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BBenenue

B nacrosiiee Bpemsi BO3pacTaeT MHTEPEC K JMArHOCTHUYECKUM armnaparam,
takuM Kak [19T u OD®OKT. B MenuuuHe MoOBBIMIAETCS BOCTPEOOBAHHOCTh B MX
TOYHOCTH U OOJBIIEH pacmpocTpaHeHHOCTH. B cBsm3u ¢ »stum, B HUIIL
«KypuaroBckuit ”HCTUTYT» ObLT coOpaH nporotun 19T, koTOpsI B moCIeACTBUN
JOJIKEH OyleT yIyqIuTh TOYHOCTh U3MEPEHUN U YMEHBIIIUTh CTOMMOCTH COOPKH.

Jlist HoBoro [1D9T nonamobuTcs HanMcaTh HOBOE MPOrPaMMHOE 0OecTieueHue,
KOTOPO€ TO3BOJIUT JOCTATOYHO MPOCTO CUUTHIBATH MOJTYUYECHHBIE JaHHBIC U Cpa3y

MOJIy4aTh HEOOXOIUMYIO TOMOTpaMMy, B UEM U COCTOMUT MOS 3a]1aya.



1oT

Ha paHHBIE MOMEHT CyHIECTBYET MHOTO pAa3jM4YHbIX MTPUOOPOB IS
MOJIy4eHHUs] ToMorpaMMbl. Haumbosee NOMyNSpHBIMH U PACHpPOCTPAHEHHBIMH B
meauiuHe — ceiiac  sBistores  ODOKT-  (ogHOpOTOHHAST — SMHUCCHOHHAS
KoMIibtoTepHas Tomorpadus) u [13T- (mo3utpoHHas sMUCCHOHHAs ToMorpadus)
CKaHEPBHI.

Huwxe npencraBnen maket I[19T-ckanepa, ¢ MOMOIIBI0O KOTOPOTO ObLIN
npoenenbl uaMepenust (Puc. 1). OH cOCTOUT U3 CHUMHTWUIISTOPOB (MCIOIB3YETCS
GAGQG), kpeMHUEBBIX JeTeKTOPOB (S1PM) 1 cuMTHIBAIOMIMX ILJ1AT, PACTIOI0KEHHBIX

10 KpyTy. B KauecTBe MCTOYHHMKA HCIIONB30BATICS 3971 1.

MCcTOYHUK

Puc. 1. Maker [19T.
OcHoBHo#l npunumn padotsl [I9T cocrout npumepno B cienyromeM (Puc.
2). IManenTy BBOAAT Npemnapar, coaepskanuii B+ -akTuBHOE BEMIECTBO U OOJIBIIOE
KOJIMYECTBO IVIFOKO3bI, YTOOBI OH CKOHLEHTPUPOBAJICA B HOBOOOPA30BaHUSX.
AKTUBHOE BEILIECTBO UCITYCKAET MO3UTPOH, KOTOPbI aHHUTHUIUPYET C IEKTPOHOM
Cpenbl, B pe3yJIbTaTe Y€ro BBUIETAIOT J1BA Y-KBAaHTA!
e"et o yy

OcHoBHBIM HeocTaTkoM [IDT-ckaHepOB SIBISIETCS UX CTOUMOCTb.



Cpatomaswue demexmopol

Annveunrayuonnsie homonnt

+
B ~AKMUBHbBIU U30Mon

Cpabomaeuue demexmopul
Puc. 2. I[Tpunnun pa6otsr [19T.
IIpenmymectsa [19T:
Bricokasi amarHoctuyeckasi TOUHOCTb.
OnaHo ucciaenoBaHue 3aMeEHSIET COOOM HECKOIBLKO BUI0OB JUATHOCTUKH.
B03M0XXHOCTH OXBATUTh BCE OPraHbl B OTHOM HUCCIIEIOBAHUH.

JlmarHoctuka 3a00JeBaHUN HA PAHHUX CTAUSX.



Tomorpagus
HauneM c¢ camoro Havama: yto Takoe ToMorpagus? DakTUYECKH, 3TO
JOCTaTOYHO OOJIBLIONW pa3fen MaTeMaTHKH, OTBEYAIOUIMil 32 BOCCTAHOBJIEHHE
M300paKEeHUN, C TIOMOIIbI0 Habopa MaccuBa JaHHBIX [1]. CyIecTBYIOT MHOTO
Pa3IMYHBIX BUIOB TOMOTpaduu U JUIsl KaKIOrO BUAA CYIIECTBYET €LIE HECKOJIBKO
AJITOPUTMOB 10 BOCCTAHOBJICHUIO U300paKEHHUSI.
JlommycTuM y HaC UMeeTCs IBYMEPHBI MAaCCUB YUCEN, B KOTOPOM YHCJIA MOTYT
OBITh TPOU3BOJIBHBIMU. DJTOT MAacCUB MOXXHO H300pa3uTh Ha KapTuHke. s
BBISIBJICHUSI MAKCHMAJbHOTO KOHTpacTa YIOOHO ONpeNeIuTh MHUHUMAIbHOE U
MaKCHMAJIbHOE 3HAYE€HMSI B MACCHBE, 3allOMHUTh MX, @ Ha KAPTUHKE ITOKAa3bIBATH
yuciaa B uHTepBasie oT 0 no 1 mocine nuHelHOrO npeoOpa3zoBaHUs MaccuBa. Tak
yaoOHO Jienarh MO0 TOW MPUYMHE, YTO IIKaja COOTBETCTBUS 3HAYEHH B MAacCUBE
[[BETaM Ha KapTUHKE UMEET CTaHJAPTHBIN BU.
Ho moxHO nenare u HaoOOpoT. M3 wumeromielics KApTUHKA IOJIYYHTh

JBYMEPHBIN MaCCUB YHCEIL.
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Puc. 3. Kaptunka (cneBa) u n300paxeHue YucI0BOro MaccuBa (Crpana).

Ha Puc. 3 cneBa nokazaHa kapTHHKa pa3mepoM 512x512 mukceneid B png
¢dopmare. CripaBa n300pakeH YUCIOBOM MAacCCUB CTAaHAAPTHOTO BUJIA, MOTYyUEHHBIN
u3 0ailTOB MepBOi KapTUHKH, B uHTEpBase ot 0 10 255, nepeprcoBaHHbIA CHOBA B
KapTUHKY.

Crnenyer OTMETHThb, YTO KapTHHKA — 3TO OOWH M3 MHOTMX HMCTOYHUKOB

CO37aHusl JIBYMEpPHOIO MaccuBa uucesl. Hac uHTEpecyeT MMEHHO IBYMEPHBIN



MaccuB uucenl. Ero MoXHO co3daBarh pa3HbIMM crloco0amMu, B TOM YHCIE
BBIYHCIIUTH C MOMOIIbIO (OPMYJT WIM U3MEpUTh mpudbopoM. Ham He BakHO, Kak
KOHKPETHO CO3/]JaH MaCCUB YHCEII.

CrnenyoomuM IIaroM sIBJISETCS BpAILEHHWE TMOITYYEHHOTO MAacCHMBa JIaHHBIX.
[Tpu mpakTUYECKOM UCTIOIB30BAaHUH TOMOTpauu IByMEPHOTO MAaCCUBA YHCEI HET,
€ro Kak pa3 HeoOXOOUMO MOAy4uThb. ECTh OOBEKT, KOTOPBIA MPOCBEYUBAETCS
HAaCKBO3b, M Bpallaercsi UMEHHO 00bekT. HMcciemoBanue o0beKTa MOIOOHBIM
oOpazom u maer HaM uwHoOpmamuio st Tomorpaduu. Ho maremarndeckw Mbl

MO’KEM 3aMEHUTHh OOBEKT YHCIIOBBLIM MAaCCHBOM M €TI0 TOXKE MOXKHO Bpalarsb.

Cunoepamma

Tomorpadus — 310 MeTo1 TpeoOpa3oBaHus OAHOTO HAOOpa JaHHBIX B IPYTOM
HaOop naHHbIX. Ha BXoje [uist 3TOro Meroja JaeTcs CUHOrpaMMa. A Ha BBIXOJIE
nosiyyaercsi Tomorpamma. CHHOrpamMma COIEPKHUT MH(OPMALMIO O MPOEKLIUIX
00BbEKTa MPU €ro BpAIEHWU C TMOCTOSHHBIM Imarom B uHTepBase ot 0 mo 180
rpanycoB. [Ipoekius npeacraBiser coO0H OJHOMEPHBINM MacCHUB, KaXKJ1as TOYKa B
KOTOPOM paBHA CyMME 3HAYEHUW IBYMEPHOTO MAacCHBa MO IPYroMy HANpPABIICHUIO.

Marematndecku Hail OOBEKT MPEACTaBIseT COOOW JBYMEpPHBI MacCUB
yucenr. Ha skpaHe KOMIbIOTEpa KapTUHKA MMEET TOPU30HTAJb W BEPTUKAJb.
[Ipoekius MOKET ObITh TOPU30OHTAIIBIO, B K&XKI0M TOUKE KOTOPOU 3amrcaHbl CyMMBbI
BCEX TOYEK MACCHBa MO BEPTUKAIU (MU HA00OPOT).

CunorpaMmma — 3TO CHOBa IBYMEPHBII MAaCCHUB, HO €r0 pa3MepHOCTh uHas. [1o
TOPU30HTAIM OHA COBMAJAET C MCXOAHBIM MacCHBOM. TO €CTh €CIM HMCXOAHBIN
MaccuB uMen pazmep 512x512, o 6yaet 512. A mo BepTukanmu pa3mep paBeH YUCITy
npoekuii. Hanpumep, ecinu BpalieHue UAET ¢ marom 2 rpagyca, To Oyner Bcero 90
npoekiuii. A maccuB OyneT uMeTh pazmep 512x90.

B sroM mecTe Hamo yCTaHOBUTH CBsI3b MEXKIAY MAaT€MaTUKOW U peajbHOU
KU3HBIO, HA IpUMepe MeauiuHbl. C MareMaTU4ecKoil TOYKH 3pEHUs CUHOTpaMma
COIEPKUT CYMMY BCEX TOYEK MAacCHBa IO OMHOMY HampasieHuto. 1 31o BaxHo. B

MCIHUIWHE IIPOCBCYHBAIOT OOBEKT INIOCKOM BOHHOﬁ, HaITpuMep, pEHTTCHOBCKOIO



U3ITy4YeHUs, U U3MEPAIOT OCJa0JeHre WHTEHCUBHOCTU JIydyed B KaXKIOM TOUKe
IJI0CKOTO (bpOHTA.

Cunraercs, 4To ociabieHNe MPOUCXOIUT MO IKCIIOHEHITUAIBHOMY 3aKOHY, a
apTyMEHTOM J3KCIIOHEHTHI SIBIIICTCS MHTErpall oT GyHKmuH f(X,y) TO BTOpPOMY
apryMEHTY, TO €CTh BIOJIb HAIPABIEHUS JIydeit co 3HakKoM MuUHYC. DyHKIUA f (X, )
MIPENCTaBIsAeT co00i mpom3BeneHue Kod(UIMeHTa MoryomeHns Ha TJIOTHOCTh
MaTepuaa.

Nmenno ¢ynkuus f(x,y) u uHTEpecyeT MeankoB. Ho BMecTto Hee MbI
NOJIy4yaeM HMHTErpajl 10 BTOPOMY apryMEHTy. DTOT MHTErpal IMOoJydyaeTcs Mocie
jgorapuMHUpoOBaHHMS ~ JAHHBIX  WHTCHCHMBHOCTM W CMEHBI  3HAaKa  Ha
MIPOTUBOIIOIOKHBIM.

[IpoBenem HeOonplIyl0 aHAJIOTMIO C MareMaTukod. B Maremaruke
CYMMUPYIOTCSI TOYKH, B TOMOTpaduu MBI IOJTy4aeM CyMMY MPOEKIIUNA B Pe3yIbaTTe
u3Mepenuil. Eciu B mponecce u3MepeHHs Mbl HE IOIy4YaeM CymMMy [OCIe
JorapuMUpPOBaHUS, TO TPUMEHSATH TOMOTPA(PHUIO HETTB3sI.

B pesynbrare onpeaeneHHbIX mpeoOpa3oBaHmii, 0 KOTOPBIX OyIeT paccKa3aHo
HU)KE, MBI TOJIy4aeM CHHOTpaMMy W3 TMPOBEIEHHBIX H3MEpPeHHH. VYke Wu3
MOJIyYeHHOW CMHOTPAMMBI MOJIy4YaeTcss ToMorpaMma (xenaemoe uzoopaxenue). B

3aBUCUMOCTb OT Y4CTOTBbI BpaAIICHHUA, MbI IIOJIYyHYacM PA3HBIC PC3YyIIbTaTbl JIA

BOCCTaHOBJICHHOTO M300pakeHUs U3 cuHOTpaMmbl (Puc. 4).

Puc. 4. 1 — cu"orpamma; 2 — Tomorpamma (uuciio rpoekiuii 90); 3 —
ToMorpamma (uucio npoeknuii 180).



IIpeoOpa3oBanue Pagona

MeTon BOCCTaHOBIICHHS HW300pa)KE€HUs TOCPEICTBOM IMPeoOpa3OBaHUS
Panona sBnsieTcs OAHMM U3 CaMbIX TOYHBIX, TMPOCTBIX U  IMIUPOKO-
pacnpoCTpaHeHHBIX, 0COOCHHO B 001aCTH TOMOTpaduUu.

[Ipu uccnenoBaHuM BHYTpPEHHEH CTPYKTYpbl OOBEKTa €ro MpOCBEYMBAIOT
uznyudeHueMm. [IpocBeunBasi TENO C ONHOTO HAMpPAaBICHUS, MONYYalOT IJIOCKOE
(IByMepHOE) TeHeBOe Hu300pakeHHe TpexmepHoro Tena. lIpocBeunBas Teno c
Jpyroro HalpaBlICHUsA, [OJy4alOT Jpyroe TEHEBOE U300pakeHUEe Tena u
JIOTIOJTHUTENbHYI0 HH(POPMALIHIO O €T0 BHYTpeHHEH cTpykType. [IpocBeunBas Teno
ellle C OHOI0 HAINpaBJICHUs, IOIY4YaloT HOBYIO HHPopManuio U T.4. iMes 6obioe
KOJIMYECTBO MPOEKIUOHHBIX CHUMKOB C pa3JIUYHbIX HAlpaBiICHUH, MOXHO C
JOCTaTOYHON CTEMEHBIO TOUYHOCTH BOCCTAHOBUTH BHYTPEHHIOIO CTPYKTYPY OOBEKTa,
a TouyHee (PYHKIIHIO MJIOTHOCTH MOIVIOIICHUS U3ITyYEHUsI.

3agayeil ToMorpaduu SBIAETCS BOCCTAHOBJIEHHE TPEXMEPHON (DyHKIHMH
u(x,y,z) mmorHocTH moroiieHns u3nydeHus. [2] B Takoii mocTaHoBKe 3agada
BECbMa CJI0XKHA U B KIIACCUYECKOU ToMOrpaduu TpexMepHbIA 0ObEKT MPEACTABISIOT
B BHJIe Ha0opa TOHKHX Cpe30B. BHyTpH Kakaoro cpesa IIOTHOCTh [ CUHUTAIOT
(GyHKIMEW TONBKO IBYX NepeMeHHBIX. llpu mccienoBaHuu cUCTEMY HCTOYHHUKH-
NPUEMHUKH YCTPaWBalOT TaKUM 00pa3oM, 4TOObI pErMCTPUPOBATH TOJIBKO JaHHBIC
Ha Jyyax, JIeXKallUuX B IUIOCKOCTH cpe3a. Cxema CKaHUPOBAaHUS OJHOTO CIOS
npencrasieHa Ha Puc. 5.

JIeTeKTOpbl PEeruCTpUpPYIOT JaHHBIE W, TOJTy4YeHHas mo HuM (yHKIus R,
3aBHUCUT OT OJHOW TMepeMeHHOM S (mpu (UKCHPOBAHHOM HAalpaBICHUU
30HJMPOBAHMSI, OMpPEALSIIEMOM YIIIOM ¢). BoccTaHOBUTH TO OMHON TPOEKINU

R,(s) oyskumio nByx nepeMeHHbIX [(X,Y) HEBO3MOXHO. [l1s Toro, 4TOOBI

MOJIyYUTh HAOOP MaHHBIX, JIOCTATOYHBIA [IJI1 BOCCTAHOBJICHHS, MPUMEHSIOT
30HIUPOBAHUE OOBEKTAa C PA3JIMYHBIX HAMNpaBICHUW, Bappupys yroil (.
IToBopauuBass CHUCTEMY «HUCTOYHUKU — JIETEKTOPbI», MOJYYalOT MHOXKECTBO

npoekuii R(s, @) ciost (mapamerp ¢ 0003Ha4YaET yroil 30HTHPOBAHHS), IO KOTOPHIM



MOYKHO BOCCTAHOBUTD JIByMepHYI0 (yHKIHO ((x,y). Cxema CKaHUPOBAHUS CIIOSI C

pa3IMYHBIX HAPABJICHU MMOKa3aHa Ha Puc. 6.

Puc. 5. 3onaupoBanue TpexMmepHoro oobekra (1 — ucrounuku; 2 —
TETEeKTOPHI; 3 — 0OBEKT).

R(s. ¢,)

JeTexTopb!

Puc. 6. Cxema nomy4yenust npoexiuit R(s, ¢) ogHOTO CIOS.

Onpenenue ¢yHknuto p(x,y) s OXHOTO CIIOS, CUCTEMY «HUCTOYHHKH —
JICTEKTOPBD» CIBUTAIOT B HAINPABICHUH OCH Z JJIS TOJydeHUs HH(OpMAIMHU O
cieyromeM OJM3KOM CJI0€ M T.JI. 3aTeM, 1O JByMEPHBIM (QyHKIMAM U, (X,y) B
CeUCHMSIX Z;, TJ€ Z — KOOPAWHATA TMEPICHIANKYJISAPHAS CCUCHHIO, TMOIYyYaroT

TPEXMEPHYI0 (YHKIMIO TUIOTHOCTH moriomenus WU(x,y,z). [Ipu 3ToM OCHOBHBIE



TPYAHOCTH BO3HHMKAIOT TMPU MCCICIOBAHUU OTIACIBHOIO CJOsl, T.€. MpH
BOCCTaHOBIIEHHH (PyHKIMHU U, (X, V).

[TomoOHBI crioco0 cOopa JaHHBIX COCTABISET OCHOBY PEKOHCTPYKTHBHOM
tomorpaduu. Ha wucciemyemoe Teno BO3ACHCTBYET M3JIyUYCHHE, MPOHHUKAIOIIEES
BHYTph 00bekTa. OHO B3aMMOCHCTBYET C BEMIECTBOM, COCTABIISIIONIUM OOBEKT, U
Ha BBIXOJIC PETHCTPUPYETCS M3IydeHHUE, mporenmee yepe3 Teno. [Ipu o6padoTke
MOJYYEHHBIX JaHHBIX HCHOJIB3YIOTCS CIEAYIOIIUE IPEAIOI0KEHUS: TPACKTOPHUS
Jy4ya CUMTACTCS MPSMOJVWHEMHOW W BBINOJHACTCA JIMHEMHBIA 3aKOH NOTJIOIICHUS
W3JIy4YCeHUS B BEIIECTBE.

lIpsamoe npeobpazosanue

[TycTh GyHKIMSA IBYX ACHCTBUTEIBHBIX IEpeMeHHBIX f (X, y) ompenencHa Ha
BCEH TJIOCKOCTH M JOCTaTOYHO OBICTPO YOBIBAE€T HAa OCCKOHEYHOCTH TaK, YTOOBI
COOTBETCTBYIOIIME HECOOCTBEHHBIC MHTETpalibl CXOAWIuch. lIpeoOpazoBaHueM

Panona (I1P) pynkuuu f(x, y) Ha3biBaeTcs GyHKIUS
R(s, @) =fj;of(scosgo—tsingo,ssin<p+tcos<p)dt (1)
I'eomeTpuueckuii cMmbich npeodpazoBanus Pangona R(s,y) cOCTOUT B TOM, YTO
9TO UHTErpassl oT GyHKUUHU f (X, y) BIOJIb MPSAMBIX L, IEPIICHIUKYISPHBIX BEKTOPY

1 = (cos ¢, sin @), NPOXOAAIINX HA PACCTOSHUM S (U3MEPEHHOM BJOJIL BEKTOpA 11

C COOTBETCTBYIOIIIUM 3HAKOM) OT Havyajia koopauHat (Puc. 7).

i =(cosy,sing)

Puc. 7. K nmpeo6pa3zoBanuto Pagona pyHKIMN 1ByX NEpEMEHHBIX.



IHosryyeHHbIE pe3yJbTaThl

B pesynbrare m3ydenus npsiMoro npeodpaszoBaHus Panona, Oblia n3ydeHa
IporpaMma, KoTopas ojyyaia CHHOTpaMMy JUIsl TF0OOr0 HCXOIHOTO N300paXeHus,
a TAaK)K€ HallMCaHa MPOrpaMmMa, KOTopas Mojiydanaa CHHOTpaMMy JJISI CYATHIBAEMBIX
pe3ynbraroB ¢ MakeTa [19T.

Ha Puc. 8 Puc. 9 u3oOpaxeHbl mpuMepbl MOJYyYEHHUS CHHOTPAMMBI MJIs
aro6oro Buaa uzoopakenuit. Ha Puc. 10 Puc. 11 nmokazanbl moixy4eHHbIE peaabHbIe
CUHOTPaMMBbl I MCTOYHMKA W HMHTALMOHHBIE CHUHOTPAMMBI, C pa3HbIMU

ITOJIOKCHUAMHU NCTOYHHKA.

Puc. 8. CranmapTHbIii IpUMeEp KAPTUHKY JUISI TIOJTYyYEHUSI CHHOTPaMMBI
(cnera).

Puc. 9. IIpumMep npon3BOIbHON KAPTUHKY IS TOJIyYEHHUS] CHUHOTPaMMBI
(cneBa)
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Puc. 10. CuHOrpamma peasbHOro NCTOYHHMKA, PACTIOJIOKEHHOTO 110 LEHTPY
(cyieBa) 1 UMUTALIMS UCTOYHUKA (CTIpaBa).
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Puc. 11. CuHorpamma peaibHOTO UCTOUHHKA, PACTIOI0KEHHOTO HE MO
LEHTpY (CJieBa)



3akinoueHue
W3zydensl npuHImns! coopa nanubix B [I9T cucremax.
W3ydeHo npsimoe npeoOpazoBanue PagoHna.
[Tosry4eHbl CHHOTPaMMBI J1JIs1 TPOU3BOJIBHBIX H300PaKEHHIA.
[lonmyuyeHna cuHOrpaMMa TOYEYHOT'O UCTOYHHKA, IS LIEHTPAIBHOTO U BHE

LEHTPAJIBLHOTO MOJIOKECHUM.
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