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OBHIAS XAPAKTEPUCTUKA PABOTbI
BBenenue

JuccepraimonHas padoTa MOCBAIIEHA Pa3pabdOTKE W AKCIEPUMEHTAJIbHOMY
HCCIICTOBAHHUIO METO/Ia UCIIPABIICHHS TIEPCIICKTUBHBIX MCKAXCHUH Ha N300PaKEHHUAX C
MOMOIIEIO 3epKaia 0co00# (OpMBI B MPUMEHEHHUIO Pa3pabOTaHHOTO METO/IA K 3a/1a4e
BBISIBIICHHS KOOPAMHHUPOBAHHOTO JIBFYKCHHUS B MECTAX MAaCCOBOT'O CKOIUICHHS JTIOICH.

AKTYaJIbHOCTb T€MbI

B mocnennee Bpems Bce OoJiee MIMPOKOE PACTPOCTPAHEHUE MOMYUYAIOT CHCTEMBI
BUICOHAOTIOICHAS M OXPAHHOTO TEICBUIACHUSA. DIICKTPOHHBIC CUCTEMBI HAOIIOICHUAS
MO3BOJISIIOT ~ BBITMIOJHATH MHOTHE BAXXKHBIC M CJIOXKHBIE 3a7aud  OOECTeUCHUS
oe3omacHocTy. Hanpumep, mi1a odecreueHuss 0€30MacHOCTH B CUCTEMax «0€30MacHbIN
ropoa», JBH)KCHHEM TPAHCIOPTHBIX TOTOKOB HA  OXKMBJICGHHBIX TOPOACKUX
maructpassax. CymecTBYyeT MHOXKECTBO TMPUMEHEHHUW CHCTEM TEJICBU3MOHHOTO
HAaOMIOACHUS B HAYYHBIX MCCICIOBAHUSAX W B TPOMBINLICHHOCTH, HAMpuUMeEp, IS
KOHTPOJISI HaJ TEXHOJOTWUYECKHMH TMPOIIECCaMW M YIPABJICHHUS WMH. B HEKOTOPHIX
HAOMIOICHUE MOXKET MPOW3BOAWTHCS B YCIOBHSIX HHU3KOW OCBEIMICHHOCTH WM B
cpemax, TAe TMPHUCYTCTBHE JIIOAEH HE JOMycKaeTcs. YCIEITHO JTH CHCTEMBI
MCTIOJIb3YIOTCSI B MECTaX MAacCOBOTO CKOTUICHUS JIFOJCH, B CylepMapkeTax, B OaHKax.
Takum oOpa3om, 3adada TOMYYCHHS] BBHICOKOKAYECTBEHHOTO W300pAXKEHUA I
nocieAyronieil 00paboTKu U aHajau3a ABJISETCA akTyanbHOH. OaHOM u3 mpodieMm,
CHJIbHO CHIDKaromed kauectBo m3zobpaxenus (Eskicioglu A.M., Fisher P.) apnstorcs
MEPCTICKTUBHBIC UCKAKCHHS,

[lepcnexkTrBHBIC WCKaXEHWS OOBIYHO BO3HHWKAIOT B CIIy4ae, €CIHM ITUIOCKOCTH
M300paKeHUS W TUTIOCKOCTh TMPEIMETa He MapajuielibHbl Mexay coboit. Hanpumep, mpu
¢doTtorpadupoBaHrE  BBHICOKHX OOBEKTOB C YPOBHA 3eMJU  (APXHTEKTYPHBIX
COOPY)KEHWI) JIMHWW, BEpPTHKaJabHbIE Ha ¢ororpadupyemMom oO0BEKTE, Ha
n300pakeHnn monyvaroTcs HakiaoHHeiMu. Ha puc.l (cneBa) mnpencraBnieHo
pacmojioKCHUE KaMmepbl Haja cepeamHoi ¢dotorpadupyemMoro obObekrta (B ciydae
¢doTorpadupoBaHus apXUTEKTYPHBIX COOPYKEHHUM — MOCEPEANHE BBICOTHI 3/1aHusA). B
ATOM CJIy4ae TEPCMEKTUBHBIC HCKAKEHUSI OTCYTCTBYIOT, UEpPHO-OEIbIe TOJIOCHI Ha
M300paKCHUN OJMHAKOBHI 110 TITUPHHE.
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Puc. 1. B3aumHoe pacnojioxkeHue npeamMeTa U KaMmepsl



Ho, xak mnpaBmiio, HE ymaeTcs paclojiOXHUTh KaMepy TOYHO Hax OOBEKTOM
HaOmoaeHus. 3aanus npuxoautes GoTtorpadupoBarh ¢ 3€MJIH, KaMepa HAaOMIOACHUS
pacmojlaraeTcsi He HaJl YJUIEH, a, HapUMeEpP, Ha CTEHE OJHOTO M3 37aHuil (puc. 1, mo
1eHTpy). B aToM ciydae, ecnm TUIOCKOCTH W300paKeHUA W MpeaMeTa Mapajule/ibHBbI,
MEPCTICKTUBHBIX NCKAKCHUH HET, HO HE BECh MPEIMET MmoMenaeTcs B kaape. [loatomy
KaMepy MPUXOIUTCS HAKIOHITH, YTOOBI B KaJp Momay BeCch nmpeamMet (puc. 1, crpasa).
B sTtom crnyuae uepHbie W O€nble TOJOCH UMEIOT PA3HYIO MIUPHHY, TPOSBIIAIOTCS
MEPCTICKTUBHBIE HWCKakeHWs. Yem pganpime o07acTh TPEAMETa PACIONOXKEHA OT
TJIOCKOCTH M300PaKeHHMS, TEM MEHBIIIE €€ MMUPUHA Ha H300PpaKCHUH.

HcnpaBnenue mepcrneKTUBHBIX MCKAXCHUH MO3BOJISAET NOOUTHCS CHTYyaIluH, KOTAa
u OnwkHWE, W yAaJeHHbIe 001acTh HaOM0JaeMoro O0BEKTa BHIAHBI OJMHAKOBO
XOpOIIo, XOTA Kamepa OyJeT pacmojararbcs Tak, Kak Ha pUCyHKe 1 cmpasa.
CymiectByeT nBa crocob6a KOPPEKIUWA TEPCIEKTHBHBIX UCKAKCHWA — TMPOTPAMMHBIC
(pabote cnemyrorux aBropos: C. Rother, P. Clark, M. Mirmehdi, G.K. Myers, R.C.
Bolles, Q. T. Luong, J.A. Herson) u xoppekiusi mpu cheMmie (Mm(pT-00BEKTHBHI,
paspaboTtka kommanuu Nikon)

AHajmu3 CyIIECTBYIOMMX CIOCOOOB HWCIPABJICHUS TMEPCIEKTUBHBIX HNCKAKCHUN
MOKA3aJI, YTO ATH CIOCOOBI TTO3BOJISAIOT MCTIPABIIATH NEPCIICKTUBHBIEC UCKAXKCHUS JTUIITH
JUTsE HEOOJTBITINX YTJIOB HAKJIOHA, M HE BCET/JAa MOTYT OBITh MPUMEHEHBI K CHCTEMaM
BUICOHAOMOIeHn. PaccMOTpuM TIMGPOBYIO CHCTEMY TEIEBU3MOHHOTO HAOTIOACHUS,
YCTAaHOBJICHHYIO B MECTE€ MAaCCOBOTO CKOIUICHWS JIOJACH — HampuMmep, TOPOACKHE
IO/, MHOTOJTIOTHBIE YJTUITHI, BOK3aJIbl U T.J. HeckoMbKko KaMep yCTaHOBIICHBI Ha
HEKOTOPOW BBICOTE HaJ IUIONMaAbi0. Jlfogu ABUTAOTCS MO TUIOMIAAM B Pa3HBIX
HAIPaBJICHUSAX, WHOT/JA MEHSS €ro, yCTymas AOPOTy APYTHAM, €CIU WX MapIipyThl
nepecekaroress u T.A. CUTyansa dYeM-TO HAmOMHHAET OpPOYHOBCKOE JBHKCHHE.
Omneparop cucTeMbl HAOMIOAAET BCIO MUIOIIAMb B 1ejioM. TpelyeTcs co3aaTh MOAYJb
MpeBapUTEIbHOM 00pabOTKM M300pakKeHWss ¢ KaMmephl HaOMIOACHMS, KOTOPBIH
BBISIBJISIT OBl «TIOJTO3PUTENBHBIC» MecTa. Hampumep, eciu BAPYT OJHOBPEMEHHO
HECKOJIBKO YEJIOBEK, HAXOAIINXCS JAJIEKO PYT OT APYyTa, BAPYT CTajd JIBUTATHCSA B
OJTHOM HAmpaBJICHUW, CXOJUTCA K KaKOW-TMOO TOUKE IUIOMAAA WJIW, HAMPOTHB,
pacxoauThcsl OT Hee. Tpedyercs pacmo3HaTh TAaKWE CUTYAIlMA W BHIAATH OMEPATOpPy
CHUCTEMBI COOTBETCTBYIOIIEEC TPEAyNpekacHne. lcmpaBieHne NEPCIICKTHBHBIX
WCKKCHUN 3HAUATEILHO 00JIeTUaeT MPOIEypy PacIiO3HABAHUS.

3apaum quccepTaLMOHHOI padoThI

1. IIpoBecT aHanIU3 CYIIECTBYIOMMX CIOCOOOB MCIPABICHUA NEPCIEKTUBHBIX
ACKAKCHUN

2. IlonyunTh ypaBHEHHE I 3€pKaja, 00JIaJarolIero CBOWCTBOM HCHPABIIAThH

MEePCIEKTUBHBIC NCKAKEHUS

PermuTh ypaBHEHHE M TIOJYUHUTH BhIPAXKEHHUE I TOBEPXHOCTH 3€pKasia

[ToarBepauTh CBOMCTBO 3€pKajia UCTIPABIATH NEPCIICKTUBHBIC HCKAKEHUA

5. TlonyunuTh M HCClIeAOBATh MHTETPATBHOE YPAaBHEHHE, CBA3BIBAIOIICE MPEAMET U
€ro OTPaXKCHUE B HEIJIOCKOM 3€pKaJie
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6. DKCIIEpUMEHTAJIbHO HCCIICAOBaTh ONTHUYECKYIO CHCTEMY, COCTOSIIYIO U3
KaMepbl U KOPPEKTUPYIOLIETO 3e€pKaia

7. PazpaboraTh makeT mporpaMM, MOPEIHA3HAYEHHBIM Uil TMOJy4YEHUA
M300pAKEHUIH  METOJIOM  MNPSAMOW  TPACCHUPOBKH  JIYUeH, peaau3yromui
HEOOXOUMbIEC UMCIICHHBIC METOABl U AJTOPUTMBI JIJIi MPOBEACHUS YUCICHHBIX
3KCIIEPUMEHTOB

8. Pa3paboTaTh nporpaMMHbINA KOMILJIEKC, MPEIHA3HAYEHHbBIN 1J11 MOJACIUPOBAHUSA
MOBEACHUA JIIOJIEN B MECTaX MACCOBOI0 CKOIUICHUA, TOJIYUY€HUS MOTOKA BUJIEO C
KaMep HaOMIOACHUS (B MOJICTH), BBIICIICHUS Cliea OT MEPEMEIICHAS 00BEKTOB
W BBISBIICHUSA MNPAMOJIMHEHHBIX  YYAaCTKOB  CJI€Ja, KOTOPBIA  MOXKET
UCIOIb30BaThCA B KOMILJIEKCHOW CUCTEME BUACOHAOIIOAECHUA

MeTtoabl HCCJIe10BAHNAA

B nuccepranmoHHOi paboTe MCHOAB3YIOTCS METOABI: MAaTEMATHYECKOr0 aHAIn3a,
HUHTETPAJIbHOTO u  auddepeHnaIrHOTO HCUYUCIICHUS, MaTeMaTHYECKOT0
MOJICTUPOBAHUS, BBIYMCIUTEIbHON MAaTEMATUKH.

Hayunast HoBu3Ha

B nuccepranmoHHoOl paboTe MOMyYEHBI CAEAYIOIIUE HOBbIE HAYYHBIE PE3YJIBTATHI:

1. IlpensioxxeH HOBBIA CHOCOO UCHPABICHUS MNEPCHEKTUBHBIX HWCKAXKEHUNA C
MOMOILBIO 3€pKaja, MOJYyYeHO YpPaBHEHHE HA MNOBEPXHOCTh 3€pKajia, crnocod
MPOBEPEH IKCIEPUMEHTANBHO NTYTEM YUCIIEHHBIX U HATYPHBIX YKCIEPUMEHTOB

2. TlosyyeHO W KCCIIEIOBAHO MHTETPAIbHOE YPAaBHEHUE, CBA3BIBAIOIICE MPEAMET U
€ro OTPaKEHUE B HEMJIOCKOM 3€pKajie

3. HccnenoBaHbl CBOMCTBA OMTUUECKONW CUCTEMBI, COCTOAIICH M3 KaMephl U 3epKayia
IyTEM YHCJIEHHBIX U HATYPHBIX JKCIIEPUMEHTOB

4. PazpaboTaH MpOrpaMMHBIN KOMILIEKC, MPEAHA3HAUYEHHbIA IS MOJACIUPOBAHMS
MOBEACHUS JIFOAEH B MeECTax MacCOBOTO CKOIUIEHHS, OOpabOTKH MOTOKa
BUJICOJIAHHBIX, BBIJICJICHUS CJela OT TEPEMEIICHUS OOBEKTOB W BbIABJICHUSA
NPAMOJIMHENHBIX ~ YYAaCTKOB  CJ€la, KOTOPbIM MOKET HMCHOJIb30BATBCS B
KOMIIJIEKCHOH CUCTEME BUACOHAOIIOICHUA

IIpakTHUYecKasi 3HAUMMOCTb PadoThI

[TpuMeHeHHE HA MPAKTUKE MOJYUYEHHBIX B Pa0OTE Pe3yJbTaTOB MO3BOJIUT CO3/aTh,
HalpuMep, CUCTEMbl TEJICBU3MOHHOTO BHJICOHAOJIONCHHSA, C TIOMOIIBK) KOTOPBIX
MOYHO OJIMHAKOBO (h(PEKTUBHO (PUKCHPOBATH COOBITHSA HA OXPAHAEMOM OOBEKTE KaK
B oOnacTax, OMM3KUX K KaMmepe, Tak W yJajdeHHbiX. Kpome »3TOro, mpakTHuecKyro
3HAYUMOCTh TIPEJICTaB/IsACT pa3padoTaHHas OMOIMOTEKA KIIAaCCOB JJIA MOJACIHPOBAHUS
ONTUYECKUX CHCTEM METOJIOM NPSAMOW TPACCHPOBKH Jydeil. Takke MNOJyYEHHBIN
METOJI WCIPABJICHUS TEPCHEKTUBHBIX HCKAXKEHUW MO3BOJISIET OOJIETYUTh PEIICHUE
3a/1a4M BBISBJICHUS KOOPJMHUPOBAHHOTO ABUXKEHHA B MECTaX MACCOBOrO CKOTUICHUA
JIOEH.



Anpobanus padoThl

OcCHOBHbIE pe3yJIbTaThl AUCCEPTALMU AOKJIAABIBAINCH HA 5 BCEPOCCUUCKUX U
PETHOHAIBHBIX HAYYHBIX KOH(PEPEHIIHUAX, B YaCTHOCTH

o «Texnomorum Microsoft B Teopum W TpaKTHKE NPOTPAMMHUPOBAHUASY, T.
Hosocubupck, 2006 (11 mecto)

e [llectoii Bcepoccuiickuii KOHKYPC CTYA€HTOB W ACOUPAHTOB 1O
uHdopmarmonnorr  6e3omacaoct  "SIBINFO-2006", r. Tomck, 2006 (I
MECTO)

e V C(CubOupckasd HaydHass IIKOJA-CEMHHAP C MEXAYHAPOIHBIM YYaCTUEM
«Kommbiorepnass 6e3omacHocte uW  kpuntorpadus»  SIBECRYPT'06,
[MIymenckoe, 2006

o «Texnomorum Microsoft B Teopum W TpaKTHKE NPOTPAMMHUPOBAHUASY, T.
Hosocubupck, 2007

o ['paduxon 2009, r. Mocksa

Ha 3a1muTy BBIHOCSTCS CJIEAYIOLINE Pe3yJIbTaThI:

1. Cnoco0 wucmpaBjaeHHUS MEPCHOEKTUBHBIX MCKAKECHUH B HU300pPAXKEHUIX C
MTOMOIITBIO 3€PKajia 0co00 (POPMBI, TOTYIEHO €TO YPaBHEHUE

2. BwiBO& M WCClIeMOBAaHUE WHTETPAJIBHOTO YPABHEHWA, CBSA3BIBAIONICE TPEIMET U

€Tr0 OTPAXKEHHUE B HETUIOCKOM 3epKaJie

Petmenvie ypaBHEHHS IOBEPXHOCTH 3€pKaa

4. Pe3ynbTaThl YWCACHHOTO SKCICPUMEHTAIEHOTO WCCIICIOBAHUA TIONYYCHHON
ONITHYECKOW CHCTEMBI M3 KOPPEKTUPYIOIMIETO 3ePKajia U KaMephl

5. TlakeT mporpaMm Jutsi TOJYYCHHS U300PAKCHHU METOIOM MPSAMOHN TPAaCCUPOBKH
JaydeH, peau3yromuidi HeoOXOAUMbIE YHCIICHHBIE METOJbI W aJITOPUTMBI IS
MTPOBEICHUS YNCIICHHBIX YKCIICPUMEHTOB

6. ANrOpuUTM BBIJCICHUSA TMNPAMOJMHEHHBIX YYaCTKOB H300pakeHUs, OoJiee
MPUCTIOCOOJICHHBIN K BBIJICJICHUIO JIMHWH C pa3pbiBaMM, YeM MpeoOpa3zoBaHHUE
Panona.

W

CtpykTypa u 00beM padoThI

JucceprarmonHas pabota, coaepxaiias 158 cTp., COCTOMT 13 BBEACHUS, YEThIPEX IJ1aB,
3aKJIIOYEHHMS, CITUCKA MCITOJIh30BAHHOM JINTEPATYPhI, COCTABIISIFOIIETO 75 HAaUMEHOBAHHMA

COJAEPXKXAHUME PABOTBI

Bo BBenennu 00OCHOBaHA aKTyalbHOCTH PAOOTHI, CHOPMYIUPOBAHBI €€ TETH U
33724, HayYHasd HOBHM3HA M MPaKTHYECKas 3HAUMMOCTh.



B mnepBoii rjaBe TPUBOAWUTCS ONPEACICHUE TEPCICKTUBBH W TMEPCIEKTHBHBIX
uckaxeHud. Crenan 0030p CYHIECTBYIOIIMX METOJAOB KOPPEKUMU MEPCIEKTUBHBIX
UCKaXXeHUH U 00paboTku n300pakeHuil. BBIABICHO, UTO CYIIECTBYIOIIUE METOJbI
KOPPEKIIMU TIEPCIICKTUBHBIX HCKAKCHWH TPH CHEMKE HE TO3BOJIAIOT HCIPABIIATH
WUCKKCHUA, KOTOPHIE BO3HHWKAIOT MpW Oonbmux (Oombime 20°) yriaax MEXIy
ONTHYECKOW OCHIO KaMephl W TEPIICHAUKYJIAPOM K TUIOCKOCTH mpenmera. [lokazano,
910 MHU(POBBIE METOABl KOPPEKIIMH TEPCIEKTUBHBIX HWCKAXCHUH C TTOMOIIBIO
00paboTkn M300paXeHUs HE MPUBOIAT K TOBBIMICHUIO METAN3allMA WU300paKCHHS
(ompenenieHe  AeTaNmM3aliu  OyJIeT TPUBEACHO HIDKE) B 00JacTIX MPEaMeTa,
yIaJieHHBIX OT Kamepol. [lpemmaraemsiii B paboTe KOMOWMHMPOBAHHBIA METOJ
UCTIPABJICHUS ~ TIEPCTICKTUBHBIX  WCKAKEHWH  (KOppEeKmwWs TPH  ChEMKE  C
HCIIOJIb30BAaHUEM 3epKajia 0co00i (opmbl, COBMEIIECHHAs ¢ MUGPOBONH KOPPEKIMEH —
PENICHNS MHTETPAIIBHOTO YPAaBHEHWS) JIMIIICH OMUCAHHBIX BHINIE HEIOCTATKOB. Takoke
OPUBOANATCS 0030p 3a7ad BOCCTAHOBJICHWS CMa3aHHBIX U JAe(OKYCHPOBAHHBIX
M300paKCHUN KaK POACTBEHHBIX 3a/7aU BOCCTAHOBJICHUS OTPAXKCHUA B HEIMJIOCKOM
3epKaje.

Bropas riaBa mocBsieHa mMoNydeHUt0 QyHKIIMOHAIBHOW 3aBUCUMOCTH, KOTOpas
CBA3BIBACT TIPEAMET M HW300paXCHWE TIPH TEPCIEKTUBHBIX HWCKaXEHUAX. [lycTh
npeameTr AB pacnmonoxkeH moa yriioMm A K mmockoctd uzoOpakenusa DC, yron
n300pakeHnus Kamepsl paseH [ (puc. 2, cresa).

A :

PI/ICYHOK 2 — MNCPCIICKTUBHLIC HCKAKCHHUA

DQ AP
Torma 3aBUCHMOCTH TONOXKEHHS TOUKH W300PaKEHUS D—COT TOYKH IIpeaMeTa B
BBIPAXKAETCS CIICAYIONTUM 00pPa3oM:
r r
DO q cos 5 cos| A_E AP
e~ P@ = (1)

cos[A + gj cos[gj + g sin(A)sin(I)

I'padmk 3aBucumocTu (1) mpuBeneH Ha pucyHke 2, crpasa. Jlaiee Bo BTOpOii TJ1aBe
MOKAa3aHO, KaK MCIOJIb3ys 3aBHCHMOCTH (1) MONMy4YuTh ypaBHCHHE Ha OTPaXKAIOIIYIO
MOBEPXHOCTH, CIOCOOHYIO MCTIPABJIATh MEPCIICKTUBHBIC HCKakeHUs. PaccMarpuBaeTcs
CITyJait, Korja MexIay MPeAMETOM U KaMepoH PacmojIoKeHO 3epkajio (puc. 3).
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PucyHok 3 — B3auMHOE pacroyioKeHUE MPeaMETa, 3€pKajia U KaMephbl

DTa MOBEPXHOCTH ABIIACTCA perieHneM audepeHmaIbHoro YpaBHCHAS
r'(p) _ 1 (2)
r@)  g((9)
3naech 1g(y(@)) — yrosl HaKJIOHa MEX/y KacaTelIbHOH K 3epKajy B TOUKE, 3a/1aBacMOit
HalpaBJICHUEM ¢, W caMuM HanpaBieHuem ¢. (Ouxrenrompn [ .M.Kypc
muddepennmanbHOro U HHTErpaabHoro neuucineHus. M.: ®U3MATIINT, 2001.). r(p)
- TIOBEPXHOCTh 3€pKaja B MOJISIPHBIX koopauHarax. [lokazaHo, 4TO A pa3IuuHbIX
Ccroco0OB B3aWUMHOTO PACMOJIOKEHUE MPEIAMETa M KaMEpbl, a TAKXKE OPUCHTAIUU
n300pakeHUS, BO3MOXKHO UETHIPE BapuaHTa ypasHeHus (2). Pemenuem ypasuenus (2)
aprgercs crenyromee Beipaxenue (O, Kamkxe. CrnpaBoyHWK TO OOBIKHOBEHHBIM
muddepennmansasiM ypasaeansam. M.: Hayka, 1976.):

() = e_jtgm o 1@
3nech I(¢)paBHO:
1+1g()t 1 /
I(p)=| e 5; f@) L O arctg{—ln gnffg) (; )j 3)
N _
VE LI g(6)+1g(0)
cos(¢)
[TpeoOpa3ys Beipakerne (3) v BBHITIOIHSS 3aMECHY zgg = x , IOJIYYaeM:;
1= —x X (2m = 2D + X (dn = 2) + x(2m + 21) +1 2dc_(4)
X2 1) + X (dm — dnl) + 1+x°

+x7(4n° +4m® =217 = 2) + |x (x2 + l)— x1+xQn-2)+x*Q2-2n)-1
+x(4nl —4dm)+ 17 +1

C nomomnrpio makera Maple ynaercst moiayunTs nepBooOpasHyto st uaTerpana (4).
Ona odeHb rpoMoO3nKa W 37ech He mpuBoamtcs. [lepBooOpasnas mia (4) He
BBIPAKACTCA YEPE3 IIEMEHTAPHBIC (QYHKITUH (COMCPKUT UTUNTHUCCKUE HHTETPAITHI ).

Takum 00pa3om, BEpHO CIIEAYIOIIEE

YT1BepxKaeHue.
[ToBepxHOCTh 3€pKana, O0JaJaAOIIEro CBOMCTBOM HWCHPABIATh MEPCHEKTHBHBIC
HCKAKCHUS, OMUCHIBACTCS CIEAYIOMINM BBIPAXKECHUEM



—(tg%))4+(tg%)3(—2m—21)+(tg%))2(4n—2)+x(2m+21)+1

- dop

(tg%))4(12+1)+(tg%))3(4m—4nl)+
+(tg%)2(4n2+4m2—212—2)+ X((tgg)ZHJ—(tg?fl+(tg§))3(2n—2)+(tg§)2(2—2n)—1

+(tg%))(4nl—4m)+lz+l

r(p)=e

Taxxe BO BTOpOH THaBe NPUBOAATCA TpadUKH TOBEPXHOCTH 3epKana s
pa3TUUHBIX 3HaYeHUH napameTpoB A u [ (puc. 4)
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Pucynox 4 — rpaduky moBEpXHOCTH KOPPEKTHPYIOIIETO 3epKalia

Tperbst TnaBa  TOCBSAIEHA pPa3padOTKe MPOrPAaMMHOTO OOECHEUEHHMS I
MIPOBEPKHM CBONCTBA TMOJYUYCHHON MOBEPXHOCTH 3€pKajla UCIPABJIATH MEPCIICKTUBHBIC
uckaxkeHnd. [IpoBepka TPOBOAWUTCA METOJOM TPSIMOW TPACCHUPOBKH  JIyUeH.
[TpuBoauTCs 00630p ANTOPUTMOB TPACCUPOBKH Jiydeit. JlemaeTrcs BBIBOM, UTO ITUPOKO
pactpoCTPaHEHHBIC TPOTPAMMHBIE TTAKETHI, PEATU3YIONNE OOPaTHYIO TPACCHPOBKY
Jyded, He TOAXOIAT i TPOBEPKH CBOMCTB 3€pKaja, Tak KaKk OHW HE TIO3BOJISIFOT
MOJIYIHTh (PU3NUECKA KOPPEKTHOE OTPAKCHHE TMpeAMETa B HEIJIOCKOM 3epkajie. B
rJIaBe TaKXKEe TPUBOAUTCS HWEpapXvs KJIACCOB, COCTABJSIFOIIMX OWOMUOTEKY IS
MPOBEPKHM CBOWCTB 3€pKajla, MX KpaTkoe omucaHue. bubauoreka COCTOWT W3 JIMH3,
3epKasl pasnuyHOW (OPMBI W Ha3HAUCHWs, OOBEKTHBOB, a TaKKEe KaMmep s
MOJIYYEHHUS U300PAKECHHUS.

B derBepToii T/NIaBe TNPUBOIATCA PE3YNBTATHl MOJCIHPOBAHUA ONTHUYECKOMN
CHCTEMBI, COCTOSIIIEH U3 KaMePhl M KOPPEKTHPYIOIIETO 3epkasna. [[puBeneHsr mpuMeps
M300paKCHUM, TIOTYYCHHBIX C TTOMOIIBI0 PACCMATPUBAEMON ONMTHYCCKON CHCTEMBI M
METOJ/bl YCTPAHEHHUSI BHOCHMBIX HETUTOCKAM 3€pKAJIOM HMCKaxeHu#. Mcmomp30Bamoch
CIIeIyIOIee TECTOBOE M300pakeHue (puc. 5)

PucyHok 5 — TecToBOE M300paXKEHUE



Ha pucyHke 6 npuBeaeHO H300pa)K€HHME TECTOBOIO MPEAMETA, IMOJYYEHHOE C

o T
MMOMOIIBIO ONTHUYCCKOW CUCTCMEBI Ha PUCYHKC 3, AJI CiIy4das INIOCKOI'O 3CpPKaja, A==—:

4

OTO UCXOAHAs CUTyalusa Uil KOPPEKUMHM TMEPCIEeKTUBHBIX H300paxkeHuid. Ha
M300pKEHUH TOJIOCHL CJIE€BA BUAHBI <JIYUILE», YEM €CIIA Obl HAKJIOHA BOOOILE HE
ObLIO, CTIpaBa — TOJOCH BHUAHO «XYXe», MPOUCXOMHUT Toteps wHpopmarmu. llensb
WCIIPABJICHUS MEPCHEKTUBHBIX MCKAXKEHUH — JTOOUTHCS TOTrO, YTOOBI MOJIOCHI OJHOTO
pasMepa Ha MPEAMETE TOKE MOJYy4YaIuCh Ha M300pPaKEHHH MMEIOIIME OJWHAKOBBIN
pa3Mep, XOTA Kamepa pacioJIoKeHa IO HAKIIOHOM K INTOCKOCTH MPEIMETA.

Ha pucynke 7 npuBeneHO m300pa)k€HUE, MOJYUYCHHOE ONTHUYECKOW CHUCTEMOW Ha
pUCYHKE 3 ¢ MPUMEHEHHEM 3€pKajia, MOBEPXHOCTh KOTOPOro Oblia MOJydYe€Ha BO
BTOPOM TJIABE.
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PucyHok 7 — nuzo0OpaxeHue, MoayueHHOE C MOMOIIBIO KOPPEKTUPYIOIIETO 3epKaia

%x

Ha pucynke 3aMeTHO, 4TO IIBETHBIC IOJIOCHI TEIIEPh UMCIOT OJMHAKOBYIO IMIHPHHY,
HO Ha HM300paKCHHHM NOSBHIIMCH HCKAKCHUS, MMCIOIIHAC XapaKTep pPa3MBITHA. OTH
WMCKaXXCHUS BO3HUKAIOT W3-3a TOTO, YTO JIy4H CBETA, MCXOJAINIHE W3 OJHOW TOUKH
MPEeMETa, 3ePKAI0 COOMpPAET HE B OJHY TOUKY. CBETSANICHCS TOUKE TIPEIMETa B ATOM
CJIy4ae COOTBETCTBYET Ha M300PaXCHUH OCBEIICHHBIH OTPE30K (OTPE30K PACCESHUA).
B pabote mokazano, uTo ueM OOJIbITIe OTHOCHUTEBHBIN pa3Mep 3epKajia Mo OTHOIICHHUIO
K pa3Mepy Kamepwl (TouHee, K pasmepy auadparmsi), Tem ciiabee TPOSBIISIOTCS
OMMCAHHBIC UCKAKCHUS.

Kpome storo, Bo3amMokHO ToA00paTh Takol pasMep 3epKajia, Py KOTOPOM ITUPHHA
MaKCHUMaJIbHOTO  OTpe3ka  paccesHusa  OyaeT  Oosblle  pa3Mepa  SUYSHKH
«CBETOYYBCTBUTEIILHOM» MATPHUIIBI KAMEPHI, M 3TH MCKAKCHHS TIPOSBIATHCI HE OYIyT.

Beimme nmpuBeneH oauH crnoco0 yCTpaHEHHE WCKaXKCHWM, BHOCHMBIX 3€PKajOM B
n3obpaxkenne. CymecTByeT B APYrod crmocod HalTH (yHKIHIO, 3a0a0IIYI0 PEIMET,
o ¢yakimn u3odpaxenus. [lycts S(x)e L,[0,1] U I(x)e L,[0,1]- yHKIMHA, 3a0F0TITHE
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COOTBETCTBCHHO TMPEIMET, PAcCMATPUBACMbIH C TOMOIIBIO ONTUYECKOH CUCTEMBI,
COCTOAIIEH W3 KaMmepsl W 3epkasa, ©W w300paxeHue, ¢GopMupyemMoe Ha
«CBETOUYBCTBUTEIHLHOM MaTPHIle» KaMephl. Toraa 3Ti PyHKITNHM CBA3AHBI CACAYIOIAM
YPaBHEHUEM

I(x) = 1jP(z, X)S(¢)dt (5)

3amaua pemieHWs ypaBHEHHWS (5) SABISETCA HEKOPPEKTHOH. OTO ypaBHEHHUE
O®penronpma mepBoro poga. Hapymen myHKT 3 onpeneieHuss KOPPEKTHOCTH 3a1a4H —
peIIeHre HEyCTOWYNBO, T.K. 0OpaTHBIN K (5) omepaTop HE ABIACTCS HEMPEPHIBHBIM. B
pe3yNbTaTe MajibiM OMUOKAM B siApe Wik B QyHKIMHA U300PaKEHUS COOTBETCTBYIOT
Oonpiue OmMMOKH B TONydaeMol (PyHKIWH, 3amaromield mpeamer. HMHTerpanbHbIi
OTIepaTop Ha OTPE3KE SABJISAETCS BITOJIHE HETIPEPHIBHBIM OTIEPATOPOM. DTO 3HAYHUT, UTO
ecnmm  OOpaTHBIM  OMepaTop OrPaHWYCH, TO (YHKIMOHAIBHOE TPOCTPAHCTBO
HEOOXOIMMO KOHEUHOMEPHO. 3HAYUT, B JTAHHOM ciydae oOpaTHbiii kK (5) omepartop
HEOTPaHUYCH.

Mertoapl perieHus TaKWX HEKOPPEKTHBIX 3a/1ad XOpoIno pa3padoransl. B manHO#M
pabore ypaBHeHue (5) 3aMEHSETCS IUIOXO OOYCIOBJIEHHOW CHCTEMOM IJTMHEHHBIX
anreOpandecKnX ypaBHEHUH, KOTOpas PEIIaeTCs METOJOM PEry/sapu3anui TUXOHOBA.

Ha pucynke 8 cBepxy moka3zaHo W300pa)K€HHUE C HWCKAKCHHUSIMH, TOJYyUYEHHOE C
MOMOIIIO PACCMATPUBACMONW ONTHYECKOW CHCTEMBI, W PE3YyIbTaT BOCCTAHOBJICHHS
N300paKCHUS C TIOMOIIBIO PEMICHWS WHTETPAIbHOTO YypaBHEHHs. [l pemreHus
HCITOJTB3YETCS PETY IAPU3AIIHSL.

I
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PucyHok 8 — BoccTaHOBIICHUE N300PAXKEHUS PEILICHUEM UHTETPAIbHOTO YPABHEHUA

x

>

JlemoHCTpaIust CBOMCTB 3epKania (s ciydast A= %, r :%, R = 150) ucnpasnsats

MEPCTICKTUBHBIE MCKaKEHUS MPOBOIMIACH B JBa STama. Ha mepBom stame cxema Ha
prcyHKe 3 Oblja co3JaHa B TPEXMEPHOM penaakTope TrueSpace ¢ MIOCKHMM 3epKajoM
(puc. 9, cmeBa) W c KoppekTtHpyronmMm 3epkasiom (puc. 10 cnema). 3epkana
MPEeTHA3HAYAIACH IS KOPPEKIIMH TEPCIEKTHBBI TOJBKO BJOIb OJHOW OCH, T.€.
oOpasyrolieit 3epkajia Oblja npsamas.
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Pucynox 9 — cxema a1 MpoBEPKH CBOMCTB 3epKajia UCIIPABIATh IEPCTICKTUBHBIE
HUCKAKCHUS

Ha puc. 9 cmpaBa mpuBeaeHo u300pakeHHE, MOJTYYCHHOE C MOMOIIBIO KaMephl,
pPacmoNoXeHHON Kak MOKa3aHo Ha pucyHKe 9 ciesa. s ciaydas ¢ TUIOCKAM 3€pKajioM
3aMETHO YMEHBIIICHUE IMAPUHBI KJIETOK TMpeaMeTa (MPOSBISIOTCS TEPCICKTHBHBIC
uckaxenus). Ha pucynke 10 cieBa moka3aHa clieHa [uisi IPOBEPKH CBOWMCTB 3epKaia
UCITPABJISITh TIEPCIICKTUBHBIE MCKAKEHUA C KOPPEKTUPYIONIMM 3€PKajoM, ClpaBa —
n300pakeHue, TOJYUYEHHOE C TIOMOIIBIO KaMEPbI, PACTIOJI0KEHHON TaK, KaK MOKA3aHO
Ha pucyHke 10 cneBa. 3aMe€THO, 4YTO KJIETKA WMMEIOT OJMHAKOBYIO IIUPHUHY —
MTPOUCXOIAT UCTIPABJICHUE TIEPCTICKTUBHBIX HCKAXKCHUH,

Pucynok 10 - cxema Jyisi MPOBEPKU CBOMCTB 3€pKajia UCIIPABJIATH MEPCICKTUBHBIC
HCKAKCHUS

CTOUT OTMETHTH, UTO B PACCMATPUBAEMOM TPEXMEPHOM DPEIAKTOpPE M300paKCHUS
MOJIYYarOTCsl C MOMOIIbIO OOpaTHOW TpaccupoBKH Jiydyeil. OOparHas TpaccUpOBKa
ayded maer pu3ndeckn KOPPEKTHOE M300pPaKEHHUE OTPAXKEHUS B HETUIOCKOM 3€pKajie
TOJIBKO T Cliydas, KOrja Kamepa OYeHb Majia 10 CPaBHEHWIO C TPEIMETaMH,
COCTaBIIAIONIMMH CXeMy (MMEHHO B TaKWX TWPEANMOIOKEHAAX OBUIO TOIYUYEHO
ypaBHEHHE Ha TIOBEPXHOCTH 3€PKaa).

Ha BTopom »srtame mnpoBepka MpoBoaWiachk ¢ MOMOMbBI0 (ororpadupoBanus
KaMepoi OTpaKCHHs B 3€pKajie, PACMoOIOKEHHOTO TaK, KaK MOKAa3aHO Ha PUCYHKE 3,
UMEIOITeTo HeoOXoauMyro ¢opMy. 3epkajgo OBUIO pacmedyaTaHO Ha TPEXMEPHOM
npuatepe ¢upmbl Z Corporation, TTOKPHITO aKPHJIOBBIM TPYHTOM, OTHUTA(OBAHO
MOKPAIICHO KPacKoW «moj Xpom». 3epKaia MpeaHa3HAYAINCh I KOPPEKINH

12



MEPCIEKTUBBI TOJIBKO BJOJIb OJHOM OCH, T.€. 0Opa3yroled 3epkana Oblia mpsmas.
Otpaxaroimas NOBEPXHOCTh MOJYUMJIACh XYXKE, YeM I 3€pKajia, MOJYUYECHHOro C
MOMOIIBIO aMaJibraMbl. [[714 MPOBEPKM CBOWMCTB 3€pKaja MOJYYECHHOM OTPaXKaroIeH
MOBEPXHOCTH  ObLIO  BHOJIHE  JocTaTouHo. Ilpu monydeHun  um3o0paxkeHud
UCIIOJTIb30BaAIach BeO-kaMmepa (co ciadbiM  pasperieHrueM), TPeAMET COCTOST W3
HECKOJIbKUX JIUCTOB Oymaru. M3o0paxxeHue, MOJMYyUYEHHOE C TOMOIIbI0 KaMmMepbl U
MJIOCKOTO 3€pKajla, MpuBeAcHO Ha pucyHke 11. T1oJIoChl MMEIOT Pa3HyKO HIMPUHY —
MPOSIBJISAIOTCS MEPCIICKTUBHBIC UCKAKEHUS.

Pucynok 11 — uzo0paxeHue B MIOCKOM 3€pKajie
Ha pucynke 12 mnpeacTtaBieHO H300paKEHUE, TMOJIYUYEHHOE C TMOMOUIBIO
KOPPEKTUPYIOLLErO 3epKaia. [ paHULIbl TOJIOC BBIACIIEHBI CEPHIM.

Pucynok 12 — nuzo0pakeHnue B KOPPEKTUPYIOIIEM 3€pKaJjie

OTMeTHM, YTO MOJOCH UMEIOT OJMHAKOBYIO mupuHy. OTCIOAa ClIeAyeT BHIBO UTO,
3epkano TpeOyemoit ¢opMmbl 00nagacT CBONCTBOM HCIPABJICHHS IEPCIICKTUBHBIX
ACKAKCHUM.

PaccmarpuBaemasi onTudeckas CHCTEMa MOXKET HAWTH NMPUMECHEHHE B CHCTEMax
OXPaHHOT'O TEJICBU3HOHHOTO HabmoaeHus. [Ipn BeIOOpe KOHDHUTYypaIluy TAKUX CHCTEM
HAOMIOJICHHUST  PEIIAIONIMM  SIBJSISTCS HE  KAdecTBO  IMOJIYyYaeMOro  CHCTEMOM
M300paKeHNs, a BO3MOXXHOCTh HMACHTH(IHMKAIIMKM TPOUCXOISIMINX HAa OXPaHAEMOM
o0bekTe coObiTHi. Ecimm kamepa pacroniokeHa Ha HEKOTOPOM BBICOTE, HAIPHMEDP Ha
CTCHE 3JaHWs WJIM HAa HEKOTOPOM BO3BBIIICHHMH, TO YaCTO OOBEKTHI, PACTIONIOKCHHBIC
BOJW3M KaMEphl, BHJHO <JIydllle», YeM 5TO HEOOXOAWMO Ui BHIIOJHCHHS
MTOCTABJICHHBIX TEpPea CHCTEMOM 3a7ad, a YyHallCHHBIE OOBEKTHI — «XYXKe», YeM
HeoOxoaumo. To ecTh HAOMIOMAETCS HEPABHOMEPHOCTD ACTANM3AIMK HA TOJIy4acMOM
M300paXEHUH — TPOSABILIIOTCS TIEPCIICKTUBHBIC HCKakeHHWA. Llenmpro mcmpaBieHUs
MIEPCIICKTUBHBIX MCKAXXCHUH SIBJISCTCS KaK pa3 MOJIYUCHHUE OJMHAKOBOHN JIeTaau3aliiu
Ha BCEM ITPOCTPAHCTBE N300paKEHHUS.

PaccmarpuBaemasi onThyeckash CHCTEMa MOXET HAWTH NPUMEHCHHUE B PCIICHHH
3a71a4d  BBIABJICHUSA KOOPAMHHUPOBAHHOT'O HAOMOACHUS B MECTaX MAacCOBOTO
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CKOIJICHUA JoAed. Jlns pemeHuss »>ToMl 3aaaud  HEOOXOAUMO BBIACIUTH  CIIET
NEPEMELICHUS JTIOIEH MO MJIOCKOCTH. B 3TOM ciyyae MOKHO NMPUMEHHUTH ONEPALUIO
XOR Kk HeckoJIbKUM Kajpam u3oOpaxxeHus, uaymum noapsan. [lociaenoBaTtenbHOCTh
M300paKCHUN (ABYIKYIITHECS MO TUIOCKOCTH B Pa3IMUHBIX HAMPABIICHUSIX OOBEKTHI)
TeHEPUPOBAIACH C MOMOIIBIO COBPEMEHHBIX CPEACTB TpexMepHo# rpaduku. B pabote
paccMaTpUBAJIMCh ABa 3Tana ACTAIM3alMHA MOJEIN — ABMKYLIUECS PA3HOLBETHBIEC
chepsl (mepBbiii dTam, puc. 13) w aBmKymiuecs (GUTYPHI JIOACH PasHBIX IBETOB
(BTOpO# 3Tam, puc. 14)

Pucynok 14 — BTOpOii 3Tan AeTaiu3allid MOJICTU

Ha pucynkax 13 u 14 cnpasa nokazaH pe3yJibTaT HAKOIJICHUS ClieAa NEPEMEILCHUS
00BEKTOB ISl Pa3HbIX 3TANOB ACTAIM3ALUA MOJICIIH.

K mnHakomyieHHOMY TakuM o0Opa3oM cCley MEepeMEIIeHUsa Aajiee€ MNPUMEHACTCS
pa3pabOTaHHbI ABTOPOM  AJTOPUTM  BBIACJIICHUS MPAMOJUHEHHBIX AJIEMEHTOB
M300pAKEHUS.

[TokazaHo, YTO I8 3aJa4d  BBISBICHUS KOOPAMHUPOBAHHOIO  JABUKEHUA
pa3paboTaHHBIA aNTOPUTM TOAXOAMT Jydile, yeM mpeoOpazoBanue Pamona. [ns
padoThl ATHUX aJIFTOPUTMOB HEOOXOAUMO, UTOOBI Clie/l MepeMEIeHUS 00beKTa ObLIT OBl
JINHAEW OJIHOM TOJIIMHBI, YTO BO3MOXHO TOJIBKO B CJIy4ae, €CJIM Ha BCEH
MOCJICAOBATEIbHOCTH  QHAJIM3UPYEMbBIX KaJIpOB  OTCJIC)KUBAEMBIH OOBEKT HUMEET
ONMHAKOBBIA pa3smep. Ecnu 00BEKT ynpanseTcs OT Kamepbl, TO 0€3 MNpoueaypbl
YCTPAaHEHUA TEPCIEKTUBHBIX HCKAKECHUM OH OyJEeT YMEHbIIAThCS B pa3Mepe Ha
M300pAXKEHUH, A MPU NPUOIMKEHUN — YBEIUUUBAThCA. [10CTOSIHHBIN pa3Mep 00beKTa
JIOCTUTAETCS, TOJIbKO €CJIM KaMepa paclofl0KEHA HEMOCPECTBECHHO HAal HA0II0aeMoi
MJIOIIAAKON, UM UCTIPABJICHUEM MEPCIEKTUBHBIX UCKAXKEHUNA KAaKUM—THO0 CIIOCOOOM.
C moMoup0 NporpaMMHONM KOPPEKIIMU TMEPCIEKTUBBI MOXHO JOOUTHCS XOPOIIETO
pe3yabpTaTa NpUBEICHUS BCEX CJICAOB K OJHOM TOJIIIMHE, HO MPOrpaMMHAas KOPPEKIUA
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HE MPUBOJUT K YJIYUIICHUIO JETAM3alMUd YJAJIEHHbIX OT KaMmepbl oObekTax. C
MMOMOIIBIO OMUCHIBAEMOMN KOMOWHUPOBAHHOM MPOLEYPHI WCTIPABJICHUS
MEPCIEKTUBHBIX UCKAXEHUHW MOXKHO JIOCTHYL O0€uX IEened — OJAMHAKOBOW IIMPUHBI
CJIEIOB U OJIMHAKOBOM JETAIM3ALUU MO BCEMY H300PaKEHHUIO.
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