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AHAJII3 OTPUMAHHSA 306PAKEHHSA 3A 1TOIIOMOI'OXO TOMOI'PA®A

B 2019 ceim cmukHy8cs 3 ceplio3HOW npo6/emor - CmpiMKUM NnowupeHHsAM KopoHaeipycHoi indekyii Bipyc
sussuscsi docums JemroyuM ma weudko Nowupuscs Ha eeauki mepumopii. OCHOBHUM Op2aHOM, sKull niddaemwvcs
ypaxcento COVID-19 nHeemoHiew, € sezeHi. [flasi nidmeepdxceHHss nHe8MOHII 8 cyvacHill meduyuHi wacmo
8UKOPUCMOBYIOMb PEHM2EHO1021YHULl Memod, a 015 6iAbW MOYHO20 BU3HAYEHHS CIMYNEHs YPAHCEHHSsl BUKOPUCIMO8YEMbCS
KoMn'tomepHa momozpadis, ska € pisHosudom peHmeeHoso02ii. Taxkutll memod diazHocmuku 0038045€ 3abe3nevumu
c80€4aCHe JIKy8aHHI NHEBMOHIl, BU3HAYEHHSI CMYNEHI0 YPAXCeHHs Je2eHe8UX MKAHUH, CRUPAYUCb HA 00epiHcaHi
300padxceHHsl 6HyMpiWHb0i cmpykmypu JezeHb 6e3 iH8asiliHo20 empyuaHHs. B po6omi npogedeHo mMamemamuyHuil onuc
PEKOHCMPYHBAHHS 306PANCEHHSI OMPUMAHOZO.

Karouosi cnosa: momozpama, moHkuUll 3pis, peKOHCMPYKYisi 300paAHCEHHSI.

YURII KRYVENCHUK, YAROSLAV VYKLYUK, YURII NOVYTSKYI, DENYS NEVINSKYI
Lviv Polytechnic National University

ANALYSIS OF OBTAINING AN IMAGE WITH THE TOMOGRAPH

CT scans vary from manufacturer to manufacturer. There are several generations of CT. The concept of CT generation is not so
much related to the time of its birth, but to the use in the scanner of the type of motion of the emitter-detector system. The generation
number (first, second, third, fourth, etc.) is related to the type of tube-detector system design. Three types of scanners are now available:
third, fourth and fifth generation. The life of the first generation of CT was fleeting: the duration of the scan did not suit - about 20 minutes.
and the computer reconstruction of the image took too long. Only the brain could be examined on such devices. As for the human body, the
image turned out blurry, blurred. But the process of improvement continues. Today, research is being conducted on fourth- and fifth-
generation devices. They have not one, but many X-ray emitters, up to 200. It uses a very powerful processor with high-speed information
processing - up to 10 million operations per second. As a result, the scan time was reduced to 40-50 milliseconds. It is now possible (here is a
scientific idea!) To see on the telemonitor the reduction of certain transverse layers of the heart 1-2 millimeters thick. At spiral CT in the
course of research with simultaneous constant rotation of system "tube - detectors" the table constantly moves and thus there is a spiral
movement of a fan-shaped beam through a patient's body. Spiral CT makes it possible to examine the anatomical region in one period of
respiratory arrest, and the thickness of the reconstructed layer is not related to the original width of the tomogram. Obtaining thin
conjunctival sections, which are tightly arranged in a spiral, allows you to get three-dimensional reconstructions. In combination with
intravenous bolus contrast and subtraction data processing, CT angiograms can be obtained, which reproduce images of large vessels. In
recent years, multispiral (multislice) CT has been used, which is based on the principles of imaging as in spiral CT, but due to multi-row
detectors for full rotation of the system "tube detectors” can display more than one slice (currently from 2 to 16 images). This has made it
possible to perform studies of the heart, study a large anatomical area, such as the lungs, thin sections in one breath hold, and significantly
improve the quality of multiplanar and three-dimensional reconstructions. In electron beam tomography, the source of X-rays is a large
electron gun with several massive parallel anode targets located in semiconductor rings around the patient. The intense anode beam is
directed along the tungsten anode rings. The electron beam thus obtained passes through the patient's body and is received by a fixed array
of detectors. This achieves a high tomography rate, which is sufficient for the study of a moving heart: clearly delineated images can be
obtained without the use of synchronization with the ECG. With the help of electron-beam tomography it is also possible to perform CT
angiography and construction of high-quality three-dimensional reconstructions. Thus, modern medicine is impossible without CT. For
example, in neurology, computed tomography, in addition to skull bones, well identifies the ventricles of the brain, venous sinuses,
subarachnoid cisterns, interhemispheric fissure, cortex, basal nodes, inner capsule, trunk, cerebellum and other structures. The radiation load
does not exceed the level usual for X-ray examination. At the same time, CT scans provide 100 times more information about the brain than
conventional skull x-rays. But its importance is not limited to use only for the diagnosis of various diseases. Under the control of CT perform
punctures and directed biopsy of various organs and pathological foci. The role of CT in the control of conservative and surgical treatment of
patients is extremely important. CT is a valuable method of accurate localization of tumors and directing the radiation source to the focus
when planning radiation treatment of malignant tumors.

Keywords: tomogram, thin slice, image reconstruction

IHocTanoBKka mpo0JieMH y 3araJIbHOMY BUIJISTI
Ta ii 3B’9130K i3 BA2KJIMBMMH HAYKOBUMH Y¥ NPAKTHYHUMH 3aBJAAHHAMHA
VY xomn'torepHiii Tomorpadii BUKOPHUCTOBYIOTH PEHTI'€HIBCHKI IIPOMEHI, TOMY B OCHOBI PEHTTCHIBCHKOI
KOMIT FOTEepHOI ToMorpadii JISKUTh 3AaTHICTh PI3HUX OPraHiB Ta TKaHWH JIOJUHU HEPIBHOMIPHO MOCHa0IIOBATH
PEHTIeHIBCbKE BUIIPOMIHIOBAaHHS. Y NPOIECi MPOXOPKEHHS Kpi3h TKAHWHU PEHTTCHIBCHKI IPOMEHI 0CIa0IIsAI0ThCS,
YaCTKOBO i3-3a IOIJIMHAHHS €Heprii, 4acTKOBO uepe3 po3citoBaHHsA. OcnabieHHS MOXKHA OIMCATH HACTYHMHHUM
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PIBHSHHSIM:
_ —pd
| =1,ce
ne | - IHTeHCHUBHICTh BUIIPOMIHIOBAaHHS, 1110 OYJIO MPOIMYILEHO (BUIPOMIHIOBAaHHS Ha BUXOJ 13 TKaHHHU),
|0- IHTCHCHUBHICTh BHIIPOMIHIOBAaHHS, IO Majae (HA BXOAI B TKaHWHHU), |I - KOeQIIi€HT MOBHOTO IJIiHIHHOTO

ocnabneHHs [Uisl TKaHUHH, d - 11e BiZCTaHb, M0 MPOUILIO BUIPOMIHIOBAHHSIM Kpi3b TKAHHHY (TOBIIHHA TKAHWUHH).
KoediieHT ocnabneHHs | 0OyMOBICHHI aTOMHMM HOMEPOM Ta CJICKTPOHHOK MIUTBHICTIO TKaHWHW. UuM BUIlE
aTOMHE YHCIIO Ta IIIJIBHICTH ENEeKTPOHIB, TUM BHUINE KOeQilieHT ociabiieHHsS. TakuM YWHOM, aTOMHE YHCIO Ta
IITBHICTD €NEKTPOHIB — IIe JBa MapaMeTpH, IO 3yMOBIIOIOTH SKOCTI TKAHWHH O OCNA0JICHHS PEHTITEHIBCHKOTO
BHIIPOMiHIOBaHHA. HeoOximHO BpaxoByBaTH, IO KoeQilieHT ociaOleHys 3ajJeXKuTh TaKOX Bif eHepril
peHTreHiBchkux mnpoMeriB. Otxe, Giznani ocHOBH KT Ta peHTTeHONOTIYHIX METOAMK iICHTHYHI, a BiIPi3HAIOTHCA
i METOIM 3a MPUHIIUIIOM OTPUMAaHHS Ta 0OPOOKHU NiarHOCTHYHOI iH(popMmaIrii.

AHaJti3 0CTaHHIX JKepeJt
OCHOBOIO KOMM'IOTEpHOTO TOMOrpada € peHTreHiBchbka TpPYyOKa, sKa BHUITYCKA€ BisUIONMONIOHMH My4OK
PEHTIeHIBCHKOTO BHITPOMIHIOBAHHS, CIPSIMOBAHUM IEPIEHIUKYIISIPHO JOBTiH OCI TiNa JIOCHIIKYBaHOI JIFOJIUHU.
PenrtreniBcbka TpyOKa 00EpTAETHCS HABKOJIO MAlli€HTA 1 MOBEPTAETHCS 0 TiNa JIIOAUHM MiJ| PI3HUMH KyTaMH, y
3aranpHii cKimagHocTi mpoxoasyan 360° (puc. 1).

‘ == — """"" Radiation receivers

Rotating X-Ray Tube

Puc. 1. Ipunnun ¢izuynoi aii komn'iorepHoro romorpacga

PeHTreHiBCchKi TPOMEHI, MPOXOISIYM UYepe3 OCTIKYBAaHUHA 00'€KT, HEPIBHOMIPHO MOCTHAONIOITHCS 1
PEECTPYIOTBCS CHCTEMOIO JETEKTOpPIB. JleTekTopn, SIKMX B CYKyNHOCTI MOkHa Hamiuutd 1088 mrTyk, peecTpyroTh
CTYIIHb MOCNA0JICHHSI PEHTTEHIBCHKOTO BHIIPOMIHIOBAHHS 1 TEPETBOPIOIOTH PEHTTEHIBCHKE BHIIPOMIHIOBAHHS B
€JIEKTPUYHI CUTHAJM, SIKi MPSIMO TPOIOPLIiHHI eHeprii peHTreHiBchbkux (oToHIiB. ITOTiM 1 aHANOroBi CUrHAIH
MOCHITIOIOTBCS EJIEKTPOHHHUMHU MOJYJISIMH 1 IEpETBOPIOIOThCS B U(MPOBI iMmynbeu. Jleski Marepiany BUSBISIFOTHCS
nyxe eeKTUBHUMHM JUIsl [IEPEeTBOPEHHST PEHTIeHIBCHKOTO BHIIPOMiHIOBaHHs. Hampukian, Siemens BUKOPHUCTOBYE
UFC-netexrop (HaJIIBUIKICHI KepaMidHI JETEKTOPH), sIKi 3aBISKM XOPOLIMM BJIACTUBOCTSIM Marepiany JaioTh
4qyoBY sKicTh 300paxkeHHs. Haiuactime B KT BHKOPHUCTOBYIOTBCS [Ba THIIM JETEKTOPIB — JIIOMIHECHEHTHI Ta
rasosi [1, 2].

Y MIOMiHECTIEHTHHUX JETEKTOPAaX BHKOPHCTOBYIOTHCS JIOMIHECIICHTHI KPHCTANU 3'€IHAHI 3 TpyOKow (HOTO
MMOMHOKyBada JUI1 TIEPETBOPEHHS CIAJaXiB CBITJIA B e€IeKTPOHH. KiNBKICTP BHPOOJICHOTO CBiTIa MPSIMO
TIpomNopIliliHe eHeprii MorJMHeHnX NpoMeHiB. Taki 1eTeKTOpM BUKOPUCTOBYBAIMCA B CKaHepaX 1 i 2 mokomiHb. Ix
HEJIOJIKAMH € HEMOMKIIUBICTh OJIM3BKOrO PO3TAIIYBAHHS OJMH JI0 OXHOro i edekt micnsceiTinus [2, 3]. ['azoBuit
JIETEKTOp SABJIsIE COOOK0 KaMepy i0Hi3allil, 3aII0BHEHY KCEHOHOM a00 KpHNTOHOM. [OHi30BaHMH Ta3, MPOIOPIiHHIHA
BUIIPOMIHIOBaHHSI, 1110 M13/1a€ HA KaMepy, BUKIIMKAE 3'€IHAHHS eJIEKTPOHIB 3 BOJIb()PAMOBHUMH IUIACTHH, 11O CTBOPIOE
€JIeKTpOHHI curHanu. [lmacTuHU po3TamoBaHi Ha BijactaHi 1.5 MM oguH Bif omHoro. ['a3oBi merekropu Oymu
po3po0biieHi UIsi CKaHepiB 3 TIOKOJIHHS Ta BUKOPHCTOBYIOTHCS MO ChOTOJMHI. BOHM HarOTh BHUCOKWH 03BN i
YyTIUBICTh, X €pekTUBHICTH Omm3bka A0 100%, OCKiIBKHM BOHH MOXYTh OYyTH pO3TalioBaHi OJM3BKO OJWUH O
oxHoro [4]. B cydacHux TomMorpadax BHYTPIIIHS cXeMa KOMyTallii Ha MiKpocxeMax J03BOJIS€ JMHAMIYHO BUOMPATH
pexuM poOOTH JETEKTOPIB.

@dopMa IyuyKy pEHTIEHIBCHKMX NPOMEHIB HaJae€Thcs 3a JONOMOIOI0 CHELiIbHUX MeMOpaH, sKi
Ha3MBaIOThCS KOJIIMAaTOpamH, siki OyBaloTh NBOX BuaiB. KomiMaTopu Jpkepena po3TaiioBaHi Oe3rnocepeHbo Iepes
JOKEPEJIOM BUITPOMIHIOBaHHS (PEHTT€HIBCHKOI TPYOKO0); BOHH CTBOPIOIOTH MYYOK OiNIbIN MapasieIbHUX HPOMEHIB 1
JIO3BOJISIIOTh 3HM3WTH JI03y BIUIMBY Ha marieHTa. KosiMatopu HeTeKTOpiB po3TalloBaHi 0e3rnocepesHbo Iepen
JIETEKTOPaMH 1 CITy’>KaTb ISl 3HMKCHHSI BUIIPOMIHIOBaHHS PO3CIIOBaHHS I CKOPOYEHHS apTedakTiB 300paxkeHs. Lli
KOJIIMATOPH CIIYXKaTh JUIsl BU3HAYCHHS TOBIIWHU 3pi3y [5]. PinbTpu 3a6e3meuyroTh piBHOMIpHUH po3noain HoToHIB
MOTIEPEK PEHTTEHIBCHKOTO TPOMEHIO0 1 3MEHINYIOTh CyMapHy [103y ONpPOMIHEHHS, BHUAAISIOYM OUTBII M'sKe
BHUIIPOMIHIOBaHHS. 3a3BUYail BOHU 3po0JieHi 3 amoMmiHito, Tpadity abo TeduoHy. B cydacHux Tomorpadax
mporpaMHe 3a0e3nedeHHs 1T 00poOKM 300paskeHh 0arato B 4OMY BH3HA4ae iX KIIHIYHY HPOXYKTHBHICTH 1
iH(OPMATHBHICTh PEECTPOBAHUX JIaHUX 1 CTAHOBHTH 1/3 3aranbHOi BapTOCTi cCkaHepa. KoMIT'toTep OTpuMy€e CHTHAI B
aHaAJIOTOBIM (QOpMi 1 MEePETBOPIOE HOTO B JBIMKOBHI KOJ, BAKOPHUCTOBYIOUN aHAJIOTOBO-IIU(PPOBUI ITePeTBOPIOBAY
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[6]. Ludposwuii curHai 306epira€ThCst NPOTATOM CKaHYBAHHS IO JO3BOJISIE TiCIsI HOTO 3aKiHYEHHS PEKOHCTPYIOBATH
300paKeHHsI B 3aJ[aHi{ TUTONUHI.

®DopMyTI0BaHHS 1inei cTaTTi
MeToro poOOTH € PEeKOHCTPYIOBAaHHS €IWHOTO 300pa)KeHHS OTPUMAHOTO 3 ToMorpada i3 Habopy OIOKiB
300pakeHb.

Bukan ocHOBHOro MaTtepiany

Pimenns MaTeMaTn4HUX 3a1a4 ToMorpadii 3BOUTHCS 10 PO3B'I3yBaHHS ONEPATOPHUX PIBHSIHB 1-TO poxy.
Binomo, 110 3aBIaHHs BUPIIICHHS TAKUX PIBHSIHb € HEKOPEKTHO MOCTaBIEHUMHU. [Ipy 3HaX0/KEeHHI 1X HaOJIVKEHUX
pilleHp HEOOXiZHO BUKOPHCTOBYBATH METOJAM pEryiisipu3allii, IO JO3BOJAIOTH BPAxXOBYBAaTH JOJATKOBY
indopmariiro npo po3s's3yBaHoi 3a1a4i [2, 7]. PisHOMaHITHICTh Takoi iH(MOpMaLii MOPOIKYE YHCICHH] alrOPHTMH
pilIEHHS OCHOBHHMX MaTeMaTHYHHX 33Ja4 OOYMCIIOBaJbHOI nMiarHOCTHKU. OnHa 3 TOJNOBHUX IpOOJeM, IO
BUHHUKAIOTh IIPH BUPIOICHHI MaTeMaTHYHHUX 3a4ad ToMmorpadii, — BHOIp ONTHMAaIbHOTO aJrOPUTMY, KpHUTEpieM
BiOOpY SKOTO MOXKE CITY>KUTH, HAIIPHUKIAM, SKICTh 300pakeHHS.

PosrasiHeMo OCHOBHI MaTeMaTH4HI CHIBBIIHOIIECHHS, Ha
AKUX 0a3yrOThCAd Cy4YacHI METOAHM OOYHCIIOBAIFHOI TOoMorpadii.
JaHi CHiBBiZHOIICHHS 3aII03UIYIOTHCA 3 IHTETPaIBbHOI reoMeTpil i
3aCTOCOBYIOTBCS 10 TOMOTpadiuHHX BUMIPIOBAHb 3 ypaxyBaHHAM
METO/IIB PO3B'sI3aHHS HCKOPSKTHHX 3a1a4 [3].

Hexait nHa momumHi (X, Y) B NPSAMOKYTHil cucremi
KOOpAMHAT 3amaHa naBomipHa ¢ymkuis f (X, y), iHTerpoBana 3a
BCIMa MOXJIHUBHMH MPSIMUM, JISKAYMM B JaHil uiomuHi (puc. 2).
Bynp-sika npsima Moxe OyTH ONMcaHa PiBHSIHHIM:

XCOSe + ysing—s =0 ) s .
Iie S — BiCTaHp Bil MOYATKy KOOPAHMHAT IO JAHOI NPSAMOT; ¢ — KyT k
YTBOPEHHH 3 BiCCIO X HEPIEHIMKYJIAPOM, ONMYILCHUM Ha MpsAMY 3
HOYaTKy KOOpIMHAT.

3rigao (1) [OBUTbHA TpsAMa OJHO3HAYHO 33JIAETHCS
napamerpamu S i ¢. Tomy, pe3ynbrar R interpyBanus ¢pyukuii f (X, Y) o neskiit npsmiii Oy/e 3anekaT Bif IHX ke
napamertpis (R = R (S, ¢)):

<5

Puc. 2. CucremMa KOOpPAMHAT /151 MepeTBOpeHHs Pajona

R(s, ¢)= If(x, y)dL = J' If(x, y) 8 (xcosep + ysing — s)dxdy @)
®,S —00—00
ne d — nenpra-pyHkuia Jlipaka.

IMoniGHe iHTETpyBaHHS MOXHA PO3TILSIIATH SK MesIKUi epeTBOpeHHs, ke st yukmii: f (X, y) Ha mrommai
{X, y} craButs y BigmosimHicTs R (S, ¢) Ha Ge3miui Bcix mpsimux. Lle mepeTBOpeHHs HA3UBAETHCS EPETBOPEHHAM
Pamona, a ¢ynkmito R (S, ¢) HasuBaroth obOpasom ¢ymkmii f (X, y) B mpoctopi Pamona. PisusauHI (2)
BUKOPHCTOBYETBCS JUIsl OIUCY 3aracaHHsl pEHTI€HIBCHKOTO MIPOMEHSI, 1110 MPOXOAUTH MO MpsMil JiHIT yepe3 00'eKT.

VY Tomorpadii cTaBUThCS MaTeMaTH4HA 3a]a4a MOIIyKy HeBimomoi ¢yukmii f (X, V), Ko Bimoma GyHKIis
R (s, ¢), o € o6pazom ¢ynkii f (X, y) B mpocropi Pagona. PileHHs MOCTaBAEHOTO 3aBJaHHS 3BOAUTHCS JI0 MONIYKY
MepEeTBOPEHHS, 3BOPOTHOTO NepeTBOpeHHs Pagona.

Lle#i anroput™ 3aiuInaBcs €JMHUM JI0 THX ITip, TIOKH HE I0YaB IIUPOKO 3aCTOCOBYBATHCS TOMOTpadiuHui
METOJl, SIKMH CIHMPAETHCS Ha pIilIeHHS CPOPMYIHOBAHOI BHIIE MaTeMaTHYHOI 3a7adi. 3 IbOr0 MOMEHTY MOoYanacs
po3po0Ka pI3HHX aNTOPUTMIB, MO PO3PI3HAIOTHCS MK CO0O0K CHOCOOOM OOJMIKY TEXHIYHHX OCOOJIMBOCTEH,
peaiizali€o; CTyNeHEM JEeTAJIbHOCTI OOJIKY CTPYKTYpH (IIYKTyaliiHUX SIBHIN, SIKi CYNPOBOMXKYIOTH IpOLEC
ToMorpadii; 06'eMOM BUKOPHUCTOBYBaHHX ANPIOPHUX BIIOMOCTEH 1 HAsBHICTIO a00 BIJCYTHICTIO aIanTallii 10 JaHUX
KOHKpeTHHX yMOB. IIpoekuis 300pakeHHS QopMmyeTbes oO0'enHaHHSAM Habopy JiHIHHMX iHTerpamis. Y
HaWMpOCTIIIOMY BHITAQAKY IIe HaOip BUMIpIOBaHb, IPOBEACHUX B3JOBXK MapajlelbHUX JiHIH. Y pasi BissmonomiOHOrO
My4dka Ui BUMIPIOBaHb BHKOPHCTOBYIOTH OJIHE JDKEpENo TNPOMEHiB, 3aiKcoBaHMHA B MEBHIM Toumi 1 1m0
MTOBEPTAETHCS BiATIOBITHO /IO KIIBIIEM JETEKTOPIB.

IcHye crmiBBiAHOIIEHHS, 1[0 BU3HAYA€E 3B'I30K, aHAIOTIYHUHN 10 piBHAHHA (2) Mik mepeTBopeHHsM Dyp'e
nux pynkmii. [e Tak 3BaHa Teopema Mpo MEeHTPATLHOTO mepepizy [4].

Hexaii R (o, ¢) - oqHoMmipHe nepetBopenHs Dyp'e (abo crnextp Pyp'e) dynkuii R (S, @) mo 3minHiit S, a F
(u, V) - nBoBUMIipHE nepeTBopeHHs Dyp'e (mpocTopoBuit criektp) byrkuii f (X, y) Mo 3MiHHAM X 1 Y:

F(u, v)= I If (x,y)e " Mdxdy ©)
R((O, gD) — J‘R(S’(o)efi&rswds — J' J‘ f(X, y)efjﬁw(x Cos¢)+ysin(p)dxdy ( 4)
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BBeneMo B TpHBUMIPHOMY IIPOCTOPi MPSMOKYTHY CHCTEMY KOOPAMHAT, MO OCSX KOl BigkmazaeHi F, U i V.
[TpoBeneMo yepe3 MOYATOK KOOPAMHAT IUIOLIMHY, MEPICHIUKYISAPHY IuonmHi (U, V), TaKy, IO JIiHIS HEPETUHY
TUTOIIHH 3 BicCIO U YTBOPHUTH KyT @. Y TepeTHHi mi€l TIOMUHN 31 3HadeHHsMH QyHKIii F (U, V) BUXOANUTH aesika
OIHOMipHA (YHKIIS, IO 3aJEKUTHh Bill TMOJOXKECHHSA TOYKH HA IiH MpsAMiil (HalpwKIaa, BiX BIICTaHI 10 MOYATKY
KoopAnHAT). SIKIIO I8 BiIcTaHb TOPIBHIOE O, TO KOOPIMHATH TOYKH Ii€l mpsMoi B miomwHi (U, V) piBHI U = ® cosO,
vV =@ sin ¢. OTxke, maHa QYHKIS OHi€T 3MIHHOT BUXOANTD 3 QYHKIIT ABOX 3MiHHUX F (U, V) OUISIXOM T ICTaHOBKH U
iv.

Teopema npo IeHTpaTbHUI TIepepi3 Kaxke, mo skmo ¢pyuakis f (X, y) i ii Pagonosckiit 06pas R (S, ¢) MaroTh
neperBopennst Oyp'e, To ogHoMipHe meperBopenHs Dyp'e PagonoBckoro cmocody R (S, ¢) mo 3MmiHHINA S OXHO
(byHKIIT, SKa ONHCYE LEHTPAIbHE NEPETHH ABOBUMIPHOTO repeTBopeHHs Dyp'e, 110 BiIIOBIAa€ TOMY 3HAYSHHIO @,
IpH IKOMY 00UHCITIOEThCs iepeTBopeHHs Dyp'e dpyukuii R (S, ¢)[7].

3 ypaxyBaHHSM BBEICHHX IT03HAYCHb MaTeMaTHYHa (JOPMYIIOBAaHHS TEOPEMH IIPO IEHTPaIbHOMY Tepepisi
Ma€e BUIJISIA:

S(@,p)=F(u,v) (5)
3aBiaHHs PEKOHCTPYKIIT 300pakeHHs 6a3yeThesi HA TeOpeMi Mpo UeHTpanpHuil nepepis. Oyukuito f (X, Y)
MOKHA 3HAWTH 3a ABOBUMipHOMY mepeTtBopeHHs Oyp’e F (u, v):

f(xy)= J .[F(u,v)e“z”(““W)dudv (6)
[Mepeiinemo B rutontuHi (U, V) 0 MOJSIPHUX KOOPAMHAT M, @: U = ® cos ¢, V = o sin ¢. Toxi piBHsAHHS (6)
Oyze MaTu BUTJISI:

270
f(xy)= “.a)F (@ cosp, o sing)e™ 2 Y )q g g @
00
270
f (X, y) — J'J'a)R(a)’w)e—iZﬂw(x cosp+y Sin(p)d(t)d¢ (8)
00

PiBusirHs (8) € mrykanowo GpopmMyIioro, 1o 1o3Bosse 3Haitu ¢yHkiio f (X, y). OnHak, naHa ¢popma 3anucy
PIBHSIHHS Yepe3 BUKOPUCTAHHS B HBOMY OOJAcTi iHTErpyBaHHS BHSBISIETHCS HE JyXe 3pYYHOIO JId 0OpoOKH
ToMOrpaM. 3pydHimie po30OUTH iHTETpaj Ha JBa, BBAXKAOUM IO (¢ 3MIHIOETHCS Bix O 10 7 1 Big @ 10 27, OCKUIBKH
TOJi MO’KHa BUKOPHCTOBYBATH BJIACTHBICTB!

F(o,¢+7)=F(o,9) ©)

Auroput™ (GOHOBOT IPOEKIii BiTHOCHO HMPOCTUI JUIs MapajeinbHOl CXeMU CKaHYBaHHS ajie PeKOHCTPYKIis
3aiiMae OaraTo vacy. BisutomoniOHe ckaHyBaHHS Ha0arato IIBUAIIC aje alrOPUTM Ui HHOTO OLTBII CKIIAJTHUH.
IcHye, TakOX aNrOPUTM 3BaXKEHOTO MPOSKTYBAaHHS 3 PIBHUMH MPOMDKKAMHU BUOIPKH SIK IJIs HAPAIENbHOro, TaK 1 JUIs
BISIOMOIOHOTO CcKaHyBaHHA. KpiM TOro, MokHa TepeBeCTH JaHI MpO MPOEKIii, OTpUMaHi U BisJIOMOIIOHOTO
My4Ka, B €KBIBJEHTHI JiaHi, OTPUMaHi 3a JONOMOIOI0 MapalelbHUX MPOMEHIB, 0 JO3BOJISIE BUKOPHCTOBYBATH
MPOCTHI aJTOPUTM PEKOHCTPYKIiI. PeecTpoBaHi JETEKTOpOM JaHi I pe3yJbTaT B3a€EMOJIi PEHTI€HIBCHKOTO
BUIIPOMIHIOBAaHHSI 1 PEYOBHMHH 3 SIKOT CKJIAJA€ThCsl JOCIiHKYBaHUH 00'ekT. [Ipu mpoxomkeHH] yepe3 00'eKT eHepris
(OTOHIB 3MeHIIy€eThCs Yepes il (oroenekTpuuHoro edekry (norauHanHs) i edpexry Komnrona (po3citoBanus) [5].
KoedinienT nornuHanHs (GOTOHIB By3bKOTO PEHTI€HIBCHKOTO Iy4yKa IPH MPOXOPKEHHI Yepe3 MaTepial 3alie)KUTh
BiJ KoeillieHTa JIIHIHHOTO 0CIa0ICHHS I[LOT0 MaTepiany.

_ —pd
1(x)=1.e (10)
ne d — ToBuMHA 00'ekTa, | — IHTEHCHBHICTh PEHTTCHIBCHKUX MPOMEHIB, |0 — 3apeecTpoBaHa JAETEKTOPOM

IHTEHCUBHICTh BUIIPOMIHIOBAaHHS, |1 — KOEQIIiEHT NiHIITHOTO OCIabIeHHS MaTepiaiy.

!

HUN-1

uN

Puc. 3. CxemaTHuHe 300pa:keHHsI IPOXO/ZKEHHSI PeHTIeHiBCLKOT0 BUNPOMIHIOBAHHS Yepe3 TOHKHI 3pi3
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VY komm'toTepHili ToMorpadii peHTreHiBCcbKa TpyOKa 1 cucreMa KajJiMyBaHHS CTBOPIOIOTH BY3bKHI
BISUTONONIOHUH ITy4OK MPOMEHIB, 110 PO3CIIOIOTHCA 10 BChOMY 00’ eMy BimoOpaxyBaHoro mapy (puc. 3). CymapHuii
KoeiIieHT po3CifOBaHHS P MPOXOKEHHI BUIIPOMIHIOBaHHA Yepe3 psif IIapiB JOPIBHIOE:

Hs =+ )+ Ly (11)
e pl, p2,... uN — xoedinieHTH pO3CiTHHS BUIIPOMIHIOBAHHS BiATIOBIIHAX IIApiB.

OCKITBKH JETEKTOPH PEECTPYIOTH IHTEHCHBHICTH BHIIPOMIHIOBAHHS, IO IIPOWIIOB depe3 BeCh

JOCTIKYBaHUH 00’ €KT, TO 32 OTPUMAHUMU JaHUMH MU MOXKEMO OIiHUTH TiNbKH [LX:

I =|oeXp[—Md]=|o exp[—(k, + 1, +...+ 1y )d] (12)
Jis 3HAXOMKCHHS KOEQIIi€HTIB TOTJIMHAHHA A KOKHOTO IHapy, sKi HEOOXimHI IS pEeKOHCTPYKINI
300pakeHHs, MOXKHA 32 JOMOMOTOI0 METOXY 3BOPOTHOTO MPOEKTYBaHHs. BiH mependadae oTpumaHHs iHpOpMarii

PO XapakTep MOTJIMHAHHS PEHTIEHIBCLKOTO BUIIPOMIHIOBAHHA B 0araTbox pakypcax. Po3rjisHeMo wiap, Lo
CKITAIa€ThCS 3 YOTHPHOX miapis [7] (puc. 4).

b

Hi u2

— u3 ud

Ior -

Hiro| M2 Hi3 " —— I, = [y e (F11d+R1zd)
Iy> ;
—> o | k2 H23 N T I, = Ippe—(Ha1d+hzzd+-)
To3
— > M | M H33 H3m > I = [pze~(Hard+uazd+)
Ton Hul =
—> Hnm L =I.e (Un1d+pnzd+-)

Puc. 4. CxemaTnuHe 300pakeHHsI OTPUMAHHSA JaHUX MPH KOMIT’IOTepPHiii ToMorpadii
P P p Y P

Po3rnsHyTHI map migaeThcs ONPOMIHEHHIO B ICKIIBKOX PaKypcax, B pe3yJIbTaTi Y4Oro MU OTPHMYEMO DSl
Pi3HUX 3HaYEHb CYMapHUX Koe(illi€HTiB, SKi MOYKHA 3alTUCATH Y BUTIISAAL TaKO1 CHCTEMH PIBHSIHB!

U ph+ 1, = 1,
Uy + s = fyg (13)
o+ g = g
Uy + 1y =ty

BucHOBKM 3 1aHOT0 AOCJiI:KeHHS i NepCcneKTUBHU NOAAJBIIMX PO3BIAOK Y JaHOMY HANPAMI

Bupimyrouu piBasHHA (13) M oTpuMyemMo KoedilieHTH ocnalieHHs A 3a3HadeHux wapiB. KoxHomy
mapy Ha 300paXeHHI BIATOBIJIa€ OKPEMHUH IIIK Cellb, SICKPaBICTh SKOTO BiJoOpakae OCIabJIeHHS PEHTI€HIBCHKOTO
BUTNIpOMiHIOBaHHA. Hacrpapni 300pakeHHSI B KOMITIOTEpHINA ToMorpadii CKIIafaloThCs i3 3HAYHO OUIBIIOTO YHCIa
TiKCeNiB 1 BITHOBIIOBATH TOBOJIUTHCS KOe(iieHTH pO3CiOBaHHS I TaKoi K KijbKocTi mapis (puc. 3). B cygacHux
ToMorpadax mudpoBa MaTPHUILI OAEPKYBAaHOTO 300pakeHHs HaltyacTiIIe Mae po3MipHicTh 512 x 512 abo 256 x 256
MIKCeNiB, IO JIO3BOJIIE JIOCUTh TOYHO PEKOHCTPYIOBATH 300pa)KeHHs 3 Tpymu 300pa)eHb, OTPUMAaHUX
TOMOTpadigHUM METOJIOM.
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