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NCCIIEJOBAHUE ®OTOYMHOXUTEJIA

Beeoenue

@DOTOYMHOKHUTEID - 3TO IPUOOP, B KOTOPOM IaJAI0LIEe HAa HEr0 3JIEKTPOMAarHUTHOE
U3IydeHue (ONTUYECKOro uana3oHa) npeodpas3yercst B MHOI'OKPATHO YCHIIEHHbIC HMITYJIbChI
TOKa. PerucTpariyst 3THX UMITyJIbCOB MOXKET OCYIIECTBISATHCS JIMOO IyTEeM UX YCPEAHEHUS 110
BpeMeHH (METO] IOCTOSTHHOTO TOKa), JIM0O MyTeM cYeTa OTIENbHBIX (POTOHOB (METO cueTa
¢oronoB). 1 B TOM U B IpyromM MeTo/ie O pe3yibTaTaM U3MEPEHHUH MOKHO ONPEeIUTh MOTOK
M3JIy4eHHUs], ajaromero Ha katoxq @OV, KoTopslid cuuTaeTcs NpornopLUOHAIBHBIM B IEPBOM
ciydae - cujie Toka uepe3 @OV, BO BTOPOM - YUCITY UMIYJIbCOB, POXKIAAIOMINXCS 32 SAUHUILY
BPEMEHH.

B 3anade uccnenyrorcst oauH Ui Ba (1o BeIOOpy npenoaasatens) @OV B ycTaHOBKe 115
cyeTa (pOTOHOB, MMUTHPYIOIIEH aCTPOHOMUYECKHUN SJIEKTPO(HOTOMETP, ONPEACISIOTCS CUETHAs
XapaKTEpPUCTUKA U 30HHAs XapakTepuctuka OOV, o1eHuBalTCs BO3MOKHOCTH UCIOJIb30BAHUS
@Y nns peructpanuu ciaadblx 00ObEKTOB.

Onemenmol meopuu. Suaxomcmeo ¢ memooom cuema d)OWlOHO@.

PaccmoTpum koHCTpyKIHIO poroymHoxkuTemnst Trna @Y -79, KoTophlil 4acTo
UCIIOJIb3YETCS B aCTPOHOMHUYECKOM mpakTrke (puc.5.3). CBet monagaer Ha Gorokarox DIV,
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Puc. 5.3. Cxema poroymMHOKHUTEISA

CTEKJIIHHOM BaKyyMHOM Kamepe. DJIeKTPOHbI, BBIOUBAEMbIE C KaT0/1a, YCKOPSIOTCS
ANEKTPUYECKUM TI0JIEM, ABUTASCH OT OAHOTO IMHOJA K APYTOMY U BBIOMBAs U3 HUX HOBBIC
ANEKTPOHBIL. B utore onun OTOH, OTAABIINIA SHEPTUIO OJHOMY BEIOUTOMY 3JIEKTPOHY, POKIAET
LIeJIBIA KAacKaJl 3JIEKTPOHOB Ha BBIXOJI€, BOCIPUHUMAEMbIN KaK OUY€Hb KOPOTKUM 3JIEKTPUYECKUN
HMITYJIbC.

KonmuectBo kackanoB ycuiienus y @Y -79 (1.e. konuuecTBO JUHOIOB) paBHO 11.
DOTOKATO/ - MOJYIPO3PAYHBIIA MYJIbTUIIETOYHONW. DOTOKATO XapaKTEPU3yEeTCsl KBAHTOBBIM
BBIXOZIOM €, PaBHBIM CPEHEMY OTHOILIECHHUIO Yyncia (POTOIIEKTPOHOB N, BHIOMBAEMBIX B
pesynbTaTte poToddeKTa K Unciry ynaBImmx GOTOHOB: € = Ngy/Ngor. XaPAKTEPHBIH KBAHTOBBIN
BBIX0JT 0TeuecTBeHHBIX DDV < 10%.

OcHoBHO# npuHIUT paboThl poToKaTona - BHEMHUHN (oTodddext. OnHako, mpu
HOpMaJbHBIX pabounx Temrepatypax (0 — 200 C) ObIBaeT CymecTBeHEH U APYrou mpoiiece,
BBI3BIBAIONINI MOSIBIIEHUE 3JIEKTPOHOB B KATOJIHOM KaMepe - 3TO TEPMOIMHUCCHUS



¢boTo371eKTpoHOB ¢ poToKaToa. DTOT 3 (DeKT co3aaer TeMHOBOH TOK DIV, T.e. TOK
(3MeKTprUYecKre UMITYJIbChl) Ha BBIXOZIE IIPH OTCYTCTBUHU U3y4eHUs Ha Bxojae. Kpome sToro,
BKJIaJ] B TEMHOBOMW TOK JIa€T TEPMO3MHUCCHUS C AUHOA0B, HOHU3AIMS ATOMOB BO3/1yXa,
ocTarouMxcs B BakyyMHol Tpyoke @OV, a mpu BHICOKMX HANPSXKEHUSAX MOT'YT CTaTh
CYLIECTBEHHBIMH TAK)KE PA3JIMUHBIE pa3psiHbIe NpoLecchl B koyoe @OY. Jlnsa ymeHblLIeHUA
TEMHOBOI'O TOKA CYIIECTBYIOT /IBa IPUHIMIIMAIBHBIX METO/IA:

a) oxnaxxaeHue @OV, 4To BEI3BIBAET yMEHBILIEHUE IOTOKA TEPMOIIEKTPOHOB

0) yMeHblIeHHE paboueil obmacTu GpoToKaToa (3TO HE MPUBOIUT K MOTEPE CBETA WM
YyBCTBUTEJIBHOCTH, TaK KaK MMy4YOK MaJal0Iero CBeTa MOXKET OBITh C(HOKYCHUpOBaH JlaXxe Ha
HeOoIbIIYyI0 0071acTh (HOTOKATOAA).

B xonctpykiun @OV -79 npumeHeH BTOPOH METOA, YTO HE UCKIIIOYAET, ECTECTBEHHO, U
BO3MOKHOCTH HcI0NIb30BaHus nepsoro. Karonnas kamepa @OV -79 sBisieTcs 21€KTPOHHO-
ONTUYECKON JIMH30M, KOTOpas "CTpOUT" Ha NEPBOM AMHOAE N300paXkeHUE HE BCEr'0 KaTo/1a
(mramerpom 30 MM), a TOITBKO HEOOJIBIIION €ro IEHTPATBLHON YacTh (AHaMeTpoOM OKOJI0 6 MM).
310 orpaHn4MBaeT padbouyro 06sacTh GorokaTona. YyBCTBUTEIBHOCTh CaMOro (hOTOKaToAA
MO’KHO CYMTATh OCTOSHHOM I10 IUIOLIAIU, HO U3-3a IPUMEHEHHs MeTo/ia 0) BEpOATHOCTD
perucrpanuy (POTOHOB 3aBUCUT OT MECTA UX MOMNAJaHHUs Ha KaTO/ U ONKCHIBAETCS] 30HHOMN
xapaktepuctukoi. [lonoxkenune ob6iactu MaKCUMaIbHON YyBCTBUTEJIBHOCTH 3aBUCUT OT
ITOJIOKEHUS OCH JIEKTPOHHOM JIMH3BL. Js1 Kaxnoro qanaoro @OV oHo onpenensercs
OTZAENBHO.

Koaddunment BropuuHoi sMuccHH, T.€. KO3 GOULHUEHT yCHIeHHUs o1HOro Kackaga POV,
HeBeJMK (3 — 5), ojHaKo OOMIBIIOE YN CIIO TUHOAOB O3BOJISIET JOCTUraTh OOIIEr0 YCUIICHUS OT
10° 10 10° pa3. Koo uipeHT BTOPUIHOMA SMHCCHHU 3aBHCHT OT SHEPIUH IEPBHYHBIX
AJIEKTPOHOB, T.€. OT YCKOPSIOLIEr0 MEXIMHOIHOr0 HanpsukeHus. [loaromy ko3 punment
ycusieHust Bcero @OV 3aBucuT OT HanpsKeHUst NUTaHus Uy, [ToTeHnmanel TMHOAOB 3a1at0TCs
JIeNUTEEM HaNpsOKEHUs. XapakTepHble HanpspKeHus nutanus @OV - ot 1 no 2-3 kB.

B actponomun @DV noaydunu NMpoKOe pacpoCcTpaHEHHE B KAUYECTBE TPUEMHUKOB
M3Iy4YeHHs MMPOKOro Juarna3oHa crnekTpa (0T OmmKHero ynpTpaduonerta 1o omnkaed MK
o0acTn).

B HacTos11ee BpeMs NpakTHUECKU BCET/ia UCIOIb3YeTCsl METOA cueTa (POTOHOB, KOTOPBIH
MMeeT CIeAyIOIe OCHOBHBIE TOCTOMHCTBA MEPE] METOAOM PETUCTPALlUU TOKA:

1. TMHEWHOCTH B OOJIBIIIOM THANIa30HE U3MEPSEMBIX HHTEHCUBHOCTEH

2. BBICOKast TOYHOCTH (JOCTUKUMA TOYHOCTb, PU KOTOPOM OIMIMOKA U3MEPEHUS ONPEeeseTcs
TOJILKO CTATUCTUYECKUMH (IYKTyaIMsIMHU OTOKAa ()OTOHOB, TTOCKOJIbKY BCE (DOTOHBI
"cunTaroTca" ¢ OIMHAKOBBIM CTATHCTUYECKHM BECOM)

3. ynoOHBIHA 17151 nayibHel el 00paboTKH Croco0 BbIIauu WHGOPMAIIHH

4. BO3MOXXHOCTh YMEHBIIIEHUSI TEMHOBOT'O TOKA (T.€. YMCJIa TEMHOBBIX UMITYJIbCOB) 33 CUET
0TOOpPa TEMHOBBIX UMITYJILCOB 0 AMILIUTY/E.

[TosToMy B nanpHelIeM Mbl OyieM paccMaTpUBaTh OCHOBHBIE XapakTepucTuku OV,
paboTaromiero B pexxuMe cuera (poTOHOB.

3aBUCHMOCTH BBIXOJJHOT'O CUTHAJIA (CKOPOCTH CYETa N UMII./C) OT HAIPSDKEHUS TUTAHUS
Upur Ha3bIBAETCS CUETHOM XapaKTepUCTUKON GoToyMHOXUTENS (puc.5.4). s o0bscHeHus
(opMBbI CYETHOI XapaKTEPUCTUKHU PACCMOTPUM JPYTYIO BaXKHYIO XapakTepuctuky OOV -
aMIUIUTYJTHOE paclpe/iesIeHue BBIXOHBIX UMITYIbCOB N(A), Ilie N - YUCJIO UMITYJIbCOB Ha
BbIxozie @OV ¢ ammmuTynoii oT A 10 A + 8A, peructpupyemsix 3a 1 cekynay. Ha puc. 5.5
MPUBEAEHBI TUITUYHBIE 3aBUCUMOCTHU N(A) [l CUTHAIBHBIX (Ns) ¥ TEMHOBBIX (Nt) UMITYJIHCOB
(mocyenHsst UMEeeT MUHUMYM Ha A=A1). 3aBUCUMOCTH UMEIOT JIBE BbIJICTICHHBIC TOUKH A1 U Ao.
[ToBenenue ¢pynkuu ot 0 10 A1 onpenensieTcss UMITYJIbcaMu, KOTOpPbI€ BO3ZHUKAIOT B PE3yJIbTaTe
TEPMOOMHUCCHUHU FJIEKTPOHOB C IUHOIOB. DTH UMITYJIbChl UMEIOT MAIYIO aMIUIUTYAY, TaK KaK
yCUITMBAIOTCS HEe Ha Beex Kackagax @OY. B ob6nactu Gosiee BRICOKUX aMILTUTY/] 3aBUCUMOCTb



Ni(A) ompenensieTcs B OCHOBHOM UMITYJIbCAMH, KOTOPbIE BOSHUKAIOT B PE3YyJIbTaTe YCUIICHUS
KaTOJIHBIX TEPMO3JIEKTPOHOB. VIMEHHO OHU HecyT MHpopmanuio o npuxoaiumx ¢poronax. s
9TUX "CUTHAJIBHBIX" UMITYJIbCOB Ns(A) umeeT BUJ pactipenenenus Ilyaccona co cpenneit
aMIUIUTY10i Ap. CTaHOBUTCS MOHSTHBIM, KAKUM 00pa3oM MOKHO M30aBUTHCS OT JIMHOIHBIX
HMITYJIbCOB: YCTAHOBUTH Ha BbIxoJe PDY noporoyro cxemy (AUCKPUMUHATOP),

Nc, vmn./cex. N, vmn./cex.
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Puc. 5.4. Cuetnas xapaxkrepucrika @IV
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Puc. 5.5. AMnuutyHoe pacnpeaeneHue UMITYJIbCOB

KOTOpasi He MPOIYCTUT UMITYJIBCBI ¢ aMIUIUTY 10l A < Ag = Ay. IIpu 3TOM, U3-3a pa3nnyus B
aMIUIUTYHBIX paclpeleNeHUsX, JUCKPUMUHALUS UMITYJIbCOB € aMIUIUTy 10l A < A1 He
YMEHbIIIAET CYIIECTBEHHO YU CIIO ""CUTHAIBHBIX" UMITYJIHCOB.

AMIUIMTYIHOE pacnpeaeacHue UMITyJIbcoB n(A) sBaseTcs auepeHnanbHon
XapakTepucTukon, T.e. n(A)0A = N(A+3A)—N(A) umu n(A) = dN/dA, rae N(A) - gucio
HMITYJIbCOB C aMIUTMTy10i, MeHbIIel yeM A. Ecinu nu3meputs Ha Bbixogae @OV yucno
UMITYJIbCOB, MPOIIEAIINX TOPOTOBYIO CXEMY C YPOBHEM JAUCKPUMMHALINU Ay, TO, U3MEHSIS Ay,

[ee]
MO’KHO TIOJTy4HTh HHTerpanbHoe pacnpenenerane N(Ay)~ [ Ay n(A)dA, BecbMa Moxoxkee 1Mo

(dopme Ha 3epKalibHOE OTpaXKeHHe CYETHON XapaKkTepucTUku Ha puc. 1. [Ipu aTom Touka Ag
OyZAeT COOTBETCTBOBaTh MUHUMYMY Ipou3BoaHoi dN/dA, mocie KoTopoit kpuBas
pacripeziesieHus: CHoBa Bo3pacTaeT. CX0CTBO CUETHBIX XapaKTEPUCTUK U MHTET PaIbHbBIX
aMIUIMTYJHBIX paclpeleleHUi BBIXOAHBIX UMITyIbcoB DDV He ciayuaiiHo. CueTHas
XapaKTEepPUCTUKA CHUMAETCS NPU MIOCTOSIHHOM YPOBHE TUCKPUMHUHALMKU Ag = const, HO IpU
U3MEHSIOIIEMCS HaNpsSHKEHUH MTUTaHMs, a aMIUTMTYIHbIE pacnpeneseHus - Ha000poT: npu Upyy =
const, HO IpY U3MEHSIOIIEeMcsa Ag. AMILTUTY/IbI HUMITYJIbCOB Ha BIxoze POV onpenensiorcs
cpeqHuM ko3 punrenToM ycunenus Ky ®OY. B nepsoM npubIimkeHnu u3MepsemMble
aMILIUTY bl IponopLKoHaIbHbl Ky), KoTOphIil yBenuuuBaercs ¢ pocToM Uy, IO3TOMY IIpU
cdeTe UMITYJIbCOB yBenuueHue Uy, DKBUBAJICHTHO yMEHbIIEHUIO Ay. Cile0BaTEIbHO, CYETHYIO
XapaKTEPUCTUKY MOKHO CUMTATh aHAJOrOM aMILJIMTYAHOro pacrpeneneHus. CTaHOBUTCS
MOHATHBIM M CYIIECTBOBAHUE TPEX OCHOBHBIX 30H Ha CUETHON XapakTepucTuke (puc. 5.4): 1-s
30Ha -CYUTAIOTCS KATOJHBIC UMITYJIbChI OOJBIION aMILTUTY/bI, 2 -5 30HA - CAUTAIOTCS
MPAKTHYECKU BCE KATOIHBIC (CUTHAILHBIE U TEMHOBBIC) UMITYJILCHI, 3-51 30HA - HAUMHAETCS CUET
JUHOIHBIX U TEMHOBBIX HUMITYJIbCOB.

Jnsa uneansaoro @OV 3nauenue n,(U) B o61actu 3 JOHKHO CTPEMUTHCS K HEKOTOPOMY
npezneny (MoACYUTHIBAIOTCS BCe UMITYJIbChl). OaHako uis peaidbHbIX OOV 3Toro He
MPOUCXOINT, TaK KaK MpH 00abmUX Uy, BHYTPH KOJIOBI BOSHUKAIOT pa3psaHbIE MPOLECCHI,
BBI3BIBAIOLIME TIOSBICHUE HA BBIXO/1€ UMITYJIbCOB OOJIBIION aMIUIUTY/IbI, IPEBBIIIAIONIEH A .
VBenuyeHue Yrcia UMITYJIbCOB O0BSICHSCT 3ariu0 BBepX cueTHoW xapaktepuctuku ne(U) B
obmactu 3 (puc.2). 910 30Ha HeycTOWUMBOM PaboThl DDV, U ee cTaparoTcs U30erats.

[Tpu ouens OOJBIION YAaCTOTE CIETOBAHUS UMITYJIBCOB M3-3a OI'PAHUYEHHOCTH MOJIOCHI
MPOMYCKaHMS YCUIIUTEIISI MOXKET MMPOUCXOTUTH CIUSHUE UMITYJIbCOB. [1pu 3TOM, X YK CIIO B
€IMHULlY BpeMEeHH Oy eT yMEeHbIIaThCA.

CueTHble XapaKTEPUCTUKHU MTO3BOJIIOT BEIOUPATh O TUMAJIbHOE pabouee HaNpsHKeHHe
nutanus ®OV Up. Ha kpussix n(U) u ny(U) (mepBast CTpOUTCS AJIs1 UMITYJIbCOB,
PETUCTPUPYEMBIX B OTCYTCTBHE CUTHAJA, @ BTOpAs - ISl BEJIMYMHBI N—Nc, TJI€ N - IOJHOE YHCIIO
UMITYJIbCOB Ha BbIXoj1e) HaxoasaT Touku Up u Uz, B koTopsix dne/dU u dny/dU MuHMMaIbHBL.
Bennuuna U; OyzeT cOOTBETCTBOBAThH TAKOMY HANPSDKEHUIO, TIPU KOTOpoM A1 = Ay (puc.3)
O6b1yn0 Up > U;. Ecniu pacxoxienue Mmex 1y HuMu He npesbiiaer 150-200 B, To BeiOupaeTcs
pabouee Hanpsbkenue Up = Ug = Uy, (~1500 B), cooTBeTCTBYIOIIEE TAKOMY PEXHUMY PabOTHI
OV, korna yepe3 JUCKPUMHUHATOP MPOXOAAT MPAKTUYECKU BCE UMITYJIbChl KATOJJHOTO
MPOMCXOXKIEHUS (KaK CUTHAIIbHBIC, TAK © TEMHOBBIE), BIMSHUE Pa3psSAHBIX IIPOIIECCOB
MUHUMAaJbHO, U BBIXOJIHOM CUTHAaJ HAMMEHEEe UyBCTBUTENECH K (UIYKTyalHsIM [IUTAIOLIETO
Hanpsokerus (Tak kak dn/dU munuMansHa).

Ecimu Up > Uy u npu nanpsokenun Uy cuetHas xapakrepuctuka ne(U) "Bbinuia" Ha
HEKOTOPBIN MPUOJIU3UTEIIFHO OCTOSIHHBIA YPOBEHB, TO HANIPSHKEHUE TUTAHUS OOBIYHO
BbIOMpaeTcst paBHbIM Uj, Tak Kak P ATOM eIle He Ha4aJICsl CYET TEMHOBBIX UMITYJIbCOB
JUHOIHOTO MpoucxoxaeHus. Ho eciau 3HaueHne u3MepseMoro CUraajia ne > Ng, TO JOIYCTUMO
ycTaHoBJeHue padbouero HanpsbkeHus: Uy = Up (3TO COOTBETCTBYET U3MEPEHUIO U3ITy4EHUS OT
SIPKUX UCTOUYHUKOB).



Kpome @3V, B coctaB cueTynka (HOTOHOB BXOAST TAKKE:

1. ycunuTens BBIXOJHBIX UMITYIbCOB DOV

2. TUCKpUMUHATOP-()OPMHUPOBATEIH BBIXOIHBIX UMITYJILCOB, KOTOPBIA CO3Aa€T UMITYJIbChI
(GOopMBI M aMIUTUTYAbI, HEOOXOAMMOM ISl BBEACHUS UX B CUETUUK UMITYJIbCOB;

3. CUETUYMK MUMITYJIbCOB, U3MEPSIOLIMI YMCII0 UMITYJIbCOB N 32 YCTAHOBJIEHHBIN IPOMEKYTOK
BPEMEHH U BBIJAIONINN pe3ysbTaT B yI00HOM /111 00paboTKH BHJE (Ha TabJio, Ha 11U (hporeyaTsb
WM HemocpencTBeHHo B DBM);

4. 6noku nutanug OOV, ycunurens, TMCKPUMUHATOPA.

Ha puc.5.6 npuBeneHa cxema MCHOJIb30BaHUS cUeTYHKa (POTOHOB Ha Teneckone. Kak Obu1o
OTMEUEHO, pa3mep paboueit obnactu porokarona IY-79 cocTaBisieT HECKOIBKO
MUJUTUMETPOB, I0ATOMY pa3Mep IsITHA CBETA HA (POTOKATOME JOJDKEH COCTABIIATh TAKXKE
HECKOJIbKO MIJLITUMETpOoB. Ilepemernienne nyuka ceera npu "npoxaHuun" U300pa’keHus 3BE3/1bI
WJIM HeTOYHOCTH HaBEICHUS Ha 3BE3/ly BBI30BET JOMOIHUTENbHBIE OMMOKN MTPU U3MEPEHUSIX,
TaK KaK YyBCTBUTEJIBHOCTb (DOTOKATOZA HEOJHOPOAHA. DTOr0 MOXKHO U30€XaTh, €Ciu
MOJIOKEHHUE MATHA Ha (POTOKaTOE HE OyeT MEHATHCS IPU JIPOXKAaHUHU U300 paXKEeHUs 3Be3/bl B
(oKaIbHOH IIOCKOCTH TeJecKona, T.€. B 1uadparme anekrpoporomerpa. YToObI 1OCTUYB 3TOTO,
B IEKTpoPoTOMETpE NpUMeHseTcs inH3a Padbpu, KoTopasi CTpoUT Ha (OTOKaTo/IE
M300pakeHne "HENoIBIXKHOT 0" BXOAHOT0 3padyKa CUCTEMBI (T.€. 00BEKTHUBA TEIECKOMa).

doxkycHoe paccrosiHue nuH3b Padpu fif BeIOupaercs Tak, 4ToObI TUaMETp BBIXOJHOTO 3payKa,
D

F+a-ff
iockocTu A0 auH3el Padbpu; 00b1vHO a K F ), cooTBeTCcTBOBaAN pazmepy paboueit obnactu
¢doTokaTona (kak mpaBuio, mo ypoBHto 0.8 — 0.9 MakcuMaabHOM YyBCTBUTECIILHOCTH ).
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Puc. 5.6. icnonb3oBaHue cueryrka ()OTOHOB Ha TEIECKOIE

[Tpu HabmomeHnn 3831 € AIEKTPOPOTOMETPOM, UCCICIYEMYIO 3B€31y OOBIYHO
CPaBHHUBAIOT C 3apaHee MoJJo0paHHOM 3BE3/101 CPaBHEHMSI, 3BE3/IHASI BEJIMUYUHA M KOTOPOH
n3BecTHa. Ecimm ny u Np - 4YaCTOTHI CJICAOBAHUS 3BC3JHBIX UMITYJILCOB IIPHU HABECACHUHN TCICCKOIIa
Ha OJIHY U JIPYTYIO 3B€3]1ly, TO CBOMCTBO JUHEHHOCTH DDV mo3BoiseT 3anucarh Ciaeaymolee
YpaBHCHUC OJIA OITPEACIICHUA 3B6321HOI7I BCJINYHUHBI 3BC3/1bI:



m, = my + 2.5 lg% (5.1)

[TpuXoAUTCS YYUTHIBATH, YTO B ITOJIHOE YKMCIIO PETUCTPUPYEMBIX 3a Bpems T umnyinbcoB N
BXOJIUT, TOMUMO MMITYJIbCOB, POXKJACHHBIX "3Be3MHBIMU" PoTOHAMU Ny , €IIe U UMITYIIbCHI N,
CBsI3aHHBIC CO CBeUEHHEM 00JlacTh Heba, rmomnajaroiei B quadpparmy (oToMeTpa BMECTE CO
3BE3J10M, a Takxke "TeMHOBbIe" uMiyibchbl Nt1. [ToaTOMy yacToTa cienoBanus "3Be31HBIX"

HMMITYJIbCOB paBHa

N. 1
n, :?:;(N—NH— NT) (52)

PaccmoTpum OT KaKMX BETMYUH 3aBUCUT TOYHOCTh OLIEHKH N« Bynem cuuTaTh, 4TO YHUCIIO
uMitysibcoB Ny, Ns 1 N1, peructpupyemMbix 3a Bpemsi T, pacnipenenieHo o BpeMEHH CITy4YailHbIM
obpazoMm. Cratuctuueckas pIyKTyanus 9rclia perUCTPUPYEMbIX UMITYJIECOB TIPU 3TOM paBHA

/N*,sm rae N, g1 - CpeZiHee YUCIIO COOTBETCTBYIOLIMX UMITYJILCOB. Toraa oxugaemas

(bJ'IYKTyaIII/ISI Juciia UMITYJIbCOB OT 3BE3/Ibl COCTABUT

1 12 1 1 1/2
On, = ?(a,\z, +of, +og. ) = ?(N + Ny + Np)V2 = ?(n* +2ny + 2nyp)
OTHOCHUTENbHAS TOYHOCTD H3MEPEHHUS]
on, 1 (N,+2Ns+2n\11/2
= o= [ () (5:3)

Ota Qopmyna sIBISETCS OCHOBHOM MPH OLIEHKE CTATHCTUYECKOM TOYHOCTH U3MEPEHUH.
Jlnst spKkux 00BeKTOB (N« >> Ns+Nt) U ci1abbIx 00bEKTOB (N« <K Ng+nTt) dhopmyita (3)
anMpPOKCUMHUPYETCS MPOCTBIMU BHIPAKCHHUSIMHU:

1\% 1
(o0 )i ~ (57)  ~ 71
2(ng +nr) 1z
(Sn* )faint ~ néT

BaxHo, 4TO B 000UX CITydasix, OTHOCUTEIIbHAS OINOKA H3MEPEHHsI CBETOBOTO IMOTOKA
YMEHBIIIAETCS C POCTOM BpeMEHH HakorieHus T kak T,

[Tpu oneHke peanbHBIX BOZMOXKHOCTEH oTOMETpa U MpeArnogaraéMoil TOuHOCTH
M3MEpEeHHUs TOTOKa OT 3BE3/Ibl HcIoyb3yeTcs Gpopmya (3) uiau ee aCUMITOTHI; TPU 3TOM
YUUTBIBA€TCA, UTO (POTOMETP PETUCTPUPYET JIUIIb YaCTh (POTOHOB, MPOXOAAIIUX YEPE3 ONTUKY
Teneckona. Eciam momHoe KommuecTBo (POTOHOB, MOMAJAOMINMX HA (POTOKATO OT 3BE3/IbI U OT
Heba 3a 1 ceKyHIy COCTaBIISET N« g U Nx, o0 COOTBETCTBEHHO, TO JJI YHCIIA PETUCTPUPYEMBIX
(hOoTOHOB Oy/IeM UMETh:

Ny = nn‘b‘“* ,aNg= nn‘bOTs ,

r7ie 1 - KBaHTOBBIH BbIxog @OV (okomo 10%) . [17s o1eHOYHBIX pacuyeToB MOJIE3HO MTOMHHUTD,
YTO 3B€3/1a HYJIEeBOI 3Be3qHON BennunHbl kinacca AQ naet B ¢punbTpe V (3eneHas obnactb
criextpa) mpumepHo 10° GOTOHOB Ha Ka/IbIil KBaAPaTHBI CAHTHMETp IIOMAAN 00BEKTHBA 3a |
CEKYH/y, a OJ{Ha KBaJ[paTHasl CEKyH/1a HOYHOr 0 Heba COOTBETCTBYET IPUMEPHO 22 - 3BE3/1HOM
BEJIMYUHE.

IHopaook evinonnenus padomot
[lepen HauaaOM BBINOJIHEHHS pabOThl HEOOXOAMMO 03HAKOMUTHCS C OCHOBHBIMU
3JIEMEHTaMH YCTaHOBKHU. B KOMIUJIEKT yCTaHOBKH BXOJSIT:
. BRICOKOBOJIbTHBIN CTAOMJIM3UPOBAHHBIA UCTOUHUK MU TAHUsA 1ist DOY
. ycraHoBKa AJis uccienoBanus @OV ¢ moMHUHOPOPOM U CBETOPUIBTPAMHU
. UMITYJIbCHBIN yCHITUTEIIb
. CTaOMIM3UPOBAHHBIM HU3KOBOJIBTHBIA UCTOYHHUK MTUTAHUS
. JJaMIIa ¢ 9KPaHOM JJIsl FOCTUPOBKH JIMH3BI Dabpu
. OCTUPOBOYHOE MPUCIOCOOJICHNE
. 4aCTOTOMETP

NN R W



Iloozomoeka k usmepenusam.

Jns cHATHS cueTHON 1 30HHOM XapakTepuctuk @OV Tpebyercs BBIIOIHUTD CIEAYIOLIHe
oleparuu:

1. CHatb TpyOy ¢ MOMUHOGMOPOM, TOBOPAYMBAs €€ MPOTUB JIBH)KEHHS YACOBOW CTPEIIKHU; IPU
3TOM JIIOMUHO(OP 10JDKEH OBITh 3aKPBIT 3aTBOPOM. I10CcTaBUTh HA OCHOBAaHUE YCTAHOBKH SKPaH
C JIAaMITOM TaKuM 00pa3oM, 4TOOBI IIIIOCKOCTh 3KpaHa COOTBETCTBOBAJIA MOJIOXKEHUIO
JmoMUHO(Opa, U 3aKPENUTh 3KpaH BUHTAMHU.

2. OcBoboauTs nanensb g GOV, HaxoasIyI0Ca B KOPITyce TepMOCTaTa, BEIBEPHYB 4 BUHTA.
BHUMAHMUE. @3V nurtaerca noCTOSIHHBIM HanpsbkeHueM B 1.5 — 2.0 kB ot
CTaOMIM3UPOBAHHOIO HCTOYHUKA C MaJIbIM BHYTPEHHUM CONPOTHUBIIEHNEM. Bo nzbexanue
MOpa’kKEHMsI TOKOM BBICOKOT'O HanpspkeHUst cMeHa OOV noikHa NpOBOAUTHCS IPH MOTHOCTHIO
OTKJIFOYEHHOM OT CETH MCTOYHHMKE BBICOKOBOJIBTHOI'O HAIIPSDKEHU !

3. YcranoBuTh uccneayemslii @3V B rHes3ia naHenu, MpeaBapuTebHO 3al1ucaB ero HoMep,
HaXOIAIIMKCS Ha [TOKOJILHOH yacth DY,

4. I3meHuTh (€cam HEOOXOAUMO) JJTMHY FOCTUPOBOYHOTO IMTPUCIIOCOOIEHUSI TAKMM 00pa3oM,
4TOOBI €ro pa3Mmep coBnajai ¢ pasmepom ®IOY. BcTaBUTh I0CTHPOBOYHOE IPUCIOCOOJIEHUE B
TepMocTat BMecTo nanenu @OV u 3akpenuTs ero 4 BUHTaMU.

5. BKIIIoYMTh HU3KOBOJIBTHBIA UCTOYHUK UTAHUS, YCTAHOBUTH Ha HEM HampsbkeHue 3 B (JieBblit
MHJIUKATOP) ¥ MOJKIIOYUTE K HEMY JIAMITY COEAMHUTEIbHBIM IIHYPOM.

6. 151 B OKYJISIp FOCTUPOBOYHOI'O MPUCIOCO0IEHHS, C(OKYCHPOBAThH BpallleHUEM JIMH3Y
@®abpu 1 COBMECTUTH N300pakeHHE JIaMITbI U KPECT FOCTUPOBOYHOI'O IPUCIIOCOOICHNUS, Bpalas
BHUHTHI ItepeMelneHus JuH3bl @adpuno Xu'Y .

7. OTKJIIOUUTD JJAMITYy OT HU3KOBOJIBTHOI'O UCTOYHUKA ITUTAHUS U CHITh €€ BMECTE C 3KPaHOM
YCTAHOBKU. Y CTAaHOBUTH TPYOy ¢ momMuHOo(popom Ha MecTo. BeraButh nanens ¢ @OV BmecTo
IOCTUPOBOYHOT'O MTPUCIIOCOOICHUS U 3aKPETUTh BUHTAMH.

8. Ha HU3KOBOJIBTHOM MCTOYHUKE UTAHUS YCTAHOBUTH HaNpspKeHue 12 B ¥ moaKIrouuTh K
HEMY UMITYJIbCHBIH YCHIIUTENb, CTPOTrO COOII01ast HOISAPHOCTb.

9. BKITIIOYNTH HCTOYHUK BBICOKOTO HAINIPsDKEHUS U yacToToMep. Ha mmTtke ynpaBieHust
4aCTOTOMEPA BCE KHONKH HaXOAATCS B ""OT)KATOM" COCTOSTHUU 32 UCKIIFOUEHUEM:

"Metku Bpemenu Haxxara "0.01 mxc"

"Bpems cuera 1000"

"Bxox A "Ypos. aBT."

Haxara "1V - 10V"

[Tepen HauamoM paboOTHI IpOrpeTh anmapatypy B TeueHue 20 — 30 munyt. s
yMeHbIIIeHUs 3acBeTkU (poTokaTona PV 3aTBOp MOMHHO(OpA B MPOLECCE MOJTOTOBUTEIBHBIX
onepanuil 1o/pkeH ObITh 3akpbIT. [lepen HavaoM n3MepeHuiH He0OXOJMMO BBIKIIIOYUTH BEPXHEE
OCBEILEHHE U JOOUTHCS MAKCUMAJIbHO BO3MOYKHOI0 3aTeMHEHUs DY,

10. ITonate Ha ®DY BeICOKOE HanpsKeHUE, paBHoe 1.5—1.8 kB, niaBHO MoBOpadnBas pydKu
PETYJIMPOBKHU CXEMbI HCTOUHUKA U IPOBEPSIs MOKa3aHUs Ha UHAUKATOpE 11 HPOBOTO
BOJbTMETpa. OTKPBITH 3aTBOP JIIOMUHO(OPA U YOSIUTHCSA B HAIMUUHU CUT'HAJIA 110 UHIUKATOPY
yactoroMeTpa. Buntamu cmenienus muH3bl @adpu 1o X 1Y 100UTHCS MaKCHMAJIbHOTO
CUTHAaJIa, CYMTHIBAS [TOKAa3aHUA 4acToToMeTpa. Takum o0pa3oM rpy0o ocymecTBseTcs HOUCK
paboueit Toukn Ha oTokatoae OOV,

ITpu 3amene @DV Bce BhIlIEyKa3aHHBIE OIlEpal[Uy IIOBTOPSIOTCS B TOM XK€
[10CJIEI0BATEIbHOCTH.

Cuamue cuemnoii XxapaxKmepucmuxu.

Jnst cHsATHS TOIpOOHOI cueTHOM XapakTepucTuku yepe3 kaxasie S0 uiu 100 B, HaunHas
C TaKOT'O HANIPSDKEHMUSI, TP KOTOPOM CHUTHAJI CTAHOBHUTCSI OOHAPY>KUBAEMBIM, IPONU3BOIUTH
PETUCTPAIIUIO YHCIIa UMITYJIBCOB 32 €IMHMITY BPEMEHHU ¢ MHAMKATOPa 4aCTOTOMETpa IPH
OTKPBITOM 3aTBOpE JIOMHHODOpPaA nT + N« U 3aKPBITOM 3aTBOPE N7 , TJI€ NT - YUCIIO UMITYJIHCOB B



€IMHUILY BPEMEHH JJIs1 TEMHOBOT'O TOKA U N« - IJIs1 cuTHaNa momuHodopa. [Ipu stom
Hanpspkenre Ha @OV moBbIlIaeTcs 10 BenuuuHbl He Oosiee 2 kB. Bpems HakomneHus: curuana
pexomenayetcs cuenath 10 ¢ (mpoBepuTh MosioKeHue TymOJiepa yacroromeTpa "Bpems
HakorieHus"). JlaHuble U3MepeHuit 3aHecTy B Tabnuiry. [Ipon3sectu BeIOOp pabodeii TOUKH ¢
MTOMOIIIBIO TOCTPOCHMSI CUETHON XapaKTEPUCTHKH - aHAJIOTa aMIUTUTYIHOTO PaCIPEaeICHIS
METOJIOM Ta0IMYHOT0 AU PepeHIIMPOBAHMUSL.

Cuamue 30HHOU XapaKkmepucmuKu.

[Tocne BrIOOpa pabouero HanpspkeHust HA @OV CHATH 30HHYIO XapaKTEPUCTUKY 10 IBYM
HarpaBJICHUSIM:

N« = f(X),
n. = f(Y).

s 3Toro Heo0X0UMO ¢ TTOMOIIBIO BUHTOB NiepeMenieHust TuH3bl Padpu caenath 1Ba
pas3pesa, epeceKaronecs B TOUKe MaKCUMaJIbHOM YyBCTBUTENILHOCTH QoTokaTona. [lar
BUHTOB IepemMeneHus JuH3bl ®adpu - 1.25 Mm.

OueHuTsb pazmep MATHA UyBCTBUTEIBHOCTH (poToKaToaa no ypoBHsM 0.1 u 0.9 ot
MaKCHUMaJIbHON 4yBCTBUTEIbHOCTH.

[Tonate Ha @DV pabouee HAIPSKEHUE U YCTAHOBUTH JIMH3Y Padpu B 001aCTh
MaKCHUMaJIbHON 4yBCTBUTENBbHOCTH (OTOKaTOAA. MI3MepuTh curuai ot JoMuHodopa u
TEMHOBOW cUrHaJ 0e3 GuiibTpa v ¢ GUIBTPOM JUI ABYX BpemeH HakoraeHus: 10 u 100 c. B
Ka)XIOM ClTydae OLlEHUTh TOYHOCTh U3MEPEHUs CUTHaja oT toMuHo dopa. [locne okonyanus
U3MEPEHUN BBIKIIIOUUTD aIllapaTypy, HAKPbITh YCTAHOBKY 4E€XJIOM U yOpaTh pabouee MecTo.

Pe3ynomamout

1. ITocTpouTs Ha MUJIIMMETPOBKE MJIN 3aHECTH B KOMIIBIOTED:

* CYETHBIE XapaKTEPUCTUKHU AJI CUTHAJIA U TEMHOBOI'O TOKa

* QHAJIOT aMIUIMTYAHOIO PACIpeneIeHUs

* 30HHBIE XapaKTEPUCTUKH T10 IByM HalpaBJIECHUSIM

2. IlpuBectu a1 uccnenyemMoro GOTOyMHOKHUTEIS:

* BEJIMUMHY HaIpsHKeHUs 1715 pabodel TOUKH.

* pa3Mep MATHA YyBCTBUTENBHOCTH (oTokaTosna mo ypoBHsaM 0.1 u 0.9 MmakcumanbsHOM
YyBCTBUTEIbHOCTH.

3. Cnenath BBIBOJI OTHOCHTEIBHO BOZMOXKHOCTH Hcmonb3oBaHust @OV i poTomMeTpun cradbix
00BEKTOB.

Pe3ynbTaThl 0()OpMHUTH U CIATh MIPENOABATEIIO, YKa3aB HOMep uccienyemoro @OV,

Ilpumepuvr 0ononnumenvHvIX 60NPOCOE K 3a0aue

1. B yem npenmyniecTBa METOAA cUeTa (POTOHOB MEPE]l METOAOM U3MEPEHUS CUJIBI (POTOTOKA
yepe3 OOVY?

2. Haiitu gokycHoe pacctosiHue auH3b Padpu B 371€KTpOoPOTOMETPE C UCCIIEJOBABIIMMUCS
dDY, ycranoBinenHoM Ha teneckore Leiicc-600 ¢ F/D = 12.5 (pa3mep nsATHA 4yBCTBUTEIBHOCTH
cuuTaTh 1o ypoHio 0.9).

3. O1eHUTh BETMUUHY 3BE€3/Ibl, OT KOTOPOM perucTpupyeMblii IOTOK U3IydeHUs ObUT Obl TAKUM
Ke, KaK U OT IIoMUHO(Opa B JAHHOH 3a/1a4e, IPH CIEAYIOIUX YCIOBUIX:

* HAaOJIIOIEHUS TPOBOIMIIMCh Ha TEJIECKOIIE C TuaMeTpoM oobekTrBa D = 60 cm;

* IIMPHHA MMOJI0CH! Tponyckanus Guimbtpa — 1000 A,

* Ipornyckanue QuIbTpa, ONTUKH U atMocdeps! - 0.5 kaxaoe;

e KBaHTOBEII BEIX01 POV -5%.

4. Ucnonb3ys u3MepeHus, mojiyueHHble B paboueM pexxume @DV, O1leHUTh BpeMsl HaKOIJICHUS
CHUTHaJja, He00X0JMMOe /1JIs MOJTydeHUsI TOUHOCTH u3MepeHus, paBHoi 0.0 1m mm 1% (kax ¢
¢bunbTpoM, Tak u 0e3 HEero).
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