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BYAANMID PIBAHOBIT HDCILIOKY KHUTM 110 3TOM TeMmej M 3aTeM pacckazarb 00 3TOM Ha
KpPY>KKej a 3aTeM 3Ty paboTy OTIpPaBUTh Ha (PECTUBAJIby UTO 51 C YIOBOJILCTBUEM M JI€JIA0.



B ce0é epemsa snexmponnas namna cosepuiuid /6
NOONUHHYIO  PEeBONIIOYUIOE KOPEHHbIM 00pa30M UMEHUILA
nepeoarowux u

NPUEMHBIX YCIMPOUCMBy YBETUHULA OATLHOCMb 0eUCBUSL UXy NO380IUNA

paouomexHuxke coeiams SUSAHMCKUU uiae enepéo u 3aHamov NOYEMHOoe
mecmo OYK6ANIbHO 60 6cex 001acmax HAyKu U MexHuke,
npou3B00CmMea, 6 Haulel NoeceoHesHol xcuznus Ho u ceuuacy Ko20a 6
PaoUOIIeKMPOHHBIX

YCmMpoucmeax 6 OCHOBHOM UCNONb3YIOMCA NOJYNPOOHUKOBblE NPUOOPbLL U
UHME2PANbHble MUKPOCXeMbl PA3IUYHO20 HA3HAYEHUSy IAEeKMPOHHblE=
JIAMABL  NPOOOTAHCAIOM  CMPYOUMBCANY» 60 MHOSUX PAOUOBEUAMETbHBIX
NPUEMHUKAXy PAOUONAXy MACHUMOMOHAXy MENeBU30DAX



YCTPOUCTBO DJEKTPOHHOMU JAMIIb

JIrob0as SIEKTPOHHAS JIaMIla, WM, KOpO4e, pajuosamiiay TP ,;

CTaJ'II)HOI/I, CTCKJISIHHBIA WA KepaMI/I‘ICCKI/II/I 6aJ'IJ'IOH, BHYTPpH KOTOpQ o
CTOMKaxX YKPCIJICHBI SHCKTpOI[BI- BOBI[YX N3 OaiuioHa JaMisL O
HEOOJIBIION OTPOCTOK B HIDKHEU WJIN BCpXHGI/I yacTH OalIoHax I, / )/

CunbHOE pa3pekeHHEe BO37yXa BHYTpU OalIOHa=BaKyyM=HEIPEMEHHQE YCIOBHE s
palboTHI paiMOJIaMITbla

B xaxmoi paauvosiamme o00s3aT€IbHO €CTh KamoO=OTPULIATEIIBHBIA  AIEKTPO/l,
SBJISIIOIIUNACS MCTOYHUKOM AJICKTPOHOB B JIaMI€y U AHOO=TIOJIOKUTEIBbHBIN 3JIEKTPO/Ia
Karomom MoxeT ObITh BOIb(PAMOBBI BOIOCOK, IONOOHBIH HHUTH HaKala 3J'ICKTpO
JAMIIOYKH, WM METAIMYECKUN MWIMHIPHUK, MOJIOTPEBACMBIN HUTHIO HaKajld, & aHOJIOM=
MeTaJuIM4ecKas IUIaCTMHKAa, a 4Yalle KopoOouka, uMeromas ¢(opMy [UIMHIApPA WU
napaenenunea. BoibhpaMoBYI0 HUTh, BBIOJHSIONICIO POJIb KaTO/Aa, HA3BIBAIOT TAKXKE
HUTHIO HaKaJlaa

Ha cxemax O0anioH jaMmbl YCJIOBHO O0O3HA4arOT B BHUAE OKPYXKHOCTH, KaToj-
IIy’KKOW, BIIUCAHHBIK B OKPYKHOCTH, AHOA=KOPOTKOM  YEPTOM, PACIIOJIOKECHHBIA HAJ
KaToJIoOMy a U3 BbIBOJA = JIMHUSIMH, BBIXOISIIIUMUA 34 MPEACIbl OKPYKHOCTH.
Pannonamribl, copepskaiine TOJbKO KaTroj W aHOJ, Ha3bIBAIOT O8YXINEKMPOHHbIMU WIIA
0U00aMU



TPOJIbl 3aKPEILICHBI
CTOMKaX, BITASSHHBIX B

IOTCSI  OJHOBPEMEHHO BBIBOJIAMU
J1aMNO8YI0 NAHENIbK) = 3J'aKTpOI[BI
NCTBAa

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 ).




Jlnom = JABYXANEKTpOAHAs JamIla, COCTOSIAs W3 Karoga M aHola. lIpw
MOJIOKUTEILHOTO HANPSOKEHUST  Yepe3 JUOJ TEUET TOK. IIpu mojmaye Ha JalEs-
HaNpsDKEHUST TOKa 4epe3 MO HETa

Tpuox = TpexXaNeKTPOHHAS JIaMIla. UMEIOIIAs. KPOME KAaTONA U aHONa, YIIPaBIsITTL
TeTpon = 4eThIPEXIIIEKTPOIHAS J1aMIla, UMEIOIIAS.KPOME KaroAa U aHO/Id. YHPABAOMIY

IlenTOn = MATMOIEKTPOAHAS JIaMIla, OTIAMYAIOINA’LCS OT TeTpoma TpeThei(aHruAuHarpo
PACIIOJIOKEHHOM MEXy aHOIOM M 3KPAHHOM CETKOM. L L

queBOﬁ TCTpOA = YCTBIPCXIJICKTPOAHAA JIaMIla B KOTOpOfI IMOJAaBJICHUC AUHATPOHHOTO Bq)(beKTa
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. Tpueuﬂoﬁ U
IIEHTOAHOM!

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.
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HanmeHoBaHME OTEUECTBEHHBIX 3JIEKTPOBAKYYMHBIX ITPHOOPOB COCTOUT U3 YCEBIPEX\OYRE
[Mudpa nepen neppoii OykBou(min rpymnmnoi OyKB) yKa3bIBaeT IS MPUEMHO=YCHAHIE] \;\‘. /
KCHOTPOHOB HOpMasibHOE. HampspbkeHue Hakama. Jis SJIEKTPOHHOIYUCBBIX TPYE
AKPAHOM BEJIMYMHY JHOTaHAIU dKpaHa, /I 0apeTTOB HOMHHAJIBHBINA TOK Craom

[TepBas OykBa(wim qBe TIepBbIe OYKBBHI)O3HAUACT.
A=4acTOoTHO TIpeoOpa3zoBareibHasl JIaMrna 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 MpUEeMHas 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/,




[[- xeHOTpOH,

D= TeTpO.

Tpetuii sneMeHT 0003HAUYECHUSA= YMCIIO TOCJE€ NMEPBOM OYKBbl, YKA3k
HOMEp pa3pabOTKHU MpuOopa.

YeTBepThIit 21eMeHT= OyKBa, 0003HaYaroIasi KOHCTPYKTUBHBIE 0C00C

C- 5anMbl B CTEKISSHHOM 000JI0UKE,

K=jamImibl kepaMuueckoil 000JI0UKE,

)K= nmaMmbl THIA JKETY/Iby

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

[ maMIIbl CBEpXMHUHUATIOPHEIC AramMeTpoM Bbiie, 10 MM

P- mammoel cBEpXMHHHATIOPHBIE JUaMETpoM 4MM, ®

b= nammbl cBepxMuHHATIOpHBIE nraMmeTpoM Beiiie 10 mm,

A= JTaMIIbl CBEpXMUHHMATIOPHBIE JuaMeTpoM 6 MM,

JI=TaMIbl ¢ 3aMKOM B KJIFOUE,

J[=1amIibl ¢ JUCKOBBIMHU BI1asMHa

VY HEKOTOPBIX JIAMIT UMEETCS €IIE U IMATHIN AIEMEHT, KOTOPBhI 0003HAYAET CIICIYIOIIEE,

B=maMIibl MOBBIIIIEHHOW MEXAHWYECKOM MPOYHOCTH YU HAJICKHOCTH,

E- mamIibl 7OJITOBEYHBIEC,

M- mammpl npeaHa3HauYeHHBIE JJI UMITYJIbCHON paOOThl,

K=yam1ibl BBICOKOW BUOPOYCTOMUYMBOCTH.

Jlamribl [1=A Ha3bIBAIOT €II€ MAJTBYUKOBBIMH.




KAK PABOTAET IO/

Camoii MpOCTON paauoNaMIo=IMOAOM MOXKET cTaTh JiIoOas Ja
BHYTpb €€ OajsIoHa BHASATh METAUIMYECKYIO TJIACTUHKY C BBIBOJIOM HapY Ky HYia
BO3/1yX. UTOOBI pa3orperh €€ HUTH HaKajga, TMOAKIIOYNM K €€ BbIBOA .lg;”
BBIBOZIOM HAPYKYy M YIAIUTh U3 GAUIOHA BO3IyXs UTOOBI pasorpers e€/HurhHgKamk
e¢ BriBomaM Oarapero Hakanma GBh. OOpaszyercs yens naxana. BTopyro- Faxape
BBICOKMM HAaIIPsI)KEHUEM, COCAUHUM OTPHULATEIBHBIM MOJOCOM C OJHUM M3 BHIBOAOR
OJIOKUTENLHBIM TIOIFOCOM=C aHomoM. OOpasyercs Bropas LENb-aHOOHasty OCTds
KaTom-aHoJ, aHogHOW Oarapen GBa w coeMMHUTENBHBIX TPOBOMHUKOB. ECHN BKIIOIUTH (B HeE
MUWIJTHAMIIEPMETP, CTPEIKa MpUOOpa YKKET Ha HAJUYKME TOKA B ITOM IICIH.

VY Bac €CTECTBEHHO, MOXKET BO3HHMKHYTH BOIPOC: TOYEMY B aHOIHOW Iienu TeuéT ToK? Benpb
MEXAY KaTOIOM U aHOAOM HET 3JIEKTPUUYECKOTO COCIUHECHMUSa

OTBeuaro: TMOAKIIOUMB  AHOAHYIO Oarapero, MBI TEM CaMbIM CO3Jaldd Ha@y aHOJC
MOJIOKUTENIbHBIN 3apsifl, a Ha Karojie= OTpPUIATEIbHbIMa MEXTy HUMU BO3HUKIIO 3NEeKMPUUECKOe
noiey, TOJ JICCTBUEM KOTOPOTO AJIEKTPOHBbI, HCIIYCKA€MbI€ KaTOIOM, YCTPEMIISIOTCS K
MOJIOKUTENIBHO 3apSHKEHHOMY aHOAY. A Karoj MOKUAAIOT JAPYTUE AJIEKTPOHbl; KOTOPHIE TAKXKE JIETST
K aHoay. JlocTUrHyB aHoda, OJJEKTPOHBI JBHXKYTCS 110 COCAUHHUTEIBHBIM IPOBOJHUKAM K
MOJIOKUTEJIBHOMY TIOJIFOCY aHOJHOM Oarapeu, a U30bITOYHBIC JIEKTPOHBI C OTPUIIATEIILHOTO MOJI0Ca
Oarapeu TEKyT K karony. OOpa3oBaHue B aHOIHOW 1€MW JUO/A MAaTOKa 3JIEKTPOHOB MOXHO CPaBHUTH
C TaKUM sIBICHHEM. ECIM Haja KUMSIIEH BOJONH MOMECTUTH KPBIIIKY KAaCTPIOJIW MM TapeliKy, TO
oOpa3zoBaBIIHiicsa Mmap OyAeT Ha HEW OXJIAXKIAThCAd M «CTYIIAThCA» B Kamenbke BOAbl. C ITOMOIIBIO

BOPOHKH MBI MOXKEM OTy BOAY BEPHYTh B KacTproiifo. llomydaeTcss kak Obl 3aMKHYTasl IICliby
KOTOPOM JIBMXKYTCS KaK YaCTHI[bI BOJIbla
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Toxk aHOI[HOﬁ ICIIM HA3bIBAIOT =aHOIHBIM TOKOMy a HAIIPSKCHHUC ME HY\Q TOI[OM
H .‘1‘.’51'

JTaMITbl =aHOAHBIM HalpspKeHHeMas Hapsay ¢ TEPMHHOM «aHOJHOE HAIPSHKEHHEN: n,@‘i
TEPMUHBI «HAMPSHKEHUE HA aHOJE», WHANpsDKEHUE aHOoJa». Bce 3Tu Te€pMUHbI-H2BHE
MOAPA3yMEBAKOT HAIPSKEHUE, JIEHMCTBYIOLIECE MEXIY AHOAOM M KAaTONOMa JFx %/
OaTapey WM MHOTO MCTOYHHUKA TOKA IMPHUCOCIMHEHBI HEMOCPEACTBEHHO K KATOAY

TO AHOAHOC HAIIPsAXKCHUC 6y,H€T PaBHO HAIIPSAKCHUIO MCTOYHHKA TOKAa«

Ntak, NBYyXdJIEKTpOAHAS DJEKTPOHHAS JlaMIla, KaK W TMOJYNPOBOTHUKYBHM [T,/ 00
CBOHCTBOM O{HOCTOPOHHEH NMPOBOANMOCTH TOKa. Ho OHa B oTimume oT MOnyHpoBOJHHKOHOIE
MPOITYCKaeT uepe3 ceOsi TONBKO MPSIMON TOK, T.€a TOK TOJBKO B OJTHOM HampaBiicHUE = OT KaToda K
aHony. B oOpaTHOM HampaBJIeHHH, T«€« OT aHOZAA K KaTOMy, TOK MJITH HE MOXET. B 3TOM OTHOIICHHUH
paauoniaMia, OECCIIOPHO, TPEBOCXOAMWT IOJYNPOBOIHUKOBBIA JHOM, Yepe3 KOTOPBIM TEUYET
HEOOJBIION OOpaTHBIN TOKa

Yro BnuseT Ha 3HaYEHHME AHOTHOIO Toka auona? Ecim KaTol MMEET NOCTOSHHbIMgHAKal M
u3JIydaeT OeCIpephIBHO OJHO M TO K€ KOJUYECTBO IJICKTPOHOBy TO AHOAHBIM TOK 3aBUCUT TOJIBKO OT
aHOMHOTO HanpsbkeHUs. [Ilpu HEOONBIIIOM aHOJHOM HANPSIKEHUM aHOoJa JOCTUTHYT JIUIIb T€
AJIEKTPOHBI, KOTOPhIE B MOMEHT BbUIETa M3 KaToja o0iajaloT HamOoJjiee BBICOKMMHU CKOPOCTSIMU.
Hpyrue, MeHee «OBICTPHIE» DIIEKTPOHBI OCTAHYTCS BO3JI€ KaToAa. YeM BBIIIE aHOAHOE HAIMPSIKCHUE,
TeM OOJIbIIIE 3JIEKTPOHOB MPUTSHET K ceOe aHoid, 3HauuTelbHee OyleT aHOAHBIM ToK. OJHAKO HE
ClIeayeT JyMaThy 4YTO TOBBIIICHUEM aHOIHOTO HAMPSHKEHUS MOXHO OECKOHEYHO YBEJIMYMBATh
AHOAHBIA TOK. [IpM HEKOTOPOM JIOCTATOYHO BBICOKOM AHOJHOM HAIPSIKEHUHU BCE DIICKTPOHBI,
U3JIydyaeMble KaTo/ioM, OyAayT momajaTh Ha aHOI W NPH JajJbHEHIIEM YBEJIMYCHUW HANpsHKEHUS Ha
aHOJE AHOJHBIA TOK MEPECTAET PaCTU. ITO SBJICHUE HA3BIBAIOT HACHIIICHUEM AHO/Aa



Ecnu B aHOAHYIO IIEeTIh BKJIIOYHMTH Harpy3ouHblid pe3uctop Rh , aepe Her\
BBIIPSAMIICHHBIA JTMOIOM TOK. [IpyM 3TOM Ha BBIBOJE PE3UCTOPA, COCAUHEHHOM:
IJTIFOCy @ HA JIPYTOM BBIBOJIC — MUHYC BBIIPSIMIICHHOTO HANPSKCHUSA. JTQ /HAPIDRCHUE,
Ha PE3UCTOpPE,; MOXKET ObITh CIVIAKEHO (pHm,TpOM BBIIIPSAMUTENS U TOJIAHG .Jgg. y
MUTAHUS KOTOPOW HEOOXOAUM IMOCTOSIHHBIM TOKa.

Jlam1ibl, TpeAHa3HadaeMble 11 pabOThl B BBIIPSIMUTENNXy HA3BIBAIOT KGHIg

JIBYX3JICKTPO/IHBIC JIAMIIBI MOXXHO HCIOJIB30BaTh HE TOIBKO UL BRIIPAMIJCHS [}
TOKa, HO U JIJIsl ACTEKTUPOBAHUSA MOAYIUpPOBaHUs Kojebanuii PY. s
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BOJIbT=-AMIIEPHAA XAPAKTEPUCTHUKA JMOA \\\

YeraHOBKYy  coOMpaloT 10 pHCYHKY. Jlnsi  m3MepeHwus TFDSIKEHUS
JCMOHCTPAIIMOHHBIA TaJlbBaHOMETP OT BOJBTMETPa, IS KOTOPOrQ,/ B KadeGTBE
COIPOTHBIICHUS TPUMEHSIOT pe3uctop comporuBicHueM 10 kOwm, 4TO pacuspH
10 45 B. YcranasnmuBarot mkany ¢ 19 nenenusmu (omHo neneHue OylaeT coCr
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[To pesynpraraM oOmMbBITA CTPOSAT BOJBTAMIICPHYIO XapaKTEPUCTHKY 1uofa. (OIBIT MOXKHO
TIOBTOPUTH TIPY JAPYTOM HANPSHKCHUH HaKajla KaTo/la.)




HNBan MakcumoB y cTeHaa VY nocku ¢ pykoBoauteneM Kpyxka EpodeeBbim
DIEKTPOHHBIX JIAMIIa B.N.



