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TATABA 4

9JEKTPOHHO-JTYUEBLIE, 3JEKTPOHHOTPASHYECKHE
H ®OTO3JEKTPHUYECKHUE MPHEOPBI

. Bosabmag wactb HacTOsiue# FAaBH MOCBANIEHA 3JASKTPOHHO-AYHEBHIM
A 3JNeKTPOHHOrpadmueckum npuGopaM. JACKTPORHO-TYYCBHIM (MOHHO-AyYe-
BEIM) NMPROOPOM HA3LBAETCA DJEKTPOBAKYYMHEH npubop, b KOTOPOM 3xeK-
TpoHHEIH (MOHHMHA) NOTOK mMeeT GOpDMY TOHKOrO nyuka Jaydeh. Te us
ANEKTPOHHO-NYUEBEX MPHOOPOB, B KOTOPHX C TNOMOUBIO IACKTPOHHHIX
Ayyelh romyvaercss BAAUMOE W300DAKEHHE HA IKPaHe, MOKPHTOM JIOMHHO-
GopoM nAM HAa (POTONJNACTHHKE, HA3BIBAOTCH 3AEKTPOHHOr PAPUUECKHMB
npuGopamn [JLA,16]). K »tum kaaccam npubGOPOB TNPHHAAAEKAT OCHA-
aorpaHuecKye M TEACBHSHOMHBE TPYOKHM, 3SMEKTPOHHME MHKPOCKOIH,
9JAEKTPOHHLIE MEpPeKIioyaTeNns U T. 0.

HanGonee cymecrseHHOR uacTbl SJAEKTPOHHO-AYYEBWX © 3NEKTPOH-
HOTpapRYeCKHX NpHOOpPOs ABRJASTCA YCTPOHCTBO, ofecneuyupamnlee ABHKeE-
HHE 3IJAEKTPOHOB MO TPAIEKTOPUaM, oOOpasyloImAM TOHKME nyyox. [las
pacueTa M KOHCTPYKHHM 35TOH 4wacT# npubopa NpoCTPaHCTBERHHH 3apal
B nyuke, ACHCTBHE KOTOPOro CBORUTCH K PAaCIIMPEHHIo NyuKa, 3aMer-
HOMY TOJABKO NP GONLINUX MJAOTHOCTAX ToKa (cMm. § 11), umeer HebOADL-
imoe gHauenve. [loatomy ocHOBHBIE CBOHCTBA 3JEKTPOHHO-AYYEBLIX TIPH-
GOpOB MOXHO H3YudTb, HE MPUHHMMAs BO BHHMaHUE nefcTBHE [IPOCTPEH-
CTBEHHHX 3apAJOB. TO XK€ €aMOe€ MOKHO CKasark # O npHOOPax, OCHO-
BAHHHX HA WCTIOAB3CBAHUA (POTOINEKTDOHHOH H BTOPHYHOIAEKTPOHHOM
IMHCCHNA, ONKCaHHE KOTOPHIX BKAWYEHO B Hacrosmyio raasy (dorosne-
MEHTH, (POTORNCKTPOHHHE YMHOWKHMICAH, SAEKTPOHHOOIITHYECKHE 1peod-
PasoBaTeIn).

M8 CKasaHHOro BhllLie, OIHAKO, HE CHAEAyerT, 4YI0 NpPOoCTPaHCTBCHHEINR
3apdal He OKasHBAaE€T BOBCE HUKAKOro Bo3aeticTeHA HAa padoTy 3MEKTPOHHO-
Ny4yeBHX W POTOIAEKTPUYECKHX NpUOOpoB. DTO BAWAHHE HE ONperenseT
cofofl OCHOBHEIX CBOHMCTB NpudOpa, HO B HEKOTOPHWX OTHOUICHUAX OHO
snoane saMerse. Hanpmmep, BOAWSH KaToza 3JEKTPOHHOrO NPOKEKTODa,
CAyXKamEro ana (GpOopMUPOBAHHA 3.IEKTPOHHOrO RYYKa, BAMAHMUE TNPOCTPaH-
CTBEHHOrQ 38apsAfad OueHh CYUICCTBEHHO W HE MEHEE BaKHO, UEM B 3JEK-
TPOHHBIX JNaMA3X; 3TO BJHSHAE 3aMETHO B HEKOTODPHX pPEXKHMMAX B raso-
HallOMHECHHLX $OTOINEMEHTAX B T. 4,
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§ 31. KaromoniomuHecuenuus. IKpaunl SAeKTpoHHOrpadHuecKuX
npubopoe

1. [Ipapona xaToxo OMAHECU EHOHA. PaccMOTPUM HEKOTODHIE SIBAS:
HHf, BOSHHKZIOILHE WPH MONMajAaHHH MOTOKA (EPBHUHEIX 3/JEKTPOHOB Ha
MOBEPXHOCTh HEMETANNHUYECKOro KPHUCTAAIa W HaCTO CONPOBOXKIAIOLINES
BTOPHYHOINEKTPOHHY0 9MHCCHio. [Ia/IeKO He Bce BTODHYHNE 3JEKTPOHH,
NOABHBIWINAECA NOA ACHCTEBMEM 2JEKTPOHHOM GOMOADANPOBKH EHYTPH Kpw-
CTaljla, OKA3kIBAITCH IMUTTHPOBaHHHMH. IlpocaenuM cyapGy BTOPHYHBIX
3/CKTPOHOB, OCT2BINHXCA B KPHCT3AAC, pPelleTKa KOTOPOro UMeeT padjuy-
HHC JAe(peKTH M CBA32HHHIE C HAMA JKUENTOPDHLIE H IOHOPHHE YpPOBHU.

W)

Jowa poBodumocmiu /
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Puc. 743. 3onnas cYeMa BO3HHWKHOBEHMA KaTOAOJIOMHHEC-
HEHIKH.

TlepBuuHEIC SAGKTPOHH WHOHUM3UDPYIOT aTOMB pEMISTKH., DTG  3HAUMT,
YTO HEKOTOPHE 9JACKTPOHL! MEPEXOIAT U3 34MOAHEHHOR 30HH B 30HY IIPO-
BOOAUMOCTH. TaK KaK NepPBHYHKE 3JICKTPOHH 00/131a0T 3HAYUTCABHOH 3HEp-
reei, TO BTOPUYHHE 3JEKTPOHE Ooabliell 4acTbio [OJAYUAIOT SHEPTHIO,
Gosee ueM AOCTATOYHYIO 1A Nepexona B 30HY MPOBOAMMOCTH, W BHaYadge
OKasblBAlOTCA Hd VPOBHAX, JEKALIMX MHOTO BHIIE HUWHEro Kpas 3ToH
30HH (nepexoan !/ — 2, 3—4 Ha puc. 243). C ypoBHS 4 3JEKTPOH,
OYEBHUNHO, MOKET OnTb IMUTTHpOBRAI. KpoMme TOro, modeicHiHe xo6aBoy-
HHX 3JEKTPOHOB B SOHe NPOBOIAMMOCTH OYIET MEHATs NPOBOJHMOCTh
KpucCTaana (aeacHue <BO3OY:KICHHOHR NpPOBOIUMOCTH»). B njoxo mupoeo-
JAAUEM KPHCTAATE HMXHWE YDPOBHH 30HH MPOBOAMMOCTH G0jblued 4acCThio
cBOOOAHE H B pe3ysbTaTe TEIJIOBOrO oOMeHa Hepruefl nepedpolIeHHbE
3aeKTpoHn 6yayT OwicTpo (B Teuenue npumepso 1077 cex no Teoperw
USCKHM PacuyeTtaM) OfyCK4ThCA K HUKHEMY Kpalw 30HH (nepexold 2 -— 3)
Y 3/IeKipoHA B UONOKCHHH § HUMEIICA ABE BO3MOKHOCTH NS pexomOu-
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HAUUH C ALIPKON: BO-MEPBHX, BO3MOXEH NEPEXOA (PSMO B SaMOJHEHHYIO
SOHY ¢ UCNyCKAaHUEM KBauTa fivg=={)) H, BO-BTOPHLIX, NEPEXOA HAa OIHH
H3 aKUENTOPHHX ypoBHelt ¢ wucnyckaunuem keawta fvy=Q,; (nepexoa
& —6), npuuem Q, < Q, Teopernueckuid pacuer AacT, 4TO [EPBAA BO3I-
MOKHOCTH MaJIOBEPOATHA M B ACHCTBUTENRBOCTH HMEKT MECTO MNEPEXObi
#4 JOKaAbybie NPHMECHHE YPOBHM. JIOKAaAbHblE YpOBHH B DEATbHOM KpH-
CTal%e He RICAHE OIWHAKOBH B COOTBETCTBUH € HECKOJBKO DPA3NAUHLIMH
YCJIOBUAMH, CYUISCTBYWIMMH B DPa3IH4HBIX JE(EKTHHX MECTAX pelerKi.
[TosToMy H3ayuenue, Bo3HUKawWee npu GoubapaUpOBKe KPACTANAZ NOTO-
KOM 3JIEKTPOHOB, 3aHHMZET ULAYIO MOAOCY CNEKTPa, JTO ABJAEHHE HOCHT
Ha3BaHHe KaToaoaMusecuenuuu. Ha neM 0CHOBaHO AeHCTBRE 3SKPAIHOB
TEAEBU3MOHMHANX TPYyOOK, 3NeKTpPOHHOONTUYECKHX Opeobpasosatene u
Apyrux npubopoB. Bewecrsa, gawmnue CBeq4eHHe KaTOAROMOMHHECUEHUHA B
BUIMMON 4aCTH CHEKTPa, HA3HBAOTCH KaTOAOMOMHHODODAMH.

B saexrponHorpaguueckux npubopax skpaHH palotaior B 0YeHb pas-
JUUHBIX  ycaobusix. B ocumanorpaguueckux 4 TeseBU3MOHHHX TPyOKax
3KpaH BO30YXAAESTCH JAYYOM ¢ BHICOKOH MAOTHOCTBIO TOKA (A0 HECKOJb-
KHX 2aMMep Ha KBaJApaTHWH CaHTUMETP B [POEKIAOHHHIX KHHECKONAX),
npoGeraouyM ¢ GoabiioN CKOPOCTBIO TIO MOBEPXHOCTH 3KkpaHa. B npubo-
pax, paGoTAIOILAX ¢ HEMOABHMHHMHU JYUaMH, HANPHMED B 3JCKTPOHHOON-
THYEeCKHX mnpeoOpa3osaTensX, RAOTHOCTeE TOKa NOpPAdKa COTHX JOACH
MUKpOaMmnepa, HO BpeMs BO30yxneHus oueHb Beauko, Hanpskesne nyuka
3NEKTPOHOB B DA3AHYHHIX CAYY2AX KOJeONetTca OT COTeH BOJbT JIO NeCdT-
KOB Kua10BOAbT, Takum 0GpasoM, speMs BO3GYKACHHS, CKOPOCTL 3JEKTPO-
HOB MW MOIIHOCTB JJACKTPOHHOTO IYYKAd MEHATCH B O4YEHb [HUPOKHX
npefenax. _

M3 ondcanHoro Balll¢ MEXaHU3Ma KaTOIOJIOMHHECUEHUHH CJaedyer,
YTO B 3aBHCHMOCTH OT SHEPrHH MEPBHYHBIX 3JAEKTPOHOB OYOYT MEHATHLS
APKOCTh ¥ KN KAaTOIOMOMUHECUEHUWY, T. €. JH0JAS 3IHEPruH TNEepPBUYHEIX
3JEKTPOHOB, NEPeXOASIias B SHEPrHio CBEUCHHS, HO HE €€ CHeKTp (K
A1 A OGOJABUIMHCTBA TEXHUUECKRX MOMHMHOGOpPOB cocrasaser 4 — 6%/).
ChexTp KaToA0MIOMHHECIIEHIHY — HEN3MEHHAa XapaKTepHCTHKA BeecTsa.
Boaee toro, ecnu 2ieKTPOHM nepefpOMEHH B 30HY (POBOAMMOCTH HE
3nexTpoHHOR 6oM6apAnpPOBKOH, a KakUM-1RO0 HHLIM CocO60M, HATpUMED
AekcTBUeM CBETZ, TO CHEKTP NOAyYatomelcs TakuM nyTeM (oTOAMMUHEC-
neHunn Oyaer TOXKIECTSeH WAH, MO KpaHHeH wmepe, oueHb O6:U30K K
CiekTpy Karojoamvunecuenuud [JL4.1, T. I, § 26], ' MOXKHO rOBODPUTH
0 HE3ABHCHMOCTH CIIEKTPA AIOMUHECUEHOMH OT Cr1ocoba ero Bo3lyKaeHHA.

DTO NMpPaBHIO, OIHAKO, COGJOIACTCA TOALKO AAF GAHOPOAHHX JOMH-
HOGOPOB C OJHHM BHIOM H3IAYYAOIIMX UEHTPOB JiowuHecucHunn Crextp
3KPaHa, COCTOALIErO H3 MEXaHWHYECKOH CMeCH HeCcKOoAbxux momuxogopos,
RAd KOTOPWX KO JIOMHHECHCHIHH Pa3NuuHpM 06DasoM MEHREICs B 3aBH-
CHUMOCTU OT BO36ywiAenwus, OYMET TaKwke 3aBHCETh OT CNocoda Ro3Gyw-
AeHnd, HanpuMep OyNeT MeHSThCH 1PW WU3MEHEHHH CKOPOCTH TepPBUYHHX
MEKTpoKoB. M3 Teopnn KaTOAOMOMHUHECUEHLHMH CAEAYET, YTO OH3 BO3-
HUK2eT K ucyedaer e MrHoseHHO. Tlocae Hadana BO30YxaeHus B TeueHue
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HEKOTOPOrO BPEMEHH pasrOpaHHs LOCTHFAIOTCA  yCTAHOBHMBINEECR CO-
CTOfHHE W IOJHAaA SPKOCTb, a NOCAE NpekpaieHus BO3GyxKAEHUR CBe-
YeHHE HCYESAET B TEUCHHE HEKOTOpPOrQ BPEMEHHW 3aTyXaHH# W/M TocAecse-
‘ueHKHA; Bpess nocneceeuenus ABARKETCH OAHUM M3 BAXKHEANIWX NapaMeTpoB
‘nomuHo(pOpa.

IMpouecce I —2—5—6 (puc. 243), sapepmaroinafics wusAyyCHHEM,
fporeKkaer BecsMa OnCTpo. Mexiay TeM ONHT NOKA3WBAeT, YTO B HEKO-
TOPHX KPACTANNAX KaTOAOMOMHHECUEHIUA HAGMONIETCA B TEUCHHE HECKOIb-
KHX CeKyHA W A2xeé MHHYT nocne npexpaulends GomGapaupoBku nep-
BHYHBIMH 3JeKTPOHaMy. KaTOAOMOMEHECUEHIHA C AJANTEIbHNM [0CAECRE-
YEHUEM HE YKJAZ/JHBIETCS B TOJILKO YTO USAOKEHHYI0 TEQPETHUYECKYIO
CXeMmy.

IIpeanonoxus, 4TO CYMECTBYIOT JOKaAbHhie JAe(peKTs, CnocoGHhEe
3aXBATHIBATL 3JACKTPOHW B3 30MH NPOBONUMOCTH H 33/NEPKHBATL UX AJN-
teasHoe spema. Takne AedexTH MOKHO Ha3BaTh INEKTPOHHBIMH €JOBYIL-
Kamu» K COOTBETCTBYIOUIHE WM YPOBHH — yDPOBRHSAMH Nprannanns. C ypos-
#e#l NPUAHNAHMA SAEKTPOHH OCBOGOXAAOTCA TEMNGBHM NBHKCHHEM U
NORAajal0T BHOBb B 30HY DNPOBOAHUMOCTH, OTKYI2 W COBEPINAOT NEPEX0il
c wsayuyenuem. Becbh mnpomecec Ha puc. 243 wuzolpaxen nepexonamu
7-—-8—9— 10— 11— 12 llosBacHne HApAAY C NMPOCTHIMA NEPEXOIaMH
TEna / — 2 — & — 6 nepexonos € 3axofoM B A0BymKY /0 ob6bacHser
SBACHHe nocaecseveHus, Hamo cxazate, 4TO npupolra ypoeHe# mnpuauna-
HWA HE BO BCEX CJYuasxX BHIACHCHA, HO ONHCAHHOE 3JeCh SBRJEHHE TOCHe-
CBEUEHHUA HE €AHMHCTBEHHOE YKasaHWe B TMOAb3Y HX cywecrsoBanna. C
thakTaMn, rOBOPSAUIHMH B MNOJB3Y CYUIECTBOBAHAA <JOBYILEK», TNPHXO-
AUTCS BCTPEHATBCH NPH M3Y4YeHHH (OTOCONpOTUBACHUA U AOAYNpOBOU-
HUKOBHIX TPHOIOB.

Broime 6HIa paccMOTPEHa XaTOROJIOMHHECHEHIHH, BOSHHKAIOWAA B
ONpPEOCHEHHNX MECTax DEIUCTKY — €€ HePeKTax, CAYKAIUX LEHTPaMH
AIOMAHECHEHIH, JIIOMHHO(OPH TaKOro KNacca HasuBaKwTCR KPUCTANAOAI0-
MHHOGODPAMH, H K HUM NPUHAIAEHKAT BEUWIECTBA, UPHMEHAEMKE B 3IKpaHax
SJEKTPOHHO-AYUEBHX TPYOOK.

Ilprpona nedexkToOB, CAYNKAUIHR HEHTPAMH CBEYCHHA B TEXHHYECKHX
AMOMUHOGOpax, MoxeT OnTh pasandHod, B HCKOTODHX moMuHOdOpPaX HMHA
MOTYT OHTbL M30OHITOYHHNE aTOMH OJHOH M3 KOMNOHEHT OCHOBHOH pPEeTKy
‘KpHCTanxa, MNOAyYaloilHecs npH Tepmuueckofi ob6paborke. Ilpumepom
rakux Jiomunoopos usagiores ZnO a cymsdmam ZnS, CdS. Ho ropasao
‘yaule BCTPEUAnTCA H UMeT 00ABIIOC 3HAUCHHE IA TEXHHYECKHX 3Kpa-
108 AoMHHODOPH, Tpelywuine A paborhl BHECEHHA NOCTOPOHHHX TNpH-
‘Mecel aToMos. JlioMuHOGOp B 3TOM CAYYae H23HBAWT AKTHEHPOBAHHHIM,
a npaMecHHH 37eMenT (wamie BCEro METAaNN) — aKTHBATOPOM. ¥YTOmARy-
THE BHINE CYALPUAW TaKxe MOFyT ObiTh AKTHBHPOBAHE MPHMECHHIMH
‘weTaanama, Ot polda npuMECH 3aBHCHT COEKTP JIOMHHECUEHNHH, H ee
'KOHUEHTpauus Mpu HaubONpIIEH HADKOCTH nNOACHPAeTcs ISMNWPHYECKN
HanGonee ZeHCTREHHBIMH © 4aCTQ TNPHMEHAEMLIMH 2aKTHBATOPaMH ABAS-
woreg Cu, Mn, Ag u Zn.
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ITpouecc Bo30yxaeHns AOMHHCCHEHNHA WHOMAA. SHA4WUTENBHO OTAR-
YaeTcs OT ONHCIHHOTQ BHIIE, Tax, BOBMOXHA JOMHHECLEHLHs Oe3 n3Me-
HeHUS TMPOBOJAMMOCTH KPACTANNAa — TaK¥e TPHMEPH W3BECTHM B CAyYae
dotonomsHecuennus. CymecTByioT TaK@e AIOMHHO(OPH, CBeYeHHe KOTO-
PHX HE HCXOIUT W3 pacnpeaeseHHHX NOo pewerke waedrpos. Jloumunec-
LIEHTHHE CROHCTBA TAKNX BEMECTB NPHCYLIM BCEM DJEMEHTaM PELUETKH
KPHCTaNJAOB, XHMHUYECKH YHCThe 0Opa3ihl KOTOPHX MIKT CBEUECHHE.

2. SlpkocTth MOMHRECUEHUMH., TexHuyeckHe JMoMuHOGODH nNOYTH
BCErAa MPEAHA3HAYATCA Ans paGoTH B BAAHMOM crnekrpe. TlosTtomy Bax-
HOR XapaKTEPHCTHKOH KaTQOOJIOMHHECUEHLHA CAYNHT €€ SPKOCTb, JHep-
TS KarOAOJNIMHHECUCHUMH [OMKHZ BO3paCTaTbh BMECTE C 3ZHEpPrued
NOTOKA BO3DYKA2OUIMX 3SJMEKTPOHOB, W TAaK KaK €€ CIeKTp npH 3TOM
HE MEHACTCH, TO MOKHO OWKUAATH, YTO SPKOCTh BHAUMOrO M3NYUEHHUA
Takxke Oyler BO3pacTath. ONuLT MOKA3WBAET B COOTBEICTBHA C TOALKO
YTO CKAa3aHHLIM, 4TO APKOCTh KaTOAOSIOMHHECLECHLMN MOKHO HaliTH Mo
dopmy e

B=Aj(U,— Uy, (31.1a)

ra€ f — MAOTHOCTE IACKTPOHHOTO ToKa, [/, — moveHunan sxpana u A,
m n Uy,y— nocrodHueie, xapaxkrepuaywomde semecTro. [locrtoaHuan m
ANS pa3HBX AMHUHCPOPOB JEKUT B npesenax npumepdo or 1,3 10 2,8,
HO OnpernejeHHe ee, Tak e Kak u onpedenenne A u U, BCTpewaer
GOonpllIMe FKCNCPUMEHTANBLHBE TPYAHOCTH H, Kpome Toro, A, m u U,
CUALHO 3aBHCAT OT CnocoBa W3roTosfenus akpaua. [lodsToMy yucaeHwnne
AZHHBE, BCTPEUAOMAEC ¥ PA3uuX aBTOPOB, PACXOANATCS, H B WacTHOCTH,
B PaHHEX HCCJAeNOBaHUAX IPHHAMAAX uvacto 7 —= 1. dopmyaa (31.1) npu
3TOM [PHHUMAIET BUX

- B==Aj(U,— Uyy). (31.22)

Cornacro (31.2) B aAnuedHO 3aBNACHT DT IHEPrAd BO3OYKIACIDHX DAEK-
TponoB. Popmyno#t (31.2) noaL3YIOTCA B B HAaCTOALLCE BPEMS, €CAA HET
HEOOXOMHMOCTH B GOABUIOH TOYHOCTH.

[loctosnnas {/,y naswbieaeTcsl MEPTBMM MOTEHIMAJAOM, OHA [JA€T HaH-
MEHLIUYIO 3HEPrud sAekTpoMa el/,,, npu KoTopo#l BO3MOXKHO BO30YKAe-
HUE KaTOAOMOMUHecueHnun. Jlag TexnuuecKux skpaHoB (/g nexHT B npe-
Aenax OT HeckoabKEX aecatkos ano 300 g Ho, kaxk u3secTtHO, mmpuua
3OHH 3aNPEIIEHHBX YPOBHEeH () HE NPEBOCXOLNT HECKOMLKHX 3AEKTpO-
HOBOJMBT © TaKad OONbLI3s BEAHYHHA MUHAMAALHOM SHEprud NPEACTAB-
AAETCd HENOHATHOMN.

310 nNpoTHBOpE4HE OOBACHAETCA TEM, YTO HA IOBEPXHOCTH KawAOro
9KPaHa WMeeTCd HCAKTHBHHNE CJA0H, B KOTOPOM HAPYWIEHO HOPMAJBHOE
CTpoeHue MIOMUHODOPa, M INCKTPOHY, YTOOH MPOHMKHYTL K OONACTH, rie
PacnoNOMKEeHH H3AYYAOIUIHE LIEHTDH, HYXKHO ¢npofurthy HeaxkTusHblH CA0OH,
Otciona caenyer, uro Uy, MOXHO YMEHBHIKTB, NOAGUPAA COOTBETCTBYIO-
Ul cnoco6 M3roTOBJAEHWA 3KPaHa, W NEHCTBUTENLHO, B T4AKHX SKpaHax
Uy cnuxaercs o0 10— 15 8, 1. € 8 370M cayuvae eL’?g NIOHIAKAETCH
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[0 seanunnel 110psaka Q. Takuyw 06pasoM, He TPHXOIUTCH COMHEBATHCS,
uTG MepTBRH noteHuuan U, — cBOHCTBO NOBEPXHOCTHOrO CAG1 JIOMHAHO-
dopa.

Ha npaktuke uepemkd cayuam, koraa U,y <& U,; Toraa ¢ nocratou
HOH TOYHOCThLID

B=ajU". (31.3)

3. Bropuusan smuccns miomuaodopoE H NOTeHUHAR 3Kpana. M3
¢dusnueckoro cMeicia gopmya (31.1a) u (31.2a) caeayer, uT0 B H¥X
HOMKCH BXOAWTh NOTeHUWAN 2KpaHa U/, TaK KaK HMEHHO 3Ta BEJAMYMHA
onperensieT SHEPTHI0 SAEKTPOHOR B MOMEHT FAOMAJAHHA HA 3KpadH., Mexay
T€éR IrM POPMYAB 4aCTO NAWYT B BUile

B:—Aj(U — U,)", (31.16)
= ‘4.’ (U 90)3 (3 1‘26)

rae {/, — HaNPAXKEHWE HI YCKOPAKOUIEM 3IJEKTPOIE.

B wactnoctd, dopmysna (31.26) (dopmyaa JleHapaa) B Te4eHHE MHO-
rax JeT MCIOAb30Banacb B JAATEPATYPE N0 KaToao aloMuuecueHnuuu, Ilpo-
TdBOpeune oTnazaer, ecan {/, =~ U,,
n BefiCTBUTENBHO, HA NPAKTUKE YACTO
BCTPSUAIOTCA PEXHUMH, Te 3TO npu-
0AH:KEeHHOE PABEHCTRO BRIIOJHAETCA.
Hywxno, caenosaTencHo, paccMOT-
pers, Kax 3asucur (J, or noren-
iHafa yckopsiomero aaektpona U,

Il aTeera na aTOT BONPOC HALO
CHa4ana YyCTaHOBHTb, KaK CTEKAalT
¢ 3KpaHa Nonajawniule Ha Hero 3a-
pAOB. 3apsisl HE MOCYT € .MOCTa-
TOUHOH CKOPOCTBIC CTEKAaTL HU MO
CTeKNY, HA MO AWMHHOPOPY BCNEN-,
CTRYE MUX TJIOXOH [TPOBORUMOCTH
(ansg  TexHuuecKux  LOMAHOGOPOB
p==102 10" o.«-c.u¢). Houm ocra-
TOYHOr 0 Ta33 gaxe B TpyOKax ¢ ra-

i

|
|
)
1
|
!
1
Uﬁ 05: y Us yﬂ Uaﬂ t

3080} (POKYCHPOBKOH TaKike MOryT

o/ NEPEHeCTH TOALKO HHYTOKHO Maaui

Puc. 241. Ycrasosaense noTemumaza Sapl. 3apAl C aKpaHa, cnenosa-
IKpana. TENAbHO, YHOCHTCA BTOPHUYHBIMU /€K~

a— cayuai U, <Ug 6-—caysah U,> U_;- TPOHAMH, H B YCTAHOBHBIIEMCA PLIKH-

Me KOJMYECTBO YXOIAIMX C SKpaHa

BTOPHYHEIX 31EKTPOHOB PABHO KOJMYECTBY MOMAJAMOUIMX Ha HETO TePBHYHLIX.
Kpusag 3aBUCUMOCTA KO3IPOhHIMEHNTa BTOPHUHOR 3MHCCHH G JIIOMUHO-
Jopa 0T yCKOPSIOLWErD MNOTEHUMANa UEPBUYHBIX 3JeKTponos (J/, mnweer
BHJ, OGLIUHBIE I8 3THX KpHBHX (puc. 244; cp. ¢ puc. 174) hosc{JtpH-
UHEHT BTOpHuHOH 3Muccun o> 1 B untepBane ot U, = Ug 10 U, = U,
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ILas rexnuueckns  aiomurodopos Uy =120— 140 s, 2 U mavepaercs
THICAYaMK BOJBT. YcraHoBuBIMHCcs morenuwan skpana [/, Moxer 3aBu-
CeTh OT YCKOpsILero noteHunana U, ¥ OT NOTEHIManad 3KpaMa 10 Mo-
MaJTaHHA Ha HETO  DJIeK-
TPOHOB (RAYaNbHOrO NOTEH- =gt
unana /).
Pacnonoxenve  3niex-
TPDAOB IJEKTPOHHOTO 11DQ- =SS - R
KEKTOPAa W SKPIHA TOKE- ford

3aHO Ha puc. 245. -
[ycts U, < Us, a U,

¥ O 3Ha- _
UMEET KAKOE yroiu Puc. 245. YupoileHnaa cXeMa SAeKTPORHU-AyHe-
yenne, [Ipu sTHX yC10BHAX BOH TpyGKH,

3 < 1 ¥ noTeHnHaN SKpaHa {— NepBruREe 3NeKTPOHE; 2— NOAK.1MY9EHEOR K aHOAy npo-
nagact Ao T1eX nap, noxa BOARIIEE TOKPLITHE,

Re NPEeKPaTATEA BAEKTPOH-

Has GomGapAupOBKa, T. € JO TexX nop, noka I/, Be cpasnaercs ¢ noTeH-
IIMaNOM KaTnid. B 3TOM COCTORHMM BCE NEPBRYHBLIC 3ACKTPOHBI OTPaXA0TCy,
T. . hopManbHO g== 1, W ycTanoBHBRIICeCH 3HaueHre [/, papHO Hymo (ec/d
npeHeGpeYb CKOPOCTAMA BHIJIETd IJAEKTPOHOB H3 KaT0aa).

Hycrs renepy Uy < U, = Uy < U, u Ug< U, < U, (puc. 244, a).
Boamowun mea caydas: (U, =U,/< U,y n Uy,=U" >U, B oboux
cayuafax ¢ > 1, HO B NEPBOM CAyuYde NOJEe MEAKAY IKPAHOM, AEHCTByIOIIEE
Ha BTOPHYHHIE 3JEKTPOHE, YBOAHT UX HAa aHOJA H OOTEHUHAN 3KpaHa
pacrer. Bo RTOPOM Chay4ae Nojie AO3BPaULZE€T BTOPUUHBIE DAEKTPOHBI HA
3KPaH, NOTEHIHAl Kortoporo nalaer. OueBnano, paBuoBecuc Guio O
aocturayro npu U, = U, ecnn OB HayadbHas CKOPOCTh BTOPHUHHX
9NEKTPOHOB PAaBHAAACL HyAlo. B JeRCTBHTETLHOCTH HAYaldbHAaA SHEPTUs
BTOPHYHBIX 2JAEKTPOHOB B CpeadeM cocrasaser 10— 20 3 u pasHoO-
BeCcHe macTynmaer npd [/, Heckoabko GonniueM, uem UJ,. Kpome Toro,
Hall BBHIBOA CIpPaBeAIUB, €CAW MOMHO npeHeOpeysh nosem upecTPaHCTBEH-
HBIX 3apsaaos. jas 9KpaHos o0O0€ MONPABKH HE3HAUHTENbHW H  MOIKHO
cuntate (ecan Ug< U, <U), uto U,~ U,. 21 OGDBACHACTCH Kaxky-
weecs APOTHBOpeune mexny Gopmyramu (31.1a) m (31.16)*). B cocro-
AHHK DPaBHOBECHS UHCIO BTOPHYHHIX 3JEKTPOHOB, YXOOAIUX Ha aHoA,
B TOYHOCTH PaBHO YHCAY MEPBHUYHKX IACKTPOHOB (He CYHTAd PACCEAHHHMX
NepBUYHBIX 3JEKTPOHOR, MOMABLIHX NPAMO HA aHOX), TAK YTQ TOK MYUKa
MOKHO HIMEPHTb, BKJKYaA npubop B HENb aHORA.

Taxkvv 06pasoM, HOTeHNHAA 3KpaHa CACAYET 33 YCKODAOIHM MOTEH-
nHanov {/,, ¢ H3MEHEHWEM KOTODPOro Meusierca apkocrs. Qanako U
creayer 3a {/, TOMBKO 1O U3BECTHOrO mnpefea. '

#) 3aMeTHM, UTO CXA3aHHOE 3ACCH NPHMEHHWMO K NOTEHUMAIY H3OTHPOBZHHOLO
MCTIANYECKOTO 3AEKTPOA, HanpaMep K NOTERIHATY H30IMPOBAHHOrO aHOIA TPH-
ofa, ¢ Toll ToAbKO pasHuuell, YTO 3JeCh BO3MOXHa OoInLIlaa NOMPABKAa Ha npo-
crpancmennuﬁ 3apaa.
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B camom mene, nycto U,=U,y > U, u U, > Ug (puc. 244). Ecma
upa 310M U,== Uy < U, TO nONe MEKLY SKPAHOM H AHOAOM YCKODHET
BTOPHUHHE BNCKTPORH, # TaK Kak ¢ >> 1, TO MOTEHHMAAA SKpaHa pacTer,
npubanxanck, k U, Ecnn ke U,=U," > U,, T0 He3aBuCHMO OT TOroO,
KaK Hanpapiaeno none BOAHSW 3KPaHa, MNOTEHUMAA €r0 UaA4er, TaK Kag
o<1 n U, onsth-Taku npubGanikaerca Kk U, Otcioma caenyert, uto U, —
HauGONbILKH MOTEHLUAM, KOTOPOTO MOMET AOCTHUb SKPaH, €ro Ha3uBaioT
npeAeAbHHM 0OTeHuHanoM. 3daveHms (/, naaw B TaGa 1. Pabouee
yCKOpfilolee HanpaxeHHe OObYHO newut mexny L/ nu Uy, v B 310M xe
MHTEPBA/IE HAXOMUTCH, 3HWAUHT, NOTeHuwan 3Kpana U,. Octaeics o0O6b-
#CHWUTb, NOYEMY B 3SACKTPOHHO-NYyuesOH TPYOKe HauaabHBB noTeHuuan
akpana I/, Bcerxa okaswsaetca Goabwue, ueM (g, @ OATHO Ha 3KpaHe
ABTOMATAYECKHY BCULIXWBAET CPasy Xe NOCNe NMOJAYH HaNPAKCHHA HAa Npo-
KEKTOP.

ITocne mogaun HanpsaxeHAs A0 noTeHnnana, Gosbwmero [/, cHauara
3aPAKAETCK CTEKNO 0annoHa HENOCPEACTBEHHO Y MECTa BNas BBOJAOB
37EKTPOAOB. JAEKTPOHB MONEM HANPABANIOTCA HA MECTd, SapPMKEHHBIE 10
BHICOKOTQ [OTEHIAAN4, YTO BH3KBIET HOBOE [IOBRIMIEHHWE NOTERIWAAa,
TaK Kak 38ect o > 1. Tak Kak CTekno He ABJAACTICA MAREaJbHBIM H30a3-
TOPOM, TO € MECT, 3apHHCHHHX 10 BHCOKOTQ NOTEHIHANA, MNOJOKHTEND-
HEle Bapafst OyAyT CTEKAaThb Ha COCENHHE YHaCTKH: MOXHO CKazaTh, 4TO
N0 CTEeKAy, 3 33aTéM ¥ 10 SKPAHY HAYHET PaCNPOCTPAHATLCA 3apAiHan
BOJHA, NOBHIIAWINAA OT Yy4aCTKa K Y9aCTKY MNOTeHUHan BCeH NOBEPXHO-
ctd TpyOku. Ha mecra ¢ MOBHINEHHHIM NOTEHIMAAOM IOMA3AAIOT IMEKT-
DOHH, BH3LIBAIONIME JIOMUHECHEHUHI0 CTEKJa MU JKPaHa. ITHM BOCNOJb-
sopaancs C. V1. Karaee v H. A, Bapwa# nas Ttoro, uto6H HabawiaTh
pacnpocTpaHenue sapaiunoll BoaHW, [locAe TOro Kak pacnpocTpaHeHue
3apanHoH BOMHH 3aKOHYEHO, BCA NOBEPXHOCTH TPYOKM OKA3LIBAETCA 3apsi-
WEHHOR [0 OAMHZKOBOrO MOTEHNWANa K SJEKTPOHHHE JIy4Yd AEAAIOTCA
npaMouHeHHuIMA, 00pasya NRTHO B GEHTpe sKpada. B nopmaasHBIX yChao0-
BUAX BeCh ONHCIHHHEA MpONECC MPOTEKaeT HACTOAbKO GHICTPO, YTO MATHO
Ha 3KpaHe BCOHXUBaeT NOYTR MrHoseHHo [J1. 4.3, ra. 3]

4. TexAnueckHe KaToaomMoMBHODOPH. B Texuuke K KatoXOMOMUHO-
¢opaM MOTYT NperbsBAiThCH BECbMA pa3dnooOpasnuie Tpefobanus. [IpH-
BelleM HEeCKOABKD NpUMEpOB, DKPaH NPHEMHOH TeAeBH3UOHHON TPYOKA
OOJKEH HMETb TIOCHECcReueHHe [OCTaTOYHO KOPOTKOe, 4TOoOM K Hauany
nepesdayd Kaipa HCYE3aN0 NOJHOCTHIO CBedEHWe, BO30YKACHHOE TpEA-
IHECTBOBABINKHM Kazpos. Ho, € apyroft cTOpOHH, O4€Hb Maloe BpeMa
nocAecseyeHns CnocoOCTBYET NOSBACHKIO METpKAHHA H300DaXEHUd H A04-
®HO OHITh HalAeHO KOMNPOMUCCHOE pemenue, B paiuwosoKaunoHHBIX HHAM-
KaTopax Kpyrosoro o0sopa (npmr He ouens Goabioft cxopoCTH Bpatie-
HHS AHTEHHB) XeNareabHO HUMETb IAUTENbHOE MOCAECBEYEHHE, 4 B OCLAA-
aorpadax, CMOTPS N0 HX Ha3HaYEHHIO, MOTYT NOTPEGOBATLCA KIK FKPaHH
¢ JAHTEJNBHHM, TaK H C KOPOTKAM IOCAECBCYEHAEM.

LIpeTHOCTb, TOYHEE, CNEKTP, CBEYCHAS BHIONDAETCA B 3aBHCHMOGCTH OT
Toro, Gyder au H3oGpaxKeuue Ha sxpaue GoTOrPadHpoBATHCA HAN HalJto-
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AaThCA BHBYaJbHO. B MepsBoM civyae BRroano CBeweHHe ¢ mnpeobnaia-
HUEM CHHE-(DHONETOBHX JNyuell, BO BTOPOM — XENTO-3C/CHHX. [lng uepHo-
Genoil TeneBU3IHOHHOA mEepenavn HykHO 0€A0€ CBEUEHHE, KOTDPOE MOXKHO
MOAYYHTb, HW3TOTOBASH SKPAH M3 MEXaHHYeCKOH CMecd  AoMAHOGOpOR,
H3NYYAOIINX JOMOMHHTEABHHE IBETa B BMEIOMUX OAWHAKOBOE N0 BOS-
MOKXHOCTH BpeMa NacaecBeuenus. Haa 3kpanos 60abNI0H APKOCTH N0JE€3HO
HMETb BHCOKOE SHAUY€HHE NpeaesfibHoro morenndana U

K uncay cBoiicT, HaAHUWE KOTODHIX BCET1a XKETATEABHO M YaCTO
HEOOX0MMMO AN BCEX MOMHHODOPOB, CAEAYET OTHECTH OOALILYI CBETO-
oTaauy (AW Kia), CTOUKOCTb RO OTHOWECHHW K MEPErpeay, sarpss-
HEHWAM ~ H  3AeKTpoHHOH H woHHo# OGomOapaupoBKe W Xopollue Ba-
KYYMTEXHHYECKHE KauecTBa (Jierkoe oO0C3rakkuBanue, HHU3KOE JIaBIEHHE
napoB).

B Hacrosuiee BpeMs n3BeCTHO OOABINOE YMCAO KATOAOMIOMHHOGODOB,
NPHMEHEHHE KOTOPHX MO3BOAET HITOTOBAATh IKPAHK € YAOBAETBOPHTENb-
HbIMH TEXHHUECKHMA CBOMCTBAMH 44 CaMBIX Pa3NHuUHHX 3JEKTPOHHOTPa-
uyecKux rnpubopos.

CeoAKa OCHOBHWX NAPAMETPOB HEKOTOPHIX YNOTPEBUTENLHHX KaTOAO-
moMuHodopos npueeteHa 8 1ada, 1 (HECKOAbKO A0n0.JHeHHad Tabauna

KATOAOMIOMAHECULEHIL A

Tabawna |
CeoftcTea ynorpebHtreabusix aomnanodopos
dPppexTHB- ox [pesea
s Xuungeckwh cocran Leer {ouf:a.iiba] nocﬂfeml. H“u“f:.’:e“'
an. lcasem] | TCHHR [cex) Us (x8]
I | Cyapdpua uknxa Cuuuit {09-—-1212-10°3 :
ZnSfAg] } 8,5—12
2| Cyavdua uwnka 3eaenwit {50 — 1,7] 4-103
ZnS[Cu]
3 | HluHk-kaIMui Cvabhun Wenrwft |50—65] 2-107°% | 7— 12
(ZnS: CdS) |Agl npu co-
JNepiaHuH|
KOMNO-
HEHT
| 50°/0/50°/o
4 | Unug-cyIvdni-cesennn Henrwit | 50— 8,0 10-1 16 —25
(£nS : ZnSe) [Ag]
5 | Beamit cyappuanmi Beawit (5,0 — 55 —_ —_
ZnS[Ag): (ZnS : CdS) [Ag])
6 | Beanft cvivdmpa-ceresna 1MHKA > 4,5 — 6,0 — —_
ZnS{Ag;{(ZnS: ZnSe) [Ag]
7 | Bumnemur (oprocHaukar uuuka) |3eaenwft | 1,8 — 2,1} 10-® 65— 10
Zn,Si0Q,4]Mn]
§ | Boasppamar KaaLDus Crmntr  (0,14—0,18) 10°® 45—5
CaWQO,
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w3 [/1. 4.5, ra.- 5], cocrasnennas no nanaxuM A. B. MockeuHa). Bo BTopow
cToabue Talauun YKasaH XUMAYECKHH COCTaB JOMHHOMOpPA, NpHYEM
CHayajla YKasplBaeTCs COeduHeHue, o0pasyoulee OCHOBHYIO PEeIIETKY,
M 8aTeM B KBaAPaTHHX cKOOKax ykazaH meranir-aktusatop., CoeavHesus,
ofpasywolne TBepAHH PACTBOP, SAKJAOUEHK B KPYFawle CKOOKH. JIloMHHO-
$opr, BXoAAIUKE B BHIAE MCXAHAUECKHX CMeceH, OTACIeHB TOYKOH
¢ sanaToi. IPGeXTUBHOCTD (OTHAYa) # BpeMs MNoc/ecBedyeHus (maTeii
M mecTOH CTOAGIR) 34BUCAT OT BAAAHUS MHOTWX (DAKTOPOB, W NO3TOMY
MX 3Hauy€Hug, npuseleHsnle B Talauue, caeayer paccMarpHBaTh Kak
OPHERTHDOBOYHLIE,

79 ’! 2nS/Cd S[Ag

g

000 8320 60/40 5050 43/57

&

by
-

JHEpeus § OImHOCUMEROHIY BRINULAK
¥R EE &Y

=

000 5000 7000 000 A

Pnc. 246. Cuekrpn momudodopa ZnS: CdS [Ag] upn pasany-
HOM COLEPAHHH KOMIMOHEHT.

B nepBux Ttpex CTpoxax Tal/aunK TIPHBEASHM JaHHbIE, XapaKTeph-
3YIOLUHE BECbMA PaCNPOCTPAHEHHHE CYAbQHAIHKE JAIOMHHOGODH, AatolUe
cBevenne G0abIoH APKOCTH. TpeThl CTPOKA OTHOCHTCE K AIOMUHOQOPY,
OCHOBHAst peIeTKa KoToporc o6pasoBaHa TBEPAWM pacTEOPOM  ZnS
u CdS. Cunextp nwMuHECHEHIYWH 3TOr0 AOMHHO(OPAa CUALHO 3ABHCHT
0T CofepxkaHug ofenx KoMmoHeHT (puc. 246). Kax BHAHO X3 pHUCYHKa,
MAKCUMYM H3JIYHEHHA MOXHO CABHRHYTHL B Jaio0oe MEeCTOo BHAMMOR 4yacTH
cnekrpa. Bamser Ha CnexTp d KOHUEHTPanMs akKTHBATOPAa, HO BHAYHTENLHO
cnabee. TloaGopomM COCTaBa MOKHO HU3MEHATE EBpEMS [OCAECBEMCHHSA
CYAbpuAHBIX JiIOMUHOPOPOR OT MUKPOCEKYHIM [0 HECKOJAbKHX MHRYT,
Lunk-cyabdus-ceneHns (4eTBepTan CTPOKA) MHTEPECEH BHCOKHM 3HAYCHHEM
npeaeapHoro mnoteHunana . B natofl » mmecto#t CTpoKax YKasanu
MEXaHHYECKHE CMECH AIoMHHO¢OpPOB, Aalolue Oenoe CBEYEHHS, a B Cenb-
MO# H BOCbMOH CTPOKaX CTORT AAHHLIE, XAPAKTCPHSYHLIHE IMPEACTARH-
Teaell CHAMKAaTHRX (BWITEMHT) MOMHHOGOPOB K  soabppamaros, ITu
AHOMUHOGDOPE OTAMYAI0TCH BRICOKOH CTORKOCTRIO,
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Hecroabko cnoe 00 3Kpanax. DKpaH COCTOMT H3 POBHOro, TOHKOIQ
CAOH UBMENBUEHHOro JOMUHOMPOPa, BaKPENJEHHOrO Ha Crekje OannoHa
C TIOMOLIBK BEMECTBa, 00Jafaiiero XOPOMMMUA CBASYIONUMH CBOH-
CTBAMHM H HE 3aTPYIHAKINEro OTKAuyky upropa. TeXHOAorws H3rOoTOBAE-
HHA MOMEHOGODOB, HMX HaHECeHHe Ha 5Kpad, o6paboTka 3KpaHa H MO-
CACAVIOIHAR KOHTPOAb KaueCTBa HdOBOJBHO CAOXKHBL W ONHCBIBAFOTCS
B cneunaaeHod auteparype [JL 4.1, T, I1).

B pamnonoxanmonnux Tpy6krax, rae tpedbyercs AnuTensHoe nocaecse-
JEHWE, 4acTo NpPUMEeHsAnTCH TOHCTOCHU“HHE, TdK Ha3HB3ALMLE KACKadHBIE
3KPaHB. DJIEKTPOHN BO30YWKIAWT NOBEPXHOCTHHHA cAofl moMHHOGOPA,
H3JIYUEHHE KOTODOTO B CBOW ouepelr BosOy#xiser Ooaee rayGoko
aexkamue, Oamxkadime K c1ekay KoalGe  Cou.

Bpema nocaecBeYEHHA KaCKagHBIX SKPAHOB H3MEPAETCA CEKYHIaMH
[/1. 44, 1. 11, ra. 18]

Mrorumu npeumymectsami 061analOT METaJNIM3NPOBAHHBIC 3KPAHH,
B KOTOPDRX CA0H aloMuHHO(pOPA CO CTOPOHB B2KyyMa NOKDHT TOHKOH
amomunuesoft nnerkof, IloapoCTBIO YCTPAHAETCS HOHHOE ATHO (O ero
npupoxe cM. § 36), TaK KaK HOHH He NPOXOAAT CKEO3b CAOH AMOMMHUY,
NpoHuNaeMul  JAas sAeKTPOHOB. Merannuueckas MeHKa OTpawaer cBeT
NIOMUHECHEHLUHA M YBEAUYHBAET 3¢ QEeKTHBHOCTb 3KPaHa, HECMOTPS Ha TO,
YTO YacTh B3ACKTPOHOB TEPSEICA B MeTananuvueckol naenke. Hakonen,
HAINUWE METalJHYECKOH NJACHKH NO3BONAET MNOAJTH NI AMO Hd BKPdH Kakoe
YTOIHO HanpsKeHne, DpeBpllaloee npefebHni norenuvan L/ momuno-
qopa, Ilostomy B TpyOKax, rae tpeSyercs GOAbWAX APKOCTh, HANPHMEP
B DDOCKLUHOHHLIX TEAeBU3UMOHHWX TpyOKax, MeTaAlH3HpOBaHHHIE 3KpaHL:
RAOT JNyYHIWE PEe3yabTaTHL.

Ynomasem eie 06 3KpaHax ¢ TeMHOBOH 3anuchio. OGHUHO AN TAKUX
9KPAaHOB MNMPHMEHACTCA XJOPUCTHH Kanu#, THNHYHHIEHA HMOHHMBIA KpHCTAaAN,
OueHb MpO3payHHE BO BCeB BHAMMON yacT# cnextpa. B pewerke xnopuc-
TOFr0 Kajusi MOTYT CYLISCTBOBATD BAKAHTHWE MECTa B Yy3JaX, HOPMAaabHO
3AHATHX aTOMaMd Kaiud ¥ aroMaMd xsiopa. OnelT MOKA3WBAET, YTO JOKA-
JAM30BaHHME B BaKaHTHOM y3/€ PCIIETKH XJa0pa IEKTPOHH CTAaHOBATCS
umenTpamu noraowmenna ceera. IIpa GomGapauposxe caos KCl sgexypo-
HAMH TIPOHCXOAUT BRIOGPACHIBAHHE 3AEKTPOHOB W3 33MONHEHHOH AOJOCH,
MPHYEM  4aCTb WX OKA3bBAETCA JIOKAJAM3OBAHHOH B BaKaHTHHX y3aax
pelleTkd xao0pa, obpasya medtTpsl noraoutenus. B Mecrax oonamauus nep-
BHYHHX 3JEKTPOHOB 9KPaH HAYAHAET CHABHO TOrJOILATHL CBET M B OTpa-
KeHHOM cBete Oyaer TemabeiM. LleHTpsl nornouteHuns B 3KpaHe H3 XJ0-
PUCTOro Kajimfi OK33hBAWTCA YPE3BHYAHHO VCTOWUMBHIMH, K TEMHOBaf
33NHCh MOKET OCTABATBCH HAa 3KpaHe Oe3 U3MEHEHHA MHOIO 4acoB H Jaxe
auedt, Ilas ce ynanenws DPHXOAWTCH HarpeBaTh KM CHJbHO OCBELIATh
KpPaH.

0630p 3KCNEPUMEHTANBHEX U TEOPETHYECKHX PaboT Mo KaTox0AW0MA-
HECHEHIMY, a TaKie H3J0KEHHE TEeXHOAOrHH KartoAoMmoMuHodopos R
akpaioB ganw B monorpagpun A. B, Mocksuana [J1 4.1]. O croficreax
sKpanoB cm. taxxke [Jl. 4.4, 1. 2]
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§ 32. [Ipoceegnsaomue S1eKTPOHHDIE MEKPOCKONE ¥ SACKTPOHOrpadni

MowHo aymate, uTO OTnpaBHOK TOUKOH TNpH pas3paboTKe 3NEKTPOH-
HOIO MHKDPOCKONA fIOCJAYXKHAO OTKPHTHE BOJHOBOH NMPHUPOLR 3AE€KTPOHOB
(1924—1927 rr.). Kax aspecTHo, yKe HPH JETKO JOCTHAAMBIX Ha ONHTE
CKOPOCTHX BJAEKTPOHOB AJAHHA 3ACKTPOHHBIX BOJH MHOCQ MEHbUIE IAHH
BOJIH HE TOJBKO BHAMMOFO, HO ¥ yaetTpagmoaeroBoro ceera (§ 1).
Paspewasomas CHAa MHKPOCKONA NMPW YMEHBLWIEHHH RAWHB BOJHBEI BO3pac-
TaeT; 06 3TOM CAENCTBHU BOJHOBOH ONTRKHA HWke OyAeT CKa3zano mnoapod-
Hee. C NOMOINBIO 3JEKTPOHAOT O MUKPOCKON2 MOXHO GHAV, CJAEA0BATENBHO,
HaAEATHCA YMEHBIIHTh BEJIYHHY HANMEHBIWErO JOCTYIIHOrO HaGM0AEHHA
006bE€XTa HAa HECKOJLKO NOPAAKOB MO CPIBHEHHMIO CO CRETOBHMH MUKDO-
cronamd. Ilo3Ttomy paspaboTKe SAEKTPOHHOrO MHUKPOCKONA, HAYWBaR €O
BPEMEHH TIONBAEHUY TNEPBHX, €lle OUeHh HECOBEPILIEHHHX ero o6pasnos,
MOCBAIENOCh MHOTQ YCHAMA, HECMOTPA HA TO, YTO MnoJayuenue H Hadnamw-
AeHne H300paXEHNS B SACKTPOHHHIX Ay4ax TOpasnQ MeHee yaoOHB, Yem
B JIyuaX CBETOBHIX, H3-32 HEOOXOAMMOCTH MOMEILEHHS OODBEKTA B BAKYyM
H (puMeHeHus (AyOopeCUHDPYIINUX 3KPAHOB UAKR POTOIIACTUHOK A4
perucTpanudn H300PaKeHHA, HENOCPEACTBEHHO HEAOCTYNHOrO raasy. -

1. - CeBeTroroH MmHKpockon. HanomMHHM KOpOTKO CBOHCTBA CBETOBOTD
mukpockona. Ha puc. 247, A npepcrasnen xoa aydeidi B NPOEKUHOHKHOM
MUKPOCKONE, KOTOPmH paer u3obpaxenue 006LEKTAa HA 9KPaHe ¢ NOMOUILID
APOEKIHOHHOH AHHBH, SaMEHsIvINed OKyasp, npuMmeHdeMui nnst BH3Yalb-
HBiX Habaroaenull, Xoa Ayuell ofnpenenfaeTca 3aKOHaMH reoMeTpuueckoft
ONTUKH, H3 OCHOBAHMH KOTOPHWX JErKO MOKa3ats, 410 odwmee yseaude-
HHE MMKPOCKONa /M DaBHO NpOHMSBEACHWIO YBEANYeHHN 00LextuBa M,¢
M TpOeRuHoHHOA aumsw M., ., T. €

M=MM,, (32.1)

IIag moayuennn O00JBIIOrQ yBEAHUEHHMA AMH3N MAKDOCKONA AOJKHH
ObTb M0 BO3MOKHOCTH KOPOTKOMPOKYCHRMH. POKYCHOE PacCTORHHE 00 bEK-
THB2 MOKET AOCTHTAaTh AECATHIX Hoack muaaaMerpa.

['eoMeTpHUeCKasn ONTHKA, AaBaf TMPABHABHYH OlEHKY YBEJHUSHHWIO
MBKDOCKOMA, HE MOXeT, OJHAK0, HHYEr0 CKasarb O €ro HauGoaee Bax-
HOM [MapaMeTpe — HAUMCHbILEM pa3peliaeMoM PaccTOosnAd, Yro6m naftu
paspeiutaemoe pPaCcCTOAHHE, HYAKHO PaccMOTPeTh 086paszoBanne H300paxEHUS
C TOUKH 3peuns BoaHosol teopuu [JILAA, 1.1l ra. 18; JLA, r III, ra. 28].

JHppakuHOoHHas TEOPHH MUKPOCKONY NPUBOAHT K TAKOMY Pe3yabTatry:
€CAH OOBEKTOM CAYXaT ABd HEKOTEPEHTHHIX TOUEUHHX HCTOYHHKA CBETa,
TO OH® MOTYT BOCMPHHHMATLCH HAOAAATENEM Ha H300paXKEHHM Kak aga
OTAEAbHBX HMCTOUHHKA, €CAH PACCTOAHHE MEX/Y HHME HE MEHbLIE, YeM

08I
PP p osinu?

3 (32.2)

rie #-—MoKa3aTeds NPEJIOMJICHUE CPEAR, 8 KOTOPOH HAXOANTCA ODBEKT,
H 1 — anepTyPHuIl yroa oGbexTHBa; # $in i HA3HBAIOT aTNEPTYPHBIM YHC-
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noM 06beKTHBa. [IpW paccTosHMM MeWIy HCTOUHEKAMH, DaBHOM 3.
ﬂHltlpal(llHDHHbie KPYXKKH paciioNGKeHbl TdK, 4TO HEHTP OJHOrD H3 HHX
NPHXOAMTCA Ha OEPBHMR MuuaMmyM (NEPBOE TEMHOE KOALUG) BIOPOrO.
Pacnpeneneune IpKOCTH NpA 3TOM TaKoBO, HTO YMEHbILIEHHE SIPKOCTH
B cepegune, aocTarawomee 20%/,, BIOJHE OTYUETANEBO BOCUPHHAMAETCH rCna-
30M, 210 T2k HasuBaeMeld kputepudl Pazes.

A

Prc. 247. Xox ayve# B CBeTOBOM MPOGKHHORAOM (A), 31eKTPOH-
HOM MAarHutHoM (5} W 3JeKTPOHHOM 3IeKTpOCTATHUECKOM (B)
MHKPOCKONAX.

™

g — RCTOMHHK (¢BEYa MM aaeKTpoEay); B~ KOHACHCOPHAN AMH3A) £ — O0DLEKT;
d — o0 BLEKTHE; € — UPOMEXRYTOUBOe H3ofpakesue; f— NPoeKUNOENAN JHH3E;
£ — 3KpaH ¢ OHOHYATCILHEIM H3obpameHuen,

Benuuunoft 3,,,, onpescasercs paswep aeraneH, KOTOPHE MOXKHO
00HapYXHTh HAa TIPOMEXYTOYHOM u3oOpaxenuu. B manbuelitiemM npome-
KYTOYHOEC H3O00PAKEHHE MOKHO KaK YrOAHO YBEHIUHTD C TIOMOUbLIO
NPOEKUUMOHHOR JMH3W HJIH dorTorpadupoBaHda, 3THM MOMKHO CO3LATh
Gonee yaoGHBe VCAOBHA IS PacCMaTpHBaHua H300pakeHHd, HO HUKAKUX
HOBHIX aeTanell o0DbeKTa, He BOCMPOH3BEAEHHHIX R [IPOMEKYTOYHOM H3O-
Opawenun, »TUM MyTEM, KOHEYHO, NOIYUMTh Heabss. HauMmenbimee paspe-
LIAEMOE PACCTORHUE 32BUCUT HCKJOUUTEALHO OT AAHHH BOAHL B aNepTyp-
HOrO 4HCAa OOBLEKTHRBA.

2 B, W TFaoouos, q, [[.
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3aMeram, 4YI0 HAUMERbillee PJjpellaeMoe pPacCTOAHHE MR KOrepeHT-
HblX HCTOYHUKOB CBETa HA2ETCH BBIPAKEHHEM '

A
) A

) (32.3)
T. € 10 MOPALKY OHO HE OTAMYAETCHA OT &4, BHYACAEHHOFO 1O (32.2).

B xopomux cospeMeHHEX MUKPOCKONAX anepTypHOEe 4HCAO HOCTA-
raeT 1,6, TaKk uTO rpanuua paspelucHds NPUMepHO paBHa A/3 o cocTa-
Baser okoao 2000 A ass Genoro cseta u 800 A ans mauwBonee KOPOTKO-
BOJHOBOrO yJAbTPa@HOAETOBOro U3AYYEHHN, KOTQPOE euie MOXHO HCNO.b-
308B4Th B MHKpOCKOIme, dororpadupya H3o0paxenue,

[Ipp Buibope yBEAMYECHHH NPHXOAUTCA PYKOBOACTBOBATBCA pa3iHu-
HbiMH COOOPMKEHHAMHM; HANpUMep, HMEET SHaueHde pasmep 3epua doto-
naacTHHoK. Ecan CuMrtaTh, 4TO OKOHUaTeAbHOe u30GpaKeHHe paccMatTpu-
BACTCA HEBOOPYKEHHHM FA230M, TO CARZYET HCXOAWTb 63 TOr0, 4ro AAs
rng3a paspellaeMoe paccToaHne cocTasaser 8 cpexinem 0,1 wm. 3HauwT,
€CJIH HaHMEHbINA® HAETanb, BOCNPOU3BEALHHAN OODBEKTHBOM B NPOMEKY-
TOYHOM A306D@XEHAH ¥ HMEIOUIas PasMephl MOPAAKA By,.,, OYHeT B HTOrE £
BCEX NOCASAYIOUIMX onepaunni yeeaudena 10 0,1 wm und ayume ao 0,2 .u.{i,
TG HaGAWA3TeNb CMOXET 0e3 HanpsKeHds pPacCMOTPETh BCE OETAaNH H30-
Opamenns. Takoe yBeAMYEHUME MH HA30BEM [ONSIHEIM. 1

Hycte nervans o0vekra passepa d yBeAUUYHBAETCH JO Pa3MEpPOB D,
Ha usoOpaxenun. Torna

L ]

D= Md. (32.4‘

[Tloacrasnsa e (32.4) d=29 = 061k D = 0,2 xxu, nonyuun, ecan X3

| — Tmdp T gsin g - ’ T

BHPAXaTh B MHJAJIKMETPAX: =.
. . LI

0,2nsin u nsin u *

' Morean = 061 Ay (3 ?.5)-»

~ 4 -l
Jan pmann Boarsl A= 4000 A =4,0-10"* xx, sexawen s6Gausn Kpas
BUAHMOH YacTH cnexkTtpa, ¥ #sin # = 1,6 nonyvuum:

Mpgsess A= 1300,

T. €. TO0Je3HOE yBEAHYEHUE XOPOLIero MUKDOCKON2 MOMET NOCTHraTh
1500—2000 pas. AGeppaunyu wmorad Onl CHU3HTb Pa3PeILAONIY0 CHAY
®, CAEJOBATENLHO, NOJAE3HOE YBEIHYCHHE, HO B COBPEMEHHHIX MHUKPOCKO-
flax OHWA HUCMPABJEHLl HaCTOJBKO XOPOWO, 4YTO TEOPETHUCCKHA mpenes
NOYTH ROCTHTZeTCA HA NpaKTHKE.

H3oGpaxenne B mMuKpocKone npu <«paGore Ha MNPOCBET» NPEACTas-
aset cobGoft TeHeByd: KaprHHy, T. € Han0o/ee ONTHUECKH NNOTHHE MECTa
O0beKTa Ha u306paXeHnH OKaXyTca vaulbonee TEMHHMHA H M0ONE 3peHHs,
He 3aHATOE OODBEKTOM, ROAyYdTCsH CBeTAMM. HHOraa mnpeanoYtutenbHee
BECTH Habmoaenna TakuM o06Gpa3oM, 4tToOn 8 OOTLEKTHB MONANANH TOABKO
paccesinane ayun, Toraa no/ 3penus, He 3aUATES 00 LEKTOM, OyaeT npea-
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CT2BAATLCA TEMHBM (OHOM, Ha KOTOPOM BHIEJSIOTCH Gonee CBETALIE ne-
Tand O6nexkTa. Tako#t cnocof HabmoaeHHs Ha3wBAETCH TEMHONOJALHHM.

B cOBpeMEHHOM TNPOCBEUHBAIIIEM SASKIPOHHOM MUKPOCKONE OTAENb-
HWE Y3AH COOTBETCTBYIOT UYacTaM CBETOBOTO MHUKPOCKONZ. 3TO JErKo
NpocAefuTh, cpasuuBas puc. 247, A ¢ puc. 247,5 v B, HA KOTOPHX
0K233H X0/ JAyueH B SIEKTPOHHHIX MHKPOCKONAX C MarHHTHHIMH H 3JIEK-
TPOCTATHYECKUMH JHH3aMU. - -

Hcnonbays Teoprid CBETOBOTO MHKPOCKONA, MOXKHO YCTaHOBHTH TE
TpefOBaHAA, KOTOPHE CACAYET MNPELbABAATE K JIMH3aM 3JCKTPOHHOTO
MHKDOCKONa.

2. Paapematomasn cnoco6HOCTh 31eKTPOHHOTO MUKPOCKONA. JINH3h
1K TPOHHOTO MUKPOCKONA AOMKHB OHTb KOPOTKOPOKYCHBMH ¥ NPUTOA-
HHMU A5 pa6oTH € GOJbIIUME NO BO3MOMKHOCTM ANEDTYDHHMH YIJIaMH,
TaK MOXHO JOOHTLECA 60oablloft padpeniawliedl CHIB H O60ALUIOIO NONC3-
Horo yeeauucHus, [lepsoMy TpeGOBAHHIO AHHNZW COBPEMEHHHIX BJEKTPOH-
HBX MHEKPOCKONOB YAOBJAETBOPSAIT NOBGJLHO XOPOINO. JJIEKTPOCTaTHYE-
CKHE ONWHOYHbIEC AWH3H (CM. § 3) NO3BOJAAIOT NOAYYHTL (OKYCHOE pac-
cTtonvue, pasnoe 1,0 -+ 2 ww. OODbeKTMBHAd JAUH32 PacnpoOCTPaHEHHOTO
y HaC MarHHTHOrO MHMKpPOCKOna IM-3 mmeer naumenoinee QoOKycHOe pac-
CTOSHNE 2 i, a2 NPOEKIMOHHAA NUH3A TOr0 Ke Mukpockona ! arx. Yge-
NHYeHHe 3THX JHH3 mopaaka 130 aaa obvekTHBHOW aAuHzHl ® 200 anq
npoekuuoHHoH. [lyyoKk 3AEKTPOHOB B COBPEMEHHHIX [POCBEUHBAKLILHX
MHKPOCKON2X KMEET OOBYHO CKOPOCTb, COOTBETCTBYMUIYIO YCKOPAOLWEMY
Hanpsxkennio 950—100 k8, TakMM CKOPOCTSM COOTBETCTBYIOT JJWHBI
3nexTpoBHNX Boan oT 0,0536 o 0,0370 A, TaKk uro ecanm MOKHO GHIO
64 HCOOAL3OBATE /MH3H C ANEPTYPHRMM UHCAAMH  TIOPAIKAa €JAHHLL,
GAH3KKHME K aNEPTYPHWM YHCAAM, (DaKTHYECKd NOCTUraeMbHIM B CBETOBBIX
MHKPOCKONaX, TO paspeniaemoe paccroaune (hopmyna (26.2)) cocrasasno
66 coThie Aoam aurcTpeMa (~ 1071 cx). Oanako, snexTpouHbne JAHHSH
ellle OYEHb HECOBEPIIEHHH MO C[aBHEHHW ¢ onTuueckumu, Cdeprueckasn
abeppalns faxe B AYYIHMX NHH3aX HACTOJALKO REJAMKA, YTO MPRYOAUTCH
NPHMEHATh amepTypHue yraw nopsaka 107 panvama, u TeoperHueckoe
pa3peiaeMoe pacCTOSHHE HE MONKET OBITh MEHbLUE HECKOJNBKHX aHTCTPEM.
PaKTHYECKE Ke PA3PEIIAEMOE DACCTOAHME L8 XOPOUIErc 3/EKTPOHHOIO
MUKpOCKOINa eule OGoabiie — nopdaaka 20—050 A, Paspewaemoe paccros-
HHE CBETOBOTO MWKPOCKOGA PABHO MPHUMEpHO !/y ANHHN BOARHW, 2 A7
3AEKTPOHHOr0 MHKPOCKONA OHO MNOKA npeenwaer 100 aaug sOAH, TeM
HE MeHee 3IMeKTPORHBH MHUKPOCKON NOSBOAHA YMEHbUUTh HaHMEHBIUYIO
NOCTYNHYIO HAOAIOJCHHIO BEMUYHHY N0 CPABHEHKIO CO CBETOBHIM MUKPO-
CKOfloM ene Ha asa nopsaxa (or 107% mo 107 ma).

PaccmoTpUM MpHYHHMB, CHIKAKOLIUE Pa3penatoily o CIoCOGHOCTh MEKPO-
cKkond. AfeppatHd KOCHX NYYKOB HMEIT B MUKPOCKONE Mai0 3HAYEHHS,
TdK Kak paccMarpasaemnit y4acTOK B300pameHH OueHb Maa (1HAMETpoM
5-1072 — 102 4x). Ho ¢ xpomartsueckoh alGeppauwell, T. €. BIUTHHEM
pa3poca CkopocTel, NPUXOAUTCA CYUTAIbCA ¥ NPHHHMATL MEPH 4Af €€
yMEHb LUeHHs,

2.
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Ipuuuaw pas6poca CKOPOCTEl B Nyuke, NPOXOJAUIEM 4Yepes JHH3BI,
cAenywomye: a) pasépoc HAYATbHRX CKOPOCTEH TePMO3MEKTPOHOE; §) u3Me-
HEHHE CKOPOCTEH JICKTPOHOB NMPH NPOXOXICHHU Yepe3 ODLEKT; B) BJAMSA-
nue KoneGaHuft yckopsiomero Hanpsxenas. Pasbpoc ckopocted Tepmo-
INEKTPOHOB HW3MEPSETcs JECHTHMH JO0JSMH BOJbTA U HE ArpaeT 3aMeTHOH
poad. Yrto6el oueHuTHL pOAb BTOPOro (PaxTopa, HYxHO pa3obpaTe Mexa-
HMU3M B3aWMOICHCTBUA BANEKTPOHHHX Aydeh ¥ oObekrd. Pmc. 248 n.imo-
CTPUDYET MEXaHH3M BO3HUKHOBEHHS
CBETJONOABHOTO H300paxeHus B MNpo-
CBEUWBAIONUIEM 3IJIEKTPOHHOM  MHUKPO-
cKone,

ITly4ox 9neKTPOHHHX Jyuel, npo-
X0/ yepe3 o0beKT, pacceuBaeTcs, npu-
UeM Ha BEAHUHHY pacCesHus BAUSKIOT
KaK MAQTHOCTh, TaK ¥ TOAUIMHA 01~
exta, Bosnce DAOTHBIM M TOXCTBIM Me-
CTaM o06beKTa COOTBETCTBYET GOAbILKA
yroa paccesHusi; COOTBETCTBEHHO 3TOMY
B">> 3. Huadparma 06BEKTUBHON AHH3H
NPONYCKAET B HEE TOABKO 3JEKTpPOHH,
paccesHHBE B Npelenax yraa «, Tak
yro GOJbIIOMY YIAY paccesHus Gyaer
COOTBRTCTBOBATh MEHBUIEE YKCIO INEK-
TPCOHOB B TOYKE H300pakKeHus U MeCTa
¢ 60ablnM paccesHaeM Gy AyT Ha 3Kpa-

. Wwﬁf;‘gﬂwﬂﬁ He, CAeNORATEAbHO, MCHEE APKHMA.

ITOT MexaHusM B3aUMOACHCTBHS

Prc. 248, [losyueHHe CBeTaCIOJb-
1Ore MaoGpaxenus B saekTpousoy C COBEKTOM, NMpu KOTOPOM CKOPOCTH
MUKDOCKOTE, ACKTPOHOE TOJBKO HEMHOIO MEHSIOT-
Ci, B KOpDHE OTAUUZETCH OT Mexa-
HU3Ma B3aMMONESHCTBUA CBeTOBHX JAYy4el ¢ OOBEKTOM B ONTHUECKOM
MUKPOCKONE, JIEKTPOHHLIE AY4R 06MafAaoT HAaCTONMBKO 6OALILOH 3uepruel,
4YT0 CKOJABKO-HHOYAb S8aMEeTHOE [OTAOMIEHHE WX HEMEANEHHO MPUBEAQ
6n K paspymenuo ofbekra. Hanpumep, B Mukpockone 3M-3 ToK B nyuke
9JeKTPOHOB COCTaBaseT or 10 o 40 wwa npn Hanpsxkenauw 50 k8, T. €.
MOULHOCTL nyuka MuHEMyM 0,0 gm. Ecam cuutars, 4To uepes OOBEKT
¢ nuameTpoM nopagka 107 ms npuxomut Toaeko 1/1000 toka myuxa,
10 Ha 1 cu® 06beKTa npuaeTcs MOUIHOCTH OKoao 600 sm, B TO Bpems
KaKk naxe Hauboaee yCToHYMBHIH W TYrONAaBKWH MeTann, npAMEHAeMbil
AnA aHOAOB PajuoiaMn, HecnocoOeH pacceuBaTh Goasmue uem 9 gme/cu®.
fIcHo, uTo B OObBEKTE [AONYCTHMA TOJNBKO CaMas HAYTOXHAS [OTEps
CKOPOCTY 3AeKTPOHOB. Ho Kax Hu MaJo OTHOCHTEJBHO M3MEHEHHE CKOPOCTH,
OMO BHI3HIBACT 3aMETHYI0 XpoMaTuueckylo aleppallnm, KOTOPad MoKeT

CHU3UTH PA3PEMIAUIYIO CHAY.

M3meHeHHEe CKOPOCTH B 3aBUCUMOCTE OT TOJMIUUEL OODBEKTa W CKO-

POCTH MEKTPOHOB OO HCCACIOBAHO 3KCNEPHMEHTAJABHG 4 O0Ka3anoch,
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uro pas6poc ckopoctel nocturaer 0,01%, cKopocTH 3MeKTPOHOB MpH
Tonmmune ofvexta 107 wu nas 50 k8 u 5107° ux ana 100 v 8 (06vex-
TOM CAYKHJA aMoMuHui), DT1a uadpa 3sHayuTeAbHo Goaewe pasdpoca
CKOPOCTEH TEPMO3JIEKTPOHOB. '

Pacuer moxasuBaeT, uro noaysaomuiica npu rakoM pasfpoce ckopocteh
abeppalHOlHLIl KPYKOK €UIE HacTOABKO MaJ, MTO DPa3PelaeMoe pacclro-
SHHE, eca¥ HeT APYrux npenarcisufi, Moxer O6uiTh fAoseieHo Ao 20 A,

QOuernaHO, YTO W TMUTAICIIEE HATIPHKEHUE TOJAKHO COXPAHATh NOCTO-
SHCTBO TaKkke C TOYHOCTBI M0 COTHX JA0deH OpONEHTd, HanpuMmep IS
100 x8 ¢ TOYHOCTHIO TpuMepHo A0 10 6. DT0 OUeHb KecTKoe TpefoBanve,
TeM He MeHee COBPeMeHHbIE CPEACTBa CTalniH3auuH HanpsAeHni NO3BOIAIOT
€70 BBHITIOJHUTS.

OueHHM TEOPETHUYECKN BO3MOKHYIO PA3PCHIAIOILYIO CNOCOOHOCTD MUK-
POCKOTa, CUKTasaA, 4TO XpoMaTuueckol aleppaunefl MOXHO npeHebpeus,
TAK Kak OGBEKT AOCTATOYHO TOHOK M IUTAHUE MUKPOCKOMN2 XOpoluo
cTa0uaun3oBan0. Taxk kak W a0eppalud KOCHX DYYKOB MajH, TO AAR
3TOTO HY#MHO HaHTH cyMMy cheprueckolf abeppanuu B AHPPaAKUHOHHON
OLIHOKY

3=3m_¢p+ac¢.
Kak 6mno mokasaHo sume (§ 7), 3,=C.,u’ u no dopvyie (32,2)

1

AN MANWX ANEPTYPHHEX YITIOB 8,4, A% — CaenoBarenbHo,

06 5
8 u + Ccf,b u,

OTKYZAd JETKQ TOAYYHTD

A :
Uonmuw = C . ’ amin ~ 1,2 l]/ —C—?L . (32.6)
c [

Bupaxas AAUNY BOJHB 37EKTPOHA 4epes YCKOPAWIEee HanpsKeHwe
U, (§ 1), popmyny (32.6) MOxHO upUBECTH K BHAY

Smin A= 730 (Ceg)'/t U5, (32.7,

roe dgmin BHpaXeHo B anrcrpemax u [/, — B wBoaeTax. dopmyna (32.7)
N0Ka3LHIBACT, YTO PA3PEIUACMOE PACCTUAHNE OYEHb MEANEHHO YMEHBIUIETCH
Py yBenuueHun Hanpawenus. Han U, =100 xe¢ u noaxoiamero aas
peanbHHX MUKpOCKOnoz sHauenua C., opMyna (7.32) naer émi, == 3 A,
B TO BpeMAa KaK B JeHACTBUTEAbHOCTH mnoJyvaerca 20-—350 A »
TOABKO NPH 0c060 GIaroNPUATHHX yCAOBHSX yXaBaaoch moGueatecs 10 A,
JtoT GoAbWIOH Pa3phlB MEKAY TEOPETHYECKUM H IKCHEDHMEHTAMbLHHIM
3HGUCHUAME Opip, OODBACHAETCS [OrPEMIMOCTAME TEXHHYECKOTO MOpAiKa:
HAPYINEHHSAMU aKCHAABHOH CHMMETDHH, BJAMSHHEM IOCTOPOHHHX NoJjeH
HOT. ., T. € Tak HassiBaembmMi adeppaudsMu  nepsoro nopaika. Kax
BHAHO, B ONpPEeAENEHHH Pa3peluatoiief cnocobHocTH COBPEMEHHBIX MHKPO-
CKONOB PEAIONY0 pOJb UrpaldT UMEHHO OHH,
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3. K ucTOpHE H300peTeHHNA H NPOMLIMIASHHOTO OCBOEHMS S/ACKYPOHHO-
T0 MHKpockoDa. MarmuTeple 9MeKTPOHABE MHKPOCKONHN OTeqecTBeHHOM
pa3paGoTkH. Upe3suuaitHasg XpyitkoCcTh offbekTa U HeoGXOIMMOCTE [IOMEUIE HHA
ero & BaKYYM OYE€H» OCTORHAT paoTy Ha SIeKTPOHHOM MuKpockone, [Ipmemu
NOAroTOBKH O6BEKTa, YCTAHOBKA MMKDOCKOHA M TeXHHKA paloTh Ha HeM COCTaB-
Ag0T ocofbie pasidenan 3IICKTPOHHOA MMKPOCKONMH,
Ha KOTOPBHIX MW 3IeCh He MOXEM OCTABRABAHMBATRCH
{1, 4.6; JI. 4.7]. M orpaHHYHMCA KpaTkuM ONUca-
HHEM HCKOTOPHXI 3IEKIPOHHBIX MHKPOCKONoB, obpa-
L[4 NPH 3TOM FAARHOE BHUMAHHE HA MX 3JeKTpPOH-
HOONTHYECKYIO tHcTeMy, OCTaHOBHMCA CHayada Ko-
POTKD HA HCTOPHH ICKTPOHHOH MHEPOCKOIHH,

[Teppp#i MarHUTHLI SJICKTPOHHRHA MHKPOCKON
MPOCBEUMAANIIET0 THNA b1 CKORCTpYHposan B 1931 r.
B Iepmanun Kuoazem u Pycxa, n x 1939—1940 rr. sa
pyYGeXON NOABHIMCH TPOMHNIZEHHHE 06pasnu 3JeK-
TPOHBHX MHKPOCKONOB.

Havano pabor no 31eKTPOHHOR MHXPOCKOINAH
8 CCCP caeaver oTHecTH k 1935—1936 rr. B 1939 r.
8 [ocviapcTBeHHOM olithdeckom uHctutyre (FOW)
NMoj PpYKoOBoACTBoM axal A. A, JleGegepa Ounia
Hayarta pa3pafiorka MarHdTHOrO MHKPOCKOUZ, H B
194] r. 66T NOCTPOEH MHKDPOCKO! € VBEJHYEHHEM
oxkoto 10 000. Pa6ota Gnaa npepeana BoiHoH Ha JBa
rojia, H K 1945 r. 6u11 paspaGoTaH MarHHTHHI 3a€K-
TPOHHHH MHMKPOCKON, H3BECTHHI TENEPh (B yayuuien-
HOM BapwanTte) nox Mapkoit IM-3.

Tlocae BolBW neped COBETCKOH HayKoit BCTaaa
33]lava WPEOROJCHHA OTCTAaBAHUA B OOJaCTH JMEK-
TPOHHOH MHKPOCKOVHH, ITO 03Ha¥3/10, 4TO HY¥HO SH.I0
pa3paboTaTh MAKPOCKONH Pa3THYHMX THUOB H Haaa-
IHTb HX cepHiiHoe npoussoacTeo, Hauunaa ¢ 1946 r.,
6wl pa3padOTaH pAI HOBKX THNOB MHKPOCKOTIOB K CPelH
HEX NpubopE BuCHICro Kaacca (IM-100 ¥ YIM-100),
MaI0rafapudTHRA H OTHOCHTEILHO HOENIeBHH MHKPO-

Puc. 249. 3Jaexkipounwid  ckon  M2IM-50, saekTpocTarHueckn#t  MHKpPOCKOl

MHKpOCKaN 3M-3. 3CM-50, MEKpocKofib ATs1 UCCIEIOBAaHHA Katomos,
0 — nymxa; & — Kolencopuas NPHCTOCO6ERAA 118 CTEPEOChEMOK H ChEMOK B OT-
AviE3a; § —oObekTHBHAE sAu3a;  PAMEBHBIX ITydax #H T, I Tem cambiM oTCTaBA-

2 — NpOSKUMONAAR  Anusa; ¢ —
doTaRaMepa; € —Hacqc; [ — poK
HAfA cMeHbl 00beKTE; & — OROWKD
nafmoxends  »NpoMeXyTOYHOro
H3o0pamennn; J— OKOIUKO HAa-
610 eHHT KOHEUHOro 0B pane-
HHA; $— MuKpockon Iaw Habo-
AeHHY EOHEYHOIO H3oOpamewmns;
4— MOH 319 CMeHW QOoToTIACTH-
HOK.

HHe B 00X2CTH 3NEKTPOHHOH MHKPOCKOIIHH 6hize
BROJIKe npeogoacse, B paGore no Co3zaHUBD OTEUECT-
BENHHX 31eKTPOHHWE  MHKPOCKOGNOB.  DPHHHMAJa
yyacTie Goiblllaa rpynna OU3MKOB H HHXEHEPOB:
akan. A. A. Jle6eses, 0. M. Kvumunp, B. M. Murorun,
I. B. CanBax, H. T, Cywknu u 1p.

D1eXTPOHHBI  MHKPOCKON — OUEHb  CIOWHOE

YCTPORCTRO, BKIKYaKWLEe, KPOMEe 3AeKTPOHHOONTH-
YyeCKOf CHCIeMM, pa3JHYHble MCXaHHYECKde NPHCNo-
cobaenHaA ANA YCTAHOBKM R CMeHH 0GBeKTa, IOCTHPOBKH, DOTOrpadBpOBIHAS U
BH3YAIbHOrO HalaioleHHA wHaobpamesus. CroMAbKO-HHOYAL AeTalbHOE ONHCaHHeE
MHKPOCKONA 1aXe XAKOre-HHOYIbL OQHOrO THNA 3aech HeBo3Moxuo. Ilostomy mmke
GyaAyT HpHREIEHH TOAbKO OCHOBHHIe paouMe papaMeTpH MHKPOCKOMOB, B TOXLKO
nanGoiee y Hac pacnpoctpageHHnl Mpxpockon DM-3 Gyrner ouMcan Heckodbko
noapobHee, ¢ 1eM YTOOW farh XotA Ow HEKOTOpPOS fpelCTABICHHE O HAeTan:Ax
KOHCTPYKIHE 31eKTPOHHLYX MUKpockonos, (O0paanos 3apyiemuelX MUKPOCKOIIOB,
OTIMYADMHXCH OT OTCUCCTRCHHHX B OCHOBHOM TOJILKO C TEXHHYECKOR CIOPOHLI,
Nul BoBCe He Oyiem xacarwcd, lloadoe npeacrasireHHe 0 COBPEMEBHOM COCTOHRHHP
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31€KTPOHHOR MHKPOCKOMAE MOXHO NOJYYHTb H3 KHHTH <¢JIEKTPOHHAA MHKPOCKO- -
s [ 4.7) ot T
Oo6nyuit BT 30-KHI0BOABTHOIO MAaTHHTHOrC MHKpockofia IM-3 pasHed Kon-
CTPYKUAH BOCUpOH3BeReH Ha puC. 240, Taasnoft wacTblo MHKpOCKOna ABAAeTCA
KOJOHHA, B KOTOpPOI Pa3MCIIeHW OCBETHTEAbHAA CHCTEMa, COCTOAWIAA M3 9TEKT-
pOHHOW NYUIKH ¥ KOHOEHCOPHOM AWH3W, CTOAWK oObekTa M 0O0bexTHBHAA JHH3A, -
TPOCKUHOHHAR IMH3A M KaMepa ¢ npucnocof/ienueM 1M BHU3VAIbROTO Habamme-
139 H306pawenH] Ha Ikpake W doTorpadupoBanna. B HiwHeli vactw pacnodo-
JeHnl NaCOCH; CXeM3 UMTAHHA cofpana B oTAeinbHoM wKady 4 Ha pPHCYHKE He
toka3ana, [JauHa Korowns Mugpockona okoao 100 ca. o
Otaersno Ha puc, 250 H30GpakeMul KOHNEHCOPHaR aMH3A # OOhLEKINBHAA
JH3a BMeCTIe €O CTOoaMkoM ofbexTa. KoHaencoppad AdH3a, HauGoxee AAHHHOPO-
KYCHag H3 JHH3 MHKPOCKONA, TOANCHHX HAKOHEUHHKOB HE HMEeT; [OMOCHbHIEC

R

Puc. 250, Jluwaw mugpockona IM-3. .

Q --- KOHAEHCOpHAA JHA3A {f — 0O6MOTKa THHILI, 2 — MArHHTONpoRkod, J— 32300 I3 BEMArHn:-
HOr0 matepHaja, § — AHadparua, § — pyuka ynpassedsa awadparmof, §-—3eprkasnge, 7 —
BARYYN-TIPUBOA H MepPHCKONHYECKAR CHCTeMA, §— OHOWKe Ha0MO1enHd mpoMeXYTOYHOIO
w30Hpamkenns, 9— AaHOX 9SIEKTPOHHOW [IYHIKK); o )

¢ — 06ReKTHBHAN JHH3A M CTOAHK O6BEKTA {] — mOK cMedn 06bekTa, 2 —noJioCHbLIE HAKO-
HeYRUKH, 3 — ¢TOMMK QObeKvd, € — mexaHHam nepelRpkednd obvekra, J — sawnouka, 6—
MAFHHTONPOLEOY, 7 — 340D H3 JaTyHH). :

HAKOHeYHHUKH OODBEKTHBRHOH JWH3W XOpOWIO BHAHM Ha pucydke. !IpoexunoHHas
IHH3a N0 KOHCTPYKLUYHN CXOiHAa ¢ OOBCKTHBHON anu3oh. dorvcuoe paccToaHne
00BEKTHBHON JTHH3H MOKET OHTh NOBeR¢RO N0 2 MM, a yseandyeunme a0 130
VsMenas 1ok & o6MOTKE NPOCKUHOHHON AHH3M, MOWHO W3MEHATh Be YBEINueHue
oT 45 mo 200, Tak uTO oOulee YBEIHHEHHE MHKXPOCKONA MOXHO MEHATH B Hpe-
Jeaax or 6000 no 23 000. '

Katoa MUKDOCKoNa Boabtipasosnit V-00paanust (Ha pac. 250, @ o4 #e noxasau),
DopmMa 3neKTPOMHMOro fyuga OUEHb YYBCTBHTEABHA K NOMOMEHHIO 330CTPEHUA
K3a10J1a OTHOCHTEILHO aHOAA 2AMEKTPOoHHGIT nymwkn (9 da puc. 250, a). flostomy

Il
s
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NOCAe KAWAOH CMeHH HHTH UPHXOAHTCA -N0A6GKPATh €e NpaBHabHOE [0I0MEHHE,
310 fenaeTcs C DOMOIIBIC CTELHATBHOLO MEXAHH3IMA.

CymecTBeHHad OCOOEHHOCTb 9.1EKTDOHHOLO MUKPOCHONA COCTOHT B TOM, 9T¢
BeChb UYTh IJMCKTPOHHWK JAydYeli OT XaTOAd UYIIKH 10 GOTOINACTHHKH NPOXOAHT
8 Bakyyme. B wmuxpockone 3DM-3 mowno DpociefHTbh Bech ITOT NYTh M, He
BOYCKash BO3IYXa B MHKPOCKOU H, CICIOBATRIbHO, He 3aTpauHBad BpeMEHR Ha
OTKaYKY, NPOBOANTDL HEOOXONHMYI0 IOCTHPOBKY XONd 3IeKTPOHHHWX JVuelt M CHATD
HECKOILKC (oTocHHMKOE, Habawoneane
x0Ia JIYueH UPpoU3BOIMUTCA B C.I€XYICIIHX
sMecTax: v wadparMm  KOHACHCOPHOI
JAHH3G, HA cToluke o0Dbexra, B MecTe
06pasoBanHA POMEKYTOYHOTO H300pa-
weHuA BOIu3¥ (POKYCA NPOCKIHOHHOH
JAHH3B M, HaKoHeu, B MecTe 06pa3oBa-
HUA OKOHHMATeIbHOro H3oGpaxenns. Jan
9TOro OOpAlEHHBIE KBEPXY [TOBEPIHO-
CTH nHagparMu, KOHAERCOP <CTOJHKA
06DpeKTa U 3IKPAHHB, HA KOTOPHIE NpOeK-
THPYIOTCA IIPOMERKY TOYHOE H OKOHYaTE b~
HOe N300paxeHns, MOKPHTH JOMAHOGO-
POM. ITH JIOBEPXHOCTH MOMHO HaBI:01aTh
yepea CMOTPOBHE JIOKH, HAXONALINECH
NoJI KOHAEHCOPHOH JHHA0# (Ha puc. 249
3TOT JIOK HE BHIEH) H MEXAY O0heK-
THRHOH M (IPCCKUHAOHHOI nHH3aMu, 2
TaKWe BHH3Y KOJIOHHW, rae pacnonoxen
HeG0BIMO} CBETOBOH MHUKPOCKON 1A
yTouHeHHa 1aBonx# Ha ¢okyc. B nopo-
LeCCe CTHPOBKH URHOOPA M YCTAHOBKH
ofbekTa XA Habmoxendsa W poTorpa-
(GPMPOBAHKA NPHXOAHTCA YXKe Mocle yCia-
HOBKH HHTH 37MeKTPOHHOR AYIOKK mpole-
AHIBATH PAJ MaHUNYAALWA: 10x6Hpate
a:epTypHelfi  yroa  aywel, nNajxaloigHx
Ha 00BEKT, MEHATh NMOJOXEHUE OGBEKTA,
CMERATE POTONITACTHHKN W T. . MHKpO-
CKON CHabseH MeXaHM3MaMH, N03BOIA-
I0U{IMH TTPOJLe/IBIBATL BCE 3TH ONEPanHu
Ge3 HapylmeHHa Bakyyma. Ha puc. 250
BHIHLW 4YaCTH MeXaHu3Ma IepeMelleHusd
o0bexTa ¥ ynpasnesinsa Kuadparmoit KoH-

Puc. 251. Buewmwnmit sng MHxpockona

M meHCopa.
y3M-100. [pn cmene o0bEKTEZ B8 MHKPOCKOT
4 DM-3 npuxOoAHTCR BNYCKaTh BO3AYX, HO

OTKAYKA KOJOHHH [OCIE 3TOro MpOAOHKAETCHA BCEIO HECKONLKO MUIIYT. OCHOBHbIE Na-
PaNeTPR MHKPOCKONa IM-3: yekopawilee HanpaxeHne D0 k8, HayMeHblee paspe rae-
MOe paccroanue S0 A, MaxCUMAIRHOC IICKTPOHHOOUTHYECKoe YyBenuuenue 25000,

MaruaTHell MuKpockon MIM-50, eaHkoy pasmeulawoun#ica aa creHjie pasume-
POM ¢ OBWuHBIH CTON, OTHOCHTCA K KATeIOpuM ManoraGapuinwx mnpubopos, Ero
NapaMeTpu: yCKopsawuice Haupsxenue 35—50 x8, 3ACKTPOHHOONTHYECKOE YBETHYE-
nue or 1000 o 16000. Bes napyuleHus BakYyMa MOWHO CA€ddTe 10 23 cHuM-
KOB, HO NPH cMeHe OGbEKIAa B KOJOHHY Buyckaercs Bosayx. Kak nowasumaer
ONHT, B8 OOALLIMHCTIBE CAYudeB B WCCAEOBAHHAX 1O/b3YIOTCA YBEAWYeHHEM, HE
Gonbuum 10000 — 12000, Takum o6pasoM, oueHb T4CTO MOKHO BROIHE OGOUTHCH
MukpockonoyM MINM-50.

BuemHH BHI CTOKHIOBOJILTHOIQ YHHBEPCAILHOTO MATHHTHOrO ACKTPOHHOIO
smukpockona YIM-100 noxkasan Ha pac. 251, IJTOT MHKPOCKOT [103BOJAET TpH
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paBoTe¢ Ha NPOCBET NOAYHaThb CBETIONGIbHLIE, TEMHONOALHLHE H CTePeOCKOmHNeC-
Kne CHAMKH, a TaKike H300paXeHHs KaTolICB ¥ M306paXecHHA Ha DIpakenue ¥),
Or paeT BO3MOWKHOCTE WPH HeSoablINE yBeIHYEHHAX oGo3pesath HoxbHiye (1A0-
wax, a sarem, BupaB MHTEPeCHWE YYACTKH, NOAYYaTh MX CHHMKHA NPH G0ONbLIMHX

Puc. 252, Cepua cCHAMKGOR OJHOTD M TOTO JKe Mec€ra [IICHKH, CHATOH ¢ no-
BEPXHOCTH AAIOMHHHZA, NOIYYEHHAA Ha MHKpoCckone YIM-100.

G — NEKTPOHECONTHIRCKO® Ypeauuenne 300, noawoe yaelmsenne 600; § — 31eKTPOHEOONTH-

qeckoe yReAnueHue 4200, noisoe ypeawyenne 6400; g —siekTponsoonTHiecKkoe YBenHYeHHe

16000, pomioe yeerHueHwe 32000 z— 33eXTPpoHHOOMTHMECKOe YBeandsuuwe 27500, noapoe
yseandenne 55000. ¥ ckopmwomee nanpaxeBne 60 g4,

veeanueHnAax. Ilpumepom MomeT Cay®kHIb CEPHA CHUMKOB OJHOIO ¥ TOro Xe
00BbeKTa (OKCHAHON WICHKM, CHATON C TMOBEPXHOCTH ATIOMHHHA) IPH YBEAHYCHHH
or 600 mo 55000 pa3s (puc. 252). Taxkoe pasnooGpaiane BO3MOMHOCTEH Jelaer
MGHATHWM Ha3BaHWe MHKpocxona, CseRa oObeKTa NPOM3BONUTCA 0e3 HAPYUWCHHS

*) B oTpamaTe ILHOM 3TeXTPOHHOM MHUKPOCKONE 00BEKTOM CAYIKHT NIOBEPXHOCTD
TBEPIOrc 1ema (MeTaaxia), Ha KOTOPYlo HaNpaBaseTcA NYYOK 9IeKTpoHoB. Hefict-
BHE ero OCHOBAaHG HA 3aBHCHMOCTH OTPaXeHHA 3IEKTpoHoR OT CBOWCTR NOBEDX-
HOCTH (CcocTaR, MexaHHyeckas obpaGorka u 1. n). Ox sapagercd, TaKuM o0pa3om,
4H3aT0rOM ONTHYECKOr0 MeTalI-MHKpockona. OT npocaeynBampliero MHKPOCKONA
OTPaXaTe/bHuH MHKPOCKON OT.IHYACICH TOIbKQ KOHCTPYKHEEH 2MEKTPORHOR 1YyLIKH
H pacneackennem obnekta (cm. |/l 4.7, v, 3]).
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-'B3KYYM3a B KOJOHHE MHKpPOCKOIZ € (IOMOIUbIO BAKYYMHBIX UI1J:030B. OOBEKT
. BBOZHTCA B OCO0YI0 KaMepy, KOTOpad MOC/e OTKAYKYM COEAMHARTCA € KOROHHOH
MHKpPOCKOMa, Nocle 4ero o6bexT ¢ NOMOUbIC MEXAHH3Ma, YNP2BIAEMOrO H3BHe,
" IepeABHIaeTCs Ha 06 beKTHHH CTOIUK. CMeHa 00beKkTa yeped MLT03 NPOH3IBORWTCA
H Y MaraetHoro mHKpockona IM-100. Onmucanne ero cm. [JI 4.7, ra. 1ll, § 5]

4. DneXTPOCTATHUECKHA 3AeKTPOHHMA MMKpPOCKOon. TpeSosanus
K CTa6HIH3ANMH NHTAHUA MarH4THONG MHKPOCKON2 OuYeHb BHICOKHM, ITO
OTHOCUTCE W K HHSKOBOJABTHOW CE€TH, K KOTOPOH [OAKANYEHK JHH3A,
Brinre (§ 5) G610 0TMEYEHO, 4TO MOXKHO CKOHCTPYWPOBATHL LOCTATOYHO KOPOT-
KO(POKYCHHE OJHHOYHHE 3JEKTPOCTATHYECKHE MHHA3H, KOTOPhe ropasio
MeHee YYBCTBUTENbHB K KoJeOaHusM HanpsxeHus. KOHCTpykuma srux
AWH3, B KOHEYHOM CueTe, MPolle KOHCTPYKIMH MarHHTHEIX JaH3. MoxkHO
H2AEATHCH, 3HAUMT, YTO SAEKTPOCTATHYECKUH 9HASKTPOHHHHA MHKPOCKOI
6yzer 60.aee NpoCT ¥ JAelleB, YeM MHKPOCKon MarHuTHeid, Tem He
MEHEee 0 CHX NOp 2NeKTPOCTATHYECKUR 3NeKTPOHHWH MHKPOCKON elue
HE BHiEA M3 CTagud NaGOpPaTOPHBX pPa3spaCOTOK W  BCE MHUKDOCKONH,
BHNYCKAEMHE  NPOMHIINEHBOCTLIO, ~— MarHgTHee. OTCcTaBanue B paspa-
GOTKE 3MCKTPOCTATHULCKOro MHKPOCKONA OOBACHAETCA rlaBHHM OO6pa3oM
TE€M, 4TO JOJATOE BPEeMs He VIaBaJOCh HArOTOBHTh KOPOTKO(OKYCHHE
3JEKTPOCTATRYECKHUE JIHH3H, Tpelylolline BWCOKHX HanpsiKeHul MPH OYeHb
ManelX PpacCTOAHUAX Mexay Auadparmamu, TOnpKO B HemaBHee Bpewms,
TULATENABHO CrA3aXKHBas H 3AKPYrJIAf BCE BHICTYNH W Kpas © moalHpas
MAaTepHaN SJACKTPOAOB, YHA2H0Ch PEIMTh 3Ty 3ajaauy. YcTpoficTBO 3neKTpo-
ctaTnueckoro mukpockona JICM-50, paspaGorannoro MuawtuusiM, SHues-
cKkuM, Pacnaeruunim v PeTHCOBEM, NOKA3aHO HA pHC. 253. Ero napaMerps:

. DIBELURVOULL U PN

SORE ORI R A, =y vzt VA Viw &
2 N5 DRSS ; W T
S|4 TIROERHUONHIR o
&1 43 Y
.
Gedemumenonoe
yemogueindo

Puc. 253. Pa3pes XO10HHH 31eKTPOCTaTHYECKOro SAEKTPOHHOIO MUKPOCKONa,

paspemsaemoe paccrosnue 50 —80 A, ouee nonesmoe VyBeJiHYyeHne
25 000 — 40 000, 3JeKTPOHHOONTHYECKOE YBENHUCHWE MOKHO MEHATH QT
1000 g0 8000. PaGouee Hanpaxenne cocraBaser 20 —50 xg,
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Kpatttne snektpoan 06GeHX JAMH3 U aHOL AEKTPOHHOH OYIIKHM 3a3eM-
AeHBl, TaK 4YTO ecad Oul Ha CPeAHEC 3IASKTPOAN OHIO MOAAHO BHCOKOE
HALIpAKEHHE, B TOYHOCTH pAaBHOE HaNPSKEHUI KaroAa, TO MOAYYHJHCD
Onl ¥HHOOTEHLHMaAbHHE AHH3HW (CM. § D), OnNTHYEeCKHEe CBOHCTBA KOTOPHX
HE BABUCAT OT HANPRKEHHR, H 3IJEKTPOCTRTHYECKMH MHKDOCKON OKa-
3ancd Ob NOAGOEH CBETOBOMY, CA€ HABOAKA 13 (GOKYC OCYLIECTBAACTCH
cventeHneM TyOyca MuKpockona, OfHako B 2JeKTPOHHOM MUKpOCKOne
HEBBIMOAHO OTKA3HBATHCE OT (JOKYCHPOBKH W BOOGLIE OT PperyldpoBKH
npufopa H3IMEHEHHEM HanpaKEeRUHA.

B pesy.isTtare KoaeGanns HANpaKeHHs OKI3uBAKT HEKOTODPOE BJIUSHHE
Ha pafory 3/MeKTPOCTATHYECKOrQ MHKPOCKONZ, HO ropasgo MeEHellee, YeM
Ha paboTy MardH#THOIG MMKPOCKONA, TaR YTO MOXKHO [0BOABCTBOBATHCHA
fonee NMpOCTHMH CPEACTBAMU CTAaGRAM3aLAN, 4TO WMEET HEMaJa0e 3Ha4EHne
Ans yaewesaeHns npubopa. Hemarno 6w paspabotan yaoOHu# manio-
raGapuTHeifl 3xeKTpoctaTvdeckuii Mpxpockon {JI 4.7, ra, V).

B § 22 6010 yIOMSHYTO, UTO HECKOJIBKO BHIOH3MEHEHHHE 3MEKTPOH-
HMH MUKPOCKON MOKET CAYXKHIb BHICOKOUYBCTBUTEALHEIM aHANH3ATGPOM
CKOpPOCTEN 3JEKTPOHOB, MOAXOANLIHM JAAS ONPEASACHUs XAPaKTePUCTH-
NeCKHX TIOTepb B TBEpABX Tedax, Ha puc. 254, @ nokasasa cxema awa-
AW3ATOPAE, NOCTPOEHHOr0 Ha OCHOBE 3JEKTPOCTATHYECKOFQ 3IEKTPOHHOI O
MHKpOCKONa. B KOJOHHY MHKpOCKONa BBeaeHa yakaa (295 u) medn,
CMEMIEHHAs B CTOPOHY OT OCH MUKPOCKOMZ, H MPOEKUHONHHAZ JHH32 3ame-
HEHd CHCUHATBHON anandaupywiledl auusofl, YerpohcTeo 3TOH UMIMHIPR-
YECKOR JIMH3H H DaCNOJOKEHHE [eAH OTHOCHUTENLHO €¢ cpeauel maoc-
KOCTH 8BHMibl u3 puc. 254. ITpuGop pazaenger IPOCTPAHCTBEHHO 3JEK-
TPOHH PasAHYHWX 3HEPrufl BCACACTBHE 6OABLIOK XpoMaTuuecKo# abeppa-
UMH, KOTOPYI0 MCIKTHBAIOT JYUH, BHXOAAIME H3 CMemeHnol meau. Xon
2NEKTPOHHHX Jyueli AAfa TPYNN 3AEKTPOHOB ¢ Pa3HHMH SHEPrHAMH NOKa-
3aH Ha puc. 254, 8 Kaxk yxe Owno ormeueno B § 22, aneKTpOHHRH
MHKPOCKO!I-aHa1u3aTop CKopocted o0haanaeTr ouyeHb GOJAbLIOR paspelan-
el cnocobHocTb, CywecTByoT aHanu3aTopsl CKOPOCTEH, CKOHCTPYHPO-
BailHHIE Ha OCHOBE MIFHMTHOIO 3MEKTPOHHOIO Mukpockona [J1.2.42).

5. aexrponorpad. Mukpockonu tuna dM-3, IM-100 u YIM-100
AT BO3MOKHOCTD HCCAEAOBATh KPHCTAMJIHUECKOE CTpoeHne o6beKTta
METOAOM AHPPAKIHA SAEKTPOHOB, HHLIMH C(JOBaMH, OHM MOryT OHlTh
UCTIONBL3OBAHK KaK 3JACKTPOHOrpadsl.

AnekTponorpatioM HasuBaerca npubop AR HCCASIOBAMHA KpPHCTAJ-
MTHYECKOR CTPYKTYPH TBEDAHMX TeN (pacOONOKEHHS AaTOMOR B PEILETKE,
X PACCTOSHHA) METOAOM ANDpPaKUAH 3AeKTpoHOB. (PU3NUECKUE OCHOBH
3TOr0 METO0Md, Hapaly € MeToJaMd pEeHTreHOrpPathHuYecKOro HCC/JAeH0BaHIA
KPHCTAMROB, W3NArawoTcs B obuieM xypce ¢usuku [JLAL, T I, ra 15
n 25; JLA.2, 1. I, ra. 28 u 31].

CoBpeMeHHNE SHEKTPOHOrPadEl COXPAHAAR BCE OCHOBHHE UEPTH [1pH-
Gopa, onucanroro snepswe (1931 r) akaa. A. A. JleGeaeenm (puc. 255).
DIEKTPOHHAN NyLIKa NZeT NOCAe BHX0Aa W3 anoAHoR nxadparmu cnabo
pacxoasiuuica Ny4oK 3JAEKTPOHOB, KOTOPHH 3aTe€M ¢ NOMObI0 M2rHHTHOH



Puc. 234,

-~ yeTpoficTRO  WHRPOCKONA-AEAAH3ATODA CKOpOCTeR $ieKTporoB {1l —KartoRr Sack-
Tpo HAOH NYMKH, £, 3 — e QOKYCHPYIIUHA SALKTPOR B AHOT, ¢ —Hec eRyeMelld ofLexT,
#—oGbexXTABHAS JHH3A, 6 —CMEIIeHHAR MEs, 7 — ABATH3HUP YKIIAR THHZA, § — doTo-
0.1ac TUHRA);
0 — pasgeJense 3JeKTPCROA Pa3uHIX CROPOCTER B aHaMHMaWpyiomeR gmmse (cyema pac-
DOMOKEHHE CMemeHHOH mead [ oTHOCMTeaBNO aZnepryp Kpafldux 2 ® cpeanero 3
SNEKTPONOB JHH3L, CNpaRa — 301 Ayded, GOTONAdCTHEKE £— meTh 5);

6-— CNEKTP XAPAKTEPUCTHULCHHX MaTeph Sueprnd B choe Mg toampanron 500 A. Ha-
NpAEEeENe NYUE] Nepsi9ibiX SIEKTPCROB 25 K98.
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AMH36 JaeT B maocKocTH EE  usobpaxenue aub0 adHordofl auadpar-
Mbl, AnGo M3ofpaweHue MHUHUMAZBHOrO KpYHXKa fnepeceuendus *), 1. e.
MeCTa HarGOMBILEro CyKCHHS SAEKTPOHHOTO NYUKA, BLIXOAALEro M3 MYIIKY.
B nocaenrem cayuae, €CTECTBEHHO, TIONVYIETCH SHAYUTENbHBIA BHUI DRI
B WHTEHCUBHOCTH. .

1=
L%
- |

S0

Puc. 255, [lpnruvnnanuuan cxema saexrTponorpada.

E

DAB — PCTOYHHRE 5I€KTROHOR, P — marHWTHAS KOEICHCODHAR
anu3d; C-—auabparna; [ —ofvekT: E — sKpan dan ¢orofia-
CTHHRA.

Buecenwe ofpasua {J, U3roTOBAEHHOTO B BAAE TOHKOH [I€HKH
VKDCNACHUOrQ HAa CMEHHANLHOM KPHCTANAOASDPKATENE, BHSBBACT AWMPAK-
M0, npudeM GOKOBHIC NYUKH, OTKJIOHEHHBIC BCCrAa Ha HeOoabluof yroda,
OKa3bIBAOTCS TaKWe HZOCTATOYHO pPE3KO CGOKYCHPOBAHHEIMA B TOH xe
niockocth EE. Ecan o0bexT — MOHOKPHCTAAN, TO NOAYYaercd Andpax-
UHOHHAA KapTHHa, COOTBETCTRYIOWAN JayarpavMme DPEHTreHOr paduy, a ecau
OOBEKT COCTOHT M3 KDHCTaMIHKOB BCEBOSMOXKHEIX OPHEHTALMM, TO NOIY-
YaeTcH, KAk Ha aebaerpamve, cucTeMa AR(PPAKIUOHREIX KOJell

IKCHO3RUNA BACKTPOHOTPAMMBEl AJHTCA BCErO HECKOJBKO CEKyHI, 3TO
60abImIOE NMPERMYIIECTBO IAEKTPOHHOrPaHUECKOro MeT0Aa, OHCTPO 3dBO-
eBasulero cebe MECTO B NMpPaKTHKE HE TONLKO HCCACHOBAaTEAbCKHX HHCTH-
TYTOB, HO H 33aBOACKHX Jaldoparopu, OTeyecTBeHHAas NMPOMHEINEHHOCTb
BHINYCKAET 3JEKTPOHOrpapw mno odpasny, paspaGorannomy B T'OW 3au-
JuHBM W DorfsiksdHueM noJ PyKoBOACTBOM akal JleGenesa.

Paa napyrux KOHCTpyKumft sJexkTpoHorpada Omn pazpaGoraH
A, W Uxkonbuukoews, B, A. Koanauckuy, 3. [N INauckepow, T1. 1. Jdan-
kortiM # [, B. WrnarteeBmM W APYTUME HCCACIOBATENAMH, IACKTPOHO-
rpad, usobpamenHnil Ha puc. 256, CKOHCTpyHpOBaH B (H3HKO-TEXHHYEC-
KoM WHCTHTYTe [opbkoBckoro yHusepcutera (. B, Kasepuanu.

Cpasuusaa xon syued e saektTposorpae ¢ XOAOM Ayuell & 3AeKT
POHHOM MHKPOCKONE, MOXHQ VBHIETh, YTO, BHKJKY2A TOK OOBEKTHBHOH
4 NPOSKUMOHHOH JHH3 MHKPOCKONMa H NoJ0Kpaa TOK B KOHIEHCOpHO#
AUH3E, MOMHO MOAYYATE HA 3IKPAHE AAPPIKUHMOHHYIO KADTHHY OT yua-
ctka o6pexta. B mukpogkomax OM-3 n OM-100 1n9 nepexona Kk cHs-
THIO 2ACKTDOHOrpaMM NPHXOAMTCH paséapath npeboOp W NPOU3BOIATDH
CMEHY HeKOTOpniX wacted. B mukpockone Y2M-100 aas sroro 1pely-
IOTCH TOALKO NepeMelleHHe anepryphoR gdadparMel OOBEKTHBHOH JHH3H

*) Cu. Hike § 36.
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Puc. 256. Daextpodorpad KoHCTPYKIMH
C. B. KaseprHa.

] — 33eKTpoHHAR NYWIKa: 2— Mepsas MarHHTHAS
AME32 119 QOKYCHPOBKH 318K TPOHHOT O ITYHEA TIOCAE
apoIHOd Axaparuel; 3 — BTOPDAN MACHUTHAM JHH3A
118 QOKYCHPOBKH SNeKTPOHHBOIO [IY4YE4 HA BKpaHe;
4 — TpeThd MAFHHTHAY JHH3E 1LJ4 PadBEPTKH AM-
(ppaKknHOHHOMO KOHYCd, MpUMeHfedan 1ad noay-
YeHNHA YBEJSHYCHHOrD I[BOﬁpa)KEHHH; 5—KPHCT—3.’I-
JojepEarets ¢ THIPABIHYECKHN  YCTPOHCTEOM
pepeMeliendd o6pasila ¢ NyIbTa YNPaRJIERMS;
6 — CMOTpPOBHIE DKHA: 7 — (hOTOKAMEDA HA HBE Kat-
ceTel M 9Epan: § —NyabT YNPaBieHHS ¢ PYKOAT-
KaNH FHIAPABAHYECKOTO MEPEeNEIReHHA KPHCTAARE;
Q*peocraru K MOTeHNHOMEeTPE ILIH HaKA.1Ta HNTH
H POKYyCHPOBXH.

fen. 4

B ONpEAeJAEHHOE NOJA0XKEHHE H
npousponsmasncs 6e3 pazbopKH
npudopa CMeHad NOJHOCHHX HaKO-
HEYHHKOB NPOEKIHOHHON JAHH3LL.
HadppakuronHoe  u3obpaxenue
N0Jy4aeTCa NePes NPOeKIHOHHOH
nuH3O0H, Koropas orfpacmBaeT
uzobpakeHue Ha 3KpaH.

6. JononHuTeabHble 3ame-
Yanus. XOpOowo H3BECTHO, YTO
3JNEKTPOHHBH MHBKDOCKON JaeT
BO3MOXHOCTh HA0JMICAATE OTAENADL-
HBHE MHEOIOAaTOMHHE MOJICKYasl,
TAKHUE, KaK MOJECKYJAB TeMOLMa-
HWHA WM TAMKOreHa (Kpaxmana).
OXHaK0 Ha POTOCHHUMKAX HEMB3A
6bin0 OOHADYXUTL CACLOB CTPY-
KTypu wMoaexkysa, PaBHwM o6pa-
30M JI0 CHX TIOp He OHJO0 noay-
yeHO u300paxeHHit OTARALHHX
aroMoB. Cnpammsaercs, NO3BO-
JASET /¥ COBPEMEHHOE COCTOSIHHE
JNEKTPOHHOH MHKDOCKONHMH ro-
BOPHTb 00 «BUACHAN> OTACAbLHHX
aTOMOB KaK O 3aiaye, Paspelun-
Moft B HeganekoMm OyzyuieM. Jrum
BOnpocoM 3addmancs JI. M. Bu-
Gepmad.

I ng noayyerns uzo0pakenns
OTOE/bHOTO aTOMa HYAKHO NMpeikie
BCEr0, MTOOW paspelaemoe pac-
CTOAHHE MBKDPOCKOna Owao no-
paaka 1 A. Us ckazaHHoro Belwe
BHIHO, 9TO 3TO HE ABJIACTCH HE-
JocTueMuM, Bropoe ycaosue —
HeroJBUAHOCTL ar0Ma BO BpeMd
3KCMNORIMH. ATOM, OCaXACHHHH
Ha NOANOKKY, HAMIDUMCP Ha IJICH-
KY KOJAOQQ4A, HENOABUNXKEH, HO
DMEHKA CaMa pAacCenBaeT 9JeK-
TPOHH, W YTOOH Hn300paxeHne
MMEN0 HeoBXoaHMYI0 KOHTPacT-
HOCTb, Halo, urofw MecTro, rae

OCAKAEH ATOM, PACCEHBANO0 3NEKTPOHH 3HAUUTEABHO CHIALHER, YEM 11y CTaA [0]1-
soxka, [loacuer aaet, ¥1o ecau atouuuil xoMep Z > 20, TO MUHAMAALHO
HeoOxoauMas KourpacTHoCTh goctrraercd. Hakowen, 3aeKTpoHw, paccesH-
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HHE ATOMOM, <TOAKAIOT* €50 B NMPONLCCE DAaCcCEMRIHAR U MOTYT cOUTH €ro
C 3aHUMaeMOTO Mecra., $IcHO, 41O ecay atoM OyAET BCE BpPEMs NEpexo-.
AT € MECTA HA MECTO, TO RSOGpaXEHUA HE TMOAYUHTCH, TeoperAieckud
pacyeT noOKasaj, uYTO BEPOATHOCTL COHBAHKA aTOM2 (PH yaape 3SJeKT-
poHa mnopsaka 10 % n MONHO OXHIATH, YTO ATOM PacCeeT HECKOJabKO
COTEH NEKTPOHOB, NpEeXae yeM NepefEeT Ha HOBOE MECTO, JHauur, AJA
O0HapYXeHHS aTOMa HYXHO NPHMEHATH MZCTHAKH, HAa KOTOpPHYX f0Ay-
4aeTCA TNOYSPHEHRE YXKE OT HECKOALKHX COTEH 3NeKTPOHOB. TpyAHOCTH
<BUREHEA» OTIENBHOTC aTOMa HE MNPCACTABAAIOTCH HENPEOAONMMBIMH YXKe
B HACTOAILLEE BpEMS.

PaccMoTpnaM, HakOHeU, BOONPOC O 3aMeHE NYYKA 3JEKTPOHOB HOHHBIM
nyykoM. s coOTHOWEHUA

h
V2eml,

BAJHO, YTO 0PN TOM XE YCKODAIOMIEM HANPKEHAW IJAHZ BOJHH HOHA
MeHblle 3ACKTPOHHON B, C(/RZOBATENBHO, MOXKHO JAS WOHHOTO MHKPOCKONA
WA3aTh COOTBETCTBYIOIETO yBeauueHas paspematoniedt cuau. Ho Gonasmras
N0 CPaBHEHMIO ¢ 3JMESKTPOHHOR Macca HOHA Co3daer ropasfo O66abmyio
ONacHOCTh pa3pymennd o0bekta. DTO OOCTOATENBCTBO OrpaHAUABAET BO3-
MOXHOCTH HOHHON MHUKPOCcKonu#, B 4acTHOCTH, NpH O6JY4YE€HNN WOHAMA
OTAEALHOrQ aTOM3, 3AKPEIAEHHOrOo H2 MOLNOXKE, MOMHO IyMaTb, 4TO
yxe npd OAHOM W3 MNepBHX coyaapennii atom Oyner ¢6aT CO CBOETO
MECTa.

B onucaHHWX B JWTEpaType HOHHHIX MHKPOCKONAxX {cM., Hanpnvep,
[J1.4.8 u JL 4.7]) npumenaance wounw Li% n npoTonw; paspemtaemoe
paccrosuue gocturano 200A. s BOKYCHPOBKA  HCHOABBOBAAUCDH
S/ACKTPOCTATAYCCKHE JHHSH, (DOKYCHOE DPACCTOAHHE KOTOPHMX HE 33aBWCHT
oT e/m. ) _

Buule Huuero He OHAO CKagaHO ¢ SAEKTPOHHHX MHKPOCKONAX, HE
NOJYUYHBILAX TKOKA LHPOKOr0 NMDAMEHEHHA, 2 UMEHHO O PaCTPOBOM MHKPO-
CKOIle M TeHeRoM Mukpockone (0 nux cm. [J1. 4.7, ra. VII)). '

§ 33. IMHCCHOHHBIE NEKTPOHMLIE MHKPOCKONLI

B rexsHuueckoH 3ITCKTPOHHKE NPHXOIMTICA HMETb ARG C U300paX(eHHEM IACK-
TPOHHOIO SMHITEPA, TaK CKA3aTh, C M306paxeHHEeM (CAMOCBLTALIETOCA> SIEKTPOH-
HOro oObeKTa, B Npubopax ABYX THMOB. BO-NEpBHX, B 3I8KTPOHHOONTHUECKHX Npe-
obpazoBateanx uaoSpawmenus (§ 35) # TeaAeBUINOHHWX TPYOKEX HEKOTOPLIX THNOB
3a1aua COCTOMT B TMNOAYYeHHH H3oOpaweHuwsa porokatoda HOALLMIOH NMIoUAH C
YBeIHYeHHeM, Onu3kuM K eamHnne. Bo-sTopmX, npW H3YUeHHH CBONCTE KATOMOB
rpedyercs noaydaTth u3o6pamenns HeGOABUIMI YYACTKOB KaToda ¢ OOAbUIHM YBe-
JaYeHHeM. DTO JIMH3OBHE IMUCCHORHBIE SICKTPOHHHE MHKPOCKONH W IMHCCHOH-
HBIE MHKDOCKONW-TIPOEKTOPH, O KOTOPHX HieT pedyb B HacTORWEM Raparpade,
B ofout cayvaax pawueilelt TapakIepuCcTHkoR npubopa ABafeTCA HAMMEeHbUlee
pa3pcluaeMoe pacCcTodHUe,

OO6BEKT-KATOX HMECET HEKOTOPYIO CIPYKTYPY, HHLIMIE CAOBAMH, OTREIbABIE TOYKH
¢r0 DOBCPXHOCTH H3AYYAKWT PA3HHIE KOIMYECTBA2 ICKTPOROB. IMUTTHPOBARHEIC
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MCKTPOHK TeM HMIM HHHM CHOco00M NPHBOAATCA Ha 3KPAR, NOKPHLITHH JIOMAE-
HopOpPOM, M BHLIHWBAKT €ro CBeUeHHe, TaK KAK ADKOCTb {BEYEHWHA NpPH 33aJaHHOM
¥CKODAIONIEM HANPAXEHWH TMPOROPUHOHATHHA YHCAY IICKTPOHOB, NMONANAOIUMI Ha
CAMHHIY DoImaad ToMiuuobopa 332 eINHANY BpeMeH, TO PacnpeleIeHHEM 3IeK-
TPOHOB [10 NOBEPXHOCTH IKPAHA 3anaeTcs
pacnpejieteHye CBEYEHHA.

WreasbHaa srexTpOHHOONTHYECKAA CH-
CTEMA CBOOKIA OW TOYHO B OJHY TOQUKY 3JeK-
TPOHH, BhINICAINHE M3 OXHOM TOYKH KATOXa,
K Toraga M3o0paxeHue Ha 3IKPAHC NaBanio
68 TOYHYIO KaPTHHY PacClpeleleHHA SMHC-
can. Onrako B AeHCIBHTEALHOCTH BC.IeXd-
CTBYE Pa3IHYHLHY aGeppanuii 3ICKTPOHHL,
BHIUSeAUIHE U3 OJH0H TOYKH K3aT0da, HA SKpa-
He pacnge e ai0TCA B MPENeIaX HEKOTOPOro
KPYXKA paccesHns, oT PasMepoR KOTOpOro
GyneT 3aBHCCTh HAHMCHbHINEE pa3peélraeMoe
paccrosnue, IT0 06CTOATEIbCTRO YXYALIAET
KauecTBo H300pakeHus.

}. AMHCCHOKHBIH MHKPOCKON-TIPOEK-
An0g - 31 Top. PaccMotpuM  niofpamenme kaTona,
AOIYYaeMoe B CHCTEME CPEPHUCCKHX IT€K-
TPOJ10B (prc. 237). JNeKTPOHH, BWXOJAEIHE
U3 puyTpenHedl chepu-KaATONa 00A Hel-
CTBHCM HBEHTPAALHOH C(HIN, HANPABICHHOMN
OT NEeRTPa, KaK W3BCCTHO H3 MEXAHHKH, OVIYT IBATATLCA MO ranepboaas. Halizewm
pandyc R KpyxKa pAacCefHHA HA aHOLe-3KpaHe AJA 3JEKTPOHOB, BHXONAMIMX H3

TOYKH A ® HMEIONFHX HavanbHYIO CROpPOCcTh Uy = ¥ 27/ ; 3pecn Uy — «Hanpsa-
MEeHVe BuLIETA> 3JCKTPOHOB M3 kKartoaa (cwm. § ). Paanyc /2 onpeneaserca, oue-
BHJIHO, TOUKOH MONaiaHHA HA IKPaAH SIACKTPOHOB, BhHIXOIANMM® HI TOUKH A B Tau-
TEHOHATRHOM HANPaBJICHHH.

Ins aw6ol TOYkH TP2CKTODPHH STHX SIEKTPOHOB MOXHO HaMiICaTh:

Puc. 257. Ylsofpaxende xaroxa B CH-
creMe cepUeCKuX SACKTPONOR,

[ b
W=%“+"§(’“+"”‘;°’)=Wm

p=mér*=p,.

(33.1)

3nece W — suepruf, p — MOMEHT KOIWYECTBa MABHEEHNT H W p;—HX
HauyaibHHE 3HAueRHA 8 Toyke A:

qe mﬂ2
K
W,=-"—- » Po==MUgry. (33.2)
re 2
3apan BuyTpeHuefl cpeph ¢ (OTPHLATEABHM), ecau Fa >ty € GOabmoR
TOUHOCTbIO paBeH g = U,y
O6o3Haunm

H’Wﬁ
2 U (33.3)
geiry U,

[pakTHuecky scerna &< |, Bupaxan W, depes e, [OLYUYHM:

(-4
W, = %; (1 +¢), (33.4)
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[Tockoasky R<€r,, T0 € JOCTATOYHOH TOYHOCTBIO

R=r,[¢l—, (33.5)
M3 (33.1) u (33.2) creaver:
=" = D (336)
0

rie T — Bpema upodeta. B dopuyre (33.6) ynobuo mnepelity x HHICrpUpOBa-
HHIO IO T,
M3 (33.1)

dt — e —

VA
£ rs .r’;

x="%. ¢ =—;-"5dr. (33.8)

dx . dx (33.9)

?zj]/(ur—i)—x?—-; ]/(]-x)(l-{-xjuie).

Lx d
r
2

310T HATerpal MoXHO BHMHCIHTL ¥*). Ho Mb He GyneM 3Zeck BHLIIHCHLBATH TOY-
HO¢ pellleHye, a NPHHAB BO BHHMaHHE, UTO F fr, << | ¥ 4T0 MeXOy npexetamya
HATErprpoBaHua sesfe 1-}-x < /s, HauMmeM cpasy OprOIMKeHHOE BhpaXkeHHe

1
dx - — 17,
= —_— 2 g — '—"._.2 X _10
CF Ji_”ﬂV v lOIJl * ]/(7;' @19

ln—x_ﬁ

Pannyc kpymxa paccesaHna Ha IKpaHe, CIeLOBATEIbHO, paBeH

_ Ue ]/'Uu
BR="7r, 5:__2& TE (33.11)

a U
rae E, = - = }—“ — HanpAXEHHOCTL NOAA Ha MOBEPEHOCTH KaTOdA.
[ E

*) Cu. P ol w u &, Tabarusl MATETpaios, CyMM, PALOB H MPOM3IBEASHMIY, cTp. 45,
apumep 18, '
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Yrobuw Hallty HanMeHbIRee paspelliaeMoe pacCTOSHHE H2 KaTOMle, HYKHO,
BO-NMCPBLIX, YWeCTh CNEKTP CKOPOCTE# BH.ICTAIOWAX W3 K2TOAA SAEKTPOHOB H,
BO-BTOpHIX, MPUHATL BO BHWUMaHHE, YTO PACCTOAHHE MEXAY UCHTPAMH KPYNHKOB
pacCeAHHsA Ha 9KpaHe G6oabmie PACCTOAHHA MEMIY TOYEUHHMH HCTOUHRKAMH
IMHCCHM B3 KaToRe B r,/r, pas. Cuuraa, qro paspeulaemoe paccTONHAE Ha
JKpaHe papHo JHAMETPY KDYXEKa PACCEAHHA, UTO NaeT, KOHEYHO, NpeyBEIHYCH-
HOe ¢ro 3HaUeHHE, TOJYYHM:

o, = 2R; a=§3&=4 {Li.l.r!, (33.12)
_ ra Ey
H ¥YBCAHUCHHE PAaBHO
B _ra
M D o

[IpuGop, cocroamut #3 BuyTIpeuHeld cepu-kaToa-u HapyxHoft cdepu-sipa-
Ha, NOKPWTOrO JAMHHODOPOM H CIYXailero aHONOM, NOIyYWi Ha3BaHHe cepH-
YECKOTO 3JeKTPOHHOr0 NpoeKTOP2 HAH MHKPOCKona-poekTopa. OH oKa3aaca oueHb
ynoOHeIM IS ACCACKOBAHYA TEPMOSIEKTPOHHON H OCOGeHHO aBTO3AEKTPOHHOM
sMuccHr. B of6oHX 9THX cayvyaAxX dHepretHyeckuM CHeKTp TaWreHNWAAbHHIX SJeK-
TPoHOB H300pamaeTCH KpUBON, IKCNOHEHUHAILHO YOnlBauell B 3aBUCHMOCTH OT
{/;, HauHR2R ¢ MaKCHMaabHOTo 3Havennn npk U, = 0. Jl15 ouenkn paspeinaemoro
pacctosuna no topMyac (33.12) B xauecTBe cpemHEro MOXHO NMPHHATL 1O 3Ha-

uyenre Uy = U, UpH KOTOpOM OPIAWAATA KPHBOH CHIMXaeTca X0 |/e CBoero Ra4yannh-
Horo 3HaveHWs. BHYTIpn KpYXKKa paccTofiEMA, ONPedeneHHOro TakuM oGpasom,
nopanalotr 63,20/, TaNreHnWalibHWX SIEKTPOHOB W 3HAWMMTEAbHO GOILIIAA HONA

BCEX SMHTTHDOBAHRBEIX 3NeKTPOHOB. 310 3HadenHe [/, paBHG HanGolee BepOATHOM
CKOPOCTH BHJAET2 B BOJbTEX.
He o0cCTaHaBiWBaaCch Ha BHYHCACHHAX, NPHBOIHM TOALKO OKOHUATEILHbLIE

dopuyant 1ar Uy 113 TepMOSIEXTPOHNNX KaTOROB CYMECTBYET MaKCBelNOBCKOE
pacnpenecHHue, H

Uz = %T— . (33.13)
B cayyae aBTO31eXTPOHHOR SMHCCHM (pacmpencenende Pepiu)

(Ux)aa = E“
V %

P
(q,—paéora RHXONA K4TON3, OTHECEHHAN K NHHHIE 3aPANA: @y =%, Ecin

(33.14)

E, pwpameto B Boabrax na cautumerp, (Ughs M g — B Boabrax, To C;=
0,0097 (4]

Ve

—0,97-107% cm-8'/s u ppu E = 10% s/es noayuaerca (Uyp)ay =
s (33.12) — (33.14) CAeAyeT:

kT -
3, =4 ]/E; e (33.19)

Cury
V‘F:

MaxceennoBCKOE pacnpefedeHHe TePMOSNEKTPOHOB, RAK HMIBECTHO, COBEp-
HIeHNO HafgeMAQ YCTaHOBAeHO TEOPETHYEeCKH H 3xcnepumedraibHo. Teopua asro-
9MCKTPOHHOA SMUCCAHM, KAK HM3BECTHO, TaHKe XOPOMIO WOXTBEPKIEHA H3Mepe-

HUAMM 3aBHCIMOCTH aBTO1eKTPOHHOTO IMUCCHOHHOIO TOKa 0T HANPMKEHHOCTH NOAR
W paGoTH BHXaHa aMHTTePa (§ 15), 0XHAKO 9KCNIePUMEHTANbHAA NPOBEPKA MPEACKAIH-

By =4 (33.16)
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BaeMora Teopueil pacnpeleleHHsa 3.IEKTPOHOB [0 CKOPOCTAM BCIpedaeT 3HAUM-
TeIbHEE TPYAHOCTH. 2TO CBA3aHO, BUIAMMO, ¢ TeM, 4To Hauboiee pacnpoctpa-
lieHHR B Halewdoifl MeTO1 H3MepeH#s pacnpele’eHHsa SIeKTPOHCB NO CKOpo-
CTAM, a HMEHHO MeI0] TOpMOoasulero MNoad Mewuy CchepHuccKUMH SIeKTpo-
1aMu (§ [9), HenpUMeHHM AAS HCCIENOBAHMA 3BTO3TEKTPOHHON IMHCCHH, TAK Kak
B STOM CJIyUae Hz NOBEPXHOCTH IMHUTTEpa NODKHO CYILECTBOBATH CHIBHOE YCKO-
paiowee noxe ¥). Orciofa He ciaenyer, pasvMmeercd, yto popuyiaa (33.14) B ocHoBy
BBBO1a KOTOPOH [010XEHO XOpollo 080CHOBARHOE NPEANOCIONKEeHHEe © HaIHYHH
BHVTPH METalaa pacnpenedeHus Pepmu, BHILBAET Kakue-THEO COMHEHHS.

H3 Buipamendft (33.13) w (33.16) Buano, yro 3 yMeHbIaeTca ¢ YMEHbLICHHEM
r.. B npoekropax ¢ He6GONbillMM YBEIHUECHMEM, NpefiHa3zHaUeHHLX ZAR HCCAENO-
BAHHA TEPMOINEKTPOHHON IMULCHH, KATGN BHIOIHAT B BHIe Hoaycdepn ¢ BA¥T-
peHHHM nojorpesareideM, IIpH Takoff KOHCTPYKUWH KAaTO#d ri HE MOMET OWTBb
MeHLIe HeCKOIbKHX MHIIUMETPOB M COOTBETCTBEHHC YselnueHde M He npegb-
2eT HECKOJIbKMX HeCATKOB pa3. [Ipusenendmflt smme (cM. 49, [, ra. 2, § 17) con-
MOK aBTOSJEKTPOHHOIO RATOAZ ¢ VBEJHYEHHEM B COTHM THCAY pa3 6w pmoayued
Ha [poeKTOpe, FO€ KaTOAOM CIVHHIO 3dKPYTrAeHHOe OCTpWE TOHKOH TPOBOJOKM,
[Tpoek1op Takoro tuna ¢ Gornmoit paspewaomefl cunofl nmoxasad wa puc. 238, a.

250

5)

. Puc. 258, MHKpPOCKOUH-TIPOEKTOPHI.

a—cteputeckna (O —obvext, T — Aepxartein o6beKTa,
A--aHoa, B—euiBoz adoga, J'— arpan):
¢ — BHAMHADAYeCEHH, Pasmepid YKA3aHK AA9 NpOeKTOpA KoH-
cTPYKUNH Sryraeea n Wlynneé.

Ocrpne O, umenniee ¢opMy noaycheps, noMeuaercs Mo BOIMOXHOCTH
TOYHO B ueHTpe c@epryeckoro O6aljioHa, DOKPHITOr0 H3HYTPH MOMHHODODOM,
Bu6op moMnHOfopa He HMeeT G6OJbIIOTNO 3naveHnd, 4aule BCEro MPHMEHAETCA
BuaaeMut, [Moroxenune B hopMa asoja Ge3pasivumnl, AHMb OH aHOL HAXOAHICA
AOCTATOYHO [MAaJE€KO OF OCTPHA.

¥} [lo sromy Bonpacy cx. J1. 249, § 14, a takke [l WU, Jlywuupckuh,
Y&®H, 1. XXVII, Ne 2, 1945,
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[F1aBHass TPYAROCTh S33KIOYAETCA B MITOTOBICHWH raankore noiychepnue-
CKOro OCTPHA ¢ OYeHb MATIWM pannycom. O6wYBAA APOUEAYPA COCTOUT B XUMH-
YEeCKOM TDABIEHWH KOHIA NPOBOAOKH H 3dTeéM B NPOKAJTWBAHHH €rc B BaKyvyMme
npu BoicOkOoH Temneparype (2400° K mia octpus ma W nrad Mo). Onur noka-
3a/, Y10 RIHTEIbHOE [IPOKAaNHBAHME OCTPHA (OPHBOAHT K TOMY, YTQO OHO HpHHH-
MaeT popMy noaychepu. [locie AAHTEILROIO NPOKATHBAHUA MTOBEPXHOCTL OCTPUA
MOJY4aeTcA TIOYTH WieadbHo riraikoi. Ha npaxivke viapanoch MoIvyare paxHye
3AKPYFRICHHA B HECKOJbKO MHKPOH, 4 B OTIEJIbHHIX CIYUAAX JOCTHCATHL Jake
TecAtoil Mukpona, Hampumep, Bocnpon3pelennas 8 . 2 Ha pHC. 128 (u. 1) amuc-
CHOHHAA KapTHHa ¢ yBeawuenuew B 420000 pas On11a noiyuena MiwoitepoM upH

paanyce 3akpyraesus scero B 1120 A, ITo dopmyae (33.16) 2aa soabipama B
3TOM CIYUde NoJyyaercs:

3==04-10"% et — 04A,

J10 HEHIMHOMQ XYKE paspelmneHu#d, TOIYYAWWUICA B IOpOlIHX HICKTPOHHWX
MHKpOCKORAX.

Paguyc spewrdelt chep npH yeeauuesud 420 000 paseH
ra=420000-1120- 103 =47 cu
H npy U, = 1000 & Ha MOREPXHOCTH KATOAA MOJayHaeTICA [oae
E. = % = 8§,9-107 g/ex,

K

MPH KOTOPOM Ve CYLIeCTBYeT 3aMeTHas ABTO3TEKTPOHHAA 3MHccnd. Kak BHIKO
M3 STHX pacueTos, Ha pHe. 258, a chepuueckull SIeKTPOHHLIH NpPoEKTOp WPH
kpaliHe (pOCTOH KOHCTPYKUMH, HeGOILIIHX Pa3Mepax U HH3KAX PabOUHX Hanps-
KeHHAX Ccrnocobed AaTbhb 0YeHL BHICOKYI0 PaipeHIaioUYi0 CNOCOBHOCTD.

Hemenkomy ¢uskky, Moirepy yIapalock noayuaTh OCIpHA C PaiAyCOM
sakpyraenna ry=110 A n paGorare ¢ ypeanuenuesm 2-10° npH paspewaemon
paccroaHun oxonao 10 A, Mioxtep, a Takxe W ApYrHe HCCAEADBATEAH NOIYYAIH
Ha 3KkpaHe H3oOpaMeHHe OTIETbHBLX MHOTOAaTOMHBX MOJEKY.I, aacopSHpOBaHHLY
Ha OocTpHe TpoekTopa (puc. 259 a). C ywacTka Karoja B Mecre aacopGuuH moay-
YaeTCA YCHACHHE OSMHCCHH, TaK KAk ISMHITHPOBAHHBIE MOACKYJIOH NIEKTPOHH
Rerko  3AMPUIAIOTCA  9ISKTPOMAMH, NPOXONALIEMY Yepe3 NMoTeHUHaNbHuH Gaphep
MEXAY TIOMIOKKON (KATOAOM) H MOJEKYI0MH,

HsroTopaeHde ciepHuecKOro npoekTopa ROCTYNHO M0GOR 31eKTPOBAKY VMHOM
aabopatopud. Eme npome umnamnapuueckuit npoextop (puc. 238, 6) xotopmit,
OLHAKO, AAET HCKAMEHHYK KapTHHY 3IMHTTEpa BBHIY TOrO, UTO NPpH GOIBIIOM
paliMadbHOM YBCIHYERHH €ro OCEBOE YBGIHYEHHE PABHO €AWHHUE, 3aTO0 LMIHHI-
pHYECKRHA NPoeKTop yHofeR AJA UCCAeJOBAHUA TePMOSNEKTPOHHOA SMHCCHH.

®opvyia (33.12) nogasweaer, 9YTO A4a YBEIRYCHHS paspeliawiled CNoCob-
HOCTH ChEPUYECKOro MPOeKTOpa BHIOAHO YMEHBINATH HAYAILHYID CKOPOCThH
3AEKTPOHOB. 3aMeHa 3JeKTPOHOB HOHaMH, MMEIOUIUMH TPH TOH We TeMmnepartype
IMHTITEDPA TOPA3N0 MEHLUIYIO CKOPOCTH, NOTKHA UPHBECTH K Y MCHbLIUCHUIO KPYXKA
paccestun, [locTpoennAnfi Moanepos UOHHBI MHKPOCKOTI-IIPOEKTOP OCHOBAaH Ha
YNOMHHaBIIEMCA paHee (4. | ra. 3) ABJTeHHU: NPH OTPLIBAHHHM YYKEPOIHOIC aToMa
OT NOBEPXHOCTH MeTanJa (ZecopOuHs) 3TOT aToM OTHAeT MeTaxay JIeKTPOH H
RLecopOuMpyeTcs B BHAE HOJOKHTEIBHOrO HOHY, flecopfuns BO3MOXHA He TOILKO
NpH BWCOKOA TeMOEPATYPe MeTalla-NORAOKKH, HO H MOL ACHCTBHEM CHALHOTO
U COOTBETCTBEHHO HANPABICHHOrO 3AekTpuyeckoro noid. [lostoMmy, ecan mome-
CTHTb METANIHYECKOE OCTPHE B T[a30BYW CpeRY M CO30aThb HA €ro NOBEPXHOCTH
CUNbHOE 9MEKTpHUEeCKOe [0Je, OTPLIBAONlee MNOICKHTEIbHHIE HOHH, TO Hempe-
pHBHO OYAYT RLTYW [ABa NPOUECCA: NMONafaHHe HA OCTPHE HEHTPAALHWX aTOMOB
M HX necopbura noxem B Bume HouoB. OT octpua 6yXeT T€ub HENPEPHBHHH HOW
HRH TOK.

KoHeTpykuna HoHHOro OpOeKiopa B TOUYHOCTH COOTBETCTBYET KOHCTPYKIHH
IEKTPOHHOrO MpoekTopa, boabwe Tore, ofud H TOT Xe NpuHOOp MOXHQ CHavaja
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ACMOJIb30BATH KAK SJMEKTDOHHEA NPOEKTOP, 4 3aTeM, BBeAs# B Hero ras (napu Ba,
BOAOPOX) H MEPEMEHHB NOAAPHOCTH HARPAKEHHA MEWIY OCTPAEM H KOIICKTOPOM,
Kak HOHHWH mpoextop. Ha puc, 259, 6 u 8 npuseaena dororpapus soasdpamo-

Puc. 259. 8 — 31eKTPOHHOONTHYCCKHUI CHUMOK YHCTOTO BOIXb{pavo-
BOfO SMHTTEPA € €JIHHHMYHOH ajicopfiupoBaHHol Mciexkyno# dhralc-
unaHuHa (no R. Gomer);

0 — YICKTPOBHOE H 8 — HOHHOC BOJAOPOAHOE HM3oOpaxeHnd BoLbLHpa-
MOBOI'Q OCTPHA, MMOAYUEHHKNE B MHKPOCKONE-NpoeKIope.

BOrO OCTPHH, CHATOro YKasaHHHM cHocoGoM. [lnamerp Kpyika pacCedaHus 84
o8bekTe B ofuoM cayuae 25 A, a B apyroM 2-+4 A: stum v obnaAcHserca Gogb-
HI8A Pe3sHoCTb H30ODAKEHHA B HOUHOM MPOeKTODE.

VInTepecHO NpOKCXOWIACHHE napanlleJbHHX IN0J0COK, NePeCceKaiiuux CcBeT-
ke MeCcTa HOHHOro H306paeHdA. PAacCToAnME MEMIY HUMH 110 NOPAAKY PaBHo

-
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PACCTOAHHID MEXAY aTOMHHMY CIOAMH B KPHCTAI1IHuYeCKOH pelleTke BOabdpama,
N MX NOABJIEHHE CAeAYeT HHTEPHPETHPOBATH KAK «Cj€1WP BHXOIRLIMX HA NOBEPX-
HOCTh aTOMHHIX ILIOCKOCTe# KPHCTananueckodt pewmeTkd. HMoHmuf MHKpocKkon-
IPOEKTOP Aal BO3MOKHOCTb €yBHIEThb> KPHCTAaITHUCCKYW PelIeTKy.

¥ peanyeHde paspemawuielt cnocoGHOCTH HOHHOrO UPOEKTODa MO CPaBHEHHIG
C 3JIEKTPOHHHM OOLACHARTICA, KPOME YXE YINOMAHYTOrO yMeHbLHICHMA CKOPOCTel,
TaK¥Xe # JeM, YTO B HOHHOM MPOCKTOPe MOXHO YBEAHYHTIb YCKOpAoLiee Hanps-
kKenie, He ©00ACh odedb OGOABINOrO PoCTa HNIOTHOCTH TOKA Ha OCTipHe, KpOMe
TOrO, YMEHbLIHRETCR BIAAHME AH(QPakund AeOpoHIeBCKHX BOJAH Ha GCTpuUe, TakK
KaK MOHHBIE BOTHW HMEIOT ropasio MeHbIIYIO IAWHY, YEM 3JeKTpoHHue [J). 4.7,
ra. VI; J1. 49].

2. IMHCCHOHHLIE 3JIeKTPOHHbIE MHKPOCKONBI ¢ AHH3aMH. OXHAM H3 CaMRX
MPOCTHX YCTPOHCTB, UPHMOAHEX AR DOAYYEeHWS H3ofpakeHHA KaTofa, ABIAETCA
HMMEPCHOHHLIH  3ICKTPOHHOONTHYECKHH. OOBEXTHB, COCTOALHA U3 MI0CKOTO
KaToma U ABYX THadpara (prc. 260).
Ecau uanpsiceHue Ha BTOpol AHa-
pparve U/; DONOEKUTENLHO H Be-
OWKO, TO Ja¥e RAPH HeGOIAbUIMX
OTpHNATeNsHHEX HanpskeHusax Uy
Ha [I0BEPXHOCTH CPEXHeH 4acTH
KaToHa SXEKTPHYECKOe none Ov-
A€T YCKODAWIHM H 3IEKTPOHH,
BHXOIAILHE C STOr0 AKTHBHOIO
Y4aCTKa KaroAd, NPOAAYT uepe3d
o6bexTnn, [Ipy Goaemirdx oTpH-
naTedsHuX U TOK 91€KTROHHOTO
IyYKa OKaXeTCa 3ane¢pIbM; BO-
(poC O PEeryJIdpOBaHUN TOKa TO-
CpROCTBOM u3MeHeHHH U, mu
L -y PaccMOTPHM TOAPOOHO B OAHOM

H3 TOCAERYOMHEX naparpados
Puc. 260, Crardeanne 91eKTpOHOB B V3Kul  (cy § 36). ) parpad

nyuok ¥ o6pasopadde H300paMENHs B MMMep- . VIMMepCHOHHBIT  OOGBexTHB,
CHOHHOM OOBLEKTHBE (KaTDI{HOﬁ JIHHSC)‘ HIH KaTOAHA® JHH33, OTAN4Aaetca

OT JAHH3 IpPYTrHX THIIOB TEM, 4TO
B HCM B SHEKTPOHHHR NYUYOK BOBJACKAKTCA M HENapaKCHaIbHbie IZERTPOHH, Tak
KaKk BCe BJEKTPOHHW N0 BHXORe H3 KaToJa HMEWT HebombmHe CKOPOCTH.

Ma ckazanHoro caefyer, 4TO MPOCTAast TEOPWA IHH3, He YUHTHBAOWAA He-
napakcHadbHble 9A€KTPOHHW, B XaHHCM CIyyae HeloCtaTouna H caeiyer o6pa-
THTLCA K PacyeTy Tpaextopdfi IJEKTPOHOB H K 3KCHepHMeHTY. Maydeadwe Tpa-
eKTOpAR NOKa3aNo, dTO BCE INEKTPOHM, B TOM UHCAC H TAHTEHUHAAbHHE, yike
BCKOpE WOCAe BHXOGHA K3 KaroJa OKa3uWBalYICA CTAHYTHMH B TOHKHE IYUKH,
Rapompe NcHcTBHTEe IbHOE W306paseHWe TOuek Kartofa. Uans TakoH nyvwok noka-
3a8 Ha pHc. 260. DaexTPOHH NpPOXoAAT yepe3 cOGHPAIIYID 4ACT: NOAR 00Dbek-
THBA C HEOOMBIIAMM CKOPOCTAMH] HO3ITOMY OfiTHUECKAan CHIA OOheKTMBa BelMKa
H OH MOXeT RaBaTh GoAblIHe YBe.TH4YeHHWA (0 HECKOALKHX COTeH pas). Koneuno,
MPH 3aMeHe NAOCKHX JdadparM npoPuIHPOBZHHEIMH NHappParMaMu uaM NHIHHR-
pamH cBoHCTBZ OODBEKTHRZ B OCHOBHOM COXPAaHATCS,

OnTHYecKHe CBOHCTBA oOBeKTHBA 3aBHCAT OT @, ¢ 4 M 0T OTHONMEHH#
nanpaxenn#t U,/{/s. Ha phc. 261 nokazaHw 33BHCHMCCTR HAamPAXEHMA Ha nepsoi
auadparme UJ;, TpH KOTOPOM Ha 3KpaHe MORBAACTCA pe3koe H30OpaXeHWe KaToNa,
U COOTBETCTBYIOL{Er0 YBEIHYEHHA M ©T paccIOfAHHA @ MEXOY KaTOLOM H NepBoO#
duapparmoft npu Uy =U, =750 ¢ ¥ HeH3MeHHOM PACCTOAHMU MEKAY XATOAOM
H skpaHoM L =940 xx (no nauneiy P, A, CasueHxo), M3 KpHBbX MO¥MN0 HaliTH
QorycHoe paccrosHie. I8 TOHKON .THH3H

q ! I
M=—2~ ——1 —
P’ P+q

-l—b
+g,J
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B naHHOM chywae BCermia > p, fe=-—p, =240 Mm, 128 wr0 f= 240/M.
Hanpumep, npu U, =0, M =100 v a = 0,5 #¥ nonyuaerca f==24 MM,

KpuBbne NOKA3HBAWT, 4T0 HaHMMeHbINHe
3Havenna f # HaubonabuiHe YBeTHUYEHUs NOY-
YalTCA DPH ManplX 3HaUeHMAX 4 M OTpHUA-
TCIbHWX Hanpsxenunax {/, wa nepsoft ama-
Ppparme, PHU3HYECKH ITO BMOIHE IOHATHO.

Yayumenas cBafcTB HMMEPCHOHHOTO 00b-
CKTHBA npAMAcch AO6GHBAaTHCA ONBITHHM Y-
teM. Oxa3anoce, B 9YaCTHOCTH, Y4TO BBCAEHHE
npoPHIUPoBaHHON MepBo NHadbparMn IHAMH-
TeABHO YBCAHUHMBAET BOCHPOHIBOAHMMYK 0JO-
ulaib KaToOAd W YIYYUIaeT KadecTBO H306pa-
WEeHHA,

M3 xpusmx pnc, 261 puayo, 410 Cyme-
CTBYET TaKQe PACCTOAHHE MEWAY KaTozoM H
ueppoft nmapparMoff, pH KOTOPOM pesKoe
n3p6paxkeHHe Ha 9IKpave MNOAydaeTcA OpPH
{/i=10. B namtes npeMepe 3T0 pacCcTOAMME
coctaBanes oHoao 05 wie, B 3tom nonoxe-
HHA NepBaA AHadparMa CoeRuHEHa HAKOPOTKO
€ KaroAOM M CHCTEMa HMeEeT TOThKOo OIHO
paGouee nanpaxkedune {J;. B raxkom apyxno-
AOCHOM (X0TA W TPEXIACKTPOAHOM) OOheK-
TuBe 0pn mo6om s otdomenne U fU.=0
H uameHeHHe Uy He MERAET 3IeKTPOHHBE TPAaeK=
TOpUM ecal coxpaHsercs yciacswe U, <€ Us.
[Ipy wameHennu {; B ABYXUORIOCHOM O0BEK-
THUBe TPACKTOPHH INCKTPOHOB, a 3Havur, do-
KyCHOE pacCTOAHMe, NOJOXeHHe M pa3Meph
n300paNeHns He MeHAIICA.

KCNepHMeHTaapHo Obilo HaltneHo, uTO
MOXHO BooOliEe OTKa3aTnhCa OT Nepeoi AHa-
pparmn, Porb KOTOPOH B ABYXNOTIOCHOHR CH~
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Puc. 261, 3aBHCHMOCTE Hanpske-
HuA Ha nepsoli aMadparme U, n
yBeIHueHua M OT paccTOSHHA OT
Katoaa ae nepBol Avadparmur
g npa nocroasux /s ¥ paccroa-
HHH Mo 9xpaHa L mia npocroro
HMMEePCHOHHOTO OGheKTNBA.

CTeMe COCTONT B TOM, YTOOW HNPHIaTh 3KBHNOTEHNHAJBMHM JTHHHAM BOAH3Y
katoaa n3orgaytyw Gopmy. IlpuiaBas Katony BOTHYTYR CPepddecKyld HIH KOHY-
coobpasnyio Gopmy, MOXHO ROCTHYL TOH e neadw (puc. 262), Ilpemmymecrsom
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Puc. 262. PopMa 3xaMIIOTEHUMAIBHNX TNOBEPXHOCTEH Upy Bo-

THYTOM Hatoge,

II0IYYEeHHOH TaKMM NyTeM JABYXMOJAKCHOH H ABYX3REKTPOAHOR KaTOIAHOR NHHIW
GyaeT NOUTH NOJHAA HEYYBCTBHIENBHOCTE K KOJEGAHHAM NHTAOM{Er0 HANPAXKEHHS,
4 HCJOCTATKOM — HEBOIMOKHOCTDL §€3 CMEMIEHHR SIeKTPONOB OLHUM HIMEHEHHEM
HanpaxkeHHA A0OHTILCA (POKYCHPOBKH H H3MEHEHHA NOAOKEeRHA H306paxeHus).
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YeTpoil¢TB0, COCTOAICE H3 HWMMEPCHORHOTo OOBEKTHBA M 3IKPaHa, MOXHO
HA3BaTh ISMMUCHOHHLIM SIeXTPOHHHM MHKPOCKONOM, TaK KaK OHO NJa€T CHAbLHO
yBeIHUEHHOe H3o0paxenne HeOOIbMIOrO yuacTKa KaTona.

BeluucIdM BEaHuMHY paspeimnaeMoro paccrosinua b, Jlna BHYHACIEHRA b Gygem
B NOpANKe YNPOUIEHHA 3a]aud CUMTalh, YTO 3JICKTPOHH, NPofla CHavana HEKATO-
puwi DYTL B YCKOPAIOMIEM OJHOPOJHOM MGJE, 34TeM NoNaldiT B HACATLHYIO, T, €.
IvienHYI abGeppaundt, onizy. [lIA KaTofla, NOBEPXHOCTH KOTOPOro MMeeT HeGOAb-
IUYI0 KPUBU3HY, 3TC JaeT xopomee npubimxenne, Bcaeacrane pasdpoca Havanb-
HHX CKOPOCTeH IO BEJIHYHHEe H HaNPABIeHHI0 IALKTPOHM, BHLISAIUHE H3 OXHOH
TOUKH KaToZa, BOHAYT B JHH3Y TO HaNpaBAC€HUAM, He NepeCeKalINHMCs B O0IHON
TOYKRe. VIHHME CJI0BAaME, 3JeKTPOHHbe IVUH, BXONAUIAE B AHH3Y, He OYIYT Ka-
3aThCA HWCXOAALINMY M3 TOYEYHHWX HUCTOYHHMKO3 BCIEJCTBHE XPOMaTHYeCKON abep-
panuau.

£z, T
Jlj i A

/
u,(
8’ g .
4 z
C’ /UJM N
0, Z,
(0racme
lebepxyocmy 08Hgpodnneo 7 Slunaa
xkamody nOA7
B
[
F
Z

Sunso

Puc, 263. K BuiUMCIEHHIO pa3peliaeMore pacCTOAHHA HMMep-
CHOHHOIO OOBEKTHBA.

Hyxno, caenoBateanHo, Hality, KaKOMY HCTOYHHKY 3JEKTPOHHHX Jay4ell B
CMbICAEe TeoOMeTpPHUYECKOH ONTHKH 3KBHBAJEHTHA TOYKa Ha OOBCDPXHOCTH Karoja,
HCIYCKAEIOmaa 3IeKTPoHH.

Ho BXOMCIEHHWA 8 JIHH3Y 3ICKTPOHH OyAYT onucwsaTh napaboan (puc, 263, a).

TasreHnuanbHpie 2TeKTPOHE CO CKAPOCTHIO BHIETA Uy = ]/Q'qU,;, BHXOXALIME W3
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TcukH (J, OyayT AQBHraThCH no napaGoae J, ypaBHeHue KoTopol{ MMeeT BHRL (§ 2)

20, .14 4117
2. K _— K — K 33,17
X* = T-;———EK = Ex L= Ua Z, ( )

rne {J; —danpaxenne B nnockocty AA. [lycrn napafoia ! nepecckaer nno-
ckocte AA B Toure B, a kacaTeanHan & mapaboie B TOWKe B Nepecexaer ee
och B Toyke B',

D1eKTponbl, BHIETeBWHE ¢ TOH Xe CKOPOCTBIO ¥y MO YLIOM § K NOTI0 H3
TOR e TouxM O, omunyT uapabony 2, eepuHsa KOTOpOI GeXHT B Touke Q.
Harumem ypaBHeHMe napaboasl 2, OTHECCHHOE K GCAM Xy, Z;. 14X K3K OIHOPOI-
HOoe YCKopsawulee Node F — E, naupasicHo BROIbL OCH 2, TO 11PH IBHKEHHH MO
napabore 2 crarawoimas CKOPOCTH MO OCH X HC MeHsercs M B TOuke (), 31eKT-
POHY HAOO WPHNMCATh TY Xeé CKOPOCTb Dy, KOTOPYIC OH HMeeT B Touke (), T. e.
v, =ty sinf. CnenosatefbHo, ypaBHeHue napaboin 2, OTHECCHHOE K OCAM Xy, 2,
6yner (cm. § 2)

X%=%D—'E‘TSE-S~E 1_—_"_*I'TK_ES-"“sig . (33.18)
HakxoH xacatenpHoil B touke O NpH X, — b onpeleInIcs U3 VPaBHEHUA
(%‘ 1 Xy b 1 cosp
.;?'-*‘1).r;=b——l 2{UE) sin® 3 ]\, —p 20 sin®p tgd ~ sing’
OTKYyAd '
b= %\ sin (29). (33.19)

ITpr B=45" b nocTHraer MakcuMyma

U {
b ==y, 33.20
max E Ua ( )
Haveptum Tenepb Kak napaboiy ¢ f==445° T1ak u mnapafoay ¢ g =—45

(puc. 263, 6, setBa napaGoa 2 u 3). Kacateabnue k HiM B Towkax C w [ onpe-
neasr Touku C' B D', acwamue B naoCKOCTH, MPOXo;AmMeH uepe3d touky B', Ba
paccToauuM 2bmax ApYr or apyra. [las BCAKOro APYroro ¥Yraa BwIeTd Kacaredb-
Has K napaboie B MecTe BXOXICHuA HICKTPOHA B JIMH3Y nepecevet aunuw O'B'C
mexay Toukamu C' w D',

MNaockocTh uepTCXKA — 9TO MEPHIHAHHAA RIOCKOCTh CHCTEMH, H B NPOCTPaH-
c1ee anHud O'D' cooTBeTcTBYeT KpyWok zpaMeTpoM C'D' = 2bmax.

Ecan opunsate C'D' 32 uctowHuk ayueil, samessowmuit Touky (), TO, Kak
BUIIHO M3 DHC. 263, 6, 3TOT HCTOYHHK QNaeT CXOJAWHACA NUYYOK ayyel, KOTODHA
ACHAETCH PACXOAHIIMUMCA TOTBKO CHpPaBa OT kpywka MN. 3Hauur, 33 HCTOUHHK
OpPAMOJIHHEHHNX Aydel B CMHICIE TEOMETPHYECKOH ONTHKH HalQ NPHHATH KPYy-
#oxk MN, nHamerp x0oTOPOro, Kak MOMXHO NMOKa3aTe, NPHOIA3HTEALHO BIBOE MEHb-
me C'D' = 2bmax. Hpunumas ondarb, yro HauMenbilce paspellaeMoe paccTosHAe
pPaBHG AMAMeTPy KPYXKa b, 114 35CKTPOHOB € SKBHBAIEHTHRIM HanpaAxcHuem U
MOAYYHM:

U Uy

32 — —'-{:—- ( N
bmax an E - (33.21a3)

YunThiBAA MHNPHHY CcIeKIpa ckopocred, nago Uy B (33.21a) 3ameHwTh CpPEAHHM

3HavenueM (/.. KpoMe Toro, TeopHA noOKassiBaer, YTU MIOCKOCTE HaHOOABINETO
CYMEHHA Ny4ka Ayyef, NPOWIENINAX uepe3 RNHH3Y, rie H3COPAKEHHE MOIyYae1Ca
#anbo:ee PesKEM BCAENCTBHE HEONHHAKOBOCTH HAYaTbHLIX CKOPOCTel 3MeKTpo-
HOB, RIEXHWT HECKOIbKO C337H TayCcCoBON MIOCKOCTH (NJOCKUCTH H300paMeHHA B
N3PEKCHAIbHKY TY4aX),
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Yuer pcex 3Tux OBCTOATEIbCTE MO3BOARET [IDHATH K BuBoay [J1.4.10), uato
PACCTOAHHS, MEHBUIHE YeM

Uy
E
rae U, — No-NipekHeNy HalnpsiieHle BWICTAa 3AEKTPOHOB ¢ Hauboree BepOATHORN

CKOPOCTbIO, OCTAIOTCA HepadpewenHuMi, $opmyaa (33.216) jaer sepxuuii npegea
paapeniaeMoro PacCTOARUA, H He HCKJIDYCHRO, 4TO B3 ONBITa MOrYr OWThL NOJY-

(33.216)

ﬁmax — 4

2
4 3
\
~4
/ a}
é 208
—_—
2xl

7 cm 6

Puc. 264, IMUCCUOHHBIE 3IEKTPOHHHE MHUKPOCKONH B 32MadH-
HBLIX CTEKIAHHNX KOI04x.
@ — MACHUTRO-3JekTpHdecknl 112 NccaeToBadird GoTOKATOXOR (f — MarHuTHIR
AWH3A, 2 — HCTOMHHK c¢BeTd, 3— NPOBOANUICE NOKPLITHE, ¥-— 8Kpan);

0 — xom6uumposausld (A — anoa, A — K210k, [ — WeXaHHAN CMRIIeHHE KaT)La,
2—5— aneKTPodk! 31EKTPOCTATHYECKHA AMHS, 6 M 7 — MarHMTHBIE THHIB).

YenW MeHbliMe 3navenus d, C apyro#t cropokn, npH Busome opuynm (33.21)
6LTO NPHHATO, 94TO AHH3A He HMeeT abeppanvii W B PeaibHOM MHKPOCKONE Hau-
MeHblice pa3pemaenoe pacCTOAHME MOXeT OuThb B §oabite ¥max, BHMHCNEHHOH
no ¢opuyire (33.216)
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§ 33}
Noscrapasna B (33.216) U, 43 dopuyx (33.13) u (33.14), noay4nm:
kT
(Pmaxhs =4z, (33.22)
(‘amﬂi)aa =4 C;—lm - (33_)3)
" ¥

Jan boTo3reKTPOHHKWX KATONOB BepxHUll npeaea
paspeulaeNoro paccToOAHNE

44
rie Umax = 2 E Pmax H Umax — MAKCHUMAlb-

Han CKOPOCTb POTOIMEKTPOHOB, KOTOPYI® MOMXKHO
HafiTH H3 3akoHa JiHmrTerna (§ 15)

ke MU} ,
frv =—?L— = —;131 + sy (33_)4)
Hpvrue aleppaunn (aleppanun KOCHLIX VY-
KOB, ciepuyeckas abeppanus) B IMHCCHOHHOM
31€KTPOHOM MHKPOCKONE, Ie OOBEKTOM CIVIKHT
YUaCTOK, He TIPEBOCXONRAMUA HECKOILKHX A CATHIX
MHIJIEMETPA B NONEPEYHHKE, He HrPpawT Goapwoi
POIH, H paspenlaeMoe PpacCTOsAHHE HA TIPAKTHKC
ONpeleTsneICA PACCYATAHHONR BoLlIe XpoOMaTHue-
Ccxo#i aGeppalineil.

[logcynTaem more ¥y Katola, Nps KOTODOM
Paspealnias CHIA 3IMHCCHOHHOIG MHKPOCKOMA
He yCTymaeT paspeuiaioiied CHIe XOpoWero cse-
TOBOTO MHKDOCKONA, PABHOH NpHMEpHO 473, T. e,
okoae 2000 A npm paGoTe ¢ GeabiM CBETOM. flpu
T=1160°K masa okcunuoro itepMokaroga k7=s
~=0,l 36, H ecan d;,=2000 A, To no cdopmyie
(33.22) noayunrca E = 10* s/cae. Jan dportoka-
Toga npu A=10000A u &, =072 38 Unax==
==0,5 6 ¥ npn E= 10! a'cu no popuyae (33.24)
HaltxeM b4, = 20000 A, Ocpeulende cReToM 60ab-
meR waCTOTH Maet emie 6OIbHIHE 3HAYCHHA by,
TaK YTO JAA MONYUYEHHA <CBepXCBETOBOH» paspe-
uameR cuinl Halo 6path GoXee BuCOKWE Hamps-
weHnA, Hanpawenune £ B UMOYJIbCHOM pexuMe,
KOrla OMacCHOCTh BhICOKOBOARTHOTO 11PGOOA MERb-
e, YAAETCA HOBOAMTL Ho J0° 8/ca.

«CRepXcreTOBAfl> paspeiaminan cHia Owiia,
OOHaKO, NOCTHFHYTA TOAbLKO B HelaBHee BPeMA.
[lepBHe SMHCCHOHHEE MUKPOCKONK, NOABHERIIHECH
B 1933—1934 IT., N03BOIHIN NOJYYHTH PAJ HHTE-
PECHHX Pe3yabTaToB B 00IaCTH WCCIENOBAHHA
KAaToNGB, XOTS HMX YBEIHUEHHE HE IIPEBHIN2:10
HeCKOABKHX COTeH, & HHOILA M HECATKOB pas.

Kak y®e Obl10 OTMeYeHO, HMMEDCHOHHLIH
o6bekTHB Ge3a npaAMeHeHHa HRIbHEANIEro Jrex-
TPOHHOONTHYECKOTO YBEIHUYEHHA MOKET ViKe
XaBaTh 3HAYHTLILHOE YBEIHHEeHHE, HO YaoGuee

A -
e o

Puc, 265. Pa3pe3 KOIOHHH
SMHCCHOHHOrO  MMKPOCKONa
29M-75.

I—katon; 2—dorycupynini saeu-
Tpo1; 3 — aHod; 4 — MeXanHu3W ropu-
SOHTAARHOIC UEPeMENIeHHE O0LenTa;
J— MexaHH3M WAMEHEHHA PACCTOANU R
Mexpy o0bekToM H DOKYCHPY IO M
aIeKTpoAoM; 6— MaruHTHa® npoek-
UHOHHAR JauH3E; 7 — doTokasepa.

NIpHMCHEATE  AONQAHATC.IbHOC }'BQH}I'{EHHE ¢ 0OMOILbI0 IPOEKLHOHHOIH ﬂﬂHﬂbl.
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JAeKTpodn J1a00paTopHaX MOoIedeH 3IMHCCHOHHWX MHKPOCKOIIOB Pa3MellanIca
B CrexkJsAHoM OarnoHe, Ha pwe. 264 gamn cXeMaTHYeCcKHE UepTekH JBYX
nafopaTopENY MHXDPOCKonoR: mnpocrefimiero MBxpockoma H, [ Cymkana naa
HCcIe10BaNa QoTokatoaos {puc. 264, a) ¥ HOMOMHAPOBZHHOIC MHKPOCKONA,
COCTOAMETO H3 MMMEDPCHOHHOTO OGBEKTHBA W IBYX MACHUTHRIX akH3 (puc. 264, 6),

B nocneauye rojul SMHCCHOHHEIE MHKPOCKOTH CTATH OPUMEHATHCA He TOIb-
KO JLIA KCCAeNOBAHHA KAaTOAOB, HO H LI HCCAeJOBAHMA MHMKPOCTPYKTY[H METAal-
10B. B 3TOM CIyvae HCOOAL3YIOT TO 0BCTOATICIBCTBO, YTO PA3AHYHEE MDAHH HPHCTa-
J0B HMEWT Pa3HYw paGoTy BLXOIad M 110-PABHOMY aACOPOHPYIOT ATOMH TIOKPHITHA.
K smukpockonam IM-100 n ¥2IM-100 pa3paboradl CnenuaibHule <3IMACCHOHHHE
rOI0BKH», KOTOPLE MOXHO CTaBHTh HAa MCCTO OCBETHTEILHOR 4acTM M CTO-
ABKa o0BeKTa, NPEeBpAallafl TeM CAMHM STW NPHOOPH B SMHCCHOHHHE MHKPOCKOMBL,
Kpome TOro, nocTpoed H CnenManibHol# IMHUCCHOHHBIR 3JeKTPOMAWH MHKpPOCKOIL
DIM-15 (puc. 265) ¢ naMMeHbIIMM Pa3pellaiuM paccroddreM jao 500 A, yvao6-
Holfl JLI8 HCCIeJOBSHHA TEPMOIIEKTPOHHOR M BTOPHYHOIICKTPOHHOH SMHCCHH,
Doavlgo#i Matepual 10 TPHMEHEHHI0 3MHCCHOHBMX MHUKPOCKONOB MOMHO HafTH
8 [/ 47 n Ji. 4.10}

JIMUCCHOHHBI MHKDOCKCN, He HYXKAAIONMACA B KaToJde CHEUUATbHON HopMm,
yRo0HEee MHKPOCKONA IIPOEKTODA IIPH HCCAECHO0BAHHAL TEPMO3ICKTPOHHbX H dioTo-
9ICKTPOHHRX KATOIOB M BTOPHYHOIIEKTPOHHBWX 3MHTTCpoB. HO B mpoexrope
ropasio aerde noryyarh GOaAbIHE HANPSKEHHOCTH 1018 HA NOBEPXHOCTH KATOMA,
H Laa pa6oT ¢ aBTOINCKTPOHHWIMHM KATOMAMH NPEHMYUECTBO OCTACICA HA CTOPO-
He MpOeKTOpa.

§ 34. daexTpoBakyymibie $oTO3NEMEeHTH H (OTO3NEKTPORHbIE
YMHOKHTENN

BricOKOBaKyyMHbBIE AEOA ¢ (OTOIIEKTPOHHBM KAarO/A0M Ha3HBaeTCH
hOTO3AEMENTOM 3INEKTPOHHOrO paspsaa. ECIW B AWo4 BBEJEH ras W MApH-
MEHACTCH TasoBoe ycuaenue (oToToKd (§ 27), To Tako# AKOA HA3WBAWT
OTO3IEMEHTOM TEMHOrO paspaia ¥),

B mnacroswem mnaparpage ¢GoTO2NEMEHTH INEKTPOHHOTO H TEMHOFO
paspana OyAYT Ha3HBaTbCA MPOCTO (OTO3/JAEMEHTaMH (BaKYYMHHMH HAW
COOTBETCTBEHHO Ta30HaNOJHEHHHMH), TaK Kak O (OTO03MeMEHTaX APYrux
THNORB 31€Ch peyy He OyIeT.

1. YcrpoficTeo, BHEHIHKI BUA B BOABLT-3MIIEPHBIE XAPAKTEPHCTHKY
dorosnemenToB. Haubosce 4aCTO BCTPEYAIOUIMMCA THIOM (POTOS/EMENTA,
K KOTOpOMY NDHHAZACKHT OOJBIUMHCTBO NPOMWULIEHBERX TNprOOpOB,
ABASETCA (POTOSAEMEHT € UEHTPaAbHHM aHOdOM. B ¢oTosrementax 3TOH
KOHCTDYKUHH 2HOIOM CAYXHT [IPOBOAOYHAA METAs uid HeGoabpllas naa-
CTHEHKA, pacrnoJokeHdas nocepedune Gamnoxa npubopa. POTOKATOR HaHo-
CUTCH MOBEPX META/IUYECKOH NOAJOKKY Ha Crexjao 6anaoHa, 4acrb No-
BEDXHOCTH KOTOPOro OCTacTCA HEMOKPHTOH H 00pasyer OKHO JJs
nponyckanns cseta. OKHO MHOrAa M3rOTOBAAETCA U3 MaTepHata, mpo3pad-
HOTQ AAs ONPEREICHHOH HacTy CNEKTPa; Hanpumep, B POTOIAEMEHTax Aad
yAbTPadHOJETOROIY CBETa OKHO ASJNAT U3 YBHOAEBOro cTekjJa. B ¢oro-

*) Hassanua, npeliowenHre KoMRIETOM TeXHHYECKOH TEPMHHOIOTHR
AH CCCP. Yacro upHMeHsI0T Ha3BaHHe¢ «QOTO31eMEHTH (BaKYYMHHE W radoHa-
{IQHEHHbI€}, OCHOBAHHHE Ha BHemHeM (oToadeKIes.
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37€MEHTE C UEHTPaJbHHM aHOLOM KAaTOR #MeeT O0aABHIYI0 MOBEPXHOCTh
¥ aHod ero noutn He szakpuiBaer. Ha puc. 266, g unsofpawxen B Kave-
ctee npumepa ¢otosaement Ttuna ILI-1 (KHCAOpOAHO-ue3HEBHE, ra3o-
nanoasdeHuwsi). JIpyrue (OTOIJCMEHTH, H3rOTOBAREMHE OTEUECTBEHHOH
npomeimaeriocteio (LU-3, Hl-4, CUB-3 » 1. 1), oTauyaorcs OT Hero
B KOHCTDYKTHBHOM OTHOWIEHUM TOJBKO Da3MepaMd 4 [GKOJSBKOH.

Bod aroda

D aHOE

Caog memanng

Bod ramgdz

5)

Prc. 266. OcHoBHBIE KOHCTpYKuMst GOTO3.1€MEHTOB.

a--L-1 (apumep QOTOSMEMEHTA € USHTDRILELIN AHOLOM): & —POTODIEMEHT C UeH-
TpadbBhiM KaTOEow. B pacwupenmr D ppouasojurce ofpaloTEa doToraTola, mocke
4ero OH NEpeMemaeTcd B RojoKense AL

B ¢orosnemenTe ¢ IeHTpaAbHEIM KaToA0M HEGOALILOH nO pa3MepaM
Katod HaxOAUTCA B HeHTpe GajjIoH3, METAANHYECKOE MOKPHITHE KOTOPOro
CIYKHT aHONOM (poTodnementa (puc. 266, 6). Ceer nonagaeT Ha Kartoad
yepes HEeGOAbLLIOE OKHO B GOKPHTHH. Katoa uMeeT HeGOAbyio NA0ILAAb,
U 3TU (DOTO3/NIEMECHTH HMMEIOT HU3KYH0 uUYyBCTBUTENbHOCTb. [I03TOMY B npo-
MELLICHHHX (OTOPACMENTAX 3Ta KOHCTpykuus He npameHsercd. Ho, kax
3TO JErKo YBHIAETh, (POTOSJEMEHT C HEHTPANLHLIM KAaTONOM TWPEACTAB-
aser coGoll roroemit npubop AAn HCCASNOBAHHR PacnpeleNieHds CKopo-
cred hoTOSNEKTPOHOB METOAOM TOpMO3sauero noaa (cM. § 19) u wacro
HCHOAL3YETCH MNPH HCCASAOBAHUAX (OTOKATOZOB,
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Ans cneumanbHEX uenefi H3TOTOBAAOTCS (POTOBNEMEHTH ¢ ApyroH
dopmoft 31€KTPOAOB: MAOCKOH, TOopouzanbHoH B T. . OAHAKO NPUHIH-

ki 2
. !
- 2 *—1
%8
# Fl
_/ I
1
Yoom=-Ux i ?
H_“i% “U;u—_"'! dam

Puc. 267. BoabT-amnepHunie XapakTePHCTHKH
(OTOI7EMENTOB TIPH NOCTOSHHOM CBETOBOM
NoTORE,

{1 —paTo3aenesT ¢ UeRTpaabitin KaTodom; 2— doTod e
MENT C ueurpa.u.ublu AH00M,

NHANLHLIX pPa3auyHit MexXLy
HHAMH ¥ OIIMCAHHBIMH BHLUE JIBY -
M KOHCTDYKUMAMHK HeT, o
NMOApPOOHG Ha HHX MB OCTa-
HasJIdBaTbes e Oynem. (Ceox-
KY JaHHHX 10 GOTORIEMEHTAM
CTENHANBHLIX KOHCTPYKuMH
em. [J1. 2.16, ra. [X]).) Teo-
pHs BOABT-AMIIEPHOH Xapak-
TePUCTUKH  (POTO3NEMEHTZ C
USHTPAALHHM KaToia0M Oblaa
yaxe pazobpaHa Bsuue (4. i,
§ 19); Tunwnynas ¢opma xa-
PaKTEPUCTUKE BOCTIPOK3BEAEL-
Ha eille pas Ha pHc. 267 (xpn-
Bag f). Ee ocoGeHHOCTRIO fB-

JAETCA  HH3KOL HanpaXCHHE

HAaCHLOICHAR, D3BHOE [0 BEJIMYHHE KOMTAKTHON PasHOCTH NOTEHIINAMOB
KaToxa # aHona. Boapr-amnepnas xapakrepucTeka BakyyMHoro $otose-
MEHTA C HEHTPAAbHHM 2HOAOM uMeeT BMA Kpusod 2. Hacmimenune moxer

OHITE NOCTATHYTO TOJLKO NPH
U, >0, T2k kak noje s6auau
KaTo#md Malo M SIEKTPOHH,
BHIIETEBLIME HE B DAJMAJNbHLIX
HaNpaBJAEHUAX, MOIFYT BO3Bpa-
IAaThCA Ha JADYrue y4acTKH
Katoaa, Tak 4TO Tpebyercs
BOBOJALHO 3HayuTesnbHoOE (ne-
CATKW BOJBT) aHOILHOE Halps-
wedue, YTo6u cobpaTh Ha aHOA
BCE SMHTTHPOBAHHNE 3MIEKT-
possi. BeanudHy sanpsxenus
HACHIMEHUA MOXHO OUEHHTH
ANS CAyyas CHEepPHICCKHX 3AEK-
poAoB. PaccMOTpuM anekTpo-
HH, BRIXOAAN(NE H3 TOUKH S
C HayaJdbHHMH CKOPOCTAMY, Ae-
KAMUME B TAOCKOCTA  uep-

TEHA, NPOXOMAIICH  9€PE3  Puc. 268. K BHUKCIEHMX HANDPAKEHHA HACH-
LUCHTD 9AEKTPOAHOH CHCTEMRt  UICHHA GOoTo2AE6MeHTA C NEHTPATbHBIM AHOJOM,

(puc. 268). TpaekTopuu 3TUX

9NEKTPOHOB— MJOCKHE KpHenie. Tak Kak CHNMAa pafHaabHa, TO MOMEHT KOJH:
4ECTBA ABHKEHAL INEKTPOHA OTHOCHTENBEO OCHM, RPOXOIAnled yepes ueHTp,
OCT3ETCA NOCTOAHHHM. BBOJAR MNOJApHHE KOOPAMHATH f, @, [0AYYAM AJs
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$1EKTPOHA, BHIWEAEro U3 Karola noa yraoM 6 K pauuycy:

rio=r o, sin 0=r, )/ 230, sinb. (34.1)

ILas 3A€KTPOHZ, KOTOPHH Kak pas KaCaeTcs aHoda, B TOYKE KacaHHa
OyaeM HMETh:

re=ry;; o= 1/2——————-“{'2‘4-0“" & =6,

[] r2 ¥

rae U, Kak n padbwie (§ 1), — «HanpaKeHUC BHJIETa» 3/EKTPOHOB W3
karoaa. Ma (34.1) noayuum:

rev sinbg=r, VU, sinb,=r,V 29U, -+ 0),

OTKYa

: ___"a Uy

sin 8, = e ]/1 —i—UK, . (34.2)
Bce snextponst, BHxojsume us S B mnpexenax yrna 20, mnonasaior na
aHOMA, a OCTaJbHLIE BO3BPAWAKTCA X katoay. ITpw yseanuenun U, yroa
6, yBemuuuBaercs v npn 8, = 90° aocruraercs Tox nacwiuenus. U3 (34.2)
AAS HANPSKEHMS HACHLIEHHA NMONYUYAETCH:

UH&C,_ rK :
=) 1. (34.3)
ILas moBoH NAOCKOCTH, NMPOXORAULEN Yepe3 HEeHTP CHCTEMH 3ASKTPOIOB,
OAYUHTCA Ta e camas ¢opMy.aa (34.3), Kotopaa, Takum obpa3om, maer
HAOPAKEHHE HACHILEHHS 4 BCcero (orosneMeHra. Hanpewep, npm
rfra=171 u U =1 ¢ natnem U, =48 8 —Beauunsy, npasuibHylO
MG TMOPRIKY, XOTH, KOHEYHO, HEJb3A OWHAATh, YTO pacyer, CAENAHHBIH
Ans CepHYECKHAX 9ACKTPOAORB, 1aCT TOYHWE KO/JAHYECTBEHHHE pE3Yilb-
TaTh IAA pPEaNbBHBX POTOIJEMEHTOBR.

- TUNHYHBIE BOABT-AMNEPHBIE XAPAKTEPHCTUKH BAKYYMHBIX H Ta3OHa-
NOAHEHHEIX (POTOINEMEHTOB, HIMEPEHHME NPU PA3HHIX CBETOBRIX ITOTOKAX,
uiobpaxeHsl Ha puc. 269. YyacToK HaCHUIEHHS XapPAKTEPHCTHKH BAKYYM-
HOTO OTOINEMEHTE, KOTOPOE NOCTHUraercs o6uuno npu {/, =50 -+ 60 a,
CAYXHT padoymm y4acTKOM; €MY COOTBETCTByeT Au(pepeHiinanLHOe BHyT-

qU
PEHHES COUPOTHBICHHE RBm:(Tﬁi) NOpSAKa COTEH METOM.
- a

Teopua rasoBOro ycmACHUA H BUA X3PAKTEPHCTAK rasOHANONAHEHHOro
doTosaemedTa Oblau yxe paccMoTpen B 4. 1 § 27, ra 3. Hanoauenne
razoM o0WYHO YBEAHUHBACT YYBCTBUTEJILHOCTb (POTO3IJNEMEHTOB C UEHT-
pPafbLHRM ZHOAOM B NATL, ¢amoe foabiluee, B HECITh pa3, H TOABKO MpH
oueitb cnalhrX CBETOBWX IMOTOKAX, paboTan BOAHM3H HANPAKCHUA 32XUra-
H{sl, MOXHO 0OAyyuTh Yycuaenwe B 50—60 pas, Tagoeoe ycuaeune B
¢dotoanementax LT npu paGoueM Hampsxenunn agocruraer 7—8.

POTOINEMEHTH HAMOJHAIOT HHEPTHbIMM razaMa (Gonbluel  wactoio
aprodomM). YloHH MHEpPTHBIX Fa308, MONAAZA HA KATOZ, Aa%e NpA HeGOAbIUKX
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HANPAXKCHHRX BR3KEAWNT ATOPDHYHYIQ SMHCCHIO, K'DOMQ TOro, B o0neme
NPOMCXOAHT HE TOJABKO HWOHH3ALKWA, HO #A BOSGY)K,H.EHHC CBEUYCHHA
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Puc. 269. Boasr-amnepune XapakTepuCTHKH (oTo-
9NEMEHTA BaKYyMHOTO (@) H ra3oHarnoiHeHHOro THNa

nr (6).

ra3a. Wanyyenue paspsama, nafas Ha KaToA, TAKXKE BHIHBACT JOTOJHA-
TEAbHYIO aMmiccawo. (O0a 3TH npouecca ycHAHBAOT TOK uepes $oTo3sae-
MEHT, HO He HapylaiT ero paboTH, TaKk Kak OH# 008 KOHTPOJUPYTCA
NOTOKOM MNEPBHYANX (OTO3AEMEHIOB H, SHAYUT, B KOHCYHOM (CHETE (BE-
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TOM, MajarWwuM Ha Karod. (CseTosol NMOTOK NEPECTaeT YNPABMAATh TOKOM
TOJABKO TOrJa, KOrza paspaa TPH DOBHIICHUHA HANPAKECHHA ACNAETCH
cavocTosTeabsnM. Tlo3TOMY HeAb3s LONYCKAaTh BO3HUKHOBEHHA CaMOCTOf-
TEJIBHOr0 paspasa B rasoHanosseHHoM dorosaemente, 1eM foaee, 41O
npu aToM Karold, OomM0apaWpyeMuil CHABHEIM NOTOKOM ORICIPHIX HOHOB,
IIQABEPraeTCd ONACHOCTH paspymenus. Hanpaaenne aauraHua camocron-
TEALHOr0 paspaia ABIMETCA OAHUM H3 TAPAMETPOB (A30HAMOJIHEHHOrO
toTosaemenTa. [aa orteuectseHHax dorosaeMeHtor Téna LI oHo nexwut
g npenenax 300—350 ¢ B HECKONLKO YMEHLIIAETCA NPH  OCBELIEHKH.
Ouensnnno, pafouee HanpsKende AOMKHO OHIb 3HAYUTEILHO MEHbILE
HanpAXKEHuA 3axHranug. Jaa ¢orosrementos LT HoOMuHazAbHOE pabouee
HanpaxeHne pasHO 240 g, HO Anas obecneyeHus CTa0WABHOCTH NPELNoO-
ytuteanHo paGortars npu 200—220 8, BHyTpeHHee CONpOTHBAEHHE raso-
HAIOJHEHHHX (POTO3AEMEHTOB — BEAMYMHE OpPAJKA AECHTKOB MEroMm.

YKaxem noOnyTHO Ha OfHY OCOGEHHOCTL BOJABLT-aMNEpPHOH XapaKTe-
PUCTHKH Fa30HANOJHEHHbIX ¢oTo3eMenToB, [Ipy  He6OJLIUMX  AHOAHHX
HANPHKEHUEX OH2 MAET HUKE XAPAKTEPHCTHKH BIAKYYMHOIO (OTO3AEMEH-
T4, HMEIOILEro TakoH e Karol. IJT0 OOVLACHAETCA TEM, YTO NP HHUSKHX
[ANPAAXEHUIX, KOTAld HMOHHSALMHU 3INEKTPOHAMH HET M YCHIEHHE OTCYT-
CTBYET, S3JCKTPOHH KCOHTHBAT YNPYTHE COYINapeHHs C MOJCKYnaMmi,
Omarogaps KOTOpHM HX JABHKEHHE TEPACT HAIpPaBAEHHOCTb, TaK 410 BOJH-
31 K4TOAd OKas3LlBAeTCH 3JEKTPOBHH Tad ¢ pacnpeZencHHEM CKOpPOCTed,
OAM3KHM K MaKCBRAMOBCKOMY, M 4acThk SAEKTPOHOB BO3BPAILAETCA Ha
KaTOd. JDTOro HeT B BAKYYMHOM (OTO3NEMEHTE, B KOTOPOM BCE SMHTTH-
POBAHHEIE 3ACKIPOHL B DEXUME HACHILEHHA YXOLAT Ha aHOJ.

2. XapakTepuCTHKH H mapameTpnl (DOTO3NeMEHTOB. KpOME BOJLT-
aMNEPHOK XapaKTePHCTHKH, BHYTPEHHETQ COMPOTHRJICHHA [MPH pabouMx
HaNPAKEHHAX, HANDAKEHUS HACHUeHHA (LA BaKYYMHOro (POTO3JEMEHTA)
H HANPAKEHHA 3aKWAraHua (A9 ra3oHANOJIHEHHOTO (OTOJIEMENTE), [PH
HCNO/Ab30BAHUH (POTOSNEMEHTOB B TEXHHYECKOH annmapatype W Hay4YHBX
HCCACAOBAHHAX NPHXOANTCH NOJAL30OBATHCA €IUE HEKOTOPHIMH  APYTHMH
XapakTepucTHraMn ¥ napaMetpamu. VI3 nux BawueRumMn asasiorca RIUH-
HOBOJHOBAs TPaHKUa W CNEKTpaabHad XapakTepucTuka ¢oOTOIJIEMEHTA.
CnekrtpansHas xapakTepuctaka QorosnemMenta GanN3Ka K COOTBETCTBYIO-
Iefi XapaKTepucTHKe ero KaToda, OT KOTOpOoH OHA OTJMYAeTCA TOJABKO
H3-32 NOTJIONICHHA CBETAa B MATEPHAAC OKHa. Ecan OKHO cTeKmdaHHoe, TO
5Ta NOMNPaBKa B OCHOBHOM CBOAUTCA K TOCr/JOUICHHID YALTPadHOIETOBOH
YaCcTH, a B BuOuMOK M HHOPAKPACHOR YaCTAX MOXKHO TMO/ib30BAThCS
CIEKTPaAbHBIMA XapaKTEPACTHKaMK doToxaTomos. M3 ckasannoro cneayer,
4TO TIPH HCNOML3OBAHMK (POTOSJAEMEHTA HYKHO NMPEXIE BCETO 3HATH IPH-
pOAY KATOAZ, YTO M HAXOAUT CBOE OTPAKEHME B MAPKHPOBKE (oTOIE-
MEHTOB, rje HepBHe ONHA WIH ABe OYKBH YKA3HBAOT Marepuan Karoaa,
a caepywoulas — xapakiep paspsfa: Hanpumep, CLB — toroanement
BaKYYMHB (3JEKTPOHHOrQ paspsaa) ¢ cypemsHo-uesuesniv [CL] xaro-
aoM, LII" ~— ¢orosnevMent rasoHano/JHEHHMHA (TEMAOGro paspsagd) ¢ Kucao-
poaso-uesnesnN [KLl] xaroaom.

3 B A Fancuos, 4. [1
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Cnexrpanvtine xapaxtrepuctuku Kll- v Cli-dotokaronos Ouan npH-
BeAeHn Ha puc. 157 B 159 (u. [), HMvu moxH0 noansopareca aast ¢oTO-
ACMEHTOB, IMUTTUDPYIOUAX SAEKTPOHE B TY K€ CTOPOHY, OTKYZa MajAaer
ceer (kak B doTO3/eMenTax Ha puc. 266). Bo muorux npuBopax (a/7eKkT-

POHHO-OTITHYECKHE  MpeoGpa3sonaTenH,

TENEBH3BOHHHE TPYOKE H Ap.) npuve-
0=t HAKTCA MOAYNpO3pausbe (POTOKaTOAM,
3gr." N . OCBEL[aEMHE €O CTOPOHW, MPOTHRONO-

%\ I \l \_.,_\ : AoKHOH BBHIXOAY 3aektpoHos. Cnekr-
.§5U A AN pasbHbE XaPAaKTEPHCTHKH STHX (DOTO-
2 40 e KaToAoB, paloTalOlMX <HA NPOCBETY,
\ K UMEIOT HHOH BHI BCACOCTBHE HEOIM-
§20 0y \'\ | HaKOBOTO NOrJIOMIEHHS PA3NHYHHX ua-
AY [~ CTeH CMeKTPa B TOJLIE caMOro KaTond,

W 000 800 10008 AA  wrpaoled posbs CBETOgHABTPA MO OT-
Puc. 270, Cnexrpaibhne xapaxre- HOWEHHIO K €ro SMATTHpYiowed 1o-
PMCTHKH Doaynpo3paunmx sportoka- Bepxsocti. B Cll-karoae cuapnee no-

T010B roIaeTCd KOPOTKOBOJHOB2A  4acTh

a— Cll-gaToxa; b — Kil-xaToxa. coekTpa, ¥ NO3TOMy B 006JactTi BOJH

kopoue 5000 A oGnapywusaerca no-

HUXKEHME XapaKTepucTurd (KpHBas b ma pnuc. 270). Bananne noraomesus

oasa noaynpoapaunnx Kll-karopoe sBupaxaercs B OCAA0AEHAH AJHHHOBOM-
HOBOFQ MakcuMyMa (kpeBas a pa puc. 270).

He anwnaum ©OyAer HarlOMHHTb, YTO MaKCHMYM 4YBCTBHTENBLHOCTH
oOmyuoro Cli-xkaroma nexutr npr 3000—4200 A (BCARACTBRE MOrAOMmIE-
HAA B CTEKJIE OH MOXeT nepesBuHyThCs Ha uHTEpBaa 4000—4500 A) n
KaTOA COXpaHdeT BBICOKYIO UYBCTBHTEABHOCTE B (HOAETOBO-3€ACHOH
uacTd cnekrpa. MakcuMym uyscTBHTeNbHOCTH KII-KaTOMa Haxoautcs oKono
8000 A, n oH 6oaee uyBCTBATENEH K HHQPPAKPACHHM M KPacHHM JyuaM,
At cpoticrea CLI- n Kll-katomoB HeoGXOAHMO YUMTHBATH NpH BHOOpE
(POTO3AEMEHTa LIt padoThl ¢ HCTOYHHKOM H3JYUYEHHS TOr0 MNH HHOIO
CHEKTPANBHOrC COCTaBa.

3asHCUMOCTE (OTOTOKA OT BEJAHYUHB CBETOBOTCG {OTOKA, NAAWILEro
Ha OKHO (OTOS5/eMEHTa, Ha3KBaeTCA CBeTOBOW XapakrepucTHkol. [lo sa-
koHy CT0JeTOBa, CBETOBAas XapaKTEPHCTHKA IOMKHA OHITL NpPAMOaHHEH-
HOH, W HEHCTBHTENbHO, BCE (POTOIAEMEHTH B  HIBECTHHIX TNipeAEeAaX,
ACCTAaTOYHBIX, KAk NPABHAO, AJA NPAKTHKH, HMEOT NPAMOJIHHEHHY0 CBe-
TOBYIO X28DaKTEPHCTHKY HE TOABKO A1 MOHOXPOMATHYECKOro, HO H JAd
6eaoro ceta. OTKIOHEHHS OT NPAMOJWHEAHOCTH HAGAIOAAOTCA NPH OYEHb
CHALHHX OCBEICHHOCTAX Karo4a M CBA3aHH C PAsAHYHRIMA NOOGOYHBIMH
ob¢rositeancrsaMn. Hanpumep, ana ClI-KaroaoB, HaHECEHHBHIX HA CTEKJAO
M HMEWMUX OOAbLIOE OMHYECKOE COMPOTHBACHHE BAOAL CJOH, Hapylie-
HHE JHHEMHOCTH CBA3aHO C OOAbLIUM COMPOTHBACHHAEM KaTOIHOrO C/0A
H €ro HEe3KBHMIOTEHIHANBHOCTLIO, AAS TA30HANOANCHHHK (POTOINEMEHTOB —
C BAHSHHEM NPOCTPAHCTBEHHWX 3apsaoe ¥ T. A. [Ipu cuabHoM u mpo-
LOMKUTETEHOM OCBELUCHUKH OTKAQHEHUSl OT JHHERHOCTY MOryT OniTh BHI-
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apauw yToMacHueM (cm. 4. [, § 20). Onnako napywmends auHeRHOCTH
TP CHABHBIX OCBEUIEHHOCTAX HE OUEHb MEINAT HCNOAB30BZHHI (HOTO-
9JIEMEHTOB, TaK KAaK CBETOBON NOTOK HETPYAHO OCAa0HTL B HYXHOH CTe-
nenu. [Ipy u3MepeHrn caabLX CBETOBHX [IOTOKOB TPHXOQMTCA YYHTHBATh
TeMHOBOH TOK (DOTO3JNEMEHTa, KOTOPHH CKAAAHBAETCA H3 TEPMOIAEKTPOH-
HOTO TOKa KaTofa H TOKa YTeYkH no OanaoHy A uoxkomo. TemHoBme
TOKM NPOMHILIEHBHX (OTO3MEMEHTOB J&XaT B npezesax 1077—107% g;
H3 O0eHX COCTEBAMIOUIHX TEMHOBOTO TOKa oO0HuHO npeobaaaaer Tok
YTEUKH,

YTOMAGHHE, HIU YTOMJAEMOCTb, (POTODNEMEHTOB NPOABJASEICS B HEKO-
TOPOM CMEILEHHM CNeKTPaNbHOH XapaKTEPHCTHKM, He UMEKUIEM Goabmioro
SHauUEHHA ANA NPaKTHKH, ¥ B MAaJeHVH HHTErpajeHOH YYBCTBHTEABHOCTH.
duznueckoe ab6bACHEHHe yTOMJAeHHs ORA0 naHo pansume (4. 1, § 20)

Sﬂ;% 3
100 S
\
80 \\ \
60
\ \<2
40
\Lf
0
g 250 500 750 wag.

Prc. 271. KpuBue yTOMAsaeMocT¥ POTOSIEMEHTOB,

J —rasosaoovapeenoro ¢ KLl-¥atomow; 2— pakyysuoro ¢

KLl-xarogom; ¥ —magyymuoro ¢ Cll-gratonon. Yybpcreitesn-

HOCTL BelpaXeHa B DPONEHTaX ©T NYBCTRATEABHOCTH S mpa
RACTOTE MOAYANOHM CPETA, paBAOl HYDO.

KpuBHe yToMAS€MOCTH, H3MEDEHHHE NP HENPEPHBHKOM OCBELEHHH NI
TPEX THNOB NMPOMWILEHHHX (hOTO3/€MEHTOB, OaHW Ha pHC. 271, ¥YToM-
ACHMIO, KaK BHAHO M3 [PHACYHKa, OCOOEHHO MOABEPWEHH (OTOINCMEHTH
tana LI, tepsiompe cemme 70°/, nauancHo#t uyscTBHTEABHOCTH, Cae-
AYeT, ORHaK0o, HMMCTh B BHAY, UTO BO BPEMA 3KCOAYyaTauHH, HalnpHMED,
B 3BYKOBOCIIpOU3BOAAIIMX YCTAHOBKaX (POTOSREMEHTH OOHYHO paboTaior
HE B pexuMe HENMPEPHBHOrO OCBELICHHA, UTO YMEHbINAET BAVSHHE YTOM-
N€HHS, . -

Hlns paGoTh ¢ MOAYAMPOBaHHHEM CBETOM GOMBWIOS 3HAUEHUE MMEET
3dBHCHMOCTbD WYBCTBHTEJABHOCTH OT YacTOTH. JTa 3aBHCHMOCTh U306pa-
K2CTCA YaCTOTHOM XapaxTePHCTHKOH (POTOZNEMEHTA, MOKA3HBaOLEH, Kak
MEHACTCA NepeMeHHas COoCTaBagionlas (OTOTOKA MPH K3MEHEHHH UACTOTH
MOXynsiuue ceeta. [lepevennaa cocrasasiomas pOTOTOKA MOMKKET 3aBHCETh
OT 4ACTOTHl, BO-NEPBLIX, H3-3a NAPA3ATHHX EMKOCTEH CXEMH, 4 BO-BTOPHYX,

3* '
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eMKOCTH caMoro ¢ortosnementa, Ha 4aCcTOTHYK XapaKTepHCTHKY JHOOMKHA
0Ka3nBaTh TaKXEe BJHAHHE HHEPUMOHHOCTh Mponecca (OPMHPOBAHHUS
poroToka. B BakyymMHeIX (POTOS7EMEHTAX 3TO HABJICHHE MOWET (TaTh
3AMETHMM TOJBKO MPH YacTOTaX, Aa/AeKO IPEBHILAIOUIHX SBYKOBHIC.
B camom mene, Bpems €amMOro akrd (QOTOZJEKTPOHHON 3MHCCHH (TOr.io-
uleHHe (OTOHA B MPOXOXKAEHUE 3JICKTPOHA UEPe3 NOBEPXHOCTHHE Oapbep)
weHbpme 107% cex, a Bpems NPOASTA INEKTPOHOB MDY HOPMANBHBIX HANps-
KEHUAX W pasmepax BeauynHa nopaaxa 10°% cew; 3ta nocneauas mean-
yHHa ¥ OdeT NOPSAOK BpEeMeHH (OpMHpOBaHHA TOKa.

B razoHanpasjieHHmX ¢doTOodNEeMeHTax Jeso oOcToHT caoxkHee. [Ipw
MOLY/HPOBAHHOM OCBEIIEHHH HYXHO OUEHMHTH BPEMS BOSHHUKHOBEHHA M
HCUE3HOBeHHsA (POTOTOKa. BpeMs BO3HUKHOBEHHT 1O MOPANKY DPaBHO
BPEMEHH TPOXOXKACHHA HEMHOTHX (TpeX-YETHPeX) HOHHO-3JCKTPOHHRIX
napuH, Dro Bpems nopaaka 107¢ cex (cm. u. [, § 27). Ho y rasonanca-
HEHNHX (POTONEMEHTOB TMAACHHE YYBCTBHTENbHOCTU HAYHHALTCA YXKE NpH
vacrorax DO00—6000 24 (prc. 272). 910 O06DBACHAIOT, BO-NEPBHX, AAH-
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Puc, 272. OTHOomeHue HHTErpaibHLIX YVBCTBUTEAbHOCTEH raso-

_ S
HAOAHEHHOr0 M BAKYYMHOr0 oTO31EMEHTOB S"’ B 3aBHCH-
j:3:1.4
MOCTH OT YaCTOTH. -

B wccaeayeuom PHTEpBAIE BACTOT $, g TPAKTAYCCKR MOCTOdHHA, Viswepeno
opH cBeToROM ToToke 003 4m.

TENLHOCTLIO IPOHECCA DEKOMOMHAOMH, 33 CYET KOTOPOH TPOHCXOOAT Je-
HOHH3ALMA Pa3paiHOro MpOMEXYTKa B OTCYTCTBUM HAIIPAXKEHHS, U, BO-
BTOPHIX, BJAHAHHEM JAOATOXUBYUIAX METACTAOMALHHIX aTOMOB, MOTYHLHX
nmonajaTh Ha Xarod CHOyCTd MHOTrQ BPEMEHH [OCIE NPEKPAMIERHS OCBe-
menus. Ifaxenne YyBCTBATENBHOCTA B 06GJaCTH BLICOKHX 3BYKOBHIX YacTOT
NPHBOAHT K RCKAXEHWAM NPH BOCNPOH3BCICHBH 3ByKa.

. Hnepusonnocts # cBASaHHas ¢ Hel H¢ 8NOJHE yIOBJACTBODHTENbLHASA
bopMa YACTOTHOH. XapaKTEPHCTAKH — Ban0oJee BAXHLHA HEA0CTAaTOK ra3o-

-
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HaTNOJHEHHHX (JOTQ3/eMeHTOB. 2ToT W APYTHE HEeAOCTATKH Ca30HANOJHEH-
Hux (ortosnementos (6odee KOPOTKHA, 9YeM Y BaKyYMHHX (OTO3JEMEHTOB
AMHEHHbl YUaCTOK (BETOBOM XapaKTepucTuku, OOCJAbLMCE YTOMACHHE H
6oxee uepasHomepnoe, yem y CLIB-doTosnementoB, pacnpenencHue 4yB-
CTBHTEABHOCTH MO NOBEPXHOCTH KAaTOAa, OMACHOCTb BAXHUTAHWS) NMPHBE/NR
K T[OCTENCHHOMY BBITECHEHHIO BX BAaKYYMHBIMH (OTO3/]EMEHTaMU H OIHO-
K2CKaAHLIMM  DICKTPOHHHMHA YMHOXHTENAMH, OMNCaHHBIMH Huke. Cpok
cayx6H $HOTO3ICMEHTOB ONPEASARETCA FI0TEPEH YYBCTBATEABHOCTH BCAEA-
CTBUE CTAPEHUS [0 BEJAYHMHB, JE€XaBeH IlKXe J0MyCcTUMOre mnpeaeaa.
Crapenne, Kak ywe 6nao oTMeucHo, Hada0faeTcs He TOAbKO BO BpEMd
paboThl, HO ¥ BO BpeMs XpaHeHus (oTOaNEMEHT2 B TemHore, B amtepa-
Type BCTPEYAIOTCH YKASaHHA, YTO NPH XPAHEHWH YYBCTBUTE,TLHOCTh MO-
KET 33 TOZ ymeublnThes Ha 20%/, [J1.2.16, ra. X
CeeneHus 0O TEXHONOTHY H3COTOBASHNASA, KOHCTPYKIHAM U TEXHHUE-
CKUM cBoficTBam doTo3AeMeHToB MoOwHO Haiitu B JL  2.15; JI. 2.16;
JI. 2.17. CBOAKZ OCHOBHEIX 11apaMeTPOB HEKOTOPHX (POTO/1eMEHTOB /[aHa
B Tabn. 2.
Tabauna 2

OcHoBHBIE napaMeTpsl HEHOTOPBIX QIOTOSJIGMEHTDB

|/1.2.37]
MuEn- | Manymans- | | Maxkcnuans- | Munan-
Homun uaAsHad Has aye- Blf;f'iuggl-{ HHIr?: :::r}f:‘. H::;:;;
- aNb- . i _ .
moiﬂ:;lb Boe pabo- cqry:ﬂ— HEE,}:T:;.?R \MaKCH- | ©OR zapaR- | geHHe 'Ek;‘;ﬂﬁg:g;ﬂ‘:
wenra | 9S€ BAIPR- | qenn. | 700—1000 ya-|MEIbHOE| TEPHCTHKH | Banps- 2
®eBhe (6] | gocrn | coB paborw | 383%€- | B noioce | wenMs A
(wwa/jan]| |sxajan| | BHE) [@)] 300—800 | samura-
ey {90] u4a | 6]
(Ell_?};a:i é-— %g — 1077 — 11 000—12 000
LiB- 40 60 107 | —3%) -
ClUB-4 240 80 60 10-¢ —3%) 6300—7500
-3 240 100 25 10~7 —D 300 ‘
LIT-4 240 100 25 107 | —7  |300 } 11 000—12 000

%) [lanenHe oObACHBETCA BARSAHHEM MEXNyINCKTPOMHON €MKOCTH,

3. lloBunieHUe YYBCTBUTEABHOCTH (JOTO3INEKTpHIECKUX NpulOpos.
IIpuHuUMn BTOPHUYHOSACKTPOHHOTO YMHOXKENHA., POTO3IEMEHTH, CEPHi-
HOE MPOUIBOACTBO KOTOPHX YKE B TeYeHME MHOFUX JET HAJAXEHO BO
BCEX NPOMBIUAECHHO Pa3BUTHX CTpadax, NOAyunau OOCWHPHOE NpPHMEHe-
HHE B 4BTOMATHKE ¥ PEryJHpOBaHUn, B YCTPOHCTBAX AAA XHMKYECKOrO
aHa/jivsa H KOHTPOJIS W CBETOBHIX H3MEDERusnX, B oroteaerpadunr u sey-
KOBOM KWHO. B OuY€Hp MHOrEX cJydadx, B 4acTHOCTHM, B 3BYKOBOCHPOUS-
BOASINAX YCTAHOBKAX, (POTOINEMEHT HE PAIBHUBAET B HATPY3KEe MOULHOCTH,
JOCTATQUHON AAd NPHBEACHWR B ACHCTBHE TOro npubopa, KOTOpwd A0a-
WEH KOHTPOIUPOBATLCR CBECTOBHM TOTOKOM HEPE3 NOCpeacTBo ¢or03Aae-
MEHTa, U NpuxoauTCca npulerarb K YCHACHUI® (OTOTOKOB. ITO YCAOK-
HACT ¥ yaopoxkaer oTov1eKTpHYecKoe ycrpoficTso. [Ipy perucTpannu
O4CHb - CAabuix  CBETOBLIX IOTOKOB NPELEA HYBLTBHTEALHOCIH HOTOIAC-
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MEHTa onpejenseTcs ero mymamu (cm. ria. 3, § 46), 1. €. paykryaunsamu
poTOTOKa, CBA3AHHHMM ¢ €ro AHCKDeTHOo# mnpupoaol. Ycuaenme oueHb
cnaboro CHrHaza MOKEeT OKa3arbCs OECHONC3HWM, TaK Kak tuyMm Oyner
YCHNHBATHCA ONHOBPEMEHHO ¢ curdaioM. [Horpe6rocTe B HaMepeHnH
O4Yenb CJAAOHX CBETOBHX NMOTOKOB CYUIECTBYET, HANPHMEDP, B aCTPOGHU3UKE,

TaknM obOpazom, ¢ OMNHOH CTOPOHH, BCTan Bonpoc o paspaborke
$oTO3AEKTpHUECKOTO DpHGOpa, KOTOpLH M0380aua Obi 06XoauThca 6€3
NAMIOBOTO YCHAMTENN WM, N0 Kpaiuell mepe, Zan BO3MOXHOCTh YMEHb-
WIMTh YHCAO CTyneHell yCuaeHud, u, ¢ Apyro#fi CTOpPOHH, BHABHAACH
HYXKHA3a B (OTO3ACKTPHUECKOM mpuGope ¢ Godee BHICOKUM MPELETOM 4yB-
CTBHTEJILHOCTH HaH, YTO NPIKTHYECKH NMOYTH TO XK€ camoe, ¢ Botee Gaa-
rOfIPUATHBIM OTHOILEHUEM CHTHAN/NIYM, YeM (POTOINEMEHT.

Brnioase noHATEH NOTOMY TOT WHTEDPEC, ¢ KOTOPHM OHJIH BCTpEYeHH
nepeue pabotm J1. A, KybGeukoro (1930 r.), I1. B. Tumogeesa (1935 r.),
a TaKmke 3apyGexHBXx wuccrenosateneit — Papucsopra (1934 r)), 3so-
pukpaa (1936 r.), Kmore n Bekicca (1936 r.) no ¢p0T021€KTPOHHRM YMHO-
Kuteasm (PIY) — snekTposakyymumM npubopaMm, B KOTOpHX O nNpH-
MEHEH METOJ KAaCKajAHOTO YCHIEHHS (OTOTOKOB C MOMOWLK BYOPHUHOH
smuccun®). Mae BTOPHYHOINCKTPOHBOrO YCHJACHHS MOXKHO ChopmMynn-
pOBaTh TaK: NEPBHUHHA NMOTOK 3AEKTPOHOB HAAPARJISEICS HA BTOPUYHO-
AEKTPOHHBIHA 3MHTTEP (AMHOA), KO3(DPUUHEHT BTOPAUHOH 3MHCCHU KOTO-
poro ¢ > 1; YCHACHHMA Ha NEPBOM SMHTTEPE NOTOK 3JCKTPOHOR Hanpas-
JAeTCA Ha BIOpOH 3MHTTEDP, €O BTOPOFO 3MHTTEPAa Ha TPETHH W T. A
B cayvae oIcyTcTBHE KakuX-Au00 NOTEPEL SJCKTPOHOB K OLHHAKOBOM
JJS BCEX DMUTICPOB ¢ AOMKHO OHTb

L= of g, h=oly ., I,=0cl,, (34.4)

rae Iy — oTOTOK, @ [}, Iy, ...—TOKW MEXKIAYy W NEPBHM K BTODHM IMUT-
TePaMH, MEKAY BTOPHM ¥ TPETbMM 3IMUTICDAMH A T. A. TOK Ha BHXOIE
nocne n ycunaeHali pased

== "Iy, (34.5)

3TOT npouecc HA3HWBAETCH KACKAAHHMM BTOPUUHOIAEKTPOHHHM YMHOKe-
HuEM (YCHACHHEM). JIETKO BH/AETb, YTO BTOPHYHOIAEKTPOHHEIH YMBOXHICH
(OTOTOKOB €031aeT NEPCNEKTHBY paspeiieHuss 000NX CHOpPMYIHPOBAHHHX
BHIIe 3aA34. [IpHHIMN BTOPHYHO3AEKTPOHHOrQ YCHIeHAS MOMET OHTE
PAMEHEH HE TOABKO K (oroToKaw. CYIeCcTBYIOT, HANPWUMEP, YCHIHTENb-
HBE€ 3NEKTPOHHLIE NAMMNL, B KOTOPHX AAS YBEJNNYCHHH KDYTH3HH RCMOAb-
8YETCA BTOpMUHA® 3MHCCHA (cM, ra. D, § 47).

Ecan mepexold 3J€KTPOHOR OT OJHOrQ 3IMHTTEPA K APYTOMY COMPO-
BOXAAETCA KAXAWA pa3 moTeped HEKOTOPOH HOMH SJAEKTPOHOB, TO YpaB-
HeHua (34.4) caeayer malMcaTh B BHAE

Il = x[alan ]il = XQOII, LI ] Iu - x.uc]n—b (34'6)

-~

¥)J A.Ky6eunxnfi, Ast. cenn Ne 24040, 3anBaennoe 4 asrycra 1930 r.
CsefieHun o apyrux pannnx paSorax no P3Y cm., Hanpmmep, [J1. 2.16, c1p. 2404,
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FAC Y1, A ... — MHOKUTENAN, MEHBIUHE EIUHHLE, HO < NO-NPEXKUEMy
CUHTAETCA A BCEX IMUTTEPOB OamHaKoBmM. M3 ypasnenuil (34.6) umeewm:

I, =yl (34.7)

T Y =}1{2--+ Yo KOpHOHEHT ycuAeHNE (POTOTOKA paBEH

In "
M=3t =" (34.8)

Hro6n o0ecneyurs BTOPHUHYIO OSMHCCHIO, HYKHO TMOBBIMIAT: HANpAXKEHHe
OT SMIITEPA K 3MUTTEPY. DTO NPUBOAUT K ¢xeme puc. 273. Hanpsxe-
Hus Ba Kackamax Uy, Ug,..., Up_j, 5 MOTYT ObTh pa3ianuHbl, HO 0OBINHO

Clem
] ’ )
.\“.

L

|
/] I SR s I

o
Aﬂg Ao

WYV W 7Y U SO W VY & Y. Y @

Uye | Uy UnralUso .

Y
4 | | § u
___||| || ‘|‘|1+
Uy -
— Ug e

Puc. 273. [lpuHnuiMaibRad ¢xema BTOPHYHOIIEK-
TPOHHOrO YMHOXEHHA.

HX YlaeTcs [genaTh OAHHAKOBLIMH, YTO MPaKTHYECKH yaolHOo, Tak Kak
A2€T RO3MOXKHOCYb 11026MPaTh TOABKO ofmee Hanpsxeune Uy, a He na-
NPOREHHE Kawaore sMuaTTepa B oTaeabHOCTH. llonaras Uy =U;=
=...=={/,_, ,==U, nonyuum, uTo HanpsweHne nuTaHus OyieT

Uy=nlU—-U,,. (34.9)
Kak 6miao ormeveno B w. [ § 20, 33BHCHMOCTE 8 OT Hanps:kenus U,

YCKOPSIOIErO NEPBHYHNE 3SACKTPOHB, MOXKHO BHIPA3NTH IMINHPHUYECKOH
¢opMynoh

-z

¢ = Allexp [—ul/], (3410)
Smax 1
A:‘-Em, E-L—-—m, (34.11)

FIE Omay — MAKCHMAJbHOE 3HAYCHHE KOIP(PHIIMEHTD BTOPHUHOH 3IMHCCHM
U Upax — COOTHETCTBYIONIEE €My MEPBAYHOE HATPAKEHHE, € — OCHOBaHUE
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HaTypanasHHX norapudmos. Y3 dopuya (34.8) n (34:10) cneayer:
M=y A" Uexp (— sxbfa):x[h‘q%re—wo. (34.12)

Kos(ppuupenT 7 MOKHO CYHTATh HE3aBUCHUMHIM OT Hanpskenws U, 71ak
KdK DPW MPONOPIUIOHANLHOM HAMEHCHHH HANPAMEHRH Ha 2JeKTpOIax,
KOTOPOE MONY4aeTCd, €cAu B cxeMe pic. 273 M3IMEeHATh HANpaKeHue nu-
Tauud I/, TpaekTopuu 3ACKTPOHOB HE MEHAKTICH, BCJIH CKOPOCTH BHLIETA
AEKTPOHOB MOKHO CUHTATh MaJHMH.

3nag 3aBACHMOCTh d OT HANPAXEHNS, MOKHO PEINUTS Pl 34144, BO3-
HUKAOIMX 1IPH KOHCTPYHPOBAHHA W IKCAAyaTanmu yMmuomwureseld. Jlad
no.avyenns HanGodbuiero M B H3rOTOBAEHHOM YMHOMKHTENE HYAKHO NO-
AaBaTh HAa KakAWH u3 sMutrepoB HanpaxeHHe (/= Up,y, € Tem 4TOOM
MOAYYHTb HANGOBIIEE BO3MOKHOE 0 =0pa;. OAHIKO 119 BCEX IMHTTEPOB
C BHICOKMM 3 3TOMY HaufoJee BLIFOAHOMY peXuMy OyfeT COOTBETCTBO-
BaThL Henpuemienmo Ooasmoe 3Havenwe [J,— [y U, ,. Hanpumep, nag
CY PbMSHO-UE3UEBHIX SMUTTEPOB Upyay A= 500 8 1 npu n=10 U/, == 5000 s.

Peuium Tenepb, 3a4auy, MMEIOILYIO SHAUEHHE N8 KOHCTPYUDPOBAHUSA
YMHOMUTENS, & UMEHHO, HaflieM dHaueHue A == N, ., KOTOPOMY MPHA 38/13H-
HoM 3xauenwn (/) — nl/ coorsercisyetr Hawboabluee ycuaenue, Onpege-

d
aur u3 (34.12) mpousBOIHYIO _&% ¥ NPHPABHAB €€ HYJIC, Nocke He-

CNORIRIX BLIUHC.IeHul NOAY UHM:
Cmas
A U,. (34.13)

H —_—
onT Umn.\'

IToacranoeka B dopmyae (34.12) n=n,,, Aaer

{
Monr = xexp{Umoax (Imax — 1 )} . (34.] 4)

Hanpumep, a5 CypbMRHO-UE3HEBHX 3MHUTTEPOB (Cpay == 9) Unax == 500 8;

9.'1000 N
w:]SHHO (341'1:)

npy =1 M~==9-.10°% Ha npaxkrtuxe, 01HaKO, peAkO npumensiot Go.ee
13—14 kackaznon, yToOhl HE OCAOXKHATL Yepecdyp KOHCTPYKUUIO YMHO-
AuTens. Koadpmment paccesHas aneKTPOHOB ¥ MPUXOAAICS ONPEIEIRTh
C NOMOINbID CIEUHAIbHBIX PacyeTos (HAanpuMEp, H3 NOCTPOEHHS TPAEKTO-
puit snekrponoe). CywecTsyer cnocof6 BmuncaeHus M W n ana 3alas-
Horo {/y Mo 9KCMEPHMEHTaAbHOR XapPAKTEPUCTHKE YCUJAEHHA KacKaad, rie
KO2((HUHEHT ¥ OKasdmBaercs yureHuwM [J/I. 2,17, ra. 3, § 11]. B oanoi
W3 KOHCTPYKUHH YMHOXKUTEAA (YMHOXKWTCAR TumodeeBa) Oblno HafiaeHo
13 onwTta, 4to y =0,99 — (0,98

4. Opnorackannbie (GOTOYMHONUTEAH. YCTpoHcTBO Hambonee mpo-
CTOr0 ORHOKACKAiHOro (oToyMHOKHTEna (CTapoe Ha3BaHHe — «OTOIH-
HaTpon»¥)) noxasano na puc. 274. Ha crekno xoabw mHavecenw doro-

npr /3= 1000 & u3 (34.13) nonyvaerca ny,, —

*) dnnatpolHnM shhekToM B TEOPHH 3AeKTPOHHLIX JaMI HA3WBAWT BIHAHUE
BTOPHUHOH 9MHCCHH HAa INEKTPOHHEE TOKH, TEKYIUME Ha 3geKTpoan aamiu. O1-
Ciold B NPOHM3OWIIU HAa3BaHHE <(POTOOHHATPOH?,
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katoX I W BTOPHYHOINEKTPOHHH zMuTTEp 2; peakasa ceTka & CJAyKuT

anoaoM. ITouty Bce HOTOIIEKTPOHE NMPOXONAT ULPe3 CeTKy d NonagawoT

Ha BMHTTE}J, 4 BTOPHYHHE AMEKTPOHLL 1PN HOCTATOUROM HHHPH}KEHHH
(U, —U
a

) MOJAHOCTBIO COGHPATCA aHOZOM H 06PasyloT aHOAWHH TOK,
HOUTH B ¢ Pa3 60AbwHA GoTOTOKA (¢ — KO3(PDHUNHENT BTOPHUHOR SMuUccuy),

MarotoBasieMsle  OTEUECTBEHHOH NPOMBILINEHHOCTRIO ORHOKACKaAHbIE
poroymuokuTeart Y1 1 GIY-2 uMe0T CYPBMAHO-UE3HEBHE (POTOKATOL
M SMHTTEP M W3TOTOBAAWTCA B KOABAX OOWYHHX ¢oTozneventor CLIB-4
1 CLB-3. Cnektpaabnad xapakTepuctuka $IV-1 u $IY-2, ouesnaxo,
takag we, Kak n ClIB-dotosnementos. Bropuunas smuccus asasercsd

MaJOHHEPUMOBHBIM  NPOLECCOM M, Kk

CBerm BHAHO H3 YaCTOTHBIX  XJAPaKTEPUCTHK

ﬁx PAY-1 u $IV-2, nagzeHnua uYBCTBHTENL-
!

HOCTWU WHWET BHOAOTbh A0 OUYEHL BbICOKHX

L]

N g, MAD
¢ 1
5 : =F=ma
“//2 /
/I L
- y
& ,/’ ‘-'/3/’ '
- ' ]
/// / ‘\
. 7 ’l\
Y
A s !
) Z y '
e ||
— )_’/I’,J-— - l |
e F i '
- 5= 7] & a0 120 60 20 20
Hanpamesue, §
Puc, 274. YerpoilctBo oadokac-  Puc. 275, XapakrepHCTHKM OAHOKAaCKaaHOLO
KalHoro poToOVMBAOKHTENA ¥ CXe- $OTOVMHOMHTE 4.
M3 €ro BK.JIUEHUA,

I —anoaRag; 2 — smirrepuan; J— obuids BOTBT
- foTokaTol; 2 — BTOPHIHOIICKTPOH- aunepHan.
HLIA SMUTTED; §—aHoa,

uacToT. CypbMSHO-Ie3UeBLil DMUTTED MOXET faBaTh yculeuue oroToKa
B CEMb-BOCEMBb Pa3, TAK YTO MHHUMANbHAA TAPAHTHPOBAHHAA HHTErPadbMad
4yBCTBHTENBIHOCTE PIY-1 v OIYV-2 cocranaser 400 mra'za. Ceerorad

XapakTepucinka GIY-1 w PIV-2 nuvedna B npepenax, ZOCTATOUHHX LA
NPak THKH.

Hanpﬁmenm, KOTOpHE CACAYCT noJaBaTe Ha BJIEHTDO,IH MOKHO

HalTH U3 BOJBT-aMAEPHBIX XAPAKTEPUCTHK DOTOYMHOKHTEAR, U3MEPEHHKX
Npu 1IOCTOAHHOM CBETOBOM TOToKe. B ravectBe npumepa Ha puc. 275
NIPUBEICHH XapakrepucTure PIY-1. U3 avoanmoit xapaxtepuctuxs (Kpu-
Bast /), naobpawaiomiell 3aBHCHMOCTh aHOZHOTG TOKa /, OT HANPAKEHHS
(Ua ~— U, ) Mex1y aHogoM M 3MHTIEPOM, BHANO, UTO B PEeKUME HACH-
HIEHHA TOK2 BTOPHUHRIX 3/ICKTPOHOB, KOTAAa BCE OHW HOMAJalT Ha aHOI,
(Ua— U, )>35 6 Ouesnno, B 3T0M peamme M caeiyer paboTaib



88 3JMEKTPOHHO-AYYEBHNE ¥ 3/1EKTPOHHOIPAGHYECKHE NPABOPHW  [ra. 4

Ecny uU3MEpATb 3aBHCUMOCTh [, OT Hanpsxenwd Ha swutrepe [/,
NpH NOCTOSHHOM 3HAYEHHH HanpskeHds nutanus U, = 220 s, TOo mnoay-
YAETCH SMHTTEPHAd XapaKTepHCTHKa (KpuBas 2). Ha Heli BHaen nouTy
rOPA3OHTAaALHRA yuacTok npu [J/,,, Jexamem mexay 160 u 180 s, rae,
¢ oauo#l CTOpomH, {/,, NOCIaTOYHO BENWKO, YTOOH MOJMYUHAACh AOCTa-
TOYUHO XO0powias (OKYCHPOBKA NEPBHUYHHEIX 3DAEKTPOHOB HA SMHTICPE H
0onpwioe o, U, C APYroft, COXPAnACTCH eue pexuM HacwuleHus. Ilpu
U, > 180 8 nacunieHue HCYE32eT W KPHBas HAYWHaeT nanare, Paboyee
anauenue [/, ana ©3IV-1, pasuoe 170 g, nexur nocepenuHe NOUTH ro-
PH3OHTAIBHOIG YUYaCTK3, A€ WYBCTBUTEALHOCTh MaJ0 MEHSETCHs NpH Cay-
uaitieix kosebanmsx U, ..

Kpuas 3 maer 3sasucumocts [, or &/, npu 0OCTOAHHOM 3Have-
nud U, U,, v Hasuweaercs obuietl BoabT-aMnepHoli xapaktepuctukoff. Tak
KaK KO(PpHUHEHT YCHAEHus (POTOTOKA paseH
M:éal

1p
H (GOTOTOK [y NPH TIOCTOAHHOM CBETOBOM MOTOKE OCTAETCA TaKKe MOCTO-
AHHBIM, TO Kpusas 3 NEpepacT XapakTep 3asUCAMOCTH M oT Hanpaxe-
nus nutanna {J,. [Ias nepexona x kpusofi 3asucamoctu M (U/,) nyxuo
OPAMHATH KDHBOH 3 YMHOKHTL Ha NOocTOSHHBH MHoxuTteas. Jdas CLl-¢o-
TOKAaTOA2 UYBCTIBWTEAbHOCTH pasHa 80 mxa/ax w npu L=0,01 au
l4=0,8 wura. Cnenoratenrho, npn U, =220 § M=7,5.

POTOYMHOMXHTEAH C KaTOMOM H SMATTEPOM Ha Crekse Guau paspabo-
TaHel nof pykoroncteom npod. Il. B, Tumodeesa, nocne yero OwWAO Ha-
RAKEHO HX CepuitHoe H3roToBjeHMWEe Ha 3aBojax. C 1952 r, $3Y-1 a
PIY-2 noavocreio 3avmeHuau toroznemertel Tuna LT B annapatype 3By-
KOBOrQ KHHO, TaKk KaKk oH# 00731410T AYYWHMH YaCTOTHHMH Xapakre-
puUCTHKaMyu, ueM ¢orosaementn tuna LI, umewr Goaee BHCOKYIO 4yB-
CTBUTENBHOCTb, MEHBIIYIO YTOMANEMOCTs H  Ooablo#f cpoKk  CAYMOH
(6onee 1000 yacos).

5. Muoroxackagume doroymHoxuTead. [nasHofi 3ajmaueh npr
IOCTPOEHHNH MHOTOKaC(KaZHOro yMHOXHTENs sBAsICTCA pa3pabOTKa yCTpoOM-
CTBZ, HARPAaBJRIOUMIErO C HAUMEHbUIUMHM NOTEPAME NOTOK 3JEKTDOHOB OT
3MUTTEPA K SMUTTEDY W, HAKOHEl, Ha aHoid. IJT10 YCTPOWCTBO JOMKHO
OHTH 110 BO3MOAKHOCTH NHPOCTHM B M3rOTOBJAEHUH ¥ ManoraGapHTHHM, HE
BOMKHO TPeOOBaTh NPHMEHEHUA BBRICOKHX HAaNpPA’KEHHH M CHJABALIX MarHHT-
HHX noael B He A0NKHO OCJAOXKHATE Npouecca ob6paborkun GOTOKATONAA
H BTODHYHHX SMHUTTEDOB, KOTOPHIH Ha CBOEM 33aKJAKUYUTEALHOM 3TaNe Npo-
BOANWTCA B CMOHTHPOBIHHOM HpHOOpE B BaKYYME.

CnexTpansHbie XJapPaKTEDHCTUKU (POTOYMHOMMTENECH, KaK u O0BuHsIX
(OTO3NEMEHTOB, NOJNHOCTHID ONPEAEANIOTCE MaTepHanoM ¢oToKarosa M
NOrJIOILEHHEM CBETA NPA NPOXOXKACHWH uepes OKOWKO. K cKasannomy
paHee N0 3TOMY BOMPOCY HET HyxAW 4T0-ambo nobasasts. [locaemnne
IMHUTTEPR MHOTOKACKAAHOrO (POTOYMHOKHTENS MOrYT CHABLHO HATPEBAThCH
AEKTPOHHOH OoMOapauposkoi, Tlo3aToMy HX CAeNyeT W3rOTOBMAATL K3
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MaTepHa.10B, HE TOJLKO HMellHUx OGOoJblINE ¢, HO B CNOCOGHHX yCToH-
ynBo paoTaTh MPH Harpesauuu. JTOT BOTMpoC Obi1 ocheuled B 4, [, § 20.
Hiike ONACaHH REKOTOPHE KOHCTPYKUHH, NOAYYMBUIME [IDUMEHEHHE B NPO-
MHLIACHHHX (POTOYMHOXKHTEIAX.

B ¢oroymuoxkutese KyGenxoro Ana ynpasncHUa 3JEKTPOHHHM NOTO-
KOM NPAMEHRIOTCH CKPEUIEHHHE IAEKTPHYCCKHE U MarHutHbie noas. B
CKPEeUleHHHX TO0AAX, €CAH OHH 002 OIROPOAHB H HAUaNbHBME CKOPOCTH
3JCKTPOHOB MaJjH, Kax 3TO AMEET MeCTO NpH (POTOIMHUCCHR W BTOPAYHOH
SMHCCHN, ABHXEHHE 3SREKTPOHOB OYIeT MNPOHCXOAHTh N0 UHKJOHIAM
(§ 2, ra. 1, 4. [), » saeKTPOHN OYAYT NEPHOAMUECKH, Yepe3 paBHble TPO-
MCXYTKH, BO3BPAILATLCA K OAHOH A TOR K€ NJOCKOCTH.

Yvuoxureas KyGenkoro npegcrasiaed Ha puc, 276. O+ cOBepuicHHO
He #MeeT MOHTHPOBAHHBIX 3NEKTPOAOB, a IMMTTEPH, uUMerowne Gopuy

TOKAaTOHA, PACNOAGKEHHHE Ha
o33 ox 4

KOHiax TPYOKH, HaHECCHH
NpAMO HAa CTEKNo. Maruurnoe
noae, MNEPNEHARKYRAPHOE K
INOCKOCTH PHCYHKA, CO3128TCR Puc. 276, PoToymuoxkurenp KyGemnkoro,
OOBINHO MOCTOAHHBIM MArHil- N — katox; 3y, ¢ —duuaTIEPH; A —asox, OH—oxpan-
TOM. Tlpn TakoM pacnonoxe- HOE KOJBIO.

HHH JEKTPOHHBH NOTOK MEXNT

Bcerda BOAM3H NIOCKOCTH, [POBEAECHHONW uepe3 ocCk NEPNEeHARKYAIPHO
K MarHMTHOMY noJo (B OJAOCKOCTH PHCYHKA), ¥ pa0OuMMH MECTaMH 3IMHAT-
TEPOB ABMSIOTCA HHMHUE 4aCTH KOARI. YCKOpPAWIIEE 3ACKTpRUYECKOE NoJe
Ha paGouei 4aCTM KOAbLA CO3AAETCH Haxoadwefcs Haa Helt pepxHeH HacThio
CACAYIOIIErQ KO/b1a, UMeWero 60Jee BRCOKOE HanpseHHEe, XOTA 3JeK-
TPAYSCKOE TIONE AOBOALHO [AJEKO OT OJHOPOAHOCTH, TPAEKTOPHH 1O
chopMe NOZOOHH UHKJOHAAM H MOXKHO NOA0OOpaTh MarHATHOS NOAE W Ha-
NPAKEHHS SMHTTEPOB TAK, UTO 3JNEKTPHYECKHH NOToK OyaeT NEPEXONHTH,
YCHAHBAACh, C OZHOr0 KOMNbLA HAa APYTOE.

Heo0xopuMOCTs NPHMEHEeHHs MarHWTa, OT HanPAXKEHHOCTH MOJA
KGTOPOr0 YYBCTBHTENLHOCTb 3aBHCHUT JOBOJABHO DE3KO, N[PEXCTaBAMIET
M3BECTHHE HEYA00CTBA A5 3JEKTPOBaKyyMHOro upnbopa. IlpeamytecTsom
Tpy6k  KyOeukoro ssaseTcd ee KOHCTPYKTHBHas npocrora. TpyOka
Ky6e(koro ¢ CyphMsSHO-LUE3HEBRIMH ¥ KHECJIOPOAHO-UE3HEBHMH (POTOKATO-
OaMU H CEPHO-MEXHO-LE3MeBHIMH SMHUTTEPAMM BHINYCKAWTCS NPOMBIMIJEH-
HOCTHIO TOU Mapkeod PODV-14 a $IYV-15.

I'nasnoe BHuMaHHEe ucCCnefoBaTeneH, KaK COBETCKHX, TaK M 3apylex-
HblX, OblIO OOpauieH0 Ha Pa3paboTKy yMHOXATEAEH C 4YUCTO IAEKTPO-
CTATHYCCKAM YNpap/ienueM. B HacTosuiee BPeMs CYLWECTBYET HECKOJIBKO
TANOB yMHOXUTeaeH ¢ JMEKTPOCTATHYECKHM YIPaBACHWUEM, BHITYCKAEMbIX
UPOMKIILIEHHOCTLIO.

dotoymuHoxareny C. A. BeKmipHCKOro, W3BeCTHHE NOJ Ha3BaHHEM
YMHOXKHTEAA CKBO3HOro AeHCTBHA, NpPeACTarasier COGOR ‘cucTeMy u3
10 — 15 napannesbHo PACTIONOKEHHMX SAEKTPOAOB, KAKIHH HS KOTOPHE
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AMEeT KOHCTPYKHHIO, NOKasadnyio Ha puc. 277, a. llepen kaxamiMm 37eKrt.
POIOM PacnoaokeHA CeTKA, COBAMNIEHHAs C HUM.
CHctema 3/eKTpoioB O6pabaTHIBAETCS COOTBEICTBYIOIUM 06pasom .1
MoAy4EHHs GOABIIOTO &, M Ha KaKAbl NOCAEAVIOWHE 3AEKTPOA MOAASTCH
HanpsaxcHue GoJblliee, YeM Ha pel-
-— wrecTBylomnit, Ha puc. 277, 6 cxe-
MaTHUECKH [I0KAa3aH Nepexog 9JeK-
TPOHHOTO MNOTOKA C OZHOTO 3MHT-
Teépa Ha apyroi. Tpaexktopuu ajek-
TPOHOR MOKHO HCCAEIOBaTb Me-
TOAOM pe3uHoBol MeMOpaHbl, Tax
KaK BDAEKTPUYSCKOE [OJAe  34€Ch
ABYXMCPHOE. YMHOKHIENR CKBO3-
HOro peficTsHa MH3TOTOBJIAAHCH (Ce-
puiitio kak B CCCP, tak u 32 py-
Gexom. B oTeuecrsenHnix D3IV
CKBO3HOr¢ AeHCTBHA TPUMEHARUCH
CLl-aMutTepnt u ofpaGoTka G.I43Ko
PACTIONOXEHHEIX  ADYT K  Zpyry
SMATTEPOB TapaMH uE3dd  BLTpe-
yana M3BECTHHE TpynHoctH. Bos-
MO3KHO, KOHEYHO, TPHMEHEHHE Cl1NaB-
HHIX 3MHATTEPOB, He Tpebyoumux
obpaGotkn B mnapax Cs, oanako
£CTh PAX KOHCTPYKLuH IV ¢ aqex-
TPOCTaTHUECKHM YRPABACHHEM, rje
NOBEPXHOCTL  IMUTTEPOB  BIOJHE
noctynua. Takosw $IY koncTpyk-
unn [l. B. Tumodeesa u &SIV
C KOPHTOOOPAsSHLMH 3JEKTPOAAMA.
OnHa wW3 KOHCTpykuutt ©O3Y
I1. B. Tumodeera m3obpaxena ua
prc. 278, DMuaTTepR ¥MEIOT dopMY NOAYLAAKHIPOB B pacnoaaraloTcs OJ1uH
NPOTHE APYroro Tak, 4T0 Kpai 0AHOrQ SMUTTEPA NPHXOAHTCA MPOTHB cepe-
JMHH JPYroro. 3JeKTPHYECKOe [101€, HANPABAfoWes JEKTPOHE ¢ OAHOIO
IMUTIEPE HA APYTO, CO303ETCHA MOCAEAGBATENLHO NOBLIMAIIIUMHCA HaNps-
KEHUSIME SMUTTEPOBR H HANIDAKEHHEM, TTOL2HHHM Ha KOHMYECKYIO CeTKY, CIyXa-
UIVIO OAHOBPEMEHHO aHOoIOoM, Mccaeaya aKCNepPHMEHTaIbRO Ha MOAECIH [1OIE
9TOW CHCTEMHE 3JEKTPOAOB, YAAETCH monoOpath Takylo GopMy CETKH, MpH
KOTODPOH IAEKTPOHH MOYTH 6e3 moTeps NepexXOAAT OT 3IMHTTEPA K SMHUTTEepy
(notepu He npeemmant 1—2%/). O3V Tumodeesa wusrorosamorcs ¢ KLI-
n Cll-katogams, KaKk HaHECEHHHIMH Ha METali, TaK W NOJYDPO3PauHbIMH,
¢ 12 n 13 xackagamu ycunaenud. B wux npuMeHsdioT KHCAOPOIHO-MarHpe-
BHEC SMHTTEPH HAa OCHOBE AJIOMHHHCBOMATHHEBOrO CIUIABA,
DOoTOYMHOKUTENY € KOPWTOOODAsHHMH 3JEKTDOXAMH OHJH BREpaLie
npeanoked Mexosrm (1937 r} u JlenmewHHCKO#, HO KOHCTPYKTHBHO

7%

Puc. 271, ®PoToyMHOXKHATETbL Bekmuwn-
CKOr'o.
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paspaboTatil ¥ AOBEAEHH [0 CTALAHM MPOMBILAISHHOrO OCBOCHUA 3BOPH-
ginbiM W Pakixmanom B CHIA. Ceuelns 9J4€KTPOROB ABYX KOHCTPYKuui
YMHOMXHUTENCH 3TOrG THNZ MOKa3ansl Ha pHC. 279; KOHCTPYKIMA, NOKa3aH-
Has Ha puc. 279, 6, RaeT BO3MOXKHOCTL MNOCTPOMTL MaxoraGapATHHN
yMHOXKUTEAD ¢ OOJblHMM uHcAOM Kackagos. Kax ywxe Osiio oTMeyeHo
puiie {u. [, § 8), npn noaGope npouis 31EKTPOJIOB H WX HanpAKeHHH
3BOPHKHHLIM C YCNEXOM OB HCMOAB30BAH METOI DE3HHOBOH MeMOpPaHH

Dpiri:
0TI e
.?mmmﬁ;méf'
T
e &umwﬁh{ & N
Cemng \ _: I
Awod cemmi —
ﬁ'). L—m-'d)—ﬂ,—.‘

Puc. 278. OzHa H3 KOHCTPYKUMH YMHOXHTEIel
) Trmoteena.

AnexrpocTatuyeckaa GOKYCHPOBKA €  NOMOMIBIO KOPHITOOBPA3HEIX
SREKTPOHNOB TNPHEMEHACTCA B GOAbIUMHCTBE AMEPHKAHCKHX yMHOMUTENCH,
a4 Takxe B OTeyeCcTBeHHHX ymHoxkuTeanx ®IY-17, PIY-18 u dIY-19,

OcHOBHBIMH XaPAKTEPUCTHKAMHU MHOTOKACKAJAHOIG YMHOXHTEAS MOKHO
CYNTaTh CNEKTPaJbHYIO, YaCTOTHYIO W CBETOBYH XapakTePHMCTHKH, OOIYio
BOALT-aMNEPHYI0 XxapakTepuctury [, = f, ({/;), w3MepeHHyio 0pH HewWs-
MEHHOM pacnpeaeneHdy Hanpskerns U, MexAy 3JeKTponavMy, BMECTO
KOTOPOH 4aCTO nOABAyIoTes sasucuMoctbio [/ly =M ==f,(U)), anox-
HYl0 xapakTepuctaky [l,=f, (U/,,) H XapakIeprcTHKy TemMHOBOrO TOKa
I = [ (Uy)

[IpovblmneHHEe  (OTOYMHOXHUTENH M3TOTORAAWTCA ¢ HAHECEHHBIMHU
Ha MeTtaan uav noaynpospainsmMu CLL- » KL-dotoxarogamu. Marepuan
$OTOKATOA2 H MOrACIKCHHE CBET2 B OKHE YMHOKATENS ONPENeasioT BHA
CIIeKTPanbHOH XapakTepucTHRH. B 9TOM OTHOmWEHNH HeT pasHHMUB MeWIy
MHOIOKACKAAHWMH W OAHOKACKAAHBIMH YMHOXHTENAMH, Y2CTOTHBE XapaK-
TEPUCTHKYE YMHOXKATENeH! BCEX THIOB HE NOKA3HBAKOT YMEHLILEHHA UYBCT-
BUT@JIbHOCTH BILVIOTH OO OYEHb BRICOKHX 4aCTOT (UTO OLLIO TMPOBEPEHO,
Hanpumep, mas ymuHoxutens Tumogeesa a0 50 x2zy). Jto BnoAHEe nO-
HATHO, TAK KaQK TOK B MHOrOKAaCKaJHOM YMHOKHTENE YHCTO 3JIEKTPOHHLIA,
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AHopHas xapaktepuctuka [, = f,, (U,,) mBmeer taxkoR ke eui, Kax
COOTBETCTRYIOUAA XAPAKTEPUCTMKA OJHOKACKAAHOrO BHIIPAMHTENS, Jek-
TPOHH, BHIUCALIKE C TMOCAEAHETD SMUTTEPA, NOJHOCTHIO COGHPAOTCA HA

Lomonamo? Y

Puc. 279. PoroyMHOEHTEAN ¢ KOPHTOODPaIHEIMA 31€KTPO-
RaMH,

Liubpawn 1, 2, ... OTMENRHE BTOPHILOSJCKTPUNHEIE INHTTEDHE,

anoge npn {/,,, PaBHOM HECKOAbKHM HecATKaM BOJbT. IIpu ouenn 6o.b-
pex U, , 4acTh 3AEKTPOHOB NOMANAET HA AHOA, MHHYA MOCJACIHHE IMHT-
TePH, W aHOAHHH TOK [, HauMHaer ymedbmarthcA (puc. 280),

Tunuumas 3asucHMOCTs Ko3(pduumenta ycuneuud M u uHTerpassHolt
4y BCTBUTELHOCTH S =Sy, M OT Hanpmienus nnrauus U, ans yMmooxa-
TeAS C 3JEKTPGCTATHYECKOH ¢oKycupoBkoft npuseseHa #a puc. 281. On
R2€T WPESACTABICHHE O BEAMUHHAX 9HTHX NapaMeTpPoB, AOCTYNHHX AAs
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HPOMBIINEHHNX (oToymMHOKkKTeReH. .M3 pucyHKa BUAHO, YTO BO3MONKHO
NONYYHTL WyBCTEHTEALHOCTs nopsaka 10 alax w Sonee. Ho puxomno#
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le 8 yorobron efurwvyaz

E\‘

20 4 o 8 00 128 M

Puc. 280. Anoapan xapakTepHCTHKA MHOTOKACKAIHOr o
GOTOYMHOXKHTERR; N0 OCH abcuace oTaoxeno Uy, 6.

AHOAHHH TOK B JAyWHEM Cnyyae MOXET AOCTHTaTh HECKOABKHX MAJAH-
aMnep, MHOrAa Jawe JecATHX MuanuaMnepa. MaxcumanpHmd aHoAHBH
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Puc, 28]. 3aBtcHMOCTh KO3gdUUHEHTA YCHIEHBA

M u uurerpaibHoll YYBCTBHTEABHOCTH S MHO-

FOKacKajiHOro YMHOMHTeJA OT HanpAXeHHA
NHTaHMA,

TOK HABARSTCA BaXKHBIM MNIpaMeTpoM (OTOYMHOXHTENS, TAK KaK npH
NMPEBHINEHAA €r0 MOXeT NPON3OHTH paspymenve OawxalBiHX K aHoly
SMMTTEDOB, Ha KOTODuie HAET HanbONee CHALHHI TOX.
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[Mpuuamas (J))max==1 #a, M=10° noayuny (/y)m.x==10"" ura,
yto cooTBETCTBYeT NpH Sy =80 Mra/amn (Cll-kaTon) MakcumatbHOMY
ceeToBoMy motoky 1073/80=1,25.10"" a4 MakcuMaabtui CBeTOBOHU
MOTOK, H3MEpseMu# (POTOYMHOMUTENAMH, He npesuinaeT oObuHo 1074 —
10°% am,

MakcuManhHeil AONYCTHMBIE TOK ONPEAENACTCA HE TOJbBKO OMAacHO-
CTbI0 BHIXONA H3 CTPOA YMHOXHTEAS, HO H BO3HUKaWIEH# npu 60AbIUHX
yCHACHUAX HeCTAOMNBHOCTLIO MAapaMEeTPOB BCJEICTBHE YTOMJICHHA (QOTO-
KAaTOAa 4 SMHITEPOB, B TNEPBYI> Ouepedb NOCAeAHuX, YTomvaenue Hab-
NOAAETCSl U TpH CAabHX AHOAHMIX TOKAX (A0/M MHKDOAMNEpa) ¥ 3aMETHO
VCHANBAGTCH NPH YBEAHUEHHH TOKA, Y TOMJEHHE YMHOWMTEneH neaaercs
3AMETHHIM, OCODEHHO NPH CHABHBIX TOKAX, YA€ B NePBHE ACCATKH MHHYT
Henpepsisioil  paboTH. I103TOMY nNpU TOUHBX H3MEPEHHAX NIPUXOQAMTCH
orpaHnynBaTh BeiXOAHOH TOK 0,1 — 1 .wxa. CunaBHHE SMUITEPH YTOM-
asotcs ropasao caabee, wem CL{- v Kl{-smutrepu. PoroymuHoxuTENH,
; KaK H (OTORNCMEHTHI, [OABEPKEHH
CTAPEHHIO, KOTOpOE [pOBJAACICA
B YMEHLLIEHHH UyBCTBUTEABHOCTH.
Crapenue HabmiogaeTcs ¥ NPH Xpa-
/f HedHH  ymHoxuTeaed. Ero o6vsc-
: HAT AeHCTBUEM OCTATOUHBIX FAa30B
4 Ha SMHUTTHPYWULIYIO MOBEPXHOCTE.

3 A e [Topor uyBCTBHTENILHOCTH, T. €
¥ - HAHMEHBINUHA JOCTYNHBH peructpa-

IIHA CBETOBOK HOTOK, 33ZBUCUT OT
pAYKTY 41HH B U3MEPHTENLHON CXEME,
MACKHPYIOIUX 3tdekt, cozpapae-
~Ir F‘i MBI CBETOBBIM MOTOKOM. PIIyKTya-
; IHA  HMEIOT MECTO KaK B caMoM

$3Y, Tak B B ApPyrux 3IeMeHTax

y ' CXeMB (HArpyso4yHOE CONPOTUBMEs
/ HWe, VCHAHTeJAbHME Jamnn). Tox
i B $3IY, npeacrapasiomuii coboh
g 2 4 &0 & 0,120 47 NMOTOK  3NEeKTPOHOB, HMCMAITHIBACT
Al cayuafinsle KoJ1eGaHHA — 3TO  ABJe-

H#E Haswiaercss ApoGoselM sthdek-
TOM. Teopus apoGoBoro sipiekta

Jr i - 4

a1

10t

el

Puc. 282. 3aBiHCUMOCTD TEPMO3ICKTPOH-
HOTO TOK2 otokaToaa (KpuBas [), Toka

yTeukH (KpHBas 2Z) # CYMMApHOro TeM-
HOBOFO TOKa (XpUBan J) 6T KACKAIHOrO
HalpsaxeHuA.

Iudpod 4 orwedesa ©5aa(Th HeCTAGHABHOTO
pexHma,

B dotosnementax u PIY uznoxeHa
Huxe (§ 46) Bmecre ¢ 1eopHedt
Apo0GOBOTro 3(PdexTa B 3NEKTPOHHBIX
JaMmiiax. 3ech CAedYeT OTMETHTh,

YT TOK yepes P33V srmovaeT B cefs,
KPOME YCUICHHOFO (POTOTOKA, TAKKE U TEMHOBOH TOK, KOTOPHI BONM3H NOpOra
YYBCTBHTENLHOCTH COCTABAAET OO/bIyI0 YacTh NOAHOrO TOKa. Ilopor wyys-
CTEHUTEALHOCTH NOITOMY 3ABHCHT OT (hAyKTyauuh TEMHOBOTO TOKa W, 0Ye-
BUAHO, BHIOAHO UMeTh B PIY Kak MOKHO MEHLILUH TEMHOBOH TOK. leTanbe
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Helfl aHaaus sonpoca cM. [J1.4.26, ra. VII]. TemHOBOH TOK yMHOXKUTEASR
COCTOHT K3 HECKOJBKHX COCTABJAAMOILAX, 3aBHCHMOCTb KOTODHX OT KacKafd-
noro wanpswenus /= U/in nao6paxena Ha puc. 282, [Ipu nanpaxenuax
{7 <30 8 npeobnaaaer TOK YTEYKH 1O NOBEPXHOCTH GannoHa, KOTODHIR
HE YCuauBaeTcsl ymHoOxuTedem, Ho npw HOPManbHBIX KacKaZHBIX Hanpsi-
KEHUAX, 32HUMAOIUX WHTepBaa mpumepuo 60-—110 g, 8 TemHoBOoM TOKe
npeobnafacT TePMO3MEKTPOHHNNE TOK (OTOKATOLAa H 3MHITEPOR, KOTOP.HIK
ycuinpaercs sMmecte ¢ oyvorokom. Ilnotnoctes Tepmoreka ¢ Cll-xkaroaa
NOCTHraeT NpH KOMHATHOH Temmepatype 107'% — 107 a/cud, a ¢ KL-
gatona Aame 1072 — 10" alcu®. I[lpu yceaenun nopsiaka 10° B
Kll-karoie TEMHOBOH TOK MOWKET, KaK BHIHO, AOCTHTHYTh BEJUYHHB
mopsaKa MuKpoaMnep.

Jng yMeHBIIeHUA TEMHOBOrO TOKd YMHOKHTEAb MHOTAA OXAAKAZHT
KUIKWM BO3AYXOM. 3aurtpuxQBaHuo# o0aacTu, HaynHarowelcsd Ha puc. 282
upn U~ 110 8, COOTRETCTBYOT OHCTPHHA POCT TEMHOBOrO TOKAa ki €ro
HecTaGuaBHOCTh. B 3TOM pexuMe nposBiIseTcs o6paTHad CBA3b Mew iy
BHXOAHSIM AHOIHEIM TOKOM M TOKOM C KaTola, KOTOpas MOKeT GuTb
HOHHOH ¥ ONTHYECKOH TPYPOAR. INEKTPOHH HOHHU3UPYIOT aTAMBl OCTa-
TOYHOrQ rasa, KOTOpHE, ABHradch M0 TeM KE TPAGKTODHAM, UTO H
21eKTpoHnl, OGOMOApAMPYIOT 3MUTTEPH W KaToid, BHIOHBAf H3 HHX BTO-
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Puc. 283. CeeroBad XapaKTCpHCTHKE (BOTOYMHOXU-
TeT4, CHATAR NPH KaCKAAHN X Hanpakeanax { = 100s.

CIPE-'II(OI:{ OoTMENEHA ©00A3CTH, rle OTEJTOHEHHE 0T .IMHeHHOoCTH
MeHbie 3%.

PHUHBIE 3JIEKTPOHB, KOTOPHE B CBOH) QUEPERb YCUAHBAIOTCH YMHOKHTENEM.
J10T npouecc HassiBaeTcd EHOHHOR O6paTHOH CcBA3bI0. PacceinHule s.€K-
TPOHBI, NOMAJA0NME HA CTeHKH 0aAJoHa W HA 3MHTTEPHl, MOryT BHABAThH
KATOMOIOMHHECUCHIIMIO, H3/JYYCHHE KOTOPOH BHI3BIBAET (POTOIMUCCHIO
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C KaroJa ©¥ SMUTTEPOB, ONATH-TaKM YCHANBAEMYIO VMHOXHTEACM. ITO
onrHyeckas oOpaTHas cBu3b. [Ipn 3aMeTHOH OOpaTHOH CBA3N C YMHOXH-
TeiaeM paboTrath HEAB3A.

[Tpauunot TEMHOBOrO TOKA MOKET Ohith # ABTOFJIEKTPOHHAR DMHCCHS,
HO, YCTpaHas oCTpele pefpa u IWEPOXOBATOCTH HA JEKTPOAAX, €€ MOMHO
CIeNaTh MaJo3aMeTHOR.

Onpcarnumn  BHIIE SBJEHHAMH OOpEAeAseTCa JanHehun#t pabouuni
YUaCTOK CEETOBOW XapaxkTEpACTHKH, IPHMED KOTOPOHR npuseieH Ha puc. 283.
PaGoumit y4acTok, B npelensax KOTOPOro OTKAQHEHHE OT JMHEHHOCTH He
apesnmaer 3%, oTMeueH crpenxolt. Hapywenne auneHHOoCTM #ApK
BOMbIIUX  [OTOKAX  BHIRAHO, BO-REPRHX, YTOMACHHCM,  BO-BTOPHX,
BAWAHHEM [POCTPAHCTBEHHHWX 3dpAioB BOJN3M NOCACAHUX IMHTTCPOB
0 aHOIA.

B T1aba. 3 npuBesens napaMeTpn HEKOTOPHX NPOMEIMAECHHHX (OTO-
yMHO®UTenel oTeuecTBeHHoro mnpoussoicTsa. [aa Hux B wurepsane
pabouux uanpmxkendit M gocraraer 10°. Oguaxo ects cseaenus o pas-
pab6oTke yMHo&uTeneH, gad kotopwix M mocturaer 10°

P IY [pHMEHRIOTCH BO MHOFUX OO/MACTHX H3MEPHTEJNbHOH TEXHWKH,
¥3 KOTOPBIX MB OTMETHM 3Aeck Jnse (noapobsee cm. [JI. 4.26]). $IY
NPHMEHAIOTCA B (POTOINEKTPHUECKON GOTOMETPHY, rae OHH, AO-BHAHMOMY,
BRI TECHHJIH (POTOBNEMEHTH BO BCEX CAyuafX, Koraz uameparotcs caalue
cgerosule noTokH. OCoB0 caeayer OTMETHTH aCTPOHOMUYECKYW (oTo-
MeTpHio, rae ¢ noMombio ®3Y yraacch €03naTe HCKAYHTENLHO YYBCT-
BHTEABHYIO B OHCTPOASHCTBYIOILYIO ANIApaTypy. '

B kypcax obumeii (H3UMKH OMMCHBACTCA METON PErHCTPAalHA OTAEHAb-
HX OBLICTPHIX YacTHIL MO BHU3YaAbHOMY H20MOAEHHMIO BCIMIIEK, NMPOH3BO-
AMMHX MMH Ha JIIOMHHECUMDYKOLIEM B5KpaHe (METOd CUMHTHANAOHH).
Mertoa cunHTHAAAUKMA OMA OCTaBREH TOCHE H3oOpeTeHHds ra3opaspaiHbX
cueTynkos vacTHu (cM. § 56). B wnacrosmee Bpems OH BHOBb HCMGJIb-
3yeTcs B CUHHTHAIANMOHHHX CYSTUMKAX, B KOTODHX CBET BCOHILKH
perkcTpupyerca ¢ noMomsio ©3Y, CaMH CUMHTRAISUMKE A BeCh MPOMECT
ycuaeHus B PIY OueHb MANOHHEPUHOHHH; TOSTOMY CLHHTHAIAIUMOHHBIHA
CUCTYMK XapaKTEepHU3yercs oOueHb O0AbLIOR CKOPOCTBHIG CUETa YACTHLL, BO
MHOTO pa3 TpPeBOCXOAAILEH# CKOPOCTb CBETa ra30PasSpsAMBX CYETUAKOB
aoGoro tana [JL 4.21].

§ 356. dneKTpoHHOONTHUECKHEe Mpeolpa3oBaTeNH

MeXTPOHHOONTHYECKUM nNpeadpasoBaTeieM ¥) Ha3nBaeTcA 3IEKTpPoOHAMIPAPH-
4eCKHMA 1pHBOD, B KOTOPOM H3o00paweHHe B UHDPAKPACHWX 1yyax, CIPOEKTHPO-
BaHHOE HAa (POTOKATOH, ¢ NOMOILBI0 YAEKTPOHHOrC NOTOKAa Npeo6pa3yerca B BH-
AHMOe H30OpaXeHne Ha 3KpaHe, NOKPHITOM aioMunodopoM. Ipaunun aeftcteus J0IT
B OOINHX WYePTaX COCTOWT B CJACHYIOWEM: NAOTHOCTE (OTOIAEKTPOHHOIQ TOKA,

Pl

*) KoMureroM TexHwueckedt TepMHHONOLHH NI 31€KTPOHHOONTHYECKHX Npe-
obpasonatenelt (B srom maparpade Iaa HHX GyHeT NPUMEHHTHCA COKpallEHHOe
obo3nayenue 30I1) npennokeHo HaWMEeHOBAHHE <31eKTPOHHHE (peobpa3osaTean
H300paXenus», I0Ka €me He Bomegulee Bo BCeofee ynorpeGienue,
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no 3akony CroaeToBa, NPONOPUMOHAILHA OCBEILEHHOCTH, H CreloBaleAbHO, pac-
apedeleHHe IMUCCHR HA (OTOKATOAe BOCAPOU3BOINAT PacnpeledeHHe OCBeleHHOCTH,
T. €. ONTHYeCcKyw KapThey. C NOMOUIbI HAAZEWAMIETO 3ICKTPORHOONTRUECCKOID
yCTPOHCTBA HA 3KPaHE [OIY4AaeTCs SICKTPoHHOe H3o6paxkenwe (orokarona, H
TAK KaK APKOCTb KaTOROJIOMHHECIICHUMH NPONGPUHOHANRHA TAOTHOCTH TOKA, TO
OTCIOla CleAyeT, YTO BHARMOe K300paeHHe HA IKPAHE BOCIIPOM3BCHET OflATh-TAKH
KaPTHHY, KOTOpas OnIa CUPOEKTUpOBAHA HA HOTOKATOX.

Takum ofpasom, 3IOI coctont w3 QOTOKATONE, 9ACKTPOHHOOATHUECKCH
CHCTEMH, ITepeHOCAHIEH 3JeKTPOHHOe HAofpaxenne € KAaToNa Ha 3KpaH, M CaMoro
sxkpaHa. OTrocurensdHo BwGOpPa maTepwaia AxA (orowarola W SKPrHA CAEAYET
ckasats nemuoroe. Or (oroxaromza I0IT tpebyercd Hauboabiias BO3IMOKHAA
YYBCTRHTEALHOCTL K MHQpPaKpacHHM AyuaM, Kak H3BeCTHo, 3TOMY TpeboBaHHIO
YNOBAETBOPAIOT KUCIOPOOHO-Ue3HeBne (oToX2Todu. K momunodpopy Ins skpana
He NPENbABAAECTCH HHKAKHX 0COOX TPeGOBAaHKH H AJAA HELO NPHUIORHH J06LIS
moMmBHodiopl (cm. § 31). Tloaromy B JadeHeRduleM K BOMPOCY O MaTepHaje A4
skpaHoB H Xarogos J0I1 mm Bo3BpaKtaTbhca He Oyaewm.

I'nagnolt 3anavedt npu paspabortke DO aABaneTca yCTpoRCTBO INEKTPOHHO-
ONTHYECKOH CHCTEMH, ¢ MOMOWLIO KOTOPOf 3TexTpoOHHOE H306paxceHHe B HEHCKa-
KEHHOM 110 BO3MOMHOCTH BHAe OePEHOCHTCH ¢ PoToKaTora ma 9kpadH. Kayecrso
u3e6pax(eHHa Ha SKpaHe, KaK ¥ B CIy4yde IMHCCHOHHOTO MHEPOCKONE, 3aBHCHT
OT HAMMEHbIIEro pa3pelliaeMoro paccToAnMA. Pasanune mexay obommu npubo-
paMp cBA3aHO ¢ TeM, 9T0 B DOI1 noiy4aerca NOYTA HAH BOBCE HE YBEIHUCHHOEL

H3obpaxerdde xaTola OGoaemol nIomaiw,

S ‘ B TO BPCMS KaK Tlepe]l 3MHCCHOHHHM MH-
s — faee? KPOCKONIOM CTOHT 331a%a NOJAYYEHHH W30-

S qf\ b/’V\ m GpaxeHna HeGOABIIOrQ0 YUaCTKa Karoja,
p—> - Texanero e6/AH3A onTHYECKOH OCH ¢ G0ab-
Pagemasne wuM  yBeawuennem. M3 sroro caenyer,

uT0, Bo-nepeuix, Aag JOIl npuemaema ro-
pazae MeMbluas paspewmaomas  cnocob-
~®®m -8 HOCTH, YEM OAA IMHCCHOHHOTO MHUKPOCKO-
v o na, H, BO-BTOpmX, 4uro B 301 HMeloT
g JHAUEHHE a0eppanuy KOCHX TIYUKOB a) uell,
l H2npUMep, aCTUrMaTH3M.

1. 3neKTpOHHOONTHIECKHR npeobpa-
30BaTe€db C NEpPeHoCOM H306paXeHHsd

B OJHOPOLHOM 3ACKTPHUECKOM none.
\ ) PaccMOTDPHM CHavaaa upocrefimee ycTpoi-
7 A Jd e CTBO: MNIOCKHE KaToXl M nJoCcKWil sKxpaH,

Kamod 4 CAVKAUME OZHOBPEMEHHO aHOJ0M. =ekx-
TPOHE BHXCIAAT H3 Kartoia C Pa3IHYHLIMAH
HAYANLHBIMU CKOPOCTAMHY Y 110 Pa3THUHLIM
HAApaBIEHHAM B, HBHTAACk B OJHOPOIHOM
noje no mapafolam, MNONAj2l0T B pasHue
TOUKM KPYKKa paccesnus (pac. 284), Ua
YHCI3 3TCKTPOHOB, UMCIOITHY CKOPOCTh Bhi-

aeta O ==} 2qUx, Daibmie Bcero 0T UEHTPA KPYMKa MonaayT SAEKTPOHH, BHLIeE-
TEBUIME FIAPaAZeIbHO [IOBEPIHOCTH KaToja (TAHreHOWaTsHble $IeKTPOHH). Bpems
OponeTa N0 AHOAA A% TAHMEHNHAALHHX SIEKTPOHOB PABHO

2d 2
= ?E—d-l/"iua,

a PacCTOAHME MeCTA HX NONAaJanus oT NMeHTpa KPpYXK2 paccesHHa Gyjer

r=uv,~= y 2l . d Vﬂ% =2d V%. (35.2)

Puc. 284. K smuncaenHpo paspeinae-

MO0 PACCTOAHHA NPH NEPEHCe H306-

pameHus B OJHOPOAHOM 3ITEKTPHYE-
CHOM ToJe.

(35.1)
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fpy MOHOXPOMATHUECKOM OCBENISIMH KaXiad TO'Ka Karoja AaeT Ha 3Kpade
KDY®KONK PAcCCeAHNA € MaKCHMYyMOM fIDKOCTH B UEHTpPe, KaK 3To NOKAa34aHO Ha
KPHBLIX pacnpelenendna sapxoctd (puc. 284, Beepxy). Ha nepupepnio xpyxxa
PeCCeAHHA 1ONAXAIOT TAHFEHUHATLHLIE 9JIeKTPOHR, HMEIU{HE MARCHMAALHYK

ckopocth, s rux U, =U ..  onpeleracTcs U3 ypasaeHufy Bﬁﬁ}.meﬁua

hy — MmUmax Lp=ell , +D.

2 '
CnenoBare:IbHo, pagiyC Kpy¥Ka pacCesaHHd, HMEWIUEro B 3ITOM CJIyyae onpene-
JeHHYIO FPaHuLly, pPaBeH
ro =24 |/ Ymar (33.3)
max - L’r - -
i
lBe ToukM KaTOXNa, Jewawe Ha paccroammu b . =72r .. (TOYkH B H ¢ Ha

pHC, 284), 3aBeoMO OKAWNICA paijpeidedHwms, HO paspeuntaemoe paccrasHue
B 1efiCTBATEABHOCTH O¥HET HEeCKONbKO MeHpime 8. .., T2K KaK W JIPH 4aCTHYROM
HAIOKEHUH KPYWKOB pacCesHHA B CepeluMHC KPUBOA pacnpeleTeHHe APKOCTH
MOWeT ObiTb 3aMeTHRE MHHHMYM (Toukn d n e nHa puc, 284). CiemoBareinHo,
32 BepXHHH Opeled pa3pemiaeMOrc PACCTORHHA MOXHO UPHHATh BERNUMHY

' &
Bpax = may = 194 -l/- = (35.4)
d

.

Ha pnuc. 283 n3ofpaxen B paipese apocreiiwdafi 3DI ¢ nepenocom #306pas
WCHHA B 0THOPOIHOM ote. Ha NI0CKY® cTeHKy 7 CTEKIAHHOrO CTAKAHYHKA Ha-
HCCEH [10aYIpo3paynsti JOTOKD~
TOA Ha Dpo3payHoil MeTaragye-

CKol nNOOROMKe, a HA CTeHKY 2,
efl 1apanreasuyw, — sxpad. Pas-
pellaeMoe pacCTOAHHE MOXHO C
HHEKOTOPHIM NpeyBearuenyen Hah- 2
i o dopmyae (35.4), Mycts, Ha-
npumep, A==8000 A w karton Knc-
IoponHo-LesHeBui ¢ pabotott
Buixoga P==1 38 Ilo ypasHe-
Hao fismTteRds, U, . =054 8 Puc. 285, JrekrpordocnTyyeckuil ipeobpaso-

max
# nmaa d_—_{]’a' exmn U, = 4000 ¢ BATCIb ¢ HEPeHOCOM 51306]]3*3““51 B QIHO-

noayuaercs 8 m{},% MM, T €, PORHOM IICKTPHHCCKOM Naje.

B STOM npnﬁgpc Ha nggﬁpame— F—noayapospaunny daToraron: 2-— sKpae-aHoL-
HUH, HMEIUieM, KOHeuyo, pas-

MEDH OODBEKTa, MOMHO PAINUYHTD OKONO MATH LITPHXOB Ha | mm. B peficr-
BHTEILHOCTH paspelllaeMoe PaccToAnke 8<U 0. W yHaeTcA AOCTHTaTb pa3pella-

oime cnocobsocTH a0 15 wrTpuxoB Ha MuniuMeTp. [lpenmymectsoM J0IT storo
THNA ABAALTCH UX NpejeAbHas MPOCTOTa, HO KAyeCTRO M30OpadeHus 10AyuaeTcA
ACBHCOKoE, 718 ynyullleHMs KagecTBa u3o0paieHHs HAKO yMeHblUaTh d H yBme-
aHuyueath {J;, Ho B OGOMX 3ITHX HaNPaBIeHHAX HeNb3A KATH NaleKOo BBHAY TOrO,
YT0 € {OBEPXHOCTH KAaToj]a BO3ZHWKAET AaBTCIICKTPOHHAA 3IMHCCHA ¥ CBeUeHue
¥KpaHa Bu3biBaeT (POTOIMHCCUW C KATOIa,

2, JieKTpPOHHOOINITHUECKHe Npeodpa3oBaTend ¢ AHH3AMU. O6a de-
nocrargs J0OIT ¢ nepeHocoM H306paXeHHA B CGIHOPOIHOM floje, OTMeYeHHhI®
B KOHI® MpelIiecTBOBABIIEr0 OVHKTA, B 3HAUHTeabHoH Mepe ocaabienw B DOI]
C MArHHTHLIMHM  WId 33€KTPOCTATHUSCKHMM [HH3AMH, B KOTOpHIX paccToaHue
poToraTOq— 2%paH MHoro Ooablie. .
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Ha pue. 286 noka3ano HECKOILKO BO3MOWMHHI KOMCTPYKUHMH Taxux upeobpa-
sosareaell. B caMod fpocroft M3 wux (puc. 286, g) npuMeHera ABYX3IeKTpPOHHAA
KaTolHad ARH3a, 3HAUNT, HanpaxeHHne U, Ha BTOPOM UHANNIPE HE BAVAET, KaK 3TO
Su10 fNoKazawo HMAR TAKHX nMH3 B § 33, Ha QOKYCHPOBHY M TOJBKO APKOCTb

" u3obpaxieHHR BO3PACTaeT C YBEAH-

L

- uvenpem U/, KoncTpykuusa nmeer 1ot

=0 | U=Us ‘ HEMOCTATOK, 4T0 NPH W3rOTOBAEHHH
nprBopa TPUXOAKTCA TOYHO MOATU-

< - - HATL €ro passmepw (BAUMHY OBOHX

| , IVLTHHAPOB). JTOro HEHOCTaTKa He
BN i HMEeT KOHCTPYKUUSA € MAarHUTHOM
— e aun3oh (puc, 286, 6), rae $oxych-
Aamod a port POBKH MONWHO N0BHUTLCA H3MEHEHHEM

TOka AuH3N, HakoHell, ¥ KOACTPYK-

uus (puc. 286, 8) €O CHOXHON 3iek-
. TPOCTaTHYeCKOA IWH3OH, 0Opa3oBan-
- HOI pAZOM Koaell ¢ HANPAMEHHAMH,
M NOBHIIAWEMHCA OT KOJIbIA K KONb-
uy, TaKxe 003soaser yYAoOHO ynpas-
RATE (OKYCHPOBKOH H APKOCTLIO.
[MTonbupas CONPOTHBACHHA HA OT AL Ab-
HHIX YYaCTKaX NOTCHUHOMETpa, MOX-
HO MEHATh OTHOLIEHUE HANpAMeHRH
i, 3HaYUT, AeHCTBOBaTb HA (POKYCH-
pPOBKY, a NOBuWaR ofwiee RanpAxe-
= HHC HAa TNOTeHU{MOMETPL, YBEIHYH-

g BaTh SIPKOCTD.

Vo Kak # B cayyae SMHCCHOHHOIO
MHKDOCKOTA, NN OLIEHKH paapelia-
ouledt cnocobroctn 0TI ¢ auazamu
YOPOIEHHO MOEHO NPHHATL, 49TO
Conyoupyone omYa ycxopaouee noae » $oKyCcHpywoiLee
el e & bt noAe JAMH3W TPOCTPAHCTBEHHO pa3-
aenenn. Torma x 30Il ¢ aun3amu
Fxparm npuMenuMa dopuyna (24.33), umewn-

Lan sujg

e —— ——
! 3 - 4Umax
a) max EK .

Hanpumep, npn U ,, =05 8 n
Ppe. 286. BaexTponHoonTHYCCKHE Npeob-  E — 1000  g/cH HONY4aeTCa
" pasosaread c aMusamu [J1. 4.4]. 3,,ax="0,02 4M,T. €.10CKOALKY 3TO CBA-

g“"ﬁ““"‘e““".‘”"‘“’ﬁ ?-'QETPUC“T"'IECKOF";“HBOﬁi 3aR0 ¢ XpomaTRueckoH abeppaune,
A e e obuey.  BIONNE BOIMOKHO PA3AHYATE Ha KATO-
THB, §— MATHHTBAY NHE3A); ge JOIT no 50 wrpuxos Ha 1 mM.
8 —C0 CAOMHOR P1EKTPOCTITHISCKOR ZHH3ON, J10r0 AGCTarTouHo nasa u3obGpawme-
HYA XOPOILerc KavecTsa, H yXyjure-
HHA W300paXeHHs MOKHO OWH/aTe CO CTOPOHH IpYrux abeppauu#t aWH3W, a
aMeHHo afeppani#ft KOCHX WYUKOB, KOTOpWe B H2HHOM cayuae (kKatom Goabmioft
MA0I{aJH) OTHIOAb HE MaJjh, 2 TaKXe CO CTOPOHH IEPHHCTOCTH 9KpaHa.
HehcrsaTeanto, KH3o0pamkedne B npeobpa3oBarese C TIOCKHMHE KaTONaMH H
SKpPaHOM OKA3WBaeTCA MO KpadM CHAbHO HCKaXMEeHHWM H Pa3sMHTHM H3-3a KpH-
BA3HG NOJA M ACTHCMATH3MZ, HO OHO MOXeT OblTh B 3HAUHTCALHOH CTENEHH
UCHPaBNEHO, ecAy NPURATH SKPaHy HAM, uT0O DNPaKTHYECKH yzobmee, katoly coe-
PHUYCCKYO (opMy, Kak Ha puc. 286, e.
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3. Meperoc n306paxeHHs € TNOMOWLLI0 NAJHHHOA MATHHTHOH JHH3LL
B nexoropux 3011 U TeaeBHIUOMHHX TPYOKAX IR nepeHoca H300paweHHA Npu-
MCHAIETCA ATHHBAR MATHHTHan JuH3a (puc. 287). B 3ToH nan3e Ha BceM NYTH
JTEKTPOHA JEHCTBYIOT IJICKTPHYECKOE N MarHATHOE NOOJR W NPHHATOE BHlIe

PORYELTVIONIIE KOTYILIKD
20000000OCOCOOOOOCOOOOOC

1Y 4 - Jnpon
-—— - ———————o———— —a—
Kamod - 1
. -
0 ]z T r z
30 Ik 1
— ] § fe—

JOOCOCOOOOCOO0OOCCOCO00L
Ug

Puc. 287, [lepedoc n306paweHHA B ATHHHOH MArHHTHOM
JAuH3e,

ynpouenue, 8 HKOTOPOM YCKOPAIOE(EE (o€ OTAeasercas oT GoRYCHPYIOILEro,
npelcTasaaeTca HenpasuabHuM. Tlo3toMy AaRMoi cayuali crenyer pasolparts
OTAEAbHO,

PaccMoTpuM JBe rpynnol 3JeKTPOHOB, HMEIOIHX CKODOCTH Oy = VQ?U: , Bhl-

YOAAUME M3 KaTofa NapalfesbHO €0 NOBEPXHOCTH M O HeGONbIMAM YLJIOM
Kk HeM. Bylew cuMTare, 4TO NJA MapaKCHAALHMWX 3IEKTPOHOD

U, =10y COSamz Uy,

[lycth = — BpeMA npobera NapakCHalbHOTO 31eKTPoHA Ao pokyca (. B 10T MO-
MEHT, KOFJa NapakCHaibHull SIEKTPCH MOCTHrHeT TOYKH (') TaHreHnWaabHuH
3JEKTPOH, ONMCAB TaKke OIHH 0O0POT BHHTIOBOH AMHHH, OVieT OYeHb GIH3KO
o1 towkn O, orcroaneit or (' Ha PACCTOAHUM

S=UT=-r VQ"]U:;-

HanpakeHHOCTh 3IeKTPHUECKOTO NMOJA, B KOTOPOM XBMFAOTCH 3IeKTPOHH, paBHR
Uid, n speMa IBMMEHHA NapakcHatbHOIO 3JIEKTPOHa OO TOUKH (' Gyier onpe-
NeAATbCA K3 POPMYAN

—_— L4 Uae ts

I=vt G mzr

U, et®
wan Tak Rak {Jp €U, u vx Mano, 10 d == _Eaz_m H

_ -l/ 2 . c_oq1/ Us
t—=—d m’ S—Qd LT?. (35.5)

TadrennuatbHOMY 3XeKTPOHY, HaXolAweMyca B toyxe O, aaa Toro urebu 1oiTH
no 3KkpaHa, norpeSyetca BpeMs, WPHOTHIHTEILHO (BBHAY MAJOCTH §) PaBHoe

5 — h
(ﬂz)z=d-—s VQT]Ua.

At =
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3a Bpems At TaHreHUHAAbHLIH JTICKTPOH B HaUpaBJICHHH y OpPOHIET NYTh

7 R ' AqH!
=ﬂit‘ﬂ'n:2£f.l lj . —l——- V?‘IEUKZQJL—K:_LK
Ua

YV 2nU, Us  Ex

¥ mnonaietr B Touky C 3IKpaua.
[loaaras onaATh OpH BRMACICHUM DAIHYCA KPYKKA PACCEAHUA GOTOIIEKTPOHOBR

Uy = U,y RaACM:
r = A
ma :
X EK

M IIA BEPXHETO IIpelefda HAWMERbIIero pa3peltaeMorn pacCriodAHHR, IPHHIMIA
BO BHHMAHHE, UTO YBE&IHUEHHE MarHHTHOH/ AUH3H PABHO cOHHHIE:

U
B emop g max

max max EK x

T. e. TO K¢ Bulpamkenne, 4to ¥ jnA 301 ¢ xopoTKimMH JTHH3AMH.

4. lpuMeHeHne 31EKTPOHNOONTHYECKHX DpeobpazoBaTeneht. DICKTPoHHO-
ONTHUeCKUE NPeobpaloRaTeId MPUMEHSIOTCH 118 BHUICHHA Hoykld W doTorpadu-
POBaHHA B MHdpakpacHux ayuyax. $orokaroap MGKHO €Ae1aTh YYBCTBHTCILHLIMH
Kk 6oaee NIHHHOBOAHOBOMY H3IYUEHHIO, ueM poTtomracTHHKH. Ho3ToMy UplimeHeHHe
INEKTPOHHOONTHYECKNX  npeolpa3orartciaeil pacliip#er 001acTe NPHMEHEHHS
pororpaduy. ITO HMeCT 3HAUEHME 1A GROIOMNH, Cle HHOILa GoTorpadupoBaHue
B HH(QpPaKpacHHX JIyyaX NPHHOCHT HoBHeE nanune, JOII ¢ ycnmexom mpHMeERAITCA
e acTpousnuke, Tak, actponomsl Karmunak, Kpacosckubh n HuxoHos ¢ momonibio
2011 noayyuan B MEPPAKPACHNX Jav4ax ¢ I1MHOH BOJHW 0,07 CHMMKH LeHTDa
["anakTHKH, Ha KOTOPHX Onl1a OOHADYXEHA OrPOMHBIX DA3IMEPOB <«CBETAILAsNCA
001aCTb», YCKOJIb3ABMIaA OT HAGAIICHHA B BHIOHMEIX TYYaX.

B soenno#t texnnke 3Ol HCNoab3yOTCd 1714 BOXJICHHA TaHKOB H 2BIOM2INHH
HOYBI0 M 17 HOWAOH CTpeapbol Ha GIMIKHX DPACCTOAHMAX, ¥ CTpOHCIBO B OOOHX
CIYYaAX COCTOUT M3 HPONKEKTOPA HIM NPOCTO 1aMib ¢ pedaeKTopoM, cHaGMen-
RO QHILTPOM, HPONYCKAWIINM TOIbKO HHODpPaKpacHLE JYWH, # 3IICKTPOHHOr(
npeobpa3opareina H3oOpasennna, CxeMa Takoro yCTpoHCTsa toxa3ana Ha pHC. 288,

1

3
/

&
N By
. NI
| \“\. -‘}\_ o~ - '
Puc. 288. Cxema npumesesua IO pan sabmoiesuft 8 #Hgpa-
KEPacuuX 1y4ax,

0
v
4

I—vwugpakpacnpt ceeTopuanTp; 2—Katol; 3 — skpan; 4_.0,\-}-”';); §— 00LeK-
THE; 6 —NpoKeKTOp.

Uudpakpacuue ayyn oT opoxektopa, pacceadHbe 06bexToM (;lopora, uemb),
or0pacHBaTCA Ha JOTOKaTO] mNpeoGpa3osaTels ONTHYECKHM OOHhEKTUBOM uepes
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GUILTP, CAVHAWNI 114 DPEJOXPaHCHHEA OT HOCTOPOHHHX Jjvued, a n3oGpawmeHde
Ha 3KpiHe upenbGpasoBareas  PacCMaTPHBACLTCA HAGIOKaTeseM UYepe3 OKYIAD.
Y BeauycHie npeoOpaszovsareas i ONTHNCCKHX 4acTel ¥CTaHOBKM MoxoGpaHo Tax,
4T0 HabnaaTeIb, rias KOTOPOrO HAXOIHICH Ha ONPEleIcHROM PAacCTOAHHH O
OKVIADA, BIAMT (IPeAMeThl, NOMABIlHe B nNoTe VCIPOHCTBA MOJ TeM Xe Yranu
apeHiA, H3 KOTGPOM O YBAICI O HX HCBOODYKEHHMM raadom. Hounoe npu-
HeapbHoe YCTIPeACTBG B OCHOBHOM TAaKOE ME, HO OHO HECKOJIBKG iIpolle.

§ 36. DdaexTpoHHo-ayuesbie TPYOKH AAA ocunaiorpadHu B npuema
usoOpakenuil, JNEKTPOHHBIE NEePELKIAOUATEIH

DACKTPOIHBIR WM, KAK €r0 Panblie Ha3WBaAK, KATOIHKH ocuaaaorpap—
O14H M3 CAMBIX CTapBIX 3JeKTPOHHWX npubopoe. Eme B 1897 r. . bpayu
IOCTPOUA SNEKRTPOHNO-IYUERYI0 IPYOKY ¢ XONOJHBM KATOIA0M H NPUMEHAN
ee Mg dccaeaoBanus kogaebanuil. B. HacTOsiuee BpeMs 3NE€KTPOHHO-
ayuepuie Tpy6rd (2/1T) asaswica OCHOBHBIM 3JEMEHTOM TEJAEBH3HOHHBIX,
PaAMOIOKAUMOHHBIX ¥ MHOTHX PajHOU3MEDPUTENbHHX YCTPOHCTE.

DT ¢ X0oM0AHKMM KAaTOAOM B HACTOSNIEE BPEMA APHMEHSIOTCA TOMBKO
B TEXHHKE BBHICOKMX HanpgieHdif 19 1CCAeJ10BaHHR HENEPROANYECKUX
NPOLECCOB (HanpHMeD, BLCOKOBOALTHOrO npo6oa). Oun pabortaicT B ycao-
BIIX HENPEPLIBHOH OTKAUKH # Az 3anucH OCUHIAOTPanM, BMECTC SKPAHA
B HUX MPHMEHSETCH ReNocpelcTBeHHo ¢oronaactunka™). [Ipubopamy mMac-
COBOTO PAaCcpPOCTDAHCHNS, OPUMEHIEMEIMH B TE/JIEBUBHOHHBIX M paauoJ0-
KAUMOEHNMX NPUEMHUKAX H 3JMCKTPOMHEIX OCUWAAOrpadax, ssamorca JIT
C HaKAJCHHWIM KaTOMOM M 5KpaHom B 3anasunoM Oanaone. Hinke Gyaer
HATH pedb HCKJIOYHTENbHO 00 5TuX 1IOCACAHMX H TMPHTOM TOJABKO O TEX
W3 HHUX, KOTOPHE CJIYYMAY WUpokoe npumeHenue. CBOHCTBA M KOHCT-
PYKUHY DpAta BakHEX aiss npakruxd DJIT (cneunanshsle paagosoKanyuoH-
HBIE TPY GieH, TPYOKH Anst BpUEMa UBETHLIX H300paXeH M, MHOT e KOHCTPYKHRA
3MEKTPOHHBIX KOMMYTAaTOPOB) 3a HEIOCTATKOM MEcTa COBEPHICHHO He
saTparusaorca jJ1, 4.2; Jl. 4.11; JI, 4.15; Jl. 4.19; J. 4.4}

Bo ecakodl 2JIT momH0 BHACNHTL TPH FNABHBIE YaCTH: 3JEKTPOBHAHIR
NPOKEKTOP**) W OTKIOHMAIOImEe YCTPOHCTBO, CAYKAIME A1 [OAyYEHHS
NEKTPOHHOTO Ay4a W YNpaBAeHHs €ro ABHAKCHHEM, H NMOKDLITHH TIOMHHO-
(bopoOM 5KpaH, Ha KOTOPOM B MECTE TNONAAaHus Jyya Bo30yxaaeIcs
cseraoe nstHo. Ilepea koncrpyktopom HIT crour 3agava noayyesus
OATHA BO3MOMKHO MEHbUIMX pa3MepoOB U OQOECNeUCHHA BO3MOKHOCTH €10
nepeMenieHna B Mmo60¢ MECTO 3KPaHa, a TaKKe BO3MOKHOCTH H3MEHATE
apkocts nsatHa. OueBuano, uToO JA000€ TOJOKEHHEe MATHA HA IKPAHE
MOKHO TNOAYYUNTb, ACHCTBYS HA Jy4 B JBYX B32aUMHO-NCPHEHIWKY/IAPHBIX
HAaNPABJICHUAX COOTBETCTBYIOILHMY 3MEeKTPUUECKAMHY WM MATHHTHHIME N0-
J9MH, KOTOPHE CO3JaI0TCH OTKICHSIOUUME IJIRCTHHAMH MAH KAaTYLUKaMi.
Huke paccmatpusaetcs, KakuM 00pazoM B T ocyinecTBasioTca KOHTPOAb
pasMepoR nATHA, (QOKYCHPOBKA Jy4a, MOAYJASLus ero SpKOCTH K ynpae-
NCHRE OTKJAOHEHUEM,

¥) O BLIcOKOBOILTANX ocimaorpadax oM, [J1. 4.11 v JL 4.12].
%%} Man saekrponsasn nylwka.
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1. [IpoxkeKTOpM SACKTPOHHO-AY4eBHLIX TPYOOK. Ha cxematnueckom
puc. 289 usobpawena IIT ¢ snexTpuueckuy ynpasaenneM. Takue TpyGrn
NPHUMEHAIOTCA OOBYHO B PAJAHOTEXHHUYCCKHX OCHHAIOrpadax. 3aeKTpoabl
THAHYHOTO YETHPEXINEKTPONHOIO TNPOKEKTOpPa TakoH TPyOKH BMecTe
C 3KBHNOTEHUHANBHLEIMY JUHMAMH (KOTOPHE MOXHO H3MEDHTH TO METOAY
3MeKTPOAUTHYCCKON BaHuu) wW300pamenn nHa puc. 290. IMpoxekrop, kax

Puc. 289. JnekTponHo-1yuesas TpyOka C SNeKTPOCTaTH-
YECKHM YupaBaeHHEM,

H— xatox; M—wuonyappyompid anektpol; A Ae—auonaw; XV —
OTEJCURIDMME BIICIHHE; J— sKpad; A — npoBogAllee NOKpLITie,

BHIHO M3 3TOrC PHCYHKA, COCTOHT H3 ABYX JUH3. KATOAHOH BMMEDCHOH-
Hol aHW3B L; n Qorycupyromeidl 6unoteHuManLBOR nuH3n Ly Jluwza L,
0o6pa3oBaHa TOJIEM MeXAy KaroaoM K, MOAyaupyioiliMM anextpoiom M H
nepuM aHomoM A, Jlumsa L, obpasyercs Mexay UepBHIM aHOIOM Ay U
BTODWM 3HOAOM A; COCAMHCHHHM, Kak NO0Ka3aHo Ha puc. 289, ¢ mpo-
BOARUIHM noxpuTHeM Oannona TPyOKH. BCAEACTBHE 3TOrO B OTCYTCTBHE

Puc. 290. UYernpex3atexTpodHn#l 3JIeKTPOHHbLIA
NPOKEKTOP.

K —gaton, M- woaympyiomuit snextpos; Ay, As—asodsl,
L, —xaTotnas anmsd; Ly — QUEYCHPYHOWEN NHH34.

HAIPKEHHH HAa OTKJAOHMIOWIMX [NacTHHKAx X # ¥ 27eKTpOHHWH ayu,
Bulma n3 Lo, ABHAETCA B JNPOCTPAHCTBE, CBOOGAHOM OT RNOJAR, H Aaib-
HeHiuX [penoMAcHHH HE WCIBTLIBAET.

B § 33 opu onuCamuM KaTOAHHX JAHH3 06110 OTMEUEHO, YTO MOA
HeHCTBHEM YCKOPAIOMIETO €0aA 8OAM3H KaTOAA 3JAEKTPOHL, BHIXOASAILNE
H8 KaroAa MOA AKOMMH yriaaMH, CTACMBIIOTCA B TOHKHE Ty4kh, obpasyio-



§ 36] 3NEKTPOHHO-JNYYEBHE TPYEBKd 75

HE YBeanueHuoe n3oOpaxesue ToH 4acTH Karoja, HAa KOTOpOH cyme-
CTByeT noje, yckopsiomee saeKTpons. Ha pnc. 291 noctpoeHn skeu-
notenunansupe aunun <0, U=0 u U > 0. Jlnuua U =0 scrpeyaer
noeepxHocTs Katosa ({/,==0) B Toukax K| B K3 W BHASNAET H3 Hee
akTuBHEHA yuacTtok K K3 B npesenax ywacrka K Ky noae  wa
NOBEPXHOCTH  KaroAa  YCKOpPAeT  SJIEKTPOHH A  BOBJAEKAET  MX
B 3JCKTPOHHBH nyyok, Bge yuactka K,K; nojse TopMO3NT 3A€K-
TPDOHW W OH# BO3BpanlaiOTcd Ha Karod. Ha pue, 291 nocrpoern
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Puc. 291, [Mocrpoenne XxpymKa nepeceueHds U HIOGPAKE HHA
B KAaTONHOH JiH3e.

TAKHE TPAGKTOPHH SJAEKTPOHOB, BHIXOAAlIMX mnoa yraame 0, 90 a [8(°
K TOBEPXHOCTH KaTolda K3 nepudepuBHEIX TOYEK aKTHBHOI'O y4wacTKa K, M
K, [Ilepeceyense 3THX ayyeHl JdaeT H300DaKEHHE AKTHBHOTO Y4acTKa
Katona K1Ks B § 33 6mAo nokasano, YyTo NpH Haajekailem BuiGope
HAmpPSACHUH K reOMETPHH NUH3H U300DAXKEHHE MOXKET HAXOAHTHLCH AAAEKO
OT Karoaa H OHTb CUALHO YBEIHUEHHEIM,

Ilepen xaTonHOM AMH3OH NPOXKEKTODAa CTOMT, OAHAKO, COBCEM Apyras
3afava. YroOW BHSCHUTb €€, PaCCMOTPHM BECh SJEKTPOHHHWHA MyYyoK, HCXO-
AswHEl u3 katona. Bueminsa rpasHuUa Oyuka B NPENeaax Mexay KaTOAOM
U u306paxenueM NPOXOANT mo Aydam I, 4 cuuzy u 6, 3 csepxy. Ilysok
nyueH HMEET, CAEAOBATENLHO, XaPAKTEPHOE CyXeHWe, OTMEYEHHOE Ha pu-
cyuxe byby BHyTpn nyuka NmpOXOAAT Ay4yd, MCXOASAMLEE H3 PA3HHX TOYEK
AKTHBHOTMO Y4aCTKa KaTOla. 3aMeTHM, YTO NojJ ACHCTBHEM YCKOPAIOILEro
noas yxe BOJM3W KaTOMA BCE BAEKTPOHHHE AyuYM AENAIOTCH NaPaKCHAAb-
HbIMR, _
PaccMOTPHM Kakoe-RHOyAb MEPNEHAMKYIAPHOE K OCH CedYeHHe NydKa.
W3 kawacl Touku ceuenns (aMmewouiero ¢GopMy Kpyra) HCXONAT Nepece-
KIIOUMECA B HEH 3NEeKTPOHHBE JAyuH, BHIWEIUMIHE H3 PadfAHYHBIX TOYeK
Kartoaa. llostoMy ecam nmpuHATL PACCMATPUBAEMOE CEYEHHE, KQTOPOE ME
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OydeM Ha3bIBaTb KPYKKOM fICDECEYSHHs], 33 HCTOYHUK (TMOBEPXHOCTD, H3MY-
YIIOMIYIO SJAEKTPOHH), TQ PaclpeicACHHEe H3JAYYeHHd Ha HeM He Oyaer
BOCIIPOH3BOAXTL  PAClPEASNCHHE M3JVYEHHSl SJNCKTPOHOB H3 KaTole.
Kpyxox nepeceuenus He apasercs uaobpamennem karopa. OueBHAHO, 4TO
C SACKTPOHHOONTHYECKONR TOuk# 3peHHs MoGOH KPyXKOK MepeceueHus
MOXeT ObiTe NMPHHAT 33 HCTOUHAK 3NEKTPOHHHX ayuel. C nomowmbio go-
Kycupywouel aunss Ly (cm. pHc. 290) Ha 3kpane MONET OMTH NOAYYEHO
Kak nzo0paxeHde caMoro karoga (msobpaxkenue K K2 B 3TOM Cayuae
OyaeT NpOMEXYTOUHLIM), Tak # H3oOpawenne moboro M3 KpyKKOB nepe-
ceuenns, B DT anga nonyuenms nocTaTOYHOH 4yBCTBHTENBHOCTH K OTKJO-
HeHHI0 HeoOX0AMMO SKpaH 0OOMelaTe Janeko oT L, ¥ A3obpameHne,
Aagaemoe aunsoht L, Oyzaer ysenndennwM. FHo 3anava s3nextpoHHOro
NPOXKEKTOPa — OOAYUCHUE NATHA HAMMEHBIUMX DA3MCPOB. 3HauwWT, AUH33 Lg
Jo/axHa ObITh YCTaHOBAEHA TaK, 4T00M HA SKpaHe NOJNYUWIOCh H300pa-
WEHHe MHHUMANBHOIQ KPYXKKa nepeceucHns 8,6, a 3apavell KatoadoH
JAHH3E ABJASCTCH MOJYYEHHE HaubONbIIErO CKATHAS KPYKKA B MUHRMANLHOM
KPYXKE nepeceyenus (Ha3hiBIEMOrO TAKME <MEPBHM NEPECeYeHUEM>,
«006JIaCTeIO TIEPECCUEHUA», €KPOCCOBEPOMY ).

MupnMaasHEl KpyKoK MepecedyeHys ABASETCS HCTOUHHAKOM MapaKch-
anbHHX JAydedl. 3HaYHT, eCid ero MNONYKEHUe W pasMepbl H3RECTHH, TO
pacuer GOKycHpywouwel mauH3N Ly W pa3sMEpPOB NATHa — pOCTas 3a1aya
reOMETPHUYECKOH ONTHKH, KOTOPYIO MOWHO PelHTh, NCIOJAL3YA CKasaHHOe
B § 5¥%)

K coxaleHuio, TEOPETHYECKOE BLIYHCACHUE NOJDKEHUA H Pa3MepoB
MEHUMAALHOTO KDY#KA MEPECEUCHNA YAdeTcd CAe/aTh TOAbKO AAs rpyto
HIEaAH3HPOBaHHOR (OPME NONS H AJf TEXHHUYECKOrQ pacueTa HPOKCKTO-
‘pOB 9Ta TEOPHA OKAZHBAETCA NOYTH GecroaesHoft (ee usaoxenue cu. |JL 5,
1. lI, ra. 13}). Ha npakivkeé KOHCTpyYHpOBaH#Ee 3JEKTPOHHHX TPOKEKTO-
POB [IPOU3IBOMHTCH NO IMIMPHYECKAM OIHHLIM, '

Ilonpofyem nOCTPOUTH ONTHUECKHH dHAAOT 3JEKTPOHHOID MPOKEK-
1T0pa. I10T avasor (puc. 292, @) cocrour w3 ABYX auu3 Ly n Ly n
MOBEPXHOCTH S, Kakias TOYKAa KOTOPOH H3iay4aeT IYYOK AayueH, wMme-
IONIAX BHauane TakoH XOA, 4TO -OHH OLICTPO OKa3LIBAWICS CTAHYTHIMY
B ysku#t Kodyc. TeoperHuyeckid MOKHo ¢e0e npeacTasuTh Cpely, XO4 Jy-
gell B KOTOpO# OyAET TakmM, Xak Ha puC. 292, a aOausm HCTOuiHKA S
JT10 cpesa ¢ NEpEMEHHHM, O4YeHb OHICTPO BO3PACTAUIHMM [OKA3aTENEM
npeqomacHus. Xoa JyveHl B TaKol cpene moxkasadH na puc. 292, 6, Takue
Cpeasl B ONTHKE HEU3ECCTHH, TAK YTO ONTHUECKAH aHANOr 9JEKTPOHHOrO
MPOXEKTOPa B 9TOH YacTH HEOCYI!eCTBHM. BO3MOKHOCTL OWICTPOrO CT#-
rHEBaHMA IHDOKHX pacxOMAIEXCR MNYYKOB Ayuelt B npeaenax HeGOAbiON
YaCcTH NPOXEKTOpPa AOCTYMHAZ TOAbKO 2JEKTPOHHOM ONTHKE, TOE JAerko

#) 910 He BOOMHE TOUMO, TaK KAK MUHUMaTLHWH KpYXkoK ofpasyerca 8 of-
HACTH YCKOPSOULEro MOYTH OJHOPONHOrO (1014 MEXIY MONYIATOPOM H HNepBhM
anonoM Ay Jlyuw, BuxomamHe H3 bibs, uMeT NO3TOMY HeOOILIIYID KPUBH3HY,
W2 KOTOpYIO HaXO BHeCTH NOUPABKY (IPH NOCIPOeHUH HIOOPAKEHHUA MHBHMaNBHOTOS
KDYWKA -fiepeCeycHna, :
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MOYKHO MOAYUHTL W3MEHERHE (IOKA3aTEAs TNpeioMacHHs, pasHoro V U¥,
8 HECKOJMBKO COTeR pa3 (cM. § 1). OcTanbnas 4aCTh ONTHRECKO#H CXEMBl NMEeT
AOCTAaTOYHOE CXOACTBO C 3JEKTPOHHHIM npoxexTtopowm. Jlawsa L, naer
usofpakenHe HBCTOYHHK2Z S ¥ MHHUMAIBHHN Kpy#&oK mnepecevyenns F,

T——-

m——— -

. |
5y /7 5)

Puc. 292, Ourdueckuit aHalor SICKTPOHHOIO NPOXKEKTOpa
(@) ¥ Xon nyyeH B cpele CO CTYNEHYATO BO3PACTaOILHM
NOKA3aTECAEM NPENOMICHHA 7 > 1y > 1y > ng >y (0).

a ¢ NOMOWbIO JUH3B L, MOWHO CIIPOEKTHPOBATh Ha 3KPaH Kak S a F,
Tak H J000H Apyrofl KpyKOK nepeceyeHus,

Paccmorpum, kak B 3JIT ocymecTsaalorcs ¢OKYCHPOBKA TATHZ M
YTIPaBJACHAE €ro APKOCTbIO. HPKOCTL CBEYEHHA MOMAMO{Apa NpHOIXKEHHO
MOWHO BBHIYHCIHTh M0 IMIKPDHYECKOH fopmyae

B =z AjUP, (36.1)

ri¢ j — NAOTHOCTb TOKA myuka, (/, —— yCKOpSIOLIEe HampsweHHe, paBHOE
Ua, 018 NMPOXEKTOPA DHC. 200, m m A — KOHCTaHTh, X2paKTIepuU3yIo-

wHe aoMmutodep, nNpaueM m 14 PasHNX MoMaHOQOpoB KoaebaeTcd &
neperenax or 1 ao 2, 8. B IJIT moaymauus apKOCTH AOCTHraeTcs sa
Cuer ¥3MEeHeHHs TOKa B NyuKe, KOTOPO€ AErKe MOAYYHTb, MEHRS Hampd-
wenne U, na mopyagrope M. Ilpuunnu sausuus nanpskenns U/, ofuyno
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OTPHIATENBHOrO, HA TOK Ny4YKa MOWHO yBHAETE B3 puc. 293, rae Boc-
NPOR3BEAEHH 3NEKTPOCTATHYECKHE NoJd B NPOCTON KaropHoH JHMH3¢ npd
U, pasHoy — 10, — 20, — 80 u — 165 8, u3MepeHUBIE METOJIOM 3NEKTPO-
ARTAYECKOH BanHu, PUCYHOK noxasuiBaeT, 4TO aKTUBHHH y4aCTOK KaToaa,
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Puc. 293. MameRenye aKTHBHOID YYacTKa Ha NOBEPXHOCIH KaToaa
B 33BHCHMOCTH OT HanpaXenws Ha MOXYTHDYIOLIEM SNEKTpone,

OnpeasAseMuil NMOAQKEHHEM SKBHIOTEHUHAJLHOA noBepxHocTh V=10,
COKpallaercss MNpH pocTe OTpUHATefibHOro Hanpswkenws ¢/, W oOpu
U,=— — 1658 ToK nyuka oxa3wiBacrca 3anepTaMm. Kpome Toro, wus
puc. 293 BHMAHO, YTO OAHORPEMEHHO ¢ COKPALIEHHEM NJOILAAA 3KTABHOIO
YUaCTKa KaTO/a yMEHblIaeTca (B XG/AOAHOM NPOXEKTOPE) HanpaXKeHHOCTb
oaa y ero nosepxHocTa. O6Ge 3TH 1pHYHMHHE — COKPAUIEHHE [JIOWIANY
AKTHBHOTO YYACTKA KaTofda H ochaafjeHHe MORS — BH3LIBAWT YMEHLILEHNUE
TOKa My4Ka.

Jlerxo ycMoTpeTb CXOACTBO MEKIY POJbLIO MOAYAATOPa B NpOKEKTOpE
H pOJLID CETKH R TPHOAE 34BUCEMOCTb TOKa mnywka ot [/, aHakord4Ha
3aBHCUMOCTH AHONHOTO TOKA TPHOAd OT CETOYHOrO HAMDMKEHHA, T. €
aZHOAHO-CETOUHOH XapakTepucrEke. CXoACTBO OyaeT Oonee MOAHHM, €CHM
MW BOSLMEM AN CPAaBHEHHS TPHOX, Y KOTOPOro ceTKa CAEenaHa u3 ToA-
CTHX IPOBOMOK A HaXOmMTCA Tak O©OJUM3KO K KaroAy, 4YTO TNPOMEKYTKH
MeXJy TNpOBOAOKEZMH CeTKH Ooablle PacCTOAHMA CeTKa -— KaTof. B Takom
TpHOo&e npw OGOABIIMX OTPHLIATENLHHX HARPAKEHHAX CETKH Ha M[OBEpX-
HOCTH KAaTOJa 00pasyloTCad aKTHBHHE YYaCTKM H Y4aCTKH, SNEKTPOHH ¢
KOTOPHX BO3BPALAOTCA HA Katod. JTQ 9BAEHHE TNOJAYUYHAO Ha3BaHke
ocTposHOro shdekTa, W €ro 3sHaueHae AA1 SAEKTPOHHWX JAamn Oyner
BLIACHEHO B A, 6. YAOBAETBOPUTENbHOR TEOpPHAH XaPAaKTEPUCTHK TPHOAA
B pesuMe ocTpOBHOro sgdpekrta noKa He CyuwleCTBYET, HO, OYEBHHO,
4TO AHOANMH TOK JAOJIKEH U3MEHATHLCA C HanpskeHreM OwCTpee, ueM no
3aKOHY TpeX STOpmX (cM. 4 I, ra 1, § 9), Tak Kak ypeadyeHue cerquy-
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HOMO HanpMKEHHs BJEYET 32 C000H He TOABKO YCHA€HWE [OAA, HO H
yBe/UyeHHe II0LaAM aKTHBHOTO YYaCTKa Karoda. JTO BEPHO # AL
SAEKTPOHHOTO NPOKEKTOPA. IMIOUPUUECKH HARIEHO, YTO B 32BHCHMOCTH OT
[/, TOK nyuka Bepaxaerca ¢opMyaoH

Inyul;a =G U, — Uy, (36.2)

rae [/, — nanpsxenne 3anupanus T1oKa, ( — MOCTOAHHBA AA8 AaHHOH
TpyOky KO3hpuuredT ¥ m~=3 aag TpyOOK, rxe ner awacpparM, orpa-
HHYUBAKWOLIMX ceyeHlie nyuka (1py6-
Ka € Marnurgol ¢oxycupyomet
AuH30H, CM. HUXE), U Mm~A=2 41
NMPOKEKTOPOB C auaparmaMu (puc.
290). Tunuyuaa popma MoLYyAALHOB-
HOH XApAKTEPHCTHKH . MPOKEKTOPA,
K8K HA3MBAETCH KPHBAA B33aBACHMO-
CTH Ipyyy, 0T U, NpH TOCTOAHHOM /

Uyew = Ua, nokasana Ha puc, 294.

Hanpsxenue sanupanus {J, asasercy
OAHHMM K3 napaMeTpor TpyOku. OHo /
3aBUCHT OT pEXKHMA, 3 UMCHHO OT of |
HAIPAKEHUR Ha 3TeKTpoae, Hanxal- S
wem Kk moaynaropy (ox U, ans g &
npoxeKkTopa puc. 290). ' ’ .
Ipa U, nanexom oT Hanpsike- \5¢ D
uus 3andpanua U/, CTPYKTypa noJs / /
¥y KaToAa, Kak 3TO MOXKHO BHAETb L
13 pucC. 293, HE3HAYHTENABHO MEHSETCH -~
npv u3MeHennu {J, W HeaHauureJb- —60 — 40 _
HQ, CACAORATEALHO, MEHAETCH MMOJ0- Harnpgmenue wOFyramops U, 8
KEHHE MHHHMAaNbHOTQ KPYKKa nmepe-
cevends. OTcoaa cAeayer, 410 MpH
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Puc. 294. Moayasauuonnsle xapakTepH-
CTUKU [IPOWEKTOPE € FCKOPHAIOIHM

PEryANPOBKE APKOCTH XOPOIWQ CPo- 3XEKTPONOM (cM. puc, 295).
KYCHPDOBaHHOTO NATHA HANPSKEHHEM CymNa TtokoBR Wa BTOpOA AHOX M yeKOpAwmHA
[/, noaydaercs Toasko HeGoablloe 51eKTPOL PaBHA TOKY IytiKa.

yXyaueHHe (poxyCHpPOBKH.

Ilnn noayyeHnAs HAa sKpaHe u300paKeHHs MUHMMAABHOTO KpYXKa ne-
pecedeHns HYXHO MORO6paTh POKYCHOE paccrioanue AHH3W [, JlHH3a L4
Ha MPaKTHKE NOYTH BCerAa OHNOTEHUMAJBHAH NuH3d, 00Pa30BAHHAT NOAEM
AByX unantapos. Ee (oxycHoe paccTonnue 3aucnt oT /s u U, Ho

npe  usmenenud [/y, Oyder MeHATscA  dpkocth natHa (cMm.  (36.1)).
[To3TOMy (HOKYCHPOBKA MSITHA OCYHIECTBAAETCA W3MEHEHHEM HanpsKe-
#an Ua . Dnextpon M 9KpaHHpyeT Katox, U WpA W3MECHEHRH Ua, cuna

TOKa B Myuke Mano Meusercd. Hanpsxenne Uy 100370My MAZ0 BAMSET
Ha APKOCTH NATHA, ¥ TakuM 0O0pasoM, ¢ TOMOmEBK Hanpskewudl U,
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Ua, MOKHO 70 H3BECTHOM CTENEHH HESABHCHMO YNPaBAATh APKOCTBIO T

(POKYCHPOBKOH MATHa.

Bce ke B yeTnlpexsaekTPOHHOM npoAekTope (puc. 290) Heabsa cie-
JaTh HE3AMETHHM BJUGHHE HANPAXRCHUA Ha CHAY TOKAa B Wyuke, Kak
HEAb3A B TPHOJE BNONMHE U3GABATRCA OT BAHAHUS AHOAHOrO HANIPAKEHUS
Ha aHOOMBE TOK, IJTO ABASETCS CYLLCCTBEHHBIM HEAOCTATKOM UYETHpPEX-
NEKTPOAHOrO MM, KaK €r0 HHOTA2 HAZHBAI0T HA OCHOBAHMM OTMEYEHHOTO
BH 1€ CXQCTBA ¢ TPHOAOM, TPHOA -
HOro  npoxekrtopa. [loaTomy

5
‘ : TPHOAHBIA  NPOMEKTOP  PeIKo
NPUMEHSETC B COBPEMEHHHX

2 3 4

S

I TPyOKax.

1 \ / HBa apyrux, Ayymux no Kas
!
!

YeCTBY TNPOMKEKTOPa MNOKa3aHH
6 Ha puc. 295. B 06eux aTHX KOH-
CTPYKILHAX BTOPOH anoA A, (3,5)
! pa3feneH Ha JABE 4Y4CTH H 0AHa
H3 HWX, Ha3LIBAEMAA YCKOPSIOLIHM
3NEKTPOIOM, TNOMENIEHA MEXAY

MoayasropoM M (2) n auoiowm
A1 (4) Ycxopaouult 3JeKTpOA

/ (03187 IZONOJHHTENMBHYKD 3Kpa-

F‘N
.
e
W

HUPOBKY, # BausHne Uy Ha sp-

7 KOCThL YMEHhIaeTcA. Bmecte ¢ 1M
l. 6 B TAKUX KOHCIDYKHMAX yAy4Y- -
9 ' maeTcd OoKYCHPOBKA, TaK Kak
YMEHbLACTCH MUHHMANBHENA KPy-

Purc. 285. /IBa THna NpoxeKTOPOB ¢ BTopuM  AHOK MNEPECCUCHHA.
aHOJOM, pa3leaeHHHM Ha YCKODAIOWMA H Bo BCeX 3AEKTPOCTATHYECKEX
DOKYCHPYIOLINH ane'g'rpo{lu. Ha ofoux pu- NPOKEKTOPAX NPHMEHSIOTCA 1Ha-
_ cyawax: ] $parvel, OrpaHHYUBAONIME Yrod
ip;;‘:,“'_"’ﬂﬁl;H‘;°’;if,';§°§;33:0,5,’5;“,":?;‘"6“_’;3‘; PACXOKAEHHA MYuKa H yMCHbIIA-
Pparua. OIE TeM CaMaM reoMeTpuue-
CKHe abeppadny, HO AOCTHTAEMOe
9THM yaydllerue (POXYCHPOBKHE CONPOBOXKIACTCH YMEHbILCHHEM TOKA AYUKa.
Huadgparmer He DOKHBI HCK2¥ATh NOJAE JUH3, NOITOMY WX CTaBsT B ay-
6uHe unWaHHApOB, rae nohe orcyrersyel. Ilpoxexropw, uzobpaxeHnwe
Ha DHC. 29D, @ ¥ 6, OTAMYAITCH PACNONOKECHHEM auadparM: B KOHCTPYKe
ude puc. 295, 6 nnagparMel pacnoyOKEHb TOABKO HA BHXOLE H3 YCKO-
PAKLLETO 3/]eKTpoaa 3 W OTBEPCTHE B TEPBOM aHole A, (4) yBseauyeHo,
B CBA3H C ueM TOK Ha A;(4) OTCYyTCTByer. JTOT NPOKEKTOP € Hy/ICBHIM
TOKOM TEPBOro aHOAA uMEeT TO NPEeAMYLIECTBO, UYTO OH IO3BOJSET

GoJee NpPOCTO YCTPOHTb CXEMY NHTanus TPYOKH.

Poxycnpywmas aidH3a NPOXEKTOpa MOXKET OnTb MaruutHoH. Toraa
fAOAYy4aeTCsd 3JEKTPOHHMA NPOXEKTOP €O CMEINAHHOH MACBHTHO-3JEKTpH-

Y
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yeckOH GoxycupoBkoi (puc. 296) u ¢ KaToTHOR AXH30H OUEHBE NPOCTOH
KOHCTPYKUMH, QUEeBMIHO, YTO B ITOM TIPOKEKTOPE MOIYJAAMHT APROCTA
H QJOKyCHpOBK& MOFYT IIPOH3BOIUTLCA NOYTH HEIABHCHMO, AdKe ecnp
VA2IMTh U3 TIPOKEKTOpa AnadiparMy 3/, sKkpasupyollyro kKaron of 1ef-
CTBHA dHOIAHOrO HANPRKCHAA ¥ yMCHBLIAIOLIYKO €r0 BAASHHC HA BCIHWUHHY
3aMUPAICUEr0 HanpsHKEHHA MOLYARTOPA.

|

Puc, 206, Tpybka ¢ MarnnTHO-3ICKTPHYECKUM
Y1PABILHKEM.

K—Egaron; M—moaynupyrowni siexrtpol; A —anol; PH—
doxycHpyoias KATYMEKa, 0K — OTEJICHAWILHE KATYIKH;
[l — skpauupVIOmas nfadpparua; I — sKpan.

Hyxno enie yTtouHate, 4TO NOHUMACTCH NO0J <INAMERTPOM (IATHA>.
Jlerko BuAETH, UTO SPKOCTL NATHZ YOHBAET OT HEHTPA K Xpadw, TaK XaK
Ha Kpas My4YKa MOMafalnT TOJAbKO 3JEKTPOHH, MUTTHPYEMBE B TAHreH-
LIHaAbHW X HanpasicHuaX NepUPCPUNECKHMMH uYacTaAMM KaToxa, a4 B UEHTP
[IPHXOAAT 3JEKTPOHH €O BCEH €ro noBepxHOCTH.

Pacnpexenenue TOKa NMo CEYCHUIO NydYKa UAH [OPOTIOPUHOHANBLHON emy
APKOCTH MOAHO BHUYHC/AHTL MO SMIHPHUYECKOHR (dopuyiae

B =By, (36.3)

roe r — paccrosHue OT ocu, By, U k — KoHcrautH. Vcxoas w3z (36.3)
NOA PAANYCOM NSTHA [0APA3yMEBAOT 3HAYEHHE T, NIPH KOTOpoM B napgaet
J0 OJHOH naATod (uAM OAHOH AECATOH) APKOCTH B HEHTpE By

IlpuBenem HeCKOMbBKO wHP, XAPAKTEPU3YWIIHX 3JEKTPOHHHE TIpO-
wekTopu. Jluamerp narna B8 OOHIUHGIX TPyOKaX noayyaercd nopsika 1 .,
HO OPH YIOa4HOH KOHCTPYKIMH MPOXKEKTOpPA VIAETCH . NOJAYYHTh TATHO
miavetpoM 0,1—0,2 aae. JlocraTtoynas spKOCTb OCLRIANOTPAMM  AOCTH-
raeTcs y:Ke IPH TOKE NYUKa B HECKOAbKO HECATKOR MUKPOAMIEp; B TPH-
€MHEIX TENEBM3HOHHuIX TPyOKax TOK Oyuka pocraraer 200—300 .wxa.
HarGonee cuanhsie Toku 50 500—1000 uxa tpebyioTca B BHCOKOBO/bT-
HHX TNDOEKIVOHHHX TEJEBH3HOHHHIX TPYOKax ¢ OueHb APKHM U300pame-
HHEM Ha 3Kpane.

KpoMe uncto 21€KTPOCTaTHUYECKOH H MarHHTHO-3/EKTPHUECKo#l ¢dory-
CHPOBKH B oOcuuanorpagax NpPHMEHSIach eue rasosad QOKYCAPOBKA,
WHPOKO pacnpocTpanenHasd B 30-X rojax, HO B HACTOfllee BpeMA

4 B. . lauouos, w, li.
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MOUTH OCTaBJeHHAS, PHANYECKHE SABACHHUA, NEXIAUHE B OCHOBE ra3oBoH
dokycupoBkn, 6uAH onacaku Bue (§ 11).

& Tlpeumymecreom I/IT c rasomoit doxycupoBkoft fBaAserca GoablIad

[IPOCTOTAa NPONKEKTOPa, COCTOAMIEro TOMLKO H3 Karoaa, MOAYIHPYIOUIEro
INEKTPOAA W aHoAHOH puadparmul (oKycupyiomad AUH3A OTCYTCTBYET).
B otHomensn pa3meposB natHa JIT ¢ razoso#t dokycuposkoll ycTynanot
BHCOKOBaKYYMHHM., KpoMe TOTO, OKasajoch, 4TO BCAEACTBHE HCKAXKEHHUA
NOMS MeKAy MORYAATOPOM H KAaTONOM Jaxe UpH TmareabHoH cOopke
TPyOKH npy MOAYAAMMH SPKOCTH OAHOBPEMEHHO TPOHCXOAMT CMEILeHue .
NATHZ B CTOPOHY. JTH HEJOCTaTKH, 3 Takxe OOablzad, ¥YEM B BHICOKO-
BAKYYMHBX TpySKax, HHEPUHOHHOCTE MOCAYXHAAH NPHYRHOH MQIHOrO BH-
TecneHns TpyOok ¢ rasoBod (OKYyCHUDPOBKOM.

2, Orkaonsiomue ycrpoiicTea. CkopocTe 3sanuce. Bume (§ 3)
OWAM NOJAYYEHH CAEAYIOMME BHIPAKCHHA AN YrAOBOrQ OTKAQHEHHMS Nyya
H AN NEPEMEILEHNd OATHA N0 3KpaHy (O3 yueTa BAHAHHA noJel pac-
CEAHMA).

ANexTPOCTATUNECKOE OTKJDHEHHE pPAasBHO

Elg 1 {eUora
IE= 2—lja —_— ? —W » (36.4)
wEl I (L+! Upgrx Ligy,. U
ep= T (LA gy = (EC D Vo e Uone g Do (365)
Maruutnoe OTKAOHeHUe Oyaet
aﬂﬁsw IyH, (36.6)
LL+L) g
H H 01K Horx
kH mﬂc (L —I— IH) 4 HOTK P m Vi?; V-—— ’ (36'7)

rxe {g W Iy — NABHA TYTH 3SNEKTPOHA B DJIEKTPUNECKOM M MarHUTHOM
noas¥, L — paccrosiue OT TOYKHW EHXOAA 3NEKTPOHA H3 OTKJOHSILIErQ
noas [O0 oSKpaHa, [, — ycKopsiollge Banpaxeuune (3A€Ch HanpaxeHue
BTOpOro anoaa), U, HanpikenHe Mexny OTKAOHSIOIIAMHA TMNACTHHAMH,
H ., — HANPAKEHHOCTL OTKACHAIOMWIETO MAarHHTHOrO 510418, Koadpunnent ag
8aBMCHT TOJLKO OT KOHCTDYKIHH TPYOKH, 2 a, KPOME TOrO, ¥ OT y/J€ilbe
Horo sapaaa v OTnomenne

kg  ag gl
SE= Uo": = T}; —~= W’ (36.8)

HAN

h 2 WL 1
Y - S fj R

H " Hu VU, ¢V2 VU
HASHBAETCH QyYBCTBHTEABHOCTbIO TPYOKHE, UyBCTBHTENLHOCT TPYOKH, KaR

noxkaspsawT ¢gopMyan (36.8) u (36.9), saBHCHT OT €€ reOMeTPHUYECKEX
HAAHHHX B OT YCKODPHIOIREero HanpsbkeHds. PaccMorpuM cHawana tpyGkm

(36.9)
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C 9MEeKTPOCTATHIECKAM OTKACHEHHEeM. TpyOka AOMKHZ TpR HAWMEHBLINX
pasMepaXx MMeTh HaubOALMIYVIO BO3MOKHYW YYBRCTBHTEABHOCTb 0pH JXO-
CTATOYHOH HPKOCTH ¥ MAaAWX Pa3MEpax MNATHA W BO3MOXHO Ooabwmed no-
AesHON MAOMATH SKPaHa, T. €. [MOWAAH, KOTOpas MoXer OuTh 3anon-
feHa H300paxkeHueM HAH ocuunxorpamyofl. J1u TPeGOBAHAS B H3BECTHOB
CTENEHH NPOTHBOPEYNBBI.

Ilpn yseandeHUH JYBCTBHTENLHOCTH 33 CUET yBeAWuenua /g wunw
YMEHLIIEHH d  yMEHbIIAETCH NOJAE3Has MAONaAb 9KPaHa, TaK Kak oT-
KJAOHEHHHN JAyd HAYMHAET <3aACBaThby 3a KPad OTKAOHSIOMIUX (L1ACTHH.
Ypenuuenne L paeuer 3a coboh Bo3pacTanne oOLMMX pa3MepoB M CTOH-
MOCTM TPYOKM. YMeubitenue I/, CONpOBOKAACTCA CHHKEHHEM SPKOCTH H
3aTPyAHEHHSMHA ¢ (oKycupoBKo# narHa. OOWYHEE ocumAJOrpadmueckKue
TpyOKH, padorawiise npH yckopsomnx nanpsxkennax 8 2000—3000 g,
AMEIOT YYBCTBATENABHOCTH K HANpAKEHUI0 Sz MNOPSAKA ACCATHX JA0AEH
MH/UVIMMETPA HA BOJLT. MOWHO HECRONBKO YBETHYHTbL UYBCTBHTEABHOCTH,
MPUMEHSS PacXOASLIHECA IIACTHHH BMECTO I[JIOCKONAP2aANeAbHHIX.

Hauboabmaqa 4yscrsaTENbHOCTh IOJAYYHTCH, €CIH B KaMA0H Touke
TP2eKTOPHHY SJCKTPOHHOrQ Jyda naactuHel OyAyT NOABEIEHH OXHA K
Apyroft HacToNbKO 6aN3KO, HACKOALKO TO MOXKHO CAEAaTh, HE NpendT-
CTHYS JABWKEHHIO DAeKTpOoHOB. Toraa saexKTPOHW BCE BPEMA ABHKYTICH
BIOMb IOBEDXHOCTH NJACTHHH M, 3HAUUT, NEPNEHAHKYAADHO K OO0
(puc. 297, @), 4TO, OYEBHIHO, BHIrOAHO. Tak Kak B palounx YC/AOBHAX

Puc. 297, OTKI0HEeHHE € MOMOIIbI0O PACXOAAU[AXCH TIIACTHH,

¢ — DTKIQREHHE B DATHMAIBHRIX YCIOBHEX; & —NI0CKHE pacxoldutiiecs nadcTauet; Dy, Ds —oTEID
HAKMOIHE mAaCTHHELRI,

HANPAKEHHE KA NAACTHHAX MNEPeMeHHOE, TO TaKOE MNOAOKEHHE HE MOXKET
CYWECTBOBATh AN BCex 3nekTpouos, Ho ywe mnaockwe pacxoiamuecs
maacTuHu (puc. 297, 6) AaOT BLUIPHII B8 YYBCTBATEALHOCTH fIG CpaB-
HEHHIO C M3pPaincAbHBIMH NNACTHHAMM, JONMYCKAOUHMH TaK0e Xe MaKcH-
MaJbHOE OTKJIOHEHHE, T. €. OTCTOAWMMM ADYT OT Apyra Ha PacCTONHHH
d=dg-

BeluncneHue OTKAOHERHA AJf PACXOAAUIHXCH MA3CTHH, OpPH  YCJAOBHA
npeHedpenenns noJeM pacCesHHs, He TPEeICTaBAACT NPHUHUWIHAJLHAIX
TpyaHocTeR [cm. JI1.4.11]. Ilpakteyeckd npd TOH e NONE3HOH nAoWAZM

4i
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SKpaHa TIONYYaeTCs YBEAUdECHHE YYBCTBHTENBHOCTH NOPAAKA HECKOMbLKUX
HECSITKOB TIPOLCHTOS.

Jlaq monyueHWs SIPKOro MATHAa HYKHO BHCOKOE YCKOPAIOILEe Hamps-
XeHUe, B TO BpPeMs KaK YYBCTBHTENLHOCTh Sg COPAaTHO MPOMOPNHOHAABHA
{J,. 310 NpoTUBOpEYHE IO HEKOTOPOH CTENEHH YCTPaHseTcs B TPyOKax
C MOCHeAYIOUIHM YCKOPEHHEM,

Puc, 298 maer npexcrapaenne o TpyBkax sroro thna. Ot mposos-
‘mero €104 P, MOKPHBAWLIETrQ BHYTPEHHIOW NOBEPXHOCTh 0annoHa, OTié-
ASIOT ACHAULeEe HENOCPEACTBEHHO NEeper KpaHoM KOabuo P, Ha KoTo-
poe NoAaKT ACTONHATENLHOS HANPAKEHUE, YCKOPAIEE SAEKTPOHH Nepel

AR itk

=15 e

Puc. 298. Tpybka ¢ JCQOJTHHTEALHbLIM YCKODEHHEN
316K TPOHOB,

K, M, Ay, Ag—3JeKTpoan DNPOWEKTOP2, X, Yy — OTHIDHRAMIHE
IL1AC THHKI,

NMOMajgaHueM Ha 3KpaH 3. B HeKoTOpHX TPyOKax ¢ [AONOJHHUTEAbHHEM
YCKOPEHHEM HANPAXKEHUE NMOAAETCH CTYIEHAMH HAa pajl N0CAEZ0BATENbHO
PACHOJOKEHHHX KoJel, OKOHUATENhHOE HAMNPSKEHVE NEped 3KPaHOM Mo-
KET A0CTHraTe HECATKOB KWI0BOJbLT. Takue TpyOKH n03BOJAIOT 3aNHCHBATDL
Ha (POTOINACTHHKY ©UC€HB KPATKOBPCMEHHBLIC UMNYIABCHHE MPOUECCHL
CnocofinocTe TPyOKH pDETHCTPHPOBATh OBICTPO MPOTEKAWOUIME HEme-
PHOMHYECKHE DIPONECCH  XAPAKTEpU3yeTcs OoCOoOMM MapaMeTpoM — CKO-
poctrio sanucH. Ilpu ocunaxorpadupoBaHud NepUOAHUECKOro (He CAKIL-
KOM BHICOKOMACTOTHOrO; C€M. 00 9TOM HHKE) [pOLECcCca NPHMEHAETCH
CHHXPOHH3HPOBAHHAA BPEMEHHAs Pa3BEPTKa H QCHHANOTPaMMa HENOABHXKHO
«CTOUT» Ha 3KpaHe, YTO NO3BOAAET NpH ee (PoTorpadpHpPOBAHMK MPHME-
HATh SKCNIOSHUMIO Kako#t yroaso aanteawsdoctH, [lpw oc¢nmnanorpadupo-
BAHUHA K€ HMOYALCHOTQ mnpomecca ayy npoQeraer o -3KpPasy TO.IbKO
OIHH Pa3 ¥ OAUTCAbHAY DKCMOSHIMA ACKMoueHa. Bo3MOKHOCTL NOAyueHHS
(POTOCHUMKA OCUHANOrPaMMbl UMY AsCHOrO 1IPONECCa 34BUCHT OT APKOCTH
NATHA H, 3HAYHT, OT YCKOPAIONIEro HANpPSKEHHs, OT COCKTPAaNbHOTO
COCTaBAa  H3NyueHHs  JHOMHHOMopa M ang #aHHO#  TpyOKa  or
“CKOPOCTH  JBHKEHHA NATHa 10 SKpady. MHeMm MelseHHee  [IBHKETCA
NATHO, TeM, OYEBHAHO, GOJbLIE 3HEeprus, OTIABAEMas INEKTPOHAMH FKpaHy,
¥ TeM Ooabie M3nyyaeMHH um csetosofl motok. Hamboapwas ckopocts
NEWXEHHs MATHA, [PH KOTOPOH eile BO3MOXKHO MOAYYHTh (POTOCHHMOK
-OCUALIOTPAMMBl  OJHOKP2THOTO Tpouecca, ¥ Has3HBacTCs (npeaeabHoH)
.CKOPOCIbI0 3anucd, Jlnd  ocunmnorpadupoBanus KXpaTKOBPEMEHHBIX NPQ«
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ECCOB HYWHH TpPYyOK#H ¢ Oosbiso#f CKkopocThlo 3anucH. Tak, mpouecc
naainuica 107® cex u sWsBanmui CMeIeHHE nNaTHA Ba 1 cu, Tpebyer
ckopoctr 3amicn 1,10 =10% cu/cex = 1000 w.u'cex. Yacto, Hanpumep
npy  OCUKANOT pahPOBZRNH BHCOKOUACTOTHHX pa’pamos, Tpelyercs ewe
66ab1was ckopocTh 3amuch. Ouexs 60abILHOH CKOPOCTBIO 3aMUCcH 06AanawT
BBICOKOBOJALTHLIE 3JNEKTPOHHHE OCNUAIOrPadb, B KOTOPHIX 3JIEKTPOHHBIH
7AyY Mafaer HenocpencTBeHHO HAa (OoTonIacTHBKY. BHCOKOBOALTHHIE OC-
urAsorpags ¢ OYeHb G0AbWOH CKOPOCTHIO 3aNHCH OB CKOWCTPYHDOBAHH
npoc. CrekoabHukoswmm [J1.4.11 u JL4.12]

Ouelb 6OMbIIOH CKOPOCTBIO 33THCH OTANYAIOTCA TPYyOKn € ACNOAHH-
TeNbHLIM YCKOPEHHWEM, B KOTOPMX Obifla JOCTHTHYTa CKODOCTh 3AINCH
nopsiaka 10% x.a/cer.

OTKACHAIOWHE TNACTHHH M SJAEKTPOAB  3JCKTPOCTATHYECKHX NHH3
BCErja pasMeanTca BAYTPH OaanoHa TpyOkH. B TpyDOKaXx C MarHuTHO-
JEKTPHUECKUM ynpapiaeHreM (puc. 296) OTKIOHAIOMIME KaTYIWIKH H Ka-
TYWKH (POKYCHPYIOUWIEHR AMH3E HAXOAATCA CHAPYXRH. OT OTKIOHAIONIMX
KaTyliex tpefyrTCs BRICOKAA OJUOPOIHOCTh MMOJAR H MO BO3MOKHOCTH
c1abrie noag paccesnuss HA Kpasx. Ha puce. 299 nokasaHn HEKOTophie
KOHCTPYKUHA OOMOTOK OTKJIOHSIOWIHY KaTyLieX, YAOBAECTBOPAIOUIMX 3THM
Tpebosanuam. Kax/1as napa OpOTHBOCTOALMX KaTyIEK COEAMHRETCS NoCne-
NOBATENLHO € TAKHM DacyeToM, 4ToBbl NOJAR HMX CKAAAHBANACL. Ha
puc. 299, & usobpaxella 0AHA H3 KOHCTPYKNHHA OTKJAOHAIIHX KaTyMmex
C CEpAEYHHEOM, a HA pHC, 299, 6,-— karywka 6e3 cepaeunuka,

HexoTopne nanHse, noapoasiompye Cyautb 06 OTHOCHTEJBHHX Npe-
MMYIMECTBAX M HEIOCTAaTKax TPYOOK € DJACKTPOCTATHYUECKHM H MArHMTHHIM
yInpaBaeHueM, OhaH yxe npHBeleHb Boie, bhio yKasaHo, YTO B BHICOKO-
BOALTHHX TPYOKAX NDPEUMYUIECTEO B OTHOIIEHWH YYBCTBHTEJIBHOCTH Ha
CTOPOHE MarHHTHOrO OTKJAOHEHWA. Maruutnas QoKycupylomas uH3a
NO3BOASET 0OX0aUThCs 03 OrpaHHuHBaroUX HvadparM, uTO BHIOAHES C
TOUKY 3PEHHUA NOAYUeHHd OQubINOro Toka ryuka. Hakowen, B TpyOKax C
MAarHHTHBIM OTK/IOHEHHEM HET «33JEBaHHA>» Jy4a. 3a. MJACTHHBEE -# MOXKHO
NOCTPOHTh TPYOKY HEGOALION MWE ¢ 9KpanoM . GONBIIOH NAGWIAIH,
C- apyroft -CTOpOHH, Ha NMUTaHWe OTKJAOHSKIIMWX KaTylieK TpeGyerca sHa-
YUTEALHO OOMNBLIAR AKTHBHAA W PEAKTHBHAA MOIMHOCTh, 'IEM HA NHTaHHE
OTKJAOHSIOMHX naacTHH. CO8J8HHE OAHOPOAHOLO OTKJIOHAIOLIErQ MAarHui-
HOrO NONA BHICOKOH YaCTOTH MPAKTUMECKH HEBO3MOKHO, NO3TOMY TPYGKH -
¢ MATHHTHRIM OTKJIQOHEHHEeM HENPHMEHWMH NPH YacTOTaX, TNMPCBBIHAKHIMX
HECKOJAbKO HECATKOB KHaorepu. 310 OOGCTOATEABCTBO SBIAAETCH, BHINMQ,
NPHYHHOH TOTO, YTO B PaAHOTEXHMYECKHX OCUMANOrpadax, a TaKke B
ocuManorpagax Aag 3anuce GHCTPO HAMEHAOWNXCA HENEPHUOARIECKHX TTPO-
UECCOB BCEraa NPHMEHAIOT JJCKTPOMHO-AYYeBble TPYOKH € 3JeKTPOCTa-
THYECKHM OTKJOHEHHEM, YaCTOTHHIA Npenen KOTOPHX ropasfo Bellle.

Jlas npuUeMHBHIX TEACBH3HOHHHX TPYOOK (KMHECKONOB) 3aTo INpeano-
YHTAIOT MArHATHOE OTK/JAQHEHME, MOTOMY 4YTO B 3TUX TPYOGKax MOWKHO HC-
NOAL30BaTh 60ACe TOACTHE 3MEKTPOHHHE MYUKH, ueM B TPYGKax ¢ SaeKTpo-
CTATUYCCKHUM OIKNQUEHHEM, 3 TaKie Npu HeGoMbliOH aauHe TPYORH
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10JAyunTh GOMBINYI0 MOAE3HYID NAOLIAAL 3Kkpana. JlomycTuMas TO/MMHA
3AEKTPOHHOIO MY4YKa oOmpeaensercs neOKYCHPOBKOMN, KOTODY INy4oK
HCTILITLIBAET TPH OTKJOHEeHHH. [IpHudHsl Z€(POKYCHPOBKH HPH OTKAOHEHWH
nyyka OblAM4 BuACHEHH B § 3 Aad CaMOre OPOCTOro Ciayyas OTK/IOHEHHA

Puc. 299. KoHcTpyKNHH OTH.IOHSAIOIEHX KATYVIIEX.

4 — KATYIIKA C XKeJIEIMBIN CePAeIHUKOM; & — TpH Tvna Katymek (e3 CepAeqHHKOB,
B OJMOPOIHOM 3JEKTPOCTaTH4eCKOM Tnoae, Tam OHA0 NOKA3aHO, 4TO
OTITHYECKHM aHaJOrOM OZHOPOAHOrO OTKJICHSIOUETO NOJd SIBANETCA CH-
CTEM3 M3 NPH3MH K UHMAMHADUYECKOHR JMH3H, ONTHYECKas CHAa KoTopo#
NPONOPUHOHANLHA KBAaApaTy Yyraa OTKJAOHeHHd. [losToMy 3iaeKTpoHHHH
MYY0K KOHEYHOH TOJLIMHN, CPOKYCHDOBAHHHH B UEHTPE 3IKpaHa, NpH
OTKAOHEHHY DPACHOKYCHPYETCH M NATHO YBEAHYATCH B Das3Mepax H npu-
MET 0BaJbHYyI0 Gopmy. OUEBHAHO, YTO HCKaKEeHHE naTHA OyaderT Tem Cuab-
HEE, YeM Toaume my4oK. PacoxychponraHde nsaTHa €Le YBEIHYHBaeTCH
oA AcHCTBMCM MOAA PacCesHHs y Kpaee maactTud. Bua osroro noas 3a-
BHCUT OT cnocoba nogayd HaNpAKEHWs HA NAACTHHH, T. €, oT BHGopa
HX CPENHEero MNoreHiHana (MOoTeHUMAaNa B OTCYTCTBHE OTKJIOHAOLIErG HA-
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npsokennst) [N1.42, ra 4 w JL.45, ra. 5). IroT cpeaHAlt noTeHnHa:n
NPAXOARTCA NOAGUPATE SKCNEPUMEHTAALHO AAf KaKAOH NapH OTKIOHAK-
uiMx nAacTeH. Kpome TOro, npH OTKAOHEHHH, BOOOILE roBODS, MEHREICs
RAHHA Ny4a H TIPOUCXOAMT FEOMETPHYECKDEe PaCPOKYCHDOBAHHE,

[1pakTHKa NOKa3kWB2eT, YTG B TPYOKAxX C 3AEKTPOCTATHYECKHM OTKIIO-
HEHUEM pacPOKYCHWPOBAHHE BRIXOOMT 33 JONYCTHMBIC NPEAEAH, €Cau
AMAMETD IIyYKa B OTKAONWAIOWMEM HOjae npessiaer 2 — 3 Mu4. Pacpoky-
CHPOBaHHE B OTKJIOHAKIIWX MarHHTHHX NOJAX YHAETCA CAEAaTh MEHhLIUM,
H NpU TEX XKE OTKACHAMMX yriax B TPyOKax ¢ MarHHTHHM OTKAQHE-
HUEM MOXKRO padOTaTh C MyuYKaMmd AHaMETPOM 6—7 MM, U4TO JaeT BHIHI PHIB
mo ToKy nyuka B 9—10 pas ¥ COOTBETCTBEHHOE YBEAHYCHHE SIPKOCTH,

OtMeTum eme oanH HenocTatok 1T ¢ MarHHTHHRM  OTKJIOHEHHEM,
Oxkcuanuufl katon I3JIT Bceraa suuTTupyer nemHoro uoHor. Kak m3sectHo
(u. I, ra. 1), Hu QOKYCHPOBKA, HH OTKJOHEHHE B SJCKTPOCTATUYECKOM
noJie He 3aBUCAT OT yieapHOra zapana. Ilostomy npu padore 3T ¢
3ACKTPOCTATHUECKHM YIIPAaBNECHHEM HOHB BCErad NONAAa0T HA 3KPaH B
npelenax CBETAOrO NATHE W NEPEMEMIAWTCA NG 3SKPaHy BMECTe ¢ HHM,
pacnpeaeasscy no Goaplo# maomasn. B TakwX ycCaoBHSX NpPHCYTCTBHE
MOHOB B 3JE€KTPOHIOM NYYKE HWe MPHBOAHT K BPEOHHM NOCAEACTBHAM.
Ho marnuthne noas, s¢peKTHBHO (POKYCHPYIOLHE M OTKAOHSIOIHE JEKT-
POHBI, NMPAKTHYECKAW He NeHCTBYIOT Ha HOHM, AAf YNPABACHHA KOTODHMH
Tpedyorcs ropasao 6osee cuapHble nodas. Iostomy B 3T ¢ MarnHaTHRIM
YNPAaBJCHHEM HOHM BCE BpeMa GoMOAPIMPYIOT UCHTPAALHYIO YACTE IKPaHA,
o0pasys 3aeCb TaK Ha3WBAaEGMOE <HOHHOE NfATHeo», B npemenax HoHHOTO
TIATHA JNIOMHHOGOP YEDPE3 HECKOABKO COTEH M JaKe NECATKOB 4YACOB pas-
DYRIAETCA H TeMHEET. ODTO ABACHHE HA3LIBAETCA BHIrOpaHUeM JMiOMHHOGODA.

VioHHOE NfTHO HE OMACHO AAM METANIUIHPOBAHHKX HKPAHOB, NMOKPH-
THX €0 CTOPOHH BaKyyMa TOHKOH MeTannnueckoit naenkod (§ 31), koto-
PYiO HOHH HEC B COCTOSHHM npobuth, B IT ¢ oOHUHHMU 3IKpaHaMH
MOXHO YIANATL AOHW MOCPEACTBOM <HOHHOH JIOBYIUKH»,

Ha prc. 300, @ nokasano ycTpoHCTBO OMHOH H3 4acTo BCTPeUar-
[MAXCH HOHHBIX JIOBYMIEK, B KOTOPOH 34EKTPOCTATHYECKOE OTKJIOHEHWE
HMOHOB C0312e7ca Koco# OunoTeHuMansHoR nuH3Ofl, oGpa3oBaHHo# B 3a-
30pe Mexay 3JeKTpoaaMn 3 H 4, B TO BpeMA KaK OTKJAOHEHHE 3/1eKTpo-
HOB B 3TO# JWH3E KOMNEHCHPYETCH ABYKDATHBIM OTKAOHEHHESM MAarHWI-
HEIM TIONEM.

B meTannuyeckoM KHHECKoNe, pa3pes KOTOPOro MpeaCTamieH Ha
puc. 300, 6, marHATHOE noke AEHCTBYET TOALKO OAUM pa3, Ho, 6aaro-
Aaps TOMY U4TO KAaTOQHas 4acTb NOPOKEKTOPa CMENIEHAa OTHOCHTEILIO
ocH npubopa, nocHe NPOXOMIACHHA JOBYLIKH 3AEKTPOHH ABHKYTCH BAOAb
ocH. B sjoBynikax Bcex TUMOB MAFHUTHOE MOJE CO3AACTCA MOCTOSHHBIMK
martuTama. JloBylwka YCAOKHAWT KoucTpyknuio IJIT, o 3ato woa-
HOCTbIO YCTDAHAIOT HOHHOE NSATHO.

3. HYacrornmfi npepea ocuuanorpada. bGoavwo# wuetepec npea-
CTaBJAAET BONPOC O YaCTOTHOM MOpERene OCuuanorpada, T. €, 0 HaHBHIC-
el 43CTOTE, Ha KOTOPOH OH efte MOMeT paboTath. 31ech MH pazGepem
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TOABKO 34134y O 4YACTOTHOM npenene, KOTOpH#t crasatca camo#t TpyC-
Ko, OCTABAAS B CTOPOHE BCE CBA33HHOE CO CXeMOoH ynpapnenns TPyOKi
Tak - kak vacroTHu#t npemea 3JIT ¢ MArHUTHMM YNPABAEHHEM OTHOCH-

2 .
J/ ,/5\_//7_6'

Pne, 300. ¢ — npunnun ycrpoiicTea HoHHOH toByuIkY ([ — KaToR, 2 — MaiyraTap,

3 — NpoMeKYTOUBHHE 3MeKT1Pos, 4 — FOTOK OTPHIATEALHHWX HOHOB, 5 — NOJAKCHKE

HaKOHEYHHKHA MarHpTa, § —— 3JeKTpOHHNHA nyuoK, 7/ — aHOX); 6 — pa3pes KARLCKONA

C HOHHOK A0BYLIKOH (J — MArHuT HOHHON J0BYITKH, 2 -— hOKYCHPYIONIaN XaTyIuKa,

3 — OTKJOHAIWWaA Kartylika, 4 — Npopoisulee MOKPHTHE, 9 -— MeTalAHYeCKHi

kopnye, 6-— crekao, 7 — SAEKTPOHHHH NYUOK), 68— BHEMIHHH BHI KHHECKOIA
€ HOHHOH NOBYIIKOH.

TEAbHO HEBHCOK, TO Hike OyAeT MATH pedb TOJMLKO O TPyOKax C 3aeK-
TPOCTATHYECKUM OTKAOHeHHeM. [lyCTs OTKAOHSIOMIEECs NOJAE HAMPABACHO
no x (cMm. puc. 16 § 3, w. 1) u oTknoHsAKLHICe HANPAKEHUE PABHO

U, = Uy cos of. (36.10)

DAEKTPOHB MOJAYYAOT MO HAMPABACHHIO X YCKOpeine

. e
% =—- U, cos mt:-} U, cos wt. (36.11)

Ins saeKTPOHA, BXOAMWErO B 1MOAE B MOMEHT £y, OyHeM wMeTs:
=ty =0, (Xh=t,=0; (Uor)t=t,=Upcoswfy (36.12)
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Hurterpupysa (36.11) npa 5THX HAYaALHHX YCAOBHAX, H2ZXOAMM:

x:-:‘-’%i [sin ©f — sin wf], (36'13')'
X == 2?;’ [ cos wty — cos of — o (£ — #,) sin wf,). (36.14)

[lycts f-—-MOMeHT BHIETa 3AESKTPOHZ M3 nHoAf, TOorRa (£ —{f))—71 —
BpeMA TPOJETa 3JEKTPOHa depes 1oJe,

MsmeHenne ¢asw KoaeGaTeNbHOrO HANPHKEHHs HAa M/IaCTHHaxX 3a
BpEMA NPONETA T, T. € BEJAMYHHA

6. =wor, (36.19)

Ha3LBAETCA YCAOM NPOAETE 3ACKTPOHa. Dyaem cuurath, WTO OTKIAOHEHHE
B CAMOM OTK/OHSIOILEM JNoNe Mano. Toraa OTKJAOHEHWE 27EKTPOoHa,
BOIICAUIEr0 B NOAe B MOMEHT ¥y, OyieT

q f{ dx

* d Tﬁ_}' = -' = 0
(hekym (2= (9, L=~ Tt = (Eh=sbte (3616
“—* _JE-

TdK KaK CKODOCTb N0 HAOPABACHUIO Z HE MCHACTCA 4

g
“aTi_ =Tz =V2nUa'

Moncrasasz B (36.13) t=rt-}-f, u BHOCA NOJYYEHHOE SHAUEHHE
(£)i=cyg, B (36.16), noayuam:

7L,

(hEdy = .- [5in {o (T4t} — sin ofy). (36.17)
9
HUcnoneays cooTHOWEHUE Ua:=-%9f-, cdropuyany (36.8) MOKHO HanmucaTe
B BHIE
SE'_" 2052‘1 b 'aﬁzd » {36.18)

M3 (36.17) n (36.18) nerko nonyuurs:

sin (—“‘31)

ﬂg_"’_zsﬁ—A—i;—i?—- cos { ® (t.,+ —‘2’_)}—_—3 (®) cos {w (tn-{— —;—)} (36.19)
rae

s()y==sp———" (36.20)
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HE 3aBHCHT OT MOMEHTA BCTYILIEHHA 3/€KTpoHa B noke f,. Yepes OTKNO-
HRIOILES [10JEe NPOXOANT HENpeps BRI NOTOK 3ACKTPOHOB H 33 Bpems
HaOmonenua OyAYT BCTpPeYaThcs BcenoaMoxune £, Kocunyc B (36.19)
Oyler HMETe JAd PasHHX 3JEKTPOHOB BCEBO3MOMHHE 3Hauenns or -1
A0 —1, H NATHO Ha 3KpaHe pacTsHeTcs B NOAOCKY RavHOR 20/ys (w).
OTHoOmeENNE HaUOOABINEr0 OTKAOHEHHUS NATHA (NOAOBHHH AJUHB NMOAOCKH)
K AMNAHTYAE OTKJOHAMIEr0 HANPAKEHHA PaBHO

2
S e Sy (36.21)

Sywp MOMHO HA3BATH JAMHAMHYECKOH 4YBCTBHTEABHOCTBIO TPyOkH. Ecan
BpEMA TIPOJETa 3ACKTPOHA B 004€ {AACTHH MHOrG MeHbuwe MepHoaa

KoneGauutt 7, 1O )

ot e T
T=r =7 <!
sin {«t/2)
wT/2
QyBCTBHTEABHOCTh paBHa craThyeckoR. Ha puc. 301 no ocu opanuar
OTJOKEHO OTHoweHHe S(w)/se—=A, 2 no och abcuuce — yroa npo-
nera 3aexTpoHa 0, — wi, Yeprex
T NMOKa36iBaeT, YTO AHHAMHYECKad
sin OE YYBCTBHTEABHOCThE — OCUHHANHDY-
%5 wWAas PYHKHUA yraa npoaera,
\ npoxoasias 4epes Hynab npH
\ ] 6,=2=%, 4=n,... Cywmecrrenno,
4TO MAKCUMyMbl CHRXKAIOTCS 1pH
yseanyesunu yraa nposera. Ecaum
CUNTAThL AONYCTHMHM  PEXKUM
—qz'i a TPYOKH, B KOTOpPOM [AHHaMHue-
'@40

H OTHOUCHHE ouelb OJaH3KO K €ANHHLIE, d IOUHAMNYeCKas

e 8 &3

CKan 4YyBCTBUTEIEHOCTb COCTaB-
# 2r ot 4n 5 bn In 8z & M nger me menee 60°/, OT craThve-
ckofi, To B3 puc. 301 caenyer,

Pu¢. 30). padpux dyaxuuu A{et)= sin  yro 1IpH 3TOM
oT 7 WS

9/ o WT A= T, t&—g—. (36.22)
OTclona NpegenbHas AAHBA BOMHH
2ge 2ge
hopon == € Typey = 230 = == s

nway, ecnw &/, Bulpa3ute B BOALTAX W [g B CaHTHMETpax:

Noges 2= 103 —2— [cx).

Hanpumep, npu /g =<3 cx, U, =2500 8, A;,., =60 cx
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M3 npmbeacHRHX BHINE pPacyeTOB CJICIYET, YTO KQHEUHOCThH BPEMEHH
NpojieTa BNEKTPOHOB vUepes OTKJIOHAIOLIYIO CHCTEMY TPYOKH He CO313eT
HENPEOJAONHUMEX TNPENSTCTBHH A8 PaboTH OCUHANOrpaga B AELHMETPO-
BOM, 4 DIpPM HEKOTOPOM YBEAMUEHHM YCKOPSIOWEro Hanpawxenus U, =
B CAHTWMETDPOBOM AHana30Hax, (J/HAK0 BHNMYCKAEMEIE 1POMMIIJIEBHOCTLIO
oCuMANOrpady  AaNeKO HE JROCTHralT 3TOrQ HAPEaeNa Ao PAAY NPHUKH
(ymenbllleHue APKOCTH n300pameHHa BCJIBACTBUE HEOOXOAHMOCTH OB
1aTh CKOPOCTH 3AMHCH NPU YBESUUCHHH YacTOTH, TPYAHOCTA C TOIABE-
ACHUEM HANPHAEHHs CBEPXBHCOKOH UacTOTHl K OTKJOHANIUHM YIacT-
HaM ¥ Napa3uTHHE €MKOCTHHE CBSi3H MEXAY HHMW, TPYAHOCTH B paspa-
GOTKE cxeM pa3BepTkH W ycuauyenei s amanasowe CBY » ap.).

3TE TPYAHOCTH YaCTUYHO OTNAAAIT TPH OCUUAAOrPAapUPOBAHUH C
OAHOKPATHEIM TpoberoM Aysza W HeGOABIBOH YYBCTBHTEABHOCTHIO. B au-
TEPATYPE ONHMCAHD HECKOMLKO KOHCTPYKNMA ocudanorpagoB ¢ oueHb
TOHKHAM Jy4OM (AWAMETP NATHA JIO 1073 w.x), OTKAOHMAIIINMH NAACTH-
HAMWA YPE3BHIYAHO MaJaLX Pa3MEPOB M BBLICOKHM YCKODSIOUIMM HAarnpsoke-
HHEM, NO3RGAMBINMX 3afiucaTe KoaeGanva ¢ yactotamd Ao 10000 w22y
(h==3 ¢ax), Pazpaborka ocuuanorpaoB BLICOKOH UYBCTBUTENBHOCTH
(nopaaxka necaTHIX MMANKMETpPa Ha
BOABLT) A9 UACTOT B AMARA30OHE Thi-
CAY Merarepil gKasailack BO3SMOAKHON
TOJMBKO NPH YCAOBHHM 3aMEHB OTKNO-
HHIOLIMX TAACTVWH COBEPUICHHO HHOR
OTKAOHSIOMIEH cHCTEeMOH (OTKAOHAK-
meh cacremoi Gerymef Boann, § 51)
(0630p cM, {/1.4.30]).

4. DaeRTpOHHLIE NEPEKAIOYATEH.
YupasnaeMu#i 97eKTPOHHHI AYY N0O3BO-
J8€T UPOUIBOAHTH MepekalodeHHe B
3ACKTPHUECKUX UENAX FOpa3ao GuicTpee
BCAKOTO MEXZHHYECKOro MNepeKninya-
Tead., IDTCKTPOHHBE OSHCTPONEHCTRY O~
lBe (EePeKIOUATEIH HCUOAB3YIOTCA BO
MHOrHX 0633aCTaX TeXHHKH (aBTOMaTH-
YOCKOe YNpaBieHHe, MHOMOKaBalbHas o
CBA3L M T. ML) by R

B xayeCTBe 9BEKTPOHHOTO Repe- Dyc. 30 N
{7I09aTeAA MOKHO NIPUMEHHTS OGHUHY rc. 302, DaeKTPORNLIA HepekIIoyaTe h
OCIHANOTPaPHUECKYIO  SAEKTPORHO-TY- C TOHKMAL ayHom,
uesyIo0 TPyGKY, 3aMeHuR u weR skpan cie g I son nawe.
CTeMOf KOHTAKTHRX NNacTHH — naMe el e, B3y — CXonn BKMOVCHNA,

{puc. 302). [lpn nogaue Ha OTKICHAOLME

MIACTHHW HaNPAXEHHA ONWHAKOBOR wacTOTH, CABMHYTHWX Ha 90° no ¢aie, ayy
OyZeT BpamaThCR BOKpPYr OcH Npubopa, nepexoin ¢ OXHON TaMedH HA APYryio
H NOCAeX0BATEALHO 3aMbIKAA TOK B CONPOTABACHUAX, BRAKYEHHBX 1O CXeme,
IOKa3anHoH Ha pHCYHKe BHM3y. Hegocratkm nepexmouareseti sroro THpa: caa-
Gufi 70K, BmCOKOe paboyee HANDPAMEHEC W OTHOCHTEAbHC GOJLEIHE pagMeps
1py6xy,

O7 3TBEX HERZOCTaTKOB B 3HaVYHTENBHON Mepe cBOGOACH NepekJuYaTesd ¢
BPAUAIIMMCA TIOCKHM AydYos, NPOCTEHHIAA KOHCTPYKUMA 31eKIPOXOB KOTOpPAro

Y
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moxasaHa ma puc. 303. 10T nepekmoyaTedb NpeacTanifer coloft nomeuteHHuA
B [OTIEPEYHOP MArHHTHOE moje AHOX C dHOAOM, PA3AfAEHHLIM Ha PAR CEerMed-
toB. EciAm MarduTHoe fioJe HNOCTATOYHO CHAbLAO, TO 853—900/, IMHTTHPOBAHNLX
3VCKTPOHOB, HMEICIIHX, Kak HKIBECTHO, HeOOALIIYI0 HAYalhHYIG CKOPOCTH, CTH-
FHBAKTCA R JIB3 Y3KAX MNIOCKUX Jyua. TpaeKTOpHH 3J1€KTPOHOR B Jy4ax —

'd

‘_
——

74

Puc, 303. [1prauun 31eKTposH- Puc. 304, Cedenue . 31eKTpPOHHOrO
HOro nepeKIiIoyarean ¢ Bpa- pepex:1oyaTe s ¢ ILIOCKHM /YYoM:
N@IDWHMCE TWIOCKHM JIYUHOM. ! —xarox; 2— ynpasasoman ceva; 3 — sxex-
1—vwatox; 2— ny4; 3— CeKUHORHPO- TPORHEIA Ayu: # — SKPAHHpYIOUIAR CeTKa,

RAHABIR aHOI. & — DJACTHHW aHopa, 6 — 3AMIHTRaR ceTKd;

7 —weau B 9KpaHe.

cnwpaad Beboabnioro paaxyca, [lpumedas oOnuHHEe B 3JeXTPOTEXHHKE CHOCOGH
BPALLeHMA MAlHHTHOTO MOXA, MOXKHO 33CTaBHTh UYyYKH (€PeXOdUTh C OJHOro
CerMeHTa Ha HpYrod M OCYmecTBIATh nepekaioucHue, Takod nepekawuyareiab
Tpebyer Kak OObYHMA AHOX HanpaxeHuAa nopamgka 100—-200 ¢ M MoxeT AaBaTb
TOK B HECKOIbKO JECATKOB MHIJHAMUEP B Iyve. Bolee COBepiieHHHIM ABISeTCH
MeperJoYaTeab <HCRTONHOrO» THN3, CeUeHHE KUTOpPOro NPeiacTaBACHC Ha pHC. 304.
DACKTPOALI, KOHCTPYKIHA KOTOPHX MOHATHA H3 vepTewa, MOMHO Ha3BaTh MO
aHaTOrHH € 1eHT0A0M Ynpasaawule#t ceTko#, sxkpanupyiomel ceTKod, 3aulUTHON
CeTKOH #H  aHoLOM, 33HAVCAHE YOpaBaAAIEH CeTKH — YHpaBaenue ofimed
chaofi Toka B nyuke, KOHCTpyKnMa cerMeHTOB 3KpaHBPYICUleH CCTKH H pacno-
JOMeHHe 1eack B HeH TakoBH, 9TO JAYY BCErjla LETHKOM MON3ZA€T TOIBKO Ma
OIHH CerMeHT aHoia, PacnofsoXeHARH 3a Lleab0, # TOKH Ha COCCAHHE CCCMEHTH
PaBHL HYJI0, JallHTHYI0 CETKY MOXKHO HCMOAb30BATb AJA N01dBIEHHA AHHATPOH-
Horo 9ddexTa H IAA MOAYJALHM TOKa Ha O1AelbHble CerMeHTR H, RAKOHen,
IJA NORABIeHHA ONHOIG W3 HABYX aAy4eA nepewnieuatens, B pgocielHeM cayuac
APOBOJOKH 34HIATHOA CEeTKH COEAHHAIOT B HECKOIbKO OTXCALHHX Tpyna H fo-
AA0T HA HHX HATUpAXEHUE ¢ TAKMM pacyeToM, ¥ro0w Ba oIHy H3 rpyan B ne-
pUoll NPOXOXACHHA nyuz OWAO ROJAHO HYJAEBOE HAMPAWKEHHE, 3 HA AHAMETPAILHO
el MPOTHBONOJOKNYIO rpymy — 6oablIce OTpHLATETbHOE HamipadeHHe, Torna
K CerMeHTaM aHolla NepBOA IPy¥Nim XYy4 NPOKEeT, TaK KaK NPOBOJIOKH 3alMUTHOH
CeTKH OyAYT BKJIOUEHMW KaK JauiHTHas CeTka WEHTOHA, HO ¢ APY¥IoH CTOPOHH
HOCTYN K aHOAY 3aKPHT W BTOPOH AyY Takum o6pazom GyAeT ycTpauen,

YCTpolCTBO Aad NOJYYEHHA BpPANI@OLLErOCA MardHHTHOrC [0A B ONHCAHHOM
nepekiouaTene ¢ IDHPOHHM AYUOM YHOPOWaeT H YrAXeaseT upybop; Kpome
TOrO, BPAIRAION{HECA MarHUTHHIE [OAR C YacTOTOH BpauleHHa Gogce 10Y 2y Tpvano
OCYMECTBHTL. Jlyullde pe3yabTaTe HaeT nepeKJouartel]b TOrc Xe Tuua, do
€ BpallaoIHMCA daekTpaueckum noaem [JI, 4.2, ra. 10],
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Apyroit THN neperJoUvaTean < NAOCKHM JIVHOM HOXYUHI HA3BAHHE TPOXo-
TpoHa, Maur orpaHuuAMCH Te€M, STO BBIACHAM [PHHUHI YNPABACHAN AYYOM B TpO-
XOTpOoHe,

Mewny niockuMy sacxrpomammn A u P (pyc. 3030) nepnentukysspHo K niao-
CKOCTH PHCYHKZ pacroloxel HuteBHanwf watop K. Becs npnSop noMengen s
MarHMTHOE MOA€, NEPIHeHONKYIApHOe & weprexy, Kak wH3secrHo (§ 2, u. I)!

A +
L T e

4

[+]
Bagd

Puc. 303, Tpusuin yupaBacuia A¥Y4oM B TPOXOTPOHE,

B CKPEUWICHHBIX MarHHUTROM M 3JEKTPHUECKOM (0IAK 3ACKTPOHH IBHXYTCA M0
TPOXOHIaM, HaUPaBAAKIIHMYE KOTOPHX CAYXKAT INBHNOTCHUHAJBHEE THRHH 3J€H-
TpuYeckoro moas. Jlerko Bmaerb, uTO B HalieM Cayyae, XKOTHA 31eKTPOHHL HauH-
HAIOT JIBMKEHHME C KaTola, KMeoUIEro HYJAeDOH [MOTEeHUHad, HalpaBagiomeil aas
BCeX TPOXOHA OYHeT CAYKMTL HYICBAA IKBHNOTEHILHAIbHAA NOBepxXHOCTH. [IpH
AOCTATOYHO CHILHOM MAr{fiTHOM MOAE TPOXOMIABI TECHO SIPHIKATH K 3TOR nOoBepx-
HOCTH H BCCL NOTOK 3JEKTPOHOB o6pa3yer NIocKui myuoK. Iloloxerue By.IeBoR
3KBUNOTCHUHATLHOH TIOBEePXHOCTH B JeBOW 4acTW fpuGopa 2aBUCHT OT 1OTeH-
umana 3rexrpoja J Ecan U ;> 0, 10 myaepas NCBEPXHOCTL NPOXOIMT nuwe JJ

M BCe 3JICKTPOHH 1OMAAZIOT B HMEKRIOD Kamepy Ha 3icxtpoa f7y; ecan we
U3<<0, T0 3yy, caejys HOBOMY UONOMCHHE HYI€BOH RNOBEPXHOCTH, TPOXOAHMT

B BEpPXHIW kaMepy Ha siextpon [7,. Caenomarteabno, Menas U ;, wanprMep,

NofaBas HMUYIbCH HanpAweHda mexay A W Jf, MowHo nepebpacwsare ayd
H3 OJHO¥A KaMepnl 8 Kpyrvio.

MoxnHo noctpouts upuGop, HMewUIMH HE 1B€ HKameph, Kak Ha pnc. 300,
a pAA KaMe€p HIH JJWe HECKOTbEQ PANOB, W, YNPasadd AOIOWKEHHCM HYICBOH
IKBHAOTCHINANbHOH MOBEPXHOCTH, NEPCBOAHTH Iyd4 W3 OXHOH KaMepw B ApY-
rvic. Taxne MHorokamepiue TPOXOTPOHbL NPUMEHAOTICA B CYUETUMKAX MMIIYIbCOB,
rae oHY MOryT o6ecNeyHThb BHICOKYVK) CKOPoCTh cueTa (A0 10° B CCKYRIY).

§ 37. llepenawuide TeneBW3HOHHME TPYOKH. 3anmoMuuatoniye
TPYOKH (MOTEHNHANOCKOIL!)

Kar n3secTHo, BRICOKOKZHWECTBEHHA7N nepenava u3o0pakeHnd no ka-
HAN2M PafWOCBA3M CTANA BO3MOXKHOH TOABLKO floche MEPEX0Ra OT ONTHKO-
MEXaHHYECKHX [Mepealouids CHCTeM X saekTpouHsiM. Copuyanpyem te
TpeGonaluA, KOTOPHE MPEaBABAAIOTCR K 3JEKTPOHHOMY npubopy, ‘cay-
KalleMy Aas nepefays u300paReHHR.
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MsobpaxeHre HenogBHIHOIrQ HAH MCAJACHHO ABHXYUIErOCs NpeAMera
NMPOEKTUPYETCH HA TOBEPXHOCTH OAHOrO U3 SJEKTPOAOB npubopa, cre-
ILKaABHO JJAA STOr0 NPEIHA3HAYEHHOTO, HANPHEMEP HA MO33HKY HKOHO-
ckona. Ha sToH moBepxHOCTH CO31aeTcA CBETOBAA KapTuHa (Kajip) € TeM
BAR HHBIM pacnpencncHueM ApKOCTH. [lepenawmias TeneBu3HOHHas TPyOKA
AoaxHa npeobpasoBaTh CBETOBYI0 KAPTUHY B DAl DJNEKTPUYLCKHX CHI-
HaloB (CHMHANOB H300PaXEHHA), HITEHCABHOCTH KOTOPHX COOTBETCTBYET
OTASABHHM He0OJbLUIMM KyckaM (3/eMEHTAM pa3/IOXKEHHR) KAPTHHB, |
nepepark WX MNOCNEAOBATEJLHO B ONPEAENCHHOM 3allaHHOM MOPAAKE Ha
BXOA YCHAUTENH, 4EPE3 KOTOPHR OCYIULECTBASETCA MOAYAIUHA TEIEBH-
3MOHHOTO MNepeaaTuuka. CHrHaaw u300paxeHns, NPUHATHE TEASBHINCH-
HEIM TPUEMHHKOM, YOPABAAIOT IPKOCTLIO MATHA, CO3AaBAEMOr0 BAEKTPOH-
HWM AYyYOM Ha 3Kpaue npuempod T 1ax, Kak sT0 OBAO OOHC2HO
B npeANaylleM naparpage. Ecau 3acTaBHTh OSTHO ABHMaThCs NQ SKPAanY
B TOM Xe nopsake ¥ ¢ TOR CKOPOCTBIO, C KaKHMW NEPEJAOTCA 3ae-
MEHTH pasfokeHus Kalapa B nepenawoued tpyGke, 10 BCAEICTBHE unep-
UHH CBETOBHX BOCOPHATHR, CBOKHCTBEHHOH rJaazy, 0pn  ROCTaTOYHOH
6uicTpore nepemaud haGmopatenab YBHAKT HA 3KpaHe NpHEMHOH TpyOKu
NnepesaraemMylo KapTHAY.

s mcero ckasannoro cjaeayer, 470 B nepeaawolleil TPyOKe NOMKHH
MMETHCH, BO-NEPBHX, 3JEKTPOA ¢ (POTOINEKTPUYECKH HYBCTBHTCABHOH
NOBEPXHOCTRIO, npeoGpasytomiufl CBETOBYI0 KapTHHY 8 3JAEKTPHYECKHE
TOKH, M, BO-BTOPHX, CNEHHaAbHOE YCTPOHCTRO, MNO3BOJNAKILEE CHUMETh
3TH TOKH B ONPEACNEHHOM IOPRAKE € PAa3HBX MECT (POTOIACKTPUYECKH
uyyBCTBHTEALHON nosepxHocTH, [IpeoGpasosaHue CBeTOBOH KAPTHHHM B
NOCNEN0RATENLHOCTL SMEKTPUYECKHX CHTHAAOB JO/EKHO npoTekars 0Oe3
CYWECTBCHHBX HCKaXEeHMAH, ¥ TIPH OCBEIICHHOCTAX, AOCTHAXKHMBIX HA NpPaK-
THKE, 3JACKTPHYECKUE CUMHANN ACKKHH HMETh AMILIMTYAY, B JOCTaTou-
HOW CTENeHH HPEBHINAWILYI0 (GAYKTYyauuoHHHE noMexH. Kpome Ttoro,
nepesaya 3JACKTPHYCCKUX CHIHAJOB, NOJYYEHHHX OT pa3HHX 3IEMEHTOB
pa3ioXeHnd, INONKHA TPOKCXOAWTL B OHCTPOM TeMune, TaK Kak ueM
OoAblIEe YHCIO IJAEMEHTOB PasfAOKCHUs, TeM OONBHIE YETKOCTh IEepeAaud
Kafpa, a 4YHCAO KaAPOB B CEKYHAY B CAYYAC OTCYTCTBHA MENbKaHHS
AONKHO OHTe He Menee 25 (mpu uepeccTpousoil mepenaye).

INepenawinne TeneBU3HOHHBIE TpyOkd pasgeasoTcs Ha TpyOku Ges
HAaKOMACHHS 3apsfa (TpyOku noouepenHore nehcrsug) v TPyOKH € Ha-
xomjaenuem 3sapsna. K neppwm npunagnewar xuccektop <Papuceopra
H TpeX3JekTpoAHHH ¢orosnement [, B. Bpayme [/1.4.23, ra. XII]
TpyOxu ©6e3 HakonjacHus Bapafa Mano UYYBCTBHTEAbHW H [PHTOLHH
TONRKO ANs PaGoTH B yCaoBudX oueHb 0OABIIOH OCBEIIECHHOCTH nepe-
naBaeMolt KapTeue, OHH NPUMEHAIHCE [O3TOMY TOJMBKO A4S NEPeLayRr
KHHOKapTHH, rae Gonbluas OCBEIICHHOCTh BCErAa BosMOxHa [JL4.2, ra, O
J1.4.23 u J1.4.22].

K rpynne TpyGOK € HaKonjeHHEM 3apsfd OTHOCATCA TPyOKu THna
AKOHOCKONA A OPTUKOHA, A TAKKE ONACZHHHA B rA. O BHAWKOH-TEpEesalo-
ias TenepasHonHas TPyOka, AeHlcTBAE KOTOPOH OCHOBAaHO Ha HABACHAW
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doronpononavocTn. B Hacrosmee Bpema B TEJAEBHIHOHHHX YCTPOACTRAxX
UCIIONLIYIOTCA TOYTA ACKAKMHTEALHNO TPYOKH ¢ HAKONJEHHEM 3apiia.

1. Auccextop Papuceopra. B xauectBe npumepa TpyOKH nogue-
penHoro aelcTaus paccMOTpAM AuccekTop Papucesopra (puc, 306). IMepe-
RaBaeMoe H300PaXKeHKE NPOeK-
THPYETCA HA NOJYNpO3pavHbIf
JOTOKATON, OTKyJda  3/CK-
TPOHHOE H300pakeHHe c no-
MODILK OAHOPOJAROrO MarHuT-
HOrO MNOJIA, CO3AZHHOrO Gho-
KyCHpYIOUIeH KaTylXoR, mne-
PEHOCHTCA HA METAAAMYECKRR
3KpaH, B KOTOPOM CAEAAHO
He6oIbILIOS OTBEPCTHE, RHPE3a-

I0LLEE H3 SAEKTPOHHOrG H306- Puc. 306. Jiuccekrop Papucnopra.

PAKEHUA OAHH IAEMCHT pas- 1 — DOoRYCHDYOINAA KATYWKA: 2 —OoTKNORAOmAE RATYU-
JOWEHHAR, C IIOMOIIBIO JIBYX K H; 4— 3JeKTpornde H3oGpawenie; £~—KONIEKTOP CHI-

Nap OTKJOHSIONIHK KaTyleR 0% O o e e Gooxatox:
Ha OTBCPCTHC 3KpaHa [ooue-

penHo, B NOCTPOYHOM nopﬂnxe, HAMPABJAIOTCA JEKTDOHR CO BLEX y4alT-
k0B doTokaroaa. [Ipomesuie uepes OTBEPCTHE 3AEKTPOHB COGHPAIOTLS
KOAAEKTOPOM, H MX TOK B NPUHIIBIC MOXKHO HCNOAB30BaTh B KauecTBE TOKA
cureana, Ho AOCTATOYHAA H“HETKOCTH H305pa}I{EHHH NOAYYacTIC! TONbLKO
TOraa, KOorjla 3SRICMEBT pa3aoxKedud, T. €. Maollaab OTRECPCTHA B 3KpaHS,
oueHb Mana, PoOTOTOK ¢ HeOOALUIOrO YYaCTKAa KAaTOAA, 34€Ch PaBHHH TOKY
CHFBaNa, OYEHb ¢/1a, W OH CHAYANA YCHAHBAETCS BTOPHYHOBACKTPOHHBIM
YMHOXKHTENEM (HE NOKA32HHEM Ha DHCYHKE) M TOJBKO NOCAE 3TOro
nonagaer B Harpysoysoe CONpPOTUBJACHHE, HaNMPXKCHWE C KOTOPOrD no-
RaeTcd Ha BXOA naminoBoro ycuautens. Kak ywe OWAG OTMEyeHo, AuC-
CEKTOD OKAa3anCsd MPATOAHHM TOJABKO AJf NEpeaaud OYEHb CHIBLHO OCBE-
UIEHHKX KapTuH. ‘

2. llpaunupn  nakonaewns sapaga. PoTromMexanHdeckas mojens
NepelalOmere TeJeBUIHOHHOr0 YCTpo#AcTBa. BO BCEX (OBPEMEHHBIX
Tpy6Kax HWCMOALSYETCH NPUHUHMI HAKOIVIEHHA 3IPHAA HA €MKOCTH, KOTO-
pHIt HCIONBL3OBAACA €lUle R PAHHKX HCCAEAOBAHHMAX (POTOSICKTPOHHON
SMHCCHH. YKaBaHWe HAa BO3MOKHOCTh €r0 WCNOJNb3OBAHHA ANA MEpESavn
n306paKeHHR HMEIOTCA YKe Y QCHOBOMOJOXHUKOB JIEKTPOHHOrO TE/EBU-
penns b. JI. Posuvra u KemnGean-Csuntona, PaccmoTpum momenn ¢oTo-
MEXAHHYECKOr 0 YCTPOACTBZ, ¢ NOMOLILI® KOTOPOH# MOXHO YACHUTbL MPHAH-
MO HaKOMICHHA 3apafa ¥). |

ITnockas mnaveae MOKPHTA TECHO PacOONOXEHHHMU MaAEHbKUMH
$oTOSNEMEHTAMH, OA4H DA KOTOpWX u3obpaxeH Ha puc, 307. Ofuee

*) Kak yraswsaer C. W. Karaes (J1. 4.22, npumevanne va crp. 770), yieep-
IMBHIAACA B AWTEPATYpE TEePMHH <HPHHOMI HAKOTUICHWA 3apaias> HeyAaueil.
flpaguapHee (oo O rosoputh 00 <3(pekTe HAKONACHHA Japsia>,
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4ACAO (POTOSIEMEHTOB pakHo N. ANHOAH (POTOIJIEMEHTOB COedVHEHH
BMECTE, a OT KATOAOB CJAEeNaHN BHBOJAHK K KOHTaKTaM KomMyrtatopa K
g aeBLM OOKJaZKaM ONMHAKOBHX 0O eMKOCTA KodaAeHcatapos C;, G,

1
Cs,... Pyuka komwmyratopa Bpamaercsa ¢ HaCTOTOR n==-g, H KOHACH-
CATOPH TOOYEPEAHO 72 Pad B CEKYHAY PDaspskaloTcs 4epe3 COnpoTHR-

ﬂf 5_"_

L0y e
/’ 22 &
\\ 4 m 3—3
oo iy A

oS

Puc. 307. Mogeib, roacuawoiyan MpHAUHA RAKON-
IeHAA 33PALA.

acuue R. B}’ﬂeM C4yYTaTh, 4TO UPOIAOAKUATCALBHOCTh 3IAMBIKAHHA Ka:K10r0

_ |
H3 KOHTAaKTOB 1=W>CR; TOTAd 0OPH 3aMLIKAHUE KOHJEHCATOPH

’

KOTOPOFQ OTACNbHbIH KOHACHCATOP OCTAeTCH B3aMKHYTBIM Ha CONMPOTEB-
nenve R, HasoBeM BPEMEHEM paspana.

Ha naHeab, nokpuiryio ¢oTo3neMeHTaMy, NPOEKTHPYETCA wn3o0pawe-
Hue-xagp nepepasacyoit kapruuel, EMrocte C), €. .. 6yIyT 3apaKarTncs
GOTOTOKAMH uepes coupoTHBiaenue K, u Haapsxenns U, U, ... Ha Hux
6yayt pactu. Iloka nanpsxenus 8, — Uy, By — U, ... ocTaiorca Goabure
HanpsxeHn#l HachlUeHAs, (POTOTOKH OGyAyT OCTARATBCA MNOCTOAHHHMA H
PABHRMH TOKaM HAcHILUEHAA U 3apAdN BCEX KOHIEHCATOPOR BO3PAacCTaTh
JUHEHHO CO BPEMEHEM, OCTABAACh NPOMNOPUHOHANBHEMH MNOIAZAIOUINM HA
(hOTO9IEMEHTH CBETOBMM NOTOKAM M, BHAYKT, NPONOPUHUOHANLHEIMH OCBe-
IICHHOCTAM B COOTHBETCTBYIOIIHX MecTax Kajapa. 3710 ycaoene Oyaer
BCErjia BHNOIEHO HpY A0CTaTO4YHO Goabmo#t 3.4.c. §). CoBokynnocTh
vanpaxenutt U, UJ,,..., Ha3biBaemas TOTEHLIHANbHBIM pensedom, oTpa-
KAET, TAKHM O0O6pa3oM, pacnpedeNeHHe OCBEeHleHHOCTH no kaapy. [Ipn
BPALIEHHH PYYKH KOMMyTatopa uepes R OyayT upOXOAdWTb paspaiHbe
TOKH H OCHUHAZOrpaMMa Hanpaenus Ha R Oyaer AMETh BuA 3yOuatoi
Kpuso# (puc. 307). Ho nocne npoxoxaenas 4epe3 YCHAHTENb M KaHaa
CBA3H C AHTEHHOH, BCACACTBHE TOro uTO MX N0/0CA NPONYCKAHHA Orpa-
HHYEHE, B 3QNP nepesaeTcs CUrHaj], uMewiuHit GopMy ycpelHeHHo# Kpn-
Boi, mokazaHWoll kHa punc. 308 nyukTupoMm. IJTa KpUBAd NOBHILAETCS HA

KaxAeift DPa3 ycnesaloT NORHOCTHIO paspaanteCd. Bpema rt, B T1euenue
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muTepBane 4, COOTBETCTAYIOMIEM  CHJABHO  OCBEUIEHHOMY  ¢OTO3J]€-
MEHTY, H TMOHWXkaeIca TOraa, KOrga npoTeKkaer ToK oT caaGo oce-
HIEHHBIX (OTO3/eMeHTOB (caMbiil caalni Ha uHTEpBane J). UHnMu cno-
BAMH, YCPCIHEHHAs KpuBas OTPaxaeT pacnpeilencHue #pKocTh no Kaapy

hUe
Teuunimenamme Monpamers
KR T~ _
\ Yopedwerns xpuion
f z 3 ]
| |
1 i
1 |
| l
e 7 2|

Puc. 308. OcamatorpaMMa RANPAKEHHA Ha COOPOTHBIRHHE MOIENH,

H HMEHHO €& M CJaefyer HasplBaTh KpueoH cerHana, Mepofl BeaUYUHH
CHTH2JIA MOKET CAYXHTb CDEIHAS CHAZ TOKa i, Ha HHTepBane = 3a-
PRIKA KaKAOFO KOHAEHCATODA TOKOM HACHINEHHA iy AAMICA T CeK, a
paspaaka ero t cex. Orcioaa

ipT==1,% —l:.—:"— = %ﬂ—= ?T =N.
iy o

Tox carsana B N pa3 Gosabnie (OTOTOKA, TaK Kak 3apail Ha KOH-
JNEHCATOPE Hakamiuupaercs I cex W paspsxaercs, o0pasysd TOK CHTHaA,
TOJBKO B TEYECHHE T cek. B cHCTeME ¢ HAKONNEHWEM 3apdala CBETOBON
NOTGK HCTOAb3YETCA B TEYEHHE BCErO BPEMEHH OCBEIIEHHA UM (POTO-
YYBCTBHTEAbHOH NOBEPXHOCTA, B 3TOM OrpoMHOE npeaMyuwiecrso CHCTEM
¢ HAKOIMJICHWEM 3apana (Eped CHCTEMAMH M00YEepPeaHOro JeHCTBHA, B KOTO-
PHX oy =iy

3ameTuM, uTO B (pOpPME TOKOB CHrHana uepez R npoxoauTt 3a RoCTa-
TOMHO 60ALIIOH OTPE30K BPEMEHH TOT Ke cambiil 3apan, KOTOpMH npo-
XDAAT uepe3 conporunaeHue K B OOPATHOM HanNpIBJAEHUH B (JOPME 3a-
psxainx GoToTOKOB. [l03TOMY NOCTOAHHAA COCTARMALIIAY TOKA ue-
pes R OKa3bB2eTCA CKOMIEHCHPOBAHHOM.

Kak wu3BectHO, Ka4e€cTBO W3oOpaxeHds TeMm Jyyuie, ueM Gosblie npw
3alaHHOM pas3Mepe Kafpa 4acno saeventos pasnoxenuds N, Ilpn yseaw-
YEHHM YMCJa 3JEMEHTOB Dasnowenns » ornoweHnd N /N; B TOM Xe
OTHOLIEHWH YMEHLUIMTCH CBETOBOH NMOTOK, Nagawumiui Ha Xawiaeh GoTo-
saement, Ho u spems paspata 1= T/N yMeHbIAeTCs B TOM KE OTHO-
WEHH, TAK YTO TOK CHMHAMA fe,y ==l OCTA€TCA NpexHUM. TOK ¢urHang
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He SaBHCHAT, CNEAOBATEJBHO, OT PI3MEPOB B YHCA3 (POTOINEMEHTOB, €CHAN
TOJbKO MO-NPEKHEMY KaXKIAOMY (POTOIJNEMEHTY COOTBETCTBYET 0COObif
KOHTAaKT KOMMYT3TOpa. DTO MPOUCXOAUT BCACACTBHE YMEHBIIEHUS BPEMEHH
paspaja t mpH yseauueHua N,

Moaenp (puc. 307), maiomad Ho CPaBHEHHIO C TpyOkoll Ges Hako-
NAGHHS B3apAAa BHUIPHWOI B TOKE CHrHaza B NN pas, nNpHALUNMANLHO
ocymecTeamMa. Ho npaxtuueckoe ee OCYIECTBACHME BCTPEYASTCHA C ABYMS
TpyAHOCTSMU, Bo-nepselX, HYXHO H3rOTOBUTb [OBEPXHOCTb, MNOKPHITYIO
O4eHb GOABIUUM UHCAOM H3GAHDPOBAHHWX ADYT OT ApYra OYEHb MAiCHD-
KHMX (POTOKATO/AOB, W, BO-BTOPHX, HYXHO CKOHCTPYHPOBaTb KOMMYTaTop,
KOTODW# MO3BOANA OW KOMMYTHDOBaTb BCe (POTOKATOLM, HAXOALLUECS
B pefesiax Kaapa HE MeHee 4eMm 25 pa3 B CEeKyHAy, AJA TOrg 4Tobm
nabexaTe MeabkaHu#t u300paXKeHHH. ITO COCTABUT COTHH THCAY, d OpH
0oabHIeH YETKOCTH K306DAXEHAA W MHIIHOHW TNEPEKNIOUEHNH B CEKYHAY,
OueBHaHO, YTO MCXAHHUECKHH KOMMYTAaTOp € TaKuM YHCAOM TEPEKJIo-
YCHHH CAENaThb HEBO3MOWKHO,

3. Uxonockon. [lepsylo 3agayy — HArOTOBACHME TNOBEPXBOCTH, MNO-
KPHTOH H30AUPOBaZHHEIMEA OPYF OT JAPyra MajeHbKuM# (OTOKATOA3MH,
YHAAOCH PENWTh ¢ AOMOILBI0 Tak Ha3nBaeMo# woszauxu. [Ipm wu3rorto-
BJCHHY MO33UKW CHAUaNa Ha MOBEPXHOCThL CAIOAAHOH MRACTHHE HAHOCST
60AbIIO YHCJIO M3OAHDOBAHHHX JApyr OT Apyra 3epeH cepebpa. Jra
ONEpAaiiHA MOXET GHITh BRINOMHEHA pasnduHEMH cnocobamu, IIpakTHueckn
NpUroAeH H Tako# cAoco0: CANASHYIO MNAACTHHKY MNOKPWBAT CAOEM
COeJIHHEHHA cepelGpa, JAKMCCOUMHDPYIOULETO TMPH HAarpeBaHuM, Hampumep
caoem oxkHcu cepebpa. Oxuch cepe6pa HAHOCHTCA Ha CHIOAY B Buje
PacnHAEHHOr0 MNOPOLIKA, 3aTEM CJKOAA €O CAOEM NOpomika O6HICTPO Ha-
rpesaetcd. IIpu 3TomM cepe6po BOcCTaHaBAMBAETCA (€3 CAHAHHE OTACAb-
HHX 3€PEeH B KalAdH B MOJYYaeTCAd MO3aHKa OYEHb TOHKOH CTPYKTYpH.
Ilaactunka ¢ 3epHaMm cepeGpa  npoxoaut 3arem 0oOsYHYIC 06paloTkKy
KUCAODOAOM H NapaMW Ie3Hs B BaKyyMe, M 3epda cepefpa npespa-
MAGTCA B MHHAATIOpHEle pOTOKaTOAR, OO6paTHas CTOPOHA CAOAW MOKPH-
BaeTCHd CJHOEM METaada. ITOT Co#t Ha3pBaeTCsl CHUrHanbHOH NAacTHHOM,
TwnyHEE ZaHKHE MOSAHKKH TAKOBH: TOJMIMHA Caoaw 25—50 w, cpexn-
Hull JHaMeTp sepeH nopsaaxka 1w, Kosguument sanoanends 30—400/,,
¢gorouyscTBuTEABHOCTE 10—15 wxa/am. Mosanka ¢ 3epHamyu cepebpa
Ha cAloJe NOo3B0JMA3d DEWWTh NEepBYI0 U3 VKa3aHHHX BHIE 33aaad; O
cnocoGax H3rotoBaeHus Mo3auku cm. [J1.4.22, ra, Q).

Penienne BTOopoH 3agauu OHAO HANAEHO B 3aMEHE MEXAHHYECKOro
KOMMYTaTOp3 GEramomuM 3NEKTPOHHKM JAYYOM, NPH [BHAEHHH KOTOPOro
MO MO34¥KE B HArpy3xke MOABAAIOICA CMrHaJW W300paxeHus (Buico-
cirHanu). [Tepenaoman teneewavonHas TPyOGKa ¢ GEFAIOMIMM EKTPOHMBIM
nyuom Onna Ha3BaHd MKOHOCKONOM. B tenesm3asonHol TEXHHKE npouecc
AOCACAOBATEMbHON NEpefayd BCEX DSAEMEHTOB PAa3JIOXKEHHH, BXOAALIMX B
flepenaBaeMylo KapTHHY, HAa3WBAETCA PasBepTKOH nsobpakenns. B uxoko-
CKOTIE Da3BepTKa M300paXeHHE OCYLIeCTBAACTCS 10CpeAcTBOM Oeraowero
HO MO32HKE 3JEKTPOHHOIO Ayua, |
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YerpoHcTeo wKOROCKOMAa fnokasano Ha puc. 309. Usobpamense ot-
6pacuBaerca O0beKTHBOM L Ha MO33aMKy &, NAOCKGCTb KOTOpoH BO H3-
Gekanue OuTHUECKMX HCKAMEHHH MNepnenauKynspHa K OCH OGBLEKTHBA.
CHrHanbHag MAacTHHA 6, PACNONOKEHHA® HA O0PATHOH CTOPOHE MOSAHKH,
yepes ConpoTHBAEHUE R MOJKMOYEHa KO BTOPOMY AHOAY 3AEKTPOHHOIO

Prc. 309, Ukonockoun.

I —garol; 2—mepBHiA anol mpoEekTOopa; F—BTOPON anoOL;

4 — OTKNOHANIKE KATYWIKW; J§ — M0O38HKa; 6 — CHIHaasHan

NJAcTHHKA; 7— oTpocTOoR GaxroHA, B KOTOpOM pasmeniend
TpyORa.

DPOXEKTOpPa 3. JNeKXTPOHHHHE [POXEKTOP pasMewleH B OTpPOCcTke Oan-
A0Ha 7 TakuMm 00pa3oM, 4To OCh MNPOMKEKTOPA COCTABASET OCTPHH yroJ
¢ ontuueckol oChi0 OOBEKTHBA. DJMEKTPOHHHHK JIyu KOCO MNajZaer Ha Mo-
3aUKY; 3T0 OGCTOATE/NBCTBO CO3J4€T MCKA:KeHUE H306pamMEHHA H ABAASTCH
HEAOCTATKOM HWKOHQCKONA, HEH30CKHBIM, OOHAKC, TaK KaK TpH nepneH-
OHKYJNSAPHOM NaASHUM BNEKTPOHHOrO Jyua HPOMEKTOp oT6pactiBai Ol
TEHb H2 MO33HKY. DAEKTPOHHLE NPOKEKTOP HMEET OOHYHYIO KOHCTPYK LI,
ero BTODOH aHOA NMOKPHBAET NMEPEARIOD UACTH OANJIOHE, 32 HCKAKUYEHHEM
OKOIIKA AJA NMPOOYCKAa CBET3, U AOXOIMT TWOUTH A0 MO3aHKH. TannuHse
NAHHBE TNPOKEKTOPa HKOHOCKONA [, =—0,25 mxa, U, =190 s,
{/a,= 750 s. [IsTHO NMOKpPHBAET OT 150 po 1000 sepeH MO3auxH, TaK
YTO Pa3qHYHE B PasMepax 3epe¢H H OECNopsaoYHOCTh HX Pa3MEUICHHS Ha
NOBEPXHOCTH He WMMET 3HayeHnd. Kak BHAHO M3 CKA3AHHOrO, MATOTOBAE-
HUE NPOKEKTOPA HMKOHOCKONA, paboTalouerc mpH OTHOCHTENABHO HEGOJL-
KBX TOKaXx M HANPMKEHHAX, HE [PEICTaBASET OCOGHMX TPYAHOCTEH.
C noMompi0 OTKAOHAIONIEX KaTyINEK, NHTAEMBIX TOKAMH COOTBETCTBYIOMIEH
hopMBl, Jy4 NpouEpUHBAET OAHY 83 APYroH CTPOKE KaApa, NepecKaKusas
B KOHIE CTPOKH K Havyany cieayioleld, a B KOHIE Kajxpa K Hauamy
HOBOro. 3aMHKaHHE KOHTAKTA KOMMYTaropa moiaend puc. 307 paapsiaer
COOTBETCTBYIOUYI0 €MKOCTb, CROAS PA3HOCTb MOTEHUHAJOB €70 KO HYH.
Deraomufl 9JeKTpOHHME JAyY ACHCTBYET Ha pasHOCTD (OTEHILKAJNOB
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EMKOCTH MEWAY S€PHOM MO32WKK M CHTHANBHON NAACTHHOR COBEPILUEHHO
unaqe. YroOn paselparbCs B 3TOM, PACCMOTPHM CHauana gelictsue Geraso-
Mero Ay4ad Ha HMEOCBEIEHHYIO MO33aHUKY.

Hanps:xenne pToporo anoga npoxextopa /4, Bceraa aexut B obaacty,
‘TA€ KO3phunueHT BTOPHYROB 3MHCCHH MO33MKH o, > 1. Kak Gwno
ycTanosaeHo B § 31, B 3TOM Cayuac HOTEHLUHAan MeCTa MNONajLaHWd nep-
BHUHBX BACKTPOHOB — NATHA, A0MKeH OblTh HEeCKONBKO Buime Uy, M3
onbiTa OBIAO0 HalAeHo, YTO MNOTCHUMAN URTHA paBeH OPHGIM3UTEILHO
—- 3 8 no orHowenuw Kk A; TOK BTOPUYHBIX SNEKTPOHOB C MO3AUKH
paseH o/, rae I, — TOK B OVUKE; npu >TOM Ha A; Baer TOK [y, a ToK
OCTaNbHBIX BTOPUUHBIX 2JICKTPOHOB (0,,, — 1)J; BO3BpalIAETCA HA MO-
SauKy. JTH 3JSKTPOHM NONafaieT rA2BHHM O0pPa3oM Ha MeCTa € noJo-
KUTEALHBIM TIOTEHILAAI0M M NOHHAKAIT €ro A0 HEKOTOPOro PaBHOBECHOIO
3HAYEHHH, KOTOPOE YCTAHABAMBACTCS B T€X MECTaX MO3AUKH, FIe JeK-
TPORHBIE DYYOK 1IpOoKEKTOpa NOOWBaA Yxe HaBHO. PasHOBecHOe 3Haue-
HHE MOTEHUNANd HEOCHEMEHHOH MO3AMKH HA3HBACTCHA YDOBHEM UEPHOroO,
¥ MO ONLITHRIM JanlbiM, OHO paBHo — 1,0 8.

B urore, koriza ayuy 6era€T Mo HEOCBEIIEHHOH MO3aHKe, MNOTEHIAAN
Ha HEH & TOUKE, KOTOPY INIPOXOAHT MNATHO, CK3YKOM MEHACTCA OT
— 1,0 no -+ 3 s, npauem ofnacts pasHoBecHoro noreHwnan2 (— 1,5 @)
APOCTHPAETCs Ha OOJBILYIO YaCTh NJACIMAAA MO33aMKH. 3710 HAMOCTPH-
pyerca puc. 310, a4 u 6, Ha KOTOPHX T[IPEACTaB/I€HO pPaclpeleneHHe
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Puc. 310. Pacnpegelerue NOTEHNBAI2 HA HEOCBCUIPTHONK MO3aWKe,

a2 —NOBEPXHOCTh MO3AHKH {CJead) U pacnpelelesHe MOTEANVAZA (CMpaBal BloAL RHHRAU g4, Nephen-
AUKYIAPHON K PA3BepTHIBAEMOH CTPOKe; § — pacppeleiedie NOTEHUHANa BAOAL PA3BEPTLIRACMQ
cTpoxn, KpABHe pacnpelerenn’ J4ub LI MOMCHTA BpemcHH, KOFAa OATHO HAXOZWTICH B TouKe A,

NOTEHIHAAA TEPNeHAUKyAspHO % TOI CTPOKe, MO KOTOPOH ABMXKeETCH
maTHo, ¥ BAoOAL Hee, Lluppw -3 u — 1,0 6, npuBedenHue Bule, 11
PazAHUHHIX O0pa3sloB MO3aWKM MOTYT HECKOJBKO OTAHYATBCH. TakHM
0o0pasoM, NpoxoxacHue OeralCIllerd AyYa BH3HB2ET HE DaspiagKy €MKOCTH
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43EPHO MO3AMKA» — SCHIHANDHAA NAACTHHAY, KaK B Moaean puc. 307,
a nepesapaaky ¢e or — 1,5 10 3 6.

C ¢oToKaTOnOB-3€PCH OCBEIIEHHON MO3aHKA HA BTOPONH anom A, BCe
BpEMS TEKYT (POTOTOKM, H MNOTCHUUAN 3E€NEH OCBEWCHHOH MO3aHKH Mo
OTHOIIHHIO K YPOBHI YEPHOro MOBHINAETcs TeéM 6oJblie, uem Goabe
ApKOCTh. OIHAKO TIOTCHNHAEA MO33aHMKH He MOKeT npeBuicHTL /4, 6oabine
Yem Ha BEAHWYRHY, COOTBETCTBYICIUYIQ MaKCHUMadbHOH HauyaJbHOH CKOPOCTA
$oTOoaeKTPOHOB. B cornacuu ¢ 3THM OKa3a.i0Cb, Y4TO 33 BPEMA Teperaun
Kaapa MOTEHUMAT B MecTax HauboablueH SPKOCTH JOCTUTAET NPUMEPHO
+ 1 8 no otHowenuio K Ua,, T. €. BEAWUHHH Ha 2,5 8 BHINE YPOBHSA
yepHoro. I'padmku #3MEHEHUA MOTEHUHAAZ YYacTKOB MO3aUKH NOCJE NpO-
XOXACHHA TNATHA B SaBUCHMOCTH OT BPEMEHH TMPH PA3HHX HAPKOCTIIX
noKasaHsl Ha puc, 311, npuueM BPEMS YCTAHOBAEHHS 3HAYHTEILHO MEHBINE
BpEMEHM nepeaasy Kaapa. Yem GoJbplue APKOCTb, TEM BHIUE YCTAHaBAU-
BACTCA ROTEHILHAA.

MarCumanoron ypobens -
ypabeny Gesoze

0 & T
-f

2 YooDews wepuoen

2L ; e

Puc. 311, ¥cranosieHHe DPaBHOBECHOro (OTEHNNAIA NMpH pas-
AAYHBEX QCBEWIEHHOCTAY MO3AHKH,

Ecau Ha MO3aMKY CNPOEKTHPOBAH Kaap ¢ HEKOTOPHIM pacmpeaene-
HHEM SPKOCTH, TO PACTNPEIENEHHE NOTCHUHANA BIOJAL CTPOKH, MO KOTO-
pPO# NBWKETCH 0ATHO, H300pPasHTCA KPpubol, Xapaktep KOTOpoH nowkasal
Ha puc. 312. Ita KpuUBad BOCHPOH3IBOAHT PACHPEAENEHHA TPKOCTH BIC/b
cooTBercTRyiomefi crpoku. [lpoxoxaeHse Jayya NOBHINAET MOTEHILHAT
10 -+ 3 6, MOXHO CKaszaTh, YTO JAYY «CTHPaeT» €O CTPOKH TNOTEH-
unanbuutti pesveh. CTHpaHue peabeda CONPOBOKAACTCH CKAYKAMH TO-
TeHIHaAa, AoxogdAwmME 40 4,0 8 B «uepHOH» Touke B (ckayok BA') u
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YMEHBIUIAIUWIHMHCA JO ~ 2 6 B TaKHX CHALHO OCBCIICHHMX MECTax, KaK
touka C (ckayok CC'). D10 NMPOUCXONNT NIOTOMY, 4TO C TEMHHX YYaCTKOB
Ha aHOJ YXO0auT GOnblIE 3/MCKTPOHOB, 4Y€M CO CBeTAHNX, X0Ta ofuee
YHCAO SACKTPOHOB, BHIPHIBAEMBIX 3/JEKTPOHHLIM [YYKOM, BE3Ae oA~

HAKORO.
J¢
A c'

e

-

Arura cmpoxu -

[

- — e

Yoofene femo2a
[

~ T

Ypobero vepiioeg

Ya
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Puc. 312, Pacnpenencnue Mor1eHnMa’a BJaoJs
CTPOKM MO3aWKH, Ha KOTOPYI0 CUPOEKTHpPOBaH
nepefnaBacMu wamp.

Kak BHAHO, CKAUOK HANPAKEHUA W CCOTBETCTBYKWIRZHH €My HWMIVIbLC
TOK& B CONPOTHBJNIEHHH R TeM MeHblie, yeMm OOabHIE €(PKOCTbL Kaapa.
[losjeaublfi curnan usMepseTcs PasHoCTBIO STHX JARYX CKa4ykoB, H OH,
OQYEBWAHO, CO3AAETCH 33 CYUeT 3apsid, HAKOMJICHHOro BO BPEMA NMPOXO-
HAGHHA Kaapa B npouecce (POoTOINEKTPOHHOM aMuccnu. HMHuiMu choBamu,
opmyna (37.1), moayueHHas BHIe aiaa mMopeiau puc., 307, Owmaa OH
¢npaBeasuBa M A% MKOHOCKOMNA, ecau 6h HAKOMJEHHE 3apsja Ha 3epHax
MO3aKKH Y KOMMYTAallH$% DOPOUCXOINWAH B TeX e YCJAOBMAX, YTO # Ha
doTokaToAax mogead. K coxansenwio, 3T0 AaA€KO HE TAK .M TEOPETH-
YECKH BOSMOXHHEH BHUIPHIN OKaseBACTCA pPEAAW30BAHHLIM R3JACKC HE
NOAHOCThIO, DTO NPOHCXOAWT N0 IBYM NPHUMHAM.

Bo-nepBhix, 3ACKTPOHH, BHIOPOILEHHBIE ¢ MOBEPXHOCTH MO33UHKH, HE
BCE NMPOXOAAT uepe3 BHEINHIOW uenb., Kak yxe GHIQ OTMEYEHO EHILLE,
TOABKO 1/3,,, OT OOWEro uncAa BRIEMIUX C MO3AHKH SJEKTPOHOB
nonajarT Ha BTOPOR aHOA M B CONPOTHBAGHHE R, a OCTaNbHHIE BO3-
BpalLarTCcd 06paTHO HA MO3auUKY. DTG YMEHBLIAET MNOJE3HHH 3pdeKkT He
MEHEE HEM BUETREPO, TAK KaK d,.,,=—4 -+ 5.

Bo-BTOpHX, B OTAHuME OT (poTo3eMenTOB Mojend puc. 307 ¢oTo-
SNEMENTH, OOpasoBaHHHE 3ICPHAMH MO3aUKM W asoAoM A, pabotaoT
JaN€Ko He B PEXHME HACHILEHHH YCROpSAWIlee HANPAKEHHE MeKay MO-
sankofi M Ay Kak OGWAO MOKasaHO BHILE, HE MOXET Owth Gonee 1,5 s,
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4 B TE€yeHHEe YACTA BPEMEHH mnepelayd Kazpa OHO OKa3HBAETCY Jaxe
TOPMO3SAULNM,

Kpome TOro, BO BpEMA HAKOM/JEHHS 83pa1a 4YacTe (OTO3NEKTPOHOB
BMECTO aHOAa A, monafaer Ha GAM3KO JeXalHe MNOAQKHTENbHO Baps-
KEHHHE yuacTK¥ MO3aukH. Bce 3710 eme B HECKOJBKO pa3 yMedbllaer
noaesubd  adpexT. [Io IKCHEpAMEHTANLHNM AIHHBIM B MKOHOCKOUE HC-
nonb3yerca Tonbko 5—=8%, Toro, 410 MOrao 6M AaTh HAKONJCHHE 3a-
pana. Bce e no cpaBreHdio ¢ TpyGKaMu (€3 HaKOIJIEHHs 3apsiaa
Yy BCTBHTEALHOCTb HKOHOCKONA OKaswsaerca npuMepHo 8 10000 pas
Soabme, C NOMOUIbI0 WKOHOCKONA OKa3anaCh BO3MOXHON mnepeaaya He
TONBKO KMHOKapTHH, HO H CUEH € HATYypH.

Mxodockony OpuCymM TakXe W ApPYrHE HEAOCTaTKH, B  GOJALLIOH
CTENEHH YCTPAHUMHE UEHOH YCIOKHEHUS (XEMBl NEPEAAIOEro yCTpoficTaa,
BcaexcTBue KOCOro NONOKEHHS NPOKEKTOPE AJAHHA CTPOHEK Ha OIHOH
CTOpOHe Kaapa OoJanllie, YeM Ha APYyrod (TPaneUHEBHIHOE HCKAKEHHE).
IT0 HCKaKEHBE KOPPEKTHPYCICH NyTeM MOAauYd B OTKJIOHSOLME KATYIIKH
JOTORHATEALHOIO TOKA, BCACACTEHE WYEr0 NMPONCXOAMT YANHHEHME CTPOK
B COOTBETCTBYHOUIMX MecTax Kaapa [cM. J1.4.5]. Caeayer 3ameruth, uTo
KOCDE [AJIEHMe JIy4a HE TPHBOAMT K CKOJABKO-HHOYAb 3aMETHHM KoJseba-
HUAIM AMAMETpPA NATHA B PASHEIX MECTax xazapa.

BropoHt HenoCTaTOK, HOCSUIMH Ha3BaHWE <«YEPHOro MATHA», CBA3AH ¢
HEPABHOMEPHBIM PACTIPEACACHHEM BO3BDAULALOIIMXCA OOGPATHO BTOPUYHHX
SJACKTPOHOB 1O MNOBEPXHOCTH MO3auku, BosspamalouiHecs  3JeKTPOHH
nonajgaltT B HAMOOABIIEM YUCAE€ HA TOALKO YTO MPOHOEHHBE NYTHOM
YH9aCTKH MO33HKH. ITO CTABHT B HEOXUHAKOBOR [ION0KEHHE CEpPEeAHHY
Kagpa, ¢ OAHOft CTOPDOMH, B KOHIM CTPOK H BEDXHHE H HWKHHE CTPOKH,
rxe MPOUCXOAAT NMEPECKOKH NATHA, ¢ apyrol. CepeanHa kaapa noay4aer
8 o6meM G60AbIEe PAEKTPOHOB, H YDOBEHbL YEPHOrO 3JECh HHKE. JHauurt,
YK€ Ha HeOCBeIEHHOH MO33aHKE NOAYRAeTCE HEKOTOPHH NOTEHUHaAbHEL
peabed ¢ mpoBanoM mocepeanHe Kazpa. OyesHIHO, YTO IIPH KOMMYTaURM
penbepa Ha OCBEHIEHHOH MO032MKE CKAUKH MOTEHIMaJAa B CCPElRHE Kaapa
OKaXYTCA OTHOCHTENABHO OOAbLIAMH H KAPTHHA 37€Ch NOAYYHTCA TEM-
Hee, ueM B AEHCTBUTENbHOCTH. las KOMNEHCALMH <«4ePHOrG HATHA» HAa
CHPHANW H300DAKEHUS NPAXOAMUTCA HAKNATHBATE AOGONHHUTEIbHBIE CHI-
HaJW OT CHeNUafNbHHX reHepaToOpoB, HMeioulMe 3a NPEeAeNaMH NATHa
6Onpillyl0 AMOAMTYAY, 4eM B cepenune Kagpa (Jl 4.5, ra. 8). bes Kom-
NEHCAUHWH <UYEPHOrO MATHA® NEpefava ¢ UKOHOCKONOM OKasuBaeTcs He-
BO3MOWHOR,

4, UKOHOCKOR ¢ mepeHocoM u3obpawenwsn, [lainHeliuee ycosep-
INEHCTROBAHHE MNEPeRaVIIUX TEACBHIUOHHNX TPYOOK NOWAO N0 TNyTH
YCTPAHEHWS OTMEYEHHHX BHIE HEAOCTaTKOB #KOHOCKONA. Hemnroanwd
peXAM PaBoTH (POTOIAEMEHTEB MOSAMKH (OTCYTCTBHE HACHIUEHHS) MORY-
YaeTCH BCAGACTBHE TOrO, YTO B HKOHOCKOIE MO33HKA SMHTTHPYET BTOQ-
pHYHBIE 3AEKTPOHH ¥ 3TO aBTOMATHYECKH AOBOIHT €€ TNOTEHUMAX NOYTH
A0 moreHunana anopa. UeaecooGpasHo, 3HAYMUT, TMOTEHUHANBHHH pebed
nepeHecTd ¢ HOFOKATOAZ HA UAPYryl0 UOBEPXHOCTE H Ha HEH KOMMyTH-
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pOBaTh pesbed BACKTPOHHHM JyuUOM. 3TO H CAEN13HO. B WKOHOCKONE ¢
nepesocoM uaoGpaxenns (puc, 313).

Haofpaxenve npoeKTAPYeTCA Ha NOAYNIpo3pauHutt ¢oTokaton I =
3aTE€M, KaK B SJEKTPOHHOONTHUYECKOM npeoBpazosaTens, NepeHOCHT s, HO
HE WA 3KPaH, a Ha AH3NEKTPHYECKYI0 NAACTHHKY 4 (MWLIeHb), HE WMEo-
ILYK 3€PHACTON CTPYKTYPH W o0aasawigyo GOJbBIIHM KOSGPHUHEHTON

2 8

é ] \.‘l

- M "'J'lfl'l ¥ %

Puc. 313. Mkodockon ¢ nepesocoM M3o6paxenns.

! — PoTokaTon; 2 — ¢ouycnpymugaa KaTymKa, 3 — oGbeKkTia; £ — WHINEHD}
- aHOoA.

BTOpPHUYHOH 3IMUCCHA. TakK Kak MHIieHb 4 00.J3/aeT 0YeHb MaA0H MpoBO-
IAMOCTEI0, TO HAa HEH BCAEACTBHE DTOPHYHOR 3MHCCHH CO3A3ETCA MNOTEH-
NuasbHLlE penased, YCHAEHHHHA B o, pa3. IlorenumnanbHmii peaved Ha
MUILEHH KOMMYTHPYETCS 3JEKTPOHHWM JAYYOM COBEPIIEKHO TaK e, Kak
B UKOHOCKOME,

[Tpumenenne orpensHoro (gorokarona AaeT NeoiHyw surofay. Bo-nep-
BhlX, €r0 MOTEHNHWAaX HE CBA3AH C MOTEHUHAAOM HBTOPOTO AHOAZ K MOXET
OBTE CACNAH HACTOALKO HH3KHM, Uro (GOTOTOK BCE BPEMS RNPOTCKaeT B
pexume Haculennd. Bo-BTOPHIX, BMECTO MO3aMKH KUCAODOAHO-LEIUEBHIX
()OTOKATOAOB B HEM NPHUMEHAETCH CIMIOWIECGH CypPbMIHO-HEe3ueBHH GoTO-
K2TOJl, YYBCTBHTE/IbHOCTH KOTOPOrO B YETHpE-NATh pas GoAbulec 4yBCTBH-
TCIbHOCTH MO3ankn. KpoMme TOre, Kak yKe yKasMBaaoCh, NOTEHIHAAb-
HRil peased YCHAEWBACTCA BCAEGACTBHE TOrO, Y4IO G,,, > 1. Ho nosesuyw
NOMadb Kajapa AAd YCTPaHEHHA HCKAKMCHUH, CBA3AHHBX C MEepeBocoM
HIOOPAKEHUT € MIOMONILIO MArHUTHOH JIMH3H, NPHXOXUTCH YMEHLIUWTH
10 1-3~4 ca’. OCTaIcs HEYCTP2HEHHKMH W HEJOCTATKH HKOHOCKONMA,
CBA3AHHBIE € pacnpeleAcHHEeM MNOTOKOB BTOPHYHBIX 3JEMEHTOB («uepHoe
NATHO») H KOCHM [IOJOKEHHEM 3JEKTPOHHOTQ TPOXEKTOpA.

HyBCTBHTEALHOCTL TPYOGOK ¢ NEpEHOCOM H300PaMeHusd INPHMEDHO B
10 pas BHHIE YYBCTBUTEALHOCTH NPOCTOro AKOHOCKOMA,

5. Oprukon. [leperaoman Tpydka C HABRYCTOPOHHEH MHIIEHLIO
{(OPTHKOH ¢ mEePeHOCOM H3oOpaxkeRnHa uan cymepopTdxon). Hemonuoe
UCTIOAL30OBAHAE [NYOHHB MOTEHUMAJABHOro peabeda MO3aHKH, CBA3ZHHOE
C BO3BPAICHHEM HA HEE YaCTH BTOPHYHLIX IIEKTPOHOB, YMEHBIIAST YyB-
¢TBHTE/BHOCTh MKOHOCKONA d #BASCTCA €r'0 HEYCTPAHUMbLIM HEAOCTATKOM.



§ 37] MEPEJAIOUWIHE TENEBH3HOHHHE TPYBKH 105

[Tonuoe ncnonvszopanwe rayOudtl penseda AOCTUraeTcs B TPYOKE, HAIBAH-
HOH ODTHKOHOCKONOM WJ#, COKDPAUIEHHO, OPTHKOHOM ¥), riaeHas ocoleH-
HOCTH KOTOpPOH COCTOMT B TOM, 4TO B Hell p&E3BepTKa NOTEHUHAIBHOTO
penvedd NPOH3BOIHTCA MYyYKOM MEANCHRHX 3JeKTpoHoB. (xeMmaTuuecKuh
YyepTexR OPTHKOHAZ AaH Ha puc. 314, BusicHuM CcHawyama MEXauu3M KOM-

a7 A BSOS
Om G dp56 X R T

Puc. 314, Optukon.

J — OTEIOHAIOMIME KATYIIEN; 2 — OXYCHPYIOINEn KATYIIRA F — MO33¥Kka;

4 —CNraanLuas naac THHKA; § — nepelasaevoe naodpaenke; 6 — ropuo-

BNIHE BIEKTpOA; 7 — CeTKa (Kolaextopy; & — Bropod asoa; 9 -— mol-
LTpOEUREIE KA TYWKH.

MyTauue B OpTHKOHE. Mo3amKka H CHTHaJAbHAS DA3CTHHA OPTHKOHA JAe-
NAOTCA OOAYNPO3PAYHHIME, a CBET H KOMMYTHPYIOILME (YYOK 3AEKTPOHOB
NagaioT HA MO33auKy C pasHuX cropod. Klepem Mmozaukoil pacrnonoxen
KOJAbUEBOH 3JEKTPOS, NOTEHLHKAA KOTOPOro OGIH30K K MOTEHUUANy Ka-
T0xa. [109TOMY 3JEKTPOHK AOCTHralOT MO3aWKH C TaKUM# MAJHMH CKO-
pOCTAMM, 4TO €€ KO3()QHUHEHT BTOPHYHOK 9MHUCCHH ¢,,, OKA3LIBAETCHA
MeHoire eannuun. B stoMm cayuvae, kak n3pecyHO (§ 31), mo3auka 3apsa-
WACTCA A0 NMOTEHNHaNA Kartoaa (TouHee, B CBA3M C HAJAMYMEM HAYANBHHX
CKOPOCTER TEPMOINEKTPOHOB A0 HECKOMbKO 6o/ee HH3KOro MOTEHUMANa),
H [IPH OTCYTCTBHH OCBEILEHHA MO33HKH BCE NEPBHUHHE 3JICKTPOHL Oy-
AyT OTPAKAThCH M YXOAMTL HA BTOPOf aHOA M KOJNEKTOP (CETKY)

[Tocae nopaun oceewiehus OTOKATOAN MOB3UKH 3apsindTcd  TOJO-
MUTENBHO W Ha MO3ABKE yCTaHOBHTCA NOTeHUHaNbHHA penbed, COOTBET-
CTRYIOIIRH DACHpPEeACNCHNI0 APKOCTH Kanpa. 3apsasl 3epeH OvayT cHadana
HeHTPAJH3OBATHECH IIYYKOM UEPBUUHEIX 3JEKTPOHOB, H TOALKO MOCHEe
HOCTHKEHHA HA S€PHAX NOTEHUWAsa KaToda OCTAMbHLIE 3/CKTPOHHE My4Ka
OyayT orpakensl. O4€BBIHO, YTO TOK NYYKa TICPEMUHBIX 3ACKTPOHOB
MEXAY KartoaoM H MO3aMKOR OyAeT NpoMOAYAHPOBAaH MOTEHIIHANbHEIM
peapeoM M B 3TY UENb MOMHO BKIIOUATHE HArpysouHoe COMpPOTHBACHHE,
C KOTOPOro CHHMAaEercsl BHIEOCHTHAf, KaK 3T0 n0oKa3aHo Ha puc. 314
Otclofa caeayeT, UYTO M TOK OTPAXKEHHHX OT MO3aHKA 3JEKTPOHOB
6ymeT HpPOMOAY/ARPOBAH NOTEHIMAABHHM peabedoM,

*) Ot rpeueckoro ciosa <opToc» — upiaMol, Hazpauue csszano ¢ tem, alo
8 3TOM TpyOke HET KOCOro NajeHus SACKTPOHHOIO IyYa, KaK B HEKOHOCKONe,
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3HAUMTEAbHYI0 TPYAHOCTh NpefcTaBMaeT (POKYCHPOBKA MyuKka MeiJjien
HHX 31eKTPOHOB. B opTuKoHe mns sTo#f wnenH npuxonurcs nprlerath K
NPOJIONLHOMY OAHOPOAHOMY MALHHTHOMY TOJK), HANMDSXXEHHOCTh KOTOpOro
noAGHPAETCH ¢ TaKHM PACYETOM, UTOOR H2 MOBEPXHOCTh MO3AHKH TIpH-
xoaunacs oauH u3 HoKycoB nyuka. OTKAOHEHHE NPOH3BOAHTICH OTKJAOHAK-
HAMA KATYIUKaMA: OAHO W3 NOJOXEHHA OTKJOHEHHOro nyuka, Ha KOTO-
POM He MOKa3aHL €r0 NEPHOAHYECKHE PACINHPEHUS U CKATHAA, OTMEYEHO
na puc. 314. [loncrpoeunwe xatywxd (puc. 314) npegHasuauensl aas
YCTaHOBKH HA4aJbHOUO TOJAOKEHHMA SACKTPOHHOTO NYYKa, KOTOpPOE H3-33
HETQYHOCTH COOpKH npuOOpa MOXKET OKa3aThCA CMEWEHHWM. YyBCTBH-
TEABHOCTb OPTUKOHA TPEBHIWAET YYBCTBHTEIBHOCTD HMKOHOCKONDZ B He-
CKOJBKO Pa3, HECMOTPA Ha TO, UTQ CBETOYYBCTBHTEABHOCTL NOAYIPO3Pav-
HOR MO3aMKH B IIECTh — BOCEMb Da3 MEHBIUE YYBCTBHTEABHOCTH OGBIUHOH
MO32HKH. [IpH nOSRAECHHMA B NHONE 3peHHA OPTHKOHA APKO CCBENICHHBIX
O6GBEKTOB COOTBETCTBYIOIMIME MECTa MO3a#KH MHTEHCHBHO TEPSAIOT 3JCK-
TPOHH # 33 BpeMsi OPOXOKASHHS KaApa MOTYT SapsauTbCA A0 NOTEH-
UHaNa, NPH KOTOPOM G,., > 1. IT0T Gosbliol 3apsn HEe MOMeT HeWTpa-
AM30BaTBHCA 83 C(YET NEPBHUHLIX 3JEKTPOHOB, ¥ B COOTBETCTBYIOWUX
MECTaX NOABAACTCA BTOPHUHAA IMACCHY; NOTEHIHAN 31eCh OHCTPO BO3-
pactaeT N0 BEJHYHMHL MOTEHLMaAa KOJANeKTopa, W paboTa OPTHKOHA
Hapymaercn. HeycroluMBoCTh npH GOALIIMX OCBEIEHHOCTAX ABASETCA
KPYUHWM HEAOCTATKOM OpPTUKOHA. Bmecre ¢ TeM OpPTHKOH UMEET HeKo-
TOPHE CYMECTBCHHHE NPEMMYILECTB2 NMEpPeRr HKOHOCKOMOM, B TOM UMCJAE
§ — 10-KpaTHOE YBEJMuUEHYWE YYBCTBUTEALHOCTH, OPTHKOH UMEA AOBOJBHO
WAPOKOe pacnpocTpanenne B Tenepuaeuun (CLIA),

Creayomg#t ar Ha NyTH yAVYIEHHS [EPSAAIONIHX TENCBH3NOHHKIX
TpyGox OG6ma caenan . B. Bpayne, npeanokuBmEM TaK Ha3HBaEMYO
IBYCTOPOHHIOIO MHweHb. Ha ocHose 3TOro usolGpereHHs ¢ HCNONb3OBA-
HHEM KOMMYTMPOBAaHUA MELAEHHHM NYYKOM SJAEXKTPOHOB, KaK B OPTHKOHE,
H KacKagHOTO BTODHYHOTO SJEKTPOHHOTO YyCHAEHHs OuAa noCTpoeHa
Haubosee coBeplleHHas TEeAEBU3MOHHad TPyOK?2, MOAYYHBHIAA Ha3BaHKE
OPTHKOHA € NEpeHOCOM H306DaxuEeHHA HAH CYNEepOPTHKOHA.

Cxema stofi TpyOku npexncrasaena Ha puc. 315. Lludpw na pucyHke
YKasaHu 1as ogHoro copra TpySox storo thna. HasobGpawenwe, cnpoex-
THPOBAHHOE Ha NOAYNpo3paydni doToxkaron @, sapsxennuli 10 — 300 6
NO OTHOWIEHHI® K 333€MAEHHOMY KATOAY SACKTPOHHOTO HPOXKEKTOPA,
NEPEHOCHTCHS 3aT€M Ha ABYCTOPOHHIOIO MHiicHs M, nepea KOTopoH pac-
HOKOKEHa cetka CM oueHb TOHKOW CTPYKTYpo. Paccroanue ceTka —
MHUICHs MHOTO 6oJablle TOMUMHH MHwenr. IIpn nepenoce r3o6pamxeHns
cetka CM, sapsxenHas no ;-1 s, noraowaer okono 30%, dorosiex-
TPOHOB.

Muwens npeacrasaser cobo#t Toukui (TonuuHoH po Bp) crexasn-
il JaucTox, oOaamaomuB He6oJbIO# NPOBOAMMOCTHIO, HE HACTOJBKO
G6oapuiofi, oaHaKO, YTOGH BOCMPCHATCTBOBATE OOGPA30BaHUID HA MHILEHH
NOTEHUHaALHOrO peateda. Ha Muiuend, Kak B HKOHOCKOUE C [EPEHOCOM
1300 paxenys, MNPOUCXOANT yCHJAEHHE peabeda B J,,, Pa3 BCACACTBUE
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sTopHuHORt smucchn, [Ipa svOM 6., > 1, Tak Kak NOTEHUAAN MAMIEHA
DO OTHOWEHHMIO K (OTOKATOXYy pareH npumepHo - 300 s.

Jlerko BHaerb, 4TO M Ha OOpaTHOH, JCBOR CTOPOHE MUINEHH MONB-
NAETCA TaKoH ke mNOoTEHUMadbHHH peabed, TaK 4YTO BCE HU3IMEHEHHA
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Puc, 315, Tpybra ¢ ABvCTOpOHHed Mo3aukoh.

@ — doroKartor; M — mumenp; CM — cerxa wpmeny; TH — ropuossniee Eoapno,

HMewUlee TOTEHNYA KATOAA; ¢H—¢0xycap5mman karywka; O — OTKJIOHAOmasn

KATywKa; HA — KOPPEeKTHPYOILHe KATYMEY; JY — 23 TeKTPOHHLT yMHOKBTE s, A —
: NepEW A AHAON YNHOMHTEAN,

peabeda Ha OAHOH CTOPOHE MHILUCHW HEMEAJEeHHO H ¢ OYEHBb 00AbILOH
CTENEHBIO TOYHOCTH MEPEHaloTCH Ha JAPYryIo CTOPOHY. ITO MOACHAETCS
puc. 316, B BepxHe#t uacTH KOTOPOrO NOKA3aHO PaclON0KEHUE MHILEHH
H GamxkaHuiero x wedl snekTpona — cetkd MHwend CM. Muluens B npe-
Aenax OAHOrQ SACMEHTa Ppasioxe-
HRM C pacniosoxXKeHHKMH Ha Hefl 3aps-
naMp 1 HeGoabOH NPOBOAHMOCTEIO
MOXHO PacCcMarTpUBaTh KaK €MKOCThb
Ca € yTeuKOl R,, COCAMHEHHYIO, KaK
3T0 BUAHO H3 PHCYHK3, MOCHEAO-
BATEABHQ € EMKOCTbLIO MEXKIAY NOKPH-
THEM ¥ MHIIEHLIO Cy H €MKOCTHIO M
MuieHb — ceTka Cps, KAK Ha IKBU-
BAJIEHTHOH CXeme BHH3Y puc, 316,

Ha Bcio cucreMy HanomeHo Hanps- +f£‘56-—"_ l——-;?ﬂ
#enune oxouo 180 8. Ilpu nocaeno- Ow . % Co
4

—--A---r

M
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BATEALHOM COCIHHEHHH ~eMKocTel

HATIPAKEHRA Ha HHX PACTIPEALAIoT A

06paTHO MpONOPUUOHANLHO EMKO- Puc. 316. Muuenb n ceTka MHIIEHH,

CTAM, 2 TAK KEK EMKOCTH Cy MHOTO Dy seaistacumias cious, noicumus oo

6oablte 0OOCHMX JPYrUX e€eMKocTel peanedpa MHIEEH ¢ OGPATHON CTOPOHEL

BCJAEACTBHE TOHKOCTU CTEKAAHHOro

NHCTKa-MulIeHH, TO Ha Ca TTPAXOZHMTCS HAUTOXHOE Hanpikeh#e, ITO 3HAYHAT,

yTa 06e CTOPOHE MHELIEHH HUMEIOT NPaKTHYECKH OMMHAKOBWH NOTSHUMAN.
Takum 06paaoM, noTeHuHasbHuil peabed MOMCHO KOMMYTHUPOBATH

AyHoM ¢ JAeBOH CTOPOHHN MHIUCHH, TAC Y DacCHGI0KEH S.HEKTPOHHHﬂ
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APOKEKTOP, YCTPOHRCTBO €70 B CYLIECTBEHHHX YEPTAX TaKoe e, KaK Npo-
XEKTpPa HPOCTOro OpTHKOHA. B omucwBaeMoM THNE TPYyOOK HanpsxeHue
anofia pasHanoch 200 8, 3 PACNONOKEHHEA MEPEL MMIIEHLIO TOPMO3SILKH
3aeKTPOA 7K noaxawdanca K KaTOAy NPOKEKTOpa. POKyCHpOBKA NyuKa,
KaK H B OPTHKOHE, NOAYYAETCA ¢ IOMOMIBIO AJNHHHOR oKycupyiomwet
Katymkn DK,

HOenxenue nyya 10 CTPOKAM H N0 KATOMY CBEPXY BHM3 CO3AAETCS
noaeM OTKACHaOWMX kaTyumek (K. OTkAoHsiomee none HaKJagHBaeTcs
Ha 1Qae (OKYCHpymMEeR Karylkn He 1o el ee JAJHAE, 2 TOABKO B
cpeaHel 4acTH, TaK YTO pe3yAbTUPYIOIIEE NOAC JPUHKMAET BHi, NOKa-
sanabf Ha puc. 317. Panbie (v [, ra. 1) 6wao nokasano, uro mapak-
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Pac. 317. PopmMa KOMMYTHADYIOUIETO 93€KTPOHHOFO NYyYKa
B OPTHKOHE,

CHAbHME 3JEKTPONH B HEOAMHAKOBOM MArHHUTHOM [104€ CAeAyT 32
naruGamu JHHKH Noad, He yAaldaChb OT HHX Ha 0OO0AbHIoe PACCTOAHHE.
MarsaTHHE CUAOBLIC JNHHMH CAYXKAT KAK Obl HANPaBMASIOWMMH A8 2ACK-
TPOHHHIX INYYKOB. ECAM Ha YyacTKe BTOPOH aHOI — MULIEHD PAaCHON0KEHO
HECKONLKO (OKYCOR IAHHHOE MATHATHOM AHHSH, TO 3JEKTPOHHLIA NMy4yOK
NPAMET HM3OTHYTYIO, CJerka y3/10BaTyto ¢bopMy, OCTaBaschb BCErja Ha
KOHLE NEPNeHIUKYAAPHHM K NOBEDXHOCTH MHIEHH, JT0 CYLIECTEEHHO,
Tak KaK NPH KOMMYTUPOBAHMHM OUYEHb MEMAJIEHHBIX 3JEKTPOHOB MYyHKOM,
HaNpaBJAEHHHM HAKJOHHO K HOBEPXHOCTH, NyYOK TepsieT QOKYyCAPOBKY.
CnocoG (oKyCRpOBKHM, NPUHATOH B OPTHKOHE ¢ NEPEHOCOM H300panmeHus,
YCTPAaHACT 3TO SIBACHHE.

[pocreanm Teneps nmpouecc KOMMYTalud TOTEHIUAALHOrG penveda u
ofpa3opaHHe BUIEOCHIHanz B TPYOKe C ABYCTOpPoHHEeH MumieHslo. Ecau
noreHnHan cetkn CM (puc. 315) pasen Ucy (Ha cxeme Ucy=—-11 a),
TO NOTEHIHAN Ha MHLIEHH HHTAE HE MOXKET HaMHOro npesocxoaute Ucpy,
TAK KAK B 3TOM CHY4a€ BTOPUUHHE 3JCKTPOHH ¢ MHUIEHH HAYWHAIOT Ha
HEE BO3BPAIIATLCA. ITO CYMIECTBEHHO [OTOMY, YTO ITUM OrpaHUIHBIETICA
NOTEHUAAA MHUICHH HACTOAbLKO, YTO € JEBOH CTOPOHH MHueHH, OoMOap-
AHPYEMOH SAEKTPOHAMH H3 NPOXEKTOpa, HE BOSHHKAeY BTODUYHOH 3MHC-
cuu. CHa TOKa B jlyuKke BHIGHpaercs ¢ TAKMM PacyeToM, YTOOH HAKO!-
ACHHHHA NOJ0KUTEAbHHWR 3apsil yCNesax HOAHOCTRR HEHIPann30BaTRCd
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SJEKTPOHAME jIYYK2 Jaxe  Ha caMHX GOABINMR BHICTYNAX [OOTEHUHATBHOrO
peaseda, COOTBETCTBYIOMINX Hanbosee OCBCUICHHBIM MecTam kaapa. HM36u-
TOK SJEKTPCHOB, OCTAIOIMHCA MOC/AE CTHPaHHS MOTEHIMAISHOrO peaseda,
OTPaXaeTCsl OT MHIIEHH, 0Dpa3ys NMyYOK OGPATHHX 3/EKTPOHOB, KOTOPHH,
Kak 270 ObN0 BHACHEHO BHIUE, NPOMOAYJIHPOBAH [IOTEHLHAABHHM
penbedoM ¥ MOMET OnTh HCNONL30BAH JJAA NOAYYEHHS CUIHANOB H30-
6paxenns. Ho oOpaTHHfi TyuoR e€HIE yCHINBAETCA BTOPHYHO-2JIEK-
TPOHHWM ymuokuTeaeMm. ITywoxk nomazaer na srextpoa A {puc. 315),
ABAAIOLINIACH  NEePBBIM  AUHOLXOM YMHOXKHTEJS, KOHCTPYKLMS KOTOPOro
Oauzka K KoacTpykums ymuoxateas (. A. Bexmmuckoro (cm. § 34).
Ha BmXOJ€ VMHOXKHTEN NOIKAIOYEHO COMPOTHBJEHHE, C KOTOPOro Hamps-
KEHHWE CHUrHANA CHUMARTCd HAa BXOA ycHautead. TakoBo B OOMIMX veprax
yCTpPOHCTBG OPTUKOHA C MEPEHOCOM U300pakKeHUR H ABYCTOpOHHEH MH-
HICHBIO,

HeTpynoHo nousTs, uTO B8 OPTHKOHE C NMepeHOCoM H30GpaKeHds HET
YCNOBHA HE N8 BO3HHKHOBCHUN YEPHOTO NSTHA, K3aK B HKOHOCKOME, HH
A HapylleHnd paCoTe B Mectax GoabuIGH OCBELIEHHOCTH, KakK B hpo-
CTOM OpTHKOHE, B HeM XOpowo HCNOJAL3VIOTCA IPEHMVILECTBA [pUHOMMA
HAKOIISIHA 8apida M BTOPUYHO-IACKTPOHHOrO YCHICHHs, yraylasiomero
noTeHuHa bHuH peaved. TI03TOMY UYBCTBUTEABHOCTH OpPTHKOHMZ C mepe-
HocoM u306pamenua mMuHOrO O0JbUIE YYBCTBUTEJILHOCTH BCEX APYrex
Tpy6ok. OpPTHKOH ¢ NEepeHOCOM H306DAXKEHHA CrnocodeH paboTaTe yxe
MPH OCBELLEHHOCTAX B HECKOJBKO JHOKC, YTO MPabaixaeTca K UyBCTBU-
TEJABHOCTH I'71a3a2 (B YCAOBHSX AHEBHOIO 3PEHHR).

6. H3 mcropun tenesuaenua. OCTaHOBAMCH HA HEKOTOPHIX MOMEHTZX MCTO-
PHY HIEKTPOHHOIC TEFEBHACHMA, Pa3BHUTHE KOTOPOIO ORPeI1elsIoch FIaBHHM ofpa-
JOM YCNEeXaMu B pa3paloTke TeAeBH3MOHHWX TpyOox. JapokIeHHe I1eKTPOHHOTO
TeNesHALHUA HEPA3PLIBHO CBA3aHO € HMeHeM pyccKoro ywewore b, J1, Posndra,
B. JI. Posunr eme 3 1907 r. npeaJoXkmA NPHMENHTb Naa lpHeMa n3obpaiceHds
3JIT (aBtopckas npusuierdAa MNe 18076 ot 25 wions 1907 r), a 8 1011 r. oy cyor
NpPOAEMCHCTPHPOBATL CBOE H3o6peTeHue B leHcTeuM. Jtv pafiorm PoswHra cmeda-
IUch UIMPOKO H3BECTHWMH M 3a rpaHuue# ¥), Moxynauiio APKOCTH NMATHA, HA
KOTOpPOft ocHOBaro AeiicTBHe npuemHod TpyOkH, Po3uur ocyvmecrsni, Bo3aeHcreva
MONY.IHPYIOIMM HADDMKEHHEM HA T[ONepeYyHOe CMEIICHHe 1YYKA OTHOCHTENbHO
OTBEPCTHA aHOAHON IMapparMu. 3alaua KOHCTDYHPOBAHHA [IPHEMHOR TPYOKHM ito
CYWICCTBY 3THM Owaa pellena, w Ha N0110 NO3LHERIINX nccaefoBarenc# ocrajach
TOALKO 3aMeda XOJ0JHOIO KATOHd HAKANeHHHM ¥ NONEPEYHOro MOIYIHPYIOIMEro
oA APOANILHIM, IeHCTBYIOWINM aHAJOrHUHO- NOJK CeTKH TpHoma. Obe 31w
3aMeHnl DHIH, KOHEYHO, COBEDPIUEHHO €CTECTBEHHWAMH NOCJE TIOARICHAN 31CKTPOH-
HBIX faMmir

Mica 0 803MOKHOCTH 0NDHMEHEHHA 3JIEKTPOHHO-TINVUCBHX TpYGok Ha nepeiam-
meM KOHLE AAHMH Terencpenauyn Oni1a snickasada B 1908 r, Kemn6era-Ceuuronow,
KOTOpHH, OIHAKO, HC DPENTOXHI HHKAKOH KOHKPETHOH MOJeld nepelaioinei
TPVOKH. _ o

P- Bnoane noustHo, 9o B 1907—1911 rr. HeBoamOMHO OHAO TONHONEHHO
PELIHTE 3afauy O MepeXaye M300pPaMEHHI HAa paccToAdHie XOTA 6n NMOTOMY, 410
B 9TO BpeMs ell¢ He OolI0- HH JAMNGBRIX YCHIMIeReH, HY YOpOWHX (POTOKATOROS,

*) Hanpumep, cM. Rubimer, .2, fitr Schwachstmmlechmk V, Ne 5 1911
a takxke Brittion, Electronic Developments, London; 1947,
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Torexko B 1925—1926 rr. Gunm paspaGotand crnocofW nepezawy H3oSpamennh
¢ MOMOILBIO ONTHKO-MeXaHHYeckKuX cHcTeM (aHck Hankosa, sepkadvAnid BHHT M
ap.), a ¢ 1930—I93] rr. nocae TOro, xak €Tafd ACHHMA OIrPAHNUYCHHHE BO3MONW-
HOCTH ONTHKOG-MEXABHYeCKOro TeaesHlenus, BO3OGHOBHIKCL HCCReJOBAHHA B ofna-
€TH 91ekTpoRnoro Teaesupenwd. QcropHoit npobneMoft crama torma paspaloTka
gepenaoiiest TpyOkH. DICKTPOHHHIM TENeBHICHHEM CTaja# VCHIEHHO 3aHHMATHCA
BO MHOIHY CTIPaHax, # BNOJHe €CTECTBEHHO, HTO MHOrHE vled NOABIANHCH P
pa3pabaTuiBaJInCh B HHX ONHOBDPEMEHHO,

BaxuneliludmMp 31anaMd B WCTOPHH Ppa3BATHA Nepefauiux TpySox caegyer
CUHTaTh: a) w3obpeTeHde HKOHOCKOMA — NepBof TPYOKR ¢ GeraouiuM IyuYoM ¥
Hakoll1eHHeM 3apaja; 6) oreneHye $OTOKATONA OT MRUICHH SIYTEM HPHMEHEHHA
nepeHoca maoOpameHln; B) MePexol Of KOMMYTAUHMA NY4KoM OHCTPHX 3IEKTPOHOB
K KOMMYTa(HH MCAJEHHRIMM 2JEKTPOHAMH; I) MPOCTPAHCTBEHHOE pa3mencHue 3apa-
WeHHA ¥ DPa3pAla MHIICHH, T. €. MPUMEHEHHe ABYCTOPOHHEN MHINEHH,

Kag yxasugaer C, WU. Karaes [J14,22, crp. 770}, HagonaeHHe 3apAma
HCOOAL3OBAAOCH B HCCAenoBaHHAX Qotosiderra emwle IO MOABAEHHA 3ICKTPOH-
Horo TelxesuicHHA, PaGora no HenoasaoBanwio 3(GexTa HakovnseHud 3apaaa
8 [EPENAUHX TENeBHINOHHHX TPvOKax APOROAHIACH, BHIAMMO, OJHOBPEMEHHO M
HEe3aBHCHMO HeckoJbkuMu uccaepoBareanmMu, B CCCP upearoxkenne o ycrpohicrae
MO3aBKH DOTOIMEMEHTOB C HCHONBL3OBAHHEM BAKOMACHHA 3apala Obi10 BHIBUHYTO
B 1930 r. A, Il. KoncraHTHHOBWM, a TeXHHYeCKM pa3paGoTaHnas KOHCTPYRUMA
HKOHOCKOM A 6w.1a npeanoweda B 1931 r. C. WM. Kataespium (2BTOPCKOE CBAAETEILCTBO
Ne 20865 or 24 cedrabpa (931 r.). B aerycre 1932 r. MKOHOCKON (0N HA3BaHHEM
SMHTPORA Owbin 3anatedtoBan B Adramu (Tenremom nv Max-/lwu), u B TOM Xe
roky B. K. 3sopuikunnm B CILA, rae Gwna Bnepssie OCYHeCTBIEHa TeAeBH3HOH-
Hasl Tepelaya ¢ MKOHOCKONOM B Kaueclhe mepejapomef 1pySry. [lepenoc uaobpa-
#HeHua B MKoHockone G6ua npennosted I, B, Wlvakosum n Tl B, TuMopeennw
B 1933 r. n JlioGunnckrn B Poama 8 Amrrawm 8 1934 r. Texuuvecku odopmnen-
HOH HHOHOCKON € HepeHocoM n3o6paeHHa Gh1 OnHCaH B AHTIHM 1101 HA3BAHKEM
cyncpsMuTpora B [938 r. JlwGunackmm u Mak-wn, a 8 CILUA 8 1939 r. 3popu-
KHHBM H Moptodom. Kommyrauua MefreHHHMH 91eKTPOHaMK Onita npeiomesa
Pozom n Memcon B CLUIA, » ump e 6nia pa3paboTana KOHCTPYKIHE OPTHKOHA,
noap3osapuieroca B CIIA nposoanuo Goablmum pacnpocTpanendeM. Hawoden,
ABYCTOpOHHAA MuMienb Onaa npemtoxera [ B, Bpayie B Jlennurpane B 1938 r.
W HCNEiTaHa WM €lfe 10 BTOPOM MHPOBOH BOHHE. BTOPHUHOIICKTPONHOE YMHOME-
HHe B TeAeBH3HOWHWX TPyO6Kax Ouwjgo mnpumeHeHo B auccextope Papdcsopra
s CHIA, HOo NpHHLOMN BTOPHUHOATEKTPOHHOrQ YCHIEHHs, KaK XOPOWIO H3BECTHO,
Gua BuepBue peatusonad JI. A. KyGeuxud B CCCP,

Hctopur w306peTenHa M TeXHHUYECKOTO YCOBEPLIEHCTBOBAHHA TedeBHASHWA
MOMET CAYMHTD XOpPOIHHM MPHMEPOM TOro, kak OJNHH W TEé Xe OCHOBHLE HICH
OJIHOBPEMEHHO NOABASOTCA M TeXHHYECKH pPa3pafaTuiBAlOTCA B PasddyduIX cTpa-
HaX, HaXOJAAUIUICA 'Hd BLICOKOM YDOBHE HAYYHO-TEXHHNECCKOro PassHTHSA.

7. 3anoMhHawmHAe TPpY6Kn (moTenuHanocKonw). [IpsGop, 3anucwsaomuit
npu JIOMON[H SJEKTPOHHOrO Ay43a CHrHa1 Ha INOBeDPIHOCTH NHSICKTPHKaA, CoXpa-
HAKWEH 3anMCL B TEYeHHE HEXOTOPOro, HOCTATOUHO MPOLAOINKRTEILHOTO BPEMEHH
H ne3gomnompit B 1:060# MOMENT BOCAPOH3BECTH 3aNHCh, HASWBACTCH 33aNOMHHAN0-
me# 3aekTpodHOo-aydesoli TpyOkofl. Curnan zanHcwBaercs HA IUIICKTPUKE B BHIE
OUpEACHEHHEM 00pa3oM paclpefeleRHHL 3apAloB, CO3NAKWHX HA TNOBEPIROCTH
AHSACKTPHKZ MOTCHOHAIbHMA peabed. TIpd BocApoussejeduy CUrHANA NOTEHUH AN~
HpL penbeq) BO3AEHCTBYET HA NONAaAZOIWE HA Hero Oerawomui SAeKTPORHEH Yy,
H 9TO BO3NeHCTBUE MCNOIL3YETCA AMA BOCTIPOUSBEIEHHA, HIH, K&K OGWYHO FOBOPAT,
CUATHIBAHYMA CHrHaaa, Mcxona w3 Qusanyeckoft NpUpONW 3anHCH W CUATHBEHHA
CHIHanoB, 34TOMHHAKUIHE TPYOKH HA3WBATCA TaKKe MNOTEHIHANOCKONaMH, 2
- AUITCKTPHK, Ha KOTOPOM OCYIIECTBAACTCA 3aOHCh, — MOTEHNAATOHOCHTENeM (HAN
MHIIEHBIO),

- 3anomunawonine TPY6KM CnocobHH 3anucarh HA NOBEPXHOCTH MHIICHY OJHO-
BPEMEHHO QUCHB 00ILIIOE YHCIQ CHIHAAQB, JTQ CROACTBO 3AMOMUHANUHUX TPY6oK,
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a2 Tak¥e BO3IMOMHOCT: B njo6ofi, 3apan¢e BuGpaHHLIA MOMEHT OCYILECTBATD
BOCAPOU3BEIeHHE JANMHCH ODECneyMNH Hm LHIHPOKOE HPHMEHEHHe B PaInoOacK alHOH-
HLIX H CYETHO-PeHIalolHX YCTPOACTBAX. '

Haxe Oymyr onucasn ToakKO JBE 3ANOMAHAOWNAE TPYOKH H3 JAOBOABLHO
GOABMIOro YHCAA ywe CYWecTByiouHx. B IlepBoft H3 HHX CYHTWBAHHE VPORN3BO-
EWTCA HEMENJICHHO BCTeA 3a 3aHHCLI0 JYYOM H3 OJHOIC H TOTO e NpOMEKTOpa H
RAA TOArOTOBKH K HOBOM 3amucH He TpeSyercsl «CTHPaTb» NpPEAIECTBOBABLIYIO
3aIUCH, BO BTOPOH 3aNHCh, NONYYEHHAA ¢ MOMOULN AYYa M3 OAHOTO MPOXEKTOPA,
MOXET CYDIeCTBOBATh NPaKTHYECKH CKONb YTOAHO JOAro KM CYUTHIBAacTCA JYYOM M3
apyroro npoxekropa. B [/1.4.2 u J1.4.15) ¥ ocobenno B {J1.4.14] onucann 3anoMH-
HaWOWHe TPYOKH APYrHX THROB.

8. 3anomusawmas TpyOGra ¢ GapbepHof ceTkofl. B 1pybre storo THNA,
XaK H BO MHOTHX fNepelaloliMX TeNeBH3HOHWHX TPyOKax, SamHch CHIHAIEZ COCTOUT
8 NOCAENOBATEALHON 3apANKe OveHb MaILX eMKOCTell MeWIy SneMeHTaMH NoBepx-
HOCTH MHLIEHHM W CHIHaJALHOR NIacTHHOH, a BOCAPOH3BeJcHHE 3anHCH -—— B NOCJe-
IoBaTenbHOH Pa3psike S3THX EMKOCTEH.

HedcTHe TPpyOKHM MOXHO NOHATH H3 CXeMaTuueckoro prcynxa 318, Ha stom
pucyske K — xatox npowxextopa, A-—cro anon (U,= 1500 8), M —mMyuiens —
tonkan (0,1 ~+ 1,0 4.x) HAIACK- '
TpHYECKand fAacTHHa, SP—
MeTaamTdYecKan  (HrHafAbHas
naact¥na,  — peakas, cine-
TeRHaA 13 TOHKUX NPOBOJICK
«6apbepBan> cerka, pacnoxo-
XeHHas Ha pacCTOAHHH B He-
CKOMLKAX JAeCATHX MHILIH-
MeTpa ot M, C — xoxnexrop
STOPHUYHHIX SALKTPOHOB; B ero
UeAb BKIKNYEHA HArpy3ka R,
C KOTOpOA CHEMAaeTcst BLLXOA-
HOH CHrHax, Bxoxuoi cmHraan
NOHAETCA Ha CONPOTHBACHHE
Ryx B UeNH CHrHAJILHOA Maa-
CTHHHL.

OTKa0HAI0MAR  CACTEMa,
¢ NMOMCUILE) KOTOPOH ayy4 npo-
WEKTOPA CTPOKY 3a CTPOKOH
3a9epUHBaCT NOBEPXHOCTh MH-
wenn M » 6a1i1os TpyGKn, He
NMOKa3auw Ha pHcynxe. Buem-
unl Bag TPYOKU C GapbepHo#t
ceTKOH OTeYeCTBEHHOro H3ro-
rosienus (TAn JIH) noxaszan
Ha puc, 319. Ira Tpybka Hce-
II0AL30BAHA B 3ANOMBHANULEM
ycrpolictee BucTpoleficTpyio-
uiet 9ACKTPOHHOR CYETHOH Ma- - +
wnEn (B3CM)} AH CCCP.

Hanpaxenne U, Mexmny
CHCHaAbHON NacTHHOH B KaTo- PHC. 318. Cxemarnueckoe nsobpantenye 3anoMi-
1OM coctamnneT okoAc [100 s, HaoWeh TPYOEH (noreHunaaockona) ¢ GapeepHoft
u yenosue Uy U =Usp < CeTkoH.

< Us (cm. § 31) swnoaHseTcH

faA HAVAJbHOro HOTeHmHana Mumens, ChaelorarefbHo, NOTEHIAAN MANIEHH NOYTH
paBeH (HeMHOro 6osbige, Ho B JanbHeAmieM 310 He GyleT YUYHIWBATHCA) MOTEH-
QMaiy KOJINEKTOPA BTOPHYHHWX FTEKTPOHOB. 31eCh, OIHAKO, AEN0 HECKOALKO CXOK-
Hee, TaK KaKk ceTka ( ABAAETCA TOALKO <(QUKTHBHLM KOIIEKTOPOM»: MOMTH BCE
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3MeKTPOHH, Tpofas qepe3 HEe, YXOmaT Ha KOMLIEKTOp C, NOTEHNHAA KOTOpOTO
UC}UG; HO NOTEHUHAA MHIREHH OMPCICTACTCH DOIEM MEXRY MHIICHLIO H CeTKON

~H OH PaBtH lOTEeHNWany C(eTKH, XKOTOpaH, KpOME TOro, NpenAarCTBYer BOABPALLCHHID
Ha MHMCHEL BTOPHYHHIX MEKTPOHOB H TeM CaMBEM NPeAVIIPENIAIET CMadnlBarlde
ITOTCHUHAALHATO penbetba. 3TUM OGBACHACTCH €€ Ha3BaHHE.

5

Puc. 319. Buemsnit Bu1 noTenuiaiockona c OGapeepHo#t cerTkoll
THua J1H.

i, 2—9/eKTPOHHBIA NPOMEKTOP H GTEJIOHEIOI(HE MIALTHHE! J-— KOINEKTOP (NpPOBO-
HAUIEE MOKPHITHE CTEHOK); 4 — CHFMAALMAA MRACTHHA.

Tpybxa paBotaer Apy MOCTOAKEOH CHae TOKA NEPBHYHOrO NYYKA SAEKTPOHOB
Inep == CONSt, Tak KaK ipep =iy + iyoqn TO (di)y = (—di)gos," W3MEHEHHA TOKA
KOIJACKTOPa paBH& W3MEHEHWUAM TCKA MHILCIH B NPOTHBONOJONKHN HM HO 3HAKRY,

B oT1CyTCTBA€ BXOJAHOr0O CHTHaNa BCA NGBCPXHOCTE MHIIEHH, NpodYepyHBacMan
MEPBHYHLIM NYYKOM, OpuoOperTaeT [OOTEHOHA], NPHMEPHC pPaBHbH [OTEHUMATY
ceTky.

Curras MOAYAHPYST DOTEHIHAA CeTKH, H HOTCREWAT SICMEHTAa NOBEPXBOCTH
MUINIeHH, TAe B HEKOTOPbHH MOMEHT HAXOXHUTCS 1YY, paseH MTIOBCHHOMY MOTEH-
NHaAy CSTKH. 3HAYHT, NOCAe DAHOKPATHOro Mpodera Iydua Ha NOBEPXHOCTH MHLISHH
OCTAHYTCA CUCTEMA 3apialloB H €€ NOTeBUHaabHell peabed, KOTOPHHA ABIA€TCA
3aNUCbP CHrHaga. JTa 3AMHCh MOMET COXPAHATHCA HEKOTOpPOE BpEMA, TAK KAK
NPOBOINMOCTbL MMINEHH MaJa.

Tlpr sTopuunoM npoSere Jayya, CHAHXDOHH3HPOBAHHOTO € TEM XKe CAMKHM
CHPHAJOM, 3apAjul H2 MHIOGHW OCTAanICA TPeKHHMH H (di), =0, ecivw TOIBLKO TOK
Ny4yka JOCTATOUHO BeAHK, 3HAUMT, H (di)yon, =0 H B NEOM KOAZEKTOPa MpPH
BTOPHYHOM mTipoCere He MOSBHTCA HHKAKoro curnana. [1s CUMTHIBAHUA 3aNHCH
AanpAKEHRNE CHIHAJa CHIKACTCA M 10 MULUSHH NPOGeraer ayy, KOTOPMWI <CTHpaeT»
3aNHCh H AOBOJAHT BCIO NMOBEPXHOCTE MMILUEHH ONATL AO NOCTOAHHMOrO NMOTEHIHaNa
cetkd (1100 8). Tlpn 3TOM DPOHCXOAWT Da3pARKA €MKOCTCH MEXKIY IMeMEHTAMH
HOBEPXHOCTH MHINEHH H CHCHAJIbHOK niacTWHON M TOK B Harpyiske K|, OUEBHAHO,
BOCTIPOH3BOONT 3a0MCAHHBIT CHrHan,

[Ipy 3anucH CHTHAJA 3apsAl W MOTeHUWaX B KakoHA-TH60 TOYKe MHINEHH
3aBMCAT MCHRAIOUHTEILHO OT MIHOBEHHOIO MOTEHLHAJa CETHKM B TOT MOMEHT, Koraa
uepes HaHHyl0 TOUKY npoberaer 3andcwpaiomui ayd, OHe COBepIUIEHHO HE 3aBH=
CAT OT TOro, Kakoll 3apajd d€ noTeHnuaa OwaM B 3ToHl TOYKE paHblue: of 3Toro
BABUCHT TOMbKO (di), = (—di)yo,, Npa 3anncH. OTciola caepyer, uro MHUIEHb He
TpeOyerca (OAroTaBIHBATH K HOBOH 3amHCH, TAaK Kak Bce Cyeiw Crapoit 3anuce
HOBOH 3JAMHCLIO CTUPAKTCH,
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9. TpyGKa ¢ NOAAEPKHBRIOMHKM JAYI0M. Y CTpPoAcTE0 3TOH TPYGKH B ynpo-
IWEHHOM BHfle Tpeactasiaeno Ha puc, 320, TpyGxa wmeeT TPH OTACAbHHX 3JEKT-
POHHHX NPOMEKTOPd, AYUH KOTOPHX MW Ha30BEM 3aNMHCHIBAOWMM Bg, cTabuin-
3yiomuM By B udtapwmM B, Jlyw By, n B, (QOKYCHPOB2HN Ha NOBEPIROCTH
MHLIeHH, ipeactasasgioniedi cofoft AP3IeKTPHYSCKYI0 NIACTHHY, a4 CTADHIH3YOWHH
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Puc. 320. CxeMmaruveckoe w3obpaxcHue 3anoMusaile# T1py6ry ¢ nof-
nepxnpaoiiuM ayuom [J1. 4, 14).

Dy — s — oTkaoRf0WNE NAACTHHLL.

ny4Yox Jyue#t B, wWUpoKuM [HOTOKOM NajaeT HA BCIO e HNOBEPXHOCThL, B6auzn
MUINEHY pacHDAOXKEH KOATEKTOP BTOPHMUHHX anexkTpoHoB C. Ha pHcyuke ywazadu
OPHEHTHPOBOYHHE 3HayeHHA HOTEHuManoB kaTtolos Kg, Kz H K, Busoftal oTKI0-
HAKUMX NIACTHH B AETaAH YCTpolicTBa SIABKTPOHHMWX DPOXEKTOPOB HAa PHCYHKE
He NOKa3aHH, TOUHO T3K e KaK H MHOrHe IEeMeHTH CIEeMM,

Myers craGrausyioiu#t NMPOXEKTOP LaeT NWOCTOABHEN nywok ayve#, ¢ ma-
MOLLLI KOTOPOrO BCS MMUIEHb B OTCYTCTBHE ayvyeit By, u B, noalepxusaerca
NPH MOTEHUHATE, MPHMEPHO PABHOM MOTEHIMAAY KATOX2 3TOrO NPOXKEKTOpa, T. €,
NPEMEPHO — 75 8 OTHOCHTEABHO KOATeKTOpa, HHXe MH BHACHHM, KakK 3T0
MOXHO YIPaKTHUECKH OCYHIECTBHTb.

3anHcupalomuft ayu By OOHYHMMR METOA2ZMH MOIYAHDYeTCH BXQAAMIAM
CHFHANOM H € NOMOUIbR OTKIOHAOUIMNX MIACTHAH NpoleraeT CIPOKY 3a CTDOKOR
Hi TNOBEPXHOCTH  MMIIEHH, 3anuchiBaeMas  KapTHHZ COCTOHT ©3 pPesko
OTAHUAIOULHICA TO SPKOCTH OeIWX M uepHHX MecT. Herpyado caesats
Tak, YTO6H OEIHM MECTAM COOTBETCTBOBAA OOABIION TOX NYYK3, a YCPHHM —
oueRb Maami. Torza HekOTOpeie MeCTa MHIIeHH GYRYT CHABHO GOMOapIHPOBATb-
cA 9JeKTPOHaMH ayya By, a JApyrue nouty He OSyAYT NOAYYATh INSKTPOHOR M
paciapeaeneiHe GoMOapARPOBKH N0 MHIIEHH GyHeT COOTBETCTBOBAThL 3ailMCLIBAE-
smoit  Kaprume. [lycts uanpsikeane Ug (cm, pue. 244) nas  wmarepuana
MHweHn paedo 50 g, Mumenpr GomOGapaupyercs siekTpoBaM# ayda By co cko-
poctsio 525 @ (nepexamuateab /1 B 1NoJOWeHHM J) H ee sAeMEHTH HAYHHAOT
3apAKaTLCA TOMOXHTEAbHO, TaK Kak ¢, > 1. Ecam tox ayua B, B MOMeHTH
CHAbHOi GOMOapIMPOBKY JNOCTATOYHO BEAWK, TO NHOTEHIHAN COOTBETICTBYIOWHF

& B N Canouon, 4. II
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3IEMEHTOB MRIICHH YCOeBaer CTaTb Ble NOTeHuMala katola Kj CTaGHIH3YyO-
LEero mnpoxeKkTopa Ooaee uem na Uy (~350 g). Tlocae npoxoxnachus aywa By,

9MeKTPOANW Nyuka Ayveft B,, kax ussectso (§ 31), Gynyr nporomkars MOBHIIATH
MOTeHNAAN ITHX MECT MHIIeHH HPHEMEpPHO A0 NoTeHfiHada koanekrtopa (/.

Hrak, nocae ONHOKpaTHOro npoOera ayua B, no MumesH, moi AeACTBHEM
nyuka By Mecta cmavHOft GoMGapIupoBKH NPHOGPETYT CTa0HALHLIA NOTEHIHAN
U, a mecra cnaboit GoMGapaHpOBKHW, M Takme MecCra, Tiae 1yd B, coBcem He
OMa, DCTIHYTCA NpPH NMOTCHUMAAC KATOMA K (UKh)' I10T TOTEHUHAAbHWIE pelbed

NOAKEPWHBAETCS HENPEPHBHHM 06aydeHHEM IICKTPOHAMH Myuka B, W no3Tomy
MOXET COXPAaHATLCA BeonpeledeHHo M0aro, JieKTPOHH BCE BpeMs OYAYT uona-
AATh Ha MeECTa, NOTeRUHaX KOTOPHX pased U/, n Bomce He Synyr nonajatbh Ha
MECTa ¢ noTeHuBatoM g . 3HauwHT, €Ca¥ MHILEHb VOKPHTA TOMHHODOPOM, TO

MeCTa CHAbHOH GoMmGapAWpoBEM AyuoM OyAYT CBETAHMH, 3@ BCE OCTAIbHOE TOJE —
TEMHBIM. 3TOT Ccnocof 3anucH MOTOMY Ha3wBaeTCA <6eaoe Mo YepHOMY>.

NpeanosoxumM 7eneps, Y10 AC BKIOYEHHA 3alMCHIBAMOMIICro aAyYa Bee 9qe-
MEHTW NOBEPXHOCTH MHINEHH HaXONATCA NOA MOTeHNHANOM, PABHLM NPHOAHIH-
TeNAbHO MOTEHUMANY KOAAEKTOPa, a nepexaouateas /{ nocrapied B NoJoxkecnre 2,
JT0 3HAYHT, YTO 3IEKTPOHH TYUKA g, NONAZAT HA MHIIEHb CO CKOPOCTAMH
okoao 40 & n oy << 1. Jlerko BHOeTH, YTO B 9TOM CAYuae npH ZOCTATORHOM cwmie
TOKa Iyya By MeCTa CHALHOH GOMORPIAMPOBKH 33DAAATCA OTPHNATEALHO H TPH
nacaeayoueM 0oO0Iy4eHHE 9ACKTPOHaMH ayya. B HX noTeHIHalo Ynagyl Jo
noTenunara katola Kjp. Ecanm MudicHe NOKpeITa XOMHHODOPOM, T S1€KTPOHH
nyuka By, He 6vAyT nonaxaTh Ha MeCTa CHAbHON OOMGAapRAHPOBKH 3JEKTPOHaMH
nyuxa By, M 3T MecTa GyAyT TeMHHIMH, B TO BpeMH KaK OCT2JIbHAA NOBEPXHOCTH
MHIIeHH Oyaer cheraofl. TakuM nyTeM oCYWeCTBAAETCA 3aNHCh <YEPHOE 110
GenoMys,

B sOMeHT, BuGpaHHuI Xaf NMPOUTEHHA 3aHCH, TOBEPXHOCTh MUIIEHH € YyCTa-
HROBHBINMMCA MOTeHIHANLHWM pedbedom 3adepuHBaeTcd YHTAOWWM aydoM B
Tak kak notenunan Uy oueHbp vu3ok (~ — 1000 8), 10 3aeKTpoHW dyua 3,

r

NONaaanT Ha MullleHb ¢ GOJbBIHMH CKOPOCTAMH H ¢, > 1. C YYACTKOB MHIIEHH,
HMEWLHX noTeHunan Uy, , MHOTO0 McHBIIMA ROTeHmHata xoatekropa I/, na
A

KOATEKTODp VAAYT BCE BTOPHUHHE 3IIEKTPOHE M IId HHX [Ko‘.,,}}'“y.ma. Ho
¢ YUaCTKOB, HaxOJALHECA OpH noTenHudanre ), dHacTp 3IJICKTPOHOB BEpHETCHA
00paTHO Ha MHMIEHbL M AIA HUX [yop; = [eyxa. 10K H2 KaIACKTOp OyieT MpoMo-
AYIUPOBAH MOTEHNHANbHLM peabedoM MHLIEHH, H MOXHO NACIe YCHICHBA CHrHax,
CHATHIA ¢ CONMpOTHEBIECHNA £, Pa3scpHYTh Ha skpane olGuiynod 3J/1T cosepinendo
T4k XKE, KaKk STO JeJaeTCA [pH NpHeMe H3o0paXeHUA B TeaeBHIeHnH. Ecau
IOBWUICHHE (O0TEHEBANa, NPOH3IBelleHHOE JayuoM H, Hereamko, TO 10cIe ero
POXOKIACHUA NOJ OelCTBHEM 3ACKTPOHOB Nyuka By NoTeHuHanapHuit peaved
MHIIenY OymeT BOCCTAHOBAEH B NPeWHeM BHIEe H ONEPANHI0 YTEHHA 32IMCH
MOXHO MOBTOPHTL CKOALKO YTOAHO Pas,

‘OcraeTca BHACHHTL, KaK NPOM3BORAHTCA CLIKHBAHMEC ROTEHLMAaTLHOIO
penbceda Oepen HOBOH 3anuchio, ECaH RywHo, YTOOm neped 3amucbio BCe 3ne-
MEHTbl MHIIEHH HMeIH TOoTeHu#Han UKh=~75 8 (3anuch <BeJ0e o YePHOMYS),

TO UK:; BpeMEHHC MoBnWawT fo — 40 8, TorAa o, << | B BCH MHUIeHB npHOGpe

TaeT nortednna’n, pasHnft —40 8. Ecim nocie 3roro BepHYTbCR K MOTeHOHaAy
Ug =-—T5 8, T0 onate Gyaer g, < (TaK KaK CKOPOCTh MEPBHYHHX SAEXTPO-
|

HOB MeHbime S50 8) ¥ noTeHNWaxn MHIIEHH NOHH3HTCR A0 —I75 §, KAk 3To H
rpebyerca. [nA yCTaHOBA¢HMA Ha MHIDEHH INOTeHNHana KOANEKTOpa MOXHO,
BHICIIOYHB NIpEABAPHTEALHO NYYOK By, 3a%epTHTL BCIO €€ NOBEPXHOCTH AyYom A,
#1¥ By (nocraBeB nepexmouateas I7 B nozoxenve I). B oloux cayvasx
10BepPIHOCTE OoMOAPAHPYETCA SLICTPUMHU IACKTPOHAMH H 3aPAKIETCI A0 nMOTeH-
UMara KOANCKTOPE,
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§ 38. CnexTpockonusn INEKTPOHHAMNX H MOHHNWX Jayuel

[lpr uccAeOBaMMHA IAEKTPOMATHHTHOIO RJIM COCTOABICIO0 H3 RacTHN (KOp-
UYCKYJIAPHOIro) H3AYYeHMs OAHOH H3 BaXHEHIIWX 3aRayu ABARETCA NOAyyeHue
CHEKIpd, T. €. HPOCTPARCTBEHHOE Pa3fe’leHHe COCTABIAIOWMX H3nydenHa, Pasxo-
WeHHE INEKTPOMATHHTHOrO H3AYUEHHA Ha NPOCTPAHCTBEHHO pPadfieleHHKEe rapMo-
HHYECKHE COCTABIAIOIIME, ONpPejeenNe WX YacToT H PacHpeleteHNe 3IHEpruv
MeXAY HHMH COCTaBASNT COREPAAIHHE CMEKTPOCKONKHY SIEKTPOMATHMTHHIX BOJH.
Paznoxenne UyyKa, COCTOALErO H3 CMECH PalIHYHHX HACTHL, HMEWIINE Pa3nHu-
Hbi¢ CKOPOCTH, H2 TMPOCTPAHCTBEHHO pa3fe/ieHHNME NOyuku ayyefi n onpeje’eHde
OTHOCHTEAbHAX KOIHYECTB WaCTHIl KaXIOro COPTa W Paclpele/IEHHE HX MO CKO-
POCTAM — 9TO 3afiada CreKTPOCKOINHH KOPNYCKYIAPHHX aydelt.

TunnuneaM nprGopoM ONTHYECKON CNEKTPOCKOTHH ABAACTCA CUEKTPOrpad,
CXeMaTH4YeCcKH H3o6paxedHun® Ha pHc. 321, Jlyuu pazayuuofl NIHHE BOIHH Bhi=

Bxodas
wem |

{

Puc, 321. Cxema ouTHueckoro cnekrporpada.

XONAT N3 CCKTporpagda pasfefeHHHIMH H QOKYCHPYIOTCA B Pa3HLIX MecTax 3KpaHa.
[loMenias Ha Mecre skpana GOTONAACTHHKY, MO¥HO 3aCHATL Bech (NEKTP; ¥a-
CTOTH M pacnpeleNeHHe IHeDPrHH B CNEKTPE MOXKHO HaWIH, W3MEpAA PacCTOHHHA
MexAY JUHHAMY HA NRACTHHEKE W (POTOMETPHPYA €€ IOUePHeHUR,

3aMednn (POTOMAZCTHHKY HENPO3PAaYHHIM IKPAHOM ¢ BHIXOJHOR INEJBI, MPO-
nyckaiome# Y3kylo 4acTh CNeKTPa, MW NOIVYUM APYroH cOexTparbHuit apubop —
CNeKTPOMETP, HIW MOHOXpOMaTop. B MOHOXPOMATOPE-COEKTPOMETPE NPH3IMA MOXKET
NGBOPAYHBATLCA; NIPH 9TOM Ha MHAWKZTODP, HAXONAM(HHCA 33 BHXONHOA LIEIbLIO
(TepMOCTONOHK MAH dioTO3deMeHT), OYLyT MONAAaTh NOCAECKOBATEIHHO BCe UaCTH
CIIEKTP2 H 1o KDHBOH MOKa3aHHA HMHAHKIATOpA MOXHO HalNTH 4YacToTh H pac-
npexeneHne SHeprud, CHeKTPpoMeTp MOMeT, CAeL0BATEIBHO, 3aMeHHTh coboi
cuekTporpad. C apyrofi CTopoHw, YacTo OWBACT RYXHO NMONYYHTb MOHOXPOMATH-
YecKUdH NMyyoK CBEeTOBMX Jayvyell, HaNpUMep AAA M3MEDEHHA COEXTpanbHO# Xxapak-
TePHCTHKY (OTO3TeMEHT2 HAH AJA HMSYUEeHMA 3aBACHMOCTH MOCAOLLEHHA CBeTa B
Kakol-HubGyIL cpejie 0T JaWHW BOJHW, CHexTpoOMeTP-MOHOXPOMAaTop pelliaeT W
9Ty 3agavy.

CxoaHoe MOJOMEHHE CIOXHMNOCE W B COEKTPOCKONNH 3ICKTPOHHWE M HOHHHX
ayuelr. CymectBylor cnexrporpadnl — upubops, NO3BOAAICHINE NOIYYATh Ha
doTonaacTHHKe Bechb CHEKTP CKOpocTell HAM cnektp Mace. Hapaay ¢ mumu pac-
NpoCTpanenn npubopu, paboTapmne N0 DPRALGHNY CHEKTPOMETPa, T. €. 0pomy-
CKaloLtHe B PLXOJHYI0 1Edb YaCTHON onpelleieHHOH CKOPOCTH WaH onpeleneH-
Hol Maccw., CoBpeMeHHHE HOPRNYCKYIADHHE chnekTporpadinl M CAEKTPOMETPH-MO-
HOXPDOMATCPH NPHHAAIENKAT K YHCIY BaWHEHIMHX annaparoB aToMHOR DH3UKHK
H TeXHHKH. Onn ofaazanoT orpoMHOft paspeiuaxpmiefl cHAOR H TOUHOCTBHIO H CnoO-
COOHH YHABIHBATH Jake HeGOIpHIME H3MEHEHHA MaccH atoMuore sgpa. Cnexr-
PanbHOE pa3loMeHue DYYKA STEKTPOHOB H HOHOR HCOOAL3YETCA HE TOJALKC B

ne
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aToMHOH (H3Hxe, HO H B dAcKTponuke. Hmie xaH kpaTkuli 0030p HEKOTOPHX
INEeKTPOHHMX ¥ HOHHBX CNeKTPaJbHHX HPHOODOB ¥), '

flpexne Bcero clenyeTr HanmOMHAHTL O Merole napaboa Kaypmana — Tomcona
(o onpcwBaerca B obweM kypce dmsuxn (M. [JLAL, 1. I, ra 19]). Cxzema
Pa3AOWEeHHA NydYKa 3MeKTPORHX HIH HOHHHX AYYel mUpencrasierRa Ha pHc. 322.

/
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|
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)
e

. 1)’.:

Puc, 322. MeToa CnekTPalbHOrO Pa3lOMEHHA KOp-
nycKy1apasX ayueft mo Kavdmany—Tomcony.

Yaumit nyvok ayueil, npomemnuil uepe3d pag nHadpparM B COCTOAINUHA H3 HOHOB
C NOYTH MapaJlteibHHMH CKOPOCTAMH, TPOXOAHT Yepe3 DapasielInHO Hanpasied-
Hble, Halarawuecs noas E w M. [Jas niockux noae#r, Kak MokasaHo B § 3
y, |, OTKAOHEHHA B MACCKOCTH 2z = const paBHH

hg=x=om K, hg=y=—o M (38.1)

rle € ¥ u—3apaAl W Macca YacTHNW (31eKTpoHa Man HWoHa), K, M — KoHcTadTH
npubopa. I1ycre MYYOK COCTOHT M3 YaCTAL Pa3lRuHBX CKOpoCcYeH, HO TOJBKO
OHOTO COPTA C e==z¢;, #==1{4;,, Ha niacTuke mecra DONAagaHWA YacTUll pacno-
JOMATCA HA OTpe3ke napafoan, Tak Kak H3 (38.1) nocae HCKIIONEHHA U Uoay-
YHTCH:
M2t
y=—"x (38.2)
K .

Ocb napaboan coBnagaeT ¢ ocb¥ X (Hanparnenue ob6onx noxeh E u H).
K MapaMeTp €€ 3IABHCHT OT e;fp,. JJIA wacTHM APYLOro copra ¢ e=—eg; p ==,
MNONYUHUICH, CTEAOBATEabHO, APYTaA Tapafona. [lpu nepemene wamnpaBieuus Mar-
YHTHOTO [I04A MOAYUHTCA BeTBb 2, 3IeKTpHuYecKoro — BerBb 3. Ecam nyyox co-
CTOMT Ha SIEKTPOHOB, ABHMYUHXCA ¢ GOTLHIEMH, HO PA3IUYHBIMK CKOPOCTAMY,
TR
TO, B CHAY DABEHCTBa m.,,:mo/ l/l — {2V ormomenme — = -* man umx
) , Ve 13 m,
He OyIeT ONWHAKOBHM H HAa IJACTHHKE NOINVYMTCA KPHBAA, OTAMUHAs OT Mapa-
6oau. Takopo 6mao noroxenue B onuirax Kaydpmawa, padorasmiero ¢ f-3aekr-
POH2ZMM ¥ BIIePBHE YCTAHOBUBLIEro HA ONHKTE 3ABHCHMOCTB MAcch 31eKTPOoHd OT
ckopocTi. JLk. JIx. ToMcon ucciemosans metcmoM mapaboln HOHHHE Ayyy, No-
DyUeHHble OT padpAAnO# TPyOKH n WMeBuIke Goabmtod pasbpoc cKOPOCTeH HOHOZ.
B nyuke nprcyTCTBOBAJAM HOHH ¢ PAa3HWMH YIeIbHHIMM 3apslaMu £,/p;, €/ H

*) 10T 0630p NAACKO He NMOZOH W He [AET HACTOSILEIO INpeACTABICHUA ©
COBPEMEHHOM COCTOSHHH 3ACKTPOHHOH ¥ HORHOH CNEKTPOCKONME;, CM. U0 3TOMY
goripocy [JL.AG, T. |; JLAO, ra. 11; JI. 4.17; J1. 4.18; JL 431}
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COOTBETCTBEHHO 9TOMY HA INJACTHHKE NOJAYYAIOCh HECKOIBKO Napabol. JTHMH
onbiTaMH ToMcOna GWI0 ZOKAa3aHO CYMECTBOBAHHE H3OTONOB HePaNHOAKTHBHHIX

SJeMEHTOB.

UcTopuveckoe 3HauesHe MeTola apadon, TakdaM o6PasoM, OueHb BeXHKO,
BrocrencTsnm oH GHI 3HAUMTEIbHO yCOBCDUISHCTBOBAH, HO BLE e PA3BUTHE KOD-

NYCKYTAPHOH CREKTPOCKOMUHN (10IMA0
Mo MHOMY NYTH.

OcTaHOBHMCH Temeph Ha NpH-
Gopax, 0coBeHHO NPOCTHX 110 Wiee,
B KOTOPHX HCIONB3YETCA OTKIOHE-
HHE MO KPYry B OAHOPONHOM Mar-
HuTHOM none. Hamomuum (§§ 2 v 3
u. I}, uto oTkaonenune ua 180° co-
NpoBokAaeTCA HOKYCHPOBKOH ayuen
H YTO PaguyC KpYroBoH TPaeKTOPMHK

R.__ﬂ_,.tﬂ’_, (38.3)
~— H
13

3dBHCHT OT CKOPOCTH H YAEJbHOro
3apAga HacTH.

Ha puc. 323 noxasama cxeMa
OJAHOIO H3 NPHGOPOB C OTKIOHEHHEM
Ha ] 8()°—cnexkTporpada Pesephopana

nas §-iyues,

Puc, 323. f-cnekrporpag Pesepdaopia.

Ucrouruxom B-1yueft caymnt uaxoasmanca B A 1pyfouka ¢ PAIHOAKTHBHBIM
semecteoM. Ha doronacTHeky, saufMueRBYI0 CBHHUOM OT HNOUAJAKHA NPAMBX

»
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Arnenculnocs

Puc. 324, CnexrporpaMvm S-nyueil.
O —00ayg9eBuan Ha p-clextporpade; ¢ -— moayuen-

Hag Ha {-CrexkTpoxeTpe,

0 W0 400 1200 1600 2000 2600 2800
g} H,2pcm

M pacCesHBNX 3AEKTPOHOB, MOCe
orx1oHenus Ha 180° B MarauTHOM
noje, NepueHANKYIAPHOM K uepTe-
Xy, nagaeT 3MeKTPOHHLI# [IOTOK, B
KOTOPOM 3IIEKTPOHH PA3THYHKX Ha-
npasienvit chOKYCHPOBAHH OKOJIO
ccpenHux ayuet» a, b, ¢ # T. I
B cnekrporpade ¢ OTKIOHEHHEM
Ha |80° mocturaercs, Kak rosopsar,
(POKYCHPOBKA no  HANPABICHHIO
(e, § 3u. ).

Bunouamenennem  B-CleKTpo-
rpaga Peseppopna sBifeTca cnex-
TPOMETP, B KoTOpoM POTONAACTHHKA
3aMEHeRa IeJLl0, Yepe3 KOTOPYIO
3MEKTPOHW NONAzalT B noaxous-
MU BHAHKATOD, HanpHMep HOHH-
341IBOHRYI KaMepy (¢w. § 57). Ua-
MeHARf MmarauTHoe fole f1, MOXHO
3aCTaBMTh HNDOATH uepe3 INedbL Io-
€1e10BaTeAHHO 3AEKTPOHK BLEX CKO-
pocTeR, Tak 4YTo 9TA onepauud Hr-
PaeT Ty e POAb, YTO NOBOPOT NPH3-
Mbl ONTHYeCKOro cnekTpoMetpa. Ha
puc. 324 nprBedeHsl B Ka4eCTBE [IPH-
Mepa CHHMMOK CIEKTpa CKOpocTeH
f-ayuelt panua B, noryuennuit Ha

cnekTporpade, ¥ KpuB3A noOKa3aHWH HHIAKATOPa CnekIpoMerpa Ras p-ayuedt
Topus B, Kak BuIHO, B 000UX cayyanX DOJywaercd XapakTepHaa 1iA §-CneKIpos
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KapTHHa: #a (oHe, YKA3WBAWIIEM H2 CYLWIECIBOBAHWE HENpEepHBHOH Kpuaofi
pachpeaeNeHH TEKTPOHOR N0 CKOPOCTAM, BHIEAAIOTCA peskHe JHWHH, NPHHan-
Jexaiue OTAEAbHBIM MHOTOUNCICHHHM TPYNRAM 3IeKTPOHOB OAHHAKOBOW CKO-
POCTH, JtH¥ TPYNNB COCTOAT M3 SAEKTPOHOB, BHIPBAHHNX {-H3AYYECHHEM M3 31€K-
TPOHHHI 06010Y€K,

B coexkrporpage Pezepdopna muadparma Bmpesaer y3kuh (3—35°) nyuyoxk ay-
yeit, Tak Kak 0OojJee NIHPOKHEe NYYKH JAIOT DPA3MLTHE JAHHAE Ha 0IacTHHKE.
3aMenas OIHOPOANOE OTKIOHAKLNMEE [I0d€ CNeNHaALHO HOXOODAHHWM HeORHOPOI-
HBIM, MOXHO a0o6NTbcA Xopollefi (OKYCHPOBKH INYWPOKHX nyukoe, Hanpumep,
B cnekrporpage Kopcyuckoro, KeanMana m TlerpoBa xopolias (okyCHpPOBKa
COxpaHseTca ho yraos 8 40°,

Tor we MeTOR dHaaW3a CKOpoCTeH B NyuKe MOKHO NPUMeHHTs H B paboTe
C MERACHHHMH 3JEKTPOHAMH, AMA KOTOPHX m, == Me==const. [IpuGop ni1a ua-

MEDeHHR KPHBOH pacnpejereHHA BTOPDHUHHI 3IEKTPOHOB MO CKOPOCTAM, OHHMCAH-
uulft 8 § 22 (puc. 168, u, [} mower cayxure npuMepox Takoro npnbopa. Ero
MOXHO Ha3BaTh CNEKTPOMETPOM CKOPOCTEH.

Kpyrosoe otka0HEHBE B MArHATHOM NOJE O3BOIAET YAOOHO NOIYyYaTh OOHO-
POAHHH MO CKOPOCTM HIH MOHOKRHETHUECKHH NYUOK $IEKTPOHOB, NOTpeBHoCTDb
B ,KOTOPOM BCTPEYZETCH B CZMHX Pa3noobpasvuix HccaeloBavuax. [IpuMepon
apu6opa, B KOTOPOM HCNOABLIYRTCA MOHOKHHETHYECKHHA NYUYOK IMeKTDOHOB, MOXET
CIYXKHUTh NpuHGOp Pam3ayapa, onucasnull B § 24 4, I

B 10 BpeMA Kak 134 3AeKTPOHHRX Ryyel eAAMHCTBEHHOH 3anaved chexTpaib-
HOI'0 aHaJH33, eCAH He CYHIATh 3ABHCHMOCTH MaCCH OT CKODOCTH, ABIAETCH
onpeaelNeHne CNeKTpa CKopocTed, AXA HOHHEX Jy4eH 2agaua cuexTPOCKONEH
pacaamaeTca Ha H3MeHEHWEe CNeKTPa CKOpocTed # cnexTpa Mace, 'zaBHbiff HuTe-
pec upeACTapiser BTOpad 3anava.

Jast NOAYYeHNs CHEKTPA M3cC HOHHOrO My4YKa MOMHO ONATh BOCNOAb30BATHCH
MeTonoM oTkROHeHMa Ha |80° mo kpyry. [llpeacrtasum ceGe, Hanpumep, urto
HOHHHH NYYOK COCTOHT M3 CMCCH HOHOB C YAeAbHBIMH 3apAiaMH 7, Mg, ... H UTO
CRKOPOCTH HOHOB XamAOTQO COPTAa pacnpegeseHhl B CPaBHHTEIbHO HefOABIMOM
uutepsase. Mccaenyn wondudi nywok B npubope, nonoduoM cnekrporpady Pesep-
gopiia, Mbl MOIYYUMM HA NAACTHHKE DAL NHHWH, COOTBETCTBYICUIMX PA3HHM COPTAM
HOHOB, HO NWHHH OYIYT pPa3sMBTHMH H B TéM Gogpuleit cTenend, yem Gonbme pas-

v
0poc cxopocTel, Kak 370 BHAHO H3 COOTHOIIEHMA K — -:]Tf HecMorps Ha 3ro,
MOKHO AYMATh, YTO JIA HOHOB ¢ CRABHO OTAHYAKUINMHCA 3HAYEHUMMH 7 Bpole
OEHO3APANHHX H JBY3aPALHLIY HOHOB ORHOrG H TOrC e 3INCMEHTE HAW HOHOB
H3OTONOB JNErKHX SAeMEHTOR pazdefeHde BO3IMOWHO. M B camoM Xexe, ywe Ha nep-
BOH, caMofi NPOCTOH KOHCTPYHOHM MACC-cunekiporpada ¢ OIxIoHenHeM Ha 180°
B MAarHATHOM mncie Ouwan eue B 1918 r. oTkpuite H3otouw Li, K, Mg u Zn
(Ademncrep). 3ro1 coexrtporpad, nonobuo cuektporpady Peszepdopia, nasaa ¢o-
KYCHPOBKY N0 HanpaBieHHI B npelenax HeOoabIIOro yraa.

YpeanueHun paspertaomedi CnocoBHOCTH cnextporpada MoMHO H0GHTHLEA,
YMeHbU12s Pa36poc CcKopocTed HOHOB. MCTOURHKHM HOHOSB, IPUMEHMEMue B CHEKT~
porpagax, paieT Goabitoi paadpoc CKOpPoOCTeH HOHOB, KOTOPBIE MOXHO CHJIBHO
YMEHbIUIMTH, NPONYCcKad HOHW Yepes HHIbTP CKOpoCTed.

B npuGope Pam3ayspa puabTpoM ckopocrefl CIYXMT cucreMa wgexefr, pas-
MEHIEHHNX B MArHHTHOM MOJe NO OKPYRHOCTH COOTBETCTBYINIEr0 DaxHyca.
Moxno Hcnmoab3oBath B KauecTse (QuUAbTpPa CKopocTelt TpySky, CHabGMeHHVIO
BXORBOR # BHXOAHOH ILEANME, TAe CYIMECTBYIOT B3aMMHO-TEPNEHIAHKYIApHbLIE
NeXTpHYeckoe noae £ ¥ MarHuTHoe nojie Fff. Yepes 1akoe ycrpofictee 6Ge3 o1-
HAOHEHHA MPOXOAAT HE3aBHCHMO OT YI€ABHOIO 3apala TOALKO 3apmMeRHNE va-

E
CTHIM, #Melowmpne CKopocTsh (§2 u. ) v=Cgs. MoXHO Taxme DpPUMEHUTL pa-

QHaTbHOE aeKIpHYecKoe noie (§ 3), ¢ NOMONBI0 KOTOPOrG MOWHO BHAETHTL Ya-
CTHIH OXHHAKOBOH 3HEPrUHd W, 3HAYMT, I8 Ny4YKd YaCTH OAUHAKOBOH Maccu
TOAYUHTb MOHOKHHETUYECKUH NYYOK,



§ 38} CHEKTPOCKONHS BSJEKTPOHHHX W HOHHHX J¥yuEH 119

iTpumeHende ¢HABTPA CKOpoOCTeR OEeHCTBHTEAbLRO (O0BHLIIAET PA3PCIIAIINY IO
cnecoduocTh crnexTporpada, vo HUIBTP 3anepiiBaeT 00AbIIAHCTEO HOHOB H TEM
CaMBM CHALHO YMERBIIAET BHTEHCHBHOCTR NYYKA. B CRASY ¢ 3THM B COBpLMEH-
HHX Macc-Cnekrporpadax duosTpu cKOpoCcTel nNpUMeHARTCA pelro. bBuao Owm,
pasymeeTca, OuUeHSL KeiaTelbHO, He YMEHbINan paspemawmed cnocoGHOCTH,
UCIIOAL30BaTh B MACC-CNeKTporpadhax HOHH DPAa3HHX CKOPOCTEH,

Hony pasnnz cKopocTell HCIOIB3FIOTCA B MeTole napafon, o B 3ITOM Me-
TOJE OBH NON2ZNalT B Pa3HWe MeCTa N3aCTUHKE, Brepsue (QOKYCHPOBKY WO
CKOPOCTH B MACC-CUCKTPOCKOTAN OCYWECTRHA ACTOH.

ACTOR 3alancs LeALId MOCTPOHTH MPUOOD, KOTOpwH CBOAKWA GH B OIHO MECTO
Ha (QOTONTECTHHKE WOHH C OJMAHAKOBHIMH €/ H PpasIHYHLIMA CKOpoCTAMH. Pac-
CMOTPMM HOHHBIE JYWH. B cnektporpade AcTtoHa. llocse swxora u3 mesel S,
B Sg Y3k#dH Nyuow, COCTOANIMA M3 NOYTH MapanaAeIbHO KBHXYUIHXCA HWOHOB, OT-
KioHAetca (pHc. 323) B Konmescarope ¢ BHH3 N BHXOJAWT B BHiE DPACROAAUIETOCH

MOSHUTINGED
nosA

Puc. 325. Xon nyueéi B macc-cnekrporpafde Actona,

Beepa Ayuefl, NpoNOMEKeRNs KOTOPHX CXCIATCA B <MHUMOM dokyce> F (cMm. § 3).
Inapparma D Bupesaer yacTb Ny4yka 4, H, ¢, B KOTOPOH CONEPWATCA HOHH BCEX
COPTOB, HMEIOUIHUXCA B HEpPa3NOKeHHOM MyuKe, OGNafaoillHe HECKOJILKO PasiHy-
ALIMH CHOPOCTAMH. 34aTeM HOHHW MONAJAKT B MAarAHWTHOE MoXe, NepreHAHKYAdpHOe
¥ 4yeprexy. B MarHMTHOM NOXe HOHHWeE [IYYH NPOXOIAT NPHMEPHO ORMHAKORLIH
NYTb H, 3BaYdT, KaK K B JJCHTPHYECKOM noae, HauGoabulee OTKAOHEHHE HCIIMIThI-
BECT AYY 4, COCTOMIINHA W3 HOHOB HaUMeHsIledl CKOPOCTH, a HAWMEHbIIee — AYY ¢,
cocToamiHi M3 CaMuX OnicTpWx WOHOB. Pacxoxjaende nydKad YMeHLUIHTCH, a4 NPH
GonpuioM H myuok chaenaercs cxonsainddca. B rouxe nepecevendn ayuweil Oyder
JOCTHrHYTa (PORYCHPOBKE NO CKOPOCTH.

Hatizem 91y TOUKY, CUMT2A A4A (OPOCTOTH ¥CIbl DTKIOHEHHA MAILIMH,

¥roa OTKADHeHHs B 2ICKTPHUEecKOM Noae (§ 3) paseH

.
ag= ot 'ebs
OTKYyda

o du’ = const; (384)
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anpdepesunpya (38.4), noayuua:

da
E dp
o = — . (38.9)
215 (4
¥raoBoe OTKIOHCHHE B MATHHTHOM TOIe paBHO
s H

| W e {n,

OTKYMa

gy @ == Const (38.6)
H .

dag, dv

";{; =" (38.7)
Uz (38.5) v (38.7) caeayer:

da D

E
é = (38.8)

JlauHa OyTH ayuell oT Toukw F 10 ToukH P paBha L -+ R, B eciH 64 Ha IYTH
nYYox He nojpseprea JokycHpyouleMy XeACTBMIO MATHHTHArO 1014, To Ha pac-
croanun L 4- £ miMpHHA OyvYKa pasBanachk 6wl dag (L 4 R). Tlocie nOpoxowI1eHus
MAarHHTHOrO MOJA MNY4OK Ay4YeA NPOXOAHT NyTh A ¥ ILIAPHHA €r0 HA 3ITOM MYTH
AoaxHa yMeHbmaTsCa Ha Rday. B rouke P mupuna okazmBaercsd pasHON Hymio,

3HAYHT:

(L + R) dag=Rday (38.9)
" u3 (38.8) n (38.9) noayuaercs:
Ro —2ag)=2Lap (38.10)

L u ap 3anann XoHCTpykuHelt npubopa, Ho, Medsa f/, Mbt GymeM MeBATs R B
. Hy®Ho HaliTH reoMeTpHyeckoe MecTo OKYCOB ayvel ¢ pa3dbiMH  3Have-

HUAMH e/p. Jlerko moKa3aTs, uTo 3T0 6yleT upavas: mpoBenem npaMyw FK mon
YLIOM @p BBEPX OT HaNpaBJACHHA (PEOHEro Ayya H MOKAXEM, YTO TOYKA P JAEHHT

Ha 3tofi mpasod. M3 tpeyroavnnka FMP

sinl (a:H—QaE) sinl (2ag)
L =R

HAK, TAK KAK yriaiw Maiawn

3;—2“5 ___.2aE
L - R

Mb noayuw.aH onsTh CooTHoweHWe (38.10), 3uavyHT, P nNeRHT Ha nuHaR FK.
Tlonowenue aunun F/(, va xoropo# Ackat Bce QOKyCw, ONpeneiaaeTcs KOHCTPYK-
uuel nputopa. C APYrodl CTOPOHM, KAKIOMY IHAYSHHID &/ COOTBEICTBYET CROE
3HaueHHe o, W R, 3HAYHT, CBOA ocoBaa Touxa cxowaenda ayued P. Ecan eorn

e FK pacnonouTs NIOCKY0D (OTOMTACTHHKY, TO Ha Hedd noiyuarca wu3o-
OpaxeHun 1Wead S B BuOe pAla TOHKHX JHHMH, NPUYEM KaXIOW TUHHHA COOTBLT-
CTBYET CBOC 3HaueHHe &fp.

Cnektporpagn ¢ $okycHpoBKeil. no ckopocTd moche Ooabninoit paloTa no
HX YCOBEPIMIEHCTROBAHHIO NPEBPATHANCH B OueHb TouHRe npubopui. Hanpumep, Acton
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B TpeTbefi MoJelR CBoero mpubopa ZOCTHF TOYHOCTH Hamepenns 0,001%/, u pac-
CTOAHMA Mewdy AMHUAMH Ha MAACTHHKe, paBHoro 3—6 s Ha 19/, Pa3HOCTH Macc
uonoB. OH MOT VYBepEeHHO OTMETHTb Pa3HOCTH MacC TaKHX HOHOB, KaK MOH MHel-
Tepua D+t (p =2,01473) u won MoaexyaapHoro mogopojna Hj (u=201626) ¢
pazaocthio Mace Ap=0,00153. Ho u B cnexkrtporpadpe AcToHa npesapap¥reibpas
PHILTPAUMA NpPH NPOXOXACHHY Yeped INEaH Sy, Ss (puc. 325) npusoinia k gorepe
GOILUION0 YHCAA HOHMOR H YMeHLIIeHHIo

UYBCTBHTSABHOCTH HipHbOpa. 9

JanpHelimee  ycoseplieHCTBOBAHWE 3@”’5
Macc-cnekTporpados MOULIO N0 Hanpas-  Jaexdpecroe | '-3ﬁ—‘
JeHKI0 OObelMHeHHA oOOOHX NPHHIMIOBR wan {
GoxycHposkH, T, €, NO JAHHMH pa3paloIKH L
MpHOGOPOB, KOTOpHE CBOAHIH OH B OAHY 522000
TOYKY Ha (POTONIACTHHKE HOHH ¢ OJHM- a
H2KOBBIMH B/, HO C pasHbiMH CKODPOCTAMH g’mi%fggﬂ 5
M Pa3HBIMH HarpaBIeHUAMY BX0Na B ipuGop. i 4
Taxkne npw6opE NOAYYWIX HA3IBAHUE MACC- ]

cruekTporpados ¢ ABOHHON (POKY¥CHPOBKGH,
TeopernyeckHe pacuets {l10Ka3aaw,
410 JBOKHaA (QOKYCHPOBKA MOXET OnTb
LOCTHIHYTa € NOMOL(LI> Pa3IUUHNX KOM-
OMHAUAA JRACKTPHYECKHX H MarHWTHHX
o, Oiitien KOPOTLO e WOMCIIYC  pue, ot Mace-cuektporpaty flowr.
KYCHPOBKOA. : crepa (90°) — (180%), ¢ mBoHHOU
Ha puc. 326 moxasana cxema mpubopa ¢okycnposkof,
¢ ABOHHOH (POKYCHPOBKOH, CKOHCTPYHPO-
BagHoro B8 1935 r, JemncrepoM. MoHsl mpoxoasTt cHauaza mo ayre B 90° uepes
pagdanbHoe SNEXTPHUECKOE TIOAE B 3aTEM ONMHCHBAKT NOJAYEPYK B OIHOPOXHOM
MardHtHoM mone, CHCTEMY 3TOTO CIEKTPorpada MOMKHO COKPAIIeHHO OOO3HAUHTH
(9O°)E-—{IBO°)H‘ Teopernveckufi pacuer MOKA3bBAeT, YTO NPHY ONPEIEICHHOM

COOTHOINEHHH MewAY d; ¥ dy U rp WoHW 11000f CKOpocTH Ha auHud AB Oyayt

CHOKYCHPOBAHW WO HaNpaBIeHHIe, T. e,
B OIHOH TOUKe Ha 3TOH IHHHR COHNYTCA
HOHH, Bome/lIRe B RNPUGOP NO pasHLIM
BATIPaBNCHHAM, HO HMCHOWIHE ONHHEKOBhE
e/w. (B npubope Hemmcrepa Omio d,=
=1 em, dg=05,66 cx, rg=2848 cm} Ho
TOYKH (OKYCHPORKH 0[O CKOPOCTH, T. €.
TQUKH, TIA¢ CXOAATCA HOHW, BHUIeANIHe
B3 S 110 OAHOMY H2NPaBICHHIO H HMCIOI[HE
OIHO #H TO Xeé &/u, HO Ppa3nHe CKOpPOCTH,
pacnoonaralrca He Ha Tnpamod AB, a Ha

R _ _ opamolt CD, naknonednoit k AB noa yraom
Puc. 327. Macc-cnekrporpag Mar B 45°

. ey o .
Tayxa (30°%')g — (90°)y ¢ ABofHOH Vreanbuas nBofiHAA BOKYCHPOBKA Nio-
foxycupoBKOH. CTHraeTca TO0JILKO B TOUKe INepeceyenus

o6eux auuAi AB W COD. Ilna toukn B,

rg==1,085r, Eciu ¢oronraCcTHBKY HOCTA-

1

Kak MoKasmBaer TeopHsa rH_'O,B E
BRTb BOOAb AB, TO BlanH OT TOUkM P pe3kocTs IMHHE YMEHBLIHTCHA, HO effe
Ha paccTosHuu 1 ¢ oT TOuKM P npH WHpHRe mean S, pasHod 2 XM, IHPHHA
Ayl 6maa okoao 0,1 mMaM. 910 NoOKaswsaeT, yTo MPHGOD MOKHO C YCHEXOM
APUMEHATH KaK Macc-CrHeKTporpad ABOHHOH (OXYCHPOBKH,

HanbBoaee copepiieHsas ABOHHAA (QORYCHPOBKA NOCTHraeTcs B mnpubope
(30°50")g — (90°),, (puc. 327). B stom mpubope, cKOHCTPYupoBaHuoM Matrayxom,
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npu dy==rg/ ' 2 ayum BLIONAT W3 IMEKTPHYECKOFO UOIA WAP2IACIbHWM MYY-

KOM, TAK 4TO BEAMUMHA 3 HE MMEeT 3HaucHWA. TeopHs NOKA3HBAET, IO JHHHH,
Ha KOTOPHX PACROAOKEHH (OKYCH 00 HANPABACHHIC H (GOKyCn 1O CKOPOCTH,
31eCh COBNAXalOT NpH A06LX Fpg €CAM YTOX OTKAOHCHHH B MarHHIHOM NOJE

@y pasen 90°. Dtum onpegenAacIcA noromeHwe doroaractunky. [IpakTHyeckn

xopowiag XBOHHAaA GORYCHPOBKZ nNOIYYanach Ha OYCHs RIHHHOM (a0 JOO M)
YUalTEE TIJACTHHKH.

B NOCTPOEHHOM H HCILITAHHOM MpHOOpEe PaCcCTOAHHE MEWILY JARHMAMH CO-
crapagao or 0,35 oo 1,8 mMam Ha |9/, DAa3HOCTH Macc, T. €. 3HaYHTEALHO MeHbIIE,
yem B npuGope Actona. Ho 3ato QokycHposka O6nila HacTOABKO pPe3kofl, uTO
MOXHO 6RA0 NPH H3MEPERHH CITEKTPOrpaMMbl MOIbL30BATh{A ACNOAHHTEAbHO 60Mb-
(UMM ONTHYECKHM YBelHuenHeM. B mrore uoaowenue aundfi Moxuo 6uio olnpe-
[eAuTh € TOYHOCTBK A0 3 ¢+ H TOYHOCTL B OlIPEACACHHH H3OTONHYECKUX BECOB
HOCTHIANA I1eCTOrD 3HaKa.

Kax npumep wa puc. 328 npuBenens dororpaguu AMHUA CUEKTpa, COOTBET-
CTBYIOU(HE¢ HOHIM C OAWHAKOBBIMHE MACCOBRIMH YHCRaM¥ *). ITH CHHUMKH M9dY4YeHH

|
MO,
NI
\}

oty S0 Wi ICH,  9C%0 N
Maccotoe wem 20 Pk =16’ Z28 2

Puc. 328, Macc-cnekTporpaMMi  49acTuil € Ppa3THIHNMH  MACCOBHMHA
YHC1daMH, NOXYyuYeHHHE Ha coekTporpade ¢ ABoHHOH oxycuposrol
(30°30) g — (90%) 4,

B BepxHell QacTH# PUCYHHZ NpHBeleHb! KPHShIS pacmpefeAeHHR noYepHedAd Ha doTonsa-

LTUHEKe, HQIEFEHHHE @TOHETPHHQCKH Aad cnexrporpa,lu YYCTHIL ¢ MACCORLIMY YHCSAMH
20 u 16,

Ha npHbGope (30"50')5-—(9{)“)H. Ha rom we npubope Iaa 430TONHYECKHI BeCOB

BOZOpONA, XeHrepHs ® yriepola OwaM noayuenw 3Havenun (H')—1,008130 x
+ 0,0000033; (D) — 2,014722 &+ 0,0000064; (C'*) — 12,003861 + 0,000024. I1H yncaz
H hOTOCHYMKH pHC. 328 HATSANHO 110K23bIBAKT OFPOMHYIO TOUHOCTb COBPEMEHHLIX
Macc-ClieKTporpagos.

Baxnoe NMpaKkTHYeCKOE 3HAYECHHE HMeeT RMOCTOAHHWA H JerKo YNpaBAseMuf
HCTOYHMK KOHOB Hia Macc-cnieKTporpada. B mepeux npuiopax HCTOMHHKOM HOHOB

*) MaccoBoe uHCIO — 3T0 OKPYLaeHHans o Oaumaiflero Ueaoro YHCAa Macca
H30TOMd, BHPAMEHHAA B CKHCAOPOAHHI €AWHHIAX®, T. €. B eRHHMIAX, rAe Macca
AerKOro HM3oTOna KMCAOpoAa npaMata 3a 16,06000Q.
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CAYXKHIN KaHaNOBLE JYUH, NpomeIUIHe B 3dKAaTONHOE OPOCIPAHCTBO depe3 oT-
BEPCTHE HAM KAHRAN B KaTole. JTHUM COOCOGOM Heab3f WOIYYUTh HOHbI MHOTUX
3. 1eMEHTOB, HaNpUMEP TPYAHO HCNapAeMHX MeTaxaos. . .

Brnocaenctere O6uHA0 paspaborTano enfe HECKOABKO  HCTUYHUKOB HOHOB,
MeToa HakaNeHHOro aHONA COCTOMT B TOM, YTO HCCNeAyeMmull 3. eMeHT HAHOCHTCH
Ha HaKaleHHHA MONOWHTEeJIbHWA 3ACKTPOA B BWCOKOM BaKyyMe, KOTOPHH @ paer
IMACCHIO HOHOB, JTOT METOX YAOOGeH N1s LIeNOoYHHX MeTanaoB. /las 3jnemenros
¢ HeQGOALIIMM MOTEHIHAZOM HOHH3AUHM MOMHO TaKe HCNOAL3IOBATL ABICHHE
NOBEPXHOCTHOH HOHH3auuH (CM. § 23 u. I), noMemas packaieHuw aHOL B NapH
gccaeayeMoro AeMeHTa.

Han6oxee pacnpocTpasien ceHual MeTOX BHICOKOUYAaCTOTHOH MAH ropaueh
HCKPH. MeXay XBYMSA INeKTPOLIMH, OIHH U3 KOTOPHX CONEPWHT HCCACAyeMbiH
9.1eMeHT, BO30VN/AaeTCA OT BHCOKQYACTOTHOro TeHepaTopa HCKPOROA DPas3pai.
J1eKTPOIKW TPH 3TOM HArPeBAIOTCH, M PaspAf HAET B NAPAX MCCASNYEeMOro sie-
MeHTa. MeToJ BRICOKOYAaCTOTHON HMCKPH MO3BOJAET NOAYYaTh MOWHHHA NOCTOAR-
HHH MCTOYHHK HOHOE OYeHb MHOTHX SIECMEHTOB,

Hakoxen, xopomo peryaupyeMuil HCTOYHWE WOHOB MOXHO NOAYYHTh, NpH-
MEeHSA METON SAeKTPOHHOH GoMOapAMPOBXH. JACKTPOHHBR NOTOK, YCKOPeHHWH
AOCTaTOYHO 6oabmHM HanpAXEeHHeM, MPONYCKALT Yepe3 HECAeIYeMoe BelleCTBo,
Haxoasieeca B rasoobpasHom coctoAHdH. Houw, ob6pasywommecs upH coyaa-
penxHax ¢ 3JEKTPOHAMH, BHTATHBAWTICA H3 Pa3pAla IFEKTPHYECKUM TONEM ¥
06pa3yI0T NYYOX HOHRLIX ay9defi. IDTOT HCTOUHHK OTAHYAETCH BWCOKHM TWOCTOAH-
CTBOM.

Macc-cnexrporpadut Oniad H306pPCTEHNW U NOCTPOEHH 1J8 OOHAPYXEHHS H30-
TONOB, H3MEPEHHA HX OTHOCHICABLACIO CONEPIKAHHA B 3IeMERTAX, BCTPEUAONIAXCH
B NPHpOAE, ® TOYHOTO H3MEDEHHA HM30TONHYECKHX) BeCOB. 3a 30 Jer CylectBo-
BaHAA Macc-CeKTPOCKONHH Oulia npomeraHa orpomHan pabota, H B Hacrogigee
BpEMA HM3Y4eHHe H30TOMOB IJeMEHTON, BCTPEYAIOIHXCH HA 3eMle B £CTECTBEHHBX
VCIOBHAX, B Kakoh-To mepe 6aH3KO K 3apepuienHio. JOCTaroyHo CKa3zaTh, YTO
3a Bpema ¢ 1939 no 1947 r. 6651 BHOBL OTKPHT BCEre OJMH (HepaRHOIKTHBHH)
H30TOm, B TO BpeMa KidK B NpellleCTBOBABHIHE [OAW HOBHE H3IOIONW HAXOAHAN
HeCATKAMH,

M3 aToMHO# (PHIRKH M3BECTHO, YTO MPOLECCH Pacmaja HMaIu CHATE3a fAjiep c
JHEPIreTHYECKOH CTOPOHK ONEHHBAIOTCA NYTeM CPaBHCHHR CYMMal Mace Agep A0
W nocae ANEPHOre NPEBpallcHHs., JT0 CPaBHEHHE NO3BOAAET CASEATh 3JAKAIOUCHAE
0 BO3MOXHOCIH sAepHoro npouecca. [lpakTHyecKw neobXOARMO 3HaTL MacCh
ALEP ¢ OYeHb BHICOKOA CTeneHbLI TOYHOCTH, 4 HMEHHO C TOUMOCTBI A0 MACCH
316KTPOHA, T. €, 0 THCAYHHIX AoJefl NponeHta Maccel AApa. Kak MOKRO BHMAETH
U3 NH¢p, NPHBEIEHRHE Bbillle, COBPEMEHHNE MACC-CIIEKTPOCKOIHYECKHEe NPROCpR
A30T TpedyeMYI0 TOWHOCTh.

Jamaun oOHApyXEHHS H3OTONOB W TOUHOIO M3MEPEHHA HM30TONMHYECKHX BCCOB
COCTABYAIOT, Ta¥ CKa3aTb, KA2CCHYECKYI0 004acTh NPHMEHEHHS MacC-CNeKTPOCKO-
IH4ecknx apubopor, B nocacanye rogm nOABHAHCHL HOBHE 061aCTH HX (pHMe-
HEHHA, H3 KOTOPHIX MBW YKaXeM Ha aHanH3 r430B # TREPAMX Tead, pa3ielreHHe
H30TONOB M OTHICKAHHE MECT TeYM B BAKYVMHBRIX YCTaHOBKAX.

OruckaHHe TeYH B BaKYYMHOM ycTaHoBKe Bcerjia Ou0 BakHo#t Ais npak-
tHxH 3anaved. OThckande TeyH B JaGopaTOpHOH HIM MPOMBIIMIICHHOH YCTAHOBKE
He BCeria Jerko ynaeTcA W 4acTo tpedyer GSoabllod 3aTpat BpeMeHH. buino
paspaboTaHo HECKOABKO CAOCOGOB OTHICKAHMA Te4H, H3 KOTOpHX HauGonee On-
CIpHC rOIMJHCH, OJHAKO, TO.IbLKO HJA YCTAHOBUK M3 CTeKA2 (OTHCKAHHE TeuH
MpH NOMOIIH HCKPW) B OKLIW He OuUeHh YYBCTBHTEAbHH. C TOABIEHHEM B aTOM-
HOW TEXHHKE OrpPOMHHMX N0 o6beMy MeTaIIMYCCKHX YCTAHOBOK, HMEIOmuX
MHOTOWHCIEHHHIE COUAEHEHHA TPY6 H pe3epByapos, npodaeMa BHCOKOWYBCTBH-
TEIAhHOTO0 B OHCTPOLeHCIBYIOUIEre OGHApPYXHTEA] TEUYH CTaxd OCOOEHHO axTy-
aALHOH.

Macc-cnexrpomMerpuueckuii MeTon OBHApYXEHHAA TeYH 3aKJIIOUAECTCH B Clae-
AYWOIUEM: ra3 (00mYHO BO3AYX), HaXOAAUMACA B BAKYYMHOH YCTaHOBKE, OTKavi-
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BAaeTCa HACOCOM M Ha MYTH K HacOCy MPOMYCKAETCA Jepe3d MPoCTod Macc-CneKTpo-

Merp {puc. 329).
Honw B cnexTpoMeTpe mNOAYUARTCA MeToZOM daeKTpoHHo#t OomGapiad-

POBKH TOTOKa ra3a, NpOTeKapilero Ycpes CHeKTpoMeTp, H o6pa3ymT 3areM
¥3KH# HOHHHII NMY4OK, NPOXONAWHA Ha CBOEM RAYTH PaAl ZHafparM H OTKAOHAIO-
niee MarnptTHee noae ¢ yraom B 60°, Tlome, yckopswoujee HOHW, M MarHHTHOE
node poAcGpaRuEl TAaK, YTO BO BXOAHYVIO felh HHIHKATOPa HOHOB, NMOJKTIOYeHHOro
K YCHIHTEeNIO MOCTOAHHOrO TOKa [BXOHHAA JAMTA KOTOPOro 1I0Ka3aHa Ha yeprexe),
MOTYT nmonafate ToibkKe MoHW Het. B Bosayxe s obmunwx ycaoeuax He coaep-
KUTCA B HHUTDWHOM KOIHYECTBE, MPHUMEpPHO OaHa 4acte Ha 5 - 10°% U cnekrpo-
MeTp HHYEro He nokaswBaeT. Ho eCcau Ha yCTaHOBHKY B TOM MECTE, MI¢ HAXOHHTCH
Teub, HAUPABHTb crpyi0 He, 10 wacty atromor He npodukHer B yCTaHOBKY H uX
noABAeEne OYACT HEeMECAJCHHO OTMEYEHO CNEKTPOMETPOM,

Puc. 329, Macc-cmexkTpoMeTpHuecKui 1e4eHCKaTe Ik,

1 —mxo1 raza; 2— zHadiparuel; J-— KOPNYC MArsAT2; 4 — NOAIOCERA HIKOHEUANK;

5—BRIXOL M HACOLY, 6 — me b KONREKTODR; 7 —JAOIHTRAS MIACTMHA CO IMEABID;

& —Boniedtopras NIACTAH; % — CTEPHENh KQANCKTOpA; J0 —RX0OZHOE COMPOTHE-

nerude; H—Brojasas aamna («xtoayabe 954); /2 —vonHelE ayw; 13— HCTOSHHK
SACKTPOHOR,

Taxum obpazoM, npouect OTLICKAHWA TEYH CBONHTCH K 0061YyBaHHIO BeeX COM-
HUTEIbHRIX MECT <¢IpYelt readn u3 GannoHa) 9TO MOKHO BHTOJHHTE OYeHb Oui-
cTpo. .
«TeuenckaTenn» He SBAAETCA NOAOBHO HPYCFHM Macc-CnekiporpadaM OueHb
IPOMO3AKHM npHOOPOM, TAK KaK OH MpeRHa3HAYEH TOALKC N1 ofHapywedws Jaer-
KHX HOHOB C OUpefeIeHHBIM YIeAbHuM 32paioM. B npnbope, u3obpakeHHOM Ha
puc. 329, yckopaollee Hanpaxenne pasHo 300 ¢ B paguyc kpyra B =5,08 cu.
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3Ha‘IHT, MardauTHoe noac paBHO

H:;’%’ V 300 =710 3pcm.

Takoe noje Jerko noayuYuTh Adme OT NOCTOAHHOLD MATHATA.

Bwnle 6maiM onucaHW HeKOTOPHE CTaTHYECKHe MacC-CREKTPOCKONHYecKUe
HpHOOPH, T. €. TAKHE, B KOTOPbHX HCIOAL3VIOTCA WOCTOAHHHE 3INeKTPHIAECKNE M
MarHHTHeie noaa. Han6oaee TounHe npHGOPW NPHHALIEHKAT HMEHHO K dTol Cpynne,
CrutecTBYOT Takke NHHAMMYECKHE MACC-CIEKTPOMETPH, B KOTODLIX NPHMEHATCA
MEPEMCHHWE TMOJIA H ACNOIL3YHTCA Pa3fuYHA B CKOPOCTAX, KOTOPHE UMEIOT HOHH
¢ Pa3HHMHM VIelbHHIMHM 32DPANaMH. 3TH NPHOOPH AAI0T MEHbIIYI0 TOYHOCTh, HO
3aTO OHY TOPa3no JemeBle M MPOILE B USFOTOBIEHHW. EcTh QCHOBAHME AYMaTh,
YTO OHH NOJYYAT IWHPOKOE NPUMEHEHMe TaM, Tle He TpebYeTCA OuUeHb BHCOKaA
TOUHOCTb, HANPUMEP A XHMHYeCKOro amaauda [J1. 4.18, ra. V)5
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TPY THOA KPHBRX PpACIpeleneHHs UOTCHIAAAA: KPUBAd ©6e3 MHHHMyMa
MOTEHUMANA € YCKOPSIOIHM MOJAEM Ha Kar0oAe, KDYUBHE ¢ MUHHMYMOM
TIOTEHIIHA /4, KOTOPHA MOKET J€KaTh 0YeHb 6/IM3K0 K Karonay (cM. puc, 332),
W KpuBeE (€3 MHHUMYMa [MOTEHUHaJa ¢ TOPMO3SUIAM NOJEM BO BCEM
MEKAYINEKTPOAHOM NPOCTPAHCTBE. TpPeM THMAM KPHBWX COOTBETCTBYIOT
TPH PasAMUHHX 3aKOHA 33BUCAMOCTH AHOJHOTO TOKAa OT H&HDHH(EHHH u
TPA Y4YacTKa BOJbT-aMMNEepHOH THOAHOW XapaKTEPHCTHKH,

2, BoabT-amnepHsie XapaKTePHCTHKH JAHORA ¢ NJIOCKAME 3Jex-
rpoxamn. Ha puc. 331 n3obpaxeHa cXxeMaTU4ECKH BOALT-aMNepPHAs Xapak-
TEPUCTUKA AHOAd, HA KOTODOH BHMAHK BCE TPXH OTMEUEHHHIX BHIUE YYACTKA.

XapaKTepHCTHKH  Takoro BHAa

L [OJY9aI0TCH A3 AHOAOB
la ¢ 3neKTpogaMH Jw00# (HOPMEIL.

BoasuiM MOJOKUATENBHLIM aHOJ-

HBbIM HANIPAXKEHAAM COOTBETCTBYET

PexHM, B KOTOPOM HA Katoge M

BO BCEM MEXAY3NEKTPOAKOM TPO-

CTPaHCTBe  CYMIECTBYET TMOJeE,

YCKOpAWOIEe 3AeKTPOHE  (KpA-

pag J Ha puc. 330). Cuenmora-

] TENLHO, B 3TOM PEeXHME, HOCAILEM

U wuaspawve pexEMa HACHUUEHHS,

Puc. 331. Bun roabI-amnepho#t Xapakrepn- BCE IMHTTHDOBAHHHIC SACKTPOHM

CTMKH JHOJA. NOCTHTAWT aHOA2 H YBEIUUYCHHE

dHOAHOFO TOKA CBA32HO HCKAIOUH-

teabHo ¢ 3igextoM {lorrku. Kax 6mao nokazano sumwe (§ 19), cuna
TOKa B 3TOM pEXAME (ECAH CYHTATh NPOCTDAHCTBEHHBIR 3apnj MalbiM)

1
ea;s(g&) /2
d

kT ’

J,=1 =1 exp (39.1)
rie /, — 3MUCCHOHHWH TOK MPW NOJE HA KaTOAE, PaBHOM Hyaso, u [/, —
HCTHHHOE JHOAHOE HaMpfkKeHue, T. €.

U,= Un _|_ UEB (392)

(U, — pHemnee Hanpsxkenue H Ly, — KOHTAKTHAd pPasHOCTh OTEHUHANOB
MEXCAY aBOAOM M KaTtoxoM). Tak Kak B pexHMe HAaCHMIEeHWsl BHENIHee
Hanpsakenue U, oOwuHo Bemuxo, 1o U, > U, u U~ U, Hs (39.1)
CleLyer:

]: ="[l.s]Ua =0 (39'3)

I'padmueckuft cnoco6 onpeneseHus 3MUCCHOHHOTO TOKa [, m3 3asucu-
MOCTH TOKa HachluteHua /; or Hanpsxenus [/, Own onucan s § 15. dop-
Mysaa (39.1) xopoilo NOJATBEPKAAETES HA ODBITE A% KaTQAOB o cAabo
Bupa}xeunoﬁ IMHCCHOHHON MNATHHCTOCTRIO. JAs KaToxaB ¢ pesxo Bupa-
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HEeHHOH NATHUCTOCTHIO (OKCHAHBIX) TOK HA YYACTKE HACHHULEHHS DacTeT
C aHOAHLIM HanpsweHueM OwbcTpee, ueM TOro Tpebyer ¢opmyaa (39.1)
(cym. puc, 131, u. I). Teoperuueckas cdopmyna (39.1) npuMenuMa Ha Bcem
YH1ACTHE HACHIIEGHHH XapaKTEPHCTUKH, HO HHAHIONW {CO CTOPORK Maawx [/,)
[PAHHLY €€ NPHMEHUMQCTH TEOPETHYECKH ONPEenelnuTh HE YIaeTCs, JKCIe-
PUMEHTAJNBHO TPaHALY YAOOHO OnpenefaTh o rpaguky sasucuMocTd ig /;

o1 UJ,'%, xak 970 caenano Ha puc. 114 w. I

JlexauieMy B O6/1aCTH OTPUUATEABHRX 3HAYeHHH [/, HAYANBHOMY YYaCT-
KY X4PAKTEPUCTHKH COOTBETCTBYIOT PaclpefencHHA Takixe 6e3 MHHUMyMa
MOTEH{HANY, HO C TOPMO3SIIHM AOJIEM HA KATORE B BO BCEM MEXAY3JIEK-
TPOAHOM RpocTpatcTBe. Teopus NPOXOKIEHHA TOKA 4epe3 MIOCKMEt nuox
B TAKOM pexuMe Onfa m3aoxeHa s § 14 4 I, rae 6uin0 naMacHo, uto
NPH HAAHUMB MaKCBEAJNOBCKOrO pACUpele/eHHs CKOPOCTEH 3/E€KTPOHOB
Hd Karoae aHOMAHWH TOK ONpEASAeTca (QopMynoit

elq elfy

=1 =[] e Tx, (39.4)
a -

rae U, —onsrh HCNpaBneHHOE Ha KOHTAKTHYK pa3HOCTh [OTCHUHAJNOB
TOPMO3ALIEE AHOJMOE HANPAKEHUe, KOTopoe B 3TOH (opMyae cyHTaeTCd
OTPUIATENBHEM, YuacTOK Xa-
PaKTEPMCTHKH, 1% KOTOPOTO
cnpasegnausa dopmyna (39.4),
HAa3KBAETCH YHAaCTKOM HaYans-
HWX TOKoB. Popmyna (39.4)
OCTaeTCa CnpaseifvBOH, oye-
BHEHO, TOJALKQO A0 TexX nop,
noka rnoresnman adoga U,
OCTAETCA HAKE NOTEHIIHANA BO
BCeX TOYKax MEXKAYITEKTPO]-
HOTO JIPOCTPAHCTBA, T, €. NOKA
KPHBHE  PaCUPENeSeHHA He
HMEIOT MHHUMyMa. Popmyna
nAA  HaXONCICHUA PaMHuHOH
CUNBl TOKA GyAeT ykasaHna He-
MHOFO HHXKE. _
Cpenne#t uacTa xapakre-
DUCTUKA COOTBETCTBYET pac-
NPEACACHHUE ¢ MUHEMYMOM NO-  pye 339 Pacupeaesenue noTeHudara s gHoje
TEHLHANA, KOTOPhIH (IDB YBE- ¢ MHHEMYyMOM BOJM3u kaTolda, Hamboaee wacTo
anyeHan [/, nepememaercs ot BCTpeuanuleecs HA MPAKTHEE.
aHOJA K KaTody M [PA [0J0- _
KATEIbHBIX, JOCTATOUHO OoabiiaX U/, oka3uBaercs BOGAM3H KaToda, Tak
YTO PACOPENSAEHHE NOTEHIHAAA TPHANMAET BHJ, NOKA3AHHHH HA puc. 332,
Auoauuill TOK Ha 3TOM Y9iaCcTKe X3APAKTEPUCTHKM 3ABUCUT, OYEBMAHO, OT

rs’?ﬂ&‘{."ﬂﬂcm L7

£
2
._?_
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TJTABA 5
3JEKTPOHHBIE JIAMITB

B nactosumicH raase pacCMarpUBAIOTCH BRCOKOBAKYYMHHE 3JEKTPOHHEIE
NpUGOpH ¢ TEPMOBACKTPOHHHM KAaTOAOM, B KOTODHX B paloyux pemumax
MOYTH BCErIa CYLIECTBEHHYID POJAb MIDaeT SAeKTpouHbfE NPOCTPAHCTBEH-
it 3apsa. [lag ynpaBnesus JBIDKEHHEM 2JMCKTPOHOB B HAX NDHMEHSIOT
SACKTPOALI-CETKH, JTH pKOODH HOCAT HA3BAHME SICKTPOHHLIX AaMn HIAH
paauvosami,

Kaaccupukauwa SJACKTPOHHMX JaMil BO3MOXHA MO HECKONBKAM IDUe
3HAKAM:

1. flo uwncay 9JeKTpomoB: JABYX2/MEeKTPOAHAS JAaMfAa — AHOA, TpPeX-
ANCKTPOAHAS AIAMNA — TPHOX M T. I

2. [To oGaacTE NpPUMEHEHHA: TEHEPATOPHHE, YCARHTEJbHHE, DIEKTDOo-
MEeTPHYECKHE JaMibl H T. X .

3. 110 KOHCTPYKTHBHRIM OCOGEHHOCTAM: CTEKJARHHLIE JIAMNW, METannu-
YECKHE NaMMH, MHHHATIUPHEE, pa30ODHLIe H T. 1.

‘B naunof raase Matepuas pacnoNOKEH B COOTBETCTBHM C (ECDBLIM H3
(IEPEYHCIEHHHX BHWE cNnocoBoR KJaacCHpurKauuy, Kak Haubonee noaxoad-
MWAM TIPH H3Y4Yellnd BUYTPHAAMIOBHX MPONECCOB, BBHAY TOr0, UTO SA€K-
TPOCTATHYECKOE 110J1€, YNPABAAOUEE NOTOKOM 3MEKTDOHOB 8 /1aMue, B [1ep-
BYI0 OuY€pelb 3aBHCHT OT YKC/Aa 3MEKTPOAOB ¥ uX Ranpaxennf, Cpepx-
BHCOKOYACTOTHBIE 3JCKTDOHHBIE JMaMIIN BHIEACHHW B 0CO0YyI0 riaBy.

Bo Bcex dopmynax sacrosmeR raaBu, a Takke ria. 7, KOTOPHE NOA-
CTAHOBKOH UYHCJACHHLIX 3HAYCHHH# VHHUBCPCAJbLHRIX [IOCTOAHHBIX (¢, m, A,
H T. I.) NpuBeAeHH K BHAY, YROOHOMY AJs KOJHUYECTEEHHBIX DACYETOR,
NEKTPHYECKUE BE/AMYHMHLE BHPAKAIOTCA B TMPAKTUYECKHX €IHRALAX, AJUHA
H nJaomanb -~ B CaHTYMETPaX KB KBaApPaTHWX CAHTHUMETPaX H YacToTa —
B repuax. ‘

B npumepax, WANOCTPUPYIOUIMX Ha peaspHHX naMnax T€ RAM HHbE
BBIBOAM TEOPHH, HapAAY C COBPEMEHHHIMH OTEUSCTBEHHBIMH JAMIAMH
HCNOJAB3YIOTCH TAKNKE JaMill 3apy0emHOro HPOHSBOACTBA H B HEKOTODHX
Cayuagx c/coorﬁe'rcmytomeﬁ OrOBOPKOH JaMnel ycrtapeswux Tunos. Ilo-
CKOMLKY JaHHasi TIJaBa HMEeT UeAbI TOAbKO OIHCAHHE (PH3HMYECKUX
CBOUCTB 31E€KTPOHHBIX JMaMI, Takoi BuIOOP RPHMEPOB NOpPeACTABAAETCH
OMpaBOaHHBIM.
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§ 39. HOuoa

OcHoBHOR 3anauefl Teopuu NMOAA ABJIAETCA PACYET €ro BOALT-amiep-
HOH XAapaKTEePHUCTHKH. T3 3afaua [Js OTAEABHBIX YYaCTKOB XapaKTepH-
CTHKH OHNA yiKe pacCMOTPEHa BHILUE MPH U3YYEHHH TePMO3JEKTPOHHOM
smuccu (88 14 w 15 4. ) M BaAMAHMA DPOCTPAHCTBEHHOrO 33pAAa
B NpAMoaduedHOM NOToKEe 3aekTponon (§ 9).

Tenepp octaercs CyMMHPOBATH MOAYUSHREIE TAM PE3YNbTaTK H BHECTH
pAA donojHeHnH, yacTO UMEIOWHX CYUIECT8EHHOE 3HAYEHWE AAd PEANbHHX
JIHO AOB,

1. Pacnpeneanedne noteHuuana B AvoXe. Kak n3BecTHO, 5ACKTPOHH,
BHIETAIOWIHME K3 TEePMOKATONa, WUMEIT MaKCBEJIOBCKOE pacpencicHie
ckopocteft (§ 14). 3uad 3T0, HETPYAHO KauyECTBEHHO HGIICHHThL BO3MOXK-
Hole (OPME KPHBOH pacnpeieieHHs UOTEHIWaJa B MEKAYJNEKTDOIHOM
NpOCTpaHcTBe. IJTH KPUBHE M306pakeHu 474 NAOCKOro AnojAa Ha puc. 330,
rfie, K28k 1 Ha MHOTHX PHUCYRKax r1. 2

4, I, MOTeAUMan OTAOKEN CBEPXY BHM3 Z Y
H HaUBLICINAA TOYKA KPHUBOH COOTBET- /j 5 RO 5%
CTBYET CaMOMY HU3KOMY NOTEHIKATy. /-;;é o 7
Pacnpesenenne noresudana Inpu ; / L 7
pasueX [/, B OTCYICTBME TPOCTPaH- 2% 7 5
CTBEHHOTO 33apsAna M300paxaeTcd NyHK- //2/,4 d 4 &7
TUDBEIMU TipAMHEMHA. Tlo4BAeHKE 237A€K- 7 L -7 %
TPOHHOTO TPOCTPAaHCTBEHHOTO 3apsaa M= __ > /
NOHHAKAET MOTEHUNAA MENKAY 3IACKTPO- ; AN
namu, u npn {J,=—0, ouesnano, noA- NN - 7
WEH TNOSBUTHCA MUMUMYM TOTEHIHAAA / NNy S 7
npu ni060M SHAYEHUN FHOAHOTO TOKA | / . é/
“(wpusas 3). MuHnMyM DOTEHUHAAA i / N 7
COXpannTea M mpu {J,, HEMHOTD GOML- % \\ 7
IMEM U HEMHOTO MEHbIEM HyAd. YBe- é N 27
Avyenre [/, HayhHas OT HYAA, CMe- /;1 N

LAeT MHAHAMYM B CTOPOHY KaTtoAa
(kpuBast 2). TIDOHCXOAHT 3TO TMOTOMY,
4TO CKOPOCTb 3AEKTPOHOB, IOBCIOAY
BO3pacTaiolas MNpH ysenadewau U,
CHJLHEE BCEro BO3PACTAET Y aHONA, [ AL, CAENOBATENbHO, B HauOoAbleH cTe-
NEHH YMEHBIHAETCH NPOCTPAHCTBEHHMH 3apaa., [Tpi 60AbIIMX aHOAHBIX HATIPA-
HEHHAX MHHHMYM TOTEHIHANA OKAa3HWBaeTcs COBCeM BOAW3IH OT KaToaa (CM.
puc. 332) ¢, HaKGHENW, OH COBCEM HCYE3AET, H NOAE HA KATOHE Nenaerca
ycxopsiomuM(prc. 330, kpusan 7). [1pa orpauatenssux U, sneKTpOHH BGIH3H
dHOIA TOPMOSATCH, MPOCTDAHCTBEHHWH 3apsa 3mech YBEAMUMBAETCH 4 MU-
HAMYM TOTEHIHANA COBHTaeTCd K anoAy (kpuBas 4). HassHeWinee Bo3pa-
CTAHHE OTPULATEALHOTO ZHOZHOTO HanpsXeHus NPHBOAHT K YCTAHOBIEHHIO
TOPMOSZALIErO MOJAA BO BCEM MEXAYIACKTPOAHOM NPOCTPAHCTBE H HCYE3-
HOBCHHIO MUHAMyMa moTeHiWana (KpuBag 9). Taxum 06pa3oM BO3IMOKHH

Puc. 330. Kpuene pacnpenererui
MOTEHUKAaaa B THOMAE PH PasTHYHLIX
-AHORHHX HANPAXEHHAX.
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BEAMYHHH MHHUMYMA noTeHuMana {/min M €ro MOMNOKEHHS OTHOCHTENBHO
saekTpoaos. Tak kak /gy, 8aBUCHT OT BEAWYHHH MPOCTPIHCTBEHHOrO
3apafa H €ro pacnpeneiieHus MEKIy 3JEKTPORAMH, TO MOKHO CKasarh,
YTO aHOAMHH TOK B 3THX CJAY4aAX OFpPaHHYHBAETCS MPOCTPAHCTBCHHHIM
3apagoM. COOTBETCTBYIOMIAA YacTh XapPaKTEPHCTHKH HAa3HBAETCH YUYACTKOM
OrPaHHYEHHR NPOCTPAHCTBEHHBHIM 3apPAAOM HJH, KOpO4Ye, y4YacTKOM npo-
CTPAHCTBEHHOrO 3apsAfia, YUacTOK NPOCTPAHCTBEHHOTO BapsAa MOYTH BCEria
ABKACTCA PaGOuHUM YJYacTKOM XAPAKTEDHCTHKH, M AJAA NPIKTAKH OH Hau-
Gonxee HHTEpeceH.

PaccmoTpuM cnavana npubadKeHHH# cnocol BWYHCAEHHS TOKZ B pe-
WEME OrpaHHYyeHus: NPOCTPAHCTBEHHHM 3apagoMm. [lycThb npH 3sagaHHBIX
aHoAHOM Hanpsxxewun (/, ¥ Temnepatype Katoda 7, MHHMMYM MOTEH-
fl1aAa ZCKAT Ha PACCTOSAHHB Xpmip OT Kartoda. [eoMeTpHUecKGe MecTo
TOYEK MHHHMYyMa MOTEHUHana —— 370 nAaockocTs BK (puc. 332), nas xotopoh

%] =0.
dx ¥=Xmin

ANEKTPOHB, HAYANLHEIE CKOPOCTH KOTOPHIX JEWAT B NpPENnenax

min s

BO38PAUIAIOTCA K KaTOAY, HE AOCTHTHYB nMAocKkocTH BX, Bcee ocransume
3AEKTPOHH, 3aTPATHB OJMHAKORYI0 SHEPrHI0 HA NPEOAOEHHE NOTEHIIKANb-
noro Oapsepa {/pipn, NONANAWT B YCKOPAIOIEE NOAE H YXOAAT HA aHOA.
Ha BK coxpaHserca MakCBEMIOBCKOS pacnpenenenne CKopocTelt 3nexrpo-
HOB {CpaBH. § 14) ¥ N0 OTHOWIEHUIO K 3AEKTPOHAM, OOPA3YIIMHUM dHOAHBI}
TOK, MAOCKOCTh BK, MOXMHO CKa3aTh, HrPAaeT POJb SMHUTTCPA NIEKTPOHOB,
[MostoMy ee HA3LBAOT (PPEKTHBHHM HAH BHPTY2JbHHIM KaTOLOM.
Ynpowasa 3aaady O BHYHCIEHHH ARHOOHOTO TOKa, MPHUMEM, 4TD BNEK-
TPOHS,, NPOXOAAIME K aHoAy, umelor Ha BK ckopocts, pasHyto Hyuo,
i OyJeM OTCUHTHAATh BEAHYHHY MOTEHUHaJa OT YpoeHs {/yi,.: Torza ua
NJIOCKOCTd BK OyayT BHINOAHATLCA TPAHHYHLIE YCNOBUSL ="

Ld_l;]x=xmm =5 [U]"’=“’min =0, [ﬂ]x=xmin 9. (39.5)

['pannuHbie ycnosua (39.3), a Takke W ypaBHeHuHs
diy

. mo® .
J=—pv, 5-=el, 5=

2
COBMANAWT C YP2BHEHHAMH H IP2HHYHHLIMH YCIOBUAMH, ACHOAb30BARHLIMU
B § 9 npn BuBOLE 3aKOHA Tpex BTOpPHX. CrefoBarteNbHO, MAA NAOTHOCTH
TOKA MOXHO Cpa3y HamHCAaTh:

— dxp

( min)
d—x,

Ia
Q

rae Q — NAOWaRb KaxXAQro W3 3ACKTPOAOE,

=f,=233.107* —[a/cat), (39.6)
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Kag wuasectno (§ 14), npu obulunux paGovdx TeMraeparypax KaToNoB
HAYaNMbHEIE IHEPrHH NOAABAAIOWEre GOALLUHHCTBA 3JEKTPOHOB HE IMPEBH-
mawt 0,1 30,25 98, Ouesuano, 4T0 MHHUMYM noteHunana Upmin He MOKeT
CYLIECTBEHNO TPEBOCXOAHTh 3Ty BEAHYHHY H JOMKEH H3IMEPATHCA HEMHO-
rumMu  pecaThiMu BoabTa. [loatomy mpu U, nopaaka HECKONBKHX BOJALT
H Beiue craraeMoe Upyip 8 dopmyae (39.6) moxuo orGpocure. C Apyro#
CTOPOHB, OAATL-TAKH MPU A0OCcTaTOuHO Goabmiux {/, naockocrs BK nexut
GAU3KO K XaTOAy ¥ NPH HE OYCHb MAJHX MEKAY3AEKTPOAHHX Paccros-
X d > Xqin. Popmyny (39.6) npn aTHX yCAOBMEX € AOCTATOYHOH
TOYHOCTBI0 MOXHO 3aMEHATh NpubAuxKeHHOH:

3;’2

%’ = /e =233 103 [afcu?], (39.72)

AU
l,=2.33 - 10°% U2 [a] = K, UV [a], (39.76)
rae NOCTOAHHHH MHOXHTenp K ,=— 2,33 - 10‘“%&/33"’. Popuyan (39.7)

O6unn moayueHsl panee B § 9 (popmyaw (9.1)), rze 6HAO0 NPUHATO, 4TO
CKOPOCTb 3NEKTPOHOB HA KaTOAE PaBHa HYJIO,

Bce cKa3aHHO€ BhHIIIE BNOAHE NOATBEPXKAACTCH ONLITOM, M IIOITOMY
ypasuenuem (39.7) MOXHO TIO/AB30B3TbCA AMA NPAKTHYECKHX paCieTOB Ha
MPOTAKEHHH GOJBIICH 4AaCTH Y4acTKa NPOCTPAHCTBEHHOrO 3apsa Xapak-
TEPHCTHK JMOJOB C HE OUYSHb MA/MNM PACCTOSHHEM MEXKIAY KaTOAGM H
anojoM. C Jpyro# CTOPOHH, B YNPOUIEHHOH TEODHH OCTaeICA HEpelleH-
HHM DPSI BRXHHX AJ TPAKTHKKM BOnpocos. Bo MHOr#X coBpeMeHHBIX
AaM0ax paccrosnuue ¢ OYEHb MAaN0 W YCAOBHE Xpmin < d MOXET Hapy-
warbcd, Ycaosue Upin < U, XOPOIUO BHINOAHAETCH I8 BHOPAMUTENb-
HHX /JHOA0B (KEHOTPOHOB), HO IJIA AHQACB, NDHUMCHAEMHLIX [IAs JHETEeK-
tdpoBanus [/,, Omusko x Hymo. Mexay TeM B npuUGAMKEeHHOB Te-
OPHH Xpin H Ugin He BauYHCAOTCA, HakoHen, OCTaeTcs HepelieHHHM
H BOMPOC O TIpaHUME MEXKAY YYACTKOM HaUaJRHHEX TOKOB, O/ KOTO-
poro BepHa ¢ropmyaa (39.4), B Y4aCTKOM MPOCTPAHCTREHHOT( 3apana xa-
DAKTEPHCTHKH.

Tounas TeopMs TOKa B AHOME, OFPAHHYEHHOTO MPOCTPAHCTBEHHBIM
3apAAOM, YHHMTHEBAIOUIAA MAKCBE/NJIOBCKOE pacfpeie/eHde CKOpocTel 3Jjex-
TPOHOB Ha Karop, Onaa paspaGotana M, Jleurmiopom. B Tteopun Jlenr-
MIOpa BMECTO NepemMenHHx U n x BBOmATCs GespasMepHHe NepeMEHHnE

U_'Urnin
kT /e

x \3/4 .
= , §=1 (TT;) m'!s (‘-’})% (X — Xmin), (39.8)

H3MEPSIOWIME, KK 3TO HETPYAHO BHETh, B HEKOTOPOM MacmTabe moTcH-
UHaJ NO OTHOIUCHWIO K YPOBHIO MAHHMYMAa NOTEHUHAAZ H PaCCTOSIHME,
OTCUMTAHHOE OT TOUKA MHHAMYMA NOTCHUMAJA.
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B noBux nepemennunx ypaenerue Ilyaccona

a2
T = AP

NoCAe ONHOKPATHOIO WUHTErPHPOBAHEA [AET
2
(j—ﬁ) —el— 1+ D) F —= V7 (39.9)
g V=

rae yepes ® o6o3HaueH TaK Ha3wWBaeMu# HuHTerpan I'aycca (yacto BCTpe-
YAKILHHACA B TEOPHM BEPOATHOCTEH):

X

2 b‘ e—"dy.

Ve

Bepxnue anaku B (39.9) orHocATcs K npocTpaHcTBy Katoa — BK, a nnx-
Hue K npoctpaHcray BK — anoa. Ms (39.9) pewenue noayuaercs B BHAE
MHTErpana

P (x)=

o5

d

f— (39.10)

EeT——
et —1x ¥ =
7=

10 pElIeHHE CNPAaBEARMBO TONLKO TOTA3, KOTAA B MEXAYIJIEKTPOJHOM
NPOCTPAHCTBE WMEETCA MAHWMYM [OTEHHHANa, T. € OHO HE OXBAaTHIBAET
HIH O6AACTH HAYAABHLIX TOKOB, HHM OGJACTH TOKOB Hacemenus. HMuterpan
(39.10) yaaetrcs BHIYWCAHTG TOJALKO NMPUOIHKEHHEIMH METOJAAMH, H B KO-
YeCTBeHHEIX DPAacueTaX MCHIOAb3YIT Tal/jHuy 3HaueHH# £ B PYHKIHH OT 7,
cocTaBieHnylo JleArMwopoM ® BMOCACACTBMA HONOJHEHHYW0. 3AEChE MEL He
6yneM npueoautk Tabauny Jlenrmwopa (cm. [JL.B.8 u JI.5.10], rae npu-
BefeHa Tabaula H PACCMOTPEHH HacTHHE CAy4Yan) H OTPaHHYMMCA BhIpa-
AEHUEM A% j,, NOJAYYAEMHM B KayecTB€ MaTEMaTHYeCKOro nprbankeHns
K CTPOrO# TEOpHH:

- kT .l)fs
. o Us— U™ ~ N o3
Ja = 2,33 - 10 - (d—xmin}z 1 + 2,66 U.OTU-— [a,;CJ‘ ]. ( 9.1 1)

min

dopuyna (39.11) orauuaeTcs 0T BHBEACHHO# M3 YNPOISHHHX NpeiacTa-
sacHAl Qopmyan (39.6) TOABKO HEOOABIIHM IIONPABOMHHEM YJICHOM

kRTy Ve 1
e T, | &
» —'—2‘ [ 5 : ] ’
250\ =, b6 | re00 7, — 1,

OKA3EIBAOMUM, YTO ¢ yBEIWYEHHEM TOMNepaType Kdroza aHOIHWH TOK
HeMHOro Bo3dpacrtaeT. Popmyna (39.11), Kak HOKa3uBACT CpabHenue < pe-
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3yNbTaTaMR TOYHOH TeopHd, AaeT AAA AHOAOB ¢ OKCHAHBIMM KATOAZMH
omuobky He Bonee 3 -+ 5%, Beawunny Upgip, yYUYHTBIBad, UTG DJACKTPOHH
UMEIOT MAKCBEIJIOBCKOE pacnpenesenye, MOKHO Halvu u3 dopMyan (39.4),
samenus B nel [, ueped Upig; 370 Aaer

L e TS I

f=17./f, Haspraerca KO3PPHUALHTOM HCIOABIOBAHHA IMICCUOHHOIO TOKA,
Ioacrasus m (39.12) yucaenHoe 3HayeHue e W £, noayumm:

T, 1\ Ta !
Unin =—'—mln (—}—-)———-mlg (-‘j—.—} [8]. (39-13)

Paccroanne xpmi; MOXHO HalTa B3 npuGanxkeHHoR GopMyIH:
f Ty \¥s 1 /e
oin =P 1085 [m] (e, (30.14)

NpAYEM p oUpeleasercs M3 rpagpHKa, npaBeAeHHOro Ha pdc. 333, Us
rpaguka suano, uyro npur f=<1/30, 1. e nupu [, =30/, uro noutn

ao};. | Il il NN
M
a0 — N
XS
I‘l
] \
0095
s

[
] | 1/ 1
801 402 Q4 0osemea! Gz 04 06081

Puc. 333. I'paprx x1a onpenesenua kosppu-
QUEHTa p.

BCeria BRIMOJHAETCA B HENPEPHBHOM PEKHME IJ4 OKCHIHHIX KaTOIOB,
p~=0,0158 (c tounoctbio no 8%). Ilas Takmx pewumos uz (39.14) noay-
qaeTc:
']
—b TIINI
Xminf’:ﬁ“’vg,ﬁﬁ - 10 ‘W[Cﬁ[]. (39.15)
J

fpn ywewswenua {J, MWHUMYM NOTEANHAJA TIEPEMEINASTCA K AHOAY H
B fnpeaeae ero AocTHraet, [ad 3TOro NpPelenbHOro pPeskaMa X min == d,
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n 1o (39.15) emMy COOTBETCTBYET MAOTHOCTb 2HOAHOIO TOKA

T 2y
Ualapea =2 7 - 1078 [a/cu). (39.16)

dopmyna (39.16) naer, ouyesHIHO, TY Han6OABLWYIO NAOTHOCTh TOK4,
PR KOTOPOH nepectaer OHTL NpaBUABHOH QOPMYNa HAUAXBHBX TOKOB (39.4).

PaccMoTpuM upuMep: B auoae ¢ OKCHAHBIM Katolom T,=1160°K,
Ja==10 ma‘cu® j, =200 majca®, f==1/20 w no puac. 333 p=0,0138.
[To ¢opmynaw (39.13) u (39.14)

Umin A — 0,30 8, Xnpin =~ 0,0 05 CH,

BennuynHa Xpmin, MOAYUYEHHAS B 5TOM NPUMEDE, YXE CPABHHUMA C MEXAY-
3JEKTPOJHEMHA PAaCCTORHAAMY B HEKOTOPHX COBPEMEHHHIX NaMnax (cM., Ha-
npumep § 49 ra 6).

B paccMmoTpeHHOM rnpHMepe He ORJI0 YKA3aHO 3aHOIHOE HanpaeHHE.
Ero moxHO naiith no dopvyae (39.11); nanpumep, npr d =0,2 cx noay-
yaetca (/, =28 8. Ho npu pacuere BOAbLT-aMNepHOH XapaKTCPHCTHKH
OORIYHO NPUXONUTCA HAXOIOHUTL NAOTHOCTL TOKAa [, AJA pasiauudawx [J,
npa 3ananksix & 4 7, (npuueM, 3pas T, no gopmyre Pugapacona MoxkHo
Hailth ). B »TOM Cayyae Hean3s NpPAMO BOCMOAH3OBATHCA JOPMYNAMH
(39.13) n (39.14) ¥4 NPHUXOAWTCA HATH OYTEM ROCACAOBaTEALHHX NpriJU-
wenuih. Jlag sroro cHavana BHAMCHEIOT j, AAs 3amadnoro [/, mo 3aKoHy
Tpex Bropux (bopmyna (39.7)), T. e. HaXOAAT

e
Ja==ja=2,33.107° ’s [a/ca?],

M, HCXODA W3 J, == fa, BWYHCASIOT B BEPBOM npnﬁnumenuu no opMynam
(39 13) n (39.14) Upin=Unin ¥ xmgn_—_xmm. [ToayueHHsle 3HaYEHUH
Umin ¥ Xmin HCHOAB3YWI I/ BHIYHCIEHUS BTOPOr0 Npubrmmenus j, = j;
no topmyae (39.11), ¢ nomomele j; HaxodaT BIOpOE TpuOAHKEHHE
Umin = Unin 1 Xmia=Xnpin 4 T. & Tperse ppubamxeHHe npakTHYECKH
OKAa3HBAGTC AOCTATOUHO TOMHBIM, -

W3 sKenepuMeHTanbEOR BOALT-AMIEPHOR XapaKTEPHCTHRKKE AHOA MOKHO
OnpeacanTb €ro apaMeTpel: BHYTPEHHEE COIPOTUBJACHHE

dU,
R=7" (39.17)

H UPOBOJHUMOCTb, H.IH KPYTH3HY XapaKTepHCTHKH:

. S"_B—U—, | (3918}

CBA3aHHBIE MEKELY CO00H OYEBHAHBIM COOTHOWECHUEM

SR; - 1-
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DT AudPepeniiHanbHLe HapaMerpul AHOAA CACLYET OTAHYaTh OT CONpo-
THBJAEHHR H NPOBOAMMOCTH OHOXA HZ NOCTOSHHOM TOKE, PaBHMX COOTBET-
creenso U/, w 1,/ U,

HUcxonss v3 mnoayueHunx Bume (hopMyn, MOXKHO MOAYUYHTE TEOPETH-
yecKHe BhpaxeHus aad S 0 R; Ba Pa3JHuYHNX Y13aCTKAaX XapaKTEPHCTHKH.
Ilns y4acTKa HavaabHBIX TOKOB H3 dopmyan (39.4) monyunm:

€

_dl, e ‘ell\ e
S={i = lexp Wﬁ)_k?} I, (39.19a)

#HIn

S_-‘ﬂf (afs). (39.196)

Kpyt#sHa yuacTKa NPOCTPAHCTBEHHOTO 3apsja — OCHOBHOro pabouero
YUYacTKd XapaKTEPUCTHKA — NO (39.7}

s=3 Kl = 3 KD 1L = al'l (30.202)
rge MHOXUTEAL

=264 107 *Q"

(39.200)

33aBACHT TOABKO OT ISOMETPUH AHUOAA.

Ha yuactke TOKa HaCHINEHHA, OA8 MPAKTAKKW MaJAQ UHTCPECHOM, KpY-
TH3HA OUYCHb Maia M R; COOTBETCTBEHHO BECbMa BEAHKO.

3. Bamanne paGor EewiXxoja 3JeKTPCIOB HA XAPAKTEPHCTHKY.
B dopmyas (39.1), (39.4) n (39.11) BXOAHT HCTUHHOE AHOAHOE Halpd-
wenue [f,, KoHTakrHas pasHOCTb NOTEBLXANOB paBHa pasSHOCTH OTHe-
CEHHBIX K €XMHHNE 3apaga paBoT BHXOAA aHoAa M KaToada

1
Uy,— U= Uxa=?(®m‘_¢'a)=?x%tpa;

aaech [/, — Hanpaxenue Gataped. 011042 CABAYET, YTO NOJOHEHKE XaPaK-
TePHUCTKK# 3aBACHT OT paboT BBIXOAA 9ACKTPoAoB. OfHAKO BAUAHKE paboT
BHX0Ja #HOZAa H KATONA OKA3BIBAETCH PA3ANUHBIM.

PaccMOTpHM (CHauana y4acTOK HAYa/bHBEIX TOKOB. DMUCCHOHHHH TOK
pakeH

I,=QAT; expl_ ka]

U U3 q)opmynb: (39.4), sameuns B we#t U, uepes U,-}- U, w I, uepes
QAT expl "], O/ YHM:

eU’ Py

o= QATiexp [ — £2¢] exp [£ect Bed] — QuTieTs e

[,, TaKuM 00pa3cy, 3aBHCHT TOABKO OT PaboTel BHXQAY aHOI2 H He sa-
BHCHT OT ¢,. K TakoMy ke BBIBOLY MOXHO NPHHTRH, paccMaTpHBas, Kay
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BIUseT W3MEHEHHEe ¢, M ¢, HA pacnpeaejseHde noreHunasa (puc. 334).
OO6man BHCOT2 NOTEeHUHaABHOro Oapbeépa, KOTGPHIL NPUXONHTCH NPEoIo-
NeBaTh 2JEKTPOHAM, CKAAAMEAONIA%CS U3 6apbepa HA TPaHAUE KATOJ — Ba-
KYYM H HalpRKeHusl KaTod-— aHOo4, 3aBHCHT, KAaK STO BHAHO H3 PHCYHKOB,
TONBKO OT @,

- 72 N
N r N . % ]
N Ul , ;\:

|
——

ey

i g'_:‘ -
=
X
4 ]
 SNNER
ORI

LA
P
8

2 P-\ 21
2 é SaE
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a)

Puc. 334. Pacupeneaenve moreHndasa B Anole.

G — DY OAWHAKOBWIX P, ¥ PasHLIX @ ; 6 —NPH PAIUKX 9. W ONHHAKOBHIX o

F — ofmui ypopens dbepam Nan ynpomeuun pAacnpeleJenye l'IG‘l‘BI{[lHa.'IDB Ha OTAEJBHLX
YHaCTEAX NOKAZAHO NPEMLINE AHEHAME,

B pexuMe OpOCTPAHCTBEHHOro 34apsfa uUaMeHeHHe paGoTH BHXOAa
KaTOA3 NOM#HO [MPUBECTY OJHOBPEMCHHO K W3MEHEHHRI INVIOTHOCTH 3MUC-
CHOHHOTO TOKa J, A TAYOHHH NOTEHUUaNBHOTQO MUHUMYMA {/niq, Haopumep
K YMCHBLIEHHMIO OOEHX 3TMX BEJHYHH [PH YBEJAHYCHHMA ¢, 3HAYuT, ¢
YMEHLINEHHEM TOKA j, YBE/AHYHBAETC OAHOBPDEMEHHO OTHOCUTEABHOE KO-
JHYECTBO SAEKTPONHOB, NPEOJOASBIIOUWINX TOTEHUHANAbHLIH MUHHMYM Uyin.
O0a sddexTa MOYTH KOMNEHCHPYIOTCS RIS SAEKTPOLOB A1000H (OpMEH,
¥ BAUSIHAE @, HA JHOAHHH TOK AGMKHO OGHTH HHUTOXKHBIM.

dopmyam (39.6) n (39.11) noxa3elBawT, 4TO ANA MJOCKOrO AHOAA
H3Z YYaCTKE NPOCTPAHCTBEHHOrO 32apslia j, 3aBHCHT OT PasHOCTH

Ua — Unin= Un + Uxa — Unin= Us + (CP: - (Pa)'_' Unmin,

Py
Unin=— 2% (101, —mnl, )] =— e n(QaTie ) —nnl)=

rpe

zmx_%[mQA+2m T, —Inl];

OTCIOA CeNyeT, Y7o
Us— Unia= Uy — ¢a~+ 210 QA 210 T, —InJ,J= Uy— 9, F(Ty, 1)

HE 32BUCHT OT ¢, @ BHAUNT, He B3aBHCHT OT (. H AHOAHHH TOK. 3aBu-
CHMOCTb GHOJHOrG TOKA OT PalOTH BHIXOA3 2HOLA P, MOKHQ HCIOAB30-
Bath A/ M3MEPEHHs KOHTAKTHOH pasHoCTH nQTeHudanos. [lpencrasuy



§ 39 ox 137

ceGe AHOA C ABYMA aHOAAMW, CAECNAHHHMH H3 MCTajlJ0B, C paGoTaMH BH-
XOJd Pu U g9, CKOHCTPYHPOBAHHBIH TaK, 4TO, NEPEMCHLAA AHOAB, MOKHO

Ik Iekh Uba~Us Usz

[\fa)

- i ~—

& “ *@L‘ 8) K

Puc. 335. a — cxema npubopa ¢ NOABMXHBMH dHOJAMWU
HI8  WIMEPEHHA KOHTAKTHOH PpA3HOCTH TNOTEHIHAIOR
(/ — BBOAHM KaTOma, 2 — BHOA aHOAO0B, J-— Karod, 4-—
aHoAu, & — orpanduutenu, & — 6aanon, 7 — CTEPHKEHD,
CKpenaAlomuit aHOAM: HAKAOHAR OPHGOP, MOXHO nepe-
MeL§aTb ZHONW OI ONHOro OIPAHHYHTENA A0 APYroro),
0 — napanaeanHoe CMEWECHHE XapAKTEPHCTHKH,
8 — onpexeacade U, NpH HEMapaAfcIbHOM CMELieHHH
XdpaKTePUCTHKHA.

cTasuTh moO60H U3 HUX B palouee MOAOKEHHE NPOTHB CEPEAMHKR Ka1ona
(puc. 335,q). Toraa avoaHHH TOK B OGOHX CAyuasxX paBeH

1 5= C{Ug ~ g1 ~+ F (T, 1)]"s,
Ly =ClUgs— a2+ F (T 123)]’%,
rae  C — MHOXHTENAL, 3aBUCAIIMH  OT reoMeTpuu  3snaekTpoaon. Ecaw
lyy=1I, TO
Ut — a1 = Uss — Panr
Upt — Uit = a1 — Pan-

Takum 00pa3zoMm, IPH BaMeHE OOHOrO0 aHoia APYrEM BOJALT-AMMEpHAasf Xa-
PAKTEPHCTHKA OMOAA CMEIMAeTCA [1apaanenbio caMolt cebe Ha BeNHUHHY,
PaBHYIO KOHTZKTHOH pa3HOCTH TnoOTeéHuHanos (puc. 335, 6). Ecam npu
CMEILIEHA® AHOHOB TeOMETPHA [HOJa H3-33 HEAOCTAaTKOB KOHCTPYKLMH
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OKA3HBAETCA 3aMETHO HAPYUIEHHOM, TO AHONHHE TOKH B 00OHX Cayuasnx
BHIDA3ATCH (POpPMyTaMH:

Ial =Cl [Ulﬂ - t?ai + F(Tp ‘(31)]3,@’
]ai = CE [U32 — Paz + F(Tur Iai)}shs

H ecad omate [ =I,=1I, 10

] 1
Upt— U= @21 — Pur+ 12 (Ef_f;_ Ex)'

CTcioga caeayer, uTO TenepPh XapakTepUCTHKA CMElaeTCs He NapanaeibHo
{pnc. 335, 8). Omnako npa [, —0, (U — Up)— (P21 — $a2), TAK UTO,
OTKAAEBaA PA3HOCTH (Lyg — Ugg)r —const AAR PAsHKIX [, # 3KCTPanonu-
pPy? NOJAY4YEHHYI0 33BACHMOCTh 10 [,=—0, MOXHO NMOAYUYHTHL KOHTAaKTHYIO
PA3HOCTE MOTEHUHANOB OGOUX aHOIOB.

Ha puc. 335, a w3oGpaxen npubop ¢ UAJTHHAPHMECKUMH aHOAAMH,
KOHCTPYKTHBHO OoJsiee yaofrbtl, ueM NpHOop ¢ NAOCKHMH IACKTPOAaMU.
Jng DUAHHAPUYECKOTO AMOAA 2HOAHBIR TOK, KaK [IOKa3slBaeT TOUHKIN
PacueT, 3aBUCHT OT @, HO TOJBKO B HHYTOXKHOH CTIENEHH W METON Onpe-
AeNCHUS KOHT2KTHOH pPA3HOCTH NOTEHLUAAOS MO CIBUTY XapaKTePUCTHKH
B 00JaCT# NMPOCTPAHCTBEHHOTO 3apajaa NPHUMEHHM € OOAbLION TOUHOCThIO
[/12.1, ra. 3 u 4] 2101 mMerom okazaics wnanbonee VI0OHBIM A
yamle APYTHX [PHMEHSETCd Ha NpaKkTHKEe, HECMOTPA HA TO 4YTO OH Tpe-
6yer npubopa ¢ MOABUAHHIME 3AEKTPOAIMU.

4, Juonm c DEAMHIPWYECKUMH SAEKTPOXaMd. BHuuUcAeHUe TOKA
B.MOJE ¢ 3JMEKTPOAAMH, HMEWUUMH (OPMY KOAKCHAABHEIX IHAKHIPOR
(ZnuHa /, pagwyc Katoaa ¥ anoga r, W r, naoilags anoga @), ocaox-
HAETCH TEM, YTO OPHXOAUTCS YUH1RIBATH CJaratomide HayalAbHHX CROPOCTEH
3AEKTPOHOR, flapailenbHHe NOBEPXHOCTA KaToAa. B pekeMe HauaibHHX
3kT,

2 ¥

TOKOB, €C/H BEJMYHHA TOPMO3AMEre Hanpsxerus | U, | > [ocCTa-

TOUHYIO TOYHOCTh Aaer (GOpMyAad

et),

2 [—
h=17=V — Mk, (39.21)

Nlaa onpepeneuus HARGOALILETO TOK3, HUPA KOTOPOM MEpecTaer cy-
[LECTBOBATE PEWHM HAYANLHBX TOKOB H NOABJAACTCA MHHUMYM NOTEHUWAAA
B MEXKAYSJCKTPOAHOM MNPOCTPAHCTBE, MOAHO BOCNOAb30BaTLLA CIJOpM}'.'IOH

! Ia ~129%/3 I

l
1 2
ra n r—;

[a/cH) (39.22)

([71.5.9, rn. 2], Tam we BHHEEZEHH TOHYHHE BbPAKENHN JAA PEXKHMA Ha-
YaabHLX TOKOB).
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B pexume npoctpanctsedHoro 3apsaaz QopMyab, HE YYHTHBAKILLUE
BAHAHUA HAYAABLHHX CcKopocTel, umewr Bua (cvm. § 9, dopmyay (9.22))

3/,

=233 107 i (ra 75 o] = Ky U214l (39.23)
K =233 - 10°¢ 26 e {afe*],
2
—ta_ BT LR
=T =146 - 107 < [afeu, (39.24)

AT (GopMy E nOKAIWBAIOT, 4TO [, MaNo 3ABHCHT OF 7, NIPH 7y, > 7y,
rak xak ¢yHkuman B* npu r, > r, MEIAGHHO MEHAETCs B 3dBHCHMOCTH
o7 r,/r,. [TosToMy 3aMeHa r, PaIuyCcOM BHPTYa IbHOIMO KATOA2 MAjN0C 4YTO
menser. Tounoe penleHre, yUWTHIBAIOIIEE BJHAHHE HavaJbHBIX CKOpOCTeft
B UHAMHADAYECKOM auoae, He Onuio moayueno. IlpnGanxkenHas dopmyna,
yKasanuas JIeHrmiopoy, MMeeT BHA

. | I 3 kT U Y 3/3 -
rie U,,“m.--——'gi—rE ln—f — ray6HHa MUHMMYMa noTeduuana, (= g k]:“

" l——quc.neuuun MHOXHIEAb, BEAWYHHA KOTOPOro JeXuT mexay 1,0 u
2. Jlng pacuera xapaxTepucTHKH no ¢opmyae (39.253) no sananumM r,,
e Ty # U, Kak ¥ aas pacuera mo (39.11) B caydae OJ0CKOre AHOIA,
NPUXOAUTC MNPUMEHSTHL METOA I0CACA0BATEAbHAIX npuGamkennlt . ITpu
HeOOMbIIHX ~ 3HAYEHHAX  OTHOLIGHHA r.fr, UHAMHIDHYECKAA CHCTEMA
3NEKTPOAOE NpubAMKAETCH K UAOCKOH, W npu r,/r, <2, xaK MOKaai-
BAeT PacueT, MOMKHO YK€ NO/b30BATHCE (OPMYJaMH M/ MAOCKMX 3JeK-
Tponoe (39.7) a (39.11),
KpyTH3Hy XapakKTCpHCTHKH Ha Yy4acTKe NpPOCTPAHCTBEHHOTO 3apadd
MOXHO BHYHC/AWTE O ¢opMyae (39.18):
S—dU Ku“,.U”—a AL,

rae
%/s

3 L, @
@y =5 Kgi =264 -10 "—a’“ [a*/3/3). (39.26)

Tok RACHIIEHUR B UUAMHAPHYECKOM IJHMOAC H3MEHAETCA B 3aBHCHMOCTH
oT Hanpsxkenua (§ 15) no dopmyae

- A2 pits
I;=1exp {——kT“ },

rie £, -— HanpsKeHHOCTh TOAR HA Karofe. B awWomax ¢ karomom nps-
MOTO HaKana pajiuyc r, Man, H NO3TOMY HANPAKEHHOCT E, Beauka u
YBEAHUEHHE TOKa HACHIUCHHA 3dMCTHO [JPH MEHbUIMX HANPDAKCHUAX, ueM
8 NAOCKOM JAHOE,
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5. OTkaoReHHs OT 3aKOHAa Tpex BTOPHMX. Kak yXe 0TMeuasoch,
Y4aCTOK MPOCTPAHCTBEHHOrQ 3apaja sisaserca pabouel uyacThio xapakTe-
pUCTHKH. OTKJIOHEHHA OT 3aKOHa TPEX HTOPHX HMEWT MO3ITOMY NpaKTH-
YeCKHWd HHTepec. IDTH OTKJAOHEHUS [POSBJASIOTCA rlaBHHM 006pasoM Ha
0060MX KOHLAX y4acTKa NPOCTPAHCTBEHHOrO 3apaia.

Ha HuxHexM KoHHE, TOMEMO PacCMOTDEHHOrO BHIUE BIHAHHA Ha4Yaldb-
HHX CKODOCTEH 3NAEKTPOHOB, B IHOAAX C KaroaaMH TNPSMOro Hakana
POABASETCd CUJIBHOC BJRSHHE HESKBUIIOTCHUMAJBHOCTH Karoja. ITOT
othdeKT BaBHCHT OT CXEMH BKAKYEHHs, 4 HMEHHO OT BHOoOpa obuwieH
TOYKK LEnH Hakaaa ¥ angoauoft nenm. Huwe pasobGpaHa TOABXO OOLINHES
cxema ¢ ofuwikM muHycom (puc. 336, a).

B
G_

! f
i
- [l k + - J) :z + —_
Ur ¥ ol t v ol
o+ : Q :
e . R

\
'
!

[
{

!

2
2

Prc. 336, Cxemu BKTIOYEHMA AMOA2 € KATOAOM NPAMOro Hakala.

a—¢ ofwed TOUKOH B NMAYCE HaKana; 6-—c obwel ToYKoH Ha Nawce HAKAAa;
§—c obmed ¢pezHedl Toukod Lend Haxaga.

PazofbeM AHOA Ha OTAENBHHIE <3JEMEHTApHWEe» JMOAB AAHHW &2,
AHOAHOE HAaNPAACHUE 3JAEMCHTAPHOTO JHOAa, JEAKAErO Ha DACCTOAHHH -
OT OTDPHLATENBHOr0 KOHLA KAaTOAd, PaBHO

Uy==U,— Us~.

AsoaHBA TOK B 3TOM 3/M€MEHTapHOM AAcAe Oyner
i, =kU3dz,

rae & — NOCTOAHHULIN KOS(MpUUIKEHT, 323BHCAMKA OT reoMETpHM aHOAA.
Ilnq nonHOroc TOKa B guode, cuuTad, ro U, > U/, noayumm:

IaZJIkU:f‘—' dz =§l A (Ua—(-? z.)af’ dz =

2kl ,

=z i [U22— (U, — Up)°ie]. (39.27a)

Tipi OTCYTCTBHM MAZCHMA HANPSKEHAA BAOJAD KaTodd H TOM KE aHOAHOM
HANpsSKCHUK Yepe3 Iuoid nporekan Ob TOK

L=k U:f'z.
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Pasnoxus (U, — U;)*/s no dopmyae Gunoma, mowno (39.27a) mpencra-

BHTH B BHAOC
Ja=1ﬂ[1—%(%\+ S s Uf‘) ] (39.28)

ama, ecan Uy & Uy

13=1an[1—%gﬂ. (39.29)

Ecam U, < Uy, 10 2nomupi# TOK OyA€T 3amepT BO BCEX 3.J1EMEHTapHEIX
ANOAAX, HAYMHAA € AM0A3, 1Sl KOTOPOro

Uzz U,;_-:bra“— Ufi?‘—-—

OTKYJa
zoz%:l
W, 3HAYHT, ITOJHHIH TOK
:! F l\l;’( _
1,=j HU— U5 ’dz=§kuif Uits, (39.276)

Ecag naMenurs CXeMy, [OOOKJIOY3A MMUHYC aHOJAHOH LenH K [AKCy
uenH Hakaaa (puc. 336, 6) manm K «cpeaHeR TOuKe» HENH Hakaaa
(puc. 336, 8), TO ¢ UOMOINLIO CXOJHHX BWYPACIEHHH HETPYAHG MOAYUHT!

. __!a.,[l—l— 3 gf , (39.30)
3 Ot
L=lo| e (F + o () + ) Gy

ITo s1uM npubaudceHHEIM GOPMY./1aM JETKO OLEHHTh BEJIHYMHY NONpa-
BOK, BHISBAHHBIX NajeHMeM HAanMPRKEHU BAOAb Karoga. B pykoBoacTeax
N0 PAcCy4eTy 3ACKTPOHHHX JAaMI MOKHO HaHTH Goaee yaobHu# c¢mocob
pacuera [, B JHONax C NpPSIMOHAKaJIbHHM KaTOIOM C HOMOLLBIO TaGamil,
COCTABJAIGHHHX Ha OCHOBaHMH TOYHMX dopmyxn [J.5.1, ra 3, 6; J15.10,
ra. 1, 6} _

Ha pepxHeM KOHLE ¥4yaCTK@ NPOCTPaHCTBEHHOrO 3apsia 1aet o cebe
3HaThb NpUOAHXKEHHE K HacbienMio. Temiepatypa NOBEPXHOCTH Kartoda
HEOAMHAKOBA: 110 KPasM OH2 HNWKE, ueM INOCPEIHHE, ¥ HACHIIeHHE HA
GoJee XONOABBIX YYaCTKAX HAacTyNaeT OpH MeHblIeM aHOIHOM Hanpsxe-
HHK. 3710 ABacHHE ©OCOOEHHO 3aMETHO B KaTOLax NPSIMOro Hakana, TeMe-
patypa KOTOpHX pEsKo NOHMKAeTCH BOAU3W MeCT KpeNJAeHHA HUTH Ha-
Kana K Bsoa2M. [To npaMoHakanbHOMY KaTody, KpOME TOKa Rakana, npo-
TeKaeT U aHOAHHIE TOK, HaNpaBASHHE KOTOpPOTQ (HAmpuMep, B cxeme
¢ oCmHM MHHYCOM) OOKHAKOBO C HaNp2BJEHHEM TOKA H2KaJd Ha OIHOM
KOHIE KAaT0Ja M NPOTHBOMONO¥HO HA jpyroM. lIpoxoxkaende aHoaHora
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T0KA Ha Katode COSAAET JONOAHHTENLHYIO HEPABHOMEDHOCTb Harpesa
Katoaa, OCoO0eHHO SaMeTHYK) B MOINHKX JaMNax H 3aBUCRIMYI0 0T BubODa
oflIeHl TOUKM CXeMH H PpacnpeaeieHWd CONPOTHBJAECHMS B LENH HaKanaa.
[To atomy Bonpocy cw. [J1.5.1, ra. 3] B pexume HacHIUEHHWS HAKJIOH
XaPAaKTEPHCTHKY QUEHb Mad, H B PEBY/bTaTe TEMNEPATYPHOH HEOAMOPOI-
HOCTH KaroJda Ha 3HAYMTENbHOM NPOTSMKEHHH XapaKTEPHCTHKA OyleT nox-
HAMATLCH Gojee nosoro, Yem Toro TpefyeT 3aKOH TPeX BTOPHY; U ¢opMa
ee Oyaer npHOAAKaTEC® K npaMoM aunnd. Takoe «CupAMIeHHE» Xapax-
TePHCTHKR [AaE€T OCHOBAHHE JJ8 3aMEHH B HEKOTOPHX TEXHHYECKHX
pacyeTax XapaKTePUCTHKH AMOAA NPAMOH AMHMEH,

6. Bpema mposera ssekTpoHor B muWome. Hatinem Bpemsa npoaera
9JEKTPOHa Ans CAy4as NAQCKOro AHOAJ, TpPeHeGperas CKOpPOCThIO BHALTA
3JIEKTPOHOB U3 KAaTOja.

Adna cayyas HeGOABLWIOrO NPOCTPAHCTBEHHOTO 3apsga, T. €. Mg pe-
WHUM3 Hacoilledus, GvaeM HMeTh:

VA=V, E=3, e=T=S

rae a — ycrkopenne snekrpowa d {/(x)-— norenuman Ha paccTOsHHA X
OT Karopa. | -

Bpems (1p0.e1a 3JeKTPOHAa OT KaTOAa A0 TOYKH .X PaBHO

3/ x4/ m :
Tx — ‘I/E —t m)—' (39.323)
N
., —3,37 - 107 ————[cex],
U(I)

¥ BpeMd InpoJera o auoza Oyner

e — 1/ 2 =337.10%—%_ [cext. 32
ty = ]/: ) Vo, [cex] (39.326)

Ecan npocrpancrserHnil sapsm He man, 70 (cM. § 9)

Un=u(3)"

B CKOpPOCTH ODAEKTpOHA B TOUKE X pdBHa

v() =V IR =V2T(3) .

BpemMa nposera a0 TOUYKE x Oyaer

dx 381 s
T, = — ——1 —_—
- 3= =
2/y . L/
. —5,1 102457 [cex]. (39.332)

V7,
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Bpems nposera ao aHoza PaBHO

t,— 5,1 . 107 ;{T feex). (39.336)

3th PopMyAN [MOKAaSHBANT, YTO NpU OOWYHHX IJs AWOROB HANpH-
XKEHUAX U MEKAYIIEKTPOAHHX PacCTOSHHAX BPEMA NPOAET2 A0 aHOAA
V3MEPRETCA AOAIMH MHKPOCEKYHAH. 3HauHT, ABJCHHSA, CBS3aHHWE ¢ Bpe-
MEHEM NPOAETa 3JEKTPOHOB, HE NOMKHH CKA3WBAaThCA BILIOTH IO OYEHD
BHCOKMX 4aCTOT. IJT0 BepHO H [AAd TPHOAOB H MHOTOIAECKTPOIAHHIX
J1aMmi,

B nacroamett raape Mu He OyneM 2aHAMAThCA CBOHCTBaMH JI2MIl Ha
Y2CTOTaX, NPH KOTOPHX BPEMEHa NPOAETA SJAEKTPOHOB YXKE CKASHIBAIOTCA.
3TH cBOMCTBa PacCMOTPEHH B caeaywowefi raase.

7. llpumenenne anomoB. IllpuMepm KOHCTPYKNHHA. BoAbLIHHCTRO
ANQAOB, H3rOTOBAAEMHX MPOMHINJICHHOCTRIO, TIPUHAAICKAT K CACAYICIHMM
TPEM TPYNGaM: BRIPAMATEAbNLIE AMOJB, WAH KEHOTPOHM, VIS NHTaHHA
NP HEMHO-YCHMHTEABHEX 3MII, BRCOKUBOJbTHHE KEHOTPOHK H ACTEKTOPHHE
AUOAM. B waMepHTENbHOHl TEXHWKE MPUMEHMICT YMOBHE AMOAH, O KOTO-
pHX Oymer cxasaHo Huxe (§ 46).

Ha puc. 337a u 3376 upHBeseHN ABA APHMEPA KOHCTPYKUHH KEHO-
TPOHOB; JBYX2HOAHWH KeHOTpoH (puc. 337a) ymob6eH nas NpUMEHeHHS
B PaCnpoCTpaHEHHOW pagHOTEXHHYECKOH CXeMe [ABRYXNOJAyNepHOAHOro
seinpaMienus, Ha pucynke xopomo BHAHO, 4To OpMa KaTola He MO3-
BOJSE€T NPHMEHHTbL K 3TOMY JAHOAY (OpPMYyJH pacyera NAOCKOro AN0aa,
XOTd aHOX TACCKHH, AHANOrMYHO K BHCOKOBOJABTHOMY KEHOTPOHY ¢ LH-
AHHAPHUYECCKHM aHomoM (pKc. 3376) u3-3a nernaeobpaskol dopMu kaTona
HeAb3 NPHMEHHTb QOPMYAY LHAHHAPHYECKOTo AHoxa. Kak Owjio noxasaHo
8 § 9, ans xuoxa x0OCK (OpPMH, a 3Ha4HT, M AJS LHOIOB, H306paweH-
HEX Ha puc. 337a u 3376, cnpaBenauB € TeMA XE€ OrOBODKaMH, Kak H
I8 TAQCKOre H LHAHKHAPDHWYECKOrO RHOROB, 3aKOH TPEX BTOPHIX:

I,= KU}, (39.34)
OTKYZa

S=3 KUYr= 3 K*l}s=al}h (39.33)

Mertoan npuOIMKEHHOTO pacyeta Koadpunmenra K and peajbHBX AH-
ofnos cm. [J1.5.1; JI.5.2] m ocoGenro [J1.5.10].

Kak H3BECTHO 43 TEODHH BHUOPAMHTEABHRIX YCTpPoOHCTB, B TEueHwne
HENMpOBOAYILEro MOJAYNEPHONa Ha KEHOTPOH MOAETCAd TaK HasnWBaeMoe
ofpaTHOC Manpawenue Uy, KOTOPOE MOMKET NPEBOCXOIHTH B OTAGALHHE
MOMCHTH aMIUMTYAY BHIOPAMAACMOFO Hanpmxenus, ITon nedcranem U,
ucpes KeHOTPOH Teuer caabui#t ofpatnuf#t Tok. Ecam Uy, OUYEHL BENHKO,
TO MOXET RO3HAKHYTH nNpoDoii H yepe3 KEHOTPOH MPOKAET CHABHBIH
oOpaTHH#l TOK, YTO OOGLIYHO BENET K aBapHn, Il03TOMy HanGONbLICE
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obpatioe HanpaweHHe [Uysplmax, TPH KOTOPOM EIE HET YTPO3H NpoGos,
ABAAETCA NapaMeTpoM XeHorpona, Jlnsg npasHAbLHO H3rOTOBJIEHHOIO KE-
HOTPOHA [Uysplmax OMpenenseTcs KOHCTpYKHHMeH. Bsoaw KeHOTPOHaA
Bl13C (puc. 337a) mpoxolsT 6AH3KO OOWH K APYTFOMY YEpeEs CTEKATHHYIO
HOWKY <«Tpe6elukoBOro» THNI, H T03TOMY A4 HEro [Uysplmax HEBEAHKO
(1700 8). B xenorpoue B-27/0,8 BBOAM Katoia W aHOAA CAEAAHH B pa3-
HHE CTOPOHW Ganaona, u 1as Hero |Uysplmax paBHo 27 000 . Ilpuemom
pPa3HECeHMS BBOJOB TOJB3YIOTCA BCErJAd, KOrAa HYXHO YBEJAHYHTL NpO-
OUBHYI0 NPOYHOCTL JAMITHL.

3]

3
Puc. 337a. JIByxanoiumift Keho- Prc. 337 6. BhiCOKOBOIBTHHIE KeHO-
TPOH ANA HHTAHAA YPHEMHO-YCH- pon B-27/0,8.
anteapnrx namn SHU3C. ] — xartox; 2 — mpy®HHKA AIA HATIKEHH

I —W-ofipazuniil katon; 2— anoxsl; 3 — KaTola; §—aHOR.

LeTanH KpennenMq; 4 — rasolorioTHTE b
{reTrep}.

JpyraM MOMEHTOM, KOTOPEIH UPHXOAHTCS TPHHHMATL BO RBHUMaHde
NPH KOHCTPYUPOBAHMH KEHOTPOHR, SBASETCA HarpesaHue anoja. HawGoab-
1A PACCEHBAEMasl MOILHOCTL IIPH €CTECTBEHHOM OXJAXKIEHHW 4Yepes M3-
Ayuenne 1% Mo cocrasaser 4 - 6 sm/cu®, nan Ta pasna 8 + 9 am/cu®.
ITromane anmosa foakHa OHTB HACTOABKO GONLLIOH, YTOOH NMPU HaHGOJb-
LEM paccToaHuK He OHaa NpeBhmeHa MApeAenbHas Harpyaka.
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Ind meTeKTOPHHX AHO0AOB, PabOTAONIMX NPH MaJbX AHORHKX TOK4x
H HaNPAKEHHAX, OTNAJAOT TPYAHOCTH, CBA3aHHBIE € NEPErpeBOM ano:I1a
# OOpaTHHM HanpmxeHueMm, 3anaya CBOAMTCA K MONYUEHHID B DEKHME,
HaJE€KOM OT HACHIUEHHA, aHOAHOTO TOKa AOCTATOUHOH BEIHYMHBI NPUA He-
QoJablOM  (MOPSIKA  HECKOJABKHX
BOJBT) aAHOJIHOM Hanpsxenun. Ha
MPakTHKE STH TPeboBaHHUs BLINOI-
HAITCH 6e3 ocoboro Tpyia B aHone
C HeOOIBIINM PACCTORHHEM MEKIY
a3eKTpoaaMi, Bea aaexTpoanas ci-
CTeMa OKaseiBaercs HeGoabwOl mo
pasMepy, ¥ 3T0 1103BOA%ET 00BEAU-
HSITL B OAHOM OaljJoHe apa JHoaa,
KaK 5TO NOKasaHO Ha puc. 338, nian
AUoL C TPHOAOM HAA  TEHTOOAOM
(cv. nmxe puc, 363).

Cucremy o06o03HaueHus AUQAOB
H APYTHX 3NCKTPOHHLIX NAaMIN, COOT-
BETCTBYIOIYI0 npHueatomy B CCCP
cranaapty (I'OCT 5461-56), cm. B
§ VL

§ 40. dnexTpocTaTuyeckoe mome FHC- 338. ﬂe’“%"gj‘é‘ﬂ ABOHHOI 021
H MOJHbH TOK B TpHOXE 1 —nmoJorpenunte saeMenTH; 2 —xarol; 3 — anod;
4—chopansle nepEaTear; J-— MeTaIndyecKhi

. i BKpaH, CKPEMIEHHLIT ¢ RHOM 1aMpey; 0 — serat-
TpHOﬂOM Ha3LWBACTCA SNEKTPOH m-mecuuﬁpﬁa:mon; 7 —amo aavnel &= CTEKAAH-

Hag AaMna, UMEIOMas TPH 3NRCKTPOAA:  Hele GYCHAKIL, H3OIMPYWIRAE BEOTL, 9 —rerTep.
. Bropoft A0 pacironokel CHMMETDHYHO NEPBOMY
KaTO4, aHOA H {PacnoJIOAKEHHY 0 32 SKPAHON .
MOYTH BCErAd MEXAY HHUMH) CETKY.
Boo6uie rosops, 1eKTPOHHHE NOTOK, TEKYVILWE B NPOCTPAHCTBE KAaTOL —
CETK2, MOKET DacnpeiensTbCd B JajbHeditem MeEKAy ceTxol M anoxou,
XOTH B NDHMEHAEMBIX Ha NPAKTHKE CXeMaX CeTO4YHBIH# TOK uacTto OsiBaer
oueHb Mast. Taxum o6pa3oMm, Teopun TpUOIA €CTECTBEHHO pacnajacTes Ha
JBE YaCTH: BLIYICACHHE IOAHOIO TOKA, TEKYILEero ¢ NOBEPXHOCTH Karoia,
1 HAXOMACHUE pACHPEIC/ICHHS TOKa MEmKAy awoilom M ceThofl, das pe-
nIeHHa nepaol U3 3TUX 32134 HYXKHO CHAYaJda HailTi s571eKTpocTaTHuecKoe
MoJa€ B OTCYTCTBHE NPOCTPABCTBEHHOrO 3apsia,

1. dnexTpocTaTHYecKOe mOJe TpHoJa. B cospeMeHHWX TpHOlax H
MHOTOCETOUHBIX JIAMAAX MPAMEHAIOTCH CETKH BEChbMA PA3ANYHHWX KOHCTPYK-
LHil, HEKOTOpPHE M3 HUX NOKasaHm Ha cxeMatuueckoM puc. 339. Kon-
CTPYKIIMH CETOK H HX NO/JOKEHHE B TPHOIE BUAHBL TaKAEe Ha MPHBEACH-
4KHX Huke puc. 363, 364, 383 u aAp. CeTku ornuvawTCA IPYr OT ApYyra
CTPYKTYpOH #ueek, ¢opmodl NOBEPXHOCTH, Ha KOTOPOR PACRONOKEHLL
MPOBOJIOKH CeTKM (MAOCKOCTh — PHC. 339, 4 ¥ 6 KpyrawH mnsuHap —
pac. 339, 6 u 9, >AAUNTHYECKAH LAIKHIP, uNapaasesenynes o jxp.), o
KO3pPHUMEHTOM  32M0JHEHHA — YHC/IOM, MOKA3bIBAIMM, KKV 1010

© B. il Iagouse, u. 1§
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BCEH NOBEPXHOCTH CETKM WM €€ YACTH 3AHHMAIT NMPOBOAOKM CeTKH, Ecan
Ha 4aCTH MOBEPXHOCTH CETKY niowmazsio @ ¢u® NpPOBOAOKAMH, T, & Meran-
aoM, 3anato Q' ., M, T0 KO3DUUUEHT 3aNONHEHHRE B STOM MeCTe CeTKN

al

Pnc. 339. [lpusepnl KONCTPYKUHUR CETOK.

¢ — G9XBHIRCTAHTEAS» TLIOCKAS CeTNA; 4 — «3KBMANCTAHTHAR» [MHIMHEIPUYECKAan CeTKa [«fe-
AUTHLE KOAECOw); £ — [IIOCKANW CETKA ¢ KBAFPATHWIMA A9elfKdMF; 2 —CeTKa ¢ KPYTrANMA oT-
BEDCTHANY; O — CNMpaabHad CeTKd € IBYME TPaBepIaNe.

}
m:QJT_ Ing cetkn 0AHOPOAHOH CTIPYKTYpPH KO3(UiueHT 3a10.1HE-
HUS [OBCIOXY OAHHAKOB M PABEH CpeIHeMy KO3h(MUHEHTY SanoJHeHHs

- QMQT

Meg==0"s

ra¢ () — NOBEPXHOCTL (reoMeTpHuecKas) CeTKu H Q.. — YiCTh ee, 3a-
MOMHEHHAs OpPOBOAOKaMH. Tpasep3nt (CTEP:KHU, NPUAAIOUIHE CETKE Heo6-
XOJUMYIO KOHCTDYKTHBHYIO KECTKOCTb) HApYWailoT OAHGPOAHOCTb CTPYK-
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TYPH CETKH, B A48 T€X YYAaCcTKOB, rZe OHU MNPOXOIAT, KOI(DPuuHeHT
3anoaHeHun m GonblUe.

Crpornid pacuer SACKTPOCTZTHYECKOrO MOMA B TPHOAE U3-32 CJIOK-
HOCTH KOHCTPYKIHMM CETOK TNOYTH BCErfa HeBO3MOKEH. TOALKO B CaMuX
APOCTHX CAYYaAX, a HMEHHO 1A TPHOAOB ¢ IIOCKHMH WAH [AAAHADH-
YeCKHMH CE€TKaMH, o0O0pa30BaHHKIMH  DPAaBHOOTCTOALMMH  {IPOBOJCKAMA
(puc. 339, @ u 6), MOXHO TOYHO DACCUNTATH 3IJAEKTPOCTATHYECKOE TIOJE.
Takue CeTKH pedko NPUMEHAOTCH, OJHAKO Pacuers WX hojel oyenb Ho-
aeansl. [ToayucHuwe QopMyas yIaeTcs BHAOH3MEHHMIb, TaK YTO OHH OKa-
3HBIIOTCH . € JAOCTATOYHOH NAA MPAKTHKH TOYHOCTRIO NDHIOAHHIMH 14
ceToK Mo6oR CTPYKTYpHI.

CnenaeMm npexsae BCEro HECKOABKO 3aMCUaHUH, OTHOCHIIHNCA K TpU-
odaM BceX KOHcTpykumi., Jlone Tproaa oObiyHO MOKHO ¢ OOAbIOH
CTENEHbIO TOYHOCTH CYHTATh JABYXMEPHHEM, H CICI0BATEJBHO, €r0 MOXHO
H3YUHTh METOAOM 3JEKTPOAUTUYECKOW BAHHH HAM HaHTR C MOMOWLIO
pacuera (§ 4). _

Ha puc. 340 noxasans SKBRMNOTEHUHANbHHE JUHUA TPMOAA C CETKOH,
o0pa3oBanHOl PaBHOOTCTOALLMMHM TNPOBOAOKAMH, TpHuUEeM (B AansHeHlueM

+40 ' : 80—~
+ 20 66— dog

-5 -

Pac, 340. Moae B niockoM tpuose dy, . >5 K dy, ¢ > 8.
TaKne CeTKH. Mbl GyAeM HashlBaTb SKBHAMUCTAHTHHMUY; puc. 339, a 4 6) pac-
CTOAHHE MEKAY NPOBOJOKAMH § MHOTG MEHBIUE PacCTOSHHA OT CeTKH A0
Katopa &, w a0 aHoda d., Kak BHAHO, Blaiu OT C€TKA H mo ofe
CTOPOHB OT HEE NeAe OUCHbL GAM3KC K OJHOPOIHOMY, HO OIHOPOIHOUTS

6.
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PE3KO Hapywiaercs RGAHAR NPOBOJOK CETKH. [lpoTaxennocTs «OBmikneht
o8acTH Moy, A€ [0Ae CYUIECTBEHHO HEOAHOPOIHMO, 3aBHCHT OT CTDO-
SHHA TYeEK CEeTHKM: YEM MEHLIUE Pa3Mep SUEEK W Y€M TOHBLLIE NMPOBOIOK2

CeTKH, TEeM MeHLIUe pasMeps

i00 00 «GaukHel ob6aactu». Jlerko ceGe

UpeACTaBUTh, 4YTO TO KC Camee

a0 80 OyJaer BEPHO AJ9 CETOK C 000l
opmol sueex.

50 60 Hano c¢ka3aTe, UTO B peanb-

HLEIX JaMnax 10 of€ CTOPOHb

40 40 - OT CeTKH CYWECTBYIOT obGaactu

30 2 OAHODOAHOrO THOAA HE BCErAa H

— 20 - He 80 Bcex pexuMax. Ecau, Kax

T T 3TO Hepeako OwBaeT B COBpE-

N K paccTOofaH{i0 CeTKa — Katol,

. TO fI0A€ Y KAaTOAa MOKeT GHTh

Puc. 341. Moze’ s chmm TpHofe npy  OUCHB HEOIHODOAHLIM, HaNpHMeEp,

. ¢ S. B IJIOCKOM - TPHOAE, [10J1€ KOTO-

poro nas ABYX pexumoB u3obpa-

#eHo Ha puc. 341. 10T cayualh GYACT pacCMOTpPEH OTASNLHO, HO B Ha-

cTOSmEM mnaparpade MK OydeM CUdTaTh, yTo 110 O0E CTUPOHBI OT CETKH

Ha GOCTATOYHO OOJBINOM OT HEE DACCTOAHNM CYMIECTBYIOT <«HaJbHHE® 00-
AACTH OJBOPOAHOIO MNOJA.

2. DddexTHBHHH NOTEHUHAN # NpoHWNAeMOCcTh Tpuoxa. [lycrs
KaTed ¥ aHog Haxomatcd B ofaacTé oZMoOpoAHOro 1moJdas Tpuoga. Pac-
CMOTPUM CHCTEMY 3JEKTPOIOB, OTIHMAIOIYIOCE OT TPHOA2 TOJABKO TEM, YTO
B Hell ceTKa 3aMeHeHa CnAoWHeIM 3jekTpogoM (puc. 342, 6), m nycre

-
"\m 2 5 //:\\3/:“ 5 MEHHBIX JaMNax, NonepeqHsie pas-
@@\\\% 5 @\\\4 /F@/ MEDPH AIYEEK O.193KH N0 BEAHUHHE
f - g } 2 g
g _ 8 ™ g

U&f x * .p A - .pf Ua
1 1dc.q
Ve O— d.’"gj_?‘"ﬂ“ { === Us
e e a
] Uf( ' » h’ ______ « Ux
a) 6)

Puc. 342. K Bipody BrpamkeHUA L8 1€ ECTBVIOLEro HAPAKeHHd B TpUoae,

NOTEHUUANN KpalHHX 2JEKTPOAOB STOH CHCTEME PaBHH MOTEHHUWANaM
TeX Ke JeKTpoioB rtpuolda. Ecam nmode B COOTBETCTEYMIUHX 06JacTax
CHCTEMB CUJIOHIHKX SJEKTPOJAOB TAKOE Ke, KaK B <«AaAbHHX oOjaacTax»
TPAOAZ, 10 TaKYK CHCTEMY M OyJeM HA3HBATh SKBUBAICHTHON CHCTEMON
NAOCKHX 3ACKTPOAOB, a4 4YacTb €€, OrPaHAUCHHYW KAaTOAOM H CR/JOUIHWM
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9JEKTPOAOM, NOCTaBAEHHRM HA MECTO CETKH TPHOAA, —— SKBHBAJEHTHHIM JIH~
0JoM. B 3KBHBAJCHTHOH CHCTEME 3JNEKTPOR, 3AMEHHBLIIAR CETKY, AOMNKEH
GelTh, OYEBW/]HO, 3apHxeH RO noreHuuana [, He PaBHOrc TOTEHUAAXY
cetkn U U, HaspiBaeTcd shpeKTUBHHM #1M TEHCTRYIOUIEM TOTEHIBANOM
B NnoCKoCTH ceTki, Ecnu sddexTuBnmii norenuman U/, ussecred, T0
MOAHHH TOK (TOK C TUOBEPXHOCTH KaToja) B NJOCKOM TPHOJAE B PENHME
TPOCTPAaHCTREHHOrO 33aPsJa MOMHO BHYHCIATD 110 GOpMy/e

J,==2,33 - 10 "Q(—U—?——lﬁ[a],

1K ecay noTeHuuaa Karoaa U, =0, To
3;’

lo=2,33-107Q 52 [a]. (40.1)

Taxkum oOpa3owm, BoyACAcHUEM 3PPEKTHBHOrO NOTEHUHAAd DEMAETCR
nepBasi M3 MOCTABASHHBIX BHIIE 3313u TCOPHH TPHOJA, & HMEHHO 3adava
06 onpegeneHuid MOJIHOr¢ TOKA B TPHOZE.

Huxe 2pdexTHBHEE NOTEHLWAA BHYHUCASH TOMBKO 19 OMOCKOTO TpH-
042 € 3KBHAWCTaHTHOH CeTKOo® npu ycaosdH, STo {(puc. 342)

p<Ls, sLd,., $<Ld .,

T. €. [IPOBOMOKH CETKH OYEHb TOHKHE, 4 KaTOA M aHOA JeXaT B <Jalb-
HUX 00JacTAX» MOJAR CeTKH. MareMarnyecks 3TOT cayyalt HauGoAee MPOCT.
Bocnonbayemcs BHIpaxeHHEM AAS [JOTEHilHana nofsn GeCKOHEUHOH 1110~
CKOH SKBHUAHCTaHTHOH pewetkHu (§ \ﬂ, KOTOpPOE MOXKHO 3amucars B (Je-
AyouleM Buae:
_2=x

Ueus =-—qln {2 2 s —-—cos( )}—|—M’

4x 91'

=—qln{ —t—l—l—-Qe oS (g;y)}—}—q%;fx—l—}w. (40.2)

Hanpasaenne ocelt rakoe *e, Kak Ha pac, 342, ¢ —3apal Ha eqHHUIY
AJMHB TIPOBONIOKH W M, M — nocrosuusie, npuuém M =M -} ¢ In'/f,
Popmyaa (40.2) nokasuweaer, uTQ Mose pEIMETKH MOXKHO pPacCMaTpHUBarh
KaK HAaJ0KeHue ONHODOGIHOrO H MPOCTPARCTBEHHO-TIEPHOIHYECKOrO Noael,
nNpuyYeM ToCAeaHee OHCTPO yOBIBACT MO Mepe ylajeHus OT IUIOCKOCTH
PELIeTKH W BAAH OT Hee; Npd X > §

4rx Iy

2x
e }1—-2 ¥ cos( _v)

TAK 4TO
4n

2%
Upen=Uspu=—gqmn ke’ }_|_ ‘“_| M_._E'Ifr'_ -+ M,

L4
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1. €. B ganbHel 30He noJjie pelleTKd, TakuM o0pasoM, OAHOPOIHO H COB-
nagaeT ¢ noaeM OGECKOHEUHOH NAGCKOCTH, 3apRKEHHOHW DABHOMEDHO C 110-
BEDXHOCTHOH NJAOCKOCTBIO ¢ = ¢;5. MHpiMn cioBaMu, B Aaneko# 30HE noae
TAKOBO, KaK €CAM Om 3apag MHOBONOK pelieTKH OHA PaBHOMEPHO <pas-
'Ma3aH» N0 Bcel ee NOBEPXHOCTH. DTO MO3BOAAST BAKJAUUTbL, YTO TOT
We pesyapTaT MNOJYYUTCA ANl OJHOPOAHOA TNO 3aMOAHEHRIC PElIeTKH
¢ MoOHIM CTPOCHUEM AYeeK.

ITode peweTkH NAOCKOE, W €rg MOKHO u3006pa3ulb cucreMoil Ixel-
NOTEHOHAABHBIX JHHHA B MJOCKOCTH Xy, K3aK 3TO CAENAHO HUKE Ha
puc. XXI (§ V). Kak euaHO U3 pUCYHKa, BAAJM OT IJIOCKOCTH penierky
JKBHIIOTEHUHAIbHBE MOBEPXHOCTH zAenalTcs naockumu. [lose, ouesnaHo,
He u3MeHsaercs, e€CaH awbylo U3 IKBHNOTEHUHAJbHHX [OBEPXHOCTEH 3a-
MEHUTE TOHKUM JUCTOM METanAa, 3apMKEHHBIM A0 MOTEHUHata 3TOo#
NMOBEDXHOCTH. «METB.’[J’IHBHpY‘H) ABE IKRUNOTCHIHANBHEEC NOBEDXHOCTH, JE-
Kaulwe 1o 06e CTOPOHH OT PeletKd B «AasbHUX 00.1acTaXs>  [0Jd, MH
HOAYNaEeM MOAENb NAOCKOro TPHOIA.

B Tpuoge noredudassl dHOIA M KATOAE 3aAdOTCA MOAKIKYEHHBIMA
K HHM HHCUIHUMH HCTOUHWKAMY H3NPAAEHHUA H Ha NOJE pEIIeTKH HaKJja-
ABIBAeTC OAHOPOAHOE NoAe A06aBOYHBIX 3apAAOB KaToda H aHOda, n3Mme-
HAloIee NUHEHHYI0 cocTaBaswmyo noteHunana. IToae tpdosa, caesosa-
TENBHO, TaK/Ke MOKHO MPEeACTaBHTb KAK PE3Y.IbTaT HANOKEHUA MPOCTPAH-
CTBEHHO-MIEPHOIAHUECKOrO NMOJAR PEUEeTKH H OJHOPOAHOro Ioas, 1. €, TOH
we gopmysoi (40.2), HO ¢ ApYyrUMY 3HAUCHMAMA MOCTOAHHHIX, U 3aMHCATh
ee B CaenyiomleM Zune'

in im:

el ~"g S T
U —=—— {e‘ —'T-l—-Qg g COSL&%_VJ}}-——BJth-:—C. (40.3)

B (40.3) nocrosuune A4, B, C MOKHO ONpPEAEAHTb H3 FPAHHUHMHIX YCAO-
BHil Ha KaToAe, CETKE H dHOJE.
Katon: U=U,, x=--d,., upuien d, >s; us (OB noayuum:

U, — B “—i—C (40.4)
Awopx U=U,, x=d_, npuuem d‘:.al >>5; ¢opmyaa (40.3) naer:
Uy==— (A} B) ”‘+C (40.5)
Cerka B Touke x =0, y=p: U=U_. U3 (40.3) caenyer:
. 2--9\ . P
U =—An{2—2 cos. ‘ }+c_ Aln{4 sin (S}}+c,

HJAH
U=4slA4-C
rae

{=-— g In {2 sin (Tg‘i)} Ao o In (m} (40.6)

-
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k3 (40.4), (40.3) n (40.6) 1aa A, B n C nmonyvaewm:

1 1 1 ) 1

s Ut Ul tan) g
Bt | 1 0 1 '
1
B dg.c dc.a

— U b U

B= — —l::j-n 1 rdc 1 { R (40.7)
T dge Vs
brll d‘: + Ul'.'. + Uﬂ d
C= K-C .4 .
'l + T 'i'
dH’-C dc.a F.

Tenepy Hetpyauo Hate  s¢pdextusnudt notenunan U,. Tlorpetyew,
1006 MOTEHUMANH B TOYKAaXx #1 TPHOAd U m° S5KBUBAJICHTHOR CHCTEMBI
(puc. 342), nekamMx Ha OJIMHAKOBHIX PacCTOAHMAX OT Karoaa, Oblid ORu-
HaKoBHl, [las noTeHuHata B TOUKE m’ MOKHO HANMCATH:

UK_-UB Um‘_UB

- x
— . X

OTKYAa
Upe == Uy 42— (U, — U, (40.8)
K.C

B TOuKe m TPHOAA, JeKAWEH B «1dabHeH 062acTH», TOTEHUHaA PaBeH
4z
Um=—-?8x—!— C. (40.9)

Hoactapasa B (40.9) auauenna B u C uz (40.7) u npupasHHBas Apyr
apyry U, & Uy, modyunm:

Ux 7=+ U + U, EL'
Uy = — e e, (40.10)
"ot

ITone 8 skeUBaseHTHON CHCTEME, B KOTOPOH NOTEHIHAA CpeaHero 3.eK-
Tpoad - onpeaensercd gopmyaont (40.10), pasro noaw TpuOLa B <«I2Mb-
HEH OOsacTH» # MO JAPYryo CTOPOHY CeTKH. ITO JErko YBUIETb, lIpH-
paBHUBas 2pyr APYry NOTEHUHAAN B TOUKE p TPpHGA2 H B TOuKe p’
IKBHUBANEHTHOH cucTeMsl (puc. 342), copepuleHHO TaK Ke, Kak 310 OMIO
caenraHo s Touex m w m'. B pesyavtate mam I/, nojayuutcs OnATh
supaxeHine (40.10). Tloane sSKBHBaAEHTHOH CHCTEMB COBRNAIdeT ¢ NO.ley
TPHOHA B <JanbHAX 006J3acTAX» N0 00¢ CTOPOHB OT CETKH, 3 MOTEHIHAI
MR IKBUBANEHTHOH CvCreMH CORMapgaeT NOBCKIDY ¢ AHHEHHOKR cocTtas-
AAOUICH N0TCHUWaNa 110AAa TpHOa.
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BeejgeM 0003HaUeCHHA;

D..=DN= ! e 5 In 3 .
1. dec dndy. 2ap

e dae S S
D,e=D= dea And.q In 25p

(40.11a)

H H230BeM [) MPOHULACMOCTHEID CETRHU I 4HOJ2 Ha Karoil HAH TMPoCTo
NPOHULLAEMOCTLIO, a [)' - RPOHHIAEMOCTBIO CeTKH 11 KaToJa Ha aHoid
uar OO6paTHOR NMPOHHULAEMOCTHIO ¥).

O6o03navan yKCcaA0 TPOBOJOK H2 EXMHUIY AJUHB CETKK YEPEe3 A, MOKHO
popmyay (40.11a) samicats B BAZC

2nnd,. . In 2pnn’

D—ot qp -t

2nnd, g f 2pn=’

D=
(40.116)

1
TAK KaKk s=_, $opuyaa (40.2} xad noTeHnHana noag peumieTk Ouna

BOepBule noavyeHa MakcpeanoM # MPUMEHCH2 aAas pacyeTa foas TPUoAa
B. Worrku. Tlostomy Gopmyam (40.11) nag npomnuaemocted TprOIA
yMeCTHO HasniBaThk Gopmynamn Maxceenna — loTTRaA.

W3 (40.11) caenyer:

O—D gc_-a, (40.12)
# (opMyae (40.10) MOXKHO npagaTb BUI ‘1
(Uybea 1 y,) D+ 0,
Uymm—Tee L (40.13)
D1+

dbopmyna (40.10), BuBegeHHad BHIUIE A8 TPHOAA ¢ IKBHANCTAHTHOMH
ceTkolt € HeOoabWIHM KO3(POHUMEHTOM 3aMOJHEHHA, OCTACTCE BEpPHOR M
AN -MOOHKX NAOCKUX TPHOAOB € OAHOPOIHLIMM MO 3aMOAHEHHIO CETKAMY,
HO gopmyant (40.11) ann ceTok ¢ 60AbIIUM KOIPPUUHEHTOM 3aNOJHEHHA
HEMPHIOIHEL.

Ecau noaoxute moreHunaa karoaa U, =0, to U, U, v U, 6ynyT
GMETh CMBIC/A HANPAXKXEHHH COOTBETCTBYIOIUMX 3JIEKTPOIOB OTHOCHTEIbHO
KaToda. B atom caydae ¢opmyna (40.10) npaMer BHI

U, + DU,
z+u{1+fﬁ)

U, = (40.14a)

*) B teopun TpHONa My 6vieM Noak3oparbCa oGoavatewasun D n D' Obo-
anavenda Dy, u D, . ¢ NBORHNMH HHIeKCAaMH YXOOHW B T€OPHH MHOTOCETOWHHIX
BaMil, Tie OoHd H OYyRyT npuMeHarbca (§ 44).
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Ecm D<€ 1, uto cupasepsnso Ans CetoK € GoabmiuM ko3dpuiHeHTOM
3aN0JHERNA, TOG NPUHOAHKEHHO

U, ~ U.+ DU, (40.146)

B dopuyaax (40.14a) u# (40.144) U, v U, — ucTHHHNE HAIPAKEHHA
CeTKH M aHOJA C YYE€TOM KOHTAKTHOH pa3HocTh noTeHuuanoB. Ec¢au obo-
3HAYHTH HANPIKEHUE, NOAGHHOE HA CCTKY H AHOL OT BHEWHUX HMCTOYHH-
ko8 uepe3 (/. g u [/ ; ¥ KOHTAKTHHE Da3HOCTH NOTEHUHANOB CETKI —
KaToX H aHOA — KaTod 4eped Uy cxy B Ugyqaxpy TO Gopyyay (40.1406)
¢cnelyeT sanucaTth B BUAE

U, =UC.5 + Uy ey T D (Uas + U a0} %Uc.ﬁ + Uk e + Dlas ,{40.148)

{14 Feal | 3 Gea
L4 D[145e2) 1+ D145 )

\ C.Kr

Tak Kak Gompwied 4acteio U 62> Uy iae
JKBHB2NEHTHAd CUCTEMA SJEKTPOJOB AA% KPYIVIOF0 UHAHHAPHUECKOrO
TPHOAA NOJYUNTCS, €CAH CETKY 3aMEHHTh CRACLIHBIM UHAMHAPOM, NOTEH-
[Han KOTOPOro onpelenserca onsTh topmymodt (40.13), rae nporunae-

MOCTH
Fe

1 In N

s (40.15)

3necs N — n0JH0€ YHCIO HPOBOJCK SKBUAKCTAHTHON CETKH W 7y, I, £y p—
COOTBETCTBEHRO PaJMyCH aHOMA, CETKH, Karoda M npoeoaok ceTtku. Ha
Busone opmyasl (40.15) upl octanasauBathes He Symem ¥).

Kak # B cnywae naocxoro Tpaoia, MOXKHO HCKIAOUNATL OOpPATHYHO TpO-
HunaeMocTe [V n3a dopmynn 3dxpexTHBHOrO DOTEHIMaAa AAS LANHHIDH-
gyeckoro rpuoga. Has /=0 dopmynsa 6yaeT HMETb BUT

U+ DU,
l—i—D[l—]—M].

In(re/ry)

3. Boluncaenyie mpoHMIAEMOCTEH IJAH TPHOAOB C CETKAMH Pa3HbIX
KOHCTpPYKkUui. Buipamedds, SbBEACHHHE AJ3 MNPOHAUAEMOCTEH SKBHIH-
CTAHTHRX CETOK, MOXHO PAacNpOCTPIHHTbL HA2 CETKU ¢ APYrHMH GopmMamu
AUEEK, HCTIONB3Ys MOHATHE KO3 HUOHEeHTa 3aNOAHEHHA CETKH

U, — (40.16)

*) [loapoGuoe HKaxoWeHye BOMPOCA O BHUMCICHHH NPOHHUAEMOCTER Cerok
PasINYHOIO 33aNOJIHeHUA H padanuscll GOPMH, 2 TaKe CBOAKY QopMyl H OneHKY
pefenos ux npusmenumoctd oM, [J1.5.3; J1.3.9; J1.5.10; J15.12])
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MW aKTUBHOHN LAAMHK NPOBOAOB CeTKA Ko3pdpunuentom aano-
HEeHWR CETKH, KaK ywe Gbl0 CKa3aHO BbllE, HA3LIBAETCA OTHOCHTEMbHAf
NA0UIANb, 3aHATas NPOBOJOKAMKA CETKH HA ee MOBEPXHOCTA. Koadduuuent
SallOJHEHUS SKBHAHCTIHTHRX €ETOK DaBeH:

9
JUIA  NAOCKOH m— "S—p = 2pn,
BN __ eV

A9 WHRAHHADHYSCKOHR m — —
Afs 1 AP 2nr, .’

AkTuBHOH LAMHOH NPOBOJMOK CETKH OyAeM Ha3weaTh HX ofmiyto Iau-
Hy, npuxoasulylocs Ha 1 ¢ AOCKOR CeTKM HAM Ha €OMHAUY [IMHH
Tpuoxa (B HanpaBJEHHUH OCH) NJ18 LHAVHAPUYECKOH cetkH. [ IKBHUIH-
CTAKTHHX CETOK aKTHUBHAA fJMHA NIPOBOAOB [ paBHa:

A7 MJIOCKOH L =—n,
AJA UMARHAPUYECKOH L— N,

B nosbix 0603Hauenusx (opmyan Makcseasta — LloTrky npuMyT Bum
l {1

Ans MAOCKOH CeTKH [D— Qndc,al.ml\ papn }, (40.17a)
1
| 1 Mom
A% HUSHHApPHYECKOH ceTkn D= T (40.176)
In-2
Fe

Ina scsxol cetkd, co6paHHOH K3 NPOBOJGK UM V3KHX METajinu-
YeCKHX TIONOCOK, HETpYNHO HaHth L M m. Hanpumep, 11a upuawnapuue-
CKoH CeTKW ¢ KBaapaTHeiM# syefikama (cM. puc. 339, ) ¢ yuetom nepe-
KPBITHE TIPOBOAOK

__Mdazr, | P _ g
L=51—4), =314

Haxoxneune L 9 m ans ceTOK APYroH KOHCTPYKIHH, B, TOM 4YHCJAE H
JA8 CEeTOK C TPaBep3aMH, KOTOpHE Takke CAeAYET YuMTHEBATh OpH pac-
uyete [ W m,— BCErjaa npoCTas reoMeTpHueckas 3agaya.
- Onmt nokaseigaer, uro npumeHenve ¢opmyn (40.17y ans D unu
TaKUM e 06pa3oM npeoGpasopanHwXx ¢opmya aaa [ npe pacuerax ce-
TOK ¢ mo0oi opMoll Ayeek, a Takxke HCXOZHHIX gopmya 40.11a u 40.116
Aaet -MPArOfHHE NS NPAKTHKA Pe3yAbTaTh, HO TOAbKO ecad m =<2 0,1

CywecTByer psa ¢opMya asas pacyera TPOHHuBaeMOCTeH u 0o.ee ry-
cToix ceToK. M3 Hux mm npuseaem toasxo dopmyan Boaxeca w Dazepa,
npuroaume no m = (,16:

D_..—2 In [cth (=m)] (nnocKue cerku), (40.18)
.. n

—S——u—-ln[ch(nm)]

pD—__m [cth (zm)] (muauaapuueckue cetkd),  (40.19)

Nin 2 1nlch(=m)]
re
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rae N=2=r,s-—nonHoe uiCI0 TNPOBOJOK IKBHAMUCTAHTHOR Kpyriaof
CETKH, 3aMeHAeMOe g CETOK /PYTrHX KOHCTPYKHHH axkrusHO# AIRHOK
[IPOBONOK,

4. O BO3MOXWHOCTH CBellcHHA TPHOAA K CHCTEMe CNJIOMHLX IJTeKT-
ponoB. OcrpoBnas smuccuf. Borpoc ¢ BO3MOXHOCTH CBENeHHs TPHOIA
K CHCTEME CTJOLHEX 31eKTpoaoB Oma uccaenoBan B. C. Jiykomkosms. Oc-
"TAHOBMUMCA KOPOTKO HAa HEKOTOPHX €ro pesyanTatax.

K cncreme ABYX MNOCHE10B2TEAbHO BKJYEHHB X AMOLOB CBOIATCH;
BO-MIEPBHYX, TPHOAH ¢ 3INCKTPOAAMH TIOCKONAPAAAECAbHEIMH, LWJIHHAPA-
YECKHMH KPYTOBOrC CE€UeHMs N CQEepPUYECKHMH H CETKOH, OJHOPOAHOH To
3aN0CJAHEHHIO, W, BO-BTOPHBIX, TPHOOH € 3JEKTpPOoAaMu HHOH QopMb 8 TEx
CAYYaax, KOraa Ko3pPHuUNEeHT 32NOIHEHNA CETKH U3MEHAETCS MO €€ NoBepXx-
HOCTH MO ONPEACACHHOMY 33KOHY, COOTBETCTBYICIEMY QOpPME 3IEKTpO-
108, 3aKOH M3MEHEHHWs 3anoaHenws ceTku Owma Hadaen B. C. Jlykowuko-
BLIM, HANPUMEP, AJS TPHOAA C 3MCKTPOJAMH B BHIE INIMNTHUYECKHX IH-
NHHAPOB, W OKa3al0Ch, YTO 3aNOJAHECHHE CETKH A0/HKHO ObTh $0JblIe B
TEX MeCTax, rae 60oablie KpUBH3HA MOBEPXHOCTA.

CyimecTsyoT, 0IHaKko, TpR OOCTOATEALCTBA, CT2BAIIMX [OA COMHEHHE
CBOAMMOCTE pEaJbHOrQ TPHOAA K CUCTEME CINIOMIHNX SAEKTPOAOB, HAN
€CH¥ TOBOPDHTE TOJNBKO O TMPOCTPAHCTBE KAaTO[ — C€TKa, AJA KOTOPOro
3TOT BOGPOC OCOGEHHO BaXeH, ¢ CBOAEMOCTH TPHOZAa K JAHOLY: 3TO OT-
KJOHEHHE $OPMHE 3JIEKTPONOR OT MAOCKOH WAH UMIMHADHUECKOH, HaszH-
yne¢ Tpaseps H GARN30CTe CETKH K Katoay. B MecTax HaxoxieHus Tpa-
BEP3 BaNOAHEHHe CeTKH Goablue, ¥ STHM MECTaM CAeAyeT NPHMIHCATH
MEHDBLLY0 NPOHHUAEMOCTh, @ 3HIUMT, M aApyroe 3Havenne [/,. Ecau cerxa
HE IIOCKa® M HEe UWJIMHIPHYecKas, 10 ¢, . ¥ €., HEOJHHAKOBH B pa3-
HHIX €¢ MeCTax, a OTCl0la CJAeAyeT, 4TO pa3AMYHHMH B STHX MECTax
OyayT npounuaemocte u U,

Taxww o0pasoM, 3aMeHss CETKY CIIOIIHHM 3JEKTPOAOM, MBH JOAKHH
6man Ol IpMnHCaTL €My fNOTeHUHaJ, HIMeHawmuiics, CTpPOro rosops,
HENPEPLIBHO BAOAbL MOBEPXHOCTH, WIH B KaueCcTse uUpHOJIHXKCHHA pasie-
AuTh TPHOL HA HECKOMLKG NAapanielbHHX TPHOAOB, M3 KOTOPHIX Ka:XKIblH
CBOAMM K OHOILY, HO MMEET CBOIO TPOHUIAEMOCTh MW CBOH AeHCTBYIO-
muH notenuma’s. Ha DpakTHKe A0CTATOUYHO TOUHBIE PEe3yIbTATH  AJeT
paspencHue TPROAZ HA TPH-IIECTh NApaaneasHux Tpuoaoe [J1. 5.27)
OuernaHo, noAHMA TOK B TpHOIE, HE CBOJHMOM K OJHOMY IMOAY, OACT
OTKJOHEHHE QT 33aKOHA TPeX BTODHIX. .

Pasaenenne Tproaa Ha HECKOJNBKO NAPaJAeabHO COEIWHCHHHX TPHO-
AoB ycnoxuser pacuerel. Jlng wacto BCTpEUaOmMUXCs  (GOPM 3NEKTPOIOB
103TOMy OHAN  NPEANOXKEHH 3MNHpHUECKHE (GOPMYAM, TO3BOJARIOLIHE
HalTH TPOHHUAEMOCTS CETKH CHOXKHOH (opmyan, ucxoas H3 GopMya aaa
nEOCKOH W unaupapuuecko#i cerox }J1.5.3; J1.5,10]. Crporo rosops, R
B TPHORE ¢ IMJAHHAPHUYECCKOH HAM NJAOCKOW CETKOH OAHOpOAHOH CTPYK-
TYPH W3 NPOBOJOK KOHEYHOH TOAUIHHH, HO C A4eHKaMid XOHEeYHHX paa-
MEPOBR NO.Je Ha KaToae HE OyleT BIOoAHE OJHOPOAHLIM, H NPH HaKaleH-
HOM Karoje rayGfiHn H NQJOXKEHHA MNOTEHUHaNbHOrO0 MUHHMYMa Oymyt
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HCOOMHAKOBB B PA3HLIX MeCTax KaTopa. B oTaduue oT HeoAHopOIHOCTER,
PaCNMpOCTPaHAIOMUAXCA HA OONbIIHE Y4aCTKH CeTKH # NOKPBIBAIOMIKX
MHOTO fl4€eK, SAECh MBl HUMEEM JE€J0 ¢ HEOJHOPOAHOCTAMH, 3AMETHHME B
npeaenax oanodl sueitkn. [Ipu U, < 0, Hanpumep, MOTEHUHAT HEMOCPEn-
CTBEHHO MNOA NPOBOJAOKAMM CeTKM OyneT HaHHMBIIAH, nOA cepeauHoi
OTBCpPCTHS — Camui BcOkHfl. BaugHue HeoaHopoaHocTe# o0oero poxa
HA 4HOAHH#E TOK MOXHO Ha3BaTe CeTOYHRM 3ddhexTom. Cetounnllt aphekT
B al00wx TpRoaax obycnoeianBaer ©Oo0Jee HAH MEeHEe $SCHO BHPaXEHHYIO
HEOAMHAKOBOCT: NJAOTHOCTH TOKA [, TEKyWeEro ¢ mnoBEPXHOCTH KaTtoaa
B MEXIY3JEeKTPOAHOE RPOCTPAHCTBO,

Paccmotpum Tenepe Tpuox ¢ cetkoff, GaMskoB X KaTtoay (dy.<<
s, puc. 341) B usrorosacHHO# B3 TOACTHX NpoBOoAoOK. B Takom
TPHOIE NOAE Y KaTOMa CUNBHO HEOAHOPOJAHO HE TOAbKO BOAH3M 3anupa-
HH TOKa, HO M Ha pabouem ywactke xapaktepuctikd. IIpn U, < 0 A
3HAYHTENLHON UACTH XapaKTEPHCTHKH Ha y1acTKaXx KaToaa, JeXaiux mnon
MPOBOJAOKAMH, YCTAHOBHTCSI DEXHM Hava/JbHHX TOKOB, B TO BPEMA Kax
1101 OTBEDCTHAMM OYAET CYUIECTBOBATh PEWUM IPOCTPAHCTBEHHOrO 33ps-
N3 » B LEHTPE [AAXe, MOXET OwnThb, pexcHM HachHumeHus. Ilo onuTHHM
ONaHHHM B TPHOMAX, AN KOTOpHX dy . << $/2 (M0 ApYrHM NaHHLIM, ec’A
d, . <), ondcannas BHIIE KapTHHAa pacnpefenceHus ToKa xaroga /. seer-
Aa mosHukaer B pabounx pewmmpmax, Taxkoe pefcTBHE CETKH, Koria Ha
KaTtoae B INpenenax KaxkaoH ayelikn ecTh YUacTKH KaTOoAd, NPaKTHYeCKH
HE Y4aCTBYIOIIHE 8 CO3ZAHHH TOKa /,, MH Ha30BEM OCTPOBRLIM SPex-
ToM. Kax n3BecTHO, B cayuae OKCHIHOrO KaToZa AaKTHBHDPOBaHWe JO
HEKOTOPOH CTEMeHH NQLIEPKHBACTCH IIEKTPOJUTHYECKN B fIpolLecce oT-
6opa anoaHoro toka ¢ oxcuaa (§ 18). Iloatomy Bo BpeMms paGoTH nam-
N HZ KaToJe MOryT o0pasoBaThCd OCTPOBKH C paszadudHoét paGoToR Bel-
X013, H TOrAa MOXBO rOBOPHT: 06 OCTPOBHOH ISMUCCHA.

Jlerko noHATh, YTO NpW HaJH4YGK OCTpoBHOro 3dibekTa TOK [, Oymer
AMETh BEMHYHHY MEHBINYIO, 4YEeM TOK C OAHOPOJIHOrO KAaTodd TakoH xe
naomann. Ho ¢ yeeawuennem [/, TOK ROMKEH BO3pacTatb ObiCTpee, yeM
N0 3aKOHY TPEX BTOPHX, TAK KaK ILIOIaAb OCTPOBKOB, HaXOJAWMUXCA B
peXMME HAuaNbHHX TOKOB, YMEHBHIAETCa ¢ poctom [/

Ouesunano, 4To OCTpPOBHOH 3(PEKT NPHBOAHT K OTCTYNJEHHIO OT 3a-
KoHa Tpex Bropbix. CTpeIT cAEman NOMBITKY BHYACAUTL TOK f,, 3a-
AABUIHCE NPHORKEHHBIM, YAOOHKM OAd pacu€Td pPacHpedeNeHHEM IOTEH-
uHaza B TIOCKOCTH CETKH M I10Jaras, 4YTO K KawIOMY H3 3JCMEeHTap-
HBX JUOAOB, HA KOTOPHE MOKHO PA3ACAMTh NPOCTPAHCTBO CE€TKA — Ka-
TOA TAOCKOCTAMH, NEPNERJAHKYAAPHLIMH K KATOAY, NPUMEHUM 3aKOH TPeX
sTopuix [JL5.12, § 4]. C noMompber HZOBOABHO NPOCTHIX pacyeToB OH
Hamen, 4to J, ~ U2 Onnako Mu He OymeM [PHBOAATE 31EChH pacue-

T0B CTpPerra, TaK K3aK OHA OCHOBAHBE Ha HENPABHALHOM MPEANONONKEHWH,
Kak 370 ykazaa B. C. Jlykomxor [/L.5.12, nonoaHeHusi pefakTopa K
§§ 4 » 5] lleno B TOM, YTO HEQOHOPOAHOCTH MO/ CETKH, KOTOPHE [IH-
Taerca yuyecTb CIpPEeTT, H3MEHAIOTCA COBCEM HO APYroMY 3aKOHy, 4eM MoJe
B JHOIE, ¥ K 3INEMEHTAapHEM AHOJAM, Ha KOTOPHE pa3leneHo NPOoCTpaH-
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CTBO CETK3 — KATOJ, HEIb3% (PHMEHATb BBIPAAEHHA, [OAYYEHHLIE A
110108, YIOBACTBOPHUTENLHOIO BHPAKERHA AJA TOKA NPH HAAHUMR OCTPOB-
HOro 3Q¢peKTa A0 CuUX NOp MOJAYYHTH HE YAANOCH.

Heo0X0aHMO 3aMETHTb, UTO B JUTEPATYPE TEPMHUHH <OCTPOBHOH 3(-
QeKT» ¥ «OQCTPOBHAt 3IMHECCAA® HE BCErAd TIPUMEHSIOTCA TaK, Kak 9TO
oo caenavo epe. Haopumep, JI B. Wy6un [J1.5.27, ra. 2, § 4]
NPH3HAKOM OTCYTCTBUSA OCTPOBHOrO opeKTa cumTtaer ofpauignne rons
HZ BCEM KaTOje B Hy/b OJHOBPEMEKHO TPU HeKOTOPOM sHauexmu (U,
MPU3HAIKOM HAMMUHA OCTPOBHOrO 3¢dexTta — OOpalleHrEe HoAsd B Hy/Ib
Ha pasHHIX YWICTKAX KATOAa Npu pasauuieix sxavenunnx [J,/U,. [To ato-
My sompocy cm. [JL21, § 19; J1.5.27, ra 2].

5. ITpoHMIAEMOCTH H MEXAYINEeKTPOLAHBIE CTaTHYECKHEe EeMKOCTH.
Tpuoa npencrasnser cofoH CHCTeMYy Tpex H3OIMDOBAHHBIX TPOBOAHUKOB,
Kak n3pecTHO H3 NeKTPOCTATHKH, 3apsiabl HAa KaKIOM H3 NPOBOJHHKOB
JAUHEHNO 3aBHCHT OT MX TIOTEHUMAAOB U MOrVT GuLiThb HafieHBl M3 ypas-
HeHpll, KOTOphEe /S 3apA0B HA Karoi¢ ¢, W Ha aHOHE ¢, HMET Bul

g = CK.KUK —I— CK.:: (Ull: - Uc) + Cx.a (Uu — Ua)!
§a— Ca.sUa '_i_' Ca.x (Ua - UK) "!" Ca.c (Ua - Uc)‘

Kos¢pdpnuuentnt C, ,, Cy .,...,C, . HA3BIBAOTCA YACTHYHEIMH EMKOCTAMI,
Hanomuuy koporko ux cmsict: Cp, 1 C,, PaBHH 101, BHOCHMOH COOT-
BETCTBEHHO KAaTOAOM W 2HOAOM B O6ULYI0 €MKOCTh CHCTEMB, €CJIH BCe
TPH 3EKTPOAA COEAUHATL Mewkay coloi#, T. €. OHH YHCIeHHO DABHH
3apAAAM HA KaTOINE M aHoAe, €CAd BCE TPU 3IAEKTPOIA, COLIHHCHITHIX
BMECTE, 3apikeHH 10 noTeHuwand, pasHoro eamtinue; Cp ., C, =C,, o
Ca.c — 9TO MEXIAYINEKTPOAHBIE CTATHYECKHE eMKOCTH Tpuoaa. Hampuwmep,
EMKOCTb MEMAY KaTOIOM H CETKOM C, . YHCAECHHO paBHa 3apsiy Karo1a, ecaH
W30MHPOBaHHAA CETKA 3apAAEHA 10 CAWHKYHOTG NoTennuata, a U/, = {/, = 0.
AHAIOTHYHO ONDPEASAAOTCH K MEXAY3NeKTpoanse eMroct C,, n C, .
OueBuano, 4TO yacTe S8apAA0B Ha 3JAEKTPOAAN, CBA33HNLIX C CYIECTBO-
BaHHEM HAMDMKEHH MY 2MEKTPOAaMH, 3aBUCKT oT emkoctedd C, , C, ., C, ..

Tak Kax sapsan ¢ Ha NOBEPXHOCTH Kakoro-IMGO NPOBOIHHKA CBA3aH
C HANpPsKEHHOCTBIO MOJAA £ Ha ©ro HOBEPXHOCTH COOTHOIEHHEM

} (40.20)

q=cQ=Q—4§-,

rie ¢ — NOBEPXHOCTHAS MAOTHOCTL 3apsia i {J — NOBePXHOCTh NMPOBOI-
HHMK3, TO, MPUMEHAA 3TO COOTHOIUCHHE K KaTO.1y, HAXOIRIWEMYCA B «Id/ib-
He# 004acTH» MOAR TPUOE, MOAYURM:
-— —_ é‘g —_— Q Un _ Ua - Q )
=00 = 4w Q= i de.  4ndy. [Ug ""
I +D0'+D dnd, . 1D+ D ’ '
o — Q@ Ue=Us( + D)+ s
a ind_,, 1+ +D .
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Ipupaensem apyr Apyry KosdduuweHts npu (/. B U, b O60BX BHIpaKe-
Auax (40.20) u (40.21) aas g, ofosnayus Q/4=d, . uepes Cp Ilomyamm:

1 D

Ge=CT1rprp Ca=CUTIpTD"
OTKYZA
—Cax
D=z (40.22a)

[Tpupasusem tenepe kosdpuuments npa U, v U, 8 BoIpaKeHNAX
(40.20) u (40.21) naa g, obGosnauua Q/4=d_, uepes Cy. [Hoayunw:

Dl

]
Co=Citrprm Ca=CTIpED:
OTKyHa
D=ex, (40.226)
a-c

6. 06 9KCcmepAMERTANBLHOM ONpeAeNeHHH npoHHMmaemocTed. [las
onpeaenenna no dbopmynay (40.22) npoununaemoctet D u [ aocratoyro
HIMEDHThE MCKAYIJEKTPOAHHE EMKOCTH, YTO, Ka3aJolh OH, JErk0 MQKHO
BMIOAHKTL C [OMOILLIO AwB0ro nMpubopa OfA HA3MEPEHMS MaldbX EeMKO-
cret. ONHaKO NpH 3TOM HAAO NMO3a60THTLCH, YTOOH HIMEPAMUCH TOABKO
EMKOCTH MEXAY AKTHBHHIMM UACTAMH SJEKTPNAOB, T. €. TaKWMKH, KOTOpME
TIEPECEKIOTCHA 2CKTPOHHBIM NOTOKOM, a8 HE EMKOCTH MEKAY 3JeKTpo-
IaMH BMECTE C EMKOCTAMM BBOZOB, TAK KaK YOCASAHHE OTHOCHTENHHO
copceM He Maan, Hywdo, caenoBarennHo, paspesaTe TPHUOI H W3BJEYb
H3 HEro SAeXTPoAHy cHcTemy. OnpeneneHHe npoHHnaeMocte#t ¢ no-
MOILBIO H3MEpPEHHA MEWAYINEKTPOIHBIX EMKOCTER OKasHBaercs NOSTOMY
Mano NpakTHyHeM., [IOHATHO TaKKe, uTO A BHUHMCACHHH NPOHHLLAEMO-
cTeli HeZb3A HCMOJL30BAThL 3HRYEHHA MENAY3JEKTPOIHHX E€MKOCTeH, npu-
BOAMMBIX B CIPaBOUIIHKax 10 3JEKTPOHHBHIM JaMIaM.

IlpoHuuaemMoCcTH HETPYHAHO HallTH, ecar U3BECTHO PpAaclpeneseHue
NOTEHIHAA2 B TPUOIL, KOTOPOE MOXKHO NPUGIRKEHHO pPACCYHTATh “nn
H3MEPATb ¢ TIOMOIULbIO 3JEKTPOJHTHYECKOR BaHHsl, Onpesenss no rycrore
SKBUIIOTENLHANBHEX AHHHR B 001aCTH OZHOPOLHOrO NOAL BEAMuuHY Aed-
cTeyioutero Hanpswenus {/, u swas U, U, dg., d., MoxuO Halti
NPOHALAEMOCTb TPHOIA H3 OCHOBHOH (HOPMYJIR

___ U+ DU,
)

Onpenesesae NPOHHNAEMOCTER MO 3TOMY MeToAy TpebyeT H3roTOBJACHHS
MOENA TPHOLA M MO3TOMY Takke npumedsercs peaxo, Hmxe Gymer no-
Ka3daHo, HTO NPOHHLUECMOCTk TDHOAQ MNipouie BCETO0 HaXOAATh H3 JAMIIQ
BLIX XapPAKTEPHCTHK,

7. lleficTeylomee HanpmKeHUe NPH HANMYHH HPOCTPAHCTEEHHOTO
sapaaa. Popmyant (40.13) n (40.14) Guau sHBedcHs A TpHOZa Oe3
HPOCTPAHCTBEIHOTO 3apsga, KOTOPHMH HHXE A/ KDPaTKoCTH Mu Gynem
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HA3WBATE «X0J0AHBM> TPHOAOM, OUEBUIHO, YTO B TPHOAC C HAKANCHHHM
KatoaoM (&ropaueM TPHOZEY) UPOCTPAHCTBECHHBIH 3aPAN M3MEHACT [0Je
H B KaKkof-10 CTEeNeHH HaMeHseT Takwe {/,, eCaM TONbKO BOQGIE MOMHO
OVIeT 01b30BaTLCA U B ITOM CAyUde DOHATHeM ACHCTBYIOWEro Hanpsake-
. Tounoe peuleHue 3azaud 0 BHYHCACHHR U/, ans ropduero T1pHoaa
BCTPEUIETCA ¢ GOABIIAMH TPYAHOCTAMY, H HHAKES 1aHA TOABKO OYEHDb YNpO-
LEeHHad TeopHus AR MIOCKOro TPHOAA.

B peanbHHX TPpHOAAX YUYET BJAMSHAA NPOCTPAHCTBEHHOrOQ 3apdaa
OCAOKHACTCA TEM, 4TO O0GAACTE HEOAHOPOAHOrG NOJA OKDJXO CETKH HMEeT
3HAYUHTENLHYI) TPOTSAKEHHOCTL M yacTe npubanxaerca K Karony, Ilpea-
cTaBuM cefe, UTO TOJLUKHHA NPOBOJNOK CeTKH H Da3MepH e¢ HuYeeKk OHXHO-

5 s
BPeMCHHO YMCHBINAWOTCA, B NMPHTOM TaK, 4TO BCAHYMHA 1= Im In _2_4‘?P acTa-

eT¢a nocrosnHofl, [lpu 3TOM B TpHOAE BenHYMHA AEHCTBYKOULEro Hanps-
HEHU W NOCTOAHHAA COCTARAAIOMIEA 11049 HE MenmoTCd, a2 00nacTh Heol-
HOPOAHOIO TOAS OKONO CeTKY CcoKpamaercd, B npeaeae mnonyuaercs
TpROd ¢ CETKOH U3 DeCKOHEYHO TOHKHX [POBOIOK H ¢ OCKOHEWHO Ma-
AbIMU AYEHKaMy, B KOTOpPOM 00J4CTh HEOIHOPOJHOro 11078 COBEPIIEHHO
OoTCYTCTBYET. TaKyw Ccetky, He W3MEHAWILY!0 HanpaBAeHHs NPOXOJRILHX
CKBO3b Hee 3aektporos, B. C. Jlykowkos nazsan nueanbHON cetkof. B
TPHOAE C MIEaNbHOH CETKOH noje NoBCKAy COBMalaeT ¢ MOJEM CHCTEMH
ABYX MOCJEAOBATEILHWX SKBHWBAJEHTHHX RHOA0B,
Pbopmyay
_ U+ DU,
T 1+D'+D

nocme HpOCTHX l’lp&OﬁpHBOBHHHﬁ MOKHO 3anHCaTh B BHIe
Uy _ Ua—U, __ U —U,

Uy

— 40.23
dy.c de.a 1 ( )
U _—
B ¢dopuyae (40.23) dl;’c =Fk, % — Fq — HaNPAKEHHOCTH N0AA

CCOTBETCTBCHHHO B TNPOCTPAHCTBE KATOA — CE€TKA H B TPOCTPaHCTRE
ceTka — anoa. Tax Kkak B Tphnome ¢ WIACANbHOH CETKOH noae NOBCHOAY
BIIOTH 10 CaMOH NOBEPXHOCTH CCTKH OXHOPOAHO, Te U3 TeopeMm [aycca
Creayer.

Uc"‘U

Ey— Ey= 2 = 4x3,, (40.24)

rie o, -— MOBEPXHOCTHAA [JIOTHOCTL 3apaloB Ha cetke, [las ropsuero
TPHOAA € HACaAbHOR CETKOH, THe, OYEeBHJAHO, NOJE HA [OBEPXHOCTA CETKR
OCTAHETCA MOBCIONY OJAVHAKOBLIM, MOKHO TaKKE HANHCATh!

U.—U,s,;
T

tne Ei,, Ege — COOIBETCTBEHHO HaNDMKEHHOCTH TOJA Y CETKH €O CTO-
pOHBl KaToZa ¥ CO CTOPOHH AaHOAd B ropauem Tpuoae, a U, o — nei-

Ey—En= ) (10.25)
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‘CTBYIOULEE HamnpseHne B Hem e, Bemwyudw Ep M £y oTanyaiorcs oT
«XONOAHKX>» HanpaxennocTe E; w E, oAHako ecaw U, > U, u npo-
CTP2HCTBEHHMH 33pad MEKIY CETKOH M aHOIOM MAM, TO MOMKHO CUMTATDL
B nepeoM npudmmkennu, uro E,.=—F; B stom cayuae

EIT — EET + U.— U,

Epy= EET —f_ Ue— U

0TCIofAa

§g=%7+0c”Ua.r:DUa+Uc_‘DUa“‘Ua.r (40.26)

Ei, = Eaq+U.—U, DU FU.—~—(0¥+DU," '
Uy—U,
e
Hefilero, E; /E; — Beu4ynHa FOPAOKA E€ILHMRIIBL.

Pewmaa (40.26) otnocurensuo [/, ,, noayunm:

i PUst U
=TT T D

Jlerko BHIETh, UTO ecau npeHeGpeub MajJBMH BEAMUHHAMH, COMEPHALLUMY
D¢ u D (D<, D<), 10

| 4 D' kD' 1
+DF+D 1T eDED

Tak Kak Eyy=— 1=D(U,— U,). Kak Oyner BHAHO “3 AaJb-

(1 -{—D’-—%‘:‘:D’). (40.27)

U, €1eA0BaTEABHO,
Ue + DU,

Vor =320 F D’

(40.28a)
rae k= F.'E, — OTHOWIEHHEe HanpPAKEeHHOCTeH NONA Ha aHOAe [HOAd,
SKBHBAACHTHOTO TPOCTDAHCTBY K4TOA — C€TKa TpHOIa B <COPAYEM» H
«XOAOAHOM» COCTOAHUAX, Touynas ¢opmyna, BrBeAEHHAd AA9 TpUOAA C
uneanbHoit cerkol B. C, JIyKOWKOBHM, UMEET BHA

U, + kDU,

Usr= i+ kD kD’ (40.286)

rae k"= Eg/Ey— Benuuuna, BooSme O6JA3Kas K €IMHHUE,

'He npuHuMasd 80 BHUMAHHE HAYaJbHBIX CKOPOCTeH#l 3AEKTPOHOR, Aas
HANPRMKEHHOCTH H2 AHOAE <ropavyeror anoja £, MOxHO Hanucats (d —
PaccTOAHNE KaTOX — aHOm)!

al 4]
Ea.rZ[E]x-dzl‘a} x-d= 3 -,
4

Tax Kak B atoM cayuae U= U, (x/d)*/s. B xonoanom muoae E,= U, /d
W 1as GHOZA
Ear
Eq

—4
=g
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[TpaMeHsd 3TOA BHIBOI K MPHAKATOAHOMY 3KBHBAJCHTHOMY NHOAY TpHOIla
C nleanbROH cerkoh, noavumm:

U U.+ pu, U, + DU,
a0 4
304D 14D+ 5]

Cl(

(40.293)

Ilna Tpuona ¢ UMNAHAPUUECKUMA 3JEKTpPOAaMu Bhipaxenue a9 U,
HMEET BHT
U.+ DU,

{ 2. r
1+Dkl +-§Iﬂi)

Qopmyan (40.29) yacTo NPAMEHAWTCA, ¥ AHCTBATENBHO, OHM ZCOCTATOUHO
TOYHB AJ8 cayuas {J, > U/, Korja u HAaUPAKEHHE B MAOCKOCTH CETKH
OTHOCHTeJIbHO geanko. Opnako ecan {/, Hesenauko, 10 &2 cHILHO OT/H-
yaercd ot 4/ Bonee TouHas, HO Bee e npubaikeHHas opMyna UMeeT_pui

U, .= ) (40.296)

==

min
B 4 L [1 n 000825TL 4015 - 10-5T,,

E, X VUB_'Umin o U, _Umin

], (40.30)
1 —

min

d
r18 Upin ¥ Xgin — €1y0HHA NOTEHUIHMAILHOIO MUHUMYMa 4 €r0 paccros-
HHe OT Kartoaa, 7,— temneparypa xaroaa. B (40. 30) Unin v U, BH-
pPaXEHH B BOJABTAX, Xmin X

K«C

d,.—B cauthmerpax. Touuoe Je
BHIYUCAEHHE 2 TPOBEICHO B 100 .
[J1.5.27, ra. 2], rae mokasawo, : \ wl L+ const
YTO A BO MHOrHX Cay4asx \
3HAUHTEJbHO Goablue 4/ Tak —/n \8;;— —
4TO B TOUHBIX pacyerax pop- el il
Mynamu (40.29) noap3oBarnen '1 5}\_ "
He/b31. , N o \ |

Kak 66110 OTMEYEHO BHiIIE, \ - N
npa {J,> U. ¢ 0OCTaTO4HON ANG
TOYHOCTBIO & =4/ == const. i N
Ho ecan U, npubauxaercs ’ N\ \ |
K U, wan jgenaerca MeHbule ! fﬂ\é\ \\ P
{/., TO NOSBIACTCS 3HAYATEND- N TN i —
HHIH NPOCTPEHCTBEHHBIH 3apax LN -
MKy CeTKoH H aHoAOM H 512 8 4 0 & 8 2 6 20%0

KOSCPQJHHHEHTH E ou k' B Puc. 343 3aBHCHMOCTD Uﬂ ar U{'. 1pH
I, = const maa TpHoaa; /= j; - 5, § — ILio-

(40.286) naenawoTca 3aBACAILH Hamb KaToTa,

MU OT peHMa Tpaoza. ITOT

BHIBOJX HaxoauTcad B coraacam ¢ onutom. Ha pme, 343 noxasaua 3aBucu-

moctb U/, o1 {/, mpu MoCTOSHHOM TOKE KaToia I, T. €. XapaKTepUCTUKH

(U Uy —cokst, H3NEpEHHslE IKCTEPUMEHTAabHG, TaKk Kak

” .

g~ U2~ (U~ DU,
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10 npu [, =const, U, -+ D&/, ==const n xapakTepucrtuka — npsayas au-
nud, OnuT nokasusaet, uto npu U/, >> U, xapaxtepuctury ({7, U,) I, =const
REACTBHTENBHO NPAMOJAHHERHB, HO NPH HeBOIbIWINX {7, NOAB.IMIOTCA OTCTYTI-
JeHUd OT JAHHEHHOCTH, yKasmpawiue ua 1o, 4to ¢dopmyaa (40.2806) ie-
naetca HepepHo#, OTCTYNJAEHAR, KAK 3TO0 H N0JS:4KHO ObiTh, J€MaNTCH
34METHHMH TEM panbule, yeM 60AblIE MIOTHOCTb TOKA,

ITo Bonpocy © OEHCTBYIOLIEM HANPAKEHUK HPH HANHUHH HNPOCTpaH-
cTBeHHOro 3apsza c. [J1.5.13; J1.5.26; J1.5.27]. .

Chepyer B 3aKJIOUEHHE OTMETUTb, UTO, KAK H B [JHONE, B3aKOH TpPex
BTOPHX COOAIOAZETCA HE TOUHO, @PHUYEM K MPUUUHAM OTKAONEHHH, 00IMM
¢ AMOAOM (BAUAHHE HAYA/BHBIX CKOPOCTEH NEKTPOHOB, NPHHIHKEHHE K
HACKUIEHHIO, HESKBUNOTEHIMAABHOCTD KATOAA d T. A,), NPHBaBAAIOTCA NpH-
YUHH, CNEUHPHYECKUE AAd TPHONA: HEOJHOPOANOCThH CTPOEHHA CETKH H
HECHMMETPHS €€ NoJoxeHun (TpaBep3a, ¢opma CeTKH), OCTPOBHAd 3IMUC-
CHA, DTH HAPYIMEHH CKA3HIBAIOTCA TAaBHBIM OODPasOM B Hauale H KOHLE
xapakTepHcTuke [ = F(U/,), cpednumit yuacTok KOTOpPO# YIOBJIETBODH-
TCABHO ONHCHIBACTCH 3aKOHOM TPEX BTOPHX.

§ 41. llepsuunoe TOKOpacnpenxeseHne B TPHOULE

Katon tpuoaa He sBaseTcCs, BOOfIlE roBeDA, €IWHCTBEHHRM HCTOUHH-
KOM 3apMKEHHRX YacTHL, M3 KOTOPHX CKAJABIBAIOTCA TOKH, TEKYLIME Ha
CETKY H aﬂon.lYIpu U, <0 u U,>>0 scaeacteue HecopepiieHHOR
OTKAUKH HA CETKY Teuer HOoHHbH TOK, 0G0 0 ickb Maami®lCerxa cawa
CAYMUT CAaGBM UCTOYHUKOM (DOTOINEKTPOHOB, 2 HHOTAA H TEPMO3JEKT-
poroWIIpn U, >0 w U, >0 wu3 o6oux 371eKTROAOB BHIGHBAICA
BTOPHYHBIE 3JEKTPOHH, KOTOPHE YaCTHYHO KAM NaKe€ TIOAHOCTBIO YBJS-
KZIOTC K 9JEKTPOJY ¢ HanGOAbWUM NOTEeHUHanoM, Biuanne BIOpUUHOR
SMACCHW OHBAET HHOrZa OueHb 3aMeTHelM, Hanpumep npu U "> U,.
Dynaem Ha3wlBaTh CAaraloniMe CETOYHONO H AHOAHOrO TOKO8, 0GpasoBaH-
HBE 3JEKTPOHAMH, SMHTTHPOBAHHHE KaTOAOM, NEPBHYHHIMH TOKAMH N
uccIeNyeM BONPOC 06 HMX OTHOCHTEAbHOH BEJAHUMHE. 3aMeTHM npexiae
scero, yto mpir U <0 u U, >0 nepsuyHu# TOK HA CETKY MOXeT Teys
TOZLKO 32 CYeT HAaya’dbHWX CKOpocTel saexkTponoB. On Kpafine Mad,
4 TaK KAK BTOPHYHHE 3JEKTPOHH € aHOAA BOSBPAILAIOTCH K HEMY
0o0paTHO M HOHHMH TOK H 3ACKTPOHHAA SMHCCHA CETKHM TakKe OOHYHO
OYeHb Maad, TO ¢ GOApWON cTenensio 10uHOCTH npn U/, < 0 B pexume
MPOCTPAHCTBEHHOrO 3apafa OylneM HUMETh:

I.=0, I,=Il,=GU"

K Bonpocy o cetounnx Tokax npa U, <70 ¥ MpakTUYeCKOM WX 3Have-
HUA MB BEPHEMCS TIO3XKE.

1. INeKTPOHHOONTHYECKHA MORXXOX K BHYHCIGHHI TOKOpachnpe-
AeAeHHA. YCHOBHS IJHd YKCOEPUMEHTAJAbLHOIO HW3YYEHUA MEPBUHYHOTO
ToKopacnpenaeaenus. Takum obGpasom, npu U, <0 sonpoc o Tokoepac-
NPEACACHHN B TIEPBOM NPUOAMACHMA CHUMAETCH, W BECH NEePBHYNHIA TOK
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Teuer Ha anon. Ho npu L. >0 n U, >0 nepsuuunft TOK paszensercs
Ha aHOMHHH H CeTOuHBIH TOKYM., MX OTHOCHTENBHEIE BEAHYMHLI HETPYAHO
OUPEACAUTb, €CAW HM3BECTHH TPACKTOPHH 3JEKTPOHOB, BHXONAIIHMX M3
Pa3AHYHHX TOYEK KaToda. Tak Kak noJe TPHOIA IJIOCKOE, TO B OTAC/B-
HBIX HaCTHHIX CRyyagx TPaeKTOPHH MOKHO NOCTPOHTL OAHUM H3 ONUCAH-
HBIX BHUIE MPUOAHAKEHHHX METOLOB WAN OnpeleanTh Ma moaean (§ 8).

Puc. 3447Tpaeumpmi NEKTPOHOB B TpPHONE, ONpefeIeHdbie
METOIOM pe3HHOBOH MeMGpanm.

JIEKTPOHHLE TPAeKTOPHH, H300DaKEHHHE Ha pHc. 344, Gmau onpene-
ACHH METOZOM pe3nHOBOH MeMOpaHB N Das/MYHHX OTPHUIATEALHMX
Hanpsoxkenuh U/, Haumnas o1 U,=0 pmo mnoaroro sanupanmg TpuOxa,
MPHYEM BO BCEX CJAYyYasX HAOPaKeHnocTs neas E, . B 1pocTpancree
aHOD—CeTKa Omia Goabllle HaNPSKEHHOCTH MeXAy CETXOH W KaTo-
oM E_ .

Hs pucyskos saano, 4To A4€HKa CETKH ACHCTBYET KaK COGHpalomas
MHH32 C CHAbHOH abeppaunedl, NpHYEM (OKYCHOE PACCTOSAHAE JHH3W
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[ra. B

MOKET OBITH OUBHDL MaAKM, T HI NHH3B JETKO YCTAIOBUTh: B MEXKIY3ACKTPOI-

Iz

e Dl i i i [y >
A
x| V=g,
@ Up<la
YE=Lor
A e e
E3=Ea‘c€ g E-I:A'=EJ' <0 f > 0
fEaef */Ecef a)
U >0
AN
)\ 2

[ I L)
A 8 c ¥

E2=Lap>0; Er=fee<l; <0 a}

- - -

#

Ex7b,> 0 E-E,50 =<0 8

Puc, 345. fluedikn cetkn AefiCTRYIOT:

a — Eag coGupawmue AWK3LL (F— EaR caalo pacceHBamumme

AYH3IL, #-—EK3K CHIBHO paccenBarumMe ARHILL

HOM DNpPOCTP3HCTBE OIHO-
POOIHOE HOJIE ¥ Karoda OT-
IENEHO OT OAHOPOIHOrO NO-
a8 y anoaa obnaactesio ebau-
31 CeTKH, B KOTOpO#H Hanpa-

, KEHHACTL (1044 HEOCTGAH -

Ha. B § 3 Guio nokasauo,
uTO TaKoe nese JICHCTBYET
Kak Jsausa-auadparma. Ta-
KHM 00pazoM, ¢ 3JeKTpPOH-
HOQOITTHYECKOH TOUKH 3pe-
HHA, TPHOX — 3TO PA1 JHH3-
nuagparm, pacnoNOKEHHBIX
pAAOM APYT C APYTOoM B
ayefKax ceTke. Taxk Kak
Auelky Tpudaa WHPOKH, TD
H npu U, <0 nortennnaa
B UeHTpe suelxu oCTaeTcd
MOJAOKHTENBHBIM (TpH L, >
~>0), 1 €CIt 3AeKTPOHM
WIYT H3 001aCTU € MEHbLIEH
HAN PAACHHOCTBIO 1017 B 06 -
adacte ¢ Qoabluef Hanps-
#WEHHOCTBIO, TO 3TO — JIHH-
3a cobupanwas.

Kak wu3BecTHo, JAHH323-
quapparma ¢ ocesol cam-
METpUeil ABAACTCE PACCEH-
B3IOIEH, eC/TU BHIOIHACTCA
VCI0BHE

_1_=Ec-x_“Ea-c <0’
7 U,

rae £, . u £, . — HanpaKeH-
HOCTH noael B «JAaIbHHX»
ofracTax  mnoas  TPHOIA
BOJIM3M KATOAA M aHoJa. Ha
prc. 345 noxasana dgopya
TpaekTopuli  31EKTPOHOB
ans caydas  cobnpawmeh
auH3w (pHc. 345, a) 1 aas
cayuaes cnadoii (puc. 345,6)
W cuabHOd (puc. 345, 8)
PACCEHBAIOILYIX JHHS.

Ha Bcero ckazaHHOro caeayer, uTo TPAEKTOPHIO 3JCKTPOHOB B TpH-
OXE MOKHO UPHOJAHXKEHHO ONpPEACINTb, PACCMATPHBAR KaKAYl0 AUCHKY



§ 41) NEPBHYHOE TOKOPACHPEAEAEHHE B TPHOJE 165

CeTKH Rak JAHH3y-aMadparMy ¢ OCCBOH CHUMMETpHef, ecan dyeHKd —
Kpyrasle otpepcTHd (pHC. 344, 2), W KaK UBJMHADHYECKYO JIHH3Y-jla-
(hparMy, €CaM CETKa SKBMAUCTaHTHaa (puc. 344, a). Pesyapratel He Oyayr
TOYHBIMH B CBA3A C PAAOM MPHYHH H [PEKIAE BCEro MOTOMY, HTO JHAH3LL
B AYE€HKAX CCTKH HE SBIAOTCA TOHKHMA,

[TpeacTaBieHne 0 ceTKE KAk 0 PAAC INCKTPOHHHWX JHH3 TIQIBOJAET
Cpasy choeaaTh 3aKJJYeHne, 4YTo ¢GopmMa TpaekTepuni, a 3HayuT, A Hep-
BHYHOE TOKOPAaCHPEASJCHHE 3aBUCHT TOAbKO OT OTHOWEHuA (/,/{/,, WHEIMH
cnosamu, [ /[, nonxuo Onte ¢yuxknmeir /U, 3Iro BepHO, oaHaKo,
TOJABKO B NepBOM NpAGAUKEHRH, TaKk Kaxk rayOuHa DOTEHUHAALHOro
MHHHMYM2 y KaTORa H ero noaoxeHue OyAyT MEHATbCA H B TOM CJIyuae,
korga {J,/U, OCTaeTca NOCTOAHHBIM, 10 HM3MEHfeTCs TOK Kartoaa .

HecO0x0nUMOCTh YCTPAHEHHA BTOPHYHOR 2MHUCCAH OCJIOKHAET IKCIE-
pUMEHTaNbHOE HCCHEJOBAHHE MNEPBHYHOIQ TOKOpaclpeaenenns. 10/bKO
npa U, =— U/, BTOpHYHBIE 3JEKTPOHE BO3IBPALLAIOTCH NOUYTH MOIHOCTHIO
K TOMY 34eKTpPOAY, U3 KOTOPOro OHH BBIILIA, H H3MEpeHHe TOKOR
B aHOAHOH W CETOYHOH uwendX HaeT MNEePBHYHOE TOXOopacnpelecHHe.
[lepBuydoe TOKOpAacApeneeHHe NPHXQIMTCA UIMEpPATh NOSTOMY (pH
HefonplInX a3HaueHHax {J, 0 {J, n NPUMEHATH A48 3JEKTPOROR MATEPHAIHI
c HeGONbMIUMH KOSPHIHEHTAMH BTOPDHUHOH 3MUCCHR (HANpHMEp, NOKPHI-
BATb HX yraepoaoM (caxek)). Ha puc. 346 mokazana samcuvmocts [ /1,

or V U /U, ana tpuopa npr U, =125 8, uamepennas B. ®. Baacosmy.
Ha 3ToM pHCyHKE OTYETAHUBO BUAHH B -

YuacTKa 2 W 0 KPUBOH TOKopacipenene- 4
HUS, COOTBETCTBYOILHX ABYM 32KOHAM TO- | Jc.
KODACHDEHEACHAS W, BHIHMO, IBYM pas- e
ARSHBIM MEXaHH3MAM NEPEX0AA ITCKTPOHOR
OT aHoAa K cerTke Ipu yeeawuenun U,/ U, 7
Cmena 3akonOB, yupasndiollHX TOKopac- /
npejexcHueM, umeet mecto npn U,/ U, = 5
= 0,7 -+ 0,8. CxoaHuie pe3yabTaTH OsiIH
monyuenn! n K. [lInasrenOeprowm, Heesepo- g
BaBIIMM TOKOpacnpeieieHde B GOJBLIOM
gyucae Ttpuoaoe [JI33, 1. L ra. T} T
Xapakrep ABnKenws 3nekTponos B obonx  0p== , —
peKHMaX BBISCHUTb HETPYAHO.

Mycts £.>>0 u chavana U, ==0, Puc. 346. .Basn{:mmcm Ifly ot
DACKTPOHE HACTHIO CPAsSy TONAAIOT HA V U.jU,, naitnennas u3 onnrTa.
CETKY, YaCThi0 W€ NPOXOAAT MUMO NPOBO-

AOK CETKU, OTK/IOHTIOTCA BCJAEACTBHE TIPUTSXEHHS K NPOBOJSOKAM, NPOXOIAT
'8 TPOCTPAHCTBO CETKAa — AHOA H, ONMCAB TaM mapaGony, BO3BPAMIAIOTCA
K CeTKE H B MTIOre ocenawr Ha Hell (puc. 345, 8). OuvennaHo, Mpa 3TOM
I.=1I, I,==0. Ilpu yseanuennn {/,, HayrHas ot U, =0, /, Gyaer po3pa-
CT4Th 0O ABYM NPHYMHAM: BO-NEPBHX, Oy AT OHCTPO YMEHbIIATECH KOJHYECTRBO
3JEKTPOHOB, BO3BPAMIAKIMIXCA K CETKe, W TEePBHMH HA aHOA NONagyT
HAWMEHEE OTKJQHEHHHE ACKTPOHH, NPOXOAfIIKE BOAH3NE CEPeaHHE AUeeK;

—_
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BO-BTOPHX, NONe MEXAy ceTko# © katomoMm Oyaer pactn, n Oyaert
YMEHBWATBCH KOJHUYECTBO 3JE€KTPOHOB, 33XBaUCHHBIX, CETKOA MyTeM mpf-
MOrO mnepexsata, T.e. yd4actku AB, CD,... xaroza GyayT CoKpamarhCs
(puc. 345, 6). lloka U, < U, Toxk [, BO3pacTaer npn yaeAHvCHHH
U,fU, raagiem  ofipazoM 32 CHeT yMEHbIUEHHS HHCAd IAEKTPOHOB,
BO3BpAILAIONXCA K ¢oTre, TloatoMy TakoH DEXMM Ha3blBRETCH PEXMHUMOM
BO3EPAT2 HAH PEKUMOM OTpaXaTeabHoro Ttokopacupedenennd Ilocae
HOCTHREHUS HEKOTOPOro npexenvHora snauenua [ /U lppe, Ha a@HOA
Oyoyr nonazaTe Jaxe HaHOOJCE OTKJOHEHHBIE 3/EKTPOHH, NMPOXOIAUIHE
BIJIOTHYI0 K NPOBOJOKaM ceTkH (cm. puc, 345, 6) Ilpn [U/,/U.] >
> [Ua/U ) npex BO3pacTanue I, uaeT TOABKO 33 CHET yMEHbLICHHT KOJH-
4eCTBA 3JCKTPOHOB, NPAMO MEpeXBaucHHnX ceTKol. B 3sTom pexume,
HOCALIEM Ha3BaHWe pPOCKNMA TPAMOFO NEPEXBaTa HAH PEXPMa NpoJer-
HOM0 TOKQpacnpeseneHnsd, Tok [, pacTeT MeldJeHHo. bmcTpora rapa-
CTaHHs TOKa J, B pewume BO3BpaTa upw yeeakueHud U,/ 3aBHCHT OT
CTPYKTYDH CeTkH. B cayuae <«uncansHoh» CeTKH, C OGECKOHEYHO Ma-
NBIMHE  YEHKAMH M3 GECKOHEYHO TOHKHMX NPOROJIOK, 3JEKTPOHN BOOOUIE
He GyayT oTKaoHsTBCA cetkol. Ilas nee npn U, ==const >0 w {/,=0,
I,=0, vo npu nepexoxe U/, vepea uyar anofumfi TOK Cpasy AoOCTHraeT
BensunHu [, = (1 —m) [, rne m — Ko>(PPHUMENT 3aNOINCHUS CETKH,
B TO BpeMs KaK TOK CETKH
cpasy xe nanaer or /.= J,
noi,. = mi. B peannuom rpuo-
A€ TPOIECC HCYE3HOBEHUS pe-
%WM3 BO3BBPRILCHHA COOTBET-
CTBYET HEKOTOPOMY HHTEP-
B4ny 3HAYeHuH ZHOAHOrO Ha-
npaxenus ot {J,=0 a0 U,=
= {/a ¥ WIMPHHA 5TOra HHTEP-
Bala BaBHCHT OT CTPOEHHA
CeTKH.
2. Toxopacnpenenenue
, B pexume Bo3epara. Pac-
" CMOTDHM NYYOK 3JEKTPOHOB,
Puc. 347. K BwmBofy ¢popMyan rokopacnpege- NOMATAIOWINAX B OMHY M3 fUCCK
JEHHA B PEeRHRME BO3Bpara. SKAWAUCTAaHTHOH NaoCcKkol ceT-
KH, mpeactapasounyw co6ol,
KaKk 3T0 OLlJI0 BWACHEHO, UMJIMHIPHYECKYWD AWH3Y-ZHadparMy c ¢okyc-
HHM paccrossuem (cm. § D)

A

___ W,
=5 ,

KT Ea.c
rae
U.—U, U — U, U,

E,.~2co?a p a0t Ye
a. o 1 c-g 4 Fa 3
¢ dl;-i du-c d&-t
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€CAH CYMTATH CETKY ryCToH, T. e noaokuth I/, ~= U/, ¥Yroa orkaoneHus

3JACKTPOHA, MPOXOAAILEro Ha PACCTOAHHM ¥ OT CepeiMHBI e, paBeH
(puc. 347) -

von ¥ Y Eex—End__ ¥ (Ua—U U.:)
A T/ A /A N A ) DR G

3amena o uepe3 tga HE BHOCHT HOBHIX OrpanmdeHHil, Tak Kak d¢opmyaa
JHH3H COPABEAHBA TOJBKO MM MAPDAKCHANBHHIX 31EKTPOHOB.

Boiwe (§ 1, u. 1) ana noremuwana B sepmuHe napalodin, ONHCHBAEe-
MOH DJEKTPOHOM B TODMO3SMIEM OJHOPOIHOM MNOAE, OHA0 Hahlero

Usepns = UL sina = U 4%, (41.2)

rie o — yroJ, NoJ KOTOPbIM 3ACKTPOH BXOAHT B TOPMO3AUIEE NOJE;
3fecs ol onpeagaserca gopmyqaofl (41.1). Ha anon nonaayr ace siek-
TPOHH, ¥ro0. OTKJACHEHHS KOTOPHX MEHLILE yFAa Gg, ONPEAeAneMoro i3
YCAOBHA

_ £ 2 3

Haftnew, Kak pacnpeneidTcs TOK, TEKYWMH ¢ yyacTka Karolda MN,
JeK2WEro MoA 0ZHOH AueHKOH ceTkm, CuHTas WpH 3TOM, ¥TO OT Karona
A0 CETKH 3JACKTPOHH aeraT npaMoiausedino. Bocnonss3onaBuiuce (popyy-
namu (41.1) n (41.2), noayuum (puc. 347):

Tl — U, U T
S et
U, U

_D_l; [Ua_Uc__- Uc ]e )
dc.a dx-c

=1 J.)

Y

OueBuano, uto mnpn Hamux npeanonoxeunsx [,/ == 2y,/s, orxvaa,

—_— 2
nonaras, yro U, L U, n lU e U‘] 7 {J¢ [L—Q&J , IMOAYUHM:
d dI{.CdC.

la  4dgdes —
:: s(dx.:+ de.q) ]/U Bl ]/U ? (41'4)

M rak Kak [, =/I,-+/, 1O

1/ U ] 415
—-——B ]/U;—_l_-};’ (410)

rae k=1I,{], HazuiBaeTC KO3PPHIMERTOM ToKopacnpere:enus. las

s
MEKCHM2JIbHO OTKAOHEHHEIX /IEKTPOHOB Yo == Ymaz =5 — f, ¥ AN Ipa-

WHLB OGACTH BO3BPATA MOAYYAETCA YDABHEHHE
s—2%W | [Us—U. U7
UA= e ~rr »
: 2 44, de.a dy.c

»

(41.6)
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