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MOJEJIOBAHHSI TOMOI'PA®IYHUX 3AJIAY 3A JJOIIOMOI'OIO
BLITHIMHUX CILUIAMHIB

Anomayin. Ocobausicms 3anponoHo8ano2o niOXooy noiseae 8 anpokcuMmayii 0oracmi 30H0Y8aHHs 6 momozpaqhii
OINIHIIHUM CHIAUHOM. 3aNpOnoHOBAHO SUKOPUCIOBY8AMY OIIHIIHUL CRAAH 01 pe2yaapu3ayii po3e si3Ky obepHeHol
momoepaghiunoi  3a0aui. Po3pobneno ancopummu eupiwienHa npamoi ma obepuenoi momozpagiuHux 3aoau.
Peanizosano nasedeni arcopummu y cepedosuwyi MatLab. Iepesipeno anzopummu eupiutennss momoepaghiunux 3aday
Ha MOOenbHux npuxiaoax. ExcnepumenmanbHo 6CMAHOBNIEHO 3aledNCHICMb YUcia 00yMOBIEeHOCMI 6i0 cxemu
PO3MAULY8aHHA BUNPOMIHIO8AYIE I nputivayie ma ix Kinbkocmi. Posenanymo winaxu onmumizayii po3e sasky.

Knrwowuosi cnosa. axycmuuna momozpais, ynbmpaszeyk, OIiHIUHUL CHAQUH, HEPYUHIGHUN KOHMPOIb, NPAMA
momozpaghiuna 3aoaua, obepuena momozpagiuna 3adaua

V. O. Holovko
MODELING OF TOMOGRAPHY PROBLEMS USING BILINEAR SPLINES

Abstract. The peculiarity of the proposed approach consists in approximating of the sensing field of tomography
by bilinear spline. Proposed to use bilinear spline for regularized solution in inverse tomography problem. Algorithms
solving direct and inverse tomography problems are proposed and implemented in MatLab. Tomographic algorithms
for solving problems are tested on model data. Dependence between the condition number and the layout of emitters
and receivers and their number are experimentally determined. The ways of optimizing the solution are considered.

Keywords: acoustic tomography, ultrasound, bilinear spline, non-destructive testing, forward tomography
problem, inverse tomography problem

B. A. T'o10BKO

MOJEJUPOBAHUE TOMOI'PA®UYECKHX 3AJIAY C IOMOIIBIO
BUWJIMHEMHBIX CIIJIAMHOB

Annomayun. OcobeHHOCmb NPednoNHCEHHO20 NOOX00A 3aKNIOUAEMCS 8 ANNPOKCUMAayuL 0baacmu 30HOUPOBAHUS 6
momoepagpuu dunuHelHbvIM CnAauUHOM. [IpednodiceHo ucnonb308ams OUIUHENHbLL CIIAH OIS pe2yIapu3ayuu peulerus
obpamuou momozpaguueckoii 3adauu. Pazpabomanvl aneopummvl pewieHuss NPAMOU U 0OPAMHOU MOMO2PAPUYECKUX
sa0au. Peanuzosano npueedénnvie arcopummol 6 cpede MatLab. Ilposeperno anzopummol pewenus momozpaguueckux
3a0a4 HA MOOENbHLIX NpuMepax. IKCHEPUMEHMANILHO YCIMAHOBIEHA 3A8UCUMOCTb YUCAA 00YCI0BIEHHOCIMU OM CXeMbl

pacnonodicenus uznyyamenet U NPUEMHUKOS U UX Konuvecmsa. Paccmompenst nymu onmumuzayuu peueHus.
Knrouegvle cnosa:. axycmuueckas momoepapust, yibmpasgyk, OUIUHeuHblil Cniait, Hepaspyuarouuil KOHMpoab,
npamas momozpaghuueckas 3adava, 0opamuas momozpaguieckas 3a0aia

Beryn

AxyctuyHa TOMoOrpadis BUKOPUCTOBYE
METOIM KOMIT'IoTepHOi Tomorpadii ajis Bupi-
meHHss obepHeHoi 3amaui. Bona noOpe min-
XOJMTH JJIsi BUBHAUECHHS BIACTUBOCTEH 00’€KTa
30H/IyBaHHS, OTPUMAaHMX 3a PaxyHOK BHUMIpIO-
BaHb 3BYKOBUX XBHJb B3JIOBX IIOBEpPXHI
30H/yBaHHA. AKyCTHYHa Tomorpadis 3acToco-
BYETBHCSI B CEHCMOJIOTI], TEXHOJOTIUYHUX IMpolLie-
cax, NMPOMHCIOBOMY HEpyWHIBHOMY KOHTPOJI,
BCE yacTimie B 00JacTi MeInyHOi Bizyamizarii 1
HaBITh B METEOPOJIOT1i.

Ha BinmMmiHy Biff peHTI€HIBCHKUX MPOMEHIB,
SKI BUKOPHCTOBYIOTbCSI B 3BMYAMHIA KOMII f0-
TepHil ToMorpadii, METo 1 3ByKOBOI TOMOIpa-
¢bii MOBUHHI BpaxOBYBaTH OCOOJIMBOCTI MOIIU-
pPEHHS 3BYKOBHMX XBWJIb, TakKi, sIK BIIOUTTS, Ie-
penomiieHHs 1 audpakiiro. B HeonHOpiAHOMY

© T'omosko B.O, 2014

CepeZIoBUILIl YJIBTPAa3BYKOBI IMITYJIbCH MOLIUPIO-
IOTHCSl HE JIHINHO, L0 YCKJIQJHIOE BUPIIICHHS
obeprenoi Tomorpadiunoi 3amaui  (OT3) Ta
CTBOPIOE JI0JJATKOBE HABAHTHKEHHS HAa OOYMCIIIO-
BaJIbHI MOKJIMBOCT1 TEXHIKH.

HeoOxiqHICTh BHCOKOTO pIBHA  OOYHCIIIO-
BAJILHOI MOTY)KHOCTI 1 TIOB’13aHO1 3 HUM O0OpOOKU
JIAHUX SIBIISIETHCS ICTOPUYHUM (DAaKTOPOM, SIKUIHA
0OMEXye PpO3BHTOK aKycTM4YHOi Tomorpagii y
NOPIBHAHHI 3 KOMIT'IOTEpPHOI0 ToMorpagiero Ta
IHIMAMH METOAaMH. TMM HE MEHII, 3a OCTaHHI
POKH 3aBISKU PO3BUTKY EJIEKTPOHIKH, CHUTYallis
pBKO 3MIHMIACh, BiIOYBCA EKCHOHEHIAIbHUNA
pICT 00YMCITIOBAIBHOT MOTYXHOCTI. Lle n03BosIMII0
BUPILITYBaTH OOEpHEHI 3aadl sl TOMOrpadiaHuX
curHaniB.  Takox  3’MBWIacb  MOXJIMBICTb
po3MapanentoBaTd 00poOKy BEMMKOI KUTBKOCTI
nmanux. [li 1B TeHneHIIl MO3BOJMIM CTBOPUTH
TOMOrpaiuHi CHUCTEMH 3 BEJIMKOK KUIBKICTIO
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natyukiB. [IpakTiuHUM pe3ynbTaToMm craja mosea Ha Q) posrissHeMO — piBHOMIPHY — CITKY

HOBHX BHCOKO-SKICHUX YJIBTPa3ByKOBUX TOMOIpa- A=A, x Ay,

¢iB, sSKi 3aCTOCOBYIOTBCS y KIIHIYHUX JIOCIIA- A, 0<¥ <...<X <X, =b,

KEHHSX. (2)

[TutanHi0O po3B’sI3Ky 0OEpHEHOI 3ajadi
MPUCBSIYCHI 0arato mpamp SK BITYU3HSIHHUX, TaK
1 3aKOpPJIOHHUX HAYKOBIIiB, 30Kpema podotu [1,
5, 7]. lupoko mpexacraBieHi poOOTH 3 Mpak-
TUKHOTO BUKOPUCTAHHS aKyCTHUYHOI TOMOrpa-
¢ii: BHU3HAYEHHA TeMIepaTtypu B armocdepi,
BUSIBJIICHHS pakoBUX myxiuH [4], moOynoBu
TEMIIEPATYpPHUX KapT BOIOMMHMII] [2],
JOCIIDKEHHS! BHYTPIIIHBOT CTPYKTYpH OKEaHy
[9]. 3acrocyBaHHs CIUTaliHIB PO3TJISHYTO Y
po6GoTi [6], 30kpema 3acTocyBaHHS KyOI4HHX
CIUIAMHIB JUIsI PEKOHCTPYKLIi TOMOTrpadiuHuX
300pakeHb MpejcTaBieHo y podori [3].

3arajbHi BimoMocTi

VYcraHoBKa A aKyCTHUHOT ToMorpadii
Moke OyTu moOymoBaHa nBoMa crocobamu. B
NEepUIOMY BUIAJKYy MaeMo Hallp CTallioHapHUX
BUIIPOMIHIOBaYiB 1 NpuiMayiB, B JIpyromy -
napy «BUIPOMIHIOBaY-ipuiiMau», sika obeprae-
TBCSI HABKOJIO 00’ekTa JociikeHHs. [pyruii
cioci0 Moke OyTH 3BEACHUH [0 MepLIoro
MOCIIIOBHUM 3aIUCOM BCIX BUMIPIB.

JlaT4uk, B CBOIO Yepry, MOXYyTb OyTu
pi3HI 3a MPU3HAYEHHSIM a00 MEePEeMUKATUCh MK
peKMMaMH  «BUIIPOMIHIOBAU» Ta «IIpUAMay».
Cxema 3 OaraTbMa JaTYMKaMHM € JOPOXKUOI0, ajie
J1a€ MOJKJIMBICTh 3HIMATH MOKa3aHHS OJJTHOYACHO
Ta posnapajentoBaTd oOuMcieHHs. Bapiant 3
PYXJIIMBOIO NApOI0 «BUIIPOMIHIOBAU-IIpUHMAU» €
AemeBmuM. Bubip KoHKpeTHOi cxeMu 00yMOB-
JICHUH MOUIYKOM KOMIIPOMICY MDK BapTiCTIO Ta
MIBUJIKICTIO B MPOTpPaMHO-anapaTHii peanizamii
Takux cucteM. Hampuknaa, B MeIuIuHi
BUKOPUCTOBYEThCSI cXema 3 OaraTbma JaTyu-
KaM{, TOMY WIO MpPIOPUTETOM € IIBUIKICTb
OTpUMaHHS pe3ynbTary. B maniit poboTi Takox
BUKODUCTOBYEThCSI ~ CXe€Ma  30HIyBaHHSI 13
OaratbMa JIaTYUKaMU.

SIkicTh BiTHOBJICHHS 300pa)KEHHS 3aJICKHUTh
BiJ] IKOCT1 CUTHAJIIB, OTPMMAHUX 3a JOIOMOTOIO
CHCTEMH aKyCTU4HOi Tomorpagii Ta e(ekTus-
HOCTI alropuTMy BifHOBIIeHHs. OcTaHHIl 3ane-
KHUTh BiJ TOTO, HACKUIBKU JOOPE MOJEIIOETHCS
PO3MOBCIOPKEHHSI 3BYKOBUX XBUJIb.

IMocTanoBka 3amaui

Po3rnsiHeMo NpsSMOKYTHY 00J1acTh

Q={xy)|0<x<b0<y<d}. 1)

A, i0<y, <...<y;<yy =d,
KOTpa JimuTh oOmacth () Ha MNPSIMOKYTHI
KOMIpKH, 1110 HE IePETHHAIOTHCS:

Q; ={x V) Ixe(X.x,).ye(y;.V,)f  (3)
aQ . i=0..N-1j=0,.,M-1

ij?
KinbkicTh KoMipok gopiBHIOE K =M x N .
KinbKicTh By3IiB, yTBOPEHUX TAKOIO CITKOIO,
BU3HAYAETHCS 32 POPMYIIOIO.

V =(M+1)-(N+1) (4)
3amaM0  HA  CITII  BY3JIB  MaTPUIIO
BUIIPOMIHIOBAYiB:
T={0.t)}, (5)
ne k=0,...,P, 0<t, <d ta wmarpuuo

npuiiMadiB

R={(r,,s,)} (6)
e n=0,...,Q,0<r<b,0<s<d.

Hexaii o0nacte 30HAYBaHHS 3aJaHa JESKOIO
¢byukiiero W(X,Y) . 3HaueHHs QYHKIIIT y By3Jax
PIBHOMIPHOT CITKH 33aJJaHi MaTPUIICIO:

AN+1,M+1 = {aij }, (7)
ne a; =w(x,y;),i=0,...,N,j=0,..,M.

Ha xoxHiil 13 KOMIpOK 3aaHo OUTIHIHHUN
crutaiin[8]

N M
S(x, y)zzzaij B(x,y), (8)
i=0 j=0
ne &j; — 3Ha4eHHs y BIJIMOBIIHHUX By3lIaX CiTKH,
B(x,y) - bynKuii
OuTiHIMHOTO CcrtaiiHa Jyis 3aAaHoro parMeHTa.

bininiiiHuii crutailH Xapaktepusyetbcs 4
napamerpamu:. by,,b,,b,,,b,,.

coeriajibHl  0Ga3ucHI

3HaiiieMO 3Ha4YeHHS CHI'HAJTy Ha KOXHOMY
13 BUNIpOMiHIOBaYiB (IpsiMa 3aa4a)

U =PA, (9)
ne A — 3HaueHHs (yHKII y By3nax ciTku; P —
MaTpHLS TUIAaHYBaHHS.

OOepHeHa 3a/1aya MOMSITAE y 3HAXOKCHH1
3HaueHb y BysJax citku npu Bigomux U i P
(oOepHeHa 3a1a4a)

A=Gt.W, (10)
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ne G=(P'P); W=P'U; U - 3nauenns y Anroputm BUPILICHHS obepHeHoi

TOYKax MpuiiMayiB; P — MaTpuLs riaHyBaHHS.
Anropurmizanis
Po3pobiieHi aaropuTMu mpamioTh 3 0yab-

SKOK0  PO3MIPHICTIO CITKM Ta  KUIBKICTIO
JTATYUKIB.
Anroputm BUPIIICHHS npsiMo1

toMorpadiuHoi 3a/1a4i Ma€ TaKU BUTIIS!
1) 3agatu o6mactb 30HayBanHs (1).
2) 3apaTtu po3mipHicTh citku M x N .
3) 3agartu citky obusacti (2):
Xg o Xyooo X o Xy

Yor YooY Yu-

4) 3amaTu 3Ha4YCHHS y By3Jax citku (7):

A=a,,a,,. Ay -

5) 3agaTi KOOpAMHATH BUIPOMIHIOBAYIB i
npuiimauiB, matpumi T i R .

6) CdopmyBatn MaTpuili
30HIYIOYMX TPOMEHIB: T'— TIOYaTOK,
KiHeIb.

7) PospaxyBatu mapaMeTpH CIUIalHY ISt
JOKaNbHUX NPSAMOKYTHHX oOjactell, uepe3 sKi
OpOXOAUTh MpoMiHb. [loBTOpUTHM 11 BCIX
30H/IYIOUMX TPOMEHIB.

8) 3Bectu momiOHI  KkoedimieHTH i
copMyBaTH MaTPUIIIO IUTaHYBaHHs P .

9) PospaxyBaTu 3HaYeHHS Yy
npuiimavis 3a popmyioro (9).

KOOpAUHAT
R'—

BY3JIax

TomorpadiuHoi 3amaui:

1. 3ajaTu 3HaYeHHs y By3Jax MpHMadviB —
uU.

2. 3ajaTé MaTpUIO IUIAHYBaHHI — P Ky
oTpuMaiu rpu Bupimensi [1T3.

3. 3HaifTu 3HAYeHHS Yy BY3JaX CITKH
o0uacTi 30HayBaHHA 3a popmysioro (10).

Hpuxaan

Po3po6iieHi anropuTMu BHUPIICHHS MPSMOL
Ta o0epHeHoi TOMOTrpadiuHuX 3a1a4

peanizoBani y cepenoBumi MatlLab ta Oymu
anpoOoBaHi Ha Al NPAKTUYHUX MPHUKIAIIB. Y
IIPOBEECHUX EKCIEPUMEHTaxX KUIBKICTb
BUIIPOMIHIOBAYiB  Ta  1X  PO3TalIlyBaHHSI
3AIMIIAINCH ITOCTIMHUMU. PI3HHIM MDK HUMH
noJisiraja y 301bIIeHI KiJIbKOCTI Npuiimadis. B
3B’A3Ky 3 OOMEXeHICTI0O 00’emy  cTari
pO3rJsiHEMO TUIBKM OJMH 13 HuX. Crnovatky
BUpIIUMO NIpsiMy ToMorpadiuny 3anauy (I1T3).

Hexaii o0macTe 30HAYBaHHS  3a/1aHO
NEeSIKOI0 (DYHKITIEFO

w(x,y)= cos(x-m +zjz sin(y-n+z)°+k,  (11)

ae m=0.7,n=2,k=0,0<x<40<y<4.

BynyeMo cxemy 30HAyBaHHSI, 10 BKJIIOYAE 3
BurnpominioBaua (T1-T3) i 23 npuitmaua (R1-R2s3)
(puc. 1).

*R12

Puc. 1. Cxema 30H1yBaHHS
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ITpu Taxiit cxemi po3MiIllEHHS] BUIIPOMIHIOBaYiB
1 mpuiiMadiB oTpUMaEMO 53 30H/IYIOUMX MPOMEHI.
Byaemo BBakaTH, 1110 3BYKOBA XBIIA IPOXOJUTH
THIIHO.

Croepury  HEOOXiTHO — 3HANTH
NepeTHy NpsAMOi 30HIYBaHHS 13
JoKanbHUX obnacteid. s mporo chopmyemo
BIIMIOBIIHY ~ MATPHII0 13 IMX  KOOPJHHAT.
[ToBTOPIOIOUM ITFO OTIEPAIIi0 [T BCIX 30HAYHOUMX

KOOpAUHATU
KOXHOK 13

IPOMEHIB, OTPHUMAEMO 53 MacuMBH  KOOPIHMHAT
TOYOK TEPETUHY MNPAMOKYTHUX  JIOKQJIBHUX
obnmacreil. MacuBu MaloTh pPI3HY PO3MIPHICTH
3aIKHO Bi KUIBKOCTI KOMIPOK, uepe3 sKi
MPOXOJIUTH IPOMIHb.

HactymauM ~ KpokoM €  3HAaXOJDKEHHS

Koe(iLi€HTIB OUTIHIMHOTO CIUIalHY JUIs KOXHOI 13
KOMIPOK, Yepe3 sIKi IPOXOJUTh IPOMIHb.
OtpuMaBii KoeIIlieHTH CIUTaiiHa I BCIX
KOMIPOK, TpymyeMo TMoOMiOHI Ta QopMyeMo
MAaTpHUIIIO TUIaHyBaHHs. Matpuiist Mae crietupiaHo
po3pimkeHuit BUNIIsiA (puc. 2).
0
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Puc. 2. Matpuns niuaHyBaHHS

ToukamMu TmOKa3aHi HEHYIbOBI EJIEMEHTH
MAaTpPHIIL
KulbKicTh  psiAKIB ~ JTOPIBHIOE — KUTBKOCTI

30HIyFOUMX TPOMEHIB, & KUIBKICTh CTOBII[B —
KUIBKOCTI BY3JIOBHX TOYOK. PO3MIpHICTH MaTpwili
JUT JaHoi Mojeni —53x 25.

3a  BiIOMOIO  MaTpULCIO  IUIAHYBAaHHS

OOYHCITIOEMO 3HAYEHHS MAaTpwili A 1 3HAXOJUMO
3HaueHHs y By3nax npuiimadis U 3a ¢opmyroro
(9). Takum ynHOM OTpUMAaIH po3B’si30k [1T3.

Hpyruii eran — BupimeHas OT3. O6epHena
ToMorpadivHa 3ajada TMOJsra€ y 3HAXOHKEHHI
BY3JIIB CITKH 32 BIIOMUMHU 3HAYEHHSAMHU PUIAMaYiB
3a MHK. Tax sx OT3 BigHOCHTBCS JI0
HEKOPEKTHHUX 3aJa4, TO HEOOX|THO LIyKaTH TaKi
CXEMH 30H]IyBaHH:, SIKI 3a0€3MeUyl0Th HaiKpary
00YMOBJIEHICTh MaTpPHIII.

ITpun BUKOPHUCTaHHI CILUTalHIB JUIs
arnpokcumarlii, oOepHeHa Marpulsd € go0pe
oOymoBineHOI0. ImazkicTh  crutaiiHa — cripusie

perynsipusaiii po3B’si3Ky.

[Ipu Binomux marpuuax U i P oGepuena
3amaya BuUpimyetbest 3a Qopmynoro (10). s
KOHKDETHO 3aj1aHoi mozieni mMarpuns G e noGpe
o0ymoBIieHOIO (Tadm. 1).

[Toxubka oGumCcIIeHb PO3PaxOBY€ETHCS TaK:

AA=A-A (12)
B tabmumi 1 HaBeneHo aHi, OTpUMaHi y X0/l
NPOBENICHHSI  EKCIEPHUMEHTIB. [NokazyeTtbcst

3aIeKHICTh YUCIa O0YMOBIICHOCTI MaTPHITL G Bin
KUIBKOCTI 30H/YIOUMX IPOMEHIB Ta CXeMH IX
po3tamryBanHs. HaBeneHo oOepHeHe 3HAuYEHHS
(RCOND) mo uuciia 00yMOBJICHOCTL. Y po0OTi He
PO3IIIAAAIOTECS CXEeMH PO3TAlllyBaHHS JATUMKIB
st 1-4 excrieprMeHTIB.

Yum Omoxde 3HadeHdss RCOND no omuHuL,
TUM Kpamie oOyMmoBiieHa MaTpuill. SIK BUAHO 13
TalNuLl, y MepIioMy BUIAJIKY PU 28 30HIyI0UNX
MPOMEHSIX OTPUMAJIH BEJIMKY MOXUOKY 00UMCIIEHb.
Y npyromy BUIAJKy, MPH TaKid K€ KUIbKOCTI
30HIYYUX TPOMEHIB 4YHCIO OOYMOBIEHOCTI 1
noxubka pisko 3menmmmmck B 1,15*10" pas. Ile
MOSICHIOETHCS. 3MIHOIO PO3TAlllyBaHHS OJJHOTO 13
npuiiMayiB. [IpoMiHb 30HIyBaHHA Yy JaHOMY
BUIAJIKy TPOMIIOB Yepe3 HEeNOCTaTHbO IOKPUTY
MIPOMEHAMU 00J1acTh. Ane y xozi
eKCTIEPUMEHTAIBHUX JIOCIKEHb BHUSBHJIOCH, IO
TaKa cXema € HeCTIHKOI0, TOMY 1110 Oy/Ib-5IKi 3MIHU
pO3TaIllyBaHHS IHIIMX JAaTYUKIB TMPU3BOAATH JI0
30UIbIIEHHS ~ TOXMOKHM.  3alieXHICTh  4Hcia
O0OYMOBJIEHOCTI Bifl KUIBKOCTI JATYMKIB 1 CXEMHU
pO3TalllyBaHHS HE BCTaHOBJICHA. Y  JAHOMY
BUTIAJKY OUTBII JOUUTGHO 30UTHIIUTH KUTBKICTB
npuiiMaviB, 100 JOCTaTHBO MIUIBHO TOKPUTH
00J1acTh 30HTyBaHHSI.

[Toxubka oOumcieHb it BUOpaHOiI MOJENi €
JOCTATHRO HI3BKOKO — 1.4396%10™,
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1. 3anexHicTh MOXUOKU Ta YyKciIa OOYMOBIICHOCTI BiJl KUTBKOCTI 30HAYIOUHX ITPOMEHIB.

Ne Kinpkicts . Kinpkicts
. KinpkicTs IToxubka
eKcIepu- BUTIPOMIHIO npuiiMayis 30HIYIOUAX RCOND (AA)

MEHTY BayviB MIPOMEHIB

1 3 12 28 8.3289%e-20 4.0179e+05

2 3 13 28* 2.9880e-09 3.4824e-06

3 3 15 31 1.1048e-07 3.8705e-08

4 3 14 32 8.2482e-07 3.9213e-10

5 3 23 53** 6.9629e-06 1.4396e-10

* — 3MiHEHA cXeMa 30HyBaHHs, ** — cxema 30H1yBaHHsI(puc.1)

Takum umnom, OT3 nist BuOpaHOi cxemu
3ouayBanHs (puc. 1) e BupimeHor. OjHak
MOCTA€ TMUTAHHS ONTHMAJIBHOTO PO3MILICHHS
BUIIPOMIHIOBaYiB 1 MpHiiMayiB, BU3HAUYEHHS
MIHIMaTbHO  HEOOXiTHOI  KUIBKOCTI  IpH
30epeKeHH1 I0CTaTHBOI TOYHOCT] PO3B’SI3KY.
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Filter Design in Computed Tomography,
Nuclear Science, IEEE Transactions on, Vol.
27, pp. 1368 — 1374.

4. Jovanovic 1., Vetterli M., and Shaiz L.
(Dirs.).  Inverse  Problems in  Acoustic
Tomography: theory and Applications. EPFL,
Lausanne, 2008.

5. Maremaruueckue 3aJadyu I(OMH’IOTep-
Hoii Tomorpapuu / A. H. Tuxonos, B. .
ApcenuH, A. A. Tumonos. — M. : Hayka, 1987.
- 160 c.

— PpO3po0JIeHO aJIrOPUTMU  BUPILICHHS 6. Honer I'. Celicmuueckast tomorpagus. C
npsAMoi Ta o0epHeHOi ToMorpadidHux 3a1ad4; NPUIIOKEHUSIMHU B TJI0OATBHON ceficMonoruu u

— IepeBIpeHO AJITOPUTMHU  BHUPIMICHHS Pa3BelOuYHOil reodusuke; mep. ¢ auri [ T
toMorpadiuHux  3amadax Ha  moxenbHux  Hoser [u ap.]. — M. : Mup, 1990. — 415 c.

NPUKITaJIax.
VY nopaneiiid po6oTi HE0OXiTHO BpaxyBaTu

7. CuzuxoB B. C. OGpaTHble NpUKIaTHbIE
3amaun u MatLab / B. C. Cusukos. — CIIO :

TOH daxr, 110 3BYKOBI xeuini  He Jlams, 2011, 256 c.
PO3MOBCIOKYIOTECS  TPSAMOJIIHIMHO y 8. Illenesuupkuii 1. B. Meroau Ta 3acobu
HEOJHOPITHOMY  cepenoBulll.  BpaxyBaHHS — cruiaifH-TeXHOJOT 0OPOOKM CUTHANIB CKJIAHOT

BIIOUTTS, MEpPETOMIICHHS MiABUIIUTH TOYHICTH
PEKOHCTPYKIIiT 300paskeHHs, alieé B TOM ke yac
YCKIIATHUTh aJTOPUTM Ta 30UTBIINTH dYac
BUPIIICHHS 3a/1a4i.
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