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Abstract. We consider a mixed problem for the wave equation with discontinuous initial conditions and a
noncharacteristic boundary condition. This problem models a longitudinal impact on the free end of a finite rod of
constant cross-section. We seek a classical solution for the problem under consideration and establish conditions
for its existence and unigueness.

Key words: classical solution, mixed problem, wave equation, matching conditions, conjugation conditions.

KJIACCHUYECKOE PEIIEHUE CMEIIAHHOM 3AJJAYMA O MPOJOJBHOM YJIAPE 1O
KOHEUYHOMY CTEPXKHIO C HEXAPAKTEPUCTHYECKUM I'PAHUYHBIM YCJIOBUEM
Kopswok B. 1.2, Pyabko 5. B.2, Koasiuko B. B.?

1 Benopycckuii 2ocyoapcmeennuiii ynusepcumem
2Uncmumym mamemamuxu HAH Benapycu
Mumnck, Pecnybauxa Benapyce

AHHOTAIMS. PaCCManI/IBaCTCSI CMCIIIaHHasA 3aJia4da Uil BOJTHOBOI'O YpaBHCHUA C pPa3pbIBHBIMHA HAYAJIbHBIMU
YCIOBUAMHU U HEXAPAKTCPUCTUYCCKHUM I'DAHUYHBIM YCJIOBHUCM. OTta 3aa4a MOACIINPYCT HpO,I[OHLHLIﬁ yaap 1o
CBO6OI[HOMy KOHIY KOHCYHOI'O0 CTCPIKHA IMOCTOAHHOI'O IMOICPEYHOI'O CCYCHUA. OTbICKHBaeTCs KIIACCHYISCKOE
peuieHue paCCManI/IBaeMOﬁ 3aJa41 U YCTaHABJIMBAIOTCA YCJIOBUs €0 CyIIECTBOBAHUA U €AMHCTBEHHOCTHU.
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In this report, we consider the following boundary
wave problem

(atz - aza,?)u(t, x) = f(t’x)l

£>0,x € (y(0), D), )
u(0,x) = @(x), 3,u(0,x) = Y(x) —
—{g x i[lo D xeqo11, @)

a(®)d.u(t, y()) + B u(t, y(t)) +
+0u(t,y(®) = w (), t € [0,00), (3)
otu(t,x =)+ Adu(t,x =1) =
= Wy (¢), t € [0, ), (4)

where y(0) =0, y'(t) € (—a,a), t €[0,00), the
curves x =vy(t) and x =1 do not intersect, the
boundary condition (3) is nowhere characteristic, i.e.,
a(t) # a 1B(t), t € [0, ).

The mixed problem (1)—(4) models of displace-
ment u(t, x) of the cross sections of the rod, which is
subjected at the initial moment ¢ = 0 to an impact on
the free end x = [ by a load that sticks to the rod,
where [ is the initial length of the rod, v is the velocity

of the impacting load, a = \/Ep~%, and A = SEM™1,

where E > 0 is Young’s modulus of the rod material,
p > 0 is the density of the rod material, S > 0 is the
cross-sectional area of the rod, M > 0 is the mass of
the impacting load. The boundary condition (3) mod-
els different ways of fixing the end x = y(t) of the
rod, e. g., if we assume a(t) = Spy'(t), B = SE, and
0 = 0, then we obtain the free end [1-3].
Let us introduce the functions

Y4+:[0,00) 3t = y(¢) + at,
y_i(=,0] 3t = y(t) — at,

and let the functions &, and ®_ are the inverses of
the functions y, and y_, respectively. Assertions 1
and 2 of the paper [4] guarantee the existence of
the functions &, and @_.

To solve the problem (1)-(4), we divide the do-
main

Q={tx):t€(0,00) Ax € (y(t), D)},

by the characteristics x — at = y_(r;) and x + at =
l + al;, i € {0} UN, into subdomains Q/:

QY =qn
N{(t,x):x—ate€[0,l]Ax+at€]0,l]}
QY =qn
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N{(t,x):x—at€ly_-(r),0] Ax + at € [0,1]3},

QP =qn
N{t,x):x—atel0,l]Ax+ate[,l+al]},
Q(i,j) =0Qn

N{tx):x—at€ly_(r),y_(r_)IA
Ax+at€[l+ali_y,l+al]},ieN,jEN,

wherer, =1, =0, =1 + a (1 — y(ri_y)),
= ¢)+(l + ali_l), i €N.
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Figure 1 — Partitioning of the domain Q

Definition 1. A function u is a classical solution
of the problem (1)—(4) if it is representable in the form
u = u; + u,, where u, is a classical solution of the
problem (1)—(4) with v = 0 and u, satisfies Eq. (1)
with f = 0, the initial conditions

u,(0,x) = 0,u,(0,x) = 0,x € [0,1], (5)

the boundary conditions (3) and (4) with p; = p, =
0, and the following matching conditions:

[(u)* — ()71t x = y-(r) + at) =0,

i€ {0}UN, (6)
[(2)™ = ()71t x = L+ al; —at) =0,
i€e{0}UN, 7

[(Orux)* — (Opu)"I(t,x =1+ al; — at) =

B {—1% - (1) Eﬁgg 2 i€{0}UN. (8)

Here (-)* are the limit values of the function u and
its partial derivatives on different sides on the charac-
teristic x = r(t), i.e.,

(@) (6r®) = Jim oPu(t,r(0) + ).

The conditions (6) and (7) follow from the continuity,
and the condition (8) is derived from the physical as-
sumptions [5]. Note that Definition 1 gives a physi-
cally correct solution only under the additional con-
dition y'(ry;_1) = 0,i € N.

Theorem 1. Let the smoothness conditions f €
C'(Q), eec*(oiD, wect(old, wmE
C*([0,)), p, € €([0,)), y € €2([0,»)), a€
C([0,)), BeC([0,)), 6€C([0,2)), be
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satisfied. The mixed problem (1) — (4) has a unique
classical solution u in the sense of Definition 1 if and
only if the following conditions are satisfied:

1 (0) = a(0)y(0) + B(0)¢'(0) + 6(0)¢(0),
1 (0) = a’(0)Y(0) + B'(0)'(0) + 6'(0)¢(0) +
+0(0)(Y(0) +Y'(0)¢'(0)) +
+a(0)(£(0,0) +Y' (0)Y'(0) + a?¢"(0)) +
+BO)(W'(0) +Y' (0)9" (1)),

12(0) = £(0,1) + a*@" (D) + A’ (D).

The results obtained in this report generalize and
extend the previously known theorems [6-11].
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JIABEPHBIN1 MUKPOCKOII JJI51 BUIAEOPEI'NCTPAIIMU CTPYKTYPBI BLU-RAY JIJUCKA
Aramkos A. B.

T'HY «Hncmumym pusuxu HAH Benapycuy
Mumnck, Pecnybnuxa benapyce

AnnHoTtanus. [IpecTaBieH MUKPOCKOII C JIa3€PHOU CHCTEMOMN OCBEIICHHS, 00CCIICUNBAIOIIII KAYeCTBCHHYIO BH-
JICOPETUCTPAIIMIO CTPYKTYphI Blu-ray aucka mpu ero nonepevyHbIxX nepeMenicHusX. Bugeopeructparius mpou3Bo-
JAIIach Ha JUIMHAX BoNH m3nmydeHus 405, 532 u 632,8 M 0e3 ymaneHus 3aiuTHOTO ciosd. [t ¢popMupoBaHUS
n300paKeHNsT UCTI0IB30BaH CTaHAapTHEIH 00BekTHB JIOMO MU 90x%/1,25, nMMepcrnoHHas KUAKOCTh — JUCTHII-
nupoBaHHas Boja. [lapaMeTpsl ONTHYECKO# CHCTEMBI MO3BOJISIOT MOJIy4aTh H300pakeHHEe C BBICOKUM TOIeped-
HBIM pa3pelieHneM 0e3 MOBPekICHUS TUCKaA.

KaroueBble cj10Ba: MUKPOCKOIHS, KOCOE OCBEIIEHHE, BUACOPETUCTPAIHS CTPYKTYphI, Blu-ray muck ¢ duismom.

LASER MICROSCOPE FOR VIDEO REGISTRATION OF BLU-RAY DISC STRUCTURE
Agashkov A.

Institute of Physics of the NAS of Belarus
Minsk, Republic of Belarus

Abstract. We present a microscope with a laser illumination system, it provides qualitative video recording of the
Blu-ray disc structure during its transverse movements. Video recording was performed at wavelengths of 405,
532 and 632.8 nm without removing the protective layer. A standard LOMO MI 90x/1.25 lens was used to form
the image, and the immersion liquid was distilled water. The parameters of the optical system make it possible to

obtain an image with high transverse resolution without damaging the disc.
Key words: microscopy, oblique illumination. video recording of structure, Blu-ray movie disc.
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Beenenne. Onrudeckne MHKPOCKOMBI JIAJBHETO
TIOJISL SIBIISTIOTCSL O4€Hb 3((PEeKTUBHBIMU yCTPOUCTBAMHU
JUTSL TIOJTyYeHUsT M300paXK€HHsI CTPYKTYPBbI OOBEKTOB C
nornepeuHsM pazperieHueM nopsiaka 200 am. OcHoB-
HBIM OIPaHMYCHHEM ONTHYECKOM MMKPOCKOIHH
SIBJIACTCS TIPE/ICNIHOE Pa3pellIeHHe, B COOTBETCTBUH C
Teopueil AGOe onpeensieMoe BhIpaKeHUEM

r = Ao/2nsing = Ao/2NA, Q)

r7ie Ao — JUIMHA BOJIHBI CBETa B BaKyyMe; N — MoKa3a-
TeNb TPEJOMIICHHUS CpeJlbl MEXIy 00BEKTOM M 00B-
EKTHUBOM; 0 — ITOJIOBMHHBIA yToJl HanOOJIee HAKIIOH-
HBIX JIy4eH, monafaromux B 00bekTB; NA — uncioBas
ameptypa oorektuBa. [Ipu Goree peTansHOM PaccMOT-
pPEHIH HEOOXOAMMO TaK)Ke YYUTBIBATH COCTOSHHUE TO-
JSIPU3AIMH ¥ CTETICHb KOTePECHTHOCTH CBETOBOW BOJIHBI,
a TaKKe IMapameTpsl KoHJeHcopa [1].

Jnst ymydineHusi TpOCTPaHCTBEHHOTO pas3pele-
HUSI MHKPOCKOTIOB OBUT TPEJIONKEH METOJ, B COOT-
BETCTBUH C KOTOPBIM BIJIOTHYIO K UCCIEAYEMOM TO-
BEPXHOCTH pa3Menaiuch MUKpoiuH3bl [2]. Hccie-
JIOBaHUS B JJAHHOM HAIIPABJICHUU MPOIOJIKAIOTCS TIO
HacTosIee Bpems. B OONBIIMHCTBE CIy4yaeB B Kade-
CTBE TECTOBBIX OOBEKTOB WCHONB3YIOTCS Blu-ray
mucku (BD) ¢ mepuomom 320 uM. K Hemoctatkam
MHKPOCKOIIOB C MHKPOJIMH3aMH MOKHO OTHECTH

HEOOXOIUMOCTh TIPEIBAPUTEIBHOTO YIaJCHHUS 3a-
mmtHOTO cinosi BD TommuHo# 100 pM, orpaHmdeHue
o0JacTH WCCIeqyeMoi IMOBEPXHOCTH pa3MepaMu
MHUKpPOJIMH3, Manas WHQOPMATHBHOCTb — Ha IIOJNY-
YCHHBIX M300paKEHUSIX BUIHBI TOJBKO TpeKH 0e3 3a-
MUCaHHBIX JaHHBIX. VCIoNb30BaHNEe MUKPOBOJIOKOH
[3] mo3BOAMIIO YBETUUUTH TOJBKO pa3Mep Hccierye-
MO 00TaCTH B OJTHOM HaIlpaBJICHHH.

[IprMeHeHue NOMONHUTENBHOW TBEPION UMMEp-
CUOHHOM JIMH3bI, KOHTAKTUPYIOLIEHN ¢ IOBEPXHOCTHIO
3alUTHOTO CJOS, YBEJIUYMIIO YHUCIOBYIO anepTypy
o0BexTHBa MUKpockomna a0 3HaueHus NA = 1,4 mis
JUIMHBI BoJiHBL cBeta 405 HM. B pexxume kpurnye-
CKOT'O OCBEILEHUS 3TO MO3BOJIMIIO 3aPETUCTPUPOBATD
nuThl AaHHBIX [4]. HemocrtaTkamu gaHHOM CHCTEMBI
SIBIISICTCS. OTCYTCTBHE MOOMJIBHOCTH B BHIOOpE perH-
CTpUpPYEMO 00TaCTH MOBEPXHOCTH JUCKA M BO3MOXK-
HOE TIOBPEXKACHUE €TI0 3aIIUTHOTO CIIOA.

B pabote [5] npencraBiieH MpOEKITMOHHBIN MHK-
POCKOII C JIa3epHON CUCTEMOM OCBEIIECHMS, XapaKTe-
PU3YIOLINIICS BBICOKOH SIPKOCTBIO U KOHTPACTHOCTBIO
M300paKeHMsI CYOMHUKPOHHBIX OOBEKTOB.

Hens gaHHON pabOTHI — IKCHEPUMEHTAIBHOE TIO[I-
TBEP)KACHUE TMEPCIEKTUBHOCTH HCIIONBb30BAHUS MOJIH-
(VKaIMH TAHHOTO MUKPOCKOIIA IT0 METOTY KOCOrO OCBe-
IIeHNs 11 MOOMIIBHOM perucTpanuu cTpykrypsl BD.
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