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Puc. 2. Cxema 6occmanognenus unmepgepozpammol NPO3PAUHO20 0OLEKMA 8 PEeATbHOM BPeMeHU

B rosnorpaduueckoit mHTEphHEPOMETPUH peaTbHOI0 BPEMEHH HanOoJee IeIecO00pa3HbIM SIBIISIETCS HCIIONB30-
BaHHE MHTEP(EpPOrpaMM, COOTBETCTBYIOUINX ITPOCKIMOHHBIM N300pakeHUsIM, (POPMHUPYEMBIM BOJIHaMH 2 U 3, Tak
KakK OTHaJgaeT He0OXOJMMOCTh JIOKAJIN3AIMU TI0JI0C Ha TOBEPXHOCTH O0BEKTa M MCIONIb30BAHUS CIENNAIBHON OIl-
TUKH 17151 HAaOJMIOJCHUS U perucTpanuy nHTepdeporpaMm. ITH 0COOEHHOCTHU MO3BOJISIOT YIIPOCTUTH M YMEHBILIUTH
rabapuTHl CHCTEMBI 3aIIMCH, ChbeéMa B 00paboTKH HHTEp(eporpaMM Mpo3padyHbIX 0OBEKTOB B PEaTbHOM BPEMEHH.
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RAINBOW HOLOGRAPHY IN INTERFEROMETRY

Ismanov Yusupzhan Khakimzhanovich, Ph. D. in Physical-Mathematical Sciences, Associate Professor
Kyrgyz State University of Construction, Transport and Architecture named after N. Isanov in Bishkek
i_yusupjan@mail.ru

The article discusses the possibility of using the method of slitless rainbow holography for the purposes of holographic interfe-
rometry. The author shows that the reconstruction of the rainbow hologram recorded by the slitless method with coherent radia-
tion leads to the appearance of a number of effects that can be used both in real-time holographic interferometry and in double-
exposure interferometry.

Key words and phrases: slitless rainbow holography; off-axis record; hologram; real-time interferometry; double exposure inter-
ferometry; phase object.

VJIK 517.968
(I)I/I3I/IKO'MaTeMaTl/I‘-IeCKI/Ie HayKl/I

Lenvio cmamou a81a10mcs HaxoxicOeHue OOCMAMOYHBIX YCI08Ull €OUHCINBEHHOCU PelenUs U NOCMpoeHUe pe2yiapu-
supyrowezo onepamopa no M. M. Jlagpenmvesy 0151 IUHElHbIX UHMeSPanbHbIX ypasrenull Boremeppa nepsozo pooa
Ha ocu. Jlunetinvle unmezpanvHole ypasHenus Borsmeppa nepeoco pooa npumeHsiomcs 8 pasiuyHblx NPUKIAOHbIX 3d-
dauax, 6 uacmuocmu, 6 3a0ayax ceticmonozuu. 9modvl docmuyb NOCMAGIEHHOU Yeu, asmop CHA4AId NOCMPOUL pe2y-
aapuzupytowue onepamopuvt no M. M. Jlagpenmve8y 015 peuieHuss OaGHHO20 UHMEZPAbHO20 YPABHEHUs Nepeo2o poad,
a 3amem 00KA3aJl meopemy eOUHCMBEHHOCNIU, NPUMEHUE Memoo, npednodicennvii M. Hmananuesvim u A. Acanogoim.

Knouesvie crnoéa u ¢pasvl: NTUHEHHBIC WHTETpallbHBIC YpaBHCHHS BoibTeppa MEpBOrO poja; peryispH3aius
o M. M. JlaBpeHTbeBY; €IMHCTBEHHOCTh; JOCTATOYHBIE YCIOBUS; 3aa4l CEMCMOJIOTHH.

Kam6apoBa Aiicankbin JlJaMHHOBHA

Ouickuii cocyoapcmeennbviil ynueepcumem, Kvipeviscman
Aisalkyn. Kambarova@mail.ru

KJIACC JINHEWHBIX MHTETPAJIbHBIX YPABHEHUI BOJBTEPPA IIEPBOI'O POJIA HA OCH

PaccmoTpum ypaBHeHue
t

fK(t, s)u(s)ds = f(t), te(—oo0, +0), €Y)

—oo
rae K(t,s) u f(t) — 3amannsie Qyuxunu, u(t) — Heu3BeCcTHAs QYHKIMA.
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PaznuyHbIe acleKThl MHTErPAIbHBIX YpaBHEHUH BosibTeppa IepBOro M TpEThero poja McciaeaoBans! B padborax [1-6].
B uactHocTH, B pabote [4] 1oKa3zaHbl TEOpPEMbl €MHCTBEHHOCTH W MOCTPOEH PEry IsipU3NpPYIOLINi OnepaTop Ui CH-
CTeM HMHTETPANbHBIX ypaBHeHHH BonbTeppa mepBoro poja Ha oTpeske. B maHHON paboTe MOCTPOEH peryispu3u-
pyomuii oepaTop U JOKa3aHa TeOpeMa €IMHCTBEHHOCTH TSI PelIeHus ypaBHeHuUs (1).
Hapsany c ypaBrenuem (1) Oynmem paccMaTpuBaTh YpaBHEHHE
t

ev(t, &) + fK(t, s)v(s, e)ds = f(t) + euy, 2)

rae 0 < & — Maubli mapamerp,uy = lim,_,_o, u(t), u(t) —pemenue ypaBuenus (1).

Baenem 0003HaueHUS:

1) O6ozHaumm gepe3 C(—oo,+00) mpocTpaHCcTBO BCeX GyHKIMA wU(t) — HENMPEpPHIBHBIX W OTPAHHYECHHBIX
Ha (—oo0, +), |||l — HOpMa B C(—o0, +00), T.€. 1uIst 1E06OTO0

u(t)eC(—o0, + )

lu@®llc = Sup [u(®)l.

te(—oo,00)
2) Yepes L;(—o0, +00) 0603HaUMM POCTPAHCTBO BeeX QyHKImM u(t), Takux, 9To
[ee)

flu(t)ldt < oo,

3) O6o3zuaumm uepe3 Cy(—0o0, +-00)mpocTparcTBo Beex QyHKumiA U(t)eC (—o0, +00), Takux, uro lim,_,_, u(t), =
Uug€eR.

lu®lle = Sup |u(®)].

te(—00,00)
4) Yepes Ly 1o (—00, +00)0603HaUMM IPOCTPAHCTBO Beex (GyHKuwmit u(t), Takux, uto s nodoro Te(—oo, +00)
T
f [u(t)|dt < co.

—00
5) O6o3naunm yepe3 Cg(—o, +00) npocTpancTBo Beex (ynkimii u(t)eCy(—oo, +00), Takux, 4TO IS THOOBIX
te(—oo, +0)
| W] <M, K(¢,¢),
rae M, —nonoxurensHas noctosuuas, K (¢, t)€Ly 1,0 (—00, +0) u K(t,t) = 0 npu Beex t € (—oo, +00).
ITpearonoKUM BBIIOIHEHUE CIAEAYIOIHUX YCIOBHI:
a) K(t,t)>0 npu Bcex t € (—o0, +00),
t

f |K(t,s)|dseC(—o0,+00), K(t, t)€Ly 150 (—00; +00).

b) st mo6bIX tq, t,€(—00; +00)
ty

K (t0,5) = K(6, )] < 1) | | KCs,5)ds|,
21
rae 0< [(t)mpwu Beex t € (—oo0, +0), [(t)€L, (—00; +0).
Pewenne ypaBHenust (2) OyaeM HCKaTh B BHJE
v(t, &) = u(®) +&(¢, o). 3)

Ioncrasmss (3) B (2), nmMeem
t t

E(t,e) =— ! fK(s, 5)é(s,€)ds —% f[K(t, s) —K(s,8)]é(s, e)ds + [uy — u(t)].

&

- - 1 —lftK(T,‘L')d‘L' 1
Otcroa, ucnonb3ys pe3onsBenty R(t,s, ) = — : K(s,s)e e’ sapa [— : K(s, s)], AMEEM
t
1
£6e) =2 [IKEs) = KGs,9)1ECs,2)ds + ug —u(®)] + 0
‘1 - 17 1 ¢
1.t 1.t
+ f ~KG@, e ek ’“”)‘”; f [K(7,5) = K(5,5))¢ (s, e)dsdr —— f K(z,1)e e KEDaT [y -y (7)]dx.

IMpumensist popmyny dupuxie, ypapuenue (4) 3anuiiem B Bujie
t

&t e) = f H(t,s, €)é(s,e)ds + @(t, €), te(—oo, +0), (5)

—00
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rue
1 1 ; —lftK(TT)dT
H(t,s, €)= _E[K(t' s)—K(s,s)] +S—ZJ- K(t,t)e ="K (t,s) — K(s,s)] dr, (t,s)eG, (6)
1 : —1ftK(T‘L')d‘L'
o(t, &) = ug —u(t) -2 fK(T, T)e &7 U [y, — u(r)]dr. (7

G={(t,5):-00<s<t<+o0}, te(—00, +00).

Teopema. IlycTs BbIMONHAIOTCA yenoBus a), 6) u u(t)eCa(—o, +), rne u(t) — pemenue ypasuenus (1).
Torna petuenue Vv(t, €) ypasuenus (2) npu € = 0 crpemurcs K pemennto U(t) ypasuenust (1). [Ipu sToMm cripaBes-
JIMBa OLICHKA

lv(t, &) —u®llc < Mg, ®)

rne M; = M, exp{f_ooOO I(s)ds},| u' ()| <M, K(¢, t), te(—oo, +00).

JlokazaTeabcTBO. YUUTHIBast OPMYJIbI
t

EJ- K(z, T)e—%f:K(T,‘r)drdT =1- e—%fstl{(r,r)dr‘
&
s
t

l fK(T’ T)e—%frtl((‘r,r)drdl_ -1 e—%f_too K(r,r)dr’
&

W (6) nonyuum
t

1 1.t 1 1.t
H(t, s, &) = — Z [K(t,s) — K(s,s)]e ek KEDdr _ =z f K(r,0)e el KEDU k(¢ o) — K(1,5)]dr. 9

—00

WnTterpupys no vactsM, us (7) umeem
¢

1t
p(t,e) = J-e_Eff K@@Ddr /() dr, teR. (10)
Y'II/ITLIBaH_yCHOBI/Ie 0), u3 (9) noxy4aum
|H(t,s,e)| <
t
1 1.t
<I(s) Iz f K(z,7)dr]e &) KEDdr 4

S
t t

1 1.t 1
+;f K(z,7)e sk KEnar l(s)[;f K(t,7)dt]dt =

S

t t
1 —lftK(TT)dT 1(f —lftK(TT)dT
=l(s)[;f1((’[,r)d’[]e gl K@emdr | l(s)f ;f K(z,7)d|d, [e el K ]
T
S S
OTcroa, MHTErPUPYS TI0 YACTIM, UMEEM
t

1.t 1.t
|H(t,s,€)| < l(s)fe—ngK(r,T)dTK(T'T)dT = I(s) [1 _ e—;fs K(T,r)dr].
s

W3 NOCIIEHETO HEPABEHCTBA MONTYYHM

|H(t,s, )| <U(s),(t,s)eG = {(t,s): —0 < s <t < +0o0} (11),

B ety u(t)eCa(—o, +0), u3 (10) umeem
t t

1.t 1.t
1p(t, &)l < f e e KEDdT 1 (ydr < M, f e e KD (7 Dy < Mye.

—00 —00

Otcroza noxy4um

llp(t, Ollc < Mye. (12)
VYuureiBas (11) u (12), u3 (5) umeem
t

1E(t, &)l < fl(s)lf(s, &)lds + Mye, te(—oo, +0). (13)

[Mpumensis opmyny I'ponyosuta-benmana, uz (13) umeem (8). Teopema nokazaHa.
CuencrBue. [IycTh BBHIMOJHAIOTCS YCJIOBHS a), 0) U cymecTtByeT de(—00, +00), Takoe, 9yTo K (t,t) > 0 mouru
npu Beex te(—oo, §).Torna peienue ypapHenus (1) eMHCTBEHHO B npocTpaHcTie Ca(—o0, +00).



62 Mspatenscteo FTPAMOTA www.gramota.net

JokazatenberBo. [Tycts u(t) € Cj(—o0, +0) sBnsercs pemenneM ypasuenus (1) npu f(t) = 0, te(—o0, +00).

B aToM ciydae cHauana B CHITy YCIIOBHH a), 0) A0oKka3biBaeM, uto lim,_,_,, u(t) = 0. B camom xgene
t

fK(t, s)u(s)ds = 0, te(—oo, +0).

bu;crona uMeeM
J-K(s, s)u(s)ds = — f[K(t, s) — K(s,s)]u(s)ds, te(—x, §). (14)

B cuny ycnosuit a) u b), u3 (14) umeem
t t
t

()1 [ K@ odrlds @l

lu(t™)! fK(s,s)ds = | fK(s,s)u(s)dsl Sf
rje —;o<t*StS8._
W3 nocieqHero HepaBeHCTBA [TOIYIUM

t
(e < ||u(t)||cf I(s)ds, — o0 < t* < t < +o,

OTcroma BEITEKAET, YTO

lim,_,_o|u(t®) | = 0.

Hanee, B cuiny ouenku (8), gokassiBaercs u(t)=0 mpu Beex te(—oo, +00).
IIpumep. Paccmorpum ypasuenus (1) u (2) npu

Isl 1 £l
K(t,s) = DL [1 T + fs DL ds] ,(t,8)eq. (15)
B stom ClIydac yCJIOBUS TCOPEMbI BBIIIOJIHAKOTCSA IIPU

IS| ISl
K(s,s) = s€(—00, +00).

’l = )
a+s ' = ayey
B camom fene, B cuny (15), ams mo0bIx ty t,€(—o0, +00) uMeeM
Is| 1 s)

Ars02), T ™

K(t,,s) — K(tz_s) =

Orcrona
ty

|K(t1, s)— K(t2,5)| < I(s) f K(s,s) ds|.
t1

[TosToMy yTBep:KIEHHS TEOPEMBI CIIpaBeUIMBH il ypaBHeHnH (1) u (2), korma K(t,s) ompenensercs mo ¢op-
myie (15).
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CLASS OF LINEAR VOLTERRA INTEGRAL EQUATIONS OF THE FIRST KIND ON THE AXIS

Kambarova Aisalkyn Daminovna
Osh State University, Kyrgyzstan
Aisalkyn. Kambarova@mail.ru

The aims of the article are to find the sufficient conditions of the uniqueness of the solution and to construct a regularizing opera-
tor according to M. M. Lavrent'ev for linear Volterra integral equations of the first kind on the axis. Linear Volterra integral
equations of the first kind are used in various applied problems, in particular in the problems of seismology. To achieve this goal,
the author at first built regularizing operators according to M. M. Lavrent’ev for the solution of the integral equation of the first
kind, and then proved the uniqueness theorem using the method proposed by I. Imanaliev and A. Asanov.

Key words and phrases: linear Volterra integral equations of the first kind; regularization according to M. M. Lavrent’ev;
uniqueness; sufficient conditions; problems of seismology.



