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MNPEAUCJIOBUE

B nocnegnue roampl A pemieHUs TPAJULMOHHBIX 3a7ad ONTHKO-
AIIEKTPOHHOTO NPUOOPOCTPOCHUSI CTAU IIUPOKO MPUMEHSTHCS METOJbI U
CpEIICTBA, UCMOJb3yEMbIE B MPUKIAJHOM TEJIEBUJICHUU. DTO KACAETCs Kak
3a/lady HaOMIOACHUS 3a pA3IMYHBIMH OOBEKTaMHU, TaK M HU3MEpEHUM
BCEBO3MOJKHBIX BEJIMUHH.

bricTpoe pazBuTHEe NMPUKIATHBIX (TPOMBIITUICHHBIX) TEJICBU3MOHHBIX
ycraHoBok (IITY) Hauanocs mocie OKOHYaHUM BTOPOHM MHUPOBOW BOWHBI,
Korja ObUTM CO37aHbl HOBBIC MEpEAaroniue TPYOKH — CYIMEpPOPTUKOHEI,
BUJIMKOHEI U JIp. B Hamre BpeMst OypHO pa3BUBAIOIINXCS HAYKA U TEXHUKU
YCTPOMCTBA MPUKIAJTHOTO TEJIEBUICHHS UTPAIOT BCE OOJBIIYIO U OOJBIIYIO
pouib. [IpuBeaem 1j1si UIUTFOCTPAIIMM HECKOJIBKO TPUMEPOB, UCIOIB30BAHUS
[ITY.

Kocmuueckue uccneoosanus. Henb3s cebe NpeacTaBUTh ATUX
ucciaenoBaHuii  0e3  HMCIHOJIb30BaHUS  MPHUKIAAHOTO  (KOCMHYECKOTO)
TeneBuaeHus. HaOmoenue u KOHTPOIIb 3a MOBEICHUEM M CAMOYYBCTBHEM,
KOCMOHABTOB B JICTaTEJIbHBIX allllapaTax, BU3YaJbHOE HCCIICIOBAHHE
JaHAmadToOB  JaNeKUX ~ IUIAHET,  YNPaBICHUE  CAMOJBIKYIIIMMUCS
ammapaTraM¥, TMOCIaHHBIMH C 3eMJIM Ha 3TH TUTAHETHI, BO3MOXHO TOJBKO
IIPY TIOMOIITH TeleBuaeHUsA. OTpOMHBIE YCTIEXH HAYKH 0 KOCMOCE HE MOTJIN
OBl OBITH JOCTUTHYTHI O3 WCIOJIb30BAHUS CIEIUATBHBIX TEICBU3NOHHBIX
YCTPOWCTB.

Amomnvle uccnedosanus. HayuHnas u TexHoJiorMuYecKas pabora c
PaMOAKTUBHBIMU BEIIECTBAMH YacTO CTaBHT TOJ YIPO3y 3/I0pPOBbE M
KU3Hb JKCIIEPUMEHTATOPOB M TEXHOJIOTOB. VCrosib30BaHUE CHEIMATbHBIX
TEJIEBU3UOHHBIX YCTAHOBOK B JTHX CJIyyasx JellaeT yKa3aHHYI paboTy
Oc3omacHoi. TeneBuJIeHWE TMO3BOISET HA PACCTOSHUU HAONIOJATh,
HalpuMep, 3a TpolleccaMr B aTOMHOM peakTtope. B komruiekre co
CHenualbHbIMM paboTaMu OOBEMHBIE M I[BETHBIE YCTAaHOBKM Kak Obl
YIJIMHAIOT PYKH Y€JI0BEKa, Tal0T BO3MOXXHOCTH MPH BU3yaJIbHOM KOHTPOJIE
MPOU3BOJNTH  Pa3HOOOpPA3HbIE  MAHUMYJAINMH C  PaAHMOAKTUBHBIMH
MaTepuajamMH, OCTaBasiCh Ha O€30MAaCHOM OT HUX PACCTOSHHH.

Konmponv npomviuwnennoii npooykyuu. Ha MHOTUX 3aBojax H
dabpukax WCIIONB3YIOTCS MPOMBIIUICHHBIE TEJICBU3UOHHBIC aBTOMATHI,
OCYIICCTBIISIONINE KOHTPOJb Pa3IUYHBIX IapaMETPOB H3TOTOBISECMBIX
U3JIeTUi: pa3MepoB, KOH(pUrypauuu, Haauuus JOe()EeKTOB B CTPYKType
(HampuMep, paKOBHH BHYTPH CTQJIBHOTO JIMCTa) © Jp. BakHBIM
O0OCTOSITEILCTBOM SIBJISIETCSI B ATUX YCTPOWCTBAX OECKOHTAKTHBINA METO]
KOHTPOJIsl. DTO 3HAYUT, YTO MPU U3MEPEHUH, HATIPUMED, TOIIIUHBI U3ICTIUS
(TPOBOJIOKH, METAIIMYECKOTO JINCTA) HET HEOOXOIMMOCTH MPUCIOHSTH K



HEMY KakoW-1M00 W3MEpUTEIbHBIH HHCTPYMEHT, 3aJep)KUBaTh WU
MIPUOCTAHABIIMBATh MPOU3BOJACTBEHHBIN Ipouecc. llepemaromas kamepa
TEJIEBU3MOHHOTO aBTOMAaTa CMOTPHUT» Ha U3JeNue, a 00pa3yromuics npu
3TOM BHJIGOCUTHAN CIOYXKUT JUIs  YIpPaBJICHUS, CUTHAIU3aLUd U
aBTOMATUYECKOU PETYIUPOBKH.

Jucnemuepuszayuss  npouzsoocmea (Hucneruep (¢ aHri) —
KOHTpoOJIep, pacnopsauTenb. Jlucnerdyepusanuss — CUCTEMa ILEHTPAIU30-
BAaHHOTO KOHTPOJS M YyOpaBieHHs (HAa TpaHCIOPTE, IPOU3BOACTBE),
ocyliecTBisieMass  aucrerdyepoMm).  Jlucmeruepckue — TEIEBU3MOHHbBIC
YCTAaHOBKUA  MO3BOJISIIOT ~ JIUCIIETYEPY  OCYILIECTBIATH  ONEpPaTHUBHBIMN
BU3YaJIbHBI KOHTPOJIb MPOM3BOJCTBA. Tak, Hampumep, HE BBIXOMAS U3
CBOETO CIIyK€OHOTO MOMEIIICHHUS, JTUCTIETYEp Ha AKpaHe
BUJICOIIPOCMOTPOBBIX YCTPOMCTB MOXET HaOMoAaTh padoTy COOPOUHBIX
KOHBEHEPOB, COPTUPOBKY BarOHOB Ha YKEJIE3HOJOPOKHOM CTaHIIUU U TIP.

Yuebnoe menesuoenue. TeneBuieHne CTaio MIHUPOKO MPUMEHSATHCS
s ydeOHbIx  meneidl.  Hampumep, B MEIMIMHCKUX — KIMHHKaX
OCYIIECTBISIETCS TIOKa3 Ha OOJBIIOM TEJICBU3MOHHOM I[BETHOM JKpaHe
CIIO)KHBIX XUPYPTUUYECKUX OMepanuid st OONBIION ayIUTOPHH MOJIOIBIX
Bpadeil U CTYJACHTOB-MEINKOB.

dusnueckre OCHOBBI TEJIEBUIEHUS, MpeoOpa3oBaHue U (QopMu-
pOBaHME TEJIEBU3MOHHOI'O CUTHAJIBI TOJIPOOHO pacCMOTpPEHHI B padoTtax [13,
19]. XapakTepuCTUKH, MPUHLMIIBI OCTPOEHUSI U TEOpUsl pabOThl CHCTEM
NPUKIIAHOTO TEJIEBUJCHUS MaTepHall MPUBEACHBI B y4eOHOM nocobuu [6].
[TpyHLIUIIBI W3MEPUTENBHOTO TENEBUICHUS, a TAKXKE METOJbl 00pabOTKU
uHbOpMalluy, MOCTYMAOLIEH OT TEJIEeBU3MOHHOIO AAaTYMKa, OMUCAHbl B
paborax [4, 8]. OnHaKO CO BpPEMEHM W3JaHMs YKa3aHHBIX pabOT MpPOLLIO
3HAYUTENbHOE BpEeMs, OHH OBLITN M3AaHbl HEOOIBITUM THPAXKOM U SBISIOTCS
oubnuorpaduyueckoil penkoctbio. PazBuTHe npuOOpPOB, MOCTPOCHHBIX Ha
OCHOBE  TEJIICBU3MOHHBIX  W3MEPUTENBHBIX  JTaTYMKOB,  OIMPEICTHIIO
HEO0OXOJIMMOCTh MOJITOTOBKH JIAHHOTO Y4€OHOTO MOCOOuSI.



I'JTABA 1. OCHOBHBIE INTPUHIMUIIBI U3MEPUTEJIBHOT'O
TEJEBUAEHUSA

ABTOMAaTHU3UPOBAHHBIE TEJIEBU3MOHHO-BBIUYNCINUTEIBHBIE KOMILIEKCHI
pelIaloT  3aJadyd  HU3MEPEHHUs] TEOMETPUYECKHMX  Pa3MeEpoOB,  YIJIOB
MEPEMEIICHNM, KOOPJWHAT W JAPYTMX NapaMeTpoOB MPOTSKEHHBIX U
MaJopa3MepHbIX (TOUEUYHBIX) 0OBEKTOB C TOUHOCTHIO HE MEHBILIEH, a TOPOH
M TPEBBIIAKONIEH TOYHOCTHh  TPAAUIMOHHBIX  ONTHUKO-3JIEKTPOHHBIX
npuOOpoB. YBeIMYEHUE TNOTPEOHOCTH B TEJIEBU3MOHHBIX CpEACTBAaX
HAOJIOJICHUS CBSA3aHO C MX CBOMCTBaMH, K KOTOPBHIM OTHOCSITCS: YJ100CTBO
COWICHEHHUS  TEJIEBU3MOHHOTO  JaTYMKa TNPAKTHUYECKU C  JIIOOBIM
KOMITBIOTEPOM;  BBICOKOE  OBICTPOJCHCTBUE TEIEBU3UOHHBIX CHCTEM,
MO3BOJIsTIONEee 00pabaThIBaTh CUTHAJIBI OT HEMOJIBHIKHBIX, MAJIOTIOIBHKHBIX
U OBICTPOJIBIKYIIMXCS OOBEKTOB, KaK B pPEaIbHOM, TaK U W3MEHEHHOM
BpEMEHHU; OBICTpOE€  pa3BUTHE  DJIEMEHTHOM  0a3bl  MPHUKIATHOTO
TEJICBUJICHUS, KOTOPOI 3aHUMAIOTCS IECSITKU BeAyIux GUpM MuUpa.

CoBpeMeHHOE  TENEBHUJIEHUE —  3TO  HAYYHO-TEXHUYECKOE
HaIlpaBJICHUE B uHdopMaTHKe, o0BbeANHAIOIIEE BOIIPOCHI
ANEKTPOONTUYECKOTO aHallu3a M CHHTE3a KaK JBWKYLIUXCS, Tak U
HEMOJABW)XHBIX H300paXeHW, W TMepeJayd HUX Ha pPacCTOSHUE TI0
AIEKTPUYECKUM U BOJIOKOHHO-ONITHYECKUM JIMHUSM CBSI3U [6].

TeneBu3noHHOE HM300paKE€HUE CYHMIECTBEHHO  OTIMYAeTCs  OT
BXOJIHOTO ONTHYECKOTO M300pa)KE€HHS - B HErO BHECEHBbI 3HAUYMTEJIbHBIE
HCKaXkeHus. B To ke BpeMsi Mbl B OCHOBHOM HE 3aME€YaeM ITHUX UCKAKEHUU.
TB-n3zo0paxxeHre MOKET Ka3aTbCsl JOCTaTOYHO BBICOKOKAUYECTBEHHBIM, UTO
CBUJICTEIILCTBYET O BBINOJTHEHUN YCIOBUS (PU3UOJIOTHYECKH TOYHOTO
BOCIIPOU3BEICHU. TexHuyecku 9TO JNOCTUTACTCs BbIOOpOM
COOTBETCTBYIOIIETO TEJIEBU3MOHHOIO CTAHAAPTA, IPU KOTOPOM UCKAKEHHUS,
BHECCHHbIE B M300pa)K€HUE, CTAHOBATCA MAaJlO3aMETHBIMH BCJICICTBHUE
OTPaHUYEHHOU KOHTPAaCTHOU YyBCTBUTEJILHOCTH, paspemaronen
CIIOCOOHOCTH M MHEPIIMOHHOCTH 3pUTETLHOTO amnmnapara 4yejloBeKa.

[IpyHuMIT ~ AEHCTBUST  COBPEMEHHOM  CHCTEMBI  BEIIATEIBHOTO
TEJIEBUJCHUS OCHOBAaH Ha MCIIOJb30BAHMM  IIPOLIECCA  PA3BEPTKH,
OCYILLIECTBISIEMOIO JBAXIbl - Ha MEPENAIONIEH M NPUEMHOW CTOPOHAX
(pucynok 1.1). B mporecce pa3BepTkHM Ha TMepeAarolell CTOpoHe
dbopMHpyeTCs BHICOCUTHAN, MPU STOM MPOUCXOAUT MPOCTPAHCTBEHHO-
BpEMEHHAas TUCKPETU3aIUs U300pAKEHUS, T. €. PA3I0KEHUE U300pAKEHUS
Ha KaJpbl, CTpokH U »djeMmeHThl [8]. Takum oOpa3om, paszBepTKa
M300paKEHUSI TTO3BOJISIET TepeiaBaTh WH(DOPMAIUIO O SPKOCTH OOJBIIOTO
YHuCia JJIEMEHTOB HM300pa)XEHUsSI IOCJIENIOBATEILHO IO OJIHOMY KaHaly
CBS3U.
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Pucynok 1.1. CtpykTypHas cxema TeJIeBU3UOHHON CUCTEMbI BU3yallbHOT'O
HaOmoneHus . 1-goTonpeodpaszoBaTeinb, 2-KaHal CBA3H, 3-KUHECKOTI,
4-pa3BepThIBatOIIKee YCTPOUCTBO; L(x,y) u L' (X,)) — BXOAHOE U BBIXOJTHOE
uzoopaxenus; Uc(t) u U' ¢(t) — BUCOCUTHAI Ha BXO/JIC U BBIXOJIC KaHajia
CBSI3U

B HacTosmee BpeMs TeIeBU3MOHHAS TEXHUKA PAa3BUBACTCS MO JIBYM
OCHOBHBIM HampamieHusSIM. OJHO U3 HHUX COCTaBSET BEMIATEIBHOE
TEJICBUICHUE, BTOPOE MOTYYHIIO Ha3BaHHUE TIPUKIIATHOTO TEJIEBUICHHUS, TTO]
KOTOPBIM ITOHUMAETCS MCTIOJ30BAHNE TEICBU3MOHHBIX METOJIOB U CPEJICTB
B HapOJHOM XO3SHCTBE, HAYYHBIX HCCIICOBAHUAX, KOCMUYCCKON CBS3H,
BOEHHOM Jnenie W T. A. Cieayer OTMETHTh, YTO Ha MPOTSHKCHHHM BCEH
UCTOpUU 00a HaApPABIICHUS Pa3BUBAIUCH B TECHOM B3aUMOJCHCTBUU MEXKIY
coboii. OnmHako B CWIy cHeHUM(UKH pelaeMbIX 3ajiad TpeOoBaHUS K
CUCTEMaM  BENIATEIbHOTO M MPHUKIAAHOTO  TEJIEBUACHUS  MOTYT
CYIIECTBEHHO pa3iandarbcsi. OCHOBHOE TpeOOBaHHE K BeEHIATEIbHBIM
CHUCTEMaM 3aKJII0YaeTCsl B BOCIPOM3BEICHUM Ha TEJIIEBU3MOHHOM DKpaHE
N300paKeHUH, 00€eCIIeYnBaOINX HEOOXOqUMBIE YCIIOBUSI VIS
XYJI0’KECTBEHHOTO BOCTIPUATHUS 3PUTEIIEM TIEPEIaBaEMOM CIIEHBI (CIOKETA).
N 3mecb Ha mepBbld  IJIaH  BbICTymaer mpoOjeMa  KadecTBa
BOCIIPOU3BOAMMOr0  M300pakeHus. TpeOoBaHMs, TMpEAbABISIEMbIE K
CUCTEMaM TIPHKJIQJHOTO TEICBUACHUS, BBITCKAIOT M3 WX KOHKPETHOTO
HA3HAYCHUS, KOTOPOE MOKET ObITh KaK JOCTATOYHO YHHUBEPCAIbHBIM, TaK H
Y3KO CIEIUATIU3UPOBAHHBIM [6].

CucteMbl TPHUKIATHOTO TEICBUACHHUS 10 HA3HAYCHHWIO W MPUHIIUAITY
MOCTPOCHUSI JIETISITCS HAa JIBE OCHOBHBIC Tpynmbl. K mepBoit rpytmre
OTHOCATCA HaOIIOAATEeNIbHBIE CHCTEMbI, Ha3bIBa€Mble TaKXke O030pHO-
MOVCKOBBIMU WJIM WH(GOPMAIIMOHHBIMU crucTeMamu. OHU TIpeIHa3HAYCHBI
Ui HaOmrofeHuss 3a  oOmield OOCTAaHOBKOW  BHYTPUM  3aJaHHOTO
MPOCTPAHCTBA, OTPAHUYCHHOTO TIOJEM 3pEHUsT OOBEKTHBA, a TaKXKe
BU3YaJIbHOTO WJIM aBTOMATHYECKOTO TTOMCKA, OOHAPYKEHUSI M OTIO3HABAHUS
WHTEPECYIOINX olepaTopa 00BEKTOB. Ko BTOpOW rpyrime OTHOCATCS



TeneBU3UOHHbIe u3MeputTenbHble cuctembl (TUC), cayxamme ais
KOHTPOJISI U M3MEPEHUsS OTACIBHBIX MapamMeTpoB oObekTa. Kak mpaBwmiio,
TUC, npu  (PYHKIMOHUPOBAHMHM B  ABTOMAaTHYECKOM  PEXHME,
MPEABAPUTEIHLHO BBIMOJHAIOT 3a7ady OOHApPYKEHUS U paclio3HaBaHMS
00BEKTa C METBI0 JaTbHEHIIIETO N3MEPEHUS €ro MapaMeTPOB.

OCHOBHBIE Pa3HOBUJAHOCTH TEJIIEBU3MOHHBIX CUCTEM IMPECTABIICHBI
Ha JaHHOU cxeMe (pucyHok. 1.2):

TB-cucrembl

I |
BemarearHoe TB [Tpuknagnoe TB

Cucremsl N3smepurenbHbie
BU3YaJIbHOT'O CUCTEMBI

Pucynok 1.2. Knaccudukaius TeIeBU3MOHHBIX CUCTEM 0 HA3HAYEHUIO

1.1 OcHoBbI 00pa3oBaHNsl BUIEOCUTHAJIA

TeneBusnoHHble cucTeMbl BusyaiabHoro HaOmwonaenus (TCBH)
NpeaHa3HaYeHbl Il MpeoOpa3oBaHUs ONTHYECKOTO HM300pa)KeHUs B
ANIEKTPUUYECKUIN CUTHAJ - BUJIEOCUTHAJ, TIepejaul ero Mo KaHaly CBSI3U U
dbopmupoBaHusi B Mecte mnpuema TeneBusnoHHoro (TB) uzobpaxeHus, B
OoJibllIel WM MEHBIIE CTENEHU TMOJOOHOTO BXOJHOMY ONTHYECKOMY
n3o0paxenuto. TpebGoBaHus K Ka4eCTBEHHBbIM TIOKazarensm 1B-
n3o0paxkeHuss GOPMUPYIOTCS B OCHOBE KpHUTEpHUS (PU3HOJOTHUCCKU
TOYHOTO BOCTIPOU3BENCHUSI C yUYE€TOM OCHOBHBIX MCHUXO(PU3UOTOTHYECKUX
CBOMCTB 3pUTEIIBHOTO ammapara 4eJIOBEKa, KOTOPbI B KOHEYHOM HUTOTe U
ABJISIETCSI TIOTpeOUTENeM BH3yallbHOW WH(poOpManuu Ha Bbixone TB-
CUCTEMBL.

Kak Obul0 OTMEHHO paHee, TMPUHIMUI JCUCTBUS  JHO00H
TEJIEBU3UOHHOW CHUCTEMbl OCHOBAaH Ha HCIOJIb30BAaHUM MPHUHIUIIA
pa3BepTku. B mpomecce pa3BepTKU MPOUCXOAUT MPOCTPAHCTBEHHO-
BpEMEHHAasl TUCKPETU3ALMs U300pakKeHusI.

HcnomHuTeNnbHBIM  OpraHoM TIpoIlecca JUCKPETU3AIMHN  SIBIISETCS
pasnaratomiasi (pa3BepThIBarolIasi, aHAIM3UPYIOIas) ameprypa, B POJU
KOTOpPOM MOTYT BBICTYyNaThb C(OKYCHUPOBAaHHBIM 3JEKTPOHHBIA Iy,



CBETOBOE IISITHO, OTBEPCTUE B HEMPO3PAYHOM IKPAHE, SIEMEHT MaTPHUUHOM
CTpYKTyphl. ONTUMANbHBIN pa3Mep amepTypbl paBeH pa3Mepy dJeMeHTa
uzobpaxenus. B  mpouecce pasBepTkH  pasnararomas — amneprypa
MEPEeMEIIaeTCsl MO 3aKOHY pa3BepTKU OTHOCHTEIBHO MEpeaBaeMOro
n300paxenus. MrooBenHoe 3HaueHue Bugeocurnana (BC), reaepupyemoro
B IpoIecce  Pas3lIoKeHHS, IPOMOPIIMOHATIEHO OCBEILIEHHOCTHU
OIPAIIMBAEMOI0 3JIEMEHTA, TOTO 3JIEMEHTa, KOTOPbI COBMEIIIECH B JaHHBIN
MOMEHT C paszjaramroliei anepTypoil. TpaekTopus JBUKEHUS pa3iararoiien
anepTypbl 3a BpeMs Kajpa Ha3biBaeTcs pacTtpoM. K cTpykType pactpa,
ONpENEISIEMOM  3aKOHOM  Pa3BEPTKH, MPEABSIBISIOTCS  CICAYIOIINE
TpeOOBaHMs: PACTp JOJDKEH OXBaThIBATh BCE JJIEMEHTHI H300paKeHMS,;
CTPOKH pacTpa JOJDKHBI PaBHOMEPHO 3aIOJIHATh BCE IMOJIE M300paXeHUs;
npoieaypa ornpoca J00ro 3JeMeHTa U300paXeHus JAO0KHA OBITh
OJIMHAKOBOM.

X

T,
6)

Pucynok 1.3. [loctpouHnas pazsepTka

B HauOoubliell CTEMEHH yKa3aHHBIM TPEOOBAHMSIM OTBEUAIOT TaK
Ha3bIBaEMbIE€ JIMHEHHBIC PacTPhl, POPMHpPYEMBIE C IOMOIIBIO JTHHEHHBIX
pa3BepTOK. B TemeBuaeHWH MIMPOKOE pacIpOCTPaHEHUE MOIYUYHIN [IBE
Pa3sHOBHUIHOCTH JHHEWHBIX Pa3BEPTOK - MOCTPOUYHAs M yepeccTpouHas. Ha
pucynke. 1.3, a u300pakeH MOCTPOUHBIM PacCTp C YHUCIOM CTPOK Z=5;
IMITPUXOBBIMU JIMHUSIMU TIOKa3aH OOpaTHBIA XOJ pPa3BEpTKU. 3/1eCh Ke
NPUBEICHB COOTBETCTBYIONINE NAHHOMY pacTpy 3akoHbl cTpodHoi X(t)
(pucynok. 1.3, 0) u kagposoii Y(t) (pucynok 1.3, B) pa3Beptku. 13 prucyHka
BUJIHO, YTO 3a BpeMs Kajapa T, pasjararoiias anepTypa COBEpIIAeT IATh
(110 YMCITy CTPOK Z) TOJIHBIX IIMKIOB CTPOYHOM Pa3BEPTKU C IIEPHOIOM | .

3a cyeT KaJApOBOM pa3BepTKU Kakaas IOCIEAyIOas CTpoKa
CIBHHYTa IO BEPTUKAJIM Ha BEIMYMHY O - mar pasjoxenus. Ilocie
OKOHYAHHUS TEKYIIETO KaJpa HAuYMHACTCA CJACOYIOIINH, KOTOPHIA B
TOYHOCTH TOBTOPSET HpeAablAyInnii. CleayeT OTMETUTD, YTO ONTHMAIbHBII
pasMep pasararoiieil amepTypbl MPH IOCTPOYHOM pa3BEpTKE B IBYX



B3aMMHO MEPIEHINKYISIPHBIX HAIPABICHUAX (TOPU30HTAIBHOM - IO CTPOKE
U BEPTUKAJIBHOM - IO KaJpy) paBeH miary pasznoxenus o. [lapamerpom
n300paxkeHMsl SBISETCS Takke QopmaT Kajapa k, ompenensemplii 1O
bopmyie:

k=I,/h,,

rze |, - mpuna pacrpa; h, - BeicoTa pacrpa.

[Mpunuun ¢GopMHUpOBaHHUS YEPECCTPOYHONW Pa3BEPTKU TMOSCHSET
pucyHok 1.4 nns cimyudas z=5. Ilpu uyepeccTpoyHOW pa3BEpPTKE KaKIIbIi
KaJp pa30MBaeTCs Ha JBa OJIMHAKOBBIX IO JUIMTEIBHOCTH MOJS (IIOIyKaapa)

¢ nepuogom 1, = T,/2. Tlpu HEUETHOM Z CTPOKH YETHOTO MMOJIsi (KUPHBIC
IITPUXOBBIE JIMHUU Ha pUCyHKe. 1.4, a) pacmojararoTcsi B CEpelrHE
MPOMEXKYTKAa MEXKIYy COCEAHUMH CTPOKAMH HEUETHOTO ToJiA, 00pasys
YEPECCTPOUHBIN PACTP C PE3YJbTUPYIOIIUM IIaroM Pa3JIOKEHUs O, PAaBHBIM
pa3mepy anepTypbl. [Ipy 4€THOM Z CTPOKHM YETHOTO UM HEUYETHOIrO TMOJIEH
COBMENIAIOTCS, B pe3yjbTaTe 00paszyeTcs MOCTPOUYHBIM pacTp € YHCIOM
CTpOK paznokeHuss Zz/2. B BemaTenpHBIX CHCTEMaxX TEJICBHICHHS
UCIIOJIB3YETCSl MCKIIOUUTENIBHO YEPECCTPOUYHAsl pa3BepTKa, TaK KaK OHa
MO3BOJISIET, HE CHIDKAs KayecTBa H300paKEeHHs, YMEHBIIUTH BJIBOE
BEPXHIOIO TPAaHUYHYIO 9acToTy f,, ClieKTpa BUACOCHTHAIA.

X
0 Tc t
Y 0)
0 T, t
Ty
6)

Pucynok 1.4. UepeccTpouHasi pa3BepTKa

[TpubmmkeHHyI0 OIEHKY f,, M HOCTPOYHOH M YEPECCTPOUHOM
pPa3BEPTKU MOXKHO TMOIYUYUTh 1O PopMmyIie:

fo=k-z%-f./2, (1.1)

rae f, = 1/T), - yactoTta KagpoB. 31eCh MPEAIOIaracTCs, 4To I Iepeaadn
uH(pOpMAITUU O PACTIPEACIICHUH OCBEIICHHOCTH Ha Y4acTKe M300pa’KeHUS
pa3MepoM B JBa dJIEMEHTa Pa3JIOKEHUs, OAUH U3 KOTOPBIX OCBEIICH, a
JIPyrod 3aTeMHEH, JOCTATOYHO OJIHOTO TEpHoja, MPUUYEM IOJOXKUTEIbHAs
MOJTYBOJIHA COOTBETCTBYET OCBEIICHHOMY DJIEMEHTY, OTpHUIlaTeJIbHas -
3ateMHeHHOMY. Henocratok dopmynsr (1.1) cocrout B TOM, 4TO OHa HE
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YUUTHIBACT BIUSHUS KOHEUHOTO BpEMEHU 00paTHOro xoja ctpouyHoit (i) u
kanpoBoi (t,) pa3BepTok. YTouHeHHast GopMysa A BEPXHEH TpaHHMYHON
9aCTOTHI IMEET BH/I;

f,=k-2%-f,-@-p)/[2-L-a)], (12)

rne f=1,/T,, - OTHOCHUTEIHLHOE BpeMs OOpaTHOTO XOJa KaJapOBOM

pa3BepTku; o = t./T,. - OTHOCUTEIIbHOE BpEeMsI OOpaTHOTO XOJa CTPOYHOU
pa3BEpPTKHU.

Bo Bpems oOpaTHOro xoaa CTpPOYHOM M KaJIpOBOM pa3BEpTOK
BUJICOCUTHANT HE (OpMHUpPYETCS. DTU MHTEPBAIBl BPEMEHHU HCIOIb3YHOTCS
JUI TIepefadn CIyXKEOHBIX CUTHAJIOB - CTPOYHBIX M KaJIPOBBIX racsAlluX U
CUHXPOHU3HPYIOLINX UMITYJIbCOB.

Ha pucynke 1.5 moka3zaHa CTpyKTypa BHJIEOCUTHAjJa U €ro CBS3b C
TrE€OMETPUYECKUMU U SIPKOCTHBIMU XapaKTepUCTHKaMHU H300pakeHus. U3
pPUCYHKAa BHJHO, YTO IIOJHOE IPEACTABICHHE O CTPYKTYPE BHJICOCHTHAJIA
MO>KHO TMOJIyYUTh, pacCMaTpUBasl €ro B JIByX MaclTadax - B MacmuTade

crpoku T, u B Macirabe kaapa 1, =21,

lp

e
s ]|

Tc

%

Pucynoxk 1.5. Ctpykrypa Buieocuraaia
Bo Bpems mpsMoro xoja KaApOBOW pPa3BEPTKH UIMTEIBHOCTHIO
t,, =(1-p)-T, obopmupyrorcsi axTuBHBIE CTPOKH. UMCIO AKTHBHBIX

CTpOK B Kaape Z,,, = (1-p)-72. B xaxnoii axktusHOIi CTPOKE TaK»kKe
MOYHO BBIIENHTB BpeMsi mpsiMoro xoxa murensroctsio U, = (1— ) T

1 BpeMs 00paTHOro xoja amurensHocTeio Lo = - 1. Bo Bpems npsamoro
X0/la CTPOYHOM  pa3BepTKu  (HOPMHUPYETCS CUTHAI  HU300pakeHUS,
colepKalMii MHQPOPMAIMI0 O paclpeieieHUH OCBEIIEHHOCTH BAOJb
TeKkymer cTpokd. Bo BpeMss o00OpaTHOro Xoja CTPOYHOM pa3BEepPTKU
NEePeNa0TCsl CIyKEOHbIe CUTHANBI - CTPOUHbIA racsmmii ummyisc (CIN)
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JUIMTEIBHOCTBIO {c M PaCIIONOKEHHBIM Ha €ro BEPIIMHE CTPOYHBIN

cuHxpoHuzupyronmii umnyisc (CCH) 1muTenbHOCThIO 7¢

Takum oOpa3oM, HWHDOPMAIMOHHBIA CHUTHAl H300paXKEHUS U
CIIy’K€OHbIE CUTHAJIBI pa3JieJIeHbl BO BpeMeHU. Kpome Toro, oHu paseneHbl
U 1o aMIuuTyne (T. €. Mo JUHAMUYECKOMY Juaria3ony). JlefcTBUTENBHO,
CUTHAJI U300paKeHUs] MOXKET NMPUHUMATh JIOObIE 3HAYEHUS OT YpOBHA O
(ypoBeHb 0esoro) 10 ypoBHS 4 (YPOBEHb YEPHOTO), a CIIY)KEOHbIE CUTHAJIBI
- moOble 3HA4YeHUs OT YPOBHS YEPHOrO, HAa KOTOPOM PaCIOJIOKEHBI
BEPIIMHBI TacCAMUX (CTPOYHBIX W KAAPOBBIX) HMIYJILCOB, TO YPOBHS C
(YpoBEHb  CHHXpPOHMMITYJbCOB).  Pa3genenue  MHPOPMAIMOHHBIX U
CIIy’)KEOHBIX CHUTHAJIOB BO BPEMEHM M MO JUHAMHYECKOMY JHANa30HYy
MO3BOJIAET HAJCKHO U30JIUPOBATH UX JAPYT OT ApYyra U n30exarbh B3aUMHBIX
nomex. Ilocine okoHuanuss npsAMOro xoaa mo Kaapy GdopMUpyeTcs

kaapoBblii racsuuid umnyiase (KI'M) pnutensHOCTRIO 1, HA BepuivMHe
KOTOPOT'O PacroJiaraloTcs KaJpoBblii cCHHXpoHU3upytonui umiyibe (KCH)

JUINTEIBHOCTBIO 7, M CCH. YToOBbl mMOCIENOBATENBbHOCTh CTPOYHBIX
CUHXPOMMIIYJIbCOB HE IpepblBaiack BO Bpems aeiictBus KCH,
NPUHAMAIOTCS ~ CIIEHUAJbHBIE MEpBI, IPUBOAAIIME K HEKOTOPOMY
YCIIOKHEHUIO CHHXPOCMECH (BPE3KH, YPAaBHUBAIOLIUE UMITYJIBCHI).

B TeneBHM3MOHHBIX CHCTEMAaxX BHU3YaJbHOTO HaOMOAEHHUS (Kak
BEIIATEIBHOTO TAaK M MPUKIAJHOIO HA3HAYEHHUdA) TIOCle Iepeaadu
BUJICOCUTHAJIA TI0O KaHAJIy CBS3M MPOU3BOJUTCS BOCCTAHOBJICHHE (CHUHTE3)
TB-nzo0paxenust B Mecre npuema. CHHTE3 H300pa)keHUs - OmNeparms,
oOpaTHas pa3lOXKEHHIO, TaKKe CBS3aH C TMPOLECCOM pPa3BepPTKU B
IUIOCKOCTH ~ W300paK€HUsSI ~ CHUHTE3Wpylolied  ameptypbl.  Pactpsl,
dopMupyeMble B Ipoliecce pa3BEepTKM Ha NPUEMHON M mepenaroei
cropoHax TB-cuctembl, TOKHBI OBITh OJMHAKOBBI MO CTPYKTYpE, YTOObI
o0OecreuynBagoCch  reomeTpuueckoe  mnomodbue  TB-uzobOpakenus wu
IIEPENABAEMOr0 OpPUTMHAJIA. OJTO JIOCTUIAETCS IIyTEM CHUHXPOHH3ALUU
Pa3BEPTHIBAIOIIMX YCTPOMCTB HA MPUEMHOW W MEPEIAIONIEH CTOPOHAX OT
OOLIEro UCTOYHUKA CUHXPOHU3UPYIOLIUX UMITYJIbCOB - CUHXPOr€HEPATOPA.
CHHXPOHM3UPYIOIIKE UMITYJIbChl (POPMHUPYIOTCA OOBIYHO Ha Mepearolen
CTOPOHE W TEPENAIOTCA B COCTABE ITOJHOTO TEIEBU3MOHHOTO CHUTHAJIA IO
kaHaiy cBsizu. Ctpykrypa TB-curaana TakoBa, 4TO CPaBHUTEIBHO MPOCTO
OTJIEJIUTh CUTHAJ CUHXPOHU3AIMU OT CUTHaja U300paxeHusi 1 00ecreunThb
YCTOMUYHBYIO CUHXPOHU3ALMIO pa3BepToK TB-npuemMHuka.

B kadectBe cuHTE3upymoumen aneprypel B TB-npueMHuKax B
HACTOsIIee BpeMsl Haubosee MUPOKO HCIOJIb3YeTCsl MOJABHKHOE CBETOBOE
NSTHO, BO3HUKAIOIIEE B PE3yJIbTaTe B3aUMOJICHCTBUS CPOKYCHPOBAHHOTO
AJIIGKTPOHHOTO  JIydya BBICOKOM DJHEPrMM C  KaTOAOJIIOMHHO(OpPOM,
HAHECEHHBbIM HA DKPAaH MPUEMHOW TEJIEBU3UOHHOU 3JIEKTPOHHO-TYy4YEBOU
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TpyOKu - kuHeckoma. [Ipum pa3BepTke CBETOBBIM MATHOM MOCTOSHHOU
APKOCTH Ha JKpPaHE KMHECKOIIA BBICBEUMBAECTCSA HEMOAYJIMPOBAHHBIN pacTp,
NPEJCTaBISIIONIMIA ~ OCHOBY 1uisi  ¢opMupoBanus TB-uzo0OpaxeHus.
Monynsus pacTpa U CHUHTE3 HM300pa)KEHHUsS JOCTHTAIOTCA MyTEeM IMOAaYu
BUJICOCUTHAJIA HA YIIPABIIIOIINN MIEKTPO (MOIYJIATOP) KHHECKOIIA.

YmpomeHHass  CTpyKTypHas CXema TEJIEBU3MOHHOM  CHUCTEMBI
BU3YaJIbHOI'O HA0JIIO/IEHUS IPUBEICHA Ha pUCYHKe 1.6.

e i i By
) | @3n By || @ L[ gy T ||
: i CBA3U i i
BP cr | BP |

Pucynok. 1.6. YroporieHHasi CTpyKTypHasi cxema TeJIeBU3MOHHOU CHCTEMBbI
BHU3YaJIbHOTO HAOJIIOACHUS

[Tepenatomias yacth TB-cucteMsl — TeneBu3noHHbIN gaTuuk (TB/I) -
SBJISIETCA WCTOYHUKOM BHUJCOCUTHAJIOB U COJEPKUT B CBOEM COCTaBE
ontuyeckoe ycrpoctBo (0O), doTodnnekTpudyeckuii mnpeoOpazoBaTeilb
(DIIT), 6mok pazseprok (bP), Buneoycunutens (BY) u cunxporeneparop
(CIN)- ChopmupoBannsiii Ha Bbixoje BY momnbii TB-curnan mno kanamy
CBSI3U MEPENAETCS B MECTO MPHEMA, TI€ C MOMOIIbI BUACOKOHTPOJIHHOTO
yctporictea (BKY) wu3oOpakeHue BOCCTaHAaBIMBAETCA Ha JKpaHe
KHMHECKOIa (BJIT). CunxpoHu3anus Os10Ka pa3BEPTOK B
BHUJICOKOHTPOJIBHOM  YCTPOMCTBE MPOMU3BOJUTCS CHUHXPOUMITYJIbCAMU,
BBIJICJICHHBIMHU W3 1TOJHOro TB-curnana.

1.2 TpeOoBanus, npeabsiBjsieMble K TeJIeBU3HOHHBIM U3MeEPHUTEIbHbIM
cUCTeMaM

B oTnnune OT TeneBU3MOHHBIX CHUCTEM BHU3yaJIbHOTO HAOJIIOACHUS,
pelalIMX 3aJaud  HEUCKAKEHHOM TMepelauyd Ha pacCTOSHUE U
KaueCTBEHHOI'O0 BOCIIPOM3BEACHUS BU3yaJIbHOW WH(OpMaIMK, OCHOBHOM
3a/laueil  U3MEPUTENIbHOTO  TEJIEBUJICHHUS  SIBJISIETCS  W3BJICUCHUE
KOJIMYECTBEHHOU MH(MOpMAITuU 00 00BEKTaX, HAXOAIIUXCS B TIOJIE 3PEHUS
TBJl, ¢ uenpro €€ MCIONb30BaHMS JUIsi KOHKPETHBIX 3aJa4 KOHTPOJS U
ynpaBieHusi.  TeneBusnonnble  u3MmepurenbHblie  cucteMbl  (THUC)
NpeaHa3HAYeHbl JUIsl JUCTAHIIMOHHOTO aBTOMATUYECKOTrO KOHTPOJS 3a
COCTOSIHUEM TMPOCTpaHCTBA B yrie mnons 3peHus TBJl, wu3mepenus
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apaMeTpOB COBOKYMHOCTH OOBEKTOB, HAXOISIIMUXCS B KOHTPOJIMPYEMOM
IPOCTPAHCTBE, U TPU HEOOXOAUMOCTH MJIA YIPABJICHUS COCTOSHUEM U
B3aMMOJICUCTBHEM J3THX OOBEKTOB. JTO mo3BoisieT oTHecth k THUC
IMIMPOKUHN KIJIACC MPUOOPOB M YyCTPOUCTB, UCHOJIB3YEMBIX B MPUKIATHOM U
MIPOMBITIUICHHOM TEJIEBUJICHUU 11 cOopa W 00pabOTKM pasHOOOpa3HOU
uHbOpMaIlMKU, a TaKKe JJIsT KOHTPOJIA U YHPaBICHUS TEXHOJIOTHMYECKUMU
MPOIIECCAMH B COCTaBE POOOTOTEXHUUYECKUX KOMILIEKCOB.

TUC pensiTcss Ha aBTOMaTU3UPOBAHHBIE (MM MTOJTyaBTOMAaTUYECKUE),
B KOTOpBHIX HEOOXOIMMO HAJIMYUE omeparopa sl padOThl CHUCTEMBI, U
MOJIHOCTBHIO aBTOMATUYECKHE — (PYHKIIMOHUPYIOT 0€3 y4acTHs orepaTopa.

[Ipyn cocTaBieHUU TEXHUYECKOTO 3aJaHusi Ha pa3pabOTKy KaKoii-
6o TUC, a Ttakke TEXHUYECKUX YCIOBUM €€ MPUMEHEHHs HEOOXOIUMO
c(OpMyYIUPOBATH PsJl OCHOBHBIX IMAPAMETPOB M XapPaKTEPUCTHK, K YUCITY
KOTOPBIX OTHOCATCS caeayromue [1]:

Tounocmuvie napamempol u xapaxkmepucmuku (XapaKTepUCTUKH
U3MEpeHUs, OOHapy>KEHHWs, pacrno3HaBaHusd). [IpUMEHHTENBHO K
U3MEPUTEIBHBIM ~ CHCTeMaM  37ech  OObIMHO  MAET  pedb O
CPEIHEKBAJPATHUECKUX WM MPEAEIbHBIX MOTPEIIHOCTAX H3MEpPEHUs, O
CTaOMJIBHOCTH METPOJIOTMYECKUX MapaMeTpoB U T. M. [IpuMeHuTensHO K
TUC, pemarommm 3a7a4d  [OPEABAPUTEIBHOIO  OOHAPYKEHHUS WU
pacro3HaBaHusi OOBEKTOB, OOBIYHO YKa3bIBAIOTCS TaKHUE IMapaMeTpbl Kak
JOITyCTUMAs BEPOSITHOCTD JIO’)KHOTO OOHapyKEHHUSI (J105xHOM
uAeHTU(UKAMKU) U, HA00OPOT, BEPOSTHOCTh MpPOITycKa (HEOIO3HABaHU)
OOBEKTOB MPH YCIIOBUU €r0 HAaXOXKACHUs B 30HE HaOmioAeHus. B xaduecTse
XapaKTEPUCTHK OOHAPYX)EHUs (pacro3HaBaHUs) UCIIOJIB3YIOTCS, HAPUMED,
3aBUCUMOCTH MPaBUJILHOTO OOHApyX eHUs (pacro3HaBaHMs) OT OTHOLLEHUS
CUTHAJI/IUYyM (IIpU (PUKCUPOBAHHBIX 3HAYEHUSX JOMYCTUMOW BEPOSITHOCTU
JIO’KHOTO OOHAPYKEHHUSI, JIO)KHOU MAECHTU(UKAIIIKN) U JP.

Dyukyuonanvrvle napamempul. Yucno u BU U3MEPSEMbIX BEIHYUH
(i1 0OBEKTOB HAOMIOAEHUS), NMANA30H H3MEPSEMBIX BEIUYHMH, BpeMs
u3MepeHus (OOHApY>KEHUSI WJIM pacro3HaBaHUSI OOBEKTOB), TOTOBHOCTH K
paboTe mocie BKIIOUEHHUS, CTENEHb aBTOMATU3alUd KOHTPOJS BBIXOJHBIX
BEJIMYUH U JIp.

Oxcnayamayuonnvie  napamempuvl. TeMmnepaTypHbId — JHara3oH,
JIOTTYCTUMBIN YPOBEHb MEXAaHWYECKUX BO3JCUCTBUM (ynapoB, BUOpaIuii),
HaJIEKHOCTh CUCTEMBbI, BO3MOXHOCTh €€ aJanTallii WU caMoaJanTaluu
py U3MEHEHUHU yclIoBUM HaOmrogeHus. ['abaputhbl, Macca, nmotpediseMas
MOIIHOCTb U Jp.

Ixonomuueckue noxkazamenu. CTOUMOCTb OTIEIbHBIX KOMIIOHEHTOB
Y CUCTEMBI B 1I€JIOM, CTENeHb UX YHU(DUKAIIUHU U JIP.

Cnegyer MOMHHUTH, YTO TMOJ MapaMeTpPOM MOHUMAIOT YUCIECHHOE
3HAYCHUE KAKOW-TMOO BEJIMYMHBI, OTpakarollel omnpe/eéHHOe KauyeCcTBO
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CUCTEMBI (HallpUMEpP, CPEIHEKBAJAPATUYECKas MOrPEIIHOCTh WU3MEPEHHUs);
XapaKTEPUCTHKA TMPEJCTaBIsAeT COOO0M 3aBUCHUMOCTh TOTO WM HHOTO
napaMeTrpa OT HM3MEHEHHS OJHOTO W3 BHEMIHUX (aKTOpoB (Hampumep,
3aBUCUMOCTb CPEHEKBAAPATUYECKON NOTPEMIHOCTU OT TEMIIEPATYPHI).

THUC MOXKHO pa3esinuTh Ha TPU OCHOBHBIX THIIA: PETUCTPUPYIOLIUE, C
amantanmei u ynpasmsirone. Cxema THUC peructpupyromero Tumna
pHUBE/IcHA Ha pUcyHke 1.7.

O T TR b YHUP

Pucynok 1.7. CtpykrypHas cxema TUC perucrpupyromiero tuna

B ee cocraB Bxomar TBJ] npenHasHaueHHBIA Ui POpMUPOBAHUS
U300paxkeHusi OO0BEKTa, HAXOMALIErocs B II0JI€ 3PEHUS CUCTEMBI, U
nepesayl €ro B BUJAE DJEKTPUUYECKOIO CHUTHAla B M3MEPUTENIbHBIN OJIOK
(Mb). W3mepurenbHbIi OJOK TpeAHAa3HAYeH JJisi  OCYIIECTBICHUSA
MpEeABAPUTEILHON 00paboTKH U300paKEeHUS (punbTpanuu,
npeoOpa3oBaHusl ~ CTaHAAPTOB,  YCWIEHUA W Jp.),  HU3BJICUEHUS
KOJIMYeCTBEHHON nHpopManuu 00 o0bekTe U (OPMUPOBAHUS CUTHAJIA IS
ycTpoicTBa uHAuKauuu u perucrpauuu (YUP) pesynpratoB. YcTpoilcTBO
WHIUKALUKA TIPEAHA3HAYEHO JUIsl OTOOpaKeHUs! pe3yJbTaTOB MH(POPMALIMH
00 00BEKTE M3MEpEHUsd M, NMPU HEOOXOAMMOCTH, UX perucrpanuu. s
ycnemHo pabotsl TUC nmaHHOro THHa HEOOXOIMMO MPEIbIBUTH
u3MepseMblii o0bekT B mone 3penus TBJ[ u co3pgarh craOuibHBIE,
oOycnoBieHHble cBoricTBaMu TBJI, ycrioBus HaGmoaeHus 32 00bekTOM. B
o0IeM ciaydae ainropuT™M paboThl M3MEPUTEIBHOTO OJIOKAa JIOJDKEH
peaycMaTpuBaTh aBTOMAaTUYECKUI MMOUCK U OOHApPYKEHHE 00BEKTA.

B cnyuyae, xorma pa3mepbl O00BEKTa, €ro MECTOIOJIOKEHUE,
OCBEIICHHOCTh W JPYIME€ MapaMeTpbl MOTYT HM3MEHATHCS B IIMPOKHUX
npenenax, IeJIecooOpa3sHo HCMoib30BaTh Oojee coBepiieHHble THUC ¢
ajanTtamnue kK ycioBusM HaOmoaeHus (pucyHok 1.8). B cucremax Takoro
THUIIA, IO CPABHEHMIO C YK€ U3BECTHOUM CTPYKTYpPOH BBEJIECH JOMOJHUTEIBHO
KOHTYp aJanTalud, CcOCTOSAMH U3 (opMuUpoBaTess YHPABISIIOUIUX
curHaiioB (O®YC) u ucnonnutenaprHoro ycrpoiictBa (MY), uaMmenstomiero
TOT win uHOW mapamerp TBJl (Hampumep, MOBOPOT ONTHYECKON OCH,
U3MEHEHHE yria 3peHus, nuadparmMel 0OOBEKTUBA U T. J.) TAKUM 00pa3om,
4YTOOBl  ONTUMHU3UPOBATH  YCIOBHUS ~ M3MEPEHUS  KOHTPOJIUPYEMOIO
napametpa oObekTa. CodueraHue (YHKIHMI CIEXKEHUS W W3MEpPEHUs
obecneunBaer TUC c apmanTanueil BBHICOKYIO TOYHOCTb U YCTONYHMBOCTH
pe3ynbratoB  u3MepeHusa. CTpyKTypa CHCTEMBI [O3BOJISIET  TaKkKe
MIPOU3BOINTH ABTOMATHUECKHI TIOUCK M OOHApyKeHne 00beKTa.
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TeneBU3MOHHBIE W3MEPUTEIBHBIE CHCTEMBl YIIPABJISIONIETO THIIA
(pucynok 1.9) coxaepkar  JONMOJHUTEIBHO  KOHTYp  YIIPaBIICHHUS,
AQHAJIOTUYHBIA TI0 CTPYKTYpE€ KOHTYPY QJaNTallid W TTO3BOJISIOIIHMA
MOAJIeP)KMBAaTh HA 3aJlaHHOM YypPOBHE WM M3MEHITh TI0 3aJaHHOU
IPOrpamMme KOHTPOJIMPYEMBIX ITapaMeTp 00BEKTa.

TB] b YUP

| Ay oyC <!

____________________________

Pucynok 1.8. Cxema TUC ¢ agantauuei

Crnenyer OTMETHTh, YTO, HECMOTPS Ha OJWHAKOBYIO CTPYKTYpY
KOHTYpPOB aJanTallid W YNOPaBJICHUS, OHU BBINOJHAKOT Pa3JIUYHbIE
(GyHKIIUU, HMMEIOT B CBOEM COCTaBE€ pPa3HOPOJHBIC UCIIOJTHUTEIbHBIE
MEXaHHU3Mbl U YIPaBJISIOTCS Pa3HbBIMU CUTHAJIaMHU, XOTS U UMEIOT OOt
MH()OPMAITMOHHBIN UCTOYHUK 711 (POPMUPOBAHUS YIIPABIISIONIUX CUTHATIOB
- TeJIEBU3UOHHOE M300pakeHne 00beKTa. MOKHO TIPEICTaBUTh, HAIPUMED,
THUC npOoMBIIIIEHHOTO IPUMEHEHHMS, KOTOpasi UCIOIb3YETCS JJIs1 KOHTPOJIS
M YOpaBJICHHUS  HArpeBOM  JI€Tajk, [EpeMelaeMod B XOJE
TEXHOJIOTHYECKOrO Tporecca oTHocuTeabHo TB/I.

TB/ Nb YUP

oYC

Ay

____________________________

oYC

— Y

_________________________

Pucynok 1.9. Cxema TUC ynpasaisironiero tumna

KonTyp apanrammm B TakoW CHCTEME JOJDKEH aABTOMATUYECKU
CTaOMIIM3UPOBATH TOJIOKEHUE U300paKkeHUs JeTanu B meHTtpe TB-pactpa
nyreM noBopora TB/I Bciien 3a mepememaemMon AeTaiiblo. Takou pexum
CIEXKEHHSI pPealln3yeTCss Ha OCHOBE BBIJICICHHOM U3 BHJECOCUTHANA
KoopuHaTHOM wHpopMannu 00 o0bekTe. KoHTYp yrpaBieHus, B CBOIO
ouepenb, Ha oOcHoBe BbieneHHoNW u3 BC wuHpopmamuu o 1BETOBOU
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TemMrneparype OOBbeKTa aBTOMATHUECKH PEryJIupyeT pexuM paboThl
HArpeBaTeNbHOTO 3JIEMEHTa TaKHUM 00pa3oM, 4yTOObl B HY)KHBIH MOMEHT
OblIa JAOCTUTHYTAa M NOJAJEPKUBajach 3aJlaHHAs TeMIEparypa HarpeBa
neranu. Ortcrona BugHo, uyrto TUC  ympasndmoomero Tumna MOTYT
oOecrieuynBaTh perieHne pOOOTOTEXHUUECKHUX 3a/1a4.

CpaBHEHHE  CTPYKTYpPHBIX  CXEM  TEJIEBU3HOHHBIX  CHCTEM
BU3YaJbHOI'O HAOJIIOJIEHUS M M3MEPUTEIbHBIX TEJIEBU3UOHHBIX CHCTEM
MO3BOJIIET YCTAHOBUTh, YTO MEXKIY HUMHU OOILEro, U, ¢ APYroil CTOPOHBI,
yKa3aTb Ha MPUHUOUIHAIBHBIE pa3Inuus MexXTy HUMH. I[Ipu3Hakom,
COIJIACHO KOTOPOMY 00a THIa CUCTEM CJIEYET OTHECTHU K TEJIEBU3NOHHBIM,
apisercss Hamuuue TBJI, 4TO CBSi3aHO € OJMHAKOBBIM CIOCOOOM
npeoOpa3oBaHusl  ONTHUYECKOTO H300pa)KeHUs HAOJI0aeMOl  CLEHBI
(oObekTa) B BuAeocurHaid. OCHOBHOE K€ OTJIMUME MEXIYy CHUCTEeMaMu
COCTOMT B HA3HAYEHUW W JNAJbHEWIIEM HMCHOJb30BAIA BHJEOCUTHANIA. B
TEJEBU3UOHHBIX CHUCTEMAaxX BHU3YaJbHOTO HAOIMIOJAEHUS 0053aTeIbHON
3aKJIIOYUTENBHON Olepanuei sBisieTcsl MpeoOpa3oBaHHE BUICOCUTHANA B
U300paKeHHe, NpU HTOM KayecTBO pPAOOThI CHUCTEMBI OLEHUBAETCA
cTeneHbto cooTBercTBHS TB-nm3o0Opaxenuss Ha »skpane BKY ero
ONTUYECKOMY oOpuruHainy. Bpsibop TB-cranmapra, COBEpIIEHCTBOBAHHE
OTJEJIbHBIX y3JI0B, BBEJICHUE KOPPEKTUPYIOMIMNX OJIOKOB (IPOTUBOUIYMOBAA,
ariepTypHasi, 7Y-KOppeKIus)) M JApyrue Mepsl 10  MOJAEpHU3ALUU
BEILATEIbHOM CHCTEMBbl HaIpaBJi€Hbl B KOHEUHOM HUTOr€ Ha YJIydllEHUE
kauectBa  TB-n3o0pakeHHs  TMOBBIIIEHHWE €ro  MH()OPMATUBHOCTH,
JOCTH>KEHHE MAKCUMAJIbHOTO 3pUTENBHOTO 3(pdeKTa.

[IpyHIMOMATBEHO BaXXHOW OTAWYUTEIBLHON ocoOeHHocThi0O THC
ABJIIETCSI HAJM4YM€ W3MEPUTEIBHOr0 OJ0Ka, MpeIHa3HAYEHHOro IS
o0pabotkn BC ¢ uenplo wu3BIE€YEHUST U3 HEro HH(QOpMaUU O
Ha0JII0JaeMOM OOBEKTE U U3MEPEHHSI KOHTPOJIUPYEMBIX TapaMeTPOB 3TOT0
oObekTa. MIMEHHO STOT MpHU3HAK - HAJIMYWE H3MEPUTEIBbHOro Ojoka -
ABIIIETCSl ONPENENSIOIMM JUIsl OTHeceHus cuctembl K kiaccy THUC.
Konkpetnas kondurypamus crpykrypsl TUC, xapakTep B3auMOJCHCTBUS U
croco0 peanu3aluy BXOIALIMX B HEE Y3JIOB ONPEIEISIIOTCS Ha3HauYeHUEM
CUCTEMbI, THUIIOM pEIIaeMOM 3aJauyd U MOryT OBbITh UpE3BbIYANHO
pa3zHoo0pa3HbIMH, OJIHAaKO HEU3MEHHBIM ocTaeTcs HaJIUu4ue
U3MEPUTETBLHOTO OJIOKA.

Crnenytoiei otinuuTenbHon ocooeHHocThi0 TUC siBiisieTcst cnmoco6
npeacTaBlieHuss WHGOpMAMUM HAa BBIXOJE CHCTeMbl. B oTiauume ot
TEJIEBU3UOHHBIX CHUCTEM  BHU3yaJIbHOIO  HAOJIOJEHUS, B  KOTOPBIX
uHpopmaiusi mpeAcTaBisieTcss B Buje TB-u3oOpaxkeHuss Ha 3KpaHe
BUJICOKOHTPOJIBHOTO YCTPOMCTBA M MPEJHA3HAYAETCA [UJII BHU3YaJbHOIO
BocrpusAtus, B TUC BbeixomHas wuHdopmanus B BuIe UU(POBBIX HIH
AaHAJIOrOBBIX CUTHAJIOB IIOCTYNMAET HAa YCTPOWCTBO pPErUCTpallid U
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VH/JVKAlMA WM K€ HCIOJIb3YyEeTCS B KaHaje YIPAaBICHUA. XapaKTepHOU
OCOOCHHOCTBIO JTHUX CHUTHAJOB SBJSETCS OJHO3HAYHAS CBS3b MEXKIY
napaMeTpoM HH(POPMAIMOHHOTO CHUTHAJIAa M HU3MEPSEMBIM MapaMeTpoM
oObekTa. Hampumep, B TeIEBU3MOHHOM CYETYHMKE dYHCIa OOBEKTOB
pe3ynbTaT HU3MEPEHUsT MOXKET OBbITh MNPEACTaBIECH B BUIE LU(PPOBOTO
JBOMYHOTO KOJ1a HA BBIXOJI€ U3MEPUTEIBHOr0 OJI0Ka. B O110Ke MHAMKAuu U
pEerucTpalyy Yucio B IBOMYHOM KOJ€ IIPeoOpa3yercs B AECITUUHOE YUCIIO,
KOTOpPO€ BBICBEUMBAETCA Ha HUPpoBOM Tabiso. llomyueHHbIN pe3ynbrar
MOKET OBITb MOABEPrHYT OJHO3HAYHOM OLIEHKE HE3aBUCHMO OT
UHAMBUIYAJIbHBIX M CyOBEKTHBHBIX  OCOOCHHOCTEHl  MOTpeOUTENs
uHpopMaruu. OTcroaa cieayeT, 4T0 BO3MOKHO IOCTPOEHNE OOBEKTUBHOTO
KOJIMYECTBEHHOTo KpuTepus kadectBa paborel THUC, ocHoBaHHOro Ha
WCCIICNOBAHUM TOYHOCTHBIX XapaKTEPUCTUK PpE3YyJIbTATOB HW3MEPEHUMU.
Co3manue aHAJIOTMYHOTO  KPUTEpUsS I TEIEBU3MOHHBIX  CHCTEM
BU3YaJIbHOTO HAOMIOACHUS 3aTPy/IHEHO, KaK YK€ OTMEYaJioch, H3-3a
OTCYTCTBUSA OOOOIIEHHOTO KOJWYECTBEHHOTO M, IJIABHOE, OOBEKTUBHOIO
KPUTEPHS OLICHKU KayeCTBa U300paKEeHHUS.

Crmenyer OTMETHTh, YTO B HEKOTOPBIX CIydasX B KadeCTBE
yCTpoWCTBa MWHAMKaumu W peructpauuu B THUC  ucnonb3yercs
TEJIEBU3MOHHBIN 3KpaH, Ha KOTOPOM s yAoOcTBa paboThl omeparopa
BocnpousBoautcs TB-n3o0pakenue HaOI0ga€MOro 0ObEKTA U PE3yJIbTaThl
U3MEpPEHHsI MapaMeTpoB ATOro OO0BEKTa B BUAE OYKBEHHO-LU(POBOU
uH(dopMaIuu, CoBMENIeHHOM ¢ u3o0paxxenueM. B aBromatmueckux THUC
YIOPABJISIOWIEro TUMa OJOK HMHIMKALMU BOOOIIE MOXET OTCYTCTBOBATb.
Takum oOpa3oM, HanMyue WIK OTCYTCTBHE OJIOKa WHAMKAIUH, THUII
WHJAKATOPA OTHOCATCS K YUCITY HECYIIECTBEHHbIX npu3HakoB THC.

B Ttabnuue 1.1 mnpuBeneH mnepeyeHb CYIIECTBEHHBIX MPU3HAKOB
TEJEBU3UOHHBIX CHUCTEM BHU3YaJbHOTO HAOMIOJEHUS U HM3MEPUTEIBHOIO
THUIIOB.

Tabmuna 1.1
IIpusnak TB cucremsl TCBH TUC

Hanuuue TB]I 00s13aTeJIbHO 00s13aTeJIbHO
Hannune BKY 0053aTeNbHO HEe00s13aTeIbHO
Hanuune usmeputenbHoro 6ioka HEeo0s13aTeNbHO 00s3aTeNBHO
Bricokoe KauecTBO n300pakeHus 00s13aTEIHHO HEe00s13aTEIHHO
Bricokasi TOUHOCTh U3MEPEHUS HeoOs13aTeIbHa o0si3aTepHa
CyObeKTUBHBIN KpUTEPHIA
KauecTBa Ha et
OOBEKTUBHBIN KPUTEPHI KadeCTBa HET Ja

BugHo, 4TO  €OMHCTBEHHBIM  CYIIECTBEHHBIM  IPHU3HAKOM,
OOBEIUHSIOMUM CHCTEMBI 00OMX THIIOB, sBisercs Haaumume TBJ[. B
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octrambHOM TUC 3HAUUTENTHHO OTIMYAIOTCS OT BHU3YaJIbHBIX CHCTEM,
MOATOMY TPEOYIOTCS CrielU(PUIECKIE METOIBI UX U3YICHHUS.

1.3 NH(popMATHBHOCTH ONITHYECKOT0 N300paKeHH s

W3meputenbHble BO3MO>XHOCTH TEJIEBU3MOHHBIX CUCTEM
OTPENAETSAIOTCA KOJIUYECTBOM HEUCKaXEHHONW HHopMmaimu 00 o0BbeKTe,
coaepkarieiics B Buaeocurnane ¢ Beixona TB/I. Tlponecc popmupoBanus
BUJICOCUTHAJIA COCTOUT U3 ABYX ATanoB. Ha mepBoM CTpOUTCS ONTHYECKOE
u300pakeHue oOBbeKTa B MJI0CKOCTH (bOTORIEKTPUIECKOTO
npeoOpazoBarens (OIII), Ha BropoM ¢ momomibio TB-pasBepTku oHO
npeoOpa3yeTrcsi B BuaeocurHan. Onrtuueckas cuctema (00bektuB) TBJI
IpeaHa3HaYeHa Jijisl CO3AaHMs ONTUYECKOro n3oopakenust Ha Bxojae DOII.
OT0o wu300pakeHue, €ciu MpeHeOpeub HCKAKEHUSIMH, BHOCHMBIMU
OOBEKTUBOM U CPEAOM pacIpOCTPaHEHUsI CBETA, MOKHO pacCMaTpUBaTh Kak
LEHTPAJIbHYIO MPOEKINI0 0O0BEKTa HA MIOCKOCTb.

CBolicTBa LEHTPAJIBHOM MPOEKUHUHU TO3BOJSIOT pPAacCMaTpUBATh
n300pakeHne O0BEKTa KaK €ro MacIlITadMpPOBAaHHYIO KOMHIO, B KOTOPOM
coxpansieTcsi uHpopMmaiusi 00 00bEKTe, U, CIEeI0BATEIIBHO, €0 MapaMeTpPhbl
MOTYT OBITh  BBIYHCIEHBI IIyTEM COOTBETCTBYIOLIETO  Iepecyuera
U3MEPEHHBIX MapaMeTPOB ONMTUYECKOTO M300pakeHusa. Cpeau mapameTpoB
00BEKTa, KOTOpPBIE MOTYT OBITh OIpEAENeHbl IO €ro ONTHYECKOMY
M300paKEHHIO, BBIICIUM TPU TPYIIIBI: TEOMETPUIECKUE, IHEPTETHUECKHE,
1BETOBbIE (Tabnuia 1.2).

Ta6mmma 1.2
IlapameTpbl 00beKTa
T€OMETPUYECKUE SHEPreTUYECKUE I[BETOBBIC
Jluneinbii pazmep | CseroBoii MOTOK P Cucrema XYZ:
VYrioBo# pasMep @ OcserieHHocTs E — KOOPAMHATHI 1IBETA
!/ ! !/
[Tnomane S Apxocts L X'y, z
Koopaunatsr: Cwua cBera |
X — KOOPJIMHATHI
— 10 TOPU3OHTAIH
0 ropuso ' usernoctu X, Y, Z
— M0 BEpTUKAHU
P Cucrema RGB:
YTnoBbIE KOOPANHATHL:
— KOOpJIMHATHI 1IBETa
— TI0 TOPU3OHTAIIH O, N
— TI0 BepTUKaIu [ 9
— KOOPJHHATHI
BeTHocTH I, g,b

B nmnepBoM mpuOMMKEHUH CBSI3b  MEXKIY TIE€OMETPUUYECKUMU
napaMmeTpamMu OOBEKTa U €r0 ONTUYECKUM H300pa)KEHHUEM MOXKET OBbITh
YCTaHOBJIEHA HA OCHOBAaHUH 3aKOHOB reOMETpUYECKoi onTuku. Ha pucynke
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1.10 moxazaHo, Kak (opMupyeTcsi H300paxKeHHe YIAJICHHOTO OOBEeKTa
00beKTHBOM ¢ QokycHbIM paccrostaueM f. [Ipu Z >> f (Z - paccrosaue mo

o0bekTa) cdokycupoBaHHOe H300pakeHHe oO0BekTa (OpMUPYETCS B
(GOKaNbHON TUIOCKOCTH OOBEKTHBA, MPH OTOM JIMHEHHBIM MaciiTad

m3o6paxenns M = f'/Z

<o)
=

\

Io6

Pucynok 1.10. ®opmupoBaHre ONTHYECKOTO N300paKeHUS
o0BeKTa

CooTHOIIEHUST JUIsI ONPEACIICHUS TEeOMETPHYECKUX I1apaMeTpoOB
o0bekTa mpuBenaeHbl B Tabnuie 1.3. Koopaunater X, Y OTCUMTBHIBAIOTCS
OTHOCHTEJIBHO OCEH X, y, IePEeCeKarONINXCsl Ha OMTHYECKOW OCH 0OBEKTUBA;
YTIIOBBIC KOOPAUHATHI ¢, /3 OTCUMTHIBAIOTCS OTHOCUTEILHO ONITHUYECKONW OCH
oObekTHBa. JIs BBIYKMCICHUS HEKOTOPBIX T'€OMETPHYECKHUX IapamMeTpoB
00beKTa HEOOXO0IMMO 3HATh MacITad n300pakeHust M, 9To BO3MOXKHO TIPU

W3BECTHOU JAJILHOCTH 00BeKTa Z.
Tabmauna 1.3

r€OMETPUYECKUI
IapaMmeTp

CooTHOIIIEHUE

JIvuHenHbIl pa3Mep | = |u3 /M

w=2arctg(l,,/(2f"));

VYrioBo# pazmep
a)z|u3/2f', npu f,>>|u3

IInomans S = Sus / M 2

Koopaunatsr: X=X,IM=Zxtga,

— 0 TOPU3OHTAIN

— I10 BCPTHUKAIN Y= YMS’ IM=Zx tg'B
a=arctg(X,,/f)a= X If',

YrioBeie '

KOOPIMHATHI: npu f >> X us

— II0 TOPU30HTAJIHU p=arctg(Y,./ ), =Y, [T

— I10 BEpTUKaAIU ’
wpu T >>Y,
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3nech creayeT 3aMeTUTh, UYTO TMpHUBEACHHblE B Tabnuue 1.3
COOTHOUICHHSI, CTPOrO TOBOPS, CIPABEUIMBHI JJIs CIy4aeB HaOIIOICHHUS
00BEKTOB 3aMeTHOU (hOpMBI U pa3mepoB. [lpu pemieHun 3a1ad u3MepeHUs
KOOpPAMHAT TOYEYHBIX OOBEKTOB MOMUMO 3aKOHOB T€OMETPUUECKON ONTHKU
HEOOXOJMMO YUHUTHIBATh TAKXKe BIUSHUE abeppalnuii ONTHUECKON CUCTEMBI,
peIoNpeAeIIIIONUX BU BeCOBON (PyHKIINN 00BEKTHBA, a, CIIE0BATEIbHO,
1 hopMy u300pakeHus HabII01aeMOTO OOBEKTA.

Jlns pacuera SHEPreTHYECKUX (CBETOTEXHUYECKUX) IapamMeTpoB

O00BEKTa 1O H3BECTHOM OCBEIEHHOCTH FE,; co3gaBaeMoll OOBEKTOM B
IUIOCKOCTH BXoAHoro okHa O3II, HeoOXoauMO 3HATH CIEAYIOLIUE
napamMeTpbl OOBEKTHBA U OOBEKTa: & - OTHOCUTEIIBHOE OTBEPCTHE
00BEKTHBA, PABHOE OTHOUIEHUIO AUAMETPa BXOAHOIrO 3payka o0bekTuBa D
K (POKYCHOMY paccTOSHHIO f'; g? - TE€OMETPUYECKYI0 CBETOCHILY

2
00BEKTHBA; 7 - KOADDUIIMEHT MponyCcKaHus 00BbEKTUBA; 76 - (PU3UYECKYIO

CBETOCWIIy OOBEKTHBa; o - Ko3hduiueHT muddy3HOro oTpaxeHus
NOBEPXHOCTU O00BbEKTa. PacyeTHbIE COOTHOIIEHHS, CBSI3BIBAIOLINE MEXIY
co0Oi HHEpreTUYecKue mnapaMerpbl OO0BEKTa M €ro  ONTUYECKOTO
n300pakeHus, puBeaeHsl B Tabnuie 1.4. 3xech ke nmpuBeaeHbl HOPMYIIbI
JUIS pacyeTa OCBEUICHHOCTH MOBEPXHOCTH 00BEKTa TOUEYHBIM UCTOUHUKOM

CBETa CHJIOM CBETa |0, PacIoJIO’KECHHBIM Ha PacCTOSHHUHU ' OT 00BEKTa I1oq
YIJIOM 0(Q K IIOBCPXHOCTHU O6T:€KT3, a TAKKC JIsI pacducTa 3JICMCHTAPHOIO
CBCTOBOI'O IIOTOKa d>3 MNpUXOIAICTOCA Ha OAWH BHGMCHTapHBIﬁ Y4aCTOK

(2JIEMEHT) ONTHYECKOTO N300paKeHsI 00BbEKTa IIOMAIBI0 S,.

Tabmuua 1.4
OHepreTu4ecKui COOTHOLICHIE
napamerp
CBeTOBO# ITOTOK ®=4E, . S1-M )2 /(2'82)
SIpkocTb L:4Eu3(1—|\/|)2/(72’l'€2)
E=4E,(1-M)?/(pzs?);
OCBEIEHHOCTD )
E=(lgcosey)/r
Cuna cBera | =@/ 7=LS
CBeToBOI1 IOTOK Ha o, =E, / S,
AJIEMEHT Pa3JI0KEHUS

PacueT 1BETOBBIX MapaMeTpoB OOBEKTA BO3MOXKEH Ha OCHOBE
KOJIODUMETPUYECKUX COOTHOILIEHUH, KOTOpbIE TMO3BOJIAIOT OIPEACIIUTh
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IIBET H I[BETHOCTh JTOT0 u3NIydeHus. J[F0OOW IBET TEOMETPUYECKU
OTIpEIEISIETCS. TIOJIO)KEHUEM COOTBETCTBYIOIIEH TOUYKH B TPEXMEPHOM
MPOCTPAHCTBE MBETOB. KOOpAWMHATHI 3TOH TOYKH, OTCUMTHIBAEMBIC BJIOJb
OCEH OCHOBHBIX I[BETOB, HA3BIBAOTCS MOIYJISIMHU.

CymiecTByeT MHOXKECTBO KOJOPUMETPUUYECKUX CHUCTEM H3MEPEHUS
1[BETa, U3 KOTOPHIX HanbOJee MMUPOKO MCIONB3YIOTCSA ABe: cucrema XYZ,
MOCTPOCHHAsT Ha (PUKTHUBHBIX OCHOBHBIX IIBeTaX, M cucteMa RGB, B
KOTOpPOH B Ka4yeCTBE OCHOBHBIX I[BETOB BBIOPAaHBI KpacHBIN R, 3enensiii G u
CUHUH B 1BeTa CBEYCHUS JTFOMUHO(DOPOB.

X,Y,
2,

o N

Z(4)

1,51

1,0 ¢

0,51

0,0— + ? ¥ + + y
350 400 450 500 550 600 650 700 A.mm

Pucynoxk 1.11. Y nenbabie koopauHatel B cucteme XYZ

Monynu nBeta B kojopumerpudeckoit cucreme RGB o6o3nauaroTcs
r' g', b', OHM MOKA3BIBAIOT, B KAKHX KOJIMYECTBAX HEOOXOIMMO CMEIIATh
ocHOBHBIE 11BeTa R, G, B, 4TOOBI MONMYYUTh 3aJaHHBIA IBET C 3aJaHHBIM
MOayJieM My, MaTeMaTudeckd OSTO 3alHUChIBACTCS C  MOMOIIBIO
KOJIOPUMETPUYECKOTO YPaBHCHUS

myM=rR+g"-G+Db"B, (1.3)
HJI1 KOTOPOT'O BBIIIOJIHACTCA YCIIOBUC
my=r+g +b" (1.4)

AHQJIOTUYHO 3aMKCHIBAETCA KOJIOPUMETPUUYECKOE YpaBHEHUE B
cucreMe XYZ: Mp @ = x X + y'-Y + z'-Z, rae My = X + y' + 7. Jlns
BBIYUCIICHUS MOAyJIer (KoopHMHAT) BEeTa W3ITYYEHUS B
KojopumeTpuueckon  cucreme  XYZ  HCHOJB3YIOTCS — CIEAYIOLIUE
BBIPAKEHUS:

X' = [W(A)X(2)dA, y' = j w(2)y(A)dA,
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2= [w(4)z(2)dA, (L5)
rJie W(4) — CIIeKTpaibHasl IJIOTHOCTh MOIHOCTH W3NydeHus1, B1/am; X(A4),

Y(1), Z(A) - ynenpHbIE KOOPAMHATHI CIIEKTPAIbHO YHMCTHIX I[BETOB B

cucteMe XYZ (pucynok 1.11). HuterpupoBanue BbipaxkeHuin (1.5)
MPOU3BOJUTCS B BUAUMOM JuarazoHe AauH BoiH A oT 380 1o 760 HM.

Jlnst ompenenenuss koopawHAT mBeTta B cucteMe RGB  MoxHO
UCITI0JIb30BaTh MAaTPUYHOE YPABHEHHE BUJIA:

r'] X (605 -168 —091
o' |=AY'| . A=| -311 632 -001
| |z | 018 -037 284

[Ipu ob6patHom nepexoae ot cucreMbl RGB k cucteme XYZ pacuer
IIPOU3BOIUTCS] B COOTBETCTBUH C MATPUUYHBIM BBIPAXKEHHEM

X' r (061 017 0,20
y |=A7 9| A*=/030 059 011

, IPA 3TOM :
2] |b ] 0,00 007 111

I{BeToBBIE MOAYIH X , V', Z wan I, g', b sBisIOTCS MCUepBIBatOmIEHT
XapaKTePUCTHKOW IIBETA, BKIIOYAs €r0 DHEPTeTUUYECKYIO XapaKTEPUCTHKY.
YacTo npu KOJOPUMETPUIECKUX pacueTax ObIBaeT yJ00HO OT TPEXMEPHOTO
MIPOCTPAHCTBA I[BETOB MEPEUTH K IBYMEPHOMY MPOCTPAHCTBY IIBETHOCTEH.
Jns  sroro  konopumeTrpuueckoe  ypaBHenwe (1.3)  moctaTodHO
npeoOpa3oBatTh K BUAY

M =rR + gG +bB,

e F=r'/my; g=g'/my; b=b/my (1.6)
N3 Beipaxenuit (1.4) u (1.6) BuaHO, 4TO
r+g+b=1 (1.7)

[{BeT M Ha3bIBaeTCs CIUHUYHBIM IIBETOM, a €ro KOOpaUHATHI I, ¢, b -
TpeXIBETHbIMH  KOd(hduimentamu. s BceX EIUHUYHBIX IIBETOB
cnpaBenuBo  BblpakeHnue (1.7), koTopoe (aKTUUYECKH  SIBISCTCS
YPaBHEHHEM IUIOCKOCTH E€OUHUYHBIX IIBETOB B KOJOPUMETPUUYECKOU
cucreme RGB.

AHalloruyHO B cuctemMe XYZ KOJOPUMETPUUYECKOE ypaBHEHUE st

CIMHUYHBIX IIBETOB IPHHUMACT BUJI: DO=XX+YY +2Z 6 a am
[JIOCKOCTHU €IMHUYHBIX [[BETOB UMEEM

X+y+z=1 (1.8)
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[TomoxeHue TOYKH B TJIOCKOCTH €IMHUYHBIX I[BETOB XapaKTEPU3YET
[[BETHOCTb U3NMy4YeHUs. J[JIs KOJMYECTBEHHOTO OIHKCAaHUS I[BETHOCTHU
JIOCTaTOYHO 3HATh JBa TPEXIBETHHIX KOA((dUIMEeHTa, HapuMep X U Y, a Z
HaiiTh u3 BeIpakeHus (1.8) mo popmyie z = 1-(x+y).

[{BeToBOIi Tpaduk B KOIOpUMETpUUECKON cucteme XY Z n300paxkeH
Ha pucyHke 1.12. OH mpexacTaBisieT MPOEKLHUIO TIOCKOCTH EIMHHYHBIX
nBeToB (1.8) ¢ m300pakeHHON Ha HEW (QUrypoil pealbHBIX IIBETOB Ha
mockocth XOY.

y
520
LN
0.8 N 540
510
560
0,6 G —N
500 /\
0,4 5000
490 10000
0,2 /
480 /
B
470 /
4505380
0,0 0,2 0.4 0,6 X

Pucynox 1.12. liseToBoii rpadguk XYZ

durypa peanbHBIX IIBETOB OTpaHWYEHA yrooOpa3HOW JIMHHEH, Ha
KOTOPOH PacroJioKeHbI IIBETA MOHOXPOMATHUECKUX U3TYyYEHUHN C IITMHAMU
BoJIH OT 380 mo 780 HM, M JHMHUEW MYyPHypPHBIX IIBETOB, COCAMHSIIONICH
koHIbl ayru. Ha nBeroBoM rpaduke XYZ mokazaH Takke TPEYyroJbHUK
OCHOBHBIX 11BeTOB RGB U nuHUA dYepHOro Tena, COCAMHSIONIAs TOYKU
[IBETHOCTEH WJI€aJTbHBIX M3Jy4yaTeldell ¢ pa3IMYHbIMU  [BETOBBIMU
TEeMIIepaTypaMH.

COOTHOIIEHUST MEXIy IIBETOBBIMH IapaMeTpamMu  W3IIyYCHHS
(oTpaxkenusi) oObekTa U ero m3obpakenus Ha Bxojae DOII mpuBeneHbI B
tabmurie 1.5.

BumHO, 4YTO 1BETOBBIE MOAYJIHM OOBEKTA W €ro H300paKeHUs
IPONOPIUOHANIBHBI, TpUYeM KO3PQGUUMEHT NponopuuoHaIbHOCTH Ko
ompenensercs (QU3NUECKOM CBETOCWION OOBEKTHMBA M MaclITaboM
nzoopaxxenus. [lapameTpsl IBETHOCTH (T. €. TpEXIBETHBIC KOIPDHUIIUCHTHI)
00BeKTa U ero nu300pakeHus oMHaKoBBL. CleayeT TakKe OTMETHTh, YTO
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COOTHOIIICHHS MEXTY IIBETaMH 00BEKTa M €r0 N300paKCHMS, IPUBEICHHBIC
B Tabmuie 1.5, cpaBenIuBhI, €CM OOBEKTUB HE BHOCHT B M300pa’KCHUE
CHEKTPaTbHBIX UCKAKEHUH, T. €. Koraa 7(4)=17=COonst.

Tabmuma 1.5
e
(X' X [r] T ]
L{BeTOBEIE y’ = KO y;w 9'|= Ko glw ,
KOOD/IMHATHI _Z’_ _2;3 _ _b' | _bI/’B |
e Ko = 40— M)? /(zeM ?)
[ X ] _Xu3_ T | _I’u3 |
oo | | V]| Ve || | 9]=] 9
(2] [ Zus _ _b_ _bu3 i
CBETOBO# MOTOK @ =683y’ @ =683(0,3r"'+0,59g" + 0,11b")

1.4 HN3mepeHHe mapamMeTpoB ONITHYECKOI0 U300paskeHUst

Kak 0b1710 MoKa3aHo BhIIIE, ONTHYECKOE 300paxkeHue Ha Bxoae TBJ]
colep>kutT uH(opManuioo o HabmogaeMoM oO0bekTe. JTa uHOOpMaIUs
MOET OBITh BOCCTAHOBJICHA MYTEM W3MEPEHUsS U TepecueTa MmapameTpoB
nzoopaxkenus. M3mepenue napametpoB B TUC npou3BoauTcss KOCBEHHBIM
o0Opa3oM, uepe3 u3MepeHne napaMeTpoB BUACOCUTHAJA, CHOPMUPOBAHHOTO
Ha Bbixoae TBJI. YCTaHOBMM aHaUTUYECKHE COOTHOIICHUS MEXIY
BUJICOCUTHAJIOM W ONTHYECKUM H300paKE€HUEM, KOTOpPbIe Obl YUUTHIBAIH
Obl cBoiicTBa pa3BepTku, TBJl u Bumeoycucnurtens. Ecau paccMarpuBath
mpoiiecc oOpa3oBaHUs BUJICOCUTHAJNA, KaK (YHKIIMU BPEMEHU, HA BBIXOJEC
TB/I ynpo1ieHHO, TO MOXKHO BBIICJIUTH JIBa JTaNa:

Ha IIEPBOM  IJTaAIl€ OITHUYCCKOC I/1306pa>I<CHI/Ie E(Xw ’Yu3)

npeoGpasyercss B sapsgossii pemsed Q(I, ]) dynxumo auckperHsix
IPOCTPAaHCTBEHHBIX apryMEHTOB | M | . BeanunHa HaKOIUIEHHOIO 3apsja,
CHAMAEeMOTO C I-TOr0 3JIEMEHTa |-TOM CTPOKH, ONPEACIIAETCS BEIPAKCHUEM:
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(I1+1)Ax (j+1)Ay
QW= | [SumTHE(Y)dXdy (119
iAX Ay
rac SuHmI — HHTCTPAaJIbHAsA TOKOBAaA YYBCTBUTCIBHOCTD q)OTOHpI/IéMHI/IKa;

Ty— Bpemst HakorieHus; i, | — KOOPIHHATHI (POTOUYBCTBUTEIHLHOTO
JIeMEeHTa; AX M Ay— pa3Mepbl (OTOYYBCTBUTEIBHOTO »3JEMEHTa IO
TOPU30HTAIM M BEPTUKAIM COOTBETCTBEHHO[1]. B cnyuae ecom DIII
MO3BOJISIET  OPraHW30BaTh  MPOU3BOJBHBIA  JOCTYIl K  3JEMEHTaM
Pa3NOKEeHHsI, TO MOYKHO OBUTO OBl OCTAHOBHTCS, OAHAKO, B OOJIBIIMHCTBE
TBJ ©Ha BbIXOAE O0Opa3yercs BUACOCHUTHAN KaK (YHKIHMS OFHOU
nepeMenHoit t. Takum oOpazom, B mpoiiecce BbiBoJa 3apsiioB u3z DOII
OCYUIECTBJISIETCSL BTOPOM 3Tal NpeoOpa3zoBaHusL:

Ue () =Q(, 1)/ Cppir
rae Ceb,x — €MKOCTb BBIXOJHOM CTpyKTyphl TB/I.

Bepnemcs k 3aaue onpeeneHus KoopauHaT u300pakeHust X, ; v Yy,
1o BHUJCOCUTHATY. B KauecTBe TmpuMepa pacCMOTPUM HU3MEPECHHUE
rmapaMeTpoB  HM300pakeHUss MajopasmMepHoro oOwekta [8]. Ilycth

n3o00pakeHne OO0BbEKTa PACMOJIOKEHO Ha PACCTOSHUAX Xy, H - Yy,
OTHOCHUTEJIbHO KOOpPJAWHATHBIX oceil. [lpu pasnoxeHun u300pakeHUs B
MOMEHT BpeMeHH t MPOUCXOIUT COBMENICHUE PAa3BEPTHIBAIOLIEH arepTyphbl
C M300pakeHHEM O0BEKTa, pa3Mep KOTOPOTO PaBEH pa3Mepy 3JIeMEHTa
(ToueuHbIi OOBEKT); MPU HSTOM MIHOBEHHOE 3HAYEHHUE BHUJICOCUTHAJA
MakcuMmanbHO M paBHO U. B ciyuyae nuHElHHON MOCTPOYHOUN pa3BEepTKU
CIIPaBEIJIMBO COOTHOIIICHUE

t=(]-DT, +t,, (1.11)
TJIe | — MOPSAKOBBIN HOMEpP CTPOKH, B KOTOPOH 3a()UKCUPOBAHO TMOSIBIICHUE

UMITyJIbca OT 00BEKTa; ty — MHTEpBaJl BPEMEHU OT Hayalla JaHHON CTPOKH
710 MOMEHTa JOCTHXEHUSI MMITYyJIbCOM OOBEKTa MaKCUMAaJbHOTO 3HAUYCHUs

UC-

Y4YuThIBas, 4TO HAYAIBHBIM ITYHKTOM Pa3BEPTKHU SBJICTCS TOYKA C
koopaunatamu (-l,/2; h,/2), ¢ koTOpO¥ HEHTp anmepTyphl COBMEMAETCS B
MomeHT Bpemenu =0, a pa3BepTka IPOM3BOAUTCSA CO CKOPOCTBIO Vpy MO

TOPU30HTAHN U pr M0 BEPTUKAIIH, TIOJYYHUM JUIsI KOOPJAUHAT U300PaKCHHUS
o0BeEKTA:

I h

X =V Y =V t+

t b P
u3 pX “X 2’ us py

? (1.12)
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Pucynok 1.13. K onpeznenennto kKoopJuHaT TOYEYHOTO 0OBEKTA

Takum oOpazoM, JUIsi ompeeseHUs KOOPAUHATHOW UHPOpMAaUU 00
U300pKEHUH OOBEKTa JOCTATOYHO H3MEPHUTh BPEMEHHBIE PACCTOSHUS

BEPIIMHBI BHUJICOMMITYyJIbCA OT Havajga crpouHoit (tx) u kaaposoi (f)
pa3zBepTok. IlpakTtuyecku ynoOHee NpU HU3MEPEHUM KOOpAWHATHL Y
(UKCUPOBATh TMOPSIKOBBIA HOMEpP CTPOKH (j), B KOTOPOW MOSIBIISIETCS
BUJICOMMITYJIBC OT OOBEKTA, U 3aTE€M BBIYHUCISTH MHTEPBAJI BpeMeHH t 1o
dbopmyine (1.11).

lamee mnepelaeM K OINPENCICHUIO OCBEIIEHHOCTH CO3/1aBa€MOi
o0bekToM Ha Bxoae TBJI. BeixogHoe ycTpoicTBO npeodpas3yer 3apsaoBbie
MaKeThl B HANIPSKEHUE WIIH TOK.

U.=I. R, ki
LB @B BY —

o
R

Pucynok 1.14. Cxema ¢popmupoBanus Bujgeocursana TBJ|

H

st pUKCUPOBAHHOTO DJIEMEHTAa W300PaKCHMsI, COBIAAIONIETO C
U300pKEHUEM MaJlopa3MEpHOro 00beKkTa, BheIpaxkeHue (1.9) MoxHO

3aI1Mcarb B BUJE
U, =T(E,) (1.13)
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3nech MCKIIOUYEHAa KOOpAMHATHAs MHGpOpMaIUs U B SBHOM (opme
IPECTAaBICHO COOTHOIIEHHE MEX Ty aMIUIUTY 10 curHaia ot oo0bekTa Ug n

OCBEIICHHOCTBIO E, ;, co3maBaeMoii 00bekTOM Ha Bxoae OOII.
Cxema dopmupoBaHus BUJEOCUTHaANIA Ha Bbixojae TBJI moka3zana Ha

pucynke 1.14, u3 KOTOpOro BHUJIHO, YTO aMIUIUTyna Buaeocurnana Ug
onpejensieTcss MpousBeneHreM Toka curHana |. Ha Beixome OOIII,

Harpy304HOro CONpOTHBIEHHA R,, u koddduumenta ycwirenus Ky,
BUJICOYCUJIUTENS, T. €. 3aBUCUT Kak OT cBocTB P11, Tak u OT mapaMeTpoB
COTJIACYIOILIETO U YCUIIUTEIBHOrO yCTporcTB. st onucanus cBoricts OII1
KaK TpeoOpa3oBaTesisi CBETOBOW SHEPTMM B SHEPIHIO JJIEKTPUUYECKOIrO
CUTHAJIa BBOJIUTCS CBETOBAsI XapaKTEPUCTUKA (MM XapaKTEPUCTUKA CBET -
CUTHAN):

l.=f(E,) (1.14)
Ha ocnoBanum pucynka 1.14 ¢ yderom (1.14) Beipaxenue (1.13)
MOXKHO YTOYHHTh M TmpuBecTH Kk By Ug = f(EuS,)RHkyc, OTKYJla

clieyeT

U
E =—f1 _“c
u3 Rnkyc (1.15)

Ota QopMyna mpeacTaBisieT 0OpaTHYHO CBETOBYIO XapaKTEPUCTUKY

(umm  xapakrepuctuky curHain-cset) TBJI. Ilpm stoM ¢yHKuums f

-1
obparna dynxiuu |, a aprymentom ¢pynxuun f~ sBisercs ok curnana
OOII, BBIYKCIEHHBIA TO  pe3yJbTaTaM  HU3MEPEHUsS]  aMIUIUTY]IbI

BUICOUMITYJIbCA U.: Ic :Uc / RHk c.  BBIpaxeHueMm 1.15
C P p

11eJI€CO00pa3HO TMOJIb30BATHCSI B U3MEPUTEIHLHOM TEJIEBUICHUH, KOTAa TI0
amIuuTyAe curana U, u3mepsieTcst OCBELIEHHOCTb U300pakeHus1 00beKTa

E

us -

Jns GonbmMHCTBa coBpeMeHHbIX DOII TouHBIE aHAIUTHYECKHE
BbIpaKEHUsI cBeTOBOW xapaktepucTuku (1.14) neusBectHbl. Ha mpakTtuke
MTOJIb3YIOTCS JKCIEPUMEHTAIBHO MTOJTyYE€HHBIMH CBETOBBIMH
xapakrepuctukamMu ®OII, KOTOpble B HEKOTOPBIX CIy4dasX MOTYT OBITbH
anmpOKCUMUPOBAHBI CPABHUTENILHO NMPOCTHIMU BbIpakeHusMmu. Hauboinee
4acTO HCIIOJB3YETCS ANNpPOKCUMAILMS CBETOBOM Xapakrepuctuku OIII
CTENEHHOW (QyHKIMEeH BUIa

le =Ko EL, (1.16)
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rne Kooy - KOODQHIMEHT NpONOPIHOHATBHOCTH, YYHTHIBAIOLIHMIA

YYBCTBUTEIBHOCTb U pekUM padoTsl DI, a Takxke cTaHAApT pas3ioKeHus,
A/nk; y - k03¢hdUIMEHT HETMHEHHOCTH CBETOBOM Xapaktepuctuku DOII,

3aBUCSIINN OT TUIIA MPpUOOpPa U PEKUMa €ro padoTHI.
IC /

0 Eus

Pucynok 1.15 CsetoBrie xapakrepuctuku TB/]

Mnsa cymectBytomux POIII, cBeToBasg XapaKTEpUCTHKA YIOBJIET-
BopsieT ycnoButo y <1. IIpu y =1 cBeroBas xapakrepuctuka OIII nuHeliHa

(pucynoxk 1.15).
Bripaxxenue (1.15) s o6paTHoit cBeToBOM XapakTepuctuku TB/I ¢
yuetoM (1.16) MOXKHO MPUBECTU K BUAY
_ 1y
E. =KmUc 7, (1.17)
rie Ko3pUIUEeHT NPONOPLUOHATBHOCTH

1

KTBﬂ R K 1y (1.18)
( HNye (.DSH )
yunThiBaeT cBoiictBa TBJI, Bkimowas napamerpsl PIII. dakTuuecku

Boipakenne  (1.17)  saBaseTcss  YacTHBIM  ciay4aeM  (DyHKIIHMH

-1
Ew = f (Uc) u coorBerctByer TBJI, ucnons3yromemy DIII co

CBETOBOI xapaktepuctukou (1.16).

Crnenyer oTMETHTb, YTO BhIpaxkeHue (1.16) mo3BosisieTr BOCCTAHOBUTh
APKOCTHYI0 HH(pOpMaLKIO 00 HM300paXKEHUH TOJIBKO MPHU YCIOBUH, YTO
CIIEKTpaJIbHAsl ~ XapaKTepUCTUKAa YyBCTBUTEeNbHOCTH B £(4) DIl

COOTBETCTBYET KPUBOM BHIHOCTH 3pEHHsI, KOTOpasi COBMAAAacT ¢ rpa)ukom

yaenbHo# koopauHatel Y(A) (cM. pucynok 1.11). Ilpu sToM u3MepeHue
) !/

E,, dakrtuuecku ozHayaeT usMepeHHe IPKOCTHON KOOPAUHATHI Y,,, LBETa

n300paxkeHuss 00bekTa. [[efcTBUTENTHLHO, B COOTBETCTBUU C (POpMyIJIamH,
npuBeAeHHBIME B Tabnumax 1.4 wu 1.5, nns u3oOpaxeHuss oOBEKTa
pa3MepoM B OJIMH DJIEMEHT UMEEM:

o, =0, =E,S, .y =y . =E,S /683 (119

l/L3’3’
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Jl5is moxy4deHust HoJHONW MH(OPMALMK O LBETE U300paKEHUSI OJTHOTO
U3MEPUTENIFHOTO KaHajla HEJOCTaTOYHO. 1eJIeBU3MOHHBIE JaTUMKH,
npeIHa3HAaYeHHbIE  JJII  [IBETHOTO  TENEBUACHHS,  CTPOSTCS IO
TpEeXKaHaJbHOU CXeMe, OJIMH W3 BO3MOXHBIX BAPUAHTOB KOTOPOU MPHUBEICH
Ha pucyHke 1.16.

%._ X(A) U

271

/1/ y(A) [P
..... @_._._i_._._ 7(1) U

Pucynox 1.16. Cxema ¢popMupoBaHus IBETHOTO TEICBUICHUS

CxeMma COIepKUT TPU UAECHTUYHBIX KaHalla (JOPMUPOBAHUS CUTHAJIOB
usetHoct U, , U ,U,, 00mmmii 00BbEKTHB U CBETOACTHTEILHOS YCTPOHCTBO,

COCTOSIIIIEE U3 IBYX MOJYNPO3PAYHBIX 3€pKai | U OTpakaromiero 3epkana 2.
Kaxnpiii kaHanm BBINOJHEH MO CXeMe, NMPUBEACHHOW Ha pucyHke 1.14.
CBeTOAECNIUTENBHOE YCTPOMCTBO pA3JEisAeT CBETOBOM IOTOK C BBIXOJA
00BEKTHBA HA TPU pPaBHBIC YaCTH U HAIMPABJISIET €ro Ha BX0oiHbIe OkHa DII1
KOKJIOro M3 Tpex KaHaiuoB. Pactpel Bcex tpex POII coBmemieHsl, T. e.
OIIPOC 3JIEMEHTA C OJHUM U TEM e IOPALKOBBIM HOMEPOM BO BCEX TpexX
M300paKEHUSIX TPOU3BOJUTCS OJHOBPEMEHHO.

Yro6sl curaans! neraoctn U, U y U, conepxamu madopMaIio o

! ! !
nBere wu3obpaxenus X,Y,Z , HeoOX0AMMO BBIOpaTh CIEKTpPaJIbHBIC

XapaKTePUCTHKH  4YyBCTBUTCIBbHOCTH ~ DDII  kaHajmoB  paBHBIMHU
cootBeTcTBeHHO X(A), VY(4),Z(A1) (cm. pucynok 1.11). Ilpu pacuere

[[BETOBBIX KOoOpauHaT cropaBemmBbl  dopmynsl  (1.16)—(1.18), a
BeIpaxkeHue (1.19) ans kanana U, , umeer Bua

r _ 4 _
X, =X,=3E,S, /683
IJIc YYTEHO TPEXKpaTHOE OCIabJICHME CBETOBOro moToka Ha Bxoje DOII
IIpu CBECTOACIICHHUH, a YCPEC3 EX ) 0003HaYE€H KOMIIOHEHT CBETOBOI'0 MMOTOKA

v [
Ha Bxoje OIII, mponopiioHaIbHBIN KoopJarHaTe X (aHAJIOTHYHO Ey IS

V' u E, ma 7).
[TogBoas UTOTH, CBEEM MOJYYEHHBIE COOTHOIIEHUS B Ta0nuity 1.6.
AHaJIN3 TTOJTYYEHHBIX PE3yJIbTaTOB MO3BOJISIET C/ICJIaTh HEKOTOPHIC BHIBOIBI:
— KoopauHaTHas HWHQOpMaIUs O TOYEYHOM OOBEKTE 3aKr04YeHa BO
BPEMEHHOM TIOJIOKECHUU BEPIIMHBI BHUICOMMITYJIbCA OT OOBEKTa
OTHOCHUTEJIbHO Hayaja CTPOYHOM M KaJpOBOM Pa3BEPTOK;
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— spkocTHas uHpopmanus 00 00BEKTE 3aKIOYEHA B aMIUIUTYZIE 3TOTO
BUJICOUMITYJIbCA;
— uHpopMalnMsg O UBETHOCTH OOBEKTa (TPEXUBETHBIE KOIPPUIIUEHTHI

! ! !/
X,Y,7Z) 3akioyeHa B COOTHOIICHWH aMIUIUTY]] CHUTHAJIOB

Uy, Uy U,na  Boixomax  tpexkamanmenoro  TBJl  userHoro

MN300paKeHHS.
Tabmuna 1.6
ITapameTp CooTHoLIEeHNE

Mnomas Sus =S, =l I(kz,,,)* =150, IN
KoopauHaTe! X, :Vpxtx —1 0 /2

T10 BEPTHKAIIH, _

110 TOPH30HTAJIHU Yus _prt + hp /2

1/

OcBeLIeHHOCTh E,. = KTB,ZZUC ” rne Krgz ems (1.18)

SpkocTHast KoopIMHATA y;B = ELBS 5 /683

JI71s1 Te1€BU3MOHHOTO JaTYMKA IIBETHOTO MU300payKeHUS

X! uy'”
" 3K 7S
[[BeTOBBIE KOOPAMHATHI P TB/ o U 1/y
B cucreme XYZ Y :/‘3 683 y
| Zus | U %/ 7
OCBEIIEHHOCTh E . =3K U Ly
u3 TBI™~y
o ! ’ '
IIBeTOBOM MOLYJIb m,=X,+YVY,;,+Z,
(X, | (X! |
TpexuBeTHbIe v 1 b’B
KOd(PUITEHTHI B Yus | = | Vus
cucreme XYZ m, | ,
| Zys | | Zus |

1.5 NudopmanuoHHbIe CBOMCTBA BUIE€OCUTHAJIA

Buneocurnain, kak u Jr000# Apyroil dMEKTPUUECKUN CUTHAJ, MOXKET
OBITh TIPEJCTABIICH B aHAJOTOBOM, JHCKPETHOM wim IudpoBoil dopme.
Brei6op dopmbl mpencraBieHus BHUICOCHTHANA 3aBHCHT OT Tuma DIII,
UCIIOJIb3yeMOM  DJIEMEHTHOM  0a3bl, CII0KHOCTH periaeMo  3ajadd,
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TpeOyemMoro ObICTpoAeicTBUs, o0bemMa oOpabaTbiBaeMoOli MHGOpPMALUU U
Ipyrux GpakTopoB.

Ha Beixome TB/| Buaeocurnan ¢opmupyercs, Kak MpaBWio, B
ananoroBoit ¢opme. B TBJI, ucmonp3yromux npubOpsl ¢ 3apsaoBOii
CBSI3bIO, BHUJICOCHUTHAJ TPEJCTABICH B JUCKPETHOM BHJE. Y CHIICHUE
BUJICOCUTHAJIA MIPOU3BOAUTCS B aHAJIOTOBOM WJIM AUCKPETHOU popme. UTo
Kacaercsl mporecca ero oO0pabOTKH C IeNbI0 M3BICYEHUS TOJIE3HOU
uHpopmarmu 00 00BEKTEe HAONIOACHUSA, TO MNpuUrogHa Jjrdas dopma
MpE/ICTaBICHUs BUJIEOCUTHAIIOB. B HacTosilee BpeMs B CBS3U C Pa3BUTHEM
MUKPOAJIEKTPOHUKH, MHUKPOMPOIECCOPHON W BBIYUCIUTEILHON TEXHUKU
MpEeANOUYTeHUE BCe dYalle oTAaeTcs IM@pPOBBIM crocobam 00paboTKu
CUTHAJIOB.
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Pucynoxk 1.17. JIuckpeTusaius aHaJIOrOBOTO BUJICOCUTHANIA (@) TIO
BpPEMEHHU (), IO BpEMEHU U aMILTUTYIE (8)
[Tporiecc  muckpeTH3alMM  BHUJEOCHTHAJIa COCTOMT B  3aMEHE

ananoroBoro curnaiga Ug(t) (pucyHok 1.17, @) COBOKYIMHOCTBIO 3HAYCHUI

storo curHamna Ug(tj), cremyromux apyr 3a apyrom (pucynok 1.17, 6) ¢
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WHTEPBAJIOM BpeMeHU 7, = tj+1-1j.9T0 03HayaeT, 4TO Ha KaXAbIA SJIEMEHT

N300paKCHHSI PUXOIUTCS OJMH OTCYET BHIeocHrHana. Tak kak 7,=1/(2f;),
TO YacTOTa JWCKPETH3aIlMM BIBOC IPEBBIIIACT BEPXHIO TPAHUYHYIO

qacToTy fe cmekTpa BuIeocurHama u, cieqoBaTENbHO, B COOTBETCTBUU C
TeopeMoil KorenbHHKOBa HMCXOnHas aHanororas (opma cHUrHajla MOMKET
OBITh TMOJHOCTBIO BOCCTaHOBJEHA. TakuMm o00pa3oM, NHpU IPABHUIBHOM
BBIOOPE 4YaCTOTHI JUCKPETH3AIlMH MOTEeph MH(OpPMAIMKU B BHICOCHTHAJE,
NPEJICTAaBICHHOM B JUCKpPETHON (opme, He mpoucxogutT. OTMETHM, YTO
OTCYET 3HAYCHHS CHUTHAJlAa TPOM3BOIUTCS OT YypoBHS uepHoro (Y),
COOTBETCTBYIOILIETO HYJIEBOM SIPKOCTH U300paKEHUSI.

JIMCKpeTM3UpOBAaHHBIA BO BPEMEHHU BUICOCUTHAII BCE €IIE COXPAHAET
CYILLECTBEHHbIEC MPU3HAKKA aHAJIOTOBOTO CUTHANA, TaK KaK KaKIbIil OTCUET
MOJKET NMPUHUMATH JII000€ 3HaYEHHE, a IIKaJla 3HAYEHUH OTCUETOB CUTHAJIA
HenpepbiBHA. 711 00paOOTKM Takoro curHajia TpeOYyIOTCs aHajIoroBble
OIlEpallMOHHBIE YCTPOUCTBA, OJHAKO UISI UX XPAHEHUS MOKHO ITPUMEHUTH
JUCKPETHOE JINOO U(PPOBOE 3aIIOMUHAIOIIEE YCTPOUCTBO.

Jluckperrsanusi BUAECOCUTHAlA MO apryMmMeHry (T. €. BO BPEMEHH)
SBJIIETCS. HEOOXOAMMBIM, HO HEIOCTATOUYHBIM ILIaroM JJis IpeoOpa3oBaHus
ero B nudpoByro ¢gopmy. CreayromuM MIAaroM sBISETCS TUCKPETH3ALMS

3HaueHW otcueroB curHama Ug(tj). Drtor mpomecc HasbIBaeTcs
KkBaHTOBaHHWEeM. KBaHTOBaHME (YHKIIMM BO3MOXKHO, €CIIM BCE €€ 3HAYCHUS
3aKJII0YEHBbl B KOHEUHOM MHTepBase. B Hamem cimydae (cM. pucyHok 1.17)
BCE BO3MOXXHBIE 3HAYCHHSI CHUTHAJIa W300paKEHUS PACIOJIOKEHBI B
npenenax MHTEpBana oT ypoBHs depHoro (Y) no yposusa Oenoro (b). [lpu
KBAaHTOBAHUM OTCUETOB CUTHaia (cM. pucyHok 1.17, 8) ero ucTtuHHOE
snauenue Ug(tj) 3amensieTcs OMmkaiiiMM KBaHTOBAHHBIM 3HAYCHHUEM:
Uk (tj) = [Uc (t)/4+1/2]-4 = n(t;)-4, (1.20)

rne 4 - mar kBaHTOBaHMs, N - neioe yucio (0, 1, 2, ..), a 3Hak | ]
COOTBETCTBYET OIEpAIMH B3STHUS IIEJION YaCTH YHUCIIA.

Yucno ypoBHeit kBantoBanust m = |Us - Uy |/4+1, tne Us - ypoBeHb

oemoro; U, - ypoBeHb uyepHOro. W3 cpaBHEHHS OCHHILIOIPAMM
JUCKPETU3MPOBAHHOIO M KBAaHTOBAHHOI'O CHUTHAJIOB BHIHO, YTO IIPH
KBAaHTOBAaHMU B CHTHAJ] BHOCHUTCS OINMOKA & paBHas Pa3HOCTH €ro

UCTHHHOTO W KBaHTOBaHHOTO 3HaueHui: &(tj) = U (tj) - U(ti,).

HerpynHo 3amerutb, 4To OmMOKa KBaHTOBaHUS |g|<A4/2, T. €. He
NpEeBbIIACT 1O MOAYJII TOJOBUHBI [Iara KBaHTOBaHUS A, U
CJIEIOBATEIbHO, MOXET OBbITh YMEHbIIIEHAa ITyTEM YBEJIWYEHUS YHCIIa
ypoBHEW KBaHTOBaHMs. Takum o0Opa3om, BbIOOpP uMCIIa YpOBHEH

b

33



KBaHTOBaHUS T JOJDKEH NPOU3BOJHUTHCS C YYETOM BO3HUKAIOUIUX MpU
KBaHTOBAaHUU MCKAKEHUI BUJIEOCUTHAIIA.

[lepexon x uudpoBoil (Gopme BHICOCHTHANA OCYIIECTBISETCS Ha
ocHoBe BblpaxkeHus (1.20), w©3 KOTOPOrO BHIHO, HYTO KaKIOMY
KBAaHTOBAaHHOMY 3HaueHWIO0 curHaiga U,, COOTBETCTBYET LEJIOE YHCIIO
0 <n <m—1, aBnsronieecs HUPPOBBIM ONUCAHUEM OTCUETA CUTHAIA:

duznveckuM HocuTeneM UGPOBON HHPOPMAINH SBISAETCS OOBIYHO
mubpoBOM  JBOMYHBIM  KOA  HA  BBIXOJE  aHAJIOrO-IU(POBOTO
npeoOpazoBarens (AL[l), KOTOpbIii TPOM3BOAWT AUCKPETH3AIUIO (C
TaKTOBOM YacTOTOW), KBAaHTOBAHME M KOJUPOBAHHUE BHUACOCHUTHAIA (CM.
pucynok 1.18). Kak mpaBuno, ALl paGoTaeT B CHHXpPOHHOM DPEXHME,
KOT/Ia YacTOTa JUCKpeTu3anuu fr )KecTKo (KpaTHO) CBsi3aHa C YacTOTaMHU
CTPOYHOM M KaapoBoW pa3BepTok. Ecnu mpu 3TOM coOM0OIaeTCs yCaoBHUeE

fr=21, =1/t,, TO Ha KaXIBI 3JIEMEHT M300PaKCHHUS MPUXOIUTCS OJUH
orcyeT nudposoro Bugaeocurtaia N(t;).

~ AIII
aHan0208slil p -
BUOCOCUCHAL yupposou
BUOCOCUCHAL
fr
Pucynok 1.18. [IpeoOpa3oBanue BUacOCHTHANA B IIU(PPOBOK KO
n(t)= Uk (tj)/4 (1.21)

Kpome AIIIl B coctaBe ycTpoiicTBa mpeaBapuTeabHOU 00pabOTKH
BUJICOCUTHAJIA JTOJKHBI OBITh MPEACTABIICHBI JOMOHUTEIBHBIE almapaTHbIe
CpelCcTBa, O0OECNeurnBalONIMe YCJIOBUS ONTHUMAJIBHOIO  COTJIACOBAHUSA
napameTpoB Bujeocursaina ¢ mnapamerpamu ALl He3zaBucumMo ot
coaep>kaHus kazapa [1].

CunxpoHsbli pexuM pabdotsl ALl no3BossieT NPOHYMEpOBaTh
OTCYETHl IM(PPOBOTO BHUACOCUTHAIA B COOTBETCTBHH C MO3WUIIMOHHBIM
MOJIOXKCHHEM D3JICMEHTA M300paXKCHHs B TEJICBU3MOHHOM pactpe u N(t) =
n(i, j), tae | — HOMEp DIIEMEHTA B CTPOKE; | — HOMEpP CTPOKH. DaKTHUYECKH
HOMepa |, | SBIAIOTCS IU(PPOBBIMU KOOPAWHATAMH SJIEMEHTA U300paKEeHNUS,
KOTOpbIE B Clly4ae JWHEHWHBIX Pa3BEPTOK CBA3aHbI C BPEMEHHBIMH H
reOMETPUYECKUMH KoopauHaTamu cooTHomenusimMu (1.11) u (1.12), roe

ty = (1-1/2)z,, (1.22)
[{udpossie KoopaAMHATBHI 1, | DIIEMEHTa H300paKCHUS OOBIYHO

MPECTABISAIOTCA TaKke B BUAC ITU(POBOro JIBOMYHOIO KOAA, UMEIOIIETO
JUJISL TAHHOTO 3JIEMEHTA UHANBUIYAJIbHOE 3HAYEHHUE.
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HocrounctBa 1udpoBoil (HOpMBI TpenCTaBICHUS BHUICOCUTHANIA
COCTOSIT B BO3MOXHOCTU ITU(PPOBOII 00pabOTKH CHUTHANIAa C MPUMEHEHUEM
COBPEMEHHOW 3JEMEHTHONH 0a3bl U CPEACTB BBIYUCIUTEIHLHONW TEXHHKH,
KOJIMYECTBEHHOM OLEHKH o00bema o00padaTbiBaeMON  MH(MOPMALIHH.
D¢ddexTuBHOCTH aNTOPUTMOB 00paOOTKH, TIPEICTABIICHUS BUICOCUTHANIA B
BUAC JByMepHOro wmaccuBa N(i,j), KOTOPBIA OJHO3HAYHO OIMCHIBACT

CBOMCTBa BXOJHOTO JABYMepHOro u3obOpaxkenus E,; (X,Y) u Kk KoTOpoMy
MOXHO TpPHUMEHHTh crnenuduueckue s  JIBYMEPHBIX  CHUTHAJIOB
(n300paskeHuit) crnocoObl 00pabOTKK WH(POPMAIIMK, HATIPUMEDP JTBYMEPHYIO
(mpocTpaHCTBeHHYI0) (rubTpamnuio u3obpakeHnii. Ha nByx mnocneaHux
MOMEHTaX OCTaHOBHUMCSI MMOAPOOHEE.

Tabinua 1.7
[TapameTpsl nuppoBoOro CoOTHOLICHIE I'OCT 7845-
BUJICOCUTHAJIA 79
[Mu¢poBoe 3HaueHHE OTCUETA n=[Udd + 1/2] 063
BUJICOCUTHAJIA
Homep s1eMeHTa B CTpoke i =1..., KZgem 1...767
Howmep crpoku B kKazape j=1..., Zgxm 1...575
q v
HCNO YPOBHEH KBAHTOBAHAS | _ U - Uy /4+1 64
BUJICOCUTHAJIA
[lar kBanTOBauwms, B A=1Ug-Uy [/(m-1) —
Yacrora JTUCKPETU3AIINH, _
M f, =21, 14.74
JmuTenbHOCTh dJIEMEHTA o= 1/f, 0.068
Pa3IOKEHUS, MKC
WNHu(popmaninoHHast EMKOCTb: I, = logom 6
arieMeHTa u300pakeHusi, OuT I, = N logom 2 645-10°
Kajpa, our
NupopmaninoHHasi CKOpOCTb _ 106
TBJL, Gurr/c C =fi N logom 66.125-10

[Ipuctynass K mNpoekTUpoBaHUIO u3MeputTenabHoro Onoka THUC,
HEOOXOJMMO OIEHUTh OOBEM M CKOPOCTh TMOCTYIUICHUS MOJJIexKaniei
o0paboTke MH(OpMaUU C TEM, YTOObl MPABWIBHO BBIOpATh AJITOPUTM
00paboTKH, SJIEMEHTHYIO 0a3y, CTPYKTYpy YCTpPOMCTBAa W OIIEHUTH €ro
obicTponeiicTBue. MHpopmanonHbie cBOMCTBa IIMGPOBOro BUICOCUTHATA
n(i, j) ompenensrorcs ero HHPOPMALMOHHOW eMKOCThIO. H(bOopMaIioHHast

eMKOCTh |, 2yeMeHTa W300pa)KEHUS OMPEIEIsIeTCS YHUCIOM Pa3psioB
JBOMYHOTO KOJA, KOTOPBIM TepemaeTcs Jo0oi w3 M ypoBHEH

KBaHTOBaHWs, M BblUMcIsgercs 1o ¢opmyiae |, = logom. [lns
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uHpopMaInmoHHOH eMkocTu Kanpa ly mmeeMm Iy = N logom, rme N — umcio
3JIEeMEHTOB B Kazape. Eaununeidr wuHPOpPMAIMOHHON €MKOCTH OWT.
Nudopmarmonnass  ckopocte TBJI  omenHuBaeTcss  MakCHMalbHBIM
komuaectBom C  umHpopmamuu  (6uT), TepenaBaeMoil  IU(POBBIM

BuacocurHaioMm B emunuily Bpemenu: C =fg Nlogom. B tabmume 1.7
IOpUBEIEHBl MapaMeTpbl LU(GPOBOIO  BHUACOCUTHAJTA, BbIYHUCICHHbBIE
IPUMEHUTENBHO K BeEIlaTelIbHOMY cTaHjaptTy. [lpum aHanus3e naHHBIX,
BKJIFOUEHHBIX B TaOmuiy 1.7, ciegyer oOpaTuTh BHUMAHHUE HA OTPOMHYIO
UHPOPMAIIMOHHYI0O ~ €MKOCTh  IIM(PPOBOTO  BUICOCHUTHANA, KOTOpas
HEecom3MepuMo OoJpiie mHpopMaruu 00 00BEKTE, W3BIECKAEMOW IyTEeM
00pabOTKHU BUAEOCUTHAJA, YTO CBUICTEIBCTBYET O €T0 U30BITOYHOCTH.

CyliecTBeHHBIM JJI1  TOHUMAHUS MPHUHIMUIIOB TEJICBU3MOHHBIX
U3MEPEHHUI SBISETCS TakXke TOT (akT, 4TOo HMH(OpPMAIMOHHAS E€MKOCTh
BUJICOCUTHAJIA  OMNpPEAENAECTCS  TOJBKO  aMIUIUTYJHON  (SIPKOCTHOW)
uHbopMaIel, a KoopanHaTHas MHPOpMAIU KaK TaKoBas HE MepenaeTcs
U TPEACTAaBISIET 3JIEMEHT CTPYKTYpbl BHJAECOCUTHAJNA, OOYCIOBIECHHOU
3aKOHOM TEJEBU3MOHHOM pa3BEpTKU: KOOpAMHATA JIIOOOro 3JIEMEHTa
3apaHee U3BECTHA U HE 3aBUCUT OT COJEpKaHUs N300pakeHUS.

Otcrona cineayeT BBIBOJ O TOM, YTO KOOpJAUHATHAsE UH(popmanus oo
O0OBEKTa MOXKET U JIOJDKHA BBIYHUCIATBCS HA OCHOBE 0O0pabOTKH
COBOKYITHOCTH AaMIUIUTYIHBIX OTCUETOB BCEX JJIEMEHTOB H300pa)KEHUS.
[Tyctb HEOOXOAMMO OIpEeneanTh SPKOCTb M KOOPAWUHATHl €IUHUIHOTO
TOYEYHOTO (OJHODJIEMEHTHOT0) OOBEKTa, HAXOASIIErocs B MOJie 3pPEHUs
TB/J. Ilpeanonoxxum, 4YTO IWIyMbl B CUTHaJ€ OTCYTCTBYIOT, LU(POBOM
OTCYET aMIUIUTYJbl CUTHajda O0OBEKTa N C PaBHOW BEPOSTHOCTHIO MOMKET
NPUHUMATH JTI000e 3HaueHue ot 1 10 M - 1 npu otcyrcTBUM curnaia N = 0,
NOsIBJIEHUE O0OBEKTA B JTIOOOM U3 3JIEMEHTOB U300paKEHUSI PABHOBEPOSATHO.

>§_

|06 - ku3 IK
ku3 C06 — ku3C

Pucynok 1.19. Undopmanmonnsrit kosduipienra nepenadn Ky ;

AnroputM  paboOThl  HU3MEPUTENLHOTO  OJIoOKa  COCTOMT B
MOCJICIOBATEIbHOM ~ M3MEPEHUM  aMIUIUTYAbl  IU(POBBIX  OTCUETOB
BUJICOCUTHAJIA U BBIOOpPE TAKOTO OTCYeTa, /il kKoToporo N # 0. J{mst sToro
orcuera (ukcupyroTcs 3HaueHus N, I, j. KommdectBo wu3BIcueHHOW 3a
BpeMs KaJpa U3 BHJICOCUTHAIA MHPOPMAITMH 00 00BEKTE ONpenemnsieTcs 1o
bopmyie

log = 10g2(m-1) + log2(KZgxm) + 10922 gsem =
= logo(m-1) + logoN = logo[(m-1)N].
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Jlng BemaTenbHOrO cTaHaapra npu m = 64 umeem l,; = 24,73 our.
Ha pucynke 1.19 uzMeputenbHblii OJOK MPEACTaBIEH B BUAE HEKOTOPOIO
UHPOPMAIIMOHHOTO  (QMiIbTpa ¢ HMHPOPMAIMOHHBIM  KO3PPUITUEHTOM

nepenaun, onpenenseMoM 1o gopmyne Ky = lyglle = Coe/C, Toe Cos —
uHGOPMAIIMOHHAS CKOPOCTh M3MepUTENIbHOro 0s1oka, npuueM C,g = fil 6.

Jlns paccmoTperHoro mpumepa K,; = 9,35x10°, T. e. sBisercs Maioii
BeJIMUMHOU. DTO o3HavaeT, uto THUC cnocoOHa pemiath ropasno Oolee
CJIOXKHBIC 3a/1aud, W3BJIEKass W3 OOJIBIIOTO O0BheMa BXOTHOW HMH(pOpMaIun
3HAYUTEIHLHO OO0JbIIIee KOJUYESCTBO IMOJIE3HONH WHEGOPMAIMM O CIOKHBIX
00BEKTaX WM UX COBOKYITHOCTH, YEM B TIPUBEIACHHOM IIPUMEPE.

i

——

123,456,738

10|132|17| 3
15| 7

coNOoO Ol WN -
(o0}

Pucynok 1.20 LudppoBoe nzodpaxxenne ooObeKTa

[TosicauM 3TO Ha MpuUMepe BbIUUCICHUS TUPPOBBIX KOIPDUITUEHTOB
«IIEHTpa THKECTU» OOBEKTa, KOTOPHIE MOXHO CUHMTATh KOOpJIWHATAMU

camoro Iy, Js o0beKTa:

Kz g
f[”(' )il

aKm Km

:[n(u )il

_1 —1

IZ - Zakm kZaKm JZ - Zaxm kzakm (123)
> > n(, j) >, 2.n(, j)
i=1 _1 i=1 —1

[Tox HEHTPOM TSHKECTH TOHUMAETCS IIEHTP JHEPTUU CBETOBOTO
n300pakeHust Oo0BeKTa, ModToMy BbIpakeHue (1.23) cmpaBeminBo mpu
nuHeriHou (y = 1) cBeroBoii xapaktepuctuke ®OII. Pacuer kxoopauHar
00beKTa 10 JaHHBIM pucyHKka 1.20 maet crieayrommii pe3yibrar: iy = 4,186,

Jjs = 4,177, OTIMYaOImuiics IOBBIMICHHOW (X0 JOJeH sIeMeHTa
pa3IoKEHMs]))  TOYHOCTBIO  OTCUE€Ta  KOOpAWHATH.  J[OCTOBEPHOCTH
MOJIYYEHHOI0 pe3ysibTaTa — MPEIMET 0CO00r0 PAcCMOTPEHHUSI C Y4eTOM
(GIyKTyallUOHHBIX  OHIMOOK, a TakkKe OIIMOOK JAWCKpeTHU3alluu |
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KBaHTOBaHUS. 3]1€Ch K€ MOKAa OTMETUM, YTO PacHpelle]I€HUE SPKOCTH IO
HOJII0 M300paXeHUs1 00bEKTa JaeT JOMOJIHUTEIbHYI0 HH(OPMAIUIO O €ro
MECTOMNOJIO)KEHUH M T03BOJIIET YBEJIWYUTh TOYHOCTH OINpPENEIICHUs
KOOPJIMHAT 0 CPABHEHUIO C TOYEUHBIM OOBEKTOM, KOOPAUHATHI KOTOPOIrO
OIIPENEIAIOTCSA 110 €AMHCTBEHHOMY OTCUETY BHUIEOCUTHAJIA C TOYHOCTBIO J10
DIIEMEHTA Pa3JI0KECHHUS.

Tabmauma 1.8
Hibposoit CooTtHomIeHue
napameTp
ZaKWl kZCle
e
= Z Zn ('1 J),rz{e
j=1 =1
IInomans o
L 1 mpu n(,j)=0,
n'(i, j) = ._
O mpu n(i,j)=0
JInHenHwIe ZI’] (l)
pa3Mephl: .
10 TOPHU30HTAIIH 1 mpu n(i)=0 Zaxm

e n'(i):{ ()= 550G

O mpu n(i)=0’

Cle

Zn(J)

- n'(j):{1 mprt N =0y fmn(n i)

10 BEPTHUKAIU

0 mpu n(j)=0

Koopaunatel X2 =1 Y = J

ZaKm kzaKm

CBeToBOH @2 _ Z Zn(i, J)

IMOTOK . ‘
010 j=1 i=1

Ocsemennocts | Ey =@ / S

X n. (i, j) |
KoopauHaTs z Zaem Kaem | % ( J )
[[BETa B Vs | = Z Z ny(l, )
cucrteme XYZ j=1 =1l o

Zs N, (i, J)_

CTouT OTMETUTH, YTO TOYEUYHBIH OOBEKT (T.. OOBEKT YIIIOBHIMU
pasMepaMyd KOTOpPOTO MOXHO TMpeHeOpeYb TPH JaHHBIX YCJIOBHSX
HaOMoIeHWs1)  co374a€T  M300paKEHWE  OTIWYHOE OT  TOYEYHOTO.
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N300paxeHne TOUYEYHOTO OOBEKTa B IJIOCKOCTH aHajan3a OIMpPeNeistoTCs
UCKITFOUYUTEITLHO BECOBOM (DYHKITMEH ONTHYECKON CUCTEMBI (0OBEKTHBA) M,
KAaK MOpPaBWIO, 3aHUMAET HECKOJIBKO 3JEMEHTOB MO TOPU3OHTAIU M IO
BepTuKanu. [lo3ToMy KOOpIMHATBI TOYEYHOTO OOBEKTa MOTYT OBITh
BBIYKCIIEHBI MO YKa3aHHOMY Bbllle anroputmy (1.23) ¢ morpemHocTsio,
3HAYUTEIBLHO MEHBIIEH MPOCTPAHCTBEHHOTO MEpUoAa 3JIeMEHTOB[15].

OCHOBHBIE AJITOPUTMBl TEJIEBU3UOHHBIX HM3MEPEHUN INPUBEICHBI B
tabnuue 1.8. AAropUTMBI peIHa3HAYECHbI TUISI U3MEPEHMS
reOMETPUUYECKUX, SHEPIETUUYECKUX U I[BETOBBIX IAPAMETPOB NPOTSKEHHOTO
o0beKTa, Haxo sIerocs B noJjie 3perus TB/I.

Tab6auma 1.9
ITapameTp oOBEKTA CooTHolieHue
[Tnomans S=S.1_h /(NM?
2'p'p
JIuneiHble . h=h.h /(z M
pa3mepsl I_IZID/(kZaKmM)’ Zp ( akm )
I
Koopaunarsr: _ _ 1 _'p
10 TOPU30HTAIIA X = VDX Xy T, IM

h
Y =4V, (Y2—1)r0+(x2—%jra +7p /M

110 BEPTHUKAIU

Il
VYrI10BOI pazmep @ = 2arctg (ﬁ)
CBeTOBOIi MOTOK CD:CDZKTBﬂ(l— I\/I)Zhﬁ (M zrgzzgkm)
SIpKOCTB L=®.K,, (1—M)? l(7ze *S
sRrpy >

OCBEIEHHOCTE E=0;Kp,;(1-M )2 /(,02'5252)
Cua cBeTa | =Dy Ky, (1- M)Zhs /(M ZTEZZSKm)
[{BeTOBBIE X Kz (1-M) “h S &
KOOP/IMHATHI B = Yz
cucreme XYZ 7! 56,7M *zs° Zﬁm 7

s

[Tepecuer mmdpoBoro mapameTpa O0OBEKTa B €ro 3HAYCHHE,
BBIPOKCHHOE B COOTBETCTBYIOIINX €IMHUIIAX U3MEPCHHUSI, IIPOU3BOIUTCS 110
dbopmynam Tabmuubl. 1.9. Tlepecuer 3akimrouaercsi, Kak MpaBUio, B
MacmTabHOM — mpeoOpa3oBaHMM  LUUM(POBOTO  mapameTrpa,  IpUYEM
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K03 GUIIMEHT MacIITAOMPOBAHUS TOTHOCTHIO OMPEAEIAETCs mapaMeTpaMu
TBJl u ero ontudeckor CHUCTEMBI. B malbHENIIEM € LENBIO YIPOIICHHUS
U3JI0KEHUsl MaTepuaia He OyAeM JenaTh paziuuus MEXay MapaMeTpoMm

O00BEKTa p W €ro IU(PPOBBIM 3HAYECHUEM py B 0003HAYCHHH IH(PPOBOTO
napameTpa HHJEKC 2 B IajbHENIIeM OyeM OITyCKaTh.

1.6 Mopeab perucTpupyonieii kKamepbl

CooTHOmIEHUsT MEXAYy KOOpAMHATAMU TOYEK CHEHbl M HUX
U300paXCHUSIMH W METOJbl  OLIGHWBAaHUSA  MApPaMETPOB  CUCTEMBI
pEerucTpaluu U TPEXMEPHOU CTPYKTYpbl CleHbl [S]. PaznuuHble TOYKH
IIPOCTPAHCTBA MPEAMETOB OTOOPAXKAOTCS ONTUYECKON CUCTEMOM KaMephl B
MPOCTPAHCTBE M300paKEHUN HA PA3NMUYHBIX PACCTOSHUSIX OT (POKATBHOM
wiockocTH. OJTHAKO, €ClIM PacCTOSHUE MEXy Kamepod U HalarogaemMoin
CIICHOM 3HAUUTEIbHO MpPEBbINAET (POKYCHOE PACCTOSTHUE ONTUYECKOM
CUCTEMBI, MOYKHO CUUTaTh, YTO M300pAKEHUE CTPOUTCS B €€ (POKAIbHOMN
IUIOCKOCTU. B 3TOM cilydae MOXKHO BOCIIOJIB30BaTbCs IPOECKTUBHOM
MOJIETIbI0 KaMepbl, B KOTOpPOM H300pakeHHE TPEXMEPHOro oOBeKTa
MOJTy4aeTCsl MPOEKTUPOBAHUEM €ro B (POKAIBHYIO MIIOCKOCTH (IJIOCKOCTh
U300pKEHHSI) 4Yepe3 €IMHCTBEHHYIO TOYKY, HAa3bIBAEMYIO ONTHYECKHM
ueHTpoM. [lpsamas auHUS, NepneHANKYIIApHAs MUIOCKOCTH U300paXeHUs U
MIPOXOJAIIAs YepPE3 ATy TOUYKY, HA3bIBACTCS ONTHYECKOM OChIO KaMephl, a
TOYKA TEPECEUCHUs] ONTUYECKOM OCH C IUIOCKOCTBIO H300paKeHUs —
TJIaBHOW TOYKOM.

OnpenenuM B TPEXMEPHOM IIPOCTPAHCTBE OPTOTOHAIBHYIO IMPABYIO

cucremy koopauHaT O, XY Zy, HauajJ0 KOTOPOH COBITAJIaeT ¢ ONTHUYCCKUM

neHtpoMm, ocb O,Z, - C ONTHYECKOW OCHhIO Kamephl. Takas cucrema
HA3bIBACTCSA CTAHIAPTHOM CUCTEMOW KOOpJAUHAT KaMmephl. [1yCTh MIIO0CKOCTh

1
U300pakKeHHUs] HaXOJIUTCSA Ha paccTtossHuM f  OT omrmyeckoro reHrpa. B

ATOW TIOCKOCTH 3amafauM cuctemy koopaumHaT OyX Yy ¢ Hagamom B

rinaBHOU Touke U ocsamu OyXyu OyYy, mapamnensabiMu ocsiM O, X, 1 O, Y,
coOTBEeTCTBeHHO (pucyHok 1.21). Jlerko yOeauThCsi, 4TO B CTaHIAPTHOU
CUCTEME KOOPIMHAT MPOEKIMEH TOUYKH TPEXMEPHOIro MmpocTpaHcTtBa M ¢
xoopauHaTamu (X, Y ,Z) SBISETCS TOYKa M B IJIOCKOCTH U300paKECHUS C

KoopauHaTamu M(Xy,Yy), IpryYeM

X, =T ZK y, =T -

JIns TmOJIHOrO OmnMcaHWs KaMmepbl CIENyeT Y4YecTb, 4YTO IS
perucTpalii  M300paXeHHs] B  IUIOCKOCTH  M300pa)K€HUs  Kamepbl
nomemntaercss OOIl. B obOmem cinydyae uzmepenue koopauHat B DIII

40



OCYILIECTBISIETCS. B E€AMHMIIAX, OTJIMYHBIX OT EAMHMIL, 33JAIOIIUX
KOOpAMHATHI B CTaHAApTHOW cucteMe. Hampumep, eciu HCHONIb3yeTCs
MaTPUYHBIA (DOTOPUEMHHK, €T0 €CTECTBEHHBIMU KOOPAMHATAMU SIBIISIOTCS
HOMEp CTPOKH M HOMep cToibma doTtompueMHoi sueiiku. [loatomy mmst
TIOJTHOTO ONMCAHUsI KaMepbl HEOOXOIUMO BBIPA3UTh KOOPAWHATHI TOUKH M
B €CTECTBEHHBIX enuHuIax (oTonmpueMHuka. B moctatouHo obmiem ass
J00BbIX (hOTOMPUEMHHUKOB BU/IE (PUCYHOK 1.21) 3TO MOXKET BBIVISIACT KaK

X
Py Py
rac (uO 1V0) - KOOpAWHAThI [JIaBHOM TOYKHM OTHOCHUTEJIBLHO Hadaila

KoopauHaT (bOTOHpI/IGMHI/IKa (B CCTCCTBCHHBIX KOOpIuHaTax

(oronpuemnnka); Py u Py - macuraber Broms ocert OyXyu OyYy.

M(Xi, Y, Zs

Pucynok 1.21 Cucrema KoopAHAT IPOECKTUBHOM KaMepbl

B HOBOI cucTeMe KOOPAMHATHI IPOCKIUHA TOYKA M IPUMYT BUJL

Y
u= f’—XKXu +Uu, Vv=—f" «Yu
Py Py

Vo, (1.24)
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Jnsg  mocnenyromero M3JI0KEHUST BBEAEM TPEXMEPHBIA BEKTOP
T o o
M = (XK ,YK 4 K) , COOTBETCTBYIOIIUN TOUYKE M , U ABYMEPHBII BEKTOP
T o
m= (Xu : yu) , COOTBETCTBYIOIIMI Touke M. OmnpenenuM TakkKe BEKTOp

T
OJTHOPOJIHBIX BHYTPEHHUX KOOpAWHAT Kamepbl V = (uv) . Ucnons3ys

3TH 0003HaYeHUs1, COOTHOIIEHHUS (1.24) MOKHO IPEICTaBUTh B KOMITAKTHOM
BEKTOPHO-MATPUYHOM 3aMUCH:

Z V=AM, (1.25)

f'/p, 0 Ug

A= O f'/p, Vv
0 0 1

MaTpulbl BHYTPEHHUX NAapaMETPOB KaMepbl, NMOCKOJIbKY OHa COJEPKUT
TOJIBKO MapaMeTPhbl ONTUYECKON CUCTEMBI U (DOTOMPUEMHHKA KaMEpPHI.

B o0meM ciydae TpexmepHble KOOpAMHATHI TOYKH MOTYT OBIThH
3aaHbl B CHUCTEME, HE COBHNAJAIOIIEH CO CTAaHIAPTHOM CHUCTEMOU

rac - MaTpula, U3BCCTHAsA 1101 HA3BAHUCM

koopauaat kamepsl O, X, Y Z,. Ilycts nmeercs rioGansHas (MHpOBas)
cucrema koopauHaT OXYZ, a O, XY Z.- CTaHAapTHAs cUCTeMa KOOPAMHAT

kamephl. [lepexom ot cumcremsr OXYZ k cucreme O, XY, Z,. MOXHO
OCYLIECTBUTh  INOBOPOTOM  KOOPAMHATHBIX OCEM K  HEKOTOPOH
IPOMEXYTOUHOM  cHUCTeMe KOOPAMHAT W MOCIEAYIOIIUM CMEIIEHUEM
Hayayia KoopauHaT. Torjga cCBsi3b MEXAY KOOpJAWHATaMu TOYKH M B
rJI00aJIbHON U CTaHJAAPTHOM CUCTEME MOKET OBITh MPEACTaBICHA KaK

M=RM'+T (1.26)

rie M" u M - BekTOpBI IIPOCTPaHCTBEHHBIX KOOPAMHAT TOYKH M B
ro0aabHOW M CTaHJAPTHOM CHCTeMaX, COOTBETCTBeHHO, R - Marpwia
pazMepHOCTH 3x 3, ONUCHIBAIONIAS TIOBOPOT CTaHAAPTHOM CHUCTEMBI
KOOpPAMHAT OTHOCHUTEJIBHO  IJI00abHOM; KOMIIOHEHTAaMHU  MATPUIIbI
SBJISIIOTCSL  HANPaBIISIONIME KOCHUHYCHI OCEH TJI00albHOM CHUCTEMBI B
CTAaHJAPTHOM CcUCTEME KOOpAMHAT; | - TPEeXMEpHBI BEKTOpP CMEILCHMS
Hayaja KOOpAUHAT IJI00aIbHON CUCTEMbI OTHOCUTENILHO Havayla KOOPUHAT
CTaHJIAPTHOM.

Ha pucynke 1.22 cxemarnuecku T[OKa3aHO TMpeoOpa3oBaHHe
KOOpJIMHAT BBIPAXKEHHE ISl MaTPUIlbl TOBOpoTa R nmeeT BU:
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COSy C0SH cosy sindsing+siny cose Ccosy Sindcose +Ssiny sin @
R =|sinycosfd sinysindsing—cosy cose Siny sindcose —cosy sin @
—sind cosédsin @ cos@cosg

, (1.27)
rac 1//,(9,(0 COOTBCTCTBYIOIIIHC BﬁﬂepOBCKHC IIOBOPOTA AJIA JIEBOM CHUCTEMBI
KOOpOWHAT.

T
CMbIca BekTopa | = (tx ,ty ,tz) BEKTOp IepeHoca.

Y

>N\

c

Pucynoxk 1.22. Tlepexos oT riodabHOM CUCTEMBI KOOPAWHAT K
CTaHJIaPTHOM CHCTEME KOOPJIUHAT KaMephl.

1.7 Crepeockonnueckasi cucremMa

PaccmoTpum cutyanmio, Korjaa ABe KaMepbl, HaXOSIIHUECS B Pa3HBIX
TOYKaX, PETUCTPUPYIOT OJHY M Ty ke cieHy. llapa wuzoOpaxeHwui,
MOJIy4yaeMbIX MPU ATOM, Ha3bIBaeTcsl crepeomnapoil. OOpaTuMcs cHaudana K
npocreimemMy ciydaro. [lycTh OMHAKOBBIE KaMeEphbl PAaCIOIOXKEHBI TakK,
YTO WX OINTHUYECKHE OCH MapajulesibHbl, a NpsMas, NpOXOoIsdias 4Yepes
ONTUYECKUE ILICHTPHI, MEPIECHIUKYJIIPHA ONTUYECKUM OCAM (dTa MpsmMas
Ha3blBaeTCcsl 0a30BOM JIMHHMEH, a €€ OTPEe30K, 3aKIIOYEHHBIA MEXIy
ONTHYCCKUMHU IeHTpamMu — 0a3oi). [lomoskum MHYy Oasbl paBHOM b.
Bribepem Takyio rio0anbHYI0 CUCTEMY KOOpAHMHAT, Hadajgo kotopoir O
pacmosyoXkeHo Ha 0a30BOM JIMHUU TOCEPEIUHE MEXIYy ONTHUYECKUMHU
neHTpamMu kamep, ocb OZ mapasienbHa ONTHYECKHMM ocsM, a ock OX
HarpaBJjieHa BA0JIb 0a30Bo# JuHUK (PUCYHOK 1.23).
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M(X,Y,Z)

Pucynok 1.23. Tlpocreiiiias cTepeoCKONUYECKasi CUCTEMA

[IycTh Hauanma KOOpAMHAT B IUIOCKOCTAX H300paXeHH Kamep
coBmagator ¢ riasusivMu Toukamu (Ug =V =0), a expauusr n3smepenns
KOOPJMHAT B INIOOAILHON CHUCTEME M B IUIOCKOCTSX H300paXKCHUS Kamep
onunakoshl ( Py = Py =1).

Beibepem TOouky M ¢ rmoGanbHbiMH KoopauHaTamu (X,Y,Z).
KoopnuHatel ee mpoeKIUMU B IJIOCKOCTH HW300pa’KeHUs MepBOM (JIEBOIN)
kamepsl o6osuaunm qepes (X, Y, ), a B mockocT n306pakeHus BTOpoit
(mpaBoit) kamepst — uepe3 (X(j, Y, ). (IIpoekuuy OHOM 1 TOH Ke TOUKH

M B mIockoCcTAX  M300paK€HUM  pa3HBIX KaMep  Ha3bIBAIOTCA
COMNpPSKEHHBIMU TOUKaMu.) HeTpyiHO poBepuTh, 4TO

X, =f(X+b/2)/Z, x;=f(X-b/2)/Z,
Yo=Y, =fYIZ.
3aMeTUM, YTO B HANPABJIECHUM, NEPHNEHIUKYJISIPHOM HAMNPABICHUIO
0a30BOM JIMHUM, KOOPJAMHATHI COMPSDKEHHBIX TOYeK (Y -KOOPIWHATHI)
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COBMAJAIOT. IJTO OOCTOSTENHLCTBO MMEET OONblIOe 3HAYCHHE TpHU
aBTOMAaTU3UPOBAHHOM IIOMCKE COIPSDKEHHBIX TOYEK Ha cTepeonape,
MO3BOJISISL CYIIECTBEHHO COKPATHTh pPa3MeEpbl 30HbI MOMCKA. M3 mepBbIX
JIBYX COOTHOILICHUH CIEIYET, YTO
Z =bf"/(x, —X]). (1.28)
DTO 03HAYaEeT, YTO, 3HASI TEOMETPHUIO ChEMKH U BBITTOJIHUB
M3MEPEHUST KOOPJIMHAT MPOEKIUKA OJJHOW U TOW 7K€ TOUKHU B IIJIOCKOCTSIX
U300paKeHHs KaMep, MOXKHO BBIYHCIUTH TIyOuHY (KoopAHHATY Z ) 3TOM
TOYKH.

[losy4eHHBIE COOTHOLIECHHS IO3BOJIAIOT BBIYKMCINTH ITOJHOCTBIO

TPEXMEPHBIE KOOPAUHATHI TOUKU:

p X +%0) y _p Yo+ Yy)
2(x, —x.)’ 2(x, — X,

! 4
Pasuocts d = X, — X, HasbpIBaeTCs AucnapaHTHOCThIO. 13 (1.28) n

(1.29)

(1.29) cnenyer, uyTo OWMOKM B KOOpPAMHATAX MPOEKUUNA CHIIbHEE
CKa3bIBAIOTCS IPU MAJIOW JUCIIAPAaHTHOCTU H, CJIEN0BATEIBHO, PACCTOSHUS
70 JaJeKuX OOBEKTOB HM3MEPSIIOTCS MEHee TO4YHO, yeM 10 Onu3kux. C
JIpYrod CTOpPOHBI, NpH (PUKCUPOBAHHOW JAJBHOCTH JUCHApaHTHOCTD
IPONOPLMOHANIbHA pa3Mepy 0asbl, ClIEOBATEIbHO, TOYHOCTh M3MEPEHUN
NOBBILIAETCS C yBeNWYeHHeM O0a3bl. OgHAKoO yBelIMuUeHUE Oa3bl MOMKET
IPUBECTH K OIIMOKaM, KOTOpPbIE HE KOMIIEHCUPYIOTCS YBEIHMYEHHEM
TOYHOCTH U3MEPEHU.

Teneps paccMOTpUM OOLIMH ciydyaid, KOTJa ONTUYECKUE OCH KaMep
HE MapajulelibHbl, U HaIpaBJICHUE CMEIIEHUs ONTHYECKOro LEHTpa OAHOU
KaMepbl OTHOCHUTEIBHO ONTHYECKOTO0 IIEHTpa JAPYrod MpPOHU3BOJIBHO
(pucyHok 1.24). BeeneMm a1 Kak10i KaMephbl CBOIO CTaHJAPTHYIO CUCTEMY
koopauHatr. Ilycte mepBOil KaMepe COOTBETCTBYET CHCTEMa KOOpPAMHAT

O'XNYZ", asropoit— O"X™NYZ" (pucynox 1.24).

' ; ' nT
[IycTte BekTOp M= (X"Y",Z") XapakTepu3yeT KOOPAUHATHI
HEKOTOpPOM TOYKM M TpPEXMEpPHOrOo MPOCTPAHCTBA B CHUCTEME NEPBOM

" RV mT o
kamepsl, a Bektop M (X" Y",Z")" - B cucreme BTOpoi. Ilepexon ot

rJI00aJIbHONW CHCTEMBI KOOPJMHAT K CTaHJApTHBIM CHCTEMaMm IEepBON U
BTOPOM  KaMep  OCYIIECTBJISIETCS C  TIOMOIIBIO  MpeoOpa3oBaHUM

M =RM+T u M"=R"M +T" coorsercrsenno. Yuursisas 310,

! 4
JICTKO IIOKa3aTb, 4YTO CBA3b MCKAY BCKTOPpAMH M u M 3a4aCTCA
COOTHOIIICHUECM

M"=RM'+T (1.30)
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! T
rac R == R R - OpTOroHallbHad MaTpulld, OIIMChbIBAKOIIAA OPHCHTAIIUIO
CHUCTCMBI KOOpAHNHAT BTOpOﬁ KaMCpPhbI OTHOCHUTCIIBHO HepBOﬁ, a

T " o
T=—R"R" T"+ T"- Bextop TpaHCcIsIHMH, ONPENETAIOMUIA TTOTOKEHHE
ONTHYECKOrO IIEHTPa BTOPOH KaMephl B CHCTEME KOOPAMHAT IEPBOIA.

Matpurty R u Bexrop T mnpumsaTo Ha3eIBaTH BHEIHMME MapaMeTpaMHu
CUCTEMBI PETUCTPALIUH.

M(X,Y,Z)

m* (X", Yu")

m'(Xu",yu')

Pucynok 1.24. Cucrema AByX NMpOU3BOJIBHO OPUEHTUPOBAHHBIX KamMep

Ucnonp3yss (1.25) w3z (1.30) MOXHO TMOJYYUTh COOTHOIIEHUE,
CBS3BIBAIONIEE KOOPJAWHATHI  COMPSIKEHHBIX TOYEK (B KOOpAMHATaX
dboTONpUEMHHUKA):

Z'ASNV' =ZRANV + T, (1.31)
rre (em. (125) V=AM /Z" V' =A,M"/Z",
(ITpeamomnaraercsi, 4TO pPETUCTPAIUS MOKET BBITIONHATHCS ABYMS
Pa3TMYHBIMU KaMepaMH, BHYTPEHHHE MapaMeTphbl KOTOPHIX OMPEICIISIOTCS
marpunamu A u A,).
VpaBaenus (1.30) u (1.25) mMO3BOASAIOT OIEHUTH TpPEXMEPHbBIC
KoopauHaTel Toukk M B cucTeme KoopaMHaT IHOOOH U3 Kamep, €Ciu

W3BECTHBl BHEIIHUE IAPAMETPBI CUCTEMBI KaMep U YIAeTCs HU3MEPUTh
KOOPJIMHATHI NU300paKEHUM ATOM TOUKH B MIIOCKOCTAX M300paKeHHs Kamep
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(T.e. oteHuTh BeKTOphl V' 1 V"). IIOCKOJIBKY KOMIIOHEHTBI BEKTOPOB V' U
V" MOTYT cojiepaTh OIIMOKH, peanbHO cooTHomienue (1.31) mpuHMMaeT
BUJI:

Z'AV' - ZRANYV - T=e,
TJIe € - BEKTOp HEBS3KH, 00YCIOBICHHBI HATMYUEM OITHOOK H3MEPEHUH.
VuuteiBas 9T0, Ui OleHUBaHUs HewsBecTHBIX Z' u Z" MoxkHO
BOCIIOJIL30BaThCA METOJIOM HauMmeHblux kBaaparoB (MHK), cyts

! 14
KOTOPOT'O COCTOUT B TOM, YTOOBI HANTH TaKHE OLIEHKU L'y ", KOTOpbIE
Obl MHHMMH3HUPOBAJIM CYMMY KBaJIpaTOB KOMIIOHEHT (HOpMY) BEKTOpa

r—on T
nesssku: J1(Z',Z") =€ €. Ipupasuusas wactusie npoussoxneie J; mo

! "
Z' u Z" nymo (ycnoBre TOCTHXEHHS SKCTPEMyMa) IHONyYHM CHCTEMY,
COCTOSIIIYIO U3 JBYX CKAJSIPHBIX YPaBHEHUMN

ZVTATANYV -ZVTAT'RTAV' +VTAT'RTT=0
—ZVTAIRTAZV +ZVT AT AV VA T=0]
paspeiias KOTOPYIO OTHOCHTEIbHO Z' v Z" monyuum
Z' VIATARY  vTATRTAN | [-vTATRT
Z"] [=VvTATRTAYV VTATAGY V'TAST

Teneps, ucnonb3yst (1.25), MOKHO BBIYUCIHUTH BEKTOP TPEXMEPHBIX
koopauHar Touku M B cucteme mo6oii u3 kamep:

Mr:ZAl—lvr’ M”:Z”IA\EJ-V”, (132)

M3 Bcero H3JI0KEHHOTO BBIIE CIEAYET, 4YTO sl OLIEHUBAHUS
TPEXMEPHBIX KOOPAMHAT HEKOTOPOI TOUKU MO cTepeorape HeoOX0ANUMO: a)
3HaTh BHYTPEHHHE MapaMmeTpbl Kamep (3amaya KainuOpoBKH), O) 3HATH
napamMeTpbl B3aUMHOTO pacHoJIOKEHUs Kamep (3agaya  B3aMMHOTO
OpPUEHTUPOBAHUS), B) HANTH U ONPEIEIUTh Ha NU300PAKEHUAX KOOPAUHATHI
COOTBETCTBYIOILIUX JAHHOM TOYKE COMNPSIKEHHBIX TOYEK (3a/Jaya IMOMCKa
COMPSKEHHBIX TOYEK).

1.8 Auaropurm padorbl TUC KOHTPOJIsI TUHEHHBIX CMeIeHUI

Paccmotpum  anroputm  pabotet  TUC  kOHTpOJiE  JTUHEHHBIX
cMmenieHnii ¢ 0a3oif Ha 00bekTe. B KkauecTBe MpHEMHHKA ONTHYECKOTO
U3ITydeHUs] UCTIONb3yeTcss MaTpuunblii Goronpuemuuk I13C, crenyer He
3a0bIBaTh 0 TOM, uTO (hoTonpueMmHuk [13C nMeeT MaTpUIHYIO CTPYKTYPY C
KOHEUHBIMH pasMepamMu (hOTOUYBCTBUTEIHHBIX 3JIEMEHTOB 151
MMPOMEKYTKAMH HEUYYBCTBUTEIIBHOCTA MEXAY HHUMHU. POJIb KOHTPOJIBHO
sanemenTa (KD) urpaer mapa nmosjynpoBOJHUKOBBIX H3JIyYarOlIUX JHOIO0B
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(TOYEUHBIX OOBEKTOB), PACCTOSIHME MEXTY KOTOPHIMH W oOpa3yer 0asy B

IIPOCTPAHCTBE MPEAMETOB.
3

N N
I I

Pucynox 1.24. O0mast cxema onTU4ecKOr 4aCTH U3MEPUTEIHLHOTO
ka”ana POSC

O6mass cxema ontuyeckod yactu TUC npencraBieHa Ha
pucyske 1.24. OCHOBHBIMH 3JIEMEHTAMU 3a/1aTYNKA U3MEPUTENBHON 0a3bl 3
ABJIAIOTCS TPUEMHUK ONTHYECKOTo u3nydyeHuss 4 u oObektuB 2. C
KOHTPOJMPYEMBIM OOBEKTOM CBSI3bIBAE€TCA KOHTPOJIBHBIN AJIEMEHT 1.

PaccMoTprM KOJUTMMALIMOHHBIM BapHaHT peaju3aluy ONTHYECKOU
4aCTM MU3MEPUTENIBHOTO KaHaJla W METOJ OIPelIeieHUss KOOpAWHAT
KOHTPOJIBHOTO 3JIEMEHTA, T.K. MTOJIyY€HHbIE BBIKJIAIAKU OyAyT UMETh MECTO
U B JIPyTUX CIy4asX PEAIM3aLUA ONTHUYECKOM 4YacCTH HU3MEPUTEIBHOTO
KaHaja, 3a MCKJIIOYEHHEM HE CYIIECTBEHHBIX WIM JIETKO BHOCUMBIX
JOTIOJIHEHU .

O4eBUIHO, YTO KOOPAMHATHI KOHTPOJBHOrO 3JIEMEHTa 1, >KEeCTKO
CBS3aHHOT'O C 0OBEKTOM X My OJJHO3HAYHO, CBSI3AHHBI C KOOPAMHATAMU €TI0
M300paKeHUsl B TUIOCKOCTHU aHaimu3a X' u Y'.

[ L

X=X T_l ’ (1.33)
(L

y=y T_l’ (1.34)

rne L — paccrosHMe OT KOHTPOJBHOTO JJieMeHTa 10 oObekTHBa, f —
($hOoKyCHOE paccTosiHHE O0OBEKTHUBA CUCTEMBI.
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L
=1

B paccmoTtpeHHOM npuMepe NpUCyTCTBYET KOIPHUIIUEHT ,
KOTOPBI  MeIlIaeT peajn30BaTh ABTOMATUYECKU  KaJMOPYIOLIYIOCS
U3MEpPUTENbHYI0 CHUCTEMYy, O€3 BBEJACHHS B HEE JIONMOJHUTEIbHBIX
YCTPOUCTB M3MeHeHus: auctanuuii 1o K. doKkycHOe paccTOsSIHUE CUCTEMBI
MEHAETCS peAKo, oAHako nuctanuus oT KD no m3mepurenbHoro 0Iioka
MOKET U3MEHSTHCS B IMIMPOKHUX MpEAenax, YTO HEOOXOIUMO YUYHUTHIBATH B
polecce U3MEPEHUS] CMENIEHUI BO N30€kKaHUe BO3pACTaHUs TOTPEIIHOCTH
WU3MEPEHUN WJIU NIOJIYYEHUs HEBEPHBIX PE3YJIbTAaTOB.

JInsa co3maHus W3MEPUTEIIBHOW CUCTEMBI aTalITUBHOM K M3MEHEHHIO
JTUCTAHIIMA HEOOXOJUMO HMMETh ampUOpPHYI0 MH(GOPMAIHMI0O O PACCTOSHUU
MEXJy U3MEpUTENbHbBIM OJIokoM U KO, nmubo MMETh HEKOTOPBIA ATAJIOH
cmemienuss KDO. Peanuzaunumss mnepBoro Merona TpeOyeT BBEIEHUS B
U3MEPUTEIbHYI0  CUCTEMY  JOIIOJIHUTEJIBHOTO  KaHalla  U3MEpPEHMs
JTUCTAHILIUN, HAapUMeEp, JalbHOMEpPa, YTO HE Bcernaa y1ooHo. Bropoii Mmeron
peanu3oBaTh MpoIle, HanpuMmep, ucronb3dyss KO B BHIE mapbl TOYEYHBIX
UCTOYHUKOB, PACCTOSSHUE MEXKAYy KOTOPHIMM H3BECTHO C OOJBIION
TOYHOCTbIO, WJIM MOKET OBITh BBISICHEHO B IIPOLIECCE FOCTUPOBKHU CHUCTEMBI.
Paccmotpum Gonee noipoOHO BTOPOI METOS,.

I—6a3 X X

>

1 (Xl’yi)

2 (Xziyz)

Y

Pucynok 1.25. Cucrtema KoopAMHAT B TPOCTPAHCTBE MPEIMETOB

[Tycte KD cocTouT M3 ABYX TOYEYHBIX OOBEKTOB TaKHX, YTO B
MOMEHT HM3MEPEHHUsI BUAEH TOJIBKO OJIMH U3 HUX, YTO JIETKO pealn3yeTcs
napoi ymnpaBisIeMbIX MOJYHIPOBOAHUKOBBIX M3nydarouux auonos (ITN]),
P 3TOM pPacCTOSIHHME MeEX1y HUMHU L';,; B IpOCTpaHCTBE NPEAMETOB
W3BECTHO C BBICOKOW TOYHOCTBHIO. B 3TOM ciywae 3a xoopaumHatel KO B
IIPOCTPAHCTBE NPEAMETOB MOKHO IPUHUMATh, KOOPAMHATHI IEPBOTO
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(%,Y;), Broporo (X,,Y,) IIMJI wix KOOpAMHATBHI CEPEAMHBI OTpE3Ka

(X, Ye) , COEIUHSIONIEr0o UX (pucyHoK 1.25).

Koopaunarel 1meHrpa oTpe3ka X, M Y,  OIpeAensorcs

COOTHOIIICHHUSIMHU:
X, + X,
X = T (1.35)
Nty
Ye =—F—
2 (1.36)
KooparHatel LeHTpa OTpe3Ka B MPOCTPAHCTBE U300paKEHU OyIyT
HMMETh MOJI0OHBIN BU:
X +X
X, =——*=
2 (1.37)
F_Y1tYs
Ye =—F—
2 (1.38)
[Tocrasisist Bepakenust (1.37) u (1.38) B (1.33), (1.34) nonyqaem:
X+ X5 L
X "M "2 = -1
‘ 2 f
: (1.39)
! !
+ L
Xc _ yl y2 — 1
2 f
(1.40)
Jlanee paccMOTpUM COOTHOIIEHHWE Mexay 0Oazoit Lg,; u o e

nzobpaxenueMm L's,; B TIPOCTpaHCTBE M300paKEHHM, OUYEBUIHO, YTO OHU
CBSI3aHHBI TOJOOHBIM COOTHOIIICHHUEM:

L6a3 = Léa3££ o j
f , (1.41)
IpUYEM

L5 = \/(Xll_xlz ) +(y1-y) _

Takum o6pazom, u3 (1.41) u (1.42) umeem:

(1.42)

(L—g= 5“ = (1.43)
f \/(Xll_xlz) +(Y'1—Y'2)
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L

N3 (1.43) BUAHO, YTO 3HAYCHHE COOTHOIICHUS T_l MO>KHO

BBEIYHCIIUTH B TIPOIIECCEe M3MEpPEHUI O3 BBEIACHUS JOMOTHUTEIBHO KaHaIa
U3MEPEHUs NUCTaHUUM, T.K. Lg,; HM3BECTHO [0 Haudajla HM3MEpPEHHU C
BBICOKOM TOYHOCTBIO, a 3HadyeHwe L';,, BBIUMCIIETCS W3 COOTHOIICHMS
(1.42) B npouecce U3MEPEHUI KOOPJIUHAT TOUCUHBIX OOBEKTOB, BXOAIINX
B coctaB KDO.

Pucynok 1.26. CxeMa HalloKeHUsI CUCTEMbI KOOPJIMHAT INIOCKOCTH
aHanu3a Ha MaTPUYHYIO CTPYKTYpPY

B paccmaTpuBaeMoil cuctemMe B KauecTBEe MPUEMHHUKA ONTHYECKOTO
U3JIy4EeHHs] MCMOJb3yeTcss MaTpuuHbld (oTonpueMHUK Ha ocHoBe [13C
CTPYKTYP, PACCMOTPHUM MPOLECC BOCCTAHOBJICHUS] KOOPAUHAT U300paKeHUs
c(hOpMHPOBAHHOTO JaHHBIM MpuéMHUKOM. Ha pucynke 1.26 cxemaTudHO
U300paXeHO HaJIOXKEHHWE CHCTEMbl KOOPAMHAT IUIOCKOCTH aHajlu3a Ha
MaTpUYHYIO CTPYKTYpy, HMMEIOLIYI0 KaK YYacTKH 4YyBCTBUTEJIbHBIE K
3JIEKTPOMArHUTHOMY M3JTyYEHUIO (MUKCEb WIN 3JIEMEHT Pa3ioKEHNUs), TaK
Y 30HbI HE YyBCTBUTEIBHOCTH.

Ha puc 1.24 (X'1,y'1) 1 (X'2,Y'2)— KOOpPIAUHATHI [IEHTPOB M300paKEeHHUs
TOUEYHBIX OOBEKTOB, BXOJAIMMX B coctaB KD wmim apyrumu cioBamu
n3o0paxxeHut Mapok. L's,, — chopmupoBanHas usmeputeabHas 0aza, L'y, o
u L's,; , — IpOEKIIMM U3MEPUTEIBHOM 0a3pl HA KOOPIAMHATHBIE OCH X H Y,
COOTBETCTBEHHO. & - YyroJl MEX]ly U3MEPUTEIbHOM 0a30i U KOOPAMHATHOU
ocbio X, a p, — TOPU3OHTAIIBHBIN pa3mep (POTOUYBCTBUTENIBHON TIOLIAAKA
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OJIHOTO 7JJIEMEHTAa MATPUYHOrO NPHUEMHUKA C BKJIIOUYECHHOW 30HOU HE
YyBCTBUTEJILHOCTH, PACIOJIO0KEHHOM CJIeBa OT HETO, p, — BEPTUKAIBHBIN
pasMep (HOTOUYBCTBHTEIBHON IUIOMAAKA OJHOTO 3JIEMEHTAa MaTPUYHOTO
MPUEMHHKA C BKJIIFOYEHHON 30HOW HE YYBCTBUTEIIBHOCTH, PACIIOI0KEHHOMN
cHu3y ot Hero. [locne mporemypsl TudPOBOTO KOAUPOBAHUS BUACO CUTHA,
cuumaembii ¢ [I3C, 3amuchiBaeTCs B ONEPATUBHOE 3allOMUHAIOIICE
yctpoiictBo (O3Y) 0Oroka, BBINOJHAIOMIETO OOpabOTKY MOIYYEHHOM
U3MEPUTEIBHON KapTUHBI, C LENbI0 MU3BJICUYCHUS KOOPJIMWHAT LEHTPOB
n3o0paxxeHuit Mmapok. Ha pucynke 1.27 nzo06pakeH BUJI YCIOBHON CHCTEMBI
KOOpJIMHAT, CBA3aHHOM ¢ H300pakeHrueM Mapok, Haxonagmumes B O3Y.

3nech (pucyHok1.27) (X; m3c,Y1 m3c) U (X2 m3¢,Y2 1m3¢) BPIYMCIICHHBIE 110
HEKOTOPOMY QJITOPUTMYy KOOpPJIHMHAThl, HANPHUMEpP, METOJIOM LIEHTpA
TSOKECTH, TIEPBOM M BTOPOMl MAapoOK, COOTBETCTBEHHO. Lguc —
copmupoBanHas usMepuTenbHas 0as3a, Lsgs « m3c M Logs , 3¢ — mpoexnun
MU3MEPUTEILHOM 0a3bl Ha KOOPAUHATHBIE OCU X3¢ U Y j13¢, COOTBETCTBEHHO;
O 3¢ = YOIl MEKIY U3MEPUTENBHON 0a301 M KOOPAMHATHOU OCBIO X3¢.

L6a3H3C
X2 m3c Xim3c Xge
| /N
Y1m3G-t+---p-A--1--F T
| /
iV o
A1/ s
4 A 5
12\, 21N,
1V4R ’
Y2 H36¥ y Y
Ymsc Y L s x a13¢ >

Pucynox 1.27. YcnoBHas cucteMa KOOPAUHAT, CBSI3aHHAS C U300paKeHUEM
Mapok, HaxoasumMmcs B O3Y

[locne BeimosHEeHHS UUGPOBOTO  KOAUPOBAHUS  BUJICOKANPA,
chopmupoBannoro II13C mpuemHuxkom, u 3anucu ero B O3Y, Tepsercs
uHbopMaIusi 0 pasMepax TOPU3OHTAIHLHOM W BEPTHKAIBHBIX pa3zMepax
3JIEMEHTA PA3JI0KEHUs P, U P, YTO NIPUBOJUT K JTMHEHMHBIM MCKAXECHUAM, B
CBS3M C OTUM HEOOXOJUMO TPOBOJUTH TMPOIEAYPY BOCCTAHOBIICHUS
KOOPAMHAT, OYEBUIHO, YTO KOOPAUHATHI B TUIOCKOCTH aHAJIU3a CBSI3aHBI C
YCJIIOBHBIMU KOOPAMHATAMH COOTHOIIEHUEM [3]:
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X1= Py XXymses Y1= Py X Yimse,

1 _ 1 _
X =Py XX, Y2= Py X Yomsce. (1.44)
B pesynbrarte, U3 CKazaHHOrO BhIIIE COOTHOWIEHHE 1.33 mpuHHMaeT
BH/I:

L L

f

0as

\/ pi (Kemse =Xomse ) + pi Yorse = Yomse )
(1.45)

IIPU 3TOM CTOUT OTMETUTh, 4TO L;,; U3BECTHBIA NapamMeTp, 3HAYCHUS
Xi1mce Yime X2mze, Y2 m3c ONPEACIAIOTCA B PE3YyIbTAaTeC M3MCEPCHMA, a
KOO(OOUIMEHTBI p, W p, ONPEIEIAIOTCI Hcxonasd, u3 mapamerpoB II3C
IPUEMHUKA W YTOYHSIOTCS B IPOIECCE FOCTUPOBKU CHUCTEMBL. Takum
o0pa3oM, OCYILIECTBIICTCS ABTOKAIIMOPOBKA HM3MEPUTEIBHOW CHUCTEMBI,
IIPOU3BOMUTHCS OTBA3KA OT paccTosgHus 10 KO u (okycHoro paccrosnus
OOBEKTUBA CUCTEMBI.

L

[loncraBnsst 3HaueHue IS ?_1 u3 Bblpaxenus (1.45) B

cootHomenus (1.33) u (1.34) u yuursiBast cootHomeHus (1.44), nomyyaem
3aBUCHMOCTH, CBSI3bIBAIOIIME KOOpAMHATBI Mapok KO B mpocTpaHcTBe
U300pKEHUM, C KOOpIMHATaMH U3 H300pakeHUud CcHOPMUPOBAHHBIMU
MaTpPUYHBIM TPUEMHHUKOM:

X = XU3C L6a3
2 )
2 y1173c B Y2173c
(X1173c o X2n3c) 1+M yx
X1173c - X2n3c
y — yIYS’C L6a3

>

1 X1173c B X2173C
y -y 1+
( HBe 2H3C) M jx Y1173c - y2173c

rae Myx =Py / Py, Takum oOpasom, eciaM mnpH M3MEPEHHIX He Oyner

MPOUCXOJIUTh CKPYUYMBAHUSI, TPHU KOTOPHIX H300paKEHHS MapoK OyayT
HAXOJUTHCS HA OJHOM BEPTUKAJIBbHOM WJIM TOPU3OHTAIBHOU MPSIMBIX, TO B

pacuerax ynaoOHee HCIONB30BaTh BapuaHT ¢ TmapamerpoM M, ., stor
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napameTp JIETKO OMPEAEISIeTCS U3 XapaKTEPUCTHK MATPHUIIBI U YTOUHSETCS
B MPOIECCE KATMOPOBKU CUCTEMBI.

1.9 Hcrounuku norpemHoctu B TUC

OcHoBHOU  xapakrepuctukor THUC  sABiIsIeTCs  NOTPEMIHOCTH
U3MepeHus: napameTpa oObekTa. llorpemHocTs XapakTepusyeT OTIHYUe
W3MEPEHHOTO 3HA4YCHUSI OT JCHUCTBUTEIIBHOTO 3HAYCHUS I[apamerpa,
U3MEPSIEMOT0 00Pa3IIOBBIM MPUOOPOM.

[TorpemiHOCT M3MEPEHUST B  TEJICBU3UOHHOM  HM3MEPUTEIBHOU
CUCTEME XapakTepu3yercss aOcomoTHod A, O,,, € TPHUBEACHHOU
MOTPEUTHOCTSIMHU O:

A=X —X,; 0 =Ax100/X,; 6=Ax100/(X_ —X . ),
rae Xy — JICUCTBUTEIBHOE 3HAYCHUE U3MEPAEMON BEIUYUHBL, X, —

U3MEPEHHOE 3HAYEHUE; Xmax, Xmin — MPEACIIbHBIE 3HAUCHHUE H3MEPSEeMO
BEJIMYHUHEI.
ITo 3aKOHOMEPHOCTH MOSIBJICHUSI TTOTPEIIHOCTH MOKHO pa3eiuTh Ha

cuctematnueckne A n ciydaiinble A.,. Pe3ynbTHpyYOMIas TOTPEIIHOCTD
MOXET OBITh OIpeAelieHa KaK CyMMa CHCTEMAaTHYeCKOW M Cciay4dallHON
cocrapmsonmx A=A_ +A_ .

CucteMaTH4ecKol  MOTPEUIHOCTBIO  HA3bIBAIOT  COCTABIISIONIYIO
MOTPENIHOCTA  WM3MEPEHMS, KOTOpas OCTAaeTCAd  IOCTOSHHOM WU
3aKOHOMEPHO M3MEHSETCA MPHU MOBTOPHBIX M3MEPEHUSIX OJHOM M TOM XKe
BEJIMYMHBI. (CHUCTEMAaTUUYECKYIO COCTABJISIIONIYIO0 MOTPEIIHOCTH MOYXHO
ydyecTb.  CilydyallHBIMM  HA3bIBAIOT  COCTABJISIONIME  MOTPEIIHOCTH
U3MEPEHUMN, U3MEHSIOIINECS CITydailHbIM 00pa3oM.

B 3aBUCHMOCTHM OT CKOPOCTHM M3MEHEHHUSI U3MEPAEMON BEJIWYHUHBI
pa3IMyarOT CTAaTHYECKYI0 M JMHAMHUYECKYIO morpemHoctu. Crarudeckas
MIOrPEIIHOCTh BO3HUKAET IIPU H3MEPEHUU IMIOCTOSIHHOM BO BPEMEHH
BEJIMUMHBI. B peanpHBIX YCIOBUSX HU3MEpsiemas BEJIUYMHA HE OCTaeTCs
MOCTOSAHHOM. EciM  CKOPOCTh M3MEHEHUs HACTOJbKO Majia, 4YTO
VMHEPLMAJIbHBIE CBOKMCTBA CPEICTBA U3MEPEHHUS HE MPOSIBISIOTCS, TO TaKUe
M3MEPEHUSI MOKHO CUMTATh CTATUUYECKUMU U MOJTHOCTBIO XapaKTEpU30BaTh
CTaTHYECKOW MOTPEIIHOCThI0. ECIM CKOpPOCTh U3MEpPSAEMOM BEJIUYUHBI,
TaKOBa, UYTO MPOSABJISIOTCA MHEPUHUOHHBIE CBOMCTBA CPEICTBA MU3MEPEHUI,
TO 00IIas TMOTPEIIHOCTh, Ha3blBacMash MOTPEITHOCTHIO B JIMHAMUYECKOM
peXHuMe, TPEBBINIAET CTATUYECKYIO MOTPEIIHOCTh. Pa3HOCTh MEXIy
MOTPENTHOCTHIO B JUHAMUYECKOM PEKUME U CTATUUECKOW MOTPEITHOCTHIO
HAa3bIBAIOT TUHAMUYECKOW MOTPEIIHOCTBIO CPEeACTBA n3MepeHnus [ 16].
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B kauectBe uctounnkoB norpemHoctedd B TMIC MOXHO BBIIETUTH
NOTPENIHOCTH, BHOCUMBIE onmuueckou cucmemoti. Jrobasg onrtuueckas
CHUCTEMa BHOCUT I'€OMETPUUYECKUE UCKAKEHUS, TIPU KOTOPBIX U300pakeHUE
pPa3IMUHBIX YacTed MpeaMeTa MPOUCXOAUT C PA3IUYHBIM YBEIUUYCHUEM,
HarpuMep, Mpy JTUCTOPCUU HAPYIIAETCS T€OMETPUUECKOE MOJA00HE MEXTY
O0BEKTOM U €ro N300pakeHUEM.

B TBJI Ha ocHOBe TpUOOPOB C 3apsIOBOM CBSI3bI0 UCTOYHUKHU ITOMEX
MO>KHO YCJIOBHO Pa30UTh Ha JIBE TPYMIbL: JETEPMUHUPOBAHHBIE TOMEXH U
(bIyKTyallMOHHBIE. K JETEPMUHUPOBAHHBIM MOYHO OTHECTH
KOMMymayuorHvle nomexu (HABOJAKA OT HUMITYJIbCHBIX HANpPsDKEHUM Ha
ANEKTPOJAX MATPUIIbl) U 2ceomempuyecko2o wyma (HEOTHOPOIHOCTEH
TEMHOBOTO  TOKAa, YyBCTBUTEIBHOCTHM  DJJIEMEHTOB  MaTpUUbl U
TEXHOJIOTUYECKUMU MOTPEIIHOCTAMH, JTUCKPETHOCTHIO pacTtpa
(OTONIPUEMHOTO YCTPOICTBA).

K ¢daykTalmoOHHBIM HCTOYHHMKAM OTHOCAT: [18] wymsr nepemnoca,
BO3HMKAIOIIME H3-32 CIYYalHOTO XapakTepa 3axBaTa U OCBOOOXKICHUS
JIOBYIIKAMHM HOCHUTENEH 3apsija Mpu MEPEHOCE; uiyMbl 2eHepayuu (ponoeo2o
U MEeMHOB020 3aps008, WYMbl IJIEKMPUUECKOU UHNCEKYUU, ULYMbl
8bIXOOHO20 KACKAOA.

JIOTOJIHUTENBHBIMU UCTOYHUKAMU TOTPEIIHOCTH B TEJIEBU3MOHHBIX
U3MEPUTEIBHBIX  CHCTEMAx  BBICTYNAIOT 3BEHbS  OCYLIECTBIISIIOLINE
00paboOTKy MOJYYEHHOTO BUJEOCHTHANA, K HUM MOXHO OTHECTH UIyMbl
YCUJIMTEIBHOIO TPAaKTa; MOTPEHNIHOCTH KBAHTOBAaHUS BUACOCUTHANIA IpU
U (HPOBOM KOJAMPOBAHUU CUTHAJA.

Taxke HMCTOYHUKOM TMOTPEITHOCTEN CIyXHUT MeTo] 00paboTKu
noyiydeHHoro Bujeocurtana. Ilpu uudpoBoit 00pabOTKe Takxke HYXKHO
VUYUTBIBATh TOTPEIIHOCTh, BHOCHMYIO OrPAaHUYEHHON Pa3psiAIHOCTHIO
M(POBOr0O BEIYUCIUTEIBHOTO YCTPOMCTBA.

OnuuM 13 3¢G(HEKTUBHBIX METOJOB OIIEHKH BIUSIOMIMNX (DAKTOPOB Ha
METPOJIOTUYECKUE XAPAKTEPUCTUKHU pa3padaThiBAEMON CUCTEMBI, SIBJISIETCS
METO/bI KOMITBIOTEPHOTO MOAEIUPOBAHUA [2].
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I'JTABA 2. HPUHIIUAIIBI IOCTPOEHUSA TEJIEBU3NOHHBIX
N3MEPUTEJIBHBIX CUCTEM

TeneBU3MOHHBIE W3MEPUTEIbHBIE CHUCTEMbl SIBISIOTCS OJHUM W3
HamOoJiee BaXXKHBIX KIACCOB HH(POPMAIMOHHBIX CKAaHUPYIOIIMX CHCTEM,
HIMPOKO MPUMEHSIEMBbIX B aBTOMATHU3HPOBAHHBIX CHUCTEMax yIIpaBJCHUS,
o0paboTku HayyHou uH(popmanuu u T. 1. B THUC, kak u B Apyrux
nH(OPMAITMOHHBIX CKaHHUPYIOLIUX CUCTEMAX, OCYULIECTBIISIETCS
MOCJIEIOBATEIbHOE CKAaHMPOBAaHWE MHOTOMEPHOIO BXOJHOIO CHTHaja
CUMTHIBAIOIICH amepTypoil W mpeoOpa3oBaHUE €ro B OJHOMEPHBII
aneKTpuueckuil curnai. IIpoueccbl 00pabOTKH 3JEKTPUYECKOTO CUTHANIA B
MH()OPMAIIMOHHBIX  CKAHUPYIOIIMX  CUCTEMAxX  pa3MYHBIX  KJIAcCOB
MPAKTUYECKUA OJUHAKOBBI.

Hecmotps Ha 6ombiioe pazHooOpasue 3a1ay, peuiaeMblX ¢ TOMOIIbIO
TUC, M0XHO TIpelicTaBUTh 00001IeHHYI0 (pyHKIIMOHANIBbHYIO cxemy TUC,
COCTOSIIIIYI0 M3 HECKOJBKHMX OCHOBHBIX Mopayieil (pucyHok 2.1). Yacte
BXOJSIIMX B CXEMYy MOAYJIEH sBisieTcs 00s3aTeNbHON HE3aBUCUMO OT
pelaeMon 3aJaun.

K o0s3aTenpHBIM MOYJISIM OTHOCSTCS [4]:

cucmema  gopmuposanusi  uzoopaxcenus  (COU), koropas
OCYILIECTBJISIET TMPEABAPUTEIIBHYI0 00pabOTKy BXOJHOTO CHUTHajla U
dopmupyer aByMepHYyt0 GpyHKIuo E(X,Y), mponopruoHabHy0 SPKOCTH U
3aJJaHHOM  HA  IUIOCKOCTM  M300pakeHHus  (POTORIIEKTPUYECKOIrO
npeoOpazoBarenss win ¢GoTtoHocuTens. B obmem cinydae Qopmupyercs
cepusi HU300paKEHUI, COOTBETCTBYIOIIMX OMNPEACIEHHBIM MOMEHTaM
BPEMEHH, CHEKTPaJIbHOMY  JUANa3oHy, IPOEKUHUSIM  TPEXMEPHOIO
IIPOCTPAHCTBA.

oamuuk nepsuunvix omcuyemog (JAI10), B KOTOPOM OCYyIIECTBISAETCS:
dorosnekTpruueckoe mpeoOpazoBaHue aByMepHOW GyHkimu E(X)y) B

onHomepuyio U.(f) — Buzmeocurnan; mnpeaBapuTesbHas 00paboTKa
BUJICOCHTHANA, 3aK/IIOYAIONIAsCs B YCHJICHHW, BPEMEHHOW 3aJepiKKe,
CTpOOMpPOBaHMM,  HEJHHEWHOM  OrPaHHYEHHH,  MPOCTPAHCTBEHHOM

bunbTpalui, HOPMUPOBKE U APYTUX OMNEpalvsix, B Pe3yibTaTe KOTOPHIX
dbopmMupyeTcsi U3MEpPUTEIbHBIA CUTHAJI, XapaKTEPUCTUKH KOTOPOTO
COIJIACOBAHbl C COOTBETCTBYIOIIMMH XAPAKTEPUCTUKAMU YCTPOMCTB
MOJYy4YCHUs TMEPBUYHBIX OTCUETOB BHUJCOCUTHAIA M0 JUHAMUYECKOMY
JIAANa30Hy U3MEHEHUSl aMIUIATYJbl CUTHANA, MOJOCE YaCTOT, BPEMEHHOMY
MOJIOKEHUIO U T. T.; (POPMUPOBAHUE TEPBUYHBIX OTCUETOB AMILIUTYIBI
BUJICOCUTHAJIA, COOTBETCTBYIOIIUX OINPEACIICHHBIM 3HAYECHHUSIM ITapaMETPOB
CUMTHIBAIONICH amepTyphl, B KAYECTBE KOTOPHIX MOTYT OBITh KOOPIAUHATHI,
OTIPEJISIISIIONTNE TIOJIOKEHHE arnepTyphl B TIOockocTH u3oOpakeHuss OOII,
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CBSI3aHHBIC C KOOPJIMHATAMH MPOCTPAHCTBA BXOJHOTO CHTHAJIA, OPUEHTAITUS
- B ClOydae aHU3OTPOITHOM amepTypsl - © JpYyrue TMapaMeTphl,
OTIPEIETSIONINE BECOBYIO (DYHKIUIO allepTypHI;

cumxpozenepamop, obecrneunBaomuil (GOpMUPOBAHNE BPEMEHHOMN
OTCUETHOM CETKH UMITYJIbCOB, HEOOXOUMBIX ISl YIIPABICHHS Pa3BEPTKOM,
AUII u npyrumu snementamu TYIC u nosrydeHHst BpeMEHHOTO OTCUETA.

usmepumenvnoe ycmpoiicmeo (Mzm) ocymecTBiasieT 00paboTKy
NEPBUYHBIX OTCYETOB, BKJIIOYAIONIYI0 Yy4YeT OIHUOOK, JABYMEPHYIO
bunbTpaMio, yCpeIHEHHE, MHTEPNOSAIUI0 W T. M., a Takke
npeoOpa3zoBaHue OOpaOOTaHHBIX TIEPBUYHBIX OTCYETOB B  OICHKHU
U3MEPSEMbIX BEIIMYUH (SIPKOCTH, KOOPAMHATHI, IUIOIIAJU, LIBET, a TaKXKe
JIpYrUe BEJIMYMHBI) W MX pacOpeleeHusl; B PEXKUME CEJICKIUU M
IeJIeyKa3aHusT OCYIIECTBISIET TAK)KE BBIACICHUE H3MEPSEMBIX OOBEKTOB
Wi Tpy0doe yKa3zaHWE 3HAYECHUH M3MEPSCMBIX BEIMYWH TI0 3apaHee
W3BECTHBIM CBEJICHUSM O BXOJHOM CHUTHAJIC WJIM TI0 JAaHHBIM, TOJTydaeMbIM
B IIPOLIECCE U3MEPEHMUS.

Heo0s3aTenbHbIMU MOYJISIMU SIBJISIFOTCS [4]:

yempoticmeo  unouxkayuu (MHI), KOTOpoe MpU HEOOXOIUMOCTHU
oOecrieynBaeT BO3MOXKHOCTh JIOKYMEHTHPOBAHUS, BU3YaTbHOTO KOHTPOJIS
3a mporeccoM mnpeoOpazoBanusi curHania B TUC, yuyactusa omepatopa Ha
pa3IMYHBIX CTAaUAX OOpaOOTKM CHUTHalla, B YACTHOCTU [IJISi BBEACHUS
nejeyKa3aHus TpU BBIJICICHUHA HU3MEPSIEMbIX OOBEKTOB, a TaKke s
OLICHKH U3MEPSEMON BETUYMHBI B METPUUYECKUX CUCTEMAX;

annapamypa  kaamuopoexu (AK), wucnomnp3dyemas TOJIBKO B
BBICOKOTOUHBIX TWUC  mms  mpeaBapuTelbHOM — OLIGHKH — (YyHKIUI
KOPPEKTUPYIOIIMX CUTHAJIOB WJIM MTAPAaMETPOB OTAENbHBIX 3BeHbeB TUC.

r—==—==-"
: AK l<---1 Cr
Y SN 1 1
o LY RN
6X0O0HOU
o Con JAI1O HN3m HNun

Pucynok 2.1. O606uiennas ¢pynkunonaibHas cxema THC

OtnnuntensHbie ocobeHHocTH knacca TUC 3aknrodaroTcst B HANMYUU
ONTUYECKOT0 curHaya (M300pakeHus1) Ha BXOJE CUCTEMBI U B CIIOCOOAaX €ro
npeoOpa3oBaHusl B AIEKTPUUECKUIN CUTHAI.

Boigensitor  Tpu  cmocoba  moctpoenus  THUC:  anmaparHbIi;
IIPOIPaAMMHBII; ITPOIPAMMHO-ANIIAPATHBIN.
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2.1 Npunuunsl annapatHoii peasuszauun TUC

[Ipu anmaparHoi peanuzanuu (pucyHok 2.2) B coctaBe TUC kpome
TBJI MOXHO BBIIEHUTH TPYMIY y3J0B, OOBEAMHEHHBIX B OJIOK
MpeABapUTEeNbHON 00paOOTKM BHUICOCHTHANA, U U3MEPUTEIBHBIM OJIOK.
['maBHOM OCOOEHHOCTBIO CXEMBI SIBIISIETCA TO, YTO KaXKIbIA y3€ll MOMKET
BBITNIOJIHATh €IMHCTBEHHYIO ONepalnio 00pabOTKH CUTHAJIA, ONIPEIEIAEMYIO
€ro BHYTPEHHEW CTPYKTYpOW. BBINOMHEHUE CIHOXKHOTO alIropurma
00pa0OTKH,  BKJIOYAIOIIETO  HECKOJBKO  OMepanuii,  JIOCTHraeTcs
IIOCJIEA0BATEIBHBIM BKIFOUEHUEM COOTBETCTBYIOIIMX Y3JI0B. [l mepexoaa
K JpyroMy airoputMy oOpaOOTKM C TIOMOIIbI0 KOMMYTHPYIOIIHX
YCTPOMCTB COCTAaBIIIETCS HOBas IIE€MOYKa Yy3J0B (U3 4MCIIa BXOJIAIIUX B
cocTaB 0JI0Ka).

i bnok npedsapumenvnoii 0opabomku udeocueHana i i Hzmepumens !

I ! ' Hblll O10K i

| IK . _— :

TBA | | { / \ ;
a ! 1l | YPHA :

- @ nc | Hnencp-| v J = B | !

- ccr = ] 5

1 — I HAC :

i I'C L T | PCY :

Pucynok 2.2. Ctpykrypnasa cxema TUC npu anmapatHo peanuzanuu

[TpuHIMTT pabOTHI TEIEBU3MOHHOTO KOOPJIWHATOPA CO CIEASIINM
CTpOOOM, MPUBEAECHHOIO Ha PHUCYHKE 2.2, 3aKJII0YaeTCs B CICAYIOIIEM.
brmox mnpenBapuTenpHONW 00paOOTKM BHUACOCHTHATIA TPEIHA3HAYCH IS
YCTPAHEHHSI TE€X €ro COCTABISIONINX, KOTOPHIE MPEMITCTBYIOT MPOBEICHUIO
orepanuii oOHapyeHus OoO0BeKTa (B PEKHME TMOUCKA) U U3MEPEHUS €ro
KOOpJIMHAT (B peXUME CICKEHHS), a TakKe JUIsl IpeoOpa3oBaHusl CUTHAIA
Ha BXOJIe HW3MEPUTETHLHOTO OJIOKa K BHUAY, Haumbojee yTO0OHOMY s
BBITIOJIHEHUST M3MEPUTEIBHOTO alropuT™Ma. B coctaB Oj0Ka BXOMSAT Y3IIbI
oOpaboTtku Buaeocurnana: Guistp (D), mpeodbpazosatens crannapta (I1C),
npeoOpazoBarensb ¢opmbl npencrabienus curnaia (IIOIIC) u ycrpoiicTBo
BbIOOpKHU (YB) curnana, y3en, Mo3BOJISIONIUM U3MEHSTH CTPYKTYpy OjoKa
Ipy TIEpEeXojie M3 PSKUMa ITOWCKAa B PEKUM CIEKCEHHUS, U HA00O0pOT:
anekTpoHHbIl kommyTtaTop (OK), a Takxke renepatop crpoda (I'C) wu
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cneruanu3upoBanHbii cuaxporenepatop (CCI'), paboTaromuii B Be1OMOM
peXHUME 0 CHHXPOCHUTHAJaM, BBIACISIEMbIM W3 BUJCOCHTHAja C BbIXOAA
TB/I, n obecnieunBaromuii padoty Bcex y310B THC ¢ mOMOIIBIO TAKTOBBIX
U IPYTUX OMOPHBIX CHHXPOHU3HUPYIOLIUX CUTHAJIOB[8].

B cocraB wu3MmeputenpbHOro 0OJI0ka BXOAAT BeIYHCIHTENs (B),
BBITOJIHSIFOIIIMM ~ OCHOBHOW ~ W3MEPHUTENBHBIA  alITOPUTM, YCTPOMCTBO
peructpauuu U uHaukanuu (YPU) usmepsiemoro mapamerpa oO0bekTa U
dbopmupoBarens curtanoB ynpasienus (PCY). Ha oanom Beixoge OCY
dbopmupyetcsi curnan «mouck/cnexxkenue» (II/C), Ha npyrom - curuadi,
COBMENIAIONINI EHTP CIEAIEero crpoda ¢ M300pakeHueM OOBeKTa. s
ucxonHoMm coctossHuu THUC HaxoguTcs B pexume mnoucka. IIpum stom
AIIEKTPOHHBIA KOMMYTATOp 00ECreYrBaET MPOXO0KIECHNUE BUCOCUTHANIA TIO
nerouke O-1IC-1IPIIC u ganee Ha BXOI BEIYUCIUTEIA.

BrIuncuTeNbHBIA AITOPUTM B PEKUME MOUCKA PEATU3YET ONEpalun
OoOHapyXeHHUsI CUTHaja OOBEKTa IyTEeM IMOPOTrOBOM OOpPaOOTKH BXOJHOTO
CUTHAJIa MO BCEMY pACTpy U ONpENeNICHHE KOOpAMHAT OOHApYKEHHOIO
oOwvekra. Ilocne oOHapyxenuss ob0bekra TUC mnepeBoauTCS B pexuM
ciexeHus (myrem (hOpMUPOBAHMS CUTHANA «clieskeHne» Ha Bbixoje OCY).
ONEeKTPOHHBIA KOMMYTATOp TIEPEBOAUTCS B COCTOSIHUE, MPU KOTOPOM
Buacocursan or TBJl mpoxoauT Ha BXOA BeIUMCHUTEN M0 Henouyke -
[IOIIC-YB. VYcTpoicTBO  BBHIOOPKM  OOECHEYMBAET  CTPOOMPOBAHUE
BUJICOCUTHAJIa HAa Y4YaCTKE pacTpa, COBIAJAIONIEM C H300pakeHUEeM
o0BeKTa, TaKk KakK IepBOHAayaJbHAas YCTAaHOBKA TeHeparopa cTpoda
MPOU3BOJMUTCS TIO KOOpAMHATaAM OOBEKTa, BBIYUCICHHBIM Ha JTare
oOHapykeHus. B pexxume ciie)keHus: BBIYMCIIUTENb BBITIOJHSIET allfOPUTM
U3MEpPEHUsI KOOpJIUMHAT OOBEKTAa OTHOCHUTEIBHO LEHTpa CTpobda U uepes
dbopMHpoBaTENh CHUTHAJOB YOPAaBICHUS BBOAMT COOTBETCTBYIOILYIO
MOMPABKY B MOJIOKEHUE CTPoOa, BIpadaThIBAEMOT0 T€HEPATOPOM CTpoda B
ouepeHOM Kajape. B pe3ynbprare HEeHTp Cclesiero cTpoda COBMENIaeTcs ¢
HEHTPOM OOBEKTA.

OcTtanoBuMcs  moJpoOHEee Ha ONEepalMsIX MpelBapUTEIbHOM
o0paboTku BuAeocurHana, BeimoiHseMbix THUC. IlpenycMoTpeHHbIN B
cxeme (pucyHOK 2.2) HaOOp y3/10B, OTBETCTBEHHBIX 3a MPEABAPUTEIHHYIO
00paboOTKy BHUJEOCHTHANa, SBJISETCS JOCTATOYHO CTaHAAPTHBIM U
xapaktepubiM i1 THUC paznuuyHoro HazHadyeHUs. QOUIBTP MOKET
BBITIOJIHATh 3a/1a4d MOJABICHUS (IYKTYallMOHHBIX ¥ (POHOBBIX TOMEX B
BUJICOCUTHAJIC, BBIJICJICHUS CHUTHAja TMOABUKHOTO O0ObekTa Ha (¢oHe
HEMOJBIMKHBIX, IPOCTPAHCTBEHHOM celleKiuu o0bekTa 1o  (dopme,
pasMmepaMm u ApyruMm npusHakam. [IpeoOpazoBaTens cTaHAapTa BO MHOTHUX
clly4yasix HEOOXOOUM JJisi  COTJIaCOBaHUS CKOPOCTU  MOCTYIICHUS
uHpopmaruu ot TB/L ¢ ObicTpoaelicTBUEM BBIYMCIUTEILHOTO YCTPOUCTBA,
BBITIOJIHAIOIIET0 OCHOBHOM H3MEpUTENbHbIN anroput™M. Kak mpaBuiio,
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3ajavya mpeoOpa3oBaTensi 3aKI0YaeTCs B TOM, YTOOBI YMEHBIIUTH YUCIO
UCIIOJIB3YEMBIX ~ DJIEMEHTOB  pa3JIOKEHUS, Hampumep, MpeoOpa3oBaTh
u3o0paxenue pazmepoM 512x512 s3ymeMeHTOB B HM300pakeHHE pa3MepoM
64x64 snementa. Ilpu 3TOM KaXIblil AJIEMEHT H300paKE€HUS COLEPKUT
yCpeaHEeHHYI0 MH(pOpMalrio 00 ydyacTKe MEpPBOHAYAIBHOTO M300pakeHuUs
pa3mepoM 8x8 snemeHToB. Takoe mpeoOpa3oBaHue AOMYCTUMO, KOTAa OHO
HE TMPUBOJUT K HCKKEHUSM IMOJe3HONM HHPopManuu o0 OO0BEKTE WU
KOI'/Ia 3TH MCKA)XXEHUS HE MPEBBIMIAIOT JONMyCcTUMbIX. Omnepanus sBiseTcs
MOJIE3HOM, HAIIPUMED, JIJIsl OpTraHU3AIMK PEXUMA TOUCKAa 00BbEKTA IO BCEMY
pacTpy MpU OrpaHUYEHHOM OBICTPOACHCTBUU BBIYMCIUTENS, TO3BOJISSA
YMEHBIIUTh YHUCJIO 3JIEMEHTOB, 0OpabaThiBaeéMbIX 3a BpeMs Kajpa, a
CHU)KEHUE TOYHOCTH OMpEJIEJICHUSI KOOPAUHAT B PEXKUME MOKCKa (3a cUeT
YKPYIHEHUS 3JIEMEHTA) KOMIIEHCUPYETCS! MPaBUJIbHBIM BBIOOPOM pa3zmepa
CJEeASIIEro cTpoda.

B kaudectBe mnpeoOpazoBarenss (OpPMBI MPEACTABICHHUS CHUTHAJIA
HauOojiee  IMPOKO  HCHOJIB3YIOT  aHanoro-uudpoeie (ALl wu
uudpoananoropeie npeoodpazoBarenu (LAII), ymopsgodyeHHYIO 3amuch
nM(pOBOro BHUACOCHTHAJIAa B MATPUUYHYIO MaMsATh M CO3/aHHUE, TaKUM
oOpazom, nudppoBoro uzodpaxeHus. BoaMoxHO Takxke mpuMeHeHue 0ojee
CJIOXHBIX (DYHKITMOHAJIBHBIX MPEeoOpa3oBaHuil CUTHAJIa — MPeoOpa30BaHUS
®ypre ([1D) u aBrokoppensuuonHor ¢yukun (AK®D). VYcrpoiictBo
BBIOOPKH TaKXe JIOBOJIbHO YaCTO MCIIOJNB3YeTCS B KauyeCTBE 3JIEMEHTa
ctpykrypsl  TUC, mnpenHasHadeHHOTOo [l  yMEHBIIEHUS oObeMa
uH(OpMaIlMU Ha BXOJE BBIYHCIUTEIHLHOTO OJOKa TpPH YCIOBUHU, YTO
MECTOIOJIOKEHHE O00beKTa B Ipeleiax pacTpa JIOKaJIW30BaHO U
OrpaHM4eHo pazMepamu cTpoba. CTpoOupoBaHHE CHUTHaja TO3BOJISIET
yBenuuuTh nomexoyctoiuuBoctb TUC, cHuxkaer TpebOoBaHUS K
OBICTPOJICHCTBUIO ~ BBIUMUCIUTENS, [O3BOJIAET  HCIONB30BaTh  Ooliee
COBEPILICHHBIE BBIYUCIUTEIBHBIC AITOPUTMHI [8].

AnmapatHeiii Meton (pucyHok 2.2) peanuzauuu THUC umeer psan
HEJOCTAaTKOB. [ TaBHBIN M3 HUX 3aKJIIOYAETCS B )KECTKOU CTPYKTYpPE CXEMBI
YCTPOMCTBA, OPUEHTUPOBAHHOW HA BBINOJHEHUE OIHOTO airopuTMa
oOpabotku wuHpopmaruu. Ilepexoq K ApyroMmy aiaropuTMy CBS3aH C
U3MEHEHUEM CTPYKTYPBI YCTpOMCTBA nyTeM NEPEKITIOYEHUS
OTPaHUYEHHOTO Habopa (GYHKIIMOHATBHBIX y3JI0B. Br16op
(YHKIIMOHATBHBIX Y3JI0B MPOU3BOAUTCS U3 OTPaHMUYEHHOTO Habopa.

2.2 Tlpunuunsl nporpammoii peanuzanun TUC

[Ipu nporpammHoM wmetoae peanusauuu B coctaB TUC BxoasT
(pucynok 2.3) TBJI, uatepdeiic 1 9BM. biiok untepdeiica npennasHadeH
st cormacoBanusi TBJI ¢ DBM myrtem mpeoOpa3oBaHuUsi aHaIOTOBOTO
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BUJcocurHaia B 1uGpoBylo GopMmy u ero 3amucu B namsaTh OBM.
AJTOpUTM H3MEpPEHHUsl pealn3yeTcsi MPOrPaMMHO U MOMKET OBITh JIETKO
aJanTHPOBaH K pelaeMoi 3anade. B 3Tom ciyyae orpaHMyeHUsl Ha Kiiacc
U3MEPUTENIbHBIX aJTOPUTMOB OMPEACNAIOTCS JIUIIb OBICTPOACHCTBUEM
OBM. Ilpu HEOOXOMMMOCTH pE3yNbTaT H3MEpPEHUs duepe3 HHTepdeiic
MOJKET OBITh BBIBEJICH JJISl MHAUKAIIMH, PETUCTPALIMU HIIN YTIPABICHHUS.

TB/ Hnrepdeiic K — > 3BM

Pe3ynbprar nsmepeHus

Pucynok 2.3. CtpykrypHasa cxema TUC npu nporpaMMHON peain3aiuu

W3 cpaBHEHusT cXeM anmapaTHOM M NPOrpaMMHOM peanu3aluu
BUJIHO, 4YTO B mocliieqHeM ciiyyae OBM nopydaercst kak mpenBapuTesbHas
o0paboTka LHU(POBOro BHUIEOCUTHANIA, TaK U BBINOJIHEHHE OCHOBHOTO
U3MEPUTENILHOTO aJITOPUTMA.

[Tporpammusiii Meton (pucynok 2.3) peanmmzanuu TUC obnagaet
PSIOM MPEUMYIIECTB MO CPABHEHUIO C aIlllapaTHBIM METOJIOM, TJIaBHBIM U3
HUX SABIISETCS THOKOCTh TaKOW CHCTEMBI, T.K. MEPEXOA K JPyromy
ATOPUTMY, KaK TPaBHIO, CBS3aH C WM3MEHEHHEM MPOrPaMMHOTO
obOecrieuenuss OBM, opHako, NpoOrpaMMHBIA METOJ B psiie CIy4yaeB
yCTyHaeT Mo MPOU3BOAUTEIHFHOCTH allapaTHOMY.

2.3 TpuHUUNBI NPporpaMMHo-annapaTHHoii peanuzanuu TUC

Hcnonb3oBaHWe JOCTOMHCTB anmapatHodl (OBICTpOAEUCTBUE) U
nporpaMMHON (YHUBEPCATbHOCTb, THOKOCTh, afanTalus) peaqn3aiuu mpu
OJTHOBPEMEHHON KOMIIEHCAllUW MX HEJOCTaTKOB JOCTHraercs Mpu
nporpamMmmHo-annapatHoit peanuzanuu TUC (pucyHok. 2.4).

B aTOM ciydyae OCHOBHOW M3MEPHUTEIBHBIN AJITOPUTM BBIIOJIHSIETCS
OJTHOKPHUCTAJIBHOMN 2JIEKTPOHHO-BhIUUCIUTENIbHOU MamuHoW (OBM). briok
npeABapuTeIbHOM  00pabOTKM  MpeaHa3HadeH Il COKpAICHUS
HM30BITOYHOCTH BHJICOCHTHAJIa, TIOCTYIaromero ¢ Beixoma 1B, wu
npeoOpa3oBaHus ero K ¢popme, ynooHo 11 o0pabotku Ha DBM.

B mnpuBemenHoM mnipuMmepe OJIOK TpeABaApUTENbHON 00pabOTKU
COJIEPKUT YCTPOUCTBO aHaoroBoi 0opadoTku (Y AQ), ananoro-mudpoBoii
npeoOpazoBarens (ALLll), mpeoOpaszoBatens cranmapta (I1IC), 6ydepnoe
3anmomuHawotiee ycrporctBo (b3VY), dopmupoBarens ampeca (PA) u
cnenuanu3upoBaHHblii cunxporenepatop (CI'). Yacts 6mokoB (IIC, B3V,
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®A) pabGortaer mox ympaBiaeHHeM mnporpammbel OBM, d4to mo3Bosser
IPOrpaMMHBIM IyTEM H3MEHATh MapaMeTpbl U CTPYKTYpYy airopurMma
MpeIBapUTEITLHON 00pabOTKH.

brok npedsapumenvroii
0bpabomku 8udeocucHaid

Aln —> nc

TB]I

(—— > OBM

Kawnan 9BM

YAO B3Y <:>

Pucynok 2.4. Crpykrypnas cxema THC npu nporpaMmHo-anmnapaTHON
peanusanuu

VYerpoiictBo paboTtaer cienyronmm odpa3zom. M3 Tekymiero kaapa
BbIIENseTCS (pparMeHT u300pakeHuss M 3amuceiBaeTcss B b3Y B Temme
TEJIEBU3MOHHOM pa3BepTku. llpm »s3ToM pasmep ¢QparmeHTa u  €ro
MIOJIO’KEHUE B KaJpe OINpPENEAIOTCs MPOrpaMMHO, a (OPMUPOBAHUE apeca
b3V npu 3anucu gaHHBIX MPOU3BOAMTCS NOJ YIPABICHUEM TAKTUPYIOLINUX
UMITYJIbCOB CUHXporeneparopa. CuMTbiBaHME M 00pabOTKa JIaHHBIX,
3anucaHHblX B b3V, mpoucxomAar BO BpeMs BBIITOJIHEHUS OCHOBHOTO
U3MEPUTENILHOTO aJIrOpUTMa. AJZpec NMpU CUUTHIBAHUM MHGOpMAIUU W3
B3V co3zmaercsa B DOBM.

CoueraHne TpOrpaMMHBIX M AIAPATHBIX CPEJCTB NMO3BOJISET, TAKUM
obOpa3zom, co3aaTh Ha ocHOBe craHmapTHbiXx TBJ[ m DBM TeneBu3nOHHO-
U3MEpUTENIbHbIE KOMILJIEKCHI, paboTaloIIKe B pealbHOM MacliTade BpeMEeHU
U o0ecrneurBaoIye IpU HaJMUYUU COOTBETCTBYIOIIETO MaKeTa MPUKIIaIHbIX
IIPOTPaMM pPELICHUE IUPOKOI0 KJIacca U3MEPUTENBHBIX 3a1ad. Bxirouenue
anmapatHbelx cpeactB B coctaB THC 00ycnoBieHO HEOOXOIUMOCTHIO
BBIMIOJIHEHMSI TMPOCTEUIINX omnepauuid 00paOOTKM BHUAEOCUTHAja OT
KaXJ0ro 3JIeMeHTa u300pakeHus. BBuay Oo0NbIIOr0 uuciaa 3JIEMEHTOB
pasnoxkeHuss N mopydarb  BBINOJHEHHME JTUX onepauuii OBM
HenenecooopasHo. C Apyroil CTOPOHBI, M3MEPUTENbHbIE AITOPUTMBI C
OTPAaHUYEHHBIM YHCIIOM OTCUETOB BHJEOCUTHAJA JOCTATOYHO CIIOXKHBI U,
KpOME TOro, Ype3BbIYaiiHO pazHooOpa3Hbl. OUeBHUIHO, AJIs UX peanu3aluu
HamOoJiee MOJAXOAUT YHUBEPCATbHOE BBIYUCIUTENIBHOE YCTPOIMCTBO, KAKUM
apisiercs OBM. Takum obpazom, pacnpeneneHue 3aaad, pemaeMbix TUC
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anmnapaTHbIMA U MPOrPAMMHBIMU CPEJICTBAMHU, CBOJUTCS K CIEAYIOLIEMY.
OrpaHudeHHbI1  HA0Op MNPOCTEHIIMX  MHOTOKPaTHO  MOBTOPSIEMBIX
BCIIOMOTATENIbHBIX OIEpAalNil BBIMOJHIETCS alllapaTHbIMU cpeacTBamMu. B
pe3ynbTare M3 HCXOJHOTO H300paXKeHUsl YHAIseTcsl BTOPOCTENECHHAS
uH(popMaIus, CoKpamaeTcs o0beM HHPOpPMAMA W MPeoOpa30oBaHHOE
TakKuM 00pa3oM wu300paKeHUE - «MAIIMHHBIA Kaap» - CTaHOBHUTCS
NPUTOJHBIM  JUISl  BBINOJHEHWs C nomompo [IOBM  ocHOoBHOrO
M3MEPUTENIBLHOTO airopuT™a [8].

[TorpammHo-anmapaTHbii - Meton peanusanmuu  THUC  oGnagaer
CIIEIYIOUMMU  JIOCTOMHCTBAMHU:  OBICTPOJICHCTBUE;, YHUBEPCAIBHOCTD;
rMOKOCTh; MPOCTOTA AJANTAIIMU K PA3TUYHBIM U3MEPUTEILHBIM 3a]a4aM.

Ha DBM B o0111eM ciiyyae BO3JararoTcs Ciaeayroue 3a1auu:

— BBIOOD pexuma padotsl TUC;

— cOop u3MepuTeNnbHON HH(OpMaIIIK;

— cOop IONOJIHUTETHLHON U3MEPUTENbHON HH(POpMAIUK;

— BOCCTAHOBJICHHE O0IIIeH U3MEPUTETHLHON KapTUHBL;

— 0TOOpa)kKeHUE U3MEPUTETHLHON U BCIIOMOTaTeIbHON HH(OpMaLUy;

— XpaHEHUE MOJYYEHHBIX TaHHBIX;

— TMpeaynpekJeHUE O BO3MOXKHBIX KPUTHUECKUX CUTYyaIUsIX, HA 00BEKTe
MOHUTOPHHTA.

2.4 PacnpeneeHHbIe ONITUKO-3JI€eKTPOHHbIE CHCTEMbI

JIns pelieHust pa3uyHbIX U3MEPUTENBHBIX 3a7a4 ¢ nomombio THUC,

HampuMep,  3aJad  KOHTpoJs  JnedopManuu  KpymHOrabapUTHBIX
WHXEHEPHBIX COOPYKEHUH, HEOOXOAMMO pPEaNn30BaTh PACIPEACICHHYIO
ONTUKO-3JIEKTPOHHYIO CUCTEMY (POD2C) 00ecTeurBaIOIIYIO

MHOTOTOUYEYHBI HEMPEPHIBHBIM KOHTPOJb, YTO IMO3BOJISIET MOJy4aTh
MOJHYI0 HH(GOpPMALUI0 O COCTOSSHUM O00BbeKkTa. Eciam BOCHOJIB30BaThCS
W3BECTHBIM U3 PAIUOJIOKAIMM TEPMUHOM «PA3HECEHHBIA TIPUEM», TO
AJIEMEHTHl COBOKYITHOCTH IOCJIEIOBATENbHBIX OJHOKPATHBIX H3MEPEHUMN
pa3HecCEeHbl BO BPEMEHM HAa WHTEPBAI BPEMEHM, WJIM KpaTHBIA eMmy.
Pa3HeceHHbIl BO BpeMEHH MpUeM HauboJiee MPOCT B peau3aiiu, TaKk Kak
He TpeOyer monaepuuzanuu TBJl, omHako He ABJISETCS €IMHCTBEHHO
BO3MOXXHBIM. [Ipumenenne 6osee ciaoxabix TBJ[ mo3BonseT ocymecTBUTh
npuemM uapopManuu 00 00BEKTE C Pa3HECEHUEM MO0 ONTHYECKOMY CHEKTPY
Y TI0 IPOCTPAHCTBY [8].

[Tox POSC npennoxkeHo MoOHUMAaTh COBOKYIMHOCTh (PYHKIIMOHAIBHO
00BEIMHEHHBIX ONTHKO-3JIEKTPOHHBIX npeoOpazoBareneit (OJI1),
OTpENICJICHHBIM 00pa3oM paclpeieSIeHHbIX B MPOCTPAHCTBE, BO BPEMEHHU,
1o CIIEKTPATBHOMY Jarna3ony HCIIOJI3YEMOT0 W3JTy4YEeHUs,
BOCIIPUHUMAIOIIUX YacTh HH(POPMAIMU COJEPXKAIICHCS B ONTHUYECKOM
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cUrHajie o0 m3MepsieMoM 00beKTe, MpeoOpasyronX €€ B AIEKTPUUECKUIN
CUTHaJ, IMepelaBaeMblii MO KaHaly Mepelayd JaHHBIX Ha IEHTPaIbHBIN
YIOPABISIIONIUEI TpUOOp, npudem, nHpopmanus o pacnpeneneann O3I1 u o
B3aMMOCBS3M MEX/1y HUMHU M3BECTHA JI0 Hauaja u3MepeHus. LlenTpanbHbii
YIPABJISIONTUI TIprOOp, UCTIONB3ys HHbopmManuio o pacnpeaenennn Ol
BOCCTaHABIMBAaET OOMIYI0 HH(DOPMAILMOHHYIO KapTHHY U3 4YacTew,
nosnydeHHbIx oT OOJII, a Takke OCYIIECTBISIET YINpaBIE€HUE IMPOIIECCOM
co0opa, XpaHeHHsI U OTOOpaKEeHUs U3MEpUTENbHON nH(popMmaluu. B cocra
POSC Ttak »e MOryT BXOJUTh MCTOUYHUKHU JOMOJHUTEIBHOW MH(POpMALIUU
00 00beKTe, HapUMEp, TEMIIEPATYPHbIC JATUUKH.

OOoOmiass BBIIE CKa3aHHOE, CTOMT OTMETHTh, uYto POOC
HEOOXOJUMO CTPOUTH MO OJIOYHO-MOIYJIbHOMY MPUHIIMITY, YTO MO3BOJIUT
co37aTh YHHUBEPCAIbHYIO CHUCTEMY CHOCOOHYIO peniaTb pa3jiudHble
U3MEpUTENbHBIC 337auH, TyTeM U3MEHEHHUs Ha0opa OJIOKOB BXOJAIINX B €€
COCTaB, a TaK)Ke OOECHNEYUTh SKOHOMHUIO BPEMEHHU IpHU €€ pa3paldoTKe U
oOcnyxkuBanuu. Crout ocobo ormetuth, uro POJ3C mnpuszBana
o0ecrneunBaTh MHOTOTOYEUHBIN KOHTPOJIb COCTOSTHUS OOBEKTA.

B mampreiiniem ODII Bxomsamuit B POOC B cBA3KE ¢ MCTOYHUKOM
ONTUYECKOI0 U3TyUeHHs OyJleM Ha3biBaTh U3MepuTesibHbIM KaHaioM (MK)
(pucyHok 2.5), Takum 06pazom, B coctaB MK moKHBI BXOJIUTH UCTOYHUK U
NpUEMHUK ONTUYECKOTO H3JIy4YeHHs, a Takxke Onoku uHtepdeiica (bN),
o0ecnieunBalOIIUi  ABYXCTOpOHHIOIO cBsi3b MK ¢ kaHaiom mnepenaun
JTAHHBIX.

UK UK UK
1 2 - N
bU bU b1
KAHAJI IEPEJAYU JAHHBIX <> nyn
b1
Tn NN

Pucynox 2.5. O6mas cxema pacipeieIeHHOM ONTUKO-IIEKTPOHHON
CUCTEMBI

LYII momMumo O6JIOKOB obOecreunBaromux cOop, oToOpakeHue u
XpaHEHHWE U3MEpUTENIbHOW uH(OopMalu, 1I0DKeH obsanate u  BU,

64



o0ecreunBaoIIUM MOAKIIOUEHNE K KaHally nepenaun qaHusix. JJUU moryt
noaktouarsest Hanpsimyto K L{YII unm (1) yepe3 BU k xanany nepenauu
naHHbIX. KonmuecTBO W mpuHIOMN ACUCTBUS HeoOxomumbix M
onpezensercs u3 3anauu pemaemor POSC.

Ha pucynke 2.5 npencraBiena o6Omas cxema POOC. Crenmyer
oTMeTuTh, yT0 MK MOKeT ObITh MOCTPOEH MO CXEME YKa3aHHOW Ha PUCYHKE
2.5, Tonapko B ero cocraB BMecTo L[YII OyaeT BXOOUTh MpPOMEKYTOUHBIN
ynpasisionuii - npubdop (ITYID), BemonHstomuii ¢GyHKIUU cOopa U
nepenadn JaHHbIX U3 B cBoero cermenta POOC B LIVII, B Takom ciydae
WK OyneM Ha3bIBaTh — COCTaBHBIM, B TOM CMBICJIE, YTO OH IMPEACTABIISIET
coboit He onuHouHbI OJI1, a ux uensiit Habop. B nporuBHOM cinyuae UK
Ha3bIBaeTCA MPOCThIM, WK npocto UK.

Kaxnomy HK B PODC npucBamBaeTcs CBOW YHHMKAJIbHBIN
NEePCOHANbHBI HOMep — wuaeHtudukarop. Hakomnenue u oOpaboTka
U3MEPUTEIBLHON  MH(OpPMAIIMU  MPOU3BOJUTHCS IO  YIPABISIONIUM
komaHjam, nocrynatommm ¢ LYIIL. B cBsa3u ¢ atum kaxaeii MK momxen
MOJYyYUTh KOMaHAy Ha HaKOIUIeHHEe, O0O0pabOoTKy HW3MEpUTEILHOMN
uH(popMauu, a TakXKe MEpPEeChUIKY pe3ylbTaToB H3MepeHuid. B ciydae,
korma B POOC ner cocraBHbix MK u Bce MK wmmeroT oanHakoBbie
XapaKTEPUCTUKU OBICTPOJECHCTBUS, BOSMOXKHBI JIBa BapHaHTa OpraHu3aIuu
MEPECHUIKN YIPABISIIOIIMX KOMAaH/, MOCIeAoBaTeNbHas, T.€. Kaxkaomy MK
M0 OTAENBHOCTH, W UIMPOKOBENIATeNIbHAs — T0JIaeTCcsd OJiHa o0Ias
yOopaBisifolass KoMaHjaa. B BapuaHTe ¢ IIMPOKOBEHIATEIbHBIMU
ynpasisitorumu komangamu POSC pabortaer npubiu3utenbHo B N (4UCIIO
UK B cucreme) pa3 OwicTpee, UTO IMO3BOJSET CYHIECTBEHHO YMEHBIIUTH
o0beM TMepeaBaeMbIX YOPaBISIONIMX KOMaHA U YCKOPUTh TMPOIECC
MOJTyYEHHUsI TIOJIHOM KapTUHBI COCTOSIHUSI 00bEKTA.

2.5 Omnucanme POIC Ha 0a3e NepPCOHAJIBHBIX JJIEKTPOHHO-
BbIYMCJINTEILHBIX MAIIIUH

Kak Obulo moOKa3aHO BbIIIE NPOrpaMMHO—ANMNapaTHBIA MPUHLIKIL
noctpoenuss UK PODC sBnsercs HamboJsiee MPEANOYTUTEIBHBIM IO B
CPABHEHUU C allapaTHBIM U IPOrPaMMHBIM IPUHIMIIAMH [IPU TOCTPOECHUN
POB3C. Opnako OypHoe pa3BuTue coBpeMeHHbIXx [IDBM B miane
MPOU3BOJAMTEIILHOCTH, a TaKXKe OJJIEMEHTHOW O0a3bl, pa3MyHBIX IJIaT
paciipenust U cpencts cBsizu [I9BM B cetb st oOmeHna nHbopMmaluei,
MO3BOJIAET JOBOJIHO JeTko peanu3zoBatb POOC mo mnporpaMMHOMY
OPUHIMIY, WCKIIOYUB TMpU ITOM MpOOJIeMbl € MPOEKTUPOBAHUEM
anmnapatHoi yactu PODC, T.K. Becb HEOOXOAUMBIM HaOOp MpUOOpPOB U
MOJyJIel BbIMyCKaeTcs MpoMbIIeHHOCThI0. O0mas cxema POOC nHa Gaze
[19BM mnpencrasiena Ha pucyHke 2.6.
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Pucynok 2.6. O6mas cxema POOC Ha 6a3e [I9BM
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Kak ObUTO OTMEUEHO BBINIE B KAdye€CTBE NMPHUEMHHKA ONTHYECKOTO
U3My4YeHus, npu LudpoBor 00pabOTKe H3MEPUTENbHON WH(GOpPMAIUH,
yn00Ho ucnoas3oBath TBJ[ Ha ocHoBe DII3C.

OnTuyeckas cxema CTPOUTCS IO OJHOW U3 pacCMOTPEHHBIX cxeM. B
KayecTBE YCTPOMCTBA, MpeoOpa3yroliero BHICOCHTHAN B HU(POBON BHT
HEOOXOJMMO HCIIOJIb30BaTh YCTPOMCTBO BHJEO3aXBaTa, MPUYEM CTOUT
OTMETHUTh, YTO Ha JAHHBIH MOMEHT IIPOMBIIUICHHOCTBIO BBIITYCKAIOTCA
yCTpOMCTBa MO3BOJsIONME nojakaodars k [IDBM Heckonbko TBJI, Takum
o0pa3oM MOXHO Jierko peann3oBath coctaBHor UK. IMpunnmn padoter UK
B JIaHHOM CJIy4ae CIEAYIOLIUI: ONTHYECKAs 4YacTh CTPOUT U300paKEHUE Ha
dboTtouyBcTBUTEnbHON momanke PII3C, chopmupoBanubiii  PII3C
BHUJICOCUTHAJI I[IOCTYyIAaeT Ha YCTPOMCTBO  BHJE03axBaTa, KOTOPOE
IIPOU3BOJIMT IMPEABAPUTENbHYI0 00pabOTKy (yCUJIEHUE, MPUBSI3KA YPOBHS)
Y 3anucbiBaeT ol poBaHHblil BUaeo curiai B O3V I119BM.

[I5BM 1mox  ympaBi€HHEM  CHEHHAIBHOTO  MPOTPAMMHOTO
oOecrieyeHusi, NTPOU3BOAUT MPOrPAMMHYI0 O00pabOTKYy MOJYYEHHOIO
CUTHAJIa, U3BJIEKasi U3 HEro M3MEPUTENbHYI0 MH(OpMALUIO, U MO KaHAIy
nepenayu JaHHeIX nepenaet e€ B LIV

[Iporpammuoe obecneuenue (II0) MK B oOmiem ciaydae IOKHO
BBITNIOJIHATH CJAEAYIOUUE (PYHKIIMU:

— YIpaBJEHUS 3aXBATOM BHJICOCUTHAJIA;

— IpeABapuUTENbHONM  00pabOTKM  U3MEpPUTENbHOM  MHpOpManuu
(manpumep, punpTpaLys, yaaieHue H30bITOYHOCTH );

— W3BJIEYEHUS U3MEPUTEIBHOU HHPOpPMaALINK;

— obecneueHus aByxctoponHen cpszm ¢ LIYII mo kanamy cBsizm, uis
nepefaud M3MEpUTENbHOW HMH(OpPMALMM M TpHUEMa YIPaBISIOLIUX
KOMaHJ;

— 00paboTKM yHpaBIISIOLIUX KOMaH];

— 00pabOTKM BO3MOXHBIX KPHUTHUYECKHX CHUTYyallMil, MPOrpaMMHBIX

OIHOOK.
Tak xe s QyHkiuonupoBanus [[9BM HeoOxonumo Hamuyue
OTEpPAIlMOHHOM CHUCTEMBI — KOMIUIEKCA TMPOrpamM, YIPABIISIFOIIUX

pecypcamu [19BM u npoueccamu, UCMONb3YIOIUMU 3T PECYPCHI.

IIVYTI, cBa3anubIil kaHagoMm cBsizu co Bcemu UK cuctemsl, cobupaer
dbparmenTsl u3MepurenbHoi uHopmarmu co Bcex UK, 3arem mon
yIpaBiIeHUEM MPOrPaMMHOT0 00ecredeH s UCTIOb3Ysl 3apaHee U3BECTHYIO
uH(OPMAITUIO O pacTHpe/e]ICHUN WU3MEPHUTEIbHBIX KaHAJIOB CHUCTEMBI B
IIPOCTPAHCTBE,  BPEMEHU,  CIEKTPAJIbHOM  JUAINa30HE  IMPOU3BOJUT
BOCCTAHOBJICHUE MOJHONW MH(OPMAIIMOHHOW KapTUHBI COCTOSIHUS OOBEKTa
u3Mepenui. [lamee L[YII B cOOTBETCTBUM C IPOrpamMMON HPOU3BOAUT
WHJMKAIMI0 HQOpMaAlUK, 3aMich B 0a3y JaHHBIX, BbIJIauy YIPABISIOMINX
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KOMaH]l Ha pa3JInyHble YCTPOWCTBA, HAIPUMEP CUCTEMY CHUTHAIM3ALINH,
YCTPOMCTBA YIPABJICHUS U T.[.

[IO OVYII nomxHO BKIOYATh OINEPALMOHHYIO CHCTEMY, a TaKkKe
HA0Op CHENHMATU3UPOBAHHBIX MPOTPAMMHBIX MPOAYKTOB, BBITOJHSIIONINX
cieayromnme QyHKIUU:

— (QopmupoBaHus U Tepenayd MO KaHAy IMepelayd  JaHHBIX
ynpasisttonmx koMana st UK;

— cbopa u3MepuTeabHON nH(pOpMaLuy;

— BOCCTaHOBIICHUS TOJHON MHGOPMAIIMOHHON KapTHUHBI,

— (ysHkuMu aHanM3a W3MEPUTENbHONM WHGOPMAUUU U BBIPAOOTKH
YIPaBJISAIOUIMX KOMaH/ Ha BHEIIHUE YCTPONCTBA (HAaIpUMEP, CUCTEMY

OTIOBEIIEHUSA );
— 00pabOTKM BO3MOXKHBIX KPUTHYECKHX CHTyallui, IPOTrpaMMHBIX
OIINOOK;

—  WHAWKAIIUUA U3MEPUTETHLHON HH(POPMAIIHH;

— paboThl ¢ 63011 TaHHBIX U3MEPUTEIBHON HH(OPMAINY;

— ympaBJeHus: paboToM CUCTEMBI OIIEPATOPOM.

OnucaTh NOCTPOCHUE KaHaja CBS3M JIOBOJIBHO CJOXKHO, T.K. €ro
dbopmupoBaHrue 00YCIaBIMBACTCA YCIOBUSIMHU PaOOThl CUCTEMBI B IIEJIOM.
OpHako CTOUT OTMETHTH, UTO KaHAJ Tepeladdl JaHHBIX B CUCTEMBI MOXKET
MIPEACTABIATh HA0Op (pParMeHTOB C Pa3IMYHBIMH JIMHUSAMH TIepeaadn
JTAaHHBIX, a TakKKe BKIIOYATh B CeOS YK€ CYIIECTBYIOIIHE CHCTEMBI
nepeaadn JaHHBIX, HAIpUMep, ceTh Internet, cucTeMy CIyTHHKOBOUM CBSI3U
Y JIOKQJIbHBIE CETH.

K nocrounctBam PODC mnoctpoenHoit Ha 6aze II9BM cuenyer
OTHECTH:

— OTCYTCTBHE HEOOXOJUMOCTH pa3padaThiBaTh alapaTHbIE CPENCTBa,
T.K. BCE YCTPOMCTBA U MOJYJIH, HE0OXoaumble 1iist noctpoenus POOC,
IPOU3BOISITCS POMBIILIIEHHOCTBIO;

— BO3MOXHOCTh pe€ajM3allid Pa3JIMYHBIX aJITOPUTMOB 0OpabOTKU
U3MEpUTENbHON uWH(MOpMaIuu 0e3 HW3MEHCHHUs anmapaTHOH dYacTh
CUCTEMBI,

— BO3MOXXHOCTh  TIOCTPOSHHUS  KaK  aBTOMAaTHYECKOW, TaK M
aBTOMATU3UPOBAHHOM CHUCTEMBI, HE TPEOYIOIIEH onepaTopa;

— BO3MOXXHOCTh MPOrPAMMHBIM 00pa3oM YMPaBIATh pPeXUMaMH cOopa
uH(pOpMaITNH, a TAKKE PeKUMaMU PabOTHI CHCTEMBI B 1IEJIOM;

— BO3MOXXHOCTh  TOAKJIIOYCHHUS  JIONMOJHUTEIBHBIX  HCTOYHHUKOB
nHGOPMAITUU B YIIPABISIEMBIX YCTPOMCTB, UTO MOTPEOyeT U3MECHCHHE,
B OCHOBHOM, TOJIBKO IMPOTPAMMHOHN YaCTH CHUCTECMBI;

— BO3MOXXHOCTh YJQJICHHOTO YIPaBJICHUS CHUCTEMOH, HE HaXOJsiCh B
HerocpeacTBeHHou 6auzoctu Kk LIYTI;
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— MPOCTOTA MOJEPHU3ALMH U Pa3BUTHUS KaK BCEM CUCTEMBI B LIEJIOM, TaK
U €€ COCTaBHBIX YaCTeH;
K HenmoctaTtkaMm paccmaTpuBaeMoro npuHimna mnoctpoerus POOC
CJIeIyeT OTHECTH:
— 00JIBLIIOE PHEPTONOTPEOICHNE CUCTEMBI;
— OouplIMe rabapuTHBIE XapaKTEPUCTUKH;
— JIOPOrOBU3HA CUCTEMBI B LIEJIOM.

2.6 Ocoboennoctu PODC na 6a3ze [IBM u ODOBM

CxomnencupoBath HeoctaTku POOC noctpoenHoi Ha 6aze [IDBM,
MoxkHO 3aMeHUB [I9BM, Bxomsmuii B coctaB MK oaHOKpUCTaIbHOMN
AJIEKTPOHHO-BhIUKUCIUTENbHOM MammHo (OOBM), uim kKak OPUHATO
Ha3bIBaTh MHUKPOKOHTPOJUIEPOM, YTO TO3BOJUT CYLIECTBEHHO CHHU3UTH
HHEPronoTpeOICHNE CUCTEMBI B 11€JI0M, Ta0ApUTHI YCTPONCTB, BXOSIINX B
COCTaB CHCTEMBI, a YMEHBIIUTh €€ Cce0eCTOMMOCTh (IIPU CPaBHUMBIX
o0beMax mpousBojcTBa). OMHAKO CTOUT YYECTh TOT (aKT, UTO anmapaTHbIC
Bo3MOxkHOCTH OOBM ropaszno yxe, yeM y [I9BM, 4T0 MOXKET MPUBECTH K
HEKOTOPOMY CHHUXEHUIO OBICTPOACHCTBUS HU3MEPUTEIBHBIX KaHAJIOB
CHUCTEMBbI, & COOTBETCTBEHHO M BCEW cuCTeMbI B 1eiaoM. B kadectBe 1[YII
MOKET BBICTYyHaTh 0COOBIN 0JIOK, pazpaboTaHHbIi Ha 6aze ODBM, onHako
MCNOJIb30BaHue s 3Tux uener [I19BM, oueBuaHO, ImpeanoyYTUTENIbHEE.
Crout 0c000 OTMETUTH TO, YTO CHCTEMY, MOCTPOEHHYIO Ha 0aze OOBM Ha
amnrnapaTHOM YpPOBHE CJIOKHEE MOJIEPHU3UPOBATh, T.K. BECh KOMILIEKC
anmapaTHbIX CPeICTB 0JI0ka 00pabOTKH U3MEPUTENBHONU HH(POPMAIIUU, TIPU

€ro peanu3anuu OyJeT >KECTKO 3aBs3aH Ha BO3MOXKHOCTH BBIOpaHHOM
O2BM.

2.7 Knaccudukanus TejieBUBMOHHBIX H3MEPUTEJIbHBIX CHCTEM

Kiaccuduxkanuro TEJIEBU3NOHHBIX HM3MEPUTETBHBIX CHCTEM
BO3MOXKHO IIPOBOJWTH IO  pa3inuyHbiM  npu3zHakam. CyliecTByeT
BO3MOXXHOCTh ~ MCHOJIb30BaHMs i1 kinaccudukarmuu  TUC  cxewm,
pacIpoOCTpaHEHHBIX B 00IIeH Teopur HUHGOPMAIMOHHBIX HU3MEPUTEIIHHBIX
cucteM. TUC MoxHO KJaccuUIMPOBATh MO BUIY BXOJHBIX CUTHAJIOB U
U3MEPSIeMbIX BEJIWYWH, IO CTENEHW ydYacTHs oIepaTopa, IO crocodam
CKaHUPOBaHUsI 00paOOTKU CUTHAJIA.

B o0mem ciydae BXOJHOW CHUTHaJl 3aBUCUT OT Pa3jIMYHOrO 4HUCIa
(dbparMeHToB, HaNpUMeEp JIMHEHUHBIX KOOPAUHAT TJIOCKOCTH WJIU KOOPAUHAT
TPEXMEPHOTO €BKJIMJOBAa IMPOCTPAHCTBA, BPEMEHH, JUIMHBI  BOJIHBI
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ontuueckoro usiydyeHus. CoorBerctBeHHO THUC, umeronme Ha BXxoje
JBYMEPHBIA CUTHAJI, Ha3bIBAIOTCS 4YEpHO-O€NbIMH (MOHOXPOMHBIMU)
MOHOKYJIIpHbIMU cucTtemMamu, a THC, B KOTOpPBIX BXOJHOW CHUTHANI
TPEXMEPHBII, - MPOCTPAHCTBEHHBIMH, WM cTepeocucremMamu. Eciau
BXOJAHOM CHUTHall He 3aBUCUT OT BpemMeHu, To THUC Ha3bBaIOT
CTaTUYECKUMU, a B IIPOTUBHOM CIIy4ae - JTUHAMHYECKUMU; €CIH OJHUM U3
apryMEHTOB SIBJISICTCS JUIMHA BOJIHBI - CIIEKTPO30HAIbHBIMH.

N3mepsieMble BETUYMHBI MOTYT OTHOCUTBCSI K OTJEJIBbHBIM OOBEKTaM
WIH K Tpymie oOBbEKTOB, COAEPXKAIIUXCS BO BXOJAHOM CHUTHajeE, JTUOO KO
BCEMY BXOJHOMY curHainy. OOBEKTOM B 3TOM Cllydyae Ha3bIBAeTCA
HEKOTOPOE CBSI3HOE MOJAMHOMXECTBO TOUEK M300paKEHHUS, XapaKTepU3yeMoe
HEKOTOPBIMU TpU3HAKAaMHU (HaIpUMEp, BCE TOUKHM, JIEKAIIUEe BHYTPHU
3aMKHYTOTO KOHTYypa, WJM BCE TOYKH, B KOTOPBIX 3HAYEHHS CUTHaJIA
NOJIHOCTBIO WJM YaCTUYHO KOPPEJIMPOBAaHHBI, B YacTHOM cllydae
MOJYMHSASCH U3BECTHOMY 3aKOHY pacCIpeAesICHHsI), BOZMOXKHA CIEAYIOIIast
KJ1acCU(PUKaALUS U3MEPSIEMBIX BEIUYHH (PUCYHOK 2.7):

napamvempuvl 00beKmog, o]l KOTOPbIMUA IOHUMAETCS 3HaYEHUE TOTO
WIM MHOTO TapaMeTrpa TCpYyIbl OpeoO0pa3oBaHUM, NEpeBOASAILEH
UCCIeNyeMblil OOBEKT B HEKOTOPBIM 3alaHHbIA 3TamoH. Hampumep, B
KayecTBE TPYIIIbI IpeoOpa30BaHUl MOXKET OBITH 3a/laHa TpyIIa CABUTOB Ha
IUIOCKOCTH (ITapaMeTpbl ITON TPYMIIBI OMPENEISIOT KOOPAUHATE 00BEKTa),
rpymnna MNOBOPOTOB (HapaMeTpbl 3TOM TPYMIBI ONPENENISIIOT OPUEHTAINIO
AHU30TPOIHBIX OOBEKTOB), TPYIA PACTSHKEHUH M CKATUK (TapaMeTpsl
KOTOpPOW OmpelestoT Macmrad oObekTa) W T. M. JIpyruMu CJIOBaMH,
napaMeTpbl 00beKTa ONPEAENAIOTCS NapaMeTpaMy ONTUMaIbHOTO (GUiIbTpa
B MOMEHT OJIyYE€HHS] MaKCUMAJIbHOTO OTKJIMKA;

xapakmepucmuku  00beKmog, TOJA  KOTOPbIMH  IOHHUMAIOTCS
HEKOTOpble (YHKUHUOHAIBI OT (PYHKIMU KOOpPJAUHAT, OIpEeaeisomen
UCCIIETyeMbIil OOBEKT, T. €. OTOOpa)K€HWE, CTaBsIIEe B COOTBETCTBHUE
00BEKTY YHCIIO0, HAPUMEP TUIOLAb, NEPUMETP, GAKTOPbI (HOPMBI U T. 11.;

pacnpeodeneHus, TOJA KOTOPHIMH TOHMMAIOTCA CTATUCTUYECKHE
(GyHKUMUA OHOW MJTM HECKOJIBKUX MEPEMEHHbIX.

[Io crenenn ywactusi omeparopa THUC ymnobGHO pa3menuTs Ha
aBTOMATHUYECKUE (e TpeOytomue HaJIM4US oreparopa),
[I0JIyaBTOMaTUYECKHE, B KOTOPBIX ONEPATOP TOJIBKO NMPUHUMAET PELICHMS,
JlaeT LeJieyKa3aHUsl WK YIpaBisieT pekuMaMu paboThl, 1 METPUUECKHE, B
KOTOPBIX OTCYET U3MEPSEMOI BEIMUHUHBI OCYIIECTBIISIET ONEPATOP.

B mnonyaBTOMaTH4yeckux CUCTEMax OLIMOKM oreparopa MPUBOISAT
TOJIBKO K aHOMAQJIbHO OOJIBIIMM OIIMOKaM (TUIA JIOKHBIX TPEBOT H
MNPOIMYCKOB II€JIM), & B METPUYECKHX — M K YBEJIMYCHUIO JUCIEPCHH
MOTPEIIHOCTH.
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[To cmocoOy ckanupoBanuss TUC nensTcss Ha HeENpepbIBHBIE U

JTUCKPETHBIE, MO Ccrmoco0y oOpabOTKM cHWrHajga — Ha AaHaJIOTOBBIC U
1T (POBBIC, BO3MOKHBI 1 CMEIIIAHHBIE CUCTEMBI.

PaccmoTpum Haumboliee ynoTpeOUTENbHbIE MPU3HAKU, MO KOTOPHIM

npousBoautcs knaccudukamnus TUC, u packpoeM ux coaepxanue [8]:

tun TBJ] (MOHOXpOMHBIH, IIBETHOU, CIIEKTPAIbHBIN, CTEPEOIATUUK);

CIICKTPAJIbHBIM ~ AMana3oH 4YyBCTBUTENbHOCTH TBJl  (BUAMMBIH,
yIbTPa(HUOIETOBBIN, NHPPAKPACHBIN);

tun OOII (¢ HakoIIeHnEM 3aps10B, MTHOBEHHOIO JIEHCTBHUA );
CTaHJapPT pa3loKEeHUsi CcurHaiga (BellaTelbHbIA, MaJIOKaJApPOBBIN,
NEepEeMEHHBIN, CIesIas pa3BepTKa);

u3MepseMbld  mapamerp — (TeOMETpUYECKHH,  DHEPreTHYECKUH,
IIBETOBOM, TMHAMUYCCKHM, YUCIIOBOM, KOMITO3UIIMOHHBIN );

crnoco0 o0paboTkM curHana (aHaJOrOBBIM, JUCKPETHBIM, HU(POBOIA,
MUKPOITPOLIECCOPHBINA, TPOTrPaMMHO-PEATU3YEMBIN);

00JaCTh TMpPUMEHEHHUs (HAy4YHbIE MCCIIEIOBAHUSA, TEXHOJOTHMYECKUE
IpPOLECCHl, ACTPOHOMUSI, HABUTALUsl, MEIULIMHA).

[l lepruanpic Oreyersl
oTCHeTHl — — I3paMeTPoB
AMILTHTVIE] 2IepTVPI
Yy Y
OTHOCHTC/IPHEIC
- L lapasyerpsr XapaKTepHCTHRH
napamMeTpal
Parypcer
Paciipeenennd v OTCHETE BDEMCHH B
AHehgpeperinars-
o0BoKTe, H300paxe- | o -
-t IPOCTPAHCTEE
HBIC HapaMCIDLE HHH HTH BXOIHOM
gl EBXOJIHOFO CHTHA/IA
CHIHA/IC
XaparxrepHcTHKH Orcyersr ciiekIpa
H306pKCHH HITVICHEA

Pucynok 2.7. Knaccudukarus usmepsieMblx BeTUUYUH
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Jlannublii mepedyeHs npu3HakoB kinaccudukanuu TUC He sBusercs
MCUEPIIBIBAIOIIUM, HO B TO K€ BpPEMS €ro JOCTATOYHO JJIsI CUCTEMHOIO
BOCIIPUATHS (M3YUEHHUS) MaTEpUAIIOB YIEOHOTO TTOCOOMSI.

[Ipn anamuze THUC 3HAUUTENBHOE BHUMAHHUE JOJDKHO YHAEISATHCS
OLIEHKE TOYHOCTH IMPOU3BOAMMBIX M3MepeHur. C 3TOM LENbI0 B paMKax
JAHHOTO Y4eOHOT0 MOCOOUS UCIIONB3YIOTCS METO/IbI, U3BECTHBIC U3 TEOPHUHU
OIIMOOK M MATEMaTUYECKON CTaTHUCTUKHU, MPUMEHEHHE KOTOPBIX, OJIHAKO,
CBS3aHO CO CHEHU(PUYECKUMU OCOOCHHOCTAMM CHUTHaNa, (HOpMUPYEMOTo
TBJI.

s omeHku kadyecTBa W (YHKIMOHAJIBHBIX Bo3MoxHOcTer THUC
MOXHO MCIOJIb30BaTh YETHIPE TPYIIbl MapaMETPOB, BAXKHEHIIUMU U3
KOTOPBIX SIBJISIFOTCS TOYHOCTHBIC. Takue ke rpynibl, HO C HECKOJIBKO WHBIM
COCTaBOM IpuBeAeHBI B Ta0OauIe 2.1. IX MOKHO HMCMOIB30BaTh JJIsl OLEHKH
OTHEJbHBIX MOAYJIEH, YTO OCOOEHHO BaXXHO Ha CTaIuM pa3pabOTKU
CUCTEMEI [4].

Tabnuua 2.1
Tun nmapameTpoB HanmeHnoBaHne mapameTpoB
TouHnocTHbIE TouHOCTBH N3MEpEHUs TapaMeTPOB OOHEKTOB;
TouHOCTH N3MEpPEHUs XapaKTEPUCTHUK;
TouHOCTH M3MEpEeHUs pacupeieICHUM;
OYHKIIMOHAIbHBIE Yuciio n3MepseMbIX BEJIMUNH;
JuHamuyeckui JMana3oH U3MEPAEMbIX
BEITUINH
beicTponeiicTBue;
DKCIUTyaTalluOHHbBIE Hanéxunocrts;
CrereHp aBTOMATH3AIlUU KOHTPOJIS BBIXOIHBIX
apameTpOB;
Y 106cTBO paboTHI OnepaTopa;
TexHuKo- I"aGapwuTsl, Macca, moTpebasieMast MOIITHOCTD;
AKOHOMUYECKHUE CTOMMOCTB;
Crenenp yHUDUKAIUY.

2.8 THUC xouTpoas cmemenus Ha ocHoBe I13C

B Hacrosimee Bpemsi aktuBHO pazBuBarorcs THUC, mcnomnbp3yroniue
(GOTONPUEMHUKHN Ha OCHOBE IPUOOPOB € 3apsiIoBOM CBA3BI0. CxeMa Takou
THUC (pucyHok 2.8) cocTouT U3 3aaaTunka 6azoBoro HamnpasiaeHus (3bH),
bopMHpYyIOLIEr0  U3MEpPUTENbHYIO  0a3y, JaTdyMka, CBSI3aHHOTO C
KOHTPOJUPYEMbIM  OOBEKTOM, W  BBIUHUCIUTEIBHOTO  YCTPOWCTBA,
MpeIHa3HAYEHHOTO JIJIsl U3BJIEUEHUS U3MEpUTeNbHON uHpopmaruu [10].
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3bH mpencraBisier  co0Oil  MCTOYHMK  KOT€PEHTHOTO  WJIU
HEKOTE€PEHTHOI'O M3JyYeHHsA. ODHEpPreThYecKass OCh OINTHYECKOIro Iy4yKa
OPUHUMAETCS 33 HU3MEPUTENIbHYI0 0a3y, OTHOCHUTEIBHO KOTOPOM
OIPEENSIETCS CMEIEHHE KOHTPOJIUPYEMOT0 OOBEKTA.

JlaTuuk CTPYKTYpHO MPEACTaBIIAET COOOM TEIEBHU3MOHHYIO KaMepy,
COCTOSIIYI0 U3 (POTOUYBCTBUTEIBHOTO NpuUOOpa C 3apsioBOil CBSI3BIO
(®I3C), npeobpaszyroUlero  paclpeiesieHUe  OCBEIIEHHOCTH B
AIIEKTPUYECKUII BHUJEOCHUTHAN, CHUHXpPOI€HEepaTopa, OOECIeurBaIOIIEro
paboty OII3C, u BUACOYCUITHUTES.

v naruuk | 1. Kagper
| 12. cTpoKH
3aJIaTYNK yCWIHTENB| | ! P
| 13. DIEMEHTBHI
A . 14, BUIEO
[IATaHNC 1 CHHXpOTeHepaTop T
YIIPaBJICHUEC |
j-mmmnnne O NS
! BBIYHCIIUTEIBLHOE YCTPOMUCTBO
i LT N
o Y KOHTPOJIIED !
o YYY :
P cxema :
.| cxema | meiGopxu | Arp| riara <l 5BM
| 1| ympaBieHus | | yoamepyg — CONPSOKCHHS| !

Pucynok 2.8. OnTuko-31€KTpOHHAs CUCTEMA IS KOHTPOJISI CMEIICHUIA Ha
OCHOBE (DOTOUYBCTBUTEIIBHOIO MPUOOpPA C 3apSAOBON CBSI3bIO

BprunciauTenbHOE  YCTPOWCTBO  COCTOUT M3  KOHTpOJUIEpa U
MUKpOOBM. KonTpoiutep BKJIFOYAET aHaJIOroBO-IU(PPOBOI
npeoOpazoBarens (ALIl), mpeoOpasyromuii BUACOCUTHAT B HHU(PPOBYIO
dbopmy, cxemy BbiOOpku/xpaHenus (CBX), corjacyromyoo TEMIIbl
nepefadyd M NOpUEMKUM HMHQOpMAallMK, CXEMy VIpaBlIeHUS U IUIaTy
conpspkeHuss ¢ OBM. Onrhueckuil My4oK, UCIYCKAEMBIM HCTOYHUKOM |
(pucynok 2.9, a), mnpoektupyercs Ha @DII3C 2, co3maBas Ha ero
MIOBEPXHOCTH HENPEPBIBHOE paclpeleseHne OcCBelmeHHocTH. Dopma
pacrpeeneHus ONpPEAENSIETCS CBOMCTBAMUA MCTOYHUKA W B 3HAYMUTEIBHO
MEHBIIIEH CTENEHU CBOMCTBAMU aTMOC(HEPHOTO TPAKTA.
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B cmydae wWcnonp30BaHMsS Jla3epa B KAyeCTBE  MCTOYHMKA
pacmpezieieHue UMEET OCECUMMETPHUYHYIO KOJIOKOJIOOOpa3Hyro (opmy ¢
ocsMu X' u Y' (pucyHok 2.9, 6), pacioio)KeHHBIMA HapajuIebHO OCAM
®I1I3C X u Y . B3auMHble cMeleHUs ocel (X, y) ABIAIOTCS MCKOMBIMH
CMELICHUSIMU KOHTPOJIUPYEMOIO 0OBEKTA.

&
S
-
=<

I\
S\
N\

>

<X
Pucynox 2.9. Pacnipeenenre ocBEIEHHOCTH Ha (POTOUYBCTBUTEIILHOM
pubdope C 3apsiIOBOM CBA3BIO: a@ — CXe€Ma CO3/[aHusl 00Jy4EHHOCTH Ha
(GOTOUYBCTBUTEIHLHOM MPUOOPE € 3apsAI0BOI CBA3BIO; 6 — opMma
pacmpezeneHus: 00Ty4EHHOCTH MPY UCTIOIB30BaHUU Jia3epa

JlaTuuk MpencTaBisieT TEJICBU3MOHHYIO KaMepy U SIBJISIETCSL YKECTKO
CUHXPOHM30BAHHBIM  YCTPOWMCTBOM, BBIJAIOIIMM  BHJICOCUTHAN  TOJ
yopaBjieHUeM  COOCTBEHHOTO  CHUHXporeHeparopa. Pabora ALl
MOAYUHSICTCS OTMpeIeICHHBIM npaBuiiaM, KOTOPBIM JIOJKEH
COOTBETCTBOBATh BHUI€OCUTHAN. Takoe nmpeodpa3oBaHUE OCYIIECTBIISIECTCS B
CBX. Ilnara compsbkenusi ¢ OBM siBnsieTcss ciny>KeOHBIM YCTPOMCTBOM,
HE0OXOMMBIM JIsl BBOJAa MH(POPMAIIUU B KOMITHIOTED.

[TocpencTBoM OMUCAHHBIX YCTPOUCTB Kajap, noiaydeHHblid Ha DII3C,
OKa3bIBa€TCA 3amMCaHHbIM B mamsaTh OBM B Bujae maccuBa uucen. [Ipu
TOM HETMPEPBIBHOE HCXOJIHOE pacrpeneneHue OKa3bIBACTCSA
npeoOpa3oBaHHBIM B JHCKPETHOE, KaK [0 apryMeHTy (BCJIEACTBHUE
nuckpetHoil cTpykTypel @II3C), Tak W 1O 3HAYEHUIO (BCIEICTBUE
KoHeuHOM paspsanoctu ALI). Jlns onpenenenus monoxenus oceit X' u
Y' McX0mHOro pacrpeneneHus MOKHO IPUMEHSTH Pa3IMYHbIE IPOLIEAYPHI.
Ecnu nonyctrmasi morpeurHoCcTh 3TOTO ONpee/ICHUsI MPEBBINIACT pa3MepPhbl
sanemenTa ®II3C, To JoCcTAaTOYHO HAWTH DJIEMEHT MAacCHBa C HaHOOJIBIINM
3HaYeHWeM. B NpoTUBHOM  cliyda€  MOPUXOJUTCS  NPUMEHSTH
MaTeMaTUYECKHE METOJIbI, CBSI3aHHBIE C BOCCTAHOBJIEHUEM HENPEPHIBHOTO
pacnpeneneHuss 1Mo  JAUCKpeTHOMY (Oojiee  MOAPOOHO  aNTOPUTMBI
WHTEPIOISAUMA BUIACOCUTHANA, MOJIYYa€MOro C JUCKPETHOM CTPYKTYphI
®II3C omucanbl B padote [15]). TlorpemHocTs ompeneneHus] mMpu 3TOM
3aBUCUT OT LIMPUHBI ONTUYECKOTO MyYKa, ITyMOBBIX XapakTepucTtuk PII3C
¥ 9JEKTPOHHOTO TPAKTa M cocTaBisier mpumepHo 107 smementa OI13C wmin
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0,1 mxm. /lnanmazoH ompenensieMbIX CMENIEHUN TMOJIHOCTHIO OMpPEnesaeTcCs
rabaputamu ®II3C [10].

2.9 I[ncceKTopHaﬂ CucTeMa AJIA H3MEPECHUA KoopauHaT
MOAYJIHPOBAHHOI'0O HCTOYHMUKA OIITUYICCKOI'0 U3JTYICHUA

Jns  u3MepeHuss  KOOpJMHAT  YNpaBIIEMbIX  OOBEKTOB  C
MOZYJINPOBAHHBIM MCTOYHUKOM OINTHYECKOTO H3JIYUYEHHUs] NPU HABEIACHUU
UX Ha 3aJaHHYI0 TpaeKTOpHiO0 OblIa pa3zpaboTaHa JUCCEKTOPOHAS
m3meputenbHas cucrema ([IMC), cTpykTypHasi cxeMa KOTOpOM MpUBEIEHA
Ha pucynke 2.10. B pexuMe clexeHHs W HM3MEPEHUS KOOpAUHAT
MOCJIEOBATENBHOCTh XOA0B KPECTOOOPAa3HOM: OT IIEHTpa BIPABO — BJIEBO,
BBEPX-BHU3, NpPHUYEM pPAOOYMM XOJOM CIEAAIIEr0 «KpecTa» SBIAETCS
TOJIBKO JIBH>KEHHE anepTypbl OT LEHTpa pa3BEpTKHU; BO3BpAT anepTyphl K
LEHTPY OCYLIECTBISIETCSI OYEHb OBICTPO U SBJSETCS OOPAaTHBIM XOJIOM.

HMnynbecel BUACOCUTHAIA, CHUIMAaeMbIE C BbIXOJa 0JIOKa IMCCEKTOpa,
BO3ZHUKAIOT MpH OOJydyeHUH ero (OTOKATOAA HMIYJIBCOM ONTHYECKOIO
u3iydeHus. OHM TOCTYIAOT Ha YCWINTENb 2, BBINOJHEHHBI B BHJE
PE30HAHCHOTO YCWJIMUTENSI C HEOOXOJUMOW TMOJOCOM MpOmyCKaHus,
HAaCTPOECHHOI'O Ha YacTOTY CJEJ0BAHMS UMITYJIbCOB OT UCTOYHHMKA cBeTa. C
YCWINTEIS UMITYJIbCHl NOJAIOTCS HA CEJIEKTOP HMITYJIbCOB 3, KOTOPBIH
MOKET OBITh IMOCTPOEH IO MPUHIUIY CEJIEKIUU YacTOThl CJIEI0BAHUS
UMITYyJIbCOB. (DPOHTOM CUTHAJIBHOTO MMIIYJbCA 3aIyCKAETCS O KIYIIHMA
MynbTHBUOpatop 4. JIIMTENBbHOCTH  UMIIyJIbCa  MYJBTUBHOpaTOpa
ONpEAENSIET BPEMs JIBHXKCHHS anepTypbl IO OAHOMY U3 Jy4Yed «KpecTay.
Ona BbIOMpaeTcss Takoil, YTOObI €ro cpe3 HaxoJWJICS BO BPEMEHHOM
UHTEpBAJe MEXIy HMIYJbCaMHU CHTHajga OT OOBEKTa. 3aTeM HMITYJbChI
AKAYIIET0 MYJIbTUBHOpATOpa uepe3 TPUITep S5 MmojaroTcsl Ha UHTErpaTop 7.
MMnynecel, COOTBETCTBYIOIIME Cpe3y HMIIyJIbca MYJIbTUBUOpATOpa,
YIPABJISIIOT paboTOM Kitoua 6.

| !
1 - 9 | 12 P
2 5 : 7 wr 8 ﬁ 11
3 4 6 10 M| 13 15 [
| T

Pucynok 2.10. CtpykTypHasi cxema JIMCCEKTOPHOU CUCTEMBI JJIs
M3MEPEHUS KOOPAUHAT MOTYJIMPOBAHHOTO UCTOYHUKA ONITHYECKOTO
U3IIy4YEHUS
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TpaekTopusi YETBIPEXXOJ0BOM CIEAIIENd pa3BEepTKH 00pa3yercs B
pe3ynbrare npeoOpa3oBaHUs UHTErPATOPOM 7 IPSIMOYTOJIBHBIX UMITYJIbCOB
B PAa3HOMNOJISIpPHBIE TpeyroyibHbie. [lomydyeHHbIe HampsKEHUsT Pa3BEPTKHU
pacnpeaensoTes mo kaHajgaMm (ocsM X u Y) ¢ IOMOIIBIO TpUITEpa 8 —
KOMMYTaTOpa KaHAJIOB, 3aIlyCKa€MOI'0 TPHUITEPOM S5 — KOMMYTaTOpPOM
HalpaBJICHUH, ynopapisomumu  kmoyama 9, 10, Cur”an  ommOKu
dbopmupyeTcsi KOMMYyTallield UMITYJIbCHBIX CUTHAJIOB, COOTBETCTBYIOMIUX Y,
MOJIHOTO  IMKJIA KpecTooOpa3HOro pacTpa, C TIOMOIIbIO  OJioKa
dbopmupoBanus curHaita ommoOku 11. MmMnynbcbl cUTHalla MOCTYMAIOT C
ycuauTenas 2 Ha 070k 11, ympaBiseMblii BBIXOJAHBIMM CUTHAJlaMU CXeM 9,
10.

CdopmupoBannbiii auddepeHuanbHblii CUTHAT OIMIMOKU IMOJaeTCs
1a WHTETPaToOpbl CUTHAJIOB OmMOKU 12, 13, coequHEHHBIE C BBIXOAHBIMU
yeunarensimu 14, 15, Ha OTKIOHSIOIIME KATYIIKA JIMCCEKTOpAa Yepe3
BBIXOJIHBIC YCWJIMTEIM KPOME CUTHAJIOB OIIMOKU TMOCTYIAIT CUTHAbI
clendIell pa3BepTKU, KOTOpble (POPMUPYIOT Ha (POTOKATOAE AMCCEKTOpa
KpeCcToOOpa3HbIi pacTp. YcpeaHseMble UHTETpaTOpaMu CUTHAJIbI OIIMOKH
OCYULIECTBJISIIOT COBMEIIEHHE LEHTpPa KpecToOOpa3HOro pactpa ¢ IEHTPOM
U300paKEeHUS OOBEKTA.

[Ipumenenue MOAYJIMPOBAHHOTO UCTOYHUKA  ONTHUYECKOTO
U3IIyYEHUs TI03BOJIIET TMOBBICUTH MoMexo3amuiienHocts JJUC. B
aktuBHbIX J{MC nanpHeillee MOBBIIIEHUE MOMEXO3AIIMUILIEHHOCTH MOXET
ObITh  JOCTUTHYTO TIyTeM CHHXPOHHM3allMU YMOPABICHUS  HA4yajIoM
CKaHUPYIOLINX XOJ0B KPECTOOOPA3HOI0 CIEAALIEr0 pacTpa.

2.10 IuccekTopHasi cucTeMa /1Jisl IOBEPKH MAHOMETPOB

Ora CUCTeMa MpPEIHA3HAYCHA Ui PEIICHUS KOHKPETHOM
IPAKTUYECKON 3a/ladyll — KOHTPOJII MaHOMETPOB B MpOLECCe UX COOPKHU U
IIOBEPKM TOTOBBIX MAaHOMETPOB METOJOM CPAaBHEHHsS IOKa3aHUU
NOBEPSEMOT0 U JTAJIOHHOIO MaHOMETPOB, XOTS OHAa MOXET ObITh
WCIIONb30BaHa [UIA [OBEPKU IIMPOKOr0 Kiacca JPYTUX CTPEIOYHBIX
npubopoB. EciM B KauecTBe OSTaJOHHOIO HCHOJb3YETCS CTPEIOYHBIN
MTOKA3bIBAIOIIUN MAHOMETpP, AHAJIOTUYHBIA MOBEPAEMOMY, HO HMEIOIINAN
0osee BBICOKYIO TOYHOCTb, TO B IIOJIE 3PEHUSI CUCTEMBI IOMELIAIOTCS
MOBEPSIEMBbI M 3TaJOHHBIA MaHOMETpbl. HM300paxxeHuss MaHOMETPOB
MPOCUUPYIOTCS OOBEKTUBOM Ha (DOTOKATON IUCCEKTOpa, MPOU3BOJIUTCSA
KpyroBasi pa3BepTKa H300paKEHUU IIKaJl MaHOMETPOB, OMNPEIEIIOTCS
YTJIOBBIE MOJIOKEHUS CTPEJIOK M U3MEPSAIOTCS OTKJIOHEHMS] OJHOU CTPENKHU
OTHOCHUTEJILHO IPYTOH.
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N3mepeHnst Mpou3BOJATCS B HECKOJIBKHMX TOYKax. Eciau B kadecTBe
ATAJIOHHOTO MaHOMETpa MCHOJb3YETCS PErUCTPUPYIOIIMI MaHOMETpP C
UGpPOBBIM  BBIXOJIOM, TO B TIOJI€ 3pEHUS CHUCTEMBbl TOMEIIAeTCs
MOBEPSIEMBII MaHOMETP, ONPEAEISIETCS YII0BOE MOJIOKEHUE €r0 CTPEIIKH,
KOTOpOE€ CpaBHHMBAETCS B HHU(PPOBOH (GopMe C BEIMUMHOM, 3aJaBacMOM
ATAJIOHHBIM MaHOMETPOM. OTKJIIOHEHUE CTPEJIKH OTHOCHUTEIBHO BEJIMYUHBI,
3aJlaHHOM ATAJIOHHBIM MaHOMETPOM, IOCTymaer B IudpoBoil dopme Ha
WHJIMKATOp, @ TAKXKE HAa BBIXOJHOE PETHCTPHUPYIOLIEE M UCIOIHUTEIBHOE
YCTPOMCTBO.

CTpykTypHas cxeMa CHUCTEMBI JJis MOBEPKU MAHOMETPOB (PUCYHOK
2.11) Bxmrouaet OJ0OK TpyOKH 1, cocTosmuii U3 00BEKTUBA, TUCCEKTOpa U
(hOKyCHPYIOIIE-OTKJIOHSIONIEH CUCTEMBI, OJIOK 00pabOTKH BUACOCUTHAJIA 2,
CEJICKTOPbl ~ CHUTHAJOB IO JUIMTENIBHOCTH 3, OJOK pa3BepTok 4,
CUHXpOT€HepaTop 5, OJIOK M3MEpPEHUsi LEHTPOB CUTHAIOB 6, BBIXOAHBIC
perucTpel 7, cxemy ynpaBieHHs 8, (da3upyeMble CYETUYMKH LEHTPOB
CUTHAJIOB 9, CXEMBbI CPAaBHEHHSI BPEMEHHOT'O TIOJIOKEHHS IEHTPOB CUTHAJIOB
12, BBIXOAHBIE CYMMHPYIOIIME CYETYMKH LEHTPOB CUTHAIOB 11 wm
BBIXOJIHBIE LIM(poaHanoroselie npeodpaszoparenu 10.

1 2 -~ 3
4 5 6
7 8 > 9
10 11 > 12
BBIXO]1

Pucynok 2.11. CtpykTypHas cxema JUCCEKTOPHOM CUCTEMBI JIJIsl TOBEPKU
MaHOMeETpa

Jlist cuuThIBaHUS MH(POPMAIIMH O TTOJIOKEHUU CTPEIKH MTPUMEHSICTCS
pa3BepTka B BHUJEC OKPYKHOCTH, pa3Mep U TMOJOKEHHE KOTOPOM
BBIOMPAIOTCS TAaKMUMH, YTOOBI OTCYTCTBOBAJIM CHUTHAJIBI TTOMEX OT mHdD,
JECHUN W JPYruX 3HAKOB MIKajbl. [IpW CKaHUPOBAHUHM IO OKPYKHOCTH
M300pKEHUE CTPEJIKK TIePECeKaeTcs amepTypoll ABaXKIbl: OJWH pa3s
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nepecekaeTcs n300pakeHne y3KOW BepXHEH 4acTH CTPENKH, IPYrou pas3 —
n300paxkeHre OoJiee IMUPOKOM HIDKHEH uYacTu crpenku. Mcmonb3oBaHue
JBYX  YYaCTKOB CTPEJIKH TO3BOJIIET  MCKJIIOYUTH  IOTPEIIHOCTD,
00yCIOBJICHHYIO HETOYHOCTBHIO COBMEIIECHHUS IIEHTPOB IIKAJIbI U Pa3BEPTKHU.

3a oIMH TIEPHOJ] Pa3BEPTKH C BBIXO/aa OJI0Ka 00pabOTKHM MOCTyHaeT
JIBa UMIYJIbCA, IIUTEIBHOCTh OJHOIO M3 HUX HPONOPLHMOHAIbHA Y3KOM,
JUTUTEIIBHOCTD JPYTroro — HIMPOKOW YaCTH CTPENKHU 3TaJJOHHOIO MAaHOMETPA,
a 3a BTOpPOM IMepuoj pa3BepTKU — IOBEpsSEeMOro MaHomeTpa. B Onoke
0o0paboTku uHGOpPMAIMU OSTU UMIYJILCHl  PA3NCISIIOTCA 1O  JIBYM
napajyielbHbIM KaHajlaM oOOpaOOTKH CHUTHAJIOB — OT OJTaJIOHHOTO H
MOBEPSIEMOT0 MAHOMETPA, 3aT€M CEJIEKTUPYIOTCA MO JUIMTEIBHOCTH U
pa3zensoTes elle Mo JBYM OJMHAKOBBIM KaHajaM 0OpaOOTKU CUTHAJIOB —
OT Y3KOM M IIMPOKOM YaCTEN CTPENIOK.

[TapannensHass oOpaboTka wuHOpPMaMK B YETHIPEX KaHAJIax
MO3BOJISIET TMOBBICUTH ObIcTpozeiicTBue Cucrembl. B kaxaom kaHaie
ONpENENSIOTCA  LUEHTPhl  CUTHAJNOB, 3aTéM OHU  HIpeoOpa3yroTcs
(bazupyeMbIMU CUETUYMKAMHU B MEPUOAUYECKUE MPSIMOYTOJIbHBIE MMITYJIbChI
C 4YacTOTOM KPYrOBOM pa3BEpPTKM M CKBAXKHOCTBIO, PAaBHOM JBYM.
BpeMeHnHble 1MOJ0XKeHUA (POHTOB 3THX HMIIYJIbCOB, HENPEPHIBHO
IOCTYIAIOIINX C BBIXOJOB YETHIPEX KAHAJIOB, COOTBETCTBYIOT IOJIOKEHHUIO
LEHTPOB Y3KOM M IIMPOKON 4YaCTEd CTPEJIOK MOBEPSIEMOrO0 M 3TaJIOHHOIO
MaHOMETpoB.  MMmynbcbl ¢ BbIXOJOB  (ha3UpyeMbIX  CUETUYHUKOB
CPAaBHUBAIOTCSI CXEMaMHU COBMAJCHMs II0 BPEMEHHOMY IOJOKeHHo. Ha
BBIXO/IE CXEM COBIAJACHUS (POPMHUPYETCSI UMITYJIbC, JJIUTEINBHOCTH KOTOPOTO
IPONOPIMOHAJIBHA OTKJIOHEHUIO IOBEPSEMOM CTPEJIKM OTHOCUTEIBHO
ATaJIOHHOM.

CurHanbl ¢ BBIXOJOB CXEM COBMAJCHUS 3aNOJIHAIOTCS HUMITYJIbCaMU
33JIal0IIEer0 TeHepaTopa 4acTOoT M MpeoOpa3yroTcs B MAYKy HMITYJbCOB
TaKTOBOM 4acTOThl. CyMMHPYIOUIUMHU CUETYMKAMH OIPEAENISIETCS YHCIIO
TaKTOBBIX HMITYJIbCOB 3a OJHM WM HECKOJbKO MEPUOAOB Pa3BEPTKH,
COCTABJISIIOUIMX LUKI W3MEpeHHs. B KOHIE KaXJ0ro M3MEPEHHs YHUCIO,
MOJIy4eHHOE Ha BBIXOJIE€ CUETYMKOB, MOCTYIAET Ha BBIXOJHBIE PETUCTPHI,
IIe XpaHUTCS U BbBIJACTCS HA BBIXOJ CHUCTEMBI B BHUJAE LHUPPOBOTO
JBOMYHOTO KOJa. YTPABIIAIOLIME UMITYJIbChl CEIEKTOPOB CUTHAJIOB, CXEMBI
LEHTPOB CHUTHAJOB, BBIXOJHBIX CYETUYUKOB U PErHCTPOB (POPMHUPYIOTCS
cxemoi ympaBieHus. BeixogHoit mmdpoBoit kom mpeodpasyercs LAIL B
NOCTOSIHHOE HaNpsDKEHHE, NPONOPLHOHATIBHOE OTKJIOHEHHWIO MOBEPSAEMON
CTPEJIKH OTHOCUTEJIBHO ATAJIOHHOM.

B MakeTHOM o00pasiie CHUCTEMBbI MOJy4Y€HAa TOYHOCTh H3MEPEHUS
YIJIOBOTO MOJIOKEHUSI CTPEJIKM TMOBEPSIEMOr0 MaHOMETPa OTHOCHTENIBHO
ctpenku dtanoHHoro wmanometrpa 0,1...0,2% wmakcumanbHOrO  yria
OTKJIOHEHUSI CTpedkd npu yacrtore paszBeptku 0,5... 1,0 kl'm, wacrore
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BbIJIaYM BBIXOAHOUW wHpopMamuu 16 I, TakTOBOW YacTOTE W3MEpPCHUS
BPEMEHHBIX UMITYJICOB 1 MI'Il 1 OTHOCUTENIEHOM OTKJIOHEHUU CTPEJIKHU 10

5...10%.

2.11 luccekTopHasi  cuUcTeMa ¢  PaaMycC-BeKTOPHO#  ciaeasimei
Pa3BepPTKOii VIS COPTHPOBKH KPHUCTAJLIIOB

Panunyc-BekTopHas pa3BepTKa MO3BOJISIET JOBOJIBHO IPOCTO MOJTy4aTh
JaHHbIE O HAIMYUM M 4YMCIE YIJIOB B IIpelerax KOHTypa OOBEKTa,
OLICHUBATh 3HAYEHHUE 3TUX YIJIOB, ONPENEIATh HAIWYUE MPSIMOJIMHEHHBIX
YY4acCTKOB KOHTYPOB M paJauyca KPUBU3HbI KPUBOJIIMHEHHBIX YYaCTKOB,
BBIUUCIATh KOA((ULUMEHT YAIUHEHUS] 00BEKTa, T. €. OTHOILIEHUE PAJNYCOB
ONMCAaHHOM OKPY>KHOCTH K BIIMCAHHOU U T. 1.

Hanpumep, ompeneneHue uucia YIJIIOB B KOHTYpE CBOIHUTCS K
MOJICYETY YHUCJIa MaKCMMyMOB BHCOCHTHANA 3a BpPEMs OJHOTO IEpPHOJA
o0xo/1a KOHTypa 00bekTa. OHa MOXKET OBbITh MPUMEHEHA JUIsl YCTPOMCTB
COPTUPOBKM M pa30pakoOBKU OBoOIIEH, kaprodens, ropoxa, 6000B, 3epHa,
W1, TPaHyJ, MIPUPOJHBIX U UCKYCCTBEHHBIX KPUCTAIIOB H T. [I.

|

1 4 7 I
- U7x
|
X Uosinwt
2 5 8
|
i Uocoswlf
y
Ug
3 6 1 9
A
Pucynok 2.12. CtpykrypHas Pucynok 2.13. Tpaekropus
cXeMa OJIHOTO KaHalia JIBIDKCHUS allepTyphl A B peKUME
JIMCCEKTOPHOUM CUCTEMBI CJIICKEHUSI  TIOMCKA U 1Mo (poToKaToIy
C paauyc-BEKTOPHOU CIIeAsIIIEN IIMCCEKTOpA

pPa3BEPTKOM ISl COPTUPOBKHU
aJIMa3HbIX KPUCTAIIIIOB

PaccMOTpuUM CTPYKTYPHYIO CXE€MY TUCCEKTOPHOM CUCTEMBI C pAINyC-
BEKTOPHOU CIIEISIIIEN PA3BEPTKOM Il COPTUPOBKHU MPUPOIHBIX aJIMA3HBIX
kpuctamwioB. CucreMa o0ecredynBaeT COPTHUPOBKY KPUCTAIUIOB pa3MepaMu
0,3..3,0 MM B 3aBHCMMOCTH OT OTHOUIIEHHUS SKCTPEMaJbHBIX pPa3MEpOB
XOpJl, TPOXOAIIUX Yepe3 IEHTP H300pakKeHHUs KpHUCTalsla, Ha YEThIpe
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TPYHNbl ¢ OTHOIIEHHEM MaKCHMAaJbHOTO pa3Mepa XOpJ K MUHUMAaJbHOMY:
1,0...1,5;1,5...2,5; 2,5...5,0; 5,0 u Goiee.

MuHUManbHbIE 1 MAKCUMAJIbHBIE Pa3MEPhI ONPEAEIISIOTCS HA OCHOBE
aHalM3a M300paXXeHU TpeX OPTOTOHAIBHBIX MPOEKIUI BO BpeMs MpoJieTa
(mpu  cBOOOJAHOM TAJEHUMU KpHUCTAIa) Yepe3 IMOoJe 3pEeHUs Tpex
JUCCEKTOPHBIX TaTYMKOB. [lOACBET KPHUCTAIIIOB OCYIIECTBISIETCA TpPEMs
Ja3epamu.

JluccekTopHasi cuUcTeMa COCTOMT M3 TPeX MJIEHTUYHBIX KaHaJIOB.
CtpykTypHas cxema OJIHOTO KaHaja CUCTEMbI ITpUBEEHA Ha pUcyHKe 2.12.
OHa COCTOUT M3 JAMCCEKTOPHOIO AaTduka 2 (B HEro BXOJSAT AMCCEKTOp C
@®OC, BBICOKOBOJIBTHBIM OJIOK TMUTAaHUA JUCCEKTOpa, YCUJIHUTEIb
OTKJIOHAIONIMX CHUTHAjJOB MO KaHaiaMm X W Y U BHJIECOYCHIIUTEND),
cymmaropoB 1 (kanana X) u 3 (kanana Y), unterparopoB 4 (kaHan X) u 6
(xanan Y), 6J10Ka MoucKa S5, aHAJIOTOBBIX MepeMHoxuTeneit 7 (kanan X) u 9
(xanan Y), reneparopa 8 curHanoB Ugsinwt u Ugcoswt B pexume
oOHapy>keHHsI OJIOKOM IIOMCKa U HMHTErpaTopaMyd OCYLIECTBISETCS
dbopMupoBaHUE€  MOWIOOOPa3HBIX  CUTHAJIOB W COOTBETCTBYIOIIEE
CKaHHpoBaHue Qorokarona aneptypoil. [Ipu 3axone aneptypsl A (pUCYHOK
2.13) na wuzoOpaxkeHHe o0O0bEKTa (HAampUMeEp, B TOUKY FP) BO3HUKAET

HAIIPAKCHUC BUACOCHUI'HAIIA Uc, KOTOPOC OTKIIHOYACT 070K TOMCKa M
IICPCBOAUT YCTpOﬁCTBO B PCKHUM CICKCHHA. HaHpH}KCHI/IC Ha BBIXOJC
HHTCTPATOPOB B 9TOT MOMCHT npcacTaBJsACT KOOpAHWHATLI
IICPBOHAYAJIBHOI'O OCHTPA CICKCHUSA (TO‘IKa P) [losiBneHue BUACOCHUTHAJIA

U, obpasyer Ha Bbixozax nepeymuoxkutenenn 7 u 9 nanpsokenus Uzy, Ugy,
KOTOPBIE Yepe3 OTKIIOHSIONIYIO CUCTEMY BBI3BIBAIOT OTKJIOHCHHE allePTyPhI
A AuccekTopa OT TOYKH P K KOHTYpY M300paXKCHHS W CIICKEHUS €€ TI0
KOHTYDY.

C HauajoM clexeHus MyTeM HHTerpupoBaHusi HampsbkeHuil Uz, u

Ugy oCymlIeCTBISETCS aBTOMATHYECKOE COBMELIEHUE LEHTPA CIEKEHUS,
NIEPBOHAYAJIBHO HAXOJMBILErocs B TOYKE P, € ULEHTPOM TSKECTH
n3o0paxkenust (Toukoil []). Ilo OKOHYAHMM HMHTETrPUPOBAHUSA MOCTOSHHBIE
HaIlpsDKEHUS Ha BBIXOJIAX HWHTErPAaTOpOB MPEICTABISIOT KOOPAUHATHI
LEHTpa TSHKECTU HM300paKeHUs. 3HAUEHHE CHUTHajda B KaXKAblH MOMEHT
BPEMEHM ITPONOPLUOHAIBHO PainyC-BEKTOPY, T. €. PACCTOSHUIO OT LIEHTpa
o0BbeKTa 10 KOHTypa. [ KaXIoro Kpucrajia Ha OCHOBE aHalM3a TpeX

M300paKEHUM MPOEKINI ONMPENENIIOTCI MaKCUMallbHOE 3HaueHue Uy, U
MuHuManbHoe Ugy,;; , COOTBETCTBYIOUIME SKCTPEMAJbHBIM pa3Mepam

KPUCTAJIJIOB, U B 3aBUCUMOCTH OT OTHOWICHUA Uy Ucemin KpUCTAILI
HaIpaBJISIETCS. B OJIMH W3 YEThIPEX IPUEMHHUKOB, KaXKIBIH W3 KOTOPBIX
HaKaIJIMBaeT OMpPEACICHHYIO TPYIIY KPUCTALIOB. MUHUMAaNIbHOE BpeMs
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nposieTa n300pakeHus KpucTailia mno miom@aau GoToKaTtoaa, Ipyu KOTOPOM
€lIe JOCTUTAETCSA XOpOoILIee KAadeCTBO CIEXKEHHUs, COCTaBiIsAeT 1 Mc, 4To
COOTBETCTBYET OBICTPOACHCTBHIO YCTPONUCTBA IEKTPOHHON COPTUPOBKH /10
1000 kpucTanioB B CEKYHIY.

2.12 TesieBu3nOHHAsI M3MepUTEJIbHAs cucTemMa co caeasimum TBJ{

OcHOBHOW  OCOOCHHOCTHIO MpeoOpazoBareneld CBET—CHUTHAI C
HAaKOIUICHUEM SHEPrud MO CpPaBHEHHIO C JaTYMKaMUd MTHOBEHHOTO
NEUCTBUS SIBJISIETCS HAKOIUIEHHWE MpPeoOpa30BaHHOIO B AIIEKTPUYECKUI
CUTHaJ ONTHYECKOTO M300pakeHUs B TeUeHUE BpeMeHHu kazapa. Takue ¢poto
JTATYMKA O00Jaaf0T BBICOKOW UYBCTBHTEIBLHOCTHIO W OOJBIION pasperna-
IOIEH CIIOCOOHOCTBIO, M TO3TOMY JAMana3oH WX HCIHOJIb30BaHUS [10-
CTaTOYHO WIMPOK (BEHIaTelIbHOE, MPOMBIIUICHHOE, HW3MEPUTEIbHOE
TeJIEBHICHUE U T. II.).

TeneBuznonueie u3mepurenbubie cucremsl (TUC), ucnonp3yromue B
natuuke OOII ¢ HD, HaxoasaT npuMeHeHHe B yCTPOMCTBAX HAOJIOACHUSA,
OpHUEHTAllMY, HABUTAIIMU U B CUCTEMax TEXHUYECKOTO 3peHUsI poOOTOB. DTH
CUCTEMBI MOTYT paboTaTh Kak MpH MPSMOM, TaKk W MpU OOpaTHOM
KOHTpacTax Hu300pakeHusi 00beKTa OTHOCUTENbHO (QoHa. B 3aBucumocTH
OT pa3MepoB H300pakeHUss 00BEKTOB B miockocTd DIIT ¢ HD moxHO
BoiienuTh THUC, paboraromue Mmo Majlopa3MepHbIM U IO MPOTSKEHHBIM
oObekTaM. CieyeT OTMETHTb, UTO B 3TOM citydaB kiaccudukanus TUC no
pa3mepy oO0beKTa HaOJNIOJEHUS BEACTCSA MO ero (GU3UYECKOMY pa3Mepy ¢
Y4E€TOM JIaJlbHOCTH HAOMIOAEHUS U YIVIa TOJid 3pEHUs ONTUYECKOM
cuctembl. Paznuuaror takxke Hadmonenue ¢ nomoubio TUC 3a rpynmnoi
00BEKTOB MO0 32 YKa3aHHBIM OOBEKTOM.

O6o00meHHast cTpykrypHas cxema OonbimmHcTBa TUC MOXeT ObITh
npuBeleHa K BUAy, n3o0paxeHHoMy Ha pucyHke 2.14. Takas cucrema
MOET padoTaTh KaKk B aBTOMAaTHUYECKOM (ITOJTyaBTOMAaTHYECKOM) PEXHUME,
TaK ¥ B peKUME YIIPaBJIEHUS CUCTEMOM C y4acTHEM OMepaTopa.

TBA YOB BKY
PPy
II YOK o

Pucynok 2.14. Ctpykrypnas cxema THC Ha npubopax ¢ HaKOIJIEHUEM
DHEPIUu
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TeneBU3MOHHBIN [MaTYMK Tpeodpa3yeT B DSICKTPUUECKUNA CUTHAI
ONTHUYECKOE H300paKEHUE Y4YacTKa MPOCTPAHCTBA, Pa3MEPbl KOTOPOIO
ONpPEAEISAOTCA  IapaMeTpaMHu  ONTHYECKOM  cuctembl.  KauecTBo
MPOCIUPOBAHUSL TPEXMEPHOTO ONTUYECKOTO H300paXKEHUS C Pa3IUyHOU
nanbHOocTH Ha miockoctb @OII ¢ HD 3aBuUCHUT OT pakypcoB oOBEKTa U
($oHOBBIX 00pa3oBaHW, a TaKXKE OT PE3KOCTH B ONTHUYECKOW CHCTEME.

Takum 00pa3oM, a3UMyTaJbHBI Yroil ¢, B CUCTEME NpeoOpasyercs B
pacTpoBoi cucteMe B HarnpasiieHue X (Kak MpaBUiio, pa3BepTKy MO CTPOKE),

a yroj Mecta ¢, — B HanpasjieHue Y (pasBepTKy 1o Kajapy). Onruyeckuit
CHEKTp Hu3IyueHusi oOBekTa M (OHOBBIX 00pa3oBaHUl B BBIOPAHHOM
JMana3oHe (BUAMMOM, uH(ppaKpacHOM, yIBTPaPUOIECTOBOM)
npeodpaszyetcs ¢ momombio OII1 ¢ HD B anekTpuyueckuii curHai, mpuaeM
BO3MOYHO CIEKTPO30HAIBHOE MpeoOpa3oBaHue MH(POpMAIMU C TOMOUIBIO
napajieIbHbIX JTHOO NOCIEA0BATENIbHBIX CUCTEM.

[locnenoBarenbHass TEJIEBU3UOHHAS CHEKTPO30OHAJIbHAS CHUCTEMA
BOCHIpUATUS HWHGOPMAIIMM CTPOUTCS C TOMOIIBI0O Habopa CMEHHBIX
CBETOMUIBTPOB, KOTOPHIE TMOOYEPETHO BBIJCISIOT 3a/laHHbIE YYaCTKH
ONTUYECKOTO0  CHEeKTpa U MOAAIOT  3TU  H300pakeHUs  Ha
¢oronpeodpazoBarenb. B mapamienbHONM CHEKTPO30HAIBHOM CUCTEME
U300paKeHHEe B IIUPOKOM ONTHYECKOM CIIEKTPAJIbHOM JHMAara3oHe
npoerupyercss Ha (QoTomnpeoOpazoBaTenb, OOJagaIOMIMK  CBOHCTBAMU
CEJICKIIMU CHUTHaJNa MO ONTUYECKOMY CHEKTPY M3IydeHus. TpaguiiMOHHBIM
IPU MOCTPOCHHUH CIEKTPO30HAIBHBIX MapaJICIbHBIX JaTYUKOB SIBIIAETCA
MOAXOJ, TPHUHATHIA B LBETHOM BENIATEIBHOM TEJIECBUACHUHU, KOrJa
UCIIOJIB3YETCSI HECKOJIBKO (poTorpeoOpa3zoBaTeieil ¢ COOTBETCTBYIOLIMMU
ONTUYECKUMHU (PUIBTPAMH JIMOO OAMH (oTONpeoOpa3oBaTeb CO CI0KHBIM
WTPUXOBBIM  (UIbTpoM. CleyeT OTMETHTb, YTO OCHOBHBIE IIBETa B
JTAHHOM CJIy4ae BBIOMpAIOTCS W3 YCIOBUN HAWITY4IEro HaOIIOJCHUS 3a
00BEKTOM W HECBSA3aHBI HETOCPEJACTBEHHO C TPAJAUIIMOHHBIMHU I[BETaMHU B
KOJIOPUMETPHUH, TaK KaK U3ITyYEHUE B ATUX YYACTKAX ONTHUUYECKOTO CHEKTpa
BO MHOTHUX CIIy4asiX SIBJISIETCS HEBUIMMBIM NJI 4elioBeKa. B To ke Bpems
IIPU OTOOPAKEHUHU DJICKTPUYECKOTO CHUTHaja OT CIeKTpo3oHaibHOro TBJ]
Ha DJKpaHEe BHJICOKOHTPOJBHOIO YCTPOMCTBA MOYKHO HCIIOJIb30BATh
CUHTE3UPOBAaHHBIE IIBETa, HaubOonee yAOOHbIE IS  BOCHPUSATHUSA
OMEpPaTOPOM.

OcHoBHott 3anauert TUC sBasercs n3aMepeHrue KOOpAUHAT 3a1aHHOTO
oO0bekTa 1O BuUAeocurHany ot TBJI u oOecrieueHue COBMEIICHHS
ONTUYECKOW OCHU CHUCTEMbl C HampaBiieHHeM Ha 00bekT. C MoMOUIbIO
«CBETOBOTO TIEpa» OIepaTop BHIOMPAET HEOOXOIUMBIM OOBEKT st
CIICXKEHUS MO0 KOPPEKTUPYET pabOTy aBTOMATUUECKOTO OOHAPYKUTENS B
cucreme. CBETOBOE MEPO COCTOUT U3 (POTOAUOMAA, YCUIIUTEINS, TOPOTOBOTO
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ycTpoicTBa, nuddepeHImpyronieil CXeMbl U CEIEKTOpa UMITYJIbCOB. [Ipu
MOJTHECEHUH €ro K ydacTKy u3o0paxeHus Ha skpane BKY Ha BbIxoje
CXEMbl BbIPA0ATHIBAETCS HMITYJIbC, BPEMEHHOE IOJIO)KEHHE KOTOPOro IO
CTPOKE U KaJpy COOTBETCTBYET (PparMeHTy H300pa)KeHHs, Ha KOTOPBIi
HanpasJjeHO Mepo. Mcnonb3ys BBIXOJHOW MMITYJIBC CBETOBOTO IEpa Kak
HeJeyKa3aHue Ui yCTAaHOBKH HAYallbHOTO TOJIOXKEHHs cTpoba, omeparop
MO>KET MEePEBOJAUTH CUCTEMY B PEKHUM CIICKEHHUS 32 3aJJaHHBIM 00BEKTOM.

Jns  TOBBIIEHUS  MOMEXO3AIIMIIEHHOCTH  IeJeyKa3aHus  OT
CBETOBOTO TIEpa HCIMOJIb3YIOT BPEMEHHOE CTPOOMPOBAHHE BBIXOJIHOIO
CUTHaJIa, a JUIs HaJEKHOro cpadaThiBaHUS HA «TEMHBIX» Yy4yacTKax
nzoopaxkenust B BKY BBoIUTCS UMITYJILCHBIN MOJICBET BCETO M300pasKeHUSI.
[lynbT ymOpaBieHHs TO3BOJIIET OMNEPATOPY YHPABIATH IOJOKEHUEM
matdopMel ¢ TB-matunkoM BpydHYIO M KOPPEKTHUPOBATh MapamMeTphl U
PEXKUMBI PaOOTHI CUCTEMBI.

YerpoiictBo  00pabotku  BuaeocurHana (YOB) mno 3agaHHBIM
NpU3HaKaM OO0BbEKTa, TaKWM, KakK LBET, pa3Mmep, (opMa U SPKOCTb,
BBINIOJIHAET 3aJa4y BBIJICJICHUS MOJE3HOI0 CHTHaja W3 IIYMOB M IOMEX.
Haunbonee pacrnpocTpaHEHHBIMU criocobamu 00paboTKH
BUJICOMH(POPMALINH SBIISIOTCS: CPABHEHHUE CUTHAJIOB, COCEJIHUX AJIEMEHTOB,
CTpPOK M KajpoB; AuddepeHIMpoBaHUE; BBIJCICHUE CHUTHAla 3aJIaHHOTO
ypoBHs, 1Beta U T.1. OOpaboTaHHBIN (OTCENEKTUPOBAHHBIN OT (HhOHA)
BHUJICOCUTHAJI TOJAETCS HAa BXOJ YCTPOMCTBAa OMNPENEIICHHUS KOOpPIAWUHAT
00BEKTa U, KpOME TOT0, MOXKET BBIBOJAUTHCS Ha 9kpaH BKY.

[Io cnocoby QopMupoBaHusi CUTHaJIa OHIMOKH  BBIJACISIIOT
ycTporictBa  ompenenenuss  koopauHat(YOK) — koppensimoHHOTO UM
JUCKPUMHUHAIIMOHHOTO  TUMAa. B KOPPENSIIIMOHHBIX  YCTpOMCTBaxX
BBIYUCIISIIOTCSL KOOPJMHATHI MaKCUMyMa (DYHKIIUUA KOPPEIAINU TEKYIEero u
ATAJIOHHOTO M300pa)KEHU, MPUYEM STAJOHHOE M300pa)k€eHue B Ipolecce
CIE)KEHUSI 32 OOBEKTOM MOXET NEPHUOJUYECKH KOPPEKTHPOBATHCS.
KoppenauronHbeie ycTpoHCTBa MO3BOJIAIOT MOJYYUTh BBICOKYIO TOYHOCTb
U3MEPEHUsI KOOPAMHAT MAJOKOHTPACTHOTO MPOTSKEHHOTO CTAllMOHAPHOIO
oObekTa. [lpu onpeneneHnn KoopauHaT ManopasmepHoro oobexkta B TUC
UCTIOJIB3YIOTCSL  JUCKPUMHUHATOPHI € Pa3IU4YHBIMU  (NIPSIMOYTOJIbHAS,
NMUI000pa3Hasi, TPEyroyibHas) U3MEPUTEIbHBIMU (DYHKIMSAMU, paboTaromue
M0 KOHTPACTY CUTHAJIAa OT 00bEKTa OTHOCUTENBHO (DOHA.

PactpoBsie THUC, kak mOpaBuiao, HCHOIB3YIOT HPOCTPAHCTBEHHOE
CTpoOMpoBaHKe OOHAPYKEHHOTO (YKa3aHHOT0) 00bekTa. Pasmepsl ctpoba B
CTPOYHOM U KaJPOBOM HAMPABJICHUSIX BBIOMPAIOTCS UCXOS U3 Pa3MEpPOB
n3o0paxkeHuss OOBEKTa W €ero JAUHAMUYECKUX CBOMCTB. PesynbTaThbl
OJIHOKPATHBIX M3MEPEHUN KOOpJAWHAT OOBEKTa, IMOJYyYaeMbIX B KaXIOM
KaJIpe TEJIEBU3MOHHOIO H300paKEeHMs, B YCTPOMCTBAX CIEASUIEro THUMa
00pabaThIBAIOTCS C MOMOIIBIO TPACKTOPHOTO (PUIBTPA, YTO MO3BOJISET
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CIEIUTh 3a OOBEKTOM TIO CIVIAKEHHOW TpPAaeKTOpUHU. Y CTPOHCTBA
OTpeAeNeHUs] KOOPAMHAT OOBEKTa, B KOTOPHIX HE BBOJIUTCS KOPPEISIIHS
MOKAIPOBBIX U3MEPEHUH, MIPUHATO Ha3bIBaTh yCTPOUCTBAMHU
COMPOBOXK/IAIOIIEr0 TUMNA. B 3TOM cityyae u3MepeHne KOOpIuHAaT 00ObEKTa B
OpeIbIIyIIeM KaJpe HCIONb3YeTCsl JHINb i YCTaHOBKH CTpoOa B
TEKyIIeM KaJpe H300pakeHus, a TPAacKTOpHAas (PUIbTpalus pe3yIbTaToB
WU3MEPEHUN HE BBITIOIHSAETCS.

N3mepeHHble KOOpIMHATHI OOBEKTa MO CTPOKE M MO Kaapy B BHIE
JNBYXIOJSIPHBIX ~ AJIEKTPUYECKUX  CUTHAJIOB  IMOAAIOTCS HA  I[PUBOJ
matdopmel (I1). ITnardopma moBopaurBaeTcsi Ha HEOOXOIUMBIE YTJIbI 10
¢x ¥ @y, YMEHBIIAasg TEM CAMBIM PACCOTTIACOBAHUE DIIEKTPUUECKUX LIEHTPOB
pactpa U oObekta. Kak mpaBmiio, MOJOXKEHHE 3IEKTPUUECKOTO IIEHTpa
pacTpa BBIOMPAIOT COBHAJAIOIIMM C ONTHYECKON OChIO CHCTEMBI. B 3TOM
cllydae TOJIO)KEHHE DJEKTPUYECKOTO LEeHTpa o0bekTa (pe3yJsbrar
U3MEPEHUsI KOOPAUHAT O0BEKTa MO BUACOCHUTHATY) JAET HalpaBieHUE Ha
Hero B TesiecHoM yriie nouist 3penusi TUC. Takum obpazom B TUC ¢ TB-
JATYMKOM, KOTOPBIN PACMOJIOKEH Ha YIpaBisieMOM IiaTdopMe, UMEeTCs
JIBa CIEIAIIMX KOHTYpa — MO KAKAOW KOOpAuHaTe. BHyTpeHHUI ciiensimin
KOHTYp COBMENIAET LEHTPhl O0BEKTa W CTpoOa, a BHEIIHWA KOHTYp —
neHTpel crpoda u pactpa TUC. B TUC ¢ oguum TB-maTunkoM Hemb3s
OJTHOBPEMEHHO peaan30BaTh BBICOKYI0 TOYHOCTH U3MEPEHUS KOOPIHMHAT
00BEKTa U €ro ObIcTpoe OOHAPYKEHHE B LIMPOKOM YIJIE TOJIS 3pPEHHUSL.

2.13 TesieBU3MOHHASI U3MEPUTEIbHASI CUCTEMA ¢ 0030PHBIM U CJIeAALIUM
TBA

B TUC ¢ nByms TB/] peanusyercst ObICTpoe OOHApy)eHUE 0OBEKTOB
B IIMPOKOM Yyriie moJis 3peHus oO3opHoro TBJl u TouHOe H3MepeHwHe
KOOpJIMHAT OOBEKTOB B Y3KOM yruie mosist 3penus caeasmero TBJI. B atom
ciydae mo Bumeocurnany o6zopuoro TBJ[ B TUC peamusyercs mouck
O00BbEKTa W MPUBEACHUE €0 K LIEHTPY IMOJIS 3pEHUS] CUCTEMBI C MOMOILBIO
npuBoaa mwiarpopmel. Crnensmuit TBl coBMecTHO ¢ 0030pHBIM 3aKperyieH
Ha TUIaTopMe, U WX ONTUYECKHE OCH CBHIOCTHPOBAHBI TaKUM 0O0pPa3oM,
4yTOOBI B paboueM Auamna3zoHe MaTbHOCTEH 110 OO0BEKTa IEHTPHI TOJIeH
3peHus TB-paTtunmkoB OblIM  coBMelleHbl. Takum  oOpa3zoM, 1O
BHUeOCHTHAITYy cieasuiero TB/] B y3koM yriie mosist 3p€HHUsI MOKHO TOYHO
U3MEpPUTh KOOPAMHATHI 00BEKTa, OOHAPYKEHHOTO B IIMPOKOM YTje MOJis
3pEeHUsI.

O6o03HaunM yroa mojisg 3peHust o63opHoro TBJ[ depes a, a
cnepsmero TBJI uepes f u u300pa3suM cXeMaTHYECKH H300paKeHUs M
NepeMeEIIeHHE YTIoB MoJie 3peHuil B mpocTtpancTBe (pucyHok 2.15). Kak
npasuiio, yroi a B TUC BeiOupaetcs B 5...10 pa3 Gomblie yria f, mpudem o
nexut B wuHTepBane 10..100°, a f — B wunrepBane 1...10°. Tlocne

84



oOHapyKeHHsI 00BEKTa B MMOJIE 3PEHHS] 0030PHOTO JATYUKA M OMPEICICHUS
ero koopauHar mo crpoke (Xp) u xamapy (Yo) MpOU3BOAUTCSA MPUBEACHUE
LEHTpa TOJISI 3pEHUSI CUCTEMBbI B 3aJaHHBIA IIEHTP CHUCTEMbI KOOPIWHAT.
[IpuBenenne oOBEeKTa HAOMIONCHUS K ONTHYECKOMY IIEHTPY CHUCTEMBI
MOXET BBINOJTHATHCS B KOMaHAHOM JIMOO crlensdiieM pexume. B
KOMaHJTHOM pEXUME TIPOU3BOJIUTCA TepeMmenieHne maatdopmbl ¢ TB-

JATYNKAMH Ha 3a[aHHBIE A3UMYTAJIbHBIH YTOJN @y) M YrOoJd MECTa ¢y,
OJIHO3HAYHO CBSI3aHHBIE CO 3HAYCHUSIMHU KOOpJIMHAT OOBEKTa B 0030pHOMU
cucteMe 1o crpoke Xp u kaapy Yo coorBercTBeHHO. [locie okoHuaHus
pexuMa NpuBeIeHUs] 00bEKTa K LIEHTPY CUCTEMa MEPEKITI0YAETCS B PEXKUM
CICKECHUS 3a O0BEKTOM TO0 BuueocurHany cuensmero TBJI. Ilocme
NPUBEACHUS K LEHTPY YCTAHABIIMBAETCS PEXXHUM MTOBTOPHOIO OOHAPYKEHUS
00BEKTa, YTO 3aTPYAHSIET BBOJ CUCTEMBI B PEXKHM CIICKEHUS.

bosee npeanovYTUTENbHBIM SBISETCSA CIACASIINNA PEXUM MPUBEACHUS
00BEKTa K UEHTPY MoJis 3peHusi. B 3ToM citydae pparmMeHT nu3o0paxeHus ¢
KOOpJIMHAaTaMHU LeHTpa Xo U Yo CTpoOHUpyeTcsl W MO BUIACOCHTHATY OT
o030opHoro TB/I mpou3BoAUTCS BEIYUCICHUE KOOPAUHAT 00BEKTa B KAXKIOM
KaJpe U300paxKeHusl.

——== Wovexm

| I X
|
|

Cmpob

Pucynoxk 2.15. M3006pakeHue yriioB MoJjst 3peHUi 0030pHOT0 U CIEAIIETO
TBA
OTU KOMaH/bl MOAAIOTCS I YIIPaBJICHUS MPUBOAOM IIATPOPMBI, U MOCIE
OKOHYaHHs peXUMa MPUBEIECHUS O0BEKTa K LIEHTPY MO 3PEHUSI CUCTEMBbI
BO3MOYKEH MEPEXOJ B PEXUM CIIEKEHUS MO BUICOCUTHAILY OT CIEISAIIErO
TBJ 6e3 nmoBTopHOro obHapykeHus. CieayeT OTMETUTbh, YTO JaXe MpHU
HEMOJBMKHOM 00BEKTE HAOIIOACHUS B PEKMME MPUBEIEHUS K LIEHTPY €ro
U300paKeHHe B IUIOCKOCTH  (poTompeoOpa3oBaTensi  CTAHOBUTCS
MOJIBKHBIM U3-3a JABMXKEHHUS IUIAT(QOPMBI, YTO BHOCHUT JOIMOJHUTEIbHYIO
OlIMOKY Tpu chexeHuu 3a oObekToM. IIpm Hammuum B cocraBe TUC
JATYMKOB TIOJIOKEHUS TMIaTGOpMbl MO YIUIy MeCTa U a3uMyTy OJTH
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BO3MYILIEHUSI (B COOTBETCTBYIOLIEM MacIITa0e) MOXKHO MOJaBaTh B BHJE
KOMIICHCUPYIOIIMX CHUTHAJIOB BO BHYTPEHHHUU CIEIAIIUMNA KOHTYp I
JETEPMUHUPOBAHHON KOPPEKIUU MOJIOKEHHSI CTPOOA.

Ha pucynke 2.16 npuenena crpykrypHas cxema TUC ¢ nymsa TB/I,
peanu3yronias OINUCAaHHbIE peXUMbl. K OCHOBHBIM peXHMaM padOThI
CHUCTEMBI OTHOCATCS: MOUCK OOBEKTa B mosie 3peHus o63opHoro TBJI 2
(pexum 1); KOMaHIHBIN, WU CIEAIIMNA, PEKUM IMPUBEACHUS OOBEKTa K
LEHTPY MOJIsl 3peHust (pexum 2); ciexXeHue 3a 00bEKTOM B I0JIE 3pEHUs
ciegamero TBJl 1 (pexum 3); pexuM ynpaBieHHs NpUBOAOM O 110
CTJIQ)KEHHBIM 3HAUYEHUSAM KOOpJAUHAT IpHU MoTepe oObekTa (pexum 4).
Hanpumep, pexxuMm nortepu 0OBEKTa YCTAHABIMBAECTCS B clyyae, KOrja
3aJaHHOE YUCJIO KaJpOB CHUTHAJI OT OOBEKTa OTCYTCTBOBAJI B CIEASILEM
cTpobe. JIIuTenbHOCTh pexnuMa NoTepru 00BbEKTa ONMPEAENSIETCS UCXOAI U3
anpHOPHBIX JAHHBIX O MOJEIM €ro JABWXKEHUS U JIOCTOBEPHOCTHU
CrJIaKeHHOW MH(GOPMAIIMU Ha BBIXOE IKCTpanoaupyomero guibtpa 7.

I lec X 2|
1= e — 7.X 8. X
| ! : |
| ' , !
| ! X |
2 :BCO 5 [Iv—2%~ 7.v 8.Y |+
| | S 1| — ]
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o |o =
L 6y |—[ ov |1+
Y7, |

Pucynok 2.16. Ctpykrypnas cxema TUC ¢ 0630pHbIM 1 ciensiiium TBJ]
1-cneoawuu TBJ]; 2-0630puviti TB/; 3-naamgopma,; 4-ycmpoticmeo
onpeoenenusi KoopouHam o0vekma, S-ycmpoucmeo Hnoucka o00vekma,
6-npusood; 7-sxcmpanonsmop; 8-puromp, 9-ycunrumenns.

B pexumax 1 u 2 mepekiroyarelid yCTAaHABIMBAKOTCS B NEPBOM
nosioxkenue (S1-1, S2-1), u 06paboTka BUIEOCUTHANIA, a TAKXKE YIIPABJICHHE
MPUBOJIOM TPOU3BOAATCS TOJILKO MO MH(popmaiuu oT ob63opHoro TBJI —
Buneocurnany BCy. B pexume 3 o0paboTka BueOCUTHATA U yIPABICHUE
MIPUBOJIOM BBITIONHSIOTCSA 10 wHGopmanuu ot ciemsmero TBJ[ BCy u
MepeKIIIoYaTeN M JTOJDKHBI OBITh YCTAHOBJIEHHI B mojiockeHus S1-2 u S2-1. B

pexume 4 criaxeHHble koopauHatbl X © Y ¢ BBIXOJOB  (PHIBTPOB
MOJAIOTCS Ha YIpaBiI€HUE MPUBOJOM M ONTHYECKAs OCb CHCTEMbI
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NPOJOJDKAET JIBUTAThCS 3aJaHHOE BpeEMS MO 3KCTPAroJUpPOBAHHOU
TpaeKkTOpHH (IepeKTroyaTeny 1 1 2 yCTaHABIMBAIOTCS B MOJIOXKEHUE 2).
Crnengyer OTMETUTB, YTO B pexXUMe | Ha BBIXOJE YCTpOWCTBA MOUCKA
o0BeKTa (IO ero oOHapyXeHUs1) KOOpAUHATHI Xo U Yo JOJDKHBI OBITH paBHbI
HYJTIO JUIsi TOro, 4ToObl TIPOBOAWUTH OOHAapyKeHHE OOBEKTa TpHU

HenoABKHOW minatgopme. B pexxume 4 xoopaunatel Xc U Ye € BbIXOAA
yCTpoMcTBa onpeaeneHus: KoopauHaT 4 o0beKTa JTOJKHBI (PUKCUPOBATHCSA
[0 UX MOCJEIHUM 3HAYEHUSM B pexume ciiexeHus. Eciau uepes 3agaHHOe
BpeMs B pexuMe 4 ciekeHue 3a 00beKToM He B0300HOBisteTcs, To TUC

NepexoauT B PEXUM Moucka o0bekTa mno curHany BCg, a B ciydae

HE00X0MMOCTH — 10 curHainy B(Cy.
Hawubosnee JUIMTEIBHBIM SBISIETCS PEXKUM CIICKECHUS 32 O0BEKTOM TI0

curHaity BCe. B 3TOM ciiydae Mpou3BOAUTCS TOUHOE U3MEPEHUE KOOPIUHAT
NOJIBUJKHOTO OOBEKTAa W COBMEIICHHE ONTHYECKOM OCH CHCTEMBI C
HalpaBjIeHUEM Ha Hero. OZHOBPEMEHHO € pexuMoM ciexenus no BC;, B
CUCTEME BO3MOKHO BBIIIOJHEHHE PEKMMa Moucka oobekra no BCy u npu
HEOOXOJMMOCTU CMEHBI IIeJIEyKa3aHHus aBTOMAaTHUYECKU JHOO0 ¢ MOMOUIbIO
oneparopa. CielyeT OTMETHTb, YTO PEaTU3alMsI COBMEIIEHHOTO pPEKHUMa
MOMCKA C PEKUMOM CIIKEHUS 3aTPyIHEHA MU3-3a ABMKEHUS IIaTPOPMbI U
YCIIOKHEHUSI aJIrOPUTMOB O0paOOTKHM BHUACOMH(POPMALIMM B YCTPOWCTBE
noucka oObeKTa.

TexHuueckas peanusaiusi OJIOKOB MOMCKA OOBEKTOB U ONPEIEICHUS
UX KOOpAMHAT TpeOdyeT BKJIIOYEHUS B UX COCTaB  yCTPOMCTB
peBapUTebHON 00paOOTKM BUACOCUTHANA, a TAKXKE 3allOMUHAIOLIUX U
pelaIuX YCTPOHUCTB, UTO HauOoJiee MOJHO U YHUBEPCAJIBHO pealn3yercs
Ha IU(POBBIX IIEMEHTAX.

2.14 Ctpyktypa uM(pPOBBIX YCTPOWCTB oOIpeeieHUss KOOPIAMHAT
o0beKTa

PaccmaTtpuBasi aHajoroBble W LHUQPPOBBIE BapUAHTHI TOCTPOCHUS
YCTPOWCTB  OMpENECNCHUs] KOOPJAUHAT OOBEKTOB, K JOCTOMHCTBAM
MOCJIETHUX MOKHO OTHECTH BBICOKYIO CTAOMIIBHOCTh U TOYHOCTH, TPOCTOTY
VM3MEHEHUS XapaKTEPUCTUK U BO3MOKHOCTh aBTOMATHYECKON MEPECTPOUKHU
[apaMeTPOB, 4 TAKXKE MX TEXHUYECKYH) PEATU3ALUI0 C HUCIOJIb30BAHHEM
CTaHJapTHBIX Bbrumciauteneil. K Hemocrarkam mugpoBBIX YCTPOWCTB, MO
CPAaBHEHUIO C AHAJIOINOBBIMHM, OTHOCSTCA MX ammnapaTrypHasl CJIOKHOCTb U
JIOTIOJITHUTENIbHBIE ~HMCTOYHUKH  OIIMOOK HM3MEpEHHs, OOYCIIOBJICHHbIC
IIyMaMl KBAaHTOBAaHMSI BUICOCHUTHAJIA TIO BPEMEHU U YPOBHIO U ILIyMaMH
OKPYTJICHUS B UBMEPUTENHHBIX U PUIBTPYIOMINX Yy3JIaX.
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[Tpu pa3zpaboTke UUGPOBBIX TENEBU3HOHHBIX CIEIAUINX CHUCTEM
(TCC), sBnstomuxcss oaHod wu3 pasHoBugHocTed TUC, BO3MOMXKHBI
BapUaHThl MX TMOCTPOEHHUS B BHUJE aBTOMATOB 0e3 Oydepusanuu MaccuBa
BUJICOJJAaHHBIX U C 3alIOMUHAHHWEM HEOOXOIMMOT0 MAacCHBa BHJICO/IaHHBIX.
B mepBom ciydae mu@poBbie aBTOMAaThl, KaKk MpaBWIO, pabOTalOT IO
OMHapHOMY BUACOCUTHAY U PEAIM3YIOT ONEpaIUio JUCKPUMUHUPOBAHUS B
npouecce (QopMHUpOBaHUS pacTpa U300pakeHus. Takue BapuaHTHI
mu¢poBbix TCC nocTaroyHo NpOCTHI B peaau3allid, HO UX BO3MOXHOCTH
10 a/lalTalluy alropuTMOB 00pabOTKU K BXOJHBIM YCJIOBHUSIM OTPAHUYEHBI,
TaK Kak 00paboTKa JaHHBIX JKECTKO CBSI3aHa C pa3BEPTKON N300pakeHHUS.

B mudpoeix TCC c¢ 3anomMuHaHWeM MaccuBa BHJICOJIaHHBIX,
noJUIeKalmx o0paboTKe, MpeayCMOTpPEHa BO3MOXKHOCTh ONEPATUBHOIO
U3MEHEHUS] allTOPUTMOB 0OpaOOTKM BUACOMH(POpPMALMM U HACTPOMKH HUX
napaMmeTpoB. B 3TOoM cnyuae umdpoBble BHICONAHHBIC, COAEpIKAIINE
uH(popmanuo o0 00beKTe, MOTYT 00padaThIBaThCS KAk anmnapaTHo, TaK W
POrPaMMHO B BBIUYUCIHTENE B JIF000I MOCIEI0BATEIBHOCTH H B HECKOIBKO
IPUEMOB.

Pucynok 2.17. CtpykrypHas cxema [uppoBOro yCTPOUCTB OIMpPEAEIICHUS
KOOpJIMHAT 00BEKTa
1-cxema 6600a cuenana owubku, 2-yughposoti guremp 1l; 3-cxema
Guxcayuu xoopounamol,; 4-gasupyemvlii cuemuux, 5-cxema onpeoeieHus u
xpanenus CO; 6-yugposoii puromp |; 7-cxema evibopxu cmpooa.

Paccmotpum  BapuanThl  peammzaruu 1udpoBeix  TCC  6e3
Oydepuzanu MaccruBa BUIEOIaHHBIX. B ocHOBY paboTsl 1udpossix TCC
NOJIOXKEH NPHUHLMI M3MEPEHUsT BPEMEHHBIX HHTEPBAJIOB IIyTEM CYETA
U3MEPUTETBbHBIX UMITYJIbCOB, JKECTKO CBSI3aHHBIX C UMITYJIbCAMU CTPOYHOMH
M KaapoBOW 4acToT. OCHOBHBIM CTPYKTYpHbIM KoMnoHeHTOM TCC Takoro
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TUNA SBISETCS (pa3upyeMblil CUETUMK C MPOU3BOJIBHBIM KOA(P(PUIIUEHTOM
nepecyera M BXOJHBIMM  JIOTUYECKHMMHM CXEMaMH, IO3BOJISIOIIKUMHA
OJTHOTUIIHO YIPABJISITh MOJOKEHHEM BBIXOJHOIO HMITYJIbCAa CUETYMKA
OTHOCHUTENFHO (UKCUPOBAHHOTO TOJOXEHHUS CTPOYHBIX U KaJPOBBIX
CUHXPOUMITYJIBCOB. Y CTPONCTBO COCTOUT M3 JBYX HACHTHUYHBIX KaHAJIOB
ciexxeHuss mo crpoke W kaapy (X um Y). Begomblil pexuM CHUCTEMBI
oOecrieynBaeTcs 3aal0umM yecTpoicTBoM. PaccmotpuM paboty nudpoBbix
YCTPOMCTB C Ppa3IMYHBIMU aJITOPUTMaMHU BBIJCJICHHS] CUTHAJIA ONIMOKHU
(CO) no cTpykTypHOI cxeme, MPUBEIEHHOMN Ha pucyHke 2.17.

[upposas TCC c nvenocpencreHHbiM u3MepenueM CO. B MomeHT
npuxofa BHJIEOMMITYyJIbCa OT OOBEKTa W3MEPUTEIbHBIE HUMITYJIBCHI C
3aJ1al0IIEeT0 YCTPOMUCTBA MOJIAI0TCS Ha CYUETUMKH [0 CTPOKE U KaJApy, Jajnee
paboTarolliie B pexxuMe HempepbIBHOrO cueta. HeoOxonumoe yrpexaeHue
BbIpaOOTKH cTpoOOB X U Y 3a7aeTcsi HaYaJIbHBIMU YMCJIaMU, 3aIMCAHHBIMU
B CUETYMKHA, B COOTBETCTBHUM C JUIMTENBHOCTBIO CTpoOOoB. Ilpu
HEMOJABM)KHOM OOBEKTE HMITYJIbChl CO CYETUYHMKOB, OIPEAEISIOIINE
MOJIOKEHUE ydacTKa CTPOOMPOBaHMS, TEHEPUPYIOTCS ¢ HEM3MEHHOM (Da30il.
CxeMbl BbIpaOOTKH cTpoOOB X M Y MPEACTABISIIOT COOOMl TpUITEpPHBIE
CUETUMKH, 110 KOAP(PULMEHTY TIepecueTa KOTOPIX 3aJa€TCsl JIUTEIbHOCTh

U3MEPUTENBHBIX MOJYCTPOOOB MO CTPOKE W Kaupy, paBHas 7,.=Kolf,, rme

Tye — JIIUTEIBHOCTH MONTyCcTpo0a; f;, — 4acToTa H3MEpHUTENBHBIX UMITYJIbCOB;
Ko — xoadpdumment nepecuera. AOcomoTHoe 3HaueHne M 3Hak CO
OMPENEIAIOTCA pa3/IeIbHO U XPpaHATCS B T€UCHUE Kajpa. JlonomHuTeIbHbIe
KOJbl MOJYJIEH paccorjiacoBaHMsl ILEHTPOB CTpoboB X U Y un
HOPMHUPOBAHHOT'O U3MEPUTEIBHON 4YaCTOTON BUICOMMITYJILCA OT OOBEKTa
3anuCchIBalOTCA B cueTuynku XpaHeHust CO. EMKOCTh CUETUHKOB XpaHEHHS
CO BbIOpaHa paBHOW €MKOCTH CUETYUMKOB B CXEMaX BBIPAOOTKU CTPOOOB,
4TO yrpoiaeT cunTtbiBaHue CO 1o CTpOKE U KaJpy.

Bo Bpemsi oOpaTHOro xoja mo Kajapy MNPOUCXOIUT KOoppekius (a3
cyeTyukoB X W Y TyTeM KOMMYTallUM CUTHAJOB Ha BXOJaX MEPBOTO U
BTOPOTO  TPUITEPOB  CUETYMKOB. B pe3ynprare  MNpOU3BOAUTCS
«oborareHuey 1Mo «00eTHEHHEY Psila U3MEPUTETHHBIX UMITYJILCOB U KaK
CJIEICTBUE KOPPEKILHUS PacCOTIaCOBaHMWM, MOSBUBIIMUXCA 32 BpeMs Kajpa.
[Ipu Takom crocobe 3amucu u cuuThiBaHUS CO BO3MOXKHO HM3MCHECHHE
kod(pduireHTa nepesayd B KOHTYpPE CIEKEHUSI MYyTeM HW3MEHEHHS 4acTOT
3anucy U cuuthiBanus CO 0o myTeM JeleHus Koja paccoriacoBaHus Ha
1eJble Yucia.

[lepenuce aOCOMIOTHOTO 3HAYEHHMS M 3HaKa koopauHat X u Y
OTHOCHUTEJILHO IIEHTpa pacTpa B CXeMbl (PUKCAIIUU KOOPAUHAT, COCTOSIIIUE
U3 TPUITEPHBIX SYEEK MaMATH, TMPOUCXOAUT TIPU JTUHAMHYECKOU
MPEANIeCTBYIONUX (as.
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[Mudposas TCC c BecoBbiMH yacToTaMu. PaccMoTpum ocoOeHHOCTH
noctpoenusi Bapuanta TCC, cnensdmed 3a 3HEPreTUYECKUM LIEHTPOM
00BEeKTa MO0 OMHAPHOMY BUACOUMITYIIECY C OHOBPEMEHHBIM OTNPEACIICHUEM
u BBoAoM CO B cyeTuuku. /(s ynpoleHust CUCTEMBI, peaTu3yIOIEend 3TOT
aITOPUTM, JOJDKHAa OBITh HECKOJIBKO HM3MEHEHa CXeMa 3aJaloliero
ycTpoiicTBa. BBOASATCS AOMOIHUTENBHBIE YAaCTOThI CTPOYHBIX M KaJIPOBBIX
U3MEPUTENIbHBIX UMITYJIbCOB, JI€JISl UX HA LIEJIbI€ YUCIIA, IOJy4yaeM ONOPHbIE
Y BECOBBIE YaCTOTBI, YTO MTO3BOJISIET C MOMOLIBIO CYETUUKOB OJTHOBPEMEHHO
reHepupoBaTh CTPoObl X U Y ¥ NPOU3BOAUTH KOPPEKIUIO UX MOJIOKEHUS 110
Pa3HOCTH MOJIYIUIONIA el 00bEKTa B IEPBOM M BTOPOM MoirycTpoOax. s
YMEHBILIEHUSI BEPOATHOCTH CPbIBA CJIEKEHHUS B IEPEXOJHOM PEXHUME U3
nepudepun crpoda BBEJEHBI JIBOMHBIE BecOBbIe KodddunueHtsl. [Ipu
OTHOCHTEIFHO HU3KHX H3MEPHUTEIHHBIX YAaCTOTaX B CHCTEME BO3HHKAIOT
aBTOKOJICOAHUS M3-3a PA3IMYHBIX 3HAUEHUH YaCTOT U3MEPEHUS B MIEPBOM U
BTOpOM MosrycTpobax. Cienyer OTMETHTb, YTO B KaHajie X KOppeKLHs (a3bl
CUETYHKA MPOUCXOAUT HECKOJIBKO pa3 3a Kajp.
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Pucynok 2.18. CtpykrypHas cxema nuudposoit TCC ¢ 3anoMuHaHueM
MacCHBa BUICOJaHHBIX

[Mudposas TCC ¢ nopmupoBanuem CO. Ctpykrypa mudposoit TCC,
clendmeid 3a DJHEPreTUYECKUM IIEHTPOM OOBeKTa M0 OWHAPHOMY
Busieocuraany ¢ BBogoM CO mo X u Y onuH pa3 3a Kajp, OTIAUYAETCS OT
paHee pACCMOTPCHHBIX HaaW4WeM O0oJjieeé YHUBEPCATBbHON  CXEMBI
onpeneneanss CO. B kamanme X curHaia OIMMOKH BBIJCISACTCS Ha
PEBEPCUBHOM  CUETYHMKE, 3aTeM IPOU3BOIUTCS OMNEparus JIeJICHUS
MOKa3aHW CUeTYMKAa Ha yJBOCHHOE YHCIIO CTPOK, B KOTOPBIX HAXOIUTCS
00BEKT, M BO BpeMsi OOpaTHOro xojJa MO KaaApy pe3yJbTaT ACJICHUS
BBOJUTCS B CYETYUK. TakuM o0pa3zoM, 3ToT crnocoO BbeiaeneHus CO
MO3BOJIIET TOJYYUTh YCpPEIHEHHbIE (B TMpeaenax CyMMapHOIro cTpoOa)
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3HAYEHHUs PacCOIIaCOBAHUI IO CTPOKE M KaJapy. 3aJaroliee YCTPOMCTBO,
obOecrieunBaroniee cornmacoBannyto pabory TCC ¢ TeneBU3MOHHBIM
JAaTYMKOM, aHAJIOrM4HO ycTpoicTBy uuppoBoit TCC, pabotaromieit mo
NIEPBOMY BHJIEOUMITYJIbCY OT OOBEKTA.

[udposas TCC ¢ 3anoMuHaHueM MacCHUBa BUJCOJaHHBIX IIPUBEICHA
Ha pucyHke 2.18.

Buneocurnan c¢ Beixoga TBJl momaercss Ha BXOJ YCTpPOWCTBA
npeaBaputenbHoil 00paboTku BuaeocurHana (YIIO), koTtopoe peanusyer
GYHKUMIO BBIJIEJICHUS CUTHAJIA OT OOBEKTa W HAWIYYIIMM CIIOCOOOM
BIUCHIBaeT oOpaboTaHHbI BuneocurHan (BCp) B pa3palHyIO CETKY
anajoro-mudposoro mpeodpazoBarens (ALlIl). B ALl mpousBoautcs
KBaHTOBaHME BUJICOCUTHAJla 1O BpeMEHM U ypoBHIO. YacrtoTa
muckperuszanuu B ALIT BeiOuMpaeTcss MCXOAs W3 IIHMPUHBI MOJOCHl YaCTOT
curHasia BCyp, a HEOOXOUMOE YUCIIO YPOBHEH KBAHTOBAHUA MO aMILIUTYIE
UCXO/sl W3 3aJlaHHOM TOYHOCTH HU3MEpEHHUsl KoopauHaT oObekta. B O3Y
3allOMHUHAeTcs UU(POBOM  MacCMB BHUJCOJAHHBIX B  CTpoOe  id
nocieaywnieit oopadotku u oneHku CO mo X u V. Ilocne oxoHuyaHus
ctpoba OydepusupoBaHHblil IMPPOBON BujeocurHan BCy CUMTHIBACTCA U3
O3Y, ooOpabGarsiBaetcss ¢unptpoM (@) © mOCTynmaeT Ha  BXOJ
nuckpumuHaropa (/1) s onpeaesieHus: CUurHaia omuoOKK mo cTpoke (AX).
3aTeM BBITIOJHSIETCA BTOPOM LUK cuMThiBaHUsS MaccuBa BCy uz O3V, ero
bunpTpanMs W omnpejesieHue curHaiga omuoku no kaapy (AY). Ilpu
HEO0OXOJIMMOCTH BO3MOKHO MHOTOKpPAaTHOE CUUTHIBAHHUE HH(POpMALUU U3
O3V u ee 00paboTKa MO 3aJaHHBIM AJTOPUTMAaM.

Curnasnbl OIMOKY MO CTPOKE U KaJpy MOCTYMNAIOT HA TPACKTOPHBIM
¢uneTp (TD), B KOTOPOM MPOU3BOJIUTCA UX CIIAKUBAHUE U CIIOXKEHHUE C
NPEABIAYIIAMA  3HAYCHUSMHU HM3MEPEHHBIX KOOpAWMHAT O0OBekTa. B
HavyaJbHbII MOMEHT BpeMeHH npu nepexoge TCC B pexuM CIexKeHUs B
TPACKTOPHBIA (PUIIBTP 3aMUCHIBAIOTCS 3HAUYCHUSI KOOPAUHAT 00beKkTa (X, U
Y,), MOJy4YeHHbIE B pexuMe oOHapykeHus (moucka oObekra). C BbIXOAa
TPaeKTOPHOro (UIBTPA U3MEPEHHBIE KOOPAUHATHI OOBEKTA MO CTPOKE H

kagpy (X u Y) momarorcs B peructpsl (P) u samomunarotcs B Hux. 110
KOJaM KOOpAMHAT B KaXXJIOM KaJpe BbIpadaThIBACTCA CTPOOUPYIOIIUI
UMIYJbC, KOTOPBIM NepeMelaeTcss IO pacTpy B COOTBETCTBUH C
U3MEPEHHBIMU B JAUCKPUMMHATOpPE CUTHAJaMH pPaccOriacoBaHUsl LEHTPOB
n300paxeHust o00beKTa M CTpooa.

Cunxporeneparop (CIN) YCTpOMCTBa BbIpaOaThIBaET
MOCIIEIOBATEIPHOCTH TaKTOBBIX, CTPOYHBIX W KaJAPOBBIX HMITYJIbCOB W,
KpOME TOro, oOecrneyuBaeT BEAOMbBIM JIMOO BEIyIIMH PEXUMBbI padOThI
nudponoit TCC no ornomenuto k TBJI. B Benymiem pexume padotet TCC
C BBIXOJIa CHHXpoTreHeparopa mogaercs curtan cuaxponmzaimu (CC) TB-
JlaTYuKa, 4TO 00ECIeUnBaET COrIAaCOBAaHHYIO paboOTy BCEX Y3J10B U(PPOBOIA
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cuctembl. B BegomMom pexume paboTrel 1o BuaeocurHainy TBJ]
CHHXpOTreHepaTop o0ecrneuynBaeT MPUBS3KY YacTOThl M (a3bl BBIXOJHBIX
MOCJIEOBATEIBHOCTEH HMITYJIbCOB K CHUHXPOHU3HUPYIOUIUM HMIYJbCaM B
BHUJICOCUTHAJIE. Y CTpoicTBO ynpasieHuss O3Y mo curHazaM ¢ reHeparopa
ctpoba (I'C) u cuHxporeHeparopa O0OECIEUHUBAET COIJIACOBAHHYIO C
pa3BepTioit TB/] 3amucek u cunteiBanne WHGOPMAIIHH.

Onepatuun ~ QuibTpanuu  Oydepu3MpoOBaHHOTO  BUCOCHUTHAJA,
JTUCKPUMUHUPOBAHUS M TPACKTOPHOU (DUIBTPAIIMM MOXHO BBITIOJHSTH B
BUJIC TMOJNPOTrpaMM B BBIYUCIIMTENE, a HE ammapaTHO, KaK MOKa3aHO Ha
pucynke 2.18. B »srom cnydae Bbeixog O3Y nomkeH ObITh uepe3
COOTBETCTBYIOIIUNA WHTEpPHENC COECIMHEH C BBIUUCIUTEIEM, B KOTOPOM
cCoJlepKUTCsl pabouasi mporpamMma oOpaOOTKH BHIEOAaHHBIX. B03MOXXHO
paszesieHre onepanuii 00paboTku BujeogaHHbIX B 1udposoit TCC Ha
BBINIOJIHAEMbBIE —amnmapatHo ©  nporpammHo. Ilpu 3amaHHOM  THIE
BBIYMCIIUTENS, UCXO/S U3 €ro MPOU3BOJAUTEILHOCTH U TIEPUOJA 3aMbIKAHUS
CIIENAILEr0 KOHTYypa, OIPEACNAIOTCS BO3MOXHOCTH BBINOJHEHUS UM
IPOrpaMMHOM YacTu anropuTMoB oOpadoTku mHpopmanuu B TCC. Kak
paBUiO, TpPaeKTOpHass QuibTpauus W (POPMUPOBAHUE CHUTHAJIOB JJIsS
VIOPABJICHHUS TPHUBOJIOM, BBINOJHSAIOTCS BBIUUCIUTENEM, a QUIbTPALUS
MaccuBa BUACOJAHHBIX U JUCKPUMHHHUPOBAHHE TPEOYIOT MNpPUMEHEHUS
JOTIOJTHUTENBHBIX allapaTHBIX CPEACTB B BUJIE CUTHAJIBHBIX IIPOLECCOPOB.
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I'JIABA 3. DJJEMEHTHI IIU®POBOII OBPABOTKHU
HU30BPAKEHU

OcHOBHOM 3amauell  TENEBU3UOHHBIX H3MEPHUTEIBHBIX CHCTEM,
ABIsIETCA 00paboTka u300pakeHHUs OO0BEKTa C IENbI0 HW3BJICUCHUS
KOJIMYECTBEHHON wuHpopManiuu o HEM. BbypHoe pa3BHUTHE 3JIEKTPOHHBIX
BBIYMCIUTEIBHBIX  MAIllMH, a TaKke CTPEMUTEIbLHOE YBEIMYCHHUE
BBIYHCIIUTEIILHONM  MOIHOCTH TEPCOHATBHBIX  KOMITBIOTEPOB  JI€JacT
3aMaHYUBBIM  TNpUMEHeHHe  nudpoBoli  00pabOTKM  CUTHAJIOB B
TEJICBU3WOHHBIX HM3MEPUTENbHBIX cucTteMax. [ludposas o6padpaboTka
CUTHAJIOB YCIEITHO TPUMEHSETCS B Pa3IUYHBIX OOJACTAX HAYKU U
TEXHUKHA, TaKUX KaK THUAPOAKKYCTHKA, PATUOJIOKAIMs, OHOMEIHIINHA,
CHUCTEMBI Tepeavr JTaHHBIX.

3.1 O6padoTka uHpopManuu B Bujae H300paxKeHn il

O6paboTka wu300pakeHUN ¢ wucnoib3oBaHueM OBM  MoxHO
pa3ze’anuTh Ha TPU OCHOBHBIX HampasiieHus [11]: mammHHYIO Tpaduky,
00paboTKy n300paxeHU U pacro3HaBaHUE U300PAKECHUI.

3ajavya MaIMHHOW rpauKu — BOCHPOU3BEACHUE WIIM BU3YyaJIU3alUs
U300pKEHUI B TE€X CiIy4asiX, KOI/la MCXOJIHOHN sBIsSIeTCS HH(pOpManus
Hen300pa3uTenbHONM NpHUponabl. B KauecTBe NpHMEpPOB MOHO NPUBECTU
noctpoeHue rpagpukoB GyHKIUN, KOMIIBIOTEpHAs )KUBOIUChH, aHUMALIUS.

O0paboTka M300paK€HUI CBsI3aHBl C PEIICHUEM 3a]ad, B KOTOPBIX
BXOJHBIE€ M BBIXOJHBIC JIaHHBIE SBISIOTCA H300pakeHusMu. [Ipumepom
MOTYT CIY>KUTh IMOJABJIEHUE IIYMOB B HMCXOJHOM M300pa’KEHUU, CHKATHE
JAHHBIX IIEPENaBacMbIX II0 KaHajgaM CBs3M, HM3MEHEHUE KOHTpacTa,
SAPKOCTH, THaNa30Ha IPKOCTEM.

OCHOBHBIM Ha3HAYEHUEM pPACIIO3HABAHUS HW300PAKEHUM SIBISIETCS
NPUMEHEHUE METOAOB MO3BOJSIONIMX TMOJYYUTh HEKOTOPOE OIMUCaHUE
U300paKEHUsI, TOJAHHOTO HA BXOJ CHCTEMbl WIJIM TPOBECTH €ro
kinaccudukanuoo. B gaHHOM ciydae, MOKHO cKa3aThb pemiaercs 3ajada,
oOpaTHasi, 3amaye MawmuHHOM Tpaduku. Ilpouenypa pacno3zHaBaHus
OpPUMEHSIETC K BXOJAHOMY H300paXEHHI0 U O0ECHe4YMBaeT  €ro
npeoOpa3oBaHWe B HEKOTOPOE OIMCaHUE, HampuMmep Habop dwuced,
CUMBOJIOB U T.1. JanpHelass oOpaboTka ONMUCaHUs MO3BOJISIET MPOBECTH
KJaccuukaImo n300paxeHusl.

MHOXECTBO M300paXE€HUW MOXHO YCJIOBHO pa3/IelIUTh HA YETHIPE
KJIacca: MOJIyTOHOBBIC U IIBETHBIC M300pakeHUs; OMHApHbBIE N300paKEHNUS;
HEIPEPBIBHBIE KPUBBIE U JINHUW; TOYKU U MHOTOYTOJIbHUKHU.

B kadectBe HamOoyiee Ba)XHBIX A3TaroB 00paObOTKM H300paKeHUMH
MO>KHO BBIICJIUTH CIIEIYIONIME Mpouenypsl [7].
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Dopmuposanue yugposozo npedcmasnenus uzobpaxcenus. Ha
JAHHOM JTal€ OCHOBHBIMHU SIBIIIFOTCS IPOLIECCHl JUCKPETU3ALMH U
KBaHTOBaHUs, TAKKE MPOLIEYPHI BBOJA M300paskeHUH B mamsaTh DBM.

IIpeosapumenvnas oopabomra uzobpasxcenuti. OCHOBHBIC OTIEPAITHH
JAHHOTO JTama SIBISIOTCS OIEpalMd BOCCTAaHOBICHUS, (QUIbTpPAIUH,
YIIyUIIECHHS BU3YaIbHOIO BOCHPUATHS H300paKEHUS.

Dopmuposanue  epaguueckozo npenapama uzoopasiceHus. 31eCh
OCYILECTBISIOTCA 00paboTKa H300pa)K€HUsI C 1LEJIbI0  BBIWICHEHUS
XapaKkTEepHbIX OCOOEHHOCTEH M300pakeHUs, HalpuMep, CErMeHTalus,
BbIJIEJICHUE KOHTYPOB, CKEJIETU3ALIUA U300paKEHU.

Ananuz uszobpasxcenuu. Ha naHHOM »JTame mOyTeM H3MEpEHMs
pa3IMyYHBIX MapaMeTpoOB (XapaKTEpHBIX OCOOEHHOCTEW), ONpEENIECHUs
NPU3HAKOB HM300paXKEHUsI, COCTABJISIIOTCA ONUCAHUS HW300paXEHUN H
O0OBEKTOB.

Knaccugukayusa u pacnosnaseanue usoopasicenuti. Ha a3tom 3tarne Ha
OCHOBE OIMCAaHUM MPOU3BOJAUTCA KiIacCU(UKALMS U pacro3HaBaHUE
M300paxeHuil U 0OBHEKTOB.

3.2 H3meHeHHe KOHTPACTa U300paKeHUs
3anmaga W3MEHEHUS KOHTpacTa CBsI3aHHA KOppeKIuen
JTUHAMHYECKOTO JHAarna3oHa UCXOAHOTO U300paKeHHS.
Honoxum, uro f(i,j)=fjj, 9(i,j)=0i j,- 3HaUeHNA APKOCTH HCXOTHOTO K
MOJIy4aeMoro mocyie 00pabOTKHM H300paKEHUM COOTBETCTBEHHO B TOUKE

Kagpa, | - HOMEp CTpokH, | Homep cronbua. Ecmu fmin u fmax -
COOTBETCTBEHHO HCXOJIHBIC MHHHUMAJIBHOC M MAaKCHMAJIbHOE 3HAYCHUS
SPKOCTH HMCXOJIHOTO H300pakeHHS. A Omin ¥ Omax - JKeJaeMbIe
MUHHAMAJIbHOE ¥ MAaKCUMAaJIbHOE 3HAYEHUS BBIXOTHOM SIPKOCTH.
JIunelinbIM VU3MEHEHUEM KOHTpacra Oyzner SABJIATHCS
npeoOpa3oBaHue BUAA
g. .=a-f. .+b (3.1)
I, ] I, ]

napaMeTpsl IpeoOpa3oBaHus & U D MOXHO ompenenuTh, perrB CUCTEMY
YPaBHEHHM:

g . =a-f . +
min min
g =a- f +b-
max max
HerpynHo moka3aTh, 4TO B KOHEUHOM HTOTre mpeodpazoBanue (3.1)
MPUBOJUTCS K BUTY:
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Imax ~ Ipmin

g; i =(f, . —f ) +9 . (3.2)
I, ] 1] min-* f —f . min e
max  "min
Consipusarust n300pakeHUs MPOTIeaypa UMEIOIIas BU/T;
rae fmax - MakcuManpHOE 3HAYEHWE WCXOJHOIO CHrHama, a K —

HOPMHUPYIOIIUA MHOXHTENb, MO3BOJISIIOIINN HW3MEHATh JTUHAMHYECKUI
JIMara3oH NpeoOpa30BaHHOTO W300paXKEHUS.

A A A
g g — g
a) f 6 ! o
A A
g g of
2) f 0) f f

e)
Pucynok 3.1 Ilpumepsl mnpeoOpa3oBaHMii, HCIOIB3YEMBIX MPHU
IIpeEnapupoBaHuN

[IpenapupoBanue wu300pakKeHUs, TakKXKe OTHOCUTCS K TpymIme
TOYEUHBIX npeoOpa3zoBaHui [5]. [Tpumepsbl npeoOpa3zoBaHui
UCIIOJIb3YEMBIX TIPH TPENapupoOBaHUM TPUBENCHBI Ha pucyHke 3.1.
Hampumep, npeobpazosanue c¢ nopozosoii xapaxmepucmukotl (PUCYHOK
3.1, a) TmpeBpamaer MOJYyTOHOBOE HW300pakeHHEe B  OWHApHOE.
XapakTepucTuKa mepeiadn YpoBHEH ISl ApKOCMHO20 cpe3a TIPUBElIeHa Ha
pucynke 3.1, 6. 1o npeoOdpazoBaHUE MO3BOISET BHIICIUTh OMPEACIICHHBIN
VMHTEpBaJ Auana3oHa spkoctei. IlepemMenias BBIACICHHBIA WHTEPBAJ, IO
SIPKOCTHOM IIIKaJIe MOXHO JIETaIbHO MCCIICIOBATh COJICPKAHNE KaPTHHBI.

[TpenapupoBanre OOBIYHO HCIIOIB3YETCS MPH BU3YAJTHLHOM aHAJIM3E
U300pAKEHU.
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3.3 H3MeHeHHe THCTOTPaMM U300paKeHUi

['uctorpamma pacnpeaeneHuil SpKOCTH N300paKeHHs] €CTECTBEHHOTO
MPOUCXOXKJICHUS T0CJ€ JIMHEWHOrO0 KBAaHTOBaHUS OOBIYHO CMEIEHA B
CTOPOHY MaJibiX ypoBHel [12]. B pe3ynbrare Ha TEMHBIX Y4acTKaX TaKUX
M300pKEHUI JIeTall OKa3bIBAIOTCS HEepazIuyuMbIMU. OTHUM U3 METOJIOB
YIIYUIIEHHUS] TaKUX U300paKEHUM SBISETCS BUJIOM3MEHEHHE TMCTOTPAMMBI.
OTOT MeToJ TMOoApa3yMeBaeT IMpeoOpa3oBaHUE SPKOCTEH HMCXOHOTO
U300paKeHus, TaKUM O0pa3oM, 4YTOObl THUCTOTpPaMMa TOJYYEHHOTO
U300pakKeHHs UMeTia JkeJaaemMyro Gopmy.

BunonsmMeHeHMe TUCTOTpaMMBl  MOKHO  pacCMaTpuBaTh  Kak
MOHOTOHHOE TO3JEMEHTHOE IMpeoOpa3oBaHUe 9; = F(fi) BXOJIHOM

UHTEHCHBHOCTH fO < fi < fn B Beixomuylo Jg < d; < Oc, B
pe3ynbTaTe HMCXOAHOe pacmpenenenue BeposatHoctn P(f,)mepexomur B
pacmperneneHue  BeposTHOCTeH  P(g;) wuMeromee kenaemyio  (Hopmy.

O4eBHIHO, YTO CyMMa BEPOSTHOCTEN JJISl BCEX YPOBHEN JOJKHA PABHATHCS

n K

eIMHHATIE: Zp(fj):]- u Zp(gi):l. [puaem st T1060TO |
j=0 i=0

JIOJDKHBI OBITh OJIMHAKOBBI HMCXOJHAS M MpeoOpa3oBareibHas (QYHKIHS

pacrpe/ieNnieH st BEpOATHOCTEH. BeposiTHOCTB TOTO, YTO APKOCTH AJIEMEHTOB

MCXOJHOTO HM300pakeHHs MEHbIIE HIM paBHA f,, JOMKHA paBHATHCA

BEPOSITHOCTH TOTO, YTO SIPKOCTH IJIEMEHTOB 00pabOTaHHOTO M300paKeHHUs
OyZeT MeHbIIE UM paBHA (, , CIIE0BATEIbHO!

K J
ZO p(g,) =Z_; p(f,). (3.4)

CyMMa BEpOATHOCTH ITPABOM YACTH ONPEAEISETCS PACIPENEICHUEM
BEPOSITHOCTH ~ UCXOAHOro  u3oOpaxenus. Ilepexogs B (3.4) oT
CYMMUPOBAaHHsI K HHTETPAJIbHOM 3alMCH NIOJIy4aeM BBIPAKEHHUE BUA

g f
| py(@)dg= [ p,(f)df @5)
Ymib fmin
rie P ( f ) u pg (g) - INTOTHOCTHU BEPOSATHOCTH f 1 § COOTBETCTBEHHO.
[Ipu »osToM mpaBas yacTh BbIpakeHus (3.5)  mpexacraBmsieT coOoM

pacrpenesieHue BEPOSITHOCTH Pf ( f ) UCXOJIHOM TIepeMenHoi f, koTopas B
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CBOIO  ouepeib
pacrpeeneHus:

MOXET

P (F)= Y He (m)

OBITH

anmpoKCUMUPOBaHA  TUCTOrPAMMOI

(3.6)

B tabmuue 3.1 nmpuBeAeHbl HEKOTOPBIE PA3HOBUAHOCTH THCTOTPaMM
00pabOTaHHBIX H300pPAKEHUH U COOTBETCTBYIOIIUME WM XapaKTEPUCTHUKU

repeiaun YpOBHEM.

Tabmuma 3.1

[InoTHOCTH BCPOATHOCTH Ha

XapakTepucTrKa nepeaayu ypoBHs

BBIXOJIE
PaBHOMepHas
(9)=—
pg J _gmax_ min’ g:(gmax_gmin)Pf(f)+gmin
gmin < g < gmax
OKCHOHEHIIHAJILHAS 1
P (9) = cre (@8, g = Grip ——IN(L— P, (1))
Omin <9 @
Penes
(9-Omin)’
- zgaz 1

9 — Ynin
p,(9) :79 ,
gmin < g

g=0,., + [2a°In

1- Fﬁ ('f)

Crenenu 2/3
2

1 g3
pg (g) :é % %
Omax — Ymin

1 1 1 3

g= (grélax o gr%in)Pf (f)+ gr%in

['unepOonnueckas

Pe (1)

1
pg (g) :_(In(gmax _In(gmin g — gmin —
g g min
B 3akmrodeHume OTMETHM, YTO TMPOIEAYyphl MPeoOpa3oBaHUS

TUCTOTPAMM MOTYT TMPUMEHSTBCA KaK K M300paXKEHUIO B IIEJIOM, TaK U K
oTaelbHBIM ero (parmentam. IlocienHee MoxkeT ObITH TOJIE3HBIM TIPU
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00pa0OTKE HECTAUMOHAPHBIX HW300paKEHU, COJEp)KaHHUE KOTOPBIX
CYLIECTBEHHO pAa3JIMYaeTCi MO CBOMM XapaKTEpUCTUKAM Ha PAa3JIMYHBIX
yuacTkax. B aToMm ciydae myumiero apdexra MOXKHO TOOUTHCS, MPUMEHSS
TUCTOTpaMMHYI0 00pabOTKY K OTAEIbHBIM ydacTKam[S].

3.4 BblaejieHne KOHTYPOB

[Ipexne 4yem mepeuTH K CaMHM QJITOPUTMaM, PaCCMOTPUM METOJ
BBIZICIICHUSI TPAHWIl, KOTOPHIM HEOOXOAWMM KaK BCIIOMOTATEIIbHBIN
aNrOpUTM,  MOPEAIICCTBYIONUMNA  OCHOBHOMY. OOmmuid  moaxon K
OOHapy>KEHHIO KOHTYpPOB JOCTAaTOYHO MpocT. McxomHoe u3zoOpakeHue,
npejacTaBicHHoe MaccuBoM uucell F(j, K) momBepraercs JUHEHHON WM
HEJIMHENHOM 00paboTke C TeM, YTOObl BBIIBUTH MeEpenajbl SPKOCTH. B
pesynbrate obOpasyercs MaccuB  umcen G(j, K), ommchIBaromiuii
U300paKEHHE C TOJYEPKHYTHIMA HW3MEHEHHSIMU  SIPKOCTEH. 3arem
BBITIOJIHAETCS OTlepaIusi CpaBHEHUS C IOPOTOM U OIIPEACIISIETCS MOJI0KEHNE

3JIEMEHTOB C APKO BbIpakeHHbIMU Hepenanamu. Ecin G ( Js k) <T ( Js k),

TO HMMEET MECTO HHUCXOASAIMWA Tepenan, a Ipu G ( Js k) =T, ( I k)
BOCXOAIIMM niepenan [12].
Benuuunbt TL( j,k) u Iy ( j,k) IPEACTABIAIOT COOOM HUXKHEE U

BEpXHEE IOpPOroBble 3HadeHHs. BbIOOp mopora sABIsSETCS OJHUM U3
KJIFOYEBBIX BOIIPOCOB BBIJACICHUS KOHTYpPOB. IIpM CIMIIKOM BBICOKOM
YpOBHE Topora He OyAyT OOHapy>KE€Hbl OOBEKThI U UX AJIEMEHTBI C HU3KUM
KOHTPACTOM.

Omun u3 Haubosiee TMPOCTBIX METOJIOB BBIJACICHHUS KOHTYPOB
3aKJIIOYAETCS B BBIUMCICHHM AUCKPETHBIX PA3HOCTEW, YTO AHAJOTHUYHO
HernpepblBHOMY nuddeperiupoanno. IloguepkuBanue BEpTUKAIBHBIX
nepenaaoB OCYUIECTBISETCS TOPU3OHTAIBHBIM (IIOCTPOYHBIM) TUCKPETHBIM

nudepeHnrpoBaHueM
G(J.k)=F(j.k)-F(j.k+1). (3.7)
Lo L Lo
AHaJIOTUYHO OCYIIECTBIIIETCS
L, |FGK) | Ls MOTYEPKUBAHKIE TOPU30HTAIBHBIX ITEPEIaoB:
G(J.k)=F(j.k)-F(j+1k). (3.8)
Le Ls Ls JlmaroHaapHOE TIOMYEPKUBAHWE MOXKHO TIOJYYHTh
PHCYHOK 3.2 yTeM BBIUMCJICHUS PA3HOCTEH Map JUaroHajJbHBIX
O6o3HaueHue SJICMCHTOB.

DJIEMEHTOB IS
orepaTopa BBIACICHUS
mepenajaoB ¢ OKHOM
3x3

B HemuHeWHBIX cucTeMax OOHApYKCHHS
nepenajgoB sl KOHTPACTUPOBAaHUS  IEepen
MIOPOTOBBIM  OTPAHUYECHUEM  MCIOJIB3YIOTCA  HE
JUHEWHBIC  KOMOWHAIIMM  3HAYCHUW  SPKOCTH
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AIIEMEHTOB M300pakeHus. [IpuMepoM MOXKET CIyKUTh HEIWHEHHBIN
oneparop CoOena, 3/eCh UCMONB3YETCS HEIUHEUHBIA ONEpaTop ¢ OKHOM
3x3 oanemMeHTOB. [In KOHTPAaCTHUPOBAHMS IIEPENATOB  BBIYMCIACTCS

BEJINYHMHA
G(j.k)=+X*=Y* (39

X=(L,+2L, +L,)-(L, +2L, +L,),
Y=(L+2L +L)—-(L +2L. +L,)
L — SIpKOCTH 3JIEMEHTOB OKHA, IOKa3aHHOTO HA PUCYHKE 3.2.

Omneparop Pobeprca Takyke OCYIIECTBISICT HEIMHEHHYIO OIEpaluio
JIBYyXMEPHOTO JUCKPETHOTO MU PepeHITnPOBAHUS

G(j,k) =[F(j,k) - F(j+Lk + ) +[F(j,k +1) - F(j +Lk[
(3.10)
I[pyFI/IM HEeJIUHENHBIM OIICPaTOPOM ABIISICTCA o1IcpaTop

npeioxkeHHblid Kupmem. Onepatop MCMOIb3yeT OKHO 3X3, MPUBEIEHHOE
Ha PUCYHKE 3.2, ¥ ONpeaeNsieTcs KaKk

rac

G(j,k) =max(Lmax|5S, —3T||, (3.11)

i=0-+7
rac

SS=A+AL AL, T=A+A +A+A+A,

WNHnekcol y cnaraeMbiX Aj MOJICYUTHIBAIOTCS 110 MOAYJIIO 8.

3.5 IlpuBsizka uzo0pakeHui

B npakTuke 00paboTku M300pakeHU 3a1ada MOMCKa COOTBETCTBUS
MoJIy4rJia OOJIbIIIOE PACIIPOCTPAHEHUE U M3BECTHA KaK MpoOJieMa «IOUCKa
no oOpasiy». @dopmanbHO €€ MOXHO paccMaTpuBaTh Kak IpoLecc
OTOXICCTBJIICHHSI JTAJIOHHOTO M300pakeHus (0Opasza pparmeHTa) ¢ OJJHUM
U3 MHOXKECTBa 00pa30oB (PparMeHTOB, JEKAIIUX B HEKOTOPOH (3a71aBaEMOiN)
00JacTH (30HE MOMCKA) BTOPOTo u3o00paxkeHus [5].

B kadectBe mpuMepa paccMOTpUM 3ajlady COIMOCTaBICHUS C
ATAJIOHOM OMHApHBIX M300pakeHui. B mpoliecce penieHust 3aiadu 3TajaoH
MOCIIEZIOBATEIHHO TIEpEMEIIAeTC M0 TONy W300paKeHHsI U HCCIETyeTCs
€ro CXOJCTBO C PAa3IMYHBIMU ydacTKamH u3o0pakeHus. [loHATHO, 4TO B
PEANBbHBIX YCIOBHSIX JOOUTHCS MOJHOTO CXOJCTBA HEBO3MOXKHO, TTOITOMY C
HIOMOIIBI0 Mepbl pazimuuust D(M,N) Mexay 3TanoHOM U H300paKCHHEM B
Touke (M,N) yKa3bIBAIOT HA HAJIMYHUE BBIJCICHHOTO 00BEKTA TaM, ToJe ITO
pazinyre MeHbIlIe HEKOTOPOr0 YCTaHOBACHHOTO rmopora Lp(m,n).
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B kadecTBe Mepbl pa3IMyUsi MOKHO B3SATh CPEIHEKBAIPATHUECKYIO
OIMOKY OMpeesIEMY0 KaK

D(m,n)=>_ > [F(j,K)-T(j—mk-n)]"

(3.12)
rne F(j,k) — smemenT MaccuBa m300pakeHUsi, HA KOTOPOM TPOU3BOIUTCS
nowuck, a T(J,K) — amemeHT 3TasioHHOro MaccuBa. [Ipu 3TOM cumMTaeTcs, 4To
ecTh cxoJIcTBO, ecir D(m,n)<Lp(m,n).

Bripaxkenue (3.12) MOXKHO IIPEJACTaBUTH B BUJIC

D(m,n) =D,(m,n)—-2D,(m,n) + D,(m,n),
(3.13)
rac

D,(mn) =3 S IF(J.K)T
D,(m.n) = Y S [F(j.K)-T(j-mk-n)]
Dy(m,n) = Y S [T (j—m,k—n)J*

Bropoe cnaraemoe mpeacTaBisieT coOOW B3aMMHYIO KOPPEISIIHIO
R (m,n) wm3o0Opaxenuss n stanoHa. llpum coBmageHUH H300paKEHHUS |

ATaJOHa 3HAYEHHWE B3aWMHOM KOPPEJSAIUHM JOJDKHO OBITh BEIUKO, OJHAKO
Ha TpaKTUKe yAoOHEe UCIOJIb30BaTh HOPMHUPOBAHHYI B3aUMHYIO

KOPPEJISIIUIO
D,(mn) Zjlzk:[F(J,k) -T(J-mk-n)]

D,(mn) > 2 IFGKP

liFT (m,n) =

(3.14)
I[aJ'ICC MNpOU3BOAUTCA CPABHCHHUC IIOJYYCHHOI'O 3HAYCHHUSA C TIIOPOI'OM,

CUMTAETCS, 9TO MMEET MECTO CXOACTBO, €ClIH Ry (m,n) > L. (m,n).

HopmupoBaHHasi B3auMHasi KOPPEJSIIUS UMEET MaKCUMAJIbHYIO BEJIMUUHY,
pPaBHYIO €IMHUIIE, KOTJIa N300pa)KEHHE MOJHOCTHIO COBIAIAET C ATAJTIOHOM.
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«Obpa3oBaHue»

rOCYAAPCTBEHHbIA YHUBEPCUTET ‘l\\\ B 2007 rogy CHGFY UTMO cTal
HO6€I[I/ITCJ'ICM KOHKYpCa HWHHOBAIIHOHHBIX O6pa30BaTCJ'IBHBIX ImporpamMmm
By30B Poccun Ha 2007-2008 ronpl. Peanuszannss WHHOBAIMOHHOU
06p330BaTCHBHOﬁ IMporpaMmabl «HHOBaAIIMOHHAsI cHCTeMa IOATOTOBKM
CIICOUAJIMCTOB HOBOI'O IIOKOJICHHA B obnactu I/IH(I)OpMaIII/IOHHBIX )41
ONTUYCCKUX TEXHOJOIHUM» II03BOJIMT BBINTH Ha KA4E€CTBEHHO HOBBIU
YPOBCHL IIOATOTOBKM BBIIIYCKHUKOB MW YIOBJICTBOPUTD BOSp&CT&KHHHﬁ
CIIpOC Ha CICOUAJIUCTOB B I/IH(i)OpMaIII/IOHHOI‘/’I, ONTUYCCKON U Apyrux
BBICOKOTCXHOJIOTHYHBIX OTPACIIAX 9KOHOMHUKH.

KA®E[LOPA ONTUKO-IJIETPOHHbLIX MPUBOPOB N CUCTEM

Kadenpa cozmaBanace B 1936-1939 rogax kak kadeapa BOEHHBIX
ontuueckux npubopoB. IlepBeiM  3aBemyromuM — kadeapod  ObLI
K.E. ConmogunoB, nmo »toro  BosmmaBisBmumid  [[Kb ~ BOOMIL
[IpenonaBarenamu kadenpsl cramu coTpyaHuku storo Kb - M.A.
PesynoB, M.A. Kpyrep, C.T. Llykkepman, B.A. Eropos, b.M. KynuxaHos.
B roasl Benukoit OteuecTBeHHON BOMHBI Kadeapa ObLlia SBaKyMpOBaHaA B
YepenaHoBo, rae ee oObeIUHWIM € Kadeapoll ONTUKO-MEXaHUYECKUX
npudopoB Mo pykoBoacTBoM mpodeccopa AWM. 3axapbenckoro. Ilocne
Bo3BpamleHus B Jlenunrpaag kadempoir B 1945-46 romax 1mo
COBMECTUTENBCTBY 3aBefoBal HauanbHUK Kb 'O M.A. Pe3yHOB.

B nauvane 1947 roma xadeapy BosrnaBui mpodeccop C.T.
[{ykkepman, KOTOpbIil pykoBoaui et 10 1972 roga. B 1958 rony kadenpa
Obl1a peoprann3oBaHa B KadeIpy CrenralbHbIX ONTUYECKUX TPUOOPOB, a B
1967 rtomy B Kkadeapy ONTHKO-3IEKTpOHHBIX mnpudopo (OIII). B
MpPEeIBOCHHBIE, BOeHHBIE U TocsieBoeHHbIe Toabl C.T. [{ykkepman paboTain
HaJ CO3JAHHEM NPHULIEIbHBIX YCTPOMCTB IS 3€HUTHOW W aBUALMOHHOMN
aprwiepud. OH ObUT OJHUM W3 co3faTelieldl CEpUHHOTO aBHAIMOHHOTO
rupockonmyeckoro mpunena ACII ¢ aBTomaTuueckoil BBIPAOOTKOM
MOMPaBKU Ha YIPEXKACHUE, KOTOPBIM YyCTaHABIMBAJICSI HA HCTPEOUTENSX
Mul, a TakkKe  MEXaHMYECKOI0  PaKypCHOro  Ipuueia s
MEJIKOKATUOEPHOM 3E€HUTHOW apTWIIECPUH, IIUPOKO MNPUMEHSEMOro BO
BpeMms BOMHBI BO BreTHame.

B 1958 r. mnpu xkadenpe Oblla oOpraHu3oBaHa oOTpaciieBas
nabopatopus "CreuuanbHble ONTHYECKHE NTPUOOPHI" C  JTOCTATOYHO
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CHJIBHOM Tpynmoi KOHCTpyKTopoB-pazpabotuukoB. C.T. Ilykkepman wu
A.C. I'puansa pykoBoIWIM pa3pabOTKON MpUOOPOB YIPaBICHUS IO JIydy
(ITYJI-0oB), mpeaHa3HAaYeHHBIX [JIs1 YNPABICHUS JABMKEHUEM pa3IMYHBIX
MOIBM)KHBIX OOBEKTOB IO MPSMON JTMHUH WIIH 110 TIPOTPaMMe.

B navane 60-x romoB I'.I. HMmanuH 3aHumancsi pa3pabOTKOH
dboTOMETpUYECKON ammapatypsl TPEeIHA3HAYCHHOW JUIsl IMAacIOpPTH3aINN
ONTUKO-3JIEKTPOHHBIX MPUOOPOB M CHUCTEM PA3TMYHOIO Ha3HaueHus. B
1965 rony I'.I'. MmanunpiM pa3paboTaHa TeOpHs, METOJbI pacyeTa u
MIPOEKTUPOBAHMS, TEXHOJIOTUSI U KOHCTPYKTHUBHBIE PELICHUS NPHUEMHUKOB
Ha OCHOBE TepMoyrnpyroro »sd@dexra B KpPUCTAUIMUECKOM KBapile.
[Ipuemuukun Ha TepmoynpyroMm 3ddekTe BHEIpPEeHbl B CEepUNHOE
npou3BoAcTBO. Ha ocHOBE 3TMX MPUEMHHUKOB pa3pabOTaHbl U BHEAPEHHI B
IIPOU3BOJICTBO M3MEPUTENHU IMAPAMETPOB Ja3epHOro u3iaydyeHus. HayuHno-
ucclieIoBaTeNbckue padoThl, MPOBEACHHBIE B YKa3aHHOM HalpaBJICHUU,
JErJIK B OCHOBY Yy4eOHOM muCHUIUIMHBI «VICTOUHMKM W TPUEMHHKH
U3IIYYCHUSD.

3HAYUTEIBHOE BIIMSHUE HA COJIEPKAHUE MOATOTOBKH CIICIIUATHCTOB
Y Hay4HBIX HMCCJIEAOBaHUN OKa3ajo MpUBJIEYEHHE K paboTe Ha Kadenpe
uyneHa-koppecnongenra PAH, I'epos Commanuctuueckoro Tpyaa, naypeara
Jlenunckoit npemun npodeccopa M.M. MupoiHukoBa, KOTOpbI padoTan
Ha kadeape ODII ¢ 1969 roga mo 1976 rox B nowkHOCTH Mpodeccopa 1o
COBMECTHUTENBCTBY MMOCTABWI U UATAN Kypc «TeopHsi ONTUKO-3JIEKTPOHHBIX
pruOOPOBY.

C 1972 rona no 1992 rox xadenpoit ODI1 3aBeqoBan 3aciyKEHHBIH
nesitens Hayku W TexHuku PCOCP, mnpodeccop JL.O. Ilopdupnes,
W3BECTHBIN crieruaiucT B 00actu aBroMarndeckux OO1IuC B komrmiekcax
HABUTALlMM W YNPABJICHHUS ABUAIIMOHHOM M KOCMHUYECKOW TEXHUKOM.
COOTBETCTBEHHO TeMaTUKa BBIMIOJIHEHUS HAYy4YHO-HCCIIEI0BATEIBCKUX
pabor Ha kadeape mnpuoOpena HOBbIC HaNpaBIEHUS, CYIIECTBEHHO
YBEIUYUJIOCh YHCJIO TEM, HOCSIIUX TMOUCKOBBIN (yHIaMEHTAIbHbBIN
xapaktep. beumn pa3zpaboTaHbl HOBBIM YYEOHBIM IJIJaH W TPOTPaAMMBbI
Y4EOHBIX JUCHUIIINH.

JL.O. TlopdupbeB Kak pPYKOBOJIWUTEIh MPOBOAMI JOCTATOYHO
JKECTKYI0 KaJpOBYIO TOJIMTUKY, TIPH KOTOpPOW Ha Kadeape ocTaBaIHCh
paboTaTh TOJBKO T€ COTPYAHUKH, KOTOPBIE OTIWYAIHCH MPEIAHHOCTHIO
neny. Ilpy 3ToM OH OKa3blBall BCEMEPHYIO MOMJIEPKKY COTPYIHUKAM
Kadeapbl MO pa3pabOTKE WMH DPA3jIMYHBIX HAMpaBICHUN TEOPUH U
MPAKTUKH ONTUKO-3JIEKTPOHHOTO TPUOOPOCTPOCHHUS.

[lo pe3ynpTaTaM Hay4yHO-HCCIIEOBATEIbCKUX Pa0OT B 3TOT MEPUO]
3AUTHIIM  JUCCEpPTAllUd Ha COWCKAaHWE YYEHOW CTEeNeHU JIOKTopa
texHnueckux Hayk ['.H. I'pszun (1983 r.), E.I'. Jle6enpko (1985 1.), D./1.
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[TankoB (1986 1.), I'.I'. Manusn (1988 r.), 3aiUIlleHO MHOTO JHCCEPTAIUi
Ha COMCKaHUE YYCHOUM CTENEHU KaHauJaTa TEXHUYECKUX HaYK.

B oaror mepuox mnox pykoBoactBoM O.J[. IlankoBa Haudamu
MPOBOAUTHLCS UCCIIECIOBAHUS IO pa3pabOTKE HOBBIX ONTHUKO-3JICKTPOHHBIX
CUCTEM H3MEPEHHUS B3aMMHOTO IMOJIOKEHUSI Pa3HECEHHBIX B MPOCTPAHCTBE
00BEKTOB. Pe3ymbTaThl yKa3aHHBIX pabOT OBUTM WCIOJIB30BaHBI TIPU
MOCTaHOBKE Kypca «HacTpolika M UCIHBITaHHS ONTHKO-3JIEKTPOHHBIX
PUOOPOBY.

Homent I'psisun T'.H., nepememmmii  Ha  Kadeapy ¢
paauoTexHuyeckoro ¢akyiapTera B 1972 romay, NpoIoJKUI CBOM pabOThI B
00JaCTH TMPUKIAAHOTO TEIEBUACHUS, UM OBbUIM 3aJI0’KEHBI OCHOBBI
TEJIEBUCHUS OBICTPONPOTEKAIOIINX MPOILIECCOB.

C 1975 roma 3aBemyrolmuM oOTpaciieBoil y1abopatopueit ctan A.H.
Tumodeen, KOTOPBIA TPOAOIIKII UCCIEI0OBAHUA 0 pa3pabOTKE METOJ0B U
CPEACTB KOHTPOJISI IPOCTPAHCTBEHHOIO MOJOXEHUSI 00BEKTOB C MOMOIIBIO
ODIl ¢ onThyYecKoW pPaBHOCUTHAJIBHOM 30HOW U1 MAaIIMHOCTPOCHUS,
DHEPIeTUKH, CTPOUTENIHCTBA, CYJIOCTPOCHUS U  JKEJIE3HOAOPOKHOTO
TpaHCIOpTAa.

C 1975 ronma, mocne yBonbHeHus B 3amnac, n3 JIBUKA um. A.O.
Mokaiickoro Ha kadenpy mnpwuilien paboTaTh B JIOJDKHOCTH mpodeccopa
C.II. ABaees, m3BecTHBI crnenuaiuct B oOnactu ODIInC xocMuuecKux
anmmapatoB. OH TMOCTaBUJI KypChl M YWTal JIEKIUH 10 Yy4eOHBIM
nuciuIuinHaM « ONITUKO-3JIEKTPOHHBIE TTPUOOPBD», «ONTUKO-IJIEKTPOHHbIE
npudOpsl CUCTEM YIpaBlieHUs», «ONTUKO-3JIEKTPOHHBIC MPUOOPHI IS
Hay4YHBIX UCCIICIOBAHUIN.

Cyl1iecTBeHHOE BIMSIHUE Ha COJACPKaHUE MOJTOTOBKU CIEIIMATNCTOB
YW Hay4HBIX HMCCJIEAOBaHUN OKaszajo MpUBJEYEHHE K paboTe Ha Kadempe
naypeata Jlenunckoii m l'ocygapctBeHHoi mnpemuii mpodeccopa bB.A.
EpmakoBa, M3BECTHOTO CHenUaucTa B 00JacTU (DU3NYECKOW ONTHUKH, U
ONTHUKO-3JIEKTPOHHOTO mnpudopoctpoenusd. b.A. EpmakoB pabotan Ha
kageape OJII ¢ 1979 roma mo 1992 ron B gomxHOcTH mpodeccopa Mo
COBMECTHUTEJILCTBY U TMOCTaBWI Kypc «ONTHUKO-3JEKTPOHHBIE MPUOOPHI C
Jazepammy.

B 70-80 romax mom pykoBoactBoM E.I'. Jlebenbko MpOBOAMIHCH
UCCIICIOBAHUSI ~ 3aKOHOB  OTPaKEHUs  JIa3€pHOTO0  U3JIY4YEHUs  OT
HECTAIMOHAPHBIX TTOBEPXHOCTEHN M MPOTHIKEHHBIX 00HEKTOB, UCCIICIOBAHUS
B 00JacTH TEOpUHM WACHTHU(PUKAIUA OOBEKTOB MO WX H3IYyUYCHUIO B
CoXHOW (QoHOBOM cuTyanmu. Co3gaH KOMIUIEKC IS JIa3ePHOM JIOKAIUU
KpYIHOTa0apUTHBIX MOPCKUX OOBEKTOB CIIOKHOM KOH(GUTYpAIIMU U BOJHOMN
MOBEpXHOCTH. B »Tux paborax npuHuMmanu ydactue npoueHtsl O.I1.
Tumodpees u C.b. JlykuH. Pe3ynbpTaThl, MOJIydeHHBbIE B paMKax 3THX
WCCIICIOBAaHUM, HAILIM TIPUMEHEHHWE B Yy4eOHbIX Kypcax: «OnTUKo-
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ANEKTPOHHBIE CUCTEMBI JIOKAUU U CBSI3W», «ONTORNEKTPOHHBIE CUCTEMBI
aBTOMATHU3alMK TEXHOJOTUUECKUX IpolieccoBy» U «IIpuknagHas onTukay.

B 70-90 romax mnox pyxoBoactBom JIL.®. IlopdupreBa Obln
pa3paboTaH psij aCTPOJATIMKOB, CUCTEM aCTPOOPUCHTAIIMHA U KOCMUYECKOM
Hapurauuu (B.W. Kanunuyk, A.JI. Auapees, C.H. Apsimes).

C 1992 r. 3aBeayrommm Kadempoi sBisieTcs 3acIyKCHHBIA JeATETh
Hayku Poccuiickoit ®@enepanuu, npodeccop I.J1. IlankoB. B 1992 rony
Kadeapa OblIa MepeuMeHOBaHa B KaQeApy ONTUKO-3JIEKTPOHHBIX TPUOOPOB
u cuctem (O3IMuC).

[Tox pykoBojacTBom D./1. [TankoBa B 70-90-X romgax ObuTH NpOBEICHBI
pa3paboTKu psifia OMTUKO-3JIEKTPOHHBIX TPUOOPOB M CUCTEM CIIELIUATIBHOTO
U TPaXJAHCKOTO NPUMEHEHMS, HAIIEANINX NPAKTUUYECKOE BHEIPEHUE U
CIIOCOOCTBYIOIIUX HAYYHO-TEXHUUYECKOMY TPOTPECCYy M  YKPEIJICHUIO
000pOHOCTIOCOOHOCTH Hallel cTpaHbl. B 4YacTHOCTH WuCCIEAOBaHUS U
pa3pabOTKK B 00JIACTH JMHEUHBIX M YTJOBBIX H3MEPEHUM TO3BOJIUIH
MPUCTYIUTh K PELICHUIO OO0IIei MpoOJieMbl COTJIaCOBaHUSI OTCUETHBIX 0a3
Ha HECTallMOHAPHO Je(POopMUpPYEMBIX OOBEKTaX C IOMOIIBIO OMNTHKO-
AIIEKTPOHHBIX CUCTEM.

B pamkax ykazanHoil npoOnemsl M.A. KOHSXHWHBIM TpPOBOIUINCH
UCCJICIOBAHUSI, PE3YJIbTaThl KOTOPBIX MOKHO KJIacCU(pUIMPOBATh Kak
pa3paboTKy TEOpUU TOCTPOEHUS ABTOKOJUIMMAIIMOHHBIX CHCTEM C
KOMITOHEHTaMH1 HapYIIEHHON THUIOBOW KOH(DUTypaIIHH.

B T0 ke Bpems B.B. KoporaeBeiMm pazpaboran  psij
MOJIIPU3AIMOHHBIX ~ NpUOOPOB U HU3MEPUTENIBHBIX  YCTaHOBOK.
TeopernueckuMm pe3ynbTaToM pabOT SIBUJIACH pa3padOTKa METOJI0JOTHH
aHaJu3a MoJIAPU3AIMOHHBIX CBOMCTB ONTUYECKUX CUCTEM C U3MEHSIOIICUCS
OPHUEHTALIMEN PJIEMEHTOB.

[To pesynbpTaTam ykazanusix padot B.B. Koporaes (B 1997 r.) u . A.
Konsaxun (B 1998r.) 3ammuTunu aAuccepTallid HAa COMCKaHUE YYEHOU
CTEIEHU JIOKTOPa TEXHUYECKUX HAYK.

[IpuMeHeHHEe  MHOTOPJIEMEHTHBIX NPUEMHUKOB B  CHUCTEMax
MeJeHralMu  Jajgo  TOJYOK  Pa3BUTHUIO  TEJIEBU3MOHHBIX  CHUCTEM
TEXHUYECKOTO 3PEHUS, U3MEPUTEIbHBIX TEIEBU3UOHHBIX CUCTEM M CUCTEM
o0paboTkn u300pakeHWH. PesynapTaTbl 3THX HCCleAOBaHUN  OBLIM
ucrnosib3oBanbl A.JI. AHJpeeBbIM MNpU TOCTAHOBKE YYEOHBIX KypCOB
«ONTUKO-327IEKTPpOHHBIE cHCTEMBI ¢  OBM»y, «Cnenuanu3upoBaHHbIE
anmnapatHble M nporpamMmuble cpeactBa OJ3Il», «ABTOMaTU3UPOBAHHBIE
TEJIEBU3UOHHbBIEC BHIYUCIUTEIbHBIE KOMIUIEKCH», a Takxke C.H. SpbiieBsim
Mpu ocTaHoBKe UM B 1993 rony yueOHOM qucIMIUIMHBI « BuaeoTexHUuKay.

B stot nepuon I'.H. I'psi3uHbIM ObLIH MOJATOTOBICHBI JUCIUTUIMHAM:
«TeneBuznonHble cUCTEMBIY, «IIpHUKIagHOE TEIECBUICHUE U TEIEBU3UOHHO-
BBIYUCIUTEIbHBIE KOMIUIEKCHI» (coBMEeCTHO ¢ A.JI. AHApEeeBbIM).
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Ha ocHoBe 0000mIEHHSI METOAMK pacyeTa ONTHKO-3JIEKTPOHHBIX
CUCTEM pa3JINYHOI0 Ha3HAYEeHUs U npuHIUNa aercteus B 1981 roay Opuin
pPa3BEPHYTHI padboThI 1o CO3aHUIO AJIEMEHTOB CUCTEM
aBToMaTu3npoBaHHOro npoexkrupoBanus OJI1. 3a nepuoxg ¢ 1981 mo 1987
roj o pykoBoactBoM Konsixuna U.A. Obutn pa3zpaOoTaHbl OpUTHHATIBHBIC
MaKeThl MPUKJIAJHBIX MPOrpaMM pacueTa MmapaMeTpOB CUCTEM H3MEpPEHUs
MPOCTPAHCTBEHHOTO MOJIOKEHUSI OOBEKTOB.

Pa3BuTHE KOMIBIOTEPHON TEXHUKHA M MPOTPAMMHOTO OOECICUCHHS
OOIIEro Ha3HA4YeHHs] MO3BOJMIIO CO3JaTh MPOOJIEMHO-OPUEHTUPOBAHHOE
nporpaMmMHoe oOecriedyeHue noaaepKku mpoekTupoBanus OOSIl Ha
CUCTEMOTEXHUYECKOM YPOBHE. YKa3aHHbIE MaTepHalibl JIETJIM B OCHOBY
JIEKIIMOHHOTO Kypca U JlabopaTopHOro mpakTukymMa «KommbploTepHbIe
TEXHOJIOTUHU NMpoeKTHpoBaHus OIC».

B 1992 roay Obl10 mpuHATO pemieHue o0 opraHu3alnuM (uiinana
kadenpel OO3IMuC nHa 6aze BHUNUM um. JI.M. MenneneeBa, KOTOphId B
1997 rony BeIpoc B 0a30ByI0 KadeIpy 3KOJIOTHUYECKOTO MTPUOOPOCTPOCHUS
u MoHuTOpuHTa. K HacToseMy MOMEHTY OCYIIECTBICHO 3 BBIMYCKa IO
cnennanu3anud  «ONTHUKO-AJIEKTPOHHBIE  METOJABl W CPEICTBa
IKOJIOTUYECKOTO MOHUTOPUHTa». COBMECTHBIMH YCHIIMSMU COTPYIHUKOB
kadeaper O3IMuC u 6a3oBoi Kadeapsl IKOTOTHIECKOTO MPUOOPOCTPOCHUS
Y MOHUTOpPHHIA MOCTABJIEH Psiji Y4EOHBIX TUCLHUIUINH, KOTOPBIE MO3BOJISIOT
OCYILECTBISATh 3KOJOTHYECKYIO IMOATOTOBKY Kak JUIsl BBITYCKHUKOB
kadeapel ODIIuC, Tak u 1715 BBITYCKHUKOB JAPYTrUX Kadeap yHUBEpCUTETA.
g obecrnieueHus: SKOJOTMYECKOW TMOATOTOBKH CHEIMAIMCTOB CO3/aHa
nabopaTtopus «ONTUKO-3TIEKTPOHHBIE IPUOOPHI u CUCTEMBI
HKOJIOTUYECKOTO MOHUTOPUHTA.

B cBs3u ¢ BHenpeHHMEM JBYXYpOBHEBOW IOATOTOBKH IO CXEMeE
OakanmaBp-maructp  kadempa  OD[IuC  npoBena  HEOOXOAUMYIO
METOJAMYECKYI0 pad0Ty M B HACTOAILEE BPEMS OCYIIECTBISIET MOATOTOBKY
OakanaBpoB (¢ 1997 rona) u maructpos (c 1999 rona).

HayuHo-negarornueckass mkona kadeapsl BOLUIA B YHCIIO
nooeauteneit koukypca Cankt-Iletepoypra 2006 roza.

C 2007 r. 3aBemyromuM Kadenpoil SBISETCS TOKTOP TEXHUYECKHUX
Hayk, podeccop B.B. Koporaes.

[To unummatuBe B.B. KoporaeBa na kadeape ODIIIuC oTkpsiTa
MOJITOTOBKA:!

e uHKeHepoB 10 crneumanuzaruu  200203.65.27  Ontuko-
3JIEKTPOHHBIE puOOpHI u CHUCTEMBI 00paboTKu
BujieonHpopmariuu (nepsolii Beimyck B 2008 romay).

e mMmaructpoB 1o nporpamme 200200.68.15 OnTUKO-3IEKTPOHHBIE
METOABl W CpeacTBa o0paboTku BuaconH(popMmaiuu (TIEPBBIMA
BBITyCK cocTosics B 2007 roxy).
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[To pe3ynpTaTam Hay4dHbIX paboT corpyaHukamu Kadeapsr ODIIuC
BBIMYIICHO B cBeT 15 MoHorpaduii, 11 yueOHnkoB u yueOHbIX ocobuii. Ha
Kadeape moAroToBiIeHo 14 MOKTOpOB HayK, a Takke Oonee 110 kanaMmIaTOB
Hayk. Ha pa3paGoTku kadeapbl MOTydeHBI aBTOPCKHE CBUACTEIHCTBA
CCCP wu mnarentsl Poccuiickoir ®enepanuun Ha ©Oonee uyem 200
n300peTeHnii. 3a BCE BpEMs CYIIECTBOBAaHUSA Kadedpbl TMOATOTOBICHO
6osee 3000 nHKEHEPOB.

Tonbko 3a mocnenHue 5 JeT Ha Kadeape 3auuTIM gucceptanuu 14
KaHJIUJIATOB HayK U 4 JJOKTOpa HayK.

B 2007 rogy Ha kadenpe 3alUTHIIM JUCCEPTAIIMU 6 KaHIWUATOB
HayK U | TOKTOp HayK.

Takum o0O0pa3oM, TPYJOM HECKOJbKHX IIOKOJEHUN COTPYIHUKOB
kadenpel ODIIuC B pe3ynbrare OOJIBIIONW HAYYHO-UCCIIEIOBATEIIBCKON U
Hay4YHO-METOJINYECKOW paboThl c(HOpMHUpPOBAIACH COBPEMEHHAs CHCTEMa
MOJATOTOBKHU CHENUATUCTOB (MHKEHEPOB) M0 CHENUATBHOCTH

200203.65.00 - "OnTUKo-3/1eKTPOHHbIE MPUOOPHI U CUCTEMBI' 110
crenuaJIu3anusaM:

—200203.65.01 - OIITUKO-JIEKTPOHHBIE nH(POPMAIMOHHO-
M3MEPUTENbHBIC U CIEeASIIIe TPUOOPHI U CUCTEMBI;

—200203.65.02 - oNTHUKO-3JIEKTPOHHBICE METOABI MW  CPEICTBa
IKOJIOTUIECKOTO MOHUTOPUHTA;

—200203.65.27 - OnNTUKO-3JEKTPOHHBIE TPUOOPBI U  CHUCTEMBI

00pabOTKHN BUACOUHPOPMALIUH.

Kpome Toro, kadenpa BegeT MOArOTOBKY OakajaaBpOB IO
HaIpPAaBJICHUIO

55.19.00 - "OnrToTrexnuka"

a TaK)kKe MarkucTpoB 110 Iporpammam:

—200200.68.02 - OnTrueckue u ONTUKO-3JIEKTPOHHBIE TPUOOPHI;
—200200.68.15 - OnTHKO-2JIEKTPOHHBIC METOIbI 51 CpecTBa
00paboTKK BUACOUHPOPMALIUH.

Ceronns kadenpa OJI[uC - 310 7 yueOHBIX J1abopaToOpHil,
KOMIIBIOTEPHBIN KIIACC, 3TO, MPEXKJE BCETO, BHICOKOKBATH(DHIIMPOBAHHBIN
IPENoAaBaTeIbCKUNA KOJIJIEKTUB, B KOTOPOM 6 MpodeccopoB, ITOKTOPOB
HayK U 7 IOLIEHTOB, KaHN/1aTOB HAYK.

108



PeaakumoHHO-u3aaTenLCcKun otaen
CaHkT-lMeTepbyprckoro rocyaapcTBEHHOro

yHMBepcuTeTa MHMOPMaLMOHHbIX ”
TEXHOJTOMNIN, MEXaHUKM U ONTUKM
197101’ CaHKT-I—leTep6ypr1 KpOHBepKCKMVI np’ 49 TOCYAAPCTBEHHbBIN YHUBEPCUTET “\\\



