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JKumomupcokuil 0epocasHuli mexHoI02iyHUlL YHisepcumem

MOJEJIOBAHHS BUITAJJKOBUX ITOXUBOK HA BIIEO3OBPAKEHHAX
BHUPOBIB 3 TIPUPOJHOI'O KAMEHIO B ABTOMATU30BAHUX CUCTEMAX

Posenanymo mamemamuuni  mooeni ma Memoou MOOeN08AHHA BUNAOKOBUX NOXUOOK Ha
8i0e0300padicennsx. [lani 8i0e0300padicents Micmsams GUMIPIOGANIbHY [HHOPMAYiio NPo 2eoMempuyHi
napamempu RPOMUCIOBUX 6UPODI6 3 NPUPOOHO20 KaMeHIo. Bunaokoei noxubku 8UHUKAIOMb GHACTIOOK
BNAUGY MENNOBUX WIYMIE V Nepemeoprosayi «CEImIo—CUcHANy ma IHWUX el1eKMPOHHUX CXeMax
npucmpois Gpopmyeanns 6i0e0300pasicerb, HEOOHOPIOHOCMI ONMUYHO20 CEPedOsUA MIdC 8UPODOOM MA
OQHUM NPUCMPOEM, GNIUSY [THUWUX HECHPUAMIAUSUX (Pakmopie y eupobuuuux ymosax. Modentoganns
BUNAOKOBUX NOXUOOK 30IUCHEHO HA OCHOBL Memody GopMywuoeo @itempa ma HA OCHOGI
asemopezpecitinoi mooleni. Pe3ynemamu Mm00ent08aHHA HeOOXIOHI npu po3podyi anreopummivHux
npoyeoyp KomMnercayii 6Unadkosux noXubox ma 0Jia nNiOSUUeHHS MOYHOCMI BUSHAYEHHSA 2e0MeMPUUHUX
napamempis 8upo6is 8 A8MoOMAMU308AHUX CUCTEMAX.

Knrouosi cnosa: sioeo3obpasicens, ceomempuyti napamempu, 6unaokosi nOXuOKu.

Beryn. I[HocraHoBka mpo0JieMd B 3arajbHOMY BHMIVISIAL Ta ii 3B’fI30K 3 BaXKJIMBMMM HAYKOBUMH i
NPAKTHYHUMHA 3aBAaHHAMU. [[udpoBi BiNC0300paKEHHSA MICTATh BHUMIPIOBAIbHY iH(OpPMAIlIO PO
TeOMETPUYHI IapameTpu BHPOOIB, 110 BHUIOTOBIISIIOTBCS Ha minnpueMcrBax. Hampukian, e MoxyTh OyTH
BiZIe0300pakeHHs] BUPOOIB 3 MPUPOTHOTO KaMeHo. J{is 1iux BUpoOiB BU3HAYAIOTHCS JIiHIIHI PO3MIpH Ta KYTH MO
30BHINIHBOMY KOHTYpY, F'€OMETpPHYHI HapaMeTpH CTPYKTYpHHX eJeMeHTiB Ha mnoBepxHi [1-3]. Pesympratn
BUMIpIOBaHb JIOLUUILHO BHMKOPUCTOBYBATH ISl KOHTPOJIIO SKOCTI BHPOOIB 3 IPUPOJHOTO KaMEHIO Ha
KaMeHEeOOpOOHUX ITiAIpHEMCTBAX YKpaiHu.

CyTT€BUM HECTPHATIMBUM (DaKTOPOM IIPU TPOBEACHHI BKAa3aHWX BHMIPIOBAaHb € HASBHICTh BHIIAJKOBHX
moxnOOK BUMipIOBaNBHOI iH(popMaIii Ha Bigmeo300paxeHHSX BHPOOIB. L{i MOXMOKH MPOSBISIOTHCS Y BHIILIIL
IIyMy, IO JOJAETHCS [0 aMIUITYAM KOPHCHOTO BiJICOCHTHANy Ta BIUIMBA€E HAa BU3HAYCHHS KOOPAMHAT
KOHTYPHHX TOYOK BHpOOY Ta Ha MOAAJIBLI PO3paxyHKH T€OMETPHYHMX IapaMmeTpiB. BumaakoBi moxuOkn
BUHMKAIOTh BHACTIJOK BIUIMBY TEIUIOBUX IIYMIiB B NEPETBOPIOBAaUl «CBITIIO—CHUTHAI» Ta IHIINX EIEKTPOHHHUX
cXeMmax NpucTpoiB (GopMyBaHHS Bie0300paXkeHb, HEOJHOPIJHOCTI Ta 3alMJICHOCTI MOBITPsI MK BHPOOOM Ta
ONTHUYHOI CHCTEMOIO MPUCTPOIO (HOpMyBaHHS Bine0300paxkeHsb. TakoX Mae MiCIe BIUIMB Ha BilIe0300paKeHHS
IHIIUX HECTPHUATIMBUX (AaKTOpiB y BUPOOHMUMX ymoBax. OTpUMaHHS MaTeMaTHYHUX MoOJeJel, METOIUK Ta
pe3yJbTaTiB MOJICNIOBAHHS BUINAJAKOBUX IIOXHOOK JI03BOJISIE PO3POOMTH MpPOLENYpH IX aJrOPUTMIdHOT
KOMIIEHCAIliT Ta MiIBUILUTH TOYHICTh BU3HAUEHHSI TEOMETPUYHHX MTapaMeTPiB BUPOOIB 3 IPHUPOIHOTO KaMEHIO.

ToMy aKTyaJdbHHUM 3aBAaHHSAM € pO3po0OKa MaTeMaTUYHHX MOJeNied Ta METOJHUKH MOJICIIOBaHHS
BUTIAIKOBUX TOXHOOK BiJlc0300pa’keHh BHPOOIB 3 MPHUPOTHOTO KaMeH!0. Takuil miaXiJ MOBHHHUH 3a0e3MeunT
ORI BICOKY TOYHICTH Ta MIBUAKOIII0 BUMIPIOBaHb TEOMETPHUYHUX MTApaMETPiB BUPOOIB Ta 1HITUX MEXaHITHIX
BEJIMYHH, TIOPIBHSHO 3 iICHYFOUUMH 3aC00aMU BUMIPIOBaHb.

AHAJTI3 icHyI0UnX J0caiTKeHb i myOJikanii. AnropuTMidHi MeToIu 00pOOKH Bifeo300paKeHb Ta HasIBHI
BUTIAJIKOBI TOXHUOKH IIMX Bie0300pakeHb PO3MIIIHYTO B 0araThoX HayKoBHX myOmikamisx. lle, Hampukian,
JIOCJIIJDKEHHSI CHCTEM TEXHIYHOTO 30pY B POOOTOTEXHilll, aBTOMAaTU30BaHMX CHCTEM YIPABIIHHS 3 JaTYMKaMH
Biseoindopmaltii, TeneBiziiHUX BUMIpIOBaTbHUX CHCTEM [4—6].

Bunankosi noxubku (mrymn) Ha BimeozobpaxeHusx [4, 7, 8] omMCyrOThCS TayCOBCHKUMHU BHIIAKOBHMH
NpoLecaMy, L0 MarTh EKCIOHEHIHY KOpemsliiiHy (YHKIiI0 Ta BIANOBIOHY CHEKTPAIbHY MIJIBHICT.
[Mpouenypy YHUCENBHOrO MOJEIIOBAHHS BHIQJKOBMX IOXMOOK MNOBUHHI OyTH OCHOBaHI Ha TEOPETHYHHX
MOJIOKEHHSAX CTaTUCTUYHOTO MOJENIOBAHHS BHIIAJIKOBHX IPOIECIB Ta pe3ysibTaTaX CTaTHCTHYHOT 0OpOOKH
JaHUX B peaJbHUX YMOBax MPOBEACHHS BUMiproBaHb [9-12].

Bimomi pi3HI METOAM MOJENIIOBaHHS TayCOBCHKMX BHIIAJKOBHX IIPOIIECIB 13 3aJJaHOK KOPEJSLiHHOO
¢ynkuiero [13-15]: metox ¢opmyrodoro ¢inbTpa, peKypeHTHI MOAETIOIOYI ITOPUTMH, METOJ KOB3HOTO
MiJICYMOBYBaHHS, METOJ] KAHOHIYHUX Po3KiIamiB. OmHAK OUTBINICTh 3 IUX aNTOPUTMIB 200 MAalOTh METOIMYHI
MOXMOKH BIATBOPEHHS KopeswiiiHoi ¢yHKIil, a00 BUMararoTh 3aCTOCYBaHHsS CKJIQIHUX YHCEIHHHUX METOJIB.
ToMmy HeoOXisHO mpoaHadi3yBaTH Wi METOAM Ta BHM3HAYMTH Ti 3 HUX, IO NPUAATHI AT MOZEITIOBAHHS
BUIAJKOBUX TMOXMOOK 3 ypaxyBaHHSAM OCOOJMBOCTEH aJrOPUTMIYHOI OOpPOOKM BiZic0300paXkeHb 3
BUMIPIOBAJILHOO 1H(OPMAITI€TO.

Mertoto crarTi € po3poOka METOIWKH MOMAETIOBAHHS BHUMAJKOBHX TIOXHOOK BiJe0300paxkeHb 3
BHUMIPIOBAJIFHOIO 1H(GOpPMAIIEI0 MPO TEOMETPHUYHI IapamMeTpu BHUPOOIB 3 MPHUPOAHOTO KAMEHI0 Ha OCHOBI
MaTreMaTUYHUX MOJieJiell BUMaJKOBHUX MOXUOOK. Lle 0coOMMBO BaXJIMBO AJIsl BAMIPIOBaHb MEXaHIYHHUX BEJTUYUH
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B HECTalliOHapHUX Ta HECHPUATIMBUX YMOBaX, WI0O € XapakTePHUMH JUId KaMEHEeBUAOOYBHUX Ta
KaMEeHeOOpOOHUX MiIIPUEMCTB.

BukiaageHHsI OCHOBHOTO MaTepiajy d0CJTiIKeHHS. EdexTnBHIM METOZOM KOHTPONIO  SKOCTI
MIPOMHCIIOBHX BUPOOIB € BUMIPIOBaHHS IX TEOMETPUYHHX ITapaMeTpPiB Ha OCHOBI NU(POBUX Bife0300pakeHb, M0
MICTSTh BUMIpIOBaJIbHY iH(opMarito mpo 1 BupoOu. Hampukmax, me MoXyTe OyTH BHPOOH, IO
BUTOTOBJSIFOTECS 3 IPHPOJHOTO KaMEHI0O Ha KaMeHeoOpoOHWMX mignpueMmctBax. [l BHUMiprOBaHHS
TEOMETPUYHHUX IIapaMeTpiB BKa3aHMX BHPOOIB BHKOPHUCTOBYIOTHCS KOOPAMHATH KOHTYPHHX TOYOK IpaHel
BHPOOIB Ta CTPYKTYpPHHX €JIEMEHTIB iX MMOBEPXHI, 1[0 BU3HAYEHI Ha OCHOBI Bi/1€0300paXeHb.

CrnouyaTky HaBelEeMO 3arajibHy XapaKTepUCTHUKY BHIIQJIKOBHX IOXHOOK Bileo300pakeHb BHUPOOIB 3
HIpHUPOJHOro KaMeHwo. J[BoBumipna dynkuist f,(X,Y) xapakrepusye HOBEpPXHIO BUPOOY 3 MPUPOTHOTO KAMEHIO,

SK TUIOIIUHY 3 MPOCTOPOBHUMH KoopmuHatamMu X i Y. Lls maBoBuMipHa (YHKIIS PEECTPYETHCS HPUCTPOEM
(bopmyBaHHs Bigeozo0paxkeHb sk muppoBe BineozobpaxenHs Bupody f,(n,m), ne n i M e iHgekcamn

BiJIMIOBITHHUX €JIEMEHTIB MaTPHIli IIU(YPOBOTO BiIe0300paskeHHS.

Kpim xopucHOi BuMiproBambpHOI iH(MOpMaIii, MO XapaKTepu3ye TeOMETPUYHI MapaMeTpHd BHPOOIB,
BiZIc0300pakeHHS TAKOX MICTATh BHIAAKOBI MOXHOKH. L[i MOXMOKHM TMPOSBISIOTECS Y BUTISNAI BHIAIKOBUX
OIyMiB, MO MONAIOThCA A0 aMIUTITyIHd KOPHCHOTO Bi€OCHTHaNy. ICHye 1Ba OCHOBHI JDKepelia BHITaIKOBHX
MOXUOOK:

— TEIUIOBI IIyMH B NEPETBOPIOBAY] «CBITJIOCHTHA» Ta IHIINX SNEKTPOHHHUX CXeMaX MPHUCTPOIB GpopMyBaHHSA
BiZIc0300paKeHb;

— HEOJJHOPIHOCTh Ta 3alMJICHICTh ONTHYHOTO CEpEeNIOBUINA MK BHPOOOM Ta MpPUCTPOEM (opMyBaHHS
BiZIe0300pakeHb, 110 XapaKTEePHO JJIsl yMOB KAMEHEOOPOOHHX MiAPUEMCTB.

HeoOxigHicTh IeTaNbHOTO PO3MIISAY Ta MOJICIIIOBAHHS BUIAIKOBUX TIOXMOOK Ha Bile0300pakeHHSX BUPOOIB
3 MPHUPOTHOTO KaMEHIO OOYMOBIICHa THM, Ili MOXHOKH CYTTEBO BIUIMBAIOTh HA TOYHICTH TCOMETPUYHUX
BHUMIpPIOBaHb.

3BakarouM Ha BEJHKY KITBKICTh YMHHUKIB, IO (HOPMYIOTH IIYM Ha BiZ€0300pa)KCHHSAX, HOTO PO3IMOJILI
MO>)KHa BBa)KaTH HOpMaJbHMM. MaTeMaTHYHe CIIOiBaHHS IIyMYy JOPIBHIOE HYJIIO, a IOTO cepeaHbOKBagpaTHIHE
3HAYCHHS MOJKHA BH3HAYWTH HAa OCHOBI CIIIBBIIHONICHHS CUTHAN/IIYM [4], m0 € BiIOMHM OIS TIPHCTPOIO
(hopmyBaHHS Bimeo3o0paxeHs (nppoBoi Bineokamepu adbo GoToamapary):

Amax

/207

O, =——"5=
s 10Wﬁ/z
Je A,. — MaKkcuMallbHe 3HAueHH] aMILLTyIu Lu(poBHX Bileo3oOpaxkeHb (IPH KOAyBaHHI aMIUIITYAU 3a

JOTIOMOT010 8-MH PO3psAAIB ABiiiKoBoro Koy A, ., = 255 nuckpeTHUX piBHIB (1. p.)); W, — CHIBBIIHOIICHHS

CUTHAJI/TITYM.

®i3nuHi Tporiecd y MpHCTPOi (OPMYBaHHS Bile0300pakeHb, IO CTBOPIOIOTH BHITAJKOBI IMTOXUOKH
BiZlc0300pakeHb, € HEKOPEIFOBAHUMH Ta BIAMOBINAIOTH MaTeMaTHUYHIN Moxeni Oioro nrymy. [Ipoxozsaun yepe3
CJIIEKTPOHHI CXeMH MPUCTPOIO (OPMYBaHHS BiJc0300pakeHb, IIYM 3MIHIOE CBOI BJIACTHBOCTI 1 CTa€
KOpEJIbOBAaHUM BHUIAIKOBUM TporecoM. [lepmum cyrreBuM (hakTOpoMm, IO BIUIMBAE HA BJIACTHUBOCTI LIyMY, €
oOMeXeHa CMyra 4acTOT BiJICOCUTHAJy Ha BUXOJI NPUCTPOI0 (hOPMYBaHHS Bife0300paxeHs. J|pyrum CyTTEBUM
(akTOpoM, L0 BIUIMBA€ HA BJIACTHUBOCTI LIyMY, € HEPIBHOMIPHICTh YaCTOTHOI XapaKTEPUCTHKU IPHCTPOIO
(hopMyBaHHS Bi1€0300paXKeHb B CMY3i 4acTOT BijeocurHainy. Lle € BIacTuBiCTh Oy1b-AKOT peabHOI €IEKTPOHHOT
cxemu. Jlito nux ¢QakropiB MOXXKHa BpaxyBaTH, BUKOPHUCTOBYIOUM IBOBHMIPHY E€KCIIOHEHILIHHY KOpEJSIiHHY
¢byukuito mymy [7]:

R.(z,.7,) =0’ exp% V(@n,)? +(a.7,)? Jl

Ae 7,7, — MPOCTOPOBi APryMEHTH KOPENAUiHHOi QYHKUIT Bine0300paKeHHs; o, , &, — NOCTilHI KoeilieHTH

KOpEeJSIIHHOT QYHKIIIT, 1110 BU3HAYAIOTh KOPEIISIii{HI BJIACTUBOCTI HIyMY.
MateMaTHYHy MOJIETIb IIIyMY MOKHA CIIPOCTUTH, BBAKAIOUH KOPEIAIIHHY () YHKIIIO TAKOFO, 0 MOXE OyTH
pO3/iijieHa Ha JIBi YaCTHHH BiJIHOCHO 3MiHHUX 7, 1 7!
2
R.(7,,7,) = o; exp(— Ay |Tx|)' exp(— “y§|7y|)- 1)
Jis mMareMaTW4HOI MOJENI BUMAIKOBUX MOXHOOK (1) Oymo po3poOieHO METOIUKY iAeHTU]IKaIil
NapaMeTpiB &y, &y , WO MOJATA€ y HACTYIHUX JisX:

1. 3a nonomoroio npuctporo GopmyBanHs Bineo3oOpaxenb popmyoTs N, Bizeo300pakeHb HEPYXOMOIO
BUPOOY 3 IPUPOJHOTO KAMEHIO:
fic(nm) = fo(n,m) + & (n,m), k=LN,_,

ae & (n, m) — LIyM, 10 BHHUK B TIpoleci popMyBanHs K -ro Bizeo3o0paskeHHS.
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2. O0YHCITIOITh OLIHKY BUMIpIOBanbHOI iHpopMmanii f o(N, M) musixom ycepeaHeHHs! 3HAYCHb BiITIKiB
ACKPABOCTI 1 KONBOPY, 10 Hanexars N, Bineo300paeHHsAM i BIANOBIAAIOTH TOYKAM BUPOOY 3 O/JHAKOBMMH

KoopanHaTaMu. B pe3ynpraTti OTpUMYIOTh Bif(iIbTpOBaHE Bife0300pakeHHs
. 1 & 1
Folm)= 3 1 m) = S [ m)+ & (um))= 10, m) + EL5 (n,m)]
p k=1

p k=1
OckKinbKu MaTeMaTH4HE CIOIIBAHHA IIYMY E[ k (n, m)] =0,10 f o(n, m) = fo(n, m).
3. OGUHUCITIOIOTD OLIHKY OZIHI€T 3 BUIIAJJKOBUX peastizauiil mymy:
E.(nm) = f, (n,m) — fo(n,m).

4. Jlnst ouiskn &, (N, M) BHU3HAYAIOTH NAPAMETPH Q,,, . KOpemauiinoi Gynkuii (1) Ha oCcHOBI MeTOIMKN
[16].

IIpuxmax BigeozoOpakeHHS BHPOOY 3 NPUPOJHOTO KaMEHIO HAaBEACHO Ha PHUCYHKY 1, a pe3ynpTaTu
ineHTH(IKaLil MapaMeTpiB KopeasuiiHuX QyHKIii — B Ta0mumi 1.

Puc. 1. Bioeozobpaoicennst epanimy Ilokocmigcbkoeo podosuwya

Tabnuys 1
Tapamempu mamemamuynux mooenetl GUMIPIOBAIbHOI iHghopmayii ma unaokosux noxubox (uymy) Ha
6I0e0300padicennsix 8upodis 3 npupooHo2o kamenio (yugposuti pomoanapam Sony Cyber-Shot DSC-H9)

Kanan Cepene Cepennpo- | Bemn- Iapaverp | IMapamerp IHTepBaI KOpesii, Koeq)iu"i.eﬂ".r
KOMBO- | s | KBADATHUHE | HHHA | oo ivinoi | kopensmiinoi MM KOpeJTsLii Mix
p(?Boro aMl'IJ'IiTy,Z[I/I 3Ha‘I.GHH$I BUITAI- (byHKHi'l' a,, (I)}’HKHﬁ ay, KaHaJlaMu
Bimeo- | . | ammiitymm | KOBMX 1 1 [0 TOpU- | TIO Bep- | KOJIBOPOBOTO
306pa- BUICOCHT Bineo- TIOXH- (. T.) e (n.1) o 30HTANI THKAJT Bineoso-
skenns | 0P cyrnany, 1. p.| 6ok, 1B (M) (vm) OpakeHHs
1. I'panit [TokoCTIBCHKOTO poJIOBHINA, KOPUCHA BUMIpIOBaJIbHA iHpOpMaIlis

R 104,5 48,5 — 0,26/1,43 0,33/1,82 2,072 1,646 0,999

G 114,3 49,5 — 0,25/1,39 0,32/2,11 2,146 1,720 0,998

B 112,6 48,5 — 0,26/1,45 0,34/1,87 2,072 1,609 0,997

2. I'panit [ToKOCTIBCHKOTO PO/IOBHIIIA, BUMAJIKOBI MOXUOKH

R 0,7 4,9 34,3 2,29/12,42 | 1,63/8,83 0,240 0,333 0.931

G 0,3 4,8 34,4 1,64/8,91 1,36/7,37 0,333 0,407 0,884

B -0,7 52 33,8 0,52/2,86 0,65/3,56 1,054 0,851 0,889

IHTepBai Kopensii Ha Bigeo3o0pakeHHsx (MM) st Tabuuii 1 BH3HAYCHO 3a YMOBH, IO IUTS IH(POBOTO
Bi/I€0300paKEHHS KPOK IMCKPETHOCTI 38 MPOCTOPOBMMH KOOpJMHATAMH X i Y CTaHoBHTH O, = O, =0,185 MM

= 1 muckpeTHii Tour (1. T.).

JUiss MopeNroBaHHS BUITAJKOBHX IMOXUOOK Bic0300pakeHb IMPOMUCIOBHX BHPOOIB PO3TIITHEMO METO[
(hopmyrodoro ¢inbTpa Ta peKypEeHTHHI aTOPUTM Ha OCHOBI aBTOperpecii. i1 HUX € BiTHOCHO MPOCTI YUCENbHI
METOJIH, 1[0 HE MAIOTh METOINYHOI MOXUOKH BiITBOPESHHS KOPEILIIHHOT PyHKIIT [9].

Sk Bizomo, B MeToni (opmyrodoro ¢ineTpa MOYATKOBHMH BHNaakoBii mpouec 7(t) Tumy Ginoro mrymy

MIepPETBOPIOETHCS Y BUMAAKOBI moxubOku (mym) &(t) Ha Bimeo3oOpaxkeHHi 3 MOTPIOHUMH CTATHCTHYHHMHE
XapaKTepUCTUKaMH 3a J0moMoror ¢ineTpa 3 mepenarounor ¢yHkuiero H (p) Ta, BIANOBIIHO, YaCTOTHOIO

xapakrepuctukoo H (®) :
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S.... (@
(@) = el
So
ne Sye5-(@) — criekTpanbHa miMbHICTE BUMAAKOBHX MOXHOOK &(t); S, = CONSt=1 — cnexrpanbha minbHicTs

no4atkoBoro oinoro mymy 7(t) 3 kopensuiiinoro gynkuiero K, (7) = Syo(7), &(r) — nenvra-dpyHkuis.
Bpaxoyroui, o Sz, (@) = oésg(ja))sf(—ja)) , |H (a))|2 =H(jo)H (-jw), jo= p, orpumyemo:
_ O'gs,g(p) _ O S,fl(p)

PR T sa @

ne S;(@), S;p(w) — mominomu 3miHHOT P .

Bynemo BpaxoByBaTH, 110 KopeisiuiliHa ¢yHkuis (1) BUKOPHCTOBYE MOAYJb apryMEHTY i TOMY IOTpiOHO
posrisaaTi (Gi3WYHHMA CIEKTp BHMAAKOBOro mpoiecy. Tomy Bumaakoeuii mporec £&(t) 3 kopemsuiiHO
¢yukiero (1) Mae Taky crieKTpanbHy miinbHICTS [ 14, 15]:

20é
S..s.(0) =02 ——=2—,
aeozf( ) 14 a; 4 602 (3)
a00 B 3araJlkHOMY BHTJIAII:
2
pe
Saéag(a)) = G; Lz 4
ljo+ 7|

3BincH:.
Sgl(p) = ﬁ.»; ) ng(p) =pP+7y:.
Dopmyrouomy QineTpy (2), IO BIATBOPIOE BUITAIKOBI MOXHOKH (4), BiAMOBinae mudepeHIiifHe piBHIHHS B
ornepaTopHiit ¢popmi [14]:
o
S (PEP) = Fé S, (P)n(p). )

0
Jis arcenbHUX PO3paxyHKIB OUIbII 3py4HOIO € (popma 3amucy (5) y BUIIIANI CHCTEMH IU(EpeHIIHHNX
PIBHSHB MEPIIOTO MOPSAKY:
X =AX, +B.(t), (6)
SKa B JAHOMY BHIIAJIKy IIEPETBOPIOETHCS B O1HE AU(epeHLifHe PIBHAHHS NEPIIOTo HOPSIKY:
Ag =TV Bg = ﬂgl Xx;(t) = _7§X§(t) + ﬁg’](t) .
3 ¢dopmyn (2)—(4) orpumyemo 3Ha4yeHHs koedilieHTiB nepenarouHoi QyHkuii Gopmyrodoro ¢insTpa ams
BUIIJIKOBUX TIOXHOOK (IIyMy) Biieo300paxkeHb 3 KopelsiiitHooo ¢yHkiieto (1):

Be=\20 Ve = (7
Jani HeoOXiIHO OTpUMATH PIBHSHHS, 32 SIKKIMU MOXKHA FeHepyBaTH Ha nndpoiii EOM Bijytiku BUNaJAKOBUX
noxubok & =&(k-7), ne kK =1,..., N, 7 — kpok muckperHocti, N, — KUIbKICTh BiUlKiB 1MX NOXHOOK.
JaHi piBHSHHSA € Pe3yJIbTaTOM YHCEIBFHOTO IHTErPYBaHHS TU(PEPEHIIHHNX PiBHAHB (6). MeToanKa po3B’ sI3aHHS
noi6HOT 3a/1a4i 3 YKCEILHUM IHTETPYBaHHSIM Ha OCHOBI MeToy Pynre-Kyrra HaBenena B [14].
PimennsM (6) € pekypeHTHE MaTpHYHE PIBHSIHHS:
X = A Xy + Byt -
B nanomy Bunaaxy
Xe =8 X oy + Doy

8
As = =exp(-a,.0,), By =b;, :06\/1—exp(—2aX§6X) : ®

MopentoBaHHS BHITAJKOBUX ITOXHOOK Ha BiZJe0300pa’keHHAX BHPOOIB 3 MPHPOTHOTO KAMEHIO BUKOHYEMO B
TaKiil MOCIIJOBHOCTI: (OPMY€EMO MOYATKOBY YMOBY X, SK BIUIK CTal[iOHAPHOIO BHIIAJKOBOIO MPOLECY 3
HOPMAJIbHUM 3aKOHOM PO3HOJIiy; oGuucmoemMo koediientn a,, b, pisusuus (8); popmyemo Bimtiku 7,
HOPMAJILHOTO CTalliOHAPHOTO BHIIAJKOBOIO MPOLECY 3 MareMaruynuM crnofiBanusam E, =0, mo € moxemwno
Ginoro mymy 7(t) Ha BXoai popmyroyoro (inbTpa; OOUUCIIOEMO MOCHIOBHICTL &, = X, 3riaHo 3 (8), ska

JIaTi TOJTA€ThCS 10 psAaKa TUGPOBOTO Bile0300paskeHHSI.
JpyruM MOXIMBHM METOJOM MOJCIIOBaHHS BHUIAJKOBUX MOXMOOK HAa BiIe0300pa)KCHHSAX BHUPOOIB 3
MPUPOIHOTO KAMEHIO € PEKYPEHTHUI allrOpUTM Ha OCHOBI aBTOoperpecii. BiH ocHOBaHUIT Ha piBHSHHI
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BUTIAIKOBOTO TIPOIIECY Ta 3HAXOIITHCA 3a MeToJoM (akropmzarii [15]. s BumagkoBoro mporecy 3 JpoOoBo-
pamioHaTbHOIO CHEKTPANBHOIO IIUTBHICTIO THITY (4) B [14] 3Halineno pimenHs (9) Ta HaBEACHO IMOCIiTOBHICT

Iiit s oOuncieHHs Koe(ilieHTiB a b‘f ;-

BpaxoBytoun Te, 1110 BUIIAJKOBI IIOXHOKM HA BiJe0300paKE€HHSX BUPOOIB 3 MPHPOAHOTO KaMEHIO 3aJaHi 3a
JIOTIOMOT0I0 KOpeJisiniiHoT (yHKIII, OyJeMO BHKOHYBaTH MOJIEIIOBAHHS Ha OCHOBI PEKYPEHTHOTO PIiBHSHHS
THUITY aBTOpErpecii-koB3al04yoro cepeHbOro:

S =a 8, +hoyy . (10)

Hdus xopemsniiiaoi ¢ynkmii (1), mo posrmsimaerscs, piBHsaHHA (10) 30iraeTtscs 3 piBHAHHAM (8) 3
BiMOBiTHUMH Koe(illieHTaMU.

N

Ha pucynkax 2 ta 3 HaBemeHO NPHKIAA OOYHCICHb KOPEIMIIMHUX (YHKIIH KOPHCHOI BHMipIOBAIBbHOI
iHpopMamii Ta BUMAAKOBUX MOXHOOK (LIyMy) AJIs Bieo300pakeHb BUPOOIB 3 MPUPOIHOTO KaMEHIO 32 JTaHUMH
tabmuui 1 Ta 3a (1). Ha BkasaHuMX pUCYHKax NpPEACTAaBICHO PE3YJbTATH ISl KaHAIy 3€JIEHOTO KOJIbOPY, IO
nepenae OCHOBHY iH(OpMallilo Mpo SCKPaBiCTh axpoMaTW4HOI MOBEepXHI rpaHiTy [1OKOCTIBCHKOrO pomoBHIIA.
3HaYCHHS KOPENAIiiHOT (GYHKIII OOYMUCIEHO B JUCKPETHHX piBHAX (1. p.) aMmiitTyau IudpoBoro
BiZIc0300paskeHHs, 1110 KOAYEThCS 3a OMOMOror0 8-Mu 0iTiB B mianaszoHi (0...255) x. p.

Kopenayitna PR Kopenayitina e
QDyHKYIs (()p)z L d)yHKl,ﬂﬂ(ap)Z B
1000 4. N ——
5004 Sl

0
4

O

0

0
0

0
. 9 . 2 2 .
Bincrans y, Mmm 4 Biacrans X, MM Biacrans y, Mmm 4 4 Bincrans X, MM

a) 0)

Puc. 2. Jlsosumipni xopenayiiuni ¢hpyukyii KopucHoi eumiproeanvroi ingpopmayii (a)
ma unaodkosux noxuoox (6) ons 6ideo3obpasicelb UPOOI8 3 NPUPOOHO20 KAMEHIO

Sk 6ayrMMo, KOPHUCHA BHMIpIOBaJIbHA IH(OPMAILlis Ta BHUIAAKOBI MOXHOKHM HAa BiJCO300paKCHHSIX MArOTh

Pi3HI IHTEpBaIK KOpEJLLii, 110 € MepeyMOBOIO YCIilIHOT (GinbTpalii HyMy Ta alropuTMidHOI KOMIIEHCAIT X
MOXHOOK.
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Biocmanws na nosepxwi 6upoby, mm Biocmanws na nosepxui 6upoby, mm
a) 0)

Puc. 3. Kopenayiuni ¢pynxyii kopucroi eumiprosanvhoi inghopmayii (a)
ma 8unaokosux noxubok (6) 0aa eideo306pasicets 8upoobis 3 NPUPOOHO20 KAMEHIO
(cyyinona ninis — 630062ic oci Ox, nyHKmMupHa Ninisi — 630064c oci Oy)

MonemoBaHHs BUITAAKOBUX TOXHOOK BUKOHYBAJIOCS Ha OCHOBI HABEICHUX METOAMK MOJICIFOBAHHS 3TiTHO 3
dopmymnamu (8)—(10) (puc. 4). MakcuMansHa BiIHOCHA MOXHOKA BIATBOPEHHS KOPENAIMHOT (QYHKIHT st
BUTIAIKOBUX NOXHOOK TOpiBHIOE 5 % B Mexax iHTepBaiy Koperiii 0,4 c.

25 ‘ ! ! !

Kopensyitina (ymxyis (0. p.)?

-10 i | |
0 0.2 0.4 0.6 0.8 !

Biocmanwv na nosepxui eupo6y, mm

Puc. 4. Kopenayivna gyuxyis 63006ic oci Oy 0151 8UnaoKosux noXubok Ha 810e0300paxicentsx aupobie 3
nPUPOOHO20 KAMEHIO . CYYLIbHA NIHIs — PO3PAXYHOK 3a (hopmynoio (1);
NYHKMUPHA JIHISA — PO3PAXYHOK OISl 3MOOENb08ANHUX wyMig 3a popmyramu (8) i (10)

BucHoBKH. Pe3yspTaTi IpOBeNeHUX NOCIIKEHb MiATBEPKYIOTh MOXKIIMBICTD YHCEIBHOIO MOJICTIOBAHHS
BUTAIKOBUX ITOXHOOK Ha BiA€0300paKCHHSX BHUPOOIB 3 MPHPOTHOIO KAMEHIO 3 NPUHHATHOK TOYHICTIO
BIITBOPECHHS CTATUCTUYHHAX XapaKTEPUCTHK [UX IMOXHOOK. MeTomum Ha OCHOBI (opmyrouoro ¢inprpa Ta
PEKYPEHTHOTO PIBHSHHA aBTOpErpecii 3a0e31medyoTh BiITBOPCHHS KOPEILIiHHOT QYHKIIIT BUITAIKOBUX ITOXUOOK
3 TOYHICTIO 10 5 % Ha iHTepBai kopesuii 1o 0,4 c.

Maremariuni mozeni (1), (4), (8) i (10) m03BONAIOTH PO3paxyBaTH BEIHYHUHY BUIAJKOBHX MOXHOOK
BiZIc0300pakeHb 1 3MIACHUTU aATOPUTMIYHY KOMIICHCAII0 IUX MOXMOOK B aBTOMATH30BaHii cuctemi. [lpu
I[bOMY KOpHCHA BHMIpIOBaJbHA IH(QOPMAILlS Ta BHUIAIKOBI MOXHOKM Ha BIICO300pPAKCHHSX MAaIOTh PIi3HI
IHTEpBaJIM KOpeJslii, 10 € MepeAyMOBOI0 YCHIIIHOT (inbTpalii myMy Ta ajJropuTMIUHOI KOMIIEHCAIil IHX
NOXUOOK. Pe3ynpTaTi TEOPETHYHOrO PO3paxyHKIB MOXMOOK MiATBEPIXKEHO YHCENbHUM MojentoBaHHsAM. Lli
pe3ynbTaTH MOXYTh OYTH BHKOPHCTaHI MpU po3poOIli KOMIT IOTEPU30BAHUX 3ac00IB  BUMIPIOBaHHS
TreOMETPUYHHX NapaMeTpiB Pi3HUX 00’ €KTIB BUMIPIOBaHb 3a X BiZIe0300paskeHHAMHU.
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Homuammaceknii F0.0. MonenoBaHHs BHUIIAJAKOBUX IMOXHOOK HAa BiJc0300paKCHHSIX BHUPOOIB 3 MPUPOIHOTO
KaMCHIO B aBTOMAaTU30BaHUX CUCTEMaAX

Homuammuckuii F0.A. MonennpoBanue CIy4aiHBIX MOTPENIHOCTEH Ha BUACOM3O0PAXKCHUAX W3ACTHHA W3
IIPUPOJTHOTO KaMHS B aBTOMAaTU3UPOBAHHBIX CUCTEMAaX

Podchashinskiy Yu.O. Modelling of random errors on videoimages of goods from a natural stone in automated
systems

VJIK 621.317

MopenupoBaHue CJIy4ailHbIX NOTPEeHIHOCTEN HA BUIEON300pasKeHUSIX U3/1e/IHil U3 PUPOIHOT0 KAMHS
B aBTOMaTH3UpOBaHHBIX cucteMax / F0.A. IloguammHckmii

PaccMoTpeHbl MaTemMaTHYeCKHE MOJEIM M METOJAbl MOJEIMPOBAHUS CIy4YailHBIX MOTPEIIHOCTeH Ha
BUICOU300PaXKCHUAK. DTH BHUICOU300pPKCHHS COACPIKAT HU3MEPHUTCIBHYI0 UH(POPMAIUI0 O T€OMETPHYSCKUX
napaMeTrpax MPOMBIIUICHHBIX U3JAeNUid U3 npupogHoro kamHs. CiydyailHble NOTPEIIHOCTH BO3HHUKAIOT
BCJICJICTBHY BJIMSHUS TCIUIOBBIX IIYMOB B IpPeoOpa3oBaTeic «CBET—CHTHA» U JAPYTHX JJICKTPOHHBIX CXeMax
YCTPOHCTB (POPMHUPOBAHUS BHACON300paKEHUH, HEOTHOPOAHOCTH ONITUIECKOH Cpeabl MEXIy H3IEIHEM U dTHM
YCTPONCTBOM, BIHSHUH JAPYTUX HEOIAarOMPUATHBIX (GaKTOPOB B MIPOU3BOJICTBEHHBIX yCIOBHAX. MoneInpoBaHue
CIIyJalHBIX TIOTPEITHOCTEH BBHIIOJHEHO Ha OCHOBE Merona (opmupyromero (uibTpa W Ha OCHOBE
aBTOPETPECCHOHHON Monend. Pe3ymbTaThl MOIENHpOBaHUS HEOOXOIUMBI MPH pa3paboTKe alrOpUTMHYSCKUX
IpoIeqyp KOMIICHCAIMK CIyYailHBIX TOTPEIIHOCTEH W s TOBBIOICHHWS TOYHOCTH  ONPEACIICHUS
TEOMETPUYCCKUX MapaMEeTPOB U3 B aBTOMAaTU3UPOBAHHBIX CHCTEMaX.

KnroueBbie ciioBa: BUICON300paKeHIE, TCOMETPUICCKHE TTApaMETPhl, CIIy4aliHbIC TIOIPEITHOCTH

VJIK 621.317

Modelling of random errors on videoimages of goods from a natural stone in automated systems /
Yu.O. Podchashinskiy

The mathematical models and methods of modelling of random errors on videoimages are considered in the
article. These videoimages contain the measuring information on geometric parameters of industrial goods from
a natural stone. The random errors are conditioned of influence of thermal noise in the converter «light—signal»
and other electronic circuits of devices of formation of videoimages, non-uniformity of optical environment
between a product and this device, influence of other unfavorable factors under production conditions. The
modelling of random errors is executed because of method of the forming filter and because of autoregressive
model. The outcomes of modelling are necessary at development of algorithmic procedures of compensation of
random errors and for increase of accuracy of determination of geometric parameters of godds in automated
systems.

KnroueBsie cnoBa: Buaeon300pakeHe, reOMeTpUIecKre apaMeTpsl, ClIy4ailHbIe TIOIPEIIHOCTH
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