NNabopaTopHa po6oTa Ne 3.
PeKOHCTpYKLiA 300paXeHb Y MarHiTo-pe3oHaHCHIN
Tomorpadi.

MeTa poboTu: 03HaMOMUTUCL 3 MNPUHUUNAMWU MarHiTHOPE30HAHCHOI
dyp’e ToMmorpadii i OCHOBHUMN MEeTO4AMU PEKOHCTPYKLIL.

3aranbHi BigomocTi

MarHiTHope3oHaHcHa ToMorpadia —- oguH 3 6eanevyHnx ans noachb-
KOro opraHiamy MeToAiB iHTPOCKONMIiT, KM LO3BONA€E ogepXKyBaTu 306pa-
XXEHHSA OOBIfIbHOro nepepisdy Oyab-AKoro BHYTPILWHBOrO opraHy 3 MeTOr
[iarHOCTUKN MOro ctaHy. 3aBAsdkyM LbOMY MeTody MOXHa ofepXaTu Be-
MUKy KINbKICTb AiarHOCTUYHOI iHpopmMalii (r'yCTUHY po3nogisly MarHiTHUX
MOMEHTIB, foKasibHi 3Ha4YeHHS 4Yacy MNO34O0BXHbOI i NONepeyvHol penak-
cauii Ta iHWunXx).

®Pi3nyHi ocHoBu AMP ToMmorpadii

[Mpn HaABHOCTI 30BHILWHLOrO MarHiTHOro MOSMA JfioKanbHa HamarHive-
HICTb Y CUCTEMi YaCTMHOK, LLO MarwTb HEHyrbOBi BMACHI MarHiTHUA Ta
MeXaHIYHUN MOMEHTU, MOXE MPOABMNATU PE30OHAHCHUN XapaKkTep, KU
NPOSABNSAETLCA B MOMIMHAHHI €NeKTPOMarHiTHOro BUNPOMIHIOBaHHS Ha
neBHin YacToTi. [pMKnagomMm Takoi CUCTEMM YaCTUHOK MOXYTb OyTu aapa
Aesiknx aToMmiB, Hanpuknag, atoMiB BOAHIO B opradiami noguHu. Tomy
BIAMNOBIAHUN PE30HAHC Ha3MBAETbCA AOEPHUM MarHiTHAM pPe30HaHCOM
(AMP). Ak nokasana npakTuka noBeaiHka noaibHoi cuctemu (y BMnagky,
KONMKW YacCTUHKM cnabko B3aeMOfiloTb OAHAa 3 OOHOW), KiflbkicHO gobpe
OMUCYETbCA 3a AOMNOMOroK KracuyHol Teopii. OCHOBHUMU PIBHAHHAMM
npu LUbOMY BUCTYNarTb (PEHOMEHOMOrIYHI piBHAHHA Brioxa, ski Bupaxa-
0Tb 3aNEXHICTb JIOKanbHOI HaMarHiYeHoCTi peyvoBUHM M(F,t) B 3aaaHii

TOYLi NPOCTOPY Ta B 3a4aHUN MOMEHT 4acy Bif napameTpiB 30BHILLHbOIO

MarHiTHoro nons H(7,:) Ta napameTpiB pedoBUHN T,(7),T,(7), M,(7).

M. _\(ixr)+ MM
) \ (1)
My i), Moo

dt YT,

Ae B, — CTane MarHiTHe none HanpasfieHe B3[OBX OCi z, M, — PiBHO-
Ba)XHe 3HAYeHHs HaMarHiYeHocTi, 7, — 4ac ChiH-rpaTkoBol (N0340BX-
HbOI) penakcauii, T, — 4Yac cniH-cniHOBOI (NonepeYyHol) penakcauii, y —
ripOMarHiTHe BigHOLUEHHS.

[HWKMK cnoBamun: ONSA KOXHOI YaCTUHKW, WO Ma€e MarHiTHUN MOMEHT,
MOXe pyXaTuUCb i 3HAaXOOUTbCA B MarHiTHOMY Mosii B CTaHi piBHOBaru uem



MarHiTHUM MOMEHT CnpsiMOBaHWW NapanefbHO OO0 30BHILLHLOrO0 MarHiT-
Horo nond. lNpu BigXuneHHi Big PIBHOBa)XHOIO HaMNpPsMKYy fokKanbHa Ha-
MarHiyeHiCTb MOBMHHA MpeuecyBaTh HAaBKOMO HaMPSAMKY MarHiTHOro nong
3 MEeBHOK YacTOTOW, AKa 3anNeXWuTb Big 3HA4YEHHS MarHiTHoro nons. Pa-
AiovacToTHe 30yaKeHHS Ha YacToTi npeuecii Npn3BoaAnNTb 4O BiAXWUNEHHS
HaMmarHi4YeHOCTi Bif pPiBHOBa)XXHOro HanpaAMKy. Yac 7, xapaktepuaye BTpa-
TW eHepril cniHamu, WO NpeuecyTb, a Yac 7, — BU3HAYa€eTbLCH BNIMBOM
YaCTUHOK OAHa Ha OHY, a TaKOX HEOL4HOPIAHICTIO NOSIS..

YHiBepcanbHUn KBaHTOBMW OMUC BUMArae CKnagHilwmx ob4ncneHb i
BUKOPUCTOBYETLCS MPU HE3ACTOCOBHOCTI KNacU4HOI Teopil.

Y Tux Bunagkax konu, gna ob’ekty cnpaBennmei piBHAHHSA (1) icHye
MOXIUBICTb BUMIPATU PO3MOAiIN KOHUEHTpauil MarHitTHAX MOMEHTIB Ta
po3noAin 4acis penakcauii y gaHomy ob’ekti. [na uboro 06’ekT nomitty-
€TbCA B CUNbHE cTane MarHitTHe nosne i 36yaKyeTbCs 30BHILWHIM pagiova-
CTOTHUM BUMNPOMIHIOBAHHSAM, MICMNsi YOro HaknagaeTbCAa Tak 3BaHe rpagi-
EHTHe none H,, WO 3aneXuTb Bif MNPOCTOPOBUX KOOPAMHAT x,y,z:

H; =iGx+jG,y+kG.z

[Mpevuecisa cniHiB 3pasky nig gieto npuknageHux MarHiTHUX nosis npu-
3BOAUTb A0 MOSIBM 3MIHHOIMO MarHiTHoro nons 6insa 3pasky (CnagaHHs Bi-
NbHOT IHOYKLII ), SIke MOXHa ferko 3apeectpyBaTtn. Po3B’a3ok cuctemu
(1) Npyn HexTyBaHHI periakcauieto gae curHan cnagaHHs BinbHOT iHOYKUIT
(2).

S(kyoky k)= jj j p(x, p,2)exp[27i(k,x +kyy + k.z)|dxdydz (2)
ae k,,.=Q2mn"'yG 3BiOKN BMOHO, WO CniHOBa ryctvHa p nos’sisaHa 3

CUrHanom cnagaHHs BinbHoI iHAYKuUii (CBI) 3a JONOMOror nepeTBOPEHHS
dyp’e. [ina BigHOBNEeHHA p Tpeba Matn NoBHUN Habip faHux onga S, npu
BCIX k. PeanbHO OTPUMYETLCS HE HenepepBHUW, a OUCKPETHUN Habip
naHnx CBIl 3a gonomoroto AL, PiBHAHHA (2) € ocHoBo dyp’e TOMO-
rpadoil A4epHOro MarHiTHOro pe3oHaHcy.

3a pgonomoroto AMP mMmoXHa oTpymyBaTuU TPUBUMIPHUIKA pPO3Noain p,
OfHaK Lie NOoB’A3aHO 3 BESIMKMMU 3aTpaTamMu Yyacy Ta MalMHHUX pecyp-
CiB Ha Hakonu4yeHHs, 06pobky Ta 36epiraHHA JaHMX, TOMY Ha NpaKTULi SK
npaBuino 0OMeXyTbCa ABOBUMIPHUMU 306paXKeHHSIMAN.

[Ons oTpuMaHHA OBOBUMIPHMX 300pakeHb (3pi3iB) BUKOPUCTOBYIOTb
cenekTnBHe 36yaKeHHs1 CMiHiB B NOTPiOHIA NnoLwmHi, TO6TO HaknagarTb
cTanun rpagi€eHT MarHiTHOro nons B MEBHOMY HanpsMKy, Npu LbOMY B
Oyab-AKil NAOLWMHI, NepNeHaMKYNSPHIA OO0 UbOro rpagieHTy ctane mMarHi-
THe none, a oTxe i pe3oHaHcHa Yyactota AMP 6yayTbe ogHakoBuMMmU, ane
AN PI3HUX TakuUX MAOLWMH - PI3HUMK. AKLWO Tenep npuknactn PY curHan
3 NOTPIGHO 4acTOTOK, TO MOXHa 30yaAUTU TiNbKMA CNiHW B MNOTPIGHIN
nnowmHi. [lna kogyBaHHA KoOpAWHAT B MIOLWMHI 3aCTOCOBYOTb OPTOro-
HanbHi cTani rpagieHTU MarHiTHOro Nosns, Wo napanenbHi Uik NoLWyHI.

x,y,ztx,y,z I



Mpn ubomy onga Bidyanisauii 306paxkeHHs1 po3mipomM NxN TOYOK JOCUTb
otpumatn gadi npo N Toyok Ha CBI ana N 30ympkeHb JaHOI NOWMHK
NpwU PiHNX 3HAYEHHAX OAHOro 3 rpadieHTiB, WO NeXUTb B HaLUiX NIoLwun-
Hi. pagieHT, Wo pobuTb cenekuito NAOLWWMHN Ha3MBAETLCSA rPadiEHTOM
BUbopy wapy (slise), rpagieHT, WO NeXnUTb B BUAINIEHIN NNOLWMHI i 3MiHIO-
€TbCA Has3nBaeTbCA (asoBMMm abo rpagieHToOM (¢Oa3oBOro KOOyBaHHS
(phase), a TpeTin - rpagieHTOM 34MTyBaHHS abo rpagieHTOM 4YaCcTOTHOro
kogyBaHHs (read). [nsa 30ympkeHHs BUMKOPUCTOBYHOTb PY iMnynbcu siki
BIAXWUIAOTL CMNiHX Ha NEBHUI KyT. BidHOBNEHHA BedeTbCA 3a popMysioo:

lN—l lN—l

n. n, 2 2 2zind  27in,m
—= X |= S(IT,mT b 3
'O(NT’NTJ ZZIZN >, S(iT,m )exp[ N N (3)
= m=
2

1,
2

N - poamip matpuui ganux, T - auckpeTHicTb ALIT.

Llem meTon HasusawoTb dyp’e senimaTorpadiecto. oro BUKOPUCTOBY-
t0Tb B BinNbLIOCTI TOMorpadis.

Mpuknag iMmnynbLCHOI NOCNiIgOBHOCTI NpuBeAeHo Ha puc. 9.

PeKOHCTpyKUia 300paxeHb

dPyp’e PEeKOHCTPYKL s
Konu B piBHAHHI (3) BENUYUHK k. =(21) 'y G, ¢ TOOTO niHiNHO 3a-

x,p,z Yx,y,z 0
nexartb Bifi 3Ha4YeHb rpagieHTiB Ta Yacy, Lo BignoBigae NpsMOKYTHIN ge-
KapToBi CiTUi Yy ®yp’e NPOCTOPI, PEKOHCTPYKLiO 306pakeHb ChiHOBOI ry-
CTUHW OOUISIbHO NPOBOANTK 3a OOMNOMOro rnepeTsopeHHA Pyp’e BXiAHUX
AaHux. Y guckpeTHOMY BUnagky 3a coopmyrnoto (3). Ak nokasana npaktum-
Ka Ui MeToan € OOHUMU 3 HaWKpawmx MeToAiB PEKOHCTPYKLUIT MarHitope-
30HaHCHUX ToOMorpadivyHM 300paXkeHb, OCKIfbKWU MatTb HU3bKUA PIBEHDb
WwymiB, mani aptedakTn, BUCOKy obuncntoBanbHy eqeKTUBHICTb (Nopsa-
Ky Nlog, N onepauiin npyu BUKOPUCTaHHI LWBMAOKOrO nepeTBopeHHs dyp’e).

[ns gaHoro metony PEeKOHCTPYKLUIT XxapakTepHUn neBHU Habip apTeda-
KTiB, LLO NOB’si3aHi 3 HeBpaxyBaHHAM penakcauil, 0bMeXeHHAM KirnlbKOCTi
AaHNX, HEOOHOPIAHICTIO MArHiTHOroO NMosnst Ta HadABHICTIO IHWKX Heigeanb-
HOCTEN, Lo HeBpaxoBaHi B (2). ObMexeHHs1 KiflbKOCTi JaHUX NPpU3BOANTb
no nosieu [BciBCbkMX apTedakTiB, WO OOYMOBIEHI 3ropTKO dOYHKLIT
300paxXeHHs 3 PYHKLIE pO3MUTTS TOYKK, SiKa € rnepeTBopeHHAM Pyp’e
Bif (pyHKUIT BikHa, L0 oOMexye AaHi. [Jnsa npAMOKYTHOro BikHa ue npu-
3BOAMUTb A0 NOSIBU BUKUAIB HA KOHTYpax oO’eKTiB Ta 4O NOSIBU XapakTep-
Horo wymy. [Ans 6opoTbbu 3 UMM SBULLLEM BUKOPUCTOBYHOTb MHOXEHHS
BXIOHUX OaHUX Ha (PYHKUiO BiKHa w(nAk) NeBHOI popMu, LLO 3MEHLUYE
AaHuUn apTeakT, a TakoX po34inbHy 30aTHICTb Ta WyM. Y LbOMY BUNaa-
1

Z [w(nAk)/w(0)]

nen, data

. MakcnmanbHO MoOXnnBa

Ky po3finbHa 3gaTHICTb & dx =



! , Oe Ak — Kpok 36opy gaHux y dyp’e

po3dinbHa 3aaTtHICTb dx,, =

NdataAk
NnpoCTOopi.
90°
180°

’_‘ H PY 36ymxeHHs
yac
IpagieHT BUbOpPY Wapy yac

[ ]

[papieHT pa3oBoro kogyBaHHS vyac

[papieHT YacTOTHOro KoAyBaHHS

vac

PeecTpauist curHany yac
AN

Puc 9 — Llukn nocnigoBHOCTI CMiHOBOrO BigyHHS.

PekoHcTpyKUia Ha ocHOBI aBTOperpecinHux (AP) metoaiB
Lli meToan HanexaTb OO0 napamMeTpuyHUX MeToAiB: BXiOHI AaHi npea-
CTaBNATLCA NMEBHOK MOAENNI0, NapamMeTpu SKOI 3HaXo4ATbCH 3 pealb-
HUX JaHWUX, a 3a NapamMeTpamu BigOyBa€eTbCA PEKOHCTPYKLUIA 306paxKeH-
HA. BxXigHi aaHi x{»] y BUNagaKy aBToperpecinHoi mogeni npeacraBnatoTb-
CA SIK BUMNagKoOBUI npoLec

m

x[n]z—Za[k]x[n—k]+e[n] (4)

k=1
e napameTpu Moaeni alk| — aBToperpecinHi kKoedilieHTn, ¢[n] — 6inun
WyMm, m — nopsagok mogeni. 3 piBHAHHSA (4) nerko 3HamTU OLIHKY CMeKT-
panbHOI NYCTUHM MOTYXHOCTI, WO BignoBigae kBagpaty yHKUil po3nogi-
ny cniHiB, NpOMOAYNbBAHOI YacaMn penakcadii:
2 Py

p =P, |A(f)|2

oe A(f) — dyp’e cnekTp aBTOPErpeciiHoi NocnigoBHOCTI HALWWOro Npo-
uecy, p, - aucnepcia 6inoro wymy. [nsa ouiHkM napameTpiB Moaeni Yac-
TO BMKOPUCTOBYKOTb METOAN HA OCHOBI JTiHIMHOIMO nepeabayvyeHHd, Konu B
PIBHSIHHI (4) ¢[n] TPAKTYIOTbCS SIK MOMUNKM anpokcMMalii BXiAHMX AaHUX
napameTpamu Mogeni i MiHiMi3yloTbCa 3a METOAOM HaMeHLLNX KBaapa-
TiB. [0 Taknx metoaiB Hanexmtb meton bepra, koBapiauiiHUA Ta iH.
Ockinbkn (4) [O3BONSE eKTpanosniBaTM CUrHasm Ha BCit YMCNOBIA OCI
(npy BigomMux «lk]), To ouiHKa cnekTpa mae Binblly po3ainbHy 30aTHICTb.
[aHi meToamn moxHa BBakaTn MeTo4aMun HaapPO3pPi3HEHHS.




MeToa miHiMmanbHOI gucnepcii
MeToa miHimaneHOI aucnepcii [5-8] HanexuTb O HenapaMeTpUYHUX.
PosrnaHemo &inbTp 3 p+1 KoedilieHTamn a[0]..q[p]. CurHan Ha Buxopi
dinbTPY y[#], Wo Bianosiaae BxigHUM AaHUM x{x]:

p

y[n] = z a[k]x[n - k] =x" [n]a

k=0

[vcnepcia curHany Ha Buxogi inbTpy BU3HA4YaETbCS BUPa3OM
p:<|J’[n]2>:aHRa, e R — KopensuinHa maTpuus curHany Ha BXofi.

Haknagemo ymoBy

p
Za[k]exp(—jZEfokT)zeH(fo)ezl (5)
k=0

ToOTO 4YacTOoTHa xapakTepucTuka qoinbTpa Ha YacTtoTi f, piBHa 1. OT-
Xe cuHycoiga npouvge yepes dinbTp 6€3 cnotBopeHb. MeToa MiHIMymy
aucnepcii nonsarae y MiHimisauii gucnepcii curHany Ha suxoai inbtpy

npun ymoBi (5). KoeiuieHTn inbTpy: a = H(I;_l)‘;(_ff)zf)
e 0 pe 0
. o 1
ncnepcis Ha Buxoai inbT =
a p Ai PinbTpy p PITATREE)

[duncnepcia curHany Ha Buxogi PiNbTpy € XOpoWuM iHAMKATOPOM no-
TY)XHOCTI CuHycoign. Ona ouiHkM KopenauinHol NOoCnigoBHOCTI cUrHany
MOXHa BUKOPUCTOBYBATWU aBToperpecuBHi metoan. MaTtpuus obepHeHa
A0  KopensuinHoi  Moxe 6ytm  npeactaBneHa |y  Burnsagi [9, 10]:

1 1

-1 _ -1 4H _ H H

R, =4,P'4) =—TT, —p—S s, ne

p~p?

1 0 0 0
a,ll] 1 0 0
4,=| :
ap[p—l] ap[p—l] 1 0
ap[p] ap[p—l] ap[l] 1
0 0 0 0
a1 0 0 0
s, =| : L
a,lp-1] alp-1] -~ 0 0
a,lp] dulp-1] - a1l 0

mMaTpuui AP napameTpis,p, — AOucnepcia binoro wymy ans moaeni
nopsiaky p. Y BMNAOKy, KOMW BIATYKOM TOYKM 9 CUMHYCOIga, Bupas ans
crneKTpanbHOI OUiHKKM MiHIMyMY gucnepcil (Lo Bignosigae keagpaty cni-



HOBOI F'YCTUHMU, O NpoMOAySibOBaHa YacaMun penakcauil ) MoXxHa cnpo-
1

LeHo 3anucatu y surnagi [11, 12]: P(f)= . e
> ylklexp(- j2nfkT)
k=-p
p—k
ol o1k =2ik e o<k < p

V-kl-12k>-p
Ak MeTon cnekTpanbHOro OLUiHIOBaHHA Lien MeTod Mae riply posainb-
HY 30aTHICTb HiXXK aBTOpErpecinHi Metogu, npoTe Kpally HiK KracU4Hi,
0cobIMBO Npu OOBrMX NOCAIAOBHOCTSX AaHUX.

MNMporpama iHTepakTMBHOI 06p06KM AMP gaHux

[Mporpama npusHadeHa ONA PEKOHCTPYKUil 3006paXeHb 3a CUrHanom
AMP Tomorpada “Obpas-1” (BupobHmuuTteo Pocii). MNpu 3anycky nporpa-
MK Bigobpaxaetbes gianor “NAB. 3 MPT PEKOHCTPYKLUIT

Onepauil 3 gaHMMM OOCTYNHI Yepes naHenb gianory “Onepauii 3 ga-
HUMW’ . [1ns BUKOHaAHHA NEBHOI onepauii HeobxigHo BMBpaTn 3 CinCKy
KoM60 DOKCy Ha3By onepalLiii.

[Mporpama [o3Bons€ BUKOHYBaTW HACTYMHI onepauil 3 JaHUMK:
¢ EnemeHT cnncky “3aBaHTaXeHHS AaHUX’. 3aBaHTaXXeHHSA LaHUX eKc-
NepuMeHTy ONnSA Pi3HUX TUNIB iIMMYSIbCHUX MOCNIAOBHOCTEN Yy dpopmari
3bepiraHHa nNpoMikHMX gaHux cuctemmn “O6pas-1" (*.fil). KoxHa Touka
OaHUX € KOMMMEKCHUM YUCIIOM, WO Mae 2 6anTu Ha OiINCHY Ta ysBHY 4a-
CTUHY. Tun iMMyribCHOI NOCIIgOBHOCTI NOBUHEH OYTU BKas3aHW KOPUCTY-
BayeM, OCKifnlbku dpann 3 JaHUMKU He MICTUTb Beiei HeobXxiaHoIi iHpopma-
Uil onga 3aBaHTaXeHHs. Big Tuny iMnynbCHOI NOCNIQOBHOCTI 3anexartb
30KpeMa KinbKiCTb (pa3oBUX KOAYBaHb, KifbKiCTb TOYOK 360py nig Yac ya-
CTOTHOrO KOOYyBaHHS, KiSfbKiCTb nepepisiB. [aHi y nporpami npeacrasns-
IOTbCA Y BUrMA4I MaTpuvub, BEKTOPWU SKMX BigMNoOBigal0Tb MNEeBHOMY 3Ha-
YEHHIO rpadieHTa YacToTHOro Ta ¢oa3oBOro KogyBaHHS.
¢ EnemeHT cnucky “TpaHcnoHyBaHHA MaTpuub’ . TpaHCNOHYBaHHSA BCiX
MaTpuLb SaHUX.
¢ EnemeHT cnucky “lLBuake ®Pyp'e nepeTB. KONMOHOK: LLIBnake nepe-
TBOpeHHa dyp’e (FFT) ana crtosnuiB (KONMOHOK) MaTpuub. (Pe3ynbTaT 3a-
HOCUTbCS Ha MicLue BUXIOHUX OaHUX Y KOFNIOHKM MaTpuui).
¢ EnemeHT cnincky “MeTton bepra ana konoHok”: OUiHKY criekTpasibHOl
YCTUHW NOTYXHOCTI 3a MeToaoM bepra OuiHKM aBToOperpecinHux napa-
MEeTpIB N9 KOMNOHOK (cToBnuiB) MaTpuub. (Pe3ynbtaT 3aHOCUTLCS Ha Mi-
cue BUXIOHUX JaHUX Y KOFOHKU MaTpuLi).
¢ EnemeHT cnucky “Metoa MiH lucnepcii ans KonoHokK”: OuiHKy cnek-
TpanbHOI NYCTUHU MOTYXXHOCTI 3@ MeTOAOM MiHiManbHOIT Aucnepcii ans
KOJTOHOK (cTOBMUiB) MaTpuub. (PesynbTaT 3aHOCUTLCS Ha MicLe BUXIOHUX
OAHUX Y KOSTOHKM MaTpuLi).



¢ EnemeHT cnucky “3cyB pagkiB”: LinkniyHnn 3cyB faHux Ha nisnepiogy
Ansi cToBnuiB (KOSTOHOK) MaTpuLb.
¢ EnemeHT cnncky “3actocyBaHHA BiKHa ANl KOMOHOK™: MHOXEHHS
BCiX KOJTOHOK BCIX MaTpuLb JaHUX Ha (PYHKLit0 BikKHa
¢ EnemeHT cnncky “BinobpaxeHHa amnnityan’: BinobpaxeHHs amnni-
TYyOM KOMMMEKCHUX 3Ha4YeHb JaHNX
¢ EnemeHT cnincky “BipobpaxeHHs1 AiMCcHOI YacTuHU: BigobpakeHHA
AINCHOT YaCTMHM KOMMIIEKCHUX 3HAa4YeHb JaHUX
¢ EnemeHT cnucky “BigobpaxeHHs yABHOI 4acTUHU: BigobpaxeHHs
YABHOT YaCTUHM KOMMEKCHMX 3HAYE€Hb OaHUX
¢ EnemeHT cnucky “BigobpaxeHHs cda3un’: BigobpakeHHa (asn kom-
NSIEKCHUX 3HaYeHb OaHUX.

KpiMm TOro gOCTynHUN pexnm BigobpaxeHHs JaHnx y popmi oBOBUMIpP-
HOro rpadiky Yepes KHomMky “BigobpaxxeHHs AK rpadik’.

MapameTpu onepauin 4OCTyNHI Yepes3 naHenb gianory “‘NMapameTtpu’

Cnuncok kombo-6okcy “IMnynbCcHa NOCMIQOBHICTE” O03BONSIE BMBpaTH
IMNYNbCHY MNOCAIAOBHICTb NEBHOIO TUMY Ta 3aBaHTaXUTWU NapamMeTpu, Lo
BiQNOBIAAOTb JaHi NOCMiOO0BHICTb.

MaHenb “MaTp. AaHux” Bigobpaxkae KinbKicTb pagkie (psd.) Ta Koso-
HOK (KOJ1.) MaTpuLUb OaHuUX.

EnemeHTn naHenbkn “BikHO” O03BONSAIOTL BMOpATU Pi3HMIA TUN BikHA
(cnucok kombo-bokcy) Ta BigobpasnT Noro WnpuHy (pPo3m.). Tunu BIKOH,
LLIO AOCTYMHI B Nporpami:

“‘BikHO XaHa ’, - wln] = cos?(27(n])

"MpaAMOKYTHe BiKHO", w[n|=1

“BikHO XeMmiHra ”, win] = 054 + 046 cos(2m|n])

"Mayconoai6He", wln] = exp(— 0.125*£2[n))

"BikHo Baptneta"  wn]=1-2/x]

"Py4Hun pexumm " 3afaBaHHA dopmu BikHa IHTEepaKTUBHO.
n—(N-1)/2 .

t[n] = V.1 N — WWMPUHA BikHa

bnok pegaryBaHHsa “MA Tta AP” micTnTb nopsagok mogeni aBstoperpe-
CIMHOro MeTody OUIHKW CreKTpanbHOI NYCTUHM Ta MeTody MiHiManbHOI
Aancnepcii OLUiHKM cnekTpasibHOI NYCTUHM.

3a3HauyMMmo, WO nocTasfieHi 3afadvi MOXyTb OyTU po3B’si3aHi Pi3HUM
cnocobamm.

Xia BUKOHAHHSA

1. 3aBaHTaXnUTn oamnH-gBa hanmnm gaHux curHany TomorpacdpivyHoro ob-
CTEXEHHA AN BKasaHOoI BMKNagadem iMnyrbCHOI MOCAIAOBHOCTI 3 BKa-
3aHOro Buknagadvem karanory. Bigobpasutu amnnityay, OINCHY YaCTUHY,



YABHY YacTuMHy Ta dasy curHany y Burnsgi 3obpaxeHb Ta rpadikis. Aki
BiAJIIKKM curHany BignosigatTb MakCUMarbHUM 3Ha4YeHHAM pa3oKoayto-
4Oro rpagieHTy, ki MiHiManbHUM?

2.[Nepe3aBaHTaxntn aadi. [Ons 3aBaHTaXeHWX OaHUX 3a [OMNOMOroro
ornepauin 3acToCcyBaHHS BiKHa, LUBWOKOro rnepeTBOpeHHA doyp’e, TpaHC-
MOHYBaHHA MaTpuub Ta 3CyBY PSAOKIB Ha nepiog, peKOHCTpykBaTu 30-
OpaxeHHsa po3noginy cniHOBOI FYyCTUHU, WO NpOMOAyJSibOBaHa 4Yacamu
penakcauii.

3. Bipobpasntn amnnityay, AiNCHY YacTuUHY, YSBHY YacTUHY Ta a3y pe-
KOHCTpYyMOBaHOI (PyHKUil po3noginy y Burnsgi 3o0bpaxeHb Ta rpadikis.
Aky iHpopmauito Npo gocnigKyBaHUM 00’€EKT HECE KOXHA 3 PO3rnsiHYyTUX
XapakTepucTuk?

4. OuiHMTM WYyMOBI BNacTMBOCTI 3006paxeHb WIsiXoM obpaxyBaHHS ce-
peaHbOKBaApPaTUYHOMO BiOXUIIEHHA obnacTi poHy ANA OeKifbKoX Tunis
BiKOH ab0 BIiKOH pi3HOT WMpWHN. OUiIHUTK Bi3yanbHO pPO3aifibHY 34aTHICTb
Ta apTedakTn Npu BUKOPUCTAHHI Pi3HUX TUMIB BiKOH. [N Lboro noTpibHo
NOBTOPUTU NYHKT 2-a HeOobXiaHy KiNbKiCTb pasi..

3aBAaHHA.

1.Ha npuknagi 3anucy paHmx curHany TtomorpadivyHoro oBCTeXeHHS
O3HAaNOMUTUCHL 3 XapaKTepoM peanbHOro TomorpadidyHoro curHany. llo-
PIBHATU IHPOPMATUBHICTb OINCHOI YACTUHU, YSABHOI YaCTUHW, amMnniTyau
CUrHamny sik OKpeMO TaK i y CyKYMHOCTi.

2. [MpoBeCTN PEKOHCTPYKLi0 306paxkeHb 3a peanbHUMKN TOMorpaivyHUMuM
OaHVMMK 32 ONOMOroK Knacu4Horo metoay (nepetBopeHHst dyp’e 3 Bik-
HOM). [MOpIBHATK SIK BNAMBAE TUN BiKHA Ha LUYMOBI BNAacTUBOCTI PEKOHCT-
pynoBaHux 306paxeHb Ta Ha apTedakTn, WO BUHUKAKOTb B NPOLEC pe-
KOHCTPYKLIT.

3. NpoBecTn pekoHCTPYKLi0 300paxeHb 3a peanbHUMKM TOMOrpadivHNMM
AaHUMN 3 BUKOPUCTAHHAM METOLIB OLHKM CheKTpasribHOI ryCTUHW NOTYX-
HOCTi Ha OCHOBI aBTOpPErpecinHoOro MeTody CrneKkTpanibHOro OLiHKBaHHS
Ta MeToAdy MiHiManbHOI gucnepcii, NOpPIBHAT LUYMOBI BRacTUBOCTI Ta
apTedakTn peKoOHCTPYMNOBaHNX 300paXKeHb 3 KNnacU4YHUMN METO4AMM.

4. Pe3ynbTaTu NOPIBHAHHSA NOBUHHI 6yTK ocbopMneHi y BUrnaai AOBINbHOI
Tabnuui. [ns 3py4yHOCTi MOXHa BMKopuctoByBaTtn Excel abo Word.

[dopaTtkoBe 3aBOaHHA.

1.lMepes3aBaHTaxntn AaHi. Ong 3aBaHTaXeHUX OaHWX 3a [OMNOMOroro
onepauin 3acTocyBaHHS BiKHa, LUBUAKOroO nepetBopeHHsa Pyp’e, TpaHc-
NOHYBaHHA MaTpuLb, 3CyBY PAOKIB Ha nepion, metony berpa ta MmiHimy-
MY OMCNepPCil pEKOHCTPYHOBATU 300paXKeHHSA po3noainy CniHOBOI NYCTUHM,
LLIO NPOMOAYbOBaHa YacamMu penakcadlii.

2. OuiHMTM WyMOBI BNacTUBOCTI 300paXKeHb LWSXoM obpaxyBaHHSA ce-
peaHbOKBaapPaTUYHOMO BiOXUIIEHHA obnacTi poHy Ana OEKinbKoX TuniB



BiKOH ab0 BIiKOH Pi3HOI WMPUHKU. OUiHUTK BidyanbHO po3AifibHYy 30aTHICTb
Ta apTedaktv npu BUKOPUCTaAHHI uMx meTtoais. [opiBHATU pe3ynbTaTtn 3
KNacU4YHUM METOLOM PEKOHCTPYKLIT.

KOoHTpONbHI 3anuTaHHA

1. Po3nogin Akux XxapakTepuCTUKM pevoBUHM MOXHa BidyanidyeBaTu 3a
AOMNOMOroK MarHiTope3oHaHCcHOI ToMmorpadii?

2. AKMM YMHOM NPOBOANTLCS NPOCTOPOBE PO3AINTEHHSA PI3HUX TOYOK O0-
cnigxyBaHux ob’eKTiB?

3. Ak BNniMBae HEOOHOPIAHICTb MArHiTHOroO NMonsa Ta NPOCTOpPOBa HeniHINn-
HICTb rPagi€HTIB HA PEKOHCTPYMNOBaHi 306paXkeHHA?

4. YoMy BMKOPUCTOBYETLCS KOMIMIEKCHUIA CUrHan?

5. AK 36iNbLUMTK Pi3KICTb PEKOHCTPYMOBAHNX 306paXkeHb?



