5.4. Tlpn ucnonbaoBaHHM MeToa  BBHIUHCACHMS MOMEHTOB ObiiIo  HalineHo
YUpaBJEHHe B HeNPEpLIBHOM BPEMEHH, B TO BPEMA KaK H3-332 HCOOIbIOBANHS
LH(POBOH MaWHHbLI OpH peasH3auyu YOPABJICHHA MAHHNYJATOPOM poboTa OHO
JO/KHO OCYWIeCTBAATBCR B JAHCKDETHOM BPEMEHH, T.€. ¢ [OMOLUBIO CHCTEMbE
€ AHCKpeTHhIMM napamerpamu. [lpupenuTe ycaoBHe, OPH KOTOPOM BOIMOXKHA
YKa3aHHan peaH3agHs yrpasieHHs.

5.5. YpanpHenus nBUIKEHHUA ;BYX3BEHHOTO ManunyasTopa pobora (paan. 3.2.6)
8aMACBIBAIOTCH B KOMIAKTHON MaTpHHHO-BEKTOPHOH (opme

[d” (02) iz (82) ] [ b1 (1) ]
djs (02) dag éz(f) +

+ (B2 (82) 63 -+ 28,5 (8,) 0,6, — B, (8, 2] + [ v D] [
[B12(82) 6 + 28,5 (8,) 8,6, Bz (8,) 1]'*'[02(91 ez)g] [rz(t)]’

TReé g — yckopeHHe cobopuoro majeuus. Onpepennte COOTBETCTBYIOUIHE BEKTODE)
MepeMEHHOTO COCTOAHHA X(f) B BEKTOp ympaeenus u(f) ais 3Tof JAHHAMHYECKOR
cuctembi. Tlpennonaras, uro cymecrsyer D-1(@), sanuuiute ypaBueHHs nBUIKeHUs
TaKkoro pob6ora AJs mapamerpos dij, By m ci B IpOCTPAHCTBE COCTOSIHHH ¢ HC-
MOMb3OBAHHEM HAHACHHBIX BEKTOPA MEPEMEHHBIX COCTORHAA U BEKTOpa ylpas-
JeHHUs,

5.6. TlocTpoiite yerpoficTso ynpasdenns c nepeMeHHOH CTPYKTypoll nss po-
6ota, omicannoro B ynp. 5.5 (pasa. 5.5).

i 5.7. TlocTpoiiTe yeTpoficTBO HeqMHEHHOrO HeaaBHCHMOro ylpasJjeHus ¢ obpar-

HOW CBA3bIO MR pOGOTA M3 3afa4un 5.5 (cM. m. 5.6).

5.8. Onpenesinte sxo6uan B 6a30Boll cHCTeMe KOOpAMHAT a8 pobora H3
yiip. 5.5 (cm. npunoxenue B).

5.9. HasosuTte 1Ba OCHOBHBIX HEAOCTATKA HCOOIb3OBAHUS He3apHCUMOro yn-
paBJIeHHs [BHXKEHHEM [0 CKOPOCTH.

5.10. Hazosute pnBa OCHOBHBIX HegocTaTKa HCMOMb3OBAHHA HE3aBHCHMOrO
YOPABJEHHR ABHXKEHHEM [0 YCKOPEHHUIO,

5.11. Hazosute gBa ocHOBHBIX HegocTaTKa HCTIOJAb3OBAHUA  AMaNTHUBHOIG
yOpaBJeHHa [0 3ajaHHOH Mojesu, .

5.12. HasoBuTe aBa OCHOBHBIX HEAOCTATKA HCOOJIb30BARUA  afANTUBHOTG
YyIPAaBJ/JEHHR MO BO3MYUIEHHIO,

Faasa 6.
OUYBCTBJIEHHUE

He Tak ke TH noBepsellls uyBcTBam,
KaK H TOMY, UTO BHAHHDL Thi?

B. llexcnup

6.1. BBEIEHHWE 3
Buellnne yerpoficTBa OYYBCTBJACHHSA MO3BOJAIOT B32aHMOAEHCTBOBATD
po6OTY ¢ BHEelIHE# cpelAofl B HHTEPAKTHBHOM pEKHME, KOTOPHIH
OTJIHYaeTCa OT pexuMa paboThl IO KECTKO 3aJaHHOH mporpamme,
npeaycMaTpuBalOIEeH BbIMOJHEHHE MOBTOPAIONIKRXCA onepauuid 6e3
0o6paTHOM CBA3H ¢ BHeIIHeH cpefol. XOTs nocaeqHHH peXHM npeob-
JaJgaeT B COBPEMEHHBIX MPOMBIUINEHHBIX po6oTaX, OYYBCTBJEHHE H
BLICOKHH YpOBeHb TEXHHYECKOro HHTeJJeKTa obecrneuyuBaer fonee
aKTHBHOe B3aHMOJellcTBHE MallHH ¢ BHeWHEH cpefo#, d4ro, He-
COMHEHHO, $IBJAAETCA MNepcrneKTHBHOH 06JacTbi0 pPa3BHTHA pPOGOTO-
TeXHUKH. Po6OTY, KOTODBIH MOMKET <«BHAETE» H <«YYBCTBOBATDHY,
Jierue BBHIMOJIHATH CJOXKHble 3afayl, KpoMe TOro, B 3TOM chayuae
CHMXKAIOTCA TpeGOBaHUA K TOUHOCTH YCTPOHCTB ynpaBieuud. Ouys-
CTB.JIEHHBIE 0OyuaeMble CHCTEMbI 061aal0T BO3MOXHOCTBIO ajanrta-
MY [p¥ BBIMOJHEHHH WIHPOKOro kKpyra sajau. baaropaps atomy
MOBHILIAETCA CTENEeHb YHHBEPCAJbHOCTH, UTO B KOHEUYHOM CUETE MpH-
BOAHUT K CHHIKEHHIO CTOHMOCTH NPOAYKHHHM H TEXHHUECKOFO 06cJy-
JKUBaHHUS.

DyHKIHOHANBHO [HATYHKH pOBGOTOB MOXHO MOAPA3AIUTh Ha
84 OCHOBHBIX THHA: JATUHKH BHYTPEHHErO COCTOSIHHA H HAaTYHKH
BHEIIHEro cocTosAHHuA. JlaTuMky BHYTpPEHHEro COCTOSHHA CJAYXKAT
asa QOpMHPOBAHHS CUTHAJOB B mensX o6paTHHIX CBsA3ed MO noJjo-
KeHHIO ¥ CKOPOCTH 3BeHheB MaHumynaropa . DTu uaMepeHus uc-
NOJB3YIOTCA NpH YOpaBJeHHH pPOBOTOM, KOTOPOE paccMaTpiiBajoch
B ra. 5. JlaTyuky BHEUIHEro COCTOSIHHS npelHasHaueHbl A1 H3Me-
peHHst mapaMeTpoB B JaJkbHell H GJHKHeH 30HaX H I8 TAKTHJIbHBIX
u3Mepenuii, BHelllHee OuyBCTBJEHHE, KOTOPOE pacCMaTpHBacTcsl B
1. 6—8, HcrnoJsb3yercs A ynpaBJaCHHA ABHKeHHeM pobora, a
TaKXKe NpH HACHTUHQUKAuKY OGBEKTOB ¥ MAaUMNYJAHPOBAHHA C HHMH.

JaTunkH BHEUIHEr0 COCTOAAHHA B CBOK OUYEPeNb NOApasiensiorcs
Ha KOHTaxTHble B OeCKOHTaKTHBIE. KoHTaKTHHE HATUMKH, Kak cJe-

1) B nmocaeariee BpeMs 00AYYalOT Pa3BHTHE KOMOGHHHPOBAHWBE METOAL yNPaB-
JIEHHR, BKAOYAR OYYBCTBJCHHE MO Ci.Je W MoMeHrty. — [Tpum. ped.
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AyeT U3 HX HA3BaHHs, NPOU3BOAAT U3MEPCHHS NPH KONTAKTe ¢ 00D-
€KTOM B HpOHQCCG K'chaI-II/lﬂ, HpOCK'dJII)?)biBaHIlﬂ Ui prLIEHHﬂ.
IpuHusn geficreus GECKOHTAKTHBIX [JaTYHKOB OCHOBaH Ha OMpeje-
JEHHH H3MEHeHHH aKyCTHYECKOro WM 31eKTPOMArHATHOro mnogefi
npH B3anMogefcTBHH ¢ oObexToM, Hanbolee BaKHBIMK MpHMEpaMu
MCMoab30Banis OeCKOHTAKTHBIX J1aTYUKOB SIBJIACTCA H3MCPEHHE ro-
JOXKeHHA 00BbeKTa B AaJbHUX H OJNMAKHHX 30HAX, a TakkKe onpeje-
JIGHHE XapakTepPHCTHK OODBEKTa ONTHYECKHM METOO0M.

OcHoBHOe BHAMAaHHE B JIaHUON riaBe yAeJ€HO JaT4HKaM HaMme-
penns B gajbHed w OJUKHEH 30HAX, & TaKXe TAaKTWIbHBIM H CHJIO-
MOMEHTHBIM jgaTyHikaM, Bonpocki TeXHHYECKOro 3pEHHS MOIPOGHO
paccmarpuBaroTcst B . 7 u 8, OTMeTHM, 4TO TEeXHHuECKOoe 3peHue
U JAaTYHKH H3MepeHWs B jga/dbHell 30He OOBIWHO 1aI0T OCHOBHOM
o6beM HHGMOPMalMKH MPH yNpaBIeHHW JBHXKEHHEM MaHHnyasTopa,
a JaTyMKy H3MepeHHs B OuvxKHEH 30HE W TAKTWIbHBIE NaTYHKU HC-
TOIb3YIOTCA HA KOHEYHBIX 35Tamax ABIDKeHHS MaHWNyJIstopa MpH
3axBaTe obbexra. CHJIOMOMEHTHBIE JATYHKH NPUMEHSOTCH B Ka-
YeCcTBE YCTPOHCTB OOPATHON CBSA3H /15l YIPaB/ACHHS MaHUMYJAATOPOM
nocae 3axBata O0bEKTa, HalpHMep I/ HCKAOUEHHS BO3MOXHOCTH
ero MOBPEXKAEHHUS WIH NPOCKATb3bIBAHHUSA.

6.2. JATUMKHM U3MEPEHHS B JAJIbHEN 30HE

C nomouipio 1aT4HKOB U3MEPEHUSA B ga/bHEHd 30HE Ompeje/saercs
paccTosiHlie OT TOYKH OTcueta, OOBIUHO CBSI3AHHOH C CAMHM JaT4H-
KOM, 10 o6Bbekra B paboueM jauanaizoHe usMmepenuii. Uesosex one-
H¥BAeT pPACCTOsIHHe ¢ NMOMOILBIO 3peHus (ra. 7), B TO BpeMs Kax
HEKOTOpble KUBOTHBIC, HANpHUMEp JETY4YHe MBILIH, ONpeAesloT pac-
CTOSIHHE M0 BPEMEHHM MOCBIKM W OTpaxeHHsi aKyCTHUECKOTO CHI-
Hasta. JlaTukki H3MepeHus B fgaqbHedl 30HE WCHOJb3YIOTCA Jd
HaBurauuu pobora H 06x0xa mpenATcTBHMH, Korga Tpebyercs one-
HHTb PacCTOAHUSA 10 O/KaHIINX O6BEKTOB WK ONPEAeJUTh MECTo-
nosoxeHne U gopMy o06BeKTOB B paboueM TpOCTpaHCTBe pobora,
B panHoM pasjgese paccMaTpPUBAIOTCH HEKOTOpble METOAH H3Mepe-
HHUs B gaJpHel 30He.

6.2.1. Tpuaunryasuus

OnnuM M3 MpOCTEAIIHX METOLOB H3MEpeHHs B jajbueH 3oHe
ABIACTCA METOL TpHanryiaunu (puc. 6.1), OOvekT ocBemamwT ys-
KHM Jy4OM CBeTd, HANPAaBJACHHLIM Ha €ro MNoOBepXHOCThb. JlBHKeHHe
Jyuya B TJIOCKOCTH ompejesasierTcs JMHHEeH oT 00bexra g0 NpHEeMHHKA
CBeTA W JHHMEHl OT MPUeMHMKA 10 WCTOYHWKA CBETA. ECaH mpuem-
HHUK pacrnoyioXKeH HAa MaJjOM Y4acTKe NOBePXHOCTH, NMphH obHapyxe-
HUM MPUEMHHKOM CBETOBOrO [sITHA paccrosune D g0 OCBEHIGNHOro
y4acTKa MOBEPXHOCTH MOXKET ObITh BBIYHCJIEHO H3 TEOMETPHUYECKHX
cooTHoWeHull (prc. 6.1), Tak Kak yroJ, o6pa3oBaHiiblli WCTOYHHKOM
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1 6a30BOf JHHHeH, H paccTosinke B Mex1y HCTOUHMKOM H npHeM-

HHKOM H3BECTHBL. |
DTOT MeToj] peasjH3yer TOUYCUHOE uamepentie, Ecian cucrema

HCTOUHHK — NPUEMHHK JBHXETCA B (pUKCHPOBAHHOR  MJOCKOCTH
"N
Obsexm

A\

D I=B%8

\

g
5, Hemoerxuk

MpuemALK
- E; B basobas
SAUHUR

I 1

Puc. 6.1. Mamepeune paccTOSHHA METOLOM TPHAHTy/AUHH [137].

(BBepX W BHH3 W B CTOPOHBI B MIOCKOCTH, nepcHINKY s pHOH rmoé
ckocTH puc. 6.1 1 BxAwuUapLIeH 62a30ByI0 JAUHKIO), TO B 3TOM cnyq;:d
MOJKHO HOJMYYWTH PYMIY TOUCK, pacCTOAHHA OT KOTOpPBIX ZO TpHe

[/

Prc. 6.2. Cxanupyempie 00bexTn (4} o y3o6parkenne ¢ HHTEHCHBHOCTHIO, NMPOIOP+
IHoHabHON paccrosuAw (0) [137].

HWKA W3BEeCTHHl. OTH PACCTOAHHMS JETKO NEpPeHecTH B TpeXMe%quxo
CHCTEMY KOODIMHAT HyTEM CKanHupOBaHHA (puc. 6.2). Ha pnc6.2 '6’—5
MOKA3aHO PACMOM0KEHHE CKAHHPYEMBIX 061>e1<:r03, a Ha puc. 6.2, -
pesyabTaThl CKannpoBaHHs B BHAE H300pazkentsi, HHTEHCHBHOC

297



KOTOpOro (ueM G6/1M3Ke, TeM TeMHee) MPONOPUHOHANLHA 30HE NAJIhb-

HOCTH, H3MEPEHHOH OT NMJIOCKOCTH ABHIKEHHA 0 napu UCTOUHHUK —
NIpHEMHHUK.

6.2.2. Meron nopcBeTKH

JlanHpti METOX COCTOHT B NpPOEUHPOBAHIHH CBETOBOTO MOTOKA
Ha rpynny OGBEKTOB M HCIOJAb30BAHHH H3MeHeHHs (GOpMbl MOTOKA
A1 BBIUHC/CHHs paccTosiust,. OnHMM M3 HanbOJee pacnpocTpaHeH-
HBIX CBETOBBIX [1OTOKOB, [IpHMEHsIEMBIX B HAacTOsIlee BpeMms, ABJA-
eTCs CBETOBAs! 10J10ca, TeHepHpyeMas depes uHJiHH}IpHL{eCKHe’JIHHSI)I
HJH y3Kylo meJqb. [lepeceueHie CBeTOBOro moToxa ¢ O6bLeKTaMH B
pabouem npocrpauctee (piuc. 6.3) o6pasyeT Ha HHX NOJOCH cBeTa
(uKcHpyeMble TeeBH3HOHHON Kamepol, NMoMemeHHOH Ha paCCTOH:
HHH B Or HcTouHHKa cBera. Taxas CHTyalllst Jerko aHaJH3Hpyercs
KOMIBIOTEPOM NpH oNpeleneHun paccrosuis, Hanpumep, orkiote-
Hie Jiyued yKashiBaeT Ha H3MeHeHie MOBEpPXHOCTH, a PaspblB COOT-
BETCTBYET NPOMEXKYTKY MeX1y MOBEPXHOCTAMH.

W

Tenebusuonrar
Karepa

208

Bud clepx
Ha afem/gé’ayﬁ
ROTI0K

Poransrar :
oco \/\

/lrocrocins
usoEpaNCce U
0
SlracKoc7Te
: omcernia
|

e

HernoAHUK
cema

Puc. 6.3. Vsmepenue paccToguufi MeTOAOM [OONCBE1KH. Bun csepxy (6) Ha pac-

HOJOMKEHHe 3JEMEHTOB CHCTEMBbI, u300payKeHHOH Ha pHC. @, MO3BOJFACT yNpOCTUTD
npolece KaauGpOBKH.

Jlis monydyeHHs Ga30BBIX 3HAUEHHI paccCTOSsHHA BHayase Ipo-
BoAAT KaJaHGpoBKy cHcrembl. OMiH M3 NPOCTEfUIHX BapHAHTOB
HaeHTH(UKAIHA TNOKazaH Ha pHC. 6.3,6, KoTOpblii MpeAcTaBafier
CcOBOH BHJI CBEpXy CHCTEMBI, npejicTaBieHHOAH Ha pHC. 6.3,a. Ilpu
TAaKOM pAaclofiOJKeHHH HCTOUHHK CBeTa H Kamepy MOMEmaioT Ha
ONIHAKOBOH BHICOTE, @ CBETOBOH MOTOK MepueHAHKYAApeH JAHHHH,
COeNMHSIOME] HCTOYHHK cBeTa H HEHTP OOBEKTHBA KaMephl. Ha-
30BEM BepTHKAJIbHYIO TJOCKOCTH, NMPOXOASYIO 4epes 3Ty JIHHHIO,
naockocTbio orcyera. OueBHAHO, YTO IJIOCKOCTH OTcHUeTa MepreHit-
Ky/sipHa CBETOBOMY MOTOKY M JioGasi BepTHKAaJbHAs TIOCKas 10-
BepXHOCTD, TepeceKalonias Jyy, AaeT BepTHKAJIbHYIO 10J0cy CBeTa
(puc. 6.3,a), Kam1as TOUKa KOTOPOH G6yAeT pashoyiafelia mo Hop-
Ma’au OT IJOCKOCTH OTCYeTa.

[lesblo pACHOJOKEHHS 3JEMelTOB CHCTeMbl, MOKa3aHHOro Ha
puc. 6.3,6, siBase1cs pasMelleHHe KaMepbl TaKiM 06pa3zoM, 4TOGH
Kaxaas BepTHKadbias nojgoca Gblia TAKKC BEPTHKANLIOH B MU0
ckoeTn  Hzoopamenns C/eA0BaTCILHO, KaXKlias TOYKa B OLHOM
cToabue H3oOpazKeHHs OyieT HajiaeHa, MOCKOJIbKY HaXOIHTCA Ha
H3BECTHOM PAaCCTOSIHHH OT MJOCKOCTH OTCUeTa.

B 604bIIHIICTBE cHCTeM, OCHOBAHHLIX 114 METOAE NOACBETKH, HC-
10ab3yioT UHGPOBbie H306paxkenus. [IpenosoxuM, 4To H3obpaxe-
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HHE, MOJyYeHHOEe KaMepod, npeo6pa3oBaHo B UHPPOBOH MaccuB
pasmepuoctoio N X M (pasa. 7.2) mnyetb y =0, 1, 2, ..., M—1
ABJAETCA HOMepoM cToibua »Toro MaccuBa, Hiume nokazamo, uto
npouexypa KaauOPOBKH COCTOHT B H3MEPEHIH paccTofHus B Mé)Kﬂ,y
HCTOYHHKOM CBeTa H LEHTPOM JIHH3 M TOCAELYIOIIHM H3MEpEeHHEM
YI7I0B . 1 ao. [Tocae TOoro Kak a1 BEJIHUHHB CTAHOBATCH H3BECTHH,

H3 TIPABHJ 3/EMEHTApHON reomerpni ciaenyet, uro d (puc. 6.3,6)
BBIYHC/I5IeTCS 110 hopMyie

d=»>:\tgo. ; (6.2-1)
rie A — doxanbuast AMHHA JHH3 U
0=q, — o {6.2-2)

Hast uudposoro n3obpaxenns, cogepxkamero M c10.16108, npH-
paimlenne pacctosinus dr MeXKAY CTOI6UAMH Olpene/sieTcst Mo
dopmye

. d _ 2d
d,==k Mz = A (6.2-3)

s 0 k <M/2.ﬂ (B H3o6paxennn ua ‘MouHuTOpe £ = 0 cooTBer-
CTBOBasO Obl KpalineMy cieBa croabuy, a k= M/2 — nenrpain-
HOMY CTOJ61y.)

Yron e, 00pasoBaHHbili [pOeKuHEH NPOH3BOJBLHON MOJOCH,
JIETKO IOJYYHTb, OTMETHB, 4TO

o, =a, — 0, (6.2-4)
rine
, d—d
tg 6, = ——=, (6.2-5)
HJIH, HCIOOJb3Yst DaBeHCTBO (6.2-3),
’ d{M— 2k
6, = arctg [ L0, (6.2-6)

rae 0<< k<< M/2, llns ocTasunxcs 3navennudl & (1. e. no apyrymo
CTOPOHY ONTHYECKOH OCH) UMEEM

Q’k = ac + el,e/’ (62"7)
rie
" d(2k—M
0, = arctg[—-———( i )] (6.2-8)
nas M2 < k<{(M—1).
. CpaBI—EHBaH ypaBheunst (6.2-6) 1u (6.2-8), ormerum, uto
8, = —0,. Takum o6pasom, pasenctBa (6.2-4) n (6.2-7) unmen-

THYHb 4.1 Beero guanasona 0 <<k << M — 1. Torpa us puc. 6.3,6
C/leflyeT, 9TO pPacCTOsiiHe [0 HOPMAaJH D, Mmexay 0pOM3BOJBHOH
no0.10COH CBeTa M MJIOCKOCTBIO OTcyeTa Oyaer paBlo

D,=Btg6, (6.2-9)
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s 0<{kE<<{M—1, rae o Bbuucifgerca JHOO H3 ypaBHEHHA
(6.2-4), 1u60o n3 ypasuenus (6.2-7).

BaxXHo OTMETHTb, 4TO, €CJH BeaHYHHbl B, oo, o, M u )\ us-
BECTHb, HOMep cToa6na B UH(QPOBOM H306paxKeHHH MOJTHOCTHIO
onpenessier paccrosHiie MeXAy NJIOCKOCTbIO OTCYeTa H BCEMH TOY-
KaMH Ha noJoce, 0ToGpaxkenHoil na stoM cronbue. Tak kak M i A
SIBAAIOTCH (PHKCHPOBAHHBIMI NapaMeTpamH, Ipoueldypa KaJaibpoB-
K COCTOMT B IIPOCTOM H3MepeHHH B n onpeneneHuu %, W oo, Kak
yKa3ano Bbillle. /st onpejeseHns o, MJIOCKYIO BePTHKAJbHYIO MO-
BepPXHOCTb Pa3MelllaloT TaK, UTOBbI ee Mepecetenne cO CBETOBOMH mo-
J0COH HAXOAMJAOCH B LEHTPE MAOCKOcTH u3obpaxenns (T. e y=
= M/2). 3atem H3MepsiOT BeJHUHHYy Ieprenjukyispa D. Mexiay
NMOBEPXHOCTBIO H IJIOCKOCThI0 OTcuera. M3 pue. 6.3,0 ciexyer, 4to

o, = arctg [5¢]. (6.2-10)

UTo6hl ONpelesiTh oo, TEPEMEIAIOT MOBEPXHOCTb OJHKe K IO~
CKOCTH OTCUeTa, NMOKa ee cBeToBas rnosnoca He coBMectiTes ¢ y =0
Ha TJIOCKOCTH n306paxenus. 3arem namepsior Do u u3 puc. 6.3,0
HAXOAAT

ap = arctg [ 52 ]. (6.2-11)

910 3aBepliaeT npolecc KaJnOpOBKH,

OCHOBHOE TNPEAMYILECTBO TAKOH CHCTeMbl COCTOHT B OTHOCH-
TeJpHON MpOCTOTe HU3MepenHst paccroanui. Ilocie 3aBeplleHHA Ka-
JHGPOBKH PAacCTOsHiE, COOTBETCTByIOIIeE KaJAOMYy CTOAOLY B H30-
Gpazeiiiy, Boiuncasercs ¢ noMombio ypasuenus (6.2-9), rae k=
=0, 1.2 ..., M—1, a pesyabrarel Xpaustca B nanMati. 3arteM
B mpoilecce M3MepeHuil pacctosHHe IO 06O TOUKH H300pax<eHHs
[OYYAIOT MyTeM (POCTOro ONpele/eHna HoMepa ee cToabua B H30-
GpaskeHnH H oOpalleHuss K COOTBeTcTByiomed 061acTH naMsTH.

B 3akaioueHiie OTMETHM, UTO JJist pelleHns: GoJee obiel 3aiauy,
KOrja HCTOUHHK CBeTa H KaMepa pasMemaiorcss MPOU3BOJBHO MO
OTHOIIEHHIO APYT K APYTY, MOXKHO HCOOJb30BaThb METOH, ONHCAHHBIA
B paai 7.4. Onmako mnonyueHHble BbipaxeHnusi Obl1i Obl 3HauN-
TeJbHO 60Jiee CJAOKHBIMH C TOYKH 3pEHust BblulCJAeHui.

6.2.3. U3smepuTenu paccTofsHus 10 BPEMEHH NPOXOXKACHUA CUrHaANA

Hiske paccMaTpHBAalOTCA TPH MeTOJA H3MEPEHHS pacCTOsiHHA,
OCHOBaHHBlE Ha OINpeleJeHUH BpeMeHH [POXOXKAEHHS CHrHaJjla
Me;K1y OODbeKTOM H NpHEeMHHKOM. [IBa M3 mHX HCTOJB3YIOT Jasep,
a TpeTHil — y/IbTPa3BYKOBHE CHMHAJBbL.

B nepBOM METOAE H3MEDsIETCHs METOJ, B TedyeHHe KOTOpPOro Imo-
cjlaHHBIl BAOJb OCH CBETOBOHl HMMOYJAbc BO3BpallaeTcs BAOJIb TOH
JKe OCH OT oTpaKalomefi noBepxHoctu. Paccrosinie 10 NOBEPXHOCTH
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onpenensercss no dopmyne D =cT/2, rge T — BpeMa npoxoxie-
HHSl CHTHANa U ¢ — CKOpOCTh cBera. OTMETHM, YTO [OCKONIBLKY CKO-
pocTs cBera npuMepHo cocrasager 0,3 M/HC, 3/7eKTPonHOe 06Opy-
JoBanHKHe JOAKHO o0Jsafarn, uacToToit orcuera 50 Ty ana goctHxe-
HHSI TOYHOCTH H3MepeHus nopsiaka -+=6,3 M.

CucreMa, HCMOAB3YIOLIAS Ja3epHBle HMITYALCH, AaeT ABYMEepHbIH
MacCHB €O 3HAYeHHSAMH, IDOMOPIHOHAJBHHMH paccrosnuio [137].
HdBymMepHOoe CKaHHPOBAHHE BHIIOJHSETCH HYTEM OTKJAOHEHHS Jasep-
HOro Jiyya BpailalomUMCs 3epkaJjom. Pabouast sona 3T0ro ycrpoii-
CTBAa HaXOAHWTcsl B npexpetax 1—4 M c obecnedenneM TOYHOCTH A0
+0,25 cM. [lpuMep KapTHHDI BHIXOZHOTO CHIHAda TAKOH CHCTEMH
aan na puc. 6.4. Ha puc. 6.4,a nokaszan HaGop TpexmepHnX OOb-

Puc. 6.4. Cucrema o6bextoB (a) u usobparkedde (0) C HHTEHCHBHOCTHIO, APO-
nopuuoHanbHoll paccrosruio [138]

eKTOB, 2 na puc. 6.4, 6 — coorBercTBYLOUHHA UHHOPMALHOHHBIN Mac-
CHB, NpeACTaBJEHHHI B BHAe H300parkedusi, MHTEHCHBHOCTL KaiK-
AON TOYKH KOTOPOTO MPOMOPIMOHAMLHA PACCTOAHMIO MEXAY naTy-
KOM H OTpa)Kalouiefi MOBEPXHOCTHIO B 3TOA TOYKE (4eM TeMHee, TeM
6.11Ke). SIpKue yyacTKM BOKPYr IpaHuI OOBEKTOB NpencTaBlIsioT
NpepBIBUCTOE M3MEHEHHe pacCTosHus, onpeaensemoe dBM ¢ no-
MOLILIO CHEHHAIbHOR NPOIELYPLL.

Bo BropoM MeTOole BMECTO HMNYJILCHOIO CBETOBOIO CHIHAja
HCHOJIb3YETC HEMpepLIBHBI JyY Jasepa M u3Mepsiercd 3aieprlkka
(1. e. dazosulfi CABHI) MeXAy NOCHJIZeMBIMHN H BO3BpAlleHHBIMH
ayyamu (pluc. 6.5). HonycTuM, 4to nydy Jjasepa ¢ AJIHHOH BOJHBL A
paculenier Ha Aga jayda. OaMH W3 HHX (HasbBaeMHl «1yuoM OT-
cuera») MPOXOZHT paccTosune L k ¢asomerpy, a Apyroil npoXosur
paccrosune D po orpaxaionieil nosepxxoctd. Ofuiee paccrosinue,
NPOHACHHOE OTpakeHHBIM JyuyoM, cocrasaser D'=L 4+ 2D. Ho-
nyceruM, uto D = 0. Ilpu stom yeiosuu D' = [, U Kax Jy4 OoTcyera,
TaK W OTpPazKeHHBIH ayY AOCTHraloT GasoMeTpa ogHoBpeMenHo. Ecan
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yBeNMUHBaTH D, OTpasKeHHbIH JAyu MPOXOAUT GonplIOH NyTH H, CJe-
JOBATeNLHO, BO3HHAKaeT (Pa30Bblfi CABHI MeXIy ABYMS JydaMH B
Touke naMepenus (puc. 6.5,0). B 3rom cayuae uMeeM

o 6.2-12
! o 2-
D=L+ 360 h. ( )
OrmerHM, 4To, ecan 0 = 360°, o6e BO/IHb BHOBL COBNALAIOT "
Hennast OTAHuMTE D=L u D'=L 4 nk, n= 1, 2, ..., OCHOBHI-
le 7 |
t—
Paiderisreds
7]
Hasep rgea
1 1 Ompaarcq oas
¥ robepxrocmo /
i 74
)
|
|
|
4 — —— Hexodmwici #yy
gz"‘1’5‘””"””/" l — e — OMPAKCERHEIE AYL
a

Puc. 6.5. Tlpunuun usmepenus pacCTosHHA 1O dasopomy CABHry (a) © CLBHP

Memay ucxopsuwed u OTpaKeHHOU CBETOBbIMH BOJIHAMH (6).

pasich HA OJHOM H3MeDeHHH §asoBOro CABHIA. Takum 00pasom, pe-
[HieHHEe MOXKeT OblTh NOJYYeHO TOJLKO B TOM E:leqae, ecan 0 << 3607,
1160, yTo TO XKe camoe, 2D < A. Tak kax D’ = L + 2D, noacraBus

310 3Hauenue B ypasuenne (6.2-12), umeem
S 6.2-13
D 360 ( 2 ) ’ ( )

qTO onpepenser paccToAnue qepe3 (1)330Bb1171 CABHI, €CJIH H3BECTHA

JJHHa BOJIHbBL.
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Eciu AHHA BOJIHBI J1a3ePHOrO Jyda Masta (Hanpimep, 6328 um
A TeTHH-HEOHOBOro Jsasepa), TO MeTO/, cxema KOTOPOrO MOKa-
SaHa Ha prc. 6.5, Helles1eCOO6PA3HO MPUMEHATL B POGOTOTEXHUKE.

[Tpocrefimuy pewennem B 3ToM ciyyae sBasercs AMIJIHTY 11O
MOJeJIHPOBaHAEe 1a3ePHOIO ayya NyTeM HCMOJb30OBAHHUSA BOJHbL! ¢ rO-
pasno Gosbmweit gaunoii. (Hanpumep, nomus, yro ¢ == fh, MOny1H-
pyloulas Bosna ¢ yacroroii f= 10 MI'y umeer aauny 30 Mm.) dror
METON npoUAMIOCTPUPOBaH Ha puc. 6.6, OcHosHas npoueaypa ocra-
C€TCA NPEKHEH, HO CHIHAM OTCYeTa ABJAETCS Tenepb QYHKLHEH Mo-
AyHpOBAaHHS. MOLYHPOBaHHb Ma3epHbl CHMHAN MOCKLIAGTCS Ha
06beKT, a BO3BpalleHHb! CHI'HAJ AEMONYJHPYeTCS U CPABHHBAETCS
C OTCHETHBIM CHIHAJOM JJS onpejefeHds (a3oBoro cisura, Pa-
BeHCTBO (6.2-13) Bce eme nmeer CHJy, HO Teneps pabota NpPOHCXO-
AUT B GOsiee yIOGHOM JHanasoHe AJIHH BOJH.

1

He, 6.6; BousHosol CHIHAN, MOAYIHPOBAHHBIA MO aMmiHTYIe MOAyIHpylOLLel
YHKUUEH ¢ ropas;1o GoJbluell AJIMHON BOJHSL

BaxHeiM npeumyuiecTBOM meTtona c HeNPEPHBHBIM JIYYOM O
CPaBHEHHMIO ¢ HMIYJIbCHBIM METOJOM SIBIAETCH TO, UTO nepsbifi faer
CBENEHAA 00 HMHTEHCHBHOCTH (4eM spye, Tem 6auxe) [137]. Ogp-
HAKO A7 paGoThi 1O METOAY C HempepbiBHBIM JAYYOM 3aTpayu-
BAaercs 3HAYMTENbHO GOJbIUAS MOMHOCTb., HeToyHnocTw npH H3Me-
PEHHH DacCTOsMUi, MoJyJaeMble OPH HCMOMb3OBAHUH I0GOrO U3
3THX METO/0B, TPeGYIT YCpelHeHHS OTPaKeHHOro CHrHala bt
YyMeHblLIeHUs ownbKku, Ecan npu paceMoTpennn 3anayy wmb HOMy-
CKaeM, YTO K JIEHCTBHTENLHOMY paccTOSIHHIO R06aB.sieTcs 1y M
HSMepeHHS{, H HpHHHMaeM, gT0 H3MepeHI/IH ABJIAIOTCA CTaTHCTHYe-
CKH HE3ABHCHMbBIMH, MOXKHO [0KA3aTh, YTO CTAHAADPTHOE OTKJAOHEeHHe
OT cpelHero 3HayeHus pasuo 1/4/N CTAHAAPTHBIX OTKJIOHEHHH
myMa, rae N —4icjo yepeaseHHex npo6. dpyrumu CJA0BAMH, yeM
AOJIbIIE Mbi yCPeAHAEeM, TeM MeHbUIe HeTOYHOCTH MPH OLCHKe pac-
CTOSAHIA.

Ilpumep pesynsraTos, noayyaemsix c MOMOIbIO HCAPEPBIBHOTO
MOLYTHPOBAHHOTO JIA3€PHOrO JyYd, CKAHHPYEMOrO BPallaloOUInMCs
3€pKa.1oM, Nokasad ua puc, 6.7,6. Ha puc. 6.7,a nan Maccus pac-
CTOSHIMH, NPeICTaB.IelHbl Kak H306parKeHHe HHTEHCHBHOCTH (yem
Apde, TeMm Ganxke). Peasbnast nupopmanus o6 MHTEHCUBHOCTH, MO-
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JiydedHast Ha COOTBeTcTBYIOlUleM npubope, nokasaua sa puc. 6.7, 6.
O6parure BuMMaHHe HA TO, YTO 3TH JABa H306GparKEHUS JOTOJHSIOT
Apyr apyra. Hanpumep, ecqad BO3uUHKaeT TPYAHOCTB NpPH [OACYeTe
ynesaa o6bekToB Ha cToOJe Ha puc, 6.7,4, To 3To IPOCTO cjenarhb Mo
H300paxeHUI0 HHTEHCHBHOCTH. Hanporus, HEBO3MOKHO ONpeAeNHTb
paccrosine Mexay OGJHKHHM H JalbHUM KpaaMH KpBIIKH CTOJIa
10 U306paKeHUI0 MHTEHCHBHOCTH, TOTJa KAaK 3TO Jerko CAeJdTbh ¢
nomoliblo MacchBa paccrosnuil, Cnoco6sl 06paboTKH HHOP MAIHHA
nojlo6HOro THNa aaHel B pasi. 6.7 u 6.8,

YbTPa3BYKOBOH H3MepUTeNb pACCTOSHHE SBJSETCA APYrHM
THIHYHBIM [PHMEpPOM peaH3aldd MeToda H3MEePEHHs pacCTOAHHS

Puc. 6.7, Haobpaxenus maccupa paccrosiunii (@) W WHTEHCHBHOCTH (6).

00 BpeMeHH NpOXOXjaeHHs curHasa, OCHOBHas HAes avaJOruyHa
TOH, YTO HCHOJAB30BaBa B MeTOJe C NpUMeHeHHeM Ja3epibiX HM-
Ny.1bCOB.

Y/IbTPa3BYKOBOH CHTHaJ mnepelaercsi 3a KOPOTKHI NPOMEKYTOK
BpeMeHd H, TaKk KaK CKOPOCTh 3BYKa H3BeCTHa IJIf OnpeeeHHOH
Cpe/lbl, NPOCTOE BhIYHC/IEHHe, BKJIOYalollee HHTEPBAT BPEMEHH
MEXKAY NOCHIIAEMBIM H OTPAMEHHBIM CHIHAJaMM, JdeT OUEHKY pac-
CTOSTHUS A0 OTpakamlefl NOBepXHOCTH.

B yapTpasBykoBOil H3MepHTeTbHON cucTeMe, Bhinyckaemol ¢up-
moit Polaroid, curnan anuTensnocThio 1 Mc, cocrosuinii uz 56 uwm-
nyJabcoB yeTeipex wactor (50, 53, 57 u 60 xI'y), nepenaercs mart-
yukom JAxamerpom =38 mM. CurHana, oTpameHHbHI OGBEKTOM,
yJIaBJIHBAETCA TCM :Ke AAaTYMKOM H, NMPOXOAst Hepe3 YCHAHTeNb M
cXxeMy HMHAMKalLHH, ClocO0eH H3MEepsTh PACCTOsSIHHE B JAHalasoHe
~0,3—10 M ¢ ToyHOoCTBIO A0 2,5 ¢M. CMellaHHBIe YACTOTHI B CHUT-
Haje HCHOAb3yIOTCA MU yJayullleHus ycrofiynsocTH curhana. Ort-
KJOHeHHE B HANpaBJeHHOCTH 3Toro mnpubopa cocrasBaser -~ 30°,
4TO NPHBOAUT K OTPAHHUEHHSM €ro HCTNOJIb30BAHHA AJA NOJAyYeHUS
H300paKeHHsl CHCTeM, DAacCMOTPEHHBIX BHIIe B AaHHOM pa3aese,
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3ro saBasercs o6blyHOH UPoGAEMOH NMPH UCIOJNB30BAHHHM YAbLTPAa3BY-
KOBBIX JAaTUYMKOB, H [03TOMY OHU NPHMEHSIOTCA NPEHMYLIECTBEHHO
B HaBUTalUuy U pjd o6xoma npensTcTBHi. KoHCTpyKUHH ¥ paGouue
XapaKTePUCTHKH YJbTPA3BYKOBBIX NATYHKOB O6CYXAeHH Gojee 10-
apo6Ho B pasn. 6.3.

6.3. OUYBCTBJIEHUE B BJIM)XHEW 30HE

JlaTydky H3MepeHHs B jAaJjbHefl 30He, onHcaHHBle HAaMH BhIeE,
AT OLEHKY PAacCTOSHUS MexAy ZATYHKOM H OTPaxamoumuMm olb-
ektoM. [arunku n3MepeHuss B 6JuxHeHd 3oHe OGBIYHO HUMEIOT AHUC-
KPeTHHH NOpOroBbIfl BBIXOAHOH CHIHaJ, KOTOPhI onpegefser Ha-

Koprye

Maerum

Kamyuwa  fusnexmpui  Coeduresue
[22

Cmans ol wrd

y Hceneskslld npedmem

e Mrzuurie

Ramywra
Maeruimnele

cunobsre P
’ nunu

Puc. 6.8. MunyktupHelit natunk (@), ¢opMa MarHuTHBIX JIHHHI 1PH OTCYTCTBHR
¢eppomarnernka (6) u QGopMa MaTHHTHLIX JHHHA APH Hajimiuu ¢eppoMarHerHxa
B 3oHe U3MepeHud nartyuka (8) [38]

Juude obbekTa B npejefiaX YCTaHOBJEHHOro NpocTpaHcTBa. Tu-
NHYHBIM SIBJASETCS HCHOJNB30BAaHHE TaKUX NATYHKOB B POOGOTOTEX-
HHUKe AJs 0oJydeHdss nHpopManuu B OJNHKHeH 30He npH 3axsare
06beKTa MJH NpPH ero obxome. B HactosuieM pasneie paccMmarpH-
BAIOTCH HECKOJbKO OCHOBHBIX METOJOB OUYBCTBJEHHS B GJHKHEIE
30He U OCHOBHBle paBoyHe XapaKTePUCTHKH AaTUHKOB.

6.3.1. UHAYKTHBHLIE JATYHKA

JaTYHKH, OCHOBAHHBIe HA H3MEHCHHH HHAYKTHBHOCTH NMPH B3aH-
MOAeHCTBHH ¢ MeTaJJIHyeCKUM 00DbeKTOM, HaXoAATCA B DAAY HaH-
fojlee UIHPOKO HCHOJNB3yeMblX NPOMBIIUJIEHHBIX JAaTYHKOB H3Mepe-

306

HUA B OnuxHed 3oHe. [Ipumnun pa6GoTH 3THX AAaTYUKOB MOMKHO
o06bacHATE, Henonb3ys puc. 6.8 u 6.9. Ha puc. 6.8, ¢ npexacrasnena
CXeMa HHAYKTHBHOIO AATYHKA, KOTOPHIH COCTOHT H3 KATYIIKH, pas-
MeLleHHOH BeJle] 3a MOCTOSHHBIM MaruuToM B KOpIyce.

Korpa parynk upu6nuxaercs K (GeppoMarHATHOMY MaTepHady,
H3MeHSIeTCs PacloNoXKeHle CHIOBBIX JHHHH DOCTOSHHOINO MarHuTa,
(puc. 6.8,6 u 8). Ilpu ot-
CYTCTBHM ABHXKEHHs CHJO-
BblE JIHHHUM He H3MEHSIOTCH
U, CJeAoBaTeJbHO, B Ka-
TYLIKe TOK He HHAYHUpYeT-
ca. OpHako, ecau B 1oje
NOCTOSIHHOTO MarHuTa e-
peMelniaercss GeppoMarHuT-
HBl MaTepuaj, BO3HHKAIO-
Hiee B pe3yJabTare 3Toro
HU3MeHeHHe CHJIOBBIX MHHHUI
UHAYLHPYeT HMIOYJbC TO- ‘
Ka, amuauryna U dopwma : &
KOTOPOro INPONOPIHOHANb- .

Hbl  YPOBHIO  H3MeHeHH:
MATHUTHOT'O TOJS.

Hamenenue Hanpsixe-
HHS Ha BHIXOAe KaTyLIKH
obecneunsaer 3pdeKTUB-
HOE OYYBCTBJIeHHe B GJIHXK-
Hel 3oHe. Ha puc. 6.9,a
IOKa3aHO H3MeHeHHe Ha-
npsKeHUsl B KaTyLIKe B 3a-
BUCHMOCTH OT CKOPOCTH, C —
KOTopoft  (eppoMarHeTux 0 Q250 Q500 Q750
BBOJHTCA B 1OJNIe Maruura. Paccmoarue smexncdy obsexmom «
[TonsipHocTs  BBIXOAHOLO faf”‘{il”ﬁ’/% mu
HanpsiKeHUss HaTdhka 3a-

BHCHUT OT TOro, BXOAHT Puc. 6.9. 3aBHCHMOCTH BbLIXOJHOTO CHIHana
00beKT B IOJle HJHM BBIXO- HHAYKTHBHOIO [1aT4HK3 OT CKOPOCTH (d) #
NHT U3 Hero. Ha puc.6.9,6 (9.

nokasaHa 3aBHCHMOCTD

AMIJIUTY ARl HANPSKEHHA OT PacCTOAHHUA MEWAY AAaTYHKOM H O6b-
ekToM. M3 3Toro prcyHKa BHAHO, 4TO YyBCTBHUTEJNBHOCTH Pe3KO na-
JaeT ¢ YBEJHYEHHEM PAacCTOSHUS MU AATyUK 3QQPeKTHBEeH TONLKO
Ha paccToAHUsX ~ 1 MM.

Tak Kak AJs [OJyYeHHs BHIXOJAHOTO CHrHaMa Ha RAaTUHKe Tpe-
6yeTcst HamMyhe OTHOCHTENHHOTO NBUXKEHHS AaTydka H oObekra,
ONHUM H3 METOAOB [OJIyYeHHs AHCKPETHOro MNOPOroBOr0 CHrHama
ABJACTCH HMHTEPUPOBaHMe BHXOLHOro curuana. [loporoselil cur-

/COKAR ChOQOCITTo

A

Ausxas ckopocmis

Bpems

¥
]
< Harprofcenue Ha Kamyuxe <

banHoso cuenasia
%
~

Amnnumyde nopyazuso-

HaJa ocCraercs Ha HHXHEM YpPOBHE, I[IOKa 3Hayedue HHTerpana

307



OCTaeTcsl HHXKe yCTaHoBJeHHOro nopora. Ilocse npesbimenus no-
pora BHXOJHOM CUTHAJ NepexofHT Ha BePXHHH ypoBeHb, YTO COOT-
BETCTBYeT Ha/HYHIO 00beKTa B 30He H3MepeHuH,

6.3.2. 1 aTuuku Xoana

M3 ¢usnkn nssectHo, uyro spdexr Xonja ceaspiBaeT Hanpsixe-
Hye MexXJy ABYMS TOYKAMH B MPOBOJHNKE HJH MOJYIPOBOIHHKO-
BOM MarTepHajse C MarHUTHBIM MOJeM, BO3JeHCTBYIOUIUM HAa 3TOT
matepuas. Hcnoaesyembie cammu mo cebe paruuky Xosaa MOTyT
YJOBHTE TOJBKO HaMarHndeHHple o6bexThl. OAHAaKO, €ClH HX HC-
M0JB30BATH BMECTE C IIOCTOSHHHM MarHuToM, KakK NoKa3aHo Ha
puc. 6.10, oHH CNOCOGHBI YCTAHOBHTH HAJIHYME BCeX (eppoMarHuT-
HBX Marepuanos. HMcrnonssyeMmufi takum ofpasoM paTtuvk Xodma

Peppomereiiren
Mamepuan

a &

Puc. 6.10. Padota natuuka Xosna (a), cHaGKeHHOTO NOCTOSHHBIM MarHaToM (6)

.

«4yBCTBYeT» CHIBHOE MarHHTHOe NoJie NPH OTCYTCTBHH (eppomar-
Hernga B 6unxHefl 30He (puc. 6.10, a). Ecan Takoii MaTepuan BHo-
caT B O6JMXKHIOI 30HY fgeficTBusi npubopa, MarHMTHOE MoJe Ha JaT-
qynKe ocngabeBaeT BCJeACTBHe 3aMHKaHHA JUHHI [1oJsd uyepe3 Mare-
puan (puc. 6.10,6).

Harunky XosJga OCHOBaHb HA BO3HMKHOBEHNM cuis Jlopenna,
JeficTBylomlefl Ha 3apsiKeHHYIO YacTHIY, JBHKYUIYIOCH B MAaruut-
HOM nojie. DTa cUJIa HanpapJ/jeHa IO oCH, NepneHAHKYASPHOH NJIOCKO-
cTH, 06pa30BaHHOA HanpaBJeHUeM JBHKeHHs 3apsXKEHHOH YacCTHIH
H Hanpas/JeHveM InoJas. Taxum o6pasoM, cuaa Jlopenua ompe-
nensiercs kak F == q(v X B), rae ¢ —3apsana, v — BEXKTOP CKOPOCTH,
B — Bextop MaruuTHOro mouss, a X -—3HaK IepeceyeHNsi BEKTOPOB.
[lpeanosoxuM, HanpHMep, YTO TOK NPOXOAUT uYepe3 MOJYIPOBOI-
HHUK n-THIa, KOTOPHIH HAXOAMWTCS B MarHMThHoM none (puc. 6.11),
[TomHsI, uTO 3JEKTPOHB SIBJAAIOTCA OCHOBHEIMH HOCHUTE/ISIMH B Ma-
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TepHasaxX #-THHA M YTO JABHKEHHE JBIPOYHOTO TOKA [POTHBOMNO-
JIOXKHO MOTOKY 3J1€KTPOHOB, SICHO, UTO CuJja, AeficTByloulasi Ha JABH-
KylHecs OTPULATETBHO 3apsKeHHble YacTHUH nMena Obl Hampas-
JeHde, nokasaHnoe Ha puc. 6.11. Dra cuiaa geficTByeT Ha 3nexk-
TPOHBI, KOTOPbI® CKAMJIMBAIOTCS B HIKHEH uyacTH Martepuasa. TakuM
o6pasoM BO3HMKAGT HampsiKeHHe, KOTOpoe B JaHHOM cuayuae
IMeeT MNOJOXKHTEJbHBII 3HAaX B BepxHefi yacTu MarepuaJsa. [lpu
BHeCceHnH (eppoMarHeTMka B 30HY AeHCTBHA NOJYIPOBOAHHKOBOIO
MarHUTHOTO NpHGopa Hanps:KeHHOCTh MArHUTHOTO NOJIsl YBEeJHYH-
saercs. CaenoBarenbno, yMeHplraercs cusa Jlopenua, u B Hrore —
HanpsiKeHHe Ha noaynpoBoanuke. Ha sToM majeHdd HanpsxeHHA

F =qlv X B)

Puc. 6.11. BosuuxuoseHue spdekra Xoana,

‘ »
H OCHOBAaH NpHHUMN H3MepPeHHA B O6JHXHeli 30HEe JaTYHKAMR
Xonna. JIHCKpeTHB BBIXOJHON CHTHAJ, onpenelsiomMi Hajnuyde
ofbeKkTa, peaJH3yercsi MNOPOTOBbIM OTPaHHYEHHEM BBIXOAHOTO Ha-
npsiKeHus AaT4YHKa.

OTMeTHM, YTO HCHOJB30BAHNME TaKHX MNOJYNPOBOJHHKOB, Kak
KpPeMHHi, HMeeT PAA NMPeHMyllecTB ¢ TOYKM 3PeHHs Pa3MepoB, TOU-
HOCTH H YCTOHYMBOCTH K BJHAHUIO 3JeKTpHueCKdX Nomex. Kpome
TOro, HMCINOJb30BaHHe NOJYIPOBONHHKOBHX MAaTepHaJoB [03BOJET
YCTAHOBHTH 3JEKTPOHHYIO CXeMy YCHJEeHHs H o0paGOTKH CHMHa/IOB
HemocpeACTBEHHO Ha AAaTUHKE, yMeHbLIAasi TAaKHM o6pPasoM ero pas-
Mep U CTOMMOCTb.

6.3.3. EMKOCTHBIC AATYHKH

B oranune OT MHAYKTHBHHIX AAaTYHKOB W AATYHKOB Xouaaa, KO-
Topble HAEeHTHGHUMPYIOT (eppOMArHiTHpie MaTepuasbl, eMKOCTHHE
JaTunky o61analnT cnocobHOCTHIO (C pa3ad4yHoll CTeNneHbIO YyBCTBH-
TeqbHOCTH) OGHAPYXMBATL BCe TBepPAbie H XKHIKHMe MaTepHAJbL.
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Kak BHAHO H3 HX Ha3BaHUA, 3TH AaTYUKH OCHOBaHBl Ha H3Me-
HEHHH €MKOCTH, KOoTopas 3aBHCUT OT PacCTOAHHUA AO NOBEPXHOCTH
00bEKTa B 30HE AeHCTBUA YYBCTBHTEJILHOTO 3JIEMEHTA.

Lasoberil

eermpod Lyzot bosdyz Hoprye
g | [ B

Yybembumenonoii ~ //ﬂe Y WZ -
InNeK mpod HB00UpyroiaR cMOAT e

Puc. 6.12. EmMkocTHoli naTuuK u3Mepedus B OJHKHed 30He [38].

OcHoBHBle KOMIOHEHTH €MKOCTHOTO JAaTYyHKa MNoKa3aHH Ha
puc. 6.12. YyBCTBHTEJNBHEIM 3JEMEHTOM SIBJSAETCA KOHIEHCATOP,
COCTOSINIMEA M3 4yBCTBUTEJHLHOIO 3J€KTpoga U 6a30BOTO 3JEKTPOAS

. (umMu MoryT OblThb, HampuMmep, MeTaJ-

20 JUYEeCKU# AUCK U KOJbLO, pa3ies]eH-
< Hble IU3JIeKTPHKOM). 3a eMKOCTHHIM

3JIleMEHTOM OOBbIYHO MOMEIlaloT BO3-
AYLIHYIO NO0JOCTh AJs obecleyeHus
usoasuuu. B cocraB matumka Momxer

Illlllllx||vv1|

~ BXOAUTb TaKxKe 3JIEKTPOHHAH CXeMa.

= B sromM caywyae cxeMmMy 3amJaBJsIOT

< B cMoJay, utof6nl obecneunts ee rep-

< METHYHOCTb M MEXaHHYECKyl 3a-
3 [IHTY.

CywmecrByer psii MeToROB oGHa-

N I pyxeHHss B GJHXHeH 30HE, OCHOBaH-

0 5 10 15 HBIX Ha H3MEHeHHH eMKocTH, B op-

FOCCTORKUE, MM HOM [pocTefflleM MeTOAe KOHZEHCa-

TOp MnpeacraBaser coboi  3IJEMEHT
Puc. 6.13. 3asucuMocts npo- KoJeGaTeJbHOrO KOHTYpa, KoJebaHus
UEHTHOTO ~ M3MeHeHHs EMKOCTH B KOTOPOM BO3HHKAKOT TOJBKO B TOM
Aatumka B Gamxued 30HE OT  cjyyae, ecan €MKOCTh AATYMKa Npe-
paccrosHus [38].
BHIIIIAET 3a1aHHOE [OPOroBOe 3Haue-
uue. KoseGanus npeoGpasyrores 3a-
TeM B BHIXOJHOE HalpsXKEeHHe, KOTOPOE YKa3biBaeT Ha MPHCYTCTBHe
o6beKTa B 30He H3MepeHHs. DTOT Meron obecneurBaerT AUCKDPETHBIH
BHIXOJHOH CHIHAJ, NePeK/ioyeHHe KOTOpOoro 3aBUCHT OT 3HAYEHHSH
3a4aHHOTO Nopora.
B Gonee cNOXKHOM METOLE HCOOJb3YETCS €MKOCTHOH 3JIeMEeHT
B KOHTYPe, IO KOTOPOMY [OCTOSIHHO [POXOAMT CHHYCOHAaJbHBiN
curHas gacrorsl. M3sMenenue eMKOCTH BbI3biBaeT ¢$Ha30BbIH cABUC
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MEXJY CHTHAJOM 9TAJOHHOH 4acTOThl H CHTHAJOM OT €MKOCTHOTO

“ageMenTa. QasoBH CABAT NPOMOPUUOHAJNEH H3MEHEHHIO eMKOCTH

M, CJefoBaTeIbHO, MOMXKeT ObITb HCNOJb30BAaH AJf OOHADYKEHUS
06BEKTa B OJUKHEH 30HE.

Ha puc. 6.13 nokasano H3MeHeHHE €MKOCTH B 3aBHCHMOCTH OT
paccTosHUA IJIS JaTydKa H3MepeHHs B OJHXKHEH 30HE, MOCTPOCH-
HOTO MO paccMOTpeHHOMY npuHunny. Cuaefyer OTMETHTb, 4TO HA
pPacCTOSAHHHM, MOpPeBHIIAIIIEM HECKOJbKO MHUJIJIHMETPOB, 4yBCTBH-
TeJbHOCTL pe3ko majgaeT. PopMa XapakKTepHCTHKH NPH ITOM 3aBH-
CHT OT MaTepuaJga o6beKTa uzMmepenus. OOHUHO Takhe AATYHKH
pa6oTaioT B AHUCKPETHOM IOPOTOBOM pexHMe, }V3MeHeHHE eMKOCTH
Bolle 3ajaHHoro nopora T CoOTBeTCTBYeT HaJH4HIO 0OBLEKTa,
a HHXE— ero OTCYTCTBHIO B 30HE, YCTaHOBJeHHONl Beauyunod T.

6.3.4. YabTpa3sByKOBbIE JATUHKH

XapaKTepUCTHKH BCEX pPacCMOTPEHHbIX JATYHKOB H3MepDeHHsE
B GJIHXKHEHA 30HE CHJLHO 3aBUCAT OT MaTepHa a 06beKTa H3MEPEHHA.
DTa 3aBHCUMOCTh MOXKeT OblTb B 3HAUHTEJNHHOH CTEMEHH YMEHb-
HleHa NyTeM HCNOJb30BAHUS YJABTPA3BYKOBHIX JAaTYHKOD, paboTa
KOTODBEIX NPH H3MEPEHHH paccTosHHA OblIa KPaTKO paccMoTpena

Memarauvecnud
Kopriye Samvuxe xoprye
Cnona |
Hopanneeckuii— o NS -
npesbpasobamens SN T \
. LA Fnsmp-
. : ; vecxud
| Kabens
. Aryemuvecrudt
7OEAOITTU ITIENE

Puc. 6.14. YabTpa3ByKoBoll HaTuuK U3MepeHus B GauxHell sone [39]

B pasia. 6.2.3. B naunoM pasiese GoJdee NoapobGHO paccMOTPeHbI
KOHCTPYKIIHM H pa6oTa 3THX HATYHKOB, a TaKKe NPOHJINHCTPUPO-
BaHO HX HCOOJb30BaHHe AJST U3MeDeHHH B G6HKHeH 30He.

Ha puc. 6.14 nokazana CTPyKTypa THHHYHOTO YJAbTPA3BYKOBOTO
npeo6pas3oBaredis, HCIOAB3YEMOTO JJIA H3MepeHHS B OJauxuell
sone. OCHOBHBIM 3JIEMEHTOM SBJSETCS NIEKTPOAKYCTHUECKHI npe-
of6pasoBaresb, B KayecTBe KOTOPOro 4acTO HCHOJIb3YeTCs Mbe30-
JEKTPHYECKHH Kepamuuyecknit amement. [lopnoxka H3 CMoOJb
3amdmaeT npeobpasoBare/ib OT BJAXKHOCTH, MbUIH H APYTHX BHeELI-
HHX Bo3geHcTBUH. OHa CJOYXKHT Takke KaK NepeXOHHOE aKyCTHue-
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CKoe conporusJenne. ITockoJbKy OAHH H TOT Ke npeob6pasoBaTedb
HcrnoJb3yercsi o0bigHO KakK JJs1 nepejaud, Tak U AJS OpueMa CHur-
HaJOoB, AJsi o0HAapy:KeHHA OOBEKTOB B OJNHKHeH 30HEe HeoO6X0QHMO
OeicTpoe peMndHPOBaHHE AKYCTHUECKOH 3HEPrHH. DTO HOCTHraeTCs
OyTeM ODPHMEHEHHs] aKyCTHUYECKHX TNOIVIOTHTeJNedl U pa3Bs3koH mnpe-
obpasoBaredsi oT kopnyca. KoHcTpykuusi Koprnyca [HO3BOJISeT MO-
JydaTb Y3KHI aKyCTHYeCKHH @OTOK, AAOmHUA MOmHBIA M Hanpas-
JeHHb!l curuad.

Hast qyuliero nOHHMAaHHsT PaGoTH  YJbTPAa3ByKOBOro AaTYHKa
U3MepuTeNa B OJHKHEH 30He Hago NPOBECTH AaHAJM3 CHCHAJOB,
HCIIOJIb3YeMBIX KaK AJa nepefayd, Tak H AJsi OpHeMa akycTHde-
CKO# 3Hepruu. THOUUHBIE BHI TAKHX CHMHAJOB NpeACTaBJeH Ha

L 1 [ -
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Puc. 6.15. Curranel, mHcrnoJbs3yeMble B yJbTPa3BYKOBOM [aTUHKE M3MEDeHHA B
6amxkHell soHe [39]

F

puc. 6.15. Curnan A apasieTCsi 3alOPHBIM CHMHAJIOM, HCIIOAb3YeMBIM
AJsi ynpaBJieHHs nochlliaeMbBIMH curHanamu. Curxaa B colpepur
BLIXOAHOH 1 oTpaxKeHHBI curuads. Vmnyasce C BHIAETISIOT CHT-
Hajel nepejauu uau npuema. Has toro yToGbi YCTAHOBHTH pasJn-
yHe MeXJY HMIyJbCaMH, COOTBETCTBYIOIIUMH NOCHIIAeMON H OT-
pakeHHOH 3HePruH, BBOAATCS BpeMeHHple OKHa (curHaa D), Ha
KOTOPBIX OCHOBBIBAeTCSl NPUHIMI H3MepeHHs AaTuHka. Bpemennos
HHTepBaJ Af sBJsieTcss MHHHMAJbHBIM BpeMeHeM H3MepeHHus, a
Aty + Afp —MaxkcuManbHbLIM. MOXKHO OTMETHTb, UTO 3TH BPEMeH-
Hble HHTEePBajbl COOTBETCTBYIOT NPOX0:KAEHHIO OMpefeleHHBIX pac-
CTOSIHUA CO CKOPOCTBIO DPacnpoCTpaHeHHsl 3ByKa B HCHOJb3yeMOi
paGoueit cpepe. [locae nodyyenuss orpaskenHoro curiaga (B To
BpeMs Kak CHTHaJ D HMeeT MaKcHMAaJlbHoe 3HavYeHHe) BeipabBaTh-
Baercsl cdrHag [, BeJHYHHA KOTOPOTO NMPHHHUMaer HYyJeBoe 3Haye-
HHe TocJe OKOHYaHHsi AeficTBHs Nepenatomero ummysasca A. Haxo-
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Hell, cHrHad F BoipaGaThiBaeTCsl NPH MOSIBJICHHH MOJOXKHTEIbHOTO
uMnyiasca E u c6paceiBaercss B cjdyyae OTCYTCTBHA cHrHana £
u nosiBienus umnyasca A. Takum obpasom, curnan F 6yner nmets
MakCHMaJbHOe 3HaueHHe NPH HaJHYHH OODBEKTa Ha PACCTOSHHA,
onpeneaseMoM NapaMmerpaMH curiajga D, T. e. curdan F siBasiercs
BBIXOAHBIM CHFHAJOM YJbTPAa3BYKOBOTO JaTyuka, paborawuiero B
OuHapHOM pexHuMe.’

6.3.5. OnTHuYecKHe JaTYHKH H3MepeHus B Omxuell 3oHe

OnTuyeckde NATYHUKH H3MepeHusi B OJIHXKHed 30He NOAOOHLE
yJABTPa3BYKOBHM JaTYHKaM B TOM CMBICJ€, YTO OHH ONPEeAeJsIoT
6aH30CTh OOBEKTa 1O ero BJAHSHHIO Ha BOJHOBOH CHTHAJ, [POXO-
Asmidil OT UCToYHHKA K npuhemuuky. Oxma u3 HauboJgee pacnpo-
CTpaHeHHBIX MeTOXOB H3MEDeHHsi paccTosiHus B OJnKHed 3oHe
¢ [OMOINbIO ONTHYeCKHX CPeACTB nokasaH Ha puc. 6.16. Harymk
COCTOHUT M3 CBETOAHOAA, KOTOPHIH BHINOJHAET POJb HCTOYHHKA HH-

Lhemoduod Tepeda rgue
AU 36!

JoRe Yybembu-
mensHocmu

IR mannie Tobepeiiocims
Pomoduod ~ siunse ogféfm

Puc. 6.16. Ontuuecknfi Aatunk usMepenus B Gmuxued some [251]

dbpakpacHOro uajayyeHus, 1 (OTOAHOAA, HCIOJNb3YEeMOTO B KayeCTBe
npuemuuka. [1yuku cBera, copmupoBanHble (POKYCHEIMM CHCTEMa-
MH HCTOYHHKA H [PHeMHHKAa B OZHOH IJIOCKOCTH, IepeceKaoTcs
B BHITAHYTOH KOHYCOBHIHO! 30He. DTa 30Ha onpejenseT pabounit
AKAnasoH JaTydKka, TaK Kak oTparxkarmuas moBepXHOCTb, KoTopad
HAaXOAATCHA B 30HE, OCBEUIAETCsi HCTOYHHKOM H OAHOBPEMEHHO <«Hpo-
CMATPHBAETCA» NPHEMHHKOM.

XoTa AaHHBIA MeTOx B NPHHUKNE NOX0XK HA MeTOJ TPHaHTYJ/Is-
IHH, pACCMOTPeHHbill B pasa. 6.2.1, He0OOX0JUMO OTMETUTD, YTO 30HA
u3Mepenuil, nokasanHas Ha puc. 6.16, obGecrneynBaer He TOJbLKO
ToyeuHoe H3MepenHe. [{pyruMu cJ0BaMH, NOBePXHOCTb, HAXOAs-
masics B J160M MecTe yKazaHHOH 30HbI, 6yAeT HAHTHPHIHPOBAHA.
Jns ob6bexkTa ¢ H3BECTHOH opHeHTanHeHd M XapakTepHCTHKaMH OT-
pakKeHHsi MOXKHO OCYHIeCTBHTb KaJqHOPOBKY HHTEHCHBHOCTH H300pa-
XKeHus B (DYHKIHH DacCTOSHHA, OAHAKO OOGBIMHO CHCTEMY, [pHBe-
AeHnywo Ha puc. 6.16, ucrnoab3ywoT B pexume, Npu KOTOpom ¢op-
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MUDYeETCH III/ICerTHbIﬁ BBIXOAHOHW CHrHal NpH NOCTHXEHHH UHTCH-

ﬁstOCTI/I OTpaKeHHOro noToka Olpeae/JleHHOro noporoBoro 3Ha-
. ’

6.4. TAKTW/IBHBIE JATUMKU

TakTuibHEle BATYHKH HCMONBL3YIOTCA B POGOTOTEXHHKE JS MO-
JiydyeHHs1 HH(QOPMAauuH O KOHTaKTe MaHHMyJAATopa ¢ 06beKTaMH B
paGoueM npocTpaHCcTBe. TakTHALHAS HHGOPMAUUSA MOMKET. HCIOJb-
30BaThCsl, HampuMep, AJf olpeAeseHHS MECTOMOJNOXKEHHA o6beKTa
WJIH ero pacmo3HaBaHMg, a TakKKe AJs ynpaB/eHHd YCHIHeM 3a-
XBaTHOTO yCTPOHCTBA, BO3ACHCTBYIOIMM HA OGDBEKT MaHHMYJIHPO-
Banus. TaKTHUJbHBle AATUMKH MOAPA3AEAAIOTCA HAa ABAa OCHOBHBIX
THNA: QUCKpeTHble W aHajoroBbie. JIMCKpeTHHle RATYHKH, KaK Mpa-
BUJIO, CPaGaTHIBAIOT MPH HAJHYHU WIH OTCYTCTBHH OGBLEKTa, B TO
BpeMs Kak BHIXOAHOH CHIHaJ aHaJIorOBLIX AATYHKOB NPOMNOPUUOHA-
JieH MNPHKJAgLBaeMOMy YCUJHIO. Dbojnee nmoApo6Ho 3TH AaTUUKH
paccMaTPHUBAIOTCS B COEAYIONIUX pa3aenax. /

6.4.1. JluckpeTHbic TIOPOTOBbIE AATHHKH

Kax 6uno OTMeyeHO, MAOHCKPeTHhIe TakKTUJbLHBIE AAaTYUKU HAB-
JIAOTCA IfOHTaKTHbIMI/I HpHéOpaMI/I THAIla MHKponepeKmoaneneﬁ.
B [IpoCTeHIIEM cayyae MNepeK/JiozaTes]nL pa3Memaercss Ha BHYTPeEH-
\

.- Mikporepe -
Kawsamens

flarney =

Lrox
ynpabrexus
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I Cxbam l

Puc. 617. TIpocroit cxea1  Puc. 6.18. TunHudblii aHa/NOrOBBI TaKTHJb-
pobora c OHHADHBLIMH TaK-  Hbill JaTYUK,
TH/IbHBIMH ZATUHKAMH,

Hell NOBEPXHOCTH KaxJAOro nanbua Masunyasropa (puc. 6.17).
OTOT BapHAHT OUYYBCTBJIEHHS HCNOJAB3YETCH AJisi ONpefeseHHs Ha-
JIHYAS JeTasd MeXAy nanpuaMmM cxBarta. [lepeMelias maHunyastop
Haj OO0BeKTOM H MNoCJeJoBaTeNbHO IPOM3BOAA KOMTAaKTHPOBaHHe
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C €ro NOBEpPXHOCTbIO, MOKHO TAKXe OCYIIECTBHTb UEHTPHPOBAHHE
MaHHNYJATOPAa OTHOCHTENbHO 06BbEKTa AJIA €ro 3axBara i mepeqoca.

TlyTeM pasMeleHHs HECKOJNbKHX NHCKDETHHIX TAKTHJBLHLIX JaT-
YHKOB Ha BHYTDeHHeHl MOBEPXHOCTH KaXKJOro najibua CXBara AOCTH-
raercs pacliipedde MoaydyaeMoro o6beMa unndopmanuu. Kpome
TOrO, OHM YacTO CTABATCA Ha BHEUIHeH MOBEPXHOCTH KOHEJHOro
3BeHA MaHHMyJAsATOpa AJA MOJyYeHHs yNpaBJfIONmMX CHIHAJOB, HC-
MOJb3yeMBIX MPH (POPMHPOBAHHH TPAECKTOPHH ABHIKEHAA MaHHMysd-
Topa B paGoyeM MNPOCTPAHCTBE. [locaegHult BapuaHT aHajOruyeH
HCIONB30BAHUIO TaKTHJAbHOH HHMOPMAuuH UYeNOBEKOM, NPOXOAf-
UM yepe3 aGCONIOTHO TEMHYIO KOMHATY.

6.4.2. AHAJIOTOBbIE JATYHKH

AHAJIOrOBHH TAKTHJALHBIH AaTUHK SABJAAETCS PEruCTPHPYIOMHM
npuGopoM, BLIXOAHOH CHIHAJ KOTOPOro MponopuxoHasleH npuKsa-
ApBaeMoii cnae. I1pocTedlinii U3 TakuX NPpHGOPOB COCTOUT H3 MOA-
NPy XHHEHHOTO CTePKHSA (pPHC. 6.18), KoTopHlfi MeXaHUYeCKH CBA3AH
¢ Bpamaiomefics ocbio. ['opH3oHTanpHAA CHAA, geficTBylomas Ha
crepiKeHb, npeobpasyercs B NPONOPUHOHANLHEIH NOBOPOT OCH. DTOT
[OBOPOT HENPEepHIBHO H3MepseTcsi ¢ NOMOMBIO NOTCHIHOMETPA
WM KOJOBBIM yCTPOHCTBOM € JHCKPETHHIM BBIXOLOM. [Ipu ussecrt-
HOfl JXECTKOCTH NPYIKUHBI CHJIA COOTBETCTBYeT yKaszaHHOMYy NepeMe-
LIEHHUIO.

B nocjedHue TFoisl 3HayuTeJbHOe BHHUMaHHe yAeaseTCs PasBu-
THIO CHCTeM TAKTHJIBHOTO OUYYBCTBJEHHS, CHOCOGHBIX MOJydaTh
66nblNHE ofbeM HHGOpMauHH, 4eM OJMH AaTUHK. Hcnons3oBanue
TakHX CHCTeM [POWAJIOCTpHpoBaRO Ha puc. 6.19, rae mokasan
cxBaT po6oTa, Ha BHYTPeHHeH NMOBEPXHOCTH KaxAO0ro Manbua KOTo-
poro pasMelaercs MaTphna TaKTHILHbLIX AaTYHKOB. BHelIHHEe YyB-
CTBUTEJIbHEIE MOBEPXHOCTH CXBara OOLIYHO BBLIIOJHAOTCS B BHAE
AUCKPETHBIX yCTPOHCTB.

XoTsl YyBCTBHTEJbHbIE MATPHIBl MOTYT BBIIOJHATHCA H3 HEKO-
TOPOr0 MHOXECTBA OTJeNbHbIX JaTYHKOB, OAHAM M3 NEPCNEKTHB-
HBHIX HAMpaBJeHul 34eCh ABAAETCS HCIONL30BAHUWE 3JEKTPOLOB U3
NPOBOASAIIMX MaTepHasoB (HanpuMep, Ha rpaduTOBO# OCHOBE), CO-
IPOTHBJCHHE KOTOPBIX MEHSIeTCs! B 3aBHCHMOCTH OT BEJIMUHHH XaB-
neHus. B Takmx ycTpofcTBax, OOBYHO HA3BIBAEMBIX «HCKYyCCTBEH-
HON KoxKeli», maBjeHHe oT oObeKTa BHISHIBAT COOTBETCTBYIOMIAEC
AedpopMaiKK, KOTOpbie H3MepSIOTCs Kak HenpephaBHO MeHslomeecst
conpoTuBieRue. V3MeHeHne CONMPOTUBJEHHA JEIKO npeo6pasyercs
B 9JeKTPUUECKHH CHrHAJ, aMOJMTYAa KOTOPOro MpPOMOPUHOHANLHA
cujle, JeHCTBYIOILeH Ha COOTBETCTBYIOLLYIO TOYKY MOBEPXHOCTH Ma-
Tepuana.

HecKonbKO OCHOBHLIX METONOB, HCIOJb3YeMBIX NpH CO3AAHHH
HCKYCCTBEHHOH KOXH, MOKA3aHH Ha PHUC. 6.20. Cxema, npuBeieHHas
ma puc. 6.20, a, ocHoBaHa Ha 3(dekTe «OKHA», NPOABJIACMOM npo-
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BOAAIIMM MaTepHaJoM, NMOMELIeHHhIM MeXAY OGLIHM KOpnycoM
CHCTEeMOH 3JIEKTPOAOB, BLINOJHEHHBIX Ha CTEKJOKEePaMHYECKOH Ie-
yaTHo# mnjaTe. KaXawlf 3JeKkTpony npeacTasiaseT coboit npsaMo-
YroJIbHOe NoJie — «OKHO», KOTOpOe HAeHTHQUUHDPYET OAHY TOUKY
kKacauusa. Cuya Toka oT obuiero Kopnyca K KaxXAOMY 3JeKTPORY
3aBHCHT OT JaBJeHHs HA NPOBOAALIKA Marepualsl.

B Merone, nokasanHoM Ha puc. 6.20,0, napa JJIHHHBIX H Y3KHX
3JeKTPOAOB pasMeneHda B [MJOCKOCTH AaKTHBHBIX 3JIeKTPHUECKHX
KOHTypoB ¢ ucnoJss3oBanieM CBHC-rexHomoruu. IpoBoasmuit Ma-
TepHaJ HAXOLUTCSH HAZ 3TOH IJIOCKOCTBIO H H3OJHPOBAH OT Hee [0

Brewnne yybrmbi-
TEREH 616 /zpdépﬂ{&!/flf{

7K, TRUABHEIT
Ganrapol

T3

Brewinire wybermbi-
TIENONBIE [T0BEpTHOCITIE

Puc. 6.19. CxBaT po6oTa, OCHAlEHHBIl MaTpHUaMH TAKTHJbHBIX JaTYHKOB.

BCell NOBEPXHOCTH, KPOMe NOBEPXHOCTH 3JeKTPojoB. [aBjenue or
o6 neKTa H3MEHsAeT CONPOTHBJEHHE 3JEKTPOAOB, KOTOPoe 3aTeM
npeoGpa3yercss ¢ NOMOIIBIO 3/JEKTPOHHBIX KOHTYPOB, PasMereHHEX
MeXpy JeKTPOJHBIMHM NapaMi B CHIHAJB TOKA WJIH HaNpsiKeHHs.
Jpyras Bo3MOXHAas peasu3auds npHBeseHa Ha puc. 6.20,s.
IMposoasAuwull Marepuas pacnojaraercd MexJay ABYMS B3anMHO
NeprneHAUKYJIPHEIMH HabopaMi TOHKHX, MJIOCKUX H THOKHX 3JeK-
TpojaoB. Kaxpoe nmepecevyerue MeX1y HHMH, pasdjeleHHOe NPOBOAS-
IIHM MaTepHajJoM, MNpejcTasdser CoGOH OAHY YYBCTBHTENBHYIO
touky. IameHenwe CONpoTHBJNeHHs B (YHKUMH HaBJeHHS H3Me-
psieTcss MyTeM CMEMIeHHs 3JeKTPOJOB OJHOro HaGopa W H3MeHeHHs
TOKa B 3JeMeHTaXx BToporo HaGopa. Beauuuna Toka B KamaoM us
BTHX 9JEeMEHTOB NPONOPUHOHAJbHA [AaBJIEHHI0 MeXAY HeNoXBHK-
HBIM 3JEMEeHTOM H 3JeMeHTOM, CMellaeMbIM BHellHe#d CHJOH.
HaxoHen, cucTeMa, nokasanHag Ha puc. 6.20,e, nocTtpoeHa
¢ HCNOJb30BaHHEM AaHHU30TPONHOIO NPOBOAALLEr0 MaTepHasna. DTy
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MaTepHaJu 06Jagal0T OAHOCTOPOHHeH npoBoauMocTeio. B ocHoBa-
HHM JATYMKa pacnojioXeHa CHCTeMa MJIOCKMX 3JIEKTPOJOB, a CBep-
Xy HaXOAMTCA NPOBONAIIHA MaTepuaJ, HanpasJeHHe NPOBOAMMOCTH
KOTOPOro MephneHAHKYJAspHO ocsAM 3JeKTpojos. IlpoBoasiumuit mare-
pHaJ oTAedeH OT JeKTPOLOB CEeTKOH A/ ero H30J4HHH NPH OT-
CYTCTBHM BHellHedi cuisipi. Korza npHioxeHa BHEUIHAA CHJA, NPOUC-
XOAMT KOHTAKT MeXAy maTepuajsoMm H 3jekTpopamu. Bospacrauue
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Puc. 6.20. Yersipe Metona peanusalMH HCKYCCTBEHHOH KOXH,

CuJibl IPHBOJHT K YBEJHUYeHHIO MJIOmMAAH KOHTAKTa H yMeHbUIeHHIO
conpoTuBJeHus. KaK W B MPeabAymeM MeToAe, OJXHH H3 3JEMCHTOB
qyBCTBHTE/IBHOR CHCTeMbl NMepeMellaeTcsl NOj AeHCTBHEM BHelOHel
CHJIBl, @ Ha BTOPOM NPOH3BOAHTCSA H3MepeHHe Toka. Heob6xonnmo
OTMETHTb, YTO YYBCTBHTEJNBHOCTH TAKOr0 AAaTYHKA 3aBHCHT OT TOJ-
LIMHE cenaparopa.

PaccMotpenusle Metoghl (puc. 6.20,6 1 2) OCHOBaHH Ha COOTBeT-
CTBYIOIIEM CMEICHHH 3JeMeHTOB UYBCTBUTEJIbHOH CHCTEMEL 3JTO
4aCTO MPHBOAMUT K TPYAHOCTAM NpPH MOJYYEHHH TaKTHJIbHOH HHOP-
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MaukH CO CJIOXKHBIX JeTaJjel, MOCKOJBKY MepecedeHue 3JE€KTpHUe-
CKMX KOHTYPOB HHAYUMDYET NOMexH B BHAe o6GpaTHeiX Tokos. Oj-
HHM 43 DpelleHHH 3ToH NOpo6JeMbl SIBJASETCS YCTAHOBKA JHOAOB
B KaxX/0OM KOHTyDe, HCKJWOUAMIIHUX NPOXOXKAEHHE 06PATHHX TOKOB.
pyroe pemenne 3axM0uaeTCs B 3a3eMJIEHHH BCeX KOHTYDOB, Kpo-
Me mepemeniaeMoro Koutypa. Bknmaa kaxporo ssementa nepeceye-
HUA MOXHO BHISIBUThL NyTeM WHAUBHAYAJBHOTO KOHTPOJA BCeX KOH-
TypOB NPHHHMAIOILEH CHCTEMHE,

Bce paccMoTpenHBle TaKTHJbHBE [TaTYMKM W3MEpHIOT CHIEHL,

nNepneHauKyaspable K t{}IBCTBHTGJII)HOI‘/'I [IOBEPXHOCTH JAaTYHKA.
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_Puc. 6.21. YcTpoicTBo nJs onpeneseHHs BeiMYHHBI M HANPAB/IEHHs NPOCKAIb3bl-
Bauus [18].

OnpesiesieHde NPOCKAAL3BIBAHHS NyTeM H3MEPEHUS TaHreHUHadb-
HOrO ABHXKEHHS ABJAACTCH APYroll BaXHOH 3ajayedl TaKTHJILHOIO
04yBCTBJeHHS. B 3ar/Jiouenne KPaTKo PAacCMOTPHM OZHH H3 METO-
HOB Takoro ouyscTBJenus [18]. Peannsauus Mmeroma (puc. 6.21)
BKJIOYaeT CBOGOAHO Bpamamluica 3yGuarbifi ap, KOTOPHH oT-
KJOHSAET TOHKHH CTepPXKeHb, YCTAHOBJEHHHA HA OCH NPOBOAAIIErO
pucka. Ilog AHCKOM DPaBHOMEPHO PaCHONOKEHH 3JIeKTPHYECKHE
KOHTaKTh.. Bpamlenne wmapa, BBI3BAHHOe NPOCKAJB3HBAHHEM MO
HeMy 00beKTa, NPUBOAHUT K BUGPAIUH CTEPKHSA U HUCKA C 4aCTOTOl,
NPOMOPIHOHANLHOR CKOPOCTH BpameHus mapa. OT HanpasieHus
BpallleHUS 3aBHCHT, KaKOH KOHTAakKT OyjaerT 3afeHCTBOBAH BHGPH-
PYIOILHM [OHCKOM. YCpe/lHeHHOe HanpaBJieHHe MPOCKAJb3bIBAHHS
OnpefesseTcss 10 UMNyJbCaM B COOTBETCTBYIOUIHX BBIXOAHBIX 3JeK-
TPHYECKHX KOHTYpax.
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6.5. CHJIOMOMEHTHOE OUYYyBCTBJ/IEHHE

CHIIOMOMEHTHEE NATYMKH HCMOJb3YIOTCA B OCHOBHOM AJSl ompe-
JeJeHHA CHJ peakuuu, BOSHHKAIONHX NPH MeXaHndecko# cOopke.
OcHoBHBle MeTOAH B 3TOH 06JacTH HaNpaB/eHBl Ha OYYBCTBJIEHHE
couseHennfi W cxBata po6Gora. BO3MOXKHO TaKxe O4yBCTBJIECHHE,
IpH KOTOPOM CHJIOBOH NpeofpasoBaTesp yCTaHaBJMBACTCH MEXAY
OCHOBaHHeM pofoTa H yCTAHOBOYHOH MOBEPXHOCTBIO AJA H3MepeHHS
KOMIIOHEHTOB CHJ H MOMEHTOB, JEHCTBYIOUHX Ha OCHoBaHue. OI-
HAKo B GOJBbLIKHCTBE CJYYaeB OCHOBaHHe YKECTKO yCTaHaBJHBAeTCA
Ha TBepJOH{ MNOBEPXHOCTH, M B NOZOGHOro Poja OUYBCTBJEHHH He
BO3HHKAeT HeoGXOAHMOCTH. YKa3aHHOe OYYBCTBJEHHE AHAJOTHYHO
OYyBCTBJIEHHIO CXBaTa, KOTOpoe NOAPOGHO pacCMaTpHBAeTCH B jlaH-
HOM paspedJie.

Haryuk cousJeHeHusl H3MepsieT B [eKAPTOBHIX KOOPAMHATAaX
CHJIBI B MOMEHTHI, KOTOpble AeHCTBYIOT Ha POOOT, H NPOM3BOAHT HX
BEKTOpPHOe cJoXenne. [lnsg couleHenys, nepeelllaeMoro ¢ no-
MOIIBIO ABUraTeNsd NOCTOAHHOIO TOKA, OYYBCTBJEHHE MPOH3BOAMTCS
NPOCTHIM H3MePeHHeM TOKa AKopdA. laTuHku CXBaTa, KOTOPHE pac-
CMOTPEeHb B JAHHOM pasjene, PasMeillaloTcsl MeXAy KOHEYHHIM
3BeHOoM MaHunynsTtopa M cxBatoM. OHH COCTOAT W3 u3MepHTesieH
HaNPSKEHAH, KOTOPBie ONpPeAeNdIoT OTKJAOHEHHEe MeXaHHYeCKoH CH-
creMbl MOA JeficTBHEM BHeUWIHHX CHal. XapaKTepUCTHKH M MeTOJ10J10-
rHYecKHBl aHaJHU3 3TOr0 THNA AAaTYUKOB PACCMATPHBAKTCA B JaH-
HOM pasjeje.

6.5.1. daeMeHTbI JATYHKA CXBATA, BCTPOEHHOr0 B 3aNACThE

Jatuukn cxBaTOB npejicTaBJIsioT CoGoH HeGoJsblUHE, UYBCTBH-
TeJbHble, JerkHe (~370 T') M OTHOCHTeJHHO KOMIAKTHHE KOH-
crpykunn guaMerpom 10 c¢M # TONIHMHOH 3 CM ¢ ZHHAMHYECKHM
auanasonoM no 90 kr. s yMeHbUIeHHS CHCTepe3uca U yBeJdHye-
HHS TOYHOCTH H3MePEeHHS NATYHK OOBIYHO BHIOJHAETCH H3 OAHOH
TBepAOH MeTasJJHueckol 3aroTOBKH (KaK NpaBHJO, aNIOMHHHeBOH).
Hanpumep, paTtuuk, nokasansslfl Ha puc.6.22, copepXuT BoCceMb Nap
MOJIyNPOBOAHUKOBEIX H3MEDHTeJeH HaNpAKeHHSA, yCTAHOBJEHHLIX Ha
YeTHPeX OTKJOHSIOIHUXCH CTEPKHAX — [0 OJHOMY H3MEPHTEJIO Ha
KaKA0H cTopoHe cTepkHsA. V3MepHTeNH ¢ NPOTHBONOJONKHBIX KOH-
OB OTKJOHSIOIIUXCA CTepxHefi NojacoenHHensl AUDOepeHHAILHO
K IMOTEHIIHOMeTPHYECKOMY KOHTYpPY, BBHIXOJHOE HalpsKeHHe Ha KO-
TOPOM NPONOPUHOHAJNBHO KOMIOHEHTAM CHJI, HODMAaJpHHM K NJIO-
ckocTH uaMepureneil, [ubpdepeHnnansHoe BKAOYEHHe H3MepHUTeneH
HANpAKeHuss o6ecNeynBaeT ABTOMATHYECKYIO KOMIICHCAIHIO H3MEeHe-
HHUH TeMnepaTyphl.

OpnakKo 3TO ABJseTCS Jullb NepBHYHON rpy6od KoMMeHcanued.
Tak kak BoceMb Nap H3MepHTeJell HANPSAXKEHHS PacllofoNeHbl
HOPMAaJIbHO K OCAIM X, Y M Z CHCTEMBl KOOPAHHAT CHJ, TPH KOMOO-
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HEHTHl CUJbk F U Tpu KoMNoHeHTH MoMeHTa M Moryr ObiTh onpe-
JeJieHBl COOTBETCTBYIOMIMM CJIOXKEHHeM WJH BBIYHTAHHEM BBIXO.-
HBIX HanpsixkeHuid, DTo MoxKeT OBITH BBINOJHEHO C HCNOJB30BA-
HHeM MaTpHUbl KaJHOPOBKH RaTdyHKa (CM. pa3a. 6.5.2).
BoJbLIHHCTBO CHJIOBBIX JAaTYHKOB CXBaToB (DYHKIHOHHPYET Kak
npeo6pasoBaresi CHJ H MOMEHTOB, NeHCTBYIOIUHX HAa MaHHNYJs-
TOP, B H3MepseMble OTKJIOHEHHS HJMH MepeMelleHds B CXBarTe.
BaxHO, 4yTo6bl ABHKEHHs B CXBAaTe, NPOM3BOJHUMbBbIE CHJOBBIM JaT-
YUKOM, He BJIHAJH HAa TOYHOCTH MO3HIHOHHPOBAHHUS MaHHNyJsaTOpa.

Taxkum o6pasoM, Tpe6oBaHHs K ZATUHKAM MOKHO CHOPMYJHPOBATH
CJaeAYIOUUM 06pa3oM.

.

HMamepurmentd Om kroks foujrect
X HARPAICEHUS CIMEPHCHU
F <
Mx
W -
<+ W,
W,
§ “
My
F W
Y W, s 8
3
M‘ F 2

Cunobold damiuk cxfama,
sempoetioill § sanacmee

Puc. 6.22, Cni10Bo# RaTYHK CXBATa, BCTPOEHHDbIH B 3aMACTHE. i i

I. BbLCQICaﬂ secTkocTy., Uacrora co6CTBeHHBIX KOJeGaHHE Me-
XaHHYECKOrO YCTPOHCTBA CBsi3aHAa C €ro XKeCTKOCThbIO, CJenoBa-
TeAbHO, BBICOKAs XECTKOCThb ofecneyuBaer OhiCcTpoe aeMnduposa-
HHe BO3HHKAIONHX KojeGaHHH NPH H3MeDEeHHH CHJ W TOYHOCTH
MOKa3aHU# Ha KOPOTKAX BpPeMeHHEIX uHTepBagax. Kpome Toro, sto
CHUMXKAeT BeAHUHHY OTKJIOHeHHH OT NeHCTBHA CHJI H MOMEHTOB, KO-
TOpasi MOXeT NMPHBECTH K oWHGKe MO3HIMOHHPOBAHHA MaHHNYJA-
Topa.

2. KOMNAaKTHOCTs KOHCTPYKYUU. DTO NO3BOAsAET OOJErdYdTh ABU-
KeHHe MaHHNyJasTopa B YCJOBHAX HaBaJa fgeradell, a TakxXe
YMEHBUIUTh BEPOATHOCTH CTOJKHOBEHHs JaT4MKa ¢ ofbekraMu, Ha-
XogAamuMHuca B paboueM npocrpaHcrse. KoMmnakTHbil [la’TQI/IK
MOXKHO pa3Meliarts GJHXKe K PaclHosIOKEHHOMY B CXBaTe TeXHOJOo-
ruyeckoMy ofopyjaoBaHuIo, GJaronaps 4eMy yMeHblIaeTcs OLIHGKa
NO3HIHOHHPOBAH U 060pyIOBaHUS HM3-32 HEajeKBAaTHOCTH paGouyux
yeaoBuil o6opynoBaHus K jgartuuka. Kpome Toro, xeJaTtesbHO pac-
WHPHUTH AHANA30H H3MEPeHUs CHJI H MOMEHTOB., DTOMY CNOCOGCTBYer
MHHUMU3A[HS PACCTOSHISA MeXKAYy MaHUNYJIATOPOM U ZATUYHKOM, NPHU-
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BOAAILAS K YMEHBIIEHHIO BEJHUHHB pBHIYara NPHKNANBIBAEMBIX K
MaHHIYJIATOPY CHIL.
3. Jluneinocts. Xopoluas JHHEHHOCTb BbIXOAA UYBCTBHTEJNHHBIX

" 3JIeMeHTOB T NPHUKJIAJbIBaeMbiX CUJ W MOMEHTOB NO3BOJAET BblAe€-

JUTL CHJIB W MOMEHTBI C [OMOIUIBIO NPOCTHIX MaTPHYHBIX OMepaink.
KpoMe Toro, ynpouiaercs npomecc Kanu6pOBKH JAAaTyHKa CHJH
(pa3n. 6.5.2).

4. Masvle 8eAUdlHbl 2UCTEPE3UCA U BHYTPEHHE20 TPEHUA. BuyT-
peHHee TPeHHe YMeHbLIAeT YyBCTBHTENBbHOCTH H3MEDHTEJBHBIX 3J1€-
MEHTOB. DTO TakikKe yMeHblUIAeT HCTepe3HCHble (deKTs npH BO3-
BpAIEHHA M3MEPUTENBHOIO NPHGOPA B HCXONHOE MOJOKEHHE.

CHa0BOl JaTYAK CXBaTa, MOKa3aHHblA Ha puc. 6.22, CnpoeKkTH-
pOBAH C Y4eTOM yKa3aHHBIX TPeGOBaHHUIL.

6.5.2. Boigesienne cuJl ¥ MOMEHTOB

[IpeAnonoKHM, YTO B3aUMOBJIHAHHE pa3JHUHBIX H3MepuTeel
npeHe6pexRUMO Majno, CHJIOBOI AaTYWK CXBaTa paGoraer B nHana-
30He ynpyrux AedopMaiuii 1 H3MepHTe/IM HANpPsKEHHs AAIOT NOKA-
3aHUs, KOTOPbie JHHEHO 3aBHCAT OT HX OTKJIOHCHHUH. Toraa gaTyuk
(puc. 6.22) Bblgaer BoceMb pPsaloB MU3MepeHUl, KOoTophle HOJKHBL
6bITh 06pa6oTanb NPOrpaMMHBIM NyTeM Ha 9BM ¢ ucnogap3oBaHneM
IPOCTOTO METOAA BbIAENEHHs TPeX OPTOrOHAIBHBIX KOMIOHEHT CuJi
4 MOMEHTOB OTHOCHTEJbHO CHCTEMbl KOODJAMHAT JNaTYAKa CHJBL Ta-
kas o6paGoTka MoXeT ObiTh peasu3oBaHa MyTeM ONpeneseHAa Mar-
pumsl  pasMmeprocreio 68, HasblBaeMoH Marpuueh pasieseHus
cunbi (MM Marpuueli KaJanGPOBKH patuuka) Rp, KoTOpas CoCTas-
JAgeTCsi Ha OCHOBE H3MEpeHHi CHAb [Js BHIAeIeHHs TPex Oproro-
HaJMBHBIX KOMIOHEHT CHJABI H MOMeHTa. B COOTBEeTCTBHH C pHC. 6.22
pasiesieMbili BEKTOp CHJBI, HanpapJ/eHHbIl BAO/Mb KOOPIHHATHBIX
ocell NaTudKa CHJB, MaTeMaTHYeCKH INPeACTaBJAAETCs B BHIC

F—RW, (6.5-1)
rae
F = (cunsr, MoMenTs)l == (F,, Fy, F,, My, My, M),
W = (pan usMepenufi) = (w;, 0y, @3, -+, w7,
"
Ty «-. 4T
rep - Tes

B Buipaxenud (6.5-2) ri = 0 — ABAAOTCA WICHAMH, Tpebyio-
muMu Npeo6pasoBaHnsa pana namepenuit W (B BOJIBTAX) B CHJIBI
W MOMEHTH (B HbIOTOHAaX W HBIOTOHAX Ha METP COOTBETCTBEHHO).
Ecan npeHeGpeub B3aHMOBIMSHHEM H3Mepurelef, To, CyMMHDYs
(cornacuo puc. 6.22) CHIbI W MOMEHTEHI OTHOCHTE/IHHD Hayana Ko-

opAuMHAaT NAaT4YHKA, pas3MelnieHHoro B eHTpe AaTyuka CUJIbl, NOAY-
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YHM BbipaxeHHe (6.3-2) ¢ HEKOTOPLIMH rij, PaBHBIMH HyJ0. Has
JaTuhKa, NPeACTaBJeHHOTO Ha puc. 6.22, MaTpHua pasjeneHus
CHJIBL 10 ypaBHeHHIO (6.5-2) npHMer BUJ

"0 0 r3 0 0 0 £y 0
rgg 0 0 0 rps 0 0 O
0 r3p 0 ry O ryg O 1y
0 0 0 ry 0 0 0 ry
0 r, 0 0 0 ree 0 O
| 760 0 13 0 rgs O rg; O

Rr= (6.5-3)

JloBONBHO UacTOe Mpeamo/oxenHe 06 OTCYTCTBHH B3aUMOCBSI3H
H3MepuTeed He COOTBETCTBYeT AeHCTBHTENBHOCTH. IS HEKOTOPBIX
AaTYHKOB CHJIBI COOTBETCTBYIOILAS NOCPELIHOCTh H3MEPEHHl AOCTH-
raet 59%. TakuM 06pa3oM, Ha NpakTHKE OOBIYHO HEOGXOAHMO 3a-
MEHSITb MaTpHily pasaelenus cuinl Rp Ha maTpuuy, cojepxauiyio
48 HeHyseBbiX aeMeHTOB. Takast «IOJHAs» MaTPHIA HCIOJAb3yeTcs
AJsl KaNUOPOBKY AATUMKa CHJB (pasAd. 6.5.3). Pasgenenuslit Bekrop
cunnl F ucnodn3yercsi Agsi moayueHusi OUrH6KY, Heo6XOAHMOH AJS
BhIpaGOTKH CcHTHaJMa ylOpaBaeHUsi MaHunyasTopoM. HepocTaTkom
HCIIOJNL30BAHHS CHJAOBOrO AAaTYHKA CXBATA, BCTPOEHHOrO B 3aMACTbE,
SIBJIETCA TO, 4TO OH ofecleynBaeT H3MEPeHHE BEKTOPOB CHJBI,
pasaensieMblx B IIPOLECCe KOHTAKTa SJAEMEHTOB Npu COOPKE TOMBKO
B OJHON TOUKE.

6.5.3. Kann6poBka naTyuka

[Henpio Kanu6pOBKH CHJIOBOTO AATYHKA CXBaTd, BCTPOEHHOrO
B 3aMACThe, ABJAAETCH ONpeAe]eHHe BCceX 48 HeH3BECTHHIX 3JAeMeH-
TOB MaTpUIBl pasfeneHus cu/abl (ypaBHeHune (6.5-2)) Ha ocHoOBe
JKCIepHMEHTaNbHbIX AAHHBIX. B CBfi3u ¢ HanuuueM B34UMOBJIHSHHA
KOHTYPOB JaTyuKa He00X0AuMO HalTH 48 HeHyJ/JeBBIX 3JeMeHTOB
B Matpuie Rp. KanaubpoBka cH/JI0BOr0 AaTyHKa CXBaTa NPOU3BO-
AuTca IyTeM oOlpele/eHHs ICeBAOOOPATHOR MaTpHUBI KaauOpOBKH
R}, KOTOpas yAOBJAETBOPSIET COOTHOLIEHUSM

. W =R;F (6.5-4)
7 S R;RF = lBX " . ' (6.5-5)

rae Ry — wmarpuna pasmeprocToio 8 X 6, a Iy — eAuHHUHAsT Mart-
puua pasmepHoctbio 8X 8. Toraa Marpuua KaauGpoBKu Ry us3
ypaBHeHusi (6.5-1) moxeT GbITb HaffeHa U3 NMCEBAOOGPATHOH MarT-
puubl B ypaBHeHHH (6.5-4) ¢ HCIOJIH3OBAHMEM METOAA HAUMEHBIIHX
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kBaapartoB. IlepemHoxan ypapHeHnue (6.5-4) Ha (R;)f, no.nyqaeM

(R W=[(R;)" R;] F, . (6.5-6)

Tocae o6pamenns Marpuus [(Ry)T Ry] nmeenm
F=[(R}) R;] ™ (R} W. (6.5-7)

Cpasuusas ypaBHenus (6.5.1) u (6.5.7), momyuum
R, = [(R})" Ry] ™ (Rp) (6.5-8)

Marpuua R} MoMeT GHTh ONpeleneHa MyTeM DacCTAHOBKH H3-

BEeCTHBIX BECOBBIX KO3 GHIHEHTOB IIPU BEKTOpaX, PaclON0KEHHBIX
B/IOJL OCell cHcTeMbl KoopAuHaT aaryuka. [ToapoGHO 3sKcmepuMeH-
TaJdbHBIA POLECC KAaNAHGPOBKH MATPHUL PasAeNeHusi CHIbl H3IOKEH
B pabore [264].

6.6. 3AKJIIOUEHHE

Marepuan, npeiCTaBJeHHbI B JaHHOH r/aBe, XapakKTepU3yeT
ypOBeHb pa3BuTHsi 006/1acTH CO3AaRHs AATUHKOB po6GOTOB, AAIOUIHX
HHPOPMALUIO O BHEUIHEH cpene. OaHako Hago OTMETHTb, YTO BOS3-
MOKHOCTH TaKHX AATUHKOB ropasao 6ojiee OrpaHUYCHb, 4€M UYej0-
BeuecKHe BO3MGXKHOCTH B 3TOM IlJaHE.

Kak oTMeuaJoch B Hayaje AAHHOH riaaBbl, GOJbIIHHCTBO COBpe-
MEHHbIX TPOMBILIJIEHHBIX POGOTOB (QyHKUHOHHDYET IO 3apaHee 3a-
NAHHOM JKECTKOH NporpaMMe 0e3 HCHOJb3OBAHHS OGPAaTHOM CBS3H
oT AaTuukoB. [1oBbIlIeHHe HHTEpeca K THOKHM aBTOMATH3HPOBAHHBIM
[POU3BOACTBAM IMPUBENO K DA3BHTHIO DOGOTOTEXHHUECKHX CHCTEM,
yIpaBAfieMblX C MOMOLLbIO AATYHKOB, KaK K CDEACTBY paCLIMpEHUS
06JacTH NpuMeHeHus 3Tux MaudH. TagkuM 06pa3oM, COBepIIEHCT-
BOBaHHe AATYUKOB MpeAcTaBiasieT c060# NUHAMHYHO PA3BHBAIOILYIO-
cs 06JacTh € HCIOJAb30BAHHEM H3BECTHRIX M3 JHTepaTyphl HOBBIX
MeTOAOB U TEeXHOJOrHH.

Jlurepatypa

OG30pHBIMH CTaThbsIMH [0 POGOTOTEXHHKE ABJIAIOTCA [18, 910,
195, 197, 251]. MarepuaJnl 110 Ja3epHBIM H3MEPHUTENAM DPAaCCTOAHHH
uMeloTcss B paborax [67, 137, 138]. Ilponomxenue marepuana, s-
JoxKeHHOro B pasa. 6.3, Haxoaurcsi B paGorax [38—40, 2711, a B
pasa. 6.4—B paborax [113, 120, 187, 241], a Takxe B paborax
[22, 110, 195]. IlaTuuku AJIst OCHOBaHHS po6ora (pasa. 6.5) pac-
cMaTpuBaoTest B pabore [63]. JlomosHuTe bHble CBEAECHHS 110 CHIO-
MOMEHTHOMY OYYBCTBJIEHHIO MOXKHO Halitu B paGoTax [196, 210, 264,
313].
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¥Ynpaxuenus

8.1, Jlokaxure cnpaBeiauBOCTb BhIpaxenus (6.2-8).

6.2. JlaTuuk u3MepeHHUs DacCTOsIHHS [0 BPEMEHH NPOXOXKJAEHHA CHrHAJa OCBe-
maer paGouee MPOCTPAHCTBO ¢ ABYMS OGBEKTAMH, HMEIOLIMMH H306pakeHue, MO-
KasaHHOe Ha TesedkpaHe (puc. 6.23). Ilpeanonaras, yro u3MepuTe/bHAS CHCTEMA
pacmonoxena coraacHo puc, 6.3,6 H uToM = 256, Dy = IM, D = 2 M,B = 3 M,
a A =35 MM, onpelenauTe paccrosuue

..._)5]
255 MEX]y OGBEKTaMH B HANpPaBJeHHH cBe-
TOBOTO Jy4a.
225 |- - ’ 6.3. a) Teauii-neoHOBHIT Jasep ¢
20 |- ‘ HEMPEepPBIBHBIM H3JAYYEHHEM (HJIMHA BOJI-
. ’ HBl 632,8 MM), HcIONMb3yeMBil Aas H3-
775 - ' . - MeDEHHs! PACCTOSHHS, HMEET MOAYIHPO-
750 - o BaHB cHrHa’d c¢ dacroroit 30 wmIm
: - : Kakoe paccrosmue HO 00BeKTa coOT-
725 |~ Ll BeTcTBYeT (pasoBoMy caBury 180°?
/ . 6) KakoBa BepXHfs rpaHuHa Jua-
700 - ’ o Ma30Ha H3MEpPEHHs PaGCTOSAHHSA, Ha
7 - - KOTOpOM NMpuBOp AaeT OZHO3HAUHBLE ‘MO-
Ka3aHusa?
50+ 6.4. Onpenenute BEPXHIOW IPAHHUILY
25k YacTOThl MOLYJUDYIOIIETO CHHAJAA AAS
obecrieueHust AuANA30Ha H3MEPEHHs AO
L1 11t &1 ] 5 M [pH HCIOJb30BAHHH H3MepHTeNs
0 25 5075 10 1785 750 /76 200 225 paccrosmuk Ha Gase Jasepa ¢ Henpe-
xl - PBIBHBIM H3JIyUYEHHEM. )
6.5. a) IlpeamosoxuM, 9TO TOY-
Puc. 6.93 HOCTb JIa3epPHOTO M3MEDPHTENs pacCTos-

HHI CHMXKAETCH IUYMOM C FayCCOBCKHUM
pacmpelesieHHeM, HMELIMM  HyJesoe
cpeiiHee 3HaueHHe H cTaHAapTHoe oTkjoHeHwe 100 cm. CKOJBKO H3MepeHHii Heo6-
XOAHMO YCPEeAHHTh, 4yTOOH NOAyunTh ToYHOCTH =+0,5 cM ¢ BeposrHocThio (1,952
6) Kak u3MeHHTCS KOJMYECTBO H3MepeHHil, ecjH CPefHee 3HaueHHE IyMma Oyper
5 cm?

6.6. Mcnoab3ys puc. 6.15, mokaure BUA CHrHAJIOB YJBTPa3BYKOBOTO IaTUHKA,
CIOCOGHOTO H3MeDPSATb PacCTOSHHE, a HE TOJbKO BBIaBAaTh OHHADHEI BHIXORHOI
CHFHAJ B GJHXKHEH 30He NeHCTBHA.

6.7. Ilpeano/io:kuM, YTO YJAbTPa3BYKOBOH JAaTUHK M3MEPEHHS HCIOAb3yeTcs
LJIs ONpefeNeHUs HaxOxAeHus oOpekta B 30He 0,5 M. B Moment # = 0 npeoGpa-
30BaTeNb BhIZAJL UMIYyJAbC AauTenbHOCTBIO 0,1 mc. IIpeanonoxuM TakiKe, 4To AJf
rameHks pe3OHAHCHBIX KoJeGaHuii B mpeoGpasoBatese Tpebyerca 04 Mc, a B
okpyxawuiel cpege — 20 Mc, CKopocth 38yKa paBHa 344 M/c.

a) Kakoii HHTepBan BDeMeHH MOXHO HCMOJb30BATh B KauecTBE OKHA?

6) Uepes Kakoe BpeMs NPHGOP MOXKeT BHIaTb MOBTOPHBIA HMITY./bC?

B) KakoBO MHHHMaJ/bHO H3MEPsSIEMOE pPacCTOSHHE?

6.8. OnTuuecKHil HaTUUK paccTosiHuft (puc. 6.16) uMeeT 30HY YyBCTBHTE/b-
HOCTH, COPMHPOBAHHYIO MepeceyeHHeM ABYX OAHMHAKOBHIX Jyued. Kouyc, o6pa-
3yeMBIi KaKAbIM JY4YOM, HAUHHAETCS HA JMH34X H HMeEET BEpUIHHY, PaclOJOXeH-
Hyl0 B 4 CM HampOTWB LEHTPA NPOTHBOMOJIOXKHOH JHH3b. B Kakoi 30He paTuHK
o6HapyXuBaeT OODBEKT, eC/H Ka)Kaafd U3 JIMH3 UMeeT AHaMeTP 4 MM, a LEHTpPBI
JHH3 pasHeceHb! Ha 6 MM? [Ipepmonaraercs, 4To O0BeKT MoXeT GuiTh OGHapy-
JKeH B JI060M MeCTe 30HBI YYBCTBHTENBHOCTH.

6.9. lamepuTesbHas cHcTema pasMepHocTblo 3 X 3 TAKTHJABHOrO JAaT4uKa
CKAaHHDYeTCs NyTeM CMeIleHHs [0 DsinaM, 3HAYEHHE 3JEMEHTOB KOTODPBIX PaBHO
5 B. Cron6nosl CYMTHIBAIOTCS NYTeM 3aKOPAUMBAHHS HX 3JEMEHTOB Ha KOPOYC H
u3MepeHus TOKa. IIpeanoNoKuM, uTo HeCMEIEeHHble PAABl U HECYHTAHHBIE CTOMGUBI
06/1a1210T BLICOKHM compotuBienueM. [leficTBue cuJbl Ha CHCTEMY NPHBOMHT K
MOSIBJCHHIO CJAEAYIOIIHX BeNIWYHH CONPOTHBJECHHA Ha KaXKIOM INEpECceUeHHH B3JeK-
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1posoB (psa, cronben): 100Q wa (1,1), (1,3), (3,1) s (33), 50Q na (22) u
(3,2). Bce npyrue mepeceueHHsi HUMEIOT OGECKOHEUHO GOJBLIIOE COMPOTHBJ/ICHHE.
Onpegesnre TOK, H3MEPEHHBbIl B KaXKAOM IepecedeHsH PAfa M cToabua B CHCTEMS,
YUHTHIBASI MX B3aHMOBJHSHHE.

6.10. Paccmotpure ynp. 6.9 B UpeANoaoKenuy:

a) Bce HecMellleHHble PAAbl H CTONGIBI 3aKOPOUYEHBI HAa KOPIYC;

0) B KaxaoM coefuHeHUH YycTaHOBJeH auon (0,6 B) ¢ comporusieHueM.

6.11. Ha poGore Ilyma c MJIOCKOMApaJle/IbHBIM ABHXKEHHEM CXBaTa YCTAHOB-
aAen patuuk cuiel, [IpousseneHa mnpoueaypa KanuGpOBKH AJSl NOJyYEHHs Mart-
puunt Ry, [Tocne 3aBepuieHuss BceX H3MepeHHil Ha po0OTe GHJ 3aMeHEH CXBAT.
Ecte s HeOGX0LHMOCT MOBTOPHOH KaJHODOBKH CHJIOBOTO HAATYHKA CXBATa?
OGocuyiite OTBeT. . N




I'naBa 7.
CHUCTEMBI TEXHUYECKOT'O 3PEHUY
HHU3KOIO YPOBHY

Jlyiwe oauH pas yBuieTb, YeM CTO
pas ycaslmars.
ITocaosuya

7.1. BBEJIEHHE

«3pHTe/AbHBEIE» BO3MOXKHOCTH pobOTa, KaK U JoAech, 06eCcreuyBaoTcs
COXKHBIM YYBCTBHTE/IbHEIM MeXaHH3MOM, KOTOPHH 03BOAACT THOKO
H «OCMBICJICHHO» pearupoBaTh Ha H3MEHeHHs BHeliHefd cpean. Hc-
[H0/1b30BaHUEe TEXHHUECKOrO 3PeHHs H APYTHX METOLOB OUYBCTBJIe-
HHUsl, DACCMOTPEHHBIX B IJ. 6, AUKTYeTCSl NMOCTOSHHOH HeoB6Xxoau-
MOCTbIO MOBBILIATH THOKOCTL M pPaCWHPATb OBGJACTH TpPHMeHeHUs
pPOBOTOTEXHHUYECKHX CHCTEM. XOTH AATUYHKH PACCTOAHHUSA, TAKTUAbLHHE
AQTYHKH W AATUHKH CHJIB HrPalOT GOMAbIIYIO POJb B COBEPLICHCTBO-
BaHuu (GYHKIHOHHPOBAaHUS POGOTA, TEXHHUYECKOE 3peHHe SBJSeTCs
HauboJ/ee MOLIHBIM HCTOUHMKOM HH(OpManuu AJas pobora. Miamepu-
TeJbHBIE CHCTEMB, MeTOAbl H3MepeHHs H OO6OpYAOBaHUE TPH HC-
NOJAb30BAHUH TEXHUYECKOTO 3D EHHSA HMEIOT ropasfo GoJbliie BO3MOK-
HOCTEH, ueM NPH HCNOJNb30BAHUH AAaTYUKOB, PabOTa KOTOPHIX OMHCA-
Ha B 1. 6.

3peHne poGOTa MOXKHO ONpeAeNHTb KaK IMPOUecC BhIACTICHHS,
HAeHTU(UKANUK U TpeobpasoBaHus HHOOPMANUH, MONYUYECHHOH H3.
TpexMepHBIX H300paxeHuit. DTOT NIPOUECC, HA3LIBAeMbI TaKkkKe Tex-
HUMECKUM HIH MAULUHHbIM 3peruem, pasiefsieTcss Ha 11eCTb OCHOB-
HBIX 3TanoB: 1) CHsATHe uHdopMauuu, 2) NpeaBapuTeabHAs 06pa-
6orka utdopMmanuu, 3) cerMeHTauus, 4) onucanue, 5) pacnosnara-
Hue, 6) uHrtepnperauus. CHsatTHe unpOPMAUUK NPeACTABISET COGOL
Ipouecc NMOJNyUeHus: BU3yaJdbHOro usobpaxkenus. [lpeasapurenvHas
o6paboTka HHGPOPMAIUU 3AKIIOUAETCS B HCIOJb30OBAHMH TAKHX Me-
TOAOB KaK MOHHXKeHHE IIyMa HJH YJAYYIleHHe H306paxeHus OTAe/b-
HbIX JAeTasied. CerMeHTanus — NMpouecc BHAENEHHS Ha H306DaxKkeHun
uHTepecyomux 06bekToB. I1pu onmuCaHUU ONpeAessIOTCS XapakTep-
Hble napaMeTps (HalnpuMep, pas3Mepsl WaH ¢opMa), HeoGXOAHUMBIe
AJsi BeIAeJdeHUs TpebyeMoro o6bekTa Ha ¢oHe Apyrux. PacnosHa-
BaHue NPeACTaBJAsieT cO60d npounece HASHTHPUKANHK 0OBEKTOB (Ha-
OpuMep, raeqyHoro kJaioua, Goata, 6Joka aBurateas). Haxgouen, uu-

TeprpeTanus BHABAAET NPUHAALEKHOCTb K I'PYIIe pacrno3HaBaeMbx
0O BEKTOB.
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Hassaunsle sTanbl yAOOHO CrpyNNHPOBaTh B COOTBETCTBHH CO
CJAOKHOCTBIO UX peadu3audu. BoiaeauM TPH YPOBHSL TeXHHUECKOro
3peHusi: HU3KHM, CPeAHHH M BBHICOKHH. XOTSl YeTKHX IPAHHL MeXAY
STHMH YPOBHSIMH He CYIIECTBYeT, X Bbie/eHue 11eJeco06pasHo AJs
KaacCHOUKanuu Pas3JHYHBIX NPOIECCOB, XapaKTePHBIX AJs CHCTEM
TexHHueckoro 3peuusi. Hampumep, mog HU3KUM YpOBHEM TeXHHUe-
CKOrO 3pEHHSi MOHMMAIOTCS TakHe NPOUECCH, KOTOphie SBJASIOTCS
NPOCTBHIMH C TOUKH 3PEHHA OCYLIeCTBJEHHs aBTOMATHYECKHX AEHCT-
Bull, He TpPeOyOIHX HAJIHYHA HCKYCCTBEHHOIO HHTE//IEKTA. K Hus-
KOMY YPOBHIO TEeXHHYECKOTO 3peHHsi Mbl OyAeM TakxXe OTHOCHTb
CHSITHEe U NpeABapUTe/bHYI0 06paboTky uHdopmauuu. Takum obpa-
30M, 3TOT YpOBEHb OXBAThIBaeT NPOLECCH, HaYHHAas HeMOCPeACTBEHHO
0T (opMupoBaHus H306paxkKeHUss U KOHYAsi NPOLECCAMH KOMIIeH-
Calliy, TAKUMH, KAK YMeHbllleHHe 1lyMa, a Tak¥kKe MPONeccaMu Bhije-
JeHHs NpOCTeHIHX TapaMeTpoB u306paxKeHHUs, TAKHMH, KaK pas-
PHIBBl HHTEHCHBHOCTH. [10406HbBle JeHCTBHS MOXKHO CPaBHUThH C Aefi-
CTBHAMH 4Y€JOBEKd, MBITAIOINerocss HalTH CBOe MECTO B TEMHOM 3ane
KHHOTeaTpa, B KOTOPbIA OH 3allieJ NpAMO C sIPKOro AHEBHOTO CBeTa.
OCMBICIEHHBIH POIECC HAXOXAEHHS He3aHATOr0 MecTa He MOXeT
HAYaTbCs A0 TOrO, Kak OYAeT MOMAYyYeHO COOTBETCTByMOINee H306pa-
¥KeHHe NPOCTpaHCTBa.

[Tox cpeaHum ypoOBHEM TeXHHYECKOrO 3peHHs NOHUMAIOTCH Mpo-
11eCChl BbiAeseHusi, uAeHTHOUKANUME U Pa3MeTKH 3JeMEeHTOB H300pa-
KeHusl, TOJYUeHHOro Ha HHxHeM YypoBHe. C yueTOM MPHHSATOrO
HOApa3feNeHus: TeXHHUYECKOro 3peHHS K CpedHeMY YDOBHIO OTHO-
CATCH CerMeHTauusi, ONHCaHWe W paclozHaBaHHe OTAeJbHHX 06Bek-
TOB.

[Tox BBHICOKHM ypOBHEM TeXHHUYECKOrQ 3DeHHs MOHHMAIOTCA NpO-
1eCChl, OTHOCSAUIHECS K HCKYCCTBEHHOMY HHTENIeKTy. B TO Bpems
KaK a/JrODHTMBI, HUCINOJb3yeMble HAa HUXHEM H CpefHeM YDOBHSX
TeXHHYeCKOro 3peHus, pas3paboTaHsl AOCTATOYHO XOPOIO, 3HaHHE H
TIOHHUMAHKE TNPOIeCCOB BHICOKOrO YPOBHS IOKA e€lie HeAOCTATOUHHL
B cooTBeTcTBUM C H3JA0XKEHHHM B IJ. 8 3TO HPHBOAUT K BBEACHHIO
OrpaHUYeHUd W NpeANOJOKEeHUH [AJas YMeHbIIeHHs] CJAOXKHOCTH 3a-
Jauy.

PaccMOTpeHHYI0 K/AACCHPHKAIHIO MOXKHO HCIOJAB30BATbL B OCHOB-
HOM /I BCeX BHAOB IPHMEHsieMBIX CHCTeM TeXHHUECKOro 3peHHS.
DTO He 03HAUAeT, YTO OHA MOXKET CJAYXKHTb MOLEbIO UeJOBEYECKOro
3peHusl U B TO JKe BpeMs He CBsiz3aHa ¢ HuUM. M3BecTHo, Hanpumep,
UTO PAacNo3HaBaHUE M HHTepIpeTauus [Js 4YeJOBeKa MNpeAcTaB-
JAI0T cobolt B3auMocBsa3aHHble GyHKuud. OAHAKO Ha/JdHYHEe 3ITHX
CBsi3eH He onpelesasieT BO3MOXKHOCTEH HX aHaJHTHYECKOTO MoAe-
aupoBanus. TakuM o6pasoM, NpuBefeHHas kJaaccudukamus QyHK-
UMH MOXeT paccMaTPpHBATbCA KAaK MNPAaKTHYeCKHH , METOA pea-
JU3ALHH CHCTeM TEeXHHUYECKOrO 3PeHHs, OTPaxKaloWuil Hall ypo-
BeHb MOHUMAHWSl W BJAAJEHUS AHAJTUTHUECKHMH MOAXOAaMH B 3TOH
006/1aCTH.
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B raase onucanw noayyenue M306paKeHus], ero MpeiBapHTEIb-
Has 06paboTka, a Takxe HACH u METOABl peanusdaunuu QyHKOuUH,
OCYHICCTB/IACMBIX Ha HH3KOM YDOBHE TEXHHUYECKOLO 3peHns. Bepx-
HUH (BBICOKHH) ypOBEHb TeXHHYECKOTO 3peHHsT paccMOTpeH B rJ. 8.
XoTa 3peHne oTpaxaeT o6HeMHOE TPEXMEpHOe NPOCTPAHCTBO, B CH-
CTEMaX TeXHHUYECKOTO 3PEHHS HCIOMBb3YETCH TOJIBKO €10 MAOCKOe U30-
6paxenue, 06BEMHYI0 HHDOPMALHIO U3 KOTOPOro MoJy4aloT ¢ noMo-
IIpIO crenxanbHBIX METONOB, TAKHX, KAK METOL CTPYKTYPHOTO OCBe-
wenns (pasa. 7.3) MM cTepeoH3o6paxenns (pazn. 7.4).

7.2. TIOJIYYEHHME M30BPAKEHUS ’

1

Busyanbnast unbopmanus NpeobpasyeTcs B 3/1eKTPUUECKHe CUT-
HajJpl C MOMOLIBI BHACOAATUYHKOB. Ilocie MPOCTPAHCTBEHHOH AHuC-
KpETH3aLlMM ¥ KBAHTOBAHMS MO AMIIUTYAE 5TH CHIHAJb AAIOT -
PoBoe HzobpaxeHune. Huxe paccmoTpeHs OCHOBHEIE METOAH TOJY-
UCHUS  H300paXKEHHS NpPH HCNOJb3VBAHUH TEXHHUECKOro 3peHHsT B
poboTax, BAHSHHE IHCKPeTH3aUMM Ha IPOCTPAHCTBEHHOE paspaede-
HHE M BIHAHHE KBAHTOBAHHS MO AMILIMTYAE HA Pa3feNeHHE 10 HH-
TencnsHocTn. MaTemarnueckuit annapat bopmMupoBaHHsS u306paxe-
HUs onucaH B pasa. 7.4. .

OcHoBHBIMH yCTpoOficTBaMY, MCIIOJIb3YEMBIMH B TEXHHUECKOM 3pe-
HUH DOGOTOB, ABAAIOTCA TeJEBH3UOHHDIE KaMEepHl, COCTOSILIHE® H3
SJICKTPOHHON TPYOKH MJIH TBEPHOTENBLHONO YYBCTBHTONbHOLO J/eMeH-
Ta C COOTBETCTBYIOMIUMH 3/JACKTPOHHHMH 6J0KaMH. XOTS noApo6xoe
U3YUCHHE 5THX YCTPOMCTB HE BXOAHT B PAMKH AAHHON KHUTH, MH
PaccMOTPUM NPHHUHN PabOTH TPYGKH BUIHKOH, KoTopas INpeAacTas-
JSI€T CeMeHCTBO TeTeBU3HOHHBIX kamep. TBeppoTenbHble uyBCTBU-
TQJIBHBIC 3/EMEHTH GYAYT NpeACTaBJeHbI npuGopaMu ¢ 3apsagoBol
csi3pio (I13C). Onu o6aranator PsOM MPEUMYIIECTB Meped 3/eKT-
POHHBIMU TPyGKaMu (HampHUMEp, HMEIOT MEHbIlHe Bec U pasMmeph,
Goabluuii pecype u Madayio 2HeproemMrocts). OnHako paspemaomas
COCOGHOCTb HEKOTOPHIX TPYGOK MOKa BHILIE BO3MOMKHOCTE! TBepl0-
TeJbHBIX Kamep.

Tpyb6xa Buankon npeacrasiasieT cobooi UHIHHIPHYECKYIO CTeK-
JSIHHYIO 060/I0YKY, COREPIKAIIYIO C OAHOrO KOHUA 3J1CKTPOHHYIO My1II-
KY, @ € Ipyroro— 5kpan u Mullledb (puc. 7.1, a). aekTponisii Jayu
bOKyCHPYeTCS U OTKJIOHSETCA ¢ MOMOLIBIO HalpSKEHUs, NPUKIALBL-
BaeMoro x kKaTymkam. OTKJIOHSIOMHN KOHTYp ofecneuuBaer CKapu-
POBAHUE Jly4a N0 BHYTPEHHEH NOBEPXHOCTH MHLIEHH A5 «CUHTbIBA-
HUA» u3obpaxenus. BHyTpewHss NIOBEPXHOCTb CTEKJASHHOI'O 3KpaHa
MOKDBITA NPO3PAUHON METAMIHIECKOH MNJIeHKOH, KOTopasa obpasyer
3JEKTPOA, DOPMHDPYIOLIHA 3MKTPUYCCKHI BHpcocUTHal. Ha MeTaJ-
MHHUECKYI0 TJIEHKY HaHECeH TOHKHH (DOTOUYBCTBUTENBHM CIOH M-
UIcHH. ITOT CJAOH COCTOHT H3 MEJKHX WapOBHAHBIX 4aCTHI, COMpPO-
THBJICHHE KOTOPBIX OGPATHO NPONOPUHOHAIBHO HHTEHCHBHOCTH CBe-
TOBOro moToxka. 3a (OTOYYBCTBUTENLHON MHIIEHBIO pacnojaoxena
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[OJOKHTEIbHO 3apsiKeHHAs TOHKas NPOBOJOYHAS DPeIIeTKA, KOTO-
past TOpPMO3HT 3JeKTPOHBI, HCIyCKaeMble NyLIKO#, TaK YTO OHHU MONa-
AQlOT Ha MHUIIEHb CO CKOPOCTBIO, GAH3KOH K HYJIO.

B HOpMa/ibHOM pexuMe Ha MeTa/luIHUeCKOe NOKPHTHE 3KpaHa
MOAARTCA MOJNOXKHTeNbHBIH noTeHunan. Ilpu oTcyTcTBuM cBeTa ¢o-
TOUYBCTBUTQJbHBIA MaTepuaJs BeleT cefsl KaK AUSMEKTPHUK, TaK Kak
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Puc. 7.1. Cxema TpyOKH BHAMKOH (@) M CKaHHPOBAHHE 3JEKTPOHHEIM ayuom (6).

NOTEHUHAT HA BHYTpEHHeH MOBEPXHOCTH MHHICHH, BhI3biBAeMHBIL
SJMCKTPOHHBIM JIyYOM, KOMIICHCUPYETCS NMONOKHTEJAbHEM 3apAAoM Ha
METa/IHIeCKOM NOKPBITHH. Takum o6pasoM, mnpu CKaHHPOBAHHH
SJCKTPOHHOTO Jy4a MO NOBEPXHOCTH MHIICHH (POTOUYBCTBUTENbHBIH
CJIOH CTAHOBHTCS HAKONMHUTEIECM OTPHUATENbHOrO 3apfijia Ha BHYTpeH-
HCH MOBEPXHOCTH M MOJONKHTENbHOTO 3apsiia Ha BHELIHe OBEpX-
HocTH. Korfla na moBepXHOCTHBIH CJOH MHIUEHH MONAA4eT CBeT, ero
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CONpoTHBJEHHE NajaeT W NOABJAseTCs 3JeKTPUYeCKHH TOK, HeHTpa-
JU3YIOIUHA NOJOXKUTeAbHBIE 3apsad. Tak Kak I[OTOK 3JeKTPOHOB
NpoNopUHOHANEH BeJHUHHE CBETOBOTO IOTOKA B KaXAOH TOYKe MH-
lIeHW, Ha MOBEPXHOCTHOM CJoe MulleHH o6pasyercss usobpaxeHue,
COOTBeTCTBYIOlleE CBETOBOMY M300paeHHIO HAa 3KpaHe TPyOGKH, T. e.
OCTATOYHAs KOHUEHTpauus 3JeKTPOHHHX 3apAdOB Bhlllle B TeMHBIX
MecTax W HU¥XKe B CBeT/]BIX MecTax MullieHu, Takum o6pasom, B npo-
[ecce CKaHHPOBAHHS MHIIeHH 0O6pasyeTcss TOK B MeETaJJAHYECKOM
CJ0€, KOTOPHi NmoJaerTcsi Ha BHBOAB TPy6ku. BeauunHa Toka mpo-
IOPUHOHA/AbHA YHMCIYy NepeMellAIoN[UXCs 3JeKTPOHOB M, Clel0Ba-
Te/bHO, HHTEHCHBHOCTH CBETOBOLO MOTOKA B COOTBETCTBYIOLIEM Me-
CT€, MO KOTOPOMY MNpPOXOAHT CKAHUPYIOmIHHA JAyuy, IDTO H3MeHeHHe
TOKa BO BpPeMsi CKaHMPOBAHUSA 3JEKTPOHHOTO Jydya Iocjie ero obpa-
60TKH B 3JMEKTPOHHOM 6J/10Ke KaMepbl (OpMHpPyeT BHAEOCHIHAJ,
NPONOPIHOHAMLHEIH HHTEHCHBHOCTH BXOAHOTO H306paKeHHs.

OCHOBHO! CTaHIAPTHBIA BAPHAHT CKAHUPOBAHHS, HCHONb3YeMbIR
B CHIA, nokasaH Ha puc. 7.1,6. DJEKTPOHHBIA JyY CKaHHPYeT IO
Bcelt nosepxuocTh Muiiend 30 pas B 1 c. [Toauwii o6beM CKaHMpO-
BaHHs (Ha3blBAeMBIH KaApoM) coCTOHT u3 525 nuuuii, 480 u3 koro-
pHX cojepxar HHpopManu o6 uzobpaxenuu. Ecau JUHUU CKaHU-
pOBATh MOCAeAOBATENbHO, @ pe3y/bTaT NOJABATh HA TE/JIEBH3HOHHBIH
MOHHTOp, TO H300paxeHHe O6yaeT 3aMeTHO APOKAaTb. ITO MOKHO
yCTPAHHUTD, HCIO/b3YysH MEXaHU3M CKAHHDOBAHUA, IIPH KOTOPOM Kaip
AeJUTCS Ha JiBe CoefHHeHHble 06JacTh o 262,5 nmuuuu. OHH CKaHu-
pyotcst 60 pas B 1 ¢, T. e. ¢ yaABoeHHO# ckopocTblo. [lepeas o6nacths
B KaxXxJAOM Kajpe CKaHUpyeTcsi MO HEYeTHHM JMHUAM (NOKa3aHb
wWTpUuxamu Ha puc. 7.1,6), B To BpeMs Kak BTopas 06/acThb CKaHH-
pyercst Mo ueTHHIM JHHHAM. [laHHasi cxeMa CKaHHPOBAHHS, COOTBET-
CTBYIOIIAsi corJallleHHi0 110 ckaHupoanutio RETMA, ssasercs
cTaHaapTHO! pas renenepepau B CIIHA. JIpyrue cTraHAapTs npume-
HAIOTCS NPU HCHOJAb30BAHUM 60J€e BHICOKHX CKOpPOCTeH CKaHWpoOBa-
HUSL KaApa, HO NPHHUMO HX AEACTBHS MO CYLIECTBY COBHAgaeT C
onucannbiM. Hanpumep, pacnpocTpaHeHHBIA MeTOA CKaHHDOBAHUA B
MAIIMHHOM 3peHHH W NpH NoJydennu mudposoro usobpaxkenus oc-
HOBAaH Ha NpuMeHeHuu 559 auHuf, 512 U3 KOTOPHX CoAepXar AaH-
Hble 06 u3oOpaxkeHud. Pabora ¢ uyucaaMu B BUAe 1eJbIX CTeleHed
qpcaa 2 uMeer pSA NPeHMMYIIeCTB Kak B alnapaTHOH, Tak U B Ipo-
rpaMMHOH peanu3aiuu.

ITpu paccmorpennn ycerpoficte uHa [13C yao6Ho noapasaenurs
JaTYMK{ Ha ABA TUNA: AATYUKH JUHERHOrO CKAHHPOBAHUN U NATUH-
KH ¢ IJ0CKOCTHOH cTpykTypo#i. OcuoBHO#i uacteio [13C-martunkos
ABJASETCH Psifi KPEMHHEBHIX UYBCTBUTENbHBIX 3JeMEHTOB, HajbiBae-
MuXx doTtosideikaMu. PoroHsl oT 0To6paxKaemMoro 06beKTa NPOXOAST
yepe3 BXOAHYIO MPO3PAYHYI0 MOJHKPUCTAMIUYECKYIO KPEeMHHEBYIO
CTPYKTYpYy W abcopOupyioTcsi B Kpucrajae KpeMHus, o6pasys napal
3/J1eKTPOH — Asipka. [lodyueHHble (HOTO3JMeKTPOHB COGUPAIOTCS HA
doTosiuelikax, Npu 3TOM BeNMUMHA 3apsAa Ha KaxAOH Qorosiueidike
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Puc. 7.2. [13C-zpaTynk sauHefHOro ckauumposauua (a) u [13C-maTuuxk ¢ NIOCKOH
cTpykTypoit (6).

NPONOPIHOHANIbHA COOTBETCTBYIOLIEH WHTEHCHBHOCTH CBETOBOTO HO-
Toka. TUOMUHBIA AAaTUMK JMHEAHOTO CKaHHUpOBaHHs (puc. 7.2, a) co-
CTOMT U3 psia POTOUYBCTBHUTEAbHBIX 3JEMEHTOB, U3 ABYX LIWH, HC-
MOJb3yeMbIX /S NepeAayd CoAepHHUMOro ¢ (OTOUYBCTBUTE/LHBIX
3JIeMeHTOB B TPAaHCIOPTHBIE PEerHCTPhl, a TAKXKE M3 BEIXOAHON UIHHBI,
cayxxauiell A nepeiadyn cCOAePAHUMOro U3 TPaHCIOPTHBIX PErMCTPOB
Ha ycnautelb. Ha BrIxoAe ycunuresnss popmupyercsi CUrHaJ Hamps-
KeHHd, BeJHYHHA KOTOPOro MPOMOpIHOHAJNbHA COAepXKUMOMY GoTo-
slyeekK.
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[13C-narunku ¢ MIOCKOCTHOR CTPYKTYPOH aHAJOTHYHBL JaTUMKaAM
JUHEHHOrO CKAHHPOBAHMA C TeM OTJIHYHEM, UTO B HHX (OTOsuelKH
pacnoJiokensl B ¢OpMe MaTpUUB, a MeXJIAy pPAAaMH (HOTOsiueeK
uMeeTcssi KOMOMHALMsi MepeXOJAHBIX  TPAHCINOPTHBIX  PerHUCTPOB
(puc. 7.2,6). Mubopmauns ¢ HeueTHHIX HOMepoB (OTOsIUeeK MOCTY-
naeT nocjeAoBarTe/]bHO B BepTHKaJbHble TPAHCHOPTHBIE PEruCTPhl, a
3aTeM — B TOPW30HTAJbHBIH TpanucnopTHu peructp. Vudpopmauus
C 3TOro perucrpa MOCTYNAET HA YCHJUTeNb, BEIXOJ KOTOPOro CONpsi-
XKen ¢ Bugeokanasou. IloBropenue Jannoro mpomecca aasi ¢$oro-

siYeeK C YeTHBIMH HOMEpaMp OTHOCHT-

Harato ROOPIUAEIN 7 c¢a K 06paboTKe BTOpOH 06JacTH Te-

*  JeBH3HOHHOrO kajapa. Takoe «CKaHU-

poBanue» npoussoaurcst 30 pas B | c.
S(@ y) Kamepsl ¢ JHHCHHBIM CKaHHPOBA-
HHEM BOCNDOU3BOAAT, €CTeCTBEHHO,
TOJMBKO OJHY JIHHHIO BXOLHOrO H30-
O6paxeHusi, DTH Kamepn yno6HO HC-
N0JMb30BAThL B C/lAyuae ABHKeHUS 00bB-
eKTa OTHOCHTEJbHO JaTuHKa (HampH-
mep, 6oaToB Ha KOHBefiepe). [lBuiKe-
HHe oObeKTa B HANPAaBACHHH, NepHeH-
¥ i JMKYJASIDHOM AAaTYUKy, Aaer ABYMep-
Hoe uzobpaiKeHue. Hepeako Hcnosb-

5;‘: H7-'f[- %ggg:s;‘liﬂ“gsé‘goﬁg: 3yIOTCS AATYHKH JHHEHHOro CKaHH-
HHA. p3Halxem4e HpOHSBO?IbHOl';I poBaHHs € paspellajouluM [Hanaso-
TOUKH (%, y) 3alaercs Benmuu- HOM, BKJouammum 256—2048 sie-
O {MHTEHCHBHOCTBIO) dyHKUME — MCHTOB. Paspemaroulas cHocoBHOCTD
I B stoit Touke. JaTYHKOB C MJIOCKOCTHOH CTPYKTYPOH
cocraBasger 32X 32 s3aeMeHTOB Ha

HHXKHEH rpannue u 256 )X 256 aneMeHTOB AJS CPEHUX AHAMA30HOB.
CoBpeMeHHBIe NPOMBIIJEHHBle YCTPOHCTBA C BBICOKOH paspelian-
weh cnocobuocTbio cogepxkar 480 X 380 aaeMeHTOB, a 3KCIEPHMEH-
raapubie I13C-patunky umeror 1024 X 1024 saeMenToB u Godblue.

O6o3nauum uepes f(x, y) ABymMepHOe usdobpaxkenue (puc. 7.3),
no/jyuyaemMoe TEJeBU3HOHHOA KaMepOH HWJH JApYTHM YCTPOHCTBOM,
paiomum uzolpaxeHue, 37eck X H i NPOCTPAHCTBEHHBIC KOOPAHHATH
(7. e. KOODAMHATH MJOCKOCTH H306paKeHHs), a BeJHYHHA f B mpo-
H3BOJIBHOA TOUYKe (X, y) MPOMOpIHOHA/AbHA SIPKOCTH (HHTEHCHBHO-
cTH) uszobpaxeHus B 370 Touke. [TepemeHHOR 2z 0603HAUMM H3Me-
HeHHe MHTEHCHUBHOCTH H300pax<eHus /s c¢jaydasi, Korja npocTpaH-
CTBEHHOE DACIOJOXEHHE 3THUX H3MeHEHHH He CYULeCTBEeHHO.

Has noayyenust yAoOGHON ¢ TOUKH 3peHUst BHUHCACHUsT POPMBI
bynkuun uszobpaxeHus f(x, y) ee HeoOXOAMMO AHCKPETH3HPOBATH
KaK INpPOCTPAHCTBEHHO, TaK M MO aMIIMTYyAe (uHTeHCHUBHOCTH). [lu-
CKPeTH3aUHIo NOo MNPOCTPAHCTBEHHHM KoopauHatam (x, y) Oyzewm
HasblBaTh duckperusayuetl u3obpanenus, a AMIIHTYIHYIO AHCKpe-
TH3ANHIO —~ KBAHTOBARUEM HO UHTEHCUBHOCTU WAL KBQAHTOBAHUEM HO
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Puc. 7.4. 2bdexThl ymeHblienus BeauuMHbl AHcKpeTnsanmd, (@) 512X 5l
(6) 256 X 256; (8) 128 X 128; (2) 64 X 64: () 32 X 32.

yposHio cepozo. Tlocaeanuii TepMUH NPUMeHSIETCS /s OJHOIBETHMIX
u3o6paxenuli u orpaxkaer TOT (akT, 4To u3obpaxkeHHe MeHsETCH
MO TOHY OT YePHOrO A0 6eJ0ro B CePHIX OTTEHKaX. TepMUHbI HHTeH-
CHBHOCTH W ypOBHs ceporo 0yjgeM HCIO/b30BATH [ONEpeMEHHO.
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Puc. 7.5. Hzobpaxense passepom 512 X 512 cooTBeTcTBenNO ¢ 256, 128, 64, 32,
16, 8, 4 1 2 ypOBHAMH HHTEHCHBHOCTH. '

[Ipeanonoxum, uTo HenpepniBHOe W306pamkeHue AHCKD eTH3UPO-
BaHO paBHOMepHO Ha N psinos u M cronbuos, npudem xamaas nu-
CKpeTHasl BeJMYNHA NPOKBAHTOBAHA MO WHTEHCHBHOCTH. Takasi CH-
CTeMa, HasblBaeMasi yugpossim u306paxceruem, MOXKET GBITh npea-
CTaB/icHAa B BUAE

f(0, 0) F(O, 1) ... fF(O,M—1)
f(x, y)c f(‘l:O) ,(.lrl) e f(lv‘/}/l.—l) ,
fIN—1,0) fIN—1,1) ... f(N =1, M—1)

(7.2-1
TOe H X U y Tenepb AHCKPETHhle NMepeMeHHble: )

x=0,1,2, ..., N—1; y=0,1,2 ..., M— L.

Kaxablii s1eMEeHT CHCTeMBI HA3BIBACTCS 9.4€MEHTOM usobpasce-
HUR, SACMEHTOM KAPTUKKU WIn nukceiom. B coorsercrsuu ¢ puc. 7.3
MOXHO oTMmeTuTs, uto f(0, 0) sBAsierca nmukceiom Havada KOOp Au-
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IMpono/mxenne puc. 7.5.

Hat uzobpaxenus, f(0, 1) —npaBelfi OT Hero MHKCEN M TakK AaJjee.
OG6biuHo Ha mpakTuke BednduHel N, M u 4HCIO ypOBHeHl AuMCKpeT-
HOH MHTEHCHBHOCTH KaxXKAOr0 KBAaHTOBAHHOTO NHKcela 3aJaioT B
BHJe 1eJblX crerneHedt yucaa 2,

Hast ysiCHeHUsl NPOueccOB AMCKPeTH3apWH H KBAaHTOBaHHs pac-
cMorpum puc. 7.4. Ha puc. 7.4, a npuBeleHo H306paxeHue, AUCKpe-
TH3UPOBAHHOE B CHCTeMy MnukcenoB pasmepom N X N ¢ N=512,
IpH 3TOM HHTEHCHBHOCTbL KaXKJOro NHKCela KBAHTOBAHA 110 OAHOMY
u3 256 muckpernmlx yposueit, Ha puc. 7.4,6—0 nokasano 1o Xe
u3obpaxeHue, HO COOTBeTCTBeHHO ¢ N == 256, 128, 64 u 32. Besae
UHCJIO YPOBHEH HHTEHCHBHOCTH PaBHsIOCH 256. ITocKoAbKY naomann
aucnjaes AJdA KaXAoro usobpameHus Onljia Takke OAMHAKOBOH
(512X 512 BOCHPOM3BOASILINX TOUYEK), BEJHYHHA I[HKCEJNOB B H30-
OpaxeHun C MeHblIeHd paspelnamoulefl CnocoGHOCTBIO yABAaUBajlach
10 CpaBHEHHIO C MpeAbIAYIIHM H306paMeHueM AJsS TOro, 4tobel 3a-
nosHuTh Bce pabouee mose Aucnies. B pesyabrarte usoSpamenue
npuHMMaeT MIaXMaTHYIO CTPYKTYpy, KOTopasi OCOGeHHO 3ameTHa
Ha KapTHHKax C Hu3lled paspewamoued cnoco6HocThio. MoxHO
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OTMEeTHTb, YTO KauecTBO u300paxeHHsa pasmepom 256 X 256 no-
BOJILHO 6J11I3KO K NpHBEJeHHOMY Ha pHC. 7.4,a, B TO BpeMs KaK 1/
ApYrux 3Hauenuil OHO pe3ko CHHXKAeTCs.

Puc. 7.5 uaniocrpupyer agexr, nosBAAIOIHACA MPH yMeHbILe-
HHH yKMcla YpOBHEH HHTEHCHBHOCTH B cJyyae MOCTOSHHOTO MpOCT-
paHcTBeHHOro paspemlenust 512 X 512. Hso6paxennss c¢ uucaom
ypoBueit 256, 128 n 64 gocTatouyHo KayeCcTBeKHH. M306paenus c 32
YPOBHSIMH YK€ HecKoJbKo XyXke 0coOeHHO Ha ydacTKax ¢ OJH3KHMHU
YPOBHSIMH HHTEHCHBHOCTH, YTO MNPOHCXOJHMT H3-32 HCIOJb30OBAHHA
CAHIIKOM MAaJOro 4uc/ia ypoBHell HWHTEHCHBHOCTH, MpeACTaBJ/sIOLIEro
KaXAbld nukcesa. dro eme 6ojee 3aMeTHO MpH MOSBJACHHH Mepece-
KaloInxca CTPYKTyp, Ha3blBaeMBIX JOXKHBIMH KOHTYpaMH, Ha H30-
Opaxenuu ¢ 16 ypoBHsimu. [lpu MeHbllem uHc/le ypOBHell KauecTBO
pe3KO yXyjallaeTcs.

Crenenb AMCKpETH3AIMH H YHCIO YpOBHeH HHTEHCHBHOCTH, Heol-
XOiMMble st NOJyueHHs TpeOyeMoro B cHCTeMe BOCIpPOH3BEAEHHS
H300paxenns o6peKkTa, 3aBHCAT OT caMOro H3oGpaKeHHsl W OT BHAA
ero ucioab3zosanus. JI1s cpaBHeRHsI MOXKHO yKa3aTh, 4TO AJ5 HO.V-
YCHHUSI KAYCCTBCHHOH uyepHO-0esof TeNeBU3HOHHON KapTHHKH Tpely-
ercs 512 XX 512 nukcenos co 128 ypoBHAMH HHTEHCHMBHOCTH. Kax
npaBwlo, YHHBEpcasbHasg CHCTeMa TEXHHUYECKOrO 3peHHs [0/ Ha
WMeTb KaK MHHHMyM pa3pellalou(yio crnoco6HOCTb nopsaka 256 X
X 256 nukceaoB ¢ 64 yPOBHSIMH HHTEHCHBHOCTH.

7.3. METO bl OCBELIEHNM

Ocpenlende OODBEKTOB CJAYXHT BaXHbIM (AKTOPOM, KOTOpHIH
BJHSET Ha aJrOpHTM [0JydyeHHs H306paxenus B neaom. [lpous-
BOJIbHOE OCBellleHHe BHEIIHeH cpeibl 4acTO He SIBJASCTCH YIOBJETBO-
PHTEJBHBIM, TAK KaK OHO MOXKeT NPHBECTH K MOHHIKEHHON KOHTpacT-
HOCTH H300paxKeHus, K NOsIBJeHHIO 6JMKOB, TeHCH W HEHH(pOpMaTUB-
HbIX JeTascd. [lpaBusibHO OpraHH3OBaHHAsh cHCTEMa OCBELEHHS
yMeHbLIAeT CJAOXKHOCTL [10y4acMOro H306paXKeHHs NPH YBeJIHUYEHHU
uHbopmalHi, Tpebyemoit 15 06HapyXeHHs W BbLICIeHHs 00beKTa,

Ha puc. 7.6 mokasalbl 4eTblpe OCHOBHBIE CXEMEI, HCIOJIb3yeMble
AJsl ocBelleHHs pabouero mpocTpaHcTBa poGora. [Jas 06beKkToB ¢
rMajKHMH MOBEepXHOCTSIMH NpaBH/AbHOH (OpMBI MOXKHO MpHMEHHTL
MeToJl paccesHHOro ocBelienusi (puc. 7.6,a). Takas cxema ocBe-
HieHHA 06BIYHO HCITOABb3YyeTCsA B TeX CAyyYasax, KOrjia BaXXHBIMH sIBJAS-
I0TCH XapaKTepHCTHKH [0BepXHOCTH o6wekTa (phuc. 7.7). TeHeBoe
ocpenierue (puc. 7.6,6) naer uepHo-6esoe (AMCKpeTHoe) u3obpaxe-
Hue. DTOT MeToA nenecooOpa3Ho MpHMEHATb MpH HEOBXOAUMOCTH
pacro3HaBaHHs HJH H3MEpEHHS CHIy3TOB 06beKTOB. [Ipumep Takoro
cayuyasi MoKasaH Ha puc. 7.8.

Mertoa cTpyKTypHOro ocBemelus (puc. 7.6,8) 3ak/aodaercs B
MpOeHHpPOBaHHH Ha pabouyl [OBEpPXHOCTb CBETOBBIX TOYEK, IOJOC
HJIH pCLIETOK. DTOT METOJ OCBELICHHS HMEEeT JBa BaXXHHX IpeuMy-
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mecrBa. [lepBoe npenMyIecTBO 3aKAKOYaeTCss B YNPOLIEKHH 32134l
HaxoXAeHHs oObeKTa 3a cyeT Mojaduu B paboyee NMpOCTPAHCTBO H3-
BECTHOTO CBETOBOrO pHCYHKA, [0 HCKaXeHHI KOTOpOro ompeje-
JsieTcs Hasuuume oGbekTa. BTopoe mpenMynecTBO — BO3MOXKHOCTb
MONyueHUst MpOCTpaHCTBEHHBIX XapaKTepHCTHK OOBEKTa Mo aBajusy
(OpMbl HCKaXKeHHl cBeTOBOro pHcyHka. JlBa fpumepa peajusaluu
MeToJla CTpYKTYypHOrO OCBeLIeHHst MpHBeleHbl Ha puc. 7.9. B mepBom
cayyae MOKa3aH OOBEKT, OCBELIEHHBIN MapaJjJebHBIMU [JOCKOCTS-
MH cBeTa, KOTOpble 06pa3yloT CBeTOBble MOJOCH Ha MepeceyeHnu ¢

g/(ame/aa
Q Lemasio
Paccevbarwas

Ramepa Zemans nobepxrocmo
3
A |
Texns HOIMOYH LUK
a clema HermoHUK Kol 4
Aumupobaritoeo
Heimosruk, Konrume - clema \\ / /
pobarnoze cbema _
0
s Pewernra
/{ame/oa

P Hemans
e < /IoROCH!, ROKA 361~ g
barowjece ronm
Aemars L?&’//’/U/Il{ »
£

Hepobuas robepxrocrid
e

Puc. 7.6. Uethipe oCHOBHEIE CXeMbl oCBeluedua [201].

MJOCKOH MOBEPXHOCTHIO. Bo BTOpOM Cilyyae MpOHU3BOAUTCH MpPOECIH-
poBalue [BYX CBETOBBIX [JIOCKOCTEH € pasHbIX HanmpasJ/eHHH, HO
CXOMSIIIUXCS Ha MOBepXHOCTH B OAHY moJsocy (puc. 7.10,a). Kamepa
JUHeHHOTO CKAHMpOBAHHs, pasMelieHHas HaJ MOBEepXHOCTBIO H
coKycHpOBaHHAsT Ha M0JOCe, Mpu OTCYTCTBHH 00beKTa GyAeT OTO-
6pakaTh HenpepPHBHYIO JHHHIO CBeTa. JTa JHHHs MpephlBaeTcs Jio-
6BM OOGBEKTOM, MepeceKaloUHM OJHOBPeMEeHHO 06e CBETOBbIE JOCKO-
cru. JlaHHBIH MeTO[ yA06HO HCHOAbL30BATh NPH JBHXKEHHH O0BEKTOB
no JeuTte KoHBejiepa mepen Kamepo#. Kax mokasaHo Ha puc. 7.10,6,

337



Puc. 7.7, [1pnMep paccesHHOTO OCBEIIEHHA,

Puc. 7.8, TIpuMep TeHeBOro OcBelLieHHA,
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rd
Hemowpur -
dbema -
//

Hemovnur cbrma

~ Hemoxrin
S clema

Chemobas
nrockocms

Kamepa
NUKELHIEO
Cranupobanur

HEMORRUK
cleina

CBemobar
NAGCKOC IS

-

Puc. 7.10. Bua cBepxy (a) Ha nBe CBeTOBHE ILIOCKOCTH, epeceKalolHecs Ha
onHOM Jnunn, OObekT (6) Oyser obHapy)xeH KaMepol, TO/bKO €C/M OH mepece-
KaeT ofe cpeToBbie maockocTH [121}
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HaJH4YHe ABYX HCTOUHHKOB CBeTa TapaHTHpyeT nonajanue o0bexra
B CBETOBYIO M0JIOCY, €CJH OHA pacnojoXkeHa NpAMO HANpPOTHB KaMe-
pel. OTMeTuM, 4TO Kamepa JHHEHHOro CKaHHPOBAHHS DErHCTPHDYyeT
TOJBKO TY JHHHIO, HA KOTOPOH CXOAATCSA JBe CBETOBbE MJIOCKOCTH,
HO NMpH JABHXeHHU 0OBEKTa OTHOCHTEJNbHO KaMephl MOXKeT ObIThb IO-
JyuyeHa AByMepHas uHbopMaius.

Meron HanpaBJAeHHOTo ocCBellieHHs (puC. 7.6,2) ucmoab3yercs B
OCHOBHOM J1Ji51 obcaefoBanus ob6bekra. TakHe AedekTh NOBEPXHO-
CTH, KaK BMAJAHHBL H TPELIHHH, OMpeleNsilOTCH C MNOMOUILI TOYHO

Puc. 7.11. IIpumep HanpapseHHOro ocpeiteHHs [2011.

HanpaBJeHHOro CBETOBOro Jyya (HampuMep, Ja3epHOro Jyya) myTem
H3MepeHHsl BeJHYUHLl €ro paccenBaHus. Eciau mosepxuocTh 6e3 pe-
thekToB, TO Ha KaMepy Ionagaer HeGO/BbIIOe KOJHYECTBO CBeTa.
Ecan e Ha noBepxHOCTH uMelOTCs edeKTsl, MOTOK CBeTa B CTO-
pOHY KaMephl YBeJHYHBAETCH M MO3BOJseT HX BHIABUTHL (puc. 7.11).

7.4. TEOMETPHS N30BPA)KEHHNS

Huxe paccmaTpuBaloTcsi BaXKHHeE npeofpasoBaHus, UCIOAb3ye-
Mble INIpH IOJY4YeHHH H300pakKeHus, MareMaTHyeckasi MOAelb Ka-
MepH U PAA aCHeKTOB 3anayu (hopMUPOBAHHS cTepeoH306paKeHus.
Hekoropnle H3 3Tux npeo6GpasoBaHufi yike OB PacCMOTPEHH B
TJ. 2 B CBSI3H C KHHEMATHKOH MaHuNyJastopa pobora. 3aech 06CyxK-
1a10TCA CXOAHBIE NpoOGJeMBbl, HO C TOUKH 3PEHHA MNOJYYEeHHS H30-
HpaKeHus.
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7.4.1. HekoTopble OCHOBHbIE NPe0OPA30BAHUS

Hanum nmpeacraBieHHsI O TAKMX 3aJauax, Kak BpPalieHHE, H3Me-
HeHHe macwrala u cMelieHue (caBur) usobpaxenuil. Bece npeobGpa-
30BAHHS 3aNMHCHLIBAIOTCH B TPEXMEPHOH 1eKapToBof cHcTeme KOODAH-
HAT, B KOTOPOH KOOpPAHHATH TOYKH 3amHceiBaloTca Kak (X, Y, 7).
B cayuae naByMepHBIX H300pa)keHH# 151 0603HAYEHHS KOOPAMHAT
MHKceJa HCINOJB3yeTcs CoKpalienHass 3anuch (x, y). B oObldHOH
TepMHHOJOTHH Beipaxenue (X, Y, Z) npeacrasasier co6oit nmpocTpan-
CTBEHHBIE KOOPAHHATHl TOYKH.

Cwmemenne. Ilpeamosoxum, uro Ttpebyercs CMeCTHTb TOUKY
¢ KkoopauHatamu (X, ¥, Z) B HOBOe MecTO, HCMOIb3YS MepeMelieHHs
(Xo, Yo, Zo). CMmelienne JIeTKo BHIIOJMHSETCS N0 CJAeAYIOMmUM Hop-
MyJaau:

X=X+ X, YV'=Y+Y, Z°=2+Z,

rae (X*, Y*, Z*)— KoopAHHATH HOBOH TOYKH. DTH BhIpaxKeHHS MO-
ryT ObITb 3allHCAHBI B MaTpHUHOH (hopme

X
X L oo X7y
rl=lotov|], (7.4-2)
z 001 Zd[]

Kak nokasapo HuXKe, NI NMOJYUYEHHS CJIOXKHOrO H306paXKeHus
4acTo HCIOJBL3YETCSl COUETaHHE HEeCKOJbKHX npeobOpa3oBaHuH, TakHX,
KaK CMeIeHHe NoCje H3MEHeHHs MacluTafa u BpalleHHs. 3amuch
TAKOro NpOLecca CYL[CCTBEHHO YNPOILAeTcsl MpH NPUMEHEHHH KBal-
paTuyublx MaTpHi. COOTBETCTBEHHO ypaBHeHHe (4.7.2) samuliercs B
CleAyloleM Bue:

X 1 00 Xoq¢ X
v'| {ot1ov ||y
71 oot z,1]z (7.4-3)
1 0001 1

Ias napamerpos X*, Y* u Z* ypasuenus (7.4-2) n (7.4-3) noa-
HOCTbIO SKBHBAJEHTHBHI.
B 3stoM pasaene Mul GYAeM HCIO/Ab30BATh BHpaxKeHue A5 00b-

€AUHEeHHOH MaTPHIBI
v =Av, (7.4-4)
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tae A-—warpuna mnpeoGpasoBauus pasMmepom 4 X 4, V — BEKTOp-
crog6ell, cofepKaliiii Hava bHEIE KOOPIHHATHL:
X
Y
v=1|,| - (7.45)
1

a v*— BeKTOp-CTOJGel, 3JeMEHTaMH KOTOPOro SIBASOTCS mpeobpa-

z 30BaHHEBIE KOOP}IHH&TH:
3 X*
els v=| .| @46
- ] ]

C HCIIOAB30OBaHHEM 3THX
BhRIpaXKEeHHH MaTpuna, ¢

/i‘ IOMOIBI KOTOPOH BHINOJI-
G Y Hsercd CMelleHHe, 3amu-
meTtcs B BHAE
é 1 00 X,
01 0 Y,
1001z |’

X 000 1

Puc. 7.12. BpaileHne TOUKH OTHOCHTEIBbHO (7.4-7)

ocefl KOODJAHHAT, YI/Bl H3MepsOTCH MO Yaco-
BOH CTpeJKe, ec# CMOTPeTb BJOJb Ocell Bpa- & MPOIECC CMEUIeHUsT OIl-
UIeHHs HA HAYa/J 0 KOOPAHHAT. peaensiercs ypaBHEeHHEM
(7.4.4), 1. e. v* = Tv.
H3menenue macmraba. MacmrabupoBanie Ha KO3(p(HUHEHTH
Sy, Sy n Sz mo ocsaM X, ¥ ¥ Z mpoH3BOAUTCS € MOMOULBIO MAaTPHIBI
fipeo6pasoBaHus

S, 0 0 0
0 S, 0 0

=10 o s 0l (7.4-8)
00 0 1

Bpawenue. IIpeo6pa3oBaHus, HCNOJb3yeMble AJAS OCYLIECTBJe-
HHS TPEXMEPHOrO BpAlEHHS, 3HAUUTEJIbLHO CJIOXKHEee APYTHX Npeos-
pasoBanui. IIpocTefiluinM BHAOM 3THX OpeoGpasoOBaHMi SBJISETCS
BpalieHHe BOKPYr KOOpAMHATHHIX ocedl. [ljs BpaiieHuss 3aJaHHOH
TOYKH BOKPYT NMPOH3BOJBLHOHA TOYKM B NPOCTpaHcTBe Tpebyercst Bhl-
IOJHETL TpH npeo6pasoBanus. IlepBoe mnpeoGpasoBaHHe CMelLaeT
[NPOHM3BOJIbHYIO TOYKY B HAYaJO KOODAHHAT, BTOPOE — OCYUICCTBJAET
BpalleHHe, a TPeThe — BO3BpallaeT TOUKY B HCXOLHOE MOJOXKEHHE,
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B cootBercTBHH ¢ pHC. 7.12 BpamieHHe TOYKH OTHOCHTEJNBHO KO-
OopAHHATHOH ocu Z Ha yroa O peasusyercs ¢ MOMOLIBIO NMpeo6paso-

BaHuf
' cosB sin6 0 O

—sin® cos6 0 O
Ro= 0 0o 101l
0 0 01

(7.4-9)

Yroa Bpauienuss 6 H3MepsieTcs MO YaCOBOH CTpeNKe, eCJAH CMOT-
peTh Ha Ha4yaJo KOOPAMHAT M3 TOYKH HA OCH +Z. OTMeTHM, YTO ITO:
npeo6Gpa3oOBaHHe OCYILECTB/IACTCS TOMbKO AJsl Koopaunat X u Y.

BpamieHne ToukH BOKPyr ocn X Ha yroJ o BBHIIOJHSETCS C MO-
Mowblo mpecGpaszoBaHus

0 0 0
cosa sina 0
. (7.4-10)
—sina cosa O

0 0 1

o O O =

HakoHell, BpalicHHe TOYKH OTHOCHTe/IBHO OocH Y Ha yroa B pea-
JIH3yeTcsl ¢ MOMOILbIO Npeo6pasoBaHus

cosp 0 —sinp O

0 1 0 0
Ry = sinp 0 cosp O} (7.4-11)
0 0 0 1

B3auMHEle W 06paTHble npeo6pa3opanus. Peasusanus HeCKOJb-
KHX npeoGpasoBaHHii MOKeT OBITb NPEACTaBJeHa OXHOA MaTpuueH
npeo6pasoBaHus pasMepHocThio 4 X 4. Hampumep, cMmeueHue, Mac-
wTa6HpOBaNHe W BpalleHHe TOUKH V OTHOCHTEJIbHO OCH Z 3aMUChI-
BaloTCA B BHIE

v =R, [8 (Tv)]=Av, (7.4-12)

rae A — Marpuua pasMepHocThio 4 X 4: A = R,ST.

Heo6x0AHMMO OTMETHTb, YTO 5TH MAaTpUub OOBIYHO He MepecTaB-
JSIIOTCS, TO9TOMY BaXKeH NOPAJAOK HX NPHMEHEeHHUS.

XoTs1 mpUBeAeHHOE PACCMOTPeHHE orpaHHYHBaeTcs mpeobpasoBa-
HHUSIMH OAHOH TOUYKH, aHAJOTHYHble NPHEMBbl PACIPOCTPAHSIOTCA AJA
OMHOBPEMEHHBIX MPeo6Pa30BaHUN TPYNNEl H3 M TOYEK € NMOMOUbI
ognoro mnpeo6pasopanus. Ilyctb ¢ yuetrom ypasHeHHs (7.4-5) v,
V2, ..., Vi TNPEACTABJSIOT KOOPAHHATH m To4eK. Eciau chopmupo-
BaThL Matpuuy V pasMepHOCTbIo 4 X m, cTo106ubl KOTOPOH SIBJSIOTCS
BEKTOp-CTOJ6IaMU, TO OJAHOBPeMeHHoe NpeoOpasoBaHHE BCEX 3THX
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TOYGK C MOMOLIbI0 MATPHIBl NpeoOpa3oBaHUs A pa3MepHOCTHIO
4 % 4 3anucuBaercs B Buae

V' =AV. (7.4-13)

[TonyuenHas Matpuma V* HmeeT pasMepHOCTh 4 X m. Ee (-#
cronben v, CONEPKHT KOOPAHHATH NMPpeoGpa30BaHHOH TOUKH, C€O-
OTBETCTBYIOILLCH V.

B 3akj0yYeHHe OTMETHM, YTO U3 MaTPHUIl MHOTHX PacCMOTPEHHHIX
npeoGpa3oBaHHi JErKO MOJYYHTb OGpaTHBIE MATPHIH, HCMOAB3Ye-
Mble AJs1 BHIOJHEHHs 00paTHHX npeo6pa303aﬂnu Hanpumep, mar-
puua o6paTHOrO CMeUIeHHs MMeeT BHJ

100 —X,

B 010 —Y,

T'={001 —z | (7.4-14)
000 1

Ananorruno o6partHas MaTpHua Bpawenus Ry ' onpegeasercs kak
cos(—®6) sin(—B6) 0 0

—sin(—08) cos(—B6) 0 0
Ry'= 0( ) (0 )10 , (7.4-15)

0 0 01

O6paiende Gojiee CJAOKHBIX MaTpHH NpeoOpa3oBaHHA OGHIYHO
TIPOU3BOAUTCS] YHCJICHHBIMH MeTOZaMH.

7.4.2. OnTHYeCKHe npeobpa3oBaHuUs

Ontuyeckue npeo6pasoBaHusi, KOTOpHE HA3KIBAIOTCS TakMkKe Mpe-
06pa30BaHUSAIMU H300paxKeHHH, MPOCUHPYIOT TOUKH TPEXMEPHOTO MPo-
CTpPaHCTBA Ha NJOCKOCTh, OmnrTuyeckde npeoGpas’oBaHHs HIPaAIOT
OCHOBHYIO DOJIb IIPH NOJYYEHHH H300paxeHus, MOCKOJbKY OHU OMpe-
JeJsAT cnoco6 oToGpa)KeHHst NPOCTPAHCTBEHHBIX OOGBEKTOB. XO0TH
HHXe B TOM pasfiesle ONTHYCCKHe NpeoGpasoBaHHs 3aMHCHBAKOTCA
B MaTpHYHOH (opMe pasMepHOCTHIO 4 X 4, OHH CYL[eCTBEHHO OTJ/IH-
YaloTCsl OT PaCCMOTPEHHBIX B NPeABAYLIEM pasaele, MOCKOJIbKY SIB-
JSI0TCS HelIMHCHHBIMH, TaK KaK BKJIOYAIOT ONEpPauHu AeJeHHS KOOp-
JAUHAT.

Ha puc. 7.13 npuBelleHa cxeMa mnponecca QOpPMHPOBAHHST H30-
Opaxenus. [IpednOJOXHM, UTO CHCTeMa KOODAHHAT KaMepH (X, y,
2} UMeeT NJOCKOCTh H300paXKeHHs, COBNAJalyld € IJOCKOCTHIO
Xy, a ONTHYeCKasl OCb, YCTAHOBJEHHAsl MO IHeHTPY JIHH3H, Hanpas-
JeHa BIOJbL ocH z. TakuM o6pa3oM, ueHTp MIOCKOCTH H300paxeHus
ABJISICTCS HayaJoM KOODAMHAT, a UeHTP JHH3H HMeeT KOOpAMHATH
(0,0,2). Ecau xaMepa chokycupoBaHa Ha IHCTAHIHOHHHE 0OBex-
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TH, TO A mpeAcTaBaser coGoff GOKYCHOe paccTOsHHe JHH3BL. 31eCh
npeAnmoJaraercsl, YTo CHCTeMa KOOPAMHAT KaMepH COBNajaer ¢ Je-
KaptoBolt cuctemoft koopaunar (X, Y, Z). D1o orpauuycHue Gyzer
CHATO B C/elyIOIeM pasiele.

Iycte (X, ¥, Z)— xoopAUHATH NPOU3BOJNLHOH TOYKH Tpexmep-
Horo mpocrpanctBa (puc. 7.13). IIpeAnmonoxuM AJas MOC/IeRYIOULHX
paccyxAeHuli, 4to -Z > A, T. €. YTO BCC HHTEPECYIOIIMe HAC TOYKH

o v JIROCKOCTTZS UOEPANCERUS

;

/i : s
& x, X ’ oy S

/ wra
. A /
N\ sz

7 Ueninp sunssl

Puc. 7.13. OcHoBHas cxeMa npolecca nojyieHuss usobpaxenua. CncreMa Koopau-
HaT Kamepbl (X, y, 2) cCoBMajaer c nexapToBoi cHCremoll koopaumat (X, Y, Z).

npoCTpaHCTBA HaxoAsTes meped JHH30H. CHauana Tpebyercsa ycTa-
HOBHUTb B3aMMOCBsA3b Mexay Toukod (X, Y, Z) ¥ KoopAuHATaMH
(x, y) ee MPOCKHMH HA IJIOCKOCTb H300paxkeHHs. DTO JIETKO cle-
JaTh, PacCMOTPEB COOTBETCTBYIOLHe TpeyroibHuku. M3 puc. 7.13
caeayer

x X X
o A= (7.4-16)
! Y
Y
il e il ey 2 S (R

rae MHHyCh nepeid X ¥ Y 03HAualoT, YTO TOYKH Ha H300paKeHHH
mepeBepHyTHL

CnpoeuupoBaHHbe Ha NJAOCKOCTh M300pakeHHs TOYKHM Tpexmep-
HOrO NMPOCTPAHCTBA ONpPEJISIOTCS HEMOCPEACTBEHHO M3 YPaBHEHHH
(7.4-16) u (7.4-17):

(7.4-18)

AY T "Az

‘BaxnHo OTMETHTH, YTO AaHHBIe YpaBHCHUA ABJAAIOTCA HeJIMHEHR-
HBIMH, NOTOMY YTO OHHU BKJIOYAIOT ONepayuio AeJeHUd Ha NepeMceH-
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Hyo Z. XOTs UMH MOXHO [OJIb30BAaThCSl B MPHBEAEHHOM BHIe, ua-
CTO yAOGHO NPUMEHSITh MaTpHUYHYK (OPMY 3alHCH, KAK 3TO Jeja-
JOCh B NpeNBAyIIeM pasfeie AJAS OMHCAHHS MPOIECCOB BpalieHH,
CMelleHHsT ¥ MaclutaGupoBanus. Takylo 3aMHCh JErKo MOJYyYHTb C
[IOMOULLIO OAHOPOAHBIX KOODAHHAT.

OnuopoaHble KOOPAHUHATH TOYKH C AEKAPTOBHIMH KOODIHHATAMH
(X, Y, Z) onpeneasitorcss Kak (kRX, kY, kRZ, k), roe & — npousBoJb-
Hasl HeHyJeBasi NMOCTOsIHHAsA. SlcHo, uro ofpaTHOe npeoGpasoBaHue
OJHOPOJAHHX KOOpPIHHAT B JEKApPTOBHE OCYUIECTBJISETCH MyTeM Je-
JIeHHs TPeX OAHOPOAHBIX KOODAMHAT Ha ueTBepTyw. Touka B Aekap-
TOBOH CHCTeMe KOODAMHAT oNpefelsieTcs B BEKTOPHOH (opme cie-

AyouuM obpasom:
X

—=|v/, © (7.4-20)
; |

a COOTBEeTCTBYIOWIAS 3aflHCh B OJHODOXHHX KOOpAHHaTax Oyier
UMeThb BUJ

kX
kY
Wi=| ., - (7.4-21)
k
Onpege/iM MaTpHIy ONTHYECKOrO Mpeofpa3oBaHus B BHIE
i1 0 0 07
01 0 o0
P=|o0o0 1 o]l (7.4-22)
1
_0 0 —+ 1

Torga npousBeneHne Pw;, naer BekTop, KOTODHIA 0603HayUM
uepes ¢yl

[LO0 0 0fcpx~ T A% 7
01 0 0| kY
G=PWwi=[00 1 0[], |= kz |- (7.4-23)
1 —kZ
[00 —5 1|l | =5~ +#]

DJleMeHTHl BEKTOPA Cn ABJAKTCA KOOPAHHATAMH KaMephl B OJHO-
ponHoil popMe. Kak GHL/IO OTMeUEHO BHIILE, 3TH KOOPAHHATH MOTIYT
GLITb MepeBeleHbl B JeKapTOBble KOOPAHHATH MyTeM deJeHHs Kax-
JIOT0 M3 TPEeX 3JEeMEHTOB BEKTOpPA Cn Ha ueTBepThill. TakuM 06pasom,
JeKapTOBbl KOOPAMHATH JIOG0H TOUKH CBSI3aHBI C CHCTEMO¥ KOOpPIH-
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HaT KaMephl clelylolieli BekTopHOH popMoil:

s -
x r—Z
A
e=|y|=| s | - (7.4-24)
2 AZ
L7=z1

JBa nepBeIX 3JeMeHTa BEKTOpPa ¢ SABJSITCH KOOpPAHHATAMK
(x, y) cnpoenHpoBaHHOH Ha IJOCKOCTb H300paXKeHHS NPOCTPAHCT-
BeHHo# ToukH (X, Y, Z) B COOTBeTCTBHH ¢ ypaBHeHHsaAMH (7.4-18) u
(7.4-19). Tperuit sneMeHT AJIS paccMaTpHBaeMo# cxeMnl (puc. 7.13)
He cyuiecTBeH. Kak mMOKa3aHO HMXKe, 3TOT JeMeHT BLICTyNaeT B Ka-
YyecTBe CBOGOAHOH NepeMeHHOH B OOPAaTHOM ONTHYECKOM mNpeolOpa-
30BaHHH.

OGpaTtHoe onTHYecKoe NpeoGpasoBaHue NMEPEBOAHT TOUKY € MJIO-
CKOCTH H3006paxeHHsi o6paTHO B TPeXMepHOe NpOCTPAHCTBO. Takum
o6pa3om, 3 ypaBHeHus1 (7.4-23) noayuum

w, =P ¢, (7.4-25)

-1
rae P~ onpegeasiercs B Bujae

P =

o O O

(7.4-26)

S O O -
o O = O

1

P - O O

[TpeanonoxuMm, 4YTO 3aJaHHas TOYKa Ha H306paxKeHHH HMeeT
KOODJAHHATH (Xo, Yo, 0), TAe 0 MO KOOPAHMHATE z OTpaXKaeT TOT (aKT,
YTO MJIOCKOCTh H300paXKeHHA HAXOAHTCA Ha z=0. JTa TOYKa MO-
X)eT GbITh 3amKcaHa B OAHOPOIHOH POPMe BEKTOPOM

kxg
k
= g" . (7.4-27)
k

Wcnone3ys ypaBHeHue (7.4-25), MOJy4yHM COOTBETCTBYIOIIHHA BeK-
TOp IJ151 OAHOPOJHBIX NMPOCTPAHCTBEHHBIX KOODAHHAT

kx,
k
Wy, = g" (7.4-28)
k
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I QJIS1 JeKapTOBhIX KOOpHAHHAT

X X
w=|Y I=|y| (7.4-29)
Z 0 :

HPCKOJIbKY Z=0, #aHHOe BHpAaXeHHe BEPHO He TOMBKO A5
OZlHO¥ TOYKH NPOCTPAHCTBA. ITO OODBACHACTCS TeM, YTO OTOGpaxe-
HHe TPEeXMEDHOro MpOCTPAHCTBA Ha MJIOCKOCTh H306paXKeHHS sB-
JieTcs MpeoGpa3OBaHHeM MHOTHX TOYeK B oxny. Touka H3o6pae-
HHSL (X0, Yo) COOTBETCTBYET DALY NMPOCTPAHCTBEHHBIX TOUCK, Jexa-
LWHX Ha OLHOW JIMHHH, KOTOpast MPOXOAUT 4epe3 (Xo, Yo, 0) u (0, O
A). YpaBHeHHS 2TOH JIMHHH B 1eKapTOBOH CHCTeMe KOOpAHHAT no’ﬂy-’
HalTCs H3 YypaBHeHHA (7.4-18) u (7.4-19) B BHIe

- o X=20—7) o (7.4-30)
Y =2 —2), ©(7.431)

V3 aTHX ypaBHeHHH BHHO, YTO eC/JH HeT AOCTATOYHOI HHpOp-
Mauuu o HPOCTpaHCTBeHHOﬁ TOYKe (HampuMep, ee KOOPAHHATH Z)
[IOTy4eHHOH H3 TOYKH Ha H300pa)KeHHH, TO HeJb3s TOYHO BOCCTA-
HOBHTb TOUKY B TPEXMEDPHOM MpOCTPAHCTBE MO ¢¢ H306pareHHIO.
ST0 BNOJHE €CTECTBEHHOE COOGparKeHHEe MOMKET GbiTb HCMOJIB3OBAHO
AJls onpefesieHns 06paTHOrO ONTHYECKOTO MpeoGpasoBaHHs MyTeM
MPOCTOH MOACTAHOBKU 3JIEMEHTa Z B BEKTOD Cp BMECTO O B KauecTBe
cBOGOMHOA MepeMenHOH. TakuM 06pa3oM, MOJAYYHM

(7.4-32)

Teneps H8 ypaBHeHus (7.4-25) umeewm

— —_ . *

kx,
kY,
Wy == bz . © o (7.4-33)
kz
L7+
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ITocre npeodpasoaaﬂm B JeKapTOoBble KOODAHHATHI NMOJYy4YHM

}uXo
R X Atz Lo
: _ o ) _
w=|Y |= ir: |T . (7.4-34)
s o A Az o "‘..u
A4z s

Jlpyrumn  CJIQBAMH, HCIOJbL3Ys Z Kak CBOGOAHYIO IMepeMeHHYIO,
NONYYHM YPABHEHHW

— _rxo
X_k—l—z’ A
__ Mg , )
Y =2 (7.4-35)
‘ Az
Z=7377

Bripasus z B IOC/TeJHeM ypaBHEHHH Yepe3 Z M MOACTaBJss ero
8 JBa NepBHIX ypaBHeHHd, MOJYIHM

=2 (L —2), (7.4-36)
Y =40.—2), (7.437)

YTO COrMacyeTcsl ¢ TeM, 4TO /Il BOCCTaHOBJEHHS TOYKH B TpeXMep-
HOM NIPOCTPaHCTBE NyTeM OOpaTHOTO OMNTHYECKOrO npeofpasoBaHusl
Tpebyercsl 3HaHHe NO KpaliHed Mepe OLHOH IeKapTOBOH KOOpIH-
HATH TOUKH., Dra mpobiema 06CyKaaeTcs Takxe B pasi. 7.4.5.

7.4.3. Moneab Kamephl

VpasHenus (7.4-23) u (7.4-24) xapaKTepH3ylOT (pOPMHpOBaHHE
H306paKeHUs] MyTeM MPOGKUHH TOYKH MPOCTPAHCTBA HA MJOCKOCTH
u3o6paxenus. Takum 00pa3om, 3TH [Ba ypaBHEHHS NDCIACTABJAIT
OCHOBHYIO MaTeMaTHYecKylo Moje/b BOCIPOH3BOASIICH KaMephl.
IlaHHasi MOjedbL GasHpyeTCsl HA NMPEANOJOXKEHHH, YTO CHCTeMa KO-
OpIMHAT KaMephl H J1eKapTOBa CHCTeMa KOOPAHHAT COBMEILCHBI.
B sToM pasgene paccMoTpuM Gosee ofwuil cayyadt, npH KOTOpPOM
JBe CHCTEMBl KOOPAHHAT MOryT GHITh pasieneHbl. OAHAKO riaBHast
feJb MOJYYeHHs] KOOPAMHAT NMPOH3BOJLHONH TOUKH NMPOCTPAHCTBa HA
MJIOCKOCTH OCTaeTcsl TOH XKe.

B cayuae, H306paxeHHOM Ha pHC. 7.14, neKapTOoBa CHCTeMa
koopaunat (X, Y, Z) ucnoabsyercs aJsl onpeneseHAs NOJOKCHHS
KaK KaMmepbl, TaK H TOYeK MPOCTpaHCTBa, O0O3HaUEHHBIX depes W.
Ha stoM pHCYHKe TaKXKe NOKa3zaHbl CHCTeMa KOOPIMHAT KaMephl
(x, y, 2) u TOURH H300paxeHus, 00603HAUEHHBIE UYepes . [Tpeano-
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Jlaraercs, 4To KaMepa yCTaHOBJIeHa Ha IIapHUPE, KOTOPHA obecie-
dHBAeT MOBOPOT NmO yray 6 u HakJOH mo yray a«. 3aech NOBOPOT
ONpeAc/IsieT yroJj MexXay OCAMH x ¥ X, a HaKJIOH — YroJ Mexay
OcAMH z u Z. CMelueHHe UEHTPA LIAPHHDA OT HAYana AeKAPTOBOM

w

X

X

Puc. 7.14. I'eoMeTpuueckoe pacniookenue 3JeMEHTOB NPH NOJyYeHHH H306paxke-
HHSl B JBYX CHCTEMax KOOPJHHAT.

CHCTEMBI KOOpAHHAT 0003HLUEHO BEKTOPOM Wp, a CMENIEHHe peHTpa
MJIOCKOCTH H300paKeHHs! OTHOCHTEJNbHO HEHTPa [IapHHPa — BEKTO-
pOM r C 3JIeMEHTaMu (ry, ro, r3).

Bech HeoOXOHMBIH MaTepHaJ AJISL MOJYUYEHHS MOAENH KAMEPHI,
OCHOBAHHON Ha TEOMETPHYECKOM PAaCHOJOXKEHHH 3JEMEHTOB, KOTO-
pBle MOKa3aHsl Ha puc. 7.14, H3/NOXKEH B ABYX NpPEABAVIIHX pasje-
Jax. Meroa 3akjawouaercss B NPUBEJEHHH B COOTBETCTBHE CHCTEMBE
KOOPJHHAT KaMepPhl H AEKAPTOBOH CHCTEMBbl KOOPJHHAT NyTeM psijaa
npeo6pasoBanuii. [Tocie 3TOr0 MOXKHO JIETKO HCIOJAB30BATH OMTH-
yeckoe mpeo6pasoBaHHe, 3ajaHHOe ypaBHeHHeM (7.4-22) aas mo-
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JIyueHHST KOOpAHHAT 000N TOYKH MPOCTPAHCTBA HA MJOCKOCTH H30-
OpaxeHus, JIpyruMu caI0BaMH, nepej HCIOJNB30BAHHEM ONTHYECKOTO
npeo6pa3soBaHusl 3ajAaya NpPeaBAPHTENBHO CBOJIHUTCS K TeOMeTpHye-
CKOH cHCTeMe, npUBeACHHON Ha puc. 7.13.

[Ipennoso:kum, uTO KaMepa CHayaja HaXOJHTCH B HOPMAJbHOM
ONIOKEHHH, T, €, HEHTP UIAPHHDA H Hayajo KOODJHHAT MJIOCKOCTH
H306paxeHusi COBMEUICHbl C HAJYajoM [JeKapTOBOH CHCTEMBI KOOD-
AMHAT ¥ BCe HX OCH coBmnajgawrt. [lepeBos M3 HOPMaJbLHOTO NOJO-
JKEHUST K TEOMETPHYECKOMY pACHOJNIOKEHHIO, [OKa3aHHOMY Ha
puc. 7.14, Moxer OBITh OCYLIECTBJIEH HECKOJIbKHMH NyTAMH. 3a-
NaAHM CJAEAYIOULYIO NOCJAEI0BATeJIbHOCTh onepapti: 1) CABHI ueH-
Tpa IIapHHpAa OTHOCHTCJBLHO Hadasja KOOPAHHAT, 2} MOBOPOT OCH X,
3) HakKJOH OCH 2, 4) CIABHMI MJIOCKOCTH H300paKeHHUSI OTHOCHTEJIBHO
LeHTpa LHapHHUpa.

$lcHo, uTO yKa3aHHas MOCJACAOBATEJbHOCTL MEXAaHHUECKHX Ofe-
paunuii He obecneuuBaeT HeoOXonHMOe NepeMelleHHe BCeX TOHEK
NPOCTPAHCTBA, MOCKOABKY BHA TPYNNB TOYEK, BOCHPOH3BOHUMBIH
KaMepod mocsie HX NepeMellleHHsl H3 HOPMAaJIbHOrO MOJOXKeHHd, Oy-
ner coBepluenHo apyroft. OjHaKO MOXKHO BePHYTb BCE TOUKH IpPO-
cTpaHcTBa OGpaTHO B HOPMaJbHOe MHOJIOXKCHHE, MPHMEHSI K HHM
Ty e M[O0CJeI0BaTeNbHOCTh onepayuil. IToCKOMBKY pacnojiokeHHe
KaMephl B HOPMAaJ/JbHOM MOJOXEHHH COOTBETCTBYeT pHuC. 7.13, mpH
peaju3aptu ONMTHYECKOro npeobpa3oBaHHs 3ajaya CBOAHMTCA K NPH-
MEHEHHIO Dfiga YKa3aHHBIX OmepauHfi COOTBETCTBEHHO K KaXjoH
TOUYKe NPOCTPAHCTBA.

CpBur Hauasa A€KapTOBOH CHCTeMHB KOODAIHMHAT B uEHTP LIap-
HHDA BHINOJNHSIETCH C MOMOUIBIO CAEAYIOUeH MaTpHubl mpeoGpaso-
BaHuUM:

100 —X,
010 —7v,

6={0 01 —z w (7.4-38)
000 1

JpyruMu cJaoBaMH, OAHODOAHAST TOYKA NMPOCTPAHCTBA Wy C KO-
opaunataMu (Xo, Yo, Zo) mnocne mnpeobpasoBanusi Gw, siBasercs
Ha4aJoM HOBOH CHCTeMBl KOODIHHAT.

Kak ykasbBajoCh BbilIe, YroJ NOBOPOTa H3MEPSETCS MEXAY
ocsaMH x 4 X. B HOpMaIbHOM MOJIOKEHHH 3TH OCH cOBmajawrt. B pe-
3yJbTaTe MOBOPOTA OCH X Ha 3ajaHHBIM Yros NPOU3BOAHUTCS Bpae-
HHe Mo yray 6. BpameHde NnpoH3BOZHTCS OTHOCHTEJLHO OCH 2 H
OCYHICCTBJISIETCSl ¢ HCMOJNb30BaHHEM MaTpHuB npeoGpasoBanus Ry,
3ajaHHON ypaBHeHHeM (7.4-9), T. e, npHMEHEHHEe 3TOH MaTPHUB KO
BCEM TOUKaM, BKJwuas Touky Gw,, mosBogaser 3¢¢PeKTHBHO MNOBO-
pauuBaTth ocb x B Tpebyemoe mnosoxeHnHe, [Ipn HCOoNb30OBAaHUH
ypaBHeHHs1 (7.4-9) BaKHO HMeTb B BHAY YCJOBHE, COOTBETCTBYIO-
ulee puc. 7.12, a MMCHHO II0JIOXKHTeJIbHBIE YIWIBL TMOJYYAIOTCS [pH
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BpalUIeHHH TOYEK 10 4acoBOH CTpelike, 4TO NMpeANOJaraer BpalleHHe
KaMephl MPOTHB YacOBOH CTPeJKH BOKpyr ocH z. Hemoasuxuoe (0°)
MOJIOXKeHHe COOTBETCTBYET CJyualo CoBHaleHHs ocell x H X,

o atoro MomenTta ocu z u Z ellle coBnapawrt. ITocko/abKy Ha-
KJOH ONpelelsieTcs YIrJIOM MeXAy 3THMH IBYMsl OCSIMH, MOBOpayH-
BaeM Kamepy Ha yroJ o NyTeM BpallieHHst OCH Z Ha JaHHBf yroJ.
BpameHHe MPOU3BOAHUTCS OTHOCHTEABHO OCH x C HCIOJL30BaHHEM
MaTpuubl npeobpaszoBanus R, (ypaBHenue (7.4-10)) nnas Bcex To-
uex, BKjalouass ToukKy ReGw,. Kax u paHblle, BpalleHHe KaMepbl
MPOTHB YaCOBOH CTPEJKH AaeT MOJOXKHTeIbHBlE YIVIB, a MOBOPOT
B 0° moJsryyaercst mpu COBNAAeHUH ocell z U Z V.

B COOTBeTCTBHH ¢ pasneloM 7.4.4 1Be MaTpHUbl BPAIEHHA MO-
ryT OBITh COBMeIIeHb! B 0JHOH MaTpuue R == R4Ro.

Hanee u3 ypaBuenuft (7.4-9) u (7.4-10) umeem

cos 0 sin B 0 0 BN

—sinBcosa cosBcosa  sina O

R— (7.4439}

sinfsinae —cosOsina cosa O
0 0 0 1

Hakonen, cmelleHHe Haya/ja KOOPAHHAT NJOCKOCTH H306paxe-
HHUSI Ha BEKTOp r TMPOHU3BOIHUTCS C MOMOIILI0 MaTPHLBI NpeobGpaso-
BaHHusA

1 00 —r

010 —r S
C=loo01 —r |- . (7.4-40)

000 1

Takum o0pa3oM, NPUMEHAa K TOUKE W, DAl npeobpasoBaHuUil
CRGw;, coBMel[aeM 1eKapToBy CHCTeMy KOOPAHHAT U CHCTEMY KO-
opauHat kaMepbl. KoopauHaTel TOYKH W, Ha mJIOCKOCTH H306paxe-
HHSl OKOHYaTeJbHO MOJYYalT ¢ HCNOJMb30BaHHEM - yDaBHEHHS
(7.4-22). IpyruMu cjaoBamiy, OLHOPOIHAs TOUKAa nPOCTPAHCTBA, KO-
Topass (UKCHPYeTCS KaMepoH, DacCroJIOXKEHHOR B COOTBETCTBHH ¢
puc. 7.14, uMeeT CJACIYIOUIYIO 3aMHCh B CHCTEME OAHOPOAHBIX KOOp-

JHUHAaAT KaMeprZ
¢, = PCRGw,. S (7.4-41)

D10 ypaBHeHHE .TPeACTaBJsieT ONTHYECCKOe MpeoGpasoBaHue,
BKJIOYaloIiee ABe CHCTeMbl KOODIHHAT.

Kak noka3aHo B pasn. 7.4.2, nekaprToBel KOOPAHHATH (X, y)
TOYKH H300paKeHHS NOJYYaroTCH [yTeM AeJeHHs NMePBOro H BTO-

1 Harasgnoers 3THX npeoOpasoBaHHli MoxxHO o0ecrneuyuTb, CKOHCTPYHPOBAB
cucremy oceli (Hanpumep, C NOMOUIBIO YCTPOHCTB A/ YUCTKH TPYGOK), MOMETHB
OCH X, Yy, 2 H NPOH3BeAs MoouyepelHOE BpallleHHe ocell BPYUYHYIO.
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pOro 3/7eMeHTOB BeKTOpa €, Ha yeTBepThlll. PacnucwiBas ypaBHeHHe
(7.4-41) ¥ Bo3Bpamasch K AEKAPTOBOH CHCTEMEe KOOPAMHAT, MO-
JYYUM

(X — Xo)cos 8+ (Y —Yp) sin @ —ry

x=h — (X —Xp)sinBsifta+ (Y —Yo)cosBsina —(Z —Zg)cosa—+r3+ A
(7.4-42)

54

y=a v (X — X;)sinBcosa + (Y —Yg)cosBcosa + (Z— Zy) sina —rg

— (X — Xy) sinBsin a4 (Y — Yo)cosBsina— (Z—Zp)cosa+r3+ 2 °
(7.4-43)

STH ypaBHeHHs ONpeleslOT KOOPAHHATH H300pa)KeHHS TOUKH
W, NPOCTPaHCTBEHHbIe KOOpauHaThi KoTopoh (X, Y, Z). OTMeruM,
YTO JAaHHble YDPaBHEHHs] NPHBOASATCS K ypaBHeHHsm (7.4-18) u
(74-19) npu Xo=Yy=2y=0, ti=ro=r3=0 u a=0=0"

A
. o{ '
X,
\ \
\
\%
\
\
\\
Ay } r
\
A

X

Puc. 7.15. KaMepa, HanpaB/eHHAs HA MPOCTPAHCTBEHHLIA OGDBEKT.

Mpumep. Las uwAJIOCTPaUHH PACCMOTPEHHOrO MeToa TPeanoJo-
KHM, yTO Tpebyercs HafiTu H300paxKeHHe yria 6J0Ka, MOKa3aHHOIO
Ha puc. 7.15. Kamepa cmemena or Hayala KOOpAHHaT M Hampas-
JeHa Ha o6bekT ¢ moBoporom Ha 135° W HakJIoHOM B 135°. ¥Ycao-
BUMCS, YTO H3MEHEHHE YIJIOB MPOHCXOIHT B NOJOKHTEIbHOM Ha-
MpaBJeHUH NPH BpalleHHH KaMepPhl OPOTHB 4acoBOH CTPOJKH, eCJH
CMOTpeTh Ha Haya/lo KOOPAHHAT BAOJb OCH BpalleHHS.

BocnpousBeaeM Moapo6HO oNepandH, HeoOXOAHMEBIE [J5 Tepe-
MEIEHUs] KaMephl H3 HOPMAaJbHOTO TMOJOKEHHS K MOJOXKEHHIO, IMo-

12 K. ®y u n1p. 3563



KasaHHOMy Ha pHuc. 7.15. Kamepa uzobpakeHa B HOpMaJbHOM Mo-
JIOZKEHHH Ha pHC. 7.16,4 # B CMENIEHHOM OTHOCHTEJBHO Havaja KO-
OpAMHAT TOJOXEHHH Ha puc. 7.16,6. BaxHO OTMeTHTb, uTO MocJe
3TOH ONePauHH OCH AEKAPTOBOH CHCTEMBI KOODIMHAT I/IC’HOJIbSYIOTCH
TOIBKO AJISt YIVIOBRIX OTCYETOB, T. €. MOCJE NMepeMeleH!s 1eKapTo-
BOM CHCTEMBl KOODAHHAT BCE€ BPAWEHHA NPOU3BOAATCS OTHOCHTEJb-

Oco z neprendurKyRspra )

RAOCKOCINU PUCYRRE z
y - | 4
frocnoermy ZY 7 {
735° 1359
i 6 & neprenduxy-
' JRPHE NAOCKOC-
} Hocmu pucyrxa '
|
| z |
i , i
" Trockocms XY _}
s .

1::& 7.16. (a) Kamepa B nopmasibnom nonomennn. (6) CuemeHHe mentpa map-
pa mH3 Rauana KoopauHar. (8) Bpamesue Bokpyr ocu 2z npu mosopore
(2) Bpaiuense BOKpYr OCH X MDH HAKJOHE, )

HO HOBHX ocelt (ocelt kaMepnl). Ha puc. 7.16,8 mokasaun Bua Baosib
OCH z KaMepbl NP OCYHmIECTBJEHHH moBopoTa. B atoM cayuae Bpa-
LICHHE KaMepbl BOKPYT OCH z MPOHCXOAHT MPOTHB YaCOBOH CTPEJIKH
0STOMY TOUKH MPOCTPAHCTBA BPALIAIOTCS OTHOCHTEJBHO 3TOH OCH
B NPOTHBONOJOXHOM HANPaBJeHHH [0 [OJOXKHTEJbHOMY Hampas-
qennio yraa 6. Ha puc. 7.16, 2 nokasano nonoKenue cuCTeMbl BAOIb
OCH x KaMepHl NePejl oCymeCTBJEHHEM HAKJAOHA MOCJE 3aBepmeHhﬂ
noBopoTa. Bpawenue BOKPYr 3Tofl 0CH MPOHUCXOAMT NPOTHB YACOBOM
CTPCJIKH MO MOJOKHTEIBHOMY HanpasfeHno yraa 2. OcH pekapro-
BOH CHCTeMbl KOOpDAHHAT MOKa3aHbl Ha pHC. 7.16,8 U 2 LITPUXOBLIMY
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AMHUSIMH, 9TO6H MOAUEPKHYTH HX 3HAUCHHE TOJIbKO Kak Gashl OT-
cuera MPH peasjH3auud MOBOpPOTa H HAKJOHA. Ha puc. 7.16,2 ne
OTpaKeHa OKOHYATEJIbHAA ONePanHs CMEHCHHS MIOCKOCTH u3obpa-
KEHHA OTHOCHTENbHO LEHTPA lUIAapHHPA.

B 3ajaye HCHOAB3YIOTCH CJASAYIOMHE MapaMeTphl: Xo=0 w,
Yo=0 M, Zo=1 M, a=135, 6=135", =003 M, ro=r3==
= 0,02 M, A = 35 MM = 0,035 M.

WckoMbiit yron umeer Koopaunats (X, Y, Z)=(1;1; 0,2).

Ins Toro uTOGb MOACYMTATH KOOPAHHATH H300paxenus yria
610Ka, JOCTATOYHO NPOCTO MOACTABHThH 3afaHHBIE 3HAUCHHA Napa-
MeTpoB B ypaBHennus (7.4-42) n (7.4-43), 1. e

s g 02
X=ATTE3 1A Yy=rT3Tm3 12

Moacrabass A = 0,035, mOJIyuHM KOODAHHATH H306paMKEHHT X =
= 0,0007 M 1 y = 0,009 m.

OTMeTHM, YTO 3TH KOODPAHHATBI JETKO YK/JaABBAaOTCS Ha MJIO-
CKOCTb H300pakeHHsI pasMepoM 0,025 < 0,025 M. Ecau xe, HampH-
Mep, MPUMEHATh AHH3Y C GOKYCHBIM PaCCTOAHHAEM 200 MM, TO npo-
CTO MOKa3aTh, 4To MOJyueHHOe H3o0paxenue yraa 6/0Ka 6yner
HaxoauThes BHE 3 eKTHBHOrO NOJA 3pCHHA KaMephl.

Hakomeny, OTMETHM, 4TO BCe COOTBETCTBYWOULHE ypaBHEHHIM
(7.4-42) u (7.4-43) KOOpAHHATBL NONY4ECHBI OTHOCHTEIBHO LEeHTpa
MJOCKOCTH H306paxenus. llpu peficTBHH paHee YyCTaHOBJACHHOTO
yCJI0BUSL O DACHOJOXKEHHH Hayaja KOODAHMHAT MJIOCKOCTH usobpa-
¥eHHsT B BEPXHEM JIEBOM YIJy HeoOXOAHMO H3MCHHTb 3HAUCHHS

KOOpAHHAT.

7.4.4. Kanu6poBKa KaMepbl

B pasgene 7.4.3 Gbiiu MoJyyeHbl TOYHBIE YDABHEHHA AJ7 KOOD-
AHHAT (X, y) H300parKeHHA NpOCTPAHCTBEHHON TOUKH w. B coor-
BeTCTBUH ¢ ypaBHeHusMu (7.4-42) u (7.4-43) wcmoJb30BaHHE 3THX
ypaBuenuii Tpebyer 3naHUA POKYCHOro pacCTosinud, CMeIIeHHA Ka-
Mepbl M YIJIOB 0BOPOTA M HaKjaoHa. XOTd 3TH NMapaMerpel MOTYT
GLITb H3MEPEHB HENOCPEACTBEHHO, HHOT/a ObBaeT yao6HO (HaNpH-
Mep, MPH uacTOM [EDPEMENICHHH KaMephl) ONpeaeisTh OAHH HJIH
HECKOJDKO H3 YKa3auHbX MapaMeTPoB, HCHOJb3Yys CaMy Kamepy B
KayecTBe H3MepHTeJbHOro npubopa. Dto TpeSyer HaIMyusd psaa
TOyeK H306paKEHHs ¢ H3BECTHHIMH ACKapTOBLIMH KOOpAHHATAMH.
[TIpouecc BBIYHCJIEHHS NapamMeTpoB KaMEpHl, HCNOJAb3YIOWHNA  3TH
M3BECTHBHIE TOUKH, YACTO HA3bIBAOT KaaubposKkod Kamepsl.

[lycTb B COOTBETCTBHH C ypPaBHEHHEM (7.4-41) A= PCRG. dae-
MeHThl A COZEp:KaT Bce OapaMeTpsl KaMepbl, a H3 ypaBHeHHA
(7.4-41) u3BecTHO, 410 ¢4 = Awy,. Tlonaras k=1, MOXHO 3anucarb
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B ofHOpOAHOH dopMe

Chi an G ag ap X

Cho | | Qo G Q3 Qny Y R |

Chs - Q31 Q3o Q33 Qay A (7.4-44)
Chs Qup Qg Qgg Ay 1

13 aByx NPENBIYIHX Da3/eioB C/IEAYET, YTO KOOPAHHATH Ka-
Mephbl B JI€KAPTOBOH cHCTeMe 3aJa0TCs B BHJE ‘

C .
x=-AL _ (7.4-45)

“ha
y=-tz (7.4-46)

loncraBass cn = XChs W Cpy==ycns B ypaBHeHHE (7.6-44) wu
pacKpbiBast MaTPHYHOE NMPOH3BEEHUE, MONYIUM

xch4=a11X+a12Y+a132 +a[4,~ P
Yepa = a1 X -F Qoo + a3 Z + o4, " (7.4-47)
Che =y X + apY + apZ + ayy, -

Ti€ BBIPAXKEHHEe IJIS1 Cpy MOMKET GHTHL On
UEHO, Ta -
[ic BHpG y , TAK KaK OHO CBA
IloxcraBasis cny B mepBhle gBa ypaBuenus (7.4-47), NOJIYYUM
ABa ypaBHEHHS ¢ JABEHaJUAThbi0 HEH3BECTHBIMH KO3(hGhHUHEHTaMu

a“X —{" CZIQY + a13Z - a41xX - a42xY —_— a43xZ — QX + Ay = 0,

(7.4-48)
X + ag¥ + a9 Z — anyX — apy¥ — apgyZ — AgaY + agg = 0.
(7.4-49)

Janee npouecc kaJHMGPOBKH COCTOMT M3 TPex 3TanoB. [IepBEif
?TaN 3aKJIOYACTCS B ONpEleJeHHH m = 6 TOYeK MPOCTPAHCTBa ¢
U3BeCTHBIMH KoopauHaTamu (X; Y:, Zi}, i=1,2, ..., m. [Tockoman-
Ky UMEIOTCSl IBa ypaBHEHHUS, BK/IIOYAIOUWHE KOOPAHHATH 3THX TOUEK
TO HX HeOGXOAHMOEe KOJHYEeCTBO AOJKHO NO KpaiiHeli Mepe paB:
HAATbCS LIecTH. Ha BTopoM srame no/yvaioT COOTBETCTBYIOMIHE H30-
Opaxenus 3THX TOYeK (X, y:), i=1, 2, ..., m, ¢ TOM OLBIO
Kameprl. TpeTHii sram COCTOMT B HCMO/Mb3OBaHHM MOJYYEHHBIX pPe-
8ynbTaTOB B ypaBHeHUSIX (7.4-48) u (7.4-49) mas onpegeseHus
HEU3BECTHBIX KO3 PULUHEHTOB. [IJis1 HaXOKIACHUSI ONTHMANLHOTO pe-
WEHUsT JIHHEHHOH CHCTEeMH ypaBHeHHH Tuna (7.4-48) u (7.4-49)
CYLIECTBYeT MHOIO YHCJEHHBIX MeTOnoB [218]. . )
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7.4.5. Ctepeonsobpaxenue

Kak ykasaHo B pasi. 7.4.2, mpoeuHpOBaHHe TPEXMEPHOro npo-
CTpaHCTBa Ha NJIOCKOCTh H300DaKeHHs sBJSETCS npeo6pa3oBaHHEM,
IpH KOTOPOM HECKOJbKO TOYEK CAHBAOTCS B OIHY. JTO 03Hayaer,
4TO TOUKa H306parKeHWs HEOJHO3HAaYHO ONpeje]seT PacnoJOXKeHHE
COOTBETCTBYIOILeHl TOUKH NMPOCTPaHCTBa. B naHHOM pasjene nOKa-
3piBaeTcs, uto MAGOpPMauHs O IIyOHHe H300paKeHHS MOXKET OBITH
MoJiydeHa MNPH HCTOJb30BAHHH METOLOB CTEPEOCKOMHYECKOro H30-
Gpakenusi (MM CTEPEOH30ODaIKeHHs).

Hsobpawcernue 1
)
Yeump
~ AUAIBL
«  Omnuveckax

\\/006
~
~

w
Tovwa
Hpocmpencndd

Puc, 7.17. Cxema noayuedus crepeon3o0pakeHus.

Crepeon3ofpaxeHie BRJIOYAeT [Ba OTAEJbHBIX BHIA nsobpa-
Kaemoro o6bekta (pHc. 7.17), Hanpumep NPOCTPaHCTBEHHOH TOUKH
w. Paccrosinue MexXJy LCHTPamMu ABYX JHH3 HAa3bIBaeTCs 6030801
aunuett. Tpe6Gyercss OnpelenTb KOOPAUHATH (X, Y, Z) rouku w,
3a1aHHOH TOYKAMH ee uzobpaxenus (X1, y1) H (X2, yo).

[Ipeanonaraercs, 4TO KaMephl HACHTHYHBI H CHCTEMBI KOODAMHAT
06eHX KaMmep NOJHOCTBIO COBNAaT, OTJIHYAfAChH TOJMBKO DpAacloJo-
JKeHHeM MX HayajJ. DTH YyCJAOBHS OOBIYHO BCTPEYAOTCS HA TNpak-
tuke. Kak M npexje, CYHTAeTcs, YTO NPH COBMELICHHH CHCTEMEL
KOOpAMHAT KaMephl C JeKapTOBOH CHCTEMOH KOODAHMHAT NJOCKOCTH
H306paKeuusa xy COBnagaeT ¢ MIOCKOCThIO XY nekapToBOH CHCTEMBI
koopauHatT. [IpH CHesaHHBIX TPEANOJOXKEHHAX KOOpAHHATA Z 10u-
KH W OJMHAKOBa AJs O0GeHX CHCTeM KOOpAHHAT KaMmep.

JlonycTHM, UYTO mepBasi Kamepa COBMelleHa C JA€KapTOBOH CH-
cTeMofi KOOPAHHAT, Kak MOKa3aHo Ha pHc. 7.18. Torga no ypasHe-
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HHIO (7.4-31) TOYKa w JICKHT HA JHMHHH C KOOPIUHATAMH
X
X1=—};l'(}\4—“ Zl)’ (74'50)

rae uHjgekcel y X # Z 0o603HavyaloT, YTO K HavaJy AE€KapToBOH CH-
CTeMBbl KOOpJAHHAT NepeiBHHYTa NepBasg KaMmepa, a BTopas KaMmepa
H TOYKa W Takxe nepemectarcsa B 3ToH cHcreMe, [lpu satoM coxpa-
HEHO OTHOCHTE/bHOE DACHOJOXKEHHe 3JEMEeHTOB CHCTEMBI, OKa3aH-
Hoe Ha pHc. 7.17. Ecan BMecTO 3TOTO K Havasy D,eKapTOBO,ﬁ CHCTEMBI

[
H3obpaore] : :
wae I (%3 %0 i
]

t

1

N

Havano
derxapima-

IReMot

i

|

!

fdoid cuc- :
. !
Kaopuram Y. !
!

|

|
fIROCKOC TS 7OCT7IORHA
HO20 FHAYENUR }
Kogpdurarmst Z

Puc. 7.18. Bua cBepxy Ha puc. 7.17
. 118 . 7.17 opn copmelneny 2 P
TOBOI cHcTeMOl KOODAWHAT, P IEHII TIEPROR KAMEPEL ¢ exap-

KOODAHHAT MepejBHHYTA BTOpas KaMmepa, TO TOYKA W JAeKUT Ha
JHHAH C KOOPAHHATAMH

X2 —T(}\z - ZQ). ! (7.4’51)
Onuako 67aroiaps HaJHYHIO PACCTOSHHS MEXAY KaMepaMH H

TOMY, YTO KOOPIHHATH Z TOYKH W OJHHAKOBE B 0BeHX CHCTeMax
KOODAHHAT KaMep, HMeeM ‘

. X2=X1 —{"B ‘; ’ (74'52)
Z,=2,=2, = (7.4-53)

rie, KaK orMedeHo BhHHie, B — 6a3oBas JHHHA,
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[MopcraBasia ypaBenust (7.4-52) u (7.4-53) B ypaBHeHH:
(7.4-50) u (7.4-51), mosyuum ypaBHEHH:

X, +B= 175’— (h — Z) (7.4-54)

X, =3-(— 2). (7.4-55)

Bbiuurasi ypaBHeHue (7.4-53) H3 ypaBHEHHH (7.4-54) u peuras

ero OTHOCHUTEJAbHO Z, NOJYYHM

Z=p— 2B ©(7.4-56)

Xe— X1

Otrcloga BHAHO, 9TO KOOpAHHATA Z TOYKH W JIErKO BLIGHCAACTCH
[IpH M3BECTHOH PA3HOCTH MEXKAY COOTBETCTBYIOUHMH KOOp/AHHATAMH
X, M x| H306paKeHHs, a TakkKe 3HauYeHHH 6a30Bok JUHHA H (OKYC-
HOro paccrosiiuf. JleKapTOBbl KOOD/HHATEI X u Y noayuarorcs 3a-
Tem mpaMo us ypabuenuit (7.4-30) # (7.4-31) ¢ ucnoJb30BaHAEM
KOOPAHHAT (X1, Y1) HAH (X2, Yya).

HauGoobliyo TPYAHROCTb NPH NPHMEHECHHH ypaBHEHH (7.4-56)
115 TOJydeHUs KOOPAMHATBl Z TPEACTaB/AACT HAXOKACHHC ABYX
COOTBETCTBYIOIHX TOUeK Ha pasiHIHbIX H306paxKeHHAX OAHOro
o6bekTa. [10CKOMBKY 9TH TOYKH OOBIYHO HAXOAATCA B HEmoCpen
CTBEHHON OJH30CTH, 4acTO HCOJAb3YIOT METOA, NPH KOTOPOM Ha
OZHOM H306paKeHHH BBIAEASIOT TOUKY BHYTpH MaJoll OKpecTHOCTH,
4 3aTeM MBITAIOTCS ONPeleNHTh COOTBETCTBYIOHIYK OKDECTHOCTL Ha
APYTOM H306paXKCHHH KOPPEeJIAUHOHHBIMH MCTOLaMH, H3JI0XKeHHBIMH
8 r71. 8. IIpouecc conocTabaeHns 0GHYHO YCKOPAETCA, eci 06BEKT
@MeeT XapaKkTepHble NIPH3HAKH, TaKHe, KaK BhICTYNAIOUHE yIJIBL.

B 3ak/IOUeHHe OTMETHM, 9TO NPOHECC KainOPOBKH, PaCCMOTpEH-
HBIH B NpEeABIAYIIEM pa3jede, MOXKeET HeNOCpPeACTBEHHO HCNOJIb3O-
BaThCH MAJS CTEPeOH300paXeHHS npocToif ero peasnnsauned Hesa-
BHCHMO AJs1 KaxXao# Kamephl.

75 HEKOTOPBIE OCHOBHBIE B3AMMOCBSA3H
MEX 1Y [TUKCEJIAMU

Huxe pacCMaTpPHBAETCS HECKOJBKO MPOCTHIX, HO BaXXHBIX B3an-
MOCBs3cH MeXIy nHKceraMu B HH(QPOBOM n3o6paxkenuu. Kak # B
IpeAblAylleM pasjese, H300paxeHue 6yaem obosnadath f(x, y).
[Tpu o6CyKAeHUH OTAEJIBHOTO NMHKCE/IA 6yleM HCTOJMb30BaTh COKpa-
HleHHbE 0603HadeHus p H g. s moArpynnbl RHKCEIOB HCIOJb-
3yercsi ofo3naueHte S. ‘

7.5.1. CocepHue MHKCEabI

Tukcea p ¢ KoopAMHaTaMH (X, y) HMEET deThipe TOPH3OHTAIb:
#blX W BePTHKA/JbHBIX COCeJHHX [HKCeJIa C KOOpAHHATAMH

(x4+1,9), (x—1, y), (x, g+ 1) (% y—1).
. : 350



DTa rpymma nukceJoB, HasbBaeMas «4yeTbIpe cocega p», 0603Ha-
daercs yepes Ny(p). OTMeTHM, UTO AaHHBIE UETHIPE NUKCEA HAXO-
AATCA Ha ONHOM DACCTOSHHH OT (X, y), @ TaKkXe HEKOTOpPhle U3
COCCIHHX NHKCEJOB p MOLYT ObITh 3a OPeaenaMH LHPPOBOTO H30-
Opaxenus, ecau (x, y) HAXOAHTCH Ha rpanuue H306paxKeHud.
UeTbipe gHArOHAJBHBIX COCEAHHX MUKCENA p HMEKT KOODAUHATH

(x+11y+1)7 (x+1:y—l)’ (x—lvy—’_l)r (x—lry—l)

¥ 0603Ha"alOTCa Yepes Np(p). DT TOUKH BMecTe ¢ YeThIPbMS] YKa-
3aHHBIMH BHIIC HA3bIBAIOTCS «BOCEMb COCEAEH p» U 0603HAUAOTCH
uepes Ng(p). Hexoroprie us touek Np(p) u Ng(p) rakxe Moryr
BBIXOAHTL 32 npeAesbl H300PaMEHHS, CCAH (X, y) HAXOAUTCH Ha
rpanuue u3o6pakeHus.

7.5.2. CBazu

[Tycte V —psig 3HayeHMil HHTEHCHBHOCTH THKCE/I0B, KOTOpBIE
MOryT ObiTh CoeaHHeHbl. Hanpumep, ecau Tpebyercs CBA3aTh MHK-
Cepl ¢ HHTeHCHBHOCTBIO 59, 60 u 61, To V = {59, 60, 61}. Pac-
CMOTPHM TPH THNA CBSI3ef:

1. Yeroipexceasnoul. [IBa nuKCeaa p H g CO 3HAUCHHSAMU HHTCH-
CHBHOCTEH M3 V ABASIOTCSA YeTHIDEXCBSI3HBIMH, €CJAH § OTHOCHTCH K
K rpynne Ny(p).

2. Bocomucsasnoui. JIBa nukcena p U g CO 3HAUCHUSIMH HHTCH-
CHBHOCTEH U3 V' SBJSIOTCA BOCHMHCBSI3HBIMH, €CJIH § OTHOCHTCSA K
rpynne Ng(p).

3. m-cea3ubul (CMellaHHAas CBA3b). JIBa mukcena p H g co 3Ha-
YCHHAMH WHTEHCHBHOCTH H3 V ABJAAIOTCA m-CBSI3HBIMH, €CJH

a) g otHocutes K rpynne Ny(p);

6) g otHocuTes K rpynne Np(p) U MHOXKECTBO Ny(p)NNs(g)—
nycroe. (JTO MHOMXKECTBO NHKCEJOB, SBASIOUIHXCS HeThIPbMSI CO-
CCAHHMH Kax Mo OTHOUICHHIO K p, TaK H N0 OTHOLICHHIO K ¢ CO 3Ha-
YEHHSMH HHTEHCHBHOCTEH U3 V.)

CMmemanHas CBsi3b SIBJASETCS MOAMGMHKAUHEH BOCHMHCBSIZHOIO
THNA CHCTEM H BBOAUTCS AMS HCKJIIOUCHUST MHOMKECTBEHHOCTH COEIH-
HeHKH, KOTOpas 4YacTo BHI3BIBAET TPYAHOCTH NPH HCNOJAb30BAHUU
BOCbMHCBAISHBIX CHCTEM. PacCMOTPHM 1/ nmpumepa cHCTEMY muKce-
JI0B, NOKa3aHHYI0 Ha puc. 7.19, a. Ilpeanonoxum, uro V = {1, 2}.
CBsSI3M BOCBMH COCEAHHX OHKCENOB C NMHKCEJOM, MMEIOUIHM 3Haue-
Hue 2, 0603HAYMM IITPUXOBBHIMH JHHUAMH (puc. 7.19,6). Otmetnm
HEOTPEAEEHHOCTh NMOJYYEHHBIX CBSA3eH# BBHAY UX MHOMKECTBEHHOCTH,
DTa HEONPeJeNeHHOCTh CHUMAETCH NPH HCNONb30BAHHH M-CBS3HOM
cucteMpl (pHc, 7.19, 8).

ITukcen p npUMBIKAeT K MHKCENY g, €CJAH OHH CBA3aHbl, MOMKHO
NOAPA3NENUTh NPHMbIKAHHE Ha 4-, 8- W m-pasMepHOe B 3aBHCH-
MOCTH OT OmpefesieHHOro THma cBsasell. JlBa uso6parkenHs mnog-
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rpynn S; U Sy nPUMBIKAIOT APYT K APYTY, €CIH HECKOJbKO NHKCEJOB
13 S| NPUMBIKAIOT K HECKOJbKHM NHKCenaM u3 S,.

[TyTh OoT mHKcesa p ¢ KOOPAHHATAMH (X, y) K IHKCeNy g C KO-
opauHaTaMu (s, ) mpeacraBaseT coBOH mOC/I€A0BATENbHOCTL Onpe-
JENEHHBIX NHKCEJOB € KOOPAMHATAMHU (Xo, Yo), (X1, 41),..., (Xa, yn),
rae (xo, yo)=1(x, y), (Xn, ya)==(S, t), (Xi, y)— OHUKCEJ, NPHIECKA-
WU K (Ximy, Yimr), | < i<<n, a n— qanHa nytd. MoxHo moapas-
JeauTh NyTH Ha 4-, 8 M m-pasMepHble B 3aBHCHMOCTH OT THNa
HCNONb3YEeMOro MPHMBIKaHHA.

0 1 1 0 1---=1 : 0 1-=—-1
1 // |
[ 1
:// I

0 2 ¢ 0 2.0 0 2, 0

\\\ AN

AN \\

4] 0 1 0 ] M 0 0 1
a 1 8

Puc. 7.19. Cucreva nukcesos (a). CBf3b BOCbMH COCEJHHX MHKCEJOB C MNHKCe-
JoM co 3HadenneMm 2 (6), CBsi3b mM-COCEAHHX MHKCeJOB C I[THKCEJIOM CO 3Haye-

uuem 2 (8).

Eciu p ¥ g sIBASAIOTCS NHKCeJaMH H300paXKeHHS OAHOH mOl-
rpynnbl S, TO p CUHTAETCS CBA3AHHOH C ¢ B S, €CIH NyTh OT p A0 g
COCTOHT TOJbKO H3 MHKCEJIOB, JeXamux B S.

Jas awo6oro nukcena p, NpUHHAAJEKAWEro S, TPYNNa NHKCEJIOB
B S, CBA3AHHBIX C p, HA3bIBAETCS CBSA3AHHBIM KoMnoHeHTOoM S. Or-
CI0La CJedyer, YTO ABa JIOGLIX NHKCeJa CBA3AHHOIO KOMIOHEHTa
CBsI3aHBl APYT € APYroM, a HeCBA3AHHOTO — Pa3je/IeHsl.

7.5.3. Usmepenue paccTosiHmii

Omnpenenum a5 NHKCENOB p, g, 2 COOTBETCTBEHHO ¢ KOOPAHHA-
Tamu (x, y), (S, ) 1 (%, v) QYHKUHIO PACCTOSHHA HJIH METPUKY D
caenyiowuM o6pasom:

1) D(p, 9)=0 [D(p, q)=0, ecnu p =gql,

2) D(p, 9y=2D(g, p),

3) D(p, 2)< D(p, )+ D(q, 2).

EBKJIHAOBO PacCTOSIHHE MEXAY p M g onpepenserca no dopmyJe

1ND 1/2 _
De(p, g)=1(x— sy + (y — 1)1 (7.5-1)
[Tpu U3MEPEHUH 3TOrO PACCTOSAHUS NUKCEAbI, HMQIOUIHE PaccTos-
HHe, MeHblIee HJIM DPaBHOe HEKOTOPOH BeJUYHHE r OT (X, y), pacmo-

J1araloTcsl B OKPYKHOCTH PajHyCcOM r ¢ meHTpoM B (x, y). Paccros-
Hue D4, Ha3bIBAEMOE MOOYAbHOIM, MEXAY p W § ONPEeAeJsercsl Bbl-

paseren Di(p, q)=|x—s|+]y—1l (759
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B stom cayuae mukcessl, umenomue paccrosine Dy, MeHbllee piiy
PaBHOe HEKOTOPOH Besauuude r of (X, y), 06pa3yloT poMOOBHAHYIO
CTPYKTYpY ¢ uedrtpom B (x, y). Hanpumep, nukcesas ¢ paccrosnuem
Ds <2 or (x, y) (ueutpasbuoil TOYKH) 06pa3yiOT CJEAYIOLIHE KOH-
TYpbl ¢ PaBHbIMH OT LEHTPA PACCTOSTHUSIMH:

2
1
21012
1
2

OtMetum, 4ro mHKcemb ¢ Dy=1 SBASIOTCS YeTHIPbMS COCE-
HUMH K (X, y).

Paccrosune Dg, HasbiBaeMoe TaKKe WaXMATHOLM, MEXAY p U g
onpenesasieTcst no ¢gopmyJe

Ds(p, gy =max(|x—s]|, |y —1]). (7.5-3)

[Ipn sTom nukcens! ¢ paccrosiunem Dg, MEHbLUMM HJIM PABHbIM
HEKOTOpO# BesuyHue r, 06pa3yloT KBaapar ¢ ueHrtpom B (x, y). Ha-
Opumep, MUHKCeJbl € pacctoAndHeMm Dg<C 2 OT LEHTPaJbHOH TOUKH
(%, y) 06pasyloT caeaylouile PaBHOYAAJICHHEIE OT LEHTPA KOHTYPHI:

2.2 2 92 2
2 1112
2101 2
2 111 2 ‘
222 22

[Tukceant ¢ Dg =1 cocTaBifIOT BOCEMb COCEAHHX K TOuKe (x, y)
MHKCEJOB,

Moxto orMeTutb, 4to paccrofune Dy MEKAY ABYMS TOUKAMH p
H ¢ pPaBHO KpaTyadluemy M3 deThipex nyrell Mexay uumu. To ke
caMoe OTHOCHUTCA K paccrosiinio Dg. B aeficTBUTEJNBHOCTH MOKHO
onpeaensite paccrosiuus Dy u Dy MEXKAY p U g HE3aBUCHMO OT Ha-
JHYHA CBA3YIOUIMX HUX NYTEH, NMOCKOJABKY JJS HaXOXACHHS 3THUX
paccrosanuil TPEOYIOTCA TOJNbKO 3HaYeHHA KOOPAHHAT JaHHBIX TOYEK.
Onnako, Koria HMEIOT [eJ0 C m-CBA3HOCTbIO, BEJMUMHA PaccTosi-
HUst (AJIMHA MYTH) MEXAY ABYMS MHKCeJaMH 3aBHCHT OT 3HAUEHHMS
MHKCEJO0B BjAOJMb NYTH, a TakKe OT UX cocegeir. PaccMmoTpum mas
NpHMEPa CHCTEMY IHKCEIO0B, B KOTOPO# pi, pg H ps UMEIOT 3Haue-
HHa 0 uan |1

Ps Py
D1 P2 g
p
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Ecan upeanosoxuts CBA3HOCTb NHUKCEJNOB CO 3HadeHHeM 1 npH
Dy 4 ps paBupiMH 0, TO m — paccTosiHue MEXKAY p U ps paBHO 2.
Ecau p; uau p; paBuo 1, paccrosune pasuHo 3. Ecan Ke p; H ps
pasdo 1, To paccrosnue OyAeT paBHoO 4.

7.6. [IPEJIBAPUTEJIbHAS OGPABOTKA HHOOPMALINH

Huxe paccMarpuBaiorTcss HEKOTOPbIE METOAbl [PeABapHTE/bHOMN
06paboTkH uHbOpMaIkK, MCNO.Ib3yeMble B CHCTEMax TEXHHYECKOro
3pednsi poboroB. XOTS YUCJIO METOAOB, NPUTOAHBLIX AJS NpeaBapH-
TeIbHOH 06paboTKH OCHOBHbBIX NapaMeTpoB M300paKeHHs, A0BOJAbHO
BEeJHMKO, Tpe6OBAHHAM MO CKOPOCTH BbIYHMCJAEHHH M IO 3Kcnayara-
HHOHHOA CTOHMOCTH, JeXKalluM B OCHOBE CHCTEM TEXHHYECKOro
3peHHst, YAOBAETBOPSAET TOJNbKO ONpeJeseHHass NOATPYyNna 3THX Me-
To0B. PaccMarpuBaeMble HHIKE METOAbl NpeABapHTenbHol obpa-
00TKH HHGMOPMALHUU ABJAAIOTCA THIMYHBIMH C TOYKH 3PEHHsA YyAOBJE-
TBODEHHS YKa3aHHBIM TPeOOBAHHUAM.

7.6.1. OCHOBHbBIE IOHATHSA

PaccmoTpum Ba OCHOBHBIX NMOAX0/J2 K fpeABapHTeNbHON 06pa-
6orke uiucopmanuu. [lepBbli NOAXOA OCHOBaH HAa METOAAaX Npo-
CTpadcTBeHHOH o6uaactd, a BTOPOH — Ha MeToAax 4YacToTHOR 00-
JAaCTH € HCnoJb30oBaHHeM npeobpasoBanua ©ypbe. Bmecte 3TH nojg-
XOJbl OXBaTbiBalOT OOJBIIMHCTBO M3 CYUIECTBYIOLIHMX aJrOpPUTMOB
npeABapHUTeNbHOl 06paboTKH HHGPOPMALHMH, NPUMEHAEMbIX B CHCTE-
MaX TEXHUYECKOTO 3peHusi pobOTOB.

Metoapt npocTpaHcTBeHHo#t oGaactd. K npocrpancrBenHof
006J1aCTH OTHOCHTCS COBOKYIHOCTb IMKCEJNOB, COCTaBAAIOMIHX u3obpa-
XKeuue. MeToabl npocrpaHcTBeHHOH 06JacTH  SBJAAIOTCS TNPOLEAY-
paMu, OnepHPYIOUHMHE HENOCPCACTBEHHO € 9THMH NUKcenaMu., PyHK-
UHH npeaBapuTeIbHOl 06pabOTKH B npocTpaHcTBeHHOH obaactu
3anHUCbIBAIOTCA B BHJIE

glx, y)=nhlf(x, y)], (7.6-1)

rae f(x, y)— Bxoanoe usobpawxenne, g(x, y)— BhxoaHOe (0bpa-
GorauHoe) M300paxKesne, a i — oneparop GyHKUHM f, onpeaesed-
Hbl B HeKoTopoll obsiacth (X, y). Oneparop s MOXKHO NPUMEHSITH
TaKxke K pAAY BXOAHGIX M300pawenuil Aas GopMUpPOBaHHS, HANpH-
Mep, CYMMbl NHKCeI0B K H306pakKeHHH NPH yMedbIIEeHHHM LIyMa
(pasxn. 7.6.2).

OCHOBHBIM TIOAXOAOM IIpH ONPEACJEHUM OKPECTHOCTH TOUKH
(x, y) siBAAETCS MCNOJb30BaHHE KBaApaTHOH HJM NPSIMOYroJbHOK
o6.1acTH YyacTH H306paKeHHd C LeHTpoM B Toyuke (x, y) (puc. 7.20).
Lledrp ato# uacTH H306paKeHUs nepeMellaeTcd OT NMHKCeNa K NHK-
ceJsly, HAUWHAS, HANPHMEDP, OT JIeBOr0 BEPXHEro yrJa; NpH 3TOM AJs
noaydeuns g(x, y) onepatop NPHMEHsieTCs AIA KaXkKIOrO NOJOXKe-
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Hus (x, y). Xorsa mHoOrza UCNOJIb3YIOTC U ApYrHe ¢GopMel OKpecT-

HOCTH (Hanpumep, Kpyr), KBaapaTHele GOpmbl Gosiee NMpeNoOuTH-
TEIbHBl M3-34 POCTOTH HX peaJsiu3alui.

7

@, )

Haobpawcer e

Yo

Puc. 7.20. OkpectHocTs pasmepHocTsio 3 X 3 TOUKH (X, y) H300pakeHus.

[Tpocreitmas dopma h noayuaercss, xorxa OKDECTHOCTb HMeeT
pasMepuocts 1 X1 u, cilenosBatenbHo, g 3aBHCHT TOJBLKO OT 3Ha-
yeHns f B Touke (x,y). B atoMm cayuae h
CTAHOBUTCA KapTOH WHTEHCHBHOCTH MJH
npeo6pasoBanuem T Buza

s=T{r), (7.6-2)
rje OJ NPOCTOTH BBEJEHBI NMEPEMEHHBIC §
U r, 0003HAualOmHE COOTBETCTBEHHO HH-
TEHCHBHOCTL [(X,y) u g(x,y) B Joboit
Touke (¥, y). DT0T THH npeobpasoBaHus
Gosee mompo6HO obCyxmaercs B pasi.
7.6.3.

Puc, 7.21. Macka aas 06- Oave u3 HanGosee YacTo BCTpeEyalo-
?I:EY)KZT? OTIJBHBIX TO-  IIIUXCA METOLOB TPOCTPaHCTBEHHON o6Ja-
HOC’TORH}IVOP;?S?HP?C” °T cTH OCHOBAaH Ha HCNOJNL3OBAHHH TaK Ha-

3bIBAEMBIX MAacOK CBepTkKM (Hau 1mabJjo-

HOB, OKOH wiH  QuibtpoB). O6buHO
Macka npexacrasjfer co0oiff HeOOJAbIWIYIO (HAaNpHUMED, Pa3MEPHOCTD
3 X 3) nBymepHyio cucreMy (puc. 7.20), Ko3pHHUHEHTH KOTOPOil
BbIGHDAIOTCA TAKHM 00pa3oM, uToObl OOHAPYKHTb 3agaHHOE CBOIi-
CTBO M306paxeHus. [IpeanonokuM aJs Hawasa, 4To LaHO H306pa-
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-1 -1 -1

~1 8 -1

S T P B

JKeHHe ¢ NOCTOAHHOH HHTEHCHBHOCTBIO, KOTOPOE COLEPKHT OTAE/]b"
Hble yAajgeHHble APYT OT APYra IHKCEeJbl C OTJIHYHOR OT (oHA HH+
TEHCHBHOCTBIO. DTH TOUKH MOTYT OHTbL 00HAPYKEHBI MACKOH, IMOKa-
3anHoil Ha puc. 7.21. Ilpouecc 3ak/ai0uaercs B CACAYIOIIEM. Leurp
Macku (momedenHblil nuppoir 8) nepememaercs no H306paxKeHHIo
onpenejenusiM o6pasom. [Ipu coBnageHHH UeHTpa Mackd C 10JO-
JKEHHEM KaKOro NHKCEJa TMPONU3BOAUTCSH YMHOXKEHHE 3HauyeHui
Beex MUKCEJN0B, HAXOAAIMXCA MOJ MAackoil, Ha COOTBETCTBYIONIHIT
K05 HIHEHT HAa MacKe, T. €.
3HayeHHe INHKCeada Ioj IEH-
TPOM MacKH YMHOXKaercs Ha
8, a 3HauyeHUs BOCBMH CO-
CEeIHHUX IHKCEJNOB YMHOXKaT-
ca nHa —I1. 3arem pesyJbra-
TH 5THX [AEBATH YMHOXKEHHH

Wy wy w3

- 1L,y-U (-1, lx=-1,y+1

cymmupylores. Ecan Bce nuk- Wi Wy Wg
ceJibl MOJ MacKOH HMET OLH-
HAKOBHlE 3HAuCHUS (NMOCTOSH- (x,9 =1 () (%4 +1)

Helfi QoH), 1O cymma Oyner
paBua HyJio. Ecay ke 1LeHTp
MaCKH Pa3MEeCTHTCS Hajg TOu- wy vy L)
KOH ¢ Jjpyroft HHTEHCHBHO-
cTblo, cymma Gyaer orawmuna |@ Ly (z+1,4) [(=+Ly+1)
oT HyJsd. B caysae pasme-

HEHH yKasaHHOﬁ TOuKH BHC P 7.22. O6was Macka Da3MepHOCThb
ue. 7.22. M 10
HEHTPa CyMMa TaKXKE OYACT 3w /3™ ™ yioppuunentamn 1  cooTser-

OTJAMYHa OT HyJdd, HO Ha  (rpyiomuMK pacno/OKEHHAMH IHKCEJOB
MeHbIIYI0  BeJIHuHHY. OTO  u30Gpamens.

pas/inune MoxKer GblTh yCTpa-
HEHO MyTeM CpaBHEHHA 3HAUYEHHS CYMMb C [OPOroBbIM 3Haue-
HHEM.

Eclu BEJNHUMHE W1, Ws, ..., Wo NPEACTABIAIOT cO60OH Ko3hdu-
IHeHTH Macku NMHKcena (X, y) H ero BOCbMH coceneii (puc. 7.22),
npesblayliee PaccMOTpeHHE MOZKHO NPEICTaBHTb KaK BBINOJIHCHHE
cjenyiolmesl onepanuu:

hif(x, Pl=wf (x— 1, y— D+ wfle—1 9+
+wf (x— 1, y+ 1)t wf(x, y— 1)+
+wif (x, y) +wef (x, y+ 1) +
Fwf(x+1, y—1) +wdf (c+1, 9+
Fwif (x+ 1, y+ 1) (7.6-3)
Ha OKPeCTHOCTH padmepHocTbio 3X 3 TOUKH (X, ).
OTMETHM, YTO HCIOJb30BaHHE OKPECTHOCTH HE OTrpaHHuHBaETCA

o6aacTiMH pasMepHocTbio 3 X 3 U ciyuasMH, KOTOpBIE 6ynyr npu-
BelcHbl B JaJjbHefllleM, Hanpumep CHHXKEHHE I1OyMa, TNOJYyuCHHE
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lI€pEMEHHbIX 1OPOroB H306paKeHus, NOACYET H3MEpeHHil napame-
TpoB n306paxenus u (GOpMHpPOBaHHE CTPYKTYPbi 0GBEKTa A

Meroael wacTotHO# o6aacTu. K 4acTOTHOH 06J1aCTH OTHOCHTCS
COBOKYNHOCTb KOMILIEKCHBIX THKCEJIOB B BHAe npeobpa3oBauus
@ypbe oT HzoGpawenus. [TouaTHe «yacToTa» HCIOJB3YeTC NpH
HHTEpipeTauny npeobpasoBauis @ypbe n BETEKaeT U3 TOro (hakTa
UTO pe3yabTat 3TOTO fipeofpa3oBaHusl TpeACTaBJAAET COBOI CyMM,
cuiycons, Ms-3a nouurenus tpeGoBauuil k 06paGoTke pe3yquaTo}B]
METOAbl YaCTOTHOH 06]aCTH He Tak LHPOKO chonb3y}orc;; B Tex-
HHYECKOM 3PeHHH POBGOTOB, KaK METO/b 1POCTPaHCTBEIIHONH 06/1aCTH
Onnako npeoGpasoBanue ®ypoe urpaer BaXXHyl poJb 1IpH aHaqnse
ABHIKeHHS] 0ObeKTa M 1pH Onuca€uu o6bekra. Kpome Toro, muorue
NPOCTPAHCTBCHHBIE METOAH /JiA YJY4IIeHHS KauecTBa H BOCCTAHOB-
JeHus u3o0parkenus GasHPYIOTCS Ha KOHLEMIHSX npeobpasoBanus
®ypoe. Bosee noapobuo npeobpazoBanus ®ypbe u ero cmolicTBa
U3JI0JKeHb B paboTe [104]. )

CHavaJ/la paccMOTPHM AHCKPETHYIO (BYHKUHIO OAHOM nepeMeHHon

f(x), x=0,1, 2, ..., N—1. IIpsamoe
f(x) onpeneisiercs ciepyiomnm opépasoMH:peOGpaaOBaHHe Pipre o1

Flu)= ) f (x) e-somun/n (7.6-4)
x=0

g u==0, 1, 2 N—1.B stom j

, 1,2, ..., . ypaBHeHHH]=x/——1,a u—
yacTotHas nepemetinas. O6parioe npeoGpasoBanne Oypbe or F(u)
BOCCTaHaB.1HBaeT PyHKuuio f(x) W onpejenasercs B BHie

N—1
x) = F f2nux/N .
=2 Fwe (7.6:5)
g x=0, 1, 2, ..., N— 1. CnpaBea1uBoctb 5THX ypaBHeHuH, Ha-

3bIBAEMbIX flapoit nmpeoGpasoBatus @ypbe, Jgerko nposepsiercs noj-
CTaHOBKOH ypaBHeuus (7.6-4) mas F(u) B ypasuenue (7.6-5), wim
nao6opot. B 06oux cayuasix nosyyaercs TOXKIeCTBO. U
Ilpy npsiMoM HCROJABb30BAHMHM  ypaBHEHHS (7.6-4) nnsa u=
=0, 1, 2, ..., N—1 rtpeGyercsi ~N? onepauuii cjaoxedns u
ymaoxenust. [Ipu npumesesun GeicTporo npeobpaszoBanus Dypee
(BII®) uncao onepauuii cokpamaerca go Nlogs N, rie npeatno-
Jaraercs, yro N — neqasg crenedp uyucaa 2. To x{é caMmoe OTHO-
CI;ITC;I K %Iﬁag)ﬂeﬂmo (7.6-5) na x=0, 1,2, ..., N—1. Psg axaro-
gax;;q;).la peasnsyerca Ha pasvIMUHBIX f3bIKAX (POrPaMMHpO-
[Ipamoe u obparnoe dsymepusie npeobpazosanus Pypve nas
ugobpaxenns pasmepuoctbio N X N onpenensiorcs thopMynamu u
N—t N—1

Flu, o)== > f(x, y)e-imusropnn (7.6-6)

x=0 y=0
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g u, v=0,1,2, ..., N—1mn
N—1 N-1

P )= 2, 2, Fla, o)eltm usronm (7.6-7)
u=0 v=0

g x, y=0, 1,2, ..., N—1L Mo3KHO MOKa3arh, yTo KaxXaoe H3

JaHHBIX ypaBHEHUH BEIParKaeTCs B BHJE OTACJNbHBIX OLHODAIMEDPHLIX
cymm B ¢opme ypaBHenus (7.6-4). D10 nosBoJser fnpOBOAHTE fIPsi-
MYIO TPOLEAYPY BbIUHC/IEHHS ABYMEpPHOTO npeo6pasoBanns Dypee,
HCNOJIb3Yst TOABKO opHopasmepubiil BIID-anropuTm. CHavaJia Bbl-
yHCJSIOTCS M 3alloMuMHaloTes npeo6pasoBaHHs  KamaOH CTPOKH
dpynxunu [(x, y) (oGpasyercs Takum 06pasoM JABYMepHbIH MacCHB
NpPOMEXYTOuHbX pesyibratoB). [loayuenubie pesyJbTarhl yMHOXE-
joTcst Ha N, W BBIYMC/SIIOTCS OLHOMEpHbie n1peofpa3oBalus KaxK1oro
cTo16a. OKOHuaTeJbHbLIM pe3y/ibratom sBagercs F(u, v). [Topsa-
JOK BBIUHCJEHHS CTPOK M CTOJNOLOB HE BJIMSET Ha KOHeuHbli pe-
3yJbTar.

[Ipeo6pasoBanne Pypbe MOMKHO HC0Jb30OBATh, KakK 3TC flOKad-
3aHO B IJ. 8, NpH PELIEHHH MHOTMX 3ajay CHCTEM TEXHHHECKOro
3penus. Hanpumep, ¢ noMoubio fpeacTaBaedns rpauHILbl 06peKTa
B BHIe OJHOMEDHOTO MaCCHBA TOUEK M BBLIUMCJEHHS HX npeobpaso-
pannsi @ypbe nogyuenubie 3uauesns F(u) MOryr ObITb HCIO/bL30-
BaHE B KauecTBe onucaxus (GopMbl rpanumbl. OmHoMepHoe npeod-
paszoBanyue Pypbe sABJISETCS TaKKe 5ppeKTHBHbLIM TP obHapyKe-
HUH ABHKEHHS o6bekra. Mno/b3oBatHe AHCKPETHOrO ABYMEDHOTO
npeobpasoBanid Pypbe BO3MOKHO TIPH H3MEHCHHH, YBGJHUEHHH H
BOCCTAHOBJEHHH H300paKeHui, XOTs, Kak yxXe O0TMeuaJsocb, fIpH-
MEHEeHHME 3TOr0 METOJa B MPOMbILLIEHHBIX CHCTEMaX TEXHHYECKOro
3peunst 10 CHX TI0p OrPaHHYeHo CJOKHOCTHIO TpeGyeMblX BHuHCIE-
unil. B 3ak/IOueHHe OTMETHM, UTO ABYMEPHOE aHaJoroBoe npeotpa-
soBaHne Pypbe MOKeET OBITb OCYLIECTBJCHO (CO CKOPOCTBIO CBETA)
ONTHYECKHMH CpeicTBaMH. DTOT MOAXOA, TpeGyWuUIHH HCNo/b3oBa-
HHST TIPEUH3HOHHOrO ONTHYECKOro 06OpYHOBaHHMs, NpHMEHAETCA B
NPOMBIIVIEHHBIX YCJOBHSAX JJfl peleHHs TaKHX 3aiau, Kak fpo-
BepKa KauecTBa NOBEPXHOCTH MeTaJjlla flocjae puuuIHON 06paboTKH.

7.6.2. CrnaxuBaHue

Onepaunu CrjaKHBaHUs HUCHOJb3YIOTCA IJA CHUKEHus 1yMa u
JPYTHX fIOMeX, KOTOpble MOTyT fOfBJIATbCS Ha U3006paxeHu B pe-
gyJbTaTe AMCKPETH3AUHH, KBaHTOBaHHf, flcpelaut HJH BO3Mylle-
{nil BHEIIHE cpeabl MpH moayuedun usobpawenns. Huxe pac-
CMaTpPUBAIOTCS HEKOTOPbIe METOAbl GBICTPOro CriaKHBaHHd, KOTO-
pble MOryT ObiTb HCNOIb30BaHbl B CHCTEMAX TEXHMHECKONO SpeHHs

po6OTOB.
YcpeaHeHHe OKPECTHOCTH. YCpeJHEHHe OKPECTHOCTH fBJAercs

npsAMbM METOAOM HpOCTpaHCTBeHHOﬁ obJjacti OJ CraaxKHUBanus
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nsobpaxenns. Jlas nmelomerocs Hzo6pamenus f(x, Y) npouecc 3a-
KJII0YACTCsl B [OJNYUCHHH Cr/1daKeHHOro H3o0paKeHHs g(x, y), HH-
TEHCHBHOCTL KOTOPOro B KaKIo# TOuKe (X, y) paBHa ycpeaHeHHoMy
SHAUCHHIO HHTEHCHBHOCTH NHKCEA0B (QYHKUHMH f, comeprKailixcs B
3aJaHHOi OKpecTHOCTH ToukH (X, y). JIpyruMH cloBaMH, craaxen-
Hoe u300parkeHue MOJy4aeTcsi NPH HCNOJb30BAHHH COOTHOLICHHS

gx, )=+ Y fln, m (7.6-8)

(n,mye S

Alsl BCeX X H y HYHKUHH [(X, y). S — MHOMKECTBO KOOPAMHAT TOueK
B OKPECTHOCTH TOYKH (X, y), BKJIIOuas caMy Touky (x, y), a P—
obulee YMCIO TOUEK B OKPECTHOCTH. OTMETHM nyTeM cpaBHeHus
ypasneunit (7.6-8) u (7.6-3), uT0 1Sl OKPECTHOCTH Pa3aMEpPHOCTBIO
3 X3 nepBoe ypaBHeHHe SIBASETCH HACTHBIM Cayyaem BTOpPOro npH
w; ="/y. Koueuno, ypasuenue (7.6-8) ue orpanuuusaercs npuMe-
HEHMEM KBaiPaTHOH (DOPMbi OKPECTHOCTH, HO, KaK YKa3LBaloch B
pasa. 7.6-1, sta dopma HauBosgee npexnmouTHTENbHA AAH CHCTEM
TeXHHYECKOro 3peHust poBoToB.

Mpumep. Ha puc. 7.23 noxkasan spdexr craamkusaums npHu ycpen-
HEHMH OKPECTHOCTH. OTMETHM, uTO CTeleHb Cr.IaKHBAHHS CTPOro
NpONopuHoHadbHa  Pa3MEPHOCTH  HCIOJNb3YEMOH  OKPECTHOCTH.
B 6oabuiMHCTBE NPOUECCOPOB MACOK CrAaKeHHOE 3HAYCHHMe KaiK-
A0ro nuKcesa onpegeasieTcss A0 TOro, Kak H3MEeHAOTCS 3HaueHus
APYrAX NMHKCE0B.

Yepepnennas duabTpaua. OnHoli M3 NPHHIMIHANBHBIX Tpya-
HOCTEH YCPeHeHHs] OKPECTHOCTH SIBASETCS HajMuMe PacilibiBYaThiX
H300paKeHUi KPOMOK M APYIHX XapakTepHbx geraneil. 1a pac-
NJIBIBYATOCTb 4ACTO MOXKeT ObiTb 3HAYUTENbHO YMEHblIeHa IIpPH
MCNO.Tb30BAHMH TAK HA3BIBAEMBIX YCPEQHSIOUIUX (HIALTPOB, B KOTO-
PHIX BMECTO PACCMOTPEHHOrO YCPEIHEHHS WHTEHCHBHOCTb KaXKAOrO
MHKCeMa 3aMEHSETCS CPeJHUM 3HauyeHHeM HHTEHCHBHOCTH B 3ajai-
HOM OKPECTHOCTH NukKceaa.

Hanomuum, uto cpensee sumauenne M psina BeJnuumu npeanc-
Jaraer, 4T0 4YacTb 3THX BEJHMUYUH HMeCT 3HaueHHe, MeHbllece M,
a yactb— npesblnawomee M. Ias ocyulecTBIeHHs YCpenHeHHON
GuabTpauuKM B OKPECTHOCTH NMHUKceJa cHauasda BhILEASIOT 3HAYCHHS
IHKCeIa U ero coceledl, onpeensior cpeaHee 3HayeHue U NPHCBaH-
BalOT 370 3HaueHHe nukcena. Hanpumep, B okpecTHocTH pasmep-
HOCTBIO 3 X 3 CcpefHuM 3HAYeHHeM SIBJsieTcsl nATas HaHOoJbluas
BeJMUYHHA, B OKDPeCTHOCTH pasMmepHocTblo® 5 X 65— tpunaguaras
HauOosbllast BeJnuuHa u 1. . Korna weckosbko snauenuii B okpe-
CTHOCTH paBHbl, OHM TPYnnupywoTes clepyiouium oopasom. [Ipen-
MOJOXKHM, 4TO OKPECTHOCTL Da3MePHOCTbIO 3 X 3 COHEPKHUT BeJiu-
yune (10, 20, 20, 20, 15, 20, 20, 25, 100). D1H BeJuuHHbI rpynuH-
pyores B Buae (10, 18, 20, 20, 20, 20, 20, 25, 100), 4To NPUBOZUT
K cpeadeMy sHauenulo 20, Takum o006pa3oM, OCHOBHHIM Ha3HauyeHHeM
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Puc, 7.23. MsoGpaxenne ¢ nomexamu (a). PesyibTaT ycpellieHH KajKi0ro NHK-
cesla MO ero ueTblpeM coceaaMm (6) W pe3y.]bTaThl HCIO.1b30BAHHUA OKPECTHOCTEH
COOTBETCTBeHlI0 ¢ pasMeproctamu 3 X 3, X5, 7X7 n 11 X 11 (8-—~e¢).

369



preaHeHHOﬁ @HﬂpraHHH ABJISACTCSA BbipaBHUBaHWe HMHTEHCHBHOCTH
BBICAAICHIIIXCS TOYeK ¢ HHTEHCHUBHOCTLIK) COCeIHHX TOUEK. 1o
MNO3BOJSCT yCTPAHUTL NOABIAKIIHECCA B MOJE MacKH @Hﬂpra H30-
JIPOBaHHbIC MNKHW HHTEHCHUBHOCTH. ,

Piic. 7.24. Hcxoanoe uszobpaxkenne (a). MsoOpanenue ¢ uMny. bcHBIM 1nyMoM (6),
Pe3yJibTaT HCINO0JIb30BAHHA OKPECTHOCTHM pPa3MepHOCTbio 5 X5 (8) W pe3yabrar
HCNO0Ib30B8aHMs  ycpeansiomero QHuabTpa pasmepHocThbio 5X 5 (e).

pumep. Ha puc. 7.24, a noxkazano HcXogHoe H300paXeHue, a
Ha puc. 7.24,6 — 1o Ke camoe H300paKeHHe, HO NPUOIHIUTEIBHO
¢ 20 %-HbiM MCKaXKeHHeM [HKCEJ0B «HMMITYJbCHBIM MyMoM», Ha
prc. 7.24,8 npHuBe/ledH pe3yabTaT ycpPemHeHus pasMmepHocTbio 53X 5,
a Ha puc. 7.24,2— pe3ysabrar HCIOJb30BAHUsI YCpeAHEeHHOro (Qu/b-
Tpa pasMmepHocTho 5 X 5. [IpeHmMyilecTBO yCpeAHEHHOH (QUIbTPALHH
nepen ycpegHeHHEM OKPECTHOCTH OueBHAHO. Tpu CBeTsabie TOUKH,
octaBluMecs Ha pHC. 7.24,2, Bbi3Baubl 00AbIIOH KOHLEHTPaLHei
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iyMa B 3THX TOYKaX, MOBJHSIBIILH Ha BHIYHCJEHHE CPEIHEro 3Haye-
dus. [ToBTOpHOE WM MHOTOKDAaTHOE MCIOAL30OBaHHE YCPELHEHHOTO
$PHUIbTPA NO3BOJSAET YCTPAHUTb U 3TH TOYKHU.

Ycpennenne usobpaxkenus. PaccmoTpiM u3006paxeHne ¢ nome-
xaMi g (x,y), KOTOpoe COCTOHT M3 CyMMH IIyMOBOTO CHrHaja
n(x,y) ¥ HenckaxeHdoro usobpaxenus f(x, y), T. €.

glx, y)=f(x, v +n, y), (7.6-9)

TZe NPeanosgaraercsl, 4To LWIyM He KOPPEIHpPOBaH M HMEET HYyJeBoe
cpendee 3Hauenue. Lleablo caenymouieii npouenyps siBASETCA moay-
yeHHe CryaaxKeHHoro H306payKeHHs NyTeM 3alaHds psiia H3obpaxe-
HUll ¢ nomexamu gi(x, y), i=1,2, ..., K.

Ec/au xapaKTepHCTHKH WiyMa yAOBJETBOPAIOT NPHUBEALHHBIM Orpa-
HUYEHUAM, HECJOKHO MoKa3ath [224], uTo npu pOpMHPOBaHUH H30-
Gpaxeuust g(x,y) ycpeanesueMm K pasJuyHbIMH H306paKeHHAMH
C MOMEXaMu

K
E =5 g 9 (7.6-10)
HOHYQHM !
E{g (v, t=T[(x, y) (7.6-11)
H
o3 (x, §) =7 02 (x, y), (7.6-12)

— - b 9

rie E{g(x,y)} — oxunpaemoe 3HaueHue g, a o2 (x, y) n o, (x, y) —
oTKJOHeHHst § M n. CTaHgapTHOe OTKJIOHEeHHe 060 TOYKH B yepes-
HeHHOM H300pa¥KeHHH PaBHO

o, (x, y)_—"vl-k“% (x, v. (7.6-13)

N3 ypaBuenuit (7.6-12) u (7.6-13) BuaHO, 4TO NPH BO3PACTaHHH
K orkJoHeHHst 3HauyeHuH nHKceaoB yMeHbmaorcs. [TocKoabky
E{g(x,y)} =[(x,y), T0o §(x,y) npudbnnkaercs K HEHCKAKEHHOMY
u300paKeHno f(x,y) NPH yBeJdHUeHUH uHCaAa H3oOpazxKeHui ¢ 1o-
MeXaMH, HCIOMb3yeMbiX B NPOLECCE yCpPe HeHHS,

Heof6xonuMo OTMETHTB, YTO B PacCMOTPEHHOM METOMAE TPejno-
Jgaranock (PUKCHPOBaHHOE NPOCTPAHCTBEHHOE PACHOIOKEHHE H30-
6paKeHHl ¢ TNOMEXaMM IPH H3MEHeHHH TOJbKO WHTEHCUBHOCTEI
nukcesaoB. s cHCTeM TeXHHYecKoro 3peHist poGOTOB 3TO o3Ha-
4aer, yTo Bce OOBEKTH B pafoueM MPOCTPaHCTBe JOIXKHB OBITL He-
NOABUKHB OTHOCHTENbHO Kamepbl B npouecce ycpeaHedus. Muorue
CHCTEMBI TEXHMYECKOTO 3DEHUsSI HMEIOT BO3MOZKIOCTb BHIIOJHEHHS
MOJIHOTrO UMKJA CIOKEHHs H300paxeHH# 3a OJAHH JHCKPeTHHIH
HHTEpPBasd BpeMeHH (T. €. 3a OHy TpPUIUATYIO CekyuAu). Taxuw
o6pasoM, cJaoxkeHue, Hampumcp, 16 u3obpameHull 3afiMer Bpems

371



nopaika 0,5 ¢, B TeyeHue KOTOPOTO HE JIOMIKHO ObITh ABHIKEHHS
0OBEKTOB.

MMpumep. Meton ycpeiHeHHs npOHAIIOCTPHPOBAH Ha pHc. 7.25.
Ha pnc. 7.25,¢ nokaszaHo HCXOAHOE H300parKeHHE ¢ noMexaMH,
a Ha puc. 7.25,6—e npuBeJeHbl COOTBETCTBEHHO PE3YJbTATH ycpel-
HeHHs 3TOro usobpamedds ¢ nomousio 4, 8, 16, 32 u 64 mogo6HLIX
nsobpaxenuil. OTMETHM, YTO KauyecTBO JOCTATOYHO MPHEMJIEMO
npu K = 32.

CraaxuBamowye AUCKpeTHble u300pakenus. JluckpeTnsie H30-
GpaeHus ToJdyyaloTCst NPH HCIOJAb30BAHHH KOHTYPHOT'O HJH CTPVK-
TYPHPOBAHHOrO  OCBenleHust  (pasf.
7.3) WM NPH ONpeaeNeHHH KPOMOK
k. M/IM MOPOroBHIX 3HaueHuit (pasn.7.6.4 a b
P 1 7.6.5).¥YcaoBumcs 0603HauaTh TEM-
Hblie TOYKH yepe3 |, a cBeTJiHe TOUKH
yepe3d 0. TakuMm o6pa3oM, MOCKOJbKY
n3o0paKeHuss COCTOST W3 JABYX 3Ha- d P e
YCHHH HHTEHCHBHOCTH, IOMEXH B 3TOM
cayuae MpOsiBASIOTCS B BHJE TakHX
3¢ppeKTCB, KaK HaJIH4Yue Pa3sMbITbIX
P rpaddn,  HeGOBIINX  OKPYMKHOCTeH, ¥ g h
CTEPTHIX YIJOB # OTAE/JbHBIX TOUEK.

OcHoBHas njiest, Jexkaulasi B OCHO-

BC pACCMATPHBAEMEIX B AAHHOM Pa3- o, @ o0 (o0 »
ACJE METOL0B, COCTOHT B ONPEAGACHHH  onoqpavenpie npy craaxnpanui
OyseBOfl  QyHKLHH, BbluHcaAsieMOH B LUCKDETHEIX M300pakeHH#, TeM-
OKPECTHOCTH C HEHTPOM B MHUKCEJIE p, Hble NMHkceasl 0603HAYAIOTCH Ue-
H B NPHCBOEHWM NHKCeTy p3nauenns | Pe3 1, a cBeTubie —uepes 0.
unn 0 B 3aBHCHMOCTH OT [POCTpaH-
CTBEHHOIO PAaclnoJOKEHHS H AHCKPETHBIX 3HaYeHHH COCEAHHUX NHK-
cesoB. 3-3a OrpaHu4eHHOCTH AOMYCTHMOro BPEMEHH BHIYHCJACHHA
B NPOU3BOACTBEHHBIX 3a4a4dX, /S PelIeH’sl KOTOPHIX MPUMEHSETCH
TCXHHYECKOE 3peHHe, aHadu3 oObIMHO MPOM3BOAUTCS B AHAlla3oHe
BOCbMH COCEJHHX C LEHTPaJbHBIM NHKCEJI0B. DTO Ompegessier HC-
110/b30BaHne MAackKH pasMepHocTbio 3 X 3 (puc. 7.26). B npouecce
CriaxuBaHdsl, BO-NEPBLIX, 3anoJHsOTca HebGoJbline (pa3Mepom
B OAMH MHKceJg) npobelbl HAa TEMHbIX MeCTax H306paKeHus, BO-
BTOPBIX, JHKBUAMPYIOTCH HeOosblIHe AedeKTbl B BHAE TpeUIMH HA
NPSIMOYTOJIbHBIX CEIMEHTAX, B-TPETbHX, YAaJsIOTCS H30JHPOBaHHbIE
€JMHHYHble 3HAYEHHUS, B-4€TBEPTHIX, CHPAMJASIOTCS HEGOJbLINE BHI-
NMYKJIOCTH BAOJAb NPSIMOYrOJbHEIX CErMEHTOB H, B-IISITHIX, BOCCTa-
HaBJAMBAIOTCH YTPaueHHble YIJOBble TOYKH.

Ha puc. 7.26 nBa mnepBeIX W3 yKa3aHHbIX DE3yJbTaToOB Mpo-
necca CriaxKuBaHus OCYHIECTBJSIOTCS ¢ MOMOMmbIO ByJeBOro shipa-
KEHHst

Pue. 7.25. Mcxoanoe usobpaskeHHe ¢ nOMexamu (a) u pesyabTaTel ycpealieHus
¢ momourkio 4, 3, 16, 32 1 64 noxofuwix uszobpaxenni (6 —e),

Bi=p+b-g-d+e+d-e-(b+g), (7.6-14)
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TA€ TOYKA H NJ10C 0603HAYAIOT COOTBETCTBEHHO JOHUECKHE onepa-
un M owan UJTH. Tlo yeaosuio Temuble IIHKCEJIbl, COAepKanuuecs
B nose Macku, 0603HaualoTC JOTHYECKORN €/IHHHIeH, @ CBET/Ibie
[IHKcesbl — jlorHyeckuM HysaeM. Toraa, ecin By == 1, npucsansaem
MHUKCeNy p 3Hauenne [, B MPOTHBHOM cJydae — 3uayenhe (. Ypag-
Hedne (7.6-14) npumensiercs ONHOBPEMEHHO KO BCEM INHKCeJaM,
TaK Kak cilelyioulee 3HAYCHHE TNOJOKEHHS Kaxk/I0r0 NHKCeaa
ONpEeaqeTCs 10 TOro, Kak H3MEHSIOTCS 3HaYeH st ADYrUX NHK-
CeJ10B.

Tperuit u yerBepThiit pesyabrarhl npouecca CriakHBaHHs pea-
JUSYIOTCH € MOMOWLbIO ONIpejIesIeHnst 6y1€BOr0 BbIPaKeH s

By=p-le+bt+d)-(e+g+mn+0b+cte)X
X(d+f+g) (7.6-15)

OLHOBPEMEHHO LISt BCeX nukcesos. Kak u npexae, npeanoaaraercs,
4T0 p=1npu By=1up =0 npu By = 0.

Boccranosnenne Touex Bepxumx NpaBHIX YIJIOB NPOU3BOAHTCS
C NOMOUIBIO ypaBHeHHUS

By=p-(d-[-g)-(a+btcteth)+p, (7.6-16)

rae qeproﬁ obo3HayeHo J0rg4yeckKoe AOMNoJHeHue, AHaJIOFH’lHO BOC-
CTaHaBJAUBAIOTCH TOYKH NIPpaBblX HUKHUX, JEBBIX BEePXHHX U JEBHIX
HUZKHUX YIJI0B COOTBETCTBEHHO 1O YpaBHEHUAM

Bi=p-@b-d)-Chetrfrgth+p (7617
Bi=p-(e g h)-@FbtctdIi+p (7619

Be=p-(b-c-e)-(a+d+T[-+g+ h)+p. (7.6-19)

YeTbipe NOCACAHHX YpaBHEHHS Aal0T NSATHI pesyawbTat npopecca
CrJjaazKHuBaHus.

NMpumep.  PaccmoTpernbii  merton NPOUJHOCTPHPOBAH  Ha
puc. 7.27. Ha puc. 7.27,a npusegeno AUCKPCTHOE M300paKeHue
C llomMexamu, a Ha puc. 7.27,6 nokasaH Pe3yabTaT HCNOJb30BANNS
Bolpaxkenust By, OTmeruu, uro NPA 3TOM 3aMOJHSIOTCS Npo6eipl
BAOML  IPanuLbl W BHYTPH TeMHOH o6aacti u3oGpamenns. Ha
puc. 7.27,8 jaHa KapTHHA NPHUMEHEHHS BbIDaKeHUs By x usobpa-
HKEHHI0 Ha puc. 7.27,6. Kak ¥ 0XHAANOCD, YCTPaHUJIHUCh BHIYKJIO-
CTH Ha rpagune TeMHOH O6JIaCTH, d TaKiXKe OTAeJAbHbIE TOYKH H30-
OpakeHusi (M300pa:KeHHe MOJHOCTBIO 3aMONHEHO HYJISIMH OT CBOe€ii
CpaHnUbl A0 rpanuusl Temuoll o6nacti). Hakosen, na puc. 7.27,2
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Pic. 7.27. Hexoaroe nsobparenne (a). Pe3y/braThi ECHO.Jb30BAHUS BhIpaKeNHit
By w By (6 n 8) u OKOHY@Te bHLI{l pe3y. bTaT MOCIE HCHOJIb30BAlNS BLIPAKCHUM
Bs — Bs (2).

UPHBEAEH De3yJbTaT HCNOb30BAaHHs Bbipamennit By — Bs x uso-
OpakeHHlo Ha puc. 7.27,8. B panHom caydae paboTaer TOJbKO BEI-
paxenue 5.

7.6.3. Yayuirenue KauecTBa u3o0parkeHus

OnHoH H3 NPUHUUNHAJBLHBIX TPYAHOCTEl BO MHOTHX 3ajgayax
CHCTEM TEXHHYCCKOTO 3DEHHsI HIDKHErO YPOBHS siBJsieTcs HeobXo-
IMMOCTb aBTOMATHYECKOH ajanTainid NpH H3MEHEHHU OCBEIICHIISI.
B03MOXKHOCTh KOMICHCALMH TaKNX 3QQEKTOB, KaK TeHH H OJIKH
Ha u306paKeHHH, YacTO SIBAfETCs pelalouiell Ads YCIEWHOro Bhbl-
noJHeHus  AanbHeliwero  agaroputma  ob6paboTku  undopmapuu.
Huwxe paccmaTpuBaeTcsi BeCKOJbKO METOOB PelICliHsi 3THX M IO-
nobubix  3ajdau. HanoMmuuM, 4rTo yayduledwe kKayecTBa SBJASETCA
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OCHOBHOH 11€JIbI0 NPH 06paBoTKe UHPPOBOrO H30GpaXKeHuss M aHa-
ause o6beKToB. Mbl OrpaHHyuMCsi AHCKPETHBIMH METORAMH, NDPH-
FOAHBIMU [J/I51 CHCTEM TeXHHuYecKoro 3petus pobotos. [lox npurog-
HOCTbIO 3je€Ch TIOHMMAETCsi HaJIMYHe BbICOKOTO OBICTPOAEHCTBHSA ©
cpepHell CAOKHOCTH HCNOJb3YEMOr0 060pYI0BaHHS.

FucrorpamMmuoe BuipaBHuBanve. [lycThb nepemensas r o6o3Ha-
YaeT HHTEHCHBHOCTb NHKCEJOB KOPPEKTHPYEMOro H306paKCeHIs.
Cuayajla NPeANOJOKHM, uTO r — HOpMaJHM30BaHHAS HENpepbIBHAS
nepemeHtasn, waxojasmascs B Auanaszode 0 <Cr<C 1. Huckper-

HBIH cayyali MBl pPaccMmor-
g PUM HEMHOI0O HUuIKe.

Jag nwoboro r Ha HH-
tepBane (0, 1] BbinoJus-
eTcs npeodpa3oBaHue BHAA

s=T (),

KOTOpOe omnpepensieT 3Ha-
YyeHue UHTEHCHBHOCTH  §
AN 3HayeHHs  KaXkAoro
NHKCe/1a r B HCXOAHOM H30-
Opaxenud. 1o Ipeanosa-
raet, 410 (yHKIHA Tpeod-
l pasoBanusi T yAOBJETBO-
PSET YyCJIOBHAM:

g % r l. T(r)— opnosuauuas
Puc, 7.28. Oyukuua npeobpazopanus uwHTeH- W MOHOTOHHO BO3pacralo-
CHBHOCTH. mas Ha udrepnane 0 =g
<T(n<l

Tir)

R e - ——— ————

2.0 T(nN<lpma0<r< 1.

[TepBoe ycnoBue HCKJIOHAeT NepPexo; € u4epHOd MKaabl HHTEH-
CHBHOCTH Ha 6enylo, a BTOPOe yCJOBHE TapaHTHPYET HaXOKAeHHE
HHTEHCHBHOCTH H300paxkeduss B auanasode or 0 mo 1 aias Beex
3HayeHn#i nuKcenos. Oysxuus npecOpaszoBaHus, yI0BIETBOPSIONIAS
3THM YyCJOBHSM, NOKa3aHa Ha puc. 7.28.

®yHkus obpatHoro npeofpasoBanus OT S K £ UMeeT BH/]

r=T""(s), (7.6-21)

rpe npexanonaraercs, yto ¢yukunsa T—!(s) y1oB1eTBOpsieT ABYM yKa-
3aHHBIM BHIIIE YCJAOBUAM,.

[TepeMentble HHTEHCHBHOCTH r U S KBAHTYIOTCs1 Ha WHTepBaJe
[0, 1] cayuaiiublM 06pa3oMm @, C/l1€A0BaTe/bHO, MOTYT XapaKTepH-
30BaTbCA € MOMOILBIO COOTBETCTBYIONIHX (PYHKIHI fJOTHOCTH Be-
posiroctu (PIIB) p,(r) u ps(s). OcHoBHast ToHANBHOCTL H306pa-
skenust 3aBUCHT o OIIB uuTencusHocTu. Hanpumep, uzobpaxKediie
¢ nukcejamu, uMmewomumyu OIIB, kortopas npusepesa ua puc. 7.29, a,
6yper 06Ja4aTb [AOCTATOYHO TEMHOH TOHAMbHOCTBIO, MOCKONABKY
B6OMBIIMHCTBO 3HAYEHHH MHKCEIOB CKOHIECHTPHPOBAHO Ha TEMHOM
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yuacTke wKaab HuredcusHocTH. C APYrofl CTOPOHHI, H306pawkKeHue,
B KOTOPOM TMHKCeJbl HMEIOT pacnpejenenne HHTCHCHBHOCTH, COOT-
BercTBylomiee puc. 7.29,6, 6yaeT COCTOATb B OCHOBHOM H3 CBETJbIX

TOHOB.

,D,-(r) ﬂ/’p(")

0 7 p 7 7 r
a &
Puc. 7.99. ®IIB HHTEHCHBHOCTH TeMHOTO n3o6parxkenuss (@) H CBET.IOrO u3obpa-
KeHHA (6).

U3 TeopuH BepOSITHOCTH Caelyer, 4To, ecau pr(r) H T(r) wus-
BecTHbl, a I—'(s)— yaOBJETBOPSET NEPBOMY YCJOBHIO, TO ®I1B
npeo6pa3oBaHHOi HHTEHCHBHOCTH HMEET BHA

e =[p ] . X (7.6-22)

IpeanosoxuM, 4to 3agada QyHKuus npeo6pasopalis BHAA

r
S=T(r)=8pr(w)dw, 0<r<1, (7.6-23)
Y

(

e @ — BenomoratesnbHas Tepemennas HHterpuposanus. [Ipasas
yacTh 3TOr0 ypaBHeHHsi MPeicTaBisier cOG0H MHTErPabHyIo (yHK-
W0 pacrnpenesedus py(r), KOTOopas yAOBJAETBOPAET ABYM IpHBE-
JeHHbIM Bbiie ycaoBusaM. [IpousBopnag no § OT r Aad NaHHOR
dbyHKUMH 1peo6pa3oBaus JErKo onpefeasieTcs BHpaXeHHeM

L = p, (1), (7.6-24)

Moncrasasa dr/ds B ypaBuenne (7.6-22), monayunM

=], =1 0<s<1. (7.6-25)

ps (8) = [pf (r) -;r_l(—r—)—],=r"’ (s)

Jlantoe BhipaxeHHe npeiacTasiser co6oi paBHOMEpHYIO MIOT-
HOCTb Ha HHTepBaJe CyllecTBOBaHHS NpeoOpasyeMOH NepeMeHHOn
s. OTMeruM, UTO NOJYYeHHbill Pe3y/ibTaT He 3aBHCHT OT o6paTHol
¢ydknuu npeo6pasoBanus. JT0 BaXHO, TaK KaK 4acCTo aHa/lHTHYC-
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cKoe onpefesaenne 17-'(s) mpeacrasasier Gosbuue TpyaHocTH. He-
O0XOAMMO TaKiKe OTMETHTb, 4TO HCNOJIb30BanHe PYHKIHH npeobpa-
30BaHUs, 3ajaHuofl ypapHeuuem (7.6-23), RaeT HOBYIO UHTEHCHB-
HOCTb, KOTopasi Bcerda umeer HoBylo @FIB, we 3asdcsiyio ot
bopmsl p,(r). Jlausoe CBOMCTBO HIEANbHO COOTBETCTBYET aBTO-
MaTHyecKol kopperimiH. OcHoBHOf abdeKT paccMoTperHoro npeot-
pasoBaHust 3aK/1I04aeTCs B BHIPABHHBAHHH pacnpeescHHss HHTEH-
cuBHoctefl. Kak nokasado HinKe, 3T0 CYMIECTBEHHO BJHSIET HA Ka-
YECTBO H300pakeHust,

Has ncuonbsoBaunst B LHDPOBOiT 06pabOTKe H3M0KEHHBIH CNO-
€06 1o/mKed GbTh cHOPMYIHPOBAH B AHCKPETHOH dopme. Jlas HH-
TeHCHBHOCTEH paccMaTpUBaeMblX AHCKPETHBIX BEJHUMH BEPOSTHOCTH
3a/1A10TCH COOTHOLIEHHEM

prlr)==£. 0<r <1, £=0,1,2 .., L—1, (762)

rie L —uneno NHCKPETHBIX ypOBHEH HHTEHCHBHOCTH, pr(re)—
OLl€HKa BCDPOSTHOCTH HHTEHCHBHOCTH rg, flz — YHCJAO TNOSBJICHHH
AaHHOM HHTEHCHBHOCTH HA H3006PAKEHUN, a A — 061ulee YHCAO NHK-
cesoB Ha nsobpaxenun. I'paduk saBucumoctu p,(ry) OT rp 06HUHO
Ha3bIBAIOT [MCTOrPaMMOil, a MeTOJ, HCNONb3yeMBlH s MOJyYeHUus
PaBHOMEDHOH THCTOrPAaMMbl, U3BeCTEH H KaK 2UCTO2PAMMHAL KOP-
PeKUUs UIH 2UCTOZPAMMHAR AUHEAPUIALUS.
Huckpernas ¢popma ypaBueuus (7.6-23) umeer Bug

R k
n
Ssz(rk)ZZT]=Zpr(rj)
i=0 i=0

ma 0<re <<l w k=0, 1,2 ..., L—1. U3 storo ypapHcuus
CJCAYeT, YTO /5 NOJydYEHHsl 3HAUCHUS Si, COOTBETCTBYIOMErO rg,
NPOU3BOAUTCH N[POCTOE CyMMHPOBAHHE 3JeMEHTOB IHCTOTPAMMB OT
0 A0 .

ObpatHOe RUCKpeTHOE NPCOOPA30OBAHHC [IMEET BUM

re=T""s), 0<s, <1, (7.6-28)

rae npeanogaraercs, yro Kax T (rg), Tak u 7' (sz) yRoBAETBOPSIOT
ABYM yKa3aHHbIM Bbille yca0BuAM. XoTa (yHkuus T-!(sp) He He-
MOJNB3YETCsl B [UCTOrPAaMMHOfl KOPPEKLHH, OHA HIrpPaerT OCHOBHYIO
poJib B THNCTOrpaMMHON N€TasH3alMM, pPacCMaTpHBaeMoil Hixe.
Mpumep. Jlns winoCTpalMH THCTOrPAMMHOTO BHPaBHUBAHMUS
Ha puc. 7.30, 0 nokasaHo HCXOAHOe H306paskesHe, a  Ha
puc. 7.30,6 —ero rucrorpamma. Pe3ynabraT HCHoOJb30BaHHsS ypaB-
HenMs (7.6-27) Ana aTOro u3oOpakeHus fpuBefed sa puc. 7.30, 8,
a4 COOTBETCTBYyIOIasl BHPOBHeHHAs rucrorpamma — Ha puc. 7.30, e.
Jlyyuiee wu3obpakeHue Jeralefl Ha CKOPPEKTHPOBAHHOH KapTHHe
oueBrAHO. OTMETHM, YTO OPH 3TOM CMCTOrpaMMa He SBJISETCS CO-
BePLIEHHO POBHOM, 4TO OOLIUHO NPOMCXOAMT, KOTAa AJsl AMCKPer-

(7.6-27)
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o e i s s

HBIX BeJHMYIH HCMOJAb3yeTcsl MeTOA, MOJYyUeHHBIH /s HenpephlB-
HHIX BEJHUHH.

Meropn 3amanus ructorpammbl. ['HcTorpaMmHoe BHIpaBHMBaHMe
YA06HO AJs1 aBTOMATHYECKOH KOPPEKLHH, MOCKOJIbKY OHO OCHOBaHO
Ha (¢ydKUnu npeobpasoBaHus, T. €. ORHO3HAUYHO OnpelensieTcs
C NMOMOUIbIO THCTOTPaMMBI HCXORHOTO HM306pamenHs. OAHAKO 3TOT
METOJ OrpaHHyed B TOM CMBICJI€, YTO B HEM HCNOJb3YETCSt TOJBKO
GbyHKuMs racTOrpaMMHOR  JMHeapH3amuu. JTOro  HEAOCTATOMHO,

Puc. 7.30. Mcxoanoe uszobpaxenne (a) u ero rucrorpamma (6). Hsobpaxenue
C BHIPOBHEHHOH THCTOrpaMMoii (8) u ero rucrorpamma (e) [315].

KOrAa HCXOAHOH MHpopManHeld saBaAsSeTCst KeaaeMmass (GpopMa Bbi-
x0an0i ructorpammbl, O600WUM TeNepb THCTOrPaMMHBIE CIIOCOB
Ha cayuail nosy4yeHus n300paxeHHs ¢ THCTOrPaMMOH oflpeesed-
HOH HHTEHCHBHOCTH. Kak noKasaHo HHXe, HCTOLPAMMHOE BbIPaB-
HiIBagie gBJISETCH YaCTHBIM CJydyaeM STOrO METoaa.

Ciauasa onepupyem C HenpephLBHbIMI BeInuuHaMH. [lycTb
pr(r) 1 pz(z)— COOTBETCTBeHHO HCXOaHast M KedaeMmass @IIB wuu-
TEHCHBHOCTH. [IpeANoIoKuM, 4TO 3agantoe H300paKeHHe ¢ NepBof
FHICTOrpaMMOIl BBIPOBIICHO € NOMOIIbIO ypaBhewist (7.6-23), T. e.

r

s=T(ry= S pr (@) dw. (7.6-29)
g
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Ecnn xenaemoe usoGpakenne 6bI0 Gu LOCTYIHO, €ro YPOBHH
HHTCHCHBHOCTH TaKiKe MOrJH Obl GbITh BbIPOBHEHBI C HCIIOJb30Ba-
HueM Qyukuun npeobpasoBatiis

v=_G(2) = S D, (@) dw. (7.6-30)
4]

Torma 661 obGparnoe mpeoGpasosanne z= G~'(v) BoccTanas-
JHBAJIO Ke1aeMble NMepBOHAYaNbHBIE YPOBHHU. IDTO, KOHEUHO, THIO-
TETHYECKOE YTBEpIKAEHHE, MOCKObKY YPOBHH Z— HMEHHO TO, YTO
HEO6X0AUMO MOAYuuTh, OTMETHM, OAHAKO, 4TO ps(s) u po(v) Oy-
AYT HACHTHYHBIMH PaBHOMEPHBIMU MJOTHOCTSIMH, TAK KaK HCHOJb-
3oBaHne ypasHeHni (7.6-29) m (7.6-30) obecmeynBaer paBHOMEp-
Hyl0 NJA0THOCTH He3aBHcHMO oT (opmbr OIIB nop uurerpajom.
Taxkum o6pasom, ecau BMECTO NpHMEHEHHs U B 06pPaTHOM Npeod-
PasoBaHWK HCNOJIb30BaTb OOPaTHHIE YPOBHHU S, NOJYYEHHbIE U3
HCXOLHOrO M300pakeHus, TO PE3yAbTHPYIOUWHE ypoBHu z = G—!(s)
Oyayr umers xenaemyio OIIB p.(z). B npeanosoxesny, 4ro
G—'(s) sBasiercss ONHO3HAuHON (YHKUHEH, AJTOPUTM MOMKHO 06-
OOLIUTb CIEAYIOIHAM 06pa3oM:

1. BHpOBHATL yPOBHH HHTEHCHBHOCTH HCXOLHOrO H306pa’keHHs
C MOMOUIbIO ypaBHeHHs (7.6-29).

2. Onpenenuts xenaeMmyio OIIB HHTEHCHBHOCTH M MOJYYHTDL
ynkunio npeobpasosanus G(z), ucnosb3ys ypasuenue (7.6-30).

3. OcymectButb o6paTHoe npeobpasoBatne 2 = G-'(s) x ypos-
HAM HHTEHCHBHOCTH H300paKeHHsi ¢ BHPOBHEHHOH no 1. 1 rucro-
rpaMMoi.

DTOT aAropuTM Laer BHIXOAHOE H30Opaxkedue ¢ sagauuoil OIIB
MHTEHCHBHOCTH.

HBa TpebyeMbiX .Js ONPELENEHHs] THCTOrPAaMMbl npeobpaso-
Banua T(r) 1 G~'(s) MOXKHO 06bEIHHHTL B OAHO mpeobpaszoBanue

2=G"(s)=G"" [T (r)], (7.6-31)

KoTOpoe cBsigbiBaeT r ¢ 2. Ormerum, uto npu G-[T(r)]=T(r)
3TOT METOJ CBOAUTCSA K IMCTOrPaMMHOMY BbiPaBHUBAHHUIO.

Hs ypamuenus (7.6-31) BuaHO, uTo HcXomHOe H3obpakedne He
HyXJaeTcs B TOYHOM THCTOrPaMMHOM BHIPAaBHHBAHHM IS Ooupeje-
Jedust ructorpammel. [Ipr sToMm TpeByercs TOJbKO, YTOGH HyHKIUA
T(r) saBHcesna M cBA3HBajach ¢ G~'(s) omuuM mpeo6pasoBanuem,
T. €. MOrjia ObTb NPHMEHEeHa HEMOCPEICTBEHHO K HCXOLHOMY H30-
6paxenno. OcHoBHAs TPYAHOCTb HCHOJNb30BaHHSt ABYX npeobpaso-
BaHMH HJAH HX COBMECTHOrO Bhbipakedud (7.6-31) A5 HenpepbBHHX
nepeMeHHbIX 3aKJI0YaeTCsl B aHANHTHUECKOM ONpEAe]eHHH o6part-
Holl ¢yskuuu. B guckperHoM cayuae ata npobJema yupouiaercs
13-32 OOBIMHO CPaBHHTENbHO HEOOJBWIOro (Hanpumep, 256) yucna
OTAENbHBIX YPOBHEH, yTO pesaeT OCYUIECTBHMbIM HOACYET U XpaHe-
Hue uH(pOPMANMH O KayKIOM BO3MOMKHOM [€10M 3HAYEHHH NHKCeja.
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dopMymipoBKa MAHHOTO aJropHTMa [Jsf MHCKPETHOro cayuas
CXOJHA C AHCKPETHBIM BbIDa’KEHHEM, DACCMOTPEHHBIM B OPCABIAY-"
1eM pasjedne:

k
Sp=T(rp) = ZO pr(rp)s (7.6-32)
G(z))= Z d. (z)) (7.6-33)
i=0
H
2, =G (sy), (7.6-34)

rae p,(r;) BHIUHCAsieTCs W3 HCXOQHOrO H3o0paxkenus, a pz(z2;) 3a-
naercs.

Puc. 7.31. Hexoaioe nzodnaskenie (@) M pe3yJbTaT THCTOTPAMMHOTO BbIDABIHBA-
HuA (6). 3alannad rHcrorpamva (8) W pe3yJbTaT HCHOJIb30BAaHHA MeTola 3a714-
Hus rucrorpavivbr (2) [315].

Mpumep. HManoctpauns Meroaa 3alaHus THCTOrPAMMBI NpHBe-
neda Ha puc. 7.31. Ha puc. 7.31, a nokazano ncxoanoe usobpaxe-
HUe, a Ha puc. 7.31,6 — pesysabrar sbipaBuuBauns. Ha puc. 7.31,8
H3obpakeHa 3aaadHas rucrorpamma, a Ha puc. 7.31,2— pe3yilb-
TAaT HCHOJb30BAHMA 3TOH TrHCTOrPaMMbl C MOMOLIbIO PaCCMOTpeEH-
Horo aJaropurma. OTMETHM, 9YTO B AaHHOM cJydyae MPHMeEHEHIe
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THCTOTPAMMHOIO BLIDABHMBAHHS MAaJ0 BJHsET Ha KAayecTtBO H30-
OparkeHus.

JlokanbHoe yayumenue Kauectsa. [IpuBe/eHHBIC METOLLI rHCTO-
TPaMMHOIO BHPDAaBHHBAHHs W 33/ldHHSl THCTOTPaMMHL sIBJSIIOTCS 06-
IIHMH B CMbLICJI€ M3MEHCHHSA HHTEHCHBHOCTH MHKCEJIOB C [OMOIIbIO
¢Gynxuuu npeobpasoBaHHsi Ha BCeM MoJe H300paxKeHHs. XOTs 3TH
METOABl JaioT o00llee yaAyulleHHe KauecTBa, 4acTo HeOBXOAHMO
BBIJCJHTh JI€TAJH Ha J0CTaTOUHO MaJblX y4acTKax H300parxKeHHs.
[Tocko/bKY KauecTBO NHKCEJOB Ha 3THX y4YacTKax MOMXKeT MaJo
B/JNATL HA BBLIUHCJAEHHsI MPH IPeoOpasoBaHHl BCEero H306pakeHus,
HCNIOIB30BAHHe OOLIMX METOJO0B PEeAKO NPHBOAHT K VJYUILEHHIO
Ka4yecTBA HA MaJbiX yuyacTKax. PelleHueM AaHHOH NpobjaeMbl sB-
JisieTcsi  yCOBEPIIEHCTBOBAHHC (YHKUHH npeo6pasoBaHHs, OCHO-
BaHHBLIX HA pacnpeje/eHUH HHTEHCHBHOCTH HJH Ha JAPYrHX CBOH-
CTBAX, B OKPECTHOCTH KaXJAOro MHKCeJa 3a/laHHOr0 H306paxeHus.

PaccmoTpennble BbllIe T'HCTOrPAMMHBIE METOJAB JIETKO TpPaHC-
GopmupyIOTCS 4151 JIOKaJbHOrO YyJayullleHHsi KauyecTBa. Tpancdop-
MauHs 34KIK0yaercss B ONpefe/eHHH OKPECTHOCTH pasMepHOCTBLIO
nX m ¥ B NepeMelleHHH ee HeHTpa OT NMHUKCelda K nukceay. B kax-
JOM T[0JIOXKEHHH BBIYHCASETCA THCTOTpamMMa  TOueKk B JAHHOH
OKPECTHOCTH M oOmpeaeasercs (QyHKUHS [peobpasoBaHHsi THCTO-
TPaMMHOIO BLIDaBHHBAHHS MJH (YHKUHMA MpeoOpa3oBaHus MeToia
3a/1aHHs THCTOrpaMMBL. IDTa YHKUHA CJAYKHT /5 OTOGpaKeHHs
HHTCHCHBHOCTH [HKCeJa, PAaClOJIOKEHHOr0 B LEHTPE OKPECTHOCTH.
3aTem LEHTP yuacTKa pasMepHOCThIO A X m MNepeMellaeTcss Ha co-
ce/lHuH NMHMKcen u npouecc nostopsietcst. [lockonbky npn nepeme-
LHIEHHM Y4acTka OT [MHKCeda K NHKCeJaYy MeHSeTCd TOJAbKO OAHH
HOBHIH PsAJ HJAH CcTOAOel OKPECTHOCTH, TO MOXKHO OCYIIECTBUTH
nepecyeT MCTOrpamMMbl, MOJYYEHHOH A/ NpeAbAYIIero MOJOKeHH
C HOBLIMH MapameTpaMy, MOSBJASIONIIMHCA Ha KaX/OM Hiare gBH-
JKeHWsl, DTOT MeTOJ MMeeT OYeBHIHble MPEeHMYLIEeCTBd Mepel MeTo-
JIOM C TOBTOPSIIOUIWMHCS BBIUMCJIEHHSIMH THCTOIPAMMBI BCEX TOUEK
obaactu n X m NpPH ee nepeMeUleHHH Kaxiablfl pas Ha OiHH [HK-
cea. [pyrum crnoco6oM, YacTO HCNOJAb3YEMBIM jJIsi YOPOILIEHHS
BLIYHCJIEHHH, ABJSETCS NPHUMEHeHHe HelepeceKaloluxcs obaacteil.
D70, 0iHAKO, NPHBOAUT K INOSABJEHHIO HeKeAaTeJLHOTO Ulaxmar-
HOrO pacnpefeneqilss HHTEHCHBHOCTH HA H306DpaKeHNH.

Mpumep. JlokajabHOe THCTOrpaMMHOe BHIDABHHBAHHE C nepeme-
LIeHHeM OKDECTHOCTH OT MHKCeJa K NHKCeAYy MPOHJIIOCTPHPOBAHO
Ha puc. 7.32. Ha pHc. 7.32, @ noxaszaHo H306paKeHHe ¢ NATHIO TeM-
HbIMII KBaAPAaTHBIMI yyacTKaMi Ha (OHe ¢ NOCTOSHHOH HHTEHCHB-
Hocrbio. M3o06pazkenue caerka pacliibiBudTO B pe3yJbTare He-
MOJb30BaHHS MacKH pa3MepHOCTBIO 7 X 7 Aasi yMeliblIEHHS yma
(pasa. 7.6.2). Ha puc. 7.32,6 npuseleH pe3yabTaTl THCTOIpaMM-
Horo BeipaBHMBaHHs. Han6ogee xapakTepHOit 0COGEHHOCTBIO 3TOrO
H306paKeHHsl SBJAETCH yBeJHUCHHE TOMeX, UTO OOBIUHO [IPOHCXO-
JHT OpPH HCMOJbL30BAHHH B 3TOM METOAEe H300DaxKeHHil C IIyMOM,
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naxe eclH OHH ObLJIM [IPEABAPHTENbHO CIVIaXKEeHH Nepes BbIpPaB-
suBanneM. Ha puc. 7.32,8 nokasaH pe3yqbTar JOKaJbHOTO THCTO-
rPaMMHOTO BHLIPABHHBAHHS C [PHMEHEHHEM OKPECTHOCTH pasMep-
nocThio 7 X 7. OTmernM, UTO Ha TEMHBIX yuacTkax H3oOpamenns
obnapyxKu/aace BHYTPeHHsist CTPYKTypa, KOTOpas HE Obla BHIHA
HH B4 OMHOM H3 JBYX NpeIbayiinx nzo6pamxenuil. [Tomexi mo

Puc. 7.32. Hcxoanoe uzobpaxe-
e {a) n pe3ymsbrar obulero
CHCTOTPAMMHOTO  BbIPABHHUBAHHS
(6). Pe3y/bTaT JOKAJAbHOTO [H-
CTOTPAMMHOTO BBHIPABHUBAHUA C
HCI01b30BaHHEM OKPEeCTHOCTH
pasmepuoctbio 7 X7 s Kax-
goro nmukceaa (8).

CPaBHEHHIO C HCXOAHBIM H300pakeHHEM BHIPOCJHM, HO HX BeJHdHHA
HAMHOTO MEHblile, 4eM Ha BTOPOM H30OpaxeHu, 6j1arogaps J0Kalb-
HOCTH MeToga. DTOT NpuMep HarJsajHO MOKasbBaer HeoOXO0IUMOCTh
JOKaJbHOTO yJyullleHHsi KayecTsa, KOrja HHTepecylollHe JeTald
CJAWLIKOM MaJbl, 4TOObl CYIIECTBEHHO BJIHUATH Ha obulHe xapakTre-
PHCTHKH METO0B 00paGOTKH 1eJ0ro H300paxkeHHs.

KauecTBO M306pakeHHs Ha JIOKAJbHBIX yiaCTKaX MOXKHO yayd-
WaTh, HCNOAL3Yysl ApYrHe IlapaMeTpbl HHTEHCHBHOCTEH [HKCEI0B
B OokpyXuoctu. [ByMst TakHMH uyaCTO HCIOJNb3yeMbIMH Mapamet-
paMH ABJSAIOTCS CPejHec 3HauYeHHe WHTEHCHBHOCTH H H3MEHCHHE
MHTCHCHBHOCTH (MJM cTaHaapTHoe oOTkK/IoHeHune). CpelHee 3Haue-
HHe-— 3TO Mepa CpejgHedl sPKOCTH, 8 H3MCHECHHE HHTEHCHBHOCTH —
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Mepa KOHTpacTHOCTH H306pakeHHs. TunuuHOe JOKaAbHOE Npeo6-
pasoBaHue, OCHOBaHHOE Ha 3THX napaMeTpax, NepeBOJAUT HHTEHCHB-
HOCTb HCXOAHOTO u3o6paxeHus f(x,y) B HHTEHCHBHOCTL HOBOTO
nsobpaxenns g(x,y) NyTeM OCYUIECTBJEHHS CJeAyiouel onepa-
IAH Haj pacnosoxennem (X, y) KaxA0ro nukcesaa:

g, Yy=A(x, Pf(x, ) —m(x, YI+ m(x, y), (7.6-35)
rJie

M
A, )=kor—, 0<k<L (7.6-36)

B aroit sanncn m(x,y) w o(x, y)— COOTBETCTBEHHO CpefHee
SHayeHHe WHTEHCHBHOCTH W CTaBAAapTHOE OTKJ/OHEHHe, MOJACYHTAH-

FQ%G/‘} 7.33. HMsobpaxenus 10 (2) u nocae (6) JOKaJbHOTO yIyullleHHs KateCTRa

HBlEe [/ OKPECTHOCTH C LEHTPOM B TOuKe (X, y), M — cpeanee 3Ha-
deHHe BCei QYHKuuu f(X,y), a k—nocTosiHHAs H3 yKa3aHHOro
JHanasoHa.

Baxxio ormerntb, uTo A, m U 0 — NepeMEHHbIE BeJHUYHHBI, KO-
TOpble 3aBHCAT OT 33/ @HHOH OKPECTHOCTH TOuKH (X, y). Jlokaab-
Hble H3MEHEHHsl YBEJHUNBAKOTCH 3a CueT YMHOXKEHHS Pa3HOCTH
MeKAY f(X,y) H JOKAJAbHHM CPEAHHM 3HaueHHeM Ha JOKaJbHbIi
Koa¢pdunuent A(x,y). [Nockoabky Bennunna A(x,y) o6patHo npo-
MOPUHOHA/NbHA CTAHAAPTHOMY OTKJIOHEHHIO HHTEHCHBHOCTH, yua-
CTKH C HH3KOH KOHTPAaCTHOCTbIO HMEIOT GoJbllee ycuieHue. Cpex-
Hee 3HaueHHe MOACTABJsETCA CHOBa B ypaBHeHue (7.6-35) mas Boc-
CTAaHOBJIEHHs] CPEJHerc YypPOBHA HHTEHCHBHOCTH H300paKeHHs Ha
JOKaJbHOM yuactke. Ha npakTHKe XKelarelbHO MOJACTABJAATL YacTh
Cpe/lHero 3HaueHHd W OrpaHHuHBaTL H3MeHeHHe (yHKiuH A (X, y)
B npeaenax [Awun, Avaxc] /AJ5 YPaBHOBEUIHBAHHS OOJBIIHX OTKJIO=
HEeHHH HHTEHCHBHOCTH Ha OTJACJBHBLIX yHacTKax.
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Mpnmep. OGopyjpoBaHue A/ DeaNH3aUMH MeToAa YJAyuileHHs
KauecTBa H300pazkeHust U crnocod o6paboTku H300paxceHus B pe-
ajJbHOM Maclitabe BpeMmeHH (T. e. co ckopocTeio 30 kajpor B 1c)
onucadbl B pabore [207]. Ilpumep BO3MOXKHOCTEH MeTOja, HCIOJb-
3YIOIEro JOKadpHEI yuacTok pasmepoM 15X 15 nukcesos, npube-
JleH Ha puc. 7.33. 3aMeTHO yJyullleHHe KauecTBa H300paKeHHA je-
TajJeld Ha TPaHHLE MeXKAY ABYMs 06/acTAMH DPa3/jHYHBIX HHTEHCHB-
HOCTeH, a TakKe yayullenne BOCIPOH3BeAeHNs HHTEHCHBHOCTH
BHYTPH Kax/0il n3 aTux odaacrefi.

7.6.4. Onpenesenne KpoMok

Onpejfenenne KPOMOK 3aHHMaeT LeHTpaJbHOE MeCTO MNpH 00-
paboTke HHPOPMANUH B CHCTEMAX TEXHHUECKOTO 3DeHHd, NPeicTaB-
A co0oll HayaJbHBIA 3Tal peasu3alud MHOTOYHCJEHHBIX 4J/ro-
PHTMOB HIeHTH(HKALHN 00BeKTOB. B 3TOH riase paccMaTpuBaloTCs
OCHOBHHE METOJAH oOmnpejeleHus Touek KpoMok. Cnocobw mnoc.e-
Ayomei o6paboTKi 3THX TOYeK H3JjaraiTed B i, 3.

OcnoBhble DOJoXKEHHs:. OCHOBHLIM MNPUHIHNOM OOJbLIIHHCTBA
METOJOB OIlpejleJieHHsi KPOMOK SIBAAETCS BBIUHC/AEHHE THacTHHX
npou3BoAHLIX. [losCHHM 3TO TMOJOXKeHHe C moMoublo puC. 7.34.
Ha puc. 7.34,a npuseieHb H300paxKeHHe CBETJIOrC 0ObEKTa [po-
cToii GopMbl Ha TeMHOM (OHe, KPHBAs HHTEHCHBHOCTH BJOJb IO-
PH3OHTAJLHON JIHHHH CKaHHPOBaHHs H300pa)KeHus, a Takxe Mep-
Bas W BTOpas MPOH3BOJAHbIe 3TOH KpuBOfl. OTMETHM, YTO YUaCTKH
KpHBOH, COOTBETCTBYMI[HE KPOMKe (Mepexoj OT TeMHOi obJactu
K CBeTJIOH), NPeACTaBAs0T COOOH HAKJIOHHbBIE, & He BepTilKaJbHBIE
JUHUH, KaKue AOJKHL OBITh B CJAyyae Pe3KOro H3MeHeHHs HHTeH-
CHBHOCTH. DTO OTpaxaer TOoT {PaKkT, uTO KPOMKH Ha IH(POBOM
H300paKeHHH B  pe3yabraTe JAHCKPETH3aUUuH OOBIUHO  CJjerka
pPasMbITHI.

B yKka3aHHO MoOJeJH KPOMKH nepBas [pOH3BOAHAS BCeX yua-
CTKOB KPHBOHl C MOCTOAHHOH HHTEHCHBHOCTbIO paBHa HyJaI0 H dB-
JAsieTCs TMOCTOSIHHOH BeJHUHHOIl Ha yyacTKax H3MeHeHHs WHTEHCHB-
HoctH. C ApYrod CTOPOHH, BTOPasl NPOH3BOJHAS paBHa HyJiO Ha
BCeX yyacTKax, KpOMe HauaJbHbIX H KOHEUHBIX TOUEK H3MEHEHHS
uHTeHcHBHOCTH. C yueTOM 3TOTO OUEBH/HO, UTO BeJHUHHA [€PBOH
NPOU3BOAHON MOMeT OLITb HCNOAB30BaHA [/ OOHapyKeHus HaJk-
qHs KPOMKH, @ 3HAK BTOPOH NpPOH3BOAHOH — AAsl Onpeie/eHus
Toro, Ha TemHOH ((POH) HIH Ha cBeT/IOH (OOBEKT) CTOPOHE KPOMKH
pacnosiaraetcsi nHukcesl KpoMkh. Hampmmep, 3Hak BTOpOH MpOH3-
BOAHON (puC. 7.34,a) noJoXKHTEeNEH AJs NHKCeJI0B, PacnoJ/oxeH-
HBIX Ha BHEUIHHX CTOPOHaX KPOMOK 00beKTa, H OTPHLATENEH /5
MUKCEJI0B BHYTPEHHHX CBET/IbIX CTOPOH 3ThHx Kpomok. Te Ke pac-
CYXK/EHHS CnpaBeiJuBy JJisi CiAyuasi HaxOMxJACHHH TEMHOro 06b-
eKkta Ha csetaoM Qoue (puc. 7.34.6). OTMeTuM, uTO 3HakK BTOPOH
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NPOM3BOJAHOR [pH 3TOM TakkKe [03BOJSET ONPENE]UTHL MEPexon
HHTCHCHBHOCTH Ha KPOMKe,

XoTsi gaHHOe paccMOTPeHIe OrpaHuHuMBAETCS OJHOMEPHBIM [O-
PHBOHTANbHBEIM npohniieM, aHAJOTHUHO MOXKHO ONPefesiTh KPOMKH
lipn 1:060it wx opueHTaunn Ha uzoOpaxenun. s a1oro usyuaercs
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Puc, 7.34. Onpenenenue KpoMOK ¢ NOMOILBIO NPOH3BOAHGLIX. d) — CBETJHA OGBEKT
Ha TeMHOM ¢oHe, 6) — TeMHbIl O6BEKT Ha CBeTJOM (oHe.

npou/ib, NepneHAUKYNSPHbE K HAanpaBJieHUIO KPOMKH B J060M
3a/laHHOH TOuKe, a pe3y/bTaThl HaXOASATCS YKA3aHHBIM BhHilie 06-
pasom. Kak NnokasaHo HuiKe, nepBas NPON3BOAHAA B JIOGOH TOyke
u306paKeHus MOJyyaeTcs M3 BEJHUHHBI TpajieHTa B 3TOf TOUKe,
a8 BTOpas NpOH3BOAHAS ONpeJe/sercs ¢ NOMOLIbIO [peobpa3oBanus
Jlannaca.
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Bbluncnenne rpanuenta. ['paguent nzobpamenns f(x, y) B TOUKe
(x, y) onpenensiercss Kak ABYMepHLIH BEKTOD

of
st =[5 ]=| o
dy

(7.6-37)

M3 BekropHOro aHannia H3BeCTHO, 4TO BekTop G yKasbBaer
Hanpas/eHHe MaKCHMaJbLHOTO H3MeHeHHs QYHKuHM [ B TOuKe
(x,y). OaHako npH ompejgeJeHHH KPOMOK IIpPEACTaBJSET HHTEpec
BeJlHYMHA S5TOTO BEKTOPA, HA3HBAEMOro OOBIYHO epadueHToN I

o6osnauaemoro Kak Glf(x, y)], rae
Gl =[G+ Gl =[(L) + ()] 639

Ha npakrtuke, Kak 0paBHJIO, IPaJHeHT anmpoKcuMupyercsa abco-
JIOTHEIMI 311aUeHHSAMH

GIf (s, I =[G 141Gy .

DTa anupokcHMamus 3HAUWTEJBLHO YIPOLLAeT pealH3anuio Me-
Tona, B OCOGEHHOCTH NPy HCNOJIb30BAHKH PacnpoCTPAaHEHHOro 0060-
pyAOBaHus.

U3 ypasnenus (7.6-38) cJjeayer, 4TO BBLIUHCJEHHE CpaileHTa
OCHOBAHO HAa HaXOXKAEHHM [epBHIX NpOH3BOAHBLIX Of/0x u Jf/dy.
Il uugppoBOro u3obpaxieHust 9T0 MOKHO C/e/1aTh HECKOJbKHMH
nytamu., OaHH H3 MOAXOA0B COCTOMT B HCIOJbL30BAHHH PA3HOCTH
MesKAY COCeAHHMH MHKCe/laMu

Go=L=f(x, ) —Fx—1, 1),

(7.6-39)

(7.6-40)

Oy =5 =1 (x, ) = (x, y—1). (7.6-41)

Heckoasko 6GoJiee cJoXKHBIHA criocod BKJIOHAeT TIHKCEJAL! B OKpe-
CTHOCTH pa3MepHocTbio 3 X 3 ¢ LEHTPOM B TOYKE (X, y):

G}{:_g_i_:[f(x+1, y=D+2 @+ L )+ fx+1 g+ D —

— =1L y— D+ 2%a— 1 g +fE—1 g+ D=
=(g+2n+i)—(@+20+0), (7.6-42)

Gy === 1, g+ D+ 2 (x, g+ D+T e+ 1, y+ D] -

— =L y=D+2 (6 y—= D+ + 1 y— D=
= (c+ 2+ i) —(a+2d + g), (7.6-43)

rae GykBei OT @ 10 [ 0003HauamT COCeJHHE TOYKH LEeHTpa (x,y).
OxpecTHOCTs pasmepuocTblo 3 X3 TOYKH (X, Y) B YNPOLICHHON
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3amuCH mnokasana Ha puc. 7.35,a. OrmeruM, uro 6.amxalimue
K TOYKe (X, y) nuKceasl B NaHHOM BapHaHTE ONpele/eHHs NpPOH3BOA-
HBIX LH(PPOBOrO H30GpaKEHHsI UMEIOT 3HaueHue, paBHOe 2. Bhiuncie-
HUeTpajHeHTa B 06/acTH pa3MepHOCTbIO 3 )X 3 uMeeT peHMyLIecTBO
N0 CpaBHEHHIO C HCMO/Ib30BaHHeM ypaBHeHMH (7.6-40) n (7.6-41)
B CMbic/e GO/bIIErO yCpeAHEHHs, YTO AejaeT PaAHEHT MeHee uyB-
CTBHTE/IbHBIM K NOMexaM. B npuHuHIe BO3MOKHO [pHMEHeHHe H
Gonee wWMPOKHX OKpecTHOCTell s HAaXOX/IeHHs TpajiHeHTa, HO

a b c -1 -2 -1
d (z,y) e 0 0 0
g ¥ed i 1 2 i
e &
-1 0 1
-2
0 2 Puc. 7.35. OxpecTHOCTb
pasMepHocTeio 3 X 3 TOY-
_ 0 KH (x, y) (@) m Macku
1 1 gas BeuucaeHuss Gy u Gy
(6 us).
8

B NPOMHIU/IEHHHX CHCTEMAaX TeXHHYECKOTO 3PeHHs PacmpocTpaHeHo
g;r;%g;::l){lsa}me pasmepHocTH 3X 3 64arofaps BEICOKOH CKOPOCTH
HA M yMepeHHHIM

o ymep 1M TpeGOBaHNAM K OGOPYAOBAHHIO IS

B coorercTBHH ¢ M3/0KeHHBM B pasf. 7.6.1 sHauenne G. no
ypaBHEHHIO (7.6-42) MOXKHO ONpeleJHTb C NOMOIIBIO M;CKI/I
(puc. 7.35,6). ApajornyHo HaXomHTCst H 3HaueHne G, (puc. 7.35 8)
OTH JIBe MaCKH OBLIYHO HA3LIBAIOTCH oneparopamu Coéé/t,;z ’I/Ic:
M0JIL30BaHHE A4HHBIX MACOK B TNPOH3BOJBHOH TOuKe (X, y) ‘coe-
Taer B cebe pe3y/bTaT NPHMeHCHHS ypaBHeHuil (7.6-38) Hn (7.6-39)
B BHJE AanmpoKCHMAanHd TrpajueHTa B 3TOH TOuKe. HepeMémaﬂ
MaCKH N0 H300paKeuuo f(x, y), NOAyda0T TPafHeHTH BO BCeX ero
TOUKAX.

CylllecTByeT MHOXKECTBO CIOCOB0B (DOPMHPOBAHIS BLIXOAHOTO
nsoGpa}i(eHHﬂ g(x,y), OCHOBaHHMX Ha BHIUHCJACHHH TpajHeHTa
[Ipocrefimium crocoboM siBasieTcss 3aganue byHKIHE g B TOQKP:
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(x,y) 3HaueHHs, PaBHOrO BeJMUHHe IPajHEHTa BXOAHOro nzo6pa-
Kenus [ B 3TOH TOuKe, T. €.

gix, ) =GI[[(x, y)l. (7.6-44)

[Tpumep HCHONL30BAaHHA TAKOro MOJAX0j4a NpPH MOJAyueHHH rpa-
JHEeHTHOro H300parKeHns npiBeieH Ha pHc. 7.36.

Puc. 7.36. HUcxonaHoe usofpakeuue (a) M pe3ysibTaT HCMOAb30BAHAA yPABHEHHA
(7.6-44) (6).

JlpyruM croco6oM noJyueHHss IHCKPETHOrO H300paxKeHHs siB-
JsieTcs MpHMeHeHHe CJeNYIOIHX COOTHOIEHHH:

1 npu G[f(x, Il >T,

g0 9) {0 apu GIf(x, I <T, (7.6-49)
rie T — HeoTpHIlaTelbHast Moporopas BelnunHa. B atom cayuae
UMeIOT 3HaueHHs TOJbKO TNHKCeAb KPOMKH, TPaJHEHTBHl KOTOPHIX
npesuiwaiT Beanuuny T. Takum o6pa3oM, HCIOIb3OBAHHE ypaBHE-
nusa  (7.6-45) moxer paccmMaTpHBaTbCH Kak MpoOuecc BHLACJACHHA
TOALKO TeX MHKCEeJI0B, KOTOpble XapaKTepu3yioTCsd 3HAUHTEJbHLIM
(onpeneneHHEM BeJHuHHOd T) nepenaioM HHTEHCHBHOCTH. Hanp-
HeflllH{i aHaJHu3 [OJyUeHHbIX NHKCeJ0B OOBIUHO TpebyeT CTHpaHHA
OT/eJbHBIX TOUEK M CBSI3bIBAHHS MHMKCEJOB BIOJb COOTBETCTBYOIIHX
KOHTYPOB, KOTOpble OfHO3HAuHO OmpeaetsoT OOBEeKTH Ha n3obpa-
Kennsx. IIprMeHenine jas 3TuX LUesefl ypapHenus (7.6-45) pac-
cMaTpHBaeTCs ¥ HWJJIOCTpHpyercs B pasa. 8.2.1.
Onepatop Jlannaca. Oneparop Jlamnaca siBJAsgeTCs OnepaTopom
NpOH3BOAHLIX BTOPOro nopsiika BHAA
2 g2f
LI, )] =555 + 557 (7.6-46)
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Hns  AuckpeTHelx u3o6paxeHuil omepartop Jlammaca onpene-
JSAETCA CJAEYIOIIUM 00D a30M:

LG, l=[f(x4+1, p+fle—1, ) +F(e, y+ D+
+flx, y— DI —4f (x, v). (7.6-47)

Ora nudposas sanuch oneparopa Jlandaca faer Hyab Ha yuacTkax
MOCTOAHHON MHTEHCHBHOCTH M Ha yyaCTKaX H3MeHSIOUIeHCH HHTeH-
CHBHOCTH Ha KPOMKAdX, UYTO XapaKTepHO
/Uia  MpOH3BOJHON BTOpOTO nopsajaka. Pe-
IeHue ypapHenus (7.6-47) MoxkeT O6biTb
OCHOBAHO Ha IPHMEHeHHH MAacKH, AadHOIl
Ha puc. 7.37.
1 -4 1 XoTa, Kak OblJI0 OTMeueHO B Hauae
3TOr0 pasjenaa, omeparop Jlansaca onpe-
llesisieT nepexoj HHTEHCHBHOCTH, OH pejKo
caM no cefe HCMONb3YeTCH I8 HAXOMKJje-
HHA KPOMKH. [leslo B TOM, U4TO, ABJASCH
Prc. 757, Macka nas sy CTEPATOPOM MPOH3BOAHLIX BTOPOro MOpsjL-
uncacuus onepatopa Jan. K& ONEparop Jlannaca AdeT  pesyJbTaT
naca, OOGBIYHO OUeHb YYBCTBHTeJBHBIH K MOMexam,
Taxum 006pasom, 3TOT oneparop, Kak npa-
BUJIO, BBHITOJIHAET BTOPOCTENEHHYIO DOJb [PH ONpe/lesleHHH, HA Ka-
KOM W3 CTOPOH (TeMHOH HJH CBeTJOH) KpOMKH HaXOJAUTCH AaHHH{
NHKCeJ,

7.6.5. Moporosoe pasjeJenue

[ToporoBoe pasjesicHHe ABJAETCH OJHHUM H3 OCHOBHBIX METO/0B,
HCNO/b3yeMbiX B NPOMBIIJIEHHBIX CHCTeMAaX TEXHHUYECKOro 3peHHus
L7151 o6HapyXKeHHUst 00BeKTOB, 0OCO0EHHO B CJyuasix, Korja tpedyercs
HaJHyHe BLICOKOH MNPONMYCKHOM CMOCOOHOCTH CHCTeMbl. B paHHOM
pasjesie paccMarTpPHBAOTCH OCOOEHHOCTH INOPOTOBOrO pasjeseHus,
KOTOpbLle OTHOCATCS K HHMXKHeMy YpOBHIO O0OpabOTKH HHPOpMaliH.
[TpuMeHeRHe NOpOroBOro pasfescHus Ha OOJee BBLICOKOM YpOBHe
006paboTKU H3Jjaraercsd B IJ1. 8.

[TpeAnON0KHUM, UTO FHCTOTPaMMa HHTeHCHBHOCTH (puc. 7.38, a)
COOTBeTCTBYeT M300paxeHHIo f(x, ¥), COCTOAULEMY H3 CBETJBIX 06b-
eKTOB Ha TeMHOM (oHe, Ilpu TOM HHTeHCHBHOCTH NMHKCEJOB 00Bhek-
TOB H (poHa pazle]qioTcad Ha ABe Bbiledstomuecs 4acTH. OaHUM uH3
OYeBH/HLIX MyTeil OTHejeHHs 0OBeKTOB OT (hoHA SABJAACTCH BHGOD
noporosoro sHauyenns I, xOTOpoe pasfessieT 3TH TPYNNL HHTCHCHB-
nocreft. Torna nwoGas touka (x, y), Aast KOTopoh f(x, y) > T, npu-
HaJJTeXUT O6BCKTY, @ B MPOTHBHOM cayyae — ¢oHy. Heckoabpko 6o-
Jee O6mMA BapHaHT 2TOr0 MNOJAXOAA NOKa3aH Ha puc. 7.38, 6, rae
FHCTOrpaMMa H300paKeHUS XapaKTepH3yeTCsd TpeMs OT/[eJbHLIMH
YacTsMH, COOTBeTCTBYIONIHMH, HanpUmep, ABYM CBeTJBIM OO6BbeKTaM
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na TeMHOM (oHe. B 3TOM cayuae uCHONb3yerTcss TOT Ke MOAXOA, H
touka (¥, y) KJIacCHPHUUPYeTCHs Kak NpHHajexamas « NepBoMy
o6wekty mpn Ty <<f(x, y) << Tz KO BTOPOMY OOBEKTY TpH
f(x,y) > Ty u x dony npu f(x, y) < T

JlaHHBIE BapHAHT MHO20YPOBHE2D NOP0206020 pasdenerus O0b-
HO MCHee Ha/erKeH, yeM OJHOYPOBHEBLI BapHAHT, H3-34 TPYAHOCTH
VCTAHOBKH HECKOAbKHX M0-
pOTOBLIX 3HauyeHHH, KOTO-
phle 3(QpeKTHBHO pasaeds-
Ji Obf HHTepecywIinue 006-
JgacTy CHCTOTPAMMEL, OCO-
OeHHO KOrja Hx YHucJao J0-
€TaTOYHO Bejuko. OGBIUHO ’

TaKHe 3ajJayd MPH HCIOJb-

30BaHHHU [OpPOTOBOro pas- ]l ’ l ”
ﬂeﬂeHHﬂ 'Hyl”‘ue pe{‘ua}o’rcﬂ HIHH h[[r 'x)]I! | 1. 2
¢ TIOMOIIBIO OJHOH MeHSI0- T

iefics NOPOroBOH BeJHYH- a

HBl (1. 8).

B cOOTBETCTBHH C H3J10-
JKEHHBEIM MO/X0/0M MOKHO
paccMaTpHBaTh [10pOroBoe
pasjiejienne Kak onepa-
M0, BKJOYAKOILLYIO Jed-
creus ¢ ¢yukuuess T B BHIE

T=TI[x, y, px, y),
f(x, p], (7.6-47)

{
rae - f(x, y)—unrencus- | “H“n I xl‘imilr Ll ti
HOCTb TOUKH (X,y), a p(x, 7 T
Y¥) o0603HAuaeT HEKOTOPOe ! 2

4acTHOE  CBOfICTBO  3TOH ) 5
TOYKH, HanpuMep cpea- Puc. 7.38. I'ncrorpaMmbl MHTEHCHBHOCTH, KO-

_ TOpble MOryT OHTb pasfeneHb C [OMOILLIO
HIOI0 HHTEHCHBHOCTb OKP€- () onuoro noporosoro sHauenns u (6) we-
CTHOCTH C UEHTPOM B TOY-  CKOJNBKHX MOPOTOBHIX 3HAYEHIHI,

ke (x,y). Iloporoeoe uso-
OpaxeHHe MoJyvaercs [yTeM ONpe/e/eHus

I npu [f(x, y) >T,

g, y)={ 0 mpn f(x, y)<T.

(7.6-48)

Takum o6pazoM, Ha H3o0paxKeHHH g (X, y) MHKCEAB CO 3Haue-
HueMm | (Mau ¢ JIOGbIM APYTHM COOTBETCTBYIOIIHM yDOBHEM HHTeH-
CHBHOCTH) OTHOCATCA K OfbeKTaM, B TO BpeMs KaK MHKCENb CO 3HA-
yenuceM 0 OTHOCATCS K (OHY.
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Korpa semiunda T 3aBHCHT TOJIBKO OT f (X, i), DOPOr HA3LIBAeTCS
eaobanbnbiym. TlpuMep TaKoro mopora mNpHBedeH Ha pHC. 7.38, a.
Ecan peauuuna T sasucuT kKak ot [(x, y), Tak u oT p(x, y), To m0-
pOr HasblBaeTcd A0KaAbHetM, Eciu K TOMy e BeanynHa I 3aBHCHT
OT MpOCTpaHCTBeHHBIX KOOpDAHHAT X H Y, [IOPOr HasbiBaerca OJurd-
muyeckum. K HHKHeMy YPOBHIO TeXHHYECKOrO 3PeHHS OTHOCSIT Me-
TOAH MOPOrOBOTO pasfe/eHHsl, KOTOpble QCHOBAHLI Ha OJMHOH TIJ0-
6anbHoli BeanuuHe T. [TockoJbky NOpoOrosoe pasjefdeHHe Hrpaer

Puc. 7.39. (a) Hcxonnoe uso6paxenue.

(6) 'ucrorpaMma MHTEHCHBHOCTH B JHa-

nasone or 0 mo 255, (8) Hzobpaike-

8 ¢ HHe, OJY9eHHOE N0 yPaBHEHHIO (7.6-48),
¢ raoGanbHbiM noporom T == 90,

IIeHTpaJbHYIO pOJb IPH BbiieJeHHH OOBLEKTOB, ero 6oJee CA0XKHbBIE
BApMAHTH OTHOCHATCA K CpejJHeMy YpOBHIO TeXHHUYECKOTO 3peHHsl.

[Ipocro#t mpuMep ri106aibLHOCG MOPOrOBOrO pasjeseHust NOKasan Ha
puc. 7.39.

7.7. 3AK/IIOUEHHE

[TpepctaBsieHHH B 3TOH IVlaBe MarepiaJs OXBaThiBaeT IHHPOKHHA
Kpyr MeToA0B 00paBoTKu HAGOpMAlHH, OOLIYHO OTHOCAIIUXCH K
HHKHEMY YPOBHIO TEXHHYeCKOro 3peHus. Kak ormeueno B pasi. 7.1,
CHCTeMBbl TeXHMYECKOIQ 3peHHs pelllaloT npoCcTpaHcTBellHble 3a/auH,
1 GOJBIIHHCTBO aJropuTMOB (OCOOGEHHO Ha HHMKHeM YPOBHe) OCHO-
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saHbl HA 1306paXKeHHsAX TPEXMepHBIX 00beKTOB. BaKHbIMA MeTOAaMH
A/ [OJdydeHusi HHpOpMANHH O TayGuHe 1306paXxKeHus sABIAOTCSH
MeTOABl H3MepeHHd, H3J0KeHHble B pasi. 7.2, 1 MeTOAHl CTPYKTYypu-
pOBAHHOTO OCBelleHHs, OMHCAHHbIE B pasil. 7.3. OTMeTHM, YTO MHO-
e WU3M0MeHHble CMOCOGE HMeIT ropasjo Géubliylo o6iacTb NpH-
MeHeHHs. [lokazaTe/bHHIM NpHMepPOM saABJfeTCH yJayHdlleHne Kade-
cTBa HM300paxenusd, KOTOpOe A0.1ro 0CTanaJjoch TpyAHON 3azaueil
npi 06paboTKe IHPpPOBLIX nzo6paxenu. OgHUM H3 OCHOBHBIX Tpe-
GOBaHUIl pH HCIOJb30BAHHU CHCTeM TeXHHYECKOro 3penis — npeib-
qB/seMble W 44CTO NMpOTHBOpeuallHe APYr APYry TpeGOBaHHH HH3-
KOil CTOHMOCTH H BBICOKOTO OBICTPO/AEHCTBHS.

Jlureparypa

Bosee moapoGHLIH MaTepuan [0 0GOPYAOBAHMIO AJA MOJMYHEHHS
nso6paxennit xan 8 [79, 119, 74]. Tema, wuajaOMXKeHHas B pas-
nene 7.3, ocuosana Ha paborax [201, 121, 203]. [1peoBpasoBanus,
paccMoTpeHHble B pasfenax 7.4.1 n 7.4.2, moryr OBITb HafiieHbl B
GOJBUIMHCTBe KHAI [0 BBLIUNC/AHTesNbHOl rpaduke, Hanpumep B
[212]. onoaHuTe/dbHble CBejeHH MO MOANHPOBAHMIO I KaJu0-
poske Kamep Haxoaatcs B [66, 317]. OG3opnas crarThd [12] coaep-
KT OOLIHpHOE KOJHYeCTBO CCBUIOK Ha JuHTepaTypy IO 06paboTke
CTepeoH300paeHnH.

Marepuan pasjena 7.5 GasupyeTcs Ha padorax [288, 252], a
pasfena 7.6.1 —na [104]. [ToapoGHOCTH HCMOJAb30BAHHA yCPeXHsIIO-
mux ¢axropos Aanbl B [129, 314, 44], a MeTOX Cr/ax)uBaHuA NyTeM
yepeatenust H300paxenns — b [148]. Meroin criaXupanus JIs
JDHCKpeTHHX H300pakeHHH, pacCMOTpeHHble B pasiese 7.6.2, ocHo-
BaHbl Ha cTatbe [295].

Marepuan pasgena 7.6.3 cooTseTcTByeT padoram [101, 315].
JeranbHOe H3MO0XKeHWe JOKA/JAbHOrO YyJayulleHHs KauyeCTsa AaHO B
[143, 114, 207], a mMeTof0B OnpefleseHHs KDOMOK — B [249]. bo.ee
No31HHE 0630p 3THX MeTOAOB HAXOAUTCH B [54]. PesyabTarH B aaH-
HOH 06JacTH, yUHTbIBalOLlHe OBICTPOjefACTBHe METOAOB, MpHBEACHH
B eute GOJee mo3iHux padorax [153, 44]. C BBOAHBIM MaTepHa/OM
1o Onpeje/eHHI0 KPOMOK MOXKHO O3HaKOMHTHCA B [104]. Kunra
[252] comepxHT NOXpPOGHOe oOMiCaHHe MeTOLO0B MOPOroOBOrO pasie-
JeHnns. IlpejacTaBisier HHTepec TakXe 0630pHas CTAThA [305].

¥Ynpaxunenus

7.1. Kakoli o6beM mamstu Tpedyercd aJd 3anOMHHEHHA HHGDOPMALHH H30-
GpaxceHns pasMepHocTbio 512 X 512, B KOTOPOM Ka/blll MHKCEI MOKET HMETb
256 3nageHuil HHTEHCHBHOCTH.

7.2. TIpe1 0:KHTe METOJA, B KOTOPOM HCHOJB3YETCH OfHA CBETOBAS MJOCKOCTH
AJsl OMPE/eNeHHA AHAMETPA LHIHHIPHUCCKUX 00bekTos. Ilpeinoaaraercs, u4ro
HCroab3yeTcs JMHeiiHasd KaMepa ¢ paspeualonieil cnocobuocTbio B N MHKCEJ0B, a
TAKIKE UTO PACCTOAHHE MEXK1y Karmepoil H LEHTPOM LHIHHIPOB MOCTOAHHO.

393



7.3. (a) PaccmoTtpuTe TOUHOCTb Ballero pellleHHs 3afavu 7.2 ¢ TOUKH 3peHus
paspeiamliel cnoco6HOCTH Kamepsl (N _Touex Ha ONHON JIMHMHM) H MaKCHMAlb-
HOro puamerpa OuiuHAPA Duaxe. (6) Kakosa maxcmmasbHas omnbka, ecau N
paBHo 2048, a Dyaye = 1 M?

7.4. Onpgenme #300pakeHue TIPOCTPAHCTBEHHOH TOUKH C KOODAHHATAMH
(172, 1/2, 4/2/2) nexawei Ha onrmueckoil ocu KaMepbl, pasMellleHHOH B TOHYKE
(0, 0, 2) mox yraom 135° ¢ uakiaonom 135° Tlpearonaraercs, uro HCIIOAb3yeTes
50-MM aHH3a, a ry == rp = rg = ().

7.5. Us ypasnenns (7.4-41) noayunte ypamHenus (7.4-42) n (7.4-43).

7.6. [loxaxure, uto paccrosnue Dy MexAy ABYyMS TOUKAMH p W § paBHO
KpaTuanuleMy N3 4eTbipeX NMyTell MeXIy 3TUMH TOUKAMH.

7.7. Tlokaxkure, uTo MeTON NpeodpazoBaHust Oypve aas noxcuera F(u)
MOXKeT GLITH HCNOAL30BAH Ge3 BedMC/AeHHS OBpATHbIX npeobpasoBanui,

7.8. [lposepbTe, YTO MOACTANOBKA YpaBHEHHS (7.6-4) B ypasHenue (7.6-5)
28T TOX/ECTRBO.

7.9. Tlpuepure GyseBCKOe BbIPAXiCHHE, SKBHBANCHTHOE ypasHeuuio (7.6-16),
N5 OKHAa pasMepHOCThio 5 X 5.

7.10. PaspaGoraiite mpouefypy AJst BuiUHCJACHHA Cpe/IHEro 3HaueHHs1 Pacrno-
JIOXEHNST COCCAHHX 3JIEMEHTOB B 00JACTH DPasMEpPHOCTLIO A1 < 7.

7.11. O6bsacuure, noueMy MeTOA AHCKPETHOID BbIDABHUBAHUS THCTOTPAM b
He 1aeT B o0lleM c/iydae POBHOH THCTOTDAMAbL

712 TlpefioHTE METOA BBINHCACHHS JOKAJLHON THCTPOTpaMMbl /LIS Me-
TOJa yJayyllleHHsl KauecTBa, PacCMOTPEHHOrO B NyHKTe 7.6.3.

7.13. PesynbraTel, moayyeHHbie 3a OHH MPOXOJ uepe3 u3006paxKeHHe HEKOTO-
PbIX ABYMEDHBIX MaCOK, MOTYT GEITb IIOJYYEHB! TAKXKE C MOMONILIO ABYX Npoxo-
A0B oaHOMepHOH Mmacku. Hampumep, pesyabraT ucnoab3oBanus CryIaKHBaoUieh
Macku pasmepHoCTbIO 3 X 3 ¢ Kosbduuuentamu 1/9 (cm. . 7.6.2) MoxerT GHITBb
MOJIyyeH TAKXe C MOMOILBIO OJHOTO n{)oxo.qa uepes u3obpaxienne Mackd [1 1 1]

H BTODOTO TPOXOjJa UEPE3 MacKy [1 - Tlonyuennoiit pesyasrar ymHoxaercs
1

#a 1/9. Tloxaxure, uto mackn CoBens (puc. 7.35) MOLYT 6uiTh noJlyueHsl ¢ Imo-

MOWBIO 0AHOrO mpoxofa AnddepeHunanbHolt Mackua Buaa [—1 0 11 (uam ee

BEPTUKA/ILHOTO SKBHBA/IEHTA), a TaKkKe Criaxupaollell Macku Buaa [1 2 17 (wn

€e BEePTHKAJLHOrO 5KBHBAJEHTA).

7.14. Tlokaxute, 4TO AHCKpeTHOE Npeobpa3oBaHue Jlangaca, namsHoe B ypas-

Henun (7.6-47), nponopuuoHabHO ¢ KOID(UUUEHTOM — |/4 BEIUMTAHHIO U3 Fx, p)
CpelHero 4etLipex cocegell (X, y).

Iaasa 8.

CUCTEMBI TEXHUYECKOTO 3PEHHS
BBICOKOI'O YPOBH{

TOIbKO XYAOXHHK MOXKET C031aTh apo-
H3BeJieHHe, KOTOpOe 3aTpyAHAET BOC-

npusTHe.
P Teodop T'uan

8.1. BBEIEHHE

C neabio kaaccu(uKamil MeTON0B U MOAXO/0B, HCIONb3YEMBIX B CH-
creMax TeXHHUYECKOro 3peHHsl, Mbl pacecMoTpeau B pasf. 7.1 Tpu oc-
HOBHBEIX MOJKJacca: 3peHHe HH3KOro, CpejHero W BLICOKOrO ypoOB-
neil. CHCTeMbl TEXHHYECKOTO 3pEHMsi HH3KOro ypOBHS, MOApOGHO
paccMOTpeHRble B IV 7, Mpe/lHasnadeHsl AIs o6paGoTKkn HHpOpMa-
[IHH C AaTUHKOB OUYBCTBJECHHS,

DTH CHCTEMBl MOMKHO OTHECTH K KJ4CCy «HHTENNEKTYaJbHBIX»
MalliH, ecil OHM 06JafalT CIeAYIIINMH [pH3HAKaMi (NpH3Ha-
KaMH HHTEJJIEKTYaJbHOrO MOBEAEHHS): )

1) BO3MOMHOCTBIO BbIACIEHHS CYIIeCTBEHHOH HHbOpMaIUU U3
MHOXKECTBA He3aBHCHMbIX [IDH3HAKOB;

2) CcnocoGHOCTHIO K OGYueHHIO HA NpHMepax H 0GOOUIeHHIO 3THX
3HaHMi C 1eAbI0 NX NPHMEHEHHS B HOBBIX CHTYALHAX; )

3) BO3MOKHOCTHIO BOCCTAHOBJCHHS COOLITHH MO HENOJHOM HH-
dopmanii,

4) CnocOGHOCTbIO OMNpeAeasiTh LCAH H  (QOpMYysHpOBATH MIaHbL
AN AOCTHXKEHHs STHX IeJed. .

Co3faHHe CHCTEM TEXHHUECKOTO 3DeHHsi ¢ TAKMMH CBOHCTBAMH
JJIsi OTpaHHYeHHBIX BHAOB pafouero MpocTpaHCTBa B NPHHUHIE BO3-
MOZKHO, HO XapaKTePHCTHKH TaKHX CHCTeM JaJeKH OT BO3MOXKHOCTEH
yeJOBEUECKOro 3peHHs. B ocHOBe TeXHHUYECKOrO 3peHHS JEXKHT aHa-
AUTHYeCKas (OpManusanus, Hampas/jeHHass Ha pelleHHe KOHKpeT-
HbIX 3a7a4. MalllHL C CEHCOPHBIMH XapaKTepHCTHKAMH, GJIH3KHMH
K BO3MOKHOCTSM Ue/IOBEKa, NO-BHAHMOMY, MOSBATCH elile He CKOpO.
O/AHaKo OTMETHM, UTO KOINHPOBaHHE MpPHPO/bl He sSBJISETCA eAHHCT-
BeHHBIM pelleHHeM 3Tofi npoGaembl. Unraresnio HaBepHAKA H3BECTHEI
paHHHe 3KClepuMeHTa/bHbie 00pa3ubl a3pOMJIaHOB € MallyllIMH
KPBUIbSIMH U JAPYTHMH OCOGeHHOCTSIMH Nojera nruu. CoBpeMenHoe
pellleHHe 3a/lauu O MoJere B MPOCTPAHCTBE B KOpHe OT/INUAETCS OT
pellenui, NOACKasaHubix MpHpoaoH. [To CKOpOCTH M AOCTHKHMON
BLICOTE CaMOJeTh HaMHOTO MpPeBOCXOAAT BO3MOXKHOCTH IITHIIL.

Kak yxKe rosopuaock B pasa. 7.1, cuCTeMbl TEXHHYECKOrO 3peHHs
cpefHEro ypoBHs CBSI3aHbl ¢ 3a/lauaMu CerMeHTaniH, OnucaHus H
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pacnosHaBanus OTAENbHBIX 06beKkTOB. Kak OymeT BUAHO H3 Caenyio-
WHX pasie/os, 3TH 347444 OXBATHIBAIOT MHOXKECTBO MOJIXOAOB, OC-
HOBAHHBIX HA aHAJJHTHYECKHX NpeiacTasaeHusx. CHCTeMbl TeXHHUe-
CKOr0 3peHHs! BLICOKOTO YpOBHS pellialoT MpofaeMbl, pacCMOTPEHHbIE
Boie. [l Godee SICHOTO NOHMMaHHs NPO6JeM TEeXHHUECKOro 3pe-
HHs51 BBICOKOTO YPOBHS M €r0 CBfA3H C TeXHHYECKHM 3peHHeM HH3KOTO
W CPeIHEero ypoBHeil BBeieM psj OrpaHHueHHH W yNPOCTHM pellae-
Mylo 3ajauy.

8.2. CETMEHTALIUY

CerMeHTanueli HasHBaercs npouecc nojApasjeseHHs CIeHH Ha
CoCTaBJdliie YacTH HJAH OObeKThl. CerMeHTauust SBJAETCS OJHHM
M3 OCHOBHBIX 3JeMeHTOB palbOoThl aBTOMAaTH3HPOBAHHOH CHCTEMH
TEXHUYECKOTO 3peHHA, TaK KaK HMEHHO Ha 3TOH crTaguu o6pabGoTKH
OOBEKTHI BBLIAEASIOTCH H3 CHeHbl AJAS jaJjbHeillero pacrnosnaBanus
M aHa/au3a. AJrOpUTMB CerMeHTAIlHH, Kak NpaBuJIO, OCHOBLIBAIOTCA
Ha /BYX (yHIAMeHTaJbHHX [PHHIMOAX: Pa3pLIBHOCTH W MOJA00HH.
B nepBoM caydyae OCHOBHOH MOAXOJ OCHOBLIBAETCH Ha ONpefeaeHH
KOHTYypOB, a BO BTOPOM — Ha ONpe/leJIeHHH [OPOrOBOrO YpOBHA H
paciuspedud 0671aCTH. DTH MOHSITHA NPHMEHHMBI KaK K CTaTHue-
CKHM, TaK H K JHHaMHUYECKHM (3dBUCALIHM OT BpeMeHH) CLeHaM.
B nocjeiHem cayuae JBHKeHHe MOMKET CAYyKHUTb MOLIHBIM CpejCT-
BOM JJs yJayulleHHst pabOThl ajJrOpuTMOB CerMeHTallHH.

8.2.1. TpoBenenne KOHTYPOB H ONpe/leesHe rpaHHLLbI

Metonsl, npusefiennsie B pasa. 7.6.4, onpeneasior pasphbiBH B
HHTEHCHBHOCTH NpejcTaB/leHns o6pasa obbexra. B npeaabHom cay-
yae 9TH MeTOJbl ONpefessioT MHKCeJb, JekKalllie Ha IpaHuLe MexX-
Ay ob6bextoM n (ponom. Ha npakTuke DaHHBIA PSR NHKCEJIOB PeaKo
TOJHOCTBIO XapakTepusyeT rpaHuuy H3-3a LIyma, Pa3pbiBOB Ha rpa-
HAle BCJAE/ACTBHE HEPABHOMEDHON OCBEMIEHHOCTH M APYrux addek-
TOB, NPHUBOAALINX K pasMbiTuio u3obpaxeHnus. Takum obpasoM, an-
rOpHTMBl OOHApy:KEHHs] KOHTYPOB CONPOBOKAAITCA NpOLeAypaMi
NOCTPOEHHUs! TPaHUIL 06HEKTOB H3 COOTBETCTBYIOHX MOC/e0BATEN -
HocTelf mukceaoB. Huke paccMOTPEHO HECKOJNBLKO MeTONHK, MpH-
FOJHBIX I 3TOH HeJIH.

Jokaabuwii anaams. Opuum M3 Haubosee NPOCTBHIX MOAX010B
COCIHHEHHA TOUEK KOHTYPa #BJSAeTCH aHaJIH3 XapaKTepPHCTHK NHK-
CeJI0B B HeOOJIbLIOH OKDeCTHOCTH (HalpHMep, B OKPEeCTHOCTH pas-
Mepom 33X 3 uau 5X 5) Kaxao#t Toukn (X, y) o6pasa, KOTOpBIi
y#&e noxaseprcs mpoucaype oOHapy¥KeHHs KOHTypa. Bce Toukwu, siB-
JSIOIMecs  nOAOOHBIMK  (OmpejesieHHe KPHUTepHS NOXOGHS [1aHO
HHXKe), coeannaioTcs, 06pasys rpaHnLy M3 MHKCEJA0B, 06J4aAaI0MIHX
HEKOTOPLIMH OOWHMY CBOHCTBAMH,
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[Ipu Taxom aHajau3e AJs yCTAHOBJNEHHs MOJA0CHS MHKCEJOB KOH-
Typa HEOGXoaHMO ONpeletnTb: 1) BeqnduHy rpajnenTa, TpeGyemoro
AJ5 NOCTPOeHHst KOHTYPHOrO MHKCe/aa, H 2) HanpasJeHne rpajuet-
ta. [lepBas xapakTepucTuka oGosHauaeTcs BeanuuHod Gf(x, y)],
onpenesennoil B ypasienuu (7.6-38) nau (7.6-39). Takum oGpasow,
MHKceJ KOHTypa ¢ koopaunaramu (x, y’) nojoOeH MO BeJHYHHE B
onpene/NeHHOH paHee OKPECTHOCTH (X, y) MUKCEJNY C KOOpAHHaTaMH
(%, y), ecau cpaseIHBO HEPABEHCTBO

|GIf (x, ] — GIF (¥, YINIST, (8.2-1)

rie T — noporosoe 3HayeHHe.
HanpasaeHue rpajHeHTa yCTaHaBJMBaeTCs [0 YyIJy BeKTOpa
rpafuenTa, onpe/ejaeBHoro B ypasHenuu (7.6-37), 1. e.

0= arctg [-gi—] , (8.2-2)

rae 0 — yrosa (OTHOCHTEJLHO OCH X), BJOJb KOTOPOIO CKOPOCTbL H3-
MeHeHus nMeeT HanboJbliee 3HaueHHe, Kak NOKa3aHo B pasd. 7.6.4.
Torza MOXKHO CKa3aTb, UTO YrOJ IHKCeJIa KOHTypa ¢ KOOpAHHAaTa-
Mi (X', y') B HeKOTOpOIl OKpeCTHOCTH (X, y) MOAOGEH yriy HI/IKCGJIa.
¢ KOOpAHHATaMH (¥, y) NPH BHINOJHEHHH CAEAyOLlero HepaBeHCTBa:

10— 6| <4, (8.2-3)

rie A — moporoBoe 3HaueHHe yria. H6063(OHHMO OTMETHTB, YTO Ha-
[paB/leHHe KOHTypa B TOUYke (¥, §) B AeHCTBHTENbHOCTH MepreHiu-
KyJspHO HalpaBJeHHIO BeKTopa rpajuenta B 5Toff Touke. OAHAKO
1JIs CpaBHeHHsl HanpasjdeHnit HepaBeHcTBo (8.2-3) /aeT SKBHBAJEHT-
Hble pe3y./bTaThbl.

OCHOBLIBASICb Ha 9THX HpPeANOJOXKEHHAX, MBI COe/JIHHSAEM TOUKY
B HEKOTOPOH OKPECTHOCTH (X, y) C MHMKCENOM, HMEIOLIHM KOOpAH-
HaTH (X, Y), €cJH YAOBJAETBOPAIOTCA KPHTEPHH [0 BeJIHUHHE H
HanpasJ/eHuio. JBurasfch OT mnukcena K MHKCeJy M MPEACTaBJAs
KaxK/1ylo NPHCOEIMHAEMYIO TOUKY KaK LEHTp OKPeCTHOCTH, mpouecce
MOBTOPAETCS AJs KamK/J0M TOukH obpasa. [lisi ycTaHOBJIEHHA COOT-
BETCTBHA MEXKAYy YPOBHAMH MHTEHCHBHOCTH OCBEIIEHHS M IOCAeN0-
BaTe ILHOCTAMHY NHKCEJ0B KOHTYpa NpHMeHsieTcs craHaapruas 6ub-
JAHOTeUHas npoueaypa. .

Mpumep. B KauecTBe W/IIOCTPALUK OMNHCAHHOH Bbile Npoueny-
pb paccMoTpuM o6pas 3ajiHel ABeplubl aBroMoOuJis, NpUBE/eHHbIH HA
puc. 8.1,a. eab cocTOUT B ONpEIEJSEHHH PasMepoB MPsAMOYroOJbHH-
KOB, C MOMOIIBIO KOTOPHBIX MOXKHO MOCTPOUTH KaueCTBeHHOE H3obpa-
xenne. [TocTpoeHHe TAKHX NPsSMOYTOJbHHKOB OCYIIECTB/SAETCS B pe-
3yJabTate OMNpeJeJNeHHs CTPOro TOPH3OHTAMbHBIX H BepTHKaJbHBIX
koutypos. Ha puc. 8.1,6 u 6 NokaszaHsl rOpH3OHTAIbHbIE H Bep-
THKa/JbHbHe KOMNOHEHTH omepaTopoB ColoJsl, paccMOTPEHHblE B
pasn. 7.6.4. Ha puc. 8.1, 2 nokasanbl pe3y/bTarTbl CONMHEHHS TOUCK,
KOTOpbIe O/HOBPEMEHHO HMeIOT rpajueHTh Goablie 25 H HampasJe-
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HUsl 3THX TpaJMeHTOB OTJIHUAIOTCH He Gosiee ueM Ha 15 rpanycos.
[opusoHTaMbHHE JHHUM [OCTPOEHBI MyTeM MOCAELOBATENBHOIO MpH-
MeHEeHHs 9THX KpHTepHEB K KaxXHoH CTpoke u306parkeHus
(puc 8.1,8), a BepTHKaJbHBIEC JHHHH — NOCAELOBATEJAbHLIM CKAHI-

~ poBanuem nszobpaxenus (puc. 8.1,6) no croabuam. JaibHedunit

Puc. 8.1. Hcxoanwiit 06pa3 (a), ropusoHtanbias COCTaBAsowas rpaiunenra (6),
BePTHKANbHAsl COCTABJAOMIA TPajiHEHTa (8) H pe3y/bTaT COEAHHEHHS TOUEK
xouTypa (e). [lpenocrasneno cdupmoii Perceptics,

NpoIecc COCTOAT B COEAHHEHHH CErMEHTOB KOHTypa, pasle/eHHbIX
HeBOMLUINMH NPOMEKYTKaMH, H B OOBCAHHEHHH OTAENBHHX KOPOT-
KHX CErMEHTOB.

Iao6anbHblit aHaaKW3 ¢ MoMollbio NpeobpasoBanus Xoyra. Pac-
CMOTPHM MeTOJ CO€JAHHEHHS FPAHHYHLIX TOYEK NyTeM OMNpeescHHUs
UX PacroJoXkKeHHs Ha KPHBOH ClenHaJbHOro BHia. I[lepBoHauaaLHO
npejrnojaras, 4YTo Ha MJOCKOCTH xy 00pasa AaHO 7 TOuYeK, Tpe-
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GyeTcst HaiTH MOANOCTEAOBATENbHOCTH TOUEK, JeXkallix Ha NPAMELX
nuHusX. ONHO U3 BO3MOXKHBIX pelleHHd COCTOHT B MOCTPOCHHH BCEX
JHHHN, TPOXOAALHX uepe3 KaMylo fMapy 