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4D maTeMaTU4YHE MOJICTIOBAHHS B KOMIT IOTEPHIN
tomorpadii 3 BUKOPUCTaHHSIM 1HTEpIIiHAI1, iIHTepdIeTatii,
MIIIIAHO1 alpOKCUMallii Ta BEHBIICTIB

C. L. Kynuk, O. M. JlutBun, O. O. Jlutsus, 1O. [. [lepmmnna

Vkpaiucora inowcenepno-nedazoeiuna axademis, Yrpaina
Hayionanvnuii mexniunuii ynigepcumem «XapKiecokuii noarimexuiunui incmumymy, Ykpaina

Po3po6ienuii HOBUI METOJ ONUCY BHYTPILIHBOI CTPYKTYpU 00’€KTY, IO 3MIHIOETHCS
3 yacoM. B OCHOBiI MeTOMy J€XKHTh BHKOPHCTAHHS TOMOTPaM, OTPUMAaHHX Y Pi3Hi
MOMEHTH Yacy Ha CUCTEMI IJIOIINH, 0 epeTHHaTh 00’ ekT. [Togano aHami3 MeToIiB
oOyI0BM BHYTPIIIHBOI CTPYKTypH 00’€KTa, Ha OCHOBI iHTepiiHamii, iHTepdaeranii
(GyHKIIH JBOX 3MIHHHX, a TaKOK METOIIB oOumcieHHs koedimieHTiB Dyp’e GyHKIiH
JIBOX 3MIHHHUX 3 BUKOPUCTAHHSIM BEHBIICTIB.

Knrouosi cnoea: xomn’iomepna momozpagisn, mamemamuyne MOOeNOSAHHSA, IHMepPIiHaYis,

inmepgpremayis, geignenu.

Pa3paboTan HOBBIII MeTOJ ONHUCaHHA BHYTPEHHEH CTPYKTYpbl OOBEKTa, KOTOpas
MeHseTCsl CcO BpeMeHeM. B ocHOBe Meroja JIeKUT HCIOJIb30BaHUE TOMOTIPAMM,
HOJIy4€HHBIX B Pa3Hble MOMEHTBI BPEMEHH Ha CHCTEME ILIOCKOCTEH, MepeceKarolx
00bekT. IIpennoxen aHaIu3 METONOB MOCTPOSHHS BHYTPEHHEH CTPYKTYphl OOBEKTa,
Ha OCHOBE MHTEPJIMHALMH, MHTepdieTarnyu (GyHKUUH JIBYX HMEPEMEHHBIX, a TaKXKe
MEeTOJIOB BbIYMCHEHHS KodhduunentoB @Dypbe QyHKUMH ABYX HEPEMEHHBIX C
UCIIONB30BAHUEM BEHBIIETOB.

Kniouesvie cnoea: KOoMnblomepHas mwwozpad)uﬂ, mamemamudecKoe Modeflupoeaﬂue,

uHmepIUHayUs, uHmepremayus, eetienemsl.

The new method of the description of internal structure of object which changes in
time is developed. At the heart of a method use of the tomograms received during the
different moments of time on system of planes, crossing object lays. The analysis of
methods of tomograms construction based on interlineation, inerflatation of two
variables functions, and also methods of calculation of Fourier factors of two variables
functions by wavelets is offered.

Key words: Computer tomography, mathematical modeling, interlineation, inerflatation,
wavelets.

1. Betyn, akTyaJbHICTB

3amada BiJHOBJICHHS BHYTPIIIHBOI CTPYKTYPU TPUBUMIPHOTO Tisa, IO 3MIHIOETHCS
B Yaci, € OJHIEI0 3 HAHOUTBII aKTyalbHUX 3a7ad Cy9acHOCTi. BoHa BUHHKAE B pi3HAX
rany3sx HayKd U TexHiku. 30KpeMa, Taka 3ajada BUHUKAE B MEIMYHIM MpakTHL Y
BUIIAJKy TPOBEICHHS JCKIIBKOX MOBTOPHUX JOCHI/HKCHb IMAIli€HTa B Pi3HI MOMEHTH
4yacy i HeoOXIJHOCTI MAaTEeMaTUYHOI'O aHaIi3y Ha iX OCHOBI €()eKTHBHOCTI JIIKYBaHHS,
a TaKOX MPHU 00poOIIl CEHCMIUYHUX CUTHAIIB IPH JOCIIIKeHHI Kopu 3emii [1].

Oco6nuBo BaxkiauBuM € moOynoBa 4D mMonenei Ha OCHOBI TOMOTpadiyHUX JaHUX Y
pi3Hi MomeHTH dYacy. Lls 3amaua cama mo cobi € ayXe CKIaJHOK y 3B’S3KYy 3
BEJIMKMMH MacHBaMU BUKOPHCTOBYBaHO! iH(popMalii Ha KOXHOMY eTami 4acy, a
TAKOXX Yy 3B’S3Ky 3 OUEBHMAHMMU OOMEKEHHSMH Ha Bi3yali3allifo pe3yJbTaTiB
BIZTHOBJICHHSI B MOMEHTH 4acy, II0 He 30iraloThCs 3 MOMEHTaMHU, JUIS SIKUX HAIal0ThCs
eKCIIepUMEHTAbHI JlaHi. BigzHaummo, mo (QYHKIS YOTHPbOX 3MIHHHX MOXe OyTh
Bi3yaJli30BaHa TiJIBKH JIAIIE 32 CBOIMU 3HAYCHHSIMHU B OKPEMHX TOYKaxX abo rpadikamu
CBOIX CITiJIiB HAa OKPEMHUX JIiHIAX a00 MOBEPXHsIX (30KpeMa, IIIONTIHAX ).
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VY pagi BuUmaAkiB (HampWKIam, OpH AOCTimpkeHHI 3D Momeni pyXxoMoro cepiis)
HEOOXiJHO BpaxoBYBaTH, LIO IOBHa 3MiHa BHYTPIIIHBOI CTPYKTYpU 00 €KTa
3IIACHIOETBCS Ty’Ke IIBUAKO. TOMy, SIKIIO MH XO4YEMO OJEp)KaTH IOCIiZOBHICTH
MaTeMaTUYHUX MOJelell TPUBUMIPHOrO TiNa B Pi3HI MOMEHTH Yacy f=t;, k=1,n, TO
JUTSE KOXKHOTO 13 ITMX MOMEHTIB 4acy HEOOXIAHO BHUKOHATH BEJIMKHH 00CAT pOOOTH.
s AociiipKeHHsT 3MIH 32 4acoM 1, 30Kpema, JJis MPOTHO3Y, OYSBHIHO, HEOOXiIHE
aHaJITUYHE 1O 7,X, Y,z NPEJCTaBICHHS BHYTPIIIHBOI CTPYKTYPH TPUBHMIPHOTO Tija.

BpaxoByroun BUKIIAJCHE BHUIIE, aKTyaJIbHOKO € 3ajja4a o0y I0BH aHadiTHuHOl 4D
MoJieNl 00’ €KTa, IO 3MIHIOEThLCS, HA OCHOBI TOMOTPaM y Pi3Hi MOMEHTH Yacy.

2. ITocTanoBka 3agaui

[Moznaunmo wuyepes f(x,y,z,f) TOYHE AaHAIITHYHE TNPEACTABICHHS JEIKOT
XapaKTepUCTUKU Tija (HampuKiIaja, MIIbHOCTI abo koedillieHTa MOTIMHAHHS). Y
SAKOCTI EeKCIEpUMEHTANFHUX JaHuX Oynemo BukopuctoByBaTH: 1. IlocmimoBHicTh
MOMEHTIB 4Hacy: ¢ <fy<..<t,; 2. Cepitl0o s IUIOIIUH, 3aJaHUX PIBHAHHIM:

IL,:0,(x,y,2)=amx+ay,y+a,z—y,=0, p =1,5; 3. Tomorpamu 3D 06’ekra T, ,

k=1Ln, p=1,s sxi &Iexarb Ha 3amaHuxX IonmHax [1, B 3amaHi MOMEHTH dYacy

p
t=t;, k=1,n. Tomorpamu OTpUMY€EMO 3a JONOMOIOX KOMII FOTEPHOIO TOMOrpada.

ToOto Maemo » rpyn ToMorpam (B KOXKHii rpymi mo s tomorpam). B koxHill rpymi
TOMOTPAaMH NPEICTABIICHI B OJIMH 1 TOM e MOMEHT 4acy, Ajie BOHM JeXKaTb Ha Pi3HUX
wromuHax. [loTpibHO 32 maHo iHMOpMalielo moOynyBatu ¢pyHkuito F(x,y,z,t) i3

BJIACTUBOCTSIMU: F(x,y,z,t) e C(D), Sy, 2)= f(x,3,2,1;),
F(x,p,z,1 )|a)p(x,y,z)=0 - fk|wp (x,9,2)=0 ~ Tkp’ k=Ln, p=Lls.

3. Metoa nodyaosu 4D maTtemaTuunoi moaeJti
CnouaTtky noOGynyemo f(x,y,z), k =1,n TpUBUMIPHUX MaTEMaTHU4YHUX MOJEINEH

00’exta f(x,,z,¢) Ul KOXKHOIO 3 MOMEHTIB Uacy t=t;, k = 1,_n 3 BJIACTUBOCTSIMU:
f(xayazatk)|np :fk(-xayaz)h—[p :Tk,p(x)a k :lana p :1,S .

Tobro fj(x,y,z) € dQyHKLUi€, sKa B TOYKax miomuHu I1 p B k -ii MOMEHT 4acy

30iraeTbes i3 300pakeHHsIM p -1 Tomorpamu. s moOynoBu Takux QyHKUIH MOXYTh

OyTH BHKOPHWCTaHI OMEpaTOpH CIUiaiH-iHTepdIreTallii, a TakoX orepaTopy MIITaHOi
anpokcuMarnii, ski Oymu mnoOynoBanHi y poOorax [2,3]. Ilpm wnpomy, SKIIO
eKCIepUMEHTaNbHI JaHi (XapaKTepUCTHKH TOMOTpaM — TeOMETPHYHI HapameTpu
IUTOIIMH, Ha SKUX JISKAaTh TOMOTPAMH, a TaKOXK 300pa’keHHS HAa TOMOTpamax) 3aJaHi
TOYHO, TO MOKHa BUKOPUCTOBYBAaTH METOJ| BiHOBJICHHs BHYTPILIHBOI CTYpKTYypH 3D
Tila 3a JOMOMOror omepatopiB  iHTepdrneramii ¢ynkuid [2]. SAxmo x
EKCIICPUMEHTANIbHI JaHi 3a/JaHi 3 MOXHOKOI, TO MOYXKHAa BHKOPHCTOBYBAaTH METOJ
po3B’s3anHs  3amad 3D kommiotepHOi Tomorpadii 3a JIOMIOMOTOR  MilIaHol
anpoxkcuManii [3]. 3ragaHi MeToaM BiAHOBJICHHA BHYTPILIHBOI CTPYKTYpHU Tijia
BiJIPI3HAIOTHCS BUCOKOIO TOUHICTIO.

ITicns moOynoBu TpUBUMIPHUX Mozaened fj (x,y,z), k =1,n Oyayemo 4D monensb
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F(x,y,z,t), BAKOPUCTOBYIOUH METOJ IHTEPIOJIALIII 32 3MIHHOIO ¢ Y BHTJISAL (POPMYITH

n
F(xayazat)zth(t)fk(xayaz)a (1)
k=1
ne h D (?) — nomomixxHi (YHKIIIT Bil OJTHIET 3MIHHOT ¢ 3 BIIACTUBOCTSMU:
) =6, kig=Tm. 6. =1 =4 K
= ,k,g=1n, = — cuMBou Kponekepa.
k\*q kq q kq 0, k= q p P

i ¢GyHKIIT  MOXYTb OyTn NOJIHOMaMHu (anrebpaiuHMU abo
TPUTOHOMETPUYHUMH), CIDIAiHAMH (TIOJIIHOMIiaIbHUMU 200 TEPioANYHUMH) CTETICHS
r=12,3,...,1T.0.

Teopema 1. SIkmio excrieprMeHTaNbHI JaHi (TOMOTpaMMHU Tkp, kzl,_n, pzl,_s,

mo Jexars Ha miomuHax I1,) BianosigaoTs GyHKUI, sKy HAOGIIKyeEMO,

f(x,y,z,t)eCr(D), DZGX[O,T], 1"20, GCR3, tE[O,T], TO MOXHa
nmobynyBatnt 4D wmomens F(x,y,z,t) BHYTpIIIHBOI CTPYKTypH OO0’€KTa, sKa
3MIHIOETHCS, 3 BIIACTUBOCTSIMU:

F(x,y,z,t)e C" (D), F(x,y,z,tk)| k=1,_n, p:l’_s’

®,(x,,2)=0 :fk|a)p(x,y,z):O =T
BigmiTuMo, 1m0 3agada B Takii MOCTAHOBLI HE Ma€ €JUHOTO PO3B’S3KYy. AJe, MpH
NMeBHUX OOMEXKEHHsSX Ha Kiac (YHKIIIH, sKi HaOIMKyeMO, BOHAa Oy/ie MaTH €IUHHN
pO3B’s130K. Binmbmi Toro, mns AeskuX KiaciB HaOmwkyBaHux (yHkmin f(x,y,z,t)
MOJKe OyTH OIliHeHA IMOXUOKA HAOIKEHHS.
Teopema 2. Hexaii moxuOka 3alaHHS TOMOIpaM Tjp B MOMCHTH Hacy I

k=Ln, p=1,s

3aJ0BOJIBHSIE  CIIBBIJHOWICHHIO: £, = max fk'l‘[ — Ty (X)),

(u)eG
noxubka HaOIMKEeHHs omneparopamu F (x v,z, t) inTepdnerauii pynkuii f(x,y,z,)
3a/0BOJIbHSIE  CIIBBIIHOLIEHHIO: &l = max |F X, ¥,Z, tk) f(x, y,z,tk)| (D)’

(x,y,z)eD (D)
MOXMOKa HAOIIKEHHS ONEepPAaTOPOM IHTEPIOJAIIl 3a 3MIHHOIW ¢ 3a/I0BOJILHSE

CIIBBIAHOIIEHHIO: &2 = max |F (x,y,z,0)— f(x,y, Tonmi moxubOka

t .
0<<T 2 )|V x y,z)eD

Habmmwxenns Gpynkuii f(x,y,z,t) € C" (D) oneparopom F(x,y,z,t), HoOyIOBaHUM 3a

tdhopmymoro (1), 6yae matu Burisin: £ = max O(gy,) + max O(ely)+0(g2).
1<p<s 1<k<n
1<k<n
4. 3D Mopnesi BHYTPIIHLOI CTPYKTYPH Tilla 3a AONMOMOrorw 2-x ado 3-x
PEHTreHiBChbKHX 3HIMKIB Y B3a€MHO NMEPNEHINKYJIAPHUX HaNpsAMKax [4,5]
Hexait f(x,y,z) — aHaNITHYHUIA BUpA3 AJIsl BHYTPIIIHBOI CTPYKTYpH 3D Tina.
Benemo onepatopu
1
cl(f;y,z)sz(x,y, )dx CZ f X, Z

0

=[f(x,y.2)dy,

O*—.’—‘
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012 fz ”f X, ¥,z )dxdy

Teopema 3 [4]. Dopmyna Bf(x,y,z):cl(f;y,z)+c2(f;x,z)—c12(f;z) €
MaTeMaTHYHOK MOJEIUTIO BHYTPILIHBOI CTPYKTYpu 3D Tina, 1m0 BHKOPHCTOBYE 2
PEHTTEeHIBCHKUX 3HIMKH y B3a€MHO-TIEPIECHINKYISIPHUX Hampsmkax Ox, Oy 1 Mae

BJIACTHUBOCTI
1 1 1 1
IBf(x,y,z)dxz jfdx = cl(f;y,z) , _[Bf(x,y,z)dy =Ifdy =02(f;x,z),
0 0 0 0

Byof = fo(x v,z ) (x Z)+v(y, ) ne u(x,z),v(y,z) — moBinbHi iHTErpoOBHI
GbyHkuii [Box 3MiHHKUX. Dopmya

Bf(x,y,z)=cl(f;y,z)+c2(f;x,z)+c3(f;x,y)—
—cl(c2(f;.,.);.,z)—cl(c3(f, ,y) ) cZ(c3(f )x,.)+c123

€ MaTeMaTHYHOI0 MOJEIUTI0 BHYTPIMIHBOI CTpyKTypH 3D Tina, mo BHKOPHUCTOBYE 3
PEHTTEHIBCHKHX 3HIMKHU Y B3aEMHO MEPICHIUKYIApHUX Harpsamkax Ox,Oy,0z1

| | | |
[ B 0,0/ dx = Ifdx =c10(/f33.2); fBo,o,ofdy = ffdy =cy0(/f3x,2);
0

1 111

[ By o,0fdz = ,[fdz—%o(fxy [ [ fdedydz = Cya3.
0 000

Teopema 4 [5]. szfo(x,y,z)=u(y,z)+v(x,z)+w(x,y), ae u(x,z),
v( y,z), w(x, y) — JIOBUTBHI IHTETPOBHI PYHKIIIT.
5. Metoxg oOuncieHHss koediuieHTiB @yp’e ¢PyHKuiii ABOX 3MIHHMX 3

BHKOPUCTAHHSIM CKiHYeHHHMX cyMm Xaapa [6]
Bukmanemo HOBuUH Meron oOuucieHHs koedimieHTiB Dyp’e GdyHKIIH ABOX

3MIHHUX [ (x, y), 0 BHUKOPUCTOBYETHCS TpPH MAaTEeMaTHYHOMY MOJEITIOBAaHHI B
KOMIT'I0TepHill ToMorpagii TpuroHoMeTpuuHUMH moniHoMamu @yp’e abo Deiiepa.
MeTo BUKOPUCTOBYE B SAKOCTI JaHWX NUCKPETHHN HaOip MPOEKIiil — iHTerpaliB BiJ
bysrmii  f (x,y) V3I0BXK 3adaHOi MHOXXHHH JIiHIHA, SKi TEPETHHAIOTH 00 €KT
JociipkeHHs. ByeMo BUKOpUCTOBYBATH TakKi JJOTIOMIXKHI TBEPKCHHSL.

—i27z'(kx+ly)dxdy

11
Jlema. Ilpn obuucienni koediuientis Pyp’e CFy :J J f (x, y)e
00
ms k=0,=0,k=0,/>0,k>0,/=0 3a nonomMoror NpOEKIiii ClpaBeLINBi
11 1
piBrHoCTI CF)y = I _[ f X,y dxdy _f 72 dy 7/2 I f X y dx
00 0
1

11 . 1 ‘
CFo = ”f(x,y)e_lzmadxdy = ,f?/l (x)e_’ml“dx - (x) = jf(x,y)dy
00 0 0
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11 . 1 |
0

0

Ipu k <0,/ < 0 maemo CF—\k\,o = CF\k\,o ; CFO,—\Z\ =CFy);
21_]]5[ kZl,lZl HpI/I k>1: CFk,l: 11+12+[3,

1 —i2rzl 1

F(zl d. _

0 k= +1 k

1 2 (k + zl)e_izﬂ(k+21)dz kt/l kt—Ilv It+kv
;=1 3 , e R()= | fl5—7F 57|

0 k= +1 —kt/1 k*+17 k~+1

(k2+1271t) /k
B | (kt v lt+kv
i K+ K+ 1

(k2+12—lt) /k
—1v
| f[ kt—1 lt+kvj "
(—k2—12+kt)/l K2+ k2 42

AHaJIOTIYHUM YHHOM BHITHCYIOTHCS (DOPMYITH AJIS IHITNX 3HAYCHD 1HIEKCIB k 1/ 3
BUKOPHCTAHHSM IHIIMX [O3HAYCHb JUIL MPOCKIUid (3aMicTh [}, BHKOpHCTaHi

]dv F(t)=

IMO3HAYCHHS Gﬂ, ¢y’ @y s #=1,2,3). 3a3HaunmMo, MO IS 3HAYCHb kK, [, IO

3a710BOJIbHSAIOTE yMoBaMm &, [ < —1, Buxopuctosyetbest piBnicts CF_y _;=CFy ;

CF y;=CF_, a+if=a—iff. Hanucani Bume QyHKuii F,, G,, ¢ﬂ, @y s
H1=1,23 € TmpoexmisMu, OTpUMAHUMHU IHTETpyBaHHAM (GYHKIT f (x, y) Y3I0BK

OpsSMUX, SIKI TMEPEeTHHAIOTh KBaJpar [0,1]2 1 TPOXOJATH MapajelbHO TPSIMHUM
kx +ly =t . Ha mpakTuii 3a3Ha4eHi eKCIIepUMEHTaIbHI TaHI MOXYTh OyTH OTprUMaHi
3a JIONOMOTOK KOMIT'FOTEpHOro Tomorpada Ui JUCKPETHOro Habopy 3HaueHb
3MIHHOT 7.

Teopema 5 [6]. [Jna wabmmxenoro oGuucieHHs koedimieHTiB Dyp’e dyHKUil
IBOX 3MIHHHX 3 BHKOPHCTaHHSAM BeHBIETIB Xaapa 3a IONOMOTOI0 JHUCKPETHOTO
Ha0Opy NPOEKITi MaeMo QopMyIH

| M | M M il
CF00~CF00M=MZ71p MZ72qaCFkO~CFkOM 2 rlye Iy
p=l g=1 r=l
M 4
Chyy ~CRygn =2.72q¢ M ,CE = CFryn =l +Iogin, BN, k2121,

g=1

/ e—iZﬂl/N] A VWilo(z 4z ) 127rﬁl . q
I - El4 9 e U K(z)=F(z2l), z, =—,
Lk,I,N, kz +12 ( _il qgo 1 B 1 ( ) 1 ( ) q N,
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_ _ . q
; _ i—1 (e i272(k=1)/ N, _1 Ny-1 (Zq+zq+lje—l27rjvz(k—l)
PN T2 T (k) | S 2 ’
[
F2 (Z)=F2(Z+Z(k—l)), Zq :Ni,

2
. . q
l e—lzﬂ'l/N3 _1 N3—1 z 4z + _IZHVI q
LN, = , > E{que 3, i%(z):l«}(kﬂl) z =1
3 k242 —i27l =0 q M

AHaNOTi4HI SBHI BHpPa3H OTPUMYIOTHCS IICISA 3aMiHM BiIIMOBITHUX TMPOEKIIiit
TXHIMU BEHBIIECT-aITPOKCUMAITIIMHU.

Meron nonsrae B samini Qymkuiit y(x), 72(v), F(zl), F(l+z(k-1)),

F (k+zl) CKIHUEHHHIMH CyMaMH BeiBieTiB Xaapa Ta y TOYHOMY OOYHCIICHHI

OTPUMAHMX IHTErpasliB. MeToJ| J03BOJISE BUKOPUCTOBYBATH KpiM BeUBIIETIB Xaapa
TaKOX W 1HII1 BEHBIIETH.

Teopema 6 [6]. [{na noxubku ‘CFkJ —CFyy, N‘ HabmkeHHs Koediuientis Dyp’e
CFy; Qynxuwi f (x, y) eC’ [0,1]2 (opmynamu CFy ; y , sIKi OTPUMYIOTBCSL 3aMIHOKO
$ynkwiit F,,,G,,4,,0, veiiBretamu W, N, H =1,2,3 cmpaBe;InBa OLIHKA 3BEPXY

(aHaJIOTIYHI OI[IHKY TaKOX MOYKHA HAITUCATH JJIs Gﬂ,¢ﬂ, @)

‘CFk,; - CFk,l,N‘ =0 [HF u()=Wun, (')HC[OJ] J '

3okpeMa, 1pu HaONWKEeHH] BeliBieTamu Xaapa MaeMo ‘CFkJ -CFyy, N‘ = O(N _1) .

Jns mpoBeAeHHS OOYHCIIOBAbHOTO EKCIEPUMEHTY HJsl Bisyaumizamii (QyHKIiH
/(x,y) BukopucroBysanucs cymu dyp’e

+N +N X
SF(X,y,N) = z Z CFk,[elzﬂ-(kx-’_Zy)
k=—N(=—N
N 4N _
i @eitepa SFE(x,y,N)= > > (1_ |k | j(l_ || jCFk’[elzﬂ(kx+€y) ‘
k=—N (=N N +1 N+1

6. O0unCcIIOBANBHUN eKCIIePUMEHT

B sxocti mpukiamy po3B’spKEMO HACTYIHY 3afady: 3a JaHUMH B Pi3HI MOMEHTH
yacy t=t,,k=1,n ToMorpamamu, SKi OTpUMaHi 3a JOIOMOIOK MAarHITHO-
PE30HAHCHOTO KoMIT'IoTepHOro Tomorpady Siemens, moOyayBatu 4D marematnuny
MOJIEJIb CEPIls, BHYTPIIIHSA CTPYKTYpa SAKOr'O 3MIHIOETHCS 3 4aCOM (EKCIICPUMEHTANIbHI
naHi Oynu OTpUMaHi B PajioJOTIYHOMY BiIJIUIEHI KapiOJOTi4HOTO LEHTPY IpHU
IHCTUTYTI oOXOpoHM Matepi Ta gutuHu (M. KuiB)). HaBenemo pesynbratu
00YHCITIOBATILHOTO EKCIIEPUMEHTY.
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B sKoCTI eKkcneprMeHTanbHUX NaHuX Oy B3daTi: 1. n=25 MoMeHTIB dHacy; 2.
s =9 mapanenpHuX 3pi3iB CepIld ILIOMHMHAMH, NEPICHIUKYISIpHIMHA oci Ox (MEeTox
JI03BOJISIE BUKOPUCTOBYBATH MOPSA 3 JaHUMH TOMOTpaMaMH TaKOXX TOMOTpPamH, IO
JIeKaTh B IHIIMX MEpeTHHAX, HE MEPHeHIUKYIIpHUX oci Ox ); 3. ToMorpamu cepiis,
K1 IeKaTh Ha § =9 3aJaHMX IJIOMIMHAX, B KOXKHI 3 25 MOMEHTIB Hacy.

Tob6To mMaemo 25 rpym ToMmorpam. B KOXHIM Tpymi TpencTaBlieHi TOMOTpaMH,
3po0JeHi B OAWH TIEBHUI MOMEHT Yacy, B JIeB’SATH NepeThHaxX (ToOTO B KOXKHIH rpyrmi
o 9 Tomorpam). Ha puc. 1-2 nokasaHi npukiIajn TOMOTpaM B Pi3HI MOMEHTH 4acy B
OJTHHX 1 THX )K€ TIepeTHHAaX.

Puc.1. Ipuknaou momomepam, 3po6aeHux 8 MoMenm uacy 1,

6 nepemunax x =0.1, x=0.3, x=0.8

Puc.2. Ipuxnaou momozpam, 3po6neHux 6 Momenm uacy ty,
6 nepemunax x =0.1, x=0.3, x=0.8
Ha ocHOBi wMmetomy, po3pobmeHoro B pobOoti [3], Oymu mnoOymoBani 25
MaTeMaTHYHUX MOJeNell BHYTPIIIHBOI CTPYKTypu cepis y BUTIAAl (yHKIH
Jr(x,»,2), k=1,25 3a ZOIOMOrow0 omepaTopiB iHTepdueramii GyHKIIH TphOX
3MmiHHUX. [loTiM 1i MaremaTtW4Hi Mojeni Oynu BHKOpHCTaHi mpu moOyzosi 4D
MaTeMaTHYHOI MOJEJI CepIlsi 3a JOIOMOTOI0 OIEpaToOpiB IHTEPIOISIii 3a 3MiHHOO
gacy ¢. 3a pgomomoroio moOymoBanoi 4D wmarematwuHOi MoOzeni 3HaiimeMo
300pakeHHsI CepIls JIOOWHN B IUIONIMHI, sSKa 3aJa€ThCi PIBHAHHAM X=a, B

KOHKPETHHIl ~MOMCHT — 9aCy [=1,,,.05e- Ha pPHC.3 HaBeIeHI pe3ynbTaTH

OOYHCITIOBATIEHOTO CKCIICPUMCHTY.

il

o 20 w40 %0 60 70 5 100 20 %0 40 50 60

Puc.3. Bionoenenns snympiwnvoi cmpykmypu cepys 6 naowuni x = 0.1 ¢ momenmu
uacy ts, 9, lyy 6i0n06ioHO
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7. BucHOBKH

B pobori 3anpononoBanuii HOBUi MeTox moOyxoBu 4D maremarnunoi moaeni 3D
Tija, M0 3MIiHIOEThCS 3 YacoM. 4D Monens Oyayerhcs Ha ocHOBI 3D mozeni 00’exra,
s’Ka BUKOPHCTOBYE ormepaTopu iHTepderamii abo Mimranol ampokcumarii (QyHKIiH
TPbOX 3MIHHUX X,),z Ta JaHi NMpo 00’€KT Yy BUTISAI TOMOTpaMm, PO3MIIICHUX Ha

PI3HHX TUIOIMHAX. 3a JOMOMOToi0 moOymoBaHoi 4D Mojerni 3HaleHa MaTeMaTHIHA

MOJe/b O00’€KTy B KOHKPETHHH MOMCHT Yacy !=1 .05 - B SKOCTI IpHKIaLy

MpoBeJcHa Bi3yamizaliss 00’exkTy (cepus JIIOJUHHM) B IUIONIMHAX, 3aJaHUX
ILOCJ'Ii):[HI/IKOM 3 BUKOpPHUCTAaHHAM TOMOI'paM, OTpHUMaHHX 3a JOIIOMOIOIO MaI‘HiTHO-
PE30HaHCHOTO KOMI IOTEpHOro ToMorpady Siemens.

Otpumana 4D monens Moke OyTH BUKOpPHCTAaHa HE TUIBKH JJISI 3HAXOKCHHS
300paskeHHS 00’€KTy B 3aJaHOMy Iepepi3i y (ikcoBaHMII MOMEHT 4acy, SKHH He
30ira€Tbcs 3 EKCIePUMEHTAIbHO 3aJaHAMH 3HAYeHHAMH dYacy, ajie 1 JJis aHalizy
repediry XBOpoOH NUISIXOM JOCTDKEHHS MOBEMIHKH (QYHKIII YOTHPHOX 3MIHHHX B
3aJIeKHOCTI BiJl 4acy Ta BiJ MPOCTOPOBHUX KOOPAWHAT.
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