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AHHOTALUA

IIpencraBieHbl pe3ynbTaThl UCCIEIOBAHUS THAPOAKYCTHYECKUX IMPOIECCOB, BO30OYXKJAaeMbIX B 00beMe
JWICTHJLTMPOBAHHOW BOJIBI MOIITHBIMU MHKPOCEKYHIHBIMH UMITYJIbcamu n3imydeHust Y b,Er:Glass-nazepa, 1ocTaBieHHbBIMEI
4yepe3 ONTHYECKUE BOJIOKHA C IBYMs Pa3IMYHBIMU (pOPMaMH BBIXOJHOTO TOpIA. BBIMONIHEHO cpaBHEHHE 00BbeMa
Mapora3oBoOi MOJIOCTH, 00Pa30BaBIICHCS B KHUIKOCTH, U MEPEAJI0B JaBJICHIS, BOSHUKAIOUINX B MOMCHT JICHCTBUS
JIa3epPHOTO UMITYIIbCA U B (pa3e «KOJUIArC-BO300HOBICHUE) Mapora3oBoi nojoctu. [lonydeHHbIe pe3yabTaThl M0JIe3HbI
JUISL Pa3BUTHS TEXHOJIOTHI JIA3ePHBIX dHAOXUPYPTHUSCKUX BMEIIATENIbCTB, TPEOYOMHX dPEKTHBHOIO pa3pyLIeHHs
MATOJIOTMYECKUX OMOTKAaHEH, HapuMep, Ja3epHOH IKCTPAKIINU KaTapaKThI.
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Abstract

The results of a study of hydroacoustic processes stimulated in a volume of distilled water by powerful microsecond
pulses of Yb,Er:Glass laser radiation delivered through optical fibers with two different shapes of the output end are
presented. A comparison of the volume of the steam-gas cavity formed in the liquid and the pressure drops that occur
at the moment of the laser pulse action and in the “collapse-rebound” phase of the vapor-gas cavity is presented. The
results obtained are useful for the development of technologies for laser endosurgical interventions that require effective
destruction of pathological biological tissues, for example, laser cataract extraction.
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McecnepoBaHue BAMAHUS GOPMbl BbIXOLHOMO TOPLLA ONTUYECKOro BOJSIOKHA. ..

W3nyuenue Yb,Er:Glass-nazepa ¢ JIMHOW BOJIHBI
1,54 MxM sBisieTcst 0€30MaCHBIM JUISL CETYATKH IJ1a3a U
LIMPOKO HUCIIOJIB3YETCs B TAILHOMETPHH, JIOKALIUH, a TAKKe
B MeaunuHe. biarogapsi CHiIbHOMY TTOTJIONICHUIO B BOJIE
1 3G PeKTUBHON Nepeade yepe3 KBapleBble ONTHYECKNE
BOJIOKHA, IaHHOE M3JIy4YEHUE YCIICIIHO MPUMEHSETCS B
0(hTaIBMOJIOTHN [UIS TPOBEIICHUSI JTA3EPHOIM TEPMOKEPATO-
IacTUKH [ 1] 1 SKCTpakuuy KarapakTsl [2, 3]. B mocnen-
HEeM ciIy4ae 00paboTka OMOTKaHU MPOUCXOANT B KHUIKON
cpere, a JOCTaBJICHHBIE B MIEPEIHIOI0 KaMepy Iasa uepes
OIITUYECKOE BOJIOKHO JIA3€PHBIC UMITYJIbCHI CTUMYIIUPYIOT
TUAPOAKYCTHUYCCKHE NPOLICCChI, B TOM YUCJIC KaBUTAIUIO,
T. €. BOBHMKHOBEHHE T1apOTra30BbIX MMOJOCTEH B KHUIKOCTH.
OTH nponecchl 0Ka3blBAIOT 3HAYUTEIBHOE BIMSHUE HA
3G GEKTUBHOCT pa3pyllIeHUs] KaTapaKTaJIbHOTO XpycTa-
nuka [2-4].

[TapaMeTphl Mapora3oBoil MOIOCTH, 00pa3yrOIIeHcs
B PE3yJIbTaTe B3aMMOJICHCTBUS JIa3€PHOTO M3JIyUEHHUs C
BOJIOH, CHIIBHO 3aBHUCAT OT [UINTEIBHOCTH HMITYJIbCA, €r0
BPEMEHHOU CTPYKTYPHI [5] ¥ 0T 00BbEMHOI! IUIOTHOCTH TO-
TIOMIEHHOW YHEPTUH [6], KoTOopas, B CBOIO O4epeib, Ornpe-
nessiercst GOpMOi BBIXOJHOTO TOPLIA ONITHYECKOTO BOJIOKHA
JIOCTaBKU n3iyueHust. [Ipu usmMeHeHun GpopMbl BBIXOJHOTO
TOpIa BOJIOKHA U3MEHSETCSl paclpe/ie]ieHne BBIXOAHOTO
W3ITyYSHHUs], TAKMM 00pa3oM, ISl pa3IMYHBIX TIPUMEHEHUH
pa3pabarbIBalOTCs ONTHYECKUE BOJIOKHA CO CIEIMaIbHON
onTUMaNIbHOH (hopmoit BeIxogHoTO TOpLa [7-10].

B nacrosimieid pabote paccMOTpPEHBI I'HIpOaKyCcTHYe-
CKHE IIPOIIECChl, CTUMYJIHPYEMbIE B 00beMe TUCTHILINPO-
BAaHHOM BOJ(bI OIMHOYHBIMHA MUKPOCEKYHIHBIMH HMITYJIb-
camu usnydenus Yb,Er:Glass-ma3epa, mocTaBIeHHBIMI
yepe3 ONTUYECKHE BOJIOKHA CO CTYNEHYATHIM MPOQIIEM

TIOKa3aTessl IPEJIOMIICHUS C IBYMsI Pa3IMYHBIMH (opMa-
MU BBIXOJTHOTO TOpIia — CTaHJIApPTHOW IIockol (Toper 1)
u cnenuaibHoO# (Topen 2). CTaHgapTHOE KBapl-KBap-
[IEBOC BOJIOKHO MMEJIO JHAMETp CEpALEeBUHBI/0007104-
ku 470/500 mxMm u gucnoyto ameprypy 0,18 (puc. 1, a).
Toperr 1 GBI TOATOTOBIICH ITyTEM CKAJIBIBAHUS TIPH T10-
MOIIM TOPTaTHBHOTO CKAJIBIBATEINSI ONTHYECKOTO BOJIOK-
Ha «SKL-6C» («Comptech Trading Co., Ltd.», Kurait),
obecneunBaromiero yrou ckona 90 + 0,5°. OTnmuanTensHas
0COOEHHOCTb JIAHHOTO METO/Ia MOATOTOBKU TOpIia — Ha-
augre nedexTa B BUAEC HEOOJIBIIOr0 OCTPOro BHICTYIIA,
KOTODBIN HE BBIXOJMT 32 MPEIeiIbl 000I0YKH BOJIOKHA U MaJl
M0 CPAaBHEHUIO ¢ €ro aneprypoil. OTMeTuM, 4To JaHHBII
JedeKT He OKa3all CyIECTBEHHOTO BIUSIHUS HA paciipeie-
JICHUE MHTEHCUBHOCTH Ha BBIXOJ/IC BOJIOKHA MO CPABHEHUIO
C MOJIMPOBAHHBIM TNIOCKAM TOPLIOM 0e3 1e(heKTOB, OTHAKO
umen O0IbINYI0 JIy4eByo croiikocTh. Toper 2 (puc. 1, b)
MOJIyYeH MyTeM IUIN(OBKH U TOJIUPOBKU CTAHJIAPTHO-
TO ONTHYECKOTO BOJOKHA OJMHAKOBO C JBYX IIPOTHBO-
nonoxkHBIX cTopoH (Wedge-Shaped Fiber) mpu momomnn
nonupoBaiabHol MamuHbl KULTRAPOL Fiberlab Module
System» («ULTRA TECy», CHIA). IIpenBaputeiasHO BbI-
MOJIHEHO MOJICIMPOBAHUE PACTIPOCTPAHESHUSI U3y YCHHUS U3
BOJIOKHA B IIPUKJIAJJHOM IpOrpaMMHOM Iakere «TracePro
7.0» («Lambda Research Corp.», CILIA). B pesynbrate
YCTAHOBJICHO, YTO HPH yriie pacTBopa 65° obecrieunBa-
€TCsl BBICOKAsi KOHIICHTPALXs M3JIydYeHHs B 00JIAaCTH MOA
topuiom 2 (puc. 1, b). CTOUT OTMETUTB, YTO HECUMMETPHY-
HOCTH M3TOTOBJIIEHHOTO TOpLa 2, 3aMeTHas Ha puc. 1, d,
HE NMPUBOJUT K 3HAYMTEIHLHOMY M3MEHEHHIO pacipee-
JICHUSI NHTEHCUBHOCTH M3JyYEHUS! HAa BBIXOZAC BOJIOKHA
M0 OTHOILICHUIO K MJCAIbHOMY CHMMETPHYHOMY TOPILY C
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0 MKC 150 mkc 260 Mkc 320 mMkc 370 mkc
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0 MKC 170 mxc 330 mkc 380 Mxc 470 MKc

Puc. 1. CpaBHEeHUS paclipoCTpaHEHUsI BEIXOHOIO ITy4yKa B BOAE (pe3yabTaT MOAEIUPOBAHNUS) [IPU HCIOIb30BaHUU BOJIOKHA
¢ BBIXOJHBIMU Topiami 1 (@) u 2 (b) uist 1oCTaBKY M3Iy4eHUs ¥ pOPMBI TAPOra30BOii MONOCTH B pa3IMYHbIe MOMEHTHI BPEMEHU

HocIie JeHCTBUsI JTa3epHOT0 UMITYJIbCa, JOCTABICHHOTO Yepe3 BOJIOKHO ¢ BHIXOAHBIMU TopiamMu 1 (¢) u 2 (d)

Fig. 1. Comparison of the propagation of the output beam in water (simulation result) when using a fiber with output end 1 (a)
and end 2 (b) for radiation delivery. Comparison of the steam-gas cavity shape at different times after the action of a laser pulse

delivered through the fiber by output end 1 (c¢) and end 2 (d)
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YIJIOM pacTBopa 65°, 1, COOTBETCTBEHHO, CYLIECTBCHHO
HE U3MEHsET 00bEMHYIO IUIOTHOCTD ITOIVIOIIEHHOTO B BOJIE
W3ITy4CHHS.

Lenms paboThl — M3ydeHUE ¥ CPAaBHEHNE JMHAMUKH T1a-
POTa30BOii MOIOCTH, & TAKXKE aKyCTHYECKOTO CUTHAJIA IPU
BO30YXJICHNHU THAPOAKYCTHYECKHUX MPOLECCOB C MCIOJb-
30BaHUEM JUTSL JOCTABKU M3ITYyIECHUSI ONTHYECKUX BOJIOKOH
C IBYMs Pa3IMIHBIMU (JOpPMaMU BBEIXOJHOTO TOPIA.

VIMmynbebl M311y4eHNs HOCTABISUINCE B 00BEM Juc-
THJITHPOBAHHOM BOABI Ha ryounHy 30 + 1 MM, a paccTo-
SIHUE OT TOpIia BOJOKHA JI0 CTEHOK KIOBETHI ITPEBBIIIAIIO
50 mm. JIlnHamuka Gpopmbl ¥ pa3MepoB GOPMHUPYEMOii Ta-
POra3oBoii IOJIOCTH PErUCTPUPOBATIACH BEICOKOCKOPOCTHOM
kamepoil «KFASTCAM SA4 RV» («Photrony», SInonus),
CKOpOCTSD 3ammcu cocraBmia 103 kaap/c. AKycTHYecKuit
CUTHAJI, COMPOBOXKIAIONINI B3aNMO/ICHCTBIE MMITYIIb-
COB M3JIyYCHHUS C BOJIOH, pETUCTPUPOBAJICS THAPOHOHOM
«HGL-0200» («Onday, CIIIA), ycTaHOBIEHHBIM Ha pac-

CTOSTHUM 2,4 MM OT BBIXOJTHOTO TOPIIa BOJIOKHA I10]] YIJIOM
45° x ero HopManu. ['mapodon pukcupoBas nepBUUHBII
nepenan nasieHust (AP;), KOTOPBI BO3ZHUKAJI B MOMEHT
JICHCTBUS JTa3epHOTO MMITYJIbca U OBII CBSI3aH C TEPMOY-
MPYTUM PAaCHIMPEHUEM XKHUJIKOCTH, a TAK)Ke BTOPUYHBIH
nepernaz gasieHus (AP,), CBA3aHHBIA C MPOLIECCOM «KOJI-
JIaTICOM-BO300HOBIIEHUE» MTAPOTa30BOM IOJIOCTH.

Ha puc. 1, ¢ nmpencrasnensl pororpadun maporaszo-
BBIX MOJIOCTEH, OTpa)KaIOIINE XapaKTepHbIE pa3Mephl Ia-
pOra3oBoil MoJIOCTH, BOZHUKAIOLIEH OCIIe BO3JAEHCTBUS
Ha >KMJIKOCTh OJHOTO JIa36pHOT0 UMIyJIbCa C dHEpPrueit
85 + 5 M/Ix, TOCTaBICHHOTO Yepe3 BOJIOKHO C TOPLOM 1.
®DopMUpoBaHUE TOJIOCTH MPOUCXOIUT MOCIE TEHCTBUSL
JIA3€PHOTO MMITY/IbCa, NMOJIOCTh JOCTUraeT CBOEr0 MaKCH-
MaJbHOro pa3mepa Ha 150 + 10 mxc, 3atem Ha 260 + 10 Mkc
MIPOUCXOJUT €€ «KOJUIATCY», HOCIE YEro MOI0CTh OCIMILIN-
pyert ere aBa pasza. B padore [10] mogpoOHO ormcana 1u-
HaMUKa Iapora3oBoi nojoctyu npu Y b,Er:Glass-nazepHom
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Puc. 2. 3aBucumocTn tuamerpa my3sips (d) oT BpeMeHH (f) IpH BO3AEHCTBIH OJIMHOYHOTO JIA3€PHOTO UMITYJIbCa, JOCTABICHHOTO
4yepe3 ONTHYECKOe BOJIOKHO C pa3Hoil (hopMoit BeIxoaHOTO TOpIia (a); nepsuyuHoro (AP;) (b) u Bropuunoro (AP,) (¢) nepenaios
JTaBJICHUS OT SHEPTUH JIa3epHOT0 UMIYIbCa (£ )

Fig. 2. Dependence of the bubble diameter (d) on time () when irradiating water with a single laser pulse delivered through an

optical fiber with a different shape of the output end (a). Dependence of the primary (AP;, thermoelastic expansion of water) (b) and
secondary (AP,, collapse-rebound of steam-gas cavity) (c) pressure drop on the laser pulse energy (Eyyy.)
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Tabnuya. CpaBHEHHE MAKCUMANBHBIX 3HAYCHH AnaMeTpa U 00beMa My3bIpsi, CTHMYIHPYEMOTO TIPH JOCTABKE Ja3ePHOr0 UMITYJbCa
4yepe3 BOJIOKHA C Pa3HBIMU (JOPMaMHM BBIXOIHOTO TOPLIA

Table. Comparison of the maximum diameter and maximum volume of steam-gas cavity stimulated when delivering a laser pulse

through fibers with different output end shapes

Popma Topua By, MIDK dyaxe., MM Vyaxc.» MM3 AP vaxe., MITa AP yjaxe., MIla
Topen 1 85+2 2,150 6,96 18+5 20+ 7
Topen 2 65+2 2,791 12,12 20+ 3 34+2

Bo3Oyxnenuu. Ha puc. 1, d nmpencrasnens hotorpadpun
11apora3oBbIX MOJOCTEH, OTPAKAIOIINE XapaKTEPHBIC pa3-
MEpbl Mapora3oBoil MOJOCTH, BO3HUKAIOIIEH MOCe BO3-
JEHCTBUS HA KUAKOCTH OJHOTO JIA3EPHOTO UMITYIbCA C
sHepruen 65 + 5 MK, 10CTaBIEHHOTO Yepe3 BOJOKHO C
Topuom 2. B aTom ciydae GopmMupoBaHue MOJIOCTH TakK-
e MPOUCXOJUT MOcie ASHCTBUS JIa3epPHOr0 UMIYJIbCa,
MOJIOCTh JTOCTUTaeT CBOEr0 MaKCUMAaJbHOTO pa3Mepa Ha
150 + 10 mxc, 3ateM Ha 300 £ 10 MKC TPOUCXOTUT €€ «KOJI-
JIarcy, MOCIIe Yero IMoJIOCTh OCHMIUTHPYET elle TPH pasa.
[Tomyuennsle B pe3ynbrare 00pabOTKH KaJIpOB BBICOKO-
CKOPOCTHOH CheMKH Tpaukn M3MEHEHHUS BEPTUKAILHOTO
pa3Mepa mapora3oBoi MOIOCTH MPEACTABICHBI HA PUC. 2, d.

B Tabnune npeacTaBieHo cpaBHEHHE MAaKCHMaIbHBIX
3HAYCHUH auamMeTpa dyg. B 00beMa my3sIpst Vg, (hop-
MHPYEMOT0 JIA3E€PHBIM UMITYJILCOM IIPH €70 JJOCTABKE Yepes3
BOJIOKHA C pacCMaTpUBaeMbIMU (DOPMaMH BBIXOIHOTO TOP-
11a ONTUYECKOTO BOJIOKHA), @ TAKXKE aMILIUTY]l TIepPETiaioB
JaBneHust AP yaxe. ¥ AP yare.-

BuzHo, 4TO 1py MCTIONIB30BaHUN ONITHYECKOTO BOJIOKHA
C BBIXOJHBIM TOPILIOM 2, HECMOTPsI Ha MeHbIIy0 Ha 20 MJIx
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(8 1,31 paza) sHEprHIo Ta3epHOTO UMITYIAbCA Eypyy , MAKCH-
MAaJTbHBII 00BEM TTAPOTa30BON MOIOCTU Vyaye. OOTIEE WEM B
1,74 paza Gosnblnie, 3Ha4YeHUE IEPBUYHOTO MIEeperiaa gaBie-
HUS AP/ \aic. COTIOCTAaBUMO, @ BTOPUYHOTO AP) \aic — HA
14 MIla (B 1,7 paza) Gonbuie. [TomyueHHBIE pe3ylbTaThI
MOTYT OBITH MOJIE3HBI JIUISI PA3BUTHSI TEXHOJIOTHI J1azep-
HBIX 2HJIOXUPYPTHYECKUX BMEHIATEILCTB, TPEOYIOMUX
3¢ PEKTUBHOTO pa3pylICHNUS aTOJIOTHIECKUX OMOTKaHEH,
HaIlpHuMep, JTa3epHOH IKCTPAKIMH KaTapaKThl, TOCKOIBbKY
YCTAHOBIICHO, YTO MPUMEHEHHE IS IOCTAaBKU M3ITyYCHUS
CHENNAIBHOTO ONTUYECKOTO BOJIOKHA TTO3BOJISICT YMEHbB-
IIUTH CYMMAapHYIO SHEPTeTHICCKYIO HaTpy3Ky Ha OM000b-
€KT MPY MPOBEICHNH OTIEPALHH.

OTMeTnM, 9TO TOpEI] 2 UMEN OCTPYIO TPaHb, TOITOMY
€ro MexaHHW4ecKasi IPOYHOCTh ObLIa MEHBIIIE, YeM y TOp-
ua 1. BenencTBre 3T0ro, MakcuMalibHasi SHEprust Ha BBIXO-
Jie BOJIOKHA C TOpIIoM 2 ObLTa orpanndeHa. B nanpHeiimem
HEeoOX0IMMO MPOBEJCHUE HCCIIEOBAHKS, HAIPABIEHHOTO
Ha TIOBBIILICHUE MEXaHNYECKOH IIPOYHOCTH BBIXOAHBIX TOP-
IIOB CIICI[HAJbHBIX ONTHYECKUX BOJIOKOH.

References

1. Kulikova I.L., Pashtaev N.P. Peculiarities of energy influence of
glass-Yb:Er laser with wave length 1,54 mkm on cornea. Vestnik of
the Orenburg State University, 2007, no. S(78), pp. 132-135. (in
Russian)

2. Belikov A.V., Smirnov S.N., Kopaev S.Yu., Nemsitsveridze M.N.,
Batov Yu.N., Gubin A.B., Pirozhkov Yu.B. Use of bursts of 1.54-um
microsecond laser pulses for cataract destruction. Quantum
Electronics, 2021, vol. 51, no. 1, pp. 2. https://doi.org/10.1070/
qell7473

3. Belikov A.V., Smirnov S.N., Batov Yu.N., Gubin A.B.,
Pirozhkov Yu.B., Boiko E.V., Nemsitsveridze M.N. In vitro study of
cataract extraction by bursts of microsecond 1.54-um laser pulses.
Quantum Electronics, 2022, vol. 52, no. 1, pp. 69—77. https://doi.
org/10.1070/qel17959

4. Belikov A.V., Gagarsky S.V., Sergeev A.N., Smirnov S.N.,
Zagorulko A.M. Study of acoustic signal during laser hydroacoustic
processing of biological tissue by microsecond pulses of ytterbium-
erbium glass laser radiation. Scientific and Technical Journal of
Information Technologies, Mechanics and Optics, 2018, vol. 18,
no. 6, pp. 939-945. (in Russian). https://doi.org/10.17586/2226-1494-
2018-18-6-939-945

5. Asshauer T., Rink K., Delacrétaz G. Acoustic transient generation by
holmium-laser-induced cavitation bubbles. Journal of Applied
Physics, 1994, vol. 76, no. 9, pp. 5007-5013. https://doi.
org/10.1063/1.357212

6. Gregorcic P, JezerSek M., Mozina J. Optodynamic energy-conversion
efficiency during an Er:YAG-laser-pulse delivery into a liquid through
different fiber-tip geometries. Journal of Biomedical Optics, 2012,
vol. 17, no. 7, pp. 0750061. https://doi.org/10.1117/1.jbo.17.7.075006

7. Lippert B.M., Teymoortash A., Folz B.J., Werner J.A. Coagulation
and temperature distribution in Nd: YAG interstitial laser
thermotherapy: An in vitro animal study. Lasers in Medical Science,

Hay4HO-TexHn4eckunii BECTHUK MHPOPMALMOHHBLIX TEXHONOMMIA, MeXaHMKN 1 onTukn, 2024, Tom 24, N2 1
1 68 Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2024, vol. 24, no 1


http://S.Yu
https://doi.org/10.1070/qel17473
https://doi.org/10.1070/qel17959
https://doi.org/10.1070/qel17959
https://doi.org/10.17586/2226-1494-2018-18-6-939-945
https://doi.org/10.17586/2226-1494-2018-18-6-939-945
https://doi.org/10.1063/1.357212
https://doi.org/10.1063/1.357212
https://doi.org/10.1117/1.jbo.17.7.075006
https://doi.org/10.1007/s10103-002-0246-2
http://S.Yu
https://doi.org/10.1070/qel17473
https://doi.org/10.1070/qel17473
https://doi.org/10.1070/qel17959
https://doi.org/10.1070/qel17959
https://doi.org/10.17586/2226-1494-2018-18-6-939-945
https://doi.org/10.17586/2226-1494-2018-18-6-939-945
https://doi.org/10.1063/1.357212
https://doi.org/10.1063/1.357212
https://doi.org/10.1117/1.jbo.17.7.075006

P. Haccep, C.H. CmupHoB

8. Russo V., Righini G., Sottini S., Trigari S. Optical fibres for medical
applications: output beam shaping // Proceedings of SPIE. 1985.
V. 0522. P. 166-173. https://doi.org/10.1117/12.946237

9. Clarkin J.P., Timmerman R.J., Shannon J.H. Shaped fiber tips for
medical and industrial applications // Proceedings of SPIE. 2004.
V. 5317. P. 70. https://doi.org/10.1117/12.540734

10. benukos A.B., I'arapckuit C.B., Ceprees A.H., Cmupuos C.H.
HccnenoBanne THAPOJUHAMUYCCKHUX MPOLECCOB B KHIKOCTU HPH
BO3/IEHCTBUU MOLIHBIX MHKPOCEKYHIHBIX HMITylIbcoB Yb,Er:Glass-
naszepa // U3Bectus By3oB. Ilpu6opocrpoenne. 2017. T. 60. Ne 4.
C. 367-374. https://doi.org/10.17586/0021-3454-2017-60-4-367-374

ABTOpBI

Haccep Paen — acnupanrt, Yausepcurer UTMO, Canxkr-IletepOypr,
197101, Poccniickas deneparms, https://orcid.org/0009-0005-7557-1777,
raedrr9898@gmail.com

CmupHoB Cepreii HukoraeBu4 — KaHANIAT TCXHUYECKHUX HAyK, ac-
CHCTEHT, Befymuii nmkenep, Yausepcuter UTMO, Cankr-IletepOypr,
197101, Poccuiickas ®eneparms, s¢ 7202271405, https://orcid.org/0000-
0003-1891-9122, sns@itmo.ru

Cmamws nocmynuna 6 pedaxyuio 30.10.2023
Ooobpena nocne peyenzuposanus 16.12.2023
Ipunsma x nevamu 16.01.2024

©Noe

2003, vol. 18, no. 1, pp. 19-24. https://doi.org/10.1007/s10103-002-
0246-2

8. Russo V., Righini G., Sottini S., Trigari S. Optical fibres for medical
applications: output beam shaping. Proceedings of SPIE, 1985,
vol. 0522, pp. 166-173. https://doi.org/10.1117/12.946237

9. Clarkin J.P.,, Timmerman R.J., Shannon J.H. Shaped fiber tips for
medical and industrial applications. Proceedings of SPIE, 2004,
vol. 5317, pp. 70. https://doi.org/10.1117/12.540734

10. Belikov A.V., Gagarsky S.V., Sergeev A.N., Smirnov S.N. Study of
hydrodynamic processes in liquids under the influence of powerful
microsecond Yb,Er:glass laser pulses. Journal of Instrument
Engineering, 2017, vol. 60, no. 4, pp. 367-374. (in Russian). https://
doi.org/10.17586/0021-3454-2017-60-4-367-374

Authors

Raed Nasser — PhD Student, ITMO University, Saint Petersburg,
197101, Russian Federation, https://orcid.org/0009-0005-7557-1777,
raedrr9898@gmail.com

Sergey N. Smirnov — PhD, Assistant, Leading Engineer, ITMO
University, Saint Petersburg, 197101, Russian Federation, s¢ 7202271405,
https://orcid.org/0000-0003-1891-9122, sns@itmo.ru

Received 30.10.2023
Approved after reviewing 16.12.2023
Accepted 16.01.2024

PaboTta focTynHa no nuueH3nm
Creative Commons
«Attribution-NonCommercial»

Hay4HO-TexXHU4eCKnii BECTHUK MHDOPMALMOHHbLIX TEXHOOMMIA, MEXaHUKN 1 onTukn, 2024, Tom 24, N2 1
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2024, vol. 24, no 1

169


https://doi.org/10.1117/12.946237
https://doi.org/10.1117/12.540734
https://doi.org/10.17586/0021-3454-2017-60-4-367-374
https://orcid.org/0009-0005-7557-1777
mailto:raedrr9898@gmail.com
https://orcid.org/0000-0003-1891-9122
https://orcid.org/0000-0003-1891-9122
mailto:sns@itmo.ru
https://doi.org/10.1007/s10103-002-0246-2
https://doi.org/10.1007/s10103-002-0246-2
https://doi.org/10.1117/12.946237
https://doi.org/10.1117/12.540734
https://doi.org/10.17586/0021-3454-2017-60-4-367-374
https://doi.org/10.17586/0021-3454-2017-60-4-367-374
https://orcid.org/0009-0005-7557-1777
mailto:raedrr9898@gmail.com
https://orcid.org/0000-0003-1891-9122
mailto:sns@itmo.ru

