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[IpenucnoBue K pycCKOMY HU3AaHUIO

KHura, KoTopyto Bbl cenyac aepxute B pykax, yxe uMmeet caoto nctopuio. Ewe B 2002 rogy nsgartenbcTso
«A-Oc-3c Mpecey» (kypHan «CCTV Dokycy») Nony4mro UCKMYUTENBbHBIE MpaBa Ha NepeBos U 3faHve Ha
pycckoMm s3bike kHurn « CCTV» BegyLlero akcnepTa MMpOBOro YPOBHS B 06racT cnucTeM B1aeoHabnoaeHms
N OXpaHHOro TeneBwnaeHusi, aBcTpanuiua Brnago JambaHoBCkKU. Poccuiickne cneunanmcTbl 4aBHO OLyLLanm
OCTPYI0 HExXBaTKy MHopMaLmn B 06r1acTu Teopum 1 NpakTUk1 BuaeoHabnogeHus, Beab 40 CUX MOP TaKMX
KHUI Ha PYCCKOM $3blKe He u3aaBanoch. [103TomMy Mbl Obiniv aBCOMOTHO YBEPEHbI, YTO KHUMa ObICTPO HangeT
CBOEro yuTaTens.

Korga BbIlWo NepBoe M3gaHue aTom KHUMM, ee Tupaxk coctaensn Bcero 1000 sk3emnnapoB. Ham kasanochk, 4Tto
Takom TUpaxX CMOXeT YyOOBMNEeTBOPUTb MNOTPEOHOCTM CPaBHUTEMBHO MOJIOLONO POCCUMIACKOIO pbiHKA
6e30MacHOCTM, 1 €ro XBaTUT Ha HECKOMNbKO neT. Bce Halwm npegnonoxeHns Obinm MOMEHTarnbHO OMPOBEPTHYTHI
BaMW, HaLLW YMTaTeny — TUPaX KHUMM pasoLLesica B TeYeHne AByx MecaueB. [nsa Toro 4tobbl y4OBNEeTBOPUTb
noTpebHOCTM pbIHKA, HAM MPULLIOCE YBENMUYMTE TUPaXK MNEPBOro U3gaHus, KOTopblin B utore coctasun 4000
3K3EMMMIAPOB, YTO COMOCTaBMMO C aHIMOA3bIYHBIM U30aHMEM, KOTOPOE pacnpoOCTPaHSoCh N0 BCEMY MUPY.
JTloGoNbITHO OTMETUTb, YTO STOT MPUATHbLINA CIOPMNPU3 HE OKasarncs HeOXUOaHHbIM O CaMOro aBTopa KHUMN.
Brnapo JambaHOBCKM Ha oduLmanbHOW Npe3eHTaumMm cBoen kHurm B Poccun B Xofe AMCKYCCUU CO CBOUMMU
yuTaTENSIMU 3asiBUM, YTO OH OXuAan OYeHb MHOMOro OT U3[AHWS CBOEW KHUM Ha PYCCKOM SA3bIKE, MOCKOSbKY
Poccusa no-npexxHeMy ocTaeTca caMow YmTaroLwen  nobo3HaTEeNbHOW CTPAHOW.

Halwe 13gatenbCTBO NMOCTOSIHHO BEAET MOHUTOPUHI 3apybexHbix naganui (CLUA, Mepmanus, Benukobputanums,
®paHums), npuobpeTaeT HOBbIE KHUMM MO aHaNoOrM4YyHoOM TemaTuke, Npu 3TOM A0 CMX Mop HaM He yaarnocb
0OHapyXUTb HW OOHOrO M3AaHus, KoTopoe Obino Obl CONMOCTaBMMO MO KayecTBY, KONMYECTBY U
CMCTEMATUYHOCTM U3NOXKEHUSI NPeacTaBreHHoro B Hell Mmatepuana. KoHeyHo, Ha pbiHKe NPUCYTCTBYET HEMarlo
MOME3HbIX KHUT 1 NyGnmnkaumin ¢ JOCTAaTOYHO Y3KOW crneupuanmaaument (B 4acTHOCTU, MO BUOEOHAOMOAEHMIO), HO
N1LWb HEKOTOPAas YacTb NpeaCcTaBeHHOro MaTepuana Bbl3blBaeT MHTEPEC Y POCCUIMCKOro YiTaTens.

KHura cogepXuT BCECTOPOHHUI aHanuid CUCTEM BUAEOHAOMNIOOEHUA UM OXPAHHOro TeneBuOeHUs —
ypes3BblYaNHO OBLLMPHON 061acTK YENOBEYECKOW AEATENBHOCTU, OOBEAMHSAIOLLEN COBPEMEHHbIE TEXHOMNOMMA B
3MNEKTPOHMKE, TENEKOMMYHMKaLMSAX, ONTUKE M ONTOBOJIOKHE, 06paboTke u nepefaye Buaeou3obpakeHus,
nporpaMmmpoBaHmmn. B kHWre paccmaTpvBaeTCsi MHOXECTBO TeM, CBS3aHHbIX C TEXHUYECKOW CTOPOHOM
BMAEOHabMNoaeHns. 3TO0 U NPUMEHEHWe ONTUKW, B YACTHOCTM, PS4 BOMPOCOB M MPaKTUYECKNX COBETOB,
CBSI3aHHbIX C MUCMOMNb30BaHNEM JMH3, OOLIME XapaKTepUCTUKM TENEBU3NOHHbBIX CUCTEM, CpeacTBa nepegadu
OaHHbIX. ABTOpP NOAPOGHO OOGBSACHAET NPUHLMMBI PaboTbl Pa3nMYHOIrO OXpaHHOro 06opyaoBaHMs (MOBOPOTHBIX
YCTPOWCTB, ycunutenen BugeocurHana v T.n.). B kHure paccmaTpuvBaloTCs Takke BOMPOCHI, CBA3aHHbIE C
nepegaven wusobpaxeHns no TenedOHHbIM JUHUSAM U KOMMBIOTEPHBIM CETAM, OCOBEHHOCTAMM
BMAEOMArHUTOOHOB, MOHUTOPOB, LIMPOBO 3anncy BUOEON300pakeHns.

Nomumo aToro yaoendeTtcda BHUMMaHuMe BOMpPOCaM TMPOEKTUPOBaHUA CUCTEM BMOEOHA0MNOOEHUS U KX
SKCnnyartauun. ABTOp onnpaeTcAa He TOJIbKO Ha COBCTBEHHbIN Ooraterwmnin onbIT pa6OTbI, HO U Ha
MHOro4uncCrieHHbl€ OT3bIBbl 1 pEKOMEHOAUNN NHCTaIJIATOPOB U norib3oBaTernen CUCTeM BUAEOHAOMOAEHNS.

XOpOLIJO NOHMMad, Kakad nponacTtb pas3gendeT TEOPUo U MPaKTUKy, Brnago [JambsiHOBCKM nonbiTarncs obnerunTb
XM3Hb cneumanucTam B obracTu OXPaHHbIX TEXHOMOIMI, BKIOYMB B CBOIO KHUTY MHOXEeCTBO peKOMeH,U,aLI,I/IIZ.
[JononHstoT KHUTY ﬂOﬂ,pO6HbII7I I'J'IOCCGpl/IIZ TEePMNHOB BNOEOHabMN0AeHUs1, CMUCOK CalToB prﬂHeIZLLII/IX
ﬂpOI/I3BOLI,I/ITEJ'IeIZ 060pyﬂ,OBaHI/Iﬂ N MMUPOBbIX BbICTABOK MO ©GesonacHoCTW.

HoBoe n3gaHne kHUMM NpeacTaBnsieT coboi He MpocToe nepensgaHne NonynsapHon kKHurn. CTpeMmTenbHoe
pasBUTME LIMMPOBLIX U CETEBLIX TEXHOMOMMI NPUBENO K TOMY, YTO OHU ObICTPO HALUNW NPUMEHEHUE U B
cuctemax suaeoHabnogeHus. «Ludpposas pesonouusi» B8 CCTV, koTopas ceeplumnack GyKBanbHO Ha Halmx
rnasax, Halluna OTpaXKeHVe U B HOBOM M3daHUM KHUMW. B Hero Gbina BkrtoyYeHa noapobHerias nHgopmaums o
LMPPOBbLIX N CETEBbLIX TEXHOMOMUSX, @ TAaKKe O NPaKTUYECKOM MPUMEHeHUM UX B cdepe BuaeoHabnioaeHus. B
npeaplaywyx M3gaHusax aToT maTepuan NpakTMYecku He Obln NpedcTaBneH. Takke aBTOp BHEC HEKoTopble
N3MEHEHNs U [OMNONHEHUs B Yxe ny6GrvKoBaBLUMIACA maTepuar, YTo CBA3aHO C pasBUTUEM U APYIUX
TEXHOIMOMMI, MPUMEHSIIOLLNXCA B cuUcTeMax BuaeoHabnogeHusi. HeGonblloe v3aMeHeHue npeTepriena u
pycckosidblyHas TepMuHonorusi. HekoTopble MeHee ynoTpeGuTenbHble TEPMUHLI, NPeasIoKeHHbIe
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nepeBog4vYnkamMmn KHUru, ObINn 3ameHeHbl Ha Gonee NnpuBbIYHbIE N HalWleLne bonbluee pacnpocTtpaHeHne 3a
nocrneagHune Tpu roga cpegun cneumanmcTtoB Ha pblIHKE CUCTEM ©esonacHocTu.

Co BpeMeHU NepBoro M3gaHus KHUrM oHa nprobpena 6ombLuyto NonynspHOCTL B OTEYECTBEHHOW NHAYCTPUM
6e30nacHOCTU. DTy KHUIY UCMOSb3YOT MHOTME KOMMaHUM pbiHKa 6e30MacHOCTM B CBOUX YHEOHbIX LIeHTpax ans
00y4yeHNs1 HOBbIX COTPYOHWKOB, @ ANsi MHOTMX KHUra ctana HacTonbHoW. Ee ycnelwHo pacnpoctpaHstoT
KOMMaHum1 pbiHka 6e3onacHocT. Cpeam HUX Takue KpyrHble KOMMNaHuu, kak «bantdpr», « TuHko», ITV. MNomumo
TPAOULUMOHHBIX PacnpoCTpaHUTENEN pbliHka ©e30MacHOCTM, KHUTY akKTUMBHO pPacnpoCTPaHSAT U KpyMHble
KHUrOTOProBble KOMMNaHUK, a Takke n MHTepHeT-marasmH Ozon.ru.

Khura «CCTV. bubnua suaeoHabnogeHnsi» Bnago [JaMbsiHOBCKM OpUEHTMpPOBaHA Ha LOBOSIBHO LUMPOKYHO
yUTaTeNbLCKY0 ayauTOPU0 — MEHEMKEPOB Mo 6e30MacHOCTU, NHCTANMNSTOPOB U UHTErPaTopoB 060pyA0BaHMS,
KOHCYIbTaHTOB, pa3paboTyMKOB, KOHEYHbIX Morb3oBaTtenen. Kpome Toro, kHWUra npuMaHaHHOro «rypy» B obnactu
cMCcTeM BuaeoHabntogeHnst byaoeTt nonesHa BCeM, KTO MHTEPECYETCS 3TUM BOMPOCOM.

BoT nuLib He3HauMTENbHAast YacTb OT3bIBOB QKCNepToB MNo ©e30MacHOCTU O KHUre [aMbsHOBCKM:

O Les Simmonds — Les Simmonds & Associates, Aecmpanusi
«3T0 KaK yHOBEHME CBEXErO BeTEPKa B MHAYCTPUM BesonacHoCTU. ATo Hamboree npodeccrMoHansHas
KHWUra no BuaeoHabnogeHnto, KoTopyto s korga-nubo yntan. OHa cogepXxuT matepuan Kak ans
HauyMHalLWKMX, TaK 1 Ans npocgeccnoHanos. Jlerko 1 ObICTPO YNTAETCH U COAEPXKUT BENMUKOMENHYHO
rpacuky n cbotorpacpumn. Heobxogmmas BelLb AN BCEN UHAYCTpUM 6Ee30MacHOCTU...»
O Tracy Tye — Maxpro UK, ceHepanbHbIli QUPeKmMop
«...51 cymTato, YTO 3Ta KHMra — NPOCTO BecLeHHbIV Knag nHcpopmauun. A 1 He nogo3pesana, YTo 3Hat
Tak Mano o BuaeoHabnogeHun. .. »
O Jayant Kapatker — STAM, uHcmpykmop u asmop «In Site CD-ROM»
«...Y Bnago ectb gap 06bACHATb TEXHUYECKME BOMPOCHI 4ENCTBUTENBHO NPOCTBIM 4SS MOHMMaHus
A3bIkoM. Ero npeBocxogHast KHUra — siIBHbI MPUMEP 3TOMY...»
O Rod Cowan — pedakmop «SECURITY INSIDER»
«...INepBbI TMpax ObiN pacnpofaH Tak ObICTPO, YTO [JaMbsIHOBCKM BbINyCTU BTOPON, ornee KpynHbIi
TUPaX M NraHMpyeT NpoaaBaTh KHUTY 3a pyDexomy.
O Mypam Anmyee — npe3udeHm komnaHuu ITV
«XOTS1 MOXET MoKa3aTbCs, YTO aBTOP 3aMaxHyICs Ha HEBO3MOXHOE (0BbIYHO, MPU TAKOM MHOXECTBE TEM
ynTaTeNn OXMAAKT TONBKO NMOBEPXHOCTHOrO X ocBeleHus), Bnago JambsaHoBckn yaanock cobpatb
ncYepnbIBaKOLLNIA 1 B TO Xe BPEMSs MOHSATHBIA MaTepuran rno Kaxaon TemMe.

Ocobyto brarogapHOCTb Halle M3gaTenbCTBO BblpaXaeT TakuM creumannctaMm oTeqeCTBEHHOW WHAYCTpUn
6esonacHocTy, kak M.K. Antyes, FO.M. 'egsbepr, H.E. YBapoB, 6narogaps KOTOpbiM U CTaro BO3MOXHbIM
MOSIBIIEHME 3TON KHUMN Ha PYCCKOM SA3bIKE.

W, KOHEeYHO, N30aTenbCTBO BbipaxaeT 0cobyto NPU3HaTENbHOCTb CMIOHCOPaM (peknamogaTensiM) KHUr1, Takum
N3BECTHbIM Ha POCCUMNCKOM pbiHKe Be3onacHOCTN KoMnaHuam, Kak ITV, DSSL, Samsung Electronics. UMeHHO
Gnaropaps cnoHcopam u3gaHvA yaanocb CHU3UTb CTOMMOCTb KHUIMM Ha PYCCKOM fi3blKe B ABa pasa no
CPaBHEHUIO C aHrMOA3bIYHbIM U3AAaHUEM.

O xnure Biano JlaMbsiHOBCKH
Khura, KOTOPYHO Bbi LOEPXUTE B PyKaX, NO-CBOEMY YHUKallbHa.

Ee yHMKanbHOCTb COCTOMT B TOM, YTO aBTOPY yAanochb yaa4Ho cobpaTtb Mo OAHOM OBMOXKOW CTOMb Pa3HYyHo U
pPa3HOPOLHYH MHGOPMAaLMI0O U3 CaMblX pasfnuyHbIX 0bnacTter 3HaHui, 4ToObl JOCTYMHO U BMECTE C TEM
[0CTaTOYHO CTPOro pacckasaTb, UTo Takoe CCTV (oxpaHHOe TeneBMOEHUE U BUOEOHa0N0AEHE).

CTunb 3TOW KHUMM edBa N MOXHO OTHECTM K KakoOMy-TO O4AHOMY TpaaUUMOHHOMY CTUITHO TEXHNYECKON KHUMN,
NOCKOJTbKY B HEen MOXXHO HanTK CrnpaBO4yHblEe MaTepuaribl 1 MaTteMaTn4eCkmne BbiBOAbI, MOJ1IE3HbIE MNPAKTUYECKMNE
COBETbI N UCTOPUYECKNE CnpaBKn, onnMcaHnA pa6OTbI YCTpOVICTB n 0630p PbIHKa BI/ID,GOOﬁOpyD,OBaHVIFI. Ho Bce
[Oeno B TOM, YTO crieuymanucT B obnactu OXpaHHOro TenesnaeHunA OEeNCTBUTENbHO AO0SMKEH BrafAeTb 3HAHNAMU
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CaMbIX pa3fiMyHbIX HAYK: ONTUKK, PaauO3NIEKTPOHUKKU, pPagUOTEXHUKK, TeneBunageHuna, MexXaHUKHU,
ANEKTPOTEXHUKMN, BbIMUCIIUTENBHON TEXHUKW, OU3MKM TBEpOoro Tena, COBPEMEHHbIX MeTOAOB LMGpOBOW
06paboTkm n3obpaxeHui... 1 Bce 3TO eCTb B KHUre B TOM O00beme, KOTOpbI SBMASETCS HeOOXOAMMbIM U1
[0CTaTOuHbIM N5 creuuanucta B obnactv BuaeoHabnogeHus.

Bo3MOXHO, KTO-TO HETepnenuBo MNepennucTaeT Kakme-To CTpaHuLbl, ckasas: «3avyemM MHE 3TO HYXHO?». A
BMECTE C TeM, KakK nokasblBaeT OnbIT, cneumanuctam (o0 kotopbix KoseMa NpyTKOB ckasan, YTo OHU Nogo0HbI
dntocy) Kak pa3 He XxBaTaeT LWMPOTbl Y CUCTEMATUYHOCTU 3HAHUI, KOTOPbIE MOXHO NMOYEPrHYTb U3 3TOW KHUTN.
JInuHO MHe, Kak peaakTopy KHUMM, MnokKasanocCb, 4YTO, BO3MOXHO, CyLeCcTBYyeT HekoTopas
HecbanaHCMpPOBaHHOCTL B OOBbEMAx M CIOXHOCTU OCBeLLaeMblX NpobnemM, HO 3TO CKopee BOMpPOC NNYHbIX
NPUCTPacTUn.

I'IepeBop, N pegaktupoBaHue aHrnoA3bl4HbIX TEXHUYECKUX MaTepuarioB BCerga CBA3aH C onpeferieHHbIMU
TPYOHOCTAMMN. Hy, Hanpunmep, Hepeako MOXHO BCTPETUTb U3NOXEeHUe OOHOro 1 Toro >Xe BOMnpoca B pPa3HbIX
rnaBax — HO B 9TOM TOXE €CTb CBOW pe30H (TaKyIO KHUTY MOXXHO YNTaTb KaK CMpaBO4YHUK, HE PbICKasA Mno Hen B
NMONCKax nepekpecTHbIX CCbIJ'IOK). OCO6yIO TPYAHOCTb 00bIYHO BCTpe4aeT afeKBaTHbIN nepeso Ha pyCCKI/IIZ
A3bIK KOPOTKUX U O6pa3HbIX AHIMoOA3bI4YHbIX TEPMUHOB. B cuny TOro, 4TO B HacCTosLEee BpeEMA OonbLuas YacTb
OGOpyLI,OBaHI/Iﬂ Ona OXpaHHOro tenesnaeHnsa MMnopTupyeTcd B Poccuio, B COOTBETCTByIOIJJ,eﬁ TEPMUHONOIrnNn
oulyulaeTca onpep,eneHHbM S13bIKOBOM NpPecCuHr aHrmMumn3mMoB. MHe npeactaBiAaAeTcd, YToO UCnonb3oBaHue
A3bIKOBbIX «Kaliek», a TO U aHIMoA3bI4YHbIX TEPMUHOB, 3aMNnCaHHbIX PYCCKUMA 6yKBaMM — He caMblit J'Iy‘-lLIJVIVI nyTb
anda pOCCI/IﬁCKI/IX cneunarnuncToB, Tak Kak 3TO YCIOXHAET X o6LLEeHne Kak Mexnay coboi1, Tak 1 ¢ 3aKasvmKaMu.

BOSBpaLLI,aFICb K KHUrEe, crenyet ocobo NnoAYEPKHYTb €€ MPakKTUYeCKyr HarnpaBJIeHHOCTb: HE TroJioe
TEOPETUINPOBaAHNE N HE 663£I,YMHaFI AMMUPUKa, a YeTKO BbICTpOGHHbIVI nyTb OT TEOPUU K MNMPaKTuke, YTo HaxoauT
Jlormn4yeckoe 3aBepLileHmne KHUr rnaBon ((rlpOGKTI/IpOBaHI/Ie CUCTEM BMOEOHAOMIOOEHMS».

A yBEpPEH, YTO KHUra Brnago [JambsHOBCKM 6y,u,eT Nno AOCTOMHCTBY OLEHEHa pOCCMIZCKl/IMI/I ynTatenamm — TemMm,
KTO 3aHUMaeTCAd Unum co6mpaeTcg 3aHATbLCA CUCTeMaMn OXPaHHOro TeneBnaeHnsA.

1O. M. I'ed3bepe (Hay4HbIl pedakmop)
«Mocm Be3oriacHocmu»
htto:.//www, security- bridge, com

00 aBTOpE

Brago JambsHoBckM pogurnica B MakenoHun B 1956 r. 3akoHunn
yHuBepcuTeT Ce.Kupunna n Medoamsa B Ckonbe (MakegoHust) no
crneunanbHOCTM SNEKTPOHMKA U TeNeKoOMMyHukaumm, B 1982 .
3awmTn amccepTaumio no Tenekamepam c MN3C.

lMocne okoH4YaHus 0O0y4yeHWss OH paboTan WMHXEHepoMm Mo
NPOEKTUPOBAHUID CUCTEM OXPaHHOIo TENEBUAEHUS B KOMMaHUN
Video Engineering B Oxpuge (MakegmoHus). Tam oH ¥ Havan
00beanHATL TeopeTuyeckne 3HaHuUS No TeneBUOAEHU C
npaktukon. OH 3aHMMarncsa NPOEKTUPOBAHMEM U U3rOTOBIIEHNEM
Ternekamep, BMOEOMOHUTOPOB, ycuUnuTenen, GMOKOB NUTaHMsA ©
apyroro obopygosarusa anss CCTV. lNopaboTtaB Tam napy nerT,
nepeLuen B pecnybrMKaHCKy0 KOMMaHUK paamo 1 TENEBUAEHUS U
paboTan Tam rnaBHbIM UHXeHepoM Ha MecTHor TV/FM ctaHumn.
[Ba roga oH BOMpan B cebsi onbIT Mo cucTemMaMm TeneBellaHus, a B
1985 r. yyactBoBan B NepBOM 3KCNEpPUMEHTE MO CMYTHUKOBOMY
npuemy B MakeooHun BMecTe C akcneptamu n3 Esponenckoro
coto3a pagmoselanusa (EBU) n nHxeHepamu ns Thomson LGT.
[Mo3xe B atom xe rogy Bnago [ambsiHOBCKM npennoxunu
OMbITHO-KOHCTPYKTOPCKY paboTy B Apyron komnaHum B Oxpuge,
roe oH paspaboTan HeCKOJIbKO KOMMEPYECKNX 3MeKTPOHHbIX
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npoaykToB. OTa paboTa BKItoYana Bce aTanbl NPOeKTUPOBaHMS — MPOTOTUMbI, MPOEKT MeXaHU4Yeckor COopKu,
TECTUPOBaHME U ONCaHNe TEXHUYECKUX XapaKTepUCTUK annapaTypsbi.

B 1987 r. BMecTe ¢ cembelt Briago JambsiHoBCkM nepeexan B ABcTpanmio. CBOK Kapbepy OH Hadar B KOMMaHWN
TCN Channel 9, B CugHee, rae paboTan MHXeHepoM Mo 3Kcrnyataumn. 31o Obinv BenvkMe BpemeHa, 0COOEHHO
korga B siHBape 1988 r. emy [oBenocb y4acTBOBaTb B KPYMHEWLIEM COObITUM — MacCOBOM BeLLaHWUW,
MOCBSILLEHHOM [BYXCOTNETHEN rOAO0BLLUMHE OTKPbLITUSI ABCTPanuu.

B cneaytowem rogy Brnago JambsHOBCKM NPeanoXunm MecTo cepBuC-MeHemkepa B KoMmnaHum Vamarc, rae oH
Hayan (onsiTb) CBOK aBcTpanuickyto kapbepy B CCTV. CtaB cepBUC-MEHEZKEPOM, OH BMECTE CO CBOMMM
TEXHVKaMV «MPOLLEN» Yepe3 MHOXECTBO CUCTEM, CTapbIX U HOBbIX, pa3bpocaHHbIX MO BCEWN CTpaHe, U MHOroe
y3Han o Hambonee pacnpoCTPaHEHHbIX OLUMOKaxX MpW yCTaHOBKE CUCTEM, a Takke O TOM, YTO Takoe XOpOoLUni
NpPoeKT 1 nHcTannsauust. Beckope emy gosenock pabotaTh ¢ 6ornee KpynHbIMU NMPOEKTaMu B KaYeCcTBe MHXeHepa-
NpoeKTUpoBLLMKa. Yepes aBa roga komnaHus Vamarc 3akpbiiack, U oH nepewen B National Fire and Security,
roe pabotan meHempkepom no npoaykumn CCTV. B NFS Bnago [JaMbsiHOBCKM MOT BbICKa3blBaTb CBOE MHEHME
no nosogy obopyaoBaHWs — YTO criegyeT «caaTb B apxmB», kakoe obopyaoBaHue ry4lle BCEro BKIOYaTh B
Oonblne cuctembl. Pabotaa B NFS, OoH cnpoeKkTMpoBarn MHOXECTBO BaKHeMWMX cuctem. A Tawkke Bnago
[laMbsiHOBCKM NMpoBeN B KOMMaHUM MHOXeCTBO cemuHapoB no CCTV. 3atem otaen 6e3onacHoctn NFS
nepeLuern K HoBOMy BriagenbLy v 6bin nepenmeHoBaH B Security Warehouse. B ocHoBHOM, oTaen npogorkan
koHuenuuto NFS, HO KOHLEeHTpupoBarcsi Tonbko Ha obopyaoBaHuM cuctem B6esonacHoctu. OH npoporkan
pabotatb KoHcynbTaHToM no CCTV mn mMeHemkepom no npoaykumu, a B 1990 r. 3apeructpupoBan CBOH
COBCTBEHHYHO KOHCYNbTALMOHHYIO KOMMAHWIO.

Kpome He3aBMCMMOro NpoekTMpPOBaHWS, KOHCYIbTaLUMI U MYCKOBbIX UCMbITaHn Bnago [JambsaHOBCKM npoBen
MHOrO CeMUHapOB MO Bcen cTpaHe. B TeueHne roga MHOXecTBO cneumanuctoB no CCTV npownu yepes ero
ABYXOHEBHbIE CEMUHAapbl; MHOMME 13 HUX CrpalumMBani, rae MOXHO AocTaTb NonHyto kHury no CCTV. 3T1o u
MOABMITIO €ro Ha MbiCrb 06rieYb BCe CBOWM 3HAHWSA U OMbIT B MUCbMEHHYI0 (hopMy, YTOBbI Apyre Toxe MOrmn UMM
BOCMOSIb30BaTbCS, HE NPOXOAs Yepes BCe NepuneTun, KOTopble JOBENOCh MPONTN CaMOMY.

CCTV — 370 4pesBblbaHO ObICTpopacTyliad U usMeHsiowaacs obnactb 3HaHWA, U TYT OEUCTBUTENBHO
cnpaBeffiMBO BbICKasbiBaHUE: «4eM OOrblLUe 3HaeLlb, TEM JTy4Lle NMOHMMaeLLb, HACKOMbKO Mario 3Haellby. JTO
OfjHa 13 MPWUYMH, NOYEMY OH BIIOXMIT CTOMBKO yCunun B nogrotoBky kHurn « CCTV» n cosganne web-cavita B
MHTepHeTe. Bnago [JamMbsSHOBCKM HageeTcsl, YTO OHU OTBETHAT XOTb Ha YacCTb BOMPOCOB XaXKOyLUMX 3HaHWU
nogen.

«YTO OTNMYaEeT nroaen OT XUBOTHBIX? [JeT NO3HAOT XM3Hb HE C HYMs, OHM MOTYT ONUPAaTLCH Ha HAKOMMEHHbIe
3HaHUS CBOVIX poauTenen u pogutenen ux pogutenen. XoTenock Obl AymaTb, YTO 9 OOUH U3 TakuxX poauTenemy,
— cuutaeT Bnago JambsHoBcKuN.

BBenenue

Cuctembl BupeoHabniogeHusa u oxpaHHoro TteneBupgeHus (CCTV) — wuHTepecHenwasa obnactb
TENEBU3NOHHbIX TexHonornn. OcHoBHasi cdpepa MPUMEHEHUSI — CUCTEMbl BUAEOHAbMoaeHWs, HO MHormMe
KOMMOHEHTbI 1 KOHLIEMUMN OXPaHHOIO TENEBUAEHUS C YCMNEXOM MOXHO peanusoBaTb B CUCTEMAxX KOHTPOSIS
NMPOMBILLSIEHHOrO MPOM3BOACTBA, B OONbHMUAX WNU CTydeHYeckux roponkax. [loaTomy, Oaxe ecnu
OONbLUIMHCTBO YMTaTeNen BOCMPUHUMAET 3TY KHUTY Kak PYKOBOACTBO MO MNPOEKTUPOBAHUI CUCTEM
BMOEOHAONI0AEHMS, aBTOPY HE XOTeNochb Obl OrpaHNYMBaTLCS UCKITIOUMTENIBHO 3TOM 06NacTbIo.

KHura, KOTOpytO Bbl Cenvac AepxuTe B pykax, NpeacTtaBnseT cobon nepepaboTaHHyo 1 OOMOSTHEHHYIO BEPCUID
moew kHurm no CCTV, Bbiweawen B 1999 rogy. 3a nocnenve nate net B nHgyctpum CCTV npor3oLusnio CTomnbko
N3MEHEHWI, YTO 6e3 HOBOrO M34aHWs yXKe Henb3s Obino obonTuck. [ns mMeHs Obino GonbLIO pagocTbio
nony4yaTe 6narogapHble 0T3bIBbl MOVX YATATENEN N BUAETL, KAk OHW BbICTABMSANIM HEU3MEHHO BbICOKNE OLIEHKM
(B TOM 4mMCrie 1 BbICLUYO OLEHKY «5 3Be34» Ha MOMynspHOM MHTEPHET-Mara3nHe Amazon.com) NpoaenaHHoON
MHoI paboTe. Bce 3To 1 NogBurno MeHs npogorkaTe paboTy Haa KHWUrow, Aernatb ee 6oree COBEPLUEHHON U
MHdOpPMaTBHON. PasymeeTcs, 1 He MEHSAN MOMHOCTBIO coAepXKaHne NpeablayLLero n3gaHus, Tak Kak OCHOBBI
CCTV octanucb NpexxHMU, HO HEKOTOpPbIE IMaBbl U pasaerbl 9 3Ha4YMTENbHO AOMNOSHWI 1 nepepaboTarn, YToobl

«CCTV®@okyc» — sncypHan no cucmemam 6U0eoHAII00CHUS U OXPAHHOMY MeleUOeHUI0 http://www.cctvfocus.ru



CCTvV 13

WATN B HOTY CO BpeMeHeM. HeMHOro M3MeHUncs 1 UnntoCcTpaTMBHBIN MaTtepuarn, Ho, camoe rmaBHoe, s 4obaBun
ObLLUMPHBIE rMaBbl, NOCBSALLEHHbIE LIM(POBLIM 1 CETEBBIM TEXHOMNOMMSAM, a Takke ux npuMmeHeHuio B CCTV.

A nocraparnca MakCMmMaribHO MNOJTIHO OXBAaTUTb TEOPUIKO U MPaKTUKYy BCEX KOMMNOHEHTOB U OCHOBHbIX MPUHLIAMOB
BUaeoHabnogeHnss. 3To o4veHb o6umpHa;| obnacTtb, Bkntovawwasa B cebs pasnnyHble ONCUUMITNHBI U
OOCTWXeHus B obrnacTu AJNIEKTPOHUKMH, TeﬂeKOMMyHMKaLlMVI, OMNTUKN, BOSIOKOHHOWM OMTUKM, Lll/l(prBOI?l
O6p860TKVI VI306pa)KeHl/Iﬂ M nporpamMmMmmnpoBaHud, a 3a nocriegHmne HeCKOJibKO J1eT B 3Ty obnacTtb fgobaBunmch
CceTeBble TEXHOJI0TNN, |P-KOMMYHVIKaLI,I/IVI n LJ,VI(*)pOBbIe TEXHOJI0INN.

EgoBa nu HampeTca kKHura, oxeaTtblBalollasd Bce 3TU C(bepbl, O 4YeM MHe HeOOHOKpPaTHO HarnoMuHalnn Ha
MHOIO4YUCIEHHbIX CeMMHapax, KOTopble A Ha NPOTAXEeHUWN HECKOJIbKMX NeT nNpoBoaus rno BCEn ABCTpaﬂI/IVI, aB
nocnegHue roabl U B ApYyrnx CtpaHax. B Tom uncne n NO3TOMY A CTaparcsa BfiOXUTb B CO3aHNE 3TOM KHUIM BCE
MOW 3HaHUA U OMbIT, a Takke UCMNOoSib30BaTb JaHHbIE BCEX NMPOBEOEHHbIX MHOK ncenenoBaHnii HOBbIX Pa3NINYHbIX
TEHOEHUMNA 1 NpPOAYyKTOB.

Moen ocHoBHOW 3apgavernt GbINO HanMcaHue TakoW KHUrK, KoTopasi OGbl OxBaTbiBana BCE KOHLUENUUn u
TEXHOMOMK, KOTOpbIE UCMOMb3YTCA B CUCTEMAX BUAEOHAOMIOAEHMS, 1 B TO e Bpems NogpobHO 0ObsCHANa 1
CHUMana 3aBecy TaHCTBEHHOCTM C HOBbIX AN BUOEOHA0MI0AEHMS LMGPOBbLIX U CETEBLIX TEXHOMOMN.

AHarnoroBoe TeneBnaeHWe — 3TO AOCTAaTOYHO CMOXHAsA Hayka, 0COOEHHO A1 TeX MoAEN, KOTOpble HUKOrAda C
Hel He CTarnkmBarnucb, HO MOHMMaHWe LMEPOBBLIX TEXHOMOMMIA B TeneBmMaeHnn ByaeT oveHb 3aTpygHeHo 6e3
3HaHWs1 aHanoroBoro tenesunaeHus. Noatomy, ecnu Bbl He obnagaeTe 6Ga3oBbIMM 3HAHUAMM MO aHANOroBOMY
TeneBVAEHUO, TO JaXe U He MblTalTeChb cpasy NePexoauTb K rnaBam, NOCBALLEHHbIM LIMGPOBLIM U CETEBLIM
TEXHOMorMsaM: MHoroe GyaeT BaMm HEMoOHATHO. Ho BCe cpady ke CTaHeT Ha CBOM MeCTa, Kak TOSbKO Bbl NOAPOGHO
n3yunTte rnasy 06 aHanoroBom TeneBmaeHuN.

Kak 1 B npegplayLiem n3gaHum, MHe NpuLLoCh U3y4nTb M NPOYECTb MHOFO HOBOTO Anst cebs, npexae vyem s
cmor obpaboTaTb 1 JOHECTU MaTepyan B TOM CTUIEe, B KOTOPOM ObIn HanncaHb! rraBbl NpeablayLLero 3gaHus.
OueBunaHoO, 4TO A He cobuparncsi 3aHOBO M300peTaTb KOMeco, Tak Kak Moen 3agaden Obiio o6bsCHUTL B
OOCTYNHOM oopMe BONbLUNMHCTBO BaXKHbLIX aCMEKTOB COBPEMEHHbIX TEXHOMOMMI. A 3TO MHE He yaarnoch Obl, ecnm
Obl 9 HEe umen npakTM4yecKkoro onbita paboTel ¢ HUMU. VIMEHHO onbiT paboTbl B MHAYCTPUN CUCTEM
BMAEOHabN0AEHNS NO3BOMNSET MHE B3rMsHYTb Ha BCE 3TW HOBbIE TEXHOMOMMMW C NPaKTUYECKON TOYKM 3PEHUS.
CywecTBytoT 1 6onee cneumnanuavpoBaHHble KHUMM, MOCBSILLEHHbIE KOHKPETHBIM aCcreKkTaMm HOBbIX TEXHOMOMM
N UX NPUMEHEHMNS, HO MMEHHO 3Ta KHWUra JaeT npeacTtaBreHne O TOM, Kak UCMONb3YTCA HOBblE TEXHOOMN B
cucTeMax ByaeoHabmogeHust.

Kak n B npeabigywem n3gaHum, 4 HamepeHHo ynpotdarn 00BbSCHEHMS HEKOTOPbIX KOHLIENUUA 1 NPMHUMMNOB, HO,
YTOObI MOHSATb UX, YNTATENSIM BCE XE npnoeTca npuMeHnTb U Nornky, 1 TeEXHN4YeCKne no3HaHnA.

BepositHO, 8 He cmor 6bl Tak NOgpoOGHO OCBETUTb HOBbLIE TEXHOMOMMU W LOCTMXKEHUS B WHOYCTPUM
BMAEOHAOMOAEHNST U OXPAHHOTO TENEBUAEHUS, ecrnv Obl 51 He Obin rMaBHbBIM PEAAKTOPOM MEXAYHAPOLHOro
XXypHara no cucrtemam BuaeoHabnogeHusi, kotopbii HaseiBaeTcss CCTV Focus (www.cctv-focus.com). U atot
OnbIT AEeNCTBUTENbHO OYEeHb MOMOr MHE B HanucaHuu KHuru. Bce Bonpochkl, NOCBSILLEHHbIE HOBbIM
TexHomnoruam, 6onee NogpobHO pacCMOTPEHbLI HA CTPaHULAX 3TOro XXypHana, KoTopbii Obin ocHoBaH B 1999
rogy, korga nosiBUIOCh npeapiayliee nsgaHue atom kKHurn. Cam xe XypHan B HacTosilLiee BpeMsi CHUTaeTcs
ofHUM 13 Hambonee yBakaeMblx Ha pblHKE. B HacTosilee BpeMs OH M30AeTCs Ha PYCCKOM si3blke, U B
onwxanwee Bpemsi OyLeT BbIXOOUTb Ha KATAWCKOM M HEMELIKOM sidblkax. VIMEHHO 3TOT XypHan u sBMsieTcs
camMblM My4ylIMM OOMOMHEHUEM U MNPUNOXEHUEM K MOEW KHUre, Tak Kak ero cogepxaHwe MnOCTOSIHHO
MOMoSHAETCS HOBbIMU TEMaMMU.

Ewle oavH VHTEepHeT-pecypc, CBSA3@HHbIA C LAHHOW KHUrom — 3To Beb-canT komnaHum CCTV Labs
(www.cctvlabs.com). 3Ta komnaHusa Oblla OCHOBaHa MHOW M cneuuanuanpyeTcss B OKasaHuu
KOHCYNMbTaLMOHHbIX YCIyr, MPOEKTUPOBaHUM, 00YYEeHUN U U30aTENLCKOM Aefe B MHAYCTPUM BUAEOHAOMI0OEeHS.
Be6-cant aton komnaHum nosieuncst B 1995 rogy ogHoBpeMeHHO C nybnvkaumer nepBoro U3gaHus Moen
KHUrM. B HacTosillee Bpemsi 3TOT BeO-calT SABMNSAETCA OOHUM M3 CTapeimx M Hauboree nocellaemblx
WHTEPHET-PECYPCOB, MOCBSILLEHHbIX BUaeoHabnoaeHnto. A ctapalch pasmMeLlaTb Ha HEM Kak MOXHO Gonblue
nonesHon nHopmMaLmm, 1 NOMUMO 3TOrO, CTapakCb NOLAAEPKUBATL CMIUCOK BCEX U3BECTHbLIX CErofHA B MUpe
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npoussoguTenen cuctem suaeoHabnogenus. MNocewas cant CCTV Labs, Bbl NonyvyaeTe MrHOBEHHbIV OOCTYI
npakT14eckn K MoboMy NpodykTy U NpoM3BOOUTENI0 CUCTEM BraeoHabnoaeHns. KOHeYHO, S He MOry BKIOYUTb
B 3TOT CMMCOK MPOU3BOAUTENEN, eLLe He NPeAcTaBneHHbIX B VIHTepHeTe, HO ecnu Bbl, YnTaTtenb, ABMAsSeTECh
NPOV3BOANTENEM, HO HE MOXXETE HaWTU CBOE MMS Ha CTPaHMLIE CCbINOK, CBSPKUTECH CO MHOW MO 3MEKTPOHHOM
no4Te, 1 s BKIMOYy Bac B CMMCOK.

KHura npegHasHa4dyeHa u 6yﬂ,6T BeCbMa nones3Ha Ana MHCTannATopoB CUCTEM BMaeOHabnoaeHus, TOProBbIX
ﬂpeﬂCTaBMTeﬂeVI, pyKOBOﬂ,MTeﬂePI Cﬂy)K6bI GesonacHocTy, KOHCYJ1bTaHTOB, npomssonmeneﬁ, KOHEYHbIX
nonb3oBaTenen n BCEX, KTO MHTEPECYyeTCA CcuctemMmamum BUOEeOoHabnoaeHnsa 1 OXpaHHOro TeneBnaeHuUAa un
obnanaet 6a30BbIMM TEXHUYECKUMI 3HAHUSIMIA.

Mimes npakTMyeckmii onbIT paboTbl C pasfMYHbIMK CUCTEMAMU U B PasfiMYHbIX CUTYaUMUsIX U B MOJIHOW Mepe
0CO3HaBas pasHULly MeXay MPOCTOTOM TEOPUM U MHOFOYUCIIEHHBIMU NMPOGREMamMm, C KOTOPbIMY MPUXOONUTCS
CTankueaTbCA Ha MpaKTuKe, A NnocTaparncs XoTs 6bl HEMHOrO 06NEerYnTb XNU3Hb UHCTaNMATOPaM, paspaboTymKam
N KoHcynbTaHTam. C 3TOW Uenblo s cHAabaunm KHWIY pasnvyHbIMK MONEe3HbIMK MoAcKaskamu, COBETaMMU,
KOHTPOMbHLIMK Tabnuuamu, NPoeKTaMu CUCTEM, U, HAKOHeL, crieumanbHO pa3paboTaHHOW MCTbITaTenbHOw
Tabnvuei onsa cuctem BUOeoHabnioaeHNs.

HanevaTtaHHast Ha nocnegHern cTpaH1ue OBMNOXKM UCMbITaTeNbHOM Tabnuua Anst cMcTeM BuaeoHabnogeHns —
opuvrMHanbHas paspaboTka aBTopa — MOMOXET MPOBOAUTE Pa3fnnyHble UCTbITaHWS kadecTBa. Eto oveHb yaobHo
nonb3oBaTbCsl AN OLUEHKM MnapamMeTpoB TeNekamep W BWOEOMOHUTOPOB, KadecTBa Mepepayun
BMAeovHdOpMauumn, a Takke KadecTBa CUCTEM BMAeO3anucu. ITy WCMbITaTeNbHY Tabnuvuy LIMPOKO
MCMOnb3yHT BO BCeM Mupe. B HacToswee BpeMs eto nonbaytotca 6onee 1500 koMnaHum, MHOTME M3 KOTOPbIX
SABMNSTCA NPON3BOAUTENSIMU KOMMOHEHTOB M CUCTEM BuAeoHabnogeHus. MNMpaBuna nonb3oBaHus Tabnuuen
nogpobHO M3noxeHbl B kHUre. Yutartensm, kotopbim TpebyeTcss 6onee nogpobHas M coBepLueHHas
ucnbiTatensHas Tabnuua, Mbl Npegraraem Ty e Tabnuuy ¢ BbICOKMM pa3peLleHem B hopmate A3.

3a nocrnegHue nNATb NeT, NpoLUeaLMe co BpeEMEHM NpeablayLLero n3gaHus, KOTopoe BbiMyCTUNO aMepUKaHCKoe
nsgarenbcTBo Butterworth-Heinemann (Tenepb oHO HasbiBaeTcs Elsevier), B uHayctpum BugeoHabnogeHns
MPOMN3OLLSIO CTOSbKO M3MEHEHWI, YTO BOMPOC CTOSIN HE O TOM, BbIMycKaTb JI1 HOBOE U3aaHue, a O TOM, KOrAa xe
3TO, HAKOHeL, CITy4uUTCA.

A uckpeHHe GnarogapeH Bcem uuTaTtensiM, KoTopble 06paTuin BHUMaHWe Ha npeablayLume U3faHust KHUM 1
6n1arocKoHHO O Hel OT3bIBanunchb, Co3aaBas et penyTaumio Bo BcemM Mupe. MHe NecTHo crbilwaTh, YTo MHOrve
Ha3sbIBaloT ee «Bbubnuen BuaeoHabnogeHusa». KoHeuyHo, S NocTaparock caenath Bee, YToObl GbiTb 4OCTONHBIM
3TOr0 KOMMIIMMEHTA, HO, B TO €& BPEMS, MHE XOTerocb Obl yCblllaTb KPUTUYECKME KOMMEHTapUKN U
NPeanoXeHnss oT BCEX Bac, MOMX MPEXHUX UM HOBbIX yuTaTenei. Cnacnbo BCceM TEM uYUTaTENAM, KTO YXKe
BbICKa3arn MHOMOUYUCMEHHbIE NPEanoXeHNs 1 3aMedaHus.

Takke 9 xoTen Obl noGnarop,aleTb Konner n3 komnanum Les Simmonds, KOTOpbIE MHE NpeaocTtaBuIi O4EHb
TOYHbIE UNMNIOCTPaUnM K pasaeny no nSMepeHuto OCLI,I/IﬂﬂOFpa(bOM.

A xoTen 6bl BblpasuTb GrnarogapHOCTL U3aaTenbCkon komnaHum Elsevier n ee cotpyaHmkam, a B 0co6eHHOCTH
Mam Yectep, xeHHndep Cycu n Cape Xangyk.

Ota kHura yBugena ceeT bnarogapsi nogaepkke Usgatens, a Takke Tex npoussoauTenen obopyaoBaHust Ans
CMCTEM BWUAEOHaONIOOEHUS, KOTOPbIE BEPUINM B MEHS M BbICTYManuM CnoHCOpaMu 3TOro usfgaHus. 3T0 OYeHb
N3BECTHbIE KOMMaHMKN Ha pbiHKe cuctem BesonacHocTu: Ademco Video Systems, Axis Communications, Bosch
Security Systems, Dallmeier Electronic, Elbex, Fast Video Security, Guetebrueck, ITV u Pelco.

OtgenbHyto 6narogapHoctb 9 npuHowy komnanum CCTV Labs n xypHany CCTV Focus, Tak Kak BO Bpems
HanMcaHus KHUMN s He MOTY YAEnsATb M BCe CBOE BPEMS.

Bnagoo JambsiHoBcku, B.E. Electronics CwuvaHen, 2005 rop
E-mails: vlado@damjanovski.com
Web-can: http://lwww.cctvlabs.com

http://lwww.cctv-focus.com
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Bcrynnenne

KHura coctout ns 14 rnas, PacnonoXeHHbIX B JTOrM4eCKOM NnopsAake.

B rnase 1, «<EauHunubl uamepenna CU», npeacraBneHbl OCHOBHbIE €4MHULI U3MEPEHUS], UCNONb3yeMble B
cthepe BnaeoHabnogeHna. HecmoTps Ha TO, UTO OHU He SABNAKTCS UCKOUYUTENBHOW NPeporaTtMBon CUCTEM
BNOEOHAOMOEeHNA U OXPaHHOro TeneBMAEHUs, a, ckopee, OOLEeTEXHUYECKMM AOCTOSIHUEM, S CUYMTal
BaXXHbIM MX YNOMsIHYTb. MHOrMe nsgenuns, TepMuHbl U KOHUENUMn n3 obnactn sugeoHabniogeHnsa AomKHbI
ynoMmnHaTbCa pPAAOM C COOTBETCTBYWLWMMU eaumHuuamun wunsmeperHusi. EguHmnubl CU BBeaeHbl
MexayHapogHon Opranusaumen Ctangaptusauum 1ISO, 1, NpuHMMas nx 3a yHuBepcanbHble, Mbl NOy4yaem
bonee AcHoe M TOYHOE MpeacTaBrieHMe O NPOoAyKTax M MUX cneumdurkauuax. B TekcTe npuBedeHbl Takke
oblwme MeTpuyeckne MpUCTaABKU, C KOTOPbIMU, HACKONbKO MHE W3BECTHO, MHOrMe TexXHU4eckue
crneunanucTbl He 3HakoMmbl. [1na nHxeHepoB unu nogen ¢ 6a3oBbIM TEXHUYECKMM 0Opa3oBaHWEM 3Ta rnaea,
BO3MOXHO, HE MPEeACTaBUT HUMKAKOrO MHTepeca. OTUM yuTaTensm Mbl npeararaemM cpasy nepexoamtb Ko
BTOpPOW rmase.

maBa 2, «<CBeT n TeneBMAeHNE», HAYNHAETCS C KPATKOTO MCTOPMYECKOro 063opa, NO3BOMSIOLLErO MONYYUTb
bornee scHOe npegcTaBneHve O peBonwuMM B obrnactu TeneBuaeHus. 3ateM Mbl 3HaKOMUM Bac C
byHOaMeHTanbHbIMY OCHOBaMU OENCTBUS YENIOBEYECKOrO 3pEeHMS: CBETA M YerioBeYeCcKoro rnasa. [ockonbky B
OCHOBE TeneBMAEHWS NEXUT (PU3MONorMsa YeroBevecKkoro rnasa, HeobxoanMo YACHUTb, Kak YCTPOEH M Kak
paboTaeT yenoBeveckun rmnas. VIHTepecHbIM MPeACTaBNAEeTCs CpaBHEHWME (YHKUMOHWPOBAHUA rrasa u
TEeneBU3MOHHOWN Kamepbl.

MmaBa 3, «OnTMKa B cucTemMax BUAEOHaGMNOOeHUsI», MOCBsLLEHA OOHOMY W3 OCHOBHbLIX 3fIEMEHTOB
BMAeOHabnoaeHs — nMH3e. Kpome onvcaHusi npuHupmna paboTbl NUH3bI U ee BaXKHENLUNX 0COOEHHOCTEN Mbl
TakKe MpakTudeckn obbscHAeM, Kak HacTpavBaeTca obbektmB (ALC u Level — APO un YpoBeHb), Kak
onpepensieTcsl (QOKYCHOE paccTOsiHME AN ONpPederieHHOro yrra 3peHusi, W, YTO OYeHb BaXkHO Ans
BMAEeOHabNoaeHUs!, Kak cnegyeTt HacTpavBaTb 3afHUIA Ghokyc. B 3akntoyveHnn rmaebl pacckasbiBaetcst o C- 1
CS-kpenneHun.

aBa 4, «O6LWwme xapakTepuCTUKN TeNEeBU3NOHHbLIX CUCTEM», UMEET 0CODYI0 BaXXHOCTb, W, B YACTHOCTMY,
ONs ymTaTenen, He 3HaKOMbIX C NpUHUMNamMK paboTbl TeneBnaeHusl. B rnaBe paccmaTpuBaloTcs ABa rMaBHbIX
ctaHgapTa, PAL n NTSC. Mbl npegcrtaBnsem Takke OOLLYH KOHLIEMUMIO paspeLleHnst U, YTO eLle BaxHee,
0OBSACHAEM pasnuuma Mexay LUMPOKOBELLATENbHbLIM CUrHANoM 1 BUAEOCUTHANOM OXPaHHOroO TeneBunaeHus. B
rmaBe B cambiX OOLMX 4epTax YNOMMHAKTCA WHCTPYMEHTbI, UCMOSb3yeMble B TENEBU3UNOHHOW CUCTEME.
HakoHel, B Hee BKIOYEHbI TabnuLbl C ykazaHWEM OTIMYMIA PasnyHbIX MNOArpynmn TENECUCTEM, a Takke CNMCOoK
BCEX CTpaH Mupa C NpuHATBIMU Y HKUX TB-cuctemamu.

Moxanyn, natas rnaea, «Tenekamepbl B cUCTeMax BUAeOHabnogeHus», — camasd uHTepecHasl. B Hen
noapobHo obcyxaaroTcs koHuenummn MN3C-kamep, pasnuyHbIX KOHCTPYKUMIA 1 cneumdukaumn kamepsl. B aton
rmaBe TaKke paccMaTpuBaloTcs npobrnembl B6MOKOB NMUTaHUA U NepenagoB HanpskeHus U NPUBOAATCH
CBsi3aHHbIE C HAMW pacyeTbl. Ha Mow B3rnsg, 370 04eHb BaxkHas npobrnema, MHTepecytoLLast MHOTUX MPaKTUKOB.
[MyCTb KOMY-TO OHa KaXkeTCs TPMBMAIIbHOMW, HO YacTO OTKa3bl CUCTEMbI Y MHOTME Apyrue npobrnemMbl Bbi3BaHbI
MMEHHO HeMnpaBuIbHbIM SMEKTPONUTaHMEM KaMepbl (HeperynupyembiM BrIOKOM nUTaHWs, TOHKUMK MPOBOAAMM,
BbICOKVMM Nepenagom HanpshkeHus). A nocymTan yMeCcTHbIM pacCMOTpeThb 3Ty NpobrnemMy B pasgerne «kamepbi»,
MOCKOINbKY BMOKM NUTaHNs SBNSAIOTCS YacTbio KOMMIEKTaumm Tenekamepbl. B KOHUe rmaBbl npeacTaBreH O4eHb
BaXXHbI B MPAKTU4ECKOM OTHOLUEHUWN KOHTPOSbHbIA CMNCOK, NOMb3yACh KOTOPbIM Bbl 63 npobrnem cmoxeTe
YyCTaHOBWTb CUCTEMY BUAEOHAONOAEHMS.

BVIFIEOMOHMTOpr, KaK qepHo-Genble, TakK N UBETHblIE, paCcCMaTpMBaAKOTCA B IT1aBe 6. MNoHATHO, YTO rnaBHoe
MeCTO OTBEedEHO GHT-MOHVITOpaM, NOCKOJIbKY CerogHA OHM Hanbonee pacnpoCcTpaHeHbl B CUCTEMAX
BMAeoHabntoaeHns. B rmaBe o6bsACHAIOTCA Takme, CBsI3aHHbIe C MOHUTOPaMu, BaXHble I'IpO6J'IeMbI, KaK ramma-
KOppeKuua, nepekrnyartesin nosyiHoro conpoTuBrieHusA, yCrioBuA HabngeHus u ap. B KoHue rnaBbl
OnnCbIBArDTCA HEKOTOPbIE OCHOBHbIE HOBLLECTBA B TEXHOJI0TMA OT06pa)KEHVI$-I. Ecrm B npegpbigywem n3gaHmn
KHUMM MHOTME N3 3TUX TEXHOMNOTNIA YNOMUHANMCb JNLb Kak NtoBOMbITHbIE TEXHNYECKNE HOBUHKMW, TO CErOAHS
HEKOTOPbIE U3 HUX YyXKe NOJTyHuIii LUMPOKOE pacnpocTpaHeHne.
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B rnaBe 7, «YctpomctBa 06paboTkM BMAEOCUTHANOB», paccMaTpUBAlOTCH «cTapble Aobpbiex»
nocriefoBaTenbHble KOMMYTaTOpbl, @ TakkKe MaTpU4YHble KOMMYTaTOpbl — B KayecTBe NpeacTaBuUTENEN
«aHarnoroBoro» obpabaTbiBatoLLEero AvanasoHa, 1, KOHEYHO, KBaapaTopbl, MySbTUMIEKCOPb!, BUOAEOAETEKTOPSI
OBVDKEHUS 1 KaapoBasi NaMsiTb — B KAYECTBE NpeaAcTaBUTENEN «LnGPOBOro» psaa.

BaxHas ponb B BuaeoHabnwogeHun npuHaanexuT yeTtpoMcTtsaMm Buaeosanucu. Im nocesiieHa rnasa 8.
MbI onucbiBaem He TOMNbKO CaMbli pacnpoCcTpaHeHHbIn goopmat VHS, HO 1 ycoBepLUEHCTBOBAHHbIV CTaHAapT
S-VHS. UwndpoBon crnocob xpaHeHuss BUAeOU30OpakeHui, KOTOpbin npuobpeTaeT Bce OOnMbLUYHO
NonynspHOCTb, pacCMaTpUBaEeTCs B OTAEMNbHON rMaBe.

MmaBa 9, nocesilLeHHas Bonpocam uudpoBoro BUAeoHabnogeHUs 1 3anmcu, BNsSeTcst O4HOM N3 OCHOBHbIX
MPUYMH NOSIBMNEHNST HOBOTO M3faHus 3Ton kHurn. Co BpemeHu npegpiayliero nsngaHus (1999), koraa umdgposoe
BMAEO TONbKO HAyMHanM MCMonb30BaTb B CUCTEMAax BMAEOHAOMIOOEHWs, O4eHb MHOroe uameHunocb. K
MOMEHTY BbIXxoda 3Toro magaHus (2005) yxxe npakTU4eckum HM OfHa HOBasi CUCTEMa BUAEOHAOMNOAEHUs He
obxoauTcsa 6e3 umMdpoBbIX BMOEOPErMCTPATOPOB U CETEBLIX KOMMYHUKaUWA. B aTon rmaee peyb nonget o
pasnuyHbIX acnekTax UMdpoBOro BMOEOU300paKeHns, a Takke OOBbACHATCS NPUYMHBI UCMONb30BaHMWS
cxaTusi BUOEeOU300paxeHus. Takke B MaBe AaeTCs aHanv3 pasfuyHbIX CTaHOapTOB CXaTusi, KOTopble
pacnonoXeHbl B JTOMMYECKOM NOpsiaKe.

maea 10, «CpeacTBa nepegaym BuAgeocuUrHana» — oOHa M3 caMblX OOBbEMHbIX, MOCKOSbKY B
BMaeoHabnogeHm umcnonb3yetca 6onblloe KonuyecTBo nepegatowmx cpeq. O4eBMOHO, YTO, MOCKOSbKY
KOakcuarnbHbIN kKabenb MMeeT caMoe LUMPOKOE pacrnpoCTpaHeHne, eMy MOCBsiLLeHa BonbLuas 4acTb rnasbl.
3Halo No MpakTUYECKOMY OMbITY U nofarard, YTO CO MHOW COrMacsaTcs MHOTME Yntatenu, Yto BonbLUMHCTBO
npobrem B cucteMax BUOEOHAOMOAEHNS BO3HUKAET M3-3a MNSI0X0 YIOXEHHOrO kabens u/vnm nroxon KOHLLEBON
3agenkvu npoBofoB. MoaTomy cyllecTByOLME METOAbl 3a4eNKM NPOBOAOB paccMaTpuBaloTCs OTAenbHO. B
OCTanbHOW YacTu rMaBbl Bbl HAWAETE ONMCaHUs OpYrnx CpeacTs nepenadn MHopMaumm, Takmx, Kak Butasi
napa, MUKpOBOSHOBbIE, 6eCNpPOBOAHbIE, paaMoyacTOTHbIe, UH(PPaKpacHble, TeNeOHHbIE NMNHUKW, U CaMOro
BaXXHOro Ha Gnnxaniiee byaywee cpeacraa (Mo KpanHenm mepe, M0 MOEMY MHEHUIO) — BOSIOKOHHOW OMTUKW.
Yto kacaeTcsa nocnegHero, To Mbl 06 bACHAEM KOHLIEMNLMIO BOFIOKOHHOW OMNTUKX, J@aeM OonuncaHme UCrosib3yembixX
WCTOYHMKOB CBeTa, kabenen n MeTo4oB YCTAHOBKU. OTa TEXHOMOMMS HE CTOMb HOBA, Kak HEKOTOPbIE CHMTAIOT;
ckopee, OHa cTana B nocrnegHee Bpems O4eHb JOCTYNHON 1 Gonee nerkon B NCNOMb30BaHUU U, CregoBaTeNbHO,
nonyyuna 6onee LWNMPOKOE pacnpocTpaHeHre B BOMbLIMX CUCTEMAX OXPaHHOIO TENEBUAEHNS.

Mmaea 11 nocesilleHa ceTeBbIM TEXHOJIOMUAM B CUCTEMaXxX BUOEOHAOMIOAEHNs], TO ECTb B HEWN pacckasbiBaeTCA
€LLe 0 HECKOJTbKMX HOBbIX TEXHOMOMMSIX, MpuobpeTarowmx Bce 6onbluyto NonynsapHocTb. CeTeBble TEXHOMNOrUM
04eHb 6MnM3Ko CBsI3aHbl C LMPOBBLIMU, HO JTIOTMYECKN OHWM OTHOCATCS K KOMMYHUKAUUSIM, MOSTOMY s1 MOMECTU
3Ty rmnaey nocne rmaebl 10, koTopasi Obina NocBALWEHa cpeacTBam nepegayn BugeocurHana. [maea o ceteBbixX
TEXHOSOrMSAX He Nnpu3BaHa 3aMeHUTb CODOV COOTBETCTBYIOLLYHO NUTEPATYPy MO CeTeBbIM TexHonoruam u IT, a
Takom nuTepaTtypbl cenyac u3gaHo npepgoctatovHo. OCHOBHasA 3ajaya [aHHOW rmaBbl — [aTb obuiee
npeacTaBrneHne YernoBeky, ganekomy ot IT, o ceTeBbIX U MHPOPMALMOHHBIX TEXHOMOMUSIX, BXKHOCTb KOTOPbIX
YBENMUUMBAETCA C KaXXabIM OHEM ANst UHAYCTPUKN BUaeoHabnogeHus.

B rnmase 12, «[ononHuTenbHoe obGopyaoBaHMe B cUCTEMax BuAeoHabnroaeHusa», obcyxgalTcd
CKOPOCTHbIE MOBOPOTHBIE Kamepbl, KOpryca, OCBETUTENbHAA annapaTtypa, MHgpaKkpacHbI CBET, KOPPEKTOPSI
3a3eMnSIOLLMX KOHTYPOB, MOJIHUE3aLLmMTa, BUAEOYCUNUTENN U yCUNUTEnu-pacnpeaenTeny.

Ecnu nepeble 12 rmaB nocesieHbl 000pyAoBaHMIO BUAEOHabnogeHns, 70 B rmase 13 8 npeacraBnsio CBoe
MOHMMaHne TOro, Kak MPOEKTUpoBaTb CUCTEMY BuAEOHabnoAeHus. JTa rnaea HanvcaHa MOSIHOCTBIO Ha
OCHOBE MPaKTUYEeCKOro OnbiTa, B TOM YUCIe OMbiTa M PEeKOMeHAaLMn CneumanucToB MO YCTaHOBKE U
nonb3oBaTenen cuctem BuaeoHabnogeHws. NpeanaraemMsii cnocod NPOEKTUPOBaHNS CUCTEMbI He criegyeT
NPUHUMATb 3a €OMHCTBEHHbIN, HO, HA MOW B3NS4, OH, HECOMHEHHO, O4YeHb 3dEKTMBEH N TOYEH. B aTy rnasy
Takke BKMAOYEHO onvcaHue AeWCTBUW, NpeanpuHMMaeMblX MOCMAe TOro, Kak CUCTEMHas KOHCTPYKLMS
3aKOHYeHa 1 yCTaHoBMeHa. OTO: BBOA B AeNCTBUE, oOyyeHne u cgada B akcnnyaTtaumio. MNpodunakrnyeckum
obcrnyxmBaHMeM 4acto npeHebperalT, a Mexay TeM 3TO BaKHas 4YacTb B paboTe CMCTEMbl OXPaHHOrO
TeneBmaeHns. [Jaxxe HECMOTPSA Ha TO, YTO MpodumnakTnyeckoe obcnyxuBaHWe OCyLLeCTBASETCA nocre
3aBepLUEHNS YCTaHOBKW CUCTEMbI, OHO SIBMSIETCS BaXXHOW YacTbio B 06LLEN KapTUHE BUAEOHAbmoaeHus.
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B rnaese 14, «TecTtupoBaHMe cUCTeM BuAeoHaGNOOEHUs», NPELCTaBMEHbl PEeKOMEeHAaUMM YuTaTensim
OTHOCMTENbBHO MCMOMb30BaHNS UCMbITaTeENbHON Tabnuvupl, pa3paboTaHHOW crneumanbHO ANS 3TOW KHUMU Y
pPacrnofIoXXeHHON Ha nocrnegHen cTpaHuue o6noxkn. MHorme uutatenu, 3HakoMmble € Tabnuuen no
npeabiayLemMy U3gaHuio, HaLmmM ee O4YeHb MOSIe3HON, MO3TOMY S PELUMIT PaCLUMPUTL U YCOBEPLLEHCTBOBATD €€,
000aBMB HECKOMbKO MOJNIE3HbIX MapameTpoB. Tenepb C MOMOLLBI TECTOBOW AMarpaMMbl MOXHO HE TOSbKO
onpenensite paspeLleHne Kamepbl, HO U paccyuTaTtb, yAacTcs Ny pas3rnsgetb O0ObekT ¢ onpeneneHHoro
paccTosiHua. [nsi 6onee TpeboBaTenbHbLIX CreunanucTtoB Ta e Tabnuua dopmata A3 HaneyaTaHa Ha
HeoTpaXkarLen XMMUYECKM CTabunbHOM Bymare ¢ yCToMYMBbIMI Kpackamu. Takke B nocrnegHen rnaee (M Ha
Hawem caiTe B VIHTepHeTe) NpnBOaATCA NpaBumria Nofib30BaHNs TECTOBOW AuarpamMmmon.

anI.I'IO)KeHVIe 1, «OCHOBHbIe TePMUHbI, UCMNOJIb3yeMble B BUOeOHa0N0AeHUNy, B TOYHOCTHU COOTBETCTBYET
3arosioBKy. A nocTtaparncd BKIMKO4YNTbL B HEro0 BCE TE€PMUHbI, aKPOHUMbI N Ha3BaHWA, KOTOPblE BCTPEYaloTCA B
CBA3M C CUCTEMaMn OXpaHHOro TeneBnaeHnA B CMEXHbIX obrnacrax. TepMI/IHbI He TOJIbKO NepeyncrndarTcd, HO U
OOBSACHAKTCA UX 3HAYEHMS.

B npeabigywem u3gaHuum KHUMM ofgHa M3 rnaB HasbiBanacb «HekoTopblie npumMepbl CUCTEM
BraeoHabnogeHnsa». To ObinyM TUNOBbIE YEPTEXN, Ha KOTOpblE HE PaCMpPOCTPaHSAIOTCSA aBTOPCKME npasa 1
KOTOpble MOXHO TakKe HanTu Ha HaweM canTte. Cenyac, Tpu roga CnycTs, s yXKe He BMXKY B HUX BOnbLION
HeobXx04UMOCTH, MOITOMY B HaCTOsILLEee U3JaHNe OHU He BKIOYEHbl. BMECTO HUX 51 npeanarato HeYTO MHOE,
Ha Mo B3rnsd, bonee nonesHoe AN YMTatenen, a UMeHHO, CMUCOK U3roToBuTernen obopyaoBaHuAa Ans
BuageoHabnmogeHua (Mpunoxenune 3). OnbIT NpenblayLero n3gaHns NokasbiBaeT, YTO 3TY KHUTY YMTalOT BO
BCEM Mwupe, BCTpeya C MpoAyKTamum Kakoro-nmbo HEeu3BeCTHOro paHee MpouM3BOAMTENSA CUCTEM
B/MAEOHabnMoaeHVs BbI3bIBAET y MEHS yauBReHne. A gymato, 4YTo Bbl, Yutatenb, OyAb Bbl MONb30BaTENEM,
ANCTPUBBIOTOPOM, KOHCYNbTAHTOM UMK CleuuanucToM Mo yCTaHOBKe, 3acryxXuBaeTe TOoro, 4tobbl 3HaTb
BCeX npoussoautenen. Bes ata nHgopmaumsa co cebinkamu pasmelleHa n Ha cante CCTV Labs. Korga s
rOBOPIO «BCSA», 1 UMEI0 B BUAY BCIO Ty MHGOPMALMIO, KOTOPYH MHE YAaroch HanTW B pasnuyHbIX XXypHanax,
BbICTABOYHbIX KaTanorax M noflydaemMOnW MHOK 3MEeKTPOHHOW no4vte. OTa 6Gasa AaHHbIX MOCTOSHHO
obHoBNSIETCA, MO3TOMY 3a HOBeMLeN nHgopmaumen obpatlarntecsk Ha cant CCTV Labs.

Hapgetocb, aTa kHura OyaeT oyeHb mone3Ha U MHpopMaTVMBHA AN BCEX, KTO MHTEpecyeTcs cucTemamu
BUAEOHAGNIOOEHUS M OXPaHHBIM TeNeBUAEHUEM.

Hapgetoch Takke, 4TO 3Ta KHMra 3amMeT NOCTOAHHOE MECTO Ha BaLLUMX KHVXKHBLIX NMOSIKaX U pa60‘-|l/IX CTonax.

5narop,aplo 3a MOKYMNKY KHUIK U Xenaro NPUATHOIro YTeHu4.
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1. Enmnuunsl mamepenust CU

OcHOBHBIE eTMHUIBI

3akoHbl Pusunkm BblpaxakT cbpr,ameHTaanble B3aMMOCBA3N MeXay onpenefnieHHbiMn C*)MSI/I‘-IGCKI/IMVI
BENTMYNHaAMU.

B ®un3nke mHoro Pa3fMMYHbIX BENMTUYNH. YTobbl ynpoCTUTb N3MEPEHNA N NOCTPOUTb C*)M3I/I‘~I€CKM€ TEOPUHN,
HEKOTOpbIE U3 3TUX BEJTMYUNH NMPUHNMaKOTCA 3a OCHOBHbIE, @ BCE OCTallbHbIE BbIBOOATCA U3 HUX.

V|3MepeHVIFI Nnpon3BOAATCA NyTEM HaXoXaeHuna YncnoBoro 3Ha4v4eHund Msmepﬂemoﬁ BEJIMYNHbI B NPUHATBIX
eanHnuax NamMepeHus.

B dusuke, a Takke B ONeKTpoHuke 1 TenesnaeHnn, KOTopble SBNATCA €€ YacTblo, MPUHSATa MeXayHapoaHas
cuctema eguHuy, i CU (ot dppaHLy3sckoro Systeme Internationale).

Hwxe npviBeeHbl ceMb OCHOBHBLIX eauHuL, CU:

EovHnua O603Ha4eHne U3mepeHune

Metp [M] OnuHa

Kunorpamm [kr] Macca

CekyHoa [c] Bpewmsi

Amnep [A] OneKTPUYECKUIA TOK
KernbsuH [K] TemnepaTtypa

Kanpena [kal Cwuna ceeTa

Morb [Monb] KonnyecTso BellecTBa

OTU OCHOBHbIE eAVHULIbI ONPEAEeNsTCA MeXaYHAaPOOAHO-NPU3HAHHBLIMY CTaHAapTaMU.

Hanpumep, o 1983 roga ctanHgapT MeTpa onpenensny Kak KOHKPeTHOE YMCO OJIMH BOSIH OnpeaesieHHoro
n3ryveHusi B cnekTpe kpuntoHa. B oktabpe 1983 onpeneneHve meTpa Obino N3MEHeHo Ha criegyioLlee: MeTp —
3TO paccTosiHMe, KOTOPOE CBET NPOXoauT B BakyyMe 3a 1/299792458 ponto cekyHap!.

A cTaHgapT kunorpamma, Hanpvmep, paBeH Macce LUMNMHAPUYECKON TMpY U3 NnaTVHOMPWAMEBOro CrnaBsa,
XpaHsiwencsa B MexagyHapogHom 6topo mep v Becos, B CeBpe, BO PpaHLumn.

OcHoBHasi egvHULIa BpEMEHW, CeKyHAa, Obina onpeaeneHa B 1967 r. kak «Bpewmsi, TpebytoLleecst aTomy Le3ust-
133 ona 9192631770 neprofoB M3NyYeHNsi, COOTBETCTBYHOLLIETO NEPEXOAY MEXAY ABYMS YPOBHSMN OCHOBHOMO
COCTOSIHUSI.

LLikana rpagycoB KenbBuHa MMeET Takune e OeNeHus, Kak 1 LwKana rpagycoB Llenbcusi, Tonbko Touka otcyeTa
0° K skBuBarneHTHa -273° C 1 Ha3blBaeTCcs abCONOTHLIM HyIeM.

Bce octanbHble eanHuLUbI B Ct)I/I3VIKe onpenenarTcA KOM6I/IHaLLVIeI7I BbILLEYNOMAHYTbIX OCHOBHbIX €0UHWNLI.
Hanpvlmep, nnowaab npAMOYroribHoro 3eMesibHOro y4dactka onpenendetca ypaBHEHUEM:
S=ax b,

rae a — 970 LWMpWHa yyacTka, a b — ero anvHa. Ecnu a v b BbipaxkeHbl B MeTpax [M], TO UX NpousBedeHne S
2
OyneT BblpaxeHo B [M”].
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20 /. Eounuuwt usmepenus CH CCTV

Mbl BCe XOpOLLO 3HaeM, YTO CKOPOCTb OnpeaensieTcs B [M/C], XOTS AOBOSIbHO YacTo Ucnonb3dyem [KM/4]. Mol
MOXEM FErko nepeBecTu [M/C] B [kM/4], Tak Kak 3HaeM, CKOJTbKO METPOB B KMITOMETPE U CKOJbKO CEKYH[ B Yace.

EanHuubl CU NpuHATLI B Hayke Y MPOMBILLIIEHHOCTM MPaKTUYECKN BO BCEM MUPE, U BCE Mbl JOIDKHbI XOPOLLO
NMoHUMAaTb, YTO U3MEPEHUS TUNA: «ONMY Kak Mepa AMNVHbI, KMUM B Yac» Kak Mepa CKOPOCTU, «(PYHTbI» Unv
«CTOYHbI» Kak Mepa Beca criefyeT UCMonb3oBaTh Kak MOXHO pexe. OHM Hepedko obecKypaxusatoT noaen
pasnnYHbIX NPodheccuin N1 U3 pasnuyHbIX Yacten ceeta. Ecnn ncnonb3sosate eanHuubl CA, To 6onblue nroaen
NMOMMyT Bac M XapaKTepUCTUKM Balumx nNpoaykTtoB. K Tomy e, ropasgo npolle CpaBHUBATb MPOOYKTbl M3
pasnuyHbIX YacTel CBETa, €CMNY OHU XapakKTepU3yTCs OOHUMU U TEMU Xe eAUHULIaMUN N3MEPEHWS.

EcTb elle ogHa BaxkHas BeLlpb: Kaxabin cumBon B cucteme CU umeeT To4HOEe 3HaveHre, CBA3aHHOE C TEM, Kak
NCMosb30BaH CMMBOI (MPOMMCHas nnn cTpoyHas bykea). Tak, KUNoMeTp nueTcst Kak [kM], a He [Km] nnu [knm).
MerabanT nuwetcs [M6awnT], a He [MbanT]. HaHoMeTp nuweTcs Kak [HM], @ He [HM] n T.n. U Mbl, 3aHMMasCcb
BOMpocamMmu BuaeoHabnoaeHunsi, Oyaem npuaepmeaTtecsa 3TUX NpaBus.

ITpou3BoaHbIC €TUHULIBI

Bce dusmueckme npouecchl MOryT ObITb On1caHbl U U3MEPEHbI NPV MOMOLLIM OCHOBHbIX eauHuL,. Mbl He Byaem
BAABaTbCs B AeTanu Toro, kak BbIBOAATCS NMPOU3BOAHbIE eAMHULbI, U, K TOMY XK€, 3TO He BXOAWT B LieNn JaHHOWN
KHWUM, HO 34€Cb BaXXHO MOHUMATb, YTO MEXAY OCHOBHbIMU U MPOU3BOAHBIMU €AMHMLAMM CYLLECTBYET YeTkas
B3aMMOCBSI3b.

Hwxe npusoguTca psa nponsBoaHbIX eanHuy, CU, HekoTopble 13 HUX BydyT NCMonb30BaHbl B 9TOW KHUre.

BenunuuHa EavHuua O6o03HaveHue/onpegeneHue
MNMnowagb KBaApaTHbI METP Mm?

Obvem KyBuyeckuin meTp Mm?
CkopocTtb METP B CEKYHAY Mm/c
YckopeHue METP Ha CeKyHAy B kBaapare m/c?
Yacrtota repu Mu=1/c
MnoTHOCTL KUNorpamm Ha KyBr4eckuin MeTp Kr/m?
Cuna HbIOTOH H=kr-m/c?
HasneHue nackans Ma=kr/m-c?
SHeprus, pabota XOyNb Ix=H-M
MolHocTs BarT Br=[x/c
3nekTpuyYeckuii 3apag KYNOH Kn=A-c
AneKTpUYeckoe HanpsKkeHue BONLT B=0Om/A
SNeKTpUYecKoe ConpoTUBAEHNe oM Om=B/A
3nekTpuyeckas eMKoCTh dapana ®=Kn/B
AnexkTpuyeckas NpoBoaUMOCTb CUMEHC Cm=A/B
MarHuTHbIA NOTOK sebep B6=B-c
MarsutHas uHayKuus Tecna T=B6/m?
NHAYKTUBHOCTL reHpu =B6/A
OcBeleHHOCTb NoKC nK=nm/mM?
CeeToBOW NOTOK NIOMEH nM=Ka-ctepaguad
ApkocTb HUT HT=KA/Mm?
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MeTtpuyeckue NpucTaBKU

Ecnn yucno eguHny, KOHKPETHOIo M3mMepeHund (T.e. 3Haqume) O4YeHb BEJIMKO UM O4YeHb Mallo, TO MOXXHO
1cnonb3oBaTh cornaileHne o6 Mcnonb3oBaHUM onpeaersieHHbIX CMMBOJ10B (0603Haqum7|) nepen OCHOBHOW
eanHnuen, npmnyem Kakabli U3 3TUX CMMBOJIOB MMeeT ocoboe 3HauveHue. Huxke npmBegeHbl METPUYECKNE
NPUCTABKU, MNMPUHATbIE MeXOAyHapOAHbIM Hay4YHbIM U MPOMbILUITEHHLIM coobLecTBomMm, KOTOpPbIE Bbl MOXETE
BCTPETUTb HE TOJIbKO B CUCTEMAX BMAOEOHAOMIOAEHNS, HO 1 B opyrmx 061acTaAX TEXHUKN:

MNMpucTaeka Koadduument O6o3HaueHue
akca 10" 3
nera 107 n
Tepa 10 T
rura 10¢ r
Mera 10° M
KWUno 10° K
rekTo 10? r
neka 10 na
eauHua 10°=1

neumn 10 a
CaHTH 107 c
MUK 10° ™M
MWUKPO 10° MK
HaHo 10° H
NUKO 10

hemTo 101 om
arTo 10 a

VMcnonb3ys 3Ty NnpucTaBku, Mbl MOXeEM ckasaTb 2 KM, umes B Buay 2000 meTpos. A ecnu Mbl roBOpUM
1.44 M6anT, mbl fymaem o 1440000 Gawt. (Mpum. nep. 1.44 Mb6aum = 1.44 x 1024 kbalum -1.44 x 1024 x 1024
6atim =1.44 x 2°° 6atim). HaHomeTp — 310 0.000000001 meTpa. Yactota 12 My — 370 12-10° = 12 000
000000 My m T.4.

Tenepb, koraa Mbl 3anoXUNY yHAAMEHT TEXHUYECKV KOPPEKTHOW AWNCKYCCUM, T.€. BBEMU OCHOBHbIE eAVHULbI
N3MEepeHnsi, Mbl MOXEeM MPUCTYMUTb K PacCMOTPEHMI0O OCHOB BCEro 3pMMOro, Bkrtoyasi dhotorpaduio,
KuHemaTorpaduio 1 TENeBMOEHNE — K CBETY.
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2. CBer u TeJIEBUIIECHUE

[a 6ypet cBer.

Hemnoro HCTOPpUM

CBeT — 3TO 0OHO U3 OCHOBHbIX U BENMYanLnX SBMEHUA Npupoabl, CBET ABMASETCHA He TONbKO Heobxoau-
MbIM YCINOBUEM XWU3HWN Ha NNaHeTe, HO 1 UrpaeT BaXKHY porb B TEXHNUYECKOM Nporpecce n n3obpeTteHnsx
B chepe BU3yarbHOW KOMMYHUKauuu: otorpadun, knHematorpadpum, TeNEBUAEHUN 1 HEAABHO MOSBUB-
LLIMXCH MYNbTUMELNNHbBIX CPeACcTBaXx.

XoTa aBneHne ato «H6asoBoey, U Mbl BUAUM €ro BCe BPEMSs U BCloAy, HO B Hayke — 3TO camblil 6onbLLON
KameHb npeTkHoBeHus. duanka, kotopas B koHue XIX Beka npenctasnsna cobon AOBOMbLHO MPOCTYHO,
HenocpeaCTBEHHYIO HayKy, CTarna CIOXHON N MUCTUYECKOMN. YUYeHbIM B Havane XX Beka npuLliock BBECTU
NnocTynaTtbl KBAHTOBON (PU3NKN — «MPUHLMMBLI HeonpeaeneHHoCTUy 1 MHoroe apyroe. W Bce ato ans Toro,
4YTO6bl MOMYYMTb TEOPETUYECKUI annapaT, KOTOPbIN O6BACHNUN Bbl MHOXECTBO 3KCMEPUMEHTOB U, B TO Xe
BpeMms, nmen 6bl pasdyMHbIN CMbICH.

B aToW kHUre mbl He HaMepeHbl yrﬂy6ﬂﬂTbCﬂ BO BCE 3TN TEOpPUn: Mbl OGCy,DMM TOJ1IbKO T€ BOMpPOCHI, KOTO-
pble CBA3aHbl C TENEBUOEHNEM U nepe,u,aqeﬁ BnageocurHasmnosB.

OcHoBHasi «npobrnemay, C KOTOPOW CTarnkMBalTCsA YYeHbIe, U3ydatoLime CBET, 3aKMoyYaeTcs B TOM, YTO CBET
UMeET OBONCTBEHHYIO NPUPOAY: OH BeAET cebs kak BorHa (HemaTtepuvarnbHas npypoga) — 3To sABneHus ped-
pakuum n oTpaxkeHns — 1 obnagaeT Takke CBOWCTBaMU MaTepuarnbHOW NPUpPOAbl — LUMPOKO WU3BECTHbIN
doToadhdeKT, oTKPbIThIN 'eHpuxom Nepuem B XIX Beke 1 00bsACHEHHbI AnbepToM SnHwTeHoM B 1905 T.

MoaTomMy B nocrneaHee Bpemsi B oU3MKe NPUHATO Nonaratb, YTO CBET MMEET «ABOWCTBEHHYO» MpUpoay.

Ha atom aTtane cnegyet oTaaTb AOIMKHOE, MO KpawHeEW Mepe, HEeCKOSbKMM CaMbiM KPYMHbBIM YyYeHbIM-
dum3mkam, u, B HaCTHOCTHU, cneLmanuctam no Teopum BUAUMOro n3nydeHusi, 6e3 paboTt KOTopbIX coBpe-
MEHHbIV YPOBEHb TEXHOMOIMIN BbiN 6bl HEBO3MOXEH.

OagHvM 13 nepBbiX PU3NKOB, OOBACHMBLLMX MHOTME NPUPOAHbIE SBNEHUd, Bkoyasa u ceet, 6bin Ncaak
HbtoToH. B XVII Beke oH gokasan, 4To CBET UMeeT KOpMyCKynsapHYyo npupogy. U Tak cumtanocb 4o Xpuctu-
aHa NonreHca, KoTopbIv No3xe, HO Toxe B XVII Beke, BbIgBUHYN BOSTHOBYIO Teoputo cBeTa. MHorme yyeHble
rnyooko yBaxanu HbloTOHa 1 He 3MEHWUNN CBOMX B3MMsA0OB A0 camoro Havana XIX Beka, korga Tomac FOHr
npogemMoHcTpupoBan uHTepdepeHumio ceeta. ABryct dpeHenb Toxe npogenan psg ybeaouTenbHbIX
3KCNEPUMEHTOB, YETKO A4EMOHCTPUPYIOLLMX BOMHOBYIO MPUPOAY CBeTa.

BaxxHomn Bexow cTano nosiBrieHne Ha HaydHow cueHe [hxenmca Knapka Makcsenna: B 1873 r. oH fokasan,
4YTO CBET npeacTaBnsieT cO60M BbICOKOYACTOTHYHO SNEKTPOMArHUTHYO BOSHY.

C nomoLLbio ero Teopumn yaanochb OLEHUTb BENIMYMHY CKOPOCTM CBETa, Kak OHa M3BECTHa HaM CEroAHs:
300 000 km/cek. JkcnepumeHThl N'eHpuxa Nepua noateepannu Teoputo Makcsenna. 'epu, oTKpbIn ABne-
HWe, KOTOPOE U3BECTHO Kak poTo3achdeKT: CBET MOXET BbiOMBaTb 3M1EKTPOHbI C OCBELLAEMON MeTanu-
Yyeckon noBepxHocTn. OgHako eMy He yaaBanocb 0O6bACHUTL TOT haKT, YTO SHEPTUS UCMYCKaHWS SNEKTPO-
HOB He 3aBMCUT OT MHTEHCMBHOCTW CBeTa, YTO B CBOK OYepeb NMPOTMBOPEYUNo BonHOBOW Teopuun. C
TOYKM 3PEHUSI BOSTHOBOW Teopuun, Gonbluas MHTEHCUBHOCTL CBETA AOSHKHA YBENnuUMBaTb SHEPTUIO UCMYyC-
KaeMbIX 3/IEKTPOHOB.

OTOT KaMeHb NPeTKHOBEHNA yOdalloCb obontu 3l7IHLLITeIZHyZ OH mncnosib3oBarn pa3pa60TaHHyro Makcom
MnaHkom TEOPUIKO KBAHTOBAHUA 3HEPINN C*)OTOHOB, npeacrtasiAaAnWmMx MUHUMarnbHy nopunio nepeHocu-
MOW CBETOM QHEPInn. B pamMKax 3TON TEOPUN cCBEeT 06pen CBOIO ﬂBOVICTBeHHle npupoay, T1.e. coveTaHne
BOJIHOBbIX 1 KOPNYCKYJNAPHbIX CBOWCTB.

htp://www.itv.ru ITV— zenepansnotii cnoncop 2-20 uzoanus kuueu «CCTV. buonusa eudeonadniooenusn»



24 2. Ceéem u menesuoenue CCTV

Takum obpasom, aTa Teopus Hanny4wmMm obpasom 0BbACHSET BONbLUMHCTBO CBETOBbLIX ABIEHUI, U NO3TO-
My B CCTV (3amkHyTOE, kabenbHoe OXpaHHOe TeNneBUAEHNE Unu BuaeoHabnoaeHme) Mbl 0yaem Ucnosb-
30BaTb TEOPUIO «ABOMCTBEHHOIO NOAX0AA».

Mpn aHanuse nuH3, NCNonb3yemMbiX B CUCTEMax BuaeoHabnoaeHus, mbl 6ygem B G0MbLUMHCTBE CryyaeB
onMpaTbCs Ha BOJTHOBYIO TEOPUIO CBETA, HO MPU 3TOM He crefyeT 3abbiBaTb M O TOM, YTO €CTb TaKMe MOHATUS,
Kak dpyHKUMoHnpoBaHme MN3C-maTpul, Hanpumep, oTpaxarowee KOpnyCcKynapHyt0 nNpupoay CBeTa, T.e. ero
MaTepuarnbHyto npupogy. [NosTomy B 3TUX crnyyasx Mbl 6ygem ncnonb3oBaTb KOPMyCKyNspHbIA Noaxon.

EcTecTBEHHO, 4YTO B pearnibHOCTU CBeT TpebyeT npumeHeHus obomnx NOAXO4OB, U Mbl BCerga LOJKHbI
NMOMHUTb O TOM, YTO OHU HE ABMATCA B3aMMOUCKITIOYaOLW MMM,

OcHOBBI TCOPHH CBCTA U I'JIa3 YCJIIOBCKA

CBeT — 3TO0 3M1eKTpoMarHUTHoe n3ny4deHne. YenoBeyecknii rnas MoxeT pearmpoBaTb Ha 3TO U3Ny4eHne U
pasnuMyaTtb 4acToThbl, KOTOPblIE BOCNPUHMMAKOTCS rMa3om kak LBeT. [TocMoTpuTe Ha puc. 2.1 anekTpoma-
THUTHOE W3IyYeHNE BKITIOYAET BCE YACTOThbI, UMW ANVHbI BOMH. Buanmbiii cBeT 3aHMMaeT nuylb HeborbLLoe
«OKHO» 3TOro AmanasoHa. 3To OkKHO nexuT B ananasoHe oT 380 HM Ao 780 HM. YTobObl nerye Gbino 3ano-
MHUTb, Mbl NPUBAMKXEHHO NMPUMEM rpaHnLbl AnanasoHa paBHbiMKM 400 HM 1 700 HM.

400 HM cooTBeTCcTBYET (prorneToBomMy uBeTy, a 700 HM — kpacHomy. 1o mepe yBennyeHns ONnHbI BOSHbI
LBET HenpepbIBHO NepexoamnT oT (OMONeToBOro K ronybomy, 3ereHOMY, XenTomy, OPaHXeBOMY 1 KpacHO-
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Puc. 2.1. Dnekmpomacnumnulii cnekmp u 4y8CmeumeIbHOCmb Yelo8euecko2o 2na3da
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My. Ona onpegeneHnsa CpeﬂHeVI YyBCTBUTEJIbHOCTK 4YerioBe4YeCKoro rmasa ObIno npoaefiaHo MHOXeCTBO
9KCNepnMeHToB N TeCTOB, U, Kak BUAHO U3 PUCYHKa, He BCe LuBeTa OKa3blBaklOT oAMHaKoBoOe BO3OeMu-
CTBUEe Ha ceT4HaTKy rnasa.

Mnma3 Hanbornee 4yBCTBUTENEH K 3eneHoMy LBeTy. [pyrumu cnosamu, ecnu cobpaTb BCe AMNVHbI BOMH C
paBHOWN 3Hepruen, To 3eneHbi bygeT nMeTb HanbonbLIMA «BbIXOA» Ha ceTyaTke. YacToTbl Bbiwe duone-
TOBOro (ANuUHbI BoriH kopoye 400 HM) n HMXe KpacHOro (anuHbl 6onee 700 HM) He BOCNPUHUMAKOTCH
«CpefHUM» YeroBeYyeckMM rnasom. A nogyepkvBalo 34eCb «CPeaHUM», MOTOMY YTO YyBCTBUTENbHOCTb
YenoBeYeCcKoro rrnasa — 9To cTaTUCTUYeckas BenvunHa. EcTtb niogn ¢ «UBETOBOW CNENOTONY, Ybs ChekK-
TpanbHas YyBCTBUTENbHOCTb OTNMYaeTcs (0ObIYHO yxKe) OT MoKa3aHHOM Ha pucyHke. HekoTopble noam ¢
«LBETOBOW CMNenoTony» He BUOAT KpacHbIN UBET, Apyrne He pasnuyatoT ronybon. HatpeHmpoBaHHbIN nNpo-
deccroHanbHbIn rnas XygoxKHuKa nnmn gortorpada MOXET pa3BUTb OYEHb BbICOKYH YYBCTBUTENbHOCTD,
pasnuyas Takme 4acToTbl (LUBeTa), KOTopble APYrMM MOTYT KasaTbCs OAMHAKOBbIMU. HekoTopble MoryT
Jaxe BbINTU 32 MUHMMAnbHbLIN U MakCUMarnbHbIA Npegen BOCNPUHMMaeMbIX YacToT, TO eCTb pasnunyatb
TEMHO-(PMONETOBBIV NN KPACHbIN LBET, HEBUAMMBIV ANS APYTUX MHOUBUOOB.

EcTb 04VH MHTEpECHLIN BONPOC, KOTOPbLIA Mbl MOXXEM 3a4aTb caMu cebe: noYyeMy MakCMMyM crnekTparb-
HOM YyBCTBUTENBHOCTU NEXMUT B 3€/1EHOM LIBETOBOM AManasoHe (okono 555 Hm)? Bo3MoXkHO, 3TO cBA3a-
HO ¢ TeM hakToMm, 4YTO Borbluas 4acTb COMTHEYHOW 3HEPrun, NpoHuKawLwen B atmocdepy 3emnu, CKOH-
LEeHTpUpoBaHa Ha AnNuHax BOSIH nopsaka 555 Hm.

B TeueHue MUNNVOHOB T, KOraa NPOXOANNa SBOMOLMS XKU3HW Ha MIaHETe, Y Hac (U NOYTU Y BCEX KUBOTHbIX)
pa3BMBarnoch 3peHue, CroCcOGHOE BOCMPUHMMATL TE AMIMHbI BOMH, KOTOpble Obinv Hanbonee OOCTYMNHbI (MO
KparHen Mepe, B JHEBHOE BPeMsi). ArbTEPHATBON SBMSIETCA HOYHOE 3PEHME XKUBOTHbIX, KOTOPbIE OXOTHTCS Ha
TEMNMOKPOBHbIX MriekonuTaLwyx. Tensno, nsrnyy4aemoe Tenom, — 3T0 U eCTb MHpaKkpacHasi paguaums. Bot
TUNWYHbIE NPEACTaBUTENU: 3MEU, KOLLKM 1 COBbl. HekoTopble 3Mew, K MpuMepy, kpome rnas ans obiero
3peHusi, obrnagaroT MHpakpacHO-YyBCTBUTENBHLIMU OpraHamMu, NPy MOMOLLM KOTOPLIX 3MEs MOXET orpeae-
NUTb TeMnepaTypHble n3MeHeHust meHee 0.5° C (1° F). Kowwuku, B TOM uMcne 1 ukve — neonapg, nyma v apy-
e UneHbl CEMeCTBa KollaybiX, U3BECTHbI CBOMM MPEKPACHBIM HOYHBIM 3PEHVEM, @ STO 03HAYAET, YTO MX
peakuys B GrivikHeM MHGPaKkpacHOM AuanasoHe HaMHOTO NyYllie, YEM peakLus YeNoBEYECKOrO rMasa.

Mbl ocTaHOBMMCS Ha rrase 4YenoBeka, a Ans 3Toro BaXXHO NOHMMAaTb ero «KOHCTPYKUMKO».

3TN BOMPOChI 1 camu No cebe MHTEPECHbI, HO, KPOME 3TOTr0, Mbl HAMAEM €eLle 1 MacCy KOHLUEeNTyanbHbIX aHano-
T Mexay yCTpoMCTBOM rnasa v TB-kamepbl.

__Cknepa

Xpycranuk
' __ Cocyamcras o6onoyka

_ Ceryarag obonoyka
PagyxHas oGonoyka -

3payok _ Xentoe natHO

OnTtnyeckas ock
Hanpasnenne sarnsga -._ ‘
Porosuua

OnTu4eckuii Heps

- Mepefaer CUrHan g
MO3r, rae npoucxXoanT
ero ob6paborka

BogsiHucras Bnara

(BHyTDUrNa3Has XMaKocTs) Cnllenoe o

(HeT konboyek n
nanoyek)

Mpumepro 17 Mm

Puc. 2.2. Cxema ycmpoiicmea 2naza
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Puc. 2.3. Ananoeuu mescoy ycmpoticmeom 2naza u Kamepou

Ha pwvc. 2.2 Mbl BUAMM rnasHyto NrH3y (XpycTanuk), kotopas u oKycrMpyeT M306paxxeHne Ha ceTyaTke.
CeTyaTka — 3TO Ha caMoM [Jene «OoTOYYBCTBUTENbHAA 06MacTby», COCTOAWAA U3 MUIITIMOHOB KNETOK —
KOnGoYeK U nanoyvek. ATV KNETKM MOXHO paccMaTpuBaTh Kak YacTb Halleil HepBHoW cuctembl. KonGou-
KM YyBCTBUTENbHbI K CpeAHel 1 SIpKON MHTEHCMBHOCTM CBeTa M BOCNPUHUMAKOT uBeTa. Manoyku
YyBCTBUTENbHbI K HU3KUM YPOBHSAIM CBeTa U He CnocoGHbI pa3nuyatb uBeTa. Houblo Mbl BuaMm 6na-
rogaps nanoykam, no3TOMy B TEeMHOTE Mbl HEe MOXeM pasfnvyaThb LBeTa.

Uncno konbouyek B Kaxaom rnase npubnuamtenbHo coctaBnsieT 10 MnH., a nanovyek — okono 100
MMH. Konbo4kn CKOHUEHTpMpOBaHblI BOKPYr obracTv MpoXoXOeHUs onTuyeckon ocu. OTa obnactb
OKpalleHa XenTbiM NMUIMeHTOM K Ha3blBaeTcs XenTbiM NATHOM. XKentoe NATHO SABNsieTCS OCHOBHOWN
obnacTbto, KoTopyto 0bpabaTtkiBaeT Hal MO3r, U, XOTS OHa OYeHb Marna, KOHUEHTpauust Konboyvek B Hew
coctaBngeT okono 50 000. CpegHee (hoKycHOe paccTosHUe rrnasa (To eCTb pacCTOsiHUe MeXxay Xpyc-
TanMkoM K ceTyaTKOW npu pasrnagbiBaHun 6eCcKoHEeYHOo yaaneHHOro obbekTa) cocTaBnsieT OKOMOo
17 mMm. Takoe hoKyCcHOe paccTosiHue JaeT pe3koe M3obpakeHue B NpOCTPaHCTBEHHOM Yrie, paBHOM
npumMepHo 30°. OTo Takxke N pasmep obnacTtu, rae bonblie Bcero konboyek. MIMeHHO noaTomy yron B
30° cuntaetcsa cTaHAAPTHbLIM YIIIOM 3pEHUS.

KOHLI,E‘HTpaLI,I/IFI Konbouek BO3pacTaeT Nno HanpaBJIEHNK K LEHTPY OMNTUYECKOM OCKU, AoCTUras MaKkcnMmyma
nuwb Ha 10°. Kaxxgas 13 KreTok-Konbo4yek COeANHAETCS C MO3rOM OTAesNIbHbIM 3puTeribHbIM HEepBOM,
MO KOTOPOMY 3J1eKTpuieckme MMnyribCbl NOCbLINAKOTCA B MO3r. KoHe4yHo, rnas BuanT n nog ropasao
6onbwnm yrrnom, Tak Kak ceT4aTKa oXBaTbiBaeT HpOCTpaHCTBeHHbIVI yromn no4yTu B 90°, 1 koNbo4kM ecTb 1
BHE XXeJToro ndaTtHa, HO K 04HOMY HEpPBY B 3TOM Cliy4ae noacoegunHeHa rpynna konbouek. B aTon obnactu
Mbl BUAMM HEe TaK YeTKO, Kak B 0biacTu, rae K Kaxaom Konbouke nogcoeanHeEH OTAENbHbIN HepB, NO3TOMY
3Ta YacTb CeT4yaTK/ Ha3biBaeTCs 06s1acTbio nepmbepuquKoro 3peHuA.

«CCTV®@oKycy — scypHan no cucmemam 6U0COHAOIIO0EHUA U OXPAHHOMY MeNe6UOeHUI0 http://www.cctvfocus.ru
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«Cekumsa 06paboTkn n3006pakeHnsa» B rOfTOBHOM MO3re CKOHLEHTpMpoBaHa Ha 30°, XOTa BUAMM Mbl fny4lle
npumepHo Ha 10°. O6paboTka NoaAepPKUBAETCS NOCTOSHHBIMU ABUXEHUSIMU rla3a BO BCEX HanpaBrieHu-
AX, YTO @aHaNOrM4yHO NaHopPaMHOW rofoBke B BUAEOHABNOAEHUN.

B SLR-kamepax (0QHOOOBEKTMBHbLIX 3epkanbHbiXx doToannapartax) cTaHAapTHbIN yron 3peHuns B 30°
gocturaetcs npy nomowmn 50-mMm ob6bvekTnBa, ons 2/3" kamepbl — 370 16-MM 06bekTMB, ana 1/2" kame-
pbl — 12-Mm 1 ansa 1/3" kamepbl — 8-MM 06bekTUB. Opyrumun cnoBamu, n3obpaxkeHus, NonyyYeHHsbIe npu
nomoLuy noboro TMna kaMep ¢ COOTBETCTBYHLUUMU CTaHAAPTHLIMU 0ObekTBamMu, OyayT MMETb LOBOSIb-
HO GnM3Kue pasmepbl 1 NEPCNEKTMBY, MOXOXYI HA TO, YTO Mbl BUAMM CBOVMMU rra3amu.

O6bekTMBbI C MEHbLLMM (POKYCHbIM PAcCTOSIHUEM LAlOT Goriee LUMPOKUIA Yron 3peHnst 1 HasblBaloTCs LWMPO-
KOyronbHbIMU o6bekTuBaMu. O6bekTnB ¢ 60MblWMM DOKYCHBIM PaCcCTOSTHUEM CYXKaeT Yror 3peHus, u
NO3TOMY KaXKeTCsl, YTO OH MpubnumxaeT yaaneHHble 06beKTbl, OTCIOAA U Ha3BaHVEe: TeNeobbLEKTUB («Tenex»
O3HavaeT ganekun). Ewe oguH MHTepecHbI BONPOC, Kacalwmincs BuaeoHabniogeHns, cBsa3aH ¢ TeM, YTo,
3Has PoKyCHOe pacCTosHUE fasa U MakCMMaribHbIM AUaMETP PackpbITUS pagy>KHOM 060M0YKK, paBHbIA Npu-
MEPHO 6 MM, Mbl MOXXEM HaNTK 3KBMBaNEeHTHoe F-4ncno rnasa (Kotopoe Mbl 06CyauM No3xe B 3TON KHUTe):

F =17/6=2.8
masza
C MONHOCTbI0 PacKpbITOW pagyKHOW 0BGOMOYKOM Mbl MOXEM AOBOJSIbHO XOPOLUO BUAETb B MOJSIHOMYHUE

(ocBeleHHOCTb 06BbeKTOB paBHa npumepHo 0.1 ntokca). NMomHUTe 3TO Yncno, Korga GygeTe cpaBHMBaATL
MUHUMarbHblEe XapaKTEPUCTUKM OCBELLEHHOCTM AN pPasHbIX Kamep.

®DoKycupoBKa, KOTOPYIO BbIMOMHSAET rnas, 4Tobbl YenoBek MOr BUAETb OOBHEKTbI HA Pa3fMYHbIX paccTos-
HUSX, JOCTUTraeTCs 3a cYeT U3MEeHEHUS TOJIWMHbI XpycTanuka (NMuH3bl). TonwuHa Xpyctanuka MeHs-
eTCs uunvapHbiMu mbiwtamn. Ecnu rmas B nopsigke, oH MOXeT hOKycMpoBaTbCs OT BECKOHEeYHOCTH A0
MWHMUManNbHOIO PaccTOAHUSA, paBHOro npumepHo 20 cm B paHHeM getcTse, 25 cm — B Bo3pacTte 20 ner,
50 cm — B 40 net n 5 m — B 60 neT. ECnv Mbl CMOTPUM Ha OY€EHb yaaneHHbI OOBLEKT, TO eCTb rna3 dokKy-
cupyeTcs Ha 6ECKOHEYHOCTh, LMnMapHble MbILLbl paccnabnsaoTcs, U NMH3a CTaHOBUTCS TOHKOW.

Ecnu xe rnas He MoxeT oKycnpoBaTbCs Ha GECKOHEYHOCTH, TO Takon AedeKT 3peHns HasblBaeTcst 6nu-
30PYKOCTbLIO UNN MUONUENA. B 3TOM criydae Hy>XHbl OYKM, KOTOPbIE NMOMOTYT «Ae(EKTUBHOW» rnasHon
n1H3e cdokycmpoBaTb N306paxeHne Ha ceTyaTke. Takme OYKM MHOTAA Ha3blBalOT YMEHbLUAKLWMMU OYKa-
MU, MOTOMY YTO OHU UMEIOT OTpULaTerbHbIA POKYC (MU ANONTPUK).

Ovontpns — 370 Benu4ymnHa, obpatHas POKYCHOMY PaCCTOSHWUIO NUH3bI, rae PoKyC BbipaXeH B MeTpax.
YMeHbLUaLmne 04KM MMET oTpuuaTtenbHble anonTpun. NTak, «ymeHbluatowmey odkn B -0.5 gnontpui,
Hanpumep, UMEeKT oTpuuaTenbHbln PokKyc, paBHbli 1/(-0.5) = -2 M.

[pyron gedekT rnasa 3aknoyaeTcs B TOM, YTO a3 He MOXeT CPOKYyCUpOBaTbLCS Ha OYeHb BGNIM3KOM M30-
OpakeHnn, TO eCTb rnasHas nNMH3a no TeM UNN UHbIM MPUYNHAM HE MOXET CTaTb JOCTAaTOYHO TOSCTON.

OTOT [OedeKkT HasbiBaeTcAa [[aNbHO30PKOCTbI UMK
rmnepmeTponuen.

Jlogam ¢ runepmeTponuen, 4tobbl pasrnsgete Gnmskue
npegmeTbl, TPebyTCca Oyku. Takme O4YKM AOMKHbI MMETb
XapakTepuUCTUKK, MPOTUBOMOIIOXKHbBIE  PACCMOTPEHHbIM
Bbllle, TO €CTb OHW [OMMKHbl YBENMYMBaTb M300paxeHune u
UMETb MONOXNUTENbHbIA POKYC (MK AUONTPUN).

Koroa mbl cMOTpMM Ha OOBLEKT OBYMSA rfnasamu, TO B MO3T
npoeuunpyeTcsa 3puTenbHbii 00pas, cos3jawwmn cre-
peockonuyecknin apdeKkT, U Mbl BOCMPUHMMAeEM ObObeM-
HOCTb MpocTpaHcTBa. Ecnm npukpblTb OAWH rnas, TO
OyneTt o4eHb TPYAHO BOCMPUHMMATb « TPEXMEPHOCTbY
OKpYy>XaloLero Hac NpocTpaHcTBa.

Puc. 2.4. Kax pabomaem enas
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B e

HopmanbHbili rnas, ¢Gokycuposka Ha 6IM3K0e paccTossHUe

Muonusi koppekTupyeTcs oYykamm
C OTPULIATENLHBIMW ANONTPUIMIA

rnepMeTponns KoppexkTupyeTcs o4kamm
C MOAOXKNTENBHBLIMU LNONTPUIMU

Puc. 2.5. Koppexmuposanue depexmos sperus npu nomowu ouxos « CCTV®Dokyc» —
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PaccTtosHue mexay rmaszamm (60-70 mm) obecneuymBaeT Halle BOCNPUATUE TPEXMEPHOro NPOCTpPaHCTBa
BnnoTb 40 10-15 meTpoB. Ha 6onee ganekom pacctosgHUM oYeHb TPYAHO CyaAuTb, KakoW U3 AByX npeame-
TOB Bnmxe. Bbl MoXeTe NpoBECTU TaKOM 9KCMEPUMMEHT: NOCMOTPUTE Ha [Ba AOCTATOYHO yAaneHHbIX OT Bac,
HO yAaneHHbIX Ha pa3Hble PacCTOsHUSA, HaxXoasLmMecs B Bo3ayxe oobekta. Ecnv Mbl CMOTpUM, CKaxeM, Ha
[Ba fepeBa, MO3r JenaeT 3akntovyeHne 0 pacCTossHMM Ha OCHOBE 3eMiM U NePCNEKTUBbLI TOro, YTO HaxXo4uUT-
Cs nepea Hamu, HO NEPCMNEKTUBHOE «peLLEeHne» B 3TOM crnyyae OyaeT caenaHo He Ha OCHOBE «CTepPEeOCKO-
NMUYECKOro MexaHu3ma» rrasa.

Korga 3agyMblBaellbCsa O CIOXXHOCTU CTPOEHMSI rra3a M MOLLHOCTM Mo3ra npu «obpaboTke n3obpaKeHuny, He
nepectaeLlb yanBnsTecs. Mbl npogenbiBaeM 371 onepauum COTHU pa3 Ha OHI0 U Aaxe He gymaeM 06 SToMm.
He roBops y>ke 0 TOM, 4TO M306paxKeHne Ha ceTyaTke NepeBepHyTO, Beab TakoBa Npupoaa OnTUYeckon ped-
pakuMn, N Mbl COBEPLLUEHHO HE 3aMeyaeM MENKUX ABWKEHWI nasa, KOTopble MPOMCXOAST BO BCEX Hanpasre-
HUSAX, KOr4a Mbl CMOTPUM Ha YTO-TO. Bce 3To paclumMdgpoBbIBAETCA U KOHTPONMPYETCS MO3rOM.

KoHdurypaums «rnas/mosr» HaMHOro CoBepLUEeHHee Ibon kamepbl, KOTOPYIO YenoBek n3obpen unm nso-
bpeTeT B ByayeM. Ho Kak moam TEXHVKM, Mbl MOXEM CKasaTb, YTO MOHMMaHMe «paboTbl» rrasa v 1cnonb-
30BaHWe HEMpepbIBHO YCOBEPLUEHCTBYIOLLMXCSA BU3YyarbHbIX TEXHOMOIMIA Kak Ha YPOBHE TEXHUYECKOro, Tak
M Ha YpOBHe NMporpaMMHoro obecneyeHuns, NO3BONSET HaMm nony4vaTb 6onee coBepLUeHHble N300paxeHns
n 6onee nonHy MHopmauuo 06 okpyxarLeM Myupe. Mbl MOXeM BUOETb BELLM, HEAOCTYMHbIE YeroBe-
YeCKOMy rrnasy, u OTCrexnBaTb 0ObEKTbI B TAKUX MeCTax, rae YenoBek He MOXeT HaxoaUTbCS.

_/(—~5—6 nap nuHKA/MM <=> 0.1 MM Ha NTUHKIO

npumepHo 0.3 m

Puc. 2.6. Pa3pemai0waﬂ CNOCOOHOCMb UeN08euecK020 2na3d

MHoOrouncrneHHble 3KCMEPUMEHTbl U TECTbl NoKa3sanu, YTO YeroBeYEeCKUN rna3 MOXeT pasnuyunTb camoe
6onbliee 5-6 nap NUHUN Ha MUANMMETP. OTOT NoKasaTernb nogpasymeBaeT ONTMManbHOE PacCcTosiHUe
mMexay rnasom n o6vektom 30 M, TO €CTb, KOraa Mbl, HanpMMep, YNTaem AOCTaTOYHO MESTKUIM TEKCT. JTO
AaeT MUHMManbHbIN yron npuMmepHo B 1/60 rpagyca. Takum obpasom, 310 3HaveHue 1/60 rpagyca cumta-
eTcs Npedenom yrrnoBow paspeluatowen cnocobHOCTU AN HOPMarbHOMO 3peHus. Mbl MOXeM UCMOoMb30-
BaTb YrMOBYI pa3peLuaroLLyto CNOCOBHOCTL rnasa Ans fyylero NoHMMaHWs TOro, Kak YenoBeK BOCMPUHU-
MaeT Mernkue geTanu, 4To 3aTemM No3BONUT HaM MPUMEHUTb HaLLW TeopeTUYeCKne NO3HAHUS Ha MpaKTuKe.

Mpu pacyeTe onNTMManbHOW AMCTaHUMM Mexay HabngaTenem u MOHUTOPOM CyLLEeCTBYET MpocTasi peko-
MeHOauns, Kotopas npeanvcbiBaeT yMHOXaTb BbICOTY 3KpaHa MOHUTOpa Ha cemb. [logpobHee 0 MOHUTO-
pax 4ynTanTe B COOTBETCTBYIOLLEN rraBe 3Ton kHurn. Boobuie, HeobxoauMo NoHMMaTh, YTO paccTosHue
[0 MOHUTOpPa — 3TO KpanHe BaXKHbIN acrnekT NCMxou3nonormyeckoro BOCNpusaTUSa agetanen B nsobpaxe-
HUK. YenoBeky, KOTOPbIA CMOTPUT B MOHUTOP, COBEPLLUEHHO HE HY>XXHO HaxXoAMTbCHA CRAULLKOM BnMn3Ko K
3KpaHy, HO 1 OYeHb Janeko OT 3KpaHa pacnonaratbCs 3pUTENto TOXE He CTOUT.

CBeToBbIE eIMHUIIBI

CBeT — 370 (pu3Myeckoe sABreHne, UHTEPNPETUPYEMOE MCUXOSTOrMYECKMMU NpoLLeccaMn B HaLLEM MO3-
re. Yl nosTomy ero croxHee oueHMBaTb UNN U3MEPATb, YEM NHOOON Apyron duamyeckuii npowecc. Ytobnl
npogenaTb OOBbEKTUBHbIE U3MEpPeEHUs, HEOOXOAMMbI HEKOTOpble MpeaBapuUTENbHO 3aJaHHble YCIOBUS.
OfHO U3 HUX — 3TO Morfioca paccMaTpyMBaeMbIX HYacToOT M3nyyeHus, obblYHO nexalasa B npegenax ot
400 1M po 700 Hm. Bce yacToTbl BHOCAT CBOW BKIaz B CBETOBYHO 3HEPIUIO, U3MNy4YaeMyto ICTOYHUKOM.
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Puc. 2.7. Ceemosvie eduruybvl u ux cmuici
[ns Hayana gaBaiTe pacCMOTPUM pasfnNYHble TUMbl UCTOYHMKOB CBETa.
OO6bIYHO UX OENST Ha ABE OCHOBHbIE FPYNMbl:

O nepBuYHbIE NCTOYHUKM (COMHLE, YIIMYHOE OCBELLIEHNE, NTamnbl HakanMeaHus, AJ1T-MOHUTOPLI);

O BTOPUWYHbIE UCTOYHUKN (BCE OOBEKTBI, KOTOPbLIE HE FTEHEPUPYIOT CBET, @ TONbKO OTPaXXatkoT).

[ns namepeHnst konnyecTea CBeTa, U3Ny4YeHHOro, Hanpumep, N1aMnoi HakanvMBaHus, U cBeTa, OTPaXKeH-
HOro oT 06bekTa, Mbl MPUMEHSIEM pas3fnuyHble crnocobbl. M ecnv Mbl aHanM3npyeM CBET, UCMycKaeMblii
WCTOYHUKOM BO BCEX HaMpaBfiEHUSIX U B Y3KOM TENIECHOM Yrie, — TO 3TO COBCEM He OfHO M To xe. EcTb
HECKOJIbKO MPUYMH TOTo, MOYeMy Mbl UCMOJIb3yEM pasfivyHble eAUHULbI U3MEPEHNS CBeTa.

Hayka, nayvatowlias Bce 3TW acrnekTbl, HasbiBaeTcs hoTOMeTpUen, a COOTBETCTBYIOLLME eaNHULIbI N3Me-
peHuss — poTOMeTPUYECKMMMU eanHULLAMN.

PasnuyHble yyeHble, B 3aBUCMMOCTM OT CBOMX B3rnaO0B, BBOAWUMIM pasnuyHble equHuLbl ceeTa. [oaTomy
BO3HMKaIOT onpeferieHHble TPYAHOCTU MpU MOmMbITKE MOHATbL UMM ONMcaTb XapaKTePUCTUKK Ternekamep. Ho
fAaBalTe BCce-Taku nonpobyem nposivTe CBET Ha 3TU BOMPOCHI U OGBACHUTL, YTO eCTb YTo. HayHem B noru-
YeckoM MOpsiAKe, TO eCTb BHayane pacCMOTPUM MCTOYHWKM CBeTa, 3aTeM pacnpocTpaHeHue cBeTa B
NpoCTpaHCTBe, NageHne Ha 0O BbEKT 1, HaKOHeL, OTpaXxeHue.

Cuna cBeTa (/) xapaKkTepu3yeT CBETOBYK 3HEPIUI0 MEPBUYHOTrO MCTOYHUKA, M3Myyarlolero BO BCEX
HanpaBneHusax. EQMHuua namepenns cunel cBeta — kaHgena (ka). OgHa KaHgena NpUMMepHO paBHa
KOJIN4ecTBY CBETOBOM 3HEpPruu, ucrnyckaemom obbi4HOM cBeydon. B 1948 r. nosiBunoce, 6onee TovHoe
onpeferneHve KaHAenbl: KaHAena — 3TO cuUna cBeTa, usny4vyaemasi YepHbIM Terom, HarpeTbiM A0
TemnepaTypbl nepexoaa nNraTUHbI U3 XXUAKOFO B TBEPAOE COCTOSHME.
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CeetoBoun notok (F) — 970 cuna ceBeTa B HEKOTOPOM TenecHoM yrne. W, crnepoBatenbHo, eaunHuua
CBETOBOrO NoTOKa noniyyaeTcs AeneHnem cunbl cBeta Ha 41 pagunaH (B cdepe 41m=12.56 ctepagmnaH) u
n3MmepsieTcs B nroMmeHax (nm). OguH nOMeH — 3TO CBETOBOM NMOTOK, UCMYCKaeMbIi UCTOYHUKOM C
cunoun ceeta B 1 kA BHYTPM eAMHUYHOro TenecHoro yrna (yrna B 1 ctepagunat).

[MockonbKy oLyLleHne SApKOCTU 3aBUCUT OT YyBCTBUTENbHOCTN YENOBEYECKOro rnasa, To CBETOBOW NMOTOK
3aBUCUT TaKkKe 1 OT ANUHbI BOMHbI. Hanpumep, cBeT MOLHOCTBIO B 1 BATT Ha 555 HM (3eneHbin LBET) faeT
CBETOBOWN MOTOK NpnbnuanTtenbHo pasHbin 680 nm, a BCce apyrve ANvHbBI BOIH C TaKOMW e CUIon cBeTa
0aloT MEHbLUMA CBETOBOW MOTOK (CM. KPMBYIO CMEKTpanbHOW YyBCTBUTENbHOCTU rnasa). Noatomy bec-
CMbICNIEHHO BblpaXkaTb SHEPIMIO CBETa B BaTTax, HECMOTPS Ha TO, YTO TEOPETMYECKM CBETOBAas dHeprus,
Kak 1 nobon gpyron Bug aHeprum, MoxeT ObiTb BblpaKeHa B BaTTax.

OcBeleHHOCcTb (E) — 310 Hanbonee 4acTo MCNONb3yeMbI B BUAEOHAONOAEHUN TEPMUH, OCOOEHHO NpKn
onucaHuM XapakTepUCTUK MUHUMarbHOW OcBelleHHOCTM kamep. OCBELEHHOCTb OYeHb MOoXoXka Ha
SAPKOCTb, 3@ UCKMOYEHNEM TOTO, YTO B 3TOM Clly4ae MMEKTCS B BUAY OOBEKTHI, SBMSAOLINECS BTOPUYHBIMU
NCTOYHMKaMK CBeTa.

MTak, ocBeweHHOCTb NOoBepPXHOCTU — 3TO BeJINYMHA CBETOBOIro nNOTOKa, npuxopgsdillierocda Ha
eanHuuy nnowagu.

Ecnun cBeToBon nNoTok B 1 ftoMeH NagaeT Ha NOBEPXHOCTb nrowansto B 1 M (kBagpaTHbIA METP), OH U3Mepsi-
eTCH B NFOMEeHax Ha KBagapaTHbIN MEeTp UM MeTp-cBeYvax, bonee N3BeCTHbIX NO4 Ha3BaHMEM FTHOKC (F1K).

OTO O3Ha4aeT, YTO ecnu y Hac ecTb cdepa paguycoMm 1 MeTp 1 MCTOYHWK CBETa C CuUron ceeTa B 1 KaHAe-
ny, pacnonoXeHHbIN BHYTPU chepbl, TO OCBELLEHHOCTb Ha BHYTPEHHEN NMOBEPXHOCTU cepbl ByaeT paBHa
1nk. MaTemaTnyeckmn aTo COOTHOLLEHME MOXET BbITb 3anNMcaHo crieayoLwmm obpasom:

E = Flux / Area = F/A [nK] (1
MoTok Fno onpeaeneHnio paBeH curne CBeTa, YMHOXEHHOW Ha TenecHbIi Yron, To ecTb:

F=I1w® [nM] 2)
Mpennonarasi, YTO UCTOYHUK CBETA ABMSETCA TOYEYHbIM, U, ONMPasicb Ha hopMyIbl CHEPUYECKON TPUro-
HOMETPUM, Mbl MOXEM BbIpPa3nTb @ Yepes ocBeLlaemyto nnowane A 1 pacctosiHie [0 UCTOYHMKA d:

w=A/d* [pag] @)

Moactasme (2) n (3) B (1), nonyyaem:

E=1/d? [nK] 4)
3T0 03HayaeT, YTO OCBELEeHHOCTbL NeprneHauKYnspHOM nrnowankm o6paTHO NponopuuoHanbHa KBa-
ApaTy paccTOsiHMA A0 UCTOYHMKA. Ecnun xe nnouiazaka pacnorioxXeHa nog HEKOTOPbLIM YrToM K nagato-

LleMy CBeTY, TO Mbl MOXeM OLieHUTb AeNCTBUTENLHYIO MOBEPXHOCTL, caenas npoekumio Ha yron f,kak Ha
cxeme Ha puc. 2.7. B atom cnyvae dopmyna (4) npuHnmaeT BUA:

E=1I-cos 8/d*
[nK] ®)

Tunn4yHble YPOBHM OCBELLEHHOCTU NPUBEAEHbI Ha PUCYHKe 2.8.

OueHb penko, B Malsblx obnacTax NpPoOCTpaHCTBa U Npu O4eHb CUJTbHbIX NCTOYHMKaAxX cBeTa MOryT obecne-
ymBaTbCs YPOBHM ocBelleHHocTn Bbiwe 100 000 nk (Hanpumep, BOGNM3M CUITbHOWM UMMYITbLCHOW NaMnibl).
[ns onncaHns Takmx OCBELLLEHHOCTEN MHOrAA UCMONb3YTCa Apyrue, bonee KpynHble eanHuLbl — POThbI.
OpauH ot paBeH 10 000 nk.

B amepukaHCcKon TEPMUHOMOMUN, TAE BCE eLLe LLUMPOKO UCMONb3yeTcst KBagpaTHbIN yT BMECTO eAuHuL
CW, ocBelleHHOCTb BblpaxaeTcs B KaHAenax Ha KBagpaTHbIn yT, unu cdpyt-cBeyax. [1ocKonbky
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Puc. 2.8. Hexomopvie munuunvle yposHu 0ceeujeHHoCmu

COOTHOLLEHNE MeXAy KBaapaTHbIM METPOM U KBagpaTHbIM oyToOM paBHO npumMepHo 10 (Mnm TodHee 9.29),
TO [AOBOJSIbHO MPOCTO MEPEBECTM MOKChI B (PyT-CBeYN 1 HaobopoT. Ecnu ocBelleHHOCTb 3agaHa B yT-
cBevax, JOCTaTOYHO pasfenuTtb 3Ty BenuyuHy Ha 10, 1 Bbl nony4uMte NpubnM3vMTENbHOE 3HaYeHVe B
TIOKCax, a ecnv 3HavyeHue 3afaHo B fKcax, To, YTOObI MepeBecTun ero B hyT-CBeYn, YMHOXbTE ero Ha 10.

TepmuH ApkocTb (L) xapakTepusyeT CBeYEHME MOBEPXHOCTU MEPBUYHOIO UM BTOPUYHOIO UCTOYHMKA
cBeTa. [lockonbKy cBeveHve MMeeT CyObeKTUBHbIN NOATEKCT, TO B kKa4yeCcTBe OObEKTUBHOMO, HAay4YHOro Tep-
MMHa MCMOSb3yeTCs NOHATME «SAPKOCTb». APKOCTb 3aBUCUT OT CUMbl CBETa CamMoWn NOBEPXHOCTU U OT yrna
HabrogeHns, NO3TOMY pacCYMUTbIBAETCA Ha eAuHMUY NepneHAMKynsipHOW HampaBreHulo B3rngga nno-
waakn. CywecTByeT BCEro HECKOMbKO eAnHuL, sspkocTu. MNMpegnoyntaemcs B Mmupe MeTpuyeckas eanHu-
La SpKOCTU — 3TO HUT. OQMH HUT paBeH OQHOMW KaHAene Ha KBagpaTHbIN MeTp CNPOEeKTMPOBaHHOWU
nnowaaku (I/A). Ecnu ana namepeHus CBETOBOro NoToka UCTOYHMKA BMECTO KaHAen MCnonb3oBaTh fio-
MEHbI, TO APKOCTb OyOeT BbipaxkeHa B anocTunbbax (acb). Bce cTaHOBUTCSA HECKOMbKO B6onee CrioXHbIM,
€Crnv Mbl UMEeeM [eno C NOBEPXHOCTLIO, HA KOTOPYH CBETOBOW MOTOK NagaeT nog yrrom 6 k Hopmanu (Mnu
OTpaxaeTcsl); B 9TOM Clyyae CBETOBOW NOTOK NPSAMO nponopumnoHaneH cosB. Torga co Bcex HanpasneHun
OyneT KasaTbCsl, YTO NOBEPXHOCTb UMEET OLMHAKOBYHO SIPKOCTb, MOTOMY YTO M OTPaXEHHbIN CBET, U CMpO-
€KTUPOBaHHAs NMOBEPXHOCTb MOAYMHSOTCA OAHUM U TEM K& TPUrOHOMETPUYECKMM 3akoHaMm. Takonm Tun
NMOBEPXHOCTM Ha3blBaeTcs Namb6epTOBCKMM pagnmaTopoM uinn pednekTtopom (B 3aBUCMMOCTU OT TOrO,
ABNSETCH N NOBEPXHOCTb NEPBUYHBIM UITN BTOPUYHBIM MCTOYHMKOM CBeTa) 1 0ObIYHO OMMChIBaeTCs Kak
paBHOMeEpHO paccevBalowWwasi NOBEPXHOCTb. [N n3MepeHns SpKOCTU B 3TOM Cllyyae B METPUYECKYHO
cucTemy bbina BBedeHa elle ofHa efvHuua — nambepT. JKkBMBaANeHTHas aMepukaHckas eavHuiua —
dyT-nambepT.

To, kakoBa OyAeT OCBELLEHHOCTb, BOCNPUHMMaeMas kaMepon, Ha caMoMm Jefe 3aBUCUT OT CUSlbl CBeTa
CaMoro UCTOYHMKa U OT OTpaXKaTeNnbHOW CNocobHOCTU ocBellaemMoro oobekta. OObEKT MOXET ObITb Yep-
HbIM UK ©enbIM 1, MOHATHO, YTO 3TO He OAHO U TO Xe. Ecnn o6bekTbl Oenble, TO, ECTECTBEHHO, NPY OAHOM
N TOM Xe KONMYEeCTBE CBeTa Mbl CMOXeM BuUAeTb bonbLue. [oaToMy, roBops 06 0CcBeLeHHOCTU, HEOOXO0-
OUMO BBECTU elle oauH hakTop: KOIMULNEHT OTpaXKeHUs, Bbipa)KeHHbI B npoueHTax. OnpegeneHune
KoahpULMEHTA OTPAXKEHNS] MOXKHO 3aaTb CrieAyLMM NPOCTbIM COOTHOLLIEHUEM:

P = ompadicennblil 0Om nROEpXHOCMuU céem/nadarouutl Ha nosepxnocms ceem= E/L - [%] (6)

Ha npakTuke aTa BennymMHa MeHseTCcs OT O4eHb HM3KOro 3HadeHus B 1% ans yepHoro 6apxaTta, 32% and
00bI4YHOM NoBepxHOCTH No4Bbl A0 93% Ansa unctoro 6enoro cHera. Koxa yenoseka eBponeongHon pachl
nmeet KoadduumeHT oTpaxeHunsa ot 19 go 35%. VicneitatensHas Tabnuua CCTV Labs, koTopas Haneva-
TaHa Ha 00MoXKe 3TON KHUTKN, UMeeT KoahnumneHT oTpaxeHus okono 60-70%.

OTOT (haKkTOp OYEHb BaXKeH Npu onpeferieHnn MMHUMarnbHON OCBELLEHHOCTU Kamephbl, Tak Kak npu oauHa-
KOBOM YpPOBHE OCBELUEHHOCTU, HO PasfnyHbIX KOIPULMEHTaX OTpaxeHusd, obbekTbl ByayT vMMeTb
pasnUYHyo APKOCTb, KOCBEHHO BMWSIS HA NPOU3BOAUTENBHOCTb Kamepbl.
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I/I3MepeHHe OCBCIICHHOCTH € IIOMOIIBIO IKCIIOHOMETPA

OueHb YacTo Ham HeobxoaMMO M3MEPUTb OCBELLLEHHOCTb TOrO UIM MHOro ob6bekTa. [nsa 3Toro Mbl MOXeM
BOCMONb30BaTbCA MOKCMETPOM, KOTOPbIM NpefHasHavYeH MMEHHO Ang Takux namepeHuii. Korga Bbl nonb3ye-
TeCb FIIOKCMETPOM, TO NEPBOE, Ha YTO criedyeT 0bpaTuUTe BHUMaHKE, 3TO ero ananasoH namepenuin. C nomo-
LI TUMMYHOTO JIIOKCMETPA Bbl MOXETE NMPOBOANUTL M3MEPEHMS OCBELLEHHOCTU He Bonee 1 ntokca (onsa 6ornb-
LWMHCTBA CryvyaeB 3TOr0 BMOMHE [OOCTaTOYHO).
[Mpn HN3KOM YPOBHE OCBELLEHHOCTU MeHee 1 niok-
ca (B ycrnoBusIX HOYHOW BUOUMOCTU) Mbl yXXe He
CMOXEeM MONb30BaTbCA TaKUM FHOKCMETPOM, HO
BMECTO HEro MOXXHO B35ATb Ooree ka4yeCTBEHHbIN U
poporon boToakcnoHoMeTp. B npogaxe nmeetca
HECKOSbKO M3BECTHbIX MapokK, Takmx, Kak Sekonic,
Minolta n Gossen, n HekoTopble U3 HUX BblgalT
pes3ynbTaTbl U3MEpPeHnsi cpasy B HOKCax.

Bnpoyem, ecnu y Bac He okasanocb NoA pyKoW
NIOKCMEeTpa, TO MOXHO OOOWTUCbL U OObIYHbLIM
3epkarnbHbiM dboToannapaTtoM, a TOYHee — €ero
BCTPOEHHbIM 3KCMOHOMETPOM, XOTsl pe3yrnbTaThl
N3MepeHnii 1 He ByayT BblpaXaTbCsl B JIHOKCaX.

OTO MOXeT oKasaTbCHA OYeHb y,EI,O6HbIM NHCTPY-
MEHTOM, NO3TOMY Aanee A 00BbSACHI0 NMPUHUUMbI
N POPMyIbl, MO KOTOPbIM Bbl CMOXETE MEepeBecTy Puc. 2.9. Unouxayus sxcnoHomempa 6 cogpemenHom
Nony4YeHHbIe pesynbTaThl B JTHOKCHI. 3epKanbrom omoannapame

CTOUT 3aMeTUTb, YTO BOMbLUMHCTBO 3epKalibHbIX (bOToaﬂI'IapaTOB nMerT BCTpoeHHbIVI JTIOKCMETP, TOoraa Kak B
Opyrmx Tmnax (bOToaﬂﬂapaTOB €ro MOXeT N HE OKa3aTbCA. I'I03Tomy €CI Ha Ballem d)OToannapaTe HeT HUKa-
KX NHOMKATOPOB AJ14 exposure and aperture, To 45151 N3MEPEHUST OCBELLEHHOCTN OH HEMPUIO4EH. Takxke cne-
OyeT HanoOMHUTb, YTO ONA bonee aKKypaTHbIX M3MepeHMVI JIOTM4YHO MCNonb30BaTb d)OTOKaMepy C TakKmM xe
nosnem 3peHnd, Kak n'y npe,u,nonaraemoﬂ Tenekamepsbl, AnA KOTOpOI7I Mbl MPOBOAUM U3MEPEHUA.

Mo 3TOV MpUYMHE Nny4lle UMeTb TPaHCKOKATOP, YTO MO3BONUT HAM NodoGpaTb Mosie 3PeHUst NMPUMEPHO
Takoe e, Kak 1 y npeanonaraeMoi Teriekamepsi.

[lns Ha4Yana gaBanTe HEMHOIO OCBEXMM Hally NaMsATb U BCMOMHUM HEKOTOpPbIE ObLLMe MPUHLMMbLI 3KCMO-
31uumn poTorpadryecKkon NneHkKu.

Ha Bcex dhoToannapatax MHOUKATOPbI BbIAEPXKKM YKa3blBaOT BPEMS B CEKYHAAX, a TOYHEEe cka3aTb — B
Jonsax cekyHabl. Takum obpa3om, korga Mbl BUAMM, YTO MHOUKATOP BbIAEPXKKM MOKasbliBaeT umcrno 125, ato
Ha camMOM Jerne O3HayaeT, YTO YCTaHOBIEHA BblAepKKka ANMTENbHOCTbI0 1/125 cekyHabl. UToObl n3dexartb
nyTaHuLbl Npu ONUTENbHON BbIAEPXKKE, KOr4a BPeEMsi yka3blBaeTCsd B CeKyHAax, MOCMe 4Yucra CTaBUTCS
OyKBa «S», TO €CTb «2 s» 0003HayaeT BbIAEPXKKY ANUTENbHOCTbIO 2 CeKyHAbl. CTaHOapTHbIM BPEMEHEM
BbIAEPXKKM cunTatoTcsa cnepyowme 3Hadvenms: 1; 2; 4; 8; 15; 30; 60; 125; 250. Bce 3T0, pasymeeTcs, 4onm
cekyHabl. Bnpoyem, cyllecTByoT 1 Mmogenun otoannapatoB, KOTOPbIE NMO3BOMSAIOT BbICTABUTbL BbIAEPXKKY
6onee 1 cekyHabl 1 meHee 1/1000 cekyHabl. Kak Bbl y>ke, BEPOSAITHO, 3aMETUIN, 3HAYEHUS BbIOEPXKKM Bbl-
6paHbl Takum 06pa3om, YTO KaxkJoe crneaytoLlee 3Ha4YeHe NPMMEPHO B ABa pasa Kopoye npeabiayLuero.

WHaukaTop anadparmbl nokasbiBaeT 3HadeHus B F-uncnax. Tak ymcno «5.6» obosHavaet F-5.6. Yem 6onb-
e 39TO YMCcro, TeM MeHblUe packpbiTa gnadparma. CTaHgapTHbIMU 3HaYeHuamMu 3gecb 6yayt 1.0; 1.4; 2;
2.8; 4; 5.6; 8; 11; 16; 22; 32 n 44. [ina kaxgoro nocneaytowero F-yncna packpbitne guadparmbel 6ygeTt B
[0Ba pasa MeHblue, YeM y npeablayLlero, To eCTb Kaxagoe nocnegyouwee F-yucno 6yget nponyckate B ABa
pasa MeHblUe CBeTa, YeM npeabigyliee B MpMBeAEHHON NocrneaoBaTeNbHOCTL.

Ons Bbl60pa I'IpaBVIJ'IbHOIZ 9KCNno3nuum B Ballem d)OToannapaTe nMeeTca 3KCNoHOMETD, KOTOprIZ BbICTaB-
nAeT KOPpeKTHble 3Ha4YeHNA BbIAEPXKN U ,D,l/la(bpaFMbl. B aBTomMaTuyeckom pexnve oba 3HaveHus onpe-
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Tabnuya 2.1. Ilepeod 5Kcno3uyuoHHO20 YUCIA 8 IIOKCbL

nensaTca aBTomatmndecku. B pexnme npnoputTeTa ,El,l/la(bparMbI Mbl BbI6MpaeM F-uncno, a AJNIEKTPOHUKA
d)OToannapaTa paccynTbiBaeT N yCtaHaBnmBaeT ANMUTENIbHOCTb BblOEPXKN. W, HakoHel, B pexume npumo-
puTeTa BblOEPXXKN BCE NMPONCXoanT HaO60pOT. 30ecb Mbl BPY4YHYIO Bbl6|/lpaeM ONNTEenNbHOCTb BbIAEPXKN, a
F-uncno yCTaHaBlimBaeTCA aBTOMaTUYECKN.

VimetoTcsa pasHble koMOMHaLMM BpeMEHN BbiAEPXKKM U F-ymucna, npu KOTOpbIX, TEM HE MEHEE, Ha MIEHKY
OyneT nonagaTe paBHOE KONMMYEcCTBO cBeTa. Hanpumep, ecnv Ha BawweM doTtoannapate ycTaHOBMeHa
kombuHaums 1/30 ¢ n F-5.6, To Ha NneHKy nonageT NPUMEPHO Takoe e KONMYECTBO CBETA, Kak U Mpu KOM-
6uHauum 1/60 ¢ n F-4. KoHeyHo, B nocnegHem crnyyae y Hac OyaeT HEMHOro MeHbluasi rnybuHa pe3kocTu
C MeHblWKM F-4yncnom, HO B ocTanbHOM nfeHka Oy4eT 3KCMOHUPOBaHa KOPPEKTHO. YunTbiBas hakT paBeH-
CTBa Konu4yecTBa CBeTa C pa3HbIMU KOMBUHaUUAMM BblAEpPXKK 1 F-uncna, akcnepTbl n3 obnactu goTto-
rpachmv pekomMeHgoBanu cneumnanbHyo Tabnuuy aKkeno3numoHHbIx uncen (EV, Exposure Value) gns Bblunc-
NEeHNst Konn4yecTBa CBETa, KOTOPOE U U3MEPSIT aKkcnoHoMeTpbl. Mbl He Byaem BoaBaTbesl B nogpobHoc-
TV TOro, Kakum obpas3oM MpPOM3BOAATCSA M3MepeHus B poToannapaTe, Tak kak 3To notpebosano 6bl
OTAENbHOWM KHUIX, HO B OBLUMX YepTax MOXHO CKa3aTb, YTO CYLLECTBYIOT SKCMOHOMETPbI MHTErparbHbIe,
TOYeYHble, MaTpuU4Hble 1 apyrue. B pamkax 4aHHOW KHUIMM HET CMbICIia paccMaTpyBaTth UX OTNMYKS, OTMe-
TVM NWWb, 4YTO B OOMbLIMHCTBE hoTOANMapaToB UCMOMb3YETCS Kak MUHUMYM MHTErparnbHbIA SKCMOHO-
MeTp. OTO BMOMHE MOAXOAUT ANs Hawewn cdepbl, Tak Kak B BUAEOHAOMOAEHNN YPOBHM OCBELLEHHOCTM
MOryT ObITb OnNpeaeneHbl TONbKO NPUBM3NTENBHO.
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CCTV 2. Ceéem u menesudenue 35
B uvHCTpykuMn nonb3osaTens dotoannaparta OBbIYHO | rMopsakoswii | Belaepxka () | [uacpparma | Mopsakosiit
nmeeTcsa Tabnuua IKCMO3ULMOHHBIX YMCEN, KOTOPas | womep (RN) (F-ancrio) Homep (RNy)
BbIrMSANT NPUMEPHO TaK e, Kak U npuBedeHHas B 0 1 1 o
Hallen kHure Tabnuua.

1 12 1.4 1
B GonblwunHCTBE cryvaeB Tabnuua 3KCMO3ULMOHHBIX 2 174 2 2
ymcen oTHocuTcs K POTOMMEHKe (MK K maTpuue, ecrnu 3 78 28 3
y Hac uncpoBon doToannapart) ¢ YyBCTBUTENbHOCTbIO
100 eguHuy ISO, a aTo gocTaTOYMHO CTaHOapTHas 4 s 4 4
coTonneHka. Mo 3Toi NpUYMHE B HALUMX AAmNbHERLLMX 5 1130 5.6 5
BblUMCINIEHUSIX Mbl OyleM cyMTaTh, YTO B HalleM hOoTo- 6 1/60 8 6
annapaTe 3apsbkeHa nrneHka UMEHHO C TakoW YyBCTBU- 7 1125 11 7
TenbHOCTbO. KOHEeYHOo, Mbl MOXeM Kcnonb3oBaTb 5 550 T :
MMAEHKY U C OPYron YyBCTBUTENbHOCTbLIO, HO 3TO NMOTpe-
OyeT HeBOMNbLIOW KOPPEKTUPOBKM HALLUMX pacyeToB. 9 1/500 22 9

10 1/1000 32 10
Tabnuuy 3SKCNO3ULMOHHBIX YMCEN MOHATb HECMOXHO. 17 172000 25 v
Hanpumep, kombuHaums 1/30 ¢ n F-5.6 gaet akcnosu-

umoHHoe umcrio 10. To xe camoe uucno nonyuntca ¢ Tabauya 2.2. Omuowenue medicoy nopaokosvimu
koMBuHaumen 1/60 ¢ n F-4. Tabnuua 3SKCNO3ULIMOHHbLIX HOMepaMU, 6b10ePIHCKOLL U QUAPPazMOt

yucen nonyyaeTtcsa NpuM CyMMUPOBaHUN NOPSAKOBbIX

HomepoB (Reference Numbers) onsa sBpemenn Boigepxkn n F-uncen (RNt + RNf). [na ynobctsa mbl NpmBo-
Oum 1 Tabnuuy ¢ NOpsiAKOBbIMUM HOMepamK BblAepXkn n F-yncen. Hanpumep, B aTon Tabnuue gnutens-
HOCTU Bblaepxkn 1 cekyHaa n guadparme F-1.0 cooTBeTcTBYeT NopsiakoBbii HOMep «Ox». MNopagkoBbin
HoMep «1» COOTBETCTBYET OANMUTENbHOCTU BblAepxkn 1/2 cekyHabl v gvadparme F-1.4, nopsagkoBbin
HOMeEp «2» — ONUTENbHOCTY Bblaepxku 1/4 cekyHabl n guadparme F-2 1 Tak ganee no nopsgky.

Okcno3unumoHHble yncna (EV) nonyyatroTca cnoxeHnem aTuMx ABYX NMOPSAKOBbIX Yucen. Hanpumep, akcno-
3ULMOHHOE YMcno Ans KomOuHauum Beigepxkn 1/30 cekyHabl u guadparmel F-2.8 6ygeT paBHo 8, Tak kak
nopsakoBbIi HoMep Ansa Bbigepxkn 1/30 cekyHabl OyaeT 5, a ana gnadparmel F-2.8 aTo 3.

[MpuBeay Heckonbko NPOCTbIX hopMyn (0 HMX A yxxe nucan B xypHane « CCTV ®okycy), KOTopble S BbiBEN
Ang npubnusmTensHOro pacyeTa NopsaKOBbIX HOMEPOB, €CMNW HET COOTBETCTBYIOLLEN Tabnuubl Nog pyKOK:

RN, = 6.7 - Ig(F-4ucao) (7

F-4ncno 3geck cooTBETCTBYET TOMY, UTO HaM Bbl4aeT 3KCMOHOMETP
doToannapara.

(8)
RN =-3.32" Ig(1)

t 30ecb COOTBETCTBYET peasnibHON ANMTENbHOCTM BbIAEPXKKM, TO €CTb €Cfn SKCMOHOMETP HaM NnokasbiBaeT
125, To B (hopmMyny Mbl 4OMXHbI noacTaBnatb 1/125 cekyHabl BMecTo t.

Mpwn XenaHum MOXHO MOACTaBNATb U Oonee MpuBbIYHOE YMCo 125 (Ha3oBeM 3Ty NepemeHHy «T»)
BMECTO pearibHOW ANUTENbHOCTM BbIAEPXKU t, HO Torga 3HaK MMHyca nepeg norapndmMom nponagaeT, u
dopmyna byaeT BbIrmMageTb Tak:

(8a)
RN, =3.32 Ig(T)
He 3abyapbTe, Y4TO Mbl UCMOSIb3yeM OECATUYHbIE NTorapudMbi.
JKcno3unumoHHoe Yncno (EV) BbIYUCIIIETCS CIIOKEHNEM [ABYX MOSyYEHHbIX 3HAYEHWIA:
EV= RN + RN,= 6.7 - Ig(F-uucno) - 3.32 - Ig(1) 9)

nnun, ecim Mbl UCNoJb3dyem T BmecTo t:
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36 2. Ceem u menesuoenue CCTV
EV=RNI+ RNT (9a)

PaCCMOTpl/IM, KaK 3TO AenaeTcd, Ha npakTuke.

HonycTtum, B Mol choToannapaT 3apshkeHa nrieHka ¢ YyBcTBuTenbHocTbio 100 eanHmy, ISO, a BCTPOEHHbIN
9KCMOHOMETP MoKa3biBaeT 3HaveHue Boligepxkn 1/250 cekynabl u gnadparmel — F-8. B atom cny4yae
NnopsiAKOBblIE HOMEpa ANS BbIAEPXKKA U guadparMbl U 3KCMO3ULUOHHOE YUCIIO CHUTAKTCHA Creaylowum
obpasom:

EV=RN +RN =6.71g(8) - 3.32- lg(1/250) = 6.7 0.9 + (-3.32) - (-2.398) =6 + 8= 14
(pes3ynbTaTt Mbl OKPYIrisgem).
3aBUCUMOCTb mMexay SKCno3nuymMoHHbIM YACITOM U OCBELLUEHHOCTbIO OnncbiBaeTCAd crneayrwmmMm ypaBHEHNEM!
D22 2.5 - 20N M)y = 3 5 - 2% (10)

B npaBou 4acTtu npuMBeeHHOro ypaBHeEHUs1 2 BO3BOAMTCSH B CTeMNeHb 3KCMNo3uumMoHHoro yicna (EV), nony-
YEeHHOEe 3HayeHune YMHOXaeTcs Ha 2.5, 1 B pe3yrnbTaTe Mbl NOSy4YaeM OCBELLEHHOCTb [/1K , BbIpaXXEHHYIO B
niokcax. Hanpumep, ecnun akcnosnumMoHHoe yncrno gotokamepsbl 6yaeT 15, To cooTBeTCTBYOLWAA 3TOMY
Yncny OCBELLEHHOCTb BblYNCASETCA Kak:

Ik =2.5-2°=81,192 2

KoHeuyHo, B Hawwmx M3MepeHndax Takad TO4YHOCTb HEBO3MOXKHA, TaK KakK Mbl HE y4YUTbIBAaeM MHOXECTBO d)aK-
TOPOB, BKIKOYaA oTpaxaTesibHYH CMNoCcoOHOCTb OKpy>XakLwunx 00beKTOB, nepBnyHble NCTOYHUKMN CBETA B
nore 3peHnaA, KOTopble CUITbHO BITUAKT Ha Cpe,EI,HI/II7I YPOBEHb OCBELEHHOCTHN, N T.4.

[MoaToMy nony4YeHHbIM pesynbTaT Mbl okpyrisem o 82,000 nk.

CnepyeTt 3aMeTuUTb, YTO «ANHAMUYECKUI AManas3oH» BCTPOEHHbIX 3KCMOHOMETPOB MOXET BapbMpOBaTbCA
B 3aBUCMMOCTM OT MoZenu cdoTtoannapata. Yem nydwe doToannapart, TEM WMPE AMana3oH ero 3KCroHo-
mMeTpa. Takke Npu NPUMEHEHUN HalNX MHCTPYKLUUIN MO U3MEPEHUIO YYBCTBUTENBbHOCTM Ha NPaKTUKe He
cnegyeT 3abbiBaTb O YyBCTBUTENbHOCTU POTOMNMEHKN, KoTopasa gomkHa 6bite 100 eguHuy, ISO. KoHevHo,
MOXHO MCMONb30BaTb POTONMEHKY M C YyBCTBUTENbHOCTBIO 200 eanHny 1ISO, HO NpY 3TOM 3KCMO3ULMOH-
Hoe uucno GyaeT cABMHYTO Ha +1 3HayeHue, Tak kak dpotonneHka 200 ISO B ABa pasa 4yBCTBUTENBHEE
doTonneHkn 100 ISO. doTtonneHka 400 ISO B yeTbipe pasa yvyBcTBUTENbHEE doTonneHkn 100 ISO, u
COOTBETCTBEHHO 3KCMO3ULMOHHOE YnCro ByaeT cABMHYTO Ha +2 3HadveHus. Hanpumep, ecnn mbl bygem
nNpoBOANTb Hawm namepeHnsa ¢ otonnerHkor 200 1ISO n nonyymm 3KCNO3UUMOHHOE Yncro 16, To aTo
Oynet akBmBaneHTHo 15 ¢ dhotonneHkon 100 ISO.

B 3akntoueHne mMbl paccMOTPUM ellle OAMH NPaKkTUYeCKUiA npumep.

[onycTum, BCTPOEHHbIV 3KCMOHOMETP Moero poToannaparta nokasbiBaeT Bbiaepxky 1/15 ¢ n gnadparmy
F-2.8. B cdbotoannapar 3apsibkeHa cotonneHka ¢ YyBcTBUMTENbHOCTLIO 100 eguHuy 1ISO. B pesynbTaTte Mbl
noriy4aem 3KCNo3uLMOHHOE YNUCHO:

EV =67 1g2.8) -332-1g(l/15) =3+4=7

(F-2.8+1/15)

YT0 AacT Ham OCBELLEHHOCTb
Ik =25-2"=320ax

YT106bl NepeBecTM 3TO 3Ha4YeHNe B pyT-KaHAEnNbl, HYXXHO pa3genutb ero Ha 10, 4To gacT Ham npubnuau-
TenbHO 32 dyT-KaHAenNbl.

BOMbLWMHCTBO U3 HAc, BEPOSATHO, 3HAIOT, YTO B COSTHEYHbLIN AeHb YPOBEHL OCBELLEHHOCTU COCTaBNSAET Npu-
mepHo 100,000 nk, B 06b1MHOM ochrce — npumepHo oT 100 go 1000 nik, a nyHHOWM HoYbo — okono 0.1 nk u T.4.
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CCTV 2. Ceem u menesuoenue 37

B ApKui CONMHEYHbIN AeHb Mbl NOMyYMM 3KCNO3ULMOHHOE Yucno nopsaka 15-16, Torga kak ans Bugeo-
HabMAEeHNST HOYBKO MPUM HOPMarnbHOM YIIMYHOM OCBELLEHUN 3KCMO3ULMOHHOE Ymcno byaeTt 3, 4To npwm
nepesoge agact Ham 20 fk.

He 3abbiBante 06 orpaHM4yeHHOM [uana3oHe U3MEPEHUN 3KCMO3MLMOHHOro yucna. Y 6onbliMHCTBaA
doToannapaToB AnanasoH M3MEPEHUA SKCMO3MLMOHHOIO Ynucna nexuTt B nHtepsane ot 1 go 20. 3T1o0
0O3Ha4vaeT, YTO CaMbli HU3KMI YPOBEHb OCBELLEHHOCTU, KOTOPLIN Bbl CMOXETEe M3MepUTb Takum ¢poToanna-
patom, paBeH 5 nk. OToro GygeT BNofiHE AOCTATOYHO MPU NPOEKTUPOBaHMU BOSbLUMHCTBA CUCTEM BUOEO-
HabntoaeHns, HO ecrnv BaM HEOOXOANMO M3MepUTb 1 Gornee HU3KNE YPOBHM OCBELLEHHOCTU, TO S PEKO-
MeHAY npuobpecTn NpodecCcunoHanbHbIN OKCMETP UM POTO3KCNOHOMETP.

Borumciienne KoJM4ecTBa CBeTa, Najaiero Ha poronpueMHUK

UToObl kak cnegyeT cebe NpeAcTaBUTb «CBETOBOW BOMPOC» C TOYKM 3PEHUS Kamepbl, HAM HY>XHO 3HaTb,
Kakoe KONMmM4ecTBO CBeTa AeWCTBUTENbHO NagaeT Ha (hOTONPUEMHNK.

BenunuunHa oceelyeHHocTn Ha MN3C-maTpuue (MC Ha M3C) (unu nuueson naHenwn) E,;; B NepByto ovepesb
3aBUCUT OT SIPKOCTM 0ObekTa L, a Takke oT F-uncna, T.e. cobupatollen cnocobHOCTU NMH3bL. Yem Hmke F-
yucro, Tem Gorblle cBeTa NPOXOAUT Yyepe3 00BLEKTUB (HUXKE Mbl eLLe pacCMOTPUM 3TOT BOMnpoc). dTa
BENMYMHa Takke nporopumoHanbHa ko3 duumeHTy nponyckaHust o6bekTuBa T. A UMEHHO, B 3aBUCU-
MOCTM OT Ka4yecTBa CTekna 1 NPOn3BOAUTENS, a Takke OT MEXaHWKM BHYTPEHHUX MOBEPXHOCTEN, onpeae-
NEHHbIN NPOLIEHT CBETA TEPSETCS B CaMOM OO beKTMBE.

Bce BblILLUEYNOMAHYTbIE q)aKTOpr MOXXHO npenctaBsnTb crneayrwnmMm COOTHOLLEHNEM!
E_=L-t-w/(4 F) [ (11]

Huxe Mbl nmokaxeMm, Kak BbIBOAUTCS 3TO COOTHOLUEHWe, YTobbl MoAW, UCMonb3yst 3TU OPMYIbl, MOMN
YeTKO MoHMMaTb, YTO 34ecb NpeanonaraeTcs, a Yto annpokcumupyeTcs (11). Ho nockonbKy Ans atoro
TpebytoTca 6onee CrnoXxHble MaTeMaTUYECKME BbIKNAAKW, TO YATATENMU, HE UCTbITbIBAKOLLME K 3TOMY UHTE-
pec Unn He UMeOLLME COOTBETCTBYHOLLEN Gasbl, MOTYT NPOCTO BOCMOSb30BaTbCA COOTHOLWeHMeM (11) kak
OHO eCTb, MOMHS MpPU 3TOM, YTO L — 3TO cpefHss sipkocTb 00bekTa (B ntokcax), T— 3T0 KOIPPULNEHT
nponyckaHus obbekTmBa (B npoueHTax), F— ato F-uynucno n 7 pasHo 3.14.

Ob6bekKT, Haxo4sLWwmncs B none 3pPEeHNA KaMepbl U OCBELLEHHbIN UCTOYHUKOM CBETa, MncnycKkaeT CBEeT Nnpak-
TUYEeCKN BO BCEX HaAMpaBlieHUAX, B 3aBUCUMOCTU OT (byHKLWII/I OTpaXeHuns. Ha NnpakTnke 00ObEeKT ¢ rnagku-

e

e

Puc.2.10. Jlambepmosckas pacceusaioudas nosepxHocms
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38 2. Ceem u menesuoenue CCTV

MW NMOBEPXHOCTAMU B OonblUMHCTBE Cliy4aeB MOXeT CHYUTaTbCA ﬂaMGepTOBCKOﬁ paBHOMEpPHO pacceun-
BawLien NMOBepPXHOCTbHO.

Toraa MOXHO paccMaTpuBaTh MOTOK, MPOXOASLLMIA Yeped Nofycdepy paaunyca 7 ¢ LeHTpom ds. Mycts df
— 370 npupatlenue yrna # K Hopmanu, Torga noTok B o6beme, 06pasoBaHHOM BpalleHrem yrna d6 npo-

XOANTHYEPE3 OKPYKHOCTb Ha MOBEPXHOCTU CAHEPDI, MPUYEM PaaMyC OKPYKHOCTU paBeH r dB, anuHa — 21T
r’ sinB do.

OTa anemeHTapHas nnoLjagka Ha NoBEPXHOCTM cdepbl 3a4aeTcsl CreayloLLMM COOTHOLIEHNEM:
dA=2mr’sin@df (12) v Toraa TenecHbIl yron w, CTArMBaEMbI KOHYCOM B LIEHTpe cdepbl,
3a7aeTcsl COOTHOLLEHUEM:

w=dA/r’=2mr’sin0dl /r’=2wsin0dl [crepaguaH] (13)
NMOCKOMbKYy Cuna cBeTa Ha NambepTOBCKOW NOBEPXHOCTH (MOTOK B CTepaamnaHe) B 3a4aHHOM HarnpasieHum
NponopuUMoHanbHa KOCUMHYCY Yria K HopMarnu. a cuna ceBeTa MNosiHOWM NOBEpPXHOCTU B HanpaefeHun Hopma-
nu paeHa /, To nog yrnom 8 ona 6ynet pasHa l cosfl. Cuna ceetadl anemeHTapHom NnoLaaky ds pasHa:

dl =1IcosBds/s [niomen/cTepaanaH = kaHaer] (14)

NOCKOJ1bKY I/s aTo AencTBMTENbHasA OCBELLEHHOCTb L B nepneHgnkynapHoM HanpaBsiieéHuun, 1o Bblllenpu-
BeJeHHOEe COOTHOLWLEeHNe NpUHNMaeT BUA:

dl = L cosf ds [ka] (15)

OnemeHTapHbIN NOTOK dF paBeH anemeHTapHou cune cseTa dl, NOMHOXEHHOWN Ha TeNeCHbIN Yron:
dF = L cosOds 2 wsinfdf  [nm](16)
O6LLMI NOTOK B KOHYCe, 0BpasoBaHHOM yriiom B, MOXHO HanTu HTerpuposaHmem ot 0 aob:

F= [2Lds sinf cos® d0® = 1 Lds sin*0 [ru] (17)

Ecnu Mbl XOTUM HaWTU MOMHbIA CBETOBOW MOTOK, UCMYCKAEMbIi BO BCEX HANpPaBreHWsIX, TO HY>HO Moro-
XuTb yron @pasHeim 90°, Torga nonyymMm:

F = Lds [ (18)

Tenepb, ecnv Ham Hago cocuynTaTb NOTOK B TENECHOM yrrne, meHbluem 90°, kak 3TO NPOMCXOAUT B Cryyae,
Korga kamepa HanpasrieHa Ha 00BbekT, obLLmMi NOToK F; 3agaeTca OpMyron:

F, = Lds,sin’0, [nw] (19)

Ecnun koadpurumeHT nponyckaHusa NnH3bl paBeH T, TO NOTOK, Nagatowuin Ha nnockocTs M3C (unu nuuesyto
naHenb), paBeH:

F _=F r=xalds sing

OcgeleHHocTb MN3C-maTpuubl (v nuuesor naHenu) bygeT paBHa NOTOKY, AeNEHHOMY Ha nnowaib, T.€.

E,. = tmwlds,sin’0, /ds,. [ (21)

H3c
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Puc.2.11. Boiuucnenue c6emogozo uznyyenus ¢ nNOMowbio 1amoepmoscKoll pacceusaroujeli R08epXHOCmu

OtHowenve (ds,,./ds ), obpaTtHoe KOTOPOMY MCMONBL30BANoCh B Npeabiaylien hopmyne, M3BECTHO Kak

Ko3dhpuumneHT yBenmyeHusa oobektnea m. KoshmuneHT yBenmyeHns MoxeT ObiTb Takke annpoKcu-
MMWUPOBAH Kak OTHOLLIEHWE MeXay POKYCHbIM PaCcCTOAHMEM JTMH3bl U PACCTOSIHUEM OT NMH3bl 0O 06bekTa

m = (f/D)* =ds,, / ds, 22)
Korga Mbl npovsBenem NoAcTaHOBKY 3TUX OTHOLLEHWUI B HaLLy OCHOBHYH POPMYIY, TO NMOMYYUM:

E, =m7Lsin0,(D/)? [K (23)

3pecb notpebyeTcss BBECTU elle OOHO OTHOLUEHWE, CBA3aHHOe C 0ObekTuBoM (d/f), KOTOpoe Takxe
M3BECTHO Kak F-umcrno obbekTuBa. [nsi 06GBHEKTOB, KOTOPbIE PacCMONOXeHbl AOCTAaTOYHO Aaneko oT
Tenekamepbl (@ 3TO TUNUYHO B OONbLIMHCTBE Cry4yaeB ANA CUCTEM BuaeoHabnwoaeHus) oyper
cnpaBeanvBeo crneaytoLlee:

yraﬂ HI’[BC

5 ~ yron 6,

SnemeHTapHas
_nioujanka obbexkTa

i

Puc. 2.12. Bouucaenue konuvecmsa ceema, nadarowezo na 113C-wampuyy
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40 2. Ceem u menesuoenue CCtvV

1g6, = d/2D = sin6, / cosB, = sinf, (24)

Takoe gonyuleHne umeeT NpaBo Ha CyLLeCTBOBaHME, NOTOMY YTO 4SS O4eHb BOMbLUMX PacCTOSAHUN 40
obbekTa yron 90 OyneT KpalHe Mar, a 3Ha4YeHne KOCuHyca 3Toro yrra oyget cTpemMuTbes K 1.

Taknm o6pa3om, Mbl MoxeM 3amenuTb sin’, Ha(d/2D)" , v Halwe ypaBHeHWe NPUMET Crieayownil BUA;
E =m7tL(d/2D)(D/f) [« (25)
3T0 ypaBHeHWEe MOXHO YNpPOCTUTb:
E, =m7L(d°/4D°) (DYf?) = w7 L (d°/47) (26)

W, HakoHel, 3To ypaBHeHVe npeobpasyeTcsa B ynpoleHHyo dhopMyrny Ans pacdyeTa KonvyecTBa CBeTa,
nonagatoLLero B poToNpUeMHNK:

E, .=m7L(4F) [n4 (27)

OT0 o4veHb yanobHas u nonesHasd dopmyna Ang npubnM3anTenbHOro pacyeTa OCBELLEHHOCTU
doTonprMemMHmKa, NOCKONbKY B HEN UCMONb3YeTCs TONbKO ABE NepeMeHHble (ApKocTb 0bbekTa u F-uncno
obbekTMBa). Bnpouyem, He cnepyeT 3abbiBaTb: opmyna aTa npubnusutenbHada, ee crnegyet
Mcnonb3oBaTb TOMNbKO AN rpybbix pacyeToB M TOMbKO B TEX CriyYyasX, Korga BbINOJHAIOTCA YCNOBMS,
crnpaBefnvBble ANSA BbIWEYNOMSAHYTbIX AOMYLWEHWI, TO eCTb TernekaMmepa AOoMmkHa OblTb HanpasneHa Ha
00ObekT, paccemBaWmnin CBET NPUMEPHO Tak Xe, Kak nambepToBcKkas paccemBatollas NOBEPXHOCTb
(B peanbHOCTM Tak BegyT cebs 6oNbWMHCTBO OOBHEKTOB, KpOME 3epKkan U MM NogobHbIX MOBEPXHOCTEN), a
caMm 00bekT JOoMmKeH BbITb pacnonoXeH AOCTAaTOYHO Aaneko (Mo cpaBHEHUIO C (POKYCHBIM PacCTOSAHUEM)
oT Tenekamepbl. OBbIYHO KO3 DULMEHT NponyckaHns obbekTuBa MeHsieTcs B npegenax ot 0.75 go 0.95.
Ecnu nponssoguTens ero He ykasbiBaeT, TO AN BbIYUCIEHUA MOXHO NpUHUMaTh 3HaveHme 0.8.

[asante paccmoTpum npumep. MNMycTb OCBELEHHOCTb MAOCKOCTM 0b6bekTa cocTasnseT okono 300 nk, kak
npYMepHO B NMIO6OM nomeLLeHnmn oduca (nycTb 310 6yaAeT Eqpject), APKOCTb MOXHO HaWTK, NCNOMNb3Ys KO3M-
ULMEHT OTPaXKEHMS OKPYKatoLLMX 0OBbEKTOB, T.€. L= Eqpiect - P. Kak yrxe ynommnHanoch Bbille, pasnuyHble
00BEKTLI MMEIOT pasnnyHble KO3ahULMEHTBI OTPaXXEHWS, HO Mbl HE Jarleko ynaem OT peanibHOCTU, eCriun
npumem ero pasHbiM 50% Ansa ycnosun oduca. Ecnv gnadparma obvektuBa yctaHoBneHa Ha F/16, 1o
ocselleHHocTb M3C-nnockocTn BygeTt cocTaBnaTb NpubnuanTensHo E,,.= 0.8-3.14-300-0.5/(4-256) =
0.36nk. 310 BMecTe ¢ APY (AGC) kamepbl BNOMHE peanucTuyHas ocBeLLeHHOCTb nnockocTu M3C-maTpu-
Lbl MofiHoro BuaeocurHana. Ecnu xe gnadparma odvekTBa yctaHoBreHa Ha F/1.4, Hanpumep, TO ocBe-
weHHocTb M3C-nnockoctn 6yaeT paBHa npumepHo 48 Nk (cornacHo cooTHoLWeHuto (17)). OTo 3HaveHune
ropasfo Bblwe Heobxoaumoro anga MNM3C-maTpuubl, 1 Ha NPaKTMKe OHa MOXeT AaTb y3HaBaemoe n3obpa-
)KeHWe, TONMbKO ecnu UCMNomnb3yeTcsa aBTOyCTaHOBKa AvadparmMbl UM €CNn kaMepa CHabXXeHa 3MeKTPOoH-
Homn BcTpoeHHon (nnu M3C) guacdparmon. Ecnu ncnonb3dyetcsa pyyHas yctaHoBka F/1.4 n APY kamepsbl
OTKItOYEHA, 48 NK Ha Ynne JacT UHTEHCUBHOE UMK pa3MbiToe Genoe nsobpaxeHue.

ba3oBoe npakTudeckoe NpaBumo 3akMyaeTcsa B TOM, YTO Jaxe C HU3kMM F-yncnom ob6bekTnB ocnabns-
€T CBeT B [ecATku pas. Yem Bbiwe F-uyncno, TeMm HUXe Konn4ecTBo cBeTa, gocturatowero MN3C-nnockoc-
Tn. ®akTnyeckn oHo obpaTHO NPONOpLUMOHanNBHO KBagpaTy F-yucna.

MonyyeHHble pe3ynbTaTbl NPUBOAAT HAC K OYEHb MHTEPECHOMY BOMpOCy, cBa3aHHOMY ¢ 3C-kamepamu
(ocobeHHO 4/6): ecnu OCBELLEHHOCTb 0OBbEKTA Takas e, Kak B CONMHeYHbI aeHb (npumepHo 100 000 k),
To F-uncno fomkHo GbITb 04eHb Benuko. OTo nopsigka 0.1-0.3 nK (Mnv okono Toro) Anst MOSTHOrO BUAEO-
curHana. Takoe F-4yncno AencTBUTENBHO CTOMb BEMUKO, YTO OObEKTMB AOKEH 0CNabnate curHan B
1 000 000 pas. Ucnonbays npubnuxkeHHyto dopmyny (16) n npeanonarasi Takue xe 3HadeHns ansa 7=0.8 n
p=0.5, a Takke umes B Buay, 4to N3C-matpuua kamepbl TpedyeT 0.2 nk Ha 1 Vpp curHan, mbl nonyymm F-
yucno, pasHoe 886.
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OT0 04yeHb BOMbLIOE YNCIO AN MEXAHUYECKMX CPeAcTB (MMCTOBOro 3aTBopa). TOYHOCTb €ro ABUKEHUS
orpaHunyeHa, 1, 4To ewe 6onee BaXHO, NpWM ManblX PackpbITUAX AnadparMmbl CTAHOBUTCHA 3aMETEH Hexe-
naTesnbHbIn ONTUYECKUA 3QOEKT, Ha3biBaEMbIN KpaeBoKn pedpakumen dpeHens. Ha npaktuke aTo o3Hava-
€T, YTO OYeHb BbICOKME F-ymcna He MoryT ObiTb JOCTUIHYTbI MPY UCMONb30BaHMM MWL MEXaHUYECKMX
MeTodoB. [103TOMy MCNONb3YKTCA cneumnanbHble ONTUYecKne OUNbTPbl HEMTPanbHOW NAOTHOCTK (neutral
density filter, ND), 4yTo6bl nOMo4Yb 3aTBOPY 06ecneyunTb BbicOkMe F-yncna, Tpebyembie Ans YyBCTBUTEMb-
HbIx M3C-maTpuy,.

[nsa obecneveHnss NOMHOCTLIO HacbILWEeHHOro curHana B 1 Vpp Ha BbIxoAe kamepbl (C OTKMoYeHHon APY) B
cny4dae 4/6 M3C-matpuy, Eq,c 4omkHO 6bITh okono 0.1 nk. HekoTopble npou3BoaMTenu NpuBoasaT bonee
HU3KMEe 3HaYeHUs1, cchblnasicb 0ObIYHO NULLbL Ha MPOLUEHT BUAeocHrHana.

LIBeT u TeneBuICHUE

LiIBeT — oueHb BaxkHasi 1 crioxHas npobnema B BuaeoHabnogeHn. XoTa MHOr1e Bce elle npeanoymtaioT
MOHOXPOMHbIe (4/6) kKaMepbl, KOTOpble UMeT Bonee BbICOKYH YyBCTBUTENBHOCTb W pearnupyroT Ha HeBU-
ONMbIN MHAPaKpaCHbIA CNEKTP, UBETHbIE KaMepbl Nony4vatoT Bce bonee WMpokoe pacnpocTtpaHeHune. 3a
nocriefHne HEeCKOSbKO NeT, NpoLlleaLllne Co BpeMeHu npeablayLwero n3gaHus KHUrm, Hemarno npovsBogu-
Tenewn ctanu npegnaratb Tak Ha3blBaeMble KaMepbl «4eHb/HOYbY», KOTOpble aBTOMAaTUYECKN Mepekrnoya-
I0TCA B YepHO-6enbIn pexnm, Korga ypoBeHb OCBELLEHHOCTM NagaeT HUXKe onpeferieHHOro 3HavyeHus.

LiBeT gaeT LeHHy OOMNOMHUTENbHY MHopMauuio o Habngaembix obbekTax. Ho BaxHee To, 4YTO Yero-
BeYeckui rnas ukcuMpyeT LIBETOBY MHGOpMaLuuto ObicTpee, YeM Menkne getanu obbekta. Brnpoyem,
HeJoCTaTKOM LBETHLIX Tenekamep Obinv Xyawue (Mo CpaBHEHUIO C YepHO-6enbiMy Tenekamepamm) aKc-
nnyataumMoHHble nokasaTenu B YCNoBuUsiX crnabon OCBELLEHHOCTU. OTO CBA3AHO C UCMONb30BaHWEM
MHgpakpacHoro otcekawuero dpunbtpa Ha MN3C-maTpuuax UBETHbIX Teriekamep, KOTOopbI ocnadnseT
CcBeT 1 ybupaeT HeBUAMMOE M3nyyYeHue nHppakpacHoro gnanasoHa. Ha aTom mbl ocTaHoBUMCS Gonee
noapobHO B COOTBETCTBYIOLLEN rMaBe, NOCBSLLEHHON Terekamepam, a cenvyac oTMeTUM, YTO NOCTOSIHHOE
ycoBepLUeHCTBOBaHNe TexHonorun MN3C 3HaumMTensHO yny4ywaeT paboTy UBETHOM KaMepbl NpY MUHUMarb-
HOM ocBelLleHun. Ecnn elle Heckornbko neT Ha3ag Mbl umenu nokasatene 10 nk @ F1.4, To cerogHs MoryT
«BugeTb» npu 1 Nk @ F1.4 Ha oObekTe 1 Aaxe MeHbLUe.

Kak y»xe roBopunocsb, LBeta, KOTopble Mbl BUAUM, COOTBETCTBYIOT BOJTHAM CBETa Pa3HOWN AfMHbI.

Hanpumep, BUOANMBIN Hamy KpacHbIN LiBET — 3TO M3MyYeHne C COOTBETCTBYOWUMN ANMHAMKN BOSH, OTpa-
XEHHOoe OT KpacHOro obbekTa, Ha KOTopbIv nagaeT 6enbiv CBeT.

‘-Iepr|l7| nornoLyaeT BOSHbI NOYTK NOGON ANMHBI, Torga kKak 6enbii 60NbLUMHCTBO U3 HUX oTpaxaer.

Hayka uBeToB O4eHb CNOXHa, 1 CTaHOBUTCS €Lle CroXHee, KOraa oKpyXatlllune Hac eCTeCTBEHHbIe LiBeTa
BOCMPOU3BOAATCS Mpy nomowm nokpbitusa ST nroMuHodopom.

Mpoesa co3gaHus UBeTOB B TENEBM30PE 3aKio4YaeTCs B CMeLIeHUU NyTeM CnoxeHus (agouTUMBHOM)
COCeaHNX NMIOMUHECLEHTHbBIX TOYEK TPEX OCHOBHbIX LIBETOB. OTW KPOLUEYHbIE TOYKM OYE€Hb Marbl U npea-
CTaBNAKT cobon aneMeHTbl Macku akpaHa JJIT-MoHuTOpa. Takasi e KOHLEeNUUs MCNosb3yeTcss U npu
CMeLUVBaHMM LUBETOB B Mra3MeHHbix naHensx u XXK-moHuTopax, HO, MOCKONbKY B BuMAeOHabniogeHum
nonpexHemy Haubornee pacnpoctpaHeHbl 3JIT-MOHUTOPLI, Mbl AeTarnbHO PACCMOTPUM MMEHHO MX.

dakTuyeckoe cMmellnBaHWe LIBETOB NMPOUCXOAMT Toraa, korga Mbl CMOTPUM Ha MOHUTOP C HOpMarbHOMO
paccTosiHus (B napy MEeTPOB), 1 rf1a3 BOCMPYHUMAET UTOTOBbLIV LIBET KaXA0W U3 3TUX TPEX TOYeK.

[ns cpaBHeHUs1, B XX1BOMUCK ¥ MevaTh LBeTa Nomny4atoTcs B pe3ynbTate cCMelleHUsl NyTeM BblYMTaHUSA
LBeTOB (Cy6CTPaKTUBHOrO).

Mpwv apAMTUBHOM CMeLleHUM LUBeT nosnyvyaetcs nytemMm nokpbitua AJ1T nrommuHocgopom, n cnoxe-
HUe LBEeTOB AeflaeT UTOroBbin UBeT spye. [oaTomy, 4yTo6bLI Nnonyuymnncs 6enbiv, JOMKHbI NPUCYT-
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CTBOBaTb BCe TPM LIBeTa B COOTBETCTBYHOLLEN Npo-
nopuun. lMonyvalwwuecss B pesynbTate LBeTa
NPOU3BOAATCA NYTEM CIIOXKEHUS LIBETOB.

Korga uBeTa cMeLIMBalOTCA NyTEM BbIMUTAHUSA, Mbl
ncnonb3yem Gymary unm akpurnoBoe BOJIOKHO B Ka4ecT-
BE BTOPUYHOIO UCTOYHMKA CBETA (OTPaXXEHHOrO), U LiBE-
Ta CMELUMBAKOTCA B HALLEM rrasy nocrie Toro, kak OHu
OTPaXarTcs OT MOBEPXHOCTU. Ecnn Mbl cmelunBaem
(NnyTem CrnoxeHus1) BCE OCHOBHLIE LIBETA, TO MOSyvYaem
Ooree TemHble LIBETa, a He Bonee sipkme. Lieeta cvelun-
BAlOTCS OTPAKEHHbIM CBETOM, Yel LBET onpeaenseTcs
MUrMEHTOM, KOTOPbIN MOrMOLWaeT (BblMUTAET) ANMNHY
BOIMHbI €ro MOBEPXHOCTW.

Puc. 2.13. I[eemnoe uzobpasicenue ¢ menesuoenuu
€030aemcs npu NOMOWU MPOUHBIX MOYEK U3

Ho BepHeMcsi k Tenesmsopy. B kauecTBe OCHOBHbIX, Kak
yKe YNOMMHANOCh, UCTMOMb3YTC TPW LIBETA: KPaCHbIN, Kpucmanmueckozo niomunogpopa (RGB)
3eneHbin u cuHnn (RGB).

Teopvm TenesnaeHnAa N MHOro4YMUCrieHHble 3KCnepuMeHTbl AEMOHCTPUPYHOT, YTO C NMOMOLLIbHO 3TUX TpeEX
OCHOBHbIX LIBETOB MOXHO nepenarb OONbLUMHCTBO ECTECTBEHHLIX LIBETOB (HO He BCG).

OueBungHo, BHYTpY LBETHON JJ1T NMEIOTCS TPU pasHbIX JIIOMUHECLIEHTHbLIX CMOSA, KaXXObIA U3 KOTOPbIX
n3ry4aeT COOCTBEHHbIN LIBET BO BPEMSI 37IEKTPOHHOTO OBITy4EHMS.

Tpy OCHOBHbIX FIIOMUHECLIEHTHBIX CIOSi UMEIOT pasfinyHble CBOMCTBA SAPKOCTU, TO ECTb paBHas MHTEHCUB-
HOCTb Ny4Ka NPOM3BOAUT HEPaBHYHO APKOCTb. YTOOLI KOMMEHCMPOBATL 3TN HECOOTBETCTBUSI OCHOBHbIX
TNIOMUHECLIEHTHbIX CII0EB, BCE LIBETHbIE TENEBU30PbI M MOHUTOPbLI OCHALLEHbI CrieLManbHOM MaTpUYHOM
CXEMOW, KOTopasi YMHOXaeT Kaxbl LBETOBOW KaHan Ha COOTBETCTBYHOLLEE KOPPEKTUPYHOLLEE YNCHO.
OTO AEMOHCTPMPYET CaMoe U3BECTHOE ypaBHEHWE SPKOCTU LUBETHOro TB, KOTOpoe C MOMOLLBIO 3MeKTpo-
HVIKM MPUMEHSIETCS K TPEM OCHOBHbIM curHanam B OJ1T:

L =03R+059G +0.11B (28)

RGB 2kpaH, nokpbiTsii
KpUCTaNIM4€CKnm
JIOMUHOPOPOM

LiBeToBble
~ 3/1IeMEeHTbI

KpacHblii
ny40K
3eneHsii
ny4oK
SAST WS TeHeBas macka
ahin oo y . C OTBEPCTUAMMN
% K anekTpoHHO-ny4eBoi nyuuke

Puc. 2.14. Tenesasn macka RGB
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CviHui nloMuHOOP NPon3BoaMT BorbLue cBeTa, YeM Apyrue ABa, U No3TOMY, YTOObl YMEHbLUNTL ero SpKOCTb
N ypaBHATb C ABYMSA APYIUMU 3nieMeHTamMu, ero Hago YMHOXUTb Ha 0.11. B 9TON kHUre Mol He Byaem CrmnLLKOM
yrnybnaTbCcs B TEOPUIO LIBETOB B TENEBM30PE, NMOCKOMbKY 3TO TEMa OTAEMbHOW KHUMM, HO YUTaTeNto BaKHO
OLIEHUTb CMOXHOCTb MPOBembl 1 NOHATL, YTO BCE LIBETa B TENEBU30PE MOMNYYaOTCH NyTEM BMU3yarbHOro agau-
TUBHOTO CMeLLEHMS (CIIOXEHNS) TPEX OCHOBHbIX LiBETOB fntoMuHoopa SJTT: KpacHOro, 3eneHoro 1 CUHero.

LiBeToBasi TeMnepaTypa 1 MCTOYHUKH CBETA

B TenesngeHun n dotorpadum, korga roBopAaT 06 MCTOYHMKaX CBeTa, NOMb3YTCS TEPMUHOM «LIBETOBAas
Temneparypay.

LiBeToBas TemnepaTypa — 9T0 Temneparypa, 4O KOTOPOi HarpeTo BooGpaxaemoe abComnoTHO YepHoe
Teno, usnyyarollee CBET BCNeACTBME Harpesa.

CornacHo usnyeckon Teopun, CMEKTP cBeTa, NPOU3BeAEeHHOro HarpeBaHUeM, 3aBUCUT FNaBHbIM
ob6pa3om OoT TemnepaTtypbl Tena, a He om Mamepuasa. 3TO BaXHellee yTBepxaeHne Obino gokasaHo
Makcom [naHKom, KOTOpbI BbiBEN hOpMyny, OOBACHSAOLWYK B3aUMOCBA3b MeEXAy MakCUMasrbHbIMU
ONMHaMKM n3nyyaemblxX BOMH U TeMnepaTypown, 40 KOTOPOW HarpeTo Terno:

ANn=2896/T (29)

3pecb A , — AnvHa BomMHbl, a T — TemnepaTtypa B rpagy-
cax KenbBuHa. V13 guarpammbl Ha puc. 2.16 BUAHO, 4TO
MakcuMarnbHble 3Ha4YeHWs pasnu4YHbIX Temnepartyp
HaxoAsTCH BHE BMAMMOrO CreKkTpa, TO ecTb B UHpa-
KpacHon obnactu. [ns HUTK HakanueaHusi U3 Bonbgpa-
Ma paboyas uBeToBasd TemnepaTypa npubnuanTenbHO
paBHa 2800° K, 1 6onblue yem 3/4 aHeprum uanyvaercs
B MH(pakpacHonm obnactu B BMAE TEMSIOBOrO U3nyye-
HUA. Tenno — 3TO He YTO MHOoe, Kak MHApaKpacHbIn
cBeT. bornee BbICOKyO TemnepaTypy Anst BONbpamMoBOM
namnbl UCNOMNb30BaTb HEMb3d, MOTOMY YTO TOoYKa MnaB-
neHus Bonbdpama pasHa npumepHo 3500° K. Yeenuye-
Hne Temnepatypsbl Bbiwe 2800° K 3HaunTensHO cokpa-
TUT CPOK Cryx0bl BoNbdpamoBon namnbl. YTobbl MUHK-
MU3NPOBaTb FOPEHUE HUTU, B COBPEMEHHbLIX Bonbdpa-
MOBbIX aMnax BO34yX U3 Nammnoyk/ BblkavyMBaeTCs.

BOﬂbd)paMOBble namnbl rogatcs ans 4/6 Kamep, TaK Kak

OoHM Oonee 4yBCTBUTENbHbI K MHGPaAKPacHOW 4YacTu Puc. 2.15. Tunuunvii ucmounux ceema 3200° K
cnekTpa. LiBeTHbIM kamepam HyxHO obecneuvmBaTb € BONLPAMOBOLL IAMNOU, UCNOTIB3YEMbIU
KOMMNeHcauuio XenToro/kpacHoBaToro LBeTa, Npous- npu pomocvemrax

BOOMMOro MCTOYHMKOM cBeTa B 2800° K.

[nsa 6onee TOYHOro TECTMPOBAHMS Kamep OYeHb YacTO UCMOSMb3YTCH NCTOYHUKN CBETa C LIBETOBOW TEM-
nepatypou npumepHo 3200° K. Mix moxHO nprvobpecTy B marasmHax, TOpPrywLwmnx npoecCuoHansHom
oTOTEXHMKON. VIMeeTcst OCTAaTOYHO MPOCTOE MPaBuiio, KOTOPOE NO3BOMUT BaM MocyuTaTh LIBETOBYHO
TemnepaTtypy 1 CBETOBOM MOTOK TaKMX UCTOYHMKOB CBeTa:

O Bonbgpamoas namna 500 Bt— 3200° K (npumepHo 27 ntomeHos/BT) O
BoNnibppamoBas namna 200 BT —2980° K (npumepHo 17.5 ntomeHos/BT) O
BonbppamoBasi namna 75 Bt — 2820° K (npumepHo 15.4 niomeHa/BT)

B ¢doTtoannapatax 3TO KOMMEHCUPYETCA CUHMMU (LOMONHUTENbHLIA LBET) ONTUYECKUMU DUNbTpamu,
nomMmeuweHHbIMMU HeNnocpeaCTBEHHO Ha O6'beKTI/IB, TOorga Kak B 3JIEKTPOHHbLIX KaMepax 3TO AellaeTca C
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Puc. 2.16. Cnexmpanvnas xapaxmepucmuka 4epno2o meia npu pasiuinsblx memnepamypax

NMOMOLLbIO 3NTEKTPOHUKN: I/IH(*)OpMaLWIﬂ 00 OCHOBHbIX LiBETaX MEHSeTcs 40 onpegenieHHoro npoueHTHoro
COOTHOLUEeHNA.

BonbLWNHCTBO Tenekamep, KOTOpble MCNOMb3YTCA ANS BUAEOHAOMAEHNS, MET (DYHKLUMIO «aBTOMaTu-
Yeckuin 6anaHc 6enoro» (automatic white balance, AWB). 3To 03Ha4aeT, YTO LUBeToBas TeMnepaTypa aBTo-
MaTUYEeCKM HacTpamBaeTCsd NPW BKIIOYEHUW Tenekamepbl, KOrga oHa «yBMAMT» AOCTaToOvHyK obnacTb
Genoro uBeTa. bonee coBepLUueHHble Tenekamepbl YMelOT nepeHacTpavBaTb 6anaHc 6enoro «Ha neTy».
Ons atoro He TpebyeTcs BbIKMIOYEHNSI U MOBTOPHOrO BKMOYEHMS Tenekamepbl. Takas yHKLMA 0ObI4HO
HasblBaeTCq aBTOMaTU4ecknMm oTcnexuBaHnem 6anaHca 6enoro (automatic tracking white, ATW), n oHa
ocobeHHO nornesHa B NOBOPOTHbIX Teflekamepax, KoTopble BeAyT HabnoaeHve 3a 6onblUMMU Nowaasmm,
roe, Hanpumep, MoryT OblTb 30HbI, OCBELLEHHble Kak BONb(PaMOBbIMU, Tak 1 HEOHOBbIMW NlaMnaMu.

ConHue, Kak eCTECTBEHHbIN UCTOYHUK CBETA, UMEET OYeHb BbICOKYI (hM3MYECKYI0 TeMnepaTypy, HO 3KBU-
BarieHTHas LBeTOoBasi TeMnepaTypa cBeTa, KOTOPYH Mbl MOSy4aem Ha MOBEPXHOCTM 3emnu, konebneTcs B
3aBMCUMOCTU OT BPEMEHWU CYTOK WU MOroAHbIX YCNOBUW. 3TO MPOUCXOAUT B pesynbTaTe OTpaxeHus u
npenomrneHns ceeta B atmocdepe. Kak BuaHo us puc. 2.19 «LiBetoBas Temnepatypa ANs pasnuyHbIX
WCTOYHUKOB CBeTa», B AICHbLIN MONAeHb LiBeToBas TemnepaTypa gocturaeT 6onee 20000° K, Torga kak B
obnayHbIv AeHb OHa NoHwxaeTca novtu go 6000° K. MimeHHO noatomy choTorpacdun, cCHATbIE Ha 3akaTe,

Ka)KyTCsl KpacHoBaTbiMU. Yem HuXe uBeTo-
Basi Temnepartypa, Tem 6ornee KpacHbIMU
OyayT CHUMKK, M YeM BbllE LIBETOBAA TEM-
neparypa, Tem 6onbLue 6ygeT CMHero useTa.

.
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OeHne cBeTa UMeeT Opyron xapakrep. Hanpwu-
Mep, CBEYEeHMe HeoHa Wnu naposB PTYTU BO3-
HUKaeT MoA BO3O4ENCTBUEM INEKTPOMarHuT-
Puc. 2.17. Cmanoapmmusle ucmounuku céema HOro nons. ATOMbl BO30YX0arTcsa SHeprmen,
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AOCTaToO4HOWN Anst Toro, YTobbl BbI3BaTh onpeperieHHble peakunn atoma, 1 SHeprnd BbICBOOOXOaeTCs B cbop-
Me cBeTa. BcnepncrBme KBaHTOBOro noBegeHUs atToMmoB 3TOT CBET UMeeT ,D,VICKpGTHbII;I XapakTtep. Onun-
Hbl BOJTH Gyﬂ,yT 3aBNCETb OT UCNOJIb3yeMOro rasa. HeKOTOpre CTEKIIAHHbIE 3JTIEKTPOHHbIE JTaMIbl, B KOTOPbIX
NCMOJNb3YKTCA Takue rasbl, USBHYTPU NOKPbIThbI (*)J'IyOpeCLl,eHTHbIM NMOPOLLIKOM, KOTOprIZ cnocobeH normnouwatb
HEKOTOpPblE OCHOBHbIE BOJIHbI 1 3aTEM BOCCTaHaBJ1IMBATb HeﬂpepblBHblVI BTOpVI‘-IHbIIZ CNEeKTp BMANMOro ceBeTa.

[[a30Bble MCTOYHMKN CBETA MOXHO TakXe onmcaTtb UX LiIBETOBOW TeMHepaTypon, TOJIBKO B 3TOM CJly4ae Mbl
Mcnosb3dyeM Tak Ha3blBaeMyr KOPPENALMOHHYIO LIBETOBYIO TEMNEPATYPY.

B uensax nonyyYyeHus KOHTPOSMbHOM TOYKM M NPaBUIIbHOrO BOCMPOM3BEAEHMS LBETOB Oblny onpeneneHsi
CTaH4apTHble UCTOYHKKKM Benoro ceBeTa. Ha npakTuke MCNonb3yeTcsl HECKOMBbKO onpefeneHun (ctaHgap-
TOB). DTV CTaHOapTHbIE UCTOYHUKM Bernoro ceeTa obo3HavatTces kak A, B, C, Desoo 1 W.

A McToyHMk A — camblii OObIYHbIN

cTaHdapT, MOCKOMNbKY OH npencTas-
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\ JerneHHon TemnepaType XxapakTe-
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Puc. 2.18. Paccesinue cnexmpanshoil snepeuu paziudnsix ucmounuros ceema TYP€, MOXKET 6bITb nNpeacTa BrieH
TONIbKO OAHOM XapaKTepPUCTUKOWN

— TeMnepaTypoWw, paBHOW TeMnepaTtype abconoTHO YepHoro Tena. Ecnu 6biTb TOYHBEIMU, peanbHas
TemnepaTypa BonbdpamMa 1 abCconoTHO YepHOro Tena, Npu KOTOPOW MX CMEKTPbl CHUTAKTCA MAEHTUYHbI-
MM, HE COBCEM ofMHaKkoBa. ADCOMIOTHO YepHoe Teno npubnuantensHo Ha 50° K ropsayee. Xapakrepuctu-
Ka crnekTpa cTaHOapTHOro UCTOYHMKa A onpefenseTcd Kak uBetoBad TemnepaTtypa 2854° K, Toraa kak
peanbHasi Temnepatypa HUTU — npubnuantensHo 2800° K. OgHako 31O pasnuyne He3HauYUTeNbHO, U
TeopeTnyeckoe NpubnMxeHne NpaBoMeEPHO M NPUHUMAETCH B Ka4ecTBe OECKPUMNTUBHOrO chaktopa Aons
LBETOBOW TemnepaTypbl TAKUX UCTOYHUKOB.

HopmanusoBaHHoe pacrnpeneneHiie sHeprmm

McTouHnk ctaHgapTta B usnydaet 6enbin CBET, aHaNOMYHbIA NPSIMOMY COMTHEYHOMY MONYyAEHHOMY CBETY.
McTouHnK B MOXHO nonyunTb, (ounbTpysa CBET U3 UCTOYHMKA A yepes cneunanbHbli CBETOMUNLTP.

To4HO Tak e, UCNONb3ysa APYrON TUM CBETOUNbTPA, MOXHO MOMYYUTb CTaH4APTHbIM NCTOYHMK cBeTa C.
Kak BMOHO M3 gnarpammbl, XapakTepUCTUKN NCTOYHMKOB B n C Henb3s npencrtaBvTb B BUAE LIBETOBON
TemnepaTypbl abcontoTHO YepHoro Tena. OgHako ecnu UBeT abCoMnTHO YepHOro Tena BbIrMaguT aHarno-
MYHO UCTOYHUKY B mnu C, Mbl nonb3yemcsi TEPMUHOM «KOPPEensiLMOHHas LBeToBas Temnepartypay. Tak,
KoppensauMoHHasa Temnepartypa uctodHuka B paBHa 4880° K, nuctounmka C — 6740° K.

B 1965 r. MexxpyHapoaHbin komuTteT no ceeTy (CIE) npeanoxun HOBbIA CTaHOAPTHBLIA UCTOYHUK CBETa,
KOTOpbIV, NPEeANonoXUTENbHO, NPeAcTaBneH cpeaHen LBETOBOM TeMnepaTypoin AHEBHOIO cBeTa U 0603-
HavaeTcsa kak cTaHgapT D. PekomeHgyemasi KoppensiLMoHHas LBeToBas TemnepaTypa ansa craHgapta D
paBHa 6500° K, noaTomy AaHHbI cTaHgapT obo3HavaeTcst Dgsgo. OTOT UCTOYHUK CBETA HEMb3sl MOSyYnTb
nocpeacTBOM U3MEHEHUS UCTOYHMKA A, HO ero crnekTparnbHas XxapakTepucTvka npubnmxaeTcsa K HeKOTo-
pbIMU APYIMM (PU3NYECKUM MUCTOYHMKAM, KakK B Cllydae COpas3MepHOro CMeLLEHUs TpexX JIIOMUHECLIEHTHbIX
cnoes JJIT uBeTHOro MoHUTOpa. MoBOps O cucTeMax BUAEOHAONIOOEHNS, HAM BaXKHO MOMHUTb 3TOT akKT,
nockonbKy Dgseo HACTO pEKOMEHAYETCS AN LIBETHBIX MOHUTOPOB.
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Puc. 2.19. []semosas memnepamypa pasnuuHulx UCMOYHUKOE C8emda

«CCTV®@oKyc» — sncypHan no cucmemam 6U0eoHadI00eHUA U OXPAHHOMY HieIe6UOEHUI0

http://www.cctvfocus.ru
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HakoHel, cywlecTByeT elle OanH, PUKTUBHBIA UCTOYHUK CBETA C OOHOPOAHbLIM pacnpeneneHmemM usny4ya-
€MOW 3HEeprumn, KoTopasi BHELLHE HaNOMUHAET MOCKYK rOPU3OHTanNbHYO NMHUID. OH UCnonb3yeTcs TOmMb-
KO Ans BbluMcreHu n obosHavaeTcst kogom W. YenoBeyeckuii rnas nerko npucnocabnuBaeTcs K pasHu-
Le LBEeTOBbIX TeMMNepaTyp, 1 Hall MO3r aBTOMaTUYECKN KOMMNEHCUPYET LBETOBbIE BapuaLumm pasnnuyHbIx
NCTOYHMKOB cBeTa. CBeTouyBCTBUTESNbHbIE crion nneHkn, SJ1T n MNMN3C-maTpuLbl HECKOMNLKO OTNMYaloTCA
apyr oT gpyra. Npu ucnonb3oBaHMy NIeHOYHbIX dOTOaNMNapaToB A1 KOPPEKTUPOBKM LIBETOBOW Temrepa-
TYpbl HY>KHO MONb30BaTLCSA CreLnanbHON NIeHKOM unu ontudeckummn unstpamu. MNpun paboTe ¢ Teneka-
Mepamu KomneHcaumsi IpOU3BOAUTCS MPU MOMOLLN SNEKTPOHUKY (BPYUHYIO UM aBTOMaTUYECKN).

HakoHeu, Kak yxe ynoMuHanocb, HEOOXOAMMO y4uTbiBaTh LBETOBYIO TEMMEpaTypy 3KpaHa MOHMTOpa.
Temnepatypa 6onbwunHcTa AJ1T paBHa 6500° K, HO HekoTopble MoryT nmeTb Gonee Bbicokyto (9300° K)
unun Huskyro (5600° K) TemnepaTtypy.

NHepuuoHHOCTD 3peHns M KOHUEeNIUSA KHHO(PUIHLMOB

rOBOpFl 0 cuctemMax BUOeoHabntogeHNsa, HaM OYeHb BaXKHO 3HATb, Kak pa60TaeT YyerioBeYyeckum rnas, u Kak
6yp,eT BWOHO Oaliee U3 TeKCTa, (*)aKTVI‘-IeCKVI Mbl UCNOJIb3yeM aHOMalMK 4YerioBe4YeCcKoro rnasa, 4YTOObI
«O6MaHyTb» MO3r, 3aCtaBuB €ro gymatb, 4TO Mbl CMOTPUM «q)l/l.l'lebI». OTa aHomanus 3aknio4vaeTcs B
UWHEepPUMNOHHOCTU 4eJ10BEe4YEeCKOro 3peHuns. VlHepU,VIOHHOCTb — CaMbl BaXXHbIi «D,e(*)eKT rnasa», ncnorlb-
3yeMbIl7I B KVIHeMaTOFpaCbVIVI n TenesngeHuun. 'nas He Ccpagy pearnpyet Ha UaMeHeHUA MHTEHCUBHOCTU
cBeTa. npOMCXOﬂI/IT 3afepXkKa B HECKOJIbKO MUITITUCEKYH, B TEYEHNE KOTOPbLIX MO3I nosiydaeT Mchopma-
LMI0 OTHOCUTENBHO Habntogaemoro obbekTa. OTo OTCTaBaHWe TeM Bornblue, YeM ny4ywie oceeLlleH 0OBEKT.
He Bce obnactm cetyaTtkm nmeroT OMHaKOBYHO NMHEPUMOHHOCTb. Ll,eHTpaanaﬂ obnactb BOKpPYT Xentoro
nATHa NMeeT 6OJ'IbLIJle WHEPLUMNOHHOCTb. VlHepLI,VIOHHOCTb 3aBUCUT TaKXe OT ClNeKTpalibHbIX XapaKkTtepuc-
TUK UCTOYHUKa CBETA, TO €CTb OT €ro uBeta n ApKOCTW.

Bce BbiweckaszaHHOe MMeeT Gonblloe 3HayeHue anga naen kmHodunoma. Kak BugHo u3s rpadguka Ha
puc. 2.20, MIHEPUUOHHOCTb 3PUTENBHOIO BOCMPUATUSA OYEHb CUITbHO 3aBMCUT OT MHTEHCMBHOCTU CBETA,
UIN SIPKOCTU TOW 0BnacTu, Ha KOTOPYH Mbl CMOTPUM. Yem apye aTa o6ractb, TEM ObICTPEE HYXXHO MEHATb
KapTUHKK, YTOObI MepuaHue He Obifo 3aMeTHO.

B ocHoBe nepsBbIX KI/IHOCbVIﬂbMOB Havana XX Beka, MYINbTUNITMKAUNOHHBbIX d)VIJ'IbMOB N gaxe «nepekngHbiX
KHWXXEK», KOTOPbIMU Mbl Urpann B AeTCTBE, NNIEXNT KOHUENUNA NHEPLMNOHHOCTUN 3PEHUA. Korga pacnosio-
)XEeHHble B NIOrMYecKon nocrenoBaTenibHOCTHU KapTUHKMN MeJIbKalkoT y Hac nepen riiasamm Cco CKOpPOCTbHO,
paBHOVI WHEPUMOHHOCTU 3PEHNA UM I'IpeBbILIJaIOUJ,eﬁ €€, Mbl BUOUM HENPEepPbIBHO ABMXYLLYIHOCA KapPTUHKY,
XOTA OHa COCTOUT 13 OTAEeJIbHbIX M306pa)KeHI/Il7I.

KnHokamepa 3anucbiBaeT M300paeHus o CKOpocTbio 24 kagpa B cekyHay. OObIYHO 3TOro 4OCTAaTOYHO
ONs MIeHKKN, KoTopas 3apsikaeTcs B MPOEKTOPbI C O4eHb Crabo MHTEHCMBHOCTBIO CBeTa — NOAo6HO TewMm,
Kakue MCcrnonb3oBasnucChb Ha 3ape CyllecTBOBaHUSA kuHemaTtorpada. [Ans 6onblioi ayautopum Heobxoau-
Mbl 6ornee cunbHble NPOEKTOPbI 6ONbLLIOro pasmMmepa U Gonee sipkue aKkpaHbl (Takme, KOTOPbIMU Mbl MOSb-
3yemcs cerogHs). NMosatomy Heob6xoaAMMOCTb YBENUYEHUSI NEPBOHAYaribHOM CKOPOCTU 24 Kagpa B CekeHpy
oueBuaHa.

C TOuYkM 3peHus cdoTorpadum, KoTopas BO MHOFOM COBMagaeT C KMHemMaTorpaduyeckom, HenpakTUyHO
yBenu4uMBaTb YacToOTy CMeEHbI KagpoB B KMHOKaMmepe Gonblue 24 KagpoB B CEKEHAY, MOCKOMbKY Torga npu-
0eTcs CoKpalwlaTb BPEMS 3KCMOHMPOBAHUS KaXZoro kagpa nreHku. 3To BO3MOXHO MO0 npu ycroBuu
Oonee BbICOKOW YYBCTBUTEIbHOCTU MIIEHKW, YTO MPUBOAMT K YBEJIMYEHUIO €e 3epHUCTOCTU, NMbo npu
yBEnMYeHnn O0TBePCTUSA AnadparMbl 00BbLEKTUBA, B pe3ynbTaTe Yero nosy4yarTcs He OYeHb KaYeCTBEHHbIE
CHUMKM Mpu Bornee HN3KOM YPOBHE OCBELLEHHOCTU, @ TakKe YMeHbLUEHHON rnybuHe peskocTu. [nsa knHe-
MaTorpaducToB HM OOHO M3 3TUX OBYX YCIOBUIA HEMNPUEMIIEMO, NO3TOMY Obln HaMAeH APYron BbIXOA:
yBermyeHne 4acTtoTbl KMHOMpoekuumn (a He 3anucun) ¢ 24 0o 48 kagpos. [1pocTo, Kak Bce reHnansHoe.

370 oka3zanock BO3MOXHbIM Griarogaps Tak HasbiBaeMoMy 3aTBOPY «ManbTUNCKMI KPeCT», KOTOPbIA Npea-
cTaBnsieT cobon KpyroBomn nenectok auadparmbl, Bbipe3aHHbIN B opme MarnbTuinckoro kpecta. OH Bpalla-
eTcs nepeq NPOEKLUNOHHOW NMaMMOYKOM 1M He TONbKO BrioKnpyeT CBET, Korga nieHka ABUKEeTCS OT OAHOro
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Puc. 2.20. Kpusas unepyuonnocmu spumenbHo20 60CHpUsmusl

Kagpa K OpyroMy (Tak 3puUTenu He BUAAT YepHble NIMHUN MeXAy Kagpamu NieHKN), HO 1 MpepbiBaeT npoeum-
poBaHue, Korga kagp HenoaBwxkeH (Ha 1/24 cek), n ABaxabl BbICBEUMBAET OAMH U TOT Xe kaap. B pesynbrtaTe
Mbl Morydaem npoeunpoBaHne 48 KagpoB B cekeHAy, bnarogaps Yemy rnas He 3amevaeT mepuaHus. MoHAT-
HO, YTO Y Hac eCTb TONbKO 24 pa3HbIX Kaapa, 3anncaHHbIX KaXayt CEKYHAY, HO KpecT no3sornseTt BuaeTb 48
TeX e KafpoB, 1 HaLl MO3T BOCMPUHMMAET HENpPepPLIBHOE ABMXKYLLEeCs M3obpaxkeHne 6e3 MepLaHus.

TeneBnaeHWe UCMONb3yeT Te XKe NPUHLUMbI MHEPLIMOHHOCTU 3peHusl, YTOObl co3aaTh WUMO3UI0 OBMKe-
Hus. KoHuenTyanbHoe pasnuuune 3akro4aeTcsl B TOM, YTO MpU CO34aHUM M306paxkeHuin UCronb3yeTcst He
CBeTOBas NMPOEeKUMOHHAas YCTaHOBKa U LennynonaHas nreHka, a 3fieKTPOHHOe CKaHUpOBaHWe 3KpaHa
QJ1T. B TenesBn3ope CTOM-Kafpbl CO34al0TCs MpU NMOMOLLM pa3BepTKW, korga kKapTuHKa opMUpyeTcs
CTpOKa 3a CTPOKOW — TaK >Ke, Kak Npu YTeHUW KHUIW, CrieBa HanpaBo M CBepXy BHU3. [lanee B Hallei KHure
3TV NPUHUMNbI 06bsACHAIOTCS NogpobHee.

BaxHo, 4TOObLI YnTaTENb MOHSAMN: TeNneBU30p NpoeuupyeT TakkKe cTaTuyeckue usobpakeHus, KoTo-
pble Npu OOCTAaTOYHO ObLICTPOM CMEHEe CTAaHOBATCA «KUHOMPUNIbMaMu». 3TO MOXET LOCTUraTbCs
YepEeCCTPOYHON MMM NPOrpPeCcCMBHON Pa3BEPTKOM (MOKa 3TO pasnuuvMe Of9 Hac HeNPUHLMNManbHO), HO
crnegyeTt OTMETUTb, YTO COBPEMEHHOE TeneBuaeHne MMeeT B CBOeM apceHane n 6onee CoBepLUEHHbIe
cnocobbl «0bmaHay rrasa yenoBeka, KOTopble AenatoT UITI3MI0 ABMKEHUA Jaxe elle 6onee nosHom.

CerofHsi B MMpe CyLLECTBYHOT TPU OCHOBHbIX TENECUCTEMbI, KOTOPbIE OTIIMYAKOTCS MO YUCIY CMEHbI Kaj-
POB B CEKYHAY, YMCIy CTPOK, COCTaBMAIOWMX Kaxabli Kagp, U MeTody LBETOBOro koaupoBaHusi. Ho Bo
BCEX TPexX UCMOoNb3yeTcsl O4HA U Ta e KOHLeNUMs Co3aaHus ABKEHWS.
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O Cuctema ueTtHoro TB PAL: 625 ctpok pa3seepTku / 50 4epeccTpouHbix n3obpaxeHuii B cekyHay. O
Cuctema upetHoro TB NTSC: 525 ctpok pa3BepTku / 60 yepecCTpouHbIX n3obpaxeHui B cekyHay. O
Cwnctema usetHoro TB SECAM: 625 cTpok pa3sepTku (paHbLue 66110 819) / 50 yepecCTpoUHbIX U30-
OpakeHui B cekyHay.

XoTH B 3TUX CUCTEMAX YMCMO CTPOK B Kaape M KagpoB B CEKYHAY PasfIMYHO, C TOYKU 3PEHNSA CO34aHUsA
KagpoB ucnonb3yeTcsa obuwasa nages — kKagp 3a KagpoM U CTpOKa 3a CTPOKOW pas3BopaduBaloTcs Ha
BbICOKOW CKOPOCTW, 1 Gnarogaps KOHUenuuMu MHEPLMOHHOCTU 3peHnsa Mbl BuaAnM dpunbm. Cuctema
NTSC (525 ctpok 1 30 kagpoB B ceK.) pacnpoctpaHeHa, rnaBHbeiM obpasom, B CoeanHeHHbIx LWTaTax,
Kanage, 'pennaHgum, Mekcuke, Ha Kybe, dununnuHax, B Naname, AnoHnn, MNyapTo-Puko n 6onbnH-
ctBe ctpaH KOxHom Amepukun. CtaHgapt NTSC 6bin paspaboTtaH B 1941 r., nepBoHayanbHO — Ans
yepHo-6enoro (MOHOXpoMHOro) TenesugeHus. Cuctema TB-nepepadm uBeTa BnepBbie Obina
ocyuwecTteneHa B CLUA B 1953 r.

Bonblue NonoBMHbLI CTpaH B MUPE UCMNOMb3YT OAHY U3 ABYX cMcTeM ¢ 625 cTpokamu u 25 kagpamu: PAL
(Phase Alternating Line) unu SECAM (Sequential Couleur Avec Memoire nnu Sequential Color with
Memory).

CtaHpgapTt PAL Obin npeactaeneH B Havane 1960-Xx rr. 1 NpUHAT B OOMbLUMHCTBE €BPOMNENCKUX CTpaH,
AscTpanuu, Hoson 3enaHaunn, Knutae, MHamum n Bo MHOrux ctpaHax Adpukn n bnivxkHero Boctoka. CtaH-
napt PAL ncnone3yeT Gonee LWMpPOKy Nosfocy nponyckaHus kaHana, yem cuctema NTSC, yto nossonser
nonyyatbe Gonee kayecTBeHHyH kapTUHKy. Kpome Toro, kogupoBaHue upeta B PAL paspabaTbiBanoch
no3gHee NTSC u obecneunBaeT 6onee To4YHOEe BOCNpoM3BeAeHVe LBeTa 1 obnagaeT nydlien nomexosa-
LLMLLEHHOCTbHO.

CtangapTt SECAM Takke nosasuncsa B Hadane 1960-x . n pacnpocTtpaHeH Bo PpaHumm 1 gpyrnx crpaHax
EBponbl, Bkntodasa ctpanbl 6biBwero CCCP. Cuctema SECAM ncnonb3yeT Ty e WUPUHY NONOChl, YTO 1
PAL, HO nepepaeT LBETOBYO MHGOPMaLMo nocnegoBatenbHo. JononHutensHble 100 CTpOK B cuctemax
SECAM n PAL npugatoT BrugeonsobpaxeHnto 6ornblle YeTKOCTU N APKOCTU, HO CMeHa Bcero 50 pasBepTok
B cekyHAay (B cpaBHeHun ¢ 60 passepTkamm B NTSC) MOXeT OCTaBnATb Ha SKpaHe HebOoMbLIOEe MepLuaHue.

C nosiBneHmem HOBbIX LMMPOBLIX cTaHaapToB TenesuaeHus (DTV) cTtano BO3MOXHBIM MCMONb30BaHWE Kak
YepecCcTPOYHON, TakK U NMPOrpeccnBHON pa3BepTkn. B aTom crnyvyae oHu 06bI4HO 0603HAYaTCA NaTUHCKK-
MK BykBamMK «i» (Y4epeccTpouHas pasBepTka) Unn «p» (MporpeccuBHasi passepTka). Tak, Hanpumep,
cokpauieHne «1080i» ob6o3HavaeT cdopmaTt TeneBnaeHus Boicokon yeTkoctn (HDTV) ¢ bopmaTtom kagpa
1920x1080 nunKcenoB 1 YepeCcCTPOUHOW pa3BepPTKON.
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3. Onruka B cUcTEMax BUIEOHAOIOACHUS

HekoTopble cuMTaloT KayecTBO OMTUMKM B cUcTeMax BuaeoHabnwogeHus gokasaHHbiM. C noBblLEHUEM
paspeluatollen crnocobHoCTU TernekaMmep U ¢ MuHuaTiopusaumen MN3C-maTtpul, Mbl Bce Gnuke noaxoamm
K npedeny paspelarolen cnocobHOCTH, onpeaensieMoMy OMNTUKOW, MO3TOMy HaMm TpebyeTcs 3HaTb
Heckonbko Gonblue, YemM cpegHeMy TexXHUKY. B aToi rmaBe obcyxaatoTcsi, OnsAThb e B YNPOLLEHHOM BUAE,
Hanbonee obLiMe ONTUYECKME TEPMUHBI, KOHLEMUMUM U YCTPOMCTBA, UCMOSb3yeMble B CUCTEMAx BUAEO-
HabnoaeHuns.

[Ipenomiienue

Cawmas nepead N oOCHOBHaA KoHuUenuuaA, C KOTOpOI7I cneayeTt O3HAaKOMUTBLCA, 3TO KOHUENUNA npernomrie-
HUA U OTPaXeHUs.

Korga ny4y cBeTta, pacnpocTpaHsloWuNes B BO3agyxe Unv Bakyyme, nonagaeT B NAOTHYK cpeny, Bpoae
BOAbl MM CTeKra, ero CKOpoCTb CHWXaeTcs B N pa3 (n Bcerga bonblie 1); n HasblBaeTcd nokasatenem
npenomneHus. PasnuyHble cpeabl (Mpo3payHble AN cBeTa) MMET pasfnnyHble nokasaTenu npenomne-
Hud. Hanpumep, ckopocTb cBeTa B Bosayxe coctasnset 300000 km/c (M NOYTM CTONBKO Xe B Bakyyme). A
Korga nydy cBeTa MpoXoguT Yepes CTeKro, nokasaTerib NperoMieHns kotoporo paeseH 1.5, ckopocTb
ymeHbliaetca go 200000 km/c.

CornacHO BOMHOBOW TeOpuu CBeTa YMEHbLUEHNE CKOPOCTU CBETa OTpaKaeTCs B YMEHbLUEHUU ANUHbI
BOSHbI. OTO sABNEHUe npeacTtaBnsgeT cobor OCHOBY KOHLUeNuMu npenomneHns. Ecnn nyy ceeta nagaet Ha
NOBEPXHOCTb CTEKNa NeprneHanKynsapHo, AMHa CBETOBOW BOMHbI YMEHbLLIAETCS, HO KOraa nyd nokvaaeT
CTEKNO, CKOPOCTb BOCCTaHABNMBAETCS A0 HOPMAnbHOrO 3Ha4YeHus, T.e. BOCCTaHaBNMBaeTCs HavyarnbHas
«BO34yLUHAs AfMHa BOMHbI», U CBET NPOLOIKAEeT pacnpocTpaHATbCA B TOM e HanpasneHun. OgHako xe,
€Cnu nyy cBeTa NajaeT Ha NOBEPXHOCTb CTeKNa nog nobbiM ApPYruM YriioM, NOmyyarTCs UHTEPECHbIE
BELLM: Ny4 (B 3TOM Crny4ae OH paccMaTpyBaeTCs C TOYKU 3pEeHNs BOMHOBOW NpUpoabl cBeTa) MMeeT (PPOHT,
KOTOpbI HE OQHOBPEMEHHO NepecekaeT CTEKNO (MOTOMY YTO nagaeT nog yrinom). Yacte opoHTa, KoTopas
nepBov nonagaeTt B HOBYIO cpedy, «3amennsetcs» nepBon. KOHeYHbIM pe3ynbTaToM CTaHOBUTCS Mperom-
NeHne ny4va cBeTa, T.e. fy4 crnerka oTKNOHAETCHA OT NepBOHAYanbHOro HanpaeneHusi. BenvunHa oTkroHe-
HUS 3aBUCUT OT ONTUYECKOM MNOTHOCTU Cpeabl.

Bakyym (Boaayx) Bakyym (Boaayx) Bakyym (Boagyx) Bakyym (Bo3aayx)
Mokasarene Crekno IMoxasarens loka3aresnb Crexno Mokasarens
npenoMneHnd no [Tokasatens MPENOMAEHUS Ny NPENoMAEHNs No | Mavasarans NPeNoMAEHUS Ny
npenomaeHus L npenomenunl

n Ty
VYW

A

|
Mownoxpomarnqeckas A
cBeToBas BOMHAa

3akoH Crenmyca: SN = N1
f y sinp — no f

Puc. 3.1. Pegppaxyus céema u 3axon Cnenuyca
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Yem nnoTHee cpena, T1.€. 4eM Bbllle NnoKa3aTellb
npenomMmneHna, TeMm Sonblie Ty4d  OTKIIOHAEeTCA OT
nepeBoHa4alibHOro HanpaBJleHuA.

CylwecTByeT O4YeHb MNPOCTOE COOTHOLUEHUE MEXAY
yrnamMmv nageHus U OTPaxeHus 1 nokasatensamu npe-
NOMNEHNa ABYX PasnNuUyHbIX cped. OTO COOTHOLUEHue
ObIN0 OTKPBLITO ronnaHackum dpusnkom Bunnebpop-gom
CHennycom B Havane XVII Beka. Wcnonb3yst npocTtble
BblYMCIIEHMS, Mbl  MOXeM  onpegenuTtb  yroibl
OTpaxeHuss B pasnuyHbiX cpepax. Mbl paccmoTpum
3TO NO3Xe, NPU BbIYUCIIEHNM YINOB MOSTHOMO OTPaXKEeHWUS
N YMCNOBOM anepTypbl B BONIOKOHHOW OMTUKE.

Ha puc. 3.1 0CHOBbI NpeNoMIIEHUsI MOSICHEHbI rpa-
duryeckn; 3gecb npegnonaraeTcs, YTO Ha CTEKNO nagaet
MOHOXpPOMaTMYECKMA (OAHOM YacToThl) Nyy cBeTa. Ha
PUCYHKEe Takxe MokasaHo, YTO OnpeAerieHHbIN NPOLEHT NnajaroLwero cBeTa Bcerga otTpaxaercs
obpaTHO B BO34yx (UNK BakyyMm), HO B Criydae CTekna 3TOT NPOLEHT OYeHb Mar.

Puc. 3.2. Ilpenomaenue nasepnoeo nyua npu
NPOX0ACOeHUU Yepe3 NPUMY

Teopusa NpenoMieHns n oTpaxkeHus 6yaeT NCMoSb30BaTbCA B MOCNEAYOLWMX pasgenax, korga Mol Gyaem
paccMmaTtpuBaTb TEOPUIO JINH3 U BOJIOKOHHOW OMTUKN.

JIMH3BI KaK ONTHYECKHUE DJIICMCHTHI

EcTb ABa OCHOBHbIX TUNa fNH3: BblIMYKIible 1 BOTHYTbIle.

JINH3bI nepBoro Tuna, BbINyKrble, MMEKT MNOJIOXUTESTbHOE CbOKyCHOG paccTtodaHune, T.e. OEeNCTBUTESbHbIN
CbOKyC, M Ha3blBaOTCA Takne JIMH3bl yBENMNYMBAOLWMMUN, TaK KaK OHU yBENTUYMBAKOT M306pa>KeH|/|e obbekTa.

JINH3bI BTOPOro Tuna, BOrHyThle, UMEKT oTpuLatenbHoe (hOKyCHOe pacCTosiHUE, T.€. MHUMbIA GOOKYC, OHU
yMeHbLIaT n3obpaxkeHne obbekTa.

Kaxgasa nuHsa XapaKkrtepundyeTca cneayroumMm OCHOBHbIMU NapamMeTpaMun:

o O onTuyeckas NocKoCTb (I'IJ'IOCKOCTb, npoxogdiliaa 4yepes LUeHTp J'IVIH3bI);

e O onTtu4yeckas ocb (OCb, NEPNEHONKYNSAPHAA ONTUYECKOM MNIOCKOCTU M NpoxXoasLlas yepes ee
LEHTP);

e O dokyc (Touka nepeceveHns nyvein, nagatroLLmx napannenbHO ONTUYECKOW OCK);

o O dokycHOe paccTosiHMe (pacCTOsiHUE MeXAY ONTUYECKON NITOCKOCTbIO 1 (hOKycoM B MeTpax);

o O gmonTpuu (BennyuHa, obpaTHasa POKYCHOMY pPacCTOSAHMIO, BbIPaXXEHHOMY B MeTpax).

B 3aBucumocTtu ot (bM3I/I‘-IeCKMX pasmepoB U TUMA NOBEPXHOCTU CyLLECTBYET MHOXECTBO Pa3finiHbIX
TUNOB JTMH3: MJTOCKOBbIMYKIbl€, BbIMYKIO-BOrHyTbl€, MNIIOCKOBOrHYyTbie U T.4. HasBaHue Tuna mHoroe roso-
pUT O CbVI3I/I‘-IeCKOM CTPOEHUN JNMNH3, NMPUN 3TOM «NJIOCKO» O3HA4aeT, YTO O4Ha U3 OBYX I'IOBerHOCTeIZ JINH3bI
nrockKas.

YTOoObl CKOpPPEKTUPOBaATL pasfinyHble UCKakeHUsi (aGeppauuu), BbiaBaHHble PSAAOM (PaKTOPOB,
NpPUXoANTCA 06 LEeANHATL PasfNnU4Hble TUMbI JIUH3.

B kauyecTBe npumMepa, NOSICHAILWEro HEOOXOAMMOCTbL KOPPEKLNW, AaBalNTe pacCMOTPUM COMHEYHbIV Nyy,
nagawoLwmmn Ha npusmy (puc. 3.5).

Ham Bcem 3Hakom adhdheKT pagyrv, BO3HMKaOLWeENn Ha BTOPOW CTOPOHE Npu3Mbl. OPPEKT BO3HMKAET 13-
3a TOro, 4to «6enbie» ConMHeYHble Nydn coagepxaTt BCe AfMHbI BOMH (T.€. LuBeTa), KOTOpble TONbKO MOXeT
pasnuyaTtb YyenoBeyveckun rnas. Nockonbky BCe 3T fNyyYn BXOAAT B CTEKMO NpU3Mbl C NnokasaTenem npe-
nomMmneHusa nA, 7o pas3nnyHble ANUHbI BOSTH MEHSIOTCA B HECKOMBKO Pa3HOW CcTeneHu (NponopumoHarnbHO
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T OWURFLAVE ALl UAnie

Beoinyknas nnH3a A

|
I

BorHyras nuHsa__, -

<~ Poxycroe paccromme Nt

gokye

Puc. 3.3. Buinykaas u goernymas n1uH3el

nX YacTtoTe), Takum obpa3om co3gaBasi pagyry Ha BTOPOM CTOPOHE MpU3Mbl. OTO pearibHOe pa3fioxeHue
6enoro cBeta. KpacHoMy LBeTy COOTBETCTBYeT camasi bonblias AnvHa BOMHbI (HM3Kas 4actoTta), u
Mo3aToOMy €ro npefiomrneHne HamMmeHbllee. PMONETOBOMY LIBETY COOTBETCTBYIOT CaMble KOPOTKME BOJIHbI
(Hamnbornbluas yacTtoTa), U MO3TOMY OH BOrbLLIE BCEro NperioMnseTcs.

AHanornyHbIn 3heKT BO3HMKAET B U3YMUTENbHOW pagyre nocrne goXAas, Koraa npoucXoauT npenomrie-
HWe 1 OTPaXKeHWE COSTHEYHbIX JTyYei B Kanernbkax AoXAs.

HecMmoTpst Ha Bnevatnsawowmnn 3pekT 3TOro ABAEHNS, OHO HeXernaTernbHO NPy CO34aHUM NNHS.

Bbinyknas nuH3a MoXeT OblTb annpokcMMUpoBaHa GorbLUNMM KONMYECTBOM MarieHbKUX NPr3aM, NMpureraroLLmx
APYr K Apyry 1 o6pasyoLmx Mo3aunky. NMoHATHO, YTo n3obpaxeHne, Co3gaHHOe Takow NIMH30M Ha OCHOBE
OHeBHOro cBeTa (4TO npoucxoamtT Hambonee 4acTo),
OyneT pasnaratbCsi Ha OCHOBHble LiBeTa TakK e, Kak 3To
MPOUCXOONT B Crlydae pasnoXeHnsi cBeTa NpusMoi.

OTO o3HavaeT, 4TO KOorga Oenble nydYn nagatT Ha
MPOCTYI0 BbINYKIYK MMH3Y, TO pa3HbIM LBeTam OyayTt
COOTBETCTBOBaTb pa3Hble (OKYCHble pPacCTOAHUA.
OTo HexenaTtenbHbIn 3 deKT, HasbiBaeTCA OH LBe-
TOBbIM MWCKaXEHWEM JIMH3bl WM XPOMaTU4YeCKOM
abeppauuen.

WNTaKk, crieayet 4eTko MOHMMAaTb, YTO MPUYMHBI XpOMaTu-
yeckon abeppauuy KpOKTCA He CTOMbKO B HepgocTaTkax
M3rOTOBMEHUSA MUH3bI (XOTA M 3TO HE WCKMIYEHO),
CKOSIbKO B (PM3MYECKOM MpoLecce pasnoxeHust 6enoro
CBeTa Ha OCHOBHbIE AMWHbLI BOMH MPU MPOXOXKAEHUM
cBeTa CKBO3b EIMHNYHbIA 3MEMEHT MNUH3bI.

Puc. 3.4. Paznuunvie onmuyeckue diemenmaol
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Puc. 3.5. Paznoocenue 6enoeo ceema npusmou

XpomaTuyeckasa abeppaums MOXeT OblTb MMHMMU3MPOBaHa 06 beAMHEHNEM BbINYKIbIX U BOTHYTbIX
NINH3, Npy 3ToM Benbiv Nyy BHavyane pasgenseTcs BbiMyKon NMH30M Ha «QUCNEPCHYI0 pagyry», a 3aTem
«cobupaeTtcsa obpaTHO» BOrHyTOM NMH30M Gnaropapa o6patHoMy 3dhpeKTy BOrHYTOW NMUH3bI (OTHOCK-

TenbHO yrna nageHus).

Ecnu aBe nuH3bl (BbiNyknas n BOrHyTas) TwatenbHO nogobpaHbl (Mo TonwmHe U OKyCHbIM ToUYkaMm), TO
ny4mn BCcex LBeToB cobmpatloTcst B 0O4HOM U TOM e (PoKyce. TOro MOXHO AOCTUYb NuLlb BGnarogaps Tua-
TenbHOMY noAbGopy BbIMYKMNO-BOTHYThIX Map, COXpaHsAwLWmMxX Tpebyemoe ¢OKycHOe paccTosiHMe, Kak Yy
O[HO3NEMEHTHON NNH3bl. [Ns CKpenneHnsa ABYX NIMH3 CNONb3yeTCs cneunanbHbli NPO3paYHbIi Knen.

Bensid nyq
- -—

—- » - KpacHslit

-—

OnTuydeckas och @uoneroBblii

Puc. 3.6. Koppexyus xpomamuueckou abeppayuu

Mbl npuBenun 3gecb camblii NPOCTOWM MPUMEpP TOro,
noyemy Ans CO3f4aHUs NUH3bI C onpeaeneHHbIM hokyc-
HbIM PacCTOsIHUEM TPebytoTCA MHOrOYMCIEHHbIE OMTU-
YecKne aNeMeHTHI.

NMeeTca MHOXECTBO APYrMX OMTUYECKUX UCKaXKEHWUMN,
He TOoNbKO XpomaTtuyeckasi abeppaumsi, HO U reoMeTpu-
yeckas («nogywkoobpasHoe» M «BovkoobGpasHoe»
UckaxeHus), cepudeckas n np. HassaHue camo nog-
CKasblBaeT, KakoOW TUM UCKaXXeHWUs HaknaablBaeTcsl Ha
n3obpaxeHue. TN UCKaKEHUST MOryT ObITb UCMpaBre-
Hbl Jo6aBneHMEM B CUCTEMY OOMOSHUTENbHbLIX ONTUYe-
CKNX 3N1EMEHTOB.

ﬂpw NMPOEKTUPOBAHNUN JIMH3 ONTUKaM NpuxoanTcad GaﬂaHCI/IDOBaTb mMexnay MakcumalibHO BO3MOXHOWN
KOppeKLI,VIeI7I (‘-ITO6bI nony4nTb V|306pa>|<eHV|e BbICOKOIo Ka‘-IeCTBa) N MUHUMalibHbIM YUCJIOM ONTUYECKUX
3J1IEMEHTOB (C LefNbl0 9KOHOMWUU N TEXHOSTOMMYECKON I'IpVIeMJ'IeMOCTVI).

MoxeTe cebe npeactTaBuUTb, CKOJIbKO BO3MOXHbIX KOMOMHaLUun npmnoeTca rlepe6paTb, €CJITN Bbl NPOEKTU-
pyete 00BbEeKTUB C 3aaHHbIM (bOKyCHbIM paccToAaHnEM, COCTOALLMN N3 NnonyarXXMHbI (I/IJ'II/| 60nee) pasnny-

HbIX ONTUYECKNX 3N1EMEHTOB. PaHblle onTukam npwu
NPOEKTUPOBaAHUN JIMH3 C 3aJaHHbIM (bOKyCHbIM pac-
CTOAHMEM W pa3MepamMn npuxoansiocb pa60TaTb
COBMECTHO C mMmateMaTukamMun n npogernbiBatb COTHU U
COTHW BbIMUCITNUTENIbHbIX onepau,mﬁ BPY4YHYIO. dunan-

Yyeckue pasmepsbl, POKycHOe paccTosiHue, aGconoTHoe h
F"

N OTHOCUTENbHOE PAaCMOSIOXKEHNE 3NTEMEHTOB — 3TO
BCe NnepeMeHHble. EANHCTBEHHbIN CNOCo0 HaNTU

— B

Puc. 3.7. Cucmema nunsz ¢ ouagppaemotl
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NOAXOASLLY0 KOMOMHALUMIO ANS U3BECTHOro POKYCHOIO PacCTOSAHUS — 3TO MYYUTENbHO OONTUA UTepa-
LIMOHHbI NpoLiecc.

O‘-IeBI/IJJ,HO, XenaeMblM pe3yribTaToM ObIrno nonyvyeHue o0bekTMBa Xopoullero ka4ectea ¢ MMHUMallbHbIM
KOJNMM4eCTBOM ONTUYECKNX 3J1IEMEHTOB. |-|0CKOJ'Ibe 3agada 3Ta AO0BOJIbHO HenpocTad, TO npoun3soanTenmn
pPerncTpmpoBan KOHKPETHYIO KOHCTPYKLMIO OO bEeKTNBA, BbIMOSTHEHHOMO MO UX «PeuenTy»: CKOMNbKO NTMH3
MCMNOMb30BaHO, YeMy paBHO (POKYCHOE PacCTOSIHWME, KaK pacrofioXeHbl ONTUYeckne anemMeHTbl. BoT noyve-
My B KMHemaTtorpadum un potorpadum Mbl BCe eLle MOXeM BCTPETUTb NMMH3bl KOHKPETHLIX NPOU3BOAMUTE-
newn, spoae «Planar», «Xenar». Takme nmeHa — 37O 3anaTeHTOBaHHbIE NPOEKTbl OO BEKTUBOB ANS KOHKPET-
HbIX pa3mMepoB 1 POKYCHOrO pacCTOSAHUS.

CerogHs, B Bek KOMMNbOTEPOB, CyLleCTByeT MHOXeCTBO I'IpO(*)eCCMOHaJ'IbeIX nporpamMmm and onTn4eckoro
MogennpoBaHnA. OnTumanbHble pe3ynbTaTbl Bbl MOXETE MNOJTy4NUTb BCEIo 3a HECKOJIbKO MUHYT, NMPU 3TOM
B CUCTEMY 6yp,eT BKIIOYEHO NULLb HEOOXOAMMOE YMCIIO ONTUYECKUX INIEMEHTOB, HO AOCTATOYHOE AJis
KOPPEKTUPOBKN BCEX ONTUYECKNX NCKaXXeHUN.

Bort novyemy 0ObEKTUBBI C onpeaernieHHbIM CbOKyCHbIM paccToAHneM (Oﬂ,VIHaKOBbIM yrrinom 3p6HVIFI) NMMET
CTOJ1b pa3Hbl€ LEHbl, pa3Mepbl N KA4€CTBO M306pa)l(eHVIFI.

KayecTBO 06beKkTMBa 3aBUCUT OT MHOTUX (paKTOPOB M HE CTOUT CYUTATb €ro rapaHTMpoBaHHbIM. OcobeH-
HO Ba)kKHO 3TO AN BapnoobbEKTUBOB, BeAb NpW UX NPOEKTUPOBaHMM Tak MHOTO nepeMeHHbIX. Baprnoobb-
€KTUBbI LUMPOKO MCMOMb3YTCA B Hanboriee KpymnHbIX CUCTEMaX BUAeOHAOM0OeHUs!, Tak YTo Mpu KX BblGO-
pe HY>HO ObITb OY€Hb BHUMATESIbHBLIM.

MpOoCTbIX NPaBWIT HA 3TOT CYET HE CYLLECTBYET, U Jyyllee, YTO MOXHO MPEAI0oXKUTb — NPOBECTU TECTMPO-
BaHVe 1 CpaBHEHME.

Puc. 3.8. Tunuunas mapxuposxa ob6vexmusa 0Jis 6UOeOHAONI00eHUs
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dakTopbl, onpeaensiLLNe Ka4eCTBO 06BLEKTUBOB, MOXHO ¥V /4~ ¥%

CBeCTU K paay MOMEHTOB!

1. KoHcTpykumsa obbekTuBa:

2. npOI/I3BOLI,CTBO ONTUYEeCKNX 3J1IEMEHTOB!

3. MexaHu4yeckas KOHCTPYKUMS O6BbEeKTMBA:

YNCIO 3NTEMEHTOB;
B3aMMHOE pacnoJioXXeHne;
KoppeKuuna a6eppau,v|v| Ha 3Tane npoeKkTnpoBaHUA.

TVN CTEKNa; =
TEXHOMOrMA 1 TUMN CTEeKNonpou3BOACTBa (HarpeBaHme,P
oxnaxgeHue, 6ecnpMMecHoOCTb); . 2
TOYHOCTb LUAUMOBKM 1 MOMNPOBKU (3TO OYEHb BAXHO);
npocBeTnsioLlee MOKPbITUE cTekna (MUKPOHHOE MOKpPbI-
TMe, MUHUMU3MpYIOLLEee MOTEepU, Bbl3BaHHblE OTpaxe-
HUem).

dukcauma nonoxeHus obbekTMBa U CTabunbHOCTb (K
yoapawm, TemnepaType...);
MexaHu4eckme ABMXyLMecss 4actu obbekTmBa (0Co-
©eHHO, TpaHcdokaTop, (POKycupoBKa, nenectkn auad-

parmbi); Puc. 3.9. Mexanuka sapuoodwvexmusa
BHYTPEHHee oOTpaxeHue cBeTa (4YepHoe nornoLatllee

NoKpbITUE);

LecTepHM Ans 06BbEKTMBOB C CEPBONPUBOAOM (NriactMmacca, meTans,

TOYHOCTb).

4. OnekTpoHuka (y aBTognadparm n o0 beKTMBOB C CEPBONPUBOLOM):

e  Ka4yeCTBO 3MEKTPOHMKN aBTOMaTuyeckon anadparmel (ycuneHme, ctabunbHOCTb, TOYHOCTb);

e 3HepronoTpebneHne (AnNs aBToMaTMYEeCKOM Anadparmebl, Kak NnpaBuno, HU3KOe, HO
HeKoTopble cTapble MoAenu moryt TpebosaTtb 6onblue, YeM MOXET AaTb Tenekamepa,
MOCKONbKY Ternekamepa nutaet o6beKkTMB ¢ aBToanadparmMon);

Puc. 3.10. Bapuoobvexmug 6 pazobpannom suoe
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e cxema TpaHcdokaTtopa u poKycupoBku (HanpsikeHue: 6 B, 9 B unn 12 B, Tpex unun
YeTbIpEXNPO-BOAHLIN Kaberb ynpaBneHns).

["'eomeTpudeckoe MoCTpoeHue N300paKeHUH

|/|306pa)KeHl/Iﬂ MOryT ObITb NMOCTPOEHbI NMPY NOMOLLKX NMPOCTbLIX NMpaBuJ1 ONTUKN N TEOMETPUN.

Kak MOoXxHO yBnaeTb U3 puC. 3.1, ans NOoCTpOeHunA I/I306pa)KeHVIF| obbekTa Tpe6yeTc;|, KakK MMHMYM, [iBa Jy4a.
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Puc. 3.11. Ilpoexyuu uzobpasicenuil 06veKmMos, HAXOOAUWUXCS HA PAZTULHBIX PACCTNOAHUSIX

Mpy NOCTPOEHMN N306paKeHNIn criedyeT NPUAEPKMBATLCS CreayrLWwmnx Tpex NpaBus:

o OObeKTbl, HaxOAALWMECH HA PasNUYHbIX PacCTOSHUAX, Ha CXeMe [AOSMKHbl OOHWM KOHLIOM
KacaTbCsi ONTUYECKOW OCW.

o [lo onpegeneHuto, nyyun, NpoxoasLine yepes LEeHTP NNH3bl, He MEHSAIOT CBOEro HanpasreHus,
T.e. B UeHTpe nuH3a BedeT cebsa kak nrockonapannenbHas CTEKNsHHas nnacTuHa, He
Bbl3bIBas NpernomieHus.

o [lo onpepeneHuto, nyyn, napannenbHble ONTUYECKOW OCK, NMPOXOaAT Yepes hOoKyC.

BcnomHyM Tenepb 0CHOBHYHO QOPMYITY NMH3bI, KOTOPYO Mbl UCMONb3YEM MpU pacyeTe KONMYecTBa CBETA,
nagatowero Ha MN3C-maTtpuuy:

1/D+ 1/d=1f (30)

3necb D — paccTosiHue oT 06bekTa [0 NUH3bI, d — paccTosiHe OT NMUH3bI [0 n3obpaxeHus f — dokyc-
Hoe paccTosiHMe NMH3bl. OTMEeTUM, YTO d 30ecb OTHOCUTCS K M300paxkeHnto He BECKOHEYHO yaaneHHoro
obbekTa, 1 N03TOMy OHO Gonblue, YeM/; a B cnyyae DeCcKoHe4YHO yaaneHHoro obvekra d 6ygeT paBHO/.

O6paTuTe, noxanyncra, BHAMaHMWE Ha n3obpaxeHnsa 06BbEKTOB, HAXOASALWMXCA HAa pPa3fMYHOM paccTos-
HUN. POKYCMPOBKA JINH3bI AOCTUraeTCA 3a CYET MUBMEHEHUA PaACCTOSIHUA MexXAy JINH30M U nroc-
KOCTbIO n3obpaxeHus (rae pacnonoxeHa MN3C-maTtpuua). Ntak, npoekuus usobpaxeHus coBnagaetr
¢ chokanbLHOM NIIOCKOCTLIO MOJIbKO 8 MOM cJjly4yae, Koraa nuH3a ccokycuposaHa Ha 6eCKOHEYHO
yoaneHHbIN 06bekT. Bo Bcex ocTanbHbIX Clyvasx pacCTosHUE MeXAy NMH30M U n3obpaxeHnem Gonblue,
4yeM (POKYCHOE pacCTOsiHUE MMH3bI.

CrnieagyetT Takke OTMETUTb, YTO (Kak YNOMMHAsNOCh Bbille) Ha MPakTUke 0OBHEKTUB COCTOUT U3 HECKOJTbKUX
ONTUYEeCKUX 3anemeHToB. CrefoBaTeflbHO, MX MOXHO MNPeAcTaBUTb SKBUBANEHTHOW OAHO3NIEMEHTHOMN
FNIMH30W, PacnosioXXeHHOW B rraBHOM Touke. Puc. 3.13 nNosiCHAET 3TOT MOMEHT.

O6bekTUB, 06pa3OBaHHbIIZ N3 HECKOJIbKNUX OMTUYECKUX 3J1eMEHTOB (eﬂ,MHI/I‘-IHbIX TOHKNX J'IVIH3), nmMeetT ABe
rnmaBHbIX TOYKU — NEPBYH U BTOPYHO rMaBHbI€ TOYKWN. [OnA TOHKOW NUH3bl 3TU TOYKU COBNagaroT U
pacnonoXxeHbl B UEHTPEe JINH3bI.

[1nockocTn, nepecekawLwme 3TN rnaBHble TOYKM U NepneHAUKYNsSpHblIe ONTUYEeCKOW OCU, Ha3blBalTCH
rnaBHbIMU NJTOCKOCTAMM.

htp:/www. itv. ru ITV— zenepanwvuuiii cnoncop 2-20 uzoanus knueu « CCTK bubnus eudeonadniooenusny
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Puc. 3.12. Konyenyus poxycuposru
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Puc. 3.13. Ocnosuble mouku u niockocmu
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MaBHble NNocKoCTV obnagatoT creayowuMm CBOV-

g

=

. =
cTBaMMU: “%I
|

o o

e Jlyy, nagalownn Ha nepsylo rMaBHYK Mfoc- 2
KOCTb (napannenbHO ONTUYeCKOW OCK), MOKM- gl

HET BTOPYIO MaBHYK MMOCKOCTb Ha TON Xe :‘%‘

L Svanon ©y P00

BbICOTE, PaCMpOCTPaHAsiCb B HamnpasreHuu
TOYKM pokyca.

e Jlyy, nagawowumii B HanpasBlieHUU MNepBON
rMaBHOW TOYKM, MOKMHET BTOPYH [NaBHYIO
TOYKY NOA TEM XeE YIIOoM.

e DOKyCHOe paccTOosiHME TaKoW NUH3bl MPUHU-
MaeTcs paBHbIM PacCCTOSIHAKO OT BTOPOMN
rMaBHOM NIIOCKOCTU 40 dhokyca.

|
|

TODAR rNaBHAR NNOCKOGTS
A

B

i

£
z___i_g

C-kpennenne=17.526 MM paccronnue or grasua

CS-kpennenne=12.5 mm RO NAOCKOCTH HIOBpaXenns !

Puc. 3.14. I[Tonepeunoe cewenue 00vexmuea ¢ pyuHo
YCMAaHo8KoU ouagpazmsl
Monb3yacb 3TUMW CBOMCTBaAMW, MOXHO MNOCTPOUTb rEeOMeTpuveckoe
n3obpaxeHne Takum e obpas3oM, Kak B Cryyae NIMH3bI, COCTOSALEN U3
OA4HOIro onNnTn4YecKoro anemMeHTa.

CnepnyeT OTMETUTb, YTO BTOpas rnaBHas TOYKa MOXET MonacTb 3a Mpeaernbl CUCTEMbIl NINH3 — B criyyae
06bEKTUBOB C ManeHbkMM hOKYCHbIM paccTosiHeM. Yem MeHblue (OKycHoe paccTosHue, Tem Gonblue
ONTMYECKUX BfEeMEeHTOB Heobxoam-
Mo Ao6aBnaTb ANS Koppekuuu pas-
. KONbLIO (hOKYCHPORKN MWYHBIX WCKaXEHWW, 4YTO yBenuun-
BaeT cTouMmocTb obbektmBa. C
ymeHbleHvem dopmata [13C-maT-
Gnok gnadparmsl puy, (0T 2/3" do 1/2" u 1/3", a
menepb u 0o 1/4". B Hacmosuee

OCHOBHaR
~A\  rpynanmss  BPEMs 8bilycKaomesi mesekamepbl ¢
) rN3C-mampuyamu 1/6". Npum. ped.)
NpuXoAuUTCA MPOM3BOAUTbL OOBEK-

POKYCHMPOBOYHA
rpynna nuH3

5mlL__

w i TVBLI C Bonee KOPOTKMUM (POKYCHbIM

mm 8 paccTosiHMEeM, 4TOBbl COXPaHUTb

€ o TOT X€ MO LUMPUHE Yron 3peHus.

N bosGa 3710, B B Y b, BbIHYAMUI

w A 0, B CBOWO ouepenb, yauno

= <! NPOMBILLNEHHOCTL YMEHbLUTL pac-

BN ST AN CTOSIHME OT hnaHua obbekTuBa [0

KanbHas ——

Ao ST RKONBGD PRTYNMEIDER MMOCKOCTN Mn306paxeHns, KoTopoe
Anadparmbl

ana «C» Tuna KpenneHuss paBHO

wkana F-uncen (amapparma) 17.5 MM c TeMm, 4TOo6bl ONTUKA

cTana npolie, MeHblue, JelueBne.

LUKana paccTosIHUIA (ChOKyCUpOBKa) HoBbln doopmaT paccTtosiHua paBeH

12.5 MM, 1 NOCKOSIbKY OH MeHbLue,
OH Ha3sblBaeTcs ctaHgaptom CS (S-

Puc. 3.15. [lonepeunoe ceuenue 00vbeKmuga ¢ pyuHou yCmaHo8Koll small)

ouagppazmovi

Acdepudeckue JTUH3BI

Kak y>xe ynommHanocb Bblille, cdepuyeckas abeppaumns — 3T0 OOLLUMI TUMN UCKaXKEHUS], NPUCYLLIA BOMNbLUNH-
CTBY NMH3 chepmnyeckoro Tuna. JInH3bl cdhepryeckoro Tmuna Hambonee pacnpocTpaHeHbl, MOCKONbKY N3roTae-
NBAKOTCA OHW MPU MOMOLLM CaMblX MPOCTbIX MEXaHUYECKUX CNOCOBO0B LAMMOBKM 1 MONMPOBKM, MOSYNHSIO-
Lmxcsa cdepryeckMm 3akoHam. NMonvpoBka BbINOMHAETCS KPYroBOM MaluMHOW, B pesynbTaTe Yero nvH3a
nmeet cepudeckyto chopmy. MOXHO nokasaTtb, YTO KpOME XpomaTuyeckor abeppaumu, NpUcyLLEen NpoCcTo-
My OMTUYECKOMY 3NEMEHTY («pasnoxeHne Ha useTa» 6enoro ceeTa), ecTb eLle 1 cepuyeckas abeppauus,
BbI3BaHHasA cdhepryeckum npodunem NnH3bl. PoKyc He ABNAETCA B TOYHOCTU OAHOWN TOYKOMN.

http://www.itv.ru ITV— z2enepanvhbiii cnoncop 2-2o uzoanus kuueu « CCTV. bubnusa eudeonaoniooenusy
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Coepuyeckas nmH3a

—==\ =

Acgepuyeckas nmH3a

= gr[_m-ie_cxaﬁ OCb Oﬂ"ﬂ‘ieﬁlﬁﬂ OCh

Puc. 3.16. Chepuueckas u acepuueckas aun3zol

Ha ocHoBe (hm3nyeckmx 3aKOHOB NPEernoMeHnss MOXHO nokasaTb (HO Mbl He Oyaem BOoaBaTbCH B 3TW AeTa-
nn), 4TOo KonokononogobHasi nNnH3a (He cdepuyeckasl) ABMNSETCSA MaeanbHOW ANA MOMyYeHUs euVHON
dOKyCHOWM ToYKkM Be3 cdepnyeckmx nckaxeHui. NonepeyHoe ceveHne Takow NMH3bl NpeacTaBnseT cobon
KPVBYIO, HECKOJIBKO OTKITOHSAIOLLYIOCS OT (POPMbl OKPYXXHOCTU U UMEIOLLYIO (POPMY KOMOKOra.

OT0 NpOAEMOHCTPMPOBAHO Ha puc. 3.16, n YTOObI ObINIO NOHATHEE — B NpeyBeNIMYeHHoN hopMme.
Takas nuH3a Ha3biBaeTCcs accepuyecKon.

MoHATHO, YTO Takyto hopMy TPYAHO BOCMPOU3BECTU
npyM  MNOMOLWM  CTaHZApPTHbIX  MOJSIMPOBOYHbIX
TEXHONMOrMNn, HO, ecnu Bce-Taku obecneynTb
KayeCTBEHHOE W3roTOBNEeHWe, OHa pJact psag
npeMMyLlecTB B CpaBHEHWM C TpagULMOHHBbIMU
chepmyeckMMn nMH3amMK, BKOYas OGonblnK
packpbIB gnadparmbl (4TO OTpaKaeTC B MEHbLLMX
3HavyeHusAx F-yncna), GonbWWMA yromnm 3peHus,
6onee KOPOTKOE MUHUMANbHOE paccTosHMe [0
0o6beKkTa, MeHbllee KONNYeCTBO ONTUYECKUX
3NeMeHTOB, TaK KaK NpUXOAMTCH WUCNPaBnsTb
MeHblle abeppauun (B pesynbTate 0ObEKTMB
CTaHOBUTCS MEHbLLE 1 Nnerye).

Puc. 3.17. Acghepuueckuii obwvexmus ¢ asmoouagpazmott

OpHako Takas TexHonorus aopoxe — WK3-3a
CITOXKHOW TEXHUKMN NOJINPOBKW.

OnTuyeckre KOMNaHUM Havyanu BbiMyckaTb NUTble acepuyeckme NnH3bl, n3berask KPUTUYECKOro npoLiec-
ca wnudgoBaHus. ToT npouecc, npaeaa, He obecneynBaeT CTekna Takoro kavyecTsa, Kak npu 06bIYHOM
npouecce, HO MO3BOJISEeT caenaTth NPOM3BOACTBO acepryecknx 06 bLEKTUBOB 6oriee IKOHOMUYHBIM.

KayecTBO Takux oO6BbEKTMBOB ele HyxgaeTcd B AOoKa3aTesibCTBax, HO OHU CYLLEeCTBYKOT U OOCTYIMHbl Ha
pblHKe 060pyaAoBaHWs Ans CUCTEM BUAEOHabnoaeHs.

YacTOTHO-KOHTpACTHAs XapaKTEpUCTUKA U (DYHKIMA NIEpeAayr MOYJIALUN

Y10 Ham HY>XHO OT obbekTMBa — 37O pe3Koe N 4YeTkoe M306pa>|<eHV|e, cBOOOHOE OT UCKAXEHWUNA.

Kak yXKe ynoMunHanocb, obbekTMBLI 06NagatoT OrpaHVI‘-IEHHOIZ paapeu.lalou.l,eﬁ CNocoBHOCTLI0, N 06 3TOM
0COBEHHO BaXXHO NMOMHUTb, KOrAa Mbl ncnonb3yem nx B BUOeOCUCTEMax BbICOKOIo paspeLlleHns.

Pa3peLua|ou.|.a;| CMOCOOHOCTbL CBAi3aHa CO CMOCOOGHOCTLHIO JINH3bI BocCcnpou3BoauUTb Merikue geta-
nn. Ytobbl N3MEepPUTb 3TY CMOCOBHOCTD, NCNOoJib3yeTCd UChbITaTellbHadA Tabnuua, cocrtosilwasa u3 YEPHbIX "
GenbiX NONoCcoK ¢ paSJ'IVI‘-lHOIZ NJIOTHOCTbHIO (I'IpOCTpaHCTBeHHbIM I'IepVIO}J,OM), 06bIYHO BblpaxaemMyr B

«CCTV®@oKycy — acypHan no cucmemam U0COHAOIIO0EHUA U OXPAHHOMY He1e6UOeHUI0 http://www.cctvfocus.ru
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O6bekT I I I II|| i Tectupyemas nuH3a
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. II I ~ lpoekuma nzobpaxeHus
~""Ha NNEHKY BLICOKOrO PaspeLieHus

4 Kowtpact Kontpact
obsekra n3zobpaxenns
| |
Benwii | Benk |
| i
' B i
IA
HepHbli | | £ Ly  HepHbiid = — s it T s R [T
MpocTpancTeerHas YyacToTa (anHna/Mmm) ﬁpocrpancme”ﬁan vyacrora (nHWiA,/MM)

4 KoHTpact
100

YacToTHO-kOHTpacTHan xapakTepucTika - YKX (CTF) = B/A
DyHryma nepegayn Mogynaumn - ©NIM (MTF)
O4eHL noxoxa Ha YKX, HO OTHOCKUTCA K CUHYCOuAe

TP — ¥ ’
lMpocTpaHcTBEHHan YacToTa (nHnA/MM)

Puc. 3.18. Yacmomno-konmpacmuas xapaxmepucmuxa — YKX(CTF, contrast transfer function)
u ¢ynxyus nepedauu mooynayuu — PIIM (MTF, modulation transfer function)

JINHUAX HA MUNNUMeTp (nNuHui/mMm). Mpu noacyeTe paspellaroLel CNOCOOHOCTU MUH3bI (NNHWUIA/MM)
Mbl Y4UTbIBaeM 1 6enble, 1 YepHble NVHUN.

XapakTtepuctuka, 4EMOHCTPUPYIOLAA «OTKIUK» JINH3bl HA Pa3NIUYHYIO BEMYMHY MNAOTHOCTU B MIMHUAX/MM,
Ha3blBaeTCs YaCTOTHO-KOHTpPacTHOMW xapaktepuctukon (YKX).

C TeopeTnyecKoW TOYKM 3peHUd Nnydlle oLeHMBaTb napameTpbl NIMH3bl NPU HEMPEpPbIBHOM nepexoae oT
YepHoro k 6enomy (B Buge CMHycouabl), a He Ha Nofiockax, KOTopble Pe3Ko nepexoaaT OT YepHOro kK 6eno-
My. B ocobori Mepe 9TO OTHOCMTCS K 06beKkTnBaM, UCMNOMNb3yeMbIM B TENEBUOAEHUN, TaK Kak ONTUYECKUN
curHan B 9TOM criydae npeobpasyeTcs B 9MEeKTPUYECKUiA, KOTOPLIN Nervye onucbiBaeTcs 1 OLeHnBaeTCs
npy NOMOLLM CUHYCOMAAmNbHbBIX XapakTepUCTUK. JTa XapakTepuctuka HasbiBaeTcs PyHKLMENn nepepaym
moaynauum (PMM).

OpHako Ha NMpakTUKe OKasbiBaeTCcs ropas3go npolle caenatb TECTOBYH Tabnuuy ¢ YepHo-6enbiMu nomnoc-
Kamu, a He C CUHycouaanbHbIM NepexoaomM oT YepHoro k 6enomy. YKX n ®IMM — 310 HE OAHO U TO Xe, HO
npu nomowm YKX ropasgo npolle namepuTb U ¢ 4OCTaTOYHO GONbLIONA TOYHOCTHLIO MOXHO onucaTb
06006LEeHHble XapaKTepPUCTUKU JTNH3bI.

Camas npocTtasi aHanorus, Kotopas MOMOXeT HaM MOHATb, YTo Takoe PITM, — 370 cnekTparbHbIN OTKINK
ayamocuctemsbl. B aygnocncteme mbl paccmaTpuBaem YypoOBeHb BbIXOAa (HanpsikeHue unm 3ByKOBOE
[aBrieHne) B 3aBUCMMOCTM OT 4acTOThbl ayauocurHana. B ontuke mbl genaem 1o xe camoe, Tonbko ®IrM
Bblpaxkaetcs B BuAe 3aBUCUMOCTM KOHTpacTHocTu (0T 0 go 100%) oT npocTpaHCTBEHHOW NMIOTHOCTHU
(B NnHMAX/MM), Kak Mbl Buaenu Ha puc. 3.18.

http://www.itv.ru ITV— zenepansnotii cnoncop 2-20 uzoanus kuueu «CCTV. buonusa eudeonadniooenusn»
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Paznnynble 00bekTHMBB MMeEIOT paznnuHble DIIM-xapakTepucTHKM B 3aBHUCHMOCTH OT KadecTBa CTEKJIa,
ONTHYECKOW KOHCTpYKUMM W npumeHeHus. Hampumep, ¢ororpaduueckne 00bEKTHBBI OYIyT MMETh JIy4IIyIO
OIIM, yem 00beKTHBBI Ul BuaeoHadoaeHus. [IpuunHa npocra: cTpykTypa (OTOIUIEHKH MOXKET PEerucTpUpOBaTh
6osee 120 nuHUI/MM, U IPOU3BOJIUTENSIM MPUXOJUTCS BBIMYCKAaTh 0OBEKTUBBI 00Jiee BHICOKOI'O KayecTBa, YTOOBI
MUHUMH3UPOBAThH YXYJIICHUE KAPTUHKY TPU YBEIIMYCHUH N300paKeHHsI Ha TUICHKE JI0 pa3MepoB IocTepa.

[13C-MaTpumbl UMEIOT MEHBIUIYIO Pa3peIlarollyi0 CIIOCOOHOCTh, YeM Ty, KOTOPYIO O0ecrednBaeT KPHUCTaJUTNYecKas
cTpykrypa mieHkd. C TeXHUYEeCKOH TOYKHM 3PEHUS] HeT HMKAKO HeoOXOJMMOCTH MEPEXO/UTh Ha MPOU3BOJICTBO
JIOPOTHUX 0OBEKTUBOB HAMHOT'O OOJIBIIIETO pa3pelieHus, 4yeM paspemaromas crnocodHocts I13C-marpurpl. OnHako ¢
muHuatiopuzanueit [13C-matpuir Mbl Bee Orbke 1 OMKe TIOIXO0IUM K TPaHHUIaM TUIEHOYHOTO pa3pelieHus], Tak 4To B
Oyay1ieM moTpeOyoTCst OOBEKTHUBBI C YIIyUIIEHHBIMH MTapaMeTPaMH.

Hamnpuwmep, uepno-6enas [13C-matpuna ¢popmara 1/2" cpegnero paspeurerust umeet npumepuo 500 nukcen
(371eMEeHTOB M300paXKeHHs) IO TOpu3oHTaNIU. Eciau Mbl yurem ¢usndeckyto mupuny 6.4 mm [13C-marpuiibl
¢dopmara 1/2", To puIeM K 3aKIIIOYEHUIO, YTO MAKCUMaIbHOE BO3MOYKHOE YMCIIO BEPTUKAIBHBIX JUHUH (YepHO-
Oenbix map) paBuo (500:6.4):2 = 39 nuHUi/MM. DTO pa3penIcHUE JETKO A0CTUTaeTCsl 00IbIIUHCTBOM TB-
00BEKTHBOB, TaK KaK OMTHYECKAS TEXHOJIOTHS MOXKET A

. @rM |
jerko obecrneuusars 6onee 50 auauit/MmMm. Ho mist f
yepHo-0enoit [13C-maTpuisr popmata 1/3" ¢ Toi xe .
MI0THOCTHIO B 500 MUKCENI0B 110 TOPU3OHTAIN MBI yXkKe A
roBopuM o (500:4.4):2 = 57 nuauii/MM. DTO 3HAYUT YTO
I[M3C-Tenexkamepa opmara 1/3" Tpedyer 06 beKTHBA
00JIBIIIET0 pa3pelicHus, YeM Tejekamepa dpopmara 1/2".

Paznmunple  00BeKTHBBI HMMEIOT pasnuaHele  DIIM-xa-

L — s

PAKTEpUCTUKHU, U MHOI/IA Ha OCHOBE STUX XapaKTEPUCTHUK 30 npoctpancraennan vacToTa (nuHui/MM)

MPUXOAWUTCSA  pemarb, Kakoil  OOBEKTHB  ClIeAyeT

HCTIONB30BATE. Puc. 3.19. ®IIM-xpusvie 013 08yXx pasiuiHbx
00veKmu6o8

PaccmoTpuM mpuMep, NpeaCTaBiICHHBI Ha rpaduke. Mbl MOKEM

TpakToOBaTh €ro cieayronmM oopazom: @ITM obwvekTHBa A pacmpocTpaHseTcs Ha 00JacTh BBICOKMX IPOCTPAHCTBEHHBIX
YacTOT, a ATO O3HAYAET, YTO OH MOXKET TepeiaTh Oomee MeNKre AeTad, 4eM o0bekTHB B. O0pekTrB B nmeeT myumnmii OTKINK
Ha HIBKUX YacToTax. Ecim Ham HykeH OOBEKTHB I MOTYy4YEHHs BBICOKOH pasperraromell CocOOHOCTH, HApuMep, I
TUICHKH, TO JIydIlle BBIOPAaTh OOBEKTUB A, a i BuaeoHaOmronenus, rae [13C-marpuria He MOXKeT paznuauTh Oomee 50
JIMHUI/MM, JTydiie 000iTHCh 00beKTHBOM B, ¢ HUM OyieT Bbillie KOHTPACT.

F u T uucna

Kpome OIIM u UKX ectb u npyrast BaykHasi Xxapakrepuctuka o0bexktuBoB: F-uncio (F-number, F-stop).

F-uucno xapakrepusyer spKocTh CHOPMHPOBAHHOTO JTUH30M m300pakeHUs . OHO 0OBIYHO HAHECEHO Ha OOBEKTHBE
B Buae F/1.4 wim wnorna B npyroit dopme 1:1.4 (Beruuuna, obpamnas uyucny F, nasvieaemcs omuocumenbHuim
omeepcmuem, mo ecmv, Hanpumep, eciu F=1.4, mo omunocumenvroe omseepcmue 1:1.4. O0Hako Ha npaxkmuke HepeoKo
OMHOCUMENLHLIM OMEepCmueM Hazvieaiom camo uyucio F, mo ecmv 6 nawem npumepe, 1.4. Ilpum. ped.). F-uncno
3aBHCHUT OT (POKYCHOTO PACCTOSIHUS 00beKTHBA U 3(peKTHUBHOr0 JHaMeTpa 00JIaCTH, Yepe3 KOTOPYIO ITPOXOJIST
Jy4H cBeTa. DTa 00JIaCTh MOXKET M3MEHSTHCS MEPEIBIKEHHEM MEXaHHYECKHX JICIIECTKOB, KOTOPBIE MBI OOBIYHO
Ha3bIBa€M HPHUCOBOU quadparMoii.

Crnenyer oTMeTHTh, uTO 3()(PeKTHBHBIA OHAMETP OOBEKTHBA — 3TO OTHIOAb HE JCHCTBHUTEIBHBIH TUAMETD
00beKTHBa, a TUAMeTP H300pakeHust AuadparMsel, ecJu CMOTPETh HA HEro ¢ mepeaHeil CTOPOHBI 00bEKTHBA.
[TepBblit taMeTp OOBIYHO HA3BIBAECTCSI BXOAHBIM 3PAYKOM. A €CTb €Ille U BHIXOAHOM

3pavoK, Kak rnokasano Ha puc. 3.21. Cama upucoBas quadparma pacroyiokeHa MeKIY STUMHU JBYMsI 3paukaMu U
MEX[y ABYMS TJIaBHBIMHU TOUKaMH.

«CCTV®@oKycy — HcypHan no cucmemam 6U0eoHadNI00eHUA U OXPAHHOMY melesudenuto  http://www.cctvfocus.ru
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Puc. 3.20. Ionoocenue u pazmep duaghpaemol 3a8uUcsam om munda u KOHCMPYKYuu 00bexmusa

Yem MeHbLie F-yucrno, Tem Bonblue oTBepcTME Anadparmbl 1 Tem Gonblue cBeTa NPOXOAUT Yepe3 06bek-
TMB. MuHMManbHoe F-yncno ons gaHHoro o6bekTnBa HaHECEHO Ha CaMOM OOBEKTUBE U XxapaKkTepusyet
CMNOCOBGHOCTb 0O6BLEKTUBA cobupaTb CBeT.

YacTto 06bekTuBbl ¢ HU3kUM F-yncnom (F-stop) Ha3biBalOTCA CBETOCUIIbHBIMM O06bLEKTMBaMM Mnm Gbic-
TpbiMu obbekTuBamum (faster lens). 310 noTomy, 4To Ha 3ape poTorpadum NbiTanMCb COKPaTUTbL BPEMS
3KCNO3NLUKN NIEHKN NyTEM yBENUYEHUs KonmyecTBa cBeTa (Hu3koe F-4mcno); aTo no3sonsno caenatb
CHMMOK BbICTPO 1 MOMNy4YnUTb KapTUHKY 6e3 NoTepu YeTKOCTH, BbI3BAHHOW APOXaHWEM KaMepbl.

Honyctum, 16 MM-00beKTUB nmMeeT MUHMManbHoe F-uncno, paBHoe 1.4, Torga 970 3anucbiBaeTcs Tak:
16 Mm/1.4 nnn 16 mm 1:1.4. MakcumanbHoe addekTUBHOE OTBEPCTUE AnadparmMbl IKBUBANEHTHO Kpyry
¢ anameTpoMm 16/1.4 = 11.43 MM — SKBMBANEHTHO NMOTOMY, YTO NENeCcTKN guadparmbl 06pasyoT Tpey-
ronbHoe, KBagpaTHoe, NATUYTONIbHOE UK LLUECTUYroNIbHOEe OTBepCTME.

BoixonHoit 3paqyok .
A P [ .
(BMAMMBIV CO CTOPOHBLI OKYNSpa) ,H___E ; iR
:,.F___ " {co cTopoHbl 06bekTHBa)
uagpparma
SriRamg MN3C-marpuya
) Okynsp

|| .

Ontuyeckas ocs d|

“

Puc. 3.21. Onpedenenue nonodxcenus ouagppazmol
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UToObl NOHATH, NOYEMY MMEHHO TakOBa NocregoBaTenbHOCTb F-dncen, Ham npugeTcsa npogenatb psag
BblYMCIEHUN.

HayHem c npegblgywero npumepa — paccMoTpum obbektvB 16 Mm/1.4 — un Hagem nnowagb non-
HOCTbI OTKpbITOro oTBepcTus (T.e. npu F/1.4):

A, =(d/2) m=(1143/2) - w=32.66-3.14 = 102.5 mm’ (31)

[aBanTe Tenepb yMeHbLUMM 3Ty nrowazb BABOE, T.€. NYCTb OHa OyaeTt paBHa 51.25 MM?, M nogcunTaem
anameTp oTBepcTusa anadparmei:

A =x/2 w=>x=2-SORT(A /™) =8 mm (32)

'ne SQRTo3Ha4aeT KopeHb kBagpaTHbIi. Tenepb F-uncno ¢ 8-mm oTBepcTem bynet pasHo 16/8=2, T.e. F/2.

3pecok F/2 npencrtaBnsieT nnowagb, paBHyH MOMOBUHE Nnowaaun, cooteetcteytowen F/1.4. Ecnn mbl npogon-
XM OeNCcTBOBaTh TakK Xe, TO Mony4MM cregyroLime sHakomble uncna: 2.8, 4, 5.6, 8, 11, 16, 22, 32 u 1.4.

Bce a1 uncna CTaHAapTHbI OA5Aa BCeX TUMNoB 0OBEKTUBOB, 1 CMbICIT UX TaKOB: Kaxkaoe 6onblee F-yncno
nponyckaeT NoOyIoOBMHY CBETOBOIo NOTOKa No cpaBHeHUIO C npeablaylwnm F-uncnom.

Tenepb CTaHOBUTCS HAMHOIO MOHATHEE, NMoyemy Tere-
kamepa ¢ obbekTBoM 16 mm/1.0 Gonee 4yBCTBUTESbHA,
yeM Ta Xe Tenekamepa ¢ obbekTmBom 16 mm/1.4.

Ona BapnoobbekTMBOB npuBeAeHHble 3hecb F-yucna
OTHOCHATCH K OTBEPCTMIO Anadparmbl HA MUHUMAITbHOM
POKYCHOM paccTosiHuM BapuoobbekTnea. OueBUOHO,
YTO MpyM 3TOM MOfyvYaeTcsa Hawunydylwee «CBETO-
cobupatowee umcno» ans nwboro obbektmBa. [Ans
BapnoobbekTMBa npu  ycTaHoOBKE Haubonbluero
doKyCcHOro pacctosiHus F-uncno Bcerga MeHblUe, YeM Ha
MUHUMANbHOM (OKYCHOM paccTosHuu. Ho ©Obino  Obl
owmnbkon npeanonaraTb JIMHENHYK 3aBUCUMMOCTb
Puc. 3.22. Bapuoobvexmugvl cmanossimcesi 6ce Mmexy F-uncinoM u hokycHbIM paccrosHueM. B vact-
bonee nonynapHeimu HocTH, 00bekTHB 8-80 MM/1.4 obecrieunBaet 3¢ hek-

TUBHBIA nuameTp auadparmsel 8/1.4 = 5.7 MM, a ans
Takoro e oTBepcTus npu okycHom pacctosHun 80 mm F-ymncno, kasanocb 6bl, OyaeT paBHo 80/5.7=14.
Ha camom gene aTo He Tak, NOCKONbKY MHOroe GyaeT 3aBMCETb OT KOHCTPYKUMM BapuoobbekTBa. MecTo
pacnonoxeHnsi guadgparmbl MOXeT nepemMellaTbCs B 3aBUCUMOCTU OT ABWKEHUSI YacTel BapMooObEKTU-
Ba, NOAYMHASCH HEMMHENHOMY 3aKoHy. B 6onblimHcTBe cnyyaeB Ha 6onblunx OKyCHbIX paccTosaHusax F-
yucna bygyT 3HauMTEenNbHO Nnydwe (MeHbLue), Yem OyaeT nonyyaTbCs, eCnn Nofb30BaThCs BbiLLENPUBEOEH-
HbIMW pacyeTaMu, HO OHM Bcerga byayT Xyxe, Yem Ha MarnbiX (POKYCHbIX PaCCTOSHUSAX.

OO6beKTUBHO roBOPSl, KaXabll y4acToK CTekna, He3aBMCUMO OT ero kavyecTBa, MPMBHOCUT CBOW BKNag B
notepu ceeta. T NOTEPU MOFYT COCTaBMNATL OYEHb ManeHbKUIA NPOLIEHT OT OOLLEN CBETOBOW 3HEPTUN,
HO €CNM Mbl XOTUM MOMYYUTb TOYHbIE XapaKTEPUCTUKN OOBLEKTUBA, TO UX TOXKE HYXKHO YUYUTbIBATb. XapakTe-
PUCTUKONM YPOBHSI MPOMNYyCKaHUs cBeTa 00BHEKTMBOM SIBMsieTCs KO3hULMEHT NponyCcKaHUs, KOTOPbIN
Bceraga MeHbLue 100%.

[MoaTomy MHOrMe npodpeccruoHansl NpeanoYMTaroT ncnonb3oBaTtb He F-uucna, aT-yucna. B
onpegeneHun T-yucna yuntbiBaetca n F-uncno, n nponyckaHme obbekTuga:
T-uucno = 10 - F-uucno/SQRT(IIponyckanue) (33)

Mockonbky nponyckaHue o6beKkTMBa, Kak yxe ynomuHanocb, Bcerga mexblue 100% (o6bl4HO oT 95% Ao
99%), TO o4eBMAHO, YTO T-4ncno ByaeT Heckonbko Gonblue, Yyem F-umcno.

«CCTV®oxycy — ocypHan no cucmemam 8uOeoHaAdII00eHUs U OXPAHHOMY MeleBUOCHUIO http://www.cctvfocus.ru



CCIV 3. Onmuka 6 cucmemax 6u0eoHaAdII00CeHU 65

lMnockoctb
B ¢okyce

Tenekamepa

L]

nybuHa peskocTty npu
HU3KOM 3HayYeHun F-yucna

Tenekamepa

nyburHa peskoctu npu
BbICOKOM 3Ha4yeHun F-vyucna

Puc. 3.23. I'nybuna peskocmu npu paznuunvix snavenusx yucia F Hanpumep,

eci 00bexTHB 16 MM/1.4 nmeet pomryckanne 96%, to T-uucio O6yzaet pasro 1.43.

I'nyOuna pe3kocru

TeopeTunyeckn nNpm POKyCMPOBKE HA OOBEKT BCA NITOCKOCTb, MpoxoAsiiasi Yepe3 06BbEKT U NepneHgmnky-
napHasa onTUYECKOM Ocu, AOoMmKHa ObiTb B (bokyce.

MpakTuyeckn, ob6bEKTbLI, HaXoAdALWMECS HEMHOrO Bnepeam u nosagum obbvekTa B bokyce, Toxe GyayT
pe3kumun. ATa «JoMNOMHUTENbHAA» LWNMPUHA 30HbI PE3KOCTU 1 Ha3blBaeTCs FyOGUHON pPe3KoCTy.

BonbLuasi rny6uHa peskocT MOXeT ObiTb HeXXenaTeslbHOM XapakTepUCTUKON, Kak, Hanpumep, B doTorpaduu,
Kora Mbl XOTUM, YTOObI hoTorpacddnpyemblii OGBLEKT Obin OTAENEH OT NepedHero Uy 3agHero nnaHa. 1o
OYeHb XapaKTepHO OS5l MOPTPETHON CbeMKM TENEOGHEKTMBOM, Y KOTOPOro ry6rHa pe3kocTy HeBervKa.

B cucrtemax BugeoHabnogeHus, ogHako, 4acTto TpebyeTcs NPOTMBOMOMOXHBLIA 3pdeKT. Mbl XOTUM, YTOObI
Kak MOXXHO 6onblie 06bekToB 6bino B hoKyce, He3aBUCMMO OT TOro, rae B AEWCTBUTENbHOCTM pacmnoso-
XeHa bokarnbHasa NrocKoCTb.

my6uHa pe3KocTn 3aBMCUT OT POKYCHOro paccTtosiHus obbekTuBa, F-uncna n bopmarta obwektusa (2/3",
1/2" n 1.4.). OGLlee nNpaBuno 3akftoyaeTcs B criedylowemM: YeM MeHblle (poKyCHOe paccTosiHue, TeM
6onblwe rny6uHa pe3kocTu; YeM Gonblue 3HavyeHue yucna F, Tem Gonblue rmy6uHa pe3kocTu, u
yeM MeHble hopMaT 06bLEKTUBA, TeM Bonblue rny6uHa pe3KocTu.

OdbdeKT rnyGuHbl pe3kocTn 06bACHAETCA Tak Ha3biBaeMbiM AONYCTUMbIM NATHOM pPacCesiHUA.

http://www.itv.ru ITV— zenepanwvnwiii cnoncop 2-20 uzoanus knueu « CCTV. bubnusa eudeonadnrooenusny
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ockocTs M13C-MaTpuis!
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Puc. 3.24. Obwvscuenue anybunvl peskocmu

Jonyctnmoe NSATHO paccesiHus — 3TO NATHO MPOEKUMM 30Hbl pe3KoCTU. Ecnn HavmeHblnn anemeHT
n3obpaxenus (nukcen) MN3C-maTpuubl paBeH unu Gonblue AONYCTUMOrO NSATHA paccesiHus, TO, MOHATHO,
Mbl HE CMOXEM YBUAETb AeTanu, MeHbLUMe 3TOro nATHa. Opyrumum cnosamu, Bce 0ObeKThI M UX AeTanu, B
npegenax natHa, OyayT BbIrMSAeTs OQNMHAKOBO PE3KMMU, TaK Kak 3TO pearnbHbli pa3mep nukcena. OTcio-
[a MOHATHO, YTO pa3Mmep AOMNYCTUMOro NSATHa paccesHus AN Ternekamepbl onpefendeTcsd pasMmepamu
nukcena MN3C-maTtpuubl, ApyrMMu crioBaMu, paspeLuatowen cnocobHocTelo MN3C-maTtpuubl.

Tenepb Mbl MOXEM MOHATb, MOYEMY HEKOTOPbIE KOPOTKO(OKYCHblE OOBHEKTMBbLI, UCNOMb3yEMbIE B CUCTE-
Max BuaeoHabnogeHus (Hanpumep, 2.6 mm unu 3.5 mm), BooOLe He umetoT hoKyCUPOBOYHOIO KOJb-
ua, a TONbKO PerynmpoBky auvadparMmbl. ATO MOTOMY, YTO AaXe NpU HAUMMEHbLUMX A8 AaHHOTo 00bLEeKTU-
Ba F-uncnax (6yab 10 1.4 unu 1.8), rmybunHa pe3kocTu CTONb BeNUKa, YTO 0OBHEKTMB LENCTBUTENBHO AaeT
pes3kre n3obpaxeHusi C NpakTUYeCcKn NobOro paccTosHNUS: OT HECKONMbKUX CaHTUMETPOB A0 GeCKOHEeYHOo-
cTW. 34ecb AeiCTBUTENBHO HET HEOOXOAMMOCTU B (hOKYCUPOBKE.

Kak 6yneT 06bsiCHEHO MO3Xe B 3TOW KHUre, rnybuHa pe3kocTun — 370 a(pPeKT, O KOTOPOM Mbl HU B KOEM
cnyyae He JOMKHbl 3abbiBaTb, 0COBEHHO NpuU perynupoBke Tak HasbiBaemoro 3agHero ¢okyca (back-
focus). Ecnn 3agHuin oKyc He HacCTPOeH OOIMKHbIM 06pa3oM, 1 Terekamepa yCTaHOBIEHa Npu HEBHOM
cBeTe (T.e. aBTogMadparma o6bekTMBa MakcMMarbHO NpUKpbIBaeT OTBEPCTUE OT M3ObITOYHOrO CBeTa),
rnybuHa peskocTn obecneunt peskocTb Aaxe B Tex 06nacTsx, KOTopble Ha caMoM erne He B hokyce.

MpakTuyecknin onbIT NOKa3bIBaET, YTO rMyOMHA Pe3KOCTM B TakoM criyyae (korga 3agHuin OoKyC HacTpOeH
HEKOPPEKTHO) — 3TO CaMblii BOMbLUON UCTOYHUK pa3oyapoBaHus npu 24-4acoBoM OyHKLMOHMPOBAHUN
cuctembl. [pUUnHBI CTAHOBATCH OYEBUOHbLI HOYbIO, KOrda OTBEepCTUe Anadparmbl packpbiBaeTcs MU3-3a
HU3KOro YPOBHSA OCBELLEHHOCTU (NP YCNOBUN HOPMarnbHOro OYHKLMOHUPOBaHUSA aBToauadparmel), riy-
OvHa pe3KoCTU CHMXAEeTCH, U NofyyYarTcs HeCOKYCUPOBaHHbIE N300paXeHns, HECMOTPS Ha TO, YTO

Puc. 3.25. @omoepaghuu ¢ nuzkum u evicokum snaveruem uucia F (06vekmue cghokycuposan Ha yeHmpa/2ohvitl 00bekm,)
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OHeM oHu 6bInu B ookyce. He noHuMasi npudmH aTton npobnemel, onepaTop Xanyetcsa cneyuanucram,
YCTaHOBUBLUMM WM OOCMNY>KMBAKLLUM CUCTEMY, HO OHWU 0ObIYHO HAHOCAT BU3UT B AHEBHOE Bpemsi. [oHAT-
HO, YTO AHeM Gnarogapsi 6onbLuon rnybuHe pe3koCcTU HUKaKMX npobnem He GyaeT, a BOT HOYbK ONATb
NposBATCA «HEOObACHUMbIE» 3OPEKTI.

Mopanb oTctoga TakoBa: perynmpoBka 3agHero ¢okyca (3To Mbl TOxXe ob6cyaMm Mno3xe) AomkHa ObiTb
npoBedeHa Mpu NOSIHOM packpbliTUM guadparMmbl. Cambii NPOCTON cnocob MnonyynTb MakcumarbHOe
OTBEPCTUE — HAcTpamBaTb NPV Marom ypOBHE CBETAa, YTO AOCTYNHO BEYEPOM (MMM HOYBIO), UIIN MOXHO
NCKYCCTBEHHO CHU3WUTb KONMMYECTBO OHEBHOrO CBETa MpW MOMOLLM BHELLIHEro unbTpa HeWTpanbHOM
nnotHoctn (ND) (oBblvHO ero nomewiatoT nepen obbekTvBoMm). Bce aT0 menaetcsa pagum TOro, YToObl
YMEHbLUUTb rMyOuHY Pe3KoCTU 1 Takum obpa3oM caenaTb perynmpoBKy 3agHero hokyca npoLle v ToYHee.

[loBONMBHO 4YaCcTO NpPU UCMOMb30BaAHMM YepHO-6enbiX Tenekamep ¢ MHpakpacHbIM CBETOM BO3HUKaET
apyron adpdekT. M3-3a Toro, 4To MHAPaKpPaCHbIA CBET MMEET AOBOSIbHO BONbLUY AMMHY BOJSHbI (MO Cpas-
HEHMIO C OObIYHBIM CBETOM) M MEHbLUMI MNokasaTeNb MPEroMIIEHMS, MIOCKOCTb CHPOKYCMPOBAHHOIO
n3obpaxeHns pasmeLaeTcs HeMHoro nosaau nnockoctu N3C-maTtpuubl. Ona ganbHenwero NosiCHEHWs
deHoMeHa colnemcs Ha pasgen pasnoxeHue cBeTa npuamMmon. Ecnn gHem nsobpaxeHue peskoe, TO B
HOYHOEe BpeMs 0ObEKTbI Ha TOM e pacCTosiHuM ByayT He B (hoKyce. OTO JOBOMbHO 3aMETHbIN U Hexena-
TenbHbI 3dhdekT. YToObl MUHUMM3NPOBATL €ro, Heobxoaum cneumanbHbli 06BLEKTUB C KOMMNEHcaumen
MH(ppakpacHoro ceeta (HEKOTOPbIE MPOM3BOAUTENMN ANS 3TOW LIeNn BbiNyCKalT crneuuanbHble CTEeKMNSaH-
Hble NuH3bl). OgHako, BOT ©onee npakTu4Hoe n obliee pelleHne: HaCTpoOUTb 3adHUN PoKyc obbekTnBa
Ternekamepbl HOYbIO MPU MHAPAKPacHOM CBeTe, B 3TOM cny4yae rnybuHa pes3kocty byaet MuHumanbHa, a
06bekTbl — B dokyce. [IHem rmybuHa pes3KoCcTn yBENMYMT 30HY pe3KocTu 0 Oonbliero gvanasoHa,
KOMMEHCUpys pasHuuy mMexagy oKycoMm npy nHdpakpacHoOM U HOpMarnbHOM CBETE.

DOuIbTPbI HEUTPAJIBLHOMN IVIOTHOCTH

Bobiwe, obcyxgasa F-yucna, mbl ynomumHanu psg F-uvicen: 1.4, 2, 2.8, 4, 5.6, 8, 11, 16, 22, 32 u 1.4. 3707
CMNCOK MOXHO NpoaoimkuTh: 44, 64, 88, 128 u 1.4. Yem Bbiwe F-4ncno, TeM MeHbLUE OTBEpPCTME amadpar-
Mbl, Mbl y>K€ roBOpUIiM 06 aTOM.

Ona doTtorpaduyeckon nnu kKnHonneHkn F/32 — aTo AOBOMbHO Gornbloe Yucno. YyBCTBUTENBHOCTb
SMYMbCUU MNINEHKM TakoBa, YTO Jae B CONIHEYHbIV AeHb Takoe F-uncro B COBOKYMHOCTM C JOCTYMHON
CKOPOCTbIO 3aTBOpa AOCTAaTOYHO AS1A KOMMeHcauun n3bbITOYHOro ceeTa.

YUyBCTBUTENBLHOCTb MEHKM n3mMepsieTcsa B egmHuuax 1ISO, a o6bl4HO cnonb3yemasi B MOBCEAHEBHbIX LENsiX
nneHka nmveet vyscTeuTensHocTb 100 eguHuy ISO.

M3C-maTpuubl ropasgo 6onee 4yBcTBUTENbLHBI, YeM nrieHka B 100 eanHuy 1ISO, ocobeHHO YepHo-6enble
MaTpuubl. 3Has ypoBeHb cBeTa, F-4ncno n ckopocTb 3aTBopa (poTokaMepbl, TMMMYHOE BPeMS SKCMo3nLmmn
M3C-tenekamepsl (1/50 ¢ ana CCIR) n yctaHOBKY AvadparMbl, Mbl MOXEM MOCYNTATb YyBCTBUTENBHOCTb
yepHo-6enon MN3C-maTpuybl — oHa 6nuska k 3HaveHuto B 100 000 egunHuy, ISO. D10 4OBOMBHO BbICOKast
YyBCTBUTENbHOCTb.

ND-GuaLTp

Ontuyeckaa ock ;I(?q:{yc

Yeenuvexnune F-uyucna
apy NoMoLLM KOMOUHaLUN
MEXaHUYECKHMX N ONTUYecKux CpencTs

Puc. 3.26. Bcmpoennulii 6 06bekmue HellmpaibHo-cepbiil Guibmp
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B nepeBoge Ha 0ObIYHLIN SA3bIK 3TO 03Ha4aeT, YTo M3C-maTpurLa HacTONbKO YyBCTBUTENbHA, YTO HU3KUNA
YpOBEHb cBeTa He ByaeT npobnemon (xoTs Bbl Mornuv He pas crnbiwaTtb OT noTpebuTtenen: «Hackonbko
YyBCTBMTENbHA Balla Teriekamepa?»), a npobnemon ckopee OyLeT CUIbHLIN CBET.

[MockonbKy Tenekamepbl UMET TONbKO 0AHO Bpems akcnoauummn, 1/50 cekyngbl B CCIR n SECAM n 1/60
cekyHabl B NTSC (He yuntbiBasi anekTpoHHbIn 3aTBop [13C-Tenekamep), TO B LENAX YMEHbLUEHNS Konuye-
CTBa CBeTa Mbl MOXEM MaHUMyNMpoBaTb TOMNbKO F-4ymucnom.

[na doopmmupoBaHus NonHOro BugeocurHana Ha YepHo-6enow MNM3C-maTtpuue cpeaHern YyBCTBUTENBHOCTU
Tpebyetcsa 0.1 nk. ACHbIN CONHEYHbIN OeHb Ha nnsbke unu cHer gaet 6onbwe 100 000 nk Ha obbekTe.
YTo0Bbl CHU3UTL 3Ty BennyuHy o 0.1 nk TpebyeTcsa ncnonb3oBaHne o4YeHb BonbLlUMX 3HadYeHu F-yucna
(nopsagka F/1200). Onmnpasacb Ha ocHOBHOe onpefeneHune F-uncna ansa cpegHero obvektnea 16 mm/1.4,
Mbl nonyyum, 4yto F/1200 cooTBeTcTBYET adhhekTuBHOMY oTBepcTUto anadparmel B 16/1200=0.013 mm.

MexaHunyecknMn cnocobamm Takoro mManeHbKoro oTBepcTusi ¢ Tpebyemon TOYHOCTbI AOCTUYb HEBO3-
MOXHO, @ KpOMe 3TOro Mbl CTOJIKHEMCS C HOBbIMM Mpobnemamu — KpaeBoW gudpakuven ceeTa (M3BecT-
HOW Kak adpdekT PpeHenst), YTO BECbMa YXyALWMNT Ka4eCTBO N300paxeHus.

PelueHne 6bino HanAeHo B NCMNOMNb30BaHUM BHYTPEHHUX DUNbTPOB HENTParibHOM MNIIOTHOCTHU.

OTO O4YeHb TOHKasi MfeHKka C KPYroBbIM MNOKPbITUEM
He/TpanbHOro LBeTa, pasMellaemass nocepenuHe
ob6bekTnBa, 6M3KO K NIOCKOCTU Anagparmbl. GunbTp
JenaeTcs MeHee Mpo3payHbiMW MO HanpaeBreHuo K
cepeauHe KOHLeHTpuyeckux koneu. HyxHoe F-uucro,
Takum obpasom, p[octuraeTcss MyTeM KomMOMHauuK
I CPEACTB  MexaHudecko pauagparmbl  (MOMoXeHne
nenecTkoB) U OMNTUYECKOrO  HeWTpanbHO-CEPOro
dunbTpa (onTudeckoe ocnabneHne). ATo o4eHb NPOCTON
s 3 deKTMBHLIN €crnocob GopbObl C CUMbHBIM CBETOM.
dunbTpbl HasbIBAOTCA HENTparbHbIMK, MOTOMY YTO OHM
ocnabnaT Bce AnMHbI BOMH (LBeTa) paBHOMEPHO,
Takum o6pa3oM He MeHsis BETOBOM KOMMO3ULUM
n3obpaxxeHus.

Puc. 3.27. ND-¢bunibmp 8 ob6bekmuee ¢ asmoduagppazmoli

Cnepnyet oTMeTUTb, YTO OYeHb BaxHa onTuyeckas
TOYHOCTb TaKMX TOHKMX MMEHOK, TaK Kak npu yeBenuvyeHunm F-yncna [OrmkHbl coxpaHatbca OrNM-
XapakTepucTnkm obbekTMBa. TeopeTudecku, paspellawowas CcnocobHocTb nboro obbekTua
MakcumaribHa B cepefuHe guanasoHa YCTaHOBOK MexaHu4ecKkon amadpparMbl U yMeHbLUaeTcs no mepe
yBENMYeHUs unu ymeHblweHns F-yucna (910 oTnmyaeTcs oT adpdekta rnybuHbl peskocTu), HO
HenTpanbHO-cepbln PUNBLTP MOXET ero ewe 6onee cHM3NTL. byageT aTo 3ameTHO, NMMBO HeT, 3aBUCUT OT
006X kKayecTB 06BEKTMBA.

Kpome BHYTpeHHUX (bunbTpoB CyLLECTBYIOT U BHELIHME HEUTpParnbHO-cepble PUIbTPbI, KOTOPbIE BbINOMNHEe-
Hbl 6onee NpocTo. 3TO NOMNyNpPo3payHble CTEKNAHHbIE NNACTUHKM UMK, NO-OPYromy, onTuyeckue punbTpbl,
ocnabnsowme ceeT B X pas. OcnabneHne moxet 6biTb B 10000 nnm 1000 pas. MoxHo kombuHMpoBaThL ABa
nnu Tpu punbTpa, Tak, Hanpumep, 10 n 1000 BmecTe gagyT dunsTp ¢ ocnabneHnem B 10 000 pas.

WHorpa, u, noxanyw, ato 6onee KoppekTHO, ocnabneHne BHELWHUM HeATpanbHO-cepbiM UbTPOM Bbipa-
Xaetcsa B F-uucnax. 3Has, 4To Kaxagoe criegytollee anadparMeHHOE YUCIO YMEHbLUUT CBETOCOOMpato-
wyto cuny B ABa pasa (50% oT npeablayLero 3Ha4deHust), Mbl MOXXEM NMOCTPOUTbL CREQYIOLLYIO FTOrMYEeCKyHo
uenoyky: 100-kpaTHbI OUNBTP COOTBETCTBYET «MNOMMYTU» MeXIy 2°n 2’ (26=64, 27=128). OTO O3Havaer,
yTo ocrnabneHue B 100 pa3 — 9To NpuMepHo 6.5 F-uncen. Ocnabnenune B 1000 pas — 370 npumepHo 2'°
mnn nopsigka 10 F-uncen.

OTOT TUN PUMBLTPOB, KaK yke roBOPUIOCh, 04YeHb yao6eH Ans MUHUMMU3AUMK TyBUHBI Ppe3kocTy Npu pery-
NMPOBKe 3adHero ooKyca Unu HacTpoike ypoBHs aBToaMadparmbl B IHEBHOE BpeMs.
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O0bexTuBBI ¢ pyuHoi (uadparmoit, aproauadparmoii n guadparmoii ¢
cepBOyNPaBJIeHHEM

HekoTopble 06bekTMBbI MMET AuadparMy ¢ py4vHbIM ynpaBrieHMeM. Takme 0O6beKkTUBbl 0ObIYHO
NCMoMb3yTCS B MOMELLEHUAX C MOCTOSIHHBIM YPOBHEM OCBELLLEHHOCTU: TOProBbIX LIEHTPax, NoA3eMHbIX
rapaxax, ouénmorekax n np. OGbIYHO 3TO MOMELLEHNS, TAe €CTECTBEHHbIA CBET HE OKa3blBaeT 3aMETHOro
BINUSIHUS HA OCHOBHYHO OCBELLEHHOCTb HabnogaemMon 30HbI, U, crnefoBaTenbHO, Mbl UMEEM MOYTK MOCTO-
SIHHYIO BEITMYMHY OCBELLE@HHOCTW, CO34aBaeMyto UCKYCCTBEHHbIM cBeToM. Hebonbluve criyyanHble Bapua-
LN OCBELLEHHOCTN KOMMEHCUPYHOTCS aBTOMATUYECKOM PerynmpoBKON YCUNEHUs Tenekamepbi.

C nosasneHuem M3C-Tenekamep ¢ 9NEKTPOHHbIM 3aTBOPOM OOBEKTUBBLI C (PUKCUPOBAHHOM Anadparmon
NCMOMNb3YKTCS N B 30HAaX C MEPEMEHHON OCBELLEHHOCTbIO, TaK Kak 3MEKTPOHHbIV 3aTBOP aBTOMaTUYeCKU
BbIOMpaeT Bpems 3KCMo3mumm, KOMAEHCUPYS BapuaLlmm cBeTa.

EcTb ABa ocHOBHLIX (hakTopa, onpegensowmx F-uncno obbekTMBa ¢ py4HoOl yCTaHOBKOW Anadparmbl s
€ero onTMManbHOro PyHKLMOHUPOBAHNA:

e /IHTEHCMBHOCTb
cBeTa.

e [nybuHa pe3kocTu.

OHwn npoTvBOpeYaT apyr Apyry, U BOT NoYemy pyyvHasi yCTaHOBKa guacdhparmbl Bcerga siBAsieTca KOMMNpo-
mMuccom. Ecnv genatb yCTaHOBKY B YCIOBMSAX OYEHb HM3KOTO YPOBHSA OCBELLEHHOCTW UMW €Cnv Tenekame-
pa MMeeT HU3KYH YyBCTBUTENbHOCTb, 00LLas TEHAEHUNSA CBOAUTCS K MakCUMaribHOMY packpbiBy OTBep-
ctusa gnadparmbl (H13koe F-uncno). O4yeBmaHO, 4TO B 9TOM criyvae rnybuHa peskoctu n ®r1M, kak Bbile
06bAcHANoCk, OyayT MuHMManbHbl. He cnegyeT 3abbiBaTh, YTO paspellarLas cnocobHoCTb 06beKTUBA
Ha cambIx Manbix F-uncrnax o6bIMHO camas HM3Kasi, He ToBOpsi YK O rmybuHe peskoctn. Komnpomuce — 3To
Haunydylwee pelleHne (ecnu No3BonsieT MUHMMarnbHasi OCBELLEHHOCTb Tenekamepbl), U 06BbEKTMB ycTa-
HaBMMBaETCHA Ha OHO UMK ABa 3Ha4YeHust F-ynucna Bbllle HauMeHbLIEero BO3MOXHoro, T.e. F/2 nnn F/2.8.

OObekTuBbl ¢ aBTOAMathparMon cHabXeHbl SNEKTPOHHOW CXEMOW, kKoTopasi obpabaTbiBaeT BbIXOLHOW
BUAEOCUrHarn Tenekamepbl U pellaeT, UCXOAs U3 YPOBHSI BUOEOCUrHana, Hy>HO N OTKpbIBaTb UKW 3aKpbil-
BaTb OTBepCcTUe avadparmbl.

Puc. 3.28. Obvexmugnl ¢ Yurcupo8anHbim GOKYCHbIM paAcCMOAHUEM U PYYHOL YCIMAHOBKOL duadpaziivl
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8-16 BDC

OT BHgBOKamMe,
KpacHsiii & wd

(HanpaxeHne nuraHne)

eneHsii (ynpasnesue, onumna)

Hepubii (06LLmT)

géﬂuﬁ (Buaeo)

Puc. 3.29. Tunuunas cxema noOKkmouerus 06veKmuea ¢ asmoouappazmou, ynpasisiemo 6U0eoCUeHaLIoOM

ABTOoanadparma pa6otaeT No NPUHLUNY aBTOMaTU4YeCKOMN 3NTEKTPOHHO-ONTUYECKOW oBpaTHOM
cBA3n. Ecnu ypoBeHb BuaeocurHana HU3Kuim, anekTpoHrka coobuaet gnadparme, YTo HeOH6X0AMMO pac-
KpbITb OTBEPCTUE, @ €CJIN CITULLKOM BbICOK, TO — MPUKPbITb.

[nsa paboTbl B TaKOM pexunme ¢ Tenekamepbl HA 06BLEKTUB ¢ aBToAMadparmMon noctynaeT NUTaro-
wee HanpsxeHue (00bl4HO 9 B NOCTOSIHHOrO TOKa), a TaKXKe BMAEOCUrHan (Kpome Toro, Mexay oobek-
TMBOM W Ternekamepown AofmkeH ObiTb TpPeTui MpoBoA (HasbiBaeMblil HyneBbIM, OTpuLaTENbHbIM UMK
obwmm)). Hepenko o6BHEKTUBLI MMEKOT 3KPAHUPOBAHHBIV Kabenb, YTO HY)XHO ANS 3aliuTbl BUAeoCcUrHana
OT CUIbHbIX BHELUHUX 3MEKTPOMarHUTHbIX MOMeX. JKpaHUPYOLWUA NPpoBo He 06s3aTenbHO NoAcoean-
HATb K CaMOW Tenekamepe, Tak Kak COeAMHEHWE YXe CyLlecTByeT — 4Yepe3 MeTannmyeckoe KosbLo
obbekTMBa Npu Hacagke ero Ha Tenekamepy. HexxenartenbHble HABOAKM B BUOEOCUTHANE MOXHO CHU3UT,
aenas aT1oT kabernb HacKonbKo BO3MOXHO 6onee KOpOTKMM. OTO COOTBETCTBYET TEHAEHLMN YMEHbLUEHMS
pa3mepoB Tenekamep. Ho npu aTom crnegyeT NOMHUTL O nnacTukoBbix C/CS-agantepax, KOTopble U30nu-
pytOT 06BEKTUB OT KOpMyca Tenekamepsi.

OBbI4YHO NPUHATHI CneayoLme Koabl LBETOB NPOBOAOB Afs 06bekTUBOB ¢ aBToauadparmon: -

- YepHbIhi — obwmi.

Puc. 3.30. Obwvexmugvl ¢ puxcuposanrviym oxkycHoim paccmosnuem u asmoouagppaemoii « CCTV Dokycy
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- KpacHbIh — nuTaHue (0T Tenekamepsbl).
-benbii — Buaeo.

HekoTopble npov3BoaUTENN ANA CHUKEHUS NPOU3BOACTBEHHbLIX 3aTpaT Hadvanu MCrnonb3oBaTb ABYXMNPO-
BOAHble Kabenu Ans o6beKkTUBOB ¢ aBToAMadparmoi (KpacHblii — nutaHue, Genblii — BUAEO) C aKpaHu-
pytoLLeli onneTKon, koTopas UCMomb3yeTcs B kayecTBe 06LLero nposoaa.

YacTto BcTpeyatoTcs 06bEKTUBBI C YETbIpbMS Kabenamu, rae YeTBepThlii MPOBOA — 3efeHblin. B 6onblumnH-
CTBe crly4yaeB 3TOT MPOBO HE UCMOSb3YeTCsl, HO B HEKOTOPbIX 06bEKTBAxX OH obecrneynBaeT AUCTaHLN-
OHHOE ynpaBreHvne Avadparmon, M3BECTHOe kak cepBoynpaBrieHne. B aTom cnyyae avadparma oTkpbl-
BaeTCs U 3aKpblBAETCS HaNpPsPKEHWEM C MyJibTa ynpaBrieHUst (KOHTPONMPYEMOro onepaTopoMm), NPUMEpPHO
Takxke, KaK ynpaBnsTcsa TpaHcgokaTop 1 (hoKyCcHpoBKa.

lMocneaHuin TN 0ObLEKTMBOB MpeanoyYTUTENeH AN CUCTeM C TeneKkamepaMu C 3NeKTPOHHbIM 3aTBOPOM.
[MpuynHa cocTouT B TOM, YTO 3NEKTPOHHBIV 3aTBOP M aBToanadparma Bmecte paboTalT HE OYEHb XOPO-
wo. Ecnu BkntoyeHbl 06e yHKUUN, TO ANEKTPOHHbLIV 3aTBOP oTpabaTtbiBaeT bbiCTpee n kK TOMy BpeMeHH,
Korga mMexaHudeckas aBToamadparma oTpearupyeT Ha M3MEHEHWe CBeTa, SNEKTPOHHbIM 3aTBOp YyxXe
YMEHbLUNT BPEMS HaKONNEeHNs 3apsiaa, BbiHYXXaas asToguadparmy 6orblue packpbiTe oTBepcTue. B koH-
LUe KOHLOB Mbl MOMy4YMM CriMWKOM Bonblioe oTBepcTue amadparmbl U O4EHb KOPOTKYH 3NEKTPOHHYIO
BblOEpPXKy. B pesynbTate Mbl Nony4mMM BbIXOOHOMW curHan pasmaxom 1 Vpp Takon xe, Kak 1 oxuganocb, HO
rnybuHa pe3kocTu byaeT MMHMManbHOW, a BepTUKalnbHbIA opeon 6ofiee 3aMeTHbIM — 13-3a CrnL-
KOM KpaTKOBPEMEHHOrO 3KcnoHmpoBaHusa MN3C-maTtpuubl.

BcneacTteme aTOro npu MCnonb3oBaHnM 06bEKTUBOB C aBTOAMAadParMon 3NEKTPOHHbIV 3aTBOP PEKOMEHAY-
eTCcs OTKIoYaTb. TeM HE MEHee, ANEKTPOHHbIV 3aTBOp OTpabaTtbiBaeT ObICTpee 1 OH Boree HagexXeH, Tak Kak
He COAEPXUT ABMXKYLLMXCS YacTel (TOMbKO 3MEKTPOHUKY), HO OH HEe U3MEHSIeT rnMyOuHY pe3KocTu.

NTak, 4To6bl BOCnonb3oBaTbCsd 06oMMM NpemmyLlecTBamMu, A5s TernekaMmep C 3feKTPOHHbIM 3aTBOPOM
pekoMeHOyeTCs MCnonb3oBaTh 06bEKTVBLI C AnadparMon, ynpaBnsaemon cepBonpmBogoM. ACHO, 4YTO 3TO
BO3MOXHO TOMbKO B TOM Criyvae, ecnu ucnonb3yeTca 6rnok ynpasneHusa guadparmon. B Takmx cuctemax
onepaTtop MOXEeT HacTpouTb Auadparmy B COOTBETCTBUM C YPOBHEM cBeTa U Tpebyemon rnybuHoun
PEe3KOCTN, HO TOMNbKO eCrnn NMEKT MEeCTO 3HaYnTEeNbHblIE U3BMEHEHUS OCBELLEHHOCTMW.

MoTpebneHune Toka cxemon aBToauadparmbl o6bIYHO MeHble 30 MA 1 He npencTaBnsgeT cobon
CKonb-NnBo 3aMeTHy0 Harpy3ky Ha 6ok nuTaHus Tenekamepbl. Ho crnenyeT NOMHUTL, Kak yxke ynomuHa-
Nnocb BbILLE, YTO cTapble 06bEeKTMBbI (0CODEHHO OOBEKTUBLI C BONbLUNMM KO3 PULMEHTOM TpaHcokaumm)
MoryT TpeboBaTb 6orbLLEro Toka ynpaBeHus, U B 3TOM cryYae (ecnv BbIXOAHOW TOK Tenekamepbl Heno-
CTaTOYeH) AN SNeKTPOHMKM aBToamnadparmbl crnegyeTt UCnonb3oBaTh OTAeNbHbIN 9 B UCTOUYHMK NOCTOSH-
HOro ToKa.

OO0BekTHUBEI ¢ aBTOANA(pPArMoil, ynpapisieMble BUJIEOCUTHATIOM U CUTHAJIOM
ITOCTOSIHHOTO TOKa

Knaccndpumkaums o6bekTMBOB ¢ aBToamadparmor ¢ TOUKM 3peHns obpabaTtbiBatoLle CXeMbl HECKObKO
cbvBaeT ¢ Tonky. B yacTtHOCTM, KpOME «HOpMasbHbIX», Hanbonee 4YacTo BCcTpevatwmnxcsi 06bEKTUBOB, C
aBToaMadparMon, y KOTOpbIX 3NIEKTPOHMKA BCTPOEHA B CaM OOBEKTUB U KOTOPbIE Mbl Ha3blBaeM 0ObEKTU-
BamMu c aBToauacparmMon, ynpasnsieMon BUAEOCUrHaANoOM (Tak Kak MM HeobxoouMm BuAeocurHan ot
Tenekamepbl), eCTb €Lle M Tak Ha3blBaeMble 00beKTUBLI C aBToAuacparMomn, ynpaBnsaemMon cuUrHa-
nom noctosiHHoro Toka (DC). Takne oOBbEKTMBBLI BO BCEM MOXOXW Ha ynpasrsieMble «MNO BUOEO», 3a
NCKITIOYEHNEM OHOro: o6pabaTtbiBalowasi AJIeKTPOHMKA HaXoAUTCS He BHYTPU OOGbeKTMBa, a BHYT-
pu Tenekamepbl. OObLEKTMB B 3TOM Cllyyae MMeeT NUlb MUKPOABUraTeNlb U MexaHu3M aunadparmel.
IMoHATHO, ecnn Ucnonb3yeTcs ynpaBnseMbli TOKOM 0ObEKTUB, Terekamepa 4OMKHA UMEeTb COOTBETCTBY-
oM Bbixod. BMecTo NpoBoOoOB «MUTaHME», «BMOEO» U «OOWMAY, Yy Hac OyayT: «nNuTaHue», «ypOBEHb
CcuUrHana nocTosIHHOro Toka» N «obLwmii». YacTo Takme Tunbl 0ObEKTUBOB HAa3bIBAKOTCS ranbBaHOMeTpUYe-
CKMMU 00bEeKTMBaMM ¢ aBToanadparmon.
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O6bekTuB, ynpaBnsembli CUrHanoM NMOCTOAHHOMO TOKa, He MOXeT ObITb MCNOMb30BaH C Teniekamepown, He
MMeloLLEen COOTBETCTBYHOLEro pa3bemMa, 1 HaobopoT. Ecnu Tenekamepa nmeeT pasbem Ans aBToanad-
parmbl DC, TO perynupoBku «ypoBeHb» (level) n «aBTomaTudeckas perynmpoBka ocBelleHHocTuy» (ALC)
pacnonoXxeHbl Ha camoln Kamepe, a He Ha 06bekTMBe (06 3TOM Mbl NOrOBOPYM B CrieAytoLem naparpade).

OOBbekTMBLI C aBTOAMadpParmMon kak ¢ UKCMPOBaHHLIM POKYCHBbIM PacCTOSIHUEM, TaK U C NEPEMEHHbIM,
MMeIOT [Ba NepeMEHHbIX pe3ncTopa Ans perynmpoBKM OTKAMKa 1 Tuna gyHkunoHnpoaHus: Level n ALC
(YpoBeHb 1 ABTOMaTM4yecKasi KOMNeHcauumsa ocBeLleHHOCTU). ITo oTHocuTcs 1 k DC-ynpaBnsembimM
00beKTMBaM, TONbKO B 3TOM Cllydae, kak yNoMUHArocCh BbIlle, PEryNIMPOBKMA HAXOAATCA Ha Tenekamepe.

PerynupoBka Level no3BonsieT U3MeHsiTb OTKpbITUE AnadparMbl No CPeAHEMY YPOBHIO BUAEOCUTHana.
Level elwe HasbIBalOT peryrMpoBKO YyBCTBUTENbHOCTU, Tak Kak Ha 3KpaHe BUAEOMOHUTOPA OHa NposiBIis-
eTcsa B BUAe U3MEHEHUI spkocTn obbekTa. MNocne HacTpPoWkM YPOBHS, creayeT NpoBepuTb paboTy aBTo-
avagparmbl B OHEBHOE W HO4YHOe Bpemsl. Ecnn pabouyas
TOYka YCTaHOBMEHa CHWUWKOM BbICOKO, W306paxeHue
MOXeT OoKasaTbCA HOpMaribHbIM [HEM, HO HOYbi0O OHO
OyneT cnuwkomMm TeMHbIM. BepHo u oGpaTHoe: ecnu pabo-
Yyasi ToYKa YCTaHOBIeHa CHMLWIKOM HW3KO, TO HOYb MOJy-
ynTCca npuemnemoe u3obpaxkeHwe, a OHeM OHo bOyaer
Ype3mMepHo ApkUM. YTobbl ObiTb YBEPEHHLIM B TOM, YTO 3TO
He npou3ongeT, Nnydle Bcero NpoBOAMTbL PEryNIMPOBKY BO
BTOPOW nonoBuHe OHs (bnvxe K Bevepy) C NOMOLLLI OcBe-
TUTENbHOro npubopa. Bo-nepBbix, ybeautecb B TOM, 4YTO
npu crnabom cBeTe M3obpaxeHne nonyvyaeTcs MakCMMarnbHO
OOCTUXMMbIM, TO €CTb OTBepcTue AmadparmMbl PacKpbITO
MONHOCThL0. 3aTeM HanpaBbTe CBET Ha 06BbEKTUB U ybe-

Puc. 3.31. lNepemeHHbie pesucmopbi ALC u Level

OvTeCb B TOM, YTO OTBEPCTME AnadparmMbl JOCTATOYHO 3@ KPbIBAETCH, Tak YTO Ha 3KpaHe BMAHA TOMbKO HUTb
namnel. Ecnu Tect HEBO3MOXXHO NPOBECTU BO BTOPOM NOMIOBUHE OHS, TO MOXHO BOCMONb30BaTLCSA
BHELLUHVMMMW HEWTparnbHO-cepbiMy hunbTpamu. Takon unbTp MOXHO MCMONb30BaTh A11A ocnabneHus
OHEBHOro CBeTa 40 YPOBHS, SKBMBASIEHTHOIO HU3KOMY YPOBHI OCBELLEHHOCTU, KOTOPOE OObIYHO CoCTaBmnseT
HECKOIbKO NtoKC. 3aTeM, Bce YTO TpebyeTca — Tak 9To yAanuTb (unbTp U MOCMOTPETh, kak BeaeT cebs
aBTognadparma.

ALC — 510 aBTOMaTM4eckas koMmneHcaumsi oceeleHHocT. ALC npeacTtaBnseT coboun cpoTtomeTpuye-
CKyl0 perynupoBKy auadparmbl, u ee crieqyet BOCNIPUHMMATb KaKk «kaBTOMaTU4eCKyl0 KOMMeHca-
LU0 BCTPEYHOM 3acBeTKM». OTa 4acTb CXeMbl aBTogmadparmbl «peLliaeT», Ha Kakyl OOM pa3mMaxa
BMaeocurHana gomkHa oTpabaTbiBaTb aBToaMadparma. Perynuposka ALC nossonsdeTt BbIOpaTb TOYKY
cpabaTtbiBaHuNs No BugeocurHany ansg yHKUMOHMPOBaHUSA anadparMbl B 3aBUCUMOCTM OT KOHTPaCTHOC-
TV KapTUHKK. B BonbLlUMHCTBE cryyaes, Korga BugeocurHan «boraty» getansmMm oT camblX TEMHbIX 4O SPKUX
(ot 0 go 0.7 B), onopHbIN ypoBEHb HaxoauTCsa B cepeauHe. Ecnn Ha n3obpaxeHun NosiBNAKTCA OYEHb
ApKMEe MecTa, TO 3TO NPUBEAET K YTOYHEHMIO OMOPHON TOYKU U CYXXEHUIO OTBEPCTUS Anadparmel Ansi Nony-
YeHWs1 BUAEeOCUrHana C «MosiHbIM AVMHaMUYECKUM» Anana3oHoM. BuayanbHo n3obpaxeHne 6yaeT BbICOKO
KOHTpacTHbIM. VTak, o4eHb ApkMe oO6bekTbl (CONMHEYHble OMNWMKW, SpKUMe OrHW, OKHa U ToMy nogobHoe)
3aCTaBsAT NPUKPbLITb OTBEPCTME Anadparmbl, YTO CAeNaeT TeMHble 0ObEKThI eLle Gonee TeMHbIMU, MHOTAA
CIIULLKOM TEMHbIMU, YTOObI MOXHO ObINIO pa3nuunTb geTanu. B Takoro poga cutyauusax Mbl MOXeM 3ame-
HUTb NPUHATYIO MO YMOM4YaHuio yctaHoBky ALC Ha akcTpemarnbHyl 1 3acTaBuTb guadparmy He yunTbiBaThb
APKME y4acTKM MU packpbiTb OTBEpPCTME Dormblue, Yem 00bI4HO. Torga Haxoaswmecs B TeHM 00beKTbl OyayT
Gornee pasnuynMel.

OTa perynupoBKka 3KBMBaneHTHa KOMMeHcaLMnM BCTPEYHON 3acBETKM Ternekamep. KomneHcauumsa BCTpey-
HOW 3aCBETKM MCNOSb3yeTCHd, Kak NMoAckasblBaeT Ha3BaHue, Ans 6opbObl ¢ POHOBLIM (KOHTPOBbLIM)
cBeToM. Vges 3akmoyaeTcs B TOM, YTOObI «NpukasaTb» 3NEKTPOHMKE OOBbEKTMBa UrHOPMPOBATb OYEHb
spkue obnacTtn nsobpaxeHns n 6onblue OTKPbITb OTBEPCTUE, YTODOLI OblNM BUOHbBI AeTanu TEMHbIX 0Obek-
TOB Ha NepefHeM nrnaHe.
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Puc. 3.32. Obvexmus ¢ asmoouappazmoui u pukcupo8aHHviM OKYCHbIM PACCOSIHUEM 8 PA30OPAHHOM BUOe

OTO 0O4YeHb MoMe3Ho, Hampumep, Npy pasMeLLeHn Ternekamep B Npoxoaax, ecrv Teriekamepa «CMOTPUT»
CKBO3b CTEKsAHHbIe ABEPU MUK NPOTUB sipkoro choHa. Yenosek, MayLiMii No npoxoay, BUAEH Kak CUIyaT.
Ecnn ALC HacTpoeHa, anadparma 6yaeT packpbiBaTbCsl HA 04HO-ABa 3HayeHusi F-uucna Gonblue, BbicBe-
yvBasi Takum obpasom nuuo YernoBeka. AHanormyHo, ALC MoxeT GbiTb HACTPOEHa ¥ Ha BbIMOJSIHEHWE NPOTH-
BOMOOXHOMN paboTbl, TO €CTb MOXHO GOfblUe 3aKpbiTb OTBEPCTUE AMadpparMbl AN TOro, YTobbl pasrns-
AeTb [eTanv o4YeHb SPKOro 3afHero nraHa, HanpyMep, HaxoasLwuecs 3a ABEPbio B XOI.

ALC umeeT gBe akcTpeMasnbHble No3uuuu, oTMe4YyeHHble kak Peak n Average (nukoBoe v cpegHee).
MepBbin npumep cooTBeTcTBYET ycTaHoBke ALC Ha Peak, a BTopoit — yctaHoBke ALC Ha Average. YcTa-
HOBKM MO yMOf4aHuio 0ObIYHO HaxodsaTCsA B cepedvHe 3Toro gmvanasoHa. W yutute, noxanymncra: ans Toro,
4yT06bI BUAETb adhpekTbl ALC-perynupoBk1, HeobxoamMmMa ovYeHb KOHTpacTHas cueHa.

HeckombKo ¢10B 00 AIIeKTpOHHKE OOBEKTHUBOB € aBTOAMAdparMoit

OnTunyeckne kadyecTBa OOBEKTMBA HEmNb3sl cuMTaTbh rapaHTu-
POBaHHbLIMU, TO XE& OTHOCUTCS W K 3MEKTPOHMKe aBToamad-
parmbl. PasnuyHble cxeMbl OalT pas3nUYyHOe KayecTBO U TOY-
HOCTb (DYHKUMOHMPOBaHMSA. 3TO, BKyne C MeXaHU4ecKown
KOHCTpYKUMen guadparmbl, onpegenset kadyecTBo oO6bekTuBa:
XOPOLWWKN, cpegHun unm nnoxon. Peakuma pguadparmbl Ha
BHE3anHble W3MEHEHWS1 OCBELLEHHOCTM He MIHOBEHHa: OT
MOJSIOBMHbI CEKYHAbl 0 ABYX CEKyHA. OTO cnefyeT yyuTbiBaTb
npy perynnpoBKe YpPOBHSA W/uUnmn ycTaHoBke perynunposku ALC
o6bekTMBa.

3agepxka 3aBUCUT OT 0BpaTHON CBA3W, TO €CTb OT COBMECTHON
paboTbl AMEKTPOHHBIX M MEXaHUYECKMX YacTen. OneKTpoHMKa
MMeeT CBOK aBTOMAaTMYECKYI PErynMpoBKY YCWUMEHUS, U TO,
Hackonbko addekTnBHo 6OymeTr paboTaTb 3Ta cuctema c
obGpaTHOW CBA3bl, 3aBUCUT TakkKe W OT 3NEKTPOHUKK .
Tenekamepsbl, BKrtoyasa ee APY.

CoBmecTHasi paboTa 3TUX OBYX 4yacTeil MOXEeT MPUBECTU K
camoBO30YyXOeHUo cucTembl npu paboTe aBToaMadparmsl,
KOTOpble 0ObIYHO HA3bIBAOTCS «3BOH» UMW «PbICKAHLEY.

Puc. 3.33. Obvexmus ¢ asmoouaghpaecmoti
U PUKCUPOBAHHBIM (DOKYCHBIM

htp://www. itv. ru ITV— zenepanvnwiii cnoncop 2-20 uzoanus knuzu « CCTV. bubnusa eudeonadnrooenus



74 3. Onmuka ¢ cucmemax eudeoHadNIOOCHUA CC1vV

KonebaHusa nposBnsiTca B Buae nynbCcauni SpKoCTU n3obpaxkeHus 1 3aBUCAT OT HamnpaBrieHus Teneka-
Mepbl 1 YCIOBUA OCBELLEHHOCTU. OTO 0COBEHHO 3aMETHO, ECININ HANPaBUTb €€ Ha CUIbHBIN UCTOYHUK CBe-
Ta. YTo6bl MUHUMMN3MPOBATL 3TOT 3hdEKT, OCTATOYHO NCMOMb30BaThk perynupoBky Level, a niorga ALC,
Unn MOryT ncnonb3oBaTtbecs 06a Buaa perynupoBku. OgHaKo CyLLeCcTBYHOT HeyAayHble KOMOuHaumm Tene-
Kamepa/oO6bekTMB, Korga aToT aPdEKT UCKMYMTL He yaaeTcd. [Npobnema pellaeTcss eQUHCTBEHHbIM
cnocobom: 3aMeHon 06beKkTUBa Ha OOBLEKTMB APYron Mapku. HekoTopble HOBble aBToanadparmbl NOCTaB-
NATCA C AONONHUTENbBHBIM PErynsaTopoM ypoBHSA APY o6bekTuBa.

Kak yxe ynomuHanoch Bbllwe, kabenb 00bekTMBa ¢ aBToanadparmMon obbl4HO 3alLMLLEH IKPAHMPYHOLLUM
kabenem, KOTOPbLIA YAacTo He MOAKMYeH K aBToamnadparme. Llenb skpaHupoBaHusa kabens — 3awmra
BMAEOCHrHana ot HaBoAoK. YTobbl 3awmTa Obina achdeKTMBHOM, 4OCTATOYHO, YTOObI OOAUH KOHEL, 3KpaHu-
pytowero kabens Obin NogcoeaMHEH K obLeMy NPOBOAY 3NEKTPOHUKMU, YTO MHOTAA NMPOUCXOAUT camo
coboi — yepes kopnyc o6bekTmBa (konbuo C/CS-kpenneHus) n C-kpenneHune tenekamepbl. C MuHMaTHO-
pusaunen Ternekamep kabenu CTaHOBATCHA BCE KOPOYEe, YMeEHbLUAsk BEPOATHOCTb BIUSHUS HABOOOK Ha
paboTy cucTeMbI.

W, HakoHeL, faBanTe BCMNOMHMM, YTO aHepronoTpebneHme aBtoanadparMbl O4eHb HU3KOE, OObIYHO MEHb-
we 30 MA.

dopmarbl U300paKEHUN 1 OOBEKTUBOB B CUCTEMAaX BUICOHAOITIOICHHSI

O6BbeKTVB «BMAMT» 0OBbEKT BO BCEX HanpaBrieHUsX o OOHWM U TEM Xe YrfioM 3peHus, T.e. yron ob3opa
nmeeT opmy KoHyca. CriegoBaTtenbHO, 0bnacTte n3obpaxeHuns, CnpoeLmMpoBaHHOrO 06bLEKTUBOM, nMeeT
dopmy Kkpyra, ogHako oTodyBCTBUTENbHAas obnacTtb kamepsbl (M3C-matpuua B Hawwem cnyvae) — npsiMo-
YrONbHUK BHYTPM 3TOr0O Kpyra nsobpaxeHus.

B coBpemMeHHOM TeneBuaeHUn 3TOT NPSIMOYFOfbHUK MEeEeT COOTHOLIEHUE CTOPOH 4:3, T.e. CTaHZapTOM
ABnsieTcsa 4 YacTu no wupuHe u 3 yactu no BbicoTe. Kak yke roBopunock B Havane KHUrv, Takoe COOTHO-
LUeHMe CTOPOH ObIfIo NPUHSATO B KaYyecTBe cTaHaapTa B choTorpadum, Koraa TeneBraeHne TOMbKO 3apoXx-
Zarnochb.

B coBepLueHHO HOBOW cucTeMe TeneBuaeHUs BblCOKon YyeTkocTu (TBY), koTopas npuHsTa ¢ ee OCHOBHbI-
MW CTaHgapTamu, COOTHOLLEHME CTOPOH paBHo 16:9. Llenb aToro ctaHgapta — ynyudwnTb AEMOHCTPaLmMIo
KMHOOUIBbMOB.

«MpAMOyYronbHUK n3obpakeHns» HaxoaMTCa BHYTPW Kpyra usobpaxeHusi, B KOTOPOM Bce BuAabl abeppa-
LUnA (MK NO MeHbLUEen Mepe GOMbLUMHCTBO MX) UCMPaBEHbI.

HeT Hukakoro cMmbicna co3gaBaTb 0ObEKTUB, AaOLLMIA HaMHOTO GorbLUMIA KpYr n306paxeHusi, yem TpebyeT-
csi. MoaToMy 06BbEKTVBbLI U3rOTaBIMBAIOTCSA Tak, YTOObl COOTBETCTBOBATL hopMaTy M306paxeHusi, He MeHee
1 He Gonee. XOTs U3 3TOro NpaBuna ecTb UCKIYEHUs], HanpuMep, Koraa o6 beKkTUB U3rOTOBMEH ANs ApYruxX
uenen, Hanpumep, anst doTorpadum, a ucnonbayetcs B [N3C-Tenekamepax co cneuparnbHbiM C-KpenneHnem.

B HacTosiLLee BpeMsi B cucTeMax BUAEOHAOMOAEHMS UMEETCS HECKOMBKO pPasfMyHbIX pasMepoB MaTpuu;
2/3, 1/12, 1/3 n 1/4 pgroima. Tenekamepbl BbICOKOW YETKOCTU U HEKOTOpPbIE cnelnarnbHble Tenekamepbl

© 0 o o

25 12"
12.7 X 9.5 mm 8.8 X 6.6 mm 6.4 X4.8 mm 4.8 X 3.6 mm 3.4X24 mMm

Puc. 3.34. Obnacmu uzodpaxcenus na I13C-mampuye 6 HamypanioHyo 8e1UUUHY
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MOryT MMeTb MaTpuubl B 1 AonM 1 gaxe 6onblie. YTobbl NOHATL, YTO O3HAYaeT 3TO pa3Hoobpasune, Ham
HY>XHO BKpaTue 03HakoMUTbCS ¢ uctopuein TB.

B cambix nepBbix TB-kamepax Ons nonyvyeHus M3obpaxkeHWst UCMoSb30Banucb 3M1EKTPOHHbIE TPYOKM
ornpefeneHHoro anameTpa, UxX HasbiBanu 1-40NMOBbLIA BUOWMKOH UNK 2/3-O10AMOBbBIN HbIOBUKOH. JTHU
pasMepbl COOTBETCTBOBaNIN AeNCTBUTENIbLHOMY AMaMeTpy Tpyoku. O6nactb nsobpaxeHna — nps-
MOYTOJIbHUK C OTHOLUEHMEM CTOPOH 4:3, U AnaroHanb 3TOro NpsiMOYrofibHNUKA MeHbLUe AeNCTBUTENbHOMO
anameTtpa TpyOKu, Tak Kak OHa onpegensanacb pasmepomM (©OTOYYBCTBMTENBHOW obnactu Tpyoku (Hasbl-
BaeMol MulleHb). Koraa aneKkTpoHHbIA My4YOK CKaHMpyeT ob6nacTb n3obpakeHus, OH He 3axoauT Ha Kpas
Tpy6ku. NMoaTomy kamepa ¢ 2/3-AonmoBon Tpybkon nmeeT obnacTb n3obpaxeHnsa npumepHo 8.8x6.6 mm,
CKaHUPYEMYIO 3MEKTPOHHbLIM fyyoM. [InnHa guaroHanu aton obnactv paBHa npumepHo 11 mMm. 3To He
paBHO 2/3 alonma, Tak Kak 2/3 aronma paBHo 17 MM. Tak 4TO He cneayeT AymaTtb, YTO YKa3aHHbIN

OtknoHsolWas cuctema T L )

o -
- ~

lMokpeiTas noMuHopopom 4 - o
¢oroyyBcTBUTENLHAA 00NacTh (MULWEHL) -~ - bal . o
s s

i ’

. CreknaH+asi Tpy6ka
e B 1" wmm 2/3"

INeKTPOHHBLIA Ty4 OTK/IOHAETCS
SNEeKTPOMarHUTHLIM Noiem
OTK/TOHSAOWEH CUCTEMBI

O6beKTUB NPOeKTUPYeT Kpyrioe
no ¢popme n3obpaxerHne, HO JyHOM
CKaHUPYETCS TONLKO MPSMOYIro/TbHUK

C COOTHOLIEHNEeM CTOPOH 4:3

UHpopmaums Ha Bbixoge rnosyrnpoBoaHMKOBONA
N3C-marpuubl ¢ GOTOHYBCTBUTEIbHLIMK
aneMeHTamu naobpaxeHus (nukcenamu)

CHUTLIBAETCH UMNYNLCaMN HAMPSIXKEHWs
- T~  cneunansHoi Gpopmbl

O6bexkTuB NPoOeKTUPYeT Kpyraoe
no ¢popme n3aobpaxeHue, Ho
¢orToyyscTBUTENLHAR 001aCTb NpeacTaBnser
co6o# NpaMOYro/lbHUK C OTHOLUEHWEM CTOPOH 4.3

Puc. 3.35. Cpasnenue nepeoarowent mpyoxu u JI3C'-mampuyo
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pasmep N3C-maTpuubl TOYHO COOTBETCTBYET €€ peanibHOMY pa3Mmepy, Kak, Hanpumep, ¢ TB-akpaHamu,
roe pasmep KvHeckona u ecTb ero pasmep no AvaroHanu.

Korpga mbi roBopum o MN3C-matpuue B 2/3 atonmMa, Mbl B 4eCTBUTENTbHOCTU UMeeM B BUAY YCTPON-
CTBO, KOTOpPOE UMeeT Takon pa3Mmep M3obpaxeHus, koTopoe 6kl umena 2/3-gronMmoBas Tpyoka.

B 1O Bpems, korga B cuctemax BuaeoHabnogeHms nossunmce nepsble MN3C-Tenekamepbl, Havbonee nomny-
nspHbl 6bin TB-kamepbl ¢ nepepatoLert Tpybkon pasmepom 2/3 grovima. Obnactb n3obpaxeHus: Takon Tpyo-
KM, KaK Bbllle YyNoMUHaNochb, paBHa 8.8 x 6.6 MM, a cnpoeKkTMpoBaHHble B TO Bpemsi M3C-maTtpulbl umenu
Takom e pasmep obnactn nsobpaxeHus U oHM ObinNn HasBaHbl 2/3-aonmoBbiMu M3C-maTtpuuamn. Vaoea
3akntoyanach B TOM, YToObl MCMOMb30BaTh Takue e 06beKTUBEI, kak 1 B TB-kamepax ¢ Tpyokamu.

Mo mepe pa3sutusa TexHonorni MN3C-maTpuubl CTanu MeHblLUe, 1 HOBble MaTpuubl B 1/2 atoiMa cTanv gaeaTtb
obnacTtb nsobpaxeHus Tonbko 6.4 x 4.8 mm. COBMECTUMOCTb C 2/3-AMMOBbIMU 0OBEKTUBAMIN COXPaHU-
nacb (ncnonb3oBarnoch To e C-KpenneHne), Ho, eCTECTBEHHO, U3MEHMIICS yror 063opa, TO eCTb OH CTas yxe
Mo CpaBHEHMIO C TEM YoM 0630pa, KOTOPbIV AaeT Takow TUn obbekTuBa Ha 2/3-O10NMOBOM Tenekamepe.

MTak, HoBble 06BbEKTUBBLI ObINM NpeaHasHadeHbl ansa 1/2" NM3C-maTtpuy ¢ MeHbllen obnacTblo n3obpaxe-
Hus, Yyem y 2/3" NM3C-maTtpuy. Opyrumu crioBamu, u3-3a yMmeHbLLeHus obnactu nsobpaxeHus, o6bekTu-
Bbl NPOEKTUPOBANUCHL C TpebyeMbIM (HOKYCHbIM PACCTOSAHUEM, HO C MEHbLLUUM KPYrom Npoekuun nsobpa-
XKEHUsI, TO eCTb C AMAMETPOM Kpyra, 4OCTaTOUHbIM Anst NokpbIiTus 1/2" M3C-maTpuLbl, HO HE40CTaTOYHbIM
ans nokpbiTns MNM3C-matpuubl 2/3". OTOT HOBbIM TN 0OBEKTMBOB CTanu HasbiBaTb 1/2" o6bekTnBammn. OHu
Takke UMEeIT KonbLo C-KpenneHusi, Ho OHM MeHbLLIe U BCNEACTBME 3TOro AelleBne, Yem ux 2/3" aHanoru.

To xe cenyac npoucxoaut u ¢ 1/3" NM3C-matpuuamm, npoektupytotca 1/3" 0ObekTMBLI, Aatowme Kpyr
n3obpaxeHns ¢ oMaMeTpoM, JOCTATOYHbIM AN NOKPbITUA Tonbko 1/3" maTpuubl.

OueBunaHo, yTo ecnu 1/3" 06bekTMB Ucnonb3oBaThb ¢ 1/2" maTpuuen, To Mbl CTONKHEMCSH C Takow npobne-
MOW: yrnbl n3obpaxeHnsa 6yayT oTcedeHbl (npeacTaBbTe cebe NPAMOYrofbHUK U BHYTPU HEro Kpyr MeHb-
Lero gnameTpa).

To xe npousongeT, ecnu 1/2" 06bEKTUB ncnonb3oBaTb ¢ 2/3" maTtpuuen. OgHako, ecnv 6onbLINn 00bek-
TMB MCMonb3oBaThb C MeHbluel MN3C-maTpuuen, npodbnem He ByaeT. Tak kak o6bekTnB HGonbLuero gopma-
Ta cnpoeuunpyeT Kpyr M3obpaxeHns 3HaYNTENbHO GonbLINA, YeM AeNcTBUTENbHbIN pa3mep M3C-maTpu-
Ubl, TO HMKaKKNE Yribl HE OTCEKYTCS U He BydeT HUKaKMX MHbIX AedopmaLmi.

Bce e cnegyeT NpvHATL BO BHUMaHWE, YTO YMEHbLUEHME 00nacTu, Ha KOTopyto npoeuunpyeTcs n3obpa-
XEHUE, MOXEeT NPUBECTU K OTHOCUTENBbHOMY YMEHBLUEHUIO pa3peLleHus], Tak kak 6yaeT ncnonb3oBaTbCs
MeHbluasi obnactb (cm. obcyxaerHne GIrM n YKX). Kpome Toro, n3bbiTOUHbIV CBET BOKPYr MaTpuubl (ecnu
ncnonb3yetca o6bekTmB 6onbliero gopmaTa) MOXET OTPaXKaTbCsl OT BHYTPEHHUX NMOBEPXHOCTEN 0OBHEK-
TmBa n M3C-6noka, 1 ecnv NOBEPXHOCTN HEAOCTATOYHO MOrMOLLAKT CBET YEPHBIM MATOBbIM MOKPLITUEM,
TO 3TO CKaXXeTCs Ha KayecTBe M306paxeHus.

Vbl 0030pa 1 Kak UX ONPECIUTh

O6bekTMBbI C pa3nnMyHbIM (bOKYCHbIM pacCcToAaHnemM OakT pas3siMydHbie YITibl 0630pa.

[loBONbLHO YacTo AN OLEHKN Mbl ncnonb3yem yron o630pa MO ropmn3oHTanu, Tak Kak, 3dad ero, MO>XHo
onpenennTtb 1 yron o630pa no BeEPTUKaNn — BeAb BnaeocurHan (bOpMMpyeTCﬂ M3 CooTHOLWeEHMUs 4:3 1 31O
Xe NpMMEeHNMO K pacyHeTy ropu3oHTalribHOro 1 BepTuKaribHOro yrrnos 0630pa.

BOT HecKonbko OCHOBHBIX MpaBusl, KOTOPLIX CriedyeT NpuaepXmnBaTbCs Npu aHanvae yrnos o63opa:

O Yem MeHblLUe hOKyCHOe paccTosHue, TeM Gornblue yron ob3opa.

O Yewm Gonblue okycHoe paccTosiHue, TeM MeHbLUe yron ob3opa.

O Yem meHblie MNM3C-maTtpuua, TeM MeHbLUE yron o63opa (C TeM Ke 0O bEKTUBOM).

O Ecnu nsBecTteH yron o63opa no ropnsoHTanu, To ferko onpefennts yron o63opa no BepTukanm.
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Kak yxxe ynommnHanocs Bblile, yron okosno 30° cuMtaeTcAa CTaHAAPTHbLIM YINOM 3peHUA, KaKUM Obl HU
6bin chopmat nsobpaxeHus. HanomHum: yron B 30° npMHUMaeTCs cTaH4apTHbLIM, MOTOMY YTO OH COOT-
BETCTBYET HalleMy BOCMPUSATUIO MEPCNEKTUBLI M TOMY, KaK BUANT YenoBeYvYeCckui rnas.

Hwxe npuBeneHbl opmaTbl M306paxXeHn 1 COOTBETCTBYIOLLME CTaHAapTHble 06bekTuBbl ana 30° ropum-
30HTanbHOro yrna ob3opa:

O 1 gonm = 25 mm,

O 2/3 prorima = 16mmMm,
O 1/2 pronma = 12mm,
O 1/3 grorima = 8 MM,
O 1/4 ponima = 6 MMm.

B BuaeoHabntogeHnn camblin 60MbLLION Yron 3peHns, npeanaraeMbiin MPon3BoaMTENAMN, COCTABIISET OKOSO
94°, yto pgocturaetca Ha 4.8 mm ana 2/3" M3C-kamepsbl, 3.5 mm ana 1/2" n 2.8 mm ana 1/3" kamep (Ecnu
crieyuarnbHO He o2osapusaemcsi, mo 0bbI4HO peyb udem 06 yare ob3opa o eopudoHmanu. [pum. ped.).

EcTb 1 ocobble 06beKTVBbI, Jatowme yron 3peHns nodtn 180° — oObEeKTMBLI TUNAa «PbIOWIA rMas», HO OHN OYEHb
cneumduryHbl U AalT TOMbKO Kpyrioe (Mo3TOMY M HasbiBalTCA «pblbui rmas») u3obpaxeHne Ha aKpaHe
(BHYTPUM 0bnactn nsobpaxerusi N3C-matpuupl) (Cywecmesyrom 3reKmpoHHbIE ycmpoulcmea, OCYUecmeIsioYo
oUUPOBKY MaKoz2o U30bpaKeHUs], a 3ameM C MOMOLWbI0 KOPPEKMUPYHOWE20 areopumma 80Crpou3800siLUe
usobpaxeHue c npuemnembiM kadecmeoMm. bonee mozo, Hekomopble Mo0obHbie npubopbl MO380rsAHM
ocywecmernsimb 371EKMPOHHOE CKaHUpo8aHue 8 rpedenax yana obsopa, npedcmaerisia cobol Hekul aHaroe
mesiekamMmepbl Ha M0BOPOMHOM ycmpolicmee, HO Co8epLUEHHO be3biHepyuoHHOM. [pum. ped.).

O6bekTVBblI MO (POKYCHOMY PaCCTOSIHWUIO MMEHT TONIbKO AUCKPETHble 3HayYeHusl, T.e. Hemnb3s 3akasaTb
no6oe 3HayeHue, HanpumMep, 5.8 Mm unu 14 Mm. Tak YTO NonesHo 3HaTb Hanbornee pacnpocTpaHeHHble
hOKyCHbIE pPacCTOSAHMSA 0GBHEKTUBOB:

2.6 MM, 3.5 MM, 4.8 MM, 6 MM, 8 MM, 12 MM, 16 MM, 25 MM, 50 MM 1 75 MMm.

HekoTopble Npon3BOANTENM BbiNyckaloT 06bekTuBbl 3.7 MM BMeCTO 3.5 MM, nnn 5.6 MM BMeCTo 6 MM, HO
3HaYeHUs o4eHb BNN3KM U NPaKTUYECKN HET HMKaKOW pasHuLbl B yrie ob3opa.

"opu3oHTanbHble yribl 0630pa, COOTBETCTBYOLWMNE NPUBEAEHHBIM BbilLE 3HAYEHWUSM, OTAMYalTCa Opyr OT
apyra Ha 10°-15°. 3Toro BnonHe JOCTaToO4YHO, YTOObI OXBAaTUTb BCE MPaKTUYECKMe CUTyauun, HO eCri Bam
notpebyetca cneunanbHoe (OKYyCHOe pacCcTOsHMEe, He MepeyvncrieHHoe Bblle, MOUHTEPECYUTECh Y
nocTaBLUuMKa, Tak Kak HEKOTOpble MPOU3BOANTENM UMEKT BapMoOOBbEKTUBBLI C PYYHOM YCTaHOBKOW OOKYC-
HOro paccTosiHUA (Kak C pyYHOW AnadparMoun, Tak u ¢ aBToMaTUYeCKon), npnuiyeM OOKyCHOE pacCTosiHMe
TakMx 00bEKTUBOB MOXET MEHSATLCS B nNpeenax 6-12 mm nnu gaxe 8-16 mm. MNMpaBaa, onTudeckue kade-
CTBa Takux OB6bEKTMBOB HE CTOSb BbICOKM, KaK Y OO bEKTUBOB C MOCTOSHHBIM (DOKYCHbIM PacCTOSHUEM,
n33a OrpaHN4YEeHHON TOYHOCTM M YMPOLLEHHOCTU ABMXKYLUMXCHA 3NIEMEHTOB MexaHuama obbektuBa. Ho
OnNATb e, KA4eCTBO BO MHOIMX CIly4asx — 3TO BOMPOC LEHbI.

YTo0 e Takoe (*)OKYCHOE paccTtosaHune 06beKkTuBa Ha I'IpaKTVIKe? 3710, no>|<any|7|, OAVH N3 CaMbIX 4acTo
3aaBaeMblX BOMPOCOB MNpu NpoeKTnpoBaHnn CUCTEM BMAEOHabMNoaeHs. Ons onpeneneHnsa yrnos o630pa
MCNOJIb3YKTCA pa3finyHblie MeTO4bl, U KaKoWN 13 HMX Bbl Bb|6epeTe — neno Balue, Obin 6bl JOBONEH 3aKa34KK.

Hwxe cnegyeTt cnnCoOK NpakTUYeCKUX MeTO40B.

KanbkynaTop-Buaouckatesb. OT0 00bIYHO KanbKynaToOp KPYrion ¢opmbl, NOCTaBMsieEMbI NPOM3BOAN-
Ternem obbekTMBa (CNpocuTe y CBOEro nocTaBLyuka); YToObl nogobpaTh 06beKTMB, HEOO6XOAUMO 3HATL TPU
Bewmn: pasmep M3C-maTpuubl, paccTosiHie MeXay TenekaMepon n 06BEKTOM U LUIMPUHY oObekTa. ITUX
Tpex BENUYMH LOCTATOYHO, YTOObI KanbKynsaTop Bblgan oKyCHoe paccTosiHve B MunnuMeTpax. boisatoTt
KanbKynsiTOpbl TAKOTO e NPUHLMUNA B BUAE FNIMHENKN.

OnTunyeckum Bngouckaresnb. JT0 yCTpOVICTBO NOXOXe Ha BapMOOG'beKTVIB, HO npeagHa3Ha4eH OH He A5A
Tenekamepsbl, a ond rnpoeKkTnpoBLLKa BUOEOCUCTEMbI. Koraoa Bbl HaxoguTecb Ha MecTe HabnoaeHus!, Bbl
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Puc. 3.36. Paznuunvie kanvKyasmopwl 0ist 6b100pa 00beKmMueos

MOXXeTe BPyYHYl HacTpamBaTb yron ob3opa B COOTBETCTBMM C TpeboBaHuMsiMM 3aka3uduka. Ha wkane
BuaonckaTens ykasbiBaeTcs POKyCHoe paccTosiHue obbekTuBa, KOTOpoe JAacT Takoum xe yron ob3opa Ha
KOHKpeTHOM Tune Ttenekamepsbl (2/3", 1/2" nnn 1/3"). YTobbl BUAETb TakK Xe, Kak «yBUAUT» Ternekamepa,
MeCTO HabnoaeHns AOMKHO BbiTb BbIBPaAHO Kak MOXHO Grivxe Kk TOMy MecTy, rae byaeTt yctaHoBneHa
Tenekamepa. Y aToro npmbopa eCcTb OAWH HEJOCTaTOK: Hemnb3sA NonyyYnTb 6onbLIon yron o63opa, Tak Kak
BOMbLIMHCTBO ONTMYECKNX BUgouckaTenen obecneunsaoT OKYCHOE pacCcTosHWe TOMNbKO 40 6 MM.

NMepeHocHas Tenekamepa ¢ TpaHcdoKkaTopoM (kamkopaep). STO AOBOMILHO NMPOCTOM M MpakTu4ec-
K1 meTon, 0COBEeHHO B Halle BpeMs, Korga eCTb Takol OrpOMHbIN BbIOOP KaMKOPAEPOB C BCTPOEHHbIMU
TpaHcdokaTopamu. Ham Heobxoaumo 3HaTh pasmep MN3C-maTpuubl Kamkopaepa, YTobbl COOTHECTU ero
¢ pasmepom [13C-maTpuubl Tenekamepbl B MPOEKTUPYEMON BUOEOCUCTEME. ACHO, YTO XOPOLLUO MMETb
Kamkopaep C O6onbwuM KO3(PUUMEHTOM TpaHC-
dokaumn, opgHako 6Ooree BaXHO, 4YTOObI Ha ero
obbekTnBe ObINMM HaHeceHbl 3HaAYeHus (POKYCHOro
paccTosHus. Korga mbl ncnonb3yem KaMkopaep Ha
MecTe YCTaHOBKM Tenekamepbl, y Hac ecCTb
OOMONHUTENbHOE MPEUMYLLECTBO: Mbl  MOXEM
nokasaTb 3aka3uyMKky OCODOEHHOCTM YCTaHOBKU MU
3a0KyMeHTupoBaTtb ero Bbibop (bonee aghghek-
mueHbIM Orisi Mol uesiu 8rsiemcsi Ucrosib308aHue
crneyuasbHO20 Cep8UCHO20 sudeoMoHUmMopa ¢
numaHUeM om akkymyrnsmopa u menekamepbl ¢ Puc. 3.37. Onmuueckuii sudouckamens 015 onpeoeneHus
Habopom 06beKkmugos, UMeEKWUX pPasiuyHble Gokycro2o paccmosinusi 00vbekmua
¢gokycHble paccmosiHus. [Tpum. peo.).

Ucnonb3oBaHue npocton hopmynbl. MoXeT NokasaTbCsi, YTO 3TO CaMbIil CIIOXHbIN CNocob onpenene-
HuS yrnoB o63opa, HO Ha caMOM [ere OH camblll MPOCTon. B aTon hopmyne ncnonbdyetcs nogobue Tpe-
YronbHUKOB (CM. puc. 3.38). 3TO NPOCTO, @ MOTOMY TaKOW pacyeT JIerko BbINMOJIHUTb B NIO6ON MOMEHT, Kak
TONbKO BO3HMKHET Takas Heo6Xx0AMMOCTb. EQUHCTBEHHOE, YTO HYXXHO MOMHUTb, 3TO WnpuHy MN3C-maTpu-
Lbl, KOTOpas Anst Hambonee 4acTo UCMOSNb3yeMbIX TeNekaMmep COOTBETCTBEHHO paBHa: 6.4 mm ans 1/2",
4.8 mm ana 1/3", n 3.4 gpna 1/4" maTtpuubl.

OT1a copmyna gaeT PoKyCHOE pacCTosHME B MUNNIMMETPaXx:

f=crzcd/Wosbext (34)
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Ecnv n3BecTHoO paccTosiHue oT kamepsl 40

obbekTa ¥ WupuHa 00bekTa, To 419 pacyeTa (oKycHOro
paccrosHus o6beKkTrBa Ana 3a4aHHoro yria o63opa MOXHO
BOCMOAL30BATLCS MPOCTON POPMYIONA:

f=cxd/w

C - aro wupuHa MN3C-maTpuLbi: ans 2/3" = 8.8 Mm
ans 1/2" = 6.4 mm
ana 1/3" = 4.8 mm
ans 1/4" = 3.2 mm

Puc. 3.38. K av18600y npocmoii gpopmynvt «8vioopa 06vekmusa»

roe f — 3To (hOKyCcHOe paccTosiHne 06bekTMBa (MM), Crsc — 9TO LmpuHa M3C-maTpuubl (MM), d — 3TO
paccTosiHue OT Tenekamepbl A0 obbekta (M) U Woppexr — 9TO WMpUHA OObEKTa, KOTOPLIA Mbl

cobupaemcs
Habnogath (m).

Mo>HO BOCMNONb30BaTbCHA aHanornyHom opmyrior B TOM criydae, Korga Mbl XOTUM HanTu POKyCcHOe
paccTosiHne ob6bekTUBa, C MOMOLLbI KOTOPOrO MOXHO ObINo 6bl BUAETH ONpeaerieHHYH0 BbICOTY 00beKTa,
HO B aToMm cnyyae BMecTo Wprze 1 Woprexr cnegyet ucnonb3oBate hpzc M hoswext, toe h
0b0o3HavaeT BbICOTY.

Mcnonb3oBaHue G6onee crnoxHou cdopmynbl. Ta popMyrna AacT pesynbTupyloLmii yron ob3opa B
rpagycax. OHa OCHOBbLIBAETCS Ha 3/1eMEHTapHON TPUrOHOMETpPUM 1 TpebyeT KanbKynaTopa Uim TPUroHo-
MeTpUYECKNX Tabnul,.

a = 2arctg (w...../2d)

Puc. 3.39. K 6b1600y Oonee cnodichoil popmynvl 0si bluucienus yeia 0030pa 00veKkmued

http://www.itv.ru ITV— zenepansvhvtii cnoncop 2-20 uzdanus knueu «CCTV. bubnus eudeonadnrooenusy



80 3. Onmuka ¢ cucmemax eudeonadniooenus CCTV

a= 2Certg(Woﬁbelcmr/2d)r (35)

roe a — ato yron o63opa (rpaa), Wosenr — WMpUHaA ob6bekTa (M) u d — pacctoaHne 0o obbekTa
(m), Ha KOTOpbIV HanpaBneHa Tenekamepa.

Wcnonb3oBaHue Tabnuubl n/vnu rpadumka. Vimm nerko nonb3oBaTbCs, HO Tabnuua nnu rpaduk Bcerga
OOIMKHbI BbITb MOA PYKON.

Taonuya 3.1. Hpubnuzumenvrolil 20pU30HMAIbHYIL Yeoi 0030pa npu pasiuunvlx pazmepax [13C-wampuy (8 epadycax)

PoKyCHOe paccTosiHMe 2/3" 1/2" 1/3" 1/4"
2.0 Mm - - - 82
2.8 Mm - - 86 57
4.0 Mm - 77 67 47
4.8 Mm 83 67 57 40
6.0 Mm 70 56 48 32
8.0 Mmm 56 44 36 25

12 Mm 39 30 25 17
16 Mm 30 23 17 13
25 Mm 18 15 12 8
50 mm 10 7 6 4

B aToii Tabnuue garTcsa TOMNbKO ropu3oHTarnbHble yribl 0630pa AN KOHKPETHbIX 0O BLEKTMBOB, TaK Kak 3TO
TpebyeTca Hanbonee 4acTto. BepTukanbHble yribl Nerko onpeaenuTb, UCMOMb3ys OTHOLLEHUE CTOPOH
M3C-matpuubl, TO eCTb pasfgennB ropu3oHTarnbHbIM yron Ha 4 n yMHOXUB Ha 3 (C 3TVM Herb3s coanacums-
CSl, maK KaK apKmaHeaeHc s18/1iemcsi HesluHelHoU gyHkyued. MNpum. ped.).

(Cnedyem ommemumab, Ymo rpu UCrob308aHUU mabniuy, HyXHO rpUMeHsIMb UHMePoisayuro, mak Kak pedKo
mpebyemoe 3Ha4YeHUEe MOYHO coomeemcmeem 3HaqyeHuro, ykazaHHoMmy e mabnuye. C dpyeol CMOPOHHI,
HaMHOo20 yO0obHee ucronib308amb crieyuaribHble KOMIIbIoMepPHbIe fpogpaMMbl, 0380/suue asmomMamu-
3uposamsb yKa3aHHble eblqucrieHus. [pum. ped.)

Bo Bcex nepeyncneHHbIx MeToAax Ham NPUXOLAUTCH yYMTbiBaTb 0OpaTHbIN XO4 pa3BepTOK BUAEOMOHM-
Topa. [pyrumn cnosamu, 60MbLIMHCTBO BUAEOMOHMTOPOB He nokasbiBaeT 100% Toro, 4To BUOAUT Teneka-
Mepa. O6bl4HO 10% M30bpaxkeHUs He BUOHO BcrneacTBmMe obpaTHOro xoaa passepTok. C NOMOLLbIO Kanb-
KynsiTopa Buagouckatens MoxHo yyecTtb atn 10%.

HekoTopble npodeccroHarnbHbie BUAEOMOHUTOPbLI MMEIOT OMNLMI0 0TOGpaxeHus obpaTHOro xoaa passep-
ToK. Ecnu y Bac ecTb Takol BUOEOMOHUTOP, C ero NOMOLLbIO Bbl MOXETE OLIEHWUTb CTerNeHb NoTepu 4acTu
N306paxeHns Ha OBbIMHOM BUAEOMOHUTOPE. DTO OYEHb BAXXKHO 3HATb NPY TECTMPOBAHWUM Tenekamep, o
Yyem GydeT paccka3aHo NMosxe.

O0beKTUBBI ¢ PUKCUPOBAHHBLIM (POKYCHBIM PACCTOSIHAEM

B cuctemax BugeoHabnogeHns Mcnonb3yoTcs ABa OCHOBHbIX TNa 06beKTUBOB (B OTHOLLEHMU UX OOKYyC-
HOro paccTosiHWA): 06 bEKTMBbLI C PUKCUPOBAHHBLIM 1 C NepeMEeHHbIM (POKYCHbLIM pacCTOAHUEM
(BapnoobbEKTUBEI).

O6beKTVBbI C PUKCMPOBAHHBIM (POKYCHBIM PacCTOsIHUEM, O Y€M FOBOPUT UX Ha3BaHWe, MMEKT NMOCTOSIHHOE
hoKyCHOe paccTosiHve, T.e. AatoT TONbKo 0AuH yron ob63opa. Takme 06bekTUBbI 06bIYHO M3rOTaABNMBAKOTCS C
MUHMMarIbHbIMU abeppauusamy 1 MakCMMarnbHOM paspeLuaroLlein CnocobHOCTLIO 1 coaepkaT MUHUMASTbHOE
KOSIMYECTBO MOABMKHbIX OMTUYECKMX 3NIEMEHTOB — NepeMeLlaeTcst TONbko DOKyCUPOBOYHAs rpynna.
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KauyectBO 06BEKTMBOB 3aBUCUT OT MHOMMX (PaKTOpOB,
“S— CaMbIMUN BaXKHbIMU U3 KOTOPbIX ABMAAOTCSH UCNOSNb3yeMble
‘MaTtepuanbl (TMM CTekna, MeXaHW4ecKne dNeMeHTHI,
LWEeCTepHN W MNp.), TEXHONMOrMsA U3roTOBMEHNs U cama
KOHCTPYKLUMSI.

Korga npowusBoguTenb co3gaeT KOHKPETHbIM Tun obbek-
TMBa, OH Bcerga AymaeT O TOM, Kak W rae 3TOT 00bekTuB
OynoeT wuvcnonb3oBaTbCs. KayecTBO MNpoeKkTUpyemoro
obbekTuBa onpegenseTca TpebOBaHUAMU pbiHKA U
npakTukn. Kak yxe ynomuHanocb Bbille, Korga Mbl
obeyxgann ®MNM n YKX, HeT Hukakon HeobXoOuMMoCTu
Puc. 340. Obvexmus ¢ pyunoti ouagpaemoti U ycunmBaTb TexHWYeckue TpeboBaHWA K TOYHOCTM WU
00vexmue ¢ asmoouagppazmoi KayecTBy (M COOTBETCTBEHHO YBENMuMBaTb CTOMMOCTL), €Cru
3TO He OyaeT BOCMPUHUMATBLCS POTOMPUEMHUKOM

(8 Hawewm cnyyae MN3C-maTtpuuent). OgHaKo 3TO HE O3HaYaeT, YTO BCE MOAENM U BEPCUN OOBEKTMBOB C

OOHUM U TeM e (DOKYCHbIM paccTostHUeM ofnHakoBbl. OObIYHO LieHa MAEeT pyka 06 pyKy C Ka4eCTBOM.

Bornee OByx OecsTKOB NneT Hasapg, Korga LWUMPOKO ucnonb3oBanucb 1" tenekamepsbl, 25-MmM 06bEKTUBDI
[aBanu HopMarnbHbI yron o63opa (npumepHo 30° MO ropu3oHTanm).

Mo mepe aBonouMM hopmMaToB, TO ECTb C UX YMEHbLUEHNEM, POKYCHOE PacCTOSIHNE HOpMarlbHOro yrma
0630pa Toxe yMeHbLuanock. A pe3bba KpenneHus octaBanacb Takol e — B LiefIIX COBMECTUMOCTMU.

IOna C-kpenneHus pesbba obo3Havanack V-32UN-2A, 4To 03Ha4vaeT: gnameTp pe3bObl 1 goAM, war
pe3bbbl 32 HUTKK Ha Aronm. Korga xxe noasuncs HoBbii gpopmaT — CS — TO cTapbii TUN pe3bObl Obin
OCTaBIIEH AN COBMECTUMOCTU, XOTS paccTosiHue oT coriaHua o6bekTBa 40 dokarbHOM NOCKOCTU U3Me-
HUnocb. Ho 3TOT BOMPOC Mbl MOSICHUM MO3Xe B 3TOW IMaBe.

Mo Tuny guadparmbl BbIAENATCS OBE OCHOBHbIE IPynnbl OOBbEKTMBOB C (OUKCMPOBAHHBIM (DOKYCHbIM
paccTosiHMeMm: guadparmbl ¢ pyyHor yctaHoBkown (MI) m aBTomaTtuyeckne puadparmbl (Al), Mbl nx
paccmaTpuBanu B npeabigywem pasgere.

W, HakoHeL, OaBanTe yrnoMsiHEM 34ecb rpynny ob6b-
€KTUBOB C NepeMeHHbIM (OKYCHbIM PacCTOSIHUEM —
BapnooObeKTUBLI. T  OOBLEKTMBbI  criegyeT
OTHOCUTb K rpynne OObLEKTMBOB C (PUKCUPOBAHHbLIM
(POKYCHBIM PacCTOSIHUEM, TakK Kak, €Crii OHU BPYYHYIO
HaCTpOEeHbl Ha  KOHKpeTHbIM yron  ob63opa
(dbokycHoe paccTosiHMe), TO NPUXOAUTCS UX 3aHOBO
dokycnpoBaTtb, B OTNMYME, Hampumep, OT Bapu-
0006BEKTMBOB C CepBOynpaBfieHMEM, KOoTopble Gyayyn
eANHOXAbl CHOKYCMPOBaHbI, OCTalTCs B

dokyce aaxe Npu n3mMeHeHun yrna obsopa. (E08a /lu MOXHO coa2/1acumbCsl C 3MUM ymeepx0eHuUeM asmopa.
Bapuoobbekmuebl ¢ pyYHbIM yripagrieHUeM ro380sisgiom U3MEHSIMb (POKYCHOe paccmosiHUe, U nomomy ux
Hesb3s1 OMHecmu K 0b6bekmugam € hUKCUPOBaHHbIM (bOKYCHbIM paccmosHueM. Omo omaoesibHasi Hebosbuiasi,
HO camocmosimesibHasi epyrnna obbekmusgos. [1pum. ped.)

Puc 3.41. Pesvbogoe omsepcmue C-kpenienus

Bapuoo0nbekTHBBI

Ha sape TeneBuaeHusi, ecnv kuHoonepaTtopy TpeGoBarncs o6beKTUB ¢ APYrMM (POKYCHbIM PacCTOSIHUEM,
OH Mcnonb3oBan crneunanbHO CNPOEKTUPOBaHHbI GapabaH, CHaGXeHHbI KOMMIEKTOM 0O6bEeKTMBOB C
(PMKCUPOBaHHBLIM PaCCTOSIHUEM, KOTOPbIA MOF MOBOpa4YnBaTbCsl Nepef Tenekamepoit. Beibupas cooTBeT-
CTBYIOLLMI 06 BEKTUB U3 3TON IPYNMbl, MOXHO BbINO YCTaHOBUTL pasnuyHoe hoKyCcHOe paccTosiHue.
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OTa KoHuenuus, Ha NpaKkTnkKe cpaBHMMaA C pqu0|7| HepeyCTaHOBKOVI obbekTnBa, He obecnevymBana
HENPEepPbIBHOCTb B Bbl60pe (bOKyCHOFO paccToAaHnA, n, 41O eLlle Oonee BaXHO, HEBO3MOXHO ObINno n3bde-
XaTb OMNTUYECKOro 3atTeMHEHNA, CONMpoBOXAaBLlero npouecc Bbl60pa HOBOro o6bekTMBa.

BoT noyemy uHxeHepbl BbIHY>XAEHbI OblNM 3agymaTbCcs O CO3L4aHMM YCTPOWCTBA, obOecnevyMBaloLLero
HenpepbIBHOE U3MEHEHNE (DOKYCHOTO PacCTOSIHUS, U Takme yCTPOWCTBA CTanu HasbliBaTbCs TpaHcdoka-
Topamu (ro-aHanuticku ZOOM, ymo o3Hadyaem «83Mbi8amby, «Habupampe 6bICOMY», UHA4Ye — U3MEHSIMb
Macwmab usobpaxeHusi, yeenu4yueams uzobpaxeHue. lNpum. ped.). Noesa Takoro obbekTMBa 3akniovaeT-
Csl B OQHOBPEMEHHOM MEpPeMELLEHUN HECKONBbKMX TPy NMH3. TpaekTopusa nepeMeLleHnsl, KOHEYHO Xe,
HanpasreHa BAOSMb ONTUYECKON OCU, HO NMEpPEMELLEHNE MPOUCXOANT C ONTUYECKON TOYHOCTBLIO Y Hemnu-
HeWHOW Koppensiumen. /13-3a aTOro He TOMBbKO ONTMYECKAsi, HO U MexaHM4yeckas KOHCTPYKLUSA TaKoro
00ObEKTUBA OYEHb CIMOXHA U YyBCcTBUTENbHA. O4HAKO Takas KOHCTPYKLMSA Obina co3gaHa u, Kak Mbl 3HaeM,
TpaHcdOoKaToOpbl OYEHb MOMNYNSAPHBLI U LUMPOKO UCMONb3YTCA Kak B BUOEOHAOMOAEHUN, Tak U B TENeBn3u-
OHHOM BeLLaHUu.

[Be rpynnbl N1H3 (BapuaTop U KOMMeHcaTop) nepemMeLlalTcs OTHOCMTENbHO APYr Apyra npy NoMoLLm
cneunanbHoro 6apabaHHoOro Kymna4ka Takum obpasom, 4To gocturaetcs ahdeKkT namMmeHeHms maclutaba
n3obpaxeHns npu coxpaHeHUn chokycmpoBaHHOro nsobpaxeHus obbekta. MoxHo cebe npeacra-
BWTb, HACKOIbKO BaXXHa MexaHW4yeckasi TOYHOCTb M AOMrOBEYHOCTb ABMXKYLLMXCSA YacTen ANs nonyveHus
yCMeLHOoro pesynbTata npu TpaHcdokaumuu.

Puc 3.42. Tpancgoxamopwi

MHorve doTorpadbl-npodeccroHansl TpaHcdokaTopam npeanoyYnTalT 06bekTUBbl ¢ PUKCUPOBAHHBLIM
bOKYCHbIM paccTosiHMeM. B LIMPOKOM CMbICIie OHW MpaBbl, Tak Kak NoABWXHbIE YacTu TpaHcgokaTopa
Bceraa OoJKHbl UMeTb onpefeneHHblt pa3bpoc npu nx Npou3BoACTBE, B pesyfibTaTe Yero Bapuoobbek-
TMB gaeT Gonblue abeppauunit, YeMm 0OBbEKTMB C PUKCUPOBAHHBIM (POKYCHbIM paccTosiHuem. Moatomy
KayecTBO OMTUKM NPU onpederieHHoW HacTpolike BapuMooGbeKTNBA HUKOrAa He MOXeT GblTb CTOMb Xe
BbICOKUM, KaK y 0GBbeKTVBa C COOTBETCTBYHOLLUM (PUKCUPOBAHHBLIM (DOKYCHBIM PaCCTOSHUEM.

OpHako Ansa BUOeoHabnoaeHns), koraa paspeluatollas cnocobHocTs M3C-maTpuubl Aaneka oT paspeLuatoLeit
CnocoGHOCTM dhoToanmnapaTa, BO3MOXHbI KOMMPOMUCCHI, U C HEMNIOXUM pe3ynbTaToM. Bo3aMoXXHOCTb Henpe-
PbIBHOTO M3MEHeHWs yrrnoB 063opa 6e3 r3n4eckoit CMeHbl 0GBEKTUBOB Ype3BbIYaliHO NoNesHa 1 NpakTUyHa.
Hanpumep, B cnyyae, korga Tenekamepbl CMOHTMPOBaHbI B onpeferieHHbIX Mectax (HanpuMep, Ha Mayte Unm
KpbllLe 30aHus1), a TpeboBaHKsA K paspeLuaroLLeit CrocoBHOCTY He CTOSb BbICOKU, Kak AN dhoTokamep.

«CCTV®@okycy — acypran no cucmemam 8UOeoHAOIIOOCHUS U OXPAHHOMY MeNeEUOCHUIO http://www.cctvfocus.ru



CCIv 3. Onmuka 6 cucmemax 6u0eoHa0II00eHU 83
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\ kooppuumenta | LUMPOKIAK Yros
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CPEAHWIA YION

Y3Kui Yros
(TELEPHOTO, ZOOM-IN)

Puc 3.43. Ilepemewenue epynn onmuyeckux s1emenmos 00bekmusa ¢ mpanc@hokamopom
OUeHb CILOJICHOE U OUeHb MOYHOE

OpHako He CTOWUT AymaTb, YTO IBONIOLMS OGBEKTMBOB C TPaHCOKaTOPOM HUKOrAa HE CMOXET npubnu-
3UTbCA K KAYECTBY ONTUKN OBBEKTUBOB C PUKCUPOBAHHBLIM (POKYCHBLIM PacCTOSHUEM.

OBBbeKTMBBI C TPAHCHOKATOPOM XapaKTepPU3YyTCS KPaTHOCTLIO (zoom ratio) unu koadurumneHTom ysenuye-
HMs. KpaTHOCTb paBHa OTHOLLEHUIO (DOKYCHOMO PaCcCTOSIHUSA B pPEXMME «Teney» K (OOKYCHOMY pacCTOSHUIO Mpu
HaCTpoViKe Ha cambll LWNMPOKKIA yron o63opa. O6kIMHO yron 0630pa B pexxmume «Teney» yxe, Yem CTaHOapTHEIN
yron o63opa, a B peXXume LUMPOKOYrofIbHON CbeMKU — OH Lmpe. MockonbKy B pexnme «Tene» dokycHoe
paccTosiHue Bcerga bonblue, Yem B LLUMPOKOYTONbHOM PEXMME, TO U KpaTHOCTb Bcerga b6onbLue eamHnLb.

B BugeoHabntogeHun Hanbonee nonynsipHbl Crneayowmne TUnbl TpPaHCEOKaTOPOB:

O 6x — wWecTUKpaTHOe yBennyeHne, Hambonee 4acTo UCMNONb3YIOTCH POKYCHbIE PACCTOSAHUS:
6-36 MM, 8-48 MM, 8.5-51 MM 1 12.5-75 mMm.

O 10x — pecatukpaTHoe yBenundeHne, ob6blyHO 6-60 mm, 8-80 mm, 10-100 mm, 11-110
MM, 16-160 Mm.

O 15x — naTHaguaTukpaTHoe yBenuyeHue, 6-90 mm, 8-120 Mm.
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3a nocrnegHue 5-10 neT MUHMATIOPHbIE NMOBOPOTHbIE KYMOfbHbIE KaMepbl cTanu O4eHb NOnynspHbIMU.
BONbLIMHCTBO M3 HUX MMEKT BCTPOEHHbIE BapMOOOBLEKTMBLI C KOS MPULMEHTOM yBENUYeHns 12x, 16x unm
paxe 18x. OObIYHO TakXke NPUCYTCTBYET M HE MEHee YeM LUEeCTUKpaTHoe LNPOBOE YBEMUYEHUE, YTO
npespallaeT 3TU MUHUATIOPHbIE KYMNOJibHblE KaMepbl B O4eHb DYHKLMOHANbHbIE yCTponcTBa. KOHeYHo,
LUMPOBOE YBENMUYEHNE HE UMEET HUYETO OBLLErO C ONTUYECKUM, HO B HEKOTOPbLIX CIly4asix OHO MOMOXET
paccMOTPETb MesKMe yaaneHHble 06bekThl. Takme KynomnbHble Kamepbl MMEKT O4eHb MOLLHOE ONTU4Yeckoe
yBEMNUYEHNE 1 NPU 3TOM OCTalTCA HEBOMbLIMMK NO pa3Mepy 3a cyeT ucnonb3oBaHus MN3C-matpuy 1/4"
Hanpumep, guameTp o6bIYHOro Moayns NOBOPOTHOWM KYMOJSIbHOW KaMepbl COCTaBnsieT okono 12 cm. Yem
MEHbLLUE MaTpuua, TEM MEHbLUe pasmMepbl ONTUKU. JTO, MOMUMO CHUXEHUsI 3aTpaT Ha NpPoM3BOACTBO,
ObINI0 OCHOBHOW MPUYUHOWM YMEHbLUEHUS pa3mMepoB MaTpul. Bnpoyem, untatento Hy>KHO MOHMMAaThb, YTO
npv npoussoacTee BapnoobbekTueoB ans MNM3C-matpuy 1/4" Tpebyetcsa Oonee BbICOKasi TOMHOCTb M3-3a
MWHMaTIOPU3aLNN KOMIOHEHTOB.

BcTpevatotes v gpyrme koadumumeHTbl yBennyeHus, Takme kak 20x nnm gaxe 44x n 55x, Ho Takme o6bek-
TUBbI O4EHb JOPOTM M MO3TOMY UX UCMONb3YOT pexe (Crnedyem MOMHUTL, YTO mpaHcgoKkamopskl ¢ 6osbWUM
ysernu4yeHueM 0oCmamo4YyHO mpyOHO tcmuposamb Ha o0bbekme, 0cobeHHO pabomHUKYy OXpaHbl 8 CilyYyae
Hewmam#oul cumyayuu. K amomy Hado dobagumb u 0cobo xecmkue mpebogaHUs K KperreHU merekamepbl
¢ Mo0obHbIM 06beKMUBOM, ¢ meM, Ymobbi subpayuu, rPoOU3BOOUMbIE MPAaHCIIOPMOM, UsIU ropbI8kbl 6empa He
ckasblgasnuchb Ha Hacmpoltike. [Npum. ped.).

BapnoobbeKTHBLI Takke XapakTepuayrTca OTHOCUMTENbHbIM OoTBepcTuem, F-uncnom mnu T-ymucnom. F-
4YMCro B BapuoobbekTMBax (0 YeM Mbl yxke HanmoMuHanu, korga obcyxganu F-umucna) oTHOCUMTCA K MUHK-
MarnbHOMYy QOKYCHOMY paccTosiHuto. Hanpumep, anst o6vektmea 8-80 mm/1.8 F/1.8 oTHOCKTCS K ¢hOKyCHO-
My paccTosHuio 8 MM. F-4yncno He NOCTOSIHHO B Mpedenax n3aMeHeHust POoKycHoro pacctosHmns. OBbIYHO
npv yBenuyeHun (OOKYyCHOro pacCTOsHWSI CHavana OHO OCTaeTCHd MOCTOSHHBIM, HO MOCHe AOCTWXKEHUS
HEKOTOPOro 3HayYeHust (POKYCHOro pacCcTOSHUSA, NMPOUCXOANT YXyALleHUue OTHOCUTENILHOro oTBepcTusi
(Tak HasbiBaembli F-drop). ®okycHoe paccTodHue, npu KOTOPOM npoucxoaut F-drop, 3aBucut oT
KOHCTpyKUun obbekTnea. Ho obLliee npaBmno TakoBO: YEM MeEHbLUE BXOAHAsi rpynna fvH3, TEM CUlbHee
nposiBnsietca F-drop; aTo ogHa U3 rnaBHbIX NPUYMH TOFO, MOYEMY OOBEKTMBBI C 6ONbLUNM yBENUYEHMEM
OOJMKHbI UMEeTb BonbLUME 3reMeHTbl NepeaHMX rpynn — C LieNb CBECTM HA MUHUMYM F-drop.

Bapnoo6bekTuBhbl, Kak U 06beKTUBbI ¢ (PUKCMPOBAHHBIM (DOKYCHbLIM PacCTOsIHMEM, MOTYT UMeTb aBTOMa-
TUYECKylo anadparmy, guadgparmy ¢ py4yHol YyCTaHOBKOW UM C CepBONpUBOAOM. XOTsl Mbl paccMaTpuBa-
nv aBToaMadparmbl B pasgene, NocBsLEHHOM 00beKTBaM C (OMKCMPOBAHHBLIM (POKYCHBIM PaCCTOSIHUEM,
HO MOCKOJbKY Y AnadparM ¢ CEpBOMPUBOAOM MMEKTCA HEKOTopble obLne U HekoTopble UHAMBUAYATb-
Hble 0COGEHHOCTU, TO Mbl PACCMOTPUM KX 30ECh elle pas.

Bapnoob6bekTuBbI C py4HOM yCTaHOBKOW aunadparmMbl CHabXeHbl KOMbLOM Anadparmbl, HacTpaneae-
MbIM BPYYHYIO YCTAHOBLUMKOM UMM Nonb3oBaTenem. Takoi Tun 06bekTMBOB peako UCMosb3yeTcs B BUOEO-
HabnaeHnn, ToNbKo B 0COBbLIX Criyvyasix — BO BPEMS AEMOHCTPaLUN UM TECTUPOBAHUS Tenekamep.

BapnoobbekTuBbLI C aBTOMaTU4YeCKon npucoBon guadparmomn, unu asroguacpparmont (Al), ncnonb-
3yloTcsl Hanmbornee 4Yacto. Takne 00bEKTMBLI CHaBXeHbI BCTPOEHHOM 3NIEKTPOHHOM CXeMOM, paboTatoLLen

TV ZOOM LENS
8—80mm

PHIDx BREA-1A-T

8]

Puc. 3.44. Iloocoedunenue agmoouagppazmvl Puc. 3.45. Bapuoobvexmue ¢ agmoouagppacmoii u
8apuoobvLeKmuea Kk menexamepe peeynuposxamu Level u ALC
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no npuHUuuny SJ'IeKTDOHHO-OI'ITVI‘-IECKOIZ 06paTHOl7I cBs3n. OHa 00Obl4HO NogkYyaeTcs K pa3bemMy Ha 3aj-
HEeWn CTeHke TeJNieKaMepbl, C KOTOPOro nocrtynaeT HanpsaXeHne nutaHua (9 B noctosiHHOro TOKa) n Bnaeo-
curHan. SﬂeKTpOHVIKa obbekTMBa aHanm3npyeT ypoBeHb BUAeOCUrHana un ynpasndaet /J,l/lacbparmoﬁ: ecln
BuageocurHan npesbillaeT 0.7 B, ,u,macbparma 6y,u,eT NPUKPbIBATbCA 00 TeX Nnop, Nnoka ypoBeHb BMOEOCU-
rHana Ha pa3beme aBTOD,Ma(*)paFMbI He pocTurHeT 0.7 BonbT. Ecnu xe YpPOBEHb CuUrHana CriMwKoOM HU3OK,
TO ,qmacbparma pacKpbiBaeTCAd, nponyckas Oonblue cBeTa u yBenn4ymeagd ypoBeHb BunaeocurHana.

OTOT TMN 0O6BLEKTMBOB AOMNYCKaeT ABE BO3MOXHOCTU PEryriMpoBKY (Kak 1 B criy4yae 06beKTMBOB C OMKCK-
poBaHHbIM hOKyCHbIM paccTosiHieMm): Level n ALC.

Level perynupyeT onopHbi ypoBeHb BuAeoCcUrHana, Ucnonb3yemblil ANIEKTPOHHOM cxemMon obbekTBa Ans

yBENUYEHNST NN YMEHbLUEHNS OTBEPCTUS, CO34aBaeMoro nenectkaMmm npucoBomr anadparmbl. 310 BAMSET

Ha APKOCTb M306paxeHns. Ecrnv ypoBeHb He HacTpoeH COOTBETCTBYIOLWMM 06pa3om, TO eCTb HeadeKkBaTHO
YyBCTBMTENEH K YCMOBUAM [HEBHOMW K cnabon
OCBELLEHHOCTN, TO BO3HUKHET CruvLkom 60mbLuoe
pacxoxgeHve mexgy OHEBHbIM M HOYHbIM BUAEO-
curHanom. [MOHATHO, YTO NpPU HaCTPOWKE YPOBHS

i Onadpparmbl  Ans yCrnoBuA HU3KOM OCBELLEHHOCTU
gt~ HY>KHO YYnTbIBaTb YYBCTBUTENBHOCTb TENEKamMepbl.

' Hactpovika ALC cBsAsaHa C aBTOMaTU4YECKON
perynupoBKOW OCBeLLEeHHOCTU. DakTuyeckm 3TO
OYeHb TMOXOXe Ha KOMMEeHcauut BCTPEYHON
s3acsetkn (BLC) B «kamkopgepax. KomneHcauns
OCBELLEeHHOCTN OBbIYHO MNpUMEHseTCAa ONA CueH C
OYeHb BbLICOKMM KOHTpacTtoM. Wpoes, nexawas B
ocHoBe BLC, 3akniovaetcs B TOM, 4TObbl 6onblue
packpbiTb OTBepcTue pAguadparmbl (faxe ecnu
OCBELLEHHOCTb (DOHa OYeHb Benvka), YToObl cTanm
BUAHbLI AeTann OO0BLEKTOB, HaxoAAWMXCA Ha
nepeaHeM nnaHe. BoT TunuuHein  npumep:

Tenekamepa HanpasneHa B Kopuaop (Ha 3agHem
nnaHe cunbHas NOACBETKA), @ Mbl MbiITAEMCSA pas3rnageTb NMULO YeroBeka, MAyLero no HanpasMneHuto K
Tenekamepe. Npn HopManbHOW HacTporke 0b6bekTMBa NMLO YenoBeka OyaeT OYeHb TEMHbIM, TaK Kak CBeT
3agHero ¢hoHa npuBedeT K CYXeHu oTBepcTuss anadparmbel. Ho cooteetcTBytowasi ALC-HacTponka
NOMOXET KOMMEHCMPOBATb 3Ty CUTYaLUIO COXHOW OCBELLEHHOCTU. ApKUI 3a4HUIN NnaH B 3TOM npumepe
cTaHeT 6enbiM, HO Ha NepegHeM NnaHe CTaHyT pasnuyuMMbl getanu. YctaHoBka ALC 06bI4HO HacTpauBaeT
OMOPHBIN YPOBEHb OTHOCUTENBHO CPEAHMX M MUKOBbIX 3HAYEeHUN BuaeocurHana. Noatomy Ha ALC-perynu-
poBke 00bekTMBa CTOAT oTMeTkn Peak n Average.

Puc. 3.46. Hexomopule menexkamepovl Mo2ym ynpasisimo
asmoouagppacmoii 06vekmusos 0boe2o munda

CToUT XOpOLWO 3anOMHUTL OAHY Bellb: npu HacTponke ALC HyXHO HanpaBngaTb Tenekamepy Ha 30Hy C
BbICOKOW KOHTPACTHOCTbIO. Ecnn coenate NpOTUBOMNOMOXHOE, TO €CTh HanpaBuTb TeNeKkamepy Ha CLEHyY C
HW3KOW KOHTPACTHOCTbO, C BUOEOCUIHANOM HUKAKUX 3aMeTHbIX M3MEHEeHUNn He npousongeT. MNogcTporika
ALC B 30He C HOpMasbHON KOHTPACTHOCTBIO MOXET Bbl3BaTb paccornacoBaHue, Kotopoe OyoeT 3amMeTHO
TOMbKO MPX U3MEHEHNIN OCBELLEHHOCTH.

Bce BbilweckazaHHOEe OTHOCUTCS K BOMbLIMHCTBY OOBLEKTMBOB C aBToAMadparMoin, KoTopble ynpaBnsaTCs
BMOEOCUrHanoM, nocTynawLwmmMm Ha pasbeM aBToguadparMbl, HaXOOAWNNCS, KaK NpaBuno, Ha 3agHew
CTeHKe Tenekamepsbl. [10aTOMy, a Takke NOTOMY, YTO CYLWECTBYET W Apyrasa rpynna BapmooObeKTUBOB C
aBToamnadparmon — 6e3 ynpaBreHusa BUAEOCUTHANIOM OT TeflekaMepsbl, Mbl Ha3biBaeM TakKoW TWUM aBToO-
anadparmbl aBtoguadgparmon, ynpaBnsemon sugeocurHanom (Video).

EcTb n gpyras noarpynna o6beKkTMBOB — 3TO BapMoobObekTuBblI C aBTogMadparmon, ynpasnsaemMmon
curHanom nocrtosiHHoro Toka (DC).

Takne o0ObEKTUBbLI HE UMEKT SJ'IeKTpOHHOVI CXeMbl O6pa6OTKI/I BunaeocurHana, ToJibKo Mukpoasuraterslb,
KOTOprVI pacKpbiBaeT N 3aKpbIBAET OTBEPCTUE p,macbparMbl. Bca 06pa60TKa BugeocurHana gnsa takux
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00BHEeKTUBOB OCYLUECTBIISIETCA B 3JIEKTPOHHOW cxeMe Tenekamepbl. Ha Bbixoa 31O cxembl (hopMu-
pyeTcsi MOCTOSIHHOE HanpshKeHne, KOTOPOE 1 packpbiBaeT UMW 3akpbiBaeT NenecTkn guadparmbl B COOT-
BETCTBMM C YPOBHEM BuAeocurHana B Tenekamepe. Tenekamepbl ¢ BbixogoMm DC, Toxe cHabxeHbl perynu-
poBkamu Level n ALC, HO OHM HaxogsaTcs Ha Kopryce caMol Terekamepsbl, a He Ha 0O bekTuBe.

CnefyeT NogyepkHyTb, YTO ynpaBrsieMble BUAEOCUrHanoM Baproo6bEeKTUBbLI HE MOTYT UCMOMb30BaThLCS C
Tenekamepamu, umetownumu Boixog DC, a o6bekTuBbl DC He MOryT uUcnonb3oBaTbCsl B TefiekaMmepax C
BMOEOBLIXOAOM Ha anadparmy. HekoTopble Tenekamepbl MoryT paboTaTtb ¢ 06ovMuK TunaMu aBToanad-
parMeHHbIX OGBEKTUBOB, B 3TOM CIlyyae MMeeTCsl NepekstoyaTenb UM OTAENbHbIE KNeMMbl ANs ABYX pas-
NWYHbIX BbixodoB. CriegyeT 06paTuTb BHUMaHME Ha 3TOT dakT, MHaye MOryT BO3HWUKHYTb TPyOHOpaspeLun-
Mble npoGrnembl. Jpyrumu cnosamu, y6eguTtecb B TOM, YTO TUMbl (DYHKLMOHMPOBaHMS aBToamadparmbl y
TenekaMmepbl 1 06bEeKTMBa CoBMaaaloT.

MpenmyLecTBo BapnoobHLEKTUBOB, YNpaBrsieMblX BUAEOCUrHANOM, 3aKio4YaeTcs B TOM, YTO OHM paboTa-
10T ¢ BonbLIMHCTBOM Tenekamep. NpenmyLLecTBo BapMooOHLEKTUBOB, YNPaBisieMbIX CUTHANIOM MOCTOSIH-
HOro TOKOM, B TOM, YTO OHU AeLUeBfie U He noaBepkeHbl 3PdEKTY «pblCKaHbsI» MPU U3MEHEHUN YCUMEHUS.
Hepoctatok — He Bce Tenekamepbl nmetoT Bbixog DC. Ha cerogHsiLHUiA eHb Yalle UCnorb3yTcst 06bek-
TUBbI, ypaBnsiemMble BUAeoCcUrHanom (B Hacmosiuwee epemMsi KapmuHa U3MeHuiacb — U320mosumeriu merse-
Kamep 8 bopbbe 3a Mecmo Ha pbIHKe cmaparomcesi 8600UMb Kak MOXHO 6oriblwie onyul, mak 4mo mersiekamep
C BO3MOXXHOCMbIO yripasneHusi obbekmusamu oboux muros cetivac 6onbwuHcmeo. [Npum. ped.).

BapnoobbekTUBbI ¢ cepBoynpaBneHmemMm guadparMon npuHaanexaT K TpeTbel noarpynne o0bekTu-
BOB, €CfY paccMaTpuBaTtb UX C TOYKM 3peHMs (PyHKUMOHMpPOBaHNA anadparmbl. MexaHnsm gnadparmel
MOXeT KOHTPONMPOBaTbCHA ANCTAHLMOHHO M yCTaHaBNMBaTbCHA ONepaTopoM B 3aBMCMMOCTM OT YCIOBUN
OCBeLLeHHOCTU. Takol TMn o6BbEKTUBOB CTan BeCbMa MonyrnsipHbIM 3a NocneaHne HECKONbKO NeT, ocobeH-
HO C pa3BuTMEM Tenekamep C 3NEKTPOHHbLIM 3aTBOPOM.

BMeCTO aneKTpOHHOM CXeMbl, YNpaBnsawLwWen nenectkamm ganagparmsl, Ang Ux ynpasfeHnsa UCnosnb3yeT-
CS MOCTOSIHHOE HamnpsbkeHue, nogaBsaemMoe OfIOKOM ynpaBfeHusi MOBOPOTHbLIM YCTPOMCTBOM 1 Anadopar-
mMon (PTZ), koTOpbIN KOHTPONUPYET CTEMEHb packpbITUa aAnadparmeHHoro otBepcTtus. Npo PTZ mbl pac-
CKakeM MO3Xe, HO B HECKOJIbKMX CIIOBax — 3TO ANeKTPOHHble 6noku (lMpuemHUKu meneynpasneHusl.
lMpum. ped.), KoTopble CNOCOOHBLI NONyYaTb KOAUPOBAHHbIE LUGPOBbLIE AaHHbIE AN yNpaBreHns NoBOpPOT-
HbIM YCTPONCTBOM U (DYHKLMAMM BapnoobbekTnBa, a 3atem npeobpasoBbiBaTh 3TV JaHHbIE B Hanpsxe-
HWe, KOTOpOe 1 ynpaBnsaeT NOBOPOTHbIM YCTPOUCTBOM. B cnyyae obbekTBa ¢ cepBoynpaBneHnem PTZ-
OnoK JOIMKEH UMETb TakKe BbIXOA ANS ynpasneHus guadparMmon.

Ecnn Tenekamepa nmeeT SneKTPOHHBIN 3aTBOP, TO Jy4lle MCMOoNb30BaTb UMEHHO €ro, a He aBToMaTu4ecKkoe
ynpaeneHve avadparmon. To ecTb, 3NEeKTPOHHbIN 3aTBOP — 3TO Hanbonee ObICTpas 1 HaAEeXHO ynpaBnsioLLas
B 3@BMICMMOCTM OT OCBELLEHHOCTW YacTb TeneKamephbl, HO OHa He ynpaBrisieT rMyouHon pe3kocTu, JoCTuUra-
€MOW Mpu BbICOKNX 3HadeHusx F-uyucna gmadparmbl. OnTuyeckasa guadgparma v 3neKTPOHHbIN 3aTBOpP
(KomopbIli Mo aHanoauu Ha3blearom 371eKMpPOHHOU Ouaghpazmotli — electronic iris. Npum. ped.) He MmoryT pabo-
TaTb HOpMaribHO OAHOBpPEMEeHHO. Tenekamepa 00bl4HO cpabaTbiBaeT K HU3KUM 3HaveHnam F-uucna (cunb-
HOe pacKpbITUe OTBEPCTUSA AnadparMbl), YTO AAET OYEHb Marnyko ryOuHY Pe3KOCTU 1 BbICOKYH) CKOPOCTb 3MeK-
TPOHHOrO 3aTBOpa, a 3TO MPUBOAMT K MeHee 3(PEKTUBHOMY HaKOMMEHNIO 3apsaaa, TO eCTb JaeT 6onbLuyto
pa3MbITocTb. OCobBEHHO 3TO 3aMEeTHO, eCnn Takasl cucTemMa Ternekamepa/obbeKkTUB HanpaBrieHa Ha BbICOKO-
KOHTPAcCTHyt0 CcLeHy. YTobbl n3bexaTtb HMU3KOro KadecTBa N3obpaxeHusi 1 BCe XKe BOCMOb30BaTbCsA Npenmy-
LiecTBaMU ObICTPON M HaJEXHOW paboTbl ANIEKTPOHHOIO 3aTBOPa, U Bonee Toro, NOMy4YnTb XOPOLLYH TITyOUHY
Pe3KOCTW, UCNOMb3YHT 0O6BLEKTMBLI C AnadparmMon ¢ cepBoynpasneHnem. KoHevHo, oHa TpebyeT BMeluaTernb-
CTBa onepartopa, HO TONbKO Toraa, Korga aToro TpebyeTt n3obpaxeHue, Tak kak SNeKTPOHHbIN 3aTBop paboTa-
€T HenpepbIBHO, KOMMEHCUPYS PE3KNE U3MEHEHUS] OCBELLEHHOCTMU.

3akasbiBasi BapVIOOG'beKTVIBbI, Bbl OJTDKHbI YKa3aTb, HY>KEH I BaM 0OBbEKTUB C cepBoynpaBrieHnemM p,Macbpar-
MOW, NOTOMY YTO NMPOU3BOAUTENIb MOXET NOCTaBUTb BaM CTaH,D,apTHbIVI BapVIOO6'beKTI/IB C ynpasJrieHnemM aBTO-
,ElVIaCbpaFMI:I BMOeocurHariom, Tak Kak oHu Haille NCcnosib3yrTCA.

W, HakoHeL, elle pasfgaBainiTe NOroBOPUM O BapMooOBbEKTUBAX C PYUYHbIM ynpaBreHmeM. BaproobbekTmBbl
C PYy4YHbIM yNpaBneHnemM u BapmoobbEKTVBbLI C CEPBOYNPaBEHNEM — 3TO HE OOHO U TO Xe, (DYHKLMOHUPYIOT
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OHU Mo-pa3HoMy. BapnoobbekTnBbI cnegyet OTHECTU K rpynne 0ObeKTUBOB C OUKCUPOBAHHBIM (DOKYCHBLIM
paccTosiHueM (cMm. 3ameyqaHue o amomy nosody. lNpum. ped.). OHM yAOGHbI B TEX Cryyasx, koraa notpedutens
He 3HaeT, Kakol yron ob63opa emy NoHagobuTCs, HO BCeraa MOXeT BPYYHY HAacTpOUTb OObEKTMB Ha OpYroW
yron o63opa (M3MeHeHnem POoKyCHOro paccTosHus).

MpenynpexaeHne: KPUTUYHO OTHOCKTECH K OMTUYECKOMY KauyecTBY BaprOOGHLEKTUBOB C PYYHbIM YMpaBrieHu-
eM. Mo cpaBHeHMIO ¢ 0GBEKTUBAMIU C PUKCUPOBAHHBIM (POKYCHBIM PACCTOSIHMEM Y BapUOOGHLEKTUBOB TpyaHee
obecneunTb Takoe e ONTUYECKOe paspeLleHne M3-3a Hanmums NoaBKHbIX Yactel. KoHevyHo, GbiBatoT cutya-
LMK, KOrda KavyecTBa BapuoobGbekTuMBa C pyyHbIM yNpaBrieHWeM OOCTaTOYHO, HO Jlyylle BCEro CyauTb Mo
pesynbTatam UCMbITaHWA.

C- u CS-kperieHue 1 3aiHUI HOKyC
Back-focus («3agHuit POKyc») — 3TO OYEHb BaXKHO B BUAEOHAbN0OEHUN.

Moa perynmpoBkoi «3agHero dokyca» Mbl MOHUMAEM PErynnpoBKy NOMOXeHUs 3aaHero drnaHua obbek-
TMBa OTHOCUTENbHO nnockocTtu MN3C-maTpuubl.

B HacTosiLee BpeMsi CyLLIECTBYIOT [Ba CTaHAapTa paccTosiHMI OT 3aaHero doraHua o6bekTuBa A0 Mi0oCKo-
ctn N3C-maTtpuupl:

O C-kpenneHue, cooTBeTcTBYIOWEE 17.5 MM (TOYHee 17.526 Mm).
OTOo cTaHOapTHOE KpenneHne, BO3HUKLLEE B NepBble OHM Terekamep ¢ nepegarowmumm Tpybkamu.
KpenneHune npepcraBngetr cobon MeTtannuyeckoe Konbuo ¢ pe3bbon 1.00/32 mm, a yganeHue
PpOHTanbHOM NOBEPXHOCTUN OT MIOCKOCTU N300paxeHns paBHo 17.5 MM.

O CS-kpenneHue, cooTBeTcTBYIOWEE 12.5 MM.
OTO HOBbIVM CTaHAapT, NpedHasHayYeHHbIW AN MeHbLIMX No pa3Mepy Ternekamep u 06beKTUBOB.
3pecbk ncnonb3yeTcs Takasa xe, kak n B C-kpenneHuu, pesbba 1.00/32 MM, HO OHO NOYTU Ha 5 MM
Brivke K NNockocTu popMmpoBaHms nsobpaxeHus. CTaHgapT oTpaxaeT TEeHOEHLUUIO K COXPaHeHuo
COBMECTMMOCTU CO cTapbiMu obbekTmBamu c C-kpenneHvem (gobaBneHvem 5-mMm Konbua) K
cTpemreHune K co3gaHuio bonee gelleBbiX U MUHUATIOPHBIX OOBEKTUBOB, COOTBETCTBYIOLUMX pa3me-
pam M3C-matpuu,.

Mockonbky oba cTaHAapTa MCNONb3YT Pe3b00BOW TUM KpenneHus o6bekTnBa, TO NpU YyCTaHOBKE MOryT
BO3HWKHYTb HebonbLine BapraLmmn B No3nuumn obbektmea oTHocutensHo MN3C-matpuubl. [loaToMy BO3HM-
KaeT HeobXxoOMMOCTb B HEBOSbLLMX N3MEHEHUSX 3TOr0 NONOXEHUSA (pPerynupoBke 3agHero dokyca).

B coTorpacum, Hanpumep, Mbl HUKOF4a He TOBOPUM O 3afHel (hOKYCUPOBKE, Tak Kak GOMbLUMHCTBO Mapok
doToannapaToB BbiNyckaeTcsl ¢ GalOHETHbIM COedMHUTENEM, KOTOpbIi obecrneynBaeT (pUKCMpoBaHHOE
nosioXkeHne o6 bLEKTUBA OTHOCUTENTBHO MITOCKOCTU NIIeHKU. YTo KacaeTcsi KaMKopaepoB, TO MX 06BbEKTUB
COCTaBISIET HEOTLEMITIEMYHO YacCTb, TaK YTO 3aHWI DOKYC Y>KE HACTPOEH U HUKOrAa He MeHSIeTCs.

Ho B BMaeoHabnogeHMM — cOBEepLUEHHO Apyrasi UICTOpUS M3-3a MOLYJIbHOWM KOHLUEenuun KoMouHaumm
Tenekamepa/obbEKTUB N HaNM4Msi Ppe3b00BOro KpenneHus:.

PerynupoBka 3agHero ¢okyca OoCOOGE€HHO KpUTU4YHA NpPU UCMNOSIb30OBAaHUN BapuoOOOGBHLEKTUBOB.
Y106bI AOCTUYL XOpoLel (pOKYyCMPOBKM BO BCEM AuanasoHe paboTbl TpaHcdoKaTopa, paccTos-
Hue oT obbekTuea Ao N3C-maTpuubl B BapMooObeKTUBAX AOIMKHO OblTb O4EHb TOYHbIM.

OueBngHo, perynmpoBka 3agHero (bOKyca npuMeHnmMma n K ob6bekTMBaM C C*)VIKCI/IpOBaHHbIM paccTtoAaHmnem, Ho
B 3TOM Cliy4ae npu C*)OKyCI/IpOBKe Mbl HE o6pau.|,aeM BHMMaHUA Ha yKasaTteslb PaCCTOAHUA Ha KosbLe 00bek-
TMBa. Ecnun Mbl XoTMM gocTnyb 6onbluelt TOYHOCTU U 3a4HUIA (bOKyC Ha C*)VIKCI/IpOBaHHOM ob6bekTuBE HacCTpoO-
€H KOPPEeKTHO, TO yKa3aTellb PaCCTOAHUA MOKaXeT nencTBuTensHoe pacCTodaHne mMexay TeneKamepoPl n
obbektoM. OgHako 60MbLUMHCTBO YCTaHOBLLMKOB NMpn MOHTaxe CUCTEMbI HE o6pau.|,aeT BHMMaHMA Ha yKasa-
Tenb Ha 0OBbEKTUBE, TaK Kak OHM XOTSIT BUOETb YeTkoe |/|306pa>|<eH|/|e Ha BWOEOMOHUTOpPE. W aTo npeKkpacHo,
HO €Cn Mbl XOTUM ObITb TOYHbIMU, TO 3aQHWIA CbOKyC cnenyet perynmpoBaTtb Y BCEX UCMNOJIb3yEMbIX B BUOEO-
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HabnogeHun o6bLEKTMBOB. A Ansi BapuoobObeKkTu-
# BOB 3TO OCOOEHHO KPUTUYHO.

Mpun HacTporike 3agHero d¢okyca Heobxognmo
NPUHMMaTb BO BHMMaHWE €lle OOUH BaXkHbIA oak-
Top — 93ddekT rnybuHbl peskocTu. [puymHa
oyeHb npocTta: ecnu [N3C-Tenekamepa yctaHaB-
nueanachb AHeM (a Yalle BCero Tak U MpoucxoguT) u
Mbl MCMONb3yeM OOBbEKTUB C aBToAMadparmMom, To
€CTECTBEHHO, YTO Avadhparma ycTaHaBnmMBaeTCcs Ha
BbICOKME 3HadeHuss F-uyncna, 4To JaeT xopollee
n3obpaxeHve (nMpu ycrnoeuu, 4To aBToaMadparma
nogcoeavHeHa w paboTaeT npaBusbHO). [lockonbky
Puc. 3.47. Ilpu ucnonv3osanuu 00vekmusa ¢ nuacgpparMa ycTaHOBNEHA Ha Bbicokoe F-unMcro, TO M
C-kpennenuem u menexamepuvl ¢ CS-kpenienuem rny6uHa  peskocT y Hac 6Gonblias. V3oBpaxenue
mpebyemcsi C/CS nepexodroe konvyo KaXEeTCA YETKUM, He3aBUCMMO OT TOro, B Kakoe
norioXXeHue Mbl ycTaHaBnMBaeM
hOKyCMpPOBOYHOE KOmbLo. OgHAKO HOYbI, B CUTyaLMM HU3KOW OCBELLEHHOCTU, OTBEPCTME auadparmbl
packpblBaeTCcs NOMTHOCTLIO, U onepaTop BUAUT pacoKyCUpoBaHHOE M3obpakeHue.

OTO ogHa 13 caMblx pacnpoCcTpaHeHHbIX Npobrem Npu ycTaHOBKE HOBbIX cucTeM. Ecnu Bbl obpallaetech
B CEpPBUC-LEHTP, TO pa3bupaTbcs ¢ Nnpobnemon nwoam o0bbIYHO NPUXOAAT B AHEBHOE BPEMS, U €Crnin onepa-
TOP HE MOXET TOYHO OBBACHUTL, YTO OH BUAUT, TO NpobremMa MOXET Tak M OCTaTbCH HEPELUEHHOW, TaK Kak
n3obpaxeHne gHEM Npu BbICOKOM F-yncne — BenvkonenHoe.

Mopanb OTCloada TakoBa: HaCTDOVIKy 3aaHero q)OKyca Bcerga nposoanTe npn HU3KNX F-yncnax.

Kak pobutbcs MakcMMarnsHOro packpbltus gunadparmel? [Ons 3TOro MOXHO Mofb30BaTbCs CreAYHLWNMN
crnocobamu:

O HacTpauBanTe 3agHuI OOKYC NPU HU3KUX YPOBHSIX OCBELLEHHOCTM B MacTEPCKOM (Camoe NpocToe);

O HacTpauBawnTe 3agHUN POKyC NO34HO BEYEPOM Ha MECTE;

O HacTpavBanTe 3agHUI poKyCc B JHEBHOE BPEMSI, HA MECTE, UCMNOSb3ys BHELIHWE HENTParnbHO-
cepble punbTpsbl.

EcTb TONbKO OOHO UCKMIOYEHNE: €Cnn
ncnonb3yeTcs Tenekamepa c anek-
TPOHHbLIM 3aTBOPOM, TO Anadparma
MOXeT OblTb MOMHOCTbLIO packpbiTa Aaxe
OHEeM, MOTOMY YTO 3NEKTPOHHbIA 3aTBOP
OyoeT KOMNeHCUpoBaTb CUrHanm,
BbI3bIBAKOLWNIA N3OBLITOYHbBIN CBET (ecnu
oKakemcsi 00cmamoY4HbIM OUHaMU4Y€CKO20
Oduarna3oHa pabomabl 371EKMPOHHO20
3ameopa. lpum. ped.). DTO 03HaAYaEeT, 4YTo
HacTponka 3agHero ookyca gnsa renekamep
C 9NIEKTPOHHbIM 3aTBOPOM MOXET
NPOBOAUTBLCA Aaxe AHEM, N Npu 3TOM He
OyneT HapyweHa rnybuHa pe3kocTu u He
noHagob6aTca HelTpanbHble UNbTPLI. U,
KOHEYHO Xe, He 3abyabTe OTKNIYUTD
3MEKTPOHHBIA 3aTBOP MOCNE HACTPOWKM,
€CNN Bbl XOTUTE UCMOMb30BaTb
aBToamnadparmy.

Puc. 3.48. Hexomopuvim menexamepam ne mpedyemcs C/CS-konvyo
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PerynupoBka 3aanero ¢okyca

B nocnegyowmx ab3auax Mbl 03HAKOMUMCS C NPOLEayPOVi KOPPEKTHOW HACTPOWKK 3agHero gokyca. OToT
mMaTepuarn oOnMpaeTcs Ha NPaKTUYECKUIA OMbIT Y HAKOMM 0Bpa3om He ABnsieTcs npouenypor B NPSIMOM CMbIC-
ne croBa, HO OH JAacT BaM XOpOLLEee NOHMMaHKe TOro, U3 Kakux onepaumi OIMKeH COCToATb 3TOT npouecc. Mbl
[OOIMKHbI TaKKe YTOYHUTL, YTO HEPEAKO NPY YCTaHOBKE HOBOW KaMepbl C BAapMoOBBbEKTMBOM HACTpoOWKa 3agHe-
ro cpokyca MOXeT 1 He noTpeboBaTbCsA. DTO MErko NPoOBEepUTL — CPady Nocne Toro, Kak 0ObEKTUB ByaeT HaBUH-
YyeH Ha C- unn CS-konbLo 1 Tenekamepa byaeT nogkntoveHa K BUeoMOHMTOpY. M KOHEYHO e, 4ToBbI npoBe-
pYTb, €CTb NN HEOBXOAMMOCTL B PErynMpoBke, A0MMKHblI paboTaTb yHKUMM TpaHcgokaTopa 1 hoKyCUPOBKU.
Moes coctouT B TOM, YTOBbI MONYy4YMTb MakCUMarbHO YeTKoe n3obpaxeHne, TO eCTb B Criydae 1CMofb30BaHus
BaproobbeKTMBa, eCnn OH CHOKYCUPOBaH Ha 0ObekTe, 0OBLEKT AOMKEH OCTaBaTbCs B (hOKyCe HE3aBNCUMO OT
nonoXeHus TpaHcgokaTopa. Ecnu aTo He Tak, TO HyXKHa HacTporka 3agHero okyca.

BosHukaeT BnonHe ecTecTBEHHbIN BOMPOC: «YTO e CMOXHOro B HacTporke 3agHero hokyca?».

OTBeT HOCUT JOBOMbHO MPAaKTUYECKUI XapaKTep U He CBA3aH ¢ npobriemon rmybuHbl peskocTu. [Jeno B ToMm,
YTO BapuooObEKTMBBI B BUOEOHabMOAEHUN He cHabXeHbl yka3aTeneM pacCTOSIHUIM, Mbl MOXEM HaBECTU
POKYCUPOBOYHOE KOMbLO Ha KOHKPETHOE pacCTOsiHWE, 3aTeM YCTaHOBUTb OOBEKT Ha 9TOM pPacCTOSHUW U
HaCTPOUTb Tenekamepy Ha OTIIMYHOE pe3koe n3obpaxeHne (KOHeYHO, NoTpebyeTcsa BUOAEOMOHUTOP), BpaLlas
00bekTMB BMecTe C KonbLom C-kpenneHnus unu perynupysi nonoxexve N3C-matpuubl (Bnepea-Hasag) npu
NMOMOLLY BUHTOBOIO MexaHn3ma Ha Ternekamepe. Ho nockonbky 60MbLUIMHCTBO BapuoOOHLEKTUBOB HE NMEIOT
0603HaYvYeHN PaccTOsIHWUIA, TO AOBOSBHO TPYAHO ONpeaenvTh, C Yero HauMHaTb.

Bce 06bekTMBLI MMEKT [BE M3BECTHblE TOYKM Ha (POKYCMPOBOYHOM Kosble (NpederibHble MONoXeHUs
¢OKYCUPOBOYHOro KonbLa):

O ®okycunpoBka Ha HECKOHEYHOCTb « °€ » (3a 3TOW TOYKON OOBEKTMB He nmeeT dokyca) n O
dokycupoBka Ha MUHUManbHoe pacctosHue Ao obvekta (MOD).

MocnegHee pa3nuyHO ANS pasnMyHbiX OOBEKTUBOB, TO €CTb Mbl HE 3HAeM, KakoBbIM JOIMKHO OblTb MUHU-
mManbHoe OKyCcMpyeMoe pacCTosiHMEe AN KOHKPEeTHOro obbekTuBa, Moka He BO3bMEM TEeXHUYecKue
XapaKTepUCTUKN, KOTOPblE MOTYT U HE NMOCTaBMATLCA C OOBEKTUBOM WM, YTO ObiBaeT AOBOMBHO 4acTo,
MOryT NOTEPSATHLCS B XOA4E YCTAHOBKMW.

B pesynbTate ocTaeTcsl TOMbKO OHA M3BECTHAs ToYka POKYCUPOBKM — BGECKOHEYHOCTb. BeckoHeYHOCTb
— 9TO KOHEYHO «BEeCKOHEeYHOCTb» He B GYKBarbHOM CMbICIE, HO 3TO AOCTaTo4YHOe GOMbLUIoe PacCTosiHME,
Npu KOTOPOM OGBEKTUB YCTAHOBIIEH HA OTMETKY « %° » U Mbl NOSy4aeM pe3koe n3obpaxeHue.
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Puc. 3.49. @oxycupoeka apuoodvekmusa Ha 00beKmbl, HAXO0SUUECS, HA PASTUYHBIX PACCMOSHUSX
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Hexotopeie kameps wmeioT  HexoTopeie ofbexTHesl CHAOXEHL KOMLLOM,
MMHH-LUECWIF!HHHH“ BHHT KOTOpOe MOXer 5{:‘?’& ocnaﬁneno, Tak wro
MOXHO NOBOPAa4YMBaTE OOBEKTHE, HE MEHRAS

\ . 3agHero okyca. OBbIMHO MCAOALIYETCH npy

Konsuo C- wmm CS-kpennesus j ; MOMEILUEHNH BEPUOOGLEKTHBE B TEOMOKOXYX.

Kabens asronuadparmel

Wmeiite 8 BUAY, 47O nNepegqad
anemMeHT o0LexTHEa NepemeLlasTcs
BNEPEA-HA3AL NP PErynnpoBke
gokyca, OH NONHOCTLKD 3EABAHYT

| BoaMyTpb, KOrga o0beKTHE

| ciporycuposal Ha 0ecKkoHeYHOCTE
(obsivHe Gonee 300 m)

M3C-kamepa

"

HekoTopsie yayHiueHHse !
BHABOKAMEDL! HMEKIT BHHT |
cOOKY, NPW NOMOLUM KOTOPOID ./
MOXHO nepemewars MN3C- .4

MaTpuLy Bnepeg-Hasag.

r YacTo

YBBTOBKE KON (HD M@ kax mpasMno)
Apyrve xameps MMerT KpacHeid,Meprsid (+/-) - TpanchoxkaTop
perynspyemoe konsuo C/CS- { CrritvepHsi (+/-) - dokycHposra
KpenneHus !

- Paznuyusie NpoM3soauTEny NPeataranT pPasnuyHse cnocobbl
'.-m-”i' » L HACTPOWMKK 3aaqero ¢oxyca. B HexoTopslX BAgeoxaMepax ITo
AT PaECCTORHME HACTDAWBAETCR NYTEM BpalyeHus Konsua C/CS- £
Kpennexns, Jns 3T0ro cnenyer ocnatuTh MEUHM-LIECTHIPEHHLIR 0

BUHT (BUHTBI) (ECAM WCNONL3IYETCA Takas Buaeoxkamepa), Wy
3akpennawme C/CS-konsuo. Ecnn Wenons3yercs Apyrod Tdn ey
KaMEDL!, TO OTPErVIMPYATE COOTEETCTBYIOWME HACTDORKM B
C/CS-kpennevuns : h

I10 paccroanme o1 ¢unakua fo N3C - v ecte 3aghui doxye. f

Puc. 3.50. Hacmpotixa 3a0nezo ¢pokyca modicem okazamuvcsi 0080JbHO CLONCHOU

Yem Bonblue ¢okycHoe paccTtosiHne ob6bekTmBa, TeM Bonblue pacCTosHME A0 BECKOHEYHOCTU LOSMKHO
ObITb BbIOpaHo. Ona ctaHaapTHbIX 10-KpaTHbIX BApUOOOBHEKTUBOB, UCMOMb3YyEMbIX B BUAeOHabnoaeHUn
(910 06bI4YHO 8-80 MM, 10-100 MM mnun 16-160 mm) 9TO paccTosiHne coctaBndaeT nopsgka 200-300 m un
bornee. Ha Takoe paccTtosiHMe B MacTEpPCKON HACTPOUTbL CMOXHO, NO3TOMY TEXHUKY, paboTatowemy c pery-
NMPOBKOW 3afHero gokyca, NPUXOAMTCS BbICOBbIBaTb Tenekamepy U3 okHa, U B 3TOM criyyae emy noHago-
OMTCS BHEWHUN HeNnTpanbHoO-cepbln hunbTp — Y4TOOLI MUHUMU3NPOBATL IPAEKT rNyOUHLI Pe3KoCTH
(ecnun, KOHEYHO, 3TO He Tenekamepa C 3NEeKTPOHHbIM 3aTBOPOM).

Crnepytowmi war — HacTpouTb (OKyC Ha OTMETKY «B6eckoHe4HOCTby. [ina aToro notpebyetca PTZ-KOHT-
ponnep, HO 3TO HEMPaKTUYHO.

A 6bl mocoBeToOBan CMOAENUPOBATb HaMpsXXeHUs ynpaBrneHus TpaHchoKaTopoM M (DOKYCUPOBKM,
ncnonb3ys obblyHyto BaTapenky 9 B, nogkntoumB ee K COOTBETCTBYHLWMM NpoBodam. He 3abyabTe, UTo
HanpsbkeHne ynpaBneHnsa OKyCMpPOBKOM U TpaHCcOKaTOpOM NeXxnT B npegenax ot +6 B oo +9 B, u
00bEKTMB MMeeT ovyeHb Marnoe noTpebneHue Toka, OObIYHO MeHee
30 mMA. 9-BonbTOBas OaTtaperika MOXeT 3anpocTO ynpaBnATb TakMM
MEXaHW3MOM B TeYEeHMEe AOBOSIbHO MPOAOIDKUTENBbHOIO BPEMEHWU; MO
KpamHen mepe, 3TOro BPeEMEHM LOCTAaTOYHO ANS MOJSIHOro 3aBeplue-
HUSA Npouenypbl HACTPOWKN.

EgnHoro craHpgapTa uUBeTOBOro koga Agna obo3HayeHusa kabenen
OOGBHEKTMBOB HET, HO AOBOJSILHO YacTo, ecnu K 06beKkTnBy He nmpunara-
eTcsl MHPOPMALMOHHBIN FIUCTOK, YepHbI 0603HavaeT obwuin npoBoa,
npoBO4 YynpaBfeHuUss TpaHCHOKaTOPOM — KpacHbIA, a NpoBonL (Poky-
CUPOBKN — CUHUN. OTO HE XEeCTKOe MpaBWuilo U eCnu Bbl COMHEBae-
TeCb, TO HECMOXHO MpY NOMOLLM Ton xe baTaperikm n BMaeomMoHuTopa
3TOT BOMPOC NPOSACHUTbL. BMecTo 06bIMHOIrO BUAEOMOHUTOPA MOXHO
Mcnonb3oBaTb CEPBUCHBIN, 3TO faxe yaobHee. HekoTopble Ha3biBaloT
ero «perynsartop dokyca» (focus adjuster).

PakTnyeckn 3aTo ManeHbKn BUAEOMOHUTOP, paboTalowmim OT akky-
MynaTOpa, C PE3MHOBLIM OKYIIipOM, 3aliuwiawmm ot nsbsitoyHoro Puc. 3.51. C/CS-konbuo,
exodsujee  ceema. Ecnu ncnonb3oBaTb 0ObIYHLIV BUOEOMOHUTOP HA YNULLE B 8 cocmas mesekamepsb!
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APKUIA CONHEYHbIN AeHb, TO N3obpaxkeHne Ha akpaHe ByaeT BMOAHO OYEHb MIIOXO, TAaK YTO Mbl HACTOSITENb-
HO pekoMeHAyeM MoJfib30BaTbCsl CEPBUCHBIM BUAEOMOHUTOPOM.

Ecnn B MecTe perynupoBK/ HET AOCTYMHOIO BUOEOMOHUTOPA, CrieayeT pasnuyath NnepemeLLeHne onTUYecknx
3MeMeHTOB NMpu hoKyCcHpoBKe U Mpu TpaHcdokaummn. OTo He Tak NMPOCTO, Tak Kak BapuooGbEKTUBLI BbINOSHE-
Hbl B YepHbIX (MM BexXeBbIX) Koprycax, U Mbl HE BUAUM ABWXKYLLUMXCS 3remeHToB. OOHaKo ecTb NMpocToe
NpaBumo: aNieMeHTbl TpaHcokaTopa He BUOHbI U3BHE, €CnN hOKYCMPOBKa OCYLLIECTBISIETCA NOCPEACTBOM
nepBoW rpynnbl NMH3 06bekTMBa. Mpu hoKycMpoBKe aTa rpynmna OnNTUYecKMX 3NIEMEHTOB NOBOpaYMBaeTcs
BOKPYT OMTUYECKON OCU 1 NMepeMeLLaeTcs B TO e BpeMsi BOOSb ONTUYECKOW Ocu, NGO BHYTPb, NGO HapyKy.
Bce 06bekTVBbI MOAYMHSIIOTCS 06LLIEMY NpaBuIy: NepBasi rpynmna onTUYECKUX 31IEMEHTOB ABWXKETCS B Hamnpas-
NIEHUM HapY>Ky NPy OOKYCUPOBKE Ha GrVKHME PacCTOsIHMS, a NP POKYCUPOBKE Ha GECKOHEYHOCTb — BHYTPb.
Bonee getanbHoe oGbsiCHEHNE AaeTcs B pasfere, NOCBSLLEHHOM KOHLEMLMN (hOKYCUPOBKM.

WNtak, gaxe ecnv BapMoobbLEKTMB HE MMeeT yKasaTenemn paccTosHUA U KO3 ULMEHTOB TpaHCcdOoKaLmu,
nonarasiCb Ha BbILLEONUCAHHYIO JTIOTUKY, Mbl MOXXEM HavaTb PerynmnpoBKy 3agHero ¢okyca.

Mocne nogknioveHns Gatapen kK npoBofgamM (DOKYCUPOBKM Ham
HYXXHO cdoOKycnpoBaTb OOBEKTMB Ha OeCKOHEYHOCTb. Mbl
MOXeM 9TO caenaTtb Jdaxe 6e3 BugeoMoHMUTOpa: nepsas
rpynna OMTUYECKUX INIeMEHTOB OObeKkTMBa [AOJKHA|
AOCTUTHYTb KOHEYHOMN NO3ULIMN BHYTPU OO BbEKTUBA. :

Crnepgywwun war — HanpaBbTe Tenekamepy Ha OECKOHEeYHO
yOaneHHbIn 0OBbEKT, HaXOOALWMNACS Ha PacCTOAHMM, O KOTOPOM i
Mbl yXXe roBopunu. 3To MOryT ObiTb OEPEBbSA UMW AHTEHHbI Ha
ropu3oHTE.

A Tenepb, He MeHsAs OKyca, BbIMOMHUTE MOSTHOE YBENNYEHNE Puc. 3.52. B Hekomopebix [13C-menekame-
N ymeHblueHne (zoom in, zoom out). Ecnn nsobpaxeHune Ha pax Ucriosib3yomcesi MUHUamopHbIe wecmue-
BMAEOMOHMTOpE ByaeT YETKMM Ha BCeM AManasoHe TpaHcdo- PaHHble 8UHMbI 0151 CEKPEMHO20 KPErIeHUst
Kauuu, TO perynupoBKa 3agHero hoKyca He HyXHa. Konbya C-KpenneHus K mesnekamepe

Ecnu xxe C- unu CS-kpenneHme kamepbl He OTPerynMpoBaHo, Mbl HE YBUOMM PE3KOro M3obpaxeHus Ha
BUAEOMOHUTOPE ANS BCEX NO3ULMIN TpaHcdoKaLmu.

Tenepb NPOAOMKMM PerynmpoBky, Nnubo Bpalas o6bekTuB BMecTe ¢ C-konbLoOM (NMpy COOTBETCTBYIOLLEM
TMne Tenekamepsbl), NMM6o nepemewas M3C-maTpuly Npu NOMOLLM CMeUNanbHOro BUHTA PeryrnvpoBKu
3agHero dokyca, nubo (B opyrux Tenekamepax) Bpawas 6onbLoe konbuo ¢ Hagnuceto C&CS.

MepBbI TMN Tenekamep BCTpevaeTcd valle Bcero. B atom cnyyvae konbuo C- nnu CS-kpenneHnsi obbl4HO
cneymanbHO KpPenuTcs npu MOMOLLM MUHMATIOPHbLIX LLIECTUrpaHHbIX BUMHTOB. [lepen perynupoBKon mx
HeobxoauMo ocrabuTb, a nocne — 3akpenuTb 00paTHO.

3atem npu perynupoBke dokyca (nocrne poKycMpoBKu ¢ BaTapenkon U HacTPONKN Ha BECKOHEYHOCThL),
Hado NoBepHYTb BapuoobbeKkTMB, HO Tenepb BMECTEe C KOMbLOM (4518 3TOro Mbl 1 ocriabunu BuHT). Heko-
TOpble Tenekamepbl CHabXeHbl cneLumanbHbiM MeXaHn3MoM, no3sonsawwmumM nepemewtats MN3C-maTtpuly
Brnepe-Hasag, 9T0 HAMHOro NpoLle, Tak Kak B 3TOM Criyyae He Hado noBopaymBaTb OOBEKTMB.

Mpy BbINOMHEHWM BbILLEONUCAHHbBIX AEWCTBUIA paccTosHue Mexay obbektuBom un MN3C-maTpuuen meHs-
eTcsa A0 Tex nop, noka usobpaxeHue He cTaHeT pe3knm. He 3abbiBanTe, NOCKOMbKY Mbl caenanu rnybuHy
PEe3KOCTM MUHUMAIbHOW — BeAb Mbl MakCMMarbHO pacKpbin OTBEPCTUE Avadparmbl (CUMYyNUpys ycro-
BUS HU3KOW OCBELLIEHHOCTN), YETKOCTb HabngaemMblx 0O0bekToB ByaeT HacTpamBaTbCa JOBOJIbHO JIETKO.
Hangsa ontumym, cnegyet OCTaHOBUTBLCS.

Cnepyet 0bpatuTb BHUMaHWe, YTO NpoBoda (POKYCMPOBKM Mbl €Lie HE UCNOoNb30oBanu, To eCTb MokKa 4YTo
HaM HY>XHO, 4YTOObl BapnooObEKTUB Obin ChOKyCnpoBaH Ha BGECKOHEYHOCTb. Mbl MPOCTO XOTUM yb6eauTbes,
4YTO Mpu TpaHcoKaLmm 0ObEKTMB OCTaeTCs CPOKYCUPOBaHHLIM Ha DECKOHEYHOCTb Ha BCEM AnanasoHe
perynupoBku. Takke Hac He JOMMKHO CMyLLaTh, YTO OObEeKTbI, Haxoadalmecs B «6eCKOHEYHOCTMY», CTaHO-
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BATCA MEHbLLE NMPU «ZOOm out»; U3-32 YMEHbLUEHNS PasMepoB M306pakeHs MOXET co3daBaTbCs Brnevar-
NeHne, YTO OHU TEPSIOT POKYCUPOBKY.

A Tenepb crneayroLWmii Wwar: TpaHcdokaumsa ¢ ucnonb3oBaHnem 9 B 6atapenku. TwaTenbHO paccmMoTpute
BUAeounsobpaxeHve 1 ybeagntecb B TOM, YTO OOBbEKTHI «B OECKOHEYHOCTMY» OCTaloTCsl B DOKyCe Npu TpaHc-
dokaumun. Ecnv Bce B nopsiake, cHUTaNTe, YTO 3aaHUN OOKYC Y>KE MOYTU HACTPOEH.

Utobbl noATBEPAUTL 9TO, MpeanpuHMMaeM Creaylwun war: HaBOAMM
Ternekamepy Ha OOBEKT, HaXOAALWMWACSA B nape MeTpoB. Tenepb yBenvynBaem
n3obpaxeHne obbekta M ucnomnbdyem Ans (POKYCUPOBKM COOTBETCTBYIOLLME
nposofa. YTOYHAA (POKYCUMPOBKY, WCNOMb3yWTe npoBoda TpaHcdo-Kauun u
yMeHblnTe yBenuyeHune. Ecnn obbekT octaetca B hokyce, TO 3TO U €CTb
noaTBepXaeHUe KOPPEKTHOW PerynmpoBkn 3agHero dokyca.

W nocnegHun war: 3aKpenute ManeHbkne WecTurpaHHble BUHTbI (B crniy4yae

COOTBETCTBYOLLEN Tenekamepbl) 1 3akpenute C/CS-konbLO Ha Tenekamepe.
Puc. 3.53. Mpucnocobnerue

0nsa HacmpoUku ¢hokyca Ecnu ata npoueaypa perynnmpoBKk/ He yBEHYaeTCHa YCNEXOM C NEpPBOro
pasa, MoxeT noTpeboBaTbCsa Napa utepaumm, CneayoLmnx Tom Xe Noruke.

MoxHO npeacTaBUTb, HACKOMBKO BaXXHA MeXaHW4YecKkas KOHCTPYKUMSA 1 YCTONYMBOCTb kKOMBUHaLumun C-konb-
uo — MN3C-maTpuua, 0COBEHHO BaXkHa TOYHOCTb U «MapannenbHOCTb» B3auMHOro pacnornoxeHusa C-konbLa
n nnockoctu MNM3C-matpuupbl. Hebonblume OTKNOHEHNS B OAHY OECATYI0 MUNNMMETPa pacnosioXeHus nroc-
KOCTU M3obpaxeHns MOryT Bbl3BaTb M3MEHEHNs DOKyca B Napy MeTpoB Ha obbekTe. [pn Nrnoxowm KOHCTPYK-
unn, Hanpumep npw 3akpensneHn C-konbLa TONbKO O4HMM BUHTOM WY MIIOXOM MEXaHU4eCKOM U3roToBre-
HUW, MOTyT MOSIBUTBCH Mpobnembl, JaXe eCcnu BCS Bblle W3NOXeHHas npoueaypa OydeT nposefeHa
KOppeKkTHO. Tak 4YTo He TONbKO OOBbEeKTMB onpefenseT KavyecTBO U306paxeHusi, HO U MexaHu4yeckas
KOHCTPYKUMS Tenekamepbl.

Mbl y>xe ynoMuHanu, 4To npu HacTponke 3agHero hokyca HyeH BUOEOMOHUTOP, YTO HE yaMBUTENBHO. XOpo-
IO, eCcnu perynMpoBKa OCyLLEeCTBMNSeTCH B MacTePCKON, HO eCrny HaCTPOMKy 3adHero hokyca Haao BbIMNO-
HWUTb Ha MecTe, NPaKTU4eCkn HEBO3MOXHO BOCMNONb30BaTbCA 0BbIYHBIM BUAEOMOHUTOPOM. NMpuynHa He Tomnb-
KO B HEMpakTMYHOCTU TpebOoBaHWUM K Hannunio cetu anekTpocHabxeHuns (240 B nepeMeHHOro Ttoka unu
HanpspKeHUs, KOTOPOE MUCMNOMb3YeTCH B BaLleln CTpaHe), HO CKOpee M3-3a SPKOro OCBELLEHUS BHE NMOMELLEHNS
MO CPaBHEHWIO C IPKOCTbIO MOHUTOPA. [1oaTOMy 5 Bbl pekoMeHA0Barn UCNonbL30BaTb MOHUTOP-BUAOUCKaTEND
(Bpoae Takux, Kakme UCMonb3yTCA B KamKopaepax) C pe3nHOBBIM OKYNSPOM, 3alLMLLaoWNM OT BHELLHEro
cBeTa M yaoOHbIM B MCNOMNb30BaHuK. [MC K 3TOMY, 3TM ManeHbkne BUOOMCKaTeNU-MOHUTOPbLI paboTatoT oT
BGaTapenkn 1 o4eHb KOMMNakTHbI. HekoTopble NPon3BOANTENN M3rOTaBNMBaIOT CrieumarnbHble BuaouckaTenu-
perynaropbl hokyca ¢ MHOMKATOPOM, NMOKasbiBaloLLMM, Koraa 00bekT B ¢hokyce.

Hebonblune n y,D,06HbIe r|p|/|6opb| nogoGHOro Tvna No3BOSISAIOT BbIMNOMHUTL Ka4eCTBEHHYK MHCTannAauunwo
CcUcTeMbl BUAEOHAONOAEHNS.

Onruyeckue akceccyapbl B CHCTeMAaX BHICOHAOII0ICHUS

Kpome 06BbeKkTUBOB C PUKCMPOBaAHHBIM PACCTOAHMEM UM BapnooObEKTMBOB €CTb U ApYyrMe onTu4eckue
yCTpONcTBa.

OpHO M3 caMbixX MONYMsipHbIX — 3TO 2X TeJleKoHBepTep (MNu yasiMHUTenb). TernekoHBepTep — 3TO
HebonbLUIOE YCTPOMCTBO, OObLIYHO pa3MellaeMoe Mexay OOBHEKTUBOM M Ternekamepown. 2X KOHBEpPTEp yBe-
nuymMBaeT POKyCHOE paccTosiHne B 2 pa3a. PakTMYeckn 3TO 03Ha4yaeT, YTo 16 MM 0OBLEKTUB CTAaHOBUTCS
32 MM, a Bapnoobbektn 8-80 mm ctaHoBuTCcA 16-160 MM 1 T.n. XOTa cnegyeTt OTMETUTb, YTO U F-yncrno
TOXe yBeNM4MBaeTCsl Ha OfHYy CTyneHb. Hanpumep, ecnv 2x KOHBEPTEP UCMONMb3yeTcs Ha 00bekTnBe
16 mm/1.4, TO pe3ynbTupylowmii obbekTne Oyaet 32 mm/2. PerynvpoBka 3agHero dokyca Ha ob6bekTuBe ¢
2X KOHBEPTEPOM MOXET OKa3aTbCsi HAaMHOro 6ornee crnoxHon. BHayane pekoMeHayeTcs BbIMOMHUTL pery-
NNPOBKY 3agHero ookyca caMoro BapMoodbeKkTuBa, 1 Tonbko 3atem fobaBuTb KOHBEpPTEP. HekoTopble
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BapnoOObEKTUBbLI  KOMMIEKTYIOTCS  BCTPOEHHbIM |
TenekoHBepTeEpPOM, yaannTb KOTOPbLIA BCe >Ke'
MOXHO TNpPW MOMOLLM creumnanbHoro ynpaanmo--
Wero HanpskeHus. [Ons aTux uenei MOXHO | |
NCMONb30BaTh [OMOMHUTENbHbLIA BbIXOA C 6roka | |
ynpaBrneHusi. B LenoM onTuyeckoe paspelueHue
06BbEKTUBA C KOHBEPTEPOM YMEHbLIAETCS, U CIu B |
HemM HeT ocobon HeobGxogumocTu, crepyet
n3beratb ero mcnosnb3oBaHus. Criegyet OTMETUTD,
yTO cylecTBytoT U 1.5X KOHBEPTEPDI.

Opyrne p[ononHuWTenbHble YCTPOMWCTBA — 9TO Puc. 3.54. Onmuueckue axceccyapbi
BHEllHMe HeuTpanbHo-cepble dunbTpbl (ND-

unbTpbl). PUNbTPLl  MOrYT MMETb  pPasfuyHble
KoadhpumumeHTbl ocrnabnennsa ceeta — 10x, KOOx, KOOOX.
Nx MOXHO kOMOBMHMpoOBaTb ANS MofyvyeHus Gornbluero
KoadppmumeHTa ocnabneHus. Kak Mbl yxe roBopunu,
BHewHne ND-punbTpbl MOryT COCNYXWUTb XOPOLUYHO
cny0y npu perynupoBke 3agHero dhokyca n HacTporke
aBTogmadparmel. [lockonbKy OHM NpeacTaBnsAoT cobou
CTEKMsIHHbIE NITACTUHKK, BaM NPUAETCS Kak-TO puKcupo-
BaTb UX neped obbekTnesom. Ytobbl umu 6bINO yoobHee

nonb3oBaTbCs, MOXHO  caenaTtb  YTO-TO  BpoAe
nepxatens. Puc. 3.55. Hetimpanoro-ceputii hunvmp FOOOx

MonsipusaunoHHblie cBeTOPUNBLTPLI MOTYT
noTpeGoBaTbCA, ecnuv, HanpuMep, Tenekamepa
HanpaBneHa Ha OKHO WM NOBEPXHOCTb BoAbl. Toraa us-3a

oTpaXeHus1 cBeTa 1 BNNKOB TPYAHO pasrnsaaeTb, YTo
NMPOUCXOAMUT 3a CTEKINOM WS Ha NOBEPXHOCTU BOAbI. .

Monspur3aunoHHble PUnbTPbl MUHUMU3UPYIOT 3TU
HexenaTernbHble apdekTol. OgHAKO y HUX eCTb 1
HebonbLOW HeJOCTaTOK — NOMNAPU3ALUOHHBIA DUNBLTP
TpebyeT BpalleHus camoro cpunetpa. Ecnn
HENoABMXHO yCTaHOBMNEHHAn Tenekamepa HanpasneHa Puc. 3.56. Yonunumenvnvie konvya

Ha PMKCUPOBaHHY obBnacTb, TPEBYIOLLYIO NCNOMNb30BaHUSA NONSAPU3aLMOHHOrO OUnNbTpa, TO BCe
npekpacHo; a BOT ANd Terekamepbl, yCTaHOBNEHHON Ha MOBOPOTHOM YCTPOWCTBE, ero UCMnonb30BaTh
HEBO3MOXHO, TaK Kak OHa BCE BPeMSI MEHHAET CBOE NOSoXeHne, a 00 beKTMB BpallaeTcs npu
OKyCMpPOBKeE.

B oco6blIx cnyyasix, korga CTouT 3agada HabnogeHnsi o4eHb ManeHbKMX 0O bEeKTOB, MOXHO C(POKycupoBaTb
00BLEKTMB Ha NpegMeTax, HaxoasLWwmxcsa ropa3go bnmke, YeM MUHMMArNbHO OOMYCTUMOE pacCTosHUE L0
obbekta (MOD). 3TOro MOXHO 4OCTMYb MpX NMOMOLLKM crelumansHoro Habopa yanuHUTENbHbIX Konel,
KOTOpble MOXHO MpMOBpPEecTV y HEKOTOPLIX NOcTaBLMKOB. opa3go npoule M yaobHee Mcnonb3oBaTb
pononHuTenbHble konbua CS-kpenneHus. KoMOUHUPYS O4HO MMM HECKONbKO KOMeL B 3aBUCUMOCTU OT
(hOKYCHOro paccTOsIHUS, MOXHO A0OUTLCA Makpoob3opa. OTO MOXeT oKasaTbCsl MONEe3HbIM NpU Uccneno-
BaHWN KOMMOHEHTOB NeYaTHbIX MnaT, LWTaMnoB, BbIBMEHUU darnblUMBbLIX KYMOP, U3YYEeHUM HACEKOMbIX U
OPYrMx MUHUATIOPHBIX OO BEKTOB.
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CCTV 95

4. O01Me XapaKTepUCTUKU TEJICBU3UOHHBIX CUCTEM

B aton rnase paccMaTpmnBardTCA TeopeTn4eCkme OCHOBblI BUOEOCUTHAIoB, WKpuHa NosioCbl NponyCKaHuA
4acToT U pa3peLlleHune. maga npegHas3Ha4vyeHa Ona TeXHU4eCknx cneunanncToB, Xenakwmnx 3HaTb, KakoBbl
orpaHn4eHunA TB-cuctemMbl BOOGLLE U CUCTEMBI BUOEOHA0NIOAEHNS B YACTHOCTU.

HemHnoro ucropuun

YT106bl NOHATL OCHOBHbIE MPUHLUUMBLI TB, Mbl 4OMXHbI 06paTUTLCA K 3PAEKTY MHEPLNOHHOCTU 3pEeHUS
(cm. pasgen «VIHepLUMOHHOCTbY, rnasa 2).

Kak n KuHo, TeneesmaeHune ncnonb3yeT 3ToT SCbeeKT, YTOObI 06MaHyTb Hall MO3r: rmdagda Ha CMeHALwmne
Opyr gpyra Ha o4YeHb BbICOKOWN CKOPOCTHM HenogBWXXHbIE Kapbl, Mbl BEPUM, YTO BUOUM «OBUXYLLUNECA
KapTUHKN», Unn KI/IHO(bI/IJ'IbM.

B 1903 r. nybnuke 6bin nokasaH nepsbii punbm, «bonbLioe |
orpabneHve noesga», co3fgaHHbIN B nabopatopum Tomaca
OaucoHa (Edison Laboratories). 3710 cobbiTne
O3HameHoBano cobon Havyano KuHemaTorpaduyeckon
pesontounn. KoHuenunsa TeneBmMaeHns, KoTopasi cumTaeTcs
bornee MONOJOW MO CpaBHEHWKO C uaeen KuHo, pas-|:
pabaTblBanacb, TeM He MeHee, yxe B koHue XIX B. Bcel
Hayanocb B 1817 . C OTKPbITUA LWIBEACKUM XUMUKOM
I xoHCcoM Bepuenuycom anemeHTa ceneHa U (POTOIMEkK-
TpudectBa. OH OGHapyXum, YTO KONMYECTBO 3NEKTpuYec-
KOro Toka, BblpabaTbiBAEMOro CEereHOM Moh LEWNCTBUEM
CBeTa, 3aBMCUT OT KONIMYECTBa Nagatollero Ha Hero ceeta.
B 1875 r. amepukaHckun wnsobpetatens Kenpu
(G.R.Carey) cobpan camyilo nepByr, [OOBOSIbHO TPY6YI, Puc. 4.1. Tenesusuonnwiii npuemnux baiipoa, 1923
TernecucteMy, B KOTOpPoW AN (OpMUPOBaHUSA CuUrHama OH

ncrnonb3oBan rpynnel potoanemeHToB. CurHan BOCNpou3Boansca Ha 6oke M3 anekTponamn, Kaxagas
M3 KOTOpbIX M3Mnyyana CBET, MPOMOpLMOHANbHLIN KONMYECTBY CBeTa, Nagawollero Ha (oTO3NEMEHTHI.
lMo3gHee B 3Ty KoHUenuuito Obinv BHECEHbl HE3HauYUTeNbHblE U3MEHEHUS BpoAe npeacTaBneHHoro 1.
HunkoBbim (Nipkow) B 1884 r. «pasBepTbiBalOLEro AWCKa», B KOTOPOM 3IEMEHTbl CKaHMPOBAmMChb
MexaHM4ecK/M BpallaBLUMMCA AWCKOM C OTBEPCTUAMMU, BbICTPOEHHbIMM B cnupanb. B 1923 r. Gbina
OoCyllecTBrieHa nepBasd npakTudeckad nepegadya u3obpaxeHus no
npoBogam - cHavana banpgom (Baird) B AHMmMuM, 1 4yTb nosgHee
IxeHkmHcom (Jenkins) B CoeaunHeHHbix LTatax. lNMepBasa Tenenepegaya
TpaHcnupoBanacb B 1932 r. komnaHuenn BBC B JloHOoHe, a
3KCMepuMMeHTanbHble  Tenenepefadn  OCyLeCcTBNANnCbL  GeprivHCKon
komnaHuen Fernseh, koTopyk Bo3rnaBnsan usobperaTternib 3NEKTPOHHO-
nyyeson Tpybkn (BN1T) npodeccop MaHdpen doH ApaeHH. Bnagnmup
3BOPbLIKUH, UHXEHEP POCCUICKOro npoucxoxaenus, B 1931 r. paspabortan
nepsyto TB-kamepy, W3BeCTHyl0 MOA4 Ha3BaHWEM «MKOHOCKOM» U
paboTaBLlyld MO TOMY e MPUHUUMNY, YTO M MNOSBMBLUMECS MNO34HEee
Kamepsbl ¢ nepefatollen Tpybkon n anekTpoHHo-nyyesas Tpyoka (3T).

O6e a3t TexHomormmn, kKMHO u TB, ana gocTmkeHus addekTa OBUKEHMUS
BOCMPOU3BOAAT MHOIO HEMOABWXKHbIX M300paxeHuin B cekyHay. OgHako B
Puc. 4.2. Hxonockon 3sopwixuna TB HenogBwxHble M300paxeHWst MPOELUMPYHTCSs HE  CBETOBbIM
NMPOEKTOPOM Yepe3 LenmnyrnovaHyH NIEeHKyY, Kak B KMHO, a Npy NOMOLLIA
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3ITEKTPOHHO-ITy4YEBOr0 CKaHMPOBaHUs. M3o6paxeHnsa hopmupyroTcst CTpoKa 3a CTPOKOW, NogoOHO Tomy,
Kak Mbl YATaeM KHUrY, CrieBa Hanpaso U CBEPXY BHU3 (€CNM CMOTPETL CO CTOPOHbI JJIT).

BaxHylo porb BO BCEM 3TOM Mpolecce UrpaeT MnocrecBeyeHve noMuHodopa, nokpbiatowero AT
MoHuTopa. OHO 3aBUCUT OT TUMNA MOMUHOGOPHOIO MOKPLITUS U APKOCTU IKpaHa.

OcHoBBI TeJIeBUIEHUS

CerogHsa B Mupe CyLecTByeT M UCNOMb3YeTCA HECKONbKO pasnuyHbix TB-cTtaHgapToB. PekomeHgauum
CCIR/PAL ncnonb3ytotcs Ha bonbluern Tepputopun EBponel, B ABcTpanuu, HoBon 3enangnn, 60nbLIvH-
ctBe cTpaH Adpukn 1 A3nn. AHanornyHasa KoHuenuus mcnonb3yetcsa u B pekomeHgaumax EIA/NTSC gns
TB-cTangapTa, ucnonb3yemoro B CLUA, AnoHun n KaHage, a Takke B pekomeHgaumax SECAM, ncnornb-
3yeMbix BO PpaHumn, Poccum, Ermnte, HEKOTOpbIX ObIBLUMX dpaHLLy3CKMX KOMOHUAX U cTpaHax BocTtouHom
EBponbl. [MaBHOE pasnuune mexagy aTMMu cTaHgapTaMuy 3akniovaeTcs B YMCre CTPOK pa3BepTKM U YacTo-
Te KagpoB.

Mpexae Yem NPUCTYNUTb K PACCMOTPEHMIO OCHOBHBIX MPUHLUMUMOB TeneBuaeHusl, AaBaiite pasbepemMcs B
TepMUHONOrMyecknux abopesmaTypax, UCMONb3yeMbIX B pasfiM4yHOM TEXHUYECKONW NUTepaType, NOCBSLLEH-
HOW TeneBUAEHMIO:

CCIR — cokpalieHHoe HasBaHume MexayHapoOHOro KOHCYNbTaTMBHOIMO KOMUTETa MO paguoBeLLaHuto
(Committee Consultatif International des Radiotelecommunique). 310 kOMUTET, yCTaHaBNMBAKOLWMIA CTaH-
napTbl Ansa YyepHo-6enoro TB B 6onblMHCTBE cTpaH EBponkl, ABCTpanum n apyrmux ctpaHax. BoT nouemy
Mbl Ha3biBaeM obopyaoBaHMe, COOTBETCTBYHOLWEe cTaHaapTam YepHo-6enoro TB, CCIR-coBMeCTUMbIM.
ToT e Tun cTaHgapTa, No34Hee LOMOSIHEHHbIN CUrHanaMmn LBETHOCTU, Obin Ha3BaH cTaHgapTtom PAL.
HasBaHve emy gana KoHUenuusi, ncnonb3dyemas Ansi BOCNpou3BeaeHUs LBeTa nonepemeHHbIMn pa3oBbl-
MW CABMraMu LIBETOBOM MOAHECYLLEN Ha Kaxaon HoBow cTpoke. OTcoga 1 Ha3BaHUE «MOCTPOYHOE n3me-
HeHune asbl» (phase alternate line — PAL).

EIA pacwudposbiBaeTcs kak Electronics Industry Association (Accounaums OnekTpoHHow [NpomblLLieH-
HocTu). OTa accoumaumsa paspaboTtana craHgapT Ans moHoxpomHoro TB B CLUA, KaHage n AnoHuu, rge
ero 4yacto HasbiBaloT RS-170 — no kogy pekomeHgaTensHoro npeanoxenus EIA. Korga moHoxpomHoe TB
nprobperno LUBeT, OHO NMOMY4YWI0 Ha3BaHWe MO UMEHW rpynnbl, pa3paboTasluen cTaHAapT: HaunoHanbHbIN
KOMUTET Mo TeneBm3noHHbIM cTaHgapTaMm (National Television Systems Committee — NTSC).

SECAM — ab6peBunatypa cpaHuy3sckoro HassaHuss Sequentiel Couleur avec Memoire, koTopoe dakTniec-
KN OnucbIBaeT NPUHLMN Nepefayun LBeTa: NOCreAoBaTENbHOCTb CUTHAINOB LIBETHOCTU U HEOBXOAUMOCTb
3anoMuHaroLero yctponctea B TB-npuemMHuke Ans gekoaupoBaHusa uBeToBon MHGopmauun. SECAM,
N3Ha4yarnbHO 3anaTteHToBaHHbIN 1956 n3obpetarenem no umeHn AHpu ae PpaHc, pakTnyeckn bl NepebIM
aHaroroBbiM CTaHOAPTOM LIBETHOrO TENEBUAEHMS, TAe ncnonb3oBanocb 819 ctpok u 50 kagpoB B CEKyHAY.
MosgHee B SECAM cTtanu ncnonb3oBaTb 625 CTPOK.

Bo Bcex TB-cTtaHgapTax pekoMmeHayembIM sBngetcsa popmat nsobpaxeHusa TB-akpaHa 4:3 (4 eguHuubl B
LUMPVHY M 3 eAMHWLbI B BbICOTY). OTO OOBbACHAETCSA, rMaBHbIM 06pasom, aHanormyHblM dOpMaTHbIM COOT-
HOLLEHWEeM AN KWHOMMEHKN, MPUHATBIM eLLe Ha 3ape TeneBUaeHns.

HeonunHakoBoe 4Mcno CTPOK, MCMOMb3yeMblXx B pasnuyHbix TB-cTaHgapTax, onpegenseTr ocTalbHble
XapaKTepUCTUKN CUCTEMBI.

EIA pekomerayeT 525 ctpok, a PAL n SECAM ucnonbaytoT 625 (paHbwe SECAM vcnons3osan 819 cTpok).

He3aBncMMO OT 3TUX pasnuyuii BCE CUCTEMbl WCMONb3YHT OOHY M Ty XK€ KOHLENUMK MOCTPOYHOro
CO3aHNst N300PaXKEHNS NEKTPOHHBIM JTY4YOM.

Korgoa BuageocurHan, npousBefeHHbIN KaMepon, nepedaeTcsa Ha BXO4 MOHUTOpPA, oiyKTyauum Hanpsixe-
HUsA npeobpasylTcs B ryKTyaumm NoToKa 3NEeKTPOHOB B 3MIEKTPOHHOM fy4de, KOoTopbin 6ombapanpyeT
noMnHogopHoe nokpbiTne AJIT B npoLecce NOCTPOUHOW pa3BepTku. JTIOMMHOMOPHOE NOKPLITUE FEeHe-
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CCTV 4. Obwue xapakmepucmuxu meneeusUOHHbIX CUCTEM 97

pupyeT cBeT NPOMOPLMOHAaNbHO KOMMYECTBY 3MEKTPOHOB, KOTOPOE MNpOonopuMoHanbHO konebaHuam
HanpsbkeHus. A aTn konebaHus, KOHeYHO Xe, MPONopLUUoHanbHbl CBETOBOW MH(OpMaLnn, nonagaroLuem
Ha [N3C-maTpuuy.

JTloMmnHobopHOE NOKpbITUE MOHUTOPA Takke obragaeT onpeaeneHHbIM NOCnecBe4YeHeM, TO eCTb reHe-
pUpyeMbIil y4OM CBET He ncye3aeT HeMeLNeHHO BMECTE C UCHE3HOBEHMEM fyya. JTloMmHOdop npogon-
XaeT u3ny4yaTtb CBeT elle B Te4eHUe HEeCKOJIbKUX MUNInMCceKkyHa. 370 3HA4YUT, 4YTO TB—SKpaH ocBelwaeTcsd
SIPKOW NMOMNOCON, KoTopas nepemMellaeTcs no HACXoAsLWen Ha onpeaeneHHOoN CKOPOCTH.

[MOHATHO, YTO 3TO OYeHb YMNPOLLEHHOE OnucaHWe TOro, YTO NMPOUCXOAUT C BMAEOCUrHANoMm, korga ToT
nonagaet B MOHUTOp. bonee nogpobHo paboty MoHuTOpa Mbl 06cyanm B rn. 6, Hy a MHOpPMaLNo AaH-
HOW rnaBbl Byaem paccmaTpmBaTb Kak BBEAEeHWE B NPUHLUUMbI TENEeBUAEHUS ANS Yntatenen, He UMeoLmnx
TeXHU4Yeckoro obpasoBaHus.

Peluas, ckonbko CTPOK M Kakylo CKOPOCTb pereHepaumm n3obpaxeHus UCnorb30oBaTh, credyeT npMHuMaTh
BO BHMMaHue MHorne daktopbl. Kak 310 4acto 6biBaeT B XMU3HU, peLueHUs SOIMKHbI 6bITb KOMAPOMMUCCHbI-
MW — HYXXHO HaWTW KOMMPOMMCC MexXAy XenaHvem nepefatb MakCUMyM MHOpMauuun, NO3BONSAOLLEN
BNOETb TOYHOE M300paxeHne pearnbHbiX 06bEKTOB, N TpeboBaHMEM nepenaTb €€ SKOHOMHO K BOorbLLIOMY
KOITMYeCTBY MOb30BaTeNen, KOTOpble MOTyT NO3BONUTL cebe KynuTb Takon TB-pecuBep.

Uem Gonblue Mcnonb3yeTcs CTPOK M Bonblue KagpoB B CekyHAy, Tem Oonee mpokon GygeTt nonoca
nponyckaHua 4acTtoT BuaeocurHana, 4to u 6yp,eT OWUKTOBATb CTOMMOCTb TelleKaMep, TeEXHOJ1I0rm4eCckoro
obopynoBaHug, nepefaTymMKkoB U MPUEMHUKOB.

CKOpOCTb 0BHOBNEHUSI Kagpa, TO eCTb 4YMCI10 KaapoB B 1 CekyHay, Obina yCTaHOBI1€Ha ncxoaqa U3 NHepUunoH-
HOCTWU 3PpUTESTIBHOIoO BOCINPUATUA YeroBeEKa N APKOCTU ONT. TeopequeCKM, naearbHbIM BapnaHToOM ObInu Obl

T NHepUunoHHOCTE
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123 BOCHPAHUMAN ABNXYLWEEcs n3obpaxeHine
6e3 mepuaHus, Tpebyerca 4yTb meHbLie 50

50| 20 "KapTUHOK" 8 cexyHay

40| 25 MMpw cpenHed ApKOCTH KMHO3KPaHa,
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Puc. 4.3. 3asucumocms unepyuoHHocmu 3pumenbHo20 80CNPUAMUAL OM APKOCIU
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98 4. Obwue xapaxmepucmuxku meneeusUOHHbIX CUCIEM CCTV

24 kappa B CEKyHOY — M3-3a COMETAEMOCTU TaKoro yucra u ¢ opMaTom KMHO, 1 C TENEBUAEHNEM (LLMPOKO
MCnonb30Banvcb B NepBble rofdbl CylwecTBoBaHMA TenesBuaeHus). OgHako hakTnyeckn, 9TO okasanochb
HEBO3MOXHO MO NPUYNHE BLICOKON SPKOCTK, KOTOPYto AaeT nomuHodop AJ1T n koTopas Bbi3biBana mepua-
HMe n3o6paxeHns (OTHOCMTENBHO PACCTOAHMSA OT 3pUTENs A0 3KpaHa, cM. puc. 4.3).

B pesynbTtate MHOMOYMCMNEHHbLIX 3KCMEPUMEHTOB BbISICHUMOCH, YTO ANS YCTpaHeHMs mepuaHus Tpebosa-
nocb, No KpanHen mepe, 48 KagpoB B CEKYHAY. Takoe KONMYeCcTBO KaapoB Obirio Obl yao6GHO MCMonb30BaTh,
MOCKOJIbKY OHO TOXAECTBEHHO YacTOTe KMHOMPOEKTOpa, U, COOTBETCTBEHHO, MOXHO JIerko KOHBEPTUPO-
BaTb KMHO B T€NEBM3NOHHbIN dhopmaT. OgHAKO 3TO YMCMO MPUHATO He 6bino. TeneuHxeHepbl Bbibpanu
BapuaHT 50 kagpoB B cekyHay no ctaHgapty CCIR n 60 kagpoB B cekyHay no ctaHgapty EIA. 3tu umndpsl
O0CTaTO4YHO BbICOKM, YTODObI YENOBEYECKMI a3 He 3aMeyar MepLaHus, HO eLle BaXHee, YTO OHU COBMa-
nn ¢ NpombILfeHHoM YacTtoTton B 50 My, ncnonb3yemon Bo Bcen EBpone, 1 yactoton B 60 'y, ncnonbsye-
mon B CLUA, KaHage n AnoHun. MpuumHon Tomy Gbina 3nekTpoHHas cxema TB-npueMHukoB, KOTopbie
nepBoHa4anbHO B GONbLUOM CTEMEHM 3aBUCENM OT MPOMBbILLSIEHHON YacToThl. Ecnu 6bl Obin NpuHAT dop-
maT B 48 kagpoB, To pasHuua B 2 'y ana CCIR n 12 'y ansa EIA BbidaBana 661 MHOXECTBO nomex 1 nepebo-
€B B MnpoLiecce pa3BepTKM n30bpaxeHus.

Tem He MeHee, cepbe3Hol ocTaBanachb npobnema, kak Bocnpoussectn 50 (PAL) nnm 60 (NTSC) kagpoB B
CeKyHy, peanbHO He YBEnM4YMBas HayarnbHyl0 YacTOTy CKaHMPOBaHUSI kamepbl, paBHyto 25 (To ectb 30)
Kagpam B cekyHay. [leno He B TOM, YTO 4acTOTy CKaHMPOBAHMWS Kamepbl HENb3S YABOWTb, @ B TOM, YTO
npuaeTcsl yBENUMUUTb MONOCY NPONycKaHUs BUAEOCUrHana, TeM cambiM YBENUYMB, KaK yXXe roBOpunoch,
CTOMMOCTb 3NEKTPOHMKM. K TOMy e, Halo MOMHUTb O BellaTenNbHbIX TernekaHanax, KoTopble B 3TOM
crydae JOIKHbI ObITh LUKMPE, W, CNiefoBaTenbHO, MeHbLLE KaHanoB 6blno Obl 4OCTYNMHO Af1s UCMOMNb30BaHUS
(6e3 nomMex) B 30HE BbIAENEHHOM YaCTOThl.

Bce nepeuncrnieHHble akTopbl 3aCTaBUMU WHXEHEPOB MCMONb30BaTb YrOBKY, NOAOBHYI0 ManbTUCKOMY
MexaHW3My, UCMoMb3yeMOMyY B KMHOMpOeunpoBaHuu, Gnarogaps yemy 50 (60) kagpoB MOXHO BOCMpPOU3-
BOOWTbL 6e3 peanbHOro yBEeNMYeHUsi Momnockl NponyckaHus. HassaHue 3Toi yNoOBKM — YepeccTpoUvHasi
pa3sBepTKa.

“nonynuHus”
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Puc. 4.4. Yepeccmpounas pazeepmra, ynpouwjeHHno
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CCTV 4. Obuyue xapaxmepucmuKku mejneeu3UOHHBIX CUCHEM 99

BmecTo Toro, 4tobbl cocTaBnsATb n3obpaxeHnsa n3 625 (525) ropmsoHTanbHbIX CTPOK NPOrPECCUBHON pas-
BEPTKOW, ObINO pelleHo YepeaoBaTb pPas3BepTKy HEYETHbIMU U YETHBIMWU CTpOKamu. [pyruMmu crioBamu,
BMECTO TOro, 4ToObl NOCPEACTBOM OOHOM NMPOrpeccuBHOn pasBepTkn 625 (525) cTpok BOCNpomn3BOaUTb
oavH TB-kagp, 3T0T Kagp Obin pasgeneH Ha ABe NMOMOBUHbI, O4HA U3 KOTOPbIX COCTOSINA TOSbKO U3
HeYeTHbIX JIMHWUIA, a BTOpas — TOMbKO U3 YeTHbIX. OHN pa3BepTbiBaNMCb TakuMm 06pa3oMm, YTO CTPOKU
O[HOrO Monykagpa nonaganu TOYHO MexZy CTPOK Apyroro. BoT noyemy Takas pa3BepTka HasblBaeTCSs
yepeccTpoyHon. Bce cTpoku kaxagon nonoBmHbl — B criydae CCIR curHana mx 312.5, B NTSC ux 262.5 —
dopmupytoT Tak HasbiBaemoe TB-none. B cuctemax CCIR n SECAM 25 HeueTHbIX nonen n 25 YeTHbIX
nonen, B cucteme EIA - no 30. B obuien xe CnoXHOCTU OOHO 3a APYIrMM, KaXKayk CeKyHay, ObiCTpo
aBwxyTest 50 nonen B cekyHay (B EIA 60).

HeuyeTHOe none BMecTe C NocreAyloWUM YeTHbIM COCTaBIseT Tak Ha3biBaeMbl TB-kadp. Takum
o6pasom, kaxabin CCIR/PAL u SECAM curHan coctout n3s 25 kagpoB B cCeKyHAy, unu 50 nonemn.
Kaxagbin EIA/NTSC curHan coctout 13 30 kKagpoB B CEKYHAY, YTO 3KBMBarieHTHO 60 nonsim.

dakTnyeckas pa3BepTka Ha 3KpaHe MOHUTOpPa Ha4YMHaeTCA B BEPXHEM JIEBOM YrIly CO CTPOKM 1, 3aTeM
nepexoauT Ha CTPOKy 3, OCTaBnAs MecTo mexay 1 n 3 cTpokaMmu Ans CTPOKM 2, KoTopas 4OfKHa NosB-
NSATLCS, KOrAa HaYMHAETCs CKaHMPOBaHME YETHbIX CTPOYEK.

lMepBoHavanbHO BbINO TPYAHO OOCTUYL TOYHOW YEePEeCCTPOYHOWN pa3BepTku. YTobbl Nony4mTb Takue kone-
B©aHus, Npy KOTOPbIX YeTHble CTPOKM nonaganu 6ol TOYHO MeXAy HeYeTHbIMU, Heobxoanma bbina ovYeHb
ycTon4mBas anekTpoHuka. Ho Bckope 6bIno HangeHo NpocToe U oYeHb APEeKTUBHOE pelueHne: Bbibop
HEeYeTHOro ymcna CTPoK, MpUYeM Kaxgoe norie 3akaH4ynmBaeT pasBepTKy Ha nonosuHe cTpoku. CoxpaHsas
NVHENHYI0 BEPTUKArbHYIO pasBepTKy (KOTOPYH HAMHOro rnerye obecneynTs), NONOBMHA CTPOKN 3aBeplLua-

Puc. 4.5. 3ona kadposoeo (6epmuranvrHozo)
CUHXPOUMNYIbCA HA IKPAHe OCYuanoepagha

{ LTI

Puc. 4.7. TB-cuenan 6 cmpournom pexcume Puc. 4.8. Kaopogblii cunxpoumnyibc ModICHO yauoems Ha
(CO CMPOUHBIM CUHXPOUMNYTLCOM) Monumope ¢ nacmpotixou V-Hold
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100 4. Odwyue xapaxmepucmuKu menesu3UOHHbIX CUCHEM CCTV

eT UMK B CepedvHe Bepxa 3KpaHa, Takum
obpasom, 3akaHumBas 313-yto ctpoky B CCIR
(263-yto B EIA), nocne yero obecneuynBaetcs

TOYHOE YepefoBaHNe YeTHbIX NINHUNA. s \t::““,“'l{‘,

A
N

Korga anekTpoHHbIN fy4Y 3akaH4YMBaeT CKaHu-
poBaHVe Kaxdou CTPOKM (Ha npaBoOn CTOPOHE
ONT, ecnn cmoTpeTb Ha Hee), OH nonyyaeT
CTPOYHbIA (FrOPU3OHTaNbHbIA) CUHXPOHMU-
3MpyrOLWUNA UMNYNbC (MU CTPOYHBLIA CUH-
xpouMnynbc). CHHXpOMMNYNbC BCTPOEH B
BMgeocurHan wu cnepyet 3a BuaeouHdopma-
unen ctpokn. OH coobLiaeT nydy, Korga crnegyet
npekpatuTb  BbIBO4  BuAeouHdopMauum U1
ObICTPO BEPHYTbLCA BMEBO, K Hayany HOBOW
CcTpoku. PaBHbIM 0oOpasom, nomne 3aBepLuiaeTcd
KagpoBbIM (BepTUKanbHbIM)  CUHXPOUM-
nynbCOM, KOTOpPbIA «coobLwaet» ny4vy, 4YTO
nopa npekpaTuTb «nucaTtby BUAeoMHOPMaLMIo
N cnegyeT O6bICTPO BEPHYTLCS K Hayarny HOBOro
nons. lNepuog obpaTHOro xoga 3NEeKTPOHHOrO
CKaHMpPYHLLEro nyya Kkopoye, 4eM hakTU4eCcKum
X0[4 pasBepTKku, K TOMY K€ OH MO3ULMOHHbLIW, TO
€CTb, ONEKTPOHbl B TeYyeHue I3TUX NepuoaoB
CuHTe3a nsobpaxeHnsa He BbITankMBaKTCS.

B penctBuTENBHOCTU, XOTA CUCTEMA CKaHWPO-
BaHMSA u obosHavaeTca kak 525 TB-nuHun
(vnn 625 B PAL), He BCe NMMHUM aKTUBHLI, TO
ecTb BuAMMbI Ha 3kKpaHe. Ha BpemeHHON
aunarpamme TB-curHana cuctembl NTSC n PAL

Mbl BUAMM, YTO YacTb JIMHWIA UCNOSb3yeTCs AN BblpaBHUBAHUSA Ka4pPOBOro CUMHXPOMMMYNbCa, YacTb BOOO-
LLle He MCMOoNb3yeTCs, a HEKOTOPble HEBUAUMbI 13-3a adpekTa yceyeHus pacTtpa (MOMHUTE, HU OAMH
MOHUTOP WY TenenpueMHUK He nokasbiBaeT BuaeocurHan kamepol Ha Bce 100%, 3a UCKMIOYEHNEM HEKO-
TOPbIX CreunanbHbIX MOHUTOPOB).

Puc. 4.9. Tecmoswiii cenepamop TPG-8 u ocyunnocpamma
e20 mecmosoil mabnuybl

Ecnv Mbl yuTem oWnOKM CKaHUPOBaHWS, TONLLUMHY SMEKTPOHHOrO Nnyya u np., To B cucteme CCIR (pasyme-
€TCs, Ta Xe Normka NnpMMeHMMa K gpyrum ctaHgapram) Mbl HacuMTaem egsa num 6onblue 570 aktuBHbIX TB-
ctpok B PAL n He 6onee 480 aktnBHbix cTpok B NSTC. Bonee nogpobHo orpaHn4eHuss BugeocurHana
paccMmaTtpuBatoTca ganee.

HekoTopble M3 «HEBUOMMbIX» CTPOK BeCbMa 3(OEKTMBHO NUCMOMb3YOTCA ANs ApyruX Lenen. B koHuenumn
PAL Teletext, Hanpumep, CCIR pekomeHayeT ucnonb3oBatb cTpoku 17, 18, 330 1 331 gnsa pasmelyeHus 8-
paspsaHon uudposon nHdopmauun. [lekogep Tenetekcta B BaweM Tenesusope nnm sugeomarHntodo-
He MOXEeT akKyMynupoBaTb LnpoBble AaHHbIE MOMEN, KOTopble coaepkaT uHopmMauuio o noroge, Kypce
obmeHa BarntoT, pe3ynbTaTbl PO3bIrpbiLLen oTepen 1 T.4.

B HekoTopbix cuctemax NTSC cTpoka 21 HeceT 3akpbiTble TUTPbI, T.e. MHopMauuo B Buge cybTuTpoB.
HekoTopble HeBUAMMbIE CTPOKM UCMONB3YHOTCHA AN BCTaBKM MCMbITaTeNbHbIX BUOEOCUTHANoOB crneunansHon
dopmbl, Tak HasbiBaeMbix VITS (Video insertion test signal — curHan ncneitatensHON CTPOKK), KOTopble Nnpwu
N3MepeHnn Ha NPUeMHUKe Jal0T LIEHHY MHAOpMaLMIo O Ka4yecTBe nepegayn U npuema B KOHKPETHOW 30HeE.
B BuaeoHabnogeHUn HekoTopble NPOU3BOAUTENW UCMONb3YOT HEBUOUMbIE CTPOKW, YTOObI BCTaBUTb
MHOPMaLMIO BPOAE MapKMPOBKN KaMepbl, BpEMEHW 1 AaTbl 3anncu 1 T.n. AT CTPOKM MOXHO TaKxe 3anu-
caTb Ha BMAEOMarHMTOOH, HO Ha 3KpaHe MOHUTOPA OHWU ocTalTCs HeBuaMMbIMU. OgHAKO MHMOPMaLUS
BCerga npucyTCTBYET B 3anvcy, OHa BCTPOEHa B BuaeocurHan. Takas nHpopmaumsa HagexHee, n ee TpygHee

«CCTV®oKycy — acypnan no cucmemam 6UOCOHAOIIO0EHUA U OXPAHHOMY Me1e6UOeHUI0 http://www.cctvfocus.ru



CCTV

4. 061/1/[1,{@ Xapakmepucmuxku mejleeu3suoOHHblx Cucmem

101

i I oBpaTHOro Xoa nonesod passept 20 nukmi (20 H=1271 mkc) =
g S, W
rrrrrriaiiianrrrryrry =1 1T 1
: 523 :mz.?;sm 525 1 2 3 .4 5 3 7 8 5 10 19 20 21 22
% .~ | Joepoan ppomorssoyes epapu mnpnces, | Hirepean nonesora Hrrepaan ST WATYIGIY |
5 7 N Hauana Mans 1 :Begmmuuﬂ unTEpsan 9 cTpok >
= aH 5 3H 3H ;
: e o e o
| 1H ;MH:\ S Vs LSO TIRES SPT A OT A ia 18 20 21 22
™ Havana Mo 2 |
J i ia Fawetle 0bpatHoro xana nonesoii pa 20 i (20 H=1271 M) =
| i Mone 3
= ¥
: rTrrrry v
é 523 524 525 1 2 AU 5 & 7 8 g 10 19 20 2 22
o >__Havano Nons 3 :
I
f'ammlteaﬁpamxmanmm, pric 20 i (20 H=1271 mrc)
: Mone 4
J [ '\‘\‘ ) hJ
: FrTrTrruifintinmwrrrer 1 U1
/) Sl 4Nz 3 4 5 5 7 g 2 10 19 20 21 22
7 _,"’l . Havana Mons 4
;_. |'r
| CHHXDORMITYIC
y 4 Y Crpenxamy o6o3Hayexa (haza curHana
UBETOBOI CHHXPOHM3aLIMM NTSC. Ha
" = NPEACTaBASHN YETLIPEX Nonei BUAeH
~ Y 'Iﬂ.C':';b- 1807 cuaur pazel Ha YETHLIX CTPOKAEX,

lawetrive ofpaTHOro xo4a CTPONHOR PAsBEPTKN
| 10.9 mrc (0.2 mxc)

CHHXpouMnynLC + LBETOBAR

' CHHXPOHISAUMR
"~ 5.3mKc (0. Twrc)
r 0.286 8
' Crpoubiit (40 IRE)
CHHXDOMUMITYNLEC ,
B e | R e e s :
(40 IRE) {47 MKC(20. 1mKC)
»
| 2.5mKc
| LseToBaR CHHXDONHIALNR
1 L (3.579545 MI'y £10 M)
A 9 nepuosos

Yposews Benoro 714 mB
(100 IRE)

quaeé@_ygpmm 54 mB (7.5 IRE)
_...Y__Yposeus rawenus (0 IRE)

Puc. 4.10. Bpemennas ouaepamma TB-cuenana cucmemvl NTSC
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102 4. Obwue xapaxmepucmuku meieeU3UOHHbIX CUCTEM CCTV
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Puc. 4.11. Bpemennas ouaepamma TB-cuenana cucmemovr PAL « CCTV®oxyc» — ocypran no
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noggenatb. Ee MOXHO BOCCTaHOBUTbL crneumanbHbiM TB-aekogepomM CTPOK M UCMOSb30BaTh BCAKUN pas,
Korga Heob6xoaMmo, NokasbiBasi MapKMPOBKY KaMephbl, a Takke BPeEMS U AaTy 3anMcu KOHKPETHOro curHana
N, Hanpumep, NOCTOPOHHEE BTOPXXEHME B M300OpaxKeHme.

BpemeHHbie uHTepsansl TB-curHanos NTSC (mxc) PAL (mkc)
Mepuopa noneeoi paseeptkn (V) 16683 20000
CtpoyHblid nepuog (H) 63.5 64
CTpoyHbIfi MHTEepBan raweHus 10.7~11.1 11.8~12.3
MNepegHas nnowanka cTpO4HOro MHTEepBana raleHus 1.4~1.6 1.3~1.8
VIHTepBan cTpO4YHOro CUHXPOUMMYNLCa 4.6~4.8 4.5~4.9
WHTepBsan nonesoro raleHns 20H+1H 25H+1H
OnutensHOCTbL NOCNEA0BaTENLHOCTH

KagpoBbiX CUHXPOUMMYNLCOB 3H 2.t
OnuTensHOCTL NOCNEeN0BaTENBHOCTI YPaBHUBAIOLLMX

nepeaHux UMNynsLcoB 3H 2.5 H
AnuTensHOCTL NocNeaoBaTeNbHOCTY YpaBHUBAIOLLNX

3a4HNX UMNYNLCOB 3H 25H
MHTepBan ypaBHUBAKLLErO UMMNYNbCa 2.2~2.4 2.2~2.4
WNHTepean mexay rnonesbiMy CUHXPOUMIYNLECaMU 46~4.8 4.5~4.9
Hayano curHana UBeTOBOW CUHXPOHU3aUWKY, OT NepeaHero

$POHTA CTPOHHOTO CUHXpOUMNYILCA 5.2~54 a2.5~5.7
OnnTenbHoCTb CUHXPOHU3aUMK LBETOBOW NOAHECYLEen

(9 umknos B NTSC, 10 unknoe B PAL) 2.5 2.0-2.5
OnutensHOCTb MMMNYNbCa raleHns LBeToBOW

CUHXPOHU3aLMK 9H 9H

Buneocurnan u ero criektp

B aTom pasgene paccmaTpuBaloTCA TEOpPeTUYECKMe OCHOBbI OrpaHWYeHuidi BuaeocurHana, nosnochl
nponyckaHus 1 paspelleHnsi. TO CIOXHbIN NpeaMeT, Tpebylowmnin 3HaHWsS BbiCLIEn MaTeMaTuku U
3NEKTPOHMKN, HO S MOCTapalCb OGBACHUTL Ero Ha NPOCTOM U AOCTYMNHOM SA3bIKE.

BbonblmHCTBO NCKYCCTBEHHbIX 3JIEKTPUYECKUX CUTHANIOB MOXHO onncatb MatemMaTu4ecKu. Ona nepunoan-
YECKUX CuUrHanoB, Hanpumep, Takux, Kak B JIMHNAX 3HepFOCHa6)KeHI/I$-|, MaTteMaTnyeckoe ornncaHne o4YeHb
npocToe. I'Iepwop,wquKyro (byHKLI,I/IIO BCerga MoXHo npenctaBsuUTb B BMAE CyMMbl CMHYyCOMAAlbHbIX KOJe-
OaHui, kaxxgoe 13 KOTOPbIX MOXET UMETb Pa3fiMdyHyro amnnutyay m q)a3y. Mo aHanoruu co CMeKTpom
©enoro ceeTa, OHa Ha3biBaeTCs CMNEeKTPOM J3JIeKTPpn4eCcKoro curHana. Yem Gonee nepnognyeH aJiekK-
TpW—IeCKI/Iﬁ CurHarn, Tem rer4e MOXHO ero npeancrtraenTb U C MEHbLUMM KOJIM4ECTBOM KOMMOHEHTOB CUHY-
covaanbHbiX konebaHun. Kaxabihi KOMMOHEHT cnuHycounganbHOro KonebaHuss MOXHO npeacTtaBuTb
ONCKPEeTHbIM 3Ha4YeHMEM B CMNEeKTpe YacToT CuUrHana. Yem meHee nepmnognyHa (byHKLl,I/Iﬂ, TeM Gornblle KoM-
NMOHEHTOB n0Tpe6yeTc;| ana Bocrnpoun3ssegeHnda curHana. TeopeTquCKM, Oaxe Henepunoanveckyro (byHK-
LUMO MOXHO npenctaBnTb B BUAE CyMMbl Pa3fiMYHbIX CUMHYyCOMOAIIbHbIX konebaHuin, HO TONbKO B 3TOM
cny4dae npungetcda cymmumpoBaTb HaMHOIo Oonblue aTux konebaHumn, YTobbI nony4nTb Hel'lepl/IOﬂI/I‘-IECKVIl‘/‘I
pe3ynbTar. ,D,pyFVIMVI crnoBaMu, cnekTparibHoe npeactaBrieHne Henepmnoan4eckoro curHana 6y,u,eT NMMETb
nonocy nponyckaHua, Oonee NnoTHO 3anoJIHeHHYK pPa3fIM4YHbIMXA KOMIMOHEHTaMMW. Yem menbye getanu
CuUrHana, Tem Bbllle 4YacCTOTbl B CMEKTPE CUrHana. OueHb Menkue getanun BugeocurHana 6y,EI,yT npeacrtaB-
J1eHbl BbICOKOYaCTOTHbIMU CUHYCOUAalIbHbIMU konebaHnamu. 310 pPaBHO3HA4YHO VIH(bOpMaLl,I/IVI BbICOKOIo
pa3pelueHuna. Y curHana, HanofIHeHHOro BbICOKMMM YacToTamu, bonee LNpOKaaA nosioca 4acToT. Haxe
€AWNHCTBEHHbIN, HO OYEHb pe3KVIIZ nMmnynbc, 6yp,eT MMEeTb O4YEHb LUMPOKYH MOJIOCY YacCToT.
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[

S
=
= 7
g | Cnextp Buneocurrana sipkocru —_
= PAL: 5 MI'y Yacrora
< NTSC: 4.2 My L{BETOBOW NogHecyLen A
M3MEpPEHHbIe PAL: 4.43 MI'y YacToTa 3BYKOBOWA
A0 yposHs -3 a6 NTSC: 3.58 MIy e ﬂHecyLuey”"
A PAL (B,G): 5.5 MI'y
B KOMMO3UMTHOM BuAeocurHane PAL (D,K): 6.5 MI'y

userosas nHpopmaums
BCTpOEHAa B BUAEOCUTHAN

PAL (N): 4.5 MIy
NTSC: 4.5 MI'y

¥

L L L —

Yacrtora, My

Puc. 4.12. Cnexmp nonocvl nponyckanusi KOMNO3UmMHO20 8UOC0CUSHANA

Bce BblleckasaHHOE SBNSAETCS U3NOXEHWEM, BeCbMa ynpoLweHHbIM, O4Y€Hb BaXHOM CﬂeKTpaﬂbHOVI
Teopuun tDypbe, KOTOpasA yTBepxXxdaeTt, YTo KaXabIlW curHan Bo BpeMEHHOl‘;I obnacTtu nmeeTt cBoe 0T06-
paxeHue B YacTOTHOM obnacTtu. CI'IeKTpaJ'IbHaﬂ TeopuA dJypbe npumMmeHnma Ha npaktmke — nepumognyec-
Kne anekTpnyeckme curHarnbl C LUVIpOKOVI nosiocomn nponyckaHnAa MOXXHO MUccrnenoBaTb bonee S(bq)eKTVIBHO
npuv NOMoOLLKM aHanm3a nx CrnekTpa 4actoT. He 6y,u,eM leIyGJ'IﬂTbCFI B 3Ty TEOPUKO, HO 3aMeTUM A4 NoJib3oBa-
Tenewm cuctemM BUOEOHaOMIOAEHWS: KOHLENUNS aHanmsa CnekKkTpa 4acToT O4eHb BaXXHa A51Aa nccrneanoBaHunAa
CINOXHbIX CUTHAIOB, TakMX Kak cOOCTBEHHO BuaeocurHan. BugeocurHan — 3aTo, I'IO)KGJ'I)/I?I, OAVH U3 Hanbo-
Jiee CJI0XHbIX 3JIEKTPUHECKUX CUTHAlNOB, N €ro npakTtn4eckmn HeBO3MOXHO TOYHO Oonncatb MatemMaTu4ecku,
TaK KakK BO BpeMeHHOVI 0o6nacTu curHan NoCTOsTHHO MEHSIETCS. BVID,eOI/IH(*)OpMaLI,VIFI (T.e. KOMMOHEHTbI APKO-
CTn mn LJ,BeTHOCTVI) HENPEPbIBHO MEHAETCA. OpaHrako, MOCKOJIbKY Mbl d)Ole/IpyeM BVI,CI,eOVI306pa)KeHI/IFI
nocpeancTtsoOM nepmoandeckoro CKaHmpoBaHUA JTy4HOM, Mbl MOXEM annpoKCumMmpoBaTb BUOAEOCUTHAl
nepnogn4eckmmMm CuUrHasriom. OOHMM 13 rnaBHbIX KOMMOHEHTOB B 3TOWN nepnoan4yHoOCTn 6y,£|,eT YacTtoTa CTPOK
— ansa CCIR n SECAM 25x625=15625 I'u; ansa EIA 30x525=15750 I'u,

MoXHO nokasaTb, YTO CMEKTP YNPOLLEHHOro BMAEOCHUrHana CoCToUT M3 rapMOHMK YacTOTbl CTPOK, BOKPYT
KOTOpPbIX €CTb COMyTCTBYHOLUME KOMMOHEHTHI, Kak Ha JIeBOW, Tak 1 Ha NpaBon CTOPOHe (6OKOBbIX MOMO-
cax). PaccTtosHusa mexay KOMMOHEHTaMM 3aBUCAT OT COOEepKaHUS BUOEOU300paKeHUs 1 QUHAMUKWN OBU-
raTefnibHOM akTMBHOCTU. Kpome Toro, oueHb BaXHO 00paTuTb BHUMaHWE, YTO TakoW CMEKTP, COCTABIEHHbIV
N3 rapMOHMK N UX KOMMOHEHTOB, SBMSETCH CXOAALWMMCA, TO €CTb FapMOHMKN YMEHbLUAKTCA MO aMnim-
TyAe C yBenvyeHvem vacTtoTel. Ho elle Gonee BaXkHbIN BbIBOA U3 CMEKTpanbHOW Teopun Pypbe COCTOUT B
TOM, 4YTO NO3MLIMN FAPMOHUK U UX KOMIMOHEHTOB B CMEKTpe BUAeOCUrHana 3aBUCSAT TOJNbKO OT aHa-
nu3a nsobpaxeHus (CooTHoweHne 4:3, yepeccTpoyHas pasBepTka 625). QHepreTuyeckoe pacnpepe-
neHue BuAeoCurHana mexay rapmMoHuKamu 3aBUCUT OT cogepxaHus msobpaxeHusi. Tem He meHee,
rapMOHMKM 3aHUMAIOT TOYHbIE MOJIOXKEHNA, MOTOMY YTO OHU 3aBUCAT TOJNILKO OT YaCTOTbl CTPOK.
Opyrumn cnoBamu, gMHamMuka BuMAeOCUrHana M amnnuMtyga onpegerneHHbiX KOMMNOHEHTOB B GOKOBbIX
Mofiocax MEHSTCH, HO MOMOXEHNSI TapMOHMK (Kak NOOHECYLLMX YacTOT) OCTalTCHA MOCTOSHHBIMU.

Hecyuas yacrora TB-curHana B cucteme PAL ucnonsayerca moaynsums
(vactora TB-kanana) € 4acTU4YHO NogasneHHo BoKkoBoW NoAocoi
Karan n-1 KaHan n Kanan n+1

061410 7 My (PAL)

Puc. 4.13. Ilpumep cmewenus uacmomHuuvIxX KaHAI08 8 meneseuanuu
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OTO 0OYeHb BaxHbI BbiBOA. B BewaTtensHom TB OH noMor HanTu cnocob YMEHbLLNTb CNEKTP BUOEOCUrHa-
na 40 MUHUMYMa 6e3 ocobon nortepu petanen. KoHe4vHo, Bcerga MOXHO HanuTu KOMMNPOMUCC, HO TaK KakK
OCHOBHasaA 3Heprua BugeocurHana cocpengoto4vyeHa OKoJio HyneBoﬁ YacCTOTbl N HECKOJIbKUX nep-
BbIX FTAPMOHMUK, HEeT HUKaKON Heob6xoaMmMmocTu nepegaBaTtb NOJIHbIN CMeKTp BnageocurHana. YyeHble
N NHXeHepbl NCNOoJ1b30Basrin BCe 3T CbaKTbI, nbiTasiCb HANUTN KOMMNPOMUCCHOE pelueHne:. OHN CTpeMunincb
paccynTaTb, HACKOJIbKO Malyto 4acCTb MOJ1I0Chbl NPOnyCKkaHnA criegyeT UCnoJib3oBaTh MNpu nepenade snaeo-
I/I306pa)KeHl/Iﬂ, 4TOObI He noTepAaTb CITMLWLKOM MHOro petanen. Kak mbl yXXe ynoMmuHanu, paccmatpuead
pa3nn4yHble TB-CTaH,D,aprI, noJioca 4acTtoT 6yp,eT TEM LWUNpeE, 4em oonblue CTPOK CKaHMpoBaHMUA NCNOJ1b-
3yeTcA B CMCTEME U YEM BbllLe pa3pelleHmne curdana.

MpyHUMasa BO BHMMaHWe OrpaHWYeHHbIN pasMep 3NEKTPOHHOro Nyya (KOTOpbIv Takke onpedenser MUHU-
MarbHble BOCMPOU3BOAMMbIE 3NIEMEHTbI U306paxeHus), dmsmyecknii pasamep TB-3KpaHOB, pacCTosiHMe OT
3puTEns OO 3KpaHa, CrOXHOCTb U U3AEPXKKM MPOM3BOACTBA TENECUCTEM, MOXHO 3aKIMOYUTb, YTO AN Kavec-
TBEHHOrO BOCMPOM3BEOEHUS TenecurHana 4OCTaTOYHO LWUPUHBI NOSoCkl nponyckaHus B 5 My, MoxHo
nmcnonb3oBaTb bonee WMPOKYIO NOJIOCY, HO Toraa byaeT oYeHb HU3KUM KO3 PULIMEHT [OCTUXKEHUS
KayecTBa B CpaBHEeHUM ¢ 3aTpaTtamu. PakTnyecky, B TeneseLarenbHbiX CTyaUsX kKaMmepbl, 3anvcbiBatoLlee
obopyaoBaHMe 1 MOHUTOPbLI UMEKT HaMHOro Boree BbICOKME CTaHA4apThl, co crnektpamu Ao 10 MIfu. Ho oHun
npegHasHayveHbl NCKIIYNTENbHO A9 BHYTPEHHErO Nonb30BaHUs, Af1S Ka4eCTBEHHOW 3anvcu n gybnvposa-
Husa (nepesanuvcu). MNpexage yem Takown curHan OyaeT MogynvpoBaH 1 NepefaH Ha pagmMovacToTe, OH COKpa-
waetca 0o 5 Mlu, k kotopbiM npubaensetcs okorno 0.5 My Ans neBoro v NpaBoro KaHaroB 3BYKOBOIO
conpoBoxaeHus. Ha Tenenepegatynke Takom curHan mogynupyeTtcs Tak, YTobbl nepegaBanach TOMbKO ero
OokoBasi NnogaBneHHas nofioca YacToT BMECTE C MOJIHOW MOFI0COM YacToT, BKoyas bydepHyto 30Hy pasgene-
HUA, 4TO B cymMme paBHdAeTca 7 MIy (ana PAL). Ho obpaTtuTte BHMMaHMe, 4TO hakTuyeckn ncnonb3yemas
nosnoca BugeocurHana B TeneseLwaHun pasHa Bcero 5 MITu. [1ns yntatenen, KOTOpbIM 3TO MHTEPECHO, 3aMe-
TUM, 4TO B BOMbLUMHCTBE CTpaH, UCMOMb3yLWMX cTaHgapT PAL, BugeocurHan mogynupyeTcs mMmetogamu
aMnnuTygHon mogynsumm (AM), B TO BpeMsi Kak 3ByK — YacToTHoM moaynaumen (UM).

AHanornyHble coobpaxeHnsa yumTbiBalOTCA nNpu paccMmoTpeHumn curHanos NTSC, rge nonoca 4actoT B
TenesewaHnn pasHa npumepHo 4.2 MIry.

B 6onblUuMHCTBE CUCTEM BUOEOHAOMOAEHNS Mbl HE CTanNKMBaeMcsi C NOJOOHbLIMU OrPpaHUYEeHUAMU B
OTHOLUEHUM NONOCHhI YaCcTOT, NOCKOJSIbKY Mbl HE NMepefaeM pagmMo4acToTHO-MOAYMPOBAHHLIN BUAEO-
curHan. Ham He Hago BonmHoBaTbCA MO MOBOAY MOMEX COCeAHUX BuaeokaHanoB. B BuaeoHabnogeHnn Ml
ncnornb3yem HeobpaboTaHHbIN BUAEOCUIHAM B TOM BUAE, B KAKOM OH BbIXOAWUT U3 Kamepbl, 3TO 6a30BbIN
BugeocurHan. O6bl4HO ero cokpaleHHo obosHayatT CVBS (composite video bar signal — nonHbin
BuaeocurHan). CnekTp Takoro curHana, Kak yxe ynoMuHanoch, konebnetcsa B npegenax ot 0 go 10 My
— B 3aBMCUMOCTM OT Ka4ecTBa UCTOYHMKA.

CnekTpanbHas eMKOCTb KoakcuanbHOro kabens kak kaHana nepegayu ropasgo wupe. Cambii pacnpo-
CTPaHeHHbIN koakcuanbHbln kabenb 75 Om RG-59B/U, Hanpumep, MOXeT nerko nepefartb CUrHanbl C
WwnpuHon nonocekl Yactot Ao 100 Mly. KoHeyHo, OH mcnonb3yeTca onsa nepegadn mHgopmauumn Ha
HebonbLne pacCcTosHUA — A0 ABYXCOT METPOB, HO Ans BONbLUMHCTBA CUCTEM BUAECOHAONIOOEHNSA 3TOro
AoctaTovyHo. PasnuyHble cpedcTBa nepefayn UMerT pasnuyHble orpaHuyeHnsa nonockl YactoT. OgHu
nmetloT BonbLUyto, YeM KoakcuarnbHble kabenu, WNMprHY Nonockl NPONyCKaHus, Apyrne — MeHbLUYIO, HO Y
OOonbLUMHCTBA NMonoca Bce Xe 3HaumTenbHo wupe 10 M.

[IBeTHOM BHIEOCUTHAI

Korga nosiBunoch LBETHOE TENeBUAEHME, B €r0 OCHOBE nexanmu onpeageneHna n orpaHn4eHnAa MOHOXpOM-
HOro curHana. CoxpaHeHMe COBMECTUMOCTU Mexay HepHO-GeﬂblM M uBeTHbIM TB nmeno npunHUunmnanb-
HYKO BaXHOCTb. EonHCcTBEHHbIM cnocob, kakum LBeToBast MH(bOpMaLI,MFl (XpOMaTW-IeCKaﬂ) MOXeT ObITb
nepenaHa sMmecTte C APKOCTbHO be3 yBeInM4eHnda nosocChbl NponyckaHna 4actoT BungeocurHana, cCoCTtodAmn B
TOM, YTOObI MoaynmpoBaTb LBETOBYH I/IH(*)OpMaLI,MlO 4acToTOoMN, KOTOpasd Obl Nonagana ToO4YHO Mexnay Kom-
NOHEHTAMW CneKTpa APKOCTHW. OTO 03HavaerT, 4To CNEeKTp CUrHarna uBeTHOCTU NnepemMexaeTcd CO CNeKTpom
CuUrHana ApKoCTu Taknum 06pasoM, 4YTO OHM HE MeLWakT aApyr opyry. OTa yacToTa HasblBaeTcs XpomaTtu-
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yeckom nopgHecyuwen. beino obHapyxeHo, 4To Hambonee nogxogawen ans PAL aBnseTtcs vacTtoTa
4.43361875 MIy. B NTSC ucnonb3yeTtcsa TOT e MPUHUMM: B JaHHOM crlyyae Heobxoauma LBeToBas
nogHecywasn 3.579545 My,

34ecb HeobxooMMO YTOYHUTL M NoAYepkHyTb, 4To NTSC xapaktepusyeTtcs nmeHHo 29.97 kagpamu, a He
30(!). O10 0b6BACHSETCA onpeaeneHnem LBeToBOro curdana B NTSC, KoTopbIl, Kak rnacut BugeocTaH-
napt RS170A, 6asnpyeTtca B TOYHOCTM Ha 4acToTe uBeToBOW nogHecywen B 3.579545 MIu. YactoTa
CTPOYHON pas3BepTKU ornpenensietcs yMHoxeHuem 2/455 Ha 4yacToTy LBETOBOW MOAHECYLWEen, YTo paB-
HaeTca 15734 'y. N3 Hee BbIBOAUTCA YacToTa kagpoBon pasBepTkn; NTSC pekomMeHOyeT BbiCUMTbIBATL €€
YMHOXeHneM 2/525 Ha yacToTy CTPO4YHOM pa3BepTku. B pesynbTtaTe nonyvaetcsa 59.94 'y ons 4acTtoThbl
Kagpos, unu ckopoctu nonen. OgHako ANs NPOCTOThl M yaobcTBa B 3TON KHUre Mbl ByAem roBopuTb, YTO
B NTSC curHany cootBetctByeT 60 nonen.

Kak mbl yXe ynoMmuHanu B pasgene «LiBeTHOE TeneBuaeHMe», OCHOBbI BOCNpon3BedeEHNA LUBETA J1eXaT B
agouTMBHOM CMeLlleHUn Tpex OCHOBHbIX LUBETOBbLIX CUITHaJ10B: KpaCHOro, 3eJyieHOro n CUHero. Tak, ans
nepegayun nosyiHoro LUBeToBoOro cumrHarna, teopetn4eckm, Kpome VIHq)OpMaLI,I/IVI APKOCTH, Tpe6YIOTCFI ele Tpum
pa3HbIX CuUrHana. Ha 3ape uBeTHOoro TB 3TO Kas3anocb HEBO3MOXHbIM, 0COBEHHO, Koraa ans coxXpaHeHunA
COBMECTMMOCTU C MOHOXPOMHbIMU CTaHAapTaMun ncnosib3oBariacCb obnacTtb Mexany 41n5Mu.

[ns atoro TpeboBanacb CroXxHasi, HO yMHas npoueaypa. B pamkax Halwei KHUMM OGBACHUTb Takyto
npouenypy He NpeacTaBnseTcs BO3MOXHbIM, HO 4YTOObI YMTaTenu nyyile NMoHMMarnu BCe COXHOCTM
BOCMNpou3BeaeHns uBeTa B TB, npuBeaem creaytolmne akTbl.

18.8 ySPIV ' | T

23

Puc.4.14. [Jesemnvie nonocwi. IJesemnuvie nonocwvt (NTSC) Puc. 4.15. [{eemnvie nonocwi. L{eemnwie nonocwt (PAL)
Ha dKpaHe 8eKmopocKond Ha 9Kpame 6eKmopoCcKona

«CCTV®okyc» — sncypnan no cucmemam 6U0COHAOIIO0CHUS U OXPAHHOMY Mele6UOeHUI) http://www.cctvfocus.ru



CCTV 4. Obuque xapaKmepucmuKu meneeusuOHHbIX CUCIEM 107

B peanbHOW cutyaimm nOMUMO CUrHamna APKOCTU, KOTOPbIV YacTo
obosHavaetcs kak ¥ = U, 06beanHsioTcs ewe ABa curHana (a He
Tpu). TO Tak HasblBaeMble LBeToBble pasHocTu: V' =U, - U n U
=U,- U, 1.e. pasHOCTV MeX[y KPacHbIM U SIPKOCTHBLIM CUrHanoMm u
MeXay CMHUM U APKOCTHbIM. [ToyeMy BMECTO NpoCTbIX 3HaveHun R,
B (n G) (COOTBETCTBEHHO AN KPACHOro, CMHEro U 3efeHoro)
NCMONb3YyIOTCA LBETOBble pasHOCTN? [ns COBMECTUMOCTU C MOHO-
XPOMHOM cuctemon. A MMeHHo, Obino obHapyXeHo, 4TO, Korga
GenbIn UNK cepbiv LBET nepegaeTcs Yepes cuctemy LgeTHoro 1B, B
OJ1T gormkeH NpUCYTCTBOBATL TOMBKO CUrHamn sipkocTtu. YTobbl ycTpa-
HWTb LBETOBblE KOMMOHEHTbI B cucteme, bbina BBeAeHa LBeToBas
PasHOCTb.

Puc. 4.16. Cuenan ysemoegoti
YyuTbiBasi OCHOBHbIE COOTHOLLEHUS Mexay TpemMd UuBeToBbIiMU CUHXPOHU3AYUU
CUrHanammu:

(34)
U,=0.3U, + 0.59U, + 0.11U,

MOXHO NoKa3aTb, YTO, MCNOJIb3yA APKOCTb U UBETOPA3HOCTHbIe CUTHaNbl, €eCTb BO3MOXHOCTb
BOCCTAaHOBUTb BC€ TPU OCHOBHbLIX LUBETOBbIX CUrHanNna:

U,=(U,-U,) t U, (35 (36)(37)

U,=(U,-U,) + U,  [na6enoro usera U= U= U, takum
obpasom U, = (0.3+0.59+0.11)U = U, = U, LiseToBas pasHocTb

Ut;=(Ur;-Ur')+Ur .
3EJ1eHOro He nepegaeTcd, HO ee nosy4varoT nyTemM crnenyrLlmnx BbIMUCIEHNN

(cHoBa ucnonbe3ay4 (34)):
U-U=-05I(U,-U,)-019U,-U,) (38)

OTO OTHOLLEHME MoKasbiBaeT, YTO B LBETHOM
TenesBMAEHUN ANS YCMEeLWHOro BOCCTaHOBIe-
HUSA LUBeTa, NMOMMMO SIPKOCTW, AOCTATOYHO
BCEro ABYX AOMOJIHUTENbHbIX CUrHaNoB. 370
LBEeTOBble Pa3HOCTN KpacHOro u cuHero (Ku
U), n oHn BcTpoeHbl B curHan CVBS.

Mockornbky kKomnoHeHTbl R, G n B nonyyvatot u3
LBETOPA3HOCTHBIX CUTHANoOB MNOCPeACTBOM
MPOCTbIX JIMHENHbIX MaTPUYHbIX YpaBHEHUN, “«

KOTOpble B 3MIEKTPOHMKE MOXHO peanu3oBaTtb 'E'Ul'., ,"+EU

npyv NMOMOLLM MPOCTbIX PE3UCTUBHbLIX LiEenen, ;

3TN CXeMbl Ha3blBalOTCS MaTpULaMKU NUHeNn-

HOro npeob6pasoBaHus. :

CnenyeT oTMeTUTb, YTO ABa paccmaTpuBae-

MbIX Hamu TB-ctaHgapTta, NTSC n PAL, 6a3u- i) e s

PYIOT CBOK TEOPWU0 BOCNPOU3BEAEHUSI LiBETA R, r = Red

Ha ABYX pasHblX MokasaTensax nioMuHodopa Y.E, g,g:gzen

OJT (HasblBaeMbIX raMMOKn, O YeM Mbl NMOrOBO- Cy, cy = Cyan

pumMm nosxe B pasgene «MoHuTopbl»). CTaH- Mg, mg = Magenta
Y1, yl = Yellow

napt NTSC npuHumaet rammy B 2.2, a PAL —

2.8. OTn nokasartenu BCTPOEHbI B KOA CUrHana

[0 ero nepenayu. Puc. 4.17. [Jsemosvie exmopul 6 cmanoapme PAL
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108 4. Obwue xapakmepucmuxku meneeu3UOHHbIX CUCHEM CCTV

MpakTnyeckn, ramma 2.8 — ato Gonee peanu-
CTUYECKOE 3HayeHue, YTO OTpaKaeTCs TaKkke B
bonee BbLICOKOKOHTPACTHOM M306pa)keHuu.
KOHe4yHO, BOCNPOM3BEAEHHbIN LIBETOBOM KOH-
TpacT OygeTr 3aBuCeTb HENnoCpeacTBEHHO OT
ramMbl IlOMUHOOPa MOHMTOPA.

YTobbl 00BbeanHMTL (MOQynMpoBaTb) 3TU LBe-
TOPA3HOCTHbIE CUTHamNbl C CUrHarnoM SIpKOCTU, B
cucteme  TeneBelwaHuss  MCMomnb3yeTcsa  Tak
HasblBaemas KBagpaTypHas amMnnuTygHas
MoAaynsauus, rae Asa pasnuyHeix curdana (V mn U)
MOLYNMPYIOT OOHY HECyLUyk 4acToTy (LBETOBYHO
nogHecyulyt). 3TO  BO3MOXHO Grnarogaps
pasHocTn a3 B 90° wmexay 9oTUMKM [OBYMS
curHanamm, 4to U OOBACHSAET Has3BaHWe «KBamd-
paTypHas MOAynaums».

B uBetoBom ctaHaapte PAL ecTb elwe oaHa
«XUTpasi» cxema MUHUMU3ALUM UCKaXKEHUS LIBETOBOIO
curdHana. 3Has, 4To 4YyeroBe4veckuin rnas 6ornee YyBCTBUTENEH K LIBETOBbIM UCKaXXEHUAM, YeM K
M3MEHEHUSIM SAPKOCTU, YyYeHble MpeanoXuUnM And KOAMPOBaHWS LBeTa crneuuanbHyl npouenypy,
MO3BOSISAIOLLYI0O MUHMMU3MPOBATL UCKAXEHUSA UMK, NO KparHen Mepe, caenatb X MeHee 3amMmeTHbIMU. JTO
JocTuraeTcsa nyteM naMeHeHus gasbl curHana uBeTHocT Ha 180° Ha kaxgow BTOpoW CcTpoke. Tak, ecrnuv
NPONCXOAAT UCKaXXeHUs1 Npu nepegade, obblMHO B hopme casura dasbl, TO OHU NPUBOAAT K N3BMEHEHUIO
LuBeTa TakoM e BenuuuMHbl. HO MOCKONbKy 3NMeKTPOHHOEe BEeKTOpPHOe npeAcTaBrieHue LBeTOB
BbIOpaHO TakK, YTOObl AoMoONHUTENbHbIE LBeTa pacnofaranucb gpyr nNpoTUB Apyra, TO OWWUOKK
Takxe SABIAKTCA AOMNONHUTENbHbLIMU U, €CNN CMOTPeTb Ha UCKaXeHHble cocegHue CTPOKU C
HEKOTOpPOro paccTosHUA, OWKNOKN HenTpanusyrT apyr gpyra. OTcioga n Ha3BaHMe — MOCTPOYHOE
nameHeHne gasbl (phase alternating line — PAL).

m—-—I=
Sorrm=<
ZP» <0
ZmMmMa®
xXOPrm

Puc. 4.18. Cmanoapmuas nocnedosamenvHocmy
YBEmOoBbIX NONOC 8 MeNeGUOCHUL

Pa3pemenune

PaspelueHne — 3TO CBOMCTBO CMCTEMbI NMOKa3biBaTb MefkMe getanu. Yem Bbile paspeLueHne, Tem 60onb-
we getanen mbl BuaMM. PaspelwieHne TB-n3obpakeHust 3aBMCUT OT YUCMa aKTUBHbBIX CTPOK Pas3BepPTKU,
KayecTBa Ternekamepbl, MOHUTOPA U CPEeACTB nepegayn uHpopmaunm.

Tak kak mMbl ucnonb3dyem asymepHblie yctponctsea (M3C-matpuubl n 3J1T), Mbl pasnuyaem gBa Buga pas-
peLleHns: paspeLuatoLLyto cnocobHOCTb MO BepTMKaNu 1 paspeLuaroLlyo cnocobHOCTb MO ropu3oHTanu.

Paspewarowasi cnocobHOCTb NO BepTUKaNu (BepTuKanbHoOe pa3pelieHue) onpenensieTca 4ymc-
JIOM BepTUKaNbHbIX 35IEMEHTOB, KOTOPblE MOXHO (DMKCMPOBATbL KaMepPO 1 BOCNPOU3BECTM Ha 3Kpa-
HEe MOHUTOpPAa. Korp,a MHOIo MAEHTUYHbIX BEPTUKAlIbHbIX 3J1TEMEHTOB C06paHbI B HanpaBleHNUn CKaHNpPO-

=

BepmukanbHoe paspelweHue lopusoHmarnbHoe paspeweHue

Puc. 4.19
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BaHWsi, Mbl MOflyYaeM O4YeHb MSIOTHbIE FOPU30OH- |
TanbHble CTPOKW. [1O3TOMY Mbl FOBOPUM, YTO |
BepTUKanbHOe paspelleHne coobLiaeT Haw, |
CKOJIbKO TOPU3OHTalNbHbIX JIMHUA Mbl MOXEM |
pasnnunTb. CUnTaloTCs YepHble 1 Benble CTPOKK,
noacyeT npov3BoauTcs no BepTukannu. MoHATHO,
YTO WUTOrOBbIA Pe3yrnbTaT OrpaHUYeH  YMCIIOM
CKaHUPYeMbIX CTPOK B JAHHOW CUCTEME — Herb3sl
HacumTatb G6onblie 625 nuHuin B cucteme CCIR
unn Gonble 525 B cucteme EIA. TMNprvHumas BoO
BHMMaHWEe ONUTENBbHOCTb KagpoBoW
(BEpTMKaAMNbHOM) CUHXPOHM3ALMM U UMMYMbCOB
BblpaBHUBAHUS, HEBMOWUMbIE CTPOKM U T.4.,
4YMCIO aKTUBHbIX CTPOK CHkaeTtcs B CCIR go
575, a B EIA po 475.
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Puc. 4.20. [Jsemnoii 5kpar KpynHviM NAAHOM

OfHako, 3TO BCe e He [JeliCTBUTENbHOEe BepTUKanbHoe paspelleHne. OBblYHO paspelleHne
N3MepsieTcs NMpyu MOMOLLM OMNPEAENEeHHOro M30BpaXkeHnsl, rnomeLLaemMoro nepes Kamepown, U 3aech
HeobXoayMO yUMTbIBaTb MHOXECTBO (pakTopoB. Bo-nepsbix, aGconoTHaa nosuums npeanonaraeMoro
FOPU3OHTANbHOMO UCMbITATENBHOTO M300PaXKeHUs] C BbICOKMM paspelleHMEM HUKOrga TOYHO He
COOTBETCTBYET YepecCTPOYHOMY M306paxkeHuo. KpoMe Toro, CyllecTBoBaHWe Hepaboueit 30Hbl Ha
aKpaHe MOHMTOpa cpe3aeT HeBOrbLLYI0 YacTb BUAEOM300paxKeHs, OrpaHMieHa TOMLLIMHA 3MNEKTPOHHOMo
nyya 1 orpaHMyeHa «ceTka» BOCTPOU3BEAEeHNS LiBeTa.

Ewe B 1933 r. Kenn (Kell) 1 ero konnern obHapykunun B xoge 3KCMEPUMEHTOB, YTO MPU BbIYUCIIEHUN
«pearnbHOro» BepTUKarbHOrO paspeLLeHns crneayeT NPMMEHSTb NONPaBOYHbIN KO3 ULIMEHT, paBHbIN
0.7. OH n3BecTeH kak koaddunupmeHT Kenna (nnn Kenn-cakrop) u sensietcs obLenprHATBIM CNnocobom
annpoKcMMaLmMm pearnbHOro paspeLLleHns. TO 03Ha4aeT, YTo 575 crnedyeT CKoppeKkTMpPoBaTh (YMHOXUTD)
Ha 0.7, 4ToObl NOMYYNTb NPAKTUYECKUE rPpaHuLbl BEPTUKANbHOIO paspelueHus ana PAL, koTopoe paBHs-
etcs npumepHo 400 TB-nmHuam. Ta ke onepaumsi BbINOHAETCS B OTHoLeHMM curHana NTSC, n B pesyrb-
Tate Mbl nonyyaem npnbnumantensHo 330 TB-nmHMiA (CTPOK) BEPTUKANbHOMO pa3peLleHns. OTN 3HaYeHNs
UCTVHHbI B MaeanbHOM crydae, TO eCTb, B Crlydae naeanbHou nepegaym sugeocurHana.

Paspeluatowiasi cnocobHOCTb MO FOpU30OHTaNM
(ropn3oHTanbHOE paspeLUeHne) onpeaensieTca
HECKOIbKO nHave. FopusoHTanbHoe
paspelwieHne onpegensieTcA  YUCIIOM
rOpU3OHTaNbHbIX 3NIEMEHTOB, KOTOpble
MOXHO 3adMKcMpoBaTb Kamepou U BOC-
NpoM3BecTU Ha 3KpaHe MoHuTopa. WU,
aHanorMyHo TOMY, YTO Mbl CKasanum OTHOCK-
TENbHO BEPTUKANbHOTO pPa3peLleHnsi, ropu-
30HTanbHoOe paspeweHne coobwaer
HaM, CKOJIbKO BepPTUKamNbHbIX JIMHUN
MOXHO NoACYUTaTb.

ﬂi ff'i::\

|

Koe-yem oHO oTnunyaetca. MockosibKy COOTHO-
LUEHNE CTOPOH B TeneBMAEHWM COCTaBMsieT
4:3, TO wupvHa Oonblle BbICOTbl. YTOObI
COXPaHUTb €CTECTBEHHbIE MNPOMopuUMM  U30-
OpaXKeHun, Mbl CYMTaeEM TONbKO BepTUKalb-
Hbl€ JIMHWUU NO LWNPUHE, IKBUBANEHTHOM

Puc. 4.21. I'enepamop xauvarwowetics wacmomul (maxc. 12 BbICOTE, T.¢. 3/4 oT mupuHbl. BoT nouemy
MI'y) nozgonsem nposepumsv noiocy 4acmom MOHUMOPA MbI Ha3bIBaeM I'OPU3OHTAJIbHOE pa3pelieHne
8bICOK020 paspeutenus (na unnocmpayuu ykasano 9 My, TB-a1uHusiMu, a He MPOCTO JIMHUSIMH. YMO

coomeemcmayem npumepro 700 TB-nunusm)
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[Opu3OHTaNbHOE paspelleHne MOHOXPOMHOM (4/6) TB-cucTtembl TeopeTUyecKnm OrpaHUYeHo TOJIbKO
nonepeYHbIM CeYEHNEM 3MEKTPOHHOTO fyya, 3NEeKTPOHUKON MOHMUTOPA U, ECTECTBEHHO, cneundukaums-
MU KaMmepbl. B 0eACTBUTENBHOCTU, CYLLECTBYET MHOMO APYrUX orpaHnyeHnin. O4HO U3 HUX — 3TO LUMPUHA
nonocbl YacToT BUAEOCUIHana Anst AaHHoro Tuna nepeaayn. Jaxe npu ToM, 4yto B TB-cTyanm mMoryT ObiThb
Kamepbl C BbICOKMM paspelleHneM, Mbl nepegaem Tonbko 5 My BuageocnekTpa (Kak ykasblBanochb
BblLLE); MOSTOMY NMPOU3BOAUTENSAM COBEPLUEHHO HE HYXHO BbiMyckaTb TB-npueMHukn ¢ 6onee LIMpoKow
nonocou yactoT. B BugeoHabnogeHnmn, TeM He MeHee, LIMpMHA NOJOCkl BUAeOCUrHana gQUKTyeTcs, rnas-
HbiM 06pa3om, caMon Kamepor, Tak Kak 4/0 MOHUTOPbLI MMEIOT OYEHb BbICOKOE pa3spelueHune (oo 1000 TB-
FIMHUI), KOTOPOE OrPaHNYEHO TOMBKO KaYeCTBEHHBLIMU XapaKTEPUCTUKAMU MOHUTOPA, U3 KOTOPbIX Camble
BaXXHble — 3TO TOYHOCTb U NOMNEPEYHOE CEYEHNE SNEKTPOHHOIO Nyya.

Y cuctemsbl UBeTHOro TB ecTb elle O4HO NPEnATCTBME: (PU3MYECKUI pasmMep LiBETOBOW MacKu 1 ee Lwar.
LiBeToBas ceTka nmeeT hOpPMY OYEHb MENKOM peLleTkn. dTa pelueTka UCnonb3yeTca Ang pasgeneHns Ha
TPW OCHOBHBbIX LiBETA — KPACHbIN, 3€MeHbI U CUHUI. Y1NCNO SNEMEHTOB LIBETHOIO N306paxxeHnsa (TOYKM
RGB) B peleTke onpegenserca pa3mepom 3kpaHa MoHuTopa u kadectsoMm JJ1T. B BugeoHabnogeHnn
poctynHo noboe uncno TB-nuHun: ot 330 (ropm3oHTanbHoe paspelueHue) go 600. Cambii pacnpocTpa-
HEHHbIV CTaHgapT MoHUTopoB — 14 (gwrmoB) ¢ paspewernnem 400 TB-nuHun. HanommHaem, 4To Mbl
roBopum 0 TB-NUHMSIX, KOTOpbIE B FOPU30OHTANIbHOM HanpaBfeHun alT HaMm abCconTHOE MaKkcMarnbsHoe
yncno 400x4/3=533 pasnuunmbix BEPTUKANbHbIX FIMHUNA.

B BupeoHabntogeHun, nogobHo BelatensHoMy TB, Mbl HE MOXeM U3MEHSATb BepTHKanbHOe paspeLleHre, Tak
Kak Mbl OrpaHu4eHbl YUCIOM, OnpegeneHHbIM CUCTEMON pa3BepTkU. IMEHHO NO3TOMY Mbl pedKo paccmaTtpu-
BaeM npobriemy BepTUKanbHOro paspelleHns. O6LWenprHATLIM BEPTUKANbHLIM pa3pelleHnemM siBnsaeT-
ca npumepHo 400 TB-nuHun ana CCIR mn 330 TB-nuHun gna EIA. 'opu3oHTansHoe paspelleHve Mbl
MOXEM MEHSTb, 1 OHO 3aBUCUT OT FOPM3OHTANbHOIO paspeLleHns KaMepbl, KayecTBa CPeAcTB nepenayn
nHdopmaumm n moHmTopa. B BugegoHabnogeHny 4acto ucnonbaytotcsa kamepbl ¢ 570 TB-nuHuamun ropum-
30HTanbHOro paspeLleHmnsl, KOTOPoe COOTBETCTBYET MakCuMymy npubnusntensHo B 570x4/3=760 nuHuin no
LUMpUHE 9KpaHa. Kamepa Takoro Tuna cyMtaeTcs Kamepou C BbICOKMM paspelleHneM. B u/6 kamepe co ctas-
OapTHBIM paspeLleHnemM ropm3oHTanbHoe paspelueHne dyaet coctaBnaTb 400 TB-nnHun.

Mexay WMpMHOM NOMOCkl BUAEOCUIrHaNa 1 COOTBETCTBYHOLLMM YUCITIOM JIMHUIA CyLLIECTBYET NPOCTOEe COOT-
HoweHue. Ecnu B3ATb OAHY CTPOKY BUAEOCUrHana, akTuBHasi NPOAOIIKUTENbHOCTb KOTOPOro paBHa 57
MUKPOCEKYHZ, 1 pacnpenenutb ero Ha 80 TB-nuHun, mbl nonyynm 80x4/3=107 nuHuiA. TN NuHun, npea-
CTaBlieHHble B BUAE 3MEKTPUYECKOro curHana, HanoMmHalT cuHycouaanbHble konebanns. Tak, napa yep-
HO-6enbIX CTPOK (haKTUYECKM COOTBETCTBYET OAHOMY Mepuoay CUHycouaanbHOW BOMHbI. [oatomy, 107
NVHUN — 3TO NpubnnanTenbHo 54 cuHycougbl. MNepunon cuHycomnpanbHoro konebaHmsa paBHANCs Obl
57 mkc/54 = 1.04 mkc. Ecnv npuMeHUTb M3BECTHOE COOTHOLLEHNE ANSA BPEMEHU M YaCTOThI, TO ecTb T=1/f,
TO Mbl nonyynm f=1 MIy. Cnegytouiee BaxxHOE, HO OYEHb NPOCTOE AMMNUPUYECKOE MPaBUIO, AAeT Ham
COOTHOLUEHME MeXay MOSIOCON 4YacTOT curHana u ero paspelleHnemMm: npuénusurtenoHo 80 TB-nuHum
cootBeTcTBYHOT 1 MY nonoce 4yacToT.

I/IHCTPYMGHTBI, HCIIOJIb3YEMbBIC B TCIICBUACHUHU

OObIYHLIM 3MEKTPOHHLIM MYNIbTUMETPOM OYEHb TPYAHO OMNPEdENUTL CBONCTBA BuaeocurHana. OgHako B
HalleM pacropsiKeHUN MMETCs crneyunanbHble MHCTPYMEHTbI, KOTOPbIE NMPY NPaBUIbHOM MUCMONb30Ba-
HUW NO3BOSISOT TOYHO ONucaTb U3MepPsieMbIl BUAeocurHan. 3To ocuunnorpadbl, aHanmMsaTopbl cnekTpa
N BEKTOpOCKOnMbI. B 60nblWMHCTBE CriyYyaeB AOCTAaTOMHO ocuwmninorpada, U s HacToATENbHO PEKOMEHAYH
cepbesHbIM creumanucTaMm MMeTb ero B CBOEM apceHarie.

Ocyunnoepagh

N3meHeHMe curHana (no BpeMeHM) MOXET NPoOUCXoaUTb MeANeHHO unmn beicTpo. YTo cuntatb «MeaneH-
HbIM» U «BbICTPbIMY», 3aBUCUT OT MHOIMX CBSA3aHHbIX APYr ¢ Apyrom ycrnosui. O4HO nepuoanyeckoe nsme-
HeHue Kakoro-nbo napameTpa 3a OfHY cekyHay onpegensieTcs kak epy (). 3BykoBasi yactoTa 10 kl'y
cootBeTcTByeT 10000 konebaHun B cekyHay. YenoBeyveckoe yxo MOXeT BOCNPUHMMATL YacToThl B guana-
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30He oT 20 'y go 15000-16000 Iy. BugeocurHan, B COOTBETCTBUM C YNOMSAHYTLIMW BblLLE CTaHAapTamu,
MOXET UMETb YacToTy oT npumepHo 0 Ny go 5-10 MIw.

Yewm BbILe YacToOTa, TEM TOYHEE AeTann B BUAeOoCUrHane.

HackonbKko BbICOKYHD 4acTOTy Mbl MOXEM MWCMOSb-
30BaTb, 3aBUCWUT, Mpexae BCEro, OT CHMMAaLEero
yCcTponcTBa (KaMepbl), HO Takke W OT CpPeAcTB
nepenaun (koakcmarnbHOro kabensi, MMKPOBOSTHOBbIX
CpeAcTB, BOJIOKOHHOW  OMNTWMKM) U  CPeacTB
obpaboTku/Bocnpon3segeHns (BUOeoMarHuToqoHa,
namsiT KagpoB, XXEeCTKOro Aucka, MoHuTopa).

lektronix 22
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BpemeHHOVW aHanu3 nwboro anekTpuyeckoro
curHana (B NpOTUBOMOMOXHOCTb aHanm3y 4acTtoTbl)
MOXHO MPOBOAUTL MPX MOMOLLM SMEKTPOHHOIO
WHCTPYMEHTa, KOTOpbIN  Ha3blBaeTcs  ocuun-
norpad. Ocuunnorpac paboTtaeT no npuHUUNy
TB-MOHUTOpa, TOMbKO B AAHHOM Cly4yae, CKaHu- '

poBaHME OMEKTPOHHOrO nyya crneayeT 3a  Hanpsbkeuem Luc. 4.22. Ocyunnocpadp
BMaeocurHana B BepTUKanbHOM HanpasBfleHun, B TO BPEMSA Kak MO TOpu3OHTann enuHCTBEHHON
nepemMeHHon ssngeTcs Bpems. C Tak HasblBaeMbiM perynupoBaHUWEM BPEMEHHOW Pas3BEPTKU MOXKHO
npoaHanusanpoBaTb BuAeOCUrHanbl OT MoneBoro pexuma (20 MunnuMcekyHd) OO LWMPUHbI CTPOYHOWN
CUHXPOHM3aUnn (5 MUKPOCEKYHA).

Ha doTtorpadum cnesa mbl MOxeM BUAETb TUNMYHBIN BuA, BuaeocurHana CCIR Ha akpaHe ocuunnorpada.

PesynbTatbl uamepeHus, nonyyeHHble C MOMOLLbIO ocuunnorpada, asnaTcs Hambonee 06BbEKTUBHLIMY
npu3Hakamu KadecTtBa BugeocurHana, noaToMy aTuM npubopom HeENPEMEHHO OMKeH ObiTb OCHaLLEeH

75 Om "} =

75 0m
OKOMENHAR HarpyaxKa

Puc. 4.23. Kax npasuivHo npogooums uzmeperus npu nomougu ocyuiiocpaga
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nobor cepbe3Hblii CnewmnanucT no BugeoHabnogeHno. Bo-nepebix, ocuunnorpad No3BOMSET OYEHb Ner-
KO BUOETb KayecTBO CuUrHana, UrHopupys nobble BO3MOXHble cOou SPKOCTU/KOHTpAcTa Ha MOHUTOpeE.
Mo>HO nerko nNpoBepuTb U NOATBEPOUTb YPOBHU CUHXPOHU3ALUN BUOEOCUrHana He3aBMCUMO OT TOrO,
MMeeT N BUOEeOoCUrHan Haanexallyro OKOHEeYHy Harpysky B 75 OmM, HAcKkombKo ganek curHan (ymeHblue-
HWe aMnnUTyabl CUrHamna u NoTepun BbICOKMX YacTOT) M eCTb M MOMEXU B KOHKpeTHOM kabene. [ns kop-
PEKTHbIX M3MepeHUn Bcerga TpebyeTcsa npaBuiibHasi OKOHeYHas Harpyska, TO eCTb, BXOA4HO€E MosfHoe
COMNpPOTUBIIEHNE ocumnno-
rpaca BbICOKO U Kakum Obl
CrnocobomM HW ycTaHaBnvBancs
curHan, Heobxoammo, 4Tobbl Ha
KOHLIe NNHUK nepegayn
CcurHana Obino 75 Om.
[Mpumepbl  KOPPEKTHOro  co-
eanHeHnsa ocuunnorpada ¢
Lenblo NpaBUiIbHOIO N3Me-
Puc. 4.24. Usmepumenvnwiii komnnexc Tektronix 1781 peHus BuaeocurHana npeg-
CTaBreHbl Ha puc. 4.23.

Ananuzamop cnekmpa

Kak yxe roBopunocb B CBA3n ¢ Teopuen dypbe, y KaKA0ro nameHsioLlerocs (no BpemMeHun) anekrpuyec-
KOro curHana ecTb YacTOTHOe MpeAcTaBneHune. YacToTHast o6nacTe onucbIBaeT aMnauTyay curHana no
OTHOLLIEHMIO K YacToTe, a He KO BpeMeHu. [peactaBneHne B o6racty YacToTbl NO3BOMSET fyYlle MOHSATb
COCTaB aneKkTpuyeckoro curHana. bonblasa YacTte BMaeocurHana npuxoguTcs Ha HU3KUE U cpegHue yac-
TOThbl, B TO BpEMsi Kak Merkue
getanu nepegarTcs Ha 6onee
BbICOKMX yacToTax.
MHCTpYMEHT, KOTOpbIA MoKa-
3blBaeT CMeKTparnbHbIN COCTaB
CUrHarnos, Ha3sbIBaeTCA
aHanu3aTopoMm cnekTpa.

AHanusaTtop cnektpa — Ago-
poroe ycTpoWCTBO, He SIBNS-
toLLeecs XN3HeHHO Heobxo-
AMMbIM A cneyuanucTa no
BuaeoHabnogeHno. OagHako
Mpu KOPPEKTHOM MCMOnb-
30BaHUN, Hapsaady C reHepa-
TOPOM TECTOBbIX WabNoHOB, NO3BONAET NONYUNTb  Puc. 4.25. Ananusamop cnekmpa HEMano UEeHHbIX
AaHHbIX. OcnabneHve BuaeocurHana, KOppekTHoe BblpaBHMBaHMe
kabens, Ka4ecTBO curHana u T.4. — BCe MOXeT BbITb onpeaeneHo npeaernbHo To4Ho. B BelatensHom
TB aHanusatop cnekrtpa — Heobxoaumas Belllb, MOMoralLLas yj0CTOBEPUTLCS, YTO TenecurHan He
BbIXOAWT 33 PaMKM HEKUX NPEAnUCaHHbIX CTaHAapToB.

Bexmopockon

Ona M3MepeHna LBETOBbIX XapakKTeEPUCTUK BUOEOCUTHAIAa UCNOJIb3yeTCA BEKTOpPOCKoOoM. 3T0 SJIEKTPOH-
Honyquon ocu,vlnnorpacb Cc 0T06pa)KeHI/IeM CUrHanoB Ha KOMMMEeKCHOW nnockocTu. Ha gucnnee BEKTOpPO-
CKOMna OCHOBHbI€ LBETA 3aHUMAKOT TOYHO onpeaesrieHHble No3nunn B NMOJTAPHbIX KOOpAMHaTax. BeKTOpOC-
KoM penko ucnonb3yeTcA B BUOEOHAONOAEHUN, HO WMHOrAa, Koraa pedyb naetT o Bocnpoun3segeHuun
KOHKPETHbIX LIBETOB U yCJ'IOBI/IIZ OCBelleHus1, OH ObiBaeT Heobxoamm.

«CCTV®okycy — scypuan no cucmemam 6U0eoHadII00eHUA U OXPARHOMY menesudenuto  http://www.cctvfocus.ru




CCT1vV 4. Obwue xapaxmepucmuku meneeusUOHHbIX CUCIEM 113

Puc. 4.26. Ilpeocmasnenue ysemmuovix nonoc cucmemvl NTSC u PAL na 3xpane éekmopockona

B 6onblumHcTBE cnyvaeB uBeTHas N3C-kamepa nmeeT aBTomaTU4ecknii 6anaHc 6enoro, 4to, Kak Mbl yXKe
roBOpWnv B pasgene o LBETOBOW TeMnepaTtype, KOMNEHCMPYET pasHuLy LBETOBOM TeMNepaTypbl MCTOYHU-
KOB cBeTa. TeM He MeHee, Korga MCnonb3ylTCs KaMepbl C PyYHOW HacTponkon GanaHca 6enoro, MoxeT
noHagobuTbcs LBeTHasA nucnbiTaTenbHas Tabnmua, 1 ¢ MOMOLLbIO BEKTOPOCKOMNa MOXHO XOPOLLO HAacTpOUTb
LBeTa, KOTOpble AOMKHbI OCTaBaTbCA B ONPeAerieHHbIX npedenax, OTMeYeHHbIX Ha aKkpaHe B Buae Hebonb-
LWKMX KBagpaTHbIX okowek. CregyeT OTMETUTb, YTO BEKTOPOCKOM MO-Pa3HOMY MOKa3biBaeT OA4HO M TO Xe
n3obpaxeHue B popmate NTSC u B popmarte PAL, 4To 06bsICHAETCA pasnMunammn KOAMPOBKM LIBETA B 3TUX
OByx cuctemax. B PAL, kak BugHoO Ha poTorpadusx, LBeToBble BEKTOPbI BEPTUKASIbHO CUMMETPUYHbI.

CyuwiectByeT MHOro  gpyrux
MonesHblX WMHCTPYMEHTOB (B
OEeNCTBUTENbHOCTU npegHa-
3HaYeHHbIX AOna  Teneseula-
TeNbHOW WHAOYCTPUMK), KOTOpble
MOHO c ycrnexom
ncrnonb3oBaTb B BWUAEOHa-
onwogeHnn. HemMHoOro  noHu-
MaHUS U TOTOBHOCTU YyYMTbCS — |
W Bbl CMOXETE KONUYECTBEHHO |
onpenennTb MHOXECTBO |
ocobeHHOCTEN BUAEO-
KOMMOHEHTOB WIIM CUCTEMbI B
Lernom. HekoTopble WHCTPYMEHTHI
npencTaBnstoT cobol HEeCKONbKo u3me-
pUTENbHbIX YCTPOWCTB B OHOM KOpryce

Puc. 4.27. Hzmepumenvnuiii komnaexc Tektronix VM700

Ecnu Bbl Bcepbes 3ayMblBaeTecb 0 BUOEOHAOM0AEHNM, TO 3TV YCTPOCTBA crieflyeT paccmaTpuBaTh Kak
LieHHble, HeobxoauMble Aris Ballern Npodeccn MHCTPYMEHTHI.

Te1eBU3MOHHbIE CUCTEMbI MHUPa

CyLliecTByeT MHOXeCTBO Bapuauun Tpex rnaeHbix cuctem: PAL, NTSC n SECAM. B pasnuyHbix cTpaHax
NPUHATLI NOMOCHI TeNeBELaHNs PasfMYHON WNPKHBI, pa3Hble YacTOThbl LIBETOBOW MNOOHECYLLEN U 3BYKO-
BOW Hecylleln. 3T Bapmauum obbl4HO 0603HaYaroTCsl Npu NomoLm cyddpmkca, cCoceCTBYHOLLENO C yKasa-
HMEM CUCTEMbI, UCMONb3YEMON B JAHHON CTpaHe.

B I'IpI/IBe,D,eHHOﬁ Hwke Tabnuue 4.2 npencraBlieHbl BapnaHTbl TPEX MaBHbIX CUCTEM, a Ha CrnegyrLwnx nATn
CTpaHunuax nepevyncrieHo OONbLINHCTBO CTpaH MuUpa un ncnosibdyemble B HUX CTaHOapThbl.

http://www. itv.ru ITV— zenepanvhbiii cnoncop 2-2o uzoanus kuueu «CCTV. bubnusa eudeonaoniooenus
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|/|CI'IOJ'Ib3yF| HOBble MOoOenn Tenesn3opoB U BVI,D,eOMaFHI/ITO(bOHOB, Bbl MOXeTe He 6ecrnokouTbcs O
TeneBnM3NMOHHOM CTaHOapTe, TakK KaK 3T yCTpOVICTBa aBTOMaTU4YECKMN HaxoaAT Hy)KHbIIZ CTaHOapT, HO
TEXHUYECKMUM crneynannctam, KOHe4YHO, criegyeT 3HaTb, Kakne Ncnosfb3yrTCA CTaHO4apThl.

Byp,eM HageATbCA, 4TO pa3HOBV|ﬂ,HOCTeI7I HOBbIX LJ,VI(prBbIX CTaHOapToOB B Mupe 6WJ,€T HaMHOIo MeHbLue.

Tabnuya 4.2
Cucrema PAL B,G,H PALI PALD PALN PALM NTSCM SECAM SECAM
........... B’G’H D,K’ K1‘L
Crpok/nonei 625/50 625/50 625/50 625/50 525/80 525/60 625/50 625 /50

Yacrora ctpodHon  15.625 kM, 15.625 klu, 15.625kMy 15.625kMy 15.750 kM, 15.734 ¢y 15625 kM 15.625 My, ‘
pasBepTKn

Yacrora Kaaposoii 50 My 50y 50 iy 50 My 60 My 60 50Mu 50y
passepTkH

Yactota ugetoeoit  4.433618 4.433618 4.433618 3.582056 3.575611 3579545
NogHEecyLLein My My, My My My, My

WupwuHa nonockl 5.0 My, 55Mly  6.0MIy, 4.2 Mrly, 4.2 Ml'y 4.2 MI'y 5.0 MI'y 6.0 MI'y
BUpeoCUrHana

3sykoBas HecyLLas 5.5 Ml'y, 6.0 My,

TeneBuaenue Boicokor yerkoctu (HDTV)

Onoxa TeneBugeHus Bbicokon 4yeTkoctn (HDTV — High Definition Television) daktuyeckn yxe
HacTynuna. B aton obnactu npoBefeHbl MHOMOYUCIIEHHbLIE 3KCMEPUMEHTLI U UCMbITAHUS, U, YTO eLle
BaXKHee, [JaHHas TeXHOmNOorMs HaxoA4UTCHA Ha TakOM 3Tane pa3BUTUSA, KOrda BO3MOXHO ee MacCoBOe
npounsBoAcTBO. Bo MHOrmx ctpaHax yxe Havanocb BelwaHne HDTV, a oxBaT ctaporo aHanorosoro TB
NoCTeNeHHO cokpallaeTcs. [NpeanonaraeTcs, YTo oKoH4YaTenbHbIN nepexoa kK HDTV coctontcs B CLUA K
koHuy 2006 roga, B ABctpanum — k koHuy 2008 roga.

Bynem HagesTbCsl, UTO BCKOPE TAKOW e Mepexon CnyynTcs 1 B cpepe BuaeoHabnogeHuns.

KoHuenums BbICOKON YeTKOCTU TpebyeT NnpumMepHO BABOE GOMbLUEro paspelleHnst (ropu3oHTaIbHOMo U
BEpTUKaNbHOrO, 4YTO [JaeT MOoBbIlEeHWe JdeTanusauum B 4YeTblpe pasa) M HoBoro dopmarta
nsobpaxeHuss 16:9 (COOTHOLIEHME CTOPOH Kagpa), B OTNMYMe OT CyllecTBytowero dopmaTa
nsobpaxeHus 4:3. NameHeHne cdopmata usobpaxeHust AUKTyeTcs HeobXoANMOCTbIO COBMECTUMOCTM
c GonblIMHCTBOM KMHObopmaToB. PaspelueHve TeneBUOEHUs BbLICOKOW YeTkocTuM obecrnedvBaeT
Ka4yecTBO M30b6paxeHusi, 6nnskoe k 35-Mm cpoTonneHkKe, a KauecTBO 3BYKa MPUONKAETCS K KayecTBy

CyLuecTsyowmii
Te/IeBU3NOHHBIN
¢popmar 4:3
(625 TB-nuHuii B - il
PAL/SECAM nnu 525 HoBbIi TeeBU3NOHHbBIN
8 NTSC) ¢dopmar HDTV 16:9
( 1920x 1080 nukcenos)

Puc. 4.28. Cpasnenue HDTV u ananoeosozo SDTV
KOMMaKT-Aucka.
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PaspaboTtka HDTV Benachb yxe 6onee OByx LeCATUNETUI, 1 NepPBble TECTOBbIE Nepeaayn NPOBOLAMIUCH B
AnoHun, Espone n CLLA.

B 1993 rogy Obina co3gaHa rpynna opraHusauui U KoMnaHun, B koTtopyk Bownu AT&T™, General
Instrument Corporation™, Massachusetts Institute of Technology (MIT), Philips™, David Sarnoff Research
Centre™, Thomson™ u Zenith™ un gpyrne. 3Ta rpynna nonyyuna Ha3saHue Grand Alliance. OcHoBHoOW
3agaven, KoTopyto noctaeuna neped cobon rpynna Grand Alliance, Gbinia oueHka CyLeCTBYOLMX TEXHO-
norun n BbIOOP KIHOYEBbIX 3NIEMEHTOB, KOTOPble COCTaBunu 6bl OCHOBY OyayLien onTUManbHOW CUCTEMBI
HDTV.

B 1995 rogy rpynna Grand Alliance ogobpuna ncnonb3oBaHne KOAUPOBaHUS BUMAEO, 3BYKOBOIO U CUCTEM-
HOro MynbTUMIIEKCUPOBAHUS B TOM BMAE, Kak 3TO peanm3oBaHo B MPEG-2, To ecTb TOT e dopmar, YTo 1
BDVD.

Bbinn npeanoXeHbl ABa pexnma BU3yarnbHOro OTOOpaXKeHWs: YepecCcTpoYHast U nporpeccrBHas (Heve-
peccTpoyHas) pa3sepTka.

B Hactosilwiee Bpemst HDTV saBnsetca ogHum m3 cTtaHgapToB umdpoBoro tenesmaeHus (DTV — Digital
Television), KOTOpbI NpeanaraeT camoe BbICOKOE KavyecTBO U300paxeHus. Beero cywecTtsyeT 18 cdhopmatos
DTV, 13 koTopbIX WwecTb — 370 doopmaTbl HDTV, 13 koTopbIX NsATb — 3TO hopMaThl C NPOrpecCcUBHON pasBep-
TKOW, @ 0OOMH — C YepeccTpoyHou. Ele Bocemb hopmaTtoB — 3TO TeNneBuOEHWE CTaHOAPTHOW YEeTKOCTU
(4eTbIpe LWIMPOKO3KPaHHbIX doopMaTa 16:9, 1 YeTbipe hopmaTta co CTaH4APTHBIM COOTHOLLEHMEM CTOPOH 4:3).
OcTtaBLumecs YeTbipe popmaTa — 370 KoMMbloTepHble dopmaTthl VGA (VGA — video graphics array).

Kaxgas TeneBnsmoHHasi cTaHuusa cama BbibnpaeT ygobHbIi doopmat ang sellaHus. B
HDTV mncnonb3ytoTca crnegyrowme dopmaTbl:

O 720i — 1280x720 nukcenoB (YepeccTpoyHasa pasBepTka)
O 720p — 1280x720 nukcernoB (NporpeccnBHas pasBepTka)

O 1080i — 1920x1080 nukcenos (YepeccTpoyHasa pasBepTka)
O 1080p — 1920x1080 nukcenos (NporpeccrBHas passBepTka)

YepeccTpoyHas pasBepTka 34ecCb 03HAYaET, YTO UCMOSIb3YETCS TAKOW XKe TUM Pas3BepPTKM, Kak B aHaroroBom
TENeBNOeHUN Unu BuOeoHabnogeHnn (0 YepeccTpOYHON pa3BepTKe Mbl YXKe NogpobHO pacckasbiBasni).
Bnpoyem, c nosiBNeHnemM COBPEMEHHbIX TENEBU30POB C BOMbLUNM SKPAHOM MOBbILLIEHHOW SIPKOCTU UHEPLM-
OHHOCTb YeNOBEYECKOrO 3peHUs NpUBENa eLle K ogHow npobrneme, Tak Kak rnas crtan sameyaTtb MepLaHue.

MporpeccuBHasi pasBepTka BbIBOAUT BCE M306pakeHMe NMoCTPOYHO ofHa NIMHWUS 3a Apyron, 4to gaet 50
mnv 60 NonHbIX KagpoB B CEKyHAY (B 3aBMCUMOCTM OT pernoHa). To no3BonseT nonyyntb 6onee nnaBHoe
obHoBneHne mnsobpaxeHun, HO TpebyeT Gonbllen nonocebl nponyckaHus. Ona HDTV pekomeHngyemoe
paccTosHne Mexay 3puTenemM M 3KPaHOM PaBHSETCH YeTblpEXKPATHOW BbICOTE dKpaHa, YTO MO3BONseT
JOCTUYb onTUMarbHoro addekra.

B kauecTtBe anroputma cxatusa nsobpaxernnss B8 HDTV npuHaT ctangapT MPEG-2, a ons cxatmns 3Byka
ncnonb3yetca AC-3. lNpennoxeHHasa TeXHWKa MogynauuuM nepefadvm — KBagpaTypHasi amnnuTygHas
MOOYMSLMS C YaCTUYHO NogaBreHHon 60KoBOM Monocon. BeibpaHHas 3BykoBas TEXHONMOMMA — 8-KaHarnb-
Has umMdpoBas cuctema «obbemHoro 3syka» Dolby ¢ CD-kavecTBOM.

Lindpposoe HazemHoe TeneselwwaHne (DTTB — Digital terrestrial transmission broadcast) paspeiBaeT ctas-
LUYI0 HaM MPUBbLIYHON CBA3b OOHOMO TENEBU3MOHHOMO KaHana ¢ ogHow Yactoton. DTTB moxeT nepefasatb
nnbo oauH kaHan HDTV, nubo wecTb cepBUCOB (KaHanoB) TeneBuaeHNs cTaHaapTHOW yeTkocTu (SDTV),
unu gaxe o 10 cepBMCOB ¢ MeHbLUUM paspelleHneM. Takke Kak B criydae ¢ KOMMbITEPHbIMU TEXHOMO-
rMsIMK, 340eCb MOXHO BblOMpaTb CKOPOCTb MOTOKA AaHHbIX, LWWPUHY KaHamna v KayecTBO M300paXeHus,
KOTOpble B3aMMOCBSI3aHbI.

Mo cyTn, Tun mM3obpaxeHus onpedenseT eMKOCTb KaHana, HyXHyk ana nepegayun. Kanan umdposoro
Ha3eMHOro BelllaHusi MOXeT noTpeboBaTbk NponyckHon cnocobHocTn fo 20 Méut/c. Cepucel HDTV
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6yayT ucnonb3oBaTb GOMbLUYIO YacTb (MU Aaxe MOSIHOCTbI) 3TOW MPOMYCKHOW CNOCOBHOCTU, HO CepBU-
Cbl TENEBUAEHNSI CTaHAAPTHOM YEeTKOCTU MOTPEOYT 3HAUYUTENBHO MEHbLUYIO YacTb MPOMYCKHOW Cnoco6-
HOCTM B 3aBMCMMOCTM OT XapakTepa BMAEOMNOTOKa. Tak TpaHCNSALUMS pasfiMyHbIX CMOPTUBHbLIX COPEBHOBA-
HWIA, roe NPUCYTCTBYET MHOMO GbICTPbIX ABWXEHWI, noTpebyeT go 10 M6uT/c n, cnegoBaTenbHO, OAHO-
BPEMEHHO MOXHO NMpPeaoCTaBnsATb TOMbKO ABa CepBuMca Takoro poaa. [ns cpaBHeHUs, Ans nepegayu
n3obpaxeHns guktopa notpebyetcs yxe Tonbko 5 MouTt/c.

Cuctembl DTTB moryT obecneumBatb 6-, 7- n 8-Ml'Uu-kaHanbHble MHTEpBarsnbl NPU MUHUMANbHOM UMK NOYTK
He 3aMETHOM C TOYKM 3PEHUst CTOMMOCTM yObITke. ABCTpanus ncnonbdyeT 7-MIMu kaHanbHbIN MHTEepBan Ans
aHanoroBbix ycnyr, CLUA — 6-MI'y, EBpona — 8-MI'L, B HEKOTOPbIX CTpaHax Ucnonb3yoT 7-MIu.

DTTB moxHO obecneunTb B Npedenax CyLlecTBYHOLMX BellaTenbHbIX Anana3oHoB 4acToT, 0bbiyHO B YBY,
HO Takke M B METPOBbIX AManasoHax, MCMNoNb3ys CBOOOAHbIE KaHarbl, COCEACTBYHOLME C KaHanamm
aHanoroBbIX CEPBUCOB.

M3-3a TeXHUYEeCKMX OrpaHMHeHMVI, CBOWCTBEHHbIX aHaNOroBbIM CUCTEMAM, 3TU KaHanbl 3a4acCTyro HeJlb3A
ncnonb3oBaTb And AONOJTHUTENbHbLIX aHarloroBbiX ycrnyr, HO MOXXHO MUCMOJS1b30BaTh A5A DTTB, TaK Kak oxu-
AaeTcd, YTO Takne nNpuemMHUKn 6y,u,yT TONepaHTHbl K BbICOKMM YPOBHAM BHYTPUKAHalIbHbIX NOMEX N NMOMeX
COBMELLEHHbIX KaHalloB.

HDTV, ecTecTBEHHO, CMOTPUTCSA Ny4lle, YeTKOCTb M pa3pelleHne n3obpaxeHui No3BOMISAOT UCMONb30-
BaTb 9KpaHbl HAMHOro Gonbluero pasmepa. Ecnn nepBoHavanbHO TakuMe 3KpaHbl CO34aBanuchb Ha TEXHO-
norun 3J1T, No3BONSALEN AOCTUYb BbICOKOrO paspelleHust, To Hemnb3s Oblno oXxmnaaTb, YTO pasmep Ana-
roHanu akpaHa npesbicuT 1 MeTp. Ho Gnarogapsi HOBbIM TEXHOMOMMSAM, TaKUM Kak nriadaMeHHble naHemnu,
FED- nnn DMD-texHonoruu, a Takxke XK (Bce 310 Mbl paccMoTpuM B 1. 6 «MOHUTOPLI»), Mbl, KOHEYHO,
yBMAMM Oonblune 3KpaHbl, pa3mepbl KOTOpbIX ByayT orpaHMYeHbl, HABEPHOE, TONbLKO pa3MepamMu nome-
LLEeHNS N paccTosHneM o 3puTens.

[ns BuaeoHabnoaeHns pasMmepbl He CTOMb BaXHbI, BMNONHE A0CTAaTOYHO AJIT-MOHUTOPOB C BbICOKMM pas-
pelueHneM, Tak Kak 6ONbLUMHCTBO OnepaTopoB M nonb3oBaTernen, paboTawLwmx ¢ cuctemamu Habnwge-
HWSA, CNeasAT 3a 9KpaHaMu ¢ o4eHb BrM3KOro paccTosiHMA. Ho 3TO He 3Hau4uT, YTO Henb3s n3bpaTb MHOWM
MOAXOA M YyCTaHOBUTb OAMH uUnu Asa 60mnbLUNX MOHUTOPA — B Ka4YeCTBE rMaBHbIX KOHTPOMbHbIX ANCMNEeeB
— Ha 3HaAYUTENbHOM PaCCTOSIHWUM OT 3pUTENS.

CrpaHbl Cucrema UBEeTHOCTH VHF UHF JneKkTponuraHuve
""" ABcTpanus PAL B BT 240B, 50 Iy
e o e e R
Asepbanaxan SECAM(H) D K 220B,50 Ty
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BeHuH SECAM(V) K1 2208, 50 'y
Bepmyackue o-sa NTSC M - 120/240 B, 60 'y,
Bupma NTSC 8 - 120/240 B, 60 'y,
Bonrapus SECAM(H) D K 220B, 50y
Bonusuga NTSCMN M N 110/220 B, 50 'y,
BocHusa lepuerosuHa PAL B H 220 B, 50 Iy,
BorceaHa PAL - - 220B, 50Ty
Bpasunus PAL M M M 110/220 B, 60 I'y,
Bpwuranckue BupruHckue o-ea  NTSC M - 110/240 B, 60 Ny
BpyHei PAL B - 230 B, 50 Iy
BaHyarty PAL - - 220 B, 50 'y
BatukaH PAL B G 220B,50 Iy
BenukobputaHus PAL - | 240B,50 Ty
BeHrpus SECAM(H) D K 220 B, 50 'y
BeHecyana NTSC M - 120/240 B, 60 'y
BbeTHam NTSC/SECAM(V) M, - 220 B, 50 'y,
[aboH SECAM(V) K . 220 B, 50 'y
MaBaimn NTSC M - 120 B, 60 I'y,
rantn NTSC M - 220 B, 60 'y,
fambusa PAL | | 230B,60T0y
laHa PAL B - 220B,50TIy
BaTtemana NTSC M M 120/240 B, 60y
BUHes PAL K1 - 220 B, 50 'y,
Fepmaxus PAL B G 2208B,50 Iy
fwbpantap PAL B G 240 B, 50 'y
lfonnangna PAL B G 220B,50 Ty
loHpypac NTSC M - 120 B, 60y
FOHKOHT PAL - | 220 B, 50 Ty
Ipennavgns PAL B - 220 B, 50 Iy,
Mpeuwns SECAM(H) B G 220B, 50Ty
Ipyaus SECAM(H) D K 220B,50 Ty
HaHua PAL B G 220 B, 50Ty
HomuHukaHckas pecnybnvka NTSC M M 110 B, 60 'y
Ervner SECAM(H) B G 120/220 B, 50 'y,
3avp SECAM(V) K1 - 220 B, 50y
3ambus PAL B - 220B, 50Ty
3anaunbap PAL I I 220 B, 50y
3umbabee PAL B - 230 B, 50 'y
Wapauns PAL B G 220B, 50Ty
WUHawna PAL B - 240 B, 50 'y,
WHpooHesns PAL B E 110/220 B, 50 'y,
Woppax PAL B G 220 B, 50 I'y
pak SECAM(H) B - 220B,50Ty

_ Wpanx SECAM(H) B - 220 B, 50Ty
Wpnanausa PAL ] | 220B,50y
Wcnanpus PAL B G 240 B, 50 'y,
Wcnanua PAL B G 120/220 B, 50 'y
WUranua PAL B G 220 B, 50Ty
NemeH PAL B - 220 B, 50 Iy
KasaxcraH SECAM(H) D K 2208B,50 Ty
Kanapa NTSC M M 120 B, 60y
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KaHapckue o-Ba PAL B G 110/220 B, 50 'y,
Katap PAL B - 240 8B, 50 'y
KeHus PAL B G 2308B,50 Iy
Kunp (rpeveckuia) SECAM(H) B G 240 8B, 50 'y
Kunp (Typuus) PAL B G 2408, 50 'y
Kutan PAL D - 2208, 50Ty
Konymbus NTSC M - 110B, 60y
KoHro SECAM(V) D - 220B,50 Iy
Kocra-Puka NTSC M - 120 B, 60Ny
Kyba NTSC M - 120 B, 60 'y
Kysent PAL B 240 B, 50 'y,
Naoc PAL-M M - 220 B, 50 'y,
Nateua SECAM(H) M - 220 B,50 Ny
Nnbepus PAL B - 110/240 B, 60 'y
NusaH PAL B G 220 B, 50 'y
Nueua SECAM B G 120/230 B, 50 I'y,
JNlutea SECAM(H) D K 220 8B,50 Iy
JINXTEHLWTenH PAL B G 2208B,50Iy
Jiokcembypr PAL/SECAM B/L G 220 B, 50 'y,
Maspukuia SECAM(V) B I 230B, 50 'y,
MagepuTaHus SECAM(V) B - 230 B, 50Ty
Maparackap SECAM(V) K1 - 120/220 B, 50 'y,
MakenoHusi PAL B - 220B, 50y
Manaiaus PAL B G 230B, 50Ty
Mansta PAL B G 240 B, 50 I'y
Mapokko SECAM(V) B - 110/220 B, 50 'y,
Mekcuka NTSC M - 110-125B, 60 I'y,
Mo3sambuk PAL B - 220 B, 50 'y

“"MoHako SECAM(V)/PAL L LG 220B,50Tu
MoHronus SECAM(V) D - 120 B, 50 'y,
Hamunbusa PAL I - 220 8,50y,
Henan PAL B - 220B, 50y
Hurep SECAM(V) K1 - 220 B, 50 'y,
Hurepus PAL B G 240 B, 50Ty
Hupepnangbl PAL B G 220B,50 Iy
Hukaparya NTSC M - 2208, 60y
Hosags 3enaHaus PAL B G 230B,50Ty
Hoeas KanepoHus SECAM(V) K1 - 220 B, 50 'y
Hopeerus PAL B G 220B,50 Iy
Ob6beauHeHHble apabekue
aMuUparhl PAL B G 220/240 8,501y
OmaH PAL B G 240B, 50Ty
MakucTaH PAL B - 230 B, 50 Iy,
Manama NTSC M - 120 B, 60 Iy,
Manya Hoeas NBuxes PAL B G 240 B, 50 'y,
Maparsan PAL-N N - 220 B, 50 'y,
Mepy NTSC M M 220B,60 'y,
MonuHesusn SECAM(V) K - 220B, 50y
flonbiua SECAM(H) D K 2208, 50 fu
MopTtyranus PAL B G 220B,50 'y
Myapto-Puko NTSC M M 110/240 B, 60 'y

http://'www.cctvfocus.ru
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Poccusa SECAM D K 220B, 50 'y
PyMbiHUs SECAM(H)/PAL D K 2208B,50 My
CanbBanop NTSC M - 120/230 B, 60 I'y,
Camoa NTSC M - 230 B, 50 I'y,

“"Caynosckas Apasus SECAM(H)/PAL B G 1207220 B, 50 'y
Cesepnasn Kopes SECAM T D K 2208, 50 My
Ceiwensckue 0-sa PAL B - 230 B, 50 'y,

""" Ceneran ' SECAM(V) K1 - 120B, 50 T

""" Cepbus SECAM(H) N K 2208, 50 Iy,
CuHranyp PAL B - 230 B, 50 'y,
Cupus PAL - G 110/220 B, 50 I'y,
Cnosakus SECAM(H) D K 220 B, 50 'y
CnoseHus PAL B G 220B, 50 'y
Comanu PAL B - 220B,50 Ty
CynaH PAL B - 240 B, 50 Ty
CLUA NTSC M M 110 B, 60 Iy
Coeppa JleoHe PAL B . 230 B, 50 Iy
TapxukucTaH SECAM D K 220B, 50Ty
Tawnnaxg, PAL B - 220 B, 50y
Tantn SECAM(V) K - 110/220 B, 60 Iy,
TalBaHb NTSC M - 1108, 60y
TaH3aHusa PAL B G 230 B, 50 Iy
Toro SECAM(V) K1 - 220 B, 50 Ny
Tpuunaan n Tobaro NTSC M - 110/230 B, 60 I'y,
TyHUC SECAM(V) B G 110/220 B, 50 'y
Typuwusa PAL B G 110/220 B, 50 I'y,
Yranna PAL B . 240B, 50 Iy
YabekncrtaH SECAM D K 220B, 50 Ny
YkpauHa SECAM D K 220 B, 50 Ny
Ypyrsait PAL-N N - 220B, 50 'y,
Dupxn NTSC M - 120B, 60 'y
DununnuHbl NTSC M - 110 B, 60 'y
dDunnaHons PAL B G 220B, 50y
DpaHuma SECAM(V) L L 2208, 50 'y,
Xopsartus PAL B G 220B, 50 I'y
LieHTpansHo-appukaHcKas
pecnybnuka SECAM KA - 2208, 50 My
Yan SECAM(V) D - 220B, 501y,
Yewuckan pecnybnuka SECAM(H) D K 230B, 50 I'y,
Hunum NTSC M - 2208, 50y
Lsenuapws PAL B G 110/220 B, 50 I'y,
Lseuuns PAL B G 220B, 50 'y,
Wpu-JlaHka PAL B - 230 B, 50 'y,
SKBanop NTSC M M 220B, 60y
cToHUA SECAM(H) D K 220 B, 50 'y,
Sduonus PAL B - 2208, 50Ty
fOrocnaews PAL B G 220 B, 50 I'y,
IOxHan Adpuka PAL | I 2308, 50 'y,
HOxHas Kopes NTSC M E 110B, 60 'y
Amaitka NTSC M - 110B,50 Iy
AnoHus NTSC M M 110B, 60 'y

htp://www. itv. ru
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5. TenexaMephbl B CUCTEMaX BUICOHAOIIOACHMS

Cambin nepBbIi U Hanbonee BaXKHbIN 3NEMEHT CUCTEMbI BUAEOHAbN0AEHUA — 3TO ANeMeHT, hopMupyo-
LWnn n3obpaxeHne, To eCTb Tenekamepa.

OO111e cBesieHus O TeJeKamepax

TepMUH «kamepa» NpPouM3oLLEen OT NaTUHCKOro camera obscura, YTO O3Ha4YaeT «TeMHasi KOMHaTay.

B cpepnHuve Beka Takme KOMHaTbl MCMONb30BaNM XyAOXKHUKU. 3aTeMHEHHas KOMHaTa Kybuyeckon dopmbl ©
BbIMYKINOW MH30M C OOHON CTOPOHbI M 9KPAHOM, Ha KOTOPbLIN NPOeLmMpoBanock n3obpaxeHne ¢ Apyrowu,
ncnornb3oBanachk XyaoXHukaMmu ans opMmpoBaHunsa n3obpaxeHnn n nocnenyowen ux 3apmcoBKu.

B XIX Beke nog «kamepoii» MOHUMAan ycT- Sok dehiguinen Ams (hrith -

POWCTBO 3anvcy M300paXKeHWUn Ha MreHKy 15 44 ’*’::,‘ 4"-']"""3"' I [
WA [PYroii CBETOYYBCTBUTENbHbIN MaTe- s G— ; — —
pvan. OHa cocTosina M3 CcBeTo3allUMLLEH- 1'
HOW KOpOOKM, OOBLEKTMBA, Yepe3 KOTOpbIN

npoxoaun n dokycMpoBarncsi CBeT, 3aTBopa,
KOHTPONMPOBABLLETO  MPOAOIKUTENBHOCTb
packpbiTus o0bekTuBa, W Auadparmbl, .
perynupoBaBLLel KOnM4yecTBo npo- SR i
XOASILLIEro Yepes CTekso ceeTa. =

4

-

B 1826 r. No3ed Hancgop Hunc (Joseph Puc. 5.1

Nicephore Niepce) nonyumn nepBoe HeratuBHoe M3obpaxeHue Ha nneHke. Tak 3apoamnack oTorpadus.
BHauane doTtorpacmyeckme kamepbl HE CUMABHO OTAMYANMCb OT KOHUENuUUn Kamepbl-06CKypbl. OHuK
npeacTaensanu cobor YyepHyro KOpobKy ¢ 06beKkTMBOM Bnepean n hoTonnacTMHKOM c3aan. HavanbHas
yCTaHOBKa u300paxeHus W OKycMpoBKa Aenanncb Ha OCHOBE MEepeBEepHYTOM «BBEPX HOrammy
npoekumnun, KoTopyto doTorpad Mor BUAeTb, TONbKO NPUKPbLIBLUMCE YEPHOW HAKUOKOW.

MepBas kommepyeckas dpoTokamepa bbina cHabxeHa MexaHM3MOM PYyYHOWM NoJayun NieHKn 1 BUaoucKa-
Tenem (Mnu OKynspom), KOTOpbIA AaBan NpubnnanTenbHbIN 0630p, BUOUMbIN OO BHEKTMBOM.

CerogHsi Mbl UCMoONb3yeM TEPMUH «KaMepa» B KMHOCbEMKe, dboTorpadoun, TeENeBUAEHUN N MynbTUMeana.
Kamepa npoeunpyeTt nsobpaxeHue Ha pasnunyHble MULLIEHM, HO BO BCEX KaMepax UCMONb3yeTCs CBET U
006bekTuBhLI (B pycckom si3bike boribuioe padHoobpasue 3HaqyeHul criosa «kamepa» - pomokamepa, KUHO-
Kamepa, sudeokamepa, mpeMHas Kamepa, 8030yuwHas kamepa, pymbosibHasi kKamepa, 2a3oeasi kKamepa,
Kamepa xpaHeHusi, eesiocuriedHasi kamepa u m.0. Pa3ymHO Oris ycmpoulicme, npuMeHsieMbix 8 sudeoHabrio-
OeHuu ucrnonb3o8ame MePMUH «meniekamepas. [Npum. ped.).

YUTtoObbl NOHATL, YTO XXe Takoe cucTteMa BuaeoHabnwoaeHusi, Heobs3aTenbHO ObiTh QKCMepToM No Tereka-
MepamM n 3HaTOKOM ONMTUKN, HO €CJTN Bbl MOHMMaeTe OCHOBbI, TO 3TO BaM 340pPOBO NMNOMOXET.

MHoroe TyT aHanorn4Ho gotorpacun, a NOCKONbKY Kaxabl U3 Hac korga-nmbo npobosan cBOM Cunbl B
cemenHon coTtorpadum, To Ham HeTpygHO OyaeT MPOBECTW aHanormm Mexany BuaeoHabnwgeHuem u
doTorpadumen unm goMmallHUM BULEO.

B doTorpacmm n knHokamepax nponcxoanT npeobpasoBaHne onTU4ecKkon nHdopmMaumm (M306paxkxeHunn)
B OTMeYaTKM Ha XMMUYECKOW aMyrnbcun (NneHke). B TeneBmM3noHHbIX Kamepax NponcxoauT npeobpasosa-
HMe ONTUYECKON MHOPMALIUKN B ANEKTPUYECKUIA CUTHAT.

http://www.itv.ru ITV— zenepanwvuuiii cnoncop 2-20 uzoanus knueu « CCTV. bubnusa euoeonadontooenusy
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Bo Bcex cnydyasix WCMonb3yloTcs 0Obek-
TMBbI C onpedeneHHbIM (POKYCHbIM pac-
} cTosiHMeM U yrnom o63opa, pasnuuHbIM
- ONS pasnNUYHbIX (OpPMaToB.

O6bekTMBaM CBOWCTBEHHbI OrpaHUYeHHas
paspellamolwiasi cnocobHOCTb W Hanuyue
nckaxeHunn (unun abeppauyuin), 1 0cobeHHO
9TO 3aMeTHO B MMEHOYHbIX Kamepax. OTo
NMPOUCXOAUT MNOTOMY, YTO paspelleHune
MMeHkn BCe elle ropasfo Bbille, Yewm
paspelleHne IMEKTPOHHbLIX Kamep, XOTs C
KaykOoblM [JHEM MOSABMNSATCA BCE HOBble U
HoBble [13C-matpuubl 0Gornee BbLICOKOrO
paspeLlleHus.

[nsa npumepa, ncnonb3yemble B BUAEO-
HabnogeHun N3C-maTpuubl BLICOKOTO
paspelweHus cogepxat 752 x 582 nuk-
cenoB (anemMeHTOB n3obpaxeHus), a

uBeTHasa HeratmBHasa 35-mm nneHka B 100
ISO nmeeT paspeweHune, akBuaneHTHoe 8000 x 6000 anemMeHTOB (3MYNbCUOHHbBIX 3€PEH MIEHKN).
TunuyHoe paspelueHne nneHkn — 120 NUHUN Ha MM.

Puc. 5.2. Oona uz pannux menesusuonnwvix xamep (1931 2.)

B 1997 r. Ha pbiHKe NOSABWICS eLe OAMH TUM KaMmep. Takme kaMmepbl MCMOMb3YTCSA BMECTe C KOMMbloTe-
paMu B BUOEOKOH(EPEHUMSAX N ONS XpaHeHUsa UMpoBLIX M30bpaxeHuin. B aTux kamepax B KadecTBe
doTonpuemHmka ucnonbdyetcsa MN3C-maTpyua — BMECTO aHanoroBOro 3MeKTPMYECcKOro CurHana wunm
npoekunn n3obpaxkeHns Ha NNeHKy kamepa npeobpasyeT nsobpaxeHne B uudpoBon dopmaTt 1 3anucbl-
BaeT ero Ha Mukpoauck unm RAM-kapTy, ¢ KOTOpbIX n306pakeHne Nerko nepeHecTn B KomnbtoTep. bonb-
LWMHCTBO TakMX Kamep [alT cTaTU4ecKne Kagpbl, HO MOSIBASKTCA M Kamepsbl, Jalolwne BugeocurHan B
uMcpoBoM hopmaTte B pearnibHOM pexnme BpeMeEHN.

Tenexamepsl ¢ iepeaaroMMu TpyOKaMu

[MepBble 9KCNEpMMEHTbl C TENeBU3NOH-
HbIMW Kamepamu cocTtosanucb B 1930-x un
OblMn NpoBeAEeHbl MHXEHEPOM PYCCKOro
npoucxoxgeHus Bnagumupom 3BOpbIKK-
HbiM (Zworykin) (1889-1982). Ero nepsas
Kkamepa, cosgaHHas B 1931 r., dokycu-
poBana u3obpaxeHne Ha MO3auky K3
doTOONEMEHTOB. HanpsikeHne B KaXaowm
ariemeHTe 6bII0 MEepoON UHTEHCUMBHOCTHU
CcBeTa B KaXAoW ToYke 1 Morno 6biTb npe-
obpasoBaHO B 3MNEKTPUYECKMI CuUrHanm.
OTa KkoHuenuus, He cymTas HebOomnbLUMX
mMoaudukaumnmn, octanacb HEM3MEHHOW B
TeYyeHne OecATKOB nerT.

MepBble kamepbl U3rOTOBMASIUCE U3 CTEK-
NSHHBIX TPYOOK M CBETOYYBCTBUTESNBHOIO
FIIOMUHOMOPHOIO MOKPLITUS Ha BHYTPEH-
Hell MoBepxHoOCTU cTekna. CeroAHs Mbl
HasblBaeM UX nepeaaromMmMm Tpyokamu.

Puc. 5.3. Cmyoutinas menesusuonnas kamepa ¢ nepeoaioujets
mpyokot (1952 2.)

«CCTV®@okyc» — sncypHan no cucmemam 6U0eOHAOII00CHUS U OXPAHHOMY Mele6UOeHUI0 htp://www.cctvfocus.ru
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OTkIoHsIIOLLEas cucTemMa _ - - -~~~ _
lNokpeiTas sroMuHopopom PR S
porouyscTBUTEILHASA 06/1aCTh . T
(MuULLEHD) . 4% N usrTon sk g

! '-ICTeiymﬁ’Haq TpybKa
‘N1 wm 2/3"

-

LI

ONeKTPOHHbIN J1y4 OTKIIOHAETCS
3NeKTPOMarHUTHbIM M0J1EM
OTK/TOHSIOLLEA CUCTEMbI

|
;‘ O6beKTUB NPOeLUpPYeT Kpyrioe
/ no ¢popme usobpaxeHne, Ho JIyHOM
/' CKaHUPYETCSI TOJILKO MPSMOYIOfbHUK
: C COOTHOLLUEHMEeM CTOPOH 4:3

Puc. 5.4. I[lpunyun pabomer nepedaiowseti mpyoxu

PaboTtatoT nepepatowme Tpyokm no npuHUMNy poTOHYBCTBUTENBHOCTU, OCHOBAaHHOMY Ha doToadhdek-
Te. CBeT, NpoeLnpyeMbI Ha JTIOMUHOMOPHLIN Criov TpyOKn (HasbiBaeMbli MULLEHbIO) 06nagaeT aHepru-
el, JOCTaTOYHON, YTOObI Bbi3BaTb BbIOMBAHME SMEKTPOHOB U3 KPUCTANIIMYECKON peLleTKn noMmuHodopa.
Yuncno BbIGMBaEeMbIX 3M1EKTPOHOB NMPOMOPLMOHANbHO CBETY, U Takum obpaszom opMupyeTcst anekTpuye-
CKoe npefcTaBneHne CBETOBOW NPOEKL UK.

anI NnosiIBIieHMM BUOEOHa0N0AeHNS cyulecTBoBasio ABa OCHOBHbIX TUMa prGOKZ BUONKOHbI N HbIOBUKOHbI.

BuaunkoH Gbin gelleBrne U MeHee YyBCTBUTENEH. Tak Ha3blBaeMblli aBTOMaTUYECKMIA KOHTPOMb NOTeHuUma-
na MuweHn aMeKTUBHO KOHTPONMPOBan YyBCTBUTENbHOCTb BUAMKOHA M KOCBEHHO BbIMOSTHAN (PyHKLUMMK
3NEeKTPOHHOro 3aTBOpa, Kak cerogHs Mbl HasblBaem 9ToT npouecc B [13C-tenekamepax. Noatomy Buan-
KOHbl paboTanu TonbKo C 06bekTMBamMM C PyYHOW ycTaHOBKOW Anadparmbl. MMHMManbHas ocBeLlyeH-
HOCTb, Heobxoanmas Ans Toro, 4Tobbl YepHo-6enbI BUAKOH cdhopMmpoBarn BMAEOCUrHan, coctaBngana
nopsaka 5-10 nk, oTpaxeHHbIX OT 06bekTa, NPy ncnonb3oBaHUN obbekTmuea F/1.4.

Tenekamepbl TUNa HbIOBUKOH Obiniv Gonee 4yBCTBUTENbHbI (40 1 nokca), 6onee goporve n TpeboBanu
00beKTMBOB C aBToAMadpparmon. BHelHe OHM BbIrMageny Tak e, Kak U BUAMKOHbI, Tak YTO Ha BUA UX pas-
NMYNTb GbINO HENPOCTO. TOMbKO OMbITHBIA CNeLManucT No BUAEOHabMIOAEHNIO MOT 3aMeTUTb HebonbLuve
OTNNYUS B LIBETAX 00MacT! MULLEHW: Y BUAMKOHA €CTb TEMHO-(hMoeToBas cocTaBnsowasi, a y HoloBUKO-
Ha — TEeMHO-CUHSAs. [1Ba Tvna Tenekamep ynpaBnsoTCs pasfvMyHON 3NEKTPOHNKON, a Tenekamepbl Tvna
HbIOBMKOH CHaOXeHbl pasbeMoM aBToamadparmel.

PaboTta Bcex nepegatowmx Tpybok OCHOBbIBAETCSA Ha NMPUHUUMNE CKAHUPOBAHUSA 3NEKTPOHHbLIM Ty4OM
MULLEHN BHYTPU TpybKn nog OeNCTBMEM 3MEKTPOMArHMTHOro nons. Jlydy OTKNOHSEeTCS 3NeKTpOMarHmT-
HbIM MOMeM, reHepupyemMbliM 3MEKTPOHHON CUCTEMON kamepbl. Yem Gonblie cBeTa JOCTUraeT cBeTo-
YYBCTBUTENbHOrO CNOS MULLEHU, TEM HWXE ee COMpoTMBNEeHne B 3ToM mecTte. Mpn npoeunpoBaHum
nsobpaxeHus, 6narogapa dotoachcekty, dopmupyetTcsa noteHumanbHbin penbed. Koraa aHa-
NIU3UPYIOWMIA 3NTIEKTPOHHbBIN N4 CKaHUpyeT POTOYMYBCTBUTENbHbBIA CMOW, OH HEUTpanuayeT MonoXu-
TeNnbHble 3apsagbl, Tak YTO MO FOKaNbHbBIM COMPOTUBIEHMSM NpoTekaeT ToK. Koraa 9neKTpoHHbIN nyY
nonagaeT B KOHKPETHYI YacTb NOTEHLManbHOro penbeda, 3NekTpuyeckmini ToK TepsaeT 3apsag nponop-
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LMOHANbHO KOMMYECTBY cBeTa. OTOT O4YeHb cnabbli TOK — nopAgka nukoamnep (1 nA =
10 A) — nogaeTca Ha BUAEOYCUNUTESNb C OYEHb BbICOKUM BXOLHbIM COMPOTUBIIEHMEM, KOTOPLIA U (hOpMU-
pyeT HanpsikeHne BuaeocurHana. B Tpybke gormkeH ObiTb TOHKUA U OLHOPOAHBIN (DOTOCIION — 3TO OYEHb
BaXKHO. JTOT CMON NopoXxaaeT Tak Ha3blBaeMbli TEHEBOW TOK, KOTOPbLIA CyLleCcTBYeT faxe Toraa,
Korga ob6bekTuB He npoeumnpyeT n3obpaxeHne (ouadparma 3akpbita).

[Nocne Toro, Kak curHan C(*)OpMVIpOBaH, AJIEKTPOHHAA CUCTEMaA TeJleKamMepbl nobaengaeTt CUHXpOUMNyIib-
Cbl, 1 HaA BbIXO4€E TeJIeKaMepbl Mbl MoJ1y4aem NOJSHbIA BUOEOCUrHAM, Ha3blBaeMbli KOMNO3UTHbIM BUOEO-
CUrHanom.

®yHKUMOHMPOBaHME nepefarowmnx Tpybok onvpaeTcs
Ha HEeCKOMbKO BaXHbIX KOHUEeNuun, cendac Mbl UX
KpaTko paccMOTpuMM; 3TO Heobxoaumo pAns  Toro,
4YTOObI OLEHUTb pasHuLy Mexay dToun u Hoonm [13C-
TEeXHOomnoruen.

[MepBoe: Oonbluve rabapuTHbie pa3mepbl Terne-
KaMepbl Kak TakoBOW — CTeknsiHHas Tpybka, OKpy-
Xawwada ee ANIeKTpoOMarHnTHasa OTKINoHAKLWada

Puc. 5.5. Buympennee ycmpoticmeo menekamepel c CACTEMA N pa3Mepbl  3MEKTPOHHbIX  KOMMOHEHT
nepeoatoujelt mpyoxou cucTtembl — BCe 3TO [enano Tenekamepbl [OO0BOSbHO
rPOMO3OKUMN.

BTopoe: He0o6x0A4UMOCTL B UCNONIb30BaHUM TOYHOIO OTKMOHSIIOLLEro 3feKTPoOMarHMTHOro nons,
KOTOpPOE 3acTaBrsieT SMEKTPOHHbIN Nyd CKaHMpoBaTb 06MacTb MULLEHWN COrfacHO TeNeBU3NOHHbIM CTaH-
Aaptam. Vicnonb3oBaHue 3MeKTPOMarHUTHOM CUCTEMbI AN CKAHUPOBAHWUSI O3HAYaeT, YTO BHELUHWE 3rek-
TPOMarHWTHbIE NOMSA APYrMX UCTOYHWKOB MOTYT BNUSITb HA NMPOLECC CKaHMPOBAHUS, Bbi3blBasi MCKaXEHNUS
KapTUHKN.

TpeTbe: HEOOGXOAUMOCTb BbICOKOro HanpsibkeHua (4o 1000 B) ons npuaaHnsa yCKOpPEHUst 9NeKTPOHHO-
My NyYqy U 3afiaHus ero Tpaektopun. [NoaTomy B Tenekamepax NPUXoAMUTCHA UCMOSb30BaTb BbICOKOBOSbT-
Hble KOMMOHEHThI, YTO BCerga npeacTtasnseT cobor noTeHunanbHy npobnemy Ang yCTONYMBOCTU dMeK-
TPOHHbIX cxeM. CTapble M BbICOKOBOSMbTHbIE KOHAEHCaTOpbl MOryT HayaTb MOATEKaTb, Brnara MOXeT
co3daTb TOKOMPOBOASLLMN BO3LYLUHbIA CIOW BOKPYr KOMMOHEHT Y NPUBECTUN K BO3HUKHOBEHWIO UCKPOBbIX
paspsaos.

YeTBepToe: HEOBXOAMMOCTb HanM4uus MOMUHOMOPHOrO CIosi Ha MULLEHU, KOTOpPbIA npeobpasyeT CBETO-
BYIO 3HEPrui0 B 3NEKTpUYEcKylo MHdopmaumio. JIOMUHOGOP MOCTOSIHHO MoABepraeTcsl 351eKTPOHHON
GombapaMpoBKe, U CrO CO BpeMeHeM u3HalumBaeTcs. CpoK cnyx6bl NIOMUHOMOPHOro MOKPbLITUSA
TPYOKM orpaHuydeH. Mpu NOCTOSIHHOW 3KcnnyaTauny Terekamepsbl (kak 3TO U MPOUCXOAMUT B cUCTEMAXx
BMOEOHabNoAeHNs1) pearnbHblil pecypc TernekamMepbl COCTaBMsSeT napy NeT, Nocne 3Toro cpoka nsobpaxe-
HMe HauyvMHaeT ocnabeeaTb, BCMeACTBUE
BbDKWUraHusi NioMuUHodopa MOryT MOsIBUTBCS |
«BrneyaTaHHble» U30bpaxeHus —  ecnu
Teriekamepa MOCTOSIHHO HanpaBfeHa Ha
oOMH U TOT xe o0bekT. B pesynbTaTe Mbl
MOXEM YBMOETb TaKylo KapTUHY: OBMXYLLMECS
nloan  MOXOXW Ha MPU3PakoB, OHWM  MONy-
nMpo3payHbl M CKBO3b HUX MNPOCBEYMBalOT
«BreYyaTaHHble» N306paxKeHus.

[latoe: reomeTpuyeckue WUCKaKeHUS,
0o0yCnoBreHHble TeEM, YTO NyY NagaeT Ha
MULLEHb NOA Pa3NMYHbIMK Yrriamu; aTa Yep
Ta npuHUnnmanbHO OTJIMYHA OT UCNOoJib3ye
MbIx cerogHs MN3C-Tenekamep (u ee cneay- Puc.5.6. CpasHeHue husuyeckux pasmepos
€T paccmMaTpuBaTth Kak He4OCTaTOK) U ABNSA- nepedaroweli mpybku u MN3C-mampuypl
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eTCs BPOXXAEHHbIM CBOMCTBOM, HacrnegyeMblM OT KOHCTPYKUUM TPyOKM Kak TakoBoW. B yacTHOCTH, Tpaek-
TOPWS SNEKTPOHHOTO Jy4a KOpoYe, Koraa OH nonagaeT B LEeHTP MULLEHU, MO CPaBHEHMIO C €r0 TpaekTopu-
el Npu ckaHMpoBaHUW kpaeB. [103TOMY BO3HMKAIOT reoMeTpUYecKue UCKaXeHusi NpoeLmpyemMoro n3o-
OpaxeHnsi. Bo MHOTMX KOHCTPYKUUSAX BBEAEHbl MarHUTHbIE U 3NIEKTPOHHbIE CUCTEMbI KOPPEKLMW TaKnX
NCKaXXeHUI, HO NPY KaXXAO0M nepemeLleHnmn TpyOKu NpUXoanTcsa 3aHOBO PerynmpoBaTh HACTPOMKN.

Hoeas N3C-TexHonora no3sonuna UCKNYnTe Bce 3T npobnemsl. OgHako BHavane ogHa xapakTepuc-
Tuka Tpybok Ha 3ape N3C-TexHonornn debina Hegocsaraemon. HEBO3MOXHO BbINIO 4OCTUYbL pa3peLuatoLLei
CNocoBHOCTMN, COOTBETCTBYHOLLEN XOPOLLEN nepeaatoLLen Tpyoke.

Pa3spelatoLiast cnocoGHOCTb MO BEpTUKaNM 3aBUCUT OT CTaHZapTa CKaHMPOBaHUS, U OHO Bonee-MeHee
opuHakoBo v ans M3C-Tenekamep, 1 Ans nepeaaroLmx Tpy6ok, HO paspeluatoLas crnocobHOCTb Mo ropu-
30HTanu (T.€. YMCMNO BOCMPOM3BOANMbBIX BEPTMKANbHLIX MUHWIA) 3aBUCUT OT TOSLLMHbLI 3MEKTPOHHOMO nyya.
OTOT (PaKToOp BMOMHE YCMELWHO KOHTPOMNMUPYETCH SNEKTPOHHOW CUCTEMOM, YTO MO3BOMNSAET BOCMNPOMU3-
BOOWTb OYeHb TOHKME AeTanu Npu CKaHUPOBaHMUN.

BHavyane MWKpPOINEKTpoOHHasa Tex-
Homorus 6biia He B COCTOSHUM
co3gaTb 3neMeHT wu3obpaxeHus
(nukcen) Ha [M3C-maTtpyue MeHb-
WKWK, YemM nornepeyHoe cedyeHune
3NEKTPOHHOro fny4ya. 3TO O3HavaerT,
4YTO Ha 3ape TexHonoruun MN3C-mat-
puy, MX paspelleHne 3Ha4YnTerbHO
OTCTaBasno oT paspeLueHus Tpyook.

OpHako oO4YeHb CKOpO yaanoch
noBbICUTb pa3spelieHne 3C-mat-
puvL, TaK 4TO OHO CTaslo CPaBHMMO C
Puc. 5.7. [13C-menexamepa Ka4ecTBOM Teriekamep C nepepato-
LWnMm TpybKamum.

IT3C-Tenexamepsl

NM3C — 3To npnbop ¢ 3apsaaoBOM CBA3LIO.

B 1970-x, korga nosiBUNINCE NepBble NepcoHarnbHble KOMMbIOTEPb!, HAa4Yanuch 3KCNEPUMEHTbI C MOSyMNpPo-
BOAHVKOBBIMU 371€KTPOHHBIMU KOMMOHEHTaMV — NpubopamMm ¢ 3apA[A0BONM CBA3bI — KOTOpble BHaYa-
e npeanonaranocb UCMOMb30BaTh B KAYECTBE 3aNOMUHAIOLLMX YCTPOWCTB.

OueHb CKOPO BbIACHUITOCb, 4YTO M3C o4yeHb HYYBCTBUTEJIbHbI K CBETY, N MO3TOMY UX Jy4LUe U SCb(bEKTVIBHee
MCnosib3oBaThb B Ka4eCTBe CBETONMPMEMHUNKOB, a HE B Ka4eCTBe 3anoMmnHaroLwmnx yCTpOVICTB.

OcHoBHoM npuHuun pabotel MN3C 3aknovaeTcs B cOXpaHeHU MHAOPMaLMK ANEKTPUYECKMX 3apsiAoB B
doToanemeHTax, a 3aTem, Koraa notpebyeTcs, nepegaye aTMxX 3apsgoB Ha BbIXOOHOW Kacka.

Ecnn N3C-maTpuuya ncnonb3yeTcs B kKa4ecTBe POTONPUEMHMKE, TO KOHLENUMS CABMUra oCTaeTcs npex-
HeW, HO BOT BMECTO UCMOMb30BaHUA 3apsA40BbIX NakeToB ANS XpaHeHus undpoBon nHpopmauum
(B cnyyae, korga MN3C-maTtpuua CNyXUT 3anOMUHAIOLWNM YCTPONCTBOM), Mbl UMEEM (POTOINEKTPOHHYIO
reHepauuio 3NM1IeKTPOHOB NMPONOPLUOHAaNbLHO KONMYeCcTBY CBeTa, nagarouwero Ha o6nactb copmu-
poBaHMA n3obpaxeHus, 3aTeM 3TV 3apsabl COBUraloTCA BEPTMKANbHO WM/MM FOPM3OHTaNbHO Tak e, Kak
CABMWIOBbI€ PErMCTPbI B LMAPOBLIX CXeMaxX CABUraloT ABOVNYHbIE 3HAYEHUS.

WTak, 3apagoBblie nakeTbl - Kak TONbKO OHM cchopMmpoBanmcb B pOTOINIEMEHTAX MaTPULbl — KCTEKAKT»
Ha BbIXOOHOW Kackaj npu MCNonb30BaHUM METOLOB 3apsg0BOM CBA3W. Takum 06pasom anekTpuyeckas
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cBsA3b obecneumBaeTcsa ynpaBfieHUEM HaMNpPsHXKEHMEM W BPEMEHEM [Af1S KaXOou si4eliku, HasblBaeMown
3ariemMeHToM n3obpaxeHus (nukcen).

OpauH 13 nnoHepos MN3C-texHonorun, Mnebept AMenno, B cBoen ctaTtebe, HanncaHHon B 1974 r., onuckiBaeT
3apsA0BYI0 CBSA3b KaK «KOMMEKTUBHbIA NEePeHOC BCEro MOBUITBHOIO 3NEKTPUYECKOrO 3apsaa, XpaHsLwerocs
Ha 3arieMeHTe NosyrnPOBOLHMKOBOW NaMSTU Ha aHANOMYHbIA CONPSYKEHHbIN 3anoMUHAKOLWMIA 3N1EMEHT NyTeEM
BHELUHEro BO3AEWCTBMS HanpshkeHnem. KommyecTBO XpaHUMMOro B MOBUINBHOM nakeTe 3apsga MoXeT
MEHSATLCH B LUMPOKUX Npeaenax B 3aBUCUMOCTU OT MPUIIOXKEHHOTO HaMNPsKEHNS U EMKOCTU 3aMOMUHAIOLLMX
aneMeHToB. BennumHa anekTpnyeckoro 3apsga B Kax4oM nakeTe MOXeT NpeacTaBnaTb MHOpMaLmoy.

M3C-yun moxeT umMeTb NMbBO nuHerHy dopmy (NMUHenHbin M3C), nubo dopmy AByMEpHON MaTpuULbl
(M3C-maTpuua). BaxHO NOHMMAaTb, YTO OHM COCTOSAT U3 OUCKPETHbIX 3NIeMEeHTOB (NMUKCesnoB), HO
N3C-ycTtpoiicTBa He siBNsilOTCA UUMPOBLIMU ycTporcTBaMU. Kaxabli nukcen MoXeT copepXkaTb
noboe YMCo SNEKTPOHOB, NPOMNOpPLMOHaNbHOe NajatLleMy Ha Hero CBeTy, TakuM o6pa3omM NpeacTaBnss
aHanoroBy MH(opMaLuio.

[VckpeTHble NakeTbl 3NIEKTPOHOB NMEPEHOCHATCSA (€Cnn BPeMsl 9KCMOHMPOBAHMWS 3aKOHYMIOCh) OAHOBpe-
MEHHbIM CABUIOM PSIAOB M CTONOLIOB NakeTOB Ha BHELLHWUIA kKackag yuna.

Moatomy mbl 1 roBopum, 4to NM3C-maTpuLbl MO CYyTU CBOEN ABMATCA CBETOYYBCTBUTENIbHLIMU aHa-
JIOroBbIMU CABUTOBbLIMU PErMCcCTPaMu.

CerogHs N3C He Ucnonb3ylTCs B Ka4ecTBe 3anoMUHaOLWMX YCTPONCTB, a TOMbKO B KavyecTBe hoTonpu-
€MHMKOB. MIX MOXHO HanlTu BO MHOTMX YCTPOMCTBAX, C KOTOPbIMU Mbl CTankMBaemcs Kaxabli AeHb: B dak-
CUMUIBHBIX annapartax, CkaHepax Ucnonb3ytTca nuHenHole N3C; BO MHOrMX poTokamepax ¢ aBTOOKy-
com ncnonbaytotes MNM3C-ymnbl aBTOPOKYCMPOBKK; B reorpadmnyeckomMm ad3poMOHUTOPUHIE, KOCMUYECKOM
30HANPOBAHUN NNAHETbI, MPOMbILLEHHOM O0BCregoBaHNUN MaTepmnarnos TOXe NPUMEHSAIOTCHA Kamepbl C

¥
Puc. 5.8. Yoice 0asno smu pasnvie mexnonocuu blnOIHAIOM 00UHAKOBYIO pabomy
(menexamepa c [13C-mampuyet u menrekamepa ¢ nepeoaioujeti mpyoxoil)
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V+

e XOEMHUA A I \ SnexkTpoHsl (OTPUUATENLHEIE 3apaas!)
pEsme= \ BOIHMKAIOT NPONOPLMOHANEHO APKOCTH
T \, ONTUHECKOrD CUrHaNa v CTeKalT B 30HY
" NOA NPOBOAHMKOM C HaNDIXEHeM,
HE3bIBABMYID “TOTEHUWANLHOR AMOR™

Puc. 5.9. @omonwi cozoarom snexmponvt ¢ [13C-uampuye

nuHenHbiMKn M3C, 1 HakoHel, XOTA 3TO M He nocnef-
Hee, MHOrMe COBpPEMEHHbIE TEeNeBU3MOHHbIE KaMepbl,
KaKk B LUMPOKOM TenesBelwaHun, Tak U B CUCTEMax
BugeoHabnogeHus, ncnonedytoT MN3C-ymnbl.

M3C-tenekamepbl 06nagaldT MHOTMMU MPENMYLLECT-
BaMu (KOHCTPYKTMBHbIMW) nepen Tenekamepamu C
nepegawwumm Tpybkamm, xoTs, Kak paHee ynoMuHa-
nocb, MOHavyany BO3HWKanu TPyAHOCTU C paspeLluato-
LWen cnocobHocTbio. B Hawm gHM TexXHonornsa gocTur-
na Takoro ypoBHSl, YTO BbICOKOE paspelueHne bonblue
He npobnema.

BoTt ocHoBHble npeumyllectsa N3C-tenekamep B cpas-
HEeHWW C Tenekamepamy Ha nepegaroLmx Tpybkax:

O o4YeHb HM3Kad MMHMMarbHas OCBELLEHHOCTb
(ansa yepHo-6enbix Ao 1 Nk Ha obbekTe);

O oTcyTCTBME reOMETPUYECKUX UCKaXKEeHUI Bnaro-
Aaps TOYHOWM OBYMEPHOMN KOHCTPYKLMK;

O Hu3koe aHepronoTpebreHune;

O He TpebyeTcs BbICOKOE HanpshKeHne Ans yckope-
HUS Nnyya;

O maneHbkue pasmepbl;

O He nopBepxeHbl BO3AENCTBUIO BHELLHUX JreK-
TPOMarHuTHbIX NOMew;

O 1 camoe BaxHOe HeorpaHU4yeHHOe BpPeMS XU3HU
3MEeKTPOHOB, reHepupyemMbix POoTO3EHEKTOM.

Puc. 5.10. Jlunetinvie I13C ucnonv3yromes ons
noyuenust pomogpaghuii o CnymHurkos
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Kak Mbl yxe rosopunu paHblue, NM3C GbiBaloT Bcex (POopM 1 pasmMepoB, HO OCHOBHas kraccudmkaums —
3TO AeneHVe Ha NUHeHbIe U OBYMepHble MaTpuLbl. JIMHeHbIe YMMbl UCMOMb3YHTCA B TEX Crydyasix, koraa
00bEKTbI ABMXKYTCH TONbKO B OAHOM HanpasreHun (kak B hakCUMUIbHbIX annapartax 1 ckaHepax).

B BnaeoHabnogeHMn Hac MHTEPECYIOT TOMbKO ABYMEPHbIE MATPULbl, Tak HasblBaeMble MaTpuLbl pasme-
pos 2/3", 1/2", 1/3".

Mbl YXXe paccCKkasbiBalli, 4UTO 3TN pa3Mepbl He NpeaACTaBNAKT AnaroHarbHble pa3Mepbl MaTpuul, Kak
MOXHO noaymMaTb, a COOTBETCTBYIOT AMaMeTpaM nepenaroLimnx pr60K, Oaoumnx Takoe Xe |/|306pa>|<eH|/|e.

YyscTBHUTENBHOCTD U paszpemienue [13C-marpun

CpaBHEHI/Ie Nno 4YyBCTBUTEJIbHOCTU NOKaXeT HaM npenmMmyLllecTBa |-|3C-ManI/ILI, B OTHOLLEHUN BUOUKOHaA U
HbIOBUKOHA, a TakKXe B OTHOLUEHUN 3MYIbCUN MNMIEHKN.

B coTtorpadum yaile Bcero ncnonedyetca nneHka B 100 ISO, xoTs moxHo npuobpectn nneHky B 200 1ISO
(B oBa pasa 6onee vyBcTBUTENBHYI) UK 400 ISO (B YeTbipe pasa yyBcTBUTENBHEE, YeM nneHka 100 1SO).
WHorga MoxHo gaxe BcTpeTuTb nneHky B 1600 1ISO, koTopas 06bIYHO NPUMEHSETCH B CUTyaLUAX Ype3Bbl-
YanHO HN3KOM OCBELLEHHOCTU (B TepMuHax potorpacun).

MoxHO nokasaTtb, Y4TO cpefHsas YyepHo-6enas MN3C-maTpuua MMeeT OYeHb BbICOKYI YyBCTBUTENbHOCTb B
CpaBHEHUUN C AMYMbCUEN NNEHKN. B ACHbIN conHeyHbl AeHb Ans TunuyHon nnexHkn B 100 ISO notpebytoT-
cs yctaHoBku poTtokamepbl Ha 1 /125 ¢ n F/16. Ecnun Ha Ty e cueHy HanpasuTb MNM3C-Tenekamepy, y KOTO-
pon HopmanbHas Bbiaepxka CCIR 3aTtBopa coctaBnget 1/50 ¢, To cnegyeT ucnonb3oBatb 06bEKTUB MpU-
mMepHo ¢ F/1000 (nntoc-mMuHyc ogHo F-uncno, Tak kak APY Tenekamepbl TOXe urpaeT pornb). Ecnu mbl nsme-
Hum 1/50 Ha 1/125 (B 2.5 pasa Kopo4e), TO 4TOObl NOMNYYUTb TY e 3KCNO3ULMI0, OOBEKTUB AOMKEH ObITh
packpbIT Ha 2.5 3HayeHusa F-yucna wupe, 4ToBbl CKOMNEHCUPOBATL COKPALLEHNE BPEMEHUN BbIAEPXKKU. DTO

UHpopmayus ¢ nonynposodHukoeol N3C-mampuubl
(npubopa ¢ 3aps0080U €8513bK0) C
¢omoyyscmeumernbHbIMU fuUKcenamu (anemeHmamu
u30bpaxkeHusl) cHUMbIBAEMCS NIEKMPOHHbLIMU
umnynbcamu cneyuanbHol pOpMbl

O6bekTvB nNpoeuupyeT Kpyrioe
no gopme mnaobpaxeHue, HO
L3 ¢oTovyBscTBUTENLHAA 061aCTb

. npeacrasnser cobou

- bt NPSIMOYroJ/iIbHUK C OTHOLUEHNEM

v T o CTOPOH 4:3

Puc. 5.13. Ilpunyun padomur I3C-menexamepol
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pact Ham BmecTto F/1000 npumepHo F/400 (Bbl
nomuute F-uncna: 1.4, 2, 2.8, 4, 5.6, 8,11,16, 22,
32, 44, 64, 88, 128, 180, 250, 360, 500, 720,
1000, 1400 n T1.4.). Tenepb, 4TOOLI NepeBecTU
YyBCTBUTENBHOCTb aMynbcun nneHkn ot 100 1SO
1/125 n F/16 Kk SKBMBANEHTHbIM YyCTaHOBKaM
nneHkn Gonee BbICOKOW YyBCTBUTENBHOCTW, 3Has,
YTO YyBCTBUTENbHOCTb YBENWYMBAETCS BABOE C
yaBoeHnem eavHuy 1ISO, Mbl NONyYuM nM3MeHeHue
avnadgparmeHHoro yncna B 9.5 pas, ot F/16 go
F/400. 310 npumepHo 2°°=720 pas. WTak, cpea-
HAS YYBCTBUTENbHOCTbL 4epHo-6enon M3C-
MaTpuubl, BblpaXeHHasa B doTtorpadmyeckux
eanHuuyax ISO, paBHa npumepHo 100
ISOx720=72 000 ISO! Puc. 5.14. Dnemenm uzobpascenus 113C

Vet > U

MeTanamseckui snexTpog
Aayorncs KpemHan

Kpemumesasn nognowka

Obeauernan ofnacts

AHanormyHo Mbl MOXeM HalTWU, YTO IKBMBArNEHTHAsA YyBCTBUTeNbHOCTb LBeTHOM MN3C-Ttenekamepbl
paBHa npumepHo 5000 ISO, 4To TOXE HEMANO No poTocTaHAapTaMm.

Xumunyeckasi (nneHoyHasi) dootorpadmsi NOCTENEHHO COEAMHSIETCS C 3MEKTPOHHbIMU KaMepamiu. [oBopsi o
KOMMblOTEPU3aLMKN oTorpacpUYeckmX NpoLECCOB M LMPOBBLIX TEXHOMOMMSIX, a TakkKe O MOSIBIIEHNM pa3nny-
HbIX dpoTocTaHdapToB CD, criegyeT OTMETUTb, YTO DOTOKaMepbl TOXE NMPeTepneBatoT PEBOSIOLMOHHbIE U3Me-
HeHVs1, 1 Mbl CKOPO YBMAMM HOBble dooTokamepbl Ha M3C ¢ yBennyeHHoN CBETOMYBCTBUTENbHOCTbIO.

Takne kamepbl He 3aBUCAT OT TB-cTaHaapTOB, MO3TOMY HET NPaKTUYECKU HUKAKUX OFPaHUYEeHUN Ha YUCIo
MUKCENOB M COOTHOLLEHNE CTOPOH. [Jaxe Korga eule TONbKO co3faBanach dTa KHUra, npou3BoamnTenu
Havanu n3roTaenmeaTb MaTpuLbl pa3Mepom Bcero 62 Mm x 62 MM, ¢ He meHee 5120 x 5120 anemeHTOB
n3obpaxeHus. Kak yxxe ynoMmmHanocb, BCe 3TO KacaeTcst poTokamep, U He CTOUT UX NyTaTb C Tenekame-
pamu Anga BuaeoHabnogeHus.

CnekTpanbHasa 4yBcTBUTENbLHOCTL M3C-MaTpuy, 3aBUCUT OT TMMNA KPEMHUEBOW MOAJSIOXKKMW, HO obuias
XapakTepucTuka sBnsieTcs pesynbtatom oToaddekTa: 6ornee ANMHHbIE BOJHbI Fy6Xe NPOHUKaKT B
KpeMHueByto cTpykTypy MN3C. VimeeTcsa B BUAy KpacHbI U nHGpakpacHbii CBET. TUNMYHaA cnekTpanb-
Has kpuas MN3C-maTpuubl NokasaHa Ha puc. 5.15.

[axe ecrnu Takoe «MPOHUKHOBEHME» MOXET MOKasaTbCsl BLIUMPLIWHBLIM (KaxeTcsi, 4to M3C-matpuua cra-
HoBUTCS 6onee YyBCTBUTENbHA), UMEIOTCS MPUYMHBLI NMPEeAOTBPALLEHNS MPOHUKHOBEHWSI 6onee AMHHBIX
BOMH rny60OKO BHYTPb MaTpuubl. B 4acTHOCTM, Takue BOMHbI MOTYT GbiTb HACTOMBKO CUSIbHBI, YTO MOFYT
reHepMpoBaTh SIIEKTPOHHbBIE HOCUTESIM B 30HaX, KOTOPLIE HE [OIKHbLI NOABEPraTbCs BO3AENCTBUIO CBETA.
B pesynbTate B M306paxkeHUM MOryT nponactb

= Menkue AeTanu, NMoToMy 4YTO 3apsig fveek pacrte-
Vi (R ' 4eTCs Mo COCeAHWM, Tepsist MpY 3TOM KOMMOHEHTHI
'.—,ff'{;ﬁemam,ﬂa;a__ _— BbICOKOTO pa3spelleHuss W Bbi3biBasi  «3dekT
/ uyBcTBUTENLHOCTD 3annbiBaHusA» (blooming). MoxeT GbITb 3aTpoHyTa
| I/ N3C (Ges puns1pa) Takke M MackoBasl 30Ha, NpeaHasHavyeHHas nullb

| ' AN BPEMEHHOTO XpaHeHWsi 3apsgoB U He

| : _ i npeaHasHadeHHas Ansl 3acBeYMBaHUs, B pe3yrib-
7 ' I , TaTe 4ero MOryT B 3HAYUTENILHOW CTEMeHn BO3-
/"“\\qe”“lﬁ'"’ecm‘r Lo \ ' pacTu lWymM W BepTUKanbHbIi opeon (smear).
T i - S e lMoatomy B ycoBeplleHCTBOBaHHbIX [13C-Teneka-
‘ | [N Mepax MPUMEHSIIOTCS crieuuanbHble onTuYeckue

T —_‘— R

OTHOCHUTENLHEIA OTKINK

| NG | .\ uHdpakpacHble oTcekawwme GUALTPLL. OTH
400 500 600 700 800 900 1000 1100 GunbTPbl  NpeacTaBnAlT  coBOM  ONTUYECKU
Anana BoMHel (M) +o4ynie  nnockonapannenbHble NNacTUHKM, MOH-

Puc. 5.15. Cnexmpanshas uyecmeumensnocms 2iaza u TMPyeMble cepxy M3C-matpuubl. OHu BeayT
[13C-mampuypi cebs kKak onTU4eckMe HM3KOYacTOTHbIE PUNBbTPbI
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i c YacTtoTou cpesa nopsigka 700 HM, BONIM3K kpac-
£ | i ; 1 I T S HOrO LBeTa.
;. | | CnextpasibHas xapakrepuciuka | )
(- It it b, T q/ﬁogifac;ofu:%piﬁi%ﬁ_ OpHako, psa npousBoauTeneit YepHo-6enbix
3 . Tenekamep npeanoynTaeT He WCMNOoNb3oBaTh
S ' . Takme unbTPbl, 4TOBLI HE 0CNabnATh UX YyBCTBU-
g | ; TenbHOCTb. ATO NPUEMIEMO B Tex crydasx, Koraa
8 . ; npeanonaraeTcs UCMonb3oBaTh Tenekamepy B
IS R PELE P T YCIOBUSIX HU3KON OCBELLEHHOCTU UMW B CUCTEMY

BXOOST UCTOYHMKM MHJpaKpacHoro ceeTa, odHa-
|_ KO C TeOpeTUYEeCKOon TOYKM 3peHns Teriekamepa

et ma}l\.‘__b | C UH(paKpacHbIM OTCeKawwWmUM (pUNbLTPOM

i | MMeeT bonee BbLICOKYH paspeluarLlyro cno-

400 500 600 700 800 900 1000 1100 — CoBbHOoCTb (No cpaBHeHMto c¢ Takon xe [13C-
AnvHa BosiHb! (HM) maTpuuen 6e3 WK-otcekatouwero dunbtpa),

Puc. 5.16. Hnugppaxpacuwiii omeexkaiowpuil hunomp ny4vwee oTHoweHue curHan/wym u Gonee
UBMeHsem XapaKmepucmuKy cnekmpaibHoll ecTecTBeHHoe npeobpa3oBaHue LBETHOro
uyecmeumenvrocmu I13C-mampuyb M300paxxeHMA B YepHO-0enoe npu He Takom yx

HU3KOM YYBCTBUTEJIbHOCTMU.

B uBeTHbIXx N3C-kamMepax, HaNPOTUB, HYXKHO Ucnonb3oBaTb MK-oTcekalowmm punbTp, Tak Kak
cnekTpanbHasa xapaktepucTtuka MNM3C-maTpuubl, KOTOpas OTNMYHA OT XapaKTEePUCTUK YEeNIOBEYECKOro
rrnasa, JOMmkHa COOTBETCTBOBATb CMeKTpasibHOM YyBCTBUTENBHOCTN YENOBEYECKOro rnasa. 9710 K TOMY Xe
OfiHa 13 MPUYMH TOro, noyemy uBeTHble N3C-kamepbl MEHee YyBCTBUTENbHbI, YeM 4/6.

TunuyHaa depHo-benas [3C-maTtpuuya 6e3F
MHdpakpacHoro punbTpa MOXeT AaTb NpuemMmnemMbli
ypoBeHb BuaeocurHana scero Ha 0.01 nk. Ta xe
Tenekamepa c WK-punbTpom notpebyer
ocBelleHHocTn Ha obbekTe B 0.1 fK.

CoBpeMeHHble LBETHble TerlekaMepbl XapaKTepu-
3ylOTCA  MWHMMANbHOW  OCBELLEHHOCTbI  Ha
obbekte B 2 nk npu F/1.4 v pawT BugeocurHan
npuemnemoro ypoBHs (ot 0.3 go 0.5 B).

Passutne T[3C-TexHonorMm p[OCTUINO Takoro
YPOBHS, 4TO CTano BO3MOXHO MNPOU3BOACTBO
MaTpuLl, C HECKOMBbKMMU MUMNIMOHaMK nukcenos. B
umcpoBon oTorpadumm 6-meranukceribHble MaTpuLbl
cTanu yxe MpPUBbIYHBbIMK, a MPOU3BOAUTENN MbITAOTCA
pobutbca u  Gonbwero. YTo KacaeTcs CUCTEM|
BMgeoHabnogeHnsa, TO 34eCb Mbl  OrpaHUYeHbl
cTaHgapTamu aHanoroBoro TeneBuaeHusl, No3TOMy
cenvac pepko BcTpevawTcs [13C-maTtpuubl C
paspelleHneM Bblle, 4YeM, Hanpumep, 752x584
nukcenos, 4To gaet npumepHo 400,000 nukcenos.
O paspelleHuM M O TOM, Kak €ero M3MepsTb, Mbl
noapobHee paccKaxeM HEeMHOro Mo3Xe, HO cenvac
XOTenocb Obl OCTAHOBUTLCS HA HECKONbKUX OYEHb | i
NepCneKkTUBHbIX PELLUEHUNAX, KOTOpble, CTPOro roBops, ;ﬁ e,
He SBNAOTCA Terniekamepamu Ans BuaeoHabnioaeHms, -
HO Nno3BonsoT nonyYnMTb  OYeHb BblCOKoe;'l;}_l-'r’{'-.__
paspeLleHue. wy

Puc. 5.17. /6 [13C-mampuya be3 undpaxpacrnoeo
omcexaiowe2o Guirbmpa

Puc. 5.18. I{eemnas I13C-mampuya ¢ ungppaxpacrvim

OpHo 13 Takmx pelueHur Bbino paspaboTaHO KOM-
omceKanuum Quibmpom

naHven Spectrum San Diego, kKoTopoe Ha3bIBaeT -
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cs SentryScope v no3eonsieT nony4vatb M3obpaxe-
Hue c paspelleHnem 21 MUNIMoH nNukcenos. B ocHo-
Be SentryScope nexut nuHeinHbin MNM3C c 2048
nukcenamu, KOTopbini chopMmupyeT mnsobpaxeHue
NPUMEPHO TaK Xe, Kak 3TO AenarwT CAyTHUKM npu
doTorpacdompoBaHMn 3eMHOM MoBepxHocTu. B
SentryScope ncnonb3dyeTcs nosopaduBatoLleecsd
3epkarno, kKoTopoe oTpaxaeT Ha nuHenHbin MN3C nu-
HUM cbopmupyemoro n3obpaxeHusi. NoBopaynBato-
LLleecs 3epkanio cKaHMpyeT LUMPOKY obnacTb, KOTo-
pas akeuBaneHtHa 10,000 nukcenoB. OTa cucrtema
He co3faeT BMAEeOCUrHan Kak TakoBOMW, HO NO3BONS-
eT cdopmupoBaTtb M3obpaxeHne (c nomollbto MK) ¢
OYeHb BbICOKOM CTEMNEHbIO AeTanun3awuu.

Puc. 5.19. Paznuunvie munwi [13C-mampuy

Cenvac nosaBUNOChL HEMarno u APYrnx MHTEPECHbIX

peLleHni, NO3BOMSIOLWLMX NOBLICUTE paspeLleHne. B kayecTBe npymepa MOXHO NPUBECTU Tenekamepy, pas-
paboTaHHyto komnaHuen Co-Vi. B aton Tenekamepe mncnoneadyetcsa MN3C-matpuua ¢ 6onee BbICOKUM paspe-
lweHnem, Yyem obbiyHO (1280x720 nukcenos). NMonyyeHHoe n3obpaxkeHne BbICOKOrO paspelleHusi 3aTteM
mMaclTabupyeTca 4O CTaHAapTHOro paspelleHusi, YTobbl NoNyYnTb aHanoroBbin BuaeocurHan. OCHOBHOe
OTNNYMNE NPeaoXKEHHOro peLLeHns 3aknioyaeTcs B TOM, YTO MPK YBENWUYEHUW ydacTka n3obpaxeHus paspe-
LUEHNe He CHMXKaeTCs, Tak Kak npu yBenumyeHun daktmdeckn "BbipesaeTca” YacTb M306paxeHus BbICOKOrO
paspeLueHus (4yTe MeHee 1 munnuoHa nukcernos). [Insg nonb3oBaTens 3TO NOXoXe Ha paboTy C NOBOPOTHON
Ternekamepou ¢ ABYKPATHbIM YBENMYEHMEM, YTO NO3BONSET yBuaeTb bonbLue getanen.

HekoTopble pa3paboTymkn cucteMm BugeoHabniogeHnss NpumMeHs-

0T elle OOHO MHTEpPecHOe pelleHue, B paMKax KOTOpOro Mcnonb- T
3yl0TCA CTaHZapTHble Tenekamepbl C AMNMHHOMOKYCHbIMU OObEK-
TMBaMu, KOTOpble OpraHu3oBaHbl B MaTpuubl 3x3 unu gaxe 4x4
Ternekamepbl M HamnpaBlieHbl Ha KaKOW-TO OOBEKT Takmum obpasom,
4YTO MOfe WX 3peHWs Apyr C APYroM HEeMHOro nepecekaeTcs.
[MonyyeHHble n3obpakeHns nepegarTCs Ha CTEHY, COCTOSLLYO U3
3x3 unu 4x4 MOHWUTOPOB, YTO AAeT CyMMapHoe paspelueHne ot 3.6
0o 6.4 mMunnuoHoB nukcenoB. B pesynbTate nomnyvaetcs oO4veHb
Oonblioe M AeTann3npoBaHHOE M300paxeHue, KOTOPOE MOXHO
3anMcatb M Ha OObIYHbIN  LUMpoOBON  BuAeoperucTpaTop
CTaHAapTHOrO paspeLUeHus.

Puc. 5.20. Tenexamepa Sentry-Scope c I13C-mampuyeii u pazpewienuem 21 Muiiuon nuKkcenos
NO360JI51em pazensioems 04elb MeIKue Oemanu

http//www. itv. ru ITV — zenepanwvhutii cnoncop 2-20 uzoanus kuueu « CCTV. Bubnusa eudeonadniooenusny



132 5. Tenexamepul 6 cucmemax eudeonadarooeHus CCTV

Tunbl nepenoca 3apsiios B [13C

B oTHoweHun cnocoba nepeHoca 3aps-
Ja ucnonb3yemble B BuaeoHabnogeHnm
M3C-maTpuubl MOXHO nogpasgenutb
HaTpuW rpynnbl.

Cambiln NepBbI MPOEKT, OTHOCALLUACS K
Havany 1970-x, HasblBancsa nokagpo-
BbIM nepeHocom (frame transfer).
Takon Tun MN3C-maTpuu pasgeneH Ha
ABe ob6nacTi paBHOro pasmepa — Puc. 5.21. Terexamepa om Co-Vi ¢ mampuyeni 1280x720 nuxcenos
obnacTtb n3obpaxeHnss U Macky, ogHa

HaxoguTcsa Hag OpYron.

O6nacTb n3obpaxeHus nogBepraeTcsA Bo3aeNcTBUIO cBeTa B TevueHue 1/50 ¢ B COOTBETCTBUN C
CCIR Bugeoctangaptom (1/60 c gna EIA). 3atem, B Te4eHMe KagpoOBOro CMHXpouMmnyrbca, Bce cre-
HepupoBaHHble CBETOM 3apsAbl (3NEKTPOHHOE NpeacTaBreHne onTUYeckoro n3obpaxeHusi, cnpoeum-
poBaHHOro Ha lN3C-maTpuuy), cABUraroTcs BHM3 Ha 06nacTb Macku (CM. YNPOLLEHHY CXeMY Ha
puc. 5.24). B obLiem, Becb «kaap N300paKeHUsi» «CNycKaeTCcs» BHUS.

OGpaTute BHMMaH1e Ha NepeBepHYTOCTb CMNPOELIMPOBAHHOIO M306paXeHUs, UMEHHO Tak OHO BbIrMSAUT B
peanbHOW cuTyaumu, T.e. 06 bEKTUB NpoeuupyeT n3obpaxeHne «BBEPX HOramm», U MpU BOCNPOM3BEEHMM
Ha BUAEOMOHMTOPE HKHUIA NPaBbIf NUKCEN nonagaeT B BEPXHUIA NEBbIN Yron.

B TeyeHune cnegytowmx 1/50 ¢ obnactb n3obpaxkeHnss reHepupyeT 3MeKTPOHbI HOBOrO kagpa, a B 370
BpeMA 3N1eKTPOHHbIe NaKkeTbl B obnactu-macke caoBuUrardTcAa B ropu3oHTaribHOM HanpaslieHUU, CTPOKa 3a
CTpOKoW. [NakeTbl aNeKTPOHOB (TOK) OT KaXaoro nukcena cknagblBaloTcs B OOMH CUrHan 1 npeobpasytoT-
Cs1 B HanpshkeHne, hopMupys MHopMaL Mo TENEBU3MOHHON CTPOKMU.

C TexHMYecKon TOYKM 3peHust 6ornee TOYHO ObINo Obl Ha3bIBaTh TaKyk OMepaumio «NePeHOCOM Mossi», a He
«KagpoBbIM MEPEHOCOMY», HO TakoW TEPMUH MCMONb30BasICs C paHHMX AHen paspaboTku M3C, 1 Mbl
NpPUMEM ero TakOBbIM, KAKOB OH eCTb.

MepBas MN3C-maTtpuua Gbina xopowa. OHa obnagana Ha yAWBMAEHME XOPOLUEN YYBCTBUTEIbHOCTbIO B
CpaBHEHUMN C HbIOBMKOHaAMM M1 ropasgo nyyllern YyBCTBUTENbHOCTbIO, YeM BUAMKOHbI, HO MOsiIBUNAacb HOBas
npobrnema, HeBegomas kamepam-Tpybkam — BepTUKanbHOe cMasbiBaHue (Mnu BepTUKalbHbIN
opeon) (vertical smearing). B yacTtHoCcTK, B nepuo mexay AByMSA nocrnefoBaTenbHbIMU 3KCNO3MLUNSA-
MU, KOrda aKTMBEH MepeHOoC 3apsaga, HUYTO He MellaeT CBeTYy reHepupoBaTb AOMNOJSIHUTENbHbIE
3NeKTPOHbI. [TOHATHO, BeAb AMEKTPOHHbIE KaMepbl HE UMEIT MexaHM3Ma MEeXaHU4Yeckoro 3aTBopa, Kak
OTO- MNK NreHoYHble Kamepbl. /I Tam, rae Ha Npoekunn M3obpaxkeHus NpUCYTCTBYIOT 00NacTn UHTEH-
CVBHOTO CBeTa, NOSABMASITCS ApKMEe BepTUKalbHbIE NMOMOChI.

YTobbl paspewnTb 3Ty Npobrnemy, MHxeHepbl n306penn HoBbIN CNocob nepeHoca — CTPOUHbIN nepe-
Hoc. PasHuua 3aknioyvaeTcss B TOM (CM. YMNPOLLEHHbIA YepTex Ha puc. 5.24), 4To SKCnoHMpyemasi KapTuH-
Ka nepeHoCuTca He BHNU3 BO BpeMd nepuoga KagpoBOro CUMHXpoumnynbCa, a caoBuraetcd Ha neBble
KOJIOHKM o6nactu Mmacku. KonoHk/ n3obpaxxeHnss 1 Macku coceacTBYHOT APYr C OPYroM, nepemexaroT-
cs1. [ocKonbKy KOMOHKM MUKCENOB MackM HaxoAATCs PSLOM C KOJIOHKaMuM MUKCENOB M3obpaxeHus (npa-
Bee), TO CABMUI NMPOUCXOANT 3HAYUTENbHO ObICTpee, 1 Ha reHepauuio HexernaTernbHOro curHana B obnac-
TAX APKUX NSATEH — BepPTUKASIbHbIA OPEOST — OCTAETCH HE Tak MHOrO BPEMEHMW.

Ecnu GbITb TOYHBIM, BepTMKaﬂbeIVI Opeos1 BCE paBHO NoABndeTCd, HO B ropasao MeHbLlen cteneHun. K
TOMY Xe CylweCTBEHHO yBeNIM4nBaeTCA OTHOLLEeHne CVIrHaJ'I/LIJYM.

Y mMaTtpuu, Co CTPOYHbIM NEPEeHOCOM 3apsifoB eCTb OAMH HEJOCTATOK, KOTOPbIA UCXOAUT U3 CaMOW KOHLEeMN-
UMKn: 4TOoObl [OBABUTL KOMOHKU-MACKN PSAOM C KONIOHKaMK U300paXeHus 1 pa3aMecTuUTb BCe 3TO Ha Muo-
Wwanu, paBHow nnowagm maTpuubl C KagpoBbIM MEPEHOCOM, NPUXOAUTCS YMEHbLUIATb pasMep CBETO-
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CC1v 5. Tenexamepol 6 cucmemax ¢udeonadniodenus 133

YyBCTBUTENbHbIX MUKCENOB. ATO CHUXAET YyBCTBUTENBHOCTbL MaTpul. Ho B cpaBHEHMM C NosyYyaembiMu
npenmyLiectTsamm, 3TOT HEAOCTATOK HECYLLECTBEHEH.

Ewe ogHO MHTEpecHoe NpenMyLLECTBO — 3TO BO3MOXHOCTb UCMONIb30BaTb 3NIEKTPOHHbLIN 3aTBOpP B
M3C. 3710 oueHb NpuBnekaTenbHasi BO3MOXHOCTb, B€Ab €CTECTBEHHLIM BpeMeHeM akcnosuuum B 1/50 ¢
(1/60 ¢ pnsa NTSC) MOXHO 3NeKTPOHHbIM 00pa3oM ynpaBnsATb M YMEHbLUATb 40 HEOOXOAUMbIX 3HAYEHUN,
npogorkas BblgaBaTtb BugeocurHan pasmaxom 1 Vpp.

BHauane gns M3C-matpuy, co CTPOYHbIM NEPEHOCOM NpeAnaranochk MCnosnb3oBaTh pyvyHOe yrpaBreHue
3M1EKTPOHHLIM 3aTBOPOM, HO OYEHb CKOPO MOsIBUMNAcCh M aBToMaTtuyeckasi Bepcusi. Takon TUn ynpaBneHus
HasbiBaeTca aBTomaTuyeckon MN3C-gunacbparmon nnu anekTpoHHon guadpparmon (electronic iris).
OnekTpoHHas guadparma ycTpaHsieT He0OXOAMMOCTb B UCNOb30BaHUN OOBbEKTMBOB C aBToAnadparmon.
OOBBbEKTUBLI C PYYHOW YCTAaHOBKOWM AnadparMbl MOryT UCNOMb30BaTbCS C TeNlekaMmepamm ¢ 351eKTPOHHOM
avadparmoi gaxe B yNMYHbIX YCNOBUSIX ([aneko He 80 8cex criyyasix, mak Kak OuHaMu4yeckoz2o duarnaso-
Ha 3/1eKmMPOHHO20 3ameopa Moxxem bbimb HedocmamoyHO Orisi ompabomKu UsMeHeHUU yrudHo2o ceema. [pum.
ped.). OgHako cnegyeT OTMETUTb, YTO 3NIEKTPOHHasA Aunadparma He MOXeT KOHTpornMpoBaTb (PYHK-
LMIo rny6uHbl pe3kocTu, obecrnevrBaemMyo MexaHM4yeckon anadparmon obbektuea. M cnegyet Takke
NMOMHUTb, YTO, KOrAa 3rekTPoHHas Anadparma nepekntovaeTcs Ha 6oree BbICOKME CKOPOCTW 3aTBOpa, U3-
3a HM3KOW 3pPEKTMBHOCTM NepeHoca 3apsiia Bo3pacTaeT BepTUKarbHbIA Opeor.

Paapes 13C:
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O6nacTte nzobpaxenns M3C-maTpubl

Beixon
dHanorosoro
BuaeocurHana

./'

O6nacts macku M3C-marpuLisi

opusoHmarbHbIU c08U208bIl peaucmp cHUMbI8aHUS
Puc. 5.23. lNpuHyun kadposoeo repeHoca

MTak, ecnv BKIOYEH 3MEKTPOHHbIN 3aTBOP, OH MOXET NepPEeKNioYaTbCa B Npeaernax oT HopMarnbHOW CKOpo-
ctn akcno3uumm B 1/50 ¢ (1/60 c) o Gonee BbICOKON (MeHee NPOLOSMKUTENBHOW) B 3aBUCMMOCTU OT
YCIOBUI OCBELLEHHOCTU. TeopeTuyeckn akcnosuumm, anuHHee 1/50 c¢ (1/60 ¢ ansa EIA), He moryT ncnorsb-
30BaTbCA U3-3a MOTEPM OLyLLeHUsa OBuXyLLerocsa nsobpaxeHus. B HekoTopbix MN3C-Tenekamepax BO3-
MOXHbl Gornee AnUTENbHbIE 3KCMO3WLUNUN, U TAKOW PEXMM HasblBaeTCsl UHTerpaumen (HakornieHuem
3apsida. [Mpum. ped.). B HekoTOpbIX NocneaHnx paspaboTkax, BKAYaoLWwmx LmdpoByo 06paboTky curHa-
na, UHTerpaums BKIOYaeTcsl aBTOMaTUYECKN, KOrga OCBELLEHHOCTb OObeKTa nagaeT HUXe 3af4aHHOro
YPOBHSA. OTO OCOOEHHO LIEHHO B OTHOLUEHUM LBETHbIX TENleKaMep, HO NMoka peanun3oBaHO TOJbKO AJIA
YepHOo-b6ernbIx Tenekamep (B cospeMeHHbIX U8emHbIX mesiekamepax C Uerlbio Mo8bIeHUs UX Yy8cmaumerib-
Hocmu peanu3oeaH pexum [eHb/Houb, 6riazodapsi yemy rnpu yMmeHbLWEeHUU 0C8EUEHHOCMU HUXe orpede-
JIEHHO20 YPOBHS meriekamepa asmoMamuyecKu rnepeknoyaemcesi Ha pabomy e uepHo-6eriom pexume. Npum.
ped.). NMnarta 3a 310 - NOTEPS rMagkoCcTU OBUXEHUSA (B PEXMME HAKOMMEHUsS Mbl HE MOXEM MOSy4YnUTb
50 nonetii/c), koTOpasd 3aMeHAeTCss BUOMMOCTbIO OBUXEHWUSA, aHanorMyHon npepbIBUCTOMY BOCMpPOU3Be-
aeHuio ¢ time-lapse BuageomarHMTogoHa.

YMeHblUeHne pa3MepoB nukcemna B MmaTpuuax co CTPOYHbIM NepeHOCOM KOCBEHHO CHMXaeT MUHUMallb-
HYO OCBELLIEHHOCTb MaTpuLbl. OTa Npobrema MOXeT ObiTb paspeLleHa 0YeHb NPOCTO (XOTS TEXHOMNornye-
CKN 3TO HEe OY€eHb NIErko) — MOBEPX KaXJoro nukcena nomeliaeTcs MUKpOnuMH3a. MUKPONMH3a KOHLEHT-
pvpyeT BeCb NajatoLLnii CBET Ha MaseHbkyto 0bnacTb, Ha caM nNuKcen, 1 3pdEKTUBHO YBENMUYMBAET MUHU-
MarnbHY OCBELLEHHOCTb. Ha cerogHsAWHUA aeHb Hanbornbluee pacnpocTpaHeHe B BUAEOHAbNoaAeHN
NOMyYnnIn MaTpuLbl CO CTPOYHBIM NEPEHOCOM 3apsiaa.
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Ob6nacte n3obpaxeHuns O6nactb-macka
r3C-marpuLbi N3C-marpuiib

Bbixon
aHasnoroBoro
BuageocurHana

4.8 mm (ans 1/2" matpuysi)

Fopn30HTaNbHbLIA CABUIOBLINA PErucTp CYUTLIBAHNS
6.4 mm (ana 1/2" matpuisi)

Puc. 5.24. llpunyun cmpounoeo neperoca

TunnyHbin paspes MN3C-maTpuLbl CO CTPOYHBIM MEPEHOCOM U C MUKPOSIMH3aMu npueedeH Ha puc. 5.27.
Kak BUOHO, MUKPOCTPYKTYpa MaTpuLibl CTAHOBUTCSA AOBOJSIbHO CIIOXHOW, Korga peyvb MAET O BbICOKOKavec-

TBEHHOM CUrHane.

Camblil NyYLInin NPoeKT — 3TO NnocneaHAs paspaboTka, MaTpuLua C KaApOBO-CTPOYHLIM MEePEHOCOM,
KoTopasi o6rnagaeT BCEMU XapakTepUCTUKaMW CTPOYHOro nepeHoca Mniioc yMeHbLUeHUEe BepTUKaNbHOro
opeona v nydilee OTHOLLEHME curHan/lym. Kak MOXHO 3aKniouYnTb U3 YNPOLLIEHHOW CXeMbl, Takas MaTpu-
La paboTaeT Co CPOYHbIM NEPEHOCOM Ha BEPXHE YacTy MaTpuLbl, TO ECTb UMEEeT JNEKTPOHHbIV 3aTBOP,
HO M300paxeHne He yOoepXnBaeTcsl B KONOHKaxX Macky B TeYeHue 9KCMo3nLum crieaytoLlero nons, a cosu-
raeTcsl BHM3 B 6oree 3aluileHHyo 06nacTb Macku.

B Takon maTpuLe BepTUKanbHbIA OPEOS eLle MeHbLLUE, a TakkKe YBENMUMBAETCHA OTHOLIEHNE CUTHAN/WyM.
30ecCb Takke MCNOoMb3yHTCA MUKPOSTMH3bI AM4 YIyYLEeHNs MUHUMarbHON ocBeleHHocTu. MNM3C-maTtpuubl
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Puc. 5.25. Cpagnenue mpaouyuonubix cxem ¢ MUKpPOIUH3AMU U HOGOU KoHyenyuu Exwave ¢pupmul Sony
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Puc. 5.26. Cmpyxkmypa [13C-mampuyul ¢
MUKPOTUH3aMU, pomoepaghus coerana
INEKMPOHHBIM MUKPOCKONOM

CnepyeT OTMETUTb, YTO HE3ABKNCUMO OT
TOro, HaCKOMNbKO COBEpLUEHHA 3rekK-
TPOHMKa Ternekamepbl, €Crnm KayecTBo
NCTOYHMKa WHpopmaumm — [M3C-maT-
pyLbl — OYEHb BbICOKOE, TO U Tereka-
mepa OyaeT Bbicluero kavectsa. [po-
TUBOMOJIOXKHOE TOXE BEPHO, T.e. Aaxe
ecrnn MN3C-maTprua HavBbICLLErO Kaye-
CTBa, HO 9MEKTPOHMKA KaMepbl He B
COCTOSIHMM 0OpaboTaTb ee HaumyyLnm
BO3MOXHbIM crnocobom, TO BeCb
KOMMNMeKT GyaeT KOMMIEKTOM BTOPOro
knacca.

Takxe cnegyet OTMETUTb, YTO Gonb-
LLUMHCTBO M3 HEMHOTOYUCIEHHbIX MPO-
nsBoaUTENEen mMatpul nogpasgensior
M3C-ycTponcTBa OQHOro TuMa Ha
HECKOJTbKO KIlaccoB, B 3aBMCUMOCTHU
OT KayecTBa M OQHOPOAHOCTU MUKCe-
noe. Pasnun4yHble nNpou3BOAUTENM
MOryT MCMoNb30BaTb pasfnyHble
Kracchl OJis OOHOro M TOro e Tuna
MaTpuL. OTO B UTOre oTpaxkaeTcs He
TONbKO Ha KayecTBe, HO U Ha LeHe
Tenekamepsbl.

C KagpoBO-CTPOYHbIM MEPEHOCOM 3apsiaa UMeT elle
Goree cCOBEPLUEHHYIO MUKPOCTPYKTYPY, MHOXECTBO
A4eek M obnacten OnNs nNpenoTBpPaLLEHUs CTeKkaHus
M3ObITOYHBIX 3apAgoB Ha oOkKpyxakwwue obnactw,
NOBYLUKM TFeHEPUPYEMbIX TEMMOM 3NEKTPOHOB U Mp.
MaTpuubl C TakMMKU YCOBEPLLEHCTBOBaHMAMM 0bnagatoT
OYeHb BbICOKMM AUHAMWYECKUM AmnanasoHoM, ocnab-
NEHHbIM BEPTUKamNbHbIM OPEOSIOM U BbICOKMM OTHOLLIE-
HMEM curHan/lwym, 4to genaet ux wuaeanbHbIMU Ons
CbEMOK Ha ynuue v BUOEOXYPHANUCTUKWA. Takue Tunbl
Kamep B LUMPOKOBEeLlaTENbHOM TeneBUAeHUM 0ObIYHO
Ha3blBalOTCH KamepaMu BUOEOXYPHANTUCTUKK.

MTak, Mmatpuubl ¢ KagpOBO-CTPOYHBIM NEPEHOCOM AJ1s
BMAEOHAOMOAEHNST CIIULLKOM [OpPOrK, U, B OCHOBHOM,
NCMNONb3YHTCS B LUMPOKOBeLLaTenbHOM TB.
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Puc. 5.28. [13C-mampuyvl mocym umemsv camvle pasHvle pazmepobl
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CBETOYYBCTBUTENLHbIE MUKCENbL, Peructpsl BEpTVKaabHOro casBura,
obnactb nzobpaxerHus N3C-matpuusl  0bnactb-macka M3C-marpuLibl

i

i
i
T
I
g
]

Bbixon
aHanorosoro
BuageocurHana

O6nactb-macka N3C-marTpuLibl

Iopu30HTaNbHbIA COBUrOBLIA PErucTp CYUTLIBAHUS

Puc. 5.29. Konyenyus kaoposo-cmpounoeo nepeHoca

Nmrryibebl nieperoca 3apsiioB B [[3C-maTpuiiax

KauecTtBo curHana, gasaemoro N3C-maTtpuuein, 3aBMCUT OT UMMNYIbLCOB NepeHoca 3apsaa. MiMnynbcbl reHe-
pUpYIOTCS BHYTPEHHUM KBapLEBbIM reHepaTopoM Tenekamepbl. HactoTa 3aBUCUT OT MHOMMX )akTOpOoB, HO, B
OCHOBHOM, OT uncna nukcenos MN3C-maTpuubl, TUNA NnepeHoca 3apsna (NokagpoBbld, CTPOYHLIN, KAaAPOBO-
CTPOYHbIN), a TaKkke YMcna a3 angd Kaxaoro afeMeHTapHOro caBura 3apsiioB, B YaCTHOCTU, SeMEHTapHbIN
COBUI MOXET MPOU3BOANTLCA ABYXasHbIM, TpexdasHbiM UNn YeTbipexdasHbiM COBUIOBbIM UMMYNbCOM. B
BMAEOHabnoaeHMN Hanbonee pacnpoCcTpaHeHbl Tenekamepbl ¢ TpexdasHbIM UMMNYSIbCOM NepeHoca.

Kak Bbl MOXeTe cebe npeacTaBuTb, KBApLIEBbIN reHepaTop Kamepbl JOSKEH MMETL YacToTy, MO KpanHen Mepe,
B HECKOJNbKO pa3 bornee BbICOKYt0, YeM Mosioca NponyckaHust BuaeocurHana, opmMmpyemMoro Ternekamepoi.
Bce apyrve cuHXpoumnyrnbCbl, B TOM YXCe Y MMMNYSbChl NepeHoca, hopMUPYOTCS U3 3TON TaKTOBOW YacTOThl.
Ha cxeme puc. 5.30 nokasaHo, Kak NpouCXoanT NepeHoc 3apsaa B paMkax TpexdgasoBor KOHLEenLmu.

Mmnynbcbl, 0603Ha4YeHHbIE KakK by, ¢, U gh3 3TO MMMYIbChl HU3KOTO HanpsbkeHus (06biuHO oT 0 oo 5 B), noato-
My M3C-kamephbl He HY>OaKTCA B BLICOKOM HaMNpsbkeHWMW, Kak 3T0 06CTOoAN0 ¢ nepegaroLLmmm Tpyokamu.

Ha puc. 5.30 nokasaHo, kak pOpMMPYHOTCSH CUHXPOUMMYIbChI BUAEOCUIHaNa mnpy NMOMOLLW TFfaBHOro
CHHXpOreHepartopa.
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Bce TakToBble UMIY/IbChbl FEeHepPUpyIoTCs rasHbiM CUHXPOM eHeparopOM HSC-BW,QGOKEMEDH
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Puc. 5.30. Takmossie umnynvcor [13C-mampuyvl ceHepupyomcs 21a8HbIM CUHXPO2EHePamopom

OTO TONbKO OAUH U3 MHOTMX MPUMEPOB, HO OH AEMOHCTPUPYET BCIO CIIOXXHOCTb MU KOMMYECTBO reHepupy-
embix B [13C-Tenekamepe MMnynbCoB.

[13C-maTpuiia KaK yCTpOHUCTBO JTUCKPETU3AUU

Kak mbl yxe roBopunu, ucnonbdyemas B BugeoHabnogeHuun N3C-matpuua aBnseTca ABYMEPHOW, COCTO-
Alen U3 anemMeHToB n3obpaxeHna (nukcenos). Paspelwatowas cnocobHOCTb, JaBaemasi Takon MaTpu-
Len, 3aBUCUT OT 4YmMcna MUKCENOB U paspeluarollen cnocobHoctn obbekTmBa. [ocKkonbky nocrnegHsas
00bI4HO BbIWwe, Yem paspeweHue MN3C-maTtpuubl, TO Mbl He Byaem cuynTaTb ONTUYECKOE paspeLueHune
KamHem npeTkHoBeHus. OgHako, kak rosopunocb B pasgene ®rM, o6bekTBbl M3roTaBNMBaTCA C pas-
peLLeHnem, NoAXOAAWMM AN KOHKPETHOro pasmepa n3obpaxeHus, 1 cnegyet OCTOPOXHO UCMNONb30BaThb
COOTBETCTBYIOLLYIO ONTUKY C MaTpuLamMm pasnmyHoro pasmepa.

EcTb 1 elle oanH BaXHbI MOMEHT, Kacarowuncs paspelleHus MN3C, aTo oTcyTcTBME HenpepbiBHOCTM TB-
nuHui. TB-nuHns, gaBaemas Tenekamepon ¢ nepefarollen Tpyokon, nonyyaetcsa B pesynbTate Henpe-
PLIBHOFO CKaHUPOBAHWUS 3MNEKTPOHHbIM Ny4OoM BAOMb CTPOKU. M3C-maTpuLa coCTOUT U3 AUCKPETHBLIX MUK-
Cenog, 1 No03ToMy MHopMauns oagHoW TB-nNMHUK COCTOUT N3 AUCKPETHbIX 3HAaYEHUN, COOTBETCTBYHOLLNX
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Kakgomy nukceny. OTOT MeTof AaeT He LMpoBYyHO MHpOpMaLMIO, a CKOpPee OUCKPETHYHO BbIOOPKY. Takum
obpasom MN3C-maTpuua — 3TO oNTUYECKOe YCTPOMUCTBO ANCKPETU3aLUN.

Kak 1 B cnyyae gpyrmx yCTpOMCTB OUCKPETM3aLmMu, Mbl HE NOslyvYaeM NosiHy MHAOPMaLMo No Kaxaon
CTPOKE, TONbKO AUCKPETHbIE 3HAYEHUS B NO3MLMAX, COOTBETCTBYOLLMX NO3ULIMAM NMUKCENOB.

MoxeT nokasaTbCsi, YTO BOCCTAHOBUTb HEMPEPBLIBHbIN CUrHam 13 oTAeNbHbIX €ro YacTtel HEBO3MOXHO.
OpgHako B 1928 r. HankBmCT nokasar, 4To curHan MOXeT ObiTb PEKOHCTPYMpoBaH 6e3 notepu uHgopma-
LMK, ecnm yactota AUCKpeTn3aumm paBHa, No MeHbLUEN Mepe, ABONHON WMpUHE cnekTpa curHana (Tou-
Hee, He MeHee, YeM 8 08a pasa borblwe caMoli 8bICOKOYacmMomHoU cocmassnswel crekmpa cueHana. B
Poccuu amo nonoxeHue Ha3bigarom meopemol KomenbHukosa. [pum. ped.). 3Ha4eHUs curHana mexay
BbIOGOPOYHLIMM TOYKAMU 3HaTb He 06s3aTenbHO. OTO BaXHasi TeOpemMa, JoKaszaHHasa 1 ncnosnb3yemas
BO MHOMMX 3MEKTPOHHbIX YCTPOMCTBax Anckpetusauumn, CD-ayano, Bugeo u gp. Yactota guckpetmsaumu,
3KBMBANEHTHas yOBOEHHOW LUMPUHE CNeKTpa, Ha3biBaeTcsd yactoton HankBucra.

EcTb, ogHako, 1 HexxenaTtenbHbI No6o4vHbI NpoaykT MNM3C-guckpeTrsauymm. 3TO XOPOLIO M3BECTHAst Mya-
poBas kapTuHa, KoTopas Nnofly4daeTcs B Crny4vasx, korga cHMMaeTcsl 00BbeKT ¢ 6onee BbICOKUM paspeLleHu-
eM. OBbIYHO 3TO XOpPOLIO BUAHO, HAanpuMep, ecnu OUMKTOp, BedyLiMi nporpaMMy HOBOCTEW, HageHeT
pybaxy ¢ o4YeHb Menkum y30poM. MaTemMaTuyeckn 3To COOTBETCTBYET CIlyyalo, KOraa MakcumarbHasa yac-
TOTa nNpubnmxkaeTcs K YactoTe guckpeTudauun. MNMockonbKy NPOCTPaHCTBEHHAst YacToTa AUCKpeTMU3aLmm
[ormkHa ObiTb B ABa pasa Oornblue MaKCUMaribHOWM YaCTOThl ONTUYECKOro U300paxeHUs Fgnax, Mbl MOXEM
npeacTaBUTb €€ B YaCTOTHOM 06riacTu OgHUM 3HAYEeHUEM YacToThl B 06nactn yactoTbl Hankeucta FAA,
[MpocTpaHCTBEHHbIV CMEKTP ONTUYECKOrO CUrHana OCHOBHOWM MOSIOChl YacToT ByaeT MoaynupoBaTbCs B

MPOCTPAHCTBEHHAS OBJIACTh HACTOTHASI OBJIACTb
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Puc. 5.31. [I3C-mampuya xax ycmpoucmeo OUCKpemu3ayuu
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VcnbiTaTtenbHasi Tabnvua BbICOKOro paspelleHna
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OKPECTHOCTAX 3TOM YacTOThbl, YTO OYEHb MOXOXE Ha aMMIIMTYOHY MOAyNnAuMio cnekTpa 60KOoBLIX Monoc.
Ecnn B onTudeckom n3obpaxeHun, cnpoeumpoBaHHoM Ha 3C-maTtpuuy, NpUCyTCTBYHOT BbICOKME 4aCTO-
Tbl M 9TW YACTOTbI BbILLE MOSIOBUHBI YACTOTbI Fyyauist,TO BOKOBbIE MOMOCHI (MOCIe AUCKPEeTU3aLUmMm) HanoxaT-
CS1 Ha BUOMMYIO OCHOBHYIO MOJSIOCY, U B pe3yrnbTaTe Mbl YBUAMM HEXenaTernbHy KapTuHKy, myap. Myapo-
Bas YacToTa HMXKe caMOW BbICOKOM YacToThl Tenekamepbl Fyvaust 2-Fsmax

YTO0OblI MMHMMU3NPOBATL 3TOT APPEKT NPUMEHAETCS HU3KOYACTOTHAA onTuyeckas cunbtTpaums (low-
pass optical filtering, LPO). ®unbTpbl 06bIYHO COCTABMAAT YacTb CTeKNsAHHOW Macku [3C-maTtpuupl 1
dHopMUPYIOTCA NyTEM KOMOWHMPOBAHUS HECKONbKUX LBOSKOMPENOMMSLWMX KBapLeBbIX MNAaCTUH.
Od ekt aHanornveH pasmbiBaHuto (blurring) Menkux geTanemn onTMYEeCKoro n3obpaxkeHus.

J/IBoMHASI KOPPEJIMPOBAHHAS BHIOOPKA

LUYM B |_|3C-ManVILI,e NMeeT HECKONbKO UCTOYHUKOB. CaMblil 3HAYUTESNbHbLIN — 3TO TEMNOBOM wym, B
CyLIJ,eCTBeHHOVI CTEMNEHN OH MOXET ObITb BbI3BaH npuMmecammn B nonynpoBoAgHUKaAxX U HegoCTaTkaMu npo-
Luecca npoussoactea.

BbICOKMI ypOBEHb LyMa CHUXAET AUHAMUYECKUIA Anana3oH hoTosNeMeHTa, YTO B CBOKO odepeb yxya-
LaeT Ka4yecTBO n30bpaxkeHus.

TwarenbHoe NnpoeKkTnpoBaHue |_|3C-y0TpOl7ICTB M TOYHOE M3roToBJi€eHNE NO3BOJIAKT CHU3UTb LUYMbI. Huna-
Kas paGoqaﬂ TeMmnepartypa MOXeT CHU3UTb TensoBble LWYMbl. K coxaneHuto, nonb3oBaTesib penKo cnoco-
beH ynpaeniATb 3TUMU NapamMeTpamMu.

OpHako, cylwecTByeT MeTof 06paboTkm curHana, No3BONSALWMIA CYLLECTBEHHO YMEHbLUNTbL LUYM, U 3TOT
MeTo4 MOXET OblTb peanu3oBaH B KOHCTpyKuun MN3C-kamepbl. ATOT MeTon Ha3biBaeTCA ABOWHasi Koppe-
nupoBaHHas Bbl6opka (OKB). TepmuH BoibOpKa 30ecbk OTHOCUTCS K BbIOOPKE BbIXOQHOMO CMrHana.

Konuenuwmsa KB ocHoBaHa Ha ToM dhakTe, YTO B BUAEOCUIHAMNE 1 ONMOPHOM CUrHare CyLLeCcTBYET OfHa 1 Ta xe
LymMOBasi KOMMNOHeHTa. A MMEHHO, Koraa BbIXxoaHou kackag MN3C-maTpuubl NepeHoCUT 3apsifoBbIv NakeT, OH
npeobpasyeTcs B BbIXOLHOE HanpshkeHue. s 3Toro ucrnonb3yeTcsi nraBarollas cunTbiBarowas anddysus,
4YTOOLI cOOUpaTh 3apsaaoBble NakeTbl cMrHana npu ux nepeHoce c N3C-matpuubl. Mo Mepe nepeHoca 3apsi-
OOBbIX NMaKeTOB HaMpsKeHVe Ha cunTbiBatoLen anddysnm nagaert. ATo HaNpsXKeHne NpeacTaBnsaeT codon
OaHHble BUOeoCUrHana u ycunmBaeTcsl Ha MaTpuue yeunutenem ¢ TepmokoMmneHcauuven. MNpexae yem cne-
OYIOLLMIA 3apsiAoBbIA MakeT CMOXET ObITb NepeHeceH B obnactb Anddysmmn, oHa AOmKHA ObITb MNOMHOCTLIO
ouuLleHa OT NpefblayLLero naketa. ATo BbINOMHAET OMOPHbINA curHan copoca, KOTOpbI COOEPXKUT TaKyto e
KOMMOHEHTY TenmoBOoro Lyma, YTO 1 BUAeOoCcUrHan matpuupl. Ecnv 3apaHee coxpaHuTb 3Ty KOMMOHEHTY LUYy-
Ma, TO MOTOM €€ NErko Bbl4ECTb U3 PEe3YIbTUPYIOLLIEro CUrHana, KOTOpbI COAEPXKUT LLIYM Y NOMNE3HbIN CUrHar.

Puc. 5.33. /[otinas xoppenuposannas 6e160pra — 00un u3 cnocobog ymenvutenust uyma ¢ 113C-wampuye
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OKB ny4iwe Bcero paboTtaeT npu UCNoMb30BaHUN ABYX ObICTPOAENCTBYHOLMNX Lienen BeIOOPKM 1 douKca-
LMK, NOOCOEANHEHHbIX K BBIXOOHOMY CUrHany ooTONpUEMHUKA Yepe3 HU3KOYaCTOTHbIN unbTp.

Mbl He Byaem yrnybnsaTbCsi B apXMTEKTYPY 3TUX Lienen, Tak Kak 9TO BbIXOAWT 3a pamMKM JaHHOW KHUMM, HO crie-
OyeT NOMHUTb, YTo cxema [JKB sABNseTcs 4acTbio 3NIEKTPOHHOW CUCTEMBI Terekamepsbl, a He N3C-maTpuubl.

TexHuveckre mapaMeTpbl TeJiekaMep U 4YTO OHU O3HAYAIOT

OcHoBHble 3afa4yn TernekaMmepbl — 3axBaT M300paxeHWn, pasbueHne Ux Ha psa HEMOABWKHLIX KaapoB U
CTPOK, nepefadva M ObICTpOe BOCMPOU3BEAEHME HAa 9IKpaHe, B pesynbTaTe 4ero 4YerioBeYeckuin rnas
BOCMPVHUMAET MX Kak ABUXKYLLeecs n3obpaxeHuve.

Bbibupas Tenekamepy, Mbl AOMKHbI NMPUHUMATbL BO BHUMaHWE psif XapakTepucTuk. HekoTopble U3 HUX
OY€eHb BaXHbIl, ApYre He o4YeHb, BCE 3aBUCUT OT NPUMEHEHNSs.

HeBO3MOXHO CyaAUTb O TerieKkaMmepe Ha OCHOBE TONIbKO OOQHOW UMK ABYX XapaKTePUCTUK, B3ATbIX
M3 UHCTPYKLUM.

PasnuuyHble npon3BoaMTENM NCMOMNb3YIOT PA3fMYHbIe KPUTEPUM U METOAbI OLEHKM, U B BOMbLUMHCTBE Cry-
YyaeB, Jaxe eCcrim Mbl 3HaeM, Kak MHTepnpeTnpoBaTb BCE YMCNa M3 TEXHUYECKOro nacnopTa, Ham BCe Xe
NPUXoANTCS CaMMM OLeHMBATb KayeCcTBO M300OpaxeHus, cpaBHMBas ero ¢ nsobpaxeHvem, JaBaeMbiM
Opyromn Tenekamepomn.

CpaBHMTeanblﬁ TeCT — 3TO 3a4acTyro Haunyqumﬁ M eOUHCTBEHHbIN 06 BHLEeKTUBHbLIN CMOCO6 npoBep-
KN XapakKTepUCTUK TerneKaMepbl — BepTUKayibHOro opeona, wymMma, 4yBCTBUTEJNIbHOCTU U MNP.

He 3abbiBaiite, 4To 00LLEee BrneyaTieHne 0 XOPOoLLEM KayecTBe N300paxeHus co3aaeTcs KoMOHaLumen MHOTMX
(haKTOpPOB: paspeLuatoLLet CoCOOHOCTU, Opeona, YyBCTBUTENBHOCTH, LLyMa, raMma-KoppeKLmMn 1 np.

YenoBe4yeckui rnas He ogMHaKoOBO YyBCTBUTEJIeH KO BCeéM 3TUmM CbaKTOpaM.

Jlioaon, He obnagatolie 4OCTATOUYHbIM ONMbITOM, ByAyT yAUBIEHbI, Y3HAB, YTO pasHMLUa B paspeluatoLLen
cnoco6bHocTn B 50 TBJ1 uHorga MeHee BaxkHa ONa KavyecTBa U306paXkeHUs, Yem, Hanpumep, np