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PaccmarpuBaeTcss Momupugarms MeToma MuGPOBON TOIOTpAGUIECKOl MHTEPHEPOMETPUN It
onpeneneHus nedopmarnuii oobekTa ¢ oud@y3HON MOBEPXHOCTHIO IyTEM CPABHEHUS OTPaKEH-
HBIX OT HErO KOMIIJIEKCHBIX BOJIHOBBIX (DPOHTOB IIPU [BYX €r0 Pa3iIMUHbIX cocTossHuaX. OTiuune
mpenjaraeMoro MeTofia OT KJIACCUYeCKNX MeTOHOB HMuMPOBON rojorpadun 3aKI09aeTcs B TOM,
4TO HU(MPOBBIE TOJIOIPAMMBI, IO KOTOPBIM BBINOIHSIETCS BOCCTAHOBJIEHUE M300paKeHWM, UMe-
0T KOMIUIEKCHBIE 3HAUCHUS, OMPENENIIeMbIe METONOM (DA30BLIX CIBUTOB («KKOMILIEKCHAS®> TOJIO-
rpamMma), B TO BpeMs KaK KIIACCUIecKue MudPOBBIE MOIOrPAMMEL IMEIOT TOJILKO BEIIECTBEHHBIE
3HaueHus1. Kpome Toro, BOCCTaHOBIEHVE II(PPOBBIX TOJIOIPAMM BHIIOJIHIETCS C YIETOM HEOIHO-
POIHOCTY MHTEHCUBHOCTHU OIOPHOTO ITyYKAa, YTO MOBHIIIAET KAauecTBO BoccTanoBjeHus. C sToi
eJIbI0 B OIIOPHOE INIEYO ONTUYECKOH CXeMbl MHTepdepoMeTpa BBENEH IepecTpanBacMbIll Hel-
TPaJbHBIN ONTUYeCKU GuabTp. BoimonHena skcmepruMeHTaTbHAS TTPOBEPKA METOMA.
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pugeckas mHTEPDEPOMETPUS, MATEMATIYECKAsT TOOTpaMMa, peobpasoBanne Openens, masep,
IJTIHA BOJTHBL.
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Beenenune. ['onorpaguueckas naTepdepoMeTpus SBIIETCS OECKOHTAKTHBIM Hepa3pyIia-
IOIIAM METOIOM M3MEPEHUN ¢ UyBCTBUTEILHOCTHIO MOPSIKA OMHOW COTOH IJINHBI BOJIHBI. JTO
9(pHEKTUBHBI METOL IJIS ONPEHNeICHUS HaIlpsKEHHO-Ne(OPMUPOBAHHOIO COCTOSHUS TBEPIOTO
rena [1]. [onorpaduaeckne MeTOMBI NCCIEIOBAHII CMEILICHIIT U peTbeda MOBEPXHOCTHU HCIOIb-
3yIOTCs IIJIsI HEPa3PYILIAIOIIEro KOHTPOJISI M OUATHOCTUKM COCTOSIHUS PA3IMYHBIX HeTajleil u
MexaHu3MoB (2, 3]. B cBsa3u ¢ passuTueM 1udpOBBIX CPENCTB PErUCTPALNE ONTHYECKUX BOJI-
HOBBIX IIOJICH, C POCTOM BBIYNUCIUTEIBHBIX MOIIIHOCTEH, MOSBJICHAECM HOBBIX METONOB IIOJIyUe-
HUS 1 paclindpoBKU TOJIOIPaMM KJlaccudeckas rojorpadust mepexonuT B Iu(ppPOBYIO ToJorpa-
duto. B mudposoit romorpadun kapTuHa nMHTEpPEpPEeHIN 00BbEKTHOTO MUGPAKIIMOHHOTO IIOJIS
7 OIOPHON BOJIHBI 3alIICHIBAETCS B BUe HU(PPOBON TOJOTPAMMBI, KOTOpAas IPENCTaBIISET CO-
6011 THTEHCUBHOCTL KAaPTUHBI HHTepdepernnu B nudpoBoM Buae. PasBuTue MeTonoB 1udpoBoit
rosiorpaduu BO3POKIaeT MHTEPEC K M3MEPUTENbHBIM TojorpadpuieckuM cucremaM. llens man-
HOI paboThl — Momudukanus MeTona Hu(POBOI rojiorpaduu oIk BO3MOXKHOCTU OIpeNeIeHUs
nedopManuii 00beKTa ¢ TuPPY3HON TOBEPXHOCTHIO.

ITocTanoBka 3amaum u pereHue npobsieMbl. CoBpeMeHHbIE METONBI TI(MPOBOI TOJIO-
rpaduu OCHOBAHBI Ha PETUCTPAINT WHTEHCUBHOCTHU ONTUIECKON MHTEP(HEPEHITNOHHON KAPTUHEI
C TIOMOIIIBI0 MATPUYHBIX (GOTONPUEMHUKOB. B [4] GBI BlepBbIe MPEmIIOKeH HU(PPOBON METOL
BOCCTAHOBJIeHUs n300paxkeHuii. [lampHeliee pa3sutue mudpoBas rosiorpadus MOy dniIa Mocye
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OTKPBITHS HETIOCPENCTBEHHON 3aIICH TosIorpaMM B nudposoit popme [5]. Bombrmoit Bkian B 5Ty
00JIaCTb UCCIIENOBAHUIT BHECIIN U POCCUIICKHE yUIéHBIe [5-7].

11 BOCCTAHOBIIEHUSI OTPaXXEHHOTO OT OOBEKTA KOMIIJIEKCHOTO IIOJIS BOJIHOBOTO (DPOHTA
HEOOXOIMMO BBHITIOJTHUTH OUCKPETHOE Tpeobpa3oBanne Openerts Ham mudpPOBON rOJIOTPAMMOI:

e = o i (3 3"+ (an(e- 39)7)

(oo {i gl @02 o

rae A — IJIMHA BOJIHBI KOT€PEHTHOTO MCTOYHUKA, MCIONIb3yeMasl I OCBEILeHNs; d — PacCTOo-
sIHIIe, HA KOTOPOM MBI HAXOOUM KOMILIEKCHOE PACIIpeNesieHIe BOJTHOBOTO IOJIsI, PACCESTHHOTO OT
IJIOCKOCTH ToJTyuerust rosiorpamy; [ (k, [) — orcuéTsl peructpupyemoit nudpoBoil TOIOr PAMMBIL
¢ naTepBanamn auckpermanun AE = Ad/(N;Az) u An = Ad/(NyAy); Az u Ay — pasme-
per mukcena; N, u N, — «mcyo mukcenos; S (-) — cuMBOII, 0603HAUAIOMINI IPeobpa3oBaHme
Dypre.

Paccrosinue d mMoxuO oneHUTD U3 cremyorero yciaosus: d > NAxz/A. Ecnu d coBnanaet ¢
paccTOsTHIEM OT OOBEKTa M0 TOJIOTPAMMBI, TO n300paxKeHue OymeT ¢hOKyCHPOBAHHBIM. 1 0UHOE
3HAYEHNE PACCTOSHUSA d OOBIYHO Hem3BeCTHO. [l ero yToOuHeHUsI HEOOXOMUMO TOYUIUTDH PSIT
n300paXKeHU Ha PA3IMYHBIX PDACCTOSHUSAX U TOCJIEe HECKOJIBKUX UTEPAINN OMPENeInTb TOUYHOEe
3HAYCHIUE.

B uudpooii romorpadun BOCCTAHOBIEHHOE N300paXKEeHNUEe SIBIISIeTCST MHOXKECTBOM KOMIIIIEKC-
HBIX YHCEJI, THTEHCUBHOCTH U a3y KOTOPHIX MOIYUAIOT C UCIOIb30BAHIUEM U3BECTHBIX (HOPMYIL:

Im (I'(r, s))
Re (I'(r, s))] (2)

[Ipu uccnemoBaruu nedpopmanuu 0ObLEKTOB ¢ NubdY3HON MOBEPXHOCTHIO OOJIBIIIOE KOJIH-
4ecTBO (ha30BLIX MEPEXOIOB HE TO3BOJIAET UCIONL30BAThL BhIpaxkeHue (2) miis eé ompernesieHus
HerocpencTBenHo. s perenust 5ot mpobiemsl npemaraercs B (1) B kauecTBe nudpoBoit
rosiorpammst [ (k, l) uCHonb30BaTh «MaTEMATHUECKYIO®» TOIOTPAMMY

Gk, 1) = ap(k, 1) e R0, (3)

rae ap(k,l) — ammnmuryna u ¢(k,l) — dasza maTemaTuueckoil ronorpammsl. Ipu aTom dopmy-
na (1) npumer Bun

e - i [~ ) (- )}

s (etknon {5 (866 30)) "+ (- )]}

Tl HAXOKIEHUs aMIUTUTY AL U (ha3bl MATEMATHIECKON TOIOrPAMMBL UCIIONIB3YETCsl METOL I0-
IATOBBIX (DA30BBIX CIABUTOB, B KOTOPOM PETUCTPUPYETCs ceprs nudpoBbix rojorpamu I, myrém
BHECEHUsI PA3IINYHBIX (DA30BBIX CABUTOB B OMOPHBIN My 90K. KpoMe TOro, nemnoib30BaHmne MeTOnOB
TIOIIATOBOTO (ha30BOTO CABUTA TIPH IOy YeHIN I(DPOBLIX TOTOIPAMM IIO3BOJIET N30eKATH PO~
6r1eM, CBSI3aHHBIX C yCTPaHEHUEM HYJIEBOTO TOPSIKa MuMPAKIUN n n300paKkeHus ABONHUKA, [8].
[Tonp3ysich BeIpaxKeHusaMu u3 [9], TOIy UM

I-Cct

p = arctg <W> n a

I(r,s) = |F(T,s)|2 u  @(r,s) = arctg [

(4)

1

= e (- CHP+(@-cH2, (5)
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26 T3

Puc. 1. Cxema 3ammcu roJIorpaMMbL: CXeMa TOJI0rpadIiecKoil yeTaHoBKu (a); do-

Torpadus ontudeckoit ycranosku (b). O6o3navenus: 1 — nasep, 2 — 06beKT, 3 —

pacIIupuTesb Myudka, 4 — IepecTPAuBAEMbIl HEUTPAIILHBIN QUIBLTD IJIS U3MeHe-

HUST YPOBHSI HHTEHCUBHOCTH OIIOPHOTO IMyYKa, J — OMOPHOE 3epKaJjio, 6 — 3epKajo

IJIsL IOCTUPOBKY YCTAHOBKH, 7 — HEINTEIb CBETOBOTO IIyuKa, 8§ — muadparma, 9 —
KaMepa

roe C = (cosdg,...,c080,-1) , S = (sindp,...,sindy,_1)" — HAGOP CHHYCOB W KOCHHYCOB
OT M3BeCTHHIX (ha3oBbIX caBuros 0; C- — BexTOp, oproroHanbHbIl BekTopy C; ST — BekTop,

OPTOTOHAJILHBINT BEKTOPY S, a

©=p—pr; a=2apa. (6)

W3 Beipaxenntt (3)—(6) cremyer, 4To [Jisi KOPPEKTHOTO BOCCTAHOBIIEHUS M300DaKEHUS 13
1uPOBOI TOJIOTPAMMBI TPEOYETCsI 3HAHUE NefCTBUTEIEHOIO 3HAUEHIS aMIUTUTYI OOBEKTHOTO 1
onopaoro my4kos. Kak mokaszano B [11], n3MeHsIs MHTEHCHBHOCTH OIMOPHOTO IIyYKa Ha U3BECTHYIO
BeMUUNUHY k, MOXKHO TOJYYUTH CUCTEMY YPABHEHU
I = a% + ag + 2aray cos @, N a = 2arap, 7)
I(k) = (ka,)? + af, + 2karay, cos ¢ a(k) = 2karay,

13 KOTOPOII HAXOISTCS NEHCTBUTEIIbHBIC 3HAUCHUS aMIUIUTYI Gp U ap. KosbdunueHT n3mere-
HIIs MHTEHCUBHOCTHU OHOPHOTO IIyYKa k TaKXKe MOXKHO ONpeNeInTh HeIIOCPEACTBEHHO 13 Habopa,
1 posbix rosorpamm 1 [10].

OkcnepuMeHTaIbHAas OpoBepka. [ sKcnepruMeHTaIBLHON TPOBEPKH BOCCTAHOBIICHIS
KOMIIJIEKCHOTO BOJIHOBOTO (DPOHTaA, OTPaXKEHHOTO OT MNOBepXHOCTU MUDGY3HOTO O0BEKTAa, UC-
[OJIb30BAJIACH IIPOCTas onTudeckas cxema [11], mokasannas Ha puc. 1. B xauecTse ycTpoiicTsa
BBOZa MpuMeHsiach cepuiinast ¢porokamepa Canon EOS M50 ¢ MakcuMaabHBIM pa3pernieHneM
6000 x 4000 mukcemoB. MaTtpuma GoTonpuéMHIKOB uMeeT pasmepsl 22,3 X 14,9 mwm, pasmep
nuKcena KOTopou paBeH 3,7 MkMm. [ludpoBas romorpamma peructpupyercs GoToKaMmepon 6e3
obbekTuBa. /I OCBEIeHUs MCITOTB30BAJICS 3€JIEHBIN MTOIYITPOBOMHUKOBLIN sazep LS-1-SLM-
532-100 ¢ muHOM BomHBI 532 HM, MotTHOCTHIO no 100 MBT n nnunoit korepentHocTu 15-20 cMm.
H71st m3MeHeHuss MHTEHCUBHOCTH OMOPHOTO IIYYKA B ONTUYECKYIO CXEMY BBENEH MepecTpanBae-
MbIi HeriTpanabubiil GuabTp Thorlabs NDC-50C-2-B.
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Puc. 2. Boccranosnennsie no mudposoii rosorpamme: amminTtyna (a) u dasza (b)
00bekTa; Tpaduk (hasbl 0 MEHTPAIBLHOI CTPOKe ()

Puc. 3. Onopuoe 3epkajio Ha IbE30KEPAMUKE

B xauecTBe 06bekTa OBLT B3AT I0OMIEHHBIN cepeOpsHbIl 3HaU0K HoBocubupckoro rocynap-
CTBEHHOI'O TEXHIUYECKOTO yHuBepcuTeTa. PazMep o6bekTa cocTaBuil 7 MM, PACCTOSHIE N0 00b-
ekta — 135 mMm. Ha puc. 2, a mokazaH pe3ysIbTaT BOCCTAHOBJIEHUS n300paxkeHus nud@y3HOro
06BeKTa 110 1udpPOBOIl ToTIorpaMMe, PacCcanTaHHol 1o dopmyste (1).

Ha puc. 2, b, ¢ BugHO, uTO daza nudpoBoil rogorpaMMbl nuddy3HOr0o 06bEKTa UMEET CITy-
YJAHBI XapaKTep U He MOXKET UCIOJIb30BAThCS Il Iiesell mHTepdepomeTpun. s nomydeHuns
MATEMATUIECKON TOJOrPAMMBL ONTHYECKAss yCTaHOBKa (cM. puc. 1) OGbLTa MONEPHH3MPOBAHA.
Omnoproe 3epkaio 5 (cMm. puc. 1) caenano monBIDKHEIM (puc. 3).

Ha puc. 4 mokazansr pe3ybTaThl THTEPHEPEHITIN MeKIY OIIOPHBIM I OOBEKTHBIM Ty YKaM7
npu n3MeHeHnn ($Ha30BOTO YTJia COBUTA.
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Puc. 4. WutepdepeHnnoHHbIE KAPTUHBI NPU U3MeHEeHNN (Ha30BOTO yIJIa CHOBUTA!
01 = 0°, 62 = 90°, §3 = 180°, 4 = 270°

Puc. 5. Avmmutyna u dpaza HHTEPHEPEHITNOHHBIX TTOJIOC

[To anropurmy (4)—(7) dopMupoBasach MaTeMaTHIeCKas TojorpaMmMa (3), KoTopas mpem-
CTABIISIETCST MATPUIEll KOMIIEKCHBIX uncesl. [lajee KOMIIEKCHBIN BOJTHOBON (DPOHT BOCCTaHAB-
muBasics o dopmyse (4). st yCKopeHus BBIYUCIEHUI UCHONIb30BATIaCh Ipaduieckas Kapra
NVIDIA GTX 1070 [12]. Bpems pacuéra omHOro m3o6paxeHus cocTasiseT okono 1 muH. [l
HACTPONKN (DOKYCUPOBKU BOCCTAHABINBAECMOTO M300PaKEHUSI PA3MepP TOTOTPAMMBI Y MEHBITIAJICS
1o 600x400 mukcenos. B sTom pexkume ckopocTs pacuéra rojgorpamMbl coctasuia 30 kanp/ c.

st monmydenns: nHTEpPEPEHIINOHHBIX TIOJIOC TPOU3BOMMIICS HAKJIOH OOBEKTa TMOMBUKKON
MUKPOMETPUUIECKNX BHHTOB HA H MKM. 3aT€M OCYIIECTBIISIIIACH PETUCTPAIlds BTOPOU Cepun
udpoBeix nHTepdeporpamm. Ha puc. 5 mokazanel amMmiunTyna u pasza mHTepHEPEeHITNOHHBIX
IOJIOC, TIOJTYYEHHBIE U3 MAaTEMAaTUIECKUX TOJIOTPAMM O00BEKTA MO0 U TOCIIE €r0 CMEICHUS.

st ompenesnieHus mosist neopMaIiuii B KauecTBe 00beKTa ObliTa NCIOIb30BAHA METAJITIYC-
ckas MmeMOpaHa, KOTOpas HarpyxkaJsiach B rieHTpe. Ha puc. 6 mokas3aH BHEITHUN Bu MeMOPAHbBI
7 ONTUYEeCKOW ycTaHoBKU. OnTumueckas cxema yCTAHOBKU Takas e, KaK Ha puc. 1.

Hamnee dopmupoBaiach MaTeMaTUIeCKas ToJorpaMMa 00beKTa 6e3 Harpy3Ku. 3aTeM 00b-
€KT HAIPYKAJICS U B PeaJIbHOM BPEMEHU MOXKHO HabITIOOATh Tojorpaduieckre nHTepdepeH -
OHHBIE TIOJIOCHI, COOTBETCTBYoIe Aedopmanuu aucka (puc. 7).
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Puc. 7. Hudppossie rosorpaduyeckue nHTEPPEPEHIINOHHBIE KAPTUHBI IPU PA3TTY-
HOU HArpy3Ke MeTaJIImIeCKON MeMOpaHbI

3akmouenue. B mannoi paboTe paccMOTpeHa BO3MOXKHOCTB ONpenesaeHus nedopMaIlmit
00bekTa ¢ muddy3HON MOBEPXHOCTHIO MeTonoM IudpoBon romorpaduu. s sToro dopMupo-
BaJINCH MBe Cepuu IUMPOBLIX TOJIOTPAMM OOBEKTA N0 U IIOCIIe €r0 HATrPYXKEeHUs MeTONOM IIO-
marosoro ¢aszoBoro casura. llocme 3Toro reHepmpoBaInCch MaTeMaTHYECKUE TOJIOTPAMMEBI, IO
KOTOPBIM IIPOrPAMMHO BOCCTAHABIMBAJINCH KOMIIJIEKCHBIE BOJTHOBBIE ITOJISI, OTPaXKEHHBIE OT TIO-
BepxHOCTHU 00BeKkTa. OueHka medopMaImii TPOU3BOAIIACE CPABHEHIEM BOJTHOBBIX IOJICH MBYX
Pa3IMYHBIX COCTOSHUE 00BbeKTa. BhImomHeHa sKcnepuMeHTalbHas TpoBepka MeTona. Mcmoms-
30BaHME T'PAPUIECKOTO YCKOPUTES I PACIETOB TO3BOINIIO HAOTIONATH KapTUHY nedopMalnia
B peaJIbHOM BPEMEHH.
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