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n'pnﬁopon _________ A 516 BHY) NPHOOPOM Ha3HIBAETCS INEKTPOBAKYYMHEH npuGop, B KOTOPOM 3JeK-
NUTEPATYPAn s v - e 581 TPOHHEIA (MOHHMIH) NOTOK HMeeT (OpMY TOHKOrO nyuka Jyued. Te wua

3JEKTPOHHO-AYYEBBIX TPHGOPOB, B KOTOPHX C MOMOHIBIO SAEKTPOHHHX
AyyeH nonyuaercs BHAMMOE u30(pameHHe HA IKPaHe, NOKPHTOM JIOMAHO-
GOopoM WM Ha (OTONIACTHHKE, HA3HIBAIOTCA IEKTPOHHOr PAPHYECKHMY
npubopamu [JLA.16]. K aTuM knaccam npuGOpOB TpPHHAAAEKAT OCUUI-
norpadHueCcKHe M TEACBUBHOHHHE TPYOKH, S/CKTPOHHHE MHKPOCKOMH,
MEKTPOHHBIE TIEPEKIHYaTeNs U T. T :

HanGonee cymecrseHHOR dacTblo SAEKTPOHHO-AYUEBHX M 3JEKTpOH-

HorpaduiecKux MpPUOOPOB ABMRETCA YCTPOHCTBO, OGECNeUMBAIOLICE ABHKE-
HHC 3JEKTPOHOB TO TPAEKTOPHAM, oOpasylomuM ToHku# mysox. Jlas
pacyeTa H KOHCTDyKLHE 3TOH yacTi npn0opa npoCTPaHCTRERHmHA 3apaad
B nyuke, AeHCTEHE KOTOPOrO CBORMTCH K PACLIMPEHHIO TyuKa, 3aMET-
HOMY TOABKO TPH GOABIIMX MAOTHOCTAX ToKa (cM. § 1), umeer HeGoAb-
woe sxauenne. IloaToMy oCHOBHHE CBONHCTBA 3JMEKTPOHHO-AYUEBBIX TPA-
fOpOR MOXHO H3y4YaTh, HE NPUHUMAf BO BHHMauue JeACTRUE NPOCTPaH-
cTBeHHHX 3apanon. To e CaMOe MOXHO CKasate 4 O npuOOPax, OCHO-
BaHHBIX HAa WCHOJB30BAHHH (POTOIIEKTDOHHOH K BTOPHYHOIJEKTDOHHOR
AMHCCHH, ONMCAHWE KOTODHIX EK/AIONEHO B HacToOflylo raasy ((orosae-
: MEHTH, (POTOSNEKTPOHHHE YMHOKHMTENH, AEKTPOHHOOITHUECKHE 1peot-
T pasoBaTen),
o s CKasaHHOro BHUIE, OIHAKO, He CACIYeT, HYTIO NPOCTPAHCTBEHHHA
H 3apAl HE OKAa3WBAET BOBCE HUKAKOrO BO3AEHCTBHA HA PabOTy INEKTPOHHO-
Ay4eBHX H (OTOZNEKTPHYECKHX MPHOOPOB. DTO BaudHkEe HE Onpeiesset
cofotl oCHOBHHX CBOMCTB mpubopa, HO B HEKOTOPHIX OTHOUMHUAX OHO
mrionne saverno. Hampumep, BOaIMSH Katoma 3JEKTPOHHOrO NPOKEKTODA,
cAyHamero s hopMUPOBAHES 3NEKTPOHHOTO OYYKA, BANSHHE TpOCTpaH-
CTREHHOrQ 3apiald O4eHh CYUICCTBEHHO H HE MeHee BaXHO, YEM B 3JeK-
TPOHHBIX NaMMax; 5TO BJAKAHHE 3aMETHO B HEKOTODHIX pPEXHMAX B Frasg-
i HANOMHEHNL X (POTOIIEMEHTAX U T. A

i‘lpe.u.merumﬁyﬁanrenb................'...........588

&

i

e ENCI
[P

-
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§ 31. KaTononwmuHecueHuns. JKpaHn SJeKTPOHHOrpaduuecKux
npaGopor

1. lpapona KATOAOMOMHHECHEHUMA. PaccMOTpAM HEKOTOpHIE sBiE-
HHA, BOSHHKZIOUME NPH TONalaHAH NOTOKA [EPBHUYHLIX SJEKTPOHOB Ha
MOBEPXHOCTH HEMETANAHYECKOrO KPHCTANIA W YacTO  CONPOBOAKIAMUHE
BTOPHYHOIEKTPOHHYI0 SMHCCHIO, [lafeko He BCe BTOPHYHHE 3JEKTPOHH,
NMOABMBIUAECH O] ACHCTBHEM 3NEKTPOHHOH GOMOAPAMPOBKH BHYTPH KpH-
CTan1a, OKA3LBAIOTCA IMUTTHPOBaHHBIMH. IIpocnenuM cyAbby BTOpPUUHBIX
5/CKTPOHOB, OCT2BIIMXCA B KPHCTA/LIC, PEWETKa KOTOPOro AMEET Pasiauy-
HRE JEPEKTH W CBASAHHME ¢ HHMA AKLENTOPHLE ¥ ZOHOPHHE YDOBHU.

Barxyym

o o R IS ST ST T
.’3:. R R

2555
botateSetateletets
SRR

Puc. 243. 3ounas cxeMa BO3HHKHOBEHHH KeTOJOTIOMHHEC-
HEeHOHA.

Hepeuunple SNEKTPOHK HOHMBHDYIOT aTOMBl PEMISTKH, DTC  3HAYHT,
YTO HEKGTOPHE 3AEKTPOHH [NEPLXOAAT U3 3aMOJHEHHOH 30HH B 30HY TPO-
BOAUMOCTH. TaK Kak NepBHUHBE DJEKTPOHE OGNIRAIOT IHAUMTENBHOH 3HEp-
THel, TO BTOPHYHHE 2AECKTPOHBI OOJBINEH YaCTh0 MNONYUYAOT IHEPrHIO,
GoJdee uyey AOCTATOYHYIO A4 NEpexola B 30HY MPOBOJMMOCTH, M BHauaje
OKa3BIBAWOTCA HA VDOBHAX, JEWAlUIHX MHOrG BHIE HUMHEr0 Kpad 3Tol
80HH (nepexoan /—2, 3—4 na puc. 243). C yposus 4 anextpow,
OUEBHAIHO, MOKET OHTb IMHTTHpOBad. Kpome Toro, moseaenne a06GaBou-
HEHX 3JICKTPOHOB B 30HE MNPOBOAMMOCTE OyJNET MEHATs NPOBOIMMOCTD
KpHCTaMmta (sBnenne &BOSGYKACHHOH NPOEOAMMOCTH»). B maoxo uposo-
AsUEeM KPHCTaale HHKHUE YDOBHH 30HE NPOBOAMMOCTH GoJabllell 4acThio
cROGOAHE H B PE3YALTATe TEILIOBOCO oO6MeHd Iuepruedl nepefpoleHube
31eKTPORN OyayT GHCTPO (8 Tewenne npumepuo 107 cex no Teoperw
UECKHMM DACUSTAM) ONYCKaThCa K HHKHEMY Kpalo 30HH (mepexox 2-—35)
Y 3JIeKIpOHAa B TOJIOXCHAH § AMEIOTCS JBE BOSMONKHOCTH AN DEKOMOM-

—~

§ 31] KATOIOMOMRHECIEHUUSA 7

HAUMH € AWPKOH: BO-MEpPBHX, BOSMOWXER MEPEXO0A (pPSMO B 3aNONHEHHYIO
30HY € MCMYCKAHMEM KBaHTa Av,=={)) H, BO-BTOPHY, NEPEX0n Ha OIHH
W3 AKLENTOPHHWX YPOBHeH € UCNYCKAaHHEM KmanTa hv =@}, (nepexoz
5 —6), npuuem @ < Q) Teoperayeckud pacueT N4er, 4ro reppas Bo3-
MOKHOCTH M3/JCBEPOATHA ¥ B ACHCTBHTEABBOCTH HMEIOT MECTO Tepexoin
Ha JIOKaJbHHE MpHMEecHne ypoBuu. JIOKalbHBIE YPOBHH B DEalbHOM KpH-
CTaane He BNOJHE OIMRAKOBH B COOTBETCTBAHM C HECKOJBKO PAa3AnYHEIMH
YCJAOBUAMH, CYLLECTBYIOIIAMH B Da3 u4HBX HEMEKTHHX MECTAX peleTKH,
[TosToMy manyuenue, Bo3BHKamWee npn OomGapAUpOBKe KpHCTANLAd MOTO-
KOM 3AEKTPOHOB, 3aHHMZET UCAYI0 MOAOCY CMEKTPa. JTO ABJAEHHME HOCHT
HasBaHee Karogo/oMudecueHuud. Ha Hewm ocHosano ae#cTane 3KpaHOB
TEJeBH3ROHAEIX TPYGOK, 2AEKTPOHHOONTHYECKHX Mpeofpagosatencit o
Apyrux npuGopos. Bemecrsa, palomne CBEYEHHE KaTOAQMOMHHECUECHIHR B
BUZMMOH 4aCTH COEKTPa, HA3BIBAWTCA KaTOAOMOMHAHODOPEMH.

B aaexrporHorpaduueckux npufopax skpaH paGoTar B QUEHL DPas-
AnuHEX  ycaopusx, B ocnwanorpadiueckux M TeneBH3HOHHBX TpyOKax
IKpaH BO3BYyKIA4€TCS JYYOM C BHCOKOH [VIOTHOCTBIO TOKA (A0 HECKOJb-
KHX aMIeD Ha KBAAPATHHH CAaHTUMETD B [NPGEKIMOHHBIX KHHECKONax),
npoGeraonpy ¢ GOALMION CKOpPOCTBIO TIO NOBEPXHOCTH 3KpaHa, B npuGo-
pax, paboTaoiHx ¢ HENOABHAHHMH JNYYaMH, HANPUMEP B 3ACKTPOHHOOM-
THYeCKHX npeolpazosaTensnx, DJAOTHOCTE TOKa MNOPAAKAa COTHX JoJed
MUKpOaMnepa, HO BpeMA BO30YmAeHHA OueHb BeaHKo, Hanpsxenne nyuxa
QHEKTDOHOB B PA3AHYHHX CAVY3AX KonehneTcd OT COTCH BOJBT A0 AECAT-
KOB KH/10BOJbT. Takum o00pasoM, speMA BO30YkKAEHHA, CKOPOCTb EKTPO-
J—lOB H MOHNIHOCTE SJACKTPOHHOIC MY4YKa MEHAKWTCA B OUYEHB [HHPOKHX
npenenax. 7

M3 onncanHoro Belilé MeXaHu3Ma KaTOAOMIOMHHECIEHUMH CJAedyer,
YTO B 34BHCHMOCTH OT IHEPrHH MEPBHYHBLIX 3AEKTPOHOB GYAYT MEHSTHLA
APKOCThE # KN4 KaTOoIOMOMAHECHEHUWH, T. €. M08 3JIHEDRrUH NEPBHYHBIX
9JEKTPOHOB, TEPEXOAAILAs B SHEPrHl0 CBEUCHHA, HO He €€ COeKTp (Kma
An A GONLIIMHCTEA TEXHHUECKHX JIOMHHOQOpPOB cocTasiser 4 — 6%).
CnexTp KaTOIOJMIOMUHECHEHIKH — HEM3MEHHA XapaKTEPHCTHKA BEIECTBA.
Bonee toro, ecau 3AeKTPOHH nepeSpOIeHH B 30HY [POBOAHMOCTH HE
aexTpounolt GoMGapaupoekofi, a KakUM-AHGO HHEM cnocofoM, HATPUMED
nmeficTBueM CBEra, TO CNEKTP NOAYHAIOIEHCS TakHM MyTeM (OTOMIOMAHEC-
neyuHn OyneT TOMAECTBEH WAHM, MO KpaHHeHd mepe, oueHs 6.M30K K
cnekTpy Karojomounnecuenund [JL 4.1, 1. 1, § 26], v Moxuo rosoputs
O HE3aBHCHMOCTH CIEKTPa JIOMUHECHEHLAW OT crocoba ero s030yxACHHA.

310 npasKAO, 0OHAKO, COOMIAETCA TOMABKO AAS ORHOPOIHHEX JIOMH-
HOGODOB C OZHMM BUAOM HSIYHAIOIIMX [EHTPOB JjoMuHecueHumus. Crnextp
2KpaHa, COoCToflero u3 MEXaHHYECKOH CcMecd HECKOABKHUX J'lIOMHHOCl)OpOB,
A KOTOPHX KA JEOMHHECUCHIHH Pa3/IHYHBM 061)330[\! MCHBCTCS B 34BH-
cuMmocty ot Bo3Oywienus, OYIET TaKAe 3dBUCETb OT Cnocoda Bo3GYw-
Aenust, Hanpdmep OyIeT MeHATHCH TPW HW3MEHEHHWM CKOPOCTH MEpPBHYHBIX
sleKTponos. M3  Teopw KaTONOMOMMHECUEHLHH CNEAYET, 9TO OHa BO3-
HHK2ET 1 Hcyesaer ne MrHosesHo. [locie Hadana Bo3Oy:kiaeHus B TeueHwe
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HEKOTOPOrQ0 BPEMEHH pPasTOPaHHA JKOCTHLAOTCH  YCTAHOBUBIUEECR CO-
CTOAHRE W NOMHas SAPKOCTb, 2 NOCAE NPEKPALIEHUs BO3GYKIEHHR CBe-
YeHHE MCYEBAeT B TEUEHHE HEKOTOPOro BPEMEHH 3aTYXaHHS WA MOCAeCEe-
ueHHA. Bpems nocaecseuenus SBASETCA OOHUM WS BaXHEHLINX NapaMeTpOB
JMoMHEHODOPA.

Ipouece 7 —2—5—6 (puc. 243), sapepmiamoiuics n3TyucHueMm,
npoTeKaeT BecbMa GHCTpo. MewiIy TeM ONHT NOKasHBAeT, YTQG B HEKo-
‘TOPHX KPHUCTAANAX KaTOLOMIOMHHECIEHIAA HAOMOAAETCH B TEUCHHE HECKOTh-
KHX CEKYHl H Jake MHHYT 1ocne npexpauwends GoMmbGapauposkm nep-
BHYHBIMH 3JCKTPOHAMU., KaTONOMOMEHECUCHIHS € AJATEJBHMM AOCAECEe-
YEHHEM HE YKJIaAHBAETCS B TOJBKO YTO WSJAOWEHHYI TEOPETHYCCKYIO
CXEMY.

Hpeanonoxum, 4TO CYIMECTBYIOT JOKaJApHHE AeBEeKTH, Ccnocobuume
33aXBATHIBATb JAEKTPOHW M3 SOHW [POBONHMOCTH H 3AJEPNCHBATH MX M-
TeabHoe BpeMd. Takue NedleKTH MOWHO HA3BATH DJIEKTPOHHWIMH <TOBYIL-
KaMi» W COOTBETCTBYWOIIHE UM YPOBHH — YDOBHAMH npuaunakus. C ypos-
Hell NPMJAHNAHUA SAEKTPOHBl OCBOGOKAAIOTCH TEH/JGBHM JBHKCHAEM K
NoNanalT BHOBb B 30HY NPOBOJMMOCTH, OTKYJa W COBEPLIAIOT NEpexoi
¢ wusayuenuem. Bech npomecc Ha puc. 243 usofpaxen mnepexoaamu
7-—-8—9— 10— 11— 2 lloseaeHne HAPIAY C NPOCTHIMA LEPEXOAAMH
THOa [ —2-— & — 6 nepexonos ¢ 3axonoM B AoBymKky [0 ofbscuser
saBneHue nocrecseyenns. Hano cxasate, yto npupoma yposnel upmauna-
HHUA HE BC BCEX CJyyasX BHACHEHA, HO ONKCAHHOE 371eCh ABJECHHE MOC/Ae-
CBEYEHHS HE €/MHCTBEHHOS YKA3aHWE B TOAB3Y uX CYWecTsoBanua., C
taKTaMH, FOBODSLEMH B [OMb3Y CYIUECTBOBAHUA <€AOBYLIGK», NPHXO-
OMTCS BCTPEMATBCA MPH M3YUeHHH (IOTOCONPOTHBAEHMA H FOJAYIPOBOA-
HUKOBBIX TPHOMORB.

Boiile 6HIa paccMOTpPeHA  KaTONOMIOMHHECHEHINA, BOSHHKAIOWASN B
OMPENeNEHHHYX MCCTAX PEWETKH — ee  Je(eKTax, CAYKIAMMX [EHTPAMH
JIOMBHECUEHIHH. JIOMHHOPOPH TaKOrD KAACCa HA3HWBATCA KPHCTALNOMIO-
MHHO(ODaMH, ¥ K HUM NPUHAAAEKAT BEUIECTBA, NMPHMEHAEMWE B IKPaHAX
SIEKTPOHHO-AYYEBHX TPYOOK,

Ipupoza nedexkTOB, CAyKaIHX NEHTPAME CBEUEHHS B TEXHHYECKHAX
AOMUHOPOPAX, MOKET ObITh PasauyHOH, B HeKOTOPHX moMuHOOpaX uMA
MOCYT OHTb H3OBITOYHLIE aTOME OAHOH M3 KOMIOHEHT OCHOBHOH pemerTKu
'KPHCTaAAd, NOAyHaomHecd 0pH  TepMuueckod obpabotke. Ilpumepom
Takux moMuHOpopos ssaswoTcs ZnO n cyasdmawm ZnS, CdS. Ho ropasno
Yame BCTPEHAIOTCH H HMET GOALINOE 3HAuEHHE ANA TEXHHUECKHX 3Kpa-
HOB MOMHHOOODPH, Tpelywmue Aas paGoTH BHECEHHA NUCTODOHHHX NpH-
‘Mecefl aTomMOB. JlioMunodop B 3TOM Cay4Yae HasHBAlOT AKTHEHPOBAHHEIM,
4 NPHMECHHR 37eMEHT (Yalle BCEro MeTanxn)-— akTHBATOPOM. YIOmsny-
THE BHINE CYABQHAH TaKime MOryT OHTh AKTHSUPOBANH [PUMECHBIMH
‘meTaanamy. OT pofla TPHMECH 3aBHCHT COEKTP JIOMHHECUEHLUH, H ee
'KOHUEHTPALMA MPH HanGOMbIIEH SPKOCTH nOOGHPIETCA SMIOUPHYECKH
Haubonee neHCTREHHHMH W 4Y3aCTO TNPHMEHAEMEIMM aKTHBATOPAMH SBAS-
wores Cu, Mn, Ag u Zn. : ' :

|

§ 31] KATOAOMOMAHECUEHI AR 9

Ipouecc Bo3GyxmeHHs MOMHHECUEHUHH HHOCAA. SHAYATEABHO OTAR-
YaeTcs OT ONHCAHHOTO BHINE. Tax, BO3MOXKHA MIOMUHECHEHIHA Ges v3Me-
HEHUf MPOBOJAUMOCTH KPHUCTALNA — TAKHE UPUMEPEL H3BECTHH B Cay4ae
totomompnecuganun, CymecTBYIOT TaKke AOMHHONOPH, CBEYCHHE KOTO-
PHX HE HCXOAMT U3 DACTNpEeNeNeHHHE [0 pemerke uedtpos. JlioMuHec-
UEHTHHE CBOHCTBA TaKMX BEWMECTR NDHCYLIHW BCEM 3JAEMEHTAM DEMIeTKH
KPHCTA/IOB, XUMMYECKK YHCTHE OOpasihl KOTOPHX MIOT CBEUCHHE.

2. Slpxocte moMHHecueHUMH. TexHuueckue MNOMHHOGOPH NOYTH
BCEraa npeaHasHavaloTes Aad paGoTe B BHAMMOM crnekTpe, ITosToMy Bax-
HOH XapaKTEPHCTHKOH KAaTORO/MIOMHHECHEHLAH CAYMKHT €€ fpKOCTb, JHep-
T4  KaTOJONHMHUHECUEHUMH [OJAHZ RO3PAcTaTh BMECTE ¢ sHeprueH
NOTOKA BO30YKAZIOWMX 3IJEKTPOHOB, M TAK KaK €e CNeKTP [pH 3TOM
HE MEHAETCH, TO MOKHO OWUAATH, YTG APKOCTh BHNAMOTO H3JYYEHHA
TakxKe Oyaer BoapacrtaTh. OOWT NOKA3HBAET B COOTBETCTEHH C TOJABKO
YTO CKa3aHHHIM, YTO fPKOCTh KaTOJOMIOMEHECHEHIMN MOXKHO HalTH no
dopmy ae

B=Aj(U,— U™, (31.1a)

rie J— fA0THOCTE 3JMeKTPOHHOrO TOKA, U/, ~ noTeHuwan skpana u A,
m [y — NoCToAHHBIE, XapaKkTepuaylollHe BemecTso. [locToaHHan m
A9 pasHHX NOMHHOMOPOB JEKHT B Npefeaax npumepuo ot 1,3 g0 2,8,
HO OUpEe/cHHE €e, TaK We KaK W onpedenenne A u U,y BCcTpeuaer
GonblliHe SKCMEPRMEHTaNbHHE TPYAHOCTH H, Kpome Toro, A, m u Uy,
CHNILHO 3aBHCAT OT CHOCOG2 HMSrOTOBACHHA 3KpaHa, [l0ITOMY uncaensme
JaHHHE, BCTPEYAIOIINEC ¥ PASHLIX ABTOPOB, PACXOAATCR, H B YaCTHOCTH,
B PaHHHX HCCAEAOBAHUAX NMPHHHMAAK uacTo m— 1. Popmyaa (31.1) npu
3TOM NPHHUMAET BHA

- B=Aj(U,— U,). (31.2a)

Cornacno (31.2) B auuetino 3as#ceT OT DHEPrud BO30YKIAMIIHX 3FJAEK-
TpoHoB. Popumyaoh (31.2) nomb3yOTCA ¥ B HacTOAUICE BPEMS, €ClTW HET
HEOOXONHMOCTH B GOABIIOH TOYHOCTH.

Mocrosnnan Uy Ha3bIBAETCH MEPTBHM MOTEHIHAAOM, OHA A4ET HaH-
MCHLILYI0 SHEPrukd 3AeKTPoHa el/y,, TPH KOTOPOH BOSMOKHO BO3GyMmAe-
HHE KaTOAOMOMHHECUCHIMH, [lns TeXHuueckHX sKpaHos [/, newuT B mpe-
Ag/ax OT HeckOAbKEX necatkoB g0 300 s Ho, kak wsmectno, wmpuna
30HH 3aNDPEMIEHHHX YPOBHeH () He MPEeBOCXOAMT HECKOABKHX 3JEKTpO-
HOBOJILT ¥ Takad GOAbIUAA BENHUMHA MUHIMAALHOH SHEPTaH MpeAcTan-
JAFETCA HEMOHATHOH.

910 MpPOTHBOpEURE OGBACHAETCS TEM, YTO HA MOBEPXHOCTH KAWAOTQ
3KpaHa WMEETCH HEAKTHBHHE CAOH, B KOTODOM HapYIIEHO HOPMalLHOE
CTpoeHue MOMHHOGMOPA, ¥ 3NEKTPOHY, YTOGH MPOHUKHYTh K O6JACTH, CAe
PacnONOKEHB H3AYYAOMAC HEHTPH, HYKHO <TPOGHTE> HEZKTHBHBHA CAOH,
Orciona caemyer, uro {/,, MOKHO YMEHBIIHTB, TOAGHD2s COOTRETCTBYIO-
WHH cnoco6 M3roTOBASHUT 3KPaHa, W NcHCTBHTENLHO, B TaKHX 3KpaHax

U, cnumaercs 10 10— 15 8, T. e B 370M cayuae eU?u TOHHKAETCH
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IO BeNHUHHE MOPAAKA (Jp. TakuM 00pasoM, HE NPHXOIHTCA COMHERBATHCH,
49TG MEPTBHI noTeHunan {/, — cBOHCTBO NOBEPXHOCTHOrO CACG1 JKOMHHO-
dopa. _

Ha npaktuke nepeakd caydamw, korja Uy << U,; torpa ¢ pocratou
HOH TOYHOCTLIO

B=AjU™. ' (31.3)

3. Bropuuaas smuccAs moMEHODOpOE # noOTeHuWasx sKkpana. Ms
dnsnueckoro cMuicna dopmyn (31.1a) u (31.2a) caeayer, ur0 B HEX
AOMHEH BXOJMTH NOTRHIMAX 3KpaHa [/, TaK KaKk MMEHHO 3Ta BEJHYUHA
ONpENENAST SHEPTHI0 IACKTPOHOB B MOMCHT MON2ZaHHA HA 3Kpad, Mewny
Ted 3IM (GOPMYAN HACTO MAUWYT B BHIE

B=Aj(U, — U™, (31.16)
Be== Aj(U, — U), (31.26)

rae [J, — wanpsmieHwe Ha VCKODPAIOUEM JMeKTPOIE.

B wactnocry, dopmyna (31.26) (dopmyaa [lenapna) B TeucHHe MHO-
TUX €T WCMOMB30BANack B JHTEpaType no- Katoicaomupecinenund. T1po-
THROpPeuHe oTnanaer, ecan U, =~ U/,
B JeficTBUTENbHO, HA NPAKTHKE YacTO
BCTPSYAIOTCA PEKMMB, TAe 3TO OpH-
GauaeHHOEe paREHCTBO BHIMOJHAETCA.
Hywnro, caeaosatensHo, paccmor-
pers, Kaxk asapdcur U/, oT noten-
LHana ycxopswomero sgextpona U,

A3 oTeera Ha 3TOT BOTIPOC HALO
CHaYala YCTAHOBUTb, KaK CTEKAKOT
€ 3KPaHa NONAJAKILKE Ha HEro 3a-
pagpl. 3apsisl HE MOCYT ¢ 2OCTa-
TOYHOH CHODOCTBIO CTEKaTh HA 1O
CTeKAY, HH MO MOMHHOMOPY BCAEH-
CTRYME HX T1JOX0H OpOBOAHMMOCTH
(A48 TeXHHUECKUX  IOMAHOHOpOB
p= 10— 10" o.¢- c.4). Monwl ocTa-
TOYHOTO Ta3a pawe B TpyOKax ¢ ra-

' ——
Y% e Y ==U % U gopoft okycHPOBKOH TakKe MOTYT

4 NEPEHECTH TOALKO HHUTOKHO Manb#

Puc. 241, Yctasomaedue norenumnaia Sopal 3apsii ¢ 3KpaHa, CNEAOB2-
skpana. TENBHO, YHOCHTCA BTOPUYHBIME 3JIeK-

TPOHAMH, # B YCTAHORHBLIEMCH PEXH-
ME KOMMYeCTBO YXOAAIMX C SKpaHa
ETOPHYHBIX 3IEKTPOHOB PABHO KOTHYECTBY MONALAOUIUX HA HETO 1EPBHYHLIX.

Kpunaa 3asucuMOCTH KO3((HIHEHTA BTOPHYHOH SMACCHH O JHOMHHO-
)Oopa OT YCKOPSICIIETO TNOTEHUMaAd NepBHUHBIX 3MeKTponos U, uweer
BEI, OGWIUHBIA A48 3TeX KpusmX (puc. 2445 cp. ¢ puc. 174). Kosddn-
UHEHT BTOPWYKON SMACCHM o > 1 8 muiepsaae o1 U, =Ug 10 U,=U,

a— cayqail U,<Ug 6—cayaah v, > Us'

#

§ 31] KATOAOMIOMHHECHEIHA . 1t

Ing texnnueckux momuHodopor {fg==120—140 &, a U/, mavepaercs
THCAYaME BOALT. YcTaHOBHBINMMCA moTeHuwan skpaHa {J, MOkeT 3apu-
CETh OT YCKOpAMINEro notenodana &/, m OT noresumana sxpaHa 00 no-
NaxaHHs Ha HEro  3JeK-

TPOHOB (HAYaNbHOTO FHOTEH- =t
wnana ).

Pacnonowenne  a7ex-
TPOAOHE IAEKTPOHHOFO NPO-  —_ f" r==som=o=otoocme oo
KEKTOPA M 9KPaHA LOKa- i
3aHO Ha puc. 245. -

Mycrs U, < Uy, a U,
HMEET KaKOe YTOJHO 3Ha-
yenue, [1pa 9THX ycioBuax
o<1 » noTeHnuan 3Kpaua
pagaeT g0 TeX Nop, MoKa
HE TIPEKPATHICA SAECKTPOH-
uas GoMGAPANPOBKa, T. & A0 Tex 0op, noka [/, He CpaBHAETCA ¢ MOTEH-
UHAN0M KATOLZA. B 3TOM COCTOSHUM BCE MEPBHYHBE SJACKTPOHBI OTPAKAIOICH,
T. €. QOpManbHO o==1, ¥ ycTanosuBIICECS 3HaueHre [/, pasHO Hymo (ecau
nperefipedb CKOPOCTSMH BRIJIETd IAEKTPOHOB N3 KaToda).

Hyers teneps Uy <1/, = Uy < U; u Uy < U, < U, (prc. 244, a).
Bosmoxnu mma cayuas: U,=U<U,y w Uy=U" >U,. B ooux
CAy¥asx ¢ > 1, HO B NEPBOM CAyuae NoJe MeKIy 5KpaHoM, JedcTeyioulee
H3 BTODAYHEIE SAEKTPOHH, YBOAHMT HX Ha aHOA H [OTEHUHMAd 3KPaHa
pacrer. Bo BTODOM Ciyuze NoO/Me BO3RPANIAET BTOPHUHBIE SJEKTPOHH Ha
3KpaH, MOTEHWuan Koroporo naiaer. OueBuaAHO, paBHOBECHE OHIO OH
nocturuyto npu U, =U/,, ecin 6H Havanbnad CKOPOCTH BTOPHUHKIX
SJNCKTPOHOR PaBHAAACL Hynio. B age#tCTRuTeMbHOCTH HauambHas sHepras
BTODHYHBIX BJAEKTDOHOB B CpeddeM coctagiseT 10— 20 38 u pasho-
Becue Hacrymaer npd [, meckonrko Goawiuem, uem U,. Kpome Toro,
HAll BBHIBOI COPEBELIMB, €CAM MOXHO npeHebpeub M0jAeM NpoCTPaHCTREH-
HolX 3apaaos. Jlag 2xkpaHoB 062 MONPABKA HEIHAWHTEABHH M MOMKHO
cuntare (ecan Us < U, <U,), wro Uy~ U, Dthm ofbacHACTCH Kawy-
meecs ApoTHBOpeure Mexay Qopwynaamu (31.1a) m (31.16}*). B cocro-
AHHE DABHOBECHA MUCIO BTOPHYHLIX  3IEKTPOHOB, YXOOAINHX Ha aHOL,
B TOYHOCTH DaBHO YHCAY EPBHUYNHX ACKTPOHOB (HE CUHTAs PACCETHHHX
HEPBUYHBIX 3JEKTPOHOR, MOINABINMX NPAMO HA AHOI), TAK YTO TOR NyuKa
MOKHO HIMEPHTh, BKJIOYad npufiop B Hemdb avona,

Taxny 06pasoM, NOTEHIHA] SKPaHa CAEIYET 33 YCKOPAOLIAM MOTEH-
uuanon U, ¢ HM3MEHeHMeM KOTOPOro Meuserca apkocts, OQamako U,
cacayer 3a U/, TOABKO 10 U3BECTHOrO mNpefena, ’

Puc. 245. ¥npouleHnan cxeMa 94eKTPOHHO-AYYe-
Bolt TpyGxu,

{— nepBruubie sne¥TPOH:L 2 — NOAKINYEHHOE K AHOLY NpoO-
BOJRIIEE TOKDLITHE,

*) 3aMeTHM, 4TO CXA32HHOE 3MCCH OPUMEHHMO K NMOTEHIHATY H3ANTHPOBAHHITD
METLITAHYECKOTO 2AEKTPOAA, HAMPHMEP K MOTERLUHZTY W30XHPOBAHHONO AHO1A TPH-
043, ¢ TOH TOApKO pasnuue, ¥TO 3lech BO3MOXHA OOIbIAN NOMpPaBKa Ha npo-
CTpancTeenHu 3apAd. ‘
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- B camom nmene, nycte Uy=U,y > Us u U, > Uy (puc. 244). Ecmm
upa stom U= U< U,, T0O noae MexlLy SKpPaHOM H AHOOOM YCKOpSET
GTODHYHHE 3MEKTPOHH, B TaK Kak ¢ > 1, TO NMOTeHUMaN SKpaHa DacTer,
npubanxasck k /. Ecan xe U,=U," "> U,, 10 HeaasucHMo OT TOrO,
K2K HanpaedeHo none BOJAMSH YKPaHa, MOTEHUMAaNA €ro NalaeT, TAK Kak
o<1 u U, onstb-Taku npuGanxaerca k U, Orcona caepyer, uto U, —
HauGOABIIME NOTEHIHAN, KOTOPOTO MOXET AOCTHUL SKPAaH; ero HasHBaioT
npeieabHHM NOTeHuHaaoM. 3uavewms {/; nausl B Tabn. 1. PaGouee
yCKOpAIoUlee HanpsweHne OOHYHO newuT mexay Uy n Uy, v B 3TOM ke
HHTEPBaJle HAXOAWUTCA, 3HAYUAT, noreHusan skpana U/, Ocraercs 06b-
HCHUTb, NOYEMY B 3JEKTPOHHO-TyuesOoH TpyOKe nauansHeil noTeHuHan
skpaHa U, Bcerxa oxaswieaercd Goanwe, uem [J;, B DSTHO Ha BKpane
ARTOMATAYECKHE BCIBIXHBACT CPa3Y ¥E NOCJE fI0A4YH HANPAKCHHA HA [pPO-
KEKTOP,

Tlocae nmogaqn HanpsameHEs A0 MOTeHumana, Gonssiwero [/, cwavana
3APAKAETCA CTEKAO 6anAoHa HENOCPEACTBEHHO Y MECTa Bnas  BBOIOB
97EKTPOIOR. JAEKTPOHH MONEM HANPABAAIOTCA HA MECTd, SapMACHHBIE 10
BHCOKOrQ [MOTEHNAaNa, YTO BH3HBAET HOBOE IOBHIIEHHE TOTEHIHANA,
TaK K&K 3Jeck g > 1. Tak Kak CTEKJ0 He HBAAETCH MAECAAbHBIM H30.8-
TOPOM, TO € MECT, 3aPSTKEHHHX N0 BHRCOKOrO 1IOTEHIHANA, IOJOKHUTEAD-
Hele 3apaasl OyIyT ¢TE€KaTb Ha COCENHHE YYaCTKH: MOXKHO CKasaTh, 4TO
ng CTEKAY, a 3aTeéM W TO0 3SKPpAaHY HauyHET paClipoCTpPaHATLCA 3apaiHan
BOJIHA, NOBHIUAWLLAA OT YYacTKa K YuaCTKy TOTEHURAn BCed noBepxno-
crd TpyGku. Ha Mecrta ¢ NOBHIECHHLIM IOTEHLHANOM NONAAAWGT FIEKT-
POHR, BH3BIBAIONIHE JAIOMHHECHEHUHIO CTEKJa W 3KpaHa. IJTHM BOCNOJb-
sopanncs C. M. Karaee w H. A, Bapma#i ans Toro, urofW HabmomaThb
pacnipocTpaHeHue 3apaanofl BoaHH. [locae TOTO Kax pPacnpocTpaHeHHe
3apanHOH BOMHB 33KOHYEHO, BCA MOBEPXHOCTh TPYOKN OKAa3HWBAacICcA 3aps-
WEHHOR [0 OJAMHEKOBOro TMOTEHNMANZ K SJAEKTPOHHHE /yud AEA3KTCH
NpAMOAMHEHNEMA, 06pas3ys NXTHO B UEHTpe 3xpana. B nopmanabumx yciao-
BHAX BECh ONMCAHHWH MPOLECC MPOTEKAaeT HACTOABKO GHICTPO, YTO MATHO
Ha 9KpAHe BCOWXHBaeT noutd mraosexHo [/l 4.3, ra 3]

4, TexnnuecKkHe KaToaoaoMuHOdopH. B TeXHHKE K KaTOAOJHOMPHO-
$opaM MOryT TpeIbsBAATHC BechbMa pasngobGpastuie TpeGosanus. Ilpu-
BEIEM ReCKONbKO [pPHMEpOB. JKpaH mpHeMHOH TeneBH3HOHHOH TDPYOKA
JOMKEH UMETh MOCAECHEYEHHE AOCTATOYHO KOPOTKOe, 4TODH K Hauany
nepelayd Kagpa HCYe3aq0 NOJHOCTBIO CBEUEHWe, BO30y#enHoe npen-
HIECTBOBABIHHM Kaapos. Ho, ¢ Ipyrod CTOpOHL, OYeHb Maloe BpeMa
MOCACCBEUEHAS CNOCOOCTBYET NOSBAEHHIO MEabKaHHA H300pakennd ¥ A0a-
WHO GHTh HalICHO KOMNPOMHUCCHOE pemenne. B paauoA0KauMOHHEIX HHIH-
KaTopax Kpyroeoro oG3opa (nmpr He oxeHk GOJBINOH CKOPOCTH Bpalle-
HHA AHTEHHH) KENaTe/bHO HMETH IJHTENLHOE NOCNECBEYEHUE, & B OCUHJA-
norpadax, CMOTPS O HX HA3HAYEHHIO, MOTYT MOTPeGOBATBCA KAK SKPaHH
¢ JAAHTENBHHEM, TaK H ¢ KOPOTKHM IHOCNECBEYCHHEM.

L[BeTHOCTb, TOYHEE, CNEKTP, CEEUEeHHS BHOMpacTcd B 3aBHCHMOCTH OT
1070, Oyaet 11 H306paKeHne Ha 3Kpane GOTOrpaguUpOBATLCA HAR Habnio-

& 31] KATOAONOMAHECUEHIIAS 13

AaThCA RH3YaThHO. B NMEpBOM Ciyyze BWrodno CpeYeHRe ¢ npeobaala-
HHEM CHHE-(DHONETOBHX Jyuel, B0 BTOPOM — XKeATO-3e/eHuX. Ilaa uepHo-
Gesnofl TENEBU3HOHHOA NEpesayd HYXHO 0eAoe CBEUEHHE, KOTODOE MOKHO
NOAYUHTb, HM3TOTOBASA SKPaH H3 MEXanHYeCKOH CMecH JIOMHHODOPOS,
H3NYUAOLHX JAOMOJHHTENBHEE NBETd W HMEIIHX 0JAWHAKOBOE MO BOS-
MOXHOCTH BpeMs nocnecseveHud. Iaa skpanos Gonbliol APKOCTH 10AC3HO
HMETb BHCOKOE SHaueHWe npeAeapHore motennuana U

K umcay cROHCTB, HAaMHURE KOTOPHX BCErfa JKEAAaTEABHO K 4dCTO
HeOBX0AMMO InS BCex AIMHHO(ODOB, CREAYeT OTHECTH COABIIYK CBETO-
otaayy (¥am KmA), CTOHKOCTL TO OTHOIUCHMIO K OEPErpesy, sarpss-
HEHHSAM * W 3NeKTPOHHOH M HoHeOH OomOapampoBKe M  XOpollue Ba-
KYYMTEXHHUECKHE KaueCcTBa (serkoe o6esrakyBaHHe, HW3KOE JIaBAEHRE
Napos).

B Hacrosutee ppeMs wsBecTHO §0ABINOE YHCAC KATOAOMOMHHODOPOS,
NPUMEHEHRE KOTOPHX MO3BOAAET HSTOTOBAATH SKPAHK € YAOBAETBOPHTENh-
HEIMA TEXHHYECKHMH CBONCTBAMH 144 CaMHX PAa3fHUHHX 32JEKTPOHHOrpa-
¢nueckux npubopos,

CBO,ElKa OCHOBHBIX [apaMeTPOB HEKOTOPBIX )’HOTpE‘ﬁHTEJleb]X KaTaoiao-
moMuhodopoB mpHseteda B TaGa. 1 (HECKOJBPKO fono.HeHHas Tabanna

Ta6arna |
Ceoitctea yrorpebnTelbHBIX AWOMHHOdOpPOB
1
A¢hexTHE- Ipescar-
e Xumnveckud cocran LUget (:;’:a'f::l] no?f:;;z. H“u“l'::lm“'
1 nn. lcasem] | TeMM2 [cex] U, {xsl
I} Cyawdua umnxa Cuunft |09 --121 2-.10°%
/ Zn3fAg) 8§5—12
2| Cyrndua upuea deaenntii | 5,0 — 1,71 4.103
ZaS[Cu
3 | [leHk-kaamiii cyandul Henrutit [50—65) 2-107° | 7T— 12
{(ZnS: CdSy |Agl nps co-
nepHaHHK
KOMNo-
HEHT
. 50/0/50°/
4 | HHHE-CYIbhuR-Ceaenn HWentwift | 50— 8,0 192 16 — 25
(ZnS : ZnSe) [Ag]
5| Bemn#t cyaphHANNE Beawit |5,0 — 5,5 - -
) ZnS{Ag) (ZnS: CdS) [Ag)
6 | Bean#t cyvabdHA-CETCHHUI WHBKa > 45—60 —_ —
ZnS{Ag|;{(ZnS: ZnSe) [Ag}]
7| Buanemut (oprocuaukar uuuka) | emenwmit | 1,8 —2,1f 10" 65— 10
Zn,Si0,[Mn]
8 | Boashpamar KaibOua Crunit [0,14—0,18] 10°® 45—5
CaWO.

t -
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u3 [JL 4.5, rn.- 5], cocraeaenHas no maHHsiM A. B, MockrrHa). Bo sropow
cToabne TalauUbl YKasal XHMHYECKMH COCTaB  JMOMUHOGOPA, npuuem
CHAYaNa  yKasWBACTCA COeAMHENHWE, OO0PasyIIee OCHOBHYI pEIleTKy,
M 8aTEM B KBaADATHHIX CKoOKax ykasaH Merana-aktupatop. CoenuHenus,
ofpasyioliie TBepAHH PacTBOP, 3aKMOUEHH B KPYLABEe CKOOKH. JIIOMHHO-
GOpH, BXOMAIMME B BHAE MEXAHAYECKHX CMeceHl, OTACASHB TOUKOH
¢ sanatof. JddexTuRHOCT (0TAZYa) M BPEMA NOCAECBEYECHUS (ATl
H IDECTOH CTOAOLB) 3aBUCAT OT BJHSHAS MHOUHX (DAKTOPOB, H NOSTOMY
HX 3HaYCHHHA, TIpUBEICHHBIE B Taﬁ.'IPl[lE, caenyer paccMaTpHBaTe }{EI;{
OPHEHTHDOBOYHHE,

wol T B0 SN a7 2y

a0 Zns/cos (Al

)
T

288
=3

R

Jveoeus 8 omuocumensHay  eOLILGY

(]

4060 5000 6000 000 W A A

Puc, 246. Cuextpy momunodopa ZnS: CdS [Ag] upn pasiuu-
HOM CONEPMAHMH KOMIOHEHT.

B nepseix Tpex C¢Tpoxax TaGMMNM NPUBEISHH AaHHME, XapaKTepn-
SYIOIIME BECHMA PacnpOCTPaHEHHME CYAb(GHIHEE AIOMEHOGODH, Aalouide
cseuenne Goabmod SpKoCTH. Tpetha CTPOKZ OTHOCHTCH K AwMuHodoOpY,
OCHOBHAg DEIleTKa KOTOpOrc o0pasoBaHa TBEPAWM pacTsopoM ZnS
u CdS. CnexTp noMAHECUEHUWH 3TOr0 AGMHHO(OPA CUABHO 3ABMCHT
0T cozepxaund ofewx KounoweHt (puc. 246). Kax BaAHO W3 puCynKa,
MAKCHMYM HSJYHYCHHA MOXHO CABHHYTh B J0GOE MECTO BHAMMOH 4acTd
CneKTpa. BAuSeT Ha CNeKTP # KOHUEHTPAuMd aKTHBATOPA, HO SHAYHTE/LHO
caabee. IlonGopoM COCTaBA MOKHO H3MEHATE BPEMA NOCAECEEYCHHS
CYAbUAHBIX  IOMAHO(OPOB OT MUKPOCEKYHAB [0 HECKOMBKHX MHHYT,
Llunk-cy tehua-cenenin (4eTBepran CTPOKA) HHTEPECEH BHCOKHM SHaueHHey
mpenenbHoro norTeHudasa [, B nAToM n mecTol crpokax ykasaHm
MEXAHHYECKHME CMecH JoMHHOdOPOB, Jawilne 0enoe CBEYEHWe, a B CElb-
MOA W BOCBMOH CTPOKax CTOAT JaHHHE, X4PAKTEPHSYIOLIAE TPeACTARH-
Tenell CHAMKATHHX  (BHJANEMAT) MoMUHODOpPOB H  BOAB(pPaMaToB. DTH
AFOMUHOGOPB OT/HYAI0TCH BHICOKOH CTOHKOCTHIO,

§ 31] KATOLOMIOMBEECLEHLLEA 13

Heckonwke choe 06 3KpaHax, JKpaH COCTOHT W3 POBHOTO, TOHKOIO
CAOH UBMENBUEHHOr0 JMHHOMODPE, B3AKPENJEHHOr0 Ha cTexae Baanona
¢ TNOMOUBW BELIECTBA, obaaaalciiero XOPOMIMMH  CEA3YIOIIMMHU CBOH-
CTBAMH M HE 3aTPYIHRICIIEro OTKauyky upufopa. TexHoJoruas naroroblie-
HHY MOMEHOQODOB, MX HaHEeCeHHe Ha 3Kpad, 00paboTka 3KpaHa H TO-
CAeaylomul  KOHTPOAbL KaueCTRa MAOBOALHO CAOKHBEI ¥ ONHCHIBAMOTCA
B cncunaasHol quteparype [J. 4.1, 1. 11].

B pamuonoxauuonHux ipy6Kax, rae Tpebyercs LJAHTEAbIIOE NOCIecse-
YEHUE, 4acTO MPHMEHAIOTCA TOACTOCAOHHHE, TAK Ha3HIBACMBIC KACKAadHHIE
IKPaHB, DAEKTPOHH BO30YHKAAIT MOBEPXHOCTHHEA caofl awMuHodopa,
H3AYuCHHE KOTOPOro B CBOK ouepedb BosOyxzaer Oogee rayGoko
aexampe, Odumafline K CTERAY Koabu Coou.

Bpems nocsecBeuYEHHMA KaCKaiHBIX 3KPAaHOB H3MEPAETCA CeKyHA2MH
[[1 44, 1. 11, ra. 18).

MHOI‘HMH NPpEHMY LIECTBAMH OGJ]&,ILEIIOT METaAIH3IHPOBAHHBIC 3KPAHBI,
B KOTOPHX CAOH aAroMHEO(OPA €O CTOPOHH BAKYYMA NOKPHT TOHKOH
amomunucsolt menxoB. [loakoctbd yCTpanAeTCAs HOHHOE UATHO (O ero
npupome ¢M. § 36), Tak KaK HOHH He NPOXOAAT CKBO3b CAOH aMOMHUHAA,
npounuaemuﬂ I SJICKTPOHOB. Merannuueckas miaeHxa OTpamKaeT CHCT
AIOMUHECUEHIMHE H YeennyupderT 3¢QEKTHEHOCTh SK[PaHa, HECMOTPS Ha TO,
YTO 4YacTh BAEKTPOHOB TEPSEICA B MeTalaHyeckoll nieske. Haxonen,
HAIMYHE METAMIHYECKOH MACHKH NO3BOAAET MOAATh NIAMO HA 3KPaH Kakoe
¥rOZHO HanpAXeHHe, NPeBHINZINeE NPefeabHHH noTeHunan [/, momuHo-
¢dopa. Ilostomy B TpyOrax, rae tpebyerca OGoabluast SPKOCTb, HANDHMED
B NPOCKLHOHHBIX TE/CBUAHOHHHWX TpyOKax, MeTaiaJaH3upOBaHHBIE 3KpaHb
AAKOT  JAydquige pPe3yabTaTHL.

Yuomadem ente o6 sKpaHax ¢ TeMHOBOH aamuchio, QOOLUHO AAA TAKHX
IKPAHOB TNPHMEHACTCA XJOPUCTHH KajuH, THIOHYHBIA HOHHBIH KpHCTaan,
OueHL Npo3pauHHH Bo BCel BRANMON uyacTR cnekTpa. B peweTke xaopuc-
TOFO0 Kaaua MOTYT CYILECTBOBATb BAKAHTHHIE MECTa B Y34ax, HOPMaabHO
3aHATHX 3aTOMaMd Kalda H aTOMaMmH XJaopa. Onwit NOK4d3nBAET, 4TO JAOKa-
AH3OB2HHEIE B BAKEZHTHOM Y3J€ PEIIETKH XA0Pa AeKTPOHE CTAHOBATCH
nenTpamu TNoraowmenns ceeta, Ilpn GomBapauposke caos KCI ssexrpo-
HaMH TPOHCXOANT BHOPACHBAHWE SAEKTPOHOB M3 3ANOAHEHHOH TOJOCH,
OpHYeM yacTb WX OKa3bnBaetcd JOKANK30BAHHOA B BAKAHTHHIX y3nax
peleTky XA0pa, o6pa3ya UeHTpH norromeHds. B mectax nonapanns nep-
BHYHHX TEKTPOHOB 3KPaH HAWHAHAET CHJAbBHO MNMOrJomaTh CBET U B oTpa-
KEHHOM CBeTe OyAeT TemuniM. LleHTpm nornouieHus B SKpaHe H3 XJ0-
PHCTOr0 KajiMd OXashBalOTCHd upesBuvaltlHo VCTOMUMBRIMH, M TEMHOBaA
340UCE MOWET OCTaBaThkCA HAa 2KPaHe 6e3 v3MEHEHHH MHOIO 42C0B M Jawme
Zuefi. aa ee ynanens NDHXOIZUTCA HArpeBaTh WAK CHABHO OCBELUATH
IKpaH.

O630p KCOEDUMEHTaNLHEX H TEODETHYECKHX PabOT N0 KaToMOMIOME-
HECUEHIIAM, 2 TaKie HIAQKEHHE TEXHOJIOrMH KaroAOMOMMHOGOpOR R
’Kpados Hane B mouorpadum A, B. Mocxeana [JI. 4.1} O csofictax
9Kpanor cm, takxke {J. 4.4, 1. 2]
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§ 32. Mlpoceeunsaiomye SHEKTPOHHBIE MBKPOCKONB H 3JeKTpoHorpades

Moxno aymate, uTo OTNpaBHOH TOUYKOH OPH PaspaloTKe 3AEKTPOH-
HOTO MHKPOCKONA (OCAYXKHAO OTKPHTHE BOJAHOBOHR NMPUPOINE 3AEKTPOHOB
(1924—1927 rr.). Kax W3BecTHO, ywe OPH JAErKO NOCTHAHMBIX Ha ONHTE
CKOPOCTAX SACKTPOHOB [I/THHA 3JCKTPOHHLEX BOJH MHOIO MEHbIIE IJHH
BOJIH HE TOJABKO BHARMOrO, HO ® yaenTpadmoseroBoro ceera (§ 1)
Paspeiuaioman CHA2 MHKPOCKON@ NP YMEHBILEHHH AJAMHK BOJHB BO3pac-
TaeT; 0f 3TOM CAENCTBWH BOJHOBOH ONTHKHM HHke GyneT CKazano noapot-
Hee. C NOMOIMBIO 3AEKTPOHAGI O MHKPOCKON2 MOXHO GHAO, CAeA0BATEALHO,
HaZeATbCH YMEHBIUHTL BENIYHHY HAUMEHBIIETO NOCTYIHOrO HabAIOAEHHS
00BEKTa HAa HECKOJLKO NOPAJKOB N0 CPIBHEHHIO CO (BETOBHIMH MHKDPO-
cronamu. IlosTomy paspaGoTke sAEKTPOHHOTO MUXDOCKONA, HauWHA® CO
BPEMEHH TOABAEHHH NEPBLIX, €IIE OYeHh HECOBEpIUEeHHHX €ro oGpasnos,
NOCEAIMNAEN0CE MHOTO YCHAHH, HECMOTDA HAa TO, YTO MOJAYYeHHEe W HaGo-
AeHne H300paxkeHns B SACKTPOHHEIX Nyuax ropasio Mewee yaoGHH, Yem
B JIy4aX CBETOBHX, H3-34 HEOOXOAMMOCTH NOMEINEHHA OGTLEKTa B BaKyyM
¥ MpHMEHEHHA (PAyODECIHPYIOIIMX SKPAaHOR waw QOTOMAACTHHOK A4
peracTpanun HHOﬁpaH(GHHﬂ, HENOCPEALTRE HHO HEJlOCTy_l’IHO]‘O l'.‘IﬂS)'.'

1. - CeeTopoii . MuKpockon. HanoMHiMm KOpPOTHO CBOHCTBA CBETOBOTO
mukpockona. Ha pnc. 247, A npenctasaen xoa ayueldl B NPOEKIHOHHOM
MHKDOCKONE, KOoTOpuf AaeT n3obpaxenue 00LEKTa HA IKpaHe € MOMOULLID
NPOEKUHOHHOH NHHBH, 3aMeHAlWel OKYAfp, npumenseMull 144 BU3Yaib-
Holx nabmwaenu#t, Xox ayuell onpefesfeTcd BaKOHAMH EOMETPHUECKOH
ONTHKH, H& OCHOBAHHH KOTOPHX JErke NOKa3ats, 4To ofuee yeeanue-
HAE MPKpoCKoma /M DaBHO npoussejeHuio ysenuueHnii oGrexTuBa Mg
M NPOEKUMOHHON nuuH3n Mg, ., T. €

M=M06an..l. 32.1)

IInn poayuenna OOJBIIOTO YBEJAHYEHMA AHH3B MHKDOCKONA AOMKHH
OKiTb N0 BO3MOKHOCTH KOPOTKO(OKYCHMMHA. PoKycHOE paccroanue obbek-
TUBA MOKET AOCTHrRaTh HAECATHIX Ooael MHAJNMETPA.

l'eoMeTpHUCCKAA ONTHKA, [aBafA NPABHABHYI0 OLEHKY YBETHUSHHIO
MHKDOCKONA, HE MOXET, OJHaKO, HHYero CKasalb © €ro HaufoJaee pax-
HOM MAapaMeTpe — HAHMEHBIIEM pPa3pellaeMoM paccTosHHH. Yrobw naliti
paspeliaemoe pacCcTOAHME, HYKHO PacCcMOTPers 06pa3zoBaHHe A300pameHus
€ TOUKH 3pennd soanosolf Teopuu [JLA1, T 1L ra. 18; JLA, t. III, ra. 28]

Hupakuuosnan TEOpHs MUKDOCKOMA MPHUBOLHT K TAKOMY Pe3y/ibTaTy:
ecnn OO0BEKTOM CAY#aT ABA HEKOTEDEHTHHX TOUEHHHX WCTOYHHKA CBETa,
TO OHE MOryT BOCMPUHuUMArbCA HAbawofaTeneM Ha #300pAKEHHH KaK [OBa
OTAENbHBX WCTOYHMKA, ECAR pPacCTOfHHE MEXAY HHMER HE MeHblle, yeM

a0
2P sin gt

(32.2)

rle n-—MNoKazaTedn NPEJAOM/JASHUA CPeld, 8 KOTopo#t HaxoauTc oObexT,
H I — anepTypHHfl yronl o0LEKTHBA; A SiN Z HA3BIBAIOT afEPTYPHBIM YHC-
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nom ofvexteBa. llpw paccTosHmyM Meway HCTOMHHKAMH, DaBHOM 8,4
ANDPaKIHOBHKE KDYXKH pactioNOKeHBl TdK, YTQ LEHTP OJHOrO M3 HHX
UPHXOOUTCH HA HEPBHH MuaHAMYM (NEPBOE TEMHOE KOJBLO) BTOPOTO.
Pacnpenenense ApKkocTH 0pPH 3TOM TaKOBO, 4YTO YMEHbIUEHHE SAPKOCTH
B cepefuHe, nocruraiomee 20°/,. BIOJHE OTYETAHBO BOCHUPUHAMAETCH [Aa-
30M. 3TO TaKk HaznlpaeMell kpureputl Panes.

s A

Puc. 247. Xoa nyuell B CBETOBOM NMPOeKUHOHAOM (A), 3aeKTpod-
HOM MarHMTHOM (5} W 3]eKTPOHHOM 3IEKTPOCTATHYECKOM (B)
MHKPOCKONAX.

-

a-—HCTOYHHK {CBETA HAW 3ACKTPOROB); b — KOHAeHCOpHAN AwH32; € — 06DEKT;
d — 00BEKTHE; ¢ — NPOMEXYTOUROe H3oOpaxeHue; f— Npoexiinounas JuH3A;
£ —3KpaH ¢ OKOHYATENBHLIN H30GpAReHHeN.

Bennuunolt .., onpesensercs paavep nKeraned, KOTOPHE MOXKHO
OBHAapYy®HTh Ha NPOMENYTOUHOM u300pamennu. B nannaelitmem mpome-
HRYTOUHOE HBOODAKEHHE MOKHO KaK YTOOHO YBEMHHIL C HOMOILIO
NPOEKNUOHHOH NHH3W WAH OTOrpadupoBaHns, JTUM MOKHO CO3LATH
Gonee ynoGHNE YC/HOBMA JJf PACCMATDHBAHHA MIOODAXEHUA, HO HHKAKHX
HOBBIX JeTancH OOBEKTA, HE BOCNPOHSEEAEHHLHX B [POMEKYTOYHOM H3O-
Gpawenuy, 3THM NyTeM, KOHEYHO, NOAYYHThL Heabsa. Haummenbinee paspe-
WIAEMOE PACCTOAHHE 32BUCHT HCKJAKYHTEABHO OT AAHHE BOJHB B anepryp-
HOIr0 4HCAa OOBEKTHBA.

2 B o lFaoouos, 9, [I.

q".'-?‘ﬂ C::5'1:'0'_ :
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~Tws NloL p

"‘. b

M,




18 SAEKTPOHHO-IYUERME U 3JEKTPOHHOMPA®HYECKHE NMPHEOPH  [ra. 4

3?:1M€THM, Yro HaHMEHbiEE paspelmaeMoe pacCTOAHHE AAR KOrepeHTt-
HblX HCTOYHHKOB CBETd JX2ETCH BBIDAXKCHHEM ’

_ A
awdp —  psing ?

3 (32.3)
T. €. N0 NOPARKY OHO HE OTAMYAETCA OT 8,4, BHYHCAEHHOFO NO (32.2).

B x0poiluX COBPEMEHHBIX MHUKPOCKONAX gneprypHOe 4HCAC0 MOCTH-
raet 1,6, Tak 4TO FpaHMua PaspelicHHs NPHMEPHO paBHa Af3 o cocra-
Baser okono 2000 A nas Geaoro csera u 800 A aas sauboaee KOPOTKO-
BOJAHOBOrQ Y/ABTPaMONETOBOTO W3AYUECHHS, KOTOPOE L@ MOWHO HCRO.b-
30BaTh B MHMKpOCKone, drotorpacupys H3o0paxeHue.

[Ipw sBeiGope yBeauueHns NPHXOAHTCA DYKOBOACTBOBATHCH DPadfHH-
HBIMM COOGD@MKEHHAMH; HANPHAMEp, HMEET SHaueHHe pasMep 3epHa Goro-
naacTUHOK, ECAR CuMTaTh, YTO OKOHUATEAbHOE WSCGODaMEHHE DaCCMATPH-
BAETCA HEBOOPYMEHHHM [A230M, TO CJAEAYET HCXOAWTh K3 TOrO, 4I0 1A%
rnasa paspellaeMoe PaccTOHHe COCTapiseT B cpeavem 0,1 wm. 3uauwr,
eCNH HauMeHblHAs [eTanb, BOCNPOU3BEAEHHAA OODBEKTHEOM B NPOMEKY-
TOUHOM Y300paXeHBH ¥ HMENIAs PasMeph Nopaika Bmm,, GyJeT B HTOrE ¢
BCEX MOCAAYIOUMX onepanit yeeauuena 10 0,1 4 unn ayume no 0,2 ski,
TO HaGMICAETeRb CMOXKET OGe3d HalpsKEeHHs DacCMOTPEThb BCE JETANH H3oy
Opawenun, Takoe yspeanueHUe MHl Ha30BEM NOJAE3HBIM. .

[Iycte perans o0beKTa paamepa d yBEAHYUBAETCH [0 DPAasMEpOB D'
Ha usoGpaxexnnn. Torna

»

D= Md. (32.4‘

061X 3

IMonctasnsaa 8 (32.4) d= amtbp = H D == 0,2 sMm, NOAYURM, BCH K]

¥
BHPAXaTh B MHJIHMETPAX: ‘ "'..‘
. 3 3

02nsing  nmsing : »

+ Miopesn = a6lx 3 (32.5):

3 -
s amaEn BoaHsl A == 4000 A = 4,0- 107 xuw, nexawef pGauan Kpan
BRHAAMOH vacTH ciektpa, ¢ zsin # = 1,6 noayuum:

Mn?uesn ~= 1300,

T. £ TONE3HOE YBEJAHYEHWE XOPOUIEro MHUKPOCKONA MOXET MNOCTHrars
1500—2000 pas. AGeppauss MoraM Gbl CHH3HTL Paspellaiotlyo CHay
W, CASOOBATENLHO, MOJAC3HOE YBEJWUYEHHE, HO B COBPEMEHHBIX MHKPOCKO-
Nax OHH WCMPABJEHH HACTOJABKO XOPOINQ, YTO TEOPETHUECKHR mnpenea
NOYTH AOCTHTAETCA HA NDAKTHKE.

HaoGpaxenne B MAKpOCKONe npu «paGore Ha NPOCBET> MPCACTas-
aser coBoit TeHeByH KapTuHY, T. € HauGonee ONTHYECKH NAOTHBIE MECTA
ofbeKTa Ha H300PAMEHHH OKAKYTEa Hauboaee TEMHHMHA H 1OAE 3peunusd,
He 3aHsToe OGBEKTOM, NOAYudTCs CBETAnM. MHOraa npeinoyrrenthee
BECTH HaGMOAEHHA TaKHM 00pasoM, 4ToOH B OOTLEKTHB [ONALANH TO/BKO
paccesunsie ayun. TOFAZ 104c 3peiins, HE SaHATOE 06 LEKTOM, 6yJer npex-
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CTABAATHCA TEMHHM (POHOM, Ha KOTODOM BHIEAIOTCH ojee CBETANE ne-
Taan obwexra. TakoH crocof HabmoaeHns Ha3LBAETCH TEMHOIOAbHHM.

B cospeMeHHOM TNPOCBEUHBAIIIEM 3IEKTPOHHOM MUKDOCKONE OTIAENb-
HBIE ¥3AH COOTBETCTBYIOT 4YacTAM CBETOBOTO MHKDOCKONA. 2TO JErko
npocAesuTs, cpaBHusad puc. 247, A ¢ puc. 247, 5 u B, Ha KOTOPHX
HOK23aH X04 AyueH B SAEKTPOHHBIX MHKDOCKONAX C MarHHTHRIMH H 3JleK-
TPOCTATHYECKHMH JIMH3aMH. - -

Hcnonsays Teopuic CBETOBOr0O MHKDOCKOMNA, MOXHO YCTaHOBUTH Te
TpefoBaHUs, KOTOPHE CNEAYET NPEelbaBAsTh K JHH3aM 3SACKTPOHHOTO
MHK[OCKONA.

2. Paapemaromas crnocoGHOCTb 21eKTPOHHOTO MMKPOCKONA. JIHH3H
NEKTPOHHOTO MUKPOCKONA NOMXHBI GBITh KOPOTKOMOKYCHBIME ¥ NPHrOA-
HHMH A8 padoTH ¢ GOJbLWIMMHA 1O BOBMOXHOCTH anepPTYDHHIMH YTJAIMH;
TaK MOMXHO N06HTECA Goasmol paspemarowied cuian g GOJLLIOrO NOJAC3-
Horo yeeauueHus. [lepBoMy TpeGOBaHHMIC JMHHSE COBPEMEHHEIX 3JEKTPOH-
HEX MBKPOCKONOB YIOEBACTBOPAWT NOBOJBHO XOpoLO, JieKTpocTaTHye-
CKHE OIHHOUHEE JAHH3H (cM. § 5) N03BOAAIOT 110AYUMTE OKYCHOE pac-
cTosude, pasHoe 1,5-82 ww. OOBEKTUBHAZ AWH3A DPaCHPOCTPAHEHHOTO
¥ HAC MAarHMTHOrO MUKpPOcKona 2M-3 umeer Haumenbuee (pOKyCHOE pac-
CrodAnde 2 M, 2 NPOCKUWOHHAA JUH3A TOr0 KE MUKpockona 1 .ara. Vee-
nHYeHHe 3THX Aun3 nopsaka 130 aas ofvektuBhoil Junzst u 200 ana
HpOEKLlMOHHOﬂ. quox SACKTPOHOB B COBPEMEHHWX IIPOCECUYHWBAKOLLHX
MHUKPOCKONEX HMEET OOBYMHO CKOPOCTh, COOTBETCTBYIOUIYIO YCKOPAOUIEMY
Hanpsaxednw 50—100 xs. TaguM CKOPOCTAM COOTBETCTRYIOT AJMHHE
3NEKTPOBHNX BoaH ot 0,0536 ao 0,0370 A, TaK 4TO ECAM MOKHO OHIGC
04 HCMOAL30BATH JAUH3W € aneprypHeIMd  YHCIdAMH  NOpAIKa €JHHHLD,
GAM3KHME K anepTYPHHIM 4HCAaM, (PaKTWUeCKH LOCTHFAEMHM B CBETOBRIX
MHKPOCKONAxX, TO paspemiaemoe pacctosHne {Gopmyna (26.2)) cocraasno
6ol coTthe noau aurctpema (~ 1071 ¢cx). Oanaxo, snexTpomnHBe AMH3H
€llle OUEHb HECOBEPLIEHHH [0 CpaBHEHHI0 ¢ ontuyeckumi, Cgepuueckan
abeppalns Jaxe B AYYIUMX JHH33aX HACTOJBLKC REJIHKA, YTO NPHXOMHTCH
HPHMEHATL ANEPTYPHHE YraW nopsaka 107 painasa, B Teopernyeckoe
paspeniaeMoe PaccTOsHHE He MOXeT OblTb MEHbIUE HECKOMbKHX aHMCTPEM.
PaKTHYECKE KE PAa3PElIaEMoe DAacCTOSHME AJf XOPOLIEr0 JEKTPOHHOrO
MuKpockona eme Goabme — nopagka 20—>50 A, Paspemaemoe paccros-
HHE CBETOBOrO MHKDOCKODA PABHO NPUMEPHO !/ ANHHH BOMHB, & aaA
3AEKTPONHOMQ MHKPOCKONA OHO NOKa npespinaer 100 AAMH BOJH, TeM
HE MeHee IJMeKTPORHME MHUKDOCKON MOSBOMHA VMEHLIINTH HaHMEHBIIYIO
AOCTYNHYI0 HAGMIONCHHIO BEAHUMHY MO CPABHEHHI O CBETOBHIM MUKPO-
cKonom eimle Ha Apa mopsaxa (or 1074 a0 1075 aw).

PaccMoTpHM NpHUHHK, CHIMNKAIOIIME Pa3PEMAIOMLYI0 CNI0COGHOCT MAXPO-
ckona, Afeppauud KOCHX NYYKOE HMEIOT B MUKPOCKONE Mand 3HayeHHH,
TdK Kak paccMarpusacmuifi YuacTox n3o0pamxenss oueHb Mand {(IHAMETPOM
5-10 — 10 .x). Ho ¢ xpomatuyeckol abeppauwefl, T. €. BIUSHHAEM
pasbpoca ckopocteti, NPUXOJUTCA CUHTATLCA W LPHHAMATL MEPH a8 ee
YMEHBLUEHHS,

2-
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IMpuunaw pazGpoca CKOpocTell B MyuKe, NPOXOMASIUEM 4Yepes JAHH3HI,
caexyiomye; a) pasGpoc HauatbHbX CKOPOCTEH TEPMO3AeKTDOHOB; §) HaMe-
HEHHE CKOPOCTEH 2JEKTPOHOB NpPH NPOXOXKACHHH Yepes OOLEKT; B) BAKY-
Hpe xonefanul yckopsdwouwero Hanpsxenus, Pazfpoc ckopoctelh TepMoO-
NEKTPOHOB H3MEPSIETCsl JECATHMH J0/ASMH BOTbTA H HE HTDAET 3aMETHOH
poan. UYroBsl ouennth pons BTOpOro (akTopa, HYXHO pasobDaTh Mexa-
HH3M B3aWMOACACTBHA SACKTPOHHEX aAyuel d ofwekra. Puc. 248 mamo-
CTPUPYET MEXaHH3M BO3HHKHOBEHHA
CBET/ONOALHOTO H300DaxeHHa B Mpo-
CBEUHBAWILEM 3IJEKTDOHHOM MHKPO-

Apenacme CKOne,
ofnERme Ilyyok 3neKTPOHHBX JAyueil, npo-
————— X085 uepes ofbeKT, pacceHraeT s, NpPH-
Onacms ueM H3 BEJNHYHHY pacCenHud BIASIOT
s [ uit361 KAaK MAQTHOCTb, TaK K TOAHLWHA 00D~

exta, Bonee nnotHEM K TORCTHM Me-
cTaM ofBeKTa COOTBETCTBYET Ooablnk
yroA pacCesHud; COOTBETCTBEHHO 3TOMY
B’ >38. llnacdparma 06 bEKTHBHON AHHIH

N NPONYCKaeT B HEE TOAbKO 3JEKTPOHH,
Y paccesHHHE B Npedenax yraa o, TdK
\:\ uyro OOJBILOMY Yray paccesadds Oyaer
" COOTBETCTBOBATh MEHBILIEE YKCJQ 3MeK-
! TPOHOB B TOUKE H300DaXKeHHs H Mecta
(o ¢ GoapIIEM paccegHyueM OYIYT Ha sKpa-
-“’ﬁfﬂaﬂgﬂ%ﬁﬂ“ﬂ”@ HE, CAeNOBAaTEALHO, MCHEE APKAMH.

ITOT MexaHusM B3auMOAcHCTBHS

Puec. 248, [losyuenHe CBeTaONOdb-
10r0 W300pakenHa B saexTponsoy © OOBEKTOM, MpPU KOTOPOM CKOPOCTH
MHKpOCKOTE, 3/CKTPOHOB TOJABKO HEMHOIO MEHSIIOT-
ca, B KOpDHE OTAHY3eTCss 0T Mexa-
HH3Ma B3aUMOASHCTBUA CBeTOBHX JaAYydYefi ¢ OOBEKTOM B ONTHYECKOM
MHKPOCKONE, DACKTPOHHLIE AyYR 06MaNA0T HACTONRKO 60abOH aHepruef,
YTO CKOJbKO-HAOYZAb BaMeTHOE [OrJOMIEHHE HX HEMEINEHHO MPUBEIO
6 K paspymeHuio ofpexta. Hanpumep, B mukpockone 3M-3 Tok B myuke
9neKTpoHOB cocTasageT oT 10 g0 40 wmwe npm Hanpawennu 50 ks, T. e
moulHOCTh nyuka MuummyMm 0,5 sm. Ecam cuutars, uTo tepes oObBEKT
¢ ouamerpom nopsgxa 107 au npuxomut Toaeko 1/1000 toka nyuxa,
10 Ha 1 cu® 006BEXTa NMpUIeTCd MOWHOCTE oKoao 600 emz, B To BpeMs
Kak [nawxe Haubonaee YCTOHYMBHIH W TyromigaBkud Metans, npaAMEHAEMbIA
And 2HOLOB PAANONAMI, HECNOCOGeH paccensaTs Goasme ueM @ gwz/caut
flcHo, uto B O0bEKTE AOMYCTHMA TOJNBKO CaMad HHYTOKHAR [OTEpA
CKOpOCTH AEKTPOHOB. HO Kax Hil MaJO OTHOCHTENEHO MSMEHEHHE CKODOCTH,
OHO BH3SLIBAET 33METHYH) XpOMaTHYecKylo aleppalnw, KOTOpad MOWer

CHH3HTL paspelialouyio CHay,

[{3MeHEHHE CKOPOGCTH B 3aBHACHMOCTH OT TOJAMMES O0BEKTA W CHO-
pOCTH 3MEKTPOHOB OHJIO HCCACL0BAHO IKCOEPUMCHTAIBHO 4 QRA3aN0Ch,
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uto pas6poc ckopoctel aocturaer 0,01%/, ckOpocTH 3A€KTPOHOB NpH
toamune ofvexta 107° wu ans 50 ke u 5-107% e nna 100 k8 (o6nex-
TOM COy®kud amoMmannit), Dta undpa 3HauwTensHo Goaee pasGpoca
CKOPOCTEH TEePMO3MEKTPOHOB. '

PacueT nokasHBaer, 4To Noayyarwmluica npu rakoM pasfipoce ckopocTeh
abeppalnonAL KPY#HOK €lle HaCTOJBKG MaJ, 4TO PasPellseMoe paccro-
aHUEe, ecA HeT APYCHX NpensTciBufl, Mower GHTb jgoegeHo go 20 A,

OueBHIHO, YTO W MHTAKUIEE HATIPAKEHUE TOKHO COXPAHATb NOCTO-
FHCTBO TAaKMEe C TOYHOCTBY M0 COTHX Joaeh OpoueHTd, HanpaMmep Onas
100 x& ¢ TouHocThio mpumepHo p0 10 8. D10 oveHb mecTKoe Tpefosanue,
TEeM HE MEHee COBDEMeHHBIE CPeiCcTBa CTabHIH3aUNH HADAXKEHAH NO3BOIAIT
€r0 BHITOAHNTD.

OnennM TEOPEeTHYECKH BO3MOMHYK) Pa3PEIEyY CnoCOOHOCTE MHK-
POCKOIa, CYHTas, 4TO XpomaTnueckoh afeppamueli MO¥HO npeHe6peus,
Tak Kak OOGBEKT AOCTATOYHC TOHOK H NHTaHUE MUKPOCKONAa XOpOINO
cTafuau3oBaHo. Tak kak M afeppaund KOCBIX OYYKOB MAaan, TO AJK
3TOr0 HY&HOQ HaATH cyMMy cdeprueckoll abeppaunu B AHPpaKUHOHHORK
omnbKu

6 — a:m_dlp "+‘ aCCb‘
Kax 6mno mokazano suime (§ 7), 8,4=0Cy, # u no dopuyse (32,2)
OAS MAJHIX aNEPTYPHHX Yraos anmbp A T CaenonarentHo,

0,61
i _l_ Ccc,‘: uav

8 e

OTKYId JIErKO MOJAY4YHTh

O 1
Vonrum = Cop ' Bmin = 1,2 l]/ i)cd)_ . {32.6)
c )

Boipaxas AAWHY BOJHBL 3JeKTPOHA 4Yepe3s YCKOPAWILEe HanpsKeHue
U, (§ 1), dopmyay (32.6) MOKHO MDHBECTH K BHNY

Smin A2 T30 (Cog)'ft U™, (32.7,

rae Bgmin BHPaXEHO B aHrcTpeMax n U, — B soabiax. dopmyna (32.7)
[I0KA3BIBAET, YTO Da3pPeIIaeMOE PacCTOSHHE OYEHb MEAICHHO YMeHbildercs
npn ysenudeHun Haupskenns. Iias U/, =100 ke u noxxogmuero hxa
peanbHHX MHKPOCKOMOE sHauenus C, dopmyaa (7.32) maer Smin 2= 3 A,
B TO BPeMid KdaK B JelCTBUTENLHOCTH mnonydaerca 20— 50 A n
TOABKO NIPU 0COBO0 GIArONPHATHHX YCAOBHSX YAABaNOCh A0GuBaTeca 10 A,
dtor GoapmOW paspHiB MEKAY TEOPETHYECKHM H SKCIEPHMEHTa/bHulM
3HAUCHHUAMI Bmiﬂ obracusercs OOTPEUIHOCTAME TEXHHUYQCKOIO NopfarKa:
HaDYINEHUSMU  daKCHAJABHOM CHMMOTDHM, BJAHSHHMEM TOCTOPOHHHX noJeH
H T, N, T. €. Tak HassipaemeiMi adeppauuasMu  nepsoro nopsika. Kag
BHOHO, B OMpEEEHHH Pa3peluawiiel crrocofHOCTH COBPEMEHHHX MHKpO-
CKONOB PEIAIOLLYI0 DOJb MCPaT UMEHHO OHM,
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3. K mcropnr H3soGpeTeHHst H MPOMBIMIEHHOTO OCBOGHHA I/IEKTPOHHO-
r0 MHEPOCKODA. MarsmTablie SNeKTDOHALIE MHKPOCKOIN OTeEYecTBEHHOMH
pa3paboTeH. UpesBuualiHas XpynkKocTh ofbekTd H HeoGXOIHMOCTh {IOMEUIEHHS
€ro 4 BaKYYM OY€Hb OCIOKHANT paGoTy HA JICKTPOHHOM MHKpockome, [TpmeMst
NOArOTOBKH 00BeKTa, YCTAHOBKA MHKPOCKOIA W TeXHHKA pafoTk Ha HeM COCTaB-
AT ocobble pa3ieNs 31eKTPOHHOH MHKPOCKOTIHE,
H2 KOTOPHIZ Mbl 31eChb He MOXeM OCTAHABAMBAThCH
{7, 4.6; JI. 4.7]. Mo orpaHsuMMca KpaTKHM ONUCa-
HHEM HEKOTOPHI 3JIekTPOHHBIX MHKPOCKOROB, obpa-
I2A TPH STOM FAABHOE BHUMAHHE Ha MX 3TEKTPOH-
HOONTHUECKYD crcTeMy. OCTaHOBHMCA CHavala ko-
POTKG Ha HACTOPHH 3.JeKTPOHROH MHKPOCKOMHE,

[lepspit MarmMTHNA  31CKTPOHHHR MHKPOCKOIN
NPOCBEYHBAIIIIErO THNA GLLI CKORCTPpYHpoBaH & 1931 r.
B [epmannu Knotiem u Pycxa, n k 19391940 rr. 3a
py6exosM HOABHIHCL NPOMANLICHHHE 00paznu 371eK-
TPOHBHX MHKPOCKOHOE,

Hayago paGor mo 31eKTPOHHOH MUKPOCKOIHH
B CCCP crenyer oTHectn & 1935—1936 rr. B 1939 r.
8 [ocviapcTBeHHoM onradeckoM HHeTHTYTe ([COM)
nol pykosoacTeoM agal. A. A, [lefemxcpa Guaa
HayaTa paspafoFrKa MarHATHOrO MHKDOCKOU3, W B
194] r. OwWI MOCTPOGH MHKDOCKO! ¢ YBEIHYEHHEM
ox016 10 000. Pa6ora 6naa npepeana BoHHOM Ha JBa
roaa, H kK 1943 r. 611 paspaBoTaH MarHHTHHHA 3A€K-
TPOHHHI MHKPOCKOH, H3BECTHHI TENeph (B YayuuleH-
HOM BapHaHTe) NOI Mapko# IM-3.

IMocae eoliHb 1epef COBETCKOH HaykoH BCTala
33734a TIPeOROTEHAS OTCTABAHHA B OGIACTH MEK-
TPOHHOH MHKPOCKOTHH. ITO 03HAYAN0, YTO HYKHO S6.10
paapaboTaTh MHKPOCKONH Pa3TAYBHX THIOB H Hala-
IHTb HX cepdifioe npoussoncTeo, Hagunasn ¢ 1946 r.,
6011 pa3paloTaH PAl HOBWX THNOB MHKPOCKONOB H CPeiTH
HHX TPHOOPH BeICHIEro Kiacca (3M-100 u YIM-100),
MaaoradapyIHbi W OTHOCHTERHO AEMIEBHH MHKPO-
Puc, 249. 3Baekrposnmit  ckon  MDM-50, 3aeKTpoCTaTHUECKME  MHKpOCKOU

MHEpockon 3M-3. ACM-30, MHKpOCKONH 118 HCCIEIOBAHMA KATOIOR,
@ — nywxa; & — xonzencopwas  DPHCOCOGIERHA 178 CTEPEOCHEMOK H CBEMOK B OT-
aumaz; g —oObeRTHBHAA sHyaa; PaMEHHWX Jdyuax B T, 4. TeM CaMwM  OTCTaBa-
;m—r:g:::;l:ﬂ*fﬁﬂag:f?:_io ., HAe B 0G1acCTH SMEKTPOHHOH MHKPOCKOIHM Ghize
219 cMeHsl obbekTa; 2 oxomko  BNOJHE Npeononenc. B paBote no coamanuio oTeuect-
HabJoRenHs  ~npouexyroyHore  BeHHHX 3JCKTPOHHWX  MHKDOCKOHROB.  NPHHHMATA
gfgﬁf;;iﬂﬁiuef};r%ﬁ:%?a:g: yuacTHe Goibllan rpynna (GHIHNKOE H HHEEHEPOB:
s £ sukpockon 1mn matae.  AKAX A. A JleSeses, 0. M. Kywmnp, B. M. Muaotun,
ReBHA EoHewtoro waoGpawewrs; 1. B. Caupax, H. I', Cymknd u gp.
d—mok 149 cuenn oTomraCTH: IeXTPOHHBR  MHKPOCKON — OU€Hb  CAOMHOE

* ¥CTPOHCTRO, BKIMYAWILNEE, KPOME 3JeKTPOHHOONTH-

YecKOH CHCTeMH, PasInyHbe MeXaHHYECKHe OPHCNOo-

cobierna A7 YCTAHOBKH K CMeHH OOGDBEKTa, IOCTHPOEKH, (oTorpadtHpORIHAY H
BH3YaIbHOre HabGaoaeHHA H3oGpaxennd. CKOAbKO-HHOYRL [ETAILHOE ONHCAHHE
MHKPOCKONA aXe Kakorc-uubynb OfHOroe THUA 33ech HeBoaMoxHo. [TostoMy mmme
OyIYT WDHBEIEHK TOILKO OCHOBHmC PaGoyHe DAPAMETPH MHKPOCKOMIOB, B TONLKO
nanbBoaee y HAC pacnpocTpaHeHHBH Muxpockon DM-3 6yier omHcaH HECKOIbKO
noppobuee, ¢ TeM YTOOW JaTe XOTA Ob HEKOTOPOE FPEICTABIEHHE O AETATAX
KOHCTPYKIHH 3JeKTPOHHEX MHKPOCKOTIOB. O6paanoe zipylexHuX MUKPOCKOIIOB,
OTINYADIHXCA 0T OTCUECTBEHKWX B GCHOBHOM TOJILKO € TEXHHYECKOH CTOPOHW,
NB BoBCe He OyieM Kacatbed., [lolHoe npeacTaBrcHue O COBPEMEBHOM COCTORHNY
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31eKTPOHHOR MHKDOCKOMNHH MOXHO TIOJFYUUThL MR KHHTH «JI€KTPOHHAA MUKPOLKO-
mess [T 4.7). : R
Q8nuit BY1 H-KHIOBOALTHONO MAaCHUTHOrC MUKpockofia IM-3 pauHe#r ‘kon-
CTPYKUHH BOCUpoH3Befen Ha puc. 249, Uiagrofl vacTei0 MHXPOCKOMAa sABAAeTCH
KOIGHRA, B KOTOPOH pasMclleHH OCBETHTEIbHAash CHCTeMd, COCTOAIAA M3 SIEKT-
POHHON RYHIKH ¥ KOHIEHCODHOR AMH3W, CTONMHK O6bekTa M OObCKTHBHAA JHH3A, -
MPOCKUHOAHAR AMA3a M KaMepa ¢ npucrocofieHuem Ias BHavaisHoro Habmiome-
1tiig H3oBpameHu” Ha skpane 0 Qororpaduposanua, B ummneli wactn pacnodo-
JeHBl HACOCH, CXeM3 1MTaHHA cofpana B oTAefbHOM likady 4 Ha pHCyHke He
nokasava, JlauHa Koaouas Mugpockona okoao 100 car. T :
OtneabHe Ha pHC, 250 H3o6pakeHb KOHICHCOPHAR aHH3A H OObeKIHBHAA
M¥3a BMeCTe O CToaHkoM obbhexta. Kowpencopnas aHH3a, HauOonee AAHHHOPO-
K¥CHas M3 JHH3 MHKDPOCKONA, TONKNCHHY HAKOHEUHHKOB HE HMEET; TMOMOCHLE

Pic. 250, Jlunau muxpockona 3M-3,

@ —- KOHASHCOPHAR 2MA3a (F —00MOTKA MH3b, 2 - MACAMTONPOROA, J—3230p 3 HEMArHu:-
woro matepuana, 4 — Anadparua, § — pyuxa ynpasaenua awadparmoli, §—3eprasene, 7—
BAKYYM-NPOBOJ M TEPHCKONHYECKAR CHCTEMA, §— OHOmKG HAOMOAeHHI NPOMEXYTOHHOIO
n3oGpamenns, $-— dHOA BICKTPORHON MY WKEH); o o
6 — ofBbeXTHBHAY JHH3A M CTOAHMK ofkexTa {/ — moK cseHb obbeEta, 2— moJOcHHE HaKo-
BEYAHKY, § — ¢ToaHk o bekTa, ¢ — MexaHHIm NepejRHEeHns ofvexta, & — sawnowxa, 6— .
MAFHHTOTIPOBOX, 7 — 3a30p H3 JATYHW),

HakoHeuHHkH OOBEKTHBHON AMH3H XOPOUIO BuAHM Ha pucydke, [lpoexuncHHas.
AMH3E N0 KOHCTPYKUHW CXOiHA ¢ OGBCKTHBHOW aum3o#. doxycHoe pacCTOAHHE
OGLEKTHBHOH IMH3H MONCT GHTR JoBeZCHO N0 2 MAM, i vBeAadenwe Ao 130
W3aMendas 1ok & 06MOTKE NPOEKUHOHHOH NHH3H, MOMHO H3MEHATh €€ YyBeTHUERHe
oT 45 go 200, Tak uTo ofilee yBeJAHYeHHE MHKPOCKONA MOWHO MEHRTb B Rpes
reaax o1 6000 mo 25 000. R !

Karo mukpockona soabdpasosuit V-obpaanwit (Ha puc. 250, @ 04 ne noxasan).
DopMa INeKTPOHHOrO 11yUKa O4YeHb YYBCTBHTENbHA K NONOXEHHIO 330CTPEHHA
Ka101a OTHOCHTEILHO auonad wdekTpoHHoll nymkn (9 na puc. 250, a). [lostomy



24 9AEKTPOHHO-AY UEBHE H 3INEKTPOHHOrPAPHYECKHE TPHEOPH  [ra 4

nocae KamAOH CMEHH HHTH UPEEOJAHICA -Noi6HDAaTh €€ NpaBHILHOE T0I0KEHHE,
310 AeraeTcRA C TOMOLILI0 CNELHAJIBHOIO MEXaHH3Ma.

CymecTBeHHaA 0COOEHHOCTD JEKTPOHHOIO MHUKPOCKONA COCTOHT B TOM, 4TO
Beck NYTh SMCKTPOHHWX ayyefl OT xaToga HMYIKH A0 GOTONNACTHHKE NPOXOANT
B Bakyyme, B MmuKpockone 3M-3 moxuo ppocaelmib Beck 3TOT TUYTH W, He
BUYCK4A BO3OYXZ B MHUKPOCKON M, CACHOBaTelbEO, HE 3aTPEUHBAA BPEMEHM Ha
OTKAuKY, NPOBOLHTL HeOOXONMMYIO IOCTHPOBKY XOAd 3MEKTPOHHWX JY4eHd W CHATL
HECKOoAbKO $oTOCHHMKOB. Hafaoneane
X0ia ayueii UPOH3BOIHTCA B CIeIYIOIIHX
smecTax: v nuadparmMp  KOHIEHCOPHOI
ANH3L, HA CTOJHKe OObeKTa, B MECTE
0GpasoBaHUA IPOMEKYTOYHOTO H30bpa-
weHnda BOIH3K (GOKYCA NPOEKIHOHHON
JAHH3W M, HaKOHel, B MecTe ofpa3osa-
HHA OKOHYATEILHOIG M300pamenus, Jan
910r0 OOpalleHHLIE KBEDXY TOBEPIHG-
CTH nHadparMm, KOHAEHCOP CTONHKA
06BeKTa ¥ 3IKPAHH, Ha KOTODHE Npoek-
THPYIOTCA TPOMERY TOYHOE H OKOHUATE 1h-
HOE H300paMeHHSA, NOKPLTL JOMHHOGO-
pomM. ITH HOBEPXHOCTH MOXHO RaBI0aTH
yepe3 CMOTPOBHE MHOKH, HaxojsigHecs
nol KoHJeHcopHo# anH30# (Ha pHuc. 249
3TOT MIOK He BHAEH) H MEXNY OOBeXK-
THBHOH M fIPOCKUMOHHON JHH3aMH, 2
TaKWe BHH3Y KOJIGHHM, [I¢ PACTCGACHER
ReGOALINON CBETOBOH MUKPOCKON 1A
yTouHeHHs HaBonkd Ha dokyc. B mpo-
necce WCTHPOBKH NpHGopa M YCTAHOBKH
ofbexTa man na6rolenua H (oTorpa-
(HpoBAHKA NPHXOLAWTCA yXKe MOCAe yCT1a-
HOBKH HHTH 3JeKTPOHHON MYIOKH mpone-
IHWBATH PHA MasunyaAuuf: noxbuparh
aneprTypHulit  yroa ay4yeH, najaomHx
Ha 06DBEKT, MEHATH NONOMEHHE 06DEKTa,
CMEeHATE OTONIACTHHKH H T. n. Mukpo-
cion CHabweH MeXaHH3MaMH, 1103B0OIA-
IOUHMH MPOLe/biBaATb BCE 3TH OUEpaNHu
6es HapywenHa Baxyvma, Ha puc. 250
BHOHKW YaCTH MeXaHH3Ma [epeMelleHH
ofbekTa W ynpasneHus fuadparmoit KoH-

Puc. 251. Bremnnit BRg MHkpockona

A JeHCopa.
YIM-100. Tpy caene ofbeKT& B MHKPOCKON
’ DM-3 IPUXOOHTCH BNYCK2TH BOBLYX, HO

OTKAYKA KOJOHHE N0CIEe 3TOrO Np0jA0cAKaeTes BCero HeCKoMbKRe MUY T. (JcHoBube na-
pameTpr MUKPOCKONa IM-3: ycropamilee HaUpAkeHne 30 kg, HauMeHB1lee Paspelrac-
MO¢ paccToaHue 50 MaKCHMAIbHOE 3JCKTPOHHOONTHUecKoe ysemuuenne 25000,
MarunTHeift Mukpockon MIM-50, nesikom pasmemanmuiica Ha creije pasme-
poM € OGbIHHBIE CTON, OTHOCHTCH K KATeropu wmaioraGaputnux npubopos. Ero
NapaMeTpH: ycKopsowee nanpixenue 33—50 k8, 31eKTPOHHOONTHYECKOE YBEanye-
mie or 1000 1o 16000, Bea HapyuleHMs BAKyyMa MOMHC CHEIdTs 10 25 CHHM-
KOB, HO NpH CMeHe OGLEHTAa B KOJAOHHY Buyckaerca wosavk. Kak noxasusaer
ONWT, B OCALIUMHCTBE CIYYaeB B HCCIENOBAHMAX UOAB3YICTCA YBEIAHYEHHEM, HE
Goabmmm 10000 — 12000, Takum ofpa3oM, odeHb 9ACTO MOXHO BNoase oGoHTHCH
MukpockonoyM MIM-50. :
" Buemuri BHI CTOKHIOBOAbTHOIQ VHHBEPCAIBHOTG MArHHATHOLO 3SACKTPOHHOIO
ssgpockona YIM-100 rnokasad Ha pue. 201 DTOT MHKPOCKON HO3BOIACT NpH
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pa6oTe Ha NPOCBET OOAYYaTh CBETAONGIRHLE, TEMHONONLHHE H CTepeOCKOmHYec-
KWe CHHMKM, a TaKwxe H306paikeHHs KaToloB M H30GDaXeHHA Ha oIpaxenne %)
Or JaeT BO3MOWBOCTh TPH HeGOXLIIME YBEAH4eHHAX o6o3peBaib OoabliHe Mao-
naiM, @ 3aTeM, BHGPAB MBTEPECHHWE YYACTKH, NONY4aTh MX CHHMKA NpH Goabmuux

Puc. 252, Cepus cHHMKOB OJHOTO W TOTO e MecId UAeHKH, CHATOH ¢ no-
BEPXHOCTH ATIOMHHHA, NOJIYYCHHAA HAa MAKpOcKone YIM-100.

a— BnelﬁTpOHHDDHTquEKUB YBEIHUEHHE 300, TI0JAROE yREeImedne Gm; 6—3.‘IEKTPOHHOOI'[TH-

yeckoe yBeamdeHne 3200, noaHoe yperswyenne 6400; & —31CKTPOHMOONTHYECKOE YBeAHYEHHS

16000, mommoe yBenduenve 32000, z— alexTpoHHCONTHuCCKOE yeeanuenue 27500, nommoe
yeeauuedne 56000, ¥Yckoprwomee nanpmkenne 60 wa.

yBeanuennax. [lpumepoM MOWeET CIYXHTb CEPHA CHHMKOB OJHOLO ¥ TOrO Xe
ofvexra (OKCHAHOW DACHKE, CHATOH C TOBEPXHOCTH ANIOMHHHA) TPH YBEIHYENHH
or 600 mo 55000 pas (puc. 252). Taxoe paznoofipa3ue BO3MOXHOCTEH Nelaer
MOHATHWM Hazsanue muxpockona, CmeHa ofbexTa npoM3BoaMIcA Ge3 HapYWERHA

*) B 0Tpa®AaTEALHOM HIEKTPOHHOM MHKPOCKONE OOBEKTOM CAYKHT NOBEPIHOCTD
TREDACrO Tema (Meraada), Ha KOTOPYK HanpaBIseTcR IIY4YOK sAexIpoHob. Jle#cr-
BHE €r0 OCHOBAHO Ha 34BHCHMOCTH OTPAXEHHA 3JeKTPOHOE OT CBGHCIB MOBEPXE-
HOCTH (co¢Tas, mexaHuyecxas ofpaGotka W 1. n). On apigercHd, TaKHM oOGpa3om,
AHAIOTOM ONTHYECKOTD MeTalI-MEKpockonia. OT NpocseyHBAIONEro MHKPOCKONA
OTPaKATENEHHH MHUKPOCKON OTAHYAETCA TOTbKO KOHCTPYRUKEH SMEKTPORHOH NYLIKM
B pacriosckennem obnexta (cM, [JL 4.7, ra. 5]).
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~BIKYYM3a B KOJIOHHE MUKPOCKOUA € NOMOMbIO BEKYYMHHX M110308. OOBEKT
"BBORHMTCH B OCO6YI0 KaMepy, KOTOpas Moc/ie OTKauKi CoelHHAeTCA ¢ KOROHHOH
MHKPOCKOMa, Nocie 4ero oOBeKT ¢ NOMOULbI0 MEeXdHH3M2, YNDABIAEMOrO H3BHE,
- epefBAraeTcsd Ha o6 beKTHHA cToaHK. CMena ofbekTa yepes HLTI03 NPOM3BOAHTCH
M ¥y MarsATHoro MHKpockona IM-100. Onwncanue ero cwm. [JI 4.7, ra. I, § 5]

4, JneKTPOCTATHYECKHH 3JAeKTPOHAMA MHKpOcKom. TpeGomanus
K CTa6HAN3aAN MWTAHHA MarHHTHOMO MHKPOCKONA Quelb BHICOKH, IT0
OTHOCHTCH # K HHSKOBOJBTHOH CETH, K KOTOPOH NOMKAKYCHH AHHADL
Brintre (§ 5) GHI0 OTMEUSHO, YTO MOXHO CKOHCTPYHPOBATHL AOCTaTOYHO KOPOT-
KOOKyCHBE OIHHOYHHE 3JEKTPOCTATHYECKHE MHH3H, KOTOPHE ropasno
Meliee UYBCTBUTEABHW K KoJeOaHuaM Hanpsucenus, KoucTpykuma stax
AWH3, B KOHEYHOM CYeTe, Mmpoule KOHCTPYKIMH MAarHUTHHX JaaH3. Momxso
HaREdATbCH, 3HAUMT, YTO SAEKTPOCTATHYEeCKH# 3ACKTPOHHEIA MHKPOCKON
Oyaer Gojee npocT H JelmeB, YeM MUKPOCKOTN MarHuTHEH, Tem we
meHee J0 CHX NOP IMAEKTPOCTATHUECKHE SNEKTPOHHHI MHKPOCKON ewg
HE BHINEN W3 CTaaud AabopartopHelx paspaCoTOK W BCE MHKDOCKOIH,
BHNYCKaEMBEe  TPOMHUUIEHHBOCTBIO, — MarHyTHele, OTcTaBanse B paapa-
GOoTKe SMeKTPOCTATHUECKOr0 MHKPOCKONA OOLACHAETCA riaBHEM 00pasom
TEM, UTO JOJATOE BPEMs He VAABAJOCh HACOTOBHTHL KOPOTKO(QOKYCHEE
35EKTPOCTATHYECKHE JHHAK, Tpelylolipe BHCOKHX HanpsikeHufl MpH OueHb
MaNKY PACCTOAHHAX Mexay AuapparmaMy. ToAMbKO B HeldaBHEe RpeMA,
TUATENLHO CrAXKHBAsA W 3AKPYTJAAR BCE BHCTYNH W Kpas W noaGHpas
MaTepHaN JEKTPONOB, YH2/10Ch PEIURTh 3Ty 3aAady. ¥ cTPOHCTBO SAEKTpO-
cTaTHuecKoro mukpockona ICM-50, paspabGotannoro MuaotussiM, SiHues-
ckuM, Pacnretunnm u PeTHcOBRM, MOKA3aHo Ha puc. 253. Ero mapameTph:

)
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Puc. 253. Paspes ¥0JOHHH 3MeKTPOCTATHYECKOro SIEKTPOHHOIO MHKPOCKONA,

paapemaemoe paccrosHre 50 — 80 A, ofmee nonesnoe YEBEAMYeHHe
25 000 — 40 000, 57eKTPOHHOONTHYECKOE VBETHUEHHE MOKHO MEHATL OT
1000 mo 8000. PaGouee wanpakenue cocraBaser 20-—50 xa,

i
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Kpaltnpe apexk1poast 06eHX MMH3 M aHOI 3JEKTPOHHOH O¥LIKH 3a3eM-
J€HB, TAK 4TO 6CJAM GH #a CPERHME 3AeKTPOIn GblA0 NOAAHO BHCOKOE
HANPAAKEHNE, B TOUHOCTM pABHOE HAAPSKEHUIO KaToda, TO MOJLYUYHIUCH
On YHHMOTEHUHaNbHeE AHH3B (cM. § D), onTHYecKHe CBOHCTBA KOTODHX
He BABHCST OT HaNPLXKEHHS, H SJEKTPOCTaTHHECKHH MHKPOCKON OKa-
sanca O noao0eH CBETOBOMY, rIe HABOAKA 13 (OKYC OCVIIECTBAAETCH
cyenlenned TyOyca muKpockoua, (QHAKO B 3JEKTPOHHOM MHKPOCKOOE
HEBRIOAHO OTKA3HBATECS OT (POKYCHPOBKH M BOOOWE OT pPEryadpOBKH
npubopa B3IMEHEHHEM HanpaKeHni.

B pesyv.bhTare Ko.iebanus HanpaACHUA OKA3BIBAKIDT HEKOTODOE BJAUSTHIIE
Ha pafioTy 3NeKTPOCTATHYECKOrO MUKPOCKONE, HO FOpa3fi0 MEHLIIEE, YeM
Ha paBory MArHUTHOIO MUKPOCKONA, TAK YTC MOMKHO A0BOABCTBOBATHCA
Goxee NPpOCTHMHA CDEOCTBAMH CTHGH.‘IHBHHHH, 4yTO MMEeeT HCManoe 3HAaUEHHe
Anst yaewesnenns npubopa. Hegasno Obl1 paspabotan yao0xmi  mano-
rabapuinell sneKTpoctaTHieckull Muxpockon {J1 4.7, ra. 1V].

B § 22 Ou10 yTOMAHYTO, UTO HECKOJALKO BHIOH3MEHEHHHR 3JEKTPOH-
HBIH MHKPOCKON MOXKET CAYXKHTb BBICOKOYVBCTEHTEAbHEIM dHAH3aTOPOM
CKOpocTefi 5JEKTPOHOB, TIOAXOASLMM JUIS  ONPEAENEHHs XapaKTepPHCTH-
HECKHX NOTEPB B TBEPAHN Teaax, Ha puc. 254, ¢ noxasana cxema ama-
1H33TOPa, NOCTPOEHHOTO Ha OCHOBE 3/IEKTPOCTATHYECKOFQ 3SJREKTPOHHOrO
MHKPOCKOTA, B kOJA0HHY MUKpOCKONa BBegeHa yakaa (2-+5 p) menn,
CMEMEeHHas B CTOPOHY OT OCH MUKDOCKONR3, # NMPOEKIHGHHAs AHH32 3ame-
HeHa crelHaJpHol anaau3Hpyollel nua3of. YCTpoHcTRO 9TOH HMauHIpH-
UECKOH NHH3EL N0 PaCTONONKEHHE MENM OTHOCHTEALHO €€ cpelHed maoc-
KOCTH Buaibl 13 puc, 254. Ilpufop pazaendetr NpoOCTPAHCTBEHHO 3JEK-
TPOHH Da3THYHBX 3SHEPru#l BCAEACTBHE OOAbLLIOH XpoMaTHuecKolt abeppa-
UHH, KOTOPYX HCNHTHEIIOT JAYYH, BRIXOJAfAlME H3 CMEmedHoH mean. Xox
ANCKTPOHHEX .TI)("-lEH And rpynn 3JIEKTDOHOB ¢ pasHbMH IHEPrHAMH OKa-
3aH Ha puc. 254, 8. Kak yxe Obno orMeueno B § 22, saeKTpPOHHRH
MHKPOCKO!I-aHa/#3aT0p CKOpocTed o0/anaeT oueHb GOABLIOH paspemlrar-
mel cnocofuocTbl. CyWecTBYOT aHANA3aTOPH CKOPOCTEH, CKOHCTPYHPO-
BaHHBIE Ha DCHOBE MAarHHTHOTO 3AEKTPOHHOTO MHKpockona [JI.2.42).

5. daexrponorpad. Muxpockonu tHna IM-3, IM-100 u ¥3IM-100
NAI0T  BO3MOKHOCTD HCCAENOBATh KPHCTAAJIHUECKOE CTpPOEHME OOBEKTA
METOXOM AHGDAKIHM 3SAEKTPOHOB, HHEIMH C(J0OBaMd, OHH MOTYT OHTb
MCIIOABLSOBAHE KaK 3JEKTPOHOrpadis.

JneKkTpoHOrpadoM HasHBAaETCA npubop AA% HCCAEIOBAHHA KPHCTAMA-
JAAYECKOH CTPYKTYPH TBEpABIX TeN (pacrloNoKeHHs ATOMOE B pRIISTKE,
HX DACCTOAHHH) METONOM AMdPaKiHE AeKTpoHoB. (dU3HYECKUE OCHOBBHI
3TOr0 METOAa, HAPALY C METONaMH DeHTreHOrpathHyecKoro UCC/en0oBaHHA
KpHCTaAAoB, Hanaraiorca B obuieM xypce dwswka [JTA1, T IL ra 15
u 25; JLA2, 1. 1L, ra. 28 n 31) :

Cospemennne 3neKTPOHOTPadtl COXPAHMAR BCE OCHOBHEIE YEPTH [1PH-
Gopa, onmuacaxdoro enepswe (1931 r) akaa. A. A. JleGeacesd (puc. 255).
DiexTpontas OyLIKa [12eT NOCAE BHXOAZ W3 aHOAHOH auadparMel criaGo
PacXoadiupiica NMy4YOK 3JEKTPOHOB, KOTOPHH 3aTex € NOMOWBI0 MarHHTHOH
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Pue. 234,

a-—yeTpoficTRO  MHKPOCKONa-AEaIA34TOPA CKOPOCTeR siekrpomos (| —KaTox anek-

Tpo HHoA Nymky, 2, 3 — ee QOKYCUPYIOLIHE 3NCKTPOR K aHOJ, § —iccaeryesbld obnekT,

5— obbexTHBHAA NAHBA, 6 —CMemIPHHAR METb, 7 — AHATHIWP YIOWAN AHH3A, § — doTo-
a0 THHEA);

0 — pasgerenyie 3JeKTPOROB DaIUbIX CKOPOCTER & aganusMpyomeil ounse (caesa pac-
DoJOKenHe CMeHeHHOR mean ] oTHOCHTeabHO anepryp EKpafldux 2 K cpelHero 3
SAEKTPONOE ARHSLI, CNpapa —xoa ayvedl, GOTONAACTHEKZ #— mess 5);
8—CMEKTP XapakTepHCTHYLCKNX NOTeph SHepruH B croe Mg Toammsod 600 A. Ha-
npsmeHne IYYEA NepsIYuLX 51eKTpenos 26 xss.

& 32] NPOCBEUABAICIGHE SNEKTPOHHBE MHKPOCKOMH 29

JWH3H O2eT B [AOCKOCTH £E uzoGpamxense 1460 ador1Ho# Auadpar-
Mbl, AHG0 W300paweHne MHHUMANBHOIG KPYMKA nepeceuedd ), 1. €.
MECTa HanBoMbLIIEro CyHEHHA SASKTPOHHOTG NYUK3, BHXOIANEro 3 MyiKu.
B nocaenHem cayuae, eCTECTBEHHO, TONYYACTCH 3HAYMTENbHbA BHUMDHIN
B HHTCHCHBROCTH. h

£

Puc. 255, TIprHnMnnaILyEan cxema siexTpoHorpada.

OAB — pcTOYEHE 5JIeKTDOHCB, P — MArHHTHAS KOETEACOpRaR
mnaa; C—gitadparna; D -—obbekT; E —eKpan dan GoTomIa-
cTHHEZ.

Buecenfe ofpasia [, H3rOTOBIGHHOr0 B BHIE TOHKOHR TMJCHKE #
VKPENACHHOTO HA CTENHAMLHOM KPUCTANIOIEPKATENE, BH3IBACT Audpak-
AW, MpudeM GOKOBME NYYK:d, OTKIOHEHHBIC BCETa Ha HeOOMBLIOH yrod,
OKA2LIBAITCA TAKWE [OCTATOUHO PE3KO CQOKYCHPOBAHHHIMM B TOH e
niockoctn EF. Ecan 061LexT — MOHOKPHCTANA, TO NONyYaercd Angpak-
LUHOHHAS KapTHHA, COOTRETCTBYIOMUIAs JayarpavMMe DEHTTeHOrpadnm, a ecii
OGBEKT COCTOHT M3 KPHCIAAIWKOR RCEBOIMOXKHHYX OpHEHTalWH, TO 1OAY-
yaeTcs, Kak Ha gedaerpavMe, CUCTeMa JRPPAKIHOHHBIX KOJEIL.

DKCHOBAUMA BAEKTPOHOTPAMMEL IJAHTCH BCEr0 HECKOJBKO CeKyHA, 3TO
GONBIIOE MPERMYIIECTBO 37EKTPOHHOrPAQHUYECKOro MeTola, GHCTPO 33BO-
epapiero ceGe MECTO B MPIKTHKE HE TONBKO WUCCACEOBATEALCKHX HHCTH-
TYTOB, HO M 3aBOACKMX Jaloparopufl. OTeyecTBEHHAA NMPOMHHIEHHOCTH
BLITYCKAET 3JEKTPOHOrpadu Mo ofpasumy, paspaboTanHOMY B oY 3as-
AuHeM H Boramkbanuem 103 PYKOBOZCTEOM aKal JleGenesa.

Pax  Opyrex KOHCTPYKum#t  31exTpoHorpada  Owut paspaGoTaH
A. Y. Uikonenrkosus, B. A. Koannackuy, 3. [ Iunckepoyw, TL L. Ilan-
koBwM # JI, B. WrHATbeBHM H ADYTHME HCCACAOBATENAMH, IJACKTPOHO-
rpad, usobpaxeHHwi va puc. 256, CKOHCTPYHPOBaH B (U3UKO-TEXHHUEC-
koM uHcTHTyTe [opunkoscxoro ynusepcureta C. B. Kasepuamiv.

CpasnuBas xoi ayuell 8 vaekrponorpade ¢ XOACM JyueH B 3ACKF
POHHOM MHKPOCKONE, MOKHO YBHIEThb, UTO, BHKJK4YaA TOK 0OBEKTHBHOH
H MPOEKUHOHHCH JHH3 MHKDOCKONa H noafupas TOK B KOWICHCOPHOR
AKH3e, MOMHO TOAYYWTE H2 3KpaHe NHGPAKUHONHYI0 KapTHHY OT yua-
cTKa o0bekTa, B mmkpogkomax 2M-3 n OM-100 aas nepexona K CHsl-
THIO SAEKTPOHOrpaMM MNPHXOAHTCA pasGupare 0puGOp H IPOUBEGIATH
cMeny HekoTopex uacteh. B mukpockone YOM-100 aas storo Tpeby-
0TCA TOJBKO NEPEMEIlieHHe aneprypHol puadparMsl 00 BEKTHEHOH JHHBH

*} Ca. Hinge § 36.
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Puc. 256. Daextpodorpaf KOHCTPYEUHH
C. B. KasepnHa.

] —3aexTpOHHAR NywWiKa; Z—rmepBas  MaruuTHas -

AVH3A LI OKYCHREORKH 3.1CKTPOHHOIO TYUKA TIOCAE
aHoIHOA AHapArMLl; 3 — BTOPAA MATHHTHAA JAHHAA
1.7 GOKYCHPOBEH 3AEKTPOHAOIG IydKa Ha JKpaKe;
4—TpeTh¥ MUFHITHAR JHH3A 1TH pasBepPTEM Au-
(paKIIOHHOrO KOHYCA, TMpHUWeHAeMad 118 noJgy-
YEMHN YBEFHUEHHOTO H300paweHns; S— KpHeTan-
AplepHaTelh € THAPABIHHCTKHM  YCTPOACTROM
nepeMeriernd o6pa3ilda € NyIbTa YNPABJIEHUS;
6 —CMOTPOBEIE OKHA; 7 — (POTOKAMEDPA HA IBE Kac-
¢eTHl N 3Kpam; §—NyibT YOpaBieHHd ¢ PYKOAT-
KaMi riipaBii4eckoro NepeNeilenHa KpHeTaana;
§—peocTaTh ¥ NOTEHMHOMETPE! LI HAKAIA HUTH
H POKYCHPOBXH.

B OUpeleNeHHOe MNOJOKEeHHe B
nponspoAsmancs 6e3 pasGopkH
npuGopa CMeHd MOMOCHHY HaKO-
HEYHHKOB HpOEKHHOHHOH JHH3EL.
IudpakuronHoe  uzobpaxeHue
NoJAy4aeTCA NEPEA NPOCKUHOHHOH
nuH30H, KorTopas oTOpachHBaeT
H300pPAKEHUE HA IKPaH.

6. JononnutearHme 3ame-
YaHusi. XOpowWoO H3BECTHO, YTO
SACKTPOHHME MHKpPOCKON Jaer
BO3MOXKHOCTE HA0MIOAATE OTALNL-
HHE MHOTOATOMHHE MOJEKYb,
TAKHE, KaK MOJEKYJAb FéMOLMa-
HHHA WM TAMKoreHa (Kpaxmana).
OnHAaK0 Ha (POTOCHUMKAX HEb3st
L0 ORAPYHHTL CACLOB CTPY-
KTYPH MOJery1. PaeHuM o6pa-
30M JO CHX NOp He GHI0 moay-
yeHo u300pakeHHH OTOEAbHEX
atromos. Cnpamugaercs, Mnosso-
JAAET NA COBPEMEHHOE COCTOSIHHE
9IEKTPOHHCOH MHKDOCKONMA rOo-
BOPHTb 00 «BHAECHAH»> OTAEABHHX
aTOMOB Kax O 3ajaye, paspellH-
MoOli B Heganekom Oynyies, JTaM
BompocoM aaxumanacs JL M, Bu-
GepmaH. -

ILns noavueHus uzobpakenus
OTIEABHOTO aTOMa HYKHO Npewae
BCero, 4To0H paspellaeMoe pac-
CTOSHHE MHKPOCKOna Owlao no-
panka 1 A. U3 ckasaHHOro BellE
BHIHO, YTO 5TO HE fBAAETCA He-
JOCTHKBEMHM. Bropoe ycnosre —
HEMOABHXHOCTL aT0Ma BO BpeMs
IKCNO3HUMHE. ATOM, OCAKIECHHHK
Ha NOANOKKY, HapHUMEep Ha [LJeH-
KY KOMNOAMA, HEHOABHIKEH, HO
IJIGHKA CaMa pAacCenBaeT 9JeK-
TPOHH, M YTOGHM H306paweHne
MMEN0 HeOoOBXOAMMYI0 KOHTpacT-
HOCTb, Hano, 4ToOH MECTo, TIie

OCAMAEH aTOM, PACCEHBANO 3NEKTPOHH SHAUUTEABHO CHABHES, YEM NYCTAadA N0~
Aowxa, Ilogcuer Aaer, y10 ecld aToMHEA HoMep Z 20, TO MUHHMaNLHO
HEOOBX0IHUMan KOHTpAacTHOCTh gocTHraerca. Hawowel, sAeKTpoHH, paccesu-

§ 33] SMECCHOHHHE 3EKTPOHHLIE MHKPOCKOTIH 31

HHE aTOMOM, €TOAKJIOT* ero B TPOHECCce PacCeMBaHng M MOryT cOWth €ro
¢ saHaMaemoro Mecra. flcwo, uro ecan atoM OyIET BCe Bpems nepexo-
IHTL C MECTA HA MecTo, TO Hsobpawenus He noayumrcs. Teopermueckui
pacueT MOKAasa/, YTO BEPOATHOCTb COHBAHHA aTOM2 OpH yAape 3AEKT-
pona nopsaka 10 — 3, A MOMHO OXHUIaTb, YTO aTOM PaCCEET HECKOALKO
COTEH 3NEKTPOHOB, NpEXIe ueM NepelieT Ha HOBOE MEeCTO. 3uawur, ANA
O6HApYKEHHS. aTOMa HYWHO NPHMEHATH MUIACTHHKH, Ha KOTOPHX MOJy-
4aeTCA TIOUEPHEHHE YWe OT HECKOABKHX COTEH 37eKTPOHOB. TpyaHOCTH
<BHIZEHAA» OTIENRHOTO ATOMd HE MPEACTABIMOTCA HEMpPCOJONHMBIMH Yike
B HACTOAUIEE BPEMS.

PaccMoTpuM, HaKOHEU, BOMPOC O 3aMEHe fyYKa SJEKTPOHOB MOHHALIM
nyukoM, M3 cOOTHOWIEHRNS

P -

Y 2eml,

BUAHO, uTO NPA TOM KE YCKODAOWEM HANDMKEHAR NMAHA BOJHH HOHA
MEHbIlE JJICKTPOHHOH B, CAACBATENLHO, MONHO LA HOHHOrO MHUKPOCKOMNA
wAaTh COOTBETCTBYIOWIErO yBeauueHns paspemaionied cuast. Ho Gonpmas
10 CP4BHEHWIO ¢ 3ASKTPOHHOR Macca WOHAa CO3LaeT ropasio Goabwylo
ONacHOCTh Pa3pyiieHns o0beKTa. DT0 0GCTONTENBCTBO OF DAHAYHBIET BO3-
MOXHOCTH MOHHON MEKpPOCKOMME. B 4acTHOCTH, MPH OGAYy4EHNH HOHAMA
OTIEABHOrO ATOM3, 3AKPEILIEHHOrO H2 TMOATOXKE, MOXHO JAyMarbh, 4TO
yke NPH ONHOM W3 NEPBHX coyaapendit atom Oyaer cGut CO CBOETO
MecTa.

B onkcauHHX B JHTEpATYPE HMOHHHX MHKPOCKONAX (CM., Hanpawep,
(/.48 a JL 47]) npnMeHanuCh HOHH Li* u mpotonn; paspemaemoe
paccrosnne gocriarano 200 A. IOns GOKYCHDOBKH HCNOJB30BANUCH
5JCKTPOCTAaTHIECKHE JHH3H, (OKYCHOE DACCIOAHNE KOTODHX HE 3aBHCHT
oT e/m. ’ ]

Buue HHYero He OHAO CKasaHO O SAEKTPOHHHRX MHKDOCKOMAX, HE
NOAYYMBILHX TMOKA IMHPOKOTO TDUMEHEHHs, 2 HMEHHO O DaCTPOBOM MHKDO-
CKome ¥ TeHeROM Mukpockone (0 Hux cm. [JL 4.7, ra. VII]).

§ 33. IMUCCHOHHBIE 3TEKTPOHHBIE MHKPOCKONLE

B texuuueckofl 37CKTPORMKE TPHIGAMTCA HMeTh NEI0 ¢ H3oOpasmeRHeM 3ACK-
TPOHHOrO SMHTTEPA, TaK CKa3aTh, C M300pameHHEeM CCAMOCBETAUErOCA> SICKTPOH-
HOro oObeKTa, B MPUSOpPAX ABYX TUMOB. Bo-MepBHX, B SaeKTPOHAOOMTHYECKHX Npe-
ofipasopateanx uaoGpaxeHud (§ 35) ¥ TeneBH3HOHHWI TPYOK2X HEHOTODHX THIOB
3axaya COCTOMT B WOAYYCHHH H3obpakeHus thoTokatoma GoJbOW MIOALH C
yBeanuenHeM, GIM3KEM K eAnrHHne. Bo-BTOpHX, NpH H3YYCHHH CBOHCTE KaTOIOB
Tpedyerca moaydats n3oGpamenns HeGOABHINY YYaCTKOB Katola ¢ foabIuM YBe-
InuenyeM, DTO AHH3OBHE IMUCCHORHBE SNEKTPOHHHE MHKPOCKONH ¥ SMHCCHOH-
HIC MHKDOCKOMNH-TIPOEKTOPE, O KOTOPHX HAeT DPEYh B HACToAUeM naparpabe,
B oBonx cayuadAx pawHelimeit TapakIepuCTHKo# npubopa ABAMCTCA HAMMeHbllee
pa3apeluaeMoe paccTosHHe.

OO6BCKT-KATON HMCET HEKOTOPYIO CTRYKTYPY, HHBIMI CIOBAMN, OTHETbHbE TOYKH
€ro MNOBCPXHOCTH HIAYUAalOT PasHble KOIMYEeLTBA JICKTPOROB. IMUTTHPOBARHBIE
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SACKTPOHN TeM AIM HHHM CHOCOGOM RPHBOMATCH HAa 9KPAH, HOKPHTHA NOMH-
HOPOPOM, U BHIWBAKT €ro CBeUeHHe, TAK KAK APKOCTb CBEUEHH: NpH 3a71aHHOM
YCKODTIONIEM HAaNPAKEHHUA MPONOPUHOHATLHA YHCAY 3ICKTPOHOB, NMOMANA0IINE Ha
EIHHHIY MIOMANN TOMHHOPOPA 33 eIUHHIY BPEMEHH, TO DacTIDeNeIeHHEM SIcK-
TPOHOB [0 MOBEPXHOCTH 9KPaHa 3alaercs
pacnpeneneHue CBEUCHHA,

Wreaabran smexrpounoontnueckas cu-
CTeMa cBOIMIA GH TOYHO B OIHY TOUKY 31eK-
TPOHH, BHIHIEIIME H3 OAHOH TOYKH KaToxa,
B Toria m3olpawmenwe Ha 3KpaHe maBano
6B TOUHYIO KaDTHHY pACTpeXeTe st SMHC-
cun. OuoHake B NeHCTBHTEABHOCTH BCIEI-
CTBYE Da3lMYHHX aBeppauuii AEKTPOHHI,
BHIeAIIAe H3 ONHOH TOYKY KaToda, Ha IKpa-
HE PACNPeqendOTCA B IPENeIAX HEKOTOPOTo
EPYXKA PACCEAHMA, OT PA3MEPOB KOTOPOTO
6y1eT 32BHCCTH HAMMEHbINEE PaIPeliaeMoe
paccToAnKe, 3T0 06CTOATELCTRO VXY TaeT
KauecTBO H300pameHus.

L. OMHCCHOHHBIE MHKPOCKON-IpOeK-
TOp. Paccmorpum  uaoSpamenwe waTona,
HOIYYaeMOe B CHCTEME CEepHYECKHUX 376K~
TPoIoB (pRC. 257). DNCKTPOHH, BNXOJALIHE
H3 BHYTpeHHed chepu-KaToma mox Kei-
CTBHEM NEHTPATBHOH CHJIH, HaMpaBieHHOM
9T NEHTPA, KAK WM3BCCTHC H3 MeXaHuKH, GyaAyT IBHTA1bCA MO rAnepbonav. Hafzew
PamHyc R KPYEKa DPacCedsHNA HA aHONE-IKPAHe 19 HTeKTPOHOB, BHXONAMAX H3
TOYEH A B HMEIOIMHX HAWANEHYI0 CKOPOCTH v, = ¥V Il ; anecs Uy — <Hanpa-
MEHHE BhIIETa» 21EKTPONOB M3 kaToda (cM. § 1). Paxuye R onpenedsercs, oue-
BHIHO, TOUKON MORANAHHA HA 3KPAH AEKTPOHOB, BHIXOAAIIH® H3 TOUKH A B Tau-
TEHIHATLHOM HANPABIEHHH.

Hna moGofl TOUKH TPACKTOPHH STHX SMEKTPOHOB MGKHO HAMHCATh:

Ariod - s

Puc. 257. MzoSpaxkenue xatona B cp-
creme chepHueCcKHWX SIEKTPONOB.

_ge, m, )_
W“r+2(r et =W, (B30
p=méri=—p,

3nece W — SHEDIHA, p — MOMERT KOIHUECTBA JIBUKeHMS B W py—nx
HavaibHHE 3HAYEHHHA B TOUKe A:

m02

_ g E
Wo= ry + 2

» Po = mﬂl(rx- (332)

3apan suyTpenneft chepl ¢ (oTpHLEATeALHHI), eciu > ry, ¢ Goabnoft
TOYHOCTRIO paBeH g = {/,ry.
O6oaHaynm

mo 2
2 U . (33.3)
gejry Uy

MpakTHyeckn Bcerma €< |. Bupamas W, uepes e, nonyanw:

Wo= g (49, (@33.4)

§ 33] IMHCCHOHHMWE 3JMEKTPOHHHE MHUKPOCKOIEI 33

Mockoasky R <€ ry, T0 € MOCTaTOYHON TOYHOCTHIO

R=ry[8lror,. (33.5)
Ha (33.1) u (33.2) caeaver:
=" o= (NZa (33.6)
0

rle ©— spema opoiera. B gopmyze (33.6) ynobuo mepeitty x HHTErPHpPOBa-

HHIO 0O T,
Mz (33.1)

ot dar dr

Wo 2 g8 5 ]/ 1 r ri
2w T mr Y o 1+:)—,—§—p

I
!

o=\ 7 TN (33.7)
r )RR '

Beenem HoBYI nepexenHyo:

x= r—r'i; dr=— ;,5 dr. {33.8)
Wurerpar (33.7) npumer teneps siin
1 1
o — I‘”’ - __ 4 —. (@9
X o !
]/(1-1-—2);?—.\- ]/(lmx)kl—i—x—}—?)
"k &
2 | "a

10T muTETpAn MOXHO BovucauTH *). Ho Muw He SymeM aleck BHIHCWBATH TOY-
HOC pPEWICHWe, a NPHHAB BO BHHMAHHE, UTO Fyjr, << | U 9TQ MeWIy npelefamu
HHTerpHpoBanus Besfe 1--x < /e, naummeM cpasy npréiuwennoe BoipaxeHue

1

—{—% __ oyl viTz= A
(Fu.fa*“u]/'l‘x_ 2y lo“ x 2]/(7:. (33.10)

Pannyc kpywka pacceanma sa sxpae, CEeJ0BaTe LHO, paBeH

_ U, Uy
R=2r, ]/(Ta =2r, ]/ ol (33.11)
a

17
rie £, = = ;_—"—-Hanpnmeuﬂocrb MoAR Ha NOBEPIHOCTH KaTona.
4 K

*) Cw. P o w ik, Ta6auumw HHTErpaios, CyMM, PANOB H NPOHIBENCHHH, CTp, 43,
upuMep 18, )
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Yrob HANTH HauMeHbINee pa3peliaeMoe paccTOAHHE Ha KaTojle, HYEKHO,
BO-NEPBKX, Y9eCTh CHEKTP CKOPOCTER BHACTAIOIMHUX M3 KATOJA SJAEKTDPOHOB W,
BO-BTOPHIX, MPUHATE BO BHUMaHHE, YTO PACCTOAKHE MEWIY UEHTPAMH KPYXKOB
pacceAnHa Ha 9kpaHe GoMbimie pAcCTOAHMA MeWIY TOUEHHBIMH HCTOYHHKAMH
AMHCCHH Ha KaToRe B Fpfry pas. CuuTas, 4TO paspelaeMoe paccTOAHME Ha
sxpaHe PaBHO JMAMETPY KPYHEKA pAcCenHHA, UTO MAET, KOHEUHO, MpeyBeIH4eH-
HOE €ro 3HaYeHHe, TIOJAYYHM:

by == 2R B=b, K1 ]/U'f"‘ , (33.12)
. Fa Ey
W YBCAHUEHAC PaBHO
P __ra
M=3 =,

[IpuSop, cocroauMil U3 BHYTpeHHeR cepu-katoxa-u HapyxkHoR cepe-oKpa-
Ha, NOKPHTOrD - AOMAHO(OPOM H CIYXAUIETO 2HOIOM, NOIYUKA Ha3BaHHE ChepH-
YeCKOro 31eKTPOHAOro NpoeKTOPa HAH MHEPOCcKona-npoekTopa. OH 0Ka3anca ovens
YIOOGHWM L8 HCCACAORAHHA TEPMOSTEKTPOHHON H 0COGCHHO ABTOSIEKTPOHHOR
3muccHn. B o6oHX 9THX CAyYanx sHepretudeckuil CHeKTp TaHreHUHANbHHIX SIAeK-
TpOHOB H30OPAMAETCH KPHBOM, SKCNOHEHUMaALHO yGniBaouell B 3aBHCHMOCTH OT
¢/, HauMHaA ¢ MaRCHMaAbHOTO 3navenwa npk Uy = 0. [Lis ouenkn paspeitaeMoro
paccrodanna no gopmyre (33.12) B xauecTBe CpegHEro MOMHO TPHHATH TO 3Ha-
vene Uy = Uy, upn koTopos opIHRaTa KPHBOH CHIkaeTCA X0 1/e CBOErO HAYANL-
HOro 3maueHuA, BHYTPb KpyXKa PpacCTORHHA, ONpeleNeHHOro Takum o6pasom,
nonapaT 63,20/, TAHreHUHWATbHLHIX SIEXTPOHOB H 3HAWHTENbHO GAabiman moas

BCEX SMHTTHDOBaHHHX 3TeXTPOHOB. J10 3HaueHHe Sy pasHo HanGoaee BepodTHOH
CKOPOCTH BHJEIZ B BOALTAX.
He oOCTanaBIHBAACE Ha BHUYWCACHHAX, RPHBOXHM TOIbKO OKOHUAaTeNbHbLIE

dopuyar mas L. Ji1a TepMOINEKTPOHHEIX KATOROB CYIIECTBYET MAKCBEANOBCKOE
pacopenencHne, H

(Ug)'raz EBZ- (33.[3)
B caydae aBTOIIEKTPOHHOI IMUCCHH (pacTipelenenue Pepuu)

(Bx)as = EH

Vex

P
(:p.—-pa&ora BLXOHA Karofa, OTHeCeNHaA K elHHHIEe 3apaia: (p,,=?‘ . Ecam

(33.14)

E, BHpaKcHO B BOIBTaX Ha CAHTHMETD, (T/c)as v vy — B BOJBTEX, TO C, =
0097

=0,97-10~% cm-8s u npn Ey = 10® g/eu noxyvaerca (Up)ay = 7/? [8].
- F
Via (33.12) — (33.14) crenyer: :
kT -
b,=1 oE, s (33.15)
3, =4/ Cile (33.16)

V—?:-

MakcBeaI0BCKOE pacnpelieleHHe TepMOIMEKTPOHOB, KAK HIBCCTHO, CoBep-
MEHHO HAZEWAO YCTAHOBJCHO TCOPETHYeCKH H dKCnepumenrtarbno. Teopus asro-
9NCKTPOHHON 9MHCCHH, KAK H3BECTHO, TaKMKE XOPOMID NONTBEPKIEHA K3Mepe-
HYAMH 32BHCHMOCTH 2BTO2JCKTPOHHOTO IMUCCHORHOTO TOKa 0T HANPAKEHHOCTH MO
H paboTH BRXoAa 3MuTTepa (§ 15), ONHAKO IKCTIEPHMERTAIbLHAA IPOBEPKA MIPECKASKI
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BAEMOIG TeopHell pacnpefeleHAs 3IEKTPOHOB M0 CKOPOCTAM BCIPEuALT 3HAauH-
TOJbHHE TPYABOCTH. TO CBA3AHO, BUIHMO, € TeM, 4To HanBolee pacnmpocrtpa-
HeHHHE H HaflewHsil MeTol HavepeHds pacnpeleleHHs 3TeKTPOHOB MO CHOpoO-
CTAM, a4 HMEHHO METO1 TOPMO3Alero Nold Mexny chepHYeCKHMH SITEKTpo-
1amu (§ 19), HeOpHMEHUM II8 HCCIeNOBAHHA 2BTOITEKTDOHHOH IMHCCHH, TAK Kak
B STOM Clyude H2 TOBEPXHOCTH SMHTTEpa JCAWHO CYUECTBOBATL CHIALHOE YCKO-
paowee noxe ¥). Orcofa He caeyer, pazyMeercsa, 4To dopuyaa (33.14) B ocHoBY
ELIBOJAA KOTOPOH M0JI0KEHO XOpOllo 080CHOBAHHOE NPeANcIOXKeHHe © HaTHYHH
BHYTDH METalLaa pacnpenedends $epMmi, BH3ILEBaET KAKHE-THHO COMHEHHA,

HMa Buipaxcenut (33.15) w (33.16) Buano, uT0 § YMERBIMAETCA ¢ YMEHhIICHHEM
r.. B npoekTopax ¢ HeGOIIINM YBEJHUGHHEM, NpefHa3HAYeHHHX JAIA HCCAENo-
BAaHKA TEPMOIACKTPOHHGH IMACCHH, KATON BLITOJHAKT B BHIE Noaycdepw c BRYT-
peRHHM nojorpesatedeM. [pH Takofl KOHCTPYKUHM KaTola r He MOWeT OwiTh
MEHpIIE HECKOIBKYX MHITHMETPOBR H COOTBETCTBEHHO YBeniHucHWe M He npemh-
maeT HeCKOIbKMX NecATKOB pas. [1pusenenunit Buue (cm. 9. [, ra. 2, § I7) cou-
MOK aBTOSNEKTPOHHOIG RaTOfa ¢ VBESHUSHHEM B COTHM THCAY pa3 Sua moayded
Ha NpOEKTOpe, ENe KATONOM CIVEHIO 3aKPYIIEHHOE OCTPHE TOHKOR NMPOBOJOKH.
[IpoekTop Takoro Tuna ¢ Sorbmod paspemlaloliedi cunolt nokasad Ha puc. 238, a.

- Puc. 258. MHKPOCKONB-TTPOEKTOPSLL,

a—chepueckni () —ofnexky, T — gepxaresn ofwexTa,
-— anol, B—EwBox avora, I — sxpau};
& — puAMHApHYecsEHE, PaluMeph! yRasaue 1A9 TPOEKTOpA KOH-
crpykunn firyaaeea n Ulynné.

Octpue O, wMewomee ¢opuy noaycdepn, NOMEMaeTCA N0 BO3MOXHOCTH
TOYHo B ueHrpe cepryeckoro 6ainoHa, NOKPHITOr0 H3HYTPH MOMHHODOPOM.
Buiop momueodopa He uMeeT 00IbIIOTO 3HAMEHHA, Hallle BCEIG NPHMEHAETCA
BuaaeMut, [lonoxkeuse n thopMa ancaa GespaziHussl, JHMb OH aHOM HAXOAHICA
ROCTATOYHO JANEKO OF OCTPHA.

¥) Tlo atomy Bonpocy cx. JI.2.43, § 14, a 1akwe II. M, JIyRupcku#,
Y®H, 1. XXVII, N 2, 1935,
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lF1aBHas TPyAHOCTE 32KIOYAETCA B HATGTOBISHWH FIANKOro noiychepuue-
CKOro OCIPHA C OYeHb MaIuM pannycoM. OGmYHAA BPOUEIYpa COCTOHT B XWMH-
YeCKOM TDABIEHHWH KOHIA NPOBGAOKH H 33aTeM B NPOKaJHBAAHM Ero B BaKyyMe
NpH BHCOKOK Temnepatype (2400° K mia octpusa m3 W nam Mo). Onwt noka-
3ad, 9T0 RAHTENbHOE IIPOKAMTHBAHHE OCTPHH NPHUBOAHT K TOMY, Y10 OHO IDHHE-
waer ¢opMy noxychepu, [locre AaHTeILHOrO MPOKaTIHBAHHA MOBEPXHOCTL OCTPHA
Noay9aetca NeYTH #1eadbRo riaakolt. Ha npakivke vaasanock moavyaTe pagHyc
JAKPYTIIEHHA B HECKOJIbKO MHKPOH, 4 B OTIEIbHHIX CIYUAAX IOCTHCATh Jaie
necAtol MHKpoHa, Hampuwmep, BocnpousselenHas B8 . 2 na puc. 128 (w. 1) amuc-
CHOHHa2A KapTHHA ¢ YBeauuerwey B 420000 pa3z Onita noayueda Moarepom up
pagnyce aaxpyrienun Beero s 1120 A, Tlo dopmyae (33.16) 1 soasibpama B
3TOM CAyude Nodyyaercs: :

5=104-10"% car = 944,
31‘0 HeHaMHOrO XYwe paapemeuﬂﬁ, NOIYYAWIHICA B XOpOlI]HX SJEKTPOHHHX

MHKPOCKONAX.
Paguyc Breurnelt cepu npu yeeruuennu 420 000 pasen

ry=420000-1120- 1078 = 4,7 cx
" npu U, = 1000 & Ha NOBepXHOCTH KAaTOMa NOJAYYAeTCA [oae

E,= -2 =289-107 g/en,
Fx
NpH KOTOPOM Ve CYIMecTBYeT 3ameTHas aBTO»IeKTpoHBas 3mucchda. Kax BHIHO
H3 9THK pacyerTos, Ha pHc. 258, a chepHyeckHll SJeKTPOHHLIE NPOEKTOp HpPH
upafiie npocTofi KOHCTPYKIHH, HeGONbEIMX pasMepax M HH3KHX paGouyHX Hamps-
EeHHsX crocoGed KaTh 0YEHL BHCOKY Pa3peliaiilyio CIocOBHOCTD.

Hemenwomy ¢uamky, Mioasepy yHaBatoCh noayuaTe OCIpHA ¢ PajAYCOM
sakpyrienua rp, =110 A n paborath ¢ yBeanuenuem 2-10° npH pazpemaesmon
paccroanyd okeae 10 A, Mioatep, a Takxe M APYIiHe HCCNeNOBATEAH TIOAYYATH
Ha 3Kpade H3obpamende OTe pHLX MHOTOATOMHBIX MOJEKYI, aZcOopOHpOBaHHBX
Ha OCTpHe TpoekTopa {pHc. 259 a). C yvyacTka Katola B MecTe agcopbudd moay-
4aeTea yCHIeHHE IMHCCHM, TaK Kak IMHTTHPOBaHHBIE MOAEKYJIOH SJICKTDOHR
JeTKO 3AMEIIAITCA 9IeKTPOHAMH, TPOXOIALNEMH Yepe3 NoTeHUHaAbHHH Gapbep
MEXNY MOMA0KKON (KATOXOM) M MOTEK Y0,

Haroropaenye cheprueckoro ApoekTopa ROCTYMHO Ti000R 3aeKTPOBAKY VMHOH
aaboparopus. Eme npome umauuipHyeckuft npoextop (puc. 258, 6) KoTOpwi,
OQHAKO, NaeT HCKAKEHAY KAPTHHY 3IMHTTEpPa BBHIY TOro, YTO NpH GOJBIIOM
palHaIbLHOM YBEIHUEHHH €r0 OCEBOE YBEIHYCHHE PaBHO eiwHune. 3410 OHAWHD-
pHYeckuil npoekTop yooSeR N8 HCCAeJOBAHHA TEPMOITEKTPOHHOH SMHCCHH.

$opuysa (33.12) noxasweaer, 9TO Q1A YBEIMYCHHA paspemawiledt cnocob-
HOCTH CePUUECKOr0 MNPOEKTOPa BHIOAHO YMEHsIIaTh HAaYyaIbHY CKOPOCTH
9ACKTPOHOB, 3aMeHa SMeKTPOHOB HOHAME, MMEIOIHMH IPH TOH Xe TeMueparype
IMHITEPA FOPA3N0 MEHBNIYIO CKODOCTH, JOJWHA NPHBECTH K ¥ MCHBIICHHIO KPYKK3
paccesuusn. [locTpoennulfi MpornepoM UOHHBI MHKDPOCKOT-IIPOEKTOP OCHOBaH Ha
¥YNoMHHapmeMca paxee (4. | ra, 3) ABIeHEH: NPH OTPHBAHHM UYKEPOIHOGro atoMa
OT TNOBEPXHOCTH MeTalla (ZecopOuHs) 3TOT 2aTom OTHAET MeTaXdy 3AeKTPoH H
NecopbHpYETCA B BHAE HOJOMHTEIbHOro Houy, [ecopbuus BO3MOKHA He TOIBKO
fipH BHICOKOA TeMNeparype wMeTania-foRACWKH, HO H MOJ NeHCTBHEM CHILHOIO
H COOTBETCIBEHHO HAMPaBAeHHOro MIeKTpHueckoro noas. [losTomy, ecan nome-
CTHTb MeTAILIHYECKOE OCTPHE B Ta30BYH CpPeAY M CO30aTh HA €r0 TCBEPXHOCTH
CHALHOR IMEeKTPHYecKOe H0Jde, OIPHBAOIIee MN0JCEHTEILHME HOHB, TO HEMpe-
PpHBHO GyayT HATW /lBa NPOUECCA: NONajaHHe HA OCTPHEe HEeRTPANbLHHX aToMOB
H HX AecopSuMs noxcwm B BUAe HoHOB, Or ocTpus 6YIeT TeUb HENpPEePHBHHIN HOR-
HHH TOK.

KoHeTpyKURA HOHHOrO NPOEKTOP2 B TOYHOCTH COOTBETCTBYET KOHCTDYKIMM
3]eKTPOHHOrG fnpoextopa. Boakwe TOro, ofiHH ¥ TOT Xe NpAGOP MOKHO CHavaya
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HCIOB30BATH KAK SJEKTpOHHMA NPOEKTOP, @ 3aTeM, BBeas B Hero ra3 (napu Ba,
BOLOPON) H MEepPeMEHHR MOAADHOCTh HaRPAXERHA MeMIYy OCTPHEM H KO1IERTOPOM,
kak mOHHEE mpocktop. Ha pue, 259, 6 W 6 mpnsegena dotorpadua Boabdpamo-

&

PHc. 259, 4 — 31eKTPOHHOONTHUYCCKUH CHHMOK YHCTOTO BOIb(paMo-
BOFO SMHTTEPA ¢ €IHHHYHOR ancopOHpoBaHHod Molexynol (pr1aic-
yuanuna (no R. Gomer);

& — 3JIEKTPOHHOE H 8 — HOHHGE BOJOPOAHCE H3o6pameHHd BoLbpa-
MGBOTO OCTPHA, [GAYUYEHHHE B MHKDOCKOME-TIPOEKTOpE.

BOrO OCTPHH, CHATOrO YKA3aiHBIM COOCOBOM. [luameTp Kpy®Ka paccesHHd Ha
ofbekTe B oOHOM Caydae 25 A, a B apyrom 24 A: 3rnM M obnackserca Golb-
maa Pe3KoCTh H30GpameHHA B HOHAOM HPOEKTOpe,

HatepecHo npowncxoxnelue NapalielbEWX [0J0COK, [EPECEeKawIHX CBeET-
able MeCTa HOHEOrO H3o6paienus. PaccToAHHe MeXAY HHMH [0 NOpANKY PABHO

-
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PACCTOAHHIO MEXAY ATOMHHMH CI0AMH B KDHCTalIHUECKONR PeileTke soandpama,
# HX [OABYEHHE CaelyeT HHTEPAPETHPOBATE KK <CJeNR» BHXOIKUIMX HA MOBEpX-
HOCTB aTOMHHX NJIOCKOCTeH KpHCIanauueckofi peweTku. HOHH&HE maxpockon-
NPOCKTOP AAN BO3MOKHOCTh «YBHACTb» KPHCTAZIHYECKYIO DELIETKY,

¥BeAnueHHe paspemapuielt cnocoGHOCTH HOMHOrO LIPOEKTODPA TO CpaBHeHHIO
C BIEKTDOHHHM OOBACHACICA, KPOME Ye YIHOMAHYTOrO YMEHLHIERHA cROpocTef,
TAKXE H TeM, YTO B HOHHOM NPOEKTOPE MOXHO YBEIMYHTb YCKOPHIOIlee Hampa-
WeHke, He 60ACh OUeHb GOJBINOTO POCTA NAOTHOCTH TOKA HAa OCTpHe, KPOME
TOTO, YMEHBUIACTCR BIHANHE AMQPakuMH ReGPOHTEBCKHX BOJH Ha GCTpue, Tak
Kak HOHHWIE BOIHE HMEIOT IOPa3sio MEHBIIYI IAHHY, 4YeM S3IeKTpoHHue [J1. 4.7,
ra. VI, JI 4.9].

2. IMHCCHOHHBIE 3JAEKTDOHHBE MHKPOCKOOb € JHHIaMH. QIAEM H3 CAMHYX
APOCTHX YCTPOHCTB, NPHIOAHHX AAA HOJYYEHBS H306paxeHHA KATOLA, ABIACTCH
HMMEDPCHOHHEA  9JEKTPOHHOONTHYECKHE. OO6BEKTHB, COCTOAUMA M3 MIOCKOTO

A b

KaToja v IByx Anadipars (puc. 260).
Ecan Hanpaxenne Ha BTOPOf Aua-

parne I/; nonoxmurensHo u Be-
AHKD, TO AaXe RpH HeGoJbIUHX
OTPUIATEARHKX HANpAKEeHHAX U/,
Ha MOBEPXHOCTH CpeiHed 4acTH
KaTOHa MEKTPHYECKOe none 6y-
€T YCKOPAKUINM H 3I8KTPOHLL,
BHXOJAILHE ¢ STOTO0 AKTHBHOIC
yyactka Kaiofia, ApoHIyT uepes
o6bexkTHs, [Ip# OoaplIHX OTPH-
uaTexnHeX Uy TOK 3JeKTROHHOIO
"% [YYKa OK2EETCA 33aNepTHM; BO-
(poC 6 PEryIHPOBAHHHM TOKA N0-
naid CpelcTBOM HaMeHeHHA Uy Mu
PaccMOTPHM WOXPOGHO B OBHOM
H3 TOCAeEYIOMHME nNaparpados
(cm, § 36).

HumepcuoHHWl  00beKTHB,
HIH KAaTOMHaA THH33, OTIHYaeICA
OT NHH3 JAPYTHE THMOB TCM, UTO
B HCM B SACKTPOHHEIE NMYYOK BOBAEKAKTCH M HENapaKCHATbHHE JAEKTPOHH, Tag
Kak BCe 3IEKTPOHN 110 BHXOAE H3 KaTOJa HMeWT HeboasinHe CKOPOCTH.

M3 cxazannoro cae;yer, 4TO OPOCTan TeOPHA JHNH3, HE YUHTHBAKWEA He-
NapakcHadbHble 9AEKTPOHH, B JAaHHOM CAY4Yae HeRoCTaTouna M ciaejyer obpa-
THTHCA K PacieTy TPaeKTopHA 9JeKTPOHOB H K 3KCHepuMeHty. Mayuenue Tpa-
eKTOpWlt DOKa3alo, 9TO BCE INEKTPOHM, B TOM UHCHEC H T4HTeHUHaIbHBE, Yie
BCKOPE MOCAE BRIXOOA M3 KATOAAd OKa3WBaOICA CTAHYTHIMH B TOHKHE [YUKH,
mapmHAe NeHCTBHTeAbHOC W306paweHnne Touek kartofa. OlMH Tako# mydoK noka-
3aK Ha pHC. 260. JaexTpoHH NPOXOAAT Yepe3d cOBHPAKILIYI0 YACTH N0JA 06 bEK-
THBA ¢ HeOOABINHMH CKOPOCTAME; IIOSTOMY OMTHUECKAA CHA3 OOLEKTHBA BEIHKA
H OH MOXeT 1aBaTh GOMbINKe yBegudeHws (10 HECKOAbKHX COTeR pa3). Koueuno,
NpH 3aMeHe TNMOCKHX THadparM NPOoPHIHPOBaHHEIMHM NHapParMaMH HIH LHIHHR-
paMH_cBOMCTBZ OOBEKTHEA B OCHOBHOM COXPaRATCA.

Ontnueckde csofictBa 06THeKTHBZ 3aBHCAT OT 4, ¢, 4 H OT OTHOWEHHS
Hanpaenult UyfUs. Ha puc, 261 nokasaum 32BHCHMOCTh HANPAMEHMS Ha NEPBoM
nuadparme L/}, IPH KOTOPOM Ha 3KpPaHe DOABIAETICA Pe3K0e H300pameHHe KaToAa,
H COOTBETCTBYIWOUW(Er0 yserHyeHHA M oT DaccTOANHA @ MEXAY KaTOAOM H TepBOR
Duapparmolt npy Uy =1, =750 & ¥ HeUIMEHHOM DACCTOAEHH MEWAY KaTONOM
H skpanoM L =240 mx (no pamuerm @, A, Casuenxo), M3 upHBWX MoXHO HaifTu
¢orycHoe paccrosuue, Jan TOHKON THH3W

Puc. 260, Crarueasde 91eKTpPOMOB B Yakui
NY4OK M ofpasoBaHHe H30OPAKEHHUA B HMMep-
CHOHHOM 06LeKTHBe (KaTOZXHOH AMH3E),

S S
M=—4, 3 =,
p’ P+9 f
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B nawHoM cayuae BCerma 4> p, Fa=—p, == 240 aMa, 138 9T0 F== 240/M.
Hanpumep, npy U/, =0, M= 100 1 a = 0,5 s nonyuaetcs f==24 MM,

KpHBHe {OKA3HBAIOT, YTO HAHMEHbUIHE
aHavenusa f # HaubonbilHe YBEIHYEHHA NOaY-

M
200

UaloTCA OPH MainlX 3HaUeHHAX 4 H OTpHla-
TCAbHWX Hampmxenmax {/, wa pepsof nma- l 150%
dparme, PH3HYECKH 3TO BHOJAHE TOHATHO.

Yayumeras CBORCTE HMMEPCHOHHOIO 06b-
CKTHBA NPHIIAOCL NOOGHBATHCA OMBITHHM (Y- - 00
TeM. Oxasamnock, B 4acTHOCTH, YTO BBeAeHHE
npodrivpoBaHnoi nepeoft AradparMu 3HAYH- 50 ]
TeNpHO YBENHYHBAET BOCHPOHIBOAHMYI [70- e
ulagb KaTodd H YAYuIaeT KauecTBo k3cOpa- 0
WEeHHA. ) us

Ha xpuswx puc. 261 BamHo, uTo Cyile- 30
CTBYET TaKOE PaCCTOAHME MENKIOY KaTOROM H 200 p—
uepBoi IRadparMoil, MpH KOTOPOM pesKoe o
u3obpakeHHe Ha 3KpaHe moAydaerca [pH 100 — P
U/, =0. B natieM 0pBMepe 3T0 PacCcTOsSHUE 0 1 - i
coctapaner oxoao 0,5 mst. B sTOoM noaowe- 3‘3"! 2 3 4 Y
HHH MepBaA JHadparmMa coefliHeHa HAXOPOTKO ~100 { U, =7508 .
€ KaTodoM H CHCTEMa HMeeT TONBKO OJIHO 200 L =240 -
pa6ouee Hanpaxenie Uy B rtaxom asyxno- _300
JOCHOM (ZOTA M TPEXHIEKTPONHOM)} 0BBeK- S ]
tuee npA 1wGom U, otHomenue UylU,=@ ~400

H H3MeHenHe U He MeHAeT 3IeKTPOHHB e TpaeK-
Topun ecad coxpauserca ycaoewe Uy € Us.
Tpy wamedeHHH {J; B IBYXNORWNCHOM 00Dbek-
THBE TPAaERTODHH 3MCKTPOHOB, a 3HAuHT, (o-
KYCHOE PpacCTofAHHe, NOJOMEHHE H pasMephl
H306panenHa He MEeHRIICA,
Ixcnepumentansio Guino BaleHo, 4YI0
MOXHO BOOOLIE OTKa3aTbCA OT neppol Iwa-
(parMpl, POTb KOTOPOH B ABYXNOMWCHOR CH-
CfeMe COCTOHT B TOM, 9T0GB NPHLATH SKBHUOTEHNHATBHHM JHHHAM BOaH3M
katoga H30PHYTYI Gopumy. [pujaBas KaTony BOTHYTYR CPepHUECKYI0 HIH KOHY-
cooBpasnyo GOPMY, MOXHO NOCTHYs TOH ®e merd (pHe. 202). [IpenmymecTom

Puc. 261. 3aBHCAMOCTR Hanpixke-
HHA Ha nepsol nuadparme U, n -
YBeAHUEHHA M OT PaccTORHHA OT
KaToma A0 neppolt Awadparmn
@ pH noctoaxHuX [’ u paccroa-
HHM A0 3KpaHa L pmaa mnpocroro
AMMEPCHOHHOI0 OGDBeKTHBA.

Puc. 262, Popma 3KBHIIOTeHUMaAbHHX NOBepXHOCTel UpH BO-
FHYTOM KaToje.

iIO.‘Ij"IEHHOH TAKHM TIYTEM ,!ByXl'lOJIIOCHOﬁ H OBYX3INEKTPOJIHOH KatoIHOH NUH3W
6}’Ill".‘l' NOUTH NOJHaA HEYYBCTBHIEIBHOCTE K KOJe0AHHAM NHTAILETO HANPAKECHAR,
@ HeJUCTATKOM — HEBO3MOKHOCTDL 6¢3 CMeMleHHs JICKTPOJAOB OJAHHM HINMEHEHHEM
HanpaxeHHA AoGHTBCA l‘bOK}'CHpOBKH H H3MEHEHHA NOMOXKCHHA H306paH{EHHﬂ.
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YCTpOHCTBO, COCTOATICE M3 HMMEDCHOHHOTO OOBEKTHBA H IKPAHA, MOWHO
Ha3Bath IMMHCHOHHHIM 3IEKTPOHHBIM MHKDOCKONOM, TAK KaK OHO NIaeT CHALHO
yBemHYeHHoe H3o0pakenne HeGOAbMIOrs yyacTKa Katona.

BauvcauM BealwpRy paspemaeMorc paccrosnud b, Jns BHWHCAEHHS b 6y1eM
& NOpANKe YNPOMEHHA 3471a4H CYMTaTh, UTO HTEKTPOHH, NPONAA CHavana HEKOTO-
puif IYT» B YCKOPSIOWIEM CAHOPOJHOM OO, 3TeM NONAJAIT B HLEATLHYH, T, €.
auienuyle abeppaunit, aueay. 14 Karofa, NOBEPIHOCTb KOTOPOTO MMeeT HeGOMh-
lylo KPHBH3RY, 3TC NAeT xopomee mpHOTHxeHHe. Beaefacrane pasbpoca wayame-
HEX CKOPOCTEH NO BedHYHHE H HaNDABIEHHI0 SHCKTPOHH, BhIDICANIHE H3 OXHOM
TOUKH KaToJa, BOHIYT B AMH3Y 10 HANPAaBASHHAM, He epeCeKaIOMEMCA B OJHOI
Toyke. MHbME Ca0BaME, SIEKTPOHABIE IyYH, BIONAIHE B AMHIY, He OYIYT Ka-
;arbm HCXOMALHMH H3 TOYEUHLIX WCTOUHKKOZ BCASACTBHE XPOMAaTHYeCKol abep-
anyH.

I, x
Ex
a) 1 c
f,: (25 2
8’ L ﬂ*
<320 I
o S
0 ! I 7,
\ l i t
Utiﬂamm\\}
flobepxrocms odkopodnose ) Slunaa
Kamoda RAAA
6) , g
13 2 F
17 y e
<8 |
N § 7
{F -45°
¢ 3
4 D
Sunsg

Puc. 263. K BuMCAZHMIO PA3PEIUAEMOro DACCTOAHMA HMMMep-
CHOHHOr0 OGBLEKTHEA.

Hyswuo, caenopaTelsRo, HaHTW, KaKOMY HCTOYHHKY S4eKTPOHHWE ayuell B
CMHC/e TeOMETPHYSCKOH ONTHKM 3KBHBAJEHTHA TOUYKA Ha NUBEPXHOCIH KaTofa,
HCITYCKA0Man 31eKTPOHKL.

Ho BXoWieHHs B IHMH3Y 31eKTPOHH GYAYT ONHCHWBATL Mapaboin (puc, 263, a).
TaureBunaabHble 2IKTPOHM €O CKOPOCTBIO BblIETA Uy = VQ':]U,;, BHWXOIANIHE H3
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ToukH (), GyAyT ABHCAThes No napaboie J, ypameeHHe koTopol nxeer Bal (§ 2)

203 4U 410,
s x5 Wy 5 A 33.17
X= o z E. zZ T z, ( )

rue U, — nanpaxenwe B niockectu AA. Tlyern napaSoaa ! nepecekier wio-
ckocth AA B Touxe B, a wacateabHan K mapafole 8 Touke [ nepecekaer ee
ochb B TOouke B

J1eKTPOHN, BHAETEBIMKE € TOH Xe CKOPOCTbI Ty MO YTIOM § K 0010 H3
Toit we TOuRM (), ommmyT unapaboay 2, Bepuuna KoTopoi AemHT B Touke O
HaumireM ypasienue napaGoast 2, OTHECCHHOE K OCAM Xy, 24 TAK Kak OIHOPOI-
noe yckopawuee noae E—= F, nanpasieno 5301b OCH 2, TO IPH IBHKEHHH 1O
napaGoae 2 craraomas CKOPOCTH NO OCH X HC MCHACTCA ¥ B Touke (J; 3aexT-
POHY Hag0 MPHIHMCATh Ty Me CKOPOCTh Ty, KOTOPYIo OH ¥MeeT B Touke O, T. e
v, = o, sin f. CrefoBaTe bHO, ypaBHeHne napaboTH 2, OTHCCCHHOE K OCAM Xy, 2,
Gyner (cM. § 2)

2vg sin®3 40, sin® 3
wE = E

HakIon kacaTedpHolt B Touke O npn x, =4 oNpeleauTca H3 VPABHEHUA

. (33.18)

-
X =

(_dil‘ _l_x_m] Y 1 _ cos
dx,)xl=b_— 2WEY sinf 3 |y, =8 200 sin®B tgd "~ sinf’

0TKY1d

b =S gin 28, (33.19)
£ .
Mpu B =45 b nocTHraeT MakcHMyMa
U U
bnax = 3 =1 17‘: . (33.20)
Haueprum Tepepb kak napaboay ¢ f= & 453°, Tak u mapaGoay ¢ 3=—45

(puc. 263, 6, setry napaGon 2 u J). KacaTelbHnie K HiM B TOUYKAX C w D onpe-
menanoT Toukk C' W DY, ackampe B NIOCKOCTH, TpoXoaaimledt yeped touky B', Ha
paccTosuud 2bmax APYT oT mpyra. Jlaa BCAKOTS IPYroro ¥riz BiIera KacaTedh-
Han K NapaboJe B MECTe BXOWAEHWA SICKTPOHA B AHH3Y nepecevet amumio D'B'C
Meway Toukamu C' w D,

M1ockocik wepTeka — 3T0 MepHIMAHHAA NTOCKOCTh CHCTEMH, H B MPOCTPaH-
cTse guuud C'D' cooTBercTBYer Kpymok amaMerpoM C'0' = 2bmax.

Ecast mpunrate C'D' 3a HcTowdwK ayuwel, samemmiomuii Toury O, 10, KaK
BUIHO M3 pHC. 263, 6, 3TOT WCTOURHMK JaeT CXoIMEHAicA nydyok ayued, KOTODPHA
fenacT¢s PacXOBAUiHMCA TONBKO COPaBa OT kKpywka MN. 3Haudr, 3a HCTOUHHK
NPAMOIMHEAHKX Tyuell B CMHCIE TEOMETDHUECKOH ONTHKH HALO [PHHATE KPY-
ok MN, IHaMeTp KOTOPOro, Kak MOWHO IOKa3aTk, NDHOIH3HTENbHO BIBOE MEHb-
me O'D' == 2bmax. TIpUHHMan ONATL, TO HAHMEHLIICE PAaspellaeMoe paccIofkHe
paBHO ZMAMETPY KPYMKKa B, 117 3NEKTPOHOB € IKBHRATEHTHHM HampawerHem Uy
MOIYYHM:

U U y
B o — Ve __ Yk
== bmax an E- (33.21a)

YunTHIBAA LIHPHHY CHEKIpa ckopocTedt, Hamo Uy B (33.2]a) 3aMeHWTR CPEIRHMM
sHavenneM {/,. Kpome Toro, TeODHH NOKa3blBaeT, YTC MIAOCKOCTD HanbonbIero
CYWeHHA NyuKa AyyeH, NpOIUIENINAX 4epe3 IHH3Y, rie H300paxKeHHe NOIVYALTIA
fganGoiee pe3kHM BCARNCTBHE HEOJHHAKOBOCTH HayalbHBIX CKODOCTEH 3MeKTPO-
HOB, J€XMT HeCKOIbKO C33IH rayCCOBOH MIOCKOCTH (ILIOCKUCTY H300paXeHUs B
1apaKCHAIbHHE TY4ax),
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Y4eT Bcex 9THX O6CTOATEIBCTE MO3BOIAAET APHATH K - BLIBOAY [71.4.10), uro
PACCTOAHMS, MEHBUIME YeM

Amax = 4 %;5 s (33.216)

rne Uy — No-NpesHeNy HampaAmeHue BHICTA IEKTPOHOB ¢ HauGolee BepoATHO

CKOPOCTLIO, OCTATCA HepadpellleHHmMA, Popyyra (33.216) gaer sepxwull npemea
PajlpemaeMoro paccrofHuA, H He HCKIOYEEO, YTO M3 ONMTA MOFY! OWIb DOIY-

2
1~
Fa 3

10 cm &

Puc, 264, muccHOHHBE 3TEKTPOHHBE MHKPOCKONH B 3amasti-
HHX CTEKIAHHBX KOJ0ax.
@ — MAr|ATRO-3.JeKTpHYecKni 1as ucc.ae xoBanis GoOTOKATOAOR ([ — MACHHTHAR
AMH3A, 2 — HCTOMHEK CHETd, J— NPOBOAALIEE NOKPHTHE, § = SKPan);

0-— :sc_mﬁlmupoaaﬂuuﬁ (A —aHod, A — Kartol, ] — NeXanH3M CMemerus KaToza,
2 —~35 -~ BASKTPOAL! BAEKTPOCTATHRECKHX AWUS, 6 U 7 — MATHHTHBIE JHH3bI).

YcHH MeHbliMe 3Hauenns 8, € gpyroft cropomu, npH BuBOfe  popMyim (33.21)
GHI0 DPHHATO, 94TO AHH3A He HMeeT abeppalmit M B pealbHOM MHKPOCKONE HaH-

MeHbllee pazpeluaeMoe pacCTOAHME MOXeT OuThb B Goabwie dmax, BoYHCAeHHOH
no gopuyne (33.216).

§ 33] SMHCCHOHHHE 3JIEKTPOHHBIE MHKPOCKOIH 43

Moncrapasna v (33.216) U, u3 dopumyr (33.13) n (33.14), noayunm:

kT
(Bmaxh, =4 2E’ (33.22)
(Pmas)a, = 4 L. . (33.23)
V %

7111 hoTo3TeKTPOAHKE KATOJOB BEPXHUE npened
pazpellaeMore pacCToaHng

e
rie mpax = 2 H‘Umu H Umax — MAKCHMAIb-

Haf CKOPOCTb GOTOIEKTPOHOB, KOTOPYIO MOMKHO
Hal¥TH U3 3akona DiHmwITedna (§ 13):

mo?
— %E =TI e (33.24)

Apyrue abeppaudn (aGeppaldn KGCHIX 11VY-
K08, cdepuyeckan abeppanps) B IMHUCCHOHHOM
31€KTPOHOM MHKDPOCKONMe, Iie OGBEKTOM CIYKHT
Y4ACTOK, HE NPeBOCXONAIHH HECKOThYHX e CATHIX
MHI1IHMETPA B NONEePEYHHKe, He HrpanT H0IbINOH
poaM, W paspellaeMoe PacCTOAHHE Ha TAPaKTHKe
onpeielAeICA PACCYHTAHHON BHLUIE XpOMaTHYe-
cxoft aGeppanneit.

MoacyuraeMm nofe ¥ xKaTola, npd KOTOPOM
paspeinaINas CHIA IMHCCHOHHOIG MHKPOCKONa
He YCTYmaeT paspewlawlleff CHIe XCpoLIero cse-
TOBOrQ MHKDOCKONA, paBHOf npHMepHo 173, T. e
okoao 2000 A npm paGore ¢ Gelnd cReTOM. fipu
T=1160°K mna oxcuasoro tepMmokaroda k==
==0,l 38, H ecan ¥, =2000 A, To mo dopmyae
(33.22) moayunrce E = 10* s/cs., Jdas doroka-
Toga npu A=10000A u 0, =072 3¢ Umax==
==0,0 8 ¥ npH E = 10* g/cr mo dopmyae (33.24)
HaitieM B4, = 20000 A. OcBemmenne cBeTOM 60Ib-
mef TaCTOTH HaeT eme OOJbilHE 3HAUEHHA by,
TaK W0 [IA NONYYEHHH <CBEPXCBETOBOM» paspe-
nawned cHiant Haao 6path G0Nee BWCOKHE Hanpa-
weunda. Hanpaxennme £ B uMnyabcHoM pexuMe,
KOrZA OMaCHOCTbh BHCOKOBONBTHOTO 1p0GOA Melhb-
e, yfaerca HOBOAHTL Oo 10° g'car

«CBepxcBeTOBaf» paspellaomas cHIa Ohiaa,
OlHAKO, AOCTHFHYTA TOJALKO B HeIaBHee BpeMA.
Mepsre IMHCCHOHHEE MHKDPOCKONK, IOSBHBIIHECA
B 1933—1934 rr., N03BOIHIN MOIYYHTL PAT HHTE-
PECHHX Pe3yNBTATOB B 00JaCTH HCCIeI0BAHHA
KaToAGB, XOTA MX YBeAHUEHHE HE IPEBHIIZI0
HECKOJBKHX COTEH, a HHOTILAd B IEeCATKOB pas,

Kak y#e 6bl10 OTMEYEHO, HMMEPCHOHHBIE
sGhexTHB Ge3 mpaMeHeHHs NarbHeHNIEro 3iek-
TPOHHOONTHYECKOTC YBEIHYEHHA MOKET Ve
RaBaTh 3HAYHTEILHOE YBEIHWeHHE, HO YauGiee

\

e Y]
AN,

& S
- malll

:F‘/;g——.

Puc. 265. Paspe3 KoJoHAH
IMHCCHOHHOI'O MHKDPOCKONna
29M-75.

I —gato]; Z2—hoKYCRPYIONLLI BaeK-
TPod; 3—aHOT; ¢ — MEXAHHIN ropHu-
BOHTAJRHOCO (TEPEMEMIEHHNR Dﬁ'helﬂ'a;
J— MeXAHHIM UIMEHEHHA paccToauuR
Mexpy o0LeKTON i POKYCHPYIOLLIM
9.1eKTpPoA0M; 6 — MArHHTHAR NPOEK-
UHOHHAN  ANH3IR; 7 —duoTokamepa.

IPHMCEATE JAONGIHHTEIbHGE YBEAHYCHHE ¢ OOMOQIUbIO ﬂpO@KL’LPIOHHOfl THH3b,
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DNeKTPolH 1aG0PATOPHEE MONeled IMHCCHOHHMX MHKPOCKONOS pasMellarnIca
B cTexTAHHOM Oartaone, Ha puc. 264 pankl cxeMaTHYeCKHE YepTewmH NBYX
n1a60PaTOPHKX MHKDPOCKONOB: Tpoclefimero MAkpockona H. . Cymxuna ana
HCCIeNOBAHNA DOTOKATONOB (pu¢., 264, @) M KOMOHHWPOBZHHOTC MEKPOCKONA,
COCTOAIEro A3 HMMEPCHOHHOTO OOBEKTHBA W JIBYX MATHHTHHX JMH3 (puc. 264, 6).

B nocaeaude rofm sMHCCHOHHEE MUKPOCKONM CTATH NPHMEHATHLCA He TOdb-
KO j1d HCCIeNOBAHHA KarToloB, HO M 1A MCCIeNOBAHHA MHKPOCTPYKTYPH MeTalt-
A0B. B 3TOM C1ydae HCMIOAL3YIOT T0 06CTOATEIBCTBO, YTO PASMHYHEE TPARH KPHCTal-
0B WMEIOT PasHYl PaGoTy BbIX0Jd M NO-DASHOMY ajCOPGHPYIOT ATOMH TIOKPHITHA,
K sugpockonam IM-100 1 ¥AM-100 pazpaboTasn CHeNHAILHEE <IMUCCHOHHHE
TOI0BKH?», KOTOPH¢ MOMHO CIABHTh HAa MeCTO OCBETHTEIbHOH YacTH W cTo-
ApKa 00BEKT, NPEBPA(afA TEM CAMHM STH NPHGOPH B IMHCCHOHHHE MHKPOCKOIH.
Kpome 1070, 10CTPOEH M ClenuaibHuti SMHCCHOHHBIN 3EKTPOMAWH MHKDOCKOIN
DIM-T5 {puc. 263) ¢ naMMeHLIIMM Daspelialomuy paccTosaneM Ao 500 A, yao6-
HHfl IIf HCCAEJOBSHAA TEPMOIICKTPOHHOR H BTOPHUHOIIEKTPOHHOM IMHCCHH.
Doibuloll marepmal TNo NPHMEHEHHK 3MHCCHOHHX MHKPOCKONOB MOMHO HaHTH
e [/l 47 u JI. 4.10].

IMHCCHOHHBIT MHKDPOCKON, HE HYKIAOMMACT B KATOJE CHELHMAAbHOH hopMEl,
yRoGHee MHKPOCKONZ IIPOEKTOPA TIPH HCCIENOBAHHAX TEPMOIIEKTPOHHMX H {lOTO-
9IEKTPOHHBIX KATOZOB U BTOPHYHOIIEKTPOHHWX 3MHTTepoR. Ho B npoextope
FOpa3io Jerde NOIyyatk GOJbINHE HANPANEHHOCTH OIS HA MOBEPXHOCTH KaTofa,
H 15t paGoT ¢ aBTOIMEKTPOHHEIMH KATOAAMH NPEHMYUICCTBO OCTAETCA HA CTOPO-
He NpoeKTOpa,

§ 34. Anexrposakyymabie (oTO3MeMeHTH W (POTOINEKTPOHHbIE
YMHOMHTE I

BrpicOKOBakyyMHBIH HOA ¢ GOTOSAEKTPOHHEM KaTONOM Ha3LBaeTcs
OTO3IEMEHTOM 3NEKTPOHHOrG paspsajga. Ecan B Au03 BBEJEH ras W npu-
MEHAETCH rasoBoe ycHaenue (oTotoka (§ 27), TO TakoH AWOJ Ha3HBAWOT
OTOINEMEHTOM TEMHOTO paspsaa ¥),

B wacrosuem naparpage $oOT0MEMEHTH 31EKTPOHHOTO H TEMHOFO
paspana OYIYT HasHBATBCA TPOCTO (IOTOIJNEMENTaMH (BAKYYMHBMH HJIH
COOTBETCTBEHHO TIa30HANOMHEHHLIMH), TaK Kak 0 (OTOBJEMEHTaX APYrux
THIOB 8AECh peud He Gyrer.

1. ¥YcrpoficTE0, BHEHINKA BUI H BOJBLT-aMOEpHble XaPAKTEPHCTHKH
doTosnemenTos. Haufoace 4acTo BCTPEYAIOMMMCA THIOM hoTosneMenTa,
K KOTOpOMY TNpPHHaZAe#HT OOJLIIMHCTEO = NPOMBLUUIEHHHX NOPpHGOPOE,
HEJASETCH (JOTOAEMEHT € LEHTPaAbHHM aHOAOM. B QoTosneMenTax sTOH
KOHCTDYKUHH 2HOAOM CJAYKHT [OPOBOJCYHA TETAs Miad HeGoapluas naa-
CTHHKA, PacnojomweHHas nocepenune 6aanoda mpubopa. PoTOKaTOR HaHo-
CUTCH MNOBEPX METZNIHYECKOH NOMAJOXKKH Ha CTeKA0 GaniaoHa, 4acTb Mo-
BEPXHOCTH KOTODOIrO OCTA€TCH HENOKPHTOH M  0Opasyer OKHO s
nponyckanust ¢seta. OKHO WHOTAa W3TOTOBJAETCS H3 MaTEpHana, Ipospay-
HOTO M ONPERENCHHOH HacTu CNeKTpa; HanpuMep, B G0TO3EMEHTaxX AMA
¥AbTPaHOJIETOBOrO CBETA OKHO AE/ai0T M3 YBHOMEBOro cTekaa. B doto-

*) Haapamua, npemtowesnwe KoMmureroM TeXHHYeckod TEPMHHOIOIME
AH CCCP. Yacro npHMeHART Ha3BapHe <(OTO3JIeMEHTH (BakyyMHHe ¥ rasoHa-
{I0JHEHHL €), OCHOBAHHLE Ha BHemHeM (oTo3fdexTes.

§ 34] OSNEKTPOBAKY¥MHHE ®OTORJEMEHTH B $OTOYMHOKUTEIN 45

3/€MEHTE C UEHTPANbHHM AHOJOM KaTOX uMeeT O0OABHIYIO OOBEPXHOCTH
¥ aHoj ero nouTd He aakpuBaer. Ha puc. 266, @ msobfpaxen B Kaue-
cree npumepa ¢oToanement Ttunma L'-1  (KHCAOpOAHO-LE3HEBHE, ra3o-
nanoaveHsuwd), JIpyrue ¢oTo37CMEHTH, H3rOTOBAAEMHE OTEUECTBEHHOH
npomsimaensoctbio (U-3, LI'-4, CL{B-_.')’ U T. L), OTIHYATICHS OT HEro
B KOHCTPYKTHEHOM OTHOILEHMH TOIBKO PAa3MEpaMH H HOKOJASBKOH.

55

7

O § X1

=

B8A7 giteda

ol Mgmﬁ/fa

Bdod romoda

Puc. 266. OcHoBHHE KOHCTPYKUBH (OTOZ1EMEHTOB,

a—LIC-1 (npumep (OTO3.TEeMEHTA ¢ LEHTPAIbHBIN ABOIOM); O — POTOSAEMEHY ¢ ULEH-
TpaAbEWM KaTtoEow. B pacutupenur D npoussoidTc® ofpaboTEa  {loToEATORd, OOCqe
4Eero OH NepeMemaeTcs B nojoxense A,

B dotosseMenTe ¢ UEHTpaJLHEIM KaTOAOM HeGOMBIIOK RO pasmepam
K4TOd HEXQNMTCA B LEHTPe 6aji0H3, METAMIHYECKOE NMOKPHTUE KOTOPOro
cny:KHT anoaoM dotoanementa (puc. 266, 6). Cser monajser wa Karon
yepes HeGOABINCE OKHO B NOKPHTHH, KaTod UMeeT HeOOMbIUYI 0QMLALb,
H 3TU IOTOINEMEHTH UMEIOT HH3KYH YyBCTBHTEABHOCTH, [losTOMYy B npo-
MHILJGHHWYX (DOTOJAEMEHTAX 9Ta KOHCTpyKuus e npamenserca. Ho, kak
STO NETKO YBHIETb, (JOTOZ/EMEHT € HEHTPANbLHHM KAaTOAOM NPEACTaB-
Aser coGol roTosuH NpuGOP AR HCCAEOOBaHHS pPacOPEleNeHHs CKOopo-
crell GOTOINEKTPOHOB METOAOM TOpMO3awero noaa (cM. § 19) u wacro
HCIOABL3YETCH NPH HCCACAOBAHUAX (POTOKATOL0E, ‘
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las cnennanbHEX uenedl H3rOTOBARIOTCA (DOTOSNCMEHTH C apyrod
GOpMOH 3/MEKTPOAOE: MAOCKOH, TOpouzansHOR W T. m. OOHaKoe npuHIM-
NUHAJAbHBX Pa3TUHHA  MEWAY

&} 2 HAMH W ONIMCAHHLIME BHLUE LBY -

Mf  KOHCTDYKUHAMH HeT, H

] noapobHO HAa HHX MM OCTa-

- & -y HasauBaTbca He Oynem. (Ceo-

/ KY JaHHBX N0 hoToINEMSHTaM

, CTeHANEBHBIX KOHCTPYKLHH

/ cm. [J1. 216, ra. IX]) Teo-
L pust BOABT-aMOEPHOH Xapak-

Usgm=—Usn } U TEPUCTHKH (QOTOINEMEHTE C
el <l o Ll,EElTpaJIbHHM KaToA0M OHA2

Prc. 267. Bonbr-amnepuue Xa2pakTepHCTHEM ywe ?asoépana menue (4.
$oTosmeMenTOR TpH nocTosunOm cheropom O 19)i THNMUHAR dopma Xa-
noToxe, PAKTEPHCTHKH BOCNPOH3BEIE-

1 — (hoTosaeMeHT ¢ NEHTPANLALIM KaTodoM; 2— doTozae Ha eille¢ pas Ha puc. 267 (xpa-
MEHT ¢ OENTPATLHLIM AHOA0M. Bag ). Ee ocoGeHHOCTRIO aB-
JHMETCA HHU3KOE HanpaXKEHHE
HACHIUIEHHA, PA4BHOE TI0 BEJIMUHHE KOHTAaKkTHOH pazHocTy MOTEHLHANOB
KaToRa v anoaa. Boapr-amnepuas Xapakrepuctuka Bakyymuoro oros’e-
MEHTA C HEHTPAJbHHM aHOROM UMeeT BHA KpusoH 2. HacumeHwe Mowmer
GHTb NOCTUIrHYTO TOJAbKO TPH
U, >0, Tak Kak none BOAH3M
Karoga Malo M 31eKTPOHH,
BHLMETEBLINE HE B PAAHaNbHBIX
HaIlPaBACHHAX, MOTYT BO3Bpa-
IWATBCA HA JAPYFHE Y4YacTKH
Karoga, Tak d9ro Tpebyercs
HNOBOALHG 3HAYHTEnBHOE (Ie-
CATKH BOJBT) AHOJHOE HANpA-
Kenue, 4To6H cobpaTe Ha aHon
BCE SMHTTHPOBAHHNE 3JIEKT-
poHn. BeawunHy npanpsxenns
HACHILEHHS MONHO OQUEHHTH
A5 cAyydas chepHYECK UX DIIeK-
poaos, PaccMoTpuM sAeKTpO-
HH, BHIXOAAIIEE H3 TOYKH S
C HaYaJbHEMH CKOPOCTAMY, Je-
HALMME B TUIOCKOCTA  yep-
TeXa, NOPOXOAALEH  9€pe3  Puc. 268. K BHuKCIEHMK HANDAWEHHA HACH-
USHTP SAEKTPOAHOR CHCTEMH  LICHHS (DOTOIIEMEHTA C UEHTDATbHLM JHOJOM,
(prc. 268). Tpaekropua atux
INEKTPOHOB— NNOCKKME KPHRRie. Tak Kak CUNa PAZHAALHE, TO MOMEHT KO.IH-
HECTRA JBHAEHHA 3MEKTPOHA OTHOCHTEIBHO OCH, NPOXOISNLEN uepes uewrp,
OCTCTCA NOCTOAHHWM. BBoAs noaspHHe KOOPAHHATH f, ¢, HOAYUAM AJS

§ 34] AEKTPOBAKY YMHHIE $OTOJEMEHTH # $O0TOYMHOXUTETH 47

21EKTPOHA, BHIIEJIUEro M3 Katoia noi yraom 6 K paymycy:

rie=r.o, sin ==r, )/ 200, sin®. (34.1)
Ilaa shAeKTpona, KOTOpHH K3k pa3 KaCdercs aHoJa, B TOYKE KacaHua
OyneM MMETh:

r==ry 9= ;

. 3T LT
/Zﬁ(bﬁ:{'baj. 6 =8,
=]
rae Uy, kak n paneme (§ 1), — «HalplKEHHE BHJIET3a» SNEKTPOHOB HI
rkaroaa, Mz (34.1) noayuuwm:

revg sin by =r V' ouU, sinb,=r, ¥V 2q(U, - U,
OTKY 13

. r U,
sin §, == -2 147 34.2
=27 1+ (342)
Bce snexkTpoHsl, eHxonsmue W3 S B npesenax yraa 20, nmonaganwT Ha
anoj, a 0CTajbHele BO3spamawTcs x karony. [Ipe yeeanuenan {f, yroa
6, yeeanunsaercs # npu 8, — 90° pocturaerca Tox nacwuenns. Ha (34.2)
a9 HATPT/KEHHA HACHOIEHHA ITOJAY4aeTcs:

Unse (f_x) —1. (34.3)
Uy ra :

ILns moBOA NAOCKOCTH, NPOXORANLEH Yepes [EHTP CHCTEMM 3/EKTPOLOR,
NONYyuHTCA Ta Xe camas ¢opMyna (34.3), koropan, rakum o8pa3oM, daer
HAOPAKEHUE HACHIUCHHA AAd scero  (oTozaemeHtra, Hanpumep, npu
refra=17u Uy=1 ¢ uatiaem U, =48 8 — pennunsy, NPABKILHYIO
N0 TMOPSIKY, XOTH, KOHEYHO, HEJAb3A ONHIAATh, YTQ pacyeT, CACNAHHHNH
Ang chepruecKdx 3SACKTPOAOB, A3CT TOYHHE KO/JHYECTBEHHHE DE3Yilb-
TaTH 1N PEaNbHBX §OTOINEMEHTOB,

THNHYHBIE BOABLT-AMNEPHHE XAPAKTEPHCTHKH BAKYyMHHX H Ta30Ha-
NOAHEHHBIX (JOTOZ/AEMEHTOB, H3MEDEHHME LM PA3HNX CBETOBBIX TOTOKAaX,
uzo6paxens Ha puc. 269, YyacTOK HACHMIGHHR XAPAKTEPHCTHKH BAKYYM-
HOro :0TO3JAEMEHTZ, KOTOPOE AOCTHraercs o6uuno npa U, =50 -+ 60 s,
CAY:KHT PafouuM YYacTKOM; €My COOTBETICTBYyeT Au(depesunainiHoe BHYT-

au
PEHHES -COTPOTHBICHHE an=( d!a') NOpAIKa COTEH MErOM.
- a

Teopus rasoBOrO YCHAEHHS H BHUA XaDAKTEPHCTUK [A30HANONHEHHOTO
doTozaeMedTa OBAM yxe paccmotpenw B u, 1 § 27, ra 3. Hanoasenne
ra3oM OGHIYHO YBEAHYHBAET UYBCTBUTEJBHOCTb (POTOINEMEHTOE € LEHT-
paibHHIM 2HOAOM B INAThL, camoe §orpiuee, B HECHTH pas, H TOABKO 11pH
oyetlb cAafLX CBETOBWX IMOTOKax, pafioTas BOJA3K HANPAKEHHA 3AMUra-
HiA, MOMHO 00aAYyuTh ycuaenge B 50—60 pas, Tagosoe ycuiaenne s
cdotoanementax " npu paboueM Hampsxenun pocturaer 7—8.

POTO3NEMEHTH HAMOJHAKNT HHEPTHHMH razamn  (Gonapluied  waCTeblo
aprodoM). VioHH MHepTHLIX ra3os, NOafas HA KaTol, A2MEe NpH neboanllnX
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ipH d1=rE/V§ AYYH BLIXONAT M3 AEKTPHYECKOro NOJIA MapaideabHuM Nyy-
KOM, T4K 9TO BEJHYHHA &; He HMeeT 3HaueHHWA. TeopHA NoXaanBaeT, UTO AMHHN,
Ha KOTOPWX PACROIOKEHH (OKYCH N0 HaNPaBAGHHKR H (OXYycw 1O CKODOCTH,
3feCh COBNAAAIOT MPH MOGHY 7, €CIM YrOT OTKAOHEHHA B MarMMTHOM ToJe
@y paBen 90°. DTum onpeienseTcs nNonowmende dGortonractunkn. [pakrnueckn
xopowas ABOAHAA (POKYCHPOBKA NOAYYalach Ha oveHb AXuHHoM (3o 300 mm)
yUaCTKE TIIaCTHHKH.

B nocTpoeHHOM H HCNLITaHHOM TNpHGOpe DacCTOAHHE MEMIY JHHUAMH CO-
cragasxo ot 0,35 no 1,8 ma ua |9/, pasHOCTH Macc, T. €. 3HAUHTEAbHC MeHBIIE,
yeM B npuGope Actoda. Ho 3aro ¢okycuposka O6uina HacTONBKG pe3Kofl, uto
MOMHO GHIC NPH HAMEPEHRHH CHEKTPOTPAMMBL N0Ib30BATECA NONOAHHTEILHO 60ab-
IHM ONTHYECKHMM YBelIHueHHeM. B mrore noaomenue IHHEH Mowuo Gmio oupe-
OelnTh € TOYHOCTBIO A0 3 g M TOYHOCTE B ONPEAENEHHH H30TONMYECKHX BECOB
NOCTHrARA WeCTOro 3HaKa.

Kax npumep na puc. 328 npupenesy dororpaduyu Anunit coexrTpa, COOTBET-
CTEYIOI(HE MHOHAM ¢ ONHHAKOBWIMH MACCOBRIMH YHCAZMH ¥). ITH CHHMKK NHJYYeHsl

Thed, ﬁ —
NN
W h, B0 N4, TCH, 90 N
Maccoboe wem 20 N s ol H, AN

Puc. 328, Macc-cnexTporpaMMil  4acTml C pPasIHYBMMH MICCOBHMH
YHCIAMH, MOAYYCHHHE HA chnekTporpadpe c Asofinod doxycuposkofi
(30°507) g — (90%) 4,

B Bepxnel’i QacTH PHCYHKA NPHBENEHL KpHBhie DACTpPCAEAECHHR NoYepHeHAd Ha cbommla—

CTHHKE, HANEpEHUEe DOTOMEeTpHUeCKY XA :nfiﬁporpalu 93CTHI ¢ MACCOBEIMH HACIAMH
20 v 16.

Ra npubope (30“50’)5——(9()")”. Ha 1oM xe npubope 118 H30TONMYECHKHE BeCOB
BOAOPOHNA, ReHrepHd W yraepola Owan moayyenw 3Havewnn (H'Y)—1,008130 +
+ 0,0000033; (D) — 2,014722 + 0,0000064; (C!2) — 12,003861 & 0,000024. v yHCAa
# poTocHuMKH puc. 328 HaraAHO NOKa3LIBAOT OTPOMHYI0 TOYHOCTH COBPEMEHHHX

Macc-coekrporpagon.
Baxxnoe NMpaKTHYeCKOE 3HAYEHHE HMeeT MOCTOAHHBA M JerKO YMpaBadeMud

HCTOYHHK HOHOB IIA Macc-crniekrporpada. B oepeux npubopax HCTOUHHKOM HOHOB

*) MaccoBoe uKCi0 — 3TO OKpyrAeHHan Ao GaumaBUIero Neaoro yHeaa Maccs
H30T0Na, BHPAMEHHAA B <KHCAOPOAHHWX €AdHMIIAX», T. €. B eRHHHUAX, 1€ Macca
AeTKOro H30TONA KHCAOPOja npuHaTa 3a [6,00000.
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CAYRHAH KAHANOBBE TYUH, NPOMIEANIHE B 34KATOJHOE [TPOCIPAHCTES ueped oT-
BEPCTHE HIM KaHATH B Katofe, JTHM COOCOGOM Helb3d HOJYYHTh HOHW MHOMUX
31eMEHTOB, HAMPHMEP TPYAHO HCNAPACMHX MeTd1I0B. . . )

Buocaeacteme 6uro paspaforaHo eme HPeCKOALKO HCTOYHMKOB HOHOR,
MeTod HaKANEHHOTO aHONA COCTOMT B TOM, UTO HCCIEEYEMBH 3NEMEHT HAHOCHTCH
Ha HAKATEHHWH MONOXHTEALHWHA JACKTPON B BRHICOKOM BAKYYME, KOTODHH M gaer
IMHCCHIO HOHOB, JTOT MeTON YNOGeH NAf [EeNOYHHX MeTannos. /las IMeMeHTOR
¢ HeGOALIINM MOTEHUHAIOM HOHHMBAUHH MOXHO T&KMe HCNOALIOBAT HBIEHHE
fICBEPXHOCTHO! HOHH3anuH (CM. § 23 u. I), noMemas packalesHuit anojy B napht
HCCHEAYEMOro MeMeHTa.

HanGoxee pacnpoctpanen cefiuac MeTON BHICOKOMAaCTOTHOH MAW ropsuef
HCKpH. MeMay ABYMs 34€KTPOLAMH, ONHH W3 KOTOPHX CONEPWHT HCCARAyeMuf
INEMCHT, BOIGYMAAETCS OT BHCOKOWACTOTHOrO [CHEPATOPAa MCKPOBOH pPa3pai.
3AeKTPONL NPH ITOM HACPEBAIOTCA, M Pa3pAL HAET B UApAX HCCAGLYEMOLO 97e-
MeiTd. MeTol BRICOKOYAaCTOTHON HCKPHW HO3BOAAET NOAYYATh MOWHMH ROCTOHH-
HHlH HCTOYHHK HOHOB OWYeHb MHOTHX SICMEHTOB.

Hakonen, xopomo peryaupyeMuil HCYOUHHK WOHOB MONHO MOAYYHTD, (pH-
MEHAA METON SeKTPOHHOH GoMOapnupOBKH. IMCKTPOHHME NOTOK, YCKOPeHHWH
AOCTAaTOYHO GOJBMIHM HATPAXEHHEM, UPOYCKAT YEPe3 MCCIeNyeMoe BelleCTBO,
HaXOLAeeCA B rasoo6pasHom coctosnwH., Honw, ofpasymommecs mpH eoyma-
PEHHAX ¢ 3MEKTPOHAMH, BWTATMBAOTCA H3 Pa3pAla ISMEKTPHUECKHM NOJeM K
06pa3YI0T NYYOK HOHHWX 1yeeH. DTOT HCTOMHHK OTJHYAETCH BHCOKHM TIOCTOAH-
CTROM.

Macc-cnexTporpadsl 6HIH H3OGPETEHH H NOCTPOEHH 11A OGHIPYXEHAR H3O-
TONOB, H3IMEPEHHA HX OTHOCHTENBHOTO COIEPXAHHA B IEMERTAX, BCTPEYAOMIAICH
B NIPHPOAE, M TOYHOTO HIMCPCHHA H3OTONHYCCKHX, BecoB. 3a 30 aeT CymecTBo-
BAHHAA MacC-CNeKTPOCKORHM Guna NpoReNnaHa orpomHas paboTa, H B Hacrosmee
BpeMs H3Y4YeHHe H30TONOB 3NEMEHTOR, BCTPEUAOWMECA HA 3eMIe B £CTECTBEHHMX
YCIOBHAX, B KAKOH-TO Mepe GNH3KO K 3aBepiieHHld. JOCTaToOYHO CKa3aTk, 6TO
3a ppema ¢ 1939 mo 1947 r. 661 BHOBL OTKPHT BCEro OAMH (HepPARHOAKTHBHHI)
H3OTOM, B TO BPEMA KiK B NPeAIlECTBOBABIIHE FOMW HOBbHE H3IOTONN HAXOAHIN
HAEeCATKAMH.

W3 aTomHoN (HINKH M3IBECTHO, UTO NMPOLECCH DPACHAda HaM CHHTE3a anep ¢
SHEPrETHYECKOH CTOPOHL OUCHHBAIOTCA MYTEM CPABHCHHA CYMMH Macce slep o0
H nocae AAEPHOTO NPEeBPALIERHA, JT0 CpaBHEHHE MO3BOMAET CIeXaTh 3aKAIDUEHHE
0 BO3MOWHOCTH sgepHorce mpouecca. IpakTHYyecKHW neo6XoNEMO 3HATL MacCH
AAEP € OYCHb BHCOKOH CTeNEHBLI) TOYHOCTH, 4 HMEHHO C TOYHOCTRID O MaCCH
SJ€KTDOHA, T. €. I0 THCAYHWX A0JeH NPOMEHTa MaccH AApa. Kak MOWHO BHOETH
H3 nHdp, TPHEENEHHNR BHIle, COBDEMEHHHE MaCC-CIEKTPOCKONHYECKHE NPHOOPH
Aa0T TPe6YeMYIo TOYHOCTh,

3agauy ofHAPYMEHHS H3OTONOB M TOMHOTO H3MEPEHHN HIOTOMHYECKHX BCCOB
COCTABIAT, TAK CK434Th, KAICCHYECKYW 06NACTh MPHMEHEHRA MacC-CNexTpocKo-
THYECKHX mpuGopos. B nocaensue rogn NOABHAMCHL HOBWE 064aCTH MX npHMe-
HEHHA, M3 KOTOPHX MW YKa)Xe€M H4 2aHamH3 [a30B H TBECPAWX Ted, padieleHHe
H30TOMOB M OTHCKAHHE MECT TeYH B BAKYYMHBIZ YCTAHOBKAX.

Oruckanse Teys B BAKYYMHOH YCTAaHOBKe BCErfia 6RO BaXHOH A8 NpaK-
TriH 3amavel. OTHCKaHHE Tewd B TaGopaTopHofi HAH MPOMBLIILICHHOH YCTAHOBKE
HE BCEr1a Jerko ynaeTca W Yacrto Tpebyer Soablioil 3aTpatu Bpemenn. Buino
Pa3paBoTaHo HECKOMLKO CHOCOGOB OTHICKAHHA TEYH, W3 KOTOPHX HaHGodee OG-
CTpHC TOZHIHCH, OJBAKO, TOAbKO NAA YCTAHGBOK K3 CTeKNa (OTHCKAaHHe TeuH
NpH NOMOLIE HCKPW) B OLIH He OdYeHb YYBCTBATEAbHW. (. NOABACHHEM B aTOM-
HOH TeXHHKe OrpOMHBIX [0 Oﬁ'bCM_V METATIHYECKHX YCTAHOBOK, HMEIOU[HX
MHOTOYHCIEHHNE COUREHEHHA Ipy6 H pe3epsByapos, npolieMa BHCOKOYYBCTEH-
TEIALHOTO # GWCTpOnelCTRYIOUIEro OGHADYWHTEAS TEUH CTand OCOGEHHO axTy-
a1bHOH.

Macc-cniexTpoMeTpryecKkHii MeTON OBHADYMEHHA TEYH 32KTIONAETCH B Cle-
AYWIUEM: ras (00wuHO BOINYX), HAXOMAUMACA B BAKYYMHOH YCT2HOBKE, OTKaUH-
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BaETCA HACOCOM M HA MYTH K HacoCy MPONYCKAeTCA Yeped ﬂpOCTOl"'I MACC-CIEKTPO-

merp {puc. 329).

Houw B CHEKTPOMETPE VOLYYalTCsA METOAOM  3JeKTPOHHON GomGapan-
POBKH NOTOKA rasa, NPOTEKAWIEro uepe3 CHEKTPOMETD, H o6pa3ynT 3arTeM
yagu#l HOHHMA TyUOK, SIPOXONAUHA 1a CBROEM RYTH DA AMadparM M OTKADHAI-
miee MmargrtHoe noxe ¢ yraiom B 60°. [lone, yckopsomiee HOHN, M MarnHTHoe
none WoLoGpaHs TAK, YTO BO BXOAHYIO MIelb HHAHKATOD2 HOHOE, MOAKIIOMEHHOO
K YCHAHTENO NOCTOAHHOrO TOKA (BXONHAA JAMMa KOTOPOro NoKa3aHa na yepreme),
MOTYT MoMafaTh Tomrbko ot Het. B Bo3AyXe B OGWYHWX YCIOBHAX He coaep-
#HTCA B HHUTONHOM KOIMUECTBe, MPAMEPHO OfHa dacte Ha 5. 105, u cmekrpo-
METp HHYero e nokasuwsaer. Ho ecau ma ycTaHOBKY B TOM MeCTE, [l HAXONKTCH
Teub, HanpaBHTh cTp¥0 He, 10 wacTh aToMos He npodnkser B YCTaHOBKY H HX
(oABNeHHe GyNeT HeMCLACHHO OTMEYEHC CNEKTPOMETDOM.

~ F
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—
|- ---- 4 =
= B

Puc. 329. Macc-cneKTpoMeTpHYeCKHi TeueHCKaTelb.

1— Bx0a rasa; 2 — zuadiparMol; J-— KOPIYC MArBHTA; 4 — NOMIOCHEEI HaKOHETARK;

5— BEIXOL K BACOCY; 6 — meds KOAISETODR; 7 —3AMMHTHAA NJACTHHA (O MIEABH

8 — KONASKTOPHAR NJACTAHE; §— cTepMenb Koanexropa; {0 —pXoZHOE CONPOTHA-

nenune; ! —Biolsas aamna (wHoayAbs 954); 12— vOMHMA Ay 13 — HCTOSHEK
$ACKTPOHOB,

Takunm oOpazoM, TPoUece OTHICKAHHA TEWA CBOMATCA K 061YBAHHIO BCEX COM-
MUTETLHWE MeCT CTpyell reaus n3 6annoHa; 9TC MOXHO BAINOJHHTR OUCHDL G-
crpo. .
«TeyeHcKaTeNb» He ABNACTCA MOJOOHO HPYCHM Macc-cnektporpadaM Ouenb
[POMO3AKHM NDHOOPOM, TaK KAK OH MPeAHa3HAuCH TOILKO JLIA cOHapywenun aer-
KAX HOHOB ¢ OMPENEIeHHHM yaedbHuM 3apagoM. B upunGope, H306paXeHHOM Ha
puc. 329, yCKopapulee HanpAmeHHe PasHO 300 & m paadyc kpyra R=25,08 cu.

§ 38] CNEKTPOCKONMA SAEKTPOHHBIX H HOHHBIX J¥yE# 125

3Ha‘{}11', MariuTHoe non¢ paBHO

H=§'—g§ ¥ 800 = 710 apem.
il
Takoe nose gerko NoAy4MTH Nawe OT NOCTORHHOLO MATHATA.

Bume GpaM OnNHCAHW HeKOTOPWE CTaTHYECKHe MAcC-CREKTPOCKOIMHYECKHe
UpHGOPH, T. €. TAKHE, B KOTOPHIX HCIOML3YIOTCA NOCTOAHHHE 3INeKTPHUECKHe W
MarHHTHHe nona. HanGolzee TouRHE NPHOOPH NPHHALIEKAT HMEHHO K 3TOHCpYnNe,
CyulecTBYIOT TaK¥e THHAMHUECKHE MaCC-COEKTPOMETPH, B KOTODHX MPHMEHAKTCA
MEPEMCHHBE [0JA4 B HCNOIL3YIOTCA Pa3fAlyHA B CKOPOCTHY, KOTOPHE HMEIT HOHH
C Pa3HHMH VIeNbHbBIMH 32DAAAMH. 3TH TPHOOPH AAI0T MEeHBUIYID TOYHOCTh, HO
3ATO OHH FOPA3NO IENIER1e M NPOLLe B H3roToBIEHHH. ECTb OCHOBaHHMe KYMaTh,
YTO OHH MOJYHAT WHPOKOE TPUMEHEHME TaM, rle He TPeOYETCA OueHb BHCOKAA
TOMHOCTD, HANPHMEP HNAA XHMduecKoro adandaa [JI. 4.18, ra. V]
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TPM THEA KPHUBHIX pacnpelefeHHs NOTeMNWana: KpHbaa Oes MHHUMYMa
MOTEHNHaNA € YCKOPAIIHM MOAEM Ha KaTolde, KPHBHE C MHHAMYMOM
NIOTEHINA/A, KOTOPHH MOXET NexaTh OYeHb 6JAH3KO K KaToay (cM. puc, 332),
M KpHBbie (€3 MHHMMYMa# I[I0TEHUHANa C TOPMOBSLUIEM UOJEM BO ECEM
MEKIAYINEKTPOAHOM npocTpancThe, Tpem THNaM KPHBLIX COOTBETCTBYIOT
TPY PASAMUHEX 3AKOHA 3JBUCHMOCTH aHOJHOTO TOKA OT HANPSKEHHS H
TPA YUACTKZ BOALT-AMNEPHOH NHOAHOH XADAKTEPHCTAKH. .

2. BoabT-aMnepHbie XapaKTePHCTHKH NM0OAA ¢ NJIOCKEMH 3JeK-
tpomamu, Ha puc. 331 maobpaxena cXeMaTu4ecKH BOJBT-aMIEPHAR Xapak-
TEPHCTHKA AWONd, Ha KOTOpOH BHAHW BCE TPH OTMEUCHHRIX BRUNE YUaCTKA.

XapakTepHCTHKM — TAkoro BHAA

b TOMYYaloTCH ATA  QHOAOB

fa C ZAEKTpOIAMH JIOG0H  (OPMBL

BonpuM MOAQKHUTEAbHBIM aHOA-

HBIM HATIDAKEHHASAM COOTBCTCTBYET

pexEM, B KOTOPOM HA KaTole H

BO BCEM MEXIY3/IEKTPOJHOM NPoO-

CTPAaHCTBE  CYIECTBYET  MOJE,

YCHODAWINEe 3AeKTPOHE  (Kpa-

pad I na puc. 330). Caenoea-

ey TEABHO, B 3TOM PEMHME, HOCALLEM

Uz npasBanune pexUMa  HACHILUCHHT,

BCE IMHTTHPOBAHHHE 3JEKTPOHH

JOCTHTAI0T aHOA H yBEIUYeHHE

AHOIHOTO TOKA CBA3AHO HCKAIOYH-

teabno ¢ spgexrom [Ulorrku. Kax Beno nokasano sume (§ 15), cuaa
TOKa B ITOM pekiMe (EC/H CYHTATh NPOCTPAHCTBEHHHA 3apsil MaauM)

e‘fs(ifg)"’

Ty I’

Puc, 331. Bun BoabT-amnepuolf XapakIepu-
CTHKH JHOIA,

I,=I =1 ¢exp (38.1)
rie [, — 3MUCCHOMHWH TOK MW TOJE Ha KAaTOAE, DPaBHOM Hymo, n U, —
HCTHHHOE AHONHOE HAMpAKEHHe, T. €.

Ua == Un + Ulm (392)

(U, — Bremnee nanpsxenve u U, — KOHTAKTHaN PA3HOCTL NOTEHINANOB
MEXAY aHOIOM W Katogom). Tak Kak B DexuMe HACHIIEHHA BHELIHEE
nanpswenue U, oOwuno seasko, 10 U > U, v U, U, W3 (39.1)
CAEMYET:

=Ly, =a. (39.3)

I'papuuecknt cocof ONpele/eHHs 3MHCCHOHHOTO TOKA J, M3 3aBHCH-
MOCTH TOKa Hackitlenust /; oT Hanpswenns U/, Gun omucan B § 15. Pop-
myna (39.1) Xopowo NOATBEpKAAETCs HA ONbITE AAR KaTOJ0B €O C1abo
BHPAKEHHOH SMUCCHOHHOW nATHUCTOCTbIO. IR KaTOMOB ¢ pe3ko BHIpa-

e b
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§ 39] . amon 129

KEHHOH TNATHECTOCTHIO (OKCHEHHX) TOK Ha Y4YdCTKE HACLILEHWA DacTer
¢ AHOMHLIM HATMpRXeHneM OHcTpee, “em T0ro Tpebyer dopuyaa (39.1)
(cM. puc. 131, u, I). Teoperuueckas ¢opmyna (39.1) npuMenuMa Ha BCeM
YU3CTKE HACHIIEHHS XapPaKTEPHCTHKE, HO HUKHIOW (CO CTOPOHH MaanX )
CPAHHLY €¢ TMPHMEHHMOCTH TEOPETHUECKH ONPENETHTh HE YA2eTCs. JKCile-
PMMEHTAIBHO TPAaHALY YAOOHO onpenensTsh No rpadmky sasacuMoctd 1g /g
oT U;”’, KaK 970 cAeaaHo na puc. 114 w. L

JlewauteMy B 061aCTH OTPHUATENLHHX 3HaueHnit U, HavaibHOMy yuyacT-
Ky XapaKTEPHCTHKH COOTBETCTBYIOT DacupeiencHus Takxe 6e3 MUHUMyMa
NOTEHIHAMa, HO € TOPMOIMILAM RAGAEM HA KATOOE W BO BCEM MEKKAY3/EK-
TponsoM mpocTpaHcTee. Teopus NPOXOKAEHWS TOKA 4epe3 INOCKuA nuon
B TAKOM pekHMe Obna H3aokeHa B § 14 4. I, rie Owao Hafizewo, uto
NPH HANRYMH MAKCBEANOBCKOTO DacHpeAenceHiss CKOPOCTEH 3ACKTPOHOB
HA KATONE aHOLHBH TOK ONpeAenaeTcs (opMyaoH

elfy ely
BTy Ry
Li=Ile"s =[], _ &% (39.4)
a
rie Ua—OI'IFITb HCTIpaBACHHOE HA KOHTAKTHYI0 Da3HoCTh NOTEHIHAJIOB

TOPMO3ALIEE AHOAHOE HANPHNKEHHE, KOTOPOE B 3TOH dopmyqae CHIHTLTCA
OTPULATENBHHM, Y4ACTOK Xa-

PAKTEPHCTHKH, N8 KOTOPOTO | rgeaocme B
cnpapeznnsa dopmyna (39.4), |
HA3HBAETCA YuaCTKOM Hadasb- Fmap——

HoX ToKoB. Popmyra (39.4) d

0CTaercda crnpaBediHBoH, ove-
BHEHO, TOABKO A0 TEX mnop,
noka noTteHnMan anoma U,
OCTAeTCH HHKE NOTEHIIHaNA BO
BCeX TOUKAX MEXAY3INEKTPOI-
HOT'O TIPOCTPAHCTBE, T. €. M0Ka
KpHBHE  paClpefefeHHd He
uMeloT MHHMMYMa. dopmyna
0AA  HaXOWJICHUA CPAHHYHOH
canel Toka GyHeT yKasana He-
MHOTO HHKE, .
Cpennel 4wacTH Xapakre-
PUCTUKA COOTBETCTBYET pac-
NpefcAeHHe ¢ MUHHMYMOM N0~ pye, 332 Pacupededende NOTEHNHAAA B QHOLE
TEHIHaNa, KOTOphI [PE yBE- ¢ MHHHMYMOM BGJIH3K Karola, Hauboaee wacro
anuenan U/, nepemenaercsd ot BCTpenaouieeca Ha MPAKTHEC.
aHOHa K KaToldy ¥ MpA 10J0- _
KUTENbHEX, HocTarvouno Ooapimux [J, okasuBaerca BOAM3M KaTodld, TaK
YTO pacOpeleneHye NOTEeHIHana TPHHUMAST BHJI, NOKA3AHHBIE HAa puc, 332,
AHOOHHI TOK Ha 3TOM YUacTKe XaDaKTEPUCTHKH 3aBHCHT, OYCBURHO, 01

—————— LA



Fr'TABA 5
SJEKTPOHHBIE JIAMITBH

B Hacroswel raase paccMAaTPHRAIOTCH BHCOKOBAKYYMHME 371€KTPOHHBE
npubops € TEPMO3ACKTPOHHHM KATOJOM, B KOTODEIX B paGOYHX PEWUMAx
MOUTH BCErjd CYILECTBEHHYHO DOAb HIDaeT SMCKTPOHHBI NDOCTPAaHCTBEH-
nuit 3apai. [las ynpanrenna JBAXEHMEM SJ€KTDOHOB B HUX NPHMEHSIOT
BJEKTPOAL-CETKH. JTH NPHOOPL HOCAT HASBAHWE SJAEKTPOHHHX JaMn HAX
paaHoaam,

KnaccHpMKauus 3MEKTPOHHWX JMaMii BOSMOXHA N0 HECKOALKAM NpU-

3HAKAM:

L. ITo 4ucay sn€KTPOAOB: ABYX3/MeKTPOJHAL AaMna — AHOA, TPex-
3ACKTPOJHas JaMNa— TPHOA H T. I

2. Ilo 06nacTH npUMENEHMs: TEHEPATOPHHE, YCHAHTEJbHHE, 3JEKTpo-
METPHYECKHE JIaMIIBl H T, A,

3. o KOHCTPYKTHBHEIM OCOGEHHOCTAM: CTEKASHHHE JaMITH, METAInH-
4ECKHE JAMIW, MAHUATIOPHHE, pa36GOpHLIe H T. L.

‘B nanHOM riaase Matepuan pacnoJOXeH B COOTBETCTBHH C MEDBHM H3
IIEPEYHCAEHHNE BHLIE COGCOGOR KAaCCHGHKALEM, Kak Haubo/ee MoaAXoms-
UMM TIPH H3YUYEIHH BUYTPHAAMIOBHX MDONECCOB, BBUAY TOTO, UTO DAEK-
TPOCTATHYECKOE 110J1€, ¥IPaB/foLee NOTOKOM 3/EKTPOHOB B NaMile, B nep-
BYIO OYEDEIb B3aBHCHT OT YUCAZ 37EKTPONOB ¥ WX Banpaxenudt, Cpepx-
BWCOKQUACTOTHLIE 3/CKTDOHHBE JAMITH BHAEJAEHH B 0CO0YIO 11aBy,

Bo Bcex dopmynax Hactosmeh raame, a Taxke ra, 7, KoTopue noj-
CTAHOBKOH YKCJEHHWIX 3HAYEHHE YHWBEPCAJNBHBIX [MOCTOAHHLIX (e, m, K,
W T. NL) NpMBEAEHH K BHAY, YAOOGHOMY AJA KOJAHYCCTEEHHBIX DACUETOSB,
SNEKTPHYECKIE BEJINYHHE BHPAKAIOTCA B MPAKTHYECKHX €NHHRUAX, ITAHA
B 0J0WMAAL —— B CIHTUMETPAX H KBAADATHBIX CAHTHMETPAX M YaCTOTa —
B repuax. :

B npumepax, uimOCTDHPYIOWIMX Ha peasbHHX JNaMIaX Te HIH HHbE
BBIBOAB  TEODHHM, HAPAAY € COBPEMEHHHMH OTEYSCTBEHHHIMH JAMIAMK
HCNOARSYHTCH TaKme JAaMilll 3apPy0ekHOro NPOH3BOACTBA ¥ B HEKOTOPHX
CAYNaAX C ‘COOTRETCTBYIONIER OrOBODKOH JMaMik ycrapeswux tunos, Ilo-
CKOJBKY JNaHHas TAaBd HMEET LEAbI0 TOABKO OMUCAHKE (PHIHYECKHX

CBOHCTB SNMEKTPOHHBX JaMI, TakOH BHOOP NPEMEDOB NPeCTaBAAETCS
OnpaBAaHHbIM,
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§ 39. Mduon

OcHoBHOR 3aa2uell TEOPHH AMOAA SBAAETCA PACYET €rQ BOALT-aMIEp-
HOH XapaKTePHCTHKH. 2Ta 3afaya [Af OTZENbHHX YY3acTKOB XapaKrepu-
CTHKH OHAa YXKE paccMOTPEHa BRILE NPH U3YYeHHH TePMO3JEeKTPOHHOH
sMAccud (8§ 14 u 15 4. I) W BAKAHMA DPOCTPAHCTBEHHOrC 3apana
B npaMojauHeRHOM noToxe anekTpoHos (§ 9).

Tenepe ocTaercs CyMMHpPOBaTh NMOJNYUSHHRIE TaM Pe3y/ABTaTH H BHECTH
paA ZonoaHenwi, YacTO WMEWILHX CYLIECTBEHHOE 3HAYEHHWE IS PEabHHX
JAKO 0B, _

1. Pacnpesenedne notenuuana B Asome. Kak H3BeCTHO, 3JCKTPOHH,
BHAETAICIIHE K3 TEPMOKATOJa, HMEKT MaKCBeNTOBCKOE paclpeleleHne
ckopocteft (§ 14). 3nas 3To, HETPYAHO KAYECTBEHHO BBIACHHTL BO3MOMN-
aule QOPMBE KPUBOH pacnpeseneHHs [OTEHLRAAd B MESKAYSJIEKTDOLHOM
OpoCcTpancTse. ITH KPUBHE H306pameHn A48 TIOCKOTo AMcAa Ha puc. 330,
rae, Kak 0 Ha MHOTHX PHUCYHKax rJ1. 2
4, [, norenusan oTaoKen CBEpPXy BHH3
U HAHBHCINAA TOYKA KPHUBOH COOTBET-
CTBYET CaMOMy HHU3IKOMY MOTEHUHAny.

Pacnpenenennwe mnoTenuMana MNpH
pasuwx [/, B OTCyTCTBHE INpOCTpaH-
CTBEHHOTO 33pAja H3oGpakaeTca NMyHK-
THDHLIME TipAaMuMu. Tloasnenue 3aex-
TPOHHOTO INPOCTPAHCTBEHHOrG 3apaja
NOHMKAET MOTEHINAA MEKIY 3INEKTPO-
aame, u npn U, =0, ouesrguo, noa-
WEH TOABHTHCA MHHAMYM NOTCHOHAIA
Oopd JoG0M 3HAYEHHM BHOAHOID TOKA
“(kpuBas &). MunuMyM DoTeHuMana
coxpaxntca H npma {/,, HeMHoro GoJn-
HWeM M HEMHOTO MeHGILEM HyJd. Yae-
anuense [J,, Haymnas OT Hyas, CMe-
IMAeT MAHHMYM B CTOPOHY Katoja
(kpuBasa 2). IlpoHcX0oZHT 3TO MOTOMY,
YTO CKOPOCTB SAEKTPOHOR, MOBCHOAY
BO3pacTalcmlas 0OPH yBenudeHnad [/,
CHABHEE BCETO BOIPACTAET y aHONE, THE, CNEN0BaTeibHO, B HanbonsleH cTe-
TNeHH YMEHBINACTCA IPOCTPAHCTBEHHRH 3apa. [Tpu 60ALIIHY AHOAHLIX HATIPS-
MEHHAX MHEHHMYM NOTEHIMANA OKa3WBAETCA COBCEM BOJM3H OT Karoda (CM.
puc. 332) u, HaKOHEN, OH COBCEM MCYE3IAET, H [HOJAE HA KATOAE NEAAEeTCA
ycxopsmwomuaym (puc. 330, xpuras 7). I1pa orpruatensnux [/, snekTpoHH B6143H
4HOZA TOPMOIATCA, NMPOCTPAHCTBEHHNH SapsA 3ZeCh YBEJNHYHBACTCH # MH-
HAMYM TNOTEHHHAZa CABHTAETCA K aHOLy (kpHBaa ). [lameneliee soapa-
CTaH¥E OTPUUATEALHOIG ZHOZHOTO HaNpsXeHds MPABOAHUT K YCTAHOBIEHHIO
TOPMOZALETO TOJAA BO BCEM MEXIYINEKTPOIAHOM NPOCTPAHCTBE H HCYE3-
HOBCHUIO MWHHMyM2 moTeHuMana (kpuBas 5). Takum o6pasoM BO3MOKHH

Puc. 330. Kpuswe pacnpeneiaeruns
MoTeHHaaa B QUOAE NPH Pa3IHUHLIX
-AHORHHX HANDAKEHHAX.
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BENHYHHEL MHHHMYMAa NOTeHUHand Uy, B €10 TNOAOMEHHA OTHOCHTEALHO
snexTpodoB. Taxk kKak {J; S3aBMCHT OT BEAWYHHH MPOCTPAHCTBEHHOTO
3apada H €r0 paclpemefeHms MEKIY SJACKTPORAMH, TO MONHO CKasaTh,
HTO aHORHHH TOK B 3THX CAYYaAX OrpPaHHUYHBAETCS [TPOCTPAHCTBEHHHIM
sapanoM. COOTBETCTBYOMANA UACTh XaPAKTEPHCTHKH HA3HBAETCH YYACTKOM
OrpaHHyYeHust NPOCTPAHCTBEHHHM 3apPAIOM HIH, KOPOUe, YYacTKOM Npo-
CTPaHCTBEHHOr0 3apsfla. YYacTOK MPOCTPAHCTBEHHOTQ 3aps/a NOYTH RCEria
ABAAETCA PAaCOUHM YYaCTKOM XapaKTEDHCTHKHM, H A8 TPAKTHKH OH HAW-
foJiee HHTEpeCceH.

PaccMoTpum cHauana npubiauxeHHHf CnocoG BHYHCAEHHS TOKZ B pe-
WHEME OTPAHHYCHUN NPOCTPAHCTBEHHHM 33apafoM, IIyCTe OPH 3aZaHHEIX
aHoaHoOM Hanpsxenwd U, A TemMmeparype KaTtoja 7T, MHHHMYM TNOTEH-
f4aNd JAEKHT HA PACCTOARHA Xyn, OT Katoaa. ['eoMeTputueckoe Mecto
TOYEK MHHMMyMa NOTeHIHazAa — 3T0 naockects B (puc. 332), ana xotopoh

[ﬂ] =0.
dx X=JXmin

3JI€KTpOHH, HaYaAbHEIC CKOPOCTH KOTOpPRIX JEKAT B INpeaenax

0+ VQ%Uminp

BO3BPAINAIOTCA K KaToay, He AOCTHrHye Tiockoctd BK, Bce ocrannnume
AEKTPOHE, 33aTPATHB OIHHAKORYI SHEPIHH HA NPEOAOAEHHE NOTEHIHAAL-
Horo O6apeepa {/mpin, MONAAAIOT B YCKOPSIOUIEE FOJE W YXOAAT HA aHOL.
Ha BK coxpansercd MakCBe/NIOBCKOE pacnpefefenne CKOPOCTER 3a€KTpo-
HOoB {cpaeH. § 14) ¥ MO OTHOWICHHIO K AEKTPOHAM, OGPAIVIOILUM AHOAHLIH
TOK, TWOCKOCT BK, MOMHO CKa3aTb, HIPAeT POAb MHTTEPA IAEKTPOHOB,
[MosToMy ee HABWBAIOT S(OPEKTHRHEM HAH BHPTYaNbHEM KaTOZOM.
Yanpowas 3aZzauy O BHIYHCACHHY ZHOOHOTC TOKA, MPHUMEM, 4TO 3JEK-
TPOHH, NPOXOAAIIME K aHOAY, uMewT Ha BK ckopocrs, paBHylO HYJO,
1 GyAeM OTCUMTHBATh REARYUHY NOTEHUHAA2 0T YPoeHA Upgi,. : Torda ua
nIocKocTd BK Oyayr BeINOAHATHCA TPAHHYUHHE YCAOBHS —

al _ _ _
lzr]x=xmin =0, [U]x=xmln - 0’ ['a]x=xmin =0. (395)
[panuvneie ycnoeas (39.3), a Takwe W ypaBHeHHs
J=—pm, m—;’zeU, %:—41:;7

COBNAgaT ¢ YPAaBHERAAMHM H IPAHAYHLIMH YCAOBHUAMH, ACHONB3OBARHLIMH
B § 9 npn BoBOZE 3aKOHA TpeXx BTOpWX. Crea0oBaTelbHO, A% NAOTHOCTH
TOKA MOXHO CPasy HANHCaTh:

U, —U_. )/
6=ja= 2,33 . 104 ((d__—xl::ii]l)).—[a/cﬁ!], (39.6)

rape Q—nnomam: KaxaQro #3 3JACKTPOLOE,

Iy
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Kaxk mamectio (§ 14), nps oObluHEX paBoudx TEMAepaTypax KaToLoB
HAYaNBHEIE IHEDrUM TOAABNAIOHIErG OGOALIIHHCTBA 3/EKTPOHOB HE MPEBH-
wat 0,1 - 0,25 38, Oueannuo, yTo MEHUMYM TNoTeHUHaRa [y, HE MOWET
CYIECTBEHHO MPEBOCXONHTE 3TY BEJIHYHHY H AQJKEH N3IMEPATLCA HEMHO-
rHMH jaecATHMM BoaeTda. [lostomy mnpu U, nopagka HECKONBKHX BOJLT
U Bame craraemoe Uy, B dopmyae (39.6) Moxdo orGpocurs. C Apyroit
CTOPOHE], ONATH-TAKH NpH JocTaTouHo Gonemux [/, naockocts BK nexut
0IM3KO K KaTOdy W NMPH HE OYCHb MAAHX MEKAYIAEKTPOAHLIN PACCTOs-
Huax 4 > Xmin. Popmyny (39.6) mpH 9TUX YCAOBHEX € AOCTATOYHOH
TOYHOCTEH MOXKHO 3aMEHHTb NPHOAHKEHHOH:

fa : -6 Uy 2 39
° = j,=2,33.10 F[a/”‘ ], {39.7a)

HJEH
=233 1002 U [a] = K,, U [a], (30.76)

%a/&sf’. dopuynn (39.7)
Guaw nonysen pamee B § 9 (popmyan (9.1)), rge 66O NPHHATO, 4TO
CKOPOCTh 3MEKTPOHOB HAa Karode paBHa HY O,

Bce ckalzanHoe sHillie BOOJAHE TOATBePXIAETCH OMNLTOM, U IIOITOMY
ypasrennem (39.7) MOKHO TOJb30BATbCS AJA UPAKTHYECKHX PaCieToB Ha
NpPOTSKEHHH GOAbIIeH 4acTH YUacTKa NPOCTPAHCTBEHHOIO 3apsula Xapak-
TEPHCTHK JHOJOB € HE OUYEHb MAJIKM DACCTOSHHEM MEKAY KATOAOM H
anonom. C apyro# CTOPOHH, B ynpoulesnoH TEODHH OCTAaeICA HepeleH-
HHM DAL BaXKHMX A8 NPAKTHKH Bonpocos. Bo MHOTEX coBpeMeHHBIX
AaMnax paccronnie d OYEHb MaA0 W YCHAOBHE Xmin < & MOWET Hapy-
watecd, Ychosue Uyin <€ U/, XOpOIUC BHNOAHAETCS A% BHOPAMHTE/b-
HBX JAHONOB {KCHOTPCHOB), HO /A AMOAOB, NDHMEHAEMBX I/ JETEK-
TupoBanus [/, Gnu3ko K Hymo. Meway Tem B npubavkendHod Te-
OpHH Xyin B gy He BHudcaswrcd. Hawkonen, ocraercs uepelmeHusiM
M BOMPOC O TIPAHUIE MEKAY YYACTKOM HAYaAbHHX TOKOB, MAd KOTO-
poro pepHa Gopmyna (39.4), B yuacTKOM MPOCTPAaHCTBEHHOrO 3apaaa Xa-
PAKTEPHUCTHKH,

Tounan teopus TOKa B AHONE, OTPAHHYEHHOTO MPOCTPAHCTBEHHHM
3aPRAOM, YHHTHIBAIOHIAN MAKCBEANOBCKOE PACAPEACNEHHE CKODOCTEH 3J/ex-
TPOHOB Ha KaTo#, Guaa paspaborana H. Jlenrsopom. B teopnu Jlear-
MIODZ BMECTO mNepeMendnx U/ w x BpomATcd Ge3pasMepHHe nepeMeHHbe

rae MOCTOAHHHH MuokuTeas K,,— 2,33 - 10°°

. U—Umin
TI_ -
kT /e

x 2\ .
c i=4(ge) m e (r— ma) (398)

H3MEPAIONIHE, KAK 3TO HETPYAHO BWIETb, B HEKOTOPOM Macuitabe moTeH-
UMad MO OTHOWICHHI0 K YPOBHIO MHHHMYMa TOTEHUHAaAZ H PacCTOAHME,
OTCYHTAHHOE OT TOUKM MHHEMYMa [OTEHUMAJA,
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B noBux nepemendsix ypaenehue Ilyaccona

azt
o = A

NOCAE OJHOKPATHOIO UMTErpHPOGBAHHA A3eT

d,q\z -+ 2

i) == 1Ee /) F =7 (39.9)

3 VY=
rne yepes @ ofo3mayen Tak Hazwpaemu#t BHTerpan aycca (uacto BCTpe-
YAIAHCA B TEOPHH BEPOSTHOCTEH):

2 X
Q(x)=—=\\ e ¥dy.

V

w

Bepxhue 3nari B (39.9) OTHOCATCH K MpoOCTpaHCTBY Katod — BK, a Huxk-
HHe K npocTpancTRy BK — anoa, Ha (39.9) pewenue noayuaeTcs B BHAE
HHTErpana

— dn
t— | - —
[o—1zema oy

(39.10)

Ls®

0

J10 peleHHe COpaBEAiHMBO  TOABKO TOrAA, KOTAd B MEKAYIIEKTPOALHOM
NPOCTPAHCTBE MMEETCS MHHHMYM [OTEHLHand, T. €. OHO HE OXBATHIBAET
HH 0BA3CTH HayasibHHEX TOKOB, HH OGnacTH TOKOB HacHueHws. Materpan
(39.10) yaaetcs BHYHCAHTL TOMBKO NMPHGTIAKCHHEIME METONAMH, M B KOJH-
YeCTBEHHHIX pacyeTdX HCTONL3YIT TAaGAHUY SHaveHn#t § B yHknnu ot 7,
COcTaBAeHHYIC JleHrMopoM ¥ BNOCASICTBHH AONOAHEHHYI. 3AeCk Mbl He
Gynem mpuBoants Tabawuy Jlearmiopa (cM. [JI.B.8 n JI.5.10}, rae npu-
pefeHa Tabaula M PacCMOTPEHH HaCcTHBIE CAyYau) H OFpPaHHYUMCA BHIpa-
JWEHHEM A% f,, TIONVYAEMHM B KAaUeCcTBE MaTEMaTHYECKOro MprOJHKeHHs
K CTPOroH TeopuH:

wa— v BT\
7;—% 142,66 # [afen®]). (39.11)
min [ R min

dopuyaa (30.11) oTauvaerTcs OT BHBEAEHHOR W3 YRDOWEHHHX Rpeacra-
sneHdid Gopmyan (39.6) ToNbKO HEGOABLINM IIONPABOYHHM WYIASHOM

Ja=2,33-10"

kT, \'e 3
e . Te 1 ] 8
240 (U——ffﬁ) =266 [11 600 Up— U]

fIOKa3biBAKOIMKM, UYTO ¢ YBEIHYEHHCM TCMIOEPATY P KAaT0Ma aHOQIHLHH TOK
HeMHOro Bospacraer. ®opmyna (39.11), KaKk NOKA3HBAET CPaBHEHHE C pe-

e
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yAbTaTaM@ TOYHOH TEOpHR, JaeT A AMOAOB ¢ OKCHAHBIMM KaToA2aMu

owu6Ky we Gonee 3 - 5%, Beawunny Umip, YuHTHIBAA, 410 SAEKTPOHH

UMEIOT MAKCBEJJIOBCKOE pacnpefenenue, MOKHO HalTH 13 dopmyas (39.4),
aamenus B HeH [/, uepes Upin} 3TO Ha€T

B[] = —#oewm [ ] 39.12

Unin =— "5 1n [ 2] = —x1a [ £ |; (39.12)

f==ja/j, Ha3HRaeTCA KOSPPHIACHTOM HCTONLIORANHA 3MHCCHOHHOMO TOKA.
[Tozctasue B (39.12) uncienHoe SHaueHnE € H k, noayunm:

T, I T 1
Unnin =— Ty I8 (7—) — —elg (7) 6  (39.13)
PacCTOSHEE Xmin MOKHO HalTH ¥3 MPUGAAAKEHHOH (BOpPMY-LL:
F T M 1Y ,
xmm=p{1_(%f0!} ‘[m] * ekl (39.14)

npAueM p ONpelefsercda ©3 rpaduka, TPABEAEHHOFO HA DHC. 333. M3
rpaduxa BUAHO, 4TO LPH f=21/30, 1. e. mpu I, == 30 [, uro noutu

! 1] T
o —] 711
sy
o
aoi 3
™\
"
N
"
J005
A

J
%ﬂf yoz Qo gmopal 42 0% 08081

Puc. 333. Cpaduk aaa onpeneaeHds kosppn-
nueHTa p.

BCEria BHIOAHAETCA B HENDEPHBHOM DEKHME JIIi OKCHIRBIX KaTOI08,
p~=0,015 (c TOUHOCTBIO AO 5%/,). [as Takax pewamop us (39.14) noay-

yaeTcs: a
T
Xmin A= 2,66 - 107° f‘z= les]. (39.15)

Tlpr yweubuienun [/, MAHHMYM DNOTEHUMAIA TIEPEMENLIETCA K aHoly W
B npepene ero aocturaer. Jlas 2T0TO MDEAEABHOTO peiMMd Xmn=1d,
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H 10 (39.15) eMy COOTBETCTBYET MAOTHOCTb ZHOAHOMG TOKA

3/y

T,
Valuper = 7 - 10705 [afcu®]. (39.16)

Popmyna (39.16) naer, oueBHAHO, Ty HAHGOMBWYI MAOTHOCTH TOKa3,
HpY XOTOPOA nepecTaeT 6HTE NPaBHALHON QOPMYNa RAYATEHIX TOKOR (39.4).

PaccMoTpuM  npuMep: B AMOE ¢ OKCHAHBIM KaTOIOM T,=1160°K,
Ja=10 Malcx®, j,=200 mafca® F=1/20 wu no puc. 333 p=0,0138.
[lo dopmynam (39.13) u (39.14)

Umin A~ — 0,30 8, xpin == 0,005 cx.

Bennunua Xmin, MOAYuEHHAs B STOM NpUMEpE, yiKe CPABHUMA C MEXAY~
3/IEKTPOIHEME DaCCTORHUAMM B HEKOTOPHX COBDEMEHHBIX JAaMnax (cM., Ha-
npumep § 49 ra 6).

B paccmotpenwom npumepe He Gma0 yKa3aHO aHodHOE HalpKeHne,
Ero mouwno wnaittu no gopuyne (39.11)% Hanpumep, npH d == 0,2 c.x noay-
waetcs (/,=28 8. Ho npu pacuere soabT-amnepHoH XapaKTCPUCTHKH
OGBIYHO TNPHXOAMTCA HAXOLMTR NAGTHOCTH TOKA fa Mna pasmauswx U,
npu sananksix «d u T, (npuuem, aHaa T, 0o papmyse Puvapacona moxwo
Halttn /). B sToM cAyuae Heasss NpAMO BOCHOAB3OBATHCSH $opmynamu
(39.13) n (39.14) & npuxoAUTCH MATH nyTeM ROCAEAOBATLAbHBIX NPHOAM-
wenu#h. [las storo cnavana BruMcamior Ja ANa samanoro {/, no saKowy
Tpex BTOpux (opmysa (39.7)), 1. e. Haxoast

/g

1)
fa=Jja=233. 10“’% [a/enu?],

M, HCXOJA W3 f, == f3, BHYMCAAOT B NEpBOM NprOAMKEHHA MO hopMyaam
(39.13) n (39.14) Upin=Unin ¥ Xmin= Xpin. Monyyennsie snavenus
Umin U Xmin HCOOABSYWOI 14 BRIYUCACHMS BTOPOrO NMPHOMMKEHES f, = Ja
no tdopmyse (39.11), ¢ noMomel ji HaxoasT BTOpOE IpuGAnKenne
Upin=Umins ¥ Xpin=—Xmin H T. 1L Tpertee npuGamxkenve IPAKTHYECKH
OKAa3HBACTCA AOCTATOUHO TOMHBIM, -

W3 sKenepumMentanbhol BOAbT-aMNepHOH XapaKTePHCTHKE AHOAA MOKHO
ONPEJCHATh €70 NAPAMETPHL BHYTPEHHEE CONPOTHBJEHHE

dv
Ri=52 (39.17)

¥ NPOBOJAHMOCTD, H.IM KPYTH3HY XapaKIepHCTHKH:
-8/,
. S-_f_?U_a’ (39.18)

CBABAHHLIC MEXKAY cofof OYEBHAHHEM COOTHOWEHHEM
SRi == !.
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31u AuddepeHInaNbHLEe MapaMeTpel AKOAA CJAEAYET OTJHYATh OT CONpo-
THBJICHHS H TNPOBOAMMOCTH IHOAZ Ha MOCTOAHHGM TOKE, PABHHX CQOTBET-
creenvo (01, n 1/U,

Hcxoasn 43 nosyueHHHX Beile GopMyda, MOXKHO NOJAYYHTE TEODETH-
yecKHe BRIpaXeHus aas & H R; Ha Pa3JHYHHX YYacTKaX XapaxTepHUCTHKH.
Jlag yuacTKa HAYaAbHHX TOKOE W3 <Gopmyau (39.4) noayumm:

e (VN ¢ 39.19a
S=a0, =0 i) T (8199

A 11 600
§ =172 1, [afs], (39.196)

-prmsna yuacTKa HPOCTPAHCTBEHHOTO 3apafla — OCHOBHOrO Pabouerc

yuacTKa xapakrepucTaku — no (39.7)

S=% Kuli* =5 Ko 11" = ansl " (39.202)
rae MHOXHTEAD
2/ 2
0= 2,64 - 104‘3! e ) (39.206)

3ABHCHT TOJBKO OT TeOMCTPAH IHOJAA.
Ha yuactke Toka HACHIIEHHA, DA MPAKTAKH MaZ0 WHTEPECHOM, Kpy-
TH3HA OUEHbL Majna M R; COOTBETCTBEHHC BEChMA BEAHKO.
3. Bamsunue paGor BLIXOZA 3JEKTPONOB HA XAPAKTEPHUCTHKY,
B dopmyan (39.1), (39.4) » (3%.11) BXOAHT HCTUHHOE "aHOIHOE HAIpH-
wenue (/. KoHTakTHas pasHOCTL NOTEHUMANOB paBHA DPa3HOCTH OTHe-
CEHHHX K eQMHANe 3apsjaa paGoT BHXO0JA aHOAd H Kartoaad

i .
UVy— U= an=?(q}x’_¢)a)=?x*¢a!

3gecs {J, — Hanpskenue Gataped. Orciofa CAEAYET, YTO NOJOKEHHE Xapak-
TEPHCTHKH 32BHCHT OT PaGoT BHXOAa 3AeKTpoacs. ONHAKO pausude pabot
BHIXOZd dHOZA W KATOJA OKa3HBAETCA PasANYHHM, )

PaccMOTpEM CHAYafna YMacTOK Ha4a/lbHEIX TOKOB. JMUCCHOHHHH TOK

paeen

I =QAT] exp[—— :;:] .

u m3 popmynn {39.4), samenuB B He# U, uepes U,-}- U, n [ uepes
QAT;exp l—— e:;,‘]’ Oy KM

kT,
* ely epg

U, 4+ U o BTy T RTg
Ia=QATiexp[—g%‘{]eXp[ﬂﬁ#fﬁ]zQATge g ®le

{,, TakuM 06DasOM, 3aBHCHT TOABKO OT PafoTsl BHIXOAZ aHOd2 M He 3a-
BHCHT OT ¢,. K TakoMy ke BHIBOLY MOXKHO NDUHTH, paccMaTpuBas, Kay



136 3/IEKTPOHHBIE JAMNH [rn. B

BrHfeT U3MEHEHHE @, U ¢, HA pacupeneneHHe norenunansa (puc. 334).
O6mas BHCOTZ NOTEHUHATBHOFG Gapbepa, KOTOPHH NPHXOMHTCH NpPEOIO-
AeBaTh JEKTPOHAM, CKAAAMRBAIONIARCH U2 Gapbepa HA Cpaq@le KaTop — pa-
K¥Y¥YM H HanpAXEHWa Karod-— aHod, 3aBHCHY, KAK 9T0 BHIHO H3 PHCYHKOB,
TONABKO OT @,

________ A e AN

:i;”‘” % } L{;ivL____ % _

}[ ; £ e N | i
Po P

s
o

I

|

|

|

|
R
|
In
l\

7} 6)

Puc, 334. PacupeneacHve noTeHudasa B auoje.

@ — NpH OZMHAKOBEIX 9, M PA3HLIX 7 ; 6 —NpH PasHIX 9, H omEHAKOBNX o

F — ofmuA ypoeeap $epuu. [lan yUpOWeHNH paclpeiefeAte noreu.uua a0B Ha ome ABHEL
YHACTEAX NOKA3AHO NPAMLINA AHEWAMHA.

B pewume npoCTPaHCTBEHHOrO 3apsid u3MeHeHue paGoTH BHXO0Ja
KaToAa HOAXHO MPHUBECTH OJIHOBPEMEHHO K W3MEHEHHI0 IJIOTHOCTH 3MHC-
CHOHHOTO TOKa J, 0 TAYOHHH NOTEHUWAABHOTO MHHUMYMA {/pj,, Hanpumep
K YMEHbINEHHIO OOGEHX 3THX BEJAHYHH MpPH YBEAHYEHHH 9, 3HAYHT, C
)'MEHBIIIEHHEM TOKAa j‘ YBEJIHYHBACTCA OAHOBPCMEHHO OTHOCATEABHOE KO-
JHYECTBO SAECKTPANOSB, ﬂpEOﬂOJI?BH}OLIJ.PIX NOTEHITHAABHLIH MHHHMYM Umin-
O6a sddexTa NMOUTH KOMNEHCHPYIOTCH MJsi 3JeKTporos awGofi ¢opmsl,
K BAHSAHME @, HA AHONHHH TOK NOMKHO OHTD HHUTOXHHIM.

Qopmyanr (39.6) » (39.11) noxkaswmBaroT, YTQ AA% NAOCKOro A10Aa
Ha yuacTKe IPOCTPAHCTBEHHOTO 3apaua j, 3aBHCHT OT DasHOCTH

Uy — Unin=U, + Uiz — Unin = U + (9 — @2} — Uniny

_
[In(QATie *'x) —nl, )=

rme

kT,‘

Unin=—"22% [1n ], — 1/} =— *Tx

=4 — ¥ InQA4-21n T, —In 1

OTCHOI2 CcAcayer, uTo
Us — Unin= Uy — @, -+ “25{1nQA~21n Ty—Inl,]= Uy— 9, F(Ty, 1)
HE 3ABMCHT OT ¢,, a 3HAUHT, He B3aBHCHT OT ¢, H AHOJAHHH TOK. 3asu-

CHMOCTE dHOIOHOrO TOKAa OT pﬂﬁOTH BRIX0Ad aHOoAaA ¢, MOXKBHO HCIOAB3O-
BaTh A7 HM3MEDEHHA KOHTAKTHOH Pa3HOCTH NQTEHUHAI0B, l'lpe,uCTanuM
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cefe AMOA ¢ ABYMA AHOMAMH, CAENaHHHMH H3 METaNI08, ¢ PaGOTaMu BH-
XOHA Py M @uo CKOHCTPYHPOBAHHHIM TaK, 4TO, NepeMenias aHOAH, MOWHO

Iz In UBZ_Uar Uiy Ui

Us
6 8)

Ug

Puc. 335. @ — cxema npubopa ¢ NOABHXHWMH AHOJAMH
1A M3MEPEHHA KOHTAKTHOH pPA3HOCTH TNOTEHIHAIOB
(] — BBOZH KaToHa, 2 — BBOA aHOLOB, o — KaTod, 4 —
aHofin, & — orpanuunTesH, 6 — 6axnoH, 7 - CTepXeHb,
CKPCOAA0MHAN aHOAM: HAaRAOHAL npndop, MOXHO nepe-
MEIjaTh AHOAM OT ONHOIO OTPAaHHYMTENA A0 ApYroroj,
6 — napannrelbHoe CMPIUICHHE XAPAKTEDUCTHKE,
8 — onpexeaeHde {/,, NpH HENZpaineJbHOM CMELIEHHH
XapaKTepHCTHKH.

cTaguTh A0GOH M3 HuUX B palouee NOJNOKEHHE NPOTHB CEPEIMHR KaTOIA
{puc, 33b,a). Toraa asomHHA TOK B OOOMX CIyuasix paBeH

L= C{Up ~ a1+ F (T L],
Le=C[Un—u -+ F (T 1)’
rae  C — MHOXKHTenb, 3apucamuit  oT reoMerpud  sxaekTpomos. Ecaw
ly=1l4 1O
Ust — $a1= Upa — Pan,
Upt — Upa = Pa1 — ¥

Takum o6pasoM, TP 3aMeHe OJHOTO aHOJA APYrAM EBOALT-aMAepHas Xa-
PaKTEpHCTHKA AHOLA CMEIIEeTcsl Napaatenbno camo#t ceGe Ha Bennduuy,
PABHYIO KOHTAKTHOH pasHOCTH noTeHudanos (puc. 335, 6). Ecam npn
CMEIIEHAK AHOLOB reoMETpHA JIHOIA HM3-33 HEAOCTATKOS KOHCTPYKLHH
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OKa3HBaeTCd 3aMETHO HAPYIICHHOW, TO aHOAHBIE TOKH B 0OOHX CAyuaax
BRIDA3ATCA popMyaamu:

1 al :CI [U1 - Pa1 + F(T [al)]ahv
ai —_— C! [ — Paz + F( Iail!)}”’n

" ecmu onark [y =I,=1I,

1 1
UBI'_UB!=QPM_‘1°39+13(ET_/3‘-@)'

Otciona cnenyer, YTO TENePh XAPAKTEPHCTHKA CMENIAETCA HE NapanienbHo
(puc. 335, 8). Omnaxo npn {,—0, (Uy — Up) — (Pay ~— $42), Tak uTO,
OTKMaabIBan PasHOCTH (Ugy — Ug)r, —const A9 PasHuIX [, B 3KCTpanoan-
pys MOAYYEHHYIO 32BACHMOCTE A0 [, =10, MOWHO NOJAYUATE KOHTAKTHYIO
pasHOCTE MOTEHUMaA0B OGOHX AHOIOB.

Ha puc. 335, a u3oGpamen npubop ¢ UHIHBAPHUECKMMT AHOLIMH,
KOHCIPYKTHEHO ©onee ynofruil, yeM NPHOOP C OAOCKEMH 3AEKTPONAMH,
Ilng HUAHHADAMECKOrG [MOA3d awogMHH TOK, Kak NOKA3BIBZET TOWIKH
PacueT, SaBUCHT OT ¢, HO TOJALKO B HHYTOKHOH CTEMEHH W METOX Omnpe-
AeNCHHA KOHTAaKTHOM pasHOCTH TOTEHLHA/A08 TWO CABHIY XiaDAKTEPHCTHKH
B O0A4CTH NPOCTPAHCTBEHHOr(Q 3apPA13d BDHMEHHM € GOJLIIOR TOUHOCTHID
[/12.1, ra, 3 m 4] Dror merom okasancs Hauboaee yaOGHEIM A
yame APYrHX OPHMEHSETCA Ha NPaKTuKe, HECMOTPS Ha TO 4YTO OH Tpe-
Gyer npuGopa ¢ NMOABMKHEIME 3AEKTPOAAMH.

4. JHoX c NRAAHIPHYECKHMH DSNEKTPOAaMM. Buuucnenue ToKa
B.AHOIE C 3IEKTPOAAMH, HMEWMHMH (DODMY KOAKCHAABHHIX UHAHHADOB
(anuna I, pagmyc Katolza W avoga r, M r, TaOMmARL aroma Q,), ocnox-
HAETCH TEM, YTO ONPHXOAMTCH YYUTBIBATH CAAraiOMIHE HAYAABHHX CKOpocTeH

MEKTPOHOB, Napajjenbibie TMOBEPXHOCTH KATOA, B peKHUME HAYATBHRX
SkT

ol pocra-

TOYHYI0 TOYHOCTH AACT ¢)OpMy.’la
elly

2 el kT

=1 = — A ¥ 39.21
[a ] ]/...: kT,‘. € 4 ( 9 )
Haa onpepenenus HanGoObIErC TOK2, UPH KOTOPOM MEPECTAeT Cy-
[MECTEORATL DEAHM HAYAALHLIX TOKOR H IIOABJACTCA MHHHMYM NOTCHUHANS
B MEXAYSINEKTPORHOM NPOCTPAHCTBE, MOKHO BOCHOAB30BaTbCh (hOPMYyIOR

~12 ¥/ !
10757 —

r In—
a rl’

' Ia

Jazi%

[afcm] (39.22)

([/1.5.9, rn. 2], Tam e BHBEZEHH TOYHHE BHIPAKEHAS AMA PENHMA HA-
YaAbHLX TOKOB),

§ 39] JHOA 139

B pexusme npocrpancreenHoro 3apiaga ¢opMyad, He YYHTHBAIOIIME
BAHAHKA HAYaAbHHX CKopocrel, nmewor g (cMm. § 9, dopmyay (9.22))

a/,
r-ﬂ* (r Irg [e]=

Kaus =233 1078 00 ‘(?ﬂ o lale,

[, =—2,33. 10 KuuaU¥2 ), (39.23)

U3fs

= 14,66 . 10" ajex 39.24
’ F (g 1 H) (39:24)
Ath POopMYyH HOKAIWBAIOT, YTO [, MANO 3aBUCHT O ry, TIPH 7y > 7,
Tak Kak yHkuus B* npu £, >, MEMIEHHO MEHHETCS B 3aBHCHMOCTH
ot r,/re. [losToMy saMmeHa r, paiuycoM BHDPTYaJbHOIO KATOAZ Mang uTO
MenseT. TouHoe pelleHHe, yudTHBAIONIEE BJHMAHRE HAaYaJbHMX CKOpocTel
B LUHAMHAPHYECKOM THOIE, HE OmA0 noayueno. [TpnGanmennas dopmyana,

yKazaHHas JIEHrMIODOM, HMEET BHI

1

Ja:!“

_ ] 8 kT (Ua s -
L=1466 - 10 Wﬂ[u Unint+ (w] [afc., (39.25)
rune {Ugin=-— E-T—“ ln% — rAy6HHa MEHEMYMa NOTEHOHURAE, U,,:-_-% k—z“

H l—qucneﬂﬂuﬁ MHOXHTEAR, BEIHUHHZ KOTOPOro JexHT Mewxay 1,5 u
2. Ilna pacueta XapakTepuCTHKH 1o Qopuyne (39.25) no sapannum r,,
T Ty B U, Kak M mas pacuera no (39.11) B cayyae OJI0CKOro AHOAA,
NPHXONATCA TNPHMEHATL METO1 INOCAeNOBaTenbHHX npuGamiesust, IMpu
HeGOMBIIMX ~ 3HAYEHHAX OTHOWIEHHA /7,/r, UHAMHIDHYECKAA CHCTEMa
3AEKTPOAOB mpubankaercs K naockod, M npu r/r, <2, Kax noxasw-
BaeT pacyeT, MOWKHO YK€ NOMb30BAaTbcH (OpPMYJAaMH 8 MAOCKHX 3JeK-
TpoaoB (39.7) m (39.11).

KpyTuany XapakTepHCTHKH HaZ YYacTKe [POCTPAHCIBEHHOrO 3apsaaa
MOXKHO BHIYHCHNTE 1O copuyae (39.18)

daf. 3
$ =30, = 7 Kaalls* = tual s,

riae
3 sz‘a
— | Y 10 A [a%s!
Cua==5 Ka =264 10" T [a¥/3/s). (39.26)
a
Tox HACHLICHHA B UHARHAPHUCCKOM JHOAC U3MCHAETCA B 3aBHCHMOCTH

OT HanpsaxeHnna (§ 13) no dopmyae
- e‘/zE:(/s
I,=1I exp {W},

rie £, — HanpaxeHHOCTh NONA HAa Kartode. B awmomax ¢ karomom nps-
MOrO H3KaNa pajguyc r, Maj, M NO3TOMY HANPAKCHHOCTh F, BEAHKA M
YBEIHYEHHE TOKA HACHIUIEHH 3aMETHO [PH MEHbLUHX HANpAKEHUdX, ueM
B MJAOCKOM IHOMAE,
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§. OTKJONeHHs OT 3aKOHA Tpex BTOPMX. Kak yxe oTMeuanocs,
YYaCTOK NPOCTPAHCTBEHHOrQ 3apana spasercsa paGoueH 4aCTbio XapaKre-
pucTukd. OTKJIOHEHHA OT 32KOHA TPEX BTODHX HMEIOT NOSTOMY NpaKTH-
yecKHH HHTEpec. OTH OTKAOHEHHH [POABISIOTCH [JaBHHM 00pasoM Ha
060MX KOHLAX y4acTKa TIPOCTPAHCTBEHHOrO 3apsaia.

Ha nukHeM KOHIe, TOMHMO PacCMOTPEHHOrQ BhIIE BIHAHHA Havalb-
HHX CKOPOCTEH 3JAEKTPOHOB, B AMOAAX C KaTONaMH NPAMOro HaKaia
APOAEASETCA CHABHOE BARAHME HESKBUMOTEHUMAABHOCTH KATOAA. Ir1ot
spEKT BaBHCHT OT CXEMH BKJOYEHHS, & HMEHHO OT Bibopa obuwieH
TOUKM NEnH Hakaaa ¥ aHogsod nenu. Huwe pasoGpana TOAbKO OGHNHAA
cxeMa ¢ obumM munycom (puc. 336, a)

Pue. 336. Cxemu BHIIOUEHHA QHOMA € KATOAOM NPAMCro Hakadaa,

a—c¢ obmed ToUXOA B4 MHHYCe Hakana; § —c obmefl Toukoli HA NAKCe HAKAAA;
8—c ofmed cpeznefl Touwod neny HaKagad.

PasofbeM AMOL Ha OTIAENbHHE <«3JEMEHTapHHE» JHOAB IJHHH 42,

AnoaHoe HanpsLAeHHWe 3JAEMEHIZpHOTO AHOAA, JeKaller ¢ Ha pPacCTORHUH -

0T OTPHLUATENIBHOIO KQHUa KaTosa, paBHO
z
Uz == Ua. —_ UfT .

AHOIMHA TOK B 3TOM ZASMEHTapHOM Auoage Oyner
izku:" sdz,

rae & — nocTosHHMY Kos(hUUHEHT, 3aBHCAIKA OT reoMETPHH ANOAA.
Has noasHOro TOKa B Ouode, cuutas, uro U, > Uy, noayuyu:

[ I
= wuede={ k(U= 2" dz =
d ¢ .
_z2m

=37 (39.27a)

(U2 — (U, — Up)*'el.

TIpi OTCYTCTBMH NALEHHA HAUPSIKEHHS BAOAb KATOAA M TOM IKE aHOLHOM
HANPSKEHUE uepe3 Iuoj nporekan Obl TOK

Ly= kiU,

Lt

g
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Pasnoxus (U, — U))*s no dopmyre Gunoma, mowuo (39.27a) npeacra-
BUIL B BAOE

_ i 3 /U 3 1 TInY
Ia“Iaull—z(Z]“:)“]““Z [T 2_3@{1) — ] (39.28)
uma, ecan Uy <& Uy
3 U
Iazlaﬂ[l_ﬂf.]' (39.29)

Ecan Ua< (ff, TO AHOIHHH TOK GYJ.IET 3anepT BO BCEX 3JCMCHTADHBIX
p
AHOAAX, HaAYWHaf € AHOJAA, A4 KOTOpOro

¢=w=m_@%=q

OTKYIa
U
z, = A1
L 7P
W, 3HAYHT, NMOJHLIH TOK
:co I N3y, 2
_ . EANLI r
13_0 k(Ua U7 dz__gk—f Urs, (39.276)
Ecad  wsmennts CXeMy, MOIKJO4aA MHHYC aHOAHOH wenM X ACcY

mend nakana (puc. 336, 6) MaM K «cpeaHefi TOYKe» LEUH HAKada
{puc. 336, 5), TO C NOMOWBIO CXOAHHX BHMYHCACHHH HETPYIHO [OAYUHTE:

3y
Iazfa.,[lT'ﬂ—]ﬂ, (39.30)
I U WY //AC 3 o
h=la () 4 o )+ ] @

Ilo sTuM npubawseHHsIM GOPMY/IaM JACTKO OUEHHTH BEJHYRHY [TOHpA-
BOK, BHISBAHHBIX MajleHHEM HANPSKEHHA BLOJBL KaToga. B pyxoéo,ucwax
Mo pacueTy 3AEKTPOHHHX JNaMl MOKHO HaHTH Gonee yioOHu# cruocof
pacueta [, B JaxOmax ¢ DPAMOHAKATLHLIM KaToIOM C MOMOWBI Tadadn,
COCTABJIEHHHY Ha OCHOBaHEH TOuHHX dopmya [JL5.1, ra. 3, 6; J1.5.10,
ra. 1, 6} . :

Ha BepxmeM KOHUE ¥uacTKa MPOCTPAHCTBEHHOrO 3apsia paer o cefe
8HaTh MPHOAHMKEANWE K HACHILIEHMIO, TeMllepaTypa MNOBEPXHOCTH Karoad
HCOAHHAKOBA. 110 KpdfM OH2 HHAKE, UYCM TOCpEAHHEe, M HACHIUEHHE HA
Goace XOMOIBEIX YY3aCTKAX HaCTynaeT NpH MEeHbINEM aHOAHOM HanpwxKe-
HHH, DTC ABICHHEC OCOBEHHO BaMETHO B KaTOIax TNPAMOTO HAKana, Temie-
paTypa KOTOPHX Pe3K0o TNOHHKAETCH BOAH3A MecT KpenacHud HUTH Ha-
Kaxa K BeonaM. llo mpAMOHaKaNBHOMY Katoly, KpOME TOKA Hakana, npo-
TEKaeT W AHOIHBIB TOK, HaNpaBIeHHE KOTOPOro (HampuMep, B Cxeme
c ofulHM MHHYCOM) ONHHAKOBO C HampaBJeHHEM TOKa HAKAI2 Ha OIHOM
KOHIE KAaTodd M NPOTHBOMGAOXMHO Ha jpyrom. [Ipoxowpaenue axoanora
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TOKa Ha Karene CO342€T  JOROJHHTEABHYIO HEPABHOMEDHOCTE HAFDERA
Katoia, OCOGEHHO SAMETHYI0 B MOLIHWX JAaMNax H 2aBMCSILYI0 Ot BHOOpa
o0lIEH TOYKM CXEMH H PAaCNPefe/eHHs CONPOTHBAEHHS B [ENH HaKana.
Ilo stoMy Bonpocy ¢m. [J15.1, ra. 3]. B pexeMe nacHIUenus HakJIoOH
ZAPAKTEPHCTHKM QUEHB MaN, H B PeSy/bTaTe TEMNCPATYPHOH HeomHOpoOI-
HOCTH KaroJa Ha SHAYMTE/bHOM NPOTAKEHHH XapaKTEPHCTHKA OyAeT noa-
HUMAaThCs GOJEe TIONOFO, YEM TOrO TpeGYeT 3aKoH TPEX BTOPHX; i (opma
ee Gyaer npuGanAaTbCa K npaAMoH ankud, Takoe <«CUpAMAEHHE» Xapax-
TEPHCTHKA JA3€T OCHOBAHHE JAJ8 2aMEHH B HEKOTOPHX TEXHHWYECKHX
pac4eTax XapakTePHCTHKH AMOAa npAMol AHHHEH,

6. Bpems nmpoaera 3AexTpoHOB B nuome. Halinem mpewms npoaera
9JEKTPOHA 1ad cAyuas MJIOCKOTO AHOA3, IpeHeGperad CKOpOCTBIO BELIETA
IJIEKTPOHOB H3 KATOHa,

daa cayuasd HeGOABUIOrO NPOCTPAHCTBEHHOTO Sapsla, T, €, /jAd pe-
HHMA HACcHILeHHs, OVIEM HMETb:

X _ _eE __ell(x) .
wgr E=9 o= ==

U(x)= U

rA¢ @ — YCKOpeHHe 3JeKTpOHAa W {/(X)— noTeHuMan Ha pPacCTOSHHM X
OT Karona. -
Bpems npoaeta 3JeKTpoHa OT KaTojla IO TOYKH X DaBHO

1/ 23m
= ]/' Z ]/ ) (39.32a)
HIH
=3,37 - 10% —% [cex],
T, Voo [cex]
W BpeMA NpoJera Ao aHoda Oyaer
T, = ?_337 108 V - [cex]. {39.326)
Ecau mpocTpaucTBEHHHH sapam He Mad, TO (cM. § 9)
U (x)_ (_) /3
B CKOPOCTh 3JMEKTPOHA B TOYKE X paBHa
%/
2=V W=V 2T, (5"
Bpems nponera ao Touk® X Gyaer
- dx _ 31 xls o
5 oe) (5 Vm(f)”‘ Vol
. =5, . 10 ﬂi—"—[cex] (39.33a)

LA
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Bpems npoaera o aHona paeso

1, =51 10 —2_ frex). (39.336)

]/ a

31h GOopMyIN MOKA3HBAIOT, YTO NPW OOWYHHX AAs QUOROB HANpA-
HEHHAX M MEWAYSNEKTPOAHMX DPacCTOHHHAX BDEMA INIPOAETa A0 aHOAA
H3MEPACTCH JOAAMH MHKDOCEKYHIW. 3HauHT, ABJEHHSA, CBA3AHHHE ¢ Bpe-
MEHEM MpOJETa 3/JEKTPOHOB, HE EOMKHH CKA3WBAThCH BIOTH AQ OUCHD
BRCOKHX 4acTOT. 3JTO BEPHO H AA% TPHOZOB H MHOTO3JAEKTPOAHEIX
JiaMi.

B nactosmel rnaBe M He OyfeM SaHAMATLCS CBOHCTBAMH M Ha
YaCTOTaX, TPH KOTOPHX BpeMeHa NPOACTA SMEKTPOHOB YXKE CKA3KBaIoTCH.
OTH CBOHCTBA PacCMOTPEHH B CAEAYIOWEH raase.

7. Npumenenve nuonos. IlpuMepw koHcTpyknmii. Boapmuucteo
AROJ0B, H3rOTOBAECMHX NPOMBILIERHOCTBIO, TIPUHALAEKAT K CHAELYIOHIUM
TPeM TPYNRAM: BHNPAMHTEAbBHLIE AHOAH, WJIH KEHOTPOHM, I8 NUTAHHA
IPHEMHO-YCHTHTEARHEIX 13MI, BHCOKOBOALTHHE KEHOTPOHH W ARTEKTOPHHE
AnoaH. B usMepHTENbHOH TEXHHKE TPHMEHSIOT WIYMOBHE HOAH, O KOTO-
pHX Oymer ckazaHo Huxke (§ 46).

Ha puc. 337a & 3376 npmeenedn gpa npamepa KOHCprK]J,HH KeHo-
TPOHOB; ABYXaHOAHMH KeHoTpoH (puc. 337a) ymoGeH aas npumeHcHus
B PacHpOCTPaHeHHOH paZHOTEXHHYECKOH CXeMe [ABYXMOAYIEPHOAHOTO
eunpaMaeHus. Ha pucynxke xopomo BRAHO, 4TC (OpMa KaToxa He noa-
BOJAET [PHMEHHTh K 3TOMY Adony (opMyJAH pacuera MaoCKoro Auoia,
XOTH dHOA NJIOCKHH. AWANOTHYHO K BHCOKOBOJBTHOMY KEHOTPOHY ¢ 1lH-
AHHADHYECKAM aHOAOM (puc. 33706) n3-3a nerncofipasHol dopMu xaTozna
HENb3A NMPHMEHHTh POPMYAY LUHAHHADHYECKOTO AHoAa, Kax 6wjo noxasano
B § 9, ans zuoaa nw6OH (ODMH, 4 3HAUHT, M AA JAMOAOB, H3OGpaWeH-
HElX Ha puc. 337a u 3376, cnpapeisaMB C TEMH KE OTOBOPKAMH, KAk M
AMA WIOCKOro B UHAHARPHUECKOrO KHOZOE, 3aKOH TPEX BTOPHX:

= KU}, {39.34)
OTKYZa

S=1§ KUfs=3 K*nits—al'n, (39.35)
Metonn MpHOAMKEHHOrO pacuera Koadupuumenta X aasi peambHHX IH-
onos cm. [J15.1; JI.5.2] n ocobenno [J1.5.10].

Kak M3BECTHO M3 TEODHM RHUDAMHTEABHWX YCTPOHCTS, B Teuexue
HENPOBOASIIEro MOJAYNEPHOAA Ha KEHOTPOH NOMZETCA TaK HA3WBAEMOE
00paTHoE ManpmieHue Uy, KOTOPOE MOMET NPEBOCXOIMThL B OTIENbHHE
MOMEHTH AMILTHTY Ly BanS{’U[JlSIEMOI‘O HanpsxeHus. Tlox neictaueM (g,
yepes KEHOTPOH TeyeT CaabWit o6paTHHH ToK. Ecu Uy, ouenp pemmko
TO MOMET BOZHAKHYTH NPOGOH M uyepe3 KeHOTPOH npoﬁ.ne'r CPIJ]I:HHP]
o0paTHHA TOK, 4TO OObiuHO BeJer K asapun. IToSTOMY RanGOMBwWee
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o6paTHOE HANDAKCHHC [Uoﬁp]mn, MpH KOTOPOM Ele HeT yrposu npoGos,
ABIAETCA TMapaMeTpoM KeHorpona. [las NpPaBHILHO H3rOTOBIEHHOFO KE-
HOTpoHA [Uygplmax OMpeEAEARETCH KoHcTpykiueH. Bmoaw KeHOTpOHA
5113C (puc. 337a) npoxoasT GAH3KO ONWH K APYTOMY HEPEs CTCKIAHHYIO
HOXKY <«TpeGelKoBoros THNA, H TOSTOMY A5 HEro [Uosp)max nesesuko
{1700 g). B xenotpone B-27/0,8 BBOAH KAaTOAA W @HOAZ CIEJaHAl B Pa3-
HHE CTOpPOHH G(anmioHz, W s HErO | Ussplmax paBHo 27 000 g. Ilpuemom
pasHeceHHs BBOROB NOAb3YIOTCA BCEF[3, KOMA2 HYKHO YBEMMGHTL TIPO-
OUBHYI TIPOYHOCTD JIAMITHL

Puc, 3376. BaCOKOBOIBTHHIE KEHO-
Tpon B-27/0,8.

1 — xaTon; 2 — NpYXHHKA RAA HATEXEHUS
KaTola; §— aHoX.

Puc. 337a. [Jsvxauoiuni#t Keno-
TPOH ANA NHTaHHA TPHEMHO-YCH-
aiTeapHux aamn SL3C,

[ —W-obpasuslfi karon; 2—anmoxs; 3 —
LeTaNH KPENEEHA; § — Ca3onorioTHTe s
{rerTep).

[pyraM MOMEHTOM, KOTOPHH TPUXOMATCA TPHHHMATE BO RHHMAaHUE
1IpY KOHCTPYHDOBAHWM KEHOTDOHA, sBASETCA Harpeednue anopa. HawGonb-
1ag pacceHpaeMas MOILHOCTL NpPH €CTECTREHHOM OXMAKIEHHH YEpes H3-
nyuenne jna Mo cocrasnser 4 - 6 sm/cau® ans Ta pasna 8+ 9 sm/ca’.
Ilnomane aHoma DoaKHA GHTH HACTOABKO GOABINOH, 4TOOH NP HanGoab-
wieM paccTosHMM He OblAa TMPEBHINEHA MpeleabHas Harpyska,

T

*HATC 6e3 ocolboro Ipyaa B aHone

§ 40]

Jnd meTeKTOpHHX AHOA0B, paGoTaIHEX TMPH MaJbX AHOTHWY TOK4:
0 HaNpAKEHHSAX, OTNAa0T TPYRHOCTH, CBA3dHHBIE € TCPErpeBoM aunoild
# OBpaTHHMM HampsmkeHneM, 3ajaua CBORMTCS K MOAYYCHHIO B PEXIME,
BaNeKoy OT HACHILEHHS, aHOAHOTO TOK& AOCTATOUHOH BEIHYHHLI NPU He-
GoablioM  (MOpsIKAd  HECKOJIBKHX
BOALT) aHoIHOM Hanpsikenun. Ha
OpakTHre 3TH TPeGoBaHHA BBHIIO-

SAEKTPOCTATHUECKGE TOJE B TPHOIE 1435

¢ He0OJLIINM pAcCTORHHEM MEAIY
aaexTpoaavn, Bes saextpoanas cu-
cTeMa OKasmBaercs HeOoabuol no
pasmepy, B 3T0 1103BOAHET O0BEAH-
HATL B OJHOM OanjoHe ABa JHOZA,
KaK 3TO NOKasaHo Ha puc. 338, nau
IHOL € TPHOIOM HAH NEHTOAOM
{cM. nmxke pue, 363)

Cucremy ofo03Hauenus IHOI0B
H APYrHX 3JeKTPOHHBIX AaMIl, COOT-
BETCTBYWOWYW npHuitomy s CCCP
craugapty (I'OCT 5461-56), cm. B
§ VL

§ 40. dnexTpocTaTHuecKoe mone
- ¥ MOJMBIA TOK B TpHOAE

TpnozoM Ha3bIBAETCH 3IEKTPOH-
HAR MAMNa, UMSIOMAA TPH 3JeKTpoaa:

Puc. 338. HerektopHuf ppofiHOl 1uol
6 < 6.

1 — mozorpeBHEle BreMeRTH; 2—KaTt0a; 3 — aHod;
4—cA0IARbIE  JepEaTeAlt; J— METAIIMURCKITE
SKPan, CHKPEMJeuHL ¢ KHOM famMnbl; § —Meran-
Anyeckud G6atiown; 7 — AHO JaMnbl; §-— CTEKAAH-
Hble GYCHHKI, H3oaupywisiHe BEOILI, 9 —rerTep.
Bropeh Anoa pacionomed CHMMETDIUMHO NEPBOMY

Karog, adHof W (PacrnoNoKeHHY K
fIOUTH BCErJa MEXAY HHMH) CETKY.
Boo6we rorops, SJCKTPOHHKH NOTOK, TEKYIWMK B NPOCTPAHCTBE KaTOd —
CeTK2, MOXET pacnpefeNsTecsl B JafbHelmem MemAy ceTrRoft 1 anoaoM,
XOTS B NPHMEHAEMLIX HZ NPAKTHKE CXEMAaX CeTO4HBIf TOK uacto OHBaer
oueHs Man Taxum 06pasoM, Teopus TPHOIA eCTECTBEHHO paCTAlaeTcd Ha
ARE UYACTH: BHIYUC/JEHHE TOJHOIO TOKA, TEKYILEro ¢ MOBEPXHOCTH Kartoia,
{4 HAXOXIEHHE DAacHpesencHHs TOKa MLy aHoloM H ceTkoil, Jlas pe-
nienHa NepBoH N3 STHX 3273y HYXKHO CHAuana HalTH 2JeKTPOCTATHUECKOE
n0J1€ B OTCYTCTBHE TPOCTPAHCTBEHHOrO 3apdia.

1. daekTpocTaTHueCKOe [OJe TPHOAA. B COBPEMEHHBIX TPHOAX M
MHOTQCETOUHBIX JIAMIAX MPHMEHAITCA CETKH BECHMA PA3JAHUHHX KOHCTPYK-
UHH, HEKOTODHE H3 HHX TOKasaHe Ha cxeMatuueckoM puc. 339. Hon-
CTPYKLUHH CETOK M HX MOJOWEHHE B TPHOIEC BHOHB TAKKE Ha NPHBEIEH-
HRX Himke puc. 363, 364, 383 w ap. CeTkw ormuuawTcd IPYT OT Apyra
CTPYKTYPOH qAueek, ¢opMOH MOBEPXHOCTH, 13 KOTOPON PACHOIOKEHLI
NPOBOJIOKH CETKK (NAUCKOCTL — pHC. 339, @ u g KPyrash mnanHap -——
pac. 339, 6 v 4, >AAMNTHYECKAH UHARHAP, Napaiiesenunel n ap.), u
KO3(PHUHEHTOM 3alOAHEHH — YHCIOM, IOKasBIBAOWMM, KaKYI0 A0.50

33 SEPAHOM S,

6 B. i, raoouss, 4. 11
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BCEN NOBEPXHOGCTH CETKH WAH €€ YACTH 3aHHMAT Nposoacxkm cetkn. Ecan
Ha YaCTH MOBEPXHOCTH CETKH Miomansk Q' cau® NPOBONOKAMH, T. €. MeTan-
A0M, 3aHATG 'y, €AY, TO KOMPHIMEHT ANOJHEHHS B 3TOM MECTE CETKH

TYPH CETKH, H L4 Tex YYacTKos, FAEe OHU [POXOAST, KO3hHUHEHT
3anojHenna m Gonbiue.

CTpore# pacuer »ACKTPOCTATHYECKOro TonA B TPHORE H3-32 CJIOK-
HOCTH KOHCTPYKLHH CETOK [MOYTH BCEerja Heposmomed. TonbKo B CamuX
[IPOCTHIX CAYYasdX, 3 AMEHHQ JAAS TPHOAOB € NJAOCKHMH WY IHAWHADH-
YecKHMH CEeTKaMy, 00pa30BaHHBIMH  DaBHOOTCTOAIMME — [POBOJOKAMH
{puc., 339, a u 6}, MOXHO TOYHO DaCCHHTATh 3JEKTPOCTATHYECKOE TIOJNE.
Takue CeTKH peaKko NPHMEHATCA, OJHAKO DACHETH MX HO0JER OYEHbL TO-
aesHbl. TlonyueHHne OopMYan YIAZeTCs BHEAOHW3MEHHTb, TaK YTO OHR OKa-
3HBIIOTCH ¢ AOCTATOYHOR AJAR NPAKTHKH TOUYHOCTRIO TNPHTOAHBIMH AJf
ceTok moboH CTPYKTYPEL

ClhenaeM mpewae BCErO HECKOJbKC 3aMEuaHMA, OTHOCHUIMXCA K TpH-
ogaM Bcex koHcrpykumii. ITloae Tproaa oObuUHO MOWHO ¢ GoabmoH
CTENEHBID TOYHOCTH CYHTATh JABYXMEDHHM, H CACJOBATENBHO, €r0 MOKHO
H3YUMTh METOAOM 3JEKTDOJHTUUECKOH BaHHBL HAW HAWUTH C TIOMOIIBIO
pacueta (§ 4).

Ha puc. 340 noxasansl 2KBHNOTEHIWANbHBHIE JAHHY TDMONA C CSTHOH,
ofpasoBanHOH PABHOOTCTOAUINMH TIPOBOJNOKAMH, NpHueM (B AafibHeiilnem

+60 - 100=—

+40 - : 80—

+20 60— 4
e 5 —] “e

_0 40—

- ' 30—

Puc. 339, [piMepn KOHCTPYKUHM CETOK,

2 — W3IKBYIRCTAHTHAA» TLIOCKAY CeTKA; 7 — «3EBHIAMCTAHTHAR» IHIHAIPHYECKan ceTka («fe- -f5 dlﬁ.‘.‘
ANYRE KOJAeCos); §F —TLIOCKAN CETKA ¢ KBAXPAaTHLIMA Aqeifkaan;, 2—ceTKa ¢ HKPYTARMMA OT= 5"'—
BEDCTHHMN, d—cnnpanbﬂaﬁ CeTEa € ABYME TPaBep3dNA, fo

_Qluer ﬂ . -5
m= —pgr-. [% ceTkn OLHOPOAHON CTPYKTYPH KO3(DUIMEHT 33H0.HEe- {
H{A MOBCIOLY OJHHAKOB M PABEH CpeaHeMy KO3PPUUHEHTY 3anoaHeHHs 0 ' [ ———

Orer Pac, 340. floae B naockom TpHome oy . > 5 U dy > &
Mepg= =57,
Q

TaKue CeTHKH. My OyAeM HasblBaTh SKBHAMCTAHTHEIMU; puc. 339, a # 6) pac-
CTOAHHE MEXKILY DPOBOJCKAMH § MHOTO MEHBIUE DACCTOAHHA OT CeTKH [0
xatopa d,, u 10 adoia d., Kak euamo, Baaam or cerka n no ofe
CTOPOHH OT HEE o€ QuSHb OAM3KO K CAHOPOAHOMY, HQ OIHOPOIHOLVER

5.

rae () — DOBEPXHOCTG (reoMerpuueckas) CeTkdH H Q.. — YaCTh ee, 3a-
MOJHEHHAA TIPOBOAOKAMH. Tpasepan (CTEPAHH, NPHIAIINEE CETKE Heob-
XOMHMYI0 KOHCTPYKTHBHYIO WECTKOCTB) HAPYWAKT OAHGPOAHOCTB CTPYKe
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pesko Hapywaercd mOAHSH NPOBCAOK ceTKA. [lporskennocTs «Sammxneh
06.12CTH TOAsA», rO€ NOJE CYUIECTBEHHO HEO[HOPOAHO, 3aBHCHT OT CTpO-
€HHA fMEEK CETKH! 4€M MEHLUIE pasMep fueek W Y4eM TOHBUIE NNOBOJOKZ

CETKH, TEM MEHLIUE pasMeph

10y 00 «Bamanel obaactus. Jlerko cebe
OPENCTABHTL, YTO TO MKE camoe

& 60 Oymer BepHO 119 CETOK C 0G0H
(opmolt sueex.

50 &0 Hago cka3ats, uto B peatb-

HBIX Jammax 1o ofe CTOPOHH
OT CETKH CYWEcTByoT obaactu
OLHODOAHOrG MO HE BCErja H
HE BO BCex pemuMax. Ecau, rak
5TO HEPEIKO OHBaeT B coBpe-
MEHHBHIX J2MTAX, NONepeyHble pas-
MEDPH! fueeK BIH3KHM N0 BENHUHHE
K DPacCTofHHIc CeTKa — Katod,
TO MOJC ¥ KaTOoha sMoxer OHTb
Puc. 341, Moze's nio:kom Tpuoge mTipy  OMCHB HEOAHODOAHLIM, HAPHMED,
de X5 B [VIGCKOM - TDHOZE, [0J€ KOTO-
‘ poro nad ABYX pewusos uzoGpa-
#eHO Ha puc. 341, DrtoT cayuad Gyner paccMOTPEH OTACABLHO, HO B Ha-
Crofmes naparpae Mu OyIeM CYMTaTh, 4TO no o6e CTOPOHH OT CETKH
Ha& J0CTaTOYHO GOJBIIOM OT HEe PacCTOuHAM CYMIECTBYIOT <«JaAbHHE» Of-
JACTH QAHOPOAHOID MOJH,

2. JddexTHBHHI NOTEHUMAN H NPOHHOAEMOCTH Tpuosa. Ilyern
RaTOl M daHO1 HAXOAATCA B OGAACTH OAHODOAHOrO mnoas TpHoga. Pac-
CMOTDHM CHCTEMY 3/IEKTPOIOB, OTJIHUAIONLY/CS OT TPHOAA TOJBKO TEM, YTo
B HEe# CeTKA B3aMEHEHa" CIVIOUIHBIM 3AeKTposoM (puc. 342, 6), ¥ OycTsb

ba r 1 vy A 7] — Uz
1deg : .
% CL“y s %
e N
Us f =N PR m' "
a 6)

Puc. 342, K BuBoay swpamenun nas ACECTBYIONIEro HaUpAXeHHA B TPUOIE,

NOTECHUHANN KpaHHAX 3ACKTPOAOB 3TOH CHCTEMB DPaBHH MOTEHHHA/MaM
TeX KE BMCKTpoZoB TpHoda. Ecam mose B cooTseTCTHylomHR 0GAacTax
CHCTEMH CHJIOWIHBIX 3JAEKTPOJAOB TaKOE KE, KaK B <«IaJbHHX OBAdCTHAX>
TPMONA, 10 TAKYIO CHCTEMY Mbl OYIEM HAZHBATh JKBHBAIEHTHON CHCTCMOH
WEIOCKHX  3/EKTPOJOB, 4 YaCTh €€, OTPAHHUEHHYIO KaTOZOM M COACLIHWM
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5/EKTPO/IOM, [IOCTABAEHHHM Ha MECTO CETKH TPHOAA, — SKBHBAICHTHEIM /H-
oZ0M. B 3KBHBaJCHTHOH CHCTEME 3ICKTPOA, 3AMEHHRINIAM CETKY, AOMKEH
Guith, OYEBHAHO, SapshkeH RO noTeHmuada [/, He PaBHOro NOTEHUHARY
cereu [/,; U, HaspigaeTcA sddexTUBHBIM 11 NeHCTBYIOUIEM NMOTEHIKAAOM
8 naockoctd cetkd. Ecnu sddexTrenmé noTenuman {f, uasecTed, TO
noAnHA TOK (TOK C NOBEPXHOCTH KaToAa) B NVIOCKOM TPACAS B PEMHME
NpPOCTPAHCTBEHHOr0 3apsld MOWKHO BBMHCAUTD 110 (GOpMYE

—_ 3/
=233 109Q W D™ 1)

K.C

Han ecad noTesuHan Karoaa U, =0, 10
3/
[, =—2,33-107%Q d% [a]. (40.1)
X.C

Takux oOpasoM, BoYACICHUEM 3(p(EeKTUBHOr0 NOTEHUHana pemaeTcd
nepBas U3 MOCTABAEHHLIX BHINE 337134 TCODHH TPHONA, & MMEIHO 3a1aua
of OnpesesieHHd TOJAHOrO TOKA B TpHOuC.

Himxe 3pexTHBHBE NOTEHUNAN BHYHCASH TOMBKO A4s (WIOCKOro Tpu-
04 ¢ 3KBHAMCTAHTHOH CeTko#i 1pH yciaopui, yTo (puc. 342)

p <S’ § <<dK.C’ S<dc.a’

T. €. NPOBOJOKH CETKH OUeHb TOHKME, 3 KarTQd H aHOA AewaT B <Aajib-
HUX O6MACTAX» MOA% CeTkM. MarteMaruueckn 3TOT cAyualh Haubo/iee MPOCT.

Bocnoab3yeMcst BEPRKEHHEM AR JOTCHIMANA MO GECKOHeUHOH 1110-
CKOHl SKBUAKCTaHTHOH peiwetkd (§ \."'!, KOTOpPOE MOJKHO 3amucaTbh B Che-

AYROUIEM BHAE:
2=x

on
| %% | 75 2= _
Upem=-—'g_ln‘{§ e’ + 5 ¥ — cos (—s—y)}—l—M =

4
—x

2

Ty , \
=—qln{e“ +1—2e° cos (%y)}—‘,—q%—:x—l—}w. (40.2)
Hanpasnenue oced Takoe e, wak Ha puc. 342, q—aapﬂn Ha enuuuluy
LAMHEL NpoBonokH u M, M — nocrossuse, npuuém M =M -gIn fa
Dopuyna (40.2) moxaswBaer, 4yTO NMOJE PEIMETKH MOXHO paccMaTpUBATh
KaK HaJOKEHHE OJHODOIHOrO H MPOCTPAACTBEHHO-NIEPHOIHUECKONG NoneH,
npuyeM nocaeanee GuCTPo yORBAGT 0 MEPE YIAJACHHA OT INIOCKOCTH
PEIICTKH H BRAAH OT Hee;, NpH X >

dx 2nx o
e’ >1—2 "7 cos (“Ty),
TaK 4TO ‘4 o
= 2ax . 2zq
UPem=Uxam,n:'_"qm e’ }+q s _I_M_‘__s_x“i_M’
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T. € B fHalbHel 30He MoJe PeIUeTKH, TakWM 06pazoM, OIHODOJHOG H COB-
najlaeT ¢ nojeM GecKOHEUHOH NJAQCKOCTH, 3apsXeHHOH paBHOMEPHO C 110-
BEPXHOCTHON NAOCKOCTBIO ¢ =— ¢;8. MHbIMH CaOBaMH, B NajeKOH 30He none
TAKOBO, KaK ecld O6n 3apan MHOBOJCK DPEUIETKH GHA PaBHOMEPHO <«pas-
'MazaH» MO BCel ee MOBEPXHOCTH. DTO NO3BOJAAET BAKANYATH, YTO TOT
e De3yARTaT NOAYYHTCA AN CAHOPOZHOH 10 BANOJIHEHHIC DEIIETKH
¢ MoGBM CTPOCHHEM SYEeK.

Ilone pelterkd OAOCKGE, W €ro MOXHO H306pa3uTh CUCTEMOH 3IKBH-

NOTEHOHAALHLIX JHHHA B 0OAOCKOCTH Xy, K4aK B3T0 CAe/MdH0 HlKEe Ha-

puc. XXI (§ V). Kax BHAHO M3 PHCYHKa, BAEAM OT DVIOCKOCITH PENIETKH
IKBHNOTEHUHW A bHBE NOBEPXHOCTH JenaTcs nnockamu. Ilose, ouesnano,
‘HE W3MEHARTCH, ¢€CAH Jl[06y10 H3 3IKBHNOTCHHKAJBHEIX HOBerHOCTEﬂ 34a-
MEHHNTL TOHKHM JHCTOM METalAd, 3aPAXKEHHIHM 40 NOTCHUHA.a ATOH
NOBEPXHOCTH, «MeTaniuanpys» fBE 3KBUNOTEHUHAbLHBIE HOBEPXHOCTH, Jie-
Aalrde 1o 06e CTOPOHH OT PEIIETKd B «JaibHUX 06JacTAX> [0AA, Mb
NOJAY4aCM MOACAb NMAQCKOTO TpHOAA.
B TpHOIE MNOTCHUHAAB dHCIA H KATORd 344d0TCA NOAKIOYCHHBIMA
K HHM BMCLWHHMH HCTOYHWKaM{ HAENPAAKEHHA H Ha NOJE PEIIeTKH Hakaa-
ABIBAETCA OOHOPOIHOE nNoAe A00aBOUHMLX 3aPAN0B KATOAZ H aHOAA, uame-
HAlollee AHHEHHYI0 COCTAaRAfOMYio noTenunana, ITone Tpuona, caeaosa-
TENBHO, T2KKe MOKHO MPelCIaBHTh KAK PE3Y.IbTAT HaJAOKEHUN [POCTPAH-
CTBEHHO-TIEPHOAMYECKOrO MG/8 PEMETKH W OAHOPOAHOrG [10a#, T. €. TO#H
we ¢opumyoft (40.2), HO ¢ ApyTHMY 3HAURHUAMM TIOCTOAHHBX, W 33MHCATh
€€ B CIEAYIoLLIEM Zﬂnez :
4n e

—x —_—

Upy=U=—Aale’ +1-2% cos(%“y;}—s“isx—:c. (40.3)

B (40.3) noctosuusie A, B, C MOKHO ONPEREANTH H3 IDAHHYNLIX YCAO-
paid HAa Katoae, cerxe H aunoae.
Katom: U=U,, x=—d, . upuuem d, >>s; us (ﬂﬂ@ Oy YU M;

=8B is—“— -G (40.4)
Anwopy U=U,, x=d., npuuex d.,>>s; ¢opmyaa (40.3} naer:
U= —(A+B) Thea 1 ¢, (40.5)

Cerka 8 Touke x =0, y=p: /=10, U3z (40.3) caeayer:
Ucz—Aln{ — 2 cos . 2'p\}—|—C_—AIn{4sm ( }—]—C

Han ]
U=4ariddq
rie

y=—gn{2sin (%")}%%m (259) (40.6)
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b3 (40.4), (40.9) a (40.6) nan A, B u C noayuaem:

I I 1 1
A U=+ U — )= iz
1= P B & ’
dec ' Gea
— i LI § S J A
S K‘ N ([ . .fl ' ¢ a [{L-_
B= g 1 o 1 R (0.7
T e T e
Ve g+ U+ U ff
p— C.d
1 T i
dK-C d(:aﬂ

Teneps wvetpyano wafitn  sdexrusuui  noremunan U, Ilorpedyes,
YTOOH TMOTEHUHANAB B TOUKAX #1 TPHOA4 © ' 3KBHDAJEHTHON CHCTEMEI
{puc. 342), mexauMx Ha OIMHAKOBHIX PACCTOAHHAX OT Karona, OHJN OaH-
HaKOBH. Jlan MOTeHUMATa B TOYKE m’ MOKHO HAMACATL:

U, —u, Uy —U,
—dee X !

OTKY A3
U = U, —|—d — L) (40.8)
B touke m Tpuoia, newawed B <«laabHel 06AacTH», NOTEHUMAN paBeH
U ————B —+C. (40.9)

Monctapass s (40.9) snauenna B w C w3 (40.7) u IIpHpﬂBHHBHH Apyr
apyry Uy 8 Uy, noayuuw:

U 7=+ Ue 4 Uy 1=
= — ke (40.10)

1 1
1 *} dK-C + dc.a

[oae » sxe#BanenTHON CHCTEME, B KOTOPOH MOTEHNHAA CPCAHEero 3.eK-
TpOAd - onpelenaeTca ¢opmyaoit (40.10), pzBrO NOAK TPpHOTa 8 <A20b-
HeH 06acTH» ¥ MO JAPYryw CTOPOKY CETKW. ITO NErKO YBHIEThb, IIpH-
PaBHHBAR ApYr ADYry NOTEHIMaAN B TOUKE p TPHOAZ W B TouKke p
IKBUBANEHTHOH cHCTeMBl (puc. 342), copepmedso Tax me, Kak 510 GHIO
CIeNano 11m Touex m W m'. B pesymbrate mam [, NOJAYYMTCH OTATH
Bupaxedne (40.10). Iloae SKEMBAJACHTHOH CHCTEMBE COBMAZAET C NOJEM
TPUOIA B <¢danpHEX o00aacTaX» no ofe CTOPOME OT CETKH, a noreninnad
MO SKEMBANGHTHOH CHCTEMH COBMAAaeT MOBCIOIY € JHHedHOB COCTaB-
AAWOWEHR BOTeHUMana [oAa TPHOAA. '
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Beejgex ofo3nauenus:

1 s .08
D=0 =g~ e

Y N PR 5
D,.=D= dea -~ 4rd ., In 27p

(40.112)

# HazoBeM [) MpPOHHIAEMOCTBI0 CETKH AJf aHOJI2 Ha KaToX Uad NpocTo
NMPOHHLIAEMOCTLIO, a D'-ﬁnpom{uaenocrmo CETKH I KAaTOIa HE aHOI
ian ofpaTHolt MpoHHUAEMOCTLIO *).
O6oanavan uHCAQ NPOBOJAOK HA eXHHALY AJUHB CETKE UEDE3 A, MOKHO
tpopmyay (40.11a) zanucate B Buge
D= gt _in

frem— l“l [P
Znnd,.. Zpnm?

D— 1 1

2nnd,,, 8 2pnz’

(40.116)

1
TAK KK §=_. Popuyia (40.2) pad noreHunHana noas peleTkd Omna

BIEPBLIE NOAYYEH2 MaKCBE/IOM H MPHMEHEHa 144 pacyera 1oas TPUOAA
B. Hotrkn. [lostomy dopmyan (40.11) aag nponduaemocTedi TprOIa
YMECTHO HasweaTe Qopmynamn Maxceenna — llorTRR.

M3 (40.11) caenyer:

K.

D=D%x, (40.12)
u dopmyae (40.10) MOXHO npHmaTs BRI
(RN ERA
e Lo, (40.13)
1 D(I -8
| +D (142
dopuyna (40.10), BuBegeHHas BHIIE 7% TPHOIA ¢ 3KBHAMCTAHTHOH
ceTkoff ¢ He0oabwnyM KO3DGHNNEHTOM 3aNoJHEHHd, OCTaeTcs BepHOH M
AN MOBHX [MIOCKHX TPHOJOB ¢ ONHOPOIHBIMH MO 32MOAHEHHIO CETKaMH,

HO dopmyan (40.11) aaa ceTok ¢ 60ABIIHM KOI(PHIHEHTOM 3aMOMHEHHAS
HEMPHrOHH.

Ecan nonoxute notenunan karoma U,=0, o U, U, v U, bynyr
LMETh CMBIC/ HanpA:KEHHH COOTBETCTBYOIUMX 3JIEKTPOIOB OTHOCHTEIBHO
Katoga, B arow cayqae dopmyna (40.10) npuMeTr BHI

_Ue4 DU,
I+D{l+%2)

U, =

. (40.14a)

*} B TeopHH TpHONa Mb G¥ieM noab3opatbex oGozHavenwsuu D w D', Ofo-
apawenus D u D, . ¢ IBOHHBIME HHICKCEMH YAOOGHW B TEODHH MHOFOCETONHHI
damil, TAe OHA H OyayT npusmenatoca (§ 44).

i
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Ecin D<€ 1, uTo CupaBesdHBO 1As CETOK € GOAbMIMM KOIPUIHEHTOM
3aN0JAHEANA, TO NPHGIHAEHHO

U, = U, DU,. (40.146)

B ¢Qopmyaax (40.14a) n (40.146) U, 0 U; — NCTHHHBIE HANDAKEHHA
CETKH B aH0A3 ¢ YYeTOM KOWTAKTHOH pasHocTH notenunanos. Ecam ofo-
3HAUHTH HATPSKCHHE, NOA@HHOE HA CETKY W aHOR OT BHEUIHMX MCTOYHH-
ko uepes /¢ U (/g ¥ KOHTAKTHLIE DASHOCTH MNOTCHIH2NOB CETKA —
KaTOA M aHOX — Katon 4epe3 Ugyiew; ¥ Ukaaxy TO GOPMYNY (40.146)
cnesyeT 3anucaTh B BHAE

U, =Uc.6 + Ugn (C.K) +{D (U;.ﬁ ‘l" Ui ra.x)} %Uc.ﬁ + Uxu;c.m + DUa.G , (4014B)
dea) 1+ D(14-Sen
: —l_ p |'\1 + dc.x.-" + \ + dc.x.'

Tak Kak Goapmed dacrbio Uy 5> Uy axyr

DKEHBAACHTHAY CHCTEMA JIEKTPOAOB 18 KPYraoro UHAHHAPHYECKOTO
TPHOIA NOAYUHTCSA, €CJAH CETKY 3aMEHHTh CTNGUIHBIM UHARHALOM, NOTEH-
(Haa KOTOPOTO Onpeiensercd onsTh dopmyaod (40.13), rae npounnze-
MOCTH

r
IIHWCE_

(40.15)

anecs N — fOJHOE YHCAO [IPOBOJOK 3KBHIMCTAHTHOW CETKH H T, Fo s P
COOTBETCTBEHHO PaJHYCH aHOZA, CETKH, KaTOda H MPOBCICK CETKH. Ha
puBoie (opMyan (40.15) Mu ocTanasansaThes He Oyaem *).

Kak ¥ B CIyYae NAOCKOrO TPHONE, MOMHO HCKIOUHTh OOPATHYHO TpO-
HunaeMocts £ u3 opmyas SDPEKTHBHOTC NOTEHUKAAA A9 UATHHIDH-
veckoro Tpeoga. das U, =0 dopmyna Oymer HMeTh BUA

U= Ue+ DUy __ (40.16)

1+D[l + ln(ra/rc)]

ln (rCer)
3. Boiuncaense npoHunaemocTefl ans TPHOROB C CeTKAaMH pa3HbIX
KoHcTpykuuil. BupameHus, BbIBEAEHHHIE AJA. OpPOHHNAEMOCTER SKBHIH-
CTaHTHEIX CETOK, MOKHO PACHPOCTPAHHTL HA CETKM ¢ APYCUME (ODMaMH

AuEEK, HCTIOAL3YA MOHATHE KO3GhGhUuMEeHTa 3aN0NHCHHA CETKH

%) [Togpo6Hoe u3IOKEHHE BONMPOCA O BLIYMCAEHHH NPOHHIAEMOCTEHR CeTOK
Pa3THYHOID 3ANOIHEHHA W padindHOR GOPMH, 2 TAKe CBOIKY (opMyn H OLeHKy
npesenos HX mpumerwmocTH oM, [J1.5.3 JI15.9; J1.5.10; J15.12)
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H aKTHUBHOH ONHHE UPOBOAOE CeTKu Kospdunuenton aanon-
HeHHMA CETKH, KaK yke OblI0 CKa3aHO BBIUE, HASKIDAETCH OTHOCHTEILHAR

TIOUIALE, 3AHATAH NPOBOJOKAMH CCTKH HA €€ NOBEPXHOCTH. Koadduuuent
SaNO0MHEHUA SKBMAHCTAHTHHX CETOK pPaBeH:

2}
aaa naockok gm = — 2pn
5 Ll
O UHIHHADHYECKOH m — BN = 2
2o wrg'

AKTHBHOH ATHHOH NPOBOIOK CETKH OYAEM Ha3WBaThb MX 0By LaE-
HY, NPUXOAAWYIOCS HA 1 ' NAOCKOH CETKM WAM HA ENUHHLY JJIHHK

TpuOia (B HaNpaBfeHHH OCH) AN UKAMHADHYECKOH CeTKH. [l SKBHIH-
CTAHTHBIX CETOK AKTHBHAd A/IMHA TMPOBOAOB I paswa:

o MA0CKoh L =—n,

LA UMARHADHYecKol [ — N,
B nosmx oGosnauenunx ¢opmyam Makcseara — Hlorrkw ni)n:wyT BMA;
1 il

AN MAOCKOH ceTkM D=— —— Jn{_ L} ;
D ool In I\\ | (40.17a)
In I
1 am
LIS UMARHADHUECKOH ceTkn D= T - (40.1706)
In-2
Fe

Ilna Bcaxol cetkn, co6pannofi us NPOBOJCK HAM VIKHX METainu-
YECKHX TIONOCOK, HeTpyaHo HaWth L n m. Hanpumep, aan HAWHApHYe-

CKOH CeTKM € KBaAPATHHMH sueRKamu (
! h CM. puc. 339, 8) ¢ yueto -
KPHTHA TIPOBOJIOK e " e

dzrg | /

L= i), m=T (-5,

Haxomnenne L 9w m pas CeTOK ApyroH KOHCTPYKLMM, B TOM uucae ©
A8 CETOK C TPaBEP3aMH, KOTOPHE TaKke Caeayer y‘IHTHB-aTb npH pac-
uete L W m,— BCErJa NPOCTan FEOMETPHYECKAn 3amaua, -

ONHT NOKa3BIBIET, YTO NPHMEHEHHE dopmyn (40.17) nas D wmm
TakuM ke 06pa3oM npeoGpasosannkiX opMya aaa D' npu pacuerax ce-
TOK € moGoH dopMOH A4eeK, a TakKe HCXOZHHX dopmya 40.11a u 40.116
DacT MPArONHKE M5 NPAKTHKH PE3YABTATH, HO TOALKO €CAH Ml < 0,1

Cymecteyer paa Gopmya ass pacuera NpoHHnaeMocTet u ﬁo.'lee; ;v—

CTBIX CeTOK. M3 vux MM mpusenem TOABKO
opyyan Boaxeca w a
Opuroause ao # = 0,16: : b

_ In[ecth (=m)]
D= (nnockue cerku
2‘.‘:C;A-—ln {chizm)] ) 019
In[cth (=
D= [eth (=m)] (UMAMHAPHYECKHE CETKH), (40.19)

Nin rLL In[ch (zm)]
¢

i,

.E
i
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rae N=—2rr /s -— NoAHOE HHCIO TNPUBGIOK IKBUAMCTAHTHOR Kpyraof
CeTKH, 3aMEeHAeMoe Jj8 CETOK JAPYrHX KOHCTPYKUHA aKTHBHOMH AAnHOK
IiPOBONOK, C

4. O BOIMOWMHOCTN CBelleHHA TPHOJA K CHCTeMe CIJOIMHNX IJEKT-
ponoe. OcTpoBRAd SMECCHH. Bonpoc O BO3MOMKHOCTH CBEIEHHS TPHOIA
K CACTEME CTINOWHHEYX 33eKTponos 6ua nccaenosad B. C. Jlyxowkosmm: Oc-

TAHOBHMCA KOPOTKO HAa HEKOTODHX €ro peayabTarax.

K cHcTeMe ABYX [OCAEA0BATEAbHO BEJWUYEHHBIX JHOROB CROJATCH;
BO-IEPBHX, TPHOIB C 3AEKTPOJAMH [HIOCKONApPAANCALHEIMY,  LHAARADH-
YeCKHMH KpYTroBoro CE€UeHHd M cepaYecKnMd H CETKOH, OLHOPORHOH TIO
3aTIOAHEHHIO, W, BO-BTOPBIX, TPHOAR € 97EKTPONaMH HHOH (opME B TexX
cAyuwasx, Koria KoohdHUMERT 3aNOMHCHHS CETKH H3MEHALTCA IO €€ [0BEPX-
HOCTA N0 OMPEeAeNcHHOMY 33aKOHY, COOTRETCTBYIOMIEMY QOpME 3JIEKTpo-
108, 3aKOH M3MeHeHMa sanonHenus cetkn Owa Hadaen B, C. Jlykouixo-
BHM, HANpHMEp, U8 TPHOAA € 3MEKTPOLAMH B PHAE S/IMNTHYECKHX UH-
AHHADPOB, W OKA3ad0Ch, YTOG 3IANOJHCHHE CETKH ILO/KHO 6uTh OCJABLIE B
TeX MeCcTax, rae Goabile KPUBH3HA MOBSPXHOCTA. -

CyniecTsyioT, 0JHaKO, TP OGCTOATENBCTBA, CTABAMMNX [OA COMHEHHE
CBOAMMOCTh DEajLHOrO TPHOAZ K CHCTEME CIUIOLIHBIX 3JEKTPOAOB, HAH
©CAH TOBOPHTh TOABKO O TPOCTPAHCTBE KAaTOM - CCTKA, 1AM KOGTOPOro
3TOT BOTPOC OCOGEHHO BakeH, O CBOAKMOCTH TPHOAA K AHOAY: 3TO OI-
KaoHeHWE QOPMH IAEKTPONOB OT MIOCKOH MAH UMJIMHAPHUECKOH, HarH-
yue Tpapepzs M OAW30CTh CETKHM K KaTony. B MecTax Haxomaenus Tpa-
BCP3  BallOAHEHHE CETKM Oosblle, ¥ STHM MeCTaM CAEAyeT NpHIiECaTh
MEHBIYIO NPOHALAEMOCTb, @ 3HAUAT, W Apyroe sHauenne U Ecau cetxa
HE IIOCKAa® H He UAJMHIpKYeckad, 10 d.. B 4., HEONHHAKOBH B pas-
HLIX €e MecTaX, a OTCIola cAedyer, 4TOo Pa3tHuYHHME B 3THX MCCTax
SynyT nponniaemMocts H U, :

Takuy .o0pasoM, 3aMEHAst CETKY CIVIONIHHM 3JEKTPOAOM, MB JOJKHH
6HIM Gl NpUnUCaTh eMy TOTEHINAk, WSMCHAKLAACI, CTPOro TOBODA,
HENpPEePHBHO BAOAbL MOBEPXHOCTH, WAH B KayecTBe UPHUOJIHNKEHHR pasne-
NUTh TPHOL HA HECKONSKO TAPAnNJeNbHsX TPHOMOB, M3 KOTOPHX KakIblH
CBOAAM K AHMOGILY, HO EMEET CBOK [POHHUIAEMOCTh W CBOH AEHCTRYIO-
mai norennmal. Ha npaxriHKe A0CTATOYHO TOYHHE pPESyIbTAaTsl AJ€T
pasnencaue TPROAZ HA TPH-WECTE NApaaJesbHHX TPHOLOB {1 527}
OueBHAHO, NOAHBA TOK B TPHOIE, HE CBOJHMOM K OLHOMY AMOAY, BACT
OTK/OHEHHE OT 3aKOHA TPeX BTODMX. )

Passenenue TPHOAA HA HECKOJAbKO TApaieNbHO COEIHHCHHHX TPUG-
OB YCAOKHAET pacueTh. Jlna uacTO BCTPEUAIIMMXCS (OPM 3MEKTPOLOB
nosToMy OWAH NPEInoKEHH 3MNHpAYecKye  GopMyan, MO3BOASIOLLHE
HalTH DPOHHIAEMOCTh CETKH CJOKHOW (OpMYyJH, UCXOAH H3 Gropmy I Aaa
MAOCKOH M unaupapuueckodl cetox {J1.5.3; J1.5.10]. Crporo rosops, i
B TPHOZE C IMJAMHAPHUECKOH KAM TNJAOCKOH ceTKoH OJHOPONHOH CTpYyK-
TYpH H3 TPOBOMOK KOHEUHOH TOMNMHE, HO € AYEHKaMH KOHETHHX pas-
MEpOR nose Ha Katoie ne OGyAeT BRoAHE ONHOPOAHBIM, W MpH HaKaleH-
HOM KaToae CAYGRHHE KW DOJNOKCHHA MNOTEHWHANBHCIO MHHHMYMa Oyayt
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HEOAWHAKOBH B PasHBIX MeCTax KaToia. B oTawume oT HeoJHOpOAHOCTEH,
PacmpoCTpaHAIOIIMECA Ha OONbIIHE YY4CTKH CETKH # [OKPLIBAIOIKKX
MHOI'O fY€EK, 3ACCh MB! UMEEM €0 € HECORHOPOAHOCTAMM, 3AMETHHME B
npenenax omuoh suedtkn. ITpn U, < 0, HanprMep, NOTEHUMAN Henocpel-
CTBEHHO NON NPOBOJAOKAMH CETKH OyaeT HaHHuB3WEH, nojp cepenuHoH
OTBEDCTRA — CaMui BHCOKKH. BausHwe Heomuopoanocrel oloero pona
Ha aHOAMHE TOK MOMKHO Ha3BaTh ceTouHnM sdpextom, Cerounnt sddekt
B M00nX TpROAaXx 00ycnoBAnBaet GoJee HIAH MEHee SCHO BHIPAaMEHHYIO
HEOOHHAKOBOCTh IJOTHOCTH ToKa [, TEKyIlero ¢ NOBEPXHOCTH KaToAa
B MEKIYDREKTPOLHOE HPOCTPAHCTBO,

Paccmotpum Teneph Tpuod ¢ ceTko#l, Gausxol K Katoay (d, . <
=<s, puc. 341) u u3roToBREHHOH W3 TOACTHX NPOBOICK, B TakoM
TDHOZE 110I€ ¥ KaTOJa CHALHO HEONHOPOAHO He TOJbKO BOJAH3HM 3anupa-
HUA TOKA, HO M Ha pabouyem yvacTKe xapawTepucruxu, Ilpun (<0 ans
SHAYHTEABLHON YaCTH XaPaKTEPHCTHKH Ha YYacTKaX KaTo[a, JAeMalllHX TOoR
MPOBOJMOKAMY, YCTAHOBHICH DPEXHM Ha4ya/bHHX TOKOB, B TO BDEMS KaK
NOX OTBEPCTHAMM GYAET CYLIECTBOBAThH PEXUM TNPOCTPAHCTBEHHOTO 3aps-
la B B HEHTPE [awe, MOWeT OblTb, PEWHM HacHmeHHd. I10 OnHTHHM
OaHHWM B TPHOAAX, AAA KOTODMX d, . <C §/2 (N0 APYrHM NaHHHM, €C/H
dy . <0 §), ONHCAaHHAs BHINE KapTHHA paclpefefcHHs TOKa Karoaa [, Beer-
Aa posHuKaeT B pabounx pewumax. Takoe neHCTBHE CETKH, KOraa Ha
KATOAE B TIPENenax KaxAoH fueHKM eCThb YUaCTKH KaToJd, NPaKTHYECKH
He YYaCTBYHWINME B COSOZHHH TOKa /,, MB Ha30BEM OCTPORHLIM 3S(dex-
ToM. Kax H3BeCTHO, B c/yyae OKCHIHOTO KaTOL4 AJKTHBHPOBAHHE [0
HEKOTOPOH CTEMeHH NQAAEPHHBACTCA SAEKTPOAMTHYECKA B NPOLECCe OT-
6opa anomHoro Toka ¢ oxcuga (§ 18). TToatomy Bo Bpems paGoTH nam-
WH HA2 KaToIeé MOTYT 00pa30BATLCH OCTPOBKH ¢ paaad4yHodH paGoTofl BH-
X013, A TOFNAa MOKHO rOBODUTb 00 OCTPOBHOH 3MHCCHH,

Jlerko MOHATH, 4TO NPH HATHIKH OCTPGBHOFO 3(pexta Tok [, Oymer
HMETh BEJHYHHY MEHBUIYIO, 4eM TOK C ONHOPOJHOr® KaTOAa TaKoH e
nnomane. Ho ¢ yeeauuennem [/, TOK mo/keH BospacTaTh OHICTpee, yeM
N0 33KOHY TpeX BTODPHX, TaX Kak TWIOUIAAb OCTPOBKOB, HAXOJALUAXCA B
PEXHME HAYANLHHIX TOKOB, YMEHbUIAeTCda ¢ poctoM [J..

Ouenuino, 410 OCTPOBHON 3hheKT NMPHBOAHT K OTCTYIMIEHHIO OT 3a-
KOna Tpex eropuX. CTperr cienan nonwTKY BHYACAKTE TOK [, 3a-
A3BWHCH NPAOARAKEHHBM, YAOOHKM Oad paCuera pachnpedeneHdeM NOTeH-
HHaMa B TUIOCKOCTH CETKH H Mojarad, 4YTo K KaOwIOMYy H3 3JEMEHTap-
HBHX NBHOI0B, HA KOTODHE MOWHO pasfe/]HTh NPOCTPaHCTBO CETKA — Ka-
TOA TACCKOCTAMH, NEPNEHAHKYINPHLIMH K KAaTOXY, NPUMEHHM 3aKOH Tpex
sropux [J1.5.12, § 4]. C noMouibio DOBOABHO NPOCTHX PACYETOB OH
namen, uto fy ~ Uy/s. Oanako mu He GyleM DpuBONATh 3AeCh pacue-
108 CTpeTTa, TAK KaK OHH OCHOBAHM Ha HENPABHABHOM MNPELNOJA0KEHHH,
Kak 3To yxasana B. C. Jlykomxos [JL5.12, monoaHeHHs pemakropa kK
§§ 4 u 5] lenao B ToM, 4r0 HEOAHOPOAHOCTH NOJH CETKH, KOTODHE [OH-
Taerca yuyects CIpPeTT, H3MeHSITICA COBCEM MO APYroMy 3aKOHY, YeM MoJe
B IHONE, M K 3INEMEHTAPHEM JHOJAaM, Ha KOTODHE pasielNeHg NPOCTpaH-

-
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CTRO COTK3 —- KATOI, HEIb3% NDPHMEHATh BRIPAHEHHA, [MOJYUEHHLE IJd
110408, VIOBJIETBOPHTEALHOIO BHPAKEHH AJIA TOKA IPH HAAHYHR OCTPOB-
Horo >MdQeKTa N0 CHX MOp MOAYUHTb HE YAANOCh.

HeoGXOIHMO 3aMETHTb, UTO B JATEPATYpPE TEPMHHB <OCTPOBHOH ap-
(beKT> ¥ <OCTPOBHAS IMHCCHA» HE BCEFNA TIPUMEHAIOTCH T2K, K2k 510
funo caenano pwmwe. Hanpusep, JI B. Wy6ns [J1.5.27, ra. 2, § 4]
NPU3HAKOM OTCYTCTBAA OCTPOBHOTO IipeRrTa CYMTacT obpalienne 'Hf)nfﬂ
Ha BCEM KaTojge B HyJb QIAOBPEMEHHO MM HEKOTODOM 3HAUEHHH Uc;'{faa
PUINAKOM HaluuAs OCTPOBHOTO agipexTa — ofpailenue nos 8 HY b
Ha pasHBIX YWacTKaX KaToOAd NPH PasaHyHBEIX SHAUCHHAX U, jU;. Tlo ato-
My sonmpocy cm. [JL2.1, § 19; JL5.27, ra 2].

5. TIpOHMIAEMOCTH H MENLY3JEKTPONHbie CTATHUECKBE EMKOCTH.
Tpuoa npencrasiier cofofl CHCTeMy TPEX M30.1MPOBAHHBIX UPOBOJHIIKOB,
Kak u3BeCTHO M3 PAEKTPOCTATHKH, 3apAAH HAa KamIoM 03 TpOBOIHHKOB
THHEHNO 33BHCST OT HX TIOTEHIMAAoB M MOTYT GWTh HAMICHBL H3 ypas-
FeHmfl, KOTOpHlE 18 3apAl0B Ha KaToie g, W Ha aHONE g, WMEWT BILT

= — — U )1
qK—CK.KUK—l—CK.C (Uil: Uc)_}"cx.a(Ux a 4020
go— Conls - Con (U — U+ Cac(Wa— . | 442D

Kosgguunentt Cy , Cy e -5 Ca ¢ HABHBAOTCS HACTHUHBIME EMKOCTAMIT.
Hanomuum kopotko ux cmeicn: Cp, n C,, PasHBl 110.J€, BHOCHMOH COOT-
BETCTREHHO KATOIOM | 2HOROM B OOULYIO €MKOCTh CHCTEMB, €CaH Ble
TPM 37EKIPOAd COSNUHATH Mekay COOOH, T. € OHIl YACACHHO pPaBHEL
3apsaM HA KaTOLe W aHONE, €CAu BCEe TPH 31EKTDOAA, COBIHHCHILIX
BMECTE, 3apsKeHH 10 NOTeHUWana, pasHoro eantnue; Cy ., Cpx=Ci, ¥
C, . — 5T0 MEXAYSACKTPOAHBE CTATHUECKHE EMKOCTH TPHOIA, Hanpuwmep,
EMKOCTh MY KaTonoM W CeTKOH C,  YICIEHHO DaBHA Sapiiy KAaTOAa, eC/1d
H30MMPOBAHHAR CETKA 3aPFAEHA 10 CAMHUIHOTO TOTEHIMAA, & [/, = U/ = 0.
AHAJIOTHUHO ONMPEIE/AIOTCA B MEKAYSAEKTPOIHBIE EMHOCTH Cox v Coe
OucBUAHO, YTO YacTh 34pAAOB HAa IACKTPOAAX, CBABAHHBIX € L{YIMECTBO-
BAHHMEM HATIPAWEHHA MEXLY BAEKTPOL2MH, 3aBHCUT OT EMKOCTEH Coner Ce o Caer

Tak Kak sapifl § HAa NOBEPXHOCTH KaKOro-iHG0 NPOBOIHUKE CBA3AM
¢ HaOPAKEHHOCTBI0 TMoad E Ha ero noBepXHOCTH COOTHOLICHHEM

E
q=0Q=Q4T,

rIe ¢ — MOBEPXHOCTHAA ILIOTHOCTH 3apaia N (J — MOBEPXHOCTh MPOBOI-
HUKa, TO, MPHMEHAst 3TO COOTHOWIEHHE K KaTOdy, HAXOIAMEMYCA B «1afb-
Helf 0644CTH» NOAA TPHOAZ, NMOIYHIM:

Eer QUg—Us__ Q . )
q‘=5"Q=H =4_T' dy.e T dmdy . [Uﬂ I
UKD'+U,;+UaD]___ Q Ue—U(l 4+ D)+ UD L (40.21)
T T AFDFD 1T dndy, 1+ DD '
. Q U .—U,(14+DY+ Ul ]
9= " Ind,, I+D+D :
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Ipupasnsem apyr Apyry Kosdpduupentw npu (/. v U, B ofonx Bupake-
auAx (40.20) u (40.21) ans g, ofosnauus Q/4=d, . wepes Ci Iloayumw:

_ 1 D
CKc—Cl—— C :C _—
K 1D+ D K.a |1+D'+D’
OTKYIa
__Ca,
D=gx. (40.22a)

[pupasnsem Teneps KOs@uuMeHTH mpn [, 0 U, B BBpaKEHusX
(40.20) u (40.21) nna g,, oboskauns Q/4=d,, uepes Cy. Ionyunm:
J2) 1
CGa=Cir7— 5, Ca=Cu—Fr—F
. 1 D' D* c.a I ¥ 1
OTKYAa o oD

C
U=z (40.226)

6. 06 sKcnepAMENTANLHOM ONpENeNeHHH NPOHHMaEMOCcTel, [l
onpeaenenus no gopmyaam (40.22) npouuuasmocret D u [Y pocrarouHo
H3MEPHTE MEKAYINEKTPOAMBIE €MKOCTH, 4T, Ka3aaoler OBl, JErkK0 MOKHO
BEINMOAHUTE € [TOMOIIBID A0GQOrQ npnﬁopa ANg H3MCPCHHA MAJdBIX eMKOo-
creit. OfIHaKO NpH 5TOM HAMO TO33GOTHTbCH, YTOOM HM3MEPAAUCH TOMBKO
EMKOCTH MEMAY AKTHBHBIMH HACTAMH SAEKTPOAGH, T. €. TAKHMH, KOTOpHIE
NEPECEKAIOTCH  IMEKTPOHHBIM IMOTOKOM, @ HE EMKOCTH MEKIy 3JeKTpPo-
AaMB BMECTe C EMKOCTAMHM RBBOLOB, TAK KaK IOCASIHHE OTHOCHTEILHO
coceM He wmaanl. HywHo, caemoBaTenbHO, paspesaTh TPHOA M U3BJAEYD
H3 HEro AeKTpoaHylo chcremy. OnpenenreHue npouxpaeMocted ¢ no-
MOULBI0 MSMEDEHHS MEMIYIJNEKTPOAHHIX €MKOCTEH OKasbBaeTCs NOSTOMY
Man0 NpakTuyHeM. TIOHATHO Takwe, 4TO AA9 BHUHCJSHHS [POHHILLIEMO-
cTeft HeAb3R HCNOJAbL30BATH 3HAYCHHA MEXMAYSNEKTPOIHHX eMKocTeH, npi-
BOAHMBX B CNPaBOYHHKAX 110 3JCKTPOHHHM JaMmam,

IlpoHuuaemMOCTH HETPYMHO HAHTH, ECAR M3BECTHO pACTpeAe]eHHe
UOTEHIIHANZ B TPHOIE, KOTOPOE MOKHO NPHOMIKEHHO PACCYMTAaTh WX
H3MEPHTE ¢ MOMOLLBIY 3MEKTPOAHTHUECKOR BanAu. Ompenenss no rycrorte
SKBHIOTCHUMANBHWX JMHHUA B 00JaCTH OZHOPORHOrO NOJA BEAHUHHY Aeh-
CTBylomlers Hanpawenus I, M awas U, U, dy. d_, MoxHo Halitn
MPOHAIAEMOCTL TPHONA M3 OCHOBHOH (JOPMyAn '

U, = Ue+ DUy
i 4 g(l _|_ﬂ’c_-a)
dx.c
Onpenenenne npoHHnaemMocTeR Mo 3TOMy MeTody TpeGyeT H3rOTOBJECHHS
MOJeMM TPHOZA H MOSTOMY TaKkKe NpuMeHsercs pemxo. Hmxe Gymer no-

KasaHo, YTO NPOHHIACMOCTh TPHOIA npoiuie BCEro HAaXOAATh H3 JaMNQ
BhIX XaPAKTEPHCTHK,

7. lleficTrylomee RanpsKeHHe NP HAJHUMH HPOCTPAHCTEEHHOTO
sapsiaa. Popmyan (40.13) u (40.14) Gwnn BHBEeseHH A4 TpHOAa Ges
NPOCTPAHCTBEHHOTO 3apAfa, KOTOPHIA HKNE A KPAaTKOCTH Ml Gyaem
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HA3LIBATE «XO0J0AHKM» TprogoM. OueBHaHO, YTO B TPHOIE C HAKaICHHEN
KaToaoM (¢ropaueM TpHOZe») NPOCTPAHCTBEHHsIH 3apan M3MEHACT noJje
it B KAKOR-TO CTENEHM W3MeHseT TaKwe [/, el TOABKO BOOGUIE MOMHO
6:\',18'!‘ NI0AB30BATLCA H B 3ITOM (/y4ac NOHATHEM ,E[EﬁCTBY[Ol[lerD Hanpake-
wis. Tounoe pewende 3atady O BuYucaeHnd [/, Ans ropduero TpHoaa
pCTpedaeTca ¢ GOMbIUMME TPYAHOCTAMI, H HHAE J1aHa TOABKO OUCHD ympo-
LleHHAs TEOPHS AJA [AOCKOro TPHOAA.

B peanbHbiXx TPHOAAX YYET BAMAHMA MPOCTPAHCTBEHHOro  3apAla
OCTOKHACTCA TEM, uTO 06AACTE HEQAHOPOIHOTO [OJA OKOJIO CETKH HMEET
3HAYHTEBHYIO NPOTAKEHHOCTH M 4acTo npubamxaerca Kk karoay. Ilpen-
ctapuM cefe, 4TO TOJNIUMHA NMPOBOJOK CETKH H pasMepH ¢ AYeCK OLHO-

3 8
BPEMEHHO YMEHLILAWTCA, H NnpHTOM TaK, UTO BCAHYHHA T= I In 6—?[) 0CTa-

etca moctosnHofl, IIpu 3TOM B TpHOZE BenwuyHa AEHCTBYILIEro Hanps-
AEHUSL W NOCTOAHHAA COCTaBAAIOULIAA NOaA HE MEeHATCH, 2 o0nacTe Heol-
HOPOAHOrO TIONA OKOAG CETKH Cokpawaercs. B npepese noaydaercs
TPHOiL ¢ CeTKOR M3 GECKOHEYHO TOHKHMX NPOBOJOK H € OECKOHEWHO Ma-
ALEME FUeHKaMy, B KOTOpoM 00JacTe HEOZHOPOIHOFO TOJd COBEPUICHHO
orcyTcTeyer. Takyl CeTKy, He MBMEHAIOLLYIO HANPaBJeHHs NPOXOANILMX
ckBO3b Hee 3aeKkTpomos, B. C. JIYKOWKOB Ha3san nieatsbHOH CETKOM. B
TpHOE ¢ MAeanpHOH CETKOH NOje NOBCILY COBIANAET C HOJEM CHCTEME
ABYX MOCAEI0BATEIbHHX 3KBMBAJESHTHBX AHON0B.

dopayay
U+ DU,
s=1+D FD
Mocsie MPOCTHX NPeoBpa3oBaHHi MOAHO 3aMUCATh B BHIE
‘ U, Uy— Uy e —U,
— = } 40.23
dy.c dea 1 ( )
« U —
B dopuyae (40.23) Vo E, Ua—Us — Fq— HaNPXeHHOCTH 10 AA

d, d
COOTBETCTECHHHO B II;.(‘;CTPEIHCTBE KATO — CETKA W B IPOCTPAHCTEE
ceTka — anoi. Taxk Kak 8 TphOJE € HAeanbHOW CeTKoH rnoae NoBCroay
BIAOTH 10 CaMoH TOBEPXHOCTH CETKH OAHOPOAHO, TO W3 Teopewul [aycca
crenyer:

Ue—Us _ 4z, (40.24)

E,— E=
rie GC_HOBerHOCTHﬂH [AOTHOCTEL 34paidcs Ha CETKe. ,H,J’Iﬂ FOPHQEI'O
Tpuoda € naeanpHO#R ceTkO#, rae, OYEBHAHO, NOJE Ha NMOBEPXHOCTA CETKH
O{TaHeTCa NOBCIONYy OJHHAKOBEIM, MOKHO TaKKE HanHcath:

v.—U
Ey—Ep=-° —T =T, (40.25)
rne Ej, Eg — COOTBETCTHEHHO HANMDSKEHHOCTH NOJA y CeTKH €O CTO-
POMB KaTOZA M CO CTOPOHM aHOZA B ropiueM Tpuone, a U, — Xeh-
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CTBYIOLUCE HampsweHde B HeM ke, Beauuuunt Fip M Ey OTAHYZIOTS OT
«XOJ0IHLX>» HanpaxenHocrell Ey w Ey, oamaxko ecan {7, > {/, u npo-
CTPHCTBEHHW 3aPAA MEWAY CETKOH M JHOJOM Mad, TO MOKHO CUHTATh
B nepeoM npubmmkenud, 9To Ey=2F, B stom cayuae

Eqy=Ex+4- U~ U,
Eiry=Ey + Ue— U

oTCIo8a
Et_rZEsY"FUc_Ua.r=DUa‘I‘Uc_‘DUa_Us.r (40.26)
E. T Eq+U~U, ~ DU +U~(+ D), :

TaK Kak Eﬂ:lﬁ‘;#'[:l)(lja—-Ua). Kak Oyaer BuaHO w3 aane-

nefiiero, Ey /E, — BenuunHa nopaixa eIHMObL,
Pewman (40.26) oTHocHrensho {J, ,, nomyumm:

DU3+UC / ! Elr

o= (10— D’) (40.27)

Jerro BHICTL, 4TO e€CcAH npeueﬁpeqb MajabIMH BEJHYHHAMH, CozepHalulamMy
D u D (O, O<1), 10
' |+ D' kD 1
+DFD T1F#D+D

U, 4 DU,
I +2D D’

H, CIeA0BaTLMbHO,

U, .= {40.28a)
rae &A= E/E; — oTHOWeHnHe HaNpAXKCHHOCTER NOJAL Ha anoje AMOoaa,
SKBHBAAEHTHOrO MPOCTPAHCTBY KATOA — CETKA TPHOAA B <«rOPAYEM» H
¢XOM0AHOM» cocTosnmax. TouyHas Qopmyaa, BsiBefeHHAd 143 TpHOda ¢
ureanstolt cetkoit B. C. Jyxoukosum, umeer BHj

U, + #'DU,

V=114 1D

(40.286)
rae k"= Ea/Ey— Bennunna, Boobme GAM3KAT K elUHHLE,
He npunevaa 80 sHumanne HauajbHeIX CKOPOCTEH 3J€KTPOHOB, A5

HANPAKEHHOCTH HA QHOAE <ropsuero» muoxa E,. MOxHO Hanucats (d —
paccTonnue Karoq — aHoa):

dl U
Ea.rZ[E]x-d:: B}]x—d__—a =,
Y

Tax KakK B 3TOM CJay4ae U—U x/d)s. B X0J0JHOM gHoae E =/, /d
Y
H 1as OHGdA

Ear
E,

4
=3

k
i

-

AAJ_-_’." N
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[MprMeHad 5Toa BuMBOI K NPAKATOAHOMY SKBHEANCHTHOMY AHOIY Tpuo:la
¢ RIeanbnol Ccerxol, moavumw:

Uy = U"jDU“ = U“,-erf;“d <. (40.293)
, f i 4 8
i+gD+D  14D{ 3dwj

Dlng Tpuona ¢ umannApHYeCKHMU 5a€KTpOAaMU BHpawenue ana U,
BMEET BHI
U. 4+ DU,
1+D{14 2w’
TRy

[

Upr=

(40.296)

Gopuyan (40.29) vaCcTo NPUMEHSIOTCS, M AEHCTBHTEIBHO, OHH AOCTATONIO
TOuHB Mg cayyas {/, > (., KOria H HAUDAKEHME B AOCKOCTH CETKH
OTHOCHTEABbHO BeAuKko. OnHako ecan [/, HEBEAMKO, TO 2 CHILHO OTH-
uaetca or 4/ Bonee Touuas, Ho Bee we []p!‘lﬁ.‘]l[:}\EHHaﬂ dopmyna umeet_Bua

mlﬂ
_Ein 4 I+ 0,008257 /2 10,15 - 1057, |
k= — 2 1k » (40.30)
B - xmin VU,—Upin Us — U nin
dﬁ C
r1€ Umin B Xpin — £1y0HHE NOTEHUHAALHOTO MUHHMYMa M €ro paccros-

HUe OT Katoaa, T, — Temmeparypa karoaa, B (40. 30) &g © U, BH-
PaKEHBl B BOABTAX, Xpip M

d, .—8 canrumerpax. Tounce te
BBHIUHCAEHHE % INPOBEAEHO B 1]
! T T

[/L5.27, ra. 2], rae nokagauo, - L\ @0 i const
4T0 £ BO MHOFHX CJAyYaax \
BHAYHTENLHO Goablue /s Tax ——t/n \8]5; o
YTO B TOYHHX pacyeTax (op- Jns i 2
mynamp (40.29) nouabzoBatnea i 5}\
Heqb31, , el o \

Kak 6pi10 oTMeueHo Brime, \\ N
npu {J, > U, ¢ pocTatouHoh @ N\

J-' 7
TouHOCTL £ = 4 /3 = const. ! AVER
Ho ecan U/, npubawkaercs ’ SN TN
K U, um Jenaerca Mesblie 10\\ ‘\ !
{/,, TO MOABAACTCH 3HAUATENAD- \“\\ s ;
HBY NPOCTPAHCTBEHHBIt 3apaAT N !
MEKIY CETKOH H aHOmOM H B R84 0 4 & 12 # 20 x4 U
KoatppuuweRTH 4 u £ B Puc. 343, 3asucumocts U, ar ¢/, wupn
fy = const @aa Tpuoaa; .= j, - 5, 5 — nao-
(40.286) nenaoTca 3aBHCALLH WaLb KT,
MM OT pemuMa Tpdoga. ITOT
BBIBOJA HAXO0LWTCA B coraacuu ¢ onbiToM. Ha pue, 343 noxasaua sasncu-
Mocre U/, ot U, mpyn nocTossHOM TOKe Katoja /,, T. €. XapaKkTepucTHKe
(U, U ),r =mﬁﬂt H3MEpEHHEBIE BKCOepHUMenTaissHo, Tak kak

]K —~ U:/E ~ (Uc —I— DUQ)J»"E,
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10 npu [, ==const, /. DU, ==const n xapaxTepucTuka — npavas M-
s, OnuT noKassiBaeT, uto npH L, > U, xapartepuctukn (U, U0} 1 =const
RefCTBUTENBHO TPAMOJMHERHB, HO TPH HeBOabIINX {1, NOSBITKTCA OTCTY -
TEHHA OT JHHEHHOCTH, YKasblBawulMe na 10, uro Gopmyna (40.280) ne-
naeTca HepepHoit. OTCTYMUICHAA, KaK 3TO M AONKHO ObiTh, JEAAOTCA
3aMETHHIMH TEM paHblie, ueM Gonbie fIOTHOCTH TOKA,

Mo sonpocy © ACHCTBYKOLIEM HANPAKEHHH OPH HAAHUHD IPOCTREH-
crBennoro sapama cm. {J1.5.13; J1.5.26; J1.5.27]. .

Caeayer B 3aKJKueHHE OTMETHTb, YTO, KaK W B JHOKE, 3aKON Tpex
BTOPHX COOMIOAZETCA HE TOYHO, MPHYEM K MPHUHHAM OTKAOHEHUS, ofmum
C AHONOM (BIHSHAE HAYAJIBHBIX CKOPOCTEH 3JEKTPOHOB, MPUOIUKEHHE K
HACHILCHHIO, HESKBHIIOTEHIMAABHGCTh KATOAA H T. 1), NPHOGABAOTCA NpH-
YWHE, CAEUMIMUECKHUE OAA TPHOJA: HEGIHOPOILNOCTE CTPOEHHA CETKH H
HECHMMETPHA €e HOJOKeHns (Tpapepsa, (popMa CeTKH), OCTPOBHARK 3MHUC-
cBA, DTH HAPYIIEHHS CKa3bBAWTCA IMAaBHHM 00DasoM B Haydle u KOHLE
xapakrepuctuke /= F(U,), cpeanmit yuacTok KOTOpOH YLOBJIETBODH-
TENBHO OMHCHIBAETCE 3aKOHOM TPEX BTOPHX.

§ 41. Tepeuunce ToKOpacnpeleaeHne B TpHONe

Katon TpHOMa HE ABARETCH, BOOGIIE roBOPA, €IMHCTBEHHHIM HCTOUHH-
KOM 3aDMKEHHBX HaCTHIL, U3 KOTOPMX CKAAIBIBAIOTCA TOKH, TEKYUIME HA
CeTKY H aﬁou.!Ylpu U, <0 n U, >0 scaencreue HECOBEPIIEHNHOR
OTKAuKH HA CETKY TEUYeT HOHHHH TOK, OGHYHO O 1€Hb manut®lCerxa cama
CAYMHT CAaGHM HCTOYHHKOM (POTOINEKTPOHOB, 2 HHOTAA H TEPMOSTEKT-
porosIlpy U, >0 u U, >0 us ofoux 51eKTROAOB BHIOGHBAIOTCA
BTODHYHHE 3JEKTPOHH, KOTOPHE YaCcTHYHO HAM Nawe TOAHOCTRIO yBIE-
KZIOTCS K BMEKTPOAY C HARGO/bLIHM TOTEHUMAnoM. BiusHue BTOPHUHOH
SMHCCHH OMBAET MHOFAa OYeHb 3aMeTHnw, Hanpamep npn U > U,
BylaeM HA3WBATE CASTAOLIME CETOYHOrO H AHOIHOTO TOKOB, 00pa3onan-
HBHE 3JEKTPOHAMH, SMUTTHDOBAHHHE KaToJ0M, NEPBEYHHIMH TOKAMH M
{ccaenyeM BORPOC 06 HX OTHOCHTENhHOH BE/MHYRHE. 3aMETHM mpexae
gcero, wto npu U, <70 u U, >0 nepsuynunil TOK HA CETKY MOXKET TEYb
TONLKO 33 CUYET HaYa’ibHHX CKOpPOcTeH saektposos. On Kpafine Man,
4 TAK KAK BTOPHYNHE 3MEKTPOHH C aHOAA BO3SBPALATCA K HEMY
O6pATHO M MOHHBE TOK M DJEKTPOHHAR SMHCCHA CETKH Takke OGYHO
OueHb Maam, To ¢ 60AbWOH cTenenpio TounoctH fpu U, < 0 B pekuMe
NPOCTPAHCTEEHHOTC 3apana OynemM HMETh

I=0, l=I1,=GU"

K Bompocy o cerounnx tokax npu U <0 B NpaKTHYECKOM WX 3H3ue-
NHH MBE BEPHEMCH MO3KE.

1. 3NeKTPOHHOONTHYSCKHH MONXON K BHUHCAEHHW TOKOpacmpe-
AeAeHHA. YCJOBHA IJA SKCIEPUMEHTAJbHOIO H3YUEHUA MepEHYHOTO
TOKOpacnpenenennn. Takum o6pasom, npu U, <0 sonpoc o ToKopac-
lipenciennn B NepBoM NPUOAWKEHHA CHUMAETCH, H BECH NMEPBHUHBIA TOK

§ 411 7 TIEPBUYHOE TOKOPACHPEIEJEHHE B TPHOIOE 163

Teuer Ha anmon. Ho mpu L/, 70 n U, >0 nepeuuHN# 710K pasmenserca
Ha 3HOAHHH H CCTOYHBH TOKH. MX OTHOCHTENBHBIE BENHUMHH HETPYAHO
ONpPEACAHTh, €CJAH H3BECTHW TPAaeKTOPHH 3/JEKTPOHOB, BHXOMAMUMX @3
PasNHUNHX TOYEK KaToda. Tak Kak noJe TPHOIA IIMOCKOE, TO B OTASTb-
HHX YaCTHWX CAY4YdasX TPaeKTOPHH MOKHO NOCTPOHTh OOHUM H3 OMHCaH-
MHX BHIUE MPUSAHAEHHHX METONOB HAH ONpeIeAHTh Ha moaean (§ 8).

Prc, 3447Tpaeuropnu SMCKTPOHOB B TPHOIE, ONpefe’IeHHbe
METOIOM pe3HHOBOH MeMOpaHb.

DNEKTPOHHME TPAEKTODHH, H306pawenHwe Ha puc. 344, Guau onpene-
MEHBl METOLZOM DEe3HHOBOM MeMODaHW AnA Da3THUHEIX OTPHLATCABHHX
Hanpsxenn#t U, naunnas o7 U, =0 1o nosxoro sanupamua TpuHOAa,
NpHYEM BO BCEX CAYYasX HANPAKEHHOCTh noas E, . B IPOCTPAHCTBE
aHon—ceTKa Omiaa Oonpllie HANDSKEHHOCTH MEKAY CETKCH M KATO-
mom E. .

H3 prcyskos suano, yto fiveHKa CETKm ACHCTBYET KaK COGHpalowWas
AHH32 ¢ CcAabHOR abeppaumelt, UpHYEM (OKYCHO® pAaCCTORHAS JHHIH
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MOET ObITL OUEHb MaAKM, THIl TAH3EL AETKO YETAllOBUTE! B MEXKAY3ICKTPOI-
HOM TNPOCTPAHCTBE OIHO-
poIHOe Noae y KaToda OT-
IEAEHO OT OAHOPOAHOTO N0~
as v anona o6aacTeio B6aH-
31 CETKW, B KOTOpOH Hanpa-

. KEHHOCTh 11048 HENOCTOSH-
Ha, B § 9 Guao nokasauo,
yTg TEaKOE Noje ACHCTRYET
Kak nuHsa-guaparma, Ta-
KHM 00pasoM, ¢ 9JIeKTPoH-

v A ,K I AL T HDO[I[I{L}EC}(OF} TOI{KH spe.

Eombacd ety <0 £20 HHS, TPHO — TC DAL THH3-

Vesd*/Feef a auapary, pacnoAOREHHEX

paaoM Apyr C JIpPYroM B

Auelkax cerke. Tax kax

=0 AuelKy TpUOIa LWIHDPOKH, TO

u npn U <0 notenunan

B UeHTpe sueHKH ocTaeTcH

noAgHUTENbRBIM (npn 7, >

~>0), # eCcaH 3MCKTPOHH

HAYT H3 001aCTH ¢ MeHsHIEH

HANPAAEHHOCTBIO 017 B 06 -

Jgacte ¢ Goaplel Hanps-

R B AEHHOCTBIO, 10 3TO — JIHH-
4 8 c I 3a coOuparias.

E3=E4,>0; Eg=Eex<D; Fal 6} Kax ®3BeCTHO, JiHH3a-

auadpparma © ocesofi cuM-

MeTpHell SBIAETCA pacced-

Bawleh, ecau BhIIQAHATCH

yA0BHE

lzﬁc-x"“Ea-c<0

f 40, ?

rae B, 6 £, ,— HanpsKeH-

HOCTH TIOAEH B «Ja/JbHHX»

obmacTax  monag  TpHoJa

B6.1H3H KaToia ¥ ahoda, Ha

puc. 345 nokasana dopma

" TpaexkTopHii  3JEKTPOEOB

Lrofe 0 =&, 0 1<C £ aas cayyas  cobmpaiomeht

auH3n (puc. 345, a) u aas

cayuqaes cnadof (puc. 345,0)

B cuasHOA {puc. 343, 8)

‘ paccelBalIIyuK JIHHS.

Mz =Bcero ckazanuoro caeayeT, 4TO TPASKTOPHIO 3JEKTPOHOB B TpH-

Ole MOWKHO LPHOAMKEHHO OpeleanTh, pPacCMaTpHBasd Kamkayw sueHky

s Ay 50

T -£2=Ea.c

E=Lye

o ” Aorviinin

Ecx

Puc, 345. flueiikn ceTkn IelicTBYIOT:

@ — Eag cobupawinue AHR3EL §— EaR crafo pacceHBaomme
AVH3LI; 8- K4K CHIBHO PACCCHUBANOMWE JRHIL.

§ 41) MEPBUYHOE TOKOPACUPEIEJEHVE B TPROJIE 165

CeTKM KaK JAHH3y-IHafparMy ¢ OCeBOH cuMmMMeTprefi, ecam sAYelxn —
Kpyrasie oTtBepcTHa (prc. 344, 2), B KaK UMIHHADHYECKYHO JIHH3Y-1HA-
(parmy, ecan cerxa skeupHCTauTHas (puc. 344, ). Pesyabratel ne 6yayr
TOYHBHIMH B CBA3A ¢ PANOM TPHUMH H OPEKAE BCEro IMOTOMY, MTO JAHH3H
B AYeHKAX CETKH HE SABMAKTCH TOHKHMA,

[TpeacTap1eHde © CceTKE Kak O PANE INCKTPOHHBIX JHMH3 NO3BOJAACT
Cpasy cHeAaTh 3AKANYEHHE, YTO (OpMa TpPaeKTOpPHH, 4 3HAUMT, M Tep-
BHYHOE TOKOPACHpEAeNeHHE BABUCAT TONBKO OT otHOweHus (/ [/, HHbIMH
cnosamp, [ /f, nmoamuo ObTh dyukmmedr /U, 310 BEpHO, OIHAKO,
TOJABKQ B DNepBoM  npadaumieHdd, Tak Kak rayGHHa NOTEHOHANLHOrO
MHHHMYMZ y KaTOHa H ero noJoxeHue OVIAYT MEHATBCA W B TOM CJAyuae,
Korpa [/,/{/, OCTAaETCA TOCTOSHHBIM, WO H3MEHETCS TOK KaToAd .

HeobxonumocTh yCIpaHeHHUs BTOPHYHOH 3MHCCHE OCHAOMHAET 3KCIE-
PUMEHTaALHOE HCCASJOBAHHE NCPBHYHOTO TOKOpacnpedeiacuns. T0JbKO
npu [, = {/. BTOpAYHEIC 3AEKTPOHBH BO3BPALIAIOTCS HOYTH MNOJIHOCTRIO
K TOMY B3AeKTpOOY, H3 KOTODOro OHH BHINJIA, H H3MEPEHHE TOKOB
B aHoaHOH M CETOMHOM UETAX [aeT NepPBHYHOE TOKOpacnpeaeacHHe,
[TepeHynoe ToKopacnpededeHHe TPHXQIMTCA U3MEpATh [OTOMY OpH
Hebombux 3Hauehuax [/, 0 [/, 1 NpUMEHATH AM5 2JEKTPOAOR MATEPHAIH
C HeSOMpMIAMA KO3((PHIAEHTaMA BTOPHYHOH 9MUCCER (HAMPHMEP, BOKPHI-
BaTb nx yraepogom (caxe}). Ha puc. 346 mokasana saeucumocts [/,
or V U /U, ana Tpuoaa npu U, =25 8, usmepennas B. @. Baacosww.
Ha 5ToM DHCYHKE OTYET/HMBO BHIHBI ABA .
yuacTka @ ¥ 6 KpUBOH TOKopacnpelene- 4
HEg, COOTBETCTBYIOILHX ABYM 3aKOHAM TO- e . J
KOpACHPEnEneHns ¥, BHAHMO, IABYM pas- lr
AASHEIM MEXaHH3MAM NIEPEX0a 3JeKTPOHOR
OT aHOJAa K CeTKe Npu yeeaunuenuu U /U,
CMeHa 3aKOHOB, YHpaBisiollX TOKOpac- /
npeneacHHes, umeet mecto upn [,/ U, = s
=10,7 -+ 0,8. Cxoaxbie pe3yabraTh OsilH
noayueds 0 K. llnasrenGeprow, uccaeno-
BABLIHM TOKOpacmpezenesde B BoJbHIOM |
yncae tpuwoaos [J1.5.3, T L ra 7L e \'Ug
Xapakrep OBHKEHUA IJCKTPOHOB B 000HX 00 - . —
PEXAMAX BHACHHTB HETPYJIHO.

Mycts .0 ® chasana U, ==0, Prc. 346, _339“‘:*’“0”" Lity ot
DAeKTPOHB HaCTbWy Cpasy MOMAAZKNT Ha V UeiU,, wakiaensas w3 onura.
CETKY, 4aCThI0 € NPOXOAAT MHUMO NPOBO-

AOK CETKH, OTK/IOHSIOTCA BCJAERCTBHE TIPHTSWEHHS K MPOBOIOKAM, NPOX0IIT

"B MPOCTPAHCTBO CETKA — aHOJ H, ONWCaB TaM napaGoly, BO3BPaIIAIOTCA

K CeTK€ M B HTOre OCeflaloT Ha Hel (puc. 345, 8). OuesnaHo, mpa 3TOM
l.=1,, I,==0. Ipu ypeanuenun U/, Hauymnas ot U,=0, /, Gyaer po3pa-
CTaTh [0 IBYM MPHYMHAN: BO-NEPBHX, Y AeT OHCTPO YMEHBIIATBCH KONHYCCTRO
SACKTPOHOB, BOSBpaIﬂaIOﬂlHXCﬂ K CCTKE, ¥ IMepBHMH Ha aHOA nonagyTt
HAWMEHEE OTK/JAOHEHHHE 2/ISKTPCHH, NPOXOANILEE BOIH3H CEPERHHB A4ECK;
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BO-BTOPHX, [0 MEWKAY CeTKoH © xatoJoM Oyaer pactu, B Oyaer
YMEHBUWIATECA KO/JHYECTBO 3SACKTPOHOB, 3aXBaYEHHBIX, CETKOH nyTeM npf-
MOTO MfepexsaTa, T. e yuactkn AB, CD,... xatoma GyayT COKpPaIlaTbCa
(puc. 345, 6). Tloka U, << U, Tok [, BO3pacTaeT NpH YBENUYCHHH
U/ /U, raaeaem  o6pazoM 33 CUET YMEHBIIEHHA YHCAA IAEKTPOHOB,
BO3BpAlAOMAXCH K ceTKe. [Io3ToMy TakoH pemHM HasbIBAETCA PEKUMOM
BO3BPaT2 HJH DEKHMOM QTpakaTeAsHOro ToKopacnpedenenn. Ilocne
HNOCTHKEHUS HEKOTOPOre mpeaeabHoro sHauenns [U,/Uilnpe, Ha anoa
OyayT mnonazaTe JAake HAWGOACE OTKAOHEHHBHE 3JEKTPOHH, NMPOXOAAILHE
BIAOTHYO K MposodoxaMm cetkd (cm. puc. 345, 6) Ilpn [U, /U] >
> [Ua/U)npea BO3pacTanme [, MAET TOJBKO 33 CHET YMEHBLICHHA KOJH-
YeCTBA BAEKTPOHOB, NPAMO MEpPEXBAUCHHHX ceTkoW. B sToM  pexuMe,
HOCAUIEM Ha3BAHME pPEXNUMa NPIMOFC NEpPeXBaTa HAHW PEKHMa MNpoJer-
HOTO TOKopacnpeae]eHns, TOK [, pacTteT Meanenno. bmcrpora mHapa-
CTaknA TOKa J, B peXHMME RO3BPaTa UpPH yReakucHHH U/, /U, sapacHT oOT
CTPYKTYDH <ceTku. B cayusae <mneansnol» CeTKH, ¢ O€CKOHEYHO Ma-
ALMA  AyeHKaMH 13 OCCKOHCUHO TOHKHX NMPOBOJOK, 3JEKTPOHH soobue
He Oyayr OTKAOHATHCA cetkoh, Ilas wee npn U ==const >0 w 7,=0,
[,==0, vo npu nepexoste {J, vepe3 Hynb aHOAHWR TOK CPa3y AOCTHrAET
pennynne [, = (1 —m){, rie m — Ko3PDOHUHEHT BANOANEHHA CETKH,
B TO BpeMA KdK TOK CeTKH
A cpasy ke napaet or J.= I,
20/, —ml.B peanbHom TpHO-
ile TIPOLEeCC UCYE3HOBEHHA pe-
WHM3 ROMPANIEHHA COOTRET-
CTBYET HEKOTGPOMY HHTEp-
Bany 3HAYEeHUH AHOAHOrO Ha-
npaxenns ot [/,=0 1o {/,=
= /s ¥ WHPHHA 3TOr0 HHTEP-
Baja 3dBHCHT OT CTpOEHHA
CEeTKH.
2. TokopacmpeneneHue
, B pewxume Baosppara. Pac-
M ¥ " CMOTDHM MYYOK 3JEKTPOHOB,
Puc. 347. K ewBofy $opMyia TOKOpacupene- TNOMNATAIOMHX B OIHY H3 AYEEK
IeHda 3 peXnAMe BO3BpaTa, SKBHIHCTaHTHOH NJIOCKOH ceT-
KH, TpeIcTapasiolyle colod,
K@K 9T0 OnIIQ BHACHEHO, LUH/JARHADHYCCKYIO JWH3y-IHagparMy c Qokyc-
HBM paccrosHuem (cm. § 5)

20,
f—E

KT Ea.c i
rae
Uc - Ua

Epers =52, Ec.x”:\\"ﬁ_ =g
Ced K< K.C
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©CAH CYHTATR CETKY YCTOH, T. € MON0XKHTE [/, == [/.. ¥roa oTkaoHeHus

SAEKTPOHE, TIPOXOAAIEro Ha PACCTOAHHM J OT CEPEeNRHB ILENH, PaBeH
(puc. 347) -

a Rz tg e ='l, — Y (EC-ll —Eac) __ Y Uy — U, Ue )

f QUC - QUC \ d\‘.‘-a dlﬁ-C

(41.1)

3aMeHa o uepes tga He BHOCHT HOBWIX OFpaHMIEHMEl, 1aK Kak topmyiia
THH3M COPABEAJHBA TOMBKO AAA NAPAKCHAIBHHIX SAEKTPOHOB.

Buiwe (§ 1, u. I) ana norennmana B Bepmune nmapabosw, OnNUCHBaE-
MOH 3JEKTPOHOM B TOPMO3SILEM OXHOPOAHOM Moae, OO0 HalieHo

Ugepns = U, sin*a = U, a8, (41.2)

rie a-—yroa, moja KOTOPBIM 37€KTPOH BXOIHT B TOPMO3SILIEE MOJE;
sAcCh on onpeagasercs opMynoll (41.1). Ha awon nonaayt sce suex-
TPOHH, yroan OTKJACHEHHS KOTODHX MEHbINe yria @, ONpefelfeMoro ns
yCA0BUA

U, = U,_sin%, ~= Uzl (41.3)

Haitzem, Kak pacnpeneantcs Tok, Tekymms ¢ ywactka katoma MA,
JEKAUIEro 104 OAHOR fueHKol ceTky, cuHTasg npM 5TOM, YTO OT Karola
AC  CETKY 3JCKTPOHH eTAT MPAMOAMHEHHo. Bocnoabzosabiuuce dopyy-
aams (41.1) u (41.2), noayumm (puc. 347):

e T, — U, U,z
— s o |Ya—VUc Y
Ue L°4U§[ aea d]
ys_yj 403
L [
dc.a dK-C

OueBenHo, uto npu Hau;gx n{})ennonon&enmx I =2y,/s, otxyaa,
B — ‘ it
nonaras, yto U, L U, » lg—i} A~ UG [mj » IOV UHM:

e By.c dgclea
b Mt /T g /T
Ix—s(fls.c‘l'dc.a) U, —B' v, (414)
H Tak Kak J =] -+, 10

IC_I]/lZ 1 .
=z Ua_l_?’ (41.5)

rae k=1I/I, uasupaercs KosPodHiMeHTOM TOKOpachpezetenus. [laa
MaKCHMa/IbHO OTKJAOHEHHBIX 3JCKTPOHOB ¥, zymax:%—p, ¥ ana rpa-
HiLpl 06/MacTA BO3SBpATa OOJYYASTCH YPaBHEHHE

U (S—?v‘*l[UA—Uc Uc]*
A7\ 2 Wo| dog T dgdl’

-

(41.6)

+C “
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Hanpusep, npa d, . =0,15 ¢, d_, =03 ¢, s=0,125 ¢u, U/, =100 8
0 s> 2p noayuntca s 108 v U, /U, ~=0,1. Takue xe u maxe
MEHbIIME SHauenda [/ /[, noayuvaloTca W ang apyrax d, ., 4., S5, xapax-
TEPHHX aaa pea’pHslx Tpuoaos. Ho puc. 346 nokaswmeaer, uto cMeHa
PEXHMOB HPOHCXOIHT IIPH 3HA-
UHTEALHO GOABINEM HANPAKEHHH.
J710 pacxomieHHE C TeopHeti
B. &®. Baacos ofipacHaeT Bans-

Ipn U, >> U, 3AeKTPOHH TOPMO-
3ATCSI B NPOCTPAHCTBE CeTKd —
aHOA M ILIOTHOCTb NPOCTpaH-
CTBEHHOMO 3apsia TaM YBEJIHUYH-
paerca.  PacrpegeneHne notes-
U313 NOA¥UAET XAPaKTep, A300-
paxeHnuil na puc. 348, 4 anek-
TPOHaM MNPHXCAHICA Mpecaone-
BATh TOPMO3AILEE HATpKEHHe
Puc. 348. K o6BACHeHHI0 1pHYHHBE OTK:I0- U, — Umiy, KoTOpOE Goabine yem
BEeHHA 3KCNCPHMEHTAALHO HafJeHHOW Tpa-  [J — [J,. 310 AOMKHO BH3BATh
HHUIH 063aCcTH BO3Bpara o7 TEOPETH‘H’:CKOH CABHI T PaHUILE 06.’13(:'1']-‘[ BO3BpATA,

Ilpy 3HaYHTEABHBIX NAOTHOCTAX
TOKd M HU3KHX aHOAHHX HANDAKEHHAX, XapPaKTEPHHMX 1A peknva
BO3BDATA, BOSMOKHO NOHHAKECHHE MHMHAMYMA [OTCHUHATA MEAK1Y CETKOH
H aHogoM JI0 Hyas, T. €. o0pasoBaHHe BHPTVaALHOTO Kartoaa, uTo
0 CHIABHOHW CTENEHH H3MEHHET YCJROBHE, MOJOWEHHHE B OCHOBY BHBOIA
dopmynu (41.5). Ha otkaonexnsx ot dopyyau (41.5) cxasuBaeTca #
HE YYTEHHOE B e BHBOAE MHOrOKPAaTHOE IPOXOMAESHHE HEKOTOPHX
37EKTPOHOB Yepe3 CeTKY W BAMAHEC HAYAALHHX CKOPOCTEH AEKTPOHOB,
IloaToMy B OGHUHHX TpPHOAAX NPH HOPMAaJABHHX TOKAX HaKada 32KOH
TNEePBHUHOrO TOKopacnpenenenus (41.5) B pemuMe BOIBPATA HE BLIMOJ-
sietcd. OJHaKO NPOBCPKAa Ero B CTeNHANLHO NOCTPOCHHOR aamne npu
HH3KHX HAUPTKEHHAX M HEJOKANCHHOM KaTode XOpOWIO MOITBEPKIAET
teopuw [J1. 3.9, ra. 13, § 2].

Teopus ToKOpacnpesenceHHs B DEXUME BOSEPaTa HaXomuT cele npH-
MEHEHHE B TEODHH JaMl C SKpaHMpyloIWMMH ceTkam#. C tpuogamu,
paboTaIluME B PEXHME BO3IBDATE, 32 DEAKMM HCKIOUEHHEM, HA TpaK-
THKE HE MPUXOAUTCH BCTPEUAThCH.

3. ToxopacnpejeieHHe B pexMMe NOpAMOr0e nepexsata. Ecau
U, >0, 1o Goavwei uactvio Opreaer, uto U, > U, n Tprox paGoTaer
B pExHME mpaMoro nepexsata. Ha puc. 346 sToMy pemumy CoOTBeT-
CTBYET Y4alTOK & KPHBON. Yxe JaBHO AAd 3TOro caydas G2 Mpemno-
weHa aMIHpideckas dopmyaa (Taxk):

Umin

py Y

=l

_ 51/ 0

Ic LV gt (41.7)

HHEM OPOCTPAHCTREHHOI O 3apAaa.,

!

§ 41] MEPBHYHOE TOKOPACHPEIRNEHHE B TPHOIE 169

KOTOpad BHIOIHASTCH Aas Bcelt ofaactu npsaMoro nepexsara (puc. 343, g, 6)
npuueM HanaGojee OJH3KHE K ONMTHBM JTAHHHIM 3HaYeHHS OHa 1aer
B pexHMaX, A18 KOTOPHX {J, > 100/, u suefiki CEIKN IZeiCTRYIOT Kak
co0UpaILKe 3MEKTPOHHbIE JHH3H. B; MOXHO ONpEeXEsHTh, PaccMaTpUBas

A
ea
| re

K

Puc. 349, K BuuHCAeHHIO 0CCTOAHHOH B Qopuyle MpaMoro
nepexsara,

TIPOMEXYTOUHHH Cayualt paBeHcTRa mosted Mo ofie CTOPOMH CETKI, Koria
CeTKa 3aPAKEHZ A0 MOTEHOWAZA MPOCTPAHCTBA H (POKYCHOE paccToAHHE
MMH3B-AUEHKH aes1aeTcs GecKoHeuHo OoabmuM (puc. J49)

B stom pexuame

& Tg.c
Ua ™ dyctdea’
¥ TAK KA4K TPaAEKTOPHH BACKTDOHGE — BE3IC NPAMEBEIC AHHAH, NEPNCHIH-

KyJAApHEE K DSJEKTPOAaM, TO 444 OJACCKOro TPHOAA ¢ SKBHIAMCTAHTHOH
ceTKolt

(41.8)

fo__s—2p
p=15 (41.9)

Beragana U, /U, w I /1. w3 (41.8) u (41.9) B dopuyay (41.7), noayuum:

_ 1y
By==2(_Yxs )‘. (41.102)

2 \dgetdeg

Iaa Toro utofel yueCTh BJAHAHAE MPOCTPAHCTBCHHOTO 3apana B oHaacTa
KaTog — CeTKa (MeXLy CeTKOH M aHOAOM TMPOCTPAHCTBEHHEIA 3apaa Man),

caegyer o, 3aMCHHTL UEpE3 alK JR tne k=ztfy umn, Gonee TouHO,
BLIPAKAETCS (popuynoﬁ {40.30). C aToti monpaexott
dK c \
—2p 3—-—29 dy, e
By="2 < (41.106)
2? \dzc"l‘dca K x.c‘&‘kdc.aj
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3asucnmocts I, u [, ot ¢, upn U,=const nokasana na puc. 350.
Cyinectsenneie  0cOGEHHOCTH 3TOM XAPAKTEPHCTHKH COCTOAT B TOM, 4TO
GLICTpOS HapacTaHue Toka /, B pewive BO3BDATA CMEHAETCA MENCHHHM
POCTOM B peWHME NPAMOro nepexrara.
Kosdpuunenr B, suuncaennwt no dopmyae (41.10), nosoanHO
61u30Kk K aeHcTBRTETLHOMY, Popyyna (41.7) Toabko NPHOINKEHHO
EWDPAKACT 3aKOH TOKOpAcTIpede-
fote JCHUS, NMO3TOMY 10T4HA HAG.TI0-
I A4ThCA HEKOTOPAR 3aBHCHMOCTh
| I, B, or nanpswenuh. [lpy [/, =
g = {/,, KOr/la BTOPHUHAA SMHCCHA
YCTPAHEHA NOYTH IHETUKOM, MOKHO
OAUAATL HAUDOALIUCTO MOCTORH-
CTBA, 4TO H NOJITBEPWIAETCA HA
ONHITE B LIMPOKHN npegenax.
I Nlas TpHoaoR ¢ saexTposamu
ty = Ua-/gl Mmoboft dopyu Gopmyan (41.5)
%wmdt oy (41.7) ocranTes cripapeaan-

BHMH C TOH K€ CTENEHBID TOY-
Pue, 330. Bun sasucumoctn Iy i, ot U,

’ HOCTH, 4TO M A9 NAOCKHY TPHO-
MpE NOCTOAHHOM H ROJTOXHUTEIBHOM Hamps- h .
scennn L, JIOB C SKBHIHCTAHTHRIMH CeTKaMmu,

pasyMeercs, C HDYruM# 3Haue-

HEAMH RO3(WpRIMEHTOB B, u B,

Teopua nepeuynoro Tokopacnpezeseurs s pewuMe upaMoro nepe-

XBar4, HC YUHTWBAlOULad, OAHAKO, BIAAINS TPOCTPAHCTBEHHOIO 3apaia,

Gelna paspadoTana WnaurenGeprom. Cokpamennoe usaoxenune ee oM.

[71.5.3, ra 7; 159, ra. 13]. Kpurauecknii pazbop pabor no reopun

TOKOpacnpeaeieHns N Haubonee TOuYHBE  KOJHYECTBEHHbIE pacgeTn
cm, [J1.5.27].

) T

fa

§ 42. Xapaxkrepuctuxn u napamerpbl tpuonos. lipumenenus TpronoE
H [PEMEPBHI KOHCTPYKLHHA

1. XapakvepucTukn aHONHON uenM «<HIEATLHOrO> TPHOAA U cpaB-
HEHHE WX C XapakTepucTHKAMH peansHLIX TPUOLoB. ITaockufl ian
UAIAHIDHYECKHA TPHOA ¢ OIHOPCIHOH COTKOH ¢ AselKaMn NMPGH3BOILHOR
(hOpMBI H KAaTOAOM, CIOCOOHBIM 3MHTTHPOBATE HEOTPEHHYEHHOL YHCI0 3JeK-
TPOHOB € HY/JeBOH HAYaNbHOM CKOPOCTLIO, HUAE Mbl 6yaem Ha3nBath
«HICATBHLM  TPHOAOM». XapakTepHCTHKH TOKA KaToja I, «nIeaanHoro»
TPHOIA HE HMEIOT, OYEBHIHO, YYaCTKA HaYaJbHBIX TOKOB M VYaCTKa TOKa
TACHIIIEHHA M CBOAATCH UCAUKOM K FYaCTKY NPOCTPAHCTBEHIOrQ 3apana,
A3 ROTOPOro 8 TOYHOCTH BHIOJHAETCH 3aKOH TPEX BTOPHIX,

Mpn U, <0 ana <uneansroro» Tproaa (§ 40)

I.=0, axfsz(Uc-{—DUa)”'. (42.1)

§ 42] XAPAKTEPHCTHKH M NAPAMETPH TPUOLOB 171

Ias anockoro TpHOAa
3y —
K= KII.‘I - Gnno f![m -

s Q I 3
=233.1075 % _ - [a/e%/2],
di. [1 +D(I +%dc.a )] 73

=%

E.C

(42.2)
rae

' s @
==1233-10"¢
Gm e

la/e*s], o

nx=— 4 dc_a\] ‘
(LIS =

Iaa puARHAPHYECKOTO TPHOIA NEHCTBYIOWEE HANPHKEHHE B IAOCKOCTH
CETKH C YYEeTeM NPOCTPaHCTBEeHHOTO 23apAaa ¥ KaToZa PabHo
U+ DU,

I+D(1+%—ln:—‘:)

U,=

CnenoBateapHo, YUHTHEBad, UYTO AEHCTEYIONAA JAJNWHA CETKH paBHa
amuHe anoaad (Zo)yencr =7/, A toxa I, npu U, <0, momyunm:

3y -6 chaU;/E —
la=le=Kuuy (Ue + DU+ =233- 10—+ =
rage (r_)
g
Uals
=2’33‘10_G_Q_35—r [a], (42.3)
i (55)
Km«m — Guuﬂofl{ﬁw =
. Qa L [a/8%2]
==233.10"¢ 7 3 r.\1%s !
o o]
L (42.4)

Gmm =2,33-107% ._Qﬂ_r
rarcf? _c)
Ty

1
. ! 2 r,
1D {572

[H,"BBIE ]5

g

nua =

Ha puc. 351 nocrpoenn rpadmxu sapucumoctd I, ot [/, npe pasaHusbx
U, ([n:fi(Uc)Uamconst) v I, ot U, npn pazamusux U, ([,==
= f,(Ua)Uc=const) AR «UALANLHOrO» MJIOCKOrO TPHON3,- AAd  KoTopero
' D=10,04 1 K=0,55 xajs*/s. Kpusue [,— f,(Ua)Ucﬁmst' HA3KBAIOTCH
AHONMBIMHM H KpuBme [,— fi(Uc)Ua=cons! AHGAHO-CETOYHBIMH  XapaxTe-
pUCTUKAMH. XapaxTepuCTHKH <HAEAMBHOTO» TPHOJA HA BCEM WX MpOIA-
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KEHHI — MAPALIETRILIE B 3KBIMCTAHTHHE JHHHE. B cayMoM mefe, ecam
Iy=vconst, 2 U, B ), H3MEHAIOTCH COOTBETCTBEHHO Ha AU, w AU, 10
nz (42.1) creayer:
Uc"i_DUa:Uc+AUc+DLFa—;_DAUa’
AL, =— DAl
DT0 paBeHCTBO MOKA3LIBALT, 4TO Ha MIocKocTa (/,, {,) pasnmM npa-
paulenuay Mapaverps AU, npi BCeX SHAueHWAX Opauuartu [, coorser-

B ]Kﬂ 3U
ey
T A

-2 -8 -4 0

[ —

U, 8

Puc. 351, XapaktepucTugn <uicanbuoro» TpHoia ¢ 0 == 0,04

u K =1{0,35 ,ua/ssfﬂ. Ha nescit cropone pucynka ykasauw S

M R; 119 DPa3sTHUHHIX 3dHauenuii f,.
CTBYIT paenwe npipamenua AL, alcuwacest I/, w amanornamo ma mmo-
ckoctH (fy, U) pasnbm  npupameHnsy napamerpa AL, COOTBRTCTBYIOT
paenwie npupamenus AU, aGcupcest 7, Dro aokaamBaer, uto ofia coMeli-
CTB2 XAPAKTEeDHCTHK [apanaiefbHbl H IKBHIACTAHTHE,

Ha puc. 352 wusolpamens esMepeHuwe IKCMEPUMERTANLHO aHO0AHO-
CETOYHME H dHOJHHIC X3aPAKTEPACTUKHM ABYX TPHOROE: Tphoga YB-107
(Tpuox BeemIero u3 ynorpeGaeHHA «YHHBEDCAILHOTO» THOZ C [PHMO-
HAaKa.IbHBIM KaTOXOM — puc. 352, @) B COBpPEMEHHOro TpHoga AAs YCHIe-
HUA HAanpsxeHns HN3Kol wactotel 6C2C ¢ OKCHAHBIM MOAOrPEBHBIM KaTO-
ooy {puc. 332, 6).

- Ocnosrolt paBovedl 4aCTHIO  XaPAKTEPHCTHK PHEMHO-YCHAMTEbHBX
TPHOIOB  ABAASTC  Aekauli® npu {/ < 0 yuacTOK NPOCTPAHCTBEHHOMD
3apAla, KOTODHM H OFPAHAYHBAKTCA OOHMHO B CIPABOYHOH MUTEpaType.
Ho na puc. 352, @ AcHO BHAEGH W Nepexoa K HaCHILCHA0; COOTBETCTRY-
WILKE YACTH XAPAKTEPUCTHK HECKOABKO 3KCTPANOJINDOBAHE BITPHXOBEIMH
TRHEANH, . ' I B

Cpasuenue puc, 351 u 352 TMOKa3s6IBACT, UTO B 3HAMHTEABHOH O6aacTn
snadennt U, w U, w npurow me Tomwxo npu {/, <0, xapaktepuctuka

R T i o

§ 42] XAPAKTEPUCTHRY H TAPAMETPH TPHOIOB 173

PeanbHBX TPHOAOE C JA0CTATOUHOH TOMHOCTBIC NAapalienbHel H IKBHIM-
CTAHTHH. JTOT BHBOA COPABEAIHE AR BCEX TPHOAOR. Boabllle Toro,
€GO YHEeCTh TEOMETPHUSCKNE OTKJAOHEHHS PEeadbHBIX TPHOJOB OT NAGCKOH

lnlema
24
22 —
20 —
18
16 %
1 \"“ =
2 Y
pt p A L
N 4
5 s 1 A |
= S A e N /——-‘ -
T [ '
74 - /I gL ELE ‘i/\ - !,g,g,w(/ﬂa
2 A s W AR by T8 T8 W
a 20 406053-‘6@?&’0740;&9!50200%,&

al
T
1
% 'I‘LW | !
SEAG
&1 11
4 £ ;?/5:\ ]
4 - ‘/b{,\
/( Jr J\KL
7 /} // d P dN ] ]
4 — vy a
/A // 4 /// 4 ,\b
A A A A
s - e
- -12 -8 -4 a g g 200 S0 400
U, 6 ) 9 Uz, 8

Puc. 352, Xapaktepucrnkn TpHoIos.

& — AHOIHO-CETOUHLIE H AHOTHLIC Xap2KTepHCTHEH Tphoda ¥B-107 ¢ kKaTolow npwumore Barasa;
§ — AHOZHO-CETONHEIE U AHOTHBIE XAPAKTEPHCTHEH TpHOIa 6C2C C KaToa0M KOCBENHOID HaKana,

UM WHARHZDUYECKOH KOHCTDYKIAH, TO BOMNKHO i10Ka3aTh, 4TO 3aKOH
TpeX BTODHX [aeT B DEXHME TPOCTPIHCTEEHHOTO 32pAla He TOALKO
BEPHHIE KAYEeCTBEHHO, HO ¥ KOJNHYECTBEHHO YIOBJAETEODUTEIbKHE pe-
BYABTATHL

Tarkum 06paz0M, ONWT MOK2SHIBAET, YTO NDH H3YHEHHH PeabHHIX pH-
OACE MOXHO B OMpeJefeHHBY [pele’ax N0Ab30BATHCA 3AKOHOMEPHO-
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CTAMH, HalAEGHHHIMA [N «KIedaNbHOrO% TPpAQA. Mn BOCHO.’]I:;S}IEMCH
TUM Mpekie BCerc ANd BuMUCIeHHA AudbepeHlHadIbHEX [apaMeTpoR
TpHOLA.

2. Mlapametpsl 8, n, R; 4 X 3ABHCHMOCTb 0T KOHCTPYKTHBHREIX
RaHHBIX W pewuMa. uddepenunanbasie napaMerpel BBOASTCS B TEOPHIO
TpHuOaad AaA8 ONHCdaHHA er0 DoOBEJCHHH OPH HANHYAM NEepPeEMEHHBIX Hanpa-
wenufl, Ilapamerp, xapakTepusyouid# OTHOCHTEIbHYIO 3(PMEKTHBHOCTH
BO3ACHCTBEY  Ha aHOAHWME TOK aHOAHOrO ¥ CETOMHOTO  HaNpAXeHwui,
Ha3WBAETCH KosphuuuenToM ycuaenus. Kosddmupent ycunenms — Ges-
pasMepHas BENMYHHA;, OH PaBeH

dU oU. =
b= [dU:] Ia=c0nstx_—5—U_:' (420)

B dopmyae (42.5) dU, w dU.—s310 mnavenenns {, u U/, upw
0AHOBDEMEHHOM BOBHHKHOBEHEM KOTOPHX /, OCTa€TCH OOCTOAHHBLIM. 3HAKH
WX, OYEBHAHO, MPOTHBOMNOIOKHLN U (% — [NOTOKATEbHAR BEJIUYHHA,

Ha dopmyan (42.1) caenyer, uro npu [, = const

(@U, 4-dU,-Dy=10, (42.6)
OTKY A3 ’
"dl, 1
- [Hj:] , = cost =4=x5-

Takum  o6pasom, RO3MOMHUUEHT YCHICHHE ONpEAENASTCH  UCKIIO-
YHTENBHO TeoMeTpHEH TpHOLa M HE 33aBHCHT OT ero pewuma. Kax
Beanyudy, 00patayw [, ero MOwHO BuMHCAWTE N0 GopMynam § 40, u
HaoGopOT, onpefenss NO XapakTepHCTHKAM TPHOMA 1, MOKHO HalTH fpo-
HawaeMocte L. Haupumep, A1s naocKoro TPHOAA € HE OYeHb TyCToH
cetkod no Qopmyae Makceeanz — Ulotreu (40.17)

__2ald,
in L
an

Kosdpuunent ycunenns onpenenser noloxenue HawajibHOH TOYKE Xapax-
TEPUCTHKY, cooreeTcTBYlowed /,=0. VI3 dopmyan (42.1), 3amensia B Heft
0 wepes 1/p, moayuaeMm AN HAYATLHOH TOYKH ZHOJAHO-CETOUHOH Xapak-
TePUCTHKH TIpH 33ajaHioM [/,

H LM HauanbHOW TOUKH aHOJHOW XaDAKTEPHCTHKH NPA 3aTaHHOM 1A
(]
I, =

Uo HASHBAIOT HANDAMEHMEM CIBMTA AHOAHO-CCTOYHOH XapaKTEPHCTHKH
WM 3aNUPAOUIEM HALIPAKEHHEM,

o aw—=—ul

§ 49] XAPAKTEPUCTORIT I TAPAMETPH TPHOIOB 175

Bropem anddepeHuHANBHBIM [TADPAMETPOM TPHOAA CIYHHT KPYTH3HA
aHO1BO-CETOYHOH XapaKTEPHCTHKHM HAHM NPOCTO KPYTH3NA, ONpelenseMan

COOTHOIUCHHEM
= =[] 12.7
S_ducﬁLdUc Uazcomt' ( ’ )
Ha dopuya (42.1) n (42.2) creayer:
R B Y S0 B RS BN S PR
S=op Klenyl) =i b gy
=3 G*ralls=al'h, (42.82)
3:1er @ — NOCTOSANHaA, HE 3aBHCHAILEA OT PRI, E-’]ﬂ OAQCKOro TpHoaa
3 o _ -4 Qs Y
an_,=?0”"f:rn_q-—2,64-10 San T ia®'s /8] (42.9a)
H.-C

H A48 [IHHIPHIECKOrO
ﬂ;‘a
Qq
fro

VK

Ay = 2!64' 10753[“1.1 iy [aﬂf,qua]‘ (4296)

Beoaa niotiocte 10ka j,=1,/Q, noayusm Aad miockoro Tpmoaa:

A ’:- 2.-"
fa S 964.10%,, 9,_; I1s]a/s). (42.86)

T
dK‘.Ca dK.C

S=264.10"%,,Q

BryTpentee conpoTHRACHNE TpuoAa K, BHOCHMOE HM B QHOJIHYI HETh,
CAY&HT TPETbHM MapaMeTpoM Tpnoxa. (QueBHaHo,
R, — oLy [(iUﬂ

(7]:—- E]UE=EOHSI . (42i0)

Tpa napaverpa », S w R; MoxHO cBasarh Meway cobofl. [dudbepenunpys
dopuyay [, = F(,.0), noayaum:

A

s gpr 1.

. I
diy = dUy=SdU + 5 dU, (42.11)

oL, ;i

Myvers df, =0, Toraa w dopuyae (42.11) 44/, n d L/} — KOMIEHCHPY10-
WHE APYT IPYT3 a3MEHSHUA HAApawednd w a3 (42.11) caeayer:

dil, o
s+ ], o B 0
1n ¢
n==23SF, (42.12)
1 1
Ri:'D‘S‘Z_TP' (4213

s yparuenms (42.13) nas R, N0OAy4deTCs BRPZKEHHE, HAOWEE 3ADHCH-
MOCTb R; OT pekdma M Ol KOUCTPYKTHBHBIX NAHHHX Tpuoaa. Y pasHeHue
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[;2.12) HA3BILACTCH  BHY IPEUNUN Y PGBHEHHEM TPHOAZ HAH YD2BHEHHEM
aprrayscna. OHO CHpaBedINBO, Da3yMEEeTCs, 1.1 Tpioaa sGolt xou-
CTPYKUHA, 3aBUCHNOCTb NMApaMeTpon n, S u 1/R; ot I'Y2 nas «pagaannoros

. a ¢
TPHOLA NOKa3ana Ha pic. 333, a.

3) (i)? 5

Puc. 333. 3apu : L
CHMOCTL flapaMerpoB TpHola S, 1'% B p o1 /% a—nan

<HAEAIBHOr Oy TpHOIa, 6 — H3MepeHuan SKCNEePpHMEAT ILHO,

YpasneHuamn (42.6), (42.8), (42.9) n (42.13) ycranapawsaerca cnssb
MERALY KOUCTPYKTHBHWIMH  1auHbMH TpHOAa d, ., d,, m, L, @ # ero
napaMerpame p, § n R;. Merko pHaers, a70, HEMEIA KOHCTDYKTHBERE
AAHHLIE, MOKHO TOYTH HEIABHCHMO JIDYr OT APYra H3MEHATs K03-
(PHUBEHT yehaeHns n u kpyrusny S,

HMsmensn d,, nan Q, wmowuo, ne Mensa 2, OUeHb 3(PPEKTHBHO BO3ICH-
CTBOBATE HAa Bemunny S, C apyrolf CTODOHH, u3veHss Ko3arbuuneHt
JANOTHEHNS  CETKH  m uwan d., MOKHO CHABHO H3MEHATH uw— 1/
TOABKO  HEMHOTO BO3ICHCTBYS Ha § wepes xozdduunent s, cnaiéo 3333:4-!
crwii or D,

Ionyuennwe Belme 279 FIeatbHwX TPHOZOB GOPMY.TH, ¢ XOpoInpy
UpEGAHKEHHEN BHIMOJHSICIUECS B PEKHME NPOCTPAHCTELIHOT O 3apﬁ£-a
4713 pedIbHEX  TPHOIOB, A€AAOTCA HENPHTOAHRMH B DEWHMAYX, COOTBET-
CIBYROUHY BEPXHHM I UHWINM YUaCTKAM XapaxTepHCTHK DPeagbHbIX TpH-

010B, TA€ uCYE3ALT HX CXOACTBO € X2PaKTEPHCTAKAMH HIadbHOLO
TpUGAA

W e e e -
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Ha sBepxHeM yuacTKe aHOAHO-CETOMHOR XapaKTEpACTHKH B CBA3N
€ HMCUEBHOBEHHMEM MUHUMYMZ NOTCHUHaNZ Y KaToAa NMPH OprOJIHKEHHR
K HACHILEHHIC TEPAET CHJAY 3aKOH TPeX BIOPHWX W AendeTCs HeBEePHHIM
cooTHomene p=1/D. TlpeumyulecTBO CEIKW MEPEN aHOAOM KaK 3/eK-
Tpoda, GoJee Oan3koro K 06GAaKy 3AEKTPOHOB Y KaToAa, TEPAETCA, H
OTHOLIEHRE KOMOEHCHPYWILBX ApYr Apyra u3MeHeHudl HanpsxeHuf
Al, "
30,
8 » yeeawuuBaerca Ry, Tak kak wamenenwe [/, 0 U/, B pewume unaco-
IIEHHA TOABKO OYeHkh caabo BAMAET Ha Bemwuuey Toka /.

Cpaenenne puc. 351 n 352 noxazsinaer, 4TO HUKHHEC YYacTKH XapaK-
TEPHCTHK pealbHuX TPHOAOB HMEOT X0 Gonee NOKGTHHA, YeM y Xapak-

‘ﬁe‘pm:m;?am 0cOBEHHO XOpOIIO 32METHO ¥ TPH-
oma 6C2C. Havamo XapakTEepHCTHK peaabHHX TPHOLOE JEKHT JEBEE
TOUKH, ONpEeneieHHol W3 TeopeTHueckol dQopmynm (/. = — U,/p npn
NOACTAROBKE B HEe 3HaveHus KosqipuuuenTa ycHaewus p=1/D, coor-
BETCTBYICILETO CpEAaHed YacTH XapaKTeDUCTHKM, ITo yKa3nBaeT Ha TO,
910 B <€XBOCTE» XaPAKTEPHCTHKH (KAK 4aCTO HA3LIBAKT €€ yAJHHEHHHIH
HEGKHMH  yuacToK) . yMeHblsaerca. Kpome Ttoro, ma stom y4actke S

Menbuie, a R; Gosablue, uem TOro TpedywT QOPMY/E HALAILHOIG TPHOAR,

. I

COrAacHo KotopuM S~ [ 2 u R‘.N(T_
a

XOMa aHOAHO-CETOMHHX H aHOAHMX xspakrepuctuk. Ha pue. 353, 6

NOKA38HA THIHYHAA SKCEPUMEHTANbHAS 3aBHCHMOCTh p, S u 1/R; ot {3

H3 KOTOpOH OTYETAHBO BHOHO, YTO HAa SHAYHTEAbHOHR uyactTH XapaKTe-
PUCTHKH 33BHCHMOCTh NapaMeETPOB OT peXHMa XOPOWQ COOTBETCTBYET
TEOPETHYECKOH H TOJALKO npa HeQOALMHX [, BO3HAKAWT OTCTYNAE-
HEA OT TeopuH. OTCTYNJEHHA OT TEOPHH CBA3AHBI C HECKOJbKHMH IMDH-
UHHAMY,

OcuoBHOH OpHuHHON, ACHCTEYWIIEH B TPHOZAX BCEX KOHCTPYKUMH,
CAEAYET CUATaTh HEH3GEeKHHE B TOH WIH HHOH CTEMEHH HEOIHOPOAHOCTH
CETKH M HECHMMETPHIO €€ NOMOKEHHS N0 OTHOWEHHI0O K KATOAY W aHOLY.
HanpuMep, xak ymxe OTMeuyeHO, B MECTaX, TIE NPOXOAAT TPaBEP3H,
K02 dULHEHT 3aMOJMHEHHA CeTka OOoJblle, a JOKaAbHas NPOHWLAEMOCTH
meneine. TaxuM me o6pazom OyAyT BAHATb Da3AU4YHA B PACCTOAHHAX
CETKa— aHo/, ecAn JopMa 3TEX 5A€KTPOJOE HeoarHaxora, TpHOR € HeOA-
HOpoOHO#f HIM HE BOOJHE CHMMETPHUHOM CETKOH MOXHC UPEACTABHTH
cebe COCTORLIMM H3 HECKONBKMX MNapaafenbHO BKAWYEHHMWX TPHOMOB
¢ pasnuuHpiMH 3HaueHuaMH w. [IpA MOMMKeHWd HanpwxesHs CETKa (/,
CHaYala OKaAMETCH 3AMEPTHM TOK B TPHOAZX C SOABWIEM $ M HA HHXAEM
YUACTKE XapawTepBcTHKH OyayT ACHCTBOBaThH TOALKO TPHOAH, TAE [
UMEET MEHBIUYIO BeauunHy. DhpeKTHBHHH Koadduunent ycunenusn sceht
Namrisl  31€Ch, OUYEBHMAHO, YMEHBLIHTCH, H BMECTE ¢ T€M YMEHBIUATCA H

. KpyTH3Ha S, Tak Kak 4acTb NOBEPXHOCTH CETKH HE MPONYCKAeT TOKa.

Ha ofpazoeanne <«XBocTa» XapakTEPHCTHKH MOryT OKasarb B/AHAHHE

M APYrHE KOHCTPYKTHBHHE 0COOCHHOCTH Tpuosa. B Ttpuoaax, rae xarod

J‘”a“” (cm. (42.5)) ymenpmaercs, ONHOBPEMEHHO CHILHO YMEHbUIAETCHA

/s
. 9TO XOpoIO BHAHO H3

7 B. W. aocuos, 4. II.
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AAUHHEE CETKH, SMEKTPOHM € KORLOB KaTO4a NPOX0ZaT K aHOLYy MHMO
CETKH, yCKOAB34n 07 €€ ynpasasiomero AeHcreuA. TOX 9THX ACKTPOHOS
CETKa MOKET [IPEKPaTHTL TOABKO MPH OuYeHb GOABIIHX OTPHLATENLHHX
HanpaAeHAAX,
B pewume octposmo#t swmccum, oF KOTOPOH MpPAKTHYECKH HENb3s
Hz6aBHILCE B TPHOAAX ¢ GOARILOH KPYTH3HOH, HMEIOLUHMX OYeHL Majoe
paccrondue Katon—cerka (oM. opmyay (42.85)), omaTh MOKHO pasnennTh
TPHOL HAa PAR  ZAEMEHTAPHBHIX TPUOIOB, COOTRETCTBYIOMHMX yd4acTKaM
KaTodd NOA TNPOBOJNOKAaMH CETKH M Y4acTKaM NOA OTBEPCTHSMH CETKH.
Iipn  noumskenun [/, nepsme OyayT 3amepTsl paHbmle, NOCIE Yero,
BO-IIEPBBIX, HAYHET YMEHbMATLCA AEHCTBYMIAS MOBEPXHOCTH KATOA4, UTO
NPUBEAET K  yMEHbIUCHHIO §, W, BO-BTOPHX, YMEHbIIKTCH B, TaK KaK
ORAAYTCH 3AMEPTHMH TE 3JEMEHTADHBIE TPHOLM, HA TOK KOTOPHIX Hanps-
wenwe [/, pelcreyer Godee sdderTHBHO, Caenosarennno, ecan samipa-
HHE TOKa B TPUOAE NpH MOHKKEHHH (/. NPOXOMMUT uepes CTALHIO, B
KOTOPO# OCTPOBHOH 3D¢eKT Apko EBpameH, TO Ha XAPAKTEPHCTHKAX
00paayercst yANMHEHHEH HUKHUK YYacTOK.
3. Jlamnel ¢ kopoTroit M yaamHeHROR xapakrepucTERamMi. OGpa-
30BAHHE BHH3Y XaDaKTEPHCTHK YYACTKOB C MNOHHMKEHHBIM 3HAYeHUEM 13
BHIABHTZET TpH KOHCTPYMPOBAHMH 3JEKTDOHHBIX NaMNl ARE NPaKTHYECKHE
3anaun. Ilepras W3 HHX — KOHCTpyupoBaHue TPHOA& € BO3MO#RHQ Gogee
NOCTOAHHBIM - KO3(DPHUNEHTOM yCEAeHHs © ETOPA — KOHCTPYHpOBaHHE
TPHOLA, HUMEHWErG HA GAHOM YYACTKEe XAPAKTEPHCTHKH O0AbLIGe g uS
" HAd APYroM yHacTKe, AOCTAaTOUHO JIMHHOM, HeGoabwne p u S, TTepBbii
THE 7naMil. K KOTODBIM C HM3BECTHHM MNPABOM MOXKHO OTHECTH BCe OGHN-
HBIE THHOIB C JOCTATOYHO OJHOPOAHOH CETKOM, HASHBAIOTCA JaMIAMU
€ KOPOTKOH XapakTepHCTRKONK. BTOpoH THN — 3T0 AaMhbl € YAJTHHCHHOH
XAPAKTEPUCTHROH (YNOTPeGASIOTCA T2Kke HA3BAHHA «jaMOa C YATEeHHOH
OTCEUKOH  TOKa», «/avMma ¢ nepeMeHHod KpyTuanoi»), Tpromw c vaaH-
HEHHOH XApaxkiepHCTHKOH Ha NpaKTHKE He npAMensorcd.  OgHako
HOCKOABKY AEHCTBHE  yNpaeAfiomweH CETKA MHOTOCETOYHMLIX JaMil  He
OTAHYAETCA OT ACHCTBAA COTKM TPHOLZ, MOKHO Yyxe cefuac PaceMoTpeTh
crocolbi MOAYHEHHS YAMIHEHHHBX XAPAKTEPHCTHK,
Kouctpykraehoe pewenne Leproft samayn Halte gerxo. Hywno,
BO-MEPBHX, A06MTHCA HauGOABIICH OIHOPOIHOCTH CETKR, OTKa3aBIUHCh,
HANPUMED, OT TPABCP3 H MEXAHWYECKH YKPEMHB CETKY WHHMHA CHOCOGaMH:
BO-BTOPBX, HAA0 YMEHBINTL O6NACTL HEQNHOPOAHOTO TIOAH CETKH H
0CAalHTL REHCTBHE HEOZHOpOAHOCTEH Ha HPOCTPAHCTBENNHH 3apan y
kKatoda. [dad storo HyxHO CETKy [IEJaTh ¢ MEJKUMA sueliKaMH H H3
TOHKUX NIPOBONOK # HE QOMEUAT» ee CAnmKkoM Gausko K xaroay. Hako-
HEL, HEOJAHOPOIHOCTH NOAA OYAYT Cnaliee CKAa3bIBATLCA B CAYUae [LMITHH-
OpU4eCKol HAH Oauskol x UHARHAPHYCCKOR KOHCTPYKLUAH 3JEKTPOIOB.
3aKkoH M3MEHEHHA MOTEHWMAa B TAOCKOH CHCTEME 3IEKTPOJAOR BMEeT
45 e

gua U= {J, (%} “us URTHAZPAYECKOH cucTeme (/== {/, (rL) ? us
a2

STHX (ODMY1 BHAHO, YTO NPH PABHBHIX OTHOLIEHHAX x/d n rjr, noten-
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HHaA B TAOCKOH CHCTEME 3SJEKTPOAOB BCErJa HUAKE, YEM B HAAHHADH-
yeCKOHR, TaK YTO HECOHOPOAHOCTH, BHOCHMBIE COTKaMH, OPH DNPOUNX pag-
HEIX ycaoBuax OvayT cHAbHee HCKawarh Oosee cnaloe mosne y KaTota
B TPHOIE ¢ ILIGCKHMH 3JEKTPOoAaMu. HaroA KOCBEHHOTO HAaKala HMeer,
KdK [paBHao, HEOOJbIIVIC KDHBH3HY, K Ero CJedyer pacCMaTpHBaTh Kiax
HOYTH MAOCKME SJACKTPOIL, NPAMOHaKA/MbHKWE Katon BCErOa OYeHb TOHOK,
M TPHOZ € TAKAM K4TOZOM HE33a8HCHAMO OT (OPMBL CETKH M aHoxa Gau-
30K K TPHOAY C LHIAHAPRYCCKAMH 2aeKrposavu. HauBoasiiero nocrosn-
crea  KOMGMHUHERTa YCHACHHE CJAeIyeT OXKAaTh, TakuM o6pa3oM, B
TPHOAAX € NpAMOHAKAALHEM KaToAOM. [locTofHcTBO Ko3dduLHeHTa yCu-
feHNs MPAMOHAKANBHLIX TPHONOB HCNOABIYETCA HA MPAaKTHKE (CKOHEUHbiE
TPUOAR YCHARTENCH HH3KOH YaCTOTHI).

Bropas 3ajaya — KOHCTPYWDOBEZHRE DN@MA ¢ AJHHHEM, MOJOFEM
«XBOCTOM» XapaKTEDHCTHKM — BO3HUKAZ M3 NOTPEOHOCTER  npakTukm,
B npuemHHKEe CcHrHas, yCHIeHHHH 10 BRICOKOH HacTOTe M MOMAaHHHE na
JeTeKTop, HE IOMAKEH OBTb CAMMKOM cAa0, TaK KaKk B 3TOM CAy4ae oH
Oyner n10X0 NPOJCTEKTHPOBAH, HO HE AOLKEH OHTh M CIAMILKOM CH/EH,
uG0 2T0 YrpomacT uckawednsMmu, CHrHANH ZancKHX CTaHUKH XEaaTedbHo
YCHAMBATE Ha YUYaCTKE XJpaKTepHCTHKH ¢ GonbumMe p u S, a ans cer-
HAIOB GAHSKMX CTAMUMM JKeNaTEAbHE Maihe u H S

XapakTepUCTHKY € TaKHMH CBOHCTBAMHM MOKHO IIOJAYUHTR B BHIE
CYMMapHOH XapakTEPHCTHKH ABYX NAPAANEIbHO COCAHHEHHMX TPHOHLCS.
[Iycte aBa TpHoZa ¢ napaMeTpame (g, Sp), (s S;) coeanHens: mapan-
AGABHO W NYCTb 1y > S > Sy

Ha pnc. 354 noka3asn  aHOAHO-CETOUHLIE XAPZKTEPHCTHKH 060HX
TPHOJOB NpH OZHOM W ToM #e (/. CABHrH XaPaKTEPUCTHK /JaMNl PaBHS CO-
OTBEETCTBEHHO (Ucn),--_.:—i};,?a H (U= I

.
_-:——L—ﬂ, H TaK Kai {y >y, TO B Ope-_

2

aenax oT (U,h mo (Ug) BO BHEWned
Leny TeYeT TOK TOALKG OT BTOpPOro TpHoaa
H CYMMapEas XapakTEDHCTHKAa COBMNAajaeT
¢ ero xapaxrepuctukofi. Ha stom yuactre,
CEA0BATEABHO, CYyMMapHas XapaKkTeph-
CTHKA NOn0rass H p=—yp,, T. € Maad. [lpu
| Uy | < t/yfpy, B 0OK2CTH OTPHLATENbHEX

TOK OT EPROH JaMiel GRICTPO AeaeTcs
v p B wou & W Ul
MHOro OOABIIMM TOKA BTOPOH jaMnl
HA HEKOTOPOM PacCTOAHHU OT TOUKE A, pyc 454 [loctpociie cyMMap-
Aewamedt npm U, =({/ ), CYMMApHRH  Hoft xapaKTePHCTHKY ABYX Apad-
TOK NOYTH PaBeH TOKY HEPe3 NEpBHH AeIbHY COSAHHEHHN X TPHOIOB,
TpHOA. 3aech CyMMapHad KpYTH3Ha OpH- Y
MepHo papHa S; KM xo3pduuredt ycuienus Oamsok K py. 002 yuactka
XAPAKTEPHRCTHIKH, NOJOrAA U KpYT1oH, coeaHHenH HEOOAbIIUM NEePexoiHHM
Y4acTKOoM.

?t
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[lse naMnel, COEAMHEHHHE NADANJENBHO, MOKHO 3AMEHWTh OIHOH,
CCTKZ KOTOpOH HAa OAMOH vaCTH MOBEPXHOCTH WMEET NpOHULAEMOCTh D)),
a Ha apyrol D)y YnoGHee EBCEro pasiauuus MPOHMIAEMOCTH AOGHTBCR,
MEHAA  KODPQHUHCHT 3aNOAHCHAN CETKH, HAUDHMEp, H3MeHss Iar ce
HAMOTKM (s cuupasibHolt ceTku). Takaa ceTka n3oGpakeHa Ha puc. 344,
Ecan, kak 310 nokasano na pucymke, L4, Dy > Dy, To TOK uepes
Y4acToK ceTkn ¢ Oospuiol mpo-
HHHAEMOCTBEY [ W, 3HAyWT, C
MEHbILUMM ==\ 6YIET cocTaB-
JATE HeOO/BIYIC YacTh 0OGWIErD
TOKa 4Yepes NaMOy W XapakTepu-
CTHKa OyIOEeT MMETh YAJHHEHHBIR
YUaCTOK.

4.” CeTouHble TOKH npu
U. < 0. Tepetizgem & wuayyennio
TOKOB, TEKVIUHX B LETH CEeTKH,
XapaKkTePHCTHKH CETOYHOIG TOKA
I, U, (ceTounme xapakTepHCTH-
KM) MPELCTABANIOT IPAKTHUECKAH
HHTEPEC, TaK KaK BXO/AHOE ynpas-
JAIOIWIEE  HaNpsAkKeHHe [0AAeTCA
Ha CETKY H BeJHYMHA

i

RBK:()_[C— (42.]4)

OlpeJenseT BXOIHOE COUPOTHB-
=36 -20 -1 a JdeHHe JlaMnel.  Teoperuueckoe

Puc. 335, XapakTepucTHKH H KOHCTPYKiua ONIPEACACHAE  CETOURKYX  Xapak-
CeTKM TPHONOR ¢ yAAMHEHHOH Xapaktepy- JEPHCTHK B obaactw  {J, <0
CTHKOH. BCTpetuzeT OGoanluHe TPYAHOCTH
Beuay OOMBIIOTG  pasHooOpasus
usnuecKux (PaKTOPOB, BAHAIOIUAX HA CETOYHBLH TOK, UMeomui B sTol
YacTH XaPAKTEPUCTHKH BCErla Magoc aHayeHHe,
Paslepem BONpoc O MOPHPOAE CETOYHWX TOKOB npa [/,™>0 u
U: <0 u U, GaMBKOM K Ry,
Veaoswe U, =0, rae U, — ucTHHHO® HanpskeHde MEXAY KaToaou
W CETKOH (K3aTO1 CUMTAETCA SKBMIOTEHUHAABHBIM), T. €. HANPEAKEHHE C
YUETOM KOHTAKTHOH pasHOCTH NOTEHUMATOB MEWIY HUMH, ONpElenser,
PR KdKOM  BHELIHCM HANPAKEHHM HaunHaeTcR 061acTe GHCTPOFO pocTa
CETOYHOrO TOK2, COOTBETCTBYNOUlAA CETKE, MOJOKHTEAbHOH OTHOCHTEABHO
karoza. [Ipu U <0 HexoTopwH ceTownsl TOK, NOT4HAMOUIAHCS 3aKOHY
HaYaIbHBIX TOKOB, [, HEH3GEKIO NMOAYYaeTCH 33 CUET HAYAILHWX CKO-
pocreh sacktponos, B TOR uwaw #HOR cremens BAMART Ha (hopmy ceTou-
Ho# xapaxtepucruxu npH U, <0 HOMHMH TOK Ha CeTKy I yreuxa
TOKd 1O Gaanony U UOKO0 JaMibl f,,, a TaKke TepPMO- u dhoTozAEKTpON-
Hast IMmccn caMmoft cetku S o on [ g
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Tok, TexywHMH Ha CETKY 3a CUET HavalbHHX CKOpOCTel, HaMeHAeTCs
IKCTIOHEHIHAILHO IO opmyae (cm. § 14)

I, = K.Lexp (%} : (42.15)

Popuyna (42.13) sepua, 1oabko ecan D <0,

bespasvepunii Koadhunnedt K, MOXHO Ha3zmaTh KOI(PHUHEHTOM
TOKopacnpenesenns B o01acTw HavadbHHX T0KOB cetki, OH ue pasen
KO3QHIUNEHTY TOKOPACNPEICASHUS B peKUMe OpPAMOro NepexsaTa #, B
YaCTHOCTH, 3aBUCHT OT AHORAOTO Ranpsxenus [/,. Jlerko noHsth, uto
npu  yseanuenew U, Koadpdunuent K, AOLKEH YMEHBIIATLCH, TaK Kak
Ha aHOA OyAeT yXOOHTh BCE OOJbLIUEE KOJHUECTBO INIEKTPOHOB.

XapakTepucTHKM CETOYHOTO TOKAa GYAYT (NpH YCAOBMH MaAOr0 BaAH-
AHHA OCTANbHLIX, OTMEYEHHBIX BHLie (AKTOPOB) HMEThb BHI, MOKa3anHHH
Aa puc. 356, ecar paboTa BHXON3 CETKH, Kak 370 ofW4HO BhBaert,
oapuwe paloTe BEIXOIR KATOI3,
Bce ocTaabHeie cocrasasiouipe
CETOYHOrO TOKA HMEKT Halpa-
BJEHHE, [POTHBOMNOJOXKHOE Ha-
yaabHOMY TOKY. MoHHEN TOK Ha
OTPHIATEIBHYI CETKY NOoJydaeT-
€A BCAEIACTBHE HOHM3auufl npu
COYJaperusx JEKTPOHOB, YCKO-
PEEMBLIX Ha HYTH K aHOZY, C MOJe-
KyJdaMB oCTaToyHoro rasa. Koan-
eCTHO HOHOB NMPONOPUHOHATLHO,
OYEBHAHO, YMCAY (TONAKHOBEHUH,
T. €. AHOAHOMY TOKY # JABAEHHIO
rasa, Tak YTO MOHHHHA CeTo4YHBIR

TOK anp
Puc. 356, XapakTepHCTHRH CeTOYHOIO TOKA,
fi=Cpl,= PI, (42.16) TeXyLers 33 C‘-IEIP HAYANbHHX CKOpOCTeH
anekrporos npu U, < Q. Tlo ocu aGennce
(Cp = P) naausaior nakyym-thax- OTIOWEHO HANDHXEHHE HCTOUHHKA
TOpoM Jdamnsl. Bakyym-thaktop e U

HE aomkeH npesoimate 1075 B

HEKOTOPMX cayyasx # 107% Tak Kak npu CuibLHOH HOHH3ALUH ORAMYTCA
UCK @KEHHBIMA XaparTepucTukn Tprona, [lpn P=10"* n [, =10 .«a no-
ayunM [ ;==10"7 g. 3T0T TOK MOkeT OHTE OTMEYEH TOJILKO OYEHb YyB-
CTRATEJBHHEM ¢Tpeaounstd npufopoM. CeTOUHHH TOK NOAOKATENLHREIX
HOHOB yMenswaercs npa U, —0 w npu U/ >0 ofpaumaercs B HYyJE.
XapaxTepucTika TOKa I.; umeer BHJ, noxasawHw# Ha puc. 357. ITpoune
HCTOYHHKH CETOUHOrC TOKA (TepMO- H OTO3NEKTPOHHAH IMHCCHH CETKH,
TOKH YTEYKH) B NPAaBHALHO CKOHCTDPYHPOBAHHHX W H3FOTOBJEHHHLIX JaMmax
HE Wrpawt saMerdolt poas. CONPOTHBACHHE MENIY WTHPLKAMH WOKOASA
XONOAHOH JNaMnm (compoTuBiaeHME YTEuWKH) aekuT B npeaenax 50 —
200 m2om, TaK 410 TOK yTeukH He npesnmaeT 107 g, wo B JaMmax
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6e3 mOKO.Sl W ¢ DPA3HECEHHHIMH BBONAMH COMDOTHB.IEHHE VTEYKA MHOrO
Goaeie. TepMOSMEKTPOHHAR HMACCHA  CETKH MOKET CTaTh 3aMeTHOR
TOABKG B OCOOMX Ciyuwasx, HAODHUMEp, €CAH TNPH W3TOTOBJICHHH JaMIL
Hd CCTKe 00pasyercs ocaliok

fo 4z ¢ Mano#t paboro#t BMX01a, a cava

CeTKa CHIBHO Trpeercs uaayye-
HUEM KatToda UIH aHoga. B aam-
Nax, KOHCTPYKUMSA KOTOPHX HpU-
BOOHT K CHABLHOMY HATFPEBY CETKH,
HA €€ TOBEPXHOCTH HAHOCAT 10-
KPHTHE, YECAUYUBaOLee padoTy
U i BHIX0xa. Jlyumie Bcero B 3ToM
OTHOLIEHHHM JeHCTBYyeT 30a0ue-
HHE CEeTKH. BapuH, aosrouseMsli
I € Karoda, auppyHIUPYeT B 30-
J0T0 H ofpa3sver ¢ HHUM CIJas,
obaanaomuil Beicokol paGoToft
BRIXOA3, HO €cCJaH Jake Ha 30-
aote obpasyerca CAOH OKcuna

Puc. 357. XapakTepuUCTHKH HOHHBIX ce-  0apuf, TO KoMOmHauns A —

TOUHHX TOKOB npH {f, << 0, BaO wumeer sHauKTeabHO GoJib-
myw padoTy BuXoxa, uem BaO
Ha Ni, Mo # W, u3 kotopsix 06s1un0 #3rOTOBASIOT ceTKH. TaHTaJ10BHeE
CETKH, NDHMEHACMBIE B [EHEPATOPHHX JaMAdX, A04 YBEJAUeHHs pasoTH
BHX01a NGABEpramwT KapOuiaupo- l
BdAHHID.

C dorosiesrpontoft  smuc-
CHER BOOOWIE TIPHXOAMTCA CuH-
TaTbCAl TOABKO B 3MEKTPOMETPH-
YECKHX JaMNAX, CETOUHLIE TOKH
KOTOPHX A0AKHE! ObTH OCOBEHHO
MaJkL.

HreGbl HONYYHTE CETOUHYKO
XAPAKTCDHCTHRY, HY/KHO B O6ILEM
CAy4ae CA0KHTE BCE KOMIOHEHTLL
ToKa [, 1o £, w1, Kkak sTO
crenaHo na puc. 358, Ouenr cau-
OBt TOK / 4 Ha 9TOM DHCYAKE
HE TIPHHAT BO BHUMauue, [lpn A
npubamxenan k U, >0, koraa
I, nenzerca MHOro Gonpme soex
OCTaJBHBX KOMINOHEHT, DE3yAbTH-
pywouud TOK GHCTPO BO3DACTAET.

5. Cerounvie Tokm npr U.>> 0. JIHRATPOHHbI sddext, IIpn
U/, >0 BHL XaPaKTEDHCTHK OUPERETAETCA BaKOHaMH NEPRHYHOTO TOKO-
pacnpenenetits  u BTOPHYNOH smuccuell CeTKH M anoja. Hamenenne

/ fr= Lot doit logti

Puc, 338. Cymmapnas xapakTepmcinka ce-
TOyHoro Toxa npr U, << 0.

s
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CHAR TOKAa BO BHEIWHEN LENH NOX BAWAHUEM BTOPHYHOH IMUCCHH C IEK-
TPOJAOB AaMIb YACTO HA3KBAKOT IMHATPOHHEIM 3ibdexTom,

PazGepem, KakoB BRI aHOAHO-CETOUHMX ([, /) XapakTepucTHK W
cerounnx ([, (/) XapakrepucTuk npu GONLIIOM 2HOIHOM HANDAKEHUH
u U, >0, Onn usolpawkeHs cxemaruueckm na puc. 359, a u 6. Ecam

fajlc L
le

Iy

|
: Ue / Up

a) b))

Puc. 359. Baussue BTODHYNHOH 3IMECCHH Ha XapakTepHCTH-
KB ({3, U m (, Uy

{/;>>0 u noCraTeuuo BEMMKO, TO Npa nepexone U, sepes Hy s B Tpu-
0l€ CYLIECTBYET PEXKHM Nepexsata u [/, pacIeT, BO-NEPBHX, B CES3H
C YBEAHUYEHWEM TOK3 Katoja f,—/[ -— [ 1§, BO-BTOpHIX, 33 CYeT YBEAH-
YEHHS L0Ad 3NEKTPOHOB, NONAaNawILHX Ha cetky {(puc, 359, a). Buayare
nocne nepexoza U, uwepes uyaw U, > U, n poct [, weckoasko same-
JRETCH M3-3a OTTACHB2OKA K AHOIY BTOPHYHBIX SAEKTPOHOB C CETKH, HO
U, Mano w BTODHUHBIX 3SJEKTPOHOB HEMHOTO, TZK UTO BAMAHHE BTODHY-
HOH 3MUCCHH Ha X0 aHOAHO-CETOUHOH XAPAKTEPRCTHKH HE3HAUMTEILHO.
[lycts wacwimienwe nocraraetcs npu (J, < U,  Ha noutw ropusontasn-
HOM Y4aCTKe TOKa HACHIUEHWN AMHATPOHHBIE 3ibekT Oyner avered: [,
OyZeT HeMHOTO YBEINuHBAaThCA, a /. yMeHbWartbes (ywactsu eb w cd).
[Ipn apubaexennn U, & U, eme npu [/, < U/, BTOpHYHHE 3AEKTPOHH
C aHOJa 33 CYeT CBOUX HaYaJbHEIX CKOPOCIGH Ha4ydyT NONagare Ha
cerky. Tok [, nauner namath, a /. Gucrpo pactu. Tox [, MOxeT cue-
Aathes Ooabme [, ¥ MOKET OKASATBCH, YTO CETKA HE B COCTOSHUH BH-
aepxkaty BOSPOCUIYI0 HArpysky; TOrld M3MEpEeHHe XapaKTepHCTAK npu-
JAETCH NMPeKpatHTh CMIE HA VUYacTKaX ab w «d.

Heckosbko vnoft BHA GyiayT WMETH XapaxTepHCTHKW, eciw {J, Hepe-
ko (puc. 359, 6). Chavaia BUL X2paxkTepUCTHKM OYAET TaKHM e, Kak
wa puc. 359, @. Ho U/, nauwnaer npubawmatbes k (J, €mle MO HacTyn-
JICHUA HACHIEHNS ¥ NOJOrHE yuacTKH af 1 ¢d XapakTepHcTuK HCYe3aoT,
/1, 33 CYET BTODHUHHX 3JEKTPOHOB, OTXOASIHX K CETKE, M2JaeT, a I, Bce
BPEMS pacTer,
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Ha puc. 360 noxazantl 3KCNEpHMEHTAABHO M3MEDEHHHE XapaKTepH-
CTUKH TEHEPATOPHOH JaMNLL, DaccyWTamHoH Ha pabory npy U, >0
{rprox T'I-100 craporo tema). 3TC npasasn .J1aMid, Tak KaK Yy Hee
w=905 4+ 85. Jlerko ycMOTPeTh COOTBETCTBHE MewAy puc. 359 u 360;
HYXHO TpPH 5TOM HMETh B BHIY, 9YTO IKCNEDPHMEHTAaNsHO BO H30emaHHe

Iodo NEPErpY3KH  CETKK YIAETCA HIMe-
1 1 PHTb TONBKO YacTh XaPaKTCPHCTHKH.
1 i (=100 Ecan ¢/,™>0, HO HeBeadKo, TO
] AHHATPOHHBIR 3(DERT NPAKTHYECKH
200 1 HE CK4a3HBaeTCsl Ha (POPME aHOIHBIX

AP XapaKkTepucTaK (f,, L/,). Ha nx popue
§®:§3 CKa3BIBAETCA TOALKO NEPBHYHUE 10-

2N

KopacnpeneneHse: [, pacter weg-
JIEHHEE, TaK KaK 4acTb 3EKTPOHOB
/ 3aXBaThiBaeTCA CETKOR. B pesyabtare
irasie XAPAKTEPUCTHKY OKa3blBAKTCA BO-
V¥ YW (08 FHYTHIMH BHH3, 3 HE BBEPX, KaK Xa-
N, paxtepactukn npu {, < 0, ¥ npu
190 /{[’/ A Goablux {/, Ha HEX HaMeyaeTcs
/X MEPEXON K  HACHIUEHHUIO {cM. puc.
Iivi éﬁ/ \ 332, a@), rae XOpPOMO BHAEH mnepe-
=7 XO[ OT PeKHM3 EQ3BPAT2 K PEAUHMY

55] 4 Jike NpAMOrQ nepexsara.
iV Y. PaccMOTpHM  TEEPh  BJAHSHHE
i ' )4 3009 ) JHHATPOHHOTO 3(PeKTa Ha 3aBUCH-
el St b e i
A= e~ M Ue BEAURG, prinad
B W 0 W 8 £ g g OMMCCHA C JHOLA NeNAeTCd  Buoaxe
i, b sametnol ewe npu {J, < {/,. Bro-
Puc, 360. XapakTepUCTHKH redepatopto-  PUYHBIC ICKTPOHBL C dHOAZ YBJE-
ro tpwona I'-100. KalTcs K CeTKe, pocT f, 3aMen-
JASICA, M MOXET HauyaTbCA TNaAcHke
aHoaHoro Toka (puc. 361, kpuswe 2 u 3); f, onATh BO3PAcTacT UPH Aalb-
nefimem pocre [/, Tak Kak (/, meaaercq Goasmwe (/. Ha anoano#t xapax-
TEPHCTHKE 0O0pasyercd najaoimyil yyacTok, Ha M[POTAKEHHH KOTOPOTO

e
I-—_:-
/
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o,
R‘-:BT OTPULATENLHO. 10 3HaYHT, 4TO TPHOI B 2TOM PEXKUME MO-
a

WeT o0ecmeudTh flepefauy 3Hepriu oT GarapeM K KoJeDaTelbHOMY KOH-
TYpY © nocaegHuil MoxkeT camMosozOymwaarscs Ha ucnonwsosanne na-
Jawuled  aHogHOH XADAKTEPUCTHKH OCHOBAH AWHATPOHHBEH  TPHOIHEN
reHepatop. Ilagawomas XapakTepuCTHKa Jerue noayvaercs B terpoae (§ 35).
TeTpoanui  RUHAaTPOHHBIE TEHEPATOp OMHCHEBACTCA B KYprax  pajso-
I€XHHKH.

Ha puc. 362 wusofpawmena anoasas XapakTEPHCTHKA TEHEPAaTOPHOrO
Tpoga [-50 npm (/=600 g, umeloman napawownié yuyactok. Ha
TOM K€ DHCYHKE npusesena u ([, {J)-XapaktepacTHka 3ToR JaMimi,

-na puc. 361. Ha puc. 352, a
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dOpMY XapaKTEPHCTHKM Aerko cebe yacHuts., Ha ee navaibHOM yuacrke
B TPHOJNE YCTaHABAWBAETCA DEKMM BO3BPAT4, AAA KOTOPOrO Xapakiep-
po 6GucTpoe nanenue [, apu
pocte {/,. Pexun so3spara eule
upn U, < U, nepexoduT B pe-
:KHM MEpPeXnaTa, ¥ najaeune [, 3a-
smegpaserca. Ha puc. 362 stor
YUaCTOK XapaKTEPHCTUKH €1BA
HAMEYASTCA, TAK KAK BO3IHAKAET
AnnatpoBaui sddert n I, Ha-
yilHaeY OmnATh pacTw 33  CHeTr
BTOPHUHEIX SJEKTPOHOB C dHOJA.
Ho ecan u3MepsTh XapakTepu-
cruky (/,, U,) npu HeGOIBLIOM 0
3Haueuuy [/, TO BIUSHHE AMHA-
TpoHHOTO 3I(PeKTa HCUE3IET U Puc. 361, Bausdne BTOPHYHOH 3MHCCHHM Ha

g xapakTepHcTHRN ({5, Ua). Ha pucysxe
oHa GYIET MMETb BUl KpHBOH 4 pakrep L’c3>f/' 20,

Cx

fa,{¢

U,:! > UCZ > U&I

U

R Kpupaf # laer 34RICHNOCTE I o7 AUa npH Hefoab-
NpUBEAEHD XApPaKTEPUCTHKH 3TO row aﬂaqemnf u,.

ro Buga naas Tpuoma YB-107. ‘ ‘
TIpy aHanu3e NEPEMEHHWX NpPOUSCCOB B TPUOLE, KPOME BBEICH-

= e )
HOTO BHIIE BXOAHOrG COMPOTHBAEHHA Ry, == aT. NPHXOAMTICA MNOJb30

BaThCA €€ OOHHM ,ElH(p(bEpEHllHﬁ:leHM napaMeTpoM; a HMEHHO npoxoa-
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y Iy v ({., U,) renepa-
Pac 102 Xty i S Bl
HOfl TPOBOAUMOCTHI0 Yipox. [10A NPOXOAHOR NMPOBOAMMOCTLIC NOAp&3Y-
MEBalT BEJAWYHAY 1 a1,
)/llp'm;i mzm-
DTOT napaMerp YYHTHBAET, OUERHAHO, BIMSHHE aHOLHOTO HANPFXKEHUH U,
Ha uenk cersd. Kax BuaHo u3 puc. 361 nau 362, mpu U/, >0, ¥ ipox
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ocTaetcs mano#t (npn [/, <0, koraa TOK CeTkH BCeraz GAM3OK X HY.TO,
Oyner Yoo == 0} Be3ne, 3a UCKOUEHHEM He HMeowed 60bILOrD npag-
TUUECKOrO  3HaueHus 194 Tpuona obaacru posdspara. Ho sto copasex-
AUBO TOJLKO s CTATHYECKOH NMPOBOLMMOCTH, OGHAPYKMBAIOMmMERCH OpPH
OUEHL  MEIIEHHMX usmenenpax [/, BuctponepemenHoe anoamoe wamps-
HEHHE MOMKET BIHATL Ha LETb CETKH YEPE3 eMKOCTh C,..

6. Jameyanue 06 anpokcumanuu XapaKkTepucTHR TpHoaa. Ha or-
ACJNBHBIX  yHaCTKAX XaPAKTEPUCTMKH BWI €€ 3aBHCHT OT Pa3HOOOPA3HBIX
u3NYECKUX  PakTOpoB. B CBA3KM ¢ ITHM, €CTECTBEHHO, X&PAKTEPUCTHREA
HE OMMCHBACTCS CAMHLIM YDABHEHHMEM, BHBOAMMBIM N3 UIUYECKHR COOO-
paxenuit. Mexay Tem npH waTemarnmyeckom ananuse paBoTe  tproza
B CXEME 4alTO HeO0XOINMO HMETh YDAaBHEHHE, OXBATHIBAIOUICE OUEH
TPOTHKREHHYI0 4aCTh XapaKTEPHCTHKH, KHOMAA OT 3aNEPIOro COCTOAHHE
O COCTOSHAA  HACHIEHHA TPHOIA BKAUYATEABHO. STO MOWHO CAe1aTh
NPHGINKEHHO, NOXOHPAR 1OIXOZALIEE MATEMATHUECKOE BHIDAXEHAE, KO-
TOPOE,  KaK  roBopat, aupOKCHMupyet Xapaktepacruxy. Cymecrsyer
HECKO.LKO  Pa3HUHLIX  CROCOGOB  aNPOKCHMAPOBAHHA  XaPaKTePHCTHKH,
MEK Y KOTOPHIMU MpPH TEOPETHYECKUX DPACUETaX BHIOHPAIOT TOI, KOTOPHH
yaoGed A1 PacueTeB M XOpoWo anporcuMapyer pabouml vyactTok Xa-
PAKTEPHCTHKH,

IIpumeps pasiuunBX aNpOKCAMAUUHi MOKHO HAHTH B CICLUATBLHLIX
PykOBOICTBaxX (cM., Haupumep, [J15.1, ra. 7))

7. Npumenenus Tpuonce. [pumeps: KOHCTpyKund. B tedenwe nep-
BOTO MEpHOAA 1aMIOBOH DaIHOTEXHMKH B IIDMEMHHKAX TPUMCHLINCE TaK
Ha3blBaCMBIE  YHUBEDCAAbHbe TpHOALL. [loBmenne TpeoBanud K mam-
flaM - NpHABE0 K HORBJCHMIO MHOTOCETOUHHX JAMIT W BHTECHEHHIO TDHO-
A0B ¥3 GOMBUIMHCTRA ¥310B PAaAHONPUEMUHX YCTPOHACTE M K paspadoTke
CICUHAAHSHPORAHHBIX THIOB TpHOROB. B nactoswee mpems o Kaaccy
NPUEMHO-YCHANTEIbHEX JaMIl, €CAH MCKJKUHTL Wana3oH C. B. u., 60Jb-
IUMHCTBO YMIIOB TPHOXOB, M3TOTOBJNEMBIX NPOMBINIJEHHOCTEIO, HpegHa-
BHAYACTCHA AA YCWICHHA HANDPAAKEHHS H MOIHOCTH HH3KOR YacTOThI, Cpenn
TPHOLOB STOr0 HA3HAREHHS OGOJbLIHACTBO OTHOCHTCH K YHCAY KOMOHHH-
POBEHHHX MaMIl; TaXoBH ABOHHbIZ TPHOIH B HEOHHBIE JHOAN-TPUAO LB
B kauectse npasepa Ha pec, 363 nokasad IpoHHOH AHo0A-TpHOI BI'7,
MPEIHASHAYAOMARCA AN ICTEKTHPOBAHHR (AMOIHAR YACTH) N YCHAEHHS
HATPAMCHMS  HUBKON  9aCTOTel (TPHOAHAR 4acTh). ITOT PUCYHOK aaer
UPEICTABACHHE O KOHCTPYKIHAX HA3KOUACTOTHHX MPHEMHO-YCHIHTEAbHRIX
AaMi. B TpHoAaxX [Ms yCHNEHMS MOLLHOCTE HM3KOH 44CTOTHL MPHRMEHSIOT,
XOT H HE RCET[a, KATORE MPAMOTO HaKana (tpuoam [H3C, 6C4C),

llpyras obaacTe panMoTexnukw, rae TpHOX COXpaHAeT NPOYHHE NO-
SHINH, — 3TO TCHEPHPOBZHUE M YCHISHUE MOIMHOCTH KONCOIHHE B pa-
JUMONEPENAOMHX YCTPORCTBAX KAK B HENPEPHBHOM, TaK H B HMIY/BCHOM
pekuvax. TPHOIH NPUMEHAWTCH TOABKO B YCTaHOBKAX BOMbILOH MOl
HOCTH, a B ICREPATOPAX M YCHAMTEASX MaaoH H cpejued MOWHOCTH
B HACTOHWEE BPEMS MCOOJAL3VIOT TETPOOM H EHTOIH. Fenepatopume
TPUOAB HMEIOT CYIECTBEHHHE KOHCTDYKTHBHBE OCOOCHHOCIH, CBA3aHHbE
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¢ TeM, 4TO OHHM pafioTaloT npu GOJBIIHE MOUWIBOCTAX, uTO TpebyeTt Ha-

M, _
ASKHOB H3O0/AUHM M XOpOIIEra OXJKIEHHA 3JEeKTPCIOB, B NEpayio o4Ye
pens aWoia. [as yaydinesus TeTJI00TAA4d AHOJA [NPHMEUAIOT NPUHYLA-
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Puc. 363. [soiinoil IH01-TPHOI Puc. 364. TeneparopHuii
6r7. Tpaon [-43] ¢ BonsHbiM
I -Katon; 2—cersa; §—amoy; 4, &—cmo- OXJaWIeHHeM aHola.
AAHan [AZCTHHKA; §-— MeT21MiT9ecKHi Ko- I amom 9—Gazaom: §— corea:
ofuattly okpan; 6, 7—anozur AMONOB; A aB;’.‘pam il Sy
S— METAANHYECKAR Tapenouka, K KOTOpoH To0p, %I[K(‘,prmmnﬁ'nono)ﬁenile
mpuBapents cTepuil 10; I — pusox RaTOAZ 110 OTHOIIEHHIO K CeTHe;
CeTHi. € —xarof; 7—H2014970p. €uepe3d

KOTOpBti TIpoxoldT KOHEMN IteH-
TpUpynero crepxnn 8, Jlanna
Gatrnona tproga F-431 — 65 o,

TEAbHOE OXAaKACHRE €ro NMOTOKOM B03iayXa HAH nporounod Boau. Ilpa-
MEp MOIIHOTO FeHepaTOPHOro TPHONA HpHBe;eH WA puc. 364. I10 TpHOA
T-431 ¢ BOAAHEIM OXJaWISHHEM &HOLA, PACCYATAHHBIA HA NOMHHANb-
HYIO BHXOAHYI0O MOMHOCT 30 xém W HONYCKAWMME LAKTEALHOE DPAcces-
e Ha aHope mouuocrd A0 20 xam. BulROAR OT 3JEKTPOLOB BHIHE-
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CEHH B DadHBE CTODOHH GanioHa B CBA3M C TeM, u4TO paGoune Hamps-
WEeHHA BeAUKH ({/, =13 000 8). HanGoiee wvollkme TeHePATOPHBIE MaMOK
Aea3T Pa3bOPHEMH W [Py paboTe OGIKMTOYANT HX K HEMPEPHBHRO HEH-
CTBYWILEH HACOCHOH yCTaHOBKE.

§ 43. Tpuon B nunamuueckom pewume. HenocraTtke tpuonom

B nomapnsiomem Gombwwnciee cayuaes B YCTPOHCTBAX, HCAOJb-
SYIWWMAX TPHOAM, HAUPIKEHHA HAa INEKTPOZAX H TOKM B UEMAX, K HHM
HOAKMOYEHHEX, HMEIOT KaK MOCTOAHHBIE, TAK H HEPEMEHHHE CAaraioNue,
B aTux cayvasx roopat o AMHaMHuecKOM pexume paGoTel Tproaa.
C 2MHAMMYECKHM DEXMMOM TpPEXOAHTCS UMETh €70 B YCHIHTEANX, re-
HEpaTopax u T. 1.

1. Tpuoa B nHHAMHuecKOoM peswume. JIMHaMUuecKue HapaMeTphL
Hsyuenue nuHammueckoro pewuMa TpHOAA TECHO CoS3aHO C H3yyeHHeM
TOro yCTpOHCTB3, rae STOT TPUOA HCTOJB3YETCS W € OH BHCTYMAeT
K4K 3aeMeHT cXeMb. Mayuedwe paloTw TpMOZa B CXeMax He BXOAMT
B HAUly 3ajavy, W MH OFPaHHUMMCS 3LECh MBJNOKEHHEM HEMHOTHX BOIDO-
COB, H3 KOTOPWR MOXHO YCMOTDETb T€ CBOWCTBA TPHOOLOB, KOTOPHE OFpa-
HH4UAH OONACTe MX NPHMEHEHHR W TIPHBEH K HX 3aMeHe B Paie CAyuaen
MHOTOCETOUHEIMH AaMIlaM¥, KaK, HalIDHMED, B YCHIHTEAIX BHCOKOH 4acTOTH.

Paccmorpum ynpowentywo cxemy ycHAMTeabHOro Kackama (puc. 3658).
Ha cerky tpwoas, kpome cmeulenun flatapen é’{, nonaercs HeGoabLIoe
TEPEMEHHOE  HATIPAKEHHe, KOTOpPOe MH
OydeM Ha3WBaTh BXOAHMM HANPSKEHHEM
AN HaTpAKEnHeM cHruajla. Hanwuue ne-
PeMEeHHOR COCTaBAsIOWIEH CeTOYHOro Ha-
------- ; TIPSUKEHUA TIDHBOAMT K TIORBASHHIC fie-
PEMEHHOH COCTABJAAICMER AHOIHOrO TOKA,
KOTODad, mNpOTeKag 0o Harpyske Z,
f, = CO3M2ET HAa €e 3aKMMax NEpEMEHHOe Ha-
- TNpmkeHue, dopMa Koropore Gogee WAH

T MEHEE TOYHO BOUNPOH3BOINT HOPMY Cir-

. ' nana, Hanpswense wa Z, kotopoe Mul
Puc, 365. Tpuoa ¢ narpy3kof OYJEM HaShiBATH BEIXOJHHM HANPSKCHHEM,
B aHONHOH UemHd. MOXeT OuTh BO MHOrO pas Goabuie, qeM

HANPAKEHHE CurHane. MoOWHOCTL, BH-
AENACMan NEPEMEHHOH COCTaBAsIOUIEH AHOMHOIO TOKA B Z, TAKHKE MOKET
SHAUATEILHO  NPEBOCXOAMTL  MOWIHOCTh, PACKOAYEMYI B HElH CETKH,
B cxeme npomcXomMI ycuienmue HanpaKeHHA M MOWIMOCTH CMrHana, H
Hauled 3a1a4el GyAeT BHIACHCHWE TOroO, HACKOABKO TPHOA NpHTOAEH I,lﬂﬂ
UeaeH YCHACHHS KAk HH3KHX, TaK M BHICOKHX 4acToOT.

Ecnn Ml npeanonosuM, uTe wacToTa HE OueHb BHCOKA, TO BIAMSHHEM
HHEDHHK SJCKTPOHOB MOMXHO npenefipeyb U CYMTaTh, 4TO COOTHOIICHHS
MEMIY MIHOBEHHLIMM 3HAUCHHAMHE HaNDAKEHWH U TOKOB B TPHOAE MOKHQ
OUPEAEATL HB CTATHYECKMX XAPAKTEPHCTHK, YTO BIOJHE MOMYCTHMO,
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ecad nepuol woaebaHuidl MHOTO $0AbINE BDEMEHH NPOAETZ /IEKTDOHOB
B TPHOAE. JTO YCJAOBHE HAPYLIaeTcd TOABKDO B AHANa30HE CBEPXBHCOKHX
Y2CTOT, HAYHMHAS MEHUMYM C HECKOMbKUX NECATKOB MErarepi
Bynaem npu H3yyeHHH JHHAMAYECKOrO PexnMa 0003HauaTh MIHOBEH-
HBIE 3HAYEHHS TNIEPEMEHHHIX COCTABJAKUIEX aHOAHOrO TOKa W Hampsxe-
wnit 1, U, U, wx avnnaryam F,, U Uy, TOCTOAHHLIE CA3raiomlHe
GHOAHOrO TOKAa M Hanpskedes Garaped J,, &, &, u wruosesuue 3Ha-
weHHA TNIOAHOFO TOKA ® nanpawenufi I, #, #. Ilo sakony Oma nas
AHOAHOH LENH MOKHO HAanH{aThb:
PR Pt - P Y (13.1)
2 Rq Ry Ry’
roe R, —Harpyska aHOAHOH UefH, KOTOpyl MH ToKa GyAeM CudTaTh
MHCTO OMHYECKOH.
Ypaeuenue (43.1) Ha NAOCKOCTH KOOQDAHHAT i, W, T. € Ha DAOC-
KOCTH aHOAHWX XapaKTePHCTHK JIAMIH, ONPEISIET Npavyw, Nepece-

kawoutyto ocu B Toukax (0, €,) fﬁ 0\; C yrioM HaK/OHA, TAHTeHC KO-
l \‘ a3 M
TOPOro paBeH -— ——. JTY DPAMYI0, [NOJOKEHHE KOTOpOH BIOJAHE Onpe-

Ry

Jeaserca mapameTpaMd epemped uenn €, @ R, W He 3aBMCET OT CBOHUCTB
TPHO/A, Ha3HIBAIOT JHHHEH Harpysku *),

3apuCUMOCTE MEXAY . W [, NIPd BKAOUEHHOH B ZHOLAHYIO [ETh Ha-
rpyaxe HA3LIBASTCH  AWHAMHYECKOi aHOAHO-CETOUHOH xapamepncmxoﬁ.
Kammomy HanpaseHWo aHoaHolt Oarapen €, coorsercTByeT ceMedCTBO
JMHAMAYECKUX XapaKTEPHCTHK, OTAMUYAICWHXCS APYT OT APYTa BeAHUMHON Ry
Haknos nuHamuueckWx xapakTepHCTHK K ocu aboumce 1eM  Gosblue,
yeMm Goabwe R,. ITO cASAyeT M3 TOro, YTO NpupaweHdsM Aw, npu Ha.u-
yum R, B aHONHOH NENH COOTBETCTBYIT MEHbIIHE TpHpawenus Al
TaKk KaK aHOMHOE Hanmps:keHue u, & CXeMe pue. 363 He ocraercd no-
CTOABHHM ¥ Kaxawd pas ymesbiuaetcs Ha sennuuny Aw, == R, Al Bce
AHHAMHYCCKHE XapaKTEPHCTHKH, COOTBETCTBY]O[LIHC 3aganHoOMy gav HavkK-
HATCA U3 obIield TOUKU — OCHOBAHHA CTAaTHUECKOH XapaKTepUCTHKH, Mo-
CTpOcHHOH NpH aHOIHOM Hanpsxenuw z,— &, B camom nmene, ua co-
OTHOWeHHs u,—#&, —i,R, BUAHO, 4TO aHOIHOE HaNpsKEHUE u, > &,
npu iy, — 0, kakoso 6w HM OuJ0 sHaueHne R,. [lunamiueckne xapakre-
PHCTHKH MOKHO [ONYUHTh SKCNEPUMEHTANBHO, BROYAA DABAHYHBIE OMH-
yerKHe CONPOTHRIEHWA B aHOAHYW UEME OORYHOM CXEMH I3 H3MEPEHWA
CTATHYECKHX XapaKTepucTuk. '

Ha puc. 366, ¢ w 6 noxazans s tpuosa 6C5 (tprox ana ycu-
MEHMA HANpPAXKEHHMs HH3KOH UaCTOTH) BMECTE C CeMEHCTEOM CTATHYECKHX
KAPAKTEPHCTEK HArPYSOUHBIE NPAMBIE M OHHAMUYECKHUE AHOLHO-CETOUHHIE
xapaktepuctuxn Ans &,==250 8 B R,==10% 1,67 10 u 5.10* omn.

*) KawnoMmy pexnMy TpHOAa, XApaKkTepHU3YEMOMY PeXHMAMH i, U, U,
COOTBETCTRYET TOUKA HA JHHHE Harpy3KH. B IHHAMHUECKOM DOXHME 3Ta H3O-
Apawaomian TOYKA NepeMellaeTcd Mo THHHH Aarpy3kd H Xapakrep ee ABHMEHHA
348WCHT OT cBOHCTE Tpropma. B CBASH C 3THM JTHHHH HArPYSKH HA3WBaI auon-
HHWMH IHHAMHYECKHMH XapakTepHCTHKAMK TPHOJA.
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Kak Guno walaeno sonwe (§ 42), WaMeHENMe AaHOIHOrO TOKa pPaBHO

. ;
diy—Sdu,+ R du,. (43.2)
Ho us dopmyanm (43.1) caeaver, uro ecam R, 0 u &, = const, 1o
du, — — R di,, (43.3)

H B3 (43.2) v (43.3) noayuaercs, “TO KpyTH3
o PYTH3HA AHHAMHUECKON xapak-
Sy="a_ S RiS “

duc_ 1+%ahRa+Ri_Rali‘Ri. (43.4)

llanaMuueckan kpyTHsHa S, UpH yseauuenun R, yMEHBIIZETCH, T. e, Ad-
HaMd4eCKan XapaKTePUCTHKA KAET ace Gosee noaoro. Ilpa R > R; Kak cae-
nyer us (43.4), S;==u/R,=const, T. e AunamEueckas ;apax;’epucrnka
HOUTH npamoaanelna. boasmoe R, «cupamasers AHHAMUYECKYO XapaKTepu-
CTHKY (cp. puc. 366) Tlpn R; >R, §,~=8, 1. e. cratuyeckod KPYTHIHE,

id‘,m "OM
lgc&gfg ] I I Hamng =0 ' ]
/ fgq 6C5C !

S oA
7]

2,000 o 7 , / f V% &
= /7/' Mﬂ 7 PR R0 o / / ////// 2—:4:

/ /// 7 ’/—‘)',5
m,{[ﬁﬁfq ARG ///./ //// 4
//V/‘ ?2 50000 4 /7/ ’/—ﬁ’
P LS
Woo4ow woE0 ¢ X W WA X0 W 0 WU 50 Gad
)

Puc. 366. Xapakrepuctuku tpuoma 6C5,
Q2 — ANONHO-CETOYHLIE CTATHYECKHE H EVHAMMHYeCKHe XaAPAKTEPHCTAKI, 4 — &HO,

A AFHHA HArpy3Kd GpH Ra= 104; 1,67-104 p 5. 104 gx IR RApaKTEpHETHn

Hanpaxerne na Harpyske g, MOKET OHITb MCNOAB30B2HO, HanpH-

.\fep, AN NOJaYA €ro HA CETKY JaMmul caeaywwed CTyneHn (Kackazggz)
ycunenus. [lostoMy KOSGOHIHEHTOM yCUTeHHA kackaga Hiu AHHAMH-
uecKuM KOSPUIHEHTOM YCHICHHS HA3bIBZIOT BEAULMHY

du

TRy L di
ta == _R"d_z:::RﬂSd:TPT," (43.5)
' Ry
Ecan anoaHas marpyska Komnaexcmas, 1o duz =Z,di, u
a‘uza ;
Pa =5t ZZ‘S“z—R." (43.6)

H
i
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Junampyeckult kosddruuenTt VCHAEHE B 3TOM CAyuae KOMIAEKCHAR
BETHYNHA U duz CABUAYTO MO (HAa3e OTHOCUTEALHO du_. YpasHenue (43.2)

cBA3HBAET Meway cobofl Maame npuapamenns di,, du, du,. Tak Kak

. B moB0OR MOMEHT BpEMeH#

Uczuc_gc’ Ua:ua_gaj Ia=ia_‘7a’

TO Mruosendsie swauewus U/, [/, [, TpeacTaBafioT coGOH UpHpALieHws
NOCTOAHHEK Craralomux &, &, o/, ¥ eCAH aMIUIMTYIH Maik, TO B ypas-
nennd (43.2) Mowno auddepenunanw diy, du,, du, 3aMEHWTH COOTBET-
CTBYIOIWMH MPHOBCHHHIMU SHEWEHHAMU NepeMenisx cocrapasomux. ITo-
AYYAETCA YpaBHEHUE

pUe= R+ Rul (43.7)

KOTOPOMY MOKHO MPHAATH CAEIVIOLUH CMBIC/A (PR PACCMOTPEHRH nepe-
MEHHWIY NPOLECCOB B ZHOJMHOA LEMM YCHAMTEABHOrO KacKala MOMHO
naMily SaMEHHTh (PUKTHEHBIM TEHEPaTOpPOM NEPEMEHROTO TOKa ¢ 3AC el
W BUYTPEHHAM conpotusiendeM R,
Torga noAyYHTCA SKBHBENEHTHAS CXEMa,
u3o0paxeHnan Ha puc, 367, Ha Hed
OTCYTCTBYKOT aHoanas Oarapes — Hc-
TOYHHK MOCTOSHHOH 3AC H [1eNb CETKH,
pOIb KOTOPOH MO OTHOWIEHHIO K 3HOX-
HO# wenu OF[J&HHLIHBHETCR CO31aHUuEM
nepeMeHHOl »Aac, pasHoit pl/.

Ws ypaeueHns (43.7) caenyer, yToO

anax 3¢ pl/, BHOpaH TaK, YT0 MOJ0-
KUTEILHOMY 3HAUEHHKIO DAZ curnana U,
COOTBETCTBYET I0/0:KUTEIbHOE HanpaB-
AcHME ToKa f,, T. e. nanpasneHne, Cos-
nagawpmes ¢ AeHcTBUTEABHEM Hanpas-
JeHEeM TMOoCTOSHHOH caarawmel TOKa  Puc. 367. DkpHBateHTHad cxeMma
B aHOJHOH HenM Kackaga. IJTO Hanpas- dHOAHONA nemn TPHOAA.
AeHHe OTMEueHo crpeaxoll Ha puc. 367.
TonomutenbHLift 3Hax 34C curHana {J, COOTBETCTRYET HNOBBIUIEHHIO NOTEH-
UHana CeTKH No OTHOEHHI K kKarody. [lonoxutedbHOE HAN[ABNEHAC
U.= U,, Take OTMEYEHO Ha PHC. 367, roe nyHKTAPOM NOKa3aH Npoeoj,
COeNMHAIONINA IeNb CETKH ¢ KaTOAHHM BBOJOM.

HuvaMpuecKeid Ko>PQUIUHEHT yCUNCHHA p; = URa/UC JaeT Henocpei-
CTBEHHO yCHIeHMe KacKala mno nanpsxenwo, HMa (43.5) caepyer, 410
n, BO3IPACTaET TpPH YBEAMUEHAM R, H py—>p TpU R /R; — oo. Tpu
R,/R; =4, ny>0,8p, 1, npy NanpHedimer yae/anuennH R./R; vy pacret
yke nepneHso. Ha npaktuxe npn GoabIINxX 3naueHusX R,/R; ypenuye-
Hue R, 1pe NOCTOAHHOM &, MoweT He /aTh HHKAKOTo pocTa p, Henpe-
DHIBHHE POCT W, B coraacun ¢ Gopmyol (43.5) moayuuTcd, ecau
flapaJnensHo yeenuuedHo R, OVIST yBEAHYMBATBCA W €,. ¥seauuenne -
R, 0pi [OCTOSAHHOM &, TnpMBOAMT K cMemenaio paboued TOUKM K3

R

)
\&/

R

&

r————_————-ﬂ
—_—
&
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NAOCKOCTR [,, U, BHH3, T. €. 6AMNEe K OCHOBAHHIO GHOIAHO-CETOUHHX Xapak-
Tepuctur. Kak uasectno (§ 42), abausy oCHOBanms XapakTepHcTHR R,

BOBDACTAET, 4 v YMEHBLIAETCH, TaK UTO pd=——FTi MOKET JaMe CTath
l+_R>—a
Menblte, B ycmaaTensx Hanpsikesus Ha TpHOmax R,/R; mexur ob6uuno
B npegenax 2 -3 5,
PaccMOTpHM, DR KaKBX yCAOBHSIX OCHOBHAA TFApPMOHHKA aHOAHOrO
‘TOKa BHACNAHT B aHOAHOM HArpyske R, HaHGOABIIYIO MOMIHOCTh. Mo
HOCTh B Harpyske pabHa

P=+ RJi (43.8)

Tax kak (cm. (43.4)) ana A6HX MrHOBEHHHIK 3HAYCHHH NEPEMEHHRX
COCTaBIALLIME

b= Sale= g Ue
TO0
1..,=§a—h Uep (43.9)
__i * ) u®
P= 3 RHUCU (R3+Ri)s. (43.‘.0)

Ilpa mamenenmm R, MakcuMyM P, Kak J€rko noxasars, TIORYYNTCA TPH
Ry,=R;, T. €. CONPOTUBNEHNE HATPY3KH DaBHO BHYTDEHHEMY CONPOTHB-
JEHHIO HCTOYHMKE 3AC (316Ch (UKTHBHOTO), KaK 3TO NOJAyvaeIrcs aaa
MoG0H UeNH. 3Ta MaKCHMaNbHAsA MOIIHOCTL PaBHa

1 p2 i
Prmax= 3 %l Uso= T FSU:O- (43.1 1)
Beanyuua
— s =
O=pS= 7 (43.12)

Ha3WBAETCs NOGPOTHOCTHIO namMnu. Ee MOWHO paccmatpheaTh kak oco-
6ub napamerp Tpuona. dopmyna (43.11) we umeer Goanworo NPaKTH-
HECKOrO 3HAYeHHH, TaK KaK AAA MPaKTHKH MHTEPECHd MAKCHMAAbHAS
HEHCKAKEHHAA MOLHOCTE. AHA/M3 3TOTO Cllyyas MOXKHO HAaHTH B PyKoO-
BOECTBAX MO YCHIMTEAaM. OKa3WBaeTcsd, 4TO MAKCHMAaTbHAN HEHCKANEH-
Hasl MOWIHOCTh noOAyvYaerTcs npu R,==2R; u no dopuyae (43.10)

(Pmax)aem:x - 'sl)_ PSU&) = % a :20- (43.1 3)

CnenopaTencHo, nmapametp G u B sTOM CAyyae onperenser MaKCHMadb-
HYI0 MOLIHOCTA.

2. Yuer MexAyINEKTPONHmX eMmkocTedl. B ananuse ycuamrenssoro
KacKaga a0 CuX Nop He GHAO YYTeHO BJAHAHHE MEKAYIIEKTPOAHNX €eM-
Kocteh. YtoGH 310 caenars, HAa4EPTUM BHOBL SKBHBANEHTHYIO CXEMY,
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HEHECH Ha HEE MEMIYSAEKTPOAHWE EMKOCTH K A064aBHR X Heft nens
ceTkn (puc. 368, @ n 6. AnogHas W cCerounas GaTapen OTCYTCTBYIOT W
Ha 3TOH OSKBHBAaNCHTHOH CXeMe, Tak Kak Ha NpPaKTHKE OHH OHBAIOT
WYHTHPORaHH GOJLIUMMH €MKOCTAMM M WX JeHCTBHE CROZMTCA K ycTa-
HOBAEHHIC ONPENCNEHHOrO NOAOKEeHMs nokos paboued Toukn) Ha
pac. 368 oTcyTcTByeT Takke eMkocTh C,,, KOTOPYIS MOWHO CYHTATh
BKAIOYEHHOR B WMOENAHC Harpyskn 7,

£S
]

Z

Y

t
_______ suknn
nrges

Za

a.x

e

O,
L~ ]

g e e e -y
&
aem
=

~{ji

a) 6)

Puc, 368.a-—1puon ¢ marpyaxoft B nenu 2noma (Ha cxeMe OTMEYeHm
emkoCTH O, x, Gy, €, x)i 6 —3KBUBaNEHTHAE CXeMa.

Tax xak emxocte C,. HEBENHK3, TO MOXHO TPEANGJOKHTB, 4TO
13 <€ 1,. D10 npeanonoKeHne, CYIECTBEHHO YIPOIIAIOIIEee PacuerH, XOpoHio
BHIIOIHAETCA NAs BCEX YaCTOT, KPOME CaMblX BHCOKMX. Toraa B R,
TEYeT TOK /;, K&K K B YNpOuUIEHHOft cxeme ma puc. 367, u no-npex-
HEMY

LZ, =Ri!‘£ cz‘l Z,= liufi . (43.14)

Zy

M3 SKBHBAJNEHTHOR cxemn puc. 368, 6 caenyer:
h=joC U, (43.15)
h=jaC, (Ue+1,2,) - @316)

M3 (43.14) — (43.16) aerko noay4mTh:

le=h+h=UcfjaC,. (1 +22-) +joC. ). (4317)

{lpeactapnan mMnepanc Harpysk® ® Bmae

Zy=R. /X,
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A9 BXOOHOH OPOBDAMMOCTA (MPOBOAHMOCTH Uen# CeTKA Ha padoueh ua
CTOTE ®), NOCJAE MPOCTHX NpeoOpasoBaHHA MOJYYHM:

/e poCy KRiXa +

T T R FRFTX

. (Ri+RIREXIT, | .
+]w{ccl§ + Ca.C [1 —i_f'* (R;+Ra}s+X§ ]}——g_l_jb. (43.18)

Vo= z;:

Ypapuenue (43.18) nokasepaer, uYTO ECEria 50, T1. e. peaxkTHBHasA
COCTABNAIONIAS BXOAHOH MPOBOLHMOCTH BCEMrAd MMEET €MKOCTHHH Xapak-
tep. Ilyctn narpyska wdcro aktupHas, T. e, X, =0. Torza

£=0, b=0Cox -+ Cuc (1 + 225 )| =
= [Cox + Coc (1 -Fral

BxomHas NPOBOAMMOCTh YHCTO PCAKTHBHAA €MKOCTHad, H BXOLHAd €M-
KOCTh TPHONA pasHa

(43.19)

Cnx - Cc.x "!“ Ca.c (1 —:_ P’d)‘ (4320)

Tak Kak OOGHUYHO p.d>1, TO BXOAHas €MKOCTh B OCHOBHOM 3aBHCHT
OT EMKOCTH CeTKa — aHOZ WAH NpPoxoiHoH eMKoCTH. Boanmas BXonHasn
EMKOCTh HEWeAaTeNbHa, TAK Kak B MHOTOKacKalHOM YCHAHTENEe OHa
OKA3HBAETCA BKMOUWEHHOH INapa’tiAe]hHO aHOAHOH HArpyske Npeanaymeh
namne. C M3MECHEHHEM YaCTOTH MeHseTca w(,, ¥ WYHTHpywIlee aedcrT-
BHE TaKkKe MEHAEeTCH, YTO MOKET MPHBECTH K HCKaKEHWSM YCHAMBAEMOrO
CHMHan"a.
AXTHBHAA COCTaBAAKINAA BXOJHOH NPOBOIHMOCTH

polCa  RiXa
(R + Ra)* -+ X3

MOKET PaBHATHCA HYJI0 TOMBKO, ecmu X, =0 unu Mpu KAaKOM YroJHo

— f —] q 4YHCTO
X, ecan C,.=0. Y¥Ycmosue X,=—0 o3Hauaer, 4r0 Harpyska

aKkTeBHan — 310 GuBaeT penxo. Ecan X, = oL, — oo <0, 0 g >0—

g=—

!
B Harpyske npeo0aaiaeT €MKOCTb; ecm X, —wl, — ol 0 g< 0—

& Harpyske npeoGAalaeT BHAYKTHBHOCTb.

Ecan £>>0, 7o 370 03Ha4aeT [100aBOUHOE INOrJIOUICHHE 3SHEPrHA
uenelo ceTkn, a ecau g<_0, to, HaoBopOT, IHEPrHA U3 AHOAHOH LEMY
NEpEXoNMT 1O CBA3H, OCYIIECTBASeMOH uepes emkocth C, ., B UEOb
ceTKH. DTO ABJACHHE HOCHT Ha3BaH#e PereHepauuu, u upd GonbWIOH CBA3H
YCHAHTENb MOKET HauaTh CEHEPHPOBaTh. B ycuauTene reHepanus COBED-
WEHHO HEJONyCTHMa, HO H AMs reHepaTopa € CaMOBO3GYKIEHHEM HEKOH-
TpoaRpyeMas ofpaTHad CBfss UYEPE3 JaMIy HE BCErAd KenaTeAbHa.
IMo3TOMY BHTOIHO HMETh KaK MOKHO MeHbulee C, ., BO BCAKOM caydae
B YCP]JlHTE.’IbHHX Tpl’lelaK. B TpPl(),'].&X ona }_-'CH.’IEHHF! HaUpaxeHua Ca.c

(43.21)
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AeKHT B npeaenax 1,50—3,5 ngh v B TpHOAAx Zad YCHACHHS MOLHOCTH
noxoaut fo 16 #gh. Taxan Goavwan emxocts C, . (IPOXOIHAS EMKOCTB)
TPHOA COCTABNACT €ro KpyMHuil HedoctaTok. Ho B TpuoAe 3Ty eMKOCTh
YMEHBIUHTE B HYXHOH Mepe HEBO3MONKHO. IT0 OOGCTORTEALCTRO GHIIO
OJHOH M3 TNaBHHX NPHYHH NOABJACHUR TETPOAOB H MEHTOIOB.

3. MMpuunHn nosIBEHAN MHOTOCEeTOYHMX Jaamn. CyllecTBywoT H
ApYTHE TNPHYHHE MOSBJEHHA MHOFOCETOYHHX aamn. Hanpumep, ans ycm-
JAUTENABHREX  JaMI CYLIECTBEHHD HMETDb JEBYH0 XJdPAKTEPUCTHKY 0OPH He
CAHIUIKOM BHCOXOM aHOIHOM HanpsxeHHn. Tak Kax Hanpsskenne CABHra
AHOIHO-CETOUHOH XapakTepHcTHRy [, =— U/, '», TO OYEBHIHO, UTO HTO
TpeBOBaHHE OrPAHUIHBAET HANGO.ABLIYIO NPAKTHYECKH IOCTYIHYIO BOAH-
YHHY KO3(HUNEHT2 yCuAeHHH, YCHANTEABHHE TPHOAH ¢ > 60470
BCTPEYalotca Penxo.

BuyTpennee conpotmeaeHue Tpuoma R; = p/S, n Tak Kak KpyTasny
§ nenaTh He0OABIIOH HEBHIFOAHO, TO R; NolyyaeTcd caMoe Gosbuiee
nOpsaka AeCATKOB Thicsa oM. Hanpmmep, ana BHCOKOUYACTOTHOrO TpHOZa
6CLK p==26, §==2,25 wa/s, R;=11600 ox u naxe npn S=1 ua's
Hp=350 R;=50000 ox. Jlamnz ¢ HeGOABIUIAM BHYTPEHHUM COMNpO-
THBAEHHEM BHOCHT TNpU MOAKMIOYEHHM K KOHTYDY 3aTyxaHHe, pesko
yxymwawomee ero HsGupatennnocts. Kpome toro, B 30-x rozax mosem-
AHCh METOOH TPHEMA M MOAYAAUKM, N7 PEaAH3alMA KOTOPHX 0Kasanoch
HEOOXOIHMBIM BO3NEHCTBOBATL Ha BAEKTPOHHHIA NOTOK MEWAY CeTKOH
H aHOA0M HE OJHH, 3@ HECKOJbKO pas. TaKoBH OCHOBHHE TNDHUHHE
NIOAB/ACHHA MHOTOCETOUHSIX JaMI,

4. U3 ucTopus TpROJA. 3aKaHuuBas PAzAeN, NOCBRILEHHLY TpHOAY —
npuGopy, 3aHMMABIIEMY LEHTPAABHOE MECTO B PAAVOTEXHHKE H 37EKTPO-
Huke B 1915—1930 rr., cnegyer cKasars HECKQJABKO CHOB O €I'0 HCTO-
pun. Hsobperenwe Tpmoda, no-BHAMMOMY, CJAEAyeT npunucate Jla ne
bopecty (CLLUA), xotopwit 8 1909 r. seen B 4MOA TpPeTHH 3JEKTPOA —
cetKy. JloBOMbHO OHCTPO TPHOZW CTaAM NPHMEHATBCA AJAS  YCHJACHHS,
a4 BO BPEMS OEPBOH MUPOBOH BOHHH TIOABHMIHCH M JIAMIOBHE FEHEPATOPH,
Tpuoaw cTaam Hrpath BaKHYIO DPOJb B PAAHOCBA3H — CHauadd B panuo-
NPHEMHHX ycTpoficTsax. Ho Teopus Tproja orcTaBana; Hanpemep, npu-
BHUHHE TENEPh TMOHATHA NAPAMETPOB /JAaMIIH, AHHAMUUECKHX XapaKTe-
PHCTHK M T. 4. €l He BOWAW B TEOpeTHYECKHe pacueTH. KoHCTpyupo-
BaHUE JaMn OHAO OCHOBAHO UENHKOM Ha ommTe. Paspabotky ocmos
TPHOAA 3apyGesHHMH YUEHBMH Hano oTHecT# K 1918—1920 rr. (KK,
Bangep-Buins, Bapxraysex, Baanaypa u ap.).

Sti ke roam OBAM TofamM OHCTPOrQ pA3DHTHA OTEYECTBEHHOH
IMEKTPOHKMKH, CBA3aHHOrO ¢ paboramu Hukeroposcko#t paznoaaGoparo-
pun (HPJI} u ee pyxomoauteas M. A, Bouu-Bpyesuua.

Paguoceass B Poccun, - paGoTapillas HCKAOYHTENBHO HA HMIIOPTHHX
AaMnax, oxasanace B 1918 r. B ycaosusx kectRofl 6nokaaw, mepex
yrpo3o#l NOAHOrO MapanAya. YUMTHBAL OrPOMHY® BAKHOCTL PaNHOCESEH
B YCAOBMSX TpamAaHCKOH BOHHBI 1 G6.a0Kadw, NpPABATENCTBO TIPHHSA-
M0 peuIcHHE 00 Oprand3audu HAYYHOrO UEHTPa MO PadHOCEA3H. DTHM
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neHrpoM H G6waa HPJY, aekper o6 opranmsammy KoTopoit Gsli NOANHCAH
B. WU. Jlenunum B Havase 1918 r.

Ilepeo# samayeft, noctaeaenHol nepen HPJI, Gwaa 3anava cnaﬁme-
HES PaAHOCBA3H NpUeMHEIMH JaammaMi, Heckonbko nosasee 6siia N0CTas-
JA€Ha W BTOpas 3ajaua: paspaboTKa naabHEH pPaiMOTENEOHHOH CBA3N,
«raseTH Ges OyMard M PACCTOAHHA», KaK €e Haspan Jleww,

LieHTpansHo# uyacThio BTOpoH 3ajaud Owaa pa3paGoTKa MOIUHBIX
resepatopHux nawi, Ilepex HPJ1 Bctann orpomume Ttpyasoctd. B nap-
cko#t Ppccuu He Om0 3aBONOB DaAHONaMB; TONbKO B AaGOPAaTOPHBIX
YCNOBHSIX H3rOTOBIAMM HeGoibmiwe naprud namo (H. J.  Ilananexchy,
1914—1917 rr.). Bce npoGaembl TEXHOAOIMH 3JEKTDOBAKYYMHOTO 0pO-
A3BOOCTRA (METAAAH, CTEKNO, MDHEMH COODKH H maliku) U BAKYYMTex-
uuxH (Hacocw, TeXHHKa ofesraxupandd) Hamo Owao pemate € Ca-
moro nadana. Camo cofoli pasymeercs, UTO [OJYYEHHE TEXHHUYECKOH
MOMOMIH  HW3-32 TrpaRAns  ObaA0  HckMoyeHo. Mewny Tem gns  pewe-
Hda 3amay, nocraBaeHdux nepea HPJl, xpsAbp naBana cambleé KOPOTKHE
CPOKH.

B HPJI 6wan cobpadsl AyulliHE CHCHMAIHCTH, HAXOAMBIUHECA TOTIa
8 npegenax Cosercko#t Poccuu (M. A. Bonu-Bpyesuu, B. M. Jlelunncknh,
‘I A. Poxancknii, B. K. Jle6enusckuii, B. B. Tarapunos, A. &. Llopus,
B. A. OcrpoymoB u ap.). Pannonabopatopun G NEPENAHEl 3HAYATENMh-
HWE MaTeDHAaNbHHE CPEACTBa *).

Vxe yepes HECKOABKO MeCslieB nocae Hayana paGoTu Gulao Hada-
weno GecnepeSolRoe NPOHSBOJACTRO NPHEMHEX panxoaamil, 10 KavyecTBy
He YCTYMABUIAX JYYIDHM HMIOPTHHM famnam (Aamnw T1P-1). PaGotan
HaJ TeHEpAaTOPHRIMH Aamnamu, M. A, Bonu-Bpyeenu ssen BoaAnoe OXnax-
KEHHE aHofa H STHM CrocofoM pE3KC TOBHCK/ MOUIHOCTh AaMil. Yike
B 1920 r. p HPJI marotopasannce naMnsl Mowsocteio 1 ksr. B 1922 r,
ABYXKHAOBATTHHE JAaMNIK, usrotosiedHwe B HPJI, Owap yCTaHOBAGHH
na nepeoii 8 Coserckoff Poccum pammoTenedonnO# CTaHUAA AajbHEro
neficrsna  (uM. Komuntepua g Mockse) B 1923 r. 8 HPJI usrorosasnu
y¥e TPRNUaTHKAXOBATTHHE naminl, a B 1926 r. — cTokunosatTHee. TakHX
JaMil 3a rpaHHUEH TOTZa fexatsh He yMenu. DTH YCIEXn He MOCAW OHTH
BOCTUrHYTR Ge3 cooTeercTByIcWiell TeopeTHyeckoH Ga3ml. Ho pce Hayu-
HHE CBA3@ C 3arpaHuuelt OblM NDEpBaHH, HE TOBOPA YKE O TOM, 4TO
K 3a DyGEXOM B 3T0O BPEeMA TOJBKO S34KAAJALBANTNCh OCHOBH TeOpHH
TpHofa. B Teopun TpHOAa coBeTCKOH HayKe WPHUIAOCH HATH CBOHM
CAMOCTOATEALHBIM NyTeM.

OcuoBH Teoprd TpHoZa 6uan B 1918—1919 rr. cosganu M. A, Bonu-
BpyesuyeM, NPHMEHYBIIMM CBOIO TEOPHIO nph paspabotke aamn B HPJL
Um, npapma, & diopMe, Heckoabko OTAHYHOH ©OT CcoBpemennod, Ouan
BBEIEHH B TEOPHK [aMNOBHE MapaMeTpi (MPOHUIAEMOCTH, KPYTHIHA)
H METOI CBEASHWH TPHONZ K 3KBHBAJCHIHOH CHCTEME 3IJEKTPONOH.

*) Ouepx neateabHoctn HPJT cw, 8 wuure H. A, Huaxdrana (Hnmeropon
ckaa pamnoiraGoparopea mM. B, M. Jlenuna», 1954,
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PaGott M. A. Donu-Bpyesuus no TeopHH Tproaa GWAM HaNeuaTaHH
(xypunan <Teaerpadna n tenedonnsa Ges npoeonos») 8 1919 r. Toarko
B 1920 r. » Coserckyw PoccHIO CTand NOCTYNaTh cheAeHus © paborax
3apyGemHHX yUEHHX N0 Teopud Tpuoia. (CpaBHeHHe 3THX paboT ¢ Teo-
pued bBonu-Bpyesnya noKasasio, 4TO, HECMOTPS HA HEKOTODOE DasjJHUHE
B Bufope napamerpor, Teopua Tpuosa Bouu-Bpyesuua, Ha ocHOBE KOTO-
poit waa padora 8 HPJI, no cymecrsy skeupaleHTHa TeopuH, PassuTON
32 py6exom. .

B 19i8—1929 rr. rpuon Obii ueHTpansHod npofreMmol Texnuue-
ckOH  3aekTpoHukH. PaGorm HPJ1 nokasanu, uto cosnankas B nepaue
ToAR cymecTsosanna. CoOBETCKOro rocyRapcTBa TEXHHYECKAN 3TeKTPOHHKA
P23BHBAETCA BIOJIHE CAMOCTORTENLHO HA YPORHE, HE YCTYIANLIEM YPOBHIO
3apy6exHo#t HayKe.

§ 44. Jlamnu c skpaHupyomed ceTkoll (TeTPomb H MEHTONH)

1. Terpoan Ges monaejenus BTOPUYHON SMHCCHH. YMeHbIIEHUE Mpo-
XOIHOH EMKOCTH JIaMNE, OKa3HBAWel BpepHoe BAMAHHE HA paboTy
JAMIBl Ha BBICOKMX YaCTOTaX, MOKET OHTh JOCTHIHYTO BBEACHHEM B TPHOI
YETBEPTOTO 9HAEKTPONa — IKpa-
HApYyWINEd ceTkn, cosdzawineht
Memay CeTKOH, Ha KOTOpyK mo-

Jad curHan (ynpasadioiieh cer-
KOH), ¥ aHOIOM 3JEeKTpPOCTATHUE-
CKY®0 3KPaHHPOBKY. KOHCTPYKUuA
IKpaAHUDYIOIIEH CEeTKH JQAKHA
COOTBETCTBOBATE €€ HAa3HIUEHHIO:

9TO ryCTad CETKa, COefHMHEHHas

€ 3KpaHaMi, pacnoNOXKEHHHMH U
BHYTpH HJAH  BHe  OamIoHa,

B DE3YyJAbTATE 4ErQ AOCTHTAETCH
BHCOKAas CTeNCHb SKPAHHPOBKH
LEMH aHONa OT UeNH Ynpasifio-

WeA CeTKH NpR YCAOBHW MOAKAK-  Puc. 369. Obosnavennsa aackTponos u pac-
YEHHS 5KpaRa K MoaXoAAmel npeaeieHie NOTEHUHARaA B TeTpoje,
TOUKE BReWKeH ilenn. Paciiono-  Jdce—elod mmwn, npotomamed wewsy monoso
HEHUE 3JEKTDPOAOB nonylmameﬁ— pez MpoBONOKH CeTOK.

CH  TAKHM [YTeM 4YeTHPEX3JIeK-

TPOXHON RaMMH, WA TETPOIA, C TJIAOCKHMH 3JEKTPOAAMH W Dacrpenene-
HHE NOTEHUMANA MEXAY HUMH B paloueM DeXUME MOKA3aHO Ha puc. 369.

[MoaHwE TOK TETpoAa, TEKYILHH B NPOCTPaHCTBE KaTOL — ynapasaswo-
mas CeTKa, paseH

L]

Us,

g

3
L=KUS., (44.1)

rae {Jy o, — neficreymomuil NOTEHHAAN B MJOCKOCTH ynpasasoumes ceTKH
Cy 1 K —MuoxuTensb, 3aBHCAWME OT reOMETPHYM NaMNH K ANA TETPOIA
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3
€ TJOCKAMA 3JeKTPojaMA, pasHuilt 2,33 - 10°° d? [a/82], Mu Gynem
X.Cp

[IPedNoNarark, 4T0 NOHATHe OeHcTBYWIIEro NOTEHNNHAAa COXPAHAET CMHCA
AAR BCEX CETOYHWX 3neKkTponaos. [Lna storo Heobxoaumo, utobu no obe
CTOPOHH OT CETOUHOrQ 3AEKTPOAa CynecTsoRasna o00XACTE OOHOPOAHOIO
noas (Aad nockoll KOHCTPYKuUHM). Ecau paccTosHHe MEXAY COCceaHHMH
JIEKTPOIAMH HE CAHIIKOM Ma/l0, TO 3T0 NpPeANOAMKEHHe OOLYHO BHING-
HAETCA, KAK T0 IMOKAa3elBaeT (OPMAa IKBHIOTEHHHAALHEIX NUHEM, u3Me-
PEHHBIX Ha MOJE/H TETPOAd METOA0M 3.TIEKTp0.‘IH:[WlECKOﬂ BaAHHH
(pue. 370).

leficteywomut noTeHuwan B naockoctd cerok Cp n &y, ecan noso-
HATH TMOTeHNAan Katoaz [/ ==0 (6es yyera npoCTPaHCTBEHHOrO 3apaaa
y Katoad), paseH

U — UC] + DCSCIUB. Co
8- €2 1+Dx.c1+Dcﬂc1 ’ (44.2)
I3 . Ua.chclcs_- + Ucz + UaDa. tg '
9.3 —

1+Dc1c,+Da. €g ’

rae Dg ¢, s Depey Degey W Dy, o — MPOHNIIAEMOCTH CETOK, KOTOPHE MOKHO
paccautaTk no c¢opMyaam § 40, paccmaTpusas JBe TPeX3INEKTPOAHHE
CHCTeMBl: KaTof — cerka C; — cetka C, u cetxa Cy — cerka Cy— aHOA.
Hekmwouas U, ., n3 ypasnenu#t (44.2), moxuO AeRCTBYOIME MOTEHu#HAN
B IVIOCKOCTH CeTKH ) BBIPA3HTh uepe3 HANPSKeHWs 3AeKTPOAOB K 3aTeM
no dopmyae (35.1) HaliTH TOAHBIE TOK.

CuMTas MHOMHTENH BHIA

i D...D,

1 CaCy™ CjiCa

14 DK. € + chcl ’ o {1+ Dn. c1+Dc,c|}(l + Dclc, + Da.c,)

HT TL

PABHRMH EIWHHIE, NOKEYIRM NPHOAHKEHHYIO (QopMyay:

UB-C1 =, + DCanca + chcha.cg Us=1U,, + ITlT; U, + E;lf U, (44.3)

3nech prp == 1/D;,c, — TaK Ha3HBacMBIH TPHOIHKH KO(PQHUAEHT yCHIe-
HHf. 310 Kood(HUHEHT yCHAeHus TPHOJA, K KOTOPOMY CBOIHTCA TETPOL
TIPH COeHMHEHWH BMEeCTe aHoaa W ceTkd Cg KosdbduupeHnr w,. Ha3HBAOT
3ACKTPOCTATHYECKHM KO3(PHIMEHTOM yCHAEHHS TeTPokd. ITa BEAHUHHA
XapaKTePH3YET BAHAHME aHOAHOTO HAMPAXKEHUs HA KATOOHHH TOK TETpOAa.
Kax Oyner nokasano Huwxe, jp,. HE paBeH AelCTBHTEALHOMY KO3bhdHUAEHTY
ycunenun terpona. Tlpoussemenne De,e Dyep=Daic,e,) MOKHO HA3BATH
NPOHRELAEMOCTBIO 1R aHOAA Ha Karol uepe3 ofe CeTKH TETPOAd. 1o
OYEHb Manas BENWUHHA, TaK KaKk [, MeHblie, a [y, Aake MHOro
MEHBIIE ©LHHHILGL

Poar ynpaeasromed ceTkm TETpOAa COOTBETCTBYET pOJAHM  CETKE
TpHoAa. Ha mee moutd Bcerda noagercsi OTPHLATENLHOE CMELIEHHE, H A1
TOro yTo0H AaMila HE OKas3ajach 3anepToff, Ha sKpaHEpylomyic cerky Cy

.
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CAeAyeT MOJaBaTh OTHOCMTENbHO BHCOKOE MNOMOKHTEAbHOE HaPAKEHHE,
J1eM  06YyCAOBAMBAETCS, BO-MEPBHIX, DACTpeNeleHne NEPBHYHONG  TOKa
Mexay ceTkod €3 W aHO0M H, BO-
BTOPBIX, [IPH COOTBETCTBYIOUIMX Ha-
npsKkeHusx {f, caasHslfi AMHa1pOH-
Heth  3pipekt. Hyx#Ao BHACHHTE,
KakoB OyAeT BHA XapaKTepHCTHK
TETPOAA C yueToM oOOOHX 5Tux
ABJACHHH,

PaccmoTpus cniepsa siansHue nep-
BHYHOTO TOKOpacnpegenedus. Beuay
TOTO YTO {h,. 2> 1, u3meHenus [/,
[QYTH He BO3IEHCTBYIOT HA TOK Ka-
tona Iy=1I,+1, n Bausnue (J,
CBOANTCH K NEPEPACNPeIeNeHHIo TO-

Ka MEX1Y 000HUMH SAEKTPOLAMH TPy
I, 7= const. Takuy o6pasom, B 3TOM C’

A

BEYYIIBRE

iR N

o
2

C)

npubamxennn  lin, —0. Ilycrs g?
Upyrs Uy v U, > U;,. Torna 9
MENIY CeTKoil (C, H aHOJIOM mone ]
mbo  yckopalomee, auGo caabo K %’
TOpMO3slEe;  BCE  SACKTPOHH, Pyc, 370, DKBHOOTEHUHANbHEE IHHHH

TMPOIWISAIIHE [ADCKOCTh CETKH, K B TETPOZE.

HeH YK€ HE BO3BpallAOTCH H B

TETPORE YCTZHARMMBAETCA PEXAM MpAMOro mepexmata. Mcnoassyn ¢op-
myay (41.7), moxHO nanucath:

Iy V ]
A =B =k
( 7 )ms Vo (44.4)

& HasmBaerca xO3dPUIHMEHTOM TOKOpacHpedenenus TeTpoZa. TaKk Kak
I, +Ila=1, T0 u3 (44.4) caeayer:

I
KRt

3apucamoctb (la/leneps 07 Ua/Uc, m306paxaerca napaGono, a aHomHas
XapaKTEPHCTHKA Ia=f(Ua)uc2, U, = const — KPHBOH, MEANEHHO BO3pa-
Craloiueh BESAE,'xpOMe 06/1aCTH 3HaucHUH {/,, Oau3kux kK Hymwo, Ho fipH
npubamkenun UUy/Ue, X HyMO BHpamenne (44.4) 1eNA€TCA HEMPABRALHHM,
TaK KaK, BO-NEPBHX, DEXHM [E€DEXBATa NEDEXOZHT B DEAHMM BO3BPaTa H,
BO-BTOPHX, BTOPHYHHIE INCKTPOHH € aHOAA YNOIAT Ha cetky Cs, BCAEHd-
CTBHE Yero ¢opMa XapaKTEpPHCTHK COBEPIISHHO HMCKAXAETCH.

B pexume po3sspara aHoAHHH TOK, HauMHaa ¢ [, =0, IOMKeEH ouenn
6uctpo (puc. 371, TNYHKTHDPHHE KPHBHE) DacTH TIPH YBEJHTEHHH U, n
COOTBETCTBEHHC OHCTPO AO/KEH NamaTe Tok [.,. B AedcieHTeamHOCTH
BCACACTBHE [HHATPORHOrO »PoexTa Ha xapawtepuctuke ([, (/) npn

k
hi=lghy, Jes=l (44.5)
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U, << U., oOnapykupaerca mnpodan, a na xapaktepuctike (I, Ua)—
COOTBETCTRYIOULAH DIPOBANy MAKCHMYM (COJDINHHE KPHBEE Ha puc. 371).
Ilpu Uy > U/, BTOpHUHEE JEKTPOHH ¢ CeTkn (3 NON2IaT HAa aHOA M
xapakrepuctuxka (I, U,) BO3pacraer, a XapakTepHCTHKA (leyy Ua) namaer
HECKOJIhKO KPYue, ueM Toro Tpedyet opmyna (44.4). Ha puc. 371 xapak-
TEPHCTHKY NEPBAYHHX TOKOB HAHECEHH MYHKTHDOM, a AeHCTBHTEJbHHE Xa-
PAKTEPHCTUKA AJI5 ABYX 3HAYEHHH
KkosgrbuuKeHTa BTOPHYHOR 3MHC-

CHH CIVIOIUHBIMH JHHHAMH. Kak

b BHOHO, Ha 3HAYHTEILHOM YYaCTKE
_ XAPAKTEPHCTEKN TETPOAA CKashl-
T BaeTCA MCKAXKAOLIEE BAWAHHE IH-
HaTpoHHoro apdexta. OTMeuen-
HHe 0COBEHHOCTH XapakTePHCTHK
TETPOZA JErKO MNpOCAEIHT: Ha

fepr lo

G5 >0

o

-
-

aabHBIX TE€TpoaoB (puc. 372).
Haanune Nnpoeasia Ha &HOA-
R HOH XapakTepHCTHKE SABJIAETCA
CYILIECTBEHHHM HeNOCTATHOM Te-
0 — Tponga. Ha mnanawomem yuwacTke
7 v XAPAaKTEPHCTHKA MOTYT BOSHUK-
HYTh MapasuTHHE KoneGaHus, B
ofaactH  TpoBaAa,  OUEBHIHO,
HMEET MECTO pEe3K0Ee HEenocTo-
AHCTBO NapaMeTpoB namnu., Pa-
Gourd Y4acTOK XapaKTepHCTHKH
; TETPOIOB OrPaHHYUBAETCA MOSTO-

TIysKTHpOM NOKA3aHo, KAKOA BHR HMenn 6b! Tapak-
TEPHCTHEM 63 y9eTa IHHATPOHHOrD 3bextd. MY €€ MCLJAEHHO MOJIHEM A UIeH-
€A HaCThHIO.

anannmomaﬂ CEeTKa TeTpOoaa 3aHMMacT MO OTHOIUEHHIY K NMPOCTpaH-
CTECHHOMY 3apiiy NOJMOKEHHE, aHANOTHYHOE CeTKEe TPHOA3, W CeTOYHas
XapaxkTepucTuka moasoro Toxa (/, {J;,) WaH, 4TO 10 e camoe, aHOIHO-
CeTOYHAH XapAKTEPHCTHKA TETPOZa B TPHONHOM BKMIOUEHHH He OymeT
OTAMUYATLCA OT COOTBETCTBYIOWEH XapakTepHCTAKA Tpuoida. B TerpomHom
BKJIOUEHHH TIpM HeaMeHHRX [, W {J; cerka C; Oyaer mpu moGoM U,
B peXmuMe, rie BAMAHHME AHHATPOHHOTO 3(peKTa Majko, MOJYYaThk Onpene-
AeHHyw uvacTe (0Omuko 25—35'/) noAnoro Toxa. 3Hauut, KPYTHIHaE
AHOLHO-CETOUHOH XapaKTepHCTHKH TeTpoja Oyaer pasna 0,65—0,75 kpy-
TH3HKW TOTO M€ TETPOXa B TPHOAHOM BKmoueHuHd. [lonowenwe anompo-
CETOUHOH XaPaKTEpHCTHKH Man0 3aBHCHT OT aHOAHOrO HanpsaxenHa [,
HO H3MeHeHue [, OVAET CMEWAThL €€ TaK e, KaK 2HOJHOE HATDRKeHue
CMEIAaeT AaHOAHO-CEeTOYHYIO XapakTepecTaKy Tpuoaa (puc. 372, a). Tak
KAK conporHeacHHe R; Hz pafoyeM yuacTKE OYEHb BEJAMKO, TO H HCTHH-
HHit KoadpuiuMenT ycuaenus terpopa p=—SRK; mHOoro Goapwe Ko3pdu-
IIAEHTA YCHACHUA TPHOAOE. TeM HE MEHee TeTPOAYy HHMYTO HE MPeldTCT-

&

Puc, 371, 3asucumocts [, u [, o1 U, npy
Y., =const aas TeTpora C yueToM Juna-

TpOHHOTro 3peKTa, ZAA NBYX 3HaUeHHH
K03(pdHOHEHTA BTOPAUHOH IMHCCHH.

AHOJHBIX XapaKTEPHCTHKAX pe-.
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BYeT MMeTh JEBYK XAPAKTEPUCTHKY M OAHOBpeMEHHO Goabwol kosthdu-
ument yeunenus. Havano xapaxrepucrtuks (f, Uc) onpemensercs ypas-

nermeM (U ), =— LE— A — r“ U ecau p,, HeBeaHK (ceTka Cy ne
p ac P
ouetb rycras), 1o (If,), — AOCTATOUHO GO/bIIAT OTPHUATEALHAN BEAMUHKHA.

B 10 %e BpeMd npd HeGOABUIOM ., WCTHHHBH KO3(ORIMEHT yCAneHud
TeTpola MOweT OhTh GueHb GOJbIIMM, TaK KaK €ro BeAnuMHA 33BMCHT OT
TOKOPACHPEAE/IEHHS, IPAKTAYECKA HE CBASAHHOrO ¢ KOHCTpYKuneh cetku C.

Iz RO
LUEB08 g Me
T o 6 N
g
U 600 d \ Jamna
o LA Ch-112
) Ue=48
3 Uerd
Up= 1208
2 [\ \‘ j[ 4
Ipy NOU \\
U,~808 1 ]

pp6 & 2 8 2 b+l g & 306;20 160 200 Ug8
a)

Puc. 372. Xapakrepucrik Terpoga CBb-112 (ycrapesutero).

DKPAHHPOBAHHLHE YCHTMTEALHBIE TETPOAS  CTAPHX  KOHCTPYKIHH
(CB-112, CB-147, CO-124 u np.) uMenH KOS(QHIMEHT YCHIEHUA B pa-
Gouem pexmnve B upesenax 200—700, suyrpennee COTNPOTHBJEHHE TO-
PAAKA ACCHTHX MErOMa W NPOXOAHYI eMKOCTh Cy o =106 . 107 ngh.
CpaBHedde 3TUX JaHHBIX € JAHHLIMH TPUOAOB TIOKa3biBaeT, TO [Jd yCu-
NEHUE BHICOKOH 4acTOTHl TETPOAR HMEAH DAA  NPEUMYILECTs, Npexae
BCEFO TOPA3A0 MEHBINYI0 NPOXOJHYID eMKOCTs. 3T0 00eclicyHBano MM
B TIPOULIOM HEKOTOpoe paciipoctpadesne, (OIHAKO € MOYBJEHHEM NEHTO-
A0B YCHAMTEbHWE TETPOAB CTAPHX KOHCTPYKUHMA BHIUAR U3 ynotpeGie-
uus. B HacTosmce BpeMs HEKOTOPOE DAacCNpOCTPAHEHHE HMEKT TOJAbKO
motunHe renepatopuuie terpoan (TY-27A, T'Y-27B) [JLA.19].

2. XapaKTepucTHKH NEHATOA0B. Ilenton — 3aTo TPeXCeTOYHas nNamna,
B KOTOPOH ¢ IOMOILI0 TpeTbed AHTHAHHATPOHHOH WM 33AUIHTHON CETKH
NOJIHOCTBI0 YCTPAHEH AHHATPOHHEE a(ipeKT. 3awHTHAan CETKa NeHToxa
HAXOMHTCA MEWKZY SKPAHUDYRUIEH CeTKOH o dHOAOM; DacnoJOMeHHe
5AEKTPOJOS TAOCKOro NedToaa nokasano xa puc. 373. Ecaw, kak B ycu-
THTeAbLHMX TMEeHTOMAX, SallMTHAA CETKa CAyKHT TOJNBKO I8 NOAABNEHHS
BTOPHYHOH 5MUCCHH, TO e (YaCTO BHYTPH 1aMITbl) COCIMHAIT ¢ KAaTONOM.
Tonyuawmeecs NpH 3TOM PaclpeleNenne norexudasa B paGouem pexume
usobpaweno takke Ha puc. 373. Ilorenuman B MAOCKOCTH SallUTHOH
cetkd uamensercss oT (/=0 B MeCTaX HAXOKIAEHHA TPOBOJOK CETKH A0
HEKOTOPOr0 MAKCHMaMbHOIG 3HAYeHHs (maxy TIOCEPEIHHE MPOMENYTKA
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MEKAY OPOBOSOKaMu. Ecan Uy, HuKe Kak {J,, Tak o U/, ne menplue
ueM Ha 15—20 8, TO NPAaKTHYECKH BCE BTOPHUHWE 3/MEKTPOHM BO3RPa-
INAIOTCH HA TOT JMEKTPOM, ¢ KOTOPOro OHM BHILIA H AHHATPOHHHEH 3h-
dexr orcytcrpyeT. Iay0una NOTERUMaTLHOTO MHHHMYMAa SaBHCHT OT MO-
JOMEHUS BAWATHOR CETKkH Cp OTHOCHTENbHG ceTKn Cy M aHOAa H OT pac-
CTOAHMA MEWIY ee MPOBOMOKaMH, T. € OT Imara ee HaMoTkH. Ha npak-
THKE HETPYAHO NOZ06paTh YC/ICEHA, B KOTOPHX AHHATPOHHHHE 3¢tekT
OKa3jnBaeT o YCTpaHEHHBIM.

d'm- + d"b‘-'; 0'.:3;3 + d,_-j,,,
Puc, 373. OBo3navenns 3iexTpoaoB meHTONa H pac-
npejelende NOTeHUHa1a 8 Hew,

Oﬂci‘g—uonb MHHHA, NPOXQIAIICE MEeEIT MIOR0IOKANT CeTOK;
Gbdfg —Baoae AHUM, DpoXommmed wepes MPOBOJOKIH CETOE.

Haa neficTBYIOIMMX WOTEHUHAJOB B INIOCKOCTAX CETOK Ch, G v Gy
MOMHO HANHCATD:

U. — UKDK-C1 + Uc1 + Ua.chCgcl
> 1 —i’Dl\'.cl"i_ Dci-cl ’
I — UB.C]DCICQ + ch + Ua.chcacg (44 6)
3.Cg 1 + Dc[c, + Dcscg H .
U — Ua.chcgcg + Uca + UaDa,c3
e I + chc,, + Da.ca

B gopmyne (44.6) npunaTH TaKue Ke 0G03HAYEHHS, KAK U B tdopmyne (44.2)
ANS TETPOA. B peasbunx mneHTOZax cetka C; peAKas H Pacho/OHeHa
O0HYHO GAH3KO K aHOAY, TdK 4TO OJHOPOMHOE [0Je HMEETCH TOABKO TIO
OmHy CTOpOHY OT Hee (puc. 374). B cBASH ¢ 3THM 3aMeHa CETKH NJOCKHM
3AEKTPONOM C NOTEHUHANOM [f; ¢, BHOCUT HETOYHOCTh. TeM He MeHee B
MPUGAMKEHHOR TEODHH TIEHTONA MOMHO [01b30BATECH DEHUHHOH Uses
B 00nuyHOM cupiche. Hekmouas ua (44.6) Use, B U,c,, MOKHO BHPA3ATH
Usc, €PE3 NDOHMLAEMOCTH CETOK N HAOPSMEHHS SJNEKTPOJOB W 3aTEM
no opuyse (44.1) coepuienno Tak Ke, Kak B TE€OPUH TeTpoaa, HaHTH
10K Karoda. Tounoe peipaxenne ans U, KOWEYHO, OYEHb TPOMOZIKO.
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CuuTan MHOKUTEIH BHAZ 114Dy, +Deyey, ¥ T. M. ONATH PaBHBLIMH
CIHHHUE H NoJaras nortenunan xaroaa U, =10, noayyusm npuSAHKEHAO!
1 . 1 1
e, = — ey~ U, +— — U, (44.7}
) 3.0 £y -Jr-lirp €2 1 (cu“rerp}a.c J+-“3c a
B dopmyase (44.7) uepes == 1/Dc,, 0603nauen Kko3dpuurenT ycHae-
HUfi TPHOAE, TIOAYYAIOUIErOCs MPH COEIMHEHHH CeTOK (G u (3 C aHDAOM;

floofonoxu floobonexe faobasony
Yrpa0 AsEs INGEALDY LB S T
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Puc. 374, 3KBUNOTEHUIWASbHBHE JIHHHY B neHTole npH I/, << Ui B uactu pHcyHka
[OKA3aH BH]I 3JICKTPOHHHX TPAEKTOPHI.

4epes (Prerpls.c = 1/Dcyc, Deye, — TETPOAHMH 3AEKTPOCTATRHECKRH KO5¢DR-
(HEHT YCHABHRA TETPOIa, NOAYYANOIErocs - IPH COSIHHEHHH BMECTE CETKR

!
C; u anoja. Hakounen, uepes e =D D.. D 0003HaYeH 2IeKTpo-
2t tae 3
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CTaTHYECKHA KO3PDUTIHEHT YCHAEHUS NEHTOAd — KO(MPHIHEHT, [NOKAa3ul-
BAWILHH CTEMEHb BO3ACHCTBHA AHOAHOIrO HANDAIKEHHS Ha MOJHBH TOK.
3710, OUYEBMAHO, OueHs OoJbloce uHCI0. BHuncneswe nponsnaeMocTed
Dgepp Dege, M T L, @ 33TEM M Py, flrerps [2p MOKHO TPOH3BECTH 1O
dopuynam § 40,
"~ Onpeaenus satem ., ana samansnx (., U, U, u U, no (44.1)
MOAHO HafiTH TOK KaTola M, MCNOAL3YA 3aKOHH TEPBHYHOTO TOKOpPac-
NpefeJenyn, BHYUCAHTL aHOAWMK TOK [, ¥ TOK HAa 3IKPAHHUDYIOYIO
CeTKy [,

B mnockocTa samptro#t cetkn Cy, ecan U, = U, =0, aelicTyomui
MOTEHILHAA PaBEH

U

U 3.Ca :255
s.05 =

1+ D,

+UD, .
+Da.c3 ’

(44.8)

Usc, BCErga OGoMblie HYJA, Tax Kak NOJOKHTENAbHER uwnen (), B BHIpa-
wewud ana Uy, (cm. 44.6) Bcerna npeoGaamaer. OueBnano, ¥ Ly, > 0.
[locnenosarenbHOCTE HANPSKEHHH B8 NAOCKOCTAX 3nekTponos Cy, C,u C,
TaKas #*€, KaKk [OCAeZOBATETbHOCTb HANpPsKEeHHA B TPHOAE € NOJONH-
teasnol cerkodt (§ 41). ChenomarensHo, pasgeneHUe 3SJEKTPOHOB Ha
rpynny SJAeKTPOHOB, NONAJAIONHX HAa CpeaHndl 3neKTpoi-ceTky Cj, M
FPYNNy 3JEKTPOHOB, ACCTHralOILHX [IIOCKOCTH TPETHEr) 3JeKTPOJAA-CETKH
C3, B 3aBHCHMOCTH OT COOTHOMIenHa Mexny ., M Us., onpeserserca
OpMy/NaMH DEKHMa TIPAMOrO TIEPEXBATa WAR peuMa Bo3Bpata. Ecam U,
He OYEHBb Mano, TO GyAST HMETh MECTO pEeXHM NEepPexBaTa. ITO 3HAUMT,
4YTO B(e SJieK'TpOHH, MHHOBaBIIHE TJNOCKOCTH CeTkH Cy, AOCTHUPHYT MAQ-
CKOCTH 3ailATHOR ceTkm (y, M Tak Rak O, =0, a MeXIy 3alUTHOM
CeTKOH W aHOAOM TNOJE YCKOPHET 3JEKTPOHB, IO BCE OHH LONAgYT Ha
anoA. Tok B TNOCKOCTH 3alIMTHOH CETKH paBeH, TakHM 00pa3zoM, aHon-
HoMy TOKY. [Ipmmenas copmyny (41.7) ToKopacnpeneneHHA B peXHUME
nepexBara, NOAYYHM:

I U U
R p— 1 2%~ B l/ 3.5 449
’c! 2 ‘l/[]’.r.2 23 ch ( )

TdK Kak (MPUHAMAZE BO BHUM3aHHE, 4YTO 3KPaHHPYIOLLAA CETKA TyCTa H 4TO,
caenosatenbho, Do, B De,e, OY€HSL ManH) MO#HO nonoxuth [y, = U,
{Toacraenan B (44.9) Bupawenue (/y, u3 (44.8), noayumm: : )

/
_[_a k= VDa c,Ua +DCoc;:
Cy
’ Dﬂ.cg [ Dc:ca (44' 1 0)
Da.c, - ch; == .

1 +Dc,ca+Da.c, ’ 1 +DCgCB+Dﬂ.:=

Ypasuenue (44.10) AenaeTcq HeMpaBUALHHM TPH HeGO.IbMINX 3HAUEHHAX
U, B ocuosy ypaBHeHHS OHJO TOMOMEHO NPEANOIOKEHHE, YTO BCE
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SNEKTPOHH, AOCTHFINHE AAOCKOCTA ceTkd Cj, MOMAAANT HA aHOL Mewny
TeM npu GoabuioM HanpaweHud [, =~ Uy, U Uy, CTPEMALIEMCA K HYJIO,
Mexay ceTkoH Cy H aHOIOM BOBHHKAET DeXUM BO3IBPATZ SACKTPOHOB,
TaK K4k Opr oueHs Maawx {J; Oymer U, >» U, Kak 3T0 Cieayer us
(44 8). PexuMy BO3BpAaTa COOTBETCTBYET KpyTocnazaoimas 10 [, =0 npa

7, =0 uactb KpuBok & Ha pHc. 375. IDTH CcOOGPaMEHUs NOIBOAHIOT
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Puc. 375, 3asucumocts [/l o1 Us/Uc, nnn nenrona:

8 — TeOopeTHYEeCKan KpHBAS, 6—neﬁcmnre:lbﬂuﬂ X0x
3aBHCAMOCTH TIpH Maauwx 3nauvennax U /U,

cocraputh cefe mpeacTasaeHHe o GopMe AHOIHOR XaPaKTEPHCTUKH IEH-
TOAa AAA TOYTH rOPH3OHTaNBHOH paboueit YacTH, KOTOPYKW ONMUCHBAET
ypasrenue (44.10). PopMa XapaKTepUCTHKH (I, Ua) nerxko BHBOIMTCH
u3 ycaosus I, = [y— [5, ecnu NpUHATbL . BO BHUMAHME, YTO BCAEACTBHE

oueHb GOMLLION BEAHYHHE {1, =—pF—H , 1, MpaKIH4YeCKH He

[ il T M FY
3aBuCH1 OT [J,. ITO BEPHO C Gonbuol (I:Tera[e’mm TOUHOCTH A7 BEICOKO-
YaCTOTHHX INEHTOA0B, HMEIOUX OUEHb rYCTYHR ceTKY Cy H COOTBETCTBEHHO
Maaylo npoHunaeMocTe De.c,.

Ipu usoGpaxennd ceveHCTBAa aHOLHBMX X2PAKTEPHCTHK TMEHTOAA GONb-
mel YacTei0 B KayecTBe napamerpa OepyT Hal’lpﬂ)KEleIE ynpasasome
ceTkn U, napas emy anavenns Uy, =0, Uy, = — AU, Uy, = —2A0,,. .,
a nampaxenue cetku Cy COXPAHAIT NOCTOAHHKIM. JIECKO BHAETH, YTO TOYTH
rOpPH30OHTAILHEE YaCTH XapaKTEPHCTHK 3TOro cemelcTBa He GynyT 9KBH-
AHCTAHTHEIME. JTO CAeAyeT us Toro, wro k=1/I;, npaktnyeckn we a2a-
sucut o1 U, Tak uto [; ~ U;fgl, a Use, saBucur orT [, aunelHo
(neprar  u3  (opmya (44.6)). Bua cemeffcTBa 3aHOAHHX XAPAKTEPUCTHK
nextoza ¢ ryctolf cerkof Cy (BHCOKOMACTOTHHH YCHWAHTEJABHHH TIEHTOM)
n HerycToH ceTku Cp (HH3KOUACTOTHBHA YCWIHTENbHHH NEHTOL) NoKasa
Ha pec. 376, a n 6.

ITpn UPOM3BOALHO B3ATOM HArPY3OUHOM CONPOTHB/EHHH H3-33 HESKBH-
JHCTAHTHOCTH AHOIMBIX XapaKTEPHCTHK TOMBASIOTCA HCKDKEHUH, TAABHHM
06pasoM BTODAaX M TPETbA TADMOHHMKH, YeM- NEHTOA B HEBHTOAHYIO (TO-
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POHY OTAMu3eTcs OT TpHoAd. MoKHO NoAOGpath TaKOE COMPOTHR/IEHWE
HArpysKm, MPA KOTOPOM HCKakeuus Gynyr naumenbwmmu. Ha puc. 376,06
noKasaHa JAHHHA HArPysKky, COOTBETCTBYIOLLAA STOMY ONTHMAJbHOMY COUpPO-
tupnennio. Jlas mvee papumM npupawesnam Al COOTBEICTBYIOT OYTH
paBsMe npupawenns Al ONMManeEHOE BHELIHEE CONPOTHBJIEHHE JEXHT
ofnwuno B npeaesax 1/8 =+ 1/10 BHYTPEHHErO CONPOTHBACHHA 11€H-
Tola Ha pabGouem yuactke. Hanpumep, Oa9 HH3KOYACTOTHOrO NEHTOAA
6I16C R;=52000 o., a onruMa.ibHoe COMpoTHBAeHHe oxono 6000 o,

lo b g
U e

i

Al b g
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543 Ug,

Iy, (g U= 8)
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al ]
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Puc. 376. CeMei#lCTBO aHOJHKWX XapakTepHCTHK NEHTCLA.

G— ¢ IyCTOR 9KpatHpywiuel cetkod; §-—c peXkod 3KPAHHPYwmed
CeTKOA.

Mecto <nepesoMar aHOIHON XaipDAKTEPHCTHKH, T. €. TO MECTO, rie
BOBHHKAET PEXMM BO3BpaTa M HaudyaeTca OBICTPOE nazenwe [,, 3aBHCHT
ot otHoweHus {pf /s, Ho Use, TeM memblle, weM Mewowe {J., Xors
9TO BJAHAHHE HEBEARKQ - 03aroiidpa SKPaHBDYWINEMY JeHcreuio cetxn Cj
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TeM He MeHee Ha XdpAKTEPHCTHKAX NEHTOJOR 3aBHCHMOCTh MECTa <«Iepe-
nAoMa» OT [J;, YacTo BHIHA [OCTaTOMHO XOpOIIO, KAk, HANPHMED, Ha
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Puc. 377. 'Anomune {a) n _aHomuo-cetounwe (f) Xapakre-
pucruk BY menrona 67K3.

puc. 377, a nna newroga 6XK3 (BHCOKOUACTOTHHIH YCHAMTEALHHH MEH-
TOA ¢ KOPOTKOH XapaKTepHCTHKGH)

JInsg aHORHO-CETOMHLX XAPAKTEPHCTHK MEHTOIOB OCTAETCS  BEDHHM
BCE CKA34HHOE BHILUE O XAPAaKTEPHCTHKAX TETPOJAOR, B YacTHOCTH
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0 sauannn L/, w [J, Ha ux nonowenue. [as nmentoma 63 omn npuee-
HeHul Ha puc. 377, 6 %), '

3. Mapamerpw mentoma. OO03nAuas KPYTH3HY aHOAHO-CETOUHOH Xa-
PAKTEPHCTHKA B TPHOAHOM BKJIOYEHHH, T, € KPYTH3HY XADaKTEPHCTHKH
noanoro Toxka karoaa (lx, Ue,), uepea S, noayumw (cm. § 42):

3

v d
IK=KU52.1:1, sx=(d£j‘)
Gl L €1/ Ug Ug, = const

NPHYEM An9 NMAGCKUX INEKTPONOB

= al, (44.11)

2

W 0 3
a=2,64-10‘072—{a3j3], 6=

K.Cy

!
4 d '
Lt D1 45 )

E.Cj

KpyTaaHa aHoAHO-CETOUHON XaPaKTEPHCTHKH (Bsuny Torowro [, =1, kLa—l)

dBHA
P 1 2 1

k 3 A \3 ,3
Sn—mﬂlg -—(m) ala . (4412)
Kpytusaa § ¢ nomouwio coornomenut (44.11) u (44.12) moker Gurts
OfpeaeaeHa N0 KOHCTPYKTHURHEM J3aHHHM HNEHTOHA.
Jlpyrum napametpoM, KOTOPHHE 418 BHCOKOYACTOTHONO [EHTOOA C ry-
CTOH CeTkoR Cy BHYHCASETCH AOBOJNBHO IIPOCTO, ABJASETCA BHYTPEHHEe

k

S=k+l

CONPOTHRIEHHE R,-=gTU“.
a
M3 onpenenenus BayTpensero CONPOTHR/CHHA CARAYET:

L _ 00 () kN, 0 ( & kOl
re = a0, = o0, i) = o (o) + ot =
. 1 i

_ Ri + Fys (44.13)
dopuyaa (44.13) nokaswsaer, uTO BHYTPCHHEE CONPOTHBACHHE NEHTOAR
MOXHO NpeacTasuth cebe COoCTOAmMM W3 JBYX napaiafenbHhHx BeTsel C

1y L(L) g L k0l

Ry 2ol \k41 Ry k310U,
BoauMoCcTed OGYCNOBAEHA TOKOPACTIPE/C/NEHHEM B MEHTOAE M BTOpPad —
3aBHCHAMOCTBO /o 0T {/,, T. € NMPOHHUAEMOCTRIO CETOK. JIAf BRICOKOYACTOT-
HOTO neHTona mpw GoabWwHXx U/, Ha MONOroM paGoyeM yYacTKe Xapakre-

NpoOBOARMOCTAMH . Hepaaﬂ H3 npo-

*) XapakTepHCTHKH pHC. 377 — TaKk HasHBIEMEE yCpelHeHAe, T. €. OHH
NOAYHEHH 11yTeM rpaduveckoro yCpelHeHHA XADAKTEPHCTHE 0el0fl mapTHH AaMu
Rawnoro tuna, OTKIOHEHHEe XapaKTepPUCTHK OTAEAbHMX /NaMil OT YCPEIHEHHWX
BO3MOMHO B HEKOTOPLIX JONYCK3€MbIX TEXHHWECKMMH YCAOBMAMH Upejezax.
B capasounnkax [JLA.18; JLLA.]8] BCerma npueodATCH yCpeXHeHHMe IapaKTe-
PHCTHEH, :
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pUCTAKR (;’é‘ A0 71 R;= Ry Iloacrasnna emecto 2 ero 3xayende ©s
a

(44.10), nomyunm;

’ U ’
| P B’]/Da.c,_u_i"'Dc,c.

— ]

R = aU, ) ,
i a I+B=I/Da_c. Ua +Dc,c,
s

k
Boc¢nonp3oBapwidck COOTHOICHHEM I,=m lg, HETPYAHO nNGAYUHTH

NOCAE HEKOTOPHX Npeolpa3opadnil
A k’—Dgsc.B;]

Rn. |2 FE+D

Tak Kak nMpu pexumax, Ans KOTODHX cmpapeanme dopmyan (44.10) n
(44.14), & mano mensercs, 1o (44.14) MoxHO mpeacTasATE B BHIES

Ra=b511, (44.15)
a

(44.19)

rie b— penuvnAa, TIOUTH HE SaBHCAMas oT pewnma. Popmyna (44.15)
xopowo noareepkapaerca Ha onwte [JI.51, ra 11]. Toasko npn Gouab-
IHE aHORHHX TOKAX, KOrjd Mexmy CeTKoM Cy; u #HOMOM CO3N4eTCH 3Ha-
YATEABHHHE TIPOCTpaHCTBEHHHHE 8apsan, BeanunHa b o6HapYXMBAET HEKO-
Topoe nemocToanctso. [Ipm neGoabmmx {J/,, KOrza nNofABASIOTCH BO3BPA-
IAIOIIHECH 9JIEKTPOHN, Gopmyna (44.14), ecrecTBenno, AenaerTcs Hepep-
Hofl. Hexotopoe axaueHde W A4S BHICOKQUACTOTHOrMO 1ICHTONA HMEET HE
NpHHATOE RHIHIE BO BHAMAHHE

sananue {J; Ha n0anLIA TOK. % ™ s
7
Han newropa npr U, = 7 Siawna OX
: Up=1008, U=-38
==const CpaEeAIHE0 BHYTPEHHEE 5 3 5000
YDaBHEHHE JaMIH, KaK 3T0 CHE- 2 4060
AyeT W3 BHBOAA 3ITOrO YpaBHe-
3 3000
HEA. 3HAYAT, 479 BHCOKOYaCTOT- A S
HOr'Q MEHTOXA KO3(@dRUNEHT yCR- 2 T —— 2000
AEHAS ¢ XOPOIEM NPAGAHMEHASM P | L] R 1000
e
paBeH T |
s & W00 20 60 160 B0 200 220 KT Uy, 8
=RuS=ab (557" 2%
B="a k41 1:" ) Puc. 378. 3aBHCHMOCTE NapaMeTpos NeH-
: e '
(44.16) Tomna 67 or U,

®opuymn (44.12), (44.15) m (44.16) nokaswBAOT, YTO B Mpeneaax BH-
NOAHEHRT STHX GopMya CHEAYeT OXHOATh NpH usmeuenun [/, OTHOCH
TE/NBHOMG MOCTORHCTRA S (Tak kax [, Mano saBucar o1 {/,) W OpPHAMEpHG
nuHeHOTO pocta p ® R; Puc. 378, rme p, S u R; usoOGpamenu mia
nedtona 6XK7 B saasucamocts or {J,, XOpOIIO MOATBEDHKIAET 5TOT BHEOL

8 R ! ramosos = 4]
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B BLICOKOYACTOTHHX MEHTOZAX AJA NOJYYEHHS MAJHX TPOXOAHHX €M-
Kocteft Ca_.._' HCOGXONMMA ryCTas SKpaHHpywoilas cerka Cp Ho uem ryme
SKPAHUDPYIOILAA CETKa, TeM Gombiie ToK /., uTO, OUEBHAHO, HEBHIOLHO.
B HH3KOYACTOTHWX (eHTOJAaX OueHb Maidhle MPOXOIHHE EMKOCTH Re
HYKHH;, NO3TOMY 3KDaHHDYIOUIHE CETKH Jej2l0T TaM MEHEE T'YCTHMH H
STUM YBEJIMYHBAIOT KO3(duunenT TtoxopacnpeneseHus z=/,/l. . aex-
TPOCTATHYECKAd IKPAHHPOBKA MEkKAY aHOAOM H ynpasasiomed cetkoll C,
¥XYAIIZETCs, H BHYTDEHHEE COTIPOTHBJIEHHE 3aBHCHT HE TOJABKO OT TOKO-
paCupemencHds, HO H OT IeHCTBHS aHONHOrNO HANPMKEAWS HA NOAHBIH
TOK. HyxHo, c/e10BaTEnbHO, NPUHUMATH BO BHAMaHWe ofe BETBH BHYT-
PCHHErO CONPOTHBACHHS Ry ¥ R;; B COOTRETCTBHH ¢ dropmyaoh (44.13).
Buytpennee conpornsienue no ¢opmyne (44.13) paso

Rf= R;’lR;'S
Ry 4R’

rae Ry BuuncaseTca no dopuyne (44.14), UroGu Hakta R, npeacra-
BUM .ce0€ NEHTOA, AAS KOTOPOro TOKOPaCOPEAE/dEHHE HE MEHAGICH, T, e

=const, a [, MeHseTcs TOMABKO BCIEACTBHE BAHsHus {/, Ha mone
y Karoaa, 1. e. Ha Tok [. Takol mextonq umen GW TOJIBKO TPOBOAM-
MOCTb 3JEKTPOCTATHYECKOrQ AEHCTBHA 1/R; M p==p,., HO Ty *e camyw
KpyTusHy § no cetke C). Takum ofpazom:

(44.17)

P‘ac=RiiS
nny .
_ Pac_ k41 ] 1 k
S S, DD, R PresDeseDesesSegy (4418)

Kosddrupuent ycunenns HU3KOYACTOTHOrO NEHTOAZ C YueTOM TOKOpac-

NPEAENCHEA H NpPOHUUAEMOCTH CETOK CACAYET BBHYHCIAATL H3 COOTHOLIEe-
HHs '

= SRy R;e HacRi P
=R S= fL e el ac
p=R, Ry + R Ry + Ri 1+& . (44.19)
R:
i1
BocnonbaosaBuIHCE COOTHOWEHHAMN:
k | S— k’“D;,c,Bg

RS 7T EGELD

k
L=l L=KU, S=3KUp!

Rﬁ=l%”, S=

R — D:: c Bg o U
H NPEHEMAS BO BHHM3HHE, 4TO —kkﬂz—* = "“chc.iff"‘“"l’ noay-
UMM A8 KO3QHLUACHTA YCUIEHHA
. Bac
p= Wy . (44.20)
]+ acy
Uy (1+4)
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HanowenHas 310eck TEQPRd 3JICKTPOHHHX [POHECCOB B NEHTOAE XO-
pomo o6escHseT (OpPMY XapaKTEPHCTHK NEHTOJa H [O3BOMAET A He-
KOTOPHK, MPaKTHYECKH BAKHHX PEXKUMOB BHYHC/JHTE €ro NapaMerpH.
Ho KOHCTPYKTOPY B@XHO MOJYYHTb HA OCHOBE TEODHH YKa3aHUA O BJHA-
HHW CTPYKTYPH CETOK W HX DaClOJOKEHHS HA BEIMUAHY Koddduunenta
TOKOpAcnpejeneHus, Ha 5(h(exKTHBHOCTE NOJABREHHS AHHATDOHHOrO 3-
¢exTa M, HaKOHel, Ha ¢OPMY MEPEXOJHOr0 YYacTKa XapaKTepACTHKH
MEXKAY NO0JAOTOH M KpyTOH ee 4acTaMu, WAH, Kak MH OyAE€M rOBODHTH,
Ha DEe3KOCTh fepenoMa XapaKTepucTHKkY, Bce 3TH BOMPOCH HMEIOT 3HA-
uenHe npH pabore neHroxa B cxeme, Hanpumep, B moSoM mNeHTOdE xe-
JAaTenbHO JOOGHUTECA BOSMOXHO Oojiee KPyTOro NodbeéMa aHOOHOH xXapax-
TEPHCTUKH HA MPOTAMEHHH HAUMEHBLNErQ BO3MOAHOrQ WHTEpBaAa 3Ha-
yeHut [/, H TEM CaMHM YREJUYMTH MPOTHKEHHOCT: INOAQTOr0 YHacTKa
XﬂpaKTepHCTHKH H yMEHle.lHTb BHYTPEHHEE COlIPOTUBACHUE B NPEACIax
KPYTO NOIHUMAMOWErocs ywactka. Bcerza menaTeabHo HMETh HanOOdL-
HIEE BO3MOKHOE 3HaueHHe Ko3(@HuHeHTa ToKopacnpeaenesus k=1,
Tak Kak ueM MeHplle /., TeM OoAblie KPYTH3HA 2HOAHO-CETOUHOH Xa-

paKkTepHcTHK B 8= S;. BaxHocTb noaHero nojaBaeHEs AHHATPOH-

k
N
Horo 3hdexrta He TpeGyer ocobblX noscaeHnuth.

Kax sto uacto GmBaeT, TpeGOBAHHA K KOHCTDYKIHH, KOTODHE HYKHO
NpeabABHTL A5 NoAy4erHs HeGoAbiloro ToKa fe, H pesKoro nepenoma
XapaKTEPHUCTHKH, OKaSHBAKTCH HECKONBKO NMPOTHBOPEUHBHIMH M Ha TpaK-
THKE NMPHXOAHTCH HOBOALCTBOBATHCA KOMIPOMHCCHHM pemeHHeM. Toabko
NOJABACHHE HHHATPOHHOrO 3¢PeKkTa HE BH3HBAET OCOOHX TPYIHOCTEH
H HE BCTYNZET B KOHGJIMKT C OCTaAbHHMH TpeQosardamu. Mowxno cka-
3aTh, YTO YME€ HAAMYHE 3AMMTHOH CeTKH, HMeruied noTemuuan, pasHul
HYTI0, rycTof nianm peakoH, pacnojiomeHHOH 6/4H3KO K aHOAY uAM GAM3K
K BSKPaHHPYWINEH CEeTKe, OKa3blBAETCA MOCTATOUHRIM AJ TOAIBNCHHSA
JHHATPOHHOro 3fperTa,

c‘])opua epexoanoro yuacTka XapﬂKTEpHCTHKH 34BHCHT, BO-TICPBHX, OT
OTKAOHCHHS JMEKTPOHOB NPH INDOXOXIEHHH uYepe3 CeTKH H, BO-BTOPHX,
0T BJAWAHHA NPOCTPAHCTBEHHOFRO 3aPARa B NPOCTPEHCTBE SKPAHHDYIOULAR
CEeTKa — 3aIHTHAA CeTKa — aHoA, riae mpn Heboapmmx [/, u U,=0
NPOCTPAHCTBEHHHH 3apaA HMeeT TEeHAEHUHMIO HaKamaupaThed, PaccMorpum
CHaYana BJMAHHE OTKJIOHEHUA 3NEKTPOHOB. OTKJIOHEHHE IEKTPOHOB 3a-
BHCHT OT CTpPYKTypW ceTok. «MieannHas» cerTka, cionereHnas K3 Gecko-
HEUHO TOHKHX TPOBOJCK H HMelollas BECKOHEUHO Maasle suelkH, coBep-
IEHHO He OTKJAQHAET 3JeKTPOHH. YeM Oo0Jblle OTIMYAETCS CETKA OT
HAeaAEHON), T, €, ueM TOAlE €€ MPOoBOJAOKZ ¥ 4yeM GoJblue mar HaMOTKH,
TEM CHJIbHEE OHd DPACCEHBACT 3JMEKTPOHR M TeM Ooasme NpelciAbHOe
OTHOIlieHHe Haupsokenut {f,/{/,, TPH KOTOpOM pEXMM BO3BpaTa nepe-
XOAUT B pexuM nepexsata. OTCIOd MOXHO CHeNaThb HEKOTOPHE. BHBOAH
B8 OTHOUIEHHH CeTOK nenToAa, Ecan Gul BCE TPH CETKH OHJH HAEANBHBIE,
TO H& aHOAMOH ([, {J,) XapaKTEpHCTHKe aHOIHWH ToK npu {/, =0 crau-
KOM MeHdACa OB 0T Hyam J[AO HEKQTOPOro MOCTOAHHOrO 3Hayenwd. Ho

8-
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E pEaJbHOM TNEeHTOAEe KamOas W3 CeTOK DACCeHMBIET SNEKTPOHM W 1pH
NOCALNOBATENLHOM HMX MNPOXOXKNEHHH DACCeHHE HaKaNAHBAETCH -

[TostoMy pas mOAYYEHHS KPyTOro MNOABEMAa H PESKOro mnepeioMa
CHEAYET YMEHbUIHTh DACCEAHHE OT KakJAoH ceTKW, T. €. CAeAyeT yMEHh-
HIATE I[Iar  HAMOTKH CETOK H OJHOBPEMEHHO YMEHLUIUThH IHAMETP TpO-
Boaok. Bropoe tpeforanpe ocofeHHO CyLIECTBEHHO A4 NepBOH CETKH,
NOTOMY 4710 OHA 6AM3KE K KATOAY M [PH TOACTHX NPOBOJIOKAX YBENH-
YHBAETCHA BOSMOKHOCT: OCTPOBHOH 3MMCCHH, a AJd BTGPOH CETKH, Haxo-
JALICHCA NPH  MOJOMHTENbHOM HANPANKECHHH, YPE3MEPHOE, HEe BRI3ZBIHHOE
Tpe(OBaHHEM XOpOLIEH SKPAHUPOBKH yBeawucHHe KodpduuneHTa 3a004-
HEHUH BeNeT K MOBBIUEHHI TOKa [, T. € K YMEHbLIEHHI KO3dipHuM-
£HT2 TOKOPACNpeAeaeHHsA. YMEHBLIeHHe AHaMeTpa NPOBOADK BEIET K YXYI-
LIEHHIO' MEXZHHYECKHX CBOHCTB CETKH H MOXKET NOSTOMY NDHMEHATRCH
TOABKO -J0 W3IBECTHOIO {Ipefena. YMeHbIUEHHI wWard SallHTHOH ceTka
NpenaTCTBYIOT COO6paWkeHHs, O KOTOPHX OYLET CKa3aHO HeMHOro HMKe.

Jlns yMEHBIUEHHA DacCEAHHA MOAS3HO YBEIHYMBATH PACCTOSHHE MEXAY
CeTKAMH, TaK KAK NPH 3TOM YMEHBILZIOTCH HANPSAEHHOCTH noneH Meway
HUMH, 2 3TO YBEJIHUHBAET (OKYCHOE PACCTOAHHE BJAEKTPOHHBIX JHH3
B AueHKax CETKH M TeM CaMbiM CHHKAeT OTKJOHEHHE SMCKTPOHHHX Jyuch.

Heckonbko ocoboe NOAOKEHME 3aHMMAET 33MHTHAA CETKA.. YMEHB-
IUEHHE "INAra HaMOTKH CETKH C, ymeHbINaeT ee NPOHHILAeMOCTH D-c-gc, H
Dac, “¥- YMEHBIIAET, CACAOBATENLHO, AeHCTBYlOWee Haiipaxenue - £e
TNAOCKOCTH, .@ -3TO0 B CBOK .- OMEpelb CNOCOOCTBYET VBENHUEHHIO UHCIA
SAEKTPOHOB, BOIBDALAIOMAXCE K ceTKe Cyp JaMHTHYIO CeTKY. APHXOIHTCH
TI0STOMY [EAaTh OTHOCHTEABHO peiaxof (¢ COAbIIAM 1HAroM HaMOTKH) H
NOMEILATh ee OJNMAE K aHOMY, UeM K cetke Cj, C TaKuM pacuyetoMm, uyToGH
pasHOCTL HanpameHHocTed nosed no obe ee CTOpPOHH npm weGoasmex [,
6n1a OYeHb Mada,

Toraa ¢orycHoe paccrosHue AHH3-AWadparm, obpasyeMux auelKamu
5TO0R CeTKH, 6yAeT BENHKO, a OTKJICHEHHe mano. Bce usnoxenHuwe BRUIS
CnocoOH  YMEHBINEHHS DaCCesHda 3AEKTPOHOB CETKAMH B TOH WM HHOH
CTENeNH MOrYT GHTb HCIOIL30BAHH PR KOHCTPYUPOBIHWA NCHTONOB, o
Ha NPAKTHKE YAJCTCs MOAYVYKTh HACTOJBKO KPYTOH HONLEM HAYa bHOH
yacTH aHONHOH XapakTepHCTHKM, UYTO BHYTDEHHEE CONPOTHRICHHE Ha
3TOM. YuYaCTke He npeBulliaeT coted ox. Ha nonoroft yact xapaxrepu-
CTHKH R; HMeeT, pa3yMeeTcs, COBCeM HHOE, ropasio Goibluee 3HAYEHHE,

Havanenu# yvacTok aHoAHOH XapakTepUCTUKA OOPALLEH BRMOYKIOCTHI
BBEPX, ECIM, KaK TOJbKO 4TO OBLIOC IIOKa3aHO, €F0 (OpMa oOnpeaeisercs
NEPEXOA0M OT DEKHMA BOSBPATA K PEXHMY NEDEXBATa H OTKAOHEHHEM
SNEKTPOHOB NPH TIPOXOWCAEHEH CETOK. B nofasasmonleM GonbiHHCTBE
CAyYyaes X4APAKTEPHCTHKH NEHTOROB HMEIOT HMEHHO Taxyio ¢opmy (cM.
puc. 377, a TAKKE XapaKTEPHCTHKH BHICOKOYACTOTHEIX TeHToA0B B [JLA.18]
wnd [JLA19]). Ho moxker cayuutnes, uto Ha GopMe XapakTepHCTHKH
OTPA3ATCH BAHAHHC NIPOCTPAHCTBEHHOTO 3apAfa MEAKIy cerkol Cp u aHo-
20M. [Tpe Goabwo# NIOTHOCTH TOKA, BXOMAMErD B MPOMEKRYTOK ceTka Cy —
aHOM, 3aleck MomeT 006pasoBaTLCA BMPTYILHMH KaToj, OT KOTOPOTO
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yacThb 9AEKTPOHOB N0BOPaunBaeT o0paTHO. ITOT cayvall GHA PacCMOTPEH
8 § LO ra 1, rne GBIN0 NOKA3aHO, YTO AHOLHHIE X3DAKTEPUCTHKH NPH Ha-
JHYHH BAPTYAJbHOIQ Karofa OOpalleHB BRHINYKAOCTHIO BHHZ (K OCH Hampd-
weunfl). 1Ipu yMeHbIIEHHH BXOOSIErQ TOKA, T. € B NEHTOAE TIPH YMEHB-
wennn  {f,, BUPTYaAbHLIR

Karo/l MOXKET HCUE3HYTb H TOK 1 M

TOrAa YBEAMUATCHL ITO 3Ha- “ / U‘*Zﬂ
4MT, IO AHOJHEIE XapaKTe- L U208 Z
PHCTHKH GYAYT MEpecekaThes. W : 100

CeMmeHCTBO aHORHBIX XapaKkte-
PHCTHK TZKOrO TAMa BEpPOST-
Hee [MOAVYHTE B FAEHTOHax
¢ OGOJbIIMMHE  pacCTOAHHAMHA
MENIY DJAEKTPOLAMH, TaK Kak
AelcTBHE NPOCTPAHCTBEHHOTQ
sapsafa pacTeT ¢ KBaapatoM
paccrosnus (§ 10). Ha puc. 379
N0Ka3daHo [00Ay4YEHHOC IKCne-
PHMEHTaAbHO CeMEHCTRO aHOA-
HHX XapPaKTEPHCTHK [eHTOAd, Puc. 379, [pHmep aHOAHWX XapaKkTepdcTHK
Ha KOTOPOM OTUYETAKBO BHAHW  UEHTOA3, Ha KOTOPHX BHAHO BIHANHE obpa-
OTMCUCHHEIE Bume ocoGet- 30BAHHS BHPTYadbHOro Katoja.
HOCTH. ,

Jlerko Bupetb, yto TpeGoBaHHe xopolelt 3KPAHMPGBKH CTOHT B NPO-
THBOpEUHH C TPEOOBZHUEM CHUKEHWS TOKA Ha SKPAHADYIOULYIO CeTKY.
Kpome Ttoro, Zenas cetky C, Goaee peakoH AAA CHIKEHHR TOKA Lo, Mu
O/IHOBPEMEHHO YMEHBILAEM COCTABAAOILYI0 R; BHYTPEHHCTO COMPOTHBAC-
HHR M, 3HA4MT, 3KaueHwe R; A9 NEHTONA B LETOM.

[TpueeseM THNHYHHE MaHHBE, XAPAKICPUIYIIIHE NEHTOALL

a) BucokouactoTuwe nedtoam: 6XK7 G, —5- 107* ng, R;==
=12 mzox, k=140, 2K2 C,c, =210 ngp, R;=1 meom, k=21

6) Huskouvactotnue neutons: 2013 Coc,=0,5 nh, R; = 0,08 mzou;
k =>5,9, CB-244 (ycrapeswuli, crapoe Hassande), Cpo, =05 ng
R;=0,15 mzom, k=050. .

4. Jlygennie TeTpoam. [ToaHOe NOAABIEHHE NHHATPOHHOrO 3diperTa
MOeT OBTh JOCTHIHYTO # 0G€3 NDHMEHEHRA 3aLIHTHOH CETKH, CaH HC-
NONB3OBATL IOHHWKEHUE [OTEHIMAAZ MeW/]LY IKpaHHpyllel CeTKOR o
aHOMOM, BH3BAHHOC NPOCTPAHCYBEHHHM 3apAAOM, KOTOpoe TeM Gosblue,
yeM GOJbIUE MAOTHOCTL TOKA H PacCTOAHHE MEXAY 3JEKTPOLAMH.

Pacnonoxenne n GopMa SNEKTPOAOBR NaMnb, HUMEWHIEH B MPOCTPaH-
CTBE ceTKa (y-— anoi MHHAMYM TOTEHLHAAA, 4 TAKKE BUA HAEKTPOHHOrO
MOTOKa mnokasane Ha puc. 380, OkcHAHWHA NOACrPEBHEA XATOA. AMeeT
(OPMY  BANHNTHYECKOTO LMAMHAPA, NpHYEM OKCHA HAHECEH TOJMbLKO Ha
WHPOKHE CTODOHW KaToAd, 3allBTHOH CETKH B JaMne HET, HO, HMEITCs
ABE OAACTHHE, COSAHHEHHWE C KaTo/JO0M, NPEMATCIRYIONINE PACUIHPEHHIO
9MIEKTPOHHOrG NotoKa. [aBHOH 0COOEHHOCTBIO AaMIE HBASETCH TOUHOE
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N0 BO3MOXHOCTH COTAdCOBaHME HAMOTOK OOEHX CETOK, KOTOPOE COCTOMT
B TOM, 4YTO BHTKH SKPAHHPYWIUEH CETKHM JNEKAT KaK pa3 HPOTHE BHTKOB
ynpasasomied certkd, OTBEPCTHA MEKILY IPOBONOKEMH CETOK NPHXOAATCA
Apyr POTHB EPyra # o6pasyioT SAEKTPOCTATHUECKHE CODHpAIONIHE JHHIE,

Puc. 380. KoucTpykumua 2aexTponos ayvesoro terpoia,

I —xatox; 2—'ynpasasouiad cevia; 3-— sxpanspyomag ceTKa; £
OAGCTHHL), COEAHHEHHEIE ¢ K210]0M; 4 ~ dHOR.

HAaCTONLKO KOPOTKOMOKYCHBIE, 4TO SAEKTPOHHEIE JyYd, MapaaseabHeie
MpH BHXOAC M3 KATOA3, MEPeceKaloTes BOJIM3H OTBEPCTHH 3Kpanupyio-
uiel CEeTKH H BHXOAAT B NPOCTPAHCTBO CeTKa Cg— aHOL CAErKa pac-
XOAALLMMCE NyukoM. H3-3a CTPOCHHA DNEKTPOHHOrG NOTOKA, pazienseMoro
CETKaMH Ha OTAE/bHEIC TYWKH, STH AdMIIH NOJYYAJN HA3BAHUE YYEBEIX.

Puc. 380 noxaswsaer, u4to SNEKTPOHHBIA TIOTOK B Ny4eBOM TETpoje
MOYTH UETHKOM NPOXONHMT MHMO TPOBOJOK 3KPAHMPYIOWEH CeTKH. SicHo,
UTO B DPEXHMMAX, B KOTODHX OTCYTCTBYIOT BO3BDALLAKILHECH OT aHOfa
BJEKTPOHN, TOK [y, HA 3KPAHHPYIOWLYIO CETKY AOMKEH OHTb OYeHb Mad.
WM pelctentensHo, B AyueBHX Terpomax Tok I, cocraaer 5—15%/,
‘@HOJIHOTO  TOK2, TaK HYTO KPYTH3HA AHONHO-CETOUHOH X2PAKTEPHUCTHKH
B COOTBETCTBHH ¢ COOTHOIUEHHEM

k
S=rrrS
cocrapaser 85—95%, KpyTH3sHW XapaKTEPHCTHKH MOJHOrO TOKa S,
Paccronsue mexay cetkod Cy M aHOLOM BHOGHDAIOT 10CTATOUHO GONb-
WaM, ¥ B STOM NPOMEKYTKE HOAYYAETCA AYOOKMH MEHHHMYM NMOTeHuHana.

[loBepxHOCTL MHHEMYMA TNIOTEHLURN3 NEKHT MCKIY ceTkol C; u
2HO/OM, H AHHATPOHHHN (PEKT NONHOCTBIO YCTPaNAETCH, KaK 5TO MQ-
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KAapiBaloT GHOAHBIE XAPAKTEPHCIMKH Jay4esoro rerpoxa (puc. 381), or-
JAHYAROILMECH OT XapaKTepHCTHK NeHToAa 6ojee pe3KeM NEpexoIoM oT
NoAOrord K KPYTOCHAJalIeMy YYacTKy. IJTO NPOHCXOLHT MOTOMY, 410
BA0AbL [UIOCKOCTH 3aUMTHOH CETKH MeHTo4a, OOBIYHO peiKoH, noTedunan
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Puc. 381. AHoaHHe XapakTepHCIMKM fyveeoro terpoja 2(19M.

CHILHO MENAETCH W HIEKTPONH, MPOoXoddlmiMe BO/IM3H BUTKOR TPOBOMOK,
OTKAOHAKTCA TOpa3lc CUABHEE, UeM SJICKTPOHKH, NTPOX0AsUlHe ToCepeInHe
NPOMEKYTKA Mexny npososokame. Fo Ha NoeepxHOCTH MHHHMYMA TOTEH-
iHana B Ay4ueBOM TETpOae NOTEHNHAA NMOBCKAY OJHHAKGCB, H 3ACKTPOHH,
Kak BHAHO u3 pAc. 380, npuxoadr K 3TOH NOBEPXHOCTH N0 MaA0 OTAH-
YAKOUEMCS  HANDaBIEHHAM. Y CJI0BUR IAd NOBOPOTA 3JEKTPOHOB  Meped
dHO/IOM HACTYNAT MNOSTOMY HMf BCEX 3AEKTPOHOB NOYTH TPH OJHOM
H TOM e [/, 4eM U CO313eTCA KPYTOH MepenoM aHOMHOM XapakTepH-
cTHKH. Paccrodnue cerxa € — aHON y JAYYEEHX TETPOAOB OTHOCHTEABHO
BEHKO, W 3/eck NPH noaxolswux ycmosusx (U, > U, I, seanko, 1. e
U, >>0) MomeT BOSHUKHYTb BHDTYaibHbilt KaTOL W aHOAHME XapaKTe-
PHCTHKH B COOTBETCTBYIOIIMX MeCTax OyAyT nepecekartbest (CM., HanpH-
Mep, xapakrepucrukyd Tetpoaa 2I19M [JLLA.19, cTp. 52]). Bausnue nunatpon-
HOro 3gexTa 3amMeTHo (B OveHb HEGOMBIUIOH CTENEHH) TOBKO IpR ca-
MBIX cnalWX TOKaxX, T. € 0pPH OYeHh HHIKHX HAMPSKEHHAX Ha cetke Cp.

Cornacosanue maMoToK yrnpasagoued @ 3KPaHUpPYIOILER CETOK Mpak-
THYECKH NDHMEHHMO TO.ABKO B HH3KOYACTOTHEIX YCHAHTENBHBIX W TeHe.
PaTOPHHX TETPOAAX, rAe SKPAHHPYIOILAA CeTKa MoxeT OHTh OTHOCH-
TENBHO HE Fycrol, [Ias yCHNEHHA BHICOKOWACTOTHWX CHrHanoB Tpebyertcs
FyCTas SKPaunpylomas CeTka, M TOrAa TPYAHC NOOHTbCA XOPOIUErQ ¢o-
IBacoBaHHA HAMOTOK,
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AKpaHupyOMasn CETKa JyueBOro TeTpoaa uMeeT GOMbUIYI0 NPOHuIae-
MOCTB, @ TOK [, Ha SKPaHAPYOILYK CeTKY B TOYTH LOPHIOHTaALHOH
i 4aCTH XapaKTePHCTHKH OYEHb Maa H Mano
SaBHCHT OT aHOAHOro wanpsikenud. llo-
3TOMY B JYYEBOM TETPO]E H3MEHEHHS aHOX-
HOFO TOKa 34BMCAT TJIZBHHM 06pa3oM OT
3MEKTPOCTATHYECKOTO ASHCTBHA RHOAHOTO
HalPAXEHHMA HA IPOCTPaHCTBEHHMA 3apan y
"KaToaa #H TOKOopacnpeaescHue nmpyu BblYH-
CACHHH KO3 UUHEHTA YCUACHN MOKHO B
nepeoM NpPHO/AHKEHHH HE YUHTHBAaTh. 3Ha-
YUT, MOXKHO CYHTATh, YTO HCTHHHRE KO2¢-
(UUHEHT YCHISHHd JYYEBOTO TeTpoia

1
AP —=F—F—. (44.21
pA=p, DereiDav, ( )

Hanpwawep, 19 AyYeBOro TeTpoaa C faoC-
KUMH 37EKTPOIAME W CETKaMH W3 mapan-
JAefBHBHX NPOBONOK MOAYUHM, 0603HAYas
paIuyCH TIPOBOAOK 0OEHX CETOK uepes p;
H pg H DACCTOSAHHE MEXKAY NPOBOJIOKaMU

uepes §:
o 2w
sln (—SP-‘-
Dc —_———
201
21‘1:(!":lc=
oo (22)
» i Y (14.22)
- . a.Cs ™ [
Puc. 382, BHCOKOUACTOTHHE YoH- - E“dcga |
AHTEIbHBIA NEHTOA.
. d, . d
71— mMetaannueckuiz Gaanod; 2— sxpan; —~ Cifa™ =2 .
3— cnoasEod H3oaaTOp; ¥ —CTobKE; §— e s \2 PLITR { 2mpg
YUpaBAROWAT CeTKa; 6 —KATOA; 7 — 3K~ —) In (-— In: —~—J
PAHEPYICIAN CETKA; § — NOROTPEBaTenb; 2n 8 |

-9 —3amuTHan ceTka; /0—aunol; I/ —ra-

30MOTACTHTEAL; [2— KoHWYecKHUl sxpan;
I3 —cTexnyynoe muo; M —odycw; 15—
METaINH9eCKOE KOAbLO HOXKH; 16 — Gy-
cbl; I7 —onnunapyuecknl sKpad; 18—
¥OIBHO UGKOIN, 19— BEOL; — KecTo
saMUMA NOKOTRA; 2f — uekoa; 22— Tpy6-
Xa 159 OTKAYKH {mrenrens); 23— wyw-
_peK; 24— MecTo OTHAAKH IOTEHCeNIN;

BoJee TouHHE HOPMYAN MOXHO HalTH
B CHElUMaAbHHX pPYKOBOACTBAX TG SMEK-
TpokHEM nAamnam [J1.5.3; JI1.5.10].

b.TIpuMenetHe TeTPOXOB W MEHTGAOB.
Ipamepn koHCTpYKRHi. [1as ycuaeHus

5 - BHILEYN xA0ua; 26— mpunoi; 27 —
HANPABAAMTIHA K150,

HaNpsKEHAA B TNDHEMHMKAxX Yalle BCETO
: NPUMEHRSIOTC NEHTOAM; HEXOTODHE H3
BHIYCKAEMBIX TPOMBILLIERHOCTHIO NIEHTOAOR HMEKT KOPOTKHE, ADYrHe —
YAMUHEHHHE aHOIHO-CETOUHBE XaPAKTEPRCTHKA, [lna YCHAEHHS MOIHOCTH
B KaueCcTBE BHIXOAHHIX JIaMI NPHEMHHKOB [PWMEHAWT (KpOME TPHOJAOB)
-AYYeRLle TETPOAM W NEHToIH H. 4, CyuecTryeT 60/bIIOE YHCAC BAPHAHTOB
JKAKAOLG M3 ITHX TWIOB JaMll, OTAHYAIUIMXCA HANDAKEHHEM HaKana,

otopsaenues, napamerpasy u 1. m. [J1A.18; JLA.19]. Caeayer ormernts,
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yTO H3NOKEHHas BHIIE TEOPHA NPOUECCOB B MEHTOZAAX H TETPOIAX NoJe3Ha
A9 TIOHMMaHHA (DHSHKH 3THX JaMIil, HO €€ PE3YJbT4TH HEAOCTATOYHO TOUHH
A9 KOJAAHEeCTBECHHHX pacyeTos. Teopma MHOrQCETOYHHMX JaMi, J20CTa-
TOUHO TOYHOH M BMEcTe € TeM JAOCTaTo4HO YAOOHOW ANd HHXKEHEDHHX
pac4yeTos, B HaCToqllee BpeMsa He CYILELTBYET, U TpH KOHCprHPOBHHHH
HOBRIX JaMIl- NPHXQANTCH TNMOJB30OBATHCA MIHPDHYECKHMA NaHHBIME, HMEH-
IIHMHCH B PacrnopsKeHHH KOH-
CTPYKTOPCKEX GrOpo’Ha 8aBogax
3JEKTPOHHNX npuGopos.
KoHCTPYKUMA YCHAHTEABHOTO
NeHTola B. Y. YCAOKHAETCR H3-3a
HeOBXOIHMOCTH TUIaTeALHOH
IKPaHHPOBKH aHOAA H €ro BBO-
Aa  OT ynpapasiomweH  CeTKH.
[Tpumep KONCTPYKTHBHOMO 0dop-
MAENHMA B, Y, NEHTOZA B METAN/H-
yeckoM OanjIoHE TIPUBEAEH Ha
puc. 382, rie SKpaHM OTMEUEHH!
uudpamn 2, 12, I7.
TenepatopHpe TEHTOAW H
TETPOJW HCTIOAL3YIOTCA TAZBHHM
06pa3oM B AHAasoHaX Manbx
M CpPeaHHX MOLIKOCTEH, rie OoHH
saMeHuAH TpHOAHW. K HHM OTHO-
CHTCA BCe CKaszaHHoe B § 42 o0
OXJaXJICHAH aHONOB [EHEPATOP-
nux TpHomos. Ha puc. 383 uzo-
GpaxeH reHepaTopHHHE HEHTOA
T'Y-80, paccunTaHHui Ha BHXOI-
HYIO MOIHOCTE OKoxo 750 sm.
C NOMOHIBIO HANPAKEHHL, TO-
A2HHOFO HA TPETbI0 CETKY reHe-

PaTOPHOTO TMEHTOAE, MOXHO OCY-
: R H -80.
IECTRUTL MOAYJSIHIO nepeaat- Puc, 383. Teneparopuuitt neuron I'Y-30.

qHKa, 2T0 CeTka J0MKHa .a(p_ KoHCTpyKENA ce‘rol::”;[sn:néa:gzsg‘y'se:mqeﬂuou Mac-
(pexTHBiO0 AeACTBOBATHL HA aHOI-

Hbill TOK, W €€ AEeJdI0T MO3TOMy AOCTAaTOuHO rycToil. OGo3HAUEHUS, TPH-
#atie no ['OCT ans TeTpofos M NMeATondoB, cM. § VI
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§ 45. drekTpoHHbIE NAMAW ¢ ABYMA YNPABAAOMUMH CEeTKAMH

1. lipoiinoe ynpasieHHe AHONHHM TOKOM B MHOrOCETOTHBIX JaM-
nax. B pammorexH#ke CyHleCTBYIOT 3alaid, KOTOPHC HaunGonee shpex-
THBHO pewawTcs® C TOMOLURI 7aMi, HAa SJEKTPOHHHE MOTOK KOTOPHX
JEHCTBYIOT ABZ TEPEMEHHBX HANPAKEAHA pa3sAHYHOH 4acTOTHL. Takosrl
3alauy O MpeobpasOBaHuM 4ACTOTH B CYNEPrETEPOAHHHOM TNPUEMHUKE
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M MOAyJAAUME KoneGanmii nepefaTyHka, paGOTAWILEro Ha reHepaToPHOM
nenrote. Opnospemennoe BO3ACHCTBHE JBYX MNEPEeMEHHWX HanpsKenu#
Ha 3TEKTPOHHHHA MOTOK OCYIIECTBARETCA C TOMOULLIO ABYX YNPaBAKIOLINX
CeTOK, M3 KOTOPHX ©OIHA JeHcTBYET Ha NOJAHNM TOK B Jnamne, a apy-
rag ~—Ha pacnpefeneHHe TOKa MEeKAY IAeKTPOAAMH, HAXOHAWHMHCH IO
NOAOKHETENBHHM HanpakenueM. Hampusep, B menTone ynpasasoLipmun
CETKAMH B 3TOM DEeXHME CIYKAT NEPBAg H TPETHA CETKH, NpAIYEM Noa-
HH# TOK MNEHTOMA PA3NCAAETCS MEXKAY AHOXOM ¥ BTOPOH ceTKoH, 3aps-
KEHHBIMH 20 GOALINOrO IOJQKHTEJABHOrO TOTEHUWaA2. B Takux caysasx
TOBOPAT, 4TO B JaMne OCYUIECTBANCTCH JBOHHOE YNIpPaBAEHHE AHOAHBMM
TokoM. Ha npakTuke apofinoe YNpaB/eHHE AaHOAHMM TOKOM, KPOME IieH-
TOAOB, MPUMEHAIOT B JIAMNAX ¢ USTHPBMH, [HTHI0 H NIECTBIO CETKaMH
(rexcoas,, rentoasl u okrToas). PasGepem MeToX ABOHHOrO yOpaBneHHA
4HOLHBIM TOKOM Ha MPHMEpE [IEHTOAE,

- cosia t £,
[ o

Us £05 s T
£
I I
=k ! L1} "I'] *

lé’,:J
+

Puc. 384, g — pacnpenesenue NOTeHIHATa B neuroje ¢ ABYMs YNPaBIAGULHME
CeTKaMH; 0 — NPHHITHEHATRHAA CXeMA AEYXCETOYHOTO MpeoGpasoBaMMA YacTOTH
) € HEHTOLOM.

Iiycrs B nmeurtone or cetkn Cy clenad OCOGHHA BHEBON W HalpAKeHHe
ee, TakuM 00pasoM, MOWHO H3MeHaTh, HalizeMm yc/loBH#, NpR KOTOPHX
nHanpaxenne (/.. cHApHO JAeHcTByer na aHOAHWH Tok. Tak Kak B reH-
TONE HalMLO /IBd SACKTPOOA, HMEOUMX TOJIOKATENbHHHE NOoTeHuMa:
cetka Cy ¥ adon (puc. 384), To nepes HAMH OMATh CTOMT 33faua O
TOoKOpacopeaeneHud, B 3aBHCHMOCTH OT BEJMMHHH OTPHIATENBHHWX Ha-
npawenntt U n U, u nonowutensuux U, u U, MOKET YCTAHOBHTbCH
KdK pexHM fnepexeara, Tak H DPexuM Besepata. B zamHoM cayyae cae-
lyeT (034aTthb PEXHM BO3BPATa, TAK KaK MMEHHO B ITOM pewume HMedT
MECTO CHAbHag 3aBHCHUMOCTh TokoB [, u [, ot manpswenutt, dopmyna
(44.10) Goina suBeteHa IA7 PEXUMa NPAMOro MEPEXBATA, KOrAa BIHSHHE
HANPKEHHR HAa TOKOpACTpeeIeHite OTHOCUTENBHO Caabo. Jlam ToKopac-
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npejeAeHHs B pEXUME NEpeXBara CYMECTBEHHO OO0 BAMAHHE Hanps<
WEHHH Ha TPACKTOPHM BJEKTPOHOB B INIPOMEXYTKE MEXKAy ceTkamp Cy
H Cy, Bramm ot cetke Cy, ¥ 3aMCHa NpH pewleHHn 3Tof 3aaaud ceTkH Gy
CNIQIIHHEM 3JEKTPOAOM C AcHCTBYIOINMM HanpamenneM (fp, OWAa BNOARE
ZOMYCTHME, TAK KaK BOaAM OT MIOCKOH ceTkH mnoae eée oanopoaHo. Ho
B pekUMe BO3BPATa MEKTPOHEH, BO3BpaLlaroLInecs K ceTke Oy, MOryT
NOAXOANTE GAH3KO K ceTke (3 H TIPOHHKATL B 00J1aCTe HEOLHODOAHOrO
noan, Ilpy TtakWx ycaoBMAX 3aMeHa ceTKA Cj COVIOINHKM NDOBOSHAKOM,
HHbHIMH CNOBAMW, BEEACHHE B TEOPHI MOHATHA AEHCTBYIOWIETO HATpsie-
HHg B TMJOCKOCTH ceTky €3 He 0GOCHOBAaHO N TEOPHA CYUIECTBEHHO
ocaokuneTci, Tem HEe MeHee 6)",[[6]\1 CHauaMAad CYHTaThb BO3MGAHHLIM BBEJE-
Hie AeBCTBYIOIEro HanpsKeHHs B MIOCKOCTH Cetku Ci.

Tak kak U/, <0, T0 TOK B MAockocTH ceTkn Cy pPaBeH aHOIHOMY
Toky [,. TlpuHnMas, yTo Meway cerkaMa C; u Cy CYUIECTBYET DPEXHAM
BO3BPATA, MOWHO Halwcats (§ 41)

ls — US.Es 1,13 -
=5 [ﬁ—UB_cJ ) (45.1)

Byaem cumrath cetky Cy rycroft u [, = L, Toraa

U D . +U_+U,D
—_— Cp "~ Cgly ty a.Cg . 45.2
US.Cg i + Dc2c3 + Da,cs » ( )
Vs (45.4) n (45.2) cnenyer:
— Bl ] [UC=DC2C:+UC3+UaDa-CJ ]zh =
y (l + D::gc. + ‘Da.c;)ue ‘ Ur.:
— BSI}; [ ch Dcaca +gta + UaDa.l.‘.g :Il-’s ’ (453)
c3
rae¢ By — noctosuyas. YacTHyi0 TpOM3RO/IHYIO
al

Sey =" (45.4)

<3

GyleM HasmBaTh KpyTEsHoH no cetke C; (no BropoH yipaenfomed
cetke). M3 (456.3) noayunm *):

— 1 _ B (45.5)
Scs — 1};2 [ EU 1 . /
QUCg (Uc= chc; T Uc; + UﬂDa.c;) ) cy'd

*} I, nouTH He 3aBUCHT OT Uc,; BCIEACTBHE JKpasHMpYLOIero RefCTBis
ceTkn Cj.
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dopmyan (45.4) » (45.5), KaKk ywe 0TMEUSHO, HE MOTYT GbiTh TOUHEIMH.
Cetka C, HAXONHTCA MEWAY ABYMA 31EKTPOLAMH, NOTEHHMAAN KOTODHX
e notennrana [, " IT0 NOAOKEHHE CXOOHO C pacnpeseneHueM
OOTEHUHANA B Tpuone, H3oOpawxennom Ha prc. 340. Kak BEAHO W3 pH-
CyYHKa, B STOM CJy4Yae <€CENJOBHAHHE® TOUKM Tona¥*) P, P, .., umen-
IlRe TOTeHUWan (/p, HaxoasTcd BOnna3m cepemuusl wenelh, B cepemane
MEAH NOTEHIHAN B RAOCKOCTA CETKH MMEeT MAKCHMYM, H NpH yMeHbHie-
nul U, moTeHumans CpeanHx Todek Py, P, ... AeNaI0TCH MeHblie Hy.q

B NOCACIHION Ouepexb. MOXHO CKA3aTh, YTO M3 BCErQ 3NEKTPOHHOTO

NOTOKA, HanpapaflolIeroca K cerke C, B Hauboaee GaaronpHATHOM mono-
WEHUH B OTHOIICHHH BO3MOXHOCTH TIONAAAHHA HA 2HOA HaXOMATCH
3NEKTPOHH, HATIPaBAFOIIMECT B <CEIMOBHAHEE» TOUKH noas By, P, ...,
O4eBnAHO, YTO YCIORMEM SanHPAHHA aHOZHOrC TOK2 NPH Hoxmkenuwn {7,
Gymer ycnoswe Up, — Up, =—...==0 u dopma xapaxrepucruxa (I,, ),
BO BCAKOM Ciywae BOJAM3A 3anApawud, OyAeT 3dBHCETb OT CTPYKTYpH
MoAs BOAH3H <«CEANOBHIHBX» TOUEK.

Tounniit pacyeT TOKOpACHPERENCHHA B pEXHME BO3BPATd, OMHAKO,
OKa3bIBACTCA OYEHb CAOKHHM W NMPHBOIHMT K [POMO3IKHM H HeyAoGHHM
topuynam. Moxno nokazate [J1.5.9], uto Ana anomHoro Toxa npuban-
WEHHO CMPABELJHBO BHPAXEHHE, BECbMA CXOAHOE C BHpawenweM (45.3):

al_. + U, + BU,
I,=Bl]/ ___f-'iu“ilm (45.6)

€a

Ho koshduunent By u xospduunent npu {;, » U, OTAHYHH OT COOT-
BETCTBYIOUEY KOIgupuunenTor B dopmyne (45.3). Ua (45.6) crenyer:

(45.7)

B ¢opmynax (45.6) m (45.7) senmumim «, B W B, NoCTOAHHME, 33BH-
CAWEE TOABKO OT TEOMETPHYECKAX RaHHHX JaMnel. Hx MomHo naltta
SMOHPHYECKEM NYyTEM TO XaAPaKTePHCTHKAM JaMni, BOCNOAB30OBABIIACH

TEM, YTO, KaKk 370 caeayer us (45.6):

1=—(%8),.

a ]
O, 7 = const
L3

{45.8)

a ocHoBaHuMe Xapaktepuactaxkm (I, [.,), T. e. Touka, rme I,=0, onpe-
neasercs ycaosuem oll,—- Ue, 43U, =0. Hakonen, npu U, =0 a
U=, '

=B VaLh. (45.9)

*) Oxolo 3THX Touek O0pa3ywTCa «cedia» HA NOTEHUHAILHOM peabede.
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Ha pwuc. 385, @ nmaHa cepHs SKCMEPHMEHTAJbHEX  KPWBHIX “3aBHCUMOCTH
L0, ot U, a Ha pac. 385, § — Te we KpuBHE, pACCUHTaHHHE No ¢dop-
wysie (45.6), B xoropoh By & u P oNpeAe’eHH YKasaHHKM CROCOGOM
H2 SKCTICPHMCHTAAbHHEIX JAaHHBIX H FAPH TIOCTPOEHHM TEOPETHYECKHX KPH-
BLIX CYNTAOTCA NOCTOAHHMMH. Kak BHAHO, pE3yAbTaTh TEODHHA TOATBEPHK-
A4K0TCA  PKCIEpHMEHTOM, TeopeTHuecKHe KpHBee mnpn /= U, HoAKHH
NepecekaThca B ogHoN Touxe npH {/,==0, JKCNEPUMEHTATLHBE KE KPH-
Bue nepecekawtces npu L, > 0; OIHAKO 3TO CMELUEHHE TOYKH nepece-
YeHHd BRnOaHe OOBACHASTCH KOHTAKTHOH pAasHOCTHIO NIOTEHIHANOB MEKEY
cetkolt (3 M KaroaoM, KOTOPYIO MOKHO Jake ITHM CHOCOGOM H3MEPHTH.
TouHo TaK e NOARNEHHE «XBOCTA» B HAXKHEH 1aCTH 3NCOCPHMEHTAIbHHX
XapakTepHCTAK, €CTECTBCHHO, OOBACHAETCH HE NMPHAATHM BO BHHMAHHE
B TeopHd pasbpocoM HayalbHBIX CKOPOCTEH 3JAEKTPOHOB.

08
a6
al / 04 ! 015
/// / ’ / l I¥/A 1\ Borvucneno
/ / | az ] U,f25
Y i~ Uhr 120 3@540 @/@Jmﬁj /\‘
T / | i 4 \ Y
-8 -6 -4 -2 a 5 4
~—0,0 \ ol 10
08 Hamepeny \\
’ " 0075

56 N
== 005

| /7 / / [ Qﬁ”ﬂ’ 4025
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prereen) M
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Pnc. 385. 3asucHMocts [ ff; o1 U, nas rekcofa.

@ — BKcnepuMenTasbHag; & — TEOPeTHYerKad; & — CPaRHeHHe TEOPEeTHYECKOd M 3KCHepHMenTanbHoR
sapucumocTedt S, /1 oF U, Aad rekcoma (ceTka Cy coeIMHEHA < 2HOAOM}.
3 ]

Bausune pasépoca CKOPOCTEH CKa3WBABTCA A Ha KPHBOH 3aBUCHMOCTH
KpyTtusun S, or Hanpswenda U, (puc. 385, ). Teopernyeckas (nyHk-
THpHaa) xpeeas npu /[,— 0 (T. e m0pU NpUGAHNMEHHH K 330HPAHMIO
AIMIE Hampsi#enneM L) CTPEMATCH K GEeCKONEYHOCTH, B TO BpeMs Kak
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SKCHEPUMENTANbHAR (CNAOWHARA) KPURad o6HapymuBaeT maaexue S, COO1-
BETCTBYIOLIEe ¢ropMe XapakTepucTuk puc, 385, a.

3ameTHM, uTO KaKk B M3INOKEHHOH rpy6o npubauxenHoR Teopum, Tak
B B Oojece TOUHOH Teopuw, npuBomamed X ¢opmynam (43.6) n (45.7),
HE YUTCHO BAHAHWE NPOCTPAHCTBEHHOTrO sapana. OO6 2ToM BAWSIHHM Gymer
CKa3aHO HHwMeE,

2. IlpeoGpa3osarde 4acToTH H paGouHe napameTph 4YacTOToMpe-
o6pasosaTeaphnx namn. Ilo xapaktepuctuxan (/,, U,} voxHo onpe-
AENHTh KPyTH3HY MO [epBO# ceTke

A
e, = oz,

M no xapakrepuctukaM (I,/{.,) KpyTH3HY DO TpeThel cerke

Sey=—ls..
T3

KpytHsHa mo nepeoil cerke Sc, TpH  maHHOM {/;, 3aBHCHT OT e,
H, 06paTho, §;, 3aBHCHT oT [/, NpH 3agaHHOM Uy, (om. e puc. 388).
MHbnMu cnoBaMm, MeHds HanpsskeHue Ha OAHOH YupasaswonieH cerxe,
MOXKHO MEHATH KPYTH3HY 0O JAPYroH yupaeasiowel ceTke, H HaoGOpOT.
B ortom cmucie mpu paGoTe B PamHOTEXHHYECKHX YCTpOHCTBax ofe
CeTKH B3anmosaMeHseMbl. Oanako ¢opma xapakTepucTHx no obeum cer-
KaM, & TdKHe HX DPacHOJOMKEHHA NO OTHOMIEHHID K ADYTHM SJAEKTPOLAM
PasanuHE H Ha NPAKTUKE NOJAHOH B3aWMO3aMEHASMOCTH HET.

M3 cratiueckux xapakTepucTHK Aamn ABYMA YIPaBASIOMIHMH CET-
KaMH MOXHO ONpejetHTb NapaMeTpH NoAoGHO TOMYy, Kak 310 OHIO
CAENAHG Anst naMn ¢ ONHOK ynpasasioulel CETKOM; HanNpHMEpP, BHYTpeH-

al,
HEE COMpOTHBAECHNHE Riza—]“, KOS(pQUIUEHT YyCHICHUA AHOMN — MEpBan
a

ol
CETKA Mg = — ( dUa)’ KO(HDHIMERT  yCHAeHHA BTOPad ceTka —
“eu
nepeas cerka }L“l“!:_(au—cg) H T. 1, TOIBKO HEeMHOTHE N2 HHX
S

BCTPEUZIOTCA B PAIMOTEXHHUECKHX pacyerax. HauGonee samHmM mapa-
METPOM JaMOl C IBYMA YNDaBAAIOLIMMU CETKAMH CIYXHT KPYTH3HA npe-
06pazoeannus. ITOT LADaMETP HEMOCDENCTBEHHO CBA3AH ¢ PaGoTOM MamMmm
B KaueCcTBE CMECHTEAd B CYNEPreTepOIHMHHOM NpHeMHuxe., [IpHHIMIHANb-
Hast CxeMa npeoGpazoBaHMs YaCTOTH ¢ NEHTOZOM NMOKasaHa Ha puc. 384, 0.

Hanpskenne curnana oT BXOAHOH UEMW mNpHeMHHKa (yacToTa o)
NMOJZHO HA CHFHANBHYW CETKY — 31€Ch 3TO Nepead ceTka nenroaa. Ha
TPETLIO CETKY MNONAHO . HAMPAXKEHHE OT MECTHOTO [EHEpaTopa HeSoJb-
oA MOmMMHOCTH (reTepoamMHa ¢ yacToTo# o). AHOOHBE TOX ABASETCH
bynxuvent nanpaxennl Ha ofenx YMpPaBATIOUHX CETKAX:

Ucl = 8_‘1‘-1 + Us cos (l!l_‘f), UC: =&:a + Ur cos (u.lrt), (45-10)
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T. €

ia :f(Ucl) UC:)-

3aeck &, W B, — CMemenns oGenx CeToK, OOHUHG 1ad Rpesynpexie-
HHA BOSHWKHOBEHHA TOKOB Ha YNpapAqloye CeTKM OTpALATeNbHHeE, a
U, cos (o g} n U, cos (wf) — CHHYCORNAAbHKE HANPMKEHHA CHTHANA M
rerepoanna. PasHocTs Havankebx a3 NpHHSTA paBHOH HYMIO, Tk Kak
O, Z o, 1 BCETa MOXKHO HAyaTh CUET BPEMEHH ¢ MOMEHTA, Korga chadst
oboux konefanuil CPaBHAGTCA.

Paznaraa i, B psa M OrPaHMUYHEBAACH YACHAMU A0 BTODOrG NOPAAKA,
T, & CudTas aMNMTYAB [EPEMEHHBIX HANpPAKEHHH MRISIMH, NOJYHHM:

d
ia :f(gqs @ca)_'_ ( 6(}{1

NI AT &f
+3] (-OE)OUJ cos® (wyf) Q(W)o UL, cos (0,t) cos (agf) -

! of
)D U cos (wd) + (Wc.)o U, cos (w i}

+ (%}» U2 cos? (mrt)}, (45.11)

rae uHaexcoM O OTMEUeHH 3HAYCHHA NPOH3BOAHHX B TOUKE i,=iy,—
":f{gcls 5(‘.;)‘

B anopmofl uenu, KpoMe NOCTORHHOH Caaraomed iy, GyayT caaraio-
nige 4YacTOTH g, w, 20, 20, (2TA 4aCTOTH NOAYYAIOTCH H3-34 HAMNYUA
4YJEHOB, COIEPMAWHX cOS wf, coswf, costed, cosPwld) u (v, -+ ),
wup_—_(wl.——ms) (nocaeanve ABe CAAraioilHe TOJYualTcid OT YJeHa pasz-
noxeuns, cojepxamero cos (wf) cos ().

Ecim aHOAHHH KOHTYD HaCTPOMTE Ha YaCTOTY ®;, T0 TOILKO
HanpsXeHHe 4YaCTOTH Wy, HA KOHType GYAET HMeTb BaMETHYI0 BeJH-
yHgy, TaKk 4TO OCTaAbHHE CHaralolllde TOKa B aHOAHOH LENH MOXKHO
He yuuTHBaTe. B cxeme puc. 384, 6, crepopaTenbio, BHAEEHH H yCu-
JEHB KOJeGaHHS YaCTOTH ®g,, KOTOPYH HaBBIBAIOT NMPOMEXYTOUHOH ua-
cToTol.

Bech npouecc nepexoaa OF 4aCTOTH W, K APOMEXYTOUHOH, OOBIUHO
MeHbilEH 4acToTe w,, HasuBaeTcst npeobpasoBanneM dactoTw. [IpeoGpa-
BOBaHHE 4YACTOTHL C MOMOMIBIO MEHTOAJ-CMECHTENA TpeGyer ABYX Jamm:
CMECHTEeAbHOH NaMme W JaMne reTepofnsa, B Kypcax paguonpuema
NOKA3HIBAETCA, NOYEMY YCHACHHE KOJAeGaHMR IPOMEKYTOUHOH YacTOTH ©
BHTIOIHEE YCHUACHHS KOAcOaHHA BHICOKOH UACTOTH W,

AMnuHTyay craraioileff aHoZHOrO TOKA YacTOTH @;, MOKHO HaktTu

H3 opMyan

ap

1 0%, 1
i === U U, =5 pU U,
e (45.12)
%, (}Scl . dsq )

P=gp ey, = oU.,  oU, "
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Kos(uunent p naswBaloT nOCTOAHHOH Npeobpasosanus. Wa dopmyas ' '

' 1
T P [ 9 .
1

(45.12} caenyer: 0 Tty i | A
i, 1 asc 1
TP — = L= X
v Sap 3 o, Ur=5pU. _(45 13)
Beanuuna S;;, paBHa® OTHOWEHHIO aMIIHTYH aHOAHOIO TOK2 MPOMEXY-
TOUHOH 9YaCTOTH # HaNPSKEHAS CHIHAJNA, HMEIINETO YacTOTY w,, HA3H- v U b,
BaeTCA KPYTH3HOH mpeoGpasoBanus.

Kax nokasusaeT paseHCTBO (45.13), KpyTHaHa npeoGpasoBaHAs Sopr u
CRYXalWas OCHOBHHM MAapPaMeTpoM  4acTOTONPeoGpa3oBATENbHHX  /AaMI, '
XapakTepH3yeT 3¢(pEeKTHBHOCTL BOSAEHCTBHA HAUDSIKEHRS OXHOR M3 yRpaB- 9
AMIOIIHX CETOK HA KPYTA3HY 00 Apyro ympapasiomeR cerke, KpyTuana
npeo6pasoBanns SaBHCHT HE TOJALKO OT CEOHCTA JAMMH, HO B OT aMIAH- .
TYAN HanpaxeHus reTepomuna U, oo & £ A s

Ilycts Ha ceTky C; NONAH CHTHAN, 2 Ha CeTKYy Cj-— Hampsxenwe P L O I o,
rerepoanta. 3asucumocte Sg, oT U, Boobme rosopa, HeanHelna, Kak ok ‘ RN B §: s == !b’c =

5T0 WOKasaHO Ha puc. 386 ama U, <O T : ' 14 “
S Bufupas CcOOTBETCTBEHHHM OGPa3oM CMme- : : I ! §
~ mEHAE CeTKH (p M AMNAATYAY TreTeponnHa, I ] Ig
MOXHO ROGHTbCH, YTOOH KpYTH3Ha S, maMeHs- i ok ———— e A
i |
S asch oF 0 KO (S )mar == (S, )ve,~o Torna, 3a- v : Il ! ! ,
MCHRY XapaKTePACTEKY ApPAMOH JNHHHEH, rony- H ! [ ! 1 u
yaeM NMpRAGIMKEHHO: P
_A‘Sel __(scl)max-_—_ QSn[_)
— AU, 0, U,
Y% orkyna
(Scl)max (SCI)Uc =0
_— — 3
pT g = 2 . (45.14) \
Ilpn saxoae HanmpsKEHHH FETEPOIEHA B OGAACTH ===
nozoxmTenbHNX U, KpyTtHana mpeoGpazona- g. Gy
' by | —

HHfl OKA3HBAETCH HECKOABKC GOJbIUE B JCHHT

Puc. 386, K Buuncrexnno
Cootsomenuh mexny Sy, (Scl}Uc,=0- (SCI)U%:(,

H (Scl)Uc’-O' 4 * 2 *

B nentose (Sc)ue, -0, 0u€BHAHO, OGHGHAA KPYTH3HA aHOZHO-CETOUHOM
XapaKTEPHCTHKH, HSMEPEHHAs B YCAOBRAX NGAKJIONEHHs CeTKH Cy K KaTony.

3. YacroronpeoGpasopaTenppie JaMOH ¢ OGIAM SAEKTPOHHBIM
nOTOXOM. Kak crejyeT M3 CKasanHOro BHLE, MEHTOL HMEET MUHHMYM
3/EKTPONOB, HEOOXOAMMHX [N 9aCTOTONPEoGPAsOBATENLHOR NaMIy, Aei-
CTBHE KOTODOH OCHOBAHO Ha JABOHHOM YIODABNEHHA AHOAHBIM TOKOM,

B npeaenax :

—

Wy~

Cz
)

L

Ly

\ay/

=

9

i

i

Pac. 387. OGo3naueHHe 9AEKTPOAOB W pachpeleleHHe (OTEHORANOB,

Onnako B [NEHCTBHTENBHOCTH TEHTONN B CXEMax, MNOgOGHMX cxeme
puc. 384’ 6, He NPUMEHAIOTCA, IMentoau MPAMEHAIOT TOABKO B CXEMZX 4—h FexcoRe; 6—n renfoxe-cnecll're.l‘reo;l:.—_cnl?ecnmmneﬂ:{lbuan CEEMA CMEMeHH YalToTh ¢ ren-

TAK HABKBACMOr0O OJAHOCETQYHOrO npeoﬁpaaoaauuﬁ Y4aCTOTH, OCHOBAHHHX - - —
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Ha HCNIOAb30BAHHW HENHHEWHOCTH XapakTepuCTHK. B 3THX cxeMax Hamps-
WEHWE CHTHANA Y HanPAMCHHE TEeTePOIVHA MOAOTCA HA OAHY H TY We
ceTky. B panHoTexHuke A7 BYXCETOYHOrO NPeoSpA30BAHMA YACTOTH
APHMEHAIGTCH YETHPEXCETOUHLE AaMIN — FeKCOAN M, Yaille BCero, NsTH-
CETOUHHE JaMIME — renToau *),

Ha puc. 387, @ v 6 nokasaHo pacrpeseneHne HANPsKEHHH Ha AEKTPO-
34X TeKCOoia W TenToad-CMeCHTENS; B CXeMaX OpeoGpasoBaHHs YacTOTHI,
pafoTawImKX HA 9THX JaMNax, B TeTepoiHHEe NPRXOAHTCA RCOONL3GBATE
oraeasHyto namny. IIpHHIMNHaNbHAs cXema npeobpasoBaHWs YacTOTH C
FenToAOM-CMECHTEiEM AaHa Ha DuC. 387, 8 Ta ke c(xema ocTaerca Bep-
HOR M [J9 reKcoaa, KOTOPHH OT/HY3eTCA TONBKO TEM, YTO B HEM Her
cetku Cy, wucnonp3yeMoff B TemTone-cMecuTese B Kayectse SaWHTHOH
cerkd npH {7, —0. M3 puc. 387, 8 Buano nazHauenue CETOK: HA CeTKH C,

U C3 NOJAETCA HANPMKEHHE OT BXOARHOH UeNH NPHEMHHK2 H OTAEALHOrO
_retrepoauna, a Cy 0 C; — 3Kpakupyo-

: "7&"" LHEe CETKH.
U5 U= 1000 / INepemenHuMH  HANDSKEHUAME B
. Az cxemax npeofpasoBaMEs YacTOT fB-
U=20008 U0
}/ /4-” asotess  Hanpamenns U, U, n U,
9 ; / 7|8 [TosTomy ® nepeylo ouepemb uHTEpec
2 NpeacTapafioT CceMelCTRa XapaKTtepu-
_‘M# cruk (f, U.) (. Uy (s U
b b 2ug0 e
U= Ue=100 6 b /] %-—UI:Wﬂ T
=200 //fg'”" P Ve Uil 08
/00 / — 19
-28
4 /] 8 8 / STE
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Puc. 388. XapakTepHCTHKEH I'eKCOJa ¢ HepasNeItHHEM 3ICKTPOHHBIM
ROTOKOM,
0 — XapdKTepnc TAKH Ua' Ucl,: §— XapaKTepHCTHEH (J’a, Uc;): & — XAPAKTEPHITHEY
Uy Ugh

(puc. 388). DTH XapaKTEpHCTHKA CHATH Aaf rexcoma. Ilpmuem ana npen-
OTBpALIEHHA BORHUKHOBEHHS BUDTYANRHOIG KaToda GHAM NPHHATH Npea-

¥) Ilo sonpocaM paldoTexHHYECKOre Xapakrepa, CBA3AHHWM ¢ npeobpa3oBa-
HMAME YacTOTH, CAeJVeT OGpPaTHTLCR K PYKOBOACTBAM N[O PAafAHONpPHEMY, HaNpH-
mep K wnare: B. M. Cudopos, Panmonpuemume ycrpoficrsa, ra 7, H3R,
MuuHctepersa ofopoun, 1954, ’
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OCTOPOAHOCTH, 0 KOTODRIX OYi€T CKa3aHO HEMHOTO HEKE. 3a napaMerp
cemeltcTBa xapakrepuctuk ([, U.) wa puc. 388,a npunsto nanpameunne
BTOpOH ynpasasiomet cerku U, a nanpwxenns U, U, u U, octaioren
NOCTOAKHEIMH AR BCero ceMedicTea. Hanpwuwenns cerkn C; u  aHona,
OTAE/ICHHHY OT NPOCTPAHCTBA KATOL — ceTka () 3KpaHoM C,, NOYTE He
BIMAIOT Ha Xapakrepuctuki ([, /), a wmanpskenne cerkn Cy Gyner,

QUEBH/HO, CMEWaTh Xapaktepucraku (I, U/ ) cosepmenso Tax we, Kak

CMElLaeT aHOAHO-CETONHHE XAPAKTEPHCTHKH TPHOJZ 3HOLHOE HAMDMEHHE.
Takum oOpasom, cemelicTsa XapaktepucTix (f,, t/,,) ¢ napamerpamu U,

wnn U, , nan U, ne npeacrasasanm Gu HUUEro HOBOTO.

Kpuenie puc. 388, @ nokasmBsaiwT, Kak BTOpas YIOPIBASIONAS CETKa
BIHAET Ha (opMy XapaKTepHCTHK aHOTHOrO ToKa no mnepro# cetxe. Bee
KPHBHE HaUMHAIOICH M3 ORHON TOUKH, TaK Kak Hanpsxkenne U, menser
TONBKO JIOMI0 3NEKTPOHOB, HAYIMX HA aMoi, B 3AMUPAIOLIEE HANPSKEHHe
Ans Beex KPuBHX (puc. 388, a2) oamnakoBo. TOUHO TaK Xe H KpHUBee
{({y U.)), rae napaveTpoM Cayxnt U., (puc. 388, 6), naunnaiorcs a3

OIHOH TOUKH, TaK Kak acHcreue ceTKH C3 Ha aHOAHBH TOK 3aKa043acTCR
B NOBOPOTE 24EKTPOHOB K ceTke C, # Hanpsaxedue U, na s1oT npouece
ne panger. OOnee cBOHCTBO xXapaxkTepucrurk ([, Ucl)gcﬁmmt H
s Uc')uclﬁonsl COCTOHT B TOM, 4YTO YBEJHUEHHE OTDHUATENABHOrD CMe-
mEHAA Ha OOHON M3 YNPABJAIOIIKX CETOK BCErfa YMeHBIIaeT KpyTH3HY
XAPAKTEDHCTHKH MO APYTOR CetKe. '

Axonxue xapakteprctuka (/,, U,) rexcona (puc. 388, 8) nmocTpoenn
ansa caydas U, = U, U, = U, » toavko B mwtepase U, > U, = U,
KaK 3TO BCerla OuBaer aad rekcoda B paGowmx ycaoeusax. Ha wux BHano
HaYaJ0 JMHATPOHHOrO npokana npu U, A= U, 4TO BOOJHE MOHATHO, €C/H

YYeCTb, YTO B IeKCONE MewAy CeTKOH (; M aHOAOM HEeT 3aIHTHOH CeTKH.
AHOZHHE XapaKTEPHCTHKH reKCoAd, TaKHM 00pa3oM, CXOAHM ¢ XapaKTe-
PHCTHKAMH TETpOAa.

Kak yxe otmeuanocn, xapakTepHCTHKH PHC. 388 u3aMepeHn B OTCYTCTBHE
BHPTYaAbHOro KatoAa, M3 puc. 387 nerko yBHIETb, UTO BOSMOKHOCTD BOSHHK-]
HOBEHU BUPTYaJbHOMQ KaTOfa PEanbHa AN NPOCTPAHCTBA MEKAY CeTKaMmu
Cs # C;, rAe 3MeKTPOHH CHABHO TOPMO3ATCA. T4 BOAMOKHOCTH YCTpa-
HAETCH, eCAH PA6OTaTh NPH CRAOHX TOKAX ¥ HEGO/BIIMX PaCCTOSHUAX MEXLY
ceTkaMu Cy W Gy, Kak 9T0 # Ghl0 APH W3MepeHHH KpuBuX pic. 388. B npo-
MBLIIEHHBX 00pasIlaX eKCOoI0B H renTomoB 3TH TpefoBanHd no Goapiuedi
YacTH He cOGJIAAIOTCE R BOIHHKHOBCHHE BRPTYATLHOTO KaToAd SHAYHA-

' TEJBHO BJMSET HA BHA XAPAKTEPHCTHK, TIpHMEPOM MOryT CAyKATh XapaK-

TEPHCTHKH OAHOTO aMEpHKaHCKOro rexkcoxa (6K8) *) (puc. 389).

*} O6o3Hauenne, npuuatoe B CIHA. flo TOCT aas oredecTBeHHWNE aamn
G6ykea K B Kavecrse BTOpOTG 9AEMEHTZ OO0O3HAUEHHR MPHCBOEHA NeHTOAaM C
YAXHHeHHOH XapaKTepHCTHKOK,
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Ias ofpasosaHHs BUPTYaMbHOTO Karoad OGaarOUPHATHH [IOHHWAEHHE
AOTCHIMANA CeTKH C;, YBEAHYMBAIOWECE TOPMOKEHHE 3/IEKTDOHOB, H NOBH-
LICHUE TOTEHIIHANA CETKH C), YBEIMUNBAIOIIEE TOK, BXOAALKH B IPOCTPAHCTEO
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Pnc. 389. XapaxkTepHCTHKHE rekcofHON 4acTH TpHod-rexcona GK8 ¢ pasnesenHuimy
SNEKTPOHHHMH NOTOKAMH,

& — XADAKTEePHC THEH (Ia, Ucl); 0 —XapAKTEPRCTHKR (Ia, Uc )i 8—XapaKkTepreTUEH “a’ Ua).
3

mexay cetkamu Cgu Cy. lelicTBUTEABHO, HA XAPAKTEPACTHKAX (1, Uct) obHapy-

MHBAETCA MAKCHMYM, TNOKa3HBAWUMi, 4T0, Haurnad C HEKOTOPOTOMOMEHTa,
noswiuenne U/, ymenbwaer [, Kak 370 W 10M¥HO OHTL MOCAE ROIHHK-

HOBEHHA BUPTYAABHOrQ Karolda. TouHo TaKk XKe Ha XApAKTEPHCTUKAX
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(I» U.,) (puc. 389, 6) 8 Hekmopo.u HHTEPBaJje BHAYCHHA Uc’ xapaxre-
puctika ¢ U, =0 uger umke, ueM XapaKTEPRCTHKA ¢ Uc1= -—5 g

YTO VKasblBAET Ha CYIIECTBROBAHHE B DTHX PEXHMAX BHPTYAALHOrO Ka-
tona. Xapaktepuctaka ([, (7)) (puc. 389, 8) He HMeWT NAHATPOHHOTO
nposaia. 10 OGCTOATEABCTEO, KaK # B JYYEBHX TeTPOAax, CARAYyeT NpH-
necaTs OOPAZOBAHAD MHUHHMYMa NOTEHUHARa JOCTATOUHOH rayGunu mexay
cetkolt C; H aHOJAOM, PACCTONHME MEXIy KOTOPHMH B rekcome 6K8 no-
BOJBHO BEJHKO.

CymecTBenno, YTO Ha XapakTePHCTHKAX, OOHAPYXHBAOMINX C MOJHOR
ACHOCTBIO CYUIECTBOBAHME BMPTYaJbHOrO KarToldd, HET CKAyKOB H THCTe-
pesucHuX feneHnid (cM. § 10). D10 CBA3aHO C TeM, 4YTC B FDPOMAHIILIEH-
HHX O0paslmax jJaMN CeTKa HEOAHOPOAHA MO ¢BoeH CTPYKType W BHPTY-
anpHEH Karoa oOpasyercd He cpasy, 4 TONLKO TIOCTENEHHO 3aXBa-
THBZET BECh BJEKTPOHHMH MOTOK Npd yBeanuwenwd U, wuim yMeHb-

wenun /.

B MHOrOCeTOUHHX /aMMaX, BHITYCKaEMHX HPOMHIIIEHHOCT610, obpa3o-
BAHHE BUPTYAAbHOMQ KAaTOAA CTAPAIOTCA MCNOAL30BATH AJS  ¥./yYlHEHwUs
topMw xapaktepuctuxn. leno B TOM, 4TO B, OTCYTCTBHE BHPTYalLHOIO
Karona xak xapaktepucrukn ([, U, ), TaK 1 XapaKTepHCTHKR {12, U.,) umeror

3HayuTeNbHYK KpususHy. Kpytnsna xapakrepucraku ([, [/ ) Bospactaer,

KaK H3BecTHO, nponopuroHansHo [,'/a, Ecan B TOUKE, COOTBETCTBYIOLEH
NpPAMEPHO CepeanHe XapaKTePHCTHKH, B PasHelXx Mectax Jamnos Gyder
BOZHHKATL BHPTYyaabHHH Xartox, To [, Gy#er pacTH meiiseHHee H Jaxe
MO¥ET Ha4yaTh YMEHbIIaThCH, KOTAA BUPTYaJbHBI KaTOL DaclpoCTpaHBTCA
Ha GOMLIWIYIO YacTh 3AEKTPOHHOrO TOTOKA. ITO OKaXKeT CHpasJdoues
neficteme na  xapaxrepuctuky ([, Uc). CpaBuEBas XapaKTePHCTHKA

(I, U:,) wna puc. 388, 6 n 389, 0, MOKRO BHAETh, TG W3rubH #x obpa-
WEHH B pAasHHE CTOPOHH. JHAYHT, BO3HHKHOBEHHE W TOCTENEHHOE pac-
MPOCTPAHCHHE BHPTYAABHOIO KarToaz OYLYT CHPAMASTL H 3TY XapakTeps-
ctury. Hauemroonelinee paccTofnué Mexay 2JAeKTPOLAMK W KOHCTPYKUASA
CeTOK NP 3TOM NONGHPAITCA ONWTHHM IYTEM.

Pacnpenesenue HanpsieHui B rENTOAE-CMECATENE  [IOKA33HO  HA
puc. 387, 0. Ero xapakTepuCTRKRA, H3oOpaxeHHsie Ha puc. 390 %), B cy-
UWECTBEHNNX YEPTAX MNOBTOPAIOT XAPaKTEPACTHKH rexkcoga. 3amMeTuM, uTo
XapPAKTEPHCTHKY THG TIEPBOH CETKE MONHO, Kak 3T0 H COEAZHO Y renm-
tofa 6L7, caenars yAnWHeHHOH, NPUMEHAS NEPeMEHHHH [Iar ee HAMOTKH,
dopuma xapaxktepuctii (/,, Ue,) oTpaxaer pauanne Hanmpsxenan (, na
KOAHYECTBO BO3BPAILAIMNXCA SNeKTPoHOB. [Toa6Hpas KOHCTPYKURIO Ce-
TOK, MOXHO W 35Ty XADaKTePHCTHKY JenaTs GONee WIH MEHEe Mo.Jo-
rofi. Xapaktepuctuxn {f, U),) remnropa, pasymeercs, npd moGBX TOKax
HOCAT <NEHTOMAHHH» XapakTep, T. €. HE OOGHApYXHUBAKT AWHATPOHHOrQ
npoBaa.

*} Amepukanckii rentof 6L7, anasoruvasii Bunycxaameuvcn ¥ Hac renrony-
cvecireno 6A36; o6usnavenne ero pado no [1. A 21, cTp. 74).
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Puc. 390. XapaxrepucTuky renroga-cMecHrena 6L7.

PHCTHKA (Ia, Ua].

§ 45]  S/AEKTPOHHHE AAMIH C JIBYMR YIPABJAIONIAMHA CETKAMH 231
Beck mpouecc npoebpazosaHud 4acTOTH MOKHO ocymecrnmh-n cxeme

C 0aHO# TOABKO AaMnoH — renToIoM- npeoﬁpasosarenem Pacnpenenenne
INEKTPOAHRIX HampsKeHWd STOH JAamnu riokasano Ha puc. 391, a
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Pue. 391. l"emon—npeoﬁpasonareab

& — 0603naATeBHE SNeKTPONOR H paciipeleneHue MoTeHnBanra; 6—np}muunuaau-
Has cxena OpecSpasoBaHHY 93eTOTH.

Cetku C; 1 Cy MCTIOABL3YIOTCH KAk CETKa M aHOA FeTepoduxHol AaMne
W Ha HKHX TOJAOTCA COOQTBETCTBYIOUME Hanpaxenus (puc. 391, 6)
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Cerkn C§ 0 Cfxpannpytomne, HX MOXHO COBIHHHTL Mexay coSci
BHYTpPH Namnu ={nanpumep, kak B GA8B [JLA2I, crp. 72]) # caesate
oT HHX ofmu# BuBoi. CeTka CUrHanbHasg, HA Hee TNONAeTCH OTPHILA-
TeAbHOE CMEILEHHE,

Haskauenue cerox C; w C; yKa3nBaer, 4TQ H3 renToaa-npeolpaso-
BaTeisl MOWHO BHIEAHTb TPHOAHYIO 4acTe € MapaMeIpaMmM

au,
hep™= 7 (dU )[c —const”

s., _ (e
dU 1/ e = onst”

KOTOPHIE MOKHO MCMO/ML30BATH A8 PACUETa reTepoiuHA. 3HaueHwwe na-
paserpa S,, 06HYHO YKa3HWBAKT B CMPano4HOH auTeparype. OTPHUATED-
HOE CMelleHne, NOJaHHOe Ha ceTKy (), TOPMO3HT 3MEKTPOHM, H MEAAY
cetkamn Cy u (; ofpasyerca 3JeKTpoHHOE 007aKo0, 3apal KOTOPOro Mo-
AYARPYETCS HANPHHEHWeM Ha cerke C), T. € MOAYJHDYETCH C  4acTo-
TOH w,. DNEKTpOHHOE O0JaK0 AAR OCTAAbHOR YAaCTH renToa2 CAYKHT Ka-
TOAOM, SMHCCHH B2 KOTOPOr0 MOAYJHPYETICH ¢ vacToToH w,. 3ITa uvacTe
NaMIBl HMeeT YNpapasiomyo cerky C;, »Kkpannpywomyw cerky Cy M anon,
T. e. npeacrasuser coGoft TeTpoa. B anonsO#ft wenw, oUeBMAHO, HIGABAAETCA
TOK TPOMEKYTOUHOH 4ACTOTH @, =|w;— o |, yCHACHHHH TeTpoaHoH
HacTeH npeabpasosarens.

Kone6anna zapdana o6/aaKa, cOBEpMIAILMECH ¢ uUacTOTOM @, HABOAAT
B el CHrHaapHOH ceTku Cp TOK YacCTOTH reTepoAnHa ®, IJTO CBOEro
PO/ NApasuTHad CBA3b LENEH rerepoawna ¥ CHrHaza uepes <3INEKTPOH-
Hoe ofaako», CywecrsyeT cBs3b M B oO0paTHoM Hanpasaenuu, [Heno
B TOM, 4T0 Me#Ay ceTKaMH C; u Cy CYHIECTBYeT pexuM BO3EpATa H UaCTh
BO3BPAWAUINXCA DSAEKTPOHOB NPOXOAMT uepe3 ceTky (3 W nonanaer
HZ HAXOASWHHCH [0 NOJOKHATEABHHM HalpskeHHeM 3iekTpol Cy—
aHop rerepofuHa. ToK BO3BpalAWILMXCA 3JICKTPOHOB, OYCBHIAHO, MOIY-
ARPORAH C 4acTOTOH w, cHPHan3a. Kak NoKasweaeTCa B TEOPHM Cynepre-
TEPOJAHHHOrO TipHeMa, o0a VvKasaHHHX 3¢dexta nebraronpufTHe CKalu-
RawTCcH Ha pabore npuemHuka, Hawkonen, orcyTcrBHe 3alHTHOR CETKH
B renTome-npeo(pa3oBaTene MaeT BO3MOXKHOCTE BO3HHKHOBEHHA AMHATPOH-
Horo agexra, xak B OO6HYHOM Terpode. [entoa-cmecutens 6Graropaps
Hahnumio galHTHOR ceTkM (puc. 390) ceoboneH 0T NOCAeAHEro HeJOCTATKA,
KOTODHI MOXHO YCTPaHUTh, BBEIS AOMOJAHHTEABHYIO IMECTYIO SaLIHTHYIO
CeTKy H HpeBpaTHB JAaMOy TakuaMm oOpasoM B okTod. Oxmako u B OKTOHE
OCTAHYTCA TE K€ NapasHTHHIE <«3JEKTPOHHWE» CBA3H, M CYLIECTBEHHHX
MpPEHMYIIECTE [hieped, renTonoM-npecbpasopaTeqeM HMETh OH He Oyaer,
OxkTOAH HE MOAYYHAH G0ABUIOTO PACTIPOCTPAHEHHS B DAAHOTEXHHKE.

entoa-cMecuTe/ s KOHCTPYKTHBHO OTJHMUAETCH OT renropa-npecpaso-
BaTEAA BBHAY TOrO, UTO HABHAYEHWA CETOK Y HHX Da3aHdHbl, Kak 3TQ

§ 45] 9AEKTPOHHHE AAMIH ¢ ABFMA FTIPABASHMIUMH CETKAMH 233

BUAHO M3 cpaBHenus puc. 387, 8 u 391, 6. B uactHocTh, ceTka Gy B
OIHOM CJy4ae— aHOJA TEeTePOAHHE, 3 B APYCOM — FYCTas SKpaHHpyloWas
cetka. B nocaeanee mpems HauGoJAbLEEE PacHPOCTPAHEHHE NOJYUHAH
YHUBEPCAMbHBIE TENTOLN, KOTOPHE MOWHO HCNOJL30BATh KIK B KAUEGCTRE
CMECHTEIbHHX, TAK H B KauecTBe npeofpasoBaTelbHRX JgaMil Gaaronaps
oco60R KOHCTPYKUMH ceTKR C, KOTOPaA MOMET ONHOBPEMEHHO CAYHHTb
3KpaHoM W axoaom rerepoanna. Cerka Cy TOH NaMoul 9Bas%eTcs 3aMHUTHON
CeTKOMW, ¥ OHa AIEeT NEHTOAHOE YCHJIEHHE MPOMEXYTOYHOH YacTOTH, KiK H
cMecHTe bHan JaaMna. Takosa, nanpumep, aamua 6A10C [JLA21, crp. 76
nau JILA19, ctp. 68].

Cwmecnteabnnie rexcoin B CCCP He H3rOTORAMOTCH, M NOTPEGHOCTH
PAAMOTEXHUKH B 4acTOTONMPEOGPa3ORATENbHHY JAMIEX EBIOJHE YAOBJICTBO-
PAIOTCA HECKONBKHMH THNAMH TENTOAOB M NEHTOAOB, NPATOAHKLIX OAS CXCM
OJNHOCETOYHOTO Tpeobpa3oBaBus YACTOTH.

4, Jlamnel ¢ pasfeNeHHBIMHM SJEKTPOHEBIMH NOTOKAaMH. KauecTro
npeofpasopaHuf YCTOTH C MOMOIILIO BCET0 OOHOR NaMObl MOWET GHTDb
CYILECTEEHHO YAYULIEHO, €CNH B NaMie IPHMEHHTb Pa3AeReHHble 3JMEKTPOH-
Hole noTtokn., [puMepoM TakoH JAaMObl MOXKET CAVKHTL aMEPHUKAHCKAH
TpHoi-rekcol GK8, HexoTopme xapakTepu-
CTHKH FeKCOAHON YacTH KOTOPOro GLIAH NpH-
segeHet Ha puc. 389, Tpuoa-rexcon 6K8 —
KOMOMHHDOBaHHAA JaMIila, COCTOALLAA H3 TDHO-
I0a M rekcoga, Hmewmax oO6mwMH Katox #
ceTky (puc. 392). Ho e Tpuoanyw 4acthb
NnoCTynaeT 3NeKTPOHHNE [I0TOK € OAHOH CTO-
POHBl KaTOX3, 3 B FeKCOAHYIC — ofocobnen-
HH# 9MEKTPOHHEIE NOTOK ¢ aApyrofl CTOPOHH
Katoaa. JIErko MoHATH, uto B Jaasmie 6K8
YCTpaHeH OTMEMEeHHHH BHILE  HEIOCTATOK

rentoaa-opeofipasopatens —  <3JEKTPOH- .
€NTOA2-IPLObp A POH Puc. 392, Crpykrypa saek-
Hasty CBA3b MEKIY UEMAMH [ETEPOAMHA M yponon rexcona 6KS ¢ paae-
CHIHa.J1a. JEHHBIMH  3JCKTPOHHBIMH NO-
PaccTosnne mexny cetkoll Cp m 2HOAOM TORAME.

rexcona Ay Gepercs J0CTaTouHO OGOJBILHM,

a BNEKTPOHHBIH MOTOK, CXAaTHH ¢ GOKOB ABYMS OOMONHUTENABHEIMK 29Kpa-
Hame 3, B 3, uMeer Goabluylo BAOTHOCTh. B pesynbtate Mewxay C, 0 A,
oGpasyeTcd MUHMMYM MOTEHIHAAa AOCTAPOUHO FAYOOKHH aad  ycTpa-
HeHusl AWHATPOHHOro s¢exTa, KaK 370 AOKAZHWBAIT XaAPAKTEPHCTHKH
puc. 389, a8 :

. Bonee CAOKHOE pasleAeHHE 3AeKTPOHHOrC MNOTOKA NPHMEHEHO B
aavne EK3, ceuyenme KOTOpoOH TOKasaHo Ha prc. 393. DaeKTpOHHHM
NOTOK € CaMoTO Hayajda pasfeaseIcsd Ha ueThPe YacTH 3AEKTPOHHOONTH-
ueckoft cucTemofi, ofpasyemol#t ueTHpeMA TpasepsamA ceTkn C,. lsa
nydKa 3AEKTPOHOB HAMPABJIAIOTCS HAa /[BA COEMMHEHHHX BMECTE CIIOWI-
HHX 3aekTpona C, caywaumux aHomom rereponuna. <Cetka» C, — onarth
CINOMHOA 3AEKTPOA ¢ AByMA npoxoaamu. CureanpHas cetka Cj Bo3epa-
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WaeT YacTb 3JEKTPOHOR Ha3an, HO OHE UENHKOM 1IOTIANAI0T HA 3JEKTPOA C,,
NOJAHOCTHEI0 KPAaHHPYIOMEH 3eKTpoan C,. BHA TpaeKTOpHE 3AcKTPOHOB
HAaMOMUHAET CTPYH POHTAHA, KOTOPHE B CBOCM OBDATHOM ABHXEHHR MO-
nagarwt Ha g B aedcTBATEIRHOCTH pasépoc BO3IBPALLAIOILHXCH JEKTpO-
HOB eme GoJiblie, 4eM HA PUCYHKE, BCAEACTBHE SJEKTPOCTATHUECKHMX CHJ,
PacIHUPAWILINX NYYOK, TaK UTO NMOYTH BCE BO3BPAILAIIIHECH SAEKTPOHH
nonagat ua C,. Ha €, nonanaior ToAbKG NpAMHE 3AKTPOHH, NyTh
KOTOPHX ropasio Kopoue H Bpema npofera MeHbIIe, HEM AJA 9JEKTDPO-

vﬁr\"{' [ ) "!}“‘7'

N
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Y

Pac. 393. Ceuene 3XeKTPOAOB H BHI 3IAEKTPOH-
swutx tpacktopuit B aamne EK3 ¢ pasnesenubivy
ITEKTPOHHEIMH NOTOKAMH.

HOB, BO3RPINAOIIMXCA OT CETKH, ITO 0GCTOATEALCTBO HMEET BHAYECHHE
TaK Kax [O3BOJIAET NPHMEHATL YeThlpexayueByo aamny EK3 na BHcokux
yacroraX. Ilepes skpanupyowett cetkodi Cy BJESKTPOHHHH MOTOK ¢
NOMOLbIY IASKTPOHHOONTHIECKOR CHCTEMB, 06Da30BaHHON OTBEPCTHEM B
anextpole Cy ¥ TPaBEpP3aMH CHrHAMBHOH CeTKM C;, pasienseTcs OnsTh
Ha Ba TIOTOKA R, MpoHas 4epes IKPAHAPYIOWY ceTky (3 W 3allATHYIO
cetky C;, nonagaer Ha anox, Haanyne samurHOH cerkd oBecleyuBaeT
aamne EK3, Kak n renroay-cMecuremo, yCHAHTEAbHHE CBOACTBA, COOTBET-
cTeyowpe nenrony, Jlavona EK3 wWasmpaetcs uweTHpeXAyYEeBnM OKTOROM
Nno YACAY IJMEKTPOHOB, XOTHA, MOMET OHTb, €€ NpaBuibHee OHA0 OH Ha-
SHBATh TPHOL-TRNTOLOM. : ’

Namnu tena 6K8 u EK3 ¢ pasneserueM 3JeKTPOHHOrO NOTOKa
CNOWHH B MPOH3BOACTBE, M BMECTE C TEM OHH HE SABJAAIOTCA HEaaMeHH-
MHIMH AR DAAHOTEXHHYSCKHX Ieael.
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§ 46. PayKTyandoHHLe MYMbl AEKTPOHHHWX AAMN
H (oTO3MeKTpHYEeCKHX npuGopor

1. Npupoga ¢(AYKTYAHUOHHBIX WYMOE B pagHoannaparype. Pac-
¢MOTpHM, OYAET AA TOK B /MOGOM NPOBOAAILEM NPOMEXYTKE — 2JEKTPOH-
Hofi J1amne, OTOINESMENTE WM KAKOM-HHOYIbh NPOBOAHHKE — OCTaBAThCH
COBEPIIEHHO NOCTOAHHEIM NPH CTPOro NOCTOAHHBIX Hanpswennax, Hetpy ano
UpeABHAETh, YTO CTPOTOrC NOCTORHCTBZ He Gyler.

DaeKTpHYecKult TOK npeicrasiaser cofoH NOTOK OTACABHHX HOCHTenel
TOKa — BACKTPOHOB, a B HEKOTOPHX CJAy4yasX TaKikKe H HOHOB, ABHXKY-
IHXCA B SAEKTPHYECKHX H MarHHTHHX noagx. Ho asmwenwe xocHTeneh
TOKA HE BIOJHE ONPEAE/SeTC BHEIUHMMH nojsMi. Tok B MeTtaase, Ha-
NPHMED, SABHCHT OF TEMJOBOrO JBHXEHHA B HEM, TOK B 3JEKTPOHHON
NaMne — OT NPOXOKACHHA DAECKTPOHOB 4epe3 MOBEPXHOCTHHIH MOTeHnu-
anpHui Bapeep KaToda, 4 TOK B (DOTO3IAEMEHTE — €LIE M OT XapakTepa
nepenadyn sHeprud POTOHOB SACKTPOHAM BHYTPH KaToAa.

Bce 31i npoueccs NpoTekanT GecnopAAoYHO H UCMHTHBANT CayualiHo
pacnpejencHHHe OTKAQHEHHA OT cpeAHux Beaduud. Hanpumep, uepes no-
TEHIHaAbHKK Gapbep Karolda JaMne HAH (DOTGIACMEHTA NPOXOAHT TO
HEMHOFQ MEHbLIE, TC HEMHOrQ GOQJblUe 3JEKTPOHOB, H 3MHCCHOHHHH TOK,
CNEJOBATENABHO, BCE BPEMA HCMATHBAET KPAaTKOBPEMEHHHE Kogelanks
OKOJIO (BOEro CPEAHEro 3HAYEHHA, X2PAKTED KOTOPOro nepeiaer puc. 394,

74
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Puc. 394. Xapakrep dayxiyauu# Toka B Iamme,

91 xaoTHUECKHE KoneGaHMs TOKA, WIH, KaK HX HasWBaloT, (AyKTyaunu
TOK3, CBA3aHM C €ro JHCKPETHHIM CTPOEHWEM, ¢ KOPOYCKy.IapHo# npu-
pomoH SaeKTpHYECKHX 3apanos. Paykryauuu toxa GyayT CyulecTBOBaTh
B MOOHX NPOBOIHUKAX H [PH NPOXONKISHAH TOK2 YEPE3 BaKYyM, M TaK
KdK NPHYHHA HX NEXKHT B caMoft TNpHPONE 5AEKTPUYECKHX Bapaaos, TO
OMH NPHHUUMHANBHO HE MOTryT ObITb NOIHOCTBIO YCTPAHEHBL

OnsiT NOK33KHBAET, YTO B OOHMHKIX YCIOBHAX B CTATHYECKHX PEXUMAX,
NPR CHATHH XapakTepuCTHK MaMA W T. 0. duyxTyauus He oGHapyxuBa-
0TCA. DTO YKa3WBaET HAa HX HeGOIbIIYIO OTHOCHTEABHYIO BEAHYHHY H
YPE3BHYaHHYI0 KPAaTKOBpPEMEHHOCTs, ONHaKo GHIO 68 NpPeXACBpPEMEeHHO
AenaTy OTCIOAA 3aKMOUEHHE, YTO (PAYKTYAUdM HE NPEeACTaBIAT HHTEpeca
LM% [PaKTHKM.
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Ha Bx0A nepsoH naMnbel yCHIHTEIA BMECTE C HalpSEHHEM CHr-
Hala NONAafalT TenAOBHE (GAYKTYalHH HANPAKEHAA HA CONPOTHBJCHHNX
BX0AHOH wuenn. HanpsmxeHne Ha RHXOe NepBOro Kackama ycuaniens
CKMAAINBAETCA W3 HAaNPAXCHHS CHCHAjJa, HalpMKEHHs TEMAOBMX (Quayk-
Tyald# BXOAHO# LEmd H W3 HANDAHKEHHHA, BHSBAHHOIO QAYKTYaUHSMH
AHOHOTO TOKa NepBo#l JaMnul Bce 3TH AYKTYAIHH YCHAHBAIOTC BME-
CT€ C. CHFHAJOM B CACAVIOUMX KacKkajaax ycaiautend. Jlerko nowdts,
YTO0 CHrHaa OydeT XOpOIIC pasAHYUM Ha BHXO/JE YCHAHTEN TO/AbKO
B Cayudae, eCAH €ro amnautylta muoro OGoabue daykTyauw# B ooaoce
YCHACHHAA.

Ilonw1uas ycusenue H paBoras co Bce Goaee craGumn CHFHEJIHMH MH
UPHAEM B KOHHE KOHHOB K TOMY, 4TO CHTHAA  OYIET COBCPLICHHO 3a-
MacKd poBaH (YKTyalHamu., $AyKTyannoHHne KoAaeDaHHA BO BXOJHHX
uensx pPamWONPHEMHHKA AT HA €ro BWXOAE KOJACOIHHH HanpAKeHus,
PacnpOCTPaHAIOMHECs Ha AMANa30H 3BYKOBHX YacTOT, H rPOMKOrQEQpH-
TeNb BOCNPOUSBOAHT HX B (OpME (IYKTVaUHOHHOrO myma., 3T0T
CAyuaih BCTPEYaETCH Ha OPAKTHKE OYeHb YaCTO; MOITOMY (bAYKTyanuu
ZaMn, COMPOTHBACHMH B T. A. 4aCTO Ha3KBAWOT <IHYMAaMH» BO BCEX YacTOT-
HEX [AMANA30HAX HE3dBHCHMO OT TOFO, B KaKOH GOpME OHU NPOABANIOTCA,

.Kpome (ryKTyduHOHHHX HYMOB B INEKTPOHHNX NMpPHGOpPAax H conpo-
THUBACHHAX B paAHOANNapATyPe BO3HHKAET €IE QYEHb MHOTO. IIYMOB
BpYroro npoucxoxAcHns. CyecTBYIOT yMH MarHd4THO-QNYKTYaUAOHHOrO
TPOHCXOXKACHUA, T. € INYMH, CBA3AHHWE CO CTYNEHYATHM XOJ0M HaMar-
HHYCHAS, (ayKTyauMH npOUEcca HOHH33UMH, ABAEHHA MEPUAHUA KaTO-
A3 — UIYMB, CBA3AHHHE C STHMH OPHUYAHAMH, PAaBHO KaK H 1YMbl SACKT-
POHHKX NpEGOPOB H CONPOTHBACHEH, MOKHO HA3BAaTb BHYTPEHHUMH [IYMAMH.

ITpuunno#t wyma B pagHOo- W AKYCTHHECKOH anmaparype ABAAOTCH
TaKXe aTMOCQEepHBEe H HRAYCTPHANbHHE NOMEXH, MHKPOGOHHLH ekt
B DACKTPOHHBIX MNaMNax, NIEpOXOBAaTOCTb [PAMOJACTHHOK H T, 1L
Tlossaenne BCEX NOMEX ITOFG THIA MOWHO OTHECTH K BHEUHHM ILy-
mam. Cpeaénue BHEWHMX IUYMOB K HHYTOXHO HHSKOMY VDOBHIO — TeX-
HHYECKas = 3a[a4a, PEIIEHAEe KOTODOH B HPUHLUANE BCErid BOBMOXHO:
B 9TOM HX CYWECTBEHHOE OTJAMYME OT BHYTPEHHHX (QUVKTYauHGHHBX
wymos. B ganpuefimem Mu GyleM 3aHAMATbCA TOABKO BHYTPEHHUMH LIYMaMu,

2. JpoGosoéi athpext B AuGLe B pewunme HACHWMEHHH. PaccMoTpum
CHa4Yand ¢IyKTYau#H TOKA B TEPMOIJAECKTPOHHOM MW (POTO3NEKTPOHHOM
avone (thoTosnEMENTE) B DEXMME HACHIUICHHA. AKTH 3MHCCHH OTAETBHBIX
MEKTPOHOB HHKAK HE CBA3AHH MEXAY CoGofl, W IpOXUKIEHHE OAHOrO
3JICKTPOHA YEpe3 MeXAYINEKTPOAHHHE NDOMEKYTOK B PEXHME HACHULeHHA
MPaKTHYECKH HE BJAHAET HA TpPOXOxaeHue ApyruX. Takum o6pasoM, um-
NyJAbCH  TOKA, COSHGHHHE OTAE/bHWMH ZJEKTPOHAMH, MOXKHO CUYHTATD
cnyuanno pacnpefeNeHHHMH H HE CBABaHHHIMH Mexay cobolt. IMpy stux
YCNOBHAX aHOAHBIH TOK, saech PaBHHH TOKY SMHCCHH, HE MOWKET OWTh
BUOJHE IOCTOSHHEIM, TAK Kak OPOMEXYTKH . BPEMEHN C IMUccHeR, mpe:
Bmmalom.eﬁ CPEAHIO, BYIYT CMEHATBCA HPOMEKYTKAMH C NOHRHKEHHOH
SMUCCHEH.

=
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Kampu#i 9aexTpon BO BpeMs OBHMEHHA OT KATOA K 4AHOLY HABOIHT
BO BHEIUHEH Dend uMnyasc TOKa, HapeneHHHH TOK BO3HHKaeT B MOMEHT
SMHCCHH 3NEKTPOHA “f; M 3aKAHYMBAETCA B MOMEHT NpPUXOHNA 3JIEKTPOHA
Ha aHoa f; TIpOJAOMKHMTENbHOCTE UMOYABCA T=—F; —f; COCTABJAET
o6uiuno 1077 — 107 cex, u dropMa ero 3asucuT OT MOAA MEKAY SAEKT-
DPOAAMM M HAYaNBbHOH CKOPOCTH 3aekTpoHa. Ha puc. 395 nowkasans ne-
KOTOpHIE BO3MOKHBE QODMH HMOYABCOR; MOZPOOHEE 3TOT BOTpoc Gyaer
paccMOTpeH B caeayloieit raape. Celivac MH OTMETHM TOABKO TO, 4TO
HE3aBHCHMO OT (OPMH HMOYJbC2 HaBeACHHHEA 3apaj, usvepseMmit njo-

£,

L[.[a,{lbl{) KpHBOﬂ T e HHTCI‘paJ‘IOM 1{f) dt, paaeu 3apﬂny aJleKTpOHa e

1
Ecml 61,1 31O 61:.”[0 HEé TaK, TO rne-unﬁynb B LENH nponcxonmo—ﬁu

HakOIenne 33[)5[,&08

YuurhBasd BCE CKa3aHHOE O HEDaBHOMEDHOCTH SMUCCHH M HABE1EHWHH
TOKa BO BHEWIHeH uenH OT.IIEJ!thIMH MEKTPORaMH, MokHO cefe mpen-
CTaBKETh KAPTHHY NPOXOiK-
JEHVA TOKa B OEeAH, Coaep-
wale  auoa. B memay-
IAEKTPOIHOM  [POCTPaH-
CTBe K aHOAY JABUraeTcs 1
TG MeHbllle, To Goawuie -

i

p ¢ 3 i t
3IEKTPOHCE,  HABOAALLUX 4 Y b 4 9 b [ 9 i )
BO BHELIHEH UeNd HMOynah- -

CH  TOKa, HepasHOMepHO  PHc. 395, PopMH HMIYILCOB TOK2, HABOJHMbIX.
pacnpeneieHa e BO BLE- a4 —NpH PARBOMEPHOM XBHREHWH 33pANa; § — OPH RBHEEHIN

B OIHOPOIHDH noae fiez “ﬂqﬂﬂhﬂﬂ}l CKOPOCTH 8 —TMNpH IBH-
MEHH H HaKJaOhlBaOilldecd KEBHK B OTHOPOAHQM NOAE C HAUAAKHON CKOPOCTEIO.

ApyT Ha Apyra. B pesyas-

TaTeé HaAOWEHHs OTASAbHHX HMIYALCOB BO BHEIUHEH LEMH TEYeT TOK,
XA0THYECKR KOJeOAOMHACA OKOMD HEKGTOPOro CpeiaHero aHayeHus. He-
PaBHOMEDHOCTE NPHXO0JAa ACKTPOHOB Ha AHOJL HANOMHHAET HEpaBHOMEp-
HOC pacnpefie/cHie YAapoB O CTEHKY, Ha KOTODPYIO TONagaer NMOTOK Iec-
YiMHOK Hau ApoGu. Micxona k3 atoro cpasueans, B. lortku wassaa duayk-
TYauHH SAEKTPHUCCKOrO TOKA 8 namne ApoBoBHM afdexTom.

HpoGoso# stdext o0nyno gaeT cels 3HATE HA BHXOAE HYBCTBUTE/b-
uerx ycuanrenelh. [lostomy cymecrsesHo sHath cpemnn#i Kpaapar payk-
TYauHOHHOH COCTaBAsOMER AHOMHOTO TOKZ B [0J10CE NPONYCKaHHA yCit-
aarens o f mo f-+Af 1. e. cyMMy KBaapatoB meHCTBYIOIMX 3Ha-
YeHWH TOKa, HaBEAEHHHX BCeMH SMEKTPOHAMH B 9TOM NOROCE MACTOT

Af. D1y penuunHy MH 0G03HAYHM I3p06. 3HAA iZpos, HEIPYAHO GYAET maTh
YHCACHHYH OUEHKY BAHSHUA Hpo0oBoro agwbexra.

Haiizem cnavana meficTBHe O/IHONO WMIY/AbCa B MHTEPBANE 4acTOT Af.
[na sToro pasaowum amnyanc B paz Dypwe, BHOpaB 3a TepHox pas-
OKEHHA NPOR3BOAbHOE BpeMs 7, oueHs GOabUIOE MO CPABHEHHIO C TIpO-
AOMKATEALHOCTBIO WMDyAbca T B 3Tom ¢ayuae pasnomedue B paa
$ypee AaCT XOPOHIEE NPHOAHKEHHE,
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Pasaaras amnyanc I(#) B paa ®ypve, noayvuam;
2% ] . 2
1®)=a,+ ¥ a,cos [k Zt]+ Doysin [k T"] (46.1)
k P

t==T
2 -
=2 S 1) cos k—Tt]dt,
o

(46.2)

2 ?Tl @ sin [2 2 t]dt.
dy

Ilpenens unterpuposanus B (46.2), OYEeBHAHO, MOKHO 3aMEHUTH Ha ¢, H
te==[ty - x,], TaK urtO

ts ta
2 2 2 . 2
=T§ 1(#) cos [k i t]dt, bkz?gl(t) sin [k = t] dt. (46.3)
N H

Tak ‘kar T3>, TO B nNpefenax HHTErpHPOBAHUA MOMKHO CHUHTATh COS H
sin NOCTOAMHWMH W BRIHECTH HX 83 3HaK HHTerpana. Tor,u.a YHHTHIBAS,
YTO, KaK 3TO OHJI0 YKa3aHo BHIIE,

S [(#)dt=e,

AOaYUHM:

akz%co [ ]S!(t)dt——cos[kg;cf}
B aHaJOrHYHO
be=" sin [k 27 ¢]. (46.4)

k
AMnanryna A, TapMOHHKH 4acTOTH fk=? paBHa

Ay=V ai}+ 8 =2 V cos? [k 2 t]—]— sin?[p 2 e] =2, (46.5)
T T T T
YroGel HaHiTH CyMMY KBAaapaTOB aMILIHTYXL BCEX TaDPMOHHK, YacTOTH KO-
TOPHX JNexXar B npeienax or f mo f--Af, 3avMeTHM, UTO H3MEHEHHIO
[OpAAKA FAPMOHUKH R Ha €JMHHIY COOTBEICTBYET HWIMEHEHHE YaCTOTH
Al _k__ 1
T F A

CnegoBate/bHO, B #HTEpBane Af yaoxurca I ’f; =Af - T rapmoHuK, Kax-

nas W3 KOTOpHX mno (46.5) mmeer ammauryny 2e/7, Cymma ksaapatos
amnanTyn B HHTepeane Af paeHa

Ag,_—_—@,‘:’)’ Af. T:‘i;f;\ﬁ (46.6)
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H ecad nepeHTH OT aMmANTYS K 3PeKTHBHHM SHAUCHHAM, TO

AS
By="5 2%’ Af. (46.7)

3nech iiy— cymMma KBanpatoB SGbOEKTUBHEIX 3HAYeHHWH TOKa NpM mpo-
XOWICHAH uepe3 npubop oOaHOro HMNyawca (aaextpona). Tenepr oc-
TAETCH €IUE YYECTh HMNYALCH BCEX 3JCKTPOHOB, IPOXOIALIMX uepe3 NpH-
6op sa Bpems T. Ecam [/, -— cpennuit aHOmZHHH TOK, TO CpeaHee 4YHCIO
3JIEKTPOHOE, NPOXOAAWIHX uepes npu6op 3a BpeMA 7, PaBHO

- LT

Ay =12 (46.8)

OcHosHolt npennoceakoll Teopun IpoGoBoro sgubeKTa B pewHME Ha-
CHILEHHA ABARETCHA TMOJHAA HECBA3aHHOCTh OTHEABHHX HMOYAbCOB. ITO
IHAYHT, 4TO ¢haskl TFAPMOHHMK PAa3JAYHBIX HMOYIbCOB pacnpejencHs Mo
3akoHaM caydast B HHTepBane oT O 10 2w. Co CXOAHNIM NOAOKEHAEM
OPHXOAMTCA MMETh AEJA0 B ONTHKE NPU OCNAOMKHEHHH KonebGaHui NBYX He-
KOFEPEHTHHIX TIOTOKOB CBeTa. Hak H3BECTHO, B 9TOM CJAyyae Keaapal
AMOAMTYAR PE3YALTHPYIOIIEro KoJdeDaHus paBeH NpoCTO CYMMe KBaapaTtoB
aMMIRTYN cKAanuBaeMux konebanad. To e npaBuao Halo ANPAMEHHTL
M TNpH CAOKEHHH aMnaHTyn (HAH Sg;EeKTABHMK 3HaYeHHR) <HEKore-
PEHTHBIX» HMOYALCOB OTASAbHBIX 3aekTponoB, Kraapatw sdggexkTHsRRX
8HaueHHH TPH CYMMHPOBAHHE MPOCTO CKA4AHBAOTCA H, TakUM o6pa3ow,

Bpos = Y ity =nril, =" 2 ar=12eray, (46.9)
OTKyAa

frpos = V Tipos==0,564 - 10° )V L,Af|a!. (46.10)
bopMyna (46.9) cnpasenanBa, eclAH TOK, HABORHMHE OTASJABLHBEIM JEKTPO-
HOM, MOWHO PaCCMATPHBATh KaK MMOYALC. DTO BOIMOKHO, eciu Af npu-
HAZAEKHT OOJACTH HH3KMUX YACTOT, TdK YTO BpeMd NpOJeTa IMEKTPOHA <
MOMHO CUHTaTh oueHb ManuM. C 5TOB orosopkoh dopuyaa (46.9) npa-
MEHHMA KaK IAA TEPMOINEKTPOHHHX, Tak H a4 (QOTOINCKTPOHHHX JHO-
moe. B sueBOOE He OuAN VUTEHH HEKOTOPHE OOCTOATEILCTBA: DPAa3IAUNE
8 GOpME HMIYAbLCOB H3-33 DasHEIX HayaJbHHX CKOPOCTEH 3JEKTPOHOB H
HalOXEHHE BO BPEMEHH OTAENLHRX HMIY/ILCOB, KOTOPOE, KdK 9T0 MOKHO
NOKa3aTh, HCH3OEWHO HO3HMKACT [2KE NPHU TOKAX, MBMEPSEMBIX HECKOJb-
KAMH MHKpoamnepaMd. Popuyaa (46.9) ocraetca BepHo# W npu aTHX
ycaosusax [J1.5.23]

Bripawenna (46.9) n (46.10) noxkasuBawTt, uto cnexTp apofosoroe sd-
(heKTa HMEET COBEPIIEHHO PABHOMEPHOE DACNpeAeNeHHE WHTEHCHBHOCTH TO
YaCTOTE. DTO BEPHO, OLHAKO, TOJABKO AR HE OYEHL BBICOKHX 4acTOT.
TeopeTHUeCKHA pacueT NOKA3KIBAET, YTO C MOBHIIEHHEM YACTOTH HACTY-
naer yMmeHbiuenne apoGoBoro adMEKTd B PEKHME HACHILECHHA YMeHblie-
HAE AENAETCAd 3aMETHREM, €CAH YTOM NPOAET2 3NEKTPOHOB, T. €. BE/AHuMHA

0 = 01 = 2xf7¥,
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fenacics He o4erb ManuM. Hanpmmep, npr == mymoBoH Tok masaer
10 0,75 cBoeH BeAMYHHH NpPH HH3KHX YacTOTax. Ecan sanateca © = 108 cex,
T0 ycaoshe 6=—== maer f==50 meeay (A=6 ). Ilpu Menbmux uyacro-
Tax (opmyaa (46.9) mocraTouno TouHa.

Popuyna (46.9) xopowo noaTeepHAEeHa SKcnepuMenTansto,  Jlaa
IHCICPHMEHTANLHOR MPOBEPKA B ZHOAHYK' UEHb JHONZ  BKJAKYAETCH
conpoTupacHAe, BooGmwe ropopa, $AYKTYaUHH aHOIHOFO TOKa 6yoyT npm
HaIHYAM Harpyskn B LCNA 2HOAA BN3LIBATh (PAYKTYAURH SHOOHOrO Ha-
NMpMCHUA NHOAA R AONCAHHTEABHHE W3MEHEHHs awoaHoro Toka. Mo
B DEKHMC HAacHIleHWs R; JHOLA BEMHKO W [PH JETKO BHIIOKHHMOM
ycnorun R;Z» R, MOXHO CYMTATh, YTO (PAYKTYAINH 2HOLHOTO HanpAXKEeHRAS
HE BH3HBAIT 3AMETHNX (PAYKTyduMf B OHOZE,

Hanpsikenne npoGOBHX (uIyKTyaum# Ha KOHUAX aHOIHOH Harpyskn
CAHIIKOM MaJ0 sl NPAMOro H3MEPEHHS, W €70 MONAOT HAa BXON YCHIH-
reas. DPHEKTHBHOE HaNpsKEHHEe HA BXOAE YCHNHTENSA PaBHO

[D2pos oz == 261 AFR,. (46.11)

Ha puxone ycuauress momyuaercs sdexrunuoe HANDAKEHHS, KBafpaT
KOTOPOro papeH

(=]

rir‘;poslm,=2e1.Rn§[p (AFdf, (46.12)

rae p{f)— Koaduunenr ycanrenus mo Hanpsxenno (Kosgupaunent ne-
peaaun Hanpsmenns), asasommbcs dynkuvelt uactote. O oTaIuuaercs
OT Hyas WDAKIHIECKH TONLKO B MPEAENax NOJOCH NMpOmyckanus Af u
MErKO MOXET OHTb ONpefeleH SKCNEPHMEHTaALHO. B tdopmyne (46.12)
NMPHHATO, YTO B mpeieaax Af conporusfenre uarpysku R, He sasmcur

OT 4acToTH. Hamepas [Ufos |amyp Ayuie scero HHIMKaTOPOM € KBaipa-
THYHOH LUK2/OH, MOKHO NPOBEPHTE (opMyay (46.12). Uamepenus ¢ Tepmo-
SAEKTPOHHLMK /IHONAMM MOKA3aAH NPEKPaCHOE COBLAAEHHE TEOPHH H
onura, (JKasanocs, 4TO Sapsn SASKTPOHZ, ONpexeneHHBH O Popmyne
(46.12), menee vem ma 1°/, oTamuaeTcs OT TaGamuHOro BHaueHma. TloAHoe
noaTeepicacnne Qopmyn (46.9) a (46.12) Guno NOAYYEHO H B OMHTaX
¢ dotosaementamn. OG30p SKCMEPHMEHTOR no ZpoGosomy  sdibexTy
B PEXHME HACHINEHRMA MOXHO Hafita B kuure B, JL I'panosckoro [J15.23)].
®opmyna (46.9) noxaswaer, ¥To aWom B PEXAME HACHINEHHA MONET
CTYXUTh  FEHEPATOPOM C IMAPOKAM .M COBEPIICHHO PaBHOMEDPHBIM (mo
Kpatiued mepe, 10 wactor mopmaka 10 wzzy) CNEKTPOM. DTO CBOMCTBO
AMONd HCOO/AB3YETCH B H3MEDHTENBHON TEXHHKE (TaK HA3HRIEMHE IHYMO-
BHE NHOIN).

B npuvenennn k Qorosnementam dopmyna (46.9) noaponser oncxuTh
BEJHUHHY MHHHMAJILHOTO CBETOBOTO [OTOKE, €Hie AOCTYMHOTrO AAA H3Me-
penas (noporoswit cetosol curman). OrHomeHue dororoka curnana '
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K 3(EKTHBHOMY [IYMOBOMY TOKY PaBHO

E:-—f‘h—: _I‘P_:rz /‘i‘b__
{F V%.m ]/2ei¢,.-‘lf ] Qesf

IToporosoe snauenue [iglnopor MOAYUHTCA #3 3TOrO COOTHOWEHAS, €CAH
sanatbcd donycrumol menuuunol £, Bubwpas £, =40 u Af =4 xeey,
Moy UM [iplnoper=2- 10" @ ==2.107% mxa. 3uas ueTErpaNbHyW) uyB-
CTBUTE/ILROCTE (POTO3/EMEHTA §, MOKHO BRUMCAHTE CBETOBON NOTOK Fyono,
COOTBETCTRYHOIAN [ig|nopoy ECa 8 =50 uwa/su, 10 Fropor="%4-107% 21t
no {J1.4.5].

GopMyna (46.9), seiBeleAHas IAA AHOA2, NPHTOAHA W IAA TPHOIA
C OTpUUATENhHOH CETKOH B peWHMe HacHIIEHHA, TAK KaK B 3TOM Caydae
dHOAHHHR TOK paBeH 3MHCCUOHHOMY ToKy. o taxko# pemum He apasercs
HOPMAJBHEIM: YCUIHTEALHHIE TPHOAH PabOTAOT BCErAa B PEHHUME TOKE,
OrPEHHYEHHOTG TIPOCTPAHCTREHHHM 34PAAOM.

3. llenpeccun npoGororo sdekta. IKCOEPHMEHTAALHO GHIO VCTa-
HOBJEHO, YTO APOGOROH 3(dieKT B peXMME NPOCTPAHCTEEHHOID 3apAAa
BHAUHTENLHO C/1a0EE, YeM B DEXUME HACHILLEHWS. DTO ABJIEHHE NONYYHIO
Ha3BaHHE TOLABACHHA HAM JenpeccHH apodoeoro sdupexta. Teopus ae-
npeccun ApoboBOro sdipeKTa MaTeMaTuuecKH cAokHa (cm. [J1.5.22], Tam
e 0630p pabor no menpeccun APoGOBOro IPHeEKTa), NOITOMYy ML orpa-
HHYUMMCA BEISICHEHMEM (WH3HYECKHX TPHYHH JIENPECCHH W TPHBEAEM OKOH-
qareAbHble (HopMy.In.

PaccmoTpuy cHauafa cayuah aMONa B PeXMME HAYAIBHHX TOKOB.
B 2ToM Chyyae MHHUMYM HOTEHUHZNA JEKHT Ha AHOJE M VCJAOBHEM IO-
Na1aHud 3ACKTPOHA HAa auoi OyIeT HepaBeHCTBO (4As IJIOCKOrO AMoA3)

2
mvi,
2

CA€ T,g— COCTABAAONAA HAYAALHOM CKODOCTH, MEPHEHAHKYJAApHAs K
3MEKTPOAAM. ITO YCAGRME COBEPIUCHHO HE CBABAHO C COCTOSHHEM MpO-
CTPEHCTBEHHOTO 3apPAAd MEWAY 3NEKTPOAaMH M (IYKTYAUHSIMH 3MACCHH,
Uostomy anomnuft Tok [, BCErna cocrasaser onpenejeHHYI NOTO 3MHC-
CHOHHOro TOKa [, onpeneasemyw cootHoweHHeM (cm. (39.4))

I leUa

A o—px =2

Z Pler,
3HauHT, ¥ QAYKTYAUHH 2HOZHOrO TOKA GYAYT 1pOCTO YMEHBLUICHHHIMA
B OTHOWeHMY [ /], (AyKTyauusive 5MHCCHOHHOrO TOK2 H thopmyaa

ﬁpﬂﬁ = QBIHAf

OCTaeTCA BEPHOH ¢ TOH TOABLKO pasHuueH, uto Teneps [, = I, n onpe-
IeAfeTcd COOTHoweHneM (46.14),

Kak maauo w3 (46.14), B pexume HavalbHHX TOKOB BHYTPEHHEE CO-
IDOTHBJACHHE

= el (46.13)

(46.14)

Wa_ ks __ 1
a, = R=3"=5, (46.15)

9 B, H. I'agouos, 1. II
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rae § — KpYTHSHA WIH [POBOLMMOCTH [HOMA W T — Temneparypa xa-
Tolda. Takum obpazom, )

Fipos = 261,67 = 2T — ok sar (46.16)

B pexume ToKa, orpaHUYEHHOro NpOCTPAHCTBCHHEIM 3ADAAOM, MEXAY
SNEKTPONAMU CYUIECTRBYST NOBEPXHOCTh MHHHMYMa MOTEHUHANA H YCAOBHE
NONajdaHUdg Ha dHOA HMeeT Buil

myl,
2

= e Unim (46.17)

rae {/mip — BENRYHHZ MHUHUMYMA MOTEHUMANad 00 OTHOWIEHHIO K TOTEH-
uuany Karoxa. {/min, KaK W3BECTHO, 3ABHCHT OT NPOCTPRHCTBEHHOrO 33-

paza. LayOuna MusMMyMa pacreT DpH C/AYYaHHOM YREIHUCHHH SMHCCHH -

W YMEHBIIAETCA 0OPH €€ TOHHMKEHWMH, B CBOW OUEPENb YMEHbLUAS MAK
YBEAMUMBAA KONMUECTBO 3JEKTPOHOB, NPHUXOAANIMX K aoay. [lpamecc
UPEBDAEHHs PAYKTVANUH SMHCCHE B (MAYKTYZUHM aHOIHOIO TOKa MOKHO
Teneps cebe LPEICTABHTHL B CACAYIOWEM BMIE: MYCTh i) — (hayKTyailuon-
HBIB aHOAHWH TOK, KOTOpMH RNOayuaiacs Ol BCACACTBHE paykTyanni
IMHCCHE, €CHH OH He OBINO MBMEHEHWH I0J0KEHHA W rAyGHHE [IOTEH-
UM3ALHOTG MUHUMYMa (419 & MOKHO OmIO OB, Kak Aas (aykryamuit s
PEXHUME HAYANBHBIX TOKOB, Hamucath i == 2e[ Af). Ilycre iy — ¢aykrya-
UHOHHLIR aHOAHBIA TOK, BOBHUKAIOMMHE BCASACTRHE HUIMEHEHHH MUHHMYyMa
NOTEHNNANA, BH3BAHHOTO QUIyKTYauHeR SMEKTPOHOB, MPOXOAALMX K aHOLY.
OTHocHTENBRO DAYKTYAURHE i3 MBI 3HaeM, 4TO OHM BCEria NPOTHBOMa3Hk

Ipti tip= Iyt

g .

—— 4

Puc. 386, Ochosable cocTasnswomue npoGosoro shdekta nph
LeNpeCcCHd NPOCTPAHCTRCHHNM 3apAIoM,

Ja+i—uruoneﬂumﬁ AHOIHLIE TOK; Ia-cpenum'{ QROINNE TOK, la-f-fl —
2HONHBIA TOK, KOTOPWE HpoTekan b B OTCYTCTBHE WIREHCHHE BHpPTYalb-
HCrO K2TOJA, HL/3B2HULIX DAYKTY2uHIMY; ig — AHOXMLIA TOK, KGTOPHIA npo-
Tekad Gt M2-33 UIMEHSUNTT BHPTVAIBHOTO KATONA, BRIZRANHEIX §IYKETYamHAMK
(i3 CABMHYT OTBOCHTE.IBHO iy 1o dase na 180° u eMy KOTepeHTeH); i—=f 4
-+ fgt+ig rhe iy —TOK, BLIBBANHBIA IBHKEHHAM BHPTVAILHOrO KAaTOAA H3-32

GAYyKTYduRi BOIBPAMACIMUICH 516KTPOHOR (G9eHb MANL).

GAYRTYaNUAM i, B HMEET CMBICA, TaKUM 0OPa3oM, roBOpHTL 00 oCaaGaex-
BHX UYKTYauusx anomHoro Ttoka iy -1-i. Haxowen, haykryauny soa-
BPALIAIOMWIHXCS  SJICKTPONHOB, HE MOrVILHX TPE0JOJETh IIOTEHIHAABHOMO
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MHHHMYM3, TAKKE BHIEBAIOT (AYKTYAUMOHHHE NBHKEHHA BHDTYaJALHOIO
Karoda M (QAYKTY2HMH dHOAHOTO TOK4, KOTOPHE MB O0O3HAYHM ue-
pes i3 PAyKTyauuw i; He CBA3aHH ¢ QUIYKTYAUMIME & # i  OaWaxo
GAYKRTYaUHN ly OTHOCHTEABHO MalH, €C/H, KaK 9T0 OLBAET B HOPMAab-
HBX PEKHMAX JIaMll, IOBEPXHOCTE MHHHMYMa [OOTEHIHANZ HAXOLNTCS
803K KaTOMd, M TOrN2 BJAHAHHEM BO3EBPALUIOMKACA 3JICKTPOMOB MOMHO
npencpeus  (cm. [J1.5.22]). Ckasannoe pmme wamocrpupyerca pac. 396,
MirHopesHHH aHOAHEIR TOK pamed

2
i=L+G++a~ *
mely (G - &), rhe J,—cpen- A0
HHH aHodublH TOK. OueBrano, 4yTo 48 N
AYKTYAUHH aHOAHOrO TOKa OKa- g’g A S N
BHBAKTCA  YMEHLIUEHHHIMH 1O g4 NEAN
CDABHEHHIO C TEMH 3HAYCHHAMM, 03 N
KOTOpHIE OHH Hmean 6w B OT- - AN
CYTCTBME BHPTYANBHOMO Katoga. 02
MartemMaTHYECKH 3TO MOXHO 3a- \ -
NACaTh B BHAE (OPMYIR a1 \\ —
- ) v
Papos == F? - 2el Af. (46.18)  gog h
Kax yxe Oniio oTMeueHo, Teo- 405 \\
PeTHYECKMA pacueT Koadhuuy- G162 85 1+ 2 5 0 & 50
€HTa menpeccu [ AOBOALHO UL'Uﬂtg,?
caowen, O  OHA  BHOOJNEH igi

CIPOro  TOAbKO LA MAOCKHX  pye 397, CpabHeHne TeopeTHYeCKOro 3Ha-
BACKTPOAOE H HE OUCHb BRICOKMX  yenns kosdduuHeHta IempeccHn F*® ¢
qactor [JI. 5.22]. Dxcnepument OMLITHBIMH 3HAYCHHAMH,

JaET KauYeCTBEHHOE MOATBEpHKIE-

nue Teopud. (Iro MOKHO BHaeTs W3 phc. 397, rme F® nocrpoeno B

SaBHCUMOCTH  Oof  Beanuunsl ¥ = (U, — Unin)f Up ={(U, — Umin)_/’%“.

Teopernueckan (nyHKTMpHas) Kpupas BE3NE JEKHT HAKE IKCIEPHMEH-
TaAbHOH (CnsioniHoH) Kpueoh). BoamokHo, 4T0 pacxoxacuue ofycaosaeno
TEM, uTO TEODHA OTHOCHTCA K NJIOCKHM ACKTPOLAM, 4 SKCNEPUMEHT Gria
BEHOOJHEH C WMAMHADHYECKHMHM JHOREMH.

4. llpusencuue dopmya zpoGoeoro spdekTa K EHAY, Gonee
Y10GHOMY naA pacueTos. [las NpaKTHYECKHX PacyeToB yRoGHee thop-
MYJH 1DOGOBOre 3(IpeKTa NPEACTaBUTL B HECKOJILKO HHOM BHIE, CXOA-
HOM C QOpMY/aMH TENACBHX WYMOB B CONPOTHBAEHHAX. POPMYAH aan
pacueTa TENAOBWX IYyMOB MW IpuBeaem Ges subsoia [J1.5.23; J1.5.24].

UIyMB, BOSHHKAKILME BCACACTEHE TENAOBOrO ABHKEHHS 3/1EKTPOHOR
NIPOBOJAMMOCTH B CONPOTHBACHHAX, OLIH OTKPHTH 3SKCIEPHMEHTaNLHO
B 1928 r. dwonconom. HaikBHCT, OCHOBHBAsCh Ha CTATHCTHYECKOH Tep-
MOLMHAMUKE, 10Ka3a1, YTO CPEAHRH KBAAPAT 3AC TENJAOBHX WIYMOB, BO3-
HHKAWWAL B Hunedance Z B MOAOCE MacToT Af, Bhipawaercd dopmynol

Bu=4RETAS, (46.19)
g
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rac R — akTUBHad cocTaeasomas umnenauca Z=—R -1 iX. dopuyna
(46.19) nasmBaercs qopmyioft Hakikeucra, Mcrounmk 1MyMoR MoXHO
NPEeACTaBHTE KaK 3AC, Bupaxaemyilo dopmyao#t (46.19), coeanHennyo
1OCAEADBATEABHO ¢ «BeCcIIyMHHM» HMnefancoM Z (puc. 398, a). Ecam
IBa conporusaeHuss R; # R, HMEOILHE OJHHAKOBHE TEMOEPATYDPH, COE-
RUHEHH [OCASAOBATEIbHO, TO IKBHUBAJCHTHYW CXEMY 3TOr0 COSXHHEHHSA

KdK HCTOUHHKA LIYMOB MOXHO TpeaCcTa-

z £_£=4xrk4f BUTb puc. 398, 6, Cpennnfl Kpaxpar sic
Ha 3aWHMMaX COeAHHEHHS paBe
7) Efy=En1 + Eba == 4kTAS (R, -+ Ry).
(46.20)

f_:fr,-%rfﬂ A7 EReoxThar MouocTh WwyMoB Gyaer

O—WW—D— W —(—0 &
& Ry Pm—_—ﬁ‘":—..-%kTAﬁ (46.21)
6
Puc. 308, . a— cxemarhueckoe M CpeAHHl KBaJpaT IYMOBOTO TOKA PapeH
NpeACTaBIeHHe HMNepadca Z= .
= R+ iX wak reseparopa Ten- B = ‘@-g—}?:.- 4E Af. (46.22)
LOBLIX [OYMOB; O — MOCAE€LOBA- R R

TeJbHOE COELJIHHEHHE COMpOTHR-
ZeHHR, CeHepPHDYOIMX TenAobwe OTMETHM, 49TO MOIIHOCTb TEMIOBHIX ny-

Uy MHL MOE HE 3aBHCHT OT CONPOTHBAEHHS, Jlerko

NOACYHTATE, u4To npH T =293°K (xou-

HaTHaa TEMNEPATYPa) MOUHOCTD ¥ CPEIHHE 3XC U TOKH MOMXHO BHYHCAATE
no gopmynam:

(Pudess = 1,6 - 107%Af [aim),
(Buwass = 1,26 - 1071 / RAf1s],

=126 - 107/ ¥ g)

Oasi conporupnenns R=10° ox B mHTepBane uacror Af= 1000 24
Oynem wMeTh [y leys==1,6 - 1077 81, (By)ass=1,26- 107 8, (i )ys =
=1,26.1010 g,

M3 qopmynn Halikeucta caemyer, 4To CNEKTP TEMAOBHX WIyMOB
YMCET paBHOMEDHOE pacnpenenenHe  noaoGHO  CHekTpy Apo6oBoro
sppexTa. DTO NAET BOMOKHOCTb MPEACTABUTL LIYMB APOBOBOrO addexta
8 BHIC TEINIOBOTO HIYMa HEKOTOPOr0 3SKBHBAJCHTHOTO CONPOTHEJCHHSL
Takan zamena yno6Ha DNPH pacyeTax IHYMOB pPaiHOYCTDOHCTB.

®opuyny (46.16) nan nuoga b pemuME HauaJbHMX TOKOB MOXKHO
HanHcath Tak:

Ty
4k F A
R

5 _ kTN

bpos = =% (46.23)
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W3 (47.23) cneayer, YTO SKBHBANEHTHMM CONPOTHBASHHEM NHOAA B pe-
HUME HAYAMLHWX TOKOB MOXHO CuMTate, vanpumep, R, =R, ups Ttem-
neparype 7./2. QueBumHO, 9TO TEMNEpaTypy SKEHBAJIEHTHOTO CONpPOTH-
BAEHH MOWHO BHOPAaTh NPOM3BOABHO H KaXAOH Temmepatype Gyaer
COOTBETCTBOBATE CBOE BKBHBANCHTHOE (ONPOTHBJACHUE,

Teopetnyeckn 6nn0 HaBAEHO (M XOPOWO TNOATBEPKIEHO HA OIIHITE),
YTO AHOA B DEXHME NPOCTPAHCTBEHHOrO 3apafa LIYMHT KaK SKBUBAIEHT-
HOC CONpOTHBACHHE, PABHOE BHYTPEHHEMY CONDOTHBACHHIO AHOL3, HAXO-

Adineecs npu TemAepatype 3 (l ——B T,=0644 T . Taxkum oGpasom,
r

Bpos =F?- 2el Af — ’%: 2,576kT,SAf, (46.24a)
rie § = R%: :{;ﬁ—:«:pymsua (nposopumocth) anoaa. Ma (46.24) cae-
AyeT: .

F=1,28%T % , (46.25)
o T, =1000°K (oxcnaum#t karorm)
Bpos == 3,53 - 107 SAf, (46.246)

Popmysoi (46.25) NpaKTHYECKM MOKHO MNOJb30BATLCA B JOGOH TRuKe
XapaKTEPHCTHKH, 83 WCKMOUCHHEM Y3KOFO Y4acTKa BOAN3H HACKILEHNS,
rae F? OueHs PesKo NEepexoanT K suduenwo F?=— 1. [das jaamn c OKCHA-
HBIMH KaTofaMM GopmyaocH (46.25) moxHO DOAK30BATLCR BCETAA.

5. lpoGoBoit s(ddeKT B TPHOmAX M MHOrOCETOUHHIX JAMNAX.
Ilenpeccus npoGoBoro sdepexta .6 TpHOIE, padoTaIer B peKuMe 1po-
CTPAHCTBEHHOrO 3apAlla, MMEET Ty K€ NPHPOLY M HOAUMHAETCH TeM ke
S4KONOMEPHOCTSAM, KaK H B 1HOLE, HO KOS(PHIHEHT NENPECCHH HMeeT
HECKOJIbKO RkHOE 3HaueHue. Popuyam (46.24) n (46.25) nas Tpuoia
TPHHHMAIOT BHA

= 0,644

Lpos = —— - 4RT SAf=F7, - 2el Af, (46.26)
s 1,28%7, S
=" —ei e (46.27)

3neck ©— MOCTOAHHAT, 3aBUCANAR OT rEOMETPHYCCKMX JAHHBX TpHOIA
H paBHad {118 OAOCKHX 3JEKTPoA0B)

. :

o=[1-]—D(1—f—id“!] ! - - (46.28)

5 o)
D, d., dy, RaK ¥ BE3%€ B 3TOH TaaBE, 03HAYAIT NPOHALIEMOCTD
TPHOAA H DPacCTOgHUA aHOM — CETKa ¥ KaTOd — CeTKa. 3HaueHue g Je-
Hur mexny 0,5 w 1, npubamkance K 1 na8 aamn ¢ TYCTHIMH  CETKAMH. .
OueBuAHO, YTO M TPHOA KAK MCTOMHMK LIYMOB MOXHO B3AMEHHTH

SKBHBANCHTHEM COMPOTHRACHHEM, TEMIEPATYPY KOTOPOTO MOKHO BHIOPATH
MPOM3BOALHO. YOOHG 370 TaK HA3HBAEMOE . LIYMOBOE .COMPOTHBJEHHE

I
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CYHTATh BXJIOUEHHHM B LENbL CETKHW H NPUNACATE MY TeMMeparypy
BXOIHOFQ CONPOTHBAEHHA, BKJIOUEHHOIO B LEDb CETKH (KOMHaTHYIoO).
Torna npn BHuMcaewun oOOLIEro WYMOBOrQ HANPAXKEHAS, NONaNZiONIEro
BMECTE C CHFHA/JOM Ha CETKY AaMOH, MOWHO OyZeT Ha OCHOBaRHH ¢ap-
MyaR (46.20) NPoOCTO CAOKNWTL CONPOTHBAEHHA UENHA CETKA W IYMOBOE,
CYHTaA NPH 3TOM TPHOA <GECHIYMHBIMS. :

Ilo dopmyne HafiksicTa HA MIyMOBOM CONPOTWBACHMH Ry, BOBHHKAET
HanpfKeHue, CPeIHrH KeBampaT KOTOPOro paBeH :

Ul = 4kTRAS.

310 HanNpsAKEHWe DOMKJAIOYEHC K CETKEe TPHOAZ H B aHOAHOH UeNW OHO
CO30aeT NYMOBOH TOK i, ,, A9 KOTOPOrO MOWHO HamHCaTh:

Gow=StUL = kTR, S*Af.

IllyMmoBofi TOK B aHONKOH nend e€cTb HE 4TO HHOE, KaK TOK ApoBoBOrO
atpdexra; sHauuT,

Bw=ifhes=F% - 2el,Af= 4LTR, S'Af,
_ Fpla 0T, !

Rp=—2% " % (46.29)
= 2";_Ts= @ IS

Ias maMn ¢ OKCHAHHM KaTopoM, upxumMan - 7,==1000°K, T=300° K,
T. e T /T==3,3, noayuum:
k 11 a
Rm='é-§-=§ [O.M], (46.30)
rae a=2,5-+3. Ecau § BHpasuth B Ma/s, To R, noayuaerca B KHAO-
omax. dopmyna (46.30), kak MoKa3blBaeT ONbIT, HOCTATOYHO TOYHA AJA
TEXHHUYECKHX DPaCUeTOB.
IpuBeneHnbe BHINE (OPMYAH NOKAZWBAKOT, YTO ¢ YBEAHYCHUEM KpY-
THSHR TpHOAa S wyMOBOH TOK B UENH aHOJA pacTer NPOIOPUHOHANBHO

V'S. Tem ue meHee yBennmueHHe KpPYTH3HH BXOZHOH JaMNal BHIOAHO.
Heno B TOM, YTO TOK CHMTHajAa PacTeT NPONOPUHOHAALHO S H OTHOILEHHE
CHrHaA/IUyM YBEJAHYHBAETCA BMECTE € KPYTH3HOH. )

OTHOCHTEALHO DAYKTYZLHH [OJHOTO TOKA B YCHJIHTEIbHHX 3KpaHu-
POBaHHKX JamMnax (TeTpojax M NeHTOMAAX) MOXKHO ONATh NOBTOPHTH BCE
CKa23aHHOe O (AVKTyauWsx B Ouodax ¥ TpHoZax. Ho B sKpaHHpoBaHHHX
AAMNAX MMEKT MECTO €Mle PAYKTYalnHH TOKOpacupeienesus u GayKIya-
IHH BTopw-lHoaneproﬁuoﬁ sMACCHH € ceTkd. Ha skpanupylomyo cetxy
nona/jiaer TOo GOAbLIAA, TO MEHbWAaA 4acTh OGLIErD SAEKTPOHHOrO MOTOKA,
NpoLEAIIEro Yepes VIPaBRAAOILYIO CeTKY, JIerko noHath, uTo QIyKTyalRH
TOKOPACTIPENEACHHA BO3HHKAIOT COBEPIHEHHO HE3ABUCHMO OT (PAYKTyauuh
SMHCCHOHHOrQ TOKa. OZHOBpPEMEHHOE CYLIECTBOBaHKME OOOHX BMAOE (hayx-
TYaun#t AOJAXKHO, OYEBHAHO, CO3AaBaTh B AHOMHOK WENH MO CPaBHEHHIO €
TPHOAOM Gonge CuabHHH WyM, YBeasueHHE IyMa nerxo. oOHapykKuUTb
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SKCNEPHMEHTANLHO, U3MEPAS INYM OOHOTO M TOFQ Xe MEeHTOJa B TPHOI-
HOM K [EHTONHOM BKJIOYEHHH.

Kak u A7 *Tpuoaa, yA0GHO A8 XapaKTEPHCTHKH APOGOBOIO aherTa
SKPaHWPOBAHHON NaMIIH BBECTH SKBHBANEHTHOE INYMOBOE CONPOTHBIEHHE,
HAXOANIEECH NPH KOMHATHOW TEMNEPATYPE M BK/ONEHHOE B 1[€0bL CETKH,
Hdas nentosa (ycaantens) npuGAHAKEHHE, NPUIOAHOE IAS IDPAKTHYECKHX
pacueros, wWweer amn [JL5.24, ra. 6]

25 1 81\

Rm:i‘?—ﬁ 7\ 1+u§) [ox), (46.31)
rA¢ TOKH BHDAXEHH B aMNEPax, a KPYTU3Ha— B aMnepax Ha BOJbT.
UlyvmoBHE CONPOTHBAEHHS IKPAHHPOBAHHKIX JAMI, PACCUHTAHHHE NO ¢dop-
Myde (46.31), B TPH—DATL DPas NPEBOCXOOAT IIYMOBHIE CONPOTHRIEHAR
TPHOAOB. DTO COMNACYETCH C ONBITHRMH JaHHMIMH.

Popmyna (46.31) noxaswlBaeT, YTO A yMEHBLIEHHA LIYMOB CAEAyeT
YMEHbIaTL 3IKPAHHKH TOK [,. JTO NOHATHO, TaK KAK YCM MEHpIe Iey
TeM GAMKe SKPaHMPOBEHHAA MaMmna K TpHoLy. 3anzya 06 yMCHbIICHRH fey
(1au 06 yBennuenun xKodUIKEHTa TOKOpacTpeaeAH s k=1l ) namn
yxe Guaa paccMoTpeHa (§ 43). o

Ocraercs ckasaTh emle O WyMax CMecHTeABHWX JaMi. Kak masecTo,
B KAQ4eCTBE CMECHTENBLHBX JaMo OOHYHO MCHOJAL3YIOT MHOIOCETOYHME
Aamnei. JlioGan aamna, Kak MOK23HBAOT TEOPHS M 3KCMEDHMEHT, B CMe-
cuTeJe WyMHT GOABLLE, YEM B ycnauTeasHOM cxeme. Hanpuwmep, nestoa-
CMECHTENbL MMEET SKBHBAJNEHTHOE [IYMOBOE CONPOTHBAEHHE B LENH CETKH

_L25(5 by
I Snp Snp Snp ’
rae fy=1I,+41, S—cpeanas aa AepHOA KoeOaHusl reTepoiuHa Kpy-
TH3HA JaMITH H S — KPYTH3Ha Npeofpasoadus. S IpH K0CTATOUHON ARHHEH-
HOCTH XAPAKTEPHCTHKI Ma/10 OTAHYAETCA OT KPYTH3HK B pabouedi Touke. Kax
6uno ykasano & § 45, S,,~=S/4 u Qopmyasa (46.32) nzer 3naunTENBHO
Goablree snauenwe Ry, ueM dopMyaa (46.31) Aas TOro e NEHTOma B
yCHAUTEABHOH cxeme. Eiie cunbnee wyMsT MHOroceTounne npeoGpasosa-
TEALHHE JaMObl, WMEIUHE JBE MOJNOKHTEIbHHE IKPAHHDYIOUIHE CCTKH M
eme Goablive (ayKTyauun Tokopacmpemeaenws. lllymosoe conpors-
BACHHE MHOrOCCTOYHMIX HPeo0pasoBATEnbHBX JMaMN  BHUYHCASETCA MO

Ry (46.32)

. popmyse *)

R, = 2la U —1y)
I:Sﬁp

B Tabauue npuBeleHH NaHHHE O WIYMOBHX CROMCTBAX HEKOTOPHX JfIaMN.

[om]. (46.33)

*) Ipubankennne qopuyrn (46.31), (46.32), (46.33) NoIyYyamwTICa %3 Teope-
THUECKHX (OPMYJ, €CaH NPHHATE B HHX YACACHHHE 3HAYEHHA HEKOTOPLIX napa-
MeTpOoR u-:oalmmungm TOKOPaCMPENeNCHHs, TeMNepaTypa KaToRa, Napamerp )
X4DAKTCPHLIE 117 OOLYHHX HPHEMHO-YCHAATeRLHWX Namn. O lymax MHo -
Huix nama cM. [J1.5.3, 1. f; Nh24) ' ! roceron





