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PaGora mocssiiena pa3pa6oTke CyGHUKOCEKYH/IHON JIa3epHOIl YCTAHOBKU € IepecTpamBaeMoil 4acTOTOH TO-
BTOPEHHS WMITYJIbCOB /IS peaTu3alii MeTo/la aTpaBMAaTHYeCKOTO <«XOJOJHOTO» PeMOJIeJMPOBAHNS KOXKHBIX IO-
KpoBOB. B xoje mccienoBanuss 060CHOBaHA aKTYaJbHOCTb CO3/[AHUS JIA3€PHOI CHCTEMBI, TeHEPUPYIONIEN UMITYJIb-
CBbI JUIUTETBHOCTBIO He GoJiee 20 1C B CHEKTPAJBHOM JAuarna3oHe okosio 1550 HM ¢ mepecTpamBaeMoii 4acTOTON IMO-
Bropenus ot coren K[ g0 gecarkoB MIT u cpemueii BbixoHoil MoiHOCTbIO He Menee 500 MBr. Paspaborannas
Jla3epHasl CHUCTeMa BKJIIOYAET B ceGs CJeAyIoNe MOJLYJN: 3aJaIONil TeHepaTop YJbTPAKOPOTKUX HMILYJIbCOB
(YKM), nBa 610Ka mpeAyCUIeHNs], AeMUTelb YacTOThl TIOBTOPEHUS UMITYJIbCOB M KACKaj MOIHOTO YCUJIeHHs. 3a-
JLaloIuii reHepaTtop ObLT BBINOJIHEH Ha Gade KOJbIIEBOTO MOJHOCTHIO BOJOKOHHOTO PE30HATOPAa ¢ aKTUBHBIM BOJIOK-
HOM, JIeTMPOBaHHbIM HoHaMn Er’*, B kauectBe aktupHOil cpesbl. IIIMpHHA ONTHYECKOTO CHEKTPA M3JIyYeHHUs CO-
craByisia 34 HM 1O YpoBHIO —5 1D ¢ neHTpasibHOil AuHON BoHBL 1548 HM. [lnnTenbHOCTb nMilysibca OblIa paBHA
2,7 nc, yacrora nopropenust umiyabco — 13,3 MTIn, cpeansst momnoctb uaiaydyenust — 8,1 mBr. Ilocse pacrsiru-
BAHWHM MMITYJIbCA B BOJOKHE C TOJOKUTENbHON aucnepcueit rpymmosbix ckopocreit (JITC) (D = ~72 e/ (um - xkm))
U YCUJIEHUSI B TIEPBOM KAacKaJle TPeJyCUJUTeNs JINTETbHOCT MMIyJbca yBenunuuaach no 17,8 mc, a cpennss
MoOHIHOCTD Bbipocia g0 129 mBt. [lanee yacrora ciaenoBanust uMiryibcoB Oblia mozenena B 20 paz — or 13,3 MIg
10 670 kI'. ITocre poxoskaeHns BTOPOTO KacKaja MPeAyCUINTe s, KacKaa MOITHOTO YCUINTeN s Ha 6a3e BOJIOK-
Ha C pacHIMpeHHO# MomoBON 061acTbIO0 (dyozosr. = 25 MKM) M JUXPOUYECKOro 3epkaja ([ OTCEMBaHUs H3JIyde-
HUSI HAKa4Ku) GbLIM TIOJTyYEHbI CJIeAYIONINe XapaKTEePUCTUKN BBIXOJHOIO W3JIyYeHHs: [JUTEJbHOCTh UMITYJIbCa —
19,6 1c, cpeanssa MoOmHOCTh u3aydeHnss — 512 MBr. dopMa onTHYecKoro criekTpa 1 aBTOKOPPEISIMOHHON (DyHK-
U COOTBETCTBOBAJIN BUY, XapaKTEePHOMY /IS OJHOUMITYJIbCHON TeHepalii.

Katouesvle c06a: arpaBMaTHiecKoe peMoJIeJIMPOBaHIe KOXKH, Jasep, KOCMETOJNOT s, JePMATOJIONUs, TeHepa-
ISl yJIbTPAKOPOTKUX HMITYJIbCOB, CyONUKOCEKYHIHBIN sasep; atraumatic skin remodeling, laser, cosmetology,
dermatology, generation of ultrashort pulses, subpicosecond laser.

BBeaenne

B cBsA3u ¢ mponaranoii ujeasa KpacoTbl B COMUANBHBIX CETSAX, OCOOGEHHO /JII MOJIOJON ayJIUTOPUU, a TaKXKe
C yBeJUYEHNEM KOJUYECTBA BUIEO3BOHKOB, JIIOAM OOpaniaioT Bce OOJIblllee BHUMAaHWE HA ACTETUYECKNE HeIOCTATKH
koxu [1,2]. TloMuMo 3TOro, Ba)KHO OTMETUTH, 4TO, coriacHo uccaegoBanusM Global Alliance Hammume KOMXHBIX
HEIOCTATKOB CHIKAET COIMAJbHYI0 aKTHBHOCTb YEJOBEKA W MOJKET MPHUBECTH K IICUXOJIOrmdeckuM mpobsaemam [3].
[To sTuM mpuvyMHAM B TOCJ€eHee BpeMsi HAGJIIOAETCST POCT BOCTPEOOBAHHOCTH MPOIEIYP 10 KOPPEKIIMU ICTETHYe-
CKHUX HEJOCTaTKOB. Tak, COrJIaCHO CJIOKMBIIEWCS TEHIEHIUH, O06beM MHPOBOTO PBIHKA 3CTETHYECKON MeIUI[UHBI
¢ 52,5 mupa. goa. B 2018 r. gosskeH Bbipactu 10 57,2 mapa. aoan. B 2026 rony (8,9%) [4, 5].

Hawub6osee nmepcneKTUBHBIMU [T JAHHBIX 33/1a4, CUYUTAIOTCS JIa3epHbIe METO/bI B CBSI3M C WX BBICOKOHN IMpeIu-
3MOHHOCTBIO M MaJioii MHBa3WBHOCTBIO BozjeiicTBusA [6, 7]. Hambosee pacmpocTpaHeHHBIMHU SIBJSIOTCS TPOIELY PBI
CeJIEKTUBHOTO (hOTOTEPMOJIN3A — JIa3epHOe W3JydeHUe OCYIIECTBASIET JOKAJbHBIN MPOrPeB CJIOEB AMUAEPMEICA
U JIepMbl TyTeM BO3/EICTBHUS Ha IleieBble XPOMOMOPBI, UYTO 3alycKaeT PeMOJIeTNPOBAaHUE KOXKHU 4Yepe3 BOCIAJIN-
TEJIbHBINA TIpoliecc. DPOMEBbIil HeAO SIMOHHBIN (DPAKIIMOHHDIN MUJIIUCEKYHIHBIN Jiadep, KaK TPABUJIO, SIBJSETCS
HAWJIYYIIIAM alapaToM [Jis IPOBeJeHns TaKoro Jjedernsi. OHAKO JaHHBIM MPOIEAypPaM CBOMCTBEHHDI HEIOCTATOY-
HBII KauHUUecKuit apdexT, a TaKxKe psiji MOCTIPOLEAYPHBIX OCTOKHEHUI, TAKUX KAK IPUTEMA, OTEK U CyXOCTb [8§,
9]. [IpyruM MeTO[OM JIeYeHUs ICTETUYECKUX HEOCTATKOB KOXU SIBJseTCs abJsAIMOHHAs JasepHas NLIH(OBKA —
yIaJieHre JIOKAJbHBIX 06JIACTell amujepMuca MeTofoM abJIsIuU C MOCTEAYIOIeil CTUMYJSIIMENl TIPOIECCOB pereHe-
paruu. /aHHBI THUI JIe4eHUS XapaKTepPHU3YeTcs JOCTATOYHO BBICOKUM KJIMHWYECKHM 3(QPEKTOM, a TakxKe 3HAYM-
TEJBHON TPAaBMATHMYHOCTBIO, YTO MPUBOJAUT K JJTUTETBHBIM CPOKaM peabuynTaiinu. Jlazepbl ¢ KOPOTKOM AJUTETHHO-
CTBI0 MMITyJibca (HAHOCEKYHABI — COTHM MHUKOCEKYHJ) TO3BOJIMJIN CHU3UTH TOBPekAaionmne (aKkTopbl, OJHAKO HC-
MOJIb30BAHUIO TAKUX CUCTEM BCe ellle COMyTCTBYIOT CYIIEeCTBEHHbBIE TOCTOMEPAIIMOHHBIE OCTOKHEHWS, TaKue Kak
TOYEYHbIe KPOBOTeueHNus1, rumeprurMertanus u ap. [10—12]. B 2021 r. 6b11 mpoaeMOHCTPUPOBaHA BO3MOKHOCTD
aTPaBMaTHYHOTO «XOJIOJHOTO» PEMOJIETMPOBAHNS KOKHBIX MOKPOBOB. Bo3/elicTBIe yIbTPAKOPOTKUX MMITYJIbCOB HA
vyacrore nosropenust 1 MI1 ¢ sneprueit umnysibca ot 0,2 1o 1 Mx/[x puBeso K pocty uucia GUOJOTHYECKIX Map-
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kepo (MMP9, MMP3), orBevanoImux 3a peMo/eJUPOBAHNE KOXKHBIX NMOKPOBOB. J[JINTEIbHOCTh MMITYJIbCOB GbLIa
KOpOY€e BPEMEHHU BCEX XAPAKTEPHBIX PENTaKCAIMOHHBIX MPOIECCOB, YTO apPaHTUPOBAIO MPAKTUYECKU MTOJHOE OTCYT-
CTBHE TEPMHUUYECKUX MOBpEkgaiomux mporeccoB [13, 14]. OmgHako majee MaHHBIA METOA PEMOJACTHPOBAHUS KOJKI
He ObLI JOCTATOYHO M3y4YeH U TPOpabOTaH, B TOM YHCJE B CBS3U C OTCYTCTBUEM MOJXOSINEH Ja3epHON CHUCTEMbI
¢ TpebyeMoii IJINTeTbHOCTBIO UMITYJIbCOB ¥ JIJINHOI BOJIHBI, a TaKJKe C BO3MOXKHOCTHIO BaPbUPOBAHUS JHEPTUU UM-
MyJIbCOB M YaCTOTBI WX CJIeJOBaHUA. TakuM o6pas3oM, Iebl0 JaHHOW PaboThl OBLIO CO3[aHNE Ja3epPHOI CHCTEMBI,
reHepUpYyIoIiell TOoC/Ie0BaTeIbHOCTb UMITYJIbCOB JJUTEIbHOCTbIO He Gosee 20 TIC, ¢ YacTOTON CJIEIOBaHUSA, TIepe-
cTpamBaeMoil oT coreH kI mo mecsartkoB MIT, cmektpoM usiydenus B auamnaszone oT 1530 mo 1580 um. Maxcu-
MaJbHast CPeHSS MOITHOCTD J0JKHA ObITh He MeHee 500 MBT.

MarepuaJbl 1 METObI

PaspaboranHasi cucTeMa COCTOSIIa U3 CJEAYIONNX OJOKOB: 3a/aI0IIET0 TeHeparopa, ABYX OJOKOB IIPemycCiuie-
HUS, JIeJIUTEJsI YaCTOThI MOBTOPEHMS M KacKaja MOUIHOTO ycuieHusi. CxeMma cHCTeMbl IpeJcTaBjeHa Ha puc. 1, a.
B kauectBe 3azparoiiero rereparopa Y KM mcnosb3oBaics NOJHOCTHIO BOJOKOHHBIM KOJIBIEBON PE30HATOP JJIMHON
15,66 M, cxeMa KOTOpPOro mpejcraBieHa Ha puc. 1, 6. B KauecTBe aKTMBHOII CPe/ibl NCIOIB30BAIOCH KOMMEPYECKH
JIOCTYIIHOE BOJIOKHO, JIETMPOBAaHHOE MOHAMHU Er®* (HE980, Lucent Technologies) ¢ ko3¢ HUIMEHTOM MOTIOIEHNST
4+ 1 nBb/M Ha jpumHe BosHbl 1530 HM. DTO BOJOKHO HAKAYMBAJIOCH U3JIyY€HHEM OJHOMOJIOBOTO [IMOJA HA JIMHE
BosHbl 980 HM MomHocThio 650 MBT. CymMMapHast aucrepcus TPYINOBBIX CKopocTeil B pesoHarope (B,) cocraBmia
0,005 mnc?. lanee remepupyeMble MMITY/JIbCHI PACTATMBAINCH B 48-METPOBOIl KaTylKe NMACCHBHOTO BOJIOKHA
¢ moaoxurenbnoit  JITC  (HNLF, HIIBO-®oronuka). /[lucnepcus jgannHoro Bojokna (D) cocrabasiia
~72 nc/(am - km). Tlocse 5TOro M3ayYeHne yCHINBANIOCh B MEPBOM KacKaje IPeAyCHINTETS B 5 METpaxX KOMMepue-
CKH JIOCTYTTHOTO aKTHBHOTO BOJOKHa, jermposannoro monamu Er®" (I-25, FiberCore) ¢ koadduimentoM morore-
nust 40 £ 5 a1b/M Ha jpumHe BosiHbl 1530 HM. DTO BOJIOKHO HAKAYMBAJIOCH W3JIyYEHHEM OJHOMOJIOBOTO JIHOJA Ha
qumiHe BoaiHbl 980 HM MonHocTbIO 650 MBT.
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Hanee uepe3 pasBerButedb 99,/1 B cXeMy BRJIOYAICS [EJUTENb YACTOTHI CJAEIOBAHUS UMITYTbCOB: 99% u3Iy-
YeHHUs MOCTyNano Ha akycroontudeckuii Moaynsarop (AOM), 1% — B a/IeKTPOHHbLA KaHasl aas ynpasienus AOM.
CHavasia B 3JI€eKTPOHHOM KaHase ynpasienus AOM onruyecKkuii CUrHAI MPeo6Pa3OBbIBAJICS B 3JIEKTPOHHBIN CUT-
Hal JJd Ipejjenurens u MUKpokoHnTposnepa STM32F42971 na ninare NUCLEO-F429Z1 (MIICY — MukpoIpo-
HecCcopHast CHCTeMa yIpaBjeHus), Tae OH JAeausicsa A0 TpeGyeMoii dactorbl. [lnata mpeigenuresiss 4acToThl OblLia
BBITIOJTHEHA Ha OcHOBe D-TpurrepoB ¢ koadpdunmentamu 2, 4, 8, 16, 32, 64, 128, 256. [lamee ympaBisIONImii CUr-
HaJl HANPaBJAJICS Ha JpaiiBep, KOTOPBI ocyrecTBsaa ynpaBienne AOM. Biok menutess 9actoThl paboTan ¢ Ko-
appurmentom nemenust 20. /[ KoMTeHcAIUU TTOTEPb, CO3/IaBaeMbIX JI€JTUTEEM YacTOThI, MCIOJIh30BAJICS BTOPOIl
KacKa/[ Ipejiyciaenus. B KOTOpoM 3 M KOMMepuecKH JOCTYIHOr0 aKTHBHOTO BOJIOKHA, JETHPOBAHHOro monamu Er*
(1-25, FiberCore) ¢ koadduumentom normomenns 40 + 5 1b/M Ha anune Boanbl 1530 HM HaKaYMBAIOCh U3JTyde-
HHEM OJIHOMOJI0BOro Juoja MoigHocTbio 350 MBT Ha jummne Bosnbl 980 uMm. [lasee nociemosaresnbHoctb Y KU 1o-
CTyllala B KacKajl MOIIHOTO yCUJeHHs 4epe3 obbenuHutens curhana u Hakauku (DK Photonics) B 7-MerpoByio
KATYIIKy KOMMEpYECKH JOCTYIIHOTO aKTHBHOTO BOJOKHA, JernpoBanHoe noHamu Er®™) ¢ asoitHoii o6omoukoii ¢ pac-
mUpeHHoi MoaoBoit 061acTbI0 (dyor 06, = 25 MrM) (EDF-DC-35,/125-100, HIIBO-®otonnka). IT0 BOJOKHO Ha-
KauMBaJIOCh MHOTOMO/IOBBIM JHOJIOM u3iaydeHneM MourHocTbio 20 Bt na msaune Bosubl 980 HM. Ha BbIXOZHOM KOH-
1[e BOJIOKHA ObLT C/IeJIaH KOCOW CKOJI JIjisi IPEJ0TBPAalieHust 06OPATHOTO OTPASKEHUs, MOC/e Yero OH ObLI 3aKpeIieH
Ha croiike. BbIXoagminii u3 BOJOKHA MYy4YOK KOJIMMUPOBAJICS JUH30H ¢ okycHbiM pacctosinueM 20 mM. He moriso-
TUBIIASACA HaKauKa OTCEMBAJACh Ha KOMMEPUYeCKHM MOCTylmHOM auxpoudeckoM sepkase (DMLP1180T, Thorlabs),
YCTaBJIEHHOM TIOJ YTJIOM 45° K HAIIPABJIEHUIO PACIPOCTPAHEHUS MyYKa.
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Pe3yabTaThl 3KCIIepIMEHTA

Ha BbIxome 3ajaionero rereparopa ObLTa TOJydeHa CTAOMJIbHAS OXHOUMITYJIbCHASI TeHepalus. l3MepeHHbIe
XapaKTePUCTUKU PesKMMa TeHepalluu TIPeCTaBieHbl Ha puc. 2. DopMa ONTHYECKOTO CIEKTpa M ero OOJIbInas Iu-
pHUHA COOTBETCTBYIOT CUMIJIADUTOHHOMY PEKUMY TEHEPAIMU, KOTOPDIU SBJSIETCS HAOOJee ONMTHMATbHBIM PEKIMOM
JUUIST TIOJTYY€HUST BBICOKOMOIIIHBIX WUMITYJIbCOB B PEKUME YCUJIEHUS YHPIUPOBAHHBIX uMIyibcoB [15—18]. Ilupuna
CrleKTpa cocraBisiia 34 HM 110 yposHio —5 aB. IIpeacraBieHHoe Ha puc. 2, 6 MCCJAe0BaHNE ANHAMUKU JJTUTETbHO-
CTH MMITyJIbCA Ha BBIXOJIE PE30HATOPA IIPH PA3JINYHBIX JJIMHAX BOJOKHA ¢ aHoMaabHOU JITC (SMF-28) moarsepan-
JIO HAJIMYMeE TMOJIOKUTEJBHOTO YMPIIA HA BBIXO/E€ PE30HATOPA, YTO SIBJSJIOCH BAJKHBIM YCJIOBHEM /JisI paGoThbl B pe-
JKUMe YCUJICHUS YMPIUPOBAHHBIX MMITYJbCOB. st nanbueiimeil pa6oTsl 6blia Bbi6paHa JnHa BosokHa SMF-28
pasiasg 1,7 M, JJIUTEIBHOCTD MMIyJIbca coctaBuaa 2,7 mc (puc. 2, ¢). Boicokoe ornomenue curnan/mym (62,2 1B,
pHC. 2, 2) XapaKTePU30BaJ0 CTAGMJIBHOCTD IMOJYYEHHOTO PEKUMa TeHepaluu. MOIIHOCTD M3JyYeHHs Ha BbIXO/e
cocraBuia 8,1 MBr.
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Puc. 2. XapakTepuCTHKM W3/TyYeHWs Ha BBIXOJE 3a/alOIEro reHepaTopa: ONTHYeCKHil crekTp maaydyenns (a); mcciaemoBanue au-
HAMUKH JIJTATEJbHOCTH MMITYJIbCa B 3aBHCHMOCTH OT JUIMHBI BOJIOKHA ¢ aHoMaubHO# JITC (SMF-28) (6); aBTOKOpDpPENsIMOHHDIH
curnan (6); OTHOMEHWE cUTHAM,/ THyM Ha (yHAaMeHTaabHOI JacToTe moBTopenus (2)

XapaKkTepucTUKH U3JIyYeHHS MOcje PACTITHBAHUS B 48-METPOBOM MACCMBHOM BOJIOKHE ¢ moJioxkureabHoi [[I'C
(HNLF, HIIBO-®oroHuKa) 1 yCUJIEHUS B IIEPBOM KacKaje MpPeAyCHIUTE]s MpeJACTaBIeHbl Ha puc. 3. VMiryabce
yumpuiacs 1o anureapbHoctu 17,8 1ic, Bbixognas MomHocTh cocraBuia 129 MBr. B 6soke genuresst 4actorsl ObLIO
ocyulecTBaIeHo aejenue B 20 paz — or 13,3 MI't g0 670 xI'n. OcnuisorpaMmbl curHaia 1o U 1ocJje MPOXO0sKIeHUS
AOMa nokasanbl Ha puc. 4. CTOUT OTMETHUTb, YTO MHTEHCUBHOCTb HMILYJIbCOB, IPOIYIEHHbIX aKyCTOOITHYECKUM
MOy JISITOPOM, YMeHbIINJIach IpuMepHo Ha 6 nb, uTo coOoTBEeTCTBYeT €ro TeXHUYeCKOi JOKYMeHTAIUH.
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Puc.3. XapakTepuCTHKH U3JIy4eHHs NOCTe PACTATHBAHUSA HMILYJIbCOB U YCHJIEHUS UX B IIEPBOM KacKaje IpefyCUINTeNsS: ONTHYe-
CKuil ciekTp usnydenus (a); aBTOKOppeNsAIUOHHbLA curHan (6)
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Puc. 4. OcuuunorpaMma curiana ao npoxoskaenus AOMa (@) u nocse npoxoxaenuss AOMa (6)

XapaKTepucTUKH HM3JIy4eHUs I0cje YCUJIEHUS B KackKaje MOIIHOIO YCUIUTeNsd U OTCeUBAaHUSA U3JIyuyeHHs Ha-
KauyKN JJMXPONUYECKUM 3ePKAJIOM IIpe/ICTaB/IeHbl Ha puc. 5. DopMa creKkTpa UMILYJIbCOB IIPAKTUYECKH He IIpeTepriesia
N3MEHEeHNH 10 CPaBHEHUIO ¢ XapaKTepUCTHKaMI Ha BBIXOJE MEepBOro Kackaja npefycunnTend. Takyke MMITyJbC He-
3HAYNTEJbHO yrmmpuics 1o 19,6 mc. BaskHo oTMeTHTb, YTO BHJ| aBTOKOPPEJISIIIMOHHON (DYHKIMN yKa3bIBaeT Ha CO-
XpaHeHne OJJHOMMITYJIbCHOI reHepanny. M3MepenHast BbIXO/HAsI MOIIHOCTD U3JIyueHus cocraBuia 512 MBr.
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Puc. 5. XapaKkTepuCTHKU M3JIyYeHHs MOCJAE YCUJEHHS B KacKaJe MOLIHOTO YCUJMTENs: onTudeckuil cnektp (a); aBTOKOppeJs-
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3akouyenue

B pesysabrate HAM ymasoch 3KCIEPUMEHTAJNBHO IMPOJEMOHCTPUPOBATH paboTy JiasepHoit cucteMbl Y KU s
aTpaBMATHYHOTO PEMOJIENMPOBAHISA KOXKHBIX TTOKPOBOB. CHEKTPATbHBIN UATIA30H TeHEPAIM HAXOAUJICS B 00JACTH
1560 uM, uTO siBsstercst HauboJiee ONTHMATHHBIM HATIA30HOM JIJINH BOJIH [IJIS JIA3€PHBIX allllapaToB, IPeIHAa3HAYEH-
HBIX JIJIsI PEIIEHMs TTOA00HBIX 33/1a4 B JePMATOIOTUN U KOCMETOIOTHH. BbIXoaHast [JIMTETbHOCTD MMITYJIbCOB COCTA-
Busta 19,6 1c, 4To MeHbIe BCceX BPEMEH peJIaKCAIlluM TKaHed KOKU. IJTO MO3BOJUT MUHUMHU3UPOBATH TEPMUYECKOE
U aKyCTHYECKOE TOBPEX/EHUE MPHU BO3JEHCTBIM U3JIydeHHs] pa3pabOTaHHOW YCTAHOBKHM Ha KOXy. Hacrora MmOBTO-
peHus UMIyJIbcoB 6blta paBHa 13,3 MI, a cpefHss MOITHOCTD M3aydeHHs cocTaBisaiaa 512 MBr, 4to cooTBeTcTBY-
eT Tpe6OBaHUAM [ PAbOTBI B peKMMe aTPaBMAaTHYHOTO «XOJOIHOTO» PEMOJEJNPOBaHMA. Takske Oblaa POIEMOH-
CTPUpOBaHa BO3MOKHOCTb YMEHBIIEHUS YacTOTHI CJIeJOBAHNS MUMITYJIbCOB ¢ KoaddunmentoM aenenns ot 1 mo 20.
JlanHas TeXHWYeCcKass BO3MOKHOCTb YCTAHOBKU TIO3BOJIUT WMCCJIEIOBATH METO]] aTPABMATUIHOTO «XOJIOJHOTO» PEMO-
JIeTUPOBAHUST KOXKHU U TMOAOUPATh HanboJiee ONTUMAIbHBIE TIPOTOKOJIBI JiedeHus. BajKHO OTMETHTD, UTO BCSI CHCTEMA,
3a MCKJII0YeHNeM OJIOKAa BBIBOJA WM3JIy4eHUs: Oblia CIeJaHa B MOJHOCTHIO BOJOKOHHOM HCIIOJTHEHUH, YTO SIBJISIETCS
MEPCHEKTUBHBIM PENIeHNEeM C TOYKHU 3PEHUsT MUHUMU3AINYA TaGapUTOB U YIPOIIEHUST KOHCTPYKIIUN.

®DunancupoBanue. lccienoBanue BbIIOJIHEHO TTPU (PUHAHCOBOW TOAEPKKe MUHUCTEPCTBA HAYKH M BBICIIETO
o6pasoBanusg PD 1o npoexty rocynapctBeHHOTo 3a7aHust mpoekT Ne FSFN-2024-0018.
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Today, the presence of skin pathologies and defects of varying degrees of intensity is considered as a
source of serious psychological problems and social consequences for people. Lasers have proven to be an
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effective tool for the treatment of atrophic and hypertrophic scars, as well as for the correction of other
aesthetic imperfections, improving skin turgor, density, texture and pigmentation. One of the most effective
laser sources for these purposes today is a non-ablative millisecond laser, which produces radiation at a
wavelength of 1550 nm. Its action allows intensive skin remodelling by accelerating the regeneration of
characteristic biological markers such as matrix metalloproteinases and interleukins. A major disadvantage of
such a source is the thermal damage to the treated tissue, which leads to visual complications (erythema,
oedema, etc.) and increased rehabilitation time. The use of laser pulses with a duration shorter than all the
characteristic relaxation times in tissues (> 20 ps) makes it possible to eliminate the thermal effects on the
tissue and, at the same time, to stimulate the growth of biological markers of remodeling. Therefore, the aim of
this work was to study methods of obtaining a compact laser source of simple configuration with a pulse
duration not exceeding 20 ps, a radiation spectrum in the range from 1530 to 1580 nm with a variable pulse
repetition rate in the range from hundreds of kHz to units of MHz (so as to exceed the ablation threshold) and
an average power of not less than 500 mW.

The reference oscillator was designed based on a 15.66 m long circular erbium fiber resonator with a total
group velocity dispersion (GVD) of 0.005 ps?, producing a stable sequence of pulses in the similariton mode at
a repetition rate of 13.3 MHz. The output pulse duration was 2.5 ps, the emission spectrum was 42 nm wide at
-5 dB level with A_center = 1541 nm, and the average emission power was 8.1 mW. The pulses were then
stretched in a 48 m passive fiber loop with positive GVD (D = -72 ps/(nm - km) at a wavelength of 1550 nm
to a duration of 30 ps, which was necessary to control the peak radiation power in the fibers.

The radiation was then amplified in the first stage of the preamplifier, which consisted of 5 meters of
active erbium-doped I-25 single-mode fiber with an absorption coefficient of 40 dB/m. This fiber was pumped
by continuous emission from a pump diode at a wavelength of 980 nm with a power of 650 mW. The amplified
pulse sequence was then thinned by an acousto-optic modulator (AOM) with a division factor ranging from 2 to
20. The second preamplifier stage, consisting of 3 m of I-25 active fiber pumped by continuous emission from a
pump diode at a wavelength of 980 nm with a power of 350 mW, compensated for the losses caused by the
AOM. The pulse sequence was then amplified in a 7 m loop of a large mode area erbium-doped active fiber
(dimod.area = 25 pm) pumped by continuous emission from a pump diode at a wavelength of 980 nm with a power
of 30 W. As a result, a sequence of pulses with a duration of 20 ps was obtained at a repetition rate of
0.67...13.3 MHz, and the average radiant power reached 512 mW.
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