakauke [1I'C ([21, 24]), sBasercs
CJIEACTBUEM MAJIOTO BPEMEHHOTO MHTEpBaja MEXAY UMITYJIbCAMH O CPABHEHHIO C
BPEMEHEM JBONHOTO 00X0/1a p€30HATOpa B HEMOHOUMITYJILCHOM PEKUME.

OOBSCHEHO MPOUCXOXKACHUE JUHUM BuUauMoro u OmmxHero MK nmamasona,
KOTOpBIE SIBIISIFOTCS PE3YJIBTATOM IMPOIIECCOB CMEIICHUS YaCTOT BOJHBI HAKauKu (wp)
Y CUTHAJILHOMN BOJIHBI ((s), BOSHUKAIOIIUX B HETMHEMHOM KpHUCTaJLIe:

20p = Ws3z, 205 = W75, Wyt Ws = We2q, 3Wp — Wy = Wye3,
wp + 205 = W4y, pr + ws = W39z, 3a)p = Ws3ss, pr — Wy = Wgyy-

ITepecrpanBaembie nmuauN 392, 463 1 822 HM HaOJIIOMAIMCH BIICPBHIC.
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Ha ocHOBaHMM MOJYyYEHHBIX AAHHBIX IO BBIXOJHOM MOIIHOCTH B PEXHUME
CYNEpIIOMUHECIICHIINKM, TMPUBOJATCA  CIIOCOOBI €€  YBENWYEHHUs, KOTOpbIe
3aKII0YAOTCA: 1) B yBENMYEHMHM JUIMHBI HedauHeiiHoro kpucrtamia PPLN;
2) B MCITOJIb30BaHMM MOHOMMITYJIbCHOTO PEKHUMa TI'eHepally Jia3epa HaKaykd TpU
YBEJIMYCHUH JUAMETpa MEPETSHKKU B KPUCTAIIE, YTOOBI MHTEHCUBHOCTh HAKAUYKH HE
BbI3bIBaJIa Mapa3uTHHIX 3((HEKTOB HaBEIEHHOTO MOTJIONICHUS 1 HE TPEBbIIIaja mopora
pa3pylIeHHUs.

Bropasi rimaBa cocTOUT U3 YETHIPEX Pa3/IeoOB U MOCBSIICHA pe3yIbTaTaM
0 MoTy4YeHUo 3(PHEKTUBHON MapaMeTPUIECKON CYNIEPIIOMUHECIICHTHON TeHepaliuu
B kpuctaiie PPLN npu Hakauke myramu 45-nukoceKyHIHbIX UMITYJIbCOB OT Nd: Y AG-
nazepa ¢ C3AOM, paboTaroiiero B MOHOMMIYJbCHOM pexume. s yennuenust KI1/]
npeoOpa3oBaHusl B CYINEPIIOMHHECLEHTHYIO MapaMEeTPUUYECKyI0 T€HEepaluio, ObLIOo
pemieHo  ucnois3oBath PPLN-kpuctamn ¢ pasmepamu  1X7x50 mm.  [lst
MpenoTBpalIeHUs] 00pa30BaHMs CEPhIX TPEKOB B KPHUCTANIe W €ro JajbHEHIIero
paspyuieHus, Obl coOpaH HOBBI OOBEKTUB, KOTOPBIA YMEHBIIAT PACXOJAUMOCTb
na3zepa Hakauku B 3,5 pasza. Takum oOpa3oM Obula yBeJIMYEHA MEPETIKKA U3ITyUYCHHUS

Hakauku B kpuctaiie PPLN.

B pazgene 2.1 moapoOHO omucaHa cXxeéMa 3KCHEPUMEHTANIbHOW YCTaHOBKH
cyrnepioMuHeceHTHoro (0e3pesonatoproro) III'C (pucyHok 4). MakcumalibHas

ITMKOBAsi MOIITHOCTh M3JIYUeHHUS HaKauku cocTasisiia ~ 0,5 MBT.

7 6 4 3 2 1
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Pucynok 4. Cxema sxcnepumenTta. 1 — Nd:YAG-nazep ¢ C3AOM; 2 — perynsarop
MOIIIHOCTH; 3 — 00BEKTUB; 4 — GOKYCUPYIOLIAs JIUH3A; 5 — HETMHEHUHBIA KpUCTalI

PPLN; 6 — ¢unbTpytomiumii 31eMeHT; 7, 8 — H3MEPUTETH MOIIIHOCTH.
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B  kadectBe perynsTopa = MOUIHOCTH  HaKauykd 2  HUCIOJIb30BAJICH
MOJIAPU3AIMOHHBIN aTrTeHoaTop. OOBEKTUB 3 HCMONB30BAJICS JIS YMEHBILICHUSA
PacXomUMMOCTH Jla3epa Hakadku B 3,5 pasa. [lonnas pacxomuMocTh (Ha ypoBHE €72)
nociie 0obekTuBa coctaBuia 0,57 mpan. @okycupyromias auH3a 4 umena GokycHoe
paccrosinue B 280 MM U BBIOMPANIOCh IO COOOPAKEHUSAM TOTYUYCHHUS] MaKCHUMAaJbHO
BO3MOXKHOHM BbeIxogHOUW MomtHocTH. Kpuctamn PPLN pasmemancs Takum oOGpazom,
9TOOBI JUAMETP MEPETHKKU COCTaBIISIT 160 MKM.

Hemunetinsiii kpuctammn PPLN, monuposanusii MgO (5% mol.), ¢ pasmepamu
IX7x50 MM u A=29,5 MKM He uMeJ MPOCBETIISIONIMX MOKPHITUHA Ha TpaHsx. B
KauecTBe (PHIIBTPYIOIIETO AJIEeMEHTa 6 UCIIOIb30BANIOCH TUIOTHOE 3epKajio Ha 1064 HM
WU TUIACTMHKAa W3 TePMaHMs, COOTBETCTBEHHO NMPHU H3MEPEHUHM CyMMapHOW WIIU
XOJIOCTOM MOIIHOCTUA U3JIy4eHusa. M3MepureneM MOIIHOCTH 7 PErucTpupoBajach
BBIXO/IHASI MOITHOCTh HAa XOJOCTOM JJIMHE BOJHBI M1 CyMMapHasi BBIXOJIHAsI MOIITHOCTh
Ha BCEX JJIMHAaxX BOJH. M3mepuTesb MOIIHOCTH 8 HCIOJNB30BAICS ISl U3MEPEHHUS
NaJaoIIe U NpoleaIe Yepe3 KpUCTAILT MOITHOCTH HAKAUKHU.

B paspmene 2.2 mpuBOASATCS PE3yAbTATHI JKCIEPUMEHTA MO TOIYYCHUIO

CYIIEPJIFOMEHECHIECHTHOM MTapaMeTPUYECKOM reHepanuu. Bece namepenus npoBOIUINCH
IIpH KOMHATHOM Temmeparype kpuctamia PPLN 24 °C. Beumi u3sMepeHs! 3aBHCUMOCTH
BBIXOJHOM CPEIHEW MOIIHOCTH Ha XOJIOCTOW JJIMHE BOJHBI 3820 HM M cyMMmapHas
BBIXO/[HAsi MOIIHOCTh HA X0JIOCTOM M CUTHaJIbHOU 1475 HM IpH 4acTOTE MOBTOPEHUS
B 1 u 1,7 kI'l B 3aBUCHMOCTH OT MOIIIHOCTH HaKa4yKHU.

MakcumanbHasi CpeiHsisi CyMMapHas BBIXOJHAas MOIIHOCTh Ha XOJOCTOH M
CUTHAJIbHOM JyIMHAX BOIH AocTturana 115 u 185 MBT nipu wacrote nosropenus 1 u 1,7
k['11, MakCcMMaJIbHasl MUKOBass MOIIHOCTH ObLIa cooTBeTcTBeHHO ~ 210 m 200 kBT.
MakcuMalibHasi CpeIHsas MOITHOCTh Ha XOJOCTOM jjMHe BOJHBI Oblia 30 MBT mpu
1 xI'u 1 46 MBT ipu 1,7 k['11 — COOTBETCTBEHHO MUKOBAsi MOIIIHOCTh COCTaBWIA ~ 55 U
50 kBt. MakcumyM nctomenns Hakauyku coctaBuil ~50 v 53% coOoTBETCTBEHHO Ha |
u 1,7 kI'u. Obmas 3ppekTuBHOCTh MpeoOpa3oBaHUs MO MOTJIONICHHOW MOITHOCTH

coctapisiia ~80 u 83% 119 COOTBETCTBYIOIMIMX YacTOT noBTopenus — 1 u 1,7 kI 1.
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PI/ICYHOK 5. 3aBUCHMOCTh BBIXOI[HOﬁ MOITHOCTH Pr oT BXOIIHIHGI?I B KpHUCTaJLI

MOIIIHOCTY HaKauku Ppx nipu yactote nmoroperus 1 u 1,7 kl'm.

B KOpPOTKOBOJIHOBOI 4acTH CIIEKTpa TakXke, Kak ¥ B riaBe 1, HaOmoganuch
cnaOble nuHUM TeHepauud. CyMmmapHass MOIIHOCTh KOPOTKOBOJIHOBBIX JIMHUN
coctaBisuia ~1 MBT, mostomy npu uzmepeHusix cymmaphoit momuoctu I[I'C (B
YCIOBHSIX PHUCYHKAa D) MX MOXHO OBUIO HE YYMUThIBaTh. V3MepeHHbIE IIMPUHBI
KOPOTKOBOJIHOBBIX JIMHUHA AV cocTtaBuimu: Avaer ~ 270 [T, Avaer ~ 330 ITm,
AV516 ~ 610 FFH, AVelg ~310 FFIJ;.

Ha paccrostnuu L=2 M ot kpuctaima PPLN (4T0 cOOTBETCTBYET AalibHEN 30HE
IUQPPaKIUK) ObLITM U3MEPEHbI MOINEPEUHbIE PACHPECICHNUs MOIIHOCTH BBIXOJHOTO
U3JIy4eHus Ha JyinHax BoH 1475 um, 3820 uMm, 619 HM 1 nporeauiero uepes KpucTaul
n3nyyeHnss Hakaukn — 1064 wM. Ha ocHOBaHMM »JTUX pacnpencneHul s
COOTBETCTBYIOILMX JJIUH BOJIH OBbLJIM BBIYUCIIECHBI TIOJIHBIE PACXOAUMOCTH U3IIy4YEHHUS,
3Ha4YEHUsI KOTOPBIX coBNaM U ObLIu paBHbI 30 Mpa.

B paznene 2.3, Ha OCHOBaHMM OIHMCAHHBIX MOJYYEHHBIX PE3YIbTATOB,
MPOBOJIUTCSA JAeTalbHbI aHanu3 mnonydeHHoro KIIJ mnpeobOpazoBanust B 83%.
VYka3pIBaloTCs U MOJAPOOHO PACCMATPUBAIOTCS CIEAYIOUIME MPUYMHBI HE IMOJHOTO
npeoOpa3oBaHus 0 MOMIONIEHHON MOIIHOCTH (TIoTepu ~17%):

1) morsonienre U3My4eHus: Ha X0JI0CTON BoJHE (~3,8 MKM);
2) MOTJIONIEHUE XOJIOCTOM BOJIHBI MPU KACKATHOW MapaMeTprUieCcKOi reHepanuy;
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3) morJonieHre caabbIX KPaTHBIX KU KOMOMHAIIMOHHBIX rapMOHUK B Y o6nacTy;

4) CBETOMHIYLIMPOBAHHOE BUIUMBIMH JHHHUSIMH ITOTJIONICHUE HaKauku [22, 25].
OOBsicHSIETCS TPOUCXOK/ICHUE JIMHUN B KOPOTKOBOJIHOBOW 00JacTH CIEKTpa
BBIXOJIHOTO M3iydeHus.Ha psgy ¢ paHee HaOMOJaBIIMMHUCSA B TIaBe | JUHUSIMH,

KOTOPBIC ABJAIOTCA PC3YJIbTAaTOM IIpOoLHCcCCa CMCIICHUA 4YaCTOT BOJIH HAKa4YKH a)p,

CUTHAJIBHOM s, XOJOCTOM i U UX TAPMOHHUK, B CIEKTPE BBIXOJHOTO H3ITyUYECHHS
NPUCYTCTBOBAJIM HOBbIE JHMHHHM. Tak cuHsas nuHus 491,6 HM sBiseTcs TpeTben
rapMOHUKOW OT CUTHAJILHOM BOJIHBI, a TUHUA 416,2 HM ABJISIETCS BTOPOIl TapMOHUKOM
OT CYMMapHOU 4acTOThI BOJIH HAKAYKU U XOJIOCTOM:

Wy91,6 = 3Ws , W12 = 2(wWp + W;)

B 3enenoit o6iactu ciekrpa moMuMo JuHUM 532,1 HM (BTOpPOIl TapMOHUKH OT
Hakadku) HaOmomanoch emie 8 ymaMA. Jluawmm 516,6 am, 547,7 aMm, 526,1 uMm,
5269 M, 537,85HM wm 5384 HM, TO-BUAMMOMY, SBISIOTCS  PE3YyIbTaTOM
JIBYXCTYNEHYATOTO KAacCKaJHOTO IMpOoLEecca: TIE€HEepalud BTOPOMl TapMOHUKH U
BBIHYXJIEHHOT0 KOMOMHAIMOHHOTO paccesHust (BKP) Ha mpoaoabHbBIX U HOMEPEUHbIX
ontuueckux ponoHax (TO u LO-koneOanusx) B PPLN [26].JTunus 535,9 M Moxer
OBITh PE3yJIbTATOM KACKaJHOW MapaMeTpUYEeCKON TeHepaluuy TeHEpalud BTOPOU
rapMoHuKH. COTIaCHO pacyeraM, BBITOJIHEHHBIM B iporpammuoM nakere SNLO [27],
npu A=29,5 MKM, KacKaJiHasl TapaMeTpuueckasi reHepaus (mpyu Hakauyke CUTHAIBHOU
BOJTHOU 1475 HM) faeT CUTHaIBHYIO BOJIHY (As2) HA 2162 HM 1 x0510cTyIO (Ai2) HA 4642
oM. Kackagnas curnaipHas BoaHa = 2162 HM cMemBaeTcs ¢ BOJHOHM Hakauku 1064,2
HM ¥ Ja€T W3JIydeHue Ha anuHe BoyiHbl ~ 1075,8 HM, BTOpasi rapMOHHMKa KOTOPOTO
nomnajaeT B paccmarpuBaemyro obnactb — 535,9 um. Jlunus 540,6 M — yeTBepTas
FapMOHHKA OT KaCKaJHOM CUTHAJIBHOM.

HesaBucsiiee oOT QIMHBI BOJHBI 3HAYEHUE PACXOJUMOCTH BBIXOJHOTO
u3nydenus 30 Mpan oOBsiCHSIETCS TeM, uTo: 1) Ha OoJiee KOPOTKHUX JUIMHAX BOJIH, I1O-
BUJIMMOMY, BO30Y)KIIalOTCSl TOIMEPEYHBIE MOJBI HM3-32 MHOTOMOJOBOW CTPYKTYPBI
BOJIHBI Hakayku [23] ¥ KOJJIMHEAPHOCTH MapaMeTPUUECKON CyNepIIOMUHECIICHIIVH;

2) B peXUME CYNEpPIIOMUHECUEHIIMM pPacXOAUMOCTh BBIXOJHOTO H3IYyYEHHS
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OTpENENsAeTCS  yIJIOM  CXOAMMOCTH  HW3IyYeHUs  HaKadyku B JUAMETP
nepeTshKku 160 Mxwm.

B pazmene 2.40600maroTcst pe3ynpTaThl. [IpuBOAsTCS pEKOMEHIAIMH IO

JajabHEeNIleMy MOBBIIIEHUIO BhIXoiHOM MottHocTd 1 KTl nmpeoGpaszoBanusi.

Tperbsi rJIaBanoCBsIIEHA CPABHEHHUIO BBIXOJHBIX XapPaKTEPUCTUK
U3JIYYEHUS B JIBYX PEKUMaX NapaMeTPUUYECKON F€HEPALlMU CBETAa — MAPAMETPUIECKOM
CYHEPIIOMUHECIIEHIIMA U CUHXPOHHO-HaKauynBaeMoro oaHope3onatopHoro III'C nHa
kpuctauie PPLN (mmuHo#t 50 mm) ¢ Hakaukoit ot Nd:YAG-nazepa ¢ C3AOM B
MOHOUMITYJIbCHOM pexkume. CymMapHas BbIXOJHAasi CpPEIHSS MOIIHOCTh Ha
curHaiapHOM (1475 ©wM) um xomoctoit (3820 HM) AJIMHAX BOJH B PEXKUME
cymnepiaioMUHecHeHIInN cocTtaBuia ~120 MBtr (mukoBas MomHocte ~120 kBT).
MakcumanbHas cymmapHas 3(QQGEeKTUBHOCTh MPeoOpa3oBaHUsl MO TMOTJIONICHHOM
MOIITHOCTH B PEXHUME CYNEPIIOMUHECIICHIIMU Obl1a Ha ypoBHE 60%. MakcumanbHas
3¢ (PEeKTUBHOCTh MpPeoOpa3oBaHKsl B XOJOCTYIO [JIMHY BOJIHBI IO MOTJIOIICHHON
MOITHOCTHU Hakauku coctaBmia 15% u 25% (kBantoBast 54% u 90%) cOOTBETCTBEHHO
I peKUMa CyIEepIIOMHUHECHEHIIMA U oaHope3oHaropHoro III'C. MakcumanbHbie
3HAYEHMS CPEIHEN BBIXOIHOM MOIITHOCTH Ha XOJOCTOM JJIMHE BOJIHBI cOoCcTaBisid ~30
MBr m ~60 MBT npm wucromennn Hakauku 47% wn 55% nmma  pexumosB
CynepaOMUHECIICHITUN U oHope3oHaTopHoro [1I'C, cooTBETCTBEHHO.

[TokazaHo, 4TO HATMYKE PE30HATOPA IPUBOJUT K YBEIUUYCHHIO 3P (DEKTUBHOCTH
npeoOpa3oBaHusl B XOJIOCTYIO JJIMHY BOJIHBI ~2 pa3a U YMEHBIICHHIO MOopora
reHepaMud HE MeHee 4YeM B [,7pa3za 1O CpPaBHEHUIO C PEKUMOM
CYHEPIIIOMUHECIIEHIIUH.

B pexume cCcyneparOMHHECHEHIIMM B CHEKTPE BBIXOAHOTO H3ITYyUYCHHUS
MIPUCYTCTBYET MOIIIHASI CHTHAJIbHAS BOJTHA U 00111ast 9P PeKTUBHOCTH MpeoOpa3oBaHMsI
10 TIOTJIOIIEHHON MOIIHOCTH JOBOJIBHO BbIcOKa (60-80%). O0myo 3¢ dekTuBHOCTD
npeoOpa3oBaHUs MOXKHO CYIIECTBEHHO TIOBBICUTh 3a CYET IMOJIYYEHHUS MOIIHOTO
NepeCTPauBaeMoOro M3JIydeHHUs B KPAaCHOW 00JIACTH CIEKTpa MyTeM CYMMHUPOBAHUS
CUTHAJIbHOM BOJIHBI C BOJIHOM HAakadyku. JIJIsi 3TOro JHOCTATOYHO 3a MCCIEAYEMBIM

kpuctaiuioM PPLN nomectuts PPLN ¢ apyrum nepuogom A (Ha cCyMMapHYIO
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yacTtoTy). Kak ObL10 BbIIlIE OTMEUYEHO, 3Ta MepECTpanBacMas JMHUS reHepaluu Oyaer

HMCTb TY XKC paCXOAUMOCThb H3JIIYYCHHA, UTO U UK nuHun CYHCpJIIOMI/IHeCHeHTHOﬁ

Irc.

OueBUIAHBIM NPEUMYLIECTBOM cynepiaoMmuHecteHTHor [II'C  sBasercs

OTCYTCTBHUC PC30HATOpA U Oosiee OoraTeIi CIICKTP BBIXOJHOT'O HU3JIYUCHUA, B KOTOPOM

BO3MOKHA OJIHOBPEMEHHAsI TIEPECTpOika B €ro pa3HbIX o00JacTIX (BUIUMBIH,

omvxHaMi U cpenuuit-MK).

B 3akiarouenun IMPUBOIATCA OCHOBHBIC PC3YJIbTAThI HHCCCpTaHHOHHOﬁ

paboTHI:

1)

2)

3)

4)

5)

boin co3gan 6e3pe30HATOPHBIN CYNEepIIOMHUHECIICHTHBIA MapaMeTpUIeCKUn
reHepatop ¢ o6mieil 3G (PEeKTUBHOCTHIO MPeoOpa3oBaHUsl MO MOTJIOIMICHHOMN
momHoctr ~80% c¢ makaukoit or Nd:YAG nasepa ¢ C3AOM. Usyuensl ero
TeHEPAIMOHHBIE U CHEKTpPaJIbHBbIE XapaKTepUCTUKU. MakcumanbHas oOrias
BBIXOJIHASI MUKOBAasI MOIITHOCTH cocTtaBmia 210 xBT.

beut co3nan ognopesonatopubiil [1I'C ¢ cuaxponHoi#t Hakaukoit ot Nd:YAG
nazepa ¢ C3AOM. [loka3aHO, 4YTO B HEMOHOMMITYJIbCHOM PEKHUME I'€HEPALMHU
Ja3epa HaKauku, mupuHa otcTpoiiku pezonaropa [1I'C yBenuunBaercs B 10-20
pas.

[Toka3zaHo, 4TO MCTOIEHUE U3TYYEHUs] HAKAYKU B CYNEPIIOMUHECIIEHTHOM M
OJIHOPE30HATOPHOM PEKUME MAPAMETPUUECKON T'€HEPALIN OCTAETCS HA YPOBHE
~50% W He 3aBUCUT OT JUIMHBI KPUCTAJUIA MPU MCIOJIH30BAHUM B KAaueCTBE
nazepa Hakauku Nd:YAG nazepa ¢ C3AOM.

B 06oux pexxuMax mapaMeTpudecKoil reHeparuu 00bsICHEHO MPOUCXOXKICHHE
JUHUM B BUIUMOM oOnactu crekrpa. Jluaumm wa 392, 463, 822 HM B
OJIHOPE30HATOpHOM pexuMe u Junuu Ha 416,2, 4916, 516,6, 526,1, 526,9,
537,85, 5384, 540,6 um 547,77 HMB peKHUME CYNEPIIOMHUHECIEHIUN
HaOJII01aTUCh BIEPBBIE.

[TokazaHo, 4TO pe30HATOP HA CHUTHAJILHYIO JJIUHY BOJHBI JUII CHHXPOHHOMU
HAaKayKd BJIMSET HAa TapaMeTphl CYMNEPJIIOMUHECIIEHTHOM TIeHepaluu
CJIeIyIOLUM 00pa30oM — YMEHbILIAeTCs TOpOor reHepanuu 1 yeaunursaercs KI1/1

nmpeoOpa3oBaHus JJIS XOJOCTON JUITMHBI BOJIHBI B ~2 paza. OrpaHuunBaeTCs
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CIICKTP BBIXOJHOI'O M3JIY4YCHHUSA JO CIICKTpa XO0JIOCTOM JJINHBI BOJIHBI (CpCI[HGﬁ

UK nuanason).
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