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JIABOPATOPHA PABOTA Nel

N3YYEHUE AIIMMAPATYPHOTI'O COCTABA U KOHCTPYKIIHN
ONTUKO-3JIEKTPOHHOM CUCTEMBI

TEOPETUYECKUWE CBEJIEHUA

Ornrtuko-3nexkrponnas cucrema (O9C) B cocTaBe aBTOMAaTUYECKOTO YIIPaBJISEMOT0 KOMILIEKCA
(VK) nomxHa oGecriednuBaTh CASAYIOIINE PEKUMBI paOOTHI:

- HaBEJICHUE ONTHKO-3JICKTPOHHBIX MPUOOPOB B PEIKUMAX OTPAOOTKH IEICYKa3aHHUsI 10 TAHHBIM
OT BBIYHUCIUTENLHON cucTeMbl YK;

- aBTOMATUYECKUM MOUCK U 3aXBaT JI0 IBYX BO3/YIIHBIX [€J€H B 3a/JaHHOM OT BHIYUCIIUTEIILHON
cucteMsbl cektope B TB u TIIB ananazoHax JJIMH BOJIH U UX aBTOCOIPOBOXKIACHUS;

- OMpe/IeNICHUE YTIOBBIX KOOPAUHAT COITPOBOXKIAEMBIX LIETICH;

- TIEJICHTAIUS ¥ OTIPEICIICHUE YIIIOBBIX KOOPJMHAT JI0 ABYX coOCTBeHHBIX JIA B kanane OO /1;

- U3MEpEHHUE JABHOCTHU A0 00BbEKTOB B Anana3zoHe JuH BoJH (1,064 + 0,010) mMkwm;

- UHEPLIMOHHOE COMPOBOXKICHUE LIEJIH, IIPU MOTEPE C HEl ONTHUUECKOM CBSI3U, IO U3MEPEHHBIM
paHee U 10 MOJYyYEHHBIM OT BBIYUCIUTEIIBHON CHUCTEMBI KOMILJIEKCa KOOPAMHATAM;

- olmepaTHBHas IOCTUPOBKA MO coOcTBeHHOMY JIA s ompeneneHUss U KOMIIGHCALUU HE
napajuienpHocTel ontuueckux oceit kananos (TB, TIIB, O9/]) (aBTorocTupoBka);

- pacu€t pazHOCTHBIX KoopauHat napsl «llens - 3YP» no nanueim, usmepennsim o TB (TIIB)
kaHainy u OD/] cOOTBETCTBEHHO;

- BBbIJJaYa B BBIYUCIUTEIBHYIO CHCTEMY KOMILIEKCa pPE3ylbTaTOB H3MEPEHM, a TaKKe
ynpasieHue pexumamu padotel OOC 1o KOMaHAaM OT BHIYMCIUTENbHONW CUCTEMbI KOMILIEKCA.

OOC komriekca Takxke TOMOTHUTENHHO JOJIKHA 00eCIeYnBaTh:

- YIPAaBJICHHUE TTOJIOKEHUEM JIMHUM BU3WPOBAHUS B PEKUME MOJTyaBTOMATHYECKOTO HaBEACHUS
JUIA TIOMCKA M TOCJEIYIOIIer0 3aXBaTa Ha aBTOCOMPOBOXKICHHE HAIBOJHBIX, HA3€MHBIX, a TaKke
MaJIOTIO/IBMKHBIX BO3/YIIHBIX 1IEJICH;

- 00paboTka u oTOOpakeHHE Ha PKpaHe aBTOMATHU3UPOBAHHOIO pabodero mecra omeparopa
M300paXeHUST TEKyIIeH (OHOIEIeBOH OOCTAaHOBKM Il OOECICUEHUsT BO3MOXKHOCTH OICHKHU
PE3yNbTaTOB aBTOMATHYECKON PabOThl KOMIUIEKCA U MHAMKAIIMH TEKYIINX PEKUMOB.

B ocHOBy omnrtuko-anekTponHol cucteMbl (ODC) 3amokeHa MOHOOJOYHAS KOHCTPYKIHUS B
KoTOpoi Bce coctaBHble yacTu ODC pa3MellleHbl Ha YCTPOWCTBE MOBOPOTHOM B €0 MOJBHKHON M
HEMOJIBUKHOMN YacTsX.

B coctaB O3C Bxoadr crneayromue 6J0KH U CUCTEMBI:

- JIByX KOOpJWHATHAas CTaOWIU3UPOBaHHAS IUIaTGopMa C MHTETPUPOBAHHBIMH JIBUTATEIISIMH,
JaTYNKaMU CTAaOMITM3AllMY U BPALIAIOIIMMICS KOHTAaKTHBIMHU YCTPOICTBaMU;

- OJIOK yTIpaBJIEHUS IPUBOJIOM;

- OJIOK MUTaHUS ONITUYECKUX MPHOOPOB;

- OJIOK ONTHKO-MEXaHUYECKHH.



Buemnuii Bug O9C npencraBieH Ha pUCyHKe 1.

TennoBHU3MOHHBIN OnTUKO-3ICKTPOHHEIN
MO/TYJIb JIaTIuK
biok ontuko-
MEXaHUYECKUM
[InpokononbHbII
TEICBU3UOHHBIN KaHaI JlasepHblii
JlaJIbHOMED
V3KONOIbHbIH
TCICBU3UOHHBIM KaHAI
[Tnatrpopma
CTabMIM3HUpPOBaHHAS

bnok YIIpaBJICHUA

TPUBOJIOM
Pucynok 1 - Buemnuii Bug O9C

KonctpyktuBao ODC npeacrapisieT coboil cOOPOUHYIO €IUHUILY, OCHOBOW KOTOPOH SIBIISIETCA
atopma cTabMIM3UPOBAHHAS C HECYIEH YacThI0 BEPTUKAIBHOTO KaHaa HaBeICHHsI, BBITOJHEHHON
B BHJI€ BIUIKH. Ha morone ropu3oHTanbHOIO KaHalla HaBeJCHH U JIeBOM (pJIaHIIe BEpTUKAIHLHOTO KaHaIa
HABEJICHUSI YCTAHOBJIEHbl MOMEHTHbBIE JIBUTaTelId, YMEHBLIEHHOW BBICOTBI U 00J€€e BBICOKUM
HaNpsDKeHWEM MHUTaHUs, 00ECIeunBalolIie BpallleHUe MOJIe3HOW Harpysku. /laTuuku crabunuzanuu
pacnosoKeHbl B 0JIOKE ONTUKO-MEXaHUYECKOM.

ObecnieueHre MUHUMAJIBHOTO 3HAUE€HUSI MOMEHTOB HEYpaBHOBELIEHHOCTH 1o kaHaiam BH u I'H
B 3HAUUTEILHON Mepe JOCTUTAETCS palliOHATBFHON KOMITOHOBKOM OT/IENbHBIX COCTaBHBIX YacTel Ooka
OINTUKO-MeXxaHnyeckoro. OcraToyHas HEYpaBHOBEIIEHHOCTb KOMIIEHCHUPYETCS OaJlaHCHPOBOYHBIMHU
rpy3amu, pu 3TOM 00ECIIeUYNBAETCS CTaTUUECKas U JUHAMHUUYECKasl OalaHCUPOBKa Harpy3KH.

C 1enpio MOBBIIIEHUS] TOYHOCTH M3MEPEHHUs] MapaMmeTpoB JBWKeHUs no kaHaitam BH u I'H
WCTIONB3YIOTCA JATYMKA YIJIOBOM CKOPOCTH B KOMIUIEKTE C HEOOXOJUMOW 3JIEKTPOHHKOM
KOHCTPYKTUBHO O0bEUHEHHBIE B OJIOK M3MepeHHus yrioBoil ckopocti. BUYC BepTukanbHOro kaHana
pasmeraercs B 0j0ke ontuko-mMexanndeckoM, BUY C ropuzonTansHOro kaHajia — Ha OJABHKHOM 4acTh
norona I'H nnatdopmbl cTabuan3upoBaHHOM.

['mpockonuueckuil 1aTYMK yria pa3MelleH B ONTUKO-MexaHuuyeckoMm Osioke psaom ¢ TIIB u
VYTB kananamu ans obecnieueHust O6osee TOUYHOW CTaOMIM3AlMM JIMHUM BU3UpPOBaHMS NpH paboTe
KOMILJIEKCA.

Cxema pa3menieHus gaT4ukoB ctabunmzanuu B OOC npencraBieHa Ha PUCYHKE 2.



JIBurarens cTaOMIM3aIuu

biiox usmepenus

KaHaJa BH

YIJIOBOI CKOPOCTH

I'mpockonnueckuit

AAaTYUK yTJIa

Pucynok 2 — Cxema pa3menienus 1aT4ukoB ctabmimmsanuu B O9C

OynknuonaabHo OIC comepkut B celde:

- ONITUKO-3JIEKTPOHHYIO cucTeMy conpoBoxaeHus neiau (09CC);

- ONTUYECKHE JIEMEHTHI CUCTEM yIpaBiseMoro Boopyxkenus (O3 u JIJI).

ODCC obecnieunBaeT HaBeIEHUE ONITUYECKUX IIPUOOPOB Ha LIEJIb U yIepKaHHe LIeTIH B IIpeenax
TIOJIS 3PEHHS ONITHKO-DJIEKTPOHHBIX 3JIEMEHTOB YIIPABISIEMOT0 BoopykeHus. [Ipu 5ToM [uist ynpaBieHus
HCMOJB3YIOTCS U3MEPEHHBIE B BUeocurHaie oT AaryukoB PO (TeneBU3MOHHOM M TEMJIOBU3MOHHOMN
KaMep) KOOpAMHATHI HEJTH W TapaMeTphl JIBWKCHHS OCHOBaHUS (M3MEpEHHBIE THPOCKOIMHUYECKUM
JATYUKOM YTIIa).

Ha ocHOBaHMH CyMMBI 3THX CHUTHAJIOB ()OPMHPYETCS] CUTHAI Ha CHIJIOBOW TMPUBOJ TIAT(POPMBI
CTaOMIIN3UPOBAHHON, KOTOpasi KOMIEHCUPYET KaukU U HAaBOJAUT ONTHYECKUE MPUOOPHI Ha 11ETb.

Hagenenue yrpaiisieMoro BOOpY>KEHHs Ha I[eJTb OCYIIECTBIISIETCS IO pa3HOCTHOW KOOpIMHATE
JUIS CUCTEM TEJICHABECHMUS.

KoHCTpyKTHBHAsT KOMITOHOBKA OINTHYECKHMX JIIEMEHTOB OJOKa ONTHKO-MEXaHWYECKOTO
MpeACTaBICHAa HA PUCYHKE 3.



TeneBU3NOHHbIN TennoBM3nOHHbLIN Meana KoHBepTOP [O1C)1|

aBTOMaT Moayrb ] Kananel 1 -2

Nanyyatenb

nno

YTB-kaHan un [Mepenatownm basoBas
KaHan NPUEMHbIN obvekTmB J1[ \ /FIOBerHOCTb
obvekTus J1[]

PI/ICYHOK 3 — KoMItoHOBKa 0JI0Ka OITHKO-MEXaHHUYECKOTO

[IpunenbHbIN KOMIUIEKC 110 CBOUM XapaKTEPUCTUKAM JO0KEH ObITh MAKCUMAJIBHO COTJIACOBaH C
BO3MOKHOCTSIMH OpYXkHs. M30BITOUHOCTh XapaKTEPUCTHK MPUBOAUT K HEONPABAAHHOMY YBEIUUECHUIO
rabapuTOB M Macchl MPULIETOB, HEIOCTATOYHOCTh K€ XapaKTEPUCTHK HE MO3BOJSET B IOJHOW Mepe

HCII0JIb30BaTh MOTEHIMATbHBIE BO3MOKHOCTH BOOPYKEHUSI.
Cuctembl HaBeneHus u crabunuzanuu npuiiesnoB (CHC) MoxHO pa3aenuTh Ha TPH THMA:

- CHC, B KOTOPBIX ITPOU3BOAUTCS CTa6I/IJ'II/I3aI_II/IH U HaBCACHUC HCIIOCPCACTBCHHO CaMHUX

MPUIOCIIbHBIX KaHAJIOB,

- CHC, B KOTOPBIX MMPULCIIbHBIC KaHAJIbI HCITOABUKHBI OTHOCUTCIIBHO HOCUTCIISL U OTKIIOHAIOTCH

TOJIBKO UX OIITHYCCKHEC OCH,

- CHC cmemanHoro THUIIA, B KOTOPBIX MMPOU3BOAATCS OIICpallUU IICPBLIX ABYX THIIOB (06LI‘IHO

olepaliu epBoro TUIa rpyoble, a BTOpOro TUIA — TOYHbIE).



JIABOPATOPHAA PABOTA Ne2

N3YYEHUE TEJEBU3NOHHOI'O KAHAJIA
ONITUKO-3JIEKTPOHHOM CUCTEMBI

TEOPETUYECKHME CBEJJEHUA

bnok xananmoB mpexacraBisieT €000  KOHCTPYKTHBHO OOBEIMHEHHBIE —Y3KONOJIBHBIN
TEJIEBU3MOHHBIA KaHaJI, ITUPOKOTOJILHBIN TeJIEBU3MOHHBIN KaHal, JIJI ¢ cucremol qocTabuiIn3anu u
KOJUTUMATOP BBIBEPKH.

Bremnauii Bu 0710Ka KaHAJIOB MPHUBEACH Ha pUCYHKE 1.

Komnumarop [lepenaromuit Kawmepa Kawmepa
BBIBEPKH o0bexTHB JI/I YTB-kanana I[I'TB-kanana

YTB-kanain u Cucrema doronpuémuoe

MIPUEMHBIN JIOCTaOMIIN3AIIUN ycrpoiictBo JIJI
o0bexTuB JIJ1

Pucynok 1 - Buemnuii Buj 010ka KaHaJIOB

TeneBU3nOHHBIE KaHAJIBI MTPEAHA3HAYEHBI ISl TOBBIIIEHUS JTAJIBHOCTH JEHCTBUS B JTHEBHOE U
cyMepedHoe Bpems nipu xoporteir M/IB. [Ins oOHapyxeHus npuMeHEH MHpoKonoabHbI TB-kaHai, a
JUISL CONTPOBOKICHUSI HCIIOJIB30BaH Y3KONOJabHbIN TB-kanai.

YTB — kanan oOecnednBaeT OONBIIYIO JAIBHOCTh OOHApYXKEHUS MenH, (HOpMUPOBAHHE
BBICOKOKAUY€CTBEHHOTO M300pakeHMs, BO3MOXKHOCTh Tipuéma uznydenus JIJ[ u JIO CO nmns Tounoit
FOCTUPOBKH C HUMH.

[To pe3ynpraTaM aHanM3a XapakTEpPUCTUK NMPUEMHBIX MATPUILL I y3KononbHOro TB-kaHana B
KauecTBe (JOTOMPUEMHOTO YCTPOICTBa BRIOpaHa MaTpulla  pa3paboTku pupMel “ 7. DTa MaTpHIia
MMEET IHUPOKHUI CHEKTPaJbHBIA MANa30H C BBICOKOW YYBCTBUTEJIBHOCTHIO B BUIMMOM JUAIa30HE
CHEKTpa. XapaKTepUCTUKHU y3KonolsHOro TB-kanana npuBeneHs! B Tadnuie 1.



Tabmuna 1
OCHOBHBIE TEXHUYECKHUE JaHHBIE y3KOMmoJabHOro TB-KkaHnana

HaumenoBanue napamerpa 3HayeHue

CnekTpalibHbIN AHana3oH, MKM

VYrioBoil pa3mep 3eMeHTa MaTPUIIbI
(BEpTUKAJIbLXTOPU30HT), MKpaj

Yucno akTUBHBIX 3JIEMEHTOB MaTpulbl

Pa3mep a11eMeHTa MaTpuLbl, MKM

Pa3smep nons 3peHust (BepTHKAIbXTOPU30HT),...°

Pasmep matpuisl, MM

Paspemaroniast cioco6HOCTh KaHana,..."

JuameTp BXOIHOTO 3payka u (POKyCHOE
paccrosinue oobektBa (D/F), mm

[IIupokomoynbHbId KaHal OJI0Ka ONTHKO-MEXaHHYECKOTO pPealn30BaH Ha OCHOBE MAaTPHIIBI
CMV4000. XapakTepuCTUKH KaHajla IIPUBEICHBI B TAOIHIIC 2.
Tabnuma 2
OCHOBHbBIC TEXHHUECKUE JAaHHBIC MHPOKomoibHOro TB-kanana

HaumeHnoBanue ImapamMeTpa 3HadyeHue

CrexTpanbHbIi TUana3oH, MKM

YrnoBo# pazmep 3JIeMEHTa MaTPHUILIbI
(BepTHKAJIbXTOPU30HT), MKpaJ

YKCa0 aKTUBHBIX 3JIEMEHTOB MaTpUulbl

Pa3Mep QJIEMCHTA MaTpUullbl, MKM

Pa3mep nosnist 3peHus (BepTUKaIbXTOPU30HT), ©

Pa3zmep maTpuiisl, MM

Paspemraromas cnocoOHOCTh KaHana,..."”

JlnameTp BXOIHOTO 3pauka U (POKYCHOE pacCTOSIHUE
oobektuBa (D/F), Mm




JIABOPATOPHAS PABOTA Ne3

N3YYEHUE JASEPHOI'O JAJIBHOMEPA
ONITUKO-3JIEKTPOHHOM CUCTEMBI

TEOPETUYECKUE CBEJAEHUA

3ajaya aJbHOMETPUPOBAHUE 3EHUTHBIX LieJded B coBpeMeHHBIX cuctemax 3PK pemaercs
paanoIOKallMOHHBIMU cpeAcTBaMu. [Ipu paboTe Mo BO3AYIIHBIM LEISIM OHH 00€CTeYBaIOT TOYHOCTh
JOCTaTOYHYIO JUJISl PELIEHUs 3aJaud CONPOBOXKIEHUS Lenu U HaseneHus Ha He€ JIA. OnHako K
COBpEMEHHBIM BBICOKOTOUHBIM YK mnpeabsaBisaiorcs TpeOoBaHHS MO paboOTe MO HAa3eMHBIM LEISIM U
HU3KOJIETSIIUM MaJI0 CKOPOCTHBIM, & MHOI'/Ia M HEMOJABWKHBIM LiesM. g uX JanbHOMETPUpPOBaHUE
HauboJ1ee 1eaecoo0pa3Ho UCIOIb30BaTh ONTUYECKHE TATbHOMEPHbBIE CPEACTBA.

B mHacrosmiee Bpemsi HauOosiblliee paclpOCTPAaHEHHsS NPUOOPENTH Ja3epHbIE HMITYJIbCHbIC
nanbHoMepbl. OCHOBHOW MPUHIIUIT Pa0OTHI MX 3aKII0YaeTcs B U3MEPEHUH BPEMEHHOIO0 MHTEpBaja OT
MOMEHTa W3Iy4eHHsS 3O0HAMPYIOIIETO MMILyJbca JO TIpHeMa (OTONMPUEMHBIM YCTPOHCTBOM
OTpaXEHHOTO OT IeNu curHana. J[ampHOMephl paboTal0T B ONTUYECKOM JMara3oHe JJIMH BOJH. B
Hacrosiiee Bpems B cpeactBax BTO pacnpoctpanens! qanbHoMeps! aiauH BoH 1,06 u 1,54 MxM.

Jnana3oH MKM HIMPOKO MPEACTABIEH B COBPEMEHHBIX JIa3epHbIX cucTeMax komiuiekcoB BTO.
B nacrosimee BpeMst pa3padoTaHo 00JIBIIOE KOJMYECTBO PA3IMUHBIX TaTbHOMEPOB B MAJIBIX pa3Mepax.
OHu umeroT sHepruro ummynbca uziaydeHus Ao 100 m/x npu BoznymnHoMm oxnaxaeHuu. ['CH
COBPEMEHHBIX KOMIUIEKCOB TaK)K€ pabOTal0T B 3TOM JUala3oHe.

[unana3on MKM IIPEACTABJICH WIUPOKO B JAJIbHOMEPHBIX CUCTEMAX NEPCIEKTUBHBIX
KoMmIuiekcoB. OCHOBHOE €ro OTJIMYHME - HHU3Kas BEPOSTHOCTh TMOBPEKACHUS TJa3 OOCITYKHBAIOIIETO
MepCcoHaNa U OMepaTopoB cucTeM. PazpaboTaHHbIe B HACTOSIIEEe BpeMs M3TydaTeld OOECIeunBaioOT
sHepruto umnyinsca 10 30 mJx npu Bo3aymHOM oxnaxkiaeHuM. HemoctaTkoM Takux J1aibHOMEPOB
SBJIIETCS. CHIDKEHUE AAlTbHOCTHU PabOThI B YCIOBHSIX MOBBIIICHHON BIAKHOCTH.

Jlist pa3pabareiBaemoit ODC BbIOpaH Ma3epHbId qanbHOMEp Auama3ona 1,06 MKM, TOCTPOCHHBIN
10 CXEM€ pa3/ieNIbHbIX PUEMHOIO U MEPEAAIOIIETO KAHAIOB.

Buemnuii Bua n3myyaress Ja3epHOro JajJlbHOMEpa MIPEACTaBieH Ha pucyHke 1. XapakrepucTuku
JIa3epHOro JalbHOMEpa MpecTaBIeHbl B Tabmuie 1.

Pucynok 1 - Buemnuit Buja nsnyuarens



Tabmumna 1
XapaKTepUCTUKH Ja3ePHOTO JajlbHOMEpa

HaumenoBanue napamerpa 3Ha4yeHue

,HJ'II/IHa BOJIHBI U3JTY4YCHUA, MKM

DHeprusi UMITyJIbca u3nydenus, M/ x

JImuTenbHOCTh UMITyIIbca o ypoBHIO 0,5, HC

PacxoauMocTh Iydka u3aydenus (1o yposuio 1/e? = 0,135), mpan

[ToporoBast 4yBCTBUTEIBHOCTH (poTONpUEMHIKA, HBT

Juamerp npuéMHOM muomaaku GoTonpuéMHUKA, MKM

Jlnametp 3pauka NpUEMHOrO KaHajaa, MM

PacuérHoe nponyckanue npuéMHOro kanana, %

Jlist ompenelieHnsT XapaKTePUCTHK JaTbHOMEpa HCIOJb3yeM CIICAYIONMNE XapaKTePHUCTUKH
TeJIei:

IUIOINAMAb LENU S, = 0,15x7 (uens tuna JIITJIA)

wiomaas uenu s, = 2,5u° (uens Tuma ABTOMOBWJIb)

ko3 duumeHT orpakenus: R =0,3.

JlanmpHOCTh 10 e MOXKET OBITh HW3MEpeHa, €CIM IMPHHUMaeMas MOLIHOCTh HW3JIY4eHUS,
OTPaXEHHOTO OT OOBEKTa, BHIIIE MOPOrOBOM YYBCTBUTENBbHOCTH (oTompuemMHuka. llpuHumaemas
MOIITHOCTh M3ITy4eHHS Ja3epa onpezeneHa mo gopmymne

p=P,-T?-K-R-7-G;
rae:

Po - muKOBasi MOIIIHOCTH UMITYJIbCA M3ITYUEHUS Jla3epa;

T, — obuiee ocnalieHne 1a3epHOTO U3ITyYSHUs ITPU MIPOXOXKJICHUN yepe3 atmochepy;

K — ko3 ¢uueHT ucrnoib30BaHus MydKa U3JIy4eHHUS;

R — ko3 punmeHT oTpaxeHus oT 00bEKTa;

7 - KOO PHUIHEHT MPONyCKaHUs TePEeAOIETo U IPUEMHOTO KaHAJIOB;

G — reomeTpuyeckoe ociabiieHue U3TydeHHUs.

O6miee ocabaeHue T1a3epHOro U3TyUYEHUS TTPH MTPOXOKACHUH Yepe3 aTMochepy OT JanpHOMEpa
710 00BbEKTa BBIYUCIIEHO IO (hopMyIie

Ta :exp(_k/l ’ L)’
rue:

L — paccrosiHue OT 00bEKTa 10 BXOJHOTO 3pauka 00BEKTHBA IPUEMHOT0 KaHala AajJbHOMEpa;

ki — koaddumnmeHT ocnabaeHus U3aydeHus B atMmochepe.

Koadduuunent ocnabnaenus uznydeHus B armocdepe /Ui AnuHbl BoaHb! 1,06 MKM ompezeneH

COOTHOILICHUEM
—0,585M/BY3

391 A
P [
MJIB\ 0,55
rIe:
A — IIMHA BOJHBI U3Ty4YEHUS;
M/IB — meTeoponorudeckasi [albHOCTh BUIMMOCTH.
W3nyueHue, momaBiiee Ha IeNb, OTPAKAETCS B CTOPOHY AallbHOMEpa M, MPOXOIs 4Yepes
aTMocdepy, erie pa3 ocnadssercs B Ta pas.
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Ecnu pasmep mydka usnmydeHus: OOJbIIE IENH, TO YacTh U3MyYEHHUS HE MONaaaeT Ha OOBEKT, U
KO2(DPUITMEHT UCTIOJIB30BAHUS TTyYKa ONPECICH COOTHOIICHUEM
S .
Q- L)'
o2t
2
rae:
S — IJIomanb e,
{2 — yroja pacXoJIMMOCTH Iy4Ka Ja3epHOro U3JIy4eHUS;
L — paccrostHue OT 00BEKTa 10 BXOJHOTO 3padyka 00BEKTHBA IPUEMHOT0 KaHala JajJbHOMEpA.

PI/ICYHOK 2 — Cxema MMPOXOKACHUA JIA3CPHOI'O ITy4dKa IIpU AaJIbHOMCTPUPOBAHUHN

Ha ¢otonpuemMHHK nanpHOMEpa TIONAJAaeT TOJBKO OTrPAaHWYCHHAS MPHEMHBIM 3PauyKoOM
JaJbHOMEpA YacTh PAaCCEsHHOM B 3a/IHIO nonychepy MornHocTH. Ecim paccesHue tamOepToBCKoe, TO
B MaKCMMYME JarpaMMbl HAlIPaBJICHHOCTHU 3Ta YaCTh COCTABJISICT:

2
o-(22)
L
d — AuameTp MpUEMHOTO 3payKa JaTbHOMEpa;
L — paccTosiHME OT 00bEKTA JJO MPUEMHOI0 3payka JJalbHOMeEpa.
Tak kak B JaHHOM ONTHUYECKOW CXeMe JajJbHOMEepa HET CUCTEMBI JOCTAOUIU3aluU PUEMHOTO
KaHaJla ¥ He0OXOAMMO M3MEPSATh NaIbHOCTh A0 IIeJIel, HaXOSAIIMXCA B TIpeesiaX YIIOBBIX OIMIMOOK
CUCTEMBI CTa0MIM3AINK, TO YroJl MOJsl 3peHUsl MPUEMHOT0 KaHalla JajgbHoMepa OyJIeT COCTaBIsSTh He

MeHee 2m = 2 mpaa. COOTBETCTBEHHO, SKBUBAJICHTHOE (POKYCHOE PACCTOSHUE OOBEKTHBA OIPEACIICHO
bopmynoi

rac:

f — d3¢7 .
K6 tg 260 !
rjie:
d>p — 3 dexTuBHbI AUamMeTp TuToaaKu PITY;
2@ — yroJj moJis 3peHusl.
[TukoBast MOIIIHOCTH OMpe/IeNieHa cleayomen GopMynoi
P — WM}H}’I .
0 y
tuMn
rjie:

Win — DHEprus UMITyJIbca U3ITy4eHHS Ja3epa;

tuyn — VT TEIIBHOCTD MUMITYJIBCA H3JTYyYEHUS.

HcxonHble JaHHBIE U PE3YJILTATHI:

OHeprus UMITyabca u3nydeHus nasepa: W, =90 mJIx;
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JmarensHocTh MMIynbea: t, =15 Hc;

M/IB = 12000 wm;
[Tone 3peHusi, B KOTOPOM HEOOXOAUMO U3MEPSITh JAIBHOCTh: 2 = 2 MpaJ;
KoaddunmenT npomnyckanus nepenaronero 1 npueMHoro kanajios: 7 = 0,85

Pacxonumocts nznyuenus nazepa: Q=0,1...0,3 mpan;
JnunHa BosiHBI u3nydeHus nazepa: A =1,06 MKM;

-9
[Toporosas 4yBcTBUTENLHOCTD (hoTONpHEMHKKa: P,,, =9-107 Bm;

DddexTuBHBIA AHaMeTp TUTOMAAKH GoTonpueMHuKa: d,g = 400 mxm.
B kauectBe doTonpuemunka ucrnonb3yercs OIIY-23.

3aBHCHUMOCTh I/ISMepHeMOﬁ JAJIBHOCTH OT yIJla paCXOoAUMOCTH IIyUKa JIa3€PHOI'0 U3TYUCHUA I

o0bekTa miomansio 0,15 M? Hpu IOPOroBoii MOIHOCTH TIpHeMHuKa 10 HBT mokasana Ha pucyHke 3.

1"., §\103

2x10°4

QI(L1)
Q2(L1)

1x107%

PacxogumocTs, pag

5x10°

[lanbHOCTb, M

Pucynok 3 — HeoOxoammas pacXoIuMOCTh M3JIYYCHHUS Jlazepa I TaTbHOMETPHPOBAHUS EITH
wromansio 0,15 M2

3aBHCHMOCTD H3M€p$[€MOI>i AAJIBHOCTH OT yIJia paCXOANUMOCTH IyYKa JJa3€PHOIro U3JTYyUCHUS 1A

00bEKTa IIOMAABI0 2,5 M2 HpU NPUHUMAEMOH MOIHOCTH U3TydeHus 10 HBT nokasaHa Ha pucyske 9.
B pe3ynbraTe pacyeToB MoayueHo, YTO PH pacxoauMocTH uanydenus 0,1 Mpan u mosst 3peHus
MpUeMHOTO KaHanma He Oonee 1 mpan (oTHocutenbHOe oTBepcthe 1:1) masepHbId JanbHOMEpP C
MIPUBEJICHHBIMH BBIIIIE XapaKTEPUCTUKAMH OOECTIeUUT AabHOMETPUPOBAHUE 3asBICHHBIX Pa3MEpoOB
nesuen.
Hcxons 3 mapaMeTpoB MaTpUILlbl U TPeOyeMOoro Mol 3peHus Moaydaem
(boKycHOE paccTosiHuEe MpUHUMaromero o0bekTuBa 60 MM, yUHUTBHIBasS OTHOCHUTEIBHOE OTBEPCTHE
MoJIy4aeM JUaMeTp BXOAHOTO JoKa — 60 MM.
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o
© —4
o 2x10
P
)
3
1
E )
1
= )
(@]
x _4
o 1x10
@©
o
0
1x10*

15x10" 2x10° 25x10" 3x10*
[anbHOCTb, M

Pucynok 4 — I[loTpeOHast pacxoAUMOCTh M3JIY4CHHS Jiazepa Ui JaJIbHOMETPUPOBAHUS IIEJIH

IUIOIIAbIo 2,5 M2

HpI/IBeI[eHBI pPeE3yIbTaThl pacdyC€Ta SHCPIrCTUUCCKUX XAPAKTCPHUCTHUK JIA3CPHOI'0 HaJIbHOMEpaA C

YKa3aHHBIMU BBIIIC IMapaMETpaMHu.
Pe3y.]'H:TaTI>I OHECPI eTHYECKON OLICHKH! JaJIbHOMECpaA ITPUBCACHLI B Ta6J'II/II_Ie 4,

Tabmua 4
XapaKkTepUCTUKH JTa3E€PHOTO JTaTbHOMEpa
L, m T, K R G p, Bt DPnop, BT
8000
20000
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JIABOPATOPHA PABOTA Ned

MN3YYEHUE TEIIVIOBU3NOHHOI'O KAHAJIA
ONITUKO-3JIEKTPOHHOM CUCTEMBI

TEOPETUYECKHME CBEJJEHUA

TennoBU3MOHHBII MOAYNb NOJDKEH oOecrednBaTh (HJOPMUPOBAHHE W BbIJA4y BHJICOCHUTHAJA,
COJIEpKAlero TEIUIOBU3MOHHOE M300pakeHue (OHOILEIeBOH OOCTAaHOBKM, HaxXOJMIIEHCs B IOJE
3perns. CrieKTpajabHbIN Tuana3oH 4yBcTBUTENbHOCTH TTIB MOoayns nomkeH HaXxoauThes B 0071acTH OT
3 10 5 MxM, THI KaHajia BeiBoga Buacocurnana — CAMERA LINK.

Buewnuil Buj TENIIOBU3MOHHOTO MOJYJIs IPEACTABIIEH HA pUCYHKE 1.

Pucynok 1 - Buemnuii Bu T€II0BU3MOHHOTO MOIYJIS

B Tabnune 1 npuBeneHbl ocHOBHbIE XapakTepucTuku M®II nuanazona 3 - 5 MKM, KOTOpbIe
MOTYT OBbITh UCTOJIb30BaHbI U pazpadoTke TIIB momxyss.

Tabnuna 1
OcHoBHble xapakTepucTuk M®II quanasona 3 - 5 MkM
HaunmenoBanue napamerpa Mars MW Scorpio MW I-':ZV\XIK
Pazpabotunk SOFRADIR SELEX

CriekTpanbHbli AUana3oH
(oxnakgaeMblit GUIBTP), MKM

dopmar MaTpulbl, K

Marepuan @Y

Pazmep @YD (mar), Mkm

Amneprypa (oxnaxmaaemas auadparma)

Pabouas Temneparypa U3, K

NETD, mK

Pabouas remneparypa, °C
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OCHOBHBIM KPUTEPHUEM OLICHKU SIBJIIACh JanbHOCTh neiicTBus TIIB Monys, T.€. 1anbHOCTh, HA
KOTOPOM BEJIMYMHA OTHOIICHWS CHUTHajda K IIyMy B BbIXOZHOM BuaeocurHaine TIIB momyns
o0ecrieunBaeT 3axBaT IIeJId TEJICBU3UOHHBIM aBTOMATOM.

[TonBOAs UTOTH MO TETJIOBU3MOHHOMY MOJIYJIIO, MOKHO CKa3aThb, YTO:

- pa3pabotka TIIB moxmynst ¢ oobekTuBOM c ameprypoit = F/3 u M®II ¢dopmara K,
aHAJIOTUYHOTO , TIO3BOJISIET YBEJIIUYUTH JTATbHOCTh JACUCTBUSA 10 3HAYEHH, yTOBIETBOPSIOIIMX
MIPEIbSBICHHBIM TPEOOBAHUSIM.

- pa3MellleHre TeINIOBU3MOHHON KaMephbl B €JMHOM KOPITyCe ONTHYECKUX MPUOOPOB MO3BOJIUT
OTKa3arbCs oT koprnyca TIIB Moxyss U COKpaTuTh €ro Maccy 10  KI.

- UCIIOJIb30BaHUE IS TIepeIaun BUAeoCHTHala BhicokockopocTHoro kaHata CAMERA LINK,
BMecTO aHajioroBoro Bujeoxoaa no I'OCT 7845-92, mo3BoauT:

- obecreynTh BpeMs Nepelaun MOToKa BUICOMHPOPMAIIMK 1K 38 MC;

- ICKITIOYUTH MPOMEKYTOUHBIC TTPeoOpazoBanus Iudpa-aHaIor u aHajaor-mudpa.

OD]1 nmpennazHaveH mis padotel B coctrabe ODC KOMIUIEKCOB YIPABISIEMOTO BOOPYKEHHUS U
JOJDKEeH oOecrieuynBaTh neneHranuio AByx JIO mo uMmynscam u3nydeHus, CMemEHHbM Ha ~ Mc. OD]]
NoJbKeH o0ecrnieunBath neneHranuto JIO u3aenuit Ha 1anbHOCTU 10 KM. J{J1s MOBBIIEHUS HAAEKHOCTH
O3/ uenecoobpazeH HUKINYECKUI peXUM €ro paboThl.

Pucynok 2 - Buemnuit Bung O9/]

Hcxons W3 mpakTHUECKUX Pe3yabTaTOB palbOThl MH(PAKpaCHBIX MEIEHraTOPOB KOMIUIEKCOB
YIPaBISIEMOTO BOOPYKEHUS, I o0ecriedeHust Haa&xkHou nenenranuu JIO Ha pa3nudHbIX JATBHOCTIX
O3/] momxeH UMETh JBa KaHaja:

- IIUPOKOTIONIbHBIN C TAIbHOCTBIO OT 710 KM;

- Y3KOMNOJIbHBIN C JaIbHOCTBIO OT KM JI0 MAaKCUMaJIbHOW JaJIbHOCTH.

[Ipu ompenenéunbix ycnoBusix Ha ganbHOCTH 10 30000 M, M AOCTHXKEHUS HEOOXOIUMBIX
rabapuUTHO-MAacCOBBIX XapaKTEPUCTUK, ONTHYECKas YacTh IMeJIeHTalnoHHbIX KaHainoB ODJ] momkHa
MMETh CIIEAYIOIINE MapaMeTPhI:

- KaHaJ |: TMH30BBI OOBEKTHB C (POKYCHBIM PACCTOSHHEM f; ~ MM, JIHAMETP BXOJIHOTO
3pauka D1=  mm;

- KaHaJ 2: 3epKalbHBII 00BEKTHB ¢ (JOKYCHBIM PACCTOSIHUEM f, < MM, AUaMETP BXOJHOIO
3pauka D= MM,

B Hactosiiee Bpems mpojoiikaercs ObICTpoe pa3BUTHE HWH(OPMALMOHHBIX TeXHOJoruil. B
TEXHUYECKOM 00JacTH, CBA3aHHOM C moslyueHHeM U 00paboTKoN H300pa)KeHUH, IMOJNyYEHHBIX B
Pa3IMYHBIX CHEKTPAJbHBIX O0JNACTAX, MPOUCXOJUT JalbHEWIee pa3BUTHE MHOTO3JIEMEHTHBIX
MaTpuuHbIX PIIY. D10 pazBuTHE NPOUCXOAUT KaK B HAIIPABJICHUN COBEPIIEHCTBOBAHMS U YIIYUILIEHUS
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XapaKTepUCTHK KiaccuuecKux cTpykTyp (CCD Marpuiisl o CTpOYHO-KaIpPOBBIM CUMTHIBAHUEM), TAK U
oTHOcUTeNbHO HOBBIX (CMOS maTpuIil CO CYUThIBAHUEM BHICOMH(OPMAITUHU C TTPOU3BOIHBHON 00IacTH
CBETOYYBCTBHUTEJIbHOMN MIOBEPXHOCTH MAaTPUILIbl B OKOHHOM PEXHUME).
OcHOBHBIE XapaKTEPUCTUKH COBPEMEHHBIX MaTPHIL IPUBEICHBI B TaOIuIE 2.
Tabmuna 2
XapakTepUCTUKH MaTPHII

Cypress
Sony Kodak
Tun MaTpuIs! Lupa-300
ICX429ALL KAI-1020 CYIL1SMO300AA
dopmar MaTpulbl, MK
Pa3mep snemenTa, MKkmM
Kanposas wacrora, I'1g
Tun cunTeIBaHUS
BHJICOMH(OpMAITIH
BrixogHoi curaain
CxopocTb cunThiBaHMs Kaapa BuneonHdopmaiuu OII3C | mpumeHseMol B U3IEITUH , 3a

CU€T HECTaHJApTHOTO yIpaBieHUs: cOpoca HEMH(POPMATUBHBIX CTPOK U YKPYIHEHUS (CIUsHUS 4%4 1K)
3JIEMEHTOB JIOBEJ/IEHA JI0 MAKCHMaJIbHO BO3MOKHOTO 3HAUEHUS t,,,=5 MC, UTO [IPEBBIILIAET HEOOXOIUMOE
Bpems t;,<1 mc. ®II3C  nmeer cpaBHUMBIE CKOPOCTHBIE XaPAKTEPUCTUKU C MaTpULei

B O3l nna obecrieyeHuss HEOOXOAMMOW CKOPOCTHM CUMTBIBAaHUS BHUACOMH(OpMAILUM
nenecoodpasHo uccienoBath npuMmeneaue CMOS matpwuil.

Jliis BBINIOJIHEHUS 3aaun oOHapykeHus U Bbluncienus koopaunat JIO1, JIO2 uenecoobpasno
HCI0JIb30BaTh OoJiee pou3BoauTesbHble DSP-niporieccopsl , MMEIOIIUE CIIETYIOIINE XapaKTEPUCTUKU:

- TMS320C6678 (mHOTOsiAepHBINH DSP ¢ pukcupoBaHHO U MIaBarOIICH TOYKOM):

[TogBons uTorK MO UHPPAKpaCHOMY MEJIEHTaTOPy, MOKHO CKa3aTh, UTO:

- ucrniosib3oBanue B OD]J] ®IIY nHa ocHoBe ckopocTHbIx CMOS matpunl u coBpemeHHbIx DSP
IIPOLIECCOPOB MO3BOJISIET 00ECeUnTh NeseHranuio 1Byx JIO nmo uMmynabcaMm U3Iy4eHus, CMEIEHHBIM
Ha MC;

- BJHEepreTHyecKas YyyBcTBUTeNbHOCTE OD/] ¢ BRIOpaHHBIMU ONTHYECKMMHU MapaMmeTpamu 1 OITY
Ha ocHoBe CMOS Matpuil, mo3BoJsieT oCyiecTBIATh nenenranuio JIO Ha nansHOCTH 10 40 KM TIpH
M/IB 15 kM B clIeqyIOIUX YCIOBHSAX:

- yrjaax mnejeHranuu Oonee 1° W MCHOIB30BaHMM OJOKa M3JIydarenst COOCTBEHHOIO

U3JIeNUs C JUIMTENIbHOCTBIO UMITyJIbCa , SHEPreTUYEeCKOM cuiiol u3inydyeHus: KBt/cp;

- yriaax mnejeHranuu Oonee 1° W MCHOJIB30BaHMM OJOKa M3JIydarenst COOCTBEHHOIO

U3JIeNUs C JUIMTENIbHOCTBIO UMITYJIbCA , SHEPreTUYEeCKOM cuiioi u3nydeHus: KBt/cp;

- yrjaax mnejeHranuu Oonee 2° W HCHOJIb30BAaHUM OJOKa M3JIydareiss COOCTBEHHOIO

U3JIeNUs C JUIMTENIbHOCTBIO UMITYJIbCa  , SHEPreTHUeCKOoi criloi u3nyuenust kBt/cp;

- IIpY CYIIECTBEHHOM YBEJIMUYEHUU (PYHKIHOHAIBHOCTH M BO3PACTAHUU CIIOKHOCTH PELIAEMbIX
3aja4, rabapuTHO-MaccoBble XapakrepucTuku ODJ] He MpeBBIIIAIOT AOMYCTHUMBIX XapaKTEPUCTUK U
obecreunBaroOT ero pazMenieHre B coctaBe bBOM OOC;

- npumeHenne CMOS matpur obecrieunBaeT JanbHEiIIee MOBBIIIEHNE TOMEX0YCTOHYUBOCTH
O3]1 3a c4€T yMEHBIIEHUS] BPpEMEHU CUUTHIBAHUS Ka/Ipa MOJIS aHaIM3a ¢ 5 10 MC, COOTBETCTBYIOIIEH
JKBUBAJICHTHOM KaJpOBOM 4acTOTe I'n.
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JIABOPATOPHA PABOTA Ne5

N3YYEHUE CUCTEMbI CTABMIN3ALIMA 1 HABEJAEHUWE INTPUIEJIBbHbBIX KAHAJIOB
ONITUKO-3JIEKTPOHHOM CUCTEMBI

TEOPETUYECKUWE CBEJIEHUA

[TpunenbHbI KOMIUIEKC 110 CBOUM XapaKTEPUCTUKAM JIOJKEH OBITh MAKCHMAILHO COTIIACOBaH C
BO3MOXKHOCTSIMU OpY>KUs. M30BITOUHOCTD XapaKTEPUCTUK MPUBOJUT K HEOIPABIAHHOMY YBEIHUEHUIO
rabapuToB M MacChl MPUIIETOB, HEIOCTATOYHOCTh K€ XapaKTEPUCTHK HE MO3BOJSET B MOJTHOW Mepe
UCIOJIb30BaTh MOTEHUIUATbHBIE BO3MOKHOCTH BOOPYKEHHUSI.

Cucremsl HaBeneHUs U crabmm3anyn npuienoB (CHC) MoXHO pa3aenuTh Ha TP THIIA:

- CHC, B KOTOPBIX MPOU3BOAUTCS CTAOMIM3allUs M HABEJICHHE HEIMOCPEICTBEHHO CaMUX
MPULETBHBIX KAHAJIOB;

- CHC, B KOTOpBIX MPUIEIbHbIE KaHAIBI HEMOABUKHBI OTHOCUTEIILHO HOCUTENSI U OTKJIOHSIOTCS
TOJIBKO UX ONTHYECKUE OCH;

- CHC cmemanHOro TUIa, B KOTOPBIX IPOU3BOISATCS ONEPALUU NEPBBIX JBYX THUIIOB (OOBIYHO
olepaliy epBoro TUIa rpyoble, a BTOPOro TUIIA — TOYHbIE).

Puc. 1 BapuanT «1ieHTpangbHas cToika»

Puc. 2 BapuaHTt «BHIJIKa»

B nepBoM BapuaHTe HCTIONHEHUS B HIJKHEM KOpIyce, CHa0)KeHHOM (py1aHIeM ISl KpeIUIeHHs Ha
HOCHUTEJIE, Pa3MENIaeTCs MOTOH, HA KOTOPOM YCTaHABJIMBAETCS BEPXHUU Kopmyc. B HMKHEM kopmyce
yCTaHABIIMBAETCS Bpallaromieecss KOHTakTHOe ycTpoiicTBo (BKY), Bpamarommiicss onTHdecKuii mepexo;n
U MOMEHTHBIN JBHraTellb, 00eCleYHBAIONIN HaBEJEeHUE MOBOPOTHOM YacTH B TOPHU3OHTATBHON
IIJIOCKOCTH.

Bepxnuii kopIiryc B BUJ€ BEPTUKAJIBbHON CTOMKU YCTAHOBJIEH HA [IOBOPOTHOM YaCTH IOTOHA.

17



B BepxHel 4acTH BEPTUKAIBHOW CTOMKM YCTAaHOBJIEH MOMEHTHBIN JIBUTaTeIb BEPTUKAIBHOIO
HAaBEJICHUS U MOJIINITHUKHA, TEPMETU3UPYEMbIE YIUIOTHEHUSMH.

K Basty MOMEHTHOTO JABUTATEIS C JIEBOM U MPaBOW CTOPOHBI Kpensites a8a OO MoTys.

B Bapuante koHCcTpyKIMH «LleHTpanbHas cTOMKa» UMEeM MaJICHbKYIO OMOPHYIO 06a3y JUisl Basia
kaHana BH u KOHCONBbHOE 3aKperuieHre ONTUKO-IEKTPOHHBIX MOJYJIEH; 3HAUUTENIbHAS Macca B BUJE
BEPTUKAIBHOW CTOMKM C MOMEHTHBIM JBUTaTEJIEM, NOAIIUITHUKAMU U JBYMSI ONTHUKO-3JIEKTPOHHBIMU
OJIOKaMU HAaXOJUTCSA Ha OOJBIIOM IUIEYE OTHOCHTEIHHO OTMOPHOW MOBEPXHOCTH TOPU30HTAIBHOTO
KaHaJa. JTO ONpeleisieT 3HAYUTEIbHBI BO3MYILAIOIIMN MOMEHT OT JMHEHHBIX YCKOPEHHIl B
MPOAOJIBHON U MONIEPEYHOM MIIOCKOCTH.

Manenbkas onopHas 0aza Bajla BEPTHKAJIBHOTO KaHajla OOyCIaBIMBAET JOCTATOYHO HHU3KOE
3HaYEHUE COOCTBEHHBIX YaCTOT KOJICOaHMH:

- pacueTHbIe 3HaUeHHS (~ ) ['Im;
- SKCIEPUMEHTAIBHO OonpeeneHHble 3HaueHus (~ ) ['m.

OTH 4acTOThl MPAKTUYECKH HEBO3MOYKHO BBIPE3aTh B KOHTYpPE PEryJHUpOBaHUs IPUBOJA,
MTOCKOJIbKY MX 3HAueHUsl OYAyT MEHSTHhCS OT oOpasiia K 00pasily, a MHPOKOIOJIOCHBIE PEKEKTOPHBIC
GbuIbTPHI UMEIOT HenpuemiieMoe (ha30Boe 3ama3IpiBaHKe B paboueii moyioce NpuBoa.

Takum 00pa3oM, HEBO3MOXKHO peann30BaTh TpeOyeMblid KOXQQHUIMEHT mepeadyd B KOHTYpE
MIPUBO/JIA, YTO B CBOIO OUEpe]lb MPUBOIUT K HEBBINOIHEHUIO TpeOoBaHuil T3 mo omubke cTaduin3auu

Jpyrum ¢akTopom, CYIECTBEHHO BIMSIONIMM Ha BEJTUYUHY OIIUOKHA CTAOWITH3AINH, SBIISCTCS
CyMMapHbIi MOMEHT CONPOTUBIICHHUS MOAIIMITHUKOB U TEPMETU3UPYIOIINX MAHKET YINIOTHEHUSI.

TpeboBanre oOeCHCUCHUsST TEPMETHYHOCTH HE TIO3BOJISIET HMETh CYMMAapHBI MOMEHT
CONPOTHUBIICHUS MEHEE H-M, 9TO Takxe MPUBOAUT K HEBBINOJHEHUIO TpeOoBanuii T3 mo ommodke
CTa0WIIN3aLuH.

[TomyuenHas BenuunHa ommoOku cradunmsanuu JIB ontuueckux npubopos
A< wpaz. He cooTBeTcTBYeT TpeboBanusim T3 A< 5 mpan.

Tak KaK ONTHUKO-3JIEKTPOHHBIE MPUOOPHI pa3MEIIEHbI B IBYX MOJYJSAX, KOTOPbIE YCTAHOBICHBI
1o 60KaM BEPTUKAILHON CTOMKH U HE UMEIOT 001l MPUBAIIOYHOM TOBEPXHOCTH, BEICOKA BEPOSTHOCTh
Pa3bIOCTUPOBKH KaHATIOB, HEJOCTATOYHAS CTAOMIIBHOCTH BHIBEPKHU KaHAJIOB, a ONEPAaTHBHAS IOCTUPOBKA
KaHAJIOB ONTUYECKUX IPUOOPOB 3aTPYIHCHA.

Bropoii Bapuant CHC BBINOIHEH IO cXe€Me JBYXOCHOTO KapJaHOBa I10/IBEca.

B 60K0BBIX cTOMKaX TOBOPOTHOM YaCTH PACTIONArarOTCs MOMEHTHBIE IBUTATENN CO BCTPOSHHBIM
JATYMKOM YTJia, BPAIAoIIeecs KOHTAKTHOE YCTPOMCTBO U BPAIAIOIIUNICS ONTUYECKUM TEPEXO/I.

Bce onTuko->neKTpoHHBIE OJIOKH pa3MENIAIOTCsS B €UHOM KOPITYCe W MPENICTABISAIOT CO00i
€AVHBIM ONTUKO-MEXaHUYECKUNA MOYJIb.

BpixogHble Bajbl MOMEHTHBIX JIBUTATENIE JIEBOM M TPaBOM CTOWKHA COEIUHSIOTCSA
HEMOCPEJACTBEHHO C KOPIIYCOM ONTHKO-MEXaHHUYECKOTO MOIYJs, 4YeM OO0eCIeuynuBaeTcsi BBICOKas
KECTKOCTh KHHEMATHUYECKO 1NN Harpy3Ka- JTBUTaTEb.

K nocTonHCTBaM KOHCTPYKIIMU MOKHO OTHECTH:

- HE3HAYUTEIbHYIO PAa3bIOCTUPOBKY KaHAJIOB Ojarojapsi pacrojoKeHHUIO ONTHYECKUX MpHOOpPOB Ha
OJIHOM OCHOBAHUU;

- BO3MOXXHOCTb CO3JIaHUSI ONTUMAJILHON KOMIIOHOBKH 00TeKaeMoil (hOpMBI;

- peanu3aIus 3alUThl BBIXOJHBIX CTEKOJ KaHAJOB ONMTUKO-MEXaHUYECKOTo OJI0Ka OT MEXaHMYECKHUX U
KJIIMMAaTHYECKUX BO3CHCTBUM MTyTEM MPUBEACHHUS ONTHKO-MEXaHUYECKOTO MOIYJISl HA OTPUIIATEIIbHbBIE
yrasl - °.

K HemocTaTkam KOHCTPYKIIMH 110 BTOPOMY BapHaHTy MOKHO OTHECTH:

- YBeJIMUEHUE TadapuTOB U Beca U3-3a MOSBICHUS JOMOJHUTEIBHBIX CTEHOK U KOPITYCOB (HalpuMep Ha
neuratessix BH);
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JIABOPATOPHAS PABOTA Ne6

N3YUEHHUE JIABOPATOPHBIX CTEH/IOB JIJISI HCIIBITAHUIA
OIITUKO-2JIEKTPOHHbBIX CUCTEM

1. TEOPETUYECKHUE CBEJEHUA

1.1 IIpenBapuTeibHBIC 3aMeYaAHUS

JlaboparopHble CTEeH b, paCIOIOKEHHBIE B O0KCaX yueOHOro Moyis Kadenpsl, MpeacTaBIsioT
co0oii KOMOMHMpOBaHHBIE ((PU3NKO-MAaTEMAaTUYECKHE, MOJIYHATYPHBIE) MOJIEIN ONTHUKOIJIEKTPOHHBIX
cucteM ympasiaeHus (OOCY). BxiroueHue HaTypHBIX OJOKOB M (DM3HUYECKUX MOJCIICH 3JIEMEHTOB
OOCY B cocTaB CTEH/1a MO3BOJISET NOBBICUTH aJIEKBATHOCTh MoJenupoBaHus ucneltanuii O9CY, nus
KOTOPBIX OTCYTCTBYET IIOJJHOE MaTeMaTU4YECKOE OINHMCAaHWE W3-32 OOJBILIONW CIIOKHOCTH W/WIH
HEI0CTaTOYHON U3yYEHHOCTH (PU3NYECKUX MPOLIECCOB, a TAKKE HEONPEIEICHHOCTH P/l TapaMeTpoB.

Pabora cTyZeHTOB HEMOCPEACTBEHHO Ha CTEHaX CBSA3aHA C PAJIOM TPYIHOCTEH:

1) HacTpoiiku (FOCTHPOBKM) W PETYJIMPOBKH OOOPYIOBaHUS CTEHAA TPEOYIOT BBICOKOM
KBaTM(UKAIUH;

2) 3HaAuMTENbHAsI CTOMMOCTb Ka)JIO0r0 SKCIIEPUMEHTA M3-3a aMOPTHU3ALMM JOPOrOCTOSIINX
0JIOKOB CcTeHJ1a ¥ onbITHOTO 0Opasma ODCY;

3) BbICOKME TpeOOBaHUS K TEXHHUKE O€30IacCHOCTU IpU paboTe C M3JIydaTessiMH (Ja3epamu,
CBETOIMOaMH, UMITYJILCHBIMHU JIAMITAMH H JIP.).

B cBs13u ¢ aTHM 11e1ec000pa3HO U3yUeHHUE CTYIEHTaMH CTEH 0B IIPOBOJIUTH B 03HAKOMHUTEILHOM
nopsAaKe. 3aKperyieHHe 3HaHWM OCYIIECTBISECTCA MyTeM H3YYeHHs] MAaTepUAIbHON 4YacTU CTEH]IOB,
BUJICOPOJIMKOB, KOMIIBIOTEPHBIX albOOMOB OCHMJUIOTPaMM, CXEM M YepTEeKEeW CTEHIIOB, a TaKkKe
paboToii Ha BUPTYaJbHBIX MOJICTHPYIOIIUX CTEHaX, MOJOOHBIX PealbHbIM CTEHAaM, B KOMIIBIOTEPHOM
KJ1acce Kaeapsl.

Buneomarepuansl mpeaHazHayeHbl ISl WILTIOCTPAlMM OCOOEHHOCTEW IMOCTAaHOBKHU 3aJlaud
npoektupoBarust ODCY u myrel ee permeHus. OHU IEMOHCTPUPYIOT pexumbl padoter OOCY B
MOJINTOHHBIX YCIOBUSX. TEKCT MOsSCHSAET, KaK1e KOOPIMHATHI CUCTEMBI HEOOXOAUMO OILICHUBATh U KaKue
KPUTEPUH MPOCKTHPOBAHUS LIEIeCO00pa3HO MCIIONB30BaTh. VIIIIOCTpUpYIOTCS paboune U HeIITaTHBIC
(mpomax pakeTbl, CPhIB COMTPOBOXKICHUS 1IEJIN) BAPUAHTHI paOOTHI YIIPABISEMBIX KOMILIEKCOB.

Unentuduxanus mapamerpoB, aHainu3z u cuHTe3 OOCY  BBINOJHSIOTCS CTYIEHTOM
CaMOCTOSITENIbHO MyTE€M MOJAEIMPOBAHUS CHUCTEMBl Ha BHPTYAJIbHOM (KOMIBIOTEPHOM) CTEHAE M
UCIIOJIb30BaHUs TlakeToB pacummpenus cucrembl MATLAB, Takux kak System Identification Toolbox,
Signal Processing Toolbox, Control System ToolBox, Optimization Toolbox.

TakuM oOpa3om, ImpenokeHa CTPYKTypa JabopaTOpPHOro MpakTHKyMma MO NpopuiIMpyromen
JTUCLUIUIMHE, KOTOpas OCHOBaHA HA PallMOHAIbHOM COUYETAHUU B Ipoliecce 00y4eHUs: BO3MOXKHOCTEH
J1a00paTOPHOTO MOAYJISl Kaeaphl, aTbOOMOB KOHCTPYKIIHH, GoTorpaduii ¥ OCIUIUIOTPAMM CTEHI0BBIX
UCHBITAaHUH, IPOCMOTpa BUeOMaTepHaoB U padotel ¢ cuctemoit MATLAB.

B cpaBHeHuu c TpagUIMOHHBIM MOJAXOJOM K JIAOOPATOPHBIM 3aHATHAM B KOMIIBIOTEPHOM
KJ1acce, OpUEHTHPOBAHHBIM Ha MAIIMHHOE MOJIEIMPOBAHNE, PeIokeH d(PPEKTUBHBINA KOMIUIEKCHBIN
noaxoa. OH B OoJjblIeld CTENEHU COOTBETCTBYET WHKEHEPHOM MpPaKTUKE MPOEKTUPOBAHUS
COBpPEMEHHBIX yIpaBisieMbIx koMiiekcoB (YK).

JlaHHBII NPAKTUKYM MO3BOJISIET CTYICHTY:

- TIOBBICUTH KadecTBO OOYy4YeHHs 3a CYeT BBINOJHEHHs Ooiblmioro odbemMa paboT 1O
uneHTudukanuu, ananuszy u ontumusanun OOCY B coueTaHuU ¢ U3yYeHHUEM KOHCTPYKIIMM OJIOKOB U
OCLIMJUIOIPAMM CTEHJIOBBIX MCIBITAHUM CHCTEM;

- TMOJY4YUTh TPEACTAaBIEHUE O TIOJUTOHHBIX U J1TaOOPaTOPHO-CTEHJOBBIX HCIBITAHUSIX
BBICOKOTOUYHBIX IToMexo3amuieHHbIx OOCY, BXOAAMMX B COCTaB COBPEMEHHBIX BBICOKOTOUHBIX YK;

- INIy0’Ke OCMBICIIUTD COJIEP)KATEIbHYI0 U MaTeMaTHUECKYI0 TTOCTAaHOBKHU 3aJla4 pa3paboTKu U
HUCIBITAaHUN BBICOKOTOYHEBIX YK;

- HAy4yuThCs IUJIAaHUPOBaTh  JuHamMudeckue ucneitanug OODCY, wucnblTaHus  Ha
IIOMEXO0YCTOMUNBOCTD U TOMEX03aLIUIIEHHOCTb;
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- BbIpabOTaTh MpaKTUYeCKHe HaBBIKM paboTel ¢ cuctemor MATLAB mo coBpeMeHHBIM

TEXHOJIOTHAM IMPOCKTUPOBAHMA.

1.2 Knaccudukanus ucnbiranuii OI3CY
Paccmotpum knaccudukaruto ucnsiranuii O9CY (puc.1)
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Puc. 1 Knaccuduxanus ucnsiranuit O9CY

1.3 IocranoBKa 3aga4M pa3padoTkM cTeHaa AJs uenbiTanunii OICY
PaccmotpuM 3amauy pa3paOoTku CTeHIa ISl TMHAMUYECKUX UCTIBITAHUN U UCTIBITAaHUI Ha

nomexo3aumégaocts OOCY.,

A Z

HAY

Puc. 2. lMpuanunuansaas cxema ODCY B mpoeknuu Ha tuiockocts ZOX: HAY — HazemHas
anmapatypa ynpasienus; P — pakera; [1 — momexa (cBeToBasi)
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Puc. 3. CtpykrypHas cxema asymepHoit ODCY B M3MEPHTENbHOI CHCTEME KOOPAUHAT: Py, (7
— omubKa omeparopa B CONPOBOXJEHUU IL€IM B BEPTUKAIBHOM U TOPHU30HTAJIBHOM KaHajax,

COOTBCTCTBCHHO, (pyp, (pzP — YTIJIOBBIC OTKJIOHCHUSA PAKCTHI OT JIMHWUU NPULCIIUBAHUA] Y, Z — JIMHEIHBIC
OTKJIOHCHUS PAKCThI OT JIMHHUH ITPHULCIIMBAHU A Bﬂ — YIJ10Bas CKOPOCTh pa3BOpOTa JIMHUH NPULICIIMBAHUA

Nmurarop JID pakerst

Tlomexa

Oxpan(pon) Jlazepl

Puc. 4. IlpunuunuaneHas cxema crenga Juid ucnsitanuiit O9CY: KPA — koHTposIbHO-
peructpupyromas annaparypa; 30C — 3epkanbHO-OTKJIOHSIOIIAs CUCTEMA,
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1.4 Koncrpykuus crenaa aisa ucnbiTanuii O9CY Ha ATMHAMHMKY, TOYHOCTb H
MOMeXO03alMIIEeHHOCTh
Crenj peann3oBaH Ha 0a3e cepuiiHO BbITyckaeMoi ontudeckoit ckambu OCK-211JT (puc. 21).
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Puc. 5. ®ynkunonansnas cxema crenaa: KII — komanaHbiil MyHKT (Ha3eMHas anmapaTtypa
ynpasnenus); KOC — komnmaropHo-ontudeckas cucreMa; K — koneHcopHslit 00bektuB; Y OJI-
ycTpoiicTBO 00paboTku syda; U — uznydarens; 30 — 3epkalibHbII oTpaxaTenb; Y C — ycTpoHCTBO
COIPSKECHHUS.
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Puc. 6. COopounblii ueprex crenna: 1 - ckamps; 2 - peiitep; 3 - matdopma; 4 - cToiika (¢ Kpenexom);S - XoMyT; 6 - Tpy6a; 7 - ctoix; 8,9 - 30C; 10 -
kouencop; 11 - moaymsarop; 12 - KOC; 13 - mazep (JII'-79); 14 - nmazep (JIT-126); 15 - HAYV; 16 - cBeToauo.
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1.4 KoHcTpyKIMH 3J1€eMEeHTOB cTeHAa AJst ucnpitanuii O9CY

1.4.1 briok 3epKaibHO-OTKIOHSIOINUX CUCTEM

3epkanbHo-oTKIOHAOmAs cuctema (30C) BBINOIHSAET pPOJIb YCTPOICTBA COIPSKEHUS
MaTeMaThyeckor u pusndeckoit yacteit crenna. biok 30C npeaHazHaueH s mpeoOpa3oBaHUs
AIIEKTPUYECKUX CUTHAJIOB C BbIxoaa DBM no kananam “Y” u “Z” B U3MEHSIOLIYIOCS BO BPEMEHU
ONTUYECKYI0 OOCTAaHOBKY Ha IKpaHe.

30C npoenupyet U300paKEHUE HATYPHOTO U3Tydarens (IITaTHOW JIaMITbI-(haphl) WU €T0
bu3HIecKoi MoeH (J1a3zepa, CBETOAMO/Ia) Ha CBETOpACcCeUBAIONTUI dKpaH (cM. puc. 4, 5).

B coBokynHoctu ¢ DBM, Ha KOTOpOI pacCUMTHIBAIOTCS TEKYIIHUE YIJIOBbIE KOOPAUHATHI
U3ITy4yaTelis pakeThl, 3Ta CUCTEMa B PEXKUME CIEKEHHsI BOCIIPOU3BOIUT Ha dKPaHE MepeMeleHUue
UMHTaTOpa pakeThl B mojie 3peHus oO0bekTHBOB ABK HarypHOW Ha3eMHO# ammapaTypbl
yIpaBIeHUSI.

30C peanuzoBana Ha 0a3e JABYX CEpUHHBIX MPOMOPIHOHAIBHBIX 3JIEKTPOMEXaHUYECKUX
npeoOpazosareneit (OMII) tuna MII-120A B COBOKYITHOCTH C 3JIEKTPOHHBIMH YCHIIUTEIAMU Y
(puc. 6). Ha Bany kaxxgoro DMII 3akperuieH 3epkaibHbI oTpaxarens. OMII obecrieunBaroT
pa3BepTKy U300paKeHUs U3TydyaTelis Ha SKpaHe M0 BEPTUKAIN U [0 TOPU30HTAIIH.

30C ob6opynoBaHa ONTUKO-3JEKTPOHHBIMU JaTdrkamu oOpatHoi cBs3u (JJOC) mo yrimy
MOBOPOTA 3epKayia, KOTOpPbIC peaanu3oBaHbl Ha 6a3e napsl ceetoauon 3JI-107 b — dotonuon O/I-
7K. Tlpu pa3Bopore 3epkajia JYYHCTBIH MOTOK OT CBETOAMOAA K (POTOMMOMY TEPEeKpPHIBACTCS
MTOpPKOM, 3akpermnéHHoW Ha ocu OMII, u Ha BbIXOAe doToanoaa BhIpabaTHIBACTCS
DIIEKTPUUYECKUI CUTHAJI OOpaTHOW CBs3H. lIpuMeHeHue SIEeKTPOHHBIX AU(QPepeHIHPYIOINX
YCTPOMCTB, MO3BOJISIET (HOPMUPOBATH CUTHAIIBI OOPATHON CBSA3H 110 MPOU3BOIHBIM YIJia IOBOPOTA

3epKaa.

4
|

ot OBM

- LHAIT |[e——-

JIyd OT
YOIl

or DBM
LHAIl fe——

<
A

J0C

Puc. 7. Ilpunnunuanshas cxema 30C: 1 - anekTpoMexaHU4ecKHil mpeodpas3oBareib; 2 -
3epKalbHbIM OTpakaTenp; 3 — mpu3Ma; 4 - sKpaH.

OnexkTpoHHble yeunutenu (Y) npeaHa3HayeHbl A5 CYMMUPOBaHHS BXOJHBIX CUTHAJIOB U
CUTHAJIOB OOpaTHBIX CBsI3e€d, YCHJIEHUS CHUTHajla OIIMOKM IO MOIIHOCTH, KOTOPBIM nganee
NOCTYMAeT Ha ynpasistomue oomotku OMII, a Taxke nutanus ceero- u potoauoaos JOC.

[MpuatunuansHas nekrprdeckas cxema IMII ¢ IOC npuBeneHa Ha puc. 8.
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Puc. 8. IlpunnunuanpHas snexrpuueckas cxema DMII ¢ qarunkamu yria

Taxum 06pa3zom, Kak B TOPU30HTAIBHOM, TaK M B BEPTUKATBHOM KaHaJIaX CTEH]1a 00BEKTOM
ynpaBiieHus pazpadatsiBaemoit cnessieit cucremsl (CC) sBisercs OMII, koropslii paboTaeT Ha
WHEPLUMOHHYIO Harpy3Ky. BXomgHoil 3amaromiedl BEIWYMHOM JUIi  CHCTEMBI  SIBIISIETCS
JJNIEKTPUYECKUI CUTHAJ ¢ BeIXxoza DOBM cTeHna, KOTOphlid NPONOPLUOHAIEH TEKYIIEH YII0BON
KOOPJAMHATE M3JIydaTelsi pakeThl (¢ yueToM Kod((huIiueHTa nepeaadu no yriry ONTHYECKON JTMHAN
cBa3u «30C — 3 — KOC».

BeIxonHON perynupyeMoil BEIWYMHOW Y SBISETCA YIoBas KOOPAMHATA HMMHUTATOpa
u3lydarens pakerbl, BocrpuHuMaeMmas ABK B creHae. YuuThiBas JMHEHHOCTh CTaTUYECKOU
XapakTepucTuku ontuueckod muamu cBsizu «30C — D — KOC» B 00macTé MajibIX YIJioOB, B
npouecce pacyera CC 3a ee BBIXOAHYIO KOOPAUHATY MOYKHO CUATATh YIoJl TOBOPOTA 3€pKaJia.

Puc. 9. Bung O10Ka 3CPKAJIbHO-OTKIIOHAOIINX CUCTCM, YCTAHOBJICHHOTO Ha peI‘/'ITepe CKaMbH
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Puc. 10. Buap! 6:10Ka 3epKajibHO-OTKJIOHSIOIIUX CUCTEM CO CHATOM KPBILIKON

1.4.2 YcrpoiicTBo 00pabOTKH JTyda

YcrpoiictBo 00paboTku syda (YOJI) BBIMOTHSET poSib YCTPOHCTBA COMPSDKEHHS IO
ka"aity “X”. OHO TpeaHa3HAYeHO JJIi aBTOMATHYECKOTO PEryJupoBaHUs CBETOBOTO IOTOKA,
noctynaromniero ot uanydarens (M) mocTosHHOM MOIIHOCTH, HAITPUMEP, HATYPHOU JTaMITbI-(paphi.

B coBokynHocTu ¢ DBM 3T0 ycTpoMCTBO B peKUME CIIEKEHHUS BOCIIPOU3BOJIUT MPOILIECC
yIaJeHus U3JIydaTessl pakeThl OT MyCKOBO ycTaHOBKU. [Ipu 3ToM Ha DBM B peanbHOM BpeMeHU
PacCUMTHIBAIOTCS TEKYIIME 3HAUEHUSI CBETOBOIO MOTOKA, MPUXOISALIETO OT JaMIIbl-(hapbl paKkeThl
Ha BXOJHOM 3padok oovekTrBa ABK.

B mnpomecce pacuera MOTYT Y4UMTBHIBaTbCSl TakXKe CiydaiHble (DaKTOpBI: 3aTyXaHue
U3JIy4eHus B aTMocdepe, QIyKTyaluu ee Mpo3pavyHOCTH, Pa3phIBbI ONTUYECKOMN JTMHUU CBA3H IPU
3a/IbIMJIEHUU U JIp.

Paccmotpum koHcTpykiuto YOJI, npeqHasHaueHHOro A MOJEIMPOBAHUS W3MEHEHHUS
CBETOBOTO IMTOTOKA Ha BXOJTHOM 3padke oObekTrBa HaTypHOTO ABK. OHO peanm3oBano Ha 6a3ze
TpaHcokaropa CEepUitHOW MPOMBIIIJICHHOW TeNeBU3UOHHON ycTaHoBKH. YOIl comepkut
00bekTuB «fOmuTep-8M» ¢ perynupyemMoin HpucoBoi quadparmMoid, KoJbllo KOTOPOM BpaIiaeTcs
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yepe3 PeAyKTOp C MOMOIIBIO 3JIEKTPOJBUTATENSI MOCTOSHHOTO TOKa. [IpuHuMnuanbHas cxema
YOJI nana na puc. 11.

d

5

Puc. 11. I[lpunnunuanshas cxema YOJI: 1 - UCTOYHUK U3TydeHUs; 2 — OOBEKTUB; 3 — UPUCOBas
muadparma; 4, 5 - SIEKTPONPUBOJIBI; 6 — M300pAKEHUE HCTOYHHUKA H3ITYICHUS.

Puc. 12. O6uwmii Bua YOJI, peanuzoBaHHOT0 Ha 6a3e cepuitHOro TpaHcgokaropa

DneKTponpuBoJl 5, MOKa3aHHBIA Ha PUCYHKE, IIPEIHA3HAYEH ISl YIPABIECHUS Pa3MEpOM
IATHAa Ha dKkpaHe. IIpy MopenupoBaHMM B CTEHAE TOYEYHBIX MCTOYHHMKOB HM3IIy4EHUs OH HE
HCIIOJIB3YETCS.

1.4.3. KomMMaTopHO-ONITHYECKas cUcTEMa

Konnumaropuo-ontuueckas cucrema (KOC) cnyxut 1ist MacitaOUpoBaHUsl B CTOPOHY
YMEHBIICHHUS YITIOBBIX KOOPAMHAT U Pa3MepOB N300paKeHHsI U3ITydaTess.

HeoOxonumocts B ucnonszoBanun KOC oOycnoBieHa TeM, YTO 0OBEKTUBBI HATypHOTO
ABK sBistoTcs ATMHHOGOKYCHBIMH, UMEIOT Y3KHE MO 3peHHMs W MNpeJHa3HauyeHbl [Uis
OmpeNesieHUsT KOOPJAMHAT ‘“‘TOYEYHOro” WCTOYHWKA wu3nydeHus. [lpudem pacrnonaraemoe
paccrosinue mexxay ABK u 3kpaHOM B CTEHIE€ COCTaBIISIET HECKOIBKO METPOB.

Bxonubim o6bekTuBoM KOC sBisieTcst KOpOTKO(MOKYCHBIN OOBEKTHB, a BBIXOJHBIM —
JUIMHHO(OKYCHBI  00bekTUB (Kosumumarop). CooTHomeHHe uX (OKYCHBIX PacCTOSHHM
ornpezenseT MaciiTad MOJEIMPOBAHUS YTIIOBBIX KOOPIUHAT.
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Puc. 15. O0Owmwuii Bujg creHaa

Jlj1g OLIEHKH ¢ OMOIIBIO cTeHAa nomexo3amuiieHHoctd CTY B yclioBUsIX BO3/EHCTBUS
MOJIBIKHBIX “TOYEYHBIX~ CBETOBBIX NOMEX aHAJIOTMYHO PACCMOTPEHHOMY BbIIIE€ croco0y Ha
9KpaHC BOCIIPOU3BOAUTCA JBUKCHHC N CBETOBBIX IIOMEX. HpI/I 3TOM COOTBETCTBCHHO
ucnonezytorcsi N 30C co cBoumu wucrounukamu wusnydeHuss u YOJL. Ha IIK crenna
PACCUUTBIBAIOTCA 3aKOHBI JIBUKCHU A Ka)I(ILOﬁ n3 MoMeExX B KapTI/IHHOﬁ IIJIOCKOCTH.

B naHHOW KOHCTPYKIIMU CTEHJIAa TUIOCKHHM SKpaH 3aMEHEH KOHJICHCOPHBIM OOBEKTHBOM.
Takoe TeXHUYECKOE PEIICHUE MTO3BOISICT H30eKaTh (PMIBTPAIIMU CIIEKTPA H3ITYICHUS SKPAHOM U
NOTEepPh SHEPTrUU HAa HEM IpU OTpaxkeHUM (cBeTopaccenBaHuu). [locrmeaHee sBisieTcsi BechbMa
BR)XHBIM TIPH HUCIIOJIb30BAaHUHM B KadeCcTBE (DM3WYECKUX MOJIENICH M3Iydareseld pakeTbl H/Hiu
CBETOBBIX IIOMEX MaJIOMOIIHBIX HCTOYHMKOB M3Ty4EHUs (JIA3EPOB, CBETOMO/IOB).

Puc. 16. O0muii By 3J€KTpOMEXaHUIECKOr0 MOAYIISTOpa CBETOBOrO MOTOKA (Ha
peliTepe ciieBa) U UMUTATOpPA JBYX CBETOBBIX MIOMEX Ha 0a3e IByX CBETOAMOOB (Ha penTepe
CIpaBa)

Hwxe nHa puc. 17 — 18 npencrasnens! GpoTorpaduu NpoeKIuii Ha KAPTHHHYIO TUIOCKOCTh
(Ha TJIOCKOCTh JKpaHa) TPAeKTOPUHU BBIBOJIA PAKEThl HA JIMHHUIO MPULEIHUBAHUS B YCIOBUAX
BO3JEHCTBUS JBHKYIIEHCS ONTUYECKOW ITOMEXH.

Puc. 17. Tpaektopusi BbiBoga JIA Ha JTWHUIO TPUIEIUBAHUS B YCIOBUSX JICHUCTBUS
JBIKYIICHCS IO aHAJIOTUYHOMY 3aKOHY ONTUYECKOU MOMEXH
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Puc. 18. Tpaekropus BeiBoaa JIA co ckaHUpYIOMKUM H3TydaTeneM (Bpamaromierocs JIA ¢
TpaccepoM Ha KOHCOJIM KpbLJIa) Ha JIMHUIO MPULICIIMBAHUS B YCIOBUAX JEHCTBUSI IBHXKYIICICS IO
CJIO)KHOMY 3aKOHY ONTUYECKOM MOMEXH.
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1.5 U3yuenne crenaa ajs ucnbiTanuiit O9C conpoBoKIeHNs eTH

PaccmoTpuM  cTeHm il AMHAMHAYECKUMX ~— MCIBITAHUM WU UCIOBITAHUN — Ha
nomexo3ammménHocte ODC conpoBoxaenus nemu (ODCCLL). Crenn peanuszoBaH Ha 0Oasze
cepuitHoii ontuueckoi ckambu OCK-2LJT (puc. 21).

Mogenp nenu Hanpasnsromas

ITomexa

Dkpad (poH)

V e HAII |e [15BM KPA
Puc. 19. IlpunnunuaneHas cxema crteHma: KPA — KOHTPOJIBHO-PETHCTPHUPYIOIIAS
anmaparypa; 30C — 3epkanbHO-OoTKIOHsIOmass cuctema; LAIl — mudpo-ananorossiit
npeoOpazoBarenp; Y — ycunutenb; ICII — sanekrpudeckuii cneasiuil mpuBo/I.
y
"
Llens Pu @ &
JIBLL
@ T_ 00 OK
OK
o ) Pu
s e ¢
L | H | H || OK |
i | 1
! ACC :
a 0

Puc. 20. ®ynkuuonansHas (a) u pacuetHas (0) cxemsl OOCCILl: ACC — aBromaTHdeckas
cucrema comnpoBoxaenus; OK — ontudeckuit koopaunarop; IIH — mpuBon naBenenusi; H —
Harpy3ka; JIBIl — nunus BuzupoBanusd nenu; OO — ontuueckas ock; UL — umuraTtop uenu; @y —
yTiI0Bas KOOpAWHATA 11enu; (¢ — yroua nmosopora OO OK.
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Puc. 21. Crenn g ucneitanuit OCCLL: 1 - ckambs; 2 - peiftep; 3 - XoMyT KpenéxHslif; 4,5 - nazep; 6 - Kpenéxnas mnardopma; 7 - 30C; 8 -
Moaysarop; 9 - croi; 10 - akpan; 11 - Hanpasisitomast; 12 - umurarop uenu; 13 — 3CII
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JIABOPATOPHAS PABOTA Ne7

MN3YYEHME CTEHAA JJISA KOHTPOJISA XAPAKTEPUCTUK OB BEKTHUBOB,
IMNPUMEHSEMBIX B O3C COITPOBOKAEHM A LIEJIN

1. HEJIb PABOTbI

- o3HakomJieHHue ¢ HazHaueHueM ODC conpoBoxaeHus menu (OCCL).

- U3y4EHHE KOHCTPYKLIMH, NPUHIATA IEHCTBUSI X METOIMK IIPUMEHEHNSI H3MEPUTEIIBHOTO YCTPOMCTBA
Image Master®Universal, npemHa3sHayeHHOTO 18 KOHTPOIS KadecTBa M300paXKeHUs U
XapaKTEPUCTHK 0ObEKTUBOB, MpUMEHsIeMbIX B coBpeMeHHBIX ODCCILI.

2. TEOPETHYECKHUE CBEJEHUS

2.1. O6mue cBeeHUs 00 ONTHYECKUX CHCTEMaX COIPOBOXKICHUS 11N

Jns coBpeMmeHHbIX YK akTyanbHOM sABISETCA 3aJaya IOJHOM aBTOMATH3AlMU LUKIA
paboTBl — OT TOJIYYCHHS IeJeyKa3aHusl JO0 TopaxeHus nenu. [lpu sTomM Hamo obecreuuThb
BCEIIOT'OJTHOCTh U BCECYTOYHOCTH MCIIOJIb30BaHUSI KOMITJIEKCA.

Ocobast ponp B pemenur 3Tod 3amgaum  orBogutTcss ODCCIL, obecrieynBarOIIM
ABTOMATHYECKOC BU3UPOBAHUE BO3YIIHBIX (PAKETHI, CAMOJICTHI, BEPTOJICTHI, aBHAOOMOBI U T.I1.),
HA3eMHBIX U HAJBOAHBIX (OOBEKTHl OpPOHETAHKOBOW TEXHHKH, HWHXXEHEPHBIE COOPYKEHUS,
KOpaOJI¥ pa3IUYHBIX TUIIOB) IIEJICH.

B 3aBucuMOCTH OT ()M3UYECKOr0o MPHHIIUIA, 3aJI0’)KeHHOTO B npoektupoBanue ODCCILI,

pas3iinyaroT:
o OINTUKO-MEXaHUYCCKHE;
o OITUKO-3JICKTPOHHBIC TEJICBU3UOHHBIC;
o OIITHUKO-3JICKTPOHHBIC TCIIJIOBU3HMOHHBIC.

Nznyuenue QuKcHpyeTcss MEpBUYHBIM TPEOOpa3OBaTEIEM B ONTHYECKOM (BHUIUMOM,
mmHa BONHBI A =0,38—0,76mxm) u wuHPpakpacHoM (A =0,76—100mxu) auama3oHax.
[TepBuuHbIMH Tpe0Opa30BaTENAMU U3TYUEHUS LIETU MOTYT CIIYKUTb:

o TeJeBU3MOHHAS Kamepa;

. TEIMIOBU3HOHHBIN PUOOD;

Onmuko-mexanuyeckue Cucmembsvl, pasmeuerHHble Ha HEeNnoo8UICHOM Hocumele.

OTH cucTeMbl O00ECIEUMBAIOT TIOJYaBTOMATHYECKUNA PEXHUM palbOThl: OMEpaTop C
MOMOIIbI0 MPUOOpa HaBEIEHUS OCYIIECTBISIET MOUCK, OOHAPYKEHUE U COMPOBOKIACHHUE IIEIH.
JlaTuuk KoMaHJ TpeoOpa3yeT YIJIOBbIE IE€PEMEIEHUsI OpraHa YIpaBiIeHUS («KOJIOHKNY,
«KapaHJaliay, WIK KHIOMIEN) B MPOMOPIMOHAIBHBIE CUTHAJIBI YIIPABIEHUS UCTIOTHUTEIbHBIMU
IMPUBOJAMH BCPTUKAJIIBHOTO U TOPU3OHTAJIBHOT'O HABECACHU. Kaxk MmpaBujio, CIACOAIIUC ITPHUBOABI
TaKUX CHUCTEM 3aMKHYTHI 110 YTJIOBOM CKOPOCTH (TaxOMeTpuiecKasi oOpaTHas CBSI3b).

Onmuko-mexanuyeckue cucmemvl, padomarnwue Ha Noo8UXCHOM Hocumene. B »Tux
CUCTEeMax JUIsl 3aMepa YIIIOBBIX KOeOaHUN OCHOBAHUS UCHONB3YIOT THPOCKOMHYECKHUE TPUOOPHI

u cucteMbl. Ecim yrmsl HaBenenuss mainbl (10-15°) ¥ MOMEHTHI MHEpUMH CTAaGHIH3HPYEMOi
Harpy3Kd HE3HAYUTEJIbHBI, HCIIOJIB3YETCS PEXUM CHIIOBOW cradbmim3anmuu. B sToMm pexnme
CTa0MIIN3aLus OCYLIECTBISETCS 32 CUET TUPOCKONNYECKOI0 MOMEHTa CBOOOJHOT'O THPOCKOTIA.

VYrnoBsle Kosie6aHUs OCHOBAHUS CO3AAI0T BO3MYILAIOIINNA MOMEHT, IEHCTBYIOIIUHI O OCH
Hapy>KHOW PaMKM U BBI3BIBAIOIIMNA MpPELEeccHio rupockona. /s KoMneHcauu BO3MyIIaoIero
MOMEHTA CIYXHUT CTAOWIM3UPYIOIIUN JBHTaTelh, MOMEHT KOTOPOTO MPOTOPIIMOHATICH YTy
npeneccuu. J[Buraressb CLEIUIeH ¢ HapyXHOH paMKoil uepe3 peaykrop. [Ipu paBeHCTBE MOMEHTa
NPUKJIAIBIBAEMOTO K PaMKE HCIOJHHUTEIBHBIM JIBUTATEIEM W BHEIIHETO MOMEHTA IPEIecCHst
peKpaTUTCs.

B ycranoBuBIIEMCSl peXHME IOCTOSHHOMY BO3MYIIAIONIEMY MOMEHTY COOTBETCTBYET
NOCTOSIHHBIM ~ yron  mpeueccud. Yem  Oonblie  KMHETHYECKUH  MOMEHT — CHJIOBOTO
rupocTabuian3aTopa, TE€M MeHbIle omuoka crabmwimzanuu. HaBeaeHus ocymiecTBiseTcs
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oneparopoM C myJjibTa YIPABJICHHUA MMYTECM MOAA4YU CUTHAJIAa HA MAarHuT HABCACHUA, CO3I[&IOH.[PII>1
YOPaBIAIOIIMA MOMEHT Ha BHYTpEHHEW pamke. [Ipum 3TOM BO3HHUKAeT Mpeneccuss BOKPYT OCH
crabunuzanuu. C gaTyuka yrjla Ha Hapy)>KHOH paMKe T'MpOCKOIla CHUMAETCs Yrojl HaBeJeHUS,
0TpabaThIBAEMBbIii MAJIOMOIIHBIM 3JIEKTPOIIPHUBOJIOM ITOCTOSHHOTO TOKA.

TouHOCTH COIIPOBOXKACHUA HCIU B OITHKO-MCXAaHUYCCKUX CHUCTEMAX CYICCTBCHHO
3aBHCHUT OT OCHOBHBIX [TOKa3aTeslei ONTHUKU BU3KpPa — KPATHOCTHU M pa3peliaronieil CioCOOHOCTH.

3HauUUTENBHOE  YIyYIIEHWE TOYHOCTH HaOmogaercs npH  KpatHoctd  6-10%.
Paspemaromnias crnocoOHOCTb ONTHKH, T.€. CIIOCOOHOCTH Pa3JIIbHO BHJIETh JBE COCETHUE TOUKH,
BBIOMPACTCS TAKMM 00pa30oM, YTOOBI MAKCHMAaJIbHO UCTIOIH30BAaTh BO3MOXKHOCTH IJ1a3a ONepaTopa.

'
T.x. paspciiaroimas CIIOCOOHOCTE TJIa3a COCTaBIISIET IMPUMCPHO 1 , C YUYCTOM YBCJIHNYCHUA BU3HUPaA

ch IPHHAMAEM Pa3pEIIAIOIIYI0 CIOCOOHOCTh onTHKU 8" .

Onnako, pa3permaronias CrioCOOHOCTh CUCTEMBI «TJ1a3-IPUOOP» B OOJIBIIMHCTBE CIy4YacB
OKa3bIBAaETCsl XYK€ paspelarolieil CocoOOHOCTH ONTHKHM M3-3a KojeOaHUM M BHOpanuu mosis
3peHwust, 0O0YyCIOBICHHBIX HEIMHEHHOCTSIMH NPHBOAOB HABEACHUS, YIPYTUMHU AedopMaiisMH,
LIUKINYECKMMHU ITOIPEIIHOCTAMU MEXaHUYECKUX Iepead.

Pazpemaromias cnocoOHOCTh BEIOMPAETCS] MCXOJISl U3 YCIOBHI YBEPEHHOTO OOHAPYKEHUS
nenu Ha (OHE MECTHOCTH IpH MaKCUMallbHOM nanbHOCTU. I[Ipm BbIOOpE pasperuaromiei
CIIOCOOHOCTH HEOOXOAMMO YUYUTHIBaTh BO3MOXHBIE KOJ€OaHUs IOJIs 3pEHUs, BBI3BAaHHbBIC
JBUKCHUEM HOCHUTEIIS U HE IJIABHOCTHIO CIICKEHHS 3a LIETIBIO.

Tenesusuonnbvle cucmembi.

B reneBusunonnoi cucreme (TB-cucteme) 0CHOBHBIM NPUHIMIIOM IIepeiady H300paKeHUs
SBIISICTCS TIORJIEMEHTHAsI TIepe/iaya 3HAYEHUH SPKOCTH OTHAENBHBIX 3JEMEHTOB H300paKeHHS,
OCYILECTBIIsIeMast IIyTEM aHaIu3a MPOCTPAHCTBEHHO-BPEMEHHOTO MOJIsl 00bEKTa Ha Iepeiaroiien
CTOPOHE U CUHTE3a U300paKeHUs Ha IPUEMHOM CTOPOHE.

TeneBu3noHHbIM aBTOMAaT — o0coObli TuUn TB-cucTemMbl B KOTOpOH BHIEOCHTHAI,
NOJYYCHHBI B pe3yiabTaTe MpeoOpa3oBaHHs ONTHYECKOTO HW300paKeHHsI, IOIBEpraercs
crienManbHOM 00paboTKe ¢ LeNbl0 BBIACICHUS U3 HEro TOJIbKO TOW YacTu MH(POpPMALMHU, KOTOopast
HeoOXxoauma Ui peUIeHMs] ONpeAesieHHOW 3anauu (0 KOHQUIypallu{, IJIO@AAM M 4YHCIe
OTJEJIBHBIX 3JIEMEHTOB ONTHYECKOI0 M300pa)KeHHs, HX IBETE, B3aUMHOM pAaCIOJIOKEHHH,
JMHENHBIX pa3MepOB, KOOPAMHATAX ATHUX DJJEMEHTOB B HEKOTOPOW H3MEPUTEIBHOM CUCTEME
KoopauHat). TeneBU3HOHHAs KaMepa U DJIEKTPOHHOE HCIOJIHUTENBbHOE YCTPOHCTBO 00paszyroT
MOJICUCTEMY aBTOMAaTUYECKOM TEJIEBU3MOHHON CUCTEMBI COITPOBOXKICHUS.

Jis  ocyIlecTBIEHUS] CTaOWJIM3MPOBAHHOTO HABEAECHUS T'MPOCKONMHUYECKas CHCTeMa
U3MEpPEHHs] YIJOB M KauyeK MPOU3BOIUT M3MEPEHHS YIJIOBBIX KOJ€OaHUN HOCHUTENS MO TPEM
IPOCTPAHCTBEHHBIM OCAM, a IpeoOpa3oBaTeNb KOOPAWHAT 10 TPUTOHOMETPUYECKHM
3aBUCHUMOCTSIMHU OCYILECTBIISIET UX NEPECUET K JIBYM INIOCKOCTSM HaBECHUSI.

Peanuzanuio 3akoHa yOpaBlIE€HUS U KOPPEKIMIO KOHTypa aBTOCOIPOBOXKIEHUS
OCYIIECTBIISIET IIEHTpaIbHAsI BBIYMCIUTENbHASI CUCTEMA, BBIXOJIHOM CUTHAJI KOTOPOM MOCTYHaeT
Ha UCIOJHUTEIbHBIN MPUBOJ, 3aMKHYTHIH MO yIiIy MOBOPOTa HU(POBBIM JaTUUKOM «BaJ-KOI».
Tenexkamepa pa3BopaunBaeTcs TaKUM 00pa3oM, YTOOBI CBECTH OLIMOKY CIEKEHHUS K HYIIIO.

TeneBu3nOHHBIE CUCTEMBI 00ECTIEUNBAIOT OOHAPYKEHUE U COTPOBOXKICHUE MTOABHKHBIX U
HEMOJIBUKHBIX 11eJIeH, a TaK)Ke MaJIOpa3MEPHBIX HUZKOJIETSIINX LIETIeH, CIeKeHUE 3a KOTOPBIMU C
IIOMOUIBIO APYTUX CPEACTB, HAIPUMEP, PAAUOIOKALIMOHHBIX, 3aTPYIHEHO.

[IpakTuecku Bce TEIEBU3UOHHBIE CHCTEMBI pa0OTalOT TOJIBKO B JIHEBHBIX YCJIOBHSIX,
UMEIOT CPAaBHUTEIBHO HEOONBIIYI0 JalbHOCTh OOHAPYXKEHHS W CHIBHYIO 3aBUCUMOCTH OT
XapaKTepUCTUK PacCIpOCTPAaHEHHUs] CUTHaja, HE OO0ECIeYMBAIOT PEXKHMOB BCECYTOYHOCTU U
BCEMOTOAHOCTH NMPUMEHEHHs. Y CTOWYMBOE COITPOBOKIACHUS 00eCeunBaeTcs MpH COOTHOLICHUN
«CHUTHAJI/TITyM» HE MEHee 4-5.

Tennosusuonnbvle cucmembi.

TennoBU3MOHHBIE CUCTEMbBI aBTOMAaTHYECKOTO CONPOBOXK/IEHUS 1esield 00HApYKUBAIOT U
COIIPOBOKIAIOT MOJIBUXKHBIE U HETIOABMIKHBIE 1I€ITH, UMEIOIINE TETJIOBOM KOHTPACT ¢ (POHOM.
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WudpakpacHoe uznyuyeHue ocnadisiercs B pe3ylbTaTe PacCestHUs B adpo30isX (TymaH,
IbIMKa, JTOKIb, CHET) U MOTJIONICHHsI, 00YCIOBICHHOIO, TJIAaBHBIM 00pa3oM, MPUCYTCTBUEM B
aTMocdepe mapoB BOABI M YIJIIEKUCIOro rasa. CBOHWCTBA M COCTOSIHHE CpPEAbl CYIIECTBEHHBIM
00pa3oM BIIKAIOT Ha JAIbHOCTh OOHAPYKEHUS M COIPOBOXKICHUS LEJIH.

2.2. Kontpons kauecta uzodpaxkenust B OCCLI. MI3mepeHne onTHYecKuX XapaKTEPUCTHK
00BEKTHBOB.

ImageMaster®Universal — »3To yHHMBepcadbHOE YCTPOKMCTBO JUIi HCCIIEIOBAHHUS
xapakrepuctuk 00bekTBoB OCCII. IIprbop paboTaer B MMPOKHUX AUANa30HAX CIEKTpa U AJIS
Pa3IMYHBIX CBETOBBIX IMAMETPOB, M OOECHEUYMBACT BBICOKOTOUYHOE HM3MEPEHHE ONTHYECKUX
XapaKTepUCTHK U abeppaiuii 00bEKTUBA, K KOTOPHIM OTHOCSITCS:

. 4aCTOTHO-KOHTpacTHas xapaktepuctuka (UKX), mpuyem kak oceBoe, Tak H
BHEOCEBOE U3MEPEHHUE;

J (azouacToTHasE KOHTPACTHAS XapAKTEPHCTUKA;
3aIHUM OTPE30K;

JecTBUTENbHOE (DOKYCHOE PACCTOSHUE,
JTMCTOPCHS;

ACTUTMAaTHU3M;

KPUBH3HA N300paxeHUs;
XpoMaTH4ecKHe abeppaluy;
nuadparMeHHOE YHCIIO;

MOJIOBHUHA YTJIOBOTO TOJIS U AP.

Iorpemnocts u3mepenns UKX na yerpoiictse Image Master®Universal cocrasnser 2%.
W3mepeHust MOTyT MPOU3BOAUTECS B MHPPAKPACHOM, BUIUMOM, YIBTPa()UOIECTOBOM JUara3oHax
(B 3aBHCHMOCTH OT paboyero auana3oHa JJIMH BOJIH 00pasia).

B o6mem crydae ycrpoiictBo Image Master®Universal obecrieunBaeT BO3MOKHOCTB
UCCIIeIOBaHMs 00pa3lla U3 MIMPOKOro KIacca ONTHYECKHX CUCTeM — OT (oTorpaduveckoro
00BEKTHBA JI0 TEIECKOIA BBICOKOTO pa3peIIeHHsI.

WsmepurensHoe yerpoiicto Image Master®Universal mmeer ciieyroriie OCHOBHEIE OTITHKO-
MEXaHUYECKUE KOMITOHCHTHI:

— UMUTATOP O0BEKTA;

— 3epKabHBIA KOJLTUMATOP;

— 00BEKTUBO-/ICPIKATEb;

— MIOBOPOTHO-KOHCOJIbHASI TUINTA;

— aHaJIM3aTop U300paKeHUs (MPUEMHUK H3ITyICHUS)
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Pucynok 1 — Baemnuii Bun usMepuressHoro yerpoiicrea Image Master®Universal

OcHOBHbIE KOHCTPYKTHBHBIE YcTpoiicTBa npubopa Image Master®Universal o6031auenbl
Ha puc. |, ux Ha3BaHWs U GYHKINU PUBEACHBI B Tabnmme 1.

Ta0m. 1.

KoHcTpykTHBHEIE yeTpoiicTa ipubopa Image Master®Universal u ux ¢pynxiun
11 ITanennb 0J10ka NpHEeMHMKA U3/Ty4YeHUs H 00pa3ua

[Tanenp 3ammniaeT OT BIUSHUS NAPa3UTHOTO U3ITYYCHUS

AHanuzarop u300paxeHus

AHnanuzatop MoxeT ObITh ocHamieH [13C-matpurnieit 11 u3mepeHuil B
BUIUMON o00JacTU CHEKTpa; MaTpUYHBIM TNPUEMHUKOM Ha 0a3e TpOHHBIX
COEIMHEHU I KPT (KaIMUH-PTYTh-TEIITYP), YyBCTBUTEIBLHOTO B
kopotkoBosiHOBOM WMK-nmanmazone, wim Ha 0a3e aHTUMOHUJA WHJUA,
pabortatouiero B AMMHHOBOJIHOBOM MK-nunanasone.

Matpuna pasmemiaercss B IJIOCKOCTH M300pakeHHs KOPOTKO(OKYCHOIO
00BEKTHBA, YTO B COBOKYITHOCTH IPEJICTABIsAET COOO0M aHAIN3aTOP N300paskeHHsl.
22 | Ilpu HeoOxomumoctn m3meperns YKX B ynbTpadmoneToBoii nim uHPpaKpacHoOM
o0acTAX CHEeKTpa, UCHOJIb3YeTCsl CBhEMHOE CKaHUpYIOIIEee YCTPOMCTBO.
H3mepenus B caruTTaibHON U MEPUIHOHAIBHOM IIJIOCKOCTSIX MOTYT IIPOBOAUTHCS
KaK OJJHOBPEMEHHO, TaK ¥ OTIEJIHO B KaX10H MIIOCKOCTH.

Pe3ynbrarel u3MepeHHs [OCTYNAIOT Ha KOMIBIOTEp, TIJI€ OHHU
oOpabarbiBatoTcs. CoBpeMEHHas W3MEpUTENIbHAs 3JIEKTPOHUKA, OCHAICHHAs
ONTUYECKUM MOJYIATOPOM, a TaKkKe MPeIyCHWINTENeM U CHHXPOHHBIM
YCUJIUTEJIEM C HU3KUM YPOBHEM IIYMOB, IO3BOJIAET IOJYYHUTh ONTHUMAJIBHOE
oTHomeHue curHan/mym u YKX BbICOKOI TOYHOCTH.

OOBeKTHBO-AEPKATEND

HMmeer Bpamamomyrocss 4acTb, KOTOPas YIPaBISICTCA MPOrPaMMHBIM
oOecrieyeHHeM. YCTPOWCTBO MPOYHO, U3rOTOBICHO U3 craimu. Mwmeer

33
HE3HAYUTEJIFHOE PAHaIbHOE M OCeBOe OMeHwMs, 6a30BbIE MOBEPXHOCTH JIETAIN
U3TOTOBJIEHBI C BHICOKOM TOUHOCTBIO. SIBIISETCS CBEPX yCTOWYHMBBIM.

44 biok 3epkanbHOro KoymmmaTopa
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55 | Umurtarop oObekTa

66 | Croiika /Ui BCHOMOTaTeIbHOT0 000PYAOBAaHHS

77 | MoHnuTop

88 | KHonka 5KCTpeHHOI OCTaHOBKH

99 | Ontuueckuit CTON

110 | Cxomnb3simas 9acTb 0ObEKTHB JISPIKATEISI

111 | Bsiox HTOBOPOTHO-KOHCOJIBHOM TIUTHI

Ckosnp3s11as 4acTb NPUEMHUKA U3Ty4EeHUS

112 | Ilo3BoisieT OCYLIECTBIATh IEPEMEIIEHHEe MPUEMHUKA [0 HAaIpPaBISIOMIAM

BPYUYHYIO

PaccmoTpuM coctaB M HpUHIMI JCHCTBHS H3MEpPUTENBHOrO ycrpoiictBa Image
Master®Universal

OnTruueckasi CHCTeMa YCTPOMCTBA COCTOUT U3 CIEAYIOIINX YacTel (puc.2):

- HICTOYHUK CBETA;

- TeCT-00bEKTa, B KAUECTBE KOTOPOI'O MPUMEHSIETCS CeTKa;
- BHEOCEBOI'0 1apaboIMUECcKOro 3epKaa;

- INTMHHO(OKYCHOTO O0BEKTUBA;

- IPUEMHHKA U3JTYyYECHHUS.

Hcrounuk cBera 6 ocBemaer TecT-00beKT 3, KOTOPHIH MoMelieH B (hoKaabHON IIOCKOCTH
o0wexTHBa. McnbiTyemblii oOpaszery 2 pacrlojiokeH MEXIy OOBEKTHBOM KoyutuMaTopa 4 u
OpUEMHUKOM U3Iy4YeHHUs (aHanu3aTopoM u3o0paxeHus) 1 Tak, yto (hokajmbHas IIOCKOCTH
00pasiia COBMAaET € IIOCKOCTHIO YCTAHOBKH MPUEMHHUKA W3IydeHus. JIydu cBeTa, mpoxoasime
yepes TecT-00BeKT (CeTKY), MOMaJaloT Ha BHEOCEBOE MapaboIuecKoe 3epKalio 5 U, OTPaKasch,
MajgaloT Ha OOBEKTHB KOJUIMMATOPA, MOCJIEe KOTOPOTrO BRIXOAAT MapajuiebHbIM IydkoMm. Jlanmee
napauleNbHBIA My4OK TMOMAagacT Ha UCHBITYeMbId 0Opasel, KOTOpblid hopMupyeT n3oOpakeHue
OCBCIIIAEMOW CETKH Ha MPUEMHHUKE H3JTydeHUsI, KOTOPBIM cirykut [13C-maTpuia.

S

Pucynok 2 — [punuun feicTBHs ONTHYECKOH cucTeMbl yeTpoiicTsa Image Master®Universal

N3obpaxkenue, d¢opmupyemMoe Ha NPUEMHHUKE W3JIYYCHHsS, OLMU(PPOBHIBACTCS U
oOpabatsiBaeTcs mepcoHanbHbIM KommbioTepoM (I1K), c moMotibio crienuanbHON TporpaMMBbl 1S
HU3MCPCHUSA OINITUYCCKUX XaPaKTCPHUCTHUK.

Ha cerke OOBIYHO HaHECEHO M300pa)K€HHWE OAMHOYHOW JJIMHHOM IIEeNH, IMO3TOMY
MOJTy9aeMOe paclpe/ieliCcHne OCBEIICHHOCTH M300pKEHHUST CETKM TPEACTaBIseTCS depes
npeoOpazoBanne Dypbe B Bume QyHkuuu paccesHus nuHuu (OPJI), 3Has KOTOPYIO, MOKHO
HENOCPEACTBEHHO MONY4YuTh QyHKIMIO nepenaun Moxyisiuuu (PIIM) unu, uHBIMU ClloBamy,
YaCTOTHO-KOHTpacTHYI0 xapakTepuctuky (UKX) ucnbeiryemoro obpasia.

[Tporpammuoe o6ecnieuenue (I10), koTopoe TOMOIHUTEIBHO BCTPOEHO B ONEPAIMOHHYIO
cucremy Windows, ocymiecTBisieT aHanM3 NOJXYYeHHOro u3o0paxeHHs. C  MOMOIIBIO
npeobpazoBanus Oypwe BeruncisaoTces OPJI u GIIM.
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Huanazon Bbruucienus OPIIM npenonpenensercss B U3MEPUTENBHOM MPOrpaMMe.
[lepemenieHne U3MEPUTEIHHON CUCTEMBI, a TaKXKe MOAGOKYCHPOBKA MO TOJIO OCYIIECTBISETCS
ABTOMAaTUYECKH.

Paccuurannpie 3HaueHuss OIIM BbIBoIATCS Ha JKpaHe IuCIUiess B BHIE rpaduxa u
TaOJIMYHBIX 3HAYCHUH.

[TonydeHHble pe3yNnbTaThl MO3BOJISIOT CIEJaTh BHIBOJ O KAU€CTBE UCIBITYEMOro odpasia.

Takxke, ¢ momouipro IIK ocymecTBisieTcss ynpasieHUE ABUKEHUEM IOABHKHBIX Y3JIOB
M3MEPUTENIbHOI CHUCTEMBbl IO HANpaBISAIOIIMM uepe3 OJOoK ympaBieHus, cBszanHoro c¢ [IK
IIOCPEJICTBOM I1OCJIEIOBATEIbHBIX ITIOPTOB.

Bce wu3MepeHuss BbINONHSIOTCA aOCONIOTHO aBTOMATHYECKH, TaKUM  00pa3oM,
MUHHUMU3UPYETCS BIMSIHUE OIIEpaTOpPa HA PE3YJIbTAThl U3MEPECHMUS.

3. 3AJAHUE HA PABOTY

O3HaKOMUTBCS C KOHCTPYKLMENH U IPUHLHUIIOM JIEHCTBUS M3MEPUTEIBHOIO YCTPOMCTBA
Image Master®Universal.

4. TIOPAJOK BBIITOJIHEHMA PABOTHI

N3yunTh TEOPETUUECKYIO YACTh.

OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI.

5. KOHTPOJIBHBIE BOITPOCBHI

1. Yro co6or0 mpeIcTaBIseT H3MepHuTenbpHoe yeTpoiicTo Image Master®Universal n
JUTSL 4€TO OHO HEOOXO0AUMO?

2. Onuiure TPUHIUI JCHCTBUA ONTUYECKOM CHCTEMBI yCTpoiicTBa Image
Master®Universal.

3. J71s1 9ero Hy»KHO BHEOCEBOE MMapaboInuecKoe 3epKajio?

4. UYro MOXeT CHyXKuUTh TNPUEMHUKOM  HU3NIy4yeHUs  ycTpoiictBa  Image

Master®Universal.
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JIABOPATOPHAS PABOTA Ne8

METOAUKHU KOHTPOJISA XAPAKTEPUCTUK OBBEKTUBOB,
IMPUMEHSEMBIX B O9C COITPOBOKJAEHU A IEJIN

1. IIEJIX PABOTbI

- ¥BYYdTh HHTEpQEHC MPOrpaMMHOTO OOECIeUYeHHUs] W3MEPUTENIHHOIO YCTpoicTBa |Image
Master®Universal;

- O3HAKOMHTBCS C TIOCIICIOBATEIBHOCTBIO JICHCTBUIA 110 FOCTHPOBKE OOBEKTHBA HA M3MEPUTEIIHBHOM
yerpoiictee Image Master®Universal.

- O3HAKOMMTECS C IIOCIIEIOBATENIBHOCTBIO JICMCTBHI 10 IIPOBEICHUI0 M3MEPEHHM JWMCTOPCUM Ha
yerpoiictee Image Master®Universal.

2. TEOPETUYECKUE ITOJIOXEHU A

2.1 IIporpammHOe obecrieueHue

IMporpammuoe  obecreuenne  (ITO0) MTF  Lab  cayxur gis  ynpasieHus
(GyHKIIMOHMpPOBaHMEM H3MepUTEIbHOTO yeTpoiicTa Image Master®Universal. ITpu 3amycke 10
OTKPBIBAETCS IPOTPAMMHOE OKHO, CTPYKTYpa KOTOPOT'O MEHSIETCSI B 3aBUCIMOCTH OT BEIOMpaeMoi
nporpa1MMI)1.

Fie Tools Program Sattngs Log
h Focus MTF

23— SRR [Throug
i R o] e e semsmm i —
E { 1 WFW_—}IS"’°WI“"”“ Scnrll
22 B I L et Through Focus Measurement
! rientaton:
| samgle: [Uonm | MiF Max STEPh i
i | {pideg): ,T (pideg): F— [Segttal ]‘
Covnments: i
1 [rione | fumber of MFMess, [ Foam —
i i Foaus Steps: | 2 fpiceg): !"’ Rangeio): F
! i
} l i
i ! Messure ! ¥ Orive tobest foaus
T Instrument —————"~ R |
| HearementRangs: | 1 2
| s = ‘;
16 Uve Graph [ [onject intaite fimsge infrvie B 13
[N frwem | Wavelengt (o): !
o | [Ray =l
21 it g e
!
= | eaton s [15600
S { agn 14
g Frmber (3): | 10600
& 100 = T
® \ B [Tt e D i
i 1. 1 ]
| 1 A2 3 2
| i f% IQQQDT!‘ S. 0 0858 099 000
ons o1s| | U s & NET) 0004 028 0008
St ok ? A 2 i % 30 0987 0%7 0009
s i T 0978 05% -0018
0.9K ) D96 0594 -00%
08~ f 68 U953 0995 -0040
07— | 170 0940 0222 .0052
Eo,s— i 8o 0927 0951 .0064
%n‘s— ! [0 0917 D0 0073
G 05— go,e- TS ! liso 0808 089 0080
0,3= 0,34 IR 0303 08 0085
02— 0,24 | 28 08y 0887 -0039
15 0,3 | [1ao 0892 0265 .0094
S L 07 it a0 0885 0534 0098
o 2 “ &0 80 00 10 -1 0.5 ¢ 25 1
o Spesdlfrequency (fideg) Eocus Postion (| | [1e0 0E72 0983 0404 )
L | Y/ Theoupa Feaus ] > ™y Show Lve MIF
ZIO 19 1|8 1 |

Pucynok | — [IporpammHO€E OKHO

HpOFpaMMHOC OKHO COACPIKUT CICAYIOMUC DJICMCHTBI (Hpe,[[CTaBJ'IeHLI B Ta6J'II/II_[C 1)
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Save Image ...

Shutter Time ...
Overlays

&djust Shutter Time |

—1.6um / dy. = +8. Sﬁ

30 29
Pucynok 2 — YBenu4eHHbIH BUI 0071aCTH U300paKSHUS TIPOTPAMMHOTO OKHA

Tabmuma 1.
DJIeMEHTHI MPOrPaMMHOTO OKHA

11 | Crpoka MeHI0

22 | I'maBHOE OKHO

33 | Ctpoka otoOpaskeHHs BRIOPAHHOM MTPOrpaMMbl H3MEPEHHS

44 | Ilanens cipaBoyHO# nHOpMarmu (aJs cepTudukara)

55 | Kuomka ‘Certificate’
Ortkpsitie ceprudukara (popmar MHT)

66 | Kuonka-¢umaxok ‘Append Results’
Jns noGaBneHHst pe3yabTaTOB HM3MEpEHHs B CEepPTU(UKAT TOCTaBUTH METKY
BbIOOpa BHYTPU KHONIKH-(IaKKa

77 | Kuomnka ‘Clear All’
VY nanenue u3 ceptTudukara pe3yJibTaTOB U3MEPEHUS

88 | Knomnka ‘Add Last’
JloGaBnieHue B cepTUHHUKAT OT/IEIbHBIX U3MEPEHHH

99 | Kuomnka ‘Clear Log’
VY nanenue 3anuceil U3 CUCTEMHOI'0 )KypHaJIa

110 | Kuomnka ‘Show Log’
OTKpbITHE 3anMCel CUCTEMHOI0 JKypHaJla

111 | CurHanbHOe 10JIe: YKa3bIBaeT Ha BOSHUKIIYIO OIINOKY

112 | O6nacth BBOJA MapaMeTPOB NPOrpaMMbl U3MEPEHUS

113 | OxHo BbIOOpa HOMepa CeTKU U (puibTpa

114 | O6nacts BBOAA 3HaUe€HUH (POKYCHOTO paccTOSsIHUS U quadparMeHHOro yucia

115 | OGnacte TaONMMYHOTO NpEACTaBICHUS 3aJaHHOM M u3MepeHHor UKX ms
MEPUANOHAIBHON U CarUTTAJILHOM IJIOCKOCTEN B PEKUME PEATBHOIO BPEMEHH

116 | Knomnka-dnaxok ‘Show Live MTF’
s orobpaxenust YKX B pexxnMme peanbHOro BpeMEeHH TOCTaBUTh METKY BbIOOpa
BHYTPH KHONKHU-(IIaXKKa

117 OO6nacte rpauyeckoro mpeACTaBICHUS pe3yIbTaToOB H3MEpeHus (B
3aBUCHMOCTH OT BbIOpaHHON POrpaMMBbl)

118 | Ctpoxka BEIOOpa mporpamMm
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119 | O6nacte rpaduvecKoro NpeaCTaBICHUS PE3YIbTATOB U3MEPEHHUS (B 3aBUCUMOCTHU
0T BBIOpaHHOW POTrPaMMBbI)

220 | Ctpoxka BbIOOpa mporpaMm

221 | O6nactb rpadudeckoro npencrasienus OPT (UKX) u OPJI B pexume peaabHOTO
BpPEMEHHU

222 | Obnacth n300pakeHHsI, HOTYYaEMOro C KaMephl B PEKUME PEATHbHOTO BPEMEHH
223 | Knomnka ‘Measure F8’. 3anyck n3mepenus

224 | 3navueHne TEKyIel CKOPOCTH pereHeparui n300paKeHus

225 | O6nactb nHTEpECA

226 | Cronbuatelii uHaukaTtop BenuuuHbl HacwimieHus [13C-marpunsr (%) mpu
DKCITO3UTIUHU

227 | 3o0paskeHue ceTku (PeKUM peaibHOTrO BPEMEHH)

228 | Bri3BaHO MEHIO (IIEJIKHYTh IPABOI KHOIIKOW MBIIIIN)

229 | Paccrosinue (MKM) OT LIEHTpa H300pa)K€HUS IepeKpecTus (CeTKH) 0 LIeHTpa
HETOABIDKHOTO TIEPEKPecTHsi 1O OCH opAuHAT. LIeHTp HEemoABMKHOTO
MEPEeKPEeCTUsi  OmpeleNseT IMOJOXKEHHE ONTUYECKOM OocH  aHamu3aTopa
M300paKeHMsI, 10 OCH OPAMHAT

330 | Paccrosinue (MKM) OT LeHTpa HU300paKeHUsl mepekpecTtusi (CEeTKH) A0 IeHTpa
HETOABIKHOTO IEPEKPECTHS TI0 OCH a0CIIHCC.

3. 3AJIAHUE HA PABOTY
O3HakOMUTBCS ¢ UHTEpdEricOM MPOrPaMMHOTO 00ECNEeUeHUs] H3MEPUTEIHHOIO YCTPOKCTBA
Image Master®Universal.

4. IOPAIOK BBIIIOJIHEHUA PABOTbBI
N3y4nuTh TEOPETUYECKYIO YaCTh.
OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI.

5. KOHTPOJIBHBIE BOITPOCHI

1. Yto Takoe pazpemaromias criocoOHOCTh ONTHYECKON CHCTEMBI?

2. Yro takoe ®IIM u OPJI?

3 UYto coboro mpeAcTaBiseT MporpaMMHOE OKHO?

4 HazoBuTe HECKOJIEKO AJIEMEHTOB IMPOTPAMMHOTO OKHA M UX (DYHKIIHH.
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2.2. MeronrKa I0CTUPOBKH 0ObEKTUBA

1. BxurounTs ceteBoit yanuHuTenb. [lpy BKIIOYEHUH Y/UIMHUTENS aKTUBU3UPYIOTCS
CIEAYIOLIME YCTPOMCTBA:

— 0JIOK yIpaBJeHUs IIATOBbIM JIBUTATEIIEM;

- 0JIOK IMUTaHUS,

— SHKOJIEP.
Bxuirounts [1K 1 MoHHTOD.
BxJt04MTh YCTPOUCTBO aBAPUMHOTO OTKIIIOUCHUS.
Bruttounts 1a00paTOpHBIA OJIOK 3JIEKTPOIUTAHHUS.
Ha pabouem croje xommbpioTepa Haiith 3Hadok ‘Start MTF Lab’ (pucynox 1
(cmeBa)) u HaXKaTh Ha HEro JBa pasa. [losBUTCS OKHO, M300pakeHHOE HAa pUCyHKe | (cmpaBa).
Haxatp kHOomnky ‘OK’.

6. B mnosBuBmemMcs okHe Haxkarh KkHomky ‘Initialize’, mocme uero mpowusoimer
WMHUIMAIN3A11s YCTAaHOBKH.

okrwn

[ MTF-LAB

Select Startup Set

B

TSP S S SRSt |

VIS 2000.set
VIS 2000.set

B D —r———— S ————————

VIS 2000 mm coflimator

s i — -
Start MTF-LAB _— ,

Pucynok 1 — 3nauok 3amycka nporpammsl ‘Start MTF Lab’ (cneBa), okHo 3anpoca
MTF-LAB (cnpaBa)

7. B otobOpa3zuBmemcst okHe 3ampoca ‘Reticle’ BbIOpaTh HYXHYIO CETKYy Ha)KaTuem
kHonkH ‘Yes” mim ‘NO’. HaxaB kHomnky ‘Yes’, Bbl mpuHuMaeTe yka3aHHYIO B UACHTH(PHUKATOPE
HOMeEp JAepiKaTess, TO €CTh COOTBETCTBYIOILIYIO €My CeTKY (pUCYHOK 2 (cHu3zy)). Ilpu Haxkatum
kHonkH ‘NO’, B mose ‘Instrument’ rimaBHOro OkHa BEIOPATh HY)KHYIO CETKY U3 CIIMCKa (PUCYHOK 2

(cBepxy)).
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Instrument
Measurement Range:

v
4, S2g 15um

. Sag SQum
, Tan 50um
. Sag /Tan 50um

L T

Tan 15um

. Sag / Tan 15um
. Sag Sum

8. Tan Sum

"9, Sag /Tan Sum

f Reticle L___J""’x""w

N

‘\| Please insert:
' Holder1

oK 1 { Cancel }

Pucynok 2 — Bemmagaromuii cicok moss ‘Instrument’ (cBepxy), OKHO 3ampoca (CHU3Y)

Howmep ceTku BbiOupaeTcs ucxos u3 GopMyIibl:

1
15-f

f06p uacm

rae fwon — QokycHoe paccrosHue kommmaropa; fosp — (OKycHOE paccTosHHE HCIBITYeMOTro
00pa3ia; fuacr — MPUHUMAaEMast CPEAHsIS IPOCTPAHCTBEHHAS YaCcTOTA.

ITpumep.

doxkycHoe paccTosiHue Kosumumaropa fron =2500 MM, okycHoe paccrosiHue oopasna fosp
=100 MM, [ OPOCTPAHCTBEHHOM YacTOThl fuaey=50 MM, mupuna menu passa 0,33, nosromy
BbIOMpaem ceTky U3 1 — 3 HomepoB ¢ pasmepom mienu 50 mxm. Homep cetku BbIOupaercs B
3aBHCUMOCTH OT TOTO, B KakOil IJIOCKOCTH OyAyT MpPOBOJUTHCS HU3MEPEHHUs (CaruTTalbHOM,
MEpPUIMOHAIBHOM UITH B 00€HMX MIOCKOCTSIX).

8. B okne 3ampoca ‘Filter’ BeiOpats HyxkHbIH ¢GunsTp. I[locienoBaTenbHOCTD
JefCTBUI aHANOrM4YHa MyHKTY 7. [[n1Ha BOJIHBI MakcCUMyMa IponycKaHusl (PUIbTpa T0JKHA OBITh
OJIM3KOM K OCHOBHOM JJTMHE BOJIHBI 00pas3iia.

KOJl

wupuna weau <

9. BBectu pacueTHbli (hokyc ucnbITyeMoro oopasua B sueiiky ‘EFF Sample (mm)’ B
MHJUTEMETPax U quadparMeHHoe 9uciio B stueiiky ‘F-Number (#)’ moms ‘Sample’.

10.  OTKpBITH KPBIIIKY KOKyXa OJI0Ka MpUEMHHKA U3ITydeHHS U 00pasia.

11.  BcTaBuTh UCHBITYEMBIH 00pa3el B 00bEKTUBO-epKATENb.

12.  OroaBWHYTH aHAIM3ATOP U300pAKEHUS OT 0Opa3Ia.

12.  Bo Bruazke ‘Stage control’ Berzenuts cTpoky ‘FOcus’. st perynupoBKH CKOPOCTH
nepeMenIeHHs aHaIn3aTopa N300pakeH!sl YCTAaHOBUTD ABMXKOK B rosioxkeHue 100%.

13. HaxaTb Ha KHOIKY C JIBOMHOHN CTPENIKOH 1 AepkaTh 10 TeX MOp, MOKa aHATU3aTOP
n300paKeHMsI He TIPEKPATUT IBHKCHUS BIIEPE.

[Ipouenypa noucka n300paxeHus.

1. W3Bneub ceTKy, KIMKHYTh NpaBOW KHOMKON MBIIMIM B 00JacTH H300pakeHus,
M0JIy9aeMoro ¢ Kamephbl. [10SBUTHCSI KOHTEKCTHOE MEHIO, U3 KOTOPOTO BBIOpATh CTPOKy ‘Shutter
Time...”. B otkpsiBumiemcst okne ‘Set Shutter Time’ ycraHOBUTH JABMIKOK B IIOJIOKEHHE
MaKCHUMaJILHOW OCBEIIEHHOCTH.

2. AKKYpaTHO MOAOABHUraTh aHAJIM3ATOP HM300paxKeHUs K (POKAIBHOM IUIOCKOCTH
oOpa3la /10 Tex Mop, MoKa Ha MOHUTOpPE HE MOSBUTCA MATHO, GopMHUpyeMOe caMUM 00pa3lioM.
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Uto0bsl msATHO OBUIO B IEHTPE aHamu3aropa (HAa SKpaHE MOHHTOPA 3TO COOTBETCTBYET
COBMEILIEHUIO LIEHTpa MATHA W MEPEKPECTHs, OMpPENEeNSIONIero LEHTP KaMepbl) HE0OXOAUMO
UCIIOJIb30BATh KHOIIKU C M300paKCHUEM CTPEJIOK, OOIIUX Ui KoMaH] BKiajaku “Stage Control’.
Jlns TOMepeyHoro MepeMEICHUsT aHalu3aTopa HCIoyib3yercss crpoka ‘ImgHeight’, s
POJOIBHOTO — ‘FOCUS’, 94TOOBI yCTaHABIMBATH 110 BBICOTE CIEAYET KPYTUTH BUHT 2 (PUCYHOK 3).

3. VYcranoButh cerky. llpu mnpoBepke o0OBeKTHBa cpa3dy B JBYX IUIOCKOCTAX —
CaruTTAIILHOW U MEPUANOHAIBHON — YCTAHABIIMBAIOT CETKY C NIEPEKPECTUEM.

4, Hcnonp3yst cTpoky ‘FOCUS’ HaiiTm Hawmmydliee TOJOKEHHE H300pakaeMoro
HEPEKPECTUsi, ¥ BBHICTABUTH IO LIEHTPY, UCHONB3ys cTpoky ‘ImgHeight’. LlenTpupoBanue mo
BBICOTE OCYILIECTBIISIETCS C MOMOIIBIO BUHTA 2.

5. Uro0b1 00ecieynTh COOCHOCTh 00paslia U aHaIU3aTopa, HEOOXOAUMO BBHITOJIHHUTD
creayromee. Bo Bkmanke ‘Tools’ oxkna ‘MTF-LAB-Visible.set” BriOpats komanmy ‘Rotate
Sample’, koropas obecrieunBaeT BpaleHHe 00bEKTHBA BOKPYT CBOeH ocH. B mosne nzo0paxenus,
MOJIy4aeMOro C KaMmephl, TMOSBUTbCA HeOompmiod kpect. C  TNOMOIIBIO  BHUHTOB
oobekTuBoAepxkarens 1 (pucyHOK 3) COBMECTUTH KPECT ¢ M300PaKEHHEM CETKH, MOCJE Yero,
BHOBB ITOJIBIOCTHPOBATH 0Opa3ell ¢ MOMOIIBIO BUHTA 2, a Takke Komany ‘ImgHeight” u ‘Focus’.

Pucynox 3 — Baemnuii Buj OOBEKTUB A€pHKATEIS
[TocnenoBarenbHOCTH IEUCTBUM B TAHHOM ITYHKTE >KEJIaTEIHbHO TOBTOPUTH HECKOJIBKO pa3.

4. TIOPAIOK BBIITIOJIHEHUA PABOTbI
N3y4uTh TEOPETUUECKYIO YaCTh.
OTBETUTH Ha KOHTPOJIbHBIE BOIPOCHI.

5. KOHTPOJIBHBIE BOITPOCHI

1. Kak Bb1Opath ¢punbtp?

2. Kaxk Bb1Opath T€CT-00BEKT (CETKY)?

3. Kakwue neficTBIsI HEOOXOIMMO BBIITOJIHUTD, YTOOBI HA MOHUTOPE MOSBUIIOCH ISATHO,
dbopmupyemMoe HCClIeTyeMbIM 00pa3iom?

4. Kak coBmecTuTh OCH aHann3aropa U300paxkxeHus 1 oopasma?
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2.3 [IpoBeseHue U3Mepenus AUcTopcun Ha yerpoiictse Image Master®Universal
MeTtoanka M3MepeHHs AUCTOPCUH CITETYIOLIAS.

1. [IpoBectu 1ocTUpoOBKY ucmbITyeMoro odpasma. IlocinenoBarenbHOCTh JEUCTBHI
npuBeJieHa B 1abopaTopHOil padoTe No3.
2. OTtkpsITh BKIAAKY ‘Program’. B mosie nporpaMMel HaXXaTh IPaBOi KHOTIKOW MBIIIH

U B MOSIBUBIIEMCS KOHTEKCTHOM MeHIO BbIOpaTh ‘EFL’. OTta mporpamMMa mo3BosisieT onpeaenThb
neiictBuTensHOE (POKYCHOE paccTosiHue odpasima. IlpoBectu namepenue.

B o6nactax rpaduueckoro M TaOIUYHOTO MPEACTABICHUN pPE3yJIbTaTOB H3MEpPEHUs
nosBstces rpapuxu UKX.

Jlns u3MepeHuss JUCTOPCHM, BBIOpaTh M3 KOHTEKCTHOro MeHro ‘Distortion’. B sueiike
‘Num. of LSF Steps’ Beectu uuncio 500; B siueiike ‘Range LSF (mm)’ — 0,5; B sueiike ‘Num. of
Dist. Steps’ — KoaM4YeCcTBO MPUHUMAEMbIX 3HAYCHUI AUCTOPCUH, BBECTH, HarnpumMep yucio 10, B
sueiike ‘Dist. Range (mm)’ — nuama3on wusMmMeHenus jgucropcur — 10. B crmcke
‘Reference’(ccpuika Ha 10JI€, OTHOCHUTEIBHO KOTOPOTO IMPOBOIMTCS H3MEpEHHE) BBHIOpATh,
HampUMep, YIJIoBoe IoJyie B mpocTpaHcTBe mpeamero ‘Object angle’. I'paduku moydeHHBIX

PE3YyIbTaTOB I/I3MepeHHﬁ IpeaACTaBJICHbBI HA pPUCYHKEC 4n PUCYHKE 5.
EFL vs. Object Angle
—— e et
TS P o
4.38— s %

436 7
4,34~ _ P %
4.32— 3 N

mim)
e
o
L

4.3~ .o \

amy /[ \
I
426~ £ \

/

4,24~ \

EFL {

4,22+ ; . : : . l
-15 -10 -5 0 5 10 15
Object Angle (%)
Pucynok 4 — 3aBucuMOCTh (DOKYCHOTO pPAacCTOSHHUS OOpas3la OT YIJIOBOTO MOJsS B

MMPOCTPAHCTBC IMPCIMCTOB

Rel. Distortion vs, Object Angle
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PucyHnok 5 — 3aBHCHMOCTD JUCTOPCHH OT YIJIOBOTO IOJIS B TPOCTPAHCTBE NPEIMETOB

Haxats xnonky ‘Certificate’ u mocne OTKpBITHS cepTH(UKATa COXPAHUTH €ro B (hopmarte

MHT.
21.]'[5{ aCbOKaJ'II)HI)IX CUCTEM NPUHOUIT USMEPCHHUA AUCTOPCHU CXOXK C BBIIIC OIMMMCAHHBIM.

EauHCTBEHHOE OTIMYME COCTOUT B TOM, YTO M3MEPEHMS OTHOCUTEIBHO JIMHEWHOIrO MOJS B
MPOCTPAHCTBE U300paKEHHUI HE IPOBOASTCS — JIMHEHHOE I10JI€ 3aMEHSETCS YIJIOBBIM.
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4. ITOPAAOK BBITIOJIHEHUA PABOTbBI

1. W3y4uTh TEOPETUIECKYIO YacTh, OTBETHTh Ha KOHTPOJILHBIE BOIIPOCHI.

2. Co3marp oryer (cepTudukar), B KOTOPOM JOJDKHBI TPUCYTCTBOBATh BCE
MOJTy4eHHBIC TpaUKK U TAOIUIHBIC 3HAYCHHUS.

5. COJEPXXAHUE OTUETA
OTuer NOKEH coJepXkaTh THUTYJIBHBIA JIMCT, LEIM U 3aAayd paboThl M pe3yJbTaThl
U3MEPECHUM.

6. KOHTPOJIBHBIE BOITPOCHI

1 Yro Takoe abepparnuu?

2. Uro Ttakoe aucropcus?

3 Kak MOXHO OLIEeHUTh Ka4eCTBO N300paxKeHUs?

4 Kakumu uHBIME crioco0aMu MOKHO u3mMepuTh UKX?

5. [Touemy nnsi adokagbHBIX CHUCTEM HE NPUMEHUMBI M3MEPEHHS] OTHOCHUTEIHHO
JUHEHHBIX MOJIeH?
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