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AnHoTtauusa. OLeHMBAETCS BO3MOXKHOCTb MCIO/b30BaHUS CYLIECTBYIOLIUX 00BEKTUBOB NPH NPOELUPOBAHUN BUIEOU300-
paxenuss (BM) Ha coropernctpupyomue npuGopsl MyTeM aHanH3a Mofesell HIeaJbHOTO W peasbHOro O0OBEKTHBOB
C OLIEHKOH ObICTPOJEHCTBHS CUMTBIBAHHUS CIIPOELPOBAHHOrO M300pakeHHst Ha (DOTOUYBCTBHTE/BHYIO 30HY IpHOOpa C 3a-
psimoBoit cBsizbio ([13C). TlpuBeneHbl OCHOBHbBIE MOHSITHUS U OMpeneseHus, Tpedyrourecs: aist ouerku B na [13C. Pac-
CMOTpeHBl U NpoaHanusupoBaHbl pasnuuHble Buabl [13C. TIpoBenen ananus cyumectsytowux [I3C ¢ BUpTyanpHOH (ha3oh
(BPII3C) u nndpaxpacusix [13C (MK I[13C) oteuectBenHoro npoussoactea (OIT).

OrnpesiesieHo MOPOroBO€e 3HAUEHHe MOTOKA H3JyUeHHs] B 3aBUCHMOCTH OT IJIHHBI BOJIHBI, IHAMETP OTBEPCTHS 0ObEKTHBOB
1 (OKYCHBIe PACCTOSTHHUS, a TaKxkKe olleHeHOo OblcTponelicTBHe npoenuposanus BY pas [13C OIT ISDO17 kak ans mMompenu
UleaJbHOr0 0OBEKTHBA, TaK U /ISl MOJE/H PeajbHOr0 00beKTHBA.

KaroueBbie ciioBa: BUIeOM300paxKeHHe, 0OBEKTHB, TMPUOOP C 3apsioBOi CBs3blo, WH(pakpacHblid [13C, BupTyasbHas
(hasa
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at Video Image Displaying on Photo Registering Devices
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Abstract. The estimation of possibility of use of objectives is considered at video image displaying on photoregistering
devices by the analysis of models of ideal and real objectives with an estimation of speed of displaying of the image on
a photosensitive zone of charge-coupled devices (CCD). The basic concepts and the definitions which are required for
estimation of video image on charge-coupled devices are resulted. Various kinds of CCD are considered and analyzed.
The analysis of existing CCD’s with a virtual phase and infra-red CCD’s of domestic production is carried out.
Threshold value of a stream of radiation depending on length of a wave, diameter of an aperture of objectives and focal
lengths is defined, and also speed of displaying of video image for a domestic production CCD ISDO017 is estimated
both at model of an ideal objective, and at model of a real objective.

Key words: video image, objective lens, charge-coupled devices (CCD), infra-red CCD, virtual phase

MepeiTh Ha CTpaHuLy C MOHOW Bepcuen»


https://rucont.ru/efd/522714
https://rucont.ru/efd/522714

MepeiiTn Ha cTpaHuLy C NOJSIHOM BepCUen»

OLLEHKA BO3MOXKHOCTH HMCIIOJIb3OBAHNSA CYHIECTBYIOIIMX OB bEKTHBOB 21

Crpykrypsl I13C

OCHOBHBEIM 3/IeMEHTOM /ISl TIpeoOpa3oBaHUsl BH-
JNeOUH(OPMALMH B 3JeKTPOMAarHUTHbIE KOJeOaHUs 5B-
Jsitorest npubopsl ¢ 3apspoBoit cBsasbio (I13C), npen-
CTaBJjdoLMe COOOH JHMHEHKH HJIM MaTpHUllbl OJH3KO
pacrnoJioxkeHHBIX ApyT K npyry MOII-koHneHcaTOpOB.

II3C-cTpyKTypbl — 3TO HHTEerpajbHbE TOJY-
MPOBOJHUKOBLIE TIPUOOPBI, B OCHOBE PaboThl KOTOPHIX
JIEXKUT MPUHLMUI HAKOIJIEHHS, Mepeladyd ¥ XpaHeHHs
JIOKAJIM30BAHHOTO 3apsiI0BOTO MakeTa B MOTeHLHAJ/b-
HBIX sIMaX, o6pasyeMblX B MOJYTPOBOAHHKE MOA JAeH-
CTBHMEM BHEILHero 3/JeKTPUYeCKOro MOJIsl.

Beon w© BeIBOL MH(OPMALMOHHOIO CHUTHAJA,
TO eCcThb JHHaMHuecKod HeonHopomHocTH B I13C, ocy-
L1eCTBJIAETCH TPAH3UCTOPHOH CTPYKTYPOH, B KOTOPOH
(opmupyeTcs 3apsaoBbIH Naker.

YrpoleHHO Tpubop € 3apsiioBOH CBS3bI0 MOXK-
HO paccMaTpHUBaTh KaK MaTpULy OJU3KO PacroJsoKeH-
Hbix MOII-KoHaeHCATOPOB (3/7€KTPOM, OTAEJEHHbIH
OT KPEeMHHSI CJ0eM OUINEeKTPHUKA WM OKHUCHOH TJeH-
koi). C cdusnyeckoit Touku 3penust [I13C nHTepecHbI
TeM, UTO 3JEKTPUYECKUH CHUTHAJ B HUX MpEACTaBJeH
He TOKOM HWJ/M HanpsiKeHHeM, Kak B OOJIbIIMHCTBE
IPYTHX TBEPAOTEJbHBIX MpUOOpaXx, a 3apsiioM.

II3C c BupryanabHoi (ha3oi

OnuH u3 Haubosee 3(h(heKTUBHBIX CIIOCOOOB pac-
IIMPEHHSs CMEeKTPaNbHOTO AHana3oHa U3MepPHUTEeSbHOr0
npubopa — ucnosbsoBanue II3C ¢ BupryasbHoii da-
30i. CyTb 3TOrO0 criocoda B TOM, UTO OAUH U3 3JEKTPO-
noB o6biuHoro I13C 3ameHsieTcs HAa MeJKHH 3aMKHY-
TBIH Ha CTON-KaHaJ/bl CJIOH p-THIA HENOCPEACTBEHHO
Ha MOBEPXHOCTH KpeMHHUs (BUPTyasbHbIH 3aTBOp). Jo-
3a 3apsi/IOB KaHaJja Moj BUPTYyaJbHBIM 3aTBOPOM JeJa-
eTcs GoJibllle, 4eM MOJ TaKTOBbIMHU 3aTBopaMu. CTPyK-
Typa C BUPTyaJibHbIM 3aTBOPOM, 3aMKHYTHIM Ha MOJA-
JIO)KKY, C TOYKH 3peHMs] KaHaJja NepeHoca He OTJH-
qaeTcst OT cocTosiHUsS (ukcauuu B o6eruHoM [13C co
CKPBITBIM KaHaJIOM.

[lo cpaBuenuto ¢ o6biunbiMH [I3C, B Heil oko-
JIO TIOJIOBHHBI TJIOWIAAM SYeHKH CBOOOAHBI OT MOJIH-
KPEeMHHUsI, OTCIO[a BBICOKAasl UyBCTBHUTEJbHOCTb B CH-
Hell u Y@ obOmactax crekTpa (TeOopeTHUYeCKH Jaxe
M 10 MSITKOT'O PEHTreHa).

B otnnuune ot o6eunoit [13C (¢ anekTponaMu u3
MOJIUKPUCTAIHUECKOT0 KpeMHus, puc. 1), [13C ¢ Bup-
TyaJabHOH (asoii (puc. 2) o61anal0T BEICOKOH KBAaHTO-
BOW 3()(PEKTHBHOCTBIO M YyBCTBUTEJbHOCTBIO B 0OJIb-
meM auanasoHe miauH BosH (240-1000 um), Kak mo-
KazaHo Ha puc. 3 [2].

OcHoBHBIe o6sacTy npuMeHenust BOII3C — cuc-
TeMbl aCTPOOPHUEHTALMH W aCTPOHABUTALMH HCKYC-
CTBEHHBIX CITYTHUKOB 3e€MJIM U KOCMUYEeCKUX CTaHLHUH,
HazeMHass U KOCMHYecKasi aCTPOHOMHSI, IKCIepHUMeH-
TaJbHOE (PpU3HYecKoe 0O6OpyLOBaHHE.

Haun6Gonee spkum npumepom B®PII3C oteue-
cTBeHHOro mnpoussonctea seasiores [13C [1], Beimye-
kaemble [YII «HIIIT “Onekrpon-Ontponuk” ¢ Xxa-
pPaKTEePUCTUKAMH, TIPeICTAaBJeHHbBIMU B TabJ1. 1. 3mech
HS — ckopocTHO# (nByXKacKaaHbli) BHIXOTHOH y3e,
LN — wmanomym™suui (0fHOKAaCKaaHbIF) BBIXOTHOH
y3eul.

CnocoObl peanusanyuu M MoJaeau
UK I13C

Marpuuneiit UK [13C npencraBaser co6oét Mo-
HOJIUTHBIH MPUOOP CO CTPOUHO-KAAPOBBIM MEPEHOCOM
1 00beMHBIM KaHasoM. Ero oTouyBCcTBUTEIbHAS CEK-
LIMs BBIMONIHEHA Ha OCHOBe A10A0B ¢ GapbepoM IlloT-
TKU M3 cuanuupga nnatudsl. MHpopmanus c doro-
YyBCTBUTEJNBHOTO MACCHBAa CUHUTBHIBAETCS C MOMOILBIO
BepTUKa/JIbHbIX W ropusoHTansbHoro [I3C-peructpon
C 4eTblpex- U/ Tpex(asHOH opraHHU3aLHed.

CymecTByeT paspaborka sakasHbix [13C-momy-
Jied, 3akKJ/oYarollasicss B OCHOBHOM B MOAU(HUKALHUU
MaTPUUHBIX U JHHEHHbIX (hoTouyBcTBUTENbHBEIX [13C
(PII3C), BbIMycKaeMbIX BeAYIIMMH MHPOBBIMH IPO-
M3BOANUTESAMH B COOTBETCTBHH C TEXHHUECKHUMHU Tpe-
6OBaHUSMH 3aKa34MKa, C MOHTAXKOM HeOXJIaXKJaeMbIX
®I13C (kaK B BHIE UHIOB, TaK H B KOPIyCe H3rOTOBH-
TeJsis) Ha TepMo3JeKTpuueckue XxoaoauabHuKkH (Ilesb-
The) B BaKyyMHO-IJIOTHble Ta30HAMOJNHEHHbIE KOpIyca
coOCTBEHHOH pa3paboTKH U MPOU3BOIACTBA.

[Tpumeper momesnest MK TI13C oredectBeHHOrO
npousBoacta — [13C [1], Boimyckaembie ['YIT «HITIT
“DnekTpoH-ONTPOHUK”» € XapaKTepUCTHKAMH, KOTO-
pble Mpe/CcTaB/eHbl B TabJ. 2.
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J1. 1. KJIMMOB, B. A. BJIATOIbIPEB

HUTPUZ KPEMHHUS
IBYOKHCb KPEMHHS

CKPBITBIA KaHaJl

MOJI0KKa

Puc. 1. Crpykrypa [13C

_h

HUTPUJ KPEMHHUS
JIBYOKHCb KPEMHHS

CKPBITBIA KaHaJl

MOJIJI0XKKa

BHPTYasIbHblil 3aTB0p

_\

BUPTYaJibHasA AMa

Puc. 2. Ctpykrypa BDII3C

Ta6nuna 1. Xapakrepuctuku monesneit BOII3C OI1

Mopess BOII3C ISDO17 ISD029 ISD048 ISD049 ISD075
dopmar (4UCI0 2J1eMEHTOB) 1040 x 1160|512 x 512|386 x 290 | 578 x 578 | 1225 x 1300
ApxurekTtypa SFF FF FT FT SFF
[iomanb MUKCEs, MKM2 16 x 16 16 x 16 22 x 22 22 x 22 14 x 14
Uueso cUMTHIBAIOUIUX perucTpoB U Thmbl Beixonos | 2LN, 2HS | 1LN, 1HS IHS 1HS 2LN, 2HS
DoTouyBCTBUTENBHAS MJIOLIAND, MM2 16,6 x 18,6 | 8,2x82 | 8,5 x6,4 |12,7 x 12,7| 18,8 x 17,2
3apsi HACBILLIEHUS], ThIC. 3J1. 200 130 300 300 130
Dy o s oo | o [0 | 5 | 5 |
[Iym cUUTBIBAaHHUS OJHOKACKAJHOT'O BBIXOIHOTO
yerpoiictBa (LN), uncmo aa. 7 6 - N 6
TemuoBoit curuan npu —35 °C, He Gosee aJ/su/c
HeonHoponHocTb 4yBCTBUTEIBHOCTH, He Gosee %

Tat6auna 2. Xapakrepuctuku mozneneir MK I13C OI1

HUK-cucrembl nmanazoHa 8—14 Mkm

Mapavetp Tun MK T13C [IpenHasHaueHbl A/ 1€TalbHOIO PACCMOTPEHUS
ISD200M | ISD090 | ISD091 TepMOoOOCTaHOBKH B objacth Temneparyp ot +80

dopmar 956 x 290 | 480 x 320|320 x 240 no —70°C. Ins mnonydeHus BHUAEOU300parKeHUS
Tlnomans ) 50533 | 9898 | 40 % 40 B JIaHHOH 00J1aCTH JJIMH BOJH TpebyeTcs TepMOooXJa-
THUKCEJIsT, MKM x)nenve kpuctanna [13C a3oTHBIM KpHOCTATOM HJH
CriekTpasbHbifi 1.3-5.3 KUAKUM a3oToM. [IpuMeHeHHe NaHHBIX CHCTEM HeceT
AvanasoH, MKM 3a co00M NOMOJIHUTEJbHBIE MaccorabapuTHBEIE OrPaHHU-
3apsnoBas BMECTH- | 7 05 106 1.9 % 10° YeHHUs] U CJIOKHOCTb peasii3allid LeJIeBBIX MOMyJel,
MOCTb, (YHC/IO 31.) ’ a TaKXKe HCII0Jb30BaHHUe CIelHabHbIX OOBbEKTUBOB,

BbITTOJIHEHHbIX M3 T€pMaHHA.
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1 — o6biynas [13C
2 — I13C ¢ BuptyasnbHO# (has3oit

Puc. 3. 3aBucuMoCTb KBaHTOBOH uyBcTBUTeJbHOCTH [I3C
u BOII3C

Pazpa6oTkoil mogo6HbIX 00BEKTHBOB, HAMpUMep,
sanumaercs ¢upma Optics-M, Beimyckawuias 00bek-
THUBBl MO/ LITYYHble 3aKa3bl UJK MaJbIMH CEPUIMHU.

HUK-o6bvektuBnl nas WMK-cucrem nuanaszona 8-
14 MKM COCTOAT U3 [IBYX ac(epUuecKHX repMaHue-
BeIX JIUH3 ((hokycHoe paccrosiHue 50 u 100 MM) u u3
IBYX ac(epuuecKux U OIHOH c(epHueckod repmaHu-
eBOH JUH3B! (poKycHOoe pacctosiHue 18 Mm). Ilepedo-
KYCHPOBKa OCYILeCTB/seTCsl BpyuHY0. O6BEKTHBH 110
pe3bbe MPUKPYUHBAIOTCS HEMOCPEACTBEHHO K KOXKYXY
KaMepbl, 4YTO AOMYyCKaeT 3aMeHYy (DOKYCHOro paccTosi-
HHS TIPOCTHIM BKPYyUHBAHHEM JPYroro 00beKTHBA.

B rtabs. 3 npuBeseHbl XapaKTePUCTUKH OINMHCAH-
HBIX BblllEe 0ObEKTHBOB.

Ta6nuna 3. XapakTepucTHKH OOBEKTHBOB C repMaHHe-
BbIMH JIMH3aMH"

Texuuueckue XapaKTEPHUCTUKH

dokycHoe paccrosinue, MM | 18 | 50 | 100 | 18-100
Pasmep nzobpakeHusi, MM 16
3oHa 0630pa, ° 50|18 9 50-9
[ponyckanue, % 88191 | 88 70
3anuuil pa6ounii orpesok, Mm | 30 | 33 | 33 35

Pa30uneHue crieKTpajbHBIX
COCTaBJIAIOIIMX Ha IMOAANANAa30HbI,
B COOTBETCTBHHU C PeaIbHbIMHU
moneaamu II3C u o0beKTUBaMH

PaccmatpuBaeMblil nuanasod miauH BoaH (0,3—
15 MKM) pa3o6beM Ha MOAIMANIA30HbBI, B COOTBETCTBHU
¢ peasnbHbiMu Mozensmu [I3C u oObekTHBaMH, Kak
MpeacTaByaeHo B TabJ. 4.

B cooTBeTcTBHH C pacnpeneseHHeM YYBCTBUTEJb-
Hoctu [13C mo nuamasoHam OJIMH BOJH, B KaXKAOH
U3 TOYEeK YCTAHOBKH BHJeOperucrparopa OyayT ycTa-
HoBJsieHBl 0 nBe BK B 3amwmtHOM Tepmokoxkyxe: of-
Ha ¢ B®II3C, apyras — c¢ HK II3C. Obe kame-
pBl HaCTPOEHBl Ha ONHY M Ty e o06sacTb o630pa
M TepechlIaloT Ha Ha3eMHYH0 CTaHIMIO TMOTOKH HH-
(hopmauuy, nosydyaeMod € ABYX Kamep OJHOBPeMEeH-
Ho. Tak kak, corsacHo Ta6sa. 1 u 2, ¢popMarel HU306-
paxkenuss BOPII3C mmpe, ywem MK T13C, TO mepen
BK ¢ B®II3C Heo6XoouMo ycTaHaBAHWBATb OOBEK-
TUB C 30HOH 00630pa mnpuMepHo B 1,2-2 pasa MeHb-
e, yeM y 0ObeKTHBOB, yCTaHaB/uBaeMbiX nepen BK
¢ UK TI3C.

IToporoBoe 3HaueHue
yyBcTBUTeabHOCTH [I13C

Orpannuenue uyBctBuTesbHOCTH [13C onpenens-
eTcsi ypoBHeM WIYMOB [2], KOTOpBIH, KaK BHAHO H3
Tabs. 1, NpubMMKEHHO paBeH CyMMe ILIyMa CUUThIBa-
HUSI BBIXOIHOTO YCTPOHCTBA U TeMHOBOro Toka. [lopo-
roBO€ 3HaueHHe MOTOKA U3JYUeHHs OmNpelenseTcs Kak

he |SN
F nop — By Tv (1)
rie 7 — KBaHToBaf 3ddexruBHocts I13C

(cm. puc. 3), kKoTopas HUMeeT NPUMEPHBIH BHA HOP-
MaJIbHOTO pacrpelesieHust U ONpeesisieTcss KakK OTHO-
lIeHUe cpeqHero yucjaa (poTOreHEePUPOBAHHBIX (POTO-
HOB K uucay ¢GoToHoB, momagatoumx Ha [I3C [2],
S — nyomank GoTouyBCcTBUTENBHOM yacTH [13C, N —
YHCJIO0 3JIEKTPOHOB, BbI3biBatoIKX myMbl [13C.
[TocTponm cemeiicTBO rpaguKoB Py (A, HM) mpu
pasHbIX 3HAaYeHWsIX 7), B3SATHIX W3 Tpaduka puc. 3,
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Tab6auuma 4. [logguana3oHsl LJUH BOJIH

J1. 1. KJIMMOB, B. A. BJIATOIbIPEB

¢ yuetoM peasbHbix [13C 1 00bEKTHBOB

HaI/IMEHOBaHI/Ie rnogaouarna3soHa I[I/IaHa3OH OJINH ﬂI/IaHaSOH LIBETOBbIX TI/IH

B [Iporpamme BOJIH, MKM temnepatyp, K BUJIEOPErUCTPaTOPa
Vb 0,3-0,38 9653-7621
BII 0,38-0,74 7621-3914 BK ¢ BOII3C
VK1 0,74-1,10 3914-2630
HK2 1,10-5,5 2630-525 BK ¢ MK T13C
1K3 5,5-8,0 525-362 VK-cuerembr

C TIyOOKUM

K4 8,0-15,0 362-190 TepMOOKNAZKICHHEM

[Ipumeuanue: BK — Bugeokamepa.

st [13C ISDO17 (em. tab6a. 1). Has mpannoi I13C

S =16,6 x 18,6 (Mm) = 3,088 - 10~ m?;
N = 20.

CrouT oTMeTHTb, uTO 3Hauenne P (A) Ges
ydacTus (DOKYCHPYIOLIMX ONTHUYECKHX CHUCTEM OYeHb
He3HauMTeJIbHO, [03TOMY MJSl OCTPOEHUs] ceMeHCTBa
rparKoOB M HarISAHOCTH pe3y/bTaTOB JOMHOXHM
3HaueHust P, Ha KOS(QQHULHEHT MaclITabupOBaHHUs =
= 10" (puc. 4).

W3 rpacguka BUAHO, YTO C POCTOM [IJHHBI BOJI-
Hbl MOPOrOBO€ 3HAuYeHHe I0TOKAa H3JyueHHsl Najaer.
CnenoBare/ibHO, 00Jblled HHTEHCHBHOCTH H3Jy4YeHHUS
COOTBETCTBYeT MeHbllasl AJHUHA BOJIHBL.

Tenepr noctpouM Ha O0HOM TrparKe 3aBHUCH-
MOCTb OT JIJIMHBI BOJIHBI (B HM) KBaHTOBOH 3((eKTHUB-
HOCTH M 1OpOroBoro sxavenus (F,,) notoka usmnyue-
HUS (IOMHOXXEHHOT0 Ha KO3(P(HUIMEHT MacITabupoBa-
nua 10'9), npumenumere x mMatpure ISD017 (puc. 5).

M3 rpaduka BHAHO, 4TO 3HaueHHe Py, YMeHb-

1aeTcsi ¢ POCTOM KBaHTOBOH 3dpdexTuBHocTH [13C.

Mopeap naeaJbHOro 00ObEKTHBA

WneanbHoll Mofesblo 00beKTUBA C TOYKH 3peHUSs]
CMEeKTPaJbHOrO AHana3zoHa ¥ (OKYCHPOBKH SIBJISETCS
KaMepa-oO0CKypa — TPOCTEHIIHH BHUJI YCTPOHCTBA,
MO3BOJIAIOLIEr0 MOJyYaTh ONTHYECKOe H300paKeHHe
00BEKTOB, KOTOpasl MpeAcTaBJsieT co00H CBETOHENPO-
HUI@eMBbI SILIMK C OTBEPCTHEM B ONHOH M3 CTEHOK
U 5KpaHOM (MaTOBBIM CTEKJIOM HJH Oesiod Gymaroi)
Ha TMPOTHBOMOJOXKHON cTeHKe. Jlyun cBeta, mpoxons

CKBO3b HeGOJIbIIOe OTBEPCTHE, CO3/1AI0T TIePEBEPHYTOE
u3obpakeHre Ha 3KpaHe. Ha ocHoBe KameprI-06CKYpPHI
OblIM cle/aHbl HEKOTOpPble (POTOKAMEDHI.

Kamepa-o6cKkypa HMeeT OTBepcTHE THAMETPOM
npubausuresnpHo 0,5-5 MM, BbIIOJHSIOLIEE POJIb 00b-
exTHBa (porokamepsl. OHAKO MPOCTOE OTBEPCTHE BMe-
CTO JIMH3Bl He o0ecreynBaeT BBHICOKOH Pe3KOCTH U300-
paxeHnusi. [{o onpeneseHHOro npejesaa pe3kocTb U306-
pakKeHHsI MOKeT ObITb MOBBILIEHA NYyTeM YyMeHblle-
HUS JMaMeTpa OTBEpPCTHS, HO MPH CJAMIIKOM CHIbHOM
yMeHbILIEHHH HAYMHAIOT CKa3blBaTbcs 3(M(EKTH IH-
(hpaklMKU 1 H300paKeHUe CTAHOBUTCS ellle GoJiee pac-
TUIBIBUATBIM, KPOME TOTO, PE3KO MaJaeT OCBELIEHHOCTh
9KpaHa (T.K. yMeHbLIaeTCcss OTHOCUTEbHOE OTBEPCTHE
«nuadparmbei»). O6cKypa xapakrepusyercsi GecKoHed-
HO OoJbIIOH TJyOWHOH pes3ko H300pakaemMoro mpo-
cTpaHcTBa (rayouHol peskocTH). [oBopuTh 0 okyc-
HOM paCCTOSIHHH OOCKYpbl MOXKHO TOJIBKO YCJOBHO.
[lon skBHBa/seHTHBIM (DOKYCHBIM PACCTOSIHHEM TaKoOH
KaMmepbl 0ObIYHO TIOHUMAIOT PACCTOSIHHE OT OTBEPCTHS
no sxkpana f;. CooTHouenue f,/d onpenensiercs, Kak
U B 00beKTHBE, UUCJIOM Auadparmel.

[lyctb B Hamem caydae 3KpPaHOM KaMepbl-
00CKypbl OyIeT CJyXWUTb (POTOUYBCTBUTE/bHAsi 30HA
[13C co cropoHamu a W b, a nuameTrp oTBepcTHs d.
Paccrosiune ot oteepctus o I13C f,, a mo mosepx-
HOCTH, OTKyJa CHHMMaeTcsl u3oGpaxkenue, f,. Pasmep
NpOeLUPyeMOro U300paxKeHusl ¢ paccMaTpUBaeMoH I10-
BepxHocTH D x Dy. OnHO U3 ceveHHH NpoeLrpoBaHus
usobpakenus ¢ nosepxHoctu Ha [13C uepe3 ngeasn-
HBbIH 0OBEKTUB MpelCcTaB/aeHO Ha puc. 6. Uucao nua-
(hparmel 6yneT ompefessiTbCs FPAHUYHBIM 3HAUEHHEM
gyyBctBuTesabHocTH [13C, T.e. V.
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Puc. 4. CemelicTBo rpaMKoB Npu pa3HbIX 3HAUYEHHUSIX KBAHTOBOH 3((deKTHBHOCTH Ans MaTpuubl 1SDO17
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Puc. 5. 3aBUCHMOCTb OT [IJIMHBI BOJHBI KBaHTOBOH 3(h- Puc. 6. 3aBUCHMOCTb OT AJIMHBI BOJIHBI KBAHTOBOH 3(-
qJeKTI/IBHOCTI/I A TIOPOTOBOTO 3HAYEHHUs MOTOKA U3JTYUYEHHUS CIJQKTI/IBHOCTI/I U TIOPOTOBOTO 3HAYEHHUsA MMOTOKA U3JITYUYEHHUS
s Matpuusl ISDO17 s matpusl ISDO17
Ha puc. 6 nokasano ogHo M3 ceueHHW# paccmar- Tak kak a ~ b W O0TBepCTHe KaMepbl-00CKY-

puBaeMoi Moze/u. [eomeTprueckoe MOCTpoeHHe ceye- pPbl PACIONOKEHO MOocepeHe CBETOHENPOHHUIIAeMOro
HUs co cTopoHamu b u D, [13C u nyockocTr n3obpa-  sAlIKKa, TO

2KeHHUA COOTBETCTBEHHO aHAJOTI'MYHO. I/I3 .HO,U,O6I/IH paB- D B f21 (D]vfl) _"_ fQQ(DQa f])
HOOENIPEHHbIX TPEYTOJbHUKOB TI0J1yYaeM: fo(D, fi) = 5 ; (3)
/ f e D, +D
_|_
fo(Dy, f1) = ;lDl U foo(Dy, f1) = fDQ- (2) D = % (4)
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Iloctpounm cemeiicTBo rpadukos f,(D) npu duk-
CHpOBaHHBIX 3HaueHusax f, (puc. 7) ansa [13C ISDO17,
NpPeACTaBJAAIUX COO0H JIMHEHHYI0 3aBUCHMOCTD.
[Ipuuem ¢ poctom f; pacTet f,, a cle1oBaTesbHO, pac-
TeT U D.

fo, MM
2,8x103 /’
2,4%10° //
f1="50 mm_4
2% 103
e
3 /
1,6 x10 //
1,2>< 103 // fl =920 MM
V
800 A
pd |
400 A+ - —
/// —] fi=10 mm—
il | | |
O0 200 400 600 800 1x103
D, mm

Puc. 7. 3aBUCUMOCTb PaCCTOSHUS OT JIMH3bI OOBEKTHBA [0
00beKTa OT pa3MepoB 00beKTa IPHU PA3JIHUHBIX PACCTOSHHU-
X OT OTBEpCTUSA 10 (POTOpEerucTpupylollero npudopa

BakHoll XapaKTepUCTHKON 0OBbEKTHBA SIBJSETCS
CBeTOCHJAa — BeJIMUMHA OCBEIEHHOCTH ONTHYeCKUX
1300pakeHnd B (PpoKaJbHbBIX) MIOCKOCTSX Pa3JHUUHBIX
ONTHUYECKHUX YCTPOHCTB, XapaKTepuaymollas CTereHb
CBETONpPOINyCcKaHUs 00beKkTHBa. [‘eoMeTpuueckas cae-
TOCHJIa BBIYUCJISETCS KAK OTHOLIEHHE MaKCHMaJbHOTO
I1aMeTpa BXOIHOro 3pauka o6beKTHBa K 3agHeMy (o-
KYCHOMY PacCTOSIHHIO.

JI1060#1 cBeTOBOH MNOTOK CKBO3b KOJIbLO, KOTO-
poe OorpaHUYMBaeT UCTOYHUK CBETa, ONpenessieT MOLLl-
HOCTb CBETOBOI'O M3JlyueHHUsl 3TOro I0TOKAa, M ero Ha-
3bIBAIOT IIOJIHBIM CBETOBBIM MOTOKOM HCTOYHHKA CBe-
ta. Ero BeqiMuMHa He MOXxeT ObITb yBesHUeHa HHUKa-
KUMH ONTUYECKUMH ycTpoicTBaMu. CBETOBOH MOTOK
CKBO3b OINTHYECKYIO CUCTEMY (0OBEKTHB) MOXKET TOJIb-
KO YMEHbLIUTb CBOI MOLIHOCTb.

Kamepa-o6ckypa mnpencraBsasieT co00H Mofeb
ueajqbHOro 00beKTHBA, MPONYCKAaIOLIero Manaylo L0-
JII0 CBETOBOTO MOTOKA ¢ GEeCKOHEYHO IIHMPOKHM CIIeK-
TpasbHBIM 1Mala3oHOM. B HalleMm ciydae cBeTOCHJA
OyneT onpenessiTbCsi COOTHOLIEHHEM

B d
min f :
1

()

Tak:ke H3BECTHO, YTO CBETOCHJA WJIEAJbHOrO
00beKTHBa OECKOHEUHOH MOJIOCHl CIIEKTPAJNbHOTO NHa-
Ma3oHa ornpeessieTcsi YPOBHEM IIYMOB, T. €.

Emin - N (6)

CgeTtocusia 00paTHO MpPOTOPIHOHAJbHA Anadpar-
MEHHOMY 4YHCJy, T.e. 4eM OoJiblle nuaparMeHHOe
YUCJIO, TeM MeHbllle CBeTa MonajaeT Ha (OTOYYBCTBH-
TesbHY10 30HY [13C.

Takum ob6pasom, noxacrasass (6) B (5), monyuaem

d
N—f—l, (7)
= d(N,fi) = fiN. (8)

[Toctpoum rpaduku d(f;) npu pasHbIX (GUKCHPO-
BaHHBIX 3HaueHusx N anas [13C ISDO17 (puc. 8).

d, Mmm 8
A
N =25
6
'/
5 ///
7
4
L
3 // N=15
/ | {1
e A
2 N=T71=
1 /,/‘ - ./‘//,
abng
0O 4 8 12 16 20 24 28 32 36 40 44 48
fi, MM

Puc. 8. 3aBucumocTb nuaMeTpa OTBEPCTHSI OT PACCTOSIHUS
OT JIUH3bl 00BEKTHBA 10 (DOTOPErHCcTpUpYIOLLero npudopa
NpH pasHbIX AuadparMeHHbIX yucaax (V)

Kak BUIHO M3 pHCyHKa, OTBEpPCTHE HAEATbHOTO
00bEKTHBA TeM yxKe, YeM MeHbllle YHUCJIO 3JEKTPOHOB,
BeI3bIBatoIMX myMbl [13C, KoTopble onpenessioT rpa-
HUYHyl0 dyBcTBUTebHOCTL [I3C. C poctom f| nua-
MeTp OTBEPCTHSI Bo3pacTaeT. IDTO OOBSACHSETCS TeM,
uTo yeM OoJsiblle 3anHee (DOKYCHOE DAcCTOsSIHHE, TeM
6oJiblile (POTOHOB, TPOUAs uepe3 0OBEKTHB, AOJNKHBI

MonacTb B HY»KHOe MeCTO (hOTOUYBCTBHUTEJbHOH 30-
Hol [13C.
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BricTponelicTBUe MPoePOBAHMS
n300paxkeHUs NP UIeaJbHOM
00beKTuBe

OuenuM OBICTPONEHCTBHE MPOELHPOBAHHUST U300-
pakeHust BeJMUYMHOH D uepe3 uaeanbHbI 0OBEKTHB
JMaMeTpoM d W 3aiHUM (DOKYCHBIM DAaCCTOSIHUEM f
Ha ¢orouyBcTBUTENbHYIO 30HY [13C mmomaneio S =
= a - b. Tlpy 3amaHHBIX YCJIOBHSIX BpeMsl NPOELHpO-
BaHUs M300pakKeHHs Ha (DOTOUYBCTBUTEJbHYIO 30HY
[13C 6yner oneHnBaTbes Kak

D
t= Etnsc’

9)
rie tpse = 1/F. — Bpems cpabareBanus I13C
nocJsie momnajgaHus Ha (OTOPETHCTPUPYIOLLYIO TOBEPX-
HOCTb (POTOHOB, a F, — vacrora cuutbiBanus [13C.

[Ipx yMmeHbIIE€HUH YacTOThl CYUTHIBAHHS yMEHb-
[1aeTcsl YpoBeHb LIYMOB CUHMTBIBAHMSI W BO3pacTaeT
BpeMs HAKOIIJIeHHs 3apsifia, T03TOMY MeHblIeMy OBbICT-
pONEHCTBHIO COOTBETCTBYET MEHBILUH AHaMeTp OTBep-
CTHUS WIeasbHOT0 OO0BEKTHBA M OOJblIAsi YETKOCThb
u3o0paxkeHus: (monagaHue GOTOHOB Ha (POTOUYBCTBH-
tesbHy10 30HY [I3C U ux mocsenyiollee HakomjaeHHe
MPU MPOELUPOBAHUM H300parKeHHUS).

[IpencraBuM 3HaueHHs BeJNHUYHH [/ OLEHKH
ooictponericteus nas [13C ISDO17 npu nByx 3Ha-
YeHUAX 4acToThl cuuTbiBaHua [I3C, Kak MOKa3aHo
B TabJs. d.

Ta6numa 5. OueHka ObICTPOAEHCTBUS INPOELHUPOBAHUS
usobpaxkenusi Ha [13C ISDO17 npu mopmenun wnaeanbHOro

00beKTHUBA

F, xTu| fi, mm|d, mm| N | fo, mm| D, mm| ¢, mc
10 2,5 200 352 | 0,246

20 5,0 500 440 | 0,154

1000 30 7,5 25| 800 470 | 0,110
40 10,0 1000 | 440 | 0,077

50 12,5 1500 | 528 | 0,074

10 0,4 200 352 {18,000

20 0,8 500 440 | 11,000

50 30 1,2 | 7| 800 470 | 7,822
40 1,6 1000 | 440 | 5,500

50 2,0 1500 | 528 | 5,280

t, Mmc 0,3

T
F,=1

MIT
0,25

0,2 \

0,15

0,1

0,05

O0 1 234567389101112131415

d, MM

Puc. 9. Ouenka GblcTpofieHCTBUS MPOELUPOBAHUS M300pa-

x)enus pasg [13C ISDO17 npu usmeHeHuun nuamerpa oT-

BEPCTHS HIeaNbHOr0 00bEKTHBA TPHU YacTOTE CUHUTHIBAHHUS
[13C 1 MIy

t, Mmc 20 T
18 F,, =50 kI _|

16
14

12 \\
10

S N A~ O

0 0,5 1 1,5 2

d, MM

2,5

Puc. 10. OueHka GbICTPOAEHCTBHUS TIPOELIUPOBAHUST U300pa-

x)enus pasg [13C ISDO17 npu usmeHeHuu nuamerpa oOT-

BEPCTHS MIeaNbHOr0 00BbEKTHBA TPH YacTOTe CUHUTHIBAHHUS
[13C 50 kT

Hcnonbaysi Taba1. 5, IOCTPOUM 3aBUCHMOCTb ObICT-
POIEHCTBHSI MPOELUPOBAHHUS U300paXKEHHsT OT THUAMET-
pa oTBepcTHs HaeasnbHOro oobekTHBa (puc. 9, 10).

IIpoenyipoBanue n300paKeHus
Ha II3C uepe3 Momesb peaabHOro
00beKTUBaA

Hanomuum, 4To Kamepa-o6ckypa — MOZeJb Hje-
aJbHOTO 0OBbEKTHBA, KOTOPBIH MPOIMYyCKaeT MaJsblii cBe-
TOBOH TMOTOK OECKOHEUHO OOJIBLIOrO CIEeKTPaJbHOro
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nuvanasona. CBeTocu/sa 1aHHOrO 00beKTHBA OYeHb Ma-
Ja U OIpelessieTcsi yPOBHEM IIYMOB (POTOPErucTpH-
pytoiiero npubopa. s yBeJqrueHUs] CBETOCHJIB Tpe-
6yeTcsi mepedTH K peasibHOMY OOBEKTHBY, CBETOCHJIA
koroporo 6yner F = k- E ;. , rne k = S,/S, npu-
yeM S = a-b — miomans GOTOUyBCTBUTENBHOH 30HbI
[13C, S, = %dQ — nJollajAb JAeHCTBYIOLEro OTBep-
ctusi obbekTHBa nuametpoMm d. CyiefoBaTesNbHO, IS
CBETOCHJIBI 0OBEKTHBA TI0JyuaeM BbIpaKeHHe

B 7d?
"~ ANab’

[Toctpoum 3aBucumocts E(d) pns I13C ISDO17
npu nByx 3HadeHusix N (puc. 11).

(10)

3 091 ]‘V ‘2% ' ‘
0:8 ! /
0,7
0,6 7
0 5 yi /

b / //
0,4 /
0,3 ! /|
0,2 / A
0,1

0

AN

AN

o 1 2 3 4 5 6 7 8

Puc. 11. 3aBUCHUMOCTb CBETOCHJIBI OT AEUCTBYIOLETO OTBEP-
ctusi oobektuBa auas [13C ISDO17

Uem 6oJibllle YPOBEHb LIYMOB, TeM OOJbILINAN T0-
por uyBcTBUTenbHOCTH y [13C u Tem Gosbluui cBe-
TOBOU MOTOK AOJ2KEH MPOUTHU uepe3 00BbEKTHUB Ha (po-
TouyBCTBUTe bHble 37eMeHTh [I3C. CrenoBaTenbHO,
npu yBeaudeHuu ypoBHs mymoB [13C tpebyercs BbI-
6rupaTb 00beKTHB C 06O0JbllIeld CBETOCHJOH, a 3HAUMT,
1 ¢ GOJBIIUM AeHCTBYIOLUIMM OTBEPCTHEM.

YuuTbiBasi TO, YTO B TE€OMETPHUECKOM CMBICJIE
cBeTOCHJa TaKxKe ompenensercs kak S,/f2 [3], rue
f — doxycHoe paccrosiHHe 00BEKTHBA, TO, TPUHUMAS
Bo BHUMaHHe (10),

N 1 S
SR

CyliecTByeT MoOHSATHE AMA(PArMeHHOro YHC-
Jga [3], paBHOrO OTHOILIEHHIO (DOKYCHOT'O PacCTOSIHHS

(11)

00beKTHBAa K [UaMeTpy ero [eHCcTBYIOLIEro OTBep-
CTHA, T. €.

K= f/d. (12)
[TopcraBass (11) B (12), noayuum:
1 /S
K=o\5 (13)

UeM Bblllle AuadparMeHHOe YUCJI0, TeM MeHbIIUN
CBETOBOM MOTOK MPOHJIET Yepe3 0ObeKTHB U TeM MeHb-
e 6ymet ero ceerocuaa [3]. M3 (13) BuaHo, uto nua-
(hparMeHHOe UHCJIO TAaKXKe YBeJUUUBAETCS MPU YMeHb-
weHnn ypoBHs wymoB [13C (a cienoBatenbHO, U TpU
yMeHblleHHH 4acToThl cunThiBanus [13C). Benuuuna,
obpartHasi aradparMeHHOMY YHCJy, Ha3blBaeTCsl OTHO-
CHUTEJbHbIM OTBEpPCTHEM OOBLEKTUBA.

BeicTpoaeiicTBUe MpoeLPOBaHUS
n300paxkeHHUs MPH UCIOJb30BAHUU
peanbHOro 00bEKTHBA

OueHnM 3a1epKKy NPOeLUPOBAHHST H300paKEeHUs
Ha (oTouyBcTBUTENbHYIO 30HY [I3C ISD0O17 ¢ yderom
CBOHCTB peasibHOro 00bekTHBa. /i 3TOTO MOCTPOUM
rpapuk d(F) (puc. 12), BbIpa3uB 3aBHCHMOCTb 4epe3
cootHowenue (10):

- [BE

3aTeM MpencTaBUM 3HAUEHHUS BEJIUUHUH [1J151 OLEHKH
ooictponeiictus aas [13C ISDO17, ceenst ux B taba. 6
MPU ByX 3HaYeHHSX 4acTOThl cuuThiBaHus [13C.

Kak BumHo u3 puc. 9, 10, 13 u 14, npu yse-
JIMYEHUH IEUCTBYIOIIEr0 OTBEPCTHSI 00BEKTHBA ObICT-
ponefcTBHE TPOELUPOBAHUS H300paxKeHUss Ha (HoTo-
yyBcTBUTeNbHYI0 30HY [I3C yckopsieTcs, moTomMy 4To
C yBeJHMUeHHeM [uaMeTpa IeHCTBYIOLIETO OTBEPCTHS
YBEJMUMBAETCS U €ro CBeTOCHJA, a CJeI0BaTeJbHO,
W J0J1s1 CBETOBOTO MOTOKAa. Bpewmsi HakomnseHusi ¢gporo-
HoB Ha [I3C yMmeHblIaeTcsi TpU Mepexoje OT MOJENH
UeaJbHOTO 0ObEeKTHBA K MOJEJNH PeasbHOro.

Croutr ormeruthb, yto i BK na KA wuau PH
HEoOXOAMMO HCIONb30BaTh AJMHHO(MOKYCHBIE 00BeK-
THBBI, T.K. U3 pHC. 6, 7 U cooTHolleHus (2) caenyer,
4TO yeM OoJiblle paccTOsIHUE 10 00beKTa, TeM 6oJbllle
JOJI2KHO OBbITh (DOKYCHOE paccTosiHMe 0O6beKTHBA.

(14)
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d, —
MM N=7

N W ks 01 OO N o

1/’/

7

O0 0,1020304 0506070809 1
E

Puc. 12. 3aBucumocTb IeHCTBYIOLIEr0 OTBEPCTHS OT CBe-
tocuibl o6vexTrBa A1 [13C ISDO17

Ta6nuuma 6. OueHka GbICTPOAEHCTBHS MPOELHPO-
BaHus nzobpaxenus Ha [13C ISDO17 npu monenu pe-
aJIbHOTO 00BEKTHBA

Fo,, xIu| E |d, M| N | D, um | f,, MM | ¢, mMc
0,2 3,35 200 352 0,107

0,3| 4,10 500 440 0,105

1000 | 0,5| 5,30 [25| 800 470 0,089
0,8| 6,70 1000 | 440 0,070

1,0| 7,50 1500 | 528 0,066

02| 1,77 200 352 4,052

0,3| 2,17 500 440 3,971

50 05| 280 | 7| 800 470 3,352
0,8] 3,55 1000 | 440 2,663

1,0| 3,97 1500 | 528 2,481

[Ipu ymeHblIeHHH paccTOsIHUS OT 0ObeKTa 10 00BbeK-
tuBa B KA u PH nas coxpaHeHus: Monesid HCMOJb-
3yeMoro oObeKTHBa HeOOXOOUMO YBEJNHUHUTb TIyOUHY
pe3KOCTH, T.e. YBeJIUYUTh JHaparMeHHOe YHCJO My-
TeM yMeHblIeHHsl NeHCTBYIOLIEr0 OTBEPCTUSI 0OBEKTH-
Ba B COOTBETCTBHM ¢ cooTHouleHueM (12). Hactpoii-
Ky JHaMeTpa AeHCTBYyIOIIero oTBepcTus obbekTnBa BK
npenmnoJaraetcss NpoBoauThb npu MoHTaxke BK na PH.
CriemyeT y4uThIBaTh, YTO NPU YMEHBILEHUH d yBeJHUYH-
BaeTcs 3a7epxKKa NPoelupoBaHUs H300paxKeHHns Ha (o-
TOPETUCTPUPYIOLIUH NPUOOP, KaK CJefyeT U3 COOTHO-
wenus (12) u puc. 13, 14, ognako maxe mpu F, =
= 50 klu 3amepxKa NpoeLHUPOBAHHUS COCTABJSET
He Oosee 200 mkc. Tem He MmeHee, MpU Ha3eMHOH

t, mc 0,12

ol F,,=1 MIu

0.1
0,09 N
0,08
0,07 ™
0,06

0,05

3 35 4 45 5 55 6 65 7 75 8

d, MM

Puc. 13. BblcTpozelicTBHe NpoeLUPOBaHUS U300paKeHUs
TIPU MOZIENH PeasnbHOro 06beKTHBA (YacTOTa CYUTHIBAHHS
[13C IDSO017 1 MTIwu)

t, Mc 4.4
4,2

4

3.8 N\

3.6 N

3.4 AN

3,2
3

2.8 AN

N
2,6
2,4

F,,=50 I |

\

1,5 2 2,5 3,5 3 4
d, MM
Puc. 14. BoicTpozeficTBUe NpoeLlUPOBaHUS U300paKeHUs

HpI/I MOaeJJHu pea.HbHOI‘O O6"beKTI/IBa (qaCTOTa CUUTbhIBAHUSA
I3C IDS017 50 k)

o6padotke BU nas usamepeHus: TemMnepatypel pasHHUILY
3ajiep:KeK TPOELUPOBAHUS IJsI KOHKPETHBIX BBIOpaH-
HBIX MojeJiel 06beKTHBOB U [13C HYXKHO yUUTHIBATD.
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