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bnarogapHocTb

C 4yBCTBOM ITYy6OKOM MPU3HATEILHOCTH ABTOP BbIpaXkaeT bJaro-
JapHOCTb CBOEMY ApyTY U copaTHUKy CninBak Bagumy IOpbeBuuy
3a BCECTOPOHHIOIO IIOMOIIb, OKa3aHHYIO NpU paboTe Hajl AaHHOMH
KHUTOI1.



Or aBTOpa

YBaxaeMble yuTaTenu!

Ilpexzae ueM BBl HAUHETE YUTATh JAHHYIO KHUTY, CYUTAIO He-
00XOAMMBIM O3HAKOMUTB BAC CO cienyioueii nagopmanuei.

Jli06b1e OLleHKM, MHEHUS, PEKOMEHJIALIMH, BbICKa3aHHBIE 3/1€Ch,
SIBJIIIOTCS IMYHBIMU OLIEHKAMU, MHEHUSIMU aBTOpa M HE MOTYT pac-
CMaTpUBAaTLCA KaK PEKIaMa MM aHTUPEK/IaMa.

ABTOp cTapajcs IPEXOCTABAATh TOUHYIO U IPOBEPEHHYIO UH-
¢opmanuio, oAHAKO HE MOXKET TapaHTHPOBAaTh MOJHYIO JOCTO-
BEPHOCTb U3JIOKEHHBIX B KHHUI'€ MaTEpHUAIOB, CXEM, PUCYHKOB
u Ta6auu. IlpeararaemMple onucaHus pU3NYECKUX MPOLIECCOB U
MPUHLNIOB (PyHKIMOHUPOBAHUS, ONIPEAEJIEHUs 1 pa3bICHEHUS
HeE MPeTEeH/YIOT Ha aKaJeMUY€CKYIO TOYHOCTD, TOCKOJIbKY JaHHAs
KHUTa IIPEJCTaBsET CO60I He yueOHUK, a NONYASPHOE U3JaHUE,
NpexHa3HaueHHOoe JJIsl YUTaTeNlel, 4acTo He 06J1aJalolUX JOCTa-
TOYHO IIYOOKMMU 3HAHUSAMU pacCMaTpPUBAEMON TEMAaTHKHU.

CcputkH, a TaKXKe MHBbIE CBEJEHUS JAIOTCS MCKIIOUUTENIBHO B
MHGPOPMAIIMOHHBIX LEJIAX.

Bcst nngopmanus, u3noxkeHHass B JAHHON KHUTE, TPUBOXUT-
Csl «KaK €CThb» (as is) ¢ BO3MOXXHBIMU OIINOKaMM, 6e3 IpsAMO BbI-
PaXXEHHBIX WM MOAPa3yMeBaeMbIX rapaHTHit mo6oro suza. Ilo-
3TOMY HU aBTOP, HA U3JaTEJIbCTBO HE HECYT OTBETCTBEHHOCTD 32
BO3MOJHbIE NIOCJIEICTBUSA, BbI3BAaHHBIE MCIIOJIb30BaHHEM NIpHBE-
JEHHBIX 3JieCh MaTE€PUATIOB, PUCYHKOB, CX€M U MHOI HHdoOpMa-
OUH, B TOM 4MCJE 32 MI06ble NpsAMbIE WIX KOCBEHHbIE YOBITKH,
BO3HUKIIME B PE3YJIbTAaTE MPAKTUYECKOTO MM TEOPETHYECKOTO
NPUMEHEHUs CBEACHUI, U3JI0KEHHBIX B 3TOM KHUTE.

Hcnonp3oBaHne pUCYHKOB, TaOJHUIL U CXEM, IPUBOAMMBIX B
npeaiaraeMoi KHUre, a Takyke MHON M3JI0)KEHHOM B Hell uHpop-
MalMHU OCYIIECTBIAETCSA YHUTATEIEM Ha COOGCTBEHHBIN CTpax U
PHCK C BO3JIOXEHMEM Ha HETO OTBETCTBEHHOCTH 32 BCE BO3MOX-
HbI€E MOCAEJCTBUS, B TOM YMCJI€ 32 BOSHUKIINE Y HETO WIN y Tpe-
TbUX JIMI] IPSIMbIE UM KOCBEHHBIE YOBITKH.

C yBaxkeHHEM U HAWTYYLIMMHU MTOXETAHUAMH,
M. B. Adamenxo



B Havase TpeTbero ThiCAYENETHS MAJIO KTO BCIIOMMHAET O TOM,
YTO B UCTOPHH PaJHOTEXHUKH PaMONaMIIbI IOJIrO€ BpeMs SIBJIsi-
JIMCh IVIaBHBIM 3JIEMEHTOM IPAaKTUYECKH JIOOOTO pajuoyCcTpoit-
cTBa B nepBoi nonaosuHe XX Beka.

C 50-x ronoB NpoNLIOro BeKa PaioNaMIIbl MOCTENEHHO yTpa-
YMBAJIM ZOMMHMPYIOIIEE NIOJOKEHHE, TOCKOMBKY C HOSBJEHHEM
MEPBBIX IOJYTIPOBOAHHKOBBIX IPUOOPOB U3MEHSIACH U 3JIEMEHT-
Has 6a3a, HCIoJb3yeMas NpH pa3paboOTKE M CO3AaHMH HOBBIX
PafHo3IEeKTPOHHBIX ycTpoiicT. [locTenenHo panuonaMnsl Gbl-
JI 3aMEHEHBI TPAaH3HCTOPAaMH M MUKPOCXEMAaMH B PaJUONIpHEM-
HHKaX ¥ MarHUTO(OHAX, TeI€eBU30PaX U U3MEPUTEIbHBIX IpU60-
pax, a TaKke B JIpyroi anmnaparype.

OnHako B HacTosIEE BpEMS MHTEPEC K PafinoaMIiaM €O CTO-
POHBI MHOTHX NPEACTABUTEJIEH COBPEMEHHOTO NOKOJIEHUSA pa-
auoso6uresneii 1 npogeccHoHanioB BHOBb Bo3pacTaeT. JlaHHbIi
¢akT 06BACHAETCA HE TOJBKO TEM, UTO BCErAa CYWECTBOBAJIH,
CYIECTBYIOT ¥ GYIyT CYIlECTBOBAaTh CAMOOTBEPKEHHBIE JI06HTE-
JIX CTapUHBI, KOTOPhIE HAXOAAT U BOCCTAHABJIWBAIOT JIAMIIOBLIE
PaAMONPHEMHHKH M TejeBu3opbl. OCHOBHAA NPUYMHA NOBLI-
IIEHHOTrO MHTEpeca HallUX COBPEMEHHUKOB K pafiuoaamnam 60-
Jiee mpo3anyHa. J[eso B TOM, YTO IO Ceii IEHDb €CTh TaKas 061acTh
PaAMOTEXHHUKH, Ie mobeaa NoJynpoBOIHMKOBBIX TPHGOPOB Hax
pajyoaMIaMi B 0603puMoM GyyliieM NpeACTaBIA€TCSa JOBOIb-
HO coMHHuTeNbHON. KoHeuHO, B nojapasiomemM 60IbIIMHCTBE
BHJIOB COBPEMEHHOMN PaZiM03JIEKTPOHHOM anmnapaTypbl BO3BpAT
K JJAMITOBBIM KOHCTPYKIIUSIM, 110 MEHBIIEI Mepe, HEOGOCHOBaH.
Onnaxo B 06acTi pa3paboTky, CO3AAHMS ¥ 3KCIUTyaTalluy IIpo-
¢peccroHanbHOM M MO6UTENBCKOM BbICOKOKaY€CTBEHHOM 3BYKO-
BOCIPOM3BOJSAIEH anmapatypbl GOABIIOI MOmHOCTH YMCJIO
NMPUBEPXKEHIIEB CXEMOTEXHNYECKUX PEIIEHUH C MCIOIb30BAHHU-
€M pajivoJiaMIl IIOCTOSHHO PacTeET.

ITo MHEHMIO MHOTHMX CIIEHATIHMCTOB, KaK paAHoaoouTeneit u
npo¢eCCHOHAJIOB, TaK ¥ MY3bIKAHTOB, pPacTylas NOMYASPHOCTb



Mpeancnosne 1 1

JIAMITOBBIX YCHJIMTE eI HU3KOMH YacTOThI 0O bACHAETCS 6osiee Bep-
HBbIM BOCIIPOU3BEJEHHUEM 3BYKOBBIX OTTEHKOB II0 CPABHEHMIO C
TPaH3UCTOPHBIMU YCHWINTEIAMM, UMEIOIMMH aHAJIOTUYHbIE Napa-
MeTpel. IMEHHO 1103TOMy MHOTHE MUPOBBIE NPOU3BOJAUTEH 3BY-
KOBOCIIPOM3BOASALIEH anmapaTypsl B IOCJIeHee BpeMs pa3paba-
TBIBAIOT M BBIITYCKAIOT JIAMIIOBbIE YCHINTENIN HU3KOM YaCTOTBI KaK
JUISl JOMAIIHUX ayIMOKOMIUIEKCOB, TaK U JJIsl NPO(deCcCHOHANBHBIX
My3bIkaHTOB. IIpu 3TOM Mo cBOMM mapameTpaM npejjaraeMas
annapartypa COCTaBJISET JOCTOMHYIO KOHKYPEHIIMIO TPaH3UCTOp-
HbIM aHasoraM. Cpeau ¢UpM, 3aHUMAIOLIMXCS ITPOU3BOJACTBOM
JIAMITOBO¥ ayAHOamnmnaparyphbl, Heo6xoaumo orMeTut MARSHALL,
DYNACO, VOX, FENDER, HEATHKIT, MARANTZ u muorue
apyrue.

B T0 e BpeMsi B COBpEMEHHOI crieaIi31pPOBaHHOI! IUTEpa-
Type HaiiTH KaKue-TH6O CBEJEHUS O PaAvOJaMIax MPaKTHYECKH
HEBO3MOXHO, XOTS MHOTJA My6JIMKYIOTCA CXEMOTEXHHUYECKUE pe-
IIEHUS, UCTI0JIb3yeMble NP CO3JaHUH YCHIIUTEIEH HU3KOH YacTo-
Tbl. OHaKO 3TOM MHGOPMALMKM HEJOCTATOYHO IS TOTO, YTOODI
HOJIYYUTb MPEACTABICHHE O NPUHIMNAX (YHKIMOHUPOBAHUSA Pa-
AMOJIAMII, @ TAKXKe 06 OCOGEHHOCTAX MOCTPOEHUS OTAEIbHBIX Y3-
JIOB 1 KaCKal0B BbICOKOKaueCcTBEeHHBIX samnoBbix YHY. MMenno
IPUBEJEHHBIE BbILle IPUYMHBI OKA3aIH pelliaiollee BAMAHUE Ha
NPUHATHE PEIIEHUsA O CO3aHUM NPEIaraeMoi KHUTH.

B03MOXHO, y HEKOTOPBIX UHTaTeIeH 3Ta KHUTa BBI3OBET YAUB-
JIeHUe, HeJJoyMeHUe M Jake HacMelky. be3a comHeHus, 3Hauu-
TeJIbHAs YacTh ayIUTOPUH PEAACTCS HOCTAIbIHYECKUM BOCTIOMU-
HaHusaM. Ho Taxoke BIIoJIHE BEpOATHO, UTO JUIsl KOTO-TO M3 3aUHTE-
PECOBAHHBIX YHTATENEH JaHHAsd KHUIrA IOCTYXWUT OTIPaBHOM
TOYKOMH NPH CO3JAHUM BBICOKOKAYECTBEHHOM MOIHOM 3BYKOBOC-
NpOU3BOJSALIEH! anmapaTypsl IO NPUBEJEHHBIM B HEll cxeMaM, a
TaKXKe IIOMOXET IPU KOHCTPYHPOBAHUH COOCTBEHHBIX JIAMITOBBIX
ycuIHUTeNEN HU3KOM YaCTOTDI.



CnNMCOK COKpaLLeHMN

APY - aBTOMaTHUECKasl PETyJHMPOBKA yCUIEHHUS.
AC - akycTuueckas CUCTeMa.

AYX - aMIUIMTYAHO-YaCTOTHAs XapaKTEPUCTHKA.
BIT - 610k nutanus.

BY - Bbicokas yacToTa.

JIB — n1HHbIE BOJHBI.

3C - 3ByKOCHUMATEb.

JIK - neBb1ii KaHa.

HY - nuskas yacrora.

OOC - orpunarenbHas 06paTHas CBA3b.
OC - obpaTHas cBA3b.

IIK - npasblii KaHa.

IMTOC - nonoxwresnbHas o6paTHas CBA3b.
ITY - npeaBapuTenbHBIA YCUIUTEND.

CB - cpeauue BOMHBI.

CY - cpeanss yacroTa.

YKB - yabTpakopOTKHE BOJIHbI.

YM - ycunuTeb MOLIHOCTH.

YH - ycuinrenb HanpsKeHUs.

YHUY - ycunuTenb HU3KOH YacTOTHI.

®BY - puaLTp BHICOKHX YaCTOT.

®HY - ¢unbTp HU3KMX YACTOT.

IBII - aneKTpOBaKyyMHbIi1 TpUGOP.

AMH - 31eKTPOMY3bIKAIbHBIH MHCTPYMEHT.



rnasalil

OGuue cBefenmnn

IIpesxae 4eM MPUCTYIUTb K PACCMOTPEHMIO CXEMOTEXHMYECKUX
peLIeHHi, TPUHLIMITHATLHBIX CXEM M KOHCTPYKLMIA BHICOKOKade-
CTBEHHBIX JIAMIIOBbIX YCIINTEJIEi HU3KOM 4acTOThl, He GyaeT us-
JIMITHUM BCITIOMHUTD UCTOPHIO NOSABJIEHUS U JJATbHENILETO Pa3BU-
THS 3JIEKTPOBAKYYMHBIX TPUGOPOB BOOGILE U 3JIEKTPOHHBIX JIAMIT
B YaCTHOCTH. B OTAE/NbHBIX pa3jiesnaX JaHHOM [JIaBbl KPATKO ONM-
CBIBAIOTCH OCHOBOTIOJIAraouye pusrueckue ABJIEHUS, UCTIONb3Y-
emble NpH PyHKLIHMOHUPOBAHUH 3JIEKTPOHHBIX JIaMII, A TAKXKe BO3-
HUKAIOWME NP 3TOM NMoGouHble 3¢PEKThI, BIUAIOMME HA UX
pa6oTy. Oco60e BHUMaHUE YIEJIEHO HE TOJBKO PACCMOTPEHHIO
IPOLIECCOB, NPOTEKAIOMMX B ABYX- M TPEXIJEKTPOHHbIX JIaMITaX,
HO Y IPUHLUMUITY pabOThbl TPUEMHO-YCHIMTENbHBIX JIAMIT B PEXUME
ycwienust. [ToMHMO 3TOTO JAI0TCA Pa3bsACHEHHs! HEKOTOPBIX OIIpe-
A€EHNI ¥ TEPMUHOB, HCIIOJIb3yEMbIX B CTIELIMAIM3H POBAHHOM JIM-
TepaType, a TaKXkKe OIMCaHUE OCOGEHHOCTEH KOHCTPYKUHH Y OT-
JIETIbHBIX 3JIEMEHTOB 3JIEKTPOHHBIX JIaMIIL.

1.1. Nlamnbl B HCTOPHH PAAHOTEXHHKM

VcTopwusi NIOSIBJIEHHS X Pa3BUTHS 3JIEKTPOBAKYYMHBIX IPUGOPOB,
B TOM 4HCJI€ XOPOILIO U3BECTHBIX MHOTMM M3 HAC PaJvoJaMII,
BECbMa MHTEPECHA, 3aHUMATeJIbHA U JJaXe royyurtenbHa. B Heit
reHUaIbHbIE OTKPBITHS TECHO MEPEIUIETAIOTCA C HEYAlaYyaMu 1 06-
MaHyTbIMHA HaJ€XJaMH, BEJUKHE M3006PETEHUs COCEACTBYIOT
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C IPUMUTUBHBIMU 4EJIOBEYECKUMH CTPACTAMM, a CIYYaHHOCTb
Hepa3pbIBHO CBA3aHAa C 3aKOHOMEPHOCTLIO. B TO e Bpems Tak
Ha3blBa€MbIii «JIAMIIOBBII NIEPHOA» B UCTOPUM PaIMOTEXHUKH .
GYKBIbHO NEPENOTHEH COOBITUAMM, KOT/Ia HE3HAYUTE/IbHBIE, Ha
NEPBblil B3MIAA, AETAIM, a TAKXKE NPAKTHMYECKH HE3aMETHbIE U
HEOGBACHUMBIE HAaYKOH TOrO BPEMEHM SBJIE€HUS NMPUBOAMIIMN K
KOPEHHbIM M3MEHEHHUSAM HalpaBJICHUN DPa3BUTUS PaJMO3NEKT-
POHHBIX ycTpO#CTB. ITpy 3TOM ZOBOJILHO YaCTO PYUIMJIMCD, Ka3a-
JI0cb Gbl, OUE€BHIHBIE U HECOKPYUIMMBIE JOTMBbI, U TIOATBEPXKAA-
JINCh CaMble HEBEPOATHBIE TEOPETHYECKUE MPEATIONOKEHUS.

K coxanenmio, orpaHnueHHblii 06bEM NaHHOTO U3laHUSA HE
NO3BOJIAAET NOAPOGHO PacCMOTPETH BCE 3aCTYXXUBAIOMKUE BHUMA-
HHUsl OCHOBOIIOJIaraloliiie COOBITHS, OKa3aBIIME 3HAUYUTENbHOE
BJMSIHME Ha pa3BUTHe paguoiamn. OXHAKO YIIOMAHYTL O HEKO-
TOPbIX HCTOPHYECKUX BEXaX NPOCTO HEOGXOAUMO.

Avoa n TPHOA - NEepBbie INeKTPOBaKYyMHbIe
npuGopni

OGBbIKHOBEHHAs 3JIEKTpUUECcKas JlaMIiouka 6buta n3obperena BO
BTOpOi#i nonosuHe XIX Beka. ABTOPOM 3TOro u3obpereHus 6bul
pycckuii nxeHnep-anexkrporexHuk A. H. Jloapirut, KOTOphIi elme
B 1873 roxy nmpoBoay1 oneIThI € YCTPOHCTBOM, CTaBIIMM IIPOOGDa-
30M XOPOIIO U3BECTHBIX KAXKIOMY U3 HaC 3JIEKTPUYECKHX JIAMIIO-
4eK. ITO yCTPOMCTBO NPEACTABIISIO CO6OH TepMETHYHO 3anasH-
HBIH CTEKISHHBIA GALIOH, U3 KOTOPOTrO ObL1 OTKauaH BO3AYX.
B 3TOT 6UIOH BIaMBAIKCD IBa 31EKTPOJIA, MEXIY KOTOPBHIMH Ha-
XOIWIACh YTOabHAsA HUTh. IIpH NOAKMOYEHUH UCTOYHHKA 3JIEKT-
PHYECKOTO TOKA K 3JIEKTPOJIaM 3Ta HUTb, BIIOCJIEACTBUH TOJy4HB-
1asi Ha3BaHNE HUTH HaKaJla, pa3orpeBasach TaK, YTO OCBEIATIOCh
HEKOTOpOe NPOCTPaHCTBO BOKPYT 6atona. Bniocieacrsum Jloasr-
THH M IpyrHe UCCIEeR0BATEIN MPUMEHSIN METALINYECKHE NIPO-
BOAHUKH U3 BoJbpaMa, MOIUOACHA U APYTHX METAUIOB.
H3BecTHbIN M306peTaTe/b U HE MEHEE TAIAHTIMBBINA Npex-
npuHuMaTeas T. A. DAHUCOH, TPOBOAS ONBITHI C OOBIKHOBEHHOM
JIaMIIOi4, MMEIOLLEH YTOIBHYIO HUTh HaKasa, pumepHo B 1880 roxy
o6paTii BHMMaHHe Ha MHTepecHoe spneHue. OH 3ameTwwn, 4TO
BOKPYT PacKaleHHO HUTH HaKaJa JlaMIibl o6pasyercs obnauko,
KOTOPO€ NOCTENIEHHO NPUBOAUT K NMOTEMHEHUIO BHYTPEHHEN
CTOPOHBI CTEKISHHOTO Gal/IOHa. DANCOH, NBITASACh ONPEAENUTD



Jlamnui B8 uctopum pagmorexunku 15

NPHUYHHY 3TOrO ABJIEHHUA, BNIAsU1 B GA/UIOH IOMOTHUTENbHBIN 3JIEKT-
poa. ITocexyiouye OnbIThH MPUBETH K HEOXKHUAAHHOMY PE3YIbTa-
Ty. OKa3a10Ch, YTO €CJIM MEX/Y 3TUM 3JIEKTPOAOM U ONHUM M3
3/IEKTPOJOB HUTHU HAKAIMBAaHUA BKIIOYUTH 6aTapelo, TO B LEMH
6yneT NpoTeKaTh TOK, HApaBJeHUE KOTOPOrO U3MEHSETCH B 3a-
BHCHMOCTH OT NOJIAPHOCTH NOAKMIOYEHHA GaTapen (puc. 1.1).

AKKYMYNsaTOp

Puc. 1.1. Cxema onbiTHOM ycTaHosku T. A. 3aucona

Koraa k 10noiHUTEeIbHOMY 3JIeKTPOJY MOAKIIOUAIACH III0CO-
Bas KIeMma 6aTapeH, NPOTEKAIOWMIA TOK GbUI MHTEHCUBHBIM. Ec-
JIM K€ K 3TOMY 3JIEKTPOJY NMOAKIIOYAIACh MUHYCOBas KJI€eMMa,
TOK OTCYTCTBOBAJI MJIK ObLT OYEHDb CIAGbIM.

IpeanpuumunBbIit U306peTaTeNb MOCHIEIIII 3aIIaTEHTOBATh
cBoe OTKpbITHE U B 1883 roxy fosyunn aMmepyKaHCKHIA MAaTEHT Ha
3TO ABJIEHHUE, NO37Hee HazBaHHOe 3¢ dekToM daucoHa. Koneu-
HO, B TO BpeMs HM caM JIUCOH, HU Jpyrue UccjIefoBaTeau He
MOIIY OOBACHUTD IPUPOAY AAaHHOTO 3¢pdekTa, KOTOPLIM B AEii-
CTBUTEIbHOCTH SIBJISAETCA TEPMO3NEKTPOHHOI amMuccueii. OxHa-
KO JIaMITa HaKaJIMBaHUA, B KOTOPYIO KpOMe HHUTH HAaKaJIMBaHUA,
BBEJICHBI IPYTHeE 3JIEKTPOJBI, HA MHOTHE JeCATHUIETUS CTaIa BaX-
HEWIIMM 3JIeMEHTOM pajguoanmnapatypsl. IloaToMy uMeHHO
1883 rox He 6e3 OCHOBAaHHII MHOTMMH CIIELMAJUCTAMU CYUTAET-
€1 TOJIOM POXJAEHHUS HOBOM OTPac/IM HAyKU U TEXHUKH, BIIOCIEN-
CTBUH IOJYYUBLICH 3ByYHOE Ha3BaHUE «3JE€KTPOHHKA».
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Heo6xoaumo orMetuTtsb, uTo A. H. Jloavirun u T. A. daucoH
IPOBOJUIN CBOU ONBITHI C JAMIAMH, BHYTPH Ga/UIOHAa KOTOPHIX
co3faBajica BakyyM. B TO ke BpeMsi HEKOTOpbIE UCCJIEOBATENH |
M3y4au SIBJIEHUs], BOZHUKalOLMe B 6a/l/IOHAX, 3alIOJTHEHHBIX Ka-
xkum-1n60 rasom. Oxun u3 nux, JI. Lennep, 8 1892 roay npone-
MOHCTPUPOBaJ ra30pa3pAHYIO TPYOKY, peACTaBJISABIIYIO COG0M
CTEKISTHHBIA Ga/UIOH C BNasHHLIMM 3eKTpogamu. Iloxaueii Ha-
NpPsAXEHUS Ha 3TU 3JE€KTPOAbl MOXHO GbLIO YIIPaBJIATh ra3opas-
pAaHbIM nponeccoM B amne. Tpy6ka llennepa ucnosnp3oBanacsk,
HanpuMmep, NpH JeMOHCTpaluy onbiToB lépra B kauecTse Majo-
YyBCTBUTEJbHOTO MHAUKATOPA 3/IEKTPOMArHUTHBIX BOJIH.

B pesynbrare x Hauary XX Bexa NOSBUIMCh YCTPOICTBA, KO-
TOpbI€ NOCTYXKWIH IPOO6Gpa3saMU COBPEMEHHBIX 3JIEKTPOBAKYYM-
HbIX NpUGOpOB. B HacTosmEee BpeMs 3/1€KTPOBAKYyMHBIMU Ha3bl-
BAIOTCH NPUOOPHI, B KOTOPLIX HUCIOJb3YIOTCA 3NE€KTPUYECKHE
SIBJIEHNS B IyGOKOM BaKyyMe WM B CpeJie pa3pesKeHHOro rasa.
Taxne npuGopbl NOAPa3AENAIOTCA HA 3JEKTPOHHbBIE 1 MOHHBIE.

Ipomonias onbITHl C JaMNaMy HaKaiuBaHUs, GPUTAHCKUIA
uccaegosatens Jlx. A. ®nemunr B 1904 roay snasn s 6a110H He
3JIEKTPO/J], 2 IJIACTUHY. YCOBEPUIEHCTBOBAHHbII BApHAHT TaKOTO

AHTEHHA

lanbBaHomeTp Namna

g
Tpancdopmarop

—_—_——-

‘thlllllllllll

3a3emnenne AxkkymynaTop

Puc. 1.2. CxemMa onuiTHOM ycTaHoBku Ax. A. dneMunra



Jlamnet B uctopum papmotexumnkn 17

yCTPOHCTBA, Ha3BAHHBINH €r0 aBTOPOM «IIyCTOTHBIM KJIallaHOM»,
CTaJl IEPBBIM 3JIEKTPOBAKYYMHBIM JUOJIOM, KOTOPBIH MOXXHO Obl-
JIO UCTIOJIb30BATh JUIs AETEKTUPOBAHUA paftocurHaios. OcobeH-
HOCTb KOHCTPYKIMM guoja PreMuHra saxiovanach B TOM, 4TO
BIIASHHYIO B CTEKJIAHHBIA GALIOH HUTh HAaKAIMBAHUSA OKpPYXKal
LWIMHJIP, BBIIIOJHEHHBII U3 TOHKOTO JicTa MeTaua. [Ipyu atom
HUTb HaKaJIMBaHMs ObLIA BBINOJIHEHA 13 BoJbdpama (puc. 1.2).

Meranmyeckuit numuHap Jx. A. @aeMUHr Ha3BaI AaHOAOM,
a HUTb Hakana — karogoM. Herpynno samerurs, uro namna Pie-
MUHTa COIEPKUT BCE 3JIEMEHTBI XOPOLIO 3HAKOMOMH pajauosaM-
nbl. TakuM 06pa3oM, HayaIo0 Tak Ha3bIBAEMOTO JIAMITOBOTO IEpU-
0/a B Pa3BUTHHU PaJHOTEXHUKU HEMOCPEACTBEHHO CBA3AHO C
MOSIBJIEHUEM I1€PBOii ABYX3/IEKTPOAHON paauoiaMIibl U €€ Moc-
JIeyIOKUM UCIIONb30BAHUEM B PAaZlMOIIPUEMHBIX YCTPOHCTBAX B
KauyecTBe AeTEeKTopa.

OnHako n306peTeHHbIi1 PIeMUHIOM IMOJ [TO3BOJISLT JIULIb Je-
TEKTUPOBaTb CUTHAJ U BbINPAMJIATb NIEPEMEHHbIN TOK. B TO xe
BpeMsi, U1 06eCrieyeHns HaeXKHOM pasioCBs3U Ha GOJIbIIMX pac-
CTOAHUAX TPE6OBAIOCh HE TONBKO NOBBINIATH MOILHOCTD II€peAaT-
YUKa, HO U YCWIMBAThb IIPUHATHII aHTEHHOI cnabblil paguocur-
Ha. [Toatomy B Hauane XX Beka MHOrME UCCJIEOBATENHN IIPOBO-
JAWIA ONbIThI, IIABHOM LI€JIbIO KOTOPBIX fABJANACH pa3paboTka
YCTPOMICTB, KOTOpbIE MOIIM ITOMOYb B PEIIEHUM 3THX 3a/Jau.

B 1906 roaxy amepukanckuii umxenep Jlu ne ®opecr, nposo-
[Sl ONBITBI C JUOJAMM, BBEJI B CTEKJISHHBIA GaJUIOH JIaMIIbl Tpe-
TUH 3JIEKTPOA, KOTOPbIH CTal Ha3blBaTbCA ceTkoil. Habuona-
TENbHBII UCCAEA0BATENb 3aMETHJI, YTO Ja)Ke€ HE3HAYUTENIbHOE
M3MEHEHHE HANPSHKEHUS Ha 3TOM 3JIEKTPOZE IPUBOJAUT K 3aMeT-
HOMY U3MEHEHHIO BEJIMYMHBI TOKA, MPOTEKAIOLIEr0 MEXAy KaTo-
JoM u aHogoM. Hosast 1amna craia mpoo6Gpa3oM MOJYYMBIINX B
JaibHERIIEM MIUPOKOE PacIPOCTPAaHEHUE PAJMOIaMIl, KOTOpbIe
MbI Ha3biBaeM TprogaMu. OHAKO caM aBTOp M306peTeHUs, IV1aB-
HbIM Ha3Ha4YeHHEM CBOETO AETHIIA CUMUTAS YCHIEHUE ayAuOCUT-
HaJIOB, Ha3Baj ee ayIuoHoM. M nefcTBUTENbHO, IEpBbIE ayquo-
HbI UCTIOJIb30BAIMCh JUISl yCUJIEHUS CUTHAJIOB 3BYKOBOM YacTOTBI.

B 1908 roay JIu ne ®opecT noyuns naTeHT Ha CBOe U306pe-
TeHue, Ho Bckope JIx. A. ®reMuHr o6paTuics B ¢yl ¢ TpeGoBa-
HUEeM 00 aHHYJMPOBAHUM 3TOro mateHTa. [IpuunHa cropa 3a-
KJIIOYajiach B TOM, YTO U306GpeTaTeb IO HE IPU3HABAI YEM-TO
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BBIIAIOIMMCSA TPMMEHEeHHe TpeTbero snekTpona Jiu ne Popec-
TOM U, €CTeCTBEHHO, NPU3BIBAJ CYAl HE CYUTATh U306peTeHnEM
cam tpuoz. B 1916 roxy cyn npusnan nperensuu ®neMuHra cripa-
BE€UTMBBIMH.

PaGoTel 10 CO3JaHUIO TPEX3NEKTPOXHOM JIAMITBI IIPOBOAHU-
JIMCh He TONbKO B AMepuke, HO U B Espone. B 1906 roay B Iepma-
vy PoGepr JIuGen npoBoau ONBITEI C IPUMEHEHHEM CBOETO
BapMaHTa TaKOM JIaMIIbl B KAYECTBE YCUJIMTES CUTHAJIOB B TeJle-
¢onHoit suuHuHK, 2 B 1910 roxy on u3obpesn Tak HasbplBaeMbIi
pTyTHBIH Tpuoj. Ha3sanue 3Toi aMIIbl O6BACHANIOCH TEM, YTO
ee GaLIoH ObLT 3aII0JIHEH Pa3pEeXEHHBIMM MapaMM pTyTH. B ka-
yecTBe KaToza B Tpuoje JlubeHa ucnosb3oBanach IIaTHHOBAS
JIEHTA, POJIb CETKHU BBIIOJIHSAI aTIOMUHUEBLIN IMCK C OTBEPCTHS-
MM, 2 aHOJ| GbLI M3rOTOBJIEH U3 OTPE3Ka CIIMPaIM.

Heo6xoaumo otMeTuTs, uto ayauos Jin ge ®opecra nmen
OYeHb HU3KUH K03 PHUIMEHT yCHIEHUs, TPUYMHOM KOTOPOTro
6bU1 BecbMa HerTy6OKUi BakyyM. DTOT U JApPyrue KOHCTPYKTHUB-
Hbl€ HEIOCTATKU HEPBbIX PaJMOJIaMIl OrPAHMYHUBAIM UX PAKTH-
YecKoe MPUMEHEHHUe B PaJMOTeXHUYEeCKHMX ycTpoiicTsax. [TosTo-
My NepBble JMObl M TPHMOJABLI B CaMOM Hauale XX BeKa He MOIIU
YCHENIHO KOHKYPMPOBATh C IIMPOKO MCIOJb30BaBIIMMHUCSA B TO
BpeMs KpUCTALIMYECKUMH JIeTEKTOPaMu, co3anHbiMu B 1900 ro-
ay. OnHako yxe ¢ 1915 roaa, korza nossBUINCh IepBble 3JIEKTPOH-
HbI€ JIAMITBI C BBICOKMM BaKyyMOM, Ha4yaJICsl HOBbIH, TaK Ha3blBae-
MBbIii JIaMIIOBBINM 3Tanm B pa3BUTUU paauoTexHuku. C aToro
BPEMEHH 3JIEKTPOHHBIE JIAMITbI CTAIN HIMPOKO HUCIOJIb30BAThCS
KaK JUIsl yCWIEHHUS U JETEKTUPOBAHUS, TaK U JUIS CO3JAHUS BBICO-
KOYaCTOTHBIX F€HEPaTOPOB.

JIio60e HOBOE sIBJIEHHE, YCTPOICTBO, MPUGOP MJIM KOHCTPYK-
L1l IPM CBOEM IIOSIBJICHUU Ha CBET IOJTYYaloT BIIOJHE OMpeJe-
JIEHHOE Ha3BaHMe, KOTOpOe MM Yalle BCEro JaeT IepBOOTKPbIBA-
Tenb, u3obperarenb uau KOHCTpyktop. Ilpu aTom nepsoe
Ha3BaHMe, KaK NPaBHJIO, OCTAETCA 3a MPUGOPOM MJM YCTPOM-
crBoM Hascerna. OTHaKO B MCTOPUH YeJIOBEYECTBA HEPEAKH CITy-
4au, KOI/a IIepBOe Ha3BaHHME OKa3blBAJIOCh HE COBCEM yIaYHbIM
U B JaJbHEHIIEM 3aMEeHAIOCh JPYyrUM, 60Jiee TOYHO XapaKTepH-
3yIOIUMM SIBJIEHHE, ITPUGOP WIN KOHCTPYKLMIo. OcO6eHHO YacTo
3aMeHa Ha3BaHMII MPOUCXOAMIA, KOIJa IEPBOHAYAIbHOE Ha3Ba-
HUe GBbLIO JaHO, HaNpHUMep, MO CIy4alHOMY CXOACTBY M3006pe-
TEHHOTO NpH6opa C KaKMM-HUOYAb APYTHM.
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He n36exana Takoi cMeHbI Ha3BaHWI U 3JIEKTPOHHAA JIaMIa.
Ho, B ominune 0T MHOTHX ApyrUX NpH6OpPOB, OHA CMEHWJIA MHO-
ro Ha3panuit. K Tomy e, ¥ B Halle BpeMs ee Ha3bIBAIOT 110-pa3-
HOMY.

INepBble naMnbl y HAC Ha3BLIBAIMCH «ITyCTOTHBIMH pene». Ha-
PAny C 3TMM Ha3BaHMEM IOJYYHIN HEKOTOPOE PaCIpOCTPaHEHHE
TaKkHe TEPMMHBI, KaK «KaTOJHOE peJie», «3JIEKTPOHHOE peJie» U
Jaxe «3JIEKTPOHHBIN Kinanan». HekoTopoe Bpems ynorpebns-
JIOCh Ha3BaHME «KaTOJHaA TpyOka». B nauane 20-x ronos XX Bexa
CPEAM CTIELHAJINCTOB CTAJl IPUMEHSATBLCA TEPMUH «IaMIia» B pa3-
JIMYHBIX BapMaLMAX: «IyCTOTHAsl JaMmna», «KaTOAHas JaMma»,
«3JIEKTPOHHAA JIaMIIa», «yCWIMTEJIbHASA JIaMIIa», «pajuoJaMIIa».
Takoi pasno6oit HazpaHMH BO MHOTOM OOBACHAICA cnenudu-
KO paGoThbl €PEBOJYMKOB, NIEPEBOJUBIINX Ha3BaHUSA JIaMII C
Pa3MYHBIX MHOCTPAHHBIX A3BIKOB M HE YBA3BIBABIIMX HX C Ha-
3BaHMAMH, YK€ MOJyYUBIIMMH PaclipOCTPaHEHHE.

B coBpemeHHOI# criennanu3npoBaHHOM JIMTEPaType BCs COBO-
KyTHOCTb IpH60pOB, pab0Ta KOTOPLIX OCHOBAHA Ha MPHHIIMINAX,
oTkprIThIX A. H. Jloabirunem, T. A. 9auconowm, JI. Llenaepom n
APYTMMH M306peTaTeNsiMH, Ha3blBAETCH 3JIEKTPOBAKyyMHBLIMH
npu6opamu. I1pu 3TOM o0cHOBONOaralOmMMUMH GUINIECKUMH B
JIEHMSAMM, Ha KOTOPLIX Gasupyercsa paboTa 3J€KTPOBAKyyMHBIX
npu6OpOB, ABNAIOTCA ABHXKEHHE 3JIEKTPOHOB B BaKyyMe, a TaKKe
ABHXXEHHE B Pa3PEXXEHHOM ra3e Kak 3JIeKTPOHOB, TaK U HOHOB,
TO €CTb aTOMOB, JMIIMBIINXCSA YaCTH CBOMX 3/IEKTPOHOB M 0612~
AAIOIHUX TI0JIOXKHUTENLHBIM 3apAN0OM.

B 3aBMCHMMOCTH OT TOro, KakMe YacTHIBI yYaCTBYIOT B Iepe-
HOCE 3JIEKTPHYECKHX 3aPANIOB, BCE 3JIEKTPOBAKyyMHbIE TPHGOPDBI
AENATCSA HA JIEKTPOHHBIE M HOHHbIE. B 3/1eKTPOHHBIX MpHGOpax,
HOCHTEJISIMU 3JIEKTPHYECKOTO TOKA ABJIAIOTCS 31eKTpoHbl. K Ta-
KHUM IpH60paM OTHOCATCS JIaMIIbI C ABYMS, TpeMs 1 Gosee anex-
TpoJaMu M T.I. B nonnbix npubopax, HanpuMep B ra30TPOHAX,
THPATPOHAX ¥ HEOHOBBIX JIaMIIaX, B NIEPEHOCE 3NE€KTPHYECKUX
3apA/0B, KDOME 3/IEKTPOHOB, y4aCTBYIOT M MOHBI.

Taknm 06pa3oM, M3 BCEX NPHUBEJAECHHBLIX Bbilll€ Ha3BaHMIA
Jlam1l, B KOTOPBIX B Ka4eCTBE HOCHTEJEH 3JIEKTPHYECKOro ToKa
HCIIOBb3YIOTCA 3JIEKTPOHBI, HanboJjiee NPaBWILHLIM C TEOPETH-
4ECKOH TOUKM 3PEHMS ABJIAETCHA TEPMUH «3JIEKTPOHHASA JIaMIIa».
Heo6xoanMo oTMETHTB, YTO CpEAM paaMOOOGHUTENEH HapaLy
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C 3TUM Ha3BaHMEM YaCTO YNOTPEGASETCS TEPMHH «PaguoJiaM-
na», ¥ 3TO He CUMTaeTcs omnbkoil. Hasapanus «pesne» 1 «kianad»
B Hallle BpeMs He NIPUMEHSIOTCS, a3 TEPMUH «TPy6GKa» COXPaHMII-
Cs IMLIb B COYETAHUM «dJIEKTPOHHO-TyYeBast TPyGKa».
INockonbky OCHOBHas TeMa npejJiaraeMoi KHUTM HEIoCpea-
CTBEHHO KacaeTcst IPaKTUYECKOTO UCTIONb3OBAHHS 31€KTPOHHBIX
JIaMIT BOOOLIE Y NPUEMHO-YCHINTE/bHbIX PagyOJaMIl B YaCTHO-
CTH, B MOCJIEAYIONIMX IVIaBaX U pasjiesiax OCHOBHOe BHUMaHUe Oy-
JET YIENE€HO pacCCMOTPEHHUIO OCOGEHHOCTE a1eKTpOoHHbIX IDBII.

MpueMHO-YCUNUTENbHDbIE U FTEeHEepPaTOPHbIe laMnbl

[Nocne oxonuanus IlepBoii MMPOBOIT BOIIHBI, ONHUM U3 pe3yJib-
TaTOB KOTOPOM CTaJI BEIBOJ O HEOGXOANMOCTH HaJIeXKHOMH pafgno-
CBA3U NPU BEJE€HUMN GOEBbIX JeHCTBUIi, CIEHMaJINCTl MHOTUX
CTpaH HavaJlu UHTEHCHBHble PabOThl IO CO3JaHUIO HOBLIX pa-
auosamin. [1pu 3TOM JOBOJBHO 4eTKO OG03HAYMUIUCH JABE OCHO-
BOINOJIAaralouiMe BeTBU NPOBOJAUMBIX uccaenoBanuit. C ogHOI
CTOPOHBI, yCWINS pa3pabOTYMKOB GbUIM HanpaBJeHbl Ha KOHCT-
PYMPOBaHHE paauoJaMIl, KOTOpbie Ha IPUEMHOIl CTOpPOHE J10J-
HBI ObLIM 06€CIEeYUThb YCUIEHHE BICOKOYAaCTOTHOTO CUTHAJA U
y>Ke NpOoJeTEeKTUPOBAHHOI O HU3KOYaCTOTHOTO CUTHaJa. Briocsien-
CTBMH TaKHe JIaMIIbl CTAJIM Ha3blBaTh IPUEMHO-YCUIUTEIbHBIMH,
WM IIPOCTO YCWIMTENbHBIMU. B TO ke BpeMsl He MeHblllee BHU-
MaHUe YAeJIsIOCh CO3JAAHUIO ITeHEePATOPHBIX paJuoJaMIl, Ha OC-
HOBE KOTOPBIX MOYXHO GbIJIO Obl CTPOMTb MOIIHbBIE Iepealouie
yCTpoIicTBa.

Oco60e BHMMaHUE Pa3BUTUIO PAIMOTEXHUKU BOOOILE U CO-
3/[aHUIO HOBBIX PaJHOJIAMII B YaCTHOCTH yaesaock B CoBeTckoit
Poccuu v Bnocneacreuu B CoerckoM Corose. Haunnas ¢ 1918 ro-
Ja KCCleoBaHus B 06J1aCTU PaAMOTEXHUKU BO30GHOBUINCH B
cnendanbHO co3gaHHoi Hinkeropoackoii paauonabopaTopuu
(HPJI). B pesynbrare yxe B Hayaie 20-X rofoB NOSABWIACh MEP-
Bas OTE€YEeCTBEHHAsA yCHUIMTEIbHAsA PajuoIaMIIa, BbITyCKaBIIASACS
GOJIBIIMMM CEPUSMH, — TPUOJ IIPAMOro Hakajla, KOTOPbII uMesn
BOJIb(PPAMOBBIiT KaTOA M IMJIMHApHUYecKUit aHol. IlepBonavans-
HO 3Ta JIaMIIa Ha3biBaslach P-5, oanaxo yxe ¢ 1923 roga ona mosry-
ymia o6o3HaueHue I17. B Tom xe 1923 roay 6bun1 paspa6oran
Tpuoxn I1T-2 ¢ BonbgpamMoBbIM KaTOAOM U ¢ nouTH B 10 pa3 MeHb-
IKMM TOKOM Hakaja.
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B xonne 1920-x rooB NOSIBUINCh TaK Ha3blBacMbl€ JBYyXCe-
TOYHbBIE JIAMIIBI, KOTOpbIE HaM HU3BECTHBI KaK TETPOABL. A yxe
B Havaie 30-x roJioB BO MHOTHX CTpaHax, B IIEPBYIO O4Yepelb B
CCCP, CHIA u Iepmanuu, 6611 CO3JaHBI HOBBIE, BECbMA COBEP-
IIEHHbIE IO T€M BPEMEHaM MHOroceTouHble samnbl. [Ipu aTom
KOHCTPYKTMBHOE MHCIIOJIHEHME DaJHOJaMIl TaKXe MOJyYUJIO
JajipHeiilllee pa3BUTHE C MCNOJb30BAHUEM HE TOJIBKO CTEKJISH-
HBIX U METAUIMYECKHX, HO U METALIOKEPAMHUYECKUX KOPITYCOB.
B aT0 )€ Bpems 6b11M pa3paboTaHbl JTaMIbl C TAK Ha3bIBAEMbBIM
OKTaJIbHBIM L[OKOJIEM.

Heo6x041MO OTMETUTD, YTO HOBBIE PAMI0JIaMITbI TIO3BOJIMIH
M36aBUTBCS OT MHOTHUX CyIECTBEHHBIX HEJOCTATKOB CyrepreTe-
POAMHHBIX NIPUEMHHUKOB, 4TO 0becneuynso JalbHeiiee upo-
KO€ HCII0JIb30BaHHUE CYNEPreTePOJUHHON CXeMbl B IOAABISIO-
meM GOJIBIIMHCTBE BbINYCKABUIMXCS PaJJMONPUEMHUKOB.

HecMoTpst Ha nosBeHNE NEPBLIX NOJYIPOBOAHUKOBbIX YCH-
JIMTENIBHBIX TPUGOPOB, aKTUBHBIE PabOThI O CO3/IAHMIO HOBBIX
THIIOB IPUEMHO-YCIWIHTEIbHBIX PAJHOIaMII IPOAOLKIJINCE U TIOC-
ne okoHuaHus Bropoii Muposoii BoiiHbl. B cepeanne npouuioro
BEKa MOSABWIMCH TaK Ha3bIBa€Mbl€ NATbYUKOBbIE PaJHOJAMIIBI,
KOTOPBIE XOPOILO U3BECTHBI IIO60MY PagyoIIOGUTENIO HE TOJLKO
crapiuero nokojenus. CieayeT NpU3HaTh, YTO MHOTHE U3 pa3pa-
6oranHbix B CoBerckom Colose B 50-e n 60-e roap1 XX cronerus
NPHEMHO-YCWINTEbHBIX PAJMOJIaMII BBIITYCKAIOTCS B HAllle BpeMs
B HEKOTOpBIX cTpaHax EBponsl npakrudeckn 6€3 kaknx-1u6o cy-
LI€CTBEHHBIX U3MEHEHUH, IpaB/a, Mo APyTMMH 0603HaYEHUSAMHU.
OzHaKO NOCTENEHHO B IPUEMHO-YCIINTEILHOH aNnapaTtype 3J1eKT-
POHHBIE JIaMIIbl GBLIM 3aMEHEHBI IOJYTIPOBOAHUKOBBIMU NIPUGO-
PaMH, TPaH3UCTOPaMU U UHTETPaJbHBIMU MHKPOCXEMaMH, IJIaB-
HBIMH IPEHUMYILECTBAMH KOTOPBIX SIBJISIOTCS Majble pasMepsl U
Masioe noTpebeHne 3HEPTHM.

Pemwenne 3azaun nepejaun pagyocurHaia Ha GoJblMe pac-
CTOSIHHSA B HEMaJIOH CTENIEHU 3aBUCUT U OT MOLIHOCTH IepejaT-
yuka. [loaTroMy ocoboe BHuMaHue B Hauase XX BeKa yAeas1oCh
CO3AAHHIO TEHEPaTOPOB BBICOKOYACTOTHBIX Kosle6aHuii. s Ta-
KHX F€HEepaTOPOB HEOOXOANMO GbUIO Pa3paboTaTh CrielMaIbHbIE
JIaMIIbl, KOTOPBIE CTAJIM Ha3bIBaTh FeHepaTOPHbIMU. TakuM oOpa-
30M, HapsAAy C CO3/laHUEM HOBBIX 06pa3L0B IPUEMHO-YCHINTEIb-
HBIX JIaMII JUIsl paJMONIPUEMHUKOB OCYLIECTBISIACh Pa3paboTka
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MOIIHBIX T€HEePATOPHBIX JaM 1A nepeaaTunkos. CooTBeTCTBY-
Io11He uccaeaosanus nposoauauck kak B CIIIA, tak u B Esporne.
Hanpuwmep, B 1913 roay B Iepmanun A. Meiicchep nmoctpoun
OJIIH U3 NEPBbIX JAMIIOBLIX FT€HEPATOPOB, B KOTOPOM HCIIOJIb30-
BAJICA yXe YNOMUHABIUMIHCA PTYTHBIA Tpuox P. Jlu6ena. dror
reHepaTop pa3BUBAJI MOIHOCTH 6osee 10 BT npu JutnHe BOJIHBI
okoJo 500 M.

[MoanmuubIi NPOPEIB B 06JACTH CO3JaHMA MOIHBIX U HAJEX-
HBIX T€HEPATOPHBIX JIaMII IIPOM3OILEJ B CEPeAUHE BTOPOTO Jecs-
Tinetua XX Beka. B 3To Bpems 6bL11 pa3paboTaHbl TEXHOJIOT MM
CO3IaHUA PaJMOJaMIl C BHICOKMM BaKyyMOM BHYTPM GaJlIOHA.
Heo6xoaumMo oTMETUTD, YTO, B OTIMYME OT PaAHOJIAMII, MCIIOJIb-
3yeMbIX JUISl AETEKTUPOBAHUA U YCUIEHHUSA NPUHATOrO PafMOCHT-
HaJla, MOI[HblE€ T€HEPAaTOPHbIE JaMINbl TPeGYIOT NPUMEHEHHUS
CreuMatbHbIX CUCTEM OXJaXAeHUA. B ykasauuelil nepuos otpa-
6aTbIBAIMCh U CIIOCOOBI O6ecrieyeHus 3 PEKTUBHOrO NPUHYAM-
TEJbHOTO OXJAXAEHHUA 3JIEKTPOLOB U GAJJIOHOB reHEPATOPHbIX
namn. Cpeay nepBbIX PafMOJIaMIl C IPUHYAUTEIbHBIM OXJIaK/e-
Huem 6but Tpuox J1. ne Popecra ¢ opurnHanBHOM cUCTEMOI BO-
ASHOTO OXJIAXKJEHMA, a Takke Tpuoj Hukoscona, B koropom
NPUMEHAACh KOMOMHUPOBAHHAA CUCTEMA C BOASHBIM U BO3AYLI-
HBIM OXJIAXKJEHHEM.

B 1914 roay neppas reHepaTOpHas JiaMIna ObLia CO3JaHa U B
Poccun. Oco6eHHocThIO 3TOM J1amnbl, pa3paboranHoil H. J. Ia-
najexcu s paguonepenaturka B llapckom Cerne, 66110 MCnodb-
30BaHHe OKCHJHOro Karona npsaMoro Hakaaa. B Coserckoii Poc-
CHH OJJHUM U3 HAINpPABJIEHUIT JEATENBHOCTH YK€ YIIOMUHABHIEHCS
Huxeropoackoii pagnonaéoparopuu (HPJI) ctana paspa6oTka u
IPOU3BOJICTBO HOBBIX THIIOB F€HEPATOPHBIX PaMO3JIEKTPOHHBIX
JIaMIl, IIPH 3TOM YK€ B IIepBbI€ rojbl paboThI COTPYAHMKH JIabopa-
TOPHH IO/ PYKOBOACTBOM TaJIAHTIMBOro MH:xKeHepa M. A. BoHu-
DBpyeBnua co31a1M HECKOJILKO HOBBIX JIAMII. OTH PaJMOJIAMIIHI,
XOTH M MMEJIM BHEWIHUH aHOJ U BOJSHOE OXJIAX/IEHUE, IPUHIM-
MHAIBHO OTIMYAIHMCh OT 3apYOEXKHBIX aHAJIOTOB.

IlepBas renepaTopHas Jamna B Hikeropoackoii paguona6opa-
Topuu (HPJI) 6bu1a cosxana B 1919 roxy. Ha ocHose aToit 1amrsl,
nosy4usiueii Hazsauue I1P (myctoTHoe pesie), B TOM e rofy GbLt
IIOCTPOEH pajguoTeNeOHHbINH NepefaTYHK, UMEBIIMHA MOIHOCTD
20 BT u o6ecneunBaBumii cBasp Mexay Hmwxuaum Hosropoaom
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1 Mocxsoii. B To e BpeMs B CT€HaX JiETeHAapHOil paanonao-
paropuy pa3pabaTbiBalMCh HOBbIE TUITbI 60J1€€ MOIIHBIX FeHepa-
TOPHBIX PaJMOJIaMIl OPUTHHAIBHBIX KOHCTpyKumii. Cpean Hux
HEeOOGXOANMMO OTMETHUTDH JiaMny MomHocTbio 40 Bt ¢ BoasHbIM
OXJIXKAEHHEM, Y KOTOPOI1 BBIOJHEHHDIH U3 IJIATHHBI AaHOJA pa3-
MeIaJICs B CIIelIMaJIbHOM €MKOCTH, 3alloJHEeHHOM Boxoii. He
MEHBIINHA MHTEepeC NPeICTaB/Isa ¥ TeHepaTOpHas JIaMIla MOLL-
HOCTBIO 160 BT ¢ NpUHYAUTENBLHBIM OXJIAXKAEHHEM NPOTOYHOM
BOJIOM.

B nauane 20-x roxos XX Bexa B HPJI 6b1s11 cO31aHbI U CaMble
MOIIHBIE VI TOTO BPEMEHH reHEPaTOPHbIE JIaMITbl VIS pajyoIe-
peaaTunkoB. [IpoTOTHNIOM U1 HMX CTaTa pa3paboTaHHas B KOH-
ue 1919 roaa nammna, obecneunsasmas MomHocts 950 Bt npn
HanpsbxeHun 10 000 B na anone. Ha ocHoBe co3aaHHOI B KOHLE
1920 roga B HPJI reneparopHoii samnsl MomHocThIO 1,25 kBT
6bU1a IOCTPOEHA NepBasi B MUpEe PaiHOBEINaTeIbHAsA CTAaHLIMA.
B nepenaruyuke 3TO# paaroCTAaHIMHM HCIONB30BATMCH 12 Takux
JiaMIN, BKJIIOYEHHBIX napaieabHo. Yxe x 1924 roxy B CCCP 6b1-
JIM CO3JaHbl FeHEPATOPHbIE PaAMOJIaMIIbI MOIHOCTBLIO OT 2 10
5 kBr, a yxe B 1925 roxy nosBmance nammbi MomHocThio 100 kBT.

B nocaenyomue gecaTuneTns padoTsl 10 CO3AAHMIO MOIHBIX
reHepaTOPHBIX JlaMn Tpookanuck He Toabko B CCCP, Ho 1 3a
py6exom. Tak, nanpumep, B Benmko6purannu u [epmannu B Ha-
yazne 30-x roJIoB BBLINTYCKANMCh T€HEPATOPHBIE TPHOIBI MOIHOC-
Tb10 110 300 kBT. [ToMumo 3Toro B 1933 roxy GpuraHckMMM MH-
)eHepaMH 6blIa co3gaHa amna MouHocThio 500 kBT ¢ BoasiHBIM
oxnaxzaenneM. He Menee MHTEpecHb! M KOHCTPYKIIMH NOSABUB-
IWIMXCSA B TE € FOABbI TEHEPATOPHBIX PaJi0JIaMIl MOIHOCTBIO /10
50 kBT ¢ NpHHYANTEIbHBIM BO3AYLIHBIM OXJIAKAECHUEM.

C Hayas0OM OCBOEHMS MaNTa30HOB KOPOTKHUX U YIBTPAKOPOT-
KHX BOJIH NMOSIBWIACh HEOOXOANMOCTb B T€HEPATOPHbIX PagHo-
JlaMIIax, KOTopele obecrneunin 6b1 paboTy epesaTYNKOB Ha CO-
OTBETCTBYIOIMX YacToTaX. [loaromy B pa3BuThiX cTpaHax Es-
ponsl M Amepuku eme nepel Bropoit MupoBoii BoitHOIA
HAYya1MCh MHTEHCHBHbIE PaGOThI 110 CO3AAHHMIO TAKMX JiaMIl. ITo
OKOHYAaHWUH BOHMHBI 3TH paGoThl 6bUM NpoosKkeHbl. IoBops o re-
HEPaTOPHBLIX PaHOJIaMIIaX, HEJIb3s HE BCIOMHHUTB M O CO3JAHHOI
COBETCKMMHU CIIELIMAIMCTAMH BO BTOPO#i NoN0BHHE XX BEKa JIereH-
napHoi MeTautokepamuueckoi samne I'H-7, xopomo n3BecTHO#
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MHOTMM NOKOJIEHUSIM COBETCKMX paanooouTeei u npopeccu-
OHAJIOB.

[enepaTopHble JJaMIIbl LIMPOKO MCIOJb30BAIMCh B KAUE€CTBE
OCHOBHOTO 3JIeMEHTa B paauonepenatuyukax no 80-x roxos
XX cronerusa. OxHako B MAIOMONHbIX 1€ peJalOUIMX YCTPOICTBaX
OHU INOCTENEHHO 3aMEHSUIMCh IOJYIIPOBOJHMKOBBIMU NPUGOpPa-
Mu. B To e BpeMsi pazinoiaMIibl IO-IIPEXXHEMY ITPOJOJIKAIOT IPU-
MEHSATBLCSA B TEHEPATOPaX MOUIHbIX PaAMOIEePeNAIOUIMX CTAHLIMIL.

Jlamnosbie YHY: BTOpOE poXXaenne unu Bropoe
AblXanue

IlosBuBmasca B Hauane XX cToseTUsl PafMO3JEKTPOHHAS JIaM-
na, 6e3 rnpeyseaM4eHusl, COBEpIINIIA B PaIMOTEXHUKE CBOeO6Gpas-
Hyl0 peBomonuio. Ee npuMeHeHne U3MEHUIO KOHCTPYKLIMM I1€e-
PEAAIOIMX M MPUEMHBIX YCTPOMCTB, INO3BOJMIO YBEJIUYHUTH
JaTbHOCTb MX AEHCTBMSA, a TaKKe 006eCreyuio pafuoTEXHUKE
BO3MOJHOCTb CJIe/IaTh TUTAaHTCKMIA mar Brnepen. Heusmaaumbrii
CJIe[ JIaMITbl U JIAMITOBbI€ YCHJIMTEIN HU3KOit YaCTOTBhI OCTAaBMIN
B MCTOPHH 3ByKOBOCITPOM3BO/ALICH arrapaTypbl, B TOM YMCJIE U
B COBPEMEHHOM MY3bIKE.

Ceituac MaJlo KTO BCIIOMHHUT, YTO NOSABUBIIMECS B Havate 60-x
rO/IOB IIPOLLIOTO CTOJIETHS, HA KOTOPbIE€ MPUXOJUTCS MUK «JIaM-
IIOBO¥i» 3PBI, M CTABIIME BIIOC/IEACTBUM JlereHAapHbIMM «The Beat-
les», «<Who», «Jimi Hendrix Experience», «Cream» u apyrue ta-
JAHTJIMBBIE TPYIIbl M MCIOJHUTENM, HaUYMHAIM CBOM NyTh K
MHPOBO# CJIaBe C JIAaMIIOBO¥ 3BYKOYCHJIMTEJILHOM aImapaTypom.
B Te roap! ycwmrens, HY ¢ Beixoanoit MmomHocTteio 100 BT 6611
60/1b1IOI PEAKOCTBIO, U MHOTHE MY3bIKAHTbI BBIHYXIEHBI GbLIH
JOBOJILCTBOBATBCA alIIapaTaMy MOIHOCTBIO «Bcero» 50 BT. OxHa-
KO MMEHHO Tor/Ja 6bL1a BbIpaboTaHa KJ1acCM4eCcKasl CTPYKTypHas
cxema samnosoro YHY, B coctaB KOTOpPOil BXOAWIM [IpeaABaPH-
TEJIbHBIN YCWINTEJb, 6JI0K PETYJIMPOBOK U BLIXOAHOM MM OKOHEY-
HbIH JByXTaKTHbIN YCWIMTENb MOLIHOCTH.

Kackazp! npeapapuTepHbIX YCHIMTENEH Yallle BCEro BbINOJ-
HAIMCh Ha ABOMHBIX Tpuogax tuna ECC83, a Takxe ux amepu-
KaHCKMX aHajorax Tina 12AX7. Ha sTux xe JaMnax cobupainch
Y aKTHBHbIE GJIOKM PEeryJMpoBOK, (pa3OMHBEpCHbBIE KACKabl U
naxe 6J10ku 3¢ dekTos Wi anekrporurap. Jlamner ECC83 mmpo-
KO INPUMEHSUINCh B yCHUIMTeNbHOI annapatype MARSHALL,
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PEAVEY, APHEX u ap. Hanpumep, B M3roTOBJI€HHOM i TPHO
«Jimi Hendrix Experience» B 1966 roay apyxkanajibHOM anmnapa-
Te MARSHALL 1959 npeasapuTebHbIi yCHIUTENb GbUT COBpaH
Ha ueTbipex Jamnax ECC83. ®upma APHEX 3anatenTopana cro-
€06 UCIO/Ib30BAHUSA 3TON JIaMIbl IPY NOHMXEHHOM HampsxKe-
HuM nutaHus. Ha npakTike aTOT maTeHT BHepBble ObUI peau-
30BaH B MUKpO(dOHHOM npejBapureabHoM ycuautene APHEX
107. He menee mmpokoe npuMeHenue B amnoeix YHY nosy-
yuam aamnsl Tunos ECC81, ECC82 u ECCS88, a Takxe ux aHaI1O-
ru. Hampumep, namna ECC81 u ee ceBepoaMepukaHCKUE aHATO-
ru (namner 12AT7, 6201) B annapatype ¢pupm ACOUSTIC u
FENDER ncnosns3oBanncek He TOJNBKO B Ja30MHBEPTOPAX, HO U B
6sokax a¢pdekTos (Hanpumep, Reverb Drive). Jlamna tuna
ECC82 (amepukanckue anaioru — 12AU7 u 6189) npumMensnach
Y IPUMEHSAETCSA B BLICOKOKA4eCTBEHHOM 3BYKOYCHIMTEIbHOI an-
napatype M CTyAMIHOI TexHHKe Toprosbix Mapok AMPEG, LES-
LIE, VOX, MCINTOSH wu np.

B okxoneuHsbIX kackajgax jJamnosbix YHY Havana 60-x rogos
XX Beka HIMPOKO MCIIOJIb30BAIMCh MOIIHBIE BbIXOJHbIE MIEHTO/bI
EL84 u EL34. Hanpumep, B yXe yIOMHHABIIEMCSA YCUIUTENE
MARSHALL 1959 c¢ BbixoaHoi mowmHocTbio 100 BT oxoHeuHblit
ABYXTAaKTHBII KackaJ 6bU1 cOOpaH Ha YeThblpex saMmnax Tuna EL34
(oreuecrBennsiit ananor - 6I127C). IlosBneHue ycwinrens Moge-
111 1959 coBnasio o BpeMeH! ¢ nepruojoM GOpMUPOBAHUSA TAKUX
rpymmn, kak «Jimi Hendrix Experience», «Cream», «Who» u ap.
Ioatomy, kak nozxe Bcnomunan JHxum Mapmawr (Jim Marshall),
ocHoBareb ¢pupMbl MARSHALL, cipoc Ha 3TH annapaThbl HE CHHU-
XAJICHA B TEUEHUE HECKOJILKUX JIET.

IMenton EL84 (oTeuecTBenHbiit ananor - 6111411, ceBepoame-
PHKaHCKMiT aHaior — 6BQ5) nepsoHayaIbHO NpeJHA3HAYAICH
s YKB-paayonprueMHNKOB M MAIOMOIHbBIX ycuuTeneid. Oxna-
KO XapaKTePHCTHUKH 3TOI1 JaMIbl C/leJIa/ii €€ HE3aMEHUMOI1 B
JABYXTAKTHBIX OKOHEYHBIX KAaCKaJaX CPaBHUTEJbHO MOIUIHBIX
YHY u3BecTHBIX TOProBbix Mapok, Hanpumep MARSHALL,
GIBSON u TRAYNOR. JIBa nenroza tuna EL84 moxHo 6bL10
O0GHAPYXHTb B BBIXOAHBIX Kackajax ycuinteneit VERMONA MV3,
DYNACORD MV17, a Takxe B annapaTe py4Hoi c6opku MAR-
SHALL 2061X. Oxnako 6onee Bcero namny EL84 npocnasuna
¢upma VOX, korjga npuMeHmIa ee B JIET€HJapHBIX annaparax
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AC-30, Ha xoTopbIx HaunHaN «The Beatles». B okoneuyHoM kac-
KaJle 3TUX annapaToB, UMEBIIMX MO0 COBPEMEHHBIM MOHATHAM
BECbMa CKPOMHYIO BLIXOJHYIO MolHocTh 30 BT, paGoTano uertsr-
pe nenroaa EL84 B pexxume A. Ocraercs no6aBuTh, 4To B 6J10Ke
NUTaHUA KOMOGMHMPOBaHHBIX ycTaHOBOK AC-30 ncnoab3oBaics
namnoBbiit qiuon GZ34. Yersipe nenToaa tuna EL84 MoxHO 06-
HapYXHUTb U B Apyrux samnossix YHY ot ¢pupmer VOX, a Taxke,
HanpUMep, B BLIXOAHBIX Kackanax ycuuureneit HIWATT DC-40
Bulldog mm MATCHLESS DC-30.

He cexper, 4TO HEKOTOpbIE COBPEMEHHBIE POCCUHCKHE «HC-
TOPUKH», CTPEMACH B 6ECCHILHOM 3100€ ONOPOYHTH BCE, UTO
6bLIO CO3/1aHO HAIIMMM OTHAMMU, AE€AaMH U NIpafeAaMHy, IIbITAIOT-
cA 10Ka3aTh, 4To Bhimyckasmmecs B Coperckom Colose anekTpo-
BaKyyMHbl€ Ipu6ophI 6bUIH XyXe, yeM 3apybexnbie IBII. Oxna-
KO Jlaxe 3apy6exHble aBTOPLI, NbiTalomMecs yOeaAuTb HacC B
npumuTuBHOCTH npuMenssmnxcs B CCCP texHonoruid, He ro-
BOP# yXke 06 aBTOPUTETHBIX CIIELIUATUCTAX, IPU3HAIOT, YTO MHO-
rHe COBETCKME JIaMITbl TI0 MOJAABJIAIONEMY GONBIIMHCTBY Napa-
METPOB ObUIH JIydllle CBOUX 3apy6eskHbIX aHantoros. Hanpumep,
oTeyecTBEHHBIH nenTon 6111411, npuMeHABIMMICA B OKOHEYHOM
Kackaze YHY MHOruX COBETCKHMX NMPHEMHHMKOB U TEJEBU30POB,
MO 3/JIEKTPUYECKUM M 3KCIUTYyaTAalMOHHBIM XapaKTepHUCTHKaM
NPEBOCXOUT aHalOrUyHylo samny Tuna EL84, koTopo# komn-
JIEKTOBAINCH Jydmue obpasipl ycunureneid HY roro spemenn.

K xonuy XX Bexa BO MHOTHX 00JIacTAX pPafMOTEXHHUKU JlaM-
TIbl YCTYNIHWIN BEAYIlee€ MECTO NOJYNPOBOJHUKOBLIM 3JIEMEHTaM.
B T0 xe Bpems, HeCMOTPS Ha IIMPOKOE UCIIOIb30BaHUE TIOTYTIPO-
BOJIHUKOB, MO3ULIMH PAJIMOJIAMII €lll€ JOCTATOYHO CHJIbHBI, OCO-
6eHHO B 00,1aCTH CO3AAHUS MOINHLIX pajHONEpPENAIOIUX YCT-
POJCTB CHCTEM CBA3N U pajIMOBELIaHUA.

OnHako HEO6XOAMMO NPU3HATh, YTO IIPH CO3JaHNU MOIHOM
BbICOKOKAY€CTBEHHOH 3ByKOBOCIIPOM3BOJAILEH annaparypsbl oT-
MEYaeTCs YCTOHYMBass TEHACHLNSA BO3BpaTa K CXEMOTEXHUYEC-
KHM pellleHUsIM, OCHOBaHHbIM Ha NPUMEHEHNHN paanonami. Jlan-
Hasl CUTyalusi OODBACHAETCA TEM, YTO NPOdECCHOHANbHBIE
My3bIKAaHTBI M1 3BYyKOPEKHUCCEPHI, 3 TAKKE UCKYHNIEHHbBIE JTo6uTe-
JIX My3bIKH JJABHO 3aMETWJIM Pa3sHMLY B 3By4aHHUU TPAH3UCTOD-
HBIX U JIAMIIOBBIX YCHJIMTENEH HU3KOH YaCTOTHI JaXKe B TOM CJIy-
Yae, KOrfia TpPaH3UCTOPHask 3BYKOBOCIIPOU3BOJSAIIAS annapaTypa
MMEET aHAIOrMYHbIE U JlajKe 3HAaYUTEIbHO JyYIlINE NapaMeTphl.
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CrneuyancTsl OTMEYAIOT, YTO TAK Ha3bIBAEMOE «TPAH3UCTOP-
HOEe» 3By4YaHHe NPOSBJAETCH, B IIEPBYIO O4Yepelb, B BUAE HCKaXKe-
HUSl €CTECTBEHHBIX T€MOPOB MY3bIKaJIbHBIX MHCTPYMEHTOB, B
XapaKTEPHOM «KECTKOCTU» U HEJOCTATOYHOMH «[IPO3PaYHOCTH»
3ByKa, a TaKxKe B crielu(pru4ecKoM BOCIIPOU3BEAEHUH BbICOKOYa-
CTOTHBIX COCTABJIAIOIIMX CIIEKTPA YCHIMBAEMOTO CUTHAJIA.

IToaTomy c koHna 80-x ronoB XX Beka MHOTHE BeCbMa yBaxa-
emsie ¢pupmsel, Hanpumep MARSHALL, DYNACO, VOX, FEN-
DER, HEATHKIT, MARANTZ u np., 3aHuMaromuecs npou3Box-
CTBOM 3BYKOBOCIIDOM3BOJSAILEH anmapaTypsl, OXHUM U3 HaIpaB-
JIEHU# CBOeM AeATeIbHOCTH BbIGpaniu pa3paboTKy M BbINYCK
JIAMIIOBBIX YCHJIMTEJEi HU3KOM YacTOTHI JJIf ZOMAIIHUX AYXHO-
koMIuiekcoB. IIpu aToM He mpexaoTca 3a6BEHUIO U JIET€HAAp-
able YHY navana 60-x rogos. Hanpumep, pupma MARSHALL B
2005 roay BBIITYCTIUIA PETUIMKY YIIOMHHABILErOCs alnapara Moje-
s 1959, nosryunsuryro Haspanue 1959SLP. ITosBuBIIMiics Taioke
B 2005 roxy anmapar py4yHoit c6opku noj Hassanuem 1959HW
npejcTaBiseT coboii TouHylo konuio YHY, usrorosneHHoro s
Joxummu Xenapukca B 1969 roxy, To ecTb B NepHoOA MHMKA €ro
THOITYJIAPHOCTH.

B TO 5xe BpeMs, CTPeMSICh yXOBIETBOPUTD PACTyILHE 3alPOChI
npo¢eCcCHOHAIbHBIX MY3bIKAHTOB, 3T (PUPMBbI BEAYT MHTEHCHUB-
Hble paboThbI IO CO3XAHUIO HOBBIX MOJ€JIeil MOIIHBIX BBICOKOKA-
4YeCTBEHHBIX yCHIMTEJIeii KOHIepTHOro kaacca. Ilpu aToM mo
CBOMM IapaMeTpaM IpejjaraeMas anrnapaTypa He TOJBKO CO-
CTaBJsAET JOCTOMHYIO KOHKYPEHUMIO TPAH3UCTOPHBIM aHAJIOraM,
HO M 4aCTO UX NPeBOCXoaUT. [I03ToMy, Kak BrIOJIHE ClIpaBe/IMBO
OTMEYalOT MHOTME CIEeLHATNCTDI, PAAHOIJIEKTPOHHYIO JaMIly
PAHO CIIMCBIBATH B ApPXMB.

1.2. MNpuuyun AeRCTBNA INEKTPOHHON NamMnbl

Heckospko gecaTuneruii Hasa HalTH B HAyYHO-TIONYJISPHOM JIH-
TepaType ONWCaHUE MPUHLIMIA AEHCTBUSA 3JIEKTPOBAKYyMHbIX
npu6GOpOB He NPEACTABIIO 0CO60ro TpyAa. B HacTosmee BpeMs,
K COXaJIEHHUIO, HEOGXOUMbIE MATEPUAJIBI TI0 3TOH TEMe 3auHTe-
PECOBAHHbII YUTATEb MOXET HANTH TOJILKO B ClIELMAIN3UPOBaH-
HbIX U3/IaHUSX, KOTOPbIE HE BCEra AOCTynHbI. [loaToMy B iaHHOM
Paszesie KpaTKO M3araloTCs HEKOTOPbIE CBEAEHMS O (PU3NUECKHUX
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npoueccax, JeXalux B OCHOBe (PYHKIMOHUPOBAHUSA paiuo-
JIaMII.

Crenxyet npu3HaTh, YTO NPUBOAUMAs HH(OPMALHS, C y4ETOM
OTrpaHUYEHHOro 06bEMa JaHHOI KHUTH, HE NMPETEHAYET Ha aKa-
JEMUYECKYIO TOYHOCTb. B TO.’Ke BpeMs u3naraemble cBeJeHUS
IpU3BaHbI IOMOYb, B IEPBYIO OYepeib, PaAUOTIOOUTEIIM MOJIO-
JIOTO IMOKOJIEHUSA MOHATb 6a30Bble NPUHLHUIIBI (PYHKIMOHHPOBA-
HUSA HauboJIee PacIPOCTPAHEHHBIX TUIIOB 3JEKTPOBAKYyMHBIX
npu6opoBs.

IMMUCCHA INEKTPOHOB. INEeKTPOH
B ABYX3NEeKTPOAHOK namne

OcHoBonoJaraoiuM ¢GU3NYECKUM SBJIECHHEM, HA KOTOPOM 6a3u-
pyeTca paboTa 3JE€KTPOHHBIX JIAMII, ABJIAETCA ABM)KEHUE DJIEKT-
poHOB B BakyyMe. I1pu 3TOM ABH)KEHHME YACTHI] MEX]Y JIE€KTPO-
JaMM ITPOMCXOAMT MOJ ACICTBUEM 3IEKTpUYecKoro nos. Takum
06pa3oM, 3J1eKTpoH, oTKpbIThIi JDk. Jlxk. Tomconom B 1897 roay,
ABJIAETCS TOM CaMOM 37IeMEHTAPHOM YacTulel, koTopas obecrne-
YUBAET (PyHKIMOHUPOBAHME MPAKTUYECKHM BCEX JIaMIl, KOTOpbIE
YaCTO Ha3bIBAIOT PaJIMO3JIEKTPOHHBIMH.

B npupone Bce BemecTBa cOCTOAT U3 aTOMOB, KOTOphIE, B
CBOIO OYepeb, MPEACTABIAIOT COGOM MMONOKUTENBHO 3aPAXKEH-
HOE AJPO C BPAIAIOIMMHUCA BOKPYT HETO IO OIpeJeJ€HHBIM
Op6UTaM OTPULATENbHO 3aPSXEHHbIMU 3jeKTpoHamu. Ilpu
3TOM IIOJIOKHUTENbHBIN 3apsA spa paBeH OTpUIAaTEIbHOMY 3aps-
Ay 3n1eKTpoHOB. IIpu onpeneneHHbIX yCI0OBUAX CKOPOCTD JBUXeE-
HUSA 3NEKTPOHOB BOKPYT AJpa YBEJIUUHUTCA A0 TaKOH CTENEHM,
YTO YaCTh AJEP HE B COCTOSHUU yAEPXKAThb CBOU 3JEKTPOHbI Ha
op6uTax. Takue 31€KTPOHBI, COBEpUIAIONIME XaOTUYECKUE JBU-
>K€HUS, Ha3bIBAIOTCsA CBOOOJHBIMH.

B mMeTanne, kak u B 11060M JpyromM TBEPAOM BELIECTBE, UMe-
eTcs 6GOJIbIIOEe KOJMTUYECTBO CJ1a60 CBSI3aHHBIX C AaTOMAaMH 3JIEKT-
POHOB, KOTOPbl€ HAXOAATCS B TOCTOSSTHHOM XaOTUYECKOM JBHXe-
HUM. TIpy OOBIYHBIX BHEIIHUX YCIOBUAX CKOPOCTDH 3JIEKTPOHOB
HEJOCTAaTOYHA A1 IPEOAOJEHUA CHJI, MPENATCTBYIOMMX UX BbI-
€Ty U3 MeTajla B OKpyKalolllee NMpOoCTpaHcTBO. OHaKO npu
OIpeJieIECHHBIX U3BMEHEHUAX BHEIIHUX YCJIOBUIA, BBI3BAaHHBIX CO-
OTBETCTBYIOIMMU (PU3NUECKUMHU NPOLECCAMU, IIEKTPOH IOJy-
YaeT JONOJHUTENbHYIO 3HEPTUIO, U CKOPOCTDb €r0 XaOTHYECKOTO
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JABMIKEHMS yBeIMuMBaeTca. bosee Toro, npu HEKOTOPBIX BO3/IEM-
CTBHSAX CKOPOCTD 3JIEKTPOHA MOXET OKa3aThCsl J0CTATOYHOM ISt
NIPEOJOJIEHHUSA CUJIbI TIPUTAKEHUSA TI0JIOKUTENBHO 3aPSKEHHOTO
Apa, B PE3yJbTaTE YETO 3JEKTPOH MOXET MOKUHYTb MOBEPX-
HOCTb METaLIa.

Ilpouecc ucnyckaHUs 31€KTPOHOB META/UIOM WM UHBIM Be-
IECTBOM B OKPYXalOIll€€ MPOCTPAHCTBO Ha3bIBAETCA 3JIEKTPOH-
HOM aMuccHeil.

B 3aBrcHMOCTH OT IPUPO/bI BHEITHETO BO3AECHCTBUA, B PE3YJIb-
TaTe KOTOPOro OCBOGOXAEMbIE U3 BEILECTBA 3JIEKTPOHBI I0OJy4a-
IOT JAOMOJHUTENBHYIO SHEPTHUIO, PAa3iMYaloOT HECKONbKO BUIOB
31eKTpOHHOH amuccuu. Cpeayn HUX HEOOXOAMMO OTMETHUTb TEp-
MO3JIEKTPOHHYIO, BTOPHUYHYIO 3/IEKTPOHHYIO M (POTOIJIEKTPOHHYIO
3MMCCHUMU.

TepM02/1EKTPOHHOI 3MHUCCHEH OOBIYHO HA3bIBAETCS NPOLECC
H3JTy4EHHU S 3JIEKTPOHOB B OKPYKaIOIIe€e IPOCTPAHCTBO META/LIOM,
HarpeTbIM JI0 BHICOKOH TEMIIEPATYPDI, BIIOJHE ONPEAETEHHOM 1St
KaXJI0TO METaJUIa, TIOCKOJIbKY C TIOBBIIIEHUEM TEMIIEPATYPbI CKO-
POCTb 2JIEKTPOHOB B aTOMax Bo3pacTaeT. KoneuHo, He Bce 3/1€KT-
POHBI UMEIOT OJMHAKOBbIE CKOPOCTH, MO3TOMY IPH ONpEAE/IEH-
HOIl TeMrepaType TOJbKO HEKOTOpas MX 4aCTb Pa3rOHAETCA 1O
CKOpOCTH, AOCTaTOYHOM Juia BbUleTa. B TO ke BpeMs, ueM BbIlIe
TEMIEPaTypa METaJUIa, TEM GOJbIllee KOJUYECTBO IJIEKTPOHOB
CMOCOGHO TMOKHMHYTb €r0 MOBEPXHOCTh. IIpH 3TOM NMOBEPXHOCTD
METaJUIa MOXET ObITb MOKPbITA TOHKUM CJIOEM JIPYTOro MeTaLIa,
HanpuMep Topus, 6apus, Le3Us WIM OKHUCJIOB LIEJOUYHO3EMEb
HbIX METAUIOB. B TakoM clydae aTOMbI 3TUX METALIOB JIETKO OT-
JAI0T CBOM 3JIEKTPOHBI OCHOBHOMY METAJLTY, B PE3Y/IbTATE YETO HA
€ro NOBEPXHOCTH 06Pa3yeTcs MOJIOKUTENLHO 3apSKEHHbIH CII0H,
KOTOPbIiA, IPUTATHBASA 3MEKTPOHbI U3 OCHOBHOTO METaUIa, 06ec-
NE€YMBAET MOBbILIEHHE UX CKOPOCTHU U, COOTBETCTBEHHO, IMUC-
cuio. Ha aToM npuHiune ocHoBana paboTa KaToJ0B 60JIbIIMHCTBA
HPUEMHO-YCHJIMTENbHBIX JIaMIIL.

BTopuuHOI 3/1eKTPOHHOM 3MHUCCHEN HA3bIBAETCA MPOLECC
BbIGMBAHHA 3/IEKTPOHOB U3 METAJLIA APYTUMH 3JIEKTPOHAMH, I1a-
JAIOLIVMA HA €T0 NOBEPXHOCTb. IIpu 3TOM 3/1€KTPOHBI, Mafao-
M€ Ha MOBEPXHOCTb META/LIA, Ha3bIBAIOTCSA MEPBUYHBIMU, 2
BbIOMBaEMbl€ 3JIEKTPOHBI — BTOPHYHbIMU. Heobxoaumo oTme-
TUTh, YTO MPHU AOCTATOYHO GOJBUIOH CKOPOCTH TIEPBUYHOrO
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3/IEKTPOHA OH MOKET BBIGUTH HE OJI1H, 2 HECKOJIbKO BTOPHYHBIX
3/IEKTPOHOB. B pe3yibTaTe MHTEHCHBHOCTD MOTOKA 3JIEKTPOHOB
Bo3pactaeT. Ha 3TOM npuHiune ocHosana pa6ora, Hanpumep,
(pOTO3/1EKTPOHHBIX yCHIIUTEIEH.

SABnenune HOTO3NEKTPOHHON SMUCCUM BO3HMKAET NpH NMONIO-
IEHUH aTOMaMM BELIECTBa JYYHCTOH SHEPTHH, BCJIEACTBHE YETO
A0 HEOOXOAMMOTO 3HAYEHNS BO3PACTAET M CKOPOCTD 3/IEKTPOHOB.
[Tpu 5TOM HCTOYHMKOM JIyYMCTOH SHEPIUHU SABJIAETCS CBETOBOI
MIOTOK, 2 3MHCCHS 3JEKTPOHOB C NOBEPXHOCTH METALIA HAuMHa-
€TCSl JIMIIb C ONIpEe/ie/ICHHOI YaCTOThI CBETOBBIX BOJIH, ABJIAIOLIEH-
cs noporom ¢oroagdekra. B To ke Bpems nopor ¢oroadpdekra
3aBHCHT OT BELIECTBA OCBEIAEMOro Tea. B BUAMMOIi yacTy cnek-
Tpa 3TOT NOPOT UMEIOT LIEJI0UHbIE METALIbI, HAaNpUMEP HaTpHii,
Kanuii, neauit win pyéuauii. IlosTomy cBeTOUYBCTBUTE/ILHBIE KOM-
TIOHEHTHI (POTO3/IEMEHTOB U3rOTABJIMBAIOT U3 TAKUX METALIOB.

OCHOBHBIM PUHIIMIIOM, JIEXAIIUM B OCHOBE paGOThbI 3JIEKT-
POHHBIX JIaMII, SIBJISETCHA B3AUMOJAEHCTBHE 3JIEKTPOHOB C 3IE€KTPH-
4YeCKUMHM nosiaMu. Takue ajiexTpuyeckue nojis B 3J€KTPOHHOM
JIaMIl€e pY ONpE/E/IEHHBIX YCJIOBUAX (POPMUPYIOTCA MEXAY KaTo-
AoM u aHozoM. IIpu 3TOM HanpAKEHHOCTH 3JIEKTPHUYECKOTO 1O~
s ¥ ero popMa MOTYT M3MEHATBCHA HE TOJBKO NP M3MEHEHUH
MOTEHIMaNOB, (POPMbI MM B3aMMHOTO IOJIOXKEHUSA YKa3aHHBIX
3/IEKTPOJIOB, HO U NOJ BO3JEHCTBUEM JAPYTHX 3JIEKTPOAOB, Ha3bl-
BaEMBIX CETKaMH.

B nneanbHOM ciydae 371€KTPOH MOXKET HaXOAWUTHCH B PaBHO-
MEpPHOM 3JIEKTPUYECKOM 10Jie, KOTOpoe (OPMHUPYETCSH, €CJIM Ha
JIBE pa3MeEIleHHbIE NNapaUIeIbHO META/LUIMYECKHE IUIACTHHBI NOAa-
IOTCS pa3Hble NOTEHIHaANbl, TO €CTh NPUKIAAbIBAETCA Pa3HOCTh
NOTeHIMaloB. B TakoM paBHOMEpPHOM 3JIEKTPHUYECKOM IOJIE
CBOGOAHBI 3JIEKTPOH COBEPIIAET PABHOYCKOPEHHOE JBMXKEHHIE
B/IOJIb HAIIPABJICHUSA CUIOBBIX JMHUIH. [Toxoxas cuTyanus BO3HU-
KaeT ¥ B 3JIEKTPOHHO JIaMIe, €CJIM Ha aHOJ NOAATH MOJIOXKUTEb-
Hbli1 NIOTEHIMA IO OTHOIWIEHHUIO K NOTEHIHaTY KaToxa. JBike-
HU€ 3/IEKTPOHOB IO/l BO3JIEHCTBHEM 3JIEKTPUYECKOTrO 1o, $pop-
MHPYEMOTO B IBYX3JIEKTPOAHOM JlaMnie, MOKa3aHo Ha puc. 1.3

Yem Gosbllle HanpspKEHHE aHOAHO# GaTapeu, TeM 60JIbIIMIL NTo-
JIOKWUTEJIbHBINM MOTEHIMA Ha aHO/IE JIAMITbI IT0 OTHOLIEHHIO K Ka-
Toxy. [Ipu 3TOM BO3pacTaeT HaNpPAXKEHHOCTD IJIEKTPHUECKOrO TO-
Ka MeXAy 3TUMH 3JIEKTPOAAMH, U, KaK CJIEACTBHE, YBEIUUHBAETCA
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Puc. 1.3. AiBuxeHue 3NeKTPOHOB B ABYX3INEKTPOAHOM namne

CKOPOCTDb IIOTOKA 3/IEKTPOHOB B 3TOM I10JIE, YTO MPHUBOJMT K CO-
OTBETCTBYIOIIEMY YBEJIUYEHHUIO TOKA B aHOJHOM LI€NH.

JlByxaneKkTpoaHas JaMia, IPUHLUI JeHCTBUA KOTOPOH bl
PaccMOTpEH B 3TOM pasjiesie, HasbiBaeTca AuojaoM. OHa obrana-
€T CBOMCTBOM INPOITYCKaTh 3JIEKTPUUECKUMA TOK TOJBKO B OTHOM
HAIpPaBJE€HUH, TIOCKOJIbKY Ha3aJl OT aHOJAA K KaTOJy 3JEKTPOHbI
JIETETb HE MOTYT. JTO CaMas NPOCTas 3NEKTPOHHAsA JIaMIIa, OJJHa-
KO, cepa ee MPaKTUIECKOrO NMPUMEHEHUS €lI€ O HEJAaBHETO
BpeMeHHU Gbl1a BecbMa 06MpPHO#. JIaMnoBbie AMOAbI HCTIONb3O-
BJIKCh B PAJIMOTEXHUKE JUIA BBIITPAMIECHHUS [TEPEMEHHOIO TOKA,
TO €CTb JJIS €70 NPEO6Pa30BaHUA B TOK, KOTOPbIi TEUET B ONHOM
HalpaBJeHUN.

INeKTPoH B TPEX3NEKTPOQHOM namne.
NMpuHUKD AEeHCTBUA YCUNIMTENbBHONR NaMNnbl

VYBennueHus TOKa B aHOJHOM LIENTM MOXHO JOCTHUYb HE TOJbKO 33
cyeT 6OJIbLIEro HANPSXKEHUS Ha aHoZe. Mex Iy KaTOAOM U aHOJJOM
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MOXHO YCTaHOBMUTD JIOTIOJHUTEIbHBIN 371EKTPOJ, KOTOPBIH HU3-3a
cBoeit popmbl 6bUT HA3BaH CeTKOIH. Ec/u ceTKy ¢ HyneBbIM MOTEH-
LIMAJIOM PACMOJOXUTb MEXKAY KaTOJOM U aHOJOM, TO HM popma
3JIEKTPUYECKOTO T10JIs1 B JIaMII€, HU €TO N1apaMETPbl HE UBMEHAT-
csl. DNEKTPOHBI MO-TIpEXHEMY GylyT ABUTaTbCA BAOJDb CUIOBBIX
JUMHUR TI0JIsA, IPOJIETast YEPE3 OTBEPCTHUSA B CeTKe. J[BuxeHue
3JIEKTPOHOB B TPEXIJIEKTPOAHOM JIaMIT€ [IPU HYJIE€BOM MIOTEHLU-
ajie CEeTKU M0Ka3aHo Ha puc. 1.4.
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Puc. 1.4. iBuxeHne 3neKTPOHOB B TPEX3NEKTPOAHOW namne Npmu Hynesom
noTeHunane ceTku

Ecnn xe Ha ceTky nojarh fake€ HE3HAUUTENbHBIA TI0JIOXKH-
TEJIbHBII MOTEHIMAJI, HATIPSXKEHHOCTD 3NE€KTPUYECKOTO T0JIs B
JIaMIIe Ha yYacTKe KaTOA-CETKa 3HauMuTeJbHO U3MeHuTca. B pe-
3yJIbTaTe 3JIEKTPOHBI, BbUIETAIOIME U3 KAaTOAA, [1OJyYaT AOMOJ-
HUTEbHOE ycKopeHHe. IIpu 3ToM GOJIBIIMHCTBO 3M1E€KTPOHOB,
HCITIBITBIBAS IPUTSHKEHUE AHOAA, KOTOPBIH UMEET HECPABHEHHO
GOJIBLIMIT TOJIOKUTEbHBIN 32/, YEM CETKA, IPOCKOYUT CKBO3b
CETKY Y1 yCTPEMUTCS K aHOAY. Takum 06pa3oM, KOJIMIECTBO JIEKT-
POHOB, JOCTUTAIOIMX aHO/A B €AMHUIY BDEMEHH, PE3KO BO3paAC-
TeT, obecrieynBasl M yBeJIMYEHHE aHOAHOro TOKa. [IBuxeHue
3JIEKTPOHOB B TPEXJJEKTPOAHOMN JIaMIl€ MPU IMOJOXKUTEAbHOM
NOTEHLIMAJIe CETKM NOKa3aHo Ha puc. 1.5.
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Puc. 1.5. [iBuxeHne 3neKTPOHOB B TPEX3INEKTPOAHOW naMne NPy NONOXUTENbHOM
noTeHuwnane ceTku

ITpu nogaue Ha CETKy OTPHLATEIBHOrO NMOTEHIHMAIA OTHOCH-
TEJIbHO KaTO/Ia TapaMeTphl 3JIEKTPUYECKOTO I10J1A B JIAMIIE U3Me-
HaATca. [Ipy 3ToM HaNpsYKEHHOCTD NOJIA HA Y9aCTKe KaTOA-CETKA
3HAYUTENBHO YMEHBIIUTCA. B pesysbTaTe 3/1€KTPOHBI, BBUIETAIO-
1€ C NOBEPXHOCTU KaTO/Ja, NONAJYT B 3JIEKTPHYECKOE MOJIE,
KOTOpOE HE TOJIbKO He GyfeT CocOGCTBOBATh X YCKOPEHHOMY
ABMXXEHMIO, HO U OyIET 3aMEIATh MX CKOPOCTb. JInmp He3HauN-
TeJbHas 4YacCTh 3JIEKTPOHOB (6Jarojaps BbICOKOH HaYajlbHOMH
CKOPOCTH) CMOJKET NMPOMTH dYepe3 CeTKy M xocTuub anoxa. Oc-
TaJIbHbIE Xe GYAyT TOPMO3UTBLCA ¥ OTTAIKMBATHCA ceTKoM. Takum
06pa3oM, OTOK 3JIEKTPOHOB Ha YY4aCTKE CETKa—aHOJ 3HAYMTE b
HO YMEHBIIMTCS, YTO PHUBELET U K yYMEHBUIEHHIO AHOXHOTO TOKA.
Bonee Toro, npu nogaue Ha ceTky CpaBHUTENBHO GOJBIIOTO OT-
PHMLIATENBHOTO NOTEHIMAJIA JIAMITY MOXKHO BOOOILE «3aNepeThb»,
TO €CTb HE JIaThb BO3MOXXHOCTH 3JIEKTPOHAM JIOCTUTaTh aHOJA.
JlBrXeHMEe 3J1IeKTPOHOB B TPEX3JIEKTPOAHOM JlaMIle IPY OTPHIA-
TEJIbHOM NOTEHLMaJIE CETKH MMOKa3aHo Ha puc. 1.6.

Taxum o6pa3oM, 3/1eKTPOH, BbUIETEBIIMI B pe3yJIbTaTe Tep-
MO3JIEKTPOHHOI 3MHUCCHH C TIOBEPXHOCTH KATO/A 3JIEKTPOHHOIA
JIaMITbl, OKa3bIBAETCS B 3JEKTPUYECKOM I0Jie, IOX ACIICTBIEM
KOTOPOTO OH PaBHOYCKOPEHHO ABHXeTcs K aHony. Iloxauei

2-8272
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AHOp

Cetka

Katon

Puc. 1.6. iBuxeHne 3neKTPOHOB B TPEX3NEKTPOAHOM Namne Npu oTpuuaTenbHOM
noTeHumane ceTku

onpejeJeHHOro OTEHIMaJIa Ha CETKY MapaMeTpPhl 3JIeKTpUYec-
KOTO I10JIAA B JIAaMII€ MOTYT U3MeHAThcs. IIpu aToM pu noxaye no-
JIOKUTELHOrO MOTEHIMAJIA 3/IEKTPOH OKaXXETCS B yCKOPSIOIEM
nojie, YTO NPUBEJET K YBEIMUEHHUIO €ro CKOPOCTH M BO3pacTa-
HHIO aHOZHOTO TOKa. B pesynbraTre nopayu orpuLareaIbHOro mno-
TEHIHaJa HA CETKY dJEKTPOH OKXETCA B TOPMO3SIIEM IIoJe,
€ro CKOpOCTb YMEHBUIUTCS, M, KAK CJAEACTBHE, YMEHbIIUTCH
AHOJHBIN TOK.

TpexanexrpoaHas naMna, NIpUHLHMII AeHCTBUSA KOTOPOH ObLI
PaccMOTpEH B 3TOM pa3jiesie, Ha3biBaeTcs TpuoaoM. [llasHoili ee
0COGEHHOCTBIO SIBJISIETCS BO3MOXHOCTDb YCHJIEHHs MMOJABAEMOTO
Ha CeTKy nepemeHHoro HanpsbkeHus. Kak yxe ormeuanocs pa-
Hee, [0CJeI0BaTEIbHO U3MEHAA 3HAK [TOTEHIMAJIA, MOJaBaeMO-
ro Ha CETKy TPEX3JeKTPOJHOI! JIaMIIbl, a TaKXKe Jaxe B He6OJIb-
IIMX NpefAesax ero BeJIMYMHY, MOKHO JOOMTbCA 3HAUMTENIbHbIX
M3MEeHEHHMI1 aHOXHOro Toka. Tak, Hanpumep, ecliu MEXIy CEeTKOI
M KaTOZOM MORKIIOYUTH UCTOUYHHK NIEPEMEHHOTO HANPSXKEHU,
TO MOTEHLMAJ CETKU GyAeT U3MEHATBCA B COOTBETCTBUHU C U3Me-
HEHHMEM MOJaBaEMOro HaNpPsXKEHUS.

[Ipy oTcyTCTBMM NOTEHLIMANA HA CETKE JIaMITbl KOJMYECTBO
3JIEKTPOHOB, KOCTUTAIOIUX aHOAA, GYAET HMeTh onpeeieHHYIO
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MOCTOSHHYIO BEJIMYMHY, KOTOPYIO MOXHO IPHUHSATD 3a IIPOMEXY-
TOUHYIO WIHN cpeaHioo (puc. 1.7, a). AHOAHBIN TOK, COOTBET-
CTBEHHO, TaKKe OYAeT MOCTOSHHBIM, YTO WUIIOCTPUPYETCS Ipa-
¢uxom Ha puc. 1.7, 6.

AHoAa
AHOAHBLIV
TOK
1
Cetka A
0 ®dopma
aHOAHOro
2 / TOKa
KTPOHHS
;7 CNONZ /
Karon Bpems
T
a 6

Puc. 1.7. AHOAHbIY TOK NPY HYNEBOM 3apaae Ha ceTke

Bo Bpems nojaum Ha CETKy IOJIOXMTEILHOTO IOJyNEpHUOAa
NIEPEMEHHOrO HANpPSKEHUA Ha HEH NOABUTCS MOJIOXKUTEIbHbIN
3apsaa. Beamunna aToro 3apsiia B nepBylo OJIOBUMHY MOJYNEPHOAA
6yaeT BO3pacTaThb C HyJs O MaKCMMaIbHOTO 3HaueHus. B pesyib-
TaTe 3TOro Npouecca KOJIMYECTBO IJEKTPOHOB, JOCTUrAIOMHUX
aHoJa, TaKke GyneT BO3pacTaTh CO CPERHETO 3HAYEHHUS O MAKCH-
MyMa, 4TO IIPUBEJET K BO3PACTaHMIO aHOAHOro Toka. Bo BTopyio
TIOJIOBHHY TOJIOKMTENBHOTO NOJyNIepHOZa BEIMYMHA 3apsaa CeT-
KH GyeT yMEHbIIAThCs C MAKCHMyMa 10 HyJIs, TIpM 3TOM KoJIMye-
CTBO 3JIEKTPOHOB, AOCTMTalONMX aHOAA, OyAeT yMeHbIIAThCA
€ MaKCHMyMa 0 cpexHero 3HaueHus (puc. 1.8, a). to npuseneT
K YyMEHBIIEHHIO aHOJHOrO TOKa OT MaKCHMaJIbHOTIO O CPERHETO
3HA4Y€HMH, KaK N10Ka3aHo Ha puc. 1.8, 6.

Bo BpeMs mogauM Ha CeTKy OTPHMUIATEABHOrO NMOJYNEPHOAA
NIepEMEHHOTO HAINPSXKEHUs Ha Hel NMOoABUTCS OTpHULATEIbHbIN
3apsan. I1pu aToM BeMuMHa 3aps/a B IEPBYIO NOJIOBUHY ITOJIyNIEPH-
onia GyreT BO3pacTaTh € HyJs 10 MaKCUMIBHOTO OTPHUIIATEILHOTO

2'
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AHOA
AHOAHbLIN
TOK
A ®dopma
aHoAHOro
MonoxutenbHbiit Cetka TOKa
nonynepvona
+
@
% 7
/9neKTpOHHBIN:
HenoiA
Karton Bpemsa
T
a 6

Puc. 1.8. AHOAHBIA TOK NPY NONOXUTENBHOM NONynepuoae NnepeMeHHoro
HaANPRXEHUN HA CeTke

3HayeHUs. B pesynbrare 3TOro npouecca KoJIM4ecTBo 3J€KTPO-
HOB, JOCTHUTAIOIMX aHOAA, GYAET YMEHBIIATHCSA CO CPERHETO 3HA-
4€HUs 10 MUHUMYMA, UTO NIPUBE/ET K COOTBETCTBYIOEMY YMEHD-
II€HHUIO AaHOZHOTO TOKA CO CPEAHETO 1O MUHUMAIbHOTO 3HAYEHHU L.
Bo BTOpYIO 10JI0BMHY OTPULIATEIBHOTO MOJIYNIEPHUOA KOJMYECTBO
3JIEKTPOHOB, IOCTUTAIOIIMX aHOAA, GyAeT NOCTENEHHO BO3PACTaTh
C MUHMMYMa JIO CpeAHero 3HayeHus (puc. 1.9, a). 3to mpusener k
YBEJIMYEHUIO AaHOJHOTO TOKA C MUHMMAJILHOTO IO CPEAHETO 3HaYe-
HHS, KaK I0Ka3aHo Ha puc. 1.9, 6.

Takum 06pa3oM, MOTOK 3IEKTPOHOB B TPEXIJIEKTPOJHOM J1aM-
ne 6yleT M3MEHATbCA — YMEHBIIATbCS WIHM YBEJIMYUBATHCSA — B
COOTBETCTBMM C 3aKOHOM, 10 KOTOPOMY M3MEHAETCA IIEPEMEH-
HOE HalpshKeHue, NojjaBaeMoe Ha ceTKy. B peaysibrare, no Tako-
MY € 3aKOHY, IOCJIEAOBATENIbHO BO3pacTas U yobIBasi, GyAeT U3-
MEHATbCA U TOK B aHOAHOM nenu. Kak u3BecTHO, UTOOBI BbI3BATh
B aHOJHOM I|€MU CyIIeCTBEHHOE U3MEHEHHE aHOJHOIO TOKA, K
C€TKE JOCTATOYHO INOABECTH BECbMA HE3HAYHTEJIbHBIN 3apsa.
IlosToMy, eciiu Ha CETKy MOAATh dJIEKTPUYIECKUe KonebaHus,
MaKCHMaJIbHas BEJIMUMHA WIH AMILUIMTYAA KOTOPbIX OYE€Hb MaJIa,
TO B aHOJHOM uenu 6yayT GopMHUpPOBATLCA KONIEGAHUA CO 3HAUM-
TEJIbHOM aMILIUTYOH. 3aBUCMMOCTD KOle6aHUii TOKa B aHOHOIA
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AHopn
AHOAHBLI
TOK
A
OTpuuarenbHoin Cetka
nonynepvwoa /
o———\—/——— -— /
nexrpoynu
ZeNo %
dopma .
aHOAHOrO
ToKa
Katon Bpems
T
a 6

Puc. 1.9. AHOAHbIN TOK NPW 0TPUULATENBHOM NOAYyNEPNoOAE NEPEMEHHOTO
HaNPAXeHNs Ha ceTke

MOCTORHHbIN TOK
YcuneHnHoie kone6anns
NEPEeMEHHOro Toka
Nynecupyowme
xonebGanus
B uenu aHoaa \
PasanenutensHoe| Beixon
YCTPOWCTBO
MNepemenHbie konebanus =
B8 UENK CeTkn
t
WUcTounmnk —2—
InepeMeHHbIq
xoneGanmn [
Barapes
Anopnan
"~ Garapes

N

Puc. 1.10. 3aBucMMoCTb konebGaHuin Toka B aHOAHOW uenu oT konebaHunin
HaNPAXEHWNA Ha CeTKe ANEKTPOHHON namnb
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LIEeNH OT KoJIeGaHUi HANPSXKEHNU s HA CETKE 3JIEKTPOHHOM J1aMIIbl
wmoctpupyercs Ha puc. 1.10.

B pesysbTaTe paccCMOTPEHHOrO MPOLECCa MPOUCXOAUT yCHIIe-
HUe KoJIeGaHMIA, TOCKOJIbKY CPAaBHUTEIbHO HEGOJIbIIOE epeMEH-
HOE HanpskeHUe, I0aBaeMOe Ha CETKY JIaMIIbl, yIIpaBiasieT ABU-
JKEHHMEM ITOTOKA 3JIEKTPOHOB U, CJIE/I0BATEIbHO, 3HAUUTENbHBIM
TOKOM, [TPOTEKAIOWUM B aHOHOM nenu. Bexymryio posnb B aToM
npolecce BBITOJHAET CETKA, KOTopas NOoJy4Yu/a Ha3paHHe yrpa-
BJAIOLICH.

TakuM 06pa3oM, TPEX3JIEKTPOAHAS 1aMIIa, WK TPHO, ABJISET-
€S IPOCTEMIINM yCHIIMTE/IEM 3JIEKTPHYECKUX KosteGanuit. Hanom-
HUM, YTO NEPBbIE€ YCHINTEIbHbIE TPHUO/bI MOABWIMCH B Hayajle
XX Beka. B pesynbrare nanbHeiiero pa3ssuTys 4 yCOBEPIIEHCTBO-
BaHUsA TPHOJOB ObUIHM pa3paGoTaHbl MHOTO3JIEKTPOAHBIE U TaK Ha-
3bIBacMble KOMOMHHPOBAaHHbBIE MPHUEMHO-YCHIMTE/bHbIE JIAMITBL.
Heo6xoaumo oTMETHTD, UTO B HACTOSIIEE BPEMsl TPEXIIEKTPOI-
HblI€ JIAMIIbI B YCHIMTEJISAX HU3KOH YaCTOThI NPHUMEHSAIOTCS JIMIIb B
cocTaBe KOMOMHMPOBaHHBIX JaMIl. HexoTopele JonoHUTeIbHBIE
CBe/leHUs O TPUOJaxX U JAPYTUX YCIIMTEIbHBIX JJaMNax OymyT npu-
BEJIEHDI B CJlelylouiei raBe.

1.3. JnemeHTbl KOHCTPYKLUUM INEKTPOHNDBIX
namn

ITo KOHCTPYKIIMH 3/IEKTPOHHAS JIaMIIa NIPE/CTaBAsAEeT CO6O¥t cTek-
JIAHHBIHA, METALUIMYECKHUI, METAUIOKEPaMUYECKHI I KepaMu-
4yeckuil 6a/UIOH, B KOTOPOM CO3/aH NIy6oKuit BakyyM. B atoT 6an-
JIOH BIIaUBAIOTCS 3JIEKTPOJbI, KOTOPbIE, B 3aBUCUMOCTH OT BBINOJI-
HAEMOM 33J1a4M, UMEIOT CNIENMabHYIO GOPMY U M3rOTaBIUBAIOTCA
U3 Pa3IMYHBIX MATEPUAJIOB.

B 11060i1 a1€KTPOHHOIA JTaMIIe, HAYMHASA OT IMO/a U 3aKaHYH-
Basg MHOTOCETOYHBIMH JIAMIIaMH, BCEra UMEIOTCA J[Ba 3JIEKTPO-
Ja, 6e3 KOTOPbIX OHA He MOXeT (QyHKIIMOHHUPOBATh, — KATOA U
aHoA. IToMMMO yKa3aHHBIX 3JIEKTPOJOB B CIOXHBIX 3JIEKTPOH-
HBIX JIAMIIaX, HANPHUMeEP B TPHOAAX U NMEHTO/AX, MEXIY KaTOAOM
Y aHOJIOM NOMEILAIOTCS JAONOJHUTE/bHBIE 3IEKTPO/IbI, Ha3bIBaE-
Mble ceTKaMu. CeTKH HMCIOIB3YIOTCA IS CO3JAAHUA U3MEHSIO-
IUXCSA BO BpPEMEHH TOPMO3SIIMX WM YCKOPSIOIUX 3/1IeKTpHYeC-
KHX IOJIei, C MOMOIIBIO KOTOPhIX MOXHO YIIPABJIATh MOTOKOM
3JIEKTPOHOB MEXJy KATO/OM M aHOJIOM.
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Karoa, anop, cerxka

HcTOYHNKOM CBOOGOAHBIX 3JEKTPOHOB B 3JIEKTPOHHOI1 JlaMIle
SIBJISIETCAA OAMH M3 €€ 3JIEKTPOZOB, KOTOPBI Ha3blBAa€TCH KaTo-
JaoM. B mpocreiimeM ciyyae xaToa npeAcTaBiseT co60i TOHKYIO
METAJUIMYECKYIO TPOBOJIOKY, HAKAJIMBAaEMYIO NPOTEKAIOUM I10
Hel 3JIeKTPHYEeCKUM TOKOM, KOTOPBIi NOJy4IUl Ha3BaHME TOKa
Hakana. KaTobl 3/1€KTPOHHBIX JJaMNl Pa3IMYalOT MO KOHCTPYK-
LMY ¥ BUIY SMUTHPYIOIIEH NOBEPXHOCTH.

ITo Bumy sMuUTHpYIOMmEH NOBEPXHOCTH KaTOALI A€IATCSA Ha IPO-
CThi€, METAIOIVIEHOYHBIE, NOJIyIPOBOAHHKOBbIE U CJIOXKHBIE.
Ilpu 3TOM NPOCTBIE KATOABI, KOTOPbIE YaCTO HA3bIBAIOT META/UIU-
YECKMMH, ABJISIIOTCS HEAKTUBUPOBaHHBIMU. Bce ocTanbHbIE KaTO-
Abl — aKTUBMPOBaHHbIE, ITOCKONbKY Ha MX IIOBEPXHOCTb HaHECEH
AKTHUBHDBINA CJIOH, N1OBBIMAIOIMIT 3MUCCHOHHDbIE CBOMCTBA KaTOAa.

IIpocTeiMHU, WM METALIMYECKHMU, Ha3bIBAIOTCH KaTO/bI, U3-
rOTOBJIEHHBIE U3 YMCTOTO METAIA, a CJOXHBIMH — KaTOJbl, B
KOTOpPBIX IIOBEPXHOCTbh OCHOBHOIO METaJlJla MOKPbITa TOHKOM
MJIEHKO# APYroro MeTajia WiM OKHCJIaMU IEeJOYHO3EMEbHbIX
MeTasuioB. Jl1 U3rOTOBIEHHS NPOCTHIX KaTOJ0B, NPUMEHSAEMbIX
B MOIIHBIX F€HEPaTOPHBIX JIaMMIaxX, Yallle BCEro MCIMOJIb3yeTCs
BOJIb(ppaM, NOCKOJIbKY OH 00JIaiaeT CPaBHUTENBHO BHICOKOI TEM-
NnepaTypoii NJjaaBjJe€HHs, BBICOKUM NOCTOSHCTBOM 3MHCCHHM BO
BPEMEHH U PsIOM APYTUX AOCTOMHCTB. Bo Bcex OCTaIbHBIX CIIy-
Yyasx NPUMEHAIOTCS aKTUBUPOBaHHbIE KaTOAbI, HAIpUMep NOJy-
IIPOBOJHMKOBBIE, METALIONICHOYHBIE U CJIOXKHBIE.

Tax Ha3bIBaeMble METALIOIUIEHOUHBIE KATOABI OGBIYHO U3ro-
TaBJIMBAIOT U3 BOJb(PaMOBOIl NPOBOJIOKH, NOKPBITOI TOHKOI
MJIEHKOH MeTalla, Y KOTOPOTO 3JIEKTPOHBI cjabee CBSA3aHbI €
sanpoM aToMa. Cpean METa/UIOIUIEHOYHBIX KaTOAOB Haubobiee
pacnpocTpaHEeHHe NOJYyYWIN TaK Ha3biBaeMble TOPUPOBaHHbIE
KapOMAMPOBaHHbIE KaTOAbl, M3rOTaBJMBaEMbI€ C MOMOIIBIO CO-
3JaHMsA TOHYAMNIIEro cJ1os Kapo6uaa Boab(ppaMa U OKMCH TOPUSA
Ha IIOBEPXHOCTH BOJIbppaMOBOii NpoBOJIOKH. B pesysnbrare cne-
HMAJIBLHON TepMUYecKoil 06paboTKH Ha NOBEPXHOCTH KapOouiaa
BoJIbpaMa 0Opa3yeTcs MIEHKAa METAIMYECKOrO TOpUS, KOTO-
past ¥ IBJISI€TCS aKTUBHBIM cloeM. Takue KaTo/bl NPUMEHSIOTCSA
B MOIIHBIX BBIMPSAMHUTEIbHBIX JAMIIaX, @ TAKXKE B FEHEPATOPHBIX
JlaMIax Majoi U cpeHel MOIHOCTH.
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INosryripoBoAHMKOBbIE KaTOAbI, HAUOO/IEE PacCIPOCTPaHEHHBIMU
U3 KOTOPBIX ABJAIOTCA TaK Ha3blBa€MblE€ OKCHIHBIE KaTOAbI, U3rO-
TABJIMBAIOTCS NP NOMOIM HaHECEHHs HA METAJUTMYECKOE OCHOBA-
HHe, OOBIYHO HHMKEJIEBOE WIH BOJIb(PaMOBOE, CMECH OKHCJIOB Iie-
JIOYHO3EMEJIbHBIX META/UIOB, HAIPUMEP Kalus, CTPOHLMSA WM
6apus. Taxue KaToAbl LIMPOKO MCIOJIb3YIOTCSA B NPUEMHO-YCHIH-
TesbHbIX Nammnax. Heo6XoaMMO OTMETHTD, UTO OKCHIHBIE KaTOAbI
MMEIOT U PAA HeAOCTATKOB. OIHUM U3 HUX ABJISETCS BO3MOXHOCTD
MCIapEHUsl OKCHUAHOMN IUIEHKH, YTO NPUBOAMUT K 3HAUMTEIbHOMY
M3MEHEHMIO XapaKTEePUCTUK Jamnbl. IlosToMy Takme xaToanl He
HCTOMB3YIOTCA B 3JIEKTPOHHBIX JIaMNax, paboTalomux npu 60b-
IIMX aHOAHBIX HaNpsKeHUAX. OKCUHbIE KaTOAbI LIMPOKO NpHMe-
HSIOTCS B IIPUEMHO-YCHIMTENIbHBIX, UMITYJIbCHBIX ¥ MaJIOMOLIHBIX
FéHEPaTOPHBIX JIAMIIAX, @ TAKXKE B 3JIEKTPOHHO-TYYEBbIX TPyOKax
¥ HEKOTOPbIX MOHHBIX 3JIEKTPOBAKyyMHBIX NpUGOpax. B MOmHBIX
reHepaTopHbix amnax CBY, Hanpumep B MarHeTpoHax M JlamMmnax
0GPaTHOM BOJIHbI, UCIIOJIB3YIOTCSH TaK Ha3bIBAE€MbIE CUHTEPHPOBAH-
HbI€ WIH TOPUEBO-OKCH/IHBIE KATO/IbI, U3rOTABJIMBAEMbIE T10 CIIELH-
aIbHBIM TEXHOOTHAM. I1p1 5TOM Ha MOBEPXHOCTH MPOBOJIOKH U3
BOJIb()paMa YIM MOJIMGIEHA METOOM IPUIIEKAHHS IIOPOLIKA U3 TO-
ro K€ METaJUla CO3/AETCA KPYIIHO3EPHUCTAsA CTPYKTYpa, 3aroJIHsie-
Masi aKTHBHBIM BelIeCTBOM. B xauecTBe akTHBHOrO BEIIECTBA B Ta-
KUX KaTOJaX NPHUMEHSAETCS OKUCh TOpUS.

CioxHble KaTO/IbE IPEACTABJIAIOT CO60M aKTHUBMPOBAHHBIE Ka-
TO/IbI, B KOTOPBIX CO3/laH CPaBHUTEILHO GOJIBIION 3a11ac aKTHUBHO-
ro BeecTBa, o6ecneyrBarOmUil yBeIMueHHEe CPOKa SKCILTyaTa-
LMH amnbl. Takue KaTozbl, B CBOIO OYEPEb, OAPA3AEIIIOTCA HA
METaJUIONIOPHUCThIE KAMEPHbBIE, META/UIONIOPUCTBIE IPONUTAHHbIE
U npeccoBaHHble. [Ipy U3roTOBIEHNN METAJUIONIOPUCTBIX KaMep-
HBIX KaTOJOB aKTHBHBIM BEILECTBOM 3aIOJIHAIOTCS CHELUaTbHbIE
KaMepbl. B MeTa/uIOnOpHUCTBIX MPONUTAHHBIX KaTOJAX TaKUM Be-
IECTBOM MPONMUTHIBAIOTCA NOPHI TYOKM M3 BOJbpaMa MM HHUKe-
ns1. IlpeccoBaHHble KaTOAbl U3rOTABIMBAIOT U3 CMECH, B COCTAB
KOTOPO¥ NpEABapUTEIbHO BBOAUTCSA aKTUBHOE BelecTBo. Cox-
Hbl€ KaTO/bl OOLIYHO NPUMEHSIOTCA B F€HEPATOPHBIX JIaMIax U
npu6opax CBY, nanpumep B KIMCTPOHAX.

ITo KOHCTpyKLIMH, B 3aBUCUMOCTH OT clocoba Harpesa, Bce
KaTOAbI ACJISATCS Ha KATOABI IPAMOTrO ¥ KOCBEHHOTro Hakaa. Ya-
CTO KaTOJABbI KOCBEHHOTO HAaKaJla Ha3bIBAIOT IIOAOTPEBHBIMU.
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KaTozb!l npsiMoro Hakana 06GbIYHO BBIMTOJHAIOTCS U3 OTPE3Ka
TOHKOM HMTH pa3nu4HOM ¢opmbl. X 10CTOMHCTBAMM SABJIAIOT-
cs1 6bICTPOTA IIPOTpeBa U BbicoKas 3 dexTuBHOCTh. Cpeau Hexo-
CTaTKOB KaTOJOB NPAMOrO HaKajla HEO6XOAMMO OTMETHUTDb He-
AONYCTHUMOCTh Pa3orpeBa NepeMeHHbIM TOKOM U TPYAHOCTb
NoJy4eHHs GOJBIIOro TOKAa SMUCCHM M3-32 MAIOH IUIOWIALH ITO-
BepXHOCTH. Tak, Hapumep, NpU Harpese NPSAMbIX KaTOAOB Ie-
PEMEHHBIM TOKOM MX TEMIIepaTypa GyAeT UBMEHATBCS C YABOEH-
HOM yacToTOM nuTalomero Toka. [fIoaromy onHoBpeMeHHO GyneT
MEHATbCA U SMUCCUOHHAA CMIOCOOHOCTD KaTOAa. Y KaTOAOB, BbI-
MOJIHEHHBIX U3 CIMIIKOM TOHKOH HMTH, 3TH KOJ€GaHMS MOTyT
ObITb BECbMa 3aMETHBI, YTO MPUBOJAUT K CYIECTBEHHOIH HeCTa-
61IbHOCTH B paboTe 3JIEKTPOHHOM samnbl. Eciu xe B kauecTse
KaTO/a MCIOJb3yeTCS CPABHUTENBHO TOJCTasA HUTb, TO H3-32
601110} TEIIOBOH MHEPLMH TAKOH HUTH KojJieGaHUs TeMIlepa-
TYpbI U, CJAE€0BATENBLHO, TOKA SMUCCHM OYAYT HE3HAUMTEJIbHBI.
OnHaKo TOJCTbIE HUTH MOTYT MPUMEHSTBCS TOJBKO IIPH U3rOTOB-
JIEHUHU KaTOJ0B MOWIHBIX Jamn. Takum o6pa3oM, BoabppaMOBbie
M METLIOIUIEHOYHBIE KAaTO/bl MPSAMOro HaKala UCTIONbL3YIOTCS B
MOUIHBIX FEHEPATOPHBIX JIAMIIaX, a OKCUAHBIE — B MAJIOMOIIHBIX
NPHEMHO-YCHIMTEbHBIX JIAMIIAX anmnapaTypbl C 6aTapeiiHbIM -
TaHUEM.

B MasioMOImHBIX 3IEKTPOHHBIX JIaMIIax BO U3bexaHue 3aMeT-
HOT'0 U3MEHEHUS IMUCCHOHHOMH CMIOCOGHOCTH KaToAa IIPH MMUTa-
HHUH OT MCTOYHHUKA NMIEPEMEHHOrO TOKA UCIOJb3YIOTCA KaTOAbI
KOCBEHHOTO HaKasa ([MoAOrpeBHbIE), KOTOPbIE COCTOSAT U3 MOJAO-
rpeBaTeJist U U3JTyyaTeis 3JIeKTPOHOB. B Takux kaToiax noxorpe-
BaTEJIEM ABJSAETCA OObIKHOBEHHAsA HUTh HaKasla, BLIITOJIHEHHAs,
HanpuMep, U3 BoJbppaMa MM CIUIaBa BOJbdpama ¢ Mombje-
HoM. HUTb Hakasa NOKpBIBAETCS M30JMPYIOLIMM BELIECTBOM H
noMemaeTcs B TpyOKy, KOTOpasi U UTpaeT poJb KaToja. Takas
Tpy6Ka OGBIYHO M3rOTABIMBAETCS M3 HUKEJIS, IIOKPBITOTO OKCHJL-
HbIM cjoeM. OT Hee NMPOBOAUTCHA OTAENbHbBINA BBIBOJA, KOTOPbIMH
Ha3bIBAETCS KATOAHBIM BBIBOJOM.

CnemyeT OTMETUTD, YTO B HEKOTOPBIX 3JEKTPOHHBIX JaMIax
TaKOH KaToJ BHYTPM GaJl/IOHA COEAMHSETCS C ONHMM M3 KOHTaK-
ToB nogorpesatens. OJHUM U3 TPEUMYIIECTB TIOAOTPEBHBIX Ka-
TO/IOB SBJSETCA UX CPAaBHUTENBHO Gosblias Macca, 6aarojaps
4yeMy IIpH HAarp€BaHMWH NEPEMEHHbIM TOKOM OHH HE ycneBaooT
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3aMETHO M3MEHUTD CBOIO TEMIIEPATYPY U, CIEJOBATEIbHO, IMHC-
CHOHHYIO crioco6HOCTb. IloMnMo aToro 6osbmas NOBEPXHOCTb
TAKMX KaTOJIOB OOECIIEYHBAET 3HAUUTEIbHBIN TOK amMuccuu. Ilo-
JAOTpEBHBIE KAaTOAbl NOJYYHIM HIMPOKOE PacnpoCTpaHEHUe B
3JIEKTPOHHBIX JIaMIIaX pajJyoalnapaTypbl, MUTAEMOMH OT UCTOY-
HHKOB NIEPEMEHHOTO TOKa.

BTOpbIM 371€KTPONOM, KOTOPBII NMEETCA B JII060I 3JIEKTPOH-
HOM JlaMmre, sBsgeTcs aHoA. I1o oTHomEHMIO K KaTOAy aHOJ UMEET
MOJIOXHUTEJIbHBIA MTOTEHIIMAJ, KOTOPBI 06€CreYnBaeTCs HCTOY-
HUKOM NUTaHMA aHoza. Ilpu mojaue HanpsKEHUA Ha y4acTOK
AHOA-KaTOJ B MEXKAY3JIEKTPOJHOM NPOCTPAHCTBE BHYTPH Gasuto-
Ha J1aMITbl (POPMHUPYETCA 3JIEKTPHUECKOE TOJIe, KOTOPOE HE TOJIb
KO onpeJie/I€T HalpaBJIEHUE JIBHXEHHUS 3JIEKTPOHOB OT KaToJa K
aHOJIy, HO Y1 YBEJIMUMBAET CKOPOCTDb NOTOKA. Takum 06pa3om, aHOA
SBJISETCS 3JIEKTPOJIOM, COGHPAIOIHM 3JIEKTPOHBI.

Bo BpeMs paboTbl aHOABI 3IEKTPOHHBIX JIaMII 3HAUUTEbHO
HarpesaioTcs. bosiee Toro, y MOIHBIX NPHEMHO-YCHIIMTENbHbIX
JIaMIl IPU ONPEJEIEHHBIX YCIOBUAX OHU MOTYT PacKaisTbhCs 10~
KpacHa. B MOIIHbIX reHEpaTOPHBIX JIaMNax, YTOGbI aHOJA HE pac-
TJIABMJICS, IPUMEHSIOTCS CMIEHANbHBIE CUCTEMbI IPUHYANTEb-
HOTO BO3JYLIHOTO M BOASIHOTO OXJIAXKAEHHSA.

IIpuunHO¥ HarpeBaHUs aHO/A ABJIAETCA NPOTEKAIOIIMIA yepe3
Jlamnry aHoHbli Tok. OfHako pu3MUecKUe IpoLEecchl, IPOMCXO-
AslMe B aHOJE M BbI3bIBAIOIME BbIJICJIEHUE TEIUIOBOH 3HEPTHH,
OTIMYAIOTCA OT NMPOLECCOB, KOTOPbIE BLI3LIBAIOT HarpeBaHue
OGBIYHOTO MPOBOJAHNKA NPH MPOTEKAHUM 110 HEMY 3JIEKTPHYECKO-
ro Toka. J[es10 B TOM, 4TO CONMPOTHUBJIEHHE AHOJA MPOXOAALIEMY
yepe3 HETO 3JIEKTPUYECKOMY TOKY YPE3BbIYaiHO MaJIo i TOTO,
YTOOBI aHOJ Pa30rpesICA A0 BHICOKOI TeMIIEpaTyphl.

VicTuHHAas npyMYMHA 3HaYMTEILHOTO NOBLILIEHUS TEMIEPATy-
Pl aHOza paboTalouieit 3/1EKTPOHHOI JIaMITbl 3aKJII0Ya€eTCs B CJie-
ayomeM. AHOAHBIH TOK 06pa3yeTcsl NOTOKOM 3JIEKTPOHOB, KOTO-
phle, 16 YeMemasch NojA AEHCTBUEM 3IEKTPHUYIECKOTO NOJS OT
KaTOJla K aHO/Iy, Pa3BHBaIOT BbICOKYIO CKOPOCTb. JIOCTHIHYB NIOBEPX-
HOCTH aHOJA, IEKTPOHbI PE3KO CHMKAIOT CKOPOCTDb BCJIEACTBHE
CTOJIKHOBEHMS C 4aCTULAMM METalla, U3 KOTOPOro BHIIIOJHEH
aHoJ. B pesysbraTe pe3koro TOpMOXKeHUs: KHHETHYECKast SHEPrust
3JIEKTPOHOB NPEBPAIIAETCS B TEILUIOBYIO, COOGINAACh aHOIY U Ha-
rpesas ero. TakuM o6pa3oM, IPHMYMHOI Harpesa aHOJA ABJISETCS
PE3KOE TOPMOXKEHME 3IEKTPOHOB.
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l'[ocxom;icy B paboTalolLeil 3JIEKTPOHHOI JIaMIle aHOJ NI0ABEP-
raeTcs BO3J€eHCTBUIO BLICOKMX TEMIIEPATYP, aHO/JbI OOLIYHO MU3-
rOTaBJIMBAIOTCSA U3 TYrOIUIABKUX METAUIOB, HAIPUMEP THUTAaHa,
HUKeJIsl, HUKEJIMPOBAaHHOM CTaIM, MONMNGJEeHa, ATIOMUHUPOBAH-
HOTO xeje3a wiu rpadpura. [ToMmumo atoro Jis paccenBaHus
TeIIa ¥ YJIy4IlleHHUs YCJIOBHI OXJIaXJAEHHUA B HEKOTOPBIX THIIaX
3JIEKTPOHHBIX JIaMIl (HallpUMep, B IPUEMHO-YCHINTEIbHBIX JIaM-
nax) NPpUMEHSIOT aHOABI crielaabHOi dopMmbl. Hx HapyxHbie
[IOBEPXHOCTH AEJAlOT WIEPOXOBATbIMHU, @ TAKKE MCIIOIb3YIOT
yepHeHHe. B reHepaTOpHBIX JJaMNax MIHPOKO UCIOJIb3yeTCs BO3-
AyIIHOE WIHM XHAKOCTHOE NPUHYAHUTENbHOE oxiaxaeHue. Jns
3TOrO K aHOAY NOACOEAUHSETCS BHEIIHUN paguaTop Creluaib-
HOM KOHCTPYKIIMH B COCYA€ C IIPOTOYHOM JXUAKOCTBIO MK B BO3-
JyXOIIpOBOJE.

CaMbIM NPOCTBIM CNIOCOGOM YMEHBIIUTb MOLUIHOCTb pacces-
HUS, IPUXOASILYIOCS HAa € IMHULIY IUIOIAAH aHOAA, SIBJISETCS yBe-
JUYEeHHe NMOBEPXHOCTH aHoJa. OHAKO 3TOT Cnoco6 CBA3aH C
yBEJIMYEHHEM OOIIMX pPa3MepOB JIAMIIbI M, KaK CJIeACTBHUE, C ee
yAOPOXaHHEM, a TAKXKE C YBEIHYEHHEM Pa3MepOB annapaTyphbl.

YT0O6BI NOHM3UTH TEMIIEPATYPY aHOAA, HE YBEJIMYMBAsA €T0 pas-
Mepbl, IPUMEHSETCs CII0CO0, B OCHOBE KOTOPOTO JICXKHUT SIBJICHHE
JydencnyckaHus. M3 GpU3MKM U3BECTHO, YTO HAMIYUIYIO Jy4eHC-
HyCKaeMYIO CIIOCOGHOCTh MMEIOT YEPHBIE Ted. ITa 0COGEHHOCTD
Y HCNIOJIB3YETCs VIS OXJIAKIACHHS aHONOB, HAXOAAIIMXCS B BaKy-
yme. Teopusi NOATBEPIKAAETCSA MPAKTUKOM: YepHEHbIe aHOABI Ha-
rpeBalOTCA 3HAYUTENbHO MEHbIIIE HEYEPHEHBIX, BbINIOJHEHHBIX U3
TOro xe Matepuaia. [IpuMeHeHNe YepHEHBIX AaHOOB NIO3BOJIAET
3HAYHUTEIbHO YMEHBIIHUTD Pa3MEPhI 3JIEKTPOHHBIX JIAMIIL.

Kak yxe oTMeuyanoch, B 3JIEKTPOHHBIX JIaMIIax PaclIONIOXKEH-
HbI€ MEX/y KaTOAOM M aHOAOM CETKH 06ecrneynBaioT popMupo-
BaHHeE IJIEKTPUUECKHX I10JIeii, KOTOpPbIE, B CBOIO OYepeab, Onpe-
AENAIOT XapaKT€PHUCTUKH JIAMIIbL.

JIsi M3TOTOBJIEHUSA CETOK 3IEKTPOHHBIX JIAMII Yalle BCero Mc-
HOJIB3YIOT BOJIb¢hPaMOBYIO M MOIHGACHOBYIO IPOBOJIOKY. B Heko-
TOPBIX JIaMITaX MOBEPXHOCTh CETKH C LIE/IbIO YMEHBIIEHUS TEPMO-
3JIEKTPOHHOI1 3MHUCCHH NOKPBIBAIOT CJIOEM ILIATHHbI WIH 30JI0Ta.

ITo KOHCTPYKIIMH CETKH 4Yalle BCETo NPEACTABIAIOT co60it
CrHpajb, KOTOpast BHYTPHU GaJUIOHA IAMITbI 3aKPETUIAETCA Ha CIle-
LMAIbHBIX TPABEPCAX, BBIMNOJIHEHHBIX U3 MEJHBIX CIUIABOB MU
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Monu6aeHa. IHOrAa NPpUMEHSAIOTCSA CETKA PaMOYHON KOHCTPYK-
LM 1 U3 IIPOBOJIOYHOI TKaHM.

B Tpexa/1eKTPOAHOH JIaMIl€ MCTIONb3YETCsl OfHA CETKA, KOTO-
pas sBasieTcs ynpasasiomwei. B To ke BpeMst B MHOTO3J1IEKTPOA-
HBIX JIaMIIaX MOXeET ObITb HECKOJIbKO ceTOK. Tak, HanpuMep, B ye-
TBIPEX3/IEKTPOAHBIX JIAMIIaX, Ha3bIBAEMbIX TETPOAAMH, UMEIOTCS
JIB€ CETKH, IIpY 3TOM BTOpas sIBASETCS skpaHupyoumel. B natu-
3JIEKTPOAHBIX JIAMIIAX, Ha3bIBAEMbIX IEHTOJAMHU, TIOMHUMO yIIPaB-
Js0Wel 1 KpaHUPYIOWEN MCIONB3YETCS TaK HasblBaeMasl 3a-
IUTHAsA, WM aHTUAMHATPOHHAsA CETKa.

Bannon, 4oKkonb, rerrep

B xauecTBe MaTepHaIOB, IPUMEHSAEMBIX JUIsl M3TOTOBJIEHUs GaJl-
JIOHOB 3/IEKTPOHHDIX JIAMII, OGBIYHO UCIIONB3YIOT CTEKIIO, METAILT,
METAUIOKEPAMHUKY, 2 TAKXKe CHeNHMaIbHbIE KePaMUyYeCKHe Bele-
CTBa. '

Heo6x04uMO OTMETHTD, YTO B HACTOsAIIEE BPEMSA GOJBIINH-
CTBO NPHEMHO-YCWIMTEBHBIX JIaMIl M3rOTaBINBAETCA B CTEKIISTH-
HBIX G/UIOHAX, [TOCKOJIbKY B HUX JIEFKO CO3JaTh HEOOXOAMMBIN
BakyyM. IIoMMMO 3TOTO B CTEKISHHOM GaLTOHE J1erye 06ecneynTnb
Heo6XoaMMble YCJIOBUSA IS OXJIAXAEHUS 31E€KTPOAoB. B To xe
BpeMsl VIaBHbIM OTPHLATENbHBIM KaUECTBOM CTEKISHHBIX 6aL1o-
HOB SIBJISIETCS UX XPYTIKOCTb. JIJIsl U3TOTOBIEHUS CTEKISAHHBIX Gasr-
JIOHOB 3JIEKTPOHHBIX JIAMII Yalle BCETO MCIO/b3YIOT KBapLEBOE,
HaTpHMeBOe, CBUHIIOBOE, 2 TaKXe 6OPOCHINKATHOE CTEKIIO.

Metauinyeckue 6a/UIOHBI 00J1aal0T 60JIbIIE TPOYHOCTHIO
I10 CPaBHEHUIO CO CTEKIISIHHBIMU U, K TOMY XK€, 9KPaHHUPYIOT BHYT-
PEHHIOIO TI0JIOCTD JIAMITBI OT BO3AEHCTBUS BHELIHUX 3JIEKTPUYEC-
Kux noeit. OfHaKo ¥ OHU He JIMIIEeHb! HeRocTaTkoB. Tak, Hanpu-
Mep, B JIaMIIax C METAUTMYECKUM GUIIOHOM TPYAHO 06ecnednTDb
HeO6XOAMMbIE YCIOBUS OXJIAXKEHHUS BIEKTPOJAOB, a TAKXKE CIIOXK-
Hee CO31aTh HEOOXOMMBbIH BaKyyM.

Buyrpu 6auioHa 3JIEKTPOHHOM JIaMIbl Pa3MEIAIOTCS JJIEKT-
POAbI, KOTOpBIE YKPEIUISIOTCS Ha CHEUMAIBHBIX AEPXKATENsX.
Kaxap1i1 2J1eKTPOJ COEAMHEH NPOBOJIHUKOM HJIM BBIBOJIOM C CO-
OTBETCTBYIOIIMM HapyXHbIM KOHTAKTOM, KOTOPbIH Yalle Ha3blBa-
IOT IPOCTO WTHIPHKOM. C MOMOWBIO 3THX WTHIPHKOB OCYIECT-
BJIsI€TCS TIOAKMIOYEHME JIaMITBI K LieNsaM paauoannapaTypsl. Ipu
3TOM BCE IITHIPLKH B ONPEJIENIEHHOM NOPAAKE PacIo/iaraioTcs Ha
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OCHOBaHMM WIH LIOKOJIE JIaMIIbl, KOTOPBI HaXOANUTCS B HIKHEN
ee yactu. CxeMa COeAMHEHUH 3/IEKTPOAOB JIaMNIbl C BHEITHUMU
BBIBOJIaMU WIM IITHIPbKaMU Ha3bIBAETCS 1IOKOJIEBKOM. B cBOE Bpe-
Ms IIKPOKOE PacnpOCTPaHEHHE MOJyYWIN 3J€KTPOHHBIE JaMITbI
C TaK Ha3bIBAEMbIM OKTAIbHBIM LIOKOJIEM, KOTOPbIH MOJYY CBOE
Ha3BaHMeE 110 KOJUYECTBY ITHIPbKOB. KX BoceMb. B TO xe Bpems y
MUHHATIOPHBIX 3JIEKTPOHHBIX JIaMII, BHIIOJHEHHBIX B CTEKJISH-
HBIX 6aJUIOHAX, ITHIPLKY BIASTHbI HEMOCPEACTBEHHO B HIKHIOKO
gacTb 6a/utoHa. Takue saMnibl Ha3bIBAIOTCA GECUOKOJIBHBIMU.
BosbInIHCTBO NPUEMHO-YCWIMTEIBHBIX JIAMIT UMEIOT OT CEMHU
J0 REeBATH WTHIpbKOB. IIpyu 3TOM HyMepauusa WTHIPLKOB OCYIIE-
CTBJISI€TCS IO 4aCOBOM cTpeike. UTOOb!I ITHIPHKY JIAMIIbI IPU €€
YCTaHOBKE B annapaTypy OKa3alicCh B CTPOrO COOTBETCTBYIOIMX
UM THE3JaX JIaMIOBOIl MaHeJbKH, Ha IOKOJIE UMEETCH KII0Y.
B 3/1eKTPOHHBIX JIaMIIaX C OKTAIbHBIM LIOKOJIEM POJIb KTI0Ya Bbl-
HOJIHAET IUIAaCTMACCOBBIIT BBICTYN CHenuatbHoi gopwmsl. B Gec-
LOKOJIbHBIX MaJIbYMKOBBIX JIAMINaX JUIS1 3TOH LENIH UCTIOJIb3YeTCs
YBEJIMYEHHBIH IPOMEXYTOK MEXTY COCEAHUMH IUTHIPbKAMH, & B
MUHUATIOPHBIX JIAMIIaX HyMEpauus WThIPHKOB OCYINECTBAAETCA
OT LIBETHOI METKH WIHN OT CNIELUAJBHOrO BHICTYNA Ha GaJLIOHe.
B 3akmoyeHue cieayer ynoMsHyTbh 06 OJHOM HENMPUATHOM
SIBJICHUH, C KOTOPbIM IPUXOAUTCS CTAIKUBATLCSA MOJb30BATENAM
MpY 3KCIUyaTalliy JIAMIIOBOM anmnapaTyphbl, — O BLICOKOU TeMIie-
paTtype 6aioHa. 3TO 0OCOGEHHO XapaKTepHO Ui J1aMIl, paboTa-
IOIIMX B OKOHEYHBIX KacKajaxX yCHJIUTEJeH HM3KON 4acTOThI.
Harpes 6a/L10HOB 371EKTPOHHBIX JIaMIT IPOUCXOAUT BCJIEACTBHE
nepeAayy UM YacCTH TEIUIOBOW 3HEPIuM OT PaCKaJ€HHOTrO KaTo-
Jia ¥ oyeHb ropsuero aHoga. OgHako Npupoja 3TOro npouecca
HE TaK IIPOCTa, KaK MOXET MOKa3aTbCA C EPBOTo B3IIAJA.
Jlesio B TOM, 4TO B IPOCTPaHCTBE, OTAE/IAIOIEM KaTO U aHOX
oT GaUIOHA, CO3JaH IIy6okuit Bakyym. Tam OoTCyTCTBYeT BO3ayX,
KOTOpBIif B OKpyXaoueid Hac AeHCTBUTEIbHOCTU Yalle BCEro
BBINOJIHAET (PYHKIMIO NPOBOAHMKA Teria. Harpes 6aiona anekt-
POHHOIA JIaMIIbl IPOUCXOAUT BCJIEACTBUE TOTO, UTO YaCTh TEILIO-
BOI1 3HEPrUM OT KaTOJA U aHOJA UITYYaeTCA A BUJE TaK Ha3bIBa-
€MOrO TEIUIOU3TYYeHUs, TO €CThb MH(PaKpacHbIX gyuyeil. Yepes
BaKyyM 3TH JIYMU NPOXOAAT GE€CNPENATCTBEHHO, OJJHAKO CTEKJIO
6a/UT0Ha B 3HAYUTEBHOI CTENEHU NOIMIOILAET UX U MOITOMY
HarpeBaeTcs. [IpuymHa JaHHOrO sABJIEHUS 3aKII0YAETCS B CBOM-
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CTBax CTEXJIa, KOTOPOE NPO3PavHO JUIsi CBETOBBIX BOJIH BUANMO-
ro CIEKTpa, HO B TO )K€ BpeMs HAMHOTO MeHee IIpO3pavHo s
6osee JIMHHBIX BOJIH (MH(pPaKpacHOe U3TydyeHue) u Gosee Ko-
POTKMX BOJIH (yabTpaduoneToBoe uarydenue). Merann sooGie
He NponyckaeT UH(pPaKpacHbIe JIy4H, TO3TOMY METALIMYECKHE
6a//IOHB! 3/IEKTPOHHBIX JIaMII HArpeBaIOTCs CHJIbHEE CTEKJISH-
HBIX.

B nponecce sxcmiyatanuy BHYTpM TreépMeTHMYHOro 6auioHa
37IeKTPOHHOM JIaMIIbl IIPH HarpeBe 3JIEKTPOJOB 1 CaMOro Gauio-
Ha U3 HUX BbIIEJIAIOTCA ra3bl. [IoBbIIeHHAst KOHIIEHTpAIMs 3TUX
ra30B MOXXET NPUBECTU K MI3MEHEHMIO ITyGMHBI BaKyyMa BHYTpH
6aJLI0Ha M, KaK CeACTBUE, K YXYAIEHMIO XapaKTePHUCTHK JIaMIIBL.
IloaToMy ana noasepxanus HEOOXOAMMOrO BaKyyMa B JlaMIle
NPHMEHAETCS CNIEIMAILHBIN 3JIEMEHT KOHCTPYKIMH, TaK Ha3biBa-
€MBbIi METAJLTMYECKHIA MOIMIOTUTENDb Ta3a WiM rerrep. Takoi no-
DIOTHUTE/Ib U3TOTABIMBAETCA M3 MarHUs WM 6apys M MX COeau-
HeHMi1, BbINOJHAETCA B popMe He6OIbIIOH TabaeTky U nepen
3anauBaHMeM GaUIOHa pa3MENIaeTcs B BEpPXHeil ero wacTu.

ITocne oTkaukm BO3fyxa reTrep NnojA BO3ieHCTBHEM TOKOB
BBICOKOM YaCTOTBI PACHbLIAETCA U OCAXJAAETCH C BHYTPEHHEMH
CTOPOHBI CTEKJIAHHOTO 6a/lJIOHA 3/IEKTPOHHOM JIaMIIbl, B BEPX-
Hell ero yactu B ¢popMe 6OJIbHIOrO TEMHOTO NATHA. 3TO MATHO
HIpaeT poJib NOIVIOTUTENS Fa3oB, YeM GOJIbIIE MOJIEKYJ I'a30B
GyneT MoIIomeHO, TEM CBET/Iee CTaHOBUTCA nATHO. Takum o6pa-
30M, 11O IIBETY 3TOTO NOKPLITHUA MOXXHO CyAMTh O HAJIMYMH BaKY-
yma BHYTpH Gautona. [1pu napymenun repMETUYHOCTH GaLIoHa
JIaMIIbl 3TO NATHO IOJ BO3EHCTBMEM BO3yXa U3 TEMHOI'O CTaHO-
BUTCA MyTHO-6esibiM. EcTecTBeHHO, lamMIIbl ¢ TakuM GesibIM NAT-
HOM 3KCIUTyaTalluM He Nnojsiexart. B HacTosmee Bpems rerrep
NPHUMEHSETCA NPAKTUYECKH BO BCEX NPHEMHO-YCHINTENbHBIX
JlaMrax.

B 3aBHCMMOCTY OT BH/Ia, HA3HAYEHUSA U XapaKTEPUCTHK 3JIEKT-
POHHBIX JIAMII B X KOHCTPYKLIUAX MOTYT IPUMEHSATBCA M ApyTHE
aneMeHThl. OHAKO PacCMOTPEHHE 3THX AONOJHHUTENbHBIX KOH-
CTPYKTHMBHBIX 3JIEMEHTOB BBLIXOAMT 32 PaMKH JJAHHOTO U3jaHus B
CBA3M C OrpaHHuYeHHeM ero o6bvema. bosee noapo6uyio nngop-
Mauuio 06 0COGEHHOCTSX KOHCTPYKIMH OTAEIBbHBIX 3JIEMEHTOB
3/IEKTPOBAKYYMHBIX IPHGOPOB MOXXHO HAaHTH B CIIELHATIU3NPO-
BAHHOM JIUTEpATYypeE.
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THNbI, XapaKTePUCTUKH
M CHCTEMbl 0003HaYCHMNA
NPMEMHO-YCUIIUTENbHbIX NlaMmn

B pasaenax npeapiaymeit masbl 6bLUIM KPaTKO PacCMOTPEHBI U~
3UYeCKUe MPOLECChl B 3JEKTPOHHBIX JIAMIIAX, OOecneynBalonue
MX paboTy, a TaK)Ke OCHOBbI (PYHKIIMOHMPOBAHUS TPEX3JIEKTPOJ-
HO¥ J1aMIIbI B peskume ycrteHnst. OCHOBHOE BHUMaHHe YACIsUIOCh
OMMCAHMIO HA 3JIEMEHTAPHOM YPOBHE MPUPO/AbI 3TUX NPOLECCOB
Y ABJIEHUM. .

B nanHoit m1aBe 6ynyT Gosiee NOAPOGHO PacCMOTPEHbI OCHOB-
Hbl€ TUIbI 3JIEKTPOHHBIX JIaMII, IPUMEHSEMBIX B IPHUEMHO-YCHIIH-
TeJbHOM anmapaType, CXeMbI UX BKIIOUYEHMS, XapaKTEPUCTHKH,
napaMeTpbl, HEKOTOPbIE ONpeJe/IeHUs U TEPMHHbI, KOHCTPYKTHB-
Hble OCOGEHHOCTH, a TAaKXE BJIMSIHUE AOMOJHUTENIbHBIX 3NEKT-
POXOB.

OTaenbHBIA pa3jgen NOCBALEH HCTOPUH BO3HUKHOBEHHS U
PA3BHUTHUS OTEYECTBEHHDBIX U 3apyOEXKHBIX CUCTEM 0603HaYEeHUS
3JIEKTPOBAKYyMHBIX PUGOPOB, a TaKKe OCOGEHHOCTAM HbIHE
JeHCTBYIOIHX POCCUICKON U €eBpONENHCKOM CMCTEM MADKMPOBKHU
MPHUEMHO-yCWIMTENbHBIX JIaMII.

2.1. O e cBefjenun

INpexae yeM MO3HAKOMUTBHCS C PYHKIIMOHHMPOBAHUEM 3/IEKTPOH-
HBIX JIAMIT B PaMOTEXHHYECKHX YCTPOMCTBAX U, B IIEPBYIO OUe-
penb, B 3ByKOBOCIIPOM3BOAAILEH annaparype, HEKOTOPbIM YUTaTe-
JIIM MOJIOAOTO TOKOJICHHS, BOBMOXHO, GYI€T MHTEPECHO Y3HATbD,
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KaKHe THUIIbl 3JIEKTPOHHBIX JlaMNl BooG1e cymecTsyioT. He menee
3aHHMMATEJIbHOI ABSAETCA MHGPOPMALUA O TOM, YEM OTAENbHbIE
THIIBI JIAMIT OTIMYAIOTCSA APYT OT JPyTa, a TAKXKE KaKME XapaKTepu-
CTHKH M TapaMeTPbl ABJIFIOTCS OIpeNeSIOMMMY IIPH UX CpaBHe-
HHUH U BbIOOpE /11 IPUMEHEHUS B BbICOKOKAUECTBEHHOI ayano-

anmaparype.

Twunbl JNeKTPOHHLIX namn

B HacTosmee BpeMsi CymiecTByeT 6OJbIIOE KOJIUYECTBO Pa3yIny-
HBIX TUIIOB ¥ KOHCTPYKIIMI1 3JIEKTPOBaKyyMHbIX npu6opos (IBIT).
Bce onu, B TOM unciie U 3IEKTPOHHBIE JIaMITbl, K1IaCCUPULHPYIOT-
€Sl C YYETOM Pa3IMUHBIX IIPU3HAKOB M OCOGEHHOCTEI.

Tak, HanpuMep, OHUM U3 ONpeEeAIomUX Tpu3Hakos JBII
ABJSETCA KOJMYECTBO 3/1€KTpoxoB. IIpu aTOM 3JIeKTpOHHBbIE
JIaMIIbl JEIATCA Ha ABYX3JIEKTPOAHbIE (IMOJbI), TPEXINEKTPOL-
Hble (TPHUOJBI), YETHIPEXINIEKTPOAHDIE (TETPOABI), MATUIIEKT-
poAHbIE (IIEHTOABI) M JAXKE CEMHUIEKTPOAHbIE (IENTOAbI, UM
nenTarpubl). Haspanue «neHTarpui» CEeMUaNIEKTPOAHAS JJaMIIa
TIOJTyYMJIa U3-32 TOTO, YTO OHA UMEET NATH (IIEHTa) CETOK (rpun).
B npuemMHO-ycHuIMTEIbHOI annapaType IHpPOKOe PacipoCcTpaHe-
HHeE TOJYYMIN TaK Ha3blBa€Mble KOMOMHHPOBAHHbIE 3JIEKTPOH-
HbI€ JIaMIIbl, Y KOTOPBIX B OJJHOM GaJUIOHE CMOHTHPOBaHBI JIBE
sammel. Cpeay HUX HEO6XOAMMO OTMETHTD JBOMHBIE TPHOJIBI U
TPUOL-TIEHTO/IbL.

IToMuMO 3TOro JaMmbl NMOAPA3AENAIOTCA U N0 Ha3HAYEHHIO.
Hanpumep, BeINpAMUTENbHBIE, TIPUEMHO-YCUINTENbHBIE, Yac-
TOTHO-TIpe0Gpa3oBaTe/IbHbIE, TEHEPATOPHBIE 1 MOAYJIATOPHBIE.
B 3aBMCHMOCTH OT MOIHOCTH JIAMIIbI JIESATCA Ha MAJIOMOIIHbIE
(B OCHOBHOM NPUMEHSIOTCS B IIPUEMHO-YCHIMTEIBLHOM anmnapa-
Type) ¥ MOIIHbIE (IPUMEHAEMBIE B PAUOTIEPENAIOIMX YCTPOMH-
cTBax). /Ilnana3oH pabouyMX YacTOT ONpeNeNsIeT JeN€HUE IJIEKT-
POHHBIX JIaMII Ha HU3KOYaCTOTHbBIE, BbICOKOYACTOTHBIE ¥ JIAMIIbI
CBY, To ecTbh CBEPXBbICOKOYACTOTHBIE.

C y4eToM TOro, 4TO npejjaraeMas KHHra rocBsiieHa MCIoJb-
30BaHUIO 3JIEKTPOHHBIX JIAMII B 3ByKOBOCIIPOM3BO/IAIE! annapa-
Type, B IOCJIEAYIOMMUX IVIaBaX M pa3jie;ax OCHOBHOE BHMMaHHe
YA€JISIeTCS MHOTO3JIEKTPOJHBIM HU3KOUACTOTHBIM IIPUEMHO-YCH-
JINTE/IbHBIM JIaMIIaM MaJIO MOIIHOCTH.
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XapaxkTepucTuKy eKTPOHHDBIX namn

Ilox xapakTepMCcTHKaMM 3JIEKTPOHHBIX JIaMII IOHMMAIOTCS 3aBU-
CHMOCTH HaNpsHKEHNUH Ha ONHUX 3JIEKTPOAAX M TOKOB B COOTBET-
CTBYIOIIMX LIENAX OT U3MEHEHMI1 HANPSHKEHUH Ha JAPYTHUX 3JIEKT-
POAax JaMnbl ¥ TOKOB B COOTBETCTBYIOIMX LiensaX. ITH 3aBUCH-
MOCTH O6bIYHO HM306paxaloTca B Buje rpapuxoB. Ilockoabky
KaXJOH TOUKE XapaKTEPUCTUK, ONPEAETAIOMHNX PEXUMbI pabo-
TbI 3JIEKTPOHHOM JIaMIIbI, COOTBETCTBYIOT ONpe/ie/IEHHbIE II0CTO-
SIHHbIE 3HAYEHUS AHOLHOTO TOKA M HANPsHKEHMIT Ha 3JIeKTpoJax,
TaKH€ XapaKTEPUCTHKH Ha3bIBAIOT CTATHYECKMMH.

CraTnueckne XapaKTEPUCTHKH MOJIYYaIOT KCIIE PUMEHTAIb-
HO, NOAKJTIOYAs MCCIEAYEMYIO 3JIEKTPOHHYIO JIaMITy K CHIelHaIb-
HOH cXeMe, cofepikallei HeoOXoMMble UCTOYHHUKH MATAaHUA,
M3MEPUTEIbHbIE NPUGOPHI U PETYIMPOBOYHBIE 3IEMEHTBI.

Heo6xoammo oTMeTUTD, YTO NpU CHATHM XapaKTEPHCTHK
NOTEHLHANb 3JIEKTPOAOB 3IEKTPOHHLIX JIaMN OOBIYHO U3Meps-
JOTCSA OTHOCUTEJILHO KaTOAa, NMOTEHIMaJ KOTOPOTro CYUTAETCS
paBHBIM Hymo. I103TOMy nox BblpaXXeHUSAMH «HaNpsDKEHHE Ha
aHOJE» UM «HANpPsHXXEHUE HAa CETKE» BCETAa NOHMMAETCsS pas-
HOCTb NOTEHIIMAJIOB MEXAY AAHHBIM 3JIEKTPOAOM M KaTOJOM.
B To ke BpeMs OHATHE «IOJOXKUTENBHOE» WIN «OTPULIATEIb-
HOE» HANPsHKEHME Ha 3JIEKTPOJiE O3HAYAET, YTO NOTEHIHMAT 3TO-
IO 3JIEKTPOJa COOTBETCTBEHHO BBILIE WIM HUXE, YEM y KaTOAA.

OCHOBHBIMH XapaKTEPHUCTUKAaMH MHOTO3JIEKTPOAHBIX PHEM-
HO-yCHJIMTENbHBIX 3JIEKTPOHHBIX JIaMII, MCNOJIb3YEMBIX B 3BYKO-
BOCNIPOM3BOJIAIIEH anmaparype, ABAAIOTCA aHOAHO-CETOYHbIE,
aHOJHBIE M CETOYHBIE XapaKTEPUCTUKU. B cBsA3M ¢ TeM, 4TO Mno-
JIaBJIAIONIEE YUCIIO XaPAKTEPHUCTUK NPEACTABISAET CO0OI 3aBUCH-
MOCTH COOTBETCTBYIOIMX HANIPS)KEHUM M TOKOB, MX 4aCTO Ha3bl-
BAIOT BOJIETAMIIEPHBIMH.

IToMuMO yka3aHHBIX BbILIE IPH PacyeTe YCHINTENBHBIX Kac-
KaJIOB MCIOJIb3YIOTCS TaK Ha3bIBaeMble JMHAMHUYECKHE XapaKTe-
puctuky. Ilpu aTOM npuMeHsIOTCA cneuyaibHble rpaguyeckue
npHeEMbl, NO3BOJISIOME CPAaBHUTEIBHO GBICTPO M TOYHO ONpe-
AEJIUTb HEOOXOAMMOE IIOCTOAHHOE CMEIIEHUE Ha CETKE JIAMIIbI,
BBIXO/IHYIO MOUIHOCTb KaCKaja, ONTHMMAJIbHYIO BEJIMYMHY aHOJ-
HOM Harpysku, 06ecneuymBalouyio noJy4eHrue MaKCUMabHOI
BBIXOJHOI MOIIHOCTH, a TaKXe APYr1e NapaMeTphbl, XapaKTepu-
3yiomue cxeMy. Jlis BHIMOJHEHNS 3THX PacyeTOB Ha CEMeHCTBE
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aHOJHBIX XaPAKTEPUCTHK 3JIEKTPOHHOIA JIaMIIbl CTPOMTCS yTIOMsl-
HyTasl IMHAMMYECKas XapaKTepHCTHKA, MPeACTaBomas co6oi
JIMHHIO, IO KOTOPO# C TEYEHHEM BPEMEHH IepeMeliaeTcs pa6o-
4as TOYKa PH M3MEHEHNH HaNPsDKEHUS Ha YIIpaBJIAIONIEH CeTKe.

Mapamerpbi NEKTPOHHBIX NaMn

[MapameTpaMu 3/1EKTPOHHO¥ JIAMITbI HA3bIBAIOTCS HEKOTOPbIE MO
CTOSIHHBIE BEJIMYMHBI, XapaKTEPHU3YIOIME ee CBONCTBA U orpeje-
JIAIOIIME BO3MOXHOCTb €€ NPUMEHEHUA B Pa3IMYHBLIX YCTPOIi-
crBax. [Ipu 3TOM MapaMeTphbl ONPEAENAIOT COOTHOMWEHMS MEXTY
TOKAaMHU M HAMPSHKEHUAMU B Pa3TMYHBIX LETIAX JAMIIbL.

OCHOBHBIMM ITapaMeTPaMH MHOT03JIEKTPOJHBIX TPUEMHO-YCH-
JIUTENbHBIX 3JIEKTPOHHBIX JIAMIT, HCTTOJIb3YEMBIX B 3BYKOBOCIIPOM3-
BOJALIEH anmapaType, ABAAIOTCA KPYTU3HA XapaKTEPUCTHKH S,
BHYTpEHHEE CONpoTHBIeHME R, a Takxke koadpuuUeHT ycrunenus
W v npoHuIaeMocThb D. JlanHbIe TapaMeTphbl paCCYUTBLIBAIOTCSA MO
XapaKTEPUCTHKAM 3/IEKTPOHHOM JIaMITbl U ABJAIOTCSA TaK Ha3bIBa-
€MBIMH CTATHYECKMMH NAPaMETPaMH, €CJIM OHU ONPEAENAIOTCA B
CTaTHYECKOM PEXMME, TO €CTb IIPHU OTCYTCTBUM HATPY3KM B LIEMH
aHoza.

IToMuMO yKka3saHHBIX BbIIIE OCHOBHBLIX ITapaMETPOB JI06as
3JIEKTPOHHAsA JIaMIia 06/1a/laeT U APYTUMH, K KOTOPbIM OTHOCAT-
Csl, HATIPUMED, BXO/IHaA, TPOXO/HAA U BLIXOJIHAA EMKOCTH, a TaK-
xe conpoTtusieHue myma. OIHAKO pacCMOTpEHME 3THUX Napa-
METPOB BBLIXOAUT 33 PAMKM HACTOAMIETO U3JIAHUS.

2.2. fluon - ABy)OneKTpoAHan namna

HauGonee npocToit 31eKTPOHHOI TaMITOH ABAAETCA ABYX3NEKT-
poAHas JaMIia, KOTOPYIO Yallle BCEro Ha3bIBalOT AMOAOM. Takas
JIaMITa MMEET BCETO JIBA 3JEKTPOAA: KaToA ¥ aHoA. OHM noMeine-
HBI B CTEKJIAHHBIN WIH METAUIMYECKHil GaJUIOH, B KOTOPOM CO-

3JaH BaKyyM.

OGo3nauenne, CXemMa BIKIOYeHMs
M XapaKTepucTukKu auoaa

YcnoBHble rpagpuyeckre n306pakeHUs JHOJ0B C KaToAaMHM Ips-
MOTO ¥ KOCBEHHOT'O HaKaJia, IPUMEHAEMbIE B IIPUHIMITHAIBHBIX
cXeMmax paJMOanmnaparypsl, HIpuBeJAeHbI Ha puc. 2.1.



DOwop — geyxanextpoanas namna 51

AHon Anop,
Karon Karon
NPAMOro KOCBEHHOro
Hakana Hakana
a 6

Puc. 2.1. YcnosHbie rpaduyeckne naobpaxeHnsa Au0A0B C KaToaaMu NPaMoro (a)
1 KOCBEHHOrO (6) Hakana

CxeMa BKIIOYEHHS JIAMIIOBOTO IMO/a COCTOMT M3 IBYX 3JIE€KT-
pudeckux nenei (puc. 2.2). Ilepsas u3 HuX - Lenb Hakaia, B
KOTOpOIi npoTekaet Tok Hakana I,. B cocras sToit nenn, vacro
Ha3bIBAaEMOM LIE€NbI0O HU3KOTO HaNnpsHKE€HUA, BXOANUT MCTOYHHK
nuTanus Hakana E,; 1 HuTh Hakana xatoaa. Bropas uens - anoa-
Hasl, B KOTOpPOi mpoTtekaeT ToK anoaa I,. B cocras anoanoi
LeNnH, OObIYHO Ha3bIBa€MOJ LIENBIO BLICOKOI'O HANIPSKEHHNS, BXO-
AWUT UCTOYHMK aHOAHOTO NUTaHus E, ¥ MexayanexTpoaHbiii yua-
CTOK «aHOA-KaToA» samnbl. Ha aHoa AMona MOXET MmoaaBaThCs
HaNpPMKEHHE B AECATKH, COTHH U THICSYH BOJIBT.

|

>

N
9,9

5

a 6

Puc. 2.2. Cxema BKNIO4EHUA ANOAA C KATOAOM NPAMOro (a) n kocseHHoOro (6) Hakana

OcobenHocTH M060r0 JIAaMIIOBOrO JUOJ2 OIIpEnEIAIOTCA He-
CKOJIbBKHMMH XapaKTE€PHUCTHUKAMH, CPEAH KOTOPBIX OCHOBHbLIMH
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SIBJIAIIOTCS 3aBUCMMOCTDb aHOAHOTO TOKA OT aHOJHOTO HAINPSDKEHUS
HpH HOCTOSHHOM HANpPHKEHUU HAKaIa ¥ 3aBUCHMOCTb aHOHOTO
TOKa OT HAaNPSKEHH A HaKa/1a IPY MOCTOIHHOM 3HAYEHUH aHOAHO-
ro HanpsHKeHUA. ITH XapaKTePUCTUKU UMEIOT 60JIbLIOE MPAKTH-
Yyeckoe 3HayeHHe. ITo HUM MOXXHO HE TOJIBKO CyIUTb O KauecTBe
JIaMIIbI ¥ €€ MPUTOXHOCTH U1 pabOThI B PA3/IMUHBIX PEXHUMAX, HO
TaKXe CPaBHMBAThb Pa3JMUYHBbIE TUIbI JaMn Mexay coboii. Ilo-
CKOJIbKY B KOXK/OM TOUKE yKa3aHHBIX XapaKTEPUCTUK AMOJA IIOCTO-
SIHHbIE 3HaY€eHUs aHOJHOTO TOKAa COOTBETCTBYIOT BITOJIHE ONpeje-
JIEHHOMY HalpsHKEHMIO Ha aHOJIE M HAIIPSHKEHMIO HaKala, 3TH Xa-
PAKTEPHCTUKYU HA3bIBAIOT CTATHYECKUMH.

CxemMa, ucnosib3yemMast Uil CHATHS CTaTUYECKUX XapaKTepHC-
THK JIaMIIOBOTO JMOJA, IPHUBEAEHA Ha puc. 2.3.

rcal
Ry En

| >

Puc. 2.3. Cxema BKNIOHEeHNS NnaMNOBOro AN0AA ANA CHATUS XapakTepucTuK

B nannoii cxeMe HanpsbKe€HME Ha aHOJ JIaMIIbl NMOAAETCH OT
MCTOYHHMKA aHOAHOTO HanpshkeHus E, yepes noreHumomerp R,
Y M3MEPAETCSA BOJIBTMETPOM V,, BKIIOYEHHBIM B aHOJHYIO LI€Mb.
MwuimamMnepMeTpoM mA, KOTOPbIH BKJIIOYEH B aHOAHYIO LI€b,
uaMepseTcs aHoAHbIA TOK 1. B To xxe BpeMs HanpsikeHne Haka-
JIa JIaMITbI MOA€TCA HA HarpeBaTesb KaTOAa OT MCTOYHMKA Ha-
npsokeHus Hakana E; uepes notenuuomerp R, u usmepsercs
BOJIETMETPOM V.

3aBUCMMOCTb aHOAHOTO TOKa I, OT aHOAHOrO HanpskeHus E,
NP NOCTOSIHHOM HanpsbkeHuu Hakana (E, = Const) HasbiBaeTCs
aHOMHOI XapaKTEPHUCTUKOM aAnoaa. Jlna CHATUA aHOAHOM Xapak-
TEPUCTUKU HEOOXOMMO TPY HOMUHAIBHOM HaNPsXXEHUHU HaKala
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IIOCTENEHHO YBEJIMYMBATh BEJIMYMHY aHOZHOTO HAIIPSIXKEHHUs, Ha-
4MHas ¢ Hyas, ¢ nomowpbio norenunomerpa R,. Ilpu sTom onpe-
JeNsAeTCca CUla TOKAa, COOTBETCTBYIOUAA KaXKJIOMY 3HAYEHHIO
aHoaHOro HanpsokeHus. Ilo moayyeHHBIM JaHHBIM CTPOUTCSH
aHOJHAasg XapaKTePUCTHKA B BUAe rpaduka B cUCTEME KOOpPAM-
HAT, Il€ IO TOPM3OHTAIBbHOI OCH OTKJIAABIBAETCS AHOJAHOE Ha-
npsokenve U, B BOJIbTaxX, a [0 BEPTUKAIbHON OCH — BEJTMYMHA
anoauoro Toka I, B Mwumamnepax (puc. 2.4, a).

IIpyn HeGONMBIMNX 3HAYEHUAX AHOJHOTO HANPSAKEHUS aHOA-
HBII TOK MaJ1 1 c1abo OT Hero 3aBUCHT. JlaibHelee yBemueHne
AQHOJHOTO HANPSXEHMS NPHUBOAUT K IIOYTH NPONOPLHMOHAIBHO-
MY YBEJIM4EHHIO aHOJIHOTO TOKA, O YEM CBHUAETENbCTBYET NPAKTH-
YECKM NPAMOJMHENHBIA CPEAHUI YYaCTOK XapaKTEPUCTHUKH
(Touxn A u B). Ilpu nocnenyomem yBeJIM4€eHMN aHOLHOTO Ha-
IIpSKEHUS] POCT aHOAHOTO TOKA OTPAaHUYMBAETCS, 2 3aTEM U IIpe-
kpamaercs. ITocaenyomee ysenndenne aHOAHOTO HaNIPSXEHUS
He NPUBOAUT K BO3PACTAHMIO aHORHOTO TOKa, IMOCKOJbBKY 3TOT
TOK OTpaHM4eH 3MMCCHEN KaTtona. AHOJHOE HAIpsHKEHME, IIPH
JOCTIDKEHMH KOTOPORO aHOJAHBII TOK NPAKTUYECKU TIEPECTAET
pacTH, Ha3pIBAETCSA HANPSXKEHNEM Hachlmenus — U, . .

Heo6xoanmo otMeTHTB, 4T0 3¢(PEKT HACHIIEHMS YEeTKO HabIo-
JlaeTcs B JIaMIIax ¢ BOJIb(PPaMOBBIM IUIM KapOMAMPOBAaHHBIM KaTO-
oM. B To ke Bpemsl y JlaMI1 C OKCHMIVMPOBAaHHBIM KaTOJIOM PE3KO
BbIPa)XEHHBII1 yJaCTOK HACHIEHHSA OTCYTCTBYET, NOCKOJIbLKY TOK
3MMCCHM KaTOZA B HUX NPOJOJDKAET YBEJMYHUBATLCS C MOBBIIEHM-
€M aHOJHOTO HAaNPsLKEHMA, KaK NNOKA3aHO IITPHUXOBOM JIMHUEN.

Ia Ia
(MA) yd (MA)
oo __ Juwor_ Mpw Uy
B
| [z _npnung
I I U1 > U2
| ]
A | ||
| Ua(B) | | Ua(B)
0 Unnac Y Uaracz  Uanact
a 6

Puc. 2.4. AHoaHas xapaKkTepucTvka (a) u cemencrso
aHOoAHbIX xapaxTepuctuk (6) anona
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s onpezneneHus 3aBUCHMOCTH aHOJHOTO TOKa I, oT Hanpsike-
Hus Hakana U, MpH MOCTOSHHOM 3HAYEHHUH aHOAHOTrO HANpske-
Husa U A HEO6XOAMMO NPU U3MEHEHHUH NTOTEHIIMOMETPOM RH BeJIN-
YMHBI HANPSDKEHU s HAKANa, MI0JaBaeMOT0 Ha MO/0rpeBaTe b KaTo-
Jia, CHATb aHO/HbIE XapaKTEPUCTUKH, COOTBETCTBYIOIME KXKIOMY
3HaYEHHIO HaNpsDKeHUs Hakata, Hanpumep U, u U, .. [loxyuus-
IIAsACS B PE3YJbTaTE 3TOrO COBOKYITHOCTb AHOAHBIX XapaKTepHC-
THK, CHATBIX IIPH PAaIMYHBIX HAIPSOKEHUAX HAKANA, HAa3bIBAECTCSH
CEMEICTBOM aHOAHBIX XapaKTEPUCTHK Anoaa (puc. 2.4, 6).

OcHoBHbIC NapameTpbl Anoaa

JlamMnoBbie AMO/ibI OGLIYHO XapaKTEPHU3YIOTCS HECKONbKUMU Iapa-
MeTpaMH, KOTOpbIe ONpPEAEIAIOT UX OCHOBHbIE CBOICTBA U BO3-
MOXHOCTH NpUMeHeHHUs. TakuMH nmapaMeTpaMy ABJIAIOTCA, BO-
NepBbIX, KPYTU3HA aHOJHON XapaKTEPUCTHKH S M BHyTpEHHee
conporusienue anoza R. TIockobKy ykazaHHble TapaMeTphbl -
0/1a CBA3aHbI C MAIBIMHY M3MEHEHUAMH WM NMPUPAUICHUAMHI Ha-
NpsAXEHUH Y TOKOB, OHU Ha3bIBAIOTCA AU depeHIHaNTbHBIMU.
[ToMuMO 3TOrO 1aMIIOBbIE AMO/IbI XaPAKTEPUIYIOTCH CTATUYECKHM
conporusieHueM R u paccensaeMoit aHOAOM MOIHOCTBIO P,

B cooTBercTBMY C aHOAHOI XapaKTepPHUCTUKOIL IMO/a NpH I10-
CTOAHHOM HanpsbkeHuH Hakana (U, = Const) npupaueHue aHOA-
Horo HanpsbxeHust AU, NpUBOAMT K BITOJIHE OTIPEIENIEHHOMY IIpH-
pamenuio aHogHoro Toka Al,. CooTHOEHNE 3THX BYX BEJTHYMH
M ABJISETCA KPYTU3HOM XapaKTePUCTHKH AMOAA:

§=AlL /AU, opu U, = Const.

TakuM 06pasoM, KPYTU3HA XapaKTEPUCTHUKH OINpEJAE/SET CTe-
NIeHb BJMAHUA U3MEHEHUI aHOJIHOTO HATIPSAXXEHUSA HA UBMEHEHUA
aHOJHOTrO TOKa. JIpyrMMM CJI0BaMH, KPYTH3HA XapaKTePUCTHKH
MIOKA3bIBAET, HAa CKOJIbKO MIJUIMAMIIEP U3MEHAETCA aHOJHBIH TOK
KOHKDETHOM JIaMIIbl [IPH U3MEHEHHH €€ aHOJHOTO HAINpPSKEHUA
Ha 1 B.

Jl1s NpaKTHYECKOro OnpeAeeHUs KPYTU3HbI XapaKTEPUCTUKU
TOM WIM MHOM JIaMIIbl HEOOXOMMO BOCIIOJIb30BATLCSA IPSMOJIH-
HEeHHbIM y4aCcTKOM aHOAHOM xapakTtepuctuku. Ha s3TOoM yuacTke
BbIGHPAIOTCS ABA 3HAYEHUsI AHOAHOTO TOKa, Hanpumep [, n I,
a TaK)xe COOTBETCTBYIOIIME 3HAYEHUS AaHOJHOTO HANpPSKEHUs,
nanpumep U, u U,, npy 10CTOAHHOM HanpsbkeHUHW Hakana U,
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3areM ¢ 1IOMOMIBIO MPOCTEHMNX apHU(METHUECKHUX BBIYUCICHMI
ONpeAENAIOTCA NPUPAIEHHs aHOAHOTO Toka Al, 1 aHOAHOTO Ha-
npsokenus AU

AL =1,-1.;

A
AU,=U,-U,.
INpouecc onpenenenns ykasaHHbIX IPHPaLIeHNIi IOACHAETCS

Ha puc. 2.5.

(mA) MNpun Uy = Const

Ala

la T
— Ua(B)
0 Un  Ue

Puc. 2.5. Onpepnenenue napameTpoB aMoaa

I/ICIIOJIBS)’H NOJIy4€HHBIE€ JaHHDbIE, MOJKHO BbIYHCIINTD KDYTH3-
HY XapaKTEpHUCTHKU JHOAA:

§=AL/AU, = (L, - 1,)/ (U, - U,)-

Crnenyer oTMETUTD, YTO CPaBHMTENBHO GoJiblllasi KPyTH3HA
aHOJHOM XapaKTE€PHCTHKHU JHO/a ABJIAETCSA NJOCTOMHCTBOM JiaM-
Tbl, U1l OTEYECTBEHHBIX IMOJIOB OOLIYHO OHA HaXOAUTCA B Npe-
nenax or 1 no 10 MA/B.

Jpyrum nuddepeHunanbHbIM aPAMETPOM, XapaKTe€pPH3YIo-
IUM JIAMIIOBBII AMOJ, ABJISETCA BHYTPEHHEE CONPOTHUBJIEHHE.
ITox BHYTPEHHMM CONPOTHBJIEHHEM JIaMIIOBOTO MO/ia TOHUMA-
€TCS OTHOIIEHNE NPUPALEHNs aHOAHOTO Hanpsikenus AU, k
BBI3BAHHOMY UM NPHPALIEHMIO aHOAHOTO TOKa Al, npu nocTosiH-
HOM HanpsixeHuHu Hakana (U, = Const):

R =AU,/Al, npu U, = Const

Taxum 06p8.30M, BHYTPE€HHEE CONIPOTHUBJIEHHE JIaMIIOBOro IH-
oJla NpeACTaBIsET coboi COIIPOTHBJIEHHUE MEXIY3JIEKTPOAHOTO
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y4acTKa «aHOJA-KaTOJ» M3MEHEHHUsAM aHOAHOTO TOKa, TO €CTb Ile-
pemMeHHoMy ToKy. ITpu 3ToM, Mcxoas M3 npuBefeHHbIX GOpMyIL,
JUIs IMOJia CNIPABEAIMBO CJIEYIOIEE COOTHOIEHHE:

R=1/S.

3HaueHHe BHYTPEHHETO CONIPOTHBJICHHUS TOTO MJIM MHOTO JIaM-
MOBOTO JUO/A ITOKA3bIBAET, Ha CKOJIbKO BOJIBT HEOOXOANMO H3Me-
HHUTb aHOJHOE HANpsKeHHe KOHKPETHOM JIaMIlbl, YTOObI 3Haye-
HHe aHOJHOTO TOKAa U3MEHIIOCh Ha 1 A, ecii 6b1 POCT aHOZHOTO
TOKA He OTPaHMYMBAICS TOKOM HaChIILEHM.

JL1s1 npaKTHYEeCKOro onpeje/ieH)s: BHyTPEHHEro CONpOTHBIIe-
HHSA AMO0JA, KaK U IIPH ONpeAeeHUM KPYTHU3HbI XapaKTepUCTHKH,
HEOO6XOIMMO BOCIIOJIb30BAThLCS NIPAMOJIMHEHHDBIM yYaCTKOM aHOZ-
HOI1 xapakTepucTuku. Ha 3ToM ydacTke BLIOMpAIOTCS JBa 3Haye-
HMS AaHOJAHOTO TOKa, HalpuMep IAl ul \» @ TAKXE COOTBETCTBYIO-
M€ 3HaY€HHs aHOJAHOTO HanpsikeHust, Hanpumep U, n U,, npu
NOCTOSSTHHOM HanpsXeHUH Hakata U,,. 3aTeM C NOMOUBIO NPO-
cTedmmx apu¢pMeTHYECKHX BbIYMCICHMII ONpeAessioTCs pupa-
eHUs aHogHoro Toka Al , ¥ aHOJJHOTO HaNPsHKEHUA AU Kk

AIA = IA2 - IAI;
AUA = UAz - UA :

Ilpouecc onpeneneHus yKasaHHbIX NPUPAILEHHI NOACHAETCA
Ha puc. 2.5. Micnonb3ys nomy4yeHHble JaHHbIE, MOXHO BBIYMCIUTD
BHYTPEHHEE CONPOTHBJIEHHE JIaMIIOBOTO JHOJA:

R.' = AUA/AIA = (UA2 - Um)/(IAz - IAl)'

Cnenyer OTMETHT, 4TO IS NOJIy4eHHUs 3HaYEHUsI BHYTPEHHeE-
ro CONpOTHUBJEHUSA AMOJA B OMaX HEOOXOAMMO NPEACTABIATh
aHOJHBIHA TOK B aMIlepaX, a aHOAHOE HaNpPSKEHHE — B BOJIBTAX.
JL1s1 oTeyeCcTBEHHBIX JIaMIIOBBIX AHOJIOB BHYTPEHHEE COIIPOTHUBIIE-
HHe OOBIYHO MMEET BEJIMYMHY OT COTEH OM IO €AMHHL KIUIOOM.

HHoraa Ha npakTHKe PUMEHSETCS elle OJUH IapaMeTp JiaM-
MOBBIX ANOJOB, KOTOPBIH He ABJseTcs A depeHINaTbHBIM. TO
TaK Ha3blBA€MOE CTATHMYECKOE CONPOTHUBIEHUE auoaa R mau
CONPOTHUBJIEHHE JM0Ja nocTossHHOMY ToKy. [Tox cratuueckum co-
IPOTUBJIEHUEM JIAMIIOBOTO AHO/a IIOHUMAETCsl OTHOIIEHUE aHOJ-
Horo HanpsokeHus: U, K BbI3BaHHOMY MM aHOAHOMY TOKy 1, npu
HNOCTOAHHOM Hanpsikenuu Hakana (U, = Const):
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R,=U/I, npu U, = Const.

Eme ofHUM CTaTUYECKUM MTAPAMETPOM JIAMIIOBOTO JUOJA AB-
JISETCSA pacceMBaeMas aHOJIOM MOLHOCTS P, oz koTopoit noHu-
MaeTCst MOIHOCTD, BbIAEJIAIOMANACH B BUJIE TEILIA HA aHOJE JIaM-
bl. 3Ta MOLHOCTD ONPEAEIAETCS KaK IPOU3BEACHUE AaHOAHOTO
Hanpspokenus U, ¥ BbI3BaHHOTO MM aHOJHOTO ToKa I, npu nocro-
AHHOM HanpspkeHuu Hakana (U, = Const):

P,=UJl, npu U,= Const.

EcrecTBeHHO, 4eM MeHblIe BEJHYMHA PACCEUBAEMOI aHOAOM
MOILIHOCTH P ' TEM 60J1blIIAsA YACTh O6IIEH MOIHOCTH MOXKET ObITh
peayM30BaHa C MOJIb30H.

CrienManucThl NP NPAaKTUYECKUX PAcYeTax MCIOJBb3YIOT M
Jpyrue rnapaMeTphl JaMIOBBIX JHOAOB, OJHAKO UX pacCMOTpe-
HH€ BBIXOJUT 32 PAMKH HACTOAIUETO U3JaHUA.

IlpuMeHeHME 1aMNIOBBIX JUOJOB B PaJMOTEXHHKE OIIpEJeIAeTCs
uX cBoiicTBamu. Tak, HanpuMep, B HEJaJIEKOM INPOIUIOM CIIeIH-
JIbHBIE AUO/Ibl, HA3bIBAE€MbIE€ KEHOTPOHAMM, IIMPOKO MCIOJIb30Ba-
JIMCB B BHINPAMMTEAX NTEpEMEHHOro Toka. KeHoTpoHbi o61axaioT
60JIbIIMM TOKOM 3MHCCHH U GOJBIION TOMYCTHMOM MOUIHOCTDIO,
BbIeseMoil Ha aHoje. [loMuMMO BeINpsMUTEIEH! IaMITOBbIE JUO-
Abl IPUMEHSUIMCH B IETEKTOPAX paJioNpUEMHHUKOB, TEJIEBU30POB
Y M3MEPUTEJILHOM anmnapaTypbl, obecrneuynsas BbijeneHUue oruba-
I0IIEM BBICOKOYACTOTHOIO CHUrHaa. JIMoabl UCMOJIb30BAIMCh U B
npeo6pa3oBaTeIsAX YacTOTHI VIS (OPMUPOBAHUS MMITYJIbCHBIX
CUTHAJIOB U3 [€PEMEHHBIX HAIPSKEHUIA.

2.3. Tpuoa

JlaMroBbIil TPHMOA NPEACTaBIAET COHOIT TPEXINEKTPOAHYIO dJIEK-
TPOHHYIO JIaMITy, B KOTOPOH ITOMHMMO KaTOJa U aHOJAA MUMEETCA
TPETHI1 3JIEKTPOA, Ha3blBa€Mbli yIpaB/fIOmEll CETKON. Ypas-
JII0LIasl CeTKA NpeHa3HaueHa JUIA YIIpaBI€HU aHOAHBIM TOKOM
M pacroJjiaraeTcs Mex/y aHOAOM M KaTOJOM, OObIYHO 6imxe K
KaTOJy.
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OGo3nauenune, CXeMa BKNIOYCHNUA U 0COGEHHOCTH
KONCTPYKL MM TPHOAA
YcenoBHbIe rpadpHueckre H306paXxKeHUst TPHOJOB C KaTOAAMU Npst-

MOTO ¥ KOCBEHHOTO HaKaja, IPUMEHsE€Mbl€ B PHHIMITHAILHBIX
CXeMax pafiMoanmnapaTypsl, IpMBEAEHbI Ha puc. 2.6.

AHoA AHop
Ynpasnsiowas Ynpasnsiowas
ceTka ceTka
Karton — Karopn
npsAMoro KOCBEHHOro
Hakana Hakana
a 6

Puc. 2.6. YcnoBHbie rpapuyeckue naobpaxeHns Tpuoaos C KaTonamMu
npamoro (a) n xoceeHHoro (6) Hakana

CxeMa BKIIOUEHMS JIAaMIIOBOTO TPHO/Ia COCTOMUT U3 TPEX 3/IEKT-
pnueckux neneii (puc. 2.7). Ilpn 3TOM Lienb Hakaja M aHOAHAs

Ic+ia=lk (

Ep

—— e —— —— —

Uc

Puc. 2.7. CxemMa BKNIO4eHUs TpMoaa C KaTOQOM KOCBEHHOIro Hakana
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Lenb aHAIOTMYHbl COOTBETCTBYIOIMM LienaM auoaa. Tpetoeit ue-
b0 B TPUOJE ABIAETCA LEMb YNPABJIAIOMENH CETKH, B COCTaB KO-
TOpOM BXOAAT UCTOYHUK MUTAHUSA UC Y MEX[y3JIEKTPOAHBIH yua-
CTOK «CETKa-KaTOJ» JIaMIIbl.

B npuemHO-ycuIMTENbHOI ammapaType Ha aHOJ TPHOAOB
OGbIYHO MMOAAETCA MOJIOKHUTENLHOE HANPSXKEHUE OT HECKOIBKUX
AECATKOB 10 COTEH BOJILT. B cienManbHbIX FeHEPaTOPHBIX TPHO-
Jlax HanpsHKEHUE Ha aHOJIE MOXET JOCTUraTh HECKOJIbKUX KHIIO-
BosbT. Ha ynpasasionryio cerky Tpuoja nojaeTcs OTpULaTE b
HOE, MOJIOKUTENBHOE WIH NIEPEMEHHOE HATIPSIKEHUE, BETMYHMHA
KOTOPOTO, KaK IPaBUIO, 3HAYUTEIBHO MEHbIIE HAPAXKEHUS, [0
AlaBaeMoOro Ha aHOJ.

Kak yxxe oTMe4anocsk, mpoTeKalolHe B 3JIEKTPOHHOM Jamme
¢$usnyeckue Mpoueccsl 3aBUCAT OT TAPAMETPOB JJIEKTPUIECKUX
noJjei, kKoTopble GOPMUPYIOTCA B IPOCTPAHCTBE MEMXY 3JEKT-
poaaMu Bo BpeMs paGoTsl sammnsl. [lpu 3TOM onpeaensomumm
NapaMeTpoM SBJISETCA HANpPSHKEHHOCTDb 3JIEKTPHUECKOTrO MOJIA.
He cnenyer 3a6b1BaTh, 4TO NP OJIHOM U TOM e Pa3HOCTH MOTEH-
IMAJIOB 3JIEKTPOJOB HAMPSXEHHOCTb BO3HUKAIOLIETO MEXy HU-
MU 3JIEKTPUYECKOrO M0JIsi 06PaTHO NMPOMOPLUHUOHANIbLHA PACCTOsA-
HUIO MEXYy 3TUMU 3JIEKTPOLAMH.

3HauMTENLHOE BIMSAHUE MAJIOTO, 10 CPABHEHMIO C MOTEHIMA-
JIOM aHOJA, MOTEHLMAJIa CETKH Ha U3MEHEHHE NapaMETPOB 3JIEKT-
PHUYECKOrO MOJIsA MEXTY KaTOJIOM U aHOIOM OGBACHAETCS TEM, 4TO
B GaJUIOHE 3JIEKTPOHHOM JIaMITbl PACCTOSAHUE «KAaTOA-CETKa» 3Ha-
YUTEJIbHO MEHbIIIE, YEM PAaCCTOSIHUE «KaTOA-aHOA». Iloaromy Ha-
MPSHKEHHOCTH COOTBETCTBYIOUIMX 3JIEKTPUYECKHUX MOJIEH CETKH U
aHO/[a HAa MEXTY3JIEKTPOIHOM YYaCTKE «KaTOJA~CETKA» OKa3bIBaIOT-
ca couamepuMbiMu. B pesynbTaTe cpaBHUTENLHO HEGOJbIIME U3
MEHEHMS MOTEHIMAJIa HA CETKE MPUBOJAT K 3HAYMTEIbHOMY U3Me-
HEHUIO HANPSHKEHHOCTH MOJsA HAa YYaCTKE «KaTOA-CETKa», YeEM
obecneynBaeTcs 3PPEKTUBHOE BO3REHCTBUE HA AHOAHDIM TOK.
TaxuM 06pa3omM, npu nojaye NOCTOAHHOTO HANPSDKEHUS Ha aHOA
TpHO/Ia pacnpe/ieJieHHEe MOTEHIIHAIA HA MEXAY3IEKTPOJHOM y4a-
CTKE «KaTOJA~aHOJ» MOJIHOCTBIO 3aBUCUT OT NOTEHILHAIA CETKH, TO
€CTb OT NM0aBaEMOro Ha Hee HAIPXKEHHUS.

IIpu oTpunaTeIbHOM HANPAXKEHUH Ha CETKE €€ 3IEKTPUIECKOE
T0JI€ /1 3JIEKTPOHHOIO MOTOKA MEXTY KaTOAOM U aHOAOM CTaHO-
BUTCA TOPMO3SAILIMM, YTO.[PUBOAUT K YMEHBIIEHHUIO aHOAHOTO
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ToKa. Bosee Toro, npu HEKOTOPOM 3HAYEHUM OTPHULATEILHOTO
HanpsHKeHUA Ha CeTKe aHOAHBIM TOK BOOOLIE NPEKPaTUTCH, U
TpuoJ 6yner 3anepT. IIpu nogaye Ha CeTKy NOJOXHUTEILHOTO
HaNPMKEHUA €€ 3NEKTPUUYECKOE 10JI€ CTAHOBUTCS YCKOPSIOUINM,
4YTO NPUBOAUT K POCTy aHOAHOTO ToKa. [Ipu 3TOM HeGoJbIas
YacTb 3JIEKTPOHOB OCENAET Ha CeTKe, obecneynBas NosBICHIE
ceToyHoro Toka. [Ipu fanpHeieM yBeIMYeHNH MONTOKUTEIbHO-
IO HaNpsHKEHHUA Ha CETKE YBEJMYMBAIOTCHA KaK aHOAHBIN, Tak U
ceTouHbli1 TokU. EcTecTBeHHO, €CiiM SMUCCHMOHHAs CIIOCOGHOCTD
KaToja GyleT MCII0Jb30BaHA MOJHOCTBIO, POCT AHOXHOTO TOKa
MPeKPaTUTCH, ¥ JaMIa GyIET HaXOAMTBCA B PEXKIMe HACBIIEHHU.
B sTOM cirydae cyMMa CETOYHOTO M aHOAHOTO TOKOB HAChIILEHHS
GyneT paBHa TOKY 3MUCCUM KaToAa. JlanbHeR it pOoCT NOTEHIHU-
aJ1a TOKa NPUBEJET K BO3PACTaHUIO CETOYHOIO TOKA M COOTBET-
CTBYIOILIEMY YMEHBUIEHUIO aHOJHOTO TOKA, NOCKOJIbLKY X CyMMa
IO-IIPEXXHEMY OCTAHETCS PaBHOM TOKY 3MHCCHH KaTOJA.

Ha ocHoBaHMHM M3JI0)KEHHOTO MOXHO C/J€JIaThb BbIBOJ O TOM,
YTO B JIAMIIOBOM TPHOJE MOXHO JIETKO U IIABHO PEryJINpOBaTh
AQHOJHBIN TOK B 3HAYMTEJIbHBIX IIpefiesIax, U3MEHAS B HEGONBIINX
npezaesax 3HaY€HUE HANPSAXEHHs, I10JaBaeMOro Ha yIpasJsio-

IHYIO CETKY.
CraTnuecKue XapaKTepucTuKmn

Pa6oTa 1 0cO6EHHOCTH TaMIIOBOTO TPHOJA ONPEAEISIOTCSA He-
CKOJIbLKMMM THUIIAaMM Xapakrepuctuk. Cpean HUX HEO6XOXMMO
OTMETHUTDH JIBE€ TPYIIbl — CTATUYECKHE U JUHAMHUYecKue (Harpy-
304HbIE) XapaKTEPUCTHKK TPHOJA.

CraTuyeckue XapaKTepUCTHKH TPHOJA IPEACTaBASAIOT COGOM
3aBUCMMOCTH aHOJHOTO TOKa OT HaNPSKEHWH, NM0/IaBaeMbIX Ha
OCTaJIbHbIE 3NEKTPO/ABI aMibl. [TockoIbKY Ha NpakTUKe Hanps-
JKEHHE HaKaJa IJaMIIOBOTO TPHO/Ia HE U3MEHAETCS, IPH JAIbHEM-
€M PaCCMOTPEHUH aHOAHBLIX XapaKTEPUCTHUK OyleM CUMTAThb
3TO HANpsXKEHUE BCET/Ia TIOCTOAHHBIM U PaBHLIM HoMHHaIy. Ta-
KMM 06pa3oM, OCHOBHBIMU CTaTHUYECKUMM XapaKTepUCTHUKaMH
TPHOJa ABJISIOTCA 3aBUCUMOCTb aHOJTHOTO TOKA OT HAaNpsKEHUS
Ha CETKE NPH NOCTOAHHOM HANpSHXXEHUM HA aHOMNE U 3aBUCH-
MOCTb aHOAHOTO TOKA OT HAaNpsHKEHUS Ha aHOJE NPH MOCTOSAH-
HOM HaNPSHKEHHUHU Ha CETKE.
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ITH XapaKTEePUCTUKU UMEIOT GOJIBIIOE NPAKTHYECKOE 3HAYE-
Hue. I[To HUM MOXHO He TOJIBKO CYIUTh O Ka4eCTBE JIAMIIOBOTO
TPHOJA M €70 NPUTOJHOCTH IS pabOThI B PA3JIMYHBIX PEXIMAX,
HO TaK)Xe CPAaBHUBATb PA3JMYHBIE THUIIbI JIAMIL

Cxema, ncriosib3yemMas JUisi CHATHA CTaTUYECKHX XapaKTepHC-
THUK TPHOJA, IPUBEJEHa Ha puc. 2.8.

Puc. 2.8. CxemMa BKNIOYEHUA TPMOAA ANA CHATUA XapaKTepPUCTUK

B nanHO# cxeme HanpsXeHHE Ha aHOJ JIaMITbl IIOJAETCHA OT
MCTOYHHMKA aHOAHOTrO Hanpsokenus: E, uepes norenuuomerp R,
Y U3MEPAETCS BOABTMETPOM V,, BKIIOUEHHBIM B AaHOJHYIO LIEMb.
MwummamMnepmeTpom mA,, KOTOPbI BKIIOYEH B ARHOJHYIO LI€Nb,
namepseTcs aHoAHbIH TOK I,. B To e BpeMms HanpsikeHue Haka-
Jia TaMmIibl MIOJAETCA HA HarpeBaTe/b KaToJa OT MCTOYHHUKA Ha-
npsokenus Hakana E, yepes norenumomerp R, u uamepserca
BosbTMeTpoM V. Ha ceTky 1amMmoBoro Tpuosa HanpsixeHue 1no-
A2ETCS OT UCTOYHHKA CETOYHOro Hanpsbkenus E . uepes moren-
uroMeTp R, KOHCTPYKUHS KOTOPOTO OGECIIEYUBAET HE TONBKO
U3MEHEHHE a6COMIOTHOM BETMYMHDI HAIIPSYKEHUSA HA CETKE, HO U

_ €ro noJsipHOCTh. IIpn 3TOM MWUIMaMIIEpMETPOM MA,|, KOTOPBIH
BKJIIOYEH B Li€Nb CETKU, U3MEPAETCA TOK CETKM I, a BoabTMeET-
pom V. - ceTouHoe Hanpsbkenue U,.

3aBucHMMOCTb aHOAHOTO TOKa I, oT Hanpsbkenus U . Ha ynipas-
JISI0LeN CETKE MpH IMOCTOAHHOM aHOAHOM Hanpsikenuu (U, =
= Const) Ha3bIBAETCH AaHOAHO-CETOYHOI XapaKTEPUCTUKOM TPHOJA.
[lepea cHATHEM aHOJAHO-CETOYHOM XapaKTEPHUCTUKH CHavasa
HEOO6XOZIMMO C MOMOUIBIO NOTEHIMOMeTPOB R, 1 R, ycranoBuTh
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HOMHHa/IbHBIE HanpskeHus Hakana U, u anoza U,, koTopbie B
npolecce U3MEPEHUI ClelyeT NOANEePKUBATh 6€3 U3MEHEHHI.
C nomourpio notreHumomeTpa R nepBoHavanbHO ycTaHaBINBAET-
Csl TAKOE OTPHLATENbHOE HaNpshKEHHE Ha ynpasisiomeii ceTke,
4TOGBI JIaMITa OKa3anach 3aNepToii, a 3aTeM MOTEHLHAT CETKH
MOBBLIIAETCA Yepe3 paBHbie MpoMexyTku. Ilpu aToM onpexens-
€TCs CWIa TOKa, COOTBETCTBYIOMAs Ka)XKAOMY 3HaYEHHIO Hanps-
XeHuA Ha ceTke. Ilo MONy4YEeHHBIM JAHHBIM CTPOUTCH aHOAHO-
CeTOYHAsA XapaKTepHCTHKA B BUJE rpaduKa B CHCTEME KOODIM-
HAT, TZ€ 1O TOPHM3OHTAIbHO! OCH OTKIAJBLIBAETCA CETOYHOE
Hanpsbkenue U, B BOJIbTaX, a N0 BEPTUKAIBHON OCH — BEJTHYHHA
anonHoro Toka I, B Muwunamnepax (puc. 2.9, a).

©
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Puc. 2.9. AHOQHO-CEeTO4YHAR U CeTOYHan xapakTepucTuku (a), cemMencTao
aHOAHO-CETO4YHbIX U CETO4YHBIX XapakTepucTuk (6) Tpuoaa

YacTo OHOBPEMEHHO C aHOAHO-CETOUYHOM XapaKTEPHUCTHUKOM
JIaMITIOBOTO TPHMOZAA CHMMAIOT M TaK Ha3bIBa€MYIO CETOUHYIO Xapak-
TEPHCTHKY, TO ECTh 3aBUCUMOCTb CETOYHOTO TOKA OT HaNpsHKEHHS
Ha yNpaBJIAIONeH ceTKe TP MOCTOSSHHOM aHOJHOM HAIPSKEHUH.
Jlns 3TOro HEO6XOAMMO MPH KaXK10M 3HaU€HHH HanpsokeHus U Ha
CEeTKE MU3MEPHUTb COOTBETCTBYIOIIEE 3HAUEHHE CETOYHOro TokKa I .
Ipaduk ceTouHoi XapaKTEPHCTHKH CTPOUTCA B TOH XK€ CUCTEME
KOODJAMHAT, YTO M aHOJHO-CETOYHAA XapaKTeEpUCTHKa (puc. 2.9, a).

ITpy cpaBHHTENIBHO GONBIIOM OTPUIIATETHHOM HANPAXKEHHH HA
YIIpaBJsIOIEN CETKE JJaMIIOBOTO TPUOJaA JlaMmna 3anepra. Munu-
MaJIbHOE 3HaU€HHE OTPHIATEIbHOTO HANPSKEHUS Ha CETKe, IIPH
KOTOPOM aHOJIHBIH TOK CTAHOBUTCSI PABHBIM HYJIO, Ha3bIBAETCH
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HanpspkeHueM 3anupanus U . ITosblieHue noreHuuana ynpas-
JAIOIEN CETKH IPUBOAMUT CHAYaIa K HE3HAYUTEIbHOMY, 2 3aTEM
K MOYTH NPSAMO NMPONOPLUOHAILHOMY PE3KOMY YBEJIUYEHHUIO
a”oxHoro Toka. [Ipu 1anbHelineM NoBbIIEHUH NOTEHIMAIA CET-
KU yBeJIMYEHHE aHOJHOTO TOKA CHayala 3aMeJIIAeTCs, a 3aTeM U
BOOOG1IE npekpammaeTcst. Ecim ske HanpsikeHue Ha CeTKe NPORoI-
XaTb YBEJIMYMBATD JIaJI€E, 3TO NPUBEAET K PE3KOMY BO3PACTAHHIO
CETOYHOTO TOKA M YMEHBIIEHUIO aHOAHOTO TOKA BCJIEACTBHE Nepe-
pacnpezeneHus NOTOKA 3JIEKTPOHOB N0 HAIIPABJIEHHIO K yIIpaB/Is-
ouleit ceTke.

YcranasnuBas ¢ moMouibio NoTeHUHoMeTpa R, pasnuunbie
BEJIMYMHDI IOCTOSHHOTO HANPSXKEHUS HA AHOJIE, MOXKHO MOCTPO-
HTb CEMENCTBO AaHOXHO-CETOYHBIX XapaKTEPUCTHUK JIAMIIOBOTO
TpUOJa, KOTOpOE 6oJiee MOJHO OTPaXKAET CBOMCTBA KOHKPETHOM
namnsi (puc. 2.9 6). CpaBHHBAs 3TH XapaKT€PUCTUKH, HETPYAHO
3aMETUTb, YTO YBEJIMYEHUE 3HAUEHUS aHOAHOTO HanpsikeHus U,
NPUBOAUT K CABUTY XapaKTePUCTUKM BiaeBo. [IpuunHa Takoro
CIBMra 3aKJI0YaeTCst B TOM, YTO HAa BEJMYMHY AaHOJHOTO TOKa
OKa3bIBAIOT COBMECTHOE BIMAHUE KAaK aHOJHOE, TaK M CETOYHOE
HanpspkeHus. B obmeit cucTeMe KOOpAMHAT MOXET GbITh MOCT-
POEHO M CEMEICTBO CETOYHbIX XapaKkTepucTUK (puc. 2.9, 6).

3 npuBeseHHOro rpa)uKa MOXKHO CAENaThb BbIBOJ, YTO YEM
GoublI€e BEIMYMHA NOCTOAHHOTO HanpsikeHus U, Ha aHoze aM-
MOBOTO TPHOAA, TeM GoJibLiee MO aGCOMIOTHOM BETMYHUHE OTpU-
uarenbHoe HanpsokeHue U, Heo6X0AMMO MoJaTh Ha CETKY ISt
TOTO, YTOGHI 3anepeTn nammy. To ecTb, YeM GONBLIYIO HATIPSKEH-
HOCTb GyfeT MMETb YCKOPSIOIIEee MoJIe aHOAA, TeM GGbluas Ha-
NPSKEHHOCTb TOPMOSSIIETO NOJIS CETKH HEOOXOAMMA JUIS 3aMu-
paHus TpUoJa.

AnopHoe HanpsbkeHue U, OKa3blBaeT BJIMSAHUE U Ha CETOY-
HbBIA TOK IC. UYewm BbllIE HaMpsHKEHUE, NIOJABAEMOE HA aHOJ, TEM
6osibllle CKOPOCTb 3JIEKTPOHOB, JIETAIIUX K AHOAY, U TEM MEHb-
ee UX KOJMYECTBO ocefaeT Ha ceTke. [loaToMy npu nocrosn-
HOM MOJIOXMTENLHOM HANPSXEHUU HAa CETKE CETOYHBIH TOK 6Y-
JET MeHblIE.

B 3aBMCMMOCTHM OT KOHCTPYKTUBHBIX OCOGEHHOCTEIT 3/IEKT-
POMOB KOHKPETHOM JIaMITbl XapaKTE€PUCTUKH aHOJHOTO TOKa
MOTyT pacrojiaraTbCs B JieBOi (B 06JaCTH OTPULIATENbHBIX Ha-
IpsKEeHUIT Ha ceTKe) WM B IPaBoii yacTH rpaduka (B o61acTn
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MOJIOXHUTEIBHBIX HaNpskeHnit Ha ceTke). ITosToMy nHoraa ca-
MH JIaMIIBI HJIM X XapPaKTePUCTHKHU YCJIOBHO HA3bIBAIOT «JI€BbI-
MH» WUIH «IIpaBbIMM». Takoe JieBoe MM NMpaBo€e pPacrnojioxKeHue
XapaKTEePHCTHUK ONpEeEeNAEeTCs, HapUMEp, IYCTOTON ynpaBJs-
iomeii cetkn. [IprMeHeHne 6oJiee rycToil ceTkM MPUBOLUT K 3a-
MTHPAHMIO JIaMIIBI IIPY MEHbLIEM a6COMIOTHOM 3HaY€HUH OTPULIA-
TeJBHOTrO HaIpsXKEHMA Ha Heil, B pe3y/bTraTe aHOJIHbIE XapaKTe-
PHICTHKH ITOJTy4aloTCs 60siee «[TpaBbIMU». A IPH HCMONbL30BAHUU
PEAKO#H CETKM JlaMIla, Ha060POT, 3alMpaeTca NpH 6o0bleM ab-
COJIIOTHOM 3HAY€HMH OTPHUIATENBHOrO HANIPSKEHUS Ha yIIPABJIs-
Ioleit CeTKe, a XapaKTEPHUCTHKH CTAaHOBATCA 60Jiee «JIeBbIMM».

Heo6x0a1MO OTMETHTD, YTO B YCHJIMTEJbHDIX JIAMIIAX CETOY-
HBIi TOK I, ABJIAETCA BPEAHDBIM, TAaK KaK OH yXYAUIAET YIPABJIAIO-
e CBOMCTBA CETKH M YMEHBUIAET BEJMYMHY aHOJIHOro TOKa.
IToaToMy B ycHIMTeNbHOM anmapaTtype O6bIYHO MCIOJIb3YIOTCS
3JIEKTPOHHBIE JIaMIIbI C JIEBBIMM XapaKTepHUCTHUKaMu. B cBa3u ¢
3THUM IS 06€CIIeYeHNs] HOPMAJIBHOTO peXyMa paboThl J1aMIl Ha
CeTKy Haio NOJIaBaTh OTPHLIATeIbHOE HAIPSXEHNE CMEIEeHMS.

Jlpyroii craTnyeckoii XapakTepUCTHKOM JJaMIIOBOro TPHOJA
SIBJIAETCS1 AHOJ{HAS XapPAaKTE€PUCTHKA, KOTOPasi IPEACTABIIAET CO-
60if 3aBUCMMOCTb aHOAHOTO TOKa I, OT aHOAHOrO Hampsxe-
Hus U, Ip1 NOCTOSAHHOM HANPSXKEHUM Ha YIIPaBAAIOLEH CeTKe
(U, = Const). AHORHYIO XapaKTEPHCTHKY MOXHO IIOCTPOUTD C HC-
MOJb30BAHUEM CXEMBI, IPUBEAEHHOM Ha puc. 2.8.

B npouecce cCHATHA aHOAHOM XapaKT€PUCTHKH TPHUOAA aHOK-
Hoe Hanpsixenue U 4 C TOMOLIBIO TOTEHIIMOMETPA R , I3MEHsEeT-
Csl OT HyJIA 10 MAaKCMMAJIBHOTO JIOMYCTUMOTO JJsi KOHKPETHOM
JIaMITbl 3Ha4Y€HMs, OTMeYasi COOTBETCTBYIOMIME 3HAUYEHHS aAHOX-
Horo Toka |,. IIpu 3ToM noasepxuBaeTcs NOCTOAHHOE HATIPsIKeE-
Hue U, Ha ynpasasiomei ceTke.

JU1st KaXKA0ro BIIOJIHE ONPEAEIEHHOr0 3HAY€HM TIOCTOAHHOTO
HaIpPsKEHUs1 Ha YIIPaBJIsionlel ceTKe JIAMIIOBOTO TPHOJA MOXHO
CHSITh OTHAEJBHYIO aHOJHYIO XapakTepHucTuKy. COBOKYNHOCTDb Ta-
KHX XapaKTePHCTHK NPEACTaBIsAeT o060l ceMeicTBO aHOAHBIX
XapakTepucTuk Tpuoaa (puc. 2.10).

HetpyaHo 3aMeTHTb, 4TO IIpH HyJIEBOM HAIIPSHKEHHH Ha CET-
Ke aHOJHAs XapaKTepPHCTHKA TpHOJa HUYEM HE OTIMYAETCA OT
aHOIHOM XapaKTEPHUCTHKH AHOJA.
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I, Ic
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Puc. 2.10. CeMeinCTBO aHOAHbIX U CETOYHO-aHOAHBIX XapaKTepPUCTUK TpMoaa

M3 rpagMKoB BUIHO, YTO NPH IOJAYE HA CETKY OTPULIATENb-
HOTO HaNpPs>)KEHMA JlaMra OyAET OTIHMPATHCSA TOJNBKO IIPH OIpe-
A€JIEHHOM 3HaY€HHH aHOJHOTO HANPSKEHMS, TPH KOTOPOM BJIN-
SIHME TOPMO3SLIETO IO YIPABIAIOmEeH CETKM Ha BbUIETEBIIMC
C KaTO/Ia 3JIEKTPOHbBI 6yA€T CKOMIIEHCUPOBAHO YCKOPSIOIMM IO~
neM aHoza. Takum o6pa3om, yem Gosbiee 1o abCOMOTHOM BeIH-
YMHE OTPULIATE]bHOE HANPsHKEHHE ITOAAETCs HA YIPAB/ISIOLIYIO
CETKy, TeM 6OoJblliee MOJIOKMTEIbHOE HANpsKeHHe TpebyeTcs
NOJaTh HAa aHOA JJIs1 OTIIMPAaHMs TPHOJA, M TEM Jajbllle BIIPAaBO
CABHMHETCS COOTBETCTBYIONAs aHOJHAs XapaKTepPHUCTHKA.

Ecam sxe Ha ynpapJsiolIylo CETKy IoAaBaTh MOCTOSIHHbIE MO-
JIOXXHTEIbHbIE HAaNIPAXEHMs, COOTBETCTBYIOLIME AHOAHbBIE XapaK-
TEPHUCTMKU GYAYT BHIXOAMTDb M3 Hayalla KOOpAHUHAT BeepoM. ITpu
3TOM HWXKHUH M3rM6 XapaKTEPUCTHKM GYAET BHITHYT B CTOPOHY
OCH OpAMHAT, OTOOpaXKas pe3Koe BO3paCcTaHHE aHOAHOTO TOKa I,
NP MaJIbIX 3Ha4€HMAX aHOAHOTO HanpspkeHus U, . OcHoBHasd xe
YacTb XapaKTePUCTUKHU GYAET NMOYTH MapajUlesbHa aHOIHOI Xa-
PAKTEPHUCTHKE, CHATOH NPH HYJIEBOM HANPSHKEHHH Ha CETKeE.
ITpHunHa TaKOTO sABJIEHHUS 3AKTI0OYAETCS B COBMECTHOM BIMSIHUM
YCKOPSAIOWIMX TIOJIeH CEeTKM M aHOJa Ha BbLJIETEBIIME C KaToAa
anexTpoHsbl. C yBeIMYeHNEM NOJIOKUTENBHOrO NOTEHIMaIa CET-
KM Bce GoJsibIIasi YaCTh 3JEKTPOHOB, ABMIKYHIMXCSA OT KaTOAa K
aHOJy, OyIeT IepexBaThiBaTbCA CETKOM, M POCT aHOZHOTO TOKA
Jlake MOXKET yMEeHbIUTbCA. CeTOUHBIN TOK IIPH 3TOM 3HAYUTEb-
HO BO3pacTaeT.

3-6272
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JlOBOJIBHO 4aCTO BMECTE C aHOAHBIMM XapPaKTEPUCTHKAMM CTPO-
ATCS ¥ TaK Ha3bIBa€Mbl€ CETOYHO-AHOAHDBIE XaPAaKTEPHCTHKHM, IIpe]-
CTaBjsIOMME CO60M 3aBUCUMOCTb CETOYHOTO TOKa I . OT BesinunHb
aHozHOro HanpspkeHus U, MpU MOCTOSHHOM MOJIOXUTENLHOM Ha-
npsokennu Ha cetke U . Ha puc. 2.10 cemeicTBO CETOUHO-aHOAHBIX
XapaKTePHUCTHUK M300paXXEHO INTPHUXOBBIMM JIMHUAMH.

Heo6xoxMMo OTMETHUTD, YTO Ha AaHOAHBIX XapPaKTEPUCTHKAX
JIRMIOBBIX TPMOXOB OGBIYHO OTMEYAETCA 0OJACTh AOMYCTUMBIX
3HaYEHHH aHOJHOTO TOKa I, MpM COOTBETCTBYIOWEM 3HAYEHHHU
anoxnoro Hanpspkenus U,. Ha puc. 2.10 aTa o6nacts orpanuye-
Ha WITPMXITYHKTUPHOM JIMHMEMN.

AvHaMuYecKHe XapaKTepucTMKH

PaccMoTpeHHbIe paHee CTaTUYeCKME XapaKTePUCTHKH JIAMIIOBO-
rO TPHOZAA OTPAXKAIOT €r0 CBOIMCTBA B CTATMYECKOM pEXMME, TO
€CTb NPU OTCYTCTBUM HArpy3KH, KOTJa HaNpshKeHUs, rojaBae-
Mbl€ Ha CETKY M aHOJ, MOXXHO U3MEHATb HE3aBUCHMO JPYT OT Ipy-
ra. OXHaKO Ha IPaKTHKE B IPUEMHO-YCIIMTENbHOI anmapaType
YCWIMTEIbHBIE JIaMIIbl paGOTAIOT B TAK Ha3bIBAEMOM JUHAMMYEC-
KOM pexHMe, KOTa B aHOJZHYIO LIEIb JIAMITH BKJIIOYAETCs Harpys3-
ka R . CxeMa noAKMOU€EHMsl HATPY3KX B aHOJHYIO Li€Nb TPHUOAA
npuBefeHa Ha puc. 2.11.

Ru

Ia*

Ua

+

Uc

>

Puc. 2.11. Cxema nOAKNIOYEHURA HArpy3ku B aHOAHYIO Uens Tpuoaa

INpu BKIIOYEHUHN HArPY30YHOrO CONpOTUBIEHMA R, moboe
u3MeHeHe HanpsxeHus: U, Ha ynpaBisiomei ceTke npuBeaeT
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K M3MEHEHUIO aHOAHOTO TOKa I, 1, COOTBETCTBEHHO, K U3MEHE-
HHUIO BETMYMHBI HanpskeHusa U, Ha aHOJIE, TOCKOJIbKY 3TH BEIH-
4YMHBI CBA3aHbI MEXIY COGOI c1enyloleii 3aBUCMMOCTBIO:

U=E,-LR,.

B nunamuueckom pexxume Hanpsxenue U, Ha aHoj€e J1aMnibl
BCET/a MEHbILIE HaNpsXkeHHs E, HCTOUHMKA aHOAHOTO IMTaHKMS HA
BEJIMUMHY NaJienus Hanpsukenus [ R, Ha conpoTusiennu narpys-
ku. [1py 5TOM NoHMkeHHe TOTEHIMANA YIPaBAAIOLIEH CETKU NTPpH-
BOJMUT K MOHMXEHUIO NOTEHIMANA aHoAa. Takoi pexuM 4acTo
Ha3bIBAIOT PEXHMOM Harpy3KH.

I'naBHO# OCOGEHHOCTBIO JUHAMHUYECKOTO PEXHUMA ABJIAETCA
TO, YTO B 3TOM PEXHME TOK aHOAQ I, 1amnoBoro Tpuoja u3MeHs-
€TCs 110]] BIMTHUEM OJJHOBPEMEHHO MeHso1erocs anoauoro U,
u cetoyHoro U, Hanpsikenus. [Ipuuem xapaxkrep naMeHeHus
3THX HanpsXXeHUi 00yClaBJIMBaET IPOTHBOMNOJIOKHYIO TEHJIEH-
LH1I0 U3MEHEHHUSA @HOJHOTO TOKa. Ec/In noBbImaeTcs noTeHuyan
ynpapidiollei CeTKH, aHOAHLIH TOK I , BO3pacCTaeT, 4To NpHBO-
AMT K BO3PACTaHUIO NaJIeHNs HanpshkeHus Ha Harpyske R .. B pe-
3yJbTaTe yMeHblIaeTcs HanpsykeHue U, Ha aHOZe 1aMIIbl, U, KaK
CNEeJCTBUE, NOJ] AEHCTBUEM HANPAKEHUSA UC Ha YNpaBiAIolen
CeTKe aHOJHbIH TOK M3MEHUTCH MEHbLIE, YEM B CTATUUECKOM
pexume 6e3 Harpy3ku. IIpu yMeHbLIEHHH CETOYHOTO HamNpsXe-
HUS, HA060POT, YMEHDIIAIOTCA aHOAHBIN TOK I, 1 azieHue Hanps-
XeHus Ha Harpy3ke R, , a anognoe nanpsxenue Bospacraer. Ta-
KHUM 06pa3oM, B IMHAMMYECKOM DEXHME aHOJHOE HanpsKeHUue
M3MEHSAETCA B NIPOTUBOGA3€e C CETOYHBIM.

CpoiicTBa 1aMNoOBOTrO TPHOJA B IMHAMHUYECKOM PEXHME OTi-
PeAensIoTCA TaK Ha3bIBAEMBIMM IMHAMMYECKUMH, WIH Harpy3oy-
HBIMHM XapaKTePUCTHKaMH, CPe KOTOPBIX OCHOBHBIMH SABJIAIOT-
€Al Harpy304Hasi aHOJJHO-CETOYHAA M HArpy3o4YHas aHOJHas Xa-
PaKTEPHUCTHKH.

Harpysounas aHOJHO-CETOYHAs XapaKTEPUCTHKA TpHOAA
Npe/ICTaB/IgeT COOOH 3aBUCHMOCTb aHOAHOTO TOKa I, oT Hanpsxe-
nusa U, Ha ynpaBasiloleN CETKE NPH NOCTOSHHOM HANpPSXEHUH
HCTOYHMKA aHOAHOTO nuTanus (E, = Const) B AMHaMHUYECKOM pe-
XMMe, TO €CTh B PeXHMMe Harpy3ku. 3Ta XapaKTePHCTHKA MOXET
OLITH IIOCTPOEHA HAa OCHOBE CEMEMCTBA CTATHUECKUX AHOJHO-CE-
TOYHBIX XapaKTEPUCTHK, CHATBIX 6€3 Harpy3KH NPH NOCTOAHHBIX

3'k
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3HAYEHMAX aHOZHOrO HanpsikeHus. IIpumep nocTpoeHus Harpy-
30YHOM aHOJHO-CETOYHOI XapaKTEPHUCTHUKH JIaMIIOBOTO TPHOAA
WUNIOCTPUPYeTCs Ha puc. 2.12.

Ea> Ua1 > Upa2 >Uaz h}\
™A Nowus=Ea
/  NpuUa=UA1
/ Mpm Ua = UA2
Mpu Ua = UA3
| .
la2ro | r
BI
-
la1Ro B | |/ a3
A2
pA WMyt ouwee
‘ 0JUc2
Uct
Uco Ucs

Puc. 2.12. NocTpoeHne Harpy3o4HO aHOAHO-CETOYHOW XapaKTePUCTUKH
NamMnoBoro Tpuoaa

M3 ceMeiicTBa CTaTMYECKUX aHOAHO-CETOYHBIX XapaKTepHC-
THK BBIOEPEM YETBIPE, CHATHIC NIPU ONPEAEICHHBIX 3HAYEHHUAX
aHoAHOro Hanpsbkenus, o6osnaunm nx E,, U, , U,, n U,,. Ilpu
3TOM JOJDKHO COOJIIOAAThCS CJleJlylolliee COOTHOUIEHME:

E>U, > UA2 > U,\s-

BriGepem HauanbHyo TOuKy A ¢ HanpsbkeHusmu U, = E u
UC= Ua), MPH KOTOPBHIX aHOAHBIA TOK OTCYTCTBYET, TO €CThb JIaM-
na 3anepra. Eciu Teneps npu cOnpoTHBIEHMM HArpyskM, paB-
HOM HyJo (R, = 0), NOBBICUTL NOTEHIMAJ CETKHU 1O 3HAUEHUS
UC = UC], aHOJHBIN TOK BO3pAacCTET A0 3HAYEHMS IMRO. B 1O xe
BpEMs PH HAIMYMM CONPOTHUBJIEHUs HArpy3ku R, onpenenen-
HOI1 BeJIMYMHBI HA HEM NOSIBUTCS COOTBETCTBYIOLIEe NaJeHe Ha-
NpsHKEHMs, YTO NPUBEAET K YMEHBIICHUIO HANPSDKEHUS Ha aHO-
Jie B COOTBETCTBMH C (HOPMYIOii:

U,u = EA - IAIRH'

N3 xapakTepucTuk BugHo, uto npu U = U, u U, = U,, anoxn-
HbIM TOK MMeeT 3HaueHue | Ap» YTO COOTBETCTBYET TOUKE b.

JlanbHeiiliee NOBBILIEHUE NMOTEHIMAIA CETKM IO 3HAaYEeHUs
U.= U, npuBOMT K yBETUUEHUIO AHOJHOTO TOKA U OHWKEHUIO
aHOJHOTO HANPSXKEHUSA [0 CJIEAYIONETO 3HAYEHHUS:
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U,=E,-I,R,

A

ITpy 3TOM B COOTBETCTBUM C CEMEHCTBOM CTATUYECKUX aHOA-
HO-CETOYHBIX XapaKTepHCcTHK (puc. 2.12) coueTanue BEJMUUH
UC= U62 ulU = U o OTIpEZENSET aHOAHBIN TOK BETMUMHOM I ,. Ha
rpaguke 3T0 TOuka B.

AHanorn4HBIM 06pa3oM NOCIEAYIOUIEE TIOBBILIEHHE MOTEHIM-
ana ceTku 10 3Hauenus U, = U, NpUBOAUT K yBETUYEHHIO aHOJ-
HOTO TOKA M TOHM>KEHHIO aHOJIHOTO HAIPSKEHHS 10 3HAUEHUS:

UAS = EA - IA?.RH'

Mpu Bemmunnax U, = Uy n U, = U,; aHORHBII TOK HMEET 3Ha-
4eHue 1,;, 4TO COOTBETCTBYET TOUKE I.

KpuBas suHus Ha puc. 2.12, coeaunsiomas touku A, b, B u
I} aBiseTcsa AMHAMHUYECKO, WIM Harpy304HOil aHOAHO-CETOUHO
XapaKTepPHUCTHKOH JIaMIIOBOTO TpHOJA.

Kak BugHO M3 rpaduka, KpyTH3HA Harpy304HOH aHOLHO-Ce-
TOYHOI1 XapaKTEPUCTHUKH BCETAA MEHbBIIE, Y€M KPYyTH3HA CHATOMN
6€3 Harpysku CTaTMYeCKoil xapakTepucTUKU. IIpu 3TOM ueM
MEHbIIE BEJMYHHA CONMPOTUBJIEHUS HArpy3ku R, Tem Gosbuie
OyneT KpyTH3Ha S, IMHAMMYECKON XapaKTEPUCTUKH (puc. 2.13).

Ia
(MA)
Mpw Rus
Ru1 < Ru2< Ru3
Mpn Ry2
Mpw Rua

/ Uc (B)

0

Puc. 2.13. CeMenCcTBO Harpy304Hbix aHOAHO-CETOYHbIX XapaKTepnCTuK
namnoBsoro Tpuoaa

I1pu pacyeTe panMOTEXHUYECKUX YCTPONCTB MOMHUMO AMHAMMU-
YeCKOMH WIM Harpy304HOM aHOJJHO-CETOYHOI XapaKTEPUCTHKH Ya-
CTO MCIOJIB3YETCS AMHAMMYECKAA WIM HArpy304Has aHOAHAA Xa-
PAaKTEPUCTHKA JIAMIIOBOTO TPHO/Q, KOTOPas MPeACTaBAAET CO60M
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3aBUCHMMOCTb aHOJIHOTO TOKa I, oT anoaHOro Hanpsikenus U, npu
MOCTOSTHHOM HaMpsHKEHUH UCTOYHMKA aHoAHoro nuranus (E, =
Const) B pexxume Harpy3ku. JL1s yKa3aHHBIX BEJIMYMH B IMHAMHYeC-
KOM peXHMe MPH CONPOTUBJIEHHUH Harpy3ku R, neiicreyet pasen-
CTBO:

UA = EA - IARH'

INoaTOMy ypaBHEHHE Harpy304HOI aHOAHOI XapaKTE€PHCTHKH
MIMeeT CIeAYIOIMii BUA:

L=(E,-U) /R,

Harpysounas aHoqHas XapaKTepPHUCTHKA JIaMITIOBOTO TPHOZA
MOXET ObITh MOCTPOEHa Ha OCHOBE CEMEICTBAa CTaTUYECKUX
aHOJIHBIX XapaKTEPHCTHUK, CHATBIX 6€3 Harpy3ku MpH MOCTOSAH-
HbIX 3HaYEHMAX HanpshkeHUs Ha ceTke. IlpuMep moctpoenus
Harpy3o4HOM aHOJHOM XapaKTE€PHCTHKH JIaMIIOBOTO TPHOJA WJI-
JOCTpUpYyeTCs Ha puc. 2.14, a.

Ia 1A
(MA) NpuUc=+2B (MA) RH1 > Ru2 > Ruz
—48 NpuUc=0
Npu Ug =-28 a
MpuUc = -48 H3
Rh2

Ea

i RH1

a A A
Y Ea UaB) C Ea ] Ua(B)
a 6

Puc. 2.14. NocTpoeHne Harpy3o4HOn aHOAHOW XapakTepucTuku (a) u cemencraa
Harpy304HbIX aHOAHLIX XaPaKTEPUCTUK NaMNOoBOro TpuoAaa (6)

[pu HyneBoM 3HaueHUM HanpsbkeHus Ha aHoze (U, = 0) Bemm-
YHHA aHOHOTO TOKa OYIET ONpeAENAThCS caeaytoeii popmyoii:

L=E, /R,

B To xe BpeMs npu HyaeBoMm Toke aHona (I, = 0) Tpuon 3a-
HEepT, HaNPsH)KEHHE Ha aHOJE PABHO HANPSKEHUIO UCTOYHHMKA
anoauoro nurauus (U, = E,).
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INocTpoeHHas MexAy yKa3saHHBIMU JByMsl TOUYKaMH NpsMas
JIMHUSl U ABJASETCSA AMHAMMYECKOH MM Harpy3o4HOI aHOAHOM
XapaKTepHCTHKOM JaMnoBoro Tpuoga (puc. 2.14, a). Ilpu pas-
JIMYHBbIX BEIMYHNHAX CONPOTUBJIEHUS HAarpy3ku R, MoxHoO nocr-
POMTb CEMEICTBO Harpy304HbIX aHOAHBIX XaPaKTEPHUCTHK JIaM-
bl (puc. 2.14, 6).

Ocraercs 106aBUTh, UTO, MCNOJIb3y PACCMOTPEHHYIO AUHA-
MHYECKYIO aHOJHYIO XapaKTE€PUCTHKY /ISl BIIOJIHE ONPEAENEHHO-
rO 3HaYEeHMs CONPOTHUBJIEHUS Harpy3KH U CEMENCTBO CcTaTHYEC
KHMX aHOJHO-CETOYHbIX XapaKTEpPUCTHK, KOTOPbIE MOXXHO HalTH
B COOTBETCTBYIOIIMX CIIpaBOYHMKaxX wiu B FIHTepHeTe, MOXHO
CPaBHHUTEJILHO JIETKO NOCTPOUTb Harpy304HylO aHOLHO-CETOY-

HYIO XapaKTE€pPHCTHKY.

NMapamerpsbl TPHOAaA

JlamnioBble TpHOIBI OGBIYHO XapaKTEPUIYIOTCS HECKOJILKUMM T1a-
paMeTpaMHu, KOTOpbI€ ONPEAEAIOT UX OCHOBHBIE CBOICTBA U BO3-
MO3KHOCTH npuMeHeHns. Cpeayt HUX HEOGXOAMMO OTMETUTDb TaK
Ha3sbiBaeMble A depeHIaIbHbIE IapaMeTPhl: KPYTH3HY Xapak-
TEPHCTHKH S, BHYTPEHHEE CONPOTHBJIEHHE IEPEMEHHOMY TOKY R,
K03 GHUIMEHT YCHIEHHS M ¥ npoHuniaeMocTs D. Ilomnmo sToro
JIAMIIOBbI€ TPHUOJbI XapaKTEPU3YIOTCS CTATHYECKHUM CONIPOTHUBIIE-
HueM R 1 paccenBaeMoii aHOAOM MOWHOCTDIO P,

B cOOTBETCTBMH C AHOXHO-CETOYHOM XapaKTEPHCTHKOI TpH-
OJia IIpH MOCTOSSHHOM aHOAHOM Hanpsikenun (U, = Const) npu-
pamenue HanpsixeHns AU . Ha ynpaBisionieil ceTke IPUBOAUT K
BIIOJIHE OTIPE/le/IEHHOMY TIpUpalieHuIo anoaHoro Toka Al,. Tlpu
3TOM COOTHOILIEHHE JBYX BEJMUMH: IPUPAIICHHS aHOJHOTO TOKa
Al, x npupameHuIo ceToyHoro Hanpsokenus AU, n aBasercs
KPYTH3HOM XapaKTe€pPHUCTHKH TPHOZA:

§=Al /AU, upn U, = Const.

TaxuM 06pa3oM, KPyTHU3HA XapaKTEPUCTHKH OlIpENENseT CTe-
IIeHb BJIMAHHSA U3MEHEHHUIH CeTOYHOTrO HANpSKEHUsl HA U3MEHE-
HHS aHOZHOTO TOKa. JIpyrMMH c/I0BaMH, KPYyTH3HA XapaKT€ PHCTH-
KU T10Ka3bIBAET, HA CKOJIbKO MM/UIMAMIIEP U3MEHAETCS aHOAHbIA
TOK KOHKPETHO1 JIaMIIb] IPH U3MEHEHHH CETOYHOIO HANPSHKEHUA
Ha 1 B.
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Heo6x0a1MM0O OTMETHTBD, YTO NTAPaMETPOM TPHOAA CYUTAETCSA
KPYTHU3Ha, ONpe/ie/IeHHas Ha IPSMOJIMHETHOM y4acTKe €ro aHOJ:
HO-CETOYHOM XapaKTEPUCTHKH, IIe OHA IIOCTOSIHHA M UIMEET Hau-
6onbiee 3navenue. IIpu aToM KpyTH3HA MOXET GBITH OnpejeJe-
Ha HE TOJIbKO 10 aHOJHO-CETOYHOH XapaKTEepPHUCTHKE, HO U IO
CeMEMCTBY aHOAHBIX XapaKTEPUCTUK TPHOJA.

CpaBHHUTENbHO 60/bLIAA KPYTU3HA SIBJISAETCS JOCTOMHCTBOM
JIaMITIOBOro Tpuoza. B To ke BpeMs ee Be1MuMHa B HEMaJIOH cTe-
NEHU 3aBUCUT OT KOHCTPYKTUBHBIX ocobeHHOocTel namnbl. Tak,
HanpuMep, yeM OOoJbllle 3MUCCUSA KaTOAa, Iylle ceTKa U OJike
OHa K KaToAy, TeM OoJjblle BeJUW4yuHa S. Y JaMIOBbIX TPHOAOB
Pa3HbIX THUIIOB OHa MoXxeT 6b1Thb OT 0,5 10 20 MA /B u 6onee.

Buyrpennee conpoTusieHue Tpuoa riepeMeHHOMY TOKY IpeJ-
cTaBiseT co6oil OTHOIIEHHE NPUPAIIEHNUS aHOAHOrO HampsKe-
Hus AU, K BbI3BAHHOMY MM MPUPAIIEHHIO aHOAHOTO Toka Al, mpu
NIOCTOSIHHOM HAIPSKEHMU Ha ynpasasioueit cetke (U, = Const):

R =AU, / Al, npu U_= Const.

Takum 06pa3om, BHyTpeHHee conpoTusienue R npeacrasis-
€T cO60li CONPOTHUBIEHNE MEXIY3I€KTPOIHOrO Y4aCcTKa «KaTOA~
aHOJ» TPUOAA JJIf NIEPEMEHHOrO TOKa. 3HaY€HHE BHYTPEHHErO
CONPOTHUBJIEHUS TOrO WM MHOTO JIAMIIOBOTO TPHO/a MIOKa3bIBa-
€T, Ha CKOJIbKO BOJIbT HEOGXOANMO U3MEHHUTb AHOJHOE HaIlpshKe-
HH€ KOHKPETHOM JIaMIbl, YTO6bI 3HAYEHHE AHOJHOTO TOKa U3Me-
HHJIOCh Ha 1 A npy HEM3MEHHOM HamnpsKeHUHM Ha ceTke. [Ipu
3TOM 4yeM GoJIblile PACCTOAHUE MEXIY AHOAOM U KaTOJOM H Iylie
ceTKa, TeM caabee aHOJHOE HANpPSKEHHE BAUAET Ha BEJIUNYUHY
aHOJHOTO TOKa U TeM 6oJbiue conporusienue R. Ha npakrtuke
BHYTPEHHEe CONPOTHBJICHHE TPHOAOB MOXKET COCTABAATH OT 1 10
70 kOM. [Lnst onpejeneHns BHyTPEHHET O COMPOTHBJICHUS JIAMIIO-
BOT'O TPHOJa MOXHO BOCIOJIb30BATbCS €r0 AHOAHOH XapaKTepH-
CTHMKOM WIM CEMENCTBOM aHOJHO-CETOYHBIX XaPaKTEPUCTHK.

HHorza Ha MpakTHKe NPUMEHSETCS elLle OAVH MapaMeTp JaM-
NOBBIX TPHOJOB, KOTOPbIN He ABJAAETCA AUDPepPEHINATbHBIM.
JTO TaK HA3bIBAEMOE CTATUYECKOE COMPOTHUBJIEHUE TpHOAa R,
WM CONPOTHBIIEHHE TPHOJA ITOCTOSTHHOMY TOKY. IToJ cTaTuuec-
KHM CONPOTHBJIEHHEM JIAMIIOBOT'O TPHO/a IOHMMAETCS OTHOLIE-
HME aHOAHOTO HanpskeHHs U, K BbI3BAHHOMY UM aHOJJTHOMY TOKY
I, npu nocTosinHOM ceTounoM Hanpsixkenuu (U, = Const):






