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SKICHUM TA YUCEJIbHUM AHAJII3 PIBHAHHSA JAZEPHOI'O IMITYJIBCY

Hocnioocennss pigHAHHA 1A3€PHO20 IMNYIbCY, A MAKONC NOYAMKOBUX MA NOYAMKOBO-
Kpatiogux (Miulanux) 3a0ay 011 yb020 PIi6HAHHS € 00801 AKMYAILHOIO MEMOI Y O0CHIOHUKIS,
3a605KU YUCETbHUM 1020 3ACMOCY8aAHHAM. Po3sumok cyuacnux mexnonocii 003601:110mb
WUPOKO — BUKOPUCTNOBYBAMU  JlA3EPHE  BUNPOMIHIOBAHHA 8 OION02IYHUX — OOCTIONCEHHSX
(nabopamopui  excnepumenmu), MmeOuyuni (nazepua Xipypeis, J1azepHa mepanis) ma
KOCMemon02ii, NpoMUCIo8ocmi (mexHono2ii pi3anHs, 36apro8ants, ¢hapbysants, moujo), 8
KOMepyiuHniti JisibHocmi, cucmemax nepeoadi ingpopmayii. Bapmo eiomimumu po3wuperus
3aCMOCYBAHHS IA3EPHO20 BUNPOMIHIOBAHHS 8 CYUACHUX MEXHONO02IAX 38 A3KY. 3a80aKu momy,
wo 1azep 30ameH nepeHocumu Habacamo Oinvule IHopmayii, Hidc padioxeuni, 1a3epHi
MexXHON02II 8UX00sIMb 3apa3 Ha nepuie micye, NO 3pi6HAHHIO 3 padiomexHikorw. Boonouac, Ha
OaHULl MOMEHM JA3ePHI IMNYIbCU OOCTIOHNCYIOMbCS 30€0LIbUI020 YuceTbHUMU Memooamu. Lle
NO8 SI3aHO0 3 MUM, WO OMPUMAMU A6HULL AHANIMUYHUL PO38 30K 8 0eSAKUX BUNAOKAX € 0080
cK1aoHo0 3a0ayero. OOHAK, ABHUL AHATIMUYHUL PO38 30K 00380JI5€ 00CIONHCYy8amu 6a2amo
AKICHUX enacmusocmetl, Wo € 00601 YIHHUM 8 NIAHI PO3GUMKY MamemMamuiHoi meopii
J1a3epHo20 UNPOMIHIOBAHHA. Y Oaniti pobomi 3 sukopucmarnus memooy Pyp’e, Mu OMmpuMyemo
AGHULL AHANIMUYHUL PO38 30K Nepuloi Miuanoi 3a0aui ONisl PIGHAHHA NA3EPHO2O IMNYAbCY
yemeepmozo nopsaoky. Qonum 3 OI€BUX IHCMPYMEHMI8 O  OOCHIOHNCEHHS  SAKICHUX
enacmusocmell po3e’sA3Ki6 Kpauogux 3a0ad 6 mamemamuyHoi izuyi € maxoxic NnpuHyun
maxcumymy. Ilpobnema nonsecac ¢ momy, wo 8 KIACUYHIU meopii mamemamuyHoi izuxu
APUHYUN MaxKcumymy 0obpe usyeHull came 0. NAPAOONIYHUX MA eNINMUYHUX DIGHSAHD.
Pieuauns nazepnoco imnynvcy, sKke 00Cniodcyemvcsi 6 Oauiili podomi, € pPIBHAHHAM
2inepboniuno20 muny, O AKUX NPUHYUN MAKCUMYMY He ICHYE 8 KIACUUHOMY OPMYNI08AHHI,
KpIM mo2o, ye € pisHAHHS BUCOKO20, Yemeepmozo nopAaoky. L{i acnexmu pobnsms nocmasieny
6 Oamii pobomi 3a0ayy aAKMYAibHOW AK 3 MAMEMAMU4YHOI MOYKU 30pY, WO O00360.€
30IbUWUMU MeopemuUyHi HapoOKU 8 OaHill npobaemamuyi, max i 3 MOYKU 30py NOOANbULUX
3aCcmocy8aHb 1A3ePHUX MEXHONO02IU 8 PISHUX 2aY35X.
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06 ’ckm__Qocnidxcenns 2inepOoniuHi pIGHAHHS Yem8epmo20 HNOPSOKY HA NIOUWUHI,
PIBHAHHS IA3EPHO20 IMNYIbCY, MIUAHA 3A0ayd.

Ilpeomem Qocniodicenns; NpuHyun MaKcumymy, SKICHI 1acmueocmi, AHATIMUYHUL
PO38 S30K.

Mema pobomu: Pozeumox ananimuyno2o nioxooy 00 po38 sa3anHs MiaHoi 3a0a4i 0/
PIBHAHHS 1A3EPHO20 IMNYILCY, OOCAIONCEHHS AKICHUX 81ACMUBOCIEN KIACUYHUX PO38 S3KI8 3d
00NOMO2010 NPUHYUNY MAKCUMYMY OJisl PIBHAHL 4emeepmoz20 NOpsOKy 2inepooniuHo2o muny.
AHaniz yucenbHux Memooie 00CAIONCEHHS IA3ePHUX IMNYTIbCIE.

Haykoeoio nosusznoro pobomu € 008€0€HH NPUHYUNY MAKCUMYMY OAs PIGHAHMS
JIA3epHO20 IMNYNILCY, OMPUMAHHA S8HO20 AHANIMUYHO20 PO38 A3KY MIWAHOI 3a0adi O
pisHAHHA 1a3epHo20 imnyabey. Hasedeno maxoowe ghizuuni mooeni ma ix ananiz, ki npusoosmo
00 PIBHAHHSL 1A3€PHO20 IMNYIbCY.

Kuio4oBi ciioBa: piBHSHHS B YACTUHHUX MOXIJHUX YETBEPTOTO MOPAIKY, IimepOosiuHi
PIBHSTHHS YETBEPTOTO MOPSKY, PIBHSIHHS JIA3EPHOTO IMITYJIBCY, MillIaHa 3a7a4a, Metoa Oyp’e.

1. Beryn

PiBHSIHHS J1a3epHOIO IMITYJIbCY € BaXKJIMBUM 1HCTPYMEHTOM JUIsl IOJAJIBIIOTO BUBYEHHS
MaTeMaTH4HOI ()i3MKH B 00J1aCTi TEPMOIIPYKHOCTI, JIa3epHOI TuHaMiKH. J[OCTiPKEHHS TaKuX
PIBHSIHb YKCEIbHUMH MeTogamu Oyio 3aiicneno W. Nowacki [6]. Ane usg pobora Mae ouH
CYTTEBHI HEIONIK — KJIACHM4YHI (POPMYIIIOBAHHS TNPHU3BOIATH O PIBHSHHS IPHITYCKAIOYH
HECKIHYEHHY IIBUJKICTh TeIUIa. 3p0o3yMuIo, 110 TaKe NMPUIYLIEHHS ie B po3pi3 3 3aKOHAMHU
¢bi3uku TOMY JUIsS BUPILICHHS IILOTO HEIOJIKY OYyJH MPOBEACHI JAOCIIIKEHHS, 00 B TOW 41
1M coci6 o06iiiTu 1o ocobnuBicTs. R. B. Hetnarski ta J. Ignaczak [4] BuBuanu y3araabHeH1
Teopii Ha KOPCTKE TEPMONPY’KHE TIJIO B HAIIBIIPOCTOPI ITi]T BILTMBOM IIJIOCKOTO JIKEperia Teruia
1 KOpOTKOro J1azepHoro myibcy. Came Lie piBHSHHS Ja3epHOrO MYJbCYy JOCHIKEHO B Ll
po6OTI aHATIITUYHUM METOJIOM.

B po6oTi mpeacraBieHi 10NOMiKHI pe3yJIbTaTH, siKi 0y IyTh BUKOPUCTaHI IPH OTPUMaHHS
OCHOBHHUX pPE€3yJbTaTiB poOOTH, MOCTABJIECHO Ta PO3B’SI3aHO MiIlIaHy 3ajady JUIsl PIBHSHHS
Ja3epHOTO IMITYJIbCY, OTPUMaHUI HOro aHaTITUYHHUHA PO3B’A30K Ta MPOBEIECHUH HOro SIKICHUH
aHami3. OnMcaHl TakoX B1OMI YHCENIbHI aITOPUTMU IS JOCHIIPKEHHS PIBHSAHHS Ja3€pHOTO
IMIyJIbCY, HaBeJEeHI TaKoX JesKi pe3yibTaTH IIOA0 3aCTOCYBaHb PIBHSHHS Ja3epHOTO
IMITYJIbCY TP OMHUCI AESIKUX (PI3UYHUX TPOILECIB.

OpHUM 3 Ji€BUX THCTPYMEHTIB JUIsl TOCIIIKEHHs SIKICHUX BJIACTUBOCTEH (€AMHICTH Ta
HEelepepBHa 3aJIEKHICTh PO3B’SA3KYy BIJ MOYATKOBHMX JaHUX) PO3B’SI3KIB MIIIAHUX 33]a4 €
OPUHIUI MaKCUMyMy, SKHH He mOoTpedye SBHOTO AaHAJIITUYHOIO BUIJISAY PO3B’S3KY.
Bonanouac, neil npuHnun go6pe BiAOMUM 3 Kypcy MaTeMaTuyHoi (Qi3UKH came JUIsl PIBHSIHBb
eJIINITUYHOrO Ta MapaboJIYHOrO THUINIB. BIacTUBOCTI €IMHOCTI Ta HEMEepepBHOI 3alIeXKHOCTI
PO3B’S3KY BiJl HOYAaTKOBUX JAHUX € BaXXJIMBUM IHCTPYMEHTOM I1]1 4ac (i3MUHOI IHTepIpeTarii
pe3yiabTatiB. MU po3riIsiHEMO MPUHIMIT MAKCUMYMY JUISI TiepOOoIiYHUX PIBHSIHb YE€TBEPTOTO
MOPSI/IKY 3arajibHOTO BUTIISITY:

0%u 0%u 0%u 0%u 0%u
Llu] = a, &% au
[u] = a att T at30x ta 9t20x2 tas ataxs | Fa g

a TaKOX PIBHSIHB 3 MOJIOAIIMMU YJIEHAMH TPETHOTO MOPSAIKY, [0 IPUTAMAaHHO CaMe PIBHSIHHIO
Ja3epHOTO IMIYJIbCY:

93u 63u
atax2 a3’

Glul=t a—u+(1—t0+et0) tzaz+ﬁ_(1+ £)

ne to, € >0 crami: to > 1,6 > 0, (1 + ty + £ty)? > 4t,.
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1o cTocyeThcs MPUHIMITY MAaKCUMYMY JJIs TinepOoiYHUX PiBHSIHD, TO BiH MOKJIMBUN
Jumie B c1abKoMy CEHCl, B TepMiHaxX OIliHOK. Tak, B mojaHiid poOoTi, ciimyroun Mawhin J.,
Ortega R., Robles-Perez A. [5], MM BHUKOPHUCTOBYEMO HACTYIIHE O3HAYCHHS CIa0KOTO
MPUHITAITY MAaKCUMYM JUTsl pIBHSIHB TiEPOOIIYHOTO THITY:

Osznauenns 1. [5] Hexaii L = Lu nesikuit niniitauii audepeHIiaabHuil onepaTop, JIF0unii
Ha QyHKIIAX u - D — R, BU3HAUYCHHMX Ha JesKii ponmycTumii [7] muoxunHi D. Hexait Takox 11
¢byHKUii HanexaTh AesKii ciM’1 B, sika CKIagaeThes 3 TPaHUYHUX, TOYATKOBHX, MIIIaHUX 200
Oyab-KHX 1HIIMX YMOB. bynemo ka3zaru, mo orneparop L 3a10BOJIBHSIE TPUHITUITY MAKCHMYMY
B CJIAOKOMY CEHCI, SIKIIO 3 YMOBHU

L>0, u €B,
BHIIIMBATHME, 10 ¥ > () B KOXKHIiM Toumi obmacti D.

2. SIkicHuii aHaTi3 PiBHSAHHA J1a3€PHOT0 iIMITYJILCY.

B nipomy po3aini oTpuMaHO SBHHM pO3B’A30K MIIIAHOI 3a4a4i JUIsl PIBHSHHS Ja3€PHOTO
iMIyJIbCy. BHKOPHCTOBYIOUM MPUHIMIT MAaKCUMYyMY JJISl TiepOOJiYHUN PiBHSHB YE€TBEPTOTO
nopsAnaky [1], AOCHiKEHO SIKICHI BIACTHBOCTI KJIACHYHOTO PO3B’SA3KY MIIIAHOI 3ajadi Uit
PIBHSIHHS JIA3€PHOTO IMITYJIBCY.

B o6nacti Q :{O <x<a0<t<T}po3risHeMO MillaHy 3anavy JUiss PiBHSHHS
YETBEPTOro MOPSAKY 31 CTaTMMH Koe(]illieHTaMH, SIKe € MaTeMaTUYHOI MOJEIUII0 BIATYKY

HAIIBIPOCTOPY HA KOPOTKUH JIA3ePHUH IMITYJIbC, a caMe, PIBHSHHS JIa3epHOTO MYJIbCY .

o TEH (L= tg+etg) s + ot — (1 + ) e+ Zh = f(x,0), (D) €Q, ()
(1+t°a)0—<a—2—a—2>w @
3 ax2 ot?
ww@x0) =0 k=0123 0<x<a (3)
u(0,t) = u(0,t) =0, u(a,t) =uy(a,t)=0, 0<t<T, (4)

0(x,0)=00<x<a.

Moknagemo A; = jma™,j =1,2 ...

3(1):
j(Gu) sinAjxdx = jf(x, t) sin A;xdx.

Posknmazemo dymkmii u(x,t)Ta f(x,t) B panx Pyp’e mo cucremi sin;x: Tomi,
KOe(]iIiEHTH PO3KIaJJaHHs MAaTUMYTh BUTJIS:

a

w(t) = fu(x, t) sin xdx, fI(t) = ff(x, t) sin 4;xdx.
0

0

3 piBastHAS (1) OTpUMyEMO PIBHSHHS TS BU3Ha4YeHHst KoedimienTtiB Gpynkmii u(x, t):
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tot) iy + Wiy + (1 + to + et)A2W o) + (1 + ) A2u] + Al = f7. (5)

I rakox 3 ymoB (3): _
wy(0) =0, k=0,1,2,3.

PiBastHHS (5) — niHiliHE HEOAHOPIIHE 3BUYAHE nU(epeHITliaTbHe PIBHIHHS YETBEPTOTO
MOPSIZIKY 31 cTaMMH KoediienTamMu. Moro po3Bs’s30K Ma€e BUTIISI:

uw (6) = o (8) + 1l ().
uE{_o_(t) — 3araJibHUi po3B’ 130K OJHOPITHOTO PIBHSHHS:
u;'_O, = ¢y ettt + c ettt + cyetst + ¢ ettt
ne Uy, Uz, U3, B4 — MIACHI T Pi3HI KOPEHI XaPAKTEPUCTUIHOTO PIBHSHHS:
tota + Mz + (1 +to + ety + (1 + )4 %uy + 4* = 0.
Toni
t

W (t) = cret1t + cyef2t + czetst + ¢y efet + J k(s,©)f;(s) ds.
0

OTxe, aHATITHYHUN PO3B'SI30K PIBHSAHHS Ja3epHOro immynscy (1) mae Burmsim, 3
Koe(dillieHTaMH, sIKi 3HaXOAAThCS 3 TOYATKOBO-KpaioBux (Mimranux) ymoB (3)-(4):

u(x, t) = EZ creft + c ettt + cgetst + g etet
j=1
t a
+ j k(s,t) j f(x,s)sinAjxdxds ;sin ; x. (6)
0 0

3ayBa:kenns 1. 3 pe3ynbrariB podoTH [2-3], BiIOMO, 1110 OTPUMaHU HaMH 3a (OPMYJIOL0
(6) sIBHMIA aHATITUYHHH PO3B’ 30K MimaHoi 3a1a4i (1)-(4) € CUIbHUM PO3B’I3KOM Ta HAIEKUTh
npocropy C3(Q), 3a ymosu f(x,t) € C(Q). 3ayBaxumo, mo B poboTi [2], mpencTaBIEHO
IHTerpaibHe MePETBOPEHHS, IKe M0Ka3ye ICHYBaHHS HESBHOTO PO3B’SA3KY 3 BKa3aHOI'O Kjacy.
TakuM YMHOM, CIIPAaBEJINBE HACTYITHE TBEPIXKCHHS:

Teopema 1.

Hexaui f (x,t) € C(Q). Tooi po36’sizok miwanoi 3adaui (1)-(4) icnye, eOunuil, nanexcumso
npocmopy C3(Q), ma moxce 6ymu nodanuii 3a donomozoto gopmynu (6).

3 Teopemu 1, a TakOX MPUHIMITY MAKCUMYMY JUIS TiepOOIIYHUX PIBHSAHb YETBEPTOIO
nopsaky (auB. O3HadyeHHs 1 Ta pe3ynsTaTu poOoTH [1]), BUIUIMBAa€E HACTYIHE TBEpKEHHS,
aHaJOr TMPUHIMIT MaKCUMyMY Ui CHJIBHHUX PO3B’S3KIB MIMIAHOT 3a1adl JJis PIBHSHHS
Ja3epHOTO IMIYJIbCY:
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Teopema 2. (Cia0kuil NpUHIUI MAKCHMYMY VIS CHJBHHUX PO3B’fA3KIB MilIaHOL
3aja4i ISl piBHAHHS JIa3€PHOIO0 iMITYJIbCY).

Hexaii f(x,t) = 0 6 npamoxymuuxy Q ={0 < x < a,0 < t < T}.

To0i 6 kooicnitl enympiwnitt mouyi (xo,ty) € E, desxol niomnosicunu npamoxymuuxa Q,
mamumemo: u(xy, ty) < 0.

3. Jesiki miaxoam 10 YMCeJIbHOI0 aHAJI3y PiBHSIHHSA J1a3€PHOI0 IMITYJIbCY.

3apa3 icHye BeJHKa KUIbKICTh IPOrpaMHUX 3a0e3MeueHb Ki 37aTHI MiApaxyBaTH IUIOILY
JIA3epHOTO MYJIbCY 1 MOro MOTYXKHICTh, SIKI € PEe3yJbTaTOM YHCEIBHOI'O aHai3y pPiBHSIHHSI
Ja3epHOro iMImynbcy. Hampukman, po3poOIeHO YMMallo 3aCTOCYHKIB, SIKi JIO3BOJISIFOTH
BpaxyBaTH IJIONIY IBOTO Ja3epa, IMIYJIbC, OTYKHICTh 332 BIIOMUMH NOYaTKOBUMH JTAHHMH:
JiamMeTp, €Hepris IMITyJbCy, IIMPHHA IMIYJIbCY, @ TaKOX BPAXOBYIOUH IPOCTIP B SKOMY
HOLITUPIOETHCS IMITYJTBC.

OpHUM 13 TaKHUX 3aCTOCYHKIB €, HATPUKIIAL, CaiT: WWW.gentec-eo.com. Ile nume onHa 3
0araTboX Mporpam, 10 BUKOPUCTOBYE YUCEIbHI METOAU VIS PO3PaxyHKYy pe3yJsibTaTy (JIuB.
puc. 1).

< > C 0 : wwrw.gentec-eo.com, ] ! ; PG T @& %

RELATED CALCULATORS

Laser type Diameter
BEAM AREA

mm v
@ Pulsed
cm
Energy per pulse
Known parameter
ml w
@ Energy per pulse . I v
9 p Pulse width PEAK POWER
_) Average power
ns w
w
Beam profile
@ GCaussian “
PEAK POWER DENSITY oBaTe Wind —
Flat-top poBate Windows, nepeipiie & pa

W/em?

Puc. 1: 3actocynok Gentec-eo 17151 po3paxyHKiB HOTY>KHOCTI JIA3€pHOTO IMITYJIbCY (UHCEIbHE
MOJIEJTIOBAaHHS PIBHSAHHS JIA3€PHOTO IMITYJIBCY.
Fig. 1: Gentec-eo application for calculating the power of laser pulse (numerical simulation of
the laser pulse equation).

KaabkyasitTop mikoBoi moOTY:KHOCTi Jazepa. Y azepi OesmepepBHOi  Aii
CIIOCTEPITalOThCSl HEBEIMKI KOJWBAaHHS, TOOTO, MOXKHA CKa3aTH, IO MiHIMalbHa, CEpeaHs 1
MaKCHUMajibHa MOTYKHICTh Jlazepa Oe3nepepBHOi il oAHAaKOBi. MiHIManbHa MOTYXHICTh
3a3Bu4ail ctaHoBUTh 0 BT, a MakcuMmanbHa MOTY)KHICTb JOCSTa€ MKy, KOJIM 1HTEHCUBHICTb
Jocsrae  MakcMMaibHOTo 3HaueHHsS. I1lo6 po3paxyBaTu MiKOBY HOTYXKHICTh Ja3epHOIO
MIPOMEHIO, JTOBOJIUTHCS PO3JAUTUTH E€HEPril0 KOXHOTO IMIYJbCY Ha TPUBAIICTh IMIYJbCY
(TakoXX BIIOMY SIK IIMpHUHA IMIyJbcy). Tofi, mo0 3HAWTH MIKOBY IIIIBHICT MOTYKHOCTI,
MOTPi1OHO JINIIIE PO3AUTUTH MIKOBY MOTYXHICTh Ha IUIONTY MOTIEPEYHOTO TIEpepi3y MPOMEHIO Ha
3agaHiil Biacrani. Kpim Toro, mpu BifoMiil cepelHili MOTYKHOCTI jlazepa, MOXHa 3HATH
EHEPrilo IMIYJIbCY, PO3AUIMBILY ii Ha 4acTOTy noBTOopeHHs. LI{iMpHICTh MOTYXKHOCTI J1a3epa €
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BEJIMYMHOIO, SIKa BIUIMBAE HA PEAKIIil0 MaTepialy Ha Hei. 3BU4aiHO, IMIYJILCHUN Jla3ep MOKe
HOLIKOJUTH IOBEPXHIO Yepe3 HAKOIIMYEHHS [TOBHOI €Heprii 3 yacoM, ajie 11e Oyze MoB's3aHe 3
foro cepeqHbOI0 MOTYXHicTI0. OCKUIBKY Tepeaaya eHeprii He 3A1MCHIOEThCS Oe3nepepBHO,
MOBEPXHsI MOXe OyTH IMOIIKOPKEHA 11T 9ac KOKHOTO iMmyJibey. Lle BinOyBaeThCs 3a yMOBH,
SIKILIO CHEPTisl OJHOTO IMITYJIbCY BUSBUTHCS 3aHA/ITO BUCOKOIO, 100 MaTepiai Mir MOTIHMHYTH
Ta PO3CIATH 11, 30epiratour IpHu bOMY CBOIO MaTepialibHy IUTICHICTh. TakuM YMHOM, KOXKEH
IMITYJIbC MOJKE BIIpUBATH YaCTHHY TOBEPXHi.

@opMyJau Ui MIKOBOI MOTY:KHOCTI i mikoBoI miJIbHOCTI moTy:xkHOCTi. L{i dopmynu
ONHKCYIOTh TOBEIIHKY TrayCiBCHKOTO (TEOPETUYHOTO, 11€alTbHOT0) JIa3€pPHOTO MPOMEHI0. Y
IIbOMY BUIIQJIKy BOHH € allPOKCHMALIIEI0 3HAYEHb, SIKI MOJKHA OTPUMATH B PEaJbHUX YyMOBAaX.
Kpim Toro, icHye eKinbka METOIB, sIKi MO)KHAa BUKOPUCTOBYBATH IS BUMIPIOBAHHS JiaMeTpa
raycoBoro npomeHto. IIpuunHa 1poro nepeBaxHo HOB's{3aHA 3 TUM, 110 HOrO TEOpPETUYHE
3HaueHHs focsrae ( TUIBKM TOAl, KOJNM paaiyc gocsrae HecKiHdeHHOCTi. OTke, MpOMiHb
MaTUMe HeCKIHUeHHMH AiameTp. Hanpukian, BiH 3a1a€ThCs 3a JOMIOMOTIO0 napamerpa 1/e?. Y
el MOMEHT JaiaMeTp MpoMeHI0 npuOmm3Ho B 1699 pasu mepeBHIye MOBHHUM AiaMeTp,
BUMIpSHUN Ha NOJOBUHI MakcumyMmy ¢yskuii Iayca. Ilpu 1/e* ue npubnuszno 86,5% Bin
3araJibHOi MOTYXHOCTi. OTXe, U «IUIOIMWHUX BEPXIBOK» TayCiBCHKOTO pO3NOALTY, hopMymnu
BUKOPHUCTOBYIOThCSI 0€3 3MiH, ajie AJis KJIaCHYHOTo po3nofiny [ayca, icHye koedillieHT 2, Ha
SIKy MHOYKaTbh IIPaBy YaCTUHY IIMX PiBHAHB (JIUB. pHC. 2).

OTxe, 100 3HANTH MIKOBY LIUIBHICTH IPOMEHIO JOCTATHBO €HEPT1I0 IMITYJIbCY PO3ILIUTH
Ha TOOYTOK MIUPHUHU IMITYJIBCY Ta IJIOMII IIPOMEHIO, 200 K CEPEIHIO TOTYKHICTh PO3IUTUTH Ha
N0OYTOK YaCTOTH MMOBTOPEHHS, LIMPUHH IMITYJIbCY Ta IUIOLLY IPOMEHIO.

Jiist 3HaXODKEHHS TMKOBOT IMIUIBHOCTI Tpeba eHeprito iIMIyJIbCy PO3AUIMTH HA IIUPUHY
IMITyJIbCy, a00 3K CEpelHI0 MOTYXKHICTh PO3JIIIUTH Ha JOOYyTOK YacTOTH IMOBTOPEHHS Ta
HIMPUHY IMITYJIbCY (IUB. pHC. 2).

eHepria iMNynbcy
MikoBa WiNbHICTE NOTYHOCTI

. W Energy per pulse(J)
Peak power density 5| = - 5
Pulse width(s) x Beam area(cm?)
LIMPKWHAE iMIyAbCY nnoLLa NpoMeHa
MNikoBa WiNbHICTb NOTYKHOCTI cepeaHA NOTYKHICTb
Average power(W)

w
Peak densit =
oAk power cenay ( em? ) Repetition rate( Hz) x Pulse width(s) x Beam area(em?)

YacToTa NOBTOPEHHA WKMPKWHa IMOYyNbCy nnowia npoMeHAa

MikoBa LLiNbHICTb eHepria iMnynbcy
Energy per pulse(.J)
Peak power(W) = .
Pulse width(s)
LWIMPUHE IMITYbCY
, CepeaHa NOTYKHICTb
IMiKoBa LWINbHICTL
Average power(W)
Peak power(W) =

Repetition rate( Hz) x Pulse width(s)

YacToTa NOBTOPEHHA LWMPKMHA iIMMyNbCy
Puc. 2: ®opmynu a5 MiKOBOi HOTYXKHOCTI 1 MIKOBOT IIIIBHOCTI MOTY>KHOCTI JIA3EPHOTO

iMmynbCy (3 3acTocyHky Gentec-€0).
Fig. 2: Peak power and peak power density of laser pulse (Gentec-eo application).
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4. BucHoBkHu

B po6oTi oTpuMaHO SBHMIA aHATITHYHUA PO3B’S30K IMEpIIol MiMIaHoi 3amadi s
PIBHSHHS JIA3EPHOTO IMITYJIbCY YETBEPTOTO MOPSIKY. JlJIst JOCTiPKEHHS IKICHUX BIIACTUBOCTEH
OTPUMAHOTO PO3B’SA3KY BHUKOPHUCTAHO OJUH 3 JI€BUX IHCTPYMEHTIB MaTeMaTW4yHOI (Pi3UKu —
NPUHIUI MakKCUMyMy. PIBHSIHHS JIa3epHOTO IMITYJIbCY, SIKE€ JOCHI/DKYETbCS B AaHIA poOoOTi, €
PIBHSHHSAM TiMepOOIYHOTO THIY, JJIA SKUX MPUHIUI MAaKCUMyMy HE ICHYE B KJIIACHYHOMY
¢dbopMyIIOBaHHI, KPiM TOTO, II€ € PIBHSHHS BHCOKOTO, YETBEPTOTO MOPSAAKY. BukopucToByroun
pe3yabTatu pobotu [1], mOBeseHa Teopema iCHYBaHHS Ta €IMHOCTI KJIACHYHOTO PO3B’SI3KY
Milanoi 3amadi /Ui PIBHSAHHA JIa3epHOro iMmysbcy. [IpoBeaeHO Takok YHCEIbHHN aHawi3
PIBHSIHHS JIA3€PHOTO IMITYJILCY 3a IOTIOMOT0I0 3acTOCyHKY Gentec-eo. Bci 111 acniektu poOsTh
JOCTIPKEeHY B JJaHiil poOOTi 3a/1a4y aKTyalbHOIO SIK 3 MATEMaTUIHOI TOYKH 30PY, TaK 1 3 TOUKU
30py MOJAJBIINX 3aCTOCYBAHb JIA36PHUX TEXHOJIOTIH y PI3HUX ray3sX.

MMonsixkn

PoGora Bukomana B pamkax mnporpamu 2025.06 "Hayka gns  3MilHEHHS
000pOHO3/IaTHOCTI 1 HalioHaNbHOI Oe3nekn Ykpainu" HarioHanbHOTO (OHAY AOCTIHKCHB
VYkpainu (mpoekt Ne 2025.06/0090, HOMep nepskaBHOi peectpamii 0125U003181).
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The study of the equation of the laser pulse, as well as initial and initial-boundary (mixed)

problems for this equation is a rather relevant topic for researchers, because of its numerical
application. The development of modern technologies makes it possible to widely use laser
radiation in biological research (laboratory experiments), medicine (laser surgery, laser
therapy) and cosmetology, industry (cutting, welding, painting, etc.), in commercial activities,
information transmission systems. It is worth noting the expansion of the use of laser radiation
in modern communication technologies. Due to the fact that the laser is able to carry much
more information than radio waves, laser technology is now coming out on top, compared to
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radio engineering. At the same time, laser pulses are studied for the most part by numerical
methods. This is because getting an explicit analytic solution is, in some cases, a rather difficult
task. However, an explicit analytical solution allows us to explore many qualitative properties,
which is quite valuable in terms of the development of the mathematical theory of laser
radiation. In the presented work on the use of the Fourier method, we obtain an explicit
analytical solution of the first mixed problem for the laser-pulse equation of the fourth-order.
One of the effective tools for the study of qualitative properties of solutions of boundary value
problems in mathematical physics is also the maximum principle. The problem is that in the
classical theory of mathematical physics, the maximum principle is well studied only for
parabolic and elliptic equations. The laser pulse equation, which is under consideration of the
present work, is an equation of the hyperbolic type, for which the maximum principle does not
exist in the classical formulation, in addition, it is a fourth order equation. All these aspects
make the task posed in this work relevant both from a mathematical point of view, which allows
to increase theoretical developments in this problem, and for further applications of laser
technologies.

Keywords: fourth-order partial differential equations, fourth-order hyperbolic equations,
laser pulse equations, mixed problem, Fourier method.
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