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3AT'AJIbHA XAPAKTEPUCTHKA POBOTHU

AKTyanbHicTh TeMu. OctanHs 4BepTh 20-TO CTONITTS O3HAMEHYBAJIACh MOSBOIO, IHTEHCHUBHUM
PO3BUTKOM 1 HIMPOKUM BIIPOBAKEHHSM OJIHOTO 3 BHJATHUX JOCSTHEHb JIIOJICTBA — KOMII IOTEPHOT
tomorpadii. B 0ocHOBI koM toTepHoi ToMorpadii JIexkaTh TEOPETHUHI Pe3y/IbTaTH HIMELKOr0 BUEHOTo M.
Panona, sikuii me Ha moyatky 20-ro CTOJITTS PO3BHHYB TEOPiIO epeTBOPEHHs (QYHKIIIH 6araTboX 3MiHHUX
(e mepeTBOpEHHS Terep Ha3WBAETHCS MEePEeTBOpeHHAM Paiona). 3rifHo 3 MM MEePeTBOPEHHAM (YHKIIIO
0araTh0X 3MIHHHUX MOXKHA XapaKTepu3yBaTH HE TUIbKHM ii 3HAUEHHSMU Yy TOYKaX OaraTOBHUMIPHOTO
MPOCTOPY, alie TAKOXK IHTErpajlaMH BiJl mi€l QyHKINT, B3ATUMH MO HECKIHYCHHIN CYKYIHOCTI JIiHIH a00
IUTOIIMH (SIKIIO KUTBKICTh 3MIHHUX Oinbmie nBox). Ha mpakTtumi iHpopmauis npo QyHKIiI0 Moxe OyTH
OTpUMaHa TUTBKK y BUTIISAAI (PIKCOBAHOTO YHCIIa BKa3aHUX IHTETPaIiB, OTPUMAHUX IO JCSKiH CKIHYCHIH
MHOJKHHI JiHii a00 moBepxoHb. ToMy MpakTUyHA peamizallis iaei M. Pamona y BUIJISIII KOMIT FOTEPHHUX
ToMorpadis, 110 BUKOPUCTOBYIOTh ONIPOMiHEHHS 00’ €KTa PEeHTI€HIBCbKUMU MTPOMEHSIMHU, 3’ IBUJIACH JIUIIIE
B KiHIIi 20-T0 CTOMITTS. 32 OCTaHHI TPH ACCATHIIITTS KOMIT FOTepHA TOMOTpadis 3poduia NoTyKHi KPOKH Y
HaNpsSMKY YIOCKOHAJICHHS aJlTOPUTMIB, MPOrpaMHMUX 3ac00iB Ta amapaTHOi peamizamii. 3Ha4HO 3pocia
HIBUJKICTh, TOUHICTh Ta SKICTh Bi3yalli3allil MEpPETHHIB JIOCIIIKYBAaHOTO Tijla Ha €KpaHaX MOHITOpPIB
KOMIT FOTEpHHX ToMorpadiB. PO3BUBaIOTHCS HOBI HANPSMKH KOMIT FOTEpHOI ToMOorpadii, B OCHOBI SKHX
NexaTh MO iHIN MiAXOMM, HDK Ti, IO BHUTIKAIOTh Oe3mocepenHbo 3 npans M. Pagoma —
MarHiTHO-pe30HaHCHa ToMmorpadis, yJabTpa3ByKoBa ToMmorpadis, onTuyHa Tomorpadis Ta iHIN BHIA
TOMOTpadiuHOro BiIHOBJIEHHS, SIKI MOXKYTh HE BUKOPHCTOBYBAaTH OIPOMIHEHHSI 00’ €KTa PEHTI€HIBCbKUMHU
MIPOMEHSIMU.

Bim3Haunmo, mo kpiv M. Pagona y po3BuTOK KOMIT'I0TepHOI ToMorpadii 3HAUHHMI BKIIaJ BHECIH
Xepmen I'., Xenracon C., Jlyirtr P.M., Hatrepep ®., Py6amoB 1.b., Tuxonos A.H., Apcenun B.A.,
TumonoB A.A., TepunoBoii K.C., CunbkoB M.B., 3akunansckuii A.W., I'ybapenu H.M., I'enbdpann U.M.,
I'paee M.U., Bunenkun H.A., JIlynogun A.I'., ®emun O.U., AnekceeB A.C., JlaBpentbeB M.M.,
[Mpeoopakenckuit H.I'., Xayucounn I'.H., Kopmak A.M, Bracewell R.N. Riddle A.C., Cormack A.M.,
Hounsfield G.N., Shepp L.A., Logan B.F., Gordon R., Bender R., Herman G.T., Gottlieb D., Gustafsson B.,
Beenenckas H.Jl. u I'maaukun C.I'., Bocko6oitnukos 10.E., ITukanos B.B., CenensauxoB A.., Kruger
P.P., Morris R.A., Wecksung G.W., Tpounkuii U.H., Yepros E.U., T'onuap C.1., [Tonos A. /1., Jlent P.M.,
JIyuc A.K., ITukanos B.B., Deans S.R., Richard J., Tpo¢pumos O.€., Jluteua O.M., Kpasuenko B.II. ta
1H1II.

He nuBnsunmce Ha 3HauHI ycHmiXu B KOMIT'IOTEpHIM Tomorpadii, NpakTHYHA peaizaiis
ToMOrpapiuHOTO METOAy e JaleKka BiJ ONTUMaIbHOCTI. OJHIEI0 3 OCHOBHHX TPUYHH, SKi
MIATBEPKYIOTh TaKe TBEPPKEHHS € HEJ0CTaTHLO OOIPYHTOBAaHA KIJIbKICTh MpoeKLii (1aHux Pagona), siky

BUKOPHUCTOBYIOTh Cy4acH1 pEHTT€HIBCbKI KOMII FOTepH1 TOMOTpadu AJisl BITHOBIEHHS 00’ €KTY Y 3a/JaHOMY
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nepeTuHi (To0TO He OOTpyHTOBaHA J03a ONMpPOMiHEHHs 00’€kTa). J[pyra mpuuMHa MOJSITaeE y TOMY, IO
Cy4acHl KOMIT'IOTepHi ToMorpadu (He TUIbKM PEHTTEHIBCHKi) MpH BIAHOBJIECHHI 00’€KTa y 3aJaHOMY
NEPeTHHI JJEeMOHCTPYIOTh Ha €KpaHaX JAUCIUICiB apTeaKTH — HE BIACTHBI peabHOMY 00’ €KTY CTPYKTYPH -
TiH1, HEUITKICTh 300pa)K€HHSI, BKPAIUICHHSI TOIIIO.

Y mpaktuii JOCHiIKEHHS ToMmorpadgidyHuX 300pakKeHb 4YacTO BHWHUKAE 3a7ada OTPUMAHHS
300paXe€HHS MIEPETUHY Tijla Y THX TUIOIIMHAX, IS SIKHX HeMae 300pakeHHsI, 32 BIIOMUMU 300pakeHHSIMU
y JIeSKif CYKYITHOCTI IEpeTUHIB. AHAJIOTIYHA 33/1a4a BUHUKAE 30KpeMa MPHU JOCITIKEHHI KOPU TOJIOBHOTO
MO3KY ITiJITOCITIIHUX TBAPHUH.

IcayroTh cyuacHi mporpamui naketu, Taki sk Adobe Illustrator, Digital Anatomy, 3D Max, B akux
MOJKHa OTpUMATH Tepepi3u TpuBUMipHOTro Tina. Ilinkpecnumo, Mo 1i NporpaMHi NaKeTH BiTHOBIIOIOThH
BHYTPIIIHIO CTPYKTYpY TPUBHUMIPHOTO Tila 3a JOMOMOTOI TOMOTpaM, SIKi JieKaThb Ha IUIOIIMHAX,
napajeJbHUX OJHIM IiomuHi. ToOTO i MporpamMHi NMakeTH HE JAIOTh MOJKJIUBICTh 3HAWTH IEPETHUH
TPUBUMIPHOTO TOJS 33 JaHUMHU TMPOEKI[ISIMU, OTPUMAHUMH MpPH MEPETHHI TiIa CUCTEMOIO OyIb-SKHX
nepepizaHux IUIONIIH.

CyuacHa oOYHMCIIOBaJbHA MaTeMaTHKa Ha JaHUM dYac TPHUAULIE 3HAYHY YBary pO3BHUTKOBI
ONTHUMAJBHUX, a00 OJNM3BKUX 10 ONTUMAIBHUX METOIIB BiJHOBICHHSA (YHKIINA OnHI€T Ta OaraThox
3MIHHHX 32 JOMOMOTOI0 CKIHUEHOTO YHCJIa eKCIIEPUMEHTAIbHUX MaHuX mpo 1 ¢yukmii. Lle cTtocyerbes
TaKOX 1 KOMIT' FOTEpHOI ToMorpadii.

TakuM 4YHMHOM, aKTYaJbHOIO € pPO3pOOKa 1 JOCHIIKEHHS METOAY BiJTHOBJICHHS BHYTPIIIHBOI
CTPYKTYPH TPUBUMIPHOTO TiJIa 33 BIJOMUMH HOT'O TOMOTpaMaMHu, 1110 JIeXkKATh B CUCTEMI TPbOX MEepePi3aHmX
wiomuH. [lix BuUpa3oMm ,,BiIHOBJIEHHS BHYTPILUIHBOI CTPYKTYpU TPUBHUMIPHOTO Tijla” Hagaii OyaeMo
BB)KaTH BiAHOBIEHHS MPOCTOPOBO 3MIHHOTO KOEe(II[ieHTa MOTIMHAHHS BCEPEANHI TPUBUMIPHOTO TiJa.

3B'5130K 3 HAYKOBMMHM NPOrpamMaMu, IJIaHaMHu, TeMaMHu. J{ucepTaniiina poOoTa BUKOHYBasIacs Ha
Kadeapi MpUKIAAHOT MaTeMaTHKH YKpaiHChKOI 1HXKEHEPHO — MeJNaroriyHoi akagemii. Sk BUKOHaBeIlb
3100yBad MPOBOAMB JOCIHIKEHHS Y pamkax nepxkOromkerHoi temu Ne 04-02 JIb “BucokoedexTuBHi
METOAM PO3B'sI3aHHS IJIOCKOT Ta MPOCTOPOBOI 3a]1a4 KOMII'T0TepHOi ToMorpadii Ha OCHOBI BUKOPHUCTAHHS
iHTepaiHamii Ta iHrepdreranii ¢pynkuiin” (Ne JIP 0104U000940), sika BxomuTh 1o mwiany HJIP kadenpu
MPUKIIAJHOT MaTEMATUKU Y KPaiHChKOT 1HKEHEPHO — MeAaroriyHoi akajaemii.

Merta i 3agaui npocaigzkeHHsi. MeTo JaHOTO AMCEPTALIHOTO JOCHIHKEHHS € po3poOKa METOIy
BIJIHOBJICHHS BHYTPIIIHBOT CTPYKTYPH TPUBUMIPHOTO Tij1a 3@ BIIOMUMHU 300pa’KEHHSAMU MEPETUHIB IILOTO
TiJIa, 3aJIaHUMH Y BUTIISII (hoTorpadiit abo Tomorpam, 10 MOCTYNalTh 3 KOMIT IoTepHOro ToMmorpada. Lli
¢dororpadii abo ToMorpamu € 3pizaMu TPUBUMIPHOTO TiJIa B 3a/1aHil cUCTeMI Mepepi3aHuX IUIONIIH.

Jnst nocsirHeHHs ¢hOpMYITLOBAHOT METH B MPOIIEC] JOCIIKEHB IMOCTaBIIEHI Ta PO3B’s3aH1 HACTYIHI

3a1aui:
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- po3poOKa Ta IOCIHIKEHHS METOMY BiJHOBJICHHS BHYTPIIIHBOI CTPYKTYpH TPUBHUMIPHOTO Tijia 3a
BIJOMUMH 300pa)XKCHHSMH HOTO IMEPETUHIB, 3aJlaHUMM y BUTJSAAI TOMOTpaM B CHCTEMi B3a€EMHO
NEepIEHINKYIIIPHUX TUIOUIMH, IPU MaTeMaTUYHOMY MO/JICJIIOBAHHI B KOMIT I0TepHii ToMorpadii;

- po3poOKa Ta JOCTIIKEHHS aJITOPUTMY BITHOBJICHHS BHYTPIIIHBOI CTPYKTYPH TPUBUMIPHOTO Tija 3a
BIJIOMUMH 300paXKE€HHSMU HOTO MEPETUHIB, 3aIaHUMH Y BHUTJIS[I TOMOTPaM B CHUCTEMI OyIlb — SKUX
nepepizaHux IJIOUIHH;

- po3poOKa Ta IOCHIKCHHS AJTOPUTMY MEPEBEICHHS 300paXCHHS TOMOTpaMHU Yy (YHKIIOHAIBHY
3aJIeKHICTh, apI'YMEHTaMU SIKO € HOMEp TOMOIpaMH Ta KOOPJAMHATH HiKCelleH;

- CTBOPEHHs NAKeTy MporpaM AJs peaizalii 1 TECTyBaHHS 3allPOIIOHOBAHUX AJITOPUTMIB.

06 ’ekmom AaHOTO AOCIIHKEHHS € MPOIEC BIAHOBJICHHS BHYTPIIIHBOI CTPYKTYPH TPUBUMIPHOTO Tisla
y 3aIaHii IJIONMHI HA OCHOBI JAHUX TOMOTPaM, III0 TIOCTYIA0Th 3 KOMIT FOTEPHOT0 ToMorpada.

Ilpeomemom NOCHIIKEHHS] € MATEMAaTHYHE MOJICITIFOBAHHS B KOMIT I0TepHiN TomMorpadii.

Memoou docnioxncenns. [Ipyu BAKOHAHHI TAHOTO JOCIHPKCHHS BUKOPUCTAHI TOHATTS MAaTEMaTUYHOTO
MO/ICIIIOBAHHSI B KOMIT FOTEpHi ToMorpadii, Meroan (yHKIIOHAJIFHOTO aHAaJi3y, METOAMU HaOIMKEHHS
oreparopamMH CIUIAifiH - iHTepduieTanii Ta mojiHOMianbHOI iHTepduieranii (QyHKIIH TphOX 3MIHHUX;
CUCTeMHU KOMIT 10TepHOi MaTematuku Matlab, Mathcad npu TectyBanHi po3po0JIeHUX aNTOPUTMIB.

HaykoBa HOBH3HA OTPMMAaHHUX Pe3y/bTATIiB IOJIATa€ y TakoMy. Pe3yabTaToM AOCHIKEHHS €

PO3BHUTOK Teopii HaOMMKeHHS (YHKLIH TPbOX 3MIHHUX OIEpaTopaMH TMOJTIHOMIaJbHOI Ta CIUIAH —

iHTepdeTanii Ta CTBOPSHHSI HA I OCHOBI 3arajibHOrO MiJXOMy IO MAaTeMaTUIHOTO MOJICITIOBAHHS B

KOMIT'toTepHii Tomorpadii. OaepikaHi pe3yiabTaTH € TEOPETUYHOIO OCHOBOK METOOJOTrii po3B’s3aHHSA

IIPOCTOPOBOI 33aaui KOMIT FOTEpPHOI ToMOrpadii, B TOMy YHCIIi:

- Brepuie NoOyl0BaHO OIEpaTop MOJIIHOMIANbHOI 1HTepduieTalli (yHKIII Bl TPhOX 3MIHHUX Ha
CHCTEMI TPbOX I'PYII MEePEPI3aHMX IUIOIINH, IKUH J03BOJISIE HAOIM3UTH (DYHKIIIIO TPHOX 3MIHHHX, SIKIIO
iH(popMallist po Hel 3aaHa clliJaMH Ha IJIOLIMHAX, He 000B’I3KOBO B3a€EMHO MEPIEHANKYIISPHUX;

- BIEpLIe OTPUMaHUN Ta MOCHII)KEHHUH HOBUI METOJA BIJHOBIEHHS BHYTPILIHBOI CTPYKTYypHU
TPUBUMIPHOTO 00’€KTa 3a JONOMOIOI0 CIUIailH — iHTepdeTanii GyHKIIN B TPbOX 3MIHHUX, SKHH
JI03BOJISI€ BITHOBUTHU 300pakeHHs 00’ €KTA, SIKIIIO B1AOMI HOTro Mpoekiii (ToMorpamamHu), 110 JIEXKaTh B
CHCTEMi B3a€MHO MEPHEHIUKYIAPHUX TUIOMINH, 3 OUTBII BUCOKOIO TOUHICTIO, HIXK KJIIACUYHI METO/H;

- BIEpIIe OTPUMAHMN Ta JOCTIKEHHUN METOJ BiTHOBJICHHS BHYTPIIIHBOI CTPYKTYPHU TPUBUMIPHOTO
TiJa 3 BUKOPHCTAHHSAM IOJIIHOMIaNbHOI iHTepdeTanii GyHKIIT Bl TPbOX 3MIHHHUX, KU JT03BOJISIE
BITHOBUTH 300paK€HHS BHYTPIIIHBOI CTPYKTYpH 00’ €KTA, SIKIIO B1AOMI HOro mpoekiii (ToMorpamu) B
CHCTEMI TPHOX TPYI NepepizaHuX IUIOMKH (B KOXKHIN TPy IJIOLUIMHN apaiesbHi).

Teoperuune 3HaveHHs poOoTu. JlucepraHToM po3poOJIEHUNH HOBUH METOJ pO3B’SI3aHHA
TPUBUMIPHOI 3a/1adyl KOMII' IOTepHOi ToMorpadii, sika Mojisrae y BIAHOBJIEHHI BHYTPILUIHBOI CTPYKTYpH

TPUBUMIPHOTO 00’€KTa 3a BIJOMUMH HOTO TOMOTpaMaMH Ha CHCTEMI TPhOX TPYH Mepepi3aHuX IUIOIIHH.
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Bci reopeTnyni pe3ynbTaTy 1MoAaH1 y BUTIISIAI BUSHAUEHDB, TEOPEM, BIIACTUBOCTEH, OMHKCIB aITOPUTMIB, 110
B 3HAYHIN YaCTHHI IPUBOAATHCS BIEPIIIE.

IIpakTHyHe 3HAYeHHS] OTPUMAHUX pe3yJabTaTiB. HaykoBi pe3ynbraTi aucepraiiiiiHoi poOoTH €
MOAAJIBIIIUM PO3BUTKOM Teopii HaOmmkeHHs QyHKIIHA onepatopamu iHTepdieranii. Pesynpratu podbotu
JO3BOJISIIOTh CTBOPIOBATH HOBI MaTeMaTW4yHI Moem KoM torepHoi Tomorpadii. Kpim toro, B pobori
JA€ThCSl O3HAYCHHS TOMOTPAaMH B MaTeMaTHYHOMY CEHCI, SIK CIIi BiJ PYHKIIIT TPbOX 3MIHHUX Ha 3aJlaHii
TUTOIIMHI, 110 Ja€ MOXIIUBICTH MPALIOBATH 3 TOMOTPaMaMH, SIK 3 (DYHKIIISIMH.

Pesynbrati [aHHOTO JOCHIPKEHHS MOXYTh OyTH eQeKTHBHO BHKOPUCTaHI B CYYacHHX
KOMIT'IOTEpHUX ToMorpadax MEIUYHOro mpu3HaueHHA. KpiM Toro, iXx MoO)KHAa BUKOPHCTATH IIpU
HEpYWHIBHOMY KOHTpPOJII HA MUTHHUIX, KO iH(pOpMAIs PO TOCTIIKYBAaHUH 00’€KT OTPUMYETHCS B
JBOX 200 THPOX PI3HUX HAIPSIMKAX.

MeToau, 3ampomoHOBaHI B JAMCEpTaliiiHiil  poOOTi, BOPOBAIKEHO B  JIEPKOIOIKETHY
HAyKOBO-AOCIIIHY POOOTY Ta B HaBUAJbHUI Mpolec YKPaTHCHKOI 1HKEHEPHO — MEeAAaroriyHoi akaaemii
(axT Bix 25.05.2006 p.)

Oco0ucTuii BHeCOK 3100yBaya.

Bei  pesynapTatu  aucepTaiiiiHoi poOOTH OTpuMaHi 0coOuCTO AucepTaHTOM. Y poboTax,
OIy0JIiIKOBaHUX Yy CITIBaBTOPCTBI, TUCEPTAHTY HAJISKATh HACTYITHI pe3ynbraT. B po6oTi [1] muceprantom
OTPUMaHUIl 3aralbHUAN BUIJSA OIleparopa CIUIAiiH — iHTepduieranii, SKUil BiIHOBIIOE BHYTPILIHIO
CTPYKTYPY TPUBHMIPHOTO 00 €KTY Ha CUCTEMi B3a€MHO — MEPIICHIUKYISIPHUX ToMorpam. Y poborax [7],
[2], [3] mucepTaHTOM MPOBEACHO AOBECHHS OCHOBHOI TEOPEMH, CTBOPEHO KOMILIEKC IPOrpaM y CHCTEMi
KoMIT'toTepHOT MaTeMaTHku Matlab, nmpoBeneHo oOuuCITIOBaIbHUN €KCIIEPUMEHT, IUCEPTaHT MpHUiimala
y4acTh y aHali31 pe3ynbTaTiB 0OYHCITIOBAILHOTO €KCIIEPUMEHTY. Y po0oTi [4] nucepTaHTOM MPOBEIEHO
JOBEZICHHSI OCHOBHHMX TEOPEM, CTBOPEHO KOMIUIEKC NpOTpaM y CHUCTeMi KOMIT IOTEPHOI MaTeMaTHKH
Matlab, npoBeieHO 0OUNCITIOBATIBHUN €KCIIEPUMEHT, AIUCEPTAHT MpHUiiMaa y4acTh y aHalli3l pe3yJabTaTiB
O0YKCITIOBAILHOTO eKCriepuMeHTy. Y pobotax [5], [6] mucepTanTOoM OTpuUMaHHii 3araabHUIl BUIIISL
orepaTtopa CIUIaH - iHTepdeTalii, KUl BITHOBIIOE BHYTPIIIHIO CTPYKTYpy TPUBHUMIPHOIO Tijla Ha
CHCTEMi TPBOX TPYN Mepepi3aHuX IUIONIMH, CTBOPEHO KOMIUIEKC MPOrpaM JUIs MEPeBipKM OCHOBHUX
TEOPETUYHHUX TBEP/XKEHb, JAUCEPTAHT MpHUiiMaNa y4acTh Yy MPOBEJIEHHI Ta aHali3l OOYMCIIIOBAILHOTO
eKCIIEpUMEHTY.

Amnpo0auis pe3dyabtartiB aucepraunii. PesynpTatn aucepraniitHoi poOOTH OMOBIJANIHUCh Ha
HaykoBiil koHpepenuii YIITA (m. Xapkis, 4-9 motoro 2004 p.); HaykoBiii KoH(epeHLli YKpodpas (M.
KuiB, »xoBTens 2004 p.); MixkHapoHii koHpepeHii iM. akagemika KpaBuyka (M. Kuis, 19- 21 tpaBus 2004
p); MbKHapOAHiH ko ,, [ lutanas ontumizanii oouncnens XXXI” (M. Kanuseni, 19-23 Bepecus 2005 p.);
ceMiHapi 3 o04HCIIIOBaJIbHOT Ta pukiagHoi MmareMatuku (2001, 2002, 2003, 2004, 2005pp) npu kadeapi

npukiaaHoi marematuku YIITA; inTepHamioHaneHiii koH(epenmii ,,Signal and Image processing”
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(HoBocuOipcek, 2005p.);  koHdepeHIii Monoaux ByYeHUX Ta chemianictiB ([Hctutyr mpobiem
MaimuHoOyyBaHHs, rpyaeHs 2005p., M. XapkiB).

Iy6uaikamii. 3a Temoro auceprtanii omyomikoBano 10 mpamb, B TOMy 4HCIi 3 CTaTTi B HAYKOBHX
’KypHaJsax Ta 30ipHUKaX HAyKOBHX Ipallb, sIKi BXOAATH 10 nepeniky BAK Ykpainy, 1 crarts B iHo3eMHOMY
KypHaJi, 6 TOTIOBieH Ta Te3, ONyOJiKOBaHUX B MaTepiajiax HAyKOBUX KOH(EPECHITIH.

CtpykTypa Ta o6csr podoTu. Jucepramist MiCTUTh BCTYI, TPH PO3JLIH, BUCHOBKH 1O POOOTI, 5
I0AaTKiB, 32 pUCyHKa, 2 TaOIUIIl Ta CIIMCOK BUKOPUCTAHUX pKepen 3 123 naiimenyBanb Ha 10 cTopiHKax.

[ToBHuit 06csT nuceprartii ckianae 184 c., 3 Hux 139 ¢. OCHOBHOTO TEKCTY.

OCHOBHMM 3MICT POBOTH

Y BerynHili 4yacTHHi OOTpYHTOBAHO aKTyaJbHICTh TEMH JIHCEpTalii, MMOKa3aHO ii HAyKOBY
CHPSMOBaHICTh, C(hOPMYIHOBAHO METy pOOOTH Ta 3a/1ayi JOCTIIKEHHS, SKi MOTPIOHO BUPIMIUTHU UiA il
nocsirHeHHs. logaHo KOPOTKY XapaKTepUCTHKY pe3ysbTaTiB JOCIIKEHHs, CTYNEHI0 iX ampoOauii Ta
OIyOITiKyBaHHSI.

B mepmiomy po3aisii po3rISHYTI OCHOBHI BiJJOMi QJTOPHUTMH JIBOBHUMIPHOI KOMIT FOTEPHOL
tomorpadii Ta MeToau pO3B’sA3aHHS 3a4ad TPUBUMIPHOI Tomorpadii. 3 BHUKOPUCTAHHSIM METO/IB
BiJIHOBJICHHS, 3TaJJaHUX B IIEPIIOMY PO3/ILJIi, MOKHA BiTHOBUTH BHYTPILIHIO CTPYKTYPY TPUBUMIPHOTO TiJ1a
3a BIJOMHMH TOMOTpaMaMH, SIKi JIeKaTh Ha IUIOIIMHAX, NapajeIbHUX OJHIM TuiomuHi. To0TOo 3
BUKOPHCTaHHAM IIMX METOMAIB HE MOKHA 3HAWTH NMEPETHH TPHUBHMIPHOTO Tija 3a JAaHUMHU NPOCKIISIMH,
OTPUMAaHUMM IIPU NEPETHHI Ti1a CUCTEMOIO OYy/Ib-SIKUX Mepepi3aHuX MIIOLIMH.

Y napyromy po3aini mpoBeieHi AOCHIPKEHHS METOJIB BIJHOBJIEHHS BHYTPIIIHBOI CTPYKTYpH
TPUBUMIPHOIO TUIa Ha CHCTEMI HOro MpOeKUid (TomMorpam), sIKi J€KaTh Ha CUCTEMI TPbOX TIpyll
nepepizaHux IUIOIIKH.

[TponioHy€eThCSI METOJ| BiJTHOBJIEHHS 300pa’k€HHS PO3MOALTY MPOCTOPOBO 3MIHHOIO Koe(illieHTa
normuaanHs f(X), X =(Xp, X, X3) BcepeauHi TpuBuMipHOro Tina. Jxepenom inpopmarltii npo GyHKILiO
f(X) , ToOTO mpo Koe(ilieHT MOTIMHAHHS BCEPEIMHI TPUBUMIPHOTO Tina (HajAami, BHYTPIIIHIO

CTPYKTYpY), OyzieMo BBakaTu Haldip IJIOLIMH, a TaKOX Habip TOMOrpaMm Ha IUX IuloluHax. JloBoasSThCS
OCHOBHI TBEP/KEHHS Ta TEOPEMHU.

Hexaii 3amani Tpu rpynu TomorpaMm. B KoOXHIM Tpymi ToMorpamMu JiexaTb Ha IapalieIbHUX
IIomuHax. ToMOrpaMu pO3TalIOBYIOTHCS Ha IUIOIIMHAX, SKI 3a/Jal0ThCSl PIBHAHHSAMHU HACTYITHOTO

3 _
Burisiny. I'pyna mnommn IT1 3amaetbes piBHAHHAMEU: olj(X) = Zaipxp —y1;, i=1n, rpyna I12
p=1

3
3aJa€ThCs  PIBHAHHAMH 02 (X) = Zbk pXp =72k, k=Lm i rpyna II3 3ajaerbcs Tak:
p=1



3 —
@3 (X) = ZC| pXp — 731, I=1s, 1e n,m,S - KiNbKiCTh NapajleNbHuUX MIomuH B rpynax I11, 12, T13

p=1
BiANOBIAHO, uucaa 1, y2y 73|, aip’bkp’clp 3amani. BBakaemMo, 10 B KOXHIA Tpymi IJIOMUHA

mapaieiibHi Misk co0010, TOOTO ai, = i, Py =brm, Cin =Crn, 1 #1°, K#K', | #1'. BBogsaTecsa HacTynHi
p ip i'ns Ykp =Pkp Clp =l Y

ITO3HAYCHH.
i ]k
wl,w?2 )
Tik =181 22 &3},
b byo bys
wl, w2 . —
Tik — BeKTOp, HaHpaBJ’IeHI/II/I B30BXK JI1H11 HepeTI/IHy IIJIOIIIWH a)li , a)2k .

M ={(@, j, k) |TT1; "T12 NTI3) =V = (Xiki1. Xiki 2, Xiki3) = O, i =k =1},

Fik ZAi ﬂBk =06 FiOZAi ('\C| i@, Fkl ZBk ﬂC| i@,

ne A - tomorpamu, 3amani Ha mromumHax I11; ,i=1n , By - Tomorpamm, 3amaHi Ha IUIOIIMHAX

12, k :L_m, C) - ma mronmuax I13), 1 =15s;

Osznavenns. Tomorpamoro (crmigom ¢yukii f(X)) Ty (X) ma mommui @) (X) =0 3a yMOBH, 1110 BCi TpH
KoeiIieHTH, TOOTO aj, | i :1,_m abo bk,j .k :1,_n a00 Cl, j | :er, J =123, HEe NOpIBHIOKOTH HYIIIO,

OyZeMo Ha3MBaTH OJIHY 3 TPhOX (QYHKIIIN

Hexait tomorpamu nepeTuHarTbes B Toulll . [lo3Haunmo

Teopema 1. JInig icHyBaHHs QyHKIT 13 3aIaHUMH TOMOTpaMaM#  , JJISl IKOi BUKOHYIOTBCSI YMOBH



ne Ty j — | -Ta ToMorpama, ska jexuTb Ha miomuHi I11j, T | — K - Ta TomMorpama, ska JeXuTb Ha
miomuHi 112y, T3 | — | - Ta Tomorpama, sika nexuTh Ha uiomuHi I13), HeoOXiqHO Ta JOCTaTHBO, 100
ciian 3aJI0BOJIBHSUTH YMOBI ta ymoBam C.M. Hikonbschkoro, siki Ha peOpi Fk| 3BOIATHCS 110

NepEeBIPKU piBHOCTEH

AHaNoriuHui BUIJISA MalOTh 11l yMoBU Ha pebpax [y, I7j. B Touni Vjy ymoBu Hikonbcbkoro 3BoAsIThHCS

JI0 TIEPEBIPKHU PIBHOCTEH

Omnepatop Ly (X) MoxxHa o0y yBaTH y BUTIISI

Jc

AHaJIOT1YHO BU3HAYAIOTHCS OTIEPATOPH

Teopema 2. [Ipunyctumo, 1110 BHYTPILIHS CTPYKTYpa TPUBUMIPHOTO TiJ1a OMUCYEThCS (DYHKIIIEO , AKa
Ma€ TOMOrpamMu , 3a7ani Ha wonmHax [11;, I12), I13; , Ta 3a70BOJIBHSIE YMOBU

1)
Toni nnst moxuOku HaOJIMKEHOTO BIJIHOBJIEHHS BHYTPIIIHBOI CTPYKTYpH OnepaTopoM ,

HO6yI[0BaHI/IM 3a JOIIOMOTI'OK0 JaHOT'O Ha6opy IUIOIIHWH Ta TOMOI'paM, BUKOHYETLCA piBHiCTB

()
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Teopema 3. Hexail MHOKMHA TPbOX TPYI MapajeIbHUX TOMOTPaM, sIKi PO3MIIIYIOThCS Ha TUIONTUHAX, 1110

3a7JaI0ThCS PIBHAHHAMU:

3aJI0BOJIbHSIE JIBI YMOBH:
1) B oaHill Toumi NEPETHHAIOTHCS PIBHO TPU TOMOTPAMHU;
2) KOXXHa TOMOTrpama OJHI€l TPYNH MEPETHHAETHCS 3 KOKHOI TOMOIPAMOIO iHIIUX JBOX Iy (a
BCEpEANHI TPy TOMOTPaMH MapajieinbHi, TOOTO HE MEPETUHAIOTHCS).

Toni cucrema GpyHKuin

Ma€ BJIACTUBOCTI

Jlema 1. Hexaii Tomorpamu 3a/I0BOJIBHSIOTH YMOBH Teopemu 3. Tomi cucrema dyHkiil hjy (X) €

PO3KJIaJIOM OJIMHUIII

Teopema 4. Hexaii Tomorpamu ,  33/I0BOJBHIOTH YMOBU HikoibCchbKOro Ha pebpax 1 B TOUKax

nepeTuHy miomuH. Toal GyHKIis

€ TOTIHOMIaJIbHUM 1HTeP(IETAHTOM 3 BIACTUBOCTSIMH

ITpu mpoMy  , 1110 33/10BOJIBHSAIOTH YMOBH (1), BUKOHYETBCS PIBHICTD

Je  BU3Ha4aeThes Gpopmyiioro (2).
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Omxe, 3a TOMOMOTOI0 OIepaTopa MOJIIHOMIAJIBHO1 1HTepdUIeTalii, SKUii BU3HAYAETHCS B Teopemi 4,

MO>KHA BiTHOBUTH BHYTPILIHIO CTPYKTYPY TPUBHUMIPHOTO Tijia 3a BiJOMUMHU TOMOTpaMaMH, 1110 JIe)KaTh Ha

CHCTEMi TPbOX T'PYII Mepepi3aHuX IUIONIMH, 3 OLIbII BUCOKOIO TOUYHICTIO (83), HIXK 116 MOXKHA 3pOOUTH 32
BIJOMUMH TOMOTpaMaMH, SIKi JIe)KaThb Ha OJHIN Tpymi mapajenbHuX IJIOHMH (€ ) (AK e poOUThCS B
KJIACU4HI ToMorpadii).

B Tperbomy po3aiji mpoBeneHI MOCHIKEHHS METOJIB BiJHOBIICHHS BHYTPIIIHBOI CTPYKTYPH
TPUBHMIPHOTO TiJIa HA CHCTEMI TOMOTpaM, SIKi JIe)KaTh HA CHCTEMI B3a€MHO TEPIICHIUKYISPHUAX TUIOLIHH.
Takox mpeacTaBieHi pe3yinbTaTd 0OpOOKH eKCIIEPUMEHTAIbHUX JOCIIPKEHb Ta po3poOKa MpOTrpaMHOTO
3a0e3neueHHs] BIJHOBJICHHS BHYTPIIIHBOI CTPYKTYpH TPUBHMIPHOTO Tila 3a pe3yjibTaTaMH
MaTeMaTUYHOTO €KCIIEPUMEHTY, 3a JOIIOMOTO0 iHTepduIeTamii GyHKIIIi.

[ndopmaniero npo pyHKIiIO , TOOTO MPO BHYTPIMIHIO CTPYKTYPY Tijia, € Habip ToMOrpam , K1

JeKaTh HA IUIOMIMHAX, nepneHaukynspaux xoopaunataum icam OX, OY, OZ. signosigno. Koxmiii

TOMOTPaMi CTAaBUMO Y BiJIOBIAHICTh (DYHKIIIIO:

Teopema 5. Hexali oneparopu SBIISIOTHCS ONEPaTOpaMu CIIaiH-UHTEepHoALii QyHKIil 3a

3MIHHUMH X, Y, Z BIAMOBIJIHO:
ne  OasuCHI CIIAitHK CTyMeHs M (m =1, 2,3) 3 TAKUMH BIIACTUBOCTSAMU:

AHaJOriyHO BU3HAYAIOTHCS CIUIAKHU

Sxmo dyskii  , , 33A0BOJBHIIOTH TaKi YMOBHU:
TO OTIepaTop CIUIaiiH — uHTEepdIIeTari
Ma€ HACTYIMHI BIaCTUBOCTI:

[Ipy omuci BHYTPIIHBOI CTPYKTYpH TPUBHUMIPHOTO Tijla ICTOTHO BHUKOPHCTOBYIOTHCS
eKCIIepUMEHTaJIbHI J1aHl — TOMOoTrpamu () Ta IJIOMUHU (), HA SIKUX JIeXKaTh 11 ToMorpaMu. B pozaimi
MIPOAHATI30BaHO BIUIMB IMOXMOOK 3aJlaHHSl EKCIEPUMEHTAJbHUX JIaHUX Ha TIOXHOKY BIJTHOBJICHHS
BHYTPIIIHBOI CTPYKTYpU TpUBUMIpHOro Tina. Bu3HaueHa mNoxXMOKa 3a0KpYyIJIEHHS [UIS METOAY
BITHOBJICHHS BHYTPIIIHBOI CTPYKTYpH TPUBUMIPHOTO Tijla 32 BiIOMHMH TOMOTpaMaMH, IO JIEKaTh B

CUCTEMI B3aEMHO NEPIEHIUKYISIPHUX IJIOLIUH.
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TBepaxenns 1. SIkmo € moxuOka BXiAHUX AaHUX (TOMOTrpaMm), TOOTO TOMOrpama HE JIEKHTh Ha

3a7aHiil IVIOIMUHI: , TO , A€ MOXUOKa MeTofy, Iy - moxuOka BUXiTHUX JaHuX. Tol MOXUOKY BUX1THUX

JTAaHUX MOYKHA OLIHUTH TaK:

B nacTynmHuxX Teopemax BHU3HAUEHO 3arajlbHUN BUTJISZ MOXUOKM Ta OIIHKA METOAY BIJIHOBJICHHS
BHYTPILIHBOI CTPYKTYPU TPUBUMIPHOIO TiJIa 32 BIIOMHUMH TOMOTpaMaMH, IIO JIeKaTh Ha CUCTEMI B3a€EMHO

MEPICHIUKYIIIPHUX IIOINH, 32 IOTIOMOTOI0 OlepaTopa MoiHOMIanbHOI iHTepdeTanii.

Teopema 6. Hexaii . Toxi muist 3aMUIIKYy ~ BUKOHYETHCS PiBHICTD
ne - ornepaTopH, 1110 BU3HAYCHI B TeopeMi 5.
Teopema 7. Hexaii . Toni uig 3aumiKy BUKOHYETHCS HEPIBHICTh

3ayBaxenHns. SIkmo (ToOTO BijoMa mepiua MmoxiaHa), ToAi , a SIKIIO BiAOMI IIe W Apyri MOXiaHi, TO
MO>Ha BCTAaHOBUTH, 1110 .

3a BHMKJIQZICHOO METOJMKOI0 OyB pPO3pOOJIEHHI KOMIUIEKC HporpaM B CHUCTEMI KOMII FOTEpPHOI
marematukd Matlab. Pesympratu 11 TecTyBaHHS IEMOHCTPYIOTH BHCOKY TOYHICTh. IIpOMOHYHOTHCS
pe3yabTaTh Bi3dyami3alii TOYHOTO PO3B’S3KYy Ta OTPHUMAHOTO EKCIIEPUMEHTAJIBHO IS BHIAIKY, KOJHU
BiJloMa TOYHA (DYHKIIISI.

Hexaii € pyHKIis1, HANPUKIIA, TAKOTO BUIIILY:

Jc

3rilHO 3 TEOPEeTUYHUMM TBEP/KEHHSIMU Ha (PYHKIISIX TAaKOro BUIIISAY NOXMOKa HaOJIMKEHHS
JOpIBHIOE HYJIO0 a00 MOCTiliHIM, TOOTO TOYHI Ta E€CHEPUMEHTAIbHO OTPHUMAaHI PO3B'A3KH IOBUHHI
MPAKTUYHO CIIIBIIAIaTH.

3 miei ¢yHkOii OyauM  oTpuUMaHl BUXIAHI JaHl — Mepepism  QYHKIIT  IUIOHIMHAMH

Xx=0.2, x=0.4, x=0.6, x=0.8, axi npeacrassueni na puc. 1.

x=0.2 x=04 Xx=0.6 x=0.8

Puc. 1. 306paxenns nepepizis gpynkuii (X, Y, Z) BkasanuMu miomuHaMu.
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OcCKUTbKM  OTpUMaHE TUIO Oyle CHUMETpHYHE, TO 300paKeHHs Tepepi3iB  IUIONIMHAMH,
NEPICHAUKYIIIPHUMHU OCSAM Y Ta Z OyIyTh aHAJOTIYHUMHU.
[lpakTnyna peamizamis Oyna 3aificHeHa B cucTteMi Komi toTepHoi marematuku Mathcad. Byma
ckimaaeHa mporpama brain(a,b,c,d), 3a gomomororo sikoi MOKHA 3HAWTH 300payKECHHsS IEpepiszy

TPUBHMIPHOTO Tifa IUIONMHONO, 10 Mae piBauas: aX+Dy+cz+d =0 . Pesympratu poboru

MIpOrpaMu MpeJICTaBIeHI Ha pHC.2

a) X +y=0 0) brain(1,1,0,0) B)x+y+z=0 2) brain(1,1,1,0)
Puc. 2. a) mepepi3 TpUBUMIpPHOTO Tila TUIOMMHOI X+Y = 0 (TouHHMIl po3B’s30K); 0) mepepis

wionmuHow X+y = 0, oTpumaHuii HaGmmkeHO; B) mepepis TpusumipHoro Tina f (X, Y, Z) nnommunoro

X+y+z = 0 (TouHU# po3B’s30K); T') epepi3 MIOUIMHOI0 X+Y+Z = 0, OTpUMaHUN HAOIHKEHO.

3 puc. 2 BHIHO, IO TOYHI PO3B’SI3KM CHIBIAJalOTh 3 €KCHEPHUMEHTAJIbHO OTPHUMaHHMH, TOOTO
HiATBEPKYETHCS BUKIIAIEHA TEOPIs.

[TporeMoHCTpYEMO OOUMCITIOBATIBHIN €KCIIEPUMEHT IS HEBIIOMOTO TPUBUMIPHOTO TiJia (TOJIOBHUIMA
MO30K JirouHM). [l mpukinaay B sIKOCTi Janux Pajona Oy B3sTI MATIOHKH, OTPUMaHI 3 TTaKeTa mporpam
“Digital Anatomist” (100 MaroHKIB, TepIEHANKYISPHIX Bici x, 110 MaIrOHKIB, EPIEHANKYSIPHHUX BiCi Y,

35 MaJTIIOHKIB, MEPIEHIUKYIIPHHUX Bici Z). YCi 3HIMKH B3STi 3 OCTIHHKUM KpokoM 1,3 mm (puc. 3 —5.).

Puc. 3. [Ipuxiiaau nepeTHHIB TOJIOBHOTO MO3KY IIONIHHAMH, MEePIEHANKYIsIpHUMHE Bici OX.

Puc. 4. llpuxiiagu nepeTHHIB TOJIOBHOTO MO3KY IIONIHHAMH, IEepIeHANKYIsipHuMHE Bici OY.

Puc. 5. [Ipuxyiaau nepeTuHIB roJJOBHOTO MO3KY IJIOLUIMHAMH, NTEPIEHAUKYISIpHUMH Bici OZ.

[pakTruHa peanizamis Oyna 3iilicCHEHa B cHCTeMi KoMl roTepHoi maremartuku Matlab. Bymo
CKJIQIEHO TIPOTPaMH:
Brain.m - no3BoJisic 3HAITH TEPETHHN TPUBUMIPHOTO Tijia y Oy/Ab-sKiH IUIOMKHI 32 MaJFOHKaMHU Y TPhOX
B3a€MHO NEPIEHANKYISAPHUX IJIOUIMHAX |,
Brainox.m - 3HaxoAuTh MEPETHHN TPUBUMIPHOTO TiJia 33 MATIOHKAMH, MIEPICHIUKYISIPHUMH TiJIbKH BiCi
008
Brainoy.m — 3HaxouTh IEpeTUHH TPUBUMIPHOTO TiJIa 32 MATFOHKaMU, IEPIICHANKYISPHUMH TUTBKH BicCi

oy,
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Brainoz.m — 3HaxoIuTh MEPETHHH TPUBUMIPHOTO Tijla 32 MAFOHKAaMH, IEPIECHANKYISPHUMH TUTBKH BiCi
oz.
B ycix 9oTHphOX mporpaMax IIyKaBcs Mepepi3 TOJIOBHOTO MO3KY IUIOIIMHOIO, 33JaHOI0 PIBHIHHSM:

X+y+10z+1=0. bynu oTpumani pe3yabTaT, IPeACTaBICH] Ha pUC. 6.

a) 0) B) r)
Puc. 6. a) pe3ynbTaT nporpamu Brainox;
0) pe3yibTaT nporpamu Brainoy;,
B) pe3yJbTat nporpamu Brainoz;

T') pe3ynbTaT nporpamu Brain.

3 puc. 6 BHIHO, 110 MAJIOHOK T) J1a€ OUIbII TOYHHUM pe3ynbTar, HiXk iHIII, TOOTO, SIKIIO KIACHYHI

o 3 . .
MCTOAN OAarOTh HOXI/I6Ky & , TO 3alpOIIOHOBAHMM METOI Ha€ HOXI/I6Ky & . Takox B ObOMY pO3aUIL

HABEJCHHUH TECT Pe3y/IbTATIB IIUX MPOTPaM B 3JICIKHOCTI BiJ] KPOKY BX1IHUX JAHHUX Ta 3pOOJICHO BUCHOBOK,

. . . . 6
10 4YMM MCHIIC KPOK, 3 AKHM 6€pYTLC$I BX1AH1 JaH1, TUM TOYHIIIC PE3YJIbTAT B1JIHOBJICHHA (O(h ) JJIA

brain ra O(h?) aus brainx).

BUCHOBKUA

B nuceprariitniii poOoTi ofiepkaHO pe3ynbTaTH, sIKi B CYKYTHOCTI € MOJAJIBIIMM y3arajJbHEeHHSM 1
PO3BUTKOM Teopil HaOmmkeHHd (yHKLII omepaTopamu iHTepdieTarii Ta (pyHAaMEHTaIbHOIO OCHOBOIO
3arajibHOTO MIAXOAY 10 MaTEMaTUYHOTO MOJIENIIOBaHHS i po3B’A3aHHS 3a7a4 TPUBUMIPHOT KOMII FOTEpHOL
Tomorpadii. PesyabTatu poOOTH € TEOPETUUHOIO OCHOBOIO PO3B’S3aHHS Ba)KJIMBOI HAyKOBOi MpoOieMu
PO3B’s3aHHS TPUBUMIPHHUX 3a]1a4 KOMII I0T€pHOT ToMorpadii.

1. ¥V poboTi mpoBENEHO CHUCTEMHHI aHall3 Cy4yacCHOTO CTaHy ICHYIOUHX 3aco0iB MaTeMaTUYHOTO
MOJIETIIOBAHHS Ta PO3B’A3aHHS TPUBUMIPHUX 3a]1a4 KOMIT I0TEPHOT TOMOTpadii.

2. IToGynoBaHO 3arajJibHUM BUIJIS OIleparopa IMOJIIHOMIAaJIbHOI iHTepdueTalii Ha CHUCTeMi TPhOX TPyl
nepepizaHux IJIOUIMH (B KOXKHIM Irpymi IUIOMIKMHY MapajiebHi).

3. Bu3HaueHo 3aranbHUIA BHTIISA] ONlepaTopa CIUIaifiH — iHTepdIeTaliii Ha CHCTEMI TOMOTpaM, SIKi JIeKaTh
Ha B3aEMHO MEPIICHANKYISIPHUX TUTOINHAX.

4. Po3pobieHo MaTeMaTUYHy MOJEIb Ta METO/1 BiTHOBJICHHS BHYTPIIIHBOI CTPYKTYPH TPUBUMIPHOTO Tijia
3a Horo tomorpamamu (IPOEKIisIMH), IO JIe)KATh B CUCTEMI B3a€EMHO MEPHEHIUKYJSPHUX IUIOMIMH 3

BHKOPHUCTAHHIM MOOYIOBAaHOTO OTlepaTopa CIuiaitH — inTepduieramnii QyHKIINA TPHOX 3MIHHHUX.
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5. OTpuMaHO Ta JOCTIIKEHO METOJ BiIHOBJIEHHS BHYTPINIHBOI CTPYKTYpH TPUBHUMIPHOTO TiJIa 3a HOTO
TOMOTpaMaMu, IO JIeXaTb B CHCTEMi TPbOX OyIb-SKUX Mepepi3aHuX IUIOUIMH 3 BUKOPUCTAHHSAM
no0yJOBaHOTO OTepaTopa NojaiHOMianbHOI iHTepdaeTarii GyHKLIid TPHOX 3MIHHHX.

6. IIpoaHani3oBaHO BIUIMB TMOXHMOOK 33a/JaHHS EKCHEPHMEHTAIbHUX JAaHUX HAa MOXHMOKY BiJHOBIICHHS
BHYTPIIIHBOI CTPYKTYpH TPHBHMIpHOrO Tina. Bu3HaueHa moxmOka 3a0KpyrJieHHS IS METOXy
BiTHOBJICHHS BHYTPIIIHBOI CTPYKTYpU TPUBHUMIPHOTO TiJla 32 BIJOMUMH TOMOTpaMaMH, IO JIEXKaTh B
CHCTEMi B3a€EMHO MEPHEHIUKYIAPHUX MIoMMH. OTprMaHa OLIHKA MOXHOKH I[bOTO METOAY, BUXOISIYU 3

SIKOT MOXHA BCTAaHOBWTH, 110 omepatop iHTepdieranii GyHKIIH TpbOX 3MIHHUX Ha CHCTEMI B3a€EMHO
3

TepenH UKy IApHuX WwiomuH Mae noxubky O(£7), AKio BoHH BUKOPHCTOBYIOTH ONPEPATOPH KIIACHIHUX

MeToqiB (iHTepromnsALii) o KOXKHil i3 3MiHHHX, 10 MatoTs noxuoky O(&).

7. B pmaniii po0oTi BiepIie 1a€ThCs MOHATTS TOMOTPAaMH B MATEMaTHYHOMY CEHCI SIK ciiy QyHKIIT TphOX
3MIHHUX Ha 3aJaHiil IUIOMIMHI Ta JOCTIDKEHO ajlrOPUTM IEPEBEICHHS 300pakKeHHS TOMOTpPaMH Yy
(GYHKLIOHATIBHY 3aJI€XKHICTh, apryMEHTaMH SIKOi € HOMEep MaJllOHKa Ta KOOpAMHATH mikcenel. Lle nae
MOJKJIMBICTh MpAIfOBaTH 3 TOMOrpaMaMH, SIK 3 (YHKLISIMH, TOOTO JO3BOJISIE OTPUMYBATH 32 HOMEPOM
MaJIIOHKa HOT0 300pa)keHHS Ta BUAUISTH KOMIOHEHT KOJIBOPY Y BKa3aHiil TOUIlI MATIOHKY.
8. CrtBOpeHO MmakeT mporpam sl peastizaiii i TeCTyBaHHS 3aIpOIIOHOBAHUX AIITOPHTMIB.
9. IlpakTuuyHe 3HAYEHHS Pe3y/lbTaTiB MIATBEPIKYETHCS 1X BIIPOBAKEHHAM. Pe3ynbpratu qucepraniiHol
pOOOTH BIIPOBAKEHO B AECPKOIOIKETHY HAYKOBO-JI0CI1IHY poOOTY Ta B HaBYaJIbHUII Iipoliec Y KpaiHChKOi
1HYKEHEPHO — MeJaroriyHol akajaemii.
10. IloOymoBaHi B poOOTI MaTeMaTU4HI MOJENI, METOJHN Ta AITOPHUTMHU MOXYTh OyTH BUKOPHUCTaHI LIS
KOMIT'IOTEPHUX TOMOTpadiB 3 KJIACHUYHOIO CXEMOIO 300py AaHuX (BisuibHA). IIpakTuuHe BHUKOpPHCTAHHS
pe3yiabTaTiB pOOOTH J03BOJISIE 3HAYHO MiJIBUILIMTH TOYHICTH OTPUMAHUX PO3B’SI3KIB.

Bci TeopeTnuHi TBepKEHHS qUCEpTAIiiiHOI poOOTH JOBENEH! Y BIANOBIIHUX JIEMax Ta TEOpEMax 1
MiATBEP/DKEHI HAa TECTOBHUX IMPHKIAZAX 3a JIOTIOMOTOK CTBOPEHUX IHCEPTAHTOM MPOTpPaM y CHUCTEMax
koM toTepHoi Mmatematuku MATLAB. Bkazani mporpaMu HaBeZeHi 3 IeTaIbHUM OMmKUcoM B JloaTkax 110

aucepTarii.
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Hucepramiss Ha 3100yTTS HAYKOBOTO CTYyMEHS KaHAuaata (i3MKO-MAaTeMAaTHYHUX HayK 3a
cnemianbHicTIo 01.05.02 - MaTemMaTHuHE MOJETIOBAHHS Ta OOYUCIIOBAIBbHI METOAHM. — XapKiBCHKHMA
HAI[lOHAIBHUH YHIBEPCUTET pajioeneKTpoHiku, Xapkis, 2006.

Jluceprallisi TPUCBAYCHA MaTEMaTHYHOMY MOJICIIOBAHHIO B KOMIT FOTEpHIH ToMorpadii 3
BUKOPHUCTAHHAM 1HTepdueTamii GyHKITii.

JlocnmipkeHO METOJT BiJHOBJICHHS IMPOCTOPOBO 3MIHHOTO KoedilieHTa IMOTIMHAHHS BCEpEAMHI
TPUBHMIPHOTO 00’ €KTa 32 BIIOMUMH HOTO TOMOTPaMaMH, 110 JIEKATh B CUCTEMI TPHOX TPYIIII NIEpepi3aHux
IJIOIKH. MeTOo1 BUKOPHUCTOBYE OIepaTop MOJIIHOMIANIbHOI iHTepduieTarii GyHKIII TphOX 3MIHHUX. Takox
JOCITIIDKEHO METOJT BITHOBJEHHS Koe(dilieHTa MOTIMHAHHS BCEPEAWHI TPUBUMIPHOTO TiJIa 3a WMOTO
TOMOTpaMaMH{ B CHCTEMi B3a€MHO TEPICHIUKYISIPHUX IUIOMIMH 3 BUKOPHCTAHHSIM OIEparopa CIUIaiH -
iHTepdueranii. Lleit MmeTon nmae OLIBII BHCOKY TOYHICTh HIK KJIACH4YHI METOIM BiTHOBIEHHs. Bmepiie
Ja€TbCA TIOHATTS TOMOTPAaMHU B MaTEMaTHUYHOMY CEHCl SK Cligy (QYHKIII TpbOX 3MIHHHMX Ha 3aJaHii
TUIOLIMHI Ta JOCTIIKEHO aJlTOPUTM MEepPEBEACHHS 300paykeHHsI TOMOTpaMu y (PyHKIIIOHATbHY 3aJI€KHICTb,
apryMeHTaMHu SKOI € HOMEp MalllOHKa Ta KOOpAWHATH Tikceneil. Lle mpae MOXIUBICTH TpalioBaTH 3
TOMOTpPaMaMH, K 3 QYHKILISIMHU. 3apOIIOHOBAHO AJITOPUTMIYHI Ta MPOrpaMHi peaizalii X MEeTOIIB.

KirodoBi cioBa: maTeMaTH4YHE MOJICIIOBAHHS, KOMII'FOTEpHa Tomorpadis, iHTepdeTaris

¢byHk1i, Tomorpama, Matlab.

AHHOTAIUS

Hepmmua HO.U. MaremaTuyeckoe MoOJeJHMPOBAHME B KOMIBHTEPHOHW ToMmMorpadum ¢
HCNO0/1b30BaHHeM HHTepduieTauuu GyHKIMHU. — Pykonucs.

Huccepranysi Ha COMCKAaHHWE YYEHOM CTeNeHW KaHaujaTa (U3MKO-MATEMaTHYECKHX HayK IO
cnenranpbHocT  01.05.02 — MaTemaTnyeckoe MOJIEIUPOBAHUE W BBIYUCIUTEIBHBIE METOABI. —
XapbKOBCKMI HallMOHAJIBHBIN YHUBEPCUTET PAaAHOdJIEKTPOHUKH, Xapbkos, 2006.

JuccepTainus MOCBSIIEHa MAaTEMaTUYECKOMY MOJEIMPOBAHUIO B KOMITBIOTEPHOM TOMOrpapuu ¢
HCIOJIb30BaHNEM UHTep(IeTanuu GyHKINH.

IToctpoen oOmumii BUj omnepaTopa MOJIMHOMHAIBHON MHTEpQUIeTallMd HAa CUCTEME TpeX IpyIIl
IIEPECEUECHHBIX IIIOCKOCTEM ( B KaXJIOM TIpynme IUIOCKOCTH napauienbHsl). MccinenoBan wmeron
BOCCTAHOBJICHHSI IPOCTPAHCTBEHHO MEPEMEHHOro KO3(QUIMEeHTa MOTJOMEHUSI BHYTPU TPEXMEPHOIO
00BEKTa MO M3BECTHBIM €ro TOMOIpaMMaM, KOTOpBIE JIeKAaT B CHCTEME TPEX TIPYII IEepecedeHHbIX
IUIOCKOCTE ¢ MOMOIIBI0 MOCTPOSHHOI'O OIEepaTopa MOJMHOMHUANBHOM MHTepdueTanuu (QyHKIMH Tpex
IIEPEMEHHBIX.

Taxoke ompeneneH oOmuUi BUJA OlepaTopa CIUIaiH — WHTEpQIETAIMU HA CHUCTEME TOMOTPaMM,

KOTOPBIC JIC)KAT Ha B3aMMHO IMCPICHAUKYIAPHBIX IINIOCKOCTAX. HCCJ’IC}IOB&H METOJ BOCCTAaHOBJICHU
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KO3 QUIMEHTa IOTJIOMICHUSI BHYTPU TPEXMEPHOTO Tejla 10 €ro TOMOrpaMMaM B CHUCTEME B3aMMHO
MEPICHINKYISAPHBIX TUIOCKOCTEH ¢  HWCIOJB30BaHHWEM OMPEACIEHHOrOo omeparopa CIUIaiH -
I/IHTep(l)HeTaI_II/II/I. 3T10T METOH4 HdacT 60.]166 BBICOKYKO TOYHOCTb, 4Y€M MCTOABI BOCCTAHOBJICHHA
KO3 pHIIMEHTA TOTJIOMIEHHS BHYTPH TPEXMEPHOTO TEJa 10 H3BECTHBIM TOMOTpaMMaM, KOTOPBIE JIeXatT Ha
TUIOCKOCTSIX, TAPAJUICNIbHBIX TOJIKO OJHON KOOPAMHATHOMN TIOCKOCTH.

HpOBGI[eH aHaJIn3 BJIUAHUA HOFpGLHHOCTCﬁ 3alaHuA  SKCHICPUMCHTAJIbHBIX JAaHHBIX Ha
MOTPEIIHOCTh BOCCTAHOBJICHHS KOX((UIIMEHTAa TOTJIONICHUSI BHYTPU TpexMepHoro tena. OmnpenerneHa
MOTPENIHOCTh OKPYIJIEHUS JUII METOJla BOCCTAHOBICHHS KOI(D(UIMEHTa TMOTJIOMICHUSI BHYTPH
TPEXMEPHOTO Tella 10 M3BECTHBIM TOMOTpaMMaM, KOTOpPhIE JIeKaT Ha CHCTEME B3aHMMHO
MEPICHIUKYIISIPHBIX TUIOCKOCTEH. [ToTydeHa oleHKa MOrpenrHOCTH 3TOT0 METO/A.

BHepBI)IG AACTCA MOHATUC TOMOI'PAMMBI B MAaTEMAaTUYCCKOM CMBICJIC KaK CJICHd OT CI)YHKIII/II/I TpEX
MEPEMEHHBIX Ha 3a/IaHHOM TUIOCKOCTH M TIOCTPOCH AITOPUTM MEpeBo/ia M300paKEHHsST TOMOTPAMMBI B
(YHKIIMOHATBHYIO 3aBHCUMOCTh, apryMEHTaMU KOTOPOH SIBJISICTCS HOMEP PHUCYHKAa W KOOPAWHATHI
MUKCeNei. DTO TaeT BO3MOKHOCTh PabOTaTh ¢ TOMOTpaMMaMH, KaK ¢ (DYHKIHUSIMHU, TO €CTh ITO3BOJISET TIO
HOMEpPY PHUCYHKA IOJIydyaThb €ro HM300pak€HUE U BBUIEIATh KOMIIOHEHTY IIBE€Ta B YKa3aHHOH TOYKe
PHCYHKA.

[IpemiosxkeHHBIA METO PEIICHUS] TPEXMEPHOHN 3a7a4ll KOMITBIOTEPHOH TOMOrpaduu OCHOBAaH Ha
MCIOJIb30BaHNN HA0Opa TOMOTPaMM, PACIIONOKEHHBIX Ha TPEX rPyMIax NepeceYCHHBIX IOCKOCTIX. ITOT
MCTO CYHMICCTBCHHO OTIMYACTCA OT CYHICCTBYIOIIHUX TEM, UTO B HCM MOXCT IMPOBOAUTLCA 06pa60TKa
TOMOTpaMM, KOTOpbIE HE JeXaT B MapalUieJbHBIX IUIOCKOCTAX (HampuMep, B MPOCTEHINEeM ciydae
TOMOTPAaMMBI MOTYT paclojaraThCsi CUCTEME TpeX TIPYMI IUIOCKOCTEH, MapaiedbHbIX KOOPAMHATHBIM
TJIOCKOCTSIM). DTa METOJT IaeT BO3MOXKHOCTh PEIIaTh TPEXMEPHYIO 3a/a4y KOMITBIOTEPHOW ToMorpadun
JUTSl TPUHITUITHATIFHO HOBOM CXeMbl cOopa NaHHbIX. Hampumep, OH J0omycKaeT MCIOJIb30BaHWE BEEPHOU
cxeMbl cOopa HHGOPMAITUU B KaXI0H U3 TUIOCKOCTEH, B KOTOPBIX JIeKAT TOMOTPAMMBEI.

[IpennoxeHpl aTTOPUTMUYECKUE U POTPAMMHBIE peaTn3allii METOIOB.

HOJ'Iy‘{CHHBIG PE3YIbTATHI UCII0JB30BAHBI IPHU PCIICHHUU 3aa49 BOCCTAHOBJICHUA TPOCTPAHCTBCHHO
MIEPEMEHHOT0 KO3 UIMEHTa TMOIJIOIMIEHUs BHYTPUM TPEXMEPHOTO Tejla MpU MaTeMaTUYeCKOM
MOJICTTUPOBAHUU B KOMIIBIOTEPHON ToMorpaduu, a TakkKe HCIOJB3YIOTCSI B y4eOHOM MpOIeCcCe, YTO
MOATBEPK/ICHO aKTaMH BHEJIPECHUS.

KiroueBble  ciioBa:  MareMaTHYecKoe  MOJCIMPOBAHHWE,  KOMITBIOTepHas  Tomorpadus,

uHTepderanus GyHKIMI, TomorpamMmma, Matlab.

ABSTRACT
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Pershina Y.l. Mathematical modelling in a computer tomography with use interflatation
functions. — Manuscript.

The thesis is presented for the Candidate of Physical and Mathematical degree in speciality 01.05.02
- mathematical modelling and numerical methods. — Kharkov National University of Radioelectronics,
Kharkov, 2006.

The dissertation is devoted to mathematical modelling in a computer tomography with use
interflatation functionis.

The method of restoration of spatially variable koefficient of absorption inside three-dimensional
object under its known tomograms which lay in system of three groups of the crossed planes with the help
of the operator polinomial interflatation functions of three variables is investigated. Also the method of
restoration of koefficient of absorption inside a three-dimensional body under its tomograms in system of
mutually perpendicular planes with use of the operator a spline - interflatation is investigated. This method
gives higher accuracy, than classical restoration methods. For the first time the concept of the tomogram of
mathematical sense as the trace from function of three variables on the set plane and is constructed
algorithm of translation of the image of the tomogram in functional dependence which arguments is number
of figure and coordinates of pixels is given. It enables to work with tomograms as with functions.

Algorithmic and program realizations of methods are offered.

Key words: mathematical modelling, computer tomography, interflation of function, tomogram,
Matlab.



