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ConepxaTcst ~ CBEICHMUS, HEOOXOIUMBIE I  BBIINOJHEHUSA
Ja00paTOpPHBIX pPadoT 1o JuciuIuiuHe «OCHOBBI TOMOTpadUUECKUX
VICCIIEIOBAHUID.

Metoauueckrue yKa3zaHHs IO CTPYKType, COJIEPKaHUI0 U CTHUIIIO
U3JIOKEHUSI MaTepuajga COOTBETCTBYIOT METOJMYECKHMM W HAy4YHBIM
TpeOOBAHUSAM, MPEIBIBISIEMBIM K YICOHBIM U METOIMYECKUM TTOCOOUSIM.

[IpenHa3zHadeHsl 11 CTYJEHTOB HalpaBieHus nmoarotoBku 12.03.04
— buoTexHu4YecKne CUCTEMbI U TEXHOJIOTUU, OYHOU (DOPMBI 00yUECHUS.

TekcT rmeyaraercs B aBTOPCKOM pEaKLUN

[Toxmucano B mevath 03.02.02025.. dopmar 60x84 1/19.
Vennmeu.n. 3,5. Ya.-usn. 1. 3,3. Tupax 100 sk3. 3aka3. becmmarHo.

IOro-3ananHblil rocy1apCTBEHHBIN YHUBEPCHUTET.
305040, r. Kypck, yn. 50 ner Okts6ps, 94.



Jlabopatopnas padora Nel

Tema: U3YUEHUE METOJIOB KOMIIbIOTEPHOU
TOMOI'PAOUHA

[lenp: mMO3HAKOMUTHCA C TMIOHATHEM, NpUHIIMNAMHU U MeToaaMu KT
Teopernyeckue cBeeHUs

[Tonsitue Tomorpaduu. O61IME TPUHITUITBEI TOMOTpaduU.

CoBpeMeHHYIO ToMOTpadui0 MOXKHO O€3 IPEYBEIMYCHHUS CUUTATh
BCEBOJIHOBOM. B 3aBucMMOCTHM OT Xapakrtepa KOHKPETHOM 3ajadyu
BOCCTAHOBJICHUE CTPYKTYphl OOBEKTa MOXKET OCHOBBIBATHCS  Ha
perucTpalny My4KOB HJIEKTPOHOB, HMOHOB (B TOM YHCJE€ MPOTOHOB U
anb(a-gactuir),  HEHUTpoHOB, (HOTOHOB  BO  BCEeM  JHama3oHe
AIEKTPOMArHUTHOTO CIIEKTPA, 3BYKOBBIX BOJIH.

Uccnenyemblii OOBEKT MpU 3TOM OO0JydaeTcss W3BHE WIM caM
aBisieTcss u3nydartenaeM. IIpocBeduwBarone HMCTOYHUKH MOTYT OBITh
KOTE€PEHTHBIMHU (B Ps€ 3a71a4 3TO 0OCTOSTEIHCTBO YPE3BHIYANHO BAYKHO) U
HEKOTE€PEHTHBIMU. [[€eTEKTUPOBAThCA MOTYT KakK MIMPOKHE, TAK U Y3KHE
(TpUOIMKEHHO-MOHOXPOMATUYECKHE) YYaCTKH CHEKTPOB HCITYCKaHMS,
MOTJIOLIECHUS, paccesHus. W3Mepstorcss Takke (ha3oBbIE HCKAXKEHHS
(¢poHTa BOJHBI (IIUIMPEH-, TEHEBBIE U MHTEPPEPOMETPUUECKUE METOIbI),
curHajbl cBOOOmHON wuHAYKIUKU (SAMP-uHTpOCKOmUs), YIJIbl MOBOPOTa
MJIOCKOCTH TMOJIApU3aLNU (BBIYUCIUTEIbHAS TOMOTpadus OCHOBaHHas Ha
addexre Papanes) u T. 1. B mociegnee BpemMs Bce IMIMPE MCIOJIb3YETCs
3 PEeKT SIEKTPOH-TO3ZUTPOHHOU AHHUTHISIIUM C MPUMEHEHHEM CXEMBbI
COBIAJICHUN.

Kazanoce Obl, mpu TakoM pa3zHOOOpa3vu CPEACTB M METOJIOB
MOJYYeHHUS] JITaHHBIX HE MOJXKET CYIIECTBOBaTh  CKOJBKO-HUOYIb
YHUBEPCATbHOW TPOLEAYPHI, TO3BOJISIOMICH TEPEUTH OT HUIMEPIAEMBIX
BEIMYMH K DJJEMEHTaM BHYTPEHHEH CTPYKTyphl 00BekTa. OHaKO
yKa3aHHBIM KOMIUIEKC OOpaTHBIX 3a7ad BCE )K€ COACPIKUT HEKHUU €TUHBIN
CTEPKECHb.

Bo3pMeM 11 ONIPENENIEHHOCTH CJIydald HECAMOCBETSIIETOCS |
HEJIOCTYITHOTO ISl BU3YaJIbHOTO U3y4YEeHHUS 00BEKTa, MPOCBETUTh KOTOPHIH
MBI MOKEM, HAITPUMEDP, C TOMOIIbIO PEHTTEHOBCKUX JTy4YEH.

Henocratku oOOBIYHON pPEHTTeHOTrpaMMBbl, MPEACTaBIAIONIEH COOOMU
JIBYMEPHYIO TEHEBYIO MPOEKIHUI PpPEaJIbHOM TPEXMEPHOM CTPYKTYpHI,



XOpOILIO HW3BECTHBI. DTO - HEU30EKHBIE HAIOKEHUS CTPYKTYPHBIX
AJIEMEHTOB, HEBO3MOXHOCTb KOJINYECTBEHHOTO CONIOCTABJICHHUS
OT/CJIbHBIX JIOKAJbHBIX ()parMEHTOB Tejla IO IJIOTHOCTH M HHBIM
napamerpam. SfICHO TakXke, UYTO U pacmojiaras HaOOpOM TaKuX
PEHTT€HOTpaMM, CHATBIX C PAa3HbIX HANPaBICHUW, HWCCIEA0BATEND
MPAKTUYECKH HEMHOIO BBIMIPAET C TOYKH 3PEHUS  KOJIMYECTBA
u3BJIeKaeMoi HHGOPMAIIMK O BHYTPEHHEM CTPOCHUU 00BEKTa, €CJIi OyIeT
JIEHCTBOBATh CTAHJIAPTHBIM CIIOCOOOM, TMOCJIEA0BATENbHO pPa3rsaAbIBas
CHHUMKH.

Metoa 3aMeTHOTO MOBBIIEHU HHHOPMATUBHOCTU PEHTTEHOTPAMMBI
npemioxun emie B 20-x romax ¢paniry3ckuii Bpau bokaxk, a ero uuero
BCKOpPE peaii30Bajl Ha MPaKTUKE WTaIbIHCKUM HWHXeHep BamneOona,
HA3BaBIIMKM CO3AaHHBIN WM ammapar Tomorpadgom. CyTh wuaeu
HEMOCPEACTBEHHO BHAHA W3 pUCYHOK 1. Ecmm BO BpeMs CbeMKH
PEHTTeHOrpaMMBbl TIepeMelaTh B MapajuiebHbIX TJIOCKOCTSIX JIFOOBIE J1Ba
U3 TpEeX YYacTBYIOIIMX B HEW KOMIIOHEHTa (PEHTIE€HOBCKas TpyOKa,
O00BEKT, (POTOIJICHKA), OCTaBJIsII HEMOABMIKHBIM TPETHH, TO Ha IIJICHKE
JACT YETKOE M300pakKeHUE TOJBKO OJMH CJIOM, a DJIEMEHThl OCTAJIbHBIX
CJI0€B pa3MaxyTcs. Perymupyss CKOpPOCTHM IIEpEMELICHUN, MOXKHO
BBIJICIISITh PA3JIMYHBIE CIIOM M TEM CAMBIM MOCJIENOBATEIBHO H3Yy4YaTh
CTPYKTYpPY TPEXMEPHOTO OOBEKTA.
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Pucynok 1 - Cxema ToMorpaduu no bokaxy

Hctounuk S1 nepememniaercs B MOJ0KEHUE S2, B IJIOCKOCTH A, B TO
BpEMsI KaK PEHTreHOBCKas IuieHKa RI1 mepexoaut B mnonoxkenue R2



(mockocTh B). Pe3ko BocmipouszBoauTCs MockocTh F; aetanu odwvekra O,
cooTBeTCcTBYrOIHKE TIIOCKOCTH F' 1 F", pazMbiBaroTcs.

Tem HE MeHee, JErkOo MOHATh, YTO MPUHIMI MOCJIEA0BATEIHHOIO
BBIJICJICHUS] CEYEHUW TeJla 3a CYET B3aMMHBIX CMEIICHUNA KOMIIOHEHTOB
TUArHOCTUYECKOM  YCTAHOBKM  HENb3S  CUMTATh  CKOJBKO-HUOYIb
yHUBEpCadbHbIM. Eciu uMeTh B BUIY JaXe TOJBKO MEIUIIUHCKYIO
PEHTTEHOJIOTUI0, TO M B 3TOM ClIy4ya€ 3HAYUTEIbHOTO YBEIWYCHUS
KOHTpAacTa pa3jWYHbIX OPraHoB JOCTUTHYTh HE VYAAETCi: ITOMY
NpEnATCTBYeT  Heu3OekHas  mapasuTHas  3acBeTKa  OT  JAPYTHX,
pachokycupoBaHHBIX ceueHui Tena. [locnenoBaTenbHbIN IEpedOpP OTHOTO
CEUYCHHS 3a JPYTUM COMPSDKEH C OOJBIIMMHU J03aMU OOJyYeHHUS;, KaK U B
OOBIYHOM PEHTT€HOIUATHOCTHKE, B OCHOBHOM MPUXOAUTCS
JOBOJBCTBOBATHCS  JIMIIb KAYECTBEHHBIM CPABHEHUEM IUIOTHOCTEH
IIOYEPHEHUN pAa3JIMYHbIX YyYacTKOB M T. II. YTOo Ke Kacaercs
ToMorpaUpoOBaHUs CAMOCBETSIIUXCS OOBEKTOB ((pu3MKa TUIa3MBbl,
BBICOKOTEMIIEpATypHasl Ta30JMHAMHUKA), NPUMEHEHUW B BJIECKTPOHHOMU

MUKPOCKOTINH, reodusuke, aTMOC(EepHBIX U KOCMUYECKUX
UCCIICIOBAHUSAX, TO 3JIcCh OIMCAHHBIA BBIIIC MPHHIMI 3aBEIOMO
HerhPeKTUBEH.

CoBpeMeHHass  BBIYHCIWTEIbHAS  TOMOTrpadus  HMCIOJB3YyeT

COBEPIIICHHO MHOW MOJIXOJ IPU BBIJCICHUN UHTEPECYIONIETO HAC CEUEHUS
HEOJIHOPOJIHOTO oO0BbekTa. IlosicHUM ero Ha TOM K€ IpUMEpE,
OTHOCAIIIEMCSI K PEHTI€HOBCKOM JuarHocTtuke (pucyHok 2). MznyueHue
PEHTTEHOBCKOTO HMCTOYHUKA MOXKET OBITh XOPOIIO CKOJUIMMHUPOBAHO: 10
JAAMETPOB MyYKa IMOPSAJKAa OJHOTO WA HECKOJBbKUX MUJIJIUMETPOB, TaK
YTO  BO3HHUKAIOT JIOCTATOYHO BECKHE OCHOBAHUS TOBOPUTH O
MpOCBEYMBAIOMIMX Jydax. Kaxaplid Takou JIy4, OpOIIEAIINNA Yepe3 Teo,
XapaKTepU3yeTcsi CBOCM MHTEHCHBHOCTHIO, OCJIA0JICHHON MO OTHOIIEHUIO
K UCXOJHOMH.



PucyHnok 2 - CxeMa BbIYUCIUTEIbHON TOMOrpaduu
a) KomnmuMupoBaHHBIA My4YOK Jy4ded NOPOXOAUT B IUIOCKOoCcTH F,
ocnabnsierca oo0bekToM O M perecTpupyercs aerektopoM D; BiusHHE
miockoctet F' u F" momHocThiO ycTpaHeno. 0) Bua Ha miockocts F
CBEpXY: UCTOYHUK M JIETEKTOp IMepeMelatoTcs, o0pazysa Habop Jyd CyMM
U (GopMHpYS MIPOEKIUIO. 3aTeM MPOUCXOIUT MOBOPOT HA HEKOTOPHIH YroJl.
[loka3zaHo nosryyeHne TpEX MPOEKIUN

Hanee, nepemenias Jiyd Mo ONPEAEICHHOMY 3aKOHY B BBIOpaHHOM
IJIOCKOCTH (Hampumep, TNapajielbHO camMoMy ce0e WM BEepoM C
HEKOTOPBIM  YIJIOM  pacTBOpa), MOJy4yaeM  Habop  Jy4-CyMM,
ONPENESAIONNI OJTHOMEPHYIO TPOEKIHMI0. byJaeM s onpeaeneHHOCTH
TOBOPUTH O MApaJUIEIbHOM CMENIEHUH 30HIUPYIOMINX JTy4YeH; TOraa OqHON
MIPOEKIMA COOTBETCTBYET HEKOTOPHIM YTOJ OTHOCHUTENIBHO BBIOpaHHOM
cucteMbl orcuera. [loBopauuBas 3aTeM Jyd B TOM K€ IUIOCKOCTH Ha
MaJlblii Yroj, MOBTOPSIEM MPOILIECC PETUCTPALUU JIyY-CYMM U IOIy4aeM
HOBYIO MIPOEKIHIO U T. A. [Iporiecc ckaHUupoBaHUs M0 YTy MPO0JIKAETCS
JI0 T€X IOp, MOKa MOJIHBIN yTroJl oBOpoTa He cocTaBuT 180°. B pe3ynbprare
B namatu DBM HakarinuBaeTcs He0OXouMasi UCXOIHAsI MHPOpMaLus JJIs
PEKOHCTPYKIIUH U300pa’keHUs B BBIACICHHOW MIOCKOCTH (ceueHun). [Ipu
3TOM OTCYTCTBYIOT Kakue-ThOO MOMEXH B BHUJIE PA3MbBITHIX 3JIEMEHTOB
n300pakeHusl, COOTBETCTBYIOIINUX APYTUM IUIOCKOCTAM, U TEOPETUUYECKH
MOXHO  OXHJaTh BEChbMa BBICOKOTO  KOHTpacTta TOMOTPaMMBI.
B03MOXXHOCTh KOJIMYECTBEHHOM OLIEHKUM IUIOTHOCTEW CTPYKTYPHBIX
3JIEMEHTOB TIpU Hcnoyib30oBaHuM OBM oueBunna. HerpyaHo yoeauThes,
YTO METOJ MPHUTOJIEH TAaKXKE IMPU MCCICAOBAHUU H3IYYAIOMIUX U



paccerBarolluX  OOBEKTOB, XOpPOUIO  COYETAaeTCsl C  TEXHUKOU
rojorpaduueckoit unrepdpepomerpun, AMP u IIIP, monspuzaiimoHHBIX
M3MEPEHUH U T. II.

OnucanHplii npuHOMO ToMorpadupoBanus B Hadaie 60-X roioB
OIHUM M3 TNepBbIX npuMeHms A. KopMak B MOJAEIBbHBIX AKCIEPUMEHTAX,
OPUEHTUPOBAHHBIX HA MEAUIIUHCKYIO PEHTI€HOAUATHOCTHUKY.

WcknrounTenbHas rMOKOCTh METOJIa BBIYMCIUTEIBLHON TOMOTpaduu
MOPOXKIAET, C OJHOW CTOPOHBI, OOJBIIOE pa3sHOOOpa3ue MPUMEHSIEMbBIX
IpU TIOJIYYEHHH TOMOTpaMM (PU3UYECKUX, TEXHUYECKUX U PaACUYETHO-
MaTEMaTHUYECKUX PEIICHUH, C APYroil CTOPOHBI, 00ECTECYMBAET METOIY
YPE3BbIYANHO MIUPOKOE I0JIE IPUIIOKEHUM.

Knaccudukarus MeTo0B BEIYUCIUTEIHHOM TOMOTpaduu.

[Ipob6remMa BOCCTaHOBIICHHSI CTPYKTYPhl MHOTOMEPHOTO OOBEKTA 10
COBOKYIIHOCTH €ro IPOEKIMHA BO3HHKJIA JABHO, U B HACTOSIIEE BPEMS
MUMEETCSI MHOT'O CITIOCOOOB €€ pEeUICHUS.

Metoapl, KOTOpbIE MOJYYWJIM HaWOOJbIIEE pPACHpPOCTPAHCHUE B
Pa3IUYHBIX TPWIOKEHUSIX W CHITPAIM BAXHYIO POJb B Pa3BUTUU
BBIYMCIIUTEIPHOM TOMOTpaduu, MOXXKHO pa3JeiuTh Ha JIBa OCHOBHBIX
KJIACCA: AHAIMTUYECKUE U UTEPALITUOHHBIE.

AHaTUTUYECKUE METOAbl OCHOBAHBI HAa TOYHBIX MAaTEMAaTHYECKUX
pELICHUSIX ypPaBHEHUW BOCCTAHOBJIEHUS H300pakeHus. B ocHoBe
OOJIBIIIMHCTBA M3 HUX HCHOJIB3YIOTCSl ammapar npeoopaszoBanHusi Oypbe u
npeoOpazoBanusi Pamona. Bce ananuTuyeckne MeTOAbl PEKOHCTPYKIIMH
M300pKEHUSI TEOPETUYECKH OSKBHUBAJICHTHBI, OJHAKO OTJIMYAIOTCS
MPOLIEAYPON peann3aiuuu. B CBA3M ¢ 3TUM UX MOXKHO B CBOIO OYepedb
pa3AeNuTh Ha JIBE OCHOBHBIE TPYMIbI - JIByXMEPHOE BOCCTAHOBJIEHUE
dypbe U 00paTHasi MPOEKIUA ¢ PUIbTpaLeit

HrepaninoHHbIe METObI BOCCTAHOBJIEHUS U300PaKEHUS UCTIONB3YIOT
anIpOKCUMAIIMIO0 BOCCTAHABIMBAEMOTO 00BEKTa MAaCCUBOM SYEEK PaBHOM
MJIOTHOCTH, MPEICTABISAIONIUX COO0N HEM3BECTHBIC BEIMUUHbBI, CBSI3aHHBIE
CUCTEMOM JIMHEWHBIX anreOpandeckux ypaBHEHUM, CBOOOIHBIMU YJICHAMHU
KOTOPBIX SIBJISIFOTCA OTCUETHl HA TMPOCKIHUH. PemarTcs cuctembl
YPAaBHEHHN WTEPAUVOHHBIMUA METOJAMH, YTO W JIAJI0 Ha3BaHUE JaHHOMY
KJIaCCy METOJIOB BOCCTAaHOBJIEHHsS. B HacTosimiee BpeMs H3BECTHO
HECKOJIbKO MTEPAIMOHHBIX METOJIOB BOCCTAHOBJICHUSA H300paKECHUS.
OTnnyaroTCs OHU B OCHOBHOM ITOCJIEN0BATEIIBHOCTBIO BHECEHUS TONTPABOK
BO Bpems ureparuu. Cpeau HUX HamboJiee M3BECTHBI U YIIOTPEOUTEIIHHBI
TpU MeToja: anreOpamdeckuit meton BoccrtaHoBieHus (ART), meron



OJIHOBPEMEHHOT0  uTepainmoHHoro  BoccrtaHoBieHus  (SIRT) wu
UTEPALMOHHBIN MeTOJ HauMeHbINX KBaapatoB (ILST).

Kpome Ha3BaHHBIX BBIIIE JBYX OCHOBHBIX KJIAaCCOB METOJIOB
HE0OXO0UMO YIOMSIHYTh O MeTo/ie 0OpaTHOM npoekiuu. Hecmotps Ha To,
YTO O9TOT METOJ BOCCTAHABJIMBAET H300paKEHUE CO 3HAYUTEIHHBIMU
JIO)KHBIMHU CUTHAJIAMU, €0 HY>KHO MTPUBECTH, IOTOMY YTO OH OYE€HB MPOCT,
MOHSATEH, HAIIEJ NMPUMEHEHHE B NEPBBIX 3KCIEPUMEHTAX W, YTO CAMOE
[JIABHOE, BXOJUT B COCTaB OCHOBHBIX TOYHBIX METO/IOB.

[loctanoBKka 3amau U MeTOAbl ToMorpadupoBanusi. OCHOBHBIE
OTIpeIeTICHUS U MMOCTAaHOBKA 33/1a4i TOMOTpaduu.

OO6bI4HO LTSt BOCCTaHOBJICHUS TPEXMEPHOU
dynxiuu f(%%2) ucnons3yor omHOMEpHBIE NMPOEKIMH €€ JBYXMEPHBIX
ceuennii / (X¥) npu QuxcupoBaHHOM z, T.e. Kak Obl BOCCTaHABIMBAIOT
MOCJIONHO MPU Pa3HBIX z AByXMEpHbIE ceueHus oobekTa ("'Tomorpadus’-
ONMCAHUE CEUCHUM).

B ocHOBHOM paccMaTpuBaeMbl€ aITOPUTMbI U3JIAral0TCsl HA TPUMEPE
BOCCTAHOBJICHUSI JIBYXMEPHbIX 00BEKTOB. ClellaHO 3TO MO HECKOJIbKUM
npuunHaMm. B ciyyae JAByXMEpHOW 3ajauyd yHOpOMIAIOTCS CUCTEMa
00O3HAYEHU M MAaTeMaTH4YEeCKUE BBIKJIAAKU. A 711 BOCCTAHOBIICHUS
n300pakeHuss BO BCEM OOBbEME TpEXMEPHBIM OOBEKT MOXKET ObITh
anmpOKCUMUPOBAH HA0OPOM JBYXMEPHBIX CEUYECHHU MIPU YCIOBUH, UTO OHU
PacCIOIOKEHBl JOCTATOYHO T'yCTO, U, CIEJ0BATEIbHO, TPEXMEpPHAs 3a/iaya
BOCCTAHOBJICHUSI MOXET OBITh CBEJIEHa K MOCIEAOBaTEIbHOCTH
IBYXMEpHBIX 3a/ady. B oOmiem cimydae K psiay ABYXMEpPHBIX 3ajad, B
NpUHILIKMIE, MOXET OBbITh cBeleHa Jrobas N-mepHas 3amada. Takas
npoienypa okasbiBaercsi Oonee 3(PQPEKTUBHOM C TOYKH 3pEHUS
BBIUMCIICHHUI, Tak KakK MOpU 3TOM OOBIYHO TPEOYIOTCS 3HAYUTENIHHO
MEHBIIIUNH O0bEM MaMATH U MEHEE CJIOKHBIC BBIUYUCICHHUS, YE€M TpU
npsAMoM pemieHun N-mepHoM 3amzaud. Kpome TOro, CyumecTBEHHO
YIPOILIAETCI MEXAaHUYECKAsl YaCTh BCErO yCTpOKCTBa ToMorpada.

[lycTh IByXMEpHOE CEUYEHHE HCCIETyEMOTO OOBEKTa OMUCHIBACTCS
¢ynxuueit motHoctw f(%¥). 3a nmpenenamMu  ceyeHMs IIOTHOCTh
MIPEATIOIAracTCs paBHOU HYIIIO.

PenTreHoBckass TpyOKa H3Iy4yaeT My4YOK Jy4deld B IUIOCKOCTH
uccieayeMoro  cedueHusi  oObekra. Paccmorpum  ciywail,  korja
PEHTTEHOBCKHM IMy4YOK HMMEET BHJ MapajuienbHbIX Jyder. Ilocrie
IPOXOXKACHUS PEHTTEHOBCKOTO IIydyKa 4Yepe3 CEYEHUE OCIa0JIeHHbIE
MPOMOPIUOHATBHO  IJIOTHOCTH  OOBEKTa JIydd  BOCHPUHUMAIOTCS



nerekropamu. Cucrema TpyOKa - JIETEKTOPHI BpalllaeTCsi BOKPYT
ucciaenyemoro ceuenus. C cucremoil TpyOka - JETEKTOp CBs3aHa
HNOABWKHAsA cucTeMa koopauHar (U, V), NeHTp KOTOpPOH COBIAJAeT C
IICHTPOM cHcTeMbl (X.¥), a OCH MOBEPHYTHI OTHOCHUTEIHHO HEIOJBHKHOU
cucreMbl Ha yroa O . Hampasienue jydeill coBmagaer ¢ KOOPAMHATON U
(pucyHok 3).

U

PucyHnok 3 - Pacnionoxxenune o0bekTa B cucTeMe TpyOKa - IETEKTOp B
Clly4yae mapajuiesbHbIX Jydei: 1 - 00beKT; 2 - UCTOYHUK U3JIy4YeHus; 3 -
MTPUEMHHUK

Jlyuu ompenensroTcsi MX PAacCTOSHHEM OT Hadaja KOOPAWHAT V U
YIJIOM TIOBOPOTa OTHOCHTEIHHO HEMOIBMKHON CHCTEMBI KOOpAMHAT (X.¥),
JTro6as Touka Gynkimu / MoxkeT ObITh 3a7aHa Kak B cucteme (X.¥), Tak u B
cucteme (W, V), mpH O3TOM  KOOPAMHATHI  CBS3aHBI  YPaBHEHHSIMHU
npeoOpa3oBaHUsI.

v=X-cos(0)+ y-sin(0)

(1)

u=-x-smn(0)+y-cos(O)

¥ Ha000pOT

X=wv-cos(0)—u-sin(0)
(2)
y=v-.-sinf0@) +u-cos(©)



[Tpoekius, B 00111€M ciaydae - 3To oroOpakenue N-MepHoil GyHKIUU
B (N-1)-mMepHyrO (YHKIHIO, MOJIy4acMoOe MyTeM €€ WHTCTPUPOBAHUS B
3aJlaHHOM HampaBjieHud. B paccmaTpuBaeMoOM [IBYyXMEpPHOM clly4ae 3a
HaIpaBJI€HUE WHTETPUPOBAHUS BBIOMPAETCS OCh U, COBIAJAIONIAS C
HaIpaBJICHUEM JIy4€ll PEHTT€HOBCKOTO HMCTOYHMKA. Torga mpoekuus p
gyrkun fOyner onpenenena kak

P, (V)= [/ xy)u 3)

WU JJIs TOJBHKHOM CHCTEMBI KOOPJWHAT NPHU PA3IMYHBIX O TOTYyYHM
Ha0Op MPOEKIIHIA:

P, = f(u,v)du
(4)

rae®- yrom, mOA KOTOPHIM TodydeHa Tmpoekuus. WMubopmanusa o
MPOEKIUAX CHUMAETCS C IETEKTOPOB.

HNcxonupiM MatepualioM JUisi 3aJa4yd  BOCCTAHOBJIEHUS SIBJISIETCS
Ha0OP MPOEKIUMPe(V), MOTYYEHHBIX MO pa3HbIMU yTiiamMud. Eciu Obl MbI
pacronaranu HEOTPaHUYECHHBIM KOJIUYECTBOM O-pa3HOMY
OpPUEHTUPOBAHHBIX MPOEKIUA, TO B MPUHIMUIE MOIJIU Obl TOJYYUTH
TOYHOE BOCCTaHOBJIeHHE (yHKIMU. OAHAKO B JIFOOOM MPAKTUYECKOM
Cly4ya€ KOJMYECTBO MPOEKUIHWH OrpaHUYEHO. TemM He MeHee, MOpu
ONPEICIICHHBIX JOMYIIEHUSIX BOCCTAHOBJICHHE MOKHO BBIMOJHUTH U TIO
KOHEYHOMY YHCITy TPOCKIIU.

Wrak, 3amaya BOCCTAHOBJIEHHUS, MPAKTUYECKH 3aAKIIOYAIONIASICS B
pELICHUN UHTETPaIbHOrO ypaBHEHHUs (4) , MOXKET ObITh CHOPMYIMPOBAHA
cleqylomuM — 00pa3oM: O KOHEYHOMY uHCIly npoekuumiiPe(V),
U3MEPEHHBIX TMOJ Ppa3HbBIMH YyIJlaMd M 3aJaHHBIX B CBOIO OYEpelb
JIUCKpeTHO, TpebyeTrcss BOCCTaHOBMTh 3HaueHme  QyHkmumf (U, v),
KonuyecTBO ~ mpoeKuMid  CYIIECTBEHHO  BJIMSET HAa  TOYHOCTb
BOCCTaHaBJIMBAEMOI'0 U300paKEHHUSI.

Bce MHOTOUMCIEHHBIE BBIYUCIUTEIbHBIC AITOPUTMBI, TPUMEHSIEMbIC
B ToMmorpaduu, HamnpaBjieHbl Ha TO, 4YTOOBl HAWUTH B HEKOTOPOM
OTHOILIEHUU ONTUMAJIbHYIO OLICHKY PEIICHUS B 3aJJaHHOM KJIACCE MCKOMBIX
Gynkuwmii f (Hanpumep, HamGonee "riagkoe" M3 JONYCTHMBIX pENICHHM
WM HanOoJIee BEPOATHYIO OIEHKY / 1 T.11.)



Boccranosnenue CEUCHUM Cc VCIIOJIb30BAaHUEM Dypbe
npeoOpa3oBaHui.

CaMplii €CTECTBEHHBII M MOIIHBIM CIOCOO peIICHUS 3aJa4u
BOCCTaHOBJIeHUs naeT mpeoOpaszoBanue dypwe. Ilepeitnem ot dyHKIMU
f(x,»)x ee Dypoe 06pazyF(@®)u cooTBeTCTBEHHO OT/(1.v) K Dyphe 00pasy
F(U, V) (U=an, V=0,- IOBEpHYTHIE HA yroj B koopauHaTel B Dyphe-II0CKOCTH)

OaHuUM U3 OCHOBHBIX CBOMCTB mpeoOpazoBaHusi Dypbe ABISETCS €ro
JIMHEHHOCTD, M3 Yero cleayer, uto ecnu/f(x.V)moBopaunBaercs Ha yroao,
TO COOTBETCTBYIOIIee IpeoOpazoBaHue Dypbe TOXKE MOBOPAUYUBACTCS Ha
yromuo.

=% -cos0-1J-sind

(5)
w,=V-sinB+U-cos0
1 Ha000pOT
V=-0,-sin0+wy-cosO
(6)
U=0m,-cos0+wy-sind
(U.V) - TOABWKHASA CUCTEMA KOOpAUHAT B Pypbe MIOCKOCTH.
f(x,y) = — TJF(mx,m )exp(im_x + io_ y)do_do
4’! 2 L F F F (7)
F(U,V) = J' J' f(u, v) exp(—iuU —ivV)dudv
‘e (8)

(8)- npeobpasosanue Oypoe; (7) - obparHoe npeodpazosanue Dypse.

FO,V)= || /( ~ivV)dud
[Tonoxxum B ypaBHenuu (8) U=0, rorga J; | (. v)exp(~ivV)dudv

CpaBauB (9) ¢ (4) BuguMm, uto dypre-00pa3 uckomMoil PyHKIHUU B
Toykax Dypbe-III0CKOCTH, JEKAIIUX HA MPAMOM U=0, €CTh OJHOMEPHBIN
dypre-00pa3 coorBercTByromiei npoekuuu Pe(V) - 510 Tak HaspiBacmas
TeopeMa O POCSKIUAX U ceueHusx (11):

[ F(uvydu=p, W (9)



F(0,V)= Tpﬂ (v)exp(—ivV)dv = P, (V)

; (10)
Flo,.n,)=F(V|

V) (11)

Takum oOpazom, TeopeMa MO3BOJISIET BBIYUCIUTHE Dypbe o0pa3
UCKOMOM (YHKIIMU BO BCeX Toukax Dypbe MIOCKOCTU @-®, | BBIUUCISSA
®dypbe 00pa3 mpoeKIuu IpH pa3HeIX O , a 3arem 1o dopmyne oOpaTHOro
npeoOpazoBanuss Dypre (7) BoccTaHOBUTH camy (PyHKIHO. MOXKHO,
nepenis B MOJISIPHbIE KOOPJUHATHI, MOTYYUTh (HOPMYITy SKBUBAJIECHTHYIO
(7). Ucnonb3yroTes MPpU 3TOM CJIEAYIOIIUE COOTHOIICHHS

@, =|V|cos®)
(12)
®,=[V[sin®) §-goq

OJICMCHT ILIOIIAIU ITPHU IICPCXOJC OT ACKAPTOBBIX KOOPAWHAT K ITOJISIPHBIM
dOdeOJfMdVdB , TOrZ1a

f(x, y)— IJF(&) .0, )exp(io, x +io y)do do =

—L ]2 {ps V)}exp(ivV) |V |d VdO=
e (13)

T
2y
-1
I {@tp, (M)} | V|30
0
ITo dopmyne (12) mocTpoeH psii KOHKPETHBIX BBIYUCIUTEIBHBIX
aJTOPUTMOB, B YACTHOCTH, METO/I OOPATHON MPOESKITUH.

Meroa oOpaTHOI mpoeKIun.

[Ipocreiimnii BApUaHT 3TOr0 METOJIa OLIEHUBAET MJIOTHOCTH B JTIOO0M
TOYKE CEUYCHMS IMOCPEICTBOM CJOXKEHHUS JIY4eBBIX cyMM Pe(V) mis Bcex
Jy4eH, MPOXOJAIINX YepPE3 UCKOMYIO TOUKY. PaccmoTpuM mpumep, korga
JUISl BOCCTAHOBJIEHUS HCIIOJB3YIOTCSA TOJIBKO TPU MPOEKIUHU (PUCYHOK 4,

5), XOTd Mg NPaKTHUYEeCKHX Ieell morpedyercsa ropazio Oombliee uX
YHCIIO.
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Pucynok 5 - BoccranoBieHnue o0nekTa (0€10ro narHa) MeToa0M
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BoccraHnoBieHre mpou3BOAUTCA MYyTEM 0OPaTHOTO MPOCKTUPOBAHUS
KQXIOM TMPOEKUMH 4Yepe3 IUIOCKOCTh, T.€. BEIWYMHA CHUTHAja,
COOTBETCTBYIOIIIASA JAHHOW JIy4YEBOM CyMME, IMPUKIAIBIBACTCA KO BCEM
TOYKaM, KOTOpbIe 00pa3yroT 3TOT Jjyd. [locine Toro, kak 3T0 cAENaHO s
BCEX MPOEKIUH, MoaydaeTcsl NpuOMmKEHHAS anMpOKCUMAIIUS WCXOAHOTO
oObekTa. Tak Kak B 3TOM METOJIC MPOEKIIMU KaK Obl pacTITUBAIOTCS
o0OpaTHO Yepe3 BOCCTAHABIMBAEMOE CEUEHHE, METOJ Ha3BaH OOpaTHOM
npoekuuen. Jmsg  Kaxaol TOYKM M300pa)KeHUs BOCCTAHOBIICHHAS
IJIOTHOCTh  SIBJISIETCSI CYMMOM BCEX JIYYEBBIX NPOEKIHUN, KOTOPHIE
MPOXOJAT uepe3 3Ty ToukKy. [loaTroMy MeTosr 0OpaTHON MPOEKIIMU MHOTAA
HAa3bIBAETCS METOAOM CYMMHMPOBAHUS WJIA JIMHEMHOW CYIEPIIO3ULIUU.
MaremaTuueckoe onucaHue MeToJa OOpaTHOW MPOEKIHMH MOXKET OBITh
MIPEJICTABIICHO:
ecnm B (12) npunsates V=1, Torga

1 T X
fx ) =——5 | @ HDIPs (M} | V [}dO=[ po(v)d®
4rn” 0 (14)
Nnu IIpHu U3MCPCHUHN KOHCYHOI'O YHUCJIa HpOGKHI/Iﬁ
fX,y)= (x-cos@ .+ y-sin )AD.
Zl:l)e1 e 1 e i e 1 (15)

r1€ CYMMUPOBAHUE MPOU3BOAUTCS IO BCEM yIJIaM MPOECKIUU 6. APTyMEHT
v =x-cosQ) +y-sinQ, (16)

COOTBETCTBYET TOJIBKO TE€M JIy4aM, KOTOPBIE MPOXOMAT 4Yepe3 TOUKY ),
KO3((PUIMEHT A6 IPEACTABISAET YIJIOBOE PACCTOSTHUE MEXKAY COCEIHUMU
nmpoeKkuusiMu, M - KOJIM4eCTBO NpoeKuui. BenuunHa, MoJiyyeHHas ¢
noMouIpl0 ypaBHeHus (14), He HUJIEHTMYHA WCTUHHOW IJIOTHOCTU. Kak
BUJIHO M3 PHUCYHKa (PUCYHOK 3), BOCCTAHOBJICHHAs KapTHHA COJEPKUT
3HAYUTEIBHBIN JIOKHBIA CUTHAN. DTO NPOUCXOIUAT MOTOMY, YTO TOYKH 32
npeaeiaMi  HCXOJHOTO OOBEKTa TOJYy4arOT YacTh WHTEHCHUBHOCTH
CIPOCLIMPOBAHHOTO OOpaTHOTO curHana. Kpome TOro, Touku BHYTpH
00BEKTa MOJYyYarOT HMHTEHCUBHOCTh COCTABIIAIONINX CUTHAJA OT COCEIHUX
TOYEK, B pe3yJbTare 4Yero HeOoJblIMe Nepenaibl IUIOTHOCTH HE
pa3INyaroTCs.



MoXHO T0Ka3aTh, B 4€M COCTOUT MPUYHMHA HEBBICOKOW TOYHOCTH
MeToJila oOpaTHOW MpOeKIMH. [IpeamnonoxkuMm, 4TO BOCCTaHABIMBACMBIM
O0OBEKT COCTOUT M3 OJHOW Touku. Torma pe3ynbTaT BOCCTAHOBJICHHUS IO
IMPOCKIMSAM METOAOM CYMMHpOBaHUS OyJeT MpeacTaBisTh CcOOOM HE
TOYKY, @ MHOIOJYYEBYIO 3BE€3]ly, ILIEHTP KOTOPOM HAXOIUTCSI B
BOCCTaHABJIMBAaEMOU TOYKE (PHCYHOK 6).

Pucynoxk 6 - BoccTaHoBieHrne TO4YE€UHOTO 00BEKTa METOI0M "0OpaTHOM
npoekiuu': a - o0bekT (1) u ero npoekuuu (2); 6 - oOpatHoe
MPOEIMPOBAHUE; ICHO BUIHO (hopMUpOBaHUE (DOHA B MPOCTPAHCTRE,
OKPYKaIoIlIeM TOUKY

OueBuAHO, YTO TOUKA OyAET MpeAcTaBlieHa Haubosee siPKo, HO B TO
K€ BpEeMsI Ha OKpY’Kalolllee MPOCTPAHCTBO ATa TOUYKa OyJIeT HaKJIaIbIBaTh
(GhoH, TIpONOPLUMOHATBLHBIN 1/ T , re r - paccTossHUEe OT TOYKH 1. DOH u
ABJSCTCS OCHOBHBIM HMCTOYHHKOM TMOTPEIIHOCTEW, KOTOPBIE CHUXAKOT
JOCTOMHCTBA ATOr0 MeToja. MeTod CyMMHpPOBaHUsS ObUT HE3aBHUCHUMO
oTkpbIT b.K.Baltnmreiinom u P.I'opaoHoMm.

OOpartHas mpoekus ¢ PuibTpalreil CBEPTKOM.

Bosiee TOUHBIM pe3yabTaT MO CPABHEHUIO C METOAOM OOpaTHOMU
npoekuu. MeTtoa o0paTHOW NPOEKIMU JaeT oOpaTHas IPOEKIUsS C
bunpTpanuen CBepTKOM.



OOparHoe mpoeuupoBaHUe C (PUIbTpaIMe aHAJOTMYHO METOY
oOpaTHOM MPOEKIUU 32 UCKIIOYEHUEM TOT0, YTO MPOPUIN A0 00paTHOTO
TIPOEIMPOBAHHS MOAMGUIUPYIOTCS MimH GuibTpyroTes, T.e. B (12) V] =1,
D10 1O03BOJsEeT BBIBECTH H(MGIEKT 3aTeMHEHHUS, MPUCYIIHH METOIY
oOpaTtHOl  mpoeknuu. B  wuaeadpHOM  Cciaydae  BOCCTaHOBJICHHOE
n300pakeHUuEe COBEPIIEHHO TOYHOE, MOCKOIbKY MoauduKkamnus mnpoduiei
TOYHO  KOMIICHCHUPYET JIOKHBIM  CHTHAJ, CO3JAIOIUA  HEpe3Koe
n300pakeHHue Py 0OPaTHOM IIPOCIIUPOBAHUM.

[Ipenmonoxuy,  uro Vi=lects ~ @Dypne-00pa3  HEKOTOPOM
byHKIIIN KW),

v=o'vp= || V| expavV)dV
K= (IVD _J; (17)

TOr1a MIPOU3BEIACHUE VI HA dypbe-o00pa3 MPOCKIINHU MOJKHO
paccmaTpuBath kak Oypbre-00pa3 CBEpTKU caMO MPOEKIUU U K(¥)

1
4n’

f(x,9)= — [@™ {Dtp. () @ K(v)}do

(18)

u3 (12) cnemyer, uyto ¢dopMyna omnuchBarolass METOA OOpaTHOTO
MpOCIUPOBaHUS ¢ (UIbTpallueld CBEPTKON MpPU H3MEPEHUU KOHEUHOTO
qyucia MpoeKIui OyaeT:

f(:9)= 3Gy (x-c050), +y-5ing )A, (19)

rje Ge(v) - pe3ynbTaT CBEPTKU H3MEPEHH MNPOeKIHH Pe(¥) ¢ HEKOTOpOU
dyHK1MeH KM, Ha3pIBaeMOU siipoM cBEpTKU. Kak v B MeToqie 00paTHOro
npoenrpoBanusi. Metos o0paTHOM MPOEKINHU, CYMMUPOBAaHUE UAET 110 M
- KOJIMYECTBY TMpOEKIUi, a KodQPUuuueHT A8 mpeacTaBisieT YrioBOe
PACCTOSIHUE MEXKIY COCEAHUMHU MPOECKUIUSAMMU.

Tounoe BerunciacHUE K(¥V) HEBO3MOXKHO BBHUAY PACXOIUMOCTH 3TOTO
VMHTErpajla, HO 3TO W HE HYXKHO, T.K. JUCKpPETU3alMsi OTCUYETOB Ha
MPOEKIUSAX 4Yepe3 HHTEPBAJIbI AvAaBTOMATUYECKU OTPAaHUUYMBAET 00JIACTh
sananus @{Ps(M} MakcuManbHBIM  3HaueHHEM Yuma=T/(AV)  Jnpo Ko B
npeaenax OT ~ Ymax 0 Via BEIYUCIACTCS:



X 2V __.sin(V__v) 4 sin® (va)
V)= . N max ¥
\4 v? 2 (20)

2 2
Ecau monoxute vV=mAv (m=0,£112...), 7o K(0)=n"/(Av)",
Km)y=0, ecjii m 4YE€THOEC,
Km=—"— "7
m’(Av)’ | ecniu m HeueTHOE.
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Pucynok 7 - ®yHkuus sigpa cBEPTKHU (110 00EUM OCSIM OTHOCUTEIbHbBIE
€AMHULIbI)

Takoe sinpo BHepBbie ObLIO HUccaeaoBaHO A. JlakmIMUHapasHAHOM U
['.PamauangpanoM u O0OBIYHO Ha3biBaeTcs uX uMeHamu. Crexyer
OTMETUTh, YTO BHIOOp sApa CYIIECTBEHHO BIHUAET HA KadyeCTBO
BOCCTaHaBJIMBaeMoro uszoOpaxeHusa. lloatomy BbBIOOp sApa sBIAETCH
IPEAMETOM THIATEIBHOTO MCCIEIOBAHUS C YYETOM OCOOEHHOCTEH
00BbEKTa, MOJIJICKAIIETO BOCCTAHOBIICHHUIO.

[Ipouenypa BoccraHoBieHUS (YHKIMM 0O METOAY OOpaTHOM
MPOEKINYU ¢ QHIbTpaIel CBEPTKOM OyIeT cleayronas:

1. Haxoaum Gynkuro Ge(v) kax HHTETpa CBEPTKH
npoekuuu Pe(V) ¢ pynkimeii sapa ceeprru KV,

2. Onpenensem pynkmuo Ge(V) B Toukax v.

3. Beruucnsiem uckomyto (YHKIUIO f(x,p), WCIIOJIb3Ysl YPaBHEHUE
(18).

Y 1006CcTBO anroputMa 0OpaTHON MPOEKIUU ¢ (PUIBTPALIMEH COCTOUT
B TOM, YTO BBIYMCIUTEIBHBIA MPOILIECC BOCCTAHOBICHHUS MOXET WATH



IMo4YTH OAHOBPCMCHHO C PCI HCTpaHHeﬁ IMPOCKIHH: KAaK TOJIBKO IIOJYYCHA

odepeaHast IPOSKIIHs Pe(v), OCYIIIECTBIISICTCS €€ CBEepTKa ¢ sapoM K(m) p
n00aBJICHWE JaHHBIX B SYCHMKH TaMSTH, HaKaIlJIMBAIOIIUE PE3yIbTaThl
cymmupoBadusa no dopmyie (18). Kak Tonpbko obpaborana mociemaHss
npoeKIus, GYHKIHS BOCCTAaHOBJICHA.

W TepalinoHHBIC METOBI BOCCTaHOBJICHHS. OIpeieacHHue.

TepMuH “UTEepallMOHHBIA~ OTHOCUTCA K METOJY IOCJIeA0BATEIbHBIX
NpUOIIKEHUH, TIPH KOTOPOM BBIOMpPAETCS IMPOU3BOJILHOC HAYaAIbHOE
U300pakeHHe;, IS HEro PacCUMTBHIBAIOTCS IPOCKIIMH, a 3aTeM B
H300pakeHHe BBOIATCS IOMPABKH IS JIYYIIEro COIJACOBaHHS ATHX
NPOCSKINH ¢ U3MEPEHHBIMH NIPOSKIUIMHU. Tepanuu moBTOPSIOTCS 0 TEX
op, MOKa He OyAeT MoJydeHa yI0BICTBOPUTEIbHAS CXOAUMOCTb.

Anrebpanyeckuii meron BocctaHoBieHus (ART) wmam momydeBas
KOPPEKIIH.

DTOT MeTo 1 OBLI HE3aBUCUMO pa3padoTaH ['opJOHOM H JIp., KOTOPHIi
Ha3BaJl €ro METOI0M aiireOpandeckoro BocctanoBiaeHus (ART — Algebraic
Reconstruction Technigues). [Iponeaypa BoccTaHOBIICHHUs cienytomias. B
K0l WTepaliy BBIYHMCISCTCS CHAdala OJHa JydeBas CyMMa IpH

HCXOZHOM 3HAYCHHH ILUIOTHOCTH B sueiikax /i [lo Hell u ¢ y4ETOM
U3MEPEHHOMU JIYUYeBOM CYMMBI OTIPEACIsAeTCs MOMpaBKa, KOTOpas BBOJIUTCS
BO BC€ TOYKHM, BXOJAIIME B COCTaB JAHHOIO Jiy4ya. 3aTeM oOIepanus
MOBTOPSETCS MJIE BTOPOTO Jiyda, TpeThero u T.1n. IIpu 3TOM mompaBkw,
BBEJICHHBIC OT MPEIbIAYIIEH JTy4eBOW CYMMBI, YYUTBIBAIOTCS B KaXKIOM
HOBOM pacueTre. ITU Olepalry MPOoA0IIKAOTCA 10 TEX MOp, MOKa HE OyayT
o0paboTaHbl BCE MPOEKIMH, IOCIAE Yero uTepaius 3aBepiieHa. Eciau
KPUTEPUI TOJy4EHUs] PEIICHUS HEe YJOBJIETBOPEH, TO TMPOUCXOIAUT
MEPEXO/I K CIEIYIOUIEW UTEPALUH.

PaccMoTpuM siieMEHTapHBINM MPUMEP PEKOHCTPYKIIUU JBYMEPHOTO
00bEKTa, KOrja caM OOBEKT MPEeAeIbHO TMPOCT, AITOPUTMUYECKUN
“MexaHu3M’’ COBEPILICHHO Mpo3padeH, a npusiedeHus IBM BooOie He
Tpedyercs.

Bo3pMéM B kadecTBe Takoro oowbekra kBaapatr ABCD (pucynok 7),
pazaenéHHbli Ha 9 paBHBIX KIETOK (siueek). Yucma or 1 nmo 9,
pa3OpocaHHbIE IO KJIETKaM, COOTBETCTBYIOT IIIOTHOCTU WM KaKOM-
HUOYAb JIPyroll XxapakTepUCTUKE, Haxoaumou Tomorpaduuecku. IlycTh
U3BECTHBI 4 MPOEKIUHU, ONpEesieMble HANIPABICHUSIMU CTOPOH KBajaparTa
AB u AD wu ero guaronaneit AC u BD. Ecnu B ka0i NpOEKINU B3ATh
1o 3 JIy4-CyMMBbI, TO B TIEPBBIX JIBYX CIy4asiX BKJIaJ BHECYT BCE KJIETKH, a



B JIBYX JIPYTUX JIUIIb 1O 7 KAETOK U3 9. TakumM 00pa3oM, Mbl UCXOJIUM U3
12 3HaueHUi Jy4-CyMM U UIIEM 9 CTPYKTYpPHBIX 2JIEMEHTOB OOBEKTa, T.€.
peraeM nepeonpeaeneéHHyo 3a1aqy.

5

: P

n X 12

*-- /

‘.
9 \ 11
L B
0 2 4 — 15
3 7 5 > 15
1 B 8 —P 15
Vb4
13 15 17

PucyHok 8 - TecT-00beKT U3 AEBSITH AJIEMEHTOB

Haunem c¢ mnpoekiuu, oOpa3oBaHHOM JIydyamH, TapajuiebHbIMU
ctopone AB. Kaxngoe 3HaueHue myd-CyMMBl pa3feiauM Ha YUCIO
IIEPECEKAEMBIX KIIETOK U MPUIULIEM 3TUM KIIETKAM HAWJACHHYIO BEIIMYUHY
(B manHOM ciy4dae S5). bymem cuuMTaTh MOJMYYEHHBINM pe3yibTaT IMEPBOM
utepanueit (pucynok 9 A). Kak Buaum, B HaiieMm ciydae i B3STOU
MPOEKIIMU OOBEKT MPEACTABIACTCS COBEPIIEHHO OJHOPOJHBIM; €CJIU
MOTPEITHOCTh BOCCTAHOBJICHUSI OIICHUBATH 110 (hopMyJie

o, = (i(gé” —- g™y kﬁ::kz)”z -100% 1)

rae WHAEKC ‘K’ HyMepyeT KIeTKH, | 0003Ha4aeT HOMEp HTepalluu, g -
MCXOJIHBIC 3HAYEHHUS Ha pUCYHKE 8, TO T, =43.8%,

[lepeitnem k cienyrouiei mpoekuuu (Jiyuu uayt Buoiab AD). Teneps
JUTSL KQXKJI0TO JTyda CJeAyeT CKOPPEKTUPOBATH CYMMY YHUCEJ, MOTYy4aeMbIX
1ocJie MEepBOM UTEpalii, HAa WU3BECTHYIO JIy4-CyMMY JAHHOW MPOEKIUU.
Tak, cymmy B mepBoM cronbdie (15) cienyer, oueBUIHO, YMEHBIIUTH Ha 2
U BBIYECTh M3 KaXJOTo 4Mcia 1Mo 2/3; B TPETbeM CTOJOIE HYKHO,
Hao00pOT, M00aBUTh B KaXIyl0 KJIETKY MO 2/3; BO BTOPOM CTOJIOIIE



u3MEHeHUu! HeT. BuaHOo, 4TO B HalleM NOpuUMepe BTOpas uUTepalus
(baKTU4YeCKU OKa3bIBaeTCs HEMH()OPMATHUBHOM: MPEABIIYIIEE OJHOPOTHOE
pacopeeneHle JIMIIb cierka JaedopMHUpPYeTCs, co3aaBas HEOOIbIION
rpagueHT BIOJb AB M COBEpPIICEHHO HE BBISABIAA CIHOXKHOM CTPYKTYPBI
obbekTa (pucyHok 9 B). ITorpemHocTs BOCCTaHOBIICHHS, OLICHUBAaeMasl 110

(20), ma’xe HECKOJBKO BO3PACTAcT IO CPABHCHUIO C IEPBOM HTCPAIIMCH:
o, =487%

s| s |s s 5%
5|5 |5 4l 5 5%
s | s | s at s s%
A) B)
7% 3:—5 5% 71 | 2 |32
4:—5 8 3% 36 |5
4% 4% a% z% p a%
) D)
8 2% 4% 3% 2 ag—i
3% ﬁg 5% 3 ﬁ?,; 5
1% sg 7% 1;—2 6 a%
E) F)

Pucynok 9 - Paznuunsie ctaguu (A-F) BoccTaHOBJIEHUS TECT-00BEKTA,
M300paKEHHOTO Ha PUCYHKE 8

Tperbs MHreparus (pucyHoxk 9 C), nyunm uUAYT napajIe]IbHO
nuaroHanu AC) yxe pe3Ko MEHsSIeT JIeJI0, MOCKOJIbKY B 3HAUYEHHUSX JIyd-
CyMM HEOJHOPOJHOCTh OOBEKTa MPOSIBIACTCS OTYETAUBO. [IpuHium
OCTaeTCsl MPEXKHHUM, TOJBKO COOTBETCTBYIOIIME PA3HOCTH CIIEAYET
PaBHOMEPHO PaCIPEAEATh IO JIBYM WM TPEM KIIETKAM B 3aBUCUMOCTH OT
TOr0, Kakas Jyd-CyMMa TMpPUHATA B PACUET;o:=287%, AHaJIOTrHYHAs
CUTyaIlisi MMEET MECTO W ¢ dYeTBepTod wurepanuei (pucyHok 9 D),



3aBEpIIAIONICH TEpPBbIA LMK TPOUEAYpPhl, TEHEph OOBEKT yXKe
HaIllOMHHACT UCXOIHBIN, o4 = 14,6%,

Jlanee MOKHO BHOBB IIPUBJICYD MEPBYIO MPOCKIUIO U HAYATh, TAKUM
oOpaszom, BTopoi 1nuki. Ha pucynke 9 E um F mokazanwl pe3ynbrathl,
modydaeMmble Tocie 1mectoir (s =9.94%) p  BoceMmoit (O =425%)
utepanueit. [Iporecc MOKHO ObLIO ObI, KOHEYHO, MPOJOJDKATh U JajbIIIE,
HO YK€ ¥ U3 NPOJICTIaHHBIX BBIKJIAJOK SICHO, UTO /-8 UTEpAIUiA TO3BOJISIOT
MOJYYUTh HEIJIOXOW PE3YyJIbTAT BOCCTAHOBJICHMUSI.

Urepanvonneiii  Meton HauMeHblnx kBaapatoB (ILST) wim
OJTHOBPEMEHHASI KOPPEKIIUSL.

B mpocreiimiem ciydae anropurm 3toro merona (ILST- Iterative
Least-Squares Technique) cnemyrommii. Bce mpoeknuu BBIYUCIAIOTCS B
Havaje HUTEpalldd IPH HMCXOAHOM 3HAYECHHUH ILIOTHOCTH sueek /.. Ilo
pPacCUETHBIM MPOEKIHAM OMPEIECISIIOTCS MOMPABKU I KaXJI0W SYCUKH /.
A 3atreM KOppEeKUHH BBOISATCS OJHOBPEMEHHO BO Bce suckiku. Ha sTtom
uTepanus 3aBepmiaercs. TakuM o0pa3oM B OTOM  aJITOPUTME HE
MPOM3BOJINTCA YTOYHECHUE 3HAYEHUS TUIOTHOCTH B SYEHKE /i B TCUCHUU
urepanun. M3MmeHseTcs IUTIOTHOCTh B /i OMMH pa3 3a HTEpaIuio. DTOT
MeToJ, BiepBhie nmpuMeHeH P.bpeiicBemoM. OH ke mokasaj, YTO B TaAKOM
BAPUAHTE aJITOPUTM MPUBOJHUT K MEPEKOPPEKIUH, B PE3yJbTATE YEro
UTEpaLNM KOJEOIIOTCS BOKPYT MPABWILHOTO PELICHHUS.

Omucanne nporpammel TOMOGRAPHY'1.

OnHUM U3 COBPEMEHHBIX METOJOB JIMATHOCTUKU IUIa3Mbl SIBISETCS
METO]T PEKOHCTPYKTUBHOM KOMIIBIOTEPHOM ToMorpadpuu.
Tomorpadguueckuii NoaxXoJ MO3BOJISET C JOCTATOYHO BBICOKOUN CTETEHBIO
TOYHOCTH  OMNPEIENATh JIOKAJIbHBIE XapaKTEPUCTUKU  HCCIEIYyEeMbIX
HEOTHOPOIHBIX IJIa3MEHHBIX OOBEKTOB, YTO JAET MIUPOKUE BO3ZMOKHOCTH
B MOHUMaHUU (PUBHYECKHUX MPOLECCOB, MPOTEKAOIIUX B 3TUX OOBEKTaX.
KauecTBO peKOHCTPYKIIMU CYILIECTBEHHO 3aBUCUT OT TaKUX (PAaKTOPOB, KaK
JHUCIIO0 HaIpaBJICHUN HaOII0ICHUS (pakypcoB), KOJINYECTBO
JNETEKTUPYIOIIUX YCTPOUCTB, YCTOUUUBOCTD aJrOPUTMA K IIIyMaM.

YuciaeHHOe MOJEIUPOBAHUE MO3BOJISIET OINPENEIUTh ONTUMAJbHbIC
YCJIOBUS MOCTAHOBKU TOMOTPahUueCKOT0 IKCIIEPUMEHTA.

Pa3paboranHnas oOy4aromas nporpamma “Tomography 17 mo3Bosset
BBIUUCIIATh NPOCKIMU MAaTEeMAaTUYECKUX  MOJIeJIe  HEOJHOPOIHBIX
MJIa3MEHHBIX OOBEKTOB, HATJIAJHO JEMOHCTPHUPOBATH BOCCTAaHOBJICHHE
OCECUMMETPUYHOTO U ACUMMETPUYHOIO OOBEKTOB IIPU BHIOPAHHOM YHCIIE
NpOeKIUi (pakypcoB HAOJIOJEHUSI), HAKJIAAbIBAaTh HA MPOCKIHMHU IIyMBI,



NPEJCTaBIISATh PE3YJbTaThl BOCCTAHOBJICHUS B TPEXMEPHOM  BHJE,
BOCIIOJIb30BABIINCH HOPMHUPOBKOI, ONPEAEHATh TOYHOCTb
BOCCTAHOBJICHUS, U TMPOBOJUTH OOIIMI aHAIN3 3aBUCUMOCTH TOYHOCTH
BOCCTaHOBJICHUS O0BEKTA OT YKMCJIA MPOCKIUH.

PaGota peanuzoBaHa Ha OCHOBE OJHOTO W3 CaMbIX MOIIHBIX
aHAJIUTUYECKUX  CIIOCOOOB  pEIICHUs  3aJa4d  BOCCTAHOBJICHUS -
npeoOpazoBanuss Dypbe - U BBHITEKAIOIIME U3 HETO BBIYMCIUTEILHBIC
METOJ(bl HEMOCPEACTBEHHO HCMOJIL30BAHBI B 3TOM MpPOTrpaMme: ''METO
oOpatHoii npoeknun" u "PunbTpanus cBepTKoit".

HecmoTpst Ha TO, 4TO METOJ OOpATHOM MPOEKIIMHU BOCCTAHABIMUBACT
n300pakeHUEe CO 3HAYUTEIHHBIMHU JIOKHBIMU CUTHAJIaAMH U B HACTOSIICE
BpeMsl HE IPUMEHSETCS, OH MPUBOJUTCS IOTOMY, YTO OYEHb IMPOCT,
WHTYUTHUBHO TOHSIT€H, HAIIE] NIPUMEHEHUE B MEPBBIX AKCIEPUMEHTAX H,
caMoO€ TIJIaBHOE, BXOJHUT B COCTaB OCHOBHBIX TOYHBIX METOA0B. Kpome
TOr0, TMPEJCTABJISIETCS BO3MOXHOCTb HArjsiTHO CPaBHUTH 00a criocoba
BOCCTAHOBJICHUSI.

Meron  x&e  oOpaTHOro mpoenupoBaHus ¢  (uibTpanuei
UCIIOJB3YETCS BO MHOTHMX COBPEMEHHBIX PEHTTC€HOAMArHOCTUYECKUX
ToMOTpaoB U, TaKUM 00pa3oM, C YHUCTO YTHUIUTAPHOM TOUKHU 3PECHUS
UrpaeT 0coOyro poJib.

Taxke B MmporpaMMe peaJM30BaHbl JBA UTEPAIIMOHHBIX METOJa
ToMorpaduu: anredpanmdeckuii Meto; BoccranoBieHus (ART- Algebraic
Reconstruction Technigues) unu nonxydeBas KOPpEKLUHs U UTEPALTMOHHBIN
MeTox HauMmeHbmux kBaaparoB (ILST - Iterative Least-Squares
Technique) nin oqHOBpeMEHHAsT KOPPEKIUA.

Onucanue nporpaMmel.

[Ipu 3amycke mnporpammbl “Tomographyl.exe” Ha 3Kpane

HOSBJICTCS IriIaBHOE OKHO — “Tomography 17 (pucysok 10),

T T —]
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|
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Pucynok 10 - I'naBHoe okHO miporpamMmmbl Tomography 1



Ha KOTOPOM PAacCIIOJIO)KEHbI KOMIIOHEHTHI, TO3BOJISIONIME 33/1aBaTh
napameTphl U YIIPaBsATh pabOTOM MPOrPaAMMBI:

ETt::-mlcnug,ra||:-h1_~.|r
File

Pucynok 11 — Menro «File»

B menro “File” (pucynok 11) npemycMoTpeHa BO3MOKHOCTh BBIXOA
u3 mnporpammbl (Exit), coxpaHenus mnomydeHHoro rpaduka B BMP
dbopmare (Save graph), coxpaHeHue CMOJACIMPOBAHHBIX MPOEKIUNA B txt
dbopmare (Save model projections), coxpaHuTb 00pabOTaHHBIC TaHHBIC B
txt popmare (Save treated datas), 3arpy3ka SKCIIEpUMEHTATBHBIX TAHHBIX
(Open experimental projections).

[*-] Tomography
File BN COptons  Help

Par: Pz
alT
on a

Experimental data

Pucynok 12 — Mento «Regimey

B wMenio “Regime” (pucyHok 12) 3agaercs pexuM padOThI
nporpaMmmel: pabota ¢ mat. mozaensimMu (Model), paGoTa ¢ 3arpyxaeMbIMu
’KCIIEpUMEHTaIbHBIMU JaHHbIMU (Experimental data)



[*] Tomography

File  Regime Kok
Parameters of  Model...
Samples Shiow model...,
an & projection
Error...
Turn angle: .
...................................... NOlse |EVE|“'
| EIOI8! ety of an image...
I P—

Pucynok 13 — MeHro «Regimey

N3 menro “Options” (pucyHok 13) BBI3BIBAIOTCS MOJYJIU JUIsl 3a1aHUS
Maremarudeckoir moaenu (Model...), mokasza 3amaHHON Mojenu B 3-X
MepHoM Bue (Show model...), 3amanns ypoBHs mrymoB (Noise level...),
YCTAHOBKHU MapaMeTpOB OTOOPaKEHUSI BOCCTAaHOBIEHHOTO 00bekTa (Set-up

of an 1image...), BbIBOJ HH(OpPMAIIMK O TOYHOCTU BOCCTaHOBJICHUS
oowekTa (Error...).

Options
=Nalll=leilel  Tomography Help

Pucynok 14 — Mento «Helpy

N3 mento “Help” (pucyHok 14) BbI3bIBaeTCsl MOJApOOHAsI CIIpaBKa Mo
onucaHuto nporpammel “Tomography 1”7 u Merogumueckas uHdopMaus
no toMmorpaduu (moHsATHE TOMOTrpaduM, MATEMaTUYECKOE OIMUCAHUE

METOJIOB ToMOrpadupoBaHUs, OCOOCHHOCTH TOMOIrpaduu IJIa3MEHHBIX
00BEKTOB)



Help Topics: Tomography 1
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2.5 MITepauMoHHbIE METOAEI BOCCT SHOBAEHMA
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Pucynok 15 - CripaBounasi cuctema nporpammbsl Tomography 1

E Model S|

[ R A

Pucynok 16 - 3amanue maTeMaTU4E€CKUE MOJICIIH

N3 Mmenro “Options”, TJ1aBHOTO OKHA, BBI3BIBACTCS MOAYJb IS
3amaHuss marematuuyeckoil monenu (Model...) (pucynok 16). B oxne
M0JIb30BaTEIb BHIOUpAET
koMmOuHanuio GyHkuuii ["aycca (10 9 mtyk), 3amaet ko3hPuUUKUEHTHI (a U
b) m ycraHaBIMBaeT MakKCUMalibHble (Xmax,Ymax) U MUHUMAaJIbHbIE
(Xmin,Ymin) 3HayeHuss mo ocsMm. Jlagee HaxkumaeTcss KHomka ‘‘Show
model” mi1s mpocMoTpa camoit Mmojenu (pucyHok 17).



ij

Pucynok 17 - Co3nanHas nmonp3oBaTeneM MOAEIb

B npaBoMm BepxHem yriy ykaswiBaetcs pactp mozaenu (Raster NxN),
“Turn of a system” — Moka3bIBa€T yIJIbl MOBOPOTA CUCTEMBI KOOPJIUHAT
(“X»,Y”,”Z”). llpenycMoTpeHa BO3MOXKHOCTh IOBOPOTa MPOCTHIM
IBIKeHHEeM MBIMKA. KHomka “Show” ciayXuT mIsl IEpeprucOBKH MOJIETIH,
ecni oHa Obuta u3MeHeHa. Normalization BbIIENSETCS, €CIA HYXHO
OCYLIECTBUTH HOPMHUPOBKY MOJEIU (MpU ONPEACIICHUH TMOTPEIIHOCTH
BOCCTAHOBJICHHUSI HOPMHUPOBKAa IPOUCXOJIUT aBTOMATHUYECKH). B MeHmo
“File”,”Options” u “Help” ananoruynbie MyHKTHI, 4TO U B IIaBHOM OKHE.

[Tocne Toro, Kak 3ajiaHa MOJIEb, HY>KHO BEPHYTHCSl B TJIABHOE OKHO
(pucynok 18) (oHo Bce BpeMs OTKpBITO). KOMIOHEHTHI, pacmoioKeHHBIC
Ha HEM, MTO3BOJIIOT OCYILECTBIISITh:



Farameters of a projectian
camples

on a projectian: 100 i

Turn angle: 0.0 |
Frojection |

Hu:leus| |Hu:leu5 Fam |
Comvalution

['maBHOE OKHO/[J1s1 TpOCcMOTpa
MPOEKIIMM C MAaTeMaTUYeCKOW MOJIeNd, 3aJaeTcsi YHCIO0 OTCUETOB —
“Readount on a projection”, yron noopota“‘Turn angle” u Haxumaercs
kHomka ‘“‘Projection”(pucynok 18). [ns BbIBoja sapa  CBEPTKH,
BeiOMpaercs sapo (Nucleus Ramachandrana wnu MHAT wavelet) u
HaxkuMaeTcs kHomka ‘“‘Nucleus”. Jlns mnpocmoTpa CBEpTKH sapa ¢
BBIBEJICHHOM MpOeKIInel HaxxuMaeTcs kHonka “Convolution™.

Reconstruction

Faster =
tomography Mx: 100 R4
Amount of —
projections 't 10 R4
Angular pitch "0 18.0

Alkharitm

(@ Rewverse projection

(" Filtration by comvolution
{ Waveletfiltration
(A

{ILST

| Mormalization
Reconstruction

S how




[*~| Tomography

File FRegime Re/sisys

Farameters of Model, ..
samples

S Showe model. ..
on & projectiar
Error...
Turn angle: :
...................................... rl.l.jl:llE;E |EIII'IIIE| fee
| P0IBT ot p of an image. .
N P

[Iporpamma 1o3BoJIsIET Ha
CMOJICJIMPOBAHHBIC MPOCKIIMKA HaKJIaJbIBaTh CilydalHbld 1mym “Options-
>Noise level” (pucynok 20). AMIIMTyJa IIyMOB YCTaHABIMBaeTCS B
IPOLICHTHOM COOTHOIIEHUM OT TEKYIIEro 3HaueHus orcyera. CriaauTthb
MPOEKIHUIO C IIYMOM MOHO, IPUMEHUB METOJI HAUMEHBIINX KBaJPaTOB
“To smooth” (pucynox 21). Ilpumep mpoekiuu ¢ 20-TU TPOIEHTHBIM
IIYMOM IIOKa3aH.

B Tomography

Projection

PucyHnok 22 -
[Ipoeknus ¢ maT. Moaenu noa yriaoMm 20 rpagycos, 100 oTcueTos
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Pucynok 23 - [Ipoekius ¢ mat. moaenu mmoj yriiom 20 rpaaycos, 100
OoTCueTOB, ¢ 20-TH MPOLUEHTHBIM IIyMOM (rpaduK KpacHOro IIBETA),
CIIaKEHHas MPoeKIus (rpaduk 3eJIeHOro 11BEeTa)
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Pucynok 24 - S npo Pamauannpana
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Pucynox 25
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Pucynok 26 - Ceeptka npoekiuu ¢ MHAT wavelet
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Creprka npoekuuu ¢ sapom Pamadanapana

Pucynok 27



Hwxe IMPUBCACHLI I/1306pa)KCHI/I$[ C BOCCTAHOBJICHHBIMH MOACIAIMMU C
HCIIOJIB30BAHHUCM PA3JIMYHBIX AJITOPUTMOB.

B Tomography
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Pucynok 28 - Mertog oOpaTtHO#W TmpoeKuu (MOTPEnIHOCTh

BoccTaHOBJeHUS 55.219%)

ETomography

iy

BRI

oty
RENNH

LA

11l

A

Pucynok 29 - Metoa o6paTHOM NpoeKIuu ¢ GUiIbTpalueil CBEPTKOM
(morpemHocTh BoccTaHoBiIeHUs 6.083%, anpo Pamauanapana)



Allhoritim

(" Rewverse projection
" Filtration by canvalution UTCPALIMOHHBIMU, IIO3TOMY nepen

Pucynok 30
Iterations

—=

Pucynok 31

El Tomography

HEET

I e T T

Anroputmbl  ART u ILST sBisttorcs

BOCCTAHOBJIEHUEM MPOEKIUI JaHHBIMU
aJIrOpUTMaMU, HY>KHO 3aJ1aTh YUCJIO UTEPAIUH.
Ins sroro B Omoke ‘“Alkhoritm” knukaem
IpaBOd KHOINKOW MBIIIM Ha MYHKT “Art” wuinu
“ILST” nng BBI30OBA BBRINAOAIOIIETO MEHIO
“Iterations” (Pucynok30). IlosiBiasieTcsi OKHO
“Iterations” (Pucynox 31), rae MOXXHO 3a1aTh
YHUCIIO uTepaluii B aIrOpUTME
BOCCTAHOBJICHUSI.
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Pucynok 32 - Meton ART (morpemntnocts BocctanoBiaeHus115.511%,

10 ureparuii)
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Pucynok 33 - Merong ILST (morpemHocTb BOCCTAHOBIICHUS
15.876%, 5 urepaunii)

i [ R| U3 MEHIO “Options-
== >Error...”, TJaBHOrO  OKHa,

BBI3BIBACTCS  MOJYJIb  BBIBOJIA

uHopManuu 0 TOYHOCTH

| | BOCCTAHOBJICHUS 00BEKTa
“Exactness” (Pucynox 34). B

PucyHok 34 BeIBOI Monyme — ompenenserca  Kak
HH(pOpMALHH Y TOYHOCTH oQ1mast MOTPEITHOCTh “To
BOCCTaHOBJICHUA calculate”, Tak u aOcoaroTHaAs

MOTPEITHOCTh KaX0T0 JIEMEHTA
BOoccTaHOBJIEHHOTO 00BbekTa (The
absolute error). AOcorOTHaS
MOTPEUTHOCTh BBIBOJIUTCS B BHJIC

HEKOETro MoJisi OMHUOOK (PUCYHOK
35)
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Pucynok 35 - AGCoJII0THAsI TOTPEIIHOCTH (T0JI€ OITHNOO0K)

Pa3zHocTh MEXy UACAUTBHOW MOJEIBI0 U BOCCTAHOBJIEHHONW METOI0M
obpatHoro mpoerpoBanus. Jlo onpeneneHuss aOCOTIOTHON MOTPEITHOCTH
1 MOJIEJTb, 1 BOCCTAHOBJICHHBIM OOBEKT OBLIH HOPMHUPOBAHEI.

ESet-up of an image

Pucynok 36 - [Tapametpbl oTOOpakeHUs

B nporpamme MOXHO 3aaTh MapamMeTphl  OTOOpa)KeHUs
BOCCTaHOBJICHHOTO 00BekTa (Mento “Options-> Set-up of an
image...”).

“Points”’-0To0pa3uth 00bekT Toukamu (Pucynok 37) (mpu stom
CYIIIECTBEHHO YKOHOMSITCS BBIYUCIUTEIBHBIE PECYPCHI);

“Triangulation”-Tpuanrymisius o0bekTa; “Halftints”- oTobpa3uth
00BbekT nosryroHamu (Pucynok 38);



“Site”’- oToOpa3uTh ceTKy; “Axes”’ — MoKa3aThb OCH KOOPJMHAT;
“QGrid”’- moka3aTb OCHOBAHHUE.
“Color triangulation”- nisetHas tpuanryssuus (Pucynok 39).
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Pucynok 37 - OTobpaxeHue 00beKTa TOUKaMH
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Pucynok 39 - OtoOpaxkeHue 00beKkTa B IBETHON TPUAHTYJISILIUU



IIpakTHyeckue 3aaHuA K Ja00paTopHOi padore.

[Topsiok paOoTHI.

1. BHMMATEJbHO O3HAKOMUTBCS  C  JIAaHHBIM  METOJIUYECKUM
PYKOBOJCTBOM.

2. 3anycTtuTh 00y4JaroIlyto nporpammy Tomographyl.exe

3. Y6eauThcs, 4TO YCTaHOBIICH pexuM MojenupoBanus (“Regime”).

Co3aHne MareMaTU4YECKOW MOJEIH HEOAHOPOIAHOTO IUIa3MEHHOIO
OOBEKTA.

4. Co3nmaTh MaTeMaTHYECKYyI0 MOJIeNb W3 KOMOMHAIMM (QyHKIHMA
[Naycca (e wmenee 3-x Qynkuwmii). “IIpuHTCKpUHOM” COXpaHUTH B
rpaduueckoM (aiise.

MoaenupoBaHue NPOCKIUN.

5. BeiBecTH rpaduku MpoeKuii ¢ CO3JaHHOM MaT. MOJEH (HE MEHEe
3-x moa pasznmuuHbiMH yriamu). Coxpanuth rpaduxku B ¢aitmax (File-
>Save graph)

6. [TomyuuTs Tpaduku cBepTOK mpoekiuii ¢ sapamu (Pamavannpana
u MHAT wavelet). He menee 3-x moja yriaMu, HMCHOJIb30BAHHBIMU B
nyakre 5. Coxpanuth Trpaduku B daitmax (File->Save graph).
[Ipoananu3upoBaTh BUJI TpadUKOB CBEPTOK, CPABHUTH UX C OOBIYHBIMU
MPOEKIUSAMH, HATUCATH BBIBO/I.

Pabora ¢ anroputMamu ToMorpaduu U ONpPe/IeICHUE BIAUSHUS YKCIia
UCIIOJIb3YEMBIX MPOEKIIMI HA TOYHOCTh BOCCTAHOBJICHUSL.

7. B 6noke Reconstruction 3aaath: pacTp TOMOrpamMMbl (HE MEHee
yeM 50x50), 4ncio npoeKkuuii 2, paccunuTarh YrioBOM 1Iar v 3aJaTh €ro.

8. BsiOpare anroputm ToMorpadum “Revers projection” u
oOpaboTaTh MM MNpOEKIHHU. BhIBECTH pe3ynbTar 0O0paOOTKH Ha 3KpaH C
ycTaHoBKaMu orobOpaxenus (Set-up of an image): Triangulation, Color
site, Axes. OmpenenuTb TOYHOCTb BOCCTaHOBJIECHUS. “IIpuHTCKpUHOM”
COXpaHUTh N300pakeHue B rpaduieckom daiie.

9. IToBTOpPUTH NTYHKTHI AJ1s1 yKcia npoekmuii 3,4,5,6,10,12.

10. IToctpouTs rpaduk 3aBUCUMOCTH TOYHOCTH BOCCTAHOBJICHUS OT
yuciia — ucnosb3yeMblx — npoekuuid. [lpoananusupoBars  rpaguk,
HANNCATH BHIBO/I.

11. IToBTOpUTH MyHKTHI 1151 aliroputMoB ToMorpaduu “Filtration by
convolution” u “ART” (mna “ART” 3amath 4yucio HUTEpalil paBHOE
5). CpaBHHMTB NMoJIy4eHHbIe TpaduKH, HANKCATH BHIBO/I.

BiusiHue mymMoB Ha Tpob Ui MPOSKITHH.




12. B 6moke “Noise level” 3anaiite ypoBeHb 1mymoB 15%, BKIIroUnTE
CTJIaKMBAaHUE IIYMOB, MOJIYYUTE TPpapuK MPOEKINHU C 33JaHHBIM YPOBHEM
IIyMa U cCoOXpaHuTe rpaduxk.

13. Ilomyuure CBEPTKY 3alIyMJICHHOM TMPOECKIUU C SAAPOMHU
Pamauannpana u  MHAT  wavelet  (coxpanute  rpadukn).
[Ipoananu3upyiiTe noaydeHHble rpaduku, caenaiTe MNPEeArnoSIOKEHHUE O
pe3yapTare 00pabOTKM MOJOOHBIX JAHHBIX AJITOPUTMOM ToOMOrpaduu
“Filtration by convolution”.

BiusiHue 1IyMOB Ha TOYHOCTh BOCCTAHOBJICHUSI B Pa3JIMYHBIX
aIropuTMax ToMorpaduu.

14. B onoke Reconstruction 3agaTh: pacTp TOMOrpaMMbl (HE MEHEE
yeMm 50x50), yncno npoexkuuii 10, paccunTaTh yrjIOoBOM MIar M 3aJaTh €ro.
B 0JI0KE “Noise level” 3ajaiTe YPOBEHb IIyMOB
15%, BBIKJIIOUMTE CTIa)KUBAHUE [ITYMOB.

15. Beibpars anroputm tomorpaduum “Filtration by convolution” u
BBITIOJIHUTH 00paboTKy. “IIpMHTCKpUHOM” COXpaHUTh H300pakeHUE B
rpaduieckom (aitre.

16. B 6ioke Reconstruction 3aaaTh: pacTp ToMOrpaMMbl (HE MEHEe
yeMm 50x50), yncno npoexkuuii 10, paccunTaTh yriioBOM MIar v 3aJaTh €ro.
B 0JI0KE “Noise level” 3ajaiTe YPOBEHb IIyMOB
15%, BKJIHOUMTE CTIIAKUBAHUE IITyMOB.

17. BeiOpars anroputm tomorpadum “Filtration by convolution” u
BBITIOJIHUTh 00pa0oTKy. “IIpMHTCKpUHOM” COXpaHUTh H300paKEHHE B
rpaduueckoM (aitie.

18. IToBTOopuTh mMyHKTHI Ay anroputmoB “Wavelet filtration” wu
“ART”. Hanmumure CpaBHUTEIBHBIN aHAIN3 MOJYYEHHBIX PE3YJIBTATOB.

19. BuumartenpHO nepeduTaiTe paszgen ‘‘AnreOpamdyeckuil MeToJ
BocctaHoByeHus (ART) wnu nonyueBas koppekuus . [Ipumymaiite cBoit
TEeCT-00BEKT pazMepoM 16 kierok (4x4) m pacnumure 6 uTepanui
BOCCTAHOBJICHUSI C YKa3aHUEM TOYHOCTH BOCCTAHOBJICHHS.

OTyuer MOOMKEH COJEpKaTh IMOJYYEHHBIE PUCYHKH, Trpaduku ¢
KOMMEHTApUsIMU ¥ BBIBOJIAMH, a TaK)KE BBITIOJIHEHHYIO CAaMOCTOSITEIIbHYIO
paboTy mo myHkTy 19. OTdeT npeacTaBiaseTcs: B 3JIEKTPOHHOM BH/JIE.




KoHTpoJbHBbIE BONIPOCHI:

1.  Jlms gyero HeoOX0IMMBbI TOMOTpadUUeCKue UCCIETOBAHUS.

2. HazoBute npaBuiia MPOBEICHUS TOMOTpaPUIECKOro
UCCJIEIOBAHUS.

3. Hazosute OCHOBHYIO KJIaCCU(PUKAITUIO METO/JIOB
BBIYUCIIUTENBHON TOMOTpaduu.

4. B ueM BhIpaxaroTcsi 0COOEHHOCTH TOMOTrpaduu Mmia3MeHHbIX
00BEKTOB?

5. Kak npoucxoaut BOCCTAaHOBJIEHHE CEYEHUN C UCIOJIb30BAHUEM
dypbe nmpeodpazoBaHui?

6. Pacckaxute o MeTo/1€ 0OOpaTHON MPOSKITUU

7. Kak mnpoucxomutr oOpartHas TpoeKius ¢ ¢uiabTpanuen
CBEPTKOM?

8. Pacckaxute 00 anreOpanueckoM METOJIe BOCCTAaHOBJICHUS
(ART).

9. Pacckaxure 00 UTEpallMOHHOM METOJE  HaWMEHBIITUX
kBagpatoB (ILST).

10. Hapucyiite cxemy BBIYUCIUTEILHON TOMOTpaduu

11. Pacckaxutre 0 KiIaCCU(DHUKAIMA METOJIOB BBIUUCIUTEIHLHON
ToMorpapuu

12. PacckaxwuTte 0 MeTOJIe 00paTHON MPOCKIIUH.



JlaGopaTopnass padora Ne2

Tema: PEKOHCTPYKTHUBHBIE METO/bI B
TOMOIT'PAOUYECKHUX UCCIIEJOBAHUAX

Ileab: T1MO3HAKOMHUTHCS C METOJAAMU B ToMoOrpaduueckux
VCCJIETOBAHUAX

ITocTranoBka 3agaum
PaccmoTpuM 3amady BOCCTaHOBICHHS! PEHTTEHOBCKOTO M300paKeHUS
Ha TpHUMEpPE PEHTTCHOBCKOTO ToMorpada C napaiieibHol cxemoul
ckanuposanust (CM. pucyHoK 1).

>

Pucynok 1 - [lapainensHas cxeMa CKaHUPOBAHUS



Ha pucynke 1 mnokazano ceuenue D wuccienyemoro o0bBekTa,
XapakTepu3yeMoe IUIOTHOCTBIO BEIIECTBA, TouyHee, KOdh UIIMEHTOM
IOTJIONIEHUsT pEeHTreHOBCKUX Jyued f(X,y), rme x, y - HEHOABHXKHAS
OTHOCUTEIIbHO O0BEKTa CHUCTEMa JIEKapTOBBIX KOOpAWHAT (C HeEH
COBMEIIEHA CHCTEMa KOOpJauMHAT X', Y’, HeoOxoaumas janee).
PacnosnioxeHHbIE  HAa  paM€  PEHTIEHOBCKUE  TPYOKH  U3IIy4aroT
Y3KOHAIPABJICHHBIE PEHTI€HOBCKUE Jy4Yd HWHTEHCUBHOCTU lg, KOTOpBIE,
OpoiAsl 4epe3 BEIECTBO W  UCHBITAB YaCTUYHOE  IMOIJIOLICHUE,
PETUCTPUPYIOTCS COOTBETCTBYIOIIMMU JE€TEKTOpaMu (IMIPUEMHUKAMU).
Takon SKCIIEpUMEHT NPOBOJIUTCA Ui psiAa 3HAYCHUM yIja II0BOPOTA
pambl @ €[0,m).

BBenem Bpamaromyrocs (HEMOJBUXKHYIO OTHOCUTEIIBHO —pPaMbl)
CHCTEMY JeKapTOBBIX KoopauHaTt S,|. Torma MoxHO 0003HAYUTH depe3
I(S, @) 3HAUYCHHUS WHTCHCHUBHOCTH H3JIyUYCHHUS, MPHUHATHIC JICTCKTOPAMH.
O0o03HaunM nanee:

I(s9) (1)

lo

q(s,(p)=—1n

Ornourerne  '(S9) IPHUHATO HAa3bIBATh NPO3PAUHOCMBIO, & (DYHKIIHIO

o
q(s,(p) -noenouwenuem, uma menvio. Vickomas dyukmus f(X,y) cszana c
M3MEPCHHBIMU 3HAYCHUAMHU ((S,0) unmezpanshvim ypasnenuem Padona,

UM meHeBbIM YPABHECHUEM.

Rf= [ f(xy)di=a(s.e),

L(s.0)

rie R - omeparop mnpeoOpa3oBanus Pamona (omeparop TEHEBOTrO
npeoOpa3oBaHus), a UHTETPUPOBAHUE BEACTCS I10 JIydy B BHUJE IPSMOI
L(S,¢), ypaBHEeHHE KOTOPOU

X COSQ+ y sinp= S (2)

HHuTerpain J f(X,y)dI HA3BIBACTCS MACCOU Gewjecmed Ha JIyde
L(S,(p)
3penus, a ((S,p) B JaHHOM cllydae sBIIIeTCI Ha0OpPOM HCXOIHBIX
WHTETPAJIbHBIX MPOEKIUH (TEHbIO N300pAKEHUS).



Tenb n3o0pakeHus Ipu (PUKCUPOBAHHOM YIJI€ (¢ 0003HAUUM uepe3
q(p(S)I/I OyneM  Ha3bIBaThb  JIUHEUHOU  UHMESPANbHOU  npoexyuell

n300pakeHus ( Mo YIJIOM ¢ .

3aMeTuM, 4YTO CYIIECTBYET €IIE CXemMd 6eepHO20 CKAHUPOBAHUS]
(Oonee pacmpocTpaHeHHasi cxema), JJIS KOTOPOM TakKe CIpPaBeTUBO
ypaBHEeHUE Tuma (2).

Buabl 3a1a4 PEKOHCTPYKIUM

3amauya peKOHCTPYKIMHU PEHTTE€HOBCKOTO HM300pa)KCHHUsS CBOIUTCS K
PCIICHUIO MHTErPaibHOrO ypaBHeHHs Tuma (2) oTHocutenbHO f(X,y) mo
U3BECTHBIM 3HaueHusM ((S,p). Ilpu 3TOM CymiecTByeT JBa THIIAa 3aaad
PEKOHCTPYKIMH: 3a0aud ¢ NOJHbIMU JAHHBIMU u 3ajada C HETOJHBIMH
JTAaHHBIMH.

B 3adaue ¢ noanvimu Oaumnbivu TIPEANONIaTacTCs, YTO HCXOHBIC
UHTCTpajbHble mpoeknuu ((S,¢) H3BECTHBI BIOJb BCEX JIy4YCH,
POXOIAIINX Yepe3 uccleayemoe ceuenne D, T.e. mpu BceX HEOOXOUMBIX
3HAYEHUSAX S U P .

3aoauu ¢ HenonnbiMU OAHHLIMU MOTYT OBITH CJICTYIOIIUX TUIIOB:

1. 3amaya ¢ orpaHHYEHHBIM AMANIa30HOM YTJIOB,

2.  BHENIHsA 3a7ada, korjga GyHkuus (S, ¢) 3amaHa JUIb 1Is | S
|> a,rne a >0,

3.  BHYyTpeHHss 3ajaua, koraa ((S,¢) 3amana jnumb i | S |< a, rae
a>0,

4. 3ajgava ¢ OrpaHUYEHHBIM YKCJIOM HMCTOYHHKOB U NPHEMHHKOB
U3JTyYCHUS.

Yro KacaeTcsi AHAIMTUYCCKUX M YHCICHHBIX METOJIOB PEIICHUS
ypaBHCHHUS (2), TO W3BECTHBI CICAYIOIINE aHAIUMUYEeCKUe Memoobl,
corsiacHo (popmyrsie obpamienus Pagona u cornacHo dhopmyse oOpaiieHus
Kopmaka. Takke CyHIECTBYIOT CIEAYIOIIUE YUCNEHHble MemoObl, METOJ
npeoOpazoBanus Pypbe, METOJ CBEPTKH M OOpATHOM MPOCKIIMH, METOJI
UTCPALIMA U METOBI PETyJISIPU3AIIH.

MHorre W3 3TUX METOJOB HCCIICOBAHbI JOCTATOYHO IOAPOOHO,
OJTHAKO OCTaJICA PsAJ HEpelIeHHbIX BOIpocoB. Hampumep, B Metoje
CBEPTKM M OOpAaTHON NPOEKIMH HMEET MECTO SBHAs PacXOIUMOCTh
pemenuss f(X y) m, 94TOOBI ee yCTpaHWUTH, WCIONB3YETCS IpeaeabHas
(MakcumanbHasi) yactota Oypbe, X0Ts, KaK U3BECTHO, Oosiee 3HPPEKTUBHO
YCTPAHSIOT PacXOJUMOCTh METOJBI CIIIa)KUBAIOIIMX OKOH M, TeM Ooiee,



MeTos peryispuzanuyd  TuxoHoBa. (OaHakO BBEACHHBIA B  HEWH
CTAOMIIM3UPYIONIUNA MHOXKHUTENIb MOKHO 3HAYUTEIBHO YIPOCTUTh, YTO U
npejyiaracTcs B JaHHOM padore.

Kpome 3TOro, B KauecrBe Meroja MTEpalUMyd MCIIOJIb30BAH METOL
Kaumaxka. Mexnay tem, Oosiee »((PEKTUBHBIM MPEACTABIACTCS METO/I
UTEPATUBHOM peryispuszauuu OpuamMana.

HaxoHen, mpeacTaBisitoTCs COBEPUIEHHO HOBBIE BO3MOKHOCTH B
pElIeHUH 3a7]a4l PEKOHCTPYKIIMU PEHTI€HOBCKUX U300PKEHUI B CBA3U C
MPUBEICHUEM «HEYJOOHOTO» ypaBHEHHUS (2) K CTaHIAPTHOMY YPaBHEHUIO
— JIBYXMEPHOMY HHTErpasibHoMy ypaBHeHuto ®Dpenronsma I poma tuna
cBepTKH [8]:

T f(xy)dx dy' ~s(xy), (4)
_'[O_J;o\/(x—x’)2+(y—y')2

e

S(x,y):%Tq(xcos(wsin(p,(p)d(p. (5)

0

VYpaBHenue (4) yxe HCCIENOBAIOCh U MPUMEHSUIOCh Ha MPaKTHKE,
OJIHAKO JI0 HACTOSIIIETO BPEMEHHU HE PACCMOTPEH BONPOC O €TO PELICHUH B
CJIy4dae 3aJa4y C HETOJHBIMU JTAHHBIMU.

Meton npeodpa3oBanust Oypne
DTOT XOpOIIO M3BECTHBIM METOJ OCHOBAaH Ha HEMOCPEICTBEHHOMN

YUCIIEHHOW peanu3auuu TeopeMbl bperncyamna o0 LeHTpaabHOM WU
MPOEKIIMOHHOM CJI0€ (TPOSKIIMOHHON TEOPEMBI):

d(oo,q))z f((DCOS(p,cosin(p), (6)

d(o.0)= [ als.0p s, (7)

—00

2(031,(02): T T f(x,y)e @) dxdy, (8)



- mpeooOpazoBaHuss @ypne (I[ID). Hckomas dyHkuus B (opme
oopatHoro [1® paBHa

1 T i( X+,
f(x,y):4—n2J‘ .[ ?(601’032)8( ' y)dwldwz- ©)

OnHako Tpu  4YMCIEHHOM (quckpeTHOM) peanuzanuu Dypbe-
QJITOPUTM JIa€T 3HAUYMTEIbHBIE HMCKaXXeHHUs (apTedakThl). DTO CBSA3aHO C

TeM, 4To B (9) TpeOyeTrcs 3HaHUE f(ml,ooz), a u3 (6) MBI MOJy4Yaem.

[ToaToMy mpu AMCKpeTHU3alMU 3a7add TPeOyeTCs WHTEPIOJISIUSA, YTO
BeJIET K OOJIbIIIEMY YHCITY OTIEpAIil M TOTEPE TOYHOCTH.

Jlist  ycTpaHeHUsS HEIOCTaTKOB CTaHAapTHOTO anroputma [ID
pa3paboTaHbl ycoBepiieHcTBOBaHHbIE Dypre-anroputmel. TeM He MeHee,
Ooonee moOMyJSIpHBIM M I((PEKTUBHBIM SIBISICTCS aJTOPUTM CBEPTKU H
0OpaTHOM MPOEKIIUH.

MeTtoa cBepTKH M 00PATHOW NPOEKIIMH

JlaHHBIA METOA, SBISIETCS JNaJbHEWIIEH dBojonuend dDypbe-
aJITOpUTMa M TI03BOJIAET IOJHOCTBHIO M30€XKaTh WHTEPIOJSAIMU 3a CUET
nepexo/ia OT JIEKAPTOBBIX KOOPAWHAT M1, Wy K MOJSIPHBIM KOOPAWHATaAM
®,( B MMPOCTPAHCTBE 4acToT. ICkOMO€ pereHne nMeeT BU/I;

T o0

1 .
f (X,y)=mfd(pj q(s,¢)p(xcose+ysing —s)ds,

0 —0

(10)

p(t)= T|o)|ei"’td0) (11)

—00

- TaKk Ha3plBaeMas HMMITyJIbCHas peakius (uibTpa ¢ YaCTOTHOU
XapaKTEPUCTUKOM | ® |.

Onnako pemenue (10)-(11) maer pacxomumocTh. JleHCTBUTENBHO,
ucnonb3ys hopmyny Jiisiepa u 3anucas (11) B Buze

p(t)= ZT|o)|cos(oat)doa, (12)



BuauM, 4to p(t) pacxoaurtcs mpu J10OOM te(—OO,OO) UTOOBl YyCTpaHUTH

PacxoIMMOCTh, BBOAUTCS MpelesbHas 4YacToTa o _X,rae h - mar
h

JAUCKPETU3allNUH, B PC3YJIbTATC

max

2
p(t) =} sinc(mmaxt)—m%sincz(meaxtj. (13)

Takol YCTOWYMBBIM AQJITOPUTM YaCTO HA3bIBAKOT peuleHuem 8
npocmpancmee Sy, HO OH SBISCTCS CaMbIM IPYObIM U3 YCTOMYMBBIX

anropuT™oB. bosee a¢dpexTrBHOE MO1aBIEHNE BEICOKMX TapMOHUK Dyphbe
o0ecreunBalOT  Memoobl  cenajxcusarwux  okod. A Haubonee
3 PEKTUBHBIM SABIACTCS Memoo pezyaapuzayuu Tuxornosa.

Metoa peryasipu3anuu TuxoHosa

[IpruMeHeHne AaHHOIO0 METOJAa IMO3BOJWIO MOJYYUTh YCTOMYMBBIN
(perynsipuzoBaHHbliii) BapuaHT pemenus (10)-(11) B popme:

T e}

fo(Xx,y)= 4—Tl[2£d(p_[oq(s,(p)pa(xc05(p+ ysing—s)ds, (14)
rae
p.(1)= | o, (o] o, (15)
>0 — mapameTp peryiaspu3aiuu,
H? (|oo]) (16)

- CTAOMJIM3UPYIOIUA MHOXKUTENb, IPUYEM

H(ol) = 7 (7

W



p-1,2,3... - mopsgoxk perymspusanuu. OO0bryHO p=1, a o BeIOMpAIOT
CrIocoOOM HEBSI3KHU MJIM CIIOCOO0OM moadopa.

Onnaxko BeIpaxkeHue (16) siBIseTcs NOBOJIBHO T'POMO3JIKUM. bonee
IPOCTHIM, SIBJISIETCSI OTIPEICTICHUE CTAOUITM3UPYIOIIETO MHOKHUTENS B BUJIE

1

Wu(|®|):m-

Metoa urepanuii @puamana

OCHOBHOE JOCTOMHCTBO METOJIOB UTEPAIMN 3aKI0YAETCS B TOM, UTO
OHHM TIPUTOJHBI JIJIT BOCCTAHOBIICHUS TOMOTpadHIECKHX H300paKCHUU B
ClydYae 3a/1auy C HEMOJHBIMU JaHHBIMU. B KauecTBe nmpumepa pacCMOTPUM
MeToJ1 uTepauu OpuamMaHa.

HenocratkoM  aiaropuTtMa  IOCJEAOBATEIBHBIX  MPUOIMKCHUN
ABJIAETCS TO, 4YTO CXOJAUMOCTb TapPaHTUPYETCS TOJBKO IMPU YCIIOBUHU

0<B<2/|R

OOBIYHO TPYAHO WJIM HEBO3MOXKHO BBIUMCIUTH aHaTUTUUYEeCKU. [loaTOMy Ha
npakTuke OepyT pJoctaTouHo Manoe 3HaueHne f[. Kpome Toro,
ONPEICIICHHYIO CIOKHOCTh MPEICTABISET ONPEACICHUE YUCTa UTEpaLlHil
(Iporiecc UTEpaIMii CXOIUTCS JUIIb B Clydae TOYHBIX 3HadYeHui (S,0) , a
NPy HAJIUYUK IIYMOB OH PAaCXOAMTCS HM3-32 HEKOPPEKTHOCTH 3a/JauH).
OOBIYHO YHWCTIO WTEpalMii BHIOMPAIOT MO HEBS3KE WM IO TompaBke. B
JAaHHOW paboTe YHUCI0 WTepaluii N BBIOMpATIOCh cnocobom nodbopa -
MyTeM BBIOOpA TAKOTO YHCIAa HTEpAlii, TPHU KOTOPOM HU300pakeHUe
BOCCTAHABJIMBACTCA HAWIYUYIIUM OOpa3oM C TOYKH 3PEHHS 3PHUTEIHHOTO
BOCIIPUATHS. Takou cocoo0, KOHEYHO, COJZIEPKUT DJIEMEHT
CyOBEKTUBHOCTH, OJHAKO OH OCHOBBIBAETCS HA alipuOPHOUN HHGOPMAIUH O
pEIIeHUN U, KaK TTOKa3bIBAET PEIICHUE PA3IMUYHBIX MOJACIBHBIX PUMEPOB,
aBisieTcst BecbMma 3 (PEKTUBHBIM.

2
, @ 9TO TpeOyeT 3HaHUs HOPMBI ornepatopa R. DTy HOpMY

MopenupoBanue

Ha ocHOBe MeTO/1a CBEpTKH M OOpAaTHOM IPOCKIIHMH, a TaAK)KE METOaa
utepaunii Opuamana ObUIO pa3pabOTaHO MPOTPAMMHOE 00ECIEUEeHHUE Ha
s3pike  Delphi mis mpoBemeHuss MOICNBHBIX 3KCIEepUMEHTOB. Hrbke
IIPUBEICHBI PE3YJIbTaThl PEIICHUS HEKOTOPHIX MOJICIBHBIX IIPUMEPOB.



Ha pucynke 2 1m0oKa3aHbl NOpUMEPHl HMCXOJHBIX H300paKEeHUN
pasmepom 512 x 512 nukceneun. Ilocime pemeHuss npsMon 3agayu
ToMorpaduu MoJy4eHbl TEHU H300paK€HUM, MOKa3aHHbIE HA PUCYHKE 3.
[locne BoccTaHOBIEHUS HM300pAKEHHM METOJOM CBEPTKU U OOpaTHOM
MPOEKIIMU U METOA0M uTepaunii OpuamaHa Moay4eHbl BOCCTAHOBJIEHHBIE
n3o0paxkeHus: (pucyHku 4 u 95).

Wtak, B nanHoN pabote mokazaHa 3((HEeKTUBHOCTh HCIOJIb30BAHMUS
METOJa peryiisipuzanuu THUXoHOBa W MeToJa urepanuii Opuamana s
PEKOHCTPYKIHMHU PEHTI€HOBCKUX U300paKeHUH.

2
T

Puc. 2. icxogHble nsobpaxeHus.

Puc. 3. TeHn nsobpaxeHui



Urtak, B nanHoi pabore mokazaHa 3(PPEKTUBHOCTH MCHOJb30BAHUS
METOJa peryiisipuzanuyd THUXoHOBa M MeToJa urepanuii dpuamana s
PEKOHCTPYKIIMM PEHTT€HOBCKUX MU300paKCHUM.

y | 4
| —

Puc. 2. icxogHble nsodpaxeHus.

. . i
S I

Puc. 3. TeHun nsobpaxxeHui



Puc. 4. [NepBoe BocCTaHOBNEHHOE N300paXKeHne: MeTo4oM CBEPTKU U obpaTHOM
npoekyuu (cneesa) u metogom utepauun ®pugmana (cnpasa).

Puc. 5. BTopoe BocCcTaHOBNEHHOE U3obpaxXeHne: MeTo40M CBEPTKU U oBpaTHON
npoekuyun (cneesa) n metogom utepauun dpugmaHa (cnpasa).



1.

KoHTpoJIbHBIE BONIPOCHI:

Kak OCYIIECTBJISCTCS napaaieabHOE CKaHupoBaHUE?

Hapucyiite cxemy.

NOo Ok oW

Pacckaxure o merone urepaunit Ppuamana
Pacckaxure o merojie perynspusanuu TUXOHOBA
PacckaxuTe 0 METO/I€ CBEPTKU U OOPATHON MPOEKIINU
Pacckaxwute o meToze mpeodpazoBanus Dypne

Kakue cyiecTByrOT BUbI 33/1a4 PEKOHCTPYKIIUN?
Hanummre naterpansHoe ypaBHeHueM PajioHa.



JlabopaTtopnas padora Ne3

Tema: HCCJIEAJOBAHUE AJITOPUTMA OBPATHOI'O
HPOELIMPOBAHUA

Ienv pabomer: TlomydnTh HABBIKM TPAKTHUYECKOW pead3aliiu
PEKOHCTPYKIMH TOMOTpaduyecKuX n300pa’keHUH.

Kpamkue meopemuueckue céedenusn

Haunpocrenmuii anroputM peKOHCTPYKUUH COCTOMT B TOM, YTO
OILICHKY IUIOTHOCTHU B JIFOOOW TOYKE HAXOASAT MyTEM CIIOKECHUS JIy4EBBIX
CyMM JJIsI BCEX JIy4deH, MPOXOAIIUX Yepe3 JaHHYIO TOUKY. DTO alrOpUTM
CYMMUPOBAHUS WM OOPAaTHOTO MPOSIIUPOBAHUSI.

TpaguuuonHass Tomorpadus, MO CYLIECTBY, SIBISETCS METOJI0M
oOpaTHOro mpoenupoBaHusi. B 3ToM ciydae nuHeiHOe ocnabieHue B
TOYke A (pUCYHOK |) OLICHMBAETCSA MYTEM CJIOKEHUSI (MHTETPUPOBAHUS)

CyMMapHOM IJIOTHOCTH BOJIb ITyTeil oT Xt 10 At B Teuenun Bpemenu T (t
e[0,T]).

X1 X2
Hanpasnenue JIBUYKEHUS

HCTOYHHUKA peHTTCHOBCKOFO
U3JTyYCHUS _—

alMeHT

C

P

A2 l Al D2 D1

Hamnpasnenune JIBDKCHHUS
(hoTOIIACTHHKH =~ +———

Pucynok 1 - ITonyuenne nzo0paxenus ceuenre C B TpaAUIIMOHHON
TomMorpaduu

Hanomuum, uto At (Touka A npunHajyiexut ceuenuto C) - Bcerma
OJIHA M Ta K€ TOUKa Ha TepeaBuraromieics Gororpadudeckoi miacTUHKE
P (nmunHa otpe3ka A1A2 paBHa HyIIO), B OTIMYUU OT Touku D (oTpe3ok
D1D2 He paBeH HyNIO) U MOTOMY A SBJISETCS €IUHCTBEHHON 0O0IIen
TOYKOU i Jro0bIX myTed ot Xt go At B pazmuunbsie MOMEHTHI t. Bcee



BUJIbl TPAJUIIMOHHON ToMorpaduu, BKIHOYas CHUCTEMY, B KOTOpOM
nepeMenieHe UCTOYHUKA PEHTIEHOBCKOTO M3Iy4YeHUs] U (POTOIIACTUHKHU
UIYT BIOJIb OCEH KOOPAMHAT, MPEJCTABISIOT COOOM TPEXMEPHYIO BEPCUIO
aNropuTMa oOpaTHOTO MPOECIUPOBAHUS.

BBenem omepatop oOpatHoro mpoenupoBaHus B, KoTopwIii
3ajannyo QyHkouio aByx mepeMeHHbIX p(l,0) mpeoOpasyer B apyryro
¢yHKIMI0 Bp ABYX HOJSPHBIX MEPEMEHHBIX TaKUM 00pa3om, uto [Bp](r,¢)
paBHa wuHTerpany mno 60 BemuumH p(l,0), tme I=r-cos(6-¢) pasHa
pPacCTOSIHMIO OT Hadajla KOOpJAMHAT a0 mIpsMmoil L, mpoxomsmen depes
TouKy (I,) , ¥ IepreHAuKyIapHOM npsimoir K, koTopast oOpasyer yroi 0 ¢
oceto X (pucynok 2). Ecim p(l,0)- nydeBas cymma, cBsi3aHHas ¢
nepeMeHHoM |, TO SCHO, 4TO MareMaThyecKas HicaIu3alus aJropuTMa
CYMMUPOBAHUS 3aKJIIOYAECTCS B TOM, YTOOBI COMOCTaBUTH MPOSKIIMOHHBIM
JAHHBIM P OLIEHKY PEKOHCTpyKuuu Bp.

Pucynok 2 - CooTHomieHre apryMeHToB ¢GyHKIu p 1 Bp B
npoctpancTse (I, ¢)

Meroag CyMMHpOBaHHMS MOXET OBbITh pEAM30BaH PA3TUYHBIMU
aHaJIOrOBBIMU  ycTpoiicTBaMu. Hampumep, MOXHO  HCHOIB30BaTh
AJIEKTPOHHO-TTYUYEBYK0 TPYyOKy, Ha SKpaHE KOTOPOW TMOCIEI0BATEIbHO
OTOOpaXaroT JMHUU; HUX TOJIOKEHHWE COOTBETCTBYET TEM Iy4yKaMm
PEHTIC€HOBCKOI'O M3JyYEHHs, 1 KOTOPBIX MPOU3BOIAUTCS H3MEPEHUE
JY4YEBBIX CYMM, a APKOCTh — 3HAYEHUIO JIyuyeBOW cyMMbl. NHpopmamus c
AJIEKTPOHHO-TTY4EBOM TpyOKH CyMMUpYyeTcs Ha poTorpaduuecKoi MmieHke,
IpUYEM IUIOTHOCTh TIOYEPHEHUS] MOIYJIHUPYETCS MPOMOPHUOHATIBHO
BEJIMYMHE JIY4EBBIX CyMM. PesynpTHpyromiee u300pakeHHe Ha



dboTorieHke OyJeT NPeACTaBIISITh COOOM PEKOHCTPYKIIUIO, MOJYYEHHYIO
oOpaTHbIM TmpoerupoBaHueM. Ham ke HHTEpec 3aKiIr4yaeTcs B
BbIYMCIIeHUN BelmuuHbl [BP](r,¢) mo marpure Y, rae i-s cTpoka MaTPHIIBI
Yi=p(l;,0) s 1<i<N.

OrpaHuuurM Haille paccCMOTPEHHE CXeMOoW cOopa JaHHBIX i M
PaBHOMEPHO PACHPEACIICHHBIX B MPOCTPAHCTBE MapasjieibHbIX JIyded B
KaxaoM pakypce. Ilycte A 0003Hauaer yron MexXAy HANpaBICHUEM
pakypcoB (tak, uto A=n/M), a d - mar Mexay napauieIbHbIMA JIY9aMH
nyctb Nd>r.

Ha pucynke 3 mokasaHbl Kak TOYKH, JJII KOTOPBIX BEJIMYMHA P
U3BECTHA, TaK U KPUBasl, BAOJIb KOTOPO HEOOXOIUMO MPOUHTETPUPOBATH
P, 4YTOOBI TTOTYUYUTh

Y

[Bp](r,0)= [ p(r-cos(0 —o), 6)do 1)

0

1= 1 -cos(6 —@)

1

1

1

1
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Pucynok 3 - CooTHoIieHre apryMeHToB ¢GyHKIu p 1 Bp B
npoctpanctse (1,0)



MeTtoa, KOTOPBIT OOBIYHO MCHOJIB3YIOT JJIsl ONIpEJIe/ICHUs HHTerpaia
(1) cocTrouT U3 caeAyOMUX JBYX ITAIOB:
Cnayana anmpoKCUMHUPYIOT MPABYIO YacTh BbipaxeHus (1) cymMmoit:

[Br](r.p) ~A 3 ¥ p(r-cos(m A ~g), m A) @

KOTOPYIO Ha3blBal0 CyMMOM PumaHa /Uil HaHHOTO HWHTErpaina, 3aTeM
NPOU3BOJAT OICHKY JIJISl KaKJOTO 3HAYeHUs M BeJW4YuHBI p(r-COS(MA-¢,
MA) mo wu3BecTHeIM 3HaueHusM  p(nd,mA) (-N<n<N) nyrem
WHTEPIIOJIUPOBAHUS.

B pexoHCTpyKTHBHON TOMOTpaduu 0OBIYHO UCIIOIB3YIOT JIBa METOAA
WHTEPIOJAIMU: METOJ WHTEPIOSIUU 10 OJmkaiilieMy 3HAYCHUIO MU
METOJ JUHEHHON uHTepnoisuuu. [Ipu uHTEpHONAIMU MO OauKanuIeMy
3HAYCHHIO BBIYUCIISIOT P(I-COS(MA-@,MA) no BenmmuuHam p(nd,mA), rae n
BBIOMPAIOT TaKUM 00pa3om, 4TOObI BBIPAKCHHUE | nd-r-cos(mA-o) | umeno
HaWMEHbIIIEE BO3MOKHOE 3HAUYCHHUE.

Hpyrumu cnoBamu, omnpenenenue [Bp](r,p) npu nomomm Metona
UHTEPIOJAIMU 10 OJbKalieMy 3HAYEHUIO BBITIOJIHSAIOT CIAETYIOIMINM
00pa3oM: CKJIaJbIBAIOT BMECTE JyUeBbI€ CYMMBI JIJIsl JIyued 10 OAHOMY W3
KaKJIOTO PaKypcOB, KOTOpBIE SIBJISIIOTCS Osrbkaiimue K Touke (I,p) , U
pEe3yabTaT YMHOXAIOT Ha A.

B maGoparopHoii paboTe mpejyaraeTcsi HCHOJb30BaTh METO]
WHTEPINOALMU 1o Onwxkaiimemy coceny. B cOOTBETCTBHUM C  3THM
METOJIOM B KaXKJIOM |-CTOJOIE PEKOHCTPYHPYEMOTO HM300pakeHUS
HEOOXOJMMO HAWTU CTPOKHU, K DdIeMeHTaM (MHUKCENsIM) KOTOPBIX
no0aBisgeTcss M-Basi MPOEKIMOHHAST CyMMa JIaHHOTO pakypca. OOpatum
BHUMaHHE Ha TO, YTO MPHU paKypcax, HAIpPaBJICHUS KOTOPBIX HE KpaTHBI
7/2, HalJICHHbIE CTPOKHU MOTYT BBIXOJUTH 32 MPEACNIbl N300paKEHUS, YTO
WJUTIOCTPUPYETCS] PUCYHOK 4.



DUKTUBHBII MUKCENb
BOCCTaHABJIMBAEMOTO
n300paKeHHs \
| ‘ DuKTHBHOE T10JIE
+ (] + /( BOCCTaHABIUBAEMOTO
* )/r + /+/ + Hn300paKeHust
e & oo
£IZIERLAL 2
st
/+/ 4 K + BQCCTaHABJIMBAEMOTO
t/ L\ ‘ ‘ H300paKEHHA

X( ITukcens

Pakypc Pakypc BOCCTaHABJIMBAEMOTO
O=n/2 O=n/4 H300paKeHNUst

PucyHnok 4 - [Tone (MaTpuIia) BOCCTaHABIMBAEMOTO M300paKCHUS C
pakypcamu /2 u m/4

Ecnu pakypc AeBSHOCTOTPaAyCHBINH, TO BCE 3JEMEHTHI JAHHOTO |-TO
cToI0LA JIeXKaT Ha HPSIMOiL |, B IPOTHBHOM cllydae, KaK 9TO IMOKa3aHO Ha
puc.4 U1 COPOKAITHIPALYCHOTO pakypca, mpsimas | mpm |,
HaXOJAIIEeMCsl B TIOJIE M300pakeHMs, MmepecekaeT (DUKTUBHBIC MMHKCENH,
KOTOpBIE JIeXKAT BHE MOJIS U300pakeHns. Tak Kak K HUM MPOEKIUOHHAS
CyMMa He J00aBJsSe€TCsi, TO MNpPU CYMMHUPOBAHUU HEOOXOAUMO
UCIIOJIb30BaTh HOPMHUPOBOYHBIN KO3(P(DUIIMEHT, KOTOPBI Obl yUYUTHIBAI
HEOJHO3HAYHOCThH 3JIEMEHTOB, MO KOTOPBHIM Pa3MbIBAETCA MPOCKIMOHHAS
CyMMa OT MPOEKIHNH K TMPOCKIIMU KaK BHYTPU OJHOTO M TOTO K€ paKypca,
TaK U OT paKypca K paKypcy.

Meronuka onpeneneHus dsiaeMeHTa (Onwxkailiiero cocema), K
KOTOPOMY J00aBIsI€TCS JTaHHAs MPOCEKIIMOHHAS CyMMa, WLTIOCTPUPYETCS
muctom MathCad, koTopbrit mpuBeIeH HUXKE.



3amaeT pasMep MaTpHIEl TOMOTPAMMEL

T (N -1
4 77 N-1
k=1 OmnpemensAeT HOMEP paKypca

j = —2..2 Homep cTondua B TOMOTPAMME H E EOCCTAHABMEASMOM
mzobpaseHm

l'=—2..2 Homep npoerInm E paKypce B TOMOTpaMMe

. . ) d
ilypy joo=—j-tan(A - k) 1. ———
-1 coslk - A)
(=2 =3 —4 =5 —8Y
0 -1 —2 —3 —4
il=; 2 1 0 -1 -2
4 3 2 1 0
L6 5 4 3 2/
A |
Y
\ d
1..].1+J '+J = —j-taﬂ(&-k|—1-—~
-1 ' cosl k- A
i -2 A 0 1 2
!
" —2233 —2.647 —3.061 —3.476 —3.887 2
—=0.702 —1.117 —1.531 —1.045 —2350 -1
il = 0.528 0414 0 —0.414 —0.828 0
2330 1045 1.5331 1.117 0.702 1
v, 380 3476 3061 2847 2233 2

Bemmuma il ompefenasT opaOMHATY Nepecedenns npaMoi [ ¢ ocBr
OpOMHAT E MPOCTPAHCTES PECTAEPHPYEMOro H2obpaxemma. na
TOT0, 4T00E PEANNZ0EATE HICPAIHMOHHYES IPOLETYPY
EOCCTaHOBICHNA H3o0paxemia HeobxommMo EubDpate npaayio [ B
PAKYpCe, KOTOPad ABNASTCA ONTHMANBHOH 71 3IeMeHTa, CTOAIIET
B HTEpaiMoHHoi Gopuyne. KpHTepieM onTHMANEHOCTH ABIASTCA
B/mI30CTE KOOPAMHATH i PACCMATPHEAEMOr0 IMEMEHTa K OOHOMY H3
WAEMEHTOE il 1nA KoHKpeTHOro cTonbua § maTtps [I1] . To ecTs B
pecTaEpHpYEMOil MaTpHIle BRIOHpaeTCA MEMEHT i), a B MaTpiue [I1]
B CcTONOLE | 3neMeHT, Omokaimngi Kk 1. HoMep cTpokm 3TOrO
3NeMeHTA TaCcT HOMep NPOSKIHH E PaKypce (HoMep KOODOMHATH /).
ZHa4YeHHE KoTopol HeobXommmio ToDAENTE K HAKATUMEAEMOH CVMMeE
EOCCTAHABIMEASMOTC JTEMEHTA.



IHopsinok BHINOJIHEHUSA PadOThI

1. TloBroputre  pazaen «IIpeoOpazoBanue  Pamonay, 51
«AJTOPUTMBI PEKOHCTPYKTUBHON TOMOTpadum».

2. CocraBbTe CXE€My aJIropuTMa PEKOHCTPYKIHMH H300paxKeHus,
noyiydeHHOTOo Bamu B pe3ynbTaTe BBITIONTHEHUS J1a00paTopHON paboThI
Nel, mocpeacTBoM aaropuTMa 0OpaTHOrO MPOCUPOBAHMUS.

3.  PeanusyiiTe moyiy4eHHbIN aIrOpuT™M Ha BBIOOD: MO0 Ha JIFOOOM
AITOPUTMUYECKOM SI3BIKE, JIMOO HCIONB3Ys MPOCTCHINNI KaabKYJATOP H
nuneinky, Hanpumep, MATHCAD, tabauunsiit npoueccop EXCEL u 1.1.

4.  Buzyanuzupyire II0JIY4EHHOE PEKOHCTPYHUPOBAHHOE
n3o0pakeHue o0pas M CpaBHUTE €TI0 ¢ UCXOTHBIM H300paKCHHUEM.

5. CnenaiTe BBIBOJEL.

Copep:xkanue oryera

1. KomneroTepHas pacredarka uCXOAHOTO u3o0paxkenus. Eciu
B HcxoaHoM (aiie m3o0OpaxkeHue mnpeacraBieHo B ¢opmare RGB, To,
ucrionb3dyss  craHgapt NTS, momyuuts Qaitn ¢ yepHO-OenbiM
HU300paKECHUEM.

2. KommproTepHas ~ pacriedatka  paJIoHOBCKoro  oOpasa
M300pakeHUs, TOJIYUYEHHOTO B JlabopaTopHOil padote Nel.

3. Cxema anropuTMa OOpaTHOTO  MPOCHUPOBAHUS IS
n300pakeHus 1.2.

4, JIuctuHr IPOrPaMMBI anropuTMa oOpaTtHOro
MIPOCIIMPOBAHUS JJIsI KOHKPETHOT'O PaJOHOBCKOTO o0pa3a II. 2.

5. BriBobI

KoHTpoJibHBbIE BONIPOCHI:

1. Kak B TpagunuoHHOW ToMorpapuu HU3MEHSIOT KOOpPJMUHATHI
UCCIIEyEMOI0 CEUCHUS?

2. M3oOpasute npeobpazoBanue Pamona nis kpyra ¢ IEHTPOM B
HayvaJjie KOOpIMHAT.

3. Jlokaxure, 4TO OJHOW TOUYKE B PAJOHOBCKOM IPOCTPAHCTBE
COOTBETCTBYET MHOXXECTBO MPSAMBIX (B 00IIeM ciaydae OCCKOHEUYHOE) B
TOJIAPHBIX KOOPIMHATAX HCXOAHOTo n3oopaxkernus f(r,e).

4.  TloueMy mpu BOCCTAHOBJICHHHM M300paKCHUN HE HCITOJIb3YETCS
dbopmyna obpatHOro nipeodpazoBanus Pagona?



5. TlosicHuTE CYIIHOCTH TEOPEMBI O IIECHTPATBLHOM CEUCHUU?

6. Ckonbko mpoekuuid B pakypce? IlpuBenutre HEoOXoaAMMbBIE
pacueTsl.

/.  Uro sBuseTcs sanpoM npeodpazoanus Pagona?

8. KakuM mapameTrpoM OMNpenestoT KOOPAMHATHI UCCIETyEeMOro
CCUCHHUSI B TPAAUIIMOHHOM pEHTreHOBCKOM ToMorpaduu? Kak BbIOpath
HOBOE cE€YeHUE?

9. Ilycth y Hac UMeeTCs MaTpuUlla UCXOIHBIX JAHHBIX [), SJIEMEHTHI
kotopoii P[l,6] - amMckperHbIe OTCUETHl PaJJOHOBCKOr0 00pasa
nzoopaxenus f (r,p). IlpeacraBpTe cXeMy allfOpHTMa OIPCACICHUS
BOCCTAHOBJICHUSI  H300paKeHUs f°(r,p)  MerogoM  0OpaTHOro
MPOCIUPOBAHMUS.

10. Ilycth y Hac umeeTcs MaTpUila UCXOHBIX TaHHBIX [, DJIEMEHTHI

kotoporr P[6,,1,] , i =1L M, j =1 M JOACKPETHbIE OTCYETHI

pajoHOBCKOro oOpasza wusooOpaxenus f(r,p). IIpeacraBpre onHy W3
peanuzanuii JMHEHOrOo 1MGPOBOro (PUILTPA, BOCCTAHABIMBAIOIIETO
ucxoaHoe n3oodpaxenue f (r,(p)) METOI0M OOPATHOTO MPOCIIUPOBAHMSL.

11. Hapucyiite nzo0paxeHre oTpe3Ka, MPOXOIsIIEro Yepe3 Hayaao
KOOpPJMHAT, TMOJY4YEHHOE TMyTeM OOpaTHOro MPOCIUPOBAHUS €0
npeoOpaszoBanus PanoHa.

12. Hapucyiite wuzoOpakeHHE€ TOUYKH HE JeXalled B Hadale
KOOpJMHAT, TMOJIYy4EHHOE€ TyTeM OOpaTHOro TMPOCIUPOBAHUS €€
npeoOpaszoBanus PanoHa.

13. Jlaiite CPABHUTEIILHYIO OLICHKY aIJUTUBHBIM u
MYJIbTUIUIMKATUBHBIM METOJaM KOPPEKIMU JaHHBIX. UeMm ompeaensercs
uX 3Q(HEeKTUBHOCTDH?

14. TlpuBeguTe  aHanu3  OWMOOK  NOPU  BOCCTAHOBJICHUH
M300paKEHUH C TOMOIIBIO aJITOpUTMa 0OPATHOTO MPOCIIUPOBAHUS.

15. TlpuBegute  aHanu3  OMMOOK  TpPU  BOCCTAaHOBJICHUU
M300pakeHMs ¢ MMOMOIIBI0 (hypbe-aaropuTMa.



JlabopaTtopnas padora Ne4

Tema: UCCJIEJOBAHUE METO/IOB JIOKAJIbHOM
OBPABOTKH TOMOI'PA®UYECKUX U30BPAKEHUN

ear paboTbl: ucCCAEIOBAaTh CIOCOOBI JIOKAJIBLHOW 00pabOTKU
n300pakeHuH.

Teopernueckue cBegeHUs

OnuH u3 TUMOB TpeoOpa3oBaHUsi M300pakKeHUs, KOTOPHIA YI0O0HO
BBITIOJIHATL Ha DBM - 3TO Tak Ha3bIBaeMble JIOKAJIbHBIC OTEPAIlUU WU
onepanuu cBEPTKU. CyTh UX B TOM, YTO 3HAYEHUE SIPKOCTU KaXIOTO
JIEeMEHTa TIpeol0pa3yeTrcs B 3aBUCUMOCTH OT SIPKOCTEM COCETHUX
a5ieMeHTOoB. [Ipu 3TOM mociie[oBaTENHbHO MPOCMATPUBAIOTCS BCE DIIEMEHTHI
HU300pakeHus1, HO JOTIOJHUTEIBHO Y KKIOT0 U3 HUX NMPOCMATPUBACTCS U
€ro OKpecTHOCTbH - "okHO" (pucyHok 1). Pa3mep okHa yacto OepyT paBHBIM
3x3 wim 5x5 >7MeMEHTOB, TaK Kak MpU OOJBIIMX pa3Mepax BO3PACTAOT
3aTpaThl MAITMHHOTO BPEMEHH.

Pucynoxk 1 - JlokansHast 00paboTka n300pakeHust



Onepanuu CBEPTKH B OKHAX IIMPOKO MPUMEHSAIOTCS TTpU 00paboTKe
n300pakeHui, Korja TpeOyercs, Hampumep, MOAYEPKHYTh KOHTYPHI U
MEJIKME JETalu WU, Ha00OpOT, CriIaguTh U300pakKeHUE JJISl BBISBICHUS
KPYIHBIX OOBEKTOB, YCTpaHEHHUsS MOMeX. TakuM oO0pa3oM, BBIXOJTHOMN
maccuB G pazmepomM M1xM2 dopmupyercs myTéM TUCKPETHOM CBEPTKU
maccuBa F pasmepom NIXN2 ucxomaHoro u3zo0pakeHus ¢ MaCKUPYIOIMIUM
maccuBoM H, pazmepom L1xL2 cormacHo ¢opmye:

G(ml, mz) = i i F(nl, nz) H(ml-n1+l, mz-n2+1). (1)

n=-oo Ny=—

Jns  ysCHEHUs  MeXaHuW3Ma  B3aUMOJECHCTBUA  DJIEMEHTOB
U300paKeHUsT W MACKUPYIOIIEH MMOCIe0BAaTEIbHOCTH PACCMOTPUM B
KaueCcTBE MpHUMEpa B3aMMOACHCTBUE JBYMEPHOM MOCIEA0BATEIHLHOCTH
KOHEUYHOU MpoTsiKeHHOCTH F(ny,Ny), 3HaU€HUs OTCUETOB KOTOPOU paBHBI 1
BHYTpu mpsiMmoyrosibHOM obnactu 01) ni[INI, 00ny,[IN2 u 0 BHE €€, ¢
CIMHUYHOW  JBYMEpPHOW  MACKUPYIOIIEW  MOCJIEI0BaTEIbHOCTHIO,
PAacCIOJNIOKEHHBIMU HIKE U JIEBEE TOUEK ml, m2.

JInst BBIUMCIIEHUSI 3HA4YC€HUS BbIXOJHOro otcueta G(mp, My), ¢
MOMOIIBI0  BbIpakeHust (1), oOpazyeM  MOCIEAOBAaTEIbHOCTh -
npomsBeneane F(ny, Nnp) H(mg-ng+1, my-ny+1). B 3aBucuMocTd OT
KOHKPETHOTO 3HAYCHUS (my, my) HEHYJICBBIC oOJactu
nocienaoBarenbHocTed F(ny, Ny) u H(my-ni+1, my-n,+1) nepekpriBaroTcs B
pa3IU4HON cTeneHU. MOKHO BBIICIHUTH ISATh CIIy4aeB, MPEACTaBICHHBIX
Ha PHUCYHKE 2, TJ€ HEHYJIEBbIE OO0JACTH KaXXJOW MOCIEI0BATEIHLHOCTU
3alITPUXOBaHBI, @ HYJIEBbIE OTCUYETHI IPOCTO HE MOKA3aHBI.

Cayuan 1. m<0 mwim m,<0. U3 pucyHka 2 BHUIHO, YTO JJISI TAKUX
3HaueHMH (my, My) mocnenoBarenbHOoCTH H(my-ny+1, Mmy-ny+1) u F(ng, Ny)
He rnepekpbiBatoTcs. [loaToMy ux mpousBeleHHE, KaK W 3HAYCHHE TaKHUX
OTCYETOB CBEPTKHU, PABHBI HYJIIO.

Caywaii 2. 0<m;<N1, 0<my<N2. Hmeer mecTo dYacCTUUHOE

IIEPEKPBITUE. Bxnan HEHYJIEBBIX 3HAYCHUU OTCUETOB B
MOCJIEAOBATEIIBHOCTD - MPOU3BEICHUE UMEECT BUJI
G(my, mp)= 3, > 1=(my+l)(my+l) 2)

n=0 n,=0

Cayuaii 3. m1[ /N1, 0<m2<N2. 3aech MOXHO HaNUCaTh



G(my, mp)= 3 3 1=N1(my+1) 3)

=0 n,=l
Cayuaii 4. 0<m1<N1, m2>N2. [To ananoruu co ciaydaem 3 umMmeem
G(my, mp)=N2(m1+1). (4)

Cayuai 5. m1>N1, my;>N2

B »sTroM  mocnemHeM — ciyyae — CABHUHYTas  CTyIlEeHYaTas
nociegoBarenbHOCTh H(mi-n;+1, My-ny+1) nNOJHOCTBIO TEpPEKpPHIBAET
umnyibe F(ng, Ny).

Torma G(m1, m2)=N1N2 (5)

B urtore noixas CBépTKa HNMECT BU/
-

0 npu m1<0 nnm m2<0
(m1+1)(m2+1) mpu 000mM1< N1, 00Im2<N2
G(m1, m2) = N1(m2+1) npu M1>N1, 00Jm2<N2 (6)
N2(m1+1) opu 00Jm1<N1, m2[1N2
(NIxXN2 npu M1LIN1, m21N2



Cnyyaii 1

Cnyuaii 4
My
my

Cinyyaii 3

N1

Cityqait 5

Pucynok 2 - CBepTka KBaJpaTHOT'O UMITyJIbCa C
JBYMEPHOU CTYIIEHYATOM MOCIEI0BATEIBHOCTHIO



E¢€ rpaduyeckoe n3o0pakeHue oKa3aHo Ha pUCyHOK (3).

Pucynok 3 - CBepTka ABYX MOCIEI0BATEILHOCTEN

IIpuBeném  mpuMepbl  MAacCKHPYIOUIMX  IOCJIEAOBATEIBHOCTEN
pa3MEepHOCTHIO 3X3.

CriiaxuBaromme MacKu

111 111 121
[H]=1/9 |1 1 1|; [H]=1/10 |1 2 1|; [H]=1/16|2 4 2
111 111 121

MaCKI/I, HOI[LIépKI/IBaIOHIHe I'paHUIIbI 1/1306pa>1<eHH51
0 -1 0 -1 -1 -1 1 -2 1
[H]=]-1 5 -1{; [Hl=]-1 9 -1]; [H]=|-2 5 -2
0 -1 0 -1 -1 -1 1 -2 1

OTH MAaCKH  IMOJYCPKUBAIOT TI'PaHUIIbI HE3aBUCHUMO oT HX
HaIlpaBJICHUA. I[JBI BBIZICJICHUA IICPCIIaI0OB OHpCI[GJICHHOI\/,I OpHUCHTAIHH,
HCITOJIB3YIOTCA aAalITUPOBAHHBIC MACKU:

"Ceep" "CeBepo-BOCTOK"
1 1 1 1 1 1
[H=|1 -2 1]; [H]=]-1 -2 1};
-1 -1 -1 -1 -11

"BocTok" "FOro-BocTok"



-1 1 1 -1 -11

[H]=]-1 -2 1|; [H]=|-1 -2 1];
-1 1 1 1 1 1
"FOr" "FOro-3aman"
-1 -1 1 1 -1 -1
[H] = -2 1|; [H]=]1 -2 -1];
11 11 1
"3amana" "CeBepo-3anan”
11 -1 11 1
[HI=]1 -2 -1/; [H]I=]1 -2 -1
11 1 1 -1 -1

Has3Banue Macku TrOBOPUT O HalpaBJCHUU Iepenana SPKOCTH,
BBI3BIBAIOIIEH HAUOOIBIINI OTKINK (PUIIBTpA.

N3 Beipaxkenusi (1) u pucyHka 4 cieayer, 4To CYIIECTBYIOT JBa
crocoba BBIOOpAa aKTUBHOTO AJIeMEHTa (dJEMEHTa ¢ KoopauHaTamMu ml,
m2) Ha UCXOJHOM H300paKEHUHU, KOTOPbIE MPUBOJAT B OOIIEM Clydae K
pa3HBIM pe3yjbTaraM. JTO WITIOCTPUPYETCS PUCYHOK (4,a) U PUCYHOK
(4,0).

Panee MBI IOrOBOPUITUCH, YTO MPU BBIXOE 32 KaAp U300paKEHUS MBI
uMeeM HyJieBble OTCYETHI. OJHAKO B HMCXOJHBIX JaHHBIX 3TH OTCUYETHI
oTcyTCTBYIOT. Ilo3TOMy, 4YTOOBI TIporpamMMma, pealu3yrollas TaKoe
npeoOpa3oBaHue HU300pakeHHs, OblJIa PabOTOCIOCOOHA, HEOOXOAUMO
pacliupuTh MCXOJHBIA MACCHB, MHA4Y€ TOBOPS JOOINPEACIUTH €ro 10
pasmepHoctH (N1+L1-1)(N2+L2-1). UToObI HCKIIIOUHTH KpaeBoi 3¢ ¢eKT,
JOOTIPEACIIsIEMbIE JJIEMEHTHl NPUHUMAIOT HE HYJIEBble 3HA4YCHUA, a
3HAYCHUS, PaBHBIC COCEIHUM 3JIEMEHTAM MCXOJIHOTO U300paKCHHUSI.

Ecnu wu300pakeHHWE COCTOUT W3 JIOCTATOYHO OOJBIIOTO YHCIIA
MUKCENEH, TO JIOCTATOYHO MCKIIOYUTh U3 HCXOJHOTO H300pAXKEHUS TE
aKTUBHBIC DJIEMEHTHI, B KOTOPBIX OKHO BBIXOJHT 3a KaJp U300paKCHHUSI.



aKTHBHBIN DJIEMEHT

MackKa
1

4
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INT(L1/2)
$ INTL22)
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TPaHHUIIBI
HCXOJTHOTO
H300paKeHUS

TpaHUIIBI
PaCIIUPEHHOTO
n300paKeHAS

TPaHULIBI
PacIIUPEHHOTO
n300paKeHHS

TPaHUIIBI
HCXOIHOTO
n300paKeHHs

Pucynok 4 - Unmoctpanus kpaeBoro 3ddexra



MNOPAJOK BBIIIOJIHEHUSA PABOTbBI
1.  Cospnaiite 6a3y AaHHBIX U300paKEHUH (MOXKHO C PACIIMPEHUEM
.bmp)
2. Co3paiiTe 6a3y JaHHBIX MACKUPYIOLIUX MOCIEI0BATEIbHOCTEN
3. 3amycTuTe NpOorpaMMbl JIOKAIBHOM 00pabOTKH H300paKEHUN U
MOJIYYUTE OKHO, TIOKa3aHHOE Ha PUCYHKE O.
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PucyHok 5 - ['maBHOE OKHO ITpOrpaMMsbl

4. HaxMuTe KHOIMKY «OTKPBITH» M BbIOEpeTe U3 0a3bl JaHHBIX
HEOOXOAMMBII pUCYHOK. [Ipum 3TOM packpoercs OKHO, MOKa3aHHOE Ha
pucyHke 6.

5. HaxMHTe KHOMKY «OTKPBITH» B 3TOM OKHE M IOJYYHUTE OKHO,
MOKAa3aHHOE Ha PUCYHKE 7.

6. HaxxmMuTe KHONIKY «IPUMEHUTHY» B 3TOM OKHE M MPOAHATIUZUPYITE
U ONUIIMTE TE€ W3MEHEHUS, KOTOpbIE MPOU3OLLIM C HUCXOJAHBIM
N300paKEHUEM.

7. IloBropuTe MyHKTHI 3-6 C JAPYrUMM MackaMd W JPYyTUMHU
HM300paKEHUSIMHU.

8. Cruenaiite BBIBOIBI
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COLEPKAHUE OTUETA

1. UcxoiHOE MOTYyTOHOBOE M300paxKeHHE.

2. Ucnionb3yembie Macku 1151 00paboTKU H300paKEHUM.

3. U306pakeHus mocyie o6paboTKH BHIOPAaHHBIMU MacKaMHu.
4. BeiBoJ1bI 00 3 (HEKTUBHOCTU UCTIOJIH3YEMbIX MACOK.

KOHTPOJIBHBIE BOITPOCBI

1. KakoBBl COOTHOIIECHHS Pa3MEPOB MCXOTHOTO HU300paKeHUS,

BBIXOJHOTO M300paKCHUS U MACKH?
2. Kak Bnmser Ha BBIXOJHOE M300paKCHHE BBICOKOYACTOTHAS

Macka? J{Jis kakux menei 1meaecooopa3Ho €€ HCI0Ib30BaTh?

3. Kak Bimsger Ha BBIXOJHOE H300paKEHHE HHU3KOUYACTOTHAS
Macka? J{is kakux menei 1eaecooopa3Ho ee UCT0JIb30BaTh?

4. Kak wu3MeHUTCs mporpamma s 00pabOTKM H300pa’keHMUs,
€CIM Macka HMMEeT HE MpSIMOYroyibHyr GopMmy, Hampumep Gopmy
«KpecTan?



