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Mpegucnosue pejakTopa nepesoja

Mpegnaraemas yuiTaTeNlo KHUra npeactasnseT coboi nep-
BOe NepeBOLHOE M3faHue Mo TEXHWKE U UCKYCCTBY (hoTorpadupo-
BaHWs, Ny6AMKyeMOoe B Halleil CTpaHe 3a MocnegHve AecsaTUneTus.

Elle cpaBHUTENIbHO HELABHO TEXHUYECKOe OCHALLEeHue
thoTorpada 6b110 JOCTATOYHO TPAAULMOHHBLIM: annapaTt ¢ Py4YHoii
YCTaHOBKOM 3KCMO3ULMOHHBLIX NapaMeTpoB, 3KCMOHOMETP, ABa-Tpu
CMEHHbIX 06bEKTMBA, LWITATMB, BneHda, HECKONLKO (hunbTpos. BoT,
noxanyi, n sce. KoHel, 370 TpaguLMOHHOCTU HACTYMNNA C 3P0
6ypHOro pa3BuTNA 3NEKTPOHWKMN, €€ HEYK/IOHHOTO BHEeLPEHNS B
(hoToanMmapaTocTpoeHMe, a TakXKe NaBMHO06pa3HOro pocTa
Mogfenein u pasHOBUAHOCTEN OLHOOOBLEKTUBHBIX 3epKabHbIX
Kamep, caMbIX YHMBepCa/bHbIX N0 CBOMM MOTEHLMabHbIM
BO3MOXHOCTAM. Kaxgas Mofefib, NofA06HO CHEXHOMY KOMY,
obpacTana yxe He fecaTkamu, a COTHAMMW JONONHUTENbHbIX
NPUHAANEXHOCTEW, BKNOYAs pas3/iMyHble HACafKn U NPUCTaBKMK.
K coBpeMeHHOIi 3epKa/ibHOW Kamepe TONbKO CMEHHbIX 06bEKTMBOB
BbIMycKaeTcs 0kono 40—50 wTyK. Jaxe onbITHOMY (oTorpagy-
No6UTENI0, He rOBOPS YXKe 0 HOBUYKe B (hoTorpamm, OBOSBHO
CNOXHO OPUEHTUPOBATLCA B 3TOM 6YPHOM, MOCTOSHHO
06HOBAAIOWEMCA MOTOKE KOMMepYeckoi hoTonpoaykuun. Tem
6onee 4YTo ANA MHOTMX OCHOBHbLIM UCTOYHUKOM MH(OpMaLmuu
ABNAIOTCA He BCerfa f0oCTaTOYHO KOMMETEHTHblE «3HATOKU»,
HEMHOTOUUC/IEHHbIE (POTOXYPHabl Aa NOMKA (POTOMarasuHoB.
UTo KacaeTca (DMPMEHHbIX KaTasioros, TO OHWU, Kak NpaBu/o, He
[NOCTYMNHbI LUIMPOKUM Maccam (PoTontobuTenei.

ABTOPbI KHUTY, KOTOPYIO Bbl A€PXUTE B pyKax, Npogenanm
60nbLIYIO N None3Hyto paboTy. MpoaHanM3MpoBaB YCTPOCTBO
60/bLUEr0 YMcna CyLLECTBYOLMX OGHOTUMHbBIX U 6AN3KUX MO
CBOUM TEXHWUYECKMM XapaKTEPUCTUKaM Kamep, OHW BbISBUN
KpuTepuu, onpesenstoLne COBPEMEHHbIA 3proHOMUYECKMA
YPOBEHb, KOTOPOMY AO/DKHA YLOBNETBOPATL KOHCTPYKLUS
(hoToannapatypbl Kak s nobutenen, Tak n gnsa npodeccmoHa-
nos. Mpy 3TOM peyb MAET He TONMbKO O TaKOM (POPMasbHOM
KpUTepumn, Kak pasmep Kagpa, HO 1 O CTeMeHU BO3MOXHOIO
BMelLaTe/bCTBa poTorpada B nNpouecc POTOCbEMKM (MpU NOYTH
O[JMHaKOBOM ¥ O4Ye€Hb BbICOKOM YPOBHE aBTOMAaTuU3aLum).
NpeanbHbIM BapraHToM ans oTtorpada-nobutens senseTcs
MoZefb, BCE YMpaB/ieHVe KOTOPOIA, He UCK/OYas HaBOAKM Ha
(hOKyC, CBOAUTCA K YCTAHOBNEHWIO YYBCTBUTE/ILHOCTY
MCNO/b3yeMOl MeHKW (da U TO He Bcerfal) n HaxaTuio CryCcKOBO
KHOMKKW. YTo Xe kacaeTcs (poToannapaTypbl Ans npogeccMoHanoB
1 NobUTeNeid BLICOKOTo Kfacca, T0, HECMOTPSA Ha ee nogyac
MosHYH aBTOMaTU3aLuio, hoTorpady npefocTaB/seTcs
BO3MOXXHOCTb BO3felicTBMA 6YKBasbHO Ha BCe 3Tambl MpoLecca
(hOTOCHEMKM, OTK/IHOUEHUS NOBOro aBTOMAaTMYECKOr0 «AeiCcTBa U
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nepexoda Ha py4Hoi pexum. Takas rM6KOCTb MO3BO/ISET peLlaTh
pasfInyHble M306pa3UTeNbHbIE 3adaumn NMPU COXPaHEHUN B Clyyae
Heo6X0VMMOCTH BbICOKOI OMepaTUBHOCTY aBTOMATWUUECKMX
onepauwii. OueBMAHO, YTO AN IPDEKTUBHOFO UCMOMb30BAHUS
CTO/b CNOXHOI annapaTypbl, ONepupoBaHMs BCEMU MHOTQYMCIIEH-
HbIMM PblY2XKaMK 1 KHOMKaMy Heo6XoauMo UMETb MpeacTaBieHne
06 OCHOBHbIX MPUHLMMAX paboThbl ee PYHKLMOHAbHBIX CUCTEM W
B3aMMOZEWCTBUS MeXay HUMUW. Kak HM napagokcanbHO, HO
CO3HATE/IbHOE OTHOLLEHME K KaXXAOMY 3Tany CheMKMW TpebyeTcs u
npy HOTOChEMKE MOMHOCTbIO aBTOMATWUYECKOI NHOBUTENLCKOI
KaMepoid, B MPOTUBHOM C/ly4ae HEBO3MOXHO MOYYMTb YAauHbIi
CHMMOK B YC/IOBMSIX, OT/IMYAIOLLMXCS OT TOFO CpeaHecTaTucTMYe-
CKOro CHoXeTa, Ha KOTOPbI paccuMTaHa Niobas aBToMaTuKa.

Moapo6HOe paccMOTPeHUe yKa3aHHbIX MPUHLMMIOB 1
UNMKCTPaLMA UX NPaKTUYeCKOR 3PEKTUBHOCTU Ha MHOFOYMCNEH-
HbIX MPUMeEpPax U CHUMKAX ABASIOTCA [NaBHbIM COAePXXaHWeM
npegnaraemoli kHUru. Kpome BONpoCOB, CBA3aHHbLIX C
0COGEHHOCTAMM YCTPOICTBA COBPEMEHHbLIX POTOANNapaToB u MX
yNpaBfieHeM, B KHUTe COLEPXKUTCA MHOXECTBO MPaKTUYecKu
MONe3HbIX CBeAeHW. Tak, B HaYane KHUIM Ha BMOSIHE AOCTYMHOM
YPOBHE M3/1aratloTCA OCHOBHbIE CBEEHUs O NPUPOJe CBeTa,
NpuHUMNax paboTbl NMH3, NPUCYLLMX UM abeppaLusx. 3aTeM CTOMb
)K€ NOMYNAPHO paccMaTpuBaloTCs CTPOEHME U CBOMCTBA
COBPEMEHHbIX CBETOUYYBCTBUTE/IbHBIX MAaTepWanos, BK/KOYas
LBETHbIE; MpaBuna onpejeneHns aKcno3mumm; TpebosaHus,
npeabsasfseMble K 6e3yKOPU3HEHHO PE3KOMY CHUMKY. 3aMeTuM,
4TO MOCNeAHUI BONPOC, OXBATbIBAOLLMIA MHOTME «MEfKME»
npaKTuyeckune acnekTbl hoTorpaum, B NONyspHOWA NuTepaTtype
4acTo MOSIHOCTLIO TOHET B HECYLLECTBEHHbLIX MOAPOBHOCTAX U
MOTOKax M36bITOYHOI uHDopmaumn. [anee 3aTparmsatoTcs
BOMPOChI 3(h(heKTUBHOIO MPUMEHEHNSI COBPEMEHHbIX LOMO/HU-
Te/bHbIX NPUCNOCO6NEHN, 1 B NEPBYIO 0Yepefb COBPEMEHHbIX
3M1EeKTPOHHBIX BCMbILLEK. ABTOpbl NOAPO6GHO paccMaTpuBatoT TWMbI
COBPEMEHHbIX BCMbILLIEK, UX CUHXPOHMU3ALMI0 1 METOAbI
OCBELLEHMSA, B TOM YMC/IE U NPU UCMO/b30BaHNMN CPa3dy HECKONbKUX
BCMbllWeK. MHOro nonesHbIX peKoMeHAauuii COAepXMTCa B
pasgenax, NOCBALLEHHbIX POTOMUKPOrpaumn, CbeMKe KPYrHbIM
M1aHoM, CneuuanbHON TEXHWKE, JeMOHCTpaLun Anano3uT1BOB 1
MOAroTOBKe UAMHOCTPATUBHOIO MaTepmana 4nis Nekunii n
[OKNafoB. HekoTopble PEKOMEHAALMN, HanpuMep CheMKa «mnoj,
aKBapesnb» WM «nof, XWBOMWUCb Mac/oM», ABAAKOTCA, MO CYLLECTBY,
HOBbLIM C/IOBOM B (hoTOrpaduu.

KHura 3HakOMWT uniTaTensi ¢ COBPEMEHHbLIM YPOBHEM
(hOTOTEXHUKM W CYLLECTBYIOLWMMU NpueMammn hoTorpadun,
00YyCNOBNEHHbIMW 3TM YPOBHeM. [M03TOMY Kak MO CBOeMy COAep-
XaHM0, Tak W Mo 3MMEKTHLIM U HarNsgHbIM UAKOCTPaALUSM,
KayecTBO KOTOPbIX Mbl MOMbITA/IUCL COXPaHUTb B PYCCKOM W3[aHWK,
KHWra OyfeT noniesHa ymtaTensMm ¢ pasnnyHbIM YPOBHEM MOArO-
TOBKW B 061aCTV (DOTOTEXHUKW.

A. B. LleknenH



[Mpeancnosue

ABTOpPbI PELLNINCL HANWUCaTb eLle OfHY KHUTY no
toTorpadun, cunTas He0OOXOANMbIM O3HAKOMWUTb YMTaTENS C
CYLLECTBYIOLLMM MOMOXEHVEM €N B 06/1aCTU TEXHWKU N NCKYCCTBA
toTorpacuy n cHabauTb ero Mo BO3MOXHOCTW BCe MHOPMaLUeit,
Heo6X0ANMOIA NS COBEPLUEHCTBOBaHUA ero hoTorpadmnyeckoro
mMacTepcTBa. B CBA3M C 3TUM OCHOBHOE BHMMaHWe Yaensercs
PaccMOTPEHMIO BO3MOXKHOCTEN COBPEMEHHOW TEXHUKM
thoTorpadpoBaHuns 1 ONMUCAHMIO Pa3NNYHbIX CNOCOB0B M NPUEMOB
(hOTOCLEMKN. B 4acTHOCTK, 06CyXAatoTcs cnocobbl POTOCHLEMKM,
MPaKTUYeCKU He TpebyroLweid LOMOMHMTETbHBIX NPUCMIOCOBEHNI,
HO NO3BONAOLLEA MONYYUTb HEOObIUHbIE N UHTEPECHbIE
pe3ynbTatbl. Kpome TOro, onucbIBalOTCA [Ba OYeHb CreuuanbHbIX,
paHee HUrAe He YNOMMHAaBLLMXCA cnocoba hOTOCHEMKM,
pe3ynbTaToOM KOTOPOI ABMSHOTCA M306paXKeHns B CTU/ie PUCYHKOB
aKBapesbio UM XXUBOMUCK MAac/ioM. 3Ha4YMTeNbHOe MeCTo
OTBOAMTCS pasInYHbIM cnocobaM (hOTOCHLEMKU KPYMHbLIM MIaHOM 1
Heo6X0AMMOMY 415 3TOro 060pyA0BaHMI0, a Takxke oTorpadu-
POBaHMIO Yepe3 MUKPOCKON W CBA32HHOW C HUM CrneuuanbHoi
TeXHWKOI ocBelleHus. Mpyu 3TOM aBTOPbl OFPaHNYMBaOTCA
OMuMcaHMeM MUKPOCKOMOB OTHOCUTENIbHO MPOCTbIX U HeLopormx
MOZeNei, KoTopble MOryT 6bITb AOCTYMHbI oTOrpadam-
noéutenam.

N3noxeHne coCTOSHUS COBPEMEHHON (HOTOTEXHUKM
[OMOMHAETCS peKoMeHAaunsMM NpakTUYECKOro XapakTepa,
cfiefjoBaHNEe KOTOPbIM MOMOXET poTorpady 3HaunTe/bHO
paclpuTb €ro BO3MOXHOCTW. TaK, Hanpumep, peKoMeHaauum
OTHOCUTENIbHO (POTOCHEMKM Ha COBPEMEHHbIE POTOMEHKN
HarnpaBe/eHbl He TOMbKO Ha MPEOAOSIEHNE VMEIOLLMXCS Y
(hoTorpagmyecknx mMaTepuanoB OrpaHUYeHW, HO U Ha
MCNOMb30BaHNE 3TUX OFPaHUYEHWIA AN NOMYYEHMS 0COObIX
n306pasnTeNibHbIX 3PGPeKTOB. PeKOMeHAaLUNKW, CBSi3aHHbIE C
NPYMEHEHNEM 3M1EKTPOHHbIX BCMbILLEK, HalleNeHbl Ha 0becrneyeHne
(hOTOCBEMKMN Pa3NnNUHbIX CTaauii 6bICTPO NPOTEKalOLWMX MPOLEeCCoB
UM U3MeHEeHM A 06beKTa CbeMKM. MoaYepKMBAETCA BaXKHOCTb
CTabUNbHOCTM MOMOXKEHNSA KamMepbl U KOHTPONS 3a e CMEeLLEHMEM,
a TaKxe 3a nepemelLeHneM 06beKTa B NpoLecce ChbeMKM.

Hapagy ¢ onucaHneM TeXHWKKU oTorpadMpoBaHns aBTopbI
COYNN LeNlecoobpasHbIM NPUBECTU HEKOTOPblE OCHOBHbIE CBEAEHMUS,
KacatoLiMecs npupoasl U CBOWMCTB CBETA, MPUHLMUNMANBHOIO
yCTpoiicTBa (hoTorpatmyeckux annapaToB M 3KCMOHOMETPOB
pasNM4HOro TMna, CTpoeHus oTorpatmyeckmx MiaeHoK.

doTorpadus Tpebyet 60/1bLLIOI0 BHUMaHMS OT 10600
thoTorpacha — fenaeT M OH CHUMKW YNEeHOB CBOE CEMbM WK
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TBOPYECKM CO3JaeT HEUTO HOBOe. ABTOpPbI YOEXAEHbI, YTO
HEe3aBMCMMO OT CTeMeHu NpeaaHHOCTW oTorpadun 4AS NOAyYeHNs
CHUMKOB BbICOKOI0 KauecTBa He0b6X04yMO UMETb SICHOE
npeAcTaBieHne 0 BO3MOXHOCTAX COBPEMEHHON (oTorpadum.
CTpemsAcb OCBETUTb 3TU BOMPOCHI BOMIEe MHTEPECHO W YBeKaTe b-
HO, aBTOPbI BK/OUWAN B KHUTY BONLLUOIA MANKOCTPATUBHDIL
maTepuan B Buae oTorpaduii, pucyHKOB, CXeM, AnarpaMm.

3. XOoKuHC 1 . 3iiBoH



CBeT 1 uBeT

Puc. 1.
CneKkTp 3/1eKTPOMArHUTHbIX BOJIH.

CBEeT 1 ero cBoiicTBa

MepBOHaYaNbLHO NOHATWE CBET UCMO/Mb30BANOCh 4/15
0603Ha4YeHns TOro 06LEKTUBHOIO, NPOUCXOLALLEr0 BHE Hac
npoLecca, KOTOpbIi Bbl3bIBAET CYOBEKTUBHbBIE OLLYLIEHNS.
Brnocnencteum oHO 6b1710 0606LLEHO Ha 6onee LIMPOKYHO
COBOKYMHOCTb €UHbIX MO CBOEA Npmpofe 00BLEKTUBHbIX SBNEHWNA,
CBOAALLMXCA K PacnpoOCTPaHEHUIO KOPOTKMX 31eKTPOMarHUTHbIX
BOJIH, HE3aBMCMMO OT TOr0, CNOCOGHbI /I OHW BbI3BaTb Y YefioBeka
3pUTENbHbIE OLLYLLEHUS WK HET.

EcTecTBeHHbIM UCTOYHMKOM cBeTa siBnsetca CosHue, OT
KOTOPOT0 3/1EKTPOMArHUTHbIE BOJIHbI PAcnpoCTPaHATCA Nof06HO
psby Ha NOBEPXHOCTU BOAbI OT BPOLLEHHOrO B Hee kamHsA. CnekTp
n3nyuyenns ConHUa HeobbiyaliHo Wupok: oT 10™° cm (ramma-
nyumn) 10 10 KM (HWU3KOYACTOTHbIE PaaMoBO/HbLI)Y. [AuanasoH
cnekTpa (4,3-:- 7)*10' L neXxuT B 061aCTU YyBCTBUTENLHOCTY
4e/I0BEYECKOTO /1a3a M HasbIBAeTCA BMAWMON 06MacTbiO CrekTpa
(Mnn BugMMbIM cBeTOM). B aTOM fmana3oHe KaXpAoi yacToTe
COOTBETCTBYET CBOW LBET M3nyyeHns. OBbIYHO, KpOMe BMAMMON
061acTV, B MOHATME CBET BK/OYAIOT NPUMbIKAIOLLME LIMPOKUE
06/1aCTV CMEeKTpa 31eKTPOMArHUTHBLIX BOIH — WH(PaKpacHy u
yNbTparoneToByto.

Kak 13BecTHO, CBET pacnpocTpaHsaeTca NPSAMOHENHO, 0
YeM HarfsgHO CBMAETENbCTBYIOT 06pa3oBaHue TeHel, a Takke
thopmmpoBaHMe 1306paXeHNs NpPeaMeTOB C MOMOLLbIO Kamepsbl,
MMERoLLe He60MbLIOe KPyrnoe oTeepcTue (Kamepbl-06CKYpbI,
BrnepBsble onucaHHoin B XVI B.). CKOpPOCTb CBeTa 3aBUCUT OT
CBOWACTB Ccpefbl, B KOTOPO OH pacrnpoCTpaHsfeTCs; B BaKyyMe OHa
cocTasnseT okono 30* 10°° cm/c.

OTpaxkeHne. BONbLINHCTBO OKPY>XXaroLWMX Hac npeaMeToB
OTpaXKaeT nafarolwunii Ha HUX CBET. VIHTEHCMBHOCTb OTPaXXEHHOI0
CBETa 3aBMUCUT KakK OT NPUPOLbl OTpaxaroLleli NOBEPXHOCTU, TaK U
OT yrna najeHws cBeTOBOro nyya. benas 6ymara, Hanpumep,
oTpaxaeT 6onee 80% najaloLero Ha Hee CBETa, a YepHas Kpacka,
KOTOpOI HameyaTaH AaHHbIA TekcT, —Bcero nnwb 2—3%.
BrecTawme n MaToBble MOBEPXHOCTU TaKXe MO-Pa3HOMY
OTpaxaroT CcBeT. Tak, B ciyyae 6/1eCTALMX NOAMPOBAHHbIX
MOBEPXHOCTel Hab/oAaeTCs 3epKabHOE OTpaXKeHWe, T. €. Yrofn
nageHnst CBETOBOIO jlyya paBeH Yry ero OTpaXKeHus (3aKOH
OTPaXXeHMWs CBETa), B TO BPEMS KaK MaToBasi MOBEPXHOCTb

Hbl Ha3bIBAETCS [/MHOW BOMHbLI, & YUCNO rpeGHelt, NpoXoAslmMxX Yepes faH-
HyH TOUKY 3a 1 ¢, — 4acTOTO/i M3nyyeHws.



oo 1.

doTOCHEMKA OCYLLECTBAANACH
camMofieNnbHO Kamepoii-06CKypoii ¢
oTBepcTuemM aguvametpom 0,5 MM,
pacrosioKeHHbIM Ha pacCTOAHUK

125 MM OT MNOCKOCTU MneHKu. N3-3a
Heb0/bLIOro AnameTpa OTBEPCTUA
MHTEHCMBHOCTb CBeTa 6blna
HacToNbKO Manoii,4To noTpe6oBanach
BblAlepXKKa 3 C npu Cbemke B
YCNOBUAX APKOrO COSIHEYHOrO
OCBELLEHNS.

Puc. 2.

OnbIT, AeMOHCTPUPYIOLLNiA
NpsIMONUHEHOE pacrnpocTpaHeHne
cBeTa. Jlyum cBeTa, Npoifs CKBO3b
Hebo/blLOe OTBEPCTME KaMepbl-
006CKypbl, 06pa3ytoT nM306paxeHue
06beKTa Ha pacnonoXeHHOM B
COOTBETCTBYHOLLEM MeCTe NNCTe
Bymarm unu nneHku.

OTpaXkaeT CBeT 60/iee UM MeHee paBHOMEPHO BO BCE CTOPOHbI,
T. €. (DAKTUYECKU Mbl UMEEM [e/10 C PacCesH/EM e-BeTa.
MpenomneHwe. Tpy NPOXOXKAEHUN CBETA Yepe3 rpaHuLy
pasfena AByx Mpo3payHbIX Cped OH MEeHSeT HarnpaBieHue
pacnpocTpaHeHus. IMEHHO npenoMieHneM cBeTa 00bACHSETCA,
HanpumMep, TOT (haKT, YTO Nanka, OnyLeHHas B BOAY, KaXeTcs
CNIOMaHHO: CBET, OTPaXKEHHbIN 4aCcTbH Nasiku, HaxXOA4ALLEcs B
BOZE, NPV MPOXOXAEHUW TpaHuLbl pasfena BoAa—B0o34yX
NpefioMnseTcs, T. €. CBETOBbIE Nyun UcKpuenaroTca. CTeneHb
WCKPVB/IEHNS CBETOBbIX JTy4eil 3aBUCUT OT Pa3HOCTM CKOPOCTM
pacnpocTpaHeHus ceeTa B 06enx cpefax: yem 6onbLue pasHOCTb,
TEM CuNibHee UCKpuBneHne. OTHOLLEHWe CKOPOCTY CBeTa B BaKyyMe
K CKOpPOCTW CBeTa B AaHHOI Cpefe Ha3biBaeTCca NoKasaTenem
npenomieHns faHHol cpedbl. MockonbKy B 6o/ee MAOTHOR cpeae
CBET pacrpocTpaHaeTcs Mef/IeHHee, YeM B BaKyyme, rokasaresb
npenomMneHns Bcerga 60nblie equHMLbl (4NS BOAbI OH paBeH 1,3,
Ana crekna 1,5, ans anmasa 2,4). Mpu pacnpocTpaHeHUn cBeTa U3
MeHee M0THON cpefbl B 60/ee NIOTHYIO Ny4n OTKIOHAKTCS B
HanpasfieHU K HopManu, a Npyu pacnpocTpaHeHun us 6onee
NAOTHOM Cpedbl B MeHee NAOTHYH — MO HanpaBfieHWH0 OT
HopMmanu. B criydae niockold rpaHuybl pasgena (maockonapan-
NenbHas CTEK/SAHHAsA NAacTWHKA) NPEeNOMIEHHbIA yd UMEET TO Xe
HanpasfeHue, YTO 1 nagarowmii. Ecnu 3aMmeHnTb NNacTUHKY
NpU3MOiA, TO NPEIOMJIEHHbIA Ny4, NPOAA CKBO3b NPU3MY,
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Puc. 3.
OTpaxeHue cBeTa bnecTauleit
MOBEPXHOCTbHIO.

Puc. 4.
PaccesiHne cBeTa MaToBOiA
NMOBEPXHOCTHIO.

Puc. 5

Manka, onyleHHas B BOAy, KaXeTcs

CMIOMaHHOI BCNeACTBUE NPEeNoMIeHuUs
CBETOBbLIX /lyyeldi Ha rpaHuue pasgena
BOJa — BO34yX.

Puc. 6.

Mpu pacnpocTpaHeHnn ceeTa U3
MeHee NOTHOW cpedbl (BO3ayX) B
6onee NNOTHYHO (CTEKN0) Nyyn
NpenoMnATCA MO HanNpaBneHUIO K
HOpManu, a Npu pacnpocTpaHeHUn
cBeTa 13 6osiee NAOTHOW cpefbl
(cTekno) B MeHee MNOTHYIO

(BO3AayX) —nNO Hampas/ieHWt0 OT
Hopmanu. Ecnu cTeknsHHbIA 610K
npegcTaBnseT coboil NacTuHy ¢
napannenbHbIMK rpaHaMu (a),
NPenoMAeHHbI Ny4 ocTaeTcs
napannensHbiM nagarolemy; ecnu
rpaHn NnacTWHbl He napannenbHbl (6),
NPenoMaeHHbIN yy 06pasyeT yron ¢
nagaroLwmm ny4om.

OTK/IOHUTCS OT MepPBOHAYabHOr0 HanpasfeHus. Yrof, Ha
KOTOPbIA OTKMOHSETCA /y4, Ha3blBAeTCA YrNOM OTKIOHEHMS.
Hanbo/blunii NpakTUYecKunii MHTepec npeacTasnser
cepryeckas NOBEPXHOCTb pasfesnia, B YaCTHOCTU ONTUYECKME
CUCTEMbI, OTPaHWYEHHbIe TaKUMWU MOBEPXHOCTAMMU (/INH3bI).
MpoCTY0 NONOXKUTENbHYIO IMH3Y MOXHO NPeACcTaBuUTh Kak
COCTOALLYIO M3 MHOXECTBA NPW3M, MMEIOLLMX HECKO/IbKO pas/iun-
yaroLmecs yribl OTKNOHEHUS. TpaMas NnHUA, npoxoasauias yepes
LLEHTPbl KPVBU3HbI MOBEPXHOCTEN NEPNeHANKYNAPHO K HUM U §iB-
NALWAACA OCbl0 CUMMETPUM MPEOMASIOLLMX NOBEPXHOCTEN,
Ha3blBaeTCA OMTWYECKON OCblO NINH3bI. ECnn Ha NWH3Y najaeT na-
pannenbHbIn My4oK Ny4yeil napannefnbHO ee rNaBHONM ONTUYECKOWA
0cH, TO MO BbLIXOAE W3 CUCTEMbI flyun cobepyTcs B TOUKE, fiexallei
Ha 3Tol ocu, — dhokyce. PaccTosiHMe MeXAY (DOKYCOM SINH3bI U ee
ONTUYECKUM LIEHTPOM Ha3blBaeTCs (DOKYCHbIM PACCTOSHUEM.
MocKonbKy nokasatesb NPeNoMAEHWUS NPO3payHbIX Cpes 3aBuUcuT
OT f/IMHbI BO/HbI MPOXOAALLEr0 CKBO3b HUX CBETa, MO BbIX0OAe M3
CUCTEMbBI Nyun ByAyT nepecekatb OMTUYECKYHO OCb B Pa3HbIX
TOYKax. 3TO ABMEHME MONYYMIO HA3BaHWE XPOMATMWYECKas
abeppauuns. B uyepHo-6enoii hoTorpadum xpomatmyeckas
abeppauua NpMBOAUT K HEKOTOPOI MOTepe Pe3KoCTU Ha Kpasx
n300paxKeHns, a B LIBETHON hoTorpamm — K 06pa3oBaHuio
LIBETHbIX 0604KOB OKO/0 N060ro pe3ko M3obpaxxaeMoro 06bLekTa.

O[HUM 13 CYLIECTBEHHbIX HEJ0CTAaTKOB MPOCTOM
MONOXUTENbHOW NNH3bI ABNSETCA cdepuyeckas abeppauns —
NCKaXXeHNe N306paXeHNs, CBA3aHHOE C TeM, YTO CBETOBbIE /lyun OT
TOYEYHOr0 MCTOYHMKA CBETA, PAcro/IOXXEHHOTO Ha OMTWMYECKOI OcK
NINH3bI, He COBMPAOTCA B OAHY TOYKY C /lydamMu, MpOLUefLLIMMK
yepes yfAaneHHble 0T OCK YacTu CUCTEMbl. YMeHbLUEHNe
cthepnyeckoli abeppaumm JOCTUIaeTCs 3a CUYET COKpaLeHus
3()(PeKTMBHOrO AnameTpa fIMH3bl. s 3TOro nepeg NMH30M
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Puc. 7.

a — NpUHUMN AencTBKUA NPOCTON
NINH3bI: AABE OAWHAKOBbIE MPU3MBbI,
pacrnosioXxeHHble CUMMETPUYHO
OTHOCUTE/NIbHO ApYyr Apyra,
HanpaB/SlOT CBETOBbLIE NyUYN B OfHY
TOYKY, WM dokyc; 6 — npocTas
cobumpatesibHas NMH3a MOXET ObITb
npefcTaBneHa Kak 6eCKOHEeUYHOe 4uncnio
npu3M, Kaxpaas M3 KOTOpbIX MMeeT
HECKO/bKO WHOW Yron mpenomneHus.

MOMELLLAIOT NIACTUHKY C HEOOMbLUMMM KPYTbIMU OTBEPCTUAMM,
Ha3bIBa€MbIMM anepTypon uim anadparMoi. YCTpaHUTb Man
YMEHbLUUTL CHEPUYECKYHO abeppauuio MOXHO Takxe NyTem
nofo6opa MOMOXWTENbHbIX U OTPULATENbHBIX IMH3 OMTUYECKOI
CUCTEMbI, BbIGOPOM OMTUMabHbIX COOTHOLLEHWUIA pPafuycoB
KPUBW3HbI MOBEPXHOCTEW NMH3 NGO MyTeEM MCMO/b30BaHNS
OMNTUYECKNX 3NEMEHTOB C acthepuyecKMMU NOBEPXHOCTAMMU.

LiBeT

AHanu3mpys cocTaB CBeTa NpU NOMOLLM NPU3MBI, ErKO
ybeamnTbes, YTO 6eNblil CBET UMEET C/IOXKHbIWA CMEKTPasIbHbIN
cocTtas. dpyrumu cnosamu, 6enblil UBET NpefcTaBnseT co6oii
COBOKYMHOCTb 3M1€KTPOMArHUTHbIX BOMH PasNUYHONA ANUHLI, T. €.
COBOKYMHOCTb Nlyyeid pa3nunyHbIX LBeToB. PasnnyHas npenomns-
eMOCTb Jly4eli pasHOro LiBeTa NO3BOJSIET Pa3/IOXUTL GENbIiA CBET Ha

Puc. 8.

dopmupoBaHue n306paxeHns B
NNOCKOCTU M/IEHKN SBNSETCS
CnefCcTBMEM CBOWCTBA COBMpaTenbHbIX
NIMH3 Npeobpa3oBbiBaTh y4n CBETa,
nagarouive napanienbHo ee
ONMTMYECKOW Ocu, B MY4YOK nyyen,
CXOAAWMXCA B 3adHeM (okyce.

12



®doTo 3.

Mpu cbemke B Kamepy BMECTO
06beKTNBa ObIN0 BCTaBNEHO MPOCTOE
YBENNYNTENbHOE CTEKN0: MOTeps
Pe3KOCTV MOYTU MONHOCTLIO CBAA3aHa
co cthepnyeckoin abeppayueil.

doTo 2.

CoBpeMeHHble (hOTOO0OBEKTMBBI
MOYTN MONHOCTLID CKOPPErmpoBaHbl
no XpomaTuyeckoil abeppauum
(cnea). OpHako npu 60MbLINX
YBEIMYEHNAX NO Kpasm M306paxeHns
BO3HWKAET LIBETOBO OpPeos, 4To
CBUAETENLCTBYET O HaMM4uM
0CTaTOYHOW XPOMaTUYECKON
abeppaLumn y LWMPOKOYroNbHOFO
06beKTMBa, KOTOpbIM 6blna
npousBejeHa chemka (cnpasa).

Puc. 9.

Cchepuueckas abeppayus npocToii

NINH3bI oﬁycnosneHa HecoBnageHnem

(hoKycoB A8 Nnyyeit cBeTa,

npoxoaawmnx Ha Pa3HbIX paccToAHnAX

OT ee ONTU4YEeCKOWN OocCu.
ero coctasnstoLme. OKpacka NpeaMeToB, OCBELLEHHbIX O4HUM U
TeM >Ke UCTOYHMKOM CBeTa, OblBaeT BeCbMa pa3HO0Opa3Hol, YTo
06DBACHAETCA 3aBUCMMOCTHI0 KO3 MEHTOB NPEIOM/IEHNS 1
OTPaXeHUA OT ANUHbI BOMHbI. KpacHas KHWra, Hanpumep,
BOCMPUHMMAETCA KPacHOM MOTOMY, UTO OHa OTpaXkaeT fiyuu TObKO
KpacHoi 061acTu cnekTpa. Ta )e KHMra npu OCBELLEHUN ee
3e/eHbIM WM CUHUM CBETOM OYAET Ka3aTbCA YepHOW, TaK Kak ee
MOBEPXHOCTb NOTr/IOWAeT BCE 3e/ieHble (CUHWE) IyYn U MPaKTUYeCKu
He OTpaXKaeT KpacHble.

Pa3nuuatoT nepeuyHble (OCHOBHbLIE) WM BTOPUYHbIE
(nononHMTEeNbHbIE) LBeTa. K mepBbiM OTHOCATCA KPacHbIN,
3€/1eHbIN N CUHWIA, T. €. LBeTa, KOTOpbIe HE MOTYT BGbiTb MOMYYEHbI
MPOCTbIM OMTUYECKNM CMELLEHVNEM M3/TYUYEHWIA ABYX APYTUX
OCHOBHbIX LBETOB. [1py ONTUYECKOM CMELLEHUN TPeX OCHOBHbIX
LiBEeTOB B ONpeAeneHHOW Nponopuun nony4aetcs Genblid CBeT.
Takoii npouecc HasblBaeTCA afAnTWBHbIM CUHTE30M LBeTa. Ecnu
CMeLIaTh TOMbKO fBa MEPBUYHbIX LBETOBbIX My4Ka, TO NOMYYUM
OAVH 13 Tpex BTOPUYHBIX LIBETOB: KPACHbIA W 3eNeHblid faloT
XKeNTbIA UBET, KPaCHbIA U CUHUIA — NYPNYPHbIA, 3e1eHbIA 1
CUHWIA —TroNy60ii.

BblunTaHne 13 6en0ro ceeta OTAENbHbLIX €ro CNeKTPaibHbIX
COCTaBNAOWMX (0BbIYHO 3€/1EHbIX, KPACHBIX U CUHUX U3/TyUYEHNI
OCHOBHOFO LiBeTa) NyTeM Nocfief0BaTe/lbHOro MOrIOLEHNS 3TUX
COCTaB/IAIOLMX COOTBETCTBYHOLMMMN CBETOPUNLTPAMMN Ha3bIBAeTCH
Cy6TpaKkTWBHbIM CHTE30M UgeTa. IMpu 3TOM npegnonaraeTcs, 4YTo

13



Puc. 10.

a — LBEeT CBeTa 3aBUCUT OT ero
ANMHBI BOMHbI (CUHME Nyumn ABAAKOTCA
n3nyyeHvem ¢ 6onee KOpPOTKOM
[O/IVHON BOMHbBI, YeM KpacHble); 6—
6e/bllii CBET MOXET ObITb Pas3fioXKeH Ha
cocTaBnsoLLMe LBeTa, eciu ero
NpOnycTUTb Yepe3 Mpusmy.

Puc. 11.

a — KpacHasi KHura oTpaxaeT fiyuun
KpacHOro LBeTa W Nornowaet Bce
OCTa/lbHble; 6 —CUHee CTeK/0
NponyckKaeT TO/IbKO /ly4n CUHero
LBeTa U MOr/oLaeT BCe OCTallbHbIe.

(OUNbTPbI UMEKOT COBEPLLUEHHO YUCTbIE (HACLILLEHHbIE) LBeTa.
MONHOCTbIO HACBILLEHHbI LIBET MPOMYCKaeT UM OTpaXaeT He
6onee AByX NePBMYHbLIX LIBETOB. Hanpumep, KHUra HacbILeHHOro
KpacHOro LBeTta, OTpaXKaeT TO/bKO KPacHbI LBET W MOrnowaeT
CUHWIA 1 3eMeHblin. YepHuna «nacTenbHOrO» KpacHOro LBeTa
OTPaXaloT BCE TPU MEPBUYHBIX LiBETA, HO KPACHbIW CUMbHEE, YeM
CVHWIA 1 3eNeHbIi.

Mpouecc cy6TPaKTUBHOIO CUHTE3a LBETA NIEXUT B OCHOBE
60MbLUMHCTBA METOAOB LIBETHOW hoTorpadmm, Tak Kak no3BosiseT
BOCNPOM3BOAMTbL BCE LiBETA 00bEKTa, UCMO/b3ya B PasiINyHbIX
NPONopUUsAX KpacuTenu TOMbKO TPeX BTOPUYHBLIX (KeNToro,
nyprypHOro 1 rony6oro) LBeToB.

LIBeTHble (hoTOrpadun, NpUBOANMbIE B JaHHOW KHWUre,

BOCNPOM3BEEHb! NPY NOMOLUM MeYaT TUNOrpaickuMm Kpackamu,
[J19 NPUTOTOB/IEHUA KOTOPbIX MCMOMb30Ba/IUCh Pa3IMYHON
BENNYVHBI LiBETHBIE TOUKMN XENTOro, NypnypHOro u rony6oro
KpacuTens. O6bIYHO NMPUMEHSIOT €eLLe U YepHbIiA KpacuTenb, Tak
Kak LjBeToBas umcToTa KpacuTeneid (MUrMeHToB), UCMONb3YeMbIX
ON1S NPUrOTOB/IEHUA TUMOrPaPCKMX KPacokK, TakoBa, YTO BCE TPK
LiBeTa BMECTe [al0T KOPUYHEBATO-YEPHbIA LBET, & HE HelTpanbHO-
YepHbIil. OTTeHKN 06beKTa BOCMPOU3BOAATCA 3a CHET PasIM4HOro
OTHOCMUTE/IbHOrO pasmepa LiBETHbIX TOYEK, B TO BPEMA Kak
«pa3baBneHne» LBeTa JOCTUraeTCs B Pe3ynbTaTe COOTBETCTBY-
IOLLIEr0 COOTHOLLIEHNS OTHOCUTE/IbHOTO pa3mepa TOYeK U

naowaan y4actTkoB 6efioin 6ymarun Mexay HumK.
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Puc. 12.
AJANTUBHBIA CUHTE3 LBeTa.

BY&ThRKkTuBHbI cunTes useTa.

VICKyCCTBEHHbIE UCTOUHMKN CBETA

OfHKW Tena NOraoWAaoT UAKN OTPaXatoT CBET, B TO Bpems
Kak Apyrve u3nyyaroT CBeT, T. €. MpU ONpefeneHHbIX YCIOBUAX
CaMn CTaHOBATCA UCTOYHMKAMW CBeTa, KOTOPbIWA, BO3AEACTBYSA Ha
Halll rnas, BbI3blBaeT OMpeAeNeHHble 3pUTENbHbIE OLLYLLEHMS.
CyulecTBYOT pasnuyHble cnocobbl CO3A4aHNsA UCKYCCTBEHHbIX
MCTOYHMKOB cBeTa. Hambonee M3BECTHbIM M LUMPOKO pacnpocTpa-
HEHHbI U3 HUX COCTOMT B HarpeBaHUM TeN O TeMMepaTypbl UX
cBeyeHus (6enoro KaneHus). IMEHHO TakMMW UCTOYHMKAMMK CBeTa
ABNAKOTCA CBeYa, KepPOCMHOBAsA faMna, 3/1eKTPUYECcKme namMnoYKu,
namna HakanueaHws, rasopaspsgHblie namnbl. MocnegHue
3acnyXnBatoT 0C060ro BHMMaHMS, NOCKO/IbKY MOTYT ObiTb
1CNOMb30BaHbl A1 CO34aHMA 3NEKTPOHHBLIX UMMYAbCHbIX
BCMbILLEK: KPATKOBPEMEHHBIA ¥ Ype3BblHaliHO SAPKUI paspss
LOCTUraeTCs MpU NPOMYyCKaHUW 3M1EKTPUYECKOTO TOKa Yepes
WHEePTHbIN ra3 KCeHoH. OfHWUM W3 BWAOB rasopaspsgHoro
MCTOYHMKa CBETa ABNAITCA (hyOpecLeHTHbIe namMnbl. B 3ToM
Cnyvae BHYTPEHHSS MOBEPXHOCTb faMnbl (TPY6KM) NOKpbIBaeTCS
CNOEM crewmanbHOro Belectsa — ocdopa; cnocobHOCT
MocneAHero NOrnoLwaTh 3HaYMTeNbHY SO0 HEBUAMMOTO
U3MTyYeHns, BO3HUKAIOLLErO NpW paspsage B rase, U UCMyckKaTb
BUAOMMOE W3y4YeHWe NO3BONSAET 3HAYUTENbHO MOBbLICUTL APKOCTb
CBEYEHMS Taknux namm.



[MpuHUMNManbHaa KOHCTPYKUMA
(hoTOrpaguyeckoro anmnapara

OCHOBOI KOHCTPYKLMK NMto60ro hotoannapara, BKKYas
camble NMPOCTble 1 CaMble CIOXHbIE, SIBMSETCS CBETOHEMPOHMLA-
eMasi kamepa, KOTopasi NpefoXpaHsieT CBETOYYBCTBUTENbHLIV COW
(hoTOMaTepuana oT 3acBeTKW MOCTOPOHHUM CBETOM. Ha nepefHeit
CTEHKE Kamepbl KPenWTCH CbEMOYHbIA 0GHEKTUB, a BHYTPM
Kamepbl, y ee 3afjHeli CTEHKMW, HanpOTMB 06bEeKTMBA, — KajpoBast

pamka.

O6beKTMB (faxke camblX [eLleBbIX Kamep) npeacTaBaseT
coboii KombuHauuto gByx (Mim 6onee) NUH3, NOAOOPAHHLIX TaKUM
006pa3oM, YTOObI CBECTV K MUHUMYMY WUCKaXKeHUs (abeppauui)
06beKTa CbeMKM, BO3HMKAIOLME BCNEACTBME OMTUYECKOrO
HECOBEPLUEHCTBA NIMH3. N9 perynMpoBaHus AeiiCTBYHOLLErO
(3thcheKTMBHOr0) OTBEPCTMSI 06BLEKTMBA MOCNEAHWI CHaBXeH
cneLnanbHbIM YCTPOMCTBOM B BUAE CBETOHEMPOHMULLAEMOIA
neperopogku (auadgparmsl), KoTopas 06bI4HO MOMELLAETCA BHYTpW
06bekTMBa. B felueBbix hoToannapatax GyHKUUIO Auagparmbl
BbIMOHSAET BpallaloLasca MeTa//IMyeckas MNacTUHKa, UMetoLas
OTBEPCTMS PasIMYHOro AmameTpa, KoTopas pacnosaraeTcs 3a
06beKTMBOM. Hanbonee pacnpocTpaHeHHOW SBNSAETCA MPUCOBas
guadparma — Habop MepeKpbIBAIOLLMXCA MeTaNINYECKNX

Puc. 14.

OCHOBHble Yy3/bl U MEXaHU3MbI
hoTorpagmyeckoro annapara.
MepBblii B Mupe hoToannapar,

MPSDKTHLULWIACS PONMKOBON MNEHKOWA.
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6bin co3gaH B 1888 r. amepmKaHCKUM
n3obpetatenem Ix. WcTMeHOM.
Takoli annapat npeacTaBnsn coboi,
N0 CyLLecTBYy, NPOCTON AepeBAHHBbIN
AWMK C 3a4ePHEHHBIMU BHYTPEHHUMM
CTEHKaMu, Ha OHOM KOHLie KOTOpOro
pa3meljanacb (OTOMNNEHKE, a Ha
[Lpyrom —npocTeiinii ogHoane-
MEHTHbIN, 6e3 HaBOAKM Ha (DOKYC
06beKTUB. 3aTBOP NpoCTOi
KOHCTPYKLMWN 06bIYHO UMen ase
YCTAHOBKU — «MOMEHTa/IbHY0», MpK
KOTOpO# cpabaTbiBana (HUKCUPOBaH-
Has BblAepXkKa okono 1/25 ¢, un
«BPEMs», NPU KOTOPOI 3aTBOP
0CTaBanca OTKPbITbIM 0 Tex nop,
noka 6bIn HaxaT CryCKOBOW pblyar.
Ha pucyHke nsobpaxeHa 6onee
no3aHAA Mofenb Kamepbl VicTMeHa,
“MetoLas ga BuAoucKatens —oOfANH
[N19 TOPU3OHTaNbHbIX U APYro Ans
BEPTMKaNbHbIX CbeMOK. M306peTeHne
McTmeHa cnocobcTBOBaNO LIMPOKOMY
pacnpocTpaHeHuto oTorpaduu,
MOCKO/bKY, COrNacHoO peknawe,
thoTorpady Hago 6b110 NULL HaXaTb
KHOMKY — OCTanbHoe 6blfo fenom

hmpmbl.



[yroobpasHbIX NENecTKOB (nameneil), pasMeLieHHbIX MexXay
NNH3aMKn 06beKTMBA. [JameTp CBETOBOrO OTBEPCTUS TaKOM
Amnagparmbl, UMEOLLETO NOYTW KPYTyto (opMy, MOXHO MNMaBHO
M3MEHSTb B OMpefeNneHHbIX Npegenax, Bpalias cneyuanbHbll
MOBO/OK M/N KO/bLLO, PacnonoXeHHOe Ha BHELLIHeW YacTy Onpasbl
06bEKTUBA U CBA3AHHOE C NlaMeNsIMK.

BO/MbLWMHCTBO Kamep CHabXXeHO OMTUYECKON CUMCTEMOIA
(BnponckaTenem), KoTopasi NO3BO/MSIET OMNPeAenaTb rpaHunLbl
Kagpa. MpocTeiiwnii BUAgoncKaTenb NpeacTaBnseT coboi
HEeCM0XHOoe MpMCnocobaeHne B BUAE HENPO3PAYHOI MNaHKM CO
CMOTPOBbIM OTBEPCTMEM, Yepe3 KOTOPOe 0OBLEKT CbEMKMU
BOCMPWHMMAETCS CNerka yMeHbLUEHHbIM., BO MHOrMX Kamepax
nepe4 CMOTPOBbIM OKHOM BUAOWCKATeNs pacnonaraeTcs
cBeTAlWasca paMKa, yKasblBarollas rpaHuLbl N3006paxXeHus
06beKTa Ha Kagpe. [oporue gotoannapaTtbl OCHALLEHbI
BCTPOEHHbIMMW 3epKasbHbIMU BUAOWUCKATENSMU, NMPUYEM B OAHMX
06BEKTBOM BUAOUCKATENS CMYXKUT CbEMOUHBIA 06BLEKTUB, a 'y
APYrux BMWAOWCKATENb MMEET CBOM COBCTBEHHbIN 06BEKTMB.

MpakTnyeckn BO BCex (oToannapartax, 3a UCK/HYEHNEM
CambIX [eLleBblX, MPeAYCMOTPEH MEXaHn3M HaBOAKW Ha Pe3KOCTb
(dbokycrpoBKK). Takoil MexaHW3M MO3BONSAET MepeMeLLaThb
06bEKTUB OTHOCUTENBHO MIEHKWN BAO/b €ro ONTUYECKOR ocu 1
Takum 06pa3omM MonyyaTb pe3koe n3obpaxeHue 06beKTa
HE3aBMCMMO OT PaccTOSAHMA nocnefHero Ao dotoannapara. Yem
6nvKe K (hoToannapaTty HaxoguTcs 06BEKT ChEMKM, TEM Aasiblue
NPUXOAMTCA YAansTb 06bEKTUB OT NAeHKW. YacTo cuctema
(hOKYCMPOBKM BK/HOYAET B Ce0S BM3YyasibHbIA KOHTPO/b NONOXKEHWS
00beKTa CbeMKM «B (hOKYyCe», 4YTo M3basnseT hoTorpadga ot
Heob6X04UMOCTN NPSAMOro U3MEPEHUA PacCcTOAHWS L0 06beKTa.

B psage kamep aTo fOCTMraeTcs C NOMOLGI0 AaibHOMEPa,
COBMELLEHHOI0 C BMAOWNCKATENIEM.

[ns perynnpoBaHns BPEMEHW BO3/eiiCTBUA CBETA Ha
CBETOUYBCTBUTE/bHbLIN CNOI (hoTOMaTepmana BHyTPM Kamepbl,
ycTaHaBMBaeTca hoTorpaduuecknii 3aTBOp, 06bIYHO MEXAY
NUH3amMy 06bekTMBa. Takue 3aTBOPbI Ha3blBAKOTCS MEXK/MH30BbLIMY
(UeHTpa/lbHbIMW UM NEenecTKOBbIMK). BOMbLUMHCTBO COBPEMEHHbIX
(hoToannapaTtoB CHAOXEHO LITOPHbIMU ((hOKaTbHLIMKM) 3aTBOPaMM
B BMAE ABYX METANINYECKUX MU MaTepyaTbiX LUTOPOK, KOTOPbIE
pa3MeLLatoTCA B HECKOMbKUX MUAMMMETPAX OT MIOCKOCTW MNEHKW.
CkopocTb cpabaTbiBaHWs 3aTBOpa (BPeMSs, B TeUueHMe KOTOPOro
3aTBOP OCTaeTCs OTKPbLITHIM) PErynnpyeTcs NM60 MexaHUYecKm
(MpY NOMOLLM CUCTEMBI MPYXUH W LUECTEPEHOK), NGO
3NEKTPUYECKM (MPY MOMOLLM 3/IEKTPOHHOI0 YCTPOIACTBA).

OfHUM M3 OCHOBHbIX Y3/10B (JOTOKaMepbl ABASETCS
KacceTa — CBETOHENpoOHuLaeMas KOpobka (MaTpoH), B KOTOPYHO
MoMeLLaeTcs CBETOYYBCTBUTE/bHBIA oToMaTepuan. KacceTsl,
npegHasHa4yeHHble ANs OTONNACTUHOK UM (HOPMATHbLIX M/EHOK,
MMeLOT nnockyto hopmy. OHM MOTYT 6bITb METANIUUYECKUMMN UMK
[epPEBAHHbIMU, OAVHAPHLIMW WX ABOAHbLIMK. MoCne yCTaHOBKM
Takoli KacceTbl B hoTOanmapart CBETO3aLMTHAs 3aCNOHKa,
3aKpblBatoLas poTomarepuman, yaanseTcs, a nocne aKCnoHMpoBa-
HMS BO3BPALLAaeTCA Ha MecTo. B 60/bLUMHCTBE COBPEMEHHbIX
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(hoToannapaToB UCMONb3YIOTCA LMIMHAPUYECKME KacCeTbl U3
MeTafifia UM nnacTMacchl, NpefjHasHayYeHHble AN PONNKOBLIX
thoToMaTepmnanos.

MepBble hOTOKAMEPbI A1 PONMKOBLIX MAEHOK UMENN Ha
3afiHeli CTeHKe HebOoMbLLIOE OKOLLEYKO, Yepe3 KOTOPOe MOXHO 6bifo
BUAETb OTnevaTaHHble Ha OYMaXKHOI NleHTe HoMepa. JTO
MO3BOJIAN0 MEPEMOTATb MEHKY TOYHO HA HEOOXOAMMYIO AJIUHY N5
CbEMKM QYepesHOro Kagpa 1 OnpeaennTb YNCIO0 OTCHATLIX Kaapos.
BOMbLWMHCTBO COBPEMEHHDBIX (HOTOANMNapPaToB CHaGXeHO
CneyyanbHbIM HamaTbiBAOWWMM (NEHTONPOTAXKHBIM) MEXaHU3MOM,
KOTOPbI/i aBTOMaTUYECKM CTOMOPUTCS, KOrda B KaapoBOil pamke
pa3MeLLaeTcs ovepefHOW Kaap NAeHKU. MeXaHu3M NPOTSHKKM
MMEHKKN, KaK NpaBuo, CBS3aH CO CYETYMKOM KaapoB, KOTOPbI
yKasblBaeT MO0 YMCN0 OTCHATbIX KaApoB, IM60 UMCNO OCTaBLUMXCS
KafpoB; MOCNe KaXAO0W CbeMKM MexaHunyeckas 6/10KMpoBKa
npegoTBpaLlaeT cpabaTbiBaHVe 3aTBOpa, MoKa He 6ygeT
YCTaHOB/EH CNeaytoLmMiA Kaap.



O6beKkTMB U gnapparma

Puc. 15.

dopma 1 B3aMMHOe pacnofioXeHue
pas3NMYHbIX OMTUYECKUX 3M1EMEHTOB
TUNMYHOTO (hoTorpatnyeckoro
06bEKTMBA.

Puc. 16.

a — CBeTOBble /ly4n OT 06bEKTAa,
pacnofioXXeHHOro Ha 3Ha4yUTeNbHOM
paccTosHUM OT 06BEKTUBA,
NPaKTUYECKN MnapanfiefibHbl ero
OMTMYECKO OCK W, NPoOiNasA CKBO3b
06bEKTMB, COBUPAOTCA B TOUKE,
KOTOpas HaXxoAMTCS OT ero
OMTMYECKOrO LIEHTPa Ha PaccTosHWK,
paBHOM (HOKYCHOMY PacCTOSHUIO
06beKTMBa; 6 —CBETOBbIE Nyun
06beKTa, 6/M3KO PacnooXeHHOro K
06beKTUBY, (DOKYCHMpYHOTCA B TOUKe,
Y[aNeHHOW 0T 06beKTMBa GOMbLLUE,
yeM Ha (hOKYCHOe pacCTosiHue, U ANns
NoNyYeHUs Pe3Koro M3obpaxeHms
HeobX04MMO YBENNYNTbL pPaccTosHue
MeXAy 06BHeKTUBOM U MAEHKOW.

OnTuyeckaa cuctema, ucnoablyemas B poToannapartax As
(hopMMpOBaHMSA ONTUYECKOrO M306paXKeHUs 06bEKTA CbEMKM,
Ha3blBaeTCA 00beKTMBOM. COBpEMEHHbIE (hoTOrpaduueckme
06bEKTUBLI NPeACTaBNAT CO60/ KOMOUHALMIO NONOXUTENbHBIX 1
OTpULATENbHBIX INH3, U3TOTOB/IEHHbIX M3 CTEK/MA Pa3/IMYHOrO
COpTa M UMEILMX pa3Hblii NoKasaTe/b npenomneHus. O6beKTuUBbI
MPOCTLIX KamMep COCTOST U3 ABYX-TPEX /IMH3, a 06BEKTMUBLI C
NMepeMeHHbIM (POKYCHBIM PacCTOSIHWEM WM OCOBEHHO
LLIMPOKOYTONbHble 0ObEKTUBbI — W3 AECATU NUH3 U 6onee. Mpu
pa3paboTKe TaKMX 06BEKTUBOB KOHCTPYKTOP AO/MKEH CTPEMUTHLCS
K ONTUMM3aLMN UX (HOPMbI 1 ONPeAeNieHNI0 HannyuLLero
coYeTaHWsa MokasaTefieil NPeNoMAEHNS UCMOMb3YEMbIX JINH3.
MOCKOMbKY YWC/IO BO3MOXHbIX COYETaHWiA 3TUX MoKasaTeneii
NPaKTUYeCcKn 6e3rpaHNYHO, KOHCTPYKTOP BbIHYXAEH Npogenatb
60nbLIOIA 06beEM paboT, CBA3AHHbLIX C PACHETOM HOBOr0 06bLEKTUBA,
yToObI HaWTK OMTMMaIbHOE COYeTaHWe AN JaHHOTO0 KOHKPETHOrO
cnyyas. MosBneHVe COBPEMEHHbIX 3/1EKTPOHHO-BbIYUCANTENbHbIX
MaLUVMH MO3BO/INMO CYLLECTBEHHO COKPaTWTbL BPEMS, 3aTpayMBaeMoe
Ha NOoA06HbIE pacyeTbl, a 06BbEKTUBLI, CKOHCTPYMPOBaHHbIE B
COOTBETCTBMM C TaKUMK pacyeTaMu, Aat0T U306paXkKeHNEe BbICOKOTO
KayecTBa No BCEMY MO0 Kagpa.

UTobbl M306paXKeHMe B MAOCKOCTU NAEHKN BblNo Pe3KumM,
paccTofHWe MeXAy MNeHKON 1 06bEKTUBOM [JO/MKHO U3MEHATLCS B
3aBMCMMOCTM OT PacCTOsAHMA Mexay hoToannapaTtoM M 06beKTOM
CbeMKN. B felleBbIX kamepax MonoxeHue o6bLeKTVBa CTPOro
(hMKCUPOBaAHO, T. €. 06LEKTUB He MOXET nepeMeLaThes
OTHOCWTE/NIbHO MNJIOCKOCTU MNEHKN BLO/Ib CBOE OMTUYECKON OCK.
MonoxkeHne 06bEKTMBA BbIGMpPaeTCs TaknM, 4TO6bI 0becneynTsb
NpUemMnemMyto pe3kocTb U306paXKeHNs BCex 00HEKTOB (CHOXKETOB),
PacnonoXeHHbIX OT hoToannapara Ha pacctosHun 15 M u
6onbLue.

B 60/bLUMHCTBE Kamep MpefyCMOTPEH MeXaHM3M
(hoKycMpoBaHUs 06beKTMBA: POKYCUMPOBKA OCYLLECTBASETCA MyTeEM
BpaLleHns yacTu (KonbLa) onpaebl 06bekTUBaA. MNpn BpaLleHUm
(hOKYCMPOBOYHOIro Konbua (Konbua ANCTaHLMIA) ONTUYECKNiA BNOK
06beKTMBA NepeMeLlaeTCs Brepes WM Hasafd 0THOCUTENbHO
NAOCKOCTW MAeHKW. Kak npaBuio, NOABWXHbLIM [EeNaeTcs BECb
610K, B pefKUX Clyyasix — TO/bKO mepefHsas nuH3a. Ha
(hOKYCMPOBOYHOM KOJIbLie MMEETCS LUKana pacCTOSHUIA, a MHorga u
WKana rnyouHbl peskocTu. Hannune B kamepe ONTUYECKOro
fanbHOMepa, MexaHUYecKn CBA3aHHOrO C YCTPOMCTBOM ANs
(hOKYCUPOBKM WMAN BUZOMCKaTeNeM, MO3BO/SET BU3YyanbHO
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Puc. 17.

B HekOTOpbIX annaparax MexaHu3m
(hOKYCMPOBKM BCTPOEH B KOpMyc
Kamepbl U, CNef0BaTeNbHO, He
ABSETCS YacTblo 06beKTUBa. B
[BYXO6bEKTUBHbIX 3epKa/bHbIX
Kamepax (a) 3aT0 HemsbexHo,
NOCKONbKY OCHOBHOW 06BEKTUB U
06bEKTUB BUAOMUCKATENS AO/KHbI
nepemMeLLaTbCs COBMECTHO, YTOObI
obecneuntb CBA3b MeXAy M3obpaxe-
HWEM Ha MaTOBOM CTEK/e
BUAOMCKaTeNs W Ha nneHke. MaHenb
(6), Ha KOTOpPOM YKpeneHbl 06a
00bEKTUBA, MEPEMELLAeTCs C
NOMOLLbI0 MPOMANPOBAHHOIO
No/03KOBOT0 MexaHW3Ma, KOTOpblii
COefMHEH C (hOKyCUpYHOLL et
rofI0OBKOM Ha Kopryce annapara.
O6beKTUBHAs focka U Kopnyc
COEAVHAKTCS C NOMOLLbIO
PacTSXMMOr0 CBETOHEMPOHULAeMOro
Mexa rapMOLLKW.

KOHTPO/IMPOBaTb TOYHOCTb HABOAKWM Ha Pe3KOCTb.
B 60/bLUMHCTBE Kamep MeXAy IMH3amMu 06beKTUBA
yCcTaHaBNMBaeTCA npucosas guadparma. Takas guadparma
npefcTaBaseT coboil NOABMKHbLIE METaN/IMYECKME NaMeNH,
pacnofoXeHHble paBHOMEPHO BOKPYF OMTUYECKOW 0ocK 06beKTUBA.
MepeMeLleHne namenieil OCyLLECTBAAETCS BpalleHMeM YCTaHOBOY-
HOro KO/bla WM NoBoAKa AnaparmMbl. Y CTaHOBOYHOE KOJbLLO
MMeeT WKany AvadparMeHHbIX ynicen. Y MHOIMX 06beKTVBOB
YCTAHOBOYHOE KOJ/bLO (PUKCUPYETCA HA KAXAOM YMCNOBOM
3HaYeHUN gnagparmbl U B MPOMEXYTKAX MEXAY HUMM, 4TO
obecneynBaeT 60/bLUYH TOYHOCTb YCTAHOBKU Auadparmbi.
[unagparmeHHoe yncno, no CyLlecTBy, eCTb BENUYNHA,
0bpaTHasa OTHOCUTE/IbHOMY OTBEPCTUIO OOBEKTMBA, U OHO
XapaKTepu3yeT COOTHOLLIEHWE MEXAY OTHOCUTENbHbIM OTBEPCTUEM
M (POKYCHbIM PaccTosiHMeM 00bEKTMBA A1 K&XKAOr0 KOHKPETHOro
3HayeHusa auadgparmsl. 3TU 3HAYEHUS CTAHAAPTU3MPOBAHbI U
06pasyloT pag B BuAe reOMeTPUYECKOR nporpeccumn co
3HameHateniem grt(2) .Hauyanom oTcyeTa ABfifgeTca cooTHoweHwve f:1 nam
1:1. B 3ToMm cny4yae gnameTp [eiCTBYIOLEro OTBEPCTMS 00bEKTMBA
paBeH ero (poKycHoMy paccrosHuio. Crnegytollas Touka oTcuera
BbIGMpaeTCca Takum 06pa3oM, YTO6bl OHa COOTBETCTBOBaNA
fLmnagparme, nNpu KOTOPOI OCBELLEHHOCTb OMTUYECKOro

doT0 4.

Ponb gnatparmsl B ynpasneHun
3KCNO3WLMel COCTOMT B UIMEHEHUU
APKOCTU N306PaXEHNS Ha M/EHKe.
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Puc. 18.

Bo MHOrMx kamepax (oKycupyowmii
MeXaHU3M npeAcTaBnseT Co6ou
BUHTOBYIO HapesKy C 60/bLUNM
LIarom, BCTPOEHHYIO B OMnpaBy
obbekTmBa. LLkana paccTosHuiA
MMeeT 06bI4HO OTMETKM W B METpax, U
B (ytax (1 ¢yT= 30 cm) 1 cHabxXeHa
LIKanow rnyomHbl pe3kocTn. [aHHblIi
06BEKTWB YCTAHOBNEH Ha PacCcTOfHWK
fo o6bekTa 5 M, BenMuMHa
onagparmbl 1:16. Lkana rny6uHsl
Pe3KOCTU MOKa3blBaeT, YTO B 3TOM
CNyyae pe3kMmu nosayyatTcs Bce
06bEKTbI, PAaCMONOXEHHbIE OT
06beKTMBa Ha 2,5 M U [jo
6eCKOHEYHOCTH.

Puc. 19.

Pa3mepbl OTHOCUTENLHOTO OTBEPCTUSA
Lnadparmbl NpyM yCTaHOBKE ee
3HaAYEHWA.

n306paxxeHns 06beKTa YMeHbLLUAEeTCs B fBa pasa, T. e.

adiheKTMBHAA naowaab Anadparmbl 4O/MKHA ObITh B [Ba pasa
MeHbLUe, YeM B Npeablaylem cnyyae. MocKonbKy nnowaab Kpyra
nponopunoHanbHa KBagpaTty paguyca, YMeHblUeHWe 3P(eKTUBHOI
nnowaan anadgparmbl (akTUYECKN 03HA4YaeT YMEHbLUEHNE

AVaMeTpa Ha BENMYMHY, paBHYI (HOKYCHOMY pPacCTOSHUIO,
neneHHomy Haqrt(2), nnuf: 1,414, Cnepgytollee 3HaveHne gnagparmeH-
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Puc. 20.

Mnowagb Kpyra npsMo mpornopLmo-
Ha/lbHa KBajpaTy ero gvameTpa.
BonbLwoli Kpyr 60/blUe KaXAoro
ManeHbKOro B YeTbipe pas3a no
nnowaan v BCero B Aga pasa no
AnameTpy.

Puc. 21.

AhheKTUBHbIA AnameTp MCNOMb3yeT-
ca Ana KanubpoBKW LUKasbl
avatparmbl. Y CNOXHOro 06beKTMBa
3(h(heKTMBHBIN guameTp A MOXET He
coBMajaTh C ero AeiCTBUTENbHbIM
AvameTpom B BcnefcTsue CNOXHOMO
Xo0fa ny4yein yepes 06bLEKTMB.

®oTo 5.

BennunHa guadparmbl BAMSET He
TO/IbKO Ha 3KCMO3NLMI0, HO U Ha
rnyouHy pes3kocTu: nNpu 60NbLINX
0TBEpCTUAX Anadparmbl rnybuHa
Pe3KOCTW MeHbLUe, a Npu MasbixX
oTBepcTMaAx 6onblie. Cnesa —
(hoTocbeMKa npoun3soAuacL npu
OTHOCUTENbHOM oTBepcTum 1:1,4;
cnpasa — (POTOCLEMKA MPOU3BOAU-
nacb Mpy OTHOCUTENIbHOM OTBEPCTUN
1:22.

HOro yucna OyAeT COOTBETCTBOBATb YMEHbLUEHUIO OCBELLEHHOCTY
OMTUYECKOro n306paxeHns 06beKTa B YeTbIpe pasa, T. e. f: qrt(4), nm
f:2 (v 1:2). Takum 06pa3oM MoayyaroT BeCb PAL YMCNEHHBIX
3HayeHunn guadparmol: 1,0 1,422,8 45,6 8 11 16 22 324564 1
T. 4. [pu nepexofe OT OAHOTO 3HaYeHWUs AuadparMeHHOro yucna
K cnegytowiemy (6onblIeMy UM MeHbLLEMY) OCBELLEHHOCTb
n3MeHseTcs (YMeHbLUAETCA UM YBeNMUMBaeTCAa) B fiBa pasa.

B pelicTBUTENbHOCTY 06BEKTMBLI OYeHb PEAKO UMEKOT CTOSb
6onbLlyto anagparmy, Kak 1:1. MakcumanbHoe 3HayeHue
Avadparmbl, Kak npaswio, 3aBUCUT OT CTOMMOCTM Kamepbl W Tuna
06bEKTMBA: Kamepbl CPefHei CTOMMOCTM 0ObIYHO MMELOT
06bEKTUBBI C MaKCUManbHOI gnagparmoli (CBETOCWION)
npvmepHo 1:2,8; goporvie 04HOO6bLEKTUBHbIE 3epKasibHble Kamepbl
CHabXXeHbl 0OBEKTNBAMU C MaKCUMasbHOW guadparmoin 1:1,4 v
Jaxe 1:1,2. MakcumanbHOe 0THOCUTE/IbHOE OTBEpCTME
He BCerja VIMeeT YKUC/I0BOe 3HaYeHne U3 yKa3aHHOro
psga; Hanpumep, OHO MOXeT 6bITb 1:1,2 uin 1:1,8. B 3aTOM cnyyae
repexof K HOpMasibHOMY pAfY HadMHaeTcs Co BTOPOro YMC0BOro
nHAekca. Y 60/blMHCTBA ManothopMaTHbIX 35-MM Kamep
HauMMeHbLUee 3HayeHue auadparmol pasHo 1:16 unm 1:22, B 10
BpeMA Kak y Kamep 60/bLI0Oro hopMaTta OHO MOXeT 6bITb 1:32 1
Jaxe 1:45,

Kak y>xe 0TmMeuanoch, guajparMeHHOe Y1C/o CBA3bIBAET
(hOKYCHOE paccTosiHWe U [eiCTBYHOLee 0TBEPCTME 0OBLEKTMBA.
Mo3ToMy ecin Ha 06bEKTMBAX, UMEKOLLMX PasHOe (HOKYCHOE
pacCTosiHWe, YCTaHOBIEHO OAHO M TO e 3HayeHue guadparmbl, TO
Nnpy OAMHAKOBBIX YCNOBUSAX OCBELLEHWNS SPKOCTb M306paXKeHUs B
(hoKanbHOW NNocKocTM 06bLeKTNBOB (Ha NneHKe) bygeTt
0AMHaKOBOM. JTO MO3BO/MISET UCMO/b30BaTh MH(OPMaLMIO O
HeobX0AMMOI 3KCNO3UL MK, NOMYYEHHYIO C MOMOLLbIO Tabauu, um
3KCTMOHOMETPOB, HE3aBMCMMO OT TuMa Kamepbl 1 (HOKYCHOro
paccTosiHMA ee 0ObEKTHMBA.

MOMMMO OrpaHWYeHns NOMEPEYHOr0 CEYEHMSI CBETOBbIX
MY4YKOB, MPOXOAALUMX Yepe3 0OBEKTUB, U YMEHbLLEHUS
0CBeLLeHHOCTM (hoToMaTepumana npu ero 3KCNOHUPOBaHNUM
Aunathparma BbIMNOHSAET elle 0f4HY BaXKHY (DYHKUMIO —
YBENMUNBAET rNyOuHY pe3ko M306pakaeMoro npocTpaHCcTBa.

3amMeTuM, YTO Ha OCHOBaHMU Jaxe caMbIX TLlaTeNbHbIX
pacyeToB, BbIMOMHEHHbIX Ha 3/1EeKTPOHHO-BbIYNCINTE/bHOM
MallMHe, HEBO3MOXHO CKOHCTPYMPOBaTh OMTUYECKYH CUCTEMY
(06bekTuB), KoTOpas Obiia 6bl NONHOCTLIO CBOBOAHA OT
abeppauyuin. MockonbKy abeppauumy B OCHOBHOM 00YCNOBNEHbI




Puc. 22.
TunuyHblli HOTO06BEKTUB AaeT
Haunyyllee paspelleHne NMpUMEpPHO Ha
TpeTbeM fieneHnun fuadparmbl nocne
MaKCUMManbHOr0 OTHOCUTENbHOTO
oTBepcTMA. Mpy 3HAYEHUSAX
aunadparmbl 60MblIe ONTUMANbHbIX
paspeLueHne orpaHuMuYnBaeTcs
abeppauyusmMnm ONTUYECKNX 3N1eMEHTOB
06bEKTUBA; NPU 3HAYEHUAX MEHbLLE,
yeM ONMTUManbHble, —ANPPaKLNOH-
HbIMU IBNEHUAMM.

PoT0 6.

Yron 3peHns Kamepbl onpegensercs
(hOKYCHbIM pacCTOSHUEM ee
06bekTMBa. Mcnonb3oBaHue Kamep CO
CMEHHOI ONMTMKOW no3BonseT
perynupoBath none 3peHns, He
M3MEHSS TOYKY Cbemku. CneBa —
(hoTOCbEMKaA OCYLLeCcTBAANACH
LUIMPOKOYTO/IbHbIM 06bEKTUBOM;B
LUeHTpe — (oTOCbEMKA OCYLLECTBNSA-
nacb HopMasnbHbIM 06bEKTUBOM;
cnpasa — (OTOCHEMKA OCYLIECTBNSA-
nacb Teneo6beKTUBOM.

Nyyamu, NPOXOAALLMMY NO NepuMeTpy 00bEKTUBA, NCNO/b30BaHMe
Manoro OTBEpCTUs Aunadparmbl MO3BOASET CYLLECTBEHHO
YMEHbLUNTb UCKaXXEHUN M306paXKeHWs, Bbi3BaHHbIE abeppaunsMu.
OfHaKO MpY 3HAYMTENbHOM YMEHbLLEHUN OTBEPCTUA Anadparmbl
Hab/lof4aeTca NoTepst Pe3KOCTM BCNEACTBUE YBENMYEHUS BIUSIHWS
Andpakuun. Mo3aToMy ONTUManbHbIM BapuaHTOM C TOYKWU 3pEHNS
KayecTBa M300paXKeHUs ABNAIOTCA 3HaYeHUs AnagparMeHHOro
yucna, Haxogdawuecs B gnanasoHe ot 1:56 go 1:11, 1. e.
NpU6aM3NTENBHO Ha BTOPOM WM YETBEPTOM 3HAYEHWU LUKaNbI
Anagparmbl, HauMHas 0T MaKCUManbHOro OTHOCUTE/ILHOTO
OTBEPCTUSA. ITO 0OCTOATENLCTBO MMEET BaXKHOE MpPaKTUYeCKoe
3Ha4eHue, 0OCOBEHHO MpW GONBLLOM YBE/IMYEHUN HeraTuea B
npouecce nevaru, Korga paspeluarolias crnocobHocTb (Pe3KoCThb)
nprobpeTaeT 0COOYH BaXKHOCTb.

MHorme Kamepbl paccuMTaHbl Ha CMEHHYHO OMTUKY.
LpyrvMun cnosamu, npy paboTe ¢ TaKMMK KamepamMu MOXHO
NCNonb30BaTb Habop 06HLEKTUMBOB, UMEKOLLMX pasHOe (HOKYCHOe
paccTosiHMe, UTO B CBOHD 04Yepedb MO3BONAET MEHSTb Yron 3peHus, a
cnefoBaTenbHO, BKIOYaTh B Kaap 6o/bwee (MM MEHbLUIEE) YNCO0
npeaMeToB, YeM MpU (oTorpampoBaHUN HOPManbHbLIM
00BHEKTMBOM C TOM K& TOUKM CbeMKU. pn yBennyeHun HOoKyCHOro
PaccTOAHMS YroN 3peHUst YMEHbLUAETCS U FN1aBHbI 06bEKT
CbEMKM, «NpUbAMKascb», 3anoaHAeT 60/blUY0 YacTb Kagpa; npu
YMEHbLUEHUN (POKYCHOTrO PaccTOAHWS YroN 3peHus YBennynBaeTcs,
YTO NMO3BONISET BBECTV B KaAp 0O/bLUEE YMC/IO NPeaMETOB.
O[HOBPEMEHHOE M3MEHEHME (POKYCHOr0 pacCTOAHMS U TOUKM
CbEMKM [jaeT BO3MOXHOCTb U3MEHATb MEPCMEKTUBY, BIMAA Ha
KaXyLLmecs pasmepbl NpeAMeTOB Ha NepeaHeM U 3afHEM M/aHe
OTHOCWUTENbHO FNAaBHOI0 06BLEKTA CbEMKU.

BOMbLIMHCTBO CMEHHbIX 0OBEKTMBOB MMEET MOCTOSHHOE
(dukcupoBaHHOE) (hOKYCHOE paccTosiHue. B HacTosilee Bpems
BbIMYCKalOTCA 06BEKTMBLI, Y KOTOPbIX (POKYCHOE paccTosiHUe
MOXHO MPOM3BO/IbHO U3MEHSATb (NNaBHO UM CTYMeHYaTo) B
npegenax, 00yCnoOBAEHHbIX NX KOHCTPYKUMe. Kaxablii CMeHHbI
06BEKTUB MMEET CBOK COBCTBEHHYHO AnatparmMy U, Kak npasuno,
CBOW COOCTBEHHbIA MexaHM3M (hOKYCUPOBKU. O6BEKTUB KpenmTcs
Ha nepegHei CTeHKe Kamepbl C MOMOLLbIO Pe3bbbl 1K
6ailoHeTa — KPeneXxXHoro ysna, CoCTosLLero u3 AByx AeTanei,
0fjHa 13 KOTOpbIX pacrnonoXeHa Ha ornpaBe 06bLeKTVBA U UMeET
BbICTYMbI, a APyras — Ha KOpryce KaMepbl ¥ UMEET COOTBET-
CTBEHHO PaCMO/IOXEHHbIE Na3bl.

OfHa 13 BaXHbIX NPO6AEM, BO3HMKAOWMX MPU CO3JaHNK
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doro 7.

«pocBeTneHne» Kaxgoii
MOBEPXHOCTU pasfena CTekno —
BO3flyX OMTUYECKNX 3/IEMEHTOB
06bEKTMBA YBENNYNBAET ero
cBeTOnponyckKaHne n ocnabnset
6nmkn. KoHTponb 611KoB 6biBaeT
0C06EHHO BaXKEH NpW CbeMKe MpOTUB
cseTa. CneBa — CbeMKka NpPOU3BOAM-
nacb HeNpOCBETNEHHbIM 00bLEKTUBOM;
crnpasa — CbeMKa NpPou3BOAMNIACH
06bEKTVBOM C MHOTOCNOWHbLIM
MpOCBETNIEHNEM.

C/TOXXHON MHOTO/IMH30BOM ONTWKK, CBS3aHA C YMEHbLUEHWEM
noTepb CBETa BCNEACTBME OTPaXKEHWSI OT MOBEPXHOCTU INH3.

B wnpgeancHom cnydae nuH3a fO/MKHA 6blna Obl NponycKaTb Bech
CBET, NajatoLLMii Ha ee MOBEPXHOCTb. B gelicTBuTeNbHOCTM 5 %
CBeTa TepseTCcs BCNeACTBME OTPAXEHUS HA KaXKAON MOBEPXHOCTM
pasfena CTekno — Bo3ayX. Ecnn 06beKTUB COCTOUT U3
HECKOJIbKMX /IMH3, TO 06LMe NoTepn CBeTa CTAHOBATCS
3HauMTeNbHbIMU. KpoMe TOro, 4acTb OTPaXXEHHOT0 CBETA MOXET
npeTepneTb MHOrOKPaTHOE OTPaXXeHWe OT IMH3 1 AeTaneli onpassbl
06beKTUBA (4TO NPUBEAET K MOAB/IEHNIO NAPasUTHLIX 6/IMKOB) 1
MonacTb Ha MeHKy (YTO NPUBEAET K 0OLLein 3aCBETKE M/IEHKM).
B 3Tom cny4ae Ha doTorpadum nosBATCA MO0 ApKMe NATHa
(monochkl), pacnofioKeHHbIE PSAOM UK OKPYXKatoLLine SpKue
MCTOYHWUKW CBETa, NGO Byaslb, CHUXKAIOLLAA KOHTpacT
N306paxeHNs.

YT06bl YMEHbLIWNTL NOTEPW CBETA, 06YCNOB/EHHbIE
OTPaXeHMEM CBETOBbIX /yUeil OT NOBEPXHOCTU /INH3, KaXAYHo
MOBEPXHOCTb MOKPbLIBAOT TOHKUM CIOEM NPO3PaYyHOro MaTtepuana,
06bI4HO (DTOPUCTOFO HATPWS WU MarHWs, KOTOPbLIA NMEET NHOWA,
yeM CTEKNO, nokasaTenb NpenoMaeHns. a8 aToro NopoLLoK
(hTopMnaa NOMELLAOT B CReLuanbHyo N10404KY, KOTOpas BMeCTe C
ONTUYECKUMN AeTaniMM 06BLEKTUBA Pa3MeLLaeTCsl B BaKyyMHON
Kamepe. Mpw HarpeBaHuu N04OYKM PTOPWA MCNapseTca U ero
mapbl 0CefjaloT Ha MOBEPXHOCTY OMTUYECKUX AeTaneid, npu aTom
TO/MWMHA OCKAAIOLLErD CNOS AOMKHA COCTABNATL'/, ANNHBI
BOSIHbI 3eneHoro ceeTa. (MpefnoyTeHne OTAAETCA 3e1eHOMY CBeTY,
MOCKO/bKY OH 3aHUMAaeT MPOMEXYTOUHOE MOMOXEHWNE B CrEKTpe
BUAMMOrO cBeTa.) Takoe MOKPbITUE CHUKAET OTPaXKeHUe CBeTa 3a
CYET MHTep(EPEHLMM CBETOBbLIX lyyeld: Ny CBeTa, NPoias CKBO3b
MAEHKY TONWMHOM d, 0TPa3nTCa ABaXKAbl — OT BHYTPEHHEN K
Hapy>XHOIi ee NMOBepPXHOCTU. OTpaXKeHHbIe Ny4n ByayT UMEeTb
MOCTOSHHYIO Pa3HOCTb (ha3, PaBHYO YABOEHHOW TOMLLMHE MAEHKH,
OTYEro Nly4n CTaHOBATCA KOTEPEHTHLIMU U GYAyT MHTEpP(epMpoBaThb.
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MonHoe rawieHne nyyein npousoinget npu d= A/4. B pesynbtate
[0Ns OTpaXKeHHOro ceeTa 6yaeT nagaTb (NpU6AM3NTENBHO 40 2% Ha
Ka)K0/ rpaHuLEe CTEKNO — BO3AyX), a MpoLleflero —
COOTBETCTBEHHO BO3pacTaTb. [10CKOMbKY NpoLleawnii ceeT
COZIEPXXMT B OCHOBHOM 3€e/IeHble Iy4n, B OTPaKEHHOM CBeTe
BO3pacTaeT fONS CMHMX U KPacCHbIX, B Pe3ynbTaTe Yero AnH3bI
00BbEKTMBA NPMOOPeTatoT NyprnypHYH OKPackKy.

B nocnegHee BpemMs MHOTME M3rOTOBUTENN OOBEKTUBOB
CTa/n BbINyCKaTb ONTUKY C MHOFOCNOAHbLIM NPOCBETAEHNEM
(MC — Multi-Coating), 4T0 N0O3BOAUIO YMEHLLUWUTL NOTEPM CBETA
BCNeACTBME OTpaXKeHMs BNAOTb 40 0,2% AN KaX[on CTeKNSHHOM
MOBEPXHOCTW. [Ns 3TOro Ha NOBEPXHOCTU JIMH3 HAHOCATCA fABa W
60nee NPOCBETAOLWMNX CNOS, KAXKAbIA N3 KOTOPLIX UMEET CBOA
nokasaTeNb MpenomneHns. B pesynbTaTe nokasartenb
NPenomeHns ONTUYECKON CUCTEMbI NNABHO MEHSETCA C rny6mHoA
1 NPOCBET/IEHNE JOCTUTAeTCA NOYTK NO BCEMY BUAMMOMY CMEKTPY,
a He B OTAENbHbIX €ro yyacTkax. BAuku B Takmx 06bekTuBax
HacTONbKO 0cnabneHbl, YTO B Kaap 6e3 onaceHmsi Bbi3BaTb
napasuTHbIe pedhieKCbl MOXHO BK/OYATb [aXe COMHLE.



doTorpanmyecknin 3aTBop

MepBOHayYanbHO (oTorpadmueckne mMatepuansl UMen
HaCTONbKO HWU3KYH CBETOYYBCTBMTENIbHOCTb, YTO ANS MOMYyYeHUs
CHMMKa HepefKo TpeboBanach BblAEPXKKA B HECKObKO MUHYT.
OKCMOHMPOBaHWE OCYLLECTBAANOCH NPOCTbIM CHATUEM 3aLLMTHOM
KPbIWKK 06beKTMBA. C NosBNEHWEM 60/ee YyBCTBUTE/bHbIX
(hoTomaTepmanoB B Kamepax CTanu yCTaHaBMMBaTb CMeLuabHble
MexaHn4eckume 3aTBopbl. [epBble (0TO3aTBOPbLI ObIAN
rPOMO3AKUMM W NO3BONAAN OTpabaTbiBaTb TO/IbKO O4YeHb GOMbLUNE
BblAePXKW. M0 Mepe MOBbILIEHNS CBETOUMYBCTBUTEMLHOCTU
(hoTOMaTepmanoB COBEPLUEHCTBOBANACH M YCNOXHSANACH
KOHCTPYKUMs 3aTBOPOB. COBpeMeHHbIE (h0TO3aTBOPbLI OblBatOT
JBYX TUMOB —MEe>XKNNH30BbIE (MW LEHTPabHbIE) U LUTOPHbIE.

MeX/IMH30Bble (POTO3aTBOPbI

$oT03aTBOPBI 4AHHOMO TMMa 06bIYHO pacrnonaratTcs
MeXy NMH3aMKn 00beKTUBA, PSAOM C MPUCOBOI anadparMoii. OHK
COCTOAT M3 HECKO/IbKUX META/IMYECKMX LITOPOK (namenei),
HanoOMUHAILMX WTOPKN MPUCOBOW gnadparMbl, 1 NPUBOAATCS B
[eACTBME C MOMOLLbHO CMIOXHON CUCTEMbI MPYXXMHOK, LLIECTEPEHOK
N pbluyaxkoB. Korga 3aTBOp 3aKpbIT, LUTOPKU NepeKpbIBaloT OfHa
JPYTYH0 1 MperpaxgatoT JoCcTyn CBETOBOMY Nyyy K hoTomare-
pwany (nneHke). Mpu HaxXaTUM CNYCKOBON KHOMKW B3BEEHHbIE
MPY>XUHKN 0CBOBOXAAOTCA U TEM CaMbIM MPUBOAWTCS B felicTBUe
MEeXaHu3M NepeMeLLEHNS LITOPOK — LITOPKN OTKPbIBAKOTCA U
OCTalOTCA OTKPLITLIMU B TEUEHME BCErO BPEMEHU 3KCMOHMPOBAHMS.
PaHblle Ans B3BoAa 3aTBOpa MpeAycMaTpuBancs crneyuanbHbli
pblyar B3Boja-, Y OONbLIMHCTBA COBPEMEHHbLIX MOJeNeit aTa

Puc. 23.

MeXXIMH30BbIA (LeHTPabHbINA)
3aTBOp (M306paXKeH KpacHbIM LBETOM)
pacnonaraetca Mexgy afeMeHTamu
06beKTUBa. B ogHMX annapatax
3aTBOpP pasmellaeTcs nepes
fuadparmoii (M306paxeHa CMHUM
LIBETOM), B pyrux —3a
Aunadgparmoi.
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Puc. 24.

B 3aKpbITOM COCTOAHUW Namenu
LLeHTPanbHOro 3aTBOpPa NepeKpbIBaloT
APYr Apyra v He faloT iyyam cBeTa
NPoATN CKBO3b 06bEKTMB. Mpu
HakaTuy CMyCKOBON KHOMKM
NPY>XXUHHbIA MeXaHW3M MpUBOANT
LUTOPKN BO BpallaTesbHOe fBUXEHUNE
Ha WX 0cAiX, OTKpbIBas NyTb
CBETOBOMY MOTOKY. [ocne 3apaHee
YCTaHOBNEHHOV BbIAEPXKN LUTOPKK
BO3BpaLLaloTCca B NepBOHayanbHoe
NOMIOXEHWNE, OrpaHnymnBas
3KCMOHWPOBaHWE MEHKN.

Puc. 25.

Bcrneactsne MHepLMOHHOCTH
MexaHu3ma 3aTBopa LUTOpKam
TpebyeTcs HEKOTOPOe BPeMs, YTOObI
OTKPLITLCA U 3aKpblTbCA. Mpegen
CKOPOCTV 3aTBOPOB TaKoro tuna
coctaBnseT okono 1/500 c. Ha
PUCYHKe MoKa3aH 3aTBOp, KOTOPbIN
6b171 OTKPLIT Ha Bpemsi 1/250 c.

onepauus o6beAnHEHA C MEXaHU3MOM YCTaHOBKM OYepefHoro
Kagpa naeHKu.

Camble Manble BbIgepXKKN, KOTOPble MOXET 0becneynTs
MEX/IMH30BBIN 3aTBOP, 06bIYHO cocTaBnAT 1/500 c, uto
CBS32HO C MHEPLUOHHOCTLIO CUCTEMbI MEPEMELLEHUSA LUTOPOK.

B wungeansHoM cnyyae namenu LOMKHbI Obinn 661 MTHOBEHHO
OTKpbIBATbCS ¥ MFHOBEHHO 3aKpbIBaTbCA. B AelicTBUTENLHOCTH,
4TOGbI lAMENV NPULLIN B ABWXKEeHWE (NMPU OTKPLITUNA UK 3aKPbITUK
3aTBOpa), HEOOXOAMMO HEKOTOPOE KOHEYHOe BPEMS, U Mpw
Bblgepxke 1/500 ¢ namenu TonbKO yCNeBatT AOCTWYUb
MOMTHOCTbLHO OTKPBITOTO MOJSIOXKEHMS U CPasy Xe AO/MKHbI U3MEHUTb
HanpaeneHue OBWKEHWUS, YTOObI 3aKPbITbCA.

MOMHOCTLH MexaHN4ecKme 3aTBOPbl 00bIYHO UMEHT
MaKCUMasbHbIli fuana3oH Bbigepxek oT 1/500 go 1 c. Kaxpgas
BblAEP>KKa MoYTV TOYHO BABOE 60/bLUe NpefblayLiei, T. €. Becb
Habop cocTtaBnset psag: 1/500, 1/250, 1/125, 1/60, 1/30,

1/ 15, 1/8, 1/4, 1/2 n 1 c. Takoit Habop XOpoLIo
COrnacyeTcs co CTaHAapTHOM LWKanoi guagparm.

3aTBOPbI C 3/1EKTPOHHLIM YNpaBieHNeM MO3BONAOT
HenpepbIBHO U3MEHATL BbIAEPXKKY B Mpefenax 3afaHHoro
Amnana3oHa. 3To AenaeTt uX uieanbHbIMU 415 NPUMEHEHWS B
Kamepax, y KOTOpbIX CKOPOCTb 3aTBOpa yCTaHaB/MBaeTCs
aBTOMATMYECKM B 3aBUCHMOCTW OT YCNOBWIA OCBeLleHus. [nanasoH
60/bLUNX BbIAEPXEK NPU 3TOM YBENUUYMBaETCA, focTuras B
HEKOTOpPbIX KOHCTpYKUmMAX 30 c.

IMOMMMO YMCNOBBLIX 3HAYEHWIA BPEMEHU, B TEUEHWE KOTOPOTO
3aTBOP OCTAaeTCA OTKPbITbIM, Ha rO/IOBKE BbIAEPXKEK MHOIMX Kamep
nUmetoTCca cumMBObI B 1 T. B nepBoMm c/yyae 3aTBOp OCTaeTcs
OTKPbITBIM 0 TeX Mop, Noka HaxaTa CMycKoBas KHOMKa; BO
BTOPOM C/lyyae CMyCKOBYH KHOMKY Haf0 HaXaTb ABaXKAbl: MEPBbIii
pas —[Ans OTKPbITUA, a BTOPO — N4 3aKpbITUA 3aTBOpA.
Heob6xoAMMOCTb B YCTaHOBKe MeXaHW3Ma 3aTBopa B MosioXeHve B
1 T BO3HMKAET Npu cnabom OCBeLLeHNW, Korga TpebytoTces
60/bLUME BbIAEPXKM, HanpumMep npu oTorpadMpoBaHnn B
HOYHOE BpeMms.

Y MHOTMX 3aTBOPOB MMEETCH ELLE Y MEXAHU3M 3a[ePXKKM
(aBTOCMYCK) — YCTpOICTBO, 06ecneYmnBaroLLee aBTOMaTUYECKOe
cpabaTbiBaHWe 3aTBOpA Yepes HeCKOMbLKO cekyHf (06biuHOo 10—15)
Mocne HaXaTus CNycKoBOW KHOMKW. 3TO No3BoNseT oTtorpagy
camMoMy BOITK B Kagp. Kpome Toro, ecnn Kamepa ycTaHOBMeHa Ha
lwTaT1Be UAU APYrOi OMOpe, TO aBTOCMYCK JaeT BO3MOXHOCTb
MPOU3BECTU CbEMKY OCOBEHHO MArKO, 6€3 COTPACEHMA KaMepbl, 4YTo
0COOEHHO BaXXHO MpW GONbLUMX BblAepPXKax.
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Puc. 26.
XapaKTepuCTUKN CBETOUCMYCKaHWA
3NEKTPOHHbIX UMMYAbCHBIX Namn, a
TakKXe BCMbIWeK 0HOPa3oBOro
[eiCTBNS, @ —UMMNYNbC TUNNYHOM
3/1EKTPOHHOWN BCMbIWKMN (Ha
rOpPU30OHTANIbHOW OCU YKa3aHO Bpemsi,
a Ha BepTUKaNnbHoOW ocn —
WHTEHCMBHOCTb U3MyYeHUS).
OCHOBHast 0N 3HEPTUK WU3NYyYeHNs
NPUXOANTCA Ha WHTepBan 1—2 Mc;
6 — TOT e camblii MMMY/bC W
XapaKTepuCTUKN LeHTPanbHoro
(hoT03aTBOPA, YCTAHOBNEHHOIO Ha
ckopocTb 1/500 ¢ npu X-
CUHXPOHU3aLNUN. CUHXPOKOHTAKT
3amMblKaeTcs Ans NOMKUra BCMbILIKM
cpasy, KakK TO/MbKO 3aTBOP MOMIHOCTbIO
OTKpbICA. 3aTBOP OCTaeTcs
OTKPbITbIM NPaKTUYECKN B TeYeHue
BCEr0 BPEMEHU CBETOBOIO MMMYNbCa;
B—3aTBOPYCTAHOB/IEH Ha CKOPOCTb
1/30 c npu X-cuHxpoHusauuu. Kak
M paHblue, BCMblLKa cpaGaTbiBaeT
cpasy, Kak To/lbko (hoT03aTBop
MONHOCTbIO OTKPLINCA, U UCMOMb3YyeTCs
BCA 3HEPrus umnysnbca. JKCno3nuus
OT BCMbILIKM 3aKaH4YMBAETCA B TeYeHue
nepBoii KOPOTKOM 40U OT MOSHOFO
BPeEMeHM OTKpbITWA (hoTo3aTBOpa, U,
€CIM He NCMoNb3yeTcs CMeLlaHHOoe
OCBeLLEeHMe, B OCTaBLUYOCS [0NH0
BPEMEHW OTKPbITWS 3aTBOpPa M/eHKa
He aKcnoHumpyeTcsa. Takum o6pasom,
npu pa6oTe C 3N1eKTPOHHLIMM
VMNYNbCHLIMU NlaMNamMu COBMECTHO C
LieHTpanbHbIM (HOTO3aTBOPOM
BblGpaHHas CKOPOCTb 3aTBOpa He
BANAET Ha BEUYMHY 3KCMO3ULUN.

BONbLWNHCTBO MEX/IMH30BbIX 3aTBOPOB MMEET napy
3NEKTPUYECKNX KOHTAKTOB ANS COEAMHEHUS CO CreunanbHbIM
pa3beMOM, KOTOPbI/i HAXOAMTCA Ha KOpNyce Kamepbl U K KOTOPOMY
NOACOEAMHAETCA CUHXPOHU3UPYIOLWNIA NPOBOA OT NaMnbl-
BCMbIWKN. KOHTaKTbl 3aMbIKalOTCS B MOMEHT cpabaTbiBaHuWs
3aTBopa. MOCKONbKY XapaKTepuCTMKN paspsia 3N1eKTPOHHbIX
UMMYNbCHbIX laMn W Nammn-BChbllleK OfHOPA30BOro AeicTBUS
pas3fnyHbl, Y MHOTMX (hOTOaNnNapaToB MnpeAycMOTpeHbl ABa
KOHTaKTa 18 CUHXPOHU3aUMUN: X-KOHTaKT —A/5 3MEeKTPOHHbIX
UMNYNbCHBLIX NaMn 1 M-KOHTaKT — A1 OfHOPa30oBbIX BCMbl-
ek’

ONeKTpOHHasa namna faeT BCMbIWKY CBETa MaKCKMMaslbHOM
WHTEHCMBHOCTY MPaKTUYECKN Cpasy e Mocne 3amblKaHus
CUHXPOHM3NPYIOLLMX KOHTAKTOB, MO3TOMY CMHXPOHM3aUMs B
MONOXKeHUN X OCYLLECTBASETCA B MOMEHT MO/IHOFO OTKPbITUSA
namenei sateopa. A/IMTENbHOCTb 3/1EKTPOHHOW BCMbILKX 06bIYHO
coctasnset 1/ 800 ¢ unm MeHbLUe, U CKOPOCTb 3aTBOpa
MPaKTUYECKN He BAWSIET Ha 3KCMO3ULMIKD. DEKTPOHHYH BCMbILLKY
HeNb3s UCMOo/b30BaTh ¢ M-CUHXPOHM3aLME, TaK KakK BCMbILIKa
NPOU30ALET HEMELIEHHO MOCc/e 3aMblKaHWA CUHXPOKOHTAKTOB, a
naMenn 3aTBopa ele TObKO HauHyT OTKpbIBaTbCcs. B pesynbrate
M7eHKa OKaXXeTCA He3IKCMOHMPOBAHHOM.

Y 0[HOpPa30BbIX NaMMN-BCMbILEK BPEMSI JOCTUXEHUS
MaKCHManbHO IPKOCTU CYLLECTBEHHO 60/blUe. BenbilwKy
HauYMHAKT M3ny4daTb CBET vepe3 2 mc (nam 1/500 c) mocne
3aMblKaHUA CUHXPOKOHTAKTOB. [puMepHO Yepe3 16 MC cBeTOBas
OTAaya BCMbILKKM AOCTUraeT MakCMMyMa, 3aTeM MAaBHO
yMeHbLUIaeTcs, u yepes 40 mc(1/25 c) namna racHeT. MosTomy
B MONOXEHUM M namenu JO/MKHbI NOMHOCTHI0 OTKPbIBATb
KajpoBOe OKHO MPUMepHO 4vepe3 12 MC moc/e 3amMmblKaHuUs
CMHXPOKOHTAKTOB, T. €. B MOMEHT Hanbosiee APKOro CBEYEHUs!
BCMbILIKM?. DTO 03HAYAET, YTO MPU CHEMKE C OHOPA30BbIMM
namMnamm-BCnbILKaMW CKOPOCTb 3aTBOPa BAWSET Ha 3KCMO3MLMIO
MNEHKM.

Mpn gocTaTouHO 6OMLLIMX BblAEPXKKaX 0fHOPa30Bble

! CumBon X 03HauaeT «KCeHOH» (Xenon) — ras, KOTOPbIM 0BbIYHO HamMos-
HAIOT rasopaspsgHble TPYGKM 3NEKTPOHHBIX MMMY/bCHLIX NaMn, cMMBOA M
03HauaeT MarHui — COZePXMMOe NaMM-BCMbILIEK XUMUYECKOTO
deiictBus. — [Mpum. peg,

% Bpems MeX[ly 3aMblKaHNeM KOHTAaKTOB W MO/HbIM OTKpLITMEM 3aTBOpa
Ha3blBaeTCs BPEMEHEM YMPEXKAEHWUS; OHO YKa3blBAeTCs B OMUCAHUSX
BCMbILIEK OHOPA30BOro AEACTBMAA U MOXET 6bITb PA3/IMUHLIM ANS pas-
HbIX Mogeneil. — Mpum. pes.
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Puc. 27.

a — CBETOBOW MMNY/NbC OT TUMUYHOW
BCMbILWKN OfHOPa30BOro AeicTBMA.
Ecnn npeanonoxuTs, 4to
noXMralowWwmnii UMNYnbLC NPUNOXEH B
Havyane koopguHat (Touka 0), T0
BMAHO, YTO CYLLECTBYET 3afepXxKa,
MoKa namna «pasropuTca» n HayHeT
CBETUTHCA, U MaKCUMyM CBEYEHUA
Habntofaetcs NpUMepHo vepes 16 mc
nocne nogxwura; 6 — mcnonb3oBaHme
Takoi BCMBIWKM NP CKOPOCTK
thoTo3aTBopa 1/500 c n
M-cuHXpoHM3aLumMm. CUHXPOHU3UPYIO-
e KOHTaKTbl 3aMbIKatoTCA B MOMEHT
HaXxaTus CNyCKOBOW KHOMKWU, HO
OTKpbITME 3aTBOpPa 3afepXxuBaercs,
nokKa CBeToBas OTAaya namnbl He
[OCTUTHET Makcumyma. lMpu Takoii
CKOpPOCTMU 3aTBOpPa NONE3HO
MCNONMb3yeTCA TOMbKO 4acTb 3HEpPrun
BCMbIWKN 1 06bIYHO yCTaHaBNMBAKOT
MEHbLUYI0 CKOPOCTb; B —CKOPOCTb
thoTo3aTBOpa coctaBnset 1/30 c.
3HaunTenbHO 6oNbLIAs 40N CBETOBOIA
aHeprun 6ydeT NonesHo UCMoNb30-
BaTbCA 4N 3KCMOHMPOBAHUA NNEHKW.
Takum obpasom, npu paboTe C
0[HOPa30BbIMW flaMNamu-BCMbILLKaMM
BbI6OP CKOpOCTM (hoTO3aTBOpPA
B/IMSIET HA BENUYMHY 3KCNO3UL UK.

BCMbILKN MOXHO MCNO/b30BaTh U € X-CUHXpOHM3auueid. Tun
CUHXPOHM3aLMN 0BbIYHO YCTaHaB/IMBAETCSH C MNOMOLLbIO
cneumanbHOro HeboMbLIONO pblvaXkka, KOTOpbI MKcupyeTcs B
nonoxeHun V, X nnn M. lonoxkeHne V COOTBETCTBYET
aBTOMAaTMYECKOMY pexuMy MexaHu3ma 3aTteopa (aBTOCMYCKY).
Korpga 3aTBOp yCTaHOBNEH Ha aBTOMATUYECKMIA PeXKuM, BO3MOXHaA
TOMbKO X-CUHXPOHM3aLKS.

B 60nblUMHCTBE Kamep, KOTOPble 3apskaroTcs creuunanb-
HbIMW HEPa3beMHbIMW KacceTaMu (Hanpumep, Kamepbl 418 MAEeHKN
Tuna 110 unm 126), npefycMOTPEHbI cneLmnanbHble rHe3aa ans
NOAK/HYEHNS NaMn-BCMbIWEK 04HOPA30BOro AeicTBms 0Cc060l
KOHCTPYKUMN — BCNbILWEK-KYOUKOB UMW BCMbILLEK-CTEPXKHEN.

LLITopHbI (hoTo3aTBOP

B HeKoTopbIX cliyyasx, 0CO6eHHO Korfa kamepa paccumTaHa
Ha NMPUMEHEHNE CMEHHOIN OMTWMKMW, MEXIUH30BbLIE 3aTBOPbI
0Ka3blBaTCA HEYAOOHbIMW, TaK KaK KaXAbli CMEHHbI 06bEKTUB
MPUXOANTCA CHabXaTb CBOMM COOCTBEHHbIM 3aTBOPOM. [Mo3ToMy
3aTBOp CTapatoTca cfhenaTb YacTbio CamMOil Kamepbl, a He
06beKTUBA. Takoi 3aTBOP pa3mMeLlaeTcs B6M3N POKanbHOM
MNOCKOCTM CbEMOYHOI0 06bEKTUBA HA paccTosAHMM 1 — 2 MM OT
MAOCKOCTW NAEHKN (KaAPOBOr0 OKHA). TUMUYHbIA LUTOPHbI
3aTBOp MpeACTaBNseT CO60V fABe LUTOPKM (CBETOBbIE 3aC/IOHKM) U3
rMOKOro CBETOHENPOHMLLIAEMOr0 MaTepuana (YepHoi TKaHW unu
TOHKOIO0 INCTa MeTanna), KOTopble NepeMelLaloTca napannesnbHo
thoKanbHOWM NNOCKOCTN 06bekTMBA. [Nepes cnyckom 3aTBopa
nepsast (OTKpbIBaloLas) LITOPKa MOIHOCTLIO 3aKpblBaeT KafpoBoOe
OKHO, NpefoXpaHss NAeHKY OT BO3AeiCTBUA cBeTa. [pn HaxaTum
CMYCKOBOM KHOMKW LUTOPKA «MPOCKAaKNBaeT» KafpoBOe OKHO M
HamaTblBaeTcs Ha 6apabaH. Uepe3 onpefeneHHbIli 0TPe30K
BPEMEHU B ABWXKeHWEe NpUXo4uT BTOpas (3akpbiBatoLas) WTopKa,
KoTopas nepemeLLaeTcs 40 Tex Mop, Moka MOSHOCTLH He 3aKpoeT
KafjpoBOe OKHO. lMpu nepemeLLeHnn LTOPOK MEXAY XBOCTOBbIM
Kpaem MepBOVi LITOPKN M NepegHNM KpaeM BTOPOI LUTOPKK
ob6pasyeTcs Liefb, MPU NEPEABMXKEHUN KOTOPOW napannenbHo
MAOCKOCTN KaJpoBOro OKHAa NOCNefoBaTeNbHO 3KCMOHUPYeTCA
KaXXAbI y4yacToK nneHku. LLITOpKy nepeMeLLaloTcs OTHOCUTENBHO
MAEHKN C OJHOIN CKOPOCTbH HE3aBMCMMO OT CKOPOCTMW 3aTBOpa; B
06bI4HON 35-MM O HEOOBEKTMBHOI 3epKasbHON Kamepe Bpems
nepemeLLeHmns LUTOPOK OTHOCMTENbHO KafpoBOro OKHa COCTaBnseT
okosio 10 mc. CKopoCTb 3aTBOpa perynmpyeTca nyTem U3MeHEeHUs
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Puc. 28.

OfiHOpa30Bble 1aM Mbl-BCMbILUKN
MOFYT WUCMONb30BaThCs C (HOTO3aTBO-
pPOM, YCTaHOB/IEHHbIM B MOMOXEHME
X-CUHXpoHu3aummn. Fpn 3TOM OHU
06ecneymBaloT BO3MOXHOCTb Bbl6opa
MeANeHHbIX CKopocTeii Ana 6onee
MOAHOrO MCNO/Mb30BaHWA CBETOBOFO
MMMynbca, @ -—CKOPOCTb
thotosateopa B 1/30 c gocTaTouHa,
4TO6bI MONE3HO MCMO/b30BaThH
60/1bLLIYI0 YaCTb CBETOBOI 3Hepruun
BCMbIWKKW; 6 —eCcnn ncnonb3yercs
0YeHb 60NbLIAA CKOPOCTb, B AaHHOM
cnyyae 1/500 c, doTo3areop
OTKPOETCH W 3aKPOeTCs paHblue, Yem
BCMbILWKA HaYHET M3NyyaTb CBET; B —
3N1eKTPOHHAsA UMMY/bCHAA famna He
MOXET YCMeLHO MCNoMb30BaThCa C
(h0T03aTBOPOM B YCTAHOB/NEHHOM
MONOXeHNN M-CUHXPOHM3ALUN HK
Npu Kakoii 3aflaHHOM CKOpPOCTH, Tak
KaK n3nyyeHve npekpaiiaercs
paHbLLe, YeM OTKPOETCH 3aTBOP.

Puc. 29.

MpuHUMN [eicTBUS LITOPHOIO
3atBopa. MepBas, um BegyLuas,
lwTopKa (NokasaHHas CepbiM LBETOM),
nepemelLasch BAOMNb KafpoBOro OKHa,
nocneaoBaTenbHO OTKPbIBAET MIEHKY
Ans aKcnoHupoBaHus (a, 6). Yepes

LUMPUHBI LLENN MeXay LUTOPKaMW: y3Kas LLefib COOTBETCTBYET
60/bLIMM CKOPOCTAM 3aTBOPA; MO Mepe YBe/MUeHNs LUMPUHBI LM
CKOpOCTb 3aTBOpa yMeHbluaeTcs. MNpu Bblgep>Kke okono 1/60 ¢

1 60/bLUE MepBas LITOPKA YCMeBaeT MOSIHOCTbIO OTKPbITb KajpoBoe
OKHO, Npexze YeM Ha4yHeT MepemeLLaTbCs BTOpas WTopKa. B aToT
MOMEHT 3KCMOHUpyeTca Becb Kaap. Cuctema, obecneynBaroLLasn
33/1ePXKKY ABWXKEHWUS BTOPOIA LUTOPKM, MOXET ObITb IMBO YMCTO
MEeXaHW14ecKol, MM60 3NeKTPOHHOIA.

B oT/mMume OT LieHTPasIbHOro 3aTBOPa CBETOBbLIE 3aC/IOHKM
LUTOPHOrO 3aTBOPa NpW cpabaTbiBaHUN HEe U3MEHSAIOT HanpaBieHns
CBOEro ABMXKEHMSA, U MO3ITOMY TaKOi 3aTBOP MOXET obecneumsathb
BbIJEPXKW BMOTL o 1/ 2000 c.

Kak y)xe 0TMeyaniocb, B C/lyyae LUTOPHbIX 3aTBOPOB
9KCMOHMPOBaHMe CBETOYYBCTBUTENILHOIO €10 hoTOMaTepmnana
NPOUCXOAMT MOCTENEHHO OT OLHOr0 Kpas Kafpa K Apyromy no
Mepe MepemeLLeHmns LWenn OTHOCUTENIbHO KaApoBOro OKHa.

Takum 06pa3omM, oauH Kpali Kafpa 3KCMOHWPYETCS paHbLue
[pyroro. 310 MOXeT NPUBECTU K UCKEXKEHUAM 1300paXkeHmns
ObICTPO MEepemeLLatoLLMXCs 00BEKTOB ChEMKM, MPUYEM BUS,
NCKaXXeHWIA ByfeT 3aBMUCETb OT COOTHOLUEHWUS HamnpaB/ieHWit
[BVKEHWA 00bEKTa M NepeMeLLeHns LITOPOK 3aTBopa (mocnegHue
MOTYT MepemMeLLlaTbCca KakK B BEPTUKabHOM, Tak U B FTOPU30OHTab-
HOI MA0CKOCTN).

Mocne cpabaTbiBaHWS 3aTBOpa ero HeoObXoAMMO BHOBb
NpMBECTU B paboyee COCTOSIHWE, /11 YETrO UCMOMb3YETC MEXaHW3M
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3apaHee yCTaHOB/IEHHOe Bpems nocne
Hayana fBWKEHWUA MepBOi LUTOPKK
HauynHaeT nepemMeLiaTbCs BTOpas
lwTopKa (MoKasaHHas KpacHbIM
LIBETOM), 3aKpblBas MeHKY 1 Tem
cambIM NpepbiBas 3KCNOHUpoOBaHue (B,
r, 4, €). [pn COBMECTHOM ABVXEHWM
06enx WITOPOK obpasyeTcs Lenb,
KoTopas mepemeLiaetcs BAO/b
KaZipoBoOro okHa (B, T).

nepesoja MeHKW, Npy 3TOM LUTOPKN BO3BPALLAOTCA B CBOE
nepeBoHavasibHOe MonoxeHue. Mpy B3BOAE 3aTBOpPa LUTOPKM
3ax0fAT Of4Ha 3a ApYryt 1 Takum 06pa3oM npefoXpaHsioT
(hoTONSIEHKY OT 3aCBETKU. AHaNOrMUYHO MEX/MH30BbIM 3aTBOpaM
LUTOPHbIE 3aTBOPbI, KaK MPaBW/I0, UMEIOT MeXaHU3M NpefBapuTenb-
HOW 3afepXXKun cpabaTbiBaHus (aBTOCMYCK).

BO/MbLWINHCTBO COBPEMEHHBIX KaMep CO LUTOPHbIMU
3aTBOpamy AOMYCKaeT TO/IbKO X-CUHXPOHM3aLN0. CUHXPOKOH-
TaKTbl 3aMbIKaOTCA, KOrAa nepBas LUTOPKa MOMHOCTLI0 OTKPbIBAET
KafpoBoe 0KHO. CKOpOCTb 3aTBopa Npu 3TOM f0JIXHA ObITb Takoi,
4TO6bl UCKMIOUUTL MEPeMeLLeHe BTOPOI LITOPKM MPU 3aMKHYTbIX
KOHTaKTax 1 TeM caMblM 06eCreynTb IKCMOHMPOBaHWe BCEro kKaapa
B MOMEHT BCMbILIKMA. TO 03HAYaeT, YTO CKOPOCTb 3aTBOPa 0/MKHa
o6ecrneymsath BblepXXKY He MeHee 1/ 60 ¢ npyu ropusoHTa/IbHOM
nepemMeLLieHUn LWITOPOK 1 1/ 125 ¢ npu BepTUKA/IbLHOM
nepemelleHn. MyUHUManbHOe 3Ha4YeHVE CUHXPOHU3UPOBAHHON
BbIEPXKMN 0ObIYHO YKa3bIBAETCA Ha r0/I0BKE BblAepxek. Mpu
60MbLINX CKOPOCTAX (DOTOCHEMKM CO BCMbILKON 3KCMOHMPOBaH-
HOI OK&XeTCs TOMIbKO YacTb Kafpa.

HekoTopble 6oniee cTapble Mofenu (otoannapaTos CO
LUTOPHbIM 3aTBOPOM MMET [OMNOMHUTENbHbIA FP-CUHXPOKOHTAKT,
npejHa3HauyeHHbIl AN8 04HOPa30BbIX NaMM-BCMbILLEK, UMEHOLLMX
0YeHb PacTAHYTLIA M NAOCKWIA CBETOBOM MMNyabC. Ecan Bpems
MPOXOXAEHMA LWenu MUMO KagpoBOro OKHa He npesblllaeT
ONIMTEeNbHOCTL CBETOBOIO MMMY/bCA, TO 3KCMO3NLUA Kagpa
nonyyaeTca OAMHaKoBoOl. B cnyyae FP-CMHXPOHM3aLMM KOHTaKTbI
3aMbIKaloTCa NpUMepHo 3a 16 Mc 40 Hayana nepemeLleHns nepBoii
LUTOPKW; MakCMMa/lbHOM CBETOBOW OTAauM BCMbILIKA JOCTUTAET B
rnpoLiecce 3KCMOHMPOBaHMA. B HacTosLee Bpems namrbl-BCMbILWKN
FP-Tuna npakTMyeckn He BbINyCKalOTCA U NPeacTaBAsfoT
NCKIOUNTENBHO NO3HaBaTeNbHbIA MHTEpeC.

MexaHun3m cnycKa 3aTsopa

Mpy M3roTOB/IEHNM COBPEMEHHBLIX (HOTOANNapPaToB (UPMbI-
npov3BoanTENN GOMbLLOE BHUMAHWUE YARNSIOT 3CTETUYECKOMY
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Puc. 30. Puc. 31.

LLITopkM y LITOPHOrO 3aTtBopa LLITopHbI/ 3aTBOp pasmellaeTcs B
nepecekaloT KajpoBOe OKHO C OAHOW M HemocpefCcTBEHHOW 61AKM30CTW K
TOIA YKe CKOPOCTbK HE3aBMCUMO OT NNeHKe.

YCTaHOB/IEHHO CKOPOCTH
(hoTO3aTBOpPa. YCTaHOBKA CKOPOCTM
Ha ronoBKe onpeaensieT 3afepxKy
MEXAY ABVXXEHUAMMW ABYX LUTOPOK W,
CnefoBaTeNbHO, WUPKHY Lenu,
KOTOPYH 06pasytoT LWTOpKK. Mpw
CaMbIX GOMbLUNX CKOPOCTSAX LUE/b
Hanbonee y3ka U CTAaHOBUTCS LUMpPe
npu ycTaHoBKe 60nee MeAfieHHbIX
cKopocTeii. Mpyu CKOPOCTAX OKOMO
1/60 ¢ n MeHbLUe nepBas LUTOPKa
MOSTHOCTLH0 OTKPbIBAET NAoLWaab
NAEHKU N Wb NOTOM HaYyWHaeT
[BUraTbCsA BTOpas WTOPKA. TO 0YeHb
BaXXHO Npu paboTe ¢ namnamu-
BCMbILUKAMMU.

Puc. 32.
YnCTo MexaHW4eckuid LieHTpanbHbIiA
(hoTO3aTBOP M (POTO3aTBOP C
3M1EKTPOHHOW perynnpoBKoi
CKOpOCTK cpabaTbiBaHUsA, a — BUf
cnepegu gotosaTBopa Synchro-Compur,
CKOPOCTb CpabaTbiBaHWA KOTOPOro
yCTaHaBNNBAETCA UYNCTO MEXaHWU4ecku
C nomolbto 3ybuaToii nepegauu; 6,
B—COOTBETCTBEHHO B1 Cepean n
BWL C3adW 3MEKTPOHHOrO 3aTBopa
Promor-Press, ckopocTb cpabaTbiBaHWA
KOTOPOro PerynupyeTcs ¢ nomolLbto
KOHfieHcaTopa. JNeKTpuyeckne
KOHTaKTbl BblbOpa CKOPOCTU
NoJCOeANHEHbI K OJHOMY U3
CONPOTMBEHUI CXEMbl KOHTPONS
BpemMeHn. CKONb3sAWMA KOHTAKT
COEAMHEH C KOMbLOM YCTaHOBKU
BblIEpPXXeK 1 obecneunBaeTt
COeAIMHEHME KOHTaKTOB CO CXeMO
3apsga 4Yepes COMpPOTUBMEHNE,
COOTBETCTBYHOLWEE BblGPaHHOM
ckopocTu 3atBopa. O6a Tuna
(h0T03aTBOPOB U3roTaBAMBalOTCA
tupmoii Alfred Gautheir GMBH,
Wildbad, Black Forest, ®PrI.



othopMaeHN0 CBOEI NPoAYKLMM 1 0becneyeHnto yao6cTBa paboTl
C Heil. B nonHO Mepe 3TO OTHOCUTCA M K CMYCKOBOMY MEXaHW3My
3aTBOpa, KOTOpbI/i pa3meLLaeTcs Takum 06pa3om, YToObI
(hoTorpady 66110 Yya06HO UM NoMb30BaThCS. [N YCTpaHeHMs
Hepe3KoCTM 1306paXKeHUs, CBA3aHHON C COTPACEHMEM Kamepbl Mpu
cpabaTblBaHWM 3aTBOpPa B MOMEHT CbeMKM, CBA3b CMYCKOBOIO
NpMCNoco6/eHns ¢ 3aTBOPOM [AeNaeTcs M0 BO3MOXHOCTU MSTKOA.
B HekoTOpbIX Kamepax 3Ta CBsA3b ABMAETCA JaXe He MexaHuue-
CKOM, MOCKONbKY CMYCKOBas KHOMKa CAYXMUT Wb A1 3aMblKaHWS
KOHTaKTa 3/1eKTPOMEXaHMYECKOr0 CMyCKOBOIO YCTPOIACTBa,
pa3MeLLeHHOro BHYTPU 3aTBOpa.

MouTy BCE Kamepbl UMEIT CreluanbHoe pe3bboBoe rHesfo
[N BBMHUMBAHWSA CMYCKOBOTO TPOCKKA — BaXHOrO MPKUCMoCco-
GNeHNs, MCMONb30BaHNE KOTOPOro MO3BOMSET M36eXaThb
COTPSACEHNS KaMepbl, YCTaHOBMIEHHOM Ha LUTAaTWUBE, NPK GOMbLINX
BblflepXKKax. YacTo 3TV rHesaa pasMeLiatoTCsl HenocpeaCTBEHHO B
LLeHTpe CMYCKOBOI KHOMKM, W LUTOK TPOCMKA MPUBOAMUT B [BUKEHME
TOT )K€ MEXaHW3M, U4TO U KHOMKa B OTCYTCTBUE TPOCUKA.



Tunbl poTorpamMyecknx annapatos

PHc. 33.

CoBpeMeHHasd Kamepa C OMTUYECKUM
Buaouckarenem gng 35-mm
(hOTONMEHKN; UMEET COBMELLEHHBIN C
BUJOMCKATENIEM Ala/ibHOMED U
BCTPOEHHYI0, YaCTUYHO aBTOMaTu4e-
CKYI0 CUCTeMY onpefeneHns
3KCMO3MLNN.

Puc. 34.

KapmaHHas Kamepa npocToi
KOHCTPYKLUN, NpeaHa3HaYeHHasa A5
nnedkun Tuna 110. Korga annapaT He
MCMOMb3YeTCA, PyyKa BbIMOSHAET
(DYHKLMW 3aLUTHOrO Yexra.

Pwnc.35.

Bonee cnoxHasa kapmaHHas Kamepa
TOI Xe PUPMbI, 4TO U N306paXKeHHas
Ha pHC. 34, nNpeAHa3HayYeHHas Ans
nneHkn tmna 110. OgHako 3Ta Kamepa
“MeeT 6onee LWINPOKUIA AranasoH
perynnpoBokK ¥ BCTPOEHHYIO
3N1EKTPOHHYIO MMMY/bCHYIO namny.

doToannaparbl C ONTUYECKMM BUJOUCKATENEM

K gaHHOMY Tvny (oToannapaToB NPUHALNEXAT Kamepsbl, Y
KOTOpbIX BMAOMCKATENb NpeAcTaBnseT coboli NPOCTy0 ONTUYECKYHD
CMCTEMY, Yepe3 OKOLLUKO KOTOpOW (oTorpad BMAMT 06BEKT
(ctoxxeT) cbeMkm. Takas onThyeckas cucteMa 06bIYHO COCTOMT M3
OBYX IMH3, (DOPMUPYIOLLMX Cerka YMeHbLUEHHOe 1300paxeHmne
06beKTa, YTO NO3BONAET HAbOMOAATL BCe MOJe 3peHus. YeTkue
rpaHWLbl Kajpa yCTaHaBNMBAKOTCA C MOMOLLbIO NOAXOAALLel
Macku, orpaHMumMBaloLLeli none 3peHns Buaouckatens, 6o
pamKu, KOTopass HaHOCWUTCS Ha MOYMNpo3payHyto NAacTuHy wv
nonynpospayHoe 3epkano. MNogasnsiolee 60bLIMHCTBO Kamep
JAAaHHOTO TUNa UMEET LeHTPaNbHbIA 3aTBOP U MOCTOSHHYHO ONTUKY.
Hanbonee npocTble Kamepbl CHabXeHbl HEpPerynmpyemoi
AvadparmMoin n 3aTBOPOM, CNOCOBHLIM 06ecneynTb TOMbKO OAHY
unu ABe BbIAEPXKY, a 6onee CNoXHble — MPUCOBON Anadparmoli
1 3aTBOPOM, 06ecrneunBatoLLMM psf BblaepXek. MHorve Kamepbl
MMEIOT BCTPOEHHbI 3KCMOHOMETP, KOTOpPbINA, KaK npaBuso, CBA3aH
C MexaHW3MOM YrpaB/ieHns 3aTBOPOM U guadparmoit, npuyem
yacTo Tpebyemas 3KCMO3WLWSA YCTaHaBINBAETCA MOMHOCTHIO
aBToMaTmuecku. Takme Kamepbl MO3BOASIOT NOMyvaTb BMOJIHE
npvemsemble pe3ynbTaTbl U ABNAKOTCA UAeanbHbIMU L1 NO4eN,
3aHMMaloWMXcs oTorpagueli OT ciyyas K Cyqato, KOTOpbIX He
MHTEPECYIOT TEXHWNYECKMEe acnekTbl hoTorpagun. Bo MHorux
(hoToannapaTax NpesycMoOTpPeHa TakKe BO3MOXHOCTb YCTaHOBKM
3KCMO3MLMMN BPYUHYHO, NOCKOMbKY NpU CbEMKE, KOrfa UCTOUHMK
CBETa Harpas/ieH NpPAMO B 06BLEKTMB, UK MPU CbeMKe 06BEKTOB
6onlee TeMHbIX (60Nee CBETNLIX), YeM CpefHuii 06bekT?,
aBTOMaTMYeCcKas M3MepuTenbHas cUCTeMa MOXET AaBaThb
OLWMOBOYHbIE pesy/bTarThl.

CyLIECTBEHHbIM HELOCTATKOM Kamep C OMTUYECKUM
BUOWCKATeNeM SBNSETCS HeCOBMafeHNe NMHNN
BU3MPOBAHMWSA C ONTUYECKOW OCbIO CheMOYHOro 06bEKTUBA. 3TO
NPUBOANT K HECOBMAZIEHUIO TPaHuL, U306paXKeHNs, HaBMHoAaeMbIX
B BUOMCKATENE, C rpaHMLaMK Kagpa Ha nneHke. Mogo6Hoe
ABNIEHNE HAa3bIBAETCA napamnakcom W BO3HWKAET BCNEACTBUE
MPOCTPAHCTBEHHOTO Pa3HECEeHNs 06BLEKTMBA BUAOUCKATENS U
CbeMOYHOr0 06beKTUBA. Mapannakc HaGMHAAeTC NPU CheMKe
6/IM3KO PACMONOXEHHbLIX 06HEKTOB U YBENNUMBAETCA MO Mepe
YMeHbLLEHUS PacCTOSHUS 10 06bEKTA CbEMKM; MPU ChEMKE
GECKOHEUYHO yaaneHHbIX 06bEKTOB Mapaiakc OTCyTCTBYET.
B 6onee goporux gotoannapatax A1s KoMMeHcalUuu napannakca

! CpepHuit 061eKT oTpaxaeT B cpefHeM 0kono 20% Majaroliero Ha Hero
ceeta. — [lpum. peg.
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Puc. 37.

Bupouckatenb Kamepbl C ONTUYECKUM
BMaouckaTtenem. Pamka u3
CBETALLMXCS IMHWUIA, ONTUYECKM
HaknagblBaemas Ha CHXET, CBA3aHa C
MexXaHU3MoM (hOKYCUPOBKM
06beKTMBA 419 KOMMeHcauum
napannakca n cauraetcs npu
HaBO[Ke Ha pPe3KoCTb, TOYHO
orpaHuynBasa rpaHuLbl ClOXeTa,
KOTOpbI OyAeT BOCMpPOM3BeLeH Ha
NNeHKe Npy NHBbLIX PacCTOAHUAX A0
06beKTa, MMEKLWMXCS Ha LiKae
ouctaHumii 06bvekTuBa. MpsMOyronb-
HWK B LIEHTpPE Mo/s 3peHus sBnseTcs
n306paxeHnem,KoTopoe Aaet
COBMELLEHHBIA AanbHoMep. 3T0
n306paxKeHne ONTUYECKN HaKnajblBa-
€TCA Ha OCHOBHOE M306paxkeHne
BUOMCKATENA U OKPALLeHO B XeNTblii
LBET ANA NOBbILLIEHUA BU3YyaNbHOIo
KOHTpacTa. Y Kamepbl JaHHOrO Tuna
MMeeTCcs NosnyaBTOMaTUyeckoe
ycTpoiicTBO: (hoTorpad Bbi6GUpaet
CKOpOCTb 3aTBOPa, COOTBETCTBYHOLLYIO
BULY CHOXeTa, a Kamepa aBTOMaTuye-
CKM yCTaHaB/MBaeT He06X04UMYHO
fnuagparmy, 3HayeHue KOTOpoi
yKa3blBaeTCs CTPeNKOW Ha LiKane B
npasoi yacTn nons. Moka cTpenka
Haxo4uTCs MeXay KpacHbIMU
MeTKamu, 6ygeT oTpaboTaHa
npaBuibHas 3KCMO3MLUA ANs AaHHOTO
ctoxeTta. Ecnu cTpenka BbIXOAWUT B
30HY KpacHbIX METOK, Heo6X0AnMO
YCTaHOBUTb fpyroe, 6onee
NnoAXxoAsLlee 3HA4YEHNE BbILEPXKKU.

Puc. 38.

B panbHOMepe, COBMELLEHHOM C
BMAoMnckaTenem, HebonbLuoe
NOABMXHOE 3epKano MexaHW4ecku
CBSI3aHO C (POKYCMPOBKOIM 06bEKTMBA
1 cnerka BpaljaeTcs npyu HaBoAKe Ha
pe3kocTb. Ecnu okycuposka He
TOYHAA U He COOTBETCTBYET
paccTosHuio 40 06beKTa, yron
noBopoTa 3epkana TakoB, YTO
Habnwogatens BUAWT LBOWHOE
n3obpaxeHne npegmerta B
LIeHTpasIbHOM yacTn nons
Bugouckatens (a); nNpu TOYHOW
HaBOAKe Ha 00beKT [Ba M306pakeHuns
cnuaroTcs B 04HO (6).

00bEKTMB BMAOUCKaTena AenaeTca perynnpyembiM U COeAuUHAETCA C

MEXaHM3MOM HaBOJKM Ha Pe3KOCTb CbEMOYHOI0 06beKTUBA. ITO
no3BOAAET JOBUTLCA MEpPeceyeHns ONTUYECKMX OCeli CbeEMOYHOM0
06beKTUBA U BUAOMCKATENS B OAHOM NIOCKOCTU, Ha KOTOPYHO
HaBedeH 06BLEKTUB 1 B KOTOPOW pacnonioXkeH 06bEKT CbEMKMU.
MHorne Kamepbl C ONTUYECKUM BUAOMCKATENEM UMEHOT
BCTPOEHHbIIi fanbHOMEpP, KOHCTPYKTUBHO 06bEAUHEHHBIA C
CUCTEMOI BUAOWCKATENS U CBA3AHHbLINA C MEXaHW3MOM
(hokycupoBaHus. MocnegHee 06CTOATENLCTBO UCKKOYAET
Heo6X0AUMOCTb He TOMbKO HEeMoCPeCTBEHHOIO M3MEPEHNS
paccTosiHWUS OT Kamepbl A0 00bEeKTa, HO 1 OLEHMBAHNSA 3TOr0
paccTosHusA Ha rnas. Mpu GokycmpoBaHMM 06BHEKTMBA B LIEHTpE
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Puc. 39.

N306paxeHne Ha MaTtoBOM CTeK/e
[BYXOOBbEKTUBHOI 3epKa/bHOM
Kamepbl MMeeT Te Xe CaMble pa3mepsbl,
4TO M M306paxKeHNe, KOTOpoe
NOAYYNTCHA Ha NNeHKe, HO 3epKaibHO
nepeBepHyTo.

n306paxeHns 06beKTa CbeMKM B BUAOMCKaTeNle NOSBAAETCS
BTOpPOe M306paXeHne, KOTOPOe HaknafblBaeTcs Ha NepBoe C
MOMOLLbIO pacLuenuTens CBeTOBOro Nyyka. Ha paciienvTens,
PacronoXeHHbI Ha ONTUYECKOl OCM BUAOWCKATeNs, BTOpPOe
n306paxeHne OTpaKaeTcA MOABVMXKHLIM 3epKasbLeM, KOTOpoe
«CMOTPUT» Ha 0OBEKT Yepes J0MO0SIHUTENIbHOe OKOLLKO, HECKO/bKO
pasHeceHHoe C OCHOBHbIM OKHOM Bugounckatens (Puc. 38);
3epKasnbLe MexaHWYecKn CBA3aHO C CUCTEMO (HOKYCHPOBKM
06BbEKTVBA W MPU HABOLKE Ha PE3KOCTb Clerka noBopavnmBaeTcs.

B npouecce (hokycupoBKM 06a M306paxeHns conmxaroTca Ao Tex
nop, MoKa He COMbIOTCA B OJHO, YTO BYfeT COOTBETCTBOBATb TOUHOM
HaBoAKe 06beKTMBA Ha 06BEKT CbeMKU. [1if TOro Ytobbl chenathb
BTOpOe M306paxeHue 601ee 3aMeTHbIM, Ha fanbHOMEpe
YCTaHaB/IMBAETCA XEeNTbIA (PUAbTP, B pe3y/bTare Yero BTOPOe
n306paxeHne NprobpeTaeT XKenTblil OTTEHOK.

[BYyx00bEKTUBHbIE 3epKa/lbHble (hoToanmnaparhbl

doToannapaTbl JaHHOr0O TUMa UMEIOT ABa 0ObEKTUBA,
PacrnosoXeHHble OAMH Haj APYrUMM Ha NepejHei CTeHKe Kamepsbl.
BHyTpy kamepa pasjeneHa Ha [jBa OTCeKa, Tak UTO Kaxfblil
06bEKTMB HanpaBnseT CBET TONbKO B OAWMH U3 HUX. HVMXKHWUIA 0Tcek
(MM CHEMOYHBIA OTCEK) COAEPXUT CBETOUYBCTBUTENLHYHO M/IEHKY U,
3a UCKMOYEHUEM MOMEHTA CbEMKM, SBASETCA MOSHOCTHHO
CBETOHEMNPOHMLAEMBIM. HWKHUIA 06bEKTMB (MM CHEMOYHBIN
06BEKTMB) CHabXeH MPUCOBOI AnadparMoii U LEeHTpaibHbIM
3aTBOPOM. BepxHuit 06beKTUB (MM 06BEKTUB BUAOMCKATENS)
(hopmupyeT n3obpakeHne 06bEKTA Ha MaTOBOM CTeK/e YCTPOMCTBa
419 HABOLKW Ha pe3KoCTb, PacnofoXXeHHOM rOpU30HTaNbLHO B
BEpXHeW 4acT BepXHero oTceka (MM oTceka BUAOMCKAaTenNs).
CBeTOBOI NOTOK OT 06BLEKTMBA BUAOMCKATENS OTKIOHAETCA MOA
NPAMbIM YI/IOM BBEPX 3EPKa/NOM Hapy)XHOI0 MOKPbITUSA,
YCTaHOB/IEHHbIM Nof, YrioM 45° MeXay 060beKTUBOM UM MaTOBbIM
CTEK/IOM B BEpXHeM OTceke. B pesynbTaTe n3obpaxeHue Ha
MaTOBOM CTEK/E OKa3blBaeTCsA 3epKasbHO MEpPeBEPHYTLIM.
MocKonbKy 06BHEKTMB BUAOMCKATENS He y4acTBYeT B 3KCMOHMPOBa-
HUW NNEHKW, ero ONTUYECKOe KAYecTBO MOXET ObITb HE CTO/b
BbICOKMM, KakK KauyeCTBO CbeMOYHOro 00LEKTMBA, O4HAKO ero
(hOKYCHOEe pacCcTOsHUE AO0/MKHO ObiTb TOUHO TaKMM Xe, KaK y
CbEMOYHOI0 00BLEKTMBA.

doKycupyowmii MexaHM3m Taknx oToanmnapaToB 00bIYHO
NPYBOAUTCA B [eliCTBME C NMOMOLLbLIO CNeLnansHOM FoN0BKK,
pacnonoXXeHHOW Ha Koprnyce Kamepbl. Pe3kocTb n306paxeHus
MpOBEpPSETCA BM3yanbHO MO PE3KOCTU U306paXKeHNs Ha MaTOBOM
cteknie. OT BO34eMCTBUSA NMOCTOPOHHEr0 CBETa MaTOBOE CTEKNO
3alMLLEHO GOKOBbIMYM 3ac/IOHKamK (LLaxTON BUaoucKartens),
KOTOpbIe CKNafbIBAOTCA, KOrga KaMepa HaxoguTcsa B Hepaboyem
NoMoXKeHMN. 3allefiKMBatoLWasca nyna, BCTPOEHHasA B KPbILLKY
LaxTbl BUAOMCKATENS, YBEIMUMBAET LEHTPa/IbHYH0 YacTb 00beKTa
CbEMKMW, YTO 06/1eryaeT 1 MOBbILAET TOYHOCTb HABOAKM Ha
Pe3KOoCTb.

Tak Kak ONTMYECKME OCU CHEMOYHOIO 06BEKTMBA W
BUAOMCKATENS Y ABYXOOBEKTUBHBIX 3epKa/lbHbIX KaMep He
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Puc. 40.
TuUNnMyHas COBPeEMEHHas [BYX06beK-
TUBHaA 3epKanbHas Kamepa.

COBMajatoT, Taknue Kamepbl ABAANOTCS MapannakCHbIMK.
B 60nblIMHCTBE MOAENEW napannakc KOMMEHCUPYETCS C MOMOLLbIO
cneunanbHoi NOABMXKHON pamKu (Mackm), COeAMHEHHON C
MexaHu3MoM (hOKYCMPOBKM TakuM 06pa3oM, YTO Ha MaTOBOM
CTeK/le HabNIAATCA YeTKMe rpaHuLbl Kagpa.

HefocTaTKOM KOHCTPYKUUW ABYXOOBLEKTUBHbLIX 3epKabHbIX
Kamep SB/ISeTCA HEO6X0AMMOCTb NMPW CbeMKE paccMmaTpuBaTb
n306paXKeHMe Ha MaTOBOM CTEeK/ie CBEpXY BHM3, a He Ha YPOBHe
rnas, Kak 370 fefaeTcs npu KCMosib30BaHWM KaMep C OMTUYECKUM
BMAOUCKaTENEM. DTOT HEJOCTATOK OCOBEHHO OLLYTVUM MpU
PenopTepcKoli (hoTOCbEMKE, KOrfa HEOBX0ANMO «yfepXaTb» B
BUAOMCKaTENE ABMXKYLLMNIACA 0OBEKT: MOCKO/bKY M306paxkeHne B
BUAOMCKaTENE 3epKasbHO MepeBepHyTo, hoTorpad HaumHaet
nepemelLaTb KamMepy B HampaeneHUW, 06paTHOM TOMY, KOTOpoe
JeicTBUTENbHO TpebyeTca. B HEKOTOPbLIX Kamepax A/t Takoro
BMAA CbEMOK CYLLECTBYET AOMOMHUTE/bHbIA «CMOPTUBHbINA
BUAOWCKATElb» —paMKa, 06pa3oBaHHast HeGOMbLLUMM OTBEPCTMEM
Ha 3afHeli CTEeHKE CBETO3ALLMTHON LaxXTbl U OKHOM Ha nepegHen
CTEHKe 3TOW WaxTbl. HekoTopble (UPMbI B KA4YECTBE JOMOHUTESb-
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Puc. 41.

O6beKkTUB BUAOMCKaTENS
[BYX0OBEKTMBHON 3epKanbHOi
Kamepbl «BUAUT» 00BLEKT C HECKONIbKO
WHOM TOYKN CHEMKM, YeM CbeMOUYHBIi
06beKTMB. Bo MHOrMX mogensx ata
napannakTnyeckas ownbka
aBTOMaTWUYeCKN KOMMEeHCUpyeTcs NS
BCEX VMEKLMXCA Ha Kamepe
AWNCTaHLMIA HaBOAKM C MOMOLLbIO
NOABWXHOA Mackv B BufoMCKaTene,
CBAA3aHHO C MexXaHU3MOM
(hOKYCUMPOBKN 06BLEKTUBA.

Puc. 42.

HekoTopble Mogenn ABYX0ObEKTMB-
HbIX 3epKasibHbIX Kamep CHabGXeHbl
CMeHHOW onTuKoi. CbeMOYHbIN
00bEKTUB 1 06BLEKTMB BMAOUCKATENSA
CMOHTMPOBaHbLI Ha 06Leli NaHenn u
MEHSAIOTCSH 0JHOBPEMEHHO, YTOGbI
COXPaHUTb coBMafieHne M306paxeHus
Ha M/eHKe ¢ N306paxKeHneM B
Buaouckartene. Kaxgblii CbeMOYHbIN
06BEKTUB MMeET CBOM LIEHTpasbHbIi
3aTBOp.

HOro NPMCcnoco6ieHns BbIMyCKalOT NeHTanpusMy, KoTopas
yCTaHaB/MBAETCS Haj MaTOBbIM CTEK/IOM BMECTO CBETO3aLLMTHOM
waxTbl. MeHTanpuama 06pasyeT NpaBUIbHO OPMEHTUPOBAHHOE
n306pakeHne 06LEKTA, KOTOPOE MOXHO paccMaTpuBaTb Ha YpOBHe
rnas.

HeKkoTopble ABYXOOBLEKTUBHbIE 3€pPKa/ibHbIE KaMepbl
paccymTaHbl Ha UCMO/Ib30BaHUE CMEHHOI OMTUKK, NPUYEM CMEHHO
[lenaetca BCS MepefHss CTeHKa Kamepbl: CbeMOYHbIA 06bEKTUB
MeHSsIeTCA BMecTe C 06bEKTMBOM BUAOUCKATENS, YTOObI rpaHuLbl
M306paxeHnss B BUAOMCKATeNle COOTBETCTBOBA/IM rpaHMLaM Kagpa
Ha M/eHKe.

B 60/bLWIMHCTBE ABYX0OBEKTUBHbLIX 3epKabHbIX Kamep
ncnonb3yercs nieHka tmna 120 n 220 ¢ pasmepom Kagpa 6 X6 cm,
MprYeM KaxkAblii PONMK MAEHKU paccunTaH Ha 12 Kagpos
(cHumKoB). KBafpaTHbIii pasmep Kagpa Mo3BONSET CTPOUTb
rOPU30HTaNbHYIO WUN BEPTUKANIbHYIO KOMMO3ULMIO CHUMKA He
nepesopaynBas Kamepy; OKOHYaTenbHoOe KafpuposaHue
OCYLLECTB/ISETCA B Npouecce oToneyaTy.

OfaHO06BEKTMBHbIE 3epKa/ibHble (hoToanmnapaTbl
$oToannapatbl JaHHOTO TUMa NO3BONAKT BUAETb U
BbIOMPaTb 06BEKT (CHOXKET) CHEMKM Yepe3 CbeMOYHLIA 06BLEKTHB.

B 3Tom cnyyae napannakc OTCYTCTBYET W rpaHuLbl Kagpa B
BUJOMCKATE/IE MOYTW TOYHO COBMajaloT C rpaHnLaMmn Kagpa Ha
(hoTonneHke. MNonHOe OTCYTCTBME Mapannakca fenaeT Kamepbl
[AaHHOro TUNa naeanbHbIMU 418 MAKPOCHEMKM, KOrja
MCMONb3YIOTCSA HacafOUHbIE IMH3bI U YA/IMHUTENbHbIE KOMbLA.

Bugonckatens 04HOO6BLEKTUBHOW 3epKasbHO Kamepbl
MIMeeT MaTOBOE CTEKNO (3KpaH), Ha KOTOPOM CbeMOUHbI 00bEKTUB
(hopmupyeT n3obpaxeHne 06beKTa CbeMKU. oaTomy
(hOKYCMPOBKY MOXHO MPOBEPSATb W PErynmpoBatb BU3YyasbHO.
Kpome ToOro, ycraHoB/B pabouyto BenMuuHy Avagparmbl, MOXHO
MPOBEPUTb Ha rNa3 peanbHyto rNybuHy peskocTu. MocKobKy y
0[HO0OBEKTUBHBIX 3epKaNibHbIX Kamep CbeMOYHbI/i 06bLEKTMB
OJHOBPEMEHHO fAB/ISeTCA 06BEKTMBOM BWAOWCKATENSA, B TaKuX
Kamepax MpegycMOTPeHa CUCTEMA «MepeKsTioUeHMs» 1306paKeHNs
C 3KpaHa BMOMCKaTeNs Ha MOBEPXHOCTb MJIEHKW Cpasy nepej
Ha4asioM 3KCMOHMPOBaHWsA U 06PaTHO MOC/e OKOHYaHWS CHEMKM.

MogasnatoLiee 60MbLIMHCTBO Kamep faHHOro Tuna
CHabXXeHO LUTOPHbIM 3aTBOPOM, KOTOPLIA pa3melLaeTcs B6AM3M
(hOKanbHOW NAOCKOCTM 06BbEKTMBA Ha PacCTOAHMK OKOM0 1 MM OT
MJ0CKOCTM NneHKkU. [ns Bbi6opa Kagpa U HAaBOLKM Ha pe3KoCTb
CBET OTPAXKAETCA 3ePKasOM Hapy>KHOr0 MOKPbITUA, YCTaHOB/IEH-
HbIM No4 yriom 45° K NA0CKOCTU MAeHKKU, U HamnpasBiaseTca Ha
MaToBOe CTeKNO (3KpaH) BUAOMCKaTeNs. JKpaH pPacrnonoXeH TakuM
06pa3om, YTO 4/IMHA NYTWU CBETA OT 06BLEKTMBA 10 3KpaHa paBHa
O/IMHe NyTW 0T 00bEKTMBA A0 NJIOCKOCTU NJeHKW. MosTomy, Korja
n300paxkeHne CTaHOBMTCA PE3KMM Ha MaTOBOM CTeK/e
BMAOMCKATENS, 3TO 03HAYaeT, YTO OHO OydeT pe3kuM 1 Ha
(hOTOMNNEHKE.

3epkKano, n3MeHstoLLee X0 nyyeli 0T 0ObEKTUBA, LeflaeTcs
MOABVXHBIM, U NPU HAXATWUU CMYCKOBOV KHOMKN OHO BbIBOAWUTCS
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Puc. 43.

Canon A-1 — o6paseL, nocnefHnx
pa3paboTOK 0AHOO6BLEKTMBHbIX
3epKanbHbIX Kamep, BKAOYaoLmX
OYeHb CNOXHbIE 3/1EKTPOHHO-
BbIYNCANTENbHbIE CXEMbI NS
ynpaBieHns MexaHuM3smMammn annapaTta,
KOTOpble paHblUe KOHTPOAMPOBANUCH
YUCTO MexaHu4yecku. Mogenb A-1
MMEEeT He MeHee LUECTU PasfIMyYHbIX
PeXXMMOB aBTOMAaTU4eCKOro
ynpaBfeHnsa 3KCnosnuneid, B KOTOPbIX
Kamepa in6o cama BblbupaeTt u
BbIAEPXKY, U Anadparmy, nm6o
aBTOMaTMYeCcKN ycTaHaBMBaeT OfWH
13 3TUX NapameTpoB, ecin 3afaH
apyroii. OHa MoXeT paboTaTb 1 B
MONHOCTbIO PYYHOM peXuMe;
thoTorpag cam ycTaHaBnvBaeT
CKOpOCTb 3aTBOpa W fuagparmy.
Lincposoii gncnneid, BUAUMbINA B
Bugonckarene n nogobHbIA akpaHam
PYYHBIX CYETHBIX 3/1EKTPOHHbIX
MallMHOK, coobuaeT HabnogaTento
BCH MHOPMaLMI0 O pexnmax
paboTbl annapata. [ONOAHUTENbHbIM
npucnocobneHnem faBnsetcs
MOTOpHbI/A NpuBoA, paboTarolmnii oT
cyxux 6atapeek. OH aBTOMaTU4ECKU
NepeBOANT MNEHKY W B3BOAMT 3aTBOP
nocne KaXforo CHATOro Kagpa u
MO3BOJISET CHUMATb B GbICTPOIA
nocnefoBaTeNlbHOCTA C MaKCUManbHOM
cKkopocTbio o 5 Kagp/c.

13 xoda nyyein (MogHMMaeTCs BBEPX), OTKPbIBAs AOCTYMN CBETOBbIM
Nyyam K NfieHKe npu OTKpbITOM 3aTBope. locne aKCrMoHWpoBaHuS i
3aKpbITA 3aTBOpa 3epKano BO3BpallaeTca B MepBOHa4abHOe
MONIOXEHMe.

B kamepax AaHHOro Tvna Tak Xe, Kak U B BYX00bek-
TUBHBIX 3ePKa/bHbIX Kamepax, W306paxeHne B Bugomckaresne
OKa3bIBaeTCs MepPeBepHYTbIM. [15 TOro Utobbl NONYyYUTL NPAMOE, a
He 3epKa/ibHO MepeBepHYTOe U306paXKeHne, NoYTH BCe
0[JHOOOBEKTUBHbIE 3epKasibHble KamMepbl, pacCYnMTaHHble Ha 35-MM
MNEHKY, a TaK)Xe MHOTMe mofenu 6onblwnX hopMaToB CHaGXeHbI
MeHTanpu3Moi, KoTopas ycTaHaB/MBaeTCa Haf MaTOBbIM CTEK/IOM
BUAOMCKaTeNS.

MeHTanpu3Ma npegcTaBaseT coboli oTpaxaTesbHYH
Mp13my, UMEIOLLYIO B CeYeHWU, NepneHANKYISPHOM ee pabounm
rpaHsM, BuA NATUYrONbHMKA. BXoAsdLWmMiA B NeHTanpusmy u
BbIXOAALLMIA 13 Hee nyum 06pa3ytoT mexay coboit yron 90°.
MockonbKy NeHTanpuaMa MMEET YeTHOE UMCNO OTpakatoLmx
rpaHein (gBe), oHa AaeT MpAMOe M306paXKeHNEe 0ObEKTA CHEMKMU.

MHorme 0JHOOOBLEKTMBHbIE 3EpKaibHbIE KAaMEPbI MMEIOT
cucTeMy 3amepa 3Kcnosnumm yepes 06bekTmB (TTL). O6bIYHO
MoKasaHMs TaKOro aKCMOHOMETpa HaxoAaTcs B MO/e 3peHMs BUAO-
NCKaTens, a MexaHu3M 3KCMOHOMETpa TeM WM UHbIM 06pa3om
CBSi3aH C YCTaHOBKOW 3HAYeHWiA BbIAEPXKMN 1 Anadparmbi.

B Hambonee npocTtoii hopme 3Ta CBSA3b TaKOBa, YTO MpaBUSIbHAs
3KCMO3MLMS COOTBETCTBYET PAcMOfIOXKEHNIO CTPENKNA U3MEPUTENb-
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Puc. 44.

MocnefoBaTenbHOCTL OMepauuii B
0[JHOOOBEKTUNBHOW 3epKasbHOA
Kamepe C aBTOMaTU4eCKOi
(«mopratouleit») guadparmoit, a —
npu Bblbope 00bEKTA 3epKano
HaxXoAMTCS B CBOEM «HVDKHEM»
MONOXEHUN N OTPaXaeT MPOXOAALLNiA
yepes 06bEKTNB CBET BBEpX, 06pasys
1306paxKeHne Ha MaTOBOM CTek/e
Bugonckarens. Yepes neHtanpusmy
rnas BMAMT 3TO n3obpaxeHune
06beKTa C NpaBU/bHBIM Pacnonoxe-
HUEM CTOPOH, Bepxa U Hu3a.
Wpucosaa gnatparma NonHOCTbIO
OTKpbITa, 0b6ecneymsas Hanbonee
ApKOe 13 BO3MOXHbIX M306pakeHmne
Ha MaToBOM CTeK/e, YTo obneryaet
BU3MPOBaHME W HaBOAKY Ha Pe3KOCTb;
6 — HeMmeAneHHO nocne Haxatus
CMYCKOBOI KHOMKK Mpucosas
Avatparma yMmeHblUuaeTcs [0 3apaHee
YCTaHOB/NIEHHOTO 3HA4YeHNs W 3epKano
YX04WT C MyTV CBETOBOrO My4ka oT
06beKTUBa, 3aTEMHAA BUAOUCKATENb,
HO NO3BONAA CBETY AOCTUYL 3afHell
CTEHKM KaMepbl Ans 06pa3oBaHums
1306paxeHnNs Ha NneHke B MOMEHT
OTKPbITMA LUTOPHOrO 3aTBopa.
3aTBOpP OTKPbIBAETCA Cpasy Xe, Kak
TOMbKO 3epKano AOCTUIIO BEPXHEro
NOMIOXKEHNS; B —NOC/Ee 3aKpbITUA
3aTBOpa, OMpefeNstoLero OKoHYaHme
9KCMOHUPOBAHNS, UpUCOBas
Anadparma BHOBb MOMHOCTbIO
OTKpbIBaeTCA, a 3epkano Bo3BpaLiaeT-
CA B UCXOAHOE MOMOXEHNE, OTKPbIBas
BMAOUCKaTeNb A4na Bblbopa
cnefytoulero Kagpa.

HOI CUCTEMbl 3KCMOHOMETPa NPOTUB ONpejeneHHON OTMETKM B
nosie 3peHns BUAOUCKATENS; NepeMeLLeHne CTPeKN OCYLLeCTBNSA-
€TCA NMOBOPOTOM KO/bLa AuadparMbl UM rOIOBKW BbIAEPXKEK.

[ns 60nblIMHCTBA OAHOOOBEKTUBHBIX 3epKa/ibHbIX KaMmep
BbINYCKAtOTCA CMEHHble 00BbEKTHBbI, KOTOPbIE KPenaTcs Ha
nepesHein cTeHke Kamepbl. KpenneHne 06beKTMBA OCYLLECTBISETCA
C MOMOLLbIO pe3bObl, 6alioHeTa UM HaKUAHOMO Kosnbla. lMepBblii
Cnocob KpenneHus ABASETCS Haubonee MPOCTbIM: KOPMyC
06beKTMBA BpallaeTca 40 NOSHOr0 BBUHYMBAHMA MPU YCTAHOBKE
06bEKTMBA W NOMHOMO BbIBUHYMBAHUA MPK €ro CHATUKU. OfHaKo
pe3bba [OBO/IbHO ObICTPO M3HALLMBAETCS, W MPU YacTOl CMeHe
06bEKTVBA 3TO MOXET MPUBECTU K M3MEHEHUIO PacCTOSHUS OT
06bEKTMBA [0 MNEHKMN, KOTOPOE ABNAETCA OYEHb KPUTUYHBLIM. TO
)Ke camoe OTHOCWTCA M KO BTOPOMY CMOCo6Yy KpenneHus:
KpeneXHblid y3en BbICTPO M3HALIMBAETCA BCMEACTBME BpaLLeHUs
3a/iHeil NOBEPXHOCTY OMpaBbl 06LEKTMBA MO MOBEPXHOCTW (hiaHLa
06BEKTUBHOMO KOMbLa Ha annaparte. YTo e KacaeTcs KpenneHus ¢
MOMOLLbH HAKMAHOFO KO/bLA, TO B 3TOM C/ly4ae BpaliaeTcs
3anupatoLLee KonblLo Ha 06beKkTVBe, a onpaBa 06beKTMBA U
06bEKTMBHOE KOJbLO annaparta He BpallaloTcs W, CnefoBaTenbHO,
He TPyTCA ApYr O Apyra, T. €. OHW NPaKTUYeCKN He MOLBEPXKEHbI
M3HOCY. VI3HOC Xe 3anuparoLlero Kosblia He BANSAET Ha B3anMHOe
MOIOXKEHNE Kamepbl U 06beKTa: PacCTOsIHME MEXAY OObEKTVBOM W
MAOCKOCTbIO M/EHKN OCTAeTCA HEU3MEHHBIM.

UT06bl HaBOAKA Ha Pe3KOCTb He BbI3biBasia 0COObIX
3aTpyHEHWIA, N306paXKkeHNe Ha MaTOBOM CTEK/e BUAOMCKATeNs
JO/DKHO 6bITb MaKCMManbHO APKUM. [ins 3TOro y 60nbLIMHCTBa
Kamep [aHHOro Tuna npu BpaweHWn YCTaHOBOUHOMO Kofbla
Junagparma He U3MEHSETCS U OCTaeTC MaKCMManbHO OTKPLITOR 40
MOMEHTa HaXXaTus CMyCKOBOM KHOMKW. B 60MblUMHCTBE Kamep
06bEKTUBbLI UMEKOT MOJTHOCTBIO aBTOMATUYECKYHO («MOPratoLLyto»)
Junadparmy, KoTopas aBTOMaTUYeCKU OTKPbIBAeTCA Moc/e
OKOHYaHUA 3KCMOHUPOBAHWA W 3aKpbITUA 3aTBOpA.

CoBpeMeHHble 0HO06BEKTUBHbIE 3EPKa/ibHble Kamepbl
006bIYHO paccuMTaHbl Ha MpUMeHeHUe 35-MM MIEHKW N UMEKOT
thopmat kagpa 24X 36 Mm. Kpome TOro, M3roToBnsitOTCA Kamepbl
(hopmatom 45X 6, 6X6M6X9 CM, pacCUMTaHHble Ha MIEHKY TWNa
120.

MNaBWIbLOHHBLIE Kamepbl

Kamepbl mofo6HOro Tvna, Kak npasuio, UCMOMb3ykTcs
thoTorpadamu-npodeccroHanamu. JocTaTouHO 60nbLIOA opmar,
a TaKkXXe BbICOKOE KayecTBO NOMy4vaeMblX MpW 3TOM HEeratuBoB U
ANano3nTMBOB MO3BOJIAKOT B GOMLLUMHCTBE C/Ty4YaeB OrpaHNYUTHCS
HeOOMbLUUM YBENIMYEHNEM MPU M3rOTOBMEHUIN OKOHYATENLHOIO
oTneyaTka.

Bce naBWNbOHHbIE KaMepbl UMEKOT OA4MHAKOBYHO
KOHCTPYKLUMIO U Pa3nnyaloTcs TONbKO (hOpMaToM Kagpa U TUMom
06bekTMBa. Kopnyc Kamepbl COCTOMT M3 NepeaHei CTeHKM (Unm
00BEKTVBHOMN AOCKMW) W 3afHe OTKUAHON CTEHKU C HanpaBAsoLu-
MM, MO KOTOPbIM MEepeMELLAeTCA KacCeTHass YacTb, NPMCIoCco6/eH-
Has 41 YCTaHOBKM PamMKy C MaToOBbIM CTEK/IOM WU KacceTbl CO
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Puc. 45.

a — Hasselblad— ogH006beKTMBHaA
3epKa/ibHas kamepa 60/bLIOro
hopmaTa, paccuMTaHHas Ha CHUMOK
pa3mepomMm 6X6 CM Ha nmneHke Tuna
120 wnu 220. TTOMUMO CMEHHOA
ONTWKN Kamepa MMeeT CMeHHble
3afHue Yactu (mMarasuHbl), B KOTOPbIX
nomeLleHa nneHka. 3To No3sonset
6bICTPO MEHATb BUf CHEMOYHOIO
maTepuana, flaxe ecnm OTCHATO BCEro
NoNPONNKa; BbiNyCKaeTcs 60/bLLOe
4ncno AONOAHUTENbHBIX MPUCMOCO-
6neHnii; 6 — Polaroid SX-70 —
0fjHO06bEKTUBHAA 3epKanbHas
Kamepa OpWTMHanbHOW KOH(Urypa-
LW Ans HEMeANIeHHOro NoyyeHus
n306paxeHns. KoMnnekT nneHok
COLEPXUT Cyxune bGaTapeiiku Ans
npuBefeHns B fieiiCTBUE 31eKTPOHHOM
cxembl annapara. Cpa3y nocne
CbEMKWN OTCHATas MNeHKa
BbICKaKMBaeT u3 annaparta. Bce
Heob6xouMble AN 06paboTKu
XWMWKaTbl BBOAATCA B CBETOYYBCTBM-
TeNbHYI0 3MYNbCUIO NPYU NPOU3BOA-
CTBE, N M306paXKeHne NposBaseTcs
BHE Kamepbl, JOCTMras NOHOM
NAOTHOCTU, COYHOCTU U HACbILEHHO-
CTU KpacokK 3a HECKO/IbKO MUHYT.

Puc. 46.

«TexHuyeckas» (a) n «penoprepckas»
(6) kamepbl 0THOCATCS K hoTorpadu-
YeckMM annaparam MaBWUbOHHOTO
TUNa, HO OrpaHNyeHbl B BO3MOXHO-
CTAX MOABUXKM UX yacTei no
CPaBHEHUID C «MOHOPE/IbCOBOMN»
Kamepoit (B).



PHc. 47.

CxemaTtunueckoe n3obpaxeHue
BO3MOXHbIX CMOCO60B YCTaHOBKU
naBUIbOHHOW KaMepbl — MOAbLEM W
onyckaHue. Yacto ¢oTtorpady
TpebyeTcs cgoTorpaduposatb
00BbEKT MOA HeGONbLUNM YI/IOM,
4TOObI MOAYEPKHYTb €r0 06BLEMHOCTD.
Ecnn gna kamepbl BblbpaHa Hy>Has
TOYKa CbEMKM, HO cama CheMKa
nenaeTca 6e3 He06X0LMMBbIX
KOMMEHCUPYIOLMX NOABMXKEK, 06bEKT
TepseT CBOK KBafpaTHY (opmy
BCNEACTBME MepCrneKTUBbl. TOYHOe
BOCMpou3BefieHne GopmMbl 06bekTa
BO3MOXXHO TO/IbKO B TOM Cflyyae,
KOrfia naocKoCTb MAEHKN CTPOro
napannenbHa nepegHein NIOCKoCTH
o6bekTa. MoaTomy, nogHWMas
3aflHI010 IOCKY Kamepbl (C NIEHKOR) u
onyckas nepegHol0 (C 06bEKTUBOM),
MOXHO COXPaHWUTb HEUCKaXEeHHYIo
thopmy npefmeTa ¥ OAHOBPEMEHHO
nepefaTtb €ro Kak TPexMepHblii
06beKT. OAHAKO NpU 0YeHb CUIbHOM
cfBure 06bEKTUB He CMOXeT MOKPbITh
BCIO N/owaab NieHKW, Yto npueeaet K
3amMeTHO noTepe MCMOMb30BaHHOMO
nons M3o6paxeHus.

Puc. 48.

CxemaTnyeckoe M306paxKeHne 0fHOro
13 BO3MOXHbIX CNOCOG0B YCTAHOBKM
NaBUbOHHOW Kamepbl —
nonepeyHblidi caBur. TOYHOE
BOCNpon3BeAeHNe (opMbl 06bEKTA,
HO C MOKa30M ero 60KOBOI CTOPOHbI
MOXET BbITb AOCTUTHYTO MyTEM
MOMepPeYHOro CMeLLeHUs Kamepbl.
MonepeyHblil CABUAT MOXET 6bITb
3aMeHeH MOAbEMOM U OMYyCKaHUeM,
eCny Kamepy 3aKpenuTb Ha 6OKYy.
Cnepyet UMeTb B BUAY, 4TO Mpun
NMONepeyHOM CABUre TaKXKe BO3MOXHbI
noTepy yYacTv mons n3obpaxeHus.



Pwuc. 49.

Mpy HEKOTOPbIX BMAAX CHEMOK
BO3HWKaeT He06X0ANMOCTb B
OAHOBPEMEHHOM Mofgbeme (Mau
OMyCKaHMW) 1 MOMNEPeYHOM CMeLLeHUM
Kamepbl, a — (oTOCbEMKa 6e3
MOABMXEK MPUBENa K UCKaXeHUto
hopmbl 06bekTa; 6 —un306paxeHue
MoNy4eHO MpW OLHOBPEMEHHOM
nogseme U nonepe4yHOM CMeLleHUUn
Kamepsbl.

®doTo 8.

HaknoH kamepbl. Ecnu

06BEKT OrpaHW4eH NPeMMYLLECTBEHHC.
OfHOW MMIOCKOCTbIO, TO pe3koe
n306paxxeHne Bcex ero YacTell MOXHO
NONyUYNTb, HAKNOHAS 06BEKTUBHYIO U
KacCeTHY LOCKM Takum o6pasom,
yTo6bI Hapywmnnach WX napannenb-
HOCTb Apyr Apyry. Ecnm cTeneHb
Hak/oHa TakoBa, 4To BooGpaxaemble
NVHUK, NPOBefeHHble Yepe3
06BEKTUBHYHO [OCKY, KaCCETHYH
[OCKY M NIOCKOCTb NpeaMeTa,
CX0AATCA B 00LLeil TOUKe, BCe YacTu
06beKTa 6yayT M306paxeHsbl
0[MHAaKOBO pe3Ko;crnpaBa —
MCMOMb30BaHNE HaKNOHA KaMepbl Ans
YBENUYEHNS TNYyOWUHBI PE3KOCTU MpU
hoToCcbeMKe 06beKTa, LEeMKOM
HaxoAslerocs B OfHO/ MAOCKOCTU —
NI0CKOro, Tunorpagckm
0TneyaTaHHOro McTa KaneHaaps.



CBETOYYBCTBUTENbHbIM (hoTOMaTepuanoM. O6bEKTMBHAs fOCKa W
KacceTHas YaCTb COeAMHAITCA Mexay co60i cknagHbIM MexoM. Ha
06BEKTUBHON JOCKE KPenaATcA CMeHHble 06bEKTUBBI, KaXAbIA 13
KOTOpPbIX CHabXeH CBOMM LieHTpasibHbIM 3aTBOPOM. Ha 3agHeli
CTEHKE MMEeTCH MaTOBOE CTEK/O0, MO KOTOPOMY MPOW3BOAUTCS
HaBOJKa Ha pe3KocTb. 306paxeHne o6bekTa nonyyvaeTcs
nepeBepHyTbIM. Korga Bce He06XOAMMbIE MPUTrOTOB/EHNS AN
CbEMKM 3aKOHYEHbI, MaTOBOE CTEKNO 3aMEHSIOT CBETOHEMPOHMLA-
emMoli KacCeTol, 3apsHKEHHON (JOTONMEHKOW MM (POTONIACTUHKOW.
KacceTa MMeeT KpbILWKY, KOTOpas Ha BPeMS CbeMKU BblBUraeTCH,
M TaknM 06pa3oM OCYLLECTBNSAETCA 3KCMOHMPOBaHWE CBETOUYBCTBYU-
TeNbHOro matepuana. KacceTbl MOryT ObITb KaK OAHOCTOPOHHMUMMU,
Tak 1 ABYCTOPOHHMMM, a TaKXKe MarasuHHoro tuna. Kpome Toro,
BbIMYCKAKTCA CreumabHble KacCeTbl, pacCUMTaHHbIe Ha
POMIMKOBYIO (PY/IOHHYIO) MJIEHKY.

KOHCTpYKLMe NaBUIbOHHBLIX KaMep NpegycMOTpeHa
BO3MOXHOCTb MepemeLleHNs 06beKTBa B BEPTUKa/IbHON
M0CKOCTW (BBEPX W BHW3) 1 U3MEHEHMS MOJSIOXKEHWS KAaCCETHOM
yacTV OTHOCUTENIbHO BEPTMKANbHOM MAOCKOCTM. ITO MO3BONSET
(hoTorpadyy yCTpaHATb UCKaXKEHMS TeOMETpUM 00bEKT], B
4aCTHOCTU NePCNeKTUBHbIE NCKAXEHUS, HaMpUMeEpP «CXoAsLimecs
BepTuKanu» («nafaroLive 3haHna»), a Takxe 4obusartbes
noflydeHuns cneymanbHbiX 3hHeKTOB, 0COBEHHO 6OMbLUOIA TNY6UHbI
pe3ko 1306pakaeMoro NpoCTPaHCTBa.



POTONNEHKMN

Tabnuua 1. CBeTOUyBCTBU-

TeNbHOCTbL Haumboriee pacrpocTpa-
HEHHBIX TMMOB (POTOM/IEHOK

ACA OWNH
25 15
32 16
40 17
50 18
64 19
80 20

100 21
125 22
160 23

200 24

240 25

320 26

400 27

500 28

doTorpatmyecknin matepuan, npefHasHauyeHHbIN 415
pasnnyHbIX BUAOB POTOCHEMKU, Ha3biBaeTcA (DOTOMNEHKON.
doTonnieHKa 06bIY4HO COCTOWUT M3 TMOKOI MOAMMEPHOW OCHOBBI
(noanoxkun), KoTopas NMG0 NOKPbIBAETCA 3MY/IbCUOHHbLIM CI0EM,
COZlEPXKALLVM CBETOUYBCTBUTE/bHbIE COEAMHEHUS, NGO
COEPXXNT Takme COeaMHeHNs B CBOeW CTPyKType. Hambonbluee
pacnpocTpaHeHvie nonyyunu HoTONNEHKN C ranoreHocepedpsHbIM
3MY/IbCUOHHBLIM CI0EM, B KOTOPOM B KauecTBe CBETOYYBCTBUTESb-
HOFO0 KOMMOHEHTa MCMOMb3YHTCA raioreHnasl cepebpa.

B 3aBMCMMOCTM OT Buda MOAy4aemMoro 1306paXKeHus ranoreHoce-
pebpsHble MAEHKN LeNATCA Ha YepHOo-6enble U LBeTHbIe, a Te U
Opyrue — Ha HeraTVBHble, NMO3UTUBHbIE 1 O6pallaemble.

Pa3nnyaloT (POTOMNEHKN OOLLEro HasHa4yeHus —ans
N6MTENbCKOM 1 NpodeccmoHanbHoi hoTorpadun
cneuyanbHble, UM TEXHUYECKMe, (OTOMMEHKMN, MPUMEHSiEMble B
PasNMUHbIX 06NACTAX HAYKWU U TEXHUKW.

CBEeTOUYBCTBUTE/ILHOCTE (POTOMIEHOK

CnocobHOCTb (HOTOMIEHKM OMpefesieHHbIM 06pa3om
pearmpoBaTb Ha BO3AeNCTBUE CBETA HA3bIBAETCH €€ YyBCTBUTENbHO-
CTbto. CTeneHb YyBCTBUTENLHOCTU (POTOMEHKU K CBETY MOXHO
perynvmpoBaTb B npouecce NPOM3BOACTBA MAEHKW MyTeM
TLWATEILHOTO KOHTPOJI Pa3MepPOB MUKPOKPUCTAINOB (3epeH)
raforeHnzioB cepebpa B 3MyNbCUN WU BBELEHUEM ONpeeneHHbIX
O4YYBCTBASIOLMX COEANHEHUI (CeHcnbunmnsaTopos). CBETOUYYBCTBU-
TeNIbHOCTb M/IEHOK O6LLEr0 Ha3HA4YeHUs XapaKTepu3yeTcst YMCIOM
CBETOYYBCTBUTENLHOCTUW. CNOCO6 BblpaXeHWs Ync/ia CBETOHYBCTBU-
TeNIbHOCTW ONpefenseTca BbIGOPOM KpPUTEPUA CBETOYYBCTBUTE/IbHO-
CTV 1 hopmMyoli, Mo KOTOPOiA oHa BbluucnsieTcs. Tak, B CLLUA uucno
CBETOYYBCTBUTE/IbHOCTU BbIpaXkaeTcs B YCNOBHbIX egnHuuax ACA
(American Standards Association), B 4P n ®PI" — B yCNOBHbIX
rpagycax AWH (Deutsche Industrie-Normen). MpuHATas
nocnefoBaTeIbHOCTb 3HAYEHUI CBETOYYBCTBUTELHOCTY
Ha3bIBAETCA LUKaNON CBETOYYBCTBMTENLHOCTU. B cncteme ACA
Kaxjoe creflytollee 3HayeHue LWKanbl COOTBETCTBYET BABOE
6oNbLLeli YyBCTBUTENLHOCTY MNeHKM; B cucTeme [VIH ysennuenme
Ha 3 [WH cooTBETCTBYET YBENNYEHUIO YYBCTBUTENLHOCTU B/BOE.
Hanpumep, ecnun 4yBCTBUTENLHOCTL N/EHKM cocTasnseT 50 ACA
(nnn 18 AWH), To Takasa njeHka B fBa pa3a 60/ee YyBCTBUTE/bHA,
yem nneHka 25 ACA (15 AWH), n B ABa pa3a MeHee
YyBCTBUTE/bHA, YeM nneHka 100 ACA (21 AOWH). Anana3oH
YyBCTBUTE/IbHOCTU M/IEHOK OBLLEro Ha3HayeHWs COCTaBNsAeT OT
25 ACA (15 OWH) po 400 ACA (27 OUH).
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doTomnKporpadus Kpuctanios
ranoreHuga cepebpa B TUNWYHOM
BbICOKOYYBCTBUTENLHON 4YepHO-6enoii
totoamynbcun (Kodak Tri-X).
Henpo3pauHble YepHble KPYXOUKN —
Kay4yKOBble LIapUKN M3BECTHOIO
[vnameTpa, KOTOpble CreLnansHo
BBOAATCA B 3MY/bCUIO Nepes
MWKPOCBLEMKOW Ans Maclutaba.
YBefnnyeHne coctaBnseTr npuMepHo
4000 X.

Puc. 50.

OTHOCUTENbHAA CMeKTpasbHas
YYBCTBUTENIbHOCTb MaHXPOMaTUYeCKOW
(KpacHas KpuBas) U opToXpomaTunue-
CKOI (cuHAs KpuBas) nieHoK. Mo ocu
OpPAMHAT OT/IOXEHA ANNHA BOJHbI.

Tunbl doTorpagmueckmx niaeHoK

UepHo-6enble oTonieHKn — (oTorpadmyeckuii
maTepuan, npeAcTaBastowuiA coboin ToHkyto (0,12—0,17 mm)
Npo3payvHyto NNacTUKOBYKO OCHOBY, Ha KOTOPYH HaHeceHa
CBETOYYBCTBUTE/IbHAA 3MY/IbCUS — CYCMEH3UA MUKPOKPUCTANN0B
ranoreHnga cepedpa B XKenaTuHe.

MepBOHaYaNbHO YepHO-6e/ble MAEHKN OblN TOMBKO
OPTOXPOMATUYECKUMU, T. €. 061aJann YyBCTBUTENIbHOCTbIO KO
BCEM flydaM BMAMMOFO CMeKTpa, 3a UCK/IYEHNEM KPACHbIX.
Mo3TOMy Ha OKOHYaTeNbHOM OTMeYaTke KpacHble NpegmeThbl
MoAy4anncb TeMHbIMW. 3TO CO34aBaso OMpeAeneHHble TPYAHOCTH,
Hanpumep, Npu NOPTPETHON (JOTOCHEMKE, KOrja pasfimyHble
OTTEHKW KpacHoro Lgeta (Hanpumep, LBET ryb) nepejasanunch
HeHaTypaibHO TeMHbIMU. OAHAKO Takue NIeHKN MOXHO 6bino
NPosBNATL MPU KPACHOM CBETE U, TaKUM 06pa3oM, BU3yasibHO
HabnogaTh 3a NPOLECCOM MPOABEHWUS U PEryimpoBath MAOTHOCTb
noyepHeHnst Heratnea. COBpPEMEHHbIE YEPHO-0€enble MAEHKN
06LLero HasHauyeHus ABAAKTCA NaHXPOMATUYECKUMU, T. €. OHU
4yBCTBUTE/IbHBI KO BCEM LiBeTaM BUAMMOro crektpa. Kpome Toro,
OHM 00/1aJat0T YyBCTBUTE/ILHOCTLID K HEKOTOPOI YacTu
YNbTPaMOoNeTOBOI0 M3MyYeHus.

BO/bLUMHCTBO YepHO-6€/bIX MAEHOK ABAAIOTCA
HeraTUBHbIMW: MOC/E COOTBETCTBYHOLLE/ 00PabOTKMN TaKoW NAEHKU
nofy4atoT HeraTMBHOE M306paXkeHne 00beKTa (CHOXKETA) CHEMKM;
Hanbosee CBeT/ble Y4acTKM 06bEKTa BbIrNAAAT TEMHbIMY, @
TEMHble — CBET/IbIMU. [N8 MONyYeHWUs NO3UTUBHOIO (eCTECTBEH-
HOr0) N300paXXeHMs1 HeraTMBHOe M306paxeHne (Kak Mpasuno,
YBENMYEHHOE) MEPEHOCAT Ha Gymary, KoTopas noKpbiTa
CBETOYYBCTBMTE/NLHON 3My/bCUeld. DKCMOHMpPOBaHHas hoTobymara
06pabaTbiBaeTCs Tak Xe, KakK U 3KCMOHUPOBaHHasA MieHKa.

B 3aBMCYMOCTM OT CBETOYYBCTBMTE/NIbHOCTM pasiMyaloT
NAEHKN HU3KOYYBCTBUTE/IbHbIE, CPEAHEN YyBCTBUTENLHOCTMN U
BbICOKOYYBCTBUTENbHbIE.

IMneHKn cpegHeit yyBcTBUTENBHOCTU (Nopadka 125 ACA)
ABNAOTCA OT/IMYHbIM POTOMAaTepManom 06LLEro HasHaYeHw s,
NPUro4HbIM 418 Pa3NNYHbIX BUAOB (POTOCHEMOK. BbICOKOUYBCTBU-
TefbHble naeHkn (200—400 ACA v 6onblue) 06bI4HO
MCMONb3YIOTCA ANS PEnopTEPCKOli (JOTOCHEMKM, ChEMKM
ObICTPOABMKYLLUMXCA 06BLEKTOB, a TAKXE A/ CbEMKU B YCMOBUAX
€naboro ocBeLyeHuns.

MocKo/bKy BbICOKas YyBCTBUTENbHOCTb LOCTMraeTcs 3a
CYeT yBeNNYEHNUs pasMepoB MUKPOKPUCTANI0B ranoreHnioB
cepebpa, BbICOKOYYBCTBUTE/IbHbIE MEHKU UMEKOT 60nee
KPYMHO3EPHUCTYIO CTPYKTYPY, YTO CHUKAET MX paspeLuatoLLyto
CMOCOGHOCTb, a CNeaoBaTeNbHO, U KadeCTBO M306paXKeHNs.

HusKouyBCcTBUTENBHbIE MNeHKK (25—50 ACA)
NPYMEHSIOTCS 4151 CbEMKN XOPOLLO OCBELLEHHOIO M OTHOCMTE/IbHO
HenoABMXHOro 06bekTa (CroXkeTa). PasMepbl «3epeH» B Takux
nneHKax Masbl, W, CNefoBaTebHO, HeraTuBHOE N306paXKeHne
OyneT MenkosepHUcTbIM. C Takoro Heratnea MOXET ObITb
noslyyeH OTMeYaToOK MPEBOCXOAHOr0 KavecTsa.

ObpalyaeMble LBETHbIe MEHKN — rafioreHocepebpsHbIN
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LiBeTa opuruHanbHoro o6bekTa
(BEPXY) NEpefatoTCcA Ha LBETHOM
HeraTuee (BHU3Yy) B MOSIHOCTbIO
«06paTHOM» BWfe KakK Mo 3HaYeHUAM
NAOTHOCTEN, Tak U NO LBETaM.
TOHanbHOCTK CloXeTa obpalleHbl —
YepHOe CTaHOBUTCA 6enbiM U T. ., a
LiBeTa nepeaaroTcs UX JONONHUTENb-
HbIMU LBETAMMW: CUHUIA — XKENTbIM,
3eNeHblii —NypnypHbIM,

KPacHbIA — rony6biM 1 T. 4. O6wmin
OpaHXeBbll TOH CBA3aH C HaNU4ueMm B
3IMYNbCUN HEraTUBHOM NAEHKM
CrneunanbHoro MackMpoBaHHOMO C€ros,
KOTOPbI KOMMEHcUpyeTcs B npoLecce
neyatu. TakoW CNoi HyXeH ans
nyyllei nepefayn oTAenbHbIX
LIBETOBbIX OTTEHKOB B OKOHYaTe/lbHOM
oTneyvarke.

thoTorpaduueckunii matepuan, npefHazHayeHHbI Ans 06paboTKu
Cnocobom obpalleHnUs U3obpaxeHus, T. e. Ans NoayveHus
MO3UTUBHOTO M306paXeHMs HENOCPEACTBEHHO B MpoLecce
06paboTKN 3KCMOHWPOBAHHOW MEHKN.

ObpallaemMble LBETHbIE MIEHKN MMEHT CMOXHbIN
XUMUYECKO-(PU3NYECKNIA COCTaB — TPU YepHO-6esbIX
CBETOYYBCTBUTE/bHbLIX 3MYNbCUOHHbIX C0S, KaXAblli U3 KOTOPbIX
YyBCTBWTENIEH TO/IbKO K O4HOMY M3 TPexX MepBUYHbIX LIBETOB —
KpacHoMy, 3e/IeHOMYy U cuHeMy. Ha nepBoii cTagum 06paboTKm
3KCMNOHUPOBAHHOW MNNEHKN B 3MYNbCUOHHbLIX CNOAX (POPMUPYIOTCS
yepHo-6enble cepebpsiHble HEraTUBHbIE M300pPaXKEHUS, KaXXAoe 13
KOTOPbIX COOTBETCTBYET KPacHOMY, 3e/IEeHOMY WM CUHEMY
«CcofepXaHuto» 06beKTa. 3a NepBoit CTaauen cnegyeT BTopas, B
pe3ynbTaTe KOTOPOI NOsBASETCS 0bpalleHHOoe, T. €. NO3UTUBHOE,
n3obpaxeHne. Bropas ctagus 06paboTkM COCTOMT B BOCCTaHOB/e-
HUY MUKPOKPUCTANIOB rasioreHuaa cepebpa, KOTopble He 6binu
NoABePrHyThbl BO3AENCTBUIO CBETA NPU CbeMKe. [ns 3TOro niaeHka
MOABEPraeTcs BTOPUYHOMY 3KCMOHMPOBAHUIO —3aCBeTKe 6efbiM
paccesiHHbIM CBETOM. 3aTeM OHa BHOBb MPOSB/SETCA, HO YXKE B
crneunanbHOM LIBETHOM MPOsBUTENE, MPU 3TOM B KaX4OM Coe
06pasyeTcs He TONbLKO NO3UTUBHOE cepebpsHoe n3obpaxeHue, HO U
MO3UTMBHOE N306paXKeHNEe N3 MPO3PaYHbIX LBETHLIX Kpacutenen B
[OMNOMHUTENbHBIX LBETaX K TeM, K KOTOpPbIM 6bl1 YyBCTBUTENEH
[AaHHbIN 3MYNLCUOHHBIN Cnoii*. Mocne aToro U3 NAeHKM
XVMUYECKUM MyTeM YAanstoT Bce cepebpsHble N306paxeHus;
OCTaBLUMECHA TPU LBETHbIX M306paXKeHNs, 06pa3oBaHHbIe
KpacuTensmu, BOCNPOM3BOAAT eCTECTBEHHbIE LiBeTa 00beKTa.

B 60/bLUNHCTBE CNyYaeB COEAMHEHUS, U3 KOTOPbIX
MONYYarOTCA KPacUTENN, BBOAATCA B 3MY/IbCUOHHbIE C/IOM MMIEHKM
npu ee nM3rotoeneHnmn. Mpm 06paboTKe 3KCNOHUPOBAHHOW MIEHKM
B LBETHOM MPOsBMTE/E OKO/IO KaXA0ro MUKpOKpuUcTania
ranoreHunga cepebpa (KOTopblii NpeBpaLiaeTcs B YacTuLy
MeTaNInyecKoro cepebpa) ob6pasyercs LBETHOW Opeos.

B pesynbTate n3o6paXKeHNe HECKONbKO «pach/blBaeTca» U ero
PEe3KOCTb OKa3blBaeTCA MeHblUe, YeM paspellatoLias Cnoco6HOCTb
nepBOHaYanbHOr0 YepHO-6e10ro N306paXkeHus. B nneHke Tuna
Kodachrome kpacutenu BBOAATCA B 3MYNbCUIO B MpoLecce UX
(hOTOXMMMUYECKOI 06paboTKM, a He MPU U3roTOB/AEHUW. B 3TOM
cllyyae Kapgas yactuua cepebpa HeratMBHOro M306paxeHus
3aMeLLaeTcs COOTBETCTBYIOLLMM KOMYECTBOM KpacuTens, u
1306paXKeHne He «pacnbiBaeTcsa». IMEHHO No3ToMy MAeHKW Tuna
Kodachrome oTnnyatoTcs 0C06eHHO BLICOKOW paspeLuaroLueil
CMOCOBHOCTHIO.

LiBeTHble 0bpallaemble MAEHKM BbIMYCKAKOTCSA B ABYX
MofudUKaumax: cbanaHCcUpoBaHHbIE 419 CbeMOK Npu
eCTeCTBEHHOM OCBELLEHWUM W MPU OCBELLEHUW BONb(PAMOBbLIMU
namnaMmmn HakaauBaHus.

LIBeTHble HeraTvBHble NAEHKN — (OTOrpaguyecKuii

! To ecTb B 3MyNLCMOHHOM C/I0E, O4YBCTBNEHHOM K KPACHbLIM /lydaM,
obpasyeTcs ronyboe n3obpaxeHue, B «3eIeHOYYBCTBUTENIbHOM» Cl0e —
nyprnypHoe, B «CUHEYYBCTBUTENIbHOM» — XXENTOe.
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MpuHUMNnanbHble 0CO6eHHOCTU
(hU3NKO-XUMUYECKOW CTPYKTYpbI
COBPEMEHHOIA LiBETHOI 06palyaemoii
nneHkun. MonHocTbio 06paboTaHHbIA
[1ano3nTus n3obpaxeH B
TPeXMepHOM BWAe, 4TOObl NOKasaTb He
TONbKO pacnpefeneHne UHANBMAYab-
HbIX KpacuTenem B KaXom M3 Tpex
3MY/IbCUOHHBIX CNOEB, HO W CMOCO6 KX
HaNoXeHns Apyr Ha gpyra ans
BOCCTaHOB/IEHWUS MepBOHaYanbHbIX
L4BETOB 06bEKTa MeTOA0M
Cy6TPaKTMBHOrO CMHTE3a LBETa,
Korga AvnanosnTuB paccmaTpuBaeTcs
06bIYHbIM 06pa3oMm.

®doTo 11.

MpumeHeHMe YyBCTBUTENbHbLIX K
MH(paKpacHOMY W3MyYeHUIO MIEHOK B
KPUMUHaNMCTNKe. Ha BepxHem
CHUMKe, BbINONHEHHOM Ha 06bIYHOI
NaHXpoOMaTUYecKoi MNneHke,
LEHEeXHbIN YeK BbIrNaaUT TaK, Kak ero
BUAWT YesioBeyeckuii rnas. Ha
HWKHEM CHUMKE, BbIMOTHEHHOM Ha
BbICOKOYYBCTBUTENbHOW MH{paKpac-
HOIi MNeHKe, YeK BbIFNAAUT MHaye:
6b110 UCNPaB/EHO OKOHYaHNEe B CyMMe
1 NpUNUCaH HYNb B YWNCMIOBOM
nokasaTene. 3TW McrnpaBneHUs Gbiau
cAenaHbl YepHUIaMK, NPO3pavyHbIMK
AN MHpaKpacHbIX Nyyeil, B TO Bpems
KaK OpUruHanbHas Haanucb Ha Yeke
BbIMO/IHSANACh HENpPO3payHbIMU ANs
MH(PAKPaCHOro M3ayyeHus
YyepHunamu.

maTepuan, npeAHasHauyeHHbIA Ans NoayveHUs LIBETHOrO
HeraTMBHOro nM3o6paxeHuns. MNNEHKN AaHHOrO TWMa, Tak Xe Kak W
obpallaeMble MAEHKU, UMEKOT TPU CBETOUYBCTBUTENbHBIX
3MY/NbCUOHHBIX CNOSA, KaXAbIA U3 KOTOPbIX YYBCTBUTENEH TO/BKO K
OAHOMY 13 TPex OCHOBHbIX LBeToB. OJHAKO B 3TOM C/yyae LiBeTHOe
HeraTuBHOe 1306paXKeHne U3 KpacuTenei obpasyercs
O/LHOBPEMEHHO C HeraTuBHbIM CepebpsiHbIM M306paXXeHEM Ha
nepBoii cTagum 0b6paboTkn. Mocne oT6enmBaHns cepebpsHOro
1306paXeHNst OCTaeTcs TONLKO LIBETHOE M300paXKeHne, KOTOpoe
AIB/IAETCA HEraTMBHbLIM OTHOCUTE/IbHO 06beKTa Kak no
COOTHOLLIEHMIO M/IOTHOCTEN, Tak U NO LBeTaM: KaXAbli LBeT
06beKTa nepesaeTca Ha HeraTviee AOMOAHUTENbHBIM LIBETOM.

B no3uTMBHOM npoLecce neyaTb BEETCA Ha CreunanbHyo
LIBETHYIO (hoTOBYMary, Kotopasi TakXKe UMeeT TpU CBETOYYBCTBU-
TeNIbHbIX 3MY/IbCUOHHbIX C/IOf.

MHhpaxpomaTmyeckme nieHkM — hoTorpaduyeckuii
maTepwvas, CEHCUOWUIN3MPOBAHHbIA K MHAPaKpacHbIM flyyam.
BbinyckatoTcs KakK YepHo-0esble, Tak U LiBeTHblE MH(paKpacHble
MneHkn. YepHo-6enble MH(PaKPaCHbIE MIEHKN YacTO NPUMEHSIOTCS
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OCHOBHble 0COBEHHOCTU CTPOEHUS
LIBETHOI HeraTWBHOMW MIEHKU.
MonHocTblo 06paboTaHHas
HeraTuBHas MNaeHKa W NONHOCTbIO
06paboTaHHbIN LBETHOW 0TNeYaTok
1306paxkeHbl B TPEXMEPHOM BUfe,
4TOGbl MPOAEMOHCTPMPOBATH
VHAVNBUAYaNbHbIE CAOW C KpacuTensamu
1 BU3yasbHbI 3P(EKT UX B3aUMHOI0
HaNoXeHUs MpyU paccMaTpuBaHuu
HeraTvBa v OTrneyaTka 06blYHbIM
obpasom.

CO creyuanbHbIMU UAbTPaMK, KOTOPbIE YCTaHABNMBAKOTCA Ha
06bekTMBe. Takne MAbTPbl NPONYCKalT TONbKO MH(paKpacHoe
N3Ny4YeHne 1 3aePXKMBAOT BUAMMbIN CBET. B pe3ynbTaTe Ha
N300paXXEHUN BbIBASKOTCA HEKOTOpPbIE AeTann, KOTOPblE 06bIYHO
He (OMKCMPYOTCA YeNOBEYECKMM I1a30M. B 4acTHOCTM, CbeMKa B
MH(paKpacHbIX Nyyax NO3BONASET 0OHAPYXWTb MOAAENKY
noanucei, Tak Kak MHOTE YepHMMa UK MUTMEHTbI, KOTOPbIE B
BUAVMOM M3/TlyYEHUW BbIFNAAAT OAMHAKOBO, B MH(pPaKpacHOM
M31yYeHUN MOryT 06/1afaTh COBEPLUEHHO Pa3/IMYHbIMU
CBOWCTBaMM.

VHpaKpacHas LBeTHas MnfeHKa npeActaBnseT coboit
obpallaemMyo NAeHKy, y KOTOPOi B OT/IMUME OT 06bIYHON LIBETHO
MNEHKN CMHEYYBCTBUTE/bHBIA 3MY/IbCUOHHBIA CMOW 3aMeHEeH Ha
C/TOWA, OYYBCTB/IEHHBIA K UH(PaKPaCHOMY M3/TyYEHUIO, U, KPOME
TOrO, M3MEHeHa MOC/eA0BaTeIbHOCTL KpacuTeneid, 06pasyoLLmxcs
BHYTPMW CNOEB; Ha OKOHYaTe/IbHOM CHUMKE «WH(paKpacHbIli LBeT»
nepefaeTcs KpacHbIM, BUAMMbIA KpacHblli — 3eneHbIM, a
BUAUMbIN 3eneHblii —cuHuM'. Ha 06beKkTMBe Kamepbl
YCTaHaB/IMBAETCA XENTbIA (UAbTP, NOFNOWALWNIA CUHME NYUN.

! MocnenoBaTenbHOCTL U B3aMMOCBA3L LIBETOB MOXET BbITh [OCTATOUHO
MPOW3BO/MbHOW B 3aBMCUMOCTW OT Lieneit CbeMKMW. MoAo6HbIe LBETHbIE
NAEHKM Ha3blBAOTCH CNEKTPO30OHANbHbIMU U MPUMEHAIOTCA B Hay4YHON (ho-
Torpaduu, asapodoTocbemMKe M T. M. ANA CO3A4aHUSA LIBETOBbIX KOHTPAcTOB
MEXZJY BUAUMBLIMUA U HEBUAUMbIMK yyacTKaMu cnektpa. —IMpum. pes.
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doTo 12.

OfavH 1 TOT Xe neisax, coTorpadu-
pOBaHHbIVi Ha 06bI4HON (BBEPXY) U
MH(paKpacHOW LBeTHOW (BHU3Y)
NNEHKe.

Puc. 53.

CpaBHeHWe CNoeB C KpacuTenamm n
YYBCTBUTENIbHOCTW OObIYHON 1
MH(PaKpPacHO! LBETHOW MNNEeHKM.
JKCNOHUPOBaHUe WH(paKpacHom
MAEHKN OCYLLeCTBNAETCA Yepes
XEeNTblii CBETOMUNLTP, NOrnoLa-
IOLMIA BCE CUHWE NTyUMn, KOTOpPbIE He
nonagarT Ha MNeHKy W K KOTOpbIM
YyBCTBUTE/bHbI BCE 3MY/IbCUOHHbIE
cnow.

MneHKN faHHOMO TUMa NPUMEHSAIOTCA FNaBHbIM 06pa3oM B
MeauLmnHe, cyaebHO nNpakTuKe, a Takke B pasnnyHbIX 061acTAX
HayKW W TEXHWKW, HaNpuUMep ANs BbISBEHWS 3aboneBaHuit
pacTeHwid. [leno B TOM, YTO X/IOPOUN XOPOLLO OTpaxaeT
MH(paKpacHoe M3nyyeHWe, 1 340pPOBas NUCTBA BbIrNAAUT Ha
MH(pPaKpPacHOI LIBETHOI M/IeHKe KpPacHOM man nyprypHoii. Ha
HavanbHbIX CTaaMAX 3ab0neBaHNs NIMCTLEB B HUX MPOUCXOAAT

Tabnuua 2. BocnpousBeaeHVie LIBETHOMO O6BLEKTa (CHOXKeTa) Ha
VH(paKpacHoi rrieHKke

Mepepgaya Ha MfeHKe LBeTa obbekTa

BusyanbHblii LBET 00beKTa
NornoLamLLero oTpaxaloLero
NK-nsnyyeHune NK-n3nyyeHue
CuHmit OT ceporo 4o 4yepHoro | KpacHblii
3eneHblit CuHuii MypnypHbIiA
KpacHblii 3eneHbli XenTolii
Xentolii Fony6oii OT ceporo fo 6enoro
MypnypHbIi 3eneHblit XenTolid
lony6oii CwuHwni MypnypHbIii
Cepblii Fony6oi Cepblii

CTPYKTYpPHblE W3MEHEHUSs, B pe3ynbTaTe KOTOPbIX CHUKaeTcs
OTpaxkaTenbHas cNocoBHOCTb UCTLEB. Ha CHUMKe Takas nMcTea
nonyyaetcs rony6oBaTo-cepoii. B HacTosiLee Bpemsi nepuoguye-
cKasi MHpakpacHas LBeTHas aspo)OTOCHEMKA NECHbIX MAcCHBOB
CTaHOBUTCH CTaH4APTHLIM METOAOM PaHHEro o6HapyXeHus
TPEBOXHbIX CUMMTOMOB.

PeHTreHOBCKME M/IEHKN — YepHO-6Genblii HeraTuBHBII
(hoTorpadmyeckuii Matepran, npegHasHaYeHHbIA a1 perucTpaumm
PEHTTEHOBCKUX Nyyeid, —[enarTcs ¢ 0COBEHHO TONCTbIM
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doT0 13.

PeHTreHOBCKMIA CHUMOK 3y60B
OTYET/IMBO NOKa3biBaeT KOPOHKM Ha
[BYX U3 HUX W MAOMBY B TPETHEM.
Matepran KOpOHOK W LieMEeHT, Ha
KOTOPOM OHW 3aKpernseHbl,
NponycKawT PeHTreHOBCKMUE Ny4yn
NHaye, YeM camy 3y6bl. Y3Kaa 6enas
NNHUA B cpefHeM 3y6e MokasbiBaerT,
4TO 3[eCb KOPOHKa Obina mocaxeHa Ha
WTNET.

Puc. 54.

XapakTepucTnyeckne Kpusble
06bIYHOW NNeHKW 06LLero HasHauyeHus
(MYHKTWpHaA KpWBas) U NAeHKN Ans
ANTOrpad)CKoOro NpUMeHeHUs Tuna
«JInT» (cniowHas Kpweas).
MocnefHAs o6nafaeT BbICOKUM
KOHTPacTOM, U OTHOCUTENbHO
He60/bLIOe N3MEHEHNE B YPOBHE
3KCMO3NLMN BbI3blBAET 3HAUMTENBbHOE
cKaykoobpa3Hoe BO3pacTaHue
NNOTHOCTM U306paxeHus.

3MY/IbCUOHHBLIM CN10eM, KOTOPbIA 4acTO HAHOCWUTCA Ha 06e CTOPOHbI
NoA/IoXKK. MNocnesHee 06CTOATENLCTBO MO3BOAET CBECTU HYXHYIO
419 HOPMaTbHOM 3KCMO3MLMM 403y PEHTIeHOBCKOr0 M3yyYeHus [0
MpVMemMIeMoro ypoBHs 1 TakuMm 06pa3om npefoxpaHnTs OT
MOPaXXeHNA >XMBble TKaHW.

Bce (hoTonsieHKM 06Lero HasHauyeHns YyBCTBUTENbHbI K
PEHTreHOBCKOMY M3nyyeHuto. O6 aToM cnegyeT NOMHUTL Npw
MPOXOXAEHMW TAMOXEHHOTO JOCMOTPa B a3ponopTy, NMOCKOMbKY B
KOHTPO/bHbIX YCTPOACTBaX /19 NPOBEPKM bGaraxa 1Cnonb3yercs
PEHTIEHOBCKOE W3/yyeHue.

MneHKn «JINT» — Ype3BblYaliHO KOHTPACTHbINA YepHO-
6enblii hoTorpaguueckunii matepman, npegHasHavYeHHbIA ans
nonurpagmnyecknx Lenei. Ana naeHoK JaHHOro Tuna npu
MOCTENEHHOM YBE/IMYEHUN 3KCMO3WLMM HabNOAeTCA BHE3arHbIN,
CKauyKoob6pasHbIii POCT MAOTHOCTU M306paxeHus. MneHka uveet
HeKWin MOPOroBbIA YPOBEHb 3KCMO3ULMK, HUDKE KOTOPOro
n306paxKeHne He NposBnseTcs (fasas B pe3ynbTaTe NpPo3payvHyto
nocne 06paboTKM MMEHKY), a Bbllle KOTOPOro cpasy obpasyeTcs
1306paXxKeHne C MOBbILEHHON NAOTHOCTLIO (MOYEPHEHME).
VpeanbHble NAeHKM TUNa «JIMT» AaloT M306paxKeHue, cocTosLlee
TONLKO W3 YepHOro n 6enoro, 6e3 Kakux-1mbo NPoMeXKyTOYHbIX
MONYTOHOB CepOro.

OfHO M3 rNaBHbIX NPUMEHEHWI TaKUX MIeHOK —
XY[L,OXECTBEHHas NoAnrpagus, Korga Hy>KHO NOAroTOBUTL K
neyaTn pasnnuHble opuruHanbl (Kpackammn Ha 6ymare B
MPOTUBONONOXHOCTL 06bI4HON (hoTorpadmyeckoi nevatw).
TexHonorua Takoro noaurpaguyeckoro npowecca CBOAMTCS
ANWb K fBYM COCTOSHWSAM — €CTb Kpacka WuM HeT KPackw.
HuKakux NpoMeXxKyToUHbIX BO3MOXHOCTel He cyuiecTsyeT. Mepef
M3roTOBMIEHMNEM NIIOBbIX NeYaTHbIX MaTpuUL, UK NAACTUH, C
KOTOPbIX MeyaTalTca KHUIKU, BCe UX coaepXaHue (6yab TO TeKCT
UM UNNKCTPaLmn) LOMKHO ObITb NepeBesieHo B 3Ty (hopMy
«fa—HeT». doTorpadun 1 NANKCTPaLMKU, B KOTOPbIX HEOOXOAUMO
nepefatb NMPOMEXYTOUYHbIE NOMYTOHA, NOABEpratTcsa A1 3TOro
CbEMKe Yepe3 pacTpbl, B pe3ynbTaTe Yero MojyToHa npespalya-
t0TCA B HABOPbI MaNeHbKNUX TOYEK, PACMOMOXKEHHbBIX MO
MOBTOPSAIOLLEACA CeTyYaTon CTPyKType. TOH NHOBOro yvactka
nepBOHayYanbHON oTorpatum nepesaeTcs pasmepamm 3THX
TOYEeK B COOTBETCTBYHOLLEM y4YaCTKe NeyaTHON KOomuu.

Ha onpegeneHHol cTaguu M3gaHna AaHHOW KHUMK ee
nepBoHavasibHasa MH(opmMaLns (TEKCTOBasA, AMarpaMmmMHas wim B
BuAe HOTOCHUMKOB) Bblna «M3M0XKEHa» Ha NAeHKax Tuna «JInt».

Martepuanbl g1 04HOCTYNEHHOro hoTorpauyUecKoro

npotiecca

O[HOCTYMNEHHBIA (hoTorpaduyecknii npouecc No3BonseT
CYLLIECTBEHHO COKpPaTWUTb BPEMSI MeXAy CbeMKOM W NOMYyYeHUEM
roTOBOro M3obpaxeHus'. doTomaTtepuan A8 Takux NpoOLECCOB

! B CCCP sbinyckanuch cneumansHele annapaTbl «MOMEHT», a 3aTem
«POTOH» C KOMNeKTaMn «MOMEHT» [/1s NONMYYEHUSs MOMEHTaNbHbIX Yep-
HO-6enbIX (h0TOCHUMKOB. — [MpuMm. peg.
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Pwuc. 55.
doToannapaTbl 419 HEMEASIEHHOTO
nosyyeHnss n3obpaxeHus.

BbINYCKAeTCs KakK B YepHO-6e/loM, Tak U B LIBETHOM BapuaHTe
06bI4YHO B BUAE YNaKOBKM Ha BOCEMb WM AECATb CHUMKOB
Kaxaan. Bce peakTusbl, HEO6X0AVMblE A4/ MPOBEAEHNS
06paboTKN MNEHKN M MOAYYEHUs] OKOHYATEIbHOr0 1U306paXKeHus,
cogepXxaTca BHYTPU YMaKOBKM.

CyliecTByeT Ba MeTOAa NMPOBeAeHUs OfHOCTYNEHHOTO
(boTorpaduueckoro npouecca. B nepsom MeTofe Kaxablii
CBETOYYBCTBUTE/NbHbIA KOMMNEKT COAEPXKUT HeraTuBHbIii
maTepuan, No3MTMBHLIA MaTepuan (B BUAE MCTOB WA POIMKOB)
1 amnybl ¢ o6pabaTbiBalOLLMMN XMMKKaTamu. Mocne
3KCMOHWPOBAHNSA 3MY/IbCUOHHBIW CMON HEraTMBHOIO MaTepuana
aBTOMATMYECKN NPUBOANTCA B KOHTAKT C 3MY/IbCMOHHBIM C/IOEM
MO3NTUBHOIrO MaTepuana, nMpu 3TOM MeXay HUMKM (Mo Kparo
KaXJ0ro kagpa) okasblBaeTcs amnyna ¢ obpabarbiBatoLLiMm
peakTuBamu. Korpja Takol «C3HABWY» BbIBOAUTCS U3 KagpoBOro
OKHa Kamepbl, aMnyna pa3gaB/iMBaeTCA MeXay creunanbHbIMm
ponnkamu n BA3KKiA 06pabaTbiBatoLLnii pacTBOP PaBHOMEPHO
pacnpefenseTcs B NPOMEXYTKE MEXAY HeraTUBHbIM 1
NO3MTUBHLIM MaTepuanom. locne NposiBieHns, BPEMS KOTOPOro
00bI4YHO COCTaBNAET 0KO/O 60 €, «CIHABUY» Pa3beUHSAIOT:
HeraTuB ¥ MCNO/b30BaHHasA obpabaThiBatoLLas nacta OTAeNAOTCS
OT COBEpPLUEHHO rOTOBOr0 MO3UTUBHOIO M306paXKeHNs.

B HEKOTOpbIX KOMMJIEKTax Heratme MOXeT ObITb MCMOMb30BaH
OS5 MOMYYeHNs 0TNeYaTKoB 06bIYHbIM CNOCOO0OM Yepes
yBenuuuTenb. 18 3TOro HeraTMB noc/ne U3roTOB/IEHNS C Hero
«E[AMHCTBEHHOr0» KOHTAKTHOrO MO3nTUBa Hafo cpasy e
06paboTaTb pacTBOPOM Cy/b(hMTa HaTpus, a 3aTeM MPOMbITb B
BOJE W BbICYLLUTD.

Bo BTOpOM MeTOfe BCe peakTuBbl, HEOOXOAMMbIE AJ1S
npoBefeHNs NpoLecca, BBEAEHbI NMPAMO B 3MY/bCUOHHLIA C/0M
thoTorpaduueckoro matepuana. rlocne sKCNOHMPOBaHMS
«CHUMOK» (Ha KOTOPOM MOKa eLle HeT HUKAKOro 13o6paxeHus)
n3BNeKaeTcs 13 poToannapara aBTOMaTnyYeckn (C NOMOLLbHO
3IEKTPOMOTOPA) WK BPYUHYHO (C MOMOLLbIO CrieumanbHOw
PYKOATKM). 306pakeHne HauMHaeT NOABNATLCA MPAMO Ha CBETY,
MOCTENeHHO NpocTynas Ha oHe 6enoro Hempo3pavyHoro cnos,
BbINONHAKOLWLEr0 PYHKLUMIO NOLNOXKW. MposBieHWe NPoXoauT
COBEPLUEHHO aBTOMAaTUYECKM, U U306pakeHne npunobpeTaeT
Heo6X0AMMY0 MNOTHOCTb U HACbILLEHHOCTb KPacok 3a 5—8 MuH.

CnepnyeT 3aMeTWTb, YTO KauyecTBO MO3WTKBA, NOJTYHYEHHOrO
npy OAHOCTYNeHHOM (boTorpaguueckoM npouecce, 06bIYHO XYXE,
yeM KayeCTBO OTMe4YaTKOB WM AMANO3UTUBOB, MOMYYEHHbIX Ha
06bI4HbIX hoTOMaTepuanax. Kpome Toro (ecnv UCKIUUTL
HEMHOI0YMCNEHHbIE HEraTUBHO-MO3UTUBHbIE KOMMIEKTbI AN15
yepHo-6enoi goTtorpatnmn), pa3MHOXEHNE NMO3UTUBOB BO3MOXXHO
TONbKO MyTEM KOMUPOBAHWS NepBOHAYa/IbHOIO eAMHCTBEHHOIO
0TrneyaTka, YTo NPUBOAWT K LONOMHUTENbHBLIM MOTEPAM KauecTBa.
Mo 3TUM NpUYMHaM Kamepbl 41 OJHOCTYMNEHHOro qoTorpahuye-
CKOrO mpoLecca He MoyYnamn WNPOKOro pacnpocTpaHeHus.
doTorpadbl-npogeccmoHanbl 06bIYHO MONAL3YKOTCH UMU A1
MPOBEPKM YCTaHOBKW CBETa, NO3bl CHUMaemoro v [p.
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Puc. 56.

O6ueynoTpebuTenbHble pasmepsbl
NNEHOK MU HOMWHaNbHble hopmMaThbl
1306paXeHNs B HaTypanbHYHO
BEJIMUMNHY.

dopmartbl NeHOK

MneHka Tvna 110 — CBETOYYBCTBUTE/bHbIA ChEMOYHBII
(hoTOrpaguueckuii matepuan, pacCUNTaHHbIA Ha nonyyeHme 12
nnu 20 KafpoB € pasMepom usobpaxeHusa 13X 17 mm. MneHka
MoMeLLaeTcs B NJacTMaccoBble NAaTPOHbI, KOTOPbIE BK/a/blBa-
OTCA B 3afHIOI0 YaCTb MasieHbKOI KapMaHHON Kamepsl.

MneHka Tvna 126 — CBETOYYBCTBUTE/IbHbIA ChEMOYHbIA
(hoTorpaguyecknii MaTepuan, pacCUNTaHHbIA Ha nonydeHme 12
nnn 20 KafpoB ¢ pasmMepoM n3obpakeHns 28 X 28 mMm. MNeHka
MOMELLAeTCs B NaTPOH OPUTMHAMbHOW KOHCTPYKLUK.

35-MM nieHKa— Hambonee pacnpoCTpaHeHHbI CBeTOo-
YYBCTBUTE/bHBIA CbEMOYHbIV POTOrpaduyecknin matepuan,
paccuMTaHHbIA Ha nonyyeHve 20 uamn 36 (B HEKOTOPbIX Ciyyasax 12
N 24) Kagpos C pasmepomM usobpaxeHns 24 X 36 mm (MHorga
18 X 24 MmM) 1 umetoLwniA ¢ 06enx CTOpoH nepdopaunto. MneHka
MOMeLLaeTCs B M1acTMacCcoBble UAWM METANNUYECKME KACCETbI.
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Puc. 57.

dopmaTt M306paxeHns n TUMbI Kamep.
a — nneHka n gopmart tuna 110;

6 — nneHka n dopmat Tuna 126;

B — 35-MM M/eHKa, NOMHbIA Kaap
24X 36 MM; T —ponb(uibm
(wwupokas nneHka): opmar

6x4,5 cm; g —ponbdunbm: dopmat
6X6 CM; e —ponbdunbm: popmar
6X7 cM; XK —ponb@uabm um
(hopmaTHasa nneHka: gopmat 6x9 cwm;
3 —dopmaTHaa nneHka: gopmar
10x13(5x4 ploiima) n 6onbLue.

MneHka Tvina 120 — CBETOYYBCTBUTENbHbIA CbEMOYHBIA
(hoTorpauyeckuii MaTepuasn, pacCunTaHHbIA Ha nony4yeHme 15
KafpoB C pa3mepoM n3obpaxeHuns 6 X4,5 cm, 12 kagpos ¢ pas-
MepoM n3o06paxeHns 6 X6 cm, 10 Kagpos ¢ pasmepoM u3obpa-
XXeHnst 6 X7 ¢Mm 1 8 KafpoB C pasMepom M3obpaxxeHus 6 X9 cm.
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Hanbonee pacnpocTpaHeHHbIM ABnsieTca hopmaT 6 X6 cwm,
KOTOPbIiA MCMOMb3YETCS B ABYXOOBEKTUBHbLIX U MHOTUX
0[lHOOOBLEKTMBHBIX 3epKanbHbIX Kamepax. dopmar 6x 9 cMm vatle
BCEr0 UCMOMbL3YeTCsA B CreLuabHbIX afantepax ansa pons@uibma,
npeaHasHayYeHHbIX 418 NaBUNbOHHBLIX KaMep C MaTOBbIM CTEK/IOM.
Mnexnka Tvna 120, Ha3blBaemas 06bIYHO PONLPUILMOM,
HaMaTbIBAETCA Ha M1aCTMACCOBbIE UM METa/IINYECKMe KaTyLIKu
BMeCTe C 60/1ee A/IMHHOM, YeM MIEHKA, YepHO Gymaroli
(pakopfom), KOTOpas 3awuLaeT NaeHKy OT cBeTa ¢ 060mx
KOHLOB, TaK YTO KaTyLUKy MOXHO 3apsXaTb B Kamepy Ha CBeTy.

MneHka Tuna 220 — cBETOYYBCTBUTENbHBIA CHEMOYHBINA
thoTorpatmyeckunii Matepman, pacCUMTaHHbIA Ha NoyYeHve B ABa
pa3a 60/bLIero yicna Kagpos, Yem niaeHka tvna 120. MocKobKy
nneHka Tmna 220 UMeeT TaKy Xe LUMPUHY, Kak 1 NjeHKa Tuna
120, ee MOXXHO MCNONbL30BaTb B Kamepax, NpefHasHayeHHbIX 414
CbeMKW Ha nneHky 120. [ns 3TOro Kamepbl CHabXatTcs
rnepek/oyaTeNieM UM pbluarom, KOTopbli ynpaenseT
aBTOMATWMYECKMM CUYETYMKOM KaZpoB M TPaHCMNOPTUPYHOLL UM
MexaHWU3MOM.

dopmaTHble (IUCTOBbIE) NEHKN — CBETOUYBCTBUTE/b-
HbIl CbEMOYHbIN (hOoTOrpatMueckunii MaTepmas, pacCUUTaHHbINA
Ha NoJlyyeHne OfIHOro CHUMKa. TaKue MaeHKU BbINyCKarTCS
pasnunuHbIX pasmepos —oT 12,7 X 10,2 fo 50,8 X 40,8 cm (nnm oT
5X 4 go 20 X 16 groiimos). MNneHka NOMeLaeTcs B CBETOHEMPOHU-
LlaeMylo KacceTy, KOTOpas Ha CBETY BCTaB/AETCA B (hOTOKaMepy.
BO/IbLUMHCTBO KacceT ABAAOTCA ABYCTOPOHHUMMU, T. €. B KXAYIO
MOXHO MOMECTWUTb [jBe NNCTOBbIE MEHKN. CyLLecTBYHOT
crnewumanbHble MarasmHbl, BMeLatoLwme Wwectb (hopMaTHbIX
MAeHOK. MNeHKN B TaKMX mMarasuHax ynoxeHbl B CTOMKY, NpUYem
CMeHa 3KCMOHMPOBAHHOW MAEHKN HE3KCMOHMPOBaHHO
OCYLLECTB/ISETCA C MOMOLLbI CMELMansHOro BHYTPEHHErO
MexaHu3Ma.

PopmaTHbIe NAEHKN MPUMEHSAIOTCA rNaBHbIM 06pa3oM B
npodeccnoHanbHon oTorpadum, NOCKObKY 60MbLIOKA Gopmat
HeraTvBa Mo3BOJISET OrPaHNUYUTLCH HEBOMbLUMM YBENMYEHUEM MPU
Meyaty U Tem CambIM MOYYUTb MENKO3EPHUCTOE Pe3Koe
n3obpaxeHne. Kpome T0ro, Takue Heratusbl 1 NO3UTUBbLI Nerye
PeTYLUMPOBATb, HE FOBOPS YXKe 0 TOM, YTO pa3mepbl 4eeKTOB Ha
oTneyaTtke (eCnM OHW eCTb) MHOIO MeHbLLE, YeM Mpu 60MbLINX
YBENUYEHNSAX C MaNeHbKUX HeraTuBOB.



cDOTOQI’IGKT}Z)I/I‘—IECKI/Ie IKCMOHOMETPhbI

Puc. 58.

B akcnoHomeTpax 06bl4HO
UCNoNb3yTCA (DOTONPUEMHUKMN Tpex
TUNOB: CENEHOBLIA (hOTO3NEMEHT (a),
CepHUCTO-KagMuneBoe (HOTOCONPOTUB-
nexue (6), KpeMHMEBLIA (OTOANOA
(B).

[ns nonyyeHns nNpaBWbHO 3KCMOHMPOBAHHOIO CHUMKa
HeobXoAMMO onpeaenuTb TPebYEMYHO 3KCMO3ULMIO, T. €. HYXKHYHO
KOMOMHALIMIO 3HAYEHU gnadparma — Bblaep>KKa, U YCTaHOBUTb
MONyYeHHbIe 3HaYEHNA Ha COOTBETCTBYHOWMX LWKanax. MocnegHee
06CTOATENLCTBO MPEANOnaraeT Halnume BO3MOXHOCTU TOUHO
KOHTPO/MIMPOBAaTb BEINUMHY fuadparmbl U BbIAEPXKKMN, LpYTAMU
C/I0BaMK, PerynupoBatb KOAMYECTBO CBETa, AOCTUIAKOLLEro
nneHkn. B yepHo-6enoit hoTorpadm OTKIOHEHWE OT
MPaBWbHOM 3KCMO3WLMM Ha OfHY CTyneHb (T. €. Ha OAHO AefneHue
Mo LUKasie BbIAePXKeK Un guadparm) B Ty UK UHYHKO CTOPOHY
MPaKTUYEeCKN HE CKa3blBAETCH HA KAYeCTBE M300PaXEHNUS U MOXET
ObITb CKOPPEKTUPOBAHHO MPU MeyaTy No3uTuea. AHanornyHas
cuUTyauust HabnogaeTcs NPy CbeMKe Ha LBETHYIO HeraTuBHYHO
nneHky. OfiHaKo B 3TOM CNyyae 3aMeTHas nepejepxka u
HeLofepXKa NPUBOLAT K HEOOPaTUMbIM W3MEHEHUAM
HaCbILLEHHOCTU LiBeTa, KOTOpble HEBO3MOXHO CKOPPEKTMPOBaTb
npu neyatu. Yto Kacaetcs LBETHbIX 06pallaeMblX MNAEHOK, TO YXe
OWmMbKa B IKCMNO3ULMKN HA NOJCTYMNEHN NPUBOAUT K 3aMETHOMY
YXYALIEHMIO KauecTsBa M306paxeHus. VIHTepBan BbIAepXeK um
3HauYeHuWii guagparm, B npegenax KOTOPOro moryT 6biTb
MoayyeHbl NpUemsieMble pPe3ynbTaTbl MPY CbEMKE Ha [iaHHYHO
NAEeHKY, Ha3biBaeTca POTOrpauyeckon WNPOTOWA NIEHKN.

MpaBuibHOE onpefeneHne 3KCno3nLMUM HeBO3MOXHO 6e3
[,0CTaTOYHO TOYHOTO M3MEPEHNS OCBELLEHHOCTU (MK APKOCTM)
06beKTa CbeMKU. [n8 KONMYECTBEHHOTO M3MEPEHNS 3THX
3KCMNOHOMETPUYECKMX NapaMeTPoOB WCMONb3YHTCA
crneuuanbHble NPUEMHUKN U3NyYeHus (CBETOMPUEMHUKN) —
(hOTO03EMEHTHC 1 (DOTOCONPOTUBEHUS, KOTOPbIE COCTaBAAOT
OCHOBY (DOTO3/1EKTPUYECKMX IKCMOHOMETPOB. B cOBpeMeHHbIX
(hOTO3NEKTPUYECKMUX 3KCMOHOMETPAX NPUMEHSAIOTCA, Kak Mpasuno,
CeNeHoBble (POTO3NEMEHTbI, CEPHUCTOKAAMMEBbBIE (DOTOCOMPOTMB-
NEHNs N KPeMHMeBble DOTOLMOAbI.

OKCMOHOMETPbI C Ce/IEHOBLIM (POTO3/IEMEHTOM

CeneHoBbIN (HOTO3NEMEHT U3TOTOBASAIOT B BUAE TOHKUX
KPYT/bIX UAW MPSMOYTO/IbHbIX MAACTUH, C KaX0l CTOPOHbI
KOTOPbIX UMEKTCS BHELLHME TOKOBble KOHTaKTbI. [eiicTBue
Takoro ¢)0To3/leMeHTa OCHOBAHO Ha SIBNEHUW BHYTPEHHEro
hoToahthekTa — Npn HaNMuMK n3nyyveHnUs (CBETOBOrO NOTOKA)
(hOoTO3/1eMEHT BbipabaTbiBaeT COOCTBEHHYIO 3. 4. . IMpwn
3aMblKaHUM (POTO3MIEMEHTA Ha BHELLHIOK HarpysKy B Lenu
MosIBNAETCS TOK, CuAa KOTOPOro NponopuuoHanbHa
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Pwuc. 59.

a — CeNleHOBbI (hOTO3NEMEHT
BblpabaTbiBaeT 31eKTPUYECKUIA TOK,
Cuna KoToporo MponopLuoHanbHa
WHTEHCUBHOCTY NafatoLiero Ha
MpMeMHMK cBeTa. JTOro Toka
[OCTAaTOYHO A/ TOTO, YTOGbI ero
MOXHO 6blf0 3aperncTpupoBaTh
HEenocpefCTBEHHO YYBCTBUTE/IbHbLIM
ranbBaHOMeTPOM. OKCMOHOMETPbI
[aHHOro Tuna He TpebytoT
[ONONHUTENbHOTO MUTaHMA; 6 —
CepHMCTO-KafMuneBoe (OTOCONPOTUB-
NneHue TpebyeT BKAKOUYEHMS B CXEMY
HebonbLoi 6aTapelikn. OHO camMo He
BblpabaTblBaeT 3/IEKTPO3HePruio, a
TONbKO MEHseT CBOE 3/1eKTPUYECKOoe
COMPOTMBAEHNE B 3aBUCUMOCTU OT
WHTEHCUBHOCTU MafaloLLiero Ha Hero
CBeTa U MO3ITOMY HYX[aeTcs BO
BHELUHEM WCTOYHWKE MUTaHWs; B —
KPEMHUEBbIV GOTOAMOL TaKxKe
TpebyeT [ONONHUTENbHOTO WUCTOYHUKA
NMUTaHNs, HO, TaK Kak TOK,
npoTekawoLwuii Yepes hoToANO4 Npu
OCBELLEHNN CANLIKOM Man, 4Tobbl ero
MOXHO 6bII0 M3MepUTL Henocpes-
CTBEHHO, B CXeMy NpUXoAnTCA
BKNOYaTh yeunutenb A. OH
ycunusaeT ToK doToguoga fo
BE/INYNH, KOTOPble MOXHO W3MEpUTb
rafbBaHOMeTpPOM.

WHTEHCMBHOCTM MafAaloLero Ha akTUBHYH MOBEPXHOCTb 3/1EMeHTa
cseTa. Cuna TOKa M3MepSIETCA C MOMOLLbH YYBCTBUTENIbHOIO
ranbBaHomeTpa. py HU3KOA OCBELLEHHOCTW TOK MOXET BbITb Tak
Mas, 4YTO ero HeBO3MOXXHO OYAeT U3MepuTb C AOCTATOUHOM
CTEMNeHb TOYHOCTW. VIMEHHO 3TUM 0BCTOATENLCTBOM
onpeaensrTcs Npeaenbl BO3MOXHbIX NPUMEHEHUIA 3KCMOHOME-
TPOB AaHHOro Tuna.

DKCMOHOMETPbI C CEPHMUCTOKAAMMEBLIM (hOTOCOMPOTUBIE-

HUem

doToconpoTueneHne (hoTopesncTop) — NONYNPOBOAHU-
KOBbI/i NpU6Op, 31EKTPUYECKOe COMPOTUBAEHNE KOTOPOro
M3MEHSETCS MOA AEACTBMEM BHELLUHEro 31eKTPOMarHUTHOIO
M3y4YeHunsi, B YaCTHOCTK cBeTa. Ecnim Takoid npnbop BKAKOYMTH
nocnefoBaTeNlbHO C UCTOYHWKOM NUTaHWS U rasibBaHOMETPOM, TO
CWna TOKa B Lienn GyaeT 3aBUCETb OT BENNYMHBLI CONPOTUBAEHMS
(hoTONpMEMHMKA W, CNeA0BaTENIbHO, OT MHTEHCUBHOCTU
najaloLLero Ha Hero ceeTa.

OKCMOHOMETPbLI AaHHOTO TUMa UMEKT BbICOKYHO
YyBCTBMTENbHOCTb ¥ NO3BONAIT AOCTATOYHO TOUYHO M3MEPSATH
cuny Toka faxe npu cnabom ocselleHnn. OgHaKo Mpu HU3KMX
YPOBHSAX OCBELLEHHOCTW BO3pPacTaeT UHEPLMOHHOCTb
toTonpuemMHmka — gotorpadly NpUXoAMTCS XAaTb HeckKoJlbKo
CEKYHJ, NoKa CTabnamsnpyeTcs MOAOXKEHWNE CTPENKK
ranbBaHomeTpa. OCOGEHHO OLYTMMOI UHEPLMOHHOCTb Npubopa
CTaHOBWTCA B TeX Cay4asx, Korga npu6op, KOTopbIM M3Mepsn
3KCMO3MLMI0 NPU SPKOM OCBELLIEHWM, Cpa3y XXe UCMOoJb3yeTca Ans
M3MepeHNii B YCNOBMAX cnaboro ocselleHns. Torga crTpenka
rafbBaHOMETpa NPOABASAET «3NNEKT NamaT» — 3HAUYEHWE CUSbl
TOKa OKa3blBaeTCsA MCKYCCTBEHHO 3aBblleHHbIM. Ecnu
BbINO/IHUTbL CHEMKY C TaKOW 3KCMO3ULMEN, TO HEM3OEXHa CU/bHas
HefofAepXKa Kagpa. MoaTomy ana obecneyeHms MakcumManbHOM
TOYHOCTM M3MEPEHMWI 3KCNO3MLMM NpY €Nabom OCBELLEHNM
clieflyeT OTKpPbIBaTb KPbILWKY (POTONPMEMHMKA TO/IbKO B MOMEHT
N3MepeHMS.

DKCMOHOMETPbI C KPEMHUEBLIMU (hoToAMOAaMM

doToanos — NoNynpoBOAHMKOBLIA Npubop, aeicTBre
KOTOPOro OCHOBAHO Ha BHYTpeHHEM (oToaddekTe. OAHAKO B
OT/IMYME OT CENIEHOBOrO (HOTO3NEMEHTA B JAHHOM Ciydae
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Puc. 60. NCNOMb3YETCA BHELIHUIA UCTOUYHUK MUTaHWUSA ANS YCUNEHWA
LLnpoko pacnpocTpaHeHHbIN thoToTOKa. KpemHueBble oToAMOAblI 061aAal0T XOpoLuUei
3KCMOHOMETP C Ce/IeHOBbIM

(*)OTOSI'IeMeHTOM (a) Mocne Toro Kak quCTBMTeﬂbHOCTb}O N Tak )Ke, Kak CepHMCTOKaAMMeBHe

Ha LuKane yCTaHOB/IEHa 4yBCTBUTEMb-  (DOTOCOMPOTMBIEHNSA, MOTYT ObITb MCMNOMNb30BaHbI NPK Clabom

z;’ﬁ;'e’TZ';”OOT’lﬁyTe“[fglfa;';ﬁ:;”ﬁo OCBELLEHUM, MPU 3TOM Y HUX OTMEYAoTCH Manas MHepLYOHHOCTb 1

M3MepUTENbHON LWKane A7 faHHbIX OTCyTCTBUE «3(*)(*)eKTa namaTn».

YCNOBUN OCBELLEHUA. STOT OTCHET Hanuuue noTpe6stowWero JonofHUTENbHYO MOLLHOCTb
NepeHocnTCAa Ha OUCK KalbKynatopa,

KOTOPbIAl AAeT BO3MOXHble CoueTaHus  YCWINTENS MPUBOAMUT K GbICTPOMY MCTOLLEHUIO NCTOUHMKA

BLIAEPXKKN U fnacpparmbl, nuTaHns (6aTapeiiki). Y HEeKOTOPbIX 3KCMOHOMETPOB A5
o6ecneq|/|Ba}0u4me HYXXHYHO 6
SKCMOINLMIO. DOTOSKCIOHOMETP YBENNYEHNA CPOKA CNYXObl NCTOUHMKA MUTAHWA NpesyCcMOTpeH

NMeeT jiBa AnanasoHa YyBCTBUTENbHO-  CMELMa/IbHbIA aBTOMaTUYECKWIA BbIKAKOUaTeb, KOTOPbIWA

cTuW. MNepBbliA U3 HUX (MeHee
UYBCTBUTENbHBIN) NPUMEHAETCA Mpu OTKKOYaeT Uenb NUTaHUA YeEpPe3 onpeneneHHoe spema nocne

APKOM OCBELEHUM —CeNeHOBbIN 3aMepa 3KCno3muum, 1 Takum 06pasoM UCKYaeTcs
(OTOINEMEHT 3aKPLIBACTCA MPU 3TOM  BO3MOXHOCTb PAGOThl CXEMbl «BXONOCTYIO».
3aC/IOHKOMN C He6OoNbLIMMM

OTBEPCTUAMU ONA YMEHbLUEHUNA

KOMMYECTBA NajaloLlero Ha KOHCTPYKUNSA 3KCMOHOMETPOB

CBETOYYBCTBUTENLHYIO MOBEPXHOCTb

Snemeria ceeta (6). Mpu Nepexoge Ha OCHOBHbIMU 3MieMeHTaMK N1060r0 (HOTO3NEKTPUUECKOTO
[LnanasoH BbICOKOW YyBCTBUTE/IbHO- IKCMOHOMETpPa ABMAKTCA NMPUEMHUK NU3NYYEHUA N UHONKATOP

CTW, MCNONb3yeMbIi NN cnabom TOKa, MPOTEKAIOLLEro B LeNy CBETONPUEMHUKA U 3aBUCALLEro OT
ocBelleHnn, 3acnoHKa OTKUAbiBaeTCAa

(8) M OTKDLIBAETCA BCA MOBEPXHOCTH OCBELLEHHOCTY ero paboueil NOBEPXHOCTH. MOCKOMbKY YCI0BUSA

(hoToanemeHTa. Mpu aTOM TakxKe OCBELLEeHMA MOTyT ObITb CaMbIMU PasfIMyHbIMK (0T TPOMMUYECKOTO
MEHAKTCA 4ucna, KOTopble

NOABAAIOTCA HA MSMEPUTENLHOM SPKOro conHua Ao ¢naboro ceeTa NyHbl), 60MbWNHCTBO

wkane. Yto6bl NpoBecTn 3amep 9KCMOHOMETPOB UMEET ABE LWKa/sibl — OAHY ANA APKOro

MHTEHCMBHOCTY NajaIoLLero Ceeta, OCBeLLEeHNs, Apyryto ans cnaboro. Mpu ycTaHOBKE NePBOii U3 HUX
T. €. METOAOM «MNO OCBELLEHHOCTUN»,

Ha (OTOINEMEHT HaeBaeTca Genbili (hOTONPUEMHMK 0BLIYHO YTarnIMBaeTCa BHYTPb KOPMyca Wam

nonynpospayHblii paccensarens nepeg HUM BBOAWTCS AOMONHWUTENbHBIA PUALTP, YTO NO3BOASET
(AMD®dY30p), 3aKpennsembli Ha MEHbLUUTL KONMYECTBO CBETa, JOCTUraloLEero NpueMHMKa
o6ogke onpasbl (r). MonoxeHue y ' A w P :
CTPeNKN ranbBaHomeTpa B Nio6oit Y MHOrux npuéopoB UMEEeTCA CTONOP CTPENKM rasbBaHOMETpa,

MOMEHT MOXET GbiTb 3aMKCUPOBaHO,  yr1o naeT BO3MOXHOCTb COXPaHUTL pe3ynbTaThl oTcueTa. Mocne
€CIN HaXkaTb HeﬁOl‘IbLLlyIO KHOMKY Ha

60KOBOIA CTeHKe npubopa. Tak Kak TOro Kak 3amep caenaH, OTCYET Mo LWKane NepeHoCnTCca Ha
SKCMOHOMETP HE UMEET CMeUNanbHoro  QICKOBBIN KanbKynsTop, KOTOPbIA YKasblBaeT NpaBUabHYHO
MCTOUHWKA TATAHNA, Y HETO HET ¥ KCMO3WLMI0 ANS AAHHbBIX YCMIOBUI OCBELLEHUS U UCTIONb3YeMOl
06LUero BbIK/IOYATENS. 3 uvto ana A Y | Y

MAeHKK, T. e. AN AaHHOTO coyeTaHms auadparma — BblAep>KKa.
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Puc. 61.

OueHb YYBCTBUTE/bHbIA 3KCNOHOMETP
C CepHUCTO-KafMMeBbIM OTOCONPO-
TuBMeHvem (a). 3ToT npubop
nuTaeTcs OT ABYX HEGO/bLUNX OKWUCHO-
PTYTHbIX GaTapeek W Ans NpoBejeHus
M3MEPEHNS BK/OYAETCA CreunanbHbIM
nepeknoyaTenem Ha 6OKOBOW CTEHKe.
MepekntoyaTenb MO3BONMAET TakxKe
BbIGpaTh OfMH W3 ABYX 4Mana3oHOB
n3mepeHuin. ins otcyeta No MeToay
OCBeLLEHHOCTN Mepes OKHOM
(oTONpUEMHUKA pa3mellaeTcs
Kynonoo6bpasHblil MoMynpo3payHsblii
akpaH (6).

Puc. 62.

a — npy nM3mepeHun

3KCNO3NLMKN METOLOM OTPaKeHHOro
cBeTa («Mno APKOCTU 06beKTa»)
9KCMOHOMETP nomeLlarT
HenocpeACTBEHHO Mepes, 06bEKTOM
CbEMKM TaK, YT06bl (hOTONPUEMHUK
(hMKCMPOBaNn WHTEHCMBHOCTbL CBETA,
OTPaXXEHHOT0 0OBLEKTOM.

6 — ecnm 06BEKT CbEMKMN MO
CBOMM OTpaxaTe/lbHbIM XapakKTepu-
CTWKaM CBET/Iee UMW TeMHee
«CpefHero», To AN NonyyeHus
NPaBUIbHbIX 3HAYEHUIA IKCMO3NLUM
nepes 06bEKTOM MOMELLAIOT KaKoii-
HVMbyab npefMeT, obnajaroLymnii
«CPeaHMMU» XapaKTepucTMKamu
0TpaXkeHWs, Hanpumep (oTorpaguye-
CKYIO CEpYH0 KapTy.

Mpn nomowm 60/bLWMHCTBA (HOTO3NEKTPUYECKNX
3KCMOHOMETPOB 3KCMO3ULMI0 MOXHO OMpPeaensTh, U3Mepsas 1mbo
WHTEHCUBHOCTb OTPAXXEHHOr0 06BLEKTOM CHEMKWU CBeTa (SPKOCTb
00beKTa), M60 MHTEHCUBHOCTL MaJaloLLero Ha 06BHEKT ChbEMKM
cBeTa (OCBELEHHOCTb 00BLEKTA).

V3mepeHVe MHTEHCMBHOCTU OTPaXKEHHOMO 06BbeKTOM
cgeta. [preMHUK 3KCNOHOMETpa pasMeLLlatoT OTHOCUTENbHO
06beKTa CbEMKM MPUMEPHO NOZ TEM XKe YI/IOM, YTO U CbEMOYHBIN
00BbEKTMB, 1 [eNalT 3aMep UHTEHCUBHOCTU OTPaXKEHHOTO
06bekTOM cBeTa. IMpy 3TOM npegnonaraercs, 4T0 06bEKT
(CHOXET) UMEEeT CpefHIo OTPaXaTe/IbHY CNOCOOHOCTb,
onpegensiemMmyto 6a1aHCcOM CBET/bIX M TEMHbIX Y4acTKOB (TOHOB).
Ecnu B geiictBuTeNbHOCTU (hoTOrpadupyemblit 06bEKT OTpaxaeT
6onblue cBeTa (MM MEHbLUE), YeM CpefHUiA 06BEKT, B MOKa3aHWs
3KCMOHOMeTpa HeobX04MMO BBECTU MOMPaBKY; B NMPOTUBHOM
cnyvae gns o6bekTa 6onee TeMHOro (6osee CBET/IONO), YEM
cpefHwWiA, byaeT onpegeneHa CAMLLKOM 6onblias (CANLLKOM
ManeHbKast) akcnosuumsa. VIMEHHO Takas cuTyauus Habniogaetcs
npu Cbemke BOfbl N CHera — 06BLEKTOB 60/1ee CBET/IbIX, YEM
cpefHuin. Moatomy, 4To6bl M36exaTb HeJOAEPXKKU, HEO6X0AMMO
YBEMYUTbL MOKa3aHWsA 3KCMOHOMETPa Ha OAHY CTYMeHb npu
CbeMKe BOAbl U Ha OfHY-[iBe CTYNEHW NpU CbEMKE CHera.

Jlyuiie Bcero n3mMepsTb APKOCTb y4acTKa MOBEPXHOCTM
00beKTa, oTpaxaresbHas CnocobHOCTb KOTOPOro cocTtaBnset 18%.
OpfHaKo Ha npakTuKe TPYAHO OMpPeAenuTb, Kakoil MMEeHHO
Y4YaCTOK NOBEPXHOCTU YAOB/IETBOPSET 3TOMY TpeboBaHUI0.
Mo3ToMy 06bIYHO M3MEPSIOT APKOCTb MCKYCCTBEHHOIO CpefHero
00bEeKTa, HaNpUMep «Cepoin KapTbi». «Cepyro KapTy»
pacnonararoT Tak, 4Tobbl OHa 6blna OCBeLeHa MAEHTUYHO
CHMMaemMoMy 06beKTY, Npy 3TOM KapTa [0/XHa 6bITb 06palleHa
K WCTOYHMKY CBETa Cepoii CTOPOHOM, TaK KakK OTpaxaTesbHas
CNOCOOHOCTbL TaKOW MOBEPXHOCTU cocTaBnsieT 18% u 3amep
[enaeTcs MMEHHO OT 3TOI MOBepXHOCTW. benas cTopoHa KapThbl
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B — 60fiee TOUHbIE 3HAYEHMSA IKCMO-
31umMm Npu QOTOCHEMKE 0O6BEKTOB,
OTNIUYAKOLLMXCA OT CPeAHUX, AaeT
MeTOZ W3MEepeHNst UHTEHCUBHOCTY
nagaroLero Ha o6bekT cseta. DKCMNo-
HOMETp C MO/IOYHOW HacafKoi,
3aKpblBaloLLeli GoToNpUeMHMK, No-
MeLLalT 0KOM0 06beKTa CheMKH,
MOBEPHYB €ro K MCTOYHWKY CBETa.

B Takom NonoXxeHun npuéop msme-
pSeT MHTEHCMBHOCTL CBETa, Majatolie-
ro Ha 06bEeKT ChbeMKU.

doTo 14.

CHeXHblll neiizax. TUMUYHLIA Npumep
ctoxeTa 60fiee CBETNOrO, YeM 00bEKT
CO CPeAHMMMN OTpaxaTesbHbIMK
XapakTepucTnkamu. Tak Kak
9KCMOHOMETP «MNpejnonaraeT», 4To
N060iN 06LEKT ABNALTCH CPEAHNUM
CepbiM, CHUMOK, CLeNaHHbIA B
COOTBETCTBUW C MOKa3aHUAMMN
npubopa, NoNy4YeHHbIMU METOAO0M
n3MepeHus apkocTtu, byget
CYLLECTBEHHO HeLOAepXKaHHbIM
(cnea). Bocnonb3oBaBLLUUCH
nokasaHuaMu npubopa OT cepoii
KapTbl WU NPoBeAs 3amep Mo
0CBELLEHHOCTN, MOXHO NOMy4nTb
6onee NpaBubHOE 3HaueHue
akcnosuyuu (cnpasa). B 3aBucumocTtm
OT KOHKPETHbIX YyCNnoBuiA olinbKa B
3KCMO3NLMN ANA CHEXHbIX Neisa-
Xeli, onpefeneHHo Ha OCHOBE U3Me-
PEHUS MHTEHCUBHOCTU OTPaXEHHOro
CBeTa, MOXET JOCTUraTh fBYX
CTyneHeii BbIAEPXKN Unn anag-
parmbl.

oTpaxaeT 90% cBeTa 1 UCNOJb3YETCA 415 PacLUMpPeHs
3hheKTUBHON YYBCTBUTENbHOCTM 3KCMOHOMETPA MPU HU3KMX
YPOBHSAX OCBELLEHHOCTM, KOra MHOrMe 3KCMOHOMETPbI AalT
HeAO0CTaTO4MHO TOYHbIE MOKasaHus. Ecnv 3amMep nMpou3BoguTCA OT
6enoii CTOPOHbI KapTbl, TO NOKa3aHusa npubopa cnegyet
YBENMYUTL B MSTb Pas, MOCKOMbKY OTpaxkaTeflbHas CNOCO6HOCTb
6enoil CTOPOHbI KapTbl B NATb pa3 60/bLUe 0TpaXaTebHOM
CMOCOGHOCTM €e Cepoii CTOPOHbI.

Moka3aHWs 3KCMOHOMETPA A8 CEpPOil KapTbl MOXHO
MCnonb30BaTh 6e3 JOMONHUTE/IbHBIX NONPaBOK MPU ChEMKE
MHOIMX 06bEKTOB (CHOXXETOB), Npu 3TOM 60nee cBeT/ble (60ee
TeMHble) 00bEKTbI, YeM CPeaHuUiA, byayT nepefaBaTbCs BMOJHE
YLOBNETBOPUTENbHO. VIHOra BCe-Takm NMPUXOAUTCA «MNpUTEM-
HATb» OYEHb CBET/Ible 06BLEKTbI NN LOMONHUTENTbHO
«BbICBET/IATb» OYeHb TeMHble. Tak, Hanpumep, A1 TOro YToobI
6b11M BUAHBI BCE AeTanu pe3bObl TEMHbIX AePeBAHHbIX U3LENNA,
nocnegHve SOMKHbI BbIFAAETb HA CHUMKe 60/1ee CBET/IbIMM, YeM
OHW eCTb Ha caMmoM gene. M03TOMy NPy UCMONMb30BAHUN AaHHbIX
3amepa UHTEHCMBHOCTMW CBETa, OTPaXKeHHOr0 Cepoil KapToMn,
pe3bba OyAeT BOCMPOM3BOAUTLCS 60Miee TEMHOW, YeM 3TO
KenaTenbHO; BMECTe C TeM MpW MCMO/b30BaHNMN AaHHbIX
M3MepeHunst APKOCTM BCEro M3Aenus oH ByaeT BbIrNsAgeTb
C/IMLIKOM CBeT/IbIM. Hanbonee npuemnemblii pesynbTaT MOXET
6bITb MOYYEH, eC/IM BOCMNONb30BATLCA MPOMEXYTOUHbIM
3HA4YEHUEM 3KCMO3NLNN.

V13mepeHme MHTEHCMBHOCTM MajatoLLero Ha 06bEKT CBeTa.
OKCMOHOMETP pa3MeLLaloT Takum 06pa3omM, YT0ObI ero
MOJIOXKEHME B TOYHOCTW COOTBETCTBOBANO MOOXKEHMIO
thoTorpagmpyemoro o6wvekTa. Mepeg hoTONPUEMHUKOM
yCTaHaB/MMBaKT paccemBaTens (4Uddy3op), KOTOPLIA [OMKEH
ObITb NOBEPHYT K MCTOYHWMKY cBeTa. Kak M B cfiyyae 3amepa
MHTEHCMBHOCTW CBeTa, OTPXXEHHOr0 Cepoii KapToii, NoKasaHus
3KCMOHOMeTpa He ByayT 3aBMCETb OT TOHA/IbHbIX XapaKTepUCTUK
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doTo 15.

Beper mops — elle 0auMH npumMep
CloXeTa 60nee CBETNOr0, Yem
cpefHuit. Mpy hoToCbEMKE TaKuX
CIOXKETOB HeNb3s OPUEHTUPOBATHCA
HenocpeAcTBEHHO Ha MOKa3aHWs
3KCMOHOMETpa, MOCKONbKY 3TO
npuBeAeT K Hefofepxke nM3obpaxe-
HUS.

Puc. 63.

BuponckaTtenb fanbHOMepHO
Kamepbl CO BCTPOEHHbIM 3KCMOHOMe-
TPOM. YyBCTBUTENLHOCTb MIEHKN U
CKOpOCTb 3aTBOpa YCTaHaBIMBAKOTCA
BPYYHYIO, He0b6X0ANMOe 3HauyeHune
funaparmbl ycTaHaBnMBaeTCs
«aBTOMaTU4eCKn» B MOMEHT CbEMKW.
Ecnun nogaepxusaTb NonoxeHue
CTPENKN MeXAY KpacHbIMU MeTKamu
(B Tex cnyyasx, Korfa OHa Bbilufa 3a
3TOT Npefen, cnegyer ycTaHOBUTb
[pyroe 3HayeHue BbIAEPXKKM) W ecau
cfienatb HeobXxoAnMble JONYCKU Ha
OTK/IOHEHMWE CHOXKETOB OT CPefHUX,
Takas Kamepa obecneyuT npaBunbHOE
3KCMOHMPOBAHWE CHUMKA.

06beKTa CbeMKn 1 nNpubop OyaeT AaBaTb NPaBU/bHYIO
3KCMo3nLMIo.

B no6om cnyyae He3aBUCUMMO OT MUCMO/b3YeMOro Metosa
OnpefeneHns 3KCro3nLMmM MOXHO peKoMeHoBaTb hoTorpady
Jenatb fONONHUTeNbHbIe (4ybnupytowme) Kagpbl. Mpu cbeMKe Ha
yepHo-6esble 1 LBETHbIE HEraTUBHbIE MIEHKWM MOXHO chenatb
[0NONHUTENbHbIE Kafpbl C YMEHbLUEHUEM U YBEIMYEHUEM
9KCMO3NLMWN Ha OfHY CTYNeHb OTHOCWUTESIbHO MOoKasaHus
JKCMOHOMETPA, & NPY CbEMKe Ha LBETHbIE obpallaemble
MMEHKN — Ha NONACTYNeHn. B 0COGEHHO OTBETCTBEHHbIX Cy4asx
WM KOorja NpaBW/bHOCTb MOKA3aHWI 3KCMOHOMETPA BbI3biBAET
COMHeHuA, LenecoobpasHo caenatb NATb Ay6aMPYIOLLIMX KafpoB:
OAIMH B COOTBETCTBMM C NOKa3aHWAMMW npubopa, ofuH ¢
YBe/IMYEHNEeM 3KCMO3ULMM Ha MOCTYMEHW, OAUH C YBENMYEHNEM
3KCMO3MLMMN Ha Lenyto CTyrneHb U No 0gHOMY Kafpy ¢
YMeHbLUEHMEM 3KCMO3ULMM Ha MONCTYNEHN U Ha Lenyto CTYMeHb.

He cregyet gymatb, YTO WUCMO/b30BaHWe JaHHOrO npuema
CBMAETENbCTBYET O HEAOCTATOYHOM MacTepcTBe (hoTorpaga.
HanpoTus, umeHHo thoTorpadbl-npotheccnoHanbl CUUTAlOT 3a
npaBWno fenatb Ay6nmpytowme Kagpbl.

BcTpoeHHble 3KCNOHOMETPbI

MHoruve ganbHoMepHble hoToannapaTbl CHabXeHbI
BCTPOEHHbLIMU 3KCMOHOMETPaMMW C CENEeHOBbLIM WM CEPHUCTOKAL-
MUEBLIM ()OTOMPUEMHMKOM, PACMONOXKEHHBIM Ha NepeaHei CTeHke
Kamepbl. MokasaHus Takoro npubopa 00bI4HO YCTaHaBNNBAIUCh
BPYUYHYIO Ha LUKane BblgepXeK 1 guadparm. B coBpeMeHHbIX
MOJensX AanbHOMEPHbIX KaMep 3KCMOHOMETP COeAMHEH C
MeXaHU3MOM YMpaB/ieHMs BbIAEPXXKON 1 anadparmoii: npu
NpaBWIbHO BbIGPAHHOI 3KCMO3ULIMN CTPENKa, CBA3aHHas ¢
MexaHW3MOM YNpaBfieHWs, COBMELLAeTCH CO CTPESKON
ranbBaHoMeTpa NMbo CTpenka ranbBaHOMeTpa COBMELLAETCS C
HEMoABMXHON METKOIA.
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®doTo 16.

MeTog n3MepeHus 3KCNo3uuun no
BCEMY MOS0 Kagpa. Mpu ncnonb3osa-
HUM AaHHOrO0 MeTofa Ha mokasaHue
3KcrnoHomeTpa (cmuctema TTL)
0[JMHAKOBO BAWAIOT APKOCTU BCEX
yyacTKOB Kafjpa. OTO MOXeT npuBecTu
K omnbKam B NoKasaHMAaX
9KCMOHOMETpa, 06YCNOBNEHHbIX TeM,
UTO rNaBHbIA 06BEKT 3aHNMAET NULLb
He6Oo/bLYH YacTb nnowaan Kagpa, a
OCTanbHble Y4aCTKU MOTYT COfiepXaTb
fletanu, 3HaumTenbHO cBeTee (Un
TeMHee) rn1aBHOro 06beKTa CbeMKMU.
CneBa — Kaap MOCTPOeH TaK, 4TO
3HaYNTeNIbHOE B/INSHWNE Ha MOKa3aHWs
3KCMOHOMETpa OKaXeT fipKoe Hebo, 1
B pe3y/bTaTe rNaBHbIi 06beKT ByaeT
HefofepXaHHbIM; cnpasa —6onee
TOYHOE 3HaYeHWe IKCMO3ULUKU MOXHO
noAy4YNTb, €CN NPU U3MEPEHUM
HaKNOHUTb Kamepy BHU3. Mpu Takoi
KagpupoBKe 60/bLlIas YacTb Heba
«yNaeT» U3 Kagpa U 0CHOBHas
nnowaab Kagpa 0yaer UMeTb SpPKOCTb,
6113KYI0 K TOHY OCHOBHOFO 06beKTa.

®doTo 17.

MeTog, U3MepeHus aKcnosnuun ¢
MOBbLILLUEHHOW POMbIO LIEHTPabHOM
4yacTu Kagpa. 3amep npom3BoauTCa OT
BCEIl nmowagmn Kagpa, HoO Npu 3ToM
npejnonaraeTcs, 4To CHOXKETHO
BaXKHbI/i 06BEKT HaXOAMTCS B LieHTpe
Kafipa; YyBCTBUTENbHOCTb CUCTEMbI
BblOMpaeTca Taknum 06pa3om, 4TobbI
yyacTKU B LieHTpaNibHOW 06nacTu
B/IMANUN HA NOKa3aHWs CYLLECTBEHHO
cunbHee, Yem 60KOBas M 0COBEHHO
yrnoBble 30HbI Kaapa. Takoii MeTog,
Kak npaBuno,obecneymBaeT 6onee
TOYHble pe3ynbTaTbl NP CbEMKE
C/IOXHBIX CHOXXETOB, YeM METOJ
13MepeHns Mo BCeMy MOM0 Kaapa.

Mpy HanMYMM BCTPOEHHBIX 3KCMOHOMETPOB 3KCMO3NL MO
MOXHO OMpefeNsiTb, TONbKO U3MePSsS MHTEHCMBHOCTb OTPaXeH-
HOro 06LEKTOM CBeTa.

Y 60/bLUMHCTBA O4HOOOBLEKTUBHBIX 3epKaslbHbIX Kamep
(hOTOMPUEMHMK 3KCMOHOMETPA PacrnofiokeH 3a CbEMOYHbIM
06bekTBOM — cuctema TTL. 3kcnosuums onpegenserca no
WHTEHCMBHOCTY CBETa, MPOLUEALLEro B KaMepy Yepe3 CbeMOUHbII
00beKTMB. OObIYHO M3MEPSIETCS OCBELLEHHOCTb M300paXeHUs Ha
MaTOBOM CTeK/ie W (DOKYCUPYHOLLEM 3KPaHe C MOMOLLbHO
(hOTONPUEMHWKOB, PacrONIOXKEHHbIX PAAOM C MEHTanpU3MON.
doTonprvemMHUKamMK, Kak NpaBuno, ABASKOTCA CEPHUCTOKAAMMUEBbIE
(hOTOCOMPOTUBNEHMS UNWN KPEMHUEBbIE (DOTOANOABI, MOCKOMbKY
OHV MMEIOT BbICOKYH YyBCTBUTENLHOCTb, KOTOpas Heobxoauma ans
M3MepPeHNs 0THOCUTEbHO HEGOMbLUMX YPOBHEHA OCBELLEHHOCTH
BHYTpKU (hoToannapaTta.

["naBHOe JOCTOMHCTBO cucTembl TTL COCTOWUT B TOM, YTO
M3MepeHue AenaeTca TOMbKO OT Tex yacTeli 06bekTa (CoXeTa),
KOTOpble AEANCTBUTENbHO MOMYYalOTCs Ha CHUMKe. Mpu cmeHe
06bEKTMBA Yro/ 3peHUst SKCNOHOMETPA MEHAETCA aBTOMATUYECKM.

Cuctema TTL MOXET 6bITb paccuMTaHa Ha paBHOMEPHOe
N3MEPEHME OCBELLEHHOCTY BCEro Nons Kagpa (3amep no BCEMy
MoAto), LeHTPanbHOM YacTu nons Kagpa (3amMep C MOBbILLEHHO
PO/bIO LIEHTPANIbHON YacTV NOMA Kafpa) U «TOYEYHOro» yyacTka
nons Kagpa («TOYEeYHbIA 3aMep»).

3amep no Bcemy nonto Kagpa. OgvH wm gea GoTonprem-
HMKa pa3MeLLaloT pAgoM C NeHTanpu3Moi U N3MepsaoT
OCBELLEHHOCTb M306paXKeHNss Ha MaTOBOM cTekre (poKycupytoLlem
aKpaHe) Bugouckartens. MonoxeHne NpUeMHUKOB BblGUpaeTcs
TakuM, YTO6bl YyBCTBUTENIbHOCTb M3MEPUTENbHOW CUCTEMbI Bblna
paBHOMEPHOI NO BCei MOBEPXHOCTM 3KpaHa, T. €. M0 BCEMY MO/
Kagpa.

HepocTaTKoM faHHOro crnocoba M3MepeHus 3KCno3uumm
ABNAETCA TO, UTO HaMUME YPe3BbIYANHO TEMHBIX AW CAMLLKOM
CBET/IbIX Y4aCTKOB M300paXkeHMs B none kagpa (Hanpumep, apkoe
Heb60) NpuBeAeT K HEBEPHbIM MOKa3aHUAM Npubopa, Aaxe ecin aTu
y4yacTKN pPacnoioXeHbl Ha nepudepumn Kagpa. B Takmx cnyvasx
(hoTorpad BbIHYXAEH Clerka OTKIOHUTb KaMepy, YT0Obl BbIBECTM
3TW y4aCcTKM M3 Kafpa W YMEHbLUUTb MOrPeLIHOCTb U3MEPEHUS.

3amep C MOBbILLEHHOWN POsbH LIEHTPasIbHOM YacTy nons
Kagpa. [lBa (hoTonprMemMHMKa pasmeLlatoT Takum 06pasoM, YToObl
NX NONSA 3PEHUs NePeKpbIBAINCL B LeHTPa/IbHON YacTy
(hOKycUpyIOLLEero akpaHa. B npefenax 30HbI NepekpbITUS
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®doT0 18.

MeTof TOYEYHOr0 U3MEPEHUS
3KCNo3nuun. M3mepeHune 3Kcnosuymu
OCYLLECTB/AETCA ANA YETKO
OrpaHWYEHHOr0 y4yacTKa CHoXeTa B
LleHTpe Kaapa; TOYHble rpaHuLbl
3TOr0 y4yacTka 0603HayeHbl B
BugonckaTene. Takoil mMeToA faeT
BO3MOXHOCTb (hoTOrpady Bbi6patb Ty
yacTb CHOXeTa, N0 KoTopoi GyaeT
npoussefeH 3amep, n obecneynBaeT
0YeHb TOYHble pe3ynbTaThl
onpeAeneHns 3KCMo3nuum.

nokasaHus 4atoT 06a MPUEMHVKa, BHE 3TOM 30HbI — TONbLKO OAUH
“3 HuX. MoaToMy obLias YyBCTBUTENIbHOCTL CUCTEMbI MIABHO
BO3pacTaeT OT nepuepumn Kagpa K ero LeHTpy.

«TO4YeuUHbIn 3amMep». B JaHHOM cny4vae MCNONb3yeTcs OAWH
(hOTONPMEMHMK, KOTOPLIA pasMellaloT TakuM 06pa3om, YT0Obl OH
(PMKCMPOBAS CBET TO/IbKO OT HeBGOMbLLOrO, PE3KO 0YEpUYEHHOro
yuyacTKa M306paXeHns B LEHTpe (hoKycupytoLero akpaHa. Ha
3KpaHe 06bIYHO MMeeTCs MeTKa, YKa3sblBatollas 30Hy 3amepa.

MprMeHeHVe faHHOro cnocoba npegnonaraeT Hanuyue y
thoTorpaga onpeseseHHoro onbiTa, NOCKO/LKY (hoTorpady
camoMy MpUXOAWTCS BblGMpaTb NOAXOAALLMIA Yy4YacTOK 06bekTa Ans
3amepa.

B nogasnstoLieM 60MbLIMHCTBE MOAENei 04HO06BLEKTUBHbIX
3epKasibHbIX Kamep cuctema TTL no3BonsieT OCYLLeCTBNATbL TO/bKO
OAVH BUA 3aMepa. B HekoTopbIX 60/1ee CAOXHbIX Kamepax
yCTaHOoB/eHa Takasa cuctema TTL, KoTopas faeT BO3MOXHOCTb
MPOBOAMTL 3aMep MO BCEMY MO0 Kafpa W «TOYEUHbIA 3amep».

Y MHOruMX 3KCMOHOMeTpoB cucTembl TTL MHAMKATOPOM
ABNAETCA 0ObIYHbIA, HO 04EHb MWUHWATIOPHLIN FanbBaHOMETP,
CTpesika KOTOporo BUAHA B OKHe BUAOMUCKATens. YCcTaHOBKa
NpaBuIbHOW 3KCMO3WLMMA MPON3BOAUTCA BPALLEHUEM TOM0BKU
BbIAEPXKEK WMNM KOMbLA AnadparMbl 4O COBMELLEHUA CTPENKU C
onpefeneHHbIM MHAEKCOM. B cambIX nocnefHuxX MoLensix BMecTo
ralbBAHOMETPOB WCMO/b3YHTCA CBETALLMECA UHAUKATOPbI —
csetoamofbl. (Kak yTBepxaaloT M3roTOBMUTENU, Takas cucTema
MHAMKaLMKN 60Mee YCTOMUMBA K MEXaHUYECKMM BO3AENCTBUAM, YeM
cucTema C ranbBaHOMETPOM.)

[ns npaBunbHOK paboTbl 3KCMOHOMETPOB cucTembl TTL
Heob6Xx04MMO, UTOBbI OHW BbINK CBSA3aHbI C MEXaHU3MOM
ynpasneHus guadparmMoin. Takas CBA3b MOXET OblTb YMCTO
ONTWUYECKON, eCIM N3MEPEHME IKCMO3NLUM MPOBOAUTCA MpU
paboyem 3HayeHUW guadparmsl, MMO60 MeXaHU4ECKOR naun
3NEKTPUYECKON, eCnv U3MepeHne 3KCNOo3nuuy MpoBOANTCA Npu
MOMHOCTLIO OTKPLITOW guadparme.

M3mepeHne npy paboyem 3HauyeHUM anadparmbl. bonb-
LUMHCTBO OAHOOOBEKTMBHbIX 3epKasibHbIX Kamep CHabXeHo
«aBTOMaTUYEeCKUMU» 0OBEKTUBAMU, Y KOTOPbLIX guadparma
OCTaeTcA NOMHOCTbI OTKPLITOW HE3aBUCUMO OT 3HAYEHMS,
YCTaHOBNEHHOr0 Ha KosbLe aunadparmsl, B Te4eHWe BCEro
BPeMeHW BbI6opa Kajpa U HaBOLKW Ha Pe3KOCTb. Mpu Haxatuu
CMYCKOBOW KHOMKW Auadparma nepes OTKPbITMEM 3aTBOpa
3aKpblBaeTcs L0 3apaHee YCTaHOB/IEHHOW BENUYMHLI, @ Nocne
3aKpbITUA 3aTBOPA MOMHOCTLI0 OTKPbIBaeTCA. Takas cuctema
MMeeT Ba OYeBUIHbLIX JOCTOMHCTBA: BO-NEPBbLIX, N306paXeHue B
BUJOWCKATENIE BCe BPeMs OCTaeTCA MpefesibHoO APKUM W, BO-
BTOPbIX, NPU 60AbLINX 3HAYEHMSX Anadiparmbl rny6uHa pe3kocTu
HeBesIMKa, YTO MO3BO/SET TOYHO MPOBECTU BM3YyaslbHYHO HABOAKY Ha
pesKocCTb.

3Kcnosuymo onpefenstoT nNpu paboyem 3HayeHUM
onagparmbl. 3akpbiTue guadparvbl fo ee paboyero 3HaveHus
OCYLLLECTB/IAETCA C MOMOLLbIO CMeLMansHOro pblyara UM KHOMKMK,
4acTo 06beJMHEHHOW C MEXaHM3MOM BK/IHOUYEHUS W BbIK/IOUEHUS
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a, 6 — BMAomnckaTenb Kamepbl €
CUCTEMON M3MepeHUs 3KCNOo3nLuK npu
MONHOCTLIO OTKPBITON fnadparme,
KOHTPO/IbHbIM OPraHoM KOTOpOM
ABNAETCA CTPefka ranbBaHoOMeTpa.
YcTaHOBKa CKOpPOCTW 3aTBOpa BAMsAET
Ha YyBCTBUTENbHOCTb M3MEpUTENs W,
cnefoBaTeflbHO, Ha BENNYUHY
OTK/IOHEHUSA CTPeNKW Npu AaHHbIX
YCNOBUAX OCBeLLeHus. Mpn BpaLieHnm
Konbla anagparmbl Ha 06beKTMBE
NoNIoKeHNe KPyroBoro MHAMKatopa
n3meHseTca. Perynupys guagparmy
n/nnn ckopocTb 3aTBOpa Tak, YTOObI
CTpesnka TOYHO nepecekana Kpyr
WHAMKaTopa, oTorpad ycrtaHaBnuBa-
eT NpaBW/bHOE 3HaYeHNe 3KCMOo3NLUN.
Ecnu Kamepa ncnosb3yetca B pexume
M3MepeHus aKcnosnuyun npu paboyeit
Anadparme, KonbLo guadparmbl 1
ronoBKy CKOpOCTeli 3aTBopa cnefyet
YCTaHOBUTb TaK, 4TOObl NONOXEeHWe
CTPE/KW COBMano ¢ PUKCUPOBAHHbLIM
KBafpaTHbIM WHAEKCOM; B —
BMAOMCKaTeNb OAHOOOBEKTUBHON
3epKasnbHO Kamepbl C MOMHOCTbIO
3/1eKTPOHHON CUCTEMOV M3MepeHus
aKcnosmummn. Takas cuctema He uMeeT
«HEXHOro» rasbBaHOMETPA;
BblflepXKKa 1 3Ha4yeHue auagparmbl
BbICBEUMBAIOTCA B HUKHEW YacTu
BUAoMUCKaTens B LWUGpoBOM BUje.

aKcnoHomeTpa. Mpu Nonb3oBaHUM 3KCMOHOMETPOM CTEMeHb
OTKPbITWS Anadparmbl ONpeaensieTcs Mo ee 3Ha4YeHuIo,
YCTaHOB/IEHHOMY Ha KO/bLe Anadgparmbl; Npy BpalleHnn Konbla
N3MEHSETCA KOIMYECTBO CBETA, MajatoLlero Ha )oTONPUEMHMK.
TakuMm 06pa3oM, CBSI3b Mexay AvadparMoii U (OoTONPUEMHUKOM
3KCMOHOMETPA ABNSETCS UYNCTO ONTUYECKON, 32 UCKHOUYEHNEM
OTHOCUTENIbHO MPOCTOr0 MexaHM3Ma, 3aKpblBalOLLEro guadparmy
MpW HaXXaTWW CMYCKOBOI KHOMKW MNepes OTKPbITMEM 3aTBOpA.
OfHaKo B MOMEHT OMpejeneHns aKCno3uyun rnone BUAOMCKaTENS
3aTEMHSIETCS W U306paXKeHne TPYAHO paccMaTpuBaTb, 0COGEHHO
MpY O4YeHb MasibiX 3HAUYEHUsX auadparmel.

V13mMepeHue npun MonHOCTbIO OTKPbLITOW Anadparve. Hanu-
4me MEXaHUYeCKOW UM 3/eKTPUYECKON CBA3N MeXay
CbEMOYHbIM 0O6BEKTUBOM U Kamepoii Mo3BONMSET «COOOLUMTbLY
3KCMOHOMETPY 3HayeHve guadparmbl, YCTaHOB/IEHHOE Ha KOSibLie
anadparmbl. BHyTpY 06beKTMBa YCTPONCTBO TaKO CBA3M
COEAMHEHO TOMbKO C YCTAaHOBOYHbLIM KOJIbLIOM, & He C MEXaH13MOM
ynpasneHus gvagparmoin. Mpy BpawweHn yCTaHOBOYHOIO KO/bLia
COOTBETCTBYIOLLEE COEAUHEHME «CUMYNUPYET» YCTaHOBKY
paboyero 3HayeHus aguagparmol, B TO BpeMs Kak Avadparma
OCTaeTCst MOMHOCTLI0 OTKPbLITONM. ofo6Has cBsisb TpebyeT
[OMONHUTENLHOW U [OCTATOYHO CMI0XHOW CUCTEMbI COEAMHEHUS,
YTO CYLUECTBEHHO MOBbILIAET CTOMMOCTb TakUX 06BEKTUBOB.

BO/IbLIMHCTBO CUCTEM WM3MEPEHWIA NPY NOSTHOCTbIO
OTKPbITOV AnagparMe MOXeET 6biTb UCMONb30BAHO B PEXUME
n3MepeHns npu paboyem 3HaveHUW auagparmbl, YTO ObiBaeT
HeobX0AMMO MPU MPUMEHEHUM Pa3NNYHBIX LOMNOSHUTENbHbIX
NpUCMOCO6eHN, TaKMX, KaK MPOMEXYTOUHbIE YANMHUTENbHbIE
KONbLA MM MeX. 3TO B CBOK 04epelb [aeT BO3MOXHOCTb
MCNosb30BaTb 06BEKTUBLI, AN1A KOTOPbIX (PUPMbI-U3TOTOBUTENN He
NpeayCcMOTPeNy CUCTEMY COEAMHEHWA 1A U3MEPEHUs 3KCMO3ULUK
MpY NOMHOCTbIO OTKPbLITON Anadparme.

MHoOrvie 04HO0OBEKTUBHbIE 3epKaslbHble Kamepbl MMEKT
MO/IHOCTbI0 aBTOMATUYECKMNE CUCTEMbI U3MEPEHNS 3KCMO3NLUK, B
KOTOPbIX BOOOLLE He TpebyeTcs PyyHOW YCTaHOBKM KaKUX-nbo
cTpenok. Takve cucTeMbl 6bIBalOT JBYX TUMNOB — C NPUOPUTETOM
BbIEP>KKW 1 C MPUOPUTETOM Anacdparmel. B nepsom ciyuae
(hoTorpad BbIbUpaeT CKOPOCTb 3aTBOPA C YYETOM CKOPOCTY
nepemelLieHNs 06bEKTA CbeMKM, a aBTOMATMYECKasa cucTema
yCTaHaB/NMBaeT MpaBu/bHOE 3HaYeHne guadparmbl. Bo BTopom
cnydae potorpag ycunmeaeT Tpebyemoe 3HayeHUe guadparmbl, a
aBTOMaT 0TpabaTbiBaeT HEOOXOAMMYIO BbIAEPXKKY. STOT MeTof,
[aeT BO3MOXHOCTb MPUMEHSATL 3/1EKTPOHHbIE 3aTBOPbI, B KOTOPbIX
BblAEPXKa U3MEHSAETCA HenpepblBHO. (B 6OMbLUMHCTBE
MEeXaHWYEeCKMX 3aTBOPOB YCTaHOBKA U 0TPaboTKa MPOMEXYTOUHbIX
3HAYEHMNI BbIAEPXKKM HEBO3MOXHbI.)

BONMbLUMHCTBO KaMep MMEET TOMbKO OAHY M3 YKa3aHHbIX
aBTOMAaTUYECKMX CUCTEM M TOMIbKO HEKOTOPbIE U TY U APYTYHO.
B 06enx cuctemax 3HaueHWe NMepemMeHHOM, ycTaHaB/IMBaeMOli
aBTOMATMYeCKM, 06bIYHO BbICBEUMBAETCSA B BUAOMCKaTeNe. 3T aaeT
BO3MOXHOCTb (poTorpadyy B cnyvae HeoOXOAMMOCTU BPYUHYHO
KOPPeKTUpoBaTh MokasaHus npubopa. Hanpumep, gnadparma,
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Pnc.65.

Mpn HaxaTuy CNyCKOBOM KHOMKM
He6O0NbLUIOW WThIpeK Ha Kopnyce
Kamepbl, BbIXOAALNA U3 3afHeN YacTu
onpasbl 00bEKTUBA, NMPUBOAUT B
ABVKEHWe nenecTku anadparmbl,
KOTOpble 3aKPbIBAIOTCA 40 3HAYEHWUS,
YCTaHOBNEHHOTO Ha KO/bLe
anadparm. na kamep, CHabXeHHbIX
CUCTEMOW WM3MEPEHUS IKCMO3NLUK
TO/MLKO MpW paboyem 3HauYeHUM
Auadparmbl, TaKOro MpuBoja Mexay
06BEKTMBOM 1 KOPMyCcOM annapaTta
BMOMHE [OCTAaTOYHO, 8 —O0OBLEKTUB,
paccyYnTaHHbIV Ha CUCTEMY WM3MepeHus
3KCNO3NLMN MPU NOMHOCTbIO
OTKpbITOW Aunadparme. MHdopmayms
0 3Ha4yeHUN YCTAHOB/IEHHOA
Avadparmbl nepegaercs oT
06bEKTNBA B U3MEPUTENBHYIO CUCTEMY
Kamepbl C NMOMOLLbIO 3/1EKTPUYECKOrO0
curHana. Takoe COMpsKeHue
OCYLLECTBAAETCA C MOMOLLbI Tpex
CreunanbHblX KOHTaKTOB,
pacrnonoXeHHbIX Ha TbIbHOW CTOPOHE
onpaBbl 06beKTNBA; 6 —O06OBLEKTUB,
paccuMTaHHbIN Ha W3MepeHune
3KCMNO3WLMM NpX NOMHOCTbIO
OTKPBLITOW Auatparme; conpsxeHue
Kamepbl N 06BEKTMBA OCYLLECTBNAETCA
YMCTO MEXaHWYecKm.

aBTOMATMYeCKN YCTAHOBMEHHasA B Kamepe C MpUOPUTETOM
BblAEPXeK, faeT CNULLKOM MaeHbKYH (UM CAULWKOM 60/bLUYHO)
rny6uHy pes3kocTu. VI3MeHss BPYUHYH CKOPOCTb 3aTBOPa, MOXHO
«3aCTaBUTb» Kamepy BblbpaTb Apyroe 3HaydeHue guadparmbi.
AHanornyHo, ecnn B KaMepe C NPUOPUTETOM Auadparmbl
aBTOMATMYECKM YCTaHOB/IEHHAs BblfepXKKa HefoCTaTOYHO Mana,
Hanpumep 419 CbeMKMW BbICTPO MepemMeLlatoLlerocs o6bekTa,
BPYUYHYIO MOXHO YCTaHOBWTb 6O/bLUYIO MO BeNNUMHE Auadparmy,
M B pesynbTaTe BblgepXKka, oTpabaTbiBaeMas aBTOMATOM, CTaHeT
[0CTaTOYHO Masoi.

OfHa 13 OCHOBHbIX NPO6IEM, BO3HUKAIOLMX Npu
MCNO/Mb30BaHUM CUCTEM aBTOMaTUYEeCKOro Bblibopa aKCrno3uuuu,
CBfi3aHa CO CbEMKOI 0OBEKTOB (CHKETOB), OT/IMHAOLLMXCA OT
cpegHux. [leno B TOM, YTO B MOMEHT CMyCKa 3aTBOpa 3HaYUTE/bHYHO
4acTb NoNA Kagpa MOryT 3aHMMaTb CAULLIKOM CBET/Ible WK
C/IMLIKOM TeMHble eTan 06beKTa CbeMKU. 3TO MOXET MPUBECTU K
BbIOOpY HenpaBWbHOW 3KCno3unuun. Pa3paboTunkyu aBTOMaTUYe-
CKMX KaMmep NpeanoXwnu ABa BapuaHTa pelueHuns 3Toli npobnemsi.
OfWH M3 HKX NpegycMaTpuMBaeT KOPPEKTUPOBKY NOKasaHWi
npubopa BPyUHYH0. [115 3TOro B HEKOTOPbIX Kamepax C
aBTOMATMYECKOIN YCTaHOBKOW 3KCMO3MLUM MpesyCcMOTpeH
CMeuuanbHbIiA OpraH, npu 3ToM npegensl «BMeLlaTeNbCTBax»
(hoTorpaga orpaHUUMNBAIOTCA ABYMS CTYMEHAMU 3KCMO3ULUK C
NPOMEXYTOUHOI (uKcaumein yepes % cTyneHw. [pyroin BapmaHT
npegnonaraeT BO3MOXHOCTb «3armOMUHaHWS» aBTOMAaTWUYECKH
onpefefieHHbIX 3KCMNO3ULMOHHBIX MapaMeTpos, Hanpumep npu
MepBOM HaXKaTuU CMYCKOBOW KHOMKW. B aTom cnydae hoTorpag
CHayana HaBOAUT KaMepy Ha Te yuacTku o6bekTa (CroxeTa),
KOTOPbIE, MO ero MHEeHWIO, [O/KHbI jaBaTb NPaBUIbHYIO
3KCMO3nUMIO, 1 aBTOMATUYECKAs CUCTEMA «3aMOMUHAeT» 3TO
3HauyeHue; 3aTeM (poTorpag nepectpamBaeT Kafp Tak, KakK 3To
TpebyeTca 418 CbeMKU, W AenaeT CHUMOK C 3KCMO3ULMEN, KOTOpYIo
paHee «3anoMHWN» aBTOMarT.



Bbigepykka 1 anadgparma

B 60/bLIMHCTBE KaMep 3KCMO3MLMI0 MOXHO PErynmpoBaThb
M3MEHEHMNEM KaK fuadparmbl, Tak WU Bblgep>XKW. B nepBom cnyuae
perynmpyeTcst UHTEHCUBHOCTb CBETA, MPOXOASLLErO Yepes
06BLEKTMB, WU OCBELLEHHOCTbL (hoTOMaTepuana, BO BTOPOM —
BPEMS BO3AEICTBMSA CBETA Ha CBETOUYBCTBUTE/bHbIA 3MYNbCUOH-
HbIA cnoli dhoTorpaduyeckoro matepmana. OfHaKo, U3MEHAS
BbIAEPXKKY U anadparmy, MOXHO He TO/IbKO 0GecnednTb
MpaBWIbHYI0 3KCMO3ULMIO, HO Y KOHTPONMPOBATb FNyOUHY
Pe3KOCTM U MepeMelLeHne 06beKTa ChEMKM.

YnpaB/ieHne 3KCNo3ULMeN

KonbLo ynpasneHus guvagparmMoii KanmbpoBaHO Takum
06pa3oM, YTO MpU 3aKPbITUW Auaparmsl 40 ClefyHoLLlero
3HAYeHUs OCBELLEHHOCTb M/IEHKN YMeHbLUAETCA B [iBa pasa.
AHanormyHo KanubposaHa ronoBKa BbIAEPXKEK, T. €. MeXay
COCEHAMMN 3HAUYEHUSIMN BbIAEPXKKUN COXPaHAETCH COOTHOLLEHME
2:1.

Monb3ysacb Tabnmuein 3KCno3nuniA, KOTopas MPUBOAMTCS Ha
BK/afbILLIE-0MMCaHNN KaXAO0W (HOTONAEHKM, MOXHO Haitu,
HampuMep, YTo ANS AaHHbLIX YCOBWIA OCBELLEHUs NpaBubHas
3KCMO3MLMSA 06ecneynBaeTcs Npu Bblaepxke Yg ¢ 1 gnadparme
1:5,6. YcTaHOBMB Ha (poToannapare 3TU 3HaYeHWs, NOIy4UM
MpaBuIbHO 3KCMOHMPOBAHHbIN A1ano3uTuB. Ho oKasbiBaeTcs, YTo
MPaBUIbHO 3KCMOHUPOBAHHbIA ANAMNO3UTUB MOXHO MONYUYUTb NpU
BblAepXKKe 125 ¢ n guadparme 1:4 nam g cu 1:8, T. e. npu
N06OM 3KBUBASIEHTHOM COYeTaHUW. PaccMOTpUM NpuBeLeHHbI
npumep 6onee Nogpo6HO.

MpegnonoXxum, 4To yctaHoBneHa gnadparma 1:5,6, a
thoTorpag HamepeH BOCMO/b30BaTbCA 3HaYyeHMeM 1:4. Tak Kak 3To
3HaYeHWe OT/IMYAETCA OT paHee YCTAHOB/EHHOTO POBHO Ha OAHO
[eneHve B CTOPOHY YBENWYEHUS OTBEPCTMWS, 3TO 3HAYUT, UTO
OCBELLEHHOCTb M/IEHKN npy gnadparme 1:4 Gyfet B fBa pasa
60nbLue, Yem npu avadparme 1:5,6. MOCKOMbKY OCBELLEHHOCTb
MJEHKN yBeNMUMnach BABOE, OYEBUAHO, CNeayeT Bpems
BO3[e/CTBUA CBETA Ha NMEHKY YMEHbLUMTbL B ABa pasa, Ans Toro
4To6bI NMIEHKA NONYyYMNA TO Xe KOMMYeCTBO CBETA, YTO 1 Npu
anagparme 1:5,6. Apyrumu cnosamu, HeO6X04MMO YCTaHOBUTb
BbIAEPXKKY /125 C. COOTBETCTBEHHO MPU MEPEXofe OT
ounadparmbl 1:5,6 kK gnagparme 1:8 Bpems BO3AeCTBMA CBETa Ha
MMeHKY Haflo yBE/MUYNUTbL B [jBa pasa, T. €. Haf0 YCTaHOBUTb
BbIIEPXKY /50 C. OTKpbIBaTL AnadparMy 1 yMeHbLLaTb
BbIZEPXXKY (UM 3aKpbiBaTb Avadparmy v yBenuumeath
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Puc. 66.

COOTHOLLUEHME MEXAY BblAEPXKKOW 1
BE/IMUYNHON Anagparmbl, COOTBETCTBY-
toLlee MpaBW/IbHOM 3KCMO3NLUK,
MOXHO CPaBHWUTb C COOTHOLLEHWEM
MEeXAY BbICOTOM M MAOLafAblo
MOMepeyHoOro Ce4eHns LUANHAPOB Mpu

onpefeneHnmn ero o6vema. B o6omnx
CNyyasx CyLLecTByeT MHOXEeCTBO
KOMBUHALWA 3TUX ABYX MEPEeMEHHbIX,
KOTOpble NO3BONAIT NONYYUTb OAUH
TOT Xe KOHEYHbIA pe3ynbTarT.
MpuBefeHHas cxema NoKasbliBaeT, YTO
AN KaXA0W BENMUNHBI «3aKPbITUA»
Auadparmel (MU Ans Kaxzaou
nnowaan NnonepeyHoro cevyeHuns
LUWAMHAPA) LIUTeNbHOCTb
3KCMOHNPOBAHMUA, T. €. BblepXKa
(wnn BbICOTA UWAMHAPA), AO/DKHA
yfBanBaTbCs, YT06bl NONYYNTb
NOCTOAHHOE 3HAYEHWEe 3KCNo3nLun
(M 06beM LUAUHAPA) ANS NNEHKK.

BbIAEPXKKY) MOXHO A0 Tex Mop, Moka guadparma He 6yget
MOSIHOCTHIO OTKPbITA (UM 3aKPbiTa), @ Ha FOIOBKE BbIAEPXKEK HE
OyfeT ycTaHOBNeHa caMasi ManeHbkas (MM camas 60bLuas)
BblAepXKa. Ecnu ronoBka BblLepXeK UMeeT cuMmson B, To,
€CTeCTBEHHO, Npefena co CTOPOHbI GOMbLUNX BbIAEPXKEK HE
CYLLECTBYeT — 3aTBOP MOXXHO OTKPbITb BPYYHYH Ha CKOflb
YIOAHO ANNTeNbHOE BPeMs, eciv camas 60/bLias aBTOMATUYECKU
YCTaHOBNEHHas BblAepXKa 0Ka3blBaeTCA HeLOCTaToOYHOM. Ha
MPaKkTUKe BCMEeACTBME OTKNOHEHWI OT 3aKOHa B3aMmMO03aMecTMMO-
CTV MPY BbIEPXKKaX, NPeBbILIAIOLLNX ONPeaeneHHbIi npegen,
MornpaBKN K 3KCMO3MLMN OKA3bIBAKOTCA 3HAUMTENLHO BO/bLUE, YeM
[aeT pacuer.

Ecnn 06beKTMB MMeeT, Hanpumep, npegenbl peryampoBKu
0T 1:2 Npu NONHOCTLIO OTKPLITON gnadparme go 1:16 npu
MOSTHOCTbIO 3aKPbITOW, TOrAa (4ns Hawero npumepa 1:5,6 u

/50 C) MOXHO C1eN1aTh CEPUI0 CHUMKOB C 9KCMO3ULMeN OT
Y500 ¢ Mpu grachparme 1:2 go*/g ¢ npu 1:16, npuyem nto6as
Takas KOMOMHAUMA AacT NPaBUIbHYHO 3KCMO3ULMIO HA CHUMKE.

Bbibop 0gHOV 13 BO3MOXHbLIX KOMOMHauuii gnadgparma —
BblAEP>KKa AOMKEH MPOU3BOAMTLCA C YYETOM NpUpoAabl 06bekTa
CbEMKM, a TaK)Xe aBTOPCKOM MHTEepnpeTauuu croxeTta. [eno B TOM,
4TO OT Bbl6OpA BbIgEPXKKM OyfeT 3aBMCETb KaueCTBO Nepegayuu
noboro Buga nepemelleHns o6bekTa, a OT Bblbopa guagpar-

Mbl — rny6uHa pe3ko M306pakaeMoro npocTpaHcTBa. B Tex
CNlyyasx, Korfa oguH 13 aTux (hakTopoB He UrpaeT NpUHUMNUab-
Holi ponwu, BbI6op MpocT. OfHaKo LOBOMALHO YacTo oTorpady
MPUXOANTCS UCKATb KOMMPOMMUCCHOE peLleHne, a HepeaKo
XXepPTBOBATb OfHWM 3KCMO3MLIMOHHbLIM MapamMeTpoMm pagu Apyroro.

YnpaBreHve nepegaqvein ABVKEHNS U TyOUHON pe3KocTr

[ns onTumanbHOro BbiGopa CKOPOCTM 3aTBOpa CreayeT
npoaHann3npoBaTh, Kak Ha CHUMKe OyAeT nepefaHo ABWMKeHMe
06beKkTa CbeMKK. MpeAnonoXnm, Hanpumep, 4To 0OBLEKTOM
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doTo 19.

Kaxpas KoMGMHauus Bblfep>Kka —
fnacparma COOTBETCTBYET OfHOW K
TOI >Xe NpaBUNbHOW 3KCMO3ULUK, HO
npu 3TOM MeHsieTcs rnybuHa pesko
1306paxxaeMoro NpocTpaHcTBa u
XapakTep nepejayvi ABVXEHWS
06beKTa ChbeMku. Beepxy —
(hoToCbEMKa MpoM3BOAMUNach ¢
Bblgep>xkKoi 1/500 ¢ npu
onagparme 1:2. Manas BblAepXkKa

«3amopo3nna» (0CTaHOBWNA)
[BUXXEHNE aBTOMOOMAA, HO BonbLuoe
3HaveHune guadparmbl NpUBeNo K
HeJOCTaTOYHOM rNy6nHe pe3kocTu, U
no3TOMYy NNCTBA Ha NepefjHeM NnaHe
nofyymnacb Hepesko; B LeHTpe —
(hoTOCbEMKA MPOM3BOAMNACH C
Bblaepxkoit 1/60 c npu gnagparme
1:5,6. bonee gnuTenbHasa BblLepXKKa
npuBena K HeKOTOPOMY «pas3masbiBa-
HWIO» M300paXKeHMs ABUXYLLEACs
aBTOMaLUWHbI, & YMEHbLUEHHOe
3HaveHue guadparmMbl —K
BO3pacTaHuio rNyOuHbI Pe3KocTn 1

YNYULWEHNIO Pe3KOCTN n306paxeHuns
NNCTBbLI HA MEepeaHeM MnaHe;

BHM3y — (DOTOCLEMKa NPOM3BOAM-
nacb C Bbifepxkon 1/8 ¢ npwn
Auagparme 1:16. ManeHbkas
Auaparma HacToMbKO yBenmuuna
rny6uHy pe3kocTu, YTO BCe NaHbl Ha
CHUMKe OT MepegHero Ao camoro
AanbHero nepegaHbl 04MHaKoOBO
4eTKO, B TOM yucne u nuctea. Ho
6onbLIas BblfepXKa NpuBena K Tomy,
uTO M306paxeHne ABMXKYLLErocs
aBTOMOGWAA MOMYYMIOCH MOJHOCTHIO
CMa3aHHbIM.



CbEMKMN ABNAETCA aBTOMOOW/b, KOTOPLIA MepemeLLaeTcs nonepex
nons 3peHus co CKOpPOCTbo 0KoMo 100 KM/Y 1 cbemka
NPOU3BOAMUTCS C BbIAEPXKKOI /50 C. 3a BpeMs, B TeueHue

KOTOPOro LUTOPKM 3aTBopa ByAyT OTKPbIThbl, aBTOMO6GWUbL MpoeseT
noyt 1 M, U B pe3ynbTaTe Ha NAeHKe ero n3obpaxeHue oygert
CMa3aHHbIM. ECIM YMeHbLUUTL BbIAEPXKKY A0 soo C,

aBTOMO6UNb NEPeMECTUTCS BCEro Ha 5 CM, W pesy/bTupytoLlee
N306paKeHNE OKaXKeTCs 6osee peskuM.

Heo6Xx04MMOCTb B MCMNONb30BAHUM CaMbIX MasibiX BblAEPXKEK
BO3HMKAET MpW CMOPTMBHON POTOCHEMKE, Korfa Tpebyetcs
«3aMOPO3NTb» [BWKEHUE 1 NepeaaTb Haubosbllee KOIMYECTBO
JeTaneii cloxeTa. Masble BbIAEPXKKN NPUXOAUTCA NPUMEHSATH W
npv ObICTPOM NEPEMELLEHNN Kamepbl, Hanpumep Mpu CheMKe U3
JBWXYLLErocs aBToMobuna unm noesga. M gaxe B Tex ciyyasx,
Korga CbemKka NpoM3BOAMTCSA HEMOABVKHOA KaMepol, nydiue
thoTorpatmpoBaTb C Manoi BblAEPXKKOW, YTOObI UCKIHOUNTD
Hen3bexxHoe HebOo/bLIOe CMeLLEHNE KaMepbl MpU HaXaTum
CMYCKOBOI KHOMKMW.

V3meHeHne guadparmbl nNpyu GOTOCLEMKE B MEPBYIO
oyepefdb BAMSET Ha ray6uHy pe3ko 1306pakaeMoro NpocTpaHCTBa,
T. €. Ha paccTosiHWe Mexay 6avxaimMMn K annapaty U caMmbiMu
JanbHUMK OT Hero npegmeTaMu, B npegeniax KOTOPOro Bce geTanw
CHOXKETa KaXXyTCAl HA CHUMKE OfMHaKOBO pPe3KuMU. Yem MeHblue
AnameTp [efCTBYIOLLEro 0TBEPCTUS 06beKTHBa, TeM 6o/bLIe
rny6unHa peskocTw.

Mpy OTOCHEMKE MHOFMX CHOXETOB 60nbluas raybuHa
Pe3KoCTHW, T. €. OYeHb pe3Kas nepepada AeTaNeil Kak Ha nepegHem,
TaK M Ha 33fHeM MnnaHe, ABNAETCA YPE3BbIYAHO BaXKHOIA.
Hanpumep, npu neisaxHoi GoTocbeMke GoTorpad Moxer
CTPOMTb CBOKO KOMMO3MLMIO TaK, YTOObl Pe3KUM Ha CHUMKE
NoyunICs NOKPOB M3 LBETOB WU APYTUX UHTEPECHBLIX AeTanei,
Haxoaswmxcs 6A13Ko 0T Kamepbl, U OAHOBPEMEHHO Oblfl YETKO
nepefaH 3afHwil nnaH. MprmeHeHne He6OMbLLIONA Anadparmbl gacT
YBEPEHHOCTb, YTO W TO U ApYroe OyAeT HACTO/bKO Pe3KnM,
HaCKOJ/IbKO 3TO BO3MOXHO. B Tex cnyvasx, Korga TpebyeTcsi 4eTko
nepefaTb NWLIb OCHOBHOW 06bLEKT CbeMKM U OTAENUTbL ero oT
(hOHa, KOTOPbIA MeLlaeT BOCNPUATUIO TNABHON AeTanun, Uamn xe
BbIAENTb KaKyl-TO feTanb CHUMKa, Heobxoanma HebosbLuas
rny6buHa peskoctn. Manas rnybuHa peskocTu JOCTUraeTcs
MpVYMeHeHVeM 60/1bLLION0 OTHOCUTE/IbHOTO OTBEPCTUS 06BEKTUBA.

W3 BblleckasaHHOTO cnefyeT, YTO0 OfHOBPEMEHHO
OCYLLLECTBUTb «OCTAHOBKY» [IBMXKEHMS MpeAMeTa U NONyynUTb
60/1bLUYI0 TNYOUHY Pe3Koro 1M3obpaxaemoro npocTpaHcTBa
MPaKTUYECKN HEBO3MOXKHO, TaK Kak, Y4T0Obl MOAy4YnuTb HOPMaibHO
3KCMOHUPOBAHHbIN Kaap AN BbINOMHEHWUS MEPBOro TpeboBaHus,
Heobxof4uMa Manas BblAepXKa W, cnefoBatefibHo, 60/bLUOe
3HauYeHve guagparmbl, a Ans BbINOMHEHUS BTOPOro — Masble
3HaveHus guadparvbl U, cnefoBatesibHO, 60MbLUNE BbIgEPXKKU. B
nofo6HON CUTyauunM NPUXOAMTCA UATW Ha KOMMPOMKMCC, UCMOb3yA
CpefHWe CKOpPOCTM 3aTBOpa W AunadparmMbl, MPU 3TOM HU OAHO W3
TpeboBaHM NOMHOCTLIO He yaoBneTBopsieTca. OgHUM 13
BO3MOXHbIX, XOTSl U He ONTUMa/IbHbIM, BAPMAHTOM PeLUeHUs
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npobnemMbl BbibOpa HYXXHOW KOMOWHauun guadparMa —
BblAEp>KKa ABMSETCA MCMO/b30BaHNE BbICOKOUYYBCTBUTENbHON
MEHKW, YTO NO3BONSET OLHOBPEMEHHO YMEHbLUWUTb U BbIAEPXKKY, U
Avadparmy. KauecTBo CHMMKa Mpy 3TOM YXy[ALIaeTCs BCMeacTBue
KPYMHO3EPHUCTON CTPYKTYPbl BbICOKOYYBCTBUTENLHOW MAEHKM, HO
JaXe 310 06CTOATENbCTBO MOXHO paccMaTpuBaTb Kak CWLLKOM
Masyto LieHy 33 BO3MOXHOCTb CfenaTb CHUMOK, KOTOPbIA B
NPOTMBHOM Cflyyae 6blf1 Obl BOOGLLE HEBO3MOXEH.



[[ny6uHa pe3KocTu

Puc.67.

Ecnn 06bekTuB (hoToannapaTta TOYHO
chOKyCMpOBaH Ha KaKOM-TO 04YeHb
fnanekuii 06bEKT, HanpumMep 3Be3fy,
Nlyun OT 06beKTa MPOXOAAT yepes
06bEKTUB 1 COOBMpAlOTCA B TOUKe
(thokyce), .koTOpas NexuT B
NNOCKOCTU MieHKU. O6BEKT MpU 3TOM
perncTpupyeTcsa Ha M/eHKe B Buie
ManeHbKoW Touku. Ecnu gokycmpoBs-
Ka NpoBeAeHa HETOYHO, M306paxkeHue
06bekTa 06pasyetcs nmbo nepeg,
Nn60 3a MAOCKOCTbIO MNEHKK, U
00bEKT OyfieT BOCNPOM3BEfjeH He B
BMAE TOYKW, a B BUAE pacnnibiB4aToro
KPY>XKa, Ha3blBaeMOro Kpy>KKom
HepesKoCTH.

Mpy TOYHOI (hOKYCUPOBKE 0OBEKTMBA Kamepbl Ha KaKoii-
NM60 OTAANEHHbIA 00BLEKT, HaNMpUMep Ha 3Be3fy, CBETOBbIE Nyyln,
npoiiasa Yepe3 06bEKTMB, COOMPAIOTCSA BHYTPU KaMepbl B KOHYC,
BEPLUMHA KOTOPOr0 Haxo4MTCA TOYHO B MJIOCKOCTMW MJIEHKM.
B pesynbTate Ha NOBEPXHOCTW CBETOYYBCTBUTEILHOIO
3MYNbCUOHHOIO cnos (hoTorpagmyeckoro marepuana obpasyertcs
pe3koe M306paxeHne 06bekTa ChbeMKU. Ecnm 06beKTUB
C(OKYCUPOBAH HETOYHO (T. €. HAXOLUTCH CMULLKOM 6AN3KO UNu
C/IMLLKOM JaNeKko OT NJIEHKW), BepLUMHA CBETOBOrO KOHYyca byaeTt
HaxoamTbCs NM60 Aanblue, NM60 6MKe NAOCKOCTW NAEHKW. B
060X CAyyasx Ha NneHKe BO3HWMKAET UCKaXXeHHOe 130bpaxeHne
3Be3fbl B BuAe HeOOMbLIOrO PasMbITOro Kpy>XKa, KOTOPbIi
Ha3blBAETCSH KPY>KKOM HEpPe3KOCTM (MM KPY>KKOM paccesHums).

Jio6oin thoTorpadmuecknii 06LEKT UCMYCKaeT Uan
oTpaXkaeT cBeT. [103TOMY TaKol 06BEKT MOXHO paccMmaTpuBaTtb
Kak Habop 60MbLIOr0 YMCAA OYeHb MaNEeHbKMX CBETALLMXCA TOYEK.
Korga kamepa choKycrpoBaHa Ha KaKyto-TO NIOCKOCTb 06beKTa,
N3006paXKeHNe BCeX TOYEK 3TO MNOCKOCTW Ha NieHKe bygeTt
pes3kum. TouKK, nexaiiue 6avke uam ganblie 3To MA0CKOCTH,
OyayT nepegaHbl Ha NMeHKe B BULE KPYXXKOB HEPe3KOCTU, AuameTp
KOTOpbIX OyAeT BO3pacTaTb MO Mepe yAaneHus COOTBETCTBYHOLLEl
TOYKM 06BbEKTA OT MIOCKOCTM Hambosnee pe3koin POKyCUpPOBKM.
B pesynbTarte Ha nnieHke 6yayT pe3ko BOCMPOU3BEAEHbI TO/TbKO Te
JeTann o6bekTa CbeMKM, KOTOPbIe HaX0AATCA B NAOCKOCTU TOYHON
(hOKYCMPOBKM, & BCE OCTaNbHble ByayT BbIFAAETL 6onee nmm
MeHee pasMbITbiMW. CTeneHb PasMbITOCTY WM HEPE3KOCTU KaXKAol
TOYKM OMpejensieTca AMaMeTPOM ee KPY>KKa HepeskocTu. Ecnn
BHUMaTE/NIbHO MpOaHann3npoBaTh N0OYI0 POTOrpaguto, T0 MOXHO
3aMeTUTb, YTO, XOTS NNLWb YacTb TOUEK 06BEKTA HAXOANUTCA B
NAOCKOCTU TOYHON (POKYCUPOBKU, N300paXKEHNS TOYEK, NIEXaLLMX
UyTb BMKe MK YyTb Aasiblie 3TOM NIOCKOCTM, TaKkXKe ABASOTCS
[OCTaTOYHO Pe3KUMU. 3aMeTHO Hepe3KVMU BbIrNAAAT 06beKTbl
(CtoXkeTbl), 3HAUMTENbHO YAaneHHble OT NAOCKOCTN (POKYCUPOBKM.
[vameTp Kpy>Ka paccesiHis NepBoil TOUKKU, KOTOPYIO MOXHO
OnpefennTb Kak He COBCEM Pe3Kylo, TaKoB, YTO MPU PacCMOTPEHUN
ero OTAeNbHO YenoBeYecKUin rnas cnocobeH ynoBUTb ero KOHeUHbIe
pasmepsbl, T. €. OT/IM4UTL OT HacTOsALel ToYKK. LLInpuHa 30HbI, B
npefenax KOTOPOi BCe feTann KaxyTCs rnasy O4uHaKoBO
PE3KUMK, T. €. pa3mMepbl KPY>KKOB paccesHus He NpPeBbILAaT
JONYCTUMOrO 3Ha4YeHWs, Ha3blBaeTCA yBUHON Pe3KOCTMU WK,
60nee npaBuUIbHO, TNYOGMHOI PE3KO M306pa>kaeMoro NpocTpaHCTBa.

ny6uHa pesKoCTM 3aBUCUT OT AMaMeTpa Auatparmel,
71



Puc. 68.

C doTorpatmyeckoilt TOUKM 3peHus
06bEKT CbEMKM MOXHO paccMaTpu-

BaTb Kak Habop o4eHb 6OMLLIOIO

uncna MaseHbKUX CBETSALLUXCA TOYeK,
KOTOpble MPU TOYHON (HOKYCUPOBKE

KaMepbl Ha 3TOT 06beKT byayT

nepefaHbl Ha NNeHKe Kak ManeHbKue

TOukU. MpeameTsl, HaxogALMecs

nepea Wi 3a 3TUM 06bEKTOM, ByayT
nepefaHbl Hepe3KO — Kaxjas Touka
MX NoBepxHOCTU OyAeT BOCMpou3Bee-

Ha Ha MN/eHKe B BUAE HEPE3KOro
KPYXKa.

doto 20.

CneBa — MCNoNMb3oBaHWe GONbLION
anadparmbl 1:1,4 npuBeno Ko4veHb
ManeHbKoW rny6rHe peskocTu:
n3obpaxeHus npeamMeTos,
HaxofALMXcs HO 06e CTOPOHbI OT
NAOCKOCTW Pe3Koli HaBOAKM,
NnoNyYnnncCb HepesKUMu;cnpaBa —
npyv 1CNonb30BaHUN ManeHbKoM
anadparmbl 1:22 ray6brHa pe3kocTu
BO3pacTaer.

(hOKYCHOr0 paccTosiHNUS 06bLEKTIBA, PAcCTOSHUA [0 06bEKTa, Ha
KOTOpGIi ChoKycMpoBaH 0GBEKTMB, a TaKXKe OT AuaMeTpa KpyxkKa
HepesKoCTM.

LLIKanbl 1 Tabnuubl raybuHbl peskocTu

BONbLWNHCTBO COBPEMEHHbLIX POTOOOHLEKTUBOB CHABXEHO
LUKanon ray6nHbl pe3koCcTy, BbIrPaBMPOBaHHOW Ha onpase
06bekTMBa. Takas LiKana no3sosseT ObICTPO ONpefeNinTb
rpaHuubl r1y6uHbI PE3KOCTM NPU Pas/INUHbIX 3HAYEHUSAX
AvadparMbl U pasnnyHbIX PacCTOAHWUAX HABOAKM Ha pe3KoCTb
(puc. 71). OfHAKO NOMb30BATLCA €10 MOXHO WUCK/IHOUUTENBHO A1
Leneii obuieit oTtorpadun. Bonee TpeboBaTenbHbI hoTorpad
MOXET 06HapYXXUTb, HaNpuMep, Mo NpUYMHaM, Ha KOTOPbIX Mbl
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Puc. 69.

BONbWMUHCTBO 00BLEKTUBOB UMEET
WwKany rny6uHbl peskocTn Ha
(hOKyCHpYIOLLE YacTu onpasbl.
Ecnu 06bekTnB choKycupoBaH Ha
paccTosHMe 5 M 1 Ha Hem
ycTaHoBfieHa guagparma 1:16, 10
rnybuHa peskocTu npocTupaercs
NPUMEPHO 0T 2,5 M [0 6ECKOHEYHO-
cTn.

Puc. 70.

BnusHue hoKycHOro paccTosHus
06beKTUBA Ha rNy6uHy peskocTu Ans
HEKOTOPbIX PAcCTOAHWUIA HaBOAKM Ha
pe3kocTb (100 chyTOB, UM OKONO

30 ™) u 3HayeHus gnadparmvbl 1:8.

0CTaHOBMMCSH fanblie, YTO Pe3KOCTb BONM3M NepefHei n 3agHei
rpaHuLbl rIy6uHbI Pe3KOCTM MpU UCMONb30BaHMK YKa3aHHOM
Aunadparmbl He BydeT ero y4oBneTBOpATb. TOr4a OH MOXET
MPUHATbL, YTO CMedyeT UCNONb30BaTh 3HaYeHWe AuadparMbl Ha
OfHO [iefleHne MeHblLLe No fuameTpy, Yem MoKasbiBaeT umeroLascs
LWKana rnybuHbl peskocTu, T. €., Hanpumep, 1:8 Bmecto 1:5,6. Nnun
)Ke OH MOXET NpejnoyecTb COCTaB/IEHNE CBOMX COBCTBEHHBIX
Tabnuy, rnybuHbl PesKocTu.

PacyeT raybuHbl pe3kocTu

BAvKHAR 1 AanbHAS rpaHnLbl TyBUHbI Pe3KOCTW AN
NO6Oro coyeTaHMs 3HavyeHWin guagparMa — paccTosHue
HaBOAKM — (POKYCHOEe paccTosHWe 06beKTMBA MOryT 6biTb
paccuuTaHbl N0 cheaylowmM Ghopmyiam:
Fu(F +-cf)

BAVKHSAA TPAHILA FYGUHBI PESKOCTU = ——=——
“+uc

]

[JanbHss rpaHuLa ry6uHbl pesKocTu=

rAe W —paccTosHWe HAaBOAKWU Ha Pe3KOCTb, C —anamMeTp Kpyxka
Hepe3KoCTU Ha Heratmee, f —3HauyeHue BbIGpPaHHON gnadparmbl,
F — (okycHoe paccTosiHie 06beKTMBa.

Mpwn pacyeTe BCe BEIMYMHBI AJIMHBI OMKHbI ObITh
BbIpaXKeHbl B OfHMX U TeX Xe eiuHMLAX, T. e. MO0 B AlO0AMax 1m
tyTax, iMbo B MUAAMMETPAX UM CaHTUMeTpax.

JonycTtumoe 3HayeHUe anameTpa Kpy>XKa HepeskocTu
3aBMCWT OT YC/IOBWiA, MPU KOTOPbLIX pacCMaTpMBaeTCs OKOH4YaTe/b-
Has oTorpadua. O6bIYHO NpeAnonaraeTcs, YTo Yen0BeK C
HOPMasibHbIM 3PEHMEM MPU XOPOLLEM OCBELLEeHUM CnocobeH
pasnnuunTb 4Be TOUKW Kak OTAENbHbIE, eCAIM OHW BUAHbI 1a30M MOA
YIIOM, NPEBbILIAIOLWMM NPUMEPHO 2%/, AYroBoii MUHYThI. 3T0
COOTBETCTBYET ABYM pa3feNbHbIM TOUKaM, PacCTOsHUE MeXay
KOTOpbIMK cocTasnget 0,166 mMm, ecnv nx paccmaTpusath C
HOPMa/IbHOTO PacCTOSHUSA YTeHMs, NpUMepHO ¢ 25 cm. C Takoro
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paccTosiHuA ntobble ABe TOUKM, 60osee 6/1M3KO PacnoNOXEHHbIE
OPYT K Apyry, He 6ygyT pa3imyaTbCs rnasom Kak oTAefbHble 1
CONbIOTCH B OfHY.

Ecnn npuHATL yKasaHHoe pacctosHue 0,166 MM 3a
[LONyCTUMOe 3HayeHVe auamMeTpa Kpy>KKa pacCesiHus Ha peskux
y4yacTKax OKOHYaTe/IbHOro OTneyaTka v npeanosiokuTb, YTo
oTneyaTok pasmepom 20 X 25 cm ABNseTcs caMbiM 60NbLUMM,
KOTOpbIN eLle paccMaTpuBaeTCs C MUHMMaIbHOrO0 PacCcTOsHMA
UTeHUs, TO MOXXHO PaccymMTaTb AMaMETP KPYXKa HepPe3KoCTU.

Otneyatok 20 X 25 cM COOTBETCTBYET NPUBAN3UTENBHO
TPexKpaTHOMY YBe/IMYeHWo ¢ Heratmsa 6 X9 cm. [Nostomy auameTp
KPY>KKa Hepe3KoCTW Ha TakOM Heratmse [O/KeH ObITb B TpW pasa
MEHbLLIE, YeM JOMYCTMUMbIA AnameTp, T. €. He npesbiwaTs 0,055 MMm.
Takoli ke 0TneYaTok ¢ 35-MM M/IEHKN COOTBETCTBYET YXKe
NMPUMEPHO BOCbMUKPATHOMY YBEMIMYEHWIO, U ANAMETP KPYXKKa
paccesHUs LO/MKEH 6blTb B BOCEMb pa3 MeHbLLUE, T. €. COCTaBNATb
0,021 mm. (MpegnonaraeTcs, YTO OTMeYaToOK AenaeTcs Co BCEro
HeraTuBa, a He C KakOoi-TO ero 4acTtu.)

[na otnevaTka pasmepom 40 X 45 cM KpY>KOK Hepe3KocTu
OypeT B ABa pasa 6onblue. Ho, ogHaKo, N paccTosHWe
paccmaTpuBaHus 00bIYHO CTaHeT 60/blUe, U 3TO 06CTOATENLCTBO
aBTOMATUYECKN KOMMEHCUPYET YBE/IMYEHNE KPYXKKa paccesHus.
AHanoruyHas cutyaums MMeeT MecTo MpU W3rOTOB/IEHWMU CRaiigoB,
npeAHasHayeHHbIX 408 NPOeKLUu.

Jllogn yacTo cTpeMsaTcs paccMaTpuBaTb 60Mblumne
YBE/IMYEHNS C PACCTOSAHWIA, MeHbLUE HOPMa/bHbIX, & MHOTAa
cafATca YyTb NN He BMIOTHYIO K 3KpaHy, Ha KOTOPOM A€éMOHCTPU-
pytoTcs cnaingbl. MoaTomy BbI6OP JONYCTUMOrO 3HaUYeHUs
LnameTpa Kpy>KKa Hepe3KOCTW OKa3blBaeTCs HeCKO/bKO
CYOBLEKTUBHBIM, U (hoTOrpadbl, KOTOPLIM MPUXOLUTCA YacTo
neyatatb 60MbLUME YBENUYEHWUS BbICOKOrO KayecTBa, OblBaloT
BbIHY>KJeHbl OMpPefenaTh pasMepbl KPyXKa Hepe3kocTH,
PYKOBOACTBYSICb 60/1€€ XECTKUMU KPUTEPUAMM, YeM OObIYHO —
Mpu U3roTOBMIEHUN HEGONLLUMX, PA3MEPOM C MOYTOBYHO OTKPLITKY
CHUMKOB A1 CemMeiHoro anbboma.

vinepokanbHoe paccTosiHue

Mpu hoKycCiipoBKe 06BbEKTMBA Kamepbl Ha GECKOHEYHOCTb
paccTosHME MeXay Kamepoi 1 6nvmkaiilumm 06beKTOM, KOTOPbI
elle nonyyaeTcs AOCTAaTOYHO Pe3KMM, HasbiBaeTcs runepdokab-
HbIM paccTOosHMeM. OHO 3aBUCMT OT (POKYCHOIO PacCTOsHUA
06beKTMBA, OT BEIMUMNHBI YCTAHOBNEHHOI Anadparmsl U OT
MPUHATOrO B Ka4yecTBe AOMYCTUMOro AuaMeTpa Kpyxka
HEpPEe3KOCTU A5 TOUKM, KOTOPYHO €Lle MOXHO CUATaTb Pe3KOoil.
BennunHy runepthoKasbHOrO pacCTOSHNA MOXHO OMpeAennTb ¢
MOMOLLbIO CrefytoLLein hopmynbi:

"'vnepdokanbHOe paccTosHKe
roe F — ¢okycHoe paccTosHne o6bekTuBa, f — BennumHa
YCTaHOBMEHHOW AnadparMmbl U ¢ — AnameTp KpyXKa HepesKocTu

Ha HeraTuge.
MpaKTUYeCK COOTHOLLEHWE MEXAY rMneptoKaibHbIM
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Puc. 71.
Tpu nepsble AUarpaMmbi
UNMOCTPUPYIOT BAWSIHWE Ha Fy6UHY

pe3KOCTU OfHOW M3 Tpex MepeMeHHbIX:

BEMIMYVHbI fuadparmbl, pacCTOAHNSA
[0 06beKTa U (DOKYCHOr0 paccTosHUA
06beKTMBa, —ecnu fBe Apyrux
OCTalTCS MPU 3TOM HEU3MEHHbLIMU.
YeTBepTas guarpamma MokasbiBaerT,
4yTO, ECAN NPU U3MEHEHUN (POKYCHOTO
paccTosiHWNS U pacCTOSHNUA A0 06beKTa
CbeMKWN BeNUYnHa I/I306pa)KeHVIﬂ
3TOro 06bekTa Ha MjeHKe ocTaeTcs
OfHOI 1 TOI Xe, rNybuHa pe3KocTu
npakTUYeCKN OCTaeTC HeM3MEHHOIA.

paccTosH1EM W yBUHOIN pe3KoCTU CBOAWUTCS K AOCTATOYHO
NPOCTOMY MPaBuy «MNOCNef0BaTe/IbHbIX 3HAYEHWIA Ty6UHbI
PEe3KOCTW», COrTaCHO KOTOPOMY, ecnn 061bEKTUB NOC/eA0BaTENbHO
(hoKyCupyeTCca Ha pPacCcTOfHWUA 40 NpeaMeTa, paBHble 6eCKOHEYHO-
CTW, rMnepdoKanbHOMY paccTosHuio H, nonoBuHe runepgokanb-
Horo pacctosiiua H/ 2, ero tpetn H/ 3, ero yetseptn H/ 4,

ero nsaToin yact H/5 u 1. 4., TO HE3aBMCUMO OT crnocoba

HaBOAKM Ha pPe3KoCTb ry6nHa peskocTn 6yaeT NpocTupaTbes OT
0JHOr0 COCEAHEro C TOUKON HABOLKM 3HAYEHMS MOC/NeA0BaTe/lbHO-
CTW Ao gpyroro. Hanpumep, ans 06beKTMBa, KOTOPbLIV Npu
OMpeAeneHHOM 3Ha4YeHNN Anadparmbl UMEET rMnepgoKanbHoe
pacctosHne 30 M, yKasaHHas MocnefoBaTe/lbHOCTb OYAeT UMeTb
psag 30, 15, 10, 7,5, 6, 5 M 1 T. A. Ecnn 06beKTUB CHOKYCUPOBaH Ha
pacctosHue 30 M, rny6uHa peskocTu ByaeT npocTupatbes oT 15 w,
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®doTo 21.

TwaTensHoO BbIGMpas 3HauYeHUe
auadparmbl, MOXHO ynpaBnsTh
rnybuHOM Pe3KocTn U TakuM 06pasom
OTAENNTb OCHOBHOW 06BLEKT CbEMKM
oT oHa. BBepxy — rnybuHa
pe3KocTW oKasanacb HeAoCcTaTOYHOM
Jaxe ANS pe3Koil nepegayv
LleHTpanbHbIX YacTei uBeTka. Canon
FTb, 50-MM 06bLEKTWB C Hacafou4HOl
nmu3on Nel, 1/500 c, 1:2,8,
Kodachrome 25. B ueHTpe — pe3skoe
n3obpaxeHne LBETKa, KOTOPbIA
XOPOLLO BbIfeNAeTCA Ha Pa3MbiTOM
thoHe. Canon FTB, 50-MM 06beKTUB C
HacafouHoii nuH3oin Ne 1, 1/60 c,
1:8, Kodachrome 25. BHuzy —
pe3koe n3obpaxeHne oHa OTBNEKaeT
BHMMaHWe 0T OCHOBHOTO CHoXeTa.
Canon FTb, 50-MM 06bekTUB C
HacagouHoii nmH3oid Ne 1, 1 /15 c,
1:16, Kodachrome 25.

doTo 22.

Beepxy — (hoTOCbeMKa NPOM3BOAM-
nacb B 300MapkKe, NMpU4YeM paccTosiHne
MeXy KaMepoil n NMpoBOIOYHOM
CeTKOIA, OropaxKuBarlLLein KneTky co
NbBOM, COCTaBMIANO NPUMepPHO 1 M.
HaBoaka Ha pe3KocTb OCYLLecTBASA-
nacb TOYHO MO 06BEKTY CHEMKM
(nbBY). B pesynbTaTe ceTka
MoayyYnnach HacToMbKO Pe3KOW, YT
noptut cHumok. Nikkormat, 135-mm
o6bekTMB, 1/30 c; 1:16,

Kodachrome 64. B ueHTpe —
paccTosiHMe MeXAy Kamepoi u CeTKoii
no-npexxHemy 6bi10 0KONo 1 M, HO
(hoTOoCbeMKa NPOM3BOAWNACH MPU
auadparme 1:11. MNpoBofoKa CeTKM
cTana MeHee pe3Koii, XoTs elle
3ameTHoi. Nikkormat, 135-mm
obvekTMB, 1/60 c, 1:11,

Kodachrome 64. BHuzy —
paccTosiHue mMexay KaMepoi 1 CeTKoW
0CTaNoCh NPEXHUM, HO NpKU 3TOM
6blna ycTaHoBneHa guagparma 1:5,6.
MN306paxeHne npoBONOKN CTano
HaCcTONbKO pPacthoKyCMpPOBaHHbLIM, YTO
ceTKa NPaKTUYeCKu He BUAHA U BCe
BHWMaHWe COCPef0TOUEHO Ha
OCHOBHOM 3/IEMEHTe CloXeTa —I/bBe.
Nikkormat, 135-MM 06beKTWB,

1/250 c. 1:5,6. Kodachrome 64.



C OHOW CTOPOHbI 1 A0 6ECKOHEYHOCTM C APYrOii; ecin Xe ero
chokycupoBaTtb Ha 15 M, To rny6rHa pe3kocTn BydeT nexatb
mexay 10 n 30 m. Takas NnocneaoBaTeNlbHOCTb MOXET ObITb
NPoLO/IKeHa, 0fHAKO NP OYeHb HEBOMbLUNX PACCTOAHUSAX A0
00beKTa CbeMKW, HanpuUmep NPy CbeMKE MOYTU B HATYpasbHYIO
BE/IMUMHY, NOLOOHbIE pacyeTbl CTAHOBATCH C/IMLLKOM FPOMO3JKK-
MU, YTOBbI MX MOXHO OblI0 MPOM3BOAUTL B YME.

Kak nonb3oBaTbes MHGopMaLmein o raybruHe pe3kocTu

Ecnn 06bekTMB ChoKyCcMpoBaH Ha runepgokKanbHoe
paccTosHue, rnybuHa pe3KocT MPOCTUPAETCA OT MOMIOBUHBI
rmnepgoKanbHOro paccTosHUs 40 6eCKOHeYHOCTU. 3TO YCnoBue
obecneyrBaeT MakCUMaibHO BO3MOXHYIO TNYyOUHY peskocTu Ans
BbIOPaHHOI0 3HaYeHUS AnadparmMbl U MOXET C YCMEXOM
MCMOMb30BaTLCA, Hanpumep, Npyu GoTorpadurpoBaHnn Nek3axei,
Korga npefcraBnseT O4MHAKOBbIA MHTEPEC PE3KOCTb Kak
nepefHero, Tak 1 caMmbiX fanbHUX MaHOB. Ecnn TpebyeTtca oyeHb
6onbwas rnybmHa peskocTn, KOTOPYH HEBO3MOXHO MOY4YuTb C
TeM 06BEKTMBOM, KOTOPbIA MO/HOCTLIO 3aMONHSAET Kaap
BbIOPaHHbIM CHXKETOM, MOXHO MOMbITaTbCS MEPENTU Ha CbEMKY
00BbEKTMBOM C 60/1ee KOPOTKUM (HOKYCHbIM PaccTOsSIHUEM, KOTOpbIV
06nagaeT yBeMYEHHOW TTyOMHOIN pe3KOCTW. YMeHbLLIEHNE
BE/IMYMHBI M306paXKeHUs Ha HeraTvBe KOMMEHCUPYETCS 6OMbLUMM
yBE/IMYEHWEM NPY Mevatu.

Hanpumep, 06beKTVB C POKYCHbIM paccTosiHueM 50 MM
npu anapparme 1:16 n gnameTpe Kpy>xka HepeskocTu 0,02 Mm
umMeeT runepokanbHoe pacCcTosHNe 0KoNo 8 M. Korga 06bekTus
ChoKyCMpoBaH Ha 3TO paccTosHue, ry6rHa pesKocTu
npoctupaetcs o1 4,1 M fo 6ecKOHeYHOCTUN. O6BEKTUB C POKYCHbLIM
paccTosiHMem 25 MM npu Toi xe gnadparme 1:16 n guametpe
Kpy>xKa HepeskocTh 0,01 MM MMmeeT runepgoKanbHOe paccTosHUE
0K0J/10 4 M K ob6ecneymnBaeT rny6uHy pe3kocTn oT 2 M A0
6ECKOHEUYHOCTU. DTy Xe FNyO6rHY MOXHO 6bIS10 Obl MOMYUYNUTL C
06beKTMBOM 50 MM, ecin 6bl Ha HEM MOXXHO 6bIfI0 YCTAHOBUTb
JAunadparmy Ha fiBe CTyneHu MeHbLle, T. e. 1:32. Mpu ncnons3osa-
HUK 6onee KOPOTKOMPOKYCHOro 06bEKTUBA ANAMETP KPYXKKa
HEPe3KOCTU JO/MKEH ObITb MeHbLUE AOMYCTUMOrO, TaK Kak
HeraTue MPWAETCS yBEMYMBATL B [Ba pasa CUIbHee, YTOObI
MOAYYUTb TOT XKe CaMblii pasMep 1300paxeHNs Ha OKOHYaTeNbHOM
oTnevarke.

Bblwe paccmaTpuBanacb BO3MOXHOCTb MOYYeHUs
HambonbLuei rny6uHbl peskocT. OAHaKO Hepeako ObiBaloT
cflyyau, Korja pellaeTcs npsMo NpoTMBOMNONOXHAasA 3agava. [Ans
TOro YTO6bI COCPEOTOUUTL BHUMAHMWE 3pUTENS HA TNTaBHOM B
CHUMKe, HEO6XOAMMO BbILENUTbL 3TO [NaBHOe, T. €. NepejaTb Ha
CHUMKE Pe3KO TO/IbKO rnaBHOe (OCHOBHOI OOBEKT CbEMKM), a BCE
BTOPOCTENEHHOe cAenatb HepeskuM. OBbIYHO 3TO AOCTUraeTCs
(hoTOCLEMKOV NpW NONHOCTLI OTKPBLITON Anadparme, Korga
rny6uHa pe3KoCcT MUHMMasbHa, UK e OTOCEMKOIA 6onee
OJIMHHOMOKYCHBIM 06bEKTMBOM, KOTOPbI/ 06/1a4aeT CYLLECTBEHHO
MEHbLLIEA rNy6uHONI Pe3KOCTHU.



CMeHHble 00BbEeKTUBHLI

B oTanume oT kamep, CHabXeHHbIX NOCTOSAHHbLIMU
(HecMeHHbIMK) 06BEKTUBAMM, MPU UCMONb30BAHWUM (hoTorpaduye-
CKMX annapaToB CO CMEHHON ONTUKON Yron 3peHns Kamepbl MOXeET
6bITb U3MEHEH MyTEM NPOCTON 3aMeHbl 0OBEKTMBA, B Pe3y/ibTaTe
Yero CTaHOBWUTCA BO3MOXHbIM PaCLUMPWUTL FpaHuLbl Kagpa, He
MEHSIS TOUKN CbeMKM. I3MeHAS1 OAHOBPEMEHHO Yro/ 3peHus 1
TOUKY CbEMKW, MOXHO B/IMATb Ha NEPCMEKTUBY, Ha KaXkyLlleecs
COOTHOLLIEHME pa3MepoB 06BEKTOB Ha NepesHEM U 3afHEM MnaHe.
3T0 B CBOIO 0Yepedb MO3BONSAET (hoTOrpady AaTb CBOKO
COOBCTBEHHYIO MHTEPMpPEeTaLMIO CHOXeTa.

B fonosHeHne K WMPOKOMY Habopy CMeHHbIX 06bEKTUBOB,
BbIMyCKaeMbIX A1 Lenein obwei hoTorpagmm, MHorme upmbl
Npou3BOAAT 06BLEKTVBLI, MPeAHa3HaUYeHHbIe A1 ONpeAeneHHbIX
BW0B (DOTOCHEMKM, HanpuMmep 06beKTUBLI TMNa «Makpo» AN
(POTOCHEMKM OYEHb KPYMHbLIM M1aHOM.

HopmasibHble 06beKTUBbI

3a MCKNIoYeHneM 0Co6bIX Cry4YaeB, COBPEMEHHbIE KaMepbl
CHabXXeHbl 06BEKTMBAMU C (HOKYCHbIM PacCTOSIHUEM, PaBHbIM
NPYMepPHO AnaroHann kagpa (Heratvea). Tak, 41 Kamep C
pasmepoM Kafpa 6X 6 cM HopMa/bHbll 06BEKTUB UMEET POKYCHOE
paccTosHMe 0Kono 85 MM. s nosHothopMaTHOW Kamepsl,
paccuMTaHHON Ha 35-MM M/IEHKY, HOPMasbHbIi 06BEKTUB 00bIYHO
MMeeT (hOKYCHOe paccTofHne 50 MM, XOTS 3Ta BEIMYMHA HEMHOIO
6onblle auaroHanu kagpa. B nocnegHee Bpems Habnwogaetca
TeHAEHLMA KOMMNIEKTOBATb Takune Kamepbl 60Miee KOPOTKO(OKYC-
HbIMW 06BbEKTUBAMU; PAL (MPM BbIMYCKaeT Kamepbl C
06bEKTMBAMYU, UMEIOLLMMU (DOKYCHOE paccToaHue 45, 40 MM 1
[axe MeHblLe.

JNMHHO(OKYCHbIE 06bEKTUBDI

OO6BbEKTMBLI C (JOKYCHLIM PaccTossHWEM 60/bLUe, YeM Y
HOPMa/IbHbIX 00BLEKTUBOB, HA3bIBAIOTCA AJIMHHOMOKYCHBIMU. OHW
MMeOT 60/ee Y3KWIA yron 3peHns U No3BOASAIOT 3aMoNHUTb Kaap
[aHHbIM CIOXETOM C 60/ee fja/ibHero paccToAHUS.

OfHUM M3 YaCTHbIX CNy4aeB UCNOMb30BaHWA ATMHHOOKYC-
HOro 06bEKTVBA ABMISETCA NOPTPeTHas CbeMka. Ecnm cbemka
MPOV3BOANTCSH HOPMa/lbHbIM 06BEKTMBOM TaK, YT0Obl BeCb Kaap
3amnoJiHANM TONLKO rosioBa W neyu GoTorpadmpyemoro, To
feTanu nuua, pacnonoXxeHHble 6vke K annapary, 0CO6eHHO HOC U
nof60poLoK, 6yAyT Ka3aTbCA CAULIKOM KPYMHLIMW MO CPaBHEHUIO
C Apyrumun yeptamu nuua. Mpu cbemke 06bEKTUBOM C 6onee
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Puc. 72.

a — MOMepeyHblii paspe3 oNTUYECKUX
KOMMOHEHTOB TUMWYHOrO 06bLEKTUBA
CO «CTaHAAPTHbIM» (POKYCHbIM
paccTosiHueMm; 6 —mnonepeyHblit
pa3pe3 UCTUHHOrO TeneobbekTMBa C
(hOKYCHbIM paccTosHuem 200 MM,
npeAHa3HauYeHHoOro Ans OfHOO06bBEK-
TUBHbIX 3epKasibHbIX Kamep; B —
nonepeyHbll paspes LWNPOKOYrobHO-
ro 06beKTMBa C POKYCHbLIM
paccTosiHueMm 24 MM, MOCTPOEHHOTrO
no cxeme «06paTHOro okyca»; r —
nonepeyHblil paspe3 06beKTHBa
«pblOUiA rna3» ¢ POKYCHbIM
paccTosiHuem 15 mm.

O/IMHHBIM (DOKYCHBIM PacCTOSHWEM MOPTPET TOro XXe camoro
pasmepa (ronosa 1 naeyn) MOXeT OblTb MOyYeH Npu poTorpagu-
pOBaHWM € 60/bLIEr0 PacCTOAHUSA, a CefoBaTe/lbHO, U C MEHbLUWM
yrNOM NepCcrnekTuBbl, YTO obecrneunt 6osee eCTECTBEHHYHO,
«MpaBauBYyIO» Nepegady nuua. MoaToMy NopTpeTHas Chemka
Jenaetca 4acto 06beKTUBaMM C (DOKYCHbIM PacCTOSHUEM,
YBOEHHbIM M0 CPaBHEHUIO C HOPMaSIbHbIM, Hanpumep
pgocturaowym 100 MM MpU CbeMKE Ha MOMHbIA Kagp 35-Mm
NAEHKN.

B 3aBMCMMOCTM OT ONTUYECKOW CXEMbI 06BHEKTUBBI C
(hOKYCHbIM paccTosH1eM 60/bLie HOPMa/IbHOrO NOApPasAenstTes
Ha 00bIYHbIE A/IMHHOGOKYCHbIE 00BEKTUBLI U UCTUHHbIE
Teneo6beKTVBbI'. MPUHLMNNANLHOE pasnune Mexay HUMM
KacaeTcs MOSIOXKEHWS TNaBHOW MAOCKOCTU MpenomaeHms. Jlyum
CBeTa, BXoAAwwme B 00BbEKTUB, MPENOMISHOTCA TaK, YTO Ha BbIXOAE
06pasytoT CXOAALMIACA MYHOK, KOTOPbIA opMUpyeT M306paxeHue
00beKkTa. B CNOXHbBIX, T. €. COCTOALLMX U3 HECKObKUX 3/IEMEHTOB,
06beKTaBax M3MeHeHWe xofa siyyeli NPOUCXOAUT B HECKO/IbKO
aTanos. Ecny noctpoutb AnarpaMMy Xofa BXOAALLEro u
COOTBETCTBYHOLLErO eMy BbIXOAALLErO Nyya Kak NPOLO/IKEHUS UX
nepBOHaYa/bHbIX HanpaB/eHWUiA, TO MOXHO HaliT TOYKY, rae
NPOAOMKEHNS Nyyeil nepecekyTcs. Mpsamas, NpoBeAeHHas yepes
TOYKY MepeceyeHms neprneHAMKYISPHO ONTUYECKON ocu 06bEKTHBA,
Ha3blBaeTCs NaBHON NNOCKOCTbHIO MPenoMieHus 06beKTMBA.
Korga pacctosiHue oT 06beKTUBA A0 00bEeKTa BENNKO, BXOAALLME
YN MOXKHO CUMTaTb NapaifiefisHbIMU APYT APYTY, U n306paxeHue
OT F1aBHOW MNOCKOCTU MPeNoMseHMs 06pasyeTcsi Ha pacCTOSHUN,
paBHOM (HOKYCHOMY PacCTOSHUIO 00beKTUBa. Ecnn 06beKTUB
MMeeT 06bIYHYHO ONTUYECKYHD CXEMY, FNaBHas MI0CKOCTb
HaxXOAWUTCA BHYTPW HEro Mexay fimH3amu. Mo3aTomMy 06bLekTuBbI C
(hOKYCHbIM PaccTOSiHUEM, HAMHOTO MPEBOCXOAALLMM HOPMabHOE,
MMetoT 6onbluve pasmepbl. Kamepa, Ha KOTOPOW YKpenseH Takoi
00BbEKTMB, BbIFAANT FPOMO3/KON, N ee TPYAHO cbanaHCcMpoBaTb
npu CheMKe C pyK.

OO6beKTUBbI, MOCTPOEHHbIE MO CXeMe UCTUHHOIO
Teneo6bEKTNBA, COCTOAT U3 ABYX OTAENbHbIX FPYNn ONTUYECKMX
anemeHTOB. MepefHas rpynna, 6amkaiwas K 06beKTy ChbeMKN,
ABnseTca cobupatoLleli 1 06pasyeT M3 BXOAALLMX B 0OBLEKTUB Nyyeit
CXOAALLMIACA KOHYC. CXOXAeHWe Nnyyeil YyacTUYHO ocnabnseTcs
3aJHEN rpynnoi NMH3, KOTOpas ABMSETCS PacCenNBatOLLEiA.

B pesynbTaTe rnaBHas NAoCKOCTb MPEOM/EHUS, OT KOTOPOIA nyyn
KaXKyTCA CXOAALLMMNCA, OKasblBaeTCs Bnepeay 06beKTUBA, BHE €ro
(hM3MYECKOn KOHCTPYyKUuun. OOBLEKTMB MONYYaeTCsl 3HAUUTENbHO
KOpOYe Mo pa3Mepy, YeM BeSMYMHA ero (POKYCHOr0 paccTOosHNMS.
Mo3ToMy OH MeHee rpoMO3[0K, YeM 0OBEKTMB 0ObIYHOM
KOHCTPYKLMW C TaknM e (POKYCHbIM paccTosiHueM. VCTUHHbIE
TeNe06bEKTUBLI MCMOJ/b3YHOTCA COBEPLUEHHO TaK XKe, Kak W
AIMHHOOKYCHbIE 06BEKTUBLI 06bIYHON ONTUYECKOW CXEMbI, U B

! O6a TMna 061eKTMBOB 06LIYHO HA3bIBAIOT TeNe06HLEKTUBAMMU UK

«TefieBuKamun». — Tlpum. peg.
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Puc. 73.

a —006beKTUB 06bIYHOW KOHCTPYK-
LMK: rnaBHas npenomnstoLias
NNOCKOCTb P NeXWT BHYTpY
06bekTMBa. M03TOMY 06BLEKTUBLI
06bIYHO KOHCTPYKL UK, HO C
601bWNM (HOKYCHBIM PacCTOSHUEM
MMEIOT BHYLINTENbHbIE pasmepbl;

6 —06beKTMB, NOCTPOEHHbIA No
CXemMe MCTUHHOro TeneobbekTuBa,
COCTOUT W3 fBYX OTAENbHbIX rpynn
OMTUYECKMX 3N1EMEHTOB (4N1s
npocTOTbl MOKa3aH 06bEKTUB,
COCTOALMIA N3 efUHUYHBIX
anemeHTOB). Mpynna, 6nnxaiwas K
06BEKTY CbeMKM, fBNAeTCS
cobupatouleid, a rpynna, 6auxaiias
K NJeHKe, —paccenBatoLLent.
[naBHas NJ0OCKOCTb NpenomneHns
npyu 3TOM HaxoA4uTCS Brepeam
Kopnyca 06beKkTuBa, U NO3ITOMY
06bEKTUB MMEET MeHblLUUe pasmepsbl,
4yem 06beKTUB 0ObIYHOW KOHCTPYKLUK
C TaKWM Xe (hOKYCHbIM pPacCTOAHUEM;
B —MNOMepPeYHblii pa3pe3 3epKanbHoO-
NIMH30BOT0 06bEKTUBA C POKYCHbIM
pacctosHuem 500 Mm; 1 —
06BEKTMB, NOCTPOEHHbIA MO
OMTMYECKON CXeMe «0BpaTHOro
thokKyca», COCTOMT W3 fBYX rpynn
3/1EMEHTOB, U3 KOTOPbIX BAVXKHAS K
00bEKTY ABNAETCS paccenBatolen, a
6n1XKe K NneHke —cobupatoLeil.
3T0 NpMBOAMT K TOMY, UTO rnaBHas
NNOCKOCTb NPENOMIEHUA HaxoauTcs
nosagu kopnyca o6beKTuBa.
PaccTosiHne mexay 06beKTUBOM K
NAOCKOCTbIO NAEHKK BygeT 6onblue,
4yem y 06beKTUBOB 06bIYHOW
KOHCTPYKL MW TOT0 e POKYCHOro
paccTosHus. Takas cxema fBNseTCs
Heo6X0AMMOW Y WMPOKOYTONbHbLIX 06b-
eKTUBOB A/ 0AHOO6BEKTUBHbIX
3epKanbHbIX Kamep, Tak Kak gaeT
BO3MOXHOCTb OCTaBUTb B Kopnyce
Kamepbl MecTO ANs pasMeLeHuns u
[eiicTBUA 3epKana U mMexaHuW3ma ero
noAbema.

aHaNorMYHbIX CUTyaumMsx o6a 0GecrneynBaloT COBEpLUEHHO
WAEHTUYHbIE Pe3yNbTarhl.

3epKaNbHble 06beKTUBbI —//IMHHO(DOKYCHbIE 0GBLEKTUBI
cneuyanbHoi KOHCTPYKLMW, B KOTOPOI HEKOTOPbIE UK BCe
ONTUYECKME 3MEMEHTbI NPeACTaBNSAOT CO60I 3epKana, a He NINH3bI.
ONTUYeCKWiA NyTb Nyyeil N3MEHSETCS 3epKasaMi TaK, YTo OHW
HanpaBnsOTCS B 06paTHYI0 CTOPOHY. M3-3a 3TOr0 (hr3myeckas
ANMHA 06BLEKTMBA 0Ka3blBAeTCS MHOIO Kopoue, YeM ero (oKycHoe
paccTosiHWe (puc. 73, B), 1 Macca Takoro 06beKTMBA 3aMeTHO
MEHbLLIE MacChl 06bIYHbIX 06LEKTUBOB C TakM e (DOKYCHbIM
paccTosHMEM.

Y 3epKalibHbIX 06BEKTUBOB, HE COLEPXKALLMX NMH30BbIX
3/1eMEHTOB, MOMIHOCTbIO OTCYTCTBYET XpoMaTuyeckas abeppauus,
raKk Kak n3obpaxeHve 06pa3yeTcs 3a CUET OTPaXeHusa fyuyeid, a He
UX npenomneHuns. OfHaKo Takue 06beKTUBbI 06n1ajat0T
3HAYMTE/IbHON Chepuyeckoin abeppaumein 13-3a chepnyeckoi
(hopMbl MOBEPXHOCTU 3epKas. B coBpeMeHHbIX 3epKabHbIX
06beKTMBaxX chepmyeckas abeppauus 3epkan KOMMeHCUpyeTcs
BBEAEHVNEM HECKO/IbKMX OBbIYHbIX JIMH30BbLIX 3/IEMEHTOB.
O6beKTVBbLI MOAOBGHOM KOHCTPYKLMU 06pa3ytoT M3o6paXeHne Kak
3a CYET OTPaXKEeHWs, TaK W 3a CHET NPEeNOMIEHNS CBETOBbLIX NyYeli u,
CTPOro roBops, LO/MKHbI Ha3bIBATbCA KaTaANonTPUYECKAMM
o6bekTMBaMn®. (O6BLEKTUBLI, KOTOPble 06pa3yloT N306paeHne
NCK/IOYNTENBHO 33 CHET OTPaXKEHMS, Ha3bIBAKTCA KaTONTPUYECKN-
MU, a 06pasytoLime N306paXKeHne TONLKO 3a CUET MPesoMIeHns —
OMONTpUYECKUMA.)

3epKasibHble 06BEKTUBLI, KaK NpaBusio, UMEKT
thmkcupoBaHHyto guadparmy (06bI4HO 0KOMO 1:8), yTO
3HAYMTENbHO OrpaHMYMBaeT BO3MOXHOCTM Bblbopa YyBCTBUTENbHO-
CTV MMIEHKN W BbIgepXKN. Kpome TOro, 13-3a Manoii rny6uHbl

! B oTeuecTBeHHOI nnteparype 06bEKTUBBLI C 3€pPKa/ibHbIMWA N NNH30BbIMU
3/1IeMeHTaMy Ha3blBalOTCA 3epKasbHO-NMH30BbIMU. — [puM. pes.
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Pe3KOCTH, HeM3BEXHON Ans N60ro AAMHHOMOKYCHOTO 06bEKTUBA,
HeobxoaMmMa oYeHb TllATe/lbHas HaBOJKa 00beKTMBa

Ha pe3KoCTb, YTO A0BOMLHO 3aTPYAHMUTENLHO, TaK Kak
n306paxeHne B BUAOMNCKaTENE OLHOOBBEKTUBHON 3epKasibHO
Kamepbl OKa3blBaeTCA CAMLLKOM TEMHbIM BC/EACTBME HEBGOMbLLON
CBETOCK/IbI 0OBEKTMBA.

LLInpokoyrosnbHble 06bEKTMBbI

O6beKTMBbLI, POKYCHOE pPacCTOsiHME Y KOTOPbIX MeHbLUe
HOPManbLHOTro, MMelT 60/ee LUMPOKWIA YroN 3peHNs U NO3BONSAIOT C
TOW >Ke TOUKM CbEMKM BKNOUNTL B Kagp 60nbLy0 naowafb
CHOXKETa, YeM 3TO BO3MOXXHO MPU MPUMEHEHWUN HOPMa/bHOIO
06bekTnBa. ECNN M3MEHUTL TOUKY CbEMKM M NPUBAN3UTLCA K
00beKTy, TO B Kagp OyfeT BK/OYeHa Ta Xe naowagb 06beKTa, 4To
M NpX UCMOMb30BaHNM HOPMa/IbHOr0 06bEKTMBA C 6o/ee AanbHero
paccTosHNUS, HO MPW 3TOM U3MEHWUTCS MEPCMEKTUBA: M306paXKeHNs
JeTaneii 3afHero nnaHa 6yayT ka3aTbCA MeHbLLUE MO CPaBHEHUIO C
rNaBHbIM O0GBEKTOM.

LLINpOKOyrofbHble 06BHEKTUBLI 0ObIYHOW KOHCTPYKLWK, B
KOTOPbIX FNaBHast MAOCKOCTb MPENOMAEHNUS NEXUT BHYTPH
06beKTVBA MEXAY MH3aMU, 06bIYHO HEMPUTOAHbI ANs
0AHO0OBEKTMBHBIX 3epKajibHbIX Kamep: M3-3a KOPOTKOro
(hOKYCHOr0 paccTosHUA MX He06X0AMMO pa3MellaTb 0YeHb 6K3KO
K NSieHKe, YTO NPaKTUYECKN HEBO3MOXHO, TaK Kak 3TO MelluaeT
HOpMa/ibHOI paboTe mMexaHW3Ma 3epkana. Mo 3Toil npuynHe
BbIMYCKAKOTCS CreunabHble LWMPOKOYro/bHble 06bEKTUBbI A1
0AHO00BLEKTMBHBIX 3epKa/ibHbIX Kamep, NOCTPOEHHbIe N0
ONTWYECKON CXeMe YANMHEHHOTO 3afiHEro OTPe3Ka, Uu
«0bpaTHOro TeneobbekTmBa». Kak crneayeT U3 Ha3BaHWs, TaKol
06bEeKTUB MNpeacTaBnseT coO0l NepeBepHYTYI0 CXeMY UCTUHHOIO
Teneo6bekTMBa. OH COCTOMT M3 [BYX OTAE/bHbIX OMNTUYECKMX
KOMMOHEHTOB, MePBbIA U3 KOTOPbLIX ABMAETCSA paccenBalowuM, a
BTOpO/ — cobupatowmm. MaBHas NJOCKOCTb NPeoMIeHuUs
BBIHOCMTCSA TaKMM 06pa3oM 3a 06LEKTUB B CTOPOHY M/EHKU, B
pesynbTaTe Yero Mexzay 3afHein IMH30l 1 NJIEHKOR nMmeeTcs
[0CTaTOYHO 6ONLLUOK NPOMEXYTOK AaXKe A1 0YeHb KOPOTKMX
(hOKYCHbIX PacCTOSAHWUIA MO CPaBHEHUIO C 0OBLEKTMBAMMW OObIYHO
KOHCTPYKLMN.

MpW CbeMKe LUIMPOKOYTONbHLIMU 06BEKTUBAMU, UMEIOLLUMM
(hOKYCHOe paccTosiHMe 17 MM M MeHbLUE U PacCYMTaHHbIMUN Ha
NOMHbIA Kagp 35-MM M/IEHKU, MHOrga Hab/lofalTes XapakTepHble
NCKKEHUS — WCKPWB/IEHNE MPAMbIX JIMHWIA B Ty UMW UHYHO
CTOPOHY, 0COGEHHO 3aMeTHble Ha Kpasx kagpa. [ogo6Hoe
NCKaXXeHWNe ABNSETCA He CNeAcTBUEM fAedeKTa CO6CTBEHHO
06bEKTMBA, a MPOCTO HEMPUBLIYHLIM BOCNPUATUEM OCOOGEHHO
LUMPOKOYTO/bHOM NepcrnekTuBbl. Bce 06beKTMBLI C HOKYCHbIM
pacctosiHMeM 6onblle HeKOTOporo npegena (MpuMepHo 17 MM Ans
MoMHOro Kagpa 35-MM MMeHKN) perncTpupyroT 06bekT 6e3
NCKaXXeHWUIA. HOo 13-3a 0YeHb LUMPOKOTO Yr/ia 3peHns, COBEPLUEHHO
HECBOWCTBEHHOI0 Ye/10BeYeCKOMY a3y npu 06bIYHOM
paccMaTpuBaHWUW, 3Ta HEMCKaXKeHHas, Mo CyTW Aena, nepcrnekTusa
KaXXeTCS HaM HenpaBWabHOM. OCOBEHHO LUIMPOKOYTO/NbHbIE
06bEKTMBLI, UMeKLLMe HOKYCHOE paccTosiHMe 17 MM M MeHbLUE U
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Puc. 74.

a — 4YTOObl UCKKUYNUTL CXOXAEHME
BEPTUKANbHbIX TMHWUIA MpK
thoTorpathMpoBaHMN BbICOKNX
34aHWIA, NNOCKOCTb MNEHKN LO/KHA
ocTaBaTbCsA BepTMKanbHON. OfHaKo
npy 3TOM camas BepxHss 4acTb
3[aHNA MOXET He nonacTb B Kaap;
6 — Mcnonb3ys 06bLEKTUBLI C
KOHTPOMEM MEepCrneKTUBbI, NNOCKOCTb
NAEHKN MOXHO COXPaHWUTb
BEPTUKANbHOW M OfHOBPEMEHHO
[06UTHCS, YTOBbLI BEPXHAA YacTb
34aHuns 6blna BKAOYEHA B Kagp.

doTo 23.

Cnesa —hoTOoCbEMKa NPOM3BOAM-
nacb 06bIYHbIM 06bEKTUBOM;

cnpaBa —(OTOCbeMKa NPOU3BOAM-
nacb 06bEKTUBOM C KOHTPOJiEM
NepcrneKTUBbI.

paccuMTaHHble Ha CbEMKY MOSIHOro Kagpa 35-MM MNJeHKK,
Ha4MHatOT BHOCUTb HACTOALLME UCKXKEHUA B N300paXKeHuUe,
KOTOpble B ONTWKe Ha3blBalOTCA AUCTOpCUel. ITOT Bug abeppauum
CW/bHee BCEro MposB/AETCA Ha KpasxX Kajpa W BblpaXKaeTcs B
WCKPWBEHUN MPAMbIX MHWUIA B TY WAW SPYTYHO CTOPOHY. Mpw
CaMbIX KOPOTKMX (DOKYCHbIX PAacCTOSHUAX WCKaXeHWe CTaHOBUTCH
HaCTO/bKO 60/bLWIMM, YTO 06pa3yeTca He NPAMOYro/bHOE, a
KpYyroBoe roje U306paxeHns, KOTOPOe Aaxe He nepekpbiBaeT
MOSIHOCTbIO NAOLWAaAb Kagpa. Takme 06bEKTUBbLI UMEKT
CMneumanbHoe HasBaHMe — «pblbuii rnas». O6BLEKTMBLI TUNA
«pbl6W TNa3» NCMONL3YIOTCA B Hay4yHOl (oTorpadum, Hanpumep
B METEOpo/oruy Ans CbeMOK Ha OLHOM Kazpe BCero Heb6ocBoaa
cpasy. B o6ueii goTorpaduu nx npyMeHeHWe orpaHU4eHo
CHOXKeTaMW, B KOTOPbIX MOSTHOE UCKaXeHWe 1306paxKeHuns ABnseTcs
orpaBfaHHbIM TBOPYECKMM 3aMbIC/ioM (hoTorpada.

B nocnegHve rofbl B Npojaxe NOSBUANCL CNeLanbHbIe
LUMPOKOYTO/bHblE 06BLEKTUBLI, NO3BOIAOLLME YNPaBAATb
nepcneKkTuBOi n3obpaxeHns. OHW NOMyYUnn Ha3BaHue
00BLEKTVBOB C KOHTPONEM NepCnekTyBbl. Takne 06beKTUBbI
NPYMEHSIOTCS TNaBHbIM 00pa3oM MpU apXMTEKTYPHBLIX ChEMKax
AN VCMPaBNeHNs «MnafatoLmx BepTUKaNen», T. €. CXOXAeHUs
BEPTMKaNbHbIX IMHWA NPU HaK/MIOHEe KaMepbl, KOrda B Kajp
NbITATCA «3aMUXHYTb» BEPXHIOK YaCTb BbICOKOr0 3faHus. Takoe
CXOX[JEHNEe BEPTUKANbHBIX IMHUIA HEN3BEXHO, eCin NIOCKOCTb
MNEHKN OTK/IOHAETCA OT BepTUKanu. MNapansiesibHble IMHUA 34aHus
NpeBpaLLaroTCA B CXOAALLMECS, U BCE 34aHNe KaKETCH
«nafarwmum». To Xe camoe NPOUCXOLUT U NPU BU3YyasbHOM
paccMaTpuBaHMK BbICOKOTO 3faHWs, O4HAKO Hall MO3r
«KOPPEKTUPYET» BOCMPUATUE M300paXKeHMs, 06pa3oBaHHONo
rnasom, U No3TOMy Mbl BUAMM NPaBUNbHbIA «061MK» 3aaHMsA. Mpw
CbeMKE BOCMPOW3BEAEHNE BEPTUKAMBHbLIX IMHWIA 34aHNS Kak
napannesnbHbIX BO3MOXHO TO/IbKO B TOM C/ly4ae, KOrja naocKoCTb
3afiHeil CTEHKN KaMepsbl, a CnefoBaTe/IbHO, U NAEHKW napannenbHa
BepTUKanAM 34aHus. MonbITKa COXPaHUTb BEPTUKaNbHOCTD
Kamepbl MyTeM CbEMKW 0ObIYHLIM LUMPOKOYTO/bHbIM 06bLEKTUBOM
MOXET NPUBECTM K TOMY, YTO BepXYLUKa 34aHVA B Kaap He
nonagaeT, W 3f4aHune noay4vaeTcs «obpesaHHbIM». OO6BEKTUB C
KOHTPO/MIEM NEPCNeKTMBLI MMEET cneLmanbHbIi MexaHn3Mm,
NO3BONAIOLWNI CMECTUTb ONTUYECKMNE 3/IEMEHTbI C HOPMa/IbHOM
ONTWYECKOI OCW COBEPLUEHHO TaK )e, KaK 3T0 fJenaeTcs npu
nofbeme MepefHeil [OCKM NaBUIbOHHBIX KaMep, U TakuM 06pa3om
MO3BONSET BK/OYNTL B KaAp Te AeTanun, KOTopble 4O 3TOro
Haxo4UNCL 3a ero NpegenaMu, COXPaHUB NP 3TOM BEPTUKAbHOE
MONIOXEHWNE NJIOCKOCTW MEHKU U TEM CaMbIM YCTPaHUB CXOXAEHUE
BepTMKanein. OBbEKTUBbLI C KOHTPOEM MEePCneKTUBbl YA00HbI Npu
(hoTorpacupoBaHmmn NtOGLIX NPeAMETOB, MapasnsefibHble CTOPOHbI
KOTOPbIX HYXXHO COXPaHUTb napasnnensHbIMU, faXe ecin 3Tu
npeaMeTbl pacCMaTpMBalOTCA MOA TakuM YIoM, KOTOPbIA npu
HOPManbHOM (POTOrpatiMpoBaHNM BbI3bIBAET CXOXKAEHME 3TUX
AVHUIA. s Takmx paboT 06bEKTUB AO/MKEH 06ecrneumBath
CMELLEeHNe ONTUYECKUX 3/1eMEHTOB B /IOOOM Hanpas/ieHun B
npegenax NonHbix 360°.
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®doT0 24.

Cnesa — (DOTOCHEMKA C MOMOLLbIO
HOpPManbHOro 06beKTMBa: yAanoch
nepefiaTb 06BbEMHOCTb KHWTKU, HO Mpyu
3TOM MCKasunacb (hopMa 0610XKN:
cnpasa — (hOTOCHEMKA C MOMOLLbIO
06beKTVBa, NO3BONAOLLETO
perynnposaTb MepcrneKkTuBy: yAanoch
He TONbKO nepefatb 06bEMHOCTb
KHUTKU, HO N COXPaHUTb hopMy
0610XKMN.

Puc. 75.

M3MeHss nonoxeHne 06beKTUBA, ANs
KOTOPOTO [JOMYCKAT HaK/IOHbI 1
ronepeyHoe nepemelleHne BAOb
OMNTUYECKOW 0CK, MOXHO J0BUTLCS
KaXkylerocsi Bo3pacTtaHus rnyGuHbl
pe3KoCTH.

Puc. 76.

MonepeyHblli paspe3 06beKTUBA C
nepeMeHHbIM (POKYCHbIM pPaccTOsHU-
emM («3yM-06BbEKTUB»), COCTOALLErN0 U3
YeTblpex rpynn AnH3, a — MNepeaHss
rpynna, ¢ MoMOLLb0 KOTOPOM
ocyuwiectBasetcs POKycMpoBKa; 6 —
BapmaTop, C NOMOLLbI KOTOPOro
n3MeHseTCH (POKYCHOe paccTosiHWe
BCell ONTUYECKON CUCTEMBI, B —
KOMTEeHCaTop, C MOMOLLbI KOTOPOro
KOMMeHcmpyeTca pachoKyCcrMpoBKa,
BbI3BaHHAs MEPEMELLEHNEM INH3
BapmaTopa; I —HenoABMXHas
rpynna fimH3.

OO6BEKTMBBI CO CMELLEHMEM W HAKMIOHOM («TUAT-LLUNGT»
ONTWKa) JONOMHUTENBHO K CMELLEHUI0 ONTUYECKUX 3N1EMEHTOB A/1S
KOppeKuMn BepTuKaneli LONYCKalT HAK/IOH OMTUYECKMUX OCei
OTHOCUTENIbHO MMIOCKOCTU MNIEHKW. HaknoH o6bekTuBa Ans
3HAYUTENBLHOTO YBENYEHNUS TyOUHbI PE3KOCTM NPaKTUYecKu
BO3MOXEH /INLLb NPW CbeMKe 06BEKTOB, KOTOPbIE UMEKT FyOuHY
TO/IbKO B OZIHOM Harnpas/ieHUN OT Kamepbl; Mpy 3TOM KaxyLueecs
BO3pacTaHue rnybuHbl pPe3KocTn 06ecrneymBaeTcs HakNOHOM
006beKTMBA [0 TaKOro MosIoXKeHus, Noka OH He CoBnageT ¢
MNOCKOCTbIO 00bEKTa.

MexaHu3Mbl perysMpoBKN KOHTPONS NepCreKTuBbl NyTeM
CMELLEHNS M HaKNOHa UMEOT KanmbpoBOYHbIE LUKASbI,
MO3BONAIOLLME OLEHUTb W 3aMOMHUTL BEIMUYMHY COOTBETCTBYHOLLMX
M3MeHeHWn (nogBukek). Koraa Bce LKanbl yCTaHOBAEHb! «Ha
HYNb», 06bEKTVB PaboTaeT aHasIorMyHoO 06bIYHOMY LLUMPOKOYTO/lb-
HOMY 06BLEKTUBY C TaKMM e (JOKYCHbIM PacCTOSIHVEM.

O6beKTMBbI C MepeMeHHbIM (JOKYCHbIM PacCTOSIHMEM

LLInpokoe Mcnonb30BaHNe 06BHEKTMBOB C NEPEMEHHBIM
(hOKYCHbIM PacCTOSHUEM, UK «3YM»-00bEKTUBOB, ANS 0ObIYHbIX
(hoTorpamyecknx annapaToB Ha4an0Cb CPaBHUTENIbHO HeLaBHO.
3yM-06beKTUB NpeAcTaBaseT coboii KOMOUHALMIO COBMpatOLLIMX 1
paccemBatoLLMX FPymnn ANH3, PacCUMTaHHbIX TakUM 06pas3oMm, 4To
MpW CMELLEHNN HEKOTOPbLIX FPynn BLONb OMTUYECKON OCK
(hOKyCHOe paccTosiHMe, a CNefoBaTeNbHO, U YIo/ 3peHNs
HenpepbIBHO M3MEHAKTCA B OMpeAeneHHbIX npegenax. Mpu aTom
(hOoKycupoBKa 06bEKTVBa Ha ONpefesieHHOe PaccTosHWe U ero
a(hheKTUBHAA Auadparma LO/MKHbI 0CTaBaTbCA MOCTOAHHbIMU.
OTHOLUEHNE MaKCMManbHOro 3HauyeHMs POKYCHOro paccTosaHusa K
MUHUMaNbLHOMY, 4OMYCKaemMoe 3TUMU NpefenamMu, HasbiBaeTcs
KpaTHOCTbIO 3yma. KpaTHOCTb 3yM-00beKTUBA ANt JoTOKamep
MEHbLLUe, YeM 3yM-06bEKTMBA A4/11 KMHOANMnapaTos, U 06bI4YHO
cocrasngeT 3:1.

TUNUYHBIA 3yM-00bEKTMB COCTOUT MO KpaiiHei mepe u3
yeTblpex OTAE/bHbLIX FPYNn SIMH3, NpUYeM 06LLee YMCN0 OMTUUECKMX
anemeHTOB Kone6netca ot 10 go 15. Takoe 3HaUMTENbHOE YNCNO
NNH3 TpebyeT 3h(PeKTMBHOIO NPOCBET/IEHMSI BCEX MOBEPXHOCTEN
CTEKN0—BO34yX A5 06ecrneyeHns BbICOKOTO CBETOMPOMNYCKaHMA U
yCTpaHeHus 6/IMKOB.

MepBas, 6amkaiiwas K 06bEKTY CbeMKM rpynna
ONTWYECKMX 3/IEMEHTOB 06LEKTMBA CAYXWUT AN HABOAKN Ha
PEe3KOCTb, 1 ee MepeMeLLeHMe BAOb ONTUYECKOW OCK He BIMSIET Ha
BE/MUMHY (DOKYCHOrO PaccTOsHWUA; 3TOM FPYyNMoi SIMH3 ynpaBastoT
C MOMOLLBIO KOMbLa ANCTaHUMA 06bekTUBa. BTopas rpynna fiMHs,
Ha3blBaemas BapuaTOopOM, CYXXWUT ANS U3MEHEHUS (JOKYCHOro
paccTosHMA 06BEKTMBA; €10 YNPaBASIOT C MOMOLLbIO CreLnanbHOro
Konbua. TpeTbs rpynna onTUYECKNX 3/1EMEHTOB — KOMMeHcaTop
CNYXXWT NS KOMMNeHcaLun pacoKyCUPOBKN, BbI3BAHHON
nepefBMKeHeM BapuaTopa. NocnefHss, YeTBepTas rpynna JimH3,
MONOXeHWe KOTOPOI CTPOro YMKCUPOBAHHO, CAYXMT AN
cobMpaHmMs CBETOBbIX /Iy4eil B KOHYC, (hOPMUPYHOLL A
n306paXkeHue.
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3yM-06bEKTUBLI C OTHOCMTE/ILHO HEBGOMbLLUMM (DOKYCHbLIM
paccTosiHMeM, Hanpvumep MeHblue Yem 40 MM ans 35-MM Kamep C
MOSIHBIM KaApoM, YacTO COCTOAT BCEro U3 ABYX rpymnn ONTUYECKNX
anemeHTOB. MepefHss rpynna CNyXWT ANs HaBeAeHWs Ha (POKyC K
M3MEHEHNS (POKYCHOr0 pPaccTOSHUSA, a 3afHAs BbINOMHSAET
(hYHKLMIO KOMMeHcaTopa 1 OCHOBHOrO 6/10Ka, 06pasytoLLero
n3o6paxkeHne. Takasd ONTUYECKAsA CUCTEMA UMEET OnpenefieHHbIe
MPEMMYLLECTBA, CBSI3aHHbIE C Y/YYLLEHHO KOppeKumei abeppauuii,
uTO fenaeT ee 0CO6EHHO yA06HOM AN1S MCMNOMb30BaHNS B
LUMPOKOYTOMNbHbIX 3YM-00bEKTUBAX; HELOCTATKOM ABNAOTCA
HebONbLLUON Npefen U3MeHeHNs POKYCHbIX paccTosiHui (He Gonee
yeM 2:1) 1 HEKOTOpPOE M3MeHEHWE 3PPEKTUBHON BENNYMHBI
Avadparmbl Npyu U3MEHEHUW (POKYCHOrO PacCcTOsSHMS.

MepBble 3yM-00bEKTUBbI 415 POTOKAMEP UMENN HU3KYIO
paspeLuaroLLyto Culy M HeAOCTaTOYHYH) KOPPEKLMI0 abeppawuii.
Mo3TOMy OHM 3HAYUTENbHO YCTYNa/M MO KAYecTBY OMTUYECKOro
1306paxeHnss 06bEKTVNBAM C MNOCTOAHHLIM (HOKYCHbLIM
paccTosiHueM. 3TO 06CTOATENLCTBO MPUBENO K TOMY, YTO MHOrMe
thoTorpadsl ¢ npeaybexxaeHneM 0THOCATCA K OMTUKE C
nepeMeHHbIM OKYCHbIM PacCTOSHWEM U He CrellaT BKoYaTh ee B
COoCTaB CBOEro (hOTOOCHaLLeHMs. BmecTe ¢ TeM COBPEMEHHbIE 3yM-
06BEKTMBbLI MOTYT UCNOMb30BATLCS MPAKTUYECKN 19 BCEX BWAOB
CbEMOK, U BO MHOIMX C/y4Yasix MO OKOHYaTe/IbHOMY M306paXKeHMWHO
HEBO3MOXXHO OMpPeAennTb, CAenaH M CHUMOK 06bEKTMBOM C
NepeMeHHbIM UK NOCTOAHHLIM (HOKYCHBIM PaccTosHMEM'.
Mo3aToMy peLUeHMe BOMpoca O LieNecoobpasHOCTH BKIKOYEHNS 3yM-
00BbEKTUBOB B paboyee CHapskeHWe poTorpada LOHKHO 3aBUCETb
TO/IbKO OT XapakTepa BbIMOAHAEMOW UM paboThl.

MHoruve 3ym-06beKTUBbI UMEIOT CreLnaibHOe MoNoKeHue
«MaKpo», B KOTOPOM OHM (hOKYCUPYIOTCS Ha OYeHb 6IU3KO
pacrnoioXeHHble NpeaMeTbl, obecrneynBas MHOTAA BO3MOXHOCTb
CbEMKM B MOMOBVHY HaTypa/ibHON BenUMHbI (MacwTtab 1:2). 31a
BO3MOXHOCTb peasm3yeTca nyTemM He6O0/MbLIOro AOMONHUTENLHOIO
BbIABVKEHMS OAHON MAN HECKONbKUX TPYNM /IMH3, NepemMeLya-
IOLLMXCA BHYTPU 00bEKTUBA. YacTo KauecTBO ONTMYECKOro
N300paXeHNs NpU CbeMKE 3yM-00bEKTUBOM B MONOXKEHUN
«MaKpO» 3aMEeTHO XY)Xe TOro, KOTOPOe MOXXHO MOAYUYNUTb MpU
thoTorpadgpupoBaHny 06bIYHBIM O06BLEKTMBOM C MOCTOSHHbLIM
(hOKYCHbIM PaccTOfHMEM NPW UCMO/b30BaHUM HACALOUHbIX IMH3
WU YAJIMHUTENbBHBIX KOJeLl.

Makpo-06beKTVBbI

O6bekTUBbLI Ana 06Leit oTorpagun paccumTbIBaloTCS
TakuM 06pa3om, 4TO MpPU CbeMKe 0BBEKTOB, PACMOMIOXKEHHbIX OT
06BbeKTMBA Ha PacCTOSAHUW, BO MHOTO pa3 NpeBbILLatoLLeM
paccTosHue 0T 06beKTMBA 4O NMEHKW, MOAyYaloT M306paxeHue
MPeBOCXOAHOr0 KayecTsa Mo BCeMy Moo Kagpa. Ecnun, ofHako,
Takoli 06bEKTWB MCMONL30BaTh ANa oTorpadmpoBaHms

! Tem He mMeHee B Tex cayuasx, Korga TpebyloTca 60/blUNe YBENMUEHNS
HEeraTMBOB WM BbICOKAs pa3peluarolyas CnocoGHOCTb, MPeanouTeHne
cnegyeT OTAaTb 06BEKTMBAM C MOCTOSHHBIM (DOKYCHbIM paccTo-
AHUEM.
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Puc. 77.

a — CBETOBble Nlyun, NPOXOAALLME
uepe3 cepuyecKyto NOBEPXHOCTb
06bI4HOM NIMH3bI Ha PasHbIX
paccToOfHMAX OT ee OMTUYECKOI ocu,
nepecekatoT 3Ty 0Cb B PasHbIX TOYKAX.
9TOT HefOCTaTOK O6bIYHBIX NIMH3
Ha3blBaeTcs  cepuyeckoii
abeppauueii-, 6 —chepuyeckyto
abeppaLuio MOXHO YCTpaHWUTb, ecu
MOBEPXHOCTb NINH3bI CAenaTb
«acthepnmyeckoii», T. €. Hecthepuye-
cKoii. O6bEKTUBLI 0CO6EHHO 60MbLLOW
csetocunbl (1:1,4 n 6onblue) YacTo
COZlEPXAT OfMH 3NEMEHT C
acthepuueckoii popmMoii NOBEPXHOCTH,
KOTOPLIV UCMpaBnseT chepuyeckyto
abeppauuio, BbI3bIBAEMYHO ApPYrnMu

ONTMYECKNMMN 371EMEHTaMK 06BEKTUBA.

MasleHbKNX 06BEKTOB, KOrga TpebyeTcs NpUMeHeHue crneunanbHbIX
JONO/IHWTENbHBIX NPUCMOCO6/EHNIA (HanpuMep, YAIMHUTENbHbIX
Konew), npefHasHa4YeHHbIX 15 CbEMKU KPYMHbIM MAaHOM W
MO3BONAOLWMNX CPOKYCMPOBaTb 00BLEKTUB Ha 6/IM3KO PacnosioXKeH-
Hblli 06BbEKT (6/1Ke, YeM MO3BOMAET MeXaHM3M (POKYCHPOBKM
CaMoro 06beKTMBA), TO KaYeCTBO CHMMKA 3aMETHO yXyZLlaeTcs.
Mo 3TOi NpWYMHE MHOrMe UPMbI BK/IHOYAlOT B NepeyeHb CBOEN
NPOAYKLUMN cheumnabHble Makpo-06beKTUBLI C ONTUMaIbHOW
ONTWUYECKON KOppeKumWeid Ans MasbiX pacCTOSHWIA JO MpeaMeTa,
BK/IOYas CbEMKY CaMbIM KPYMHbIM niaHoMm. O6blYHO AManasoH
(hOKYCUPOBKN TakKMX 06BLEKTUBOB MHOM0 60/ibLUE, YeM 06BHEKTUBOB
06LLero HasHa4yeHUs ¢ TeM e (DOKYCHbIM paccTosHueM. Kak
npaBw/o, Npu paboTe ¢ TaKUMW MaKpO-00bEKTNBAMW BO3MOXHA
MnaBHas ¥ HenpepbiBHas UX (POKYCHPOBKA OT GECKOHEYHOCTU [0
PacCTOSHWUIA, NPU KOTOPbIX 06BEKT MOXET ObITb CHATb Ha MMIEHKY B
MOJIOBMHY CBOEI HaTypasbHON BEUYUHDI.

Acthepryeckas n hoopuToBas onTUKa

B 60nbIMHCTBE (hOTOrpatmyeckux 06bLEKTUBOB
MOBEPXHOCTN BCEX OMTUYECKMX 3/1EMEHTOB UMEIOT C(HepuyecKyto
thopmy, T. e. NpescTaBnAlnT coboli yyacTkn chep pasnnuyHoro
paguyca. /3rotoBneHme Takmx MOBEPXHOCTEl He BbI3bIBAET KaKUX-
NGO 3aTPyAHEHNI N MOXET ObITb OCYLLECTBAEHO C MOMOLLbHO
BbICOKONPOW3BOAUTENIbHOTO aBTOMAaTU3MPOBAHHOIO 060pY/0Ba-
Hua. OfHaKO cama cepmyeckas NoBepXHOCTb VMEET OAWH
CYLLECTBEHHbIA HEJ0CTaTOK —Ccepuyeckyto abeppauuio,
KOTOPYIO AN OYeHb CBETOCU/IbHBLIX (CO CBETOCMNOA 6onblue 1:1,4)
00BbEKTMBOB 60/bLLONO AMaMeTpa NPaKTUYECKN Heslb3s
CKoppernpoBaTb 06bl4HbIMKM MeTofamu. B Takux cinyuasx
YCTpaHeHWe UM MakcuManbHOe yMeHblUeHve abeppauun
[OCTUraeTca nNyTem BK/KOYEHUA B OMTUYECKYIO CUCTEMY 0ObEKTMBA
3/1IEMEHTOB C acepuyecKoli MOBEPXHOCTLIO. TOUHYO hopMy
acthepnueckoii NoBEPXHOCTN MOXHO paccymTaTh TOMbKO C
MOMOLLbIO KOMMbIOTEPA, UCXOAS U3 COOBPaXKeHMA MaKCUMabHOMo
nnu gaxe NOAHOrO yCTpaHeHusi ctepuyeckoi abeppaumm,
BHOCUMOI ChepryecKnMu anemeHTamMmm 06bekTuBa. MNpon3BoACTBO
acthepuyecknx IMH3 OYeHb CIOXKHO, TpebyeT upe3BblvaiiHo
BbICOKOI TOYHOCTW W PYYHOrO Tpyfa U MaoXo NoAdaercs
aBToMaTu3aummn. Moatomy acepuyeckme 06bEKTUBbI 3HAUUTE/IbHO
[,0poXKe 06bIUHBIX U UCMONb3YIOTCA NaBHbIM 06pa3oM npu
Heo6X0AMMOCTU MOYUYNTb TEXHUYECKW COBEPLUEHHOE M306paXkeHMne
B YC/IOBUSAX CNaboro OCBELLEHUA UK MPU CbeMKE C CaMbiM
60nbLIMM OTBEPCTMEM fuMadparmbl NpU COXpaHeHUM MakcuMab-
HOI Pe3KOCTU CHUMKA. TUMUYHbIM MPUMEPOM TaKON ChEMKM
ABNSIETCA pernopTaxHas 1 CnopTuBHas oTorpadus.

OfIHUM 13 CYLLIECTBEHHbIX Ae(heKTOB 0GHLEKTIBOB SBNSETCS
XpomaTudeckas abeppauus, B pesynbTaTe KOTOPOiA nyuu
pasnMYHOrO LBETa MEepecekaroT rnaBHYH OMTUYECKYHD OCb B
pasnuMyuHbIX Toukax. OCHOBHYIO Npo6nemy, 0COGEHHO Mpw
KOHCTPYWPOBaHUN 06HEKTUBOB C OTHOCUTENLHO AMMHHbIM
(hOKYCHBIM pacCTOsIHMEM, MPEACTaBASET 3Ta 0CTaTOUHAS
abeppauus, Ha3biBaemasi BTOPUUYHbIM CMEKTPOM, TaK Kak ee

85



doTo 25.

CoOTHOLUEHNE MeXay (DOKYCHbIM
paccTosiHMEM CbLEMOYHOIO OOBEKTUBA
1 pa3MepoM Kajpa onpeaenser yron
3peHNs KaMmepbl W, CnefoBaTenbHo,
yncno 06LEKTOB, KOTOpbIE ByayT
n306paxeHbl Ha CHUMKe. Bce
oTorpatum Banknuur-Xonna
(CeBepHblii Hopthonbk) caenaHbl ¢
OJHOI U TOli Xe TOUKM CbeMKKU 35-MM
KaMepoi C MOJHbIM pa3MepoM Kagpa
(24X 36 MM) C MCMONb30BAHWEM
pasnnyHbIX 06bEKTUBOB, HauMHas OT
OYeHb LWMPOKOYTONbLHOrO TUna
«pbl6UIA TNa3» U KOHYas 0YeHb
OIMHHOMOKYCHBIM TeNe06beKTUBOM.
B pesynbTate MeHs10Cb YNACNO
feTaneil, KoTopble Nonaganu B Kaap;
nepcrneKTMBa 1 B3auMHoOe
pacnonoxeHne 6AMKHUX W fanbHUX
06beKTOB 0CTaBaNMCb HEU3MEHEHHbI-
Mun. Bce Kagpbl, 3a UCKIHOYEHNEM
Kafpa, CHATOro 06beKTUBOM «pblGWiA
rnas», MOXHO paccMaTpuBaTb Kak
nocnefosatefibHble yBeNYeHUs
nepsoro. (C paspewenus National
Trust.)



doT0 26.

M3meHss oKycHOe paccTosiHue
06bEKTNBA U TOUYKY CbEMKU, MOXHO
B/NSATb HA OTHOCKTENbHbIE pa3Mepsbl
npesMeTOB Ha MepefHEM U 3afiHEM
nnaHe cHWMKa. Beepxy —
CowmepneiiToH-Xonn (rpadcTtso
Cagonk). PoToCbHEMKA
npoussogunacs 35-MM 04HO06bEK-
TUBHOIA 3epKanbHO Kamepoii ¢
pasmepom kagpa 24 X 36 MM npu
MCMONb30BaHUM LUMPOKOYFO/bHOTO
28-Mm 06bekTuBa. lMpy aTom B
Bugouckarene 6bina 0TMeYeHa
nnowajb, 3aHMMaemas craTyeii. B
LEHTpPe — CbemKa Mpou3BoAunach
HOpManbHbIM 06bLEKTUBOM C
(hOKyCHbIM paccTosiHuem 50 mMm. Ans
TOro YTOObI COXPaHWUTb MpexHue
pasmepbl 1306paxKeHns cTaTym Ha
CHMMKe, MPULLNOCL YBEUYUTb
paccTosHue Mexay kamepoi u
06BEKTOM CbeMKW. BHM3y —cbemka
npoussogunnack 100-MM 06bEKTUBOM
npy eule 60MblIEM yAaNeHUU Kamepsl
0T 06beKTa CbeMKU, YTOObI COXpaHUTb
pasmepbl U306paXxKeHns cTaTym.
CpaBHuBas otorpaguu,
NoNlyYeHHble CbEMKOW LUMPOKOYTOMb-
HbiM 1 100-MM 06BEKTVMBaMU, MOXHO
3aMeTUTb, YTO B NEPBOM Clyyae
paccTosiHue MeXAy cTaTyeil n 3aaHuem
Kak Obl YBENMYMBaeTCs, a BO BTOPOM
OHO Kak Obl COKpallaeTcs 1 KaxeTcs,
4TO CTaTys HaXOAWTCA BCEro B
HECKO/MIbKUX Luarax OT BXOAa.

(C paspeweHnus nopga ComepneiiTo-
Ha.)



BE/MYMHA MPOMOPLMOHaibHa (JOKYCHOMY PaccTOsSIHUIO 00beKTMBa.
OKa3blBaeTCs, YTO OCTaTOYHYH abeppauuto MOXHO 3HAUUTENBHO
YMEHbLUNTb, €CAIM B KOHCTPYKLMW UCNOMb30BaTb OAUH WK
HECKO/IbKO 3/1EMEHTOB, CAeNaHHbIX 13 NPO3pPaYHOro Martepuana c
0COObIMM CBOCTBAMM, HaNpPUMEP M3 (GTOPUCTOrO KanbLus, a He 13
ONTWYECKOTro cTekna. PTOPUCTLIA KanbLuii 06NnagaeT OUYeHb HWU3KOM
Avcrepcuein N AOCTaTOMHOM MeXaHUYecKol NMPOYHOCTbIO, YTO
MO3BO/ISET U3 €r0 NCKYCCTBEHHO BbIpaLLEeHHbIX KpUCTannoB
nony4yatb HeOOGXOAUMblE ONTUYECKUE 3M1IEMEHTbI Ha CTaHAAPTHOM
o6opyaoBaHUK, NpegHa3Hav4eHHOM AN MO/MPOBAHMA OMTUYECKMX
NnH3. O6BEKTUBLI, COfEPXKALLME OAMH WM HECKONLKO 3/1EMEHTOB
N3 (HTOPUCTOrO KanblLys, HasbIBAIOTCA (HNOOPUTOBLIMKY. OHN,
KakK MpaBu/o, 06nafjatoT MPakTUYECKN MOMHON KOppeKLmeli
XpomaTuyeckoin abeppauumn. Tak Kak KpucTanibl (TOpPUCTOro
Ka/lbLinsl He Tak MPOYHbI, KakK CTEK/10, U3 3TOro mMartepuana
[lenatoTcs TONbKO BHYTPEHHME IMH3bI TaKnX 06bEKTUBOB,
MOBEPXHOCTM KOTOPbIX 06bIYHO HEAOCTYMNHbI AN NMPOTUPAHUS WK
[pyroro BO3AeCTBUS, KOTOPOMY UX MOXET MOABEPrHYTb
HEONbITHbLIA (hoTorpad. MepeaHue 1 3agHUE NINH3bI AENAKTCA U3
06bIYHOr0 ONTUYECKOr0 CTeKNa.

! MpuHATOE B ONTMYECKOM NPUBOPOCTPOEHNN Ha3BaHWE KPUCTaiNoB
(ropucToro Kanbuus. —IMpum. peg.



[MepeMellieHe Kamepbl N 06beKTa

CbEMKWU

doT027.

CmelleHne Kamepbl B MOMEHT
3KCNO3NLUM NPUBOAUT K CMa3biBaHWUIO
BCEro M306paxKeHus.

MoMMMO HeTOYHOI (HOKYCMPOBKM CbEMOYHOIO 06bLEKTMBA
Hambonee YacToli MPUYMHON HEPE3KOro U306paKeHNs Ha MNeHKe
SBNSETCA CMELLEHNE ONTMYECKOTO U306PaXKEHNS OTHOCUTENbHO
MAEHKN B MOMEHT 3KCMOHMPOBaHUS. TEOPeTMYECKN peann3aLns
MaKC/Ma/fbHO BO3MOXHOIO pa3peLLeHnss OMTUYECKOA CUCTEMbI
KaMepbl COBMECTHO C NJIEHKON MCK/THOYaeT Hannume Kakoro-am6o
CMeLLeHns n3obpaxeHns. OfHaKo B AEACTBUTENBHOCTM CMELLEHNE
M306paXKeHNs NOYTU Hen36eXHO. Mpu He3HAUYNTENIbHOM CMELLEHNM
Hab/lofaeTca HeKoTopas NOoTeps paspelleHnst MefKuUX fgeTanei u
pe3ynbTUpytoLas NoTeps pe3KocTu NpaKTUYeCcKn HesameTHa. B Tex
CNyyasx, Korga CMeLleHne ONTUYECKOTo M306paXeHuns
3HaYNTeNbHO, N306paXKeHNe 06bEKTA Ha M/IEHKE OKa3blBaeTCs
CMa3aHHbIM B HampaB/eHUU CMellleHns. JonycTimas CTeneHb
CMa3aHHOCTM M306paXXeHMSI HAa CHUMKe 3aBUCMT OT MacluTaba
YBENMYEHUS HeraTvBa Un cnainga, pacCTosHUS, ¢ KOTOPOro
paccMaTpuBaeTCs YBE/IMYEHHOE OKOHYaTeNbHOEe M306paXkeHue,
npurpogbl 06bEKTa CbEMKM U Leneld poTorpaguposanmns. Tak, npu
[IOKYMEHTa/IbHOW (hOTOCHbEMKE, TPebytoLlei TwaTenbHOoM
npopaboTKM KaXAoW fAeTanu, AoNyCKaeMoe CMeLLEeHue
N3006paXXeHNS MHOTO MeHbLLIE, YeM MPU XYA0XKECTBEHHO
(hoTOCbEMKE, KOrfa OnpeAesieHHas CTeneHb HEPe3KOCTW He TO/bKO
JOMNycTUMa, HO MHOTAA AaXkKe XenaTesbHa.

CwmeLleHre 1306pakeHNsi B MOMEHT 3KCMOHMPOBAaHMS MOXET
ObITb BbI3BaHO MEpPEMELLEHNEM NGO Kamepbl OTHOCUTENIbHO
06beKTa, NMM60 06bEKTA OTHOCUTENBHO KaMepbl. PaccmMoTpum
KaXXAyH M3 YKasaHbIX NPUYMH HEPE3KOCTM M300pakeHns 6onee
noApo6Ho.

MepemeLLieHVe Kamepbl

HenpegHamepeHHOe nepemelleHne Kamepbl OTHOCUTEbHO
06beKTa CbEMKM, Ha3blBaeMOe ApOoXKaHWEM KaMepbl, SBSETCS
06bIYHO pe3ynbTaToOM HENpPaBWIbHOrO WM/UAN HeJOCTaTOUYHO
YCTONYMBOr0 MOMOXEHMSA anmnaparta B MOMEHT CbeMKU. BansaHne
[OPOXXaHMs KamMepbl MOXHO CBECTU K MUHUMYMY, €C/U MPOU3BOANTL
CbEMKY C Ma/lbIMU BblAepXKaMun. K coXaneHuto, He CyLlecTByeT
KaKNX-NNB0 YEeCTKMX NpaBun, cneays KOTOPbIM MOXHO Oblfo Obl
CBECTU Ha HET ApOXKaHue amnnaparta npu 4OCTaTOYHO ANNTENbHbIX
BblAEPXXKax: CTeMeHb YCTOMYMBOCTM Kamepbl MpU CbEMKE C PyK
3aBMCUT He TONbKO OT (hM3MYECKMX CMOCOBHOCTel hoTorpada, HO
N OT ero caMo4vyBCTBMA, a TaK)Ke OT YC/IOBMIA CbeMKW. bonee nunu
MeHee NpaBU/IbHO N YCTONYMBO AepXKaTb KaMepy MOXHO Hay4mTbCs
C MOMOLLbIO CMELManbHbIX YNPaXHEeHNA. TeM He MeHee MpU CbeMKE
C PyK 35-MM Kamepoi U HOpMa/bHbIM 06bEKTUBOM PEKOMEHAYeETCS
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doTo 28.

[lBoiiHOe n306paxeHune mpu
(hoTOCHEMKE ANUHHOMOKYCHbIM
06BEKTUBOM ABNAETCA CNefcTBreM
BUOpaL UK, CBA3AHHON C MOALEMOM
3epKana nepef camblM OTKpbITUEM
3aTBopa.

Puc. 78.

Pa3nuuHble cnocobbl AepxaTb Kamepy.

M3 YeTbipex cnoco6oB, NoKa3aHHbIX
Ha BEPXHUX CHUMKaX, TONbKO MepBble
Tpn obecneuymBaroT yCcTOWUNBOE
MONOXEHWE KaMepsbl, a CnefoBaTelb-

HO, Nony4yeHne pes3koro M306pa)K€‘HVIFI.

Ha HMXHUX CHUMKax MnokasaHo
1CNonb30BaHNe AOMOAHUTENbHBIX
€CTeCTBEHHbIX 0Mop, Hanpumep
3abopa M cTeHku. Mpu cbemke
Teneo6beKTMBaMM Kamepy MOXHO
MONOXMNTb Ha HEGONbLUIOW MELLOK C
Kpynowi nmbo haconblo uam Ha

NOAYLUKY.

MCMNonb30BaTh BblAEPXKY 1/ 125 ¢ unu gaxe MeHee. B cnyyvae
NPUMeHeHNs ANNHHOMOKYCHOW ONTUKKM CKOPOCTL 3aTBOpa Che-
[yeT NponopLUNOHaNbHO YBENNYNTL, MOCKObKY YION 3peHMs
OIMHHOMOKYCHOI0 06BEKTUBA COCTABASET MULLUL YacTb yrnia
3peHUs HOpManbHOro 06bLeKTUBa, U, CrefoBaTesbHO, 419 NepBOro
[ona yrna cagura B NoHOM yrie 3peHus 6yget 6onbLue, T. €.
BIUAHME APOXaHMA KaMepbl Ha Pe3koCTb OyAeT 3HauMTesbHee.
YCTOWYMBOCTb MOMOXKEHUS KaMepbl B MOMEHT 3KCMOHMPOBa-
HWA 3aBUCUT OT CNocoba, KOTOPbIM AepXKaT KamMepy U HaXumaroT
CMYCKOBYI KHOMKY. lMonoxeHne pyk qoTtorpada Ha Kopnyce
Kamepbl O HEKOTOPOI CTeneHWn 3agaeTcs (JopMoil Kopnyca
annaparta W pasMeLleHneM ynpaBasioWmnX KHOMOK M PblYaXKOoB.
doTorpad Ao/mMKeH NPOBECTU PsAL ONbITOB, YTOObI HaWTK
MOMIOXKEHUE, NPV KOTOPOM [epXaTb kamepy Hanbonee yfo6Ho,
Korga kamepa Hawaydwnm o6pasom cbanaHcupoBaHa B pykax u
MO3BOMSAET NPY 3TOM AOCTATOUYHO NPOCTO ONepupoBaTh BCEMY
HeobXoAMMbIMM OpraHaMu ynpaeneHus. Ha npakTuke, ogHako,
BbIOOP TOYKM CHEMKM 4acTO MPUBOAMT K OYEHb Hey[o6HON Mo3uLmm
toTorpada. Mpu 3TOM HY>KHO NMoONpo6oBaTb HaTW Apyroe, 6onee
yL06HOe NonoXeHWe, KoTopoe o6ecneunsanc 6bl Ty Xe camyto
TOYKY CbeMKM. Korga cbemka OCYLLEeCTBASETCA C O4eHb HU3KOW
TOYKM, NyuLle BCEro CeCTb Ha Kakoi-nmbo noaxoaswimnii npeamer.
MHorve qoTorpagbl MCNOAb3YHOT 417 3TOR LEAN NpoYHble
(hyTNApbl, NpegHa3HayeHHble 4N NepeHocKW (oToannapaTypbl 1
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Puc. 79.

PasnnyHble TUMbI WITATWBOB, & —
TPeHoru ¢ BpaljatoLeiics
LleHTpanbHOW LUTAHrOW MO3BONAIOT
3aKpennAaTb Kamepy MexXay HOXKamu
KaK MOXHO 6/mxe K 3emne npu
CbeMKe TaKux 06'beKTOB, Kak,
Hanpumep, UBeTbl. HOXKMN MMelT no
ABa BbIABMXXHbLIX KONEHa U
obecneymBaloT MaKcUMaNbHYH
BbICOTY LITaTMBa 0KOM0 2,25 M; 6 —
nopTaTWBHas «HACTONbHas» TpeHora
[N CbeMOK C 6IM3KOr0 paccTosHWS;
B — MHOFOCTOPOHHWIA NepeHOCHO
LITaTMB, KOTOPbIA MOXHO
MCMOMb30BaTh Kak HeboMbLUyH
TPEHOry, NMB0 Kak «LWTOnop»,
BBWHUYMBAA €ro B NoAXoAsLyto
[lepeBSHHYI0 MOBEPXHOCTb BpOAe MHS,
NM60 Kak CTPyOLMHY, KOTOPYHO
3aKpennfT Ha KaKoM-M60 NPOYHOM
ynope, Hanpumep orpage.

onTMKK. YTo6bl Npuaath Kopnycy ele 60/bLUYH YCTORUMBOCTD,
yA06HO TaKXe BCTaTb Ha KoneHW. O6a 3TV MOMoXKeHUs
3HauMTeNbHO MPeAnoYTUTENbHEE, YEM MpUCElaHNe Ha KOPTOYKM, B
KOTOPOM [0BO/IbHO TPYAHO COXPaHUTL YCTOMUMBYHO NO3Y.

Korga HacTynaeT MOMEHT CbeMKM, CMYCKOBYH KHOMKY
CNeAyeT HaXXMMaTb OYeHb MAaBHO UM MArKO, 663 BCAKOrO TONYKA.
YacTo onTUManbHbI MOMEHT A1 CbEMKW (HanpumMep, npw
thoTorpadupoBaHnmn AeTell UKW XMUBOTHbIX) ANUTCS Heaonro. B
TaKuX cnydasix creflyeT 3apaHee YaCTMYHO HaXKaTb CMYCKOBYHO
KHOMKY W XXAaTb, NOKa He HACTYyMUT nAaeasibHbliA MOMEHT A/1s
CbEMKM. ITO NO3BOMSET OCYLIECTBMTL CMYCK 3aTBOpPA MMEHHO B
HY>KHYIO [0/110 CeKyH/bl. UTO6bI BblpaboTaTb COOTBETCTBYHOLLMIA
HaBblK 1 MOYYBCTBOBATb, HACKO/bKO CU/IbHO MOXHO HaXMMaTb Ha
KHOMKy 6e3 cpabaTblBaHWS 3aTBOpa, HEOOXOAMMO MOTPEHUPO-
BaTbCS C HE3APSHKEHHOWM NNEHKON Kamepoid.

Ecnm cbemka OCyLLecTB/IsSIeTCS C 4OCTAaTOYHO 6OMbLIMMY
BblJEPXXKaMK, TO Kamepy Haf0 XeCTKO 3aKpenuTb, HanpuMep Ha
wratmee. LLITaTUB fOMKEH ObITb XXECTKUM, MPOYHbLIM 1
yCTOYMBbLIM. B 60MbLUMHCTBE Cy4aeB XeCTKOCTb LTaTuBa
ropasfo BaXKHee ero MakCUMasibHOW BbICOTbI, U MPK N06bIX
COMHEHMAX MPOYHOCTb W XXECTKOCTb KOHCTPYKLUUW creayeT
NPeANOYECTb €€ BbICOTE.

UT06bl MakCMManbHO MCMOMb30BaTb LUTATUB, OCOGEHHO MNpK
YCTaHOBKE FO/IOBKW BbIAEPXXKU B MOMOXKeHMe B v Ha ogHy n3
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Hanbonee MefeHHbIX CKOPOCTEN 3aTBOpa, He CredyeT CrycKaTb
3aTBOP 0ObIYHLIM 06Pa3oM, T. €. HAXMMaTb CMYCKOBYHO KHOMKY.
3TO MOYTK BCerga NpUBOAUT K CABUTY Kamepbl 1 B pesynbTaTe K
HepesKoMy M306paxkeHuto. [ npesoTBpalleHms no6oro
HEeXeNaTelbHOro CMELLEHMST KaMepbl Hafo Mo/b30BaTbCs TMOKMM
CMYCKOBbIM TPOCUKOM. YT06bI TPOCUK 06n1afan fOCTaTOuHON
rMOKOCTbIO, ero AfMHa AomKHa 6biTb 6051ee 20 cM.

Ecnu croxeT CbeMKM HACTOMbKO CTaTUUEH, YTO TOUHbII
MOMEHT CMyCKa 3aTBOpa He MrpaeT HWUKaKoi posun, BMECTO
CMYCKOBOI0 TPOCMKA MOXHO BOCMO/b30BaTbCH MEXaHWU3MOM
aBTOCMycKa Kamepbl. JTlo6oe cOTpsiceHMe B MOMEHT 3amnycka
aBTOCMYCKa yCMeBaeT MOJIHOCTbIO NMPEKPaTUTLCS [0 MOMEHTA
[elcTBUTENBHOTO cpabaTbiBaHWs 3aTBOpa.

OfHOI 13 NMpUYMH HEPe3KOCTW M306paxeHnsi MOryT ObITb
BMOpaLMm Kamepbl, Bbi3BaHHbIe paboTol ee BHYTPEHHUX
MexaHW3MOB. [leTanu LeHTPanbHbIX MEX/MH30BbIX 3aTBOPOB
HacTONbKO Nerkue, 4To BMOpPaLMs, KOTOPYIO OHU BbI3bIBAtOT,
NPaKTUYeCKN HesaMeTHa. [BWXKYLIMeCs AeTain LUTOPHbIX
3aTBOPOB, 0COOGEHHO Y OAHOO0OBEKTUBHbLIX 3epKa/ibHbIX KaMmep,
CYLLECTBEHHO TSHKeNee M NepeaBMratoTcs 3a UMK paboTbl Ha

Puc. 80.

Kamepa, y KOTOPOii 3epKano MOXeT 3HauNTeNbHO 6OMblUME paccToAHUA. 03TOMY BEPOATHOCTb
6bITb 3aKPEN/EHO B BEPXHEM BMOpaumii, NepesjaBaeMbIX KOPMycy annapara, 3amMeTHO
nONOXeHnu. BO3pacTaeT; KpOMe TOro, Korja 3epkano NoAHUMAeTCs BBEPX

nepes CambIM 3KCTIOHMPOBAHUEM, MPOVCXOAMUT 3aMETHbIN TONUOK.
BOMbLIMHCTBO 0HOOGBHEKTUBHbIX 3€pKalbHbIX Kamep CHaGXeHo
creuuanbHbIM AeMNAUPYIOLLUM MeXaHU3MOM, KOTOpbIi
MOF/IOLWAET 3HAYNUTENbHYIO [0/ MEXaHUYECKNX YAapOoB,
BbI3bIBAaEMbIX cpaGaTbiBaHWeM 3aTBOpa W 3epkana. OcCTaslbHble
BMOPALMM 0BbIYHO CTAHOBATCS OLLYTUMbIMMU MNPU ChEMKE
Teneo6bEKTUBAMU, 0COBEHHO C NpefieNbHO GOMbLIOFO PacCcTOSHUS,
a TaKxe npy hoTorpagmpoBaHMK 06LEKTA MOYTU B HATYpasibHOM
macluTabe WM ¢ yBenmueHneM (Kak, HanpumMep, Npu KpyrnHomiaHo-
BOI CbeMKE WM (hoTOMUKporpaduu, Koraa Aelicteume no6oit
BMOPALIMM TaKXKe YBENMUMBAETCS MHOFOKPaTHO). Y MHOruUX
OAHOO6GBEKTMBHBIX 3epKasibHbIX Kamep 3epKano MOXET 6bITb
3aKpenneHo B BEPXHEM MONOXEHUM [0 cpabaTbiBaHUs 3aTBOPA; 3Ta
onepauys Npo/enbIBaeTCs BPYUHYH C MOMOLLbLIO CNeLMansHOro
pbluara UM KHOMKU, W TakUM 06pa3oM YCTpaHAETCS MOTeHUMab-
Has OMacHOCTb COTPSACEHMS, BbI3BAHHOMO «X/IOMKOM» 3epKana.
OueBM/HO, YTO 3TO BO3MOXHO TOMILKO MPY CbEMKE CTATUYHbIX
061bEKTOB, MPUYEM KaMepa [O/KHA BbiTb KaKUM-TO 06pasom
KECTKO 3aKpen/eHa, Tak Kak BUAOWUCKATeNb «C/enHeT» nocne
nogbema 3epkasa.

A heKTUBHOCTb JeMNpUPYIOLLEr0o MeXaHn3ma,
MOr/IoWaroLLero ToNYKM OT cpabaTbiBaHWA 3epKana 1 3aTBopa,
pasnnyHa 4N pasHbiX Mogeneli annapaToB LaXe OLHON rpmbl W,

®oT0 29. eCTeCTBEHHO, 60/1ee BbICOKA B KaMepax BbICOKOro Knacca. 310
g’OHnggfgﬂK% BT'%(’M“%BBOﬂmf;? KabHOi 06CTOATENLCTBO CNeayeT MeTb B BUAY Npu BbIGOpe M MOKyMNKe
K§Mepo,7, N 06beKTNBOM 135 pMM. thoTorpaduyeckoro annapara, B 0COGEHHOCTM ecnu npeanonara-
YTobHl nonHﬁocn:lo 0CTaHOBUTH 0TCA CbEMKW ANUHHOGOKYCHBIMU Tefle00beKTUBAMU, a TaKkxKe
ABWXeHNEe 00beKTa, OKasanacb

0CTATOUHOM CKOPOCTH 38TBOPA CbEMKM, CBAI3aHHbIE C 6ONbLWIMMU MacliTabaMu yBENNYEHUS, B TOM
1/1000 c. yncne (POTOMUKPOCHEMKMU.
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®doTo 30.

B MOMEHT (hoTOCbeEMKM Kamepa
nepemeLyanacb BCMef 3a MasibuyKOM
TaK, 4To6bl OH OcTaBancs
«HEMOABMXHbIM» B BMAOMCKaTese.
B pesynbTaTe Manb4uK U CaHKM
nofy4Ynnnch pe3kumm, a ¢oH
CMasaHHbIM, YTO MO3BOMIMNO NepefaThb
Ha CHUMKe OLlyLleHNe ABUXEHNS.
Bpemsi 3KCcnoHMpOBaHWUA COCTaBAANO
1/125 c.

®doTo 31.

Mpu oTocbemke Kamepa
nepemMelyanacb B Hanpas/eHWM
[BVXEHUS TONOBbI Manb4uKa,
CKaTbIBAKLLErOCs C FOPKK; Bpems
3KCMOHMPOBaHNA COCTaBNAN0 BCEFO
mmwb 1/8 c. CmasaHHoe
n306paxeHne OTAENbHbIX feTaneit
CHMMKa CO34aeT OLLyLIeHNe CKOpOCTH
ABMXEHNA N ANHAMWUYHOCTKU CHOXKeTa.

MepemelLieHMe 06bEKTA CHEMKU

MepeMeLleHe 06bEKTA CbEMKIM OTHOCUTENBHO Kamepsbl, Tak
e KaK 1 nepemelleHne Kamepbl, MPUBOAUT K CMELLEHUIO
N306paXXeHNs1 Ha NMOBEPXHOCTU M/IEHKM, YTO ABASETCS MOTEHLMaIb-
HOM MPUYMHOIA NOTepU PEe3KOCTU n306paxkeHus. CTeneHb
HEpPe3KOCTW 3aBMCUT OT UCMOMb3YEMOI CKOPOCTH 3aTBopa U
CKOPOCTW CMelLeHns n3obpaxeHus Ha nneHke. OAHaKo, B TO Bpems
Kak HepesKoCTb M306paxeHns BCNeACTBME APOXKAHWUSA KaMepsbl
MoYTW BCErga HexenatenbHa, 3TOr0 Henb3s CKasaTb O HEPE3Ko-
CTW, CBA3aHHOI C nepeMeLleHMeM 06bekTa. Bo MHOrux cnyyasax
KOHTpO/Mpyemas cTeneHb CMa3aHHOCTW fBMSETCA HEOOXO4MMON,
0CO6EHHO ecnn TpebyeTcs nepefaTb OLLYLLEHWE [ABUXKEHWS.

doTOCHEMKY 06LEKTOB, KOTOPbIE JO/MKHbI ObITh MepefaHbl
HaCTO/NbKO Pe3Ko, HACKOMbKO 3TO BO3MOXHO, HEOOGXOAMMO
MPOM3BOAUTL C CaMbIMK MasbIMU BbIAEPXKKAMM, KOTOPbIE
[ONYCTUMbI B AaHHbIX 06CTOATENLCTBAX, YUMTbIBAS NPU 3TOM, YTO
Takne BbIEPXKKM TPeBYOT BONbLUNX 3HaYeHWI guadparmsl, 4TO B
CBOH 04epefb MPUBOAMT K YMEHbLUEHWIO TNYyBUHbI PE3KOCTY.
OfHaKo BO MHOTMX CAy4asX YMeHbLUeHWe F1yOuHbl Pe3KOCTH
HexxenaTenbHO. Tak, HanpuMep, CbeMKa KpYrMHbIM NaHoM
KayatoLMXcs Ha BETPY LBETOB TPeOYeT MCMOMb30BaHNS CaMbIX
MasibIX BblAepXeK, UTOObl «3aMOPO3UTb» [BUXKEHWE LIBETOB, U B TO
)Ke BpeMs Mpu Takoi cbeMke HeobxoguMa ManeHbkas guadparma
Ans obecneyeHVs yL0BETBOPUTENbHOW rNy6uUHbI peskocTu. Ons
MHOTUX CbEMOK CYLLECTBYET INLLb 0AHA BO3MOXHOCTb MPUMMUPUTD
B3a/MONPOTUBOPeUNBble TpeboBaHMA GONbLIOKA FNyOMHbI Pe3KocTu
N 3aMOPaXMBaHNS ABVXXEHWSA. ITO NPUMEHEHWE MAEHKM
HamMBbICLLEA YyBCTBUTENbHOCTY faXKe C YHETOM CHUKEHWS KayecTBa
N306paXKEHNA B CBA3WN C NMOBbILUEHHON 3epHUCTOCTbLIO 6onee
YyBCTBUTENbHBIX MEHOK.

[eicTBNUTENbHAA CKOPOCTb 3aTBOpa, Heobxoaumas Ans
«OCTaHOBKM» ABVXEHWS 06bEKTa, 3aBUCUT He TO/IbKO OT CKOpPOCTH,
HO W OT HanpaB/feHNs ero NnepemeLLeHns OTHOCUTENIbHO Kamepsbl.
Ecnu 06bekT ABUXKETCA MPSMO Ha Kamepy Wan NpsiMo OT Hee,
CMeLLEeHMe M306paXKeHUa Ha NaeHKe OyaeT MeHbLUMM, YeM Npu
JBVDKEHWN 06BbEKTA MONEpeK Mons 3peHus.

CnegyeT UMeTb B BUAY, UTO Ype3MepHas Pes3KoCTb
N300paXKeHNs 4acTo 06efHSIeT CHUMOK, NMLLIAs ero eCTeCTBEHHOW
nepefayn CKOpPOCTU [ABMXKEHMS.

MoaToMy AN MOMYYEHUS CHUMKOB, B KOTOPbIX 06Las
Pe3KOCTb MeHee BaXKHa, YeM Mepefava ABMXKEeHMS, Npu OTOCHEMKE
CNeayeT MCMo/b30BaTh 60/ee MeA/ieHHble CKOPOCTU 3aTBopa.
CyLlecTBYeT ABa crnocoba nepegayn ABMXEHWS 06bEKTA, NPUYEM B
OAHOM M3 HUX Kamepa OCTaeTcs COBEPLUEHHO HEMOABWXXHOM, a B
OPpYrom nepemelLaeTcs («BefeTca») B HanpaBleHUN [ABUXKEHNSA
06bekTa. B nepBom cnyyae pe3kum nony4yaetcs (oH, a
OBWKYLUMIACA 06beKT —CMas3aHHbIM. Takoi cnocob CLeMKM
MMEeET OYeHb OrpaHWYeHHOEe MPUMEHEHME U NPUFOLEH, Hanpumep,
AN15 nepefayn ABVKEHWS TPOXOYYLLEro rpy30BMKa MO 06bIYHO
TUXOWA LeHTPanbHON aepeBeHCKo ynnue. Bo BTopom cnydae
06bEKT MepeaaeTcs JOCTAaTOYHO Pe3KO Ha ()oHe COBepLUEHHO
pa3MbITOr0 3aHEro nsaHa, npu 3ToM GOMLLUMHCTBO AeTasel
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doT0 32.

CreneHb nepefjaun OLLyLeHUS
LBVXXEHNS HA CHUMKE 3aBUCUT OT
CKOpPOCTW 3aTBOpa, a Takxe OT TOro,
NoABMXHa WM HEMNOABWMXHA Kamepa
BO BpeMsi CbeMKuW. Beepxy —
(hoTOCBEMKA NPOM3BOAMANACH
«MPOBOAKON» Kamepbl 3a
MOTOLMKANCTOM. B pesynbTate
CMa3aHHbIM MONYYU/CSH He TOMbKO
(hOH, HO W PYKM, LUEM MOTOLMKINCTA,
KpbINbA U Apyrue 4actu MOTOLUKNA,
YTO OYeHb XOPOLUO nepefaeT
oulyuleHue 60/bLIOW CKOPOCTY.
Canon FTb, o6bekTuB 100 MM,

1/30 c, 1:16, Kodachrome 64.
BHU3y —[BUXEHWNE «3aMOPO3MIOCh»
HaCTO/IbKO, YTO fJaxke Cnuubl Konec
nepegaHbl pe3ko. OfHaKo, HeCMOTpSA
Ha TO 4TO 06a Koneca OTOpPBaHbI OT
3eM/n, M306paXKeHUe He BbI3biBaeT
outyuleHuns aswxkeHus. Canon FTb,
06bekTMB 100 Mm, 1 /500 c, 1:4,
Ektachrome 64.



doTo 33.

Ha ¢oToCbeMKy MOAO6HbLIX CHOXETOB
OTBOAATCA NULLb AONU CEKYHABI;
choTorpag efsa ycneeaeT Haxartb
CNYCKOBYH KHOMKY. YT06bI NonyunTsb
3TOT fpamaTU4ecKuii CHUMOK,
oTorpad 3apaHee NoaroToBu/ Bce
Heo6xoAMMoe ANs MrHOBEHHOM
CbEMKN — Pacrnonoxunics B
COOTBETCTBYHOLLEM MecCTe,
cthokycupoBan 06bLEKTUB U
YCTaHOBU/ HY)XHYIO 3KCMO3NLHIO.
Ka-nepa Practika LTL, 06bekTuWB

135 wmm, 1/250 c, 1:8, Agfa CT18.

06beKTa ICHO Pas3/iMuMMbl, @ CMa3aHHbIA (POH XOpOLLO
NOAYEPKMBAET CKOPOCTb ABVXXEHWS U NO3BOAET CKOHLEHTPUPO-
BaTb BHWMaHWe 3pUTeNs Ha OCHOBHOM 06bekTe. Crnocob
«CNEXEHNs» 3a 06LEKTOM, UM MPOBOAKA, OKa3blBaeTCA
3(heKTUBHBLIM Npu oTOrpatimpoBaHUN 0OBEKTOB, ABVKEHME
KOTOPbIX AOCTATOYHO NPSAMOAMHEHO U MOXET 6bITb MpegyragaHo
Mo HanpasfieHWIo (Takux, KaK aBToMO6WAW, Benocunefbl, 6eryHol n
T. A.). 3a 06bEeKTOM HabM4AlOT Yepe3 BUAOUCKATENb, U B MOMEHT
ero JOCTaTO4HOro MpUOMXKEHMA K KaMepe MOCNeAHIO HauMHaloT
MNaBHO «BECTW» B HaMpaBfeHWU NepemeLLeHns 06beKTa; MpU 3TOM
Heo6xo41Mo, YTO6bl 06BEKT pacrnonarasncs B O4HOM 1 TOM Xe
mecTe kagpa. [one3Ho 3a61aroBpeMEHHO MbICIEHHO OTMETUTb
TOYKY MyTW 00bEKTa, B KOTOPOU ByfeT Npom3BefeHa CbeMKa, U
3apaHee c(hOKycKpoBaTb Ha 3Ty TOYKY. [10A06HbIA Nprem
0COOEHHO M0/e3eH, KorAa 00bEKT ABMXKETCS OTHOCUTENIbHO
Kamepbl Noj Yr/ioM, a YCN0BUA OCBELLEHNS TPeByroT NpUMeHEHMA
6onbLLNX Anadparm.

Mpn cbeMke HEKOTOPbIX ABMXKYLLMXCA 06BEKTOB 4acTO
MCMO/b3YHOTCA OTHOCUTENLHO 60MbLUME BbIAEPXKKM, YTOObI
NoAYepKHYTb ABUXXEHWE OTAE/bHbIX ero vactei. Ecnu kamepa,
Hanpumep, «BedeTCsA» 3a 6eryHoOM wanM mMoToumMKAncTom (oto 32),
TO M3006pPaXKEHNS €ro rofioBbl 1 Tena 6yayT MeHblUe CABUHYTbI
OTHOCMTE/IbHO MAIEHKM, YeM PYKN WA HOrw. [puBeAeHHbIN B
Hayane KHWUMM CHUMOK CKayeK TaKXXe ABMAeTCA NPUMEPOM CbEMKU
CNoco60M MPOBOAKU Kamepbl 3a 06BLEKTOM, MPU 3TOM BblAEPXKKa
cocTtaenana 1/8 c.



BO3MOXXHOCTWU NJIEHKU

CnoxHas (PM3NKO-XMMUYEeCKas CTPYKTypa COBPEMEHHbIX
(hOTOMNNEHOK, B OCOBEHHOCTW LBETHbLIX, —pe3ynbTat
MHOTOUUCIEHHbIX W MHTEHCUBHBIX UCCNEA0BaHWMA, NPOBEAEHHbIX He
OAHUM MOKO/IEHNEM YUEHbIX N MHXXEHEPOB C LieMbI0 MOYYeHNS
COBepLUEHHBIX (hoToMaTepunanoB. OAHaKO, HECMOTPS Ha
[OCTUTHYTYHO BbICOKYHO CTEMeHb COBEPLUEHCTBA, CYLLECTBYOLLME
(hOTONNIEHKN HeMb3s CUMTaTh UAeasbHbIMK, NOCKOMbKY KX
BO3MOXXHOCTM OrpaHuyeHbl. oaTomy, 4To6bl NONYYUTb Ha
NMEIOLLIECA NMEHKE Hannydllmne pe3ynbTathl, GoTorpad AomkeH
HEe TOMbKO 3HaTb BO3MOXHOCTW MOCNEAHENR, HO U UMETb
npeAcTaBieHWe 0 TOM, OT Yero 3aBKCAT ee OCHOBHbIE XapaKTepu-
CTMKK, Takue, KakK paspeLuaroLas cnocobHOCTb, KOHTPACTHOCTb
(ouanasoH ApKoCTeld) 1 LBeTonepejava.

PaspeLuatoLas cnocobHocTb

Cnoco6HOCTb Nto6oW 06bIYHONM (HOTOMAEHKM, LIBETHON WK
yepHo-6€e/10i, nepegaBaTb pPasfeNlbHO M306PAKEHNA MEKUX
cocefHUX feTaneli 06beKTa CbEMKM Ha3biBAETCA ee paspeLuatoLLeit
CNOCOGHOCTbI0. [laHHasA XapaKTepucTnKa NAEHKW 3aBUCUT OT
pa3MepoB MUKPOKPUCTAN/OB, UMK «3epeH», raloreHnaoB cepebpa,
KOTOpble ABNAOTCA OCHOBHOV COCTABHOW 4acTbi0 CBETOYYBCTBU-
TeNbHOTO €05 (poToMaTepmana. MOCKONbKY pasMepbl «3epeH» B
KaKO-TO CTeNeHW OMpeaenstoT U CBETOYYBCTBUTENBLHOCTb MAEHKM,
paspeLaroLias cnocoOGHOCTb BbICOKOUYBCTBUTENbHbIX M/IEHOK
OKa3blBaeTCA MeHbLLE, YeM Y HM3KOYYBCTBUTE/bHBIX.

3epHUCTOCTL NpUcyLLa BCAKOMY (hoTorpatmyeckomy
1300paXeHNI0, NMONYYEHHOMY Ha ranoreHocepebpsHoOM
thoTomatepunane. MoBbILIEHHAS 3ePHUCTOCTb YXY/LLAET KayeCTBO
N306PaKEHNS N CHMXKAET ero acTeTnyeckoe BocnpusTie. OAHaKo
MHOrAa 3epHUCTOCTb U306paXXeHNs UCMONL3YETCA 415 MOyYeHns
onpefeneHHOro XyaoXecTBeHHOro adihekta. CTeneHb NPOsiBNEHUS
3EPHUCTON CTPYKTYPbl Ha oTorpadum 3aBUCUT OT YBENYEHUS
MpY NeyaTu n OT PacCTOsAHMA, C KOTOPOro paccMaTpuBaeTcs
n3obpaxeHune. doTtorpagun, cAenaHHble Ha HU3KOUYYBCTBUTENTbHON
nneHKe, 00bIYHO AOMNYCKaOT 6onblUee yBenmueHne (4o Tex nop,
MoKa 3epHa He CTaHyT BUAMMbIMMK). T103TOMY B Tex Clyvasx, Korga
3ePHUCTOCTN N306paXKeHNs He OTBOAWTCS Kakas-TO crneuuanbHas
pO/ib, CbEMKY CneayeT MPOV3BOANTL Ha HU3KOUYBCTBUTENbHYHO
MAEHKy, He 3a6biBasi NPV 3TOM O COOTBETCTBYHOLLEM OCBELLEHNN,
NpaBUNbHON 3KCMNO3NLMK, TNYOUHE PE3KOCTK, a TakXKe 0
«3aMOPAXMBAHUM» [ABUXKYLUMXCA 0OBLEKTOB.
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doTo 34.

Beepxy — (oTocbemMka Mpou3BOAM-
Nacb Ha BbICOKOYYBCTBUTENIbHYIO
LBETHYIO NNEHKY NpW MMetoLeMcs
CLIEHNYEeCKOM OCBeLLeHMW. Ha CHUMKe
3a(hMKCMpPOBaH MOMEHT, KOrja BCe
LencTBytowWme nmua obim
OTHOCWTENbHO HEMOABMXKHbI.
Mop06HblIE MOMEHTbI 06bIYHO
BO3HMKAOT B KOHLE CLieHbl MW aKTa U
ONATCA HEfONr0, MO3ITOMY K HUM
Hajo 6blITb MOCTOSHHO FOTOBbIM.
BHU3y — 24-KpaTHOe yBenuyeHvie
yyacTka, 06BeleHHOro CBeT/bIM
MPAMOYrO/bHUKOM Ha NpeapblgyLiem
CHWMKE, HanoMnHaeT KapTWHbI
(hpaHLy3CKNX MMNPECCUOHUCTOB; Ha
CHVWMKe OTYeT/IMBO BUAHA
KpynHO3epHMCTasA CTPYKTypa
BbICOKOYYBCTBUTE/IbHON LBETHO
nneHkn. ®oTocbeMKa NPOM3BOAUNACH
0[HO06BLEKTUBHON 3epKanbHOM
Kamepoli, KoTopas pacnonaranacb Ha
lwTaTuBe nepes AUanpoeKkTopoM.
O6beKTUB Kamepbl 6bln CHAT, W
n3obpaxeHue cnainja npoeuuposa-
NI0Cb HeNnocpeACTBEHHO B anmapar.
doKycnpoBKka 1306paxeHns
npou3BOANIACh Yepe3 BUAOUCKATE/b
Kamepbl. MonoxeHne kamepbl Npu
3TOM BbIOMPaNoCh Tak, 4To
1306paXeHne BKAOYAN0O TOMbKO
HY>KHbI Y4acTOK CHUMKa.
3kcnosuyma onpeensnacb no
nokasaHuam akcnoHometpa TTL
npu paboyei guacgparme.

CbeMKa Npou3BoAMIach Ha NNeHKy
NS GHEBHOrO CBeTa CO CBETO(M/Ib-
Tpom Wratten 80A, o6ecneyuBatownm
LiBETOBOI 6anaHC MCTOYHMKA CBeTa C
LBeTOBOl TemnepaTypoil 3200 K go
nHeBHOro ceeta. Canon FTb,
KapycenbHbliA NpoeKkTop ¢ 85-MM
obvekTMBOM, 1/500 c, chunbTp 80A,
Agfa CT18.



®doT0 35.
Bce feTanu 34aHns OT Kpblwwy 4o
6aNKoHa B 3aTEHEHHOW YacTu Nerko

pasNMUMMbl A1s 4e0BEYECKOro rasa.

OfHaKo Ha NieHKe, IKCMOHWPOBaH-
HOW Tak, 4Tobbl Nepefath AeTanv B
Hanbonee OCBELLEHHbIX MecTax, 3Tu
noApOGHOCTU MONHOCTHLIO NOTEPSHbI,
MOCKO/bKY MEHKa He MOXeT
nepejatb BCEro fvanasoHa sipKocTel
obbekTa.

KOHTpacTHOCTb (AvanasoH SipKoCTeld)

Y COBPEMEHHbIX LBETHbLIX 06paLlaemMbIX M/EHOK,
npefHas3HayYeHHbIX 415 M3rOTOBMIEHNS AMan03NTMBOB, MOC/E NX
(hoTorpaduueckoii 06paboTKM MaKCUMasbHbIA AnanasoH
nepefaBaeMblx ApkocTein gocturaet 1000:1. 3T0 03HAYaeT, 4To
APKOCTb Hanbosiee TEMHOIO y4yacTka n3obpaxeHns He byaeT
npesocxoauTb 1/ 1000 fApKoCTM Hambonee CBETNON0 y4acTka.
TouyHas Be/MUYMHA 3TOFO AManasoHa A1 KOHKPETHOM M/EHKM
onpefenseTca no ee HavMeHbLUed (Ha Hanbonee CBETNIOM y4acTke
06bI14HO 0,2) 1 HanboNbLIE (Ha 3aTEMHEHHOM YYacTKe MEHKU
06bI4HO Mexay 3,0 1 3,4) onTuyeckol NnoTHocTH .

[na TMNUYHBIX UBETHBLIX 06pallaembiX NAEHOK AManasoH
3KCMO3NLMA, MpM KOTOPOM obecneynBaeTCs
MaKCMMasbHbIA KOHTPACT n306paxkeHns, coctasnseT Bcero 300:1.
MoaTomy, ecnu Heo6X0AMMO MepefaTb BCe AeTann 06bekTa, OT
CaMblX CBET/IbIX 0 CaMbIX TEMHbIX, €0 UHTEPBaN APKOCTel
[O/MKeH nexartb B 3TOM AuanasoHe. 3710 TpeboBaHUe NIerko
BbINO/IHWTb, €cn (hoTorpad MMeeT BOSMOXHOCTb YNpPaBnsTh
OCBELLEHHOCTbIO 06bEKTA CbeMKM. Tak, Hanpumep, Npu CbeMKax B
CTYANW HEeOOXOAUMbIA NHTEpPBaN APKOCTEN 0OBEKTA CHEMKM MOXET
6bITb 06ecneyeH NyTeM COOTBETCTBYHOLLErO PacroioXeHus
MCTOYHMKOB CBeTa.

Mpw oTorpadgupoBaHnmn B YCI0BMSIX IPKOTO CO/THEYHOIO
cBeTa BO3MOXeH 60MbLUIOV nepenaf APKOCTel Mexay ApKo
OCBELLEHHbIMU 1 TEMHbIMU Y4acTKaMu CloXxeTa. Ecnm 06bekT
CbEMKW CPaBHWUTENbHO MaJl M HAXOAWTCA Hefaneko OT Kamepbl, TO
MHTepBa APKOCTel MOXHO YMEHbLINTL [0 HY>KHOMO AunanasoHa,
ocBeLlas 3aTeHeHHbIe y4acTKW. [1s 3TOr0 MOXHO BOCMO/1b30-
BaTbCA BCMbILIKOM UK 6enbiM oTpaxkatenem. Ecam e 06bekT

! OnTuueckas NNOTHOCTL BbIPAXaeTCsA AECATUUYHBLIM N10TrapuhmMom
OTHOLLEHUA MOTOKA U3NYYeHWs, NafatoLiero Ha cnoid, K NOTOKY W3nyue-
HUWA, NpoLUeALLEMY Yepe3 3TOT CNIOW UMK OTPAXXEHHOMY OT HeEro.
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UpesmepHbIii KOHTPAaCT —3TO0 He
Bcerga nnoxo. B gaHHOM cnyuae
3KCno3muma Bbibupanachb TakK, YTobbI
MOXHO 6blJI0 XOpOLWO nepeaaThb
OCBeLLEHHble COMHLEM ropbl. JlecHble
Yaulo6bl nepejaHbl HA CHUMKE Kak
30Hbl «CM/OLIHOW YePHOTbI» U 3TO
npuaaeT KapTUHE OulylleHue
macluTabHocTm.

[0CTaTOYHO BenuK (naHawadT uam 3aaHne), 1o goTorpad
MPaKTUYECKN NINLLIEH BO3MOXXHOCTW PErYNNPOBAThL €r0 MHTEpBan
ApKocTeld. MoCKobKY 3KCNO3ULMI0 06bIYHO BbIOMPAlOT TaK, YTO6LI
nepefaTb CYLUECTBEHHbIe AeTann B 06/1aCTU CBETOB, 4eTan B TEHAX
BbIXOAAT 3a MpefeSibl BO3MOXHOI0 AnanasoHa spKocTeid fAaHHOM
MEHKN W, TakuM 06pa3oM, Ha CHUMKE He BOCMpou3BogsaTca. Ecnn
[eTann B TEHAX UMEIOT BaXKHOE 3HayeHue, To hoTorpady npmaercs
CHUMaTb NMMBO Npwu ApYyroM pacrnpefeneHun TeHel (T. e. B Apyroe
BPeEMSs CYTOK), IM60 BOOOLLE MpW OTCYTCTBUM TeHel (T. €. B
MacMypHYyH0 NOrogy, XoTa B 3TOM Ciy4yae U3-3a OTCYTCTBMSA COMHLA
CHOXKET MOTepsieT CBOK MPUB/IEKATEIbHOCTD).

K coxaneHuio, Ha rnas 4oBO/ILHO TPYAHO OMPeAenuTs,
He BbIXOAMT NIM AMana3oH SPKOCTel 00beKTa 3a npedessl
BO3MOXXHOCTEN MneHKN. OOBACHSETCA 3TO TEM, YTO AManas3oH
APKOCTel, BOCMPUHMMAEMbIX YEMOBEYECKMM [1a30M, ropasfo Luupe,
yeM repegaBaemblii hOTOMMEHKOW. [03TOMY AeTanu 3aTeHEeHHbIX
Yy4yacTKoB, KOTOpble hoTOrpadg OTYUETANBO Pa3nnyaeT B MOMEHT
CbeMKM, Ha hoTorpaguu MoryT 6biTb NOMHOCTBIO YTEPSHBI.
HeyamBUTENbHO, YTO HEOMbITHLIVA POTOrpag He MOXET OLEHNTb
MHTEpBan ApPKOCTeil 06beKTa A0 TeX Nop, NMoka He yBUAWT
MPOABNEHHYIO NNEHKY. EAVMHCTBEHHOE, YTO OH MOXET caenaTb, —
3TO M3MEPUTbL B MOMEHT CbEMKMN MHTEPBAN APKOCTEW C MOMOLLbHO
aKcrnoHomMeTpa. OfHaKo B ciyyae 60/bLUMHCTBA 06BEKTOB 3TO
MOXKeT 0Ka3aTbCsl He TaKOl YXX NPOCTOl 3afadyeid, ecnm yron oxearta
3KCMOHOMETpa He HACTO/bKO Y30K, YTO MO3BO/SET NPOBOAUTHL
M3MepeHns 0T HEMoOCPeACTBEHHO HEAOCTYMHbIX YYaCTKOB CIOXETa.

KOHTPacTHOCTb LBETHbIX 00paLlaemMbIX NAeHOK
npuobpeTaeT 0co060e 3HaYeHVe NPU NU3roTOBNEHUN LBETHbIX
0TNeYaTKOB HEMOCPEACTBEHHO C AMAano3nTMBOB, T. €. 6e3
MCNOMb30BaHUS NMPOMEXYTOUHbIX HeraTMeoB. [eno B TOM, YTO
obpallaemas poTtobymara He Bcerga MoXeT nepejatb Becb
AvanasoH ApKocTel guano3uTuea. B pesynbTaTe HeKOTOpble
CBET/IblE (APKME) UM TEMHbIE AeTanu, XOPOoLWo pPasiMynmmMble Ha
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Puc. 81.

a — CMeKTp JHEBHOro cBeta; 6 —
CMEKTP M3Ny4eHUs BONb(PaMOBON
naMnbl HakanueaHus. B nepeom
cnyyae oTMeyaeTcs npeo6nagaHue
CWUHUX NyYeil, a BO BTOPOM —
KPacHbIX.

AnanosnTmee, MOryT 6bITb YTepAHbI Ha OTNevaTke. B cnyyae
0TMeYaTKoB, CAeNaHHbIX C AMano3UT1BAa Yepe3 NPOMEXYTOUHbII
HeraTve, BEPOATHOCTb NOTEPU feTaneil yMeHbLIaeTCs, MOCKOMbKY
HeraTVBHble MaTepuasbl «CXXUMAKT» AnanasoH ApKoCTel
AnanosnTmBa A0 BeMYMHbBI, MPUEMNEMON 4N LBETHOM
(hoTobymaru. AHanoruyHas cuTyaums HabnogaeTcs npu
M3rOTOBMEHUW LIBETHBLIX OTNEYaTKOB HEMOCPELCTBEHHO C LIBETHOIA
HEraTUBHOW NNEHKW; MIEHKN TAKXE «CXMMAKT» WUHTEPBa
APKOCTEN «cpefHero» 06beKTa A0 BEMUUMHLI, MPUEMEMON ANS
LBeTHON thoTobymaru. B uepHo-6enoii hoTorpadum cyliecTeyet
ropasfo 60/blle BO3MOXHOCTEN A1 PeLleHns npobnem,
CBA3aHHbIX C KOHTPACTHOCTbIO (POTOM/EHOK, MOCKOJbKY (oTorpad
MMeeT BO3MOXHOCTb Bbl6paTh Takoi Tun (oTobymaru,
KOHTPaCTHOCTb KOTOPOI ByfeT COOTBETCTBOBATbL MHTEpPBany
MNOTHOCTEN HeraTuBoB.

B cnyyae 06blYHbIX PPOHTANbHO OCBELLEHHbIX 0OBEKTOB
nosiBNeHne HeboNbLINX 6/IMKOB, KOTOPbIE MOTYT BO3HUKHYTb MpK
CbeMKe 06bEKTBAMU C OAHOC/OWHbBIM MPOCBET/IEHNEM,
CMoCco6CTBYET MyuLleil nepefade BCEro MHTepBana APKOCTENA
06beKTa, MOCKO/bKY OHW HECKO/IbKO CHUXAKT KOHTpacT
n306paXKeHmns, NPOELMPYEMOro 06LEKTUBOM Ha MEHKY. B 3ToW
CBSA3M MHTEPECHO OTMETUTb, YTO Takoe peLleHue npobiembl
KOHTPacTHOCTW CTaHOBMTCS HEBO3MOXHbLIM NpY MCMO/b30BAHWM
COBPEMEHHbIX NPOCBET/IEHHbIX 06BEKTUBOB C MHOIOC/0MHbIM
MOKPbITUEM, MOCKONLKY MOCNeHWe MOMHOCTbIO UCKHOYaloT
BO3MOXXHOCTb 06pa30BaHNs 6ANKOB.

LiBeTonepenaya

LiBeToBass ramma hoTorpauyeckoro n3obpaxeHus
onpefensieTcs OKpacKoin 06beKTa CbeMKU, SSPKOCTbIO U
LIBETHOCTbIO €r0 OCBELLEHNS, @ TAKXKE YC/TOBUSIMU 3KCMOHMPOBAHUA
(hoTomaTepuana. LiBeT ecTeCTBEHHOr0 JHEBHOrO OCBELLEHNS
3aBUCUT OT BPEMEHMW CYTOK U aTMOC(EPHbIX YCNOBUMA, a LBET
WCKYCCTBEHHOIO OCBELLEHUS — OT TUMa UCTOYHUKA CBeTa.
Uenoseyeckuii rnaz 06nagaet cnocobHOCTbIO afanTMpoBaThCs K
Pa3/IMYHbIM YPOBHSAM SPKOCTY OKPY>XKatoLMX NPeaMETOB U UX
(hoHa. L|BeTHbIe NNEHKN TaKMM CBOINCTBOM He 06nafatoT, U
Nno3TOMy COYeTaHUe LBETOB Ha hoTorpaduu 6yaeT npaBu/bHbIM
TONbLKO MpU CO6/IOAEHNN B MPOLECCE ChEMKU LiBETOBOIO PEXUMA,
COOTBETCTBYHIOLLErO XapaKTepUCTMKaM [JaHHON NaeHKW. 310
0CO06EHHO BaXXHO MpY MCMO/Mb30BaHUM LBETHBLIX 06paLlaeMbixX
MAeHOK, NMOCKO/IbKY nocne hoToo6paboTKM 3KCMOHUPYEMBIN
mMaTepuan CTaHOBWTCA OKOHYaTe/IbHbIM pe3ynbTaToM oTorpadu-
yeckoro npouecca. LiBeTHble HeraTuBHbIe NAeHKN 6onee
«TEPNMMbI» K LIBETOBOMY PEXMMY, NMOCKO/bKY HebobLune
OTK/IOHEeHWS OT 3a4aHHOr0 peXxuma MOryT ObiTb MCMPaBeHbl B
MpoLiecce MPOSIB/IEHUS U NeYaTu.

LLBETHbIE NJIEHKM BbIMYCKAlOTCA ABYX TWMOB: M/EHKU A5
CbEMOK MpW LHEBHOM OCBeLleHun (LBeToBas Temneparypa
nctoyHmka ceeta 5500 K) 1 nneHKn Ans CbemMOK Mpy OCBELLEHWU
namnammn HakanmeaHms (LBETOBas TemnepaTypa UCTOYHMKA CBETa
3200 K).

100



doTo 37.

Cratysa 'epmeca, AepKallero Ha
pykax AunoHucusa (myseid B Onumnuu,
peyms). Cnesa —oTOChbEMKA
npou3BoAMNack Ha MiaeHKy AN
[HEBHOTrO CBeTa Npu MMeloLLemMcs B
3ane 06bIYHOM WCKYCCTBEHHOM
ocBelleHnn. B pesynbTare LBeT
cTaTyn npuobpen CAWLLKOM Tennbli
OTTEHOK (Ha MAeHKe ANs UCKYCCTBEH-
HOro cBeTa pe3ynbTat 6bia 6bl
nyywe). 1 ¢, 1:5,6, Kodachrome 25.
CnpaBa — (O0TOCbeEMKa MPOU3BOAM-
nacb € He6GONbLUOW 3N1EKTPOHHOM
BCMbILWKOW. B pesynbTate LBeT
cTatyu npuobpen ronybosatbiii
OTTEHOK, HO nepefaH 60/1ee TOYHO.
1:5,6, Kodachrome 25.

®doTo 38.

PoTOCHEMKA MPOM3BOAMNACE TOMBKO
npy MMELNXCA Ha CToMe cBevax 6e3
Kakoli 6bl TO HU 6bINO KOPPEKLUU UX
C/MLLIKOM >XeNTOro» OCBeLLeHMS.

B pesynbTaTe LBeTOBasg ramma
YLA4yHO nepesaeT NMPUYHOCTb U
MHTUMHOCTb CUeHbl. 1/4 ¢, 1:3,5,
Vericotor S.




Puc. 82.

Homorpamma s onpegeneHus Tvuna
KOHBEPCMOHHOTO CBETOPUbTPA,
Heo6X04MMOro npu AaHHOM
COYETaHNMN OCBELUEHUS U MNEHKW.
Touka nepeceyeHns NPSMON NUHUW,
COeJIVHAIOLLEl NeByI0 N NpaBsyio
LWKanbl C LeHTPanbHOM LUIKanoi,
onpefenset UBeT 1 TUM GuUAbTPa Um
CABWI, KOTOPLIA JO/MKEH obecneyn-
BaTb 3TOT (hMNbLTP B Malipesax
OTHOCWTE/NIbHO HENTPanbHOW TOYKN B
cepeAuHe LWKanbl. Hanpumep,
KpacHas IMHMA NOKa3biBaeT, YTo Mnpu
CbeMKax B YCNOBUAX APKOrO
CO/THEYHOTO CBeTa Ha AAHEBHYIO
MneHKy He TpebyeTcs HUKaKnX
tnnbTpoB. ony6as AnHWA
MoKasblBaeT, YTO MpU CbeMKax B Tex
XKe YCMOBUAX Ha NNEHKY Ans
MCKYCCTBEHHOTO OCBELLEHMA
TpebyeTtcs cBeTo(MNbLTP 85B.

Korpga uBeToBas Temnepatypa WCTOYHMKa CBETa He
COOTBETCTBYET XapakTepMUCTUKe MAEHKMW, ee MOXHO CKOPPEKTUPO-
BaTb C MOMOLLbIO CBETO(UILTPA, HAAETOr0 Ha 06BLEKTUB (MM Ha
MCTOYHUK CBETA); ecnn TemnepaTypa HU3Kas, T. €. CBET COAEPXUT
C/IMLLKOM MHOTFO XeNTbIX Ny4eid, HEO6X04UMbI rofy6oBaTbie
(UNbTPbI, ECAN XKEe BbICOKasA, T. €. CBET COAEPXUT CIULLKOM MHOr0
rony6bIX nyyeid, HEO6XOAUM XeNTblil (HUAbTP.

®PunbTpbl, NpeaHasHauYeHHble 41 KOPPEKLUW LBETOBOM
TemnepaTypbl (KOHBEPCMOHHbIE CBETO(MMUILTPBI), BbIMYCKAKTCH
pa3fIMYHON NAOTHOCTW (KPaTHOCTb PUbTPa) U UMELOT
COOTBETCTBYIOLLME KOAOBbIE HOMEPa, KOTOPble 06bIYHO He
COAEPXaT HWKaKO MH(POPMaLUM OTHOCUTE/IbHO KPaTHOCTU WAn
useTa hunbTpa. Ana xapakTepucTuku @uabTpa GUpMbl-
M3rOTOBUTENN UCMOMb3YHOT U3MEHeHWe (CABWI) LIBETOBOM
TemMnepaTypbl U3y4eHUs NpU NPOXOXAEHNN ero Yepes
cBeTouabTP. MNpn 3TOM BeMYMHA U3MEHEHUSA BbIpPaXaeTcs B
maiipegax: 1 mainpeg= 1000000/uBeToBas Temnepatypa, K.

B 3aBMCMMOCTM OT UBeTa (huIbTpa BEIUUMHA CABUra MOXET
ObITb MONOXMTENbHON AWM OTPULATENLHON, TaK KakK OfHM
(nnbTpbl' (Hanpumep, rony6oBaTbie) YBENNUYMBAIOT LBETOBYHO
Temnepatypy U3fiyyeHus, a gpyrue (Hanpumep, Xentble)
YMEHbLUAKT ee.

Cnoco6 onpeaeneHns LBETOBOIN TemnepaTypbl UCTOYHMKA
cBeTa Kak TemnepaTypbl abCco/IlOTHO YEPHOro Tena Cnpases/ime npu
YC/IOBMM, YTO UCTOYHMK CBETA UMEET HEMPEPbIBHbINA CMNEKTP
n3nyyeHus. Takumm UCTOUHMKamy saBnstoTca ConHue, cBeya,
KepoCMHOBAA flamna, 3/1eKTPUYeCcKne NaMnoyky HakaameaHus.
a3opaspsgHble NaMnbl UMEHT UHOM CNEeKTP M3nydeHns — Habop
OVCKPETHBIX MOMOC U JIMHWIA Pa3InyHON APKOCTU, MOSIOXKEHNE U
OTHOCWTENbHAA BeSMUYMHA KOTOPbIX 3aBMCAT OT COCTaBa rasa u
Hannuma (UK OTCYTCTBMA) HenpepbiBHOrO crekTpa. Moatomy LBeT
TaKMX NaMn Henb3s CTPOro BbIpasnTb Yepes TemnepaTypy
abcontoTHO YepHoro Tena. OfHaKO 418 XapaKTePUCTUKK CreKTpa
N3NYyYeHNs HEKOTOPbIX rasopaspagHbIX amn MOXHO UCMOb30-
BaTb TaK Ha3blBAEMYIO 3KBMBANEHTHYIO LiBETOBYIO Temneparypy’.

Ecnu rasopaspsgHble naMnbl, UMELOLLMe SBHbINA
NNHeRYaTbl (AMCKPETHBIN) CnekTp usny4veHns (pTyTHble Uan
HaTpWeBbIE), COBEPLUEHHO HEMPWUIOAHbI ANA LBETHON (hoTorpaduu,
TO Nammbl, CNEKTP KOTOPbIX NpPeACcTaBseT coboi AUCKPETHbIE
MUKW, HaN0XEHHbIe HA HEMpPEepPbIBHbLIA CNEKTP, NPUMEHSATb MOXHO,
XOTS B TaKMX ClyYastx, kak npasuno, TpebyeTcs CyLiecTBeHHas
Koppekuus uetonepegaqn. OueHb xopowm ans doTorpagum
KCEHOHOBbIE ra30pa3psfHble Nammbl (3MEKTPOHHbIE BCMbILLIKK),
MOCKO/IbKY WX CMEKTP U3NYYEHUS MOYTU MOMHOCTLIO COBMAAAET Co
CNeKTpabHbIM COCTaBOM OCBELLEHMSA, HEOOXOAMMOro npw
(hoTorpacmpoBaHnM Ha MAEHKW, NpeAHa3HaYeHHble 415 LBETHOW
CbEMKM MpU eCTECTBEHHOM [HEBHOM OCBeLLleHWU. Ecnn nepegave
LIBETOB NpuaaeTcs 0cob60e 3HaYeHNe, TO MOXET BO3HUKHYTb
Heo6X0AMMOCTb B HEOOMbLUON KOPPEKLMU LBeTa, KoTopas

! TemnepaTypa a6COMOTHO YepPHOro Tena, M3/y4atoLlero cBeT, KOTophbilii
0N HabnogaTens KakeTcs TOro Xe LBeTa, YTO U LBET U3NyYeHus faH-
HoO namnsl.

102






Puc. 83.

a — CMeKTP W3Ny4YeHns PTYTHOM
rasopaspsiiHoil namnsl B OCHOBHOM
COAEPXNT MHTEHCUBHbIE ANCKPETHbIE
NMHWUKM. TloaTOMy Takas famna He
roguTcs AN8 UBETHOI (oTorpatuu;
6 — CnekTp M3Ny4yeHns NOMUHeC-
LIleHTHON namnbl TUMa «CEeBEPHOE
CUSHME»; B — CMEKTP U3NyuYeHus
«6enoi» NHMUHECLLEHTHON Namnbl;
r —cnekTpanbHas YyBCTBUTENbHOCTb
TUNWYHOI LBETHOI o0bpallaemoit
NAEHKN: TPN OTAeNbHbIE, XOTA 1
nepeKpbIBaloLLecs KpuBble Ans
KaX0ro amMynbCUOHHOrO C/0s
MMEHKN, YYBCTBUTENbHOIO K CUHEMY,
3e/1eHOMY W KpacHOMY LiBeTy.

OCYLLEeCTB/AETCA C NMOMOLLbI UIBTPOB XENTOBATbIX OTTEHKOB.
O6bIYHO pOonb (UNLTPA BbINOMHAET BCTPOEHHbIA B namny-
BCMbILUKY YKEeNTbIA 3alWTHbIA 3KpaH WK XKenToe MOKPbITUE,
HaHeCeHHoe Ha MOBEpPXHOCTb flamribl.

PryopecueHTHble 1aMnbl —3T0, KakK NpaBuio, PTyTHbIE
rasopaspsifHble nammbl, BHYTPEHHSS MOBEPXHOCTb KOTOPbIX
MOKpbITa CneynanbHbIM IOMUHECLEHTHBIM COEAMHEHNEM —
thocthopom. log aelicTBreM ynbTpadMoneToBOro M3nyyeHus
paspsfa ocop gayopecumpyeT, YaCTUUHO KOMMEHCUPYS
NpoBasibl B LBETOBOM CMEKTPE YMCTO PTYTHOW ra3opaspsgHol
namnbl. BosgelicTBue cBeTa, M3Ny4yaemMoro 60MbLIMHCTBOM
(hNyOpecLLeHTHbIX aMn, Ha LBETHYIO MNMIEHKY NpeAckasatb
[0BONbHO TPYAHO, TakK Kak CBETOUYBCTBUTENBbHOCTb MIEHKM
ONMCbIBAETCA TPEMS KPUBLIMU, KaXKAas U3 KOTOPbIX XapakTepusyeTt
YyBCTBUTEN' OCTb OLHOIO M3 TPEX LBETOYYBCTBUTESIbHBIX CNOEB.
MoaToMy peakums JaHHON MAeHKW Ha 3TOT CBET onpejensercs, ¢
OAHOI CTOPOHbI, OTHOCUTE/IbHBIM MOSIOXKEHWEM 3TUX KPUBbLIX B
npefenax BUAMMOrO CMeKTpa, a C APYroi — MaKCMMyMOM
U3nyyeHns (HyopecLeHTHON namnbl. KpuBble YyBCTBUTE/ILHOCTU
MAEHOK Pas/InyHbIX MapoK MOrYT HECKONbKO OT/MYaTbea ApYyr OT
[pyra, X0TS BCE OHM pacCyMTaHbl Ha CBET OAHOMA 1 TOM Xe
L4BETOBOI TeMmepaTypbl; NO3TOMY OHW ByayT NO-pasHOMYy
pearvpoBaTb Ha OAWH W TOT Xe WCTOYHWK OCBelleHus. bonee Toro,
faXe pasnnyHble TUMbl NIEHKW OfHOW hMPMbl MOTYT AaBaThb
pasHble pe3ynbTathl. Ecnn oTorpad He pacnonaraeT
pesynbTatamu MpeABapuTeNibHbIX MPOBEPOK, TO e4UHCTBEHHbIN
€nocob Jo6uTbCA LOCTAaTOYHO XOPOLUEro LBETOBOro GanaHca npw
1CMO/b30BAHWUMN JaHHOTO UCTOYHMKA CBETA U AAHHON NAEHKN —
3TO cAenaTb HeCKO/IbKO MPOBHLIX CHUMKOB, NMPOSBUTHL UX 1
npoaHannM3npoBaTb. 3aTeM CbeMKY MPUAETCA NOBTOPUTb, HO Ha
3TOT pa3 C PUAbTPOM, BbIGPAHHbLIM B COOTBETCTBUM C Pe3y/bTa-
Tamu npoo.

[ns onpefeneHns cnekTpanbHOro cocTaBa U3NnyyeHus
MCTOYHMKOB CBETa CYLLECTBYIOT CreLuanbHble Npubopbl —
M3MepuTeNn LBETOBOI TemnepaTypbl. MpocTeiiwne (M camble
JeLUeBble) U3 HAX U3MEPSIOT OTHOCUTESIbHOE COAEpXaHne KpacHbIX
M CUHKX NyYell (KpacHO-CMHee OTHOLLEHWE) B CMEKTPE M3MyUYeHUs
MCTOYHMKA CBETa; NpY 3TOM IM6O OLHOBPEMEHHO OCBELLAOTCA ABa
(hOTO3/1EMEHTA, CHABGXEHHbIE COOTBETCTBEHHO KPAaCHbIM U CUHUM
(hunbTpaMmn, NMMBO NOCNeaoBaTe/IbHO OCBELLAETCA OAWH
(hOTO3/1EMEHT Yepe3 KPacHbIA 1 CUHWIA hunbTpbl. KpacHo-cuHee
OTHOLLEHWe OnpefensieTcs no nokasaHWsM ranbBaHOMETpa,
LUKana KOToporo rpaflympoBaHa HenocpeAcTBEHHO B eAuHMLAX
LIBETOBOW TemnepaTypbl. TOYHOCTb U3MEPEHUS LBETOBON
TemnepaTypbl 3aBUCMT OT TOrO, CNPaBesMBO WU HET
MpesnonoXeHne, COrNacHo KOTOPOMY Ans OnpefeneHus 3Toi
XapakTepuCTUKN UCTOYHMKA CBETA JOCTATOYHO 3HATb OTHOCUTENb-
HYH0 MHTEHCMBHOCTb OCBELLEHUSA NNLLIb Ha rPaHuLax BUAMMOTrO
crnekTpa. OKas3anocb, YTO 3TO MPeAnoNoXKeHNe JOCTATOUHO
OnpasfaHHO AJ1f UCTOYHWKOB C HEMpepbIBHbIM CMNEKTPOM K
COBEPLUEHHO Henpuemnemo Ans UCTOYHWKOB C IMHEAYaTbIM
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doTo 39.

OfHa ¥ Ta Xe cueHa, CHATas npu
BO3MOXHbIX KOMOUHALMAX Pa3NnYHbIX
TUNOB NHOMWHECLLEHTHbIX lamn ”
NNeHOK.

1. "Warm White", Kodachrome 64.
2. "Colour Matching", Kodachrome
64.

3. Philips "Colour 32", Kodachrome
64.

4. Philips "Colour 34", Kodachrome

64.

5. Philips "Colour 34", Agfa CT18.
doTtorpaduu 4 n 5 6bIAN caenaHbl
npu 0OAWHAKOBOM OCBELUEHWU, XOTH
1CNoNb30Bannuch NNEHKU,
npegHa3HayeHHble fN8 CbeMOK Mpu
[HEBHOM OCBeLLeHUN, nepepaya LseTa
OKasanacb pasMyHoN.

Puc. 84.

BbICOKOKAUY€eCTBEHHbIN N3MepnTenb
LIBETOBOW TemnepaTtypbl C Tpems
(hoTONpUEMHUKaMU.

(AnCKpeTHbIM) cnekTpoM. B nocnegHem cnydyae Ans TOYHOMO
npeAcKasaHnst BO3AENCTBUS OCBELLEHMS Ha LIBETHYIO MIEHKY
nieanbHblii N3MepUTENb JOMKEH UMETbL TPK (HOTO3NEMEHTA,
CHabXXeHHble (IMNbTPaMu, CNeKTpasbHas YyBCTBUTEIbHOCTb
KOTOPbIX TOYHO COOTBETCTBYET CMEKTPaibHON YyBCTBUTENLHOCTM
Tpex LBeTOUYBCTBUTE/bHbLIX CNIOEB M/EHKW, HA KOTOPYH
NPOU3BOAMTCS CbeMKa. Ha npakTuke, 0fHAKO, UCMOMb3YHOTCA
KpacHble, CUHUE W 3eM1eHble (PUALTPbI, pacCUMTaHHbIE Ha
HEKOTOPYI0 TUMUYHYIO LiBETHYIO NAEHKY, 1 TO TONbKO B JOPOrMX
M3MepuTeNsX LBETOBOI TemnepaTypbl. TOUYHOCTb Takmx
TpexKaHanbHbIX NPMBOPOB B Cy4yae (hYOPECLEHTHbIX Nammn Uam
JPYTrMX UCTOYHWMKOB CBETA C JWUCKPETHLIM CMEKTPOM W3NYYEHNS
3HaYMTENbHO MPEBOCXOAMT TOYHOCTb ABYXKaHa/bHbIX NPMOOPOB,
XOTS N MOXXET HECKO/NIbKO MEHSTLCA B 3aBUCMMOCTU OT
XapaKTePUCTUK MPUMEHSIEMO NeHKN. DUbTp, BbiGpaHHbIV B
COOTBETCTBMU C MOKa3aHWSMMN U3MEPUTENS, NO3BOMAET MOAyYaTh
thoTorpagmm, ecnm 1 He naeanbHble MO LBETOBOW ramme, TO
BMOJHE MpUEMEMbIE MO APYTM MapameTpam.

Mpobnembl, CBA3aHHbIE C Nepedadeit LBeTa, JOBO/IbHO YacTo
BO3HMKAOT 13-3a LiBETOBbLIX XapaKTEPUCTMK CaMoro 06bekTa
CbeMku. MogobHas cuTyaums HabnogaeTcs, Hanpumep, Npu
(hoTorpatMpoBaHMN HEKOTOPbLIX FOMyBOBaTLIX LIBETOB, TakMX, Kak
ropevaBska (Gentian) u nnomes (Moming-Glory): doTtorpacg sugut
LBETbI roNy6ObIMU, @ Ha HEKOTOPbIX LIBETHLIX MIEHKAX OHW UMEHT
PO30BaThbIl OTTEHOK. DTO 0OBLSACHAETCS TEM, YTO LBETHI CULHO
0TpaXkaloT CBET Ha KpacHOM rpaHuLe CrnekTpa, KOTOPbIA No4Tu
HEBUAWM 4 TNa3a, HO K KOTOPOMY CPaBHWTENbHO YYBCTBUTESIbHBI
HEKOTOpPble MMEHKW.

OfiHOl 13 BO3MOXHbIX MPUYMH OLIMGOK B LiBeTOMNepeaaye
MOryT 6bITb KpacuTenu, obpasytolmecs B NPOLECCe LBETHOrO
nposBneHns n obnajatoLive CBOMCTBOM M36MpaTeNnbHO NOroWaTh
(BbluMTaTb) M3 BEOrO CBETA U3/TyUeHWs OMpeaeneHHoro
CreKTpanbHoro coctasa. Kak yxe 6b110 NOKasaHo, B LIBETHO
(boTorpagmm LBeTa 06bEKT BOCCO3AAOTCA CYOTPaKTUBHBLIM
METOLOM U3 TPeX OCHOBHbIX LIBETOB — XENTOro, nyprypHOro un
ronyboro. OnpefeneHHbIe OrpaHNYeHns 3TOro mpouecca u
YMCTOTa LIBETOB KaXKAOro KpacuTens AenatT HEBO3MOXHbIM
No/yyeHre TOYHON LIBETOBOW KOMuM (hoTorpagupyemMoro o6bekTa.
B Tex cnyvasx, Korga TOYHOCTb Mepejayv LBETOB MMeeT
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®doTo 40.

BBepxy — BBIOHOK «YTpeHHAs
cnaBa», Kak ero BUgMT rnas.

BHM3y — n306pakeHne BbiOHKa Ha

HEKOTOpPbIX LUBETHbIX NAEeHKaX.

doTo 41.

MN306paxeHns CTEKNSHHOTO BUTpaxa,
noNy4yeHHble Npu GoToCchbeMKeE B
yCNOBUAX OAMHAKOBOI0O OCBELLEHUS,
HO Ha pasNnyHble LBETHbIE MIEHKM
4ns fHeBHOro ceeta. Cneea — LBeT
nokpbiBana ropasfo 6amke K
UCTUHHOMY, Of4HAaKO Xentas 06nacTb
nepefaHa B yepecuyp TenibIX TOHax.
CnpaBa — >XenTblii LBeT o6nacTu,

NCKNIOUYMTENBHO BaXKHOE 3HayeHue (Hampumep, oTorpaguposa-
HMe C LieNblo peKnambl HOBOM TKaHW UM HOBbIX 06pa3LLlOB 000EB),
thoTorpady npescTOMT NPeofoneTb Hemanble TPYAHOCTH, YTOObI
[06UTLCS Hamnyudleld nepefayn LBeTa 0ObEKTA ChEMKMW.

HapyLueHre 3akoHa B3aMM03aMecTUMOCTM

B 06bIYHbIX YCNOBMAX peakumst POTO3MYIbLCUN Ha CBET
TakoBa, UTO /Ba (haKTopa, OnpeAenstowmne aKcnonuyumto, T. .
BPEMS 3KCMOHUPOBaHUA (BblAep>KKa t) N MHTEHCMBHOCTb CBETOBOIO
noToka (ocBelyeHHOCTb E), 0Ka3biBalOTCA 06paTHO Nponopumo-
HaNbHbIMK APYT ApYry. 3aKOH B3alM03aMeCTUMOCTM YTBEPXKAAET,
YTO BbIfEPXKKa W OCBELLEHHOCTb B3ayM0O3aMeCTUMbl. [pyrumm
CNoBamu, C/K, HanpuMep, YBENNYNTb BbIAEPXKKY BABOE, TO A/
MONYYEHMS TOW >Ke 3KCMO3NLMN NHTEHCUBHOCTL CBETOBOMO MOTOKA
CneayeT yMeHbWWTb BABOe. OAHAKO B psfe cny4yaeB HabnogatoTcs
3HaYMTe/IbHbIE OTK/OHEHWS OT 3TOr0 3aKOHa, 0CO6EHHO Korfa
MCMO/Mb3YHOTCS 0YeHb GO/bLUME BbILEPXKKM, KaK, Hanpumep, npu
CbEMKaXx B YCNOBMAX TYCK/IOrO OCBELLEHUS, U XKEe OUYEHb Masble,
KaK npu CbeMKax MMMY/bCHbIM MCTOMHMKOM CBeTa. B uepHo-6enoit
(hoTorpathmy ata npobsema peLlaeTcs NPocTbiM YBENYEHNEM
BPEMEHUN 3KCMOHMPOBaHUA. UTO KacaeTcsi LBETHOW (oTorpatum,
TO 3feCb Aeno 06CTOUT ropasfo CNoXHee, TakK Kak HapylueHue
3aKOHa B3aMM03aMeCTMMOCTI MOXET ObITb pasHbIM ANS TPex
LIBETOYYBCTBUTENLHBIX COEB 3MY/bCUW, MPX 3TOM OHO
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OKpy>atolein gurypy, nepegaH
[OBONBLHO TOYHO, OJJHAKO CHHee
MOKpbIBan0 0Ka3anocCb Yepecyyp
TEMHbIM W HeBbIpasuTeNbHbIM. YacTo
XenatenbHo, 4Tobbl LBETOBaA ramma
thoTorpathmy Bcero nUWb pagosana
rnas, v, ecn oHa Mpy 3TOM He TOYHO
nepefjaeT LBeTa OpuruHana, aTo He
6efa. OAHAKO B HEKOTOPbIX CAyyasx,
Hanpvmep B peknamHoli oTorpadum,
TOYHasA nepefaya LiBETOB MMeeT
nepBOCTeNeHHoe 3HayeHue. Bosbmem K
npumepy HoBble 06pa3Lbl KPacOUYHbIX
TKaHe. [Ans uenein peknambl
nepefaya Ux LBETOBON raMmbl
[O0/MKHa 6blTb BO3MOXHO Gonee
TOYHON. W3-3a OrpaHUYeHHbIX
BO3MOXHOCTel CYLLEeCTBYHOLNX
LIBETHbIX MMIEHOK (hoTorpad yacTto
BbIHYX/€EH [0BO/MbCTBOBATHCA
npaBUNbHON nepefaveil NNLWb
HEKOTOpbIX LBeToB. B mogo6Hoii
CUTyauun B mpouecce neyaty 06bI4HO
NPUXOAMTCA PeTyLINpoBaTh
HEKOTOpble LiBeTa B COOTBETCTBUM C
“MeLMMUCH 06pasLamMmm TKaHm,
4TO6bI MONY4YNTL 6ONee TOUYHYIO
nepefayy BCeX OTTEHKOB.

NPOSAB/AETCA He TOMbKO KakK 06lias HefofepXKa NeHKW, HO 1 B
MOSBNIEHWNUN HEXeNaTe/lbHbIX LBETOBbIX OTTEHKOB. BO MHOrmx
CNyyasix 3ToT gepeKT MOXHO YCTPaHUTb C MOMOLLbI MOAXOAALLErO
(hmnbTpa, KOTOPbLIA BbIOMPAETCA WU yCTaHABMBAETCSH Ha OOBEKTMB B
3aBMCUMOCTY OT 3KCMO3ULMKN (B COOTBETCTBUM C PEKOMEHAALUAMM
N3roTOBMTENEN NNEHKM). TPYLHOCTM MOTYT BO3HUKHYTb MpK
CMELUaHHOM OCBELLEHWUW, HampyMep MpW CbeMKax BHYTPM
NMOMeLLEHNS Npu JHEeBHOM CBeTe, MPOHUKAIOLLEM CKBO3b OKHa, C
MOACBETKOWN 3aTEHEHHbIX 0OBLEKTOB C MOMOLLbIO 3/IEKTPOHHOIA
BCMbIWKKU. B ycnoBusx JHEBHOro CBeTa BblAEPXKKa MOXET
COCTaB/NSAITb HECKO/IbKO CEKYHA, a NMPU CbeMKE CO BCMbIWKOA —
nopagka 1/ 1000 ¢ u gaxxe meHbLle (ecv NpUMeEHsETCA
aBToOMaTMyeckas 3NeKTPOHHas MMMybCHas nammna.

B 3aBMCUMOCTU OT BbIgepXXKN AeeKTbl MOTYT ObiTb 06YC/IOBMEHbI
000VMM UCTOYHUKAMW CBETA; faXKe ecnn 06a MCTOYHUKA UMEKT
OfHY U Ty XXe HOMWHA/bHYIO LiBETOBYIO TEMMEPATYPY, OHWU MOTYT
[aTb pasHble LBEeTOBble OTTEHKU. 3Ty NPo6AeEMY pelnTb He
MpOCTO, MOCKOMbKY PUALTP, NPeAHA3HAYEHHbIA 419 KOPPeKuum
LIBETA O/HOFO UCTOYHMKA, B PaBHOW Mepe BANSET Ha ApPYrow, u
noToMy 1060e LBETOBOE pasnyune Mexmgy UCTOYHUKaMM
coxpaHsieTcs. K cuyacTblo, nocnegHue 06pasubl LBETHBLIX MIEHOK
ropasf0 MeHee YyBCTBUTENbHbI K BOMbLLIMM WU MasbiM BblAEpXKaMm,
Yem MX NPeLLIeCTBEHHUKM, MO3ITOMY HapyLleHue 3aKoHa
B3aMM03aMeCTUMOCTM 06bIYHO MUHUMANLHO MPW YC/IOBUM, UTO
thoTorpad NMpuaepXmMBaeTcs peKOMeHZaumin paspaboTymMKoB
MNEHKN.



Komno3unynsa

doTo 42.

[Ons doTorpada Kamepa B
onpefeneHHo cTeneHn ABNSETCA Tem
Xe, YeM KUCTb W Kpacku Ans
XYLOXHUKA, —CPefCcTBOM
0TO6paXeHNs TOro, 4T0 OH BUAWT.
OfHaKo B OTANYME OT XYAOXKHUKA
thoTorpad BbIHYXAeH 0TobpaxaTb
TONbKO TO, YTO OH BWUAMUT, U HE MOXET
TONbKO CWON CBOEro BOOGpPaxeHWs
BOCMPOU3BECTU Ha CHUMKE TO, Yero
HeT B AeicTBUTeNbHOCTU. Tak,
Hanpumep, ec/im OH Xo4eT, YTo6bI B
Kagp nonana nofka, oH BblHYX/€eH
XfAaTb, NOKa OHa He NoABWTCS.

B KpaiiHem cnyyae OH MOXeT
NoMpocUTb KOro-TO NOANbITE Ha
NnojkKe B HYXHOe MecTo.

doTorpagua sBnseTca 0gHUM U3 IPPEKTUBHBIX CPEACTB
nepefayn nHpopmaummn. Xapaktep UHGopmMauum 1 cnocob ee
nepefayn 3aBUCAT OT XapaKTePUCTUK 06beKTa CbeMKM 1 TeX Lienen,
KOTOpble CTaBWT nepeq coboit oTorpad.

C 0fAHOI CTOPOHbI, 3TO MOTYT 6bITb (hoTOrpaduu,
clienaHHble NPOCTO Ha MamsATb, UAKM QoTorpapuu, UNNCTPUPY-
lOLLME, CKAXEM, YUEOHUK UM KaTasor U cofepaline
NH(opMaLnio 06 06bEKTE, KOTOPYIO TPYAHO UAKN faxe
HEBO3MOXHO nepefaTb cnosamMu. O6bIYHO Takue (oTorpagun
BbIMOSTHAKOTCA TaK, YT0ObI BbIAENNTL UMEHHO Ty MHOPMaLuio,
KOTOPYHO aBTOP KHUIU WM U3rOTOBUTENb MPOAYKTa XoTen 6Gbl
COO6LMTb YMTaTeNO UM MOTEHLMANIbHOMY MOKYynaTento, cnegys
M3BECTHOW MOCNOBULE — «/lyYlle OAWH Pa3 YBUAETb, YeM TbICSUyY
pa3 ycnblwaTb». doTorpadum Takoro poja, kak npaswso, He
MMEIOT XY[I0XKECTBEHHOW LIEHHOCTW, HO TEXHWUYECKN OHW

108



doTo 43.

BBepxy — B OCHOBE KOMMO3ULUW
Kafipa NexuT noBTopeHne (Gopmbl
apku. B ueHTpe W cnpaBa — YAUYHbIN
CTOK M CKaMb$i B CHEry — HeuyTo npu-
ATHOE ANS rNa3 U TONbKO. BHUM3y —
nofioXeHne He6ONbLIOrO JOMUKA B
Kajpe co3faeT oulylleHuWe ero
O0TOPBAHHOCTM OT OCTaNbHOr0 MMpa.
3TOo oLylleHne ycunmeaetca m3-3a
NoYTU NOJHOr0 OTCYTCTBUA KaKWX-
NnM60 NONYTOHOB MEXAY YEePHbLIM 1
6enbim.

BbIMOSIHEHbI MPEBOCXOAHO, T. €. 3KCMO3ULMS, OCBELLEHNE N CTEMEHb
Jjetanunsaumm BbibpaHbl Hanayylwnm o6pasom.

C [pyroi CTOpoHbI, 3TO MOryT ObITh (oTorpaguu,
KOTOpble HE COAepXaT KaKoi-n11nbo KOHKPETHON MHGopMaL M, HO
TEM He MeHee OHW CO3Jat0T OMpefesieHHOe HACTPOeHWe, Bbi3blBalOT
onpefeneHHble accouymaumm. O6bEKTOM TaKOW CbeMKU MOTYT ObliThb
camble 00blAEHHbIe, HENPUTA3ATENIbHbIE NMPEAMETbI UK CLEHbI,
KOTOPbIe Mbl MOPOW NPOCTO He 3amevaeM. OfgHako hoTorpad,
06nafaloLWwnii Xya0XKeCTBEHHbIM BKYCOM U TBOPYECKUM
BOOGpaXKEHMEM, YBUEN B HUX HEUYTO TAKOe, YTO 3acTaBWU/O ero
B3ATbCA 3a KaMepy M MCNOMb30BaTb BECb CBOW OMbIT U YMeHWe A5
HaunyyLlero Bblbopa pakypca u 0CBeLLeHUs, YTOObl NepeHecTn aTu
HeynoBUMble YepTbl Ha oTorpaguto. Takum o0bpasom,
nonyyeHHas otorpadus 6yget ero cO6CTBEHHON UHTepnpeTaluen
YBWAEHHON cueHbl. [pyroi goTorpad MOXeT BOCMPUHATL 3Ty Xe
CLiEHY NO-CBOEMY M 0TO6pa3nTb ee Ha hoTorpaduy CoBepLUEHHO
nHave. doTorpad, genaownini Noao6HbIe GoTorpadun,
HanoMuHaeT XMBONMCLA, NULLYLLEr0 Mac/oM WK aKBapesbio.
Kamepa 1 Hero He 60nee YeM MHCTPYMEHT, C MOMOLLbHO
KOTOPOro OH NMEPEHOCUT CBOM 3MOLIMUN U OLLYLLIEHNS Ha NJIEHKY,
MpW 3TOM €ro MaHUNynsauumn ¢ guadparmoii, BolLepXKKoli 1
PE3KOCTbIO A1 HEr0 TO Xe, UTO, CKaXeM, A5 XYA0XKHMKa Cnocob
HaHeCceHUsl Kpacku Ha XOsCT.

OfHako 60NbLINHCTBO (PoTOrpaduii 3aHMMaeT
NPOMeXyToUYHoe MonoxeHue. Jltobas goTorpaduueckas paboTa
TaK WAM MHaye CBA3aHa C 3amevaT/ieHMeM U WANKCTPUPOBaHNEM
(haKTMYeCcKo MH(opMaLun. ITO OTHIOAb He 03HAYaeT, YTo
BbIMONIHEHWE TaKuX (hoTorpaduii He TpebyeT XyA0XKeCTBEHHOIO
BKyCa 1 TBOPYECKOro BOOOGpaxeHus. [lelicTBUTENIbHO XOopoLuas
(hoTorpacus — 3TO HE NPOCTO MONHOCTLIO BbISBNEHHbIE
HeobxoauMble AeTann 06bekTa ChbeMKU, HO U Hanbonee
NpaBWbHOEe COOTHOLLEHME YacTel Kagpa, UX Nornyeckas
B3aMMOCBA3b B COYETAHWM C MAKCUMa/bHOM BbIPa3uTeNbHOCTbHO.
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OCHOBHbIe npaBuia

[ns Toro utobbl OpPraHM3oBaTh WM CKOMMOHOBATH
pas3finyHble 3NeMEHTbl 06beKTa CbEMKM, HaUYMHAKOLWEeMY
(hoTorpagy Heo6X04MMO 3HaTb OCHOBHblE MpaBWa XyLOXeCTBEH-
HO KoMno3mumn Kagpa. o Mepe NpMobpeTeHUs onbiTa 3Tw
npaBuaa CTaHyT /1 HEro YeM-TO BPOAe OOLMX PeKOMeHAALWIA.
[JeicTenTenbHo, ecnu 6bl Bce hoTorpadbl Bcerga CTporo
cobnofany 3T NpaBuaa, TO KHUTU U XXypHasbl 6b1u Gbl
3anofiHeHbl yapyyatoLle 04H006pasHbIMKU CHUMKaMKM, NOYTK He
OT/INYAIOLLMMUCS OfMH OT LPYroro no mMaHepe NUCNOSHEHWS, U
thoTorpadbl 661K Gbl NMLLIEHbI BO3SMOXHOCTX CO3/laBaTh CBOWA
COOCTBEHHbIW, NHAVBMAYANbHBIA CTWAb. MOXHO HaTK HemMano
NpPYMepPoB BENMKONEMHBLIX (POTOrpaguii, aBTopbl KOTOPbLIX
YMBILUIEHHO OTCTYNanu OT 3TUX MpaBua U TeM CaMbIM LOCTUranm
6nectawero adekta. He cnegyeT, ogHaKko, HapyLlaTthb 3Tu
npaBWaa NPOCTO TaK; OTCTYM/eHWe OT NpaBwua ONpaBAaHHO N1LLb B
TOM cfiyyae, korga o6pas unvm MHGopMaLMoHHOe CcogepXKaHue
thoTorpagmm Tem cambiM GYyAET YCUMIEHO MM SIBHO MOAYEPKHYTO.

MepBoe 1 Hanbonee NOMYNAPHOE MPaBUIO KOMMO3NULMM
Kagpa COCTOMT B TOM, YTO LEHTPa/bHbIA 00BLEKT UM 0OBLEKTHI
CLEHbI JO/MKHbI pacnonaraTbCa Kak MOXHO B6/MKe K TOUKe
nepeceyeHns BTOPOCTENEHHbIX 06bEKTOB ((hoTo 44, 45). BTopoe
NpaBWI0 rNacuT, YTO HEKOTOpPble BTOPOCTENEHHbIE 0OBEKTI
LO/MKHbI «BECTW» Hall B3r/s4 MO HANpaBfeHUIO K LeHTpalbHOMY
06bekTy. Kpome TOro, LeHTpanbHbIiA 00BLEKT UK XOTA 6bl €ro
YacTb AO/KHbI KOHTPACTMPOBATb MO LBETY WK TOHY C
OKpY>KaroLWmm (oHOM.

B0O3MOXHOCTb COO/MIOAEHNA 3TUX MPaBU LEIMKOM
onpegenseTca Npupogoin obbekTa. B HEKOTOPLIX cryyasx, Kak,
HanpumMep, NPy NOPTPETHBIX CbeMKaX UM CbEMKax B MOMELLEHNMU,
(hoTorpadh MMeeT BOSMOXHOCTb MO/IHOCTHIO KOHTPO/MPOBaTh
CUTYaLMIO: UCKaTb flydLlee NONOXKEHWe MOLENN UK (PU3NYECKM
nepemeLlaTb pasfnMyHble 06bEKTbI (Mebenb, Basbl C LBeTaMmn 1

doTo 44.

MpumMep Kagpa, Y40BNETBOPAKOLLErO
TPemM OCHOBHbIM MpaBuiam
KOMMO3WLMN; OCHOBHON 06BbEKT
(hurypa yenoBeka) HaxoauTcs Ha
nepeceyeHN BTOPOCTEMNEHHbIX; peka
1 orpaia «BeflyT» Halll B3rnsg no
HanpaB/IeHUI0 K 00beKTY; 06beKT
XOPOLLO KOHTPAacTUpyeT ¢ (hOHOM.
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doTo 45.

He6onblume N3MEHEHNUS MOMOXEHUS
TOYKM CbHEMKMU CYLLECTBEHHO BMAIOT
Ha c6anaHCMpPOBAHHOCTb KapTWHbl. Ha
KaXXA0M CHUMKE LeHTpanbHbIN
06beKT (60nbLIOE fepeBo)
pacnonoXeH NpPUMepPHO Ha
nepecevyeHUn BTOPOCTENEHHbIX.
CneBa — TOYKa CbEMKMW BblbpaHa
TaK, 4To 60p03Abl «yBOAAT» B3rNAg K
Kpat KapTWHbl, B pe3ynbTate
HapyLluaeTcs ee rapmMoHus.

B uUeHTpe —60p03abl «BNEKYT» HaLll
B3rN4[4 K LeHTpanbHOMY 06bekTy,
O/IHAKO LIEHTP TAXKECTW BCE e
cMelleH BneBo. Cnpasa — 60po3gbl
«YBOAAT» Hall B3rNaj Ko BTOpOMY
3aMeTHOMY 0ObEKTY —YyfaNeHHOMY
[epeBy, N 06LMiA 6anaHC TOHANbHOCTU
1 YPaBHOBELUEHHOCTb 3HAYUTENbHO
nyuue.

T. 4.) ANA AOCTMKEHMS HaNyyLWwmx pesynbTatoB. OfHaKO npw
NaHAWapTHbIX CbeMKax OH 0ObIYHO NPAKTUYECKN He B COCTOSIHUK
N3MEHUTb AeACTBUTENbHOE (PU3NYECKOE MOJSTOXKEHNE 06BEKTOB. B
OT/INYME OT XYJ0XHMKA, KOTOPbINA, NOMb3ysSCb NPaBOM Ha
«XY[,OXKECTBEHHBIA BbIMbICEN», MOXET N306pa3nTb CLEHY TaK, Kak
eMy 3TO XOUYETCSl, a He TaK, KakK OHa BbIFS4MT Ha CaMoM fene,
thoTorpag BbIHY>AEH CMUPUTLCA C TEM, YTO OH HE MOXET
(hM3MYECKN NepeaBNHYThb, CKAXEM, LLePKOBb WU LepeBo, YTOObI
npuaatb CBOEN paboTe GOMbLUYIO BbIPA3UTENbHOCTD.
EAVMHCTBEHHOE, YTO OH MOXET cAenatb, — 3TO NePeMeCTUTb CBOIO
Kamepy B Ty TOYKY, U3 KOTOPOW BMAMMOE OTHOCUTE/IbHOE
NoNoXeHe 06bEKTOB COCTaBUT YAOBNETBOPUTENbHYIO
KOMMO3ULMIO.

BbI60Op TOUKM CEMKM HACTO SBNSAETCA BAXHEWLIWUM
3/1EMEHTOM BCeEX AeiCTBMIA hoTorpada Ao Tex nop, noka oH
HaKOHeL, He HaXXMET Ha cryck. Mpexae Yem caenaTb BbIGOpP, OH
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doTo 46.
Hanuuune noaku Ha nepegHem nnaHe

3HAYNTENBHO YNy4dlWNNO KOMNOO3ULUUIKO.

HanpasneHue ABWXEHUS NOAKM MOYTH
napannenbHO IMHWN YPOBHS BOAbI Y
KWPMUYHOTO 3fjaHusl, PacnonoXeHHO-
ro cnpasa, W 3TW IMHUU «BedyT» Hall
B3r/1514 K LEHTPY KapTUHbI.

doTo 47.

icnonb3oBaHWe TOHa/IbHOIO
KOHTpacTa Kak CpeAcTsa OTAeneHus
06beKTa OT 3a4HEero nniaa.

[OMKEH TLLATe/IbHO NPOaHaNN3npPoBaTh BblGPaHHbI 06bLEKT U
YETKO CHOPMYNMPOBaTH LeSib CbeMKU, NOCKOSbKY faxe
He3HauYMTeNbHOEe U3MEHEHMWE MOMIOXKEHUA TOUKN CHEMKN MOXKET
OYeHb CW/IbHO MOBMATL Ha KOMMO3WLUOHHOE PeLLeHne BM/OTb 40
TOrO, 4YTO OCHOBHOIA ynop 6y/AeT nepeHeceH Ha COBEPLUEHHO ApYroi
06bekT. CnegyeT Nonpo60oBaTh BCe BO3MOXHbIE TOUKM CLEMKN,
4TOGbI Y>Ke C NOJHONM YBEPeHHOCTLIO BbIOPATh Ty, KOTOpast
Hauny4ywmm o6pa3om OTBeYaeT Lensm U TpeboBaHUAM
thoTorpaduii. Tak 06bIYHO ¥ NOCTYNalOT oTorpadnbl-
NpogeccnmoHanbl, Tak Kak OHM XOPOLLUO 3HAKT, YTO UX COBCTBEHHOE
BOCMPUATUE 0OBEKTA MOXKET HE COBMajaTb C MHEHVEM 3aKasuuKa.
doTorpagbl-nt0bUTENN TaKXKe He MporagatroT, ecnu byayT
CefloBaTb 3TUM PEKOMEeHAaLMAM, NOCKONLKY NOc/e NposiB/eHuns
MAEHKN OHW CMOTYT MOCMOTPETb, KaK MEHSeTCA KapTuHa B
3aBMCKUMOCTY OT MOJIOXKEHMS TOUKN CLEMKMW.

Ob6pamsieHre CLeHbI

VHorfa faxe B XOpOLIO CKOMMOHOBaHHbIX (hoTorpausax
COBOKYMHOCTb /IMHWIA, POPM M TOHOB OTAE/IbHbIX 31EMEHTOB
«YBOLMUT» HaLLl B3r/Misif OT OCHOBHOI0 00beKTa 3a rpaHuubl Kagpa.
AhheKTUBHBIN CcNocob n36exaTb 3TOr0 COCTOUT BO BKIOYEHUN B
Kagp rAe-To y ero rpaHvubl 4OMOAHUTENLHOTO 00bEKTa B
KauyecTBe «bapbepa» ((oTo 53). Mpy 3TOM 06BLEKT, NCMONb3YEMbIN
[4ns obpaMneHns, JOMKEH 6biTb MO BO3MOXHOCTU HEOPOCKUM, T. €.
OH He [JO/KEH OTBNEKaTb BHVMMaHWE OT LEHTPanbHOro 06bekTa
ChEMKM.

Uro BUgMT thoToKamepa?

Mexay CTPOEHVEM YesI0BEYECKOTO r/la3a U YCTPOCTBOM
(hoToannapara CywiecTBYeT OnpejeneHHas aHanorus. B o6onx
Cryyasix UMeeTCs «/IMH3a», NPOeLMpytoLas N306paxeHue Ha
CBETOUYBCTBUTE/bHYHO MOBEPXHOCTb: B MEPBOM Crlyyae — 3TO
MOBEPXHOCTb CETYAaTKM, BO BTOPOM — (hOTOM/EHKA. XPYyCTasmK
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®doTo 48.

BnnsHne He6onblIOro nepemelleHus
TOYKU CHEMKM Ha COOTHOLLEHMe
nepejHero v 3afHero niaHos.
BepTukanbHoe pasjeneHve nepefHero
1 3afiHero njaHoB CYLECTBEHHO
ynyulaeTcs, ecnm TOUKY CbeMKK
BblOpaTb HECKO/bKO Bblille (BBEpXY), U
YXYALWAETCA, eCIM TOUKY CbEMKMU
BblOpaTb HECKO/IbKO HWXKe (B LEHTPE).
Ecnn kamepy nepefjBuHYTb BMpaso,
NOAKMN Ha KapTWHe CMecTATCA B
MPOTMBOMOJIOXHYIO CTOPOHY (BHU3Y).

doTo 49.

Komnosnymio Kagpa (BBepxXy) MOXHO
6b110 6bl YNYULWNTb, OTAENNB AXTY OT
orpagbl (BHM3Y). [na 3TOro TOUKy
CbEMKMW Hafo Obl0 NepemMecTuThb
HECKO/IbKO BbILLE.

BbIGOp TOUKM CbEMKM — 3TO
HanGonee feiiCTBEHHOE CPeSCTBO ANS
MOCTPOEHUS KOMMO3NLMN Kafpa; OHO
MOXET KaK YNyulluTb, TaK U1
UCMOPTUTL KOHEUHbI pe3ynbTar.

C moMoLbo 3TOTO CPEACTBA MOXHO
BbIAENNTL KaKYHO-TO 4acTb 06beKTa
CbEMKM, MOJYEPKHYTb MpPeKpacHoe,
CKpbITb ypoanueoe. Mpexze yem
HaXKaTb CMYCKOBYIO KHOMKY, Hajo
nonpo6oBaTb BCE BO3MOXHble
paKkypcbl —[0NONHUTENbHbIE
3aTpaThl TpyAa U BPeMeHM, Kak
npaBmno, NPUHOCAT XOPOLUKE NA0AbI.



®doT0 50.

CneBa — aHTU4YHasA apeHa B Jdeax.
CnpaBa —Heb60NblWIOE N3MEHEHUE
TOYKM CLEMKM MO3BOSIUIO BKIOUUTL B
Kagp Maku. Hanumune Ha nepefHem
nnaHe ApPKNUX LBETOB cAenano
toTorpatuio 601ee NHTEPECHOI.

doTo 51.

B npouecce okycupoBku, Bbibopa
BbIAEPXKN 1 0XUAaHNA y[06HOT0
MOMEHTa ANA HaXaTus Ha CryckK
hoTorpa@ MOXeT He 3aMeTUTb
KaKoro-To COBEPLUEHHO JINLLHErO
npefmerta Ha 3afHeM nnaHe. Cnesa —
HenocpeACTBEHHO 3a (hMrypoii
NYYHULbl OKasanca ApKuii gnaxok,
OTBNEKAMOWMNIA Halle BHUMaHWe OT
rNaBHOTO0 06bEKTa CbEMKMU.

CnpaBa — MepeMecTuB TOUKY CbeMKM
BCEr0 NMLb Ha mapy MeTpoB
(nesyluKka npu 3TOM ocTanach Ha
NpexXHeM MecTe), yAanocb nonyynTb
ropasfjo Ayulinii CHUMOK.

rnasa )OKycupyeT U30bpaxeHune Ha ceTyaTKy, a pagykHas
060/104Ka perynnpyeT BXOAALMIA CBETOBOW NOTOK. OOBEKTUBbI
BCeX (32 UCK/IOYEHWEM CaMbIX AELUEBbIX) KaMep TOXe MOryT
HaBOLMTbLCS HA PE3KOCTb M U3MEHATbL PEryMpoBaHMeM BeNYWH
AvadparMbl MHTEHCMBHOCTL CBETOBOrO NoToKa. Ha aToMm, ofHaKo,
aHasorms KoH4YaeTcs, ¥ BilEHNE OLHOW 1 TOW Xe CLEHbI
(hoTOKamepoi 1 Yen0BEKOM MPUHLUNUANLHO OTMYAETCS OLHO OT
Jpyroro.

B TO Bpems kak 4enoBeK 06/1afaeT CnoCOBHOCTbLIO
KOHLIEHTPMPOBaTb CBOE BHUMaHMWe TO/IbKO Ha TeX JparmeHTax
KapTWHbI, KOTOpble ero 60/bluUe BCEro UHTEPECYHOT, UTHOPUPYS BCe
ocTa/slbHOe, poTOKaMepa TakoW M3bupaTe/lbHO CNOCOBHOCTbIO He
o6nagaet. OHa «BUAWT» BCe, YTO MonafaeT B None 3peHus
06bEKTUBA, U LEHTPa/IbHbLIA 06LEKT BOCMPOU3BOANTCS €10 TaK Xe
NoApo6HO, Kak 1 OKpyXXatowmnin hoH. o 3Tol npuunHe npu
CbEMKE KaKOM-TO CLEHbI PoTorpad MOXeT faxe He 3aMeTUTb
MHOTMX OKpY)Xalolmx feTaneit, KoTopble, 04HaKo, 6yayT
3anevat/ieHbl POTOKAMEPOi C yapy4aroLLeil ACHOCTbIO.
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doTo 52.

Hepeskunii nepefHuii nnaH. Beepxy —
(hoTOCbEMKa NPOU3BOANIACHE CKBO3b
NINCTbS, KOTOPble 6blIN HACTONLKO
6/1M3K0 K 06BEKTUBY, YTO WX
n3o0bpaxeHune Ha oTtorpadumn
BOCMPUHNMAETCS KakK HexHas
3efeHoBaTas Byanb. BHuly —
pa3MbITOe M306paxeHue repaHu
CMYXXWUT CBOEO6pa3HON pPaMKOiA.
YT06bl NONYUMTb Takoe M3obpaxeHue,
06beKTNB OblN YCTAHOBNEH Ha
6eCKOHEYHOCTb, a Amagparma 6bina
BblOpaHa 40CTAaTOYHO 00/bLUON
(1:5,6). (Pa3mblTOE M306paxeHme
nepefHero naaHa no3BoniseT CKPbITh
HEHY)XXHble fieTanu, KOTOpble MOT/K
6bl NICNOPTUTL CIOXET. B AaHHOM
CNyyae, OfjHaKO, CKpbIBaTb OblN0
Heyero.)

VIMeHHO B cuny 3TOrO pasnnyns B CNocobe «BAfeHUs»
rnasa u (oTokamepbl paboTbl HauMHawOWmMX hoTorpados 6biBatoT
neperpy>xeHbl U3MUWHUMKU feTansMu hoHa, KOTOpble OTB/EKAOT
BHVMMaHMWe 3puUTens OT LeHTpanbHOro o6bekTa M Takum o6pasom
CHMXaKT 3(h(EKTUBHOCTb KOMMO3MLMOHHOTO PELUEHNs Kagpa.

B MOMEHT cbeMKkuM (poTorpad, no-sMAMMOMY, faxe He MOoAo3peBas
06 3TOM WM MO MeHbLLUEW Mepe He OLeHWST B JO/HKHON CTemneHm
BO3MOXHOE BAWsAHME JoHA Ha pe3ynbTaT. OH, Hanpumep, Mor
ObITb HaCTOMBKO YB/IEYEH MOWCKOM YAQ4HOW MO3bl ANS CBOEW
MOJenu, YTo He 3aMeTW/ Takoi AeTanu, Kak TenerpadHblii cton6
(MM MauTbl YAIMYHOTO OCBELLEHUS), PACMONOXEHHBbIN
HenocpeLCTBEHHO 3a MOAENbIO; Ha hoTorpadum aToT cToNnb byger
«pacTV» NpPAMO W3 FOM0Bbl MOAENN. VInn Xe OH He y4yen TOro, 4To
LBETHI, KOTOPbIE CAYXWUAWN POHOM, Ha hoTorpadun byayT
HaCTONbKO APKMMMU, YTO COBEPLUEHHO 3aTMSAT 06BEKT CLEMKN.

YT06bI OLEHWUTH NOTEHLMANbHYIO rapMOHUIO 06beKTa U ero
OKPY)XEHWS, UYL oTorpad SOMKEH Hay4YUTbCA BUAETH WX
Tak, Kak uxX «BuauT» poTokamepa. TONbKO B 3TOM C/lyyae OH
CMOXET NPUHATL Mepbl 418 TOr0, YTO6bl YCTPaHUTb UK 0CNabuThb
OTBJ/IEKaAlOLLLEe BO3ENCTBUE (hOHA. B HEKOTOPLIX C/yyasx OH MOXET
(hM3NYeCKN yaanuTb MeLAKLMA NpeaMeT M3 NONs 3peHNs KaMepbl
WM N3MEHWUTL MOMIOXKEHME TOUKN CEMKM TaK, YTO MpeameT 1nbo
OyneT cKpbIT oTorpadmpyemMbiM 06bEKTOM, MO0 BbIAAET 3a
npegenbl kagpa. Ecnv HEBO3MOXHO MOAHOCTbIO M36aBUTLCA OT
MOMeX, MOXHO 0CMabuTtb WX BAUSHWE, UCNO/b3YS LOCTATOUHO
6onbLyto guadparmy, Tak YTO MeLLatoLmil 06bekT OyaeT
N300paXKeH Hepe3Ko. JTOT MpPUEM «M3bMpaTenbHON (POKYCMPOBKM»
OKa3blBaeTCs 04YeHb 3PMEKTUBHBIM A1 0cnabneHns BU3yasibHOro
BUAHUSA (POHOB U NOAYEPKMBAHNS COOCTBEHHO 06BLEKTA ChEMKMU.
[Jeno B ToM, 4TO cam 06BEKT, ByLyun n306parkeH pes3ko, YeTKO
BbIJENSETCA HA «Pa3MbITOM» (hOHE.

Mpu cbemke OAHOOOBLEKTUBHON KaMepoil ¢ aBTOMaTUYeCKOi
Avacparmoit’ B Bugouckatene GoH 06bIYHO BbIAENSETCA HE CTOMb
APKO, KaK Ha CHUMKe. 3TO NPOUCXOANT WU3-3a YBENNYEHUs TNY6UHBbI
Pe3KOCTN BCMeACTBME TOMO, YTO BenMUMHA guradparmsl
aBTOMAaTUYEeCKN YCTaHaB/MBAETCA Ha TO 3Ha4YeHUe, Npy KOTOPOM
6ygeT npousBefeHa cbeMka. [eiicTBUTENbHBIA 3(h(EKT, KOTOPbIN
MONYYMTCA Ha NNEHKE, MOXHO YBUAETb, ECIN BO BPEMS HaBOAKM
BPYYHYIO YCTaHOBUTb HYXXHYIO Anadparmy. Ans aToi uenm Bo
MHOIMX OLHOOBGBEKTMBHLIX KaMepax UMeeTcs cneuuanbHas KHOMKa
WAW perynnpoBoYHOe KonbLo. Ecav npu gaHHoi gnadparme ¢oH
OKa3blBaeTCs CAMLLKOM OTBEKAKLWMM, TO Anagparmy cnegyet
YBENNUYNTL, He 3abblBas NpyM 3TOM COOTBETCTBYHOLLMM 06pa3om
N3MEHWUTb BbILEPXKKY W OCBELLEHHOCTb.

* * *

KomMnosuumsa GpoTocHMMKa SBNSAETCA OAHMM M3 Hambonee
BaXKHbIX acreKTOB TEXHMKM U WCKyccTBa (hoTorpadmpoBaHus. Bot

! Bo Bpems HaBOAKM AMadparma NONHOCTLIO OTKPLITA ANA NOYUEHWs

Hanbonee ApPKOro M3o06paxeHus B mone Bugouckatens. — lpum. pea.
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®oT0 53.

Beepxy — KénbHCKMil cobop Ha
(hoHe BOAHOI rnagn PeliHa (®PPI) —
npYMep HeyAayHON KOMMO3NLMW:
KOCTen okasancs NpsaMo B LieHTpe
Kagpa, a Ha nepefjHem nnaHe —
«nycTas» BOAHasA rnafb, He
npeacTaBNAOLLLAA HUKAKOTO
NHTepeca. BHu3y — doTorpad
npoLlen BCEro HeCKONbKO MUHYT No
6epery n Hawen 6onee yaauHyr TOUKY
CbEMKMW: CBUCAIOLLME TUCTbA U HU3KUIA
napaneT HabepexHoi obpamnsaT
KapTUHY, a XXene3HOL0POXHbIii MOCT
HanpasnfeT Haw B3rnag K
LeHTPanbHOMY 3/1EMEHTY KapTUHbl —
cobopy. doTorpadus ewle Bbiurpana
1 0T TOTO, Y4TO Ha NepesHeM NnaHe
okasanacb 6apxa. Canon FTb,

1/125 c, 1:6,3, Kodachrome 25.



doTo 54.

MpocToii No cBoeii KOMNO3ULUK

Kagp —O6enble KAaMHU B NacTefbHbIX,
no4YTW OAHOLBETHbIX TOHAaX, KOHTPAcT,
[OCTaTOYHbI TONbKO ANS BbIABAEHUA
S-06pa3Hoil hopMbl CTyneHek, gurypa
cTapyxu, crelualleii Kyfa-To Co CBOel
HOLLe, —TeM He MeHee Co3faeT
aTMoCepy TauHCTBEHHOCTMU.

PoTo 55.

Ecnu 06bekT cbeMKM nepemeLaeTcs
nonepek nons 3peHus, T0 Kaap
CTpOUTCA TakuMm 06pa3om, 4ToObI
06BEKT He OKasancs B LeHTpe Kagpa.
[BvXeHWe Manbymka NofyepknBaeTcs
NUHUAMU TpOTyapa W NOAOKOHHUKOB,
CXOAALLMMUCA B HanpaBaeHUM
[BVKEHNS.

doTo 56.

YacTo npu yaauyHoli KOMMNO3uLmu
n306paXKeHNs 06BEKTOB CbEMKM
006pasyloT Kakyl-1160 npocTyto
reoOMeTpMYecKyto Urypy: manbuuk,
KOpabauK 1 BOMHbLI 06pa3ytoT
TPeyronbHuK.



doTo 57.

Komnosuuuio kagpa MOXHO
3HAYNTEIbHO YNYYLLWTb, BKIOYNB B
«MyCTOW» NepefHWA NnaH Kakune-nn6o
apyrve 06beKTbl, Hanpumep Katep.

®doTo 58.

3TN NouTW abCTpaKTHble TBOPEHUS U3
LBeTa 1 hopM BbiNv NOMYYeHbl B
pe3ynbTaTte ()OTOCHLEMKU U3
aBTOMOGMAA Ha TeppuTopuUn
KemnuHra. Kamepa 6bina
chOoKyCMpOBaHa Ha Kannu JOXAa Ha
BETPOBOM CTeKne. BKatoueHne B Kaap
(Mrypbl Yenoseka, creLllawlero noj
AOXAeM, No3Bonuno caenatb 6onee
VHTEPECHbI CHUMOK.

PoT0o 59.

OcyLecTsnB HhOTOCLEMKY B TOT
MOMEHT, KOrfja CO/HLE CKPbIIOCh 3a
Tyuy, yfanocb nsbexarb nosBneHns
Ha CHUMKe TeHn oT 6anku,
noj/iepX1BatoLLein pelweTKy caja.



doTo 60.

VICKNIOUMTENbHO NPOCTOl No cBOel
KOMMO3NLUN CHUMOK MPeKpacHo
nepefaet aTmMocgepy CNOKOWHOro
OTAbIXa B TUXMWIA NETHWIA AeHb.

doTo 61.

PeiiH B KénbHe.

TymaH — BeNMKUIA MOMOLLHUK
toTorpada B co3gaHun ocoboro
HacTpPOeHUs W Nepefave OLLyLieHMA
paccTofHNSA Ha CHUMKe. B TymaHHOM
[bIMKe OTfaNneHHble npeameTbl
KaXyTcs CBeTNee, YeM b6amsnexalyue,
a ueta —60s1ee NPUrNYLLEHHbIMY;
npeaMeTbl B flyYax BOCXOASLLEr0 Waun
3aX0[ALLero ConHUa KaxyTcs
OKpaLUEHHbIMU B XeNnTble Uan
OpaHXeBble TOHA.

doT0 62.

Cam Ho cebe [OBO/IbHO CKYYHOBATbIW
naHAwapT BOCNPUHUMAETCS COBCEM
MHaue, Koraa fanbHblii 6eper oKyTaH
TYMaHHOW [ibIMKO, KoTopas
OCBELLAeTCs yyamMmn COJHLaA,
NpOpPBaBLUMMKCA CKBO3b TYuS.



doT0 63.

YHWUKanbHy0 CNoco6HOCTb
TeNneo6beKTNBA «CKUMATb»
paccToAHMSA MOXHO 04YeHb 3(HEKTHO
1Cnonb30BaTh NPY M3BECTHOW Aone
BoOGpaxkeHns. OXuUBNeHHas, HO
OTHIOAb He 3anpyXeHHas ynauua Ha
(hoTorpamm MOXeT BbIra4eTb Kak
CM/OLIHOE NOACKOe MOpE, ecun ee
(hOTOCHEMKY NPOU3BOAUTL CO
3HauUTEeNbHOro pacctoaHna 300-mMm
06beKTMBOM. Teneob6beKkTUB
no3BoNsfeT TaKXe BbILENNTb
WHTEpPEeCHbIA npegmeT Ha (oHe
apyrux. Cnesa — € NomoLbto
Teneo6bEKTMBA U TLLATENbHOMO
BblbOpa Anadparmsl yganocb
nepegatb aTtMocepy 6e3rpaHuyHoOro
nons APKUX KpacHblX MakoB. O6beKTUB
6b11 CHOKYCHPOBAH Ha (hMONeToBbIE
LBETbl MaTb-M-Mayexa, YTo6bl BHECTU
B KapTWHY HeKWi LeHTpanbHbli
06bekT. Canon FTh, 135-mm
o6bekTMB, 1 /125 ¢, 1:8,

Ektachrome 64. CnpaBa —
thoTocbemka mpomssogunacb 500-mm
3epKanbHbIM 06BLEKTUBOM ANs
BblfjeNIeHNs (DMONETOBbIX LIBETOB M3
OKPY>KaloLMX UX KPaCHbIX MaKOB.
[aHHbI 06BEKTUB C NOCTOSHHOW
nuagparmoii 1:8 no3BonseT CHUMaTb
C MMHUMaNbLHOTO PaccTofHNS 4 M.
Mpu atom rny6uHa pe3kocTu Bbina
CTOMb Mana, YTo LBETbI, OTCTOALLME

NNLWb Ha HECKO/MbKO CaHTUMETPOB,

yXe 6binn He B dokyce. Nikon F 2,500-mm
3epKanbHblii  06bekTUB  Nikkor,

1/125 c, Ektachrome 64.



doT0 64.

BkntoumnB B Kagp Aepesbsi (cnpasa) u
CKanucTblil 06pbIB (cnesa), hoTorpad
CMOT He TO/IbKO C03AaTb NPUATHOE
obpamneHne KapTUHbI,HO U
NpeKkpacHo nepeaaTb FMraHTCcKue
pacCTOAHMA KaK BHU3 K AONIMHE PeKu,
Tak 1 BLOMb €8 — K JIMHUK
ropusoHTa. Ecnun ncknountb
nepeAHuid nnaH, doTorpadms
noTepsieT CBOK 00BLEMHOCTb.

PoT0 65.

MpyMep yAa4yHOro WMCMo/b30BaHMA
eCTeCTBEHHOr0 OCBELLEeHUSA N1
BbIIBNEHWNS CTPYKTYPbl U DOPMbI
NPUYYLAINBLIX KaAMEHHbIX KONOHH U
newep.

KOHTYpbl U (hOpMY OLHOLBETHBIX W
OAHOTOHHbIX 06BEKTOB MOXHO
BbIE/INTb TOMLKO C MOMOLLbIO
OCBeLUeHNs, NpU KOTOPOM NOACBETKa
N TEHW [O/MKHbI MOJYEPKMBaTb NX
reometpuio. Ecnu 6bl conHue 66110 3a
KaMepoWi, TO BeCb 3TOT KaMeHHbII
aHcambnb BbIrnAAen 6bl Ha
hoTorpaduu NAOCKUM U HenHTepec-
HbIM.

DoTO 66.

BkntoueHne B Kafp 06bEKTOB
13BECTHOrO pa3Mepa 4acTto nomoraet
OLEHUTbL pasmepbl ApYrnx 06bEKTOB.
He 6yap 3nech KapaBaHa, 6b110 6bl
HEBO3MOXHO COCTaBUTb MpejcTaBe-
HUS 0 pa3mepax 3TUX KaMeHHbIX
06pa3oBaHuii.



doTo 67.

TpyaHO 06BLACHWUTL, YeM cnegyeT
PYKOBOACTBOBATLCA MPU HapyLUeHUN
OCHOBHbIX NpPaBUN KOMMO3UL UK,
4yTOObI cenath ee 6oee yaayHoW, —
370 Aeno Bkyca. Ocoboe pacnonoxe-
HWe pasNNYHbIX 3EMEHTOB
KOMNO3NL MU MO3BONSET caenaTb eé
60/ee BbIpa3nTeNbHbIM, a He MPOCTO
6e3nukoii hoTorpadmei,
c6anaHCMpOBaHHOI No TOHY W thopMe.
OTCTYNMB OT MPUHATBIX HOPM, MOXHO
nof4YepKHYTb OLLYLLEHNEe TOCKH,
04MHOYeCTBa, pajocT¥ u T. 4.,
COXpaHuB NpU 3TOM rapMoHuo opm
1 TOHOB. V306paxeHne cTapoi
XEHLWWHbI He 6bIN0 6bl CTOMb
yAayHbIM, ecnn 6bl hoTorpad cTporo
cnefosan npasuiam Komnosuuyuu. Ha
thoTorpauym MHOro mecta OTBeAeHO
MUpY Belleli, B KOTOPOM XXMBET 3Ta
XeHLWMHa. Takoi (hoH mofyepkuBaeT
OTpeLLEeHHOE BbIpaXKeHuWe ee nuua u
cOo3JaeT ONpeAeneHHOe HacTpoeHMe.

®doTo 68.

Knagbuuie BbIFNAAUT CTONMb
BMeYaT/foLLe He TO/IbKO NOTOMY, YTO
HapyLleHbl NpaBuaa KOMMNO3nLMm
Kafpa, HO eLle 1 MoTomy, 4YTo bblna
1Cnonb3oBaHa HeobblYHAA TEXHUKA
neyatu: Haarpobba BbIAENATCS Ha
(hoHe TeMHOro xonma. Ecnu 6b1 hoH
ObIN1 HaCbILWeH AeTansmu, 3To
ncnopTnno 6ol CHUMOK. Mofo6HbIE
thoTorpatumu oTpaxatT rnyboko
NNYHOE BUAEHWE MUPa, NO3ITOMY
(hoTorpad JO/MKeH nonaraTbCca Ha
CBOW COBCTBEHHbIE OLYYLIEHNSA, a He
Ha MHeHWe MeCTHbIX OoTorpagos.



doT0 69.

CornHue, 3axogsuiee B o6naka, Ha

(hoHe BOAHOro MPOCTPaHCTBa,
UrpaoLLero opaH>eBbiM CBETOM.
CHUMOK YMbILLNEHHO OblN oTnevyaTaH
«BBEPX HOFaMU», 1 TO, YTO KaXKETCH
«BOJOVi», HA camMOM faene ob6naka.
500-nM( 3epKanbHblii 06bekTMB, 1/125 c,
1:8, Kodak Ektachrome 64.

dorto 70.

MoMecTVB NNHWIO TOPU30HTA Y
HV)XHEA KpoMKu Kagpa, oTorpad
CMOT BKNIOUYNTb B Kaap 60bLIoi
yuyacToK BeuepHero Heba. Mpu Takoi
hopmMe 1 pacnonoXxeHum o61akoB
Hall B3rNAf HEBOMbHO CTPEMUTCA K
3aMKy. JKCnosuumusa Bbibupanack no
APKOCTM Heba, NO3TOMY BCe 06BEKTHI,
nexalune Huxe MHUKA TOPU30HTA,
CHATbI C HEJOAEPXKON N Ha
hoTorpaduu BULHbI TOMABKO UX
CUNY3ThI.

®doto 71.

Mpu yaa4yHOM OCBELLEHUU 3TOT
[OBONbHO O06GbIAEHHbIN ClOXeET
«3anrpan». OgHaKo Ans atoro
toTorpady npuwnoch 4YeTbipe pasa
BO3BpallaTbCA B 3T MecTa, Moka
HaKOHEL OH He Gbl/l BO3HArpaxgeH:
rposoBoe He6oO NpuAano CXeTy
LpamMaTUy eckKU i OTTEHOK.



4TO MO 3TOMY MOBOAY MWLLET XYL0XKECTBEHHbIA pefakTop
KaneHgaps, Bbinyckaemoro ¢gpupmoi Kodak:

. Kaxgblil rog rae-1o B Hosibpe MHe CTaHOBMTCS HEMHOTO He
no ce6e. Eule 6bl, Beab B 3TO BpeMs noutn 1/ 4 MAH.
KaneHaapei, BbiMyCckaemblX Hallein upmMoii, NosBaseTca Ha
npunaBKax mMarasvHoB Moyt 50 cTpaH Mupa, YTobbl YKpacuTb
CTEHbl nabopaTopwnii, WKon, Pabpuk, CTyaAMiA.

OgopMuTb KaneHaapb Ans CTOMb pa3HOO6pa3HOl
KMMEHTYpbl — HELWYTO4YHOe Aeno. Bcem cpasy He yroguib:
BflafieNbLy U3bICKAHHOTO XYJ0XEeCTBEHHOro cafioHa Ha bepknu-
CKBep TpebyeTca YTO-TO IKCTpaBaraHTHOE, a TOProsLy
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doTo 72.

CueHa Ha Gepery okeaHa B paiioHe
dykeTa. POTOCEMKA NPOM3BOAMNIACH
yepes MosspU3aLMOHHbII
CBETO(UNLTP. STO NO3BONMUNO
«3aTEMHUTb» He6O U Boay U
noA4YepkHYTb 3e/eHb NNCTBbI.

1/60 c, 1:8, Ektachrome.

doTo 73.

Mpu cbemKke nepes ABOYKON 6bin
nomelleH ucT 6enon 6ymaru (y kpai
CToNa pPsAoM C rpaHuUen Kagpa) Ans
MSATKOW 6ecTeHeBOM MOACBETKU ee
nvua. 1/30 c¢, 1:8, Ektachrome.

doT0 74.

YT06bI 3aneyaTneTb ApKue LBeTa
30HTUKOB, OCHOBHOI UCTOUYHUK CBeTa
6bIn pacnonoXxeH no3agn cueHbl. Ans
6anaHCMPOBKN OCBELLEHUS Mepes
CLIEHO NpuLNOoCL NOCTaBUThb fBa
60NbLINX NOCEPeBPEHHBIX
pednekTopa. 1/30 c, 1:11,
Ektachrome.

thoToannapaTypoii HyXHbl oTorpadmu, CTUMYINPYIOLLME ero
noKynaTenein akTUBHEN 3aHMMaTbCs hoTorpadmeli; xossinka Kage
MeuTaeT NprobpecTn YTo-M60 HaMmOMMHAOLLEe KapTUHBI
MMMPECCMOHNCTOB, & KaKOMY-HUOYAb KnepKy Mo gylue
CYMNATUYHbIE KOTATA B KOP3UHKe. B /1l060M criyyae 04eBUIHO
TONbKO OAHO: AMPEKTOP LUKOJbl HAKOrAa He MOBECUT y cebs B
KabuHeTe KaneHgapb ¢ gotorpaduaMuy PpUBOILHOIO
COZEpXKaHus.

Mpowe Bcero B NOA0GHOI CMTyaLmMK NOCTapaTbCs YroanTb
BCEM, XOTS Obl N0 ouyepen. MO3TOMY OAUH 04 Mbl OPUEHTUPYEMCS
Ha MpogeccMoHanbHbIX POTOrpagoB 1 NOMELLAEM CHUMKM,
nofyepKunBaroLLiMe UCKyccTBO (hoTorpada v KayecTBo annapartypsbl.
B cnepytoLleM rogy Mbl fenaem npocTble, APKUE U KPacoyHble
thoTorpatmm, He NpeTeHAYOLWME Ha 0COOble XYL0XXECTBEHHbIE
[OOCTOMHCTBA, HO OT/MYatoLLMecs 6e3yKOPU3HEHHbIM KayeCTBOM
NCMONHEHNS.

HaunHasa ¢ 1970 r. Mbl TBEPAO NPUAEPXKMBAEMCS NpaBua:
nomeLLaTb B KaneHgape ToAbkKo (hoTorpadnm, BbINO/HEHHbIE
CreymManbHO 418 HaWero KaneHgaps, U He 6paTb oTorpaguii,
CLeNaHHbIX C APYrMMU LeNsiMU: OfHM canory He Bcem Bnopy!

HaumHasa paboTy Hag KaneHgapem Ha 1977 r., g pewwn
OCTaHOBWTLCA HA MAHOPAaMHbIX CHUMKaX, KOTOpPble Ka3aauchb
OYKBaNbHO «POX/EHHbIMU» N5 3TOr0 popmaTa. 3aTem 6bin
chopMynMpoBaH CneayoLmiA NpuHUMN: oTorpadmm AOMXKHbI
ObITb NpefeNbHO ACHLIMU, Pe3KUMMK M0 BCeMY MOS0 Kafapa,
YLO0BNETBOPATL TpeboBaHMAM N060ro NoKynatens U He Bbl3blBaTb
HEMpUATHBLIX accouumalnin. B KOHLe KOHLOB OMNpeaennnocb U Mecto
CbeMOK —TaunaHg.

Bbibop thoTorpada 6611 oveBnieH: ek Oaknu, yuneH
obulectBa FSIA. UenoBek o4eHb 06CTOATENbHBIA («HA HUKOrga He
YyMNoBato Ha yfady», — roBOpuT OH), 0bnagalownii peaknm
COYeTaHMeM XYLOXeCTBEHHOr0 BKyCa M BbICOKOr0'nmpodeccroHa-
NN3Ma, OH CAeflan Maccy BeIMKOMEMHbIX peknamHbIX oTorpaduii
ans gupmbl Kodak, Tpu KaneHgapsi U ruraHTCKue LBETHbIE
(hOTOBUTPaXKM B 3faHUAX pupmbl B CLUA 1 AHriuu.

Mocne Toro Kak s yrosopun [keka B3ATbCs 3a 3Ty paboTy
1 obpucosan emy obLLMe MAEN, Mbl NOTPATUAN NOYTU TPU MecALa
Ha MJaHMpOBaHMe M NOArOoTOBKY Beel onepaumun. Cioga BXOLUAN:
YCTaHOB/IEHNE KOHTAKTOB C TauiaHACKMM MOCO/bCTBOM B
JloHAOHe, BefieHMe NePeEroBOPOB C MX aBMakOMMaHWeN 1 nepenncka
¢ npeacTaBuTenscTBoM hrpMmbl Kodak B BaHrKoke 0 Hailme
nepeBofuYMKa U LWOgepa, apeHie MUKpoaBTobyca, O pe3epBMpoBa-
HUW TOCTUHML, B YaHr-Maiie, BaHrkoke n ®ykete, T. €. B MeCTax
npegnonaraeMbix MOTOCHEMOK. Mbl TaKkxXe MOCETUNN TENECTYANIO
Bun-61-cKn, 4TO6LI NONYYUTb HEKOTOPYH MH(OPMAaLNIO OT
Yy4acTHMKOB Tenenporpammbl Blue Peter, TONbKO 4TO BEPHYBLUMXCS
n3 TamnaHga co cbemoK. Kopoye rosops, Mbl noctapanucb
cAenatb BCe, YTOObI, NPUObLIB HA MECTO, 3aHATLCA TOJ/IbKO TEM, paawu
yero Mbl npuexann, —oTorpagupoBaHnem!

Mbl Npo6binn B TannaHge 28 AaHei. V3 H1x 10 fgHel mbl
CHVMManu, 8 yLINO Ha «pa3BeAKy MECTHOCTW», 5 Mbl NpoBenn B
pa3besfax, a ocTajibHble 5 NOCBATUAM OTALIXY U cbopam.
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MepBble 8 fAHEA Mbl OCMATPMBAIN MECTHOCTb K CEBepy OT
YaHr-Maliisi u baHrkoka. Mbl BblGpann KOHKPeTHbIE TOUKU
CbEeMKMW, MO3HAKOMWUIUCH C MECTHBIMU XUTENAMU, KOTOPbIX
cobupanuce hotorpadupoBatb, JOrOBOPUINCL C HUMU O CPOKAX U
Nolyuynnun paspeLleHre Ha CbeMKM B narofax u Apyrux Mecrax
orpaHuyeHHoro goctyna. 3ateMm 3 fHA Mbl (boTOrpagmposanu B
YaHr-Maiie n no gopore B BaHrkok BrepBble MOYYBCTBOBa/IM
Y[,0B/IETBOPEHNE OT CO3HAHWUSA TOTO, YTO Y HAC YXKE KOe-yTo ecCTb.

A xoTen, utobbl MO NpUOLITUM B BaHIKOK BCA rpynna
OTAOXHY/Ma XOTS Obl eHEK, HO U3 3TOr0 HWUYEro He BbILLI0. Mbl
6b1IN BbIHYXXAEHbI TOHATLCA 32 BOCXOAOM CO/HLUA B 50 Munsx ot
ropofa, 3aHNMaTbCsl SKBUIMOPUCTUKON Ha MastoCEHbKOIA
naowWaAKe Ha Kpbllle MUKPOaBTobyca, YTOObI CHATb KPYMHbIM
NNaHoOM PPOHTOH Narofbl, ¥ cTpaxoBaTb [>Keka, 4ToObl OH He
CBa/INNCA B KaHa/ C y3eHbKOro MoCTa, OTKYJa OH MoYTW BECb [ieHb
CHVMMas [eBYLUKY, M/bIBYLLYIO B 3aCbiMaHHOM LBETaMW LXXOHKE.
(Bbl HMKOria He Npo6oBann CHUMaTb CTYAUIAHON Kamepoid 13 X18 cm
NPUBA3aHHOW K MOCTY BEPTMKA/IbHO BHMW3, MOBWUCHYB Haf
Heli BHW3 TO/I0BOW M 3aKyTaBLINCb B YEPHOE MOKpPbIBano? Mpw
3TOM KaXKAble 5 MWHYT BaM Kpuuart, 4yTo (hoTorpadupyemas Bamu
NnofKa MelaeT nabiTe gpyrum!)

O cvemkax B TannaHfe MOXHO pacckasaTb C JecAToK
Nof06HbIX UCTOPWIA. BCcnommHas HEKOTOPbIE U3 HUX, YYBCTBYELLb,
KaK LUEBENATCA BOMOCHI HA ronoBe (Mo pasHbIM NPUYMHaM).
OpfHako nmocnefHue 5 [Heild, NpoBefeHHbIE Ha OXXHOM OCTPOBE
DyKeT, 6bINN NO-HACTOSLLEMY BOXECTBEHHLIMU: MecyaHble NSHKU
¥ NaNibMbl, ropsiyee Co/HLe, NPOH3UTENbHO C1Hee Mope 1 Hebo,
ovapoBaTe/ibHble N0AU. Mbl NOYTW COBEPLUEHHO 3a6bIan 0 TOM,
YTO BMEpean Hac XXAET HOAOPbLCKNIA fieHb, KOTAa YeTBEPTb
MWIMOHA NOAEN OTKPOIOT Hall KaneHAapb 1 (ax, Kak 6bl Ham
3TOro XOTenochb!) BOCTOPXKEHHO BOCK/IMKHYT: «O-0-0!» e



ApXnTeKTypHad oTocbeMka

Puc. 85.

Ha nepcnekTuBy 1 hopmy 34aHus Ha
CHUMKe BNNSET Kak BbI6OP TOUKM
CbEMKM, TaK N (POKYCHOe paccTosHue
06beKTVBa, a — pe3ynbTaT

CbeMKN AIMHHODOKYCHbIM
06BEKTUBOM C YAANEeHHON TOUKMU.

6 — pe3ynbTaT CbeMKM
LUIMPOKOYTONbHBIM 06BEKTUBOM C
60/iee KOPOTKOrO paccToAHUA.

®doTo 75.

3amok Peiibu B okpyre [ypxem,
AHrnua. ®oTocbemMKa NPousBoau-
nacb CO CpaBHUTENbHO 60/bLIOFO
paccTosHNA, YTO N03BOSINNIO

BKNHOUYNTb B Kaap OKPECTHOCTU 3aMKa

U Nyydlle nepefatb aTtMocdepy 3Toro

mecTa. Kagp xopowio c6anaHCcMpoBaH,

1 ero NnocTpoeHWe y0BNeTBOPSeT
OCHOBHbIM MpaBuiamM KOMMO3WULUW.
KpoHa gepeBa 1 oT6packiBaemas Um
TeHb yayHO 06paMAsAT Kagp U
YBOAAT Hal B3rnaj K LeHTpasbHOMY
3NEMEHTY Kafjpa —3aMKy.

®oTorpadupoBaHne apXUTEKTYPHbBIX COOPYXKEHWIA
MPOM3BOAMTCS, KaK MpaBuno, A/1s NoayyYeHUs AOKYMEHTa/IbHOTO
CHMMKa, [atoLiero Heo6X0AMMOe NpesCcTaBieHNe O BHELUHEM BUfe
COOPYXXEHUs! UM ero feTansx. YacTo apxmTeKTypHas oToCbeMKa
MPOM3BOAMTCA C Lie/bio XY0XKECTBEHHOTO BOCMPOW3BEAEHUS
ApPXUTEKTYPHOro 06beKTa. B 3TOM cnyyae rnaBHas 3afaua,

cTosWan nepeq otorpagom, — co3faHWe BblPa3nTENbHOIO
XY[,0)KECTBEHHOT0 06pasa, nepefatoLLero CTUMb 3MOXK,
CTpaHbl 1 Ap.

Mpn apXUTEKTYPHOW CbeMKe MepBOCTENEHHOE 3HaYeHue
MMeeT BbI6GOP TOUKM CLEMKW MO BbICOTE, OTAANIEHHOCTW, YIy
CbeMKM. Bce aTn hakTopbl ONpeaenstoT 06LLYH0 KOMMO3ULMIO
KazZipa, KpynHocTb MiaHa, NepcrnekTuBy. He MeHee BaXKeH xapakTep
OCBELLEHMA U PUCYHOK CBETOTEHU, BO3HUKAIOWMNIA Ha 06beKTE
CbeMKW. Hanpumep, yAayHbI CHUMOK MOXHO NOYYUTb Mpu
6OKOBOM CO/IHEYHOM OCBeLLeHUW: obpasyloLmecs TeHU
MOAYEPKMBAIOT OYepTaHMs 34aHuns.

Mpy LOKYMEHTaNbHOW ChbeMKE apXUTEKTYPHbLIX COOPYXKEHI
no4TW BCerga npUXoLMTCS MOMb30BaTbCA LUMPOKOYTO/IbHLIMM
00beKTMBaMU, TaK KaK 06BbeKTbl CbeMKU MMEIOT 60/bLive pa3Mepbl
1 pacnonararTca B npefenax 04eHb OrpaHWYeHHOro npocTpaH-
cTBa. ECnu BOKpYr 34aHMs MMeeTCs JOCTaToOYHO 60/bluoe
CBOOOHOE MPOCTPAHCTBO U CYLLECTBYET CBOOOAA BbI6Opa TOUKM
CbeMKMU, To, Nofbupas HoKYCHOe pacCcTosHMe 06beKTHBaA U

127



doTo 76.

CneBa — 3(h(PeKT «CXOAALLMUXCH
BepTUKane» npu (hoTOCbEMKE
KaMepoii, HaK/IOHEHHOM BBEPX ANs
BK/IOYEHNS B Kafp BEpPXHel 4acTu
6awHn. CnpaBa — (OTOCbEMKA
npou3BoAnnach 06bLEKTUBOM C
perynupyemoi mepcnekTuBoi (WngT-
06BEKTMB), YTO NO3BOAUNO BKIHOUNTH
B Kajp BepxyLlKy 6aluHu, He
HaKNoHAS Kamepy.

doTo 77.

Mpy M3roTOBNEHWN NaHOPaMHbIX
thoTorpadmii cknenBaHmem ABYX
nocnefoBaTeNbHbIX KafpoB, KOTOpble
cfienaHbl NyTeM NocCnef0BaTeNbHOro
noBOpoTa Kamepbl, pe3ynbTathl
0Ka3blBalOTCA Hey[0BNeTBOPUTENbHbI-
Mu (BBEPXY), MOCKOMBKY Mpw
COEefMHEHUN CHUMKOB OfHU U Te Xe
npsAMble MOTYT COCTbIKOBATbCS MOZ,
yrnom. opasfio nyyiive pesynbTartbl
(BHM3y) MOTYT ObITb MOMYYEHbI, €CIN
He ABMraTb Kamepy, a BOCMO/b30-
BaTbCAA 0OBLEKTMBOM C Perynnpyemor
nepcrnekTUBOIA.

M3MEHSIS MONOXKEeHNe KaMepbl, MOXXHO YNpaBNsTb NepcrneKTUBOi
Kafpa v COOTHOLUEHVEM Pa3MepoB 34aHNs U 06bEKTOB,
HaxoAALLMXCA Neped HAM WK No3agun Hero.

Mpu thoTorpagupoBaHMM BbICOKMX 3[4aHWUA 06bIYHO
BO3HMKAET Npo6aemMa CXoAslWmXcs BepTUKaneh («nagarolmx
NMHWIA»), CBS3aHHas C TeM, YTO Kamepy MpUXOANUTCA HaKMOHSATb
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doTo 78.

HecmoTps Ha T0O 4TO Kynon 6bin
[OCTaTOYHO OCBELLEeH ecTeCTBEHHbIM
CBETOM, NMPOHWKAKLWMM CKBO3b OKHa,
npu (oToCcheMKe NPULLIOCh
yCTaHOBUTb PSAOM C Kamepoi
MOLLHYH 3MEKTPOHHYH BCMbILIKY,
4TOObI OCBETUTb POCMMUCH BEPXHEN
yacTu Kynona. [leno B ToM, YTO 3Ta
061aCTb He CTONb APKO OCBeLleHa, Kak
oCTa/lbHble YacTW CBOAA, U MOTOMY
npy CbEMKE B YC/IOBMAX TOJMbKO
€CTECTBEHHOTrO OCBELLEHUS OHA
nonyyunacb 6bl CAULIKOM TEMHOM.

®doT0 79.

Mpun oTorpadmpoBaHnm BCErO
34aHNs LLeIMKOM WUMeeT CMbICA
06paTUTb BHUMaHWE N Ha HEKOTOpble
ero feTtanu, KOTopblie MOrn 6bl
yAauHo LONONHUTL hoTorpaduio
obuero Buga. Mpu aToM nyyie
MCMonb3oBaTb Teneo6bLEKTUB,
MOCKONbKY HeKOoTOpble AeTanu 3faHuns
MOTyT 6bITb PACcMONOXEHbI TaKUM
06pa3om, YTO UX HEBO3MOXHO
choTorpadupoBatb KpynHbIM
NNaHOM C MOMOLLbIO HOPMa/ibHOr0
06bekTUBa. JlenHaa gurypa Ha
KapHu3e 3paHusa (cneea) cdoTorpadu-
poBaHa C MoMOLb0 135-MM
06bEKTUBA, & i CbEMKMN COMHEYHbIX
4acoB, HaxXOAALLNXCA MPAMO Haj
BXOZlOM B KOCTen (cnpasa),
[OCTaTO4YHO 6bI10 06BLEKTUBA C
(hOKYCHbIM paccTosHWeM 50 MM.

®doTo 80.

Capkodar B r. Twupe, J/InaH.
doTOCHEMKA MPOU3BOAMUMACL MK
CUNbHOM 6OKOBOM COMHEYHOM
OCBELLEHNMN. Pe3kne TeHN Ha pasHbIX
KaMeHHbIX uUrypax cgenanm nx
ANHAMUYHBIMU N 06BbEMHbIMU.






®doTo 81.
LlepkBu 1 KOCTeNbl, MOCTPOEHHbIE [0
TOrO, KakK Ye/l0BEK OCBOUI APKMWiA
MCKYCCTBEHHbIW CBET, CNPOEKTMPOBa-
Hbl TaK, 4TOObI C MOMOLLbHO
eCTEeCTBEHHOr0 OCBeLLeHUs
Hamnyywmnm o6pasoM OTTEHUTb
thopMy OTAE/KM W KPacoTy Mx
MHTepbepoB. Jllob6as nonbiTka
MCNOoNb30BaTb B MOAOGHbLIX CUTYaLUsAX
MCKYCCTBEHHOE OCBELLEHMNE He TObKO
noTpebyeT rpomMo3AKoit annapaTypsl,
HO W paspyLwuuT 3Ty TWaTesbHO
NPOAYMaHHYH rapMoHuto. Bo MHOrmx
CNyyasx, 0fjHako, eCTeCTBEHHOe
OCBeLLEeHNe BHYTPU TakKMX 3AaHWNA, Kak
npaBunI0, HaCTONMbKO cnaboe, 4To
HeobxouMas BblfjepXKa COCTaBnseT
0T HECKONbKMX cekyHA fo 30 cu gaxe
60nbLe. Mpu Taknx BblAepXKKax 415
60/IbLUIMHCTBA LBETHLIX MIEHOK ANs
[HEBHOrO CBeTa HapyLuaeTcs 3aKOH
B3alM03aMecTUMOCTU, U 3TO
NPUBOAMUT K MOSIBNIEHUID HexenaTenb-
HbIX LIBETOBbIX TOHOB. M03TOMY
(hoTOCHEMKY CNefyeT Npou3BOAUTL Ha
NNeHKW, NpeAHasHauYeHHble Ans
MCKYCCTBEHHOrO OCBELLeHUsA C
MCNONb30BaHUEM COOTBETCTBYHOLLMX
KOHBEPCWMOHHbIX CBETO(ULTPOB,
N3MEHAIOLWMX LBETOBYO TeMNnepatypy
[JHEBHOTO CBeTa /10 LiBETOBOIA
TemnepaTypbl BO/b)PaMOoBbIX nammn
HaKanBaHUA.

BBEPX, YTOObI B KaJp BOLUMA BEPXHAA YacTb 3gaHus. Horga aty
npobnemy ynaeTcs pewwmntb nyTeM Bbibopa 60/ee BbICOKOI TOUKM
CbEMKM (BO3MOXKHO, C COCEAHEro 34aHus) Mbo nyTem
NCNONb30BaHNSA 0OBEKTMBA, MO3BOMIAKOLLErO KOHTPONNPOBATH
nepcnekTnBy (LWNMT-06BEKTNBA), UM NaBUILOHHON Kamepbl CO
CMELLEHHON BBEPX 00BLEKTUBHOW [OCKOIA.

NHTepbepbl 3faHunii fyylle Bcero oTorpagupoBaTs B
YC/OBUSAX ECTECTBEHHOIO OCBELLEHUA, TaK Kak TOMIbKO Mpu Takom
OCBELLEHUM MOTYT BbITb NMOMYYEHbl CHUMKM, Ha KOTOPbIX
n306paxeHne MHTepbepa Oy[eT COOTBETCTBOBATL 3aMbIC/TY
apxuTekTopa. Ecnn doTorpaduyeckas WwWnpoTa nNAeHKN He
MO3BOAET OCYLLECTBUTL CHEMKY MPW CTECTBEHHOM OCBELLEHUM, TO
HeobXo4MMo 06ecneynTb JOMONHUTENbHOE (UMCKYCCTBEHHOR)
OCBeLLeHMe.



[TopTpeTHaa poTOCbLEMKA

doTo 82.

Niogeii poTorpadupytoT N0 pasHbIM
npuynHaMm, Hanpumep Ha ouumnanb-
HOVi LepeMoHMM (cneBa), B NaMATb O
BbICTYMNEHUN LIKONBbHOTO xopa (B
LeHTpe) WK NPocTo Kak 3abaBHY
CLEeHKy (cnpasa).

MouTy KaXkablii HEOMbITHBIA hoTorpad yoexaeH, 4to ans
3aHATUIA NOPTPETHOI (hoTorpadumein Heobxoauma HoTOCTYAMS,
OCHALLEHHas CM0XHOIM OCBETMTE/IbHON annapaTypoil. Ha camom
fene ato rny6okoe 3abnyxaeHve. Mpumepom TOMY MOTYT CNYXUTb
(hoTorpadmm, NpmMBeAeHHbIE B AaHHOW KHUre.

MoBoAbl AN NOPTPETHON (hOTOCHEMKM MOTYT BbITh
cambIMU pa3NMYHbIMW: HaZOo chenatb NOPTPET BblgaroLierocs
4enoBEKa, WK 3amevaTneTb YenoBeKa B MOMEHT 3HaMeHaTe/IbHOro
B €r0 XXM3HW COBbITUA, UM NPOCTO chenaTb GoTorpadunio Ha
namaTb UT. N. B no6om cnydae oTorpad AomkeH 3apaHee (4o
Hayana CbeMKM) paspaboTaTb MiaH AeliCTBMIA M MOCTPOEHME Kagpa.
YacTo pesynbTaT MOPTPETHON CbEMKU 3aBUCUT OT OTHOLLIEHMIA
mexay hoTorpadoM 1 CHMUMaembIM. Ecnm yenoBek xoyeT
BbIFNALETb Ha (hOTOrpadnm, Kak B XXWU3HWU, OH JOKEH
4yBCTBOBaTb CebA CBOOGOAHO, PACKOBAHHO.

«HeoguumanbHbie» ()KaHPOBbIE) MOPTPETHbLIE CHUMKU
Nyuylle BCEro Aenatb Tak, YTOObl CHUMaeMbI 06 3TOM 1 He
nogo3pesan. B NpoTMBHOM Cnyyae OH GyaeT BecTu cebs
HanpsHKEHHO U HEeCTEeCTBEHHO. B 0CO6EHHOCTM 3TO KacaeTcs
[eTeli: pefKo yAaeTca cfienaTb XOPOLUNI CHAMOK pebeHKa B
«0MLManbHbIX» YCNOBUAX 3apaHee MOArOTOBMEHHON CbeMKM.
ManeHbKnX AeTei nydlie Bcero ororpadmnpoBaTb, Korga oHu
YB/IEYEHbI CBOMMM A€NaMn 1 He 06palaloT BHUMaHWS Ha
thoTorpada.
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®doTo 83.

Cnesa — n306paxkeHne AEeBOYKM,
UrparLLeii Ha cBMpenun, noyTu
«CBETUTCS». [ANna LOCTUXKEeHNS
nofo6HOro aghekTa 4eBOUKY
Nonpocuan cecTb Tak, YTOObI TOHKUA
COMIHEYHbIN NyY OCBeLan TOMbKO ee, a
(hOH 0OCTaBanCs TEMHbIM, HEOCBELLEH-
HbIM. B pesynbTaTe nsobpaxeHue
NOMyYUIOCb OYEHb KOHTPACTHBIM.

B Takux cnyyvasx HY>XHO OY€eHb
TlWaTeNnbHO BbIGUpaTh BbIAEPXKKY,
MOCKO/bKY CPeAHsS OCBELLEHHOCTb
KaZipa HU3Kasi, 1 ecm OpUEeHTUPO-
BaTbCs Ha Hee, TO LieHTPanbHbIN,
OCBELLEHHbIN 06bEKT BygeT
nepefepxaH, T. €. OpMeHTMPOBAaTHCA
cnefyeT TONbKO Ha SpKOCTb
LeHTpanbHOro 06bLekTa, a He hoHa.
1/125 ¢, 1:11, Ektachrome 200.
CnpaBa — (DOTOCbEMKA MPOU3BOAM-
nacb C 0YeHb BAM3KOr0 PacCTosHUS,
No3TOMy PYKW A€BOYKN U ee CBUpEeSb
3aMnoNHAT BeCb KaAp. OTOT CHUMOK
CBUAETENLCTBYET O TOM, YTO NpU
(hoToCbeMKe M060ro 06bEKTa HAZO
nonpo6oBaTh BCe BO3MOXHbIE TOUKMN
CbEMKM, NMOCKO/bKY BCeraa ecTb
«He3annaHNpoBaHHbIe» Kaapbl, U OHU
TONIbKO «KAYT», YTOObI UX 3aMETUAN.
1/125 c¢, 1:8, Ektachrome 200.

doTo 84.

HeunckyweHHomy B hoTorpagmm
3pUTENI0 MOXET NoKasaTbCs, YTO
thoTorpag 3actan 3TOro 4YenoBeka
Bpacniox. Ha camom pgene cbemka



6bina TWaTenbHO MOArOTOBMEHA.
CueHa 6blna ocBelleHa TOMbKO APKUM
CONHEYHbIM CBETOM, NMPOHMKAKOLWMUM
CKBO3b OKHa, a 3aTEHEHHbIE Y4YaCTKM
No/ACBEYNBANNCE C NMOMOLLbIO
nocepebpeHHbIX petneKkTopos,
YCTaHOB/EHHbIX CfieBa OT Kamepbl.
1/30 c, 1:11, Ektachrome 64.

dorTo 85.

Niofelt, HaxoAswWwmxcs B 3a6aBHOM
cuTyauuu, Hago goTtorpadupoBatb
TakK, 4To6bl OHM 06 3TOM He
nogospesann. B paHHOM cnyuvae
oTorpadMpyemblii Tak Cnagko ChuT,
yTo y hoTorpacta 66110 4OCTATOUHO
BPEMEHUN «MPULENNTLCS» W cAenatb
CHUMOK.

doTo 86.

Mofo6Hble MOMEHTbI ANATCA He Gonee
CeKyHAbl, NO3TOMY Hafo 3apaHee
YCTaHOBUTb BbIAEPXKY, Anadparmy v
choKycupoBaTb 06BLEKTUB.
MockonbKy (hoToCheMKa
NPOM3BOAMNACH CO BCMbILIKOW,
oTorpadyy He NpuLNOCL AymMaTb O
TOM, KaK «3aMOpPO3UTb» ABVKeHUWe
06beKTa UM Kamepsbl.

doro 87.

Ecnun 6bl KTO-HUOYfb W3 3TWX
pebsTULLEK 3HaM, 4TO UX GoTorpadu-
PYIOT, TO OHU He Benu 6bl cebs Tak
€CTeCTBEHHO W HenocpeACTBEHHO.

®doTo 88.

Toprosew, Ha TYHUCCKOM pbIHKe.
doToCbEMKA Mpou3Boaunacs 135-mm
Teneo6bekTMBOM. MyxXunHa Bugen,
4yto (hoTorpad Agenaet CHUMOK, HO,
no-B1ANMOMY, 13-3a 60bLIOTO
paccTOAHUA MeXAY HUM U Kamepol He
NOHAN, YTO oTOrpaPuPyOT UMEHHO
ero.






doto 89.

XOopoLeHbKNX AeBYLLEK Nydlle BCero
thoTorpadgupoBaTh MpU MArKOM,
paccesHHOM OCBELUEHUM, He fatoLiem
peskux TeHeid. MMo3aToMy Ha ynuue ux
Nyuyllle CHUMATb B NacCMYPHbIN fieHb.
[ns KoMneHcauum Heckonbko
XO/I04HOBATOr0 OTTEHKA OCBELUEHNS B
Takue JHW MOXeT noTpe6oBaTbCs
0YeHb Cnabblii KOPPEKTUPYHOLW KA
¢unbTp. OB6bIYHO AOCTATOYHO
hunbTpa TMNa «CKaii-naint»
(vcnpaBnstoLWero UBet 061a4HOro
Heb6a), Hanpumep Wratten 1A.
doTocbemMKa Npon3Boannacs ¢
KOPPeKTUPYIOLWUM GUAbTPOM npu
MArKOM [JHEBHOM OCBellueHun. Kpome
TOro, NCMONb30Banach Hacagka
«MATKOro (hoKyca», Mo3BONMBLLAA
cnerka CABMHYTb LBET CPaBHUTENbHO
APKNX Y4acTKOB B 061aCTb COCeAHNX
60/1ee TEMHbIX TOHOB.

O6paTnTe BHUMaHWe Ha yAauHyto,
XOTA W HecTaHAapTHYI KOMNO3ULMIO
Kafipa: OCHOBHbIE 3/1IEMEHTbI CLiEHbI
pacnonaralTcs no ero gnaroHanu. B
TO XKe Bpems OCHOBHOI BeC LIBETOBbIX
TOHOB HaxOAWTCA HVDKE AuaroHanu un
Xopowo cbanaHcMpoBaH NMCTBOW B
NIeBOM BepxHeMm yrny kazgpa. 1/60 c,
1:8, unbTp Wratten 1A
Ektachrome 64.

®doT1o 90.

['pybas MOBEPXHOCTb CTEHbI, PE3KO
KOHTPACTUPYS C HEXHOM KOXel U
MATKUMU, NNaBHBIMW AUHUAMMW LA W
(hUrypbl AEBYLUKU, CAYXWT
npekpacHbIM (OHOM W MofYepKMBaEeT
ee KpacoTy UM XXEHCTBEHHOCTb.

1/ 125 c, 1:8, Ektachrome 64.



®doTo 91.

doTOCHEMKA MPOM3BOAMNACL MPU
cBeTe, NPOHMKAKOLLEM Yepe3 OKHO
(cnesa B kagpe). [1na noacseTku
3aTeHEHHbIX Y4YacTKOB NuLa
MCMNOb30BaNCA MocepebpeHHbIN
pednekTop 1/30 ¢, 1:56,
Ektachrome 200.

doTo 92.

doToCcLEMKa NPoOM3BOAMNACL Npu
eCTeCTBEHHOM CBeTe, MPOHMKAIOLLEM
4yepe3 OKHO, PacrosfioXXeHHOe cnesa U
C3aAM OT fieBYLUKW, PAAOM C MpaBoit
KpoMKoOWi Kagpa. Cnesa OT Kamepbl
6bln pasmeLLeH 60MbLLIOV
nocepebpeHHbIA pednekTop Ans
KOMMeHCMpPOBaHMS 3PdeKToB,
CBSI3aHHbIX CO CbEMKOMN «MpOTUB
cBeTa», NajaroLlero n3 okHa. Mpu
CbeMKe NpUMeHsnach Hacafka
«MSITKOTO (hoKyca», KOTopas BMecTe ¢
MAFKAM OCBeLLeHWeM N03BOAWUNA
NoNy4YUTb MaNOKOHTPACTHbIA CHUMOK
6e3 pe3kMX TOHaNbHbIX NEPexofos,
MpeKpacHO MnepefatoLLnii HEXXHOCTb U
N3ALECTBO MWIOBWULHOW AEBYLUKU.
1/30 ¢, 1:4, Ektachrome 64.

doTo 93.

Mpy cbemkax Niogel 4acTo BO3HMUKaeT
npo6nema, 4To genatb C pyKamu.
WHorga aty npobnemy Nerko pewumnTb,
ec/nn fiaTb CHUMalOLLEMYCS B PYKMU,
CKaXXeM, KOHYMK wapa nam nosca. B
AaHHOM cnyuae aTa npobnema 6bina
pelleHa A0BOIbHO MPOCTO: fieByLUKa
oTorpadupoBanacb Ha OHe LBETOB
1 TpaBbl, NO3TOMY KaXeTcs BMO/He
€CTECTBEHHbIM, YTO OHA AEPXUT B
pyKe TpaBuHKY. Kagp nonyuuncs
cBO6OAHbBIM U ecTecTBeHHbIM. Mpu
CbeMKe ucnosib3osanack 60/bluas
Anagparma, 4tobbl OrpaHMYnUTbL
rnybuHy nons 3peHus; B pesynbTare
BHMMaHWE KOHLEHTPUPYeTCa Ha
XaMOM .06bEKTE FbEMKH.



doTo 94.

Mpn thoToCbeMKe COMHLE HaxXoAMI0Ch
no3aamn feByLIKW, U B pe3y/nbTaTe Ha
CHUMKe NpOoABUINCHL IDPEKTHI,
BO3HMKalOLMe Npu CbeMKe MpoTUB
cBeTa. [ns OCBeLLeHMA NnLa u pyk
1crnonb3oBanca nocepebpeHHbIi
pecnekTop, KOTOPbIN yCTaHaBNAWNBa-
CA PALOM C Kamepoi, cnpaBa OT Hee.
1/ 125 c, 1:8, Ektachrome 64.

doTo 95.

doTOCHEMKA MPOM3BOAUNACE B
CTYAUW C UCMOMb30BaHNEM
3/1EKTPOHHOI BCNbIWKW. OCHOBHO
MCTOYHMK CBeTa pasMellancs crnpasa
OT Kamepbl 1 Obln 3aWynLLeH
30HTUKOM, AalOLUM PaCcCesiHHbIA CBET
C MArKUMU TeHamu. [nsa eue
60/1bLUEe MATKOCTU OCBELLEHUS
ncnonb3osancs pednekTop, KoTopbli
ycTaHaBNMBanca cne.a OT AeBYLIKUN W
OCBELLAaN 3aTeHEHHbIe y4acTKu nuua.
[na nofceeTKyM BONMOC MCMOMb30BasCA
[ONO/HNTENbHBIA UCTOYHWK CBETa,
KOTOpbI/ pa3Mmellancs CBepxy U c3aamn
rofioBbl MOAENN. INeKTPOHHas
BCMblwka, 1:32, Ektachrome 64.
doTo 96.

doTocbemMKa NpousBogmMnach B
nomMeLLeHN Npy o04eHb cnabom
OCBeLLeHMK, 4To noTpeboBano
ANUTENbHOTO BPEMEHU 3KCMOHMPOBa-
Hus. Mo 3Toli NpuynHe Kamepa 6bina
YCTaHOB/IEHa Ha LUTaTWBe, a AeBYyLLKaM
NPWLLNOCL A0BOMLHO HAJONrO
«3amepeTb». [ns NoACBETKM
3aTEHEHHbIX Y4aCTKOB MCMOJ/Ib30BasCA
6enbiil pednexktop. 1/15 ¢, 1:8,
Ektachrome 64.



®doT0 97.

CHVMOK NONYYeH NyTeM Hal0XeHWs
[BYX ANano3uTUBOB: M306paxKeHUs
[leBYLLKN Ha pOBHOM 6enom choHe
(BHM3y, cneBa) M M306paxKeHUs
y4yacTKa COBPEMEHHOW abCTpaKTHOM
KapTUHbI, CHATOTO C PaccTosHMA
0K0/10 15 cM 06bEKTUBOM,
HacTPOeHHbIM Ha 6eCKOHEYHOCTb
(BHu3y, cnpasa). B pesynbTaTe getanu
KapTWHbI NPOSBUANCH KaK pasMbiThble
NATHa HeonpefeneHHbIX OYepTaHuiA.
doTorpatms bbina cneynansHo
nepeAepxaHa, 4Tobbl NoAyyYnNTb
nerkoe, NpospayHoe n3obpaxeHue B
MAFKUX NacTesbHbIX TOHaX.

doTo 98.

[ns nonyyeHums oTtorpadum cHavana
6bl71 M3roToBMIEH 35-MM AKMano3nTuB
p1CyHKa € n3obpaxeHnem
napannenbHbIX 6enbix NoNoc Ha
TEMHOM (hOHe. 3aTeM Mpou3Boaunach
hoToCbeMKa [eBYLUKN Ha TEMHO-
CUHEM (hOHE, Ha KOTOpPYH
npoeLupoBancs Nony4YeHHbIN
guano3ntus. Kamepa pacnonaranacb
PSLOM C ONTUYECKON OCblO MPOEKTOpa.
Bblgep)xka ycTaHaBnmBanachb no
6ebiM nonocam (hoHa, NMo3TOMy Ha
(hurype [eByLIKN OHW OKa3anucCb
nepefepXXaHHbIMW 1 Ha CHUMKe
BbILWAN 6GenbiMu.




doT0 99.

ToHaNbHOCTb (hOHA TaK XXe, Kak
rny6uHa peskocTn n npopaboTku
TeHeill, 3aBUCUT OT XapaKTepucTuk
NCcToYyHMKa cseta. Cnesa —
(hoToCbeMKa Mpou3BOAMNach C
1CMOMb30BaHWEM TOYEYHOrO
NUCTOYHUKa cBeTa. CnpaBa —
(hoToCbeMKa NPOM3BOAMNACH C
1CNoMb30BaHNEM 30HTUYHOrO coguTa.
Ob6a CHUMKa cfienaHbl Npu OfHOM U
TOM e (hOHe U 0ANHaKOBOMN
OCBELLEHHOCTN 00bEKTA, KaK 3To
cnefyeT W3 LWKanbl APKOCTEN.
MocKoNbKy CBET OT TOYEYHOrO
MCTOYHMKA Gonee HampasfieH U
MeHbllle paccenBaeTcs, Yem CBET OT
30HTMYHOIO coduTa, B NEPBOM Clyyae
(hoH Ha thoTorpaduu BuIFNAANT
ceeTnee. Ecnu doH npyu nopTpeTHoiA
CbEMKEe He MofCcBeuYnBaeTcs
OTAeNbHbIM UCTOYHNKOM CBETa, TO
maTepuan oHa No TOHY [O/KEH
ObITb CBET/IEE, YEM Ha (hoTorpagum.

Puc. 86.

MpocTble 1 Nerkne B U3roToBAEHWN
WCTOYHUKN OCBELLEHNS AN
NOPTPETHON CbEMKMN, & — UCTOYHUK
OCHOBHOTO OCBeLLEHNA, COCTOALMUA U3
couTa, B LEHTpe KOTOPOro yKpenneH
thoTorpatmyecknii 30HTUK; 6 —
CO(MT COCTOUT W3 YeTblpex
nepekanbHbIX (oTonamn,

3aKpEen/IeHHbIX Ha AepeBAHHON
naHenu. MaHenb OKpYyXeHa
MeTanMYecKuM 3KpaHoM,
npefoXpaHaoWmnM 06beKT oT
npaMoro cseTa namn; B — 6enblid
pethnekTop, NpeAcTaBNALOWMIA CO6ONA
60NbLUIOW KYCOK 6eforo nonucTupeHa,
HaTAHYTHIA Ha NOAXOAALLMIA XKECTKUM
Kapkac; I — OCBETUTEe/NbHble Namnbl
C OTpaXaTensiMm s noAcBeTKM
BO/IOC. TeopeTUYeckn LiBeTOBas
Temnepartypa TakuX fiamMmn C/AULLIKOM

Mana, 4Tobbl UX MOXHO 6blN0
“CMOob30BaTb BMECTe C NepeKasbHbl-
MU (hOoTONaMNaMm,04HaKO Ha
npakTuKe Yepecuyp Tensble LIBETOBble
OTTEHKW Takoi NOACAETKU He OYeHb
3amMeTHbl U He MOPTAT 06Lero
BMeyaTieHns; § —peLleBas
Teneckonuyeckas CTOKa sBNseTCS
nieanbHbIM CPeACTBOM AN
KpenneHns UCTOYHUKOB OCHOBHOTO
OCBELLEHMA W MOACBETKU.



Puc. 87.

PacnonoxeHue AOMONHUTENbHBIX
WCTOUYHMKOB OCBELLEHNA U
pednekTopa OTHOCUTENLHO MOAENN
npu NOPTPETHON CbeMKE.

doTo 100.

Beepxy — doTocbemka Npov3BOAM-
nacb Npu OCHOBHOM OCBELLEHUN,
KOTOpOe MOrfo 6biTb BMOSHE
npuemnemsiM npu goTorpagupoa-
HUWN MYXUMHBI, HO OKa3blBaeTcs
CNNILKOM Pe3KnM, ecim 06bekToM
CbEMKMN fABNSieTCA CMMNATUYHas
feBylwKa. B ueHTpe — ans
CMATYEHNN TeHel, co3faBaembixX
OCHOBHbIM MCTOYHMKOM OCBELLEHNS,
ncnonb3oBanca 6enblii pednekTop.
BHM3y — K OCHOBHOMY WCTOYHUKY
ocBeLLeHMA 6bln fob6aBneH ele OAWH
AN NOACBETKN BONOC. YBeNNUYeHHOe
n306paxeHune 6bIN0 NONYYEHO B
pesynbTaTe QOTOCLEMKM, KOTOpas
NPOM3BOANNACHE C UCMOMb30BAHUEM
OCHOBHOTO MCTOYHMKA OCBELLEHNS,
pednekTopa 1 ABYX AOMONHUTENbHbIX
MCTOYHWKOB OCBELLEHNA N5
noAcBeTKN (BHW3Yy NOKa3aHo
pacnonoXxeHne AOMNONHUTENbHbLIX
MCTOYHUKOB OCBELLEHUS U
pednekTopa OTHOCUTENbHO MOAEnw).




d®OTOCHEMKA XKMBOW NPUPOAbLI

®doT0 101.

Yalika B nonete. ®oToCbEMKA
NPoU3BOAMAACE C MayThbl CyAHa,
HaxofALLerocs B OTKPbITOM MOPpE.
Benas ntuua Ha hoHe CUHero

He6a — O0OBEKT CYLLECTBEHHO Gonee
APKUIA NO CPaBHEHMIO CO CPEAHUM,
Mo3ToOMy, eci 3KCMO3NLMIO BbIOPaTb
Ha OCHOBE MNoKa3aHWii 3KCMOHOMETPa,
M3MEPAIOLLEr0 WHTEHCUBHOCTb
OTPaXXEHHOro 06bLEKTOM CBeTa, 3T0
npusefeT K Hepogepxke. 135-mMm
obbekTws, 1/1000 c, 1:4,
Ektachrome 64.

doTo 102.

Tynuk. ®oTOCLEMKA NPOU3BOAMNACH
BO3/Me rHe3da NTWLbl, PaCMONOXEHHO-
ro B ckanax o-sa ®ep. (41 cbemMKu
MOXeT NoTpeboBaTbCH HU3KMIA
LITaTMB UM Kakoi-nnbo apyroi
HaJeXHbliA ynop.)

Mpexae 4eM NpUCTYNUTb K POTOrpatipoBaHUIO XXNBOIA
npupofbl, HE06X0AMMO NOLPOOGHO 03HAKOMUTLCA C 06PA30OM XKU3HM
npegnonaraeMoro 06bLeKTa CbeMku. Mpy 3TOM, YeM YHUKabHee
XXMBOTHOE MW pacTeHue, TeM 6O/bLue JO/HKEH 3HATb O HEM
(hoTorpad. CoBepLIEHHO HeAOMYCTUMO, YTOObI CLEMKON pefKux
3K3EMM/IAPOB 3aHUMASICA YENIOBEK, HE MMEIOLLMI HU MasleiLero
NpeacTaBieHNs 0 BO3MOXHbIX MOCNEACTBMAX CBOMX AeACTBUA. Bo
MHOTUX CTpaHax [eiiCTBYHOT 3aKOHbl 00 OXpaHe OKPY>KatoLLeit
cpefbl, ¥ NO3TOMY TaM (hoTorpaupoBaHne HEKOTOPbIX BUAOB
YXMBOTHbIX BO3MOXHO TO/LKO MPU HAMYMKU CNELnanbHoro
paspelueHns. Ho gaxe ecnv Takoro paspeLueHus n He TpebyeTcs,
KaXablin poTorpad Ao/mKeH HEYKOCHWUTENbHO Co6Mt0aaTh
npaBnio0, COrnacHO KOTOPOMY OBBEKT CbEMKW U cpeaa ero
06VTaHMA HEeMpUMKOCHOBEHHBI. Ecnm B npouecce cbeMku oTorpad
BbIHY)XZEH B TOW WA MHOW Mepe N3MEHUTbL eCTECTBEHHbIE YCI0BUS
06uTaHna Ana 06beKTa CbeMKM (PasfBuHYTb KYCTbl MW BETKW,
NpyMATb TPasy), TO NOC/E ee OKOHYaHUA HEOBXOAMMO BCE BEPHYTH
K NMepBoHavanbHOMY BUAY W TakuM 06pa3om obecneynTb
6€30MacHOCTb 06bEKTA CHEMKM.

Ecnu toTorpatmmn peakmx >XUBOTHLIX MU pacTeHUi
npegnonaraeTcs ony6/MKoBaTb WU NPeACTaBUTb Ha BLICTaBKY, TO
He cnefyeT yKasblBaTb MECTO CbeMKW, MOCKO/bKY BCerga Hainayrcs
«3HTY3MaCTbl», KOTOPbIE 3aXOTAT BOOUMIO YBUAETL peakue
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®doT0 103.

PakyweyHnk. PoToCLEMKA
npoun3BoAuNach U3 yKpbITUA C
nomouiblo 135-MM Teneob6bLEKTHBa,
35-MM 0AHO06BEKTUBHON 3epKanbHOM
Kamepoil. CbeMKa NTuL, B MecTax ux
rHe3foBaHWin TpebyeT 3HaHWA
noBajoK 1 NOBefeHNs NTUL, BO BPeMA
BbICV)XXMBaHUA AuL. [laxke OMbITHBINA
thoTorpadg MOXeT, caM TOro He
Xenas, MOTPEBOXUTb NTULY W Aaxe
3aCTaBUTb ee MOKMHYTb HEe3fo.

doTo 104.

OO6bIKHOBEHHbI/ MEPeBO3YNK —
nTULa, KOTOPYI 4acTO MOXHO
BCTPETUTb Ha bGeperax pek unu
py4beB. YKpbITHE, PpacnonoXeHHOe B
COOTBETCTBYIOLLEM MecTe Ha bepery
pekun, no3sonseT oTorpadgy
nNpuGerHyTb K «MeTOAY BbDKUAAHUA».
MecTa, YacTo mocelyaemble NTULAMU,
MOXHO OMpefenuTb Mo Haanuunio
0TNeYyaTKoB MX HOT Ha necke.

3K3eMMAsSPbI, YTO6LI cCaMUM CHOTOrpagrpoBaTh UX WK, L TOFO
XY>Xe, MOMOIHUTL VMU CBOK KOMEKLMIO.

doTorpadrpoBaHme MTULL U XKNBOTHBIX

OfHO 13 YCNOBWIA MONYyYEHNS JEeACTBUTENBHO XOPOLUEro
CHMMKa MTWL, COCTOUT B TOM, YTOObI PacCTOSHWE MEXAY
thoTorpahoM 1 06HLEKTOM CLEMKWU ObII0 NpefdesibHO ManbiM.
MoaTtomy dhoTorpad BbiHY>XAeH NMOO cam MOAONTW K MTULE Kak
MOXHO 6vKe, NM6o NogMaHUTb ee K cebe. MoCcKoNbKY NTULbI
OYeHb MYrNMBbLI, POTOrpacpoBaTb MX AOBOSILHO TPYAHO.

Bonbluoe ckonneHne NTUL MOXHO HabntofaTb B MecTax ux
KOPM/IEHMS, Ha BOJOEMaX WM yyacTKax rHe3goBaHus. B Takue
mecTa poTorpad) MOXeT NpuinTh 3apaHee. OfHAKO B MO60OM
Cfyyae, Korfa ecTb 0nacHoCTb, YTO NPUCYTCTBME (hoTorpada
MOXET HapyLUWUTb MPUBbIYHBIA 06pa3 XU3HU NTuL, cnegyeT
MOJib30BaTbCs YKPbITUEM.
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®doTo 105.

O6bluHas Kpayka. Habnwopasa 3a
XWU3HBIO MTUL, MOXHO HaiTn
ONTUMaNbHO YA06HOe MeCTO As
YKPbITWSA, YTOObI NOAYYUTb XKenaeMmblii
CHUMOK, He MOTPEBOXMB NTUL,.
Kpayka yacTo npunetana Ha
He6GOMbLIOW OCTPOBOK, PacronoXeH-
Hblii Hefjaneko oT 6Gepera
3aTonsieHHolit kameHonomHu. Nikon F,
500-MM  3epKabHbIi

o6bekTuB, Nikkor, 1/250 c, Kodak
Ektachrome 64.

doT0 106.

3MMOpPOAOK. POTOCHEMKA
Npou3BOANNACh U3 MOMELLEHUA B TOT
MOMEHT, Korfa nruua cosepluana
OfVH N3 CBOWX PerynspHbIX BU3WUTOB,
4yTOo6bl YKPAacTb 3010TYH0 pbl6KY U3
6acceiiHa. Canon FI, 300-mMm
06bekTMB, 1/250 ¢, 1:6,3, Kodak
Ektachrome 64.

doTo 107.

NlacTouka, KopMsLias CBOMX NTEHLIOB.
doToCHEMKA MPOM3BOAMMACH Yepes
NPUOTKPBITYIO BEPb C MOMOLLbIO
135-mM Teneo6bekTuBa 35-MM
OHOOOBLEKTMBHON 3epKanbHONA
kamepoii. Kamepa 6bifia yCTaHOB/EHA
Ha WTaTuBe. [laxke Npy CbeMKe CO
BCMbILWKO/A MMEET CMbIC/T MO/b30BaTh-
CSl WITATUBOM, TaK KakK 3TO u3baBnset
thoTorpada OoT He06X0LUMOCTU
ONUTeNbHOE BPeEMS AepXaTb Kamepy B
pyKax B OXWAaHWN HYXHOTO Kajpa.
Mpy doTorpaupoBaHnm nTnL,
KOTOpbIE /15 YCTPOIACTBA CBOUX THe3p,
NO6AT MCMONb30BaTh pasNnyHble
4acTu 3faHuA, NPUXoAUTCA
MCMONb30BaTh BCMbIWKY. BHe3anHas
BCMbILWIKA U WeN4oK hoTo3aTBopa
MOTyT NOTPEBOXWUTL NTULY, U B
pe3ynbTaTe OHa MOXEeT MOKUHYTb
rHe3[0 [0 TOro, Kak BbIKOPMUT CBOe
noToMcTBO. YT06bI N36EXKaTb
HeXKenaTesbHbIX NOCNeACTBUIA Hallero
BMeLUaTeNbCTBA B XKWN3Hb NepHaTbIX,
He cnefyeT oTorpagmpoBaTbh UX
yalle 0HOro pasa B KaxAble YeTbipe
npuneta poavTenein K rHesgy.



YKpbITWE A0/MKHO MOHOCTLIO CKpbIBaTb hoTorpada u He
oT6pacbIBaTh HEXenaTenbHbIX TeHel. MoAXoAbl K YKPbITUIO
LOMKHBI 6bITb HEMPUMETHBIMW, CaMO YKPbITUE He LOMKHO
NPVBMEKaTb BHUMaHWE, a MECTO CbEMKM, Fje OHO YCTaHOB/IEHO,
noc/ne OKOHYaHMS CbEMKMN AO/MKHO UMETb MepBOHaYabHbIl BUA,

YcTaHaBNMBaTh YKPbITUE HALO B HECKOJIbKO 3Tanos,
MOCTEMEHHO MepemeLLast ero K HaMeYeHHON TOUKe ChEMKMN.
VIHTepBa/bl MeXay O4epeAHbIMU MEPEMELLEHNSAMU LO/MKHbI ObiTh
[OCTaTOYHO A/INTENbHBIMU, YTOObI NTULBI MOTW MPUBBIKHYTH K
Ka)KOMYy HOBOMY MOJSIOXKEHMWIO YKPbITUA. ECNn Ha KakoM-TO 3Tane
OK&)KeTCS,.4TO MTULbl BCTPEBOXEHBLI MPUCYTCTBMEM (hoTorpada, To
MocnefHeMy He OCTaeTCsi HUYero ApYroro, Kak BepHyTbCS B
NCXOAHOE NONoXKeHUe. Ecnn nofobHoe «OTCTYMeHe» He
MOMOraeT, TO CbeMKY CNneayeT OT/I0XUTb.

CrefyeT NMOMHWTb, YTO YKPbITWE HeNb3s CTaBUTb Ha
«NTWYbeld Tpone». Henb3s TakXKe yCTaHaB/MBATb YKPbITUE B TO
BpeMms, Korfa nTuubl BbICVXKUBAKOT MTEHLOB (3TO Hago caenatb
3apaHee, cpasy nocne OKOHYaHWsA Knagku auu). He cnegyeT Takke
3a6bIBaTb O TOM, YTO NPUMEHEHWE A/TMHHO(OKYCHOIO 06bLEeKTIBA
MO3BO/AET YBENMUUTL PACCTOAHME A0 06BEKTA U TEM CaMbIM
YMEHbLINTL BEPOATHOCTL BCMYrHYThL NTUU. Kpome Toro, cregyeTt
no3aboTUTbCH 0 TOM, YTO6bI (HOTO3aTBOP CpabaTbiBan Kak MOXHO
TULLe.

Korpga yKpbiTUe OKOHYaTeNbHO YCTAHOB/IEHO, TO NepBoe
nosiBNeHMe NTUL, CrefyeT UCNONbL30BaTh ANA aHanm3a nx NoBefeHus
M U3YyYeHMS MapLUPYTOB MX MEPeLBIKEHMS, a He ANS TEXHUYECKOM
MOAroTOBKM CbeMKM. Mpu hoTorpadmpoBaHny NTUL, XXUBYLLMX
BONM3M BOLOEMOB U NOABASIOLMXCA Y BOAbI TONbKO Nocne
paccseTa, HeOOX04MMO NPOHUKHYTb B YKPbLITWE 3aTEMHO.
Kynarowmxca Ty, uam NTul, YTONSIOLWMX Xaxay, YA00H0
thoTorpagmpoBaTh U3 OKHA MaLLWHbI, OCTaHOBKB ee MPSAMO Y
BOJOEMa.

MpvBneyb (NOAMAHWTL) MTUL, MOXXHO MaHKOM WK Yy4esioMm.
Mpy yMenom MCronb30BaHUW 3T MPUEMbl 0Ka3blBalOTCS OYEHb
3 eKTUBHbIMU. OfHAKO NO/Mb30BaTbCA UMM HALO MpefebHO
OCTOPOXXHO, 0COBEHHO B MEPUOL KOPM/IEHMS MTEHL0B.

Heo6x0anMoCTb B CNELUaIbHOM YKPbITUKM YacTO BO3HMKAET
M Npu oTorpadMpoBaHUN XMBOTHLIX B ECTECTBEHHBIX ANS HUX
ycnosuax. MHorve XuBoTHble 06/1a4al0T 0YeHb TOHKUM
06OHSIHMEM U NIEFKO MOFYT 06HapYXXWUTb MPUCYTCTBME YenoBeKa No
3anaxy. [o3TomMy Mpu BbIbOpe MecTa CbeMKM BaXHO YUMUTbIBATb
MPenMMyLLECTBEHHOE HanpaBfeHWe BeTpa M CTaBUTb YKPbITHE C
NOJBETPEHHON CTOPOHHLI.

Mpy oTorpatMpoBaHNN XXMBOTHbLIX, BEAYLUMX HOYHON
06pa3 Xn3HW, 06bIYHO NPUXOANTCA UCMOIb30BaTh BCMbILKY.

B Takux cnyyasx Heobxoammyto oToannapaTypy nyulle
YCTaHOBWTb 3apaHee (KenaTeflbHO B JHEBHbIE Yachl).

YKpbITUS. YT0ObI NOJONTM K 00BEKTY ChEMKM KaK MOXHO
61v>Ke 1 Npyu 3TOM He BCMYTHYTb ero, hoTorpad fo/mkeH cgenar!
CBO€ MPUCYTCTBME HE3aMeTHbIM. [ 3TOr0 MOXKHO BOCMO/b30-
BaTbCA NPOCTOW HAKNAKOW C OTBEPCTMSAMU ANt 06bEKTMBA WK
NNCTOM 00bIYHON 6enoii Gymarn (Npy CbeMKax Ha CHery).
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doTo 108.

Konn6pun B He6ONbLLIOM YAaCTHOM
Bo/bepe. BONbLWNHCTBO U3 Hac
NNLLEHbI BO3MOXHOCTU (oTorpagu-
poBaTb 3K30TUYECKUX NTUL, B KX
ecTecTBEHHbIX ycnosusax. B nopo6-
HbIX CUTYaLMAX WMeeT CMbICA
BOCMO/1b30BaTLCA yCayramu
300NapKoB 1 BONbLEPOB. POHOM
CNYXXUN BblBEJEHHbIV U3 30HbI
pe3KocTV LBETHON (HOTOCHWMOK
pacTUTeNbHOCTW, NOMELLEHHbIA B
3aTeHeHHOM yrny. UTo6bl 0CTaHOBUTb
Ha CHVWMKe ABVXEHWe KpbI/beB,
MCNOMb30BaNNCh aBTOMATUYeCKune
3/1IEKTPOHHbIE BCMbIWKNA C MajbIM
BPEMEHEM CBEYEHWS N PYYHOI
PerynnmpoBKoi ANNTENbHOCTU
BCMbILWKN Npu paboTe B HeaBTOMAaTU-
4eCKOM pexume. OnMTenbHOCTb
BCMbILWKKN OblNa yCTaHOBNEHa paBHOM
173000 c. MoaTtomy Ans nonyyeHus
[,0CTAaTOYHOI OCBeLLeHHOCTV npu
Manoi guagparme v Heob6xo4UMON
YLOBNETBOPUTENbHON Ny6uHe
pe3kocTu notpe6oBannch fBe
BCMbILIKMW, KOTOPbIE pa3MeLLannch Hap,
(hoToannapaTom, 4ToObl M3bexaTb
TeHell oT NTuy Ha oHe. O6Lee
ocBelleHne 6b110 MaKCUManbHO
cnabbIM: 1eNno B TOM, 4TO MakCMMab-
Has CKOpoCTb 3aTBopa npu pa6oTe ¢
31eKTPOHHOW BCMbILIKOW cOCTaBnseT
1/60 c, n npu Tak6i 4ANTENBHOCTU
no60oe cunbHOe OCBeLLeHNe NpUBeno
Bbl K TOMY, YTO Ha pe3koe
1306paxeHne Kpbinbes NTUL, Npu
OCBELUEHNN 31eKTPOHHOI BCMbILLKOM
HanoXunocb 6bl UX CMasaHHOe
n3obpaxeHue. Canon F1, 135-mm
00beKTNB + 9-MM MPOME>KYTOYHOE
YAMHUTENbHOe  KombLo,  Sunpak Auto
Zoom 4000, 1:11, Kodak Ektachrome
64.

®doT0 109.

KanudgopHuiickas nepenenka.
doTOCbEMKA NPOM3BOAMNACL CKBO3b
CeTKY, OKPY)XaloLLyto BrafeHms
nTuubl. Ang noayvyeHns 4OCTaTouHO
KPYMNHOTO U306paxeHns NTu
nmcnonb3oBanucb 100-MM 06bLEKTUB U
35-mm Kamepa. Kamepa 6bina
yCTaHOB/IEHA MPOTMB OAHON M3 sueeK
CeTKM TakK, YTo6bl CeTKa He monana B
Kagp (pasmep fiueek COCTaBNAN OKOMO
20 mm). Ha mHorux goTorpadusx,
MOMyYeHHbIX TaKUM 06pa3om, MOXHO
YBUAETb CMasaHHble, 6MieK/ble cnefbl
CeTKW, 0fHAKO B JAHHOM KOHKPETHOM
cny4yae ceTka NpakTUYecKn He BUAHA.



®doTo 110.

3MMOPOAOK Y KOPMYLLUKW, BUCSLLENA 3a
OKHOM. POTOCbEMKA MPOU3BOAMNNACH
13 KOMHaTbl Yepe3 He6O0/bLUYIO LWefb
mexzay nopTbepamu. Cnesa —
KOpMYyLLKa 6blla pacnosoxeHa OuYeHb
6/13K0 K CTEK/NY OKHa, NMo3ToMy
ecTecTBEHHOE OCBELLEHMe NPOsSBUIOCH
B BWAE APKOI MOMOCKN 60KOBOrO
cBeta. CnpaBa — K eCTECTBEHHOMY
OCBelLeHN0 A06aBUAN BCMbILLKY,
KOTOPY pa3mMecTUnu HemocpescTBeH-
HO Haf Kamepoii. Mo KakuM-To
NpuYnHaM 3MMOPOAOK He MeHS CBOeM
no3bl B TeYeHUe A0BOSTLHO
ONTENbHOTO BPEMEHU, UTO
N03BOMNAO CAenaTb CEPUI0 NouTH
WAEHTUYHBIX (oTorpaduii.

YKpbITUE MOXHO cAenatb M3 06bIKHOBEHHON NMOXO4HOW ManaTku.

YKpbITUE JO/MKHO ObITb YA0OHBIM U KOMMAKTHbIM, TaK Kak
(hoTtorpagy MHOr4a NPUXOAMTCS MPOBOAWUTL AOMITME Yachl B
OXMAAHWUN VHTEPECHOT0 00bEKTa ChEMKM UMW 4JINTEIbHOE BPEMS
Hax04MTbCA B NyTU B NOMCKAX TaKoro ob6bekTa (CoXxeTa).

OCHOBHbIMW 371EMEHTAMW YKPbITUS ABNAIOTCS XKECTKUIA
Nerknin Kapkac v 4OBOJIbHO TEMHOE HENpPO3pavyHoe MOKPbITUE
(Kpblwa). LiBeT MOKpbITUA JO/MKEH XOPOLUO COYETaTbCA C LIBETOM
OKpy>Karowero oHa. [ns atoil uenm 6onee BCEro NOAXoAAT
KOPWYHEBbIE, Cepble U 3efieHble TOHa.

Kapkac'MOXHO cfenatb 13 n060ro matepuana, HanpuMep
13 [EPEBSHHbIX PeeK, COeAMHMB X yronkamu. Kpbiwy
LieniecoobpasHo chenatb M3 BOAOOTTaKMBAIOLWErO MaTepuana
TYNa NOMMATUNIEH], TYTO HATAHYB €ro Ha Kapkac, Ho ¢ HebonbLWKUM
YK/I0HOM, 4TO6bl Ha KpbiLlle He CKanauBanacb foxaesas soga. [Ans
YCTOMUMBOCTU YKPbITWE CeayeT yKPenuTb Npu NOMOLLM pacTs-
XKEK.

JNoboe yKpbITUE LOMKHO UMETb OKHa, fonycKatolme
[OCTaTOYHO 60nbLUON 0630p-yepe3 06BLEKTUB KaMepbl; OKHa
[O/KHBI 6bITh PacnonoXeHsbl Tak, YTobbl poTorpady 6bino
yA06HO CMOTPETb CKBO3b HUX. 10 NEPUMETPY YKPbITHE AOKHO
UMETb HECKO/bKO OTBEPCTUI, CHabXeHHbIX Yyexnamu. M3-3a
OrpaHMYeHHOCTM MONSA 3peHMs He Bcerga yAo6HO paccmaTpuBaTh
06bEKT Yepe3 06bEKTMB, MOITOMY MMEET CMbIC/T Ha Kaxzaoi
CTOPOHE YKPbITUS CAenatb A0MNONHUTENIbHOE CMOTPOBOE OKHO.
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Pnc.88.

a — YKpbITHe HeyfauHolA
KOHCTPYKLMW: Kpbllla YKPbITUA HUKAK
He 3a)MKCMpOBaHa M MOXET X/ionaTb
Ha BeTpy; 6 — YKpbITVE yNyu4LleHHO
KOHCTPYKUMM  KpbILa YKPbITUS
«aKpernneHa pelkamu, GUKCUpyoLwm-
MU BEPTUKaNbHble CTOWKMW; TKaHb Tyro
HaTAHyTa Ha pamy. TKaHb cnegyet
3aMackupoBath, YTOGbl CKPbITb
KOHTYpbI YKPbITUA W CeNnaThb ero
HE3aMeTHbIM Ha OKpYXatoLlem (hoHe
[ns 60onbLieil yCTOWYMBOCTM YKPbITUA
y €ro 0CHOBaHWs MOXHO NPUKPennTb
creyyanbHble KapMaHbl W HanonHUTb
UX 3eMAeii; B — KOHCTPYKLWS

YKpbITUW, yCTaHaB/MBaEMOro,
Hanpumep, Ha fepee. OCHOBaHWEM
YKPbITUS CNYXaT >XecTKue
MeTaNNNYeCKNe Yrofku, CKpenseHHble
6onTamy (4TO NO3BONSET B CNyvae
HeobxoAMMoCTK ero 6bICTPO cobpaTb
N pa «0bpatb). HULLE YKPbITUS MOXET
6b1Tb caenaHo HI 20-MM daHepsl,
NPUKPENIfeMoil K 0CHOBaHWIO
6ontamu. OCHOBaHWE YKPbITUA U ero
Kpbllla HafleXXHO MPUKPennsTea K
CTBONY AepeBa. HafexHoCTb
KPenaeHns YKpbITUS MOXHO
YBENNYUTb, NOCTaBUB [OMNONHUTENb-
Hble OTTSXKKM OT BEPXHUX YTN0B
YKPbITUS K 3eMAe; i — HU3KOMpo-
(hunbnoe yKpbITUE, KOTOPOE YAO6HO
1CNoMb30BaTh KakK Ha Kue, Tak W Ha
nopke. 4nsa nydweil MaCKMpPOBKM, ero
MOXHO MOKPbITb CBEPXY BETKaMMU.



Mpnbnn3nTenbHble pasmepbl YKPbITUS, PACCUUTAHHOTO Ha
O[IHOTO YesoBekKa, AaHbl Ha puc. 88. ECTecTBeHHO, 3TV pasmepsl
MO>XHO BapbMpoBaTh /1 KaXK[0ro KOHKPETHOro ciyyas. Boobuue
roBOpS, Hafo CTPEMUTLCS fenaTb YKPbITUE KaK MOXHO MEeHbLLE,
4TO6bl OHO ObINI0 MPAKTUYECKN HE3aMETHbIM.

Hu3koe yKpblTue, NpefHa3HaYeHHOe, HanpuMep, 418 Toro,
4TO6bI NPUKPBLITL NOLKY MPU CbEMKAX Ha BOAE, MOXHO cAenaTb W3
noapyyHbIx cpeacts (puc. 88). MepefHIO CTEHKY YKPbITUA
MOXHO cfefiaTb U3 Kycka 12-MmM (haHepbl, a Kapkac (pamy) — u3
MeTaNNMYecKux TpyBoK. B KayecTBe MOKPLITUA MOXHO
MCNOMb30BaTb MELLUKOBWHY, GPE3eHT UM NapyCcuHy.

3oonapkuy 1 3anoBefHUKN. K coxaneHuto, hotorpag He
BCerja MMeeT BO3MOXHOCTb HabnofaTh U (oTorpaguposaTsb
XWBOTHBIX B MPUBbIYHbIX 415 HUX YCNIOBUAX. B Takux cnydasx
MPUXOAMTCA LOBO/bCTBOBATLCH CHEMKOI B 300MapKe WUm
3anoBefHWKe, NpUYeM NocnegHas AenseTcs 6onee npesnoyvTUTE b-
HOIA, TaK KaK yCM0BWSi, B KOTOPbIX XXMBOTHbIE XXMBYT B 300NapkKax,
NWWb OTAANEHHO HAMOMWHAKOT Te, B KOTOPbIX OHW XXWMBYT Ha BOJe.
Bo MHOrmx 3anoBefHUKax ¥ napkax npoCTPaHCTBO, rae
pasMeLLalTCs XNBOTHbIE, OKPYXXEHO PELLETKOM, CETKOR mnm
cneyynansHbiM 6apbepom. UTo6bl B Kagp He nonanu nogobHole
3arpaguteNibHble COOPYXEHWUS WU OKpYXatollne 34aHns, Hajo
TLATENbHO BbIGPATh TOUKY CbeMKMW. ECnn e 3T0 He ypaeTcs, TO
cnegyeT CHMMaTh C 60/bLUOI Anadparmoii, YTo No3BONASET
OrpaHnunTL NyOUHY Pe3KOCTU U TeM CaMbIM CAenaTb (OH
HEpe3KUM U He3aMeTHbIM. puMeHeHVe TeneobbeKTNBA NOMOraeT,
KaK npasuno, 3anofHUTb BeCb Kagp 06bEKTOM CbeMKMU.

JKMBOTHbIE B HEBOJIE 0OLIYHO KaXKyTCA BMOJHE
MWUPONOBMBBIMU, OHAKO WX MOBELEHNE YacTO COBEPLUEHHO
Henpefckasyemo. [o3ToMy pagy co6CTBEHHON 6e30MacHOCTM
(hoTorpad Bcerga fo/MKeH co6M04aTh NpaBuia U UHCTPYKLMK,
[eNCTBYIOLLME B 3aMOBEAHUKE.

doTorpadmpoBaHme pacTeHuii

doTorpadmpoBaHme pacTeHnin — OAnH 13 Hambornee
MHTEPECHbIX aCMeKTOB ChEMKM XXMBOI NpUpoAbl. [eno B TOM, 4TO B
no6oe Bpems roga MoYTV BCErAa MOXHO HaiTV 3acny>XuBaroLyme
BHMMaHMWA 06BEKTLI, MHOTME M3 KOTOPbIX MOXHO YAa4HO CHUMATb
C MUHUMa/bHbLIM LONOMHUTENbHLIM 060PYLOBaHMEM.

HecMoTps Ha TO YTO PacTeHUs MOXHO CUMTATb
OTHOCMTENIbHO HEMOABMXXHBIMW 06bEKTAMM CHEMKM, TEM He MeHee
BO MHOrMX Cflyvasx otorpatupoBaHue Nx ABASETCA COBCEM He
NPOCTLIM 4eN0OM. ECAM CHUMOK TOFO MAN MHOTO PacTeHMs [OKEH
ObITb NPefeNbHO AOCTOBEPHBLIM, T. €. UMETb Hay4HYH LEHHOCTb, TO
Heo6X0AMMO MONYYUTb M306PaXKEHME BCErO pacTeHMs, a He KaKoli-
TO €ro 4acTu, YTO B CBOI OYepedb 03HAYaeT CbEMKY B MPUPOAHbIX
ycnosuax. B  Mogo6HbIX cuTyaumsax NPUXOAUTCS peLlaTh 3a4auu,
CBSI3aHHbIE C PACcMO/IOKEHMEM KaMepbl U BbIOOPOM yria
OCBELLEHMs U noaxoasaLlero oHa. Tak, B ClyYae HU3KOPOC/bIX
pacTeHuii hoTorpag MHOr4a BbIHYXAEH CHUMATb C O4YeHb HWU3KOM
TOYKM CbEMKW. [NS 3TOr0 eMy HeOOXOAMM MWHUATIOPHbIN LITaTUB
WM TPEHOTa, Ha KOTOPO MOXHO 6bIN0 Obl YKPENUTb Kamepy.
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doTo 111.

WryaHa. ®oTocbeMka Npon3Bofmnach
yepes CTEK/0 BMBapuyma B 300Mapke.
YT106bl UCKNOUNTL BINKKN OT
BCMbILWWKW, HaX0AsLWeics HeMHOro
c6OKy OT Kamepbl, 06bEKTUB
pasmeLancs B HenocpeAcTBEHHOM
61130CTN K CMOTPOBOMY CTEKIY.

®doT0 112.

JlbBEHOK. ®OTOCbEMKA
Npon3BOAMNach B TEHU Ha Nollajke
MONOAHAKA B 300Mapke ¢
MCMNONb30BaHNEM aBTOMAaTMYecKol
BCMbIWKK. YTOOLI IbBEHOK Ben cebs
CMOKOWHO B TeYEHMNE ChEMKMU,
CMYXUTeNb 300Mapka nocaguna ero
cebe Ha nneyo.

doTo 113.

Kontouune mbiwun. Ans hoTOCEMKM
1CMnosib30Banach Knetka, nepeaHas
CTeHKa KOTOopoli 6bina caenaHa w3
cTekna.

doto 114.

Xoma4yok. [na gotocbeMKu
1Cnonb3oBancs crewnanbHbli
[EePEBSAHHbIN AWMK CO CTEKNSHHON
nepefHeli CTeHKOR. UTo6bl co3aatb
YCNOBWS, MOXOXWNE HA eCTeCTBEHHbIE,
B ALUMK NONOXMAN KaMHW U 3eM/IH0.
Kamepa Haxogunacb o4eHb 6113K0 K
CTeKNY, a 3NeKTPOHHAs BCMbILIKA
nomelianacb Haf, kKamepow, 4To6bl
CMOfleNnpoBaTh eCTeCTBEHHOe
ocBelleHne. MasieHbKne XUBOTHbIe,
BpOJe Takoro XoMsuka, MoryT
[BUraTbCA 04eHb GbICTPO, NO3TOMY
npn CbeMke Heo6X0AWM MOMOLLHUK,
KOTOpbI/ 6bl NEPEHOCUNT UX C
«MOCTOSIHHOT0» MeCTa XXUTeNbCTBa B
AWUK 1 06paTHO.



®doT0 115.

pynna cnoHoB. PoToCHEMKA
NpOV3BOAMNACH C OYeHb HU3KOW TOYKM
CbeMKW. B pesynbTarte nonyuumsnca
CHVUMOK, UMUTUPYIOLWNIA HOTOCHEMKY
B €CTECTBEHHbIX A/11 XMUBOTHbIX
ycnosuax: 6narogaps yaauHomy
BbIOOPY BbICOTbI TOYKN CHEMKM
orpaHuymBaloLLas Bofibep CeTKa He
ronana B Kagp.

®doT0 116.

OTpbiXalolnii Bep6IXXOHOK, ron0Ba
KOTOPOro MOKOMTCA MeXAy ropbamu
mambl. (Mpy cbeMKe XXUBOTHBIX Hafo
Bcerga ObITb FOTOBbIM K
HEOXMAAHHbIM CLieHaMm.)

doTo 117.

HeobblyHas KapTuHa: appukKaHcKue
CMOHbI Ha (hOHe aHrNNIACKOro
3aCHEXXEeHHOro naHgwadgTa.



®doTo 118.

lenapg. PoTocbeMka nNpousBoguiach
100-MM 06BbEKTMBOM 1 35-MM
Kamepoi yepe3 3aKpbiTOe OKHO
aBTOMaLUUHBbI.

doTo 119.

M306paxeHne geTeHbiwa Xupaga B
pamke, «06pa3oBaHHOl» HOramMmmn ero
B3pOCN0ro copoguya. oToBACh
cAenaTb NOAOGHbLIA CHUMOK, Hafo
3apaHee yCTaHOBUTb BbIAEPXKKY,
4yTO6bl B MOMEHT CbEMKU 0CTaBanoChb
NULWb HaBecTU 06bLEKTMB Ha (OKYC:
WHTEPEeCHblE MOMEHTblI MOTyT A/INTbLCA
NULWb JONK0 CEKYHADI.

doTo 120.

Myxomop Amanita muscaria.
doToCbEMKa NPoU3BOAMNAcL B
rNyX0i NecHoi vauiobe c
NMPUMEHeHNeM 3N1eKTPOHHOW BCMbILLKM
B KauecTBe fJONO/IHNTENIbHOIO
MCTOYHWKa cBeTa. HanpasneHue
U3NYyYeHNS BCMbILLKKN ObINO
TWATeNbHO CKOPPEKTUPOBAHO, YTO6LI
MMUTUPOBaTb COMHEYHbIA CBET.
Pentax, 55-MM 06bekTVB,
eCTEeCTBEHHOE OCBELLEHVE K
3NeKTPOoHHasA Benblwka, 1 /30 c, 1:8,
Kodachrome 25.



doT0 121.

PacnonoxeHue LBETOB B Kafpe —
yfayHasa cbanaHcmMpoBaHHas
KoMno3uums. Ecnm 06beKT ChbemMKu
[OCTaTOYHO Be/MK, Kak 3TU BOAsHble
AUAKUK, TO MOXHO MONYYUTb KPYMHOE
n3obpaxeHne ¢ 61M3KOro paccToAHNS
6e3 NpUMeHeHUs Kakux-nn6o
[OMOSTHUTENbHBIX MPUCNOCOGIEHNIA
ANl MaKpOCbEMKMN.

doTo 122.

Mpn GoToCbEMKE LiBETOB B 60/bLIOM
KOMMYeCTBe, Kak 3TU THONbMaHbI,
MMeeT CMbIC/ BKOYNTb B Kagp
06LIMpHbIE fpKMe 06nacTun, a He
KOHLEHTPMPOBaTb BHUMaHWe NULb Ha
OAHOM UNN fiBYX LiBETKaX.

®doTo 123.

[Jaxe camble 06bljeHHbIE 06BEKTDI,
KaK, Harnpumep nucTbs (cnesa), CTOMT
o6cnefoBaTh CO BCEX PaKypcoB, UTOGbI
MONHOCTHIO OLLEHNUTb UX
noTeHUanbHble BO3MOXHOCTH C
TOYKM 3PEHNA MONYYEHNS
3ahheKTHOro cHMMKa. doTtorpadupys
JICTbS C APYFOl CTOPOHBI, TaK YTOObI
OHW OCBELLANNCH lyYammn COMHLA,
NPOXOAALLET0 CKBO3b HUX, MOXHO
nonyynTb 60N1ee KpPacoyHbIn u
MHTEPECHBI/ CHUMOK (cnpasa).



doTo 124.

LiBeTbl HEANUHHbIX CTe6NAX,
nofo6Hble 3TM pomallkam, npu
maneiiluem AyHOBEHWUM BeTepka
KayatTCA 13 CTOPOHbI B CTOPOHY.
OO6bIYHO ANA NOMYYEHUS HYXHOW
rny6uHbl pe3kocTn TpebyeTcs
mManeHbkas guadparma u
CpaBHWTENbHO Hebosbluas CKOpPOCTb
3aTBopa. YUTobbl MONYYNTL NpU 3TOM
pe3koe n3obpaxeHue, nepes CbeMKOiA
[pOXaHune LBETOB MPUXoAnTCA
ycTpaHaTb. C NOABETPEHHOI CTOPOHBI
OT LiBeTKa W OT Kamepsbl
yCTaHaB/MBAIOT 3KPaH W TakuMm
06pa3oM CTabuAM3npyloT MON0XeHNe
uBeTKa. Heobxogumo cnefuTb 3a Tem,
4yTob6bl Kakas-nmbo yacTb 3KpaHa He
nonana B Kagap.

Puc. 89.

[na cbeMKn 06bLEKTOB,
pacnonoXeHHbIX B6AN3N
MOBEPXHOCTU 3eM/IN, MOXHO
MCNoNb30BaTh LUTATUBSI,
Mo3BO/AOLME KPENUTb Kamepy nog
LIeHTpanbHOW CTOWKON mexay
«HOraMu» TpeHOoru.



Ecnu cbemka OCyLLeCcTBASETCA B YCMOBUSAX €CTECTBEHHOMO
OCBelLeHNs (COMHEYHOro CBeTa), TO He UCKNKYEHO, YTO hoTorpady
NpuaeTCs XAaTb, NOKa COMHLE HEe 3aiAMET HYXXHOE MO/OXKeHWe Ha
HebocBofe. B Tex cnyuvasx, KOrga eCTeCTBEHHOrO OCBeLLEHMS
HeLOCTaTOYHO WM KOrfa CBeT NafaeT HeydauHo (T. e. yron
nafleHnst CONMHEYHbIX flyyeil He COOTBETCTBYET TPEOOBAHMAM
CbEMKM), MOXHO MPUBErHYTb K MOMOLLYM /TaMMbl-BCAbILLIKMN.
OfHaKo Monb30BaTbCA NamMMoii-BCNbILIKON CrefyeT akKypaTHo,
YTOObI pacTeHWe BbIrNSAeN0 eCTECTBEHHO.

Mpn cbemMKax pacTeHWii BaXKHOE 3HAYeHMe UMeET POH B
HEMoCPeACTBEHHON 6M30CTW K PACTEHUIO: APKWIA WM OYEHb
CBETAbIV (hOH GyAeT OTBNEKaTb Halle BHUMaHWEe OT FNaBHOMo
06beKTa CbeMKWU. Ecnu He yaeTcs HaliTU TaKyt TOUKY ChEMKM,
KoTopas no3sonuaa 6bl 136aBUTLCA OT 3TOr0 3(heKTa, MOXHO
nonpo6oBaTb CHUMaTbL C 60MbLLIOW AvadparmMoiit n Takum 06pasom
[06MTbCA PE3KOro M306paxeHNs TONbKO 06bEKTA ChEMKM
(pacTeHus).



[MogBoaHaa POTOCHEMKA

doTorpampoBaHune nog BOAOW ABNSETCH OLGHUM U3
Hanbonee CNOXHbIX B TEXHUYECKOM OTHOLUEHWMU BUAOB
(hOTOCHEMKM U TPebyeT He TONbKO M306peTaTelbHOCTH, HO U
60/bLIOI (JM3NUYECKOA BLIHOCAMBOCTU. BoobLie ycnex
rapaHTVpoBaH TONbKO B TOM Cnydvae, Korga otorpad mmeert
MO/HOE NpeAcTaB/ieHNe 0 TEXHUYECKUX BO3MOXHOCTAX
MCNonb3yemMoi MM annapaTypbl W MPOWN3BOAUT CbeMKY B
COOTBETCTBUM C CYLLECTBYHOLMMMN MPaBUIaMu.

ONTWYeCKNEe OrpaHNYeHNs

Mpn NOABOAHONM CbeMKe BaXKHO YUWTbIBaTb OMTUYECKME
XapaKTepucTUKM BoAbl. Tak, HanpuMmep, He creayeT 3abblBaTb, YTO
nokasaTeflb MpenomMaeHns Boabl 60MbLUe, YeM BO3AyXa, U NO3TOMY
MpY UCMONb30BaHWW NIOCKOr0 CTeKna Ans NpeAoXpaHeHus
06beKT1Ba OT BO3AECTBMS BOLb! Yron 3peHNst NOCnefHero
cy>xaeTcs. B pe3ynbTate 06beKTbl KaXXYTCA Ha OAHY TPeTb
paccTosiHWA BaMKe, YeM eCTb Ha CaMOM fefe, U MO3TOMY BbIFNAAAT
KpynHee. MOCKOMbKY Kamepa «BOCMPUHUMAET» 06BEKT TaK Xe, Kak
rnas, ooKycupoBaTb 00BHEKTUB Haf0 Ha KaXyLLeecs pacCcTosHue, a
He Ha peasibHOe.

UuncTyto BOAy MOXHO paccmaTpuBaTh Kak cpeay,
obnagatoLLyto ceoiicTBaMu rony6oro csetoduabTpa. «KpaTtHOCTb»
Takoro uabTpa cocTaBnseT npuMepHo 10 eguHWL, LBETOBON
KOMMeHcauumM Ha 1 M ONTUYECKOro NyTW, NPeACTaBNSAOLLErO
co60li CyMMY pacCTOSIHWIA OT UCTOYHWMKA OCBELLEHNS [0 06beKTa
CbEMKU U OT 06bEKTA CheMKM [0 Kamepbl'. OfHUM U3 (aKTOpPOB,
BNUSOLMX Ha OKPAcKy BOAbl U OFpaHMYMBaOLMX BUAUMOCTb,
ABNAETCS Ha/IMUME NNAHKTOHA U B3BELLUEHHbLIX UANCTLIX OTN0XEHUIA.
Kak npaBuno, Korga BUAMMOCTb MeHbLie 10 M, Boga UMeeT
3e/1eHOBaTbIi OTTEHOK, a He rony6oi. C yBennyeHWeM paccTosAHMS

Puc. 90.

[ns uBeToBOM KOppekuun o6bekTa A
npu AnvMHe CBETOBOrO NyTW, paBHOM
2,25 ™, Tpebyetcs punbtp CC30R, a
AN Koppekuun ob6bekTa B npu gavHe
CBETOBOro Nyt 1,5 M —@unbTp
CC20R HesaBMCVMMO OT Tuna

MCNONb3YyEMOro UCTOYHKKA ! B egnHNLaXx LBETOBOI KOMMEHCALMU U3MEPAIOTCS XapaKTepucTUKM
OCBelLeHUsA (HeBHOM CBET Un cneunanbHbiX KOMMEHCALMOHHBIX (UNbTPOB, MpefHa3HaueHHbIX
BCMbILIKA). [N UBETHON CbeMku. — [pum. peg.
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doTo 125.

Mopckoii epw. doTocbeMka
npoussogunack B KpacHom Mope.
Mamiya RB67, anekTpoHHas
BCMblwKa, 1:22, High Speed
Ektachrome.

Puc. 91.

Hanuume B BOfje B3BELUEHHbIX YacTu!
CHMXaeT KOHTPacTHOCTb
n3obpaxeHus (a). MNpu cbemke
LUNPOKOYTOMbHBIM 06bEKTUBOM
00BbEKT MOXHO choTorpaguposatb ¢
6onee 6113KOro paccTosHus, B
pesynbTaTe Yero ynyuliaercs
KayecTBo n3obpaxeHus ().

OT MOBEPXHOCTU BOLbl COfePXKaHNe KPACHON KOMMOHEHTHI B
CreKkTpe 6enoro cBeTa yMeHbLUAeTCs, U, ecim HeobXo4MMO
COXPaHWTb eCTECTBEHHbIA LIBET 06LEKTOB CHEMKM, cnefyeT
ncnonb3oBaTb PuabTp Tna CC (punbTp LBETHON KOMMEHcauum),
KOPPEKTVPYIOLLMIA LiBETOBbIE UCKaXKEHWA. [paKTMUecKn Takas
KOMMNeHcaLMs 0Ka3blBaeTCs Y0BMETBOPUTENBHON TOMBKO Ha
rny6brvHe HECKONbKMX METPOB OT MOBEPXHOCTU BOAbI BCNeACTBYUE
ObICTPOro yBENNYEHNS1 HEOOX0AMMOA KPaTHOCTW (ubTpa U
COOTBETCTBYIOLLErO YBENNYEHWNS BPEMEHW 3KCMOHUPOBAHMUA
(npubnusanTenbHo Ha 1 cTyneHb Ha Kaxable 30 eaMHWL, LIBETOBOM
KomneHcauwum). MNpu CbeMKe B YUCTON BOAE CrefyeT NPUMEHSATb
KpacHble CC-unbTpbl, @ B MyTHOW — MypnypHbIE.

B oueHb MyTHOIA BOfE MOT/OLLEHNE CBETA MOXET 6bITh
HACTOMbKO CUMbHBIM, YTO JaXe Mpu CbeMKe Ha rny6uHe 10 m
BO3HMKAET He06XoAMMOCTb B ONONHUTENIBHOM OCBelLeHNN. B
TaKUX CMydyasx MPUMEHSIOT NaMmy-BCMbILWKY, KOTOPYHO
yCTaHaB/IMBAKOT Ha KOpMyce Kamepbl. JTO [aeT BO3MOXHOCTb
o6ecrneunTtb HeoGXOAMMOE BPEMS 3KCMOHMPOBAHUS, MOCKO/bKY OHO
GyfeT 3aBUCETb HE TO/bKO OT ECTECTBEHHOIO CBETA, MPOHMKa-
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IOLLIEro C NMoBePXHOCTU BOAbl. Kpome TOro, KpaTKOBPEMEHHOCTb
JelicTens Benbiwky (nopsigka 1 /1000 c) nossonseTt
«3aMOpO3UTb» [BMXKEHWE Kamepbl UM 06BEKTA CHEMKM, a
[0CTaTOYHasA MHTEHCUBHOCTL ee M3NyYeHns 06ecreymBaeT XopoLyto
HaCbILEeHHOCTb M NPaBubHYIO Mepefady uBeTa. [laxe korga He
TpebyeTca LONO/HUTENBHOTO OCBELLEHNS, BCMbILLIKA MOXET 6bITb
MCNONb30BaHa A/19 BOCCTAHOB/EHWA MOTNOLEHHBIX LiBETOB.

MpucyTcTBMe B BOAE B3BELLEHHbIX YaCTUL, YMEHbLUIAET He
TONbKO BUAMMOCTb, HO M KOHTPACTHOCTb. 15 COXpaHeHus
YETKOCTU 1 Pe3KOCTU U306paXKeHNs NPUXOANTCS OCYLLECTBNATb
(hOTOCHEMKY C MUHMMa/IbHO BO3MOXHOIO paccTosHus. o 3Toid
npuunHe (OTOCHEMKA BO/BLIMHCTBA NOABOAHbLIX 0OBEKTOB
NPOU3BOAMTCSA, KakK Npasuno, LWMPOKOYTO/bHbIMUA 06BEKTUBAMMU.
Mpy cbeMKkax Ha YepHO-6enyto MeHKY KOHTPAcTHOCTb MOXHO
MOBbLICUTb, UCMOMb3YA XeNTbli (unbTp. Kpome TOro, NOBbILLEHWIO
KOHTPACTHOCTM CNOCOGCTBYET TaKXe HeOOMbLUIOE YBeNUYeHue
BPEMEHW MPOSAB/IEHWNS C COOTBETCTBYIOLMM COKpALLEHUEM
akcnosuuun. Cnefyet, 0fiHaKo, u3beratb ANUTENLHOMO
MPOABNIEHUSA, NOCKONbKY 60/bLUNE OfJHOTOHHbIE YYAaCTKW Ha
CHUMKaX, MOMYyYeHHbIX NP1 NOABOAHOW CbeMKe, He MO3BOJAIOT
CKPbITb 3€PHUCTOCTb M306pakeHns. Booblue xopoLume
thoTorpadmm npy NOABOAHON CheMKE MOAyyatoTcs B mpegenax
TPeTn 30HbI BUAMMOCTK, a MPU UCMO/b30BAHUN BCMbIWKA — B
npefenax YeTBepTV 30HbI BUAUMOCTM.

O6opypoBaHme

[ns NoABOAHLIX CbEMOK BbIMYCKaeTCA pasfimyHas
annapaTypa, HauMHas OT MOAHOCTHIO FePMETUYHON Kamepbl,
KOTOpas HenocpefCTBEHHO NOrpyxaeTca B BOAy ((hakTuyecku
TONbKO 0fHOIM Mapkn Nikonos), 0 06bIYHbIX KaMep, CHabXEHHbIX
BOZOHENMPOHULaeMbIM PYTNAPOM (60KCOM) M3 MnacTuka u
meTanna. Takmne 6OKCbl BbIMYCKAKOTCSH aMepuKaHCKoi hmpmoii
Ikelite gns annapata Polaroid SX70. Camoit yao6Holi ans
NMOABOLHON CbeMKM ABnseTca Kamepa Nikonos, 0CO6eHHO B
couyeTaHuM ¢ 06BEKTMBAMU M HacagKamu, KOTOpble MpOun3BOAATCA
pasnnYHbIMU hMpMamiu, B TOM ymcie n gupmoit Nikon. OgHako
4N BOCTMXKEHWUS ONTUMANbHbIX Pe3ynbTaToB NPU CbeMKE Kamepon
Nikonos npuxoanTCs UCMONb30BaTh Pa3/IMYHbIE AOMONHUTE/bHbIE
YCTPOIiCTBa, YCTaHaBNMBaEMbIE Ha Kamepy W MO3BOMAKOLLME
06ecneyunTb XOPOLUYHO KapupPOBKY U (hOKYCUPOBKY, OCOBEHHO Npu
CbeMKe C B6M3KOro pacCcTosHMA, KOrga rpaHuubl Kagpa urparT
peluaoLLyto posb. bonee LWMPOKME BOSMOXHOCTU COBPEMEHHbIX
04HO06BEKTMBHBIX 3epKa/ibHbIX Kamep MCNonb3yrTes Ans
«XY[,0XECTBEHHbIX» CbEMOK, & aCCOPTUMEHT UMEOLLMXCS B
npogaxe 60KCOB cnocobeH yLOBNETBOPUTL CaMoro TpeboBaTesb-
Horo potorpada. [ns WrpoKoyrobHbIX 06BHEKTUBOB
BbIMYCKAKOTCA GOKCHI C KOPPEKTUPYHOLLEA ONTWKOM, NO3BONSAIOLLEN
n36eXaTb ONTUYECKUX UCKAKEHWI W CYXXEHUS NONS 3peHns
06beKkTMBa. B npocTeiiem Bue Takas ONTuKa NpeacTaBiseT
co60ii Mpo3payHbIi Kynon (06bIYHO M3 MMpeKca), Yepe3 KOTOpbIN
paboTaeT 06bEKTUB Kamepbl. Mpy CbeMKe 0AHO0OBLEKTUBHOM
3epKanbHOW Kamepoi BO3HMKaeT npobiema HaBOAKWU Ha Pe3KOCTb,
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doTo 126.

doTocbeMKa MPOU3BOAMNACH C
6/1M3KOr0 paccTosHUA Kamepoii
Nikonos ¢ ncnonb3oBaHnem
[OMNOMHWTENbHBIX MPUCNOCOBNEHUH,
BK/IOYAs pamMKy —OrpaHu4nTenb
kagpa. (Ocoboro BHUMaHUA
3aCny>mMBaeT AoLleyka AN 3anvcei
[laHHbIX O CbeMKe.)

Puc. 92.

Kamepa Nikonos ¢ npucnoco6neHusmm
N1 MaKPOCHEMKU 1 PaMKOIA-
orpaHnuuTenem Kagpa.

doTo 127.

Yropb. ®oTOCHEMKA MPOWN3BOAWNNACH

B KpacHom mope. Mamiya RB67,
3NeKTPOHHasA Benblwka, 1:22, High Speed
Ektachrome.

Puc. 93.

MeTanauyecknit 60okc,
npejHasHauyeHHbI ans
0HOOOBEKTMNBHOI 3epKanbHOM
kamepbl Nikon F2 v Canon, ¢
MOLLHOI 3M1eKTPOHHON BCMbILKOM.



Puc. 94.

Mnockoe OKHO GOKca CyXaeT yron
3peHns 06beKTMBA (a), MO3TOMY OKHO
nenatoT chepuyeckoin hopmbl (6).

Puc. 95.

Bcnbllwka, pacnonoxeHHas psagoM c
Kamepom, CU/IbHO BbICBEYNBAET
B3BELUEHHbIE B BOfe YacTulbl (a).
Pe3ynbTaT 6yfeT HaMHOro nyulue,
€C/IN PacnofioXnTb BCMbIWKY Ha
HEKOTOPOM PacCcTosHUK OT
OMTUYeCKoi ocn 06bekTMBa (6).

doT0 128.

Pbiba conHeyHnk. PoTocbeMKa
npoussoautca kamepoii Nikonos ¢
1CNONb30BaHNEM 3/1EKTPOHHOIA
BCMbILLKN.

MOCKO/bKY HEBO3MOXHO MpU6AN3UTL a3 JOCTaTOYHO 6/IM3KO K
OKHY BUJOWCKaTens, Ytobbl BUAETL BeCb Kaap. Hambonee
COBEPLUEHHbI (C TOUKM 3peHUs BbICTPOTLI (POKYCUPOBKMN U
onpefeneHns rpaHuL, Kagpa) CMeHHbIE BUAOUCKATENN,
Bbinyckaemble pmpmamum Nikon n Canon n npefHasHayeHHble 414
ObICTPON (POTOCHEMKHN.



doT0 129.

Craiika pbl6. ®oTOCHEMKA
npounssogunach Ha raybuHe 30 m.
Mamiya RB67, 50-mm
LUMPOKOYTrO/bHbIA ~ 0GBLEKTUB,
1/60 c, 1:56, Tri-XPan.

®doTo 130.

AHeMOH (Npubnn3nuTeNbHO BABOE
60blle HaTypasbHON BENUYUHbI).
PoTOCLEMKA MpPOM3BOAUNACL y
nobepexbs LeBoHa (AHrnus);
ucnonb3oBanack kamepa Nikonos ¢
YOVHUTENbHBIMW  KONbLaMMU.




[ns NoABOAHON CbEMKM BbINYCKAKOTCA CreLuanbHble
3/1eKTPOHHbIE BCMbILWKW Pa3NNYHO/A MOLLHOCTMW, Ha4YMHas OT
HebO0/bLUNX YCTPOIACTB, NPOM3BOAMMBIX upmamu Philips n Oceanic
Products, n KoH4Yas 60/bLIMMK Namnamu, Npou3BOAUMbIMU
(hupamu Oceanic n See and Sea. KOHCTPYKUMS 3TUX BCMbILLEK
TaKoBa, YTO OHW MPUTOAHbI ANS CbEMKU OYeHb LUMPOKOYTO/bHbIMM
obbekTuBamu (yron 3peHus 90° n 60nbLUE) M BKIKOYAIOT B CebA
HECKOJ/IbKO 3/1EMEHTOB CO BCTPOEHHbLIMI CEHCcopamu AJis
MocnefoBaTe/lbHOro Heo4HOKPATHOrO 3KCMOHUPOBAHNS.

Ona n3mepeHns sKCNosuLUKM UCMONb3YeTCs CreLuanusnpo-
BaHHbI Npr6Op C NPUEMHUKOM U3 CEPHUCTOrO Kagmusa ((pupmbl
Sekonic) 1 06bIYHbIA CENEHOBbLIA 3KCMOHOMETP € GOKCOM 13
nonukapboHaTHoro ctekna (gpupmbl Sekonic). MHorne gotorpadbl
NPeAnoYnTaloT UCMNOoJb30BaTh HOKCbI COOBCTBEHHOIO WM3rOTOB/EHNS,
CaMbIM MPOCTBIM M3 KOTOPbIX ABASAETCA CTEKNAHHAA 6aHKa W3-Mog
oKema.

CnegyeT uMeTb B BUAY, YTO CMEKTPaibHasA YyBCTBUTE/b-
HOCTb CEPHUCTOKAAMMEBOrO NPUEMHMUKA CMELLEHa B CTOPOHY
KpacHOM KOMMOHeHTbI rpaHuubl cnekTpa. Mockonbky
OTHOCUTENIbHOE COAepXKaHWe CUHe-rony6oii cocTaBnstoLLEen
BENMKO, (DOTOCHEMKA HA OCHOBE MOKa3aHWii HeCKOMMEHCMPOBaH-
HOr0 CEPHWUCTOKAAMMEBOrO 3/1EMEHTa MOXET NPUBECTU K CUBHOWA
nepegepxke. OT yKa3aHHOro HegocTaTKa CBOGOJEH CeneHOBbII
npveMHMK Tuna Weston; ero peakuus Ha BO3AeiCTBMe cBeTa bGnvdke
K peakuun goTorpamyeckoro amMmyfnibCUOHHOIO C/oS.



doTorpadupoBaHme nNpu cnabom

OCBELLIEHUM

doTo 131.

[na KoMmneHcaLun HefoCTaTOYHOro
OCBeLLEeHNA nNpyu POTOCEMKax nocne
HaCTYMNeHNs TeMHOTbI MPUXOANTCS
ycTaHaBnMBaTb 60NbLUYIO Anapparmy
1 6ONbLYIO BblAEPXKY. Beepxy —
(hOoTOCbEMKA MPOM3BOAMUNACE MPU
APKOM CO/IHEYHOM oOcBelleHuu, 1:5,6,
1/250 c; BHM3y — TOT XXe 0OBEKT,
HO choTOrpaiMpoBaHHbLIA B CyMepKM,
1:4, 1/4 c, T. e. 3KCNO3MLMUIO
NPpULLIOCL YBENUYNUTL MOYTU B

100 pas.

®0oTOCLEMKA B CYMepKax MM B HOUHOE BPEMS CYTOK
TpebyeT AOMNONHUTENLHOTO OCBELeHNs. Kpome TOro, NoCKO/bKY
BPEMS 3KCMOHUPOBAHUS YBEMUMBAETCS, HEOBX0ANMO
MoMb30BaThCS LUTATUBOM, YTOBbI UCK/IIOUYNTL HeXenaTeNnbHoe
ApOXaHKe KaMmepbl B MPOLLECCE CHEMKM.

OcBelleHHble (MNNIOMUHUPOBAHHbIE) 3[4aHNS 1 HEOHOBYIO
peknamy fydlle GoTorpadupoBaTth B CyMepKax, KOraa euie
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doT0 132.

Cnea —cob6op B Hopsuue
(AHrnus). doTocbeMKa
NPoOM3BOANNACH B CYMEPKM, Korjaa
He60 6bIN0 elle OCBELLEHO 3aX0AALNM
CONHUeM. HeocBelleHHbIe YacTm
cobopa —Kpblilla W WNWIb —4YeTKO
BbIAENAOTCA Ha (JoHe Heba;

cnpasa — TOT Xe cobop, HO
cthoTorpampoBaHHbIA Ha monyaca
no3xe. HeocBeLleHHbIe YacTu cobopa
CNMBAKTCA C HEOOM U KOHTYpSI
3faHua TepsaoTcs. Oba CHUMKaA:
Nikkormat, 8 c, 1:5,6, Kodachrome II.

®doTo 133.

[0TOBACL K CbeMKaM B HOYHOe Bpems,
MMeeT CMbICN 063aBeCTUCh
He60/blWNM POHAPUKOM, YTOGLI 6bIN10
y06HO.yCTaHaBAMBaTb (HYXHble
BbIJEPXKY U Aunadparmy.



doTo 134.

Mpn doTocbemMKax B TEMHOTE
Heobxoamma 60/bliuas BbigepXKa.
OfjHaKo Mpu 3TOM ABMXYLLMECS
00bEKTHI 0Ka3biBalTCA
«CMasaHHbIMU», a ABUXYLLMIiCS
MCTOYHMK CBeTa BOCMPOW3BOAUTCS Ha
CHMWMKax B Bufe AAPKUX Monoc.

B paHHOM cnyyae oTorpad
CO3HATENbHO CHWUMaN ¢ 60MbLIOWA
BbIJEPXKKO, 4TOOLI Nyylle nepeaaTtb
olwlylleHne BpaleHus. 1/15 c,

1:5,6 Ektachrome 64.

doTo 135.

Mpu oTorpampoBaHun cantoTa
3aTBOP CrefyeT yCTaHOBUTbL B
nonoXxexHne B u fiepxaTb OTKPbITbIM,
YTOObI B Kafp «MNOMano» HecKo/bKo
nocnefoBaTe/bHbIX 3annos. Cnesa —
(hoTOCbEMKA Npom3BoAMNach ¢
00NbLIOV BbIAEPXKKO, 4TO MO3BONUNO
MONYYNTb «TPACCUPYIOLLME» BCMbILIKMN
cantoTa. Mpy cbeMKax Ha NeHKy
4yBCTBUTENLbHOCTLIO 64 ACA
Heobxoamma avatparma nopagka 1:8.
XOTSi MOXXHO MONpPo60BaTh CHUMATb U
npy ApYrux 6/n3KNX 3HaYeHusX;
cnpasa — (eilepBepk B Buae byketa'
CBETALMXCA 6pbI3r — pe3ynbTat
(hOTOCHEMKM C Manoi BblAEPXKKOWA
(1/60 c).

®doTo 136.
doTOCHEMKA MPOM3BOAUMACL MPK
CBeTe KOCTpa. JKcrnosmuus

BbIGMpanach B pacuyeTe Ha N/eHKy s
[HEBHOTO CBeTa, MO3TOMY OCBELLEHNe

C HU3KOIA LIBETOBOI TemnepaTypoi
npuaaeT CHUMKY KpacHOBaTbIN

OTTEHOK, YTO B CBOIO 0Yepedb XOPOLUO
nepeaaeT oLyyLieHWe Tenna oT KOcTpa.

1/15 ¢, 1:1,4, Ektachrome 200.

[0CTAaTOYHO eCTECTBEHHOrO OCBELUEHNS A5 BblAENEHUS KOHTYPOB
34aHua Ha thoHe Heba. [leno B TOM, YTO NPW CbEMKE B MOJHOM
TEMHOTE 3/1laHNe U HeBO CMBAKOTCA M M306paKEHMe 34aHNA Ha
CHMMKE CTaHOBUTCS OYeHb KOHTPACTHbIM: OCBELLEHHas 4acTb
06bekTa (CloKeTa) 6e3 KakKoin-nnbo NpopaboTKM HEOCBELLEHHbIX
netanei.

WHTepecHble oTorpadum HOYHOrO ropoga MoryT 6biTb
MOAyYeHbl MpU CbEMKAX B CyMepKax nocse AOXAs, Korga yauubl 1
nnowaan 6necTaT oT BofAbl. B aTOM cnyyae B Kagp nonagaeT He
-TO/MbKO OOBEKT CbEMKM, OCBELLEHHBIN (3a/IMTbINA) APKUM CBETOM
HEOHOBbIX PEKIaM, HO N OTPaXKeHWe OrHEe peknambl Ha MOKPOIA
MOBEPXHOCTW TPOTyapa WM MOCTOBOM. MNpu TakMX CbeMKax MOXHO
M0/b30BaTbCA KaK LIBETHOW M/EHKOW 41 AHEBHOMO CBeTa, Tak W
NAEHKOW 415 UCKYCCTBEHHOIO OCBELLEHWA; MepBas Mog4epKMUBaeT
TENA0TY UCKYCCTBEHHOIO OCBELLEHMSA, a BTOpas yCuUMBaeT
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doTo 137.

BuTpuHbI nydlue Bcero
thoTorpacupoBaTbh Be4YepoM, Korga
MOXHO Hambonee apdeKTHO
NPOAEMOHCTPUPOBATL 3aMbICbl UX
othopmuTeneir. Mpu aTom Hago
CTPEMUTLCH, YTOObI BO3MOXHble
OTpaXKeHWsa cBeTa OT CTeKNna BUTPUHbI
66N MMHUManbHbIMK. Cnesa

BBEPXy — (HOTOCBHEMKA
npoussognnach 6e3 GunbTpa Ha
NAEHKY AN [HEBHOTO CBeTa, CHUMOK
OKasasicsl C/INWIKOM «TernnbiM» No
LBETY, TaK Kak namnbl, BbICTaBNEHHbIE
B BUTPUHE, —OO6bIYHbIE NaMMbl
HakKanumBaHuA; cnpasa BBepxy —Ans
nonyyeHus LBeTOBOro 6anaHca
(hoToCbEMKA NPOM3BOANNACH C
uneTpom Wratten 80A; cnesa

BHM3y — (hOTOCbEMKaA
npoussogunace ¢ hunbTpom Wratten
80A 1 [ONONHUTENbHBLIM
MoNAPU3aLMOHHBIM (UNBTPOM, YTOObI
ybpaTb OTpaXeHns cBeTa 0T BUTPUHbI
MarasuHa, pacnosoXeHHOro Ha
[pYroii CTOpOHe ynuubl; crpasa
BHM3y —doOTOCbEMKA
MPON3BOAMNACH TaK Xe, Kak U B
npeAblAyLiem cnyyae, HO ¢
nobaBneHneM «3Be3fHOro» uabTpa,
4T06bl MONYYNTH 3BE3A0UKY-BEHUMK
BOKPYT KaX[AOW APKOM naMmbl.




doTo 138.

CTaHuMa KOCMWUYECKON CBA3N B
YapksopTe (HoBas 3enaHgus).
doTocbemMka 6blna TLWaTeNbHO
cnnaHuposaHa 3apaHee. CHavana ¢
NOMOLLbIO TeneobbeKkTMBa 6Obin
cfienaH CHUMOK NlyHbl Npw gunadparme
1:5,6 ¢ BbIgepxKoi 1/125 c. 3atem
uepe3 HECKONbKO [iHeli Ha 3TOT Xe
kagp 6bina cqoTorpaduposaHa
aHTeHHa npu fuadparme 1:8 ¢
Bblgepkoi 1/8 c. (C paspelueHus
thmpmbl Robin Smith Photography
Limited.)

doTo 139.

doTOCHEMKA MPOM3BOAMNACH C
NOMOLLbI AIMHHOPOKYCHOTO
06bEKTMBA, YTO MO3BOSIUIO MOAYYUTh
[OBONIbHO KPYMHOE M306paxeHune
apTucTa, packauMBaloLLerocs Ha KaHare.
O6beKTUB ObIN CHOKYCMPOBAH Ha

0[JHO M3 KpaliHWX MONOXEHUI

apTucTa, packayMBaloLLerocs Ha KaHarte,
B TOT MOMEHT, KOria apTUCT oKasascs B
aTom nonoxenuun. Nikkormat, 85-mm
o6bekTMB, 1/125 c, 1:2, Kodak
Ektachrome 160.

doTo 140.

KnoyH, naywmii no Kpar apeHsbl.
Kamepa 6bina cthokycupoBaHa Ha
onpefeneHHoe MecTo apeHbl U CbeMKa
npouns3sofunacb B TOT MOMEHT, Korpga
KNOYH OKasancs B 3TOM MecTe.
Nikkormat, 85-MM 06bEKTUB,

1 /125 ¢, 1:2, Kodak Ektachrome
160.




dorto 141.

doTOCHEMKA MPOM3BOAUNACE Ha
nneHky 160 ACA ansa
MNCKYCCTBEHHOr0 OCBeLLeHus,
4yBCTBWUTENBHOCTb KOTOPOW C
MOMOLLbLIO CMeLuabHbIX MeTO/0B
nposiBneHus 6oina gosegeHa fo 320
ACA. OcBeleHHOCTb rpynnbl
BE/N03KBMNNGPUCTOB Onpefensanacb no

OCBELLEHHOCTMN apeHbl. Mpu
(hoToCheMKE BO3AYLIHbIX aKpobaTos
OCBELLEHHOCTb PUTYPbl apTUCTKN 1 ee
HOr onpegensnacb MeTOAOM
ToyeyHoro 3amepa. Ob6a CHUMKa:
Canon FTh, 50-MM 06bekTWB; cnesa:
1/250 c, 1:8; cnpasa: 1/125 c,

1:8.




rony6usHy 0CTaTO4YHOro JHEBHOIO CBETa, MPW 3TOM U Ta U Apyras
[aloT Xopolune pesy/bTaTbl.

3HAUNTENbHO CMOXHee 06CTOMT f1eN10 MPK CbeMKax
LIMPKOBbIX MPeAcTaB/ieHnil. XOoTs OCBELLEHNE B LMPKAX KaKeTcs
[0BOJSIbHO SIPKMM, Ha CamMoM fiefie ero MHTEHCUBHOCTb
HEe0CTaTouHa AN CbeMKM, a NMoJb30BaTbCA BCMbIWIKOW B LMPKaX.

Tabnuua 3. OpUEHTMPOBOYHbIE 3HAYEHWS 3KCMO3ULMM Npu (oTo-
CbeMKe B Hanbo/iee YacTo BCTPEUYAEMbIX YC/I0BUAX OCBELLEHUS

MpegnonaraemMas 3KCMo3uLus

ObbekT Cremky ana nneHkn 64 ACA

NHTepbep B HOYHOE BpeMs:

APKO OCBELLEHHbIN 1/15 ¢, 1:2

CpeAHEOCBEeLLEHHbIN 1/4 ¢, 1:3,5
CbeMKa npu ceeyax 1/2 ¢, 1:2.8
APKO OCBELWEHHbIE Y/NYHbIE CLEHbI 1/30 c. 1:2
OyeHb APKO OCBELleHHble TeaTpasbHble 130 ¢, 1:2.8

nogbesfbl
BUTpUHbLI B HOYHOe BpemA 1/30 ¢, 1:2.8
MoacBeYyeHHbIE 3[aHuA 4 ¢, 1:56
ATTpaKUMOHbBI, Napku 1/15 ¢, 1:2
Apkas unnloMUHaLns 1/30 c. 1:2,8

He6o yepe3 10 MuH mocne 3axopda conHua | 1/30 c. 1:4
DyT60NbHbIA MaTy MPU UCKYCCTBEHHOM

1/30 c. 1:2.8
ocBelleHun
KocTtep 1/30 c. 1:2.8
deiiepsepk 1:8, 3aTBOp peKOMeHfJyeTCs no-

CTaBUTL B NonoXxeHue B v fgep-

XaTb OTKPbITBIM B TeYeHUe He-

CKONIbKUX 3aNnos

LinpkoBoe npepcTaBneHue:
obuiee ocBelieHUne 1/30 c. 1:2
OCBeLlleHNe C MNpoXeKTopamu 1/60 c, 1:2.8

Kak MpaBwno, He paspeluaetca. Kpome TOro, CHUMaeMble 06beKTbI
[0BO/bHO GbICTPO NepemeLLatoTcs. M03TOMY CbeMKY LMPKOBbIX
npejCcTaB/ieHNA cneflyeT NPOM3BOAWTL Ha OYEHb YYBCTBUTE/NBHYIO
MAeHKY Mpy Manoi BbigepXKke U 60MbLUIOKA gnadparme, 4acTo Ha
npegene BO3MOXHOCTeW 06bekTuBa. ocnegHee 06CTOATENLCTBO
MPUBOAWT K pyroii npobneme —oO4YeHb He3HAYMTENbHON TybuHe
pesKocTu.

Mpu HabALeHUN MHOTMX LUPKOBbIX HOMEPOB MOXHO
npeAckasaTb MONOXKEHUe apTUCTa B TOT WM UHOW MOMEHT
BPEMEHW, KakK, HampumMep, Mpy BbICTYNAEHUN HAe34HUKOB WK
BO3AYLUHbIX TMMHACTOB. B Takux Clyyasx MOXHO TLIATeNbHO
chokycupoBaTb KaMepy Ha onpefeneHHy TOUKy MpOCTpaHCTBa U
XAaTb, NOKa apTUCT He OKaXeTcs B 3TOM TOUKe. MOXHO MOCTynuUTb
MHa4ye — MPOM3BECTU CLEMKY B TOT MOMEHT, KOrAa MpbIryH
[OCTUTHET BEPXHEN TOUKM TPaeKTOpuM CBOEro noseta, T. e.
OyKBa/IbHO Mepes TeM, Kak OH HayHeT «nagaTb».

OflHa 13 YacCTbIX MPUYMH HeyAauHbIX oTorpaduii ¢
1306paXEHNEM LIMPKOBLIX MPEeACTaBMEHNIA CBSi3aHa C YPe3MEPHbIM
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KOHTpPacTOM OCBelleHUs. DOTONIEHKN, 0OCOBEHHO LBETHbIE, He
CNoco6Hbl NepegaBaTh TakoW KOHTPACT. 10 3TON NpuumHe nydie
nsberatb hoTorpadiMpoBaHus BbICTYNNEHWNIA, B KOTOPbIX aKTepbI
TONbKO YaCTUYHO OCBELLEHbI CU/bHBIMW MPOXEKTOPaMU, 1
BbIOWMpPaTb CLEHbI C 60/ee paBHOMEPHbLIM OCBELLEHWEM.



doTorpadmpoBaHue ¢ namnoun-

BCMbILLUKOWN

Puc. 96.

CTaHOK C BOCN/aMeHsoLWMcs
NMOPOLLIKOM, NPUMEHSBLUMIACH B Hauvane
Hawero ctonetusa. Mpy>XUHHBbI
CMYCKOBON MexaHW3M, CMOHTUPOBaH-
Hblii Ha 3afHeil naHenu, 3aBoauncs
Kno4yom. CnycKoBOW KpHOYOK,
CMOHTVPOBAHHbIV PAAOM C PYUKON,
0CBO6OXAAN NPYXUHY, KOTOpas,
pacKkpyumBascb, HauuMHana BpallaTb
puthneHoe Konecuko. Mpu TpeHuUm
KOnecnka 0 KpeMeHb 06pa3oBbIBanuChb
MCKPbI, KOTOPbIE B CAy4ae yaaun v
BOCM/NAMEHANN NOPOLLOK.

Ha paHHei ctagun pa3sutus goTorpadum hotomaTepuanbl
VIMENN CTO/Mb HWU3KYH YYBCTBMTENbHOCTb, YTO YaCcTO BO3HMKaA
Heob6X0AMMOCTb B JOMO/IHATE/IbHOM OCBELLEHNUN, WHTEHCUMBHOCTb
KOTOPOro no3Bonsna bbl CyLIECTBEHHO COKPaTUTb BpeMs
3KCMNOHMPOBaHMA. lMepBOHaYanbHO B Ka4ecTBe UCTOYHMKA TaKoro
ocBeLLeHns hoTorpadbl UCMOMbL30BANN MarHVEBYHO NEHTY.
OfHaKo CbeMKa C MarHWeBO NeHTO Bbi3blBasna OnpeaeneHHbIe
TPYAHOCTM, NOCKO/bKY SIEHTA OYeHb MEeANEHHO ropena u, Kpome
TOro, Tpe6oBaNCh 3HAUUTE/IbHbIE YCUNA, YTOOLI ee NOMKeYb. ITH
TPYLHOCTM YacTUYHO ObiNy NPeogoneHbl 6narogaps NOSBNEHMIO
«MarHueBbIX naMmn». MarHueBas namna npeAcTaBnsna coboi
TpyOKy, HanoNHEHHYIO NOPOLLUKOM MarHus. Fpu cbemke
MarHveByto namny pasmeLiany psgom ¢ naaMmeHem CrvpToBOWA
ropesikv; Npy CKaTunM NMHEBMATUYECKOW TPpyLUN, HafeTol Ha TpyoKy
namnbl, NOPOLWOK BAYBa/ICA B Maams W, cropas, 4asan fpKyto
BCMbILLUKY CBeTa.

YT06bl YCKOPUTL MPOLIECC FTOPEHUS MAarH1eBOro MopoLLKa, B
Hero ctanu fo6aBnATb OKUCAUTENb, HAMPUMEP Nepxaopar Kanus.
TO4YHOE KONMYECTBO MarHWEBOW NErKOBOCMIaMEHSAIOLLEACA CMecH,
HeobxoauMol Ana POTOCHEMKM, ONpPeaensnoch ¢ y4eToMm
YyBCTBUTE/IbHOCTU M/IEHKW, PacCTOAHUA A0 06BbEKTa U BENYMHBI
Anadparmbl. TwatensHO 0TMEPEHHOe KOMYECTBO CMeCH
3acbinanoch B Xenob cneynanbHOW KOHCTPYKLmKW. Mpu
cpabaTbiBaHMM (hOTO3aTBOpPa CMECb MomXkuranacb nM6o ¢
MOMOLLbH0 (PUTUAS MAN MUCTOHA, MO0 C NOMOLLbI abpasvBHOMO
KOMecrKa N KpeMHs.

Wcnonb3ys MarHueByto namny, gotorpad Mor cgenatb B
MOMELLEHUN TOMbKO Cpasdy OAWMH CHUMOK: MOC/e BCMbIWKW KOMHaTa
HanosnHsanacb 6esbIM AbIMOM U, UTOObI €e NMPOBETPUTD,
Tpe6oBasiocb Kakoe-TO Bpems. Kpome Toro, npw pabote ¢
MarHWeBbIMU NaMnaMun CyLLeCTBOBasa BEPOSTHOCTb BO3HWKHOBE-
HUS NoXapa.

NamnbI-BCrbILLIKA

B Hauane 30-X rofioB MarHueBble namrbl YCTYNUIN MeCTo
namnam-Benbiwkam (hoTokon6am), NPUHLMM LeACTBUA KOTOPbIX
0CTaeTCcs HEM3MEHHbIM A0 HALMX AHEW.

CoBpemeHHas namna-BCMbllLKa NpeacTaBnseT coboi
CTEK/NAHHYIO KONIBY, HAaNOMIHEHHYIO KUCNOPOAOM, BHYTPU KOTOPOW
HaxogmTcs «mayTWHa» (MOTOK TOHYalLleii NpOBOMOKK) U3
aNlOMUHMA UK CNJaBa Ha OCHOBE MarHus 1 LMPKOHUA. B LeHTpe
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Puc. 97.

MolyHast BCMbILWKA TaKUX Xe
pasmepoB, YTO M 06blYHbIE
OCBETUTeNbHble Namnbl. A —
3/1eKTPUYECKNE BBOAbI; B —HUTL
Hakana; C -—B3pblBYaTas nacTa;
D —ToHKas marHueBas,
aNtoMUHMEBAs UNW LMPKOHMeBas
nayTuHka; E — uHgukatop
rogHOCTU.

Puc. 98.

Bcnblilwka-Ky6uK, cocToswwas u3
yeTblpex Konb, Kaxaas co CBOUM
BCTPOEHHbIM pet/IEKTOPOM.

Konbbl pacrnonaraeTcs HATb Hakana. BHyTpu Konbbl NpoxoadaT ABa
NpoBOAa, BHYTPEHHME KOHLbI KOTOPbIX, MOKPbITbIE CNOEM
NOMKNUTaKOLWeid NacTbl, COEANHAIOTCS B LIEHTPe KOM6bl Yepes HUTH
Hakana, a BHeLLUHVe KpenaTca K LOKoA Konbbl. Mpu nogknioye-
HUM KONObl K UCTOYHUKY TOKa HWUTb Hakana packansercs u
nogxurarouias cMecb BCrbIXiBaeT. [pn CONPUKOCHOBEHNN
ropALWMX YacTuL, CMECU C «NayTUHOM» NOCNefHsAsA 3aropaeTcs u
[aeT 0YeHb APKYH BCMbIWKY cBeTa. Ipu 3TOM, 0fHaKO,
BbIAENSETCA 3HAUNTE/IbHOE KOMIMYECTBO TENa, YTO MOXET MPUBECTU
K paspyLLEeHNo CTEHOK KOn6bl. YT06bI M36exaTb 3TOr0, CTEHKM
KON6bl MOKPLIBAIOT NAKOM.

CrefyeTt vMeTb B BUAZY, YTO Konba ¢ 3auTHbLIM C1I0eM
TaK)Xe MOXET pa3opBaTbCs, eCn CTEKI0 TPECHYTO WM NA0X0
CKNeeHo. B 3ToM cnyyae B k0n6y NPOHWKAET BO3AYX U Mpu
CropaHuun CMecu faBfieHne B Konbe HaMHOMo MnpeBsbIlaeT npegen,
NPeLyCMOTPEHHBIV 3aLMTHLIM 1AaKOBLIM MOKPbITUEM. [ns TOro
4TO6bI MCKNOUYNTL BOSMOXHOCTb pa3pbiBa KOMbbl, B Hee MHOrAa
MOMeLLaloT MHANKATOP, YKa3blBatoLMii Ha NPUCYTCTBIE BO3AYXa.
VHAMKATOP COLEPXMT MaNileHbKYIO Kanak X10pucToro KobanbTa,
KOTOpasi B OTCTYTCTBUME BO34yXa B KOJI6E MMEET rony6oii LBeT;
ecnn B konby nonagaeT BO3A4yX, TO LBET Kamnay CTaHOBUTCA
PO30BbIM.

LiBeToBas TemnepaTypa M3/y4eHns, BO3HUKAIOLLEro npu
CropaHWn «nayTUHbI» B KUCNOPOAE, COCTABASET NPUMEPHO
3800 K. BmecTe ¢ TeM 6O/bLUMHCTBO MEHOK PacCcyMTaHO Ha
5500 K, 1, 4Tobbl CKOPPEKTUPOBATL LIBETOBYHO TeMnepaTypy
N3/Ty4eHUA NaMMbl-BCMbIWKKW, B 3aWUTHOE MOKPbITUE J06aBNAIOT
rony6oii Kpacutenb.

B nocnefHee Bpems LUMPOKOE pacrnpocTpaHeHue noayvuam
Namnbl-BCMbILWKW, BbIMO/HEHHbIE B BUAE Ky6UKa M3 MPO3payHoro
maTepuana (naacTmacchl) U pasfefnieHHble BHYTPEHHUMM
neperopofkKaMmn Ha YeTbipe YacTu, KaXKaasa U3 KOTOpbIX
npegcTaBnseT coboii MUHMATIOPHBIA OCBETUTENbHbLI Npubop co
CBOEI NaMMoii-BCMbILWKOA. B oTAnume 0T 06bIUHbIX NaMM-BCMbILLIEK
namna-«kKy6uK» Mo3B0/ISeT NPOM3BOANTL He OfHY, & YeTbipe
BCMbILIKK NP noc/iegosaTe/isHOM nosopote ee Ha 90  [And
3TOro Ha Kopnyce hoToannapaTa ycTaHaBNMBaeTCA NOBOPOTHOE
FHe340 MW creumanbHbId AepXatesb; NOBOPOT NaMbl-«Ky6uKa»
MPOU3BOAMTCS O4HOBPEMEHHO C MPOTSXKKONA (HOTONMEHKN U
B3BOAOM (hoTO3aTBOpa. JlaMmbl-«KYOMKU» MOTYT BbITb ABYX
TUMOB: COfepXKallive 06bIYHbIE NaMMbl-BCMbIWKK, CpabaTbiBatoLme
0T 6aTapeek, KOTOpble HAXOAATCA BHYTpU (OTOKamepbl, 1 6onee
COBEPLUEHHbIE TaMMbI-BCMbILKMK, UMEIOLME NOMKUratoLLee
YCTPOMCTBO, KOTOpPOE cpabaTbiBaeT OT NPYXMHHOrO MexaHu3ma,
HaxoAALLeroca BHyTPM OMNpasbl NaMnbl-«Ky6uKa» (MpyxuHa
0CBOOOXAaeTCsA Npu cpabaTbiBaHWUM 3aTBOPA).

Ecnn BcnbllwKa-«KyOMK» NOAKNIOYAETCA HEMOCPEACTBEHHO B
rHe3fo, HaxoAsLLeecs Ha BepXy Kopnyca Kamepbl, TO 13-3a
611M3KOr0 PacrnonoXeHUs ONTUYECKUX OCeli BCMbIWKN U 06beKTHBa
oCBeLLeHne ByeT NIoCKUM, a N30bpaKeHne — HepenbeHbIM W,
KpOMe TOro, MOXKET Hab/I0AaTLCA TakK Ha3blBaeMbIil 3heKT
«KpacHOro rnasa», 06yC/IOB/EHHbIN OTPaXXEHWEM CBETa BCMbILWKK OT
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doT0 142.

Mpu o4eHb 6M3KOM PaCMONOXEHNN
BCMbIWKN K 06bEKTUBY HabntofaeTcs
SB/IEHNE, Ha3bIBAEMOE «KPaCHbI
rnas», u3-3a OTPAXEHWs cBeTa
BCMbIWKKN OT CETYaTKM rna3 o6bekTa.
B Takux cnyyasx Hafo yBENUUUTb
paccTosiHMe MeXAy BCMbIWKON 1
06bEKTUBOM.

CeTYaTKM rnasa 06beKTa CbeMKM (Y4es10BEKa MW XKMBOTHOr0). 3TOT
3h(PeKT MOXHO YyCTpaHUTb (M TEM CaMbIM CAenaTb N306paXkeHne
6onee penbeHbIM), €CN YBENNYNTb PaCcCCTOSHUE MEXAY
BCMbILLKOA N 06BEKTUBOM.

Haunbonee yao6HbIM A1 paboTbl SBASETCA UMNYAbCHbIN
OCBETUTENb B BU/IE BCMbILLIKA-«CTEPXKHSA», COCTOALMIA N3 BOCbMM
WK BEeCSTW Namn, pasMeLleHHbIX B NIOCKOM KOpMyce-naTpoHe.
BcnbllKa-«CTepXXeHb» COCTOMT W3 ABYX MOJIOBUHOK, B KaXA0M M3
KOTOpbIX MMEeTCs THe340 ANA MOAKIHYeHus K Kamepe. Mpu
CropaHuun OfHOW Namnbl NOAK/YaETCA CneayoLas; Korga sce
namnbl OZHON MOMOBMHBLI MOTHOCTLK MCMNO/Mb30BaHbl, CTEPXKEHb
MOBOPAYMBAETCA M BK/IOYAETCA Apyras NofoBMHa BCNbIWKK. Mpu
3TOM BCerga Ucrnosb3yrTcsa Namnbl TO MOM0BUHBI BCMbILLKK,
KoTopas Haubonee yganeHa OoT 00bEKTMBA Kamepbl, YTO NO3BO/ISET
06ecneunTb MakCMMaibHO BO3MOXHOE MPOCTPaHCTBEHHOE
pasHeceHue namnbl U 06bEKTUBA.

3NEeKTPOHHbIE BCMbILLIKA

B koHue 30-x rofoB 6bina paspaboTaHa NPUHUMUMNUATIBHO
HOBasi KOHCTPYKLMS BCMbIWEK, MOAYYMBLUMX Ha3BaHWeE
3NEKTPOHHBIX UK CTPOBOCKONMYECKNX. M3nyyeHne B Takmx
BCMbILWKaX BO3HWKAET B pe3y/nibTare 3/MeKTPUYECcKoro paspaga B
aTMoc(epe MHEPTHOrO rasa. B kavectse nocnefHero o6bI4HO
MCNOMb3YeTCA KCEHOH, TaK Kak CMeKTP ero usny4veHns 6130k K
CMEeKTpasibHOMY cocTaBy 6enoro cseta. 3T0 NO3BOMSET
OrPaHNYUTLCS MUHUMASTbHON (PrnbTpaLmeid nsnyyeHms ans
[OOCTWXeHMA LBETOBOro 6anaHca npu oTochemMKax Ha LBETHYHO
NNeHKY. SNeKTPOHHbIe BCMbIWKW SBAAOTCA UMNY/bCHBIMU
rasopaspsigHbIMM flamnaMn MHOTrOKpaTHOro gencraus.

a3opaspagHas namna npegctaBnseT CO60M CTEKNAHHYHO
Un KBapLeByto TPyOKy, 3anasHHy ¢ 060MX KOHLIOB, U3 KOTOPO
MOMHOCTLIO BblKayaH BO34yX. [na cO34aHNs 3NeKTPUYECKOro
paspsiga B TPyOKy BBOAWUTCA HEGOMbLUOE KOIMYECTBO MHEPTHOIO
rasa. BHyTpu TpyOKM Ha KaXXZOM ee KOHUe pacrnosaraeTcsa no
OfHOMY MEeTa/I/INYECKOMY 3/M1EKTPOAY, COELAUHEHHOMY C MUTAIOLLUM
KOHZAEHCATOPOM. B COBpEMEHHBIX 3MIEKTPOHHbLIX MMMY/bCHBLIX
namnax nuTaloLmMii KoHAeHcaTop 3apskaeTca go 250—350 B.
B namnax ¢ HM3KOBO/bTHLIM OGaTapeiiHbIM MUTaHWEM 3apsig
KOHZeHcaTopa [0 paboyero HanpskKeHUs OCYLLECTBAAETCS NyTeM
CTYMEHYATOro MOBbLILLEHUS HanpshKeHns 6aTapeek. C NOMOLLbIO
pacnooXeHHOro BHYTPW 31EKTPOHHOM namrbl TPaH3UCTOPHOro
npeobpasoBaTens (MHBePTOpPa) MNOCTOSHHbIVA TOK OT 6GaTapeek
npeobpasyeTcs B NEPEMEHHbIA, KOTOPbIV NOAAETCA Ha MEPBUYHYHO
06MOTKy TpaHcopmaTtopa. B pesynbTate BO BTOPUYHOW 06MOTKE
TpaHcdopmaTtopa reHepupyeTcs 3.4.C., KOTopas MCronb3yeTtca A4S
3apAfKM NUTaKoLLero KoHgeHcatopa. Korga HanpsbkeHve Ha
NnUTaloLLEM KOHAEHCaTope JOCTUraeT paboyero 3HaveHus,
3aropaeTcs HeoHOBbIA MHAMKaTOp. OfHaKo pabovero HampsKeHus
KOHZEHcaTopa 0Ka3blBaeTCs HefOCTaTOUYHO, YTOObI BbI3BATH
NOHM3aLMI0 ras3a 1 aNeKTpuYecknin paspsg. Moatomy mcnonb3yercs
[ONOMHWTENbHAA 3NEKTPUYECKan LeMb, COAepXKallas TPUrrepHbll
KOHJeHcaTop, KOTOpbIli 3apsXKaeTcsl 04HOBPEMEHHO C MUTAIOLLMM



Puc. 99.

BenbiwKa-cTep>KeHb, cofepxatias
10 K0nb6 co BCTPOEHHbIMMK
petnekTopamu. KoHTaKTbl Ha Topuax
CTePXHSA ANs HenocpefCTBEHHOrO ero
NMOAK/MIOYEHUA K pa3beMy Kamepbl
COeAMHEHbI C NATbIO BEPXHUMU
Konb6amun. Takum 06pasom
obecneynsaeTcs Hanbonbluee
NpPOCTPaHCTBEHHOE pa3HeceHue
BCMbILIKK OT Kamepbl. Korga BepxHue
KON6bl 0TpPaboTaloT, CTepXeHb
rnepesopaynBaeTCa W NMOAKMOYaETCA K
Kamepe NpOTUBOMONOXHBIM KOHLLOM.

Puc. 100.
ManeHbKas, HeaBTOMaTHUYecKas
3M1EKTPOHHAS MMNYNbCHAs namna.

KOHZEHCATOPOM, HO [0 MEHbLUEro HanpskeHns — 06bIYHO [0
100—200 B. TpurrepHblii KOHAEHCATOP COEANHEH CUHXPOHU3NPY-
OWMM Kabeniem Yepe3 CUHXPOKOHTaKTbl B 3aTBOpe annapara ¢
nepBUYHOI 0OMOTKOI NOBbLILWAKLLENO TpaHcthopMaTopa uam
TpUrrepHoi katywkun. Mpu cpabaTtbiBaHUM (HoTO3aTBOpPA
CUHXPOKOHTAKTbl 3aMbIKalOTCA W TPUTTEPHbIA KOHAEHCATOp
pas3psKaeTcs yepes TPUITEPHYIO KaTYLUKY.

B pesynbTate BO BTOPUYHON 0OMOTKE TPUITEPHOI KaTyLIKK
HaBoOAMTCA 3.4.C. NOPAAKA HECKOMIbKUX KWMOBO/bLT, KOTOpas
NofaeTcs Ha TPUTTEPHbIA 3/M1eKTPOA rasopaspagHoii Tpy6Ku.

B oT/nyve OT fiBYX OCHOBHbIX 3/1EKTPOL0B TPUTTEPHbIA
(MofpKMraoLWmin) aNeKTPo pacnonaraeTcs Ha BHELUHEW CTOPOHe
TPpYy6KM v NpefcTaBnseT coboi MM6o NpoBog, M60 NPO3paYHbIii
3NeKTPOS — MNPOBOAALLWIA CNOWA, HAMbINEHHbIV HA BHELLHIOK
MOBEPXHOCTb TPY6KW. Mpu nogaye BbICOKOT0 HaNpsXXeHUs oT
TPUITEPHON KaTYLIKW Ha MOMKUTaoWMiA 3N1eKTPO HaXOAsALLMiAcs
B TPyOKe ras MOHWU3MPYETCS U NUTAIOLLMIA KOHAEHCATOp
paspskaeTcsd, AaBas SpKyH BCMbIWKY 6enoro ugeta. Yepes fomm
CeKYH[bl HanpshkeHWe Ha NuTalolweM KoHAeHcaTope najaer Ao
BeNIMYMHBI nopsagka 100 B, npu KOTOPOM ras y>ke He ABNseTca
NPOBOAHMKOM, U M3/yYeHne npekpatwaetcs. Ans 601bWINHCTBA
BCMbILIEK A/INTENIbHOCTb U3nyyeHus coctasnset 1/ 500...

1/2000 c. Mocne NpekpaLieHns N3NyYeHns NUTaOLLNIA
KOH/IeHCATOP BHOBb NojA3apsaetcs L0 paboyero HarpsKeHus.
Bpems mMexay BCMbILWKON U CUrHaN0M HEOHOBOMO MHAMKATOPA,
CBUAETENBCTBYIOLMM O JOCTVXKEHUW paboyero HanpsxeHus Ha
KOHZeHCaTope, Ha3blBaeTCs BPEMEHEM 3apsiKu; OHO Onpefenser
MaKCUMa/lbHYH 4acToTy KaapoBs. Bpems 3apsafkuM 4acTUUHO
3aBMCMT OT TUMa UCMNOJb3yeMbIX GaTapeeKk NUTaHUA 1 CTENeHn uUx
paspafKy, npuyeM Ana cyxux 6atapeek oHO 60nblue, YeM A5
aKKyMy/nAaToOpoB. B 31eKTPOHHbLIX BCMbIWKAX UCMOMb3YHOTCA
HWKeNeBO-KaAMUEBbIE U KUC/OTHO-CBUHLOBbIE aKKYMYNATOPbI.
HaunbonbLueli NonynsapHOCTbIO NOJb3YHTCA HUKENEBO-KafMUEBbIE
aKKYMYNATOPbl, MOCKO/bKY OHW 60/ee NPoYHbIe U MeHee
MOLBEPXXEHbI BbITEKAHUIO 3/1EKTPOSINTA, KOTOPbIA MOXET Bbl3BaTb
KOPpO3uio AeTaneii BCMbIWKN. YTO KacaeTcs KUCAOTHO-CBUHLIOBbIX
aKKyMy/nsTOpoB, TO OHW 06/1a4al0T OHUM HECOMHEHHbIM
[LOCTOVMHCTBOM: Y€ IbHbIA BEC XXMAKOr0 3eKTponmTa (cepHoi
KUCNOTbI) 3aBUCUT OT CTEMEHW paspaLKU akkymynsaTopa. 3To faet
BO3MOXHOCTb KOHTPO/IMPOBATh CTeMeHb PaspAAKM akkymynsatopa.
OG6bIYHO NPV U3FOTOBMIEHUM AKKYMYNATOPA B KaXAbIW 3/1EMEHT
BBOJAT KOHTPOJ/IbHYIO TPY6OUKY, cofiepxallyto HebosbLumne
MOMNaBKM Pa3nNYHO NAOTHOCTU: B 3aBUCUMOCTMW OT MAOTHOCTY
3/1eKTpoIMTa NonnaBsokK Mo nnasaeT, MO0 TOHET.

B HekoTOpbIX MOAENsX 3N1eKTPOHHbIX BCMbILIEK A/1A
NoA3apALKW aKKyMYyNATOPOB NOCNeAHNE MPUXOANTCH BbIHUMATb W
3apsAXaTb C MOMOLLbIO CMeLuanbHOro 3apsgHoro yCTponcTBa.
Bpems, Tpebyemoe Ans NOMHONA 3apALKM NOMHOCTLIO PaspsxXeH-
HOro aKKymynaTopa, 06bl4HO Konebnetca oT 12 go 14 u, xots
WHOTJa BO3MOXKEH PEXUM YCKOPEHHOM 3apafkn (0kono 3 u).

CnefyeT n3beratb Ype3mMepHOi 3apsafKyi akKymynsTopoB,
MOCKO/IbKY 3TO COKpaLlaeT CPOK X CAy>X6bl. AKKYMYNATOPbI
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Puc. 101.

MpuHUMNManbHas cxema MpOCTOVA,
HeaBTOMaTMYeCKON 3MeKTPOHHOI
MMMYNbCHOA Namnsbl.

HanpsXeHne NoCTOAHHOrO TOKa OT
6aTapen A nosbllwaeTcs A0 paboyeit
BeNIMUYUNHBI (4yTb 60/bLwe 300 B) ¢
nMoMOLLbl0 KOHBEHTOpa B. O6bIUHO
3TO reHepaTop NepemMeHHoOro
HanpsXeHunsa, B COCTaB KOTOPOro
BXOAUT TPaH3NUCTOpP, MOBbIWALLNIN
TpaHchopMaTop U psag Apyrux
3M1EMEHTOB. JHeprua 3anacaeTcs B
KoHpeHcaTope C. Korga KoHAeHcaTop
MoOYTW NOJHOCTLIO 3apsXKaeTcs,
3aropaeTtcs HEOHOBbIN MHAMKaTop D,
noKa3sblBaOLWMIA, Y4TO BCMbILIKA
rotosa K pabote. Bo Bpems 3apagKu
KoHfeHcaTopa C, 3apsaeTca Takxke
OPYroii, TPWUTTepHbIi KoHAeHcaTop E,
HO ropasfo MeHbluei emKocTu. ITOT
KOHfecaTop 3apsxaetca fo 6onee
HWU3KOro 1 6e30MacHOro HamnpsKeHus
(nopagka 150 B). Pa3bem F uepes
CUHXPOHU3NPYIOLLMNIA Kabenb
COe[JMHAETCA C CUHXPOKOHTaKTaMu
Kamepbl 1, TakuM 06pa3om, ¢
KOHTaKTaMu 3atsopa. Korga 3aTsop
OTKPbIBAETCA, 3TU KOHTaKTbI
3aMbIKalOTCA, U 3HEPrus, 3anaceHHas
B TPUITEPHOM KOHAEHCATOpe,
paspsxaeTcs yepe3 MepBUYHYIO
06MOTKY TPWUITEPHOr0 TpaHchopma-
Topa G. B pesynbTaTe BO BTOPMYHOI
06MOTKe, COeANHEHHOW C NMoAXura-
IOLWMM 31eKTPOAOM Tpy6ku H,
HaBOAMUTCA TOK OYEHb BbICOKOr0O
HanpsXXeHns (HeCKONbKO KWI0BOMbLT).
KCeHOH BHYTpU TPYy6KU MOHM3MpYeTCA
1 CTAaHOBUTCS 3/IEKTPONPOBOAHBLIM; B
pesynbTate 3aMblKaeTCca 3/1eKTpuYe-
CKas Lenb Ana paspaga rnaBHoro
KoHfeHcaTopa C.

TaKXe BbICTPO MOPTATCSH, ECAIN B TEYEHNE HECKONBbKNX HeAesb OHW
HaxofsATcs B MOMHOCTbIO Pa3psXKeHHOM COCTOosHMM/ Jaxe
3apsHXKeHHbIE aKKyMYySTOPbl PEKOMEHAYeTCS BbIHUMATb W3
MUMMYbCHBIX laMM, eCN BCMbILKAMWU HEKOTOPOE BPEMS He
nonb3ytoTcs. AKKYMynaTopbl NOA0GHOro TMna Heo6XoAMMOo
nof3apsXaTb KaXAblii Mecsl, NOCKOMbKY MOMHOCTbIO 3apsKEHHBbI
aKKyMynsTop NocTeneHHO camopaspsiXaeTcs M3-3a BHYTPEHHEN
yTeUKM 3apsaga.

TaK Kak aKKyMynsaTopbl TPe6ytoT NOCTOSIHHOTO BHUMAHWS 1
yXxofa, To (poTorpagam, nonb3yoWmMMecs He60IbLINMK
Ma/IOMOLLHbIMM BCMbILIKaMK (4a U TO OT Cy4as K cfiyyaro), umeet
CMbICN NOKYMaTb BCMbILKKW, paboTalowwme oT Cyxux baTapeek.
Korga umnynbcHas namna He UCMonb3yeTcs, 6aTapeiikn nydile
BbIHYTb, MOCKOMbKY Cyxue 6aTapeiikn npu AIMTENbHOM
6e34eACTBUMN MMEKOT TEHAEHLMIO NPOTEKAaTb, B OCOBEHHOCTM MOYTK
MONHOCTLIO Pa3psHKEHHbIe. [poTekaHue 6aTapeek MOXeT
0KasaTbCA ryouTeNIbHbIM ANS1 UMNYNbCHON Namnbl, NOCKO/bKY
3NEKTPONUT MOXET Pa3beCTb KOHTaKTbI, a TaK)Ke NPOHUKHYTb B
CXEMY W paspyLUnNTb NevaTHYH NaaTy U pasmeLLeHHbIe Ha Held
aeTanu.

Y MHOrux oToBCMbILIEK C 6aTapeiiHbIM NUTaHWeM
MpesyCMOTPEHO MUTaHKME OT CETU C NMOMOLLbIO CNeLUansHOro
ycTpoiicTBa. B HEKOTOPLIX (POTOBCMbILIKAX C aKKyMynsTopamu
MUTaHne OT CeTW OCYLLECTBAAETCS Yepe3 3apsAAHbIA 610K, a Ans
Jpyrux TpebyeTcs cneumabHblA aganTep.

Korpa HanpspkeHne Ha 06Knagkax KoHAeHcaTopa
[OCTUraeT onpefie/IeHHOro 3HaueHus, 3aropaeTca HeoHoBas
namnoyka (MHAmKatop). OfHaKO 3TO HE 3HAYMT, YTO HaNpPsHXKeHue
Ha KOH[ieHcaTope SBNAeTCA MaKCMManbHO BO3MOXHbIM. [leno B
TOM, YTO HanpspkeHue ObICTPO HapacTaeT /MWL Ha HaYa/lbHOM
y4acTke, a npy NpUBAKEHUN K YPOBHIO HACbILLEHWS CKOPOCTb
pocTa HanpskeHns nagaet: nocnegHue 10% amnauTygbl
HakanimBatTca MPMMEPHO 3a TO XXe BpeMs, 4TO U BCe
npefblgylwme. Ecnm cxema HacTpoeHa Tak, 4TO NMOPOroBoe
3HaYeHWe HanpsXXeHUs 6AM3KO K MakCMMalbHOMY, BPeMs 3apsiaKu
OypeT cnvwkom Benmko. Kpome Toro, ecnm 6aTapeiika 4acTUUYHO
paspskeHa, TO MakCMManbHOe HanpshkeHue Ha 06knagkax
KOHAEeHcaTopa MOXeT 0Ka3aTbCA HVKe NMOPOroBOro W 1amnoyka
BoOOLLe He 3aropuTcs. Mo3aToMy 60MbLUMHCTBO NPOU3BOAMTENEN
yCTaHaBMMBaeT MOPOroBoe HamnpsXeHue, Mpy KOTOPOM 3aropaercs
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Puc. 102.

Mocne BKMOYEHUA BCMbILWKK
HanpskeHne Ha NUTaKOLLEM
KOHAeHcaTope cHauvana bbICcTpo
pacTeT, a 3aTeM pOCT 3amef/IseTcs, u
A5 [OCTUXKEHMA MaKCUMyMa
TpebyeTcs 3HauMTeNbHOE BPEMS.
UTo6bl Bpema nepe3apafku He 6b110
HeonpasfaHHO 60NbLUINM, BO MHOTUX
BCMbIWKAX HEOHOBbIA UHAWKATOP
3aropaeTcs fj0 TOro, Kak HanpshkeHue
[AOCTUTHET MakCMMyMa. DHeprus
BCMbILWKN NPUBNU3NTENBHO
npornopuunoHanbHa Keagparty
Hanps>keHns. Ecnu HeOHOBBIN
MHAWKATOpP 3aropaeTca npu
HanpsXeHun, coctasnsaowem 80%
MaKC/UMasbHOro, To 3Heprus
BCMbILWKN B faHHbIi MOMEHT COCTaBUT
TONbKO 60%; ecnn nofoxaath elle
CTO/IbKO Xe, TO OHa npesBbicuT 90%.
3T0 pasnnyune B 3HEPruK BCMbILLKK
COOTBETCTBYET MOJIOBUHE [je/leHNs
fuatparmbl, T. €. OHO JOCTATOYHO
BE/NNKO, B 0OCOGEHHOCTN eCNN CHUMaATb
Ha LBETHYI0 0bpaLiaeMyo niaeHky,
BeCbMa YyBCTBUTE/bHYIO K
N3MEHEHUIO 3KCNO3ULUN.

HEOHOBbIi MHAMKATOP, paBHbIM 80—90% MaKcMManbHOro
3HaYeHWs Hanps>keHus. B pesynbtaTe MOXeT HabnoAaTbCs
3aMeTHas pasHuLa B aKCno3uumm npu hoTorpagmpoBaHnn cpasy
Moc/e 3aropaHus HeOHOBOIO MHAWMKATOpa W Moc/e TOro, Kak
NaMnoyKa yXxe JONroe Bpems ropena, T. €. Npu HanpsXXeHuu,
6/1M3KOM K MakCUMyMmy. 3Ta pasHuLa 0COOEHHO OLyTMMa npu
CbEMKe Ha 0bpallaemyto LBETHYIO M/EHKY, TaK Kak OHa UMeeT
CpaBHWUTENbHO HebOo/bLIYO (hoTorpaguyeckyto LWMpoTy. XoTs
pasHuua mexgy HanpsXkeHnem 85 n 100% mMakCUMMarbHOro Ha
MepBbIi B3rNA4 MOXET NOKa3aTbCA He3HaUYMTE/bHON, BbIXOLHAs
MOLLHOCTb BCMbILWKN MEHAETCS CYLLEeCTBEHHO. [leno B TOM, 4TO
3HEprus, 3anacaemas B KOHAeHcaTope, a CnefoBaTe/lbHO, W MOLL-
HOCTb CBETOBOIO MMMY/bCa NMPONOPLMOHASbHbI KBagpaTy
HanpsxeHus. PasHuLa 3ta MoXeT ObiTb U 60MblUe, TaK Kak
ncrnonb3yemas 40NA 3HePrM OpPraHNYNBaeTCs TOW ee YacTbio,
KOTOpast HaxoAWTCs B Npefenax Mexay COCTOsiHMEM 3apsafa u
COCTOSIHVEM pa3psfa L0 YPOBHA HAMpPsXXeHUs, Npu KOTOPOM ra3 B
TpybKke nepectaet 6bITb NpoBoAALMM (00bI4HO g0 100 B).

Y felleBbIX BCMbILWEK pasHMLA B 3KCMNO3ULMKN MOXET COCTaB/ATh
NOMOBWHY [ieNeHnsa WKanbl guadparmsl 1 gaxe 6onblue. Mo 3Toik
NPUYMHE MHOTUE 3N1EKTPOHHbIE BCMbIWKW COLEPXAT AOMONHUTE N b-
HYI0 LieMb PErynMpoBKM HaNpsXKeHWs, KOTopas OTKAuaeT
WCTOYHWK MMTaHWs, KOrja HanpshkeHne Ha KOHAeHcaTope
[OCTUraeT 33laHHOr0 YPOBHA. 10 CYyLLECTBY, HaNpsXXeHWe JOMXKHO
0CTaBaTbCsA Ha OHOM W TOM >Xe YPOBHe, HO (haKTUYECKN OHO
MeANeHHO NafaeT M3-3a YTeUKW 3/1eKTPUYECTBA BHYTPU
KOHZeHcaTopa U Yepe3 3/1eMEHTbI CXEM, 3/IEKTPUYECKN CBA3aHHbIE C
HUM; KOrga HanpsbkeHue nafjaeT YyTb HUXKE 3a[jaHHOTO YPOBHS,
Lenb PeryavpoBKy HanpsXXeHUs CHOBA MOAK/OYAET UCTOUHUK
nuTaHus. Korga HanpskeHue Ha KOHAeHcaTope gocTuraeTt
33laHHOTO YPOBHS, 6aTapeiiHoe MUTaHWe OTKNoYaeTcs. JTOT
npouecc nepek/toYeHnii baTapeinHoro NMTaHWs NPOAOMKAeTCs A0
MOMEHTA BCMbILWKN. TakuM 06pa3om, HanpsokeHue Ha
KOHZEeHCaTope coxpaHaeTcs 6/IM3KMM K HOpMe, YTO MO3BONSET
06€eCneynTb NOYTU MOCTOAHHYIO MOLLHOCTb Ha BbIXOAE.

PacueT akcnosnuum

Mpy “CNOMb30BaHWUUN NaMMbl-BCMbILWKW WUAW MMMY/bCHOW
rasopaspsHoii namnbl BaXXHO, YTOObI 3aTBOP Kamepbl Oblf
NOMHOCTHIO OTKPLIT MPU MakKCMMasbHOW CBETOBON OTAauve
BCMbILKKW. 15 3TOr0 Npu CbeMKE KaMepoli C LeHTpasibHbIM
3aTBOPOM UM C NamMMOiA-BCMbILWKONA KOHTaKTbl HE06X04MMO
YCTaHOBUTbL B MOJIOXKeHWe X. UTO e KacaeTca CKOpPOCTW 3aTBOPa,
TO OHa MOXET ObITb NpaKTUYeCKN N0GOIR 1 onpegenseTcs
yCNnoBuAMMK 06Llero ocseweHms. OLHaKO MPU MCMNOJb30BaHUN
0[JHOPa30BO NaMMbl-BCMbILKN OHA He AOMKHA NPeBbIWaTh
1/25—1/30 c, ecnn KOHTaKTbl HaXOAATCA B NOMAOXKEHUN X.
Korpa TpebyeTtcsi 60nee BbICOKas CKOPOCTb 3aTBOPa, TO KOHTaKThI
creflyeT NocTaBuUTb B MOIOXKeHMe M (ecnm OHO ecTb). Mpu paboTe ¢
3M1EKTPOHHOW BCMbILLKOA U C Kamepamu, CHaBXXEHHbIMW LUTOPHbIM
3aTBOPOM, KOHTAKTbl C/iefyeT YCTaHOBUTb TakXke B NofoXkeHue X
(y 60/bLIMHCTBA COBPEMEHHbIX KaMep CO LUTOPHLIMK 3aTBOpamu



Puc. 103.

B [OpPOrMX WMMYNbCHBLIX NaMnax 4acTto
NpedycMOTPEHbI AOMONHNTE/bHbIE
Lenu ons perynnpoBKM HanpsKeHus
Ha KOHZEHcaTope. Y [aHHON BCMbILIKK
Uenb perynmpoBKn OTKOYaeT
WCTOYHUK MUTAHUS, Korga
HanpskeHMe Ha KOoHAeHcaTope
AOCTUraeT 3afaHHoro nopora. Mpu
9TOM 3aropaeTcs 3e/eHblil MHAWKATOP,
W HanpshkeHue GonblUe He pacTeT.
ECNn HanpshkeHue ynageT Huke
MOPOroBOro, To UCTOYHUK MUTaHUs
MOAK/MIOUNTCS BHOBb A0 TEX MOp, NoKa
HanpsXXeHue He LOCTUTHET 3afaHHOTO0
YpOBHs. [MpoLecc nonepeMeHHoro
OTK/OUYEHNS U NOAK/IOYEHMS
npogomkaeTcs A0 cpabaTbiBaHus
BCMbIWKW. Takum 06pasom,
HanpPsXKeHMe Ha KOHAEeHcaTope
NOAAEPXKMBAETCS MPAKTUYECKU
MOCTOSIHHBIM, TapaHTupys
NOCTOSIHCTBO 3HEPTUM BCMbILLKN.

CYLLECTBYeT TO/IbKO NONOXeHWe X), a CKOPOCTb 3aTBOPa LOJIXHA
ObITb TaKoM, YTOObI LUTOPKM B MOMEHT 3aMblKaHWNs KOHTaKTOB
MOMHOCTLIO OTKpPbIBaNM Kagp. OBbIYHO 3TO 03HaYaeT, 4YTo
Hanb60/bLIas CKOPOCTb 3aTBOpa AO/MKHaA ObITb B npefenax
1/30—1/ 125 ¢ B 3aBMCMMOCTU OT TMMNa Kamepbl. LLITOpHbINA
3aTBOp MpW CbEMKaX C 04HOPA30BbIMU flaMNaMu-BCMbILLKaMU
yCTaHaBNMBAOT B MOJIOXKEHME, NPY KOTOPOM CKOPOCTb
cpabaTbiBaHWA 3aTBOpa He npe.blwaeT 1/25—1/30 c.

Mpn cbemkax CO BCMbILIKOW N06Oro TMna BeANYUHY
JunagparMbl yCTaHaB/IMBAIOT C YYETOM CBETOYYBCTBUTE/ILHOCTYU
NAEHKW, PacCTOSAHWSA OT BCMbILWKM O 06bEKTA N MOLYHOCTM
BCMbIWKKW. [ocnegHnii napameTp ONPeSensieTcs YnCIoMm,
Ha3blBaeMbIM BefyLLMM YMCAOM AaHHOW BCMbIWKK (hakTOpPOM
BCMbILWKKM). OBbIYHO OHO YKa3blBaeTCs 3aBOJOM-U3roTOBUTE/EM
A5 NNEHKN OnpegefieHHON YyBCTBUTENBHOCTU U CPEAHUX YCNOBWUIA
oTpaXkeHns cBeTa (POHOM. UTO6bLI OonpeAennTs BENUUMHDI
anadparmbl gns gotorpagupoBaHnua «cpefHero» 06bekTa,
[JOCTaTOYHO pasfenuTb Befyllee YMC/O Ha PacCTOSAHME MEeXay
BCMbILLKOV U 06BbEKTOM. Hanpumep, Npy CbeMKe CO BCMbILKOW,
nMetoLLeli Begyllee unicno 28, ¢ pacctosaHus 20 M Heobxoguma
anagparma 28 /20 = 1:1,4, ac pacctosHus 10 M — guadparma
28/10 = 1:2,8.

OnpegeneHrie Heo6xo4UMON AnadparMbl C MOMOLLbHO
BeAYLLEro yMcia OCHOBAHO Ha aHanorum, CyLLECTBYIOLLEN MEXAY
3aKOHOM Y6bIBaHWNA MHTEHCMBHOCTU CBETA OT TOYEYHOIO UCTOYHMKA
(NponopunoHanbHO KBaLpaTy PacCTOAHWUSA) U MPUHLMINIOM
MOCTPOEHUA CTaHLAPTHOM WKanbl guadparm. VIHTEHCUBHOCTb
CBETa, M31y4YaeMOro TOYEUYHbIM UCTOYHMKOM, Y6bIBaeT
NPONOPLMOHa/IbHO KBaApaTy PacCcTOAHMA OT AaHHOW TOUKM A0
NCTOYHMKA. ECNU NOMECTUTb OfMH 06BEKT Ha paccTosHuM 10 M oT
MCTOYHMKA, a ApYroi Ha paccTosHum 20 M (T. €. Ha pacCTOsHMMU,
BLBOE 00/bLUEM), TO MHTEHCMBHOCTb CBETa, MaAatoLLero Ha BTOPOW
061beKT, 6yaeT B 2%= 4 pasa MeHblue. [Py U3MEHEHUN LKA
Aunadparm Ha OfHO JeneHne MHTEHCUMBHOCTL CBETa, NajatoLero Ha
NAEeHKY, MEHSeTCA NPONOPLMOHaNbHO KBagpaTy guameTpa
fuadparmbl.

Takum ob6pa3om, ecnm anadparma 1:2,8 saBnsetcs
NPaBWbHON AN paccTosHUA [0 06bekTa 10 M, TO 418 CEMKM
00beKTa, HaxoAsALWerocs Ha pacctosHuM 20 M, Ha KOTOPOM
WHTEHCMBHOCTbL CBETa YMEHbLLLAETCH B YeTbipe pasa, TpebyeTtcs
Anagparma, nponyckaroulas B YeTbipe pasa 60/bLUee KOMYECTBO
cBeTa, T. e. 1:1,4. Toraa akcnosuums B 060Mx cnyvasx oyger
0AvHaKoBoO. MpousBeseHNe paccToAHMA Ha fuadparmy B 060mx
Cnyyasx 04MHaKOBO M paBHO 28 — 3T0O M eCTb BefyLLee YnuCcno
BCMbILLKN.

Ecnn n3BecTHO Befyllee YnCo A1 NAEHKN OAHOM
4yBCTBWTE/IbHOCTU, TO BeAyLlee YNCN0 AN NAEHKU UHOW
4yBCTBWTENIbHOCTN PaBHO MEPBOMY, YMHOXEHHOMY Ha KBafpaTHbIii
KOpEHb M3 OTHOLLEHWS YYBCTBUTENIbHOCTU BTOPOWA NMIEHKN K
nepBoii. Tak, ecnm Ana njeHKn YyBcTBUTebHOCTbIO 130 eg. FOCT
BefyLlee YMCcno paBHO 28, To AN nneHkn 65 en. FTOCT oHo 6ygert
paBHO 28/nA= 20, ana nneHkn 32 eq. FOCT —28/\[= 14, a
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Puc. 104.

Y 3TOro OTAIMYHOrO (nslwmeTpa ecTb
UnppoBOI AuCnneld, Ha KOTOPOM
BbICBEUMBALTCA 3HAuYeHue
Heobxo4uMoii Aunadparmsl.
3MepeHuns MOryT MpOBOAUTLCA MO
MHTEHCMBHOCTW MafatoLLero un
OTpaXXeHHOro ceeTa (Hag npubopom
nokasaHa NOBOPOTHasA ronoBKa ¢
MaTOBOI HacagKoi Ha CBETOMPUEMHU-
Ke). OTANuYNTEeNbHOW YepToll AaHHOTO
npubopa ABNSETCA BO3MOXHOCTb
YCTaHOBKW BpeMeHW W3MepeHus
CBETOBOrO MOTOKA, PaBHOIO BPEMeHM
OTKPbLITWA 3aTBOpPa Kamepbl. Takum
06pa3oM MOXHO OMpeaensTsb
3KCMNO3MLNI0, HEOOXOANMYIO He
TONbKO ANS CbEMKM CO BCMbILWKONA, HO
M C NO6bIM APYTUM UCTOYHNKOM
OCBeLLeHNA; 3TO 0CO6EHHO YA06HO
npy CbeMKax npu KOMOUHWUPOBAHHOM
OCBELLEeHNN, HanpuMep CO BCMbILIKON
npu AHeBHOM cBeTe. bbicTpodeicTene
(hOoTONPUEMHWKA [OCTaTOYHO ANS
NPaBWUIbHOTO U3MepeHus
BANTENBHOCTU OYeHb KPaTKOBPEMEH-
HbIX BCMbILWEK, 06bIYHO NCMONb3Y-
eMbIX MpU CbeMKax NpW Hes3HauynTesb-
HbIX PaCcCTOAHUAX MeXAY BCMbILWKOWA n
06bEKTOM.

ans nneHkn 250 ea. TOCT — 28 *qrt(2)740. AHanorudHas
HeNMHeNHas 3aBUCUMOCTb HabnoAaeTcs NpY CPaBHEHUU MOLLHOCTH
pasnnyHbIX BCMbIWEK. Hanpumep, ecnv ansa O4HOM 1 TOR e
MAEHKN BefyLlee YMCI0 OAHOI BCMbILKM BABOe 60/bLUe, YeM Ans
[PYroi, To MOLWHOCTb NepBOii BCMbILWKK B YeTblpe pa3a 6onbLue,
4yem BTOPOWA.

Ha kopnycax 60/blUMHCTBA BCMbILLEK UMEETCS MOBOPOTHas
WKaaa Uy HOMOrpamMmma, ¢ MOMOLLbH KOTOPOA MOXHO HaliTy
HY>KHO€e 3HayeHuWe guagparMmbl 418 3a4aHHOTO coYeTaHNs
paccTofHus [0 06bEKTa U YYBCTBUTE/IbLHOCTU MJIEHKN.

3aB0f-M3roToBuUTE/Nb 0OLIYHO YKa3blBaeT HOMUHa/IbHOE
BedyLLee 4u1cno, B TO BpeMs Kak B [eiCTBUTENbHOCTM OHO MOXeT
ObITb HECKO/IbKO WMHbIM BCNEACTBME TEXHOMOTMYECKMX AOMYCKOB Ha
napameTpbl feTaneid, BXOAALWMX B 3/IEKTPUYECKYIO cxemy. Ecnu
3Ta pasHuMLA OKaXXeTcs 60/bLION, TO OHa HEMUHYEMO CKaXKeTcs Ha
thoTorpadum, 0cCo6EHHO MPU CbEMKE Ha LBETHYK obpallaemyto
naeHky. Mo3aToMy Mpu CbeMKe CO BCMbILIKOW CrefyeT CHavana
cfienaTb HeCKO/IbKO MPOBHbLIX CHUMKOB.

Mpun onpegeneHny 3KCNO3MLUMKU B ciyyae hOTOCHLEMKM CO
BCMbILIKOA HEOOXOAMMO YUYMTbIBaTb OTPaXKaloLme XapakTepucTuKm
o6beKTa. Ecnn ero oTpaxarenbHas CNOCOGHOCTL OT/AMYaeTCs OT
OTpaXkaTe/lbHOI CMOCOBHOCTW CPefHero ceporo 06bekTa, TO A4S
MoAyYeHNs NPaBW/IbHON 3KCMO3ULMKN Hafo CKOPPEKTMPOBaTh
BblUMCNIEHHOE 3HayeHne guadparmbl. Kpome TOro, He cnegyert
npeHebperaTb TakMM (HaKTOPOM, KaK Ha/lmume Ui OTCYTCTBUE
PALAOM C 0OBEKTOM OTPaXKAKOLMX MOBEPXHOCTENR; AN CbeMKM
06bekTa B He6O/bLIOW KOMHaTe ¢ 6enbiMn CTeHamMu TpebyeTcs
MEeHbLLAA BblJepXKKa, YeM NPU CbeMKe TOro Xe 06beKTa C TON e
BCMbILWKOM 1 C TOTO Xe pacCTOSAHWUS B 04YeHb 60/bLIOM MOMELLEHNM
WAN Ha OTKPbITOM BO3A4YXe.

Havnb6onee yfo6HbIM MHCTPYMEHTOM ONpegeneHus
Heob6X04UMON BbIZEPXKU NpW paboTe ¢ HeaBTOMATUUYECKUMU
3/IEKTPOHHbLIMU UMMY/bCHLIMW flaMnamMn SBASETCSH CreLuanbHbli
3KCMOHOMETP — (hN3WMeTP. BOMbLUMHCTBO TaKMX 3KCMOHOMET-
POB M3MepSeT MHTEHCMBHOCTb MaAAaloLLEro Ha 06BLEKT n3ny-
ueHus.

MpuHUMN AelicTBUSA Takoro npubopa cOCTOMT B TOM, YTO
TOK, BblpabaTbiBaeMblil ()OTONPMEMHUKOM, UCMONb3YETCs AN
3apafgKM KoHAeHcaTopa, W 0ba 3TW 3/1eMeHTa B COBOKYMHOCTH
06pa3ytoT MHTErpupytoLyo Lenb. HanpskeHne Ha KoHAeHcaTope
B KOHLIe BCMbILLKWN ABNSAETCA (PYHKUMEA NHTEHCMBHOCTU U
OJINTENBbHOCTM U3NYYeHWs BCMbILWKK (NPOU3BEAEHNEM CpeaHel
WHTEHCUBHOCTW Ha A/IMTENbHOCTL) W, TaKUM 06pa3oM, Mepoit
3KCNo3nLMmM NaeHkU. HanpsxeHne 06bIYHO U3MepseTcs
ranbBaHOMETPOM, KaMOpPOBaHHbLIM B [ieNIeHMax guadparmbl, XoTs
HeKoTopble (h3LIMETPbl MMEIT MUHMWATIOPHLIA LKUGPOBOIA
AMCNneR, NoKasblBalOLWNMA Heobxoaumyto gnadparmy. UTtobbl
UCKMHOUYNTL BAMSHKME Ha NOKa3aHWs Npubopa BHELLIHEro
MOCTOPOHHEr0 OCBELLEeHUs, MHTerpaTop LO/MKeH paboTaTb TOMbKO
BO BPeMS BCMbILLKKW. [ 3TOF0 CUHXPOHU3MPYIOLLMIA Kabenb
BCMbILLKWM MOAKMKOYAIOT HENOCPEACTBEHHO K (A3imeTpy. Torga
BCMbILLKA BK/HOYAETCA PACMON0XEHHbIM Ha (A3LLIMeTpe
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KHOMOYHbIM BbIK/tOUaTeNEM, KOTOPbI/A OAHOBPEMEHHO 3anyCKaeT M
nHTerpatop. Yepes 1 Mc unm 4yTb NO3Xe NOC/e TOro, Kak
BCMbILIKA MOFacHeT, Lienb 3afepXXKU OTKOYaeT MHTerpaTop.
BbinyckatoTcs (haMeTpbl, KOTOPbIE COAepXKaT O4eHb
6bIbTPOAENCTBYIOLLYIO CXEMY, PEFMCTPUPYIOLLYIO PE3KOe
YBENMYEHNE NHTEHCMBHOCTU CBETA B Hayasfie paboTbl BCMbIWKA U
3anycKaroLlyt B 3TOT MOMEHT UHTerpaTop. B HekoTopbIX
(hnawmeTpax MpeaycMOTPeHa PerynmpoBKa fAMTeNbHOCTH
nepuoga paboTbl Npnbopa, YTO NMO3BOJISET YCTAHOBUTL €€ PaBHOM
CKOpPOCTW 3aTBOpa. JTO B CBOK OYepefb 4ano BO3MOXHOCTb
MOAYYNTb TOYHOE 3HAYEeHME BbIAEPXKKN MPU KOMOWHUPOBAHHOM
OCBELUEHNM, T. €. MPU CbEMKAX CO BCMbILIKONA 1 KaKUM-NN60 eLle
[JOMONHUTENbHBLIM UCTOYHNKOM OCBELLEHMS.

MocKonbKy (hN3WMEeTPbI PErMCTPUPYIOT CBET, MagatoLnii
Ha 00BEKT, OHM aBTOMATUYECKN YUMTbIBAIOT OTpaXKaTeslbHYH
CMOCOGHOCTb CTEH U OKPYXXatoLWMX MPeAMETOB, HO He Camoro
06beKTa CbeMKM; NO3TOMY MHOrAa HeobXoAuMMa AONONHUTENbHAS
Koppekuusi guadparmbl.

Kak y)xe 0TMe4anoch, 60/bLUMHCTBO PA3ILLMETPOB
OnpefensieT HY)XXHYH 3KCMO3WLMI0 N0 U3MEPEHMIO MOSTHOTO
CBETOBOrO M3/yUYeHNs! BCMbILLKM, YYNTbIBAOLLEr0 MHTEHCUBHOCTb W
ANMTENbHOCTb BCMbIWKK. ITO 03Ha4aeT, YTO MOXHO MpPaBU/bHO
onpesennTb 3KCMO3ULMIO A1 BCMbILLEK MPaKTUYECKU No6oi
AIMTENBHOCTU. 3TO 0COBEHHO BaXKHO, KOraa (aalmMeTp
1Cnonb3yeTca ANs NPOBEPKX AnadparmMbl, HEOOXOAUMOW MpK
CbeMKax C aBTOMaTUYECKMMM BCMbILIKaMMW, KOTOpblE aBTOMaTUYe-
CKV YCTaHaBNMBAKOT HY)KHYI 3KCMO3ULMIO, U3MEHASA AANTENbHOCTb
BCMbILIKM B COOTBETCTBUM C MHTEHCMBHOCTbLIO CBETA, OTPaXKEHHOIO
00BLEKTOM.

ABTOMAaTUYECKME 3MEKTPOHHbIE MMMY/IbCHbIE aMnbl

3HaYNTENbHBIM YCNEXOM B Pa3BUTWMN 3MEKTPOHHbIX
MMMYNbCHBIX Namn 3a NocnegHue rofbl Gbina paspaboTka
«aBTOMATUYECKUX», NN «KOMMbIOTEPHBIX», BCbILIEK, B KOTOPbIX
3HEPIUS U AIMTENbHOCTb BCMbILWKKW, HEO6XO0AMMbIE A1
NPaBWIbHOW 3KCMO3WLMK, YCTaHABNMBAKOTCA aBTOMATUYECKU. ITO
JOCTUraeTcs BKAKOYEHWEM B CXEMY AOMO/IHWTENbHbIX yNpaBs-
OLMX LieNei, N3MepsOLMUX UHTEHCUBHOCTb CBETA OTPaXKEHHO-
ro o6bekTom. Korga sta BefnMuMHa CTaHOBMTCA AOCTATOYHON
AN NPaBUbHOW 3KCMO3NLMKN C AaHHOI anadparmoin n ans
AAHHOMO TUMa MEHKK, YNpaBAstoWas Lenb OTKYaeT
BCMbILLKY.

CBeT, OTpaXXeHHbI1 06BEKTOM, M3MEPSIETCA MHTErPaToOpPOM,
cocToAMM 13 (POTOMPMEMHMKA U KOHAEHcaTopa. Kak To/bKo
rasopaspsigHas Tpybka HauMHaeT M3/y4aTb CBET, HaNpsHXKeHUe Ha
KOHZEeHCATOpe HauWMHaeT pacTu CO CKOPOCTbHO, NPOMOPLMOHANbHON
MHTEHCMBHOCTM OTpaXKeHHOro ceeta. Korga HanpshxeHue
[OCTUraeT 3afaHHOr0 NOPOroBOrO 3HAYeHMs, namna OTK/IKYaeTcs,
M 3KCNO3nUMs npekpawlaeTcs. YyBCTBUTENbHOCTb MHTErpaTopa
perynmpyeTcs M3rotoBuTesieM Takum 06pa3oM, YTO MOpPOroBoe
3HaYeHMe HanpsHXKeHWs JOCTMraeTca TOYHO B TOT MOMEHT, Korga
NMeHKa B Kamepe Nonyumna Hy)XHOe KONMYECTBO OCBELLEHNS.
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Puc. 105.

He6onbluas aBTOMaTM4eckas
371eKTPOHHAA MMNy/bCHAas namna.
®oTONPMEMHUK, U3MEPAIOLWNI
MHTEHCUBHOCTb OTPaXXEHHOro OT
06bEeKTa CBeTa, pacrnofiokeH cneea Ha
nepeaHeil maHenu. ®OTONPUEMHUK
MOXHO 3aKpblTb Pe6pucTOii
KPbILLIKOW, OTK/TOUYNB Takum 06pa3om
Lilenb aBTOMaTUYECKOW PerynnmpoBKU.
B Takom pexxume BCMbILKOWA crnefyeTt
NnoNb30BaTbCA KaK 00bIYHbIM
HeaBTOMaTUYeCKUM YCTPOWCTBOM.

Takum 06pa3oM, ANUTENBHOCTL BCMbIWKKM 06paTHO NponopLuo-
Ha/lbHa WHTEHCWUBHOCTW CBETa, OTPaXKEHHOr0 06BHEKTOM: Yem
60/blUe MHTEHCMBHOCTb, TEM KOPOYe JO/MKHA ObITb BCMbILLKA W
Hao060pOoT. VHTEHCMBHOCTb OTPaXXeHHOr0 CBETa 3aBUCWT OT
pacCcTOSHNUSA MeXYy BCMbILLKON N 06BEKTOM, a Takxe oT
0TpaXkaTe/lbHbIX XapaKTePUCTUK 00BEKTA M OKPYXKatoLLMX
NpeAMeToB.

OTK/OYEHME NaMNbl MPU JOCTMXKEHMI NOPOroBOro
Hanps>KeHNs MOXKET OCYLLEeCTBNATLCA ABYMSA cnocobamu. B ogHOM
13 HWX, KOTOPbIV A0 CMX NOp MPUMEHseTca B 6osee feLleBbiX
aBTOMATMYeCKMX BCMbILLKAX, UCMOMb3YyeTCs cneluaibHas
[ONOMHUTENbHAA pa3psiAHas famna, Tak HasblBaemas racsias
TpybKka, KoTopas MoAKAYaeTcsa NapanfiefisHo rNaBHOW U UMeeT
COOCTBEHHYIO TPUITEPHYHO LLEMOYKY, BK/IOUAOLLYOCA B MOMEHT
[OCTMXKEHWS MOPOroBOro HanpskeHus. o pasmepam racsiias
Tpy6Ka Kopoue ¥ TONLLE OCHOBHOW ra3opaspsijHoil namnbl,
MO3TOMY 3HEeprus, OCTaBLUAACA B KOHAEHCATOPe K MOMEHTY
MOAK/MOYEHUNA racaLleil TpyoKu, ByaeT paspsKaTbCcs Yepes Hee.
lacsuwas TpybKa ToXe M3ny4aeT CBET BO BpeMs paspsifa
KOHJEeHcaTopa, 0OfHAaKO, NMOCKOMbKY OHa 3aK/llo4eHa B Henpospay-
HbI KOXYX, 3TOT CBET Ha 06BLEKT He monajaeT.

HepoctaTkoM Takoro crnocoba OTK/IHUYeHMs namnbl
ABMATCA NOTEPU OCTAtOLLEACH B HAKONUTENbHOM KOHAeHcaTope K
KOHLYY 3KCMO3ULMW 3HEPri W BCNEACTBUE PACCESHNS B racsiyei
Tpy6Ke. Mpu Manom paccTOSHUM OT BCMbILWKK [0 06bEKTA U OYEHb
Masioi 4UTeNbHOCTY BCMbILKM 08 NOTEPSHHON 3Heprum ot Beeld
3Heprum, 3anaceHHoi B KOHAEHCATOpe K Hayany BCMbILWKM, MOXET
6bITb BeNUKa.

[Jpyroii MeTof OTKAKOYEHWS ra3opaspsgHoi namnbl
peann3yeTcs B TaK Ha3blBaeEMbIX TUPUCTOPHBIX, UK COEPerarLLmx
3Hepruio, BCMbIWKax. B aTmx BCbIWKaxX MOCneA0BaTeNnsbHO €
Nammnoi BK/OYaeTCA TUPUCTOP — BbICTPOAECTBYHOLLNIA
yNpaB/seMblil 3MeKTPOHHbIV NepekntoyaTens. B MOMeHT 3anycka
Namnbl TUPUCTOP HAXOAMTCA B «OTKPbITOM» COCTOSHUW W 3HEPris
13 HAaKONWUTENbHOIO KOHAEHCATOpa HauMHAeT paspsxaTbea yepes
namny, BbI3biBas ee cBeveHue. Korga cBeT, OTPaXKeHHbIA OT
00beKTa, 3apsAANT KOHTPO/IbHbIA KOHAEHCATOP A0 3alaHHOro
MOPOroBOro 3Ha4YeHNs, TUPUCTOPHDBIA NepeKntoYaTeNb NEPEXOAUT B
MONOXeHMe OTKIOUEHUS, pa3pbiBas TakuM 06pa3oM Lenb NUTaHWs,
1 namna nepectaeT m3yyatb. TakuM 06pa3om, B LKe
MOAFOTOBKM YCTPOICTBA K CleAytoLLeil BCMbIlKe 6aTapes Jo/mKHa
AWLWb BO3MECTUTb OO SHEPTUW, U3yHEHHYIO BO BpeMs
npeAblayLeli BCMbILWKKW, & He 3apsXaTb CHOBA MOYTU MOMHOCTLIO
pa3psXKeHHbI HAKOMWTE/bHbIA KOHAEHCATOP, KaK 3TO MPUX0auTcs
JenaTb BO BCMbIWKAX C racsiiein TpyoKoii.

JaHHblii cnocob OTK/IOUYEHUS NaMMbl MO3BOSISET,
BO-MePBbIX, MPOWU3BECTN GOMbLLEE YNUCIO BCMbILWEK 0 MOSHOI0
paspsiaa 6atapen W, BO-BTOPbIX, CYLIECTBEHHO YMEHbLUUTD
BpeMs 3apsAKM BenbiwKW. O6a aTn thakTopa
Hanbonee SBHO MPOSBASIOTCSA MPW CbeMKE C HeGOMbLUINX
paccTOsHWiA, e ANUTENbHOCTb BCMbIWKM 0YeHb Mana v npu
KaXX[0l BCTbILLIKE PacXodyeTcsi oUeHb HeGOMbLIAs IHEprus.
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Puc. 106.

MpUHLMNManbHbIE CXeMbl
[OMONHUTENbHBIX Lieneii aBTomaTnue-
CKMX MMMYNbCHBLIX Namn AByX TUMOB.
B ob6eux namnax Lenu, NokasaHHble
cneBa OT rasopaspsgHoil Tpyoku,
MAEHTUYHBI N306paXeHHbIM Ha
OCHOBHOI CxeMe NuUTaHus
WMMYNbCHOW Namnbl, NO3TOMY 3f€eCb
OHW fiaHbl B YNPOLLEHHOM BUAE.
Beepxy — [0ONoNHNUTENbHAA Lenb
aBTOMATMYECKON BCMbIWKN C
«racsaeil Tpy6koit». OCHOBHbIM
anemMeHTOM ceHcopa | aBnseTcs
(hOTONPMEMHUK,KOTOPBIA Npu
paspsje rnaBHOWM TPyOKM 3amblkaeT
Lienb KoHAeHcaTopa He6oMbLIO
eMKOCTU, CKOPOCTb 3apsiaKn KOTOPOro
MPoONopLUMOHanbHa UHTEHCUMBHOCTU
OTPaXXeHHOro 06beKTOM CcBeTa. B
COCTaB CEHCOpa BXOAAT Takxke
3NeMeHTbI, CneasLyme 3a JoCTUKEHNEeM
33/laHHOTO YPOBHS HanpsXeHWUs Ha
KoHAeHcaTope. KOMMNOHeHTbl J n K —
[ONONHNTENbHBIA TPUFTEPHbINA
KOH/ieHCaTop U TPUTTEePHbIN
TpaHctopmaTtop, NogobHble TeMm,
KOTOpPblE WCMOMb3YOTCA 41 3anycka
rnaBHoOW paspagHoi namnbl. Korga
HanpsXeHue Ha KOHAeHcaTope
CeHcopa A0CTWraeT 3afjaHHOro
YPOBHSA, TPUTTEPHbIA KOHAEHCATOp
HauMHaeT pa3paxarbca Yepes
TPUTTEPHBINA TpaHcthopmaTop, mpu
3TOM B €ro BTOPUYHON 06MOTKe
HaBOAMTCA TOK BbICOKOIO
HanpsKeHus, KOTOPbIV, NOCTynas Ha
YyNpaBnsoLNiA 3N1eKTPOs racsiiei
Tpy6KM L, fienaeT ee TOKONPOBOASA-
Lwein. B Takom cocTosHUN
COMNPOTUBAEHNE racaLlein TpybKu
ropasfo MeHblUe COMpPOTUBIEHNSA
rNaBHO namnbl, MO3TOMY FNaBHbI
KOHJeHcaTop paspsxaeTcs yepes
racsaujyto Tpyoky, a He yepe3
rNaBHyIo, ¥ NOCNEeSHNA racHeT.

BHM3y — cxema aBTOMaTM4ecKoi
VMMY/bCHOM NaMnbl TUPUCTOPHOTO
Tuna. ABTOMaTUYECKUIA PeXUM
ynpasnseTca crneunanbHoR Lensto M,
KOTOpas CAMLIKOM C/IOXHa, Y4T0ObI ee
MOXHO 6blN10 M306pa3nTb AeTanbHo. B
MOMEHT BK/IOUEHWA ra3opaspafHoOi
namnbl TUPUCTOP (KOTOPbIA MOXHO
paccmaTpuBaTb Kak GbICTpOAeiCcTBY-
IOLWMIA 3EKTPOHHbBIN NepeknoyaTenb)
HaxoAMTCA B NONOXEHUU «OTKPbITO»,
noaToMy Tpybka MOXeT MpoBOAWNTb
TOK 1 n3nyyatb cseT. CeHcop |
13MepseT WHTEHCUBHOCTb
OTPaXXeHHOro 06BEKTOM CBeTa W npu
33/laHHOM YPOBHE «MOCbINAET CUTHA»
B 610K ynpaBneHns M, KOTopblii
3anupaeT TMPUCTOP, OTCeKas Takum
06pa3om TpybKy OT MCTOYHMKA
HanpskeHus. OCTaBLUMIACA K 3TOMY
MOMEHTY 3apsf Ha 06Knagkax
rNaBHOTr0 KOHAeHcaTopa He
pacxodyeTcs BMyCTYH, a CoXpaHsaeTcs
[0 CreflytoLeil BCbIWKK.
VNHAYyKTUBHOCTL O HYXXHa And
orpaHuyeHmns Toka yepes TpyoKy [0
paboyero ypoBHsa Tupuctopa.

TunnyHas TMPUCTOPHAs namna Mpu CbeMKax ¢ MUHWMANbHOTO
paccToAHWA 4aeT BCMbIWKY A/MTENbHOCTLIO NMPUMEPHO

1/50000 c. Bpems 3apagku npu aTom coctasnseT 0,25 ¢, u namna
MOXeT cfenatb 1000 BCnbIWeK A0 NOSHOMO pa3paga HUKesb-
KafMMNEBOTO akKymynatopa. Ecnu pacctosiHue Mexay BCMbILLKOW
N 06BLEKTOM CbEMKU YBENUYUTL [0 MAaKCUMabHO AOMYCTUMOrO
[N aBTOMaTUYECKOr0 PeXxKuma, To 4/IMTENIbHOCTb BCMbILLKM
Bo3pacTaeT go 1 /400 c, a Bpems 3apsakm — 40 9 €, 1 NOMHOCTbIO
3aPSHKEHHBIA UCTOYHUK NMUTAHWS CMOXET 006eCneynTb TONbKO

60 BCMbILLIEK.

Llenb ynpasneHns ANUTeIbHOCTbIO paspsaga B TUPUCTOPHbIX
BCMbILIKAX 3HAUYUTENIbHO CMI0XKHEE, YeM BO BCMbILLKAX C racaiiei
TPYOKOiA, NO3TOMY Takue BCMbILKK CTOSAT AOBO/ILHO AOPOTO.

Mpwn paboTe ¢ aBTOMaTUYECKMMU BCMbILLKAMK 1106010 Trna
Hajo cnefuTb 3a TeM, YTOObl paccTosiHWe [0 06beKTa He
NPEBOCXOANN0 MaKCMMa/lbHO BO3MOXXHOMO, MPeayCcMOTPEHHOrO
aBTOMaTUYECKUM PEXMMOM (T. €. pacCcTOfHUA, fa/iblle KOTOPOro
HanpskeHWe Ha KOHAEHcaTope YNpaB/soLLEA Lienn HUKOrda He
[OCTUTHET MOPOroBOro 3Ha4YeHus), B NPOTUBHOM Clyyae
JJIMTENbHOCTL BCMbILLEK BCerga 6yaeT MakcumanbHow. Mpu paboTte
C JeLleBbIMW BCMbIWKaMWU NPUXOAMTCA MofiaraTbCs Ha
NHGopMaLuio n3roTosutens. IMNynbCcHble namnbl, NpefHa3HayveH-
Hble ana goTtorpadoB-npoheccMoHanoB, MMET NHAUKATOP,
MOKa3blBaKOLW M4, He HapyLUEH M Npefen MakCMMasbHOro
paccTosaHMA 1 paboTaeT /in elle aBToMaTuka. B HeKoTopbIX
BCMbILIKax 418 3TOW LeNn yCTaHOBMeHa JONONHUTENlbHas HeOHOBas
namna, KoTopas MynbCUPYeT Kakoe-TO BpemMs Moc/e BCbILLKK,
ecnn aBTOMaTuKa paboTaeT, B APYrX CTOMT 3BYKOBOI 3yMMep.

Bce (3a UCKNIOYEHMEM CaMbIX [eLUeBblX) aBTOMaTUYecKue
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Puc. 107.

MouiHas 31eKTPOHHas MMMYbCHas
namna TUPUCTOPHOrO Tuna ¢
BbIHOCHbIM CEHCOPOM, YCTaHOB/EH-
HbIM B M0/03Kax Kamepbl. Ans
KaXA0N YyBCTBUTENLHOCTU MIEHKM
BeIMYMHA guagparMbl MOXeT 6bITb
BblbpaHa M3 Habopa YeTbipex
pasNnyHbIX 3HayeHuid. Slamna umMeet
[OMONHUTENBbHYIO BO3MOXHOCTb
PerynnpoBKM BbIXOLHON MOLLHOCTU B
PYYHOM pexume, MO3BONSAIOLLYHO
YyMeHbLLaTb ee B [Ba, YeTbipe pasa u
T. 4. BNOTb Ao 1/128 makcumanb-
HOIA BbIXO4HOW MOLLHOCTHU.

BCMbILLKMW MO3BONAIOT BbI6paTh 60Mee YeM OLHO U3 HECKOMbKMX
3HaYeHWn guadparmbl, 415 KOTOPbIX aBTOMATMYeCKN obecrneynBa-
eTCsA NpaBu/bHas akcnosmumsa kKagpa. O6bIYHO BPYUHYHO
yCTaHaB/MBAETCA KaKoe-Mbo M3 MMEHKLMXCA Ha LiKane
CTaHAapTHbIX 3HaYeHWii gnadparmvbl, B pesynbTaTe Yero nepeq
(hoTONPMEMHMKOM BBOAMTCS HeWTpasbHbIA CBETOPUALTP
COOTBETCTBYIOLLEN KPaTHOCTU. TunNu4YHas BCMbILKa UMEET Tpu-
yeTbipe (PUKCUPOBAHHBLIX 3HAYeHUs Aunadparmsl, UCTUHHAS
Be/IMYMHA KOTOPOI 3aBUCMT OT CBETOYYBCTBUTENBLHOCTM
NPUMeHAEeMON NAeHKW. Hanpumep, An8 NAEHKU YyBCTBUTE/bHO-
cTbto 50 ACA Hambonblias gnadparma, gonyctumas npu
aBTOMATUYECKOM PeXuMe, MOXET 6bITb 1:5,6, 1 ecnim nepekntoya-
TeNlb gnagparMbl BCMbILLKW YCTAHOB/IEH HAa 3TO 3HayeHue, TO nepes
hOTOMPUEMHNKOM He BYfeT CTOATb HUKaKoro unbtpa. Ecam npu
3TOM 06bEKTUB Kamepbl 3agunadparmmpoBaH o 1:5,6, nneHka
MOAYYMTCSH HOPMaSbHO 3KCMOHUPOBaHHOW. Crefytollee 3HaueHue
avagparmbl 1:8, 1 nNpy 3TOM 3HaYeHWUM nepes HOTONPUEMHUKOM
nosIBATCS UIbTP, 0CNabnAoLWMiA B ABa pasa NpUXoasLwunii
CBETOBOW MOTOK. M03TOMY 4151 AOCTMXKEHUS MOPOrOBOrO 3HAYEHMS
HanpsKeHUA MHTerpaTtopy notpebyerca BABoe 60/bLUe BPeMeHU. B
pe3ynbTarte AIMTEeNbHOCTb BCMNbIWKKW U, CIe[0BaTeNbHO, ee
CBETOBad 0TAaya yBenuyarcs B [Ba pas3a, NnoatoMmy AJif NonyyeHus
NpaBWbHOM 3KCNO3NUUW AnagparmMy o6bekTMBa HEOO6X0AMMO
3aKpbITb Ha OfHO fAeneHue, T. e. ¢ 1:5,6 go 1:8. YcraHOBMB
nepeknoyaTenb BCMbIWKK B crnedytoulee nonoxeHue (1:11), mbl
TEM CaMbIiM BBefieM nepes POTO3NEMEHTOM elle OAUH (UAbTP,
ocnabnawoLwmii CBETOBON NOTOK TaKXe B ABa pasa, YTo onsTb
npvBegeT K ABOMHOMY YBEIMYEHUIO CBETOBOW OTAAYM BCMbILIKW.
Ha HeKOTOpbIX BCMbILLKAX 3HA4YeHWe Anadparmbl MOXHO U3MEHATb
MAaBHO, T. €. YYUTbIBAETCA BO3MOXHOCTb PaboThbl C HECTaHAapT-
HbIMU NPOMEXYTOYHbLIMU 3HAYEHUAMU JuadparMbl 06BEKTUBA.

YacTo MMHUManbHaa guagparma, fonycTumas B
aBTOMATMYECKOM PEXMME C HU3KOYYBCTBUTE/IbHLIMU M/IEHKaMW,
0Ka3blBaeTCA HELOCTAaTOYHO MaNeHbKOM 15 faHHbIX KOHKPETHbIX
Lenei otockeMkn. Hanpumep, npu cbeMKe ¢ BN3KNX
pacCcTosHWA ANa MOMyYeHUs [OCTaTOYHON rAy6uHbI pe3KocTu
MOXeT noTpe6oBaTbca gnadparma: 1:16 nnm gaxe 1:22.
[vana3oH BO3MOXHbIX fuagparM MOXHO paclunpuTb, 3aKpbiB
OKOLLKO (hOTONPUEMHUKA AONOSHUTENbHBIMU (PUbTPAMM.
«O6MaHyB» TakMM 06pa3oM BCMbILIKY, MOXHO YBENNYNUTD ee
CBeTOBYIO 0TAayy. O6bIYHO UCNOMb3YETCA Norapupmuyeckas
LUIKana ONTUYECKON NAOTHOCTW, T. €. MPW YBEIMYEHUWN NJIOTHOCTU
Ha 0,3 (4T0 NpMBAM3NTENBHO paBHO 1g2) CBETOBOW MOTOK
ocnabnseTca B 4Ba pa3a. [103TOMy MOXHO 0XWAaTb, YTO A4NA
CnefytoLwero 3HadeHns guadparmel (T. €. Ana yBenMyeHus
CBETOBOI OTAauy BCMbIWKKN B ABa pa3a) Ha POTO3NEMEHT HYXKHO
HageTb OAMH (UALTP C HelTpanbHOi NAaoTHOCTLIO 0,3. Ha camom
[iene 370 He COBCEM TakK, MOCKO/IbKY 3HAYEHUS MIOTHOCTH,
NpUBeLEHHbIE Ha HEMTPanbHbIX (IMNbTPax, COOTBETCTBYIOT
BUAVMOMY [Mana3oHy, a POTONPMEMHUKN BOMbLUMHCTBA
aBTOMaTUYECKMX BCMbILLEK JOBO/ILHO YYBCTBUTENbHbI K
NH(PaKPaCHOMY M3/y4eHUI0, KOTOPOe B CBOKO OYepefb COCTaBseT
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ABTOMaTUYECKNE UMMYNbCHbIE Nammbl
HacTpanBaloTCA 3aBOAOM-
M3roToBMUTENEM B pacyeTe Ha
(hoToCbEMKY 06BEKTOB CpefHei
TOHanbHOCTW. Ecnn 06bekT no
pacnpefieNieHnto TOHOB OTNNYaeTcs oT
CpefiHero, To BCMbILLIKA 3TOr0 «He
yuMTbIBaeT» U B pe3ynbTate 6onee
cBeT/Ible 06beKTbl ByAyT Hepofepxa-
Hbl, a 60/1ee TeMHble — nepegepxa-
Hbl. [T03TOMY Npu cbemke cnegyert
BHOCWTb MOMpPaBKYy B YCTaHOBKY
anadparmel.

BBepxy — 06bEKTbI B UX «HACTO-
Awem» Buge. BHM3y —uzobpaxkeHuns
3TUX XXe 00BEKTOB, NOMYyYeHHble npu
(hoTOChEMKE C aBTOMATM4ecKOM
BCMbILWKOW 6e3 KoppeKuun
Lnadparmbl: cneBa —MuU306paxeHUs
ceporo o6beKTa Ha cepoM (POHE;
akcnosnumsa, otpaboTaHHas
BCMbILIKOW, NPaBWU/bHas; B LEHTpe —
n306paxeHve TOro xe 06bekTa Ha
cBeT/IOM (poHe. [ns npaBuAbLHOIO
1306paxKeHNs TOHaMbHbLIX M00C
HY>KHa Ta e 3KCno3uuus, 4To v B
npegblgyuiem cnyyae. OgHako
60nbluas naowanb CBeTNoro hoHa
oTpaxaeT 60/bLIe CBeTa, YeM TaKol
e cepblii (hOH, NO3TOMY CeHcop,
OTK/HOYaILLMIA BCMbIWKY B MOMEHT,
KOTAa MOAHbI NPUXOA OTPaXEHHOTO
06bEKTOM CBeTa fOCTUraeT
3a[laHHOr0 YPOBHSA, BbIfaeT BCMbIWKY
MeHbLLeMn ONUTENbHOCTU, Yem
Heob6X04UMO ANs NpaBUNbHOM
3KCMo3muuu; cnpasa —mn3o06paxeHune
TOr0 e 06beKTa, HO Ha TEMHOM
(hoHe: ANUTEeNbHOCTb BCMbIWKK 6bina
CMMLIKOM 60NbLIOWA U CHUMOK
oKasancsi nepefepXKaHHbIM.

3HAUUTENbHYIO OO MOJHON 3HEPruK, U3Ny4aeMoil BCMbILLKONA.
Mo3ToMy CXema aBTOMAaTUYECKON PeryMpoBKU 3KCMO3NLMK
OnpesensieT Hy>XHYH LAUTeNbHOCTb U3MTYyYeHWUS BCMbILWKKA MO
MOJTHON WHTEHCMBHOCTM BUAMMOIO M MH(PAKPACHOI0 U3Ny4YeHNs,
X0Ts Ana oTorpadMpoBaHUS NCMOMb3YETCSH MOYTU UCKIOUN-
TeNlbHO BUAMMAA YacTb cnekTpa. MA0THOCTL N60ro punbTpa B
MHpaKpacHOM Auana3oHe MeHbLUe MPUBEAEHHOI0 Ha HeM
3HaYeHns (ANs BUAMMOTO CBETa), MO3TOMY ANS MOMy4YeHus
Heob6X0AMMOr0 YBENMYEHNS! SHEPTUM BCMbILWKMA Ha (DOTO3NEMEHT
HY)XHO HafeTb 60/1ee NAOTHbIA UNbTP, YEM MOXET MOKa3aTbCs Ha
nepBblii B3rNA4. Ha npakTuke gnd nepexoga K Kaxgomy
CneaytoLeMy CTaHAapTHOMY 3Ha4YeHWto guadparmbl Ha
thoTonpuemMHMKax cnefyet HafeTb AOMOHUTENbHbIA UALTP
NAOTHOCTLIO 0,4 MM HECKONbKO GonbLue.

Mpwn perynnpoBke BCMbIWKK (C 4ONOAHNTENBHBIMM
thmnbTpaMm U 6e3 HUX) BaXXHO MOMHUTb, YTO YEM CU/bHEE
3afgnatparMmpoBaH 00bEKTUB, TeM BVKe K MakcUManbHOW 6yaeT
LONMTENbHOCTL BCMbIWKKW W, CNef0BaTENbHO, TEM MEHbLUE
MakCUMasibHOe pacCTOsiHME, Ha KOTOPOM BO3MOXEH aBTOMaThue-
CKVIn pexxumM paboTbl BCMbIWKK. [pK YBEANYEHNN SHEPTUM
BCMbILIKM B YeTbipe pasa (T. e. Ha ABa AeneHus gnadparmbl)
MaKC/MMasibHOe AOMYCTUMOE PacCcTOsHME COKpallaeTcs BABOe.

B Hanbonee AeLlieBbiX aBTOMaTUYECKMX BCMbILLKAX
(hOTOMPUEMHUK BMOHTMPOBAH B KOPMYC Namribl, ¥ ero nosioXeHue
3a)MKCMPOBAHO TakK, YTO OH U3MepPSIET CBET, OTPAXKEHHbIW OT
06beKTa NpW YC/OBMK, YTO BCMbILWKa Harnpas/ieHa Ha 06BEKT.
B0O3MOXHbI CUTyauuu, KOrja )enatenbHo, YToObl BCMbIWKA He
Obl1a HanpasfeHa HernocpeACTBEHHO Ha 06BEKT. B HEKOTOPbIX
[LOPOrocTOsALLMX BCMbILLKAX 3TO AOCTMraeTcs MyTeM YCTaHOBKM
(hOTOMPMEMHMKA OTAENbHO OT BCMbIWKM ((POTONPUEMHUK XKECTKO
KpenuTcs Ha Kamepe U NMOACOEAMHSETCS K BCMbILLKE Yepe3 Kabesb).
B HEKOTOpPbIX KOHCTPYKLMAX BCMbILEK CO BCTPOEHHbLIM
(hOTOMPUEMHMKOM FO/I0BKa, B KOTOPOI pasMeLLaroTcs famna ¢
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WNHTeHCMBHOCTb CcBeTa 6bICTPO
y6bIBaeT C YBE/IMYEHNEM PACCTOAHMS
OT ero UCTOYHMKA. ITO MOXET
NpUBECTU K HEPABHOMEPHOMY
ocBelleHU0 06beKToB. Beepxy —
BCMbIWKa pacronaranacb 6/mnsKo K
Kamepe, a 3KCNo3uLuWs onpeaensnach
Mo OCBELLEHHOCTH YesoBeKa,
cuasLlero 6mxe BCeX K KaMepe; ¢
YMEHbLUEHNEM OCBELLEHHOCTU
KaXoro crefyroLLero 4yenoseka B
pAAy 9KCNo3nuus yMeHbLIanach.
BHMsy — oTocbemMka npoussoau-
nacb C TOW e BCMbILWKON, HO
NOMeLLeHHOM TaK, YTO pacCTosHUE OT
Hee [0 KaXA0ro yenoBeka 6bino
NPUMEPHO OAMHAKOBbLIM; B pe3y/nbTaTe
oCBelleHNe cTano 6onee paBHoOMep-
HbIM.

peneKTOpoOM, MOXET MOBOPaYMBaTLCS OTHOCUTE/ILHO Kopnyca
BCMbILLKMW.

$OTO3NEMEHT U 3NEKTPUYECKAS CXeMa BCMbILLKM MpU
M3rOTOBNEHUM HACTPOEHbI Tak, YTO OHU AAlOT NPaBUNLHYHO
3KCMO3MLMI0 MPU CbEMKE 00BLEKTOB CO CpefHel OTpaXKaTeslbHO
CNOCO6HOCTLID. ECnn 0OBEKT TEMHEE CPeAHero, T. €. OTpaxaeT
MeHbLle 18% nagatoLLero cseta, fiamna 3TOro «He 3HaeT» U
NPOJO/MKAeT n3nyyaTb, kak 06bIYHO, [0 TeX Mop, MokKa
WHTEHCWBHOCTb OTPAXXEHHOr0 CBETa He AOCTUTHET 3a4aHHOro
YPOBHA. B pe3ynbTate CHOXET Ha (hoTorpadmm nonyumTcs
CAMLIKOM cBeT/bIM. O6BbEKT, KOTOPbIA CBETNEE CPELHEro, Ha
thoTorpadvy BbIAAET CAULLIKOM TEMHbIM. [M03TOMYy 60/1€e TEMHbIe
06beKThI CrieflyeT CHUMaTb C 00BLEKTUBOM, 3agmatparMmpoBaH-
HbIM MPUMEPHO Ha nosgeneHns 6onbLe, a 6oMiee CBeT/Ible — Ha
MongeneHns MeHbLUe.

Mpu cbemKax ¢ aBTOMaTUYeCKOl BCMbILLKOW Npo6aeMbl,
CBfi3aHHbIE C OnpefefieHneM HeobxoaMMOI CBETOBOW 0TAauM,
MOFYT BO3HUKHYTb B TeX C/y4asx, Korfa 00beKT CbeMKU 3aHUMaeT
NNLWb HebOMbLIYIO YacTb Kajpa M HeCKOMbKO BbICTYMaeT nepes,
toHom. B Takoii cuTyauum oOTOMPUEMHNK BCMbILLKM
BOCMPWHMMAET CBET, OTPXKEHHbIA He TONbKO CaMUM 06bEKTOM, HO
N 4aCTUYHO (hOHOM. MMOCKOMbKY (JOH HaxoAWTCS HECKO/bKO
fanblie, YeM 0OBEKT, MHTEHCMBHOCTb OTPXXEHHOTO UM CBETa
MEeHbLLE, YeM CBEeTa, OTPaKEHHOro 06BbEKTOM. UT06bI YaCTUUHO
KOMMEHCMPOBaTh 3TO HECOOTBETCTBME, BCMbILLKA «0BecneynT»
3KCMOHUPOBaHMe LOCTATOYHOM ANUTENILHOCTU, U B pesy/ibTaTe Ha
(hoTorpadmm 06bEKT ByfeT BbIrNAAETh CAULIKOM CBET/bIM. Bo
BCEX MOAOOHbLIX CUTYaumsaX, T. €. KOrAa CBET, OTPaXKeHHbIN
OKpY>XalLWwnmy npegmeTamu, CyLLECTBEHHO OT/IMYaeTCs Mo
WHTEHCUBHOCTW OT CBETa, OTPXKEHHOr0 06BLEKTOM, CriefyeT OYeHb
TLWATENbHO CNeAnTb 3a TeM, YTOObl POTOUYBCTBUTENbHbIA 31EMEHT
(ceHcop) 6bin HanpaBfeH TOYHO Ha OOBLEKT.

Mpu pa6oTe CO BCMbILIKAMU, Y KOTOPLIX CEHCOP BCTPOEH B
Koprnyc, TPeByeTCs OUeHb TLIATENbHAS PErYNNPOBKA MOMOXKEHUS
BCEil BCMbILKKU. ECAY Npn CbeMKe BCMbILIKY W Kamepy AepXaThb B
pyKax, Kak MpaBuno, Heo6X0AMMO MCMONb30BaTh CreLManbHY0
CKOBY, COeaVHSIOLLYHO BCMbILLKY C Kamepoii. Mpu cbeMke co
BCMbILWIKOM, CEHCOP KOTOPO/ MOHTMPYETCS B MOM03KaxX Kamepbl,
OpUMeHTaLMs ceHcopa aBTOMaTWUuecku ByaeT TOUHOM, a NpaBubHas
OpPUMEHTALIMA CaMOiA BCMLILLKK YXKe He CTOMb KPUTUYHA.

Bo MHOrMX aBTOMAaTUYECKUX BCMbILIKAX NPegycMOTPEHO
OTK/IOYeHMe aBTOMATUYECKOro PeXuma Bbibopa AIUTeNbHOCTU
U3/lyYeHUs, YTO MO3BOJISIET UCMO/b30BATh UX B YACTO PYYHOM
pexkume. O6bIYHO [N 9TOF0 CEHCOP 3aKPbIBAeTCS BCTPOEHHbLIM B
KOPMYC KPbILIKN HENpo3payHbiM LIMTKOM, B pe3ynbTaTe 4ero Ha
Hero Boo6LLe He MagaeT CBeT. B uTore namna reHepupyert
BCMbILIKY MaKCKUMa/lbHO BO3MOXHOM AnnTensHocTh. Koraa
BCMbILIKA UCMONb3YETCA B TAKOM PEXMME, SKCMO3NLUS
paccuUMTLIBAETCS TaK Xe, KaK U NS HeaBTOMATUUYECKMX BCrbILLEK,
Ha OCHOBaHWM BefyLLEr0 YMCNa, YKa3aHHOr0 3aBOJOM-
M3roTOBUTENEM.

B HEKOTOpbIX aBTOMATUYECKUX BCMbILLKAX TUPUCTOPHOIO
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TUMNa npu paboTe B HEABTOMATMYECKOM PEXMME LINTENbHOCTb
U3yYeHUs U1, CNefoBaTe/IbHO, NONHAA 3HEPrUs BCMbILLIKY
PErynupytoTca ¢ NOMOLLLK aBTOMaTUYECKOrO 3/1eKTPOHHOIO
nepeknoyaTens, KOTOPbIA BKIKOYAET B CXeMy BMECTO (hOTO-
npuemMHMKa NepeMeHHoe CONpoTMB/IEHMe. TakuM 06pa3oM, Bpems,
Heo6X04MMOe NS AOCTUMXKEHWS 3a[aHHOM0 YPOBHS HaMpshKeHUs Ha
KOH/[EHCaTOpe MHTerpaTopa, a 3HaunT, U A/IUTENbHOCTb BCMbILLKK
3aBUCAT OT BE/IMYMHBI 3TOMO COMPOTUBMEHNUS, @ HE OT UHTEHCMBHO-
CTU najarwoLero Ha (hoTo3NemMeHT cBeTa. BenmumHa conpoTuBne-
HUS MOXET MEHATLCA NN60 HENPEPBLIBHO MYTEM BpaLLeHNs
CMeunanbHOM pyyuku, NMbo AUCKPETHO NyTeM MepeMeLLeHms
rafeTHoro nepekntoyatens. FaneTHbIli NepekoyaTens UmeeT
BOCEMb (DMKCUPOBAHHBIX MOMOXEHWI, COOTBETCTBYHOLNX
PasIMUHOW 3HEPrUM U3NYYEeHUs, HaYMHasA OT MOJIHOW MOLLHOCTM C
LNNTENbHOCTLIO BenbIWwKKM 1/ 400 ¢ go 1/ 128 ponwu
MaKCMMasbHOM MOLLHOCTW, NMPY KOTOPOI A/IMTENIbHOCTb BCMbILLIKM
cocTaBnseT Bcero mws 1/ 50 00 c.

Mpy pa6oTe ¢ aBTOMATUYECKUMM BCMbILLKAMU C OYEHb
Masoii 4UTENbHOCTBIO U3/TyYEHNs KaK B PYYHOM, TaK U B
aBTOMATMYECKOM PEXMME MOXET BO3HWKHYTb Mpo6rema,
CBfi3aHHas C HapyLUeHWeM 3aKOHa B3aWM03aMecTUMOCTU, KOTOpPOe
MOXET OKas3aTbCs PasHbIM /1S KaXKAOr0 CBETOUYBCTBUTENILHOMO
CNosi LBETHOI NneHKU. B pesynbTaTe Ha LBETHOW doTorpagum
MOTYT MOSIBUTLCA HEXenaTe/bHble LiBETOBbIE OTTEHKW. OfHUM U3
BO3MOXHbIX PELUEHUA 3Toli Mpo6/iemMbl SBSETCS MCMOMb30BaHUE
(nnbTpa, LONOMHUTENLHOTO MO LBETY K HEXenaTe/bHbIM
LYBETOBbIM OTTEHKaM. ®OUbTP YCTaHaBNMBAKOT IMG0 Ha 06LEKTUBE
KaMepbl, 60 Ha BCMbIWKe. B nepBom cnyyae K hunbTpy
NpeabABNAOTCA OYEHb XKECTKME TPpe6oBaHMs, NOCKONbKY OH He
LO/MKEH YXYALaTh ONTUYECKOe KaueCcTBO 06bEKTMBA. [M03TOoMy Ans
3TVX Leneli noaxoaaT Nnlb HUALTPLI U3 ONTUYECKOTO
nnocKonapaniensHoro cTekna Wan B KpaiHem crnyvae
)KE/TATUHOBbLIE KOMMEHCALMOHHbIE (U/IbTPbI, NpeHasHAYeHHbIe
ANs 06LEKTBOB. Bo BTOPOM Cnyyae (UALTP NPaKTUYECKU He
OKa3blBaeT HUKAKOro BAWSIHUS Ha paspeLLatolLlyto crnocoBHOCTbL
CHUMKa, 1 NO3TOMY TPeGOBaHUS K ero KauyecTBY HE CTOJIb XKECTKME.
3TO MOXeET 6bITb M0G0 NOAXOAALMIA NO CBETONPOMYCKaHUIO
(GunbTp, faxe U3 Tex, KOTOPble NpegHasHayYeHbl Ans LBETOBOV
KOPPEKLMM Mpy UBETHO (hoToneuaTn (KOppekTupytoLime
unbTpsl). Kpome Toro, uabTpbl, YCTAHOBMEHHbIE HA BCMbILLKE,
MPaKTUYECKN HE BMSIIOT HA 3KCMO3NLMIO CHUMKA APYTUMU
MCTOYHMKAMU OCBELLiEHNs (EC/IM OHW €CTb), CMEKTPasbHbIA COCTaB
KOTOPbIX OTANYAETCS OT CMEKTPA WU3NYUYEHUs BCTbILLKM.

PacrnonoXxeHune BCMbILLKM 1 XapaKTep OCBELLEHNS

MHOrve COBpPEMEHHbIE KaMepbl UMEKOT CreLuaibHble
MOM03KWN, KOTOPbIE BbIMOMHAT HECKOMbKO (YHKLWIA. Bo-nepsbIX,
Ha HUX KPENWTCS BCMbILLKA UM APYroe AONOMHUTENbHOe
npucnoco6ieHne, BO-BTOPbIX, OHW 06GecrneynBaloT HeobxoaMmoe
3/1EKTPUYECKOE COEAMHEHVE MEXAY Kamepol 1 BCMbILLIKOWA,
UCKMIOYasA TeM caMbIM He06X0AMMOCTb B OTAE/IbHOM CUHXPOHU3M-
pytoLiem kabene. OgHaKko B 06bI4HON hoTorpagmm 6a130CTb
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Cnesa — (hOTOCbEMKa NPOU3BOAM-
nacb ¢ UMNYNbCHOW Nammnoi,
yCTaHOBNEHHO HEMOCPeACTBEHHO Ha
Kamepe. OcBelleHNe oKasanoch
NAOCKUM W HE MOAENUPYIOLLNM.
CnpaBa — (hoTOCbEMKA NMpPOM3BOAU-
nacb CO BCMbILWKO, pacnonoXeHHOM
Haj Kamepoii v cnerka c6oky oT Hee, B
pesynbTaTe M306paxeHune cTano bonee
penbedHbIM.

BCMbILIKM K ONTUYECKOW OCM 06BEKTMBA NPUBOANT K OYEHb
NAOCKOMY U HEMHTEPECHOMY OCBELLEHWIO 1 Npu (oTorpagmposa-
HUW NHOLEN W XXMBOTHbIX YacTO AaeT TaK Ha3blBaeMblil 3hpeKT
«KpacHoro rnasa» — siBfieHne, 06yCNOBNEHHOE OTPaXXeHWeM CBeTa
BCMbILIKM OT ceTyaToli 060104KMN rnasa — peTuHbl. OCOBEHHO
OLLYTUMO 3TOT 3h(heKT NPOSBNSETCA NPU CbEMKAX C HEGONbLUNMU
KapMaHHbIMW BCMbILKaMKW, B KOTOPbIX UCMOMb3YHOTCS
0[HOPa30Bble MarH1eBble NaMmbl-BCMbIWKN. YacTUYHO 3Ty
TPYAHOCTb MOXKHO MPEOAOSETb NYTEM YBENMYEHUS PaCCTOAHNS
MEXAY BCTbILKOA N 06bEKTUBOM C MOMOLLbH0 CMELMabHOMo
KPOHLUTENHA.

B 60/bLUMHCTBE CyYaeB MOBCEAHEBHOW (hoTorpatuu
Haunydlune pesynbTaTbl NOMYYalOTCs TOrAa, Korga Benbllka
pacrnonaraetcs cBepxy v c60Ky OT Kamepbl. 3TO gaeT 6onee
€CTeCTBEHHOE OCBeLLeHMe C LOCTAaTOYHO XOpoLUeil npopaboTKoii
aetaneint v oulylweHneM rnyouHbl M306paxeHns. IHEKTUBHbIN
pasMep BCMbILWKMA KaK UCTOYHMKA OCBELLEeHMS 3aBUCUT OT
(h13nYeCKNX pasMePOB 1 ONTWUYECKMX CBOWCTB ee OTpaxarens u
06bIYHO BeCbMa HeBe/MK, YTO MPUBOAUT K MOSBAEHWIO PE3KUX U
XKECTKMX TeHel, KOTopble 3aTpyaHAoT doTorpadurpoBaHme
00BbEKTOB, TPEBYIOLLMX MATKOro ocBelleHus. Mo3aToMmy nepeg
rO/IOBKOI BCMbIWKM MOMELLAT ANPYPY30p — AUCT KalbKu Mn

doTo 145.

®OoTOCHEMKA CO BCMbILLKON npu
MPSMOM U1 OTP@XEHHOM OCBELLEHUU.
Cnesa — npu CbeMKe WUCMOMb30Bancs
CBeT, OTPaXEeHHbI 0T noTonka. B
3TOM Cnyyae BCMbILIKY cneayet
3KpaHMpoBaTb Tak, 4TO6bl Ha 06BLEKT
nonagan TONbKO OTPaXKeHHbINA CBET.
X0TS Ha M306paXKEeHNN HET YETKO
OYEPYUEHHbIX TEHEi, OHO AOCTAaTOYHO
penbegHo ¢ xopolleit NnpopaboTKoi
OTAenbHbIX AeTaneit nnua. Cnpasa —
CbeMKa NpoM3BOAMNACH C MPAMbIM
0CBeLLEHNEM BCMbILWIKOW; n3o6paxe-
HUe cTano 6oniee KOHTPACTHBIM.
MofCBETKY BCMbILIKOW B OTPaXeHHOM
CBETe /yylle BCEero Mcnosnb30BaTth B
Tex cnyvasx, Korga TpebyeTcs MArkoe
OCBelLeHMe 6e3 Pe3KnxX TeHel, B
4aCTHOCTU B MOPTPETHbIX CbheMKaX.
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[ns nofcBeTKU PbIHOYHOTO
npunaBKa, 3aWMLEHHOr0 0T COMHUA
TEHTOM, MCNONb30BaNach ofHa
BCMblWKa. Mpu 3ToM gunagparma u
CKOpOCTb 3aTBOpa BblOMpanuch Takum
06pa3om, YTo6bl TOYHO COrfacoBaTh
3KCMO3NL U0, HEOBX0AUMYIO ANs
CbeMKW MpunaBka, C 3KCMO3nLuuen,
Heo6XoAuMMoii A1 CbeMKM
OCBELLEHHOro ConHueM ¢oHa. Ecnm
Obl CbeMKa MpOM3BOAMNACL TOMbKO
npn ecTeCTBEHHOM OCBELLEeHUN, TO
3KCMO3NLMIO HY)XHO 6bIN0 Obl
ycTaHaBnMBaTb NM60 Mo TeHeBoM
obnacTu, N(M60 Mo OCBELLEHHOMY
hoHy. B nepBomM cnyyae 6bin 6bl
CUNbHO nepefepXaH OH, a BO
BTOPOM — HefO0fiepXKaHa CLeHa Noj
TEHTOM.

doT0 147.

3a ucknoyeHnem cnaboro
oCBeLLeHWs, npobuBatoLLerocs yepes
BXOf, BCA MeLuepa MorpyxeHa Bo
TbMy. CneBa — npw onpejeneHnu
3KCMO3MLMN NO OCBELLEHHOCTUN BX0Aa
1306paxeHune neLiepbl OKasbiBaeTcs
Henpopa6oTaHHbIM. CrnpaBa —
neliepa ocsellanach He6oNbLIOM
3M1EKTPOHHOW BCMbIWKON. Mpy 3Tom
BHauane onpefensnacb Heobxoanmas
avagparma ans cbeMok co
BCMbILIKOW, a 3aTeM Bblbupanach
CKOPOCTb 3aTBOpa, HeobXofuMas ANns
NpaBubHOIN 3KCcno3numun (Npu Takoi
fuadparme) oCBeLLEHHOr0 BXOAa.
BkntoyeHve B kagp quryp niogein
No3BONSET NOAYUUTb NpeAcTaBneHne o
pa3mepax meLiepbl.

6enblii HOCOBOI NNATOK, KOTOPbIA B 3TOM CAy4ae UrpaeTt posb
NCTOYHMKa cBeTa. Bonee MArkoe oceelleHvie Npy NCMOAb30BaHNM
BCMbILUKM MOXHO MONYYNTb TaKXKE C MOMOLLbH MeToja
OTPa>KeHHOIN BCMbILLKM, KOFfa CBET, UCXOAALMIA OT BCbILLIKY,
OTpPaXaeTcsa OT Kakoli-nnbo MoAXOAsALLEA NOBEPXHOCTH, B
pesynbTaTe Yero OCBELLEHME CTAaHOBUTCS 6ONiee MATKUM C MeHee
OTYET/IMBLIMM TeHAMU. [1ns UBeTHON oTorpadmm Takas
MOBEPXHOCTb [O/MKHA ObITb MO BO3MOXHOCTW HeTpanibHOW B
LIBETOBOM OTHOLLEHWW, MOCKO/bKY B MPOTUBHOM Cly4ae
OTPaXEeHHbIA CBET MOXET NPUOBPECTUN LIBETOBOW OTTEHOK 3TOM
MOBEPXHOCTM W Ha (hoTorpatimm NPOsBATCA HeXxenaTeNbHble
LIBETOBbIE TOHA. 4N 3TUX Leneli BNOMHe MOAXOAWT CTeHa,
BblKpalleHHas 6enoil BOA03MY/IbCMOHHOW KPAaCKOM, MW HN3KWIA
6enblii NOTONOK. KOHCTPYKLME HEKOTOPbIX BCMbILLEK
NpeayCcMOTPeHa BO3MOXHOCTb M3MEHATbL MOSIOXKEHWE FO/IOBKM
BCMbILIKM OTHOCWUTE/IbHO €e Kopnyca. JTO NO3BO/AET HanpaBnsTh
CBET BCMbILWKW BBEPX WK BOOK B CTOPOHY BblGPaHHO
noeepxHocTu. OfHa 13 MpM BbIMyCKaeT creLuanibHoe
[OMONHNUTE/IbHOE MpUCNOCo6NeHne —aepxxaTenb, KOTOPbIA
KPenuTCs Ha KOpMyce BCMbILWKX U B KOTOPbIA MOXHO BCTaBUTb,
Hanpumep, MCT 6e710ro KapToHa; Npu 3TOM OOBEKT OCBELLAeTCS
CBETOM, OTPaXXEHHbIM OT 3TOr0 NNCTA.

[Jpyroii cnocob peannsaumy 0CBELLEHMS 0OBEKTA CHEMKM
OTPaXEHHbIM CBETOM, YacTO NMPUMEHSIEMbIA B CTYAWIHONA
(hoTorpagum, coCTOMT B MCNOMb30BaHMK (DOTOrpatmueckoro
30HTWKA, BHYTPEHHAS MOBEPXHOCTb KOTOPOro MOKpbITa
CBETOOTPaXKAtOLLEN TKaHbH MM ApYyruM MaTepuasom. Benbiwka,
CMOHTVPOBaHHas Ha py4ke 30HTWKA, HaMpaBAseTca Ha
OTPaXKaroLLyt0 NMOBEPXHOCTb, OT KOTOPOM CBET OTPaXKaeTcs B
CTOPOHY 06bekTa. OTpaxarLas MOBEPXHOCTb (HOTOrpaduyecKnx
30HTWKOB [leNaeTcs MaToOBO-6€/10M, YTO [aeT pacCesHHbI CBET, UK
MeTa//IM3MPOBAHHOI, UTO JaeT ropa3fo 6onee HanpaBfeHHOE U
SPKOe OCBELLEHNE C 60/ee PE3KUMMN TEHAMM.
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PacueTbl 3KCMO3WLMM NPU UCNOMb30BAHUN OTPAXKEHHOr o
OCBELLEHNS A0BO/IbHO CMOXHbI, MOCKO/bKY 3KCMNO3ULMA 3aBUCUT OT
0TpaxaroLLein crnocobHOCTM MOBEPXHOCTU, Ha KOTOPYIO
Hanpas/ffeTca CBET BCMbIWKW. OAWH M3 CNOCOBOB OnpefeneHns
3KCMO3NLMM NpU OTCYTCTBUW CMELMANbHOTO 3KCMOHOMeTpa —
(hnalmMeTpa COCTOMT BO BPEMEHHOI 3aMeHe BCMbILLKMN 1amMMol
HakKanmBaHWs U MUCMosb30BaHWN 0O6bIKHOBEHHOMO 3KCMOHOMETpa
(ecnn Kamepa MMeeT BCTPOEHHbIV 3KCMOHOMETP, TO 3T0 WAeaNbHO)
AN M3MepeHUs pasHULbl Mexay AuadparMoii 06beKTUBa,
Heo6xo4MMON Ana NPAMOr0 U OTPaXXEHHOrO OCBELLEHWS. 3HayYeHue
Aunadparmbl MOXXHO OMpeAenuTb 41 1060 CKOPOCTM 3aTBOpa,
ecnm B 060MX Cryyasx CKOpPOCTb 3aTBOpa oAuMHakosa. Ecnn,
Hanprmep, ¢ 06bIYHON NaMMNOl HaKanMBaHWs, HarnpaBIeHHON Ha
06BbEKT, 9KCMOHOMETP NOKa3bIBAET BbIAEPXKKY Y 30 ¢ 414
Auagparmbl 1:8, a ¢ 1amnoii, HanpaBneHHOW Tak, YTo CBeT
OTPaXaeTcs OT NOTOJIKA WAN CTEHbI, NOKa3aHUs COOTBETCTBEHHO
coctasnaoT 1/ 30 ¢ npu 1:4, TO yBe/IMUEHWE BbILEPXKKN,
Heob6XoaMMOoe 13-3a MOTepb CBETa, COCTABNSAET BENNUUHY,
COOTBETCTBYHIOLLYIO pa3HoOCTN Mexay 1:4 n 1:8, T. e. ABa AeneHus.
Ecnn namnbl HakanvMBaHWS 3aMeHUTb BCMbILWKONA, TO HYXHYHO
Anagparmy 06beKTMBa MOXHO ONpPefenvTb CnedyrowymM 06pasoMm.
BHauane onpefensior guadparmMy npy npsMoM OCBeLLEHNM
BCNbILWKOW (OHa OyAeT paBHa OTHOLUEHMIO BEAYLLEro ymcna K
paccTOSHUIO OT BCMbIWKK [0 06bEKTA), a 3aTem guadparmy
06bEKTMBA OTKPbLIBAKOT JOMOMHUTENBHO HAa BEIMUMHY, PABHYHO
pasHOCTV MpefbIayLMX NOKa3aHWiA 3KCNOHOMETpa, T. €. Ha [Ba
fenexus.

Mpu paboTe ¢ aBTOMATUYECKUMM BCMbILLIKAMU, B KOTOPbIX
CEHCOp OCTaeTCs HanpaB/ieHHbIM Ha 00bLEKT, a cama BCMbIKa —
Kyfia-nnbo B Apyryto CTOPOHy (T. €. CO BCMbILLKaMu ¢
BpALLalLMMUCA FTOIOBKAMU WK XK BbIHOCHBIMW CEHCOopamMu),
Heo6xoanMmas BblepXKKa Npy OTPaXKEHHOM OCBELLEHNN
onpefenseTcs aBTOMaTUYECKMW, MOCKOMbKY CEHCOP M3MePSeT CBeT,
OTPaXKeHHbI 06BHEKTOM, NPU 3TOM aBTOMATWYECKM YUUTbIBAETCS
noTepst CBeTa Ha OTpaxeHue. ABTOMaTUYeCcKas BCMbILIKa, B
KOTOPOVi NONOXEHWEe CeHcopa OTHOCUTENLHO TOMI0BKU
(hMKcMpoBaHo, He ByfeT aBTOMaTUYeCKM AaBaTb NPaBW/bHON
BbIZEPXKKM NpY OTPaXEHHOM OCBELLEHWU, TaK KakK OH 06/yyaeTcs
CBETOM, OTPaXXEHHbIM OT MOBEPXHOCTU, & He OT 06bekTa. o aToN
npuunHe Npu paboTe B peXxmme OTPaXKEHHOrO OCBELLUEHWS Takue
BCMbILIKW CrefyeT YCTaHaBAMBaTb Ha PYyUHOI PEXUM.

BenbllKa Kak UCTOYHMK [0MOMIHUTENIbHOTO OCBELLIEHNS

MOoMKUMO TOr0 UTO BCMbILIKW YacTO WUCMOMb3YHTCA Kak
OCHOBHOI UCTOYHMK OCBELLIEHWS NPU CbEMKAX B MOMELLEHUSX, OHU
ABNAOTCA NPOCTLIM U YA0GHLIM CPEACTBOM AO0MONHUTENBLHOTO
OCBELLEHUs, HanpUMep, NPU CheMKe B YC/IOBUSX eCTECTBEHHOIO
ocBelleHus. Tak, Hanpumep, BHYTPW 3[aHUs AHEBHOMN CBET,
NPOHMKAILLMIA CKBO3b OKHA, YacTO HEAOCTaTOUYeH NS OCBELLEHUS
BCEro MomeLleHUs, B pe3y/ibTaTe Yero cnabo OCBeLLleHHbIe 061acTm
OKaXyTcs Ha (hoTorpaduu CAULLIKOM 3aTEMHEHHBIMU U C
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HefopaboTaHHbIMU AeTansaMun. [OCKOMbKY YenoBeyeckuin rnas
NErko aganTupyeTcsl K YPOBHIO OCBELLEHHOCTM O4YeHb HEGOMbLLNX
YYaCTKOB, /1106as pasHuLa B OCBELLEHHOCTU MeXAy TaKuMu
yyacTKamy KaKeTcsl rfasy 0cTaTo4yHO Hebonblioin. OAHaKo 3Ta
pasHuLa OTYETNBO MPOABUTCA Ha M/IEHKe, KOTOpas He CTOfb
COBEpPLUEHHA, KaK rfa3, u (UKCMpyeT 06beKTbI, UMetoLye
CPaBHUTENbHO Y3KWIA AnMana3oH KOHTpacTHocTei. Mo aToli npuymHe
nepes CbeMKOl LienecoobpasHo OnpeaennTb OCBELLEHHOCTb
KaXX[0ro yyacTKa KOMHaTbl C NOMOLLbIO 3KCnoHOMeTpa. Mpu
[OMONHNUTENIbHOM OCBELLEHUW 3aTEMHEHHbIX YYaCTKOB C MOMOLLbHO
BCMbILLKW CMeayeT MpeXxae BCero ycTaHOBUTL Anadparmy
06beKTMBa. 3aTeM yCTaHaBNMBAETCA CKOPOCTb 3aTBOPA,
ob6ecneymBatoLlas Tpebyemyto BbIAEPXKKY Npu AaHHOI anatparme
AN TeX Y4aCTKOB KOMHaTbl, KOTOPbIE OCBELLEHbI TO/bKO
eCTeCTBEHHbIM CBETOM. Ecnu 3amep 3KCMO3MUMKM NO AHEBHOMY
OCBELLEHMIO 3aTEHEHHbIX Y4aCTKOB, MOACBEYEHHbIX UMMY/IbCHOM
NaMnoii, Wb Ha O4HO feneHne MeHblUe, YeM OCBELLEHHOCTb
YYaCTKOB, SIPKO OCBELLEHHbIX AHEBHbIM CBETOM, CNefyeT CAenatb
nonpasky K YCTaHOBNEHHOI Anadparme ¢ y4eTOM BAMAHMA
eCTeCTBEHHOro ocBelLeHMs. OKOHYaTeNbHOe 3HaYeHWe guadparmbl
[OMKHO ObITb HEMHOIO MEHbLLE 3HAYeHUS, OMNpPeaensemoro no
OCBELLEHHOCTW TEMHbIX Y4aCTKOB, UCXOAA M3 YCMOBUIA OCBELLEHMA
TO/IbKO MMMY/NbCHOM NaMmno.

Wcnonb3oBaHue BCMbIWKX A8 MOACBETKA HEOONbLIMX
Yy4acTKOB 00beKTa, HefOCTaTOMHO OCBELLEHHbIX OCHOBHbIM
MCTOYHMKOM, Npn (hOTOCHEMKaX Ha OTKPbITOM BO34yXe Mpu
CO/THEYHOM CBETE Ha3bIBAOT METOAOM «CUHXPO-COMHLA». 3TOT
MEeTOA MOACBETKM 0COGEHHO 3(DEKTUBEH MPU MOPTPETHBIX
cbemkax. Hanpumep, oTorpadms MnnoBnaHoW LeByLiKn 6yaeT
0COGEHHO yAayHOl, eci COMHLE HaxoAUTCs No3agu CHUMAeMOWA,
Tak 4YTO ee BONOCHI OyAyT NPOHU3aHbI CONHEYHbIMU lydamu. Ecnn
COJHLE PacnofiOXXeHO 3a [EeBYLLIKOW U He CBETUT eli B rnasa, OHa
OyneT uyBCcTBOBaTbL Cebsi CBOGOAHON M BbIFNSAETL 6onee
ecTecTBeHHON. OfHaKo chenatb XOpOLYyH (oTorpaguio TonbKo
MpU TakOM eCTECTBEHHOM OCBELLEHUW [OBOSIbHO TPYAHO,
MOCKO/IbKY MNEHKA He MOXET «CMPaBUThbCS» C YPE3MEPHbIM
CBETOBbIM KOHTPAaCcTOM MEXAY NMLOM [EeBYLUKM, HaXOAWMMCS B
TEHU, 1 APKO OCBELLEHHBIMM OKpY>XXaloLWwmmu ee npegmeTtamu. Ecam
BbIZEPXKKa JOCTaTOYHA A1 CbeMKM LA, TO BCE OKpYXXaloLlee
6yneT BbIrNAAETb TEMHbIM, U HAa060pOT. KayecTBO M306paXKeHus
MOXHO HECKOJ/IbKO YYULUNTb, €CAM BOCMOMb30BaTLCA pedieKTo-
poM, Hanpumep 60/bLUMM MCTOM 6enoil ymaru UM KapToHa, Ans
NoACBETKM nuua. Jlyyie, ofHaKo, AN 3TOl Lenn BOCMO/b30BaTbCA
BCMbILLKON. B nepBOM MPUBGAVXKEHUN MOXHO CKasaTb, YTO
WHTEHCMBHOCTb BCMbILWKW AO/HKHA COCTaBAATb MOMOBUHY
MHTEHCUBHOCTW, KOTOpas noTpe6oBanach Obl ANA CbEMKU Mpy
OCBELLEHWUMN TONLKO CO BCMbIWKOA. Ecnn akcnosuums 6yget
6onblue, TO hoTorpatus OyaeT BbIrNALETb HEHATYPa/IbHOM, a
€CIN MeHbLLe, TO TeHW ByayT HeAoCTaTOuHO npopaboTaHbl. Mpu
CbeMKE C HeaBTOMATMYECKOI BCMbILLIKOA CHavana cnegyet
onpefennTb gnadparmy 06bEKTMBA MPU YCIOBUM, YTO BCMbILIKA

189



doT0 148.

Wcnonb3oBaHne MMNYNbCHOW Nammbl
[ONA NoACBETKU Npu oToCheMKAaX Ha
OTKpbITOM BO3ayxe. Cnesa —
thoToChEMKA MPOM3BOAMMACL TONbKO
npy ecTeCTBEHHOM OCBELLEHUM, MpK
3TOM 3KCMOo3MUWsA onpegensnack no
OCBELLEHHOCTN TpaBbl. [M0CKOMbKY
COJIHLE HaxoAWNoCh C3aau AEBYLUKM,
ee M0 0Ka3anoCb B TEHW W €ro
1306paxeHne Monyyvunocb CANULLIKOM
TeMHbIM. B UeHTpe — (hoToChEMKa
Npon3BOAMAACE C NPaKTUYECKN
ONMTUManbHOW MOACBETKOM.
ﬂ'ﬂMTeanOCTb BCNbIWKW COCTaBnsdNa
NPUMEPHO MNOMOBUHY ANUTENBLHOCTH,
HEeobX0AMMON ANA CbEMKMN TONbKO CO
BCMbILIKOM; 3KCMO3MLUA He MeHsNach.
B pgaHHOM cnyuvae «3thekT
BCMbILIKMW» He Tak G6pocaeTcs B rnasa
M MOPTPeT BbIFNAANUT BMOMHE
ecTecTBeHHbIM. Cnpasa —
thoToCheMKA NPOM3BOAMNACH C
Ype3MepHoOil NOACBETKOM. JKCNo3uyms
6blna TOl e, 0AHaKO AANTEeNbHOCTb
BCMbILWKK OblNa CAULWIKOM BeNnNKa,
No3TOMY OCBELLEHME KaXeTcs
HeHaTypasbHbIM.

ABNAETCA €[AMHCTBEHHBIM UCTOYHWKOM OCBeLLeHuA. Tpu 3TOM Hafo
MMeTb B BUAY, YTO NPU CbEMKE Ha OTKPbITOM BO3fyXxe 6e3 Kakux-
nn60 [ONOMHNUTENbHBIX OTPaXKAlOLMX MOBEPXHOCTEW Befyliee
YMC0 MOXET OKa3aTbCA MEeHbLLUE YKa3aHHOro B OMMCaHuM
BCMbIWKKW. Onadparmy cnegyet Bbl6paTb Ha OfHO fefieHune
MeHbLLE, YeM [jaeT pacyeT Ha OCHOBE 3HaYeHWs BeAYLLero yucna.
Takum o6pa3oM, ecnm 3(h(heKTUBHOE BedyLlee YMCNO BCMbIWKA Npu
CbeMKE Ha OTKPbLITOM BO34yxe cocTasnsieT 40, a pacCcTosiHue o7
BCMbILWIKN 10 06bekTa 5 M, To gnadparma, Heobxogmmas npu
CbEMKE TO/IbKO CO BCMbILWKOMA, OyaeT paBHO 1:8. YMeHbLUMB
MOAyYeHHOe .3HaueHe B ABa pasa, NofyyMm Heob6X0AMMOe 3HaYeHne
Avadparmbl NMpu UCNOMb30BaHWMN BCMbILLKW KaK UCTOYHMKA
LONOMHUTENBHOIO ocBelleHns: 1:11.

[Janee Heo6Xo4MMO YCTaHOBUTL CKOPOCTb 3aTBOPA,
06€eCrneynBatOLLYI0 HY>XHYIO 3KCMO3WLMIO A1 OKPYXKAHLWMX
npeaMeTOB NpuW Bbl6paHHOI anadparme. JTa CKOPOCTb He LO/MKHA
MpeBbIWaTh MakCUManbHO AOMYCTUMYIO A1 faHHOrO 3aTBopa, Npu
KOTOPOIA BO3MOXHA eLLe MOAHAA CUHXPOHMU3aLMSA BCbILWKW.
Mo3sToMy BCMbIWKa JO/MKHA BbITb 4OCTATOYHO MOLLHOM, YTOGI
MOXHO 6b1710 paboTaTth C CUbHO 3aAuadparMvpoBaHHbIM
06BLEKTNBOM, €CAM 3TO HEOBXOAMMO A5 NPaBUILHON 3KCMO3MLMK
OKpY>Karowmx npeameToB. CKOPOCTb LEHTPabHOro 3aTBopa
06bIYHO HE NMMUTUPYETCH, MO3ITOMY 3[eCb MOXHO NO/b30BaThCH
[0BONLHO 60MbWIMMK fuadparmamu 1, cnefoBaTensbHO, CHUMATb
CO CPaBHWTENbHO Ma/IOMOLLHbIMY BCMbIWKaMu. Mpy cbemke
Kamepamu CO LUTOPHbIM 3aTBOPOM CKOPOCTb, Kak Npaswo, He
[o/mKHa npeBblwatb 1/ 125 ¢ ¢ BepTUKA/IbHbIMU LITOPKaAMMU U
1/60 c c ropu3oHTanbHbIMK. py cbeMKkax Ha SPKOM CO/HLE
4018 NPaBUIbHOM 3KCMO3ULUM OCBELLEHHbIX NPeaMETOB (MPU Taknx
CKOpOCTAX) TpebyeTca oyeHb HeboMbluas fuagparma, B pesynbrare
4ero 41 NOACBETKMN TeHel TpebyeTcs CpaBHUTENbHO MOLLHAA
BCMbIWKa. TakuM 06pa3om, Npu CbeMKe Kamepamy CO LUTOPHbIMK
3aTBOpPaMU M0Jb30BAThCA [eLleBbIMA MasOMOLLHbIMU BCMbILLIKAMM

190



doT0 149.

doTOCHEMKA NPOM3BOAMMACE NpK
KOMOWHMPOBAHHOM OCBELLEHUN: OT
CO/IHLA, HaXOAsALEerocs nosagu
06beKTa 1 3NEKTPOHHOM BCMbILWIKMY,
pacrnonoXXeHHOW HernocpeAcTBEHHO
Haf, Kamepoii. MocKobKy AeBouka
[BUranacb A0BOJLHO BbICTPO,
3KCMOHUPOBaHWE NPU CONMHEYHOM
OCBELLEHNN CO CKOPOCTLI 3aTBOpa
1/30 c gano cmasaHHoe
n306paxeHne AeBOYKN 1 Kadeneid. Ha
3T0 M306paxeHne HaknaablBanoch
pe3koe u3obpaxeHue, NoayYyeHHOe
Mpu 3KCMOHMPOBaHUW MPY U3NYYEHWUU
BCMbILWKWU, ANUTENLHOCTb KOTOPOTO
6blna [OCTAaTOMHO Masioid, YTOOBI
«3aMOpO03UTb» Nt060E fBUXKEHNE.

®doto 150.

doTocbeMKa Npous3sogunach B
OCHOBHOM C MOMOLLbBIO 3NEKTPOHHOIA
BCMbILWKKX, YTO NMO3BONNIO NONYYUTb
pe3koe u3obpaxkeHWe aBTOMOOUNA Ha
aBTOZIPOME U €ro naccaxmpos.
CkopocTb 3aTBOpa cocTasnsna

1/15 c, npu 3TOM Kamepa
nepemellanach BC/ef 3a 06BbEKTOM.
OrHm Ha 3agHeM nnaHe BUAHbI KakK
APK1Ee NOMOChI, YTO XOPOLLO nepefaeT
aTMoctepy aTTpakuyuoHa.

MPaKTUYECKM HEBO3MOXHO.

ABTOMaTUYECKMNE BCMbILKA MOXHO MCMO/b30BaTh Npu
CbeMKe MeTOfOM «CWHXPO-COMHLa», YCTaHOBMB CEHCOP BCMbILLIKW B
MONOXEHWEe Ha OJHY CTYNeHb G0MbLUE, YeM peasibHO YCTaHOBJIEHHOe
Ha 06beKTMBe 3HayeHWe guadparmbl. Ecnun, Hanpumep, ans
CbEMKM OCBELLIEHHbIX COMHLIEM OKPY>KaloLMX NpefMeToB HYyXKHas
BblgepXkKka coctaBnset 1/60 ¢ npu gnadparme 1:11, To
AuagparMeHHOe KO/bLO Ha MyNbTe BCMbIWKA AOMKHO ObiTh
YCTaHOB/IEHO B M0JIOXKeHWe 1:8. 3TO NO3BOUT «OBMaHyTb»
BCMbILLKY W 3aCTaBUTb ee U3/TyYnUTb NULWb NOSIOBUHY MOLLHOCTM,
KoTOpas rnoTpe6oBasach, ecim 6bl 06LEKT OCBELLA/CSA TOMbKO
BCNbILWKONA. CnefyeT n3beratb nonagaHuWs NPSAMOro COMHEYHOr0
CBeTa B OKHO CeHcopa BCrbILLKMW; 3TO MOXET NPMBECTU K
COKpALLIEHNIO ANNTENILHOCTU BCMbILLKW, TaK KaK B MOMEHT
BCbILLIKM CEHCOP HE MOXET PasnnynTb COBCTBEHHO CBET BCIbILIKM,
OTP&XEHHbIA 00BLEKTOM, U CBET OT KaKOro-HMbyfab Apyroro
NCTOYHMKA.

Ecnn Tpebyemas MoACBETKa OTAIMYAETCS OT 4aBaemol
BCMbILUKOW C NOMOBUHHOW HOPMa/bHOW MHTEHCUMBHOCTLIO, TO ee
MOXHO CKOPPEKTMPOBATb PerysMpoBKOI CEHCOpa BCMbILKM. Tak,
ecnv B NpefblayLieM npuMepe, rae BblAepXKKa onpegenseTcs no
OCBELLEHHOCTY OKPY>KatoLLMX NpesMeToB (CKOpPOCTb 3aTBOpa
1/60 c, gnagparma 1:11), ycTaHOBWUTb BCMbILLKY Ha feneHue
1:5,6, TO 3Heprma BCMbILIKM AacT TONbKO YeTBEPTb HOPManbHOA
WHTEHCUBHOCTW, 1 B pe3ynbTaTe TeHU 6yayT HeJoCTaTOYHO
npopaboTaHbl. Ecnn TpebyeTcs Kakas-To Apyras WHTEHCUBHOCTb
MOACBETKM Npu paboTe C HeaBTOMATUYECKOW BCMbILLKOM, TO /1A
NONYYeHNs HeO6XOAMMOW MHTEHCUBHOCTY CrefyeT pasyMHO
BblOpaTh 3HayeHWe guagparmbl 06bekTMBa. CKOPOCTH 3aTBOpa
CNeflyeT YCTAHOBWTb TaKOM, YTOObI OCBELLEHHbIE COMHLEM
OKpy>KatoLime npeameTbl MPOSBUANCH Ha hOTOrpadum AOCTaTOUHO
JeTanbHo.

ABTOMAaTUYECKME BCMbILLKM, 061a4at0LiMe BOSMOXHOCTbIO
PErysMpPoBKU VX BbIXOAHOW MOLLHOCTA B PYYHOM PEXMME,
MPeACTaBNAOT COBON MaeanbHOe CPEACTBO ANMS (hOTOrpadun
METOZIOM «CUHXPO-CO/HLE», MOCKO/IbKY OHW MO3BO/NSKOT NPOCTO U
TOYHO PErysMpoBaTh BbIXOAHYH MOLLHOCTb BCMbILLIKY,
HE06X0AMMYIO AN MOJYYEHWUS AOCTATOUHON MNOACBETKU MpY
3a/]JaHHOM MagparMupoBaHy 06LEKTUBA M ONpefieneHHOM
PaccTOSHMW OT BCMbILIKA 40 06bEKTA.

®OTOCHEMKA C HECKOSbKMMM UMMY/IbCHBIMM STaMMaMu

Bo MHOTMX cyyasx CbeMKy MPUXOAUTCS MPOBOAUTD C
MHOXXECTBEHHOW BCMbILWIKOM, T. €. UCMO/b30BaTh Of{HOBPEMEHHO He
OfHY, a HECKOJIbKO namn. Hanpumep, ans paBHOMEPHOro
OCBELLEHNS NpU CbeMKe BHYTPU MOMELLEHUsS MOryT noTpe6oBaTbes
HECKO/MbKO BCTbILLEK, OCBELLAIOLMX Pas/iMyHble 061acTL
MoMeLLieHMs. TOYHO TaK Xe Mpu MOPTPETHOW CbeMKe OTAe/bHble
BCTbILLIKM MOTYT BbIMOMHATL (YHKLMUM WCTOYHMKA OCHOBHOTO,
[OMOMHUTENBHOTO UK (DOHOBOTFO OCBELLEHUS.

OcCHOBHOe TpeGOoBaHVe MPU CbEMKE C HECKOMbKUMY
BCMbILIKAMW COCTOMT B TOM, YTO BCE BCTIbILLKW AOMKHbI U31y4aTh B
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[na paBHOMEPHOro OcCBeLLeHUs
60NbLUOI KOMHaTbl MCMOMb30BaNNChH
TPU BCMbIWKN: OfHA PALOM C Kame-
poit (nepBblii CHUMOK), Apyras —

B LieHTpe KOMHaTbl (BTOPOI CHUMOK)
N TpeTbd — B AaNbHeM KOHLe KOM-
HaTbl (TpeTwuiA cHuMOK). Mocne
onpegeneHns guagpparmbl ¢ y4eTom
M3yYeHns BCMbIWKKN Onpefensnach
CKOpOCTb 3aTBOpa, 0becneynsaloLLas
NpaBUbHYI0 3KCMO3NLKI0 NpK
[aHHON fnadparme v HEBHOM
OCBELLEHNN /19 BbISABIEHUS
HEKOTOPbIX AeTaneil caja, BUANMOro
yepe3 OKHO. POTOCHLEMKA TOMLKO MNpu
[JHEBHOM OCBELLEHUN NO3BOMNNA
BbIABUTb NNadOHbI Ha NOTO/NKE K
OFOHb B KaMuHe (4eTBepTblii
CHMMOK). POTOCHEMKA
NpoM3BOAMNach B CyMEPKMN B
nacMmypHyto norogy, 1/8 c, 1:11,
Ektachrome 64.

TO Bpemsl, Koraa OTKpbIT 3aTBOP Kamepbl. O6bIYHO 3TO 03HAYaeT,
YTO OHW [O/KHbI ObITb KaKUM-M60 06pa3oM CUHXPOHU3UPOBAHSI
KaK C KamepoWi, Tak 1 Mexay coboii. CywecTByrOT gBa crnocoba
CUHXPOHU3aUMKM BCNbIWKX. OfMH U3 HUX COCTOUT B HEMOCPEACT-
BEHHOM 3/1EKTPMYECKOM COEAMHEHNN BCMbILIEK MEXAY COBO0i
yepes creumanbHblii aganTep, K KOTOPOMY MOACOEAUHAIOTCSA CUH-
XPOKOHTAKTbl BCMbILIEK, U OAHOBPEMEHHOM WX MOAKAKOUEHUN K
CMHXPOKOHTaKTY Kamepbl. OfHaKO Npu TakoM CMoco6e CUHXPOHU-
3aUmy BCMbIWKK JOMKHbI 6bITb OAHOMO TUMNa. B nMpoTMBHOM chy-
yae HEeMnoCpeACTBEHHOE 3/IEKTPUYECKOE COeAMHEHME BCMbILIEK MO-
XKET HapyLNTb HAAEXHOCTb PaboTbl KaXA0M M3 HUX WK Jaxe Mof-
HOCTbIO OTK/IOUUTL OAHY BCMbILLKY UM HECKOMbKo. Kpowme To-
ro, CMHXPOKOHTaKTbl 3aTBOpa Kamepbl — 3T0 A0BO/IbHO TOHKOE
yCTpOCTBO. ECNn OHM CAyXKaT BNOMHe HageXHOo npu paboTe ¢ of-
HOI BCMbILKOM, TO PEXWUM, B KOTOPOM OHW AO/DKHbI NPOMyCcKaTb
CYMMapHbIiAi TOK OT BCEX MOAKMOUEHHbIX K HAM NaMr, MOXeT
3HAYUTENbHO COKPaTUTb CPOK MX CNYXObl, @ B HEKOTOPbIX Cy4Yasx
3TV KOHTaKTbl MOTYT MPOCTO ONAaBuThbCA. [pyroii NprMeHsemblii
CMoco6 CUHXPOHM3aLMK ABYX W BOfee BCMbILWEK COCTOUT B
MCNONb30BaHNMN JONONHUTENbHBIX MYCKOBbIX YCTPOCTB
(CBETOCMHXPOHM3ATOPOB). JTO CneluabHble (OTOINEKTPUYECKME
npuo6opbl, PErUCTPUPYIOLLME BHE3aNHOE YBEIMYEHNE OCBELLEHHO-
CTW, KOTOPOE MPOVNCXOAMT, HanpuMep, B MOMEHT Havana paboTsl
OfHOIA 13 BCMbILIEK, W TYT Xe BK/HOYAKOLLME OCTa/IbHbIE BCMbILIKW.
O6bIYHO BCMbILLKA, PACMOMIOXKEHHAA 6VXe K Kamepe,
HernocpeACTBEHHO MOACOEAMHAETCA K CMHXPOKOHTAaKTam 3aTBopa W
3anyckaeTcsi 06bI4HbIM 06pa3om. Kaxkaas AOMOAHMTENbHas
BCMbILIKA NPUCOEANHSAETCS K CBOEMY COOGCTBEHHOMY CBETOCUHXPO-
HM3aTOpy, KOTOPbIA BK/IKOYAET ee Moc/e Havana paboTbl MepBoli
BCMbILIKW. DNEKTPOHHAs CXema TaKoro CBeTOCUMHXPOHM3aTopa
06/1aaeT HaCTO/MbKO BbICOKUM ObICTPOAEACTBMEM, UTO B O6bIYHbLIX
YCNOBUAX 3afiepXKKa MeXAY HayasioM 3anycka MepBoil BCMbILKA U
OCTa/IbHbIX COBEPLUEHHO He3ameTHa. BOMbLIMHCTBO CBETOCMHXPO-



Puc. 109.

MpuHUMNManLHas cxema npocToro
CUHXPOHM3aTOpPa, KOTOPbIA MOXHO
Nerxko caenate camum. Llenb,
cocTosAlas u3 otoTpaHsucropa Trl,
KoHAeHcaTopa C1 n conpoTuBieHwii
R1 n R2, peructpupyet peskoe
yBeNnYeHne MHTEHCUBHOCTU CBeTa npu
cpabaTbiBaHWUK BCMbILLIKA W 3arycKaeT
rupuctop SCR1. 3T0T TUpPUCTOP B
CBOIO 0Yepefb 3anyckKaeT BTOPYHO
BCMbILIKY, MOAK/OYEHHYIO Yepes
CUHXPOHU3MPYIOLWNIA Kabenb K
pasbemy SK1. 3afiepxKa BO BpeMeHU
cpabaTbiBaHMA MexXay nepsoi u
BTOPOI BCMbILUIKaMM HAcTOMbKO Mana,
YTO He3aMeTHa Mpu 06bIYHON
thoTorpadgun. CUHXPOHM3ATOP He
TpebyeT aBTOHOMHOIO MUTaHWs, a
MUTaeTCA 0T UCTOYHMKA BCMbILLKMN
yepes TOT XKe CUHXPOHU3UPYHOLLUIA
kabenb. ConpoTtusneHve R3 u guog
LleHepa ZD1 cHwxXatloT HanpsXxeHune
o 20 B, 4yTO fOCTATOYHO ANnd
HakonneHns B KoHAeHcatope C2
3Heprumn, HeobXoAMMOIA ANs 3anycka
Tupuctopa. MonapHoCTL pasbema
COOTBETCTBYET MONAPHOCTYU
BbIXOAHbIX KOHTaKTOB 60MbLUNHCTBA
BbIMyCKaloLWMXCA BCMblweK. Ecnun
OKaXXeTCs, YTO CUHXPOHMN3ATOP He
paboTaeT ¢ HEKOTOPOW KOHKPETHOW
BCMbILLKON, TO 3TO CKOpee BCEro
MoTOMY, 4TO NepenyTaHa MNOMAPHOCTb
KOHTAKTOB BCMbIWKN M pasbema SK1.
flpKOoe BHeLlHee OCBeLEeHNEe He MOXET
3anyCcTUTb CMHXPOHWU3ATOpP, OAHAaKO
OHO MOXET CYLLECTBEHHO CHU3UTL €ro
4yBCTBUTE/NIbHOCTb. M0 3TOW NpuunHe
LenecoobpasHo 3asKpaHMpoBaTb
(hOTOTPAH3NCTOP OT BHELLUHEro
ocselleHna. Ecnm ucnonbsyetca
TpaH3uctop TIL78, aToro MoxHo
[o6uTbes, caenaB 6neHay He6oNbLUOM
AJIMHBI 13 HEMPO3paYyHOro marepuana.
Cneuugukaymmn: RI=56 kOM;

R2= 10 kOwm; R3=5,6 MOMm:

C1=10,02 Mk®; C2=0,1 mMK®P; Trl —

toToTpaH3mcTop TIL78 nmm
aHanoruuHblin; ZD1 —puop LleHepa,
20 B, 400 mBT; SCR1 —Ttupuctop
C106D wnm aHanornyHblit- SK1 —
pasbem guameTpom 3 MM (THe3fo)
Mogpo6bHoe onucaHue ycTpoiicTea
CUHXPOHM3aTOPa MOXET 0Ka3aTbCH
NnonesHbIM faxe 419 yMTaTens,
KOTOPbIA caM He sBnsieTcs
pagvuoniobutenem. Bce anemeHTbI
CXeMbl BbIMYCKaKTCA CEpUiiHO.
MOoHTaXHas cxemMa yCTpOCTBa He
npuHumMnuanbHa. CUHXpOHM3aTOp
MOXHO co6paTb Ha FeTUHAKCOBOW
nnate U NOMeCTUTb B MOAXOAALLMNIA
KOXYX.

HW3aTOPOB He MMEET COBCTBEHHLIX UCTOYHMKOB NMUTAHUSA: OHW
NoTPe6NAtOT 0YeHb HEGOMbLLYIO 3HEPT D, HEOOXOAMMYHO ANS NX
paboThbl, OT CUHXPOKOHTAKTOB BCMbILLIKW.

CBETOCHHXPOHU3ATOPbI 06bIYHO MMEKT AOCTaTOUYHO
BbICOKYH YyBCTBUTENIbHOCTb M CpabaTbiBaOT OT CBETA,
OTPaXXEHHOr0 OT CTeH WM noTonka. Moatomy npu doTorpadmpo-
BaHWM BHYTPY MOMELLEHMS [ONONHUTENbHbIE BCMbILLKA N UX
CBETOCUMHXPOHM3ATOPblI MOXHO Pa3MeCTWUTb 3a KOJIOHHaMK U/n
Me0e/blo Tak, YTOObl OHW He MOManu B MoJe 3peHNST Kamepsbl.
MpenMyLLecTBO MCNOMb30BaHNSI CBETOCMHXPOHKN3AaTOPOB 0COGEHHO
OLLYTUMO, KOTAa BCMbILIKM Pa3HECEHbI HA AOBO/IbHO 3HAYNTESb-
Hble pacCTOSHUSA, NOCKO/bKY YACTO ONTUYECKas CBS3b BCMbILLIEK
Mo3BONSET 0O60ATUCL 6€3 COeAUHUTENbHBIX MPOBOAOB, KOTOPbIE
MOryT nonacTb B Kagp.

«OTKpbITas BCrbILLKa»

Mpu cbeMKax B YCNOBMSAX OYeHb CNaboro ocBeLleHus,
HanpymMep BHYTPY TEMHOTO MOMELLEHUSA, HET HEOBXOAMMOCTM
CMHXPOHU3MPOBATbL BCMbILIKY C 3aTBOPOM (poToanmapaTta U MOXHO
BOCMO/1b30BaTbCSt METOAOM «OTKPbLITOM BCMbILLIKW». [ 3TOrO
Kamepa yCTaHaB/IMBaeTCA Ha LUTaTWB, 3aTBOP CTABUTCA B
nonoxeHne B 1 oTkpbiBaeTcs. Mocne 3TOro BCMbILLIKA BKAHOYAETCS
BPYUHYI0 1 3aTBOp 3aKpbiBaeTcs. MeTof «OTKPbITOW BCMbILLIKM»
MO3BO/ISET, HAMPUMep, OCYLLECTBNATL (POTOCHEMKY C OAHOA
BCMbILLKOI, MNOCNef0BaTENbHO OCBELLAs Pas/iMyuHble YYacTKu
CHMMaeMoOii cueHbl. UTo6bl NoayunTb XopoLuyto hoTorpaguio,
Hajo MMeTb MOMOLLHMKA, KOTOPbIA ByAeT ynpasnisiTh BCMbILLKOW.
MecTo N1 BCMbILWKM ONpeaenstoT 3apaHee. 3aTBOP yCTaHaBM-
BalOT B MOJOXEHVE B, OTKPLIBAIOT U NPOU3BOSAT BCIbILLKY.

3aTeM MOMOLLUHMK NEPEXOAUT B APYroe MecTo, CHOBa
MPOU3BOAUT BCMbILWKY, NEPEXOANT B Clefytolee MecTto U T. 4. (a
3aTBOpP OCTaeTCs BCe BPeMsl OTKPbITbIM). Ha To Bpems, Korga
MOMOLLHWK MepPexoanT ¢ 0HOT0 MecTa B [pyroe, UMEeT CMbIC/
3aKpbITb 00BLEKTUB KaMepbl KYCKOM YepHOr0 KapToHa uiu bymaru,
4yToObl BOCMPENATCTBOBATL MOMNafaHNI0 B 06BLEKTMB KaKoli-nM6o
napasvWTHOW 3acBeTkuW. [pu 3TOM Hago CTapaTbCA He 3afeTb
Kamepy. Kak Tonbko 6yfeT npom3BefeHa BCMbILWKA U3 NOCNEAHEro
3aniaHNpoOBaHHOIr0 MecCTa, 3aTBOP 3aKpblBaeTCs.

MpoBepKa HamMumns 6/1MKOB

Ecnu BcnbllKa He ABNSIETCA CTYAWIAHON, T. €. He flaeT
penbet)HOro OCBELLEHUs, TO XapaKTep OCBELLEeHWs npefckas3aTb
[0BONbHO TPYAHO. M03TOMY Hafjo NPUHATb BCE MEPbI, YTOObI
NCK/IOYNTL NOSIBNEHNE G/IMKOB Ha OKHax W MOMMPOBaHHbIX
npegmeTax BCAeACTBME OTPaXEHMS BCMbIWKK. [ns 3TOro Hago
MOCMOTPETb Ha 0OBLEKT C MeCTa CbeMKM, MONPOCMB MOMOLLHMKA
0CBETUTL €ro yoHapem. Ecnm npyn 3TOM Ha NMOBEPXHOCTM 06beKTa
CbEMKM NOSABATCA KaKue-nnmbo oTpaxkeHus ceeta (hoHaps (6/MKK),
TO MOMOXEHWNE BCMbIWKK CNefyeT U3MEHUTb.

I/IMHyﬂbCHbIe Nnamribl cneunasibHOro HasHa4eHnA
MomMnmo aBTOMaTUYeCKUX U HeaBTOMAaTUYECKUX BCrbILLEK,
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Beepxy — cTyawnitHas Bcnblwka (c
pediekTopoM n GoTorpaduyeckum
30HTWUKOM), F0/I0BKA KOTOPOV
ABNAETCA aBTOHOMHbIM 6110KOM,
HernocpeacTBEHHO NOAKMHOYAOLWMMCS
K WCTOYHWKY MUTaHWs. BHMy —
CTyAuiiHas BCMbIWKA, KOHAEHCATOP U
Lenu 3apagkn KoTopoi ans
HECKO/bKMX FOMI0BOK HaxXOoAsTCs B
OTAENbHOM HanosbHOM 6/0Ke, K
KOTOPOMY MOXHO MOAKMIOUNTL Cpasy
HECKONbKO F0N0BOK; B JaHHOM C/yvae
TPW TONOBKM — O0fHa C MalleHbKUM
pethneKTopomM 1 ABe ¢ 6oNbLINMU
angdysopamun. (C paspelleHus
(hMPMbI-N3roToBMTENS Bron
Electronik AG.)

Puc. 111.

TunuuHas KonblLeBas BCMbILIKA,
cocTosLas M3 oTAeNbHOro 610Ka
NUTAHUS 1 KO/bLEBOW FOM0BKM,

HaZeToii Ha 06bEKTMB.

npeaHasHayYeHHbIX 41 06bI4HOW hoTorpadum, BbiNycKatoTCs
BCMbILLKM CMELMUanbHOro HasHavyeHns. K HUM npexae Bcero
OTHOCATCS MOLLHbIe YCTPOICTBA A4/ CTYAuWiAHOW hoTorpadum,
nuTaloLMECH NCKIUNTENBHO OT CETW U He fonyCKaroLue
BO3MOXHOCTM paboTbl OT 6aTapeil. Takune BCMbIWKN AeNaTca Ha
[Be KaTeropuu: BCMbILKKW, B KOTOPbIX KOHAEHCATOPbI 1 LEemu
3apAgKW pacnonaralTcs B FOM0BKe Nammbl U cama flamna, Takum
06pa3om, nNpeacTaBnseT CaMOCTOSTeNbHbIN, HE3aBUCMMO
(hYHKUMOHUPYIOWMIA Npr6op, HeNOCPEACTBEHHO MOAKMHOUYEHHDBI K
MCTOYHMKY MWUTaHUS, U BCMbILWKK, B KOTOPbIX KOHAEHCATOPbI 1
Lenu 3apsaKM pasMeLLeHbl B 0AHOM CTalMoHapHOM 6/oKe, K
KOTOPOMY OAHOBPEMEHHO MOTYT MOAKNHOYATLCA CPasy HECKO/bKO
namn. B ronosku BCrbIWeK 060MX TUNOB 06bIYHO BCTPOEHA Namna
HaKanMBaHWs, YTO MO3BOJISET BU3Yya/lbHO OLEHUTL XapakTep
OCBELLEHMS 1 ero pacnpegeneHne Ha 06beKTe CbeMKU. OBbIYHO
3HEPrU0 BCMbILLKM MOXHO Perynmposatb, Npu 3TOM B
60NbLIMHCTBE YCTPONCTB aBTOMATUYECKN M3MEHSETCA APKOCTb
CBEYEHUS NaMnbl HaKaMBaHWsA. 3TO AaeT BOSMOXHOCTb
KOHTPONMPOBaTb XapakTep 1 6anaHc ocBelleHns. Bpems
nepe3apsiAKn TakMx YCTPOWCTB OYEHb Mano, YT0 0COGEHHO BaXKHO
NP1 MHOrOKpPaTHOI MOCneA0BaTeNbHOM ChbeMKe, Hanpyumep npu
thoTorpadmpoBaHnM AEMOHCTPaLMU MOf, KOrja Heobxoanmo
ObICTPO CcAeNnaTb MHOIO NOC/ef0BaTe/IbHbIX CHUMKOB, YTOObI
MOTOM MOXHO 6bl110 BbI6GpaTh HYXXHOE BbIpaXeHVE W Mo3y
MaHeKeHLWMUbl. 0M0BKM BCMbILEK 06bIYHO genatoTcsa 6es
BCTPOEHHbIX PediyieKTOPOB, NMOCKOMIbKY MHOrMe hpmbl
BbIMYCKAlOT Habop camblX PasHOOGPa3HbIX CMEHHbLIX PedIeKTOpoB
pas/IMYHbIX Pa3MepoB, BKKOYAA 30HTUKK, AUQPQY30pbl U ApYryto
nogobHyt0 annapaTypy, KoTopas Kpenutcs Ha 6a30BOI FOIOBKE.

Mpu oTorpadpoBaHMM OYeHb KPYMHbLIM MAaHOM 4acTo
BO3HMKaeT NpobnemMa, CBS3aHHas C HeAOCTaTOUYHON OCBELLEHHO-
CTblo 00beKTa. PpoHTa/IbHas NOACBETKA MPU 3TOM, Kak NpaBuso,
HEBO3MOXHa U3-3a TOr0, YTO 06BLEKT HaXOAUTCA CULIKOM GAM3KO
K 00bEKTUBY Kamepbl. [103TOMY NpUXOAMTCS MOACBEYMBATbL OOBLEKT
HeCKO/bKO COOKY, U B pesynbTate oTtorpadus penbedHoro
06beKTa 0Ka3blBAaeTCA MCMOPYEHA MYCTbIMW TEHSMU C COBEPLLEHHO .
HenpopaboTaHHbIMK AeTansiMu. Bo MHOMMX cny4asx 3Ty npobnemy
MOXHO Pa3pellnTb C MOMOLLbI0 KOMbLEBOW BCMbILIKK, COCTOSLLEN
13 KOMbLEBOW razopaspsgHoii TpyOKM 1 oTpaxkaTensi, KOTopble
HaAeBarTCs Ha 06BEKTNB Kamepbl. TO YCTPOMCTBO AaeT POBHOE
noyTK GecTeHeBOE OCBELLEHME, MO3BO/SIOLLEE BbISIBUTH BCE
HEPOBHOCTM W LLEPOX0OBATOCTH 06bekTa. KonbleBas BCMbIWKa
4acTO MCMONb3yeTcA B MEAULMHCKONM (hoTorpatum ans
6ecTeHeBOro OCBELLEHMS TakMX 0O6BLEKTOB, Kak MoMocTb PTa,
KOTOPYIO MHbIM CNOCO6OM OCBETUTb MPaKTUYECKM HEBO3MOXHO.

[0B0MIbHO 60MbLIas 0N U3NYYEHWUS BCMbILLKN NEXUT B
MH(paKpacHoO 0651acTh CnekTpa U B 06bIYHON hoTOrpadmm HUKaK
He ncnonb3yetcs. OfHaKO eciv NNaCTMKOBOE OKHO MMMY/bCHON
namnbl 3aKpbITb NOAXOAAMM (DMABTPOM, Hanpumep Tuna
Wratten 88A, KOTOpbIA NOrn0WaeT NPaKTUYECKN BECb BUAVMbIIA
CBET M MOYTW NOSIHOCTbIO MPOMYCKAeT CBET MH(PAKPaACHOro Anana-
30Ha, TO TaKy BCMbILLKY MOXHO MCMOMb30BaTb KakK MCTOUHMK UNK-
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®doTo 152.

M306paxeHne 04HOr0 1 TOFO Xe
06beKTa, NONyYeHHOe npu
(hoToCbeMKe C He6OMbLLION 06bIYHON
BCMbILWKON (BBEPXY) U KONbLEBON
BCMbIWKON (BHU3Y). OCKONbKY
06bEKTUB pacrnonarancs CAuLLIKOM
6113KO K 06BEKTY, BCMbILLKY
NPWLLIOCL NOMECTUTbL COOKY. B
pe3ynbTaTe Ha oTorpaguu
NPOABUINCL Pe3Kne TEeHW, CKPbIBLUNE
TOHKWE JeTaan MexaHW3ma 4acos.
KonbleBas BCMbIWKa, HafeTas Ha
06BEKTMB, JaeT MOYTK GecTeHeBOe
0CBELLEHME, YTO NO3BONSET
paBHOMEPHO OCBETUTH Camble
rny6okune BnaguHbl 06bekTa.

i i

doTo 153.

TionbnaH. ®oToCbeEMKa NPOU3BOAU-
Nnacb C KONbLIEBOV BCMbILLKOW,
HafeToi Ha 06bEKTUB Kamepbl (MOYTK
6ecTeHeBOe OCBeLLeHUe).

n3nyyeHus. Hanpumep, B cyae6HOIN NpaKTUKe CbeMKOI B
MH(PaKPACHbLIX flydyax Ha CMeunanbHyHo NeHKY Mob3yTes Ans
06Hapy>XeHNsA HEKOTOPbIX AeTaneli 06beKTa, HEBUAMMbIX
HEBOOPY>KEeHHbIM rna3oM. MogobHas TexHMKa MOoXeT
MCNONMb30BaTbCS, CKAXKEM, U AN HabMOAEHNS 32 06BEKTOM TaK,
4TOGbI OH 3TOr0 He 3ameTwun. [leflo B TOM, YTO BCMbILWKA TaKoro
poja BuAHa NMLWb KakK KPaTKOBPEMEHHOE M O4YeHb claboe TeMHO-
KpacHOe CBeYeHMe, COBEPLUEHHO HEe MpMB/EKatoLee BHUMAHWS.
CneumnansbHo Ansa 3TuX Leneii ogHa 13 MpM BbIMYCKaeT BCMbILLKY,
B KOTOPOi MNacTMKOBOE OKHO 3aTEHEHO MOCTOSHHO YCTaHOB/EH-
HbIM CBETO(UILTPOM, LENMKOM MPOMYCKatoL MM CBET
MH(pPaKpacHOro AuanasoHa U MOr/oLWatoLIMM BECb BUANMBIN CBET.
ECTecTBEHHO, YTO BMECTO TaKOW BCMbILWKMA MOXHO BOCMO/b30-
BaTbCA 060N 4pYyroli, MOMECTMB Ha OKHO COOTBETCTBYHOLLMI
CBETOMNBLTP.

HekoTopble MPMbl BbIMYCKAIOT 3/1EKTPOHHbIE BCMbILIKM
AN CbeMOK Mog, BOfOW. Takue BCMbILLKM MOMELLAOT B
creuyasnbHble NPOYHbIE BOAOHENPOHMLaEMbIE GOKChI,
BblEPXKMBAtOLLME 3HAUNTENbHOE AABNEHNE BOAbl Ha Ty6uHe.

Mepbl NpPeAoCTOPOXKHOCTU

MpaKTWYeCKN BCE 3M1EKTPOHHbIE BCMbIWKM NWTAKOTCA OT
HW3KOBO/IbTHBIX UCTOYHWMKOB HaNPsHKEHUS, OfHAKO WM3My4vaeMblii
UMW CBET rEHepUpyeTcs B pesy/ibTaTe pa3psifa BbICOKOro
HanpsHXKeHNs vepes rasopaspsgHyto Tpy6Ky. SHeprus,
HeobXxoauMas A1 BCMbILWKW, HaKanMBaeTcs B KOHAEHCATOPE,
KOTOPbIA 06bIYHO 3apsKaeTca A0 HECKO/bKUX COTEH BOJIbT,
MO3TOMY BCMbILLIKY HW B KOEM C/lyyae HeNb3sl BCKPbIBATb W
pa3dupaTb camuM. Mpu paboTe CO BCMbILWKOW HAfAO NOCTOSHHO
cneauTh 3a TeM, YTOObI B KOpMyC Nammnbl He Monagana Boga. Ecim
3TO NPOM30MAET, TO BCMbIWKa ByAeT MCNOpYeHa, NMOCKObKY
HeANCTUNIMPOBaHHAsA BOAa ABMISIETCA AOCTATOMHO XOPOLIMM
MPOBOAHUKOM, W, KPOME TOro, BO3HUKAET BEPOSTHOCTb MOpaXKeHMs
3/1EKTPUYECKMM TOKOM. EC/IM CbeMKa OCYLLECTBNISETCSA B YCNOBUSX
MOBBILLEHHON BIAXKHOCTW, TO BCMbIWKY CreAyeT NOMECTUTb B
Npo3payHbIli BOAOHENPOHMLAEMbIA LennotaHoBbI Melok. OH
NpeAoTBPaTUT NonagaHne BoAbl Ha BCMbILWKY U ULLb
He3HaunTeNIbHO 0CNabuT ee CBETOBYIO OTAauy.

195



doT0o 154.

KoT, nbiTatowuiics noiiMatb CTpyto
napHOro Mofioka, —BeNNKONENHbIN
o6pasey poTonckyccTea. (CHUMOK

6bln caenaH 6onee 30 neT TOMy Hasaj

C NPUMEHEHNEM OAHOI W3 MepBbIX
3NMEKTPOHHbIX BCMbILLIEK A9
«3aMOPaXXNBaHUS» ABWKEHNS.)

doTo 155.

Konnbpu. dotockemka Npou3BoOAu-
nacb ¢ NoMolLybto 60n1ee COBPeMeHHO
MMMNYNbCHOR Namnbl, B KOTOPOIA
[O/IMTENbHOCTL BCMBILWKYK, a
CnefoBaTeNibHO, U MHTEHCUBHOCTb ee
U3y4eHN MOXHO perynmpoBsatb
BPYUYHYt0. B gaHHOM cniyyae
[OIMTENbHOCTL BCMbLILLKW cOCTaBasna
1/6400 c, BNOMHe JOCTATOYHYHO A4
«3aMOpPaXMNBaHNSA» ABUXEHUSA 3TOW
MUYYXKW, KPblnbS KOTOPON
cosepLuatoT 6onee 50 B3maxoB B 1 c.
MTuuy nogmaHunM K KOpMyLLKe
(4acTb KOPMYLUKW BUAHA C NpaBoii
CTOPOHbl CHUMKA); (POHOM CNyXWN
KYCOK rofiyboro KapToHa,
UMUTUpPYHOLWNIA Hebo.

Puc. 112.

MpuHuMnNuanbHaa cxema pene
3afleP>XXKN, MO3BOMIAIOLLErO
perynupoBsaTb 3aZepXxKy mexay
MOMEHTOM NpepbiBaHWUsA CBETOBOI0O
nyya 1 cpabaTbiBaHMEM BCMbILLKM.
SW2 — 06bluHbIll BbIK/OYaTENb B
uenn nutaHua; SW1 —KHOMOYHbIN
BbIK/tOYaTeNb, MPUBOAALLNIA
YCTPOACTBO B COCTOSIHNE TOTOBHOCTU
nepes oTorpagmpoBaHuem.
Csetoguos LED1 3aropaeTtcs, Korga
YCTPOMCTBO rOTOBO K paboTe, n
racHeT B MOMEHT MpepbIBaHUA
CBeTOBOro nyya. rNorteHunometrp VR1
perynupyeT 4yBCTBUTENbHOCTb
npubopa npu 3afaHHOA UHTEHCUBHO-

CTW OCBEeLLEeHNs U APKOCTU CBETOBOrO
nyya. Ecnu 4yBCTBUTENIbHOCTD
HefoCTaToO4YHa, TO CBETOAMO[ racHeT
npy HaxaTnum KHomku SW1; eciu
YyBCTBUTE/IbHOCTL C/IMLLKOM BE/NKa,
TO nNpubop Npu npepbiBaHUN Nyva
MOXET He cpaboTaTb. [MoTeHUMOMeTp
VR2 perynupyet AAUTeNbHOCTb
3aflePXKKN Mexay MOMEHTOM
npepbIBaHNA fyya u cpabaTbiBaHVEM
BCMbILWKKW. [lnana3oH M3MeHeHus
3aflepPXKKN 3aBUCUT OT XapaKTepucTuk
MCNoNb3yeMON WHTErpanbHOWA CXeMbl.
OfjHaKo AN1s NpuBefeHHbIX 34ech
BenmunH VR2, R3 n C1 oH meHseTcs
ot 11 o0 200 mc. [na yBennyeHus
3aflepXKn emkKocTb C1 HyXHO
YBENNUYUTD, & A1 YMEHbLUEHUA —
yMeHbWNTb. KoHgeHcatop C1 He
[O/MKEH 6bITb 3NEKTPOANTUYECKNM.
IC1 — 3T0 WHTerpanbHas cxema Tuna
CMOS, n npu paboTe HY>XHO
BbIEPXKMNBATb PEXMUM HAMpPsKEHWUA Ha
BXOfe, 4TOObl He MOBPefuUThL ee.
Paszvem SK1 npu nonapHocTy,
yKa3aHHOI Ha cxeme, MPUroAeH AN1A
COeAMHEHMA C BOMbLIMHCTBOM
UMMNY/bCHBLIX 1aMr, OfIHaKo, TakK e
KaK 1 B C/lyyae OMUCAHHOrO BbiLle

CMHXPOHM3aTOpa, AN HEKOTOPbIX
TUMNOB MOXeT NOHafobuTbeA
M3MEHeHne MONAPHOCTH.
Cneundukaymun: Rl1= 47 kOwm;

R2= 100 kOm; R3=5,6 KkOwm;

R4= 2,2 kOm; R5= 22 kOw;

R6=1 kOwm; R7=1 kOm; VR1 —
noteHuymnometp 47 kOwm; VR2 —
norteHuuometp 100 kOm; C1 —
6YyMaXKHbI, CNOAAHON (HeanekTponm-
TWUYECKMiA) KOHAeHcaTop, 2,2 MKOD;
Trl— ¢otoTpaHsuctop TIL78 wn
aHanornyHblii; TR2 —TpaH3ncTop
BC109 nnu aHanornyHblii; TR3 —
TpaH3uctop BC479 nnn aHanoruny-
HbIll; SCR1 — TpaH3uctop C106D wnnn
aHanoruyHbli; LED1 —cBeTogmog
TIL209 nnm aHanornyHblif; IC1 —
MHTerpanbHas cxema CD4093B wnnu
3KBMBaNeHTHas; SW1 —KHOMOYHbIN
BbIK/IlOYATENb MOMEHTa/IbHOrO
cpabaTbiBaHUA; SW2 —06bIUHbIi
BbIK/Mtoyatenb tuna SPST; SK1 —
rHe3foBoil pasbem 0 3 mMm; Bl —
MCTOYHMK MOCTOAHHOTO HamnpsXeHus
9 B.



doTo 156.

Kannsa vepHun, nagatowas B cocyf
BofjoM. POTOCBEMKA NPOM3BOAMNACE C
NMOMOLLbIO pefe 3afepXxKu,
n306paxeHHoro Ha puc. 112. B
I'IepBbIVI MOMEHT Npn nageHnn Kannaun
Ha ee noBepxHOCTM obpasyeTcs
«KpaTep». 3aTem Kannas «0TCKaKusa-
€T» BBEPX W Y)Xe TO/IbKO NOoTOM
OKOHYaTe/lIbHO MOrpy>aeTcs B BOAY.
XO0TA MOXET BO3HUKHYTb
BneyaT/eHne, YTo CHUManacb OAHa u
Ta Xe Kanna yepe3 o4YeHb KOPOTKUe
MPOMEXYTKN BPEMEHU, Ha CamoMm fene
Ha BCEX CHMUMKaxX MoKasaHbl pasHble
Kannu. Ha Kaxgom CHUMKe Kanns
cama «3anyckana» YCTPOWCTBO
3a[lepPXKN; OT CHUMKA K CHUMKY
BPEMA 3aflepPXKu MOCTOSHHO
yBENMYNBANoCh, 3anyckas BCMbILLKY

KaX[bl pa3 Bce NO3AHee W NO34Hee.
YepHubHbIe Kanay BbIMYCKannCb 13
NUNETKM, XeCTKO 3aKpenneHHoN B
nabopaTopHOM LUTaTKBe Ha
pacctosiHum okono 30 cm oT
NOBEPXHOCTW BOAbl. POTOTPAH3UCTOP
pacrnonarancs npubansnTeNnbHO B
10 cm OT MOBEPXHOCTW BOApbI.
CBeTOBOIA Nlyy KapMaHHOro (hoHaps ¢
cobupatoLeidi MH30M Lwen
rOPU3OHTANbHO Haf MOBEPXHOCTbIO
BOAbl. [pn 3TOM paccTosiHue mexay
NIMH30 U POTOTPAH3NCTOPOM
COCTaB/AN0 HECKONIbKO CAHTUMETPOB.
W MCTOYHMK cBeTa, U (hoTOTpaH3ncTop
ObININ XKECTKO 3aKpeneHbl 1
pacnonaranuch Tak, YTo Kannas npu
nafileHnn nepecekana CBeTOBOW NyY U
TakMM 06pa3om 3amyckana
yCTpoiicTBa 3afiepxKn. Cocys ¢ BOAOM
6bin caenaH u3 oTorpaduyeckoro

CTeKna, TONLMHa KOTOPOro
cocTaBnana Npubnu3nNTenbHo 5 cm.
3a cocyaom 6bln HAaTAHYT KyCOK
MaTOBOW aKpuW/I0BOI TKaHU, 3a
KOTOPbIM MOMeLanacb UMMy/bCHas
namna tuna Sunpak Auto Zoom 5000;
npu chemke ucnonb3oBanacb 1/32
[0N5 MaKCUManbHOW MOLLYHOCTYH
BCMbILWKKN. [NTENbHOCTb BCMbILLKM
npu atom coctasnsna 1/12 500 c,
T. e. 6blna 4OCTATOYHOM, YTOObI
«3aMOpO3NTb» NafaroLLy Kanw.
Mepes cbemMkaMy 6b110 3aroTOBEHO
60/bLLIOE KOMMYECTBO BOAbI, B
KOTOpYt 6bln f06aBNEH XeNTbli
KpacuTenb. MOCKONbKY YepHWUNbHasA
Kanns okpaliveana BOAy, ee MeHsm
nocne Kaxgoi cbemku. Bpems
3a/lepXKu Bapbuposanocb oT 30 Mc B
nepsom kKagpe fo 150 mc B
nocnegHem.



doTOCHEMKA KPYMHBLIM MaHOM

TepMUH (hOTOCHEMKA KPYMHbIM NAaHOM 0ObIYHO YNOTpe-
6nseTca B Tex cny4asx, Korga peyb MaeT o hoTorpatmpoBaHmm
00BLEKTOB (CHOXKETOB), YAa/leHHbIX OT CbeMOYHOr0 00BLEKTMBA Ha
paccTosiHME, MeHbLUee, YeM MO3BOJSET LKafia AMCTaHLMIA YCTaHOB-
NEeHHOro Ha Kamepe 06bekTMBa. B nuTepatype no oTorpagumn
(hOTOCLEMKY KPYMHbIM M/IaHOM 4acTO Ha3blBaKT MakpodoTorpa-
tmeil. OfHaKO 3TO HEBEPHO, MOCKO/bKY MakpodgoTorpadus o3Ha-
YaeT M3roTOB/IEHME KPYNHbIX hoTorpaduii, Takmx, Kak hOTOMOH-
TaXu uam oTonnakaTbl. B feiicTBUTENLHOCTU CnefoBano Obl ro-
BOPUTbL (hoTOMakporpadus, 1 TO AULWb NPUMEHUTENLHO K TaKoM
thoTOCHEMKE, MPW KOTOPOI Ha MAEHKEe Moay4yatoT 1306paxeHue
TOrO0 e pasMepa, YTo U 00BLEKT, UK 6onblue, T. €. NPUMEHN-
Te/IbHO K CbeMKe, KOTopas NpoBoAMTCA B MacwTtabe 1:1 wm ¢
yBennyeHvem 6onee 1X . MHorga nog )oTOCHEMKON KPYMHbIM
N1aHOM VMEeEeTCs B BUAY CbeMKA uyepe3 MUKPOCKoM. B Takux
cnyyasx 6onee npaBuibHBIM TEPMUHOM SBASETCA POTOMUKPOrpa-
thms, KOTOPYH He CnefyeT myTaTb € MUKpodoTorpagmeidi —
M3roTOB/IEHWEM O4YeHb MasIeHbKMX (hoTorpadmii, Hanpumep npw
penpoayLupoBaHny JOKYMEHTOB Ha MUKPOUbMbI. CTporo
roBops, TepMUH (POTOMUKpPOrpadsi MOXXHO MCMO/Mb30BaTh /INLLUb
TOrfa, Korga CbeMka Npou3BOAMTCS Yepe3 MOMHYH (06bEKTUB U
OKY/ISip) OMTUYECKYIO CUCTEMY MMKPOCKOMa. Ecnm e cbemka
OCYLLECTBNAETCS TONbKO Yepe3 0ObEKTMB MUKPOCKOMA, TO 3TO YXKe
He (hoTOoMUKpOTrpagus.

CyLUecTBYeT ABa OCHOBHbIX CMOC06a, C MOMOLLbIO KOTOPbIX
06BLEKTUB KaMepbl MOXHO CHOKYCMpPOBaTb Ha 0OBLEKT,
PacnonoXeHHbIA 6MXKe, YeM MWUHUMabHOE PacCTOSIHME
(hOKYCMPOBKM 3TOro 06bekTUBA. OANH M3 HUX COCTOMT B
MPYMEHEHUN HaCafloYHbIX IMH3, KOTOPbIE MPaKTUYECKU MOXHO
1CMOMb30BaTh C Kamepamy fito6bIX TUNOB, a ApYyrod —
YANMHWTENbHBIX KOMew, UM Mexa. STM CnocoboM MOXHO
MONb30BaTbCS, TO/IbKO €C/IM KaMepa paccuMTaHa Ha CMeHHYH0
OMTUKY.

HacafoyHble NNH3bI

HacafouHble NMH3bI KPenAaTca Ha 06LEKTVB Kamepbl TOYHO
TaK Xe, Kak (unbTpbl. Takune IMH3bl PaKTUYECKN YKOPauYMBaKoT
(hOKyCHOE paccTosiHVe 06beKTUBA, U Nyun CBeTa, ugyLime oT
00bEKTa, PACMONIOXKEHHOTO K 00BLEKTUBY 6/MXKE, YeM ero
(hOKYCHOE paccTosiHWe, MPenoMIfoTCA 60M1ee Pe3Ko U No3ToMy
CXOZATCA B (DOKYCE B N/IOCKOCTU MNJIEHKU, (HOPMUPYS Pe3KOoe
n3obpaxkeHne obbekTa.

HacagouHble NMH3bI NPeACTaBNAT CO60l 06bIYHbIE
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lyceHnya. Ana nonyyeHnss KpymnHoro
n306paxKeHns ryceHuupbl UCNosb30Ba-
nacb HacajouHas MH3a 4- 3 ANTp, 4TO
No3BOIMAO CHOKYCHPOBaTb 0OBEKTUB
Ha [OCTaTO4YHO Masioe PacCTOsIHMe.
Heb6onbwas guadparma (1:16)
obecneymna OTHOCUTENbHO 6OMbLIYIO
rny6uHy pesKocTu.

doTo 158.

B 3aBMCMMOCTM OT TMNa UCMonb3y-
emMoil Kamepbl ANS CbeMKN NOL0OHbIX
06bEKTOB MOFyT MOHaf06UTHCA
pasnnyHble AOMOMHUTENbHbIE
npucnocobneHns, Takue, Hanpumep,
KaK HacafjouHble IMH3bI. Tak, npu
CbeMKe Kamepol, nmeroLLeii
BUAONCKaTeNb, BEPOSTHEE BCErO,
NMOHafobuTCcA HacafjouHas NnH3a

+ 1 antp. OAHaKo npu CbeMke
0[JHOO06BLEKTUBHOI 3epKanbHOW
KamepoW CKopee BCero He
noTpebyeTcs HWKaKMX [ONONHUTENb-
HbIX MPUCNOCOBNEHUIA.

cobuparoLme IMH3bI U BbIMYCKaKTCA C ONTUYECKON Cnnoii B 1, 2
nwm 3 antp.

OfHa AMoNnTpUs COOTBETCTBYET OMTUYECKON CUNE NNH3bI C
(hOKYCHbIM pacCTosHMEM B 1 M M eCTb BeNMUMHa, 0bpaTHas
(hOKYCHOMY PaccTOSIHMIO, BbIpaXXEHHOMY B MeTpax: OnTuyeckas
cuna, gnTp= 1/doKycHOoe paccTosHue, M.

Takum 06pasom, NMH3a ONTUYECKOW cuibl B 1 ANTp
AB/AETCA COOMparoLLei NMH30M ¢ DOKYCHbIM pacCcTosiHWEM B 1 M;
NINH3a ONTWUYECKOW CUnbl +2 MMeeT POKYCHOe paccTtosiHme 0,5 M, a
+3 — (poKycHoe paccTosiHue 0,3 M.

Ecnn HacafouHasi NMH3a HafeTa Ha 06bEKTMB, CPOKYCMPO-
BaHHbIA Ha BECKOHEYHOCTb, Pe3K0e U300paXeHne 06beKTa Ha
NAeHKe MOAYUYUTCS MPKU PacCTOSAHUM OT 06beKTa 40 KaMmepsbl,

! ,U.I/IOI'ITpI/IH — euHNnLa ONTUYECKOI CUMbI NMNH3bI. 3HAK «+ » 03Haya-
€T, YTO NNH3a BbiNyKnad, T. €. coﬁmparomaﬂ; 3HaK « — » O03HayaeT, 4yTo

NINH3a BOrHyTas. BOrHyTble NNH3bI npu dJOTOC'beMKe, KaK npasuno, He
MCNONb3yHTCA.
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UTo6bl He CMYrHYTb NATYLIKY,
(hoTOCbEMKA NpOM3BOAMAACE CO
CpPaBHUTENbHO 60/LLIONO pPaccToAHUA
(okono 1,5 m) 35-MM 04HOO0OBEKTUB-
HOIi 3epKanbHOI kKamepoit ¢ 135-mm
TeNeo6bEKTUBOM U 8-MM YANNHUTENb-
HbIM KO/bLOM. Ans BblaeneHus
OCHOBHOTO 06beKTa CbEMKM
(narywku) 6bina ycTaHoBfeHa
MakKcMMa/ibHO BO3MOXHas Auadparma
(1:2,8), 4TO NpPMBENO K OYEHb Manoi
rny6uHe Pe3KOCTH.

Ta6bnuuya 4. PaccTosHne Mex
YeCKOW CUMbl NMNH3bI U PacCTOAHUSA

paBHOM (POKYCHOMY pPacCTOSIHUKD HAcafO4YHOI SIMH3bI, NPUYEM 3TO
paccTosiHMe M3MepsieTcs OT Hacafo4YHON NUH3bI A0 06bEKTa.
®oKycmpys 06beKTB KaMepbl Ha Kakoe-TO KOHEeYHOe paccTosHMUe,
MOXHO MOMY4YnTb pPe3Koe M300pakeHne 06bEKTA, HaXoAALerocs ot
00bEKTMBA HA PaCCTOAHUU, MEHbLUEM YeM (DOKYCHOe paccTosHue
Hacafo4HOl NMH3bI. AN KaXA0N Hacafo4yHOW NNH3bI
COCTaBNATCA TabMMLbI, B KOTOPbIX yKa3aHbl AeACTBUTENbHbIE
paccTosAHWA, Ha KOTOpble CHOKYCMPOBAHA CUCTEMA «HAacaf04Has
MH3a — 00BLEKTMB» AN Pa3HbiX [AeNeHUid Ha LKane
(hOKYyCUPOBKMN 06BbEKTMBA. BOMLLIMHCTBO COBPEMEHHbIX
06BEKTMBOB MOXHO CHOKYCUPOBaTb Ha PacCcTOSIHWE, MeHbLUEe YeM
1 ™, n, Kak cnegyet u3 Tabn. 4, ona Takmx 06bEKTUBOB AnManasoH

4y 06bEKTOM CbEMKM U HAcao4HOW MH30M NPU PasIMYHbIX COYETAHUSAX OMTU-
(hOKYCUPOBKM 06BLEKTUBA

PaccTosiHne Mexay 06BHEKTOM CbEMKW W Hacafo4yHOW NNH30A cM
OTCcYeT No WwKane QOKyCUPoBKN
06beKTUBa, M +1 +2 +3 v 4(1+3) +5 (2 +3)
o0 100 50 33,3 25 20
10 91 47,6 32,3 24,4 19,6
5 83,3 45,5 31,3 23,8 19,2
3 75 42,9 30 23,1 18,8
2 66,7 40 28,6 22,2 18,2
1,5 60 37,5 27,3 21,4 17,6
1,2 54,5 35,3 26,1 20.7 17,1
1 50 33,3 25 20 16,7
0.8 44,4 30,8 23,5 19 16
0,7 41,2 29,2 22,6 18,4 15,5
0,6 37,5 27,3 21,4 17,6 15

Mpumeuanve. ECM 06BEKTUB CHHIOKYCMPOBaH Ha paccTosHe, paBHOe 1 M, TO COOTBETCTBYHOLLEE pac-
CTOSIHME MPW MCMO/b30BaHUU NGO HACafOYHOM NIMH3bI OYAeT COBMafaTb C PACcCTOSIHMEM OT 00b-

eKTa [10 IMH3bI C ONTK
GECKOHEYHOCTb.

YECKOIi cunoii, 60/bLUE Ha eauHULy, NMpU 06bLEKTMBE, CPOKYCHPOBAHHOM Ha
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Mapku, pasnoXKeHHble Ha y4yacTke
nnowagbto 10 X 15 c¢m, 6biam
choTorpampoBaHbl C MOMOLLbIO
HOpManbHOro o6bekTnBa 1
Hacafo4YHON NUH3bI ONTUYECKON CUNOi
+3 antp.

PaccTOAHMIA, Ha KOTOPbIX MOXHO CHUMaTb C KOHKPETHOM
HacaZ04HOW /IMH30W, NepeKpbIBaeTCs AManasoHOM BO3MOXHbIX
paccTOsHUIA ANS NNH3bI APYTOi ONTUYECKOW CUMbI.

Takum o6pasom, poTorpad, y KOTOPOro ecTb Hacafo4Hble
NINH3bI BCEX TPEX ONTUYECKMX CUA, MOXET CHUMATb Ha Nto6om
paccTosHUN MeXay 6eCKOHEYHOCTHI0 U MUHUMASTbHBIM
paccTosHMeM, SOMYCTUMbIM C HAacafOo4YHOW NNH30W B + 3 ANTp.

MprMeHeHWe HacafouHbIX NINH3 SBASETCSH eLUHCTBEHHbIM
MpakTUYECKMM CNOCO60OM COKpaLLEeHWs pacCTOSAHMA (HOKYCUPOBKU
NS Kamep ¢ PUKCUPOBAHHBIMU, T. €. MOCTOSHHLIMU 06bEKTUBAMU.
O6bIYHO 3TO AanbHOMEpPHbIE Kamepbl, Kamepbl C BUAOUCKATENEM
UM ABYX0ObLEKTMBHbIE 3epKabHble hoToannapatbl. Mpu
MCNO/b30BaHWMK 3TMX (PoTOANNapaToB A8 CHEMKU KPYMHbLIM
n1aHoM 0Cc060e BHUMaHWe ClefyeT yaendTb YCTPaHeHUto
napasnnakca, BO3HMKAIOLWEro nu3-3a HecoBNajeHns ONTUYeCKnUX
oceli Bugouckartens n 06beKTMBa. [axe ecnv B Kamepe
npeaycMOTpeHa aBTOMAaTMYeCKas KOPPeKuus napanniakca, TO OHa
0Ka3blBaeTCs 00bIYHO APPEKTUBHON TOMLKO A5 PACcCTOSHMIA, He
MEHbLUMX PEKOMEHAYEMOr0 MWHUMAMbHOFO PaccTosHUS
(hOKYCMPOBKM JaHHOrO annapara.

OanH 13 cnocoboB peLleHns «npobnembl napannakcas
COCTOMT B MPUMEHEHWW CMELMANbHON paMKu, OrpaHNUMBALOLLENR Ty
06nacTb 06beKTa, KOTOpas O6yAeT BK/HOYEHA B Kagp Mpw faHHOM
KOMOGMHaLUMM HacafoyHas NMH3a — 00beKTMB. UT0ObI pamKka He
nonana B Kagp, OHa f0/MKHA 6biITb A4OCTATOMHO 6GOMBLLUOK, a ANNHA
KPOHLUTElHa, COeAMHSIOLLErO PamMKy C KaMepoii, fo/mMKHa BbiTb
TaKoW, 4TOBbI paMKa Haxo4unach Ha HY)KHOM PaccTOSHUW OT
Kamepbl.

Mpy cbeMKe C Hacafo4YyHOM NNH30M KavyecTBO M306paKeHNs
YXYALIAeTCs, TaK Kak /IMH3a (haKTUYecKn CTAaHOBUTCA eLle OAHWUM
LOMOMHUTENBHLIM ONTUYECKUM 371EMEHTOM CLEMOYHOMO
06bEKTMBA, YTO NPUBOAMUT K YBEIMUYEHWIO ero abeppauuid. MoTeps
KayecTBa NposBAseTcs 06bIYHO B BUAE YXvgmei Ms pe3KocTu K
KpasiM M306paxkeHus.
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Puc. 113.

YONVHWUTENbHbIE KOMblia 4acTo
nocTaBnsATCA B BuAe Habopa M3 Tpex
KOJel, pa3fMYyHoOli ANUHBI.

B npuHUMNE MOXHO CYLLECTBEHHO COKPaTUTb PaccTosiHME
[0 06beKTa, eci UCMoMb30BaTh HECKObKO (Hanpumep, ABe)
Hacaf04HbIX NIMH3 OfHOBPeMeHHO. OfHaKo NoTepn KavecTBa
N306paXKeHNst NpU 3TOM OYAYyT TaKXe CYLIEeCTBEHHbIMK. [o3ToMy
€C/M BCE XXe (poTorpad BbIHYXAEH MCMO/b30BaTh [BE Hacaf04Hble
NINH3bl OfHOBPEMEHHO, TO OH [O/KEH fIMH3Y 6OMbLUEA ONTUYECKOI
CUNbl Pa3MecTUTb G/IMKE K 0OBLEKTUBY.

Yo MHUTENbHbIE KOMbLA U MeX

CbemKa KpynHbIM MIaHOM OAHOOGBEKTVBHbLIMM
3epKaNbHbIMK Kamepamy MpoLle, YeM Kamepamu f1060ro gpyroro
TUMa, NOCKO/bKY B MEPBOM C/yvae KOMMO3ULMIO Kaapa U TOYHOCTb
HaBOLKM Ha Pe3KOCTb MOXHO KOHTPO/IMPOBATb NPSMO B OKHe
Bugouckatens. Y 60NbWNHCTBA OLHOOOBLEKTUBHBIX 3epKasbHbIX
Kamep 06BEKTUB MOXET BbITb (PU3NYECKN CHAT, YTO AaeT
BO3MOXHOCTb YBE/IMYUTb PAaCCTOSIHWUSA MeXAy 0ObEKTMBOM U
kamepoii. UeM 6onblUe 3TO PacCTOsIHNE, TEM MeHblUe OygeT
paccTosiHMe MexAy 06BHEKTOM U KaMepoi, Ha KOTOPOM MOXHO
nony4nTb pe3koe m3obpaxeHne. CamMblii NPOCTON CNOCO6 A06UTLCS
TaKOro pasHeceHuss 06bEKTMBA M KaMepbl — 3TO MCMOJb30BaThb
NMPOMEXYTOUHbIE YA/IMHUTENbHbIE KOMbLA, KOTOPbIE BCTaBMAHOTCA
MeXay 06bEKTMBOM M Kamepoil. [4na 3TOro yannHUTeNbHbIe
KO/bLa AOMKHbI MMETb TOYHO TaKOM XKe KPeneXHbIli MexaHu3Mm,
KaK Yy Kamepbl, C KOTOPOI OHW 1cnonb3ytoTcs. O6bIYHO
YANVHUTE/bHbIE KOMbLA NPOLAIOTCS MO OLHOMY WM B Habopax.
TunnyHblA Habop gns 35-MM O4HOOOBLEKTUBHON 3epKanbHO
Kamepbl COAEPXUT TPM KO/bLA pasHbIX pasMepoB, Hanpumep
WwyprHoit 12 mm, 20 Mm 1 36 MM. Kofblia MOXHO MCMO/b30BaTh
Mo OAHOMY WK B KOMGUHaLMK Apyr ¢ Apyrom. TakuMm o6pasom
TPU KOfMbLA AalT CEMb BO3MOXHbLIX BapvaHTOB WUCMO/b30BaHUS.
MexaHu3Mm hOKYCMPOBKM 06beKTMBA paboTaeT npyu 3TOM TOYHO
TaK Xe, Kak 1 6e3 yaMHUTENbHbBIX KOMel, MO3TOMY MpU KaXKgol
KOM6MHaLMKM KofeL, NoMy4atT OrpaHUYeHHbIA AranasoH
PacCTOAHMWIA 1O 06bEKTa, Ha KOTOpble MOXET BObiTb CHOKYCUMPOBaH
06bEKTUB.

MHorune yanMHuTe bHble KOJbLia OTHOCATCA K «aBTomartuye-
CKOMY» Tuny. B Takmx KonbLax ecTb MeXaHu3Mm, KOTOpbIli He
HapyLlaeT MexaHW4YeCKOro COeAuHeHMs Mexay Auadparmoi
06beKTMBA U KaMepoii 1, Takum 06pa3om, AOMYCKaeT aBToMaTuye-
CKYI0 perynmpoBKy fuagparmbl 06beKkTUBa. HekoTopble
YONVHUTENbHbIE KOMbLA UMEHT LOMOSIHUTENbHbIE YCTPOWCTBA ANA
o6ecneyeHnss CbeMKM C MaKCUManbHOM amadyparmoli B Kamepax ¢
n3MepeHmem akcnosuuum no cucteme TTL. Ecnv Takue Kamepsl
NCNONb3YHTCA C YAAMMHUTENbHLIMIA KOMbLAMW, HE VUMEIOLLUMU
3TOr0 AOMONHUTENBHOMO YCTPOWCTBA COMPSXKEHUS, TO IKCMO3ULMSA
M HaBOAKa Ha Pe3KOCTb AO/HKHA MPOM3BOAUTLCA Npu paboueit
Anadparme. [nana3oHbl pacCTOSHUI CbEMKW, OMNpeaensiemble
BO3MOXXHOCTSAMU (POKYCUPOBKM C PasIUYHbIMU KOMBUHALMAMY
YANVHUTENIbHLIX KOJEL,, YaCcTO He MEepeKpbIBAKTCA U B pe3ynbTare
0Kas3blBaeTCs, YTO B AManasoHe pacCTOAHUIA CbeMKU, B KOTOPOM
MOXHO paboTaTb C JaHHbIM HabopOM KOneL, CyLIecTBYHOT MpoBa-
Nbl. CaMblli 601bLLOV MPoBan 06bIYHO MMEET MECTO MeXAY
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Puc. 114.

TunuyHbln Mex. Hanuune
rpagyvmpoBaHHO NMHeNKN Mo3BonseT
Nerko M3MepuTb BeNYUHY
pacTseHus, Heo6Xo4MMOro Ans
BbIYNC/IEHNS YBENNYEHUSA U
onpeAeneHns npaBu/bHOM
3KCNO3nUUN.

MUHUMa/IbHbIM PAcCTOSHWEM (DOKYCUPOBKN 06bEKTMBA 6e3 Kakux-
NM60 Kosew, N MakCUMasibHbIM PacCTOAHWEM ChEMKM C CaMbIM
Y3KUM YOJIMHWUTENbHbIM KOMbLOM. Korfa paccTosiHie 4o 06beKTa,
Mpu KOTOPOM ero u3obpaxkeHue 3anonHaeT BeCb Kaap, nonagaet B
OAWH 13 TakMX MpoBasnoB, PoTorpag BbIHYXAEH HECKO/bKO
YBE/IMYNTb 3TO PACCTOAHME U KOMMEHCMPOBATb YMEHbLUEHWE
pasMepa n306paxeHns, yBenmumB mMaclitab npy nevatu nosuTusa.
MOXHO NOCTyNWUTbL MHave. Ecnm paccTosHue 40 06beKTa
[lOMYCKaeT CbeMKY C HaCaZ0oUHbIMU NIMH3aMW, TO BMECTO KOneL|
MOXHO MOCTaBUTb COOTBETCTBYIOLLYIO /IMH3Y. OfHa 13 nNpobnem,
CBSI3aHHbIX C NPUMEHEHMEM NPOMEXYTOUHbIX KOMeL, BO3HWKAeT B
TOM Cfly4ae, Korfa Bo BpeMsi O4HOro Luknia oTtorpadmpoBaHus
HY>KHO CHATb HECKOJIbKO 061BEKTOB, CYLLECTBEHHO OTNNYAIOLLMXCS
No BeNM4YMHe. ITO LOBOMbHO YTOMUTENbHAA paboTa, NOCKObKY
L19 NofyyYeHUst HEO6XOAMMOro PaccToAHWUSA OT 06beKTa A0 Kamepbl
MPUXOAMUTCA YacTO MEHATb YA/MHUTENbHbIE KOfMbla. 3Ty 3afavy
MOXHO YNpPOCTUTb, €ClIN BMECTO YAJIMHUTENbHbIX KOMeL,
BOCMO/Ib30BaTbCA MexoM. Mex — 3T0 6o/ee 4OPOroe yCTpOICTBO,
YeM YA/IMHUTENbHBIE KOMbLA, HO OH MO3BOJMISET HeMpepbIBHO
M3MEHATb PacCTOsSHME MeXAy 0OBEKTUBOM M KaMepoid, YTO B CBOIO
oyepedb AaeT BO3MOXHOCTb MPOM3BOAUTL (DOTOCHLEMKY Npu NHO60M
paccTosHUU Mexay 06BbeKTOM U 06bEKTUMBOM (B pasyMHbIX
npegenax). MakcMmanbHoe paccTosHMe 0T 06beKTMBA A0 00beKTa
MpW UCNO/b30BaHUN Mexa onpejenseTcs AAVHON Mexa B CKaToM
COCTOSIHWMU, KOTOpas He MOXET ObiTb MeHblie 30 MM (3Ta
BE/IMYMHA MOXET ObITb Pas3/IMYHON ANs Mexa, U3roToBASEMOr0
pasHbiMK (hupmamu). MUHUMANTBHOE Xe paccTosiHMe OT 06beKTa
[0 KaMepbl Onpefensetcs MakCUManbHON BENUUMHOWN PacTsHKEHUS
Mexa, KoTopas 4ns TUMWYHOIO YCTPOICTBa COCTaBNSET OKOJO0

150 mm.

PacueT yBennyeHus

Mcnonb3oBaHne Hacafo4HbIX IUH3, YAIMHUTENbHBIX KOseL,
M Mexa NO3BO/IAET COKPaTUTb BO3MOXHOE PacCTOsHME MeXAY
CbEMOYHbLIM 06BLEKTUBOM M OOBLEKTOM ChEMKU [0 BESIUYUHBI,
MeHbLLEN (POKYCHOro paccTosiHUA 06bekTnBa. OfHaKo
npuénmkeHne 06bEKTUBA K 0OBEKTY ABNAETCA HE CaMOLIeNbio, a
MWL CNOCOBOM NOMyYEeHUS Ha NAeHKe M306paXkeHns, BENYMHA
KOTOPOro 60/bLUe, YHEM MOXHO MOJTyUYnUTb B OBbIYHBIX YCMOBUSX.

COOTHOLLEHUNE MEXJY pasMepamyt M306paxXeHns u
00beKTa BblpaxaeTcs /MO0 vepe3 KpaTHOCTb yBeSMYeHus, Nnbo
uepe3 OTHOCUTENbHYO BeMUMHY —Maclutabom. B nepsom
cny4ae yBenMUyeHne xapakTepusyeTcs OfHONM LM(poi, KoTopast
MOKa3bIBaeT, BO CKOJIbKO pa3 Be/MYMHA U3006paXKEHUA Ha MeHKe
6onblue (MeHbLUe) BeNnUYMHbI 06bekTa. Ecnu, Hanpumep,
n3o6paxkeHve BABOe 6O/bLUE CaMOro 06beKTa, TO YBeNMUYeHue
COCTaBNsAET 2 pasa uam 2X ; ecnv n3obpaxkeHne 1 06bEKT 0AHOro
pasmepa, TO yBenmyeHue 1X | a ecim n3obpaxeHue BABOE MEHbLUE,
uem 06beKT, TO yBenmyeHune pasHo 0,5 X . Bo BTopoM ciydae
yBe/IMYeHNe XapaKTepusyeTca AByms Lugpamu: nepsas
NnoKasblBaeT BENNUYMHY U306paxeHus, a BTopas — BE/IMYMHY
06bekTa. Takum 06pa3om, Npu ABYKPATHOM YBENUEHUN
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OTHOCWTE/IbHOE yBeNMYeHne (MM macwiTab) paBHO 2:1, mpw
ofHOKpaTtHoM ysennyeHnn — 1:1 v npm 0,5-kpatHom — 1:2.
YBenuueHne 06bIYHO 0603HAYAETCSH OYKBOM «T».

YBenuueHue LW, Noay4YeHHOe B MOMEHT CbeMKM, 4acTo
Ha3bIBaKOT YBENMYEHNEM KaMmepbl A4Ns TOro, YTo6bl OTINUNUTL €ro
OT KOHEYHOrO YBENMYEHWs,, KOTOpOe OnpefensieTcs OTHOLUEHWEM
pasmepoB 06beKTa N U306paXKeHUs B ero OKOHYaTe/IbHOM BUE.
CnefyeT OTMETUTb, YTO 3TO He OAHO W TO XKe, MOCKOJbKY
n306paxkeHne, NosyyeHHoOe Ha MeHKe, B OKOHYaTeNbHOM BuUfe
npegcTaBnseT coboil Mbo yBeNMYEHHYH poTorpaguio, nmbo
YBE/IMUEHHYI0 MPOEKLMI0 AMano3nTmea Ha akpaHe. KoHeuHoe
yBENMYeHne, 006bIYHO 0603HaYaeMOe 3arfaBHOW OYKBON «M»,
paBHO NPOW3BELEHNIO YBE/IMYEHNS KAMEpbl U YBENUYEHUA HeraTu-
Ba NPV neyatn WM yBENMYEHUS NMPU MPOEKLMN ANano3nTuBa.

B npaktuyeckoit hoTorpatmm «KpymnHbIM MaaHOM»
paccTosiHME 40 00BEKTA, a TAKXE LUMPUHY KOMEeL, N PacTsHKeHue
Mexa 06blYHO Nofg6mpaloT TakuM 06pa3oM, YTO6bLI 3amoHANCSA BECh
Kagp. VIHorga KpaTHOCTb YBENMYEHUA U peasibHble pasmepsl
06beKTa He NpefcTaBaslT 0cob60ro uHTepeca. OLHAKO B TeX
Cny4asx, Korga Heo6XoAMMO MMETb.NPeSCTaBNeHNe O peasibHbIX
pasmepax 00beKTa, Ha (hoTorpaduy yKasblBaloTCs LUMPUHA
YANVHUTENBHOMO KOMbLa, POKYCHOE paccTosiHue 06beKTuBa U
paccTosHMe, Ha KOTOpoe OH 6bin choKycmpoBaH. Pacnonaras
3TUMMW AaHHbIMW, NErKO BbIYMCANUTL YBEANYEHWE C MOMOLLbHO
NPOCTbIX OpMy. B ONTUYECKUX pacuyeTax pPaccTosiHUe Mexay
00BHEKTMBOM U M300paXKeHMeM, KOTOPOe OH CO34aeT, 06bIYHO
0603HavaeTcs 6ykBOW «V». YT06bI M306paXkeHne 06beKTa ObIIO
PE3KWUM, Ha CHUMKe 3TO paccTosHWe AOMKHO TOYHO COBNajath C
paccTosiHMeM MeXay 0O6BLEKTUMBOM W MAEeHKOW. Ecnu paccTosHue oT
06beKTMBA O NAEHKN U3BECTHO, TO YBENMYEHNE MOXHO BblUNC-
nmTb no gopmyne m=(V —F)/F, roe F— (hokycHoe paccTosHue
06beKTVBA.

Ecnn 06beKT CbEMKU CAMLLKOM YAasleH OT 00bEKTMBA, T. €.
06bEeKTUB annapaTa yCTaHOB/EH Ha 6ECKOHEUYHOCTb, TO 3HaueHue V
B TOYHOCTU paBHO (DOKYCHOMY pacCTOsiHWIO 06bekTuBa, T. €. V= F.
Ecnn 06beKTMB No-npexxHeMy CHOKYCUPOBaH Ha GECKOHEYHOCTb, a
Be/IMYMHA V yBeNMYeHa 3a CHET pa3HeceHMsi 06beKTUBA M Kopryca
Kamepbl C NOMOLLbI YANMTE/bHBIX KOMeL Uan Mexa, TO UMeeT
MECTO CfiefiytoLiee COOTHOLWeHMe: e =V —F (rge e — paccTtosiHue
0T 00bEKTMBA [0 NepeaHeli CTEHKN hOTOKaMepbI, T. €. WMPUHa
YA/MHUTEIBHOTO KOJbLA, UMW BENNYMHA PACTSHKEHUS MeXxa).
MoacTaBnsAa 3TO COOTHOLLEHME B MPeAblayLyto hopMyny, noayyum
npocToe BblpaXeHue: T= e/ F. Tak, Hanpumep, ecim Mbl CHUMaEM
06BEKTMBOM C (POKYCHbIM paccTosHumeM 50 MM, CPOKYCHUPOBaH-
HbIM Ha 6ECKOHEYHOCTb, U C YA/IMHUTENbHbBIM KO/bLOM LUVPUHOW
25 MM, TO yBefMuyeHue cocTaBuT 7= 25/50= 0,5, T. e.
n306paxxeHne Ha oTonNeHKe 6yaeT B NOMOBUHY HaTypasibHOM
BE/IMYMHBI 06bekTa. MNpn CbemKe C 6/IM3KOr0 paccTosHMS C
MOMOLLLI0 YANVHUTENbHBIX KOMEL WA Mexa kamepa 00bI4HO
(hOKyCUpyeTCs Ha paccTosHWE, OT/MYaKoLeecs 0T 6eCKOHEYHOCTU.
[eno B TOM, 4TO MeXaHW3M (POKYCUPOBKM 06BbEKTMBA NO3BONSET
NoNTyUYNTb YBENMYEHNE, MPOMEXYTOUHOE MEXAY YBEINYEHUAMN,
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KOTOPble JOCTUrAOTCA MPU OCHOBHbLIX KOMOWMHAUUAX YANUHUTENb-
HbIX Koney. Kpome Toro, ecnu kamepa rpy6o HaBefeHa Ha
PE3KOCTb, TO NJIABHbIA W TOYHBIA MeXaHN3M (HOKYCUPOBKM MOXHO
MCNob30BaTh /19 TOHKOW NOACTPONKU W [O6BUTLCA NyuLlel
Pe3KOCTU M306paXKeHUs, YeM MpU NepeMeLLeHnn KaMepbl
OTHOCUTENbHO 06bEKTA C MOMOLLbLIO PEeYHOro MexaHu3Ma Mexa.
Korpa 06bekTVB CHOKYCMPOBAH Ha PaccTosiHWe, OTaMYaroLleecs oT
0eCKOHEYHOCTU, yBenuyeHue 6yaeT 60MbLUE, YEM BblYMCNEHHOE NO
thopmyne, YUUTbIBalOLed TONbKO WUPUHY YAAUHUTENLHOTO
KOMbLA Un AIMHY Mexa. [leno B TOM, YTo (hOKYCMPOBOYHOE
YCTPOWCTBO AaeT AOMOMHUTE/IbHOE BbIABUKEHUE MEXAY
06BEeKTNBOM U KaMepold. Ecnu 3To JOMOMHUTENbHOE BbIABMKEHNE
0603HaYnTb Yepe3 X, TO TOYHOE YBeNUYEHNE MOXHO BbIYMCAUTL MO
thopmyne m= (e+ x)/F. BenumuuHa X Ans pasinyHbIX 3HAYEHW
(hOKYCHPOBKM W psja TUNUYHBIX (DOKYCHBIX PaccTOsHUI
00beKTMBa NpuBefeHa B Tabn. 5.

YT06bl Nonyunth hoTorpaduio ¢ 3afaHHbIM YBENNYEHNEM,
Hafo onpefenuTb HeoOXOAUMYIO LUMPUHY YAJIMHUTENIBHOIO KOJbLa
(M HeobXoAMMOE pacTsXKeHWe Mexa). ATO MOXHO CLenath,
npeo6pasya npefbigyliee COOTHOLWIEHNE K BUZY e+ X= m* F.
MpefnonoXuMm, Hanpumep, YTO C NOMOLLbI 50 MM 06beKTMBaA U
YONMHUTENbHBIX KOfew TpebyeTcs monyynTb n3obpaxeHne 06bekTa
Ha N/IeHKe B OAHY YeTBEPTb €ro HaTypasbHON BENNYWHSI, T. €. C
T= 0,25. Torga nonHoe BblABWXeHNE OOBLEKTUBA OTHOCUTENLHO
Kamepbl coctaBuT e+ x= 0,25X 50= 12,5 wmm. lNpegnonoxmnm takxe,
YTO HMKakas KOMOWMHAaLUA MMELMXCa YANMMHUTENbHBIX KOonel, He
[laeT Takoro BbIABUXEHWS W YTO [OMNYCTUMAs LUMPMHA KONbLA
paBHa 10 mm. CnefoBaTenbHo, Tpebyemoe yBenuyeHne MOXHO
06ecneynTb TOMIbKO 3a CYET JOMOSIHUTE/IbHOTO BbIfBUXEHUSA
o6bekTMBax— 125— 10= 2,5 mm. B cooTBeTcTBUM C Tabn. 5 3710

Tabnuua 5. 3HauyeHNss BENNYMHbBI X ANA 06bEKTUBOB C Pa3NNYHbIMU POKYCHbIMY PacCTOSHUAMM

OTcueT No wKasne GoKyCUpOBKHM

3HayYeHns BeNNYUHBbI X, MM

o6veKTUBa, M 24 28 35 50 85 100 135
© 0 0 0 0 0 0 0
10 0,06 0,08 0,12 0,25 0,73 1,01 1,85
5 0,12 0,16 0,25 0,51 1,47 2,04 3,75
3 0,19 0,26 0,41 0,85 248 3,45 6,36
2 0,29 0,40 0,62 1,28 3,78 5,26 9,77
15 0,39 0,53 0,84 1,72 5,11 7,14 13,35
1,2 0,49 0,67 1,05 217 6,48 9,09 17,11

1 0,59 0,81 1,27 2,63 7,90 11,11 21,07
0.8 0,74 1,02 1,60 3,33 10,10 14,29 27,41
0,7 0,85 1,17 1,84 3,85 11,75 16,67 32,26
0,6 1 1,37 2,17 4,55 14,03 20 39,19
0,5 1,21 1,66 2,63 5,56 17,41 25 49.93

MpumeuaHne. HekoTopble 06beKTUBbLI (0CO6EHHO ANMHHOMOKYCHbIE) HEBO3MOXHO CHOKYCUPOBaTb
Ha MUHMMaNbHbIE PaCCTOAHUSA, YKa3aHHble B Tabnuue. Mpu hoToCbeEMKE KOPOTKO(DOKYCHbIMU 06b-
eKTUBaMu, ChOKYCUPOBaHHLIMU Ha MaKCMMa/lbHO BO3MOXHOE pacCTOfHMWE, 3HAYEHWE BEANUYMUHBI X
CTONb Mano, 4YTO €0 MOXHO MpeHebpeuyb, B 0COBEHHOCTM €C/M BEMYMHA € 3HaYUTeNbHa.
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03Ha4aeT, 4YTo 06BLEKTUB JOMKEH ObITh CHOKYCMPOBAH Ha
pacctosHue YyTb 6onblie 1 M.

Bb160p 06bEKTMBA A5 CHEMKMN KPYMHBIM M/1aHOM

HoBuyok B doTorpagum, NpucTynas K CbeMke KPYMHbIM
NNaHOM, HaBepHAKa BOCMO/b3YETCH HOPMasbHbIM (CTaH4APTHbLIM)
06beKTMBOM (T. €. 06BLEKTNBOM, KOTOPbIA NPUAAETCa K KaMepe) u
HacaZloYHbIMN IMH3AMU WN YOJIMHUTENbHBIMU KoMbLamu. Mexay
TeM OH MOr 6bl NOYYUTb rOpasfo fiyyllne pesynbTaThbl, CHUMAsA
HecTaH4apTHLIMU 06BEKTUBAMMU, HE TOBOPS YXXe O TOM, YTO B
HEKOTOPbIX Cy4yasax MPOCTO HEBO3MOXHO MOMYYUTb CHUMOK C
MOMOLLbI CTaHAAPTHOM ONTUKM. Mpy CbeMKe KPYMHbLIM MAaHOM
MPYBbLIYHBLIX 06BEKTOB (Hanpumep, LBETOB) XOPOLLME pe3y/bTaThbl
MONyYarTCs MpU UCMONb30BAHUN 06BEKTUBOB C 6OMBLINM
(hOKYCHbIM paccTosHuem, Hanpumep 100 nam 135 MM ans 35-mm
Kamepsbl. [leno B TOM, YTO faXKe ecin Mbl XOTUM BOCMPOW3BECTH
MefiKve fetanu, BUAUMble HEBOOPYXKEHHbIM r/1a30M, OrpaHnyeHue
MWHUMa/IbHOTO PaccTosAHMA (hOKYCUPOBKM rnasa He no3sosnset
HaM paccMaTpuBaTb LiBETOK C pPaCCTOAHMUSA, CYLLIECTBEHHO
MeHbluero 25—40 cm. Ecnm npy oTocbemKe LiBeTKa, KOTOpbIi
[O/MDKeH 3amnofiHATL BeCb Kajp, PaccTosiHUe OT Hero 40 06beKTuBa
CYLLECTBEHHO MeHblle 25—40 cM, TO KaMepa C HOpMasibHbIM
00bEKTUBOM OYfeT «BUAETb» OOBLEKT B HEMPMUBLIYHOM A/ HAC
pakypce 1 00beKT Ha CHUMKe OY/eT Ka3aTbCH HEeCTeCTBEHHbLIM.
MpvMeHeHne ANMHHOMOKYCHOro 06beKTUBa NO3BONAET
OCYLLeCTB/ATL POTOCHEMKY C 6O/bLUEr0 PACCTOAHUSA U TEM CambIM
B 60Nee NpPMBLIYHOM ANA Hac pakypce. Kpome Toro, BCreacTBume
CY>KEHUA Yrna 3peHns KaMmepbl OTHOCUTENbHAA nowaib hoHa B
Kafpe yMeHbLUaeTcs, YTo 0CO6eHHO BaXKHO, €CIN HEXeNnaTebHO
BK/tOYaTb ()OH B Kazp.

OfHUM 13 NpeuMyLLECTB AMHHOPOKYCHOro 06beKTMBA
ABNsieTcA 60nblas cBo60Aa BbIGOpa cnocoba OCBeLlEHNS 06beKTa
CbEMKW: hoTOrpadupys, Hanpumep, NPy COMHEYHOM CBETE, MOXHO
pacnonoXutb Kamepy Tak, YTOObl MPAMbIE COMHEYHbIE NTyYN He
nonagann B 06bEKTMB, a NPU CbEMKE BHYTPW NMOMELLEHNS
CTaHOBUTCA BO3MOXHbIM ONTUMaNbHOE pa3MeLLeHne OCBEeTUTESb-
HOW anmapartypbl.

KopoTKOGhOKYCHble 06bEKTMBBI, HaNnpMMep LUMPOKOYTO/ib-
Hble, B COYETAHUW C YA/IMHUTENbHBIMW KOMbLAMU U/ MEXOM
MOXHO MPUMEHATb 418 NOMYYEHUS CHUMKOB C 60/bLUNM
yBenmueHnemM. Tak, Hanpumep, ecam 50-MM 06bEKTUB B COYETaHU
C MEXOM fJaeT yBenmyeHne 3X , To 24-MM 06bLEKTUB B COYETAHWM C
TEM >Ke MeXOM NO3BOASET NOMYYUTb 6-KpaTHOe YBeNNYeHue.

B nocnegHem cnyvae, ogHako, nNpo6aeMa OCBeLLEHUS CTaHOBUTCS
6onee OLWYTMMON, NOCKOMbKY NPUXOAMTCA CHMMaTL C 6onee
6/11M3KOro paccTosHuA.

WHorpa ons cbeMKM KpYMnHbLIM M1aHOM MOXHO
UCMO0/b30BaTh OOBEKTUBLI, HE MpefHasHayYeHHble ans hoTorpagm-
poBaHus. Tak, 06bEKTUB MUKPOCKONA, CMOHTMPOBaHHbIA Ha Mexe
VAW YONMHUTENbHOM KOJbLE, MO3BONAET NOMyYaTb CHUMKM C
[0BOMIbHO 6ONbLINM YBENMYEHEM. BOMbWINHCTBO 06BLEKTUBOB,
npefHa3HayeHHbIX ANl MMKPOCKOMOB, HE VMEKT MPUCOBOM
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®doTo 161.

MHTerpansHas cxema, 28X .
POTOCHEMKA NPOU3BOAMIACE C
nomMoLbo 25-MM 06bEKTMBA
MUKPOCKOMNa U KyCKa YepTexHoro
Tybyca. Canon FTh, anekTpoHHas
BCMblwka, Kodachrome 64.

Puc. 115.

Kycok uepTexHoro Tybyca
noaxoAsLLeid ANvHbI HajaeBaeTcs
noBepX YA/IMHUTENbHOIO KOMbLa,
KOTOpOE KpenuTcs K Kopnycy
Kamepbl. Ha cbeMHoil meTannumue-

CKOIN KpbllKe Tybyca 3akpennsercs

06BbEKTUB MUKpPOCKONa. TouHas
(hOKyCMpOBKa MPOU3BOAUTCSA MyTeM
N3MEHEHUA PacCTOAHUA MeXay
06bEKTOM CbEMKMN N 06BLEKTUBOM.

avadgparMbl, NO3TOMY MPaKTUYECKU MPUTOAHbI AWNWb AN CbEMKMU
NnNockux o6beKTOB, rae Tpe6yeTcs Manas rny6uHa pe3KocTH.

MaKpoob6bEKTUBbI
Toukn, pacnonoXeHHble NO pa3Hble CTOPOHbLI OT BbII'IyKI'IOVI
NWH3blI, B KOTOPbIX HaxoanuTca npeaMeT n ero |/|306pa>|<eH|/|e, B
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ONTMKE Ha3blBalOT COMPSHXKEHHbIMK (HOKyCamMu, a pacCTOSHNSA OT
3TUX TOYEK A0 NMH3bI —COMNPSXKEHHBIMU paccTosaHMAMM. Mpw
YBE/IMYEHUN OQHOMO W3 COMPSKEHHbIX PAcCTOSHWIA Apyroe
YMEHbLLUAeTCs, U HaobopoT. HopmasnbHble 06bEKTVBBI 415 06LLel
thoTorpadt CKOHCTPYMPOBaHbI TakuM 06pa3oM, UTO UX MOXHO
NPUMEHSTb TONTbKO 415 CbEMKM 0O6BEKTOB, HAXOAALMXCS OT
00bEKTMBA HA PACCTOSHWM, CYLLIECTBEHHO 6O0MbLUEM YEM
paccTosiHMe OT 06bEKTMBA [0 M306paxeHns. Ecnv nonbiTaTbes
ChoKycnpoBaTb TaKoii 06BEKTUB HA PACCTOAAHWE, MEHbLUE
pacyeTHOro, TO Ka4yecTBO M306paXKeHMS 3aMEeTHO yXyAaLllaeTcs —
HabntofaeTca noTeps pe3kocTW, B OCHOBHOM MO Kpasim Kagpa. Bo
MHOIMX ClyYasx Takas MoTeps Pe3KOCTU MOXET ObITb
HECYLLLECTBEHHON N MOXET He BUATH Ha Ka4ecTBO OCHOBHOMO
aneMeHTa n3obpaxeHus. Hanpumep, npyu GoTorpagupoBaHnn
LIBETOB KamMepy 0ObI4HO pacrofiaraloT TaK, UTO LieHTpasbHbIi
06BbEKT, T. €. CaM LBETOK, MOMafaeT B LieHTPasbHYIO YacTb Kafpa.
MosTomy HebosnbLuas NOTeps Pe3KOCTK N0 KpasMm Kagpa, no-
BUAMMOMY, He ByfeT CKasblBaTbCs Ha KayeCTBe M306paXeHNs
uBeTka. OAHAKO MpK CbeMKax MNOCKUX 06BEKTOB, TaKMX,
Hanpumep, Kak MNo4YTOBble Mapku, HeOBX0AUMO, YTO6bI BCS
nnowaab Kagpa 6bl1a nepejaHa oAMHaKOBO pe3ko. CbeM-

Ka HOpMaJibHbIM 06bEKTMBOM 4acTo AaeT pe3ynbTaT

3aMeTHO XYXXe, YeM CbeMKa CreunanbHbIM «MakpoobbeKTH-

BOM ».

MpOMBILLAEHHOCTbIO BbINMYCKAOTCA MaKpOOObEKTMUBI,
npegHasHa4YeHHble ANs 0fHOOGBEKTMBHBIX 3epKa/bHbIX KaMep.
Takune 06bEKTMBLI NO3BO/MISOT NOMYyYaTb ONTUMasbHble
pesynbTaThl, T. €. U306paKEHNS HaMBbLICLLErO KayecTBa A5 00bEKTOB,
yfaNeHHbIX OT KaMepbl Ha CPaBHUTENIbHO HebO/bLUNE PACCTOSHNUS.
Kpome Toro, gmanasoH pacCTOSHUIA TOYHOW (HOKYCUPOBKU
MaKpoo6beKTUBOB CYLLECTBEHHO MPEBOCXOAMT COOTBETCTBYIOLLMIA
AvanasoH 418 HOpManbHbIX 00beKTNBOB. BOMbWNHCTBO MaKpo-
00BHEKTMBOB MOXHO C(POKYCMpPOBaTb Ha PacCTOsiHME OT GecKoHeu-
HOCTW [i0 BENMYMHbI, MPW KOTOPOIA NoslydaeTcs MNONOBUHHbIA pasmep
n3obpaxenus, 1. e. T =0,5. [pu 3TOM (hOKyCUMpPOBKA NPOMN3BOAUT-
cA NnaBHO 6e3 NCMOJIb30BaHUA KaKMX-1MO0 [ONOMHUTENbHbIX
NPMCNoco6neHNA.

BO/bLIMHCTBO COBPEMEHHBLIX 06BHEKTUBOB C MEPEMEHHbIM
(POKYCHbIM paccTofHWEM, MpefHa3HaYeHHbIX Ana 35-MM
OAHOOGBEKTMBHBIX 3epPKanbHbIX Kamep, MOryT paboTaTb B
«MaKpOPEXUME»: N3MEHSS PaCCTOSHNE MEXAY Pa3fMyHbIMU
ONTUYECKUMMN 3/IEMEHTaMN 06BEKTMBA, er0 MOXHO CHOKYCHMpOBaThb
Ha KOpPOTKOE paccTosiHWe, BNNOTb A0 yBenuyeHus B 0,5X . OgHako
KayecTBO M306paXKeHUs YCTymnaeT KayecTBy M300paxKeHus,
noay4aeMoMy Mpu CbeMKe HOPMasibHbIM 00BEKTMBOM, HO C
MCNo/b30BaHWEM LOMOMHUTENbHbIX MPUCNOCO6EHNIA TNa
YAAVHUTENBHBIX KOJeL, Uan mexa.

MepeBopayrBaHne 06bEKTUBA

Mpn oTOCbEMKE KPYMHBLIM MaHOM PaccTOsHUE OT
00beKTMBa 0 00beKTa 6O/bLUE, YeM pacCcTOsAHWE OT 0O0BLEKTMBA [0
N300paXeHNs NPU YCNOBUW, YTO pa3mep M300paXKeHWsI MeHbLLE,
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yem pasmep o6bekTa (T. €. m< 1). Ecnm pasmepbl 06beKTa U
n306pakeHnst paBHbl (T. €. M= 1), TO paccTOAHUA MeXAy
00BEKTVBOM U O6BEKTOM U 06BEKTUBOM U M306paKEHUNEM TaKXKe
paBHbl. Ecnm pa3mep n3obpaxeHus 6onblue pasMepa 06bekTa
(T. e. w>1), To paccTosiHME OT 00BLEKTMBA A0 M306PAKEHUS
MPEBOCXOAUT pPaccTosiHMe OT 06beKTMBA A0 06bekTa. Ecnm He
NPUHATbL CneLuanbHbIX,'Mep, TO 06beKTUB ByaeT paboTaTth B
YCNOBUAX, HACTO/bKO OTAANEHHbIX OT PacyeTHbIX, YTO Ka4ecTBO
06pasyeMoro UM nM306paxeHns cTaHeT HefOMyCTUMO MIOXMM.

[na ynydweHns KayectBa 06bEKTVBA MPU YBEINYEHNAX
60/bLUe eAMHULBI 4OCTATOYHO MepPeBePHYTb 06BLEKTMB Tak, YTOObI
ero nepefgHuii ONTUYECKUIA 3M1EMEHT Obl1 06palLLeH K N/EHKe, a
3afHWIA 3NeMeHT — K 06beKTy. [pn 3TOM CONpsKeHHbIe
paccTosAHMA KakK Obl «MEHSIOTCA MecTaMu», U ONTUYEeCKas cucTeMa
HaunHaeT paboTaTtb B YCN0BUAX, 60/1ee B/IM3KUX K pacyHeTHbLIM.
3TMM NPUEMOM MOXHO MO/b30BATLCA HE TOMbKO MPU ChbeMKax
06bIYHbIMW 0OBEKTUBAMM, HO N MPU CbEMKAX MaKpOOOGBEKTMBAMMU.
[nsa peanunsaumu 3Toro npuema 60/bLIMHCTBO BeyLUUX QUpMm,
BbINYCKAOLWMX 3epKa/bHble KaMepbl, NPOW3BOAAT afanTepbl —
obopaunBatoLLMe Kosbla C pe3bb0BbIMU COEAUHEHMAMMU A1
CoufieHeHNs 06BbEKTMBA C YANMHUTENbHBIM KOMbLOM MW MEXOM
yepe3 pe3bOOBYIO HapesKy, KOTOpas Npu HOPMasbHbIX YCI0BUAX
NCNOMb3yeTcs ANA KpenneHus GunbTPoB WM COMHEYHbIX GNeHA.

Mpn nepeBopayMBaHMK 06BLEKTMBA HapyLLaeTcs
MeXaHW4ecKoe COeAMHEHMe KaMepbl C AnadparmMoii 06bekTMBa 1
aBTOMaTuyecKas perynnpoBka guvadparmbl CTaHOBUTCS
HEBO3MOXXHO. HekoTopble (hUPMbI-U3rOTOBUTENN BbINYCKAOT
cneumanbHoe NpucnocobieHne, KOTOPOE KPEMUTCS K 3afHein 4actu
06bekTVBa. Takoe NpUCNOCO6aeHVe NO3BONSET C MOMOLLbIO
[BOMHOr0 CMyCKOBOr0 TPOCWKA OAHOBPEMEHHO YCTaHaB/MBATb
pabouee 3HaueHVe guadparmbl HENOCPELCTBEHHO Mepes CryCcKOM
3aTBopa.

Mpu nepeBopaynBaHMK 06BEKTVBA BO3HMKAET eLle 0AHa
npo6aemMa, KOTopasi COCTOMT B TOM, YTO TOHKas NMOACTPOMKa
paccTosHUA OT 06BbEKTMBA A0 NIEHKM C MOMOLLbLI POKYCMPOBOY-
HOr0 MeXaHu3Ma TakXKe OKa3blBaeTCs HEBO3MOXHOW: MepeBepHy-
Thli 06BEKTMB KPEnWTCS HEMOCPEACTBEHHO K YANMHUTENIbHOMY
KOMbLY WU MEXY ¥ MEXAY HUMW HET MexaHu3Ma (POKYCUPOBKMU.
XOTS (JOKYCMPOBOYHOE KOJbLIO MNPV 3TOM MOXET BpawyaTthbCs,,
04HAaKO0 3TO MPMBOAMUT K MepPeMeLLEeHMI0 (HOKYCMPOBOYHOTIO Y3/a
OTHOCUTENIbHO ONTUYECKOro 6/10Ka 06beKTVBa, KOTOPbIN OCTaeTcs
HenoABXHbIM. DOKYCUMPOBKY MOXHO OCYLLECTBUTb NULLb
nepeMeLLeHeM MeXa WK XKe, eCii MPUMEHSAIOTCA YA/IMHUTENbHbIE
KOMblia, NyTem TLiaTeNbHOW YCTaHOBKM MONOXEHUS BCeli CUCTEMbI
00bLEKTWB — Kamepa OTHOCUTENIbHO 06beKTa CheMKu. Bcneacteume
aCMMMETPUM ONTUYECKMX N MEXAHNYECKMX 3M1IEMEHTOB 06bEKTMBA
MONOXeHWEe JaHHON OMTUYECKOW CUCTEMbI OTHOCWUTENbHO
YANMHUTENIbHOTO KOJbLia WM MexXa OT/IMYaeTcs 0T TOro, KOTopoe
6b1710 6bl MPU HOPMaNbHOM PacrnonoXeHMU 06beKTMBa. Mo3ToMy
YBE/IMYEHME M Hefb3S ONpPeAennTb, NCXOAA U3 LUMPUHBI
YOJIMHUTENBHOMO KOMbLA UM CTEMEHW pacTskeHus mexa. Ans
3TOro Heo6XOAMMO 3KCMNEPUMEHTaIbHO HAWTU PasHOCTb
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PacTsHKEHNS Mexa NpY CbeMKe MepeBepHYTHIM WU HeMepeBepHYThIM
06BEKTUBOM /15 MOMYYEHNS1 TOFO XKe CaMoro pasmepa
n306paxkeHuns. MOCKoONbKY HailgeHHas Takum 06pa3oM pasHOCTb
6yaeT OfHOM 1 Toli Xe AN Nto6oI BENMYUHBI YBENNYEHNS, €€
MOXHO MCMO0/b30BaTb [/15 KOPPEKTUPOBKYM 3HaueHns e. MoacTaBus
CKOPPEKTMPOBaHHOE 3HaYeHVe e B CTaH4apTHOe ypaBHeHne m= e/F,
onpegeNiuM yBeMuyeHue.

PacueTbl akcnosvummn

Jio6oe BeLecTBO, faXe BbICOKOKAYeCTBEHHOE ONTMYECKOe
CTEK/I0, MOF/IOWAeT YacTb NPOXOAALLEro Yepe3 Hero ceeta. YacTb
CBeTa TepseTCs Ha KaxAoi rpaHule pasgena BO3AyX—CTeKno.
MoTepn Takoro poja He YYMTbIBAOTCS M3roTOBUTENIEM 00bLEKTMBA
N 3Ha4YeHUsa guadparmbl, yKaszaHHble Ha 06bEKTUBE, NMpUBEAEHbI 6e3
yyeTa 3TVX MoTepb. TeM He MeHee JaXe 3TW 3(P(eKTUBHbIe
3HaYeHMs MOTYT BObITb MCMOMb30BaHbI 41 ONpeseneHus
HeobXO0AMMOI 3KCMO3MLUUM TONBKO B TOM Cly4ae, Korpa
paccTosiHMe 0T 06bEKTMBA [0 MMIEHKN paBHO (DOKYCHOMY
paccTOAHUIO 06BEKTMBA, T. €. KOrja 06beKTMB CHOKYCMPOBaH Ha
6eCKOHEUYHOCTb. MOCKO/bKY WHTEHCMBHOCTL CBETa YObIBaET
06paTHO NPOMNOPLMOHANLHO KBafpaTy paccTosHWA, Npu
YBENMYEHUN PacCTOAHMS OT 0OBEKTMBA A0 M/IEHKU C LE/bo
NPUGANKEHNSA K OOBEKTY CHEMKM OCBELLEHHOCTb B MIOCKOCTU
NAEHKWN YMEHbLIAETCA U TakuM 06pa3oM peasibHOe 3HayeHue
OTHOCMTENbHOrO0 OTBEPCTUS He COOTBETCTBYET €ro MapKMpOBaHHONA
BE/IMYMHE Ha LKane gmadparM. 3TO HECOOTBETCTBUE YBE/NUMBA-
€TCA N0 Mepe YBEMIMYEHUA PacCTOSHWUSA OT MNEHKM 40 06BbEKTMBA.
Mpu cbemke 06beKTa, KOTOPbI HAXOAUTCA Ha AOCTAaTOYHO
60/1bLLIOM PacCTOSAHMM OT KaMepbl, YBE/IMYEHNE PacCTOAHMUA OT
06beKTVBA 40 M/EHKN HACTOMbKO Maso, YTO OTKIOHEHWEM B
BENMYMHE pPeasibHOro OTHOCUTENIbHOro OTBEPCTUA OT MapKUMpoBaH-
HOro Ha WkKane guadparmM MOXHO NpeHebpeyb, NOCKOMbKY
MOrpeLHOCTb B BEMIMUMHE 3KCNO3numn (Ha Heratuee) Gyaert
He3HaunTenbHOW. Ecnm paccTosiHie 0T 06beKTMBa 40 06beKTa ecTb
BeNMYMHA NOpsAKa AeCATUKPATHOro ()OKYCHOro paccTosiHuA, TO 3a
CYeT yBe/IMYEHNA pacCcToAHMA OT 06bEKTMBA 4O M/EHKN ANS Pe3KOl
(hOKYCMPOBKM MNEHKAa OKa3blBaeTCA 3aMeTHO HefOofep>KaHHOM.
Mpu “3mMepeHNK 3KCMO3nLMK C NMOMOLLbIO cucTemMbl TTL
aBTOMATMYECKN YUMTHIBAIOTCS KakK MoTepu cBeTa B 0OBLEKTUBE, Tak
M YMEHbLUEHNE OCBELLEHHOCTW BCMEACTBUE BbIABVKEHMNS
06beKTUBA, YTO MO3BOMAET MPaBWU/ILHO ONPeSennUTb BEINUMHY
gunadparmbl. Mpy cbeMKe KaMepoii, He UMetoLLeli BCTPOEHHOTO
3KCMOHOMETpa, WK npu HOTOCHEMKE CO BCMbILLKOA HEOOXOAUMO
BBECTW COOTBETCTBYHOLLYH MOMpPaBKy B pPacyeTHOE 3HauyeHue
3Kcno3uuuu.

S(hheKTMBHOE 3HAUEHWUEe Anadparmbl NP KOHKPETHOM
YBE/IMYEHNN M Ha MNNIEHKE MOXHO BbIYUCNNTbL U3 YPaBHEHUS

AheKTMBHOE 3HaueHMe Anadiparmbl
= MapKunpoBaHHOe 3HayeHWe avagparMbl X (T + 1).
Hanpumep, npu cbeMke ¢ yenndeHnem IX u anadparmon 1:16
3hheKTMBHOE 3HaYeHMe amadparmbl Oyaet pasHo 16 X( +1) = 1:32.
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Puc. 116.

M3meHeHve rny6uHbl peskocTu ¢
poctom ysenuueHusa. Kpusble
MOCTPOEHbI /1 KPY>XKa HEpe3KocTu
avametpom 0,02 mm. IMpu 3aTom
npegnonaranocb, 4to ¢ 35-Mm
HeraTvBa fieNat0TCsa OTneyaTku
thopmatom 20X 24 cm, KOoTOpble ByayT
paccmaTtpmBaTbCA C pacCTOAHMA
HOpManbHOro 3peHus. Ecnm atn
YCNOBUA He BbIMOMHAOTCA, TO

npvBefeHHbIe KPKBbIE MOTYT 6bITh
MCMO/b30BaHbl TONIbKO A8 OYeHb
rpy6bix oueHok. (Mo ropmsoHTanb-
HOM OCK OTNOXEeHa rnybuHa peskocTu,
a no BepTUKanbHOW ocn —
yBennyeHve. Hyneeas oTmeTKa
COOTBETCTBYET M/IOCKOCTU TOYHOIA
(hoKyCupOBKKM, 06/1acTb cneea oT
Hyns — NPOCTPaHCTBY nepef 3ToW
NNOCKOCTbIO, & cripaBa 0T Hyna —
NPOCTPAHCTBY 3a 3TOW MI0CKOCTbIO.)



Cnepyet OTMETUTb, YTO NPU OKYCMPOBKE 0O0BEKTMBA
Kamepbl Ha 061BEKT, PacnofioXeHHbIA 6/11Ke PEKOMEH0BAHHOTO
MWHMMaNbHOI0 PaccTOAHMSA, C MOMOLLbH HacafOuHbIX NINH3, a He C
MOMOLLLI0 YANMHUTENBHLIX KOMEL, UM Mexa, HUKAKO KoppeKLuu
3KCMO3NLMM He TpebyeTcs 1 MapKMPOBaHHOE 3HaYeHMe
Avadgparvbl 6yAeT COOTBETCTBOBATb MPABW/LHON 3KCMO3ULMN.

Fny6yHa peskocTu

30Ha AoCTUraeMoi pes3kocTu, OKpyXKatowas (oKanbHyHo
NNOCKOCTb 06BEKTMBA, 3aBUCUT HE TOMbKO OT BEINYMWHBI
AvadparMbl 06bEKTUBA, HO 1 OT PaccToOsiHMA [0 06bekTa (npw
YMeHbLLUEHUM 3TOFO PacCTOSHWUA pa3Mepbl 30HbI COKpaLlatoTcs).
Korpaa paccTosiHne OT 06beKTMBa A0 06beKTa CTaHOBUTCS
CPaBHUTE/bHO He6OMbLUUM, TNy6UHA PE3KOCTU MO CTaHOBUTCS
ypesBblyaiHO Masioli. Ecim npu CbeMKe OfHOr0 1 TOro e 06beKTa
MCMONb3YHOTCA ABa 06BLEKTMBA C PA3NINYHBIM (POKYCHbLIM
paccTosiHMEM, MPUYeM PacCTOsiHME OT KaXKAoro 06bekTuBa A0
06bekTa BblbUpaeTca Takum 06pa3om, 4To6bl pasmepsl
1306paXKeHNs Ha NneHKe GblNN OANHAKOBLIMMW, TO FNy6uHa
PEe3KOCTU MPaKTUYeckn 6yaeT OAMHAKOBOW MPU OFHOM W TOW e
anadparme. OTo NO3BONSET HEMOCPEACTBEHHO CBA3aThb NyOMHY
PE3KOCTU C YBENMYEHMEM Ha NNIEHKE HE3aBUCKUMO OT (hOKYCHOIO
paccTOfHNS UCMOMb3yeMOro 06bEKTMBA.

ny6uHy peskocTu npu yeenmueHnsx O, X go 10X MOXHO
onpefenunTb C MOMOLLbIO HOMOFpamMM, KOTOpbIe NMOCTPOEHbI Ans
KPY>XKOB HepeskocTu gnametpom 0,02 mMm.

[ns ycnoBuin, OTIMYHBLIX OT NOKa3aHHbIX Ha HOMOrpammax,
rNy6uHY pPe3KoCTM MOXHO BbIYMC/NTbL, UCMOMb3YA CTaHLAPTHbIE
3HauveHMa gmagparmbl B ypaBHEHUSX, NPUBELEHHbIX Ha C. 73.
Ecnun paccTosiHie n Mano, TO ero TPYAHO ONpefenunTb, NOCKO/bKY
He BCerga sicHO, OT KaKoli NJ0CKOCTU 06bEeKTMBA ero cnegyet
M3MePATb. 3HAsA YBE/IMYEHME Ha M/IEHKE, 3TO PAcCTOSAHME MOXHO
BbluMcnuTL No dopmyne u= [(I/m)+ 1]F.

Mpv onpepeneHnn guadparmel, HEO6XOANMONR Ans
MOYYEHUs HY>XHOW Fy6MHbI Pe3KoCcTU, cnefyeT UMeTb B BUAY, YTO
YMeHbLUEHNE OTHOCUTENbHOT0 OTBEPCTUA COMPOBOXAAETCH
yBENMYEHNEM ANDpaKLMK, B pesy/ibTaTe Yero CHKaeTcs pPes3koCcTb
n306paxeHns No Bceli MOBepPXHOCTU Kagpa. Mpn oTomakporpa-
hun gudpakymsa MOXeT CYLLECTBEHHO OrpaHUYNTbL OMTUYECKOe
KayeCcTBO 0OBLEKTMBA AaXKe NP J0CTATOYHO GONbLUMX Auadparmax.

Takum 06pa3oM, Npyu 60MbLLIOA FNyOMHE Pe3KOCTM KayecTBO
n306paxXeHunii yxygLaetcs. oatomy cnefyeT cHMMaTh C
HambonbluUen anadparmMoil, Npyu KOTOPON elle BO3MOXHO MOMyYnTb
HeobXxoaNMy0 ryGuHY pesKocTHu.



doToMUKporpadus

doTo 162.

YacTb onnukynsl KopHsa Bonoc, 60 X
(T. e. M =60, rae M — oKoHYaTeNnbHoe
yBenuyexue). Takaa qoTorpadus
MOXeT ObITb NOMyYeHa C NOMOLLbIO
MeTO/l0B, ONUCAHHBIX B HACTOALLEM
pasfgene, U CPaBHUTE/IbHO [eLleBoro
obopypfoBaHus.

CneuwnanbHbIii BUA (hOTOCHEMKU, MPU KOTOPOW
thoTorpadupoBaHue OCYLLECTBNAETCA Yepe3 MOSHYK OMTUYECKYHO
CXEMY MWKPOCKOMA, Ha3biBaeTcs hOTOMUKpOrpadmeid. MockonbKy
B Mpefenax OfHON KHUMM HEBO3MOXHO OCBETWUTb BCE acMeKTbl
3TOr0 BMfAA CbEMKM, Mbl OFPaHN4YMMCA OMUCaHVEM psAda
MpaKTNYeCKMX MPMEMOB, KOTOpble MOMOrYT YyMTaTento Aenatb
thoTOMMKpOrpagumn OCTaTOMHO XOPOLUEr0 KayecTBa C MOMOLLbIO
06bIYHOr0 NOUTENBCKOrO MK LWKOMBHOrO MUKPOCKONa U1
06bIYHbIX KaMep C HECHEMHbBIMU UM CbEMHBLIMU 06bEKTUBAMN.
YuTaTesib, OCBOMBLUMIA 3TU NPUEMbI 1 MOXeNnaBLniA noray6xe
M3YUnTb 3TOT BUL CHEMKU, MOXET 00paTUTLCSH K COOTBETCTBYHO-
Lein nuTepatype.

YUT06bI MMETb MPeACTaB/ieHe 0 TOM, Kakum 06pa3om
CTpOMTCA M306paxkeHne Npu hoToMMKporpadmu, npexae BCero
HEeo6X04AMMO 3HaTb NMPUHLMNMANbHOE YCTPONCTBO MUKPOCKONA.

MpuHUMNUanbHas cxeMa MUKPOCKOMa

B oT/Mume 0T Kamepbl, B KOTOPOi (hOKycupoBKa
MPOU3BOAUTCA C NOMOLLbIO CMELManbHOro MexaHu3ma,
M3MEHSIOLLEr0 pacCTOsHME OT 06BEKTMBA A0 MAOCKOCTU MEHKH,
yenoBeyeckuit rnas HoKycupyeTcs npy NMoMOLM 0COBbIX MbILLL,
KOTOpblE CXXMMAIOT XPYCTanuK, B pe3ysibTaTe Yero U3MeHseTcs ero
(hOKYCHOe pacCcTosiHMe. DTOT MpoLecC, Ha3biBaeMbIi akKkOMOAaLM-
eii, Mbl «0CBaMBaeM» elle B paHHeM AETCTBE, M MOCTEMNEHHO OH
CTaHOBMTCS COBEPLUEHHO aBTOMATUYECKMUM, He TPeBYIoLMM
HUKaKUX CneLnanbHbIX YCUNuiA ¢ Halleld cTopoHbl. bnarogaps
aKkkomogauuu rnas okycupyeTcs Ha ntoboe paccTosHue oT
6eCKOHeUHOCTM (MPU KOTOPOM rNa3 yYenoBeKa ¢ HOPMasibHbIM
3pPEHNEM MOMHOCTbLIO paccnabneH) 40 PacCTOSAHMA MPUOIN3UTENLHO
250 MM, KOTOPOE 4acTo Ha3blBatOT PacCTOAHWEM HOPMa/IbHOro
3peHuss. STOT HWKHWIA Npeaen paccTosHWUA onpeaenseT
MWHUMa/IbHbIE pa3Mepbl NPeaMETOB, BUAUMbIX HEBOOPYXKEHHbLIM
rnasom. Ecnm Mbl NonbITaeMcs paccMoTpeTh 6osee Menkue
npegmeThbl, TO HEO6XOAMMO ONTUYECKOEe yBennyeHue. MpocTenwmnm
npubopom, CryXalmm Ans aToi Lenn, SBnsetca cobupatesnbHas
nunH3a. OOBLEKT, KOTOPbI Mbl XOTUM pacCMOTPETb, NOMeLLaeTcs Ha
PacCcTOSHWM OT NNH3bI, PABHOM WU HEMHOTO MEHbLLEM ee
(hOKYCHOr0 pacCTOsiHWA, TaK YTO 3a 0OBLEKTOM CTPOUTCH €ro
yBeMYEHHOe MHUMOe n306paxeHune (puc. 117). TouHoe
paccTosHUE MeXAy NIMH30lA 1 06BEKTOM PErynnpyeTcs Takum
06pa3om, 4YToObl PacCTOSHNE MeXAY 0OBLEKTOM M r1a3oM
Haxo4u/ioChb B Anana3oHe (OKYCUPOBKM r/iasa, T. €. MEHbLLE YeM
6eCKOHEUHOCTb U 60/bLUe YeM 250 MM. YBeSMYeHVEM NINH3bI
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Puc. 117.

a — KOrjja pacCTosiHne mexgy
06bEKTOM CbeMKM O U NIMH30IA
6onbliue ee HOKYCHOTO paccTosHms,
Nyymn cBeTa, UCXOAsLLMEe OT 06beKTa,
npoias CkBO3b NMH3Y, 06pasytoT
fencTBMTeNbHOE M306paxkeHme | no
APYTYL0 CTOPOHY OT ANH3bI, MPUYEM
eC/N 3TO paccTosHWe B ABa pasa
60nblle POKYCHOro paccTosHUsA, TO
nsobpaxeHue byfeT UMeTb MeHbLUMe
pasmepsbl, 4eM 06BLEKT, a ecnu 370
paccTosiHue 6onblue, Yyem (HOKyCHoe
paccTosiHMe, HO MeHbLLUe YeM [JBa
(hOKYCHbIX pacCTOAHMA, TO
n3obpaxeHne byget uMeTb 60bLIne
pasmepbl, 4eM 06bEKT; 6 — Korpga
paccTosiHMe mMexay 06BbeKTOM
NNH30/ MeHbLUe ee POKYCHOro
paccTosHuUsA, Nyuun, ucxogsaiime ot
06beKTa, Npoias CKBO3b NNH3Y,
pasoigyTcsa. Moatomy, Korga Mbl
CMOTPUM Ha 0OBEKT Yepes NIMH3Y, TO
NYYn KaxyTCs NCXOAALLMMN OT
YyBEIMYEHHOTO0 MHUMOTO M306paxe-
HWSA, HaxogAllerocs 3a o6bekToMm. B
3TOM W COCTOWUT NPUHLMN AelAicTBMA
YBENNUYNUTENbHOTO CTekna; B —B
COCTaBHOM MWKPOCKOMe n3obpaxeHue
06beKTa yBennumBaeTca B fBa aTana.
CHayvana o6bvekTuB L1 dopmupyet
[elicTBMTENbHOE YBENNYEHHOe
nsobpaxenue Il (nepemyHoe
n3o6paxerue). Okynsap L2, peiicTBys
KakK 06bl4HOE yBENUUYNTENbHOE CTEKO,
hopmupyeT MHUMOE U elle 6onee
yBeNuUYeHHoe n3obpaxeHne 12
(BTOpPMYHOE n306paxkeHmne). MonHoe
yBenn4eHne MUKPOCKOMa paBHO
NPON3BEAEHNIO 3TUX ABYX
YBEIMYEHWA.

Ha3bIBAETCA YMCMIO pa3, B KOTOPOe M306paXeHne KaxeTcs
60/bLWKM, YEM MPW PACCMOTPEHWUM €F0 HEBOOPYXKEHHBLIM /1a30M C
pacctofHusa 250 MM.

CneflyeT pasnnyatb M306paXKeHUs AeACTBUTENbHbIE 1
MHUMble. [JelicTBUTENIbHOE N306paXKeHNe NONYYaeTCA CXOAALLMMCS
MYy4YKOM XOfa CBETOBbIX /lyyeld, N er0 MOXHO YBWUAETb Ha KaKoli-
Nn6o oTpaxaroLei NOBEPXHOCTW, HanpuMep nucTe 6enoin bymaru.
MprMepoM [eliCTBUTENBHOTO 1306paXKeHMs ABNAIOTCA
n306paXKeHNs, NOMyYaloLWMECH Ha CeTHATKe rnasa, Ha M/eHke B
Kamepe WM KMHO3KpaHe. MoyTy Bce ONTUYECKUE UHCTPYMEHTSI,
cnyXalive Ans uenein yBennyeHus, fal0T MHMOe M306paXeHMe.

Ecnn paccmatprBaeMblii 06bEKT 04eHb Mas, TO MpoCcToe
YBENNYUTENIBHOE CTEK/0 [aeT HefoCTaTOYHOE YBennyeHne, 1 Torga
TpebyeTcs HEKOTOPOEe AONOHUTEIbHOE YCTPONCTBO. TaKuMm
YCTPOCTBOM ABMISIETCA MMKPOCKOM, MOJSIHAsA ONTUYecKas cuctema
KOTOPOro Mo3BO/ISAET MOMYyYNTh yBenndedue ot 20 go 1000 X.

MpocTewmnii MMKPOCKON COCTOMT U3 ABYX SIMH3 (MO OAHOM
Ha KaXX[0M KOHLe onTuyeckoro Tybyca). OfHa U3 IMH3,
Ha3blBaeMasi 06bEKTWBOM, MPOELMPYET AeACTBNTEbHOE W
YBEMYEHHOE M306paKeHNs 00beKTa BHYTpU Tybyca. YBenmueHue
NINH3bI 06BEKTMBA — 3TO YMC/IO pas, B KOTOPOE 3TO M306paxKeHue,
Ha3bIBAEMOE MEPBUYHBIM W300padKeHNEM, MPEBOCXOAWT pa3mepsbl
06beKTa; Kak nNpaBu/io, OHO YKa3blBaeTCs Ha onpase 00beKTMBa.
O6bI4YHO 06BEKTMBLI UMEIOT yBennyeHne ot 4 go 100 X . [pyras
NINH3a, Ha3blBaeMas OKynspoM, AeiCTBYeT Kak MpocToe
YBENNUYUTENIbHOE CTEK/IO U YBEIMYMBAET MEPBUYHOE U306paXKeHNe,
JaBaemoe 00bEKTUBOM. B pesynbTate nofyyaeTcs yBeIMYeHHOe
MHUMOE M306paXkeHne 06beKTa, Ha3biBaeéMOe BTOPWYHBIM. Ha
OKYynspe, Tak Xe Kak U Ha 0ObeKTUBE, YKa3bIBAeTCA ero
yBennyeHue, coctaenstoLlee oT 5 go 20 X wnm gaxe o 25X .
MonHoe yBennyeHne MUKPOCKOMa NpeAcTaBnseT coboi
NPOM3BEAEHNE YBENNYEHNS 0OBEKTMBA W YBENMUEHNS OKY/ispa.
Hanpumep, mukpockon ¢ 20 X -06bekTuBoM 1 10 X -0Kynapom fa-
eT yBenmyeHme 200 X. XoTa Ha puc. 117 06beKTUB W OKYNAp
MOKasaHbl KaK MpOCTble /INH3bI, HA CaMOM fefie U TOT 1 ApYro
ABNAIOTCA CNOXHLIMY ONTUYECKUMM CUCTEMAMM, COCTOALLUMMN U3
HECKONbKNX 3/IEMEHTOB U CKOPPErMPOBAHHBIMU 415 YCTPaHeHNs
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MonepeyHbIil cpe3 KOpHS S610HN.

doTOCHEMKA MPOU3BOAMNACH
0[JHOO6BEKTNBHOI Kamepoii ¢
MCNoNb30BaHNEM LLKO/bHOTO
MuKpockona (C Kamepbl 6bl1 CHAT
06bekTMB). M= 90.

abeppaumii. (CTeneHb 3TON KOPPEKLUM eCTECTBEHHO OTpaXaeTcs
Ha CTOMMOCTU npubopa.) ¥ 60NbLUIMHCTBA MUKPOCKOMOB MMEETCA
cneyuanbHas NoACTaBKa, WM NPeAMETHbIA CTOMUK, HA KOTOPbIi
MOMELLAeTCA paccmMaTprBaemMblii npegMeT. POKyCMpOBKa
MWKPOCKOMa OCYLLIECTBMIAETCH U3MEHEHWEM PACCTOAHUSA MeXAy
06BEKTOM M 0OBEKTMBOM C MOMOLLBIO CMELMANbHOr0 MexaHn3ma,
KOTOPbIA NepeasuraeT Mo CTONMK, MO0 ONTUYECKUiA Ty6yC.
PaccTosHMe MeXay 06bEKTUBOM M OKYNISAPOM OCTaeTcs
MOCTOSIHHBIM U OMpeAenseTcs AnnHoli Tybyca. Mpyu n3mMeHeHnm
paccTosiHNA OT 06bEKTA 40 06BLEKTUBA M3MEHSIETCS MOMOXEHMNE
NepPBUYHOIO N306paXKEHNS MO OTHOLLEHUIO K OKYNspY;
(hOoKyCMpOBKa NPOMUCXOAUT A0 TeX Mop, Noka MHUMOe U306paxe-
HWe, aBaeMOe OKY/APOM, He OKaXeTCs OT rfiasa Ha paccTosHuu,
nexalleM B AvanasoHe oT 250 MM 10 6€CKOHEUYHOCTH, T. €. B 30HE
aKkomofauuu rnasa.

PaccMaTprBaeMblil 06BLEKT MOXET ObiTb OCBELLEH MB0
OTPaXeHHbIM, MO0 MPOXOAALLMM CBETOM. [OCKONLKY YBenMyeHme
MWUKPOCKOMa CPaBHUTE/ILHO BEIMKO, 06a MeToda TpebytroT
OTHOCWTE/bHO BbICOKOTO YPOBHS OCBELLEHHOCTH, YTOObI
n3obpaxeHne 6bIN10 4OCTATOUHO SPKMM. B 06bI4HON NpakTuke
yalle MCnoMb3yeTcs MeTO OCBELLEeHWS MPOXOAALLMM CBETOM,
Ha3bIBaeMblii TpaHCUNIOMUHaLMeR. [s 3TOro o4YeHb TOHKWIA Cpe3
nccnefyeMoro BellecTBa NMOMELLAETCS Ha NPeAMETHbIA CTONMNK
MWUKPOCKOMa W CHW3Y MOACBEYMBAETCA UCTOYHMKOM OCBELLEHUS.
[nsa ynyJileHms cBeTOBOro KOHTpacTa cpe3 MoAKpalluBaloT OAHUM
WU HECKOSIbKUMU KpacuTensimm. BOnbLIMHCTBO MUKPOCKOMOB
060py0BaHO OMTUYECKON CUCTEMON — KOHAEHCOPOM,
KOHLEHTPMPYHOLLIMM OCBELLEHNE Ha HMXKHEW YacTu obpasua.

Y HeKOTOpbIX MUKPOCKOMOB B UX OCHOBaHWW BMOHTMPOBaHa
0CBETWTENbHAA Namna, y APYrux ectb perynupyemoe no
MOMOXEHWIO 3epKanbLie, NMO3BONAIOLLEE HAMPaBNATL CBET OT
BHELLHEA namnbl Ha KOHAEHCOP.

OO6BEKTMBBI U OKYNPbl MUKPOCKOMOB BbIMYCKAKOTCA
pas/IMYHOro Ka4yecTBa, KOTOPOE OMPEeAeNseTcs CTEMNeHbH
KOppeKumn ux abeppauuii. Bonee aeLieBble 06bEKTMBSI
(HanpvMmep, NpeaHa3HayYeHHble NS y4ebHbIX LieNei) CKopperunpo-
BaHbl M0 chepnyeckoii abeppauun ToNbKO MO OAHOMY LBETY
(06bIYHO >XeNTo-3eM1IEHOMY), a N0 XPOMaTUYeCKoi abeppaunm —
Mo ABYM-TPEM OCHOBHbIM LiBeTaM. TaKue IMH3bl Ha3biBaKTCA
axpomMaTamu, U OHW MOPOXAAKT OMpPeAeSIeHHYI0 KPUBW3HY MONS,
T. €. HEBO3MOXXHO OJHOBPEMEHHO BUAETb PE3KO BCE MO/E 3PEHMS
06beKTVBa. P4 hUpM BbINMYCKaeT axpoMartbl C MJOCKUM MOMEM.
3TN 06bEKTUBbLI — NAAHAXPOMATbI, M OHU FOPa3do AOPOXKE, YeM
06bIYHble axpoMaTbl. ANOXpoMaTbl CKOPPerMpoBaHbl Mo
cthepmyeckoin abeppauun Ans AByX LBETOB, a MO XPOMaTUYeCKOl
abeppaumn 4ns BCEX TPeX OCHOBHbLIX LIBETOB.

Hanbonee felleBble MUKPOCKOMbI CHaBGXEHbI OKy/sapamMu
lMolireHca wny oKynspamu LWIKPOKoro nons. U tomy v gpyromy
TWMY OKYNSAPOB CBOMCTBEHHBI LiBETOBbLIE UCKAXEHUS, B
OCOBEHHOCTW ecnNn OHW paboTatoT € 60/bLIMM YBENUYEHVEM.
OCHOBHbIM MPENMYLLECTBOM OKY/SIPOB LUMPOKOrO MONs ABASETCS
TO, YTO OHW NO3BO/AKT paccMaTpuBaTh 60MbLUNIA Y4aCTOK
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Cpes rnasa capaHyun: npospayHble
KOHWMYeCKOW (POpMbI XpyCTanuku
BMECTE C JIMH3aMN KYTUKYbl
MPOEeLMPYIOT CBET Ha CBETOYYBCTBU-
TenbHble KNeTKU. (Mpu U3roToBreHNm
cpesa KyTukyna 6bina cmelera.) Mpu
nosyYyeHMn Mogo6HbIX (HOTOMUKPO-
rpaguii ¢ 06WMpPHBIMK 06MaCTAMM
cBeTnoro poHa 0CO6eHHOe 3HauveHue
MMeeT PaBHOMEPHOCTb OCBELLeHUA
BCEro nons Kagpa. M= 45.

obpasua, Yem npu paboTe ¢ APYrvuMU OKynspamu ¢ TEM e
yBenmueHneM. [ns KoMneHcauum 0CTaTOYHON XPOMaTUYeCKOl
abeppauum 06bEKTMBA BbIMYCKAKOTCS ChelnanbHble KOMMeHca-
LMOHHbIE OKYNIAPbI, KOTOPbIE JAOT Haulyyline pesy/bTaTbl B
COYeTaHUK C anoxpomaramm, XOTS UX MOXHO MCNO/b30BaTh U C
CUNbHBIMK axpomMaTamu. [ns GoTomMUKporpaguy BbiNycKarTCS
0co6ble (hOTOOKYNAPbI, KOTOPblE B KOMOMHALMKN C 06bEKTUBAMM-
naHaxpomatamy No3BOAAKT MoAy4YaTb M306PaKEHNSA BbICOKOrO
KayecTBa. MOCKOMbKY, OAHAKO, 60O/LLUMHCTBO YnTaTeNei, no-
BUAMMOMY, MMeeT AOCTYN TONbKO K MUKPOCKONam, npegHasHauveH-
HbIM 415 y4ebHbIX ueneid, poto 162—-168, 3a nckayeHmem hoTo
165, cfienaHbl ¢ NOMOLLbLIO 0ObIYHBIX axpoMaTUYeCKUX 06bEKTUBOB
1 oKynsapos [toirexca.

CyluecTByeT fiBa OCHOBHbIX cnocoba oTorpaduposaHns
yepe3 MUKpPOCKoN. OfUH M3 HUX MO3BOMAET CHUMATb KaMepamu ¢
(hMKCUPOBAHHLIMW 06BbEKTMBAMMW, N B 3TOM Cllyyae 0ObEKTUB
Kamepbl UrpaeT posb, aHaNOrMYHYO ponn XpycTanuka rnasa,
NpoeLupys Ha NMeHKy 1306paxeHune, NOMyYeHHOe Yepe3 OKynsp
MUKpockona. [lpyroii cnocob gaeT BO3MOXHOCTb paboTaTth €
Kamepamu CO CMEHHbIMU 06BEKTMBAMU, NPU 3TOM OOBLEKTUB
CHMUMaETCs C KaMepbl ¥ Kamepa yCTaHaB/MMBAETCH Ha MUKPOCKOMeE
TaK, YTo OKYNAp MUKPOCKOMNa MpoeLupyeT n3obpaxeHue
HenocpeACTBEHHO Ha M/EHKY.

DOTOMMKPOCHEMKA Kamepamu C HECbeMHbIM 00bEKTBOM

JlocTaTouHO XopoLume pesynbTatbl MOryT ObITb MOAYYEHbI
Mpy CbeMKE AaXKe caMbIMU AELUEBLIMM KamMepamu, BK/Yas
annapaTbl, HE MMEILLMEe HABOAKU Ha Pe3KoCTb. OfHaKo Ans
MONyYeHNs JOCTATOYHOW 3KCNO3MLMU NPU CbEMKE C TaKUMK
Kamepamu TpebyeTcs O4eHb SpPKOe OCBeLLeHWe MpesMeTHOro
CTOMMKa MMKpOCKona. bosnbLie Bcero Nnoaxoaar ans hoToMUKpO-
rpamn Kamepbl C HECbEMHbIMU 00BEKTUBAMM, UMEIOLLMU
HaBOAKY Ha Pe3KoCTb, U 6OMbLUMM JMana30HOM CKOpOCTEl
3aTBOpa. Kamepbl C MOAHOCTbIO aBTOMATUYECKOIA YCTaHOBKOW
BbIJEPXXKM, B KOTOPbLIX HE MPeAYyCMOTPEH PYUHOI peXxxum paboTsl,
ana hoToMuKporpahum He roaaTcs.

Kamepa fo/mKHa ObITb HAfEXHO 3aKpenseHa Ha LiTaTuee
WM KakoM-mbo Apyrom ycTpolicTee (Tvna nabopaTopHOro
LITaTMBA) TaK, YTOObI ee 06BLEKTUB pacnonaraics B TOUKe, B
KOTOPOI 06bIYHO HAXO4MTCS 3pa4oK rfiasa npu HOpMasibHOM
pexxume paboTbl C MMKPOCKOMOM. Heob6XxoanMMo cnefuth 3a TeM,
4yTO6bl 06BHEKTMB pacnofarancs no LUeHTpy okynsapa, T. €.
MWKPOCKON U 00BbEKTUB KaMepbl LO/HKHbI UMETb 06LLYH0
OMTUYECKYH OCb. B mpeane KpenieHne Kamepbl LOIHKHO
OCYLLECTBAATLCA TaKUM 06pa3oM, YTO6bI ee MOXHO 6bl0 Nerko
CHVMMATb W yCcTaHaBNMBaTb. [efo B TOM, YTO BONbLUMHCTBO Kamep ¢
HECbEMHbIMU 0BBEKTMBAMW He [aeT BO3MOXHOCTM paccMaTpuBaTtb
n306paxkeHne yepes neHTanpusmMy BULOWCKATENS, NO3TOMY C UX
MOMOLLbIO MOXHO Aenatb h0TOMUKPOrpagumn, ToNbKo
npeLBapuTeNnbHO CHAB KaMepy ¢ MUKPOCKona U choKycupoBaB
MWKPOCKON Ha 0O6bEKTe MPU HEMOCPeACTBEHHOM BU3yaslbHOM
KOHTpO/ie Yepe3 OKy/nsp MUKpockona. Mpw KpenneHWn Kamepsbl
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doToCcbEMKa NPOM3BOAMNACH
Kamepow ¢ (UKCUPOBAHHbIM,
HeCbeMHbIM 06BLEKTMBOM, NO3TOMY
Auvadgparma 6bina NOMHOCTHIO
oTKpbITa. Cnesa —pgunadparma 6bina
Ha 1—2 AeneHuns MeHbLuUe
MaKcUManbHoM. OAHaKO 3TO HUKakK He
MOBMNANO Ha YPOBEHb 3KCMO3ULMK, HO
Mpn 3TOM 3HAa4YUTeNbHO CY3WNOCh None
3peHus; cnpasa —Aauagparma 6bina
OTKpbITa NONHOCTbIO, OAHAKO 1 B
3TOM Cflyyae M306paxeHne He
3anonHseT Becb Kagp. M= 20.
PaccmaTpuBas «KOFOTKM» BLUW,
HauyMHaelb NOHUMATb, MOYeMy OHa
[0CTaBNsAeT CTONbKO X/I0NOT.

paccTosiHMe MeXay OKy/nspoM MUKPOCKONa U 00bEKTMBOM Kamepbl
B 6OMbLUMHCTBE CNyYaeB AO/MKHO YCTaHaBMBATLCS TaKMM, UTOObI
MI0CKOCTb M306paXeHNs, [aBaeMOro OKY/IAPOM, HaXOAMIach Kak
MOXHO 6/11Ke K nepegHeli NOBEPXHOCTU 06BLEKTMBA KaMepbl.
MnockocTb M306paXKeHMs, AaBaeMOro OKYASpOM, — 3TO
MI0CKOCTb Hafi OKY/IiPOM, B KOTOPOI CXOAATCA /lyumn CBeTa npu
BbIXOZE M3 MUKpOCKONa. 3Ty NIOCKOCTb /IErKO HaiTu, NoMecTuB
Haf, OKYNsipoM NNCT Genoii Gymary 1 NnaBHO MepeMeLlas ero BBEpX
1 BHU3. [10 Mepe yBenmMueHUs paccToSHUA MeXay OKYNISpOM K
nuctom 6enoii Bymaru pasmep CBETOBOTrO MATHa OyAeT MOCTEeneHHo
YMEHbLLATLCA, @ 3aTeM yBenmumBaTthCs. MonoxeHne, Mpu KOTOPOM
pasmep NATHa MUHUMAsEH, U eCTb NAOCKOCTb U306paXeHUs.
PaccTosHMe MeXAy NAOCKOCTbI0 U306PaXKEHUS U OKYNAPOM
M3MEHSIETCS B 3aBMCMMOCTU OT TUNa OKyNspa, No3ToMy Mpy CMeHe
OKy/isipa NoMOXEeHWe KaMepbl, BO3MOXHO, NPUAETCA NOLPEryanpo-
BaTb. ECcnn paccTosiHMe OT 06beKTUBa KaMepbl 40 OKynspa
BbIGPAHO HenpasW/IbHO, TO NOJE 3PeHUs MUKPOCKONa, KOTOpoe
6yfeT BOCMPOM3BEAEHO KaMEPOii, CTaHET MeHbLLE U TOMbKO ero
Manas 4yacTb BOCMPOU3BEAETCA Ha hoTorpaguu.

Mpn hOTOMUKPOCHEMKE MpUCOBast guadparma o6bLeKTMBa
camepbl He UrpaeT HUKaKoi ponu, No3ITOMy OHa [O/MKHA ObITh
tOJIHOCTBIO OTKpPbITa. CheMKa C CU/bHO 3aamadparMMpoBaHHbIM
06BbEKTMBOM NPUBOAMT K CYXXeHWIO hoTorpadupyemoii obnacTu,
TaK e Kak v Mpy HernpaBuIbHOM BbIGOPE PacCTOAHMA MeXay
06BEKTMBOM U NIOCKOCTLIO M306paXKeHNs oKynsipa. Ecnm chemka
MpoV3BOANTCA KaMepom, CHabXXeHHOW Hebo/bLIOoN AnadparMoii
MOCTOSIHHOIO pa3Mepa, PacroNoXeHHOI.3a 06bEKTMBOM, TO
pacnosioXeHne oKynspa B6AM3M MepedHeil MOBEPXHOCTU 06beKTMBA
TaKKe NPUBEAET K YMEHbLUEHWIO nons u3obpaxeHus. Moatomy
TaKyl Kamepy CfiegyeTt pacrosnaraTb TaK, 4Tobbl MI0CKOCTb
13006paxeHNs OKy/nspa coBnagana C Ma0CKOCTbO AuadparMbl.
0N HEKOTOPbIX KOMOMHALMIA OKYNAPOB M Kamep 3TO MOXeT
0Ka3aTbC HEBO3MOXHbIM, MOCKOMbKY MIOCKOCTb M306paXKeHNs
OKy/isipa MOXeT 0Ka3aTbCA Ha C/WLLKOM MafieHbKOM PacCTOSHWUM
OT Hero. B aToM cnyvae NpuaeTcs CMUPUTLCS C ONpeseneHHbIM
YMeHbLLEHVEM pa3Mepa Mons N306paxeHus Nnbo, ecnn ecTb
BO3MOXHOCTb BblbOpa OKy/ApoB, Hago Bbi6paTb OKynap ¢ 6onee
yaneHHO MI0CKOCTbH M306paXKEHMS.

Mpu cbemKax Kamepamy ¢ HECHLEMHbIMW 00bEKTUBaMU
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(hOKyCMpPOBKa MMKpOCKONA ANA MONYyYeHUs Pe3KOro n3obpaxeHus
Ha nfeHKe 00bIYHO He MpeAcTaBaseT 60MbLUIOA CAOXKHOCTY.
EAnHCTBEHHas npobsiemMa, BO3HMKAOLLAs B 3TOM Clyyae,
00yC/oBNEHa TeM, UYTO He CYLLECTBYeT MPOCTOro cnocoba TOYHOro
onpefeneHns gvanasoHa akkOMOZauuu rnasa, a Ans nonyyeHus
pe3koli hoToMUKporpadun Heobxoauma ToYHas (HOKycHMpoBKa
Kamepbl Ha 6eCKOHEYHOCTb. Ty TPYLAHOCTb 06bIYHO MOXHO
060iTn, ecnu nepes POKYCUPOBKOK MMKPOCKONa faTb rnasy
OTLOXHYTb, paccMaTpuBas Kakoe-TO BpeMS OTAafeHHbIA npeameT.
Ecnun BO BpeMsi POKYCUPOBKM r/n1a3 0CTaeTcs B paccnabieHHOM
COCTOSIHUW, TO MOXHO CYMTaTh, YTO MHUMOE M306pakeHue,
c03JaBaemoe OKyNfpoM, HaxoauTcs B 6eckoHeuHocTu. Toraa,
(hoKycupys Kamepy Ha 6ECKOHEYHOCTb, MOXHO MOMYUYUTL pe3koe
n3obpaxeHne. BONbLINHCTBO NtOAEA, MOCTOAHHO paboTaloLuX C
MWKPOCKOMaMu, HacTpamBalT UX UMEHHO Takum 06pasom,
MOCKO/bKY OHW 3HAOT, YTO MPU LMTe/NbHON paboTe ¢
MWUKPOCKOMOM, KOrfa M306paxeHne HaxoamTcs B GECKOHEYHOCTU K
rnasa paccnabneHbl, NocnefHWe MeHblUe YCTatoT, YeM B Cryuae,
Korfa n3obpaxeHune okasblBaeTca 6AMXKe U rna3 HaXo4UTCA B
6onee HanpsKEHHOM COCTOSHWW.

MpucTynas K hoTOMMKpOrpaum Kamepol ¢ HECHEMHbIM
00BbEKTMBOM, HauMHaloWmii hotorpad AOMKEH OCBOMTb TaKoi
meTof PoKycnpoBKu. Ecnn dotorpad 06bIYHO HO'CUT OUKK, TO
CHMMaTb UX He cnefyeT. Mpy 3TOM NOME3HO chenaTb HECKONbKO
MPOGHLIX CHUMKOB, (hOKYCMPYS KaMepy Ha pasHble pacCcTOSHWS.
Mocne NPoSBAEHNUS NNEHKM MOXHO HaiTW BapuaHT, Npyu KOTOPOM
noslyyaeTcs Haubonee peskoe M3obpaxeHne. ATy npouesypy
cleflyeT NOBTOPUTbL HECKOJIbKO pas3, YTobbl y6eanTbes, UTo
MWUKPOCKOM C(HOKYCMPOBaH MpaBuibHO, U TONLKO MOC/e 3T0ro
MOXHO Y)XXe CMeno fenatb Apyrne CHUMKU, CHOKYCMPOBaB Kamepy
Ha ONTUMaNbHOe paccTosHWe, NogobpaHHoe No pesynbTaTtam
MPOGHbIX CHEMOK.

O6bIYHO YBe/NYEHNE KaMepbl C HECbEMHbIMW 06bEKTMBAMU
MeHbLLE, YeM YBEIMYEHNE MUKPOCKOMA, W onpegenserca hopMynoi
W= YBenuyeHve Mukpockona (F mm/250 mm), rae F — dokyc-
HOe paccTosiHMe 06bEKTMBA KaMepbl.

CnepyeT UMeTb B BUAY, 4TO M €CTb YBE/IMYEHME HA M/IEHKe, a
OKOHYaTe/IbHOe yBenmyeHne M paBHO LU, YMHOXEHHOMY Ha
yBe/MYeHWe Npu nevaru.

®OTOMMKPOCHEMKA KamMepammn co CMEHHbIMU 06beKTMBaMU

3epKasibHas Kamepa co CMeHHbIMU 06bEKTUBAMU — 3TO MOYTH
WAgaNbHbIA UHCTPYMEHT Ans POTOMUKPOCHEMKM, TakK Kak B 3TOM
Cnyyae MOXHO CHOKYCMPOBATb KaMepy Ha 0GLEKTE U KOHTPOMPO-
BaTb KOMMO3NLMIO Kajpa Yepe3 OKHO 3epKaibHOro BUAOMCKATENS.
MHOr1e M3roTOBUTENN COBPEMEHHbIX 3ePKa/ibHbIX Kamep
BbIMYCKAlOT CreLnasbHble afanTtepbl Ans MUKPOCKOMa, KOTopble
06bIYHO KpenaTcs Ha ero Ty6yce. MNpu CbeMkKe 06LEKTUB KaMepbi
CHWMAETCs U Kamepa BMECTe C HAacafouYHbIMU KOJbLAMK UM MEXOM
KpenuTcs K aganTtepy MuUKpockona. [MockKonbKy npu Takoi cxeme
06bEKTVB Kamepbl He y4yacTByeT B (HOPMMUPOBaHUN M306paXKeHNs
Ha M/eHKe, TO COOTHOLLIEHKE, CBS3blBatOLLEe (IOKYCHOE PacCTosiHMe
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Puc. 118.

B0O3MOXHble COYEeTaHWUsI KaMepbl

1 Mukpockona. Cnesa —kamepa
BMeCTe ¢ 06bEKTUBOM, MUKPOCKOM
HacTpoeH Ans 06bIYHOr0 BM3yasbHOro
HabntofeHns. doTtorpadupyetcs
MHVMOE n306paxeHne, Gopmupyemoe
OKy/nspoM MUKpockona. B ueHTpe u
cnpaBa —kamepa 6e3 06beKTUBA,;
MWKPOCKON HacTpauBaeTcs Tak, YTO6bl
oKynsp (opmupoBan LeicTBUTENbHOE
1306paxeHne HenocpeacTBEHHO B
NNOCKOCTU MAEHKNU. B naeansHom
cnyyae (B LEHTPE) pacCTosiHWe 0T
06beKTa 40 06beKTMBA OCTaeTcs
NPeXHUM, NO3TOMY paccTosiHMe OT
NepPBUYHOTO M306paxeHns Ao
00bEKTMBA COOTBETCTBYET
KOHCTPYKUMM 06beKTUBa. PaccTosiHme
0T OKy/nsipa A0 00beKTMBa
YBENNYNBAETCS HACTO/LKO, YTOObI
n306paxeHne Ha nneHke 6bI10
peskuM. OfHaKO paccTosHue oT
00bEKTMBA L0 OKy/nspa 00bI4HO
(hMKCMpoBaHO 1 onpegensercs
ANVHON TPyObl MUKPOCKONA, MO3TOMY
yLo6Hee yBennUnNTb paccTosiHue
MeXAy 00BbEKTMBOM M 0OBEKTOM
(cnpaBa) C MOMOLLLLIO MexaHu3Ma
(hOKYCMPOBKM MUKpOCKOMa.

B pesynbTate nepBunyHoe
n306paXkeHne oKasblBaeTca 6/MXKe K
06bEKTUBY W, CNefoBaTeNbHO, Aanblie
0T oKynsipa. TeopeTnyeckn Takas
cxema AaeT pe3ynbTathbl

XY[LUero Ka4yecTtea, NOCKO/bKY
paccTosH1e MeXAy nepBUYHbLIM
n306paxeHveM N 06bEKTUBOM
0Ka3blBaeTCA MeHbLUE PaccTosHUA,
NpeAyCMOTPEHHOT0 KOHCTPYKLMeii
MuKpockona. Ecnu, ofHako, peyb
naeT 0 WKOMbHOM MUKPOCKOME, TO,
04YeBMAHO, 3Ta pasHuua byaet
HEeCyLL,eCTBEHHOW.

006bEeKTMBA, OKYNApa 1 paccTosHME 40 06bekTa, cneayeT
HECKO/IbKO CKOPPEKTMPOBaTh. ([eno B TOM, 4TO, KOraa MUKPOCKON
HacTpoeH Kak 06blYHO, OKYNAP CO34aeT Ha M/eHKe AeiCTBUTEb-
HOE, a He MHUMOE M300paXKeHKe.) STOro MOXHO J06MTbCA,
YBENMYMBas PaccTosiHME MeXY 06bEKTOM W OObEKTUBOM
MuKpockona. Mpu 3ToM MepBUYHOE U300paKeHWe OKaXeTCs Bnnxe
K 06BEKTUBY, W, MOCKO/MbKY pacCTOsiHME MeXay 00beKTMBOM M
OKYNSIPOM He M3MEHUTCSH, N306paxkeHne ByAeT pacrnofioXXeHO
Janblle OT oKynspa. Korga paccTosiHue mMeXay NepBUYHbIM
N306paXXEHNEM M OKYNSPOM MPEBOCXOAMT (HOKYCHOe pacCTosiHue
OKynisipa, Nlyun CBeTa, UCXOAsLLME N3 MUKPOCKOMA, 06pasytoT
JeNCTBUTENbHOE M306paXkeHne Haf NAOCKOCTbIO M306paxeHuUs
okynspa (puc. 118). PaccTosiHne mMexay 06beKTOM U 0OBLEKTUBOM
MWKPOCKONa YCTaHaBMMBaETCs TakUM, 4TO AeiCTBMUTENbHOE
1306paXKeHNe OKa3biBAeTCA TOYHO B MAOCKOCTW MAeHKU. Mpu
CbeMKe 3epKa/bHbIMK KaMepamiu 3TOr0 MOXHO [OCTMWUb,
paccmaTpuBasl U306paxeHne yepe3 BUAOMCKATEb U OAHOBPEMEHHO
(hOKyCMpYSt MUKPOCKOM AN MOJYYEHNs1 MaKCUManbHON Pe3KoCTH.
TeopeTU4ecKu, ecim 06BEKTUB MUKPOCKOMA CKOHCTPYMPOBaH ANs
006bI4HOM pPaboTbl, TO HACTPOKA MUKPOCKOMA TaKMM CMoCco6oMm
AN MONYYeHUs LeiiCTBUTENbHOIO N306paXkeHns NpuBeaeT K
onpefeneHHON NoTepe KayecTBa M300paxeHWs, MOCKOMbKY
ONTMYECKas KOPPeKLMA TakMX 06bEKTWBOB PacCuMTbIBAeTCA Ans
CNyyasi, Korga nepBMYHOE M306paXKEHNEe MOyYaeTcs Ha
onpegeneHHOM (DMKCMPOBAHHOM paccTosHUKM OT 06bekTnBa. Ecnu
XK€ NMepBMYHOE N306paXKeHNEe OKaXKETCA B APYrOi NIOCKOCTU, TO
3TO YXYALINT KOPPEKLMIO 1 NPUBEAET K YBENMYEHUIO abeppaLimii
06bekTMBa. MMOCKOMbKY, OfAHAKO, 06BEKTUBbI YUYeOHbIX
MWUKPOCKOMOB He CTO/b XOPOLIO OTKOPPErMpoBaHbl, Kak
06BEKTVBBI JOPOrMX W CNOXHbIX MUKPOCKOMOB, TO Ma/IOBEPOSTHO,
4TO yBeNMYeHue abeppaumii, BbI3BaHHOE NMPUMEHEHUEM OMMUCAHHOIO
BblLe crocoba, Npu paboTe € yYeOHbIMM MUKPOCKOMaMM OKaXKeT
CKOMb-HUOYAb CUNbHOE BAMAHME HA Ka4yeCTBO M306paXKeHus, ecnu,
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Puc. 119.

Takas KOMOMHALUA 0QHOOOBLEKTUB-
HOI 3epKanbHOli KaMmepbl U
LIKONBHOIO MMKpOCKOMa
“cnonb3osanach 18 NONyYeHNUs
60/bWNHCTBA (hoTOrpaduii,
MOMeLLEeHHbIX B AaHHON KHUre.

KOHEYHO, OTK/IOHEHWE PacCTOSHUA MeXAy MepBUYHbIM
N306paxKeHneM 1 06HLEKTUBOM OT PacyeTHOr0 He CAMULIKOM BE/KO.

YBennyeHre Kamepbl NPU CHATOM OGBEKTMBE YaCTUYHO
3aBMCMT OT PacCTOSAHUA MEXAY OKY/NspOM W NAEHKOW, MO3TOMY ero
MOXHO PEerynmpoBatb, U3MEHAS pasMep YAJIMHUTENbHBIX KOJel
Wn pacTskeHne mexa. Takum 06pa3oM MOXHO perynmpoBaTtb
pasMep Nofs 3peHMsi MMKPOCKOMa 1 YNpaBAsaTb KOMMO3WLMEN
Kafpa. YBenuyeHve onpegensercs OpMysnoii W= YBeuyeHue
Mukpockona (K Mm/ 250 MM), rae K — paccTosiHue Mexay
OKY/APOM U NNEHKOA.

LN nonyyeHns Haunyylimx pesynbTaToB BEMUMHA K HE
[O/MKHA 6bITb MeHblle 125 MM, Tak Kak B MPOTUBHOM Ciy4ae
OTK/IOHEHWE PACCTOAHUA MeXAY MEPBUYHBIM M306PaXKEHNEM ©
06BbEKTNBOM OT PacyeTHOro 3HaveHus ByaeT CTOMb BEMKO, UYTO
yBennMueHne abeppauuii 06bEKTMBA MOXET 3aMETHO YXYALINTb
PE3KOCTb M300paXKeHNs.

Mpw hoKyCcMpoBKe M306paXKeHNS Ha 3KpaHe BUAOMCKaTens
Kamepbl MOTYT BO3HUKHYTb OMpefeneHHble TpyAgHOCTU. JuameTtp
CBETOBOrO My4Ka HaCTO/IbKO Man, YTO MWUKPOMPU3Mbl AW cucTema
HaBOLKM NO KNVHbAM OKa3blBalOTCH YXKe He 3PPeKTUBHbLIMN.
®oKyCUpOBKa Ha MOBEPXHOCTb 3KPaHa, eCiiM OHa ABNSETCA JIMH30M
®peHens, TOXe MOXET ObITb COMPsXKeHa C TPYAHOCTAMU K3-3a
TOrO, YTO JeTasn M306paXKeHNs Ha 3TO NOBEPXHOCTM MCYe3atoT.
Bonee Bcero nogxogsaT Ana oTomMukporpapum annapartbl, 3KpaH
BUAOVCKATENS KOTOPLIX COAEPXMT HEOO/bLUYIO 30HY C M/OCKON
MaTOBOI NOBePXHOCTbIO. OfHAKO U B 3TOM C/yyae 415 MOMYYeEHNs
pe3Kux n3obpaxKeHnii hoKycMpoBKa [0/MKHA OblTb OYeHb
TWaTeNbHON. B oTanume oT 06bIYHONW (oTorpagumn npu
(hOTOMMKPOCHEMKE AN151 MOSYYEHNS AOCTATOUHON rNy6UHBbI
Pe3KOCTV NOCNe HaBOAKM Ha Pe3KOCTb OOBLEKTUB HENb3A
AnadparmmpoBaTthb, YTOObI 136eXaTb Maneinx OTKNOHEHWA OT
TOYHOW (HOKYCMPOBKMN.

Mpegensbl yBennyeHns B hoTOMUKpPOrpagun

Kak y>e 6bl/10 NOKa3aHo, B 006bIYHbIX OTOrpagmuecknx
06beKTUBAX BeNUYMHA 3h(PEKTUBHOMO OTBEPCTMS FpagyupyeTcs mno
CTaHAapTHOMY PsAY LIKanbl guadparm, nosyyeHHoMy u3



doTo 166.

[leneHne kneTok nyka B npouecce ero
pocta, M= 500. Cnesa —
thoTocbeMKa MPOM3BOAMNIACH C
MCNOMb30BAHNEM LLKONbHOTO
MuKpockona. OnTuueckoe
HECOBEpLUEHCTBO MOA0OHBIX
MWKPOCKONOB CTAHOBUTCS OYEBUAHBIM
npu 0CO6EHHO 6OMbLUNX YBENNYEHUAX:
pasmbITOe M306paKeHne LiBETOB —

pe3ynbTaT Xpomatuyeckoil abeppavuu.

CnpaBa — (hOTOCHEMKA MPOU3BOAN-
7lach C WUCMONb30BaHWEM [OPOrOCTO-
fAllero N1a6opaTopHOro MUKpocKona u
OfHOTO M3 CamMbIX JOPOTUX
00bEKTUBOB — MIaHANOXPOMATOM.

COOTHOLLEHMA JMaMeTPOB feliCTBYHOLLMX OTBEPCTMIA U (DOKYCHbIX
paccTosiHUA 06bEeKTUBA. DTa BENMUMHA OTPaXKaeT CMOCO6HOCTb
JINH3bI «COOMpaTb» TO WIN MHOE KOMMYECTBO cBeTa. s
rpafyvpoBKMN 06BHEKTMBOB MUKPOCKOMOB MCMO/b3YeTCs Apyras
cucTeMa, B KOTOPOI COOTBETCTBYHOLLME YMCna NOyyatoTCs B
pesynbTaTe YMHOXEHWUS CUHYCa MOMOBUHbI YII0BOW anepTypsbl
06bEKTMBA HA KOIPMULMEHT NPENOMIEHNA Cpedbl MeXay
06bEKTUBOM 1 06pa3LOM. ITO YMCNO Ha3bIBAETCA YMCNOBON
anepTypoii 1 ykasbiBaeTcs Ha 0604Ke. XOTS uMcnoBas aneptypa
006bEKTMBA HE OTPaXKaeT ero cobupaTte/ibHON «MOLHOCTU», OHA
[aeT MpeAcTaB/eHre 0 ero paspeLuatoLLeid cuie, KoTopas
onpefensieT cnocobHOCTL 06LEKTMBA Pa3fenaTb Mefkue aeTanm
n306paxeHns. B MMKpoCcKonun pasmepbl 06pa3LioB 4acTo
HEHaMHOI0 NPEBOCXOAAT AJIMHY BOJHbI CBETA, MO3TOMY
paspeLleHnie B CYLLECTBEHHON CTEMEHW OrpaHnYMBaeTCs
Andpakumen cBeToBbIX nydeid. JocTaToMHO OyfeT cKasaTb, YTO
yeM 60/ibLUe YrON PacKpbITUS CBETOBOrO KOHYCA, BXOAALLErO B
06BEKTMB 1 YeM BOsbLLUEe YMCIOBas anepTypa 06beKTMBA, TeM
6onbLue ero paspewaroiast cuna. O4eBnaHO, YTO Ana 60MbLINX
yBeNnYeHWiA HeobxogumMa 60/bLLIasA paspeLuarowas cuna, u,
CnefoBatefibHo, YeM 60/blue YBefnyeHne 06beKTMBa, TeM 60/bLue
[LOMKHa 6bITb UMcnoBas anepTypa. Hampumep, Ans TUMMYHOIO
06bEeKTMBA C 4-KpaTHbIM YBE/IMYEHNEM UMCOBas anepTypa paBHa
0,1, ana o6bekTMBa ¢ 10-KpaTHbIM yBenMYeHNEM OHa paBHa 0,25, a
Ans o6vekTuBa ¢ 40-KpaTHbIM yBenmueHnem — 0,65.

OO6beKkTUBbI € yBennyeHnem meHblie 100X 06bI4YHO
MCNOMb3YITCA B TaKMX C/lydasx, Korga Mexay 06beKTMBOM U
06pasLioM HaxOAMTCA BO34yX, MO3TOMY MX Ha3blBalOT CYyXMMK
06bekTVBaMW. Ecnu yBennyeHne o6bekTuBa npesocxoamt 100X ,
TO MOYYUTb JOCTATOYHO BbICOKOE 3HaYeHMe YMCNOBO anepTypbl B
BO3AYLLUHOI Cpefie HEBO3MOXHO, M MPOCTPAHCTBO MEXAY
06bEKTUBOM 1 06pa3L,OM 3aMoHAETCA CreLnaibHON XULKOCTHHO
(MMMmepcweid), a 06bEKTHBbI C TAaKUM PEXMMOM PaboTbl Ha3bIBAKOT
MMMEPCUOHHBIMW. OBbIYHO TaKOM >KUAKOCTHIO ABMISETCA
crnewmanbHoe Macno, Ko3MULMEHT MPenoMIEHNS KOTOPOro OKO-
no 15, 7. e. 6onblle, YeM KOIDOULMEHT NPeoMIeHNs BO3AyXa,
MO3TOMY MPU MPOUMX PaBHbIX YCI0BUSX 3TO LaeT BO3MOXHOCTb
noAy4nTb 6ONbLUME 3HAYEHMS YNCNOBOI anepTypbl. MMOCKONbKY
HEobX0AMMOe PacCTOSHUE MEXAY HWDKHEN MOBEPXHOCTbIO
06bEeKTMBA MMKPOCKONa M 06pa3LoM O4YeHb Mano, «MMMepCupoBa-
HUEe» CBOAMTCS K TOMY, YTO Ha 06paseL, MOMeLLAOT He6OMbLUYIO
Kanato Mmacna, a 3aTemM HauMHaloT NJaBHO nepemelLatb 06bEKTUB €
MOMOLLbI0 MexaHu3Ma (POKYCMPOBKM MMUKpOCKoNa 4O Tex nop,
MOKa ero nepefHsAs /MH3a He KOCHETCS Mac/ia U 13obpaxeHune He
CTaHeT pe3kuM. OB6bIYHO Ha 0OLEKTUBE YKa3bIBAETCH, ABMSAETCA /iU
OH MMMEPCWOHHBIM.

3Hasa umMcnoByto anepTypy AaHHOro 06bLeKT1Ba, MOXHO
[OCTAaTOUYHO XOPOLUO OLEHUTb MpeaensHoe paboyee yBenuyeHue
MMUKPOCKONa C MOMOLLBIO CefytoLeil hopMybl:

MakcumanbHoe paboyee ysenuyeHve = Yucnosas
aneptypax 1000.
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(XoT4 3TO BblpaXKeHWe MPUBAMKEHHOE, OHO AaeT A0CTAaTOUYHO
TOYHbIe pe3y/bTaTbl 418 BCEX MPaKTUYECKUX Leneid.) JocTmkeHune
paboyero npegena yBennyeHUs BOBCE HE 03HAYAET, UTO HeMb3A
nonyunThb n3obpaxeHune 6onbliero pasmepa. OfHAKO 00BLEKTUB
MWKPOCKOMNa Npy 3TOM MPEB30AET CBOIO MPeLeNibHY0
paspeLuaroLyto crnocobHoOCTb, 1 6onee Menkve AeTann obbekTa He
OyayT pasnnynMmbl. TakuMm 06pa3oM fanbHelillee yBeamyeHne
CTaHOBUTCA GECCMbICNEHHbIM. YBeNUYeHne, NPeBocxofsilee
npegenbHoe paboyee yBeNMYEHUE, MHOTAA Ha3biBAKT (MMKTUBHBLIM
UK NYCThIM.

OO6beKTNBbI MUKPOCKOMOB PacCUUTbIBAOTCS TaKUM
06pa3om, 4To6bI MX YMcnoBas aneptypa Oblna 4OCTATOYHON ANs
yBe/IMYEHNs, HEOOXOAMMOr0 NpuU BEPOSTHOM HOPMaNbHOM PeXume
paboTbl. Tak, HanpuMep, TUMUYHbIA 40-KpaTHbIA 06BEKTMB C
anepTypoii, paBHoin 0,65, gonyckaeT MakKchManbHoe pabouee
yBenuyeHue, pasHoe 0,65- 1000= 650. Ecnu Takoii 06bEKTUB
ncnonb3yetcs ¢ 10-KpaTHbIM OKY/NSPOM, TO NOMYYEHHOE BUAMMOE
yBennyeHue (Npov3BefeHNe YBEIMYEHNIA 00BEKTMBA U OKY/Ispa)
coctasuT 40- 10= 400, T. e. OHO NEXMUT B npegenax padoyero
yBenunyeHus. Ecnu obpaseL, CHUMAETCs Ha NMeHKY, TO yBenYeHue
HeraTmea WM Anano3nTmBa TakXke CnefyeT NpuUHUMaTb BO
BHMMaHWe, MOCKObKY OKOHYaTe/IbHOE, WK MOJIHOE, YBEIMYEeHNe
TaKXe AO/MKHO NeXaTb B Npefenax, HanaraeMbiX Y/ACNOBOWA
anepTypor JaHHOro 06beKTMBA. Tak, Hanpuwvep:

— ecnu hoToMUKpOrpadus Lenaetcs ¢ yKasaHHO
KOMO6VHaLMein 06beKTUB — OKYAsAp C PacCTOSHWEM MeXAy
OKY/NISIPOM W MNEeHKOM, paBHbIM 250 MM, TO YBENMYEHNE KaMepbl
6yget 40" 10- 250/250= 400, T. e. OHO NIEXUT B Npegenax
pabouyero yeenuueHus;

— eC/N NOMYYeHHbI HeraTus MpW MeyaTy yBennynBaeTcs
BABOE, TO OKOHYaTe/IbHOe yBenuueHne oyaet 400- 2= 800, uTo
npesblllaeT pabounii npegen Ans 4aHHOro 00bLEKTMBA, U B AAHHOM
Cly4ae Mbl UMEEM «MYCTOE», UM «PUKTUBHOE», YBENINYEHNE;

— €C/IN OKOHYaTe/lbHOe YBEe/IMYEHUE B HECKO/IbKO pas
NPeBOCXOAWT MaKCUMManbHoe paboyee yBeNMYeHWe, TO KayeCcTBO
CHVUMKa BYfeT Nnoxum.

OcBeLyeHMe 06pasLoB

B ¢oTomukporpadun gns nonyyeHus gotorpaduii
MaKCMMasibHO BbICOKOIO KauyecTBa BaXKHOe 3HaveHue MMeeT
npaBu/ibHOE OCBELLEHNE, 0COBEHHO NPU CbeMKAX B NPOXOLALLEM
cBeTe ¢ 60nbWKM yBeiMyeHneM. onyunTs HEO6X0AMMOe KayecTBO
OCBELLEHNS He OYeHb TPYAHO, OAHAKO YCTAHOBKA HVDKHEN
MOACBETKN N UCTOYHMKA OCBELLEHMSA [O/KHA NPOM3BOANTBLCA C
npefenbHON TLWATeNbHOCTbI0. B naeanbHbIX YCN0BUSAX flyun CBETa,
MCNYCKaeMble MCTOYHMKOM OCBELLEHWS, NOC/e NPOXOXAEHMA Yepes
ONTWYECKMA KOHAEHCOP 06pa3ytoT CBETOBOIM KOHYC C BePLUMHOWN,
nexallein B nnockoctn obpasua. Mpoiiaa ckBosb 06pasel, nyyu
CBeTa CHOBa pacxofsTcs U 06pa3yroT MepeBepHYThIA KOHYC,
nexawmin Mexxay obpasyom n 06bekTMBOM. KoHAeHCcop 06bIYHO
MMeeT (HOKYCMPOBOUHbIA MeXaHW3M, MO3BONASIOWNA U3MEHATb
paccTosiHMe MeXay KOHLEHCOPOM K 06pa3LoM Takum o6pasom,
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doT0 167.
MonepeyHblii Cpe3 UronKn COCHbI.
M= 120

4TO6bI Nlyun CBETA NepecekasMch TOYHO B NAOCKOCTM 06pasua.
O6bI4HO HenocpeCTBEHHO MOJ NIMH30M KOHAEHCOopa ycTaHaBmBa-
eTcsa npvcosas guadparma, HasblBaemas anepTypHON
Avadparmoii, Ans pPerynmpoBaHns CeveHus CBETOBOMO Myuka.
[Ovadparma HacTpanBaeTcsi TakuM 06pa3om, YTOOblI OCHOBaHMWE
CBETOBOr0 KOHYyca Mexgy 06pasLom 1 06bEeKTUBOM MOMHOCTLIO
3amnosiHsAN0 BeCb 06LEKTMB. B HEKOTOPbIX [eLUeBbIX MUKPOCKONax
anepTypHas guadgparma npeactaBnseT coboil BpalLaloLWmMiics gUCK
C HECKOMbKVMW OTBEPCTUAMM (PUKCUPOBAHHbLIX Pa3MEPOB U He
MOXET M3MEHSATLCA NMaBHO.

MHOrMe MUKPOCKOMbI NpefHa3HayeHbl Ans paboTsl ¢
BbIHOCHbIMW UCTOYHMKAMU OCBeLLeHMA. [ 3Toro nog
KOHAEHCOPOM W anepTypHOI anadparMoil MOHTUPYETCS 3epKarno,
OTpaXatoLLee CBET OT BHELUHEro NCTOYHUKA B KOHAEHCOP.

Y HEeKOTOpbIX MWUKPOCKOMOB UCTOYHWK MOACBETKW BCTPOEH B
OCHOBaHMKM. B 060mx cnyyasax Hanbosee pacnpocTpaHeHHbIM
MCTOYHMKOM OCBELLEHMSA ABNAETCA HWU3KOBO/MbTHAs nammna
Haka/MBaHUs, NUTAOLLAACA OT CETU Yepe3 MOHMKAtOLL M
TpaHchopmatop. OCHOBHOE TpeboBaHWe, KOTOPOMY AO/IKEH
Y[0BNETBOPATb UCTOYHUK OCBELLEHMA Ans Leneli hoTOMUKPOrpa-
(hmm, COCTOMT B TOM, UYTO CBET, AOCTUTraIOLLMIA 06pasLa, AO/MKEH
ObITb AOCTATOYHO UHTEHCUBHBLIM (BPEMSs 3KCMO3ULMM MPU 3TOM
ycnoBun 6yaeT MUHUManbHbIM). Mpy paboTe B OTPaXKeHHOM CBeTe
C HEOOMbLLNM YBENIMYEHNEM 3TO TPebOBaHNE He CTO/b
CYLLECTBEHHO, OfHAKO 1 B 3TOM C/ly4ae CnefyeT YUuTbIBaTb
CTPYKTYpYy 06pasua 1 COOTBETCTBYHOLMM 06pa3oM BblGMpaTh
Hanpa./ieHVe 1 yron ocBelleHus. Kpome Toro, ecnv aenaetcs
LBeTHasa (oTorpagus, To CnekTpasbHble XapaKTepUCTUKM
MCTOYHMKA LO/MKHbI COOTBETCTBOBATL XapaKTEPUCTUKAM LIBETHOM
nneHku. MepeoMy Tpe6oBaHMIO 06bIYHO MOMHOCTLIO YAOBNETBO-
PAIOT NCTOYHMKW OCBELLEHWS B BUAE FaforeHHbIX namn. Ecnu
CbeMKa MPOM3BOAWTCS Ha MAEHKY, PacCUMTaHHYH Ha UCKYCCTBEH-
HOe OCBELLEHWNE, TO raforeHHble Namnbl YA0BNETBOPSIOT U
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doTo 168.

MonepeyHblii paspes 3penoi
ANLEKNETKN KOPUYHEBO BOAOPOC/M
cemeiicTBa Fucus. MpaBas siilekneTka
yXe packpblnach U rotosa
M3BEPrHYTbL CBOE COAEPXXMMOE B BOAY.
M= 60.

BTOPOMY Tpe60BaHMIO MNPV MUHMMANbHOW AONONHUTE/bHON
tunbTpaymn. Takum 06pa3om, ranoreHHble UCTOYHMKU OCBeLLe-
HUA MO3BONAKT NOAYUUTb hoTorpaduu ¢ y40BNETBOPUTENbHBIM
LBeTOBbIM H6anaHcom. CnefyeT OTMETUTb, UTO, AaXKe ecnu LBeTo-
Bas TemmnepaTypa namnbl B TOYHOCTW COOTBETCTBYET LiBETOBOIA
YyBCTBUTE/NILHOCTM M/IEHKM, BCE XXe MOXET MoTpeboBaThCA
onpegeneHHas UAbTPaLmMs, NOCKObKY ONTUYECKME 3EMEHTI
MWKPOCKONa MOFyT BHECTU HebOMbLUIOE LBETOBOE MCKaXeHUe.
OfHWUM 13 Hamnbosnee pacnpoCTpaHeHHbIX METOA0B
NMOACBETKM ABNSETCA OCBeLleHWe no Kénepy, nossonsioLlee
MoNyUYnNTb M306pPaKEHNE XOPOLUErO KayecTBa C MaKCUMasbHO
BO3MOXHbIM paspeLueHuem. OgHako 4ns peanvsalum 3Toro
MeTofa HeOOX0AMM MCTOYHMK OCBELLEHWS, KOTOPbIi NOMUMO
namnbl COAEPXKNT €LLe OANH KOHAEHCOP UM MPUCOBYHO Anadparmy,
Ha3bIBaeMbleé COOTBETCTBEHHO MOJEBLIM KOHAEHCOPOM U MOJEBOV
Anagparmoii (MHorga ynotpebnstoTcs TepMUHbLI NammnoBbIii
KOHZEHCOp W namnoBas Avadparma). PacctosHue Mexay nosne-
BbIM KOHLEHCOPOM W NlaMMOil MOXXHO perynupoBath, W Npu OcBeLLe-
HUM No Kénepy OHO ycTaHaB/MBaeTCca TakuM, YTO pe3koe n3obpa-
YKEHWE HUTU Hakafa namnbl Mosy4vaeTcs B NAOCKOCTM anepTyp-
HOI anadparmbl MMKpockona. C NoMoLbo hOKYCUPOBKM
KOHZEHCcOopa MMKpPOCKona AobueatoTcs, YTo6bl pe3koe
n306paXKeHne MO/EBOI AnadparMbl UCTOUHMKA NPOELMPOBaTOCh
Ha NaockocTb o6pasua (puc. 120). AmameTp nonesoii gnadgparmsl
[lO/IKeH ObITb TaKMM, YTOObI OCBeLLlanacb BCA 4acTb 06pasa,
KOTOpas [O/MKHa 6biTb 3aMKCMpoBaHa Ha (oTorpaguu’.
CnuwkomM 60MbLIOE OTBEPCTUE NOMEBON AuadparMbl MOXET
ABUTLCA NPUYUHOW BO3HUKHOBEHWS 6/IMKOB BHYTPU 0O6BLEKTUBA
nnn Tybyca MUKpPOCKONa 1 TeM CaMbIM MOHMXEHUS KOHTpacTa
n306paxeHuns. BmecTe ¢ TeM CAMLLIKOM MaseHbKOe OTBEpCTue
OrpaHWM4mMT pasmep NoNs 3peHns. VIsmeHeHus nonesoi guadparmbi

! [machparma notomy 1 Ha3blBaeTCA «MOMEBON», 4TO OHa onpeaenset
pasmepbl Mons M306paXxeHus, B TO BpeMsi Kak anepTypHas guagparma
perynupyeT spKocTb 0CBelieHus o6bekTa. — [puM. pes.
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Puc. 120.
MuKpockon 1 0CBeTUTeNbHOE
YCTPOICTBO Mo cucTeme Kénepa.
CBeTOoBble Iy4n OT Namrbl NPOXOAAT
yepes obpasel, ¥ NajatoT Ha MNEHKY.
Ha pucyHke mokasaHbl TONbKO YeTblpe
nyya: figa U3 HUX cnefyet
paccmaTpuBaTh KaK «OCBeLLalLune»
(KpacHbIli UBeT), a fjBa — KaK /yuu,
thopmupytowme n3obpaxeHue,
MpUYeM OfMH U3 HUX COBMafaeT C
OAHWM U3 OCBeLarLWmx nyyei
(WTpMxoBas NMHUS).
«OcBeLlatoLLe» fyyun, npoxons
yepes KOHAEHCOp OCBeTUTenNs,
(hopMMpPYIOT N306paXKeHNe HUTK
Hakana B NJ0CKOCTU KPyroBoi
avatparmel. Mpoiigs yepes
KOHZIEHCOP MPeAMETHOro CTONNKa
MWUKPOCKONa, 3TV Ny4n nonajarT Ha
o6paseu. Ewe ogHo m3obpaxeHune
HUTU Hakana namnbl opmupyetcs
HemnocpefCTBEHHO Haj 06beKTUBOM, U
elle 0OfHO — Haf OKynAapom. XoTs
noKa3aHHble 3[eCb «OCBeLlalLmne»
NyYn UCXOAAT U3 OAHON TOUKN HUTK
Hakana, OHW PacXOAATCA Takum
06pa3oM, UTO «MOKPbIBAOT» BCHO
noBepXHOCTb 06pasLa u ero
nocnefoBaTe/lbHbIX W306paXKeHWA.
BmecTe ¢ TeM, HECMOTPSA Ha TO YTO
nyyun, hopmupylolme n3obpaxeHue,
UCXOAAT OT PasHbIX KOHLOB HUTK
Hakana, OHU NPOXOAAT Yepe3 OfHW U
Te XKe TOuKM o6pasua u ero
nocnefoBaTeNlbHbIX 1306paXKeHUIA.
VIMEHHO 3T CBOICTBa CUCTEMBI
Kénepa no3sonatT nonyynTb
paBHOMEpHOe OCBeLleHue oT
HEOAHOPOAHOr0 MCTOYHUKA CBETA.

CnepyeT nmeTb B BUAY, 4TO AnameTp
fuadparmbl 0CBETUTENA BblbupaeTcs
Tak, YTo6bl Obina OCBeLieHa TOMbKO Ta
yacTb obpasiia, kKoTopas [O/KHa
BOWTW B Kagp. AunameTp Kpyrosoii
funadparmbl onpegenset guamertp
CBETOBOr0O KOHYyCa, MonajaroLLero B
00bEKTUB MUKpOCKONa.

HE B/IUAIOT Ha IPKOCTb M300paXkeHMs. AnepTypHas gvadparma
perynmpyeTca Takum o6pa3om, 4To pabounii gnameTp 06bEKTMBA
MONHOCTbIO 3aMOJIHAETCS CBETOBbIM KOHYCOM MeXay 06pasLom K
06bekTMBOM. CmliKoM 60/blias anepTypHasa Avadparma Takxe
MOXET SIBUTbCA MPUYMHOI 6/IMKOB BHYTPU MUKPOCKONaA, B
pesynbTaTe Yero MOHWU3UTCS KOHTPACT M300PaXKeHNs, a CNLLIKOM
Masnasi orpaHWYMT YMCNOBYHO anepTypy 06bEeKTMBA 1 TEM CaMbIM
NpuBEAET K CNaboMy paspeLleHnto 1 NOsIBAEHNI0 UHTepdEPEH-
LIMOHHBIX MOM0C BOKPYT MefKMX feTaneit obpasua.

Korga namna n MUKPOCKON HaCTPOeHb! MPaBUAbHO A1
JAHHOro0 MeToda NMOACBETKM, OCBelleHMe obpasua byaeT
PaBHOMEPHbLIM, XOTSl HATb NlaMMNbl BOBCE He SIBMISIETCA OfHOPOAHbIM
MCTOYHMKOM CBeTa. ITO BaXHO. BeAb 0OfHOPOAHOCTL OCBELLEHUS
o6paslia Npy 06bIYHOM MCMOMb30BaHUM MUKPOCKONa, T. €. Npu
paccmaTpuBaHuM 06beKTa rna3oM, He CTO/b CYLUECTBEHHa,
MOCKO/IbKY T/la3 aBTOMATUYECKN CraXunBaeT Ntobble HepaBHOMeEp-
HOCTM OCBeLLEeHUsA Nona 3peHns. MocKonbKy nneHka He obnagaeT
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CBOICTBaMM 4e/I0BEHECKOrO r/a3a, Nt0bas HepaBHOMEPHOCTb
OCBELLEHNS «NPOSBUTCA» HAa CHUMKE B BUAE Y4aCTKOB pPa3HOi
MAOTHOCTU, YTO OYEHb 3aTPYLHWUT PacLLUM(POBKY CTPYKTYpbI
obpasua.

MpenmyLecTBa NOAcBETKM 06pasua no metogy Kénepa no
CpaBHeHuIo ¢ 6ofiee NPOCTLIMU MeTOAamMu 0CO6EHHO OTYETNNBO
NPOSBAATCA NpU (oTOrpampoBaHUN ¢ 6ONbLUNMUN YBENYEHW-
AMM, Hanpumep ¢ 100-kpaTHbIM 06beKTUBOM. [Mpy yBENMYEHUN C
o6bekTBaMmM 40 X 1 MeHee 3TU NPenMyLLEeCcTBa He CTOMb
04YeBMAHbI, ecin BoOGLLE oLy TUMbI. PoTO 162—168, caenaHHble B
MPOX0AALLEeM CBETe, CHATbI C UCMO/b30BaHWEM A/1F NOACBETKU
CTaHZapTHOro AManpoekTopa, X0TsA camMa CXema OCBELLeHMA
aHanornyHa metogy ocseuleHus no Kénepy. MIcTo4HMKOM cBeTa B
MPOEeKTOpe ABNANACL MOLLHAsA rasoreHHas namna, LBeToBast
TemnepaTypa KOTOPO COOTBETCTBOBANA CMNEKTPaibHbIM
XapaKTepucTMKaM LBETHOI MEHKM, NO3TOMYy TpeboBanach NnLib
MUHUMaNbHAA LBETOBas KOpPpPeKLus.

CBeT OT MpoeKTopa Hanpaefsnca HenmocpeacTBEHHO Ha
3epKano MMKpockona. [ns nonyyYeHUs paBHOMEPHOIO OCBELLEHMA
MeXAy NPOEKTOPOM U 3epKasoM MMUKPOCKOMNa MoMeLlascs
Anddy3op — HebOMbLIOA BEPTUKAMbHBIA KyCOUYeK CTeKna ¢
HaK/IeeHHOM Ha Hero Kanbkoii. IMocne Toro Kak 6bin BbiopaH
06bEKTMB, HACTPOIKa BCeli CUCTEMbI OCBELLEHWNS MPOBOAMAACL MO
ClefyHoLLein cxeme:

1. Mukpockon hoKycmpoBancs Ha obpasew, nyTem
BU3yanbHOro HabAoaeHNs Yepe3 oKynsp (CO CHATON KaMepoit) mpu
MOMIHOCTbIO OTKPBITON anepTypHOil gnadparme.

2. Ondhdysop 3aKpbiBascs KYCKOM YepHOl bymaru ¢
He6O0/bLIMM OTBEPCTUMEM MOCepefuHe (4UaMeTPOM OKOMO 2 MM)
TakuM 06pa3oM, UTOObI LIEHTP OTBEPCTUSA fieXan Ha ONTUYeCKoi
OCW IMH3bl MPOEKTOPa, NPOXOAALLE Yepe3 3epKasbLe MUKPOCKOMA.
(910 oTBEpPCTUE MOAENMPYET MOMEBYIO Anadparmy BbICOKOKaYe-
CTBEHHbIX OCBETUTENIbHLIX YCTPOWCTB.)

3. Mpwv BM3yanbHOM HabMOAEHNN Yepe3 MUKPOCKON
n306paXKeHne O0TBEPCTMS pa3MeLLanoch B LieHTpe nons
n306paXKeHMs MMKPOCKOMNa NyTeM M3MEHEHMS Yrna Hak/ioHa
3epkana.

4. [na nonydveHus Haubonee peskoro n3obpakeHus
0TBEPCTVA NPOM3BOAMMACL MOALCTPOMKA NIMH3bI KOHAEHCOPA.

B pe3ynbTaTe KOHAEHCOP CO3jaBan M306paxKeHWe NOMEBOA
Anadparmsbl, nexallee TOYHO B NIOCKOCTM 06pasLa.

5. C guigysopa cHMManacb YepHas 6ymara.

6. Mpy HabnAeHWM C HEKOTOPOro PacCTOsHMSI CKBO3b
Ty6yC MUKPOCKONA CO CHATbIM OKY/NspOM MOACTpanBaiv
Avadparmy Takum 06pa3om, UTOObI APKMIA KPY>KOK CBETa
(n306paxkeHne anadgparmbl, co3gaBaemMoe 06bLEKTUBOM) 3amnoHWA
NPUMEPHO YeTbIpe NATbIX 3afHel NMOBEPXHOCTU 0O6BLEKTUBA.

7. TloBepxHOCTb An{y3opa paBHOMEPHO OrpaHM4yKBanach
[0 Tex nop, Noka OCBELLEHHOI OKa3blBasiacb TOMbKO MHTEpecy-
towas obnactb obpasua. C NOMOLLbIO 3epKa/ibHOM KaMepbl 3Ta
ornepauusa BbINOMHAETCH JOBOMLHO Nerko: Habnwgas nobpaxeHue
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yepes BUAOMCKATENb W NepeMelyas KaXXAblii Kycoyek mMackupy-
louwen yepHoih 6ymarn Bnepes W Hasafj, HY>XHO 3aUKCUMpPOBaTb €ro
B TOM MOMIOXEHWUWN, KOTJa OH OKaXeTCcA TOYHO Ha rpaHuLe pamku
BUAOMNCKaTENA.

Mpn poToMukKporpathmy ¢ NOMOLWbI annapaTos C
ODUKCUPOBAHHBIM 06BbEKTUBOM MOC/AE BbIMONHEHWS OMUCAHHOM
Bbllle Npouefypbl U nepej YyCTaHOBKOMW KaMepbl Ha MUKPOCKON
clegyeT NpoBepuUTb POKYCUPOBKY MMKpockona. 3To Aenaevcs
HenocpeACTBEHHbIM BU3yanbHbIM KOHTPONEM 4Yepe3 okynap. Mpwn
CbeMKe 3epKaNibHOW KaMepol CO CHATbBIM 06bEKTMBOM Kamepy
cnefyeT ycTaHaBAMBaTb Ha MUKPOCKON MeXAy aTanamMu 6 u 7 u
nocne 3TOro cHoBa )OKycMpoBaTb MWKPOCKOM [0 MONYYEHUR
pe3koro n3obpaxeHws B BUfoucKatene annaparta.

OnucaHHy Bbllle MPOLEAYPY HACTPONKW OCBELEeHUSA
cnefyeT NMOBTOPATb MPW CMeHe 06bEKTUBA WU U3MEHEHUN
yBENNYEHNA cucTeMbl. ECAnM Npu CHATOM 06bEKTUBE YBelnUyeHue
MeHfeTCHs NUWb NOCPeACTBOM W3MEHEHWA PacCTOAHMA MeXAy
OKYNAPOM W NNEHKOW, TO MOXHO OrpaHMYUTbLCSH NMOBTOPEHUEM
TONbKO 3Tama 7 (NMOMWMMO NOACTPONKM (POKYCUPOBKY
MUKpoOCKOMa).

Bbl6op akcnosuyumn

OnpepeneHne HYXHON akcno3nymm gnsa GoToMuKporpagpmum
C KamepamMmn CO CKBO3HOW HaBOAKOW 06GbIYHO OCYLWECTBAAIT C
NOMOLWbIO BCTPOEHHOTO 3KCNoHoMeTpa. Ecnm 3amep MOXHO
NPOBOAUTbL W MPKM NONHOCTbI OTKPBLITON Anatparme, T0 Ans
nonydyeHus 6onee TOYHbIX Pe3ynbTaToOB €ro cneAyeTt genaTb BCe-
Takn B pexume paboyeil gnadparmbl. Mpun cbemkax Kamepamu 6e3s
cucteMbl TTL HayanbHYl 3KCNO3WULWIO NPUXOAUTCA OnNpenensTb
MeToA0M Npo6 M own6OK. Ecnm 6bina BblUMCNeHa HYXHas
BblA€pPXKa ANA KOHKPETHOro yBe/iMYeHUdA, TO BblepXKa ANa
OPYTFOro yBeNMYeHUs onpefenseTcs No NPUBEAEHHOW HuXe
thopMyne, B KOTOPO HayaNbHble YCNOBUA Ha3BaHbl «CTaHAAPTHbI-
MU»:

HoBas Bblgepkka = CTaHAapTHaa BbigepXkKa X

Ecnun ncnonb3yetcs 06beKTUB C APYrOW YMCNOBOW anepTypoi, To
anepTypHyl guadparmy cnegyeT W3MeHUTb, KakK 3T0 6bln0
OnucaHo Bbille, C TeM 4YTOObl ee n3o6paxeHue, BUAMMOE Yepes
Ty6yCc MUKpOCKONa CO CHATbHIM OKYNSpOM, Kak W paHbLlie,
3aM0NHANO NPUBAN3NTENBHO YeTbipe NATbLIX BUAUMOW o6nacTu
3afiHeli NOBEPXHOCTM 06beKTMBA. XOTSA TeOpPeTUYECKMU 3Ta HopMYy-
na fgaeT AOBONbHO XOPOLWYK OLEHKY HEOOGXOAUMOW BblfepPXKHN
LNA HOBbIX YCN0BWUA, Ha NMpakTUKe PEKOMEHAYeTCA AenaTb He-
CKO/bKO I'IpOﬁHbIX CHUMKOB C BblepXKamMu, oTnnyarwwmmnca
OT BbIYMCNEHHOTO 3HAYeHUA B Ty U APYTYK CTOPOHY, 4T0O6bI
rapaHTUpoBaTbh MpPaBWU/bHYI 3KCNo3Wuu. ITO B 0COGEHHOCTH
BaXHO, KOrfa MeHseTcsa cam obpasel, MOCKONbKY OnTMyeckas
NNOTHOCTb KaXJoro o6pasua 3aBUCUT OT ero puU3nyeckoi
npupoAbl, TONWMUHL U cnocoba ero 06paboTKK.
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Cobemka

OfHa 13 npo6niem HOTOMMKPOTrpaduy CBsizaHa C MoTepel
Pe3KOCTM N306paXeHns BCNeCTBME NepeMeLLeHns 1 Bubpauu
CUCTEMbl Kamepa — MMKPOCKOM BO Bpems 3akcnosuuuu. 3-3a
60/1bLIOr0 YBEIMYEHNS faXKe CPaBHUTE/IbHO HE3HAYMTE/IbHbIE
KonebaHua Tybyca MMKPOCKOMa OTHOCUTENbHO obpasua npuBogsaT
K CMELLEeHNIO N306paxeHNs OTHOCUTENbHO MAOCKOCTU MEHKM.
YacTo Bnbpauns BO3HMKaeT Npu cpabaTbiBaHWM 3aTBOPa, MPUYeEM
npv cpabaTbiBaHWM LUTOPHbIX 3aTBOPOB OHa ropasfo CU/bHEe, YeM
npu cpabaTbiBaHUU LIEHTPa/bHbIX 3aTBOPOB. B CBA3M C 3TuM
3aTBOpPbLI Kamep, npegHasHayeHHbIX 415 POTOMUKPOCHEMKN,
KpensaTcs Ha creuuanbHbIX aMOPTU3MPYHOLWUX PE3UHOBLIX
nofcTaBkax. ICTOUHMKOM BMOpaLMmM 3epKanibHON KamMmepbl MOXET
ObITb CaMO 3epKasio, KOTOPOe HEMoOCPeLCTBEHHO Mepes OTKPbITUEM
3aTBOpa NMOAHUMAETCA U YXOAMT U3 30HbI ONTUYECKOTO MyTU Nydeit
cBeTa, 06pasyoLmx n3obpaxeHue. B HEKOTOPbIX Kamepax
3epKano NOAHMMAETCA U 3aKpennseTcs B BEPXHEM MONOXKEHUM
HenocpeACTBEHHO Nepej HayanoM aKcrnosuumm. Haxartue
CMYCKOBOI KHOMKWU TaKXXe MOXET MPVBECTU K COTPACEHUIO KaMepbl.
MoaToMy Ny4lle MCMoMb30BaTh FMOKNIA TPOCUK MM MEXaHW3M
aBTocnycka. MoNHOCTbIO YCTPaHUThL BAWSIHWE cpabaTbiBaHMS
3aTBOpa Ha pes3KocTb M306paxeHns He ygaetcs. OLHAKO 3TO
BNIMSHNE MOXHO CeNaTb MUHUMa/bHbLIM, eciiv N03aboTUThLES 0
TOM, YTO6Obl HUKaKUe (JaXe caMble He3HAYMTE/bHbIE) COTPACEHNS
Kamepbl He nepefasanncb MUKpOCKoMy. [ns 3aToro Kkamepy Hajo
3auKcnpoBaTh Tak, YTOObI OHa HAaXOA4MIAChk B MPaBW/IbHOM
MOSIOXKEHMMN Haf, MMKPOCKOMOM, HO He Kacanach ero, Kak,
Hanpumep, MpU CbeMKe KaMepoi ¢ (DMKCMPOBaHHbIM 0ObEKTUBOM.
OfiHaKo TOHKas perynumpoBka Kamepbl U OKy/nspa MUKPOCKoNa,
KOTOpas CYLLEeCTBEHHO B/IMSET Ha KayecTBO M300paxeHus, B
[aHHOM cryyae BGyfeT OCYLUECTBNATLCS BPYUHYHO, a He
aBTOMaTMYeCKM, KakK Npu KpenneHun yepes agantep. Kpome Toro,
13-3a2 OTCYTCTBMSI MEXAHWYECKOI CBA3N MeXay KaMepoi u
MWKPOCKOMOM MEXAY OKYSAPOM U Kamepoi MpUXOAUTCS CTaBUTb
HeuTo BpOJe 3KpaHa, YToObl B kamepy nonafgan To/bKO CBET,
MAYLWWIA Yepe3 MUKPOCKONM, 3TO B OCOBEHHOCTM BaXXHO MPU CbEMKE
Kamepol CO CHATbIM 06beKTMBOM. OnpaBa 06beKTUBA cama Mo
cebe Hempo3payHa, U ecin A4S 3KpaHWPOBaHMS UCMOMb3yeTcs
COMHeYHas GneHAa, YCTaHOB/IEHHAs TaK, YTO B MPOCTPAHCTBO
MeXay 06bEKTUBOM Kamepbl U OKYNSPOM MUKPOCKOMNa He
nonagaeT MpsMOii CBET, TO HEOOXOAMMOCTb B AOMOSTHUTESbHBIX
3KpaHax OoTnafgaeT MpW YC/IOBMU, YTO YPOBEHb OCBELLEHMS B
KOMHaTe noajAepXXnBaeTcs MUHMMAbHbIM.

OaWH 13 BO3MOXHbIX BapuaHTOB peLleHnst Npobiembl
CMeLLeHNs Kamepbl U 06pa3ya Bo BPeMst 3KCMOHMPOBaHWS
COCTOWT B UCMOMb30BaHMK 3aTBOPA W CMyCKa Kamepbl He Kak
CPeACTBa YNpaB/ieHUs ANUTENIbHOCTHLIO BbIAEPXKM, a NMLLb Kak
YCTPOIiCTBa, OTKPbLIBAKOLLEr0 NAEHKY ANs 3kcnosuuun. MNpogenas
BCHO MpeABapuTe/IbHYH0 HAcTPOIiKy Kamepbl, MMKpoOcKona 1
OCBELLEHNSA U NOArOTOBMBLUMCH K CAMOMY MPOLIECCY CHEMKM, Aasee
MOXHO MOCTYNUTb Crefytolmm 06pa3oM. ICTOYHMK CBeTa
3aKpbIBatOT KYCKOM HEMpo3payHoi YepHOi Bymaru u, ycTaHOBUB
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3aTBOP KaMepbl B MOMOXeHWE B, OTKpbIBAOT U (DUKCMPYHOT €ro B
OTKPLITOM MOMOXEHWUU C MOMOLLbIO CMYCKOBOrO Tpocuka. [anee
CNneayeT NofoXAaTb HECKONbKO CeKyHA, Y4T06bl NMPeKpaTuanCh
BO3MOXXHbI€ BMOpaLMK, Bbl3BaHHble OTKPbIBAHWEM 3aTBOPA, U YXe
rocse 3Toro MoXKHO NPOW3BOAUTbL IKCMO3ULIMIO NAEHKN, CHSB C
MCTOYHMKA OCBELLEHUS YepHYLD Bymary.

Mocne 3KCMOHMPOBAHUSA MMIEHKW 3aTBOP KaMepbl
3aKpbiBatoT. UT06bI M36exaTb CMELLEHNS KaMepbl U MUKPOCKoNa
BO BPEMS 3KCMO3ULMK, HYXXHO CMeauTb 3a TeM, YTOObI YepHas
Bymara BO BpeMs OMMCaHHbIX MaHUNynauuii He Kacanach
MuKpockona. MockosbKy Nogo6HbIM CNOCO60M BeCbMa CNOXHO
KOHTPONMPOBaTh BPEMS 3KCMOHMPOBaHMS nopsgka 0,5 ¢, MOXHO
YMEHbLUNTb MHTEHCUBHOCTb OCBELLEHUS, YTOBbI HECKOMbKO
YBENUYNTb BblAEPXKKY. IMpoLe BCero 310 cAenaTb, YCTaHOBUB Ha
MyTU CBETOBOrO /lyya HeWlTpanbHbIli CBETODUNLTP. Takne cepble
HeinTpanbHble PUALTPbLI KanMbpytoTcs B Norapugmmnyeckoi
LLIKase, U NOBbILIEHNE MAOTHOCTM Ha 0,3 ef. COOTBETCTBYET
YMeHbLLUEHWNIO CBETOBOIO NOTOKA, MOMafatoLLero Ha neHKy, B 4Ba
pasa. 3TO B CBO 0Yepefb 03HAYAET, YTO BbIAEPXKKY Haf0
yBe/M4MBaTh B fBa pasa. PunbTpbl (B TOM UKC/Ie HEOOXOAMMbIE U
AN1S KOPPEeKUMW LBETOBON TemnepaTypbl) BCerga cnegyet
nomeLLaTb Mexgy 06pasLoM ¥ UCTOYHMKOM CBETA, a'He Mexay
006pasLoM ¥ NAeHKOA. Mpy TakoM pacrnonoXeHUn nobble
BO3MOXHble OMTUYECKMe fedheKTbl (IMNbTPOB, TaKMe, KakK CBWIM Ha
MOBEPXHOCTW, He 0TPassATCA Ha Pe3KOCTW N300paKeHNS.

DOTOMUKPOCHEMKA C 3M1EKTPOHHOI BCMbILLIKOIA

Manasi 4MTeNbHOCTb U3NYYeHUS 3NEKTPOHHBIX BCrbILIEK
JenaeT 3ToT BUL MCTOYHMKOB OCBELLEHWNS 0COBEHHO YA0OHbLIM Ans
(hOTOMMKPOCHEMKM KPOLLEYHbIX XMBbIX OPraHW3MOB, KOTOpble
HaCTO/bKO BbICTPO MEepeMeLLarnTCs B Nofe MMKPOCKONa, 4To
HEBO3MOXXHO MOMYYUTb UX Pe3Koe M306paxeHne, UCNOMb3ys B
KayecTBe UCTOYHMKA CBETa NlaMMbl HaKaNMBaHUA. DNEKTPOHHbIe
BCMbILIKM MOFYT OKa3aTbCs BeCbMa 3PPEeKTUBHLIMM U NPU CbEMKE
HEMoABWXHbIX 0O6BEKTOB, MOCKO/bKY MO3BOAAIOT 0CNabuTth, a
WHOTAa ¥ NOJIHOCTLIO UCK/OUYNUTL HEPE3KOCTb M306paxeHus,
BbI3BAHHOIO MEPEMELLEHMEM KaMepbl WM MUKPOCKOMa.

MOCKOMbKY BCMBILKN BKIKOYAKOTCA TOMIbKO BO BPEMS
CbeMKM, 415 BbIOOpa Kafpa M HAaCTPOMKM MMKPOCKOMA W Kamepbl
Heo6X04MMO JOMONHUTE/ILHOE OCBELLEHWE, XapaKTep KOTOPOro
[IO/MKEH ObITb MO BO3MOXHOCTW GAN3KUM K OCBELLEHNIO,
[,aBaeMOMY 3/1EKTPOHHOI BCMbILWKOW. [1n5 3TOro 3NeKTPOHHYHO
BCMbILLKY YCTaHaBMMBAIOT B NOMOXKEHWE, KOTOPOE 00bIYHO
3aHMMaeT MpoeKkTop (NMPOeKTOp MpY 3TOM MOXHO PacnonoXnTb
no3an BCMbIWKK Tak, 4TOObl OH ocBeLlan Anddysop).

Ecnu B KayecTBe MCTOUHMKA OCBELLEHMA NPUMEHAETCS Tak
Ha3blBaemasi KOMNbIOTEPHAA, T. €. aBTOMATMU4ecKas, BCblLLKa,
OJIMTENBbHOCTL U3NYYeHNst KOTOPOI yCcTaHaBNMBaeTCs aBToMaTnye-
CKW, TO €10 HY)XXHO N0Mb30BaTbCS B PYYHOM pexume. MgeanbHoi
SIBNAETCA KOMMbIOTEPHAA BCMbILWKA, Y KOTOPON MpeaycMoTpeHa
perynmpoBka MOWHOCTK pa3paga. B HeaBTOMaTU4eckom pexxvmvle
BUTENBHOCTb U3/yYeHNS TaKOM BCMbILWKKW W, Cef0BaTebHO, ero
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MOMHAs 3Heprus MOryT perynnpoBaTbCs BPYUHYH. Benbilwku
NoAo6HOro Tna No3BOMAT Hanbonee NPOCTO M3MEHUTb SHEPTUIO
N3NYYEHUA 418 NOMYYEHUA HYXKHOW 3Kcro3uumm®.

Ecnm oTHOCMTENbHOE NOMOXEHNE BCMbLILWKN N UCTOYHMKA
MOACBETKM OCTAlOTCA HEU3MEHHBIMMW, TO B Kamepax, VMEeLoLLnX
3KCMOHOMETp, paboTatowmii no cucteme TTL, HeoOXoaUMYLO
BbIAEPXXKY MOXHO OMnpefennTb Ha OCHOBaHUM AaHHbIX
WHTEHCMBHOCTW NOACBETKU. lMocne TOro Kak Afii KOHKPETHO
KOMOMHALWKN yBennyeHne — obpasel, C NOMOLLbI0 NpesBapuUTeSb-
HbIX TECTOB Oblfa OnpefeneHa Hy>KHas 4JIMTeNbHOCTb UK
MOLLHOCTb M3/y4YeHWst BCMbILKWU, BENNYUHY U3MEHEHUS €8 SHEPruu
4N OpYTUX KOMOMHAUMA MOXHO OnpeAenvTh MO MOKa3aHWsAM
3KCMOHOMETpPA, MOAYYEHHbIM ANA ABYX PasnNUHbIX KOMOGUHALMWIA.
MpefnonoXuM, Hanpumep, YTO NyULINIA pe3ynbTaT U3 Cepuit
NPOGHBLIX 3KCNO3MLWIA Obl NOMYYEH MPU 3HEPTMN U3NTYyHEHUS,
KoTopas cocTaBnana 1/4 mMakcyManbHOW BbIXOAHON MOLLHOCTM
BCMbILIKMW, ¥ YTO 3TN YCMIOBMA COOTBETCTBYHOT MHTEHCUBHOCTU
noAcBeTKW, Tpebytowei no 3amepy TTL Bbigepxkn 1/ 30 c.
Monpobyem BOCMO/b30BATLCA 3TUM COOTHOLLEHWEM A1
onpeseneHns HeobX0AMMO 3HepPrMm BCMbILIKW MPU CbEMKE C
OPYTUM yBenMueHWem muamn pyroro obpasua. Ecnv akcnoHomeTp
MoKa3bIBaeT, HaMpumep, BblAepXXKy 1/ 60 ¢, TO 04YEBMAHO, UTO
ANA CbeMKW 6yfeT JOCTaTOYHbIM OCBELLEHWE, NHTEHCUBHOCTb
KoToporo 6yfeT B [Ba pa3a MeHblUe, 1, CiefoBaTe/IbHO, SHEPrus
BCMbILKM JO/MKHA COCTaBNATb 1/ 8 BbIXOLHON MOLLHOCTK.

Mpu UBeTHON POTOMUKPOCHEMKE C MOMOLLLIO 3NEKTPOHHOA
BCMbILIKM MOXHO MO/b30BAaTbCA MNAEHKaMMW, NpejHasHauYeHHbIMU
AN [HEBHOTO OCBELLEeHUs, XOTA NMeHKW, NpeAHa3HauYeHHble /1S
CbeEMOK MpY MCKYCCTBEHHOM OCBELLEHUM, TaKXe AatoT
Y[,0BNETBOPUTENbHbIE Pe3ynbTaTbl, eCN NPY 3TOM MPUMEHSIOTCS
COOTBETCTBYIOLLME KOHBEPCUOHHbIe (hunbTpbl (Wratten 85B, nnu
aHasiorMyHble No XapakTepucTukam unbTpbl). A8 KoMneHcauum
BO3MOXHbIX LBETOBbIX WCKaXKEHWIA, BbI3BaHHbIX OMTUKON
MWUKPOCKONa, MOryT noTpe6oBaTtbCs AOMONHUTENbHBIE LIBETHbIE
(UNbTPbI; OHX UCNOMb3YIOTCA TOUYHO TaK Xe, Kak 1 AnS KOPPeKuum
MCKYCCTBEHHOI0 OCBEeLLEeHMS.

Fny6uHa pe3kocTu

nybuHa pe3KocTU OonpeaensieTcs Kak paccTOsHWE MeXAy
6nvxaliein N Hanbonee yganeHHOW TOUKaMM, MeXAY KOTOPbIMM
BCE TOYKM CHMMaeMoro obbekTa nposBsaTca Ha hoTorpadum ¢
[ONYCTUMO CTeneHbio Hepe3KoCTW. MOCKONbKY rny6uHa peskocTu
Ha oTorpagum 3aBUCUT OT COOTHOLLEHNS MEXAY pasMepamMu
00bEKTA M M300paKeHMeM, NpU YBEMYEHNN pasmepa M306paXKeHNs
rnybuHa pes3kocTn ymeHbluaeTcsi. B 06bluHON doTorpadum

I/l306pa)K6HI/Ie, KakK npaswnio, BO MHOIo pa3 MeHbLLUE CHUMaeMOro
Y Mpu ncnonb3oBaHMM 3NeKTPOHHBIX BCMbILIEK AR (OTOMUKPOCHEMKN
eVMHCTBEHHBbIV CNOCO6 perynnpoBKM 3KCMO3ULMUWN COCTOUT B M3MEHEHUN
KONMYecTBa CBeTa, NPOXOASALLEr0o Yepes MUKPOCKON; 06bIYHO A/1S 3TOrO
M3MEHSIOT 60 ANNTENbHOCTb, IMG0 UHTEHCMBHOCTL BCMbILIKM.
Ecnn fnUTeNbHOCTb M3NYYEHUs HeNb3si PerynupoBaTb HEMOCPEACTBEHHO,
TO MOXHO 0CNabuTb €ro WHTEHCUBHOCTb, MOCTaBMB Mepef BCMbILLKO
HeliTpanbHbIA CBETOPUABLTP.
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06beKTa, U rnybyHa Pe3KoCTW COCTaB/INAET HECKO/IbKO METPOB U/n
JaXxe [ecATKOB MeTpoB. B KpynHonnaHoBoW qoTorpadmm u
(hoTOMakporpauu n306pakeHne MOXET 0Ka3aTbCA NULLL YyTb
MeHbLLe UK 6osblie 06bekTa. MM03TOMy rybuHa peskocTu
CPaBHUTENbHO Masia U U3MEHSETCA B CAHTUMETPaX WX B
mMunauMeTpax. OgHako B hOTOMMKPOrpagum n3obpaxeHune Bo
MHOrO0 pa3s MpeBsblLlaeT pasmMepbl 06beEKTa, U CNefoBaTesbHO,
rny6uHa peskocTu HACTONbKO Mana, YTo ee MPUXOAUTCS U3MepSAThb
B MUKpomeTpax (1 mkm= 1/ 1000 mm). Mpu Mcnonb30BaHUN
MWUKPOCKOMA MO ero nNpsiMoMy Ha3HaueHMO 3Ta HUYTOXHAA rnyou-
Ha Pe3KOoCTW He npeAcTaBnseT 60MbLIOV NPO6AEMBI, NOCKOMbKY
aKKOMOJaLus rnasa nos3sosset POKyCUpoBaThb 3peHne

Ha pasfIM4YHbIX y4acTkax obpasua. Jlobble YacTi obpasua,
BblMaaoLive M3 06nacTi akkoMogauuy rnasa, MOXHO
[OMOSTHUTENbHO CPOKYCUPOBaTb HEBOMbLUON MOACTPOKOW
MUKpocKkona. B qoTomukporpagun nobpaxeHue LOMHKHO
nexXaTtb B TOYHO 3aJaHHOl MI0CKOCTMW, NO3TOMY €c/iM TOMLUHA
obpasua NpPeBOCXOANT FNyOMHY Pe3KOCTW, TO HEKOTOPbIE YacTu
obpasya Ha oTorpadmm BbILYT HEPE3KO.

B 06bI4HOI hoTorpatum raybrHa peskocTy 3aBUCUT OT
BE/IMYMHbI OTHOCWTENbHOTO OTBEPCTMS 06bEKTVBA. DTO B paBHOM
Mepe OTHOCMTCS M K hoTOMUKpPOrpadmm, No3TOMy 06bEKTUB C
HW3KOIA YMCMOBOI anepTypoin AaeT G0/MbLUYH TY6VHY pe3kocTy,
yeM 06BLEKTMB C BbICOKOI YMC/I0BOI anepTypoit, ecim oba
MCNOMb3YKTCA C 04WMHAKOBbIM yBennyeHnem. OfHaKo, Kak 6binio
nokasaHo, nepegaya Mekux getaneii (hoToMuKporpagum B
KOHEUYHOM CcYeTe OnpejenseTcs Takke YWCOBOM anepTypol
06BEKTMBA: YEM BhILLE YMC/IOBAS anepTypa, TeM 60/blue
paspeLuatowas cuna 06bekTuBa. Takum 06pa3om, TpeboBaHus
BbICOKOI paspeLuatoLlein cuibl 1 601bLIOIA FNYBUHbI Pe3KOCTK
B3a/IMHO MPOTVWBOPEYMBLI, NO3TOMY MpW ONpefeneHnm
HEoOX0AMMbIX 3HAYeHWiA 3TUX ABYX MapameTpoB MPUXOAMTCA UATU
Ha Komnpomucce. Ecnm Heo6XxoamMmoe yBenuyeHre CyLLecTBEHHO
MeHbLLIe, YeM MaKCMManbHOe pabouee yBennMueHUe, IMMUTUPYEMOE
4MCNOBOI anepTypoli 06BEKTUBA, T. €. CYLLECTBEHHO MEHbLLE, YeM
aTa BeAMYMHaA, YMHOXeHHas Ha 1000, To 418 NONYYEHUSt HYXXHOI
rNy6uHbI PE3KOCTU MOXHO HECKONbKO YMEHbLINTL anepTypy 6e3
3aMETHOr0 CHVXEHUSI Pe3KoCcTU M306paxeHus. B oTnnuue ot
06beKTMBOB (hOTOKamep 06bLEKTVBbI MUKPOCKOMOB PELKO MMEHT
npvicoBble anadparmsl. Mo3TOMy 415 U3MEHEHWUS Pa3MEpPOB
OTHOCUTE/bHLIX OTBEPCTUIA 0OBEKTMBA MUKPOCKOMNa NpoBOAAT
KOPPEKTMPOBKY anepTypHOi Anadparmbl MUKpPOCKONa Tak, YTobbl
MepeBepHyTbIA CBETOBOM KOHYC MeXay 06beKTMBOM U 06pasLom
OCBelllan He Becb AvameTp 06bekTMBa. Mogo6Has KOppPeKTUpoBKa
OCYLLECTB/ISIETCA MyTEM KOHTPOAA M306paXkeHns anepTypHOi
Anadgparmbl, COPMMPOBaHHON 06BEKTMBOM 4Yepes Ty6yc
MWUKPOCKONa CO CHATbIM OKYNSIPOM, NOC/ie HaCTPOMKN MOACBETKM
1 BCeli OCBETUTENBHON ONTUKM.

Mpy CbeMKe 3epKasibHOM KaMepoi nonyuvaroLeecs
yBeNnyeHve rny6rHbl Pe3KOCT MOXHO KOHTPO/UPOBATh Yepes
BMAOMCKATENb, HO NPU 3TOM U3-32 CAIULLIKOM 3epPHUCTOVA
MOBEPXHOCTU MaTOBOrO CTeKNMa TPYAHO 3aMeTUTh MOTEpHO
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paspeluatoLeit cnocobHOCTM, KOTopas NMPOsSBUTCS Ha (oTorpaduu,
€C/M YMcnoBas aneptypa 06beKTVBa OyAeT CANLIKOM 3aHWXKEHa.
Mo 3TUM MpUYMHaM ONTUMaibHbLIA pasmep anepTypHOW
Avadparmbl Npyu 3afaHHOM YBEMYEHUN NPUXOAUTCSA OMPESenaTb
MeTOZO0M Npo6 M owmnboK. Mocne Toro Kak BbibpaHa Heob6xo4Mmas
Anagparma, onpefensioT BbILEPXKKY.

[na npopaboTkn geTanein Nnpo3pavyHbIX UAM NOaynpospay-
HbIX 06pa3sLoB, KOTOPbIE OKa3blBatOTCA HEBUAMMbIMU Ha AIPKO
OCBELLEHHOM (hOHe, MCNOMb3YeTCs OCBELLEHNE MO0 METOLY TEMHOro
Mosisi, MpU KOTOPOM SPKO OCBELLEHHbI 06pas3eL, paccMaTpuBaeTcs
Ha TEMHOM (hOHe.

B Tex cnyuyasx, Korga getanu cTpykTypbl (Hanpumep,
KNETOK TKaHei) OKa3bIBalOTCSH HEBUAMMbIMU MPU OCBELLEHUN C
TEMHbIM MOJ/1eM, NPUMEHSETCS MeTog Pa3oBOro KoHTpacTa. 3T0T
METO[, OCHOBAH Ha CYLLECTBOBaHMM PasHOCTU (a3 Mexay AByMA
Nyyamu, OAUH U3 KOTOPbIX NpoLUes Yepe3 obpasel; B pe3ynbTare
NHTepGepeHLMIM 3TUX ABYX JTyUeil CTaHOBUTCS BUAMMON CTPYKTYypa
o6pasua. [ns BbIABNEHUA MeNKUX feTaneil KpucTasmvyeckmx
CTPYKTYP, TaKMX, KaK ropHble MOpoAbl U HEKOTOPbIE XUMUYECKMe
BELLECTBa, YaCTO MCMO/Mb3YETCHA MOMSAPU30BaHHbIW CBET.
Monyyvatowimecs npu 3aTom goTorpapum UCKNKUYUTENLHO 6oraThl
Mo CBOEMY LiBETOBOMY COfEPXaHuto (CM., Hanpumep, (oTo 184).



CneunanbHble MeToAbl CbOTOC'bEMKl/I

[0BONbHO YacTO BO3HMKAIOT CUTYyaLMK, Korga (poToChEMKA
TpebyeT He TOMIbKO 3HaHWS OCHOBHbLIX NMPWEMOB U OMpPefeNieHHbIX
HaBbIKOB (hoTOrpagupoBaHna (B 0COGEHHOCTU KPYMHOMAAHOBbLIX
CbEMOK), HO U HaNMuus cneumanbHbIX MaTepuanos U ONOMHUTENb-
HOro (4acTo camofenibHoro) o6opyaoBaHus.

HebonbLume 06beKTbI XXMBOW NPUPOLbI B UCKYCCTBEHHbIX

YCNoBuUsX

Mpexzae BCEro paccMOTPUM MeToAbl hoTorpatupoBaHms
HaCceKOMbIX, HE6OMbLUMX 3eMHOBOAHBIX, PENTUAWIA 1 T. 4. B
NCKYCCTBEHHBIX YCNOBMAX, KOTAA C MOMOLLBI0 KaMy(hisKa 1
TLaTeNMbHO NOA06PaHHOIO OCBELLEHMS UMUTUPYETCA (HOTOCHEMKA
B €CTECTBEHHbIX YCNOBUAX. Tako METOA YacTo MCnonb3yeTca (XoTs
06 3TOM MPeAnoYMTaT YManumBaTb) NPy U3roTOBAEHUN KHUKHBIX
WNOCTPaLMi M NOATOTOBKE TENEBU3NOHHbLIX MPOrPamMM O XXMBOA
npvpoje. Ha nepBblii B3rnag nofo6HbIE NPUEMbI KXYTCA HE YeMm
VHBIM, KaK «KyNbHUYECTBOM», OHAKO He crefyeT 3abblBaTh, 4T0
HepeaKo 3TO eAMHCTBEHHAs BO3MOXHOCTb 3a()MKCUPOBAThb
MOBaAKM XXMNBOTHbIX, UX Pa3BUTUE 1 06pa3 >KU3HW.

Heob6X0AMMbIM 31eMEHTOM TakuX CbeMOK AB/ISIETCS KaKoli-
NGB0 «ALLMK», KOTOPbIWA CNYXUT BPEMEHHbIM XXUNLLEM ANS
XXMBOTHOIO 1 B KOTOPOM pa3sMeLLaloT «AeKopaumm» (3eNeHb,
KaMHM 1 T. f.)". ECTECTBEHHO, YTO 3TN «[EKOPaLn» AO/KHbI

! [Mocne OKOHYaHUA CLEMOK XWBOTHOE H606X0,CWIMO OTNYCTUTb Ha BOJKO.

doTo 169.

CvepobHasa narywka. Ytoobbl
cthoTorpagmpoBatb NATYLLKY, ee
nomMecTunun B AWK (puc. 121),
npefBapuTeNIbHO MOMOXMUB B HEro
NUCTbA U KaMHWU W HaIMB HEMHOTO
BOAbl. POTOCLEMKA MPOU3BOAUIACH
CBepxy, MoaTomy He 6bin0
HEeoBXOAMMOCTU B WCKYCCTBEHHOM
(hoHe.
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Puc. 121.

MpocToin Awmk gna oTorpadupoBa-
HMS1 HEBGOMbLUUX HACEKOMBIX W
XWBOTHbIX. Takoi LMK MOXHO
cfenaTb M3 NMPO3payHOro maekcurnaca
UAW TONCTON MONIM3TUIEHOBO
nneHkn. B nepefHeli cTeHKe fliMKa
HYXXHO cAenaTb OTBEpCTUeE,
[LOCTaTOYHO 60/bLIOE, YTOObLI B HEro
MOXHO 6blN0 BCTaBUTL 06bEKTUB. Ha
3a/iHell CTeHKe, KOTopas fO/MKHA ObITb
CbHEMHOIA, KpenuTcs (hOH. ITO MOXET
6bITb COOTBETCTBYHOLWMM 06pa3om
pacnosoXeHHas Aocka UM LBeTHas
thoTorpadma ANCTbEB UK JPYroi
3e/1eHN, TUMUYHONI ANs cpefpl
061TaHNa XUBOTHOro. Mpwn
(hoTorpadmpoBaHuy 3eneHn ans
(hoHa 06bEKTWB CcneayeT cnerka
pacokycmpoBaTtb, YTO6bI NONYYUTb
Hepe3koe M306paXKeHne 1 Takum
06pa3oM MMUTUPOBaTb CHEMKY
06bekTa Ha Bone. ®OH pasmelyarT
NoA yrnom. 370 AaeT BO3MOXHOCTb
OCBETUTb €ro paBHOMEPHO, UCMO/b3Y$s
€AVHCTBEHHBIA NCTOYHNK CBeTa.

B paHHOM cnydyae TakuM UCTOYHUKOM
ABNAETCA 3/1eKTPOHHAsA BCMbILIKA,
OCBeLlaroLLas CLeHy CBepXy uepes
mMaToBoe CTek/o. B mofo6HbIX
CUTyaUMAX 3NEKTPOHHasA BCMblllKa —
naeanbHblii NCTOYHUK OCBELLEHUS,
MOCKONbKY OHa Mo3BonseT
«3aMOpPO3UTb» Nt060e ABMKEHNE
o6beKTa.

Puc. 122.

AWK 6onee ycoBepLIEHCTBOBAHHO
KOHCTPYKLUW, YeM NpefblayLLyunid;
Hanmuue [ONONHUTENbHbIX
npucnocobneHnii obneryaet
obpalleHne c 06bLEKTOM K
perynupoBky ocsellieHus. [ns
co3faHns 6onee paBHOMEPHOTO
OCBeLUeHNs npesycMOTpeHa

[,0CTOBEPHO BOCMPOU3BOAMTL Ty Cpedy, B KOTOPOM XXMBOTHOE
XXMBET Ha Bone. lMpu 3TOM, Kak npaBuno, TpebyeTcs COOTBETCTBY-
tOLLMI1 0BCTAHOBKE «ECTECTBEHHbIN» (HOH, KOTOPbLIA MOXHO M60
HapucoBaTb, M60 BOCMPOM3BECTU C MOMOLLLIO POTOrpaguii.

Pbl6bl B akBapuyme

TpygHOCTU, BO3HUKaOLWMe Npu oTorpampoBaHun poid B
aKBapuyme, CBA3aHbl C OTPAXKEHMEM KaMepbl U OKPYXatoLwmnx
NpesMeToB OT CTEHOK akBapuyma. Bo3moXHble crnocobbl
MPeoSoseHNs aTUX TPYAHOCTENR [eMOHCTPUPYIOTCSA C MOMOLLbHO
toTorpadmin 170—173 un puc. 123—125.

MoHeTbI 1 Megann

BOMbLUMHCTBO MOHET U Medaseil M3roToBaseTcs
LUTaMMNOBKOM U3 MMIOCKMX METaNIMYECKNX 3aroTOBOK, NPy 3TOM Ha
MEeTa/IINYECKOW MOBEPXHOCTU MOSy4aeTCA MeNKoe pensedHoe
n3obpaxeHune. TpyaHOCTU, BO3HMKaOWMe npu oTorpaguposa-
HWX MOHET, CBA3aHbl B OCHOBHOM C BbI6OPOM COOTBETCTBYHIOLLEIO
OCBEeLLEeHMS — TaKoro, YTobbl BbINyK/ble Y4YacTKM Ha oTorpa-
(1M OTAMYaANUCb NO TOHY OT OCTa/lbHON MOBEPXHOCTU MOHETHI.

Crapble, NOTEpPTbIE ¥ NouapanaHHble MOHETbI MOXHO
(hoTorpadmpoBatb, Kak nobbie agpyrue npegMeTbl TOro xe
pasmepa, U NOACBeYMBaTL MPAMbIM CBETOM. [py 3TOM, 0AHAKO,
Heo6XoAMMO TLaTeNbHO NoAo6paTh PacnonoXeHne UCTOYHUKA
OCBELLEHNs, YTOBbI MONYYUTb Y40BNETBOPUTESIbHBIN CBETOBOM
KOHTPACT pas/IMyHbIX MO BbICOTE YYaCTKOB penbedHOro n3obpa-
XEHUS.

MoBEPXHOCTb HOBbIX MOHET M NaMATHbIX Mefaneli 4acTo
X0pPOLLO OTMOMIMPOBaAHA, /Iy4n CBeTa, NajatoLive Ha Takyto
MOBEPXHOCTb, OTPAXKAKTCA MOUTU 6€3 paccesHus; Npu 3TOM Yron
NafieHns paBeH Yrny OTPaXKeHus.

Bo MHOrmx cnyvasx OTpaxeHue oT 6aecTALmX
MOBEPXHOCTEl ABMSETCA HeXenaTenbHbIM (Hanpumep, OTPaXKeHue
OT CTeKON WM NOANPOBaHHON Mebenun), 1, 4Tobbl 136exaTb ero,
npefeNbHO TWaTeNbHO BbIOMPAKOT MONOXEHNE UCTOYHMKA
ocBelleHns. OaHako npy doTorpadrpoBaHMn NOIMPOBAHHbIX
MOHET W Meganeli BO3HWKAeT MHas CcUTyauns — nnllb Npu
HanpaB/eHHOM OCBELLEHUN MOHeTbl (MM Mefanin) MOXHO
KOHTPO/IMPOBaTb OTPaXXEHME CBeTa OT €e MOBEPXHOCTU U [06UTLCS,
4TO6bI KOHTYpPbI BbIMYK/bIX M306paXKeHUA MM Hagnucei 6blaun
CBET/IEE UM TEMHEE MIOCKMUX YYacTKOB. TOMbKO Takum o6pasom
Ha CHUMKe MOXXHO npopaboTaTtbh HebobLuMe nepenagbl Fy6uHbI
penbeda, onpegensiolime HaHECEHHOe U306paXkeHwe.

VIMEHHO npy TakOM OCBELLEHUN (ly4n cBeTa OT UCTOYHMKA
napannefbHbl ONTUYECKO OCM 06BEKTMBA) ObINM CAenaHsbl
(oTorpadmm 176; nyum cBeTa, Najatolime NepneHANKYIApHO Ha
YYaCTKN MOHEeTbI, OTPaXatTCcs HENOCPELCTBEHHO B 0OLEKTUB,
No3ToMy 3TV 06/1aCTW Ha NJIEHKE 0Ka3bIBAKTCS CBET/Iee, YEM
KOHTYpbI N306paXkeHns 1 Hagnuceld, OTpaxaroLine CBeT B CTOPO-
Hbl OT 06bEKTUBA.

[ns npamoro ocseLeHns namny Heob6xoaumo 661510 Obl
pacnofioXnTb 3a KaMepoil, Ha ONTUYECKO ocn 06BLEKTMBA.
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BO3MOXHOCTb WCMO/Ib30BAHNA TPeX
He6O0NbLINX 3M1EKTPOHHbIX BCMbILLIEK-
0fHa CBEPXY M MO OAHON C KaXgoi
60KOBOIi CTOPOHbI. BOKOBbIE
BCMbILIKW CNYXaT B OCHOBHOM /s
ocBelleHns (poHa; Ans paccemBaHus
CBeTa BCMbILWEK WCMOMb3yeTcs UCT
MaToBOro niactTuka. BepxHss
BCMblLUKA OCBELLAET caM 06bLEeKT 1
pacnonaraeTcsi JOBO/bHO BbICOKO Haf
HWM TaK, 4To6bl OH He oTBpackiBan
TeHeli Ha (oH. MonoxeHne 3Toi
BCMbILLIKW PErynupyercs B
3aBMCKMOCTM OT BMAa 06bekTa.
BHYTpeHHsAs NOBEPXHOCTb ALLMKA
oKpalleHa B 6efblii LBET, Y4TO Takxe
cnocobcTByeT 60nee MArKOMy U
paccesHHOMY OCBelleHuo. Hanunune
OTKpbIBaloLLeiica ABepLbl Ha O4HON U3
60KOBbIX CTOPOH flMKa obecrneymsa-
eT Nerkuit JocTyn K 06beKTY, a
BpalLaloLleecs OCHOBaHMe MO3BOMAET
noBopaynBaTb 06BEKT MO HYXHbIM
yrnom. ®oH (oTtorpadus nnm
pvcoBaHHOe M306paxeHue)
BCTaBNAETCA B Masbl OTKPbIBatoLLeiics
3afiHeli CTEHKU ALIMKa.

doTto 170.

doToCHEMKA NPOMU3BOANNACH C
1CNONb30BaHNeM MpoCTOro
npucnoco6neHns, NoKasaHHOro Ha
puc. 123. Pbibka ocBeLlanach
3/1IEKTPOHHOW BCMbILLKOW,
pacnonoXeHHoW Nog fOBONLHO
60nbWwWKM yrnom. B akesapuym 6bin
BCTaB/IEH KYCOK MPO3payHOro cTekna
(HeBMAMMBIW Ha toTorpadum) ans
OrpaHNyeHns cBO6OAbI MepefBuKeHUs
pbl6KN B Npefenax AOBOMbHO Y3KOW
o6nacTu BO6AN3N NepefHei CTEHKU
aKBapuyma.

Puc. 123.

MpucnocobneHve, ncnonbdyemoe npu
CbeMKe pbl6, Hanpumep B akBapuyme
(dpoTto 171).

Puc. 124.

HefocTaTKkoM MpoCTOro ycTpoicTea
ana GoToCHEMKM Pblb, NOKa3aHHOTo
Ha puc. 123, aBnseTca TO, Y4TO 4acTb
akBapuyma 3a pblOKO OKa3blBaeTcs
COBEpLUEHHO TeMHOI, 6e3 npopaboTku
netaneit. Utobbl ycTpaHWUTb 3TOT
Hef0CTaTOK, Hado BK/IOUUTbL B Kagp
NCKYCCTBEHHbI (HOH, KOTOPbIM
MOXET 6bITb KYCOK COOTBETCTBY-
lowmM 06pa3oM OKpalLeHHOW bymaru,
NOA/IOXEHHbIN Mog akBapuym 1
3armbatowymiica BBepx. Henocpes-
CTBEHHO 3a akBapuymoMm Ha bymary
MOXHO MOMOXMUTb KaMyLUKW, Takue
Xe, KaK 1 B akBapuyme, co3gatoLime
3(h(heKT yxofauero Braybb peyHoro
OHa.



®doTo 171.

POTOCLEMKA HACEKOMbIX
npon3BoAnaacb C UCMNONb30BAHNEM
AlMKa, M300paKeHHOro Ha puc. 122.

Puc. 125.

MpocTas KOHTpONbHAsA namna As
NpOBEPKN YCNOBUIA OCBELLEHUS —
He6onbluas nepekanbHas namna,
OKPY>XEHHas MeTalInYecKUm
3KPaHOM.

MockonbKy B 3TOM cfiydae kamepa OyaeT 3acnoHATb co6oit
MCTOYHMK CBETA, MOXHO PacrnofioXuUTb flaMmy Mo NpsAMbIM Yr/ioM
K OC/ 00BbEKTUBA U NMOMECTUTb MEXAY MOHETON U 06BEKTMBOM
NNaCTUHKY M3 YMCTOrO CTeKna Nog yrnom 45° K onTUYeckoi ocu
06bekTuBa. Torga 60/bLIas yacTb CBETa OT JaMmbl NPOAAET Yepes
CTEKNO U ByfeT yTepsiHa, a HEKOTOpas ero LoNs 0TpasuTcs oT
MOBEPXHOCTM CTeKNa U NOMageT Ha MOHeTY. M1 TOYHO Tak Xe
60/bLIas YacTb CBETA, OTPAXKEHHOIO MOHETON B HanpaBfeHWM
Kamepbl, NPOAAeT Yepes3 CTEKO U NOMNageT B 06BLEKTUB.

CTeK/1I0 MOXKHO MOMECTUTb B KapTOHHYH KOPOOKY,
BHYTPEHHIOID NOBEPXHOCTb KOTOPOI CrefyeT MOKpPacuTb YepHON
KPacKoi, UTobbl OTPaXKEHHbIV €10 CBET He Monajan Ha MOHETY.
Kpome TOro, 3to npegoTBpaTuT nonagaHne Ha MOHETY MPAMOro
ceeTa. LUnprHa KOHTYpHOro n3obpaxeHus Ha oTorpadum
3aBMCWT OT pa3mMepoB MCTOYHMKA OCBELLEHMA U OT PaccTosHNSA OT
Hero Jo0 MOHeTbl. ECnn cbeMKa BeaeTcs 0AHO06BLEKTUBHOM
3epKanbHON Kamepoii, TO ONTMMabHOe PacCTOsSHNE A0 UCTOYHMKA
OCBELLEHNS MOXHO nogobpath Yepes Bugouckatens. Heobxoau-
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®doTo 172.

doTOCHEMKA NPOM3BOAMNACH TPEMS
ManeHbKUMU 3NeKTPOHHbIMM
BCMbILIKAMW: N0 OAHOI C KaXaoii
CTOPOHbI (4118 OCBELLEHNS pPbIOKK) 1
0fiHa CBEpXy, 4yTb c3aau (Ans
ocBelleHns (hoHa). [JocTaTouHo
Xopoluve pesynbTaTbl MOXHO 6bl0
6bl MONYYNTb C NOMOLLbIO [BYX
BCMblLLUEK, MOMELLEHHbIX CBEPXY:
OJHOW crepeaun (AN OCBeLLeHWs
pbIGKK) 1 OAHON c3aam (ans
ocBelleHns (oHa). Kyckn yepHOro
KapTOHa, 3aKpeneHHble Mexay
BCMbILLKON N KaMepoii, NpeoTBpalla-
10T OCBELLeHNe KaMepbl, KOTOpPOe
MOF10 6bl AaTb 6MKM Ha CTEHKe.
BCnbIWKW AOMKHBI 6bITb pacnonoxe-
Hbl TaKUM 06pa3oM, YTOGbI yribl
aKkBapuymMa He Gpocanu TeHel Ha
pbi6KYy U (oH. Beepxy —
MCNoMb30BaNNCh TPU WAEHTUYHbIE
BCMbILLUKW, YCTAHOB/EHHbIE Ha
MaKCUMMaNbHY0 BbIXOAHYHO
MOLLHOCTb. PaccTosHue oT nepefHeri
BCMbILWKN A0 pbl6KN 6bIN0 MeHbLUe
paccTosiHMA OT 3afjHeil BCMbILLKK [0
(hoHa, Mo3TOMy BbI6OP 3IKCMO3UL UK
OCYLLLeCTBASNCA NO OCBELLEHHOCTN
thoHa, B pe3ynbTaTe 4ero qoH
OKasancs HefoAepXaHHbIM, a
HEKOTOpbIe feTany CANULLKOM
TeMHbIMU. B LeHTpe — Ana CHUXeHus
OCBELLEHHOCTY Mepef, Kaxon n3
BCMbILUEK NOMeLLann KycoK KanbKu.
[na nonyyeHns HY>HOW 3Kcnosnuum
pbI6KM anadparmMy npuLnoChL
YBEIMUYNTL Ha NONJeNeHu

B pesynbTate hOH Ha oTorpadum
cTan ceetnee. BHu3ly — nepeq,
KaX[oi 13 BCMbILWEK nomeLtani rno
[iBa NIMCTKa KanbKu, 4To eLlje 6onblue
CHMXaN0o MHTEHCUBHOCTb OCBELLEHNUS.
[na nonyyeHns npasunbHONM
3KCMO3nLMM pbibKN fuadparma 6bina
yBeNnyeHa eLe Ha NonfjeneHns, 4To
No3BOAUSIO Nyylle npopaboTatb (OH.




®doH 173.

CneBa — nmumHka Coenagrion, 4X.
Mpu oTorpadupoBaHny ManeHbKUX
06BEKTOB XWBOW NPUPOAbI BOSHMKAET
npobnema, cBA3aHHas ¢ Qukcayuen ux
MONOXEHUS W, CNejoBaTeNbHO, C
(hOoKyCcHpOoBKOI 06bekTa. B aaHHOM
cny4vae 3Ta npobaema 6bina pelleHa
nyTemM MOMELLEHUS NUYNHKN B
CMeunanbHo U3roTOBNEHHBIN AN 3TUX
Lieneil KOHBEPT.

KoHBepT npeacTaBnan coboii fBa
ANCTa TMOKOWM Npo3payHoil NNeHKn
(pasmepamu NpuMepHo 7,5 cm?),
CK/eeHHbIX 4BYCTOPOHHEW NuMnKoi
NeHToN. YT0o6bl KOHBEPT He
nponyckan BOAy, ero no nepumeTpy
06Knennn BOAOHENPOHULIAEMOA
NNeHKON — MOMNXNOPBUHWUIOBOA
nsoneHtoin. Canon F1, 50-mMm Makpo-
00bEKTWB C MEXOM, pacTsidKeHue
3,1 cMm, anekTpoHHas Bcrblwka, 1:16,
Kodachrome 64. B ueHTpe — NMUYUHKA

komapa Culex, 6 X . 1ns TOro 4tobbl Agbl-

Wwatb, MYNHKA KOMapa BbIHYX[eHa
MoAHUMATLCA K MOBEPXHOCTW BOAbI.
YT106bl 0TPa3MTb 3TOT NpoLecc Ha
oTorpaun, Heobxoaumo 6bino
nokasaTb MOBEPXHOCTb pasfena
Boja — BO3ayX. MOCKOMbKY B
faHHOM cnydae Tpe6oBanacb poBHas
MOBEPXHOCTb BOAbI, NpeablayLLunii
cnocob poToCHEMKMU MPULLIOCH
HECKO/IbKO BUAOU3MEHUTb: MEXAY
[BYMS MNacTUHKaMy TOHKOro cTekna
nomewann U-o06pasHblii Kycok
npoBoAa KPYrnoro ceyeHns ¢
X/IOPBMHUIOBON M3onaunein. Bes
cucTemMa NPOYHO CKPennsnach ¢

MOMOLLbIO TPEX HEGOMbLUNX 3aXUMOB.

Carton FI, 50-MM Makpoo6bekTUB ¢
MEXOM, pacTsa>KeHue 8,3 cMm,
3MeKTPOHHas BCnblwka, 1:16,
Kodachrome 64.

Cnpasa — Bogomepka Gerris, B

HaTypanbHyH BEMUYUHY Ha
NMOBEPXHOCTW BOAbI, HANUTON B
Menkyto nabopaTopHyto yaluky. [Ho
Yalkmn 6bIN0 MOKPbLITO MECKOM, a Ha
NMOBEPXHOCTW BOAbl NnaBanu NUCTbA
BOAAHbIX pacTeHuii. B KayecTse
MNCTOYHMKOB CBeTa WCNOMb30Ba/IMCh
[Be HebOoMblINe BCMbIWKK, KOTOPbIE
pasmMelannch no 0be CTOPOHbI OT
yalwku. ns nyywero paccemBaHus
CBETA U CHUXEHUS OCBELLEHHOCTU [0
XKeNaeMoro ypoBHS Mepef Kaxzaon uns
BCMbILIEK MOMELLANca IMCT KaNbKu.
Canon F1, 50-MM MaKpoO6beKTMB,
3MeKTPOHHaA BCMblKa, 1:22,
Kodachrome 25.

Ba)xHoe 3ameyvaHue: cpasy Xe nocne
OKOHYaHus (hOTOCHEMKM 00bEKT
CbEMKM XWBOW NPUPOAbI AOMKEH
6bITb BO3BpALLEH B €CTECTBEHHYIO ANs
Hero cpegy 06MTaHus.



Puc. 126.

Ecnun cBeT nagaeT Ha MaToByH
HernosMPOBaHHYI MOBEPXHOCTb, TO OH
OTpaXKaeTcs OT Hee ClyYaiHbIM
06pa3om, T. e. UMeeT MecTo
pacceuBaHve. Jlyy cBeTa, nafatoLmii
Ha TLIaTeNbHO OTMOANPOBAHHYIO
NMoBepPXHOCTb, BeAeT cebs Nofo6HO
MAUMKY, OTCKaKMBaioLlemy oT
rNafKoro nona; cBeT oTpaxaeTcs oT
Takoi MOBEPXHOCTU MOf Yr/0M,
paBHOM YTy, NOA KOTOPbIM OH Ha Hee
nagaet.

Puc. 127.

B cTopoHy 06beKTMBa OTpaXkaeTtcs
TONbKO CBET, MajatoLunii Ha
o6pallieHHble BMPaBO BbIMYKI0CTU
MOHeTbl (poTo 174). CgerT,
nagarowwnii Ha oCTanbHYH
NOBEPXHOCTb MOHETbI, B 06BbEKTUB He
nonafaet. B pesynbTate nony4vaetcs
n300paXKeHne, Ha KOTOPOM YTepsHO
MHOXECTBO JeTasneil.

®doT0 174.

PoTOCLEMKA MPOU3BOAUNACKL C
MOMOLLbIO OAHOI Namnbl,
pacnosnoXeHHoOV cnpasa OT MOHETHI.
Peskas HampaB/ieHHOCTb OCBELLEHMA
nofyepKunBaeT LapanuHbl 1 NATHa Ha
MOBEPXHOCTA MOHETI.

MYHO 3KCMO3ULIMIO MOXHO OLEHUTL MO 3amMepam yepe3 06beKTUB
(cuctembl TTL), 04HAKO TOYHOE €€ 3HAYEHME MOXHO HailTh TOMbKO
9KCMEPUMEHTaNbHO, CLleNaB Cepuio KagpoB C HEMHOMO
MEHSIHOLLLENCA 3KCMO3ULMENA.

CTeKNo JO/MKHO BbiTb MO BO3MOXHOCTW ONTUYECKM
M0CKMM, B MPOTUBHOM C/lydae BO3MOXHA NOTEPs Pe3kocTu
n306paxeHns. [N 3Tol Lenm MOXHO WCMONb30BaTh CTapyHo
(hoTorpatmyeckyto NNacTUHKY, NpeaBapuTeNbHO yaaivB C Hee
3My/IbCUI0 C NOMOLLbIO PacTBOpa A/1 YMCTKM AOMALLHE nocyppl,
NN 06bI4HOE TOHKOE CTEKNO, KOTOPbIM 3aCTEKNAT paMKu ans
HebonbLMX hoTorpaduii, 3cTamMnoB u T. 4.

Mpu thoTorpadmposaHum MoHeT (oTo 177) ucnonb3o.a-
N0Cb OCBeLLEeHVe, MPU KOTOPOM KOHTYPbl BbIMYK/bIX YYaCTKOB
nonyYmnncb No ToHy 6osiee CBET/ILIMK, YeM MI0CKMe 06nacTu.

TexHMKa JOTOCLEMKM MOHET, M306PaKEHHBIX Ha
(hoTorpadun 177, 6blna cnefytowas: MoHeTa nomeLlanach Ha
He6O0/IbLLION BYMaXKHbIA KPYXKOK, NeXallnil Ha CTeK/e,
pacnosioXKEHHOM Haf, UCTOYHMKOM CBETa, MPU 3TOM KPY>KOK
MOJIHOCTbIO 3aropaXkmBan 0ObLEKTVB OT NonagaHWs MpsMoro
ocBelleHns. Haf Kpy>XKOM ¢ MOHETOM CUMMETPUYHO yCTaHaB/u-
Ba/ICA OTKPbITbIA KOHYC 13 6enoil 6ymarn ¢ OCHOBaHMEM,
60MbLIMM, YeM AnameTp GYMaxHOro Kpyxka. CBeT OT namnbl,
najatoLLnin Ha BHYTPEHHIOKO NOBEPXHOCTL KOHYCa, paccenBascs, u
4acTb ero nonagasna Ha MOHeTy. Jlyuu, nafaroLiue Ha naockue
Y4acTKu, OTPaXanucb B CTOPOHY OT 0O6BLEKTMBA, a YacTb CBETa,
NajatoLLero Ha rpaHuubl BbIMYK/bIX Y4aCcTKOB, OTpaxanacb B
06BbEKTUB.

LLMPUHY KOHTYpa Ha CHUMKe MOXHO PerynvmpoBath,
M3MEHsIst BbICOTY GYMaXKHOro KoHyca. OfHaKo BbICOTa KOHYyca He
[O/KHA 6bITh CANLLKOM 6O/bLUOI, NHAYE ero BepXylluKa GyaeT
OTPaXKaTbCs OT MOBEPXHOCTU MOHETbI. [M03TOMY YA06HO cAenaTh

®doT0 175.

306paxkeHne cTapoii 1 noTepToi
30/10TO/i MOHETBI C XOpOLLEi
npopaboTKoi Menkux getanei
NOBEPXHOCTMU.



doTo 176.

Cnesa — (hOTOCbEMKA NPOM3BOAM-
nacb C NOMOLLbIO NepeKanbHo
namnbl, CHabXeHHON pedieKTopom,
npuyem B KayecTBe pacceuBaTens
MCNOMb30BaNnca KyCcoK KalbKW.
NCTOYHUK OCBeLLeHNs pacnonarancs
Ha paccTosiHuu okono 30 cm oT
06bEKTMBA. B LEHTPe -— MCTOYHMK
OCBeLUeHNs pacnonaranca Ha
pacctosiHum 6onee 30 cm. Cnpasa —
MOMECTUB MOHETY BHYTPb XOPOLUO
OTNONNPOBAHHOTO pedeKTopa,
MOXHO MONY4YNTb OAHOBPEMEHHO
1306paxKeHne NOBEPXHOCTU MOHETHI 1
HaAnucK Ha ee TopLie, HO HafAMUCb
OKas3blBaeTCs 3epKasbHO MepeBepHy-
TOMA.

Puc. 128.

Cxema (hoTOCLEMKM A1 NONYYeHUs
1306paXXeHNs MOHET, NPUBEAEHHbIX
Ha oTo 176: B 06bEKTMB MonagaroT
TONbKO Nly4un, OTPaXKeHHble OT
MOBEPXHOCTWU MOHETbI, PacnoOXeH-
HOI Mog NPAMbIM YFNOM K OCK
ob6bekTnBa (6e3 cobnogeHmns
MmacluTaba).

CMNeLnanbHy0 onpaBKy — BbICOKWI KOHYC YepHOro LBeTa, B
KOTOPbIVi MOXXHO BCTaBNATb Genble KOHYCbl Pa3HOW BbICOThI.
O[flHaKo BbICOTa KOHYyCa He [0/1KHA ObITb CAULLKOM
60MbLLUON, MHaYe ero BepxyLuKa 6yaeT 0TpaxaTbCs OT NOBEPXHOCTU
MOHeTbl. Mo3ToMy yao6HO chenaTb cneunanbHyr onpaBky —
BbICOKWIA KOHYC YepHOro LBETa, B KOTOPbI/i MOXHO BCTaBNATb
6enble KOHyca pasHoii BbICOTbI.
Heobxogumyto BbIAEPXKY KaXKAblA pa3 NpUXOANTCS Haxo-
[OUTb 3KCMEPUMEHTA/IbHO, XOTSA 3HAYEHUE ee MOXHO MPUKUHYTb
Mo MoKa3aHMsIM 3KCMOHOMETpa, paboTarowero no cucreme TTL.

dyopecumpyroLmne 06beKTbI

Moz BO3AEACTBMEM BHELUHErO WCTOYHUKA W3MTy4eHUs
HEKOTOpble Tena HauMHalT CBETUTbCA. ITO ABMEHWE MOMYUNO
Ha3BaHUWe «THMUHECLeHLMU». Ecnu cBeyeHne Tena HabnogaeTcs
TOMbKO BO BPeMs AeACTBMA UCTOYHUKA W3MTYUEHUS, TO OHO
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Puc. 129.

Cxema (pOTOCHEMKM AN NONYYeHUs
1306paKeHNi MOHeTbI, NPUBEAEHHbIX
Ha oTo 177.

Puc. 130.

Mpy gaHHOM yrne nageHus
OTPaXXEHHOr0 KOHYCOM CBeTa Ha
MOHETY B 06BEKTMB MONajaloT TOMbKO
Nyyun, OTpaxkeHHble OT Kpaes
BbINYK/bIX 06/1aCTel NOBEPXHOCTYH
MOHeTbl (6e3 cobnogeHns macliTaba).

Puc.131.

Mpn6an3nTeNnbHble OTHOCUTENbHbIE
pasmepbl KOHYCOB, KOTOpble
MCMONb30BaNNUCh A1 NOMYyYeHUs
1306paXKeHNA MOHETbI, NPUBELEHHbIX
Ha oTo 177.

HasblBaeTcs (iyopecueHumeii. UTobbl 3acTaBUThL TEN0 CBETUTLCH,
MPUMEHSIOT, KaK Mpasuio, UCTOYHMKW CBETa, CMEKTP U3/yYeHuUs
KOTOPbIX COAEPXUT 60/bLIOE KOMMYECTBO flydell KOPOTKUX ANMH
BOJIH, T. €. YNbTPaMoneToBbIX Nyyei. LiBeT cBeYeHMs1 00bIYHO He
MMEET HNYEro 06LLEro ¢ eCTECTBEHHbIM LIBETOM BELLECTBA.
CTeknsiHHaa 060104Ka UCTOYHMKA U3NYUYEHUS BKOYaeT (uabTp,
nponycKarwuii ynbTpanuoneToBoe N3nyyeHe 1 NorioLaoLLmi
no4YTW BECb BUAWMBINA CBET. [15 HEBOOPY>XEHHOIO rnasa Takas
naMna 4yTb CBETMTCS, UCMYCKas TEMHO-(PMONETOBbIN CBET.
MoCKONbKY BUAMMbIA CBET, U3/1yYaeMblii (hyopecLypyoLwmMmm
TeNlamMm, OYeHb «TYCK/IbIA» MO CPABHEHWIO C YPOBHAMMW SPKOCTH,
MPUBLIYHBLIMU B 06bIYHON oTOrpaduun, T0 YTOOLI MONYYUTb
KayeCTBEHHOE M306paXKeHNe «CBETALLMXCA» 00BLEKTOB, HEOOXOLMMO
(hoTorpagmpoBatbh MX C 4OCTATOMHO GO/MBLIOKA 3KCNO3ULMEN.

LIBETHbIE CHUMKN (hNyOpecuMpyoWmnX 06bEKTOB MOXHO
JenaTb Ha MnneHKe, NpeAHasHauYeHHOoW KakK Ans AHEBHOrO, Tak W
MCKYCCTBEHHOIO OCBELLEHWS, NpUYeM B NEPBOM Cyyae
UCKaXKaloLL e C1HeBaTble TOHA MPOABASIOTCA B MeHbLUel CTeneHu.

Bblgep)KKy nyulle BCEro onpefensTs MeTogom «npob u
OLWNBOK», MOCKO/bKY BUAMMbIA CBET MpU (PyopecLeHLmm
HacToNbKo €nab, YTo 6OMbLUIMHCTBO 3KCMOHOMETPOB €ro MPOCTO He
MOryT 3apeructpuposatb. CHUMATb CneayeT B TEMHOM
MOMeLLEHNI, TaK Kak /1060 NpsMoii CBET, MONaBLUMA HA 06BEKT,
3a6beT (h1yopecLeHTHOe U3MTyYeHue.

Crekio

Mpwn (oTorpacpoBaHMm CTeKNIa HUKOF4a He cnegyeT
ocBellaTb 06bEKT MPAMbIM CBETOM; /lyulle BCEro MOACBEYMBaATH
(hOH, NpuYem 3TO HALO fenaTb Tak, YTobbl Ha 0OBLEKT Najan CBeT,
OTPaXEHHbI AW NpoLeALniA Yepe3 OoH.

N3gennsa 13 npocToro CTekna MOXHO «OKPacuTb»,
MOMECTVB MX Ha LBETHOM (DOHE WK HALEB Ha UCTOYHUKM
OCBELLEHMS LBETHbIE (IMNLTPbI. VIHTEpecHble 3iPeKTbl MOXHO
noNyuYnThb, €CIM NOACBEYMBATL (POH He Chepeau, a C3aamn, UCMosb3ys
B KauecTBe (hOHa NPO3payHblii UM NoAynpo3padHblil NAACTUK, UK
cTekno. [ns 3TOM Lenm MOXHO MCMONb30BaTh pebpucToe unu
BOJIHUCTOE CTEK/O, KOTOPOEe MHOrAa CTaBAT, Hanpumep, B ABEpsX
BaHHbIX KOMHaT.

[JewweBble 1 3PPEKTUBHbIE NCTOUHUKN OCBELLEHWUS MOXHO
cfenatb u3 namn (Tuna HacTo/bHbIX) C OTpaxaTensamu. B KayecTtse
MCTOYHMKA LIBETHOIO OCBELLEHUS MOXHO MCMNONb30BaTb OObIYHbI
[OVanpoeKkTop, HafeB Ha ero 06LEKTUB LBETHON DMbTP.

TexHMKa «akBapesibHbIX» TOHOB

doTorpacum 180 n 181 LEMOHCTPUPYHOT MHTEPECHLIA U
OYeHb NPOCTOI cnocob POTOCHLEMKM, MO3BOMIAOLMIA MONYUNTb
COBEpPLUEHHO HeobblYHOEe M306paxKeHNe, HaNoMUHaloLee TOHKYO
akBape/b.

CpesaHHble LBETbl NMOMELLAIT Ha JINCT KaslbKu,
MPYK/IEEHHON K CTEKNSHHON MAaCTUHKE, pasMeLleHHO
rOpPM30HTaNIbHO Hafg kamepoid. CBepxy LBeTbl MPUKPbLIBAOT
CTEK/OM, fIeXaLLMM Ha CreunanbHblX NOACTaBOYKax, YTOObI LBEThI
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doTo 177.

doToCHEMKA NPOM3BOAMAACH C
1CNonb30BaHWEM BbICOKOTO U
HW3KOro KOHYCOB. B mepBom cnyuvae
(cneBa) KOHTYp M306paxeHWs
nonyumnn 6onee WUPOKUMM, YeM BO
BTOpPOM (cnpasa).

doT0 178.

Huuem He npumevaTenbHble Ha BUS
06pasybl MUHEPanoB npwu
(hOTOCbEMKE C UCMOMb30BAHNEM
3M1EKTPOHHOW BCMbILKNA COBEPLUEHHO
«npeobpaxatTca» MpU OCBELLEHUN
UX CBETOM YNbTpacuoneToBoi
(h/1yopecLeHTHON NamMnbl.
BONbWWHCTBO HOTOM/EHOK
YYBCTBUTE/NBbHO K Y ®-131y4veHuto,
No3TOMYy 4TO6bI UCKNHOUYUTB
nosiBNeHNe Ha NneHkKe ynbTpaguone-
TOBOr0 M3006paxeHus, KOTopoe
npugaeT CHUMKY rony6oBaTblii
OTTEHOK MPU M/0XOM HaChILWeHNI
LIBETOB, Ha 06BEKTUB HageBaloT
cBeTouabTp TMNa Wratten 2B.

16 muH, 1:22, Kodachrome 64,
thnyopecueHTHas namna Blacklight
Blue 8 Bt Ha paccTosiHUM 15 cm 0T
06beKTa CbeMKM.




®doTo 179.

Cnea — (hOoTOCBEMKa NPOU3BOAM-
nacb C UCNonb30BaHNEM [BYX
MCTOYHWNKOB OCBELLEHWS, NPUYEM OAUH
N3 HUX MMeN KpacHblil uabTp, a
APYroil —cuHuin. ®OHOM CRyXMUNo
puneHoe CTekNo, Npu aToM ¢hoH
HEeMnocpeACTBEHHO 3a rpauHOM
nojcBeynBanca KpacHbiM hoHapem, a
(hoH cneBa OT rpaguHa cpasy 3a
rpaHuLeii Kagpa —CUHUM (DOHapeMm.
Pewax, 1/15 ¢, 1:8, Kodachrome

25. Cnpasa — (DOHOM CYXWno
MaTOBOE CTEK/O0, YCTAHOBMEHHOE Ha
paccTosiHumn 25 cM OT rpaduHa v
nojicBeYeHHoe c3aan. [ina nonyyeHns
4YepHOro ¢oHa Ha CTeK/o 6bin
HaK/eeH KyCOK YepHoii 6ymarwu,
MOMHOCTbIO 3aNOMHAIOWMNIA BECb Kafp.
IpacmH ocBeljancs cBeToM,
NPOHWKAIOLWMM «B 00XOf» YepHOro
akpaHa. Canon FTb, 1/8 ¢, 1:11,
Ektachrome 50.

He CnnoLWMBanucL. PasmellleHHas CBepXY namna OcBeLLaeT
06beKT, bpocas YETKO OYepUeHHbIE TEHM OT LBETOB Ha KafbKy.
CBEeT, OTPaXXeHHbIV KanbKOM Ha HWKHIOK YacTb LIBETOB, He
KacaroLytocs 6ymaru, oTpakaeTcst BHU3, «BOUpas» B cebs nx
LIBETOBYI) OKpaCcKy. OTOT OTpPaXKeHHbI/ CBET BMECTE CO CBETOM,
NpoLUeALIMM Yepe3 60nee Npo3payHble YacTW NENeCTKOB U NMCTLEB,
4aCTMYHO OKpaluuBaeT TeHb. TakMm 06pa3om B 06BEKTMB,
pacrnonoXeHHbIA Nog KasbKoi, MonajaeT YeTKas TeHb LBETKa,
3arnoJiHeHHas cnerka cMasaHHbIM MSFKO OKpalleHHbIM
N300paXKeHNEM MENIKUX AeTasleil ero CTPYKTYpbl.

VMm1TaLMS XXMBONWCK Mac/ioM

doTorpatun 182 n 183 MANKOCTPUPYIOT CNOCO6
(hOTOCHLEMKM, C MOMOLLLI KOTOPOr0 O6bIYHbI LIBETHON
AMano3nTUB «MpeBpaLLaeTcs» B PENPOLYKLMIO XMUBONUCHON
KapTUHbI.

OO6bIYHbIA ANano3nTUB OoTOrpaPupyoT Yvepes
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Puc. 132.

CxemaTnyeckoe n3obpaxeHue
crnocoba )oTOCHEMKMU, C NMOMOLLbLIO
KOTOpPOro 6b1M nony4veHbl oTo 180
n 181. Ha BepxHI0l0 NOBEPXHOCTb
rOPU3OHTaNbHO PacnonoXeHHOro
CTeKna HaknaAblBaeTCa NNCT Kanbku,
Ha KOTOpbI/ YKNaAblBaloT LBEThI;
CBEPXY Ha LBETbl NomeLlarT
CTEKNAHHYIO NMNACTUHKY ANs
(hUMKCMPOBAHMA UX MONOXeHWs. Hap
LBeTamMy Ha BbicoTe 1,7 M
nogsewwmsatoT otonamny (Ne 1
Photoflood) 6e3 pethnekTopa u Takum
06pa3om CO3fal0T TOUEYHbIA UCTOYHUK
cBeTa, NO3BONALWMNIA MONYYUTb
pe3koe M30bpaxeHne KOHTYpOB
LBeTKa Ha Kanbke. [1na hoTOCbEMKM
MCNonb3yeTca NneHka, NpeAHasHayeH-
Has Ans UCKYCCTBEHHOrO OCBELLEHUS,
X0TH C COOTBETCTBYHOLWMMU
(hunbTPamMmyn MOXHO CHUMATb U Ha
NAeHKY AN AHEBHOro CBeTa.
BblfjepXXKy BbIGNpPalOT IKCMEepUMeH-
TanbHO B 3aBUCMMOCTU OT ONTUYECKUX
CBOICTB BYTOHa, MNCTbEB U KaNbKW.

doTo 180.

doTOCHEMKA MPOM3BOAWIACH
€nocobom, CxemaTU4ecKm
n306paKeHHbIM Ha puc. 132.

«HEOTpaXKaroLLee» CTEeK/0, KOTOPOe MUCMOMb3YeTcA B pamKax Ans
KapTWH, Pacrofio)keHHoe B HECKOMbKUX MUNIMMETPaX MNepes
Anano3nTneoMm. MoBepxHOCTb CTekNa Oblna cneynanbHo
«3aTpy6ieHa», Tak YTobbl OHA «pacLuennana» n3obpaxeHue
[laBana KapTuHY B [yXe UMMPeCCUOHWUCTOB.

YT06bl MNONHOCTLIO 3aNONHUTL KaAp BblGPAHHLIM Y4acTKOM
[Mano3nTnBa, Ha Kamepe yCTaHaBMMBAIUCL YA/NHUTESbHbIE
KonbLa 1AM Mex. Pasmepbl «pakoBUH» Ha MOBEPXHOCTU CTeK/a
OblIM Kak pa3 4OoCTaToYHbl ANS yyacTKa Auano3nTrBa pasMepoM B
06bIYHbIA CTaHAAPTHLIA Kaap 35-MM naeHkW. Ecnn opuruHan
60/blle, TO pasmMepbl «MATEH» HA KAPTUHE CTaHYT MEHbLLe
OTHOCMTE/NIbHO €€ Pa3MepOoB W <«KUBOMUCHbIN» 3(eKT OyaeT He
CTO/b IBHO BblpaXkeH. CTeneHb pacLienneHns n3obpaxeHus
3aBUCUT TaKXXe OT PAcCTOAHUA MEXAY CTEK/IOM U OPUTMHANOM.

doTorpadmmu 182 1 183 caenaHbl penpogyKLuein nouTu
Bcell nnowaan 35-MM Anano3vTiBa Npy pacCcTOSAHUKM OT OpUruHana
[0 CTekna nopsagka 6 mMm. [ng gukcaLmum cTekna Mexay HAM u
OpPWTMHANOM MOXHO MONOXMUTb CTONGMKAMU HECKOMbKO MOHET.

OpurnHan MOXHO NOACBEYMBaTbL MEPEKasbHON Namnoi unm
3M1EKTPOHHOI BCMBILKOA Yepe3 MaToBOe CTekno. LiBeToBas
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doTo 182.

doTocbemMKa npoussoguiach
CMocobom, cxemaTnyeckm
n306paxKeHHbIM Ha puc. 133.

Puc. 133.

CxemaTunyeckoe n3obpaxeHue
cnocoba (oTOCbEMKU, MO3BONAKOLLLE-
ro MMMUTWUPOBATL XMBOMUCb MAc/OM.
«O6BEKTOM» (HOTOCHEMKU CMYXMUT
«C3HABUY» N3.<HEOTpaXKaroLero»
CTekna, cnaifa u mMaToBoro

Temnepartypa nfieHKW LOo/HKHA COOTBETCTBOBATb TEMMepaType
WCTOYHMKA OCBELLEHNS; ecn HEO6XOAMMO, ee MOXXHO CKOPPeKTU-
poBaTb COOTBETCTBYHOLMUM (PuAbTPOM. 118 Hanbonee peskoro
N300paXXeHNs «Ma3KoB» OOBEKTUB CrefyeT CPOKyCMpoBaTh Ha
HEKOTOPYHO TOUKY MEXAY CTEK/IOM U OPUTUHANIOM U CHUMATbL Mpu
[JOCTaTOYHOW ry6uHe peskocTu. CriefyeT caenatb CEPUI0 CHUMKOB
C PasNyHOl BbIAEPXKKOW M Mocne MposiBNeHUs Bbi6paTh
HannyyLmnii BapnaHT, CKOPPEKTUPOBAB U TUM CBETOPUNLTPA,
4TOGbl UCK/MOUYNTL HEOXKWNAHHbIE LIBETOBbLIE VCKaXXEHMS.

OnucaHHbIli MeTog POTOCHEMKM MPUMEHUM B NEPBYIO
oyepedpb AN «MNeCTPbIX» U306PaXKEHUIA, U XOTA B 3TOM C/yyae
Hen36eXXHO HEKOTOpOe yBeNMYeHe KOHTPAcTHOCTU, OfHAKO 3TO
TONbKO YCUNMBAET XXenaemblid 3h(HeKT Ma3KOB.

KpwvcTannbl B NONsSipr3oBaHHOM CBETE

CBeT, UCXOAALMIA OT 06bIYHOINO UCTOUHMKA OCBELLEHNS,
Hanpumep 3NeKTPUYECKON NaMmbl, NpeacTaBnsieT coboi
COBOKYMHOCTb MOMepeYHbIX KonebaHuii Bcex HanpasfieHwWii, T. e.
BOJ/IHbI PacrpoCTPaHATCA BO BCEX MAOCKOCTAX, MPOXOAALMX
yepes OCb CBETOBOrO My4ka. TakKoi CBET Ha3blBalOT €CTECTBEHHbLIM
UM HeMnonspM30BaHHbIM.

Ecnm Ha nyTn CBETOBOrO My4yka MOCTaBUTb COOTBETCTBY-
OLLMIA UNbTP, TO NPOLLEALLNIA Yepe3 Hero CBeT OyaeT
npefCcTaBNsATb CO60 COBOKYMHOCTb MOMEPEYHbIX KonebaHwuii

246



anggysopa. Mnowaab anddysopa
BOKPYT Cnaiifa 3akpbiTa YepHoi
6ymaroii, 4Tobbl UCKIOUNUTL
nonagaHve B 06bEKTUB MOCTOPOHHErO
cBeTa. B KayecTBe MoACTaBOK A/14
(hMKcaLMn BEpXHEro cTekna
MCNONb3YHOTCA MOHETHI.

®doTo 183.

CneBa — (hparmMeHT cnaiiga, ¢
KOTOPOro cfienaH CHUMOK,
VUMWUTVPYIOLWWA XNBONWCH; CnpaBa —
6yKeT bbin cdoTorpamposaH 4ns
TOro, 4T06bl C NOMOLLbIO Crocoba,
CXeMaTUYecKkn N306paKeHHOro Ha
puc. 133, nonyumTb M3obpaxeHue,
HanoMuHaloLLee XWBOMUCL MacsioM.

0JHOTO Hanpae/fieHus, T. €. None BONMH ByAeT HanpaBneHo Be3se
napan/iesbHO OAHOMY W TOMY XXe HanpasieHuto. Takyto BOMHY
Ha3bIBalOT NMHENHO NONAPU30BAHHOW MM NONSAPU30BaHHON B
MA0CKOCTM (B NIOCKOCTW Nonsipusaumm), a CBET — MONsAPU30BaH-
HbiM (puc. 134). Ecnn Ha nyTy Nonspu3oBaHHOIO CBeTa NOCTaBUTb
eLe oAMH NONAPM3ALNOHHBIA GUALTP, TO CBET MPONAET Yepe3 Hero
TO/IbKO B TOM C/lyyae, KOrfa naocKocTu nonsapusaLmm o6omx
thunbTpoB GyayT NapannenbHbl. ATO MOXXHO MPOLEMOHCTPUPOBATD,
COeAMHMB fBa (IMNbTPa M MOCTENEHHO BpaLlas X OTHOCUTENbHO
JPYT Apyra; ApKoCTb CBeTa Npu 3TOM OYAeT LMKINYECKN NiaBHO
MEHSATLCS OT TEMHOIO K CBETNOMY M 06paTHO. Korpa cBeToBoe
NATHO CTaHeT Hambosniee TeMHbIM, 3TO O3HAYaEeT, YTO MIOCKOCTM
nonsipusaLnm GUAbTPOB NEPMNEHANKYAPHBI, WK, KaK FOBOPST,
(UNbTPbI «CKPELLEHbI».

MHoruve BellecTBa 06/1aal0T CBOINCTBOM MoAsipm3alumn
NajatoLLero Ha Hux ceeTa. Ecnm Takoe BeLeCTBO NMOMECTUTb
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Puc. 134.

CBeT 6ecnpensTCTBEHHO MPOXOAMT
yepe3 NonApu3ayuMoHHbIA GuUabTp
TONbLKO B TOM C/lyyae, Korga
NNOCKOCTb KonebaHus cBeTa CTPOro
napannenbHa NA0CKOCTM Nonsipusa-
umn punbTpa. Ecnu gea nonsponga
pacnonoXxeHbl Tak, 4TO UX NAOCKOCTH
nonspmsaumnm nepneHANKyNsApHsl, TO
CBET, NPOLEALMNIA Yepe3 OfuH
(hUNLTP, CMOXET NPONTH Yepes
Apyroit, ToNbKO ecnu NOBEpHYTL €ro
NAOCKOCTb KonebaHwii.

MEXAY [BYMS CKPELLEHHbIMU NOASPU3ALUNOHHBIMUA (UNLTPaAMU, TO
MJ0CKOCTb NONsSpU3aLun CBeTa, NPOLUEALIEro Yepes nepsblii
(unbTp, N3MEHMTCA TakM 06pa3oM, YTO YacTb ero npongeT vepes
BTOPOI huabTp. MpK MPOXOXAEHUN CBETA Yepe3 HEKOTOpble
BelLecTBa MA0CKOCTb NOMSpU3aLyM NMOBOPAYMBAETCA Ha PasHbIii
yron ans pasHbiX gnnH BonH (U4BeToB). Ecim Takoi 06beKT (6biTb
MOXeT, faxe 6ecLBETHbIA) NOMECTUTb MEXAY CKPEeLLeHHbIMU
(hnnbTPaMu, TO OH OKaXKETCH OKpalLeHHbIM. MpuMepom MOXeT
CNYXUTb LennodaHoBas NieHKa ¢ CUrapeTHbIX Nadvek: ecim nneHky
CMSATb WU CNOXUTL CMOSIMW Pa3HON TONMLWMHLI U MOMECTUTL MEXaY
CKpELLEHHbIMN (BUAbTPaMK, TO Ha MPOCBET OHA MOKaXeTcs
pa3HOLBETHOIA.

AHanoruyHas cutyaums HabnogaeTcs Npy NPOXoXAeHUM
cBeTa yepe3 GecLBeTHbIE KpPMUCTailbl MHOFMX LUMPOKO
pacnpoCcTpaHeHHbIX XUMUYECKUX COeaMHeHNI. Takue Kpuctanbl
ABNAKTCA WAeaNbHbIM CPEACTBOM ANS NOMYYEHUS HEOObIKHOBEHHO
APKMX, NOYTW abCTPaKTHBIX KapTUH M MOTYT BbiTb NOMYYeHbl 160
BblMapmMBaHWeM pacTBopa, MO0 NnaBfeHWeM BellecTBa C
nocnefylowym oxnaxaeHnem pacnnaea. Kakoil metog nydie
MCNonb3oBaTb — 3aBUCUT OT NPMPOAbI JAHHOTO BellecTBa. B fo-
6oM c/yyae KpUCTanbl 4OMKHbI 6bITb MOAYYEHbI B BUAE O4eHb
TOHKOrO €0 Ha KYCOYKe TOHKOFO CTeKna — NpPeAMeTHOro
CTeKNa MMKPOCKONa WA 3aliMTHOrO CTeKna 06bIYHOI paMKu
Anano3utuea. B nepBoM cnyyae Ha CTEK/0 HAHOCAT Kanenbky Be-
LLecTBa, KOTOPYHO CBEPXY HAKPbIBAKOT APYTUM KYCOUYKOM CTeKna u
0CTaBNAKT Ha KaKoe-TO BPeMS, MOKa XUAKOCTb He BbICOXHET. Bo
BTOPOM cfy4ae 6epyT OObIYHbINA YTIOr, HAarpeBakT WU Ha ragKyt
rOpPAYY0 NMOBEPXHOCTb NMOMELLAIT KYCOUYeK CTeKa C HaHECEHHbIM
Ha Hero He60/IbLIMM KOAMYeCTBOM BellecTBa. Kak TO/bKO
BELLECTBO pacniaBuUTCA, ero HaKpbIBAKT APYrMM KYCOUKOM CTeKna
1 OCTOPOXHO HAaZaBNMBAIOT, YTO6LI YAENUTL N3/MLLEK pacniaBa u
NONMYYNUTb TOHKYIO NAeHKy. [onyyeHHbI Takum 06pa3om
«C3HABMY» CHUMAIOT C yTOra u oxnaxgaroTt. Korga kpuctannsl
rOTOBbI 11151 ChEMKMU, «CIHABUY» U3 DUNLTPOB W KPUCTAN/IOB
MOMeLLalT Ha paccenBaTe/b, KOTOPbI paBHOMEPHO OCBeLLaeTcs
c3agu.

Mpwv BblpalMBaHNM KPUCTaNN0B U3 pacniaBa BaXHO BO-
BpeMsl MOMOXMWTb CTEK/IO HA pacn/ae, T. €. BELLECTBO AO/HKHO
ObITb JOCTATOYHO XUAKMM WU BMECTE C TEM B pacn/aBe He JO/MKHO
ObITb My3bIpbKOB BO3AYyXa.

[ns pocTa KpucTannoB MOXeT NoTpeboBaTbCA HECKOMLKO
4acoB, W B 3aBUCUMOCTM OT XMMMWYECKOr0 COCTaBa BeLLecTBa
KpWCTan/ibl MOFYT U3MEHSATL CBOK (OPMY B TeUYEHWUE ANUTENbHOIO
nepunofa BPEMEHU: OHEN UM gaxe Heaenb. dopma MosyYeHHOro
obpasoBaHus Henpeackalyema U HeMmoBTOPUMA, 3a UCK/IHOYEHUEM
HEKOTOPbIX reoIorMyecknx o6pasLios.

Ha doTtorpadumn 185 nszobpaxkeHbl KPUCTan/ibl TMMOHHO
KMCNOTbI, NOMYYeHHble U3 pacniaBoB. Kak MOXHO BUAETb, Cpeau
HWUX HET OAMHAKOBbIX. [MOCKOMbKY B 0ObIYHbIX YCNOBUAX 3TW
KpucTanibl 6ecLBeTHbI, 3a UX POCTOM MOXHO HabaAaTh, TOMbKO
MOMECTUB UX MEXAY CKPeLleHHbIMU NOASAPU3aLNOHHBIMUA PUNLT-
pamu.
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doTo 184.

Mpu (hoTOCbEMKE KPUCTANNOB B
nonspn3oBaHHOM CBeTe HeobXoAnMo,
4TO6bLI NIOCKOCTM NONAPU3aLUU ABYX
(MNbTPOB 6bIAN CTPOrO MEPneHANKY-
napHbl. Cnesa — yron mexay
NMIOCKOCTAMU MNONApuU3aLum
cocTaBnan 45°, B pesynbTare yero
n306paxeHne Noay4YUIoCL NIOCKUM C
NNOXON HACbILEHHOCTbIO LBETOB;
crnpaBa — Yrofi Mexay niocKocTaMu
nonapusaunn coctasnan 90°, B
pesynbTaTe Yero n3obpaxeHue
nofyunnocb 6onee ApKUM u
KOHTPaCTHbIM.

[na nonyyeHus (oTorpaguii KpUCTanIoB MMOHHOM
KMCNOTbI B KayeCTBe UCTOYHMKA OCBELLEHWUS UCMOMb30BasICA
[OManpoeKkTop; CbeMKa NPOBOAMNACH HA M/EHKY, PacCUYUTaHHYHO
A5 UCKYCCTBEHHOrO ocBeleHns. MOXHO 6b1a10 6bl MCMONb30BATH
1 BCMbILLKY B COYETaHUM C NNEHKON 417 AHEBHOrO CBeTa, OfHaKo
Torga Ana (hoKycupoBKu notpe6oBanach 6bl AOMOMHUTENbHAA
HacTpoeyHas namna HakaauBaHus.

MockonbKy pasmepbl KPUCTANOB Masibl, MPU CbEMKaXx
yBeIMYEHNE Ha NneHKe ByaeT 60Mblue eaUHULbI, HaUayuLwne
pe3ynbTaTbl MOMYYalOTCA MPU CbEMKAX C MEPEBEPHYTHIM
06beKTMBOM. CHMMaTb ClefyeT C OrpaHUYEHHOR rny6uHOA nons
3peHus, B NPOTMBHOM CNyyvae Pe3koCcTb U300paxeHus OyaeT
noTepsHa BCeacTeue Andpakuunu.

OnTnyeckoe Ka4ecTBO MONAPU3ALMOHHOIO (uabTpa
JO/MKHO 6bITb 6e3yKOPM3HEHHbIM (HEO6XOAMMO MO/b30BaTHCS
CTEKNAHHBIM (UIbTPOM), MHAYe KayeCTBO U306paxeHUs bynet
0YeHb HU3KMM. KayecTBO (hubTpa, YCTaHaB/IMBAEMOTO MeXay
KpuCTasnaMm U UCTOYHMKOM OCBELLEHUS, HE CTO/b CYLLECTBEHHO, W
MO3TOMY MOXHO MCMONb30BaTh 60Mee felleBblii N1aCTUKOBbIN
hunbTp.

K oueHKe BbIAEPXKN HA OCHOBaHMM JaHHbIX 3amepa no
cucteme TTL cnefyet OTHOCMTLCA C OCTOPOXHOCTLIO. [leno B TOM
4TO OMTWKA BUAOMCKATENIE HEKOTOPLIX OfHO0OBLEKTMBHbIX
3epKa/lbHbIX Kamep B OMpefeneHHOl CTeneHn cama Nonspusyet
CBET, W, EC/IN ee NNOCKOCTb NOMAPM3aLMUM OTNNYAETCA OT NAOCKOCTM
nonspusaLumn ceeTa, NPoLIeALLEro Yepes «CIHABUY», YaCTb CBETA
OyJeT NOrnoLLieHa 1 3KCMOHOMETP [ACT 3aHVKEHHbIW OTCYET, YeM
eCTb B [e/iCTBUTENLHOCTU. B pe3ynbTaTe MieHKa OKaxeTcs
nepeaep>KaHHOIA.

O6nagaeT M Kamepa NofO6HbIM Le(eKTOM MM HET, MOX-
HO NpOBEPWTb, HafeB Ha 06BEKTUB NONAPU3ALMOHHBIA QUALTP U
Habnogas B BUAOUCKATENb UCTOYHUK PACCESAHHOIO Henosspu3o-
BaHHOTO cBeTa. lMoBopaumBas uAbTP, CNEAAT 3a NOKa3aHWAMU
3KCMOHOMETPA: €C/v MpY BPALLEHNUM PUIbTPa NOKa3aHWS
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doTo 185.

PocT KpuCTannos NMMOHHOM
KucnoTel. Hanpasnenue pocra
KpUCTannoB u o6pasytoLLnecs npu
3TOM KOHGUrypauuu o6bI4HO
COBEpLUEHHO HenpeAcKasyembl.
KpucTanabl MMMOHHOR KUCNOTbI Gblnn
nofyyeHbl MyTemM HaHECEHWs! TOHKOro
CNnos pacnnaea Ha CTEKNSHHYHO
NOANOXKY W MOCNeaytoLLero
OXNaXAEHUS.

doTo 186.

dopmMupoBaHMe KpUCTaNiIoB 4acTo
MPOJOKAETCA U MOC/e 3aBepLleHns
nepBoOVi CTagun KpucTannmsauyuu.
CneBa — KpWUCTanibl NMMOHHOIA
KWUCNOTbI cnycTsd 4 fHA nocne
Kpuctannusauuu, 4x ; cnpasa —
KpUCTannbl TMMOHHON KUCNOTbI
crnycTa 7 HefleNb nocne Kpuctanausa-
Luun, 10 X .

- <ol

doTo 187.

MHorue reonoruyeckme o6pastpbl,
cneunanbHO NPUroToB/iEHHbIE B BUAE
TOHKMX MNaCTUHOK, OYeHb XOPOLUK
ans POTOCHEMOK B MONMSPU3OBAHHOM
cBeTe. Beepxy —nnacTuHKM
rpaHogmopuTta, hoTocbeMKa
npousBoamnnacb Npu 06bIYHOM
OCBELUEHUN: BHU3Y — MAaCTUHKM
rpaHogvopuTa, hoToChbeMKa
MpPOun3BOAMNACE Yepe3 CKpeLleHHble
nonsponabl.







MEHAIOTCA, TO B Ka4ecTBe NepBoro NpubAMKeHUs cnegyet
YMEHbLINTL 3KCMO3WLMIO Ha OAHO-[Ba AeNeHns No CPaBHEHWUIO C
MoKa3aHWsMK 3KCMOHOMETpa.

Mpy NofO6HLIX 3KCMEPUMEHTAX MO BblpalLBaHUIO
KpUCTaN/NI0B pasHbIX XUMUYECKUX COeAMHEHUIA cnefyeT ObiTh
npefenbHO OCTOPOXHbLIM, OCOBEHHO MPK MOMYYEHUN KPUCTaNNoB
13 pacnnasa, NOCKO/bKY HEKOTOpble JOBO/IbHO 6e306MAaHbIE
BELLeCTBa MPW HarpeBaHUW BbIAENAIOT BPefHble rasbl.



[leMoHCTpaums cnaiigos

JemoHCTpaums LBeTHbIX CnaiifoB

OfAWH 13 camMbIX HeyfauHbIX, HO TeM He MeHee CaMbIX
NonynsPHbIX CNoco60B [eMOHCTPALIMK LIBETHBIX CMaiifloB COCTOUT B
paccmaTpuBaHMM MX Ha MPOCBET Ha ()OHe flaMnbl WK OKHa. YacTo
LIBET TaKOr0 OCBELLEHWSI He COOTBETCTBYET LBETHLIM XapaKTepu-
CTVKaMm CnaigoB, U B pe3ynbTaTe HapyLlaeTca UX LiBeTOBOM 6anaHc:
CBET, 06paMAAIOLLMIA CNaitg, KaeTcs ropasfo sipye, YeM CBET,
NPOLLeALINiA Yepe3 craing, n CHAMOK BbIrNAanT 6/1eKbIM U MeHee
Kpaco4HbIM, YeM OH eCTb Ha CaMoM fefe.

[Anano3nTuebl 60MbLIOro hopmarta 06bIYHO paccMaTpuBatoT
Ha creumaibHOM MPOCMOTPOBOM CTO/ME, MPU 3TOM MO Kpasm cnaiiga
pa3MeLLatoT YepHy bymary Wanm KapToH, YTOObl 3aTEHUTb IULLHWIA
CBeT. B KauecTBe MCTOYHMKA CBETa MCMOMb3yeTca namna
HaKafMBaHMA UK, YTO NPeAMNoYTUTENbHEE, NaMMbl JHEBHOIO CBETA.
Takoli cTon yfobeH Ans nepBMYHON COPTUPOBKM 1 KOMMNOHOBKM
cepuin cnaiigos Ha 35-MM MieHKe wan ans otbopa cnaingos Ans
AEMOHCTpaLum.

Hanbonee athheKTUBHbIA cnocob Mokasa cnangos —
NPOELPOBaHME MX HA POBHYHO GENYHD MOBEPXHOCTb B 3aTEMHEHHOIA
KOMHaTe. B 3Tom cnyvae BOCMPOM3BOAMTCS BECb AManasoH
LIBETOBbIX TOHOB CHUMKA, NPUYEM LIBETA OKa3blBAKOTCA APKMMM W
COYHbIMK. OAHaKO, Npex/e YeM NPUCTYMNUTb K AEMOHCTPALM
CBOMX CnaiigoB, oTorpad A0/MKEH MPOM3BECTM OTOOP,
6€e3>XanoCcTHO 0TOPOCMB T M3 HUX, KOTOPble NGO UMEKT
onpefeneHHble TeXHUYeCKMe AedeKTbl (HeaoAep KaHbl MK
nepeAep)aHbl, nouapanaHbl, HEPe3KN U T. A.), IM60 NOBTOPAIOT
Apyr gpyra. STOT NPOLECC MOXKET OKa3aTbCsl B ONpPeAeSieHHO
cTeneHy 60/1e3HEHHbIM, MOCKO/bKY Y4acTO MPUXOLMUTCA
0TK/MadblBaTb B CTOPOHY (hoTOrpagum, Ha KOTOpble BO BpeMS
CbeMKM BO3/1aranncb 6oMblUNE HAAEXAbl UM CbEMKA KOTOPbIX
COMpOBOX/Aanach OnpefeNieHHbIM PUCKOM M T. 4. U Tem He meHee
3TO cnefyeT chenatb, MOCKO/bKY HET 60/1ee CKYYHOrO U HYAHOro
3aHATMS, YeM paccMaTpMBaHME HU3KOKAYECTBEHHBIX W
MOBTOPSAIOLLMXCA CNalifioB, KOTOPOE K TOMY XK€ COMpPOBOXAaeTCs
KOMMEHTapVsiMW aBTOpPa, MbITAtOLLEr0Cs 0O0BACHUTL MPUYKHBI
MOCTUTLUMX €ro Heypau.

[ns nokasa cnegyet otobpats 40—50 feiicTBUTENBbHO
MHTEPECHbLIX 1 KAYECTBEHHbIX CMaingoB. 3akaH4YMBaTb IEMOHCTPA-
LMIO HaJo TakuM Cnaingom, YTobbl BbI3BATh Y 3pUTENS YyBCTBO
COXXasleHns B CBA3WN C OKOHYaHMEM NPOCMOTpPa U BMeCTe C TeM
XenaHvie NpuHATbL yyacTue B NMPOCMOTPE BalLMX HOBbIX LUEfEeBPOB.

[JeMoHcTpupyemas cepus cnaiifioB fO/MKHA UMETb
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®doTo 188.
Bo Bpemsi NyTewwecTBUS UMEET CMbICA
cfenaTb HECKOMbKO CHUMKOB,
BK/IOYAKOLWMX 6O/bLUNE OLHOTOHHbIE
061acT, Ha KOTOPbIX BMOCNEACTBUU
MOXHO byfeT cfenaTb COOTBETCTBY-
oL Me MOSACHUTENbHbIE HaAMuUCK.
Ecnn none, Ha KOTOpOM fenaroTcs
Hagnucu, cBeTNOE, TO HaAMUCb MOXHO
HaHecTu, HaloXUB Ha cnaig,
cnyxatwuii hoHom, cnaiig,
COAepXXalluii TONbKO Haamuch B Buge
yepHbIX 6YKB Ha 6e0M (hoHe, u
cfienaB KOMuI COCTaBHOro cnaiga.
B faHHOM cnyyae Hagnucb AOMXHA
6bITb CBET/ON Ha YyepHOM ¢oHe. Ans
3TOro cnang-opuruHan cgoTtorpadm-
poBann Kamepoi ¢ NPOMEXYTOUYHbIMU
YANVHUTENBbHBIMU KOMbLAMU W,
Ha/I0XMB Ha HEro Haanuce,
ctoTorpadupoBany ee Ha TOT Xe
Kafp C NOBTOPHOW 3KCNO3WLMEN.

doTo 189.

Cnaiif, ¢ n3o06paxeHneM KapThbl, Ha
KOTOPO/ OTMeueH MapLupyT
nyTeLeCTBUS.

onpefeneHHy0 NOrMYecKyro MocnefoBaTenbHOCTb. Jlydlle Bcero
NPUAEPXKNBaTLCA XPOHOMOTMYecKoro nopsagka. Hanpumep,
cnaifibl, UNNOCTPUPYLOLWME Kpyn3 no CpeamnseMHOMY MOpHO,
cnefyeT LEMOHCTPMPOBAaTL B MOPSAKE MocelleHns nopTos. Kpome
TOr0, MOXHO MPOAEMOHCTPMPOBATL CMaingbl ¢ KapToi, Ha KOTOPOii
MOMeYeH Kypc CyfHa U MecCTa, e Aenannucb OTAeNbHble CHUMKM.
Ha cnaiifibl MOXXHO HaHeCTW HaAmucu, BK/HOYAKOLLNE, CKaXKEM,
Ha3BaHWe MeCT, K KOTOPbIM OHM OTHOCATCA. [pu 3TOM MMeeT
CMbIC/1 CAeNaTb HECKOMbKO «/NLLIHMX» CHUMKOB, B KOTOPbIX
60/bLWYH0 NAOWaAb Kagpa 3aHMMaeT Heb6o, MOpe Wu ropbl, rae
3aTeM MOXHO Oy/JeT NOMecTUTb Ha3BaHWe COOTBETCTBYHOLLErO
mecTa. Hagnucb MOXHO cAenaTb METOAOM ABOMHON 3KCNO3ULUK
npu ay6nmMpoBaHMM CNainfoB: HaIOXMB HAaAMUCb Ha M306paxKeHMe,
nony4nm 6enble 6yKBbl HA TEMHOM (hOHe. Ecnu M3roToBuTb
«C3HABMY» U3 ABYX CNainfoB —wu306paxKeHNs n Hagnucei, 10
MOAYyYMM TEMHbIE BYKBbI Ha CBET/IOM (DOHE.

[OTOBbLINA CRaiig MMEET CMbICA MOMECTUTL MEXAY ABYMS
CTEKNaMU, YTO MO3BOSIUT N36eXaTb Ha €ro NOBEPXHOCTM LaparnuH,
MbIAW U CNefoB ManbleB. VI3roToBneHMe eMOHCTPALMOHHbIX
CnaingoB — [0BOMbHO TPYAOEMKas M yTOMUTE/bHas paboTa,
Tpebytowas crneumanbHbiX CTEKON, OFPaHNYMBAtOLLMX NOJe 3peHMs
MacoK, KNeinKoi neHTbl U T. 4. Mpexae 4eM MOHTMPOBATL cnaiif,
ero Hajo TLaTesbHO OYNCTUTL. Hebonblias, HO yBeNMYEHHas pas
B TPMALATb MbIIMHKA Ha (POHE YMCTOro Heba OKaXeTCs CoBep-
LUEHHO HeKcTaTW, Korga otorpagus 6ygeT AeMOHCTPUPOBATb-
€A Ha akpaHe. Cnaiig 1 cTekna nepef c60pkoii Hafgo akKypaTHO
MpOTEPeTb TOHKOW KNCTOYKOM MW MAFKOW TKaHbtO. Mpn 3TOM He
cnefyeT HaXXUMaTb CUWKOM CW/bHO, B MPOTUBHOM Cly4ae Ha
MOBEPXHOCTM MOXKET 06pa30BaTbCs CTATUYECKOE 3NEKTPUYECTBO M
NbIMVHKK ByayT CTPEMUTLCS K Cnaify Kak Myxu Ha mef. B koHue
KOHLL0B MOBEPXHOCTb CTEKNa (MK cnaitga) ctaHeT 6osee Nblnb-
HOM, YeM [0 3TOW onepauun. HekoTopble UPMbI BbIMYCKaOT
CneuuanbHy0 aHTUCTATUYECKYHO XXUAKOCTb AN OUMCTKU
MOBEPXHOCTENA.
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UT06bI NpaBUIbHO BCTAaBUTbL Cnaiig B MarasvH npoekTopa,
ero cnefyet NoMeTUTb. B KauyecTBe METKM Ha Cnaiif, MOXHO
HaKNenTb MafileHbKWIA KPY>XOK Gymaru. Torfja opueHTauuio cnaiga
Nerko onpefennTb Ha owynb. Ecin nokas cnailgos npegnonara-
eTCA CONPOBOXAaTb KOMMEHTapUAMW UM My3bIKOW, TO NpoLecc
AEMOHCTpaLMmn crefyeT OTPENeTNPOBaTb 3apaHee.

MpoeKTop, 3KpaH, Kpecna u Bce Heo6XoAMMOoe A1
JAEMOHCTpaLMn cnaifoB Hago pasMecTuTb 4O NPUXOAa 3puTenei,
TOrga UM NpUAETCS TOMbKO 3aHATb COOTBETCTBYHOLLME MECTA U
MPOBECTW HEKOTOPOE BPEMS B OXKMAAHWUM NPeACTOALLEro 3penuLya.

Mocne TOro Kak nMokas OKOHYEH, Haf0 HEMEANEHHO
BbIK/TOUMTbL MPOEKTOP, He A0XMAAACh MOKA Ha 3KpaHe MosBUTCS
fpKoe 6enoe NATHO, pe3Ko Obtollee B rnasa. [ns rnas 6yaer Takxke
npusTHee paccmaTpuBaThb Chaigbl NpU HalMuMm cnaboro
[ONO/IHUTENBHOMO OCBELeHUs. [1n1A KOMHaTbl 0ObIYHbIX pa3MepoB,
KaK Mpasw/o, JOCTaTOYHO Mapa3uTHOro cBeTa, MPOGKBatOLLErocs
yepes LWenn npoekTopa. CAMLLKOM SIPKUiA CBET MOXET CHU3UTb
APKOCTb CnaiifioB, cfenatb LBETa MeHee HacCbILLEHHBIMMN 1
YCNOXXHUTb paccMaTpuBaHME MENKUX TEHEBbIX AeTanei.

B Hanbonee coBEpLUEHHbIX MOAENAX ANANpPOEKTOPOB
NpeAyCcMOTPeHa BO3MOXHOCTb MOACOEAMHEHUSI CUHXPOHM3ATOPA,
KOTOpbI CBA3bIBAET MPOEKTOP C MarHNTO(OHOM, B pe3ynbTaTe
Yero caingpl Nepek/oYaroTCcs B COOTBETCTBUM C KOMaHAamu,
3anuncaHHbIMK Ha NNeHKY. HeKoTopble CUHXPOHM3ATOPbI
Mo3BOMAIOT UCMOMb30BaTb CTEPEOMArHMTO(OH. Mpu 3ToM
YNpaBAStoLWLME UMNYNbCHI 3aMUCbIBAKOTCS HA OfHON 3BYKOBOIA
[OPOXKE, 8 KOMMEHTapUKN 1 My3blKa — Ha apyroi. Mpm
OAHOBPEMEHHOM YNpPaBNeHWN HECKONbKMMMW NMPOEKTOpaMy MOXHO
NNaBHO 3aMEHNTb OfMH Kaap ApYruM. CKOpoCTb CMeHbI KafpoB
MOYHO U3MEHATb TaK, YTO 0fHO U306paxkeHVe ByaeT MeAneHHO
61eKHYTb N BMECTO HEro Ha 3KpaHe 6GyfeT MOCTENeHHO
BbIPMCOBbIBaTLCA Apyroe. Kpome Toro, Ha 04HOM 3KpaHe MOXHO
MOMECTUTb CPa3y HECKOMbKO HEBOMbLUMX U300paXKeHMA pasHbIX
pa3MepoB; HEKOTOPbIE M306paXKeHMs1 MOTYT ObITb MNOCTEMNEHHO
CBe/EHbl Ha HET, N BMECTO HUX BECb 3KpaH 3aliMeT U306paKeHuWe
Kakoli-nnbo oaHol hoTorpagun. Mockonbky ynpasnstoLmne
MIMMY/bCbl 1 3BYKOBOE COMPOBOXAEHWE 3anMChbIBAOTCA Ha OfHY
MNEHKY, CUHXPOHU3aLMS CMEHbI CNaifoB N My3bIKaibHOT0
COMPOBOXAEHNS MOXET ObITb HACTO/IbKO TOYHOW, YTO e MOXKHO
3anporpaMMupoBaTh Tak, YTOObl Cnaiifbl MEHSIUCL B TaKT C
TEMNOM My3blKW. [Mo-HacTosLLIEMY XOpOLUas 4eMOHCTpaLms
CnaifoB ¢ NOMOLLb0 NOA06HOI0 060pYA0BaHNS TPAHNYNT C
MCKYCCTBOM, M €C/IN BECb MPOLLECC NPOAYMaH A0 MefbyaiALLmnx
JeTanei, To IEMOHCTpaLWs CnaliiloB MOXET NPeBpaTUTLCS B
3axBaTblBalOLMI CNEKTaKb HEMOBTOPUMOI KpacoTbl U
04apoBaHms.

Cnaigbl Kak UAMIOCTPaTUBHDIN MaTepyan 41s NeKumin n
[0KNaaoB

O[fIHO 13 Hanbonee BaXKHbIX COOOPaXKeHNA, KOTOPbIMU
CNeayeT PYKOBOACTBOBATLCA MpK BbIGOPe 3ana Ans NEKLMOHHbIX
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®doTo 190.

Cnaiig (cneBa) He cneayeT C/MLLIKOM
neperpyxatb UHQOpPMaUneld; oH
(cnpasa) pomKeH cofepXaTb TObKO
camble Heob6XxoAumMble CBeLEHMS.

®doTo 191.

KHWXHble UAMIOCTPALMM 4acTo OYeHb
NoAPOGHbI, 1 TEM He MeHee 3TO
HWKOMY He MeLlaeT, MOCKO/bKY Y
ynTaTens ectb Bpems, YTo6bl BO BCEM
noApo6Ho pasobpatbca. OgHako
cnang, 1M306paxeHHbI cnesa,
COBEPLUEHHO He MOAXOAUT ANS
NeKUWmM: cnywaTteny npocTo He
yCneBaloT ero Kak cnegyet
paccmoTpeTb. Ecnu y4yecTb, yuTo
HEKOTOPYI0 WMH{OopMaLuio,
npeacTaBeHHYH0 Ha cnaifie, MOXHO
nepefatb B YCTHON (hopMe, TO Ha
cnaiife (cmpaBa) MOXHO OCTaBWUTb
TONbKO OfHY CXeMy.

Lieneid, COCTOUT B TOM, YTO 3KpaH AO/MKEH OblTb AOCTATOYHO
60MbWwKM, 4TOOLI MpoeLMpyemas Ha Hero MHgopmaums 6blna
OTYETAMBO BUAHA AaXKe C CambIX JaNnbHWUX psRoB. [ns 3aToro
CnepyeT NpuAepXMBaTLCA JOBOSBHO MPOCTOrO NpaBWia, COrnacHo
KOTOPOMY BbICOTa 3KpaHa He JO/MKHA BOblTb MEeHbLUe

1/8 MaKcMMasbHOro paccTosHUsA A0 Hero. Takum 06pasom, B 3ae
AVHONM go 16 M AOCTaTOYHO MCMO/b30BaTh 3KPaH BbICOTOW 2 M.

UTob6bl rapaHTUpoBaTh pa3bopumBOCTb NPOELMPYEMOrO Ha
3KpaH TeKCTa, cnefyeT yunTbiBaTh pasmepbl OykB Ha cnaiige. Eciu
OTHOCUTENbHbIE pa3Mepbl 3KpaHa YAOBMETBOPSAKT OMUCAHHOMY
npaBuny, TO pa3mepbl 3arnaBHbIX GYKB JOMKHbI ObITb HE MEHbLLE
1 /50 BbICOTbI 3KpaHa (eLue NyYLle, ecav OHW COCTaBNAIOT
npumepHO 1/ 25 BbICOTbI 3KpaHa).

CpaBHUTENbHO MPOCTOE TEKCTOBOE MOSICHEHME K crnaingy
MOXET ObITb HaneyaTaHO Ha NULLYLLER MalWHKe. [ns opueHTaumuu
cnefyeT MOATOTOBWTL LWABIOH, OrpaHUYMBaloLLUiA 061acTb,
coepiallyto TekcT. Pasmepbl WwabnoHa AOMKHbLI COOTBETCTBOBATH
OTHOCUTENbHLIM pa3sMepamM 3KpaHa U pasMepam 3pUTENIbHOTO 3ana;
BbiCcOTa WabioHa foMKHa 6bITb B 25 pa3 60/bLue BbICOTbI
3arnaBHbix OyKB, a WwWupnHa —B 1,5 pasa 60/blUe BbICOTbI.
VIHTepBan MeXay CTpoKamu AO/HKEH ObiTb MO MeHbLUel mepe
paBeH BbicoTe 6yKB. MOXHO MCMOMb30BaTh KakK NMPOMMUCHbIE, TaK U
CTPOYHbIe GYKBbI, 0JHAKO €CIN NOMb30BATLCA UCK/UUTENBHO
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NPONUCHbIMY (3arnaBHbiMK) GyKBaMu, TO pPa3bopPUMBOCTb TEKCTa
HECKO/IbKO MOBbICUTCS.

Cnalifibl, Ha KOTOPbIX BYKBbI N306paXatoTcs GenbiMu Ha
UepHOM WM LBETHOM (hOHe, Gonee NPUATHLI ANA r1a3, Yem
chnaiifpl, B KOTOPbIX TEKCT HaHeCeH YepHbIM Mo 6enomy. Kpome
TOr0, Ha YepHOM (DOHE MeHee 3aMeTHa Mbllb UN rPsA3b.

XO0TS AN MHOTUX CNy4yaeB BMOJSIHE MOAXOAUT 06bIYHbIN
MaLLWHOMUCHBIA TeKCT, 60nee NPOECCMOHANbHO BbIMOMHATL TEKCT
C MOMOLLBIO CMeLmManbHOro nepesogHoro andaemta Letraset. Takve
anaBuTbl BbIMYCKAIOTCA CaMbIX Pa3NNUHbIX Pa3MepoB U
wpudTos. Mpn aToM 6YKBbI MOTYT BbITb Kak YepHbIMU, Tak U1
6efbIMK, YTO NO3BONSAET CPasy fAenaTb MakeT ¢ GefibiM TEKCTOM Ha
LBETHOM (hoHe. Ecnu npugepxunsatbcs npasuna «1/25», 10
MOXHO MCNOMb30BaTh Kak CTPOYHbIE, TaK 1 MPONUCHbIe BYKBbI,
MOCKO/IbKY B TakOM hopmate UH(opMaLus BOCNPUHUMAETCS
bbiCTpee, YeM B C/lyvae TO/IbKO MPOMUCHBIX OYKB.

OueHb ya06HO fenaTb MakeTbl CTaHAapTHOrO pasmepa,
Hanpumep B BMAe NpaMoyronbHuka 15 X 22,5 cm. Torga MoxHo
6b1/10 6bl CTAaHAAPTM3NPOBATL pasmepbl 6YKB, LUMPUHY IMHWA,
MCMONb3yeMbIX B Tabnmuax unm rpagmkax, a Takxke Bce
npucnocobneHns ans nepecbemMkn MakeTa Ha cnaig.

He crefyeT nNbiTaTbCs BTUCHYTb B CMaig Kak MOXHO
6onble nHdopmauymmn. VimeeT cmbici pa3butb BCH MHGOPMaLMIO
Ha fiBa UM 60nbLUee YnCno cnaingos. [aa aTOro MOXHO K
KaXX[oMy nocneaytollemMy cnagy ao6aBuTb HeO0/bLION 06bEM
HOBOI MH(OPMaLMM 1 TaKUM 06pa3oM MOyYMTb CEPUIO CaitgoB,
nepejatoLyx Becb 06beM He0OX0AMMONR MHADOPMALLUN.

[JaHHble 06bIYHO ropaszo fierye BOCMPUHMMAKOTCA B
rpaguueckoin hopme, YeM B Tab/MYHOI, MO3TOMY BCAKWUIA pas,
Koraa 3To BO3MOXHO, Tabnuubl cnefyeT 3aMeHsTb rpaukamm.

doTocheMKa roTOBOMO MakeTa
Kak ToMbKO LiBETHOM MaKeT NOAroTOB/EH, BCE UTO HYXHO
cfenatb, 4TOObI MePecHsATb ero Ha cnailg, — 3To coTorpadmpo-
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®oTo 192. BaTb MaKeT Ha LBETHY0 obpallaeMyto nieHKy. lpolle BCero 3To

g?:h';'jb'('cnce%gg’f”ﬁgﬁ‘geCﬁxmgac""'e MOXHO OCYLUECTBUTL C MOMOLLbIO 3ePKalbHON Kamepbl.

CNOXHbI. T103TOMY Nyule Bugonckatenn 60NbLUMHCTBA 3ePKa/bHbIX Kamep MOKa3blBaloT

MPEeACTaBUTL Ty Xe UHDOPMaLyio B YyTb MeHbLUY 06/1aCTb, YeEM peasnbHble pa3mepbl Kagpa. Moatomy,

Buge 6nok-cxembl (cnpasa).
€C/IM Heob6X0AUMO CTPOrO BbIAEPXKaTb pasMepbl Kakoro-To
KOHKPEeTHOro cnaiga (Wim ¢oTocbeMKa MPOM3BOANTCS He
3epKanbHOW Kamepoit), neped CbeMKON CnefyeT NMpPOBEPUTb
WUCTUHHbIE pasMepbl Kaapa. g 3TOro MOXHO CHATb 3afHH0H0
CTEHKY KaMmepbl, NpeABapuTe/IbHO NOCTaBVB 3aTBOP B MONOXeHMe B,
M paccMaTpuBaTh M306paXKEHME Ha KyCOYKe MOymnpo3payvHol
bymarwn, HafeToi Ha 3ybbsi IEHTONPOTSXXHOIO MexaHu3ma, npu
3TOM Kamepa [0/DKHa OblTb HaZEXHO 3aKpereHa Ha LTaTuse.

MakeT npu cbemkKe MOXHO OcBellaTb AHEBHbIM CBETOM,
naMnaMu HakanvBaHWs WM BCMbIWKON (B MOCNeHEM Cnydae
TPYAHO npefyragatb OTPaXeHWe Uin 6anKK OT NMOBEPXHOCTU
MaKeTa, ec/i1, KOHeYHO, He UCNOMb3YeTCs CneunanbHas cTyauiHas
BCMbILIKA C MOAENMPYHOLeld NoAcBeTkol). MNpu 3TOM"BaXHO,
yTo6bl LiBETHAs NJieHKa Oblfa paccyMTaHa UMEHHO Ha WUCMOMb3y-
emblii BUZ OCBelleHWs. Hambonee npuemnemble pesynbTatbl JalOT

doT0 193.

ViHdbopmauus o6bluHo Bocnpurumaer-  1aMMbl HaKanuBaHus. B ujeane Ans nonyyeHns paBHOMEPHOTO
cst ropas%o nerye B rpagmyeckom, OCBELLEHNS CMefyeT MCMOMb30BaTb [BE 1aMMbl, MO OAHOW C Kax-
4Yem B TabG/IMHHOM BUpae. Ha,qnvlcm Ha A

FpaVKax MU STOM AOMKHEN GblTh [0V CTOPOHbI OT Kamepbl. [pumeHeHne Nonsapr3aLnoHHOro
NErko YnTaeMbl. CBETO(MbTPA, HafeToro Ha 06bEKTMB, CNOCOBCTBYET

POPULATION RESOURCES

COMPARED
Year | Western Europe USSR USA
(millions) (millions) (millions)
1850 175 90 40
1950 300 180 110
1960 305 200 120
1970 310 205 125
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doTo 194.

CHWMOK, MpefiHa3Ha4eHHbI 419
UNMOCTPaUun Kakoro-nn6o
KOHKPETHOr0 MOMEHTa NeKLun,
[O/MKEH cofepxaTb TONbKO Camyto
Heo6xoAnMMyto UH(opmaumio. Ecnm
CHUMOK (Cnesa) cfenaH C Lenbio
nokasaTb TUMUYHYIO pajunonaboparo-
puvio, TO OH BMOJHE YA0BNeTBOPAET
aTomy Tpe6oBaHMio. OfHaKo ecnm
cTaBuNacb 3afaya nokasarb, Kak
npoBepseTca neyaTHas nnara, TO OH
YXe He roAnTCs, NOCKONbKY COAEPXUT
CMIMLLKOM MHOTO W36bITOYHOW
MH(opmauun. B atom cnydae cneayet
1CNoNb30BaTh CHUMOK, NOKa3aHHbIN
cnpasa.

MPUIYLIEHNIO BNIMKOB U rapaHTUPYET XOpOLLIee HacbILEeHVe LiBe-
TOB, TOHa/bHOE OTAe/NeHVe Hagnucel oT hoHa. PunbTp cnegyet
MOBEPHYTb Ha Yron, JaloLmniA HauNYULIKiA BU3yanbHbIl 3deKT.

Ecnv makeT BK/KOYaeT YepHble Hagnucu Ha 6enom doHe, a
Heo6X0o4MM 6enblii TEKCT Ha LBETHOM (POHe, TO npouesypa
M3roTOBNEHUS Ccnaiifja HeCKONbKO ycnoxHseTca. CHavana
M3rOTOBNAIOT OYEHb KOHTPACTHbLIA YepHO-6enblii HeraTms. Ero
MOXHO CfeflaTb Ha 0BbIYHO HW3KOYYBCTBUTE/IbHON YepHO-6enoii
NNeHKe C HeJOLEPXKKOM U NepenposiBieHNEM C LEMbI0 MOyYeHms
MOBbILIEHHOI0 KOHTPacTa. MOXHO MCMO/b30BaTh U CreLnaibHYyH
AUTOrpadiMueckyo NeHKy, AaloLLyo TOMbKO YepHoe u 6enoe
n306paxkeHne 6e3 MPOMEXYTOUYHbIX TOHOB. 3aTeM MOMYYEHHbIV
HeraTuB hoTOrpadiMpytoT Ha 06paLlaeMyt0 LIBETHYHO MMEHKY,
MCMONb3Ya B KauecTBe UCTOYHMKA CBETA MPOEKLMOHHBIA hOHAPb.
Kagap akcnoHupytoT gBaxzbl. B nepsblii pas Ha Hero doTorpagu-
pyIOT N306paXkeHne NOMYYEHHOrO paHee YepHO-6enoro HeraTuea, a
BO BTOpOIi pa3 ero OCBELLA0T CBETOM MPOEKLMOHHOro (hoHaps,
3aKpbITOro LBETHbIM (MNbTPOM. B pesynbTate nepsoro
3KCMOHMPOBAHUA Ha MN/eHKe 00pa3yeTcs CKPbITOE N306paXeHue,
KOTOpOe (ecnn ero cpasy e MposiBUTb) AaeT TOUYHYHO KOMUIo
HeraTuea, T. €. Gefblii TEKCT Ha YepHOM (hoHe. Mpu 3KCNOHUPOBa-
HUW Yepes LBETHON (UNbTP MOMHOCTBIO WM YaCTUYHO
3aTyLUeBbIBAETCA OAWH WK ABa U3 TPEX LiBETOBbLIX C/OEB B 30HE
YyepHoro (oHa, a Genblil TeKCT OCcTaeTcsl 6e3 M3MEHEHWIA,
MOCKO/IbKY OH Y>Ke Oblfl MOIHOCTbIO 3KCMOHMPOBAH BO BCEX TPpeX
uBeTax. Bugumo, Hambonee CNOKOMHLIM U MPUATHBLIM AN rnasa
thoHOM BygeT rony6oii, Ana NonyyeHUs KOTOPOro npu BTOPON
IKCMOo3nLMM MOXHO B3ATb (hunbTp Wratten 47 unu 47B. Bpems
3KCNOHMPOBaHWS HafieXXHee BCEro OMnpedennTb 3KCMEPUMEHTASBHO,
XOTA HaBEPHSAKa OKaXXETCs, YTO OHO He OYeHb KPUTUYHO. Ecn
CbeMKa BefleTCcs KaMepoii, B KOTOPOI Henb3s OANH Kaap
9KCMOHMPOBATb ABaX/bl, TO 3aTBOP C/efyeT NocTaBuTb B
MonoXeHve B 1 MCMONb30BaTh B KauecTse 3aTBOPA KYCOK YepHON
Bymaru, moMeLLaeMblin nepes 06HEKTUBOM.

Ecnv Bo Bpemsi AEMOHCTPaLMN HEOBXOAMMO MOKa3aTb OAWH
W TOT XXe Cnaiig ABaxkabl, a B NPOMEXYTKE — Kakue-TO Apyruie, To
MIMEeeT CMbICN CAenaTh ero aybnmkar.

B Tex cnyyasx, Korga tema, KOTOpyt WANKCTpUpyeT
[aHHbIA cnaiig, y)Xe NpoigeHa, ero He cnefyert AepXaTb Ha
aKpaHe. Ecnm e nocne nokasa kakoro-To cnaiiga Heobxoguma
onpefeneHHas naysa, TO Ha 3TO BPeMS MPOEKTOP HY>XHO
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BBIKNOUNTL WK, YTO ellle Nydlle, 3apaHee NOCTaBUThL B KacceTe
«MYCTbIWKY» W3 KaKoro-nn6o Henpo3payHoro mMatepuana.

CneflyeT cneauThb 3a TeM, YTo6bl Bce cnaiifbl, 0To6paHHbIe
ANs NokKasa, 6bin B 0IMHAKOBLIX PaMKax, B NPOTUBHOM C/lyudae
MPOEKTOP KaXblii pas NpUAETCS HABOAMTb HA PE3KOCTb.

Ecnu cnaiigbl 6yaeT nokasbiBaTb aCCUCTEHT, TO UX BMECTE C
HEo6X0AUMbIMU UHCTPYKLMAMU CrieyeT emMy nepefiaTb Kak MOXHO
paHblUe [0 BbICTyNNeHus. Kaxablii cnaiig cnefyeT noMeTuTb,
UTO6bI He GbINI0 MyTaHWLbl C EFO OpPUEHTALMENR, N NPOHYMEPOBAaThb
Mo ero MecTy B KacceTe. ATO MMEET CMbICN CAEeNaThb, AaXe eciu
cnaiifibl yXe neXat B KacCeTe: e Bbl UX CNy4ailHO pacchinneTe,
HY)XHbIA NOPANOK NErKo MOXHO 6YaeT BOCCTaHOBUTbL. Ecnn y
MPOEKTOpa HET AMUCTAHLMOHHOIO YNpaBieHus, TO creayeT
npeaBapuTeNbHO JOrOBOPUTLCS C aCCUCTEHTOM O criocobe
CUTHANM3ALMKN eMy BO BPeMsl BbICTYMIEHNS.
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TepMUHOMOTNYeCcKnin cnoBapb

Abeppaums, onNTNYeCKoe HECOBEPLUEHCTBO JOTOOOBLEKTMBOB,
NpMBOAALLEE K YXYALLEHMIO KayeCcTBa M300paxeHwns,

Hanbosiee pacnpoCTPaHeHHbIMW BugaMi abeppaumii ABAsOTCA
XpoMmaTuyeckas u cepuyeckasn, a Takxe acTUrmaTuaM, Koma,
auctopeus.

ABTOBMHAEP, YCTPONCTBO, B KOTOPOM /11 aBTOMATUYECKON
NnepeMOTKW NMIEHKN U B3BOJA 3aTBOPa MUCMOMb3YETCS 3NeKTpuYe-
CKuiA MoTop. PasHOBMAHOCTLIO TAaKOr0 YCTPOWCTBA ABMAKOTCS
BMHJEPbI, MaKchManbHas paboyas CKOPOCTb KOTOPbIX COCTaB/fisieT
06bI4HO 2 Kagp/c.

ABTOMaTUYECKWNIA hoToannapaT, oTorpadmyeckuin annapat, B
KOTOPOM YaCTWYHO WM NOJSIHOCTLH aBTOMATU3MPOBaHbl Onepayuu,
06bI4HO BbINO/IHSEMbIE (HOTOrPat)oM B MPOLLECCE CbEMKM: OTCHET
KaZpoB, BbIOOP M YCTaHOBKA 3KCMO3WLMOHHbLIX NapameTpoB,
npoTshkKa (oTonaeHkn u ap. Hanbonee yacto onpeaenstonm
NPU3HaAKOM /19 MOJpasfe/ieHns KaMep Ha aBToMaTuyeckue,
nolyaBTOMaTU4eCcKne N HeaBTOMaTUYeCKMe CyXuT cnocob Beibopa
M YCTaHOBKM 3KCMO3WLMOHHBIX NapameTpoB. B nmepsom ciyuae
BbIGOP U YCTaHOBKA BbIZEPXKKU U AnadparMbl OCYLLECTBASETCS
aBTOMaTUYeCKM C MOMOLLbIO 3KCMOHOMETPUYECKOrO YCTPOCTBA.
Bo BTOpOM Cfiyyae BbIGMpaeTCs U yCTaHABNMBAETCA aBTOMATUYECKU
TONbKO OfVH MapameTp, HanpuUMep BblgepXKKa, a APpYroin napameTp
thoTorpad ycraHaBiMBaeT BPyYHYHO (aBTOMATWKa C MPUOPUTETOM
Mo BbIJEPXKE UMK NO guadgparve).

ABTOCMYCK, YCTPOICTBO, 06ecneymnBatoLLee aBTOMaTUYeCKoe
cpabaTtbiBaHMe 3aTBOpa (poTOanmnapara Yepe3 HeCKO/IbKO CeKyH[,
(06bI4HO 10—15 c) nocne ero BKAKYeHWs (3aepPXKKa MOXET OblTb
MOCTOSHHOW WNK Perynnpyemoit). ABTOCMYCKOM MOMb3YHTCS B TEX
Cnyyasx, Korfja HaxaTue CryCKOBOW KHOMKU HexenaTenbHo Mo
YCMOBUAM CHEMKM, HanpuMep €c/in Npu HaXaTuK CryCKOBOA
KHOMKW HapyLIaeTcs HenofBMXHOCTb hoToannapara, a Takxke npw
CbeMKe aBTOMOpTpeTa U1 Ap.

AJANTVBHBIV CUHTE3 LBETa, Cnocob MosyyYeHWs MHOXECTBA LiBETOB
MyTem ONTUYECKOr0 CMELLEHMS B Pa3IMYHbIX MPONOPLMAX
N3MYYeHNIA OCHOBHBIX LBETOB (KPacHOrO, 3e/1€HOM0 U CUHETO).
AKTUHWYHbIA CBET, U3Ny4YeHne, 06/1afaroLee CnocoBHOCTbIO
OKasblBaTb POTOXMMMYECKOE, TENIOBOE WK APYroe Bo3geicTBue
Ha BellecTBO. B pesynbTaTe BO3AENCTBMA aKTUHWYHOIO CBETA Ha
CBETOUYBCTBUTE/bHbIA COI (hoTOMaTepuana B nocnegHeMm
06pasyeTcs HeBMAMMOE (CKPbITOE) UM BUAMMOE [/1a30M
n3obpaxeHne. CteneHb hoTorpagnyeckoil akTMBHOCTM CBETA
3aBMCUT OT ero CMeKTpasibHOro COCTaBa M OT CMeKTpasbHO
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4yBCTBUTENLHOCTM (hoTOMaTepuana (CBeT, ABAAOWMIACS
aKTUHWYHBLIM NS OLHOro (hoTomaTepuana, MOXeT ObITb
HeaKTUHUYHBIM ANs APYroro).

AHaMopoT, onTUYeCKas cucTeMa, cosfarollas n3obpaxeHue
00beKkTa ¢ pasnuMyHbIMKM MacluTabamu B ABYX B3aMMHO
nepneHANKYNApHbIX (FTOPU3OHTa/IbHOM WM BEPTUKATbHOM)
HanpasneHusax. C MomoLLblo aHaMopdoTa MOXHO TpaHchopMUpo-
BaTb (CXXMMaTb WK pacTAruBarb) U3obpaxKeHne CHUMAeMOro
00beKTa € 3alaHHbIM U3MEeHEHNEM MacLUTaboB B BEPTUKAILHOM W
rOPM30HTa/IbHOM HanpaBieHUsX.

AHrcTpem (0603HadyeHne A), BHECUCTEMHAsA efnMHMLA AJNHbI,
ncnonb3yemas 418 U3MEPeHUs 4JIMHbI BOJTHbI 3/1EKTPOMArHMTHOTO
nsnyyenns. 1 A=10""w=10"%cm = 0,1 Hwm.

AnepTypa, BeNMUMHA, XapakTepusytoLas AeicTByOLee 0TBEPCTHE
OMTUYECKO CUCTEMbI; OMpPesenseTcs pasMepaMmn fIMH3 Uiu
Avadparm, orpaHMYMBatoLLMMI CBETOBOI MyYOK, BXOAALLMI B
ONTUYECKYIO CUCTEMY.

ACA (ASA), eguHMLA CBETOYYBCTBUTENILHOCTM (OT HaYasbHbIX
6yKB aHrnminckmnx cnoe American Standards Association).
AcTrmaTusm, 0gvH 13 BULOB abeppauuii ONTUYECKNX CUCTEM,
BCNEeACTBME KOTOPOI My4OK Nyyeid, NCXOAALWMX M3 KaKoin-nmbo
TOYKM, NOCNE NPOXOXAEHWS Yepe3 ONTUYECKYIO CUCTEMY
cobupaeTca He B OJHOM TOYKE, a Ha ABYX B3aUMHO MepneHanKy-
NAPHbIX OTPe3Kax NPAMOW MHUK, PACMNONIOXKEHHbIX Ha HEKOTOPOM
paccTosHWMKU Apyr OT Apyra.

Acthepuyeckne 06beKTUBbI, OMTUYECKNE CUCTEMbI C MOBbILLIEHHOM
KOpPEeKLMein abeppayuii, cogepxallive IMH3bl UK 3epKana,
NPenoMAsAIoLME NN OTPaXatoLme NOBEPXHOCTM KOTOPbIX UMEHT
Hechepuyeckyto opmy.

Bnenga, npucnocobneHne B BUAE LUINHAPA, YCEYEHHOTO KOHYca
WM YeTbIPEXTPAHHOW YCEYEHHOW NPU3Mbl U3 MAaCTMAcChl, Pexe u3
MeTanna, ¢ YepHoli MaTOBOIM BHYTPEHHEN MOBEPXHOCTbIO,
HaJeBaeMOe Ha MepefHto YacTb OMnpaBbl 06BEKTMBA A/1S
npeAoTBPaLLeHNs NonagaHnus B HEro GOKOBbIX NTyYeil.

BnvK, fpKoe CBETOBOE MATHO Ha TEMHOM (POHe, MpeAcTaBstoLLee
c0o00i N306paXKeHNe CBETALLErOCA UCTOYHMKA N3NTYUYEHUS B
OTpaXeHHOM cBeTe. Obpa3yeTcsa B pe3ynbTaTe OTPaXeHUs cBeTa oT
HeAO0CTaTOMHO 3a4YepHEHHbIX MOBEPXHOCTEN OMTUYECKMX AeTanel
Kamepbl U OT BHYTPEHHUX MOBEPXHOCTEN NMH3 06bEKTUBA.

B coBpeMeHHbIX 06beKTMBaxX 06pa3oBaHMe 6/IMKOB yaaeTcs
CBECTV [0 MWUHMMYMa C NOMOLLLIO MPOCBET/IEHUA MOBEPXHOCTEN
pasgena CTeKno — BO34yX.

Bupounckartenb, onTMYecKoe YCTPOMCTBO (hoToannaparta, Cayxatliee
ANS OnpeAeneHns rpaHuL n3obpaxeHus (Kagpa) 06beKTa CbeMKU.
B HekoTopbix hoToannapatax 06opyAyeTcs ycTpoicTBaMu ans
BU3yasibHOW MPOBEPKU (POKYCMPOBKM 06BEKTMBA.

«Bunka», MeTog noayyeHUs NPaBUILHON 3KCMO3MLMW,
npegycMaTpuBatoLniA LOMNONHUTENBHYO CbEMKY 06bEKTA C
3KCNO3NUUAMN 60/bLLE U MEHbLLE.
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BorHyTast IH3a, /INH3a, LieHTpasbHas YacTb KOTOPOU TOHbLLIE, Yem
Kpas, B pesy/nbTaTe Yero nagaroline Ha NMH3Y napannenbHble Nyyn
CcBeTa MpU BbIXO/IE U3 Hee pacxomsTcs.

BbIMyKnasi IMH3a, INMH3a, LEeHTPabHas YacTb KOTOPOI TOALLE, Yem
Kpas, B pe3y/ibTaTe Yero nafatolime Ha NMH3y napannefbHble nyyun
CBETa NpW BbIXOfle W3 Hee CXOAATCS.

ManoreHnabl cepebpa, XMMUYeCKre CoeanHeHNs cepebpa ¢
ranoreHamm (6pom, xnop, 1og); 061afatoT CBETOUYBCTBUTESIb-
HbIMK CBOlicTBamMK. B dhoTorpadmy npumMeHsoT xnopug, 6pomug
1 moamg cepebpa, KOTopble BXOAAT B COCTaB (hoTOrpaduyeckmx
3MYNbCUIA.

MMnepokasibHOe PaccTosiHME, MUHUMANIbHOE PacCTOsHKE OT
06beKTa CbeMKM 40 Takoi NIOCKOCTY B MPOCTPaHCTBE NpesMeTos,
npy PoKycmMpoBKe 06LEKTUBA HA KOTOPYIO 3afHAA FpaHuLa pesko
1306paXaeMoro NpPoCTPaHCTBa HaxoauTcs B 6eCKOHeYHOCTU. Mpw
3TOM MepefHAs rpaHMLa OKasblBaeTCs Ha PacCTOSHWU, PaBHOM
NOSIOBMHE TUMEP(OKANbHOTO PACCTOAHMS.

CnybuHa pesko n3obparkaeMoro npocTpaHcTea (rayéuHa
Pe3KoCTW), Hanbonbllee pacCcTOsHWE BAO/b ONTUYECKOWA OCK MEX-
[y TOYKaMu B NPOCTPaHCTBE, N306paXkaeMbIMWN ONTUYECKOW cucTe-
MOIi 4OCTaTOYHO PEe3KO.

Mony60i LBeT, LBeT AONOMHUTENbHLIA K KpacHOMY. O61beKTbl,
OKpalUeHHble B rony6oii LBeT, OTPaXatloT CUHWE 1 3e/1eHbIe U
NOrNOLWA0T KpacHbIe flyyu.

[JanbHomep ¢hoToannapara, .oNTUYECKOoe YCTPOICTBO ANs
onpegeneHns paccTosiHUA 40 06beKTa CbeMKM. Mpu NOMOLLM
JaslbHOMepa OCYLLECTBNSETCA (HOKYCMPOBKA CbEMOYHOIO
06beKTMBa (hoToannaparta: pa3fBOeHHOe M300paXKeHWe 06beKTa
COBMELLAeTCs B OAHO.

[BYyX06beKTUBHbIN 3epKasibHbI hoToannapar, GoTorpatmyeckuii
annapaT, BMAOWCKaTelb KOTOPOro CHabxeH 06beKT1BOM. Onpasa
06bEKTMBA BUAOMCKATENA KMHEMATUYECKM CBSi3aHa C OMpaBOil ChbemMou-
HOro 06bEKTUBA, TaK YTO NpW (OKYCMPOBKE 06BLEKTMBA BUAOMCKATENS
OAHOBPEMEHHO U CUHXPOHHO (HOKYCUPYETCS CbEMOYHbIA 06BEKTNB
(hoToannapara.

[naparma, ycTpoincTBo 411 OFpaHNYeHUs UM U3MEHEHNS
CBETOBOr0 Nyyka B OMTUYECKUX CUCTEMAX.

[OnadparmMeHHoe 4ncio 06bLEKTUBA, YMCO0, PaBHOE OTHOLLEHUHO
3agHero (HOKyCHOro paccTosiHuA 06beKTMBa K ANAMETPY €ro
BXOZHOrO 3payka (T. €. BeNMyMHa, 06paTHas OTHOCUTENbHOMY
OTBEPCTUIO). B 3HauYeHusX guadiparMeHHOro umcna rpagyvpyroTcs
LUKabl AuagparM Ha onpase 06bEKTUBA; PAf, YNC/IEHHbIX
3HAYeHWA AnadparMeHHOro Yncna BblbMpaeTcs Tak, YTO OH
06pasyeT reOMeTPUYECKYIO MPOrpeccuio Co 3HaMeHaTenieM,

paBHbiM 2 (Hanpumep, 1; 1,4; 2; 2,8; 4; 56 nT. 4.). Mpn
nepexode OT OAHOr0 3HAYeHWs AnagparMeHHOro yncna K gpyromy
(60n1bLUEMY MM MEHbLLEMY) OCBELLEHHOCTb M3MEHSIETCA
(YMeHbLUAeTCA UM yBenunumMBaeTcs) B ABa pasa.

[vanazoH SpKOCTEN, OTHOLLEHWE SPKOCTel (MM pasHOCTb UX
norapngmoB) Hanbonee CBETNONO U Hanbonee TEMHOro y4acTKOB
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06bekTa. [19 yA0BNETBOPUTE/IbHOI Nepedayn BCeX TOHOB 00beKTa
AMnanasoH SPKOCTEN He [O/MKEH MPEBOCXOAUTb BO3MOXHOCTM
JAaHHOW NNEHKMN.

[nano3nTyB, NO3MTUBHOE M306paXKeHWE Ha Mpo3payvHol
6ecLBeTHOI NOANOXKe (CTEK/E UAW MNEHKe), NpefHa3HaYeHHoe Ans
paccMaTpuBaHMA Ha NPOCBET WM NPOELUPOBAHNSA Ha 3KpaH.
OVIH, ycnoBHas eguHuLa A15 BbIpaXXeHMS YKcia CBETOYYBCTBU-
TenbHocT (DIN, OT HavaNnbHbIX OYKB HemeLKux cnoB Deutsche
Industrie-Norm — HemeLKuUiA MPOMbILWIEHHbIA CTaHAapT). Kax-
[0e yBeNnyeHne Ha Tpy efuHuUUbl No wkane AH cootseTcTBYeT
YBENMYEHUIO YYBCTBUTENILHOCTY NMIEHKW B [iBa pasa; Hanpumep,
18 AVH =50 ACA, 21 WH = 100 ACA.

AvonTpus, egMHMLA ONTUYECKOI CUMbI JIMH3, CHEPUYECKNX 3epKan
M CNOXHbIX ONTUYECKMX cucTeM. OB03HAYEHNS; MeXAYHaposa-
Hoe — dyop, pycckoe —pAnTp. OfgHa AMONTPUA COOTBETCTBYET
ONTUYECKON cune NnH3bI (MK chepuyeckoro 3epkana) ¢
(hOKYCHbIM paccTosiHMeM B 1 M; Ans cobumparowmnx IMH3 umeet
MONOXUTENbHbIV 3HaK, ANS paccenBaloLmMX — OTPULATESbHbIRA.
Tak, IMH3a CUIoin + 2 AMONTpUK SIBNSETCA CoBMpatoLLeil NMH30i C
(hOKYCHbIM paccTosHuem 0,5 M.

[vcnepcns, 3aBUCMMOCTb NOKasaTens nNpesioM/IeHUs BellecTsa oT
[/IMHbI CBETOBOI BOMHbI U, CNeA0BaTeNbHO, OT LBeTa. BeneacTteume
ancnepcumn 6eblil CBET NPU NPOXOXAEHWMUN Yepe3 Npusmy
pasfnaraetcs Ha OT[eNbHble CMEKTPa/bHble COCTaBAAOLME.
[uctopens, oguH 13 BUAOB abeppauunii ONTUYECKUX CUCTEM, Mpu
KOTOPOI HapyLlaeTcs reoMeTprMyeckoe nogobue mexay 06bEKTOM
M ero nsobpaxeHuem. Tak, BCeACTBUE AUCTOPCUM U306paxeHmne
KBagparta npuobpeTaeT BuA NoayLlikn (NogyLiKkoobpasHas
auctopeuns) unm 6oukn (boukoobpasHas AUCTOpcUa) B 3aBUCUMO-
CTW OT TOTO, B KaKyt CTOPOHY OT LieHTpa UCKPUBAAIOTCA NpsiMble
NMHUN 06bEKTA CHEMKMN.

LNVHHOPOKYCHBIN 06bEKTUB, 06BHEKTUB, Y KOTOPOro (DOKYCHOE
paccTosiHue 6onee Yem B 1,5 pasa NpeBOCXOAMT AuaroHaib Kagpa
(nona nsobpaxeHus).

JononHnTeNbHbIe LBETa, XpOMaTUYeCcKme LBeTa ABYX WU3NYYeHWU,
obpasytoLye Npu ONTUYECKOM CMELLEHWUU B ONpefeneHHOiA
nponopuun u3nyveHne 6enoro Lgeta. ECAv faHHbINA LBET BbIYECTb
13 6e10ro cBeTa, TO OCTaeTCsA ero AONOMHUTENbHbIN LiBeT.
LiBeTHble (hMNbTPLI MOTNOWAT AONOMHUTENbHbIE LBETA K TeM
LiBeTaM, KOTOpble OHW MponyckatoT. Tak, CUHWUIA hunbTp
MOTNOLAET XENTbIi LUBET, KPacHbI — ronyooii, a 3eneHblii —
NypnypHbIA.

3aKOoH B3aMmo3amMecTUMOCTW (ByH3eHa — POCKO 3aKOH),
COrnacHoO 3TOMY 3aKOHY KOMIMYECTBO OCBELLeHUs (3KCMOo3unLms)
paBHO MPOU3BELEHWIO OCBELLEHHOCTU U BPEMEHWN 3KCMOHUPOBAHNS
(BbIgEPXKN).

3aKoH 06paTHbIX KBafpaToB, COrnacHo 3TOMY 3aKOHY,
WHTEHCUBHOCTb M3Ny4YeHWUs 06paTHO MPONopuUMOHaibHa KBaaparty
PacCcToAHWS OT UCTOYHUKA U3/TYUYEHUS 40 00bEKTa ChEMKM.
3anonHALWMi CBET, LONONHUTENbHOE OCBELLEHWUE, UCMO0/b3yeMOoe
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[N19 NOACBETKU TeHel, KoTopble 06pasytoTcs NPy OCBELLEHUN
OCHOBHbIM MCTOYHMKOM CBETA, U CHUXKEHWS KOHTpacTa CloXeTa A0
MPVUEMNEMOTO YPOBHS.

3apsiAHbIA MELLIOK, MELLIOK 13 CBETOHEMPOHMLIAEMOI TKaHU C
OTBEPCTMAMU /19 PYK (B Kpas OTBEPCTWS BCTaB/IEHbI PE3UHKM).
Wcnonb3yeTcs 415 3apsgku KacceT, 3anpaBKW MAEHKN B
MPOABOYHBIA 640K UM 4N19 yAaneHUs 3acTpsBLUER B Kamepe
MEHKM.

3epKanbHO-NINMH30BbI 00bEKTMB, 00bEKTUB, (HOPMUPYIOLLNIA
M306paxkeHne 3a CYET CBETA, OTPaXKEHHOI0 OT 3epKasl, a He TO/bKO
3a CYeT CBeTa, NPEIOMIEHHOr0 MH3amu. Mpu KOMNAaKTHbIX
pasmepax umeeT 60MbLIOe (POKYCHOE paccTosiHMe; Anadparma He
perynmpyercs.

3epHo, YacTuLbl ranoreHngoB cepedpa B 3MynbCUK, pasmepsbl
KOTOpbIX O HEKOTOPOI CTereHn OMpeaensitoT YyBCTBUTEbHOCTb
NNEHKN K CBETY. BbICOKOUYBCTBUTE/bHBIE MIEHKN UMEKOT
[0BO/IbHO KPYMHOe 3epHO, KOTOPOe nocse 06paboTkn MoXeT
CTaTb HACTOMbKO KPYMHbIM, YTO 3TO NPOSBUTCS B BUAMUMOI
KPYMHO3EPHUCTOI CTPYKTYpe M300paxkeHUs. Takoe n3obpaxeHue
MPUHATO Ha3blBaTb 3ePHUCTBIM.

WNHpakpacHoe 13nyuyeHuve, 13nyyeHue, AnHa BOHbI KOTOPOro
HaxoaWTCA 3a npeaenamu 061acT BUAMMOTO CrieKTpa. HekoTopble
MNEHKM, Kak YepHo-6enble, TaK U LBETHbIE, CreLmanbHo
CEHCMBUNN3NPOBaHbI ANs POToCbeMKU B UIK-nydax u
NCMOMb3YHOTCSA B MEAULMHE, KPUMUHANIMCTUKE U APYruX 06/1acTaX
HaYKN 1 TeXHUKU.

WCKyCCTBEHHbIVi CBET, 0CBELLEHWEe, OT/IMYHOE OT eCTECTBEHHOIO
[HEBHOro ceeTa. OCHOBHbIMU UCTOUYHMKAMU UCKYCCTBEHHOTO CBETa
B (hoTOrpadu ABNSKOTCA NaMmbl HaKaNMBaHWS, 04HOPA30BbIE
Namnbl-BCMbILWKNA WU 3/1EKTPOHHbIE UMMY/bCHbIE NaMMb.

KacceTa, cBeTOHENpPOHMLaeMas KOpobKa, B KOTOPYHO MOMeLLaeTcs
CBETOYYBCTBUTE/NbHBIV (hoTOrpadmyecknii matepuan,
MCMOMb3yeMbli B CbEMOYHBIX annapaTtax. PasnmualoT KacceTbl
NA0CKNe, LNNHAPUYECKME U cneuuaibHoin gopmbl. LinnnHgpude-
CKME KacceTbl BblMyCKalTCA MeTanIMYecKmne n naacTMaccosble,
0[}HOPa30BOr0 U MHOFOKPaTHOr0 MCNO/b30BaHUA; NpPeAHa3HauYeHbI
4ns manogopmartHbIX NIeHoK (B OCHOBHOM 35-MM).

KonbLeBas BCMbILLKa, CNeumanbHas 3/1eKTPOHHas UMMYbCHas
namna ¢ KonbLeBoli TpyoKoli 1 penekTopoM, KOTOPYH MOXHO
pasMecTUTb BOKPYT 06beKTMBA Kamepbl; faeT MoyTh 6ecTeHeBoe
0CBeLLEeHMe, 04eHb yA06HOE MPU HEKOTOPbLIX BUAaxX HOTOCHLEMKMY,
Hanpumep Npu MakpoCheMKe.

Koma, ogvH 13 B1aoB abeppauuii ONTUYECKUX CUCTEM,
npuBoAsLLEN K HapyLLEHWNIO TOMOLIEHTPMYHOCTM 1 OCEBOA
CUMMETPUM HaKIOHHOTO My4YKa Ha BbIXOAE CucTeMbl. Bernegctaue
KOMbI 1306paXKeHne TOUYKW, aBaeMoe OMTUYECKOA CUCTEMOIA,
MUMEET BUA HECUMMETPUYHOIO MATHA, N0 (POPME HaNOMUHAKOLLEro
3anAaTyto.

KomneHcauuoHHbIe CBETOGUILTPbI, (OMbTPblI OCHOBHBIX LBETOB
(KpacHbliA, 3eNeHbI, CUHUIA) Pa3HOW MAIOTHOCTM U BTOPUYHBIX
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LBETOB (KenTbliA, MypnypHbIA, rony60id) pa3HO MAOTHOCTM.
HagesatoTcsa Ha 06beKTUB KaMepbl 41s KOMMNeHcauuu (hakTopos,
KOTOpble B MPOTUBHOM Cflyyae npusenu 6bl K HeBONbLINM
LIBETOBbIM WCKAXEHUSM.

KomnbloTepHas BCMbILLKA, 31eKTPOHHas UMMNyAbCHas famna ¢
KOMMbIOTEPHBIM YNpaB/ieHWeM, NO3BoAAOWas 06X0ANTLCS 6e3
HEMNoCpesCTBEHHOr0 M3MepeHUs PacCTOAHNA MeXJYy BCMbILIKOW 1
06 BLEKTOM.

KOHBEPCWOHHbIV CBETOPUILTP, TEPMUH, MHOTAA YNOTpebsemblii B
nuTepaType 41 0603HaYeHUs KOMMEHCaLMOHHOIO CBETO(UILTPA,
OCYLLECTBNAIOLLEr0 3HAYNTENbHOE W3MEHEHWe LBETOBOM
TemnepaTypbl ONTUYECKOTO M3y4YeHus. KOHBEPCUOHHbIE
CBETO(UIbTPbI NO3BONAKT OAHY U Ty XXe NfeHKy (NpesHasHayeH-
HYt0, Hanpumep, 419 CbeMOK MPU CBETe SamMn HaKaauBaHus)
1CNonb30BaTh /1 CbEMKM Kak Npu UCKYCCTBEHHOM, Tak 1 npu
€CTECTBEHHOM OCBELLEHUN.

KoHTakTHas KonogKa («ropsiumii 6allumak»), creunanbHble
nonosKu Ha potoannapare, obecneynsaroLLe HENOCPEACTBEHHOE
3/IeKTPUYECKOE COeAMHEHMNE CMHXPOKOHTAKTOB 3aTBOpa Kamepbl U1
Namnbl-BCMbILLIKW.

KoHTpacT, cTeneHb nepenaga SpPKOCTU M306paxXeHUs.
M306paxkeHne ¢ 601bINM NepenagoM SPKOCTU HasblBalOT
KOHTPaCcTHbIM, & n306paxeHne ¢ He60MbLLUM Mepenasom

APKOCTM — BANbIM.

KpaTHocTb cBeTOMAbLTPA, YNACI0, NMOKa3blBaloLlee, BO CKONbKO
pa3 HeobXOAMMO YBEINUNTL BbILEPXKKY 4NA KOMMeHcauuu notepb
cBeTa, 00YCNOB/IEHHbIX MOTJIOLEHNEM €ro CBETOMU/IbTPOM.
OO6bIYHO OHO YKa3blBaeTCA Ha onpase CBETO(MIbTPA, HaNpUMep
2X ,3X uTt. L

KpuvBr3Ha nons n3obpaxeHns, OguMH 13 BUA0B abeppaluii
ONTWNYECKNX CUCTEM, BC/IECTBME KOTOPOI MOBEPXHOCTb Pe3KOoi
(hOKYCMPOBKM CTaHOBUTCA UCKPWBEHHOW, a He MIOCKOA.
KpemMHueBbIN hoToamon, (GoTONPUEMHMK, OEACTBNE KOTOPOTo
OCHOBaHO Ha fIBNeHNU BHYTPEHHero pOToToKa — cuia PoToToKa
NpAMO NPONOPLMOHaNbHA UHTEHCUBHOCTU [ElCTBYIOLLEro Ha
(hOTO3NEMEHT U3NYYEHUS.

Kpy>KOK Hepe3KoCTW, UCKaXXEHHOe M306paXeHne TOUKM
BCNeACTBME AUMPaKLMM CBETA Ha KPYT/bIX ONpaBax KOMMNOHEHTOB
ONTWUYeCKOl cmucTeMbl (Hanpumep, 06beKTUBA), OCTaTOUHbIX
abeppauuii ONTUYECKMX CUCTEM, @ TakXe HETOYHON (HOKYCMpOB-
Ku.

MaKpoobbeKTMB, 06bEKTUB, NPeAHa3HaYeHHbI AN CbeMOK npu
MaslbIX pacCTOAHMAX [0 06beKTa. BONbLIMHCTBO MaKpPOOOBEKTU-
BOB (poKycupyeTcsa 6e3 BCnoMoraTenbHbIX NpUCnocobieHnid Ha
paccTosHUsA, Npy KOTOPbIX Moay4yaeTca M3obpaxeHne o6bekTa B
MONOBKHY €ro HaTypanbHOl BeNMYMHbI. [N hOKYCMPOBKM Ha
MeHbLUME PacCTOAHUA, T. €. AN NoAyYeHns U306paxeHunin, B
HECKO/IbKO Pa3 MpeBbILLALWNX UCTUHHBIE pa3Mepbl 00beKTa,
MCNOMb3YHOTCA YAIMHWUTE/bHbIE KOMbLa WU MEX.

MeXnMH30BbIN 3aTBOP, Pa3HOBUAHOCTL hoTOrpauyeckoro
3aTBOpa, CBETOBbIE 3aC/IOHKN KOTOPOro B BWAe /IENECTKOB
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pacrnonoXxeHbl MeXay NMH3aMuW, BHYTPM 00BEKTMBA, KakK Npaswio,
HernocpefCTBEHHO BO3/1e MPUCOBOI Anagparmbl. CKOpPOCTb
cpabaTblBaHUs OrpaHuyeHa MHePLMOHHOCTLIO NIENecTKOB U
paboyero MexaHu3ma; HanbonbLIas cKopocTb cocTasnseT 1/500 c.
Mex, rMOKWA CBETOHEMPOHMLAEMbI PYKaB, yCTaHABNMBAEMbIN
MEXy onpaBoli 06bekTuBa (MM 06BLEKTUBHOM JOCKOR) 1
KOpnycom Kamepbl. B mpoLwuniomM ncnonb3oBanca B CKNagHbIX
Kamepax; B HacTosLiee BpeMs NPUMEHSETCA B CTYAUMHBIX Kamepax
CO CKBO3HOI HaBOAKOM (C MaTOBbLIM CTEK/IOM) U B HEKOTOPbIX
MOJeNsX yBenuuuTenei.

MexaHn3M HaBOAKW Ha (hOKycC, YCTPOACTBO, CyXKallee s
MO/TyYeHNs! PE3KOr0 M306paXKeHMS MPU ChEMKE.

MHMMOe n306padkeHne, n3obpaxkeHne, obpasyemoe pacxoasLm-
MUCS Ny4yKaMu cBeTa. MHUMbIM M306paXKeHNEM SBNSIETCS
n306paxeHve B 3epKane u B yne.

MOTOpHbI NprBOA, NPUCNOco6eHne Ans aBTOMAaTUYECKOI
NepemMOoTKM NNEHKM B NPOLIECCe CbEMKM MOCNe 3KCMOHUPOBaHNS
oYepegHoro kagpa. Mo3BonseT NPoM3BOAUTL CHEMKY C
MaKCUManbHOM CKopocTbio 5 Kaap/c.

HaBogka Ha pe3KocTb ((hOKycMpoBKa 06LEKTUBA), MepeMeLLeHMe
ONTMYeckoro 6/10ka (WM Kakoii-nnbo ero yacTv) BLO/b
OMNTUYECKON OCU OOBEKTMBA 41 COBMELLEHWA MIOCKOCTM
06pa3yemMoro “M ONTUYECKOro M306paXKeHMA C NNOCKOCTbHO
MAEHKM.

HapyLueHune 3akoHa B3aviMo3aMecTUMOCTV (3atppekT LLBapLmib-
0a), BNEHNe HeB3aMmo3aMecTUMOCTU, Habnogaemoe ans
peanbHbIX JoToMaTepuanos. B ciayyae 04eHb HU3KUX YPOBHeN
OCBELLEHHOCTMN NpY YMEHbLUEHNWN MHTEHCMBHOCTM CBETa B fiBa pasa
MOXEeT BO3HWKHYTb HEOOXOAMMOCTb YBENNUYUTL NPOLOIKUTESb-
HOCTb OCBELLEHWS He B [iBa pa3a, a 6onblue. COOTBETCTBEHHO
Tpebyemas BblepXKKa MOXET 0Ka3aTbCs 60/iblUe, YeM NOKasbiBaeT
3KCMOHOMeTP. HapylleHune 3aKOHa B3aMmM03aMeCTUMOCTU MOXHO
TaKe Habn4aTb NPYU OYeHb ManbIX BbiAEPXKKaX, C KOTOPbIMY
MHOTia NPUXOANTCA CHUMATb B Cllyyae UCMo/b30BaHNsA
aBTOMATMYECKOW MMNYNbCHOW Nnamnbl.

HacafouHan 1MH3a, NONOXUTENbHAA UK OTpULAaTeNbHAs NTMH3A,
KOTOPYIO NPUCOEAMHSAIOT K MepefHeli YacT CbeMOYHOr0
06beKTUBA /19 U3MEHEHMSA BEIMUNHBLI €r0 (DOKYCHOFO PacCTOSAHUS;
NPUMEHSETCS 419 YBeNMYeHNUs macluTaba nsobpaxeHus. Mpu
YCTaHOBKE /INH3bl Ha 00BLEKTUB KaMepbl NOCNEAHUIA MOXHO
C(hoKyCMpoBaTb Ha 06bEKTbI, PacrnooXeHHbIe 6/MKe (HOKYCHOMo
paccTosiHNA 06bEKTMBA. BbINyCKalOTCA pa3/IMUHON ONTUYECKONA
CWU/Tbl, KOTOPas YKa3blBaeTCs B AUONTPMAX Ha OnpaBe 00bEKTK-
Ba.

HeratmB, 1. yepHo-6enblii, hoTorpagmueckoe n3obpaxeHue, Ha
KOTOPOM OTHOCUTENIbHOE pacnpejeneHue nNaoTHOCTeld 06paTHO
MPOMNOPLMOHANBHO pacnpeseneHnto ApKocTeli 06beKTa ChbeMKMU;
2. UBeTHOIA, hoTorpagmnyeckoe N3obpaxeHune, Ha KOTOPOM LBET
NOBOro aneMeHTa SBASETCA LONOMHUTENbHBIM K LBETY
COOTBETCTBYIOLLENO 3/1EMEHTA 00BEKTA CHEMKU; Hanpumep,
KpacHbIA 3aMeHeH roy6bIM, 3eneHblli — NYpPAypHbIM U T. 4., @

267



COOTHOLLEHME MNOTHOCTEN Takxe 06paTHO MPOMOPLMOHANLHO.
HelTpanbHo-cepblii CBETOPUALTP, CBETOUNLTP, KOTOPLINA
XapakTepu3yeTcsi NPakTUYeCKU OAMHAKOBbLIM KO3((NLUEHTOM
NPOMNyCcKaHUsa AN BCEX YYaCTKOB CMEKTPa BUAMMOIO U3NY4YeHWs,
T. €. ocnabnsaeT cBeT 6e3 U3MEHEHUS ero CNeKTPaabHOro CocTaBa.
HopmanbHbI h0TO06bEKTMB, 06HEKTUB, (JOKYCHOE PaccTOsiHME
KOTOpPOro npubavu3nTeNbHO PaBHO AuaroHanv Kagpa;
ncnonb3yeTca Ana nobbiX BULOB POTOCHLEMKMU.

O6paTHas (Wm 3aaHAs)) NPOEKUMSA, NPOEKLMA ANano3nTrnBa Um
NNEHKN Ha 06paTHY0 CTOPOHY MPO3payvyHOro akpaHa. Mcnonb3y-
eTca B hoTorpadun, a nHorga B KMHematorpaduu gns
NpoeLMpoBaHnsa HeOH6X0AMMOro (hoHa NPU CTYAWIAHON CbeEMKE, YTO
MO3BO/AET COKPATUTb Pacxofdbl N UCKIUNTL Heyfo6CTBa,
CBfI3aHHbIE C HATYPHbIMU CbEMKAMMU.

Obpawyaemas nieHkKa, nneHka, Kotopas nocne 06paboTku faeT
MO3UTMBHOE M306paxXeHNe.

O6bEKTUB «pblOUiA FNas», 06BHEKTNB C 04EHb KOPOTKUM
(hOKYCHbIM PacCTOSIHUEM W, CMef0BaTe/IbHO, C OYEHb LUMPOKUM
yrnom nons 3peHus (oo 180°). XapaktepusyeTtcs 601bLNMU
NCKaXXeHWUsIMN NePCreKTUBbI, YTO MHOr4a UCMONb3YeTCs A5
€03[aHuns crneuunanbHbiX 3h(eKToB.

O61bEKTUB C MEPeEMEHHbIM (DOKYCHbIM PacCTOAHWEM, WX 3yM-
06bEKTUB, 061HEKTUB, Y KOTOPOT0 (POKYCHOE pacCTosHUeE, a
CNefoBaTeNbHO, U YINI0BOE MOAE 3PEHUS MOXET UMEHSATLCS B
npegenax, 06yCNOBAEHHbIX €r0 KOHCTPYKLMeli. doKycHoe
paccTosiHMe M3MEHsieTCA NMb0 CTyneH4YaTo — 0O6BLEKTUB C
OVCKPETHBIM M3MEeHeHWeM (DOKYCHOrO paccTosiHWA, 6o
MNaBHO —TakK,Ha3blBaeMblii NaHKpaTUYECKUA 0OBEKTMB.
OO6bEKTUB C perynnpyemoli nepcneKTUBON, cneluanbHbIi
LUMPOKOYTO/IbHbIA 06BLEKTMB, ONTUYECKAsA OCb KOTOPOro MOXET
OTK/IOHATLCA OT HOPMaJK, YTO UCK/HOYaeT HEOOXOAMMOCTb
HaKNOHATb Kamepy OTHOCUTENIbHO 06beKTa CbeMKMW U NO3BONSET
Taknm 06pa3oM M3bexaTb UCKaXKEHWUIA TMNa «CXoAsLimecs
BepTUKanu». O6bIYHO YCTaHABMMBAETCA Ha HEKOTOpPble MOAENN
04HOO6BEKTUBHBIX 3ePKanbHbIX Kamep; YacTo UCMOMb3yeTcs npu
(hOTOCLEMKE apXUTEKTYpbI.

OpfHO06bEKTNBHAS 3epKasibHas hoTorpaduyeckas Kamepa,
(hoTorpathmyecknii annapar, y KOTOPOro CbeMOYHbIA 00bEKTUB
CNYXXMT 0fHOBPEMEHHO OOGBEKTMBOM BWAOMCKATENS.

OnTryeckast ocb FflaBHasl, yC/OBHas NIMHUA, COeAMHAOLLas
chepnyecKne LEHTPbI MOBEPXHOCTEN, 06pa3yroLUX IMH3Y.

Y oTorpamueckoro o6b-eKTMBa rnaBHas ONTUYeckas OCb
nepeceKaeT BCE LIEHTPbI CHepUYeCcKMX NOBEPXHOCTEN NNH3,
MOCKONbKY MOCNeAHNE TOUHO LIEHTPUPYIOTCS OTHOCUTENLHO ApYr
apyra.

OpToxpomaTtunyeckue oTomaTepuasbl, YepHo-6esble poTomaTe-
pvanbl, CBETOHMYBCTBUTENbHbIE KO BCEM LIBETaM BMAMMOIO CMEKTpa,
3a UCK/OUYEHNEM KpacHOro. B HacTosLiee BpeMsi UCMOMb3YyOTCS
TONbKO B CMEUUanbHbIX MPUNOXKEHUAX.

OTHoOCUTE/IbHOE OTBEPCTME, OTHOLLEHWE AMaMeTpa AeiCTBYIOLEro
0TBEPCTMA 06BLEKTMBA K €r0 rNaBHOMY (POKYCHOMY PacCTOSIHMIO.
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MaBWNbOHHbIE (hoTOKaMepbl, hoTorpatmyeckunii annapat, 06bI4HO
6onbLUOro hopmaTa, 419 CbeMOK B MaBU/IbOHe, (hoToaTeNbe U Ha
HaType B MOMyCTaLMOHapHbIX YCoBusaX. CBETOYYBCTBUTE/bHbIV
maTepvan pasmellaeTcs B CBETOHEMPOHMLAEMbIX MIO0CKUX
KacceTax.

MaHxpomaTmyeckme matepuasibl, YepHO-6efble (hoTomaTepmansl,
CBETOYYBCTBUTENbHbIE KO BCEM LiBETaM BMAMMOrO crekTtpa. Bce
COBPEMEHHbIE M/IEHKN 06LLEro HasHaYeHUs ABAAIOTCA
NaHXpoOMaTUYeCKUMN.

Mapannakc (M1 napaiakTuieckas omnbKa), pacxoXxaeHve
MEXAY FpaHMLaMn N300paXKeHUs, BUAUMOTO Yepes BULOMCKATE b,
N 1306paxeHns, (GOpMUPYEMOro Ha MeHKe, BCNeCTBUeE
HecoBMajeHns ONTUYECKNX OCell BUAOUCKATENA U CbEMOYHOTO0
06bekTMBa. MpakTUYecKn He 3ameTeH Npu POTOCLEMKE
YAa/eHHbIX OT KaMepbl 06BEKTOB M CTaHOBUTCS BeCbMa
3HAYUTENbHLIM MPU POTOCHLEMKE BIM3KO PACMONOXKEHHbIX
00BLEKTOB.

MeHTanpuama, oTpaxare/ibHas Npu3ma, UMerLas B CEYEHNN,
nepneHANKYNsApHOM ee pabouuM rpaHsaM, BUL NATUYTObHUKA.
Ecnn ofHy 13 oTpaxaTeNbHbIX rpaHei neHTanpu3mbl 3aMeHUTb
OBYM#, YIon MeXay KoTopbiMu cocTasnseT 90°, To nonyumTcs
neHTanpmama ¢ Kpblwwei (KpblleobpasHasa neHTanpuama); Takas
neHTanpusma ncnonb3yeTcs, HaNnpUMep, B BUAOUCKATENAX
3epKasibHbIX (h0oTOannapaTos.

Mopnoxka thoTomaTepuana, 0CHoBa (hoToMaTepuana, cnyxatias
HOCUTENEM 3MYJIbCUOHHbIX C/IOEB.

lMNokasaTenb NPEeoMIeHUs, YACNI0BOM KO3((NLMEHT,
XapaKTepu3yHLMiA CNOCOBHOCTL JaHHOM cpeabl OTK/IOHATb
CBETOBbIE ly4; ONpeaenseTcs Kak OTHOLUEHWE CKOPOCTM CBeTa B
BaKyyMe K CKOpPOCTMW CBeTa B [JJAHHON cpefe.

Mone 3peHnss 06BEKTUBA, KPYT BCEr0 U300paXKeHNsl, faBaeMblii
thoTorpadmyeckmum 06bLEKTMBOM. [one n3obpaxkeHns 06bEKTMBA
onpegensiet opmat goTorpamyeckoro n3obpaxxeHns, KOTOpbIii
[O/MKEH BMNUCLIBATLCA B HETO, T. €. AMaroHanb NpsiMOYro/ibHOro
W KBAAPaTHOroO Kajpa A0/KHA PaBHATLCA AMaMeTpy noss
N306paXKEHNS.

Monsipy3aUmoHHbIi CBETOMALTP, CBETOMUNLTP, AeCTBUE
KOTOPOro OCHOBAHO Ha MCMO/b30BaHWUMN SIBIEHUS [BONHOIO
nyyenpenomMnenus. MpegHasHayeH rnaBHbIM 06pa3oM As
0CnabneHns 1 yCTpaHeHNs Ha M306paxeHnn 6/I1KOB, BO3HUKa-
IOLLMX NpY OTPaXKEHMM CBETA OT FNafKMX NOBEPXHOCTEN, a Takxe
ANS MPUTEMHEHMS N306paXKeHMs APKOro Heba 1 NoAyYepKMBaHuS
3€/1eHOr0 LiBeTa pacTUTeIbHOCTH.

MpucnocobneHne anst MakpogoTorpagmm, CBETOHENPOHMLaEMOe
NpPUCnoco6eHne, NO3BONSAIOLLEE YBENNUNTD PACCTOSIHUE MEXAY
06BEKTMBOM M NIOCKOCTLIO MEHKU M CHOKYCUpPOBaTb 06HEKTUB
Ha 00bEeKTbI, PACMO/IOXKEHHbIE MHOTO G/IMXe, YeM MUHUMANTbHOE
paccTosHUE, yKa3aHHOe Ha LUKane AMCTaHUMIA 06bekTuBa.
PaccTosiHMe 0T 06beKTUBA A0 NMIEHKM 0BLIYHO PeryaupyeTcs npu
MOMOLLM KpeManbepsbl.

MpocBeT/IeHNEe OMTMYECKOE, HAHECEHWE TOHKMX, He MOr0LatoLWwmX
CBET M/IEHOK Ha MOBEPXHOCTb OMTUYECKMX AeTaneli 06beKTMBA ANs
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YMEHbLUEHUSA NOTepb CBETa, 00YCMOB/EHHbIX €ro OTPaXEeHWEM 0T
MPeNoOM/ISOWMX MOBEPXHOCTEN 3TUX AeTaneil. Takoe NOKPbITME
HaHOCUTCS NyTEM McnapeHnst (TOPUCTBIX COeAMHEHWIA (06bIYHO
HaTpWs WM MarHus) U KOHEeHCaLMM NX NapoB Ha MOBEPXHOCTAX
ONTMYECKMX AeTaneit 06beKTMBA B BaKyyMHOI Kamepe. lMpouecc
npeKpawaeTcs, Koraa To/LWMHa NOKPLITUS LOCTUTraeT BENNUUHLI,
06bIYHO pPaBHOI YETBEPTU ANVHbLI BOJHbI 3€IEHOr0 CBETa.
MpocBeT/IeHHbI 06bEKTUB, 06BHEKTHB, Y KOTOPOro NOBEPXHOCTH
ONTWUYECKNX KOMMOHEHTOB, rpaHMYalnx ¢ BO3AYXOM, NMOKPbITHI
TOHKWUM CI0EM MPO3payHoro BellecTa (06bIYHO (PTOPUCTOrO
MarHus) Ans yBennM4eHus NponyckaHusa U npeaoTBpalLeHns
obpasoBaHus 6GNKOB.

MpoTMBOOPEO/IbHLIN CNOW, 0AWMH M3 CNoeB (hoTomMaTepuana,
YMEHbLUAIOLWNIA OTpaXkeHne MOAM0XKKOM CBeTa, MPOLUeALIero Yepes
CBETOYYBCTBMTENbHbIA CNOIA, U NpeaoTBpallatolMin 06pasoBaHme
OpeonoB OTpaxeHus. MpOTNBOOPEOSLHbIV CNOA COCTOUT U3
XKenaTuHbl, B KOTOPYlO fo6aBneHbl BellecTsa, obnagatoLyme
BbICOKMM CMeKTpasibHbIM MOTNOLLEHNEM.

MypnypHbIA LBET, UBET AOMOIHUTENbHBIA K 3e1eHOMY. O6BbEKTHI
MypNypHOTro LBeTa OTPaXarT KPacHbIA U CUHWIA LIBET 1
MOr/0Lat0T 3e/IEHbINA.

Paspeluatowasn cuna 06beKTMBa, CBOWCTBO (hOTOrpatnyeckoro
06beKTMBa pa3fenbHO nepefaBaTb Ha ONTUYECKOM M306paxeHnm
0YeHb 6/M3KO PacrONOXEHHbIE TOYKW UAN NHUM. MUHUManbHoe
paccTosHMe, Ha KOTOPOM fiBe NIMHMM NepefaloTcs elle pasfenbHo,
Ha3bIBAETCA NMHEVHLIM NPEAENOM pPa3peLLeHus.

Pe3KoCTb ONTUYECKOrO M300paXKeHUs, OTYETANBOCTb, ACHOCTb
n3obpaxeHns o06beKTa, MPOeLMPyeMoro 06-eKTUBOM Ha
CBETOYYBCTBUTENbHbLIN CNOIA (hoToMaTepuana.

PeHTreHoBCcKuMe nyumn (X-yun), He BUAKMMOE 1a30M 3/ieKTpoMmar-
HWUTHOE M3NyYeHue C AAUHOI BonHbl 10°° — 107 cm. MpoHukaeT
uepe3 HEKOTOpPble HeNpPO3payHble /19 BUAMMOrO CBETa MaTepuansi.
PUKOLLIETMPYIOLLAS BCMbILLKA, METOL OCBELLEHWUs NaMmoii-
BCMbILIKOM, NPW KOTOPOM CBET OTPaXaeTcs Ha 06BEKT OT
COOTBETCTBYIOLMM 06pa3oM PacrofioXXeHHOW NMOBEPXHOCTU
(Hanpumep, OT MOTO/KA), Y4TO NO3BONSET MONYUYNTb PACCEAHHOE,
MSArKOe OCBelleHNe. ITOT METOZ YacTO UCMO/b3YeTCS B COUETAHUM
C APYTUMU BMAAMU UCKYCCTBEHHOIO OCBELLEHMS.

CBeTocnna 06bEKTMBA, OTHOLLIEHWE OCBELLEHHOCTY OMTUYECKOrO
N3006paxxeHnsl, 06pa30BaHHOI0 06BLEKTMBOM B MIOCKOCTK
CBETOYYBCTBMTE/ILHOrO MaTtepuana (NieHKun), K SpKocTm
thoTorpagmpyemoro o6bLekTa.

CBeTohnIbTP, ONTUYECKOE NMPUCMOCO6EHNE B BUAE KyCOYKa
NPO3payYyHOro CTekna, XenaTuHbl AU APYTOro matepuana ans
M3MEHEHWS CNeKTPanbHOro cocTaBa uU3nyuyeHms. CBETOMUILTPbI
MOryT yCTaHaB/MMBATbCA Ha MCTOYHUK CBETA /MO0 HafgeBaTbCs Ha
06BbEKTMB Kamepsbl.

CeneHoBbIA hOTO3NEMEHT, (DOTO3/IEMEHT, AeACTBME KOTOPOro
OCHOBAHO Ha fIBMIEHNW BHYTPEHHEr0 (POTOTOKA, CM/la KOTOPOro
NPSAMO MPOMNopLMOHaNbHA MHTEHCUMBHOCTM MafatoLLero Ha

270



3NIEMEHT U3NyYeHUs. VIcnonb3yeTcs B HEKOTOPbLIX MOAENAX
3KCMOHOMETPOB. Takue 3KCMOHOMETPbI He HYXJAtoTCs B
baTapeiikax, 0jHaKO MMEKT CPaBHUTENIbHO HU3KYHO YyBCTBUTE/b-
HOCTb MPY HU3KUX YPOBHSIX OCBELLEHNUS.

Cepas KapTa, cneuunanbHas Kapta ¢ KO3(h(ULUEHTOM OTPaXKeHMs,
paBHbIM 18%, ucnonsb3yemas Anas OnpefeseHns sKcnosmuuun. Vimeet
Ty Xe 0TpaXkaTe/lbHy0 CMOCOOHOCTb, YTO U «CPEAHU» OOBLEKT, W
MOXET MCNONb30BaTLCA AN1S OMNpefeNieHns 3KCno3unuum, B
0COBEHHOCTM Korja 06beKT ChbeMKWN CBET/IEe UM TEMHee
CpefHero.

CVHTe3 CBeTa, ONTUYECKOE CMELLEHWe LIBETOB WU LiBETHbIX
KpacuTeneli B pasfiMyHbIX NPOMopuUmMaX 1S nonyyveHus Tpebyemoro
uBeta. MoyTn BCe LBETHbIE NJIEHKU U NoAuUrpaduyeckue
martepmasbl BOCMNPOU3BOAAT LiBeTa UCXOLHOro 06beKTa NyTem
Cy6TPaKTMBHOIO CMELLEHUs KpacuTeneil BTOPUYHBIX LBETOB:
XeNnToro, NyprypHoro u rony6oro. LiBeTHoe TenesuaeHue
OCHOBaHO Ha afAWTUBHOM CMELLEHWM MEPBUYHbLIX LIBETOB:
KPacHOro, 3e/1eH0ro 1 CUHero.

Cuctema TTL, cuctema onpeaeneHns sKCnosnumn B 04HO06bEK-
TUBHbIX 3epKa/ibHbIX Kamepax. MNMokasaHUs CHUMAKTCA O4HUM WK
HECKOMbKUMU (DOTOMPUEMHMKAMM, U3MEPAIOLLMUN KOMMYECTBO
CBeTa Ha MaTOBOM CTeKne (3KpaHe BMAOWMCKATeNs), MPOLLeALLero
yepe3 06bLEKTMB. Takas cucTeMa No3BOJSET BUAETb TOUHYIO
nnowaab 06beKTa, ANs KOTOPOI OMpeaensieTcs 3KCnos3nuyms, n
YUYUTbIBAET aBTOMATUYECKN BENIMYMHY YCTaHOBNEHHON fuadpar-
Mbl.

CKpbITOE M300padKeHWe, He BUAWUMbIE TN1a30M XMMUYECKNE
M3MEHEeHUs, BO3HUKaIOLMe B CBETOUYBCTBUTENLHOM CI0E
thoToMaTepmana B MPOLECCE €r0 3KCMOHMPOBAHMS.

CNOXHbI 06bEKTUB, 06EKTMB, COCTOAWMIA 13 ABYX 1 6onee
ONTUYECKUX 3/1EMEHTOB.

CepHUCTO-KagMIMEBbIA (HOTONPUEMHMK, MOYNPOBOAHNKOBBIA
npubop, 3NeKTPUYECKOEe CONPOTUBAEHWNE KOTOPOr0 M3MEHSETCA MOA
AEACTBMEM BHELUHErO 3/1eKTPOMarHUTHOTO U3NyYeHUs.

CnycKoBoi TPocuK (TPOCMK hoTorpadMyeckmnii), TOHKWUIA CTanbHOM
TPOC B TMOKOWA MeTanIM4Yeckolii 060104Ke, Ha OHOM KOHLIe
KOTOPOro MMeeTCs CrycKoBas KHOMKA, & Ha ApYrOM — CTEpPXXEeHb-
TO/MKaTenb Ans cnycka 3aTBopa Kamepbl. [pUMEHSIETCS r1aBHbIM
06pa3om B Tex clyyasx, Korga HenocpeACTBEHHbIV CrycK 3aTBOpa
OT PYKU MOXET HapyLNTb HEMOABMXXHOCTb KamMepbl B MOMEHT
CHEMKM.

CneKTpasibHas YyBCTBUTE/IbHOCTb (hoTOMaTepuana, ero
CBETOYYBCTBUTE/ILHOCTb MO OTHOLUEHUIO K MOHOXPOMAaTUYECKOMY
N3MTYYEHWIO C 33aHHOI 4JIMHON BOJHbI.

«CnoT-3KCNOHOMETPUS» (MW U3MEPEHWE UHTEHCUBHOCTH
U3NTyUYEHNs B TOUKE), CUCTEMA M3MEPEHMA KCMO3ULUN C Y3KUM
Yr0BbIM MOMIEM 3PEHWS, MO3BO/IAOLWAS CHUMATb NMOKasaHnsa s
HeboNbLIONW Mmowaay 06beKTa, PacnooKeHHON TOYHO MO LEHTPY
JKpaHa Bugonckatens. BbinyckaoTca 3KCMOHOMETPbI C YTIN0BbIM
nonem 3peHus Bcero 1°.

Cy6TpaKTVBHbIN CUHTE3 LBETa, NOyYeHNe BCEBO3MOXHbIX LIBETOB
nyTem BblYMTaHWUs U3 6en0ro CBeTa OTAE/bHbIX CMeKTPanbHbIX
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COCTaBNAKWNX — 0ObIYHO CUHMX, 3€/EHbIX M KPacHbIX 13ny4e-
HWiA OCHOBHbIX LIBETOB.

Cdpepryeckas abeppaums, oanH 13 BMAOB abeppalnii ONTUUYECKNX
CWUCTEM, BCNEACTBME KOTOPOM LIMPOKMUIA NMyYOK MOHOXpOMaTUYe-
CKOr0 CBeTa, UCXOAALWMIA 13 TOUKM, NeXalleli Ha rNaBHOM
OMTUYECKOI OCK NTMH3bI, NPU NPOXOXKAEHNN Yepe3 Hee
nepecekaeTcs He B Of]HOW TOUKe, a BO MHOXECTBe TOUeK,
PacnosioXXeHHbIX Ha ONTUYECKOI OCK Ha PasHOM YyAaneHun oT
NNH3bI, BCNEACTBME YETr0 13006paXKEHME MOMYYaeTCs HEPE3KUM.

Yron 3peHnss 06beKTMBA, Yro, No4 KOTOPbIM BUAHO NOMe 3peHust
06bEKTMBA N3 ero rNaBHOW 3afHEN TOUKMN.

Yron n3obpaxeHns 00bEKTMBA, Yro/, 06pa3oBaHHbIN Nyyamu CBe-
Ta, COeLMHAIOWMMMN AnaroHanb Kagpa C 3afHeil rnaBHOW Tou-

KOl 06beKTMBA. B 3aBMCMMOCTM OT BEUUMHbI Yria N306paxeHus
(hoToannapata (POTOOOBLEKTUBLI AENATCA HA HOPMabHblE — Yron
n3obpakeHns 45—~65° , WMPOKOYro/ibHblE — Yron

n306paxeHnsa ot 75° 1 60nblue, ANMHHOPOKYCHblIE — Yron
n3obpaxkeHns ot 30° N MeHbLUe.

Yron oTpakeHusl, yros, 06pasoBaHHbIA CBETOBLIM JIy4OM,
OTPaXeHHbIM OT MOBEPXHOCTU, N HOPMa/biO K 3TOW MOBEPXHOCTW.
Yron nageHus, yron, 06pa3oBaHHbI CBETOBLIM Iy4OM, NajatoLLium
Ha KaKylo-TO MOBEPXHOCTb, ¥ HOPMasbio K 3TO MOBEPXHOCTY.
YanMHUTEeNbHOE KO/bLO, MeTanimueckoe (pexke niacTMaccoBOE)
KO/bLO LIMPUHON 5—32 MM, KOTOpPOEe MOMeLLaloT Mexay
06HEKTMBOM U KOPNYCOM Kamepbl Ans YBENNYeHUS pacCTosHUA OT
CbEMOYHOT0O 06bEKTUBA A0 M300paXKeHNS.

YnbTpanoneToBoe Usy4veHne, He BULUMOE F1a30M 3/1IeKTpoMar-
HUTHOE n3ny4yeHune B npegenax givH BonH 400—10 Hm.

®OKyCHOe paccTosiHME OMTUYECKON CUCTEMbI, pacCTosiHMe OT
rNaBHOI TOYKWN OMTUYECKON CUCTEMbI O COOTBETCTBYHOLLErO
thokyca. Pa3nnyatoT POKYyCHOe paccTosiHue nepefHee,
OTHOCSILLEeCS K NPOCTPaHCTBY NPeAMETOB, U 3afiHee, OTHOCSLLEecs
K MPOCTPaHCTBY M306paXKeHWiA.

dOKyCHOe paccTosiHWe N1aBHOe, PacCTOSAHWE OT TOUKW T1aBHOTrO
thoKyca A0 rNaBHON 3aAHel POoKanbHON NAOCKOCTH; 0603HAYaEeTCS
kak f wan f. FnaBHoe (hOKYCHOE paccTosHME eCTb Be/iMuMHa
MOCTOSIHHAsA 1 OMpeaensieT MacwTad N306paxeHWs Npy yCTaHOBKe
06beKTNBA Ha 6ECKOHEYHOCTb; YKa3blBaeTCs Ha onpaBe 00beKTU-
Ba B CAHTUMETPAX, Pexe B MUIINMETPAX.

doKyc, TOYKa, B KOTOPOI NepeceKkarnTcs yyun nam nx
NPOAO/IKEHNS MO BbIXOAE U3 ONTUYECKOW CUCTEMbI MPY YCN0BUM,
4TO Ha cucTeMy MafaeT Ny4yoK napannenbHbIX fyyeii ONTUYECKON
ocn. PasnuyaloT hoKyC nepeaHuii, npuHagnexalumii NpocTpaHCT-
BY MPeLMETOB, U 3afHWIA — MPOCTPAHCTBY M306paXKeHWA.
MnocKoCTb, NepneHANKYAApHas ONTUYECKO OCUM W NMPOX0AALas
yepe3 nepegHWn unn 3agHUA OKYC, Ha3biBAeTCA COOTBETCTBEHHO
nepeaHein mnm 3afdHein hOKanbHOW MNOCKOCTbIO.
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DOKYCUPOBOYHbI 3KpaH, 3KpaH M3 MaToBOro CTeK/a B
3epKaJibHOl Kamepe Unu B NaBUIbOHHOI KaMepe CO CKBO3HOM
HaBOAKO, 06/eryatoumii paccmaTpmBaHme U OKyCcrpoBaHue
n306paXkeHNss 00bEKTA CbEMKM.

doTomakporpagus, hoTorpaguposaHue ¢ ysennyeHmem IX u
6oniee; 4acTo MyTalOT ¢ MakpodoTorpadguei.

doTomMuKporpagus, hoTorpaupoBaHme Yepes MosHyH
OMTUYECKYIO CUCTEMY MUKPOCKOMA, T. €. C UCMO/Ib30BaHMEM KaK
ero o6bekTMBa, Tak U OKynspa.

doTorpadmpoBaHve NpM UMEKLLEMCA OCBELLEHMW, (DOTOCHEMKA
6e3 MCNoMb30BaHNS LOMONHUTE/bHbIX UCTOYHUKOB OCBELLEHNS.
Mpw 3TOM 06bIYHO MOAPa3yMeBAETCH, UTO YPOBEHb OCBELLEHHOCTU
HU3KUIA N Heo6Xo4uMa BbICOKOYYBCTBUTENbHASA MEHKA.
doTorpaumyeckas (3KCNO3NLMOHHAA) LLUMPOTa, BENNYMHA,
XapakTepusytowas cnocobHoCTb (hoToMaTepuana BOCMPOU3BOAUTD
C O[MHAKOBOW CTEMNeHb0 KOHTPACTHOCTM Pasnyns B APKOCTAX
Y4YaCTKOB OMTUYECKOr0 N306paXKeHNsi 06bEKTa CbEMKM.
doTorpadmyeckuii 3aTBOp, MEXaHU3M A1 TOYHOro L03MPOBaHNS
BPEMEHW OCBeLLEHNS (BbIAEPXKKWN) CBETOUYBCTBUTE/IbHOIO
maTepwana B npoLecce hoTorpagmpoBaHus.

XapakTepucTnyeckas Kpvas, rpamueckas 3aBUCUMOCTb CTEMEHN
noyepHeHUs (OMTUYECKOW MIOTHOCTW) CBETOYYBCTBUTENLHOIO €08
(hoTorpauyeckoro matepmana 0T YPOBHEN 3KCMO3ULMN.
XpomaTtumyeckas abeppauumsi, 0avH 13 BWUAOB abeppaunid,
BC/E/ICTBME KOTOPOM flyun pas/iMyHOM AAWHbI BOMHBI NepeceKaroT
ONTWUYECKYIO OCb CUCTEMbI B TOYKAX, PACMONOXEHHBIX HA PA3HOM
paccTosHUW OT CUCTEMBI.

LiBeTHas HeraTuBHasi NfeHKa, poTorpaguuecknii matepmnan,
MpeAHa3HaYeHHbIA 419 NOMYUYEHWUS HETaTUBHOTO LIBETHOIO
N306paXKeHNs.

LiBeTHasn obpalyaemas nneHka, GoTorpauyeckuii Matepuman,
npegHasHaveHHbIV 41 06paboTkM cnocobom 06paLLeHus
N306paXkeHns, T. e. AN NOMYYeHUa NMO3UTUBHOTO U300paXKeHUs Ha
TOM >Xe mMaTepuasne, Ha KOTOPbIA NPOM3BOAUNACL CHEMKA.
LiBeTHast nneHKa Ana JHEBHOMO CBETa, PoTorpaduyeckuii
maTepuan, npefHasHavYeHHbIA 418 NOyYeHUs LBETHOMO
1300paXXeHNs Npu AHEBHOM OCBELLEHMW, LIBETOBAA Temnepartypa
KoToporo coctaenfeT 5500 K. lNpefHa3HayveHa 4/ CbeMOK C
NaMMOoW-BCMbILIKOA UM C UCTOYHWKOM CBETA, VMEKOLMMU APpYTYHO
LIBETOBYIO TEMMNEPATYPY C UCMOJb30BAHNEM COOTBETCTBYHOLLMX
LiBETOKOPPEKTUPYIOLWNX (PUNLTPOB.

LiBeTHble (MNbTPbI 4NA neyaty, QUabTpbl, NPefHa3HauYeHHble ans
KOppeKLuKn LiBeTa Npu LBeTHON hoToneyatu. MNomelLaoTcs Mexay
WCTOYHMKOM CBETa U HeraTuBOM WM AWano3nTuBoM. M3-3a
HepaBHOMEPHOM ONTWMYECKOMN TOMLLMHBI U HELOCTaTOYHON
FOMOreHHOCTW He MOTYT ObITb YCTAHOB/IEHbI HA 06bEKTUBE.
LiBeToBasA Temnepatypa, Be/IMUMHA, XapakTepusyoLas
CMEeKTpaNbHbIii COCTaB M3/yUeHNs NCTOYHUKA CBETA; OMnpefenseTcs
TemnepaTypoii abconoTHO YepHOro Tena, Npu KOTOPOii ero
U3nyyeHvie UMeeT TaKOM Xe CMEeKTPaibHbIA COCTaB U Takoe Xe
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pacnpegeneHne sHepruy no CNekTpy, Kak U M3flyyeHne JaHHOro
NCTOYHKKA; BbipaxkaeTcs B KenbBuHax (K).

LLlapHMpHan ronoska, npucnocobnieHne 419 YyCTaHOBKU KaMepbl Ha
TpeHore, NOYTY Nog N06bIM YraoM.

LLINpoKoyronbHbIn POTO06LEKTUB, 0O0BLEKTMB, YI/10BOE MOSe
KoToporo 6onblue 60°.

LLITopHbIV hoTorpadmyecknin 3aTBop, (oTorpamyeckuin 3ateop,
y KOTOpOro CBETOBbIe 3aC/IOHKMN BbINO/IHEHbI B BUAE ABYX
TKaHEBbIX WM METAINYECKMX LUTOPOK, NepeMeLaroLmxcs
napannenbHo (hOKanbHO MIOCKOCTM 06bLEKTMBA BO/IM3M
NOBEPXHOCTU (hoToMaTepumana.

3KCNO3ULMOHHAsA LWKaa (LKana CBETOBbIX 3HAYEHWUIA), paj,
YCNOBHbIX YMCEN Ha ONpaBe LEeHTPaNbHOIo 3aTBOPA, BbIpaXkaroLLmx
KO/MYECTBO OCBeLleHMs (3KCMO3MLNK0), HE0OXOAMMOr0 4J1s
MoNyYeHNs HeraTMBa HOPMasibHOW NNOTHOCTW Ha hoToMaTepuane
onpefeneHHON CBETOUYBCTBUTENBHOCTU NPU [aHHOW OCBELLEHHOCTH
06beKTa CbeMKMU.

3Kenosnuus, oblee KONMYECTBO CBeTa, NajaroLliee Ha NAeHKY Ans
006pa3oBaHNa CKPbITOTO0 POTOrpaguuecKoro n3obpaxeHuns, T. €.
Mpou3BefeHNe MHTEHCUBHOCTM MajatolLlero Ha nieHKy cBeTa Ha
BpeMS, B TeUeHMe KOTOPOro OHa NoABepraeTcs ero BO3AeWCTBUIO.
WNHTEHCUBHOCTb CBETa pPerynmpyercs BeIMYMHOW guadparmel, a
BPEMA — BE/IMYMHOI CKOPOCTM 3aTBOpa (BbIAEPXKKON).
3KcnoHoMeTp, Nprubop, NCNoMb3yeMblil Ana OnpeaeNieHns HYXXHOTO
coyeTaHus fuadparma — BblepXKKa.

3MYNbCUOHHbI CNOW (CBETOYYBCTBUTE/bHBIA COWA), CNOi
thoTorpatmnyeckoro matepuana, B KOTOPOM Mog AeiACTBMEM
n3nyyeHmns obpasyeTca CKpbiToe n3obpaxeHne. OCHOBHas
COCTaBHaA 4YaCTb 3MY/IbCMOHHOIO C/IOS — MUKPOKPUCTaN/bl
ranoreHngos cepebpa, KOTOpble PABHOMEPHO pacnpejeneHbl B
XenaTuHe.
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81 LLUKNPOKOYrofbHble 06BLEKTUBBI

83 OO6BEKTMBbI C MEPEMEHHBLIM (POKYCHbIM PacCTOSAHWUEM
84 MaKpo-00beKTUBbI

85 Actepuyeckas n (noopmuToBas onTuka

89 [lMepemeLLieHMe Kamepbl U 00BEKTA CbEMKU
89 lMepemelyeHne Kamepbl
93 TlepemelleHNe 06bEKTA CbEMKM

96 BO03MOXXHOCTW M/IEHKN

96 Paspelsatowas cnocobHoOCTb

98 KOHTpacTHOCTb (AMana3oH ApPKOCTei)

100 LiseTonepepgayva
106 HapylleHue 3aKoHa B3aMM03amMeCcTUMOCTHU

108 Komnosunuus

110 OcHoBHbIe npasuia

112 O6pameHne CLeHbI

112 Yto BMANT (hoTOKamepa?

127 ApxuTeKTypHas (hoToCheMKa
132 TMopTpeTHas (hoTocbeMKa

142 dOTOCHLEMKA XXMBOI NPUPOAbI
143 ®oTorpadupoBaHue MTUL U XXUBOTHbLIX
149 ®oTorpagmpoBaHme pacTeHui

156 [MogBogHas hoToChbeMKa
156 OnTu4yeckune orpaHn4eHUs
158 O6opypgoBaHue

163 doTorpadupoBaHme npu cnabom oCBELLEHNN

171 doTorpagmpoBaHme ¢ Nammoin-BCrbILLKOM

171 Jlamnbl-BCNbILWKK

173 3OneKTPOHHbIE BCMbILWKN

176 PacyeT 3KCno3uumm

179 ABTOMATUYECKWE 3/M1EKTPOHHbIE UMMY/bCHbIE flaMMbI
185 PacnosioXeHue BCNbIWKN 1 XapaKTep OCBELLEeHUA

188 BcnblwKa Kak UCTOYHWK AOMO/HUTE/IbHOTO OCBELLEHMNA
191 ®doToCbEeMKaA C HECKONbKUMU UMMNYNbCHLIMW namnamu
193 «OTKpbITas BCbILLKa»

193 TpoBepka HanuMumsa 6/1MKOB

193 KmnynbCHbIe Namnbl CNeLnanbHOro HasHaueHus

195 Mepbl NpefoCTOPOXKHOCTHU

198 ®doToCcbhEMKA KPYMHbLIM M/1aHOM
198 Hacapgo4Hble NNH3bI
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202. Y oNMHUTENbHbIE KOMbLA U MeX

203 Pacuet yBennyeHus

206 Bbi6op 06bekTMBa ANs CbEMKMU KPYMHbIM NjaHOM
207 Makpoo6beKTHBSI

208 MMepeBopaumBaHve 06BLEKTMBA

210 PacyeTbl 3KCno3uLmm

212 ny6uHa pe3KocTu

213 doTomMmuKporpagus

213 TlpuHUMnuanbHaa cxema MUKpOCKona

216 POTOMUKPOCHEMKA Kamepamyl C HECHEMHbLIM 0ObEKTUBOM
218 ®OoTOMMKpPOCHEMKA Kamepamun CO CMEHHbIMWU 0ObEKTMBaAMM
220 lMpegenbl yBennuyeHUs B hoTOMUKpPOTpaduu

222 QOcselleHne 06pasLoB

227 BbIbop 3Kcnosuumm

228 Cunemka

229 ®DOTOMMKPOCHEMKA C 3MEKTPOHHOI BCMbILIKOMA

230 ny6uHa pe3kocTu

233 CneumanbHble MeTofbl (HOTOCHEMKM

233 Hebonblune 06bEKTbI XMBOIA NPUPOLLI B UCKYCCTBEHHbIX
YCNoBUAX

234 Pobibbl B aKBapuyme

234 MoHeTbl U mefanu

240 dnyopecumpytrolime 06bEKTbI

241 Crekno

241 TexHuKa «akBape/bHbIX» TOHOB

243 ViMuTaums >Kusonucu macriom

246 KpucTtannbl B NofSpN30BaHHOM CBeTe

253 JleMOHCTpauus craingos

253 [eMOHCTpaums LUBETHbIX ClaiifoB

255 Cnaigbl KaK UACTPaTUBHbBIA MaTepuan ans NeKunin 1 AoKnagoB
257 ®oTOoCbemMKa roToBOro Maketa

261 TepMMHONOrMYECKWiA cnoBapb
275 TlpeaMeTHbIN yKasaTeslb
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