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Banvup VBanoBHY HPCIORY KHUTH 110 OTOM Temej U 3aTeM paccka3arhb 00 ATOM Ha
KpPY>KKej a 3aTeM 3Ty paboTy OTIPaBUTh Ha (PECTUBAJIby UTO 51 C YIOBOJILCTBUEM M JI€JIAI0.




nepeoarowux u
NPUEMHBIX YCMPOLICMBy VBEIUYULA OANbHOCb OCUCMBUSL UXy NO3B0ULA

paouomexHuke coenamov 2U2aHmMCKUll uiae 6nepéo U 3aHsamv NO4YEmHoe
mecmo OYK6ANIbHO 60 6cex 001acmax HAyKU U MexHuke,
npou3B00CmMBa, 6 Haulel NoeceoHesHol xcuznus Ho u ceuuacy Ko20a 6
PaoUOIIeKMPOHHBIX

YCMPOUCmMBax 6 OCHOBHOM UCHOIb3YIOMCA NOAYNPOOHUKOBble Npudbopvl u
UHME2PANbHble MUKPOCXeMbl PA3IUYHO20 HA3HAYEHUSy IAEeKMPOHHblE=
JIAMABL  NPOOOTAHCAIOM  CMPYOUMBCANY» 60 MHOSUX PAOUOBEUAMETbHBIX
NPUEMHUKAXy PAOUONAXy MACHUMOMOHAXy MENeBU30DAX



YCTPOMCTBO JIEKTPOHHOM JIAMIIb

JIro0as NIEKTPOHHAS JlaMIla, MMy KOPOYe, PaanoIaMIa, NpeCTaB]
CTEKJISTHHBIM WM KepaMUUYECKUH OallsloH, BHYTPU KOTOPOTO HA M
YKPEIUIEHBI 3EKTpOoAbl. Bo3ayx u3  OajuioHa jJaMIibl OTKa4yuBa
OTPOCTOK B HUXKHEW WM BEpPXHEW 4yacTh OalljIOHA.

CunibHOE pa3pekKeHHE BO3AyXa BHYTPH OallJIoHA=BaKyyM=HEIPEMEE
paldoTHI paIMOJIaMITbla

B kaxnoil paauoniamiie 00sA3aTEIbHO €CTh KamoO=0TPUIATEIbHBIMI AIIEKTPO/Iy
SBJISIIOIIUNACS MCTOYHUKOM AJICKTPOHOB B JIaMI€y U AHOO=TIOJIOKUTEIBHBIN 3JIEKTPO/Ia
Karomom MoxeT ObITh BOIb(PaMOBBI BOIOCOK, IONOOHBIH HHUTH HaKala 3J'ICKTpO
JAMIIOYKH, WM METAIMYECKUN HWIMHIPHUK, MOJIOTPEBACMBIN HUTHIO HaKajld, & aHOJOM=
MeTa/uIM4ecKas IUIaCTUHKAa, a 4Yalle KopoOouka, uMeromas ¢(opMy [UIMHIApPA WU
napaenenunea. BoibhpaMoBYI0 HUTh, BBIOJHSIONICIO POJIb KaTO/Aa, HA3BIBAIOT TAKXKE
HUTHIO HaKaJlaa

Ha cxemax 0ayioH jaMIibl YCJIOBHO O0O3HAYalOT B BHUJIE OKPY>KHOCTH, KaTO=Ty>KKOil,
BIIMCAHHBIA B OKPYKHOCTH, AHOJ=KOPOTKOM YEpPTOM, PACIIOJIOKEHHBIN HAJl KaTOAOM, a U3
BBIBOJIA = JIMHUSIMH, BBIXOISIIAMU 3a MPEACIbl OKPYKHOCTH. Pajnoiiamribl, coliepkanuye
TOJIBLKO KaTOJl U aHOM, HA3bIBAIOT 0BYXAIEKMPOHHbIMU WIN OUOOAMUx




KaX, BIASHHBIX B
oamnoHa. Croiiku
BBIBOJIAMH  BJICKTPOAOB. Yepes
DIEKTPOMIBI  COCTMHAIOT C APYTUMH

DM HMMEIOTCS CIUPAIM U3 TOHKOU
y HE COIPUKACasIChy PACIIOIATAIOTCS
aueHMs JIaMIl YHUCJIO CETOK B HEH
Puc. 1. YCTponcTBo 1 n3obpakeHne ABYXaNeKTpoAHON Namibl Ha MyJei(e): I 1L R a1 L0 B @1 c ()i ¢
cxemax Hole U Tala COOTBETCTBEHHO HX
Ha3BIBAOT mpuodamu (C OITHOU CETKOM)y, mempodamu (C nByms cetkamu)y newmooamu (c
TPEMsI CETKAMMU ).




Knaccuduxaiuys 1 napameTpsl BHCKTpOHHIalxm
N\

Jlnon = JBYXDJIEKTpOAHAS JlaMIla, COCTOAIAs M3 Karoga W aHoga. LIpu =3 Aa
MOJIOKUTEIBHOTO HAIPSHKEHUST  4epe3 MO TeYET TOKa [Ipu momaue HA JAMESE-QEPH
HaNpsDKEHUST TOKa 4epe3 MO HETa

TpI/IOI[ = TPCXIJICKTPOHHAA JIaMIlds UMCHOIIAA. KPOMC KATOJa U dHOLAy YIIPABIISAKO

PACIIOJIOKEHHOM MEXy aHOIOM M 3KPAHHOM CETKOM.

queBOﬁ TCTpOA = YCTBIPCXIJICKTPOAHAA JIaMIla B KOTOpOfI IMOAABJICHUC IWUHATPOHHOTO
JOCTHUTACTCA Cl'IeI_[I/IaJ'IBHOI\/JI KOHCTpYKI.[PICfI OJICKTPOAOB JIaMIlbly IIPH KOTOpOfI OJICKTPOHBI JICTAT OT
Karoaa K aHOAY Y3KMMH I1YYKAMHa

FCKCO,Z[ = MICCTUDJICKTPOHHAA JIaMIlds UMCHOIIAA YCTBIPC CCTKUa

I'enTon = CeMHUANIEKTPOHHAS JIaMMa C MATHKO CETKaMM. JlamMma COCTOUT M3 JIByX YaCTEH. TpH&,ﬂHoﬁ U
MEHTOTHO!

OKTOIL = BOCBMHOJICKTPOHHAS JIaMIldy COCTOALIAA U3 IBYX yacTen TpHOI[HOﬁ 141 HGHTOI[HOI)'I-

KomOuHupOBaHHBIE JaMIbl MPEACTABISAIOT COOOM COENMHEHHBbIE B OAHOM OajUloHE JIBe WM Oolee
JaMIIbla

['a30HaMONMHEHHBIN CcTaOMIUTPOH(CTaOMIN3aTOp HANPSHKCHUSA) HUCHOAB3YyeTCs IS MOAJACPIKAHUS
MMOCTOSTHHOTO HAIPSKEHUS MUTAHUS PATUOCXEMa

baperrep (craOmim3arop TOKa) HWCHONB3yeTCS IS TOMJISPKAHUS B IMOCTOSHHBIX MpeaesaXx TokKa
HakaJa JIamIIbla

MapkupoBKa 3J€KTPOBaKYYMHBIX TPHUOOPOB.



HanmeHoBaHuE OTEUECTBEHHBIX JIEKTPOBAKYYMHBIX MPUOOPOB COCTOUT U3 qe@m

[Mudpa nepen nepBoii OykBoi(min rpymnmnoi OyKB) yKasbIBaeT IS IPUEMHO=YCH
KEHOTPOHOB HOpMasibHOE. HarmpsikeHre Hakallas ISl SJIEKTPOHHOTYYCBEIX 1
SKPAHOM BEIMYHHY JHOTaHAIN SKpaHa, s 0apeTTOB HOMUHAIIBHBIN TOK C

[TepBas OykBa(wim qBe TIepBbIe OYKBBHI)O3HAUACT.
A=49acTOoTHO TIpeoOpa3zoBareibHasl JIaMra C IByMsl  YNPAaBIISIONUMU CETKAMU4
b- auop = kaTton. ABOMHOI= Karoj, craduiau3arop Toka(baperrep)s,
I'=nuona=Tprosi. IBOMHON JUOI=TPUOM. T€HEPATOPHAS JIAMIIA.

H-nuon,

E-nHaukarop HaCTpOUKH.

JK=-ManoOMOIHBIA EHTOA. JIY4EBOM TETPOJ C KOPOTKOM XapaKTEPUCTUKOM

N= Tpuon= rekcolla TPUOA= TENTOM- TPUO= OKTO/I, >

K= MamoMOIIHBIN NEHTO. JIY4€BOM TETPOJI C YINIMHEHHON XapaKTEPUCTHUKOM.

JIK= siekTpoHHOy4YeBas MpUeMHas TEIEBU3MOHHAS TPYOKa C 3JIEKTPOMArHUTHBIM OTKJIOHCHHEM JTy4Yaa
JIO= snekTpoHHONIy4YeBask TPyOKa C DJIEKTPOCTATUUECKUM OTKJIOHEHHUEM JTyYaa

H=- npuemMHO=yCUIIUTENBHBINA TBOMHON TPUO/ly

IT- BBIXOIHOM JTy4E€BOM TETPOd= MEHTO/Ia

C-tpuon.

CI'= cTaOUIUTPOH,

®-tpuon-nentoy (namma 6DOGC-ucKIOUeHHE,TaK SIBISICTCS OKOHCUHOM IICHTOIOM),

X= TBOMHOM MO/,




[{- KeHOTPOH, ﬂ

D= TeTpO. =
TpeTuii 3IeMeHT 0003HAYEHHUsA= YHCIO MOCTEe MEPBOH OyKBBI, YKA3HHS:
HOMEp pa3pabOTKHU MpuOopa. 7

YeTBepThIit 21eMeHT= OyKBa, 0003HAYaroIass KOHCTPYKTUBHBIC 0C064H
C- nanMbl B CTEKJISTHHOM 00OJIOUKE,

K=jamImibl kepaMuueckoil 000JI0UKE,

K= TamIibl TUIIA JKETY/b,

[1- mammbl MuHHaTIOpHBIC auamerpoMm 19 u 22,5 mwm,

' JamMIBl CBEpXMHUHHUATIOPHBIC AMaMETpoM Bhiiie, 10 MM

P= J1aMIIbl CBEpXMHUHHATIOPHBIC TUaMeTpoM 4MM, ®

b- nmammnel cBepXMHHHMATIOpHBIC auaMmeTpoM Bbimie 10 mw,

A= 1aMITbl CBEpXMHUHHUATIOPHBIC quamMeTpoM 6 MM,

JI=TaMIbl ¢ 3aMKOM B KJIFOUE,

J[=n1aMImbl ¢ TUCKOBBIMU BIAsIMHUa

VY HEKOTOPBIX JIAMIT UMEETCS €IIE U IMATHIN AIEMEHT, KOTOPBhI 0003HAYAET CIICIYIOIIEE,
B=naMnbl mOBBIIIEHHOW MEXaHUYECKON MPOYHOCTH U HAJICKHOCTH,

E- namnibl oroBeUHbBIE,

W= namMnbl npeaHa3HAYCHHBIC JIJI1 UMITYJIbCHON Pa0OThI,

K=yam1ibl BBICOKOW BUOPOYCTOMUYMBOCTH.

Jlammibr [1=-A Ha3bIBaIOT €€ MajaIbdMKOBBIMU.
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Camoli mpocToil paguonaMIIo=I1oI0M MOXKET CTaTh Jr00as JlaMna HakKaJluBaHusy. CCif
Oa/UIOHa BNASTh METAUIMYECKYIO IUIACTHHKY C BBIBOJOM HAPYKy U YAAJIdEh—H3 =3 ff BOBY X
Y008I pasorpeTh ¢€ HUTh  HaKand, MOJKIIOYMM K €€ BBIBOJAM 0aTaper) Hakdlga BBIBOM ‘ DYKYs
U yIaauTh W3 OajyloHa BO3MyXs UTOOBI pa3zorperh €€ HHUTh HaKala,  T0&KHO \ 233 “.‘.-f
batapero Hakanma GBh. OOGpasyercs yens wHaxana. Bropyro Garaperod i ¢\ BBICOKH
HaIpsSKCHUEMy COCJIMHMM OTPHIIATCIbHBIM IIOJIFOCOM C OAHUM 13 BRIBOAOB Hakasa,  a
MOJIOKUTEIBHBIM TOJIFOCOM=C aHOJOMa. (OOpa3zyercs BTopas IeMb=aHOOHAsy COCT ma 3 ymiacTKa
KaTom-aHoJ, aHogHOW Oarapen GBa u coeMMHUTENBHBIX TPOBOMHUKOB. ECIH 'BKIFOYUTH(B HeEE
MUJUTHAMIIEPMETP, CTPESIKa Mpubopa YKaKeT Ha HAJIMYHWE TOKA B ATOH IICIIH.

VY Bac ecTeCTBEHHO, MOXKET BOSHMKHYTH BOIPOC: ITOYEMY B aHOJIHOM Iienu TeueéT Tok? Bemp Mexmy
KATOAOM M aHOJIOM HET JJIEKTPUYECKOTO COCIUHEHU S

OTBeuaro: MOAKIIOUUB AaHOAHYIO Oarapero, Mbl TEM CaMbIM CO3NAIU HA AHOIE IOJIOXKHTEIbHBIN
3apsifly @ Ha Karoje= OTpULIATeIbHbIM. MeXy HUMU BO3HUKIIO 31€KMPU4ecKkoe nojey 1Noj AEUCTBUEM
KOTOPOTO JJIEKTPOHBI; UCITYCKAEMbIE KaTOAOM, YCTPEMIISIIOTCS K MOJIOKUTEIIBHO 3apSKEHHOMY aHOMYs
A Karox NOKUAAKOT APYTHE DJIIEKTPOHbI, KOTOPBIE TAKXKE JIETAT K aHOAy. JlOCTHTHYB aHO[Ia,
AJIEKTPOHBI JBWKYTCA MO COCAUHUTEIBHBIM IPOBOJAHUKAM K IOJIOKUTEIBHOMY IIOJIOCY aHOIHOMN
Oaraped, a W30BITOUYHBIC D3JEKTPOHbI C OTPULIATEIILHOIO TMONKOCAa Oaraped TEeKYT K KaTolys
OOpa3zoBaHue B aHOAHOM IENMM JAMOJA IMAaTOKa JJICKTPOHOB MOXHO CpPaBHUTH C TaKUM SIBJICHHUEM.
Ecnu Haj kundineil BoJON MOMECTUTHh KPBIIIKY KACTPIOJIW WM TapeyiKy, TO 0Opa30oBaBIIMMCS Tap
OyZleT Ha HEW OXJIAXJAThCSl U «CTYIIATHCSI» B Karelbke BO/Abla C TOMOIIBIO BOPOHKH MBI MOXKEM 3Ty
BOJAY BEpPHYTh B KacTproyto. [lonydaeTcs kak Obl 3aMKHYTasl 11€1by KOTOPOU JABUIKYTCSI KaK YacCTHUIIbI
BO/Ibl.

KAK PABOTAET JIHOJ N
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Tok aHOI[HOﬁ HOCTIN HA3bIBAIOT =aHOJHBIM TOKOM,y a4 HAIIPSXKCHUC MCKAY a I[OM:}K ATOO aMIIbI

)
SN2
-aHOJHBIM HampsDkeHHeM. Hapsimy ¢ TepMHHOM «aHOIHOC HANpPSUKCHUSY —HPUME é"’“ AKUe

TEPMUHbBI «HAMPSHKEHUE HA aHOAE», WHANpsDKEHUE aHOoJa». Bce 3Tu TepMuUHb-paBHEEHATHE
MOAPa3yMEBAIOT HAMPSDKCHUE, ICHCTBYIOLICC MEKIY aHOAOM M KaTOIQM. ECIF IO ‘5‘!‘.
OaTapey WM MHOTO MCTOYHHUKA TOKA IMPHUCOCIMHEHBI HEIOCPEACTBEHHO K KATOAY Ry
TO aHOJHOE HaMpsHKEHUE OyJeT paBHO HAMPSHKCHUIO UCTOYHHKA TOKA. ‘

Ntak, nIBYyXdJEKTpOAHAs DSJIEKTPOHHAs JlaMIla, KaK W TOJYyIPOBOJHHKO noji, | 00IagacT
CBOMCTBOM OJTHOCTOPOHHEH MPOBOAMMOCTH Toka. Ho oHa B oTinMuue OT MONYAPOBOIHUKOBOTQRINOIA
MPOITYCKaeT uepe3 ce0si TONBKO MPSIMON TOK, T.€a TOK TOJBKO B OJTHOM HaIpaBlieHUE = OT KATOAA K
aHony. B oOpaTHOM HampaBJIeHHH, T«€« OT aHOZAA K KaTOy, TOK MJITH HE MOXET. B 3TOM OTHOIICHHUH
paauoniaMmia, OCECCIIOPHO, TPEBOCXOAMWT IOJYNPOBOIHUKOBBIA MO, Yepe3 KOTOPBIM TEUYET
HEOOJBIION OOpaTHBIN TOKa

Yrto BIMSECT HA 3HAYCHHUC AHOIHOI'O TOKa zmoz[a? Ecnu KaToJd MMECT MOCTOSIHHBIM HaKaJl ‘I/IBHY‘IaGT
6€CHpepBIBHO OIHO MU TO 7K€ KOJMYCCTBO JJICKTPOHOBy TO aHOHHBIﬁ TOK 3aBHUCHUT TOJBKO OT aHOJHOI'O
HaIIPpAKCHU S = HpI/I HEOOJIBIIIOM AHOJHOM HAIIPsPKCHUKM aHOJda MOOCTUTHYT JIMIIb TC 3JICKTPOHLI,
KOTOPbIC B MOMCHT BbLJICTA M3 KAaTOL4 O6J'IaJIaIOT Hanboyee BEICOKHUMH CKOPOCTAMU - ]IpyrI/Ie, MCHECC
((6BICTpBIe» QJICKTPOHBI OCTAHYTCA BO3JIC KATO/dds YeMm BbIIIIC AHOOHOC HAaIIPAKCHHUCy TCM OOJIbIIIE
SJICKTPOHOB IPUTAHCT K ceoe AHOy 3HAYUTCIIBHCC 6Y)ICT aHOﬂHBIﬁ TOKa OI[HaKO HC CICAYCT AYMATby
9TO IOBBIIICHUCM AHOAHOI'O HAIIPsKCHUA MOXKHO OCCKOHEUHO YBCINYUBATH aHOI[HBIﬁ TOKa HpI/I
HCKOTOPOM HJOCTATOYHO BBICOKOM dAHOIHOM HAIIPSAKCHHUN BCC JJICKTPOHbIy H3JIYHACMbIC KaATOIOM,
6}’JIYT moragarb Ha aHOA W IIpU I[aJIBHeI‘/JIH_IGM YBCIIMYCHUHU HAIIPSKCHUA HaAa AHOIC aHOJIHBIfI TOK
nepeCTaéT pacCTHa OTO sIBJIEHHE HaA3bIBAIOT HACBIINICHUECM aHO/1da




Ecny B aHOMHYIO Llelb BKIIOYUTH HArpy30YHBIH PE3HCTOP Rh , qepezs{\
BBINPSIMIICHHBIA JUOAOM TOKa [Ipy 3TOM Ha BBIBOJIE PE3UCTOPAy COCAUHEHHONE- i
IJTIFOCy @ HA JIPYTOM BBIBOJIC — MUHYC BBIIPSIMIICHHOTO HANPSHKEHUSA. JTQ/HA
Ha PE3UCTOPEy; MOXKET OBITh CIIAXKEHO (DUIBTPOM BBIIPSIMUTENSI U TMOJA

MUTAHUS KOTOPOW HEOOXOAUM IMOCTOSIHHBIM TOKa.
Jlamribl, TIpeHa3HAYaEMBbIe JIsl PaOOTHI B BBITPSIMUTENSX,y HA3BIBAIOT KEH M M)é
JIByX3JIEKTPOJHBIE JIaMITbl MOXHO MCIIOJIb30BaTh HE TOJIBKO JJIsI BBIIPSIMIICH

HO W JIJIs1 JETEKTUPOBAaHUSI MOTyIupoBaHus koyieOanuii PY.




BOJIbT=-AMIIEPHA A XAPAKTEPUCTHUKA I[I/IOI[

YcTaHOBKY COOMPAIOT MO PUCYHKYa. JlJIsI M3MEpeHUs HapsKEHUs anMeH;ﬁ@.l:
raJIbBAHOMETP OT BOJIETMETpA, I KOTOPOTO B KadyecTBE J00aBOYHOTQ/ CQIIPO:
pesuctop conporuBicHueM 10 kOwm, 4TO pacmmpser npeaeia u3MepeHus
mkany ¢ 19 nenenusamu (omHO AeieHne OyaeT cocTaBiIATh 3 B).
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[Tepen mpoBuaeHHEM OIbBITa 5 PYy4Ky perynsropa HanpsokeHus 100 B CTaBgCL\B\\&
y 3

HOJIOKCHHEs BKITIOYAOT YHUBEPCAIBHBIA BBIIPSIMHUTEIb H JOOUBAIOTCSA HOPME: CBEYL

[Tagarotr Ha aHox nammbl Hanpsokenne 12 B u orMeuaror mokazaHue TaiibBa
1enb aHoma. M3menstor anoguoe Hamnpspkenrue oT 0 qo 36 B (uepes 12

MOKa3aHNE TaJIbBAHOMETPA. /[aHHBIE 3aHOCAT B TAOUILY:

-

[To pe3ysibpraTam OIBITa CTPOST BOJBTAMIIEPHYIO XapaKTEPUCTHKY auoAas (OIBIT MOXKHO TTOBTOPHUTH
IpH JAPYroM HaNpsDKSHUM HaKajla KaTojla.)
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VY nocku ¢ pykoBoautenem kpyxka Epodeesim B.

.

NBan MakcuMoOB y CTE€HIA

SJICKTPOHHBLIX JIaMIla



