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B nocne.nuee apeMg ue,nyTcg HHTeHCHBHbie Hccne.nosaHH11 

no coJ,naHHIO Toep,noTenhHhiX auanorou nepe,nawmux Tene

BH3HOHHhiX Tpy6oK ua ocuoue nonynpoao,nuHKOBhiX MOll

CTpyKTYP C 3ap11JJ;OBOH CBBbiO /fl3C/ /!,2/ . OcHOBHOH 

npHHUHD pa60Tbl fl3C 3aKniO'IaeTC11 B B03MO>KHOCTH HaKonne

HH11 H JaTeM nocne,nooaTenbuoro nepeuoca ,nucKpeTHhiX 

naKeTOB HeOCHOBHbiX HOCHTeneH 3apg,na UOTeHUHanhHbiMH 

11MaMH nocpe,ncTBOM H3MeueHH11 B onpe,neneuuou nocne.nooa

TenbHOCTH JJJeKTpH'IeCKHX UOTCHUHaJJOB Ha MeTaJJJJH'ICCKHX 

JJJeKTpo,nax MOll- CTPYKTYP npu6opa/3/. 

B ycTpoilcToax,nng$oToJneKTpH'IecKoronpeo6pa3oBaHHfl 

CHrHaJJOB /4>3fl/, UOCTpoeHHbiX Ha fl3C- CTPYKTypax, OUTH

'leCKOe H306pa>KeHHC npH DOMOI.I..lH Ha6opa CBCTO'IYBCTBH

TeJJbHbiX JJJeMCHTOB npeo6pa3yeTcfl B pacnpe,neneuue 3apg

JJ;OBbiX naKeTOB, COOTBeTCTBYIOI.I..lHX ,IJ;eTaJJflM H306pa>KeHHfl. 

B pe3yJJbTaTbl C'IHTbiBaHHfl ua Bhlxo,ne npH6opa coJ,naeTCfl 

pg,n HMDYJJbCOB onpe,neneHHOH nocne,nooa TCJJbHOCTH, aMUJJH

Ty,na KOTOpbiX nponopUHOHanhHa CBeTOBOH JHeprHH, HaKon

neHHOH B Ka>KJJ;OM coeTO'IYBCTBHTeJJhHOM JJJeMeuTe. Ha 

3TOH OCHOBe y>Ke CO 3,IJ;aHbl JJHHeHHbJe H JJ;BYMCpHbiC Ma TPHUbl 

cl>3fl ua fl3C. B 'laCTHOCTH, $HpMa Fair,·hil'l B 1973 ro

,ny H3BeCTHna 0 C03,IJ;aHHH H BbiDYCKe B npo,na>Ky JJ;BYX THDOB 

4>3fl Ha fl3C: JJHHCHHOH CTPYKTyphl, COCTOflll..lCH H3 500 
caeTo'lyBCTBHTeJJbHhiX JJieMCHTOB - CC0-101/4/ u MaTpH-

Uhi, COCT011ll..lCH H3 )00 X 100 CBeTO'IYBCTBHTeJJbHbiX JJJe

MeHTOB - CUI- 20 I 5/. 

B JToil CTaThe paccMaTpuoaeTC11 B03MO>KHOCTh npHMe

ueHHfl CCil-20 I ,nng BH3yanbuoro KOHTpong 3a pe>KHMOM 

pa60Tbl CTpHMCpHOH KaMepbl, a TaK>Ke B Ka'leCTBC ,naT'IHKa 

MHHH-cKaHa B annapaType o6pa60TKH KaMepHbiX CHHMKOB. 
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KpamKoe onucaHue Mampul.lbl CCD-20 1 161 

linoK-cxeMa CCD-201 np8ae.neaa aa puc. 1. CaeTo-

qyacTB8TenLHa.H llOBepXHOCTb, pa3MepOM 3 X 4 MM 2 , CO

CT08T 83 10 1/lbiC /100 X 100/ CBeTO'IyBCTB8TellbHbiX 3ne

MeHTOB. Pa3Mep Ka)K,D.OrO 3lleMeHTa • 20 X 30 MKM 2. pac

CTO.HH8e Me)K,D.y u;eHTpaM8 3lleMeHTOB - 30 8 40 MKM COOT

BeTCTBeHHO. KpoMe aa6opa caeTO'IYBCTB8TenLHbiX 3neMea

TOB, B cocTaB CCD-:D1 BXO.IJ..HT: 100 aepT8KanLHbiX 

100- 3lleMeHTHbiX .D.BYXTaKTOBbiX aaanorOBbiX C,D.B8raJOII.{HX 

per8CTpOB, 102- 3lleMeHTHbiH rop830HTallbHbiH .D.BYXTaKTHbiH 

aaanorOBbiH C,D.B8raJOIIJ;8H per8CTp, BbiXO,D.HOH ,D.eTeKTOp -

npe,D.yC8ll8TenL, u;enb 3ap.H,D.a 8 KOMDCHCaiJ;80HHbiH YC8ll8Tenb. 

CBeTOBOH DOTOK, DOCTYDaJOIIJ;8H Ha BXO.D.HOe OKHO MaT

p8IJ;bl, o6pa3yeT B CBeTO'IYBCTB8TellbHbiX 3lleMeHTaX <ilOT0-

3lleKTpOHbi, KOTOpble HaKallll8BaiOTC.fl B Te'IeH8e BpeMeH8, 

3a,D.aBaeMOrO ynpaBllJIIOIIJ;8M DOTeHIJ;8allOM Ha UI8He p 

Kon8'IeCTBO HaKonneHHbiX 3neKTPOHOB B Ka)K.IJ.OM 3neMeHTe 

JIBllJieTCJI <ilYHKIJ;8eH OCBell.{eHHOCT8 8 BpeMeHH 3KCD038IJ;88 

/aaKonneH8JI/. Ben8'I8Ha BLixo.naoro C8raana np8 3TOM 

MO)KeT 83MeHJITbCJI HenpepbiBHbiM o6pa30M OT ypoBH.fl Ten· 

llOBOH DOMeX8 np8 HyneBOH OCBell.{eHHOCT8 ,D.O MaKC8MyMa 

Dp8 HaCbiiiJ;eHH8. 

C8rHanoM .nns C'I8TLIBaH8JI 83o6pa)KeH8JI JIBnJieTcJI nepe

KllJO'IeH8e noTeHu;8ana ua UI8He P , B pe3ynLTaTe qero 

HaKonneHHble 3apJI.D.bl nepe.naJOTCJI B aepTuKanLHble C.D.B8raJO· 

IIJ;8e perucTpbl. Ilo.n .neii:cTB8eM C8HXP08MnynLcoa B1 8 B2 
3apJI,D.bl 83 3T8X per8CTpOB nepe,D.aiOTCJI B rop830HTallbHbiH 

C,D.BHraJOIIJ;8H perHCTp 8 ,D.anee, DO.D. ,D.eHCTB8eM C8HXp08M" 

nynLCOB 81 8 82 , nocTynaiOT ua axo.n .neTeKTopa-npe.nyc8-

n8TenJI, r·.ne npeo6pa3yJOTCJI B BbiXO.D.Hble uanpJI)KeH8JI, no

cTynaJOIIJ;8e aa KOHTaKT A . ~eTeKT8poaaH8e 3apJI.na ocy-

IIJ;eCTBnJieTCJI ua npe.naapuTenLHO pa3pJI)KeHHOM .D.80.IJ.e. C8ux

po8MnynLcLI .nnJI 3apJI.na .IJ.80.D.a no.naJOTC.H aa KOHTaKT M; 
B03HHKaiOIIJ;8H np8 3TOM HMDYllbC DOMeXH, KOTOpbiH 8CKa)KaeT 

BbiXO,D.HOH B8,D.eOC8rHan, Bbi,D.en.HeTCJI Ha KOH'T <.LKTe K KOM

neucau;uouuoro yc8n8TenJI. 

nocne.noaaTellbHOCTb B8,D.eOC8rHanoB Ha KOHTaKTe A 
COOTBeTCTByeT TeneB83HOHHOH pa3BeprKe j--,<!pe3 CTpOKy/ 

C .D.BYMJI nonyKa,D.paM8. 
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Bee 3lleMeHTbl, BXO,D..flll.{8e B COCTaB MaTp8IJ;bl, pacnono

)KeHbl B O,D.HOM nnaCTMaCCOBOM KOpnyce )J.ll.fl 60llblll8X 8H

TerpanLHbiX CXeM C 24 BbiBO,D.aM8. 

OcHOBHble ceemomexHU'lecKue xapaKmepucmuKu CCD-20 1 

3Kcno38UHJI, co~TBeTCTBYIOIUa.H uacblll.{eH8IO, paaua H= 
= E · T = 0,3 · 10- AK· c/ E - ocaeiiJ;eHHOCTL oT.nenLHoro 

3neMeHTa, T- apeMJI 3KCD038U88/ np8 ocBell.{eH88 MaTp8IJ;bl 

CBeTOM BOllb<ilpaMOBOH naMDbl HaKall8BaH8JI C IJ;BeTOBOH 

TeMnepaTypoB: 2854 K, qacToTe TaKTOBbiX 8MnynLcoa 

C,D.B8ra B,D.Ollb CTpOK8 - 500 KTI.I, 'IaCTOTe CTpO'IHbiX 8M

nynbCOB - 3 KTI.I, qacTOTe Ka,D.pOB - 30 r~.~. 

~HHaM8lJeCK8H ,D.8aOa30H, paBHbiH OTHOUieHHIO 3KCll038" 

IJ;8H HaCbiiiJ;eH8JI K 3KCD038IJ;88, COOTBeTCTBYIOII.{eH ypOBHIO 

UiyMa, - 100-:-200. 
~Hana30H cneKTpanLHOH 'IYBCTB8TellbHOCT8 - 0,48-:

-:-1,1 MKM. 

~8ana30H 3HalJeH8H qacTOTbl TaKTOBbiX 8MDYllbCOB C,D.B8-

ra B.D.Ollb cTpOK8 - OT 0,1 .no 4,0 MF1.1. 
Pa36poc aen8'I8Hbl qyacTB8TenLHOCT8 3neMeHTOB no 

non10 MaTp8IJ;LI - ± 15'fo. 

Ha6AroOeHue co6blmuu e cmpuMepHoil KaMepe 

Bo3MO)KHOCTL np8MeHeH8JI MaTp8Ubl .nns aa6niO.D.eH8JI 

C06b1THH B CTp8MepHbiX KaMepax Mbl paCCMOTp8M Ha np8Mepe 

cTp8MepuoB: KaMepLI CKM- 200. B pa6oTe /7 I noKa3aHo, 'ITO 

np8 .IJ.8aMeTpe cTp8Mepa 1-:- 2 MM B pa6o'IeM o6'beMe KaMepbl, 

ero JIPKOCTL paaua np8MeJ>HO 1 MKO/M 2 I apeMJI .nnJI 

BbiCBelJHBaH8JI nopJI,D.Ka 10 - 8 C/ 8 'ITO 3TOH JipKOCT8 .D.O

CTaTO'IHO )J.llJI nony'IeH8.fl HOpMallbHbiX noqepHeH8H np8 pe

rHCTpaiJ;88 C06b1T8H Ha a3pO<ilOTODlleHKe C 'IYBCTB8TellbHO

CTbiO CO 85 = 2000 e,D.. rOCT, np8 OTHOC8TellbHbiX 

OTBepCT8JIX 06beKT8Ba 1/2 -7- 1/5 8 MaCUITa6ax <ilOTOrpa<il8-

poBaHHJI 1/20 -7- 1/75; ,D.8aMeTp 8306pa)KeH8JI CTp8Mepa Ha 

nneHKe llp8 3TOM paBeH 150-7-50 MKM COOTBeTCTBeHHO. 

fip8Be,D.eHHble ,D.aHHble 03HalJaiOT, 'ITO Bell8'I8Ha CBeTOBOH 

3Hepruu, nocTynaiOIIJ;eii: ua nneHKy OT oT.nenLHoro cTp8Mepa, 
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3KBHBaneHTHa 3KCfi03HD;HH He MeHee 1 7 5 ·10-3 AK• C. 

cepe,IJ,uue ,lJ,nJI nony'leHBJI 3KCfi03BD;BH, COOTBeTCTB}'lOID;eH 

,IJ,HHaMH'IeCKOrO ,IJ,Bana30Ha 'IYBCTBBTeiTbHOCTH 3ITeMeHTa 

MaTpHD;M, ,IJ,OCTaTO'IHO CBeTOBOH 3HeprBH, 3KBHBaneHTHOH 

aenH'IHHe 3KCfi03BD;BH 0,03 • 10-
3 

AK·C,TOeCTb3ITeMeH· 

TM MaTpHD;bl npBMepHO Ha ,IJ,Ba DOpJI,IJ,Ka 6onee 'IYBCTBHTeiTbHM. 

XoTJI TO'IHOCTb npuae,IJ,eHHOH on;eHKB HeBbiCOKa, no-BH.IJ.HMo

My, He nyqwe ± 10-:-20 pa3, MO:>KHO C,IJ,OCTaTO'IHOHyBepeu

HOCTbiO 3aKITIO'IHTb, 'ITO DO CBeTO'IYBCTBHTellbHOCTH MaTpHD;a 

npBrO,IJ,Ha ,IJ,ITJI Ha6niO,IJ,eHHJI C06MTHH B CTpBMepHMX KaMepax. 

qTO KacaeTCJI pa3peweHHJI, TO O'leBH,IJ,HO, 'ITO 100x100 3ne

MeHTOB ,IJ,OCTaTO'IHO TOITbKO ,IJ,ITJI Ha6niO,IJ,eHHJI Ka'leCTBeHHOH 

KapTHHbi co6MTBH. llpu npoeKD;HH ua Ma Tpun;y yMeubweuuoro 

npuMepuo B 100 pa3 H3o6pa:>KeHHJI pa6oqero o6'beMa 

KaMepM MO:>KHO 6y,IJ,eT Ha6niO,IJ,aTb 'laCTb KaMepM pa3MepOM 

300 X 400 MM 2 , npH 3TOM pa3Mep H306pa:>KeHHJI CTpHMepa 

6y.IJ.eT npuMepuo paaeu 3neMeHTY MaTpHn;bi, a cpe,IJ,ueKBa.IJ.pa

TH'IHaJI OWH6Ka onpe,IJ,eneHHJI fiOITO:>KeHHJI OT,IJ,eiTbHbiX CTpH· 

Mepoa 6y,IJ,eT oKono 2 MM B o6beMe KaMepbi. 

,[{a111'lUK MUfiU· CI(QHQ 6 annapamype o6pa60JII'KU CHUM'K06 

PaccMOTPHM B03MO:>KHOCTb npuMeHeHHJI MaTpHD;bi CCD-201 
B Ka'leCTBe ,IJ,aT'IHKa MHHH-CKaHa ,IJ,ITJI peaiTH3aD;HH pe:>KHMa 

aaToconpoao:>K.IJ.eHHJI, uanpHMep, a ycTaHOBKax C.H/8/ unu 

lillC-3 191. 
OcaeiD;eHHOCTb nneHKH B cl>unbMOBMX Kauanax o6oux npu-

6opoa npuMepuo O.IJ.HHaKoaa H cocTaBnJieT E = "'10 4 AK. 

llpH npoeKD;HH H306pa:>KeHHJI Ha MaTpun;y OCBeiD;eHHOCTb ee 

nnocKOCTH paaua EM= K 1K 2 E/B 2 , r.D.e K 1 - Ko3cl>cl>Hn;HeHT 

caeTonponycKaHHJI onTu'lecKoii: cucTeMM, K 1 = 0,1; K 2 -

K03cl>cl>Hn;HeHT, paBHMH OTHOWeHHIO BeiTH'IHHM CBeTOBOrO no

TOKa, HCfiOITb3yeMOrO ,IJ,ITJI npoeKD;HH Ha MaTpHn;y, K DOITHOMY 

caeTOBOMY noToKy; B - yaenuqeuue H3o6pa:>KeHHJI B nnoc

KOCTB MaTpHD;M. 

llpu pa6oTe MaTpHn;M B peKoMeH.IJ.OBaHHOM cl>upMoii: pe:>KHMe 

fqacToTa TaKTOBMX HMnynbCOB - 500 F14/ apeMJI 3KCD03HUHH, 

paauoe npuMepuo apeMeuu cne,IJ,oaauuJI Ka.IJ.poa, cocTaBnJieT 

T = "' 30 MC, OTCIO,IJ,a OCBCID;CHHOCTb MaTpHD;M, Heo6xo

,IJ,HMaJI .IJ.ITJI nony'leHHJI 3KCD03HUBH uacbiiD;euuJI, paaua E = 

=10-5 AK. M 
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Onpe,IJ,enuM K03cl>cl>HUHeHT K 2 npu 10-KpaTHOM yaenu-

'leHHH B I npu 3TOM yaenuqeuuu war 3ITeMeHTOB MaTpHn;M, 

npHBe,IJ,eHHMH K fillOCKOCTH CHHMKa, paBeH 3 H 4 MKM/. K 2 = 
= EM B 2 I K 1 E = 10 - 6 , TO eCTb .IJ.ITJI ocaeiD;eHHJI 

MaTpHD;bl HC06XO,!J,HMa HH'ITO:>KHaJI 'laCTb OT fiOnHOrO CBeTOBO· 

ro noToKa, npoxo,IJ,JIID;ero qepe3 nneuKy. 3.IJ.eCb cne,IJ,yeT 

3aMeTHTb, 'ITO MaTpHD;a B Ka'ICCTBe ,IJ,aT'IHKa MHHH·CKaHa 

ucnonb3yeTcJI B peKoMeH,IJ,oaauuoM cl>upMoii: pe:>KHMe, H npu

Be.D.eHHMe BMwe n;ucl>pbl .D.OBOITbHO TO'IHO oTpa:>KaiOT peanbHyJO 

CHTyaD;HlO. 

qTO KacaeTCJI TO'IHOCTHMX xapaKTepHCTHK, TO TaKHe 

orpaHH'ICHHJI CYID;CCTB}'lOT. B annapa Type o6pa60TKH CHHMKOB 

06M'IHO D;eHa C,IJ,HHHD;M OTC'IeTa llpH H3MepeHHH KOOp,IJ,HHaT 

o6'beKTHBOB npHHJITa paBHOH 2,5 M'KM /.D.ODYCTHMbiM 3Ha'le· 

HHeM Cpe,IJ,HCKBa,IJ,paTH'IHOH OWH6KH H3MepeHHJI C'IHTaCTCJI 

BeiTH'IHHa "' 5 M KM/. ,l],nJI TOrO 'IT06bi nony'IHTb War CBCTO

'IYBCTBHTeiTbHbiX Jl'leeK MaTpHD;bl B DITOCKOCTH nneHKH paBHbiM 

npHMepHO 2,5 MKM, He06XO,IJ,HMO Ha MaTpHn;y cnpoen;HpOBaTb 

H3o6pa:>Kenue c 15-KpaTHMM yaenuqeuueM. O,IJ,naKo a 3TOM 

cnyqae 30Ha cKanupoaaHHJI paaua acero 0,3 • 0,4 MM 2 , 

'ITO DpHMepuo B 3 -c 5 pa3 MeHbWC o6M'IHO npHHJITOrO ITHHCH

uoro pa3Mepa MHHH· cKana, paauoro 1 -c 2 MM. 

qT06M yBeiTH'IHTb 30HY MHHH-CKana, He06XO,!J,HMO yae

ITH'IHTb llPHBe,IJ,eHHMH K nneuKe War CBeTO'IYBCTBHTCllbHMX 

JI'IeeK MaTpHD;bl, o6ecne'IHB npH 3TOM ueo6XO,IJ,HMYIO TO'IHOCTb 

H3MepeHHJI. Y'IHTbiBaJI cneuucl>HKY o6beKTOB, no,IJ,ne)l(aiD;HX 

H3MepeHHIO/ cne.D.M qacTHU, cocTOJIID;He H3 ua6opa nenpo3pay

HMX TO'IeK B,IJ,Ollb TpaeKTOpHH qacTHD;M; pa3Mep ,IJ,HaMeTpa 

TO'leK Ha nnenKe paaen npuMepuo 20 -c 60 MKM/ Jony 

MHHH • CKaHa MO)I(HO yBeiTH'IHTb ,IJ,O BeiTHl.JHHM, o6eCDCl.JHBaiO

ID;eif MHHHMYM ,IJ,Ba·TpH OTCl.JeTa Ha 06bCKT H3MepeHHH, TO 

eCTb npuMepuo B 4 pa3a. Orpanuyeuue TOYHOCTH B 3TOM 

cnyyae 6y,IJ,eT onpe,IJ,enHTbCJI oTuoweuueM none3HMH curuan

WYM H pa36pOCOM BeiTH'IHHM CBCTO'IYBCTBHTeiTbHOCTH 3ITe • 

MeHTOB MaTpHD;M. 

Hmozu u 6bWOObl 

MaTpun;a coeTo'lyBCTBHTenbHbiX 3neMeHTOB ua ocuoae 

nonynpOBO,IJ,HHKOBMX npH60pOB C 3apJI,IJ,OBOH CBJI3bl0 JIBITJleTCJI 
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BhlCOKoqyBCTBHTenLHhlM npeo6pa30BaTeneM OllT&qeCKOrO 

H3o6pa*eHHB a 3neKTpuqecKHe curHanhl. llo caeToqyacT

BHTenLHOCTH OHa npeBOCXO,li;HT nyqm&e COpT a a3pOcllOTOITneHOK 

H MO*eT 3tl>41eKTHBHO HCITOnL30BaTLCB ,IJ;nB C'LeMa OllT&qe

CKOH HHcllOpMaUHH C TpeKOBhlX ,IJ;eTeKTOpOB B TOM cnyqae, 

ecnu He Tpe6yeTcB BhlCOKoro pa3peweHHB. Y*e cyiUeCTByiO

IUHe o6pa3Uhl MaTpHU /HanpuMep, CCD-201 I MoryT npu

MeHBTLCB TaK*e B KaqeCTBe ,IJ;aTqHKOB MHHH-CKaHa B anna

paType o6pa6oTKH CHHMKOB. linaro,~~;apB npocToTe ynpaane

HHB H BhlCOKOH Ha,IJ;e*HOCTH TaKHe MaTpHUhl MOryT ycneWHO 

KOHKypHpOBaTL C ycTpOHCTBaMH MHHH-CKaHHpOBaHHB Ha 

OCHOBe MeXaH&qeCKHX, OllTHqeCKHX HnH3neKTpOHHO-nyqeBhlX 

ycTpOHCTB. 
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