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B knuce daercs kaaccupuxayus u onucaue pasaud-
Hblx 8U008 NAPA3UTHbIX c8a3eli 1 HABOOOK, pa3buparorca
80NPOCHL IKPAHUPOBAHUA PAOUOINEKTPOHHBLE Npuboposd u
NPOEKTUPOBAHUA UX C TOYKU 3PeHus npedoxpanenus OT
napasuTHolX HABOOOK, NPUBOOUTCS MEeTOOUKA IKCNepumeH-
TUPOBAHUSA NPU HAXO0KOeHUU u nooasAeHUl NAPASUTHBLY
cgaseli UMnYAbCHoLX HAB0O0OK 1 Hasolok ¢ona. Ocoboe
BHUMAHUC 06paWyAeTCA HA OCBCUYEHUC GUBULECKO20 CMBIC-
4@ NPOUCCCO8 U HA KOHKPETHble PeKOMEeHOayuu Nno KOH-
CTPYUPOBAHUIO, MOHTANY U IKCNepUMeHTaAbHOE 00paborT-
Ke paduo3seKTPOHHbLX npubopos.

Kuuea paccuurana na uusceHepro-TexHudeckux pabor-
HUKOB, 3AHUMAIOWUXCS pa3paboTKOL, KOHCTPYUPOBAHUECM,
npou3soocT8OM U pecyAupoBKOl paduo3NeKTPOHHbLX Npu-
60p08 pPA3AUYHO20 HA3HAYEHUS, A TaKdxe HA pabOTHUKOS,
BAHUMAIOWUXCA BOnpocamu HAOeHHOCTu paduoannapary-
por. OHa Taksce modsceT ObiT6 UCNOAL308AHA KBasuguyu-
posanubimMu  paduorioburesami npu Haradke npubopos U
CTYOeHTAMU B8Y308 U TEXHUKYMO8 NpU KYpcogom U
OUnAOMHOM NPOEKTUPOBAHULL.



BBEJNEHMWE

Bopsba ¢ napasuTHEIMHU CBSA3AMU U HaBOAKAMMU SIBJSETCS
CYLIeCTBEHHO!l 4acTbhlo pa3paboTKM PagHO3JEKTPOHHOTO
npubopa, 3aHuMalouleil 3HauuTeNbHOE BPEMSs NPU KOHCTPYH-
poBaHuM W 3SKCnepuUMeHTAJbHOH HopaboTke npubopa. He-
yAa4yHble KOHCTPYKTHUBHBIE peLIeHHs 4aCTO NPUBOAAT K HE0b-
XOIUMOCTH H3TOTOBJIEHUS] HOBBIX MaKeToB M 06pasloB U CO-
NPOBOXKAIOTCA NoTepell BpeMeHu U cpeacTs. Henocratounoe
NOfAaBJeHNe NApa3UTHBIX CBsi3ell M HaBOLOK 6e3 HeOGXOAU-
MOTo 3amnaca TPHUBOAHUT K PE3KOMY CHUXKEHHIO HaJeXHOCTH
pamHo9/eKTPOHHOHN annaparyphl, TaK KaK Hebo/blline H3Me-
HEHHSl BHEIUHUX YCJOBHH MOTYT NPUBECTH K 3HAUMTEJIbHBIM
MU3MeHeHHsIM napamerpoB npubopa.

Crnenunduueckoit 0co6eHHOCTbIO PaccMaTpPUBAEMOH Mpo-
6JeMbl SIBJSIETCS TO, YTO OHA BO3HHKAaeT 0OGbIUHO TOTAA, KO-
ria ¢ NpuHUUNUAJbHBIME BONPOCAMU YyXKe MOKOHYEHO, KOraa
IPOH3BOAUTCS KOHCTPYHPOBAHHE H HAJAXKUBAHUE OTAENbHBIX
yacTe#l 1 6J10KOB U OCOOEHHO KOTZla NPOU3BOAUTCH HalaxKu-
BaHue CIOXHOH CHCTeMBl B LegoM. Bce atu paboThl mpore-
KawT OoJbllel 4acTbIO B YCJIOBHSAX OCTPOTO HELOCTATKa Bpe-
MeHH, TPeOYIOLIUX OT HHXKeHePHO-TeXHUUYEeCKHX paGOTHHKOB
0c060¥ ONMepaTHBHOCTH U T'MOKOCTH U HE MO3BOJSIOIIUX UM
IJIATeTbHO pa3bupaThCsl B ONUCAHUSX PaA3JIMYHBIX SIBJEHHI,
YacTo NnojaBaeMBIX B CHAOXKHEHANIeH MaTeMaTHYeCKO! 3aurud-
pOBKe.

B stux ycnoBusix ycnewmHywo 60pb0y ¢ napasuTHEIMH Ha-
BOJKaMH MOXXHO BECTH TOJIbKO Ha OCHOBE JOCTATOYHOrQ KO-
JUYECTBA YETKHX (GHU3HUECKUX NpeNCTaBJEHUl, NpeaebHO
YOPOUIEHHBIX NPUMEHEHHUEM TMpPOCTEHLINX MaTeMaTHUYeCKUX
BbIKJIa A 0K.

Llenpio HacToOsILIEH KHUTH W SIBASIETCH HM3JOXKeHHe YyKa-
3aHHOr0 MUHMUMYMa MO3HAHWH.
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CnoxHoe pajMO3JeKTPOHHOE YCTPOMCTBO HJH TNPUBOD
MO2KET COJlepP2KaTh FeHePaTOPhl HE3aTYXaIOUHUX U MOJYJIHPO-
BaHHBIX Kosnebanui, paboraioliue Ha PasJUYHBIX HECYLIHX
4acTOTaX, TeHepaToOPbl BUAEOUMNYJAbCOB ¥ MMIMYJbCOB BHICO-
KO¥ 4aCTOTHl, BLIXOJHblE KaCKajAbl YCHJAHTeNEeNl BHICOKHX 4Ya-
CTOT, HU3KHX YaCTOT U UMNYJ/bcoB. Bce 3T snementsl pado-
TalT Ha OTHOCUTEJbHO BBICOKHX YPOBHSAX MOILHOCTH, H3Me-
pseMBIX KaK MUJJIMBATTaAMH, TaK U MeraBaTraMu. B stom xe
YCTPOHCTBE WJIHM DSAOM € HHM MOTYT HaXOJNHThCH UYBCTBU-
TeJbHble NIPHEMHHKH, paboTalolie Ha TeX XXe WM Ha Jpy-
THX HECYLIMX 4aCTOTaX, YCHJHUTENH MaJblX HanpsKEeHUH pas-
JINYHBIX YACTOT, YYBCTBUTEJNbHbIE HMIYJbCHbIE CXeMBL. IJTU
3JeMeHTE DaGoTaloT Ha OTHOCHTEJIbHO HH3KHX YDOBHSX
MolHoCTH. Hekoroprle 13 HuX cnocoGHRI pearnpoBaTh Ha
CHTHAJ, MOIIHOCTb KOTOPOro He mpeBocXoxut 10-!4 gr. Ta-
KUM 00pa3oM, DpasJHyHBlE 3JeMeHThl pPaJHOTeXHUYECKOro
ycrpofictBa pafoTaloT HAa CaMbIX Pa3HOOGPA3HBIX YPOBHSX
MOIIHOCTH, MAKCUMaJbHOE OTHOIIEHHE KOTOPBEIX MOXKET JO-
cruratbh BesuuuHbl 200 66 wau 1020 (109 mo HampsKeHuio
HJIH TOKY). BeposiTHOCTL B3aMMHEIX MOMeX B 3THX YCJIOBHAX
BeCbMa BeJHKa.

ITon napasurnoi nasodkod mnownuMaercss nepefaya Ha-
NpsXKeHUs U3 OJHOTO JeMeHTa pPagHoycTpoiicTBa B APYrof,
He NpefycMOTPeHHas ero CXeMod M KOHCTpykiueil. Takas
HaBOJAKa BO3HUKaeT 6sarofaps HaJUUHIO NAPA3UTHOL C8A3U
MeXKJy 3THMH 3JIeMEeHTaMHU, CBS3H MO 3JeKTPHYECKUM ILIeNsM,
NOSBJSIOUINMCS B YCTPOHCTBE He3aBHCHMO OT KeJlaHUs KOH-
cTpykropa. ITapasuTHble HaBOAKHM NPHBOAAT K MOSIBIEHHIO
Ha BBIXOJle 3JIeMEHTa HanpsXeHUH U TOKOB, He COOTBET-
CTBYIOILMX ero OCHOBHOMY Ha3HaueHulo. B uacTHOM ciyuae
napasuTHble HAaBOAKHM HAa BXOJ YCHJ/HUTesS HANpsKeHWH, mo-
JYyUalmIlUXCc Ha ero BBIXOAe, NPHBOAAT K CaMOBO30YXK-
JEHUI0O YCHJIUTEeNS WIM K H3MEHEHHIO ero xapakTepu-
CTHK.

B ycrpo#ficTBax ¢ NMUTaHHEM OT CeTH IepeMeHHOTO TOKa
BO3MOXKHO NOsiBJIeHHe (poHa, moNyyarollerocs u3-3a HelocTa-
TOYHOrO CIVIAXKUBAHUS BHINPSMJEHHOTO HAMpPSXKeHHS, K KO-
TOPOMY WHOrJa npuberaloT U3 3KOHOMHYECKHX Coobpaxe-
uuii. Tako# GoH He sBJsercs napasuTHeM. [loj napasurHoi
HaBOJKOH (OHA MOHHMaeTcs MOsBJEHHe HA BLIXOAE YCTPOH-
CTBa HamNpsKeHHUH, UMeLINX 4YacTOTy, PABHYIO HJH KpaT-
HYIO YaCTOTE CEeTH NMUTAHUs, He NPeAYyCMOTPEHHEIX KOHCTPYK-
nuedt npubopa W BO3HUKAIOLIMX BCAENCTBHE [aPa3HUTHOH
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CBA3YM MeX1y paJHO03JeKTPOHHbIMU YacTaMu npubopa u ya-
CTSIMH, OTHOCSILUUMHUCS K CHCTeMe NMUTaHHus.

[Ipu paccmMoTpenuu napasuTHBIX HAaBOJOK MHPUXOAUTCA
BCerfla HMeThb JeJ0 C TPeMs 3JeMeHTaMH:

a) HUCTOYHHKOM HaBOJHMMOTO HaNpSXKeHHUS,;

6) NpHEMHHKOM HABOJAUMOTO HaNpsKeHUS,;

B) NapasuTHOH CBS3bI0 MEXIY HUMH.

OueBupiHO, 4TO ueM GoOJiblle OTHOLIEHWE YPOBHEH MOIIL-
HOCTH BO3MOXHBIX MCTOYHMKOB M NPUEMHUKOB HABOAMMOLO
HanpspkeHusi, TeM BeposiTHee, YTO MeJKHe OMUOKH WU ymy-
IleHHs1 B KOHCTPYKLUHH H MOHTa)Ke YCTPOHCTBAa MpPHUBELYT
K HaBOJKAaM, MelIaloOUIMM ero HopMaJbHO# pabore.

[Tpu pasGope /1:06bIX BONPOCOB, CBA3AaHHBLIX C MapasurT-
HbIMH HaBOAKaMH, HEOOXOMMMO TpeXJAe BCEr0 YYHUTHIBATh,
UTO HABEOeHHble HANPANCEHUS U TOKU NOOUUHAIOTCA O06UjUM
3AKOHAM INEKTPOTexHuKkU 6e3 Kakux-Aubo orksonenud. Ilo-
ABJSIOLKECA 31eChb TPYAHOCTH BHI3HIBAIOTCH He 0COGHIMU
3aKOHAMH, a TeM, YTO Napas3uTHble CBSA3U B CXeMaX He IOo-
Ka3blBalOTCS W BO3HHKAIOT HEOXKHJAHHO MeXJy CaMbIMH
pPa3JHYHBIMH YaCTAMH YCTPONHCTBA HE3aBUCHUMO OT XKeJaHHUS
KOHCTPYKTOpA.

YcrpaHeHne mapa3uTHEIX HABOJOK MpPeX/ie BCETO CBOMUT-
€A K BHISIBJEHHIO YKa3aHHBIX TPEX 3JEMEHTOB, UTO YacTo sB-
JsieTCsl BecbMa TsiKeso#l 3apmauell. ‘OHa ycnoxHseTcs elle
TeM, 4TO B GOJIBIIOM uyuCJe CAyuaeB NapasuTHbie HABOAKH
101Yy4alOTCAd OT HECKOJBKHX HCTOYHHKOB H 1O HECKOJbKHM
IensiM napasuTHO# cBsI3H. B 3THX yc/a0BHsAX OGHapyxKeHHe
OoJiee ciabbIX HCTOYHHKOB M CBsi3ell OKa3biBaeTCs BO3MOK-
HbIM TOJIBKO IIOCJIe YCTPaHEHUS HaBOJAKH OT 60Jjiee CHJIBHBIX
HCTOYHUKOB U CBsi3el.

Ecan ykasanHble TpH 3JeMeHTa M3BECTHH, TO CaMo
yCTpPaHeHHWEe HABOIKH, SIBJSIIOILEECS B MPUHIHIE 3HAUHTE/b-
Ho 6oJiee NpocCTO¥ 3ajaved, MOXKeT NOTpe6OBaTh BHECEHHS
3HAYUTEJbHBIX H3MeHeHW!I B KOHCTPYKLHIO ycrpoiicrsa. [lo-
3TOMY NpPedBAaPUTENbHBIH YYeT BO3MOXKHBIX HCTOUHHKOB H
nyTefl HaBOAKH sBJsieTcss 00s3aTeNbHBIM YCJIOBHEM IIpa-
BUJIbHO MOCTABJEHHOrO KOHCTPYHPOBAHHS PaldH03JIEKTPOH-
HOr'0 YCTPOHCTBA.






rNABA NEPBAH4

HUCTOYHUKHU HABOJIHUMBIX HAMNPSI)KEHHUM
U NYTH UX HABOIAKH

1-1. MAPASUTHASl CBSI3b YEPE3 OBIUIEE
CONMPOTHUBJIEHHUE

[Tycts (puc. 1-1) HCTOYHHK HaBOAMMOTo Hanpsixenus Eg
yepe3 KOMIJIEKCHOe CONPOTUBJEHHE Zy MOAKJIIOYEH K KOMM-
JIEKCHOMY CONpPOTHUBJIEHUIO Zogm, KOTODPOE BXOAUT B lemn

Zy
) S =
X npuemnuky
Uemoyruk 5 wabodumozo
HANDANCEHUA m) &y 245 Uy
H&Dﬁku U HanpaxCenus

<||||-—4 )

Puc. 1-1. CxeMa napasuTHOH CBfi3H uyepe3 oflllee CONMpPOTHBJIEHHE,
IpueMHHKa HAaBOIHMMOTO HaNpPsXKEHHS. Torna HamnpsxeHue,
HaBelleHHOe B lensx npHeMHuKa, 6yner
Oy — Lnfosm

ZH + Zoﬁm

Tak kak 0ObIYHO Zy > Zoom, TO, TpeHe6perass Zogm B 3HA-
MeHaTeJe, NOJyYaeM

= Z
UH-:EHL_Z_&II_.



Orciona cienyet, uto npi Hamuuuy obLIero conporusie-
HHUA Zosm, BXOAALIETO OJHOBPEMEHHO W B LeNMH HCTOUHHKA,
I B LeNY NPHEMHHUKA HABOAMMOTO HaMpsiXKeHHsl, NOCAeAHUM
HaBOAMTCA YACTb HAMPSIXKEHHs HCTOUHHKA HABOJKH, paBHad

_ 206111 .
ﬁ__—fﬂj . (1-1)

CBs3b uepe3 oflilee CONPOTHB/IEHHE SIBJSIETCS yallle BCe-
ro BCTPEYAIOLUMCS BUAOM MApasUTHON CBsi3H. DTO, Mpexie
BCETO, CBsI3b 4epe3 BHYTpPEHHee CONPOTHUBJIEHHE U COEJUHH-
TeJIbHbIE NPOBOAA UCTOYHHUKOB MUTAHUS U CXEM YIpaBJeHH:
paboto#f paammoycrpoiictBa. Taxkas CBsi3b MOJYYaercsi MO
cxeMe puc. 1-2. 3aech uepes Lienb HCTOUHMKA MHTAHHA MPO-
TEKaIT TOKM BCeX YaCTOT, COCTABJSAIOLINX CIEKTP CHUCHAJsa
MCTOYHMKA HAaBOAKH. DTH TOKM JAIOT NajfieHusi HaNpsiKEeHHs
Ha BCeX CONPOTHMBJIEHHSX, BKJIOUEHHBIX B ILeNb NHTaHH.
HacTh 3THX CONPOTHBIEHHH Zoguw OKA3bIBAETCs BKJIOUEHHOMH
B LleNM NPHEeMHUKA HAaBOAKHU, U HanpsxeHue Uy, CHUMaeMOe

Ucmoynuk
- nUMaKUA unu
Zo5  CI8Ma ynpabnenus

1
' '
t-q—[/” ——

o

Ucmounik Mpuempuk
HaBodku HabBodku

ab— §
-1 F

Puc. 1-2. TlapasnuTHas ©BA3b Yepe3 BHYTPeHHee COMPOTHBIGHHE Hi~
TOYHHKOB MHTAHHSA HJI CXeM YIPaBJICHMS.

¢ Zoom, ABJACTCA HABOAUMBIM HanpsixeHueM. Benuuuna co-
NPOTHBJIEHUSA Zogm 3ABUCHT OT YACTOTH HABOAHUMOTO Hamps-
KeHus. s HUBKMX YacTOT — 3TO B OCHOBHOM aKTHBHOE CO-
NPOTHBJIEHNE COEAMHHUTENbHBIX NPOBOAOB M €MKOCTHOE CO-
NpPOTHBJEHHE BBLIXOAHOIO KOHIeHcaTtopa (u/abTpa NUTAHHS.
Jlnst BBICOKHX YaCTOT — 3TO B OCHOBHOM CONPOTHBJIEHHE HH-
JAYKTHBHOCTEH COEIMHUTeNbHBIX NPOBOAOB U KOHJEHCATOPOB
¢buabrpa nuranus. MHAyKTHBHOCTH NPOBOJLOB W pacmpefe-

8



JIeHHble eMKOCTH MOHTaxa MOTYT 00pa3oBLIBAaTb pe30HaHC-
Hble KOHTYpbl. [1pn HeyJauyHOM COBNAJeHuM BeJHYUH MHAYK-
TMBHOCTH 'H €MKOCTH BEJHYHHA Zogm HAa HEKOTOPBIX BBHICOKHX
YacTOTax MOXKeT OBITb 3HAUUTENbHOH.

K sToMy Xe BuAYy Napa3uTHOH CBA3H OTHOCHTCHA
(puc. 1-3) cBs3h uepe3 obLiue JenecTKH MPHCOeAHHEHHS

Om ucmoynuka
HabBodku

Zobu,

K npuemnuk.

g\ ) I
Jlenecmok Py
* K npuemHuk *

Kopnye aboths
a) (j)

Puc. 1-3. Buapl mapasuTHOH cBsi3u:
a — uepe3 OOUHil JenecToK; 6 — uepe3 OGUIH{I YyyacToKk Kopnyca.

K KOpnycy, ofliye oTpe3KH TPOBOJOB i O6IUMEe y4acTKH KOp-
nyca npubopa, N0 KOTOPOMY NPOTeKaloT O6/yXKAal0UIue TOKH.
OcofenHo omacHO HCNOJb30BAaHHE NPUCOEAHHEHHOTO

Ui

Jé Mpubop

‘.|||H

Puc. 1-4. HaBomxka uepe3 o6uiiit
mpoBoj TpIiCOeNHHEHHA K KOPIycy.

K KOpnycy ApPOBOAA, N0 KOTOPOMY NPOTEKaeT 3HAYUTEJNbHBIH
toK / OT Kakoro-nu6o MCTOYHHKA, AJS NPUCOCAMHEHUS ADPY-
FHX 3JIeMEHTOB CXeMbl K Kopnycy. B 3ToM ciyuae Bennunua
HaBOLUMOrO HanpsKeHusi Un=1Z o6 MOXKET 0KasaThCs 3HA-
YUTe/JbHOH, HeCMOTPSl Ha HeOOJbIIOE CONPOTHBJEHHe oblie-
ro yyactka nposofia (puc. 1-4).
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1-2. MAPA3UTHAS EMKOCTHASA CBsA3b

B o6blyHOf KOHCTPYKUMH JIOOOrO paJHOTEXHUYECKOTO
npubopa Bcerja UMeeTcsi MeTaJIMYeCKHH KOpIyc, UM LIac-
CH, K KOTODOMY IpPHCOEeIHHEHbl HEKOTOpble TOUYKH CXeMBbI
npubopa. »

Takoe coennHeHue, OCYLLECTBJISIEMOE HENOCPENCTBEHHO
uau uepe3 GJOKHPOBOYHBIE KOHAEHCATOPH!, TNO3BOJSET OT-

Cna
A Unap 8 A 1 P .0
T---n---- T 7
Zg Uy & Uy
E/./ l
l/ 77I7T777777 7
Puc. 1-5. EmkocTHas mapa- Puc. 1-6. EmkocTHas napasutHas
3UTHas CBf3b. CBASb C 'DE3OHAHOHBIM KOHTYDOM.

CUMTHIBATD BBICOKOUACTOTHOE HAMPSIKEHHE KaXIOH TOYKH
CXeMBl npuGopa OTHOCHTENBHO €ro Kopmyca.

Ecau (puc. 1-5) mnanpsikenue B HEKOTOpO# Touke A
paBHO BeanuuHe Ey oTHocHTeNbHO Kopnyca, To B Touke B,
CBA3AHHON ¢ TOYKOH A MapasuTHOH eMKOCTbIO Cpap, BO3HHU-
Kaer HaBeieHHoe HanpsikeHne Uy, BeNMYMHA KOTOPOTO
onpeﬂenﬂeiTcs COOTHOLIEHHEM eMKOCTHOTO COMpPOTHBJICHHS

Xuap= JaCpay 1 MOJMHOTO CONMPOTHBIIEHHS Zp MEeXIY TOYKOIX

B u kopnycom. Beanuuna Uy MoXKer O6bITh onpeneneHa
no Gopmyie

, (1-2)

M3 KOTOpPO#l CJeNyeT, YyTO HaBeleHHOe HANpPSIKEHHe B TOu-
ke B Oynmer Tem Gouiblle, 4eM MeHbIIe eMKOCTHOe conpo-
TUB/JeHHe Xpap M 4eM OoJibllle CONPOTHBIeHUe Zp. KoM6u-
Halps U3 3THX [BYX CONPOTHBJIEHHH MpeACTaBJASeT cOGOH
OOCBIYHBEIA JeNUTeIb HANpsKEeHHs.

B uwacTHoM, wacTo Berpeuarowemca cayuae mapasuTHO
eMKOCTHOH CBSI3HU HUCTOYHHKA, pa60Ta101uero Ha 4acToTe o,
C PE3OHAHCHBIM KOHTYDOM, HaCTPOEHHHIM Ha Ty e ua-
10 ’ ' ‘



croTy we (puc. 1-6), comporuB/ieHHe MEXAY TOYKOH B u
KOpPMYyCOM paBHO
—Fr__1
ZB_" ds — 0,Cd,’
raie C — eMKOCTb KOHTypa W dy — €ro 3KBUBAJEHTHOE 3aTy-
XaHue. _ _
Eciu npu 31oM Xpap>Zp, 10, MOACTABJISAS 5TH 3HAYEHHUS
B BoIpaxkeHue (1-2), monyuaem

_ J@oCrap
_EH wocda .

OT’CIOLla CJaenyeT, YyTO HAa KOHTYype BO3HMKAET 4YaCTb Hamp4a-
KeHHS MCTOYHHMKA HABOJAKH, olnpenenseMasl OTHOIIEHHEM

Us __Cua
== w3

1-3. MAPASUTHASI HHOYKTUBHAS CBSI3b

B mpocrpancrse, okpyxamlieM J06YI0 1eMnb, 10 KOTOPOi
NpOTEKaeT 3JEeKTPUUEeCKUH TOK, BO3HUKAeT MarHUTHOE MOJIe,
[IOCTOSIHHOE HJ/H NepeMeHHOe B COOTBETCTBHU C XapaKTepom
TOKa.

ITocTosiHHOE MArHUTHOE MOJIE HMKAKHX 3. . C. B HAXO-
IAIIMXCS B 3TOM IMOJie IPOBOJHHKAX He BBHI3BIBaeT. B mpo-
BOJHUKAX, HaXOAAIIUXCH B NepeMEHHOM MAarHUTHOM [OJIE,
BO30yXal0TCs [EepeMeHHble 3. A. C., BEJMUYMHA KOTOPBIX
pacTeT c NOBHILIeHHEM 4YacTOTh. Ecau Takoll NpOBOAHHK
SIBJISIETCST  YacTbl0 KAaKOU-TO 3aMKHYTOH 3JIEKTPHUeCcKOH
LeMnH, TO MOJ BJHAHUEM BO3HUKIIUX B HEM 3. O. C. B LENH
BO3HMKHET [epeMeHHBIH 3JIeKTPUUECKHU! TOK TAaKOTO Ha-
npasJjieHHsl (BepHee (pasbl), UTO CO3LABAaeMO€ MM MArHHUT-
HOe moJsie OyheT HampaB/eHO NPOTUB MEPBOHAYAJBLHOTO
no/as U OyAeT CTPEMHUTBCS €ro YHHUTOXKHTh.

Takum o6pasoM, ecin B uenu A (puc. 1-7) nopx aeit-
CTBHEM HMeouleficss B Helt 3. A. c. Ey NpOXOAUT NepemeH-
HBIH TOK [y, TO B Apyroil uenu B, Haxopsiueics B MarHur-
HOM T1oJIe, CO3/aBaeMOM Lenbio A, NMOSBHTCS HaBedeHHAs
3. O. c.

E'y=IgzoM,

rie M — B3auMHasi HHAYKTUBHOCTb Mexay uensamu A u B.
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Ecau nens B 3amkHyTa, TO B Hell 6yAeT npOXOAHTh TOK,
BeJHYHHA KOTOPOro onpeaenserca sakoHom Oma c yuerom
NOJHOrO COMPOTHBJAEHHS Lienu Zp

E/
lluz_fﬂ.
Zp

[ H .[ H
M
S < UYenb B

Puc. 1-7. MuayxkTuBHAs napasuTHas CBS3b.

Hagenennoe HanpspkeHHe Ha CONPOTHBJEHHH NPHEMHHKA
HaBOJKH Zy OYyJET paBHO

75 Z Z,
Upg=FE'y=F=1loM==,
ZB ZB
B omucaHHO#l KapTHHe BO36YyXKAEHUS HaNPSXKEHHH U TO-
KOB B Lenu B H3/10XKeH NPHHLKMN 3/JEKTPOMArHATHOH HHIYK-
Ly

}”l %Mm% lz,' ‘t/”

. 1-8. TlapasuTHasi HHAYKTWBHAA CBS3b pe30-
HAHCHBIX KOHTYPOB.

Uemoyyuk
nabodku
{lpuemmuk
Cabodhu

g
=
sl

LHH, WWHPOKO NPHMEHSEMBI BO BCEX OTPacC/saX 3JeKTPOTex-
HHUKH M XOpOILNO HM3BeCTHHIH. B cOOTBETCTBHH ¢ TeMO#H Ha-
CTOsAIled KHAPW MBI OyneM pa3bupatb HeXKejaTelbHble I10-
CJEeICTBHS paccCMaTPHBAEMOro $BJEHHS, BBIpaXKalolHecs
B TOM, 4TO HaBejeHHe HanpsxkeHus Uy noayuaercs B pe-
3y/JbTaTe NapasUTHOM HHAYKTHBHOH CBSI3H MEXIY IeNsMH

u B .

B uacTHOM ciydae napasuTHOH HHAYKTHBHOH CBSI3H
MBYX OMMHAKOBBIX PE30HAHCHBIX KOHTYPOB Ha HX COGCTBEH-
12



HOM yacToTe o (pHc. 1-8) TOK B KOHTYpe HCTOYHHKA HABOI-
KH, HaxojslleMcsa Noj Hanpsokenduem Ly, 6yner paBeH

E
]H - —P_B)
T 1 -
rupe p=— V-T = (,)OL - F.C— BOJIHOBO€ COINIPOTHUBJIEHHE KOH

Typa. STOT TOK HaBeaeT B KOHType IIpHEMHHKA HaBOILKH
3. I. C.

E
E,H:lnwoMZ'H—woM =Enkr ap»

w,L

rae kRuap =% — KO3(p(HLHEHT Napa3uTHOH CBSI3H MEX]y KOH-
TypaMH HCTOYHHKA M NPHEMHHMKA HaBOJKH.

ITog BaMAHHEM BBEIEHHOH MOC/JEHOBATENBLHO B KOHTYP
3. n. ¢. E’; B nem Oymer nporeKaTb pPe30HAHCHBIH TOK
—_— E,ﬂ

k
4 ____ nap
Ia=22 =

rie 7 — aKTHBHOE [10C/e0BATeNbHOE COPOTUBJIEHHE B KOH-
Type NPHEMHHKA HABOAKH. DTOT TOK CO3LAET HAa eMKOCTHOH
HJIH HHAYKTHBHON BETBM KOHTYypa HaBeNEHHOE HANpsKEHUE

Ug="I'sp= Eq 2220 = F, "1ts. (1-4)
W3 storo BbIpa>xKeHHUaA CJAEeNYeT, UTO HaBeAE€HHOe HaIpsiXKe-
HHE ONpeje/sieTcss He TONbKO KO3(p(HIHEHTOM CBS3H U Ha-
NpsXXKeHHueM HCTOYHHKA HABOIKH. OHO B 3HAUHMTENbLHON CTe-
[I€HW 3aBHUCHUT OT 3aTYyXaHUs KOHTYpa NpHeMHHKa HaBOIKH.

1-4. NAPABUTHASl EMKOCTHAS U HHIAYKTHBHAS CBS3b
C YYACTHEM MOCTOPOHHHX NMPOBOOOB

EmKocTHasi ¥ MHAYKTHBHAsi mapasuTHble CBA3H MOTYT
NoJIy4aTbCsl M IPH OTCYTCTBHH HENOCPEACTBEHHOH CBS3H
MEXJy MCTOYHHKOM M NpHeMHHKOM HaBoaku. Ha puc. 1-9
noKas3aH cayyall pasmelleHHs UCTOYHMKA M NPHEMHHKa Ha-
BOJAKH B OTAEJbHBIX 3KPAaHHPOBaHHBIX oTcekax. Uepes oba
OTCe€Ka NPOXOAHT npoBox AB, He HMEIOLWIUA HEMmOCPencT-
BEHHOTO OTHOIUEHHS K cXeMme OGOHX 3JEeMEHTOB, a cJiy¥XKa-
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Puc. 1-10. dxBHBaseHTHAd cXeMa eMKOCTHO# CBf3Il MO TO-
CTOPOHHEMY TPOBOJY.



WMH JJs8 NMUTAHHS APYTHX 3JeMeHToB npubopa: ymnpasJie-
HHUS MM, BKJIOYEHHS pese H T. JA. IJTOT MNpPOBOJ HMEET
emkoctb C; (puc. 1-9,a) wiam B3auMouHAyKUHIO M),
(puc. 1-9,6) mo OTHOLIEHHIO K HCTOYHHKY HABOAKH H €M-
kKocTb Co MM B3aMMOMHAYKLHIO My 1O OTHOUIEHHIO K NPH-
€MHHKY HaBOJKH.

OueBuaHO, 4TO M3-3a HaJjuuds nposoga AB ob6a aJe-
MEHTa OKa3hlBalOTCs CBS3aHHBIMH €MKOCTHO, HHAYKTHBHO
WJIH HHIYKTHBHO-eMKOCTHO. BennunHa cBsisu onpenensercs
kak BeauuuHamu Ci, Co, M u My, TaK ¥ BeJHUYHHOHN MOJHOTO
COnpoTUBJEHHSI Zap, KOTOPOE HMEeT NMOCTOPOHHHH NpPOBOMI
OTHOCHTEJBHO Kopmyca. M3 5KBHBA/JIEHTHOH CXeMBbl 5 CHIY-
yas €MKOCTHOH cBsidu (puc. 1-10) BHIHO, yTO KOMOHHAaIUA
u3 mapasuTHO# emKoctH C; M CONPOTUBJEHHS Zap mpen-
cTaB/afeT co6OH JesuTenb, 1eHCTBUE KOTOPOrO Onpejpeser
BEJIHUYMHY HaNpsiKeHHs, HABOAUMOTO uepe3 eMKocTb (p Ha
npueMHHK. [logo6GHblEe XK€ 3SKBHBAJEHTHBIE CXEMBbl MOTYT
GBITb COCTABJIEHBI [Jisl CyYyaeB HHIYKTHBHON H CMEIIaHHOM
CBSI3€eH.

1-5. MAPA3HTHAS CBS3b
YEPE3 3JIEKTPOMATIHHUTHOE INOJIE
U BOJIHOBOJHAS CBA3b

[Tpy 3HAUUTENBHBIX PACCTOSHHAX MEXAYy MCTOUHHKOM H
NPHEMHHKOM HAaBOJKH, KOT/a MapasuTHble eMKOCTHAs H WH-
IYKTHBHAs CBSI3W 'TPAKTHYECKH OTCYTCTBYIOT, BO3MOXKHA
napasuTHasi CBsi3b yepe3 3JEKTPOMAaTHHTHOe [MoJie H3/ayue-
HHA. O‘ICBH}IHO, YTO 3Ta MapasuTHaa (CBA3b <«IO pamguo»
IpEeX/Je BCEr0 MOXET MPOSIBUTbCS He B Ipejenax ORHOro
ycTpoiicmBa, B KOTODOM HMEIOTCSI NpsiMble Napa3sHTHble HH-
JIYKTHBHbIE H EMKOCTHBIE CBSI3H, a MEXAY YAaJeHHbIMH
Apyr or apyra cucremamu. K mapasuTHOH cBsizu uepes
3JIEKTPOMATHHTHOE [0Jie U3JYUeHHS] MOXKHO OTHECTH TOJIBKO
CBSI3H, TPHBOAALIME K HEXKeJaTeJbHBIM HaBOLKAaM Ha pa-
NHONPHEMHUK COCEAHHMX MNepejlalolllMX paJuOoCTaHLUP, rpo-
30BBIX Da3psiOB M YACTH NPOMBIILIEHHBIX NOMexX. Xapak-
TepHO# 0COGEHHOCTHIO 3TOTO BHAA HABONOK SIBJISETCS TO,
YTO OHHM TNPOSIBJAIOTCS TOJABKO B pagHONPHEMHHKAX H [O-
CTYMaloT HAa HUX Yepe3 AaHTEHHBIH BBOI.

B mpenenax omHOro ycTpoHCTBa mapasuTHasi cBsi3b 4ye-
pe3 3JeKTPOMAarHUTHOE MOJie H3JYUEHHS MOXET BO3HHKHYThb
TOJIbKO Ha OueHb KOPOTKHX BOJHAX, IJIHHA KOTOPBIX MEHB-
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ure ra6apuTHBIX pa3mepoB npubopa. B 3THX ycaoBHSAX Me-
TaJJIMYECKUH KOXYX nmpubGopa MOXKHO CUHTATb OTPE3KOM
NpPAMOYTOJBHOI'O BOJIHOBOJA, B KOTOPOM MOTYT paclpocTtpa-
HATbCA pas/juuyHble THNB BOJH. M3 HUX 6oJiee omacHoOi siB-
Jsercs BosiHa Hp, uMeromass HauGOJBIIYI0O KPUTHYECKYIO
AJIMHY, PABHYIO Awp=2b, rie b — pa3Mep OOJbIIEH CTOPOHBI
NONEepPeyHOro CeYeHHsl MPSIMOYTOJBHOrO BOJHOBOAA. BoJsHH
KOpoue KpPHTHYeCKOH CBOOOMHO pacnpoCTpaHsIOTCs B BOJ-
HOBOJIe C BecbMa MaJ/IbIM 3aTyxaHuem, meHee 19% ua merp.

Takum o6pasom, eciu B mpefenax OZHOTO KOXKYyXa HMe-
IOTCA MCTOYHMKH U NPHEMHHKH HaBOJKH, paboTamllue Ha
BOJIHAX, NJHHA KOTODHIX KOpPOYUe YABOEHHON MJHHBI HaH-
Gosbliedl CTOPOHBI KOXKYXa, TO MEXAY HHMH BO3MOXKHa
CBsI3b 4yepe3 9/JeKTPOMAarHHTHOE [0Jjie U3JY4YeHHs. DTOT XKe
BUA [NAapasUTHOH CBSI3H BO3MOXEH H MEXIYy YacTIMu
YCTPOHCTBA, pACHO/IOXKEHHBIMH B DPAa3JHUYHBIX 0JI0Kax HJIH
OTCEKAax, ec/H OHH COeTHHEHBI BOJHOBOLOM.

BousHbl, pnuHHee KDHUTHYECKOH, B BOJIHOBOAE pAaclpo-
CTPaHATbCS HE MOTYT, H B HEM OCTAeTCs TOJbKO [OJe, Ha-
6/0gaeMoe B HEMOCPENCTBEHHOH G6JM30CTH OT HCTOYHHKA °
u OBICTPO 3aTyxawlllee Mo Mepe yjpaseHHss ot Hero. He-
CMOTpS Ha 3TO HekoTopble aBTOpH [10, 18] paccmarpuBaioT
napasuTHbIE CBSI3H, BO3HHKAIOIIHE B IIHPOKOMOJOCHBIX YCH-
JIUTEJX, C NOMOUIbI0O TEODHH BOJHOBOMOB, UYTO IIPHBOMHUT
K pesyJjbTaTaM, He OTPaXkamooLluM HedcTBHTeNbHOCTh. Bosee
noapo6Ho 3TOT Bomnpoc oceeleH B '§ 3-16.

1-6. ACTOYHUKH W NMPUEMHHUKH
BbICOKOYACTOTHOM HABOJKH
HA OCHOBHOM YACTOTE H TFAPMOHMUKAX

TBepmoro pasrpaHnueHdst yacTefi pagHOTEXHHYECKOTO
YCTPOHCTBA Ha HUCTOYHHKHM U NPUEMHHKH HaBOAKH CHeJaThb
Hesnb3sl. HacTo OfHMH W TOT K€ 3JEeMEHT MOXKeT $SBJSAThCS
OJHOBPEMEHHO U MCTOYHMKOM WM NMPHEMHHKOM HaBoxku. Tak,
Hanpumep, JMI000H NPOMEXKYTOYHBIA KAacKaj MHOroKackaji-
HOTO YCHJIUTEJS SBJSETCS HUCTOYHHKOM HABOAKH [JISI BCEX
NpeAbAYIUIHX KACKajOB W MPHEMHHKOM HAaBOAKH OT BCeX
nocaenyoLHX.

ITosTomMy Ha mepBoM 3Tame pelleHHss KOHKPETHOH 3aja-
Y{ ynoOHO CYMTATh BCE SJEMEHTHl YCTPOHCTBA MOTEHLHAJb-
HbIMH HCTOYHMKAaMH W TNPHEMHHKaMH HaBOAKH, BbIGUpas
3aTeM METOIOM [MOCJeLOBaTeNbHOTO HCK/IIOUEHHUsT HauboJgee
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BEpOSATHBIE BApHAHTH, MNOAJeXallue [eTanbHOH mpopa-
60TKe.

UeM BbIllIE COOTHOLIEHHE YPOBHEH MOIIHOCTEH M HANps-
JKEHHH MEeXAY KaKUMH-JH060 yacTsIMH YCTPOHCTBA, TeM Be-
posiTHee HABOJAKA C OAHOH M3 3THX uacTel Ha mpyryo. Ilpu
ONIMHAKOBHIX KO03((ullMeHTax CBS3M Ha DPE30HAHCHBIX KOH-
Typax, paboTamlmuXx Ha OCHOBHOH 4acToTe, BO30OyKaaercs
6oJibliiee HANpsXKeHHE, YeM B alepHOAMYECKHX HJH B pac-
CTpOeHHBIX Lensax. I[loaTOMY H3 BCEX 3/€MEHTOB pajauo-
ycTpoiictBa Haubosiee BepOSATHBIMU HCTOYHHKAMH HAaBOAKH
ABJISIOTCS 3JIEMEHTB ¢ CAMBIMH BBICOKMMH YPOBHSIMH BBICO-
KoyacToTHOH MouHocTd. Haubosnee BepoATHBIMH TPHEMHH-
KaMH HaBOAKHU SIBJSIIOTCS 3JEMEHTbl C HAaUMEHBbUIMM ypPOB-
HEM BBICOKOYACTOTHOH MOUIHOCTH, COJEpIKalllie pe3OHaHC-
Hble KOHTYpHl, HacTPOEHHBle Ha YyacTOTHI, H3JydyaeMble Be-
POSITHBIMH HCTOYHHKAMH HABOJAKH.

Kpome 3Toit gbicokouacToTrOl Hasodku Ha 0cHOBHOU
4QCcTOTE H3peNKa BCTPEYAETCS BbLCOKOUACTOTHAS HABOOKA
Ha eapmoHukax. DTa HaBOJKAa BO3HHKAeT B YCTPOHCTBAX,
ComepKalluX 3JeMeHThl, paboTalolllie Ha KpPAaTHHIX YyacTo-
tax. Eciu s/1eMeHT, HMeIHi OTHOCHTEIbHO BBICOKHH YpO-
BEHb MOLUHOCTH, paboTaer B HEJHHEHHOM peXHMe, TO rap-
MOHHKHM OCHOBHOH 4YacTOTHI, NOJIy4alOUIHECss HA ero BHIXOJE,
MOTYT 11O LeNsIM NapasHTHOH CBSA3M NOMNAAaTh HAa BXOJ YYB-
CTBUTEJBHOTO 3JIEMEHTA, HACTPOEHHOTO Ha KpaTHYI0 ya-
CTOTY.

[Ipumepom Takoro BHAa HAaBOAKH MOXKET ClyXKHTb pa-
JAMOCTAHUMS C COBMEILEHHBIM pAacHOJ/IOXKEeHHeM pajgHonepe-
NaTyHKOB H pAaJHONPHEMHHUKOB, PabOTAIOMIUX HAa pas/Hy-
HBIX 4acToTax. B TakHX CTaHLHAX OTCYTCTBYEeT BO3MOX-
HOCTb pabOoTH NMPHEMHHKOB HA YacCTOTaX, COOTBETCTBYIOLIHX
pALy rapMOHHK NepenaTyHKOB.

Hpyrum npuMepoM BBHICOKOYACTOTHOH HABOAKH Ha rap-
MOHHKAX MOXET CJIYXKHTb JHANa30HHBIH CYNepreTepoauH-
HBI MPUEMHHK C GOJBLUIMM YCHJIEHHEM IO BBICOKOH M NpO-
MEXYTOUHOH yactoTaM. B 3Tux npHeMHHKAX NpAHMUMAIOTCH
Mepel 1Jg ocaabjeHHss [apasUTHBIX CBS3€H OTHEJbHO
B YCHJINTEJSAX BHICOKOH 1 NPOMEXYTOUHOH 4yacToT BO u3be-
XaHue uxX HeycToMuuBo# paboTel. OfHAKO OGBIYHO He MpH-
HUMAIOTCs Mepbl o ocjab/iedHio CBs3eHd BbIXOHA yCHJAHTe-
Jisl TPOMEXYTOYHOH 4acTOTHI CO BXOZOM YCHJIMTENIS BBICO-
KOH YacTOTHl H C aHTEHHOH, TaK KaK CUHTAETCH, yTO TaKas
CHcTeMa paboTaeT Ha JABYX Pas/MYHBIX 4acTOTax W obpart-
2347 17



Hasi cBsi3b Oesonacma. MHorma e BBIXOAHOH KacKaj ycH-
JIATE/S POMEXYTOUHON 4acTOThl M JETEKTOp, paboraioluue
B HEJUHEHHOM peXHMe, CO3[4aIOT AOCTATOYHO MOILHbIE rap-
MOHHMKH NPOMEXKYTOUHOH 4acTOThl, MoMajarmliie Ha BXOA
npuemHuka. [Ipu HacTpoiKe YCHIMTENst BBICOKOH 4acTOTHI
Ha 3TH TAaPMOHHKHM [OJYyuYaeTcsa CaMOBO30YXKIEHHE, XpHIl
HJIM MCKAaXKEHHE YaCTOTHBIX XapaKTePUCTHK.

1-7. CKAYOK MOCTOSAHHOTO HAMPS)KEHUSA WJIH TOKA
KAK NMPHYHUHA BbICOKOYACTOTHOWM HABOIKH

YacTu ycTpPOMCTBA, B KOTOPBIX MMEIOTCSl pe3KHe CKauK{
IOCTOSIHHOTO HAMNpSXKEeHWs] WJIH TOKA, MOTYT [1aBaTb IO Le-
MM NAapasuTHOH CBSA3M HABOAKY HA 3JIEMEHTBI, COJEepHKa-
L[Me pPe30HaHCHbIe KOHTYPbl. PU3UUECKHH CMBICJ 3TOrO sB-
JIeHHS!, KOTOPOe 4acTo HAa3BIBAIOT yoapHoLMm 6030yicoeHuem
WJIM 380HOM, 3aKJIOUAeTCs B 3apsije HJH paspsie eMKOCTH
pe3nHAHCHOrO KOHTypa, KOTOpbIA NMpPOTEKaeT B BHAE 3aTy-
XamLero Ko/e6aTesbHOro mpouecca.

Ecii cKayoK NOCTOSSHHOTO HAMNpS)KEHHS HWJIM TOKa IO-
majgaeT HAa OJHHOYHBIH pe30HAHCHBIH KOHTYp, TO OH NPHBO-
U AHT K BO30OYXKIEHHIO 3TOTO
KOHTypa Ha ero coOCTBEH-
Ckavok nocmoswnozo Hoit uyacrore. Kaxmomy

HAnpAKCERUR CKayKy HaNpsXKeHHS HIH
rOKa B KOHType COOTBETCT-
u t=0 Samyzanugul. e Jat- BYeT OJHH BHICOKOYAcTOT-

Tenbbi npoyece HbIf 3aTyXaOUIHA UMITYJbC
~ BuAa, [OKAa3aHHOrO  Ha
puc. 1-11. Pacuer ammiu-
TYAB B IJHUTEJBbHOCTH 3TOTO
HUMIIyJbca  MOXeT  ObITb
JIETKO BBIOJHEH Ha 6a3se
H3BECTHOTO aHaJH3a CBO-
6omHbIX KosMeGaHuil B pe3o-
Puc. 1-11. Vnapuoe Bo36yxienie HAHCHOM KOHTYpE.
ONMHOYHOTO PE30OHAHCHOTO KOHTYpa. HapagHTﬂoe yaapHoe

B0o3OyXkKIeHHe OLMHOUHOTO
KOHTYypa peIKO NPUBOAUT K 3aMeTHOH HABOJKe, TaK Kak Iapa-
3uTHAas CBsi3b Bcerma Hebesuka. OHO OOBIYHO O6HADPYXKU-
BaeTcs B8 MHOTOKAacKafHBIX NpHEMHHKAX, pPEe30HAaHCHHIX H
NMOJIOCOBHIX YCUJHUTENNAX, T. €. B CJAOXKHBIX CHCTEMax ¢ 0OJb-
WuM KO3 (HHUUHEHTOM YyCHJEHHS, NOCTaTOYHBIM 1JIs JOBE-
18




lieHHsi MaJblX MOLLHOCTEH, MOJAYYAIONXCS HA BXOJE CHCTE-
MBI, 1O BEJIMYHH, CO3LAIOIIUX 3aMETHOe Mellamwlliee AEHCT-
BHe. B Takux cucremax OOBIYHO HMMeeTCsi GOJbIIOe YHCJIO
PE30HAHCHBIX KOHTYPOB,
CBA3aHHBIX M He CBS- bx
3aHHBIX ADYr C APYroM,
KOTOpble HaCTPauBaloTCH
Ha OJHY WJIM Ha He-
CKOJIbKO pasIHYHbIX t=0 ¢
4acToT. For @) a9

Ynapuoe B036yxkie-
HHe B TAakKoH CJOXHOH
CUCTEME He NoALaeTcs
npoctefieMy  aHaJu3y
cBOGOIHBIX  KosebaHui
B OIMHOUYHOM KOHTYpe.
OHO mnporekaer 3Hauu- )
TEeNbHO CcJIOXXKHee U a8  Puc. 1-12. Ckauox nmocrostHHOro Hamps-
anasau3a ero YypoGHee JKERUA U €ro CrHekTp.
BCETO n0/1b30BaThCs
CIEKTPAJbHBIM METOAOM, CYLIHOCTb KOTOPOTO B H3JIOXKEHHH,
COOTBETCTBYIOIIEM TeMe HACTOSLIeH KHHUTH, 3aKJIrouyaercs
B CJAELYIOLIEM.

Ha Bxojg mpueMHHKa HaBOJKH MOCTYNMAET OT HCTOUHHKA
HABOJKH CKauoK HampsikeHus (puc. 1-12,a), xoropuiii xa-
pakrepusyercs BeJHUYHHAMHU

esx=0 mma t<C0,
exgx=FE npna t>0.

e T~ —d

C nomompbio uHterpana Pypbe, ABJASIOLIErOCS pacrpo-
crpanenneM psnaa Pypre Ha HenepHomuueckHe (YHKUHH,
ypaBHeHHE 3TOH KpWBOH MOXKeT ObITh peacTaBaeHo B Bupe™

eBx:E<%+%S‘£—sin cota'(o). (1-5)
b

910 ypaBHEHHE MOXHO JErko MPOBepUTb Mo Tal.1uuam
OnpeaeseHHBIX HHTErpaJoB.

* Ynpouwennnii BbiBoA ypaslienns (1-5) cm. B kuure astopa [11].
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MeficTButenbHO, no tadanuam
2 —‘—;- npu ¢<C0,
STSin(Dtd(D:

T
§ +- mpn £>0.
ITogcraBasis 3TH 3HauyeHHst B ypaBHeHue (1-5), mnoayuaem
£
2

—g--—l—%:E npa ¢ >0,

—%:0 npu  t<C0,

eBX f—]

4YTO coOTBercTByer pHc. 1-12,a.

Ha ocHoBaHuu 3TOro ypaBHEeHHsi mojaya Ha BXOH IIpH-
€MHHKa HaBOJAKH 'CKAyKa MOCTOSIHHOTO HAaNpSXKEHHs MOXeT
ObITb 3aMeHeHa Mojaueifl HempephLBHOrO CIEKTpa, COCTOS-

11ero M3 INOCTOSHHOH COCTAaBJSAOLIEN 3 H CYMMBbl CHHYCO-

HIaJbHBIX HaANpPSAXEHUN
Edo .
——sin ot
10

Bcex yacToT oT w=0 g0 0= oo, beckoHeuHo MaJible aMIJiu-
TYAbl 3THX HaNpsXKeHHH

Apx (0) do =220 (1-6)
06paTHO MPOMOpPLUHOHANBHBI yacToTe (puc. 1-12,6). YpasHe-
Hue (1-5) mosBosisier 3ameHHTb NOLPOOHBIH aHANH3 TpoO-
LeccoB, NPOHUCXOASALIHX B CJIOXKHOH cHCTeMe NpH Iofaye
Ha Hee CKauyKa HaNpsKeHHs, aHa/JH30M IPOXOXKAEHHs ue-
pe3 cucTeMy pas3/MYHBIX YaCcTOT HENPEpPBIBHOTO CMEKTPA.

IlpyeMHUK HaBOAKH SIBJISIETCS  YETHIPEXMOJIOCHHKOM
(puc. 1-13), ma Bxom KOTOpPOro nOZaercss CKAYoOK I[1OCTOSIH-
HOro HanpsXeHus Buzpa /. Eciu, kak 06bIYHO, TPUEMHHK HE
NponycKaeT INOCTOSIHHYIO COCTaBJSIOLIYIO, TO 3TOT CKayoK
MOXHO 3aME@HHTb TOJIbKO HellpepbhlBHBIM crnekTpom 2. Ilpoi-
I Yepe3 NPHEMHHK HABOLKH J, aMIUIHTyda HampsKeHHs
Kaxjaoi yactorhl uaMeHHTcs B KoAn(w) pas u dasa wua
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pennuuay @n(0) pad. 3necs Ko— koadduurent ycuaeHus
Ha cpenneii yacrore, Ax(w) —yacToTHasg U Qn(w) — daso-
Bas XapaKTePUCTHKH MPHEMHHKa HaBOAKM. B pesynbrate

: Ehoix
&4« \ s
, t
t v
KyAn (w)
Plw)
Agx g Agui Ty
4 ] \\\ 4
«e T
/
Yacmomes, nponyckaemsie
Yems/pexnotIcHuKom

Puc. 1-13. CrnekTpasibHbiii MeToJ aHaju3a yaaplioro Bo30yxie-
HHSl TNpUEMHHKA HaBOJKH.

HenpepbIBHBIH CHEKTP Ha BBIXOJAe NpHeMHUKA 4 6yleT co-
CTOSATh M3 CHHYCOHMJAJIbHBIX HalpsiKeHHi

Kﬂ_f_?_ Ay (0) sin [of 4 ¢y (w)],

GecKOHEYHO MaJjible aMIUIUTYAbl KOTOPBIX

ABMX ((D) d(!) — KoEdQ)

10

Ay (0) (1-7)

3aBUCAT OT YAaCTOTHOH XapaKTEepUCTUKH IIpHEMHHKA.

Hanpﬂ}xe}me Ha BbIXOJe IIpHeMHHUHKa HaBOJAKH 5 noJay-
YHUTCA B pe3yJibTaTe CYMMHPOBaHHA BCEX COCTaBJAIOUIUX
BBIXOOHOT'O CIIEKTpa

T

)
K,E ( An(0) _.
€ppx — > S nu() )Sln [(Df—l—CPn (‘D)]d(’). (1'8)
0
Takum o6pasoM, ass onpefeseHnst GOpMbl ¥ aMIJIHTYAbI
Mellamnuux HaHpH}KEHHﬁ Ha BBIXOJ€ INpHeMHHKa HaBOIKH

HeoO6X0AMMO BBIYHCIUTHL HHTerpasn Bupa (1-8). dra sanmaua,
C/J0XKHasl IJS peasbHbIX XapaKTePHCTHK IpHEMHHKA HJIH
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[HOJIOCOBOT'O  YCHJIUTENsA, BecbMa IPOCTO pelllaeTcs s
UeaJbHOTO I10JIOCOBOTO YCHJIHTENSl ¢ HPSIMOYTOJNbHOH wa-
C10THOH XapakTepucTHKOH. HecmoTps Ha TO, uTO cO3daTh
MPUEMHUK C HJea/lbHOH 4aCTOTHOH XapaKTEePUCTHKOH HEBO3-

o) MOXKHO, PpacCMOTpeHHe
"o €ro OKa3blBaeTCsi BeCbMa
MOJIE3HbIM, TaK KaK Mpo-
Abyzeoptas uZJchbI n ’OTeKarou.mep B

Udeasibran » 1Ip

¥ o7\ _mamoyeononay PEANPHBIX DE30HAHCHBIX
cUcTeMax, MOUYTH aHaJo-
Odwpeopbas  THYHBL IIpOIleccaM, IpoO-
TEKalOUUM B HAeaJJbHOH

CHCTEME.

Ha puc. 1-14 noka-

20w 3aHbl peaJbHble U HIe-

ajbHass dYaCTOTHbE Xa-

AT R —— 2 pakrepuctuku. OG6Go3na-

. YMB TPaHUIBl  [OJOCH

Puec. 1-14. YactoTHble xapaxTepucTiiky IPONYCKAHUSA Haeanab-

TPHEMHHKA 'HABOLKH. HOI'O TNpUEMHHKA uYepe3

woxAw®, MOJIYUYUM, UTO

NpsSIMOYTOJIbHASI 4aCTOTHAs XapaKTepPUCTHKA ONHCBhIBAeTCs
cjefylollell CHCTEMON ypaBHEHHUI:

Ag(0)=0 nmpu o<o,— Ao,
Ap(@j=1 npu o,— Ao o< e, Ao,
Ap(@)=0 mpu o >oe,-+} Ao.

YuuThiBast 3Ty CHCTeMy ypaBHeHHH, BhipaxkeHue (1-8)
IpeicTaBaseM B BHIE

K Ewo-]-Aw X y
Sin ®
€rrix — :u S P do. (1-9)
wo—Aw

®usnyeckuil CMbICI 3TOT0 npeob6pas3oBaHHs NOKa3aH Ha
puc. 1-15. Ha BepxHem rpacduke gaH CHeKTp CKauyka Ha
BXOJe MpHeMHHKa, NPOCTHpaloWuiCcs Ha Bce 4acToThl oT 0
10 oo. Ha cpenneM rpaduke naHa 4yacTOTHas XapaKTepH-
CTHKA NpHEeMHHKa, IponycKalouero 6e3 U3MeHeHHsI COOTHO-
IIeHUS aMILUIATYA TOJMBKO 4YacTOThl 0T w¢—Aw® 10 wo+Aw
H He NpPONYCKAaIOLIero Bce ocTasbHble 4acToThl. Ha HuxXHeM
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rpaduxe CIJIONIHOH JIMHME[ AaH CIeKTp Ha BbIXole, Orpa-
HUUGHHBIH yKa3aHHBIMH YacTOTaMH. IJTOT CIEKTp M MOA-
JeXHUT CYMMHpPOBAHHUIO, BHIMOJHAEMOMY HHTerpasnom (1-9).
IIpu nmepexone ot ypasHeHus :(1-8) K ypasHenuio (1-9)
Gba omylleHa (a3oBas XapakTepHCTHKa NpPUEMHHKA Ha-
BOAKH. DTa XapaKTepUCTHKa OIpefeaseT 3alasjblBaHue
CUTHAJIOB Ha BHIXOJe IIPUEMHHKA I10 OTHOLUEGHHIO K MOMEHTY
MOofayd CKayKa HaNpsaKeHus
Ha ero BXOA, KoTopoe Hac He Al
uHTepecyeT. B To Xe Bpems
¢dasoBas xapakTepucTukKa (=
IpHeMHHKa C HIeaJbHOH 4Ya- |
CTOTHOH XapaKTepPUCTHKOH MO- L
X)eT ObTb pasanunoit B 3a- Anld) :
BUCHMOCTH OT TOrO, KaKuM
croco6om roJiyueHa  3Ta
HleasbHasi, peasbHO He Cy-
mecTByiomas cucrema. II0-
3TOMY pacueT 3anasJbIBaHUS
CUTHAJOB MOXKeT OBITb IIpO- \
H3BEIAEH TOJIbKO [Jisl TNPHEM- N
HHMKa, BBIOJHEHHOTO O KOH- e
KPeTHOH cxeMe, HO He JIJs W Wy LA )

Hﬂeénbﬂoro‘ Puc. 1-15. Cnexknpbl Ha BXoge H
CI  [moJoca  MPOMYyC-  gpyxome mpHEMHHKA HABOXKH.
KaHugd IpPHEMHHKa HWJIAH IO-

JIOCOBOTO  ycuiautenss 2Aw®

3HAUMTENbHO  MeHbllle €ro  pe30HaHCHOH  (cpenHefr)
YyacToOThl, TO C BIOJHE JOCTATOYHOH CTeneHbld TOY-
HOCTH MOXHO CYHTaTh, 4YTO AaAMIVIUTYABl CHHYCOHAAJb-
HBIX HalpsKEeHHH, COCTaBJSIOIHX CHEKTP B Npejenax Io-
JOCBHl TNPOMYCKAHKS, HE 3aBHCAT OT 4acTOThl. DTO AONYylle-
HUe, [I0Ka3aHHOE TOPH30HTA/IbHOH NYHKTHPHOH JHHHeH Ha
HHXKHeM rpaduke puc. 1-15, nossossier B ypaBHeHuu (1-9)
3aMEHHTh ® B 3HaMeHaTeJe Ha Wy U BBIHECTH ee 3a 3HaK
HHTerpasa. B pesy/abrate 3roro HoJy4aeM BblpaKeHHE

©o+Aw
E . E
€prix — f:’o 5‘ sin otdo = “K“‘;ot [COS ((Do — A'D) {—
w,—Aw
,—COS ((DO—I—AGJ) f]: 2KoE MSiﬂ(ﬂof, (1_10)

T, t
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13 KOTOPOTO CJedyeT, UTO BLIXOJHOE HalpsiXKeHHe NpeicTaB-
JsieT co60H CHHYCOHIaMbHOEe KojebaHue ¢ 4acTOTOH, paBHOM
cpeiHell 4YacTOTe TOJIOCH IIPONYCKaHWSI TNPUEMHHKa Ha-
BOAKH. AMIInTyaa 3TOr0 KojebGaHusi Epyyx M3MeHseTcsi 110
3aKOHY

2K ,E sin Awt. (l-ll)

T, t

Enmx:

ILJIH aHaJiM3a 3TOTO BbIpaXKeHHS npeactaBuM €ro B BHUE

2K, EAw sindot K EAf, , sinAowt

Espx= @, Aot af, Aot °

(1-12)

rae Af,,, — IoJHas moJioca NpoIMycKaHust IPUEeMHHKA HaBOAKH.
sin Awt
W:l, I03TOMY
MaKCHMaJIbHOe 3HaueHHe Orubarouiefi amIIUTy[ HaBeIEHHOTO
HanpspKeHust OyZleT Ha BbiXxoje paBHO (puc. 1-16)

B momenT Bpemenun ¢{=—0 BejuunHa

KoEAfon

Enmx MaKC — f,

(1-13)
C TeueHneM BpemeHH orubaimolias OyneT yMeHblIaTbCs, U ye-

T
pe3 NMPOMEeKYTOK BpeMEHH f—t =

BzAf_o,, BEeJHUYUHBl Sin Awt

3 =
U Egpx CTaHYT paBHBIMH HyJio. 3a BpeMs t=— 5o BOIH-

yuHa sin Awf=—1, u orubaromias CHOBa JOCTHTHET MAaKCUMyMa,
KOTOphI OyfeT paBeH

2
Enmx ~— 3z EBmx MaKC — 0,21251351:( MaKce
Hanee, uepes Bpemsi ¢ — 2t BLIXOAHOE HampsKeHUE CHOBa
) 5
ynajgetr A0 HyJd, 4epes Bpems [ — 5 KZT

2
MyMa, paBHOIO ‘5‘“‘Enmx maxe = 0,127 Egix maxe U T. L.

JOCTHTHET MaKCH-

Takum 06pa30M, Ha BBIXOJAE€ HAeaJbHOTO TIIOJIOCOBOIO
YCUIUTEJA NpU moJaye Ha BXOJ €ro cKauyka HaIllpsXKeHusd
noJsydaercs 3artyxarlilass Cepusi BbICOKOYAaCTOTHBIX HMIYJIb-
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CoB Ha HecylleH yacTote wp ¢ AAUTENBbHOCTBIO 110 OCHOBA-
HUIO

r— Zfl_ (1-14)

H C MaKCHM4JIbHOH aMIUIUTYZLOH, ONIpedensieMOii BblpazKe-
Huem (1-13).

CrekTp 4acToOT, NPOXOASLIMX depe3 NPHEMHIK C peaJb-
HOH YyacTOTHOH XapakKTepIICTHKOH, He OYyAeT CTPOro orpaHu-
ueH uacToTaMi wo=* Aw. HacToThl, BHIXOASLLHE 3a Npefessl

Chiry
Ebpa
\-\
N 17) 58 N
* Labix ok T TS, \
0202 Egnr mae \
_ (0,/27&'”,1 make ]\\ -
. ]\ K\Z\;/KQA‘R
4 AL ¥z P
Q091 Eayz mate /
!
/ -1
/ %,7
// ,/
Puc. 1-16. 3aryxawoumas cepus Puc. 1-17. Umnyasc ¢ pacra-
BBICOKOUaCTOTHBIX HMIYJIbCOB, HYTHIM 3a0HAM CPe30M, BbI-
BBI3BAHHAS CKAaYKOM HampsiKe- 3BAHHBI OKayKOM Hampsxe-
HH Ha BXOZE HALAJBHOTO NMPHEM- HHI Ha BXOJe MpHeMHHKA
HHKA. C KOJIOKO0JI006pa3HOH 4YacToT-

HOH XapaKTepHCTHKOH.

NOJIOCH NIPOTYCcKaHHust, OYAYT TaKXKe IPOXOAUTh C MOCTENeH-
HBIM CHIXKEHHEM aMIUIUTYyAbl N0 Mepe YAajeHHs OT Cpel-
Hefl 4acTOThl. DTO MPHUBOAHUT K OTCYTCTBUIO UETKO BhIpaxKeH-
HbIX MUHMMYMOB B MOMEHTH! T, 2T U T. A. H, C/Jel0BaTe/NbHO,
K CTHPAHWIO TPaHUL, MEeXIY OTAeJbHBIMH HMIyJbCcaMH
(puc. 1-16). Uem Gosblie OTAHYaeTCsd YacTOTHAs XapakTe-
pDUCTHKA MpPHEMHHMKA HaBOAKH OT HJ€ajJbHOH, TeM CHJbHEE
NpOSIBJIsieTCS 9TO CryiaXkuBaHHe. B wacTHocTH, MiIs dalle
BCEro NMpHMeHsieMOil YacTOTHOH XapaKTePHUCTHKH KOJOKOJO-
o6pasHoro BHAa (puc. 1-14) cepHsi HMIY/bCOB IEPEXOMHT
B OJHH C PacTAHYTHIM 3aJHHUM CPE€30M, NPOAONKAIHUMCH
B TeYEHHE BpeMeHM, paBHOro (2—4) T (puc. 1-17).
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i-8. IPOXO)XJAEHUE BUAEOMMMNYJbCOB
YEPE3 LIUPOKOMNOJOCHBIE PAJHONPUEMHUKHU
U YCUIIMTEJAHW BBICOKOM YACTOTI

Ecnu Ha BX0OA pamnonpHeMHHKa HJH PE30HAHCHOTO (mo-
JIOCOBOTO) YCHJHTe/s HAaBOJHUTCs HempepbiBHAs MNOCJaef0Ba-
TeJbHOCTb  NPSIMOYTOJNBHBIX  BUIAEOMMIYJbCOB  AJUTENb-
HOCTBIO T; C TNEPHOLOM
ciaenoBanus T, TO ee
MOXHO pacCcMaTpuBaTh
(puc. 1-18) kak cymmy
. . MOJIOXKHUTEJNbHBIX (BKJIIO-
T YeHHE) U OTPUUATENDL-
[ HBIX (BBIKJIOUEHHE)
| CKaukKOB  HaNpsXeHHus,
! NOCHLJIAEMBIX B MOMEH-
[
|
]

Eox

[P U ——
I |

1,

Thl,  COOTBETCTBYIOLIHE
nepeaHeMy GpPOHTY ¥
3aJHEMy cpe3y HaBOMH-
MBIX HMINyJbcOB. B pe-
3yJbTaTe KaXK[o0ro cKad-
Ka IoJyuaetrcs  3aTy-
Xamolasa Cepust UMIYJb-
COB WJIH ONMH HMIYJIbC
\ C DACTHHYTHIM Cpe30M,
[ KaK MOKa3aHO B Mpe[bl-
enel : nymem naparpade. Ecau
dem| ! IOJUTEIbHOCTH  HaBOLH-
! | ' MBIX BHEOCHTHAJIOB |
{\w Y\m {\w {\m- MHTEPBAJIOB MEXIYy HH-
MU TaKOBBI, UTO MpPOILeCC,
Puc. 1-18. HaBomka HempepbiBHOH 1MO-  BhLI3BAHHBIH npeablLy-
CJIef0BaTeJbHOCTH ":[Ml'ly.ﬂbCOB npH HIAM C'KaLIKOM, yC#He‘BaeT
=g IOMHOCTBIO  3aTYXHYTb
0.7 K MOMEHTY  [OCBLIKH
c/leNyIOLero ckKayka, TO
CyMMapHOe HaBeJEHHOE HanpsKeHHe Ha BBIXOJe NPUEMHHKA
npeActaB/sieT cOOOH HeNpepEIBHYIO I[10CAeL0BaTelbHOCTD
3aTyXalolluX Cepuil HMIY/JbCOB, NOBTOPSAIOIIHXCSA 4Yepe3
IPOMEXYTKH BpeMeHHM Ty ¥ T—t;. MakcuMa/jbHas aMIiu-
TyLa U AJUTENbHOCTb 3THX UMIYJbCOB ONPEAE/SIOTCS VDaB-
wenusmu (1-13) u (1-14).
[lpu pacuere ycTaHaBJHBAIOUIUXCH NPOLECCOB IPUHATO
CYUUTATh, YTO IPOLECC 3aKAaHYHUBAETCs, KOTAAa OH JOCTHTraer
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10% (mns napatomero npouecca) uau 90% (m1a Ha-
pacralollero npouecca) OT CBOEr0 MaKCHMaJbHOTO 3Haue-
uus. [IpuHAB 9TH rpaHuubl, HA OCHOBaHuWHU puc. 1-16 Gymem

4
CUHTaTb, YTO IIPOLECC 3aKaHYUBAETCs YEPEe3 BpeMs 4‘5:T
0,7

€y

4—[14—

€8x

Ctiin

Om 1 ckayko

€ux
0m 2 ckouko
| OVeubarowyue 3abucsm
e om pasHocmu @as
Bon caaeaempix Konedanuld
cymma
1
Puc. 1-19. Hapomxa umny/abca mpu T, =af
0,7

C MOMeHTa NOChlIKH ckKauka. OTcrona CJieyeT, UTO €eCJHU
4

AJHATEJbHOCTb HABOJAHUMbLIX HMIIYJLCOB ’B1>T, TO BCe Ha-
0,7

Be/eHHble CepHH HUMIy/bCOB OYIyT HE3aBHCHMbIMH.
YMeHblIeHHEe MJIHTEJIBHOCTH HABOAUMBIX HMIYJIbCOB T;
NPUBOAHT K TOMY, 4TO B NPHEMHHKE C MPSMOYTOJbHOH ua-
CTOTHOH XapaKTePHUCTUKOH 3aTyXalollas CepHsi HMIIyJIbCOB,
27



co3aBaeMasi OTPHUATENbHBIM CKaukoM, IOSIBJISETCS TOTAA,
KOr[a ellle He 3aTyxJ/a MpeblAyllasi Cepus, BEI3BaHHasH 10-
JIOXKHUTEJNbHBIM CKaukKoM. [Ipu 3TOM NPOHCXOAUT CyMMHpOBa-
Hue 00eux CepHil C y4eTOoM pa3HOCTH (a3 COCTaBJAIOLIUX
Kose6Ganuit. [TocKOIbKY aMI/IUTyna BTOPOTO HMIYJbca ce-
pun coctaBiasier Bcero 20% OT aMIIUTYyABl NEePBOTO HM-
nyJabca, YMeHblICHHE AJUTENbHOCTH HAaBOJAMMBIX HMIYJbCOB

1
BIJIOTH 1O BEHYUHBL T = 37— (puc. 1-19) mano orpa-
0,7

’)KaeTcs Ha CyMMapHOU aMIJIMTYyAe, HO He Ha GopMe pe3yJib-
THPYIOIIET0 HaBeAeHHOTO HaNpsiKeHHs.

TToxoxas kapTHHa moJiyyaeTcst B IPHEMHHKe C OLHOTOp-
60l YacTOTHOH XapaKTEPHCTHKON NpPH ToJaye Ha HEro
peaJbHOro HMNyJbCa € 3akpyrJeHHHIMH Kpasmu. Ilpu
GOMBLUIMX NJIHTENBHOCTAX T; U [—T; HaBeJeHHble BBICOKOYA-
CTOTHBIE UMIIYJIbCHl BUJIA, IOKa3aHHOTO Ha pHuc. 1-17, oka3bl-
BalOTCsi He3aBHCHMBIMU. B 3TOM ciyyae OHM noOBTOpSIIOTCS
yepe3 yKasaHHble NPOMeXYTKH BpeMeHH. IIpu Manblx Ajau-
TeJBHOCTAX M0JaBaeMblX BHIEOHMIYJbCOB CYMMHPOBaHHE
ABYX BbICOKOYACTOTHBIX HMNYJbCOB BHAA puc. 1-17, cABUHY-
THIX BO BpPeMeHH Ha BeJHYMHY Ti;, NPHUBOJUT K pe3KUM
H3MeHeHHsAM (POPMBI UTOTOBOTO HMNYJ/IbCA IDH HE3HAYUTENb-
HBIX M3MeHEeHHAX AJHUTeNbHOCTH Ti.

1-9. MPOXO)XAEHHE BUIAEOUMMNYJILCOB
MAJIOM CKBA)XHOCTH YEPE3 Y3KOMNOJIOCHBIE
PAIMONPUEMHHUKH W YCHJIUTEJIH BbICOKOHM UYACTOTHI

Korpa AnuTeNbHOCTD HABOAMMBIX MMIYJbCOB T; M IPO-
MEXYTKOB MeXJy HHUMHU T—7; MeHblle, 4YeM BeJHUYHHA, 006-
paTHasi HoJioce NPONMYCKaHUs NpUeMHUKa HaBOJKH zllf;.,j’
HaReJeHHble 3aTyxalolue CepHH MUMTMY/JIbCOB HaKJaablBaloT-
cs Apyr Ha Apyra. B sTuX cayyasix ¢ NOMOLIBIO HHTErpaJa
®ypbe TPYAHO OLEHUTb CYMMapHBIH pe3ysbTaT, AaBaeMbill
HaBOJKOH HEINPEpBIBHON NOC/Aed0BaTeNbHOCTH NPAMOYTOJb-
HBIX UMTYJbCOB.

Kak usBectHo, pasnoxeHnue B psag Pypbe Takoii mocse-
JOBAaTeJbHOCTH NPH pa3HBIX AJHUTENbHOCTSX T; U I—1; na-
eT HNUCKPeTHBIH CIeKTp BHAa, NMOKa3aHHOTO Ha puc. 1-20.
Ilpu nacTpofike NpHeMHHKa Ha pa3JIHUHBIE YYaCTKH 3TOTO
CIIEKTpPa MOJYYHTCH pAa3jJU4YHOE COOTHOILEHHE AaMIIUTY]
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rapMOHMK, NMPOIyCKaeMblx TPHEMHHKOM, M, CI€L0BaTe/bHO,
pasauyHas (GopMa HampsKEHHS Ha ero BbIXOAe. 3aBHCH-
MOCTb 3TOTO HampsiKeHHst OT YacTOTHl HACTPOHKH NpHeM-

Ot
\ 4
\
\ T
\ .
\\ ‘{ I |
Vd | \
(e e et
W Jw, In : 4r ) : bn
lw, | T wl . (4
0
H—AQ)UJ—-)-!

Puc. 1-20. [uckpeTHBbI CMeKTp HeMpepHIBHOH moc/ieno-
BAaTENLHOCTH IIPSMOYTOJBHBIX HMITYJIbCOB,

HHKa @, €r0 MOJOCHl NponycKaHug Awoz7, HJHUTEIbHOCTH
UMIYAbCOB HABOAKM T; M MX NepHofa T NPHBOAHT K 6oiib-
IIOMY 4YHCAY 4YacTHHIX ciaydaeB. Has ympollleHus safauu

€ox
_g_i{b
w22 )
& |
an
|
|
7||||'l||<|lllL;I:l|lllw
w, Swy o
w; | Wy !
AWz

Puc. [-21. JluckpemHnifi cnekTp MeaH/pa.

pacCMOTPMM HaBOAKY MeaHApa Inpu Ti=T—t;, KOTOPBIH
XapaKTepusyercs TONbKO OAHHM nepuomom I (puc. 1-21).
PasnoxeHune meaHapa B psaa Pypbe, onyckas NoCTOsiH-
HYIO COCTaBJISIOLLYIO, KOTOpas Yepe3 NMPUEMHHUK HAaBOAKH He
IPOXOJHUT, COAEPKHUT TOJIbKO HEUETHble FapMOHHKH
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em—-g(smm t+— sm3mt—|—

+ 5 sinbot 4. 4 Lsinnot .. > (1-15)

npuYeM aMILIMTy[da KaX[0H TapMOHHMKH OGpPaTHO [1POIIOpIHO-

on
HalbHa €e HOMepy #. 3aech ®, = 7~ —yI/OBasi 4aCTOTa Me-

aHjpa.

Uepe3 npHeMHHK HaBOAKH € HAeAJbHON UPSAMOYTOJNbHOH
YaCTOTHOH XapaKTepHCTHKOH, HACTPOGHHBI Ha YaCTOTY w,>w,,
NPOHAET TOJBKO HECKOJbKO COCeJHHX BBICOKHX TIapMOHUK,
yCHJIEHHbIX B K, pa3 W YKJaALIBAIOIIUXCA B INpe/e/bl IOJIOCH
TNIpONycKaHusA NpHEeMHHKA Aw; , = 2Aw.

CpeznHell uyacTOT€ MOJIOCH IIPONYCKAHHS COOTBETCTBYET

Wy

rapMOHHKa C HOMEPOM 7,=———, KpoMe Hee O6yayT NPOXOAHUTH
1

rapMOHHKH C HOMepaMH n,==2, n,2=4 U T. A. BIJOTb A0
Aw
noi?. Ecnv npueMHMK HMeeT NPAMOYTOJIbHYIO YacTOTHYIO
1
Ao
XapaKTepUCTHKY U 7, > & » TO MOXKHO TPHHATB, YTO BCE rap-
1

MOHHMKH Ha BBIXOJ€ IIPpHEMHHKaA HMEIOT OOHWHAKOBYIO aMIJIH-
2EK, 2EK,©,

TyAy < —o—. C yueToM oTHX AOTyIIeHHH HaNpsIKEHHE
0 [
Ha BbIXOJle NpHEMHHKA Oyner
2F
Cppx 7= - K"w‘ [sin oyt -} sin (o, 20,) i 4

"I_ sin ((”o - 2‘”1) t + sin (wo 'l— 4‘”1) t +
-+ sin (0, — 4w,) t 4. . . +sin (0, + Aw) £ -+ sin (o, — Aw) £].
[TpumeHsis K HalHMCaHHBIM B CKOOKaxX CHHyCaM Das/OoxKeHue
sin (& == B) =sin a cos p Z= cos a sin B,

rPYyNIHPYsi UX [ONApPHO M BBIHOCS 2a CKOOKYy 2sin o, moay-
YHM

4EK 0, .
Copx = —m—:—‘ sin ot X

X (—;—I—cos 2wt -}- cos4w,t -+ cos 6o, 4. .. 4-cos Awt),

(1-16)
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[Tocne Beenenust oBosHauenuii u =20t u n,u=~Aot na-
NHCaHHAsi B CKOOKax CyMMa KOCHHYCOB IPHBOAMTCH K BHAY

%—I—cosu—[—cosQu—}—cosSu—F...—|—cosnlu—_—

=n,

1
k
sin(n —|——->u .
NI G5 [NPOIOONTS
kR

et 9sin % 2sin ¢

Takum o6pasoM, HanpsKeHHe Ha BbIXOJe IpHeMHHKa Oyaer

__2EK,w; sin (Ao 4 ;)¢ .
Erorx = "y sin w,? Sin o, (1-17)

0

T. €. NpeACTaBJjsieT COOOH CHHYCOMJA/NbHOE HANpsiKeHHe, ua-
CTOTa KOTOPOTO paBHa CPelHeH YacTOTe MOJIOCH IPOIYCKAHHS
IpHeMHHKA HaBOAKH, & aMIUIUTYAa H3MEeHSIeTCsl MO 3aKOHY

2EK,®; sin (Ao + ©,) ¢ (1-18)

W, sin w,¢ .

EBLIX —

PaccMoTpuM HeCKOJIBKO YaCTHBIX CJydaes.
Ecau nmpueMHHK HaBOJKH HMEET HAacTOJbKO Y3KYy I0-
Jlocy MpPONYCKaHHs, 4TO yepe3 Hee IPOXOAUT TOJBKO OfHA
rapMOHHMKa H3 CIIEKTpa HaBOAHUMOIo MeaHnpa, To Ao<Kw; U
€10 MOXKHO npeHe6peub B cyMMe Aw+w;. Torma Ha BBIXOZE
H0JIy4yaeTcss YUCTO CHHYCOHJAJbHOe HallpsiXKeHHe
ZEROL i . (1-19)

€apix — w,

Ecan NpHeMHHK HAaBOAKH HMEEeT HAaCTOJIbKO IIHDPOKYIO
[IoJIOCY IpOomyCKaHHfd, YTO uepe3 Hee IMPOXOAUT 00Jblloe
YHCJIO TapMOHHK CIeKTpa, TO o) KAw, €0 MOXHO IpeHe-
6peub B cyMMe Aw-+w; U :

2EK,®w; sinAwt .
€ppx — T Sil’l—(tht Sin (Dol(. (1‘20)
BBuny manoctu yrios wf Mo cpaBHEHHIO ¢ Awf MOXKHO CuM-
TaTh, YTO Sin wif~ ¢, Torna BeipaxeHue (1-20) obpamaer-
cda B
2EK,sin Awt .
eBHX‘:’Ko—t—S]' Ot’ (1'21)

* JloKasaTeJbCTBO NpPaBHJABHOCTH 3TOTO NpPeo6pa3OBAaHHS IJg 4a-
cTHONl cymMbl psna Pypbe HMeeTcs B KypCe MaTeMaTHUECKOTO aHami-
sa I'. TI. Toacrosa, TocymapcrBeHHOe H3AaTeNbCTBO TEXHHKO-TEOPETH-
yeckoi auTeparTypel, MockBa, 1957, 1. II, cTp. 526.
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ananoruutoe soipaxenno  (1-10), nompo6Ho pasoGpan-
Homy B § 1-7. DTo TOKa3bIBAET, YTO NpU Jaio6om cnocobe
aHasiu3a cjyyas, Korja NpHeMHHK HaBOJKH IIPONYyCKaeT
BecbMa IIMPOKYIO TMOJIOCY 4YacTOT, Pe3y/bTaT INOJydaercs
ONMH ¥ TOT e — Ha Bbixofe HalJIOAaloTCs 3aTyxatouue
CepHM BBICOKOYACTOTHBIX HMIYJIbCOB (pHC. 1-16).

sl mpoMeXXyTOuAbIX CJAydaeB, KOria Mmojoca mpomyc-
KaHH® TpHeMHWKa HAaBOAKM OJHOrO MOPsAAKA C YacTOTOH
HABOJAMMOTO MeaHApa, NPHXOAHTCS TMOJb30BATbCA OCHOB-

A
Box
le———[lepuod meandpa T ——>
'a)
\ /
/
\ Puc. 1-22. ®opma Hamps-
JEeHHs1 Ha BBIXOJe INpHeM-
; HMKa HaBOLKH, npomny-
CKalolllero TpH TapMOHHKH
| / OCHOBHOH YacTOTH HaBoO-
h \ IHMOro MeaHApa.
/ \
\
/-/ R
J L
Zf/\’ow,
o = Ao * —W

HeiMu ypaBHeHusamu (1-17) u (1-18). Hnsi onpepenenus
MaKCHMaJIbHOTO 3HaueHus orubarouiell aMIJIUTy] HapeleH-
HOro HanpsiXKeHUs yuyTeM, 4To npu f{—0 OTHOlIeHHE

sin (Ao 4 o) ¢ Ao + o, Ao A
sin o, - ®,; =m_,+1=%+1=p’

rle p— YMCJIO FapMOHHK YacTOThl MeaHApa fi, mpomyckae-
MBIX TIPHEMHHKOM HAaBOMKH.

Iopcrasnsis 3Ty BequuuHy B Bolpaxkenue (1-18), moay-
YHM, YTO MaKCHMaJbHOe 3HaueHue orubamoouleii Ha BBHIXOJE

NpHeMHHUKA HaBOJKH, IPONMOPIUOHANbHOE YHCY NMPOMyCcKae-
MBIX TapMOHHK, PaBHO

iﬂff— . (1-22)

Enmx MaKc —
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[Tpu onpenenenuy GopMbl BEIXORHOTO HaNpsIKeHHs NpH-
XOAMTCS CTpoHTh rpaduk mo ypasHeHuio (1-17) mas kax-
JlOTO yacTHoro ciaydasi. Tak, eciu yepe3 NMpUeMHHK HaBOIKH
NPOXOAAT TPH TaPMOHHKH YaCTOTHI ®, TO NMOJOBHHA IMOJIOCHL
nponyckaHus Aw=2w; H MCHOBEHHble 3HAYeHHs BBIXOAHO-
ro HanpsiXKeHHUsl ONpefessiloTcs ypaBHeHHeM

2EK,w; sin3w,t
TW, sin ot

sin of. (1-23)

€Bhix 3 —

[TocTpoeHHasi MO 3TOMY ypaBHEHHIO 3aBHCHMOCTb BBHI-
XOJHOr0O HampsXKeHHs1 OT BPeMeHH JaHa Ha puc. 1-22.

7
e [lepuod meardpa T — - =]

N
\

26Ky w,
gun = Aga * nw,

Puc. 1-23. ®opma HanpsiKeHHs Ha BhIXOJle NPHEMHHKA HABOJKH,
NPOMYCKAIOWIEro NsiTh TAPMOHHK OCHOBHOM YacTOThbl HaBOAHMOTO
MeaHIpa.
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Ha puc. 1-23 npuBenena ¢opMa HanpsxKeHHs Ha BBIXO-
Ie npueMHHKa HaBOJAKH, NPOMYCKAaIOUero NATb rapMOHHK
4aCTOTHl 1, U TMOCTPOEHHAs MO ypaBHEHHIO

2EK,0; sinbw;t
nw, sin w,¢

sin o . (1-24)

€BEx 5 —

UYepes pea/ibHBI NMPHEMHHK HaBOAKH C OfHOropGoi ya-
CTOTHOJ XapaKTePUCTHKOH TapMOHHKH 4acTOTHl ®©p OyayT

J _>ZU,‘—‘
4wy =

Wy
o)

Puc. 1-24. i3MeHeHHe COOTHOIIEHHS aMIIHTYR Trap-
MOHHK 'HaBOJHMOrO MeaH[pa YacTOTHOH XapaKTepH-
CTHKOH TpHEMHHKA,

MPOXOAUTH ¢ U3MEHEHHEM COOTHOLIEHHs aMILIMTY[, 3aBUCS-
UM OT (OpPMBI YaCTOTHOH XapaKTeDHUCTHKH M ee PacmnoJo-
JeHHsl OTHOCHUTENBbHO CIeKTpa HaBomuMmoro MmeaHzpa. [lpu
STOM MakcHMaJibHoe 3HaueHue U ¢GopMa HABOJUMOrO Ha-
npsiKenus OYLYT OTAMYATBhCS OT NPUBEfleHHbIX Bhllle. Tak,
HanpuMep, (puc. 1-24,a) BapuaHt AJs Tpex rapMOHHUK, OIH-
caHHbii ypaBHeHueM (1-23) w mokasaHHBIH Ha puc. 1-22,
MOXeT 0GpaTUTbCsl B M3BeCTHHIH cayuait 100%-mol Monmy-
JISLUK HanpsiKeHUs] 4acTOThl o HaMpsi)KeHHWeM YacTOThI
2w;. Bapuant Ass nmaTtH rapMoHHK (1—2-42 u puc. 1-23 Mo-
KeT o6patuThcs B Takoil xe cayuait 100%-Hoi mMopmynsiunu
HaNpAXKeHHs] 4acTOThl o HANpSAXKeHUeM 4acToThl 2w;, UCKa-
KeHHbIM BTOpPO} rapMOHHKOH 3TOH yacToThl 4w;, B COOTBET-
cTBuM C puc. 1-24,6 u T. K.

1-10. CKAYOK NEPEMEHHOIO HANPSKEHUA HJHN TOKA
KAK NMPUYUHA BbICOKOYACTOTHOM HABOIAKH

Cxauku nepeMeHHbIX BBICOKOYACTOTHBIX HaHpH}KEHI/lﬁ
WJIH TOKOB, IIOCTynaroumue Ha BXOJX HEHACTPOeHHbLIX Ha HX
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OCHOBHVIO 4aCTOTY 4 FaPDMOHHKH DaJUONPUEMHHUKOB H MOJ0-
COBBIX YCHJIMTesel, MOTYT SIBUTHCS NPHYHMHOH HABOJKH.
[Tycts Ha BXon NpHeMHHKa NMOCTYNaeT CKauoK MepemeH-
HOTO HampsiKenus (puc. 1-25,a), xapakrepusyioutuiica Be-
JMYUHAMH
esx=0 nmaa t<O0,

esx=~Esino,t npaa t>0.

Takoii ckauoK 3KBUBAJIEHTEH MOAYJSILUH IMepeMeHHOTO
Hecyllero HanpskeHusi E sin woif CKaukoM MOCTOSIHHOTO
HampsiKeHust puc. 1-12, xoTopblli mpexcraBasieTcss B BHIE
crmeKTpa, ondcanHoro ypaBHeHueM (1-5). Otcioma cienyer,
YTO YypaBHeHHe KpuBoi puc. 1-25,a Moxer ObITh HaHO
B BuJe

Pa— (%—l__i_g %sin wl‘dm) sin o,f. (1-25)
b

[TyTeM HeC/IOXHBIX BBIK/IAZOK 3TO Bblpa)KeHHe mpeoGpa-
30BBIBAETCSI B

oo
E . E ®
€nx =5 sin o,,f —n—S o
0

cos wfdw, (1-26)

2 2
w5 — @

M3 KOTOPOTo CJelyeT, YTO CKayoK IlepeMEeHHOro HampsikKe-
HH$I YaCTOThl wo; 3KBHBAJEHTeH HelPepPbIBHOMY CIEKTPY 4a-
crotr ot 0 mo oo. BeckoHeuHO

MaJjible aMIUIMTYIAbl Hanpsxke- &%

HME 3TUX 4YacTtoT MNajaloT
C ymajeHHeM OT OCHOBHOH He-
CYLIEH YacToThl woi. Kaxkmo#

OOKOBOH 4aCTOTe wq COOTBET- 7
CTBYeT CHMMETPHYHO pacmo-

6 . @
J0XKeHHas GOKOBas 4acTo

ta & (puc. 1-25,6).

Ecnu Ha mnpueMHukK, Ha-
CTPOEHHBIH Ha YacToTy o,
C HleaJbHOM 4YacTOTHOH Xa-
PAaKTEPUCTUKOH, MPOCTUPAIO-
mefics MeXAY  4YacToTaMHu
wo*tAw, MOCTynaeTr CHEKTp,
ONHCAHHBIH ypaBHeHHEM
(1-26), T0 B 3aBUCHMOCTH OT

3*

]
I
|
|
i
1
|
1

1 |

W, Wy @ w
6)

Pac. 1-25. Ckauox mepeMeHHOTo
HaMpSIXKeHHS | ero CIeKTp.
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COOTHOLIEHHS] MEeXKIYy YacTOTAMH g H Wo; BO3MOXKHBL Cile-
Aylouye pesyabraThl (puc. 1-26).

[Ipu coBmajeHun YaCTOT Wo1=o NPHEMHHUK HACTPOEH
Ha HecyLlyl0 4acTOTy CKauKa, 4TO COOTBETCTBYET HOPMaJb-
HoM (He mapasHTHOH) CBA3M MeXIy MPUEMHHKOM U reHepa-
topoMm. HeGosbloe pacxoXjeHue MeXAy 4acTOTAMH o H
©o MPUBOJMT K HCKaXKEHHSM B 3TOH HOPMaJbHOH CBS3H.

PaccMoTpeHne 3THX OBYX cay-

Ay () | yaeB BBIXOAHT 3a Npejesbl
| TeMbl Hacroswe# kHuru. Ilo-
| JIE3HO TOJBKO OTMETHTb, UTO
| n36upaTeIbHOCTh TNPUEMHHKA
[ . IpU Mojauye Ha HEro CKaykoB
I D HaIpPAXKEHHS (uMmyIBCOB)

ot w'w Tor——= HaMHOTO XyXe H30HpaTelbHO-
(| 121 CTH, ONpelensieMOH MO Hempe-
—H2wi=- Wk pHIBHOMY cureany. Yacror-
W, < Wy Wp>> oy Has XapakTepHCTHKa paiuo-
Puc. 1-26. CootHomenns Mexay TPHEMHHKA HJIH PE30HAHCHOTO
IO T SRS JOuTens, Chiuacuas npH

P eTpoitki mpueMiKa, nofiaue Ha ero BXOJ HMIYJb-

~ COB Ha DPAa3JUYHBIX HeCYLIUuX

4acToTax o1, 3aBHCHT OT
CYMMapHOTO [NeHCTBUSl BCeX YacTOT CMEKTpa IOfaBaeMOro
curHaJja, nomafaioliyux B Npelessl NOJOCH YacToT, MPOmyc-
KaeMblx npueMHuKoM. OHa mosyyaercsi pasiuuHoH /s pas-
JUYHOH (OpMBI, AJUTENBHQCTH M YacTOThl IOJaBaeMBIX
HUMIIYJIbCOB U XapaKTepU3YyeT He CTOJNbKO MPHEMHHK, CKOJIbKO
nojaBaeMble Ha HEro CHIHAJbL,

ITapasuTHble HABOAKH OT CKAuyKa BBICOKOYACTOTHOTO Ha-
OpSI?KEHUs] BO3MOXKHBI MpPU GOJBIIOM PacXOXIEHHH 4acTOT
o1 ¥ Wp, KOTJIa IPUEMHHK HABOAKH HACTPOEH HA 3HAUUTE/b-
HO GoJiee BBICOKYIO (wo> o) MM 3HAUUTENbHO OoJiee HH3-
KYI0 (wo<®or) YaCTOTy, 4eM HCTOYHHK HaBOAKH. [Tpu sTom
3ajaya JenaeTcs COBepIIEHHO AaHaJOrMYHOHM pelleHHOH
B § 1-8 3amaue 0 HaBOAKe OT CKayKa MOCTOSIHHOTO Hamps-
Kenus. PasHuna onpenensieTcss TOJIbKO NPYrofl CIEKTpasb-
Hop ¢yHKUMel ckauka. He mpuBoas NmpoMexyTOYHBIX pac-
CYXJIeHuH, Ha ocHOBaHHUHU puc. 1-26, ypaBHenus (1-26) wuno
aHajJlorHd ¢ ypaBHeHueM (1-9) MOXHO HammucaTh, YTO BHI-
XOlHOe HanpsKeHHe NPHEMHHKa HaBOJAKH OyleT
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_K.E S “’_ﬂzcos otdo. (1-27)

[Ipepmonaras, uyro B mMpefesax MOJOCH MPOTMYCKAHHS
2A® aMIIUTYABl HaNpsiKeHHH, COCTABJSAIOUIUX CIEKTP, He
3aBUCAT OT YaCTOThl, MOXKHO B 3HaMeHaTeJe MOJUHTErpasib-
HOTO BHIpaXKeHHsI 3aMEHHUTh ® Ha wo. TOrKa MoJyYuM

K.E wy+Aw
(O]
eBmxz—;—ﬁ cos wtdw =
01 — ™0
wy—A®
inA
=K __0n  SInAOt cosug. (1-28)

T “’gl—"’g

HUs s3toro BBIpaXxKeHHus CjeayeT, UTO IIOJYy4YuBIIHeCHd
B NMpUeMHHKE HAaBOAKHU Kose6aHHs HMET 4acCToTy, paBHYIO
qacToTe HaCTpOI':IKl/I NpUeMHHUKAa HAaBOAKH H COBepUIEHHO He-
3aBHCALLYI0O OT 4acCTOTbl HCTOYHHUKA HABOJKH.

Boipaxkenune (1-28) otsmuaetcs ot (1-10) Tosbko mpyroi
YyaCTOTHOH 3aBHCHMOCTbIO: BMECTO - TIpH  cKauke BBICOKOH
0

YacTOTHl UMeeTCs 3aBHCHMOCTD —% B ocrasbHOM BHI-
w1 — Op

paxeHuss aHAJOTMYHBl H B DACCMATPUBaeMOM 3JieChb CJyuae
TaKXKe NoJlyyaeTcss 3aryXaiollas cepust HMMIYJbCOB, Kak IIPH
CKauKe NOCTOSIHHOTO HampspkeHHus. [109ToMy MOXKHO, ONyCTHB
IPOMEXKYTOUHblEe paccyxXaeHus, mo aHajoruu c (1-13) nHamu-
caThb BBHIpaXKeHHe JJisi MakCUMaJbHOrO 3HaueHHs HaBeleHHOro
HanpsiKeHUst

KOEAfO.'I fOI

2 2 °
* fOl_fO

EBHX MaxKC —

(1-29)

[TocMoTpUM, Kako¥ M3 JIBYX HMCTOUHHKOB — CKayoK IIO-
CTOSIHHOTO HANpsIXKeHHs] UM CKayoOK MepeMeHHOro Hampsixke-
HHs1 — JaeT GOJIbLIYI0 HABOAKY IIPH NMPOYMX DABHBIX YCJO-
Busx. Jlisi 3TOro HYXKHO B35iTb OTHOLIEHHe YpaBHEHHH
(1-13) u (1-29)

2 2
Essx make OT CKauka = _ f0| —_ fO
Esux maxe OT CKauka ~ Fofor

. (1-30)
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K3 aTOro OoTHOUIEHHUS CJeLyeT, YTO eCJIH YaCTOTa HCTOYHHKA Ha-
BOJIKH 3HAUWTE/bHO BBIlE YacTOTHl HACTPOHKH IPHEMHHKA
for > f, (puc. 1-26, neBas yacTb), TO OTHOLIEHHE HamNpsIKe-

HUii HaBogKu OyJeT paBHO fot. Ecmm wamenuts 4acToOTy Ha-

fo
CTpPOHKH TIpHEMHMKA TaK, 4TOObl OHAa CTaJja BblIle YacTOTHl
uctounuka 'y > f,,, TO OTHOIEHHEe HaNpPSDKEHHH HAaBOJIKH

’
6yneT paBHO T's B oGoux orHomenusx wncanTemb GobIE

for
3HAMEHAaTe/is, OTKyHa CJeayeT, YTO CKadoK IOCTOStHHOTO
HampsKeHust co3gaeT GoJbIIYIO HaBo;LKy, YeM CKauoOK mepe-
MEHHOTO HamNpsXKeHHS.

Jns npuMmepa MOACYHTaeM OTHOLIEHHe HANpsXKeHHH Ha-
BOAKHM OT 060MX BHIOB CKaukOB Ha NMpPUEMHHKH, paboTalo-
mue Ha BoaHax 10 m (fo=30 Mey) u 10 cm (fo=
=3000 Mey), mpu paboTe nepenaTyMka Ha BOJHe 1 M
(for=300 Mey). Yrazanuble OTHOLIEHHs: GYAYT paBHbI

H, CJel0BaTe/]bHO, HABOJKA OT CKauKa NOCTOSHHOTO HaIpsi-
JKeHHst B pa3oOpaHHbIX uieasbHbIX ycaoBusax 6yner B 10 pas
NIPeBOCXOAUTb HABOAKY OT CKaukKa BBICOKOYACTOTHOrO Ha-
NpsIKeHUs. '

1-11. HABOJAKA HMITYJbCOB BBICOKOHM YACTOTDI
HA HEHACTPOEHHBIE PAJHONPUEMHHKH
H YCHJIUTEJIH

Hanps:kenne MMIYJIbCHBIX BBICOKOYACTOTHBIX I'eHEpaTo-
poOB, HmoCTynasi Ha BXOJA panWONpPHEMHHKOB ¥ YyCUJHTeseH
BBICOKOH YacCTOThl, He HAaCTPOEHHBIX Ha HECYILYI0 4acTOTY
reHepaToOpOB, MOXKET CJYXKHThp NPUUMHOH ABYX BHJAOB Ilapa-
3UTHO}I HaBOJAKH.

IlepBolil BUA HABOAKH MOXKeT HPOSIBUTbCH TOJbKO B IO-
JIOCOBBIX PE30HAHCHBIX CHCTeMax ¥ aHaJoruueH NpoXoxjie-
HUIO BHJEOMMITY/IbCOB Yepe3 TaKue CHCTEeMbI, pa3o0paHHOMY
B § 1-8 u 1-9. UpeanbHblli mpsaMOYyronbHbBI UMIYJIBC BBICO-,
KO yacToThl MoXeT ObITh (puc. 1-27) npencrasJeH B Bule
IBYX CKauyKoB IlepeMEeHHOro HanpsXeHHs, HOChIJaeMbiX
B MOMEHTbl, COOTBETCTBYIOIHe (QPOHTY H cpe3y HMIYJbCa,
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fpsyeM BTOPO# cKauok uMeeT o6partHyl0 ¢asy o BbICOKOH
yacrore.

[TockonbKy AeficTBHe KaX[Oro cKauKa NepeMeHHOro Ha-
NpsiKeHHsl OTAMYAeTCsl OT HeHCTBHS CKauka IIOCTOSIHHOTO
HaOpSI)KeHHSI TOJIbKO BEJHYHHOJ IOCTOSIHHOro Ko3a¢dumu-
‘€HTa, 3aBHUCALIET0 OT COOTHO-

IIeHHA 4acTOT mepeaaryuka ¥ &z

npueMHuka, TO u 3ddeKr, A_A—A‘:

co3JaBaeMbli HMIYJIbCaAMH | -
BBICOKOH YacTOTHI, KaueCTBeH- I—\L v \A t
| |

HO He OTJiMuaeTcs OT u3obpa-
)KeHHoro Ha puc. 1-18 u 1-19.

[Tpu paccMOTpeHWH HABOJ- br 1
KH HMMIYJbCOB BBICOKOH 4Ya- | ]\ AV\ ]\ K
CTOTHl MaJio#l CKBaXKHOCTH Ha f v v re
Y3KOIIOJIOCHbIE  paJHONpHEM- LYV_ _\AM_v_
HAKH M YCHJIWTeNH, KOrza |
yAOGHee M0JIb30BATBCS PA3NO- |4y,

XKenueM B pag ®@ypre, dpopMa :— - =
HaNpsKEHus, MONyYaoIlerocs . /Y 7\ -
Ha BHIXOJe NMpHeMHHKa HaBOJ- M \[ \[f
KH, COBMafaeT C NOKAa3aHHOH R

Ha puc. 1-22 u 1-23.
Uto ke KacaeTcsg KoJauue- Puc. 1-27. MMnyasc sricokoft ua-
CTBEHHBIX COOTHOLIeHHH, To CTOTH KaK CyMMa JBYyX cKaikoB
HEO6XOIU/IMO y'-IECTb, 4TO Ha MepeMeHHOr0 HampAKeHHus.
NpaKTHKe MOLIHble HMIYJbC-
Hble TEHepaToOphl YACTO He paboTaloT IPSMOYTOJBLHBIMH HM-
MyJibCaMH, TaK KaK 3TO HEBHITOJHO € TOYKH 3PEHHS MOJIE3HOTO
HCIIONb30BaHHus Becel uaayuaemoit sHepruu. CHekTp yacrtorT,
H3J1yyaeMblX TeHepaTOPOM, CTapalOTCsA OrPaHUYHBATL B Npe-

1+2
Jegax mnoJocel ot —, cydTasi, 4TO 4acCTOThbl, BBIXOHAA-
T

IHe 3a Mpelenbl 3TOf IOJOCH, Bce pPaBHO He NOMaiayT
B moJocy 4actoT Afez, MCIOJb3yeMYIO NMpHeMHHKOM. Takoe
OnpaHuUeHHe CNeKTPa sBJAsieTcs NPHYHHOA CHUXKEHUs TepBoO-
ro BMJa HABOJAKH MMIYJbCOB BBICOKOH 4acTOThl MO CpaBHe-
HHIO C HaBOJAKOH BHJEOMMIYJbCOB IOTOJIHUTENBHO K CHHU-
KeHHlo, onpenenasiemomy cootHomeHuem (1-30). K pabore
NPSMOYTOJbHBIMH BHICOKOYACTOTHBIMH HMITyJbCaAMH NPHXO-
nutcsi mpuberaTb TOJbKO B HeCTaOMIM3MPOBAHHBIX TFeHepa-
Topax (MarHeTpoHBl W AP.) AJ5l yCTPaHeHHs YacTOTHOH MO-
LyJsIIHH, BO3HUKAIOIIE H3-32 HAKJOHA KpaeB MOAY/IHPYIO-
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itero uMiyabca. Takué redepatopbl NPUMeHSIOTCS JHIbL Ha
OueHb BBICOKHX YacTOTaX, KOrJa COOTHOLIEHHe MeXAY o H
(o1 BEJHKO. B pe3yjbTaTe NmepBbifl BHI HABOJAKHM BbICOKOYA-
CTOTHBIX MMIYJbCOB BCTpeuaeTcst KpaHe pelKo.

Bropo#i BUX HABOAKH MOXET IPOSIBUTbCS B JIOOBIX CH-
cTeMax, CoIepKalllMX HeJuHeHHble 3/7eMeHTHl. M3-3a Hemo-
CTAaTOUHOH H30MpaTeNbHOCTH BXOAHBIX LENed INpHeMHHKA
HABOJKHY, BbI3BAaHHOH HeyNauyHbIM MOHTAXOM HX U HeyuTeH-
HBIMH NapasUTHbBIMH KOHTYPaMH, HaCTPOeHHLIMH Ha 4acTo-
Thbl, pe3KO OTJIHUHBlEe OT pabouux yacror npubopa, Ha ceTKe
nepBOH JlaMnbl mpubopa WM Ha JPYroM BXOILHOM HeJHHeH-
HOM 3JieMeHTe — NOJYNPOBOAHUKOBOM H/¥ BaKyyMHOM AH-
OJHOM CMecHTeJe, IOJYNPOBOAHNKOBOM TPHOLE — MOTYT
0Ka3aTbCSl MMIYJbChl BBLICOKOH 4YacTOTBI JOBOJNBHO O60Jb-
moro HampsiKenusi. HesHauntenpHass HenuHei#iHOCTH pabo-
4ero yyacTka BXOJHOTO 3JieMeHTa NPHUBOJUT K IOSIBJIEHUIO
sdekTa HeTeKTHPOBaHHUg JIOOOrO M3 H3BECTHBIX BHUIOB:
JHOJHOTO, CeTOYHOTO WM aHoAHOro. B pesyabraTe Ha BH-
X0Je HeJHHEHHOro 3JIeMeHTa MOJyyaeTcss He TOJBKO BbICO-
KOUaCTOTHBIH MMIYJIbC, HO H BHIEOMMITYJbC, HaJbHelllee
NPOXOXJeHHe KOTOPOro HpPOHCXOAHT TakK, Kak pa3oGpaHo
B§ 1-8u I-0.

HaBonka uMMNyJabcOB BBICOKOH 4YacTOThl B OCHOBHOM
NPOU3BOAUTCS MyTeM JAeTeKTHpOBaHus, T. €. NpeobpasoBa-
HUS UX B BHJAEOMMNYyabchl. [IpM 3TOM HMNYJbChl BHICOKOH
4acTOThl MOTYT MO JIIOGOH LeNH CBA3H MONajfaThHa BXOAHble
HJIH MPOMEXKYTOYHble 3/7eMeHTH NpHeMHHMKa HaBoaku. [Io-
CTaTOYHO TOro, YTOOBl Ha BHIXOAE KaKOro-nmu6o mpoMexy-
TOYHOrO HeJMHEHHOro 3jeMeHTa NOJYYUIUCh HaBeleHHble
BHIEOHUMIY/IbCH], KaK pabora npubopa Hapyuiaercs.

910 XKe sBJeHHe MOXKeT HapyLIUTh HOPMaJbHYIO paGo-
Ty npubopa He TOJIBKO, €c/u OHO NoJydaercss Kak pesyib-
TaT HABOJAKHM MeWAWIIHX HMIYJbCOB BBICOKOH YaCTOTHI.
Taxk, Hanpumep, ecau mojaBaTh Ha BXOJ HMIYJbCHOTO CY-
11epreTepOAMHHOr0 NPHeMHHKa BBICOKOYACTOTHBIE HMIYJbCHI
Ha Hecylled 4acTOTe, COOTBETCTBYIOLIeH ero HacCTpO#Ke,
YBeJHUNBas MOCTENEHHO HX aMILIUTYAY, TO KOTJla HampsxKe-
HHME CHrHaja Ha CMeCHTeJe CHeNaeTcss OJHOTO MOpsAKa
C HamnpsiXKeHHeM reTepoiuHa, NPUEMHUK MepecTaeT JeHcTBO-
BaTh Kak cynepretepofuHHblii. CHrHasbl GYAYT NMPOXOAUTH
IpU BHIKJAIOYEHHOM HJIM CHJIBHO PaCCTPOEHHOM reTepoiuHe,
TaK KaK Ha CPeQHHH TOK INeperpyxXkeHHOro CMECHUTeNs Ha-
KJIaJAblBaeTCs BUJEOMMIY/bC, IMPOXOASIILH} 3aTeM uepes
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yCUJIHTENH, KaK pasobpaHo Bhille. Booblle Hamo yuyuTH-
BaTb, YTO NOABAEHUE BUOCOUMNYALCOB 8 INEMEHTAX, pabo-
TAOWUX HQ BbICOKUX U NPOMENCYTOUHLIX 4ACTOTAX, YKA3bl-
8aeT HA UX nepeepysKy U C8A3AHHbLLE C Hell HEeHOPMANAbHO-
cru 8 pabore.

1-12. HABOAKA BUJIEOUMIIYJIbCOB HA BHUJEOYCHUJIUTEJH
A UMIIYJIbCHBIE CXEMbI

Hanpsixkenue BHIEOUMIY/bCOB, HUMeIOLIeecss B UENsX
ACTOYHHKA HABOJKH, MOXKET NONAcTh Ha BXOX BHUIEOYCHJIU-
Tesisl WM JMI0060f ApYyroft cxeMbl, KOTOpas MOXKET 0Ka3aThCs
IpHEMHUKOM HAaBOAKH, IO ONHOH H/IM HECKOJbKMM H3 pac-
CMOTpEHHBIX lienell mapasuTHOH CBS3H.

Ecan nmapasuTHast cBsi3b MeXJy HMCTOYHHKOM M NpPHEM-
HUKOM HABOJKH OCYILLECTBJSIETCS Uyepe3 ofliee akKTHBHOE CO-
nportuBnenue (puc. 1-28,a), TO BHAEOUMNYJbC HCTOYHHKA
IonajeT Ha BXOJ NMpHeMHHMKa HaBOAKH 6e3 H3MeHeHHs ¢op-
Mbl. Ero aMmiuTyna TONBKO YMEHBIIHTCS B pes3yJbTaTe
NeHCTBUS JleJUTeNs, COCTABJEHHOTO M3 CONPOTHUBJEHHH R
H Rz.

Ecau napasutHas CBfI3b OCYLIECTBJSETCS yepe3 OO6IIyIO
6o/IbIIYI0 €eMKOCTb, HalpuMep, Yepe3 BHIXOJHOH KOHeHca-
Top GQuabTpa nutaHus (puc. 1-28,6), T0, HAUUHAA C MOMEH-
Ta [;, COOTBeTCTByWOUIero (POHTY HUMIYJbCa HCTOYHHKA
(puc. 1-29,6), cBsspiBamolasg eMKOCTb OYIeT MeNJeHHO 3a-
paxXartbcad (WM paspsKaTbCs) BIVIOThL JO MOMEHTa g,
COOTBETCTBYIOLIEr0 CPe3y HMMIIyJbCa HCTOYHHKA. 3a BpeMs
T Halpsi)KeHHe Ha KOHJEHCATOpe YCIEeeT MNOBHICHTbCS Ha
BeJIMUMHY A, Ha KOTOPYIO OH M JOJIKEH pPaspsiiuThCsi 1O
C/JelyIOLIero UMIyJbca. Takum o6pas3oM, MPHU CBA3H uepes
0611yI0 60JIbIIYIO eMKOCTh Ha NMPHEMHHKEe HABOJKH MOjyya-
IOTCSI HMIYJ/IbCHl C CHJABHO PACTAHYTBIMHM KpasiMH. Dra lelb
NnapasuTHOH CBA3M JeHCTBYeT KaK HHTErpUpYIOlLas.

Ilpu cBs3u uyepe3 o6ulyl0 HeGO/NbLIYIO HHAYKTHBHOCTb
(puc. 1-28,6 u 1-29,6) B MOMeHT f; uepe3 Hee MPOXOJUT
ObICTPO HApacCTalOUMH TOK, HHAYKTHPYIOIIHE HanpskKe-

di
Hue —L -7 Najamollee 10 Mepe yCTaHOBJEHHs TOKa. B mo-
MeHT f» 3TOT TOK OBICTPO cnajaeT U HHAYKTHDPYeT HampsikKe-
HHe 0o6paTHOro 3Haka. B pe3ynbTaTe Ha BXOJe NPHEMHHKA

HaBOJKH IIOJYHalOTCqg ABa KOPOTKHUX UMINYJibCa pa3HbIX 3HA-
KOB B MOMEHTbI, COOTBETCTBYIOIIIHe KpassM HMIIyJbCa HCTOY-
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Puc. 1-28. BoaMosxknble BapHaHTHl NAPA3UTHON HABOAKH
BUASOHMNYJIbCA.



HiKa HaBOIAKH. DTa lieNb Napa3HTHOM CBA3H HeHCTByeT Kak
nu¢depeHnupyomas.

Takoe ke muddepeHunpoBaHHe LaeT CBsI3b 4yepe3 eM-
kKocTh Crap, KOTOpasi Bcerja Hesenuka (puc. 1-28,e u

Habodumsid umnynec u
< 7, — uMnYyA6C NoCAE denuine:
28 u3 conpomubnenui

a) ] |

iy L2
.
I
0) _/A\__Z/Am ynse Ha 6onewou L
1
|

bj Unnynse wa manou L

|
|
&) Umnynec wa conpamubrenuy
| npu cBazu vepes Manyr EHROCITIt
|

3) —L (- Umnynsc npu clasu vepe3

manyr Gsaumoundyryumw

' Umnynsc npu clazu vepes
¢) conpomubnenue u u#izfrmui/m;) )

| Umnynec npu cbasu vepes
conpomubnenue u emrocms

5

Puc. 1-29. ®opma ummyabcoB MPH pasJHUHBIX BapHaH-
Tax NaPasUTHOH CBA3M.

1-29,2). 31mecb B MOMeHT BpeMeHH f; Uyepe3 CONPOTHBJEHHE
R nporekaer maxkcuMaJ/ibHbIE 3apsAQHBLIA TOK, GBHICTPO cna-
patolluil 3aTeM no Mmepe 3apsifa eMKOCTH Cpap. B MoMeHT
t; npoucxonut paspsg eMKOCTH Cpap H MO CONPOTHB/EHHIO
npoTeKaeT PaspAmHbIA TOK.
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CBsi3p  uepe3  MapasHTHY B3aUMOUHAYKTHBHOCTh
(puc. 1-28,0 u 1-29,0) skBUBajieHTHa epefaue UMIYJbCOB
yepes TpaHCcHOpPMATOp C Manod HHLYKTHUBHOCTpIO (MHK-
TpaHcopmaTop), Jawoluii TakkKe auddepeHIMPOBaHUE
HUMIIy/1bCOB, TaK KaK B MOMEHTHl BDEMeHH I, U ¢, Ha WH-
INYKTUBHOCTH, COEIHHEHHOH C HNPUEMHHKOM HaBOI[KH HH-

LYKTUPYIOTCA OBICTPO cHamaiolllie HaNpsKeHHUS _M

Hanuuve ofHOBpeMeHHO HBYX BUAOB CBS3H l'IpPIBOI[PIT
K GoJsiee cJ10KHBIM (popMaM CHTHa/jla Ha BXOJe HNpPHEMHHKA
HaBoaxu. Tak, HampuMep, NPH CBA3H uepe3 oOlliMe mocJje-
LOBaTebHO COCNVHEHHbIe CONPOTHBJIEHHE U HHIYKTHBHOCTb
(puc. 1-28,e) Ha BXOJ MpHUeMHHKa HAaBOJAKH MOCTYIAeT CHI-
HaJ, ¢GopMa KOTOpPOro MHojyyaercs B pe3yibTaTe CyMMH-
poBaHus KpuBbIX puc. 129, u 1-29,8; npu cBsA3M uepes
ofllye NOCTENOBATENbHO COeIUHEHHble CONPOTHUBJEHHE U
eMKOCTb IoJydaeTcss cyMMa KpuBHX puc. 1-29,a u 1-29,6,
nokasaHHag Ha puc. 1-29,¢.

CpaBHMBasi 3TH DUCYHKHU C NOKa3aHUSAMH ocLujanorpada
Ha BBIXOJe IPUEMHHUKA HABOAKH, MOXHO ONPENENHTb BUJ
napasuTHofl cBsidu. [Ipu TOM HYXKHO HUMeTb B BHAY, YTO
PHCYHKH CHesNaHbl AJs1 UAeajbHO NPSAMOYrOJbHOIO UMIYJIb-
ca B HMCTOYHHKe HaBOAKH. Ecau ¢opMa 3TUX HMIYJIbCOB
3aMETHO OTKJIOHSETCSI OT NPSAMOYroJibHOH, To Habumionae-
Mble Ha ocuu/anorpade HMIOyJabchl OYAYT OTJAHYATBCA OT
uMnyabcoB puc. 1-29. Kpome Toro, B pasjnyHBIX BapuaH-
Tax cxeM napasurtHoi cBs3u pHc. 1-28 moryr elile GbITHL He
IIOKa3aHHbIe JOMOJHUTENbHblE Napa3uTHble eMKOCTH U HH-
JIYKTUBHOCTH, 00pasylollldie C HEKOTOPbIMH LeNsMH pPe3o-
HaHCHble KOHTYDbl, B KOTOPBIX MOXET BO3HHUKHYTb YyAap-
Hoe B030YXKJIeHHe, Hak/JaAbIBAlOLIeecss Ha HMIYJbCH
puc. 1-29.

K Buny cBsizu uepe3 nmapasutHylo eMkocTb (puc. 1-28,2)
OTHOCHUTCS CBSI3b Yepe3 3alepTyIo JaMIy WJH JaMIy C Bbl-
KJIIOueHHbIM HaKaJsoM. Ilpu nogaue na Takywo nammny BUIeO-
HMIIYJbCOB JOCTAaTOYHOH aMIWIUTYABI G6aarogapsi pupdepeH-
UUPYIOUIMM CBOHCTBAM IleNlH, COCTAaBJEHHOH W3 NPOXOXHOH
eMkocTH naMnbl Cog U aHOIZHOH HATPY3KH, B aHOLHOH Lenu
JaMIIbl TOJYYalOTC  OCTPOKOHEUHble HMIYJbChl BHIA
puc. 1-29,e, KoTopble MOTryT HaK/JaJbBAaTbCsi Ha IOJIE3HbIE
CHTHaJ/Bbl, CHUMAaeMble C aHoOJA.
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1-13. CHPABOYHbIE OAHHBIE MO COMPOTHBJIEHHIO,
EMKOCTH, WHAOYKTUBHOCTH U B3AHUMOWHIOYKTHBHOCTH
COEJQWHHUTEJIBHbLIX NMPOBOOOB

B nporuecce npoeKTHPOBaHUS Pagvo3JeKTPOHHBIX NpHGO-
POB U 5KCIEPUMEHTAJbHOIO NMONABJEHHS B HUX NapasUTHBIX
HaBOJOK 4acTo TpebyeTcss GbICTPO OLEHHTb 3HAYHMMOCTb TO-
IO WM WHOr0 U3 Pa3o0paHHBIX BHIOB MapasuTHOH CBS3U.
OTH cBA3M B GOJbIIEM YHCIE CJHydyaeB OCYIIECTBJSIOTCS 34
CYET HEYUTEHHBIX NapaMeTpPOB COEIMHHTEJIbHBIX NPOBOMLOB.
Huxe mpennaraiorcs npoctele TaGaulbl, B KOTOPBIX JaHBI
ODHEHTHPOBOYHble 3HAYEHHUS 3THUX NapaMeTpPOB, BHIUMCJEH-
Hble Ha OCHOBaHHH (OPMYJ U rpaUKOB, IPHBEJEHHLIX B JIH-

Tepatype [2].
Ta6nauma 1-1

COHPOTKBJIBHKG A HHAYKTHBHOCTb MEAHOIO
opAMOro npoBOJHHKA

HHTyKTHBHOCTb DI AJHHE
C :
S e iy
100 MM, om

50 Mm 100 mm 200 mm

0,1 0,22 0,07 0,15 0,33
0,5 8,9-10-3 0,05 0,12 0,26
1.0 2,3-10-3 0,04 0,10 0,23
2,0 0,56.10-3 0,035 0,08 0,20

Ta6anuma 1-2

EMKOCTH NMPOBOAA, mapajierbHOro
Kopnycy npubopa

Emrocte Ha 100 MM npn paccrosi-
HHH MeXAy NPOBOAOM H KOpNy-
Huamerp v COM, ng Py

1pOBOAA, MM

1 mm 10 um 100 mm
0,1 1,5 0,9 0,7
0.5 2,7 1,4 0,8
1,0 4,0 1,6 0,9
2,0 8.0 1,8 1,0
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Ta6auma 1-3

EmMKoCTh ZBYX napajielbHbIX NPOBOMKOB,
yIaJleHHBIX OT Kopuyca

EmkocTh Ha 100 Mm npH paccTosi-

JTuameTp HHH MeX1y NPOoBOAaMH, ngh
nposona, Mm

2 um 10 um 50 mm

0,1 0,75 0.5 0,04

0,5 1,4 0,75 0,05

1,0 2,0 0,9 0,06

2,0 5,0 1.3 0,07

Ta6numa 1-4

B3aHMOHHIYKTHBHOCTbh MeXIy JIBYMA
napajnaelbHbIMH OPOBOJAMH OXHOH

HBJIHHBI

B3auMOHHAYKTHBHOCTh IPH pac-

JaAHa CTOSTHHH MeXIy NpOBOJAMH, MK2ZH
NpoOBOZa, MM
2 um 10 um 30 mm
50 0,03 0,015 0,008
100 0,07 0,04 0,024
200 0,17 0,11 0,07




r'i1ABA BTOPAH4

3KPAHUPOBAHHUE U PA3BA3BIBAIOIIHUE LENH

2-1. OCHOBHbBIE ONMPENEJEHHWA H ®U3HUYECKHE
NMPEACTABJIEHHUS

[TonaBieHHe mapasUTHBIX HABOJOK B OOJIBIIMHCTBE CaIY-
yaeB CBOJAHUTCS K YCTPAHEHHIO WU ocjabJeHuio 0 ICHyCTH-
MbIX BeJMUMH TapasuTHbIX CBs3edl MeXAY HCTOUHHKAMHU H
NpHEMHUKAaMH HaBOLOK NyTeM SKPAaHMDOBAHHs M DPa3Bs3blBa-
HHUs lened.

DKpaH SIBNsIeTCs CYLIECTBEHHOH YacCTblO KOHCTPYKUMH H
cXeMBbl OYTH JM060ro paguoTexHuyeckoro npu6opa. On BHI-
noJiHsieT QYHKUUY 3allUThl OTAEe/NbHBIX KACKAJOB WJIH ILened
onHoro npu6opa W NpUOOPOB B LENIOM OT HeXkelaTeslbHbIX
B3aUMHBIX BJIMSHMH. PalonanbHoe 3KpaHupoBaHHe mpubo-
pa sBjasieTcs ONHOH M3 BaXKHEHIUMX 3ajay, CTOSILHX Iepen
KoHCTpyKTOpoM. Heynaunoe pelleHve 3Tol 3amayu HPHUBO-
IUT K YXYALIEHUIO TEXHHYECKHX XapaKTePHUCTHK, HECOOTBET-
CTBHUIO HX PACUETHLIM JAHHBIM, YCAOXKHEHHIO U YAOPOKaHUIO
npubopa.

Ornpenenenre HEOOGXOAMMOCTH TOH MM HUHOH CTeleHH
9KpaHUPOBAHUs JNAHHOH 2JEKTPHYECKOH LeNH, Tak Ke Kak
W onpejeseHHe NLOCTATOYHOCTH TOT'O HJM MHOT'O BHJA 3Kpa-
Ha, K COXaJIeHHIO, He MOAJaeTcss TEeXHHYECKOMY pacueTy.
Heno B TOM, 4TO HU3BECTHble TEOpPETHUECKHE pelleHusd OT-
JeJIBHBIX TIPOCTEHIINX 3a4a4 OKa3blBAIOTCS HEIP HMEHUMBIMH
K CJOXHBIM 3JIEKTPHUECKHM ILeNsM, COCTOSILIUM M3 NPOH3-
BOJIbHO PAaCMOIOKEHHBIX B TIPOCTPAHCTBE 3JEMEHTOB, H3-
JYYalOLUX 3JeKTPOMArHUTHYIO 3HEPrHI0 B CaMbIX pasHo-
c6pasHbix HanpaBaeHusix. s pacuera skpaHa mpuuLIOCH
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6bl yuMTHIBATb BJIMSIHHe BCeX 3THX OTHEJbHBIX H3JIyyeHHH,
4YTO HEBO3MOXKHO.

BesencTBHe HEBO3MOXXHOCTH TEXHHUYECKOTO pacueTa 3K-
paHa eNUHCTBEHHbIM cImoco60OM HaXOXKJAeHHs ero pauuo-
HaJbHOH KOHCTPYKUHH siBJsieTcs sKcnepumeHT. Ho u 31ech
MPHXOJIUTCSA CTAJKHBAThCsl ¢ GOJbIIMMH TpyRHocTsMH. Kak
U3BECTHO, 3KPaH 3TO He MeJkas JeTanb npubopa, JIerko
non6upaeMas MyTeM ABYX-TpeX 3aMeH. DKpaH 3ayuacTyio
npencTaBisieT co00i CH0XKHBIM KOMIUIEKC JeTaned—Kopnyc
npubopa, KOXKYX, Neperopoikd, (QUAbTPYOUIHe SUYEHKH, —
COBMeCTHOE JNeHCTBHMe KOTOPBIX /aeT HeOOXOAUMBIH pe3yJib-
Tat *.

Bce meranu, BxoAsiiue B COCTaB CXeMbl H KOHCTDYKLHH
9KpaHa He3aBUCHUMO OT NIPUHUMIA MX AeficTBUs OyleMm Ha-
3blBaTh KPaHUPYIOLIUMH JeTaasiMH.

DKconepuMeHTaJbHass MpoBepka 3PHEKTUBHOCTH JaHHOU
KOHCTPYKLIMM 3KpaHa MoXkeT OblThb NPOU3BEeAeHa, 0UEBUIHO,
TOJIbKO TIOCJIe M3roToBJeHUst o6pa3ua npubopa. Mamenenne
KOHCTPYKIHMH 3KpaHa U NpOBepKa 3TOH HM3MeHeHHOH KOHCT-
PYKIUHZA NPUBOAAT GOJbILEH UaCThIO K CJOXKHBIM NepefenKam
npubopa HJaM HaXe K H3TOTOBJEHHIO ero HoBoro obpasla.
ITosTomMy oT KoHcTpyKTOpa, paboralollero B 3ToH 06JacTH,
TpebyeTcsi 0coGeHHO sICHOe NMOHHMaHue (PU3UYecKOro HeHCT-
BUs KaXXIOH 3KpaHUpYIOlLlell feTajd U ee OTHOCHTENbHOTO
3HaueHUs B KOMILJIeKCe JeTaJjiell 5KpaHa.

B Hacrosiuieil riaBe B npocToi popMe paccMaTpHBaloT-
csl hU3uUecKUe MPOLECCH U BONPOCH MPAaKTHYECKOTO NpHUMe-
HEHUS TeX WJIM HHBIX BHAOB 3KPAHHPOBAHUS.

HauneM ¢ OCHOBHOro ompejesieHHst MOHSTHS 3KpaHHPO-
BaHUS.

Jxpanuposanuem mol. 6ylem HA36I8ATL NOKAAUIAYUIO
SAEKTPOMACHUTHOLU dHepeun 8 npedesax onpedeseHHO20

* [lo OoOIIeNpHHATON TEPMHHONOTHM MOA 3KPaHOM TOHHMAIOTCA
9/IeMeHTH MeXaHHYecKOM KOHCTDYKUHH, HO He 3JIeKTPHUECKOH CXeMBI
npuGopa. Ilpu 3ToM GuAbTPyIOlMe SUeHKH M pasBsA3bIBaOLIMe LelH
CUMTAIOTCS OTHEJbHBIMH 3JIeMeHTaMH, AeHCTBYIOIIMMH HE3aBUCHMO OT
sxpana. Takoe mpescTaB/eHHe DasTPaHHUMBAeT MeXaHHUECKYIO M 3JeK-
TPHYECKYI0 KOHCTDYKILMHM TIpuGOpa M NPHBOAMT HaCTO K HEBEDHBIM pe-
IIeHUSIM OGIIHX KOHCTPYKTHBHBIX Bajay. UeTKoe MOHMMaHHe TOrO, 4TO
¢uabTpylole SAYEHKH SBJSIOTCS HEPasPHIBHOM COCTABHOH YacThio
9KPaHa, CHJIBHO MOMOTaeT MPH COBMECTHOM ISJIEKTPHYECKOM M MEeXaHH-
YeCKOM KOHCTPYHpOBaHWM mpuGopa. ITosToMy aBTOp cyes MOJNE3HBIM H3-
MEHHUTb MPHBBIYHYIO TEPMHHOJIOTHIO M PAacHpPOCTPAHUTb TIOHATHE 3Kpa-
HUPOBAaHHS Ha TpEnpakJeHHe paCMPOCTPaHeHHs 3JIeKTPOMANHUTHOH
SHEPrHH JIOGBIM CIOCOGOM.
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npocrpancréa, 0ocTuzaemyro nyrtem npezpadxcdenus pac-
NPOCTPAHEHUS INEKTPOMACHUTHOL dHepaul B8ceMl 803MOMNC-
Holmy cnocobamu.

Jns sicHOro HoHUMaHHsi 3TOH (DOPMYJMDOBKM HpencTa-
UM cebe (puc. 2-1) HeKOTOPHIH BBLICOKOYACTOTHBIH reHepa-
TOp, NMHTaeMBIi OT CETH MOCTOSIHHOrO HJIH IIePEMEHHOro

JKxpanupyrowul
KO YX

lenepamop
\ // B 4
lerepa-
~ Jmaop 84 -7 11 L‘\

Ixparnupyrowut
—] Qunemp
A‘IJ{TIC’HJW;\ flumarowyas
uens yeneo
Puc. 2-1. Maayuenne renepa- Puc. 2-2. dxpauupoBanue re-
TOpa BHICOKOH YacCTOTHL HepaTopa BbLICOKOH YacCTOThL.

tToka. OueBUJHO, YTO 3TOT reHepaTop OyIeT H3ayyaTh B OK-
pyXarolllee IPOCTPAHCTBO 3/1eKTPOMArHuTHylo sHepruto. [1pu
3TOM M3Jy4YaloUIMMH 3JeMeHTaMH MOTYT OBITh KaK OTHeJ/b-
Hble JeTajJy CaMOro reHepaTropa, Tak M llenb NUTaHHA. K-
paHUpOBaHHe NpPHUMEHsieTcsd TOrAa, Koria tpebyeTcs 3allu-
THTb BHELIHEe MO OTHOIIEHHIO K reHepaTopy HpPOCTPaHCTBO
OT 3JIEKTPOMArHWTHOrO MOJI, CO3ZaBaeMOT0 TeHepaTopoM.
Tak, B mpuMepe, H306paxKeHHOM Ha pHC. 2-2, sjJeKTpoMar-
HUTHasl SHePrUsi OrpaHUYMBAaeTCs C MOMOLIbIO 3KpaHa, CO-
CTOALIEr0 H3 METaJIMUeCKOro KoXyXa U (QUIbTpylolled
nenu. M3 3Tux 3KpaHUpYIOLUX [eTaned neppas NPENsTCT-
BYET paCnpOCTPaHEHWIO SHEepPruH, H3Jly4yaeMoH HeNOCpenCT-
BEHHO JIeTaJsIMHM IeHepaTopa, a BTopas Iperpaxuaer myTh
pacnpocTpaHeHHIO 3HEPTHH BAOJb NPOBOAOB NHUTAHUS.

Pasnuuator caenyrmoliie 4YeTbipe BHAA 3JIGKTPOMArHUT-
HBIX CBHSGI:I, KOTOpble MOTYT BOSHHKHYTb MEXKAY ABYMA 3JIeK-
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TPUYECKMMH LeNsMH, HaXxoIALIMMHCg Ha HEKOTOPCM pac-
CTOSIHHH JPYr OT Apyra:

— yepe3 3JeKTPHUECKOe IOJe,,

—-yepe3 MarHMTHOe IIOJe,

— yepe3 3JeKTPOMAarHuTHoe IoJe,

— yepe3 NPOBOJA, COEAMHAIINE 3TH LENH.

KauectBo 3KpanupoBaHusi MoxKeTr ObiTh pasiuuHbIM. He-
KOTODble CJIOXKHble KDaHbl MOT'YT JaThb <IOJHOE» 3KpaHH-
poBaHMe, NMPH KOTOPOM 3a WX NpefesaMM IapasUTHOe H3-
JyuyeHue reHepaTopa He MOXKeT ObITb 0OHapyXKeHO H3BECT-
HbBIMH crnoco6amu, T. e. OyfeT MeHblle YPOBHSI BHYTPEHHHX
mymoB obHapyxKupawliux npubopoB. Takoe mosHoe 3Kpa-
HUpPOBaHHe INPUMeHseTcsd AOBUJbHO DPEIKO, JIHIUbL B 0c060
OTBETCTBEHHOH ammaparype.

OueBHIHO, UTO MOJIHOE 3KPaHUPOBaHUE MOXKeT OHITh IO-
JIYUEHO TOJBKO MOJaBJEHUEM BceX UYETbIpeX BHAOB 3JjeK-
TPOMAaTHUTHBIX CBsi3efl. B GosJbIIMHCTBe Xe cayuaeB Tpebo-
BaHUs K 3((DEKTUBHOCTH 3KPaHUPOBAHHUS MOTYT OBITb CHJIb-
HO TIOHHXXEHBI U 3ajavefi 5KpaHa OyJer TO HJIM HHOE YacTHY-
noe ocnabJyieHUe 3JIEKTPOMAarHWTHBIX CBSI3eH MeXIy pas-
JUYHBIMH LensiMy npubopa. B Takom ciyuae BaxHO mpen-
CTaBnsATh ceGe, HACKOJNbKO OIWH BHJ 3JeKTDPOMArHHTHOH
CBsI3M BJHAeT GoJjbllle APYroro ¢ TeM, YTOOH IIOJLaBUTh
TOJIKO T€ CBSI3H, KOTOPble HMeIOT 6oJjiee CYLIECTBEHHOE 3Ha-
yeHHe.

HanpsikeHHocTh O6JIMXKHUX 3J€KTPUYECKOTO M MarHuT-
HOro moJied B CBOOOJZHOM NpOCTpaHCcTBe o6paTHO NpONoOp-
LYOHa/bHA KBAaJpaTy pacCTOsIHUS OT 3JeMeHTa, Bo36yxXna-
ollero moJie. HanpsiXKeHHOCTb 3JEKTPOMAarHHTHOTO MOJIS
U3/iyueHuss oO6paTHO MNpONMOpLUHOHAsbHA IEePBOH CTENeHH
paccrosHus. Hanpsikenne Ha KOHIle IPOBOAHOH JIMHUH HJIH
BOJIHOBOJIA C VBEJIMYeHHeM DACCTOSIHHA NMajaeT BechbMa Mel-
JIEHHO, 3a HCKJIOUeHWeM cJydyass CTOSYMX BOJH B JIHHMH,
Korja HeGoJiblllie H3MEHEHHs PACCTOSHUS MOTYT NPUBOIUTD
K 3HAUHTEJbHOMY YBEJHUEHWIO UJIH YMEHbIIEHHIO Hampsxe-
Hus. M3 3T0#f 3aBUCHMOCTH Pa3UYHBIX BULOB CBSI3H OT pac-
CTOSIHUSI MeXIy 3KpaHUPYeMbIMH LENsMH CJAeIYyeT, UTO NpH
MaJblX PAaCCTOSIHHAX MEeHCTBYIOT BCe YeThlpe BUJA CBA3H,
C yBeJHYEHHEM pacCTOSHHS B NepBYIO ouyepelb HCUE3AIOT
CBSI3U Uepe3 OJIMKHHUE 3JEKTPUUECKOe M MAaTHHTHOE MOJf,
BO BTOPYIO ouepelb IlepecTaeT BJUATb 3JEKTPOMArHHUTHOE
nojie U3JyueHHss U Ha OOJIBLIIOM PACCTOSIHHM BJUSET TOJb-
KO CBfI3b MO NPOBOJAM H BOJHOBOJAM.
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2-2. TPUHLOHUNBI 3KPAHUPOBAHUA
AJIEKTPHYECKOIO MnoJis

Kak nokasano B § 1-2, B KOHCTPpyKUMH pamHOTeXHHYe-
CKOro npu6opa umeercs MeTaJJIHYECKUI KOPIYC, MMM MACCH,
K KOTOPOMY MIDHCOeIHHEHH
pa3/Iu4YHble TOYKH CXEMBI A .
npuGopa. Takoe coemuHe- TTTTIRTTT T T
HYE TO03BOJSET OTCUHMTHI- ]
BaThb HampsiXKeHHe Ha BCeX £, c,,:ﬁ: Uy
3JeMeHTax cxeMbl nmpubopa
OTHOCHTEJBHO ero Kopiyca.

B o6mem cayuae, korna
Touka B (puc. 1-5) cBsizda- Puc. 2-3. Hampskerne, HaBoguMoe
Ha ¢ TOYKOH A nmapasyTHEIM 8 Touke B Tpu OTCyTCTBHH sKpaHa.
€MKOCTHBIM ~ CONPOTUBJIE-

HHeM Xpap, HaBeleHHOe HaNpsiKeHWe B TOYKe B Gymer
pPaBHO

77777l 777 777

— Zg
UH:EH — == .
ZB+Znap
B uactHOM cayuae, korga Zgp mpencrasiasier co6oi peso-
HaHCHBIH KOHTYp (puc. 1-6), HaCTPOeHHBI}i HA YacTOTy HC-
TOYHHKA HaBOAKH Ey, MOLY/Nb HaBeLEeHHOrO HampsiKeHUs
" paBeH

rie C—eMKoCcTb U dp— 5KBHBAJEHTHOE 3aTyXaHHe KOH-
TYpa.

Haxoreu, B npyrom uactHom cayuae, Korga Touyka B
cBAzaHa eMKOCTbIO Crap ¢ Toukoit A u emkocteio Cp ¢ KOp-
nycoMm (puc. 2-3), HampsaXeHHe B ToukKe B Haxomutca my-
TeM NOJCTAHOBKH 3THX 3HaueHu# B obuyio dopmyay (1-2)

Cra
UH:EH_C;"I"CE—nap. (2‘1)

[TonyueHHOE BbIpaXKeHHe COOTBETCTBYET paboTe eMKOCT-
HOTO JleIUTeNd HanpsiKeHus, cocrosiuero u3 eMroctell Crap
i Cp. Ilna cHHUXeHUA HaBeNeHHOro HanpsxkeHus Uy Heob-
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XOAUMO yMeHblIaTh eMKOCTb Crpap H  yBEJHUYMBATL €M-
kKocrh Cp. .
Ecau noMectuts Mexay Toukamu A u B 3kpaHipyomui
MeTaJiHueckuil auct I (puc. 2-4), To eMkocTb Crap pasjue-
JIUTCS HA JBE€ NMOC/JEeN0BATENbHO COefHHeHHble eMKoCcTH C; 1
Cy, K KOTOPBIM NpHCOEIH-

Cray HEHa MapaJsaeabHO HeGOJb-

,,g:k\ masi ocraToyHast €eMKOCThb

e ~ C'map- Has  onpenenenus
A N ucKoMoro Hanpsikenua Uy
PR C\\ﬁ MOXKHO, ypene6peraﬂ eM-
—g— o N KOCTbIO C’yap, CUHTATD, UTO

| -t HampsKeHue B To4Ke B

_1_% onpeaeaAeTcss HampaXKeHH-

b . ** U em una skpane 3, Korophiii
ol I l 3aMEHfAeT B 3TOM Ccaydae

- A V3 Touky A Ha puc. 2-3. Co-

TJIaCcHO pPaccy:KaoeHusam,

Puc. 2-4. Hanpsixeune B Touke B NPUBEJEHHBIM JJs 3TOro
TPH 3KpaHe, He 'COEAUHEHHOM C KOP- PUCYHKA

mycoMm, ! c

UH - U -

°CpF Ca

Hanpsixenue Ha skpaHe, HCXOLs U3 Tex ke cooGpaixe-
HUll 1 yuera eMKocTH C3 MeXIy 3KPaHoOM M KOPMYCOM, Oy-
JeT paBHO

C,
H Cl"l‘ca ’

U OKOHYAaTeJbHO HanpdAKeHue B TOYKe B rmnocJe YCTaHOBK
SKpaHa ce/aeTcss paBHbBIM

Up=EFE

U3=E

C,C» .
B (C1+Cy)(Cp+C)

OTO HampsKeHHe NOC/Ie YCTAHOBKH SKpaHa MOXKET OKa-
3aTbCq Kak BhIlle, TaK M HHXKe, YeM N0 ycTaHoBKH. Jlelict-
BUTEJIbHO, CPaBHUBAsl NPHBeJleHHble BhIpaXeHus Aas Uy 1o
H Toc/e YCTAHOBKH 9KPaHa, MOXHO MOJYYHTb DasHele pe-
3YJbTATHL.

1. Ecnu 3KpaH ycTaHOBJeH Tak, YTO €ro eMKOCTb OTHO-
CHTEJIbHO TOYKH A BeluKa, a OTHOCHTEJLHO KOpHyca Mana,
T. e. ecan Cp sHauuTenbHO Gouablie Cs, TO HampsiKeHHe Ha
3KpaHe OyleT TNPHMEPHO DABHO HANpPSKeHHIO B Touke A.
B peayabrare, Tak Kak emxocts Cy Beerga 60/blie eMKOCTH
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Crap, Ranpsxenne Uy moce ycTaHOBKM 3KpaHa 6yher BHI-
e, ueM A0 YCTAHOBKH, H 3KPaH OKAasbiBaeIcd He MOJE3HLIM,
a BPeJHbIM.

2. EcJsin 3KpaH yCTaHOBJEH TakK, 4TO eMKOcTb ero C; OT-
HOCHTEJIbHO KOpIlyca nmpubopa BesuKa, TO HalpsiKeHHe NpH
HaJHuNu 3KpaHa OylerT MeHbHle, ueM Ge3 Hero. Takum 06-
pasoM, C  yBeJIuueHHEM

C; 3KpaHUpOBaHHe CTa- Crap
HOBHTCA Gosiee 3(eKTHB- _ -
HBIM. y N
BecnpenenbHoe yBemau- 4 J \
uenne Cs paBHOCHIBHO KO-,/ ¢ 6 \s
POTKOMY 3aMbIKAHHIO MeX- - - - -4 - 4=
Ay 9KPAaHOM ¥ KOPNYCOM I 1
(puc. 2-5). Ecau npu 3TOM L A A
He YYHTBIBATH OCTaTOYHOM - L
napasutHoil eMKOCTH C'map I " ! }
MexXay ToukaMu A u B, TO Z 7

Hanpsixenne Uy okaxercs
paBHBIM HYJI0, U NOKa3aH-
Hasl Ha puc. 2-5 KOHCTDYK-
LM 3KpaHa AacT HuAeafb-
HBI 3KpaHupyoluil sddekr. B npelicTBuTeNBHOCTH HaNps-
xenne Uy He Oymer paBHO HYJII0, HO €ro BeJNHYMHA,
onpepnessieMas U3 COOTHOLIEHHS

Puc. 2-5. [leficTBHe SKpaHa, COENH-
HEHHOr0 ¢ KOpTmycoM mpuGopa.

_ C'nap —_ C'uap R
Up=Enprmrige~En ol (29

OKa3bIBaeTcsi 3HAUHTEJIbHO MeHblle BeaHuuHel Up 10 ycTa-
HOBKM 3KpaHa, Tak Kak C’pyp 3HauUTenbHO MeHblle Crap.
Ha ocHOBanuu Bcero M3JM0XKEHHOTO MOXKHO CUHTATh, 4TO (hu-
3uuecKuil cmbica IKpanupyrowezo sppexra, noayuaemozo
OT METAAAUYECKO20 AUCTA, COEOUHEHHO20 C KOPNYcom npu-
6opa, 3akatouaercs 8 cO30aHUU KOPOTKO20 3AMbIKAHUA HA
Kopnyc 0aa 6Goavlieli 4acTU NAPASUTHOL eMKOCTU, UMero-
wetics mexndy Ikpanupyemoimy 0pye oT dpyea TOUKAML.
[TocmoTpuMm Temepb, KaK NMOBJAHSIET Ha HAlpsAXKeHHe, Ha-
BelleHHOe B TOUKe B, MeTaNJHYeCKUH JUCT, NPUKPBIBAIOLIHH
o6e 3KpaHHpyeMble IPYT OT Apyra TOUYKU. DTOT CJaydaj MO-
Ka3aH Ha pHC. 2-6, Ha KOTODOM HaHeCeHBbl Bce MapasuTHHIE
eMKOoCTH, 0003HaueHHble TaK XKe, KaK Ha puc. 2-4. Jlerko y6e-
JUTBCA B TOM, 4TO HanpsKenue Up, ompenensieMoe u3 Tex
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®e coobpaXKeHuil, uTO ¥ Ha puc. 2-4, NpU HAJHYHH JHCTA
Oymer 3HayuTeqbHO GOJBIIMM, YeM 0e3 Hero, Tak Kak IIO-
cienoBarebHO coennHeHHble eMKOCTH Cy u Cy 3HAUIITENBHO
Gosblie eMKOCTH Crap, a eMkocTh C3 HeBesnka. CoBepiueH-
HO HHasl KapTHHA INOJYUMTCS, eCJH COeJHHHUTb MeTasnye-
CKMH JHCT ¢ KopmycoM npubopa. Torma emxoctu C; u C;
OKa3bIBAalOTCs MOAK/IIOUEHHBIMU K KOpIyCy, HamnpsiKeHHe

L
7 sk, , e b
ﬂ ll[/mp BI
L
2 o by ¥
||
A

Puc. 2-6. JleficTBHe MeTa/uIn4eckoil KpbIL-
KiI mpuéopa.

B TOuKe B OyHeT ompenessiTbCsg COOTHOLIEHHEM MEXKAY eM-
KOCTbI0 C’map M cyMMo#i eMkocTeii C’'pa,+Ca+ Cp. Tak kKak
eMKOCTb C’map MeHblle Crap, a cymMa C’map+ C2+ Cp 60i1b-
me cyMMbl Crap+Cp, TO OUYEBHAHO, UTO TaKas NPUCOEMH-
HeHHasl K KOpIycy mpu6opa KpBIIIKA LACT HEKOTOPBIA 3K-
paHupymolHui 3¢(eKT, HeCMOTPA HA TO, YTO OHa PacmoJo-
JKeHa He MeXJy 3KpaHUPYeMbIMH IPYT OT APYra TOYKaMH.
Okpanupyomuit 3pdekT MoxKeT OBITh JOBOJIbHO BEJHK,
€CJ/IM JIUCT MNPOXOIHUT BOJH3H OT 3KPAHUPYEMBIX TOUEK.

PasnuunelM HeficTBHEM INPUCOEJIHHEHHOTO M He MPH-
COeMHEHHOTO K KOpPNYCYy MeTa/JIMYecKOro JIMCTA MOXKHO
JIETKO 00BSCHUTb XODOLIO U3BECTHOE HA MPAKTHKE SIBJEHUE,
3aKJI0Yalolleecs B TOM, UTO IIOLHECEHUe DYKH K OTKPBITOMY
MOHTaXy yBe/JUYHMBAaeT HeXKeJaTeJbHble HABOAKH, a B YCH-
JIUTeJAAX MPHUBOJAUT YACTO K CaMOBO30YKAEHUIO WM K HCKa-
XKEHHIO YaCTOTHBIX XapaKTepHCTHK. Eciu xe mpubiamxkarhb
PYKYy K MOHTaxy, OJHOBDEMEHHO NMpHXKHUMas ee K KOpIycy
npubopa, TO reHepallusi 4YacTO YMEHbIIAeTCA WU NMPOoNajzaer
BoBce. OueBHIHO, UTO MPUYHHA SIBJEHUS KPOETCS B TOM, UTO
pyKa 3aMeHsieT co60d MeTaJJHUYeCKUH 3KpaH, KOTOPHIH, He
O6yLyud TNpPUCOELHHEHHBIM K KODHYCY, YBeJHYHBAET CBA3b
MeXIy PasJuuyHbIMM TOYKAMH MOHTAaxKa, a B NPHUCOEJHHEH-
HOM COCTOSIHUH, HA060DPOT, YMEHbIIAET CBSI3b.
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W3 u3i0xeHHbIX (QU3HUECKHX SBJEHHH, KOTOPble JexXar
B OCHOBE S5KDaHMPOBAHHS 3JEKTPUYECKOrO IOJs, MOXHO
clenath CJledyIOliHe NpaKTHIeCKHe BBIBOABL.

1. Jlns sKpauupOBaHHUA 3JEKTPHUECKOTO NOJA CJAeAyeT
NPUMEHSTH MeTaJJuyecKue NeperopoiKH U KOXKYXH, COemHu-
HeHHble C KopmycoM (wac-
cu) mpubopa. 7 3 8

2. Or KauecTBa HpHCOEH- ® *
HeHUs 5KpaHa K KOpIycy NpH-
6opa cyllecTBeHHbIM o006pa-

30M 3aBMCHT €ro KpaHHpYIO- I/ﬂ%y/rmuﬁﬁam
% . H ax- COEOUHUIMENb -
mee geiicrsue. OcobeHHO B e
HO He HMeTb [IJHHHBIX CO-
eIHHUTENbHBIX POBOLOB MeX- T & Z

Ay SKpaHOM H KOPHOYCOM. pyc 2.7. BuusHue HHIYKTHBHO-
NHAoyKTUBHOE COIPOTHUBJEHHE CTH MPOBOAA, COETHHSIONIETO 3K-
TaKoro NpoBojgHuKa (puc. 2-7), paH ¢ Kopmycom.
BO3pacralolllee C NOBbIIEHUEM

YacTOTHl, IO CBOEMY BJMAHUIO SKBHBAJEHTHO YMeHbIIEHHIO
emkoctu C; Ha puc. 2-4 u 2-6. Ha KOpPOTKOBOJHOBOM H,
0COGEHHO, YAbTPAKOPOTKOBOJIHOBOM [AHMANa3oHaX COENHHH-
TeJbHble TNPOBOJHHKH JJMHOH B HECKOJBKO CAHTHMETPOB
MOTYT Pe3KO yXYIIIHTh KpaHUPOBaHMe Hmpubopa.

3. Y3Kue IIeJH H OTBEPCTHS B MeTaJJIMYECKOH Mepero-
POLKe He YXYINIIAIOT SKPAHHPOBAHHE 3JEKTPHUECKOTO IMOJ,
€CJIM OHH MaJjbl MO CPAaBHEHHIO C IJIUHOH BOJHHL IIpoucxo-
IUT 3TO NMOTOMY, UTO LIEJTU H OTBEPCTHUS JHUIIb HE3HAUUTEIBHO
H3MEHAIOT NOKa3aHHble Ha puc. 2-4 u 2-5 eMkocTu C’pap, Co
u Cg, ompefensioniie HaBeLeHHOe HANpsKeHHE B TOukKe B,

4. DPGheKTHBHOCTb 3KPAHUDPOBAHUS JIEKTPHYECKOrO MO
He 3aBHCHT OT TOJIIHHBI 3KpaHa. [IpuuuHoil aTOrO SIBAsIETCS
He3HAuUTe/IbHAsl BeJHYHHA TOKOB, TEKYIIUX IO 3KpaHy. Kak
BHJHO U3 DHUC. 2-5, BeJMuHHA TOKA, TeKyluero no uenu AIK,
onpenenasieTcss compoTuB/JeHueM eMmkoctu C;, KoTopoe mpu
XOpOLIO BBHIMOJHEHHOM NPHCOEAMHEHHH 3KpaHa K KOpIycy
npubopa HeCPAaBHEHHO BHIIIE CONPOTHBJIEHHS 3KpaHa
H KOpIyca, HMEIOLIHX CPaBHHUTEJBHO OOJbIIYIO II0BEPX-
HOCTb.

2-3. NPUHLUHUNDBI 3KPAHUPOBAHHSA MATHHUTHOro mnoJs

B § 1-3 paso6pana HaBoAKa, MOJyyalol(ascs B pe3yJb-
TaTe NapasuTHOH MHILYKTUBHOH CBSI3U MeXAY LeNblo
HCTOYHMKA HaBOAKM A W 1Llenbl0 NpHEMHHUKA HaBoAKu B.
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3anauefi 3SKPAHHPOBAaHUS MATHHTHOTO TIIOJS  SIBJISIETCS
yCTpaHeHWe HJIM YMEHbLIEHHEe MArHUTHOH CBSI3H MeXAY
uenssmu A u B, npuBopsilee K ocaabaeHuI0 BO30YKIaeMbIX

B IIeNH 3. J. C. H TOKOB.
OT MOCTOSIHHOTO U MeIJIeHHO M3MEHSIOLerocs mepeMeH-
HOrO MAarTHHTHOTO HOJIs 3alIULIAIOTCS C NMOMOILBIO 3KPAHOB,
H3TOTOBJIEHHBIX U3 (peppomar-

— —— HUTHBIX MaTepHaJ/oB (nepmaJ-
—_ A 10 WiIH CTaJ'IH) ¢ 6oabuon
— 24— OTHOCHTEJNbHOMH MAarHuTHOA
— L~ nponunaemocrbio u. Ilpu Ha-

— . JINYHMH TAKOro 3KpaHa JHUHUU
—_— Nouemsu . MArHUTHOH MHAYKIHMH NPOXO-
—_— Habodku |__, AT B OCHOBHOM IIO €ro CTeH-
R

| kKam (puc. 2-8), koroprle 06-
[ agaloT ManbiM  MATHHTHBIM
CONPOTHBJIEHHEM IO CpaBHe-
HHIO C BO3AYIIHBIM MPOCTpaH-
CcTBOM BHYTpH 3KpaHna. Kaue-
CTBO SKPAHUPOBAHUS TaKHX
Puc. 2-8. [leiicTaue skpana, naro-  MOJEH 3aBHCUT OT MAarHUTHOH
TOBJIEHHOTO M3 (eppOMAarHUTHOrO IIPOHHLIAEMOCTH 3KpaHa Hu CO-
Marepuasa. NPOTUBJIEHHS] MAarHHTONPOBO-
Ia, KOTOpoe OyIEeT TeM MeHb-
ure, yeM TOJUIE 3KPAH U YeM MeHblle B HEM CTHIKOB M ILIBOB,
UAYIIHX TIONEPEK HamnpasJeHUs JHHUH MarHUTHOH WHAYK-
uuu. ATOT BUJ 3KPAHUPOBAHHS GYAEM Ha3bIBaTh WYHTUPO-
8aHUeM MAGHUTHO20 NOAS IKPAHOM.

DKpaHUpOBaHNE MNEPEMEHHOrO0 BBICOKOYACTOTHOTO Mar-
HUTHOTO IOJISl yallle BCero MPOM3BOLHUTCS C MOMOLIBIO 3Kpa-
HOB, M3TOTOBJIEHHBIX M3 HEMArHHTHBIX MeTaJ/s10B. OHO OCHO-
BaHO Ha MCNOJb30BAHUH TOT'O K€ SIBJEHHS MAarHHTHOH
UHAYKLUHH, KOTOPOe MPUBOJAUT K BO3OYKIEHHIO HaBeIeHHBIX
3. I. c. ¥ TOKoB. TakuM 06pa3oM, siBJleHUe MHAYKLHH, Bpe-
MEHHO KBa/JIu(ULUPOBAHHOE HAaMH KaK HeXeJjaTeldbHoe,
JlenaeTcsi ONsATh MOJIE3HBIM.

ITocTraBUM Ha ITYTH PAaBHOMEDHOTO MEePEMEHHOr0 MAaTHHT-
Horo nojst (puc. 2-9,a) MenHbli uUMIMHAD. B HeM B036y-
IATCS] TIepeMeHHBIe 3. 1. C., KOTOpPhle, B CBOIO OYepelb, CO3-
JalyT NepeMeHHble HHAYKUHOHHbIE BHXPeBble TOKH (TOKH
dyxo). MaruutHoe mosie 3THX TOKOB (puc. 2-9,6) Oymer
3aMKHYTBIM; BHYTPM ULWJIHHIpPAa OHO OYyIeT HamnpasJ/eHO
HaBcTpeuy BO3OYKJaloIIeMy IOJI0, a 3a ero npefenaMu —
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B Ty e CTOpOHY, uto u Bo3byxpatouiee fose. Pesyabru-
pyoiiee nose (puc. 2-9,8) okasbiBaercs ocnabJeHHBIM y HU-
JUHAPA W YCHJIEHHBIM BHe €ro, T. €. NPOHCXOLHT BbITECHE-
HMe TOJs M3 MPOCTPAHCTBA, 3aHUMAeMOro LHJIHHIPOM,
B ueM M 3aKJiouaercs ero skpaHupymoulee AeficrBue. Oue-
BHJIHO, UTO OHO OyIeT TeM
6oJibllle, yeM OoJsibllie CO3-
JaBaeMoe UHIMHAPOM 00- X
paTHOe MAarHHTHOe MoJIe H,
cJefoBaTeNbHO, 4eM 60Jib-
e MpOTeKamlliue MO HEMY
BHXPEBHE TOKH. IDTOT BHI
3KpaHHpOBaHUs OyleM Ha- a)
3bIBATh BbITECHEHUEeM mae-
HUTHO20 NOAS 3KPAHOM.
Buxpesbie TOKH B 3Kpa+
HUpYIOIleM LHJHHIApE pac-

2222

NpefensiioTcs HepaBHOMED-
HO MO €ro ceueHuio. ITO

BHI3bIBAETCA SIBJEHHEM II0- o)
BEPXHOCTHOTO sddekra ——

wm

(«ckun-3¢pdexra»),  Cyll- — ————
ML — s ——

HOCTB  KOTOPOTO
yaeTcsd B TOM, 4TO Ilepe-
MeHHOe MAarHuTHOe I0Je
ocnabJisieTcss HO Mepe Ipo-
HUKHOBEHHA B TJyOb Me-
TaJ/1a, TaK KaK BHYTPEHHHe 8
CJIOM 3KPaHUDYIOTCS BUXpe-
BHIMH TOKaMH, UHPKYJH- Puc. 2-9. BriTecHeHne MarautHo-
py}O[j_[HMp[ B HOBerHOCT- ro noJs BHUXDPEBBIMH TOKaMu
HBIX CJIOSIX. B SKpaHe.
Baarogapa nosepxHocT-
HOMY 3(deKTy NJOTHOCTb BHXPEBBIX TOKOB H HanpskKeH-
HOCTb NePeMeHHOr0 MaTHHUTHOTO MOJSl MO Mepe yrayOGJeHus
B MeTa/Jl NnajaeT MO 3KCIOHEHIHAJbHOMY 3aKOHY

%?

’<<<

X
[TroTHoCTH TOKA HA raybume x  ~ Xk (2-3)
[TroTHOCTH TOKA HA TOBEPXHOCTH ’
P
rue X, = ]/ Y 2-4
0 Peobmef 2-4)

— MOKasaTe/Ib YMeHbIIeHHd MOJIST U TOKA, KOTOPHIA Ha3bBa-
0T 3KBUBANEHTHOU 2AYyOUHOL NPOHUKHOBEHUA.
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3mech p — ynenpHOe CONPOTHBIEHHE MATEPHAA, OM - CM}
o — MarHuTHasi MPOHMIAeMOCTb BakKyyMa, paB-
Hast 1,256 108 en - e,
L — OTHOCHTE/NBHAA MarHuTHas IIPOHHLAEMOCTb
Marepuana;
[ —uacrora, 2y.

OueBUAHO, 4YTO BEJHUYHHON SKBHBAJEHTHON TJyOHHBI
HNPOHUKHOBEHMS] YNOGHO XapaKTepu30BaTh 3SKpPaHUPYIOLIHI
3(peKT BUXPEBBIX TOKOB. UeM MeHbIIe Xo, TeM OOJBIIH{
TOK TeyeT B IIOBEPXHOCTHBIX CJOSIX 3KpaHa, TeM GoJblie
CO3/laBaeMOe UM MAarHHTHOE IOJIe, BBITECHAKOLIEE U3 MPO-
CTPaHCTBA 3aHSITOrO 9KPAHOM, BHellHee [0Jle HCTOYHHKA Ha-
BOJKH.

Ecnu 3KpaH choelaH M3 HEMAarHWTHOTO MartepHana, TO
B BoipaxeHuu (2-4) u=1, sxpanupyomuii 3¢dexr onpene-
JsieTcsl TOJIbKO YIEeNbHBIM COIPOTHBJIEHHEM MaTepHana H
YacTOTON 3KPaHUPYeMOTO MOJIS.

Ecnu 3kpaH cienal u3 ¢heppOMarHUTHOrO MarepHana, To
IPH TPOYMX PAaBHBIX YCJOBUAX BHELWIHUM IONEM B HeM
Oymer UHAYKTHpPOBaTbCA Oojbiiass 3. A. c. Ojaromaps
60JIblIeH KOHUEHTPAMH MAarHUTHBIX CUJAOBBIX JuHHuUH. [lpu
OJMHAKOBOH yIeJbHOH NPOBOAUMOCTH MaTepuana yBe/IH-
yaTcsl BUXpPeBble TOKM, UTO NpHUBeJET K MeHblIed raybuHe
INPOHUKHOBEHHS M K Jy4ylleMy 3KpaHuUpywolleMy 3¢dexry.
OtuM O0O6BSICHAETCS HaJHYHE B 3HaMeHaTesle BHIDAaXKeHUS
(2-4) BenUUMHBI OTHOCHTEJBHOM MAarHUTHOH NPOHHIIAEMO-
CTH p. B pe3ysnbrare skpaHupyollee NeHCTBHE BHITECHEHHEM
MATHUTHOTO NOJs, AaBaeMoe JIOOBIM MeTajJiOM MarHHTHHIM

H HEMArHUTHBIM, XapaKTepPH3YETCs OTHOIIEHHEM %‘.

N3 Bripaxkenus (2-3) mocsie MOACTAHOBKM B HEro 3Have-
HUS X=Xy CcJeJyeT, 4YTO Ha TAy6HHe X, IMIOTHOCTD TOKAa U
HanpAXeHHOCTb MArHUTHOTO TOJIS1 MaJaloT B € Pas, T. €. J0
BeanuuHbl 1/2,72, cocrasaswomeii 0,37 oT MJOTHOCTH U Ha-
IPSAXKEHHOCTH Ha NMOBepXHOCTH. Tak Kak ocjabjeHue MOJs
Bcero B 2,72 pasa Ha TJayOHHe X, HENOCTATOYHO [JIs1
XapakTepUCTHKH 3KPaHUPYIOLIEro Matepuana, To MOJb3YIOT-
Csl ellle IBYM# BeJIMYHHAMH TJyOHHBI MPOHUKHOBEHHS Xo; U
Xo,01, XapakTepU3yOIIUMH TNajgeHue MJOTHOCTH TOKa M Ha-
npsxeHHoctTd noass B 10 u 100 pa3 or ux 3Havenuil Ha
MOBEPXHOCTH.
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Jlnst onpeneneHuss 3TUX BeJHYHH HAa OCHOBAHHM BRIpaxe-
HUsA (2-3) cocTaBHM ypaBHEHHS

_rot _ra
e =01 u e * =—0,01,

pelLIuB KOTOpPbIE, MOJYYHM

Xy =X,1n10=2,3x,,
X000 =X, 10 100==4,6x,. (2-5)

B rta6a. 2-1 npuBefeHH 3HAUeHHS TIyOMH NMPOHHKHOBE-
HUA [Js Pas3IuYHbIX 3KPAHHDYIOLINX MaTepHaJ/oB, pacCyH-
TaHHble o ¢Gopmynam (2-4) u (2-5). M3 srtux uudp cie-
LyeT, 4YTO sl BCeX BBICOKMX YacTOT, HauMHAasl C HamnasoHa
CPeIHUX BOJH, 5KpaH u3 JIO6GOro MPUMEHSEMOr0o MeTajjia
ronuuHo# 0,5—1,5 mm pefictByer BecbMa 3¢ derTuBHo. [1pu
BHI6OpE TOJLIMHBI M MaTepHana 3KpaHa ClaefyeT HCXOMHUThb
He W3 3JeKTPHUECKHX CBOHCTB MaTepuaJja, a PYKOBOACTBO-
BaTbCsl COOOpaXKEeHUIMHU MeXaHUYeCKOH MPOYHOCTH, XKECTKO-
CTH, CTOMKOCTM NPOTHB KOPPO3HH, YAOGCTBA CTHIKOBKH OT-
JeJbHBIX JeTajsell U OCYILeCTBJEHHUS] MeXLY HUMH Iepexof-
HBIX KOHTAKTOB C ‘MaJblM CONPOTHBJEHHEM, YIO6GCTBA
na#ku, CBapKu # Ip.

W3 pannbix Ta6auubl caeqyeT, YTO OJs YaCTOT BHILIE
10 M2y menunas u, rem 6oJee, cepe6psaHas mieHKa TOJIHHON
MeHee 0,1 mm naerT 3HAUUTENBHBIH 3KpaHUPYIOLUEH 3P deKT.
[Tosromy Ha uactortax Bbime 10 M2y BmoJsHe HOMYCTUMO
npUMeHeHHe 3KPaHOB M3 (hOJBIMPOBAHHOTO TeTHHAKCA HJIH
JIPYroro H30JSIMCHHOrO MaTepua/na ¢ HaHeceHHBIM Ha Hero
MEIHBIM WY CePeOPSHBIM MOKDHITHEM.

3HaueHus rIyOUHB TPOHUKHOBEHUS IJI CTAJH C OTHOCH-
TeJbHOH MAaTHUTHOH MPOHUIIAeMOCTbIO0 u=150 MOKAa3bIBAIOT, YTO
M Ha BBICOKHX YaCTOTaX CTaJb AaeT GOJBIINI SKPAHUPYIOLIHI
st dexT, yeM HeMarHuTHble MeTabl. OfHAKO B CiIyyae NpH-
MEeHeHHS SKPaHOB M3 CTAIHM HeOGXOQUMO YUUTHIBATD TO, YTO OHU
MOTYT BHOCHUTbH 3HAYHUTEJIbHBIE [IOTEPU B SKPAHHpPYEMEIEe IellH
BCJIELCTBUE GOJIBIIOTO YAEJbHOTO CONPOTHBJIEHHS P d ABJe-
HUS rHcTepe3uca. [losToMy Takue SKpaHBI NPHMEHHMBI
TOJBKO B TeX CJyyasx, KOrLa ¢ BHOCUMBIMH UMH HOTEPSAMH
MOZKHO He CUHTATBCH.

JlucroBasi crajb OOBIUHO He MPHMEHSIETCA B KAayeCTBE
CepJleYHHKOB BBHICOKOYACTOTHBIX KAaTylIeK, TaK KaK BHOCHT
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BecbMa GoJiblIHE MNOTepU. B 3THX cayuasx NPHMEHSIOT
CepIEeUYHHKH M3 MAaTrHHTOLMIJEKTPUKOB, KOTOPBIE MMEIOT Ma-
Jible TOTePH M Maayl0 OTHOCHUTEIbHYI0 MAaTHHTHYIO NPOHH-
1aeMOCTb W. B CBSI3M C 3THUM CyulecTByeT OwWHGOYHOE
MHeHHE O TOM, UTO W JIUCTOBOH CTa/IM PE3KO MajaeT C MOBBI-
IIIEHHEM YaCTOTHI, B TO BpeMs1 KaK MaJsioe H3MeHeHHe UHYKTUB-
HOCTH IIPH BHECEHHH JIUCTOBOH CTAJH B KaTyLIKy BHI3bIBAET-
Csl He CTOJBKO MajblM W, CKOJBKO pa3MardHiYHBaIOIIUM
neficTBHEM BHXPeBBIX TOKOB. B nuamasone uwacror 10—
100 Mey w™armuTHasi NPOHHIAeMOCTb CTaJH H3MeHseTCs
MaJo W He Moxer ymacth Huxe 50 [19].

B mocaennux aByx rpadax Taba. 2-1 mpuBeneHHl 3Ha-
YeHHs1 TAYOUHBI NPOHHKHOBEHHUS IJs CTald H HepMaJiaost
npu uacrorax 0,1—100 xey. 3HaueHHST  OTHOCHTENb-
HOH MarHuTHoH mpoHunaemoctu p=200 pmas craau
g w=12000 nmas nepMasnnos BrIOpaHBl MHHHMaJb-
HBIMH [ TOTO, 4YTOOBl IOJNYYHUTb ODHEHTHUPOBOUYHBIE
CpPaBHHTE/NbHbIE BEJWYHHBI TJYOHH MPOHUKHOBeHus. s
TOYHBIX PAaCYeTOB 3TH LUGPH He IPUTOAHEl, TaK Kak Cy-
IIeCTBYeT MHOTO COPTOB CTaJH M NEPMaJsJosl C PasjHYHBIMU
BeJHYMHAMH W, 3aBHCSLIMMH TakKXe OT HaNpsXKeHHOCTH
MATHHTHOTO IIOJsI, B KOTOPOM HaXOAMUTCA Marepuan. MMeer
CMBICJI OTMETHTb, UTO LEeJeco00pasHOCTb TOYHOrO pacyera
9KPaHHPYIOLIEro0 MaTepHaJja BeCbMa COMHUTE/IbHA.

2-4, ONHOBPEMEHHOE 3KPAHHPOBAHHUE MATHHTHOIO
U IJEKTPHYECKOroO MOJIEM

CpaBHUM 3KpaHupywollee [JellCTBHE MeTaJJH4IeCKOTO
JUCTA NPH SKPAHHDOBAHHM MAaTHUTHOTO U 3JeKTPHYECKOTO
noJjefi. 3mech Npexae BCEro MOXKHO OTMETHUTb, YTO TOKH,
NpoTeKalolie MO SKpally IOJ BJAMSHUEM MAarHMTHOTO IOJS,
3HAUMTEJbHO TNPEBOCXOASAT TOKM, HabJiofaeMble IPH 3Kpa-
HUPOBAHHH 3JEKTpHuecKoro nojs. IIpuynHOfi 3TOrO ABJAsET-
Cs TO, YTO TOKH, BO30yxKJaeMble B 3KpaHe MarHUTHBIM
[oJieM, MPOTEKalT B KOPOTKO3aMKHYTOM IOBEPXHOCTHOM
cJI0e Tejla CaMOro KpaHa, CONPOTHBJIEHHe KOTOPOro BeCcbMa
HeBeJIHKO, B TO BPEMs KaK B leNb TOKA, NPOTEKAIOILEro mpu
3JIEKTPHUECKOM S5KDAaHHPOBAHMH, BCerja BKJAIOUEHO COIpO-
THBJEHME €MKOCTH MeXJIy 3KpaHHpyeMOH TOuKO# H
5KPaHOM.

D} heKTHBHOCTb 3JEKTPUUECKOr0 3KPaHa MOYTH UEeJHKOM
ompenensieTcss HaJHYMeM KODOTKOTO 3aMBIKaHHSl MeXIy
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Ta6amma 2-1
Tay6uHa NPOHAKHOBeHHA Nnfl PAa3JHYHHIX SKPAHHDYIMHX

MaTepHaJoB
YaeabHOe | Ornoch- Fay6uHa NPOHHKHOBEHHS, MM
CONMDOTHS- | penpnast | Ya-
MeTtaan JIeHne P, | marnnTHas| croTa
on. M | npounuae- | f, 24 *0 *0,1 *0,01
M MOCTb M
105 | 0,21 0.42 0,98
10¢ | 0,067 0,154 0,308
Menp 0.0175 1 107 | 0.021 | 0.049 | 0.098
108 | 0,0067 | 0,0154 | 0,0308
10: 0.33 O,g l,g
10 0,124 0,285 0,57
Maryss | 0.06 1 10" | 0,039 | 0,09 | 0.18
108 | 0,0124 | 0,0285 | 0,057
105 | 0,275 0,64 1,28
o 10% | 0,088 0.20 0.4
Amomunuit) 0,03 1 10" | 0.0275 | 0.064 | 0.128
10 | 0,0088 0,020 0,04
105 — — —
10° | 0,023 0,053 0,106
Cranb 0.1 50 10" | 0,007 | 0,016 | 0.032
108 | 0,0023 0,0053 0,0106
102 | 1,1 2,5 5,0
102 | 0,35 0.8 1,6
Craab 0.1 200 10¢ | 011 0.95 0.5
105 | 0,035 0,08 0,16
10: 0,38 0.85 1,7
Mepwanmi| 0,65 | 12000 | O | 002, | 9:80. | 0:%
105 | 0,012 0,027 0,054

3KpaHOM U KopmycoMm mnpubopa. Ilpu skpanupoBaHum Mmar-
HUTHOTO NOJISI NpHCOeJUHEeHHe 5KPaHa K KOPIYCY COBepIIeH-
HO He M3MeHseT BeJMYMHBl BO30YXKAaeMbIX B 5KpPaHe TOKOB
U, CJIel0oBaTeJbHO, Ha 3()(eKTUBHOCTD MaTHUTHOIO 3KpaHH-
pOBaHUA He BJIHSET.

H3meneHne 4yacTtoThl He OKa3biBaeT BJHMSHUA Ha [eHCT-
BUE 3JIEKTPHYECKOTO 3KpaHa. TOYHO TaK e He3HaUHTEJNbHO
BJIUSIET yJeJbHAas NPOBOAHMOCTb MaTepuasa, U3 KOTOPOTO
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clenaH 3KpaH. MarHuTHOe 3KpaHMpOBaHHe LEJIMKOM 3aBl-
CHT OT yacToThl. UeM HHXe yacroTa, TeM cnabee jAeficTByer
MAarHUTHBIA 9KpaH, TeM GOJbLIEH TOJNLIMHEI PUXOLUTCS €ro
AeJaTh IJIsi JOCTHKEHHS] OLHOTO H TOTO e SKPaHUPYIOIIEro

s dekra.

Has cosnanus XOpomlo AeHCTBYIOLIETO 3KpaHa HEO6XO-
JAUMO Mpexje BCero YCBOUTH Clefyloliee.

1. BHympu wupeannHoro
NPOBOLHUKA, T. €. MPOBOI-
HUKa C 6ECKOHEUHO GO0Jb-
LIOH MPOBOAUMOCTBIO HIH vV Y
CONPOTHBJIEHHEM, DaBHBIM
HYJIIO, HEBO3MOXHO CYlle-
CTBOBaHNE nepeMeHHBIX
SJIEKTPHYECKHUX W MAaPHHUT- Puc. 2-10. [ToBepxHOCTHBIA oddekT
HEX Toeh. Ha pac. 210 oA nphsosend. nepeerun:
MOKa3aHa [JacTWHa u3 ° P Hfmpmemue' P
uleaqbHOTO  [IPOBOJHHUKA,

K KOTOpDOH INOJBeleHO Ime-
pemMenHoe Hanpskenue. Toku OyAyT mpoTeKatb N0 TO-
BEPXHOCTH, He IIDOHHKas B IMIyOHHY MeTaJssa, HeCMOTPS Ha
TO, YTO NYTh II0 NOBEPXHOCTH MJACTHHBl 3HAYHTEJbHO [JIHH-
Hee npaAMOro. B peajpHOM NMpOBONHHKE C KOHEUHOH NPOBO-
IHMOCTbIO NIOBEPXHOCTHBIH 3(pdeKT nposBaseTcs B MeHblIeH
CTeNeHH, 4eM B HJEaJbHOM, H CO-
! CTOHT B VMEHbUIEHHH BEJHYHHBI
, TOKa 10 Mepe yJoaJeHus OT IOBepX-
% % HOCTY MpOBOMHWKA. UeM BhIlle ya-
' £€TOTa, TeM O0OJIbllle BBITECHSIETCS
TOK Ha MOBEPXHOCTb NPOBOJHHKA R
TeM, CJefloBaTeNbHO, OJHXKe Ta-
Puc. 2-11. Tlposoguuk KOH NDOBOIHMK K MIeaJbHOMY IO
C TOKOM, TpOMyileHHsIi [OBEPXHOCTHOMY 3¢ dekTy. dTo X0-
Hepes OTBEPCTHE B HACANB-  POIIO HJJIIOCTPHpPYeTcs Uudpamuy,

HO TIPORDIAIEM MATe-  npuBeseHHbIMH B TaGaM. 2-1.

puaze. 2. Ecnu yepe3 OTBEPCTHE
B IJaCTHHE W3 MIeaJbHOTO fpoBONHWKA (pmc. 2-11)
[NPOTYCTHTh MPOBOX, HECYIUUA TOK BBICOKOH YacTOTHI,
TO B TIaCTUHE BO3GYASITCH TOBEPXHOCTHLIE TOKH Ta-
KO CHJIBI M TaKOr0 HanpaBJeHHss, YTO CyMMa ToO-
KOB, NIPOTEKAIOIIUX Yepe3 MONePeYHOe CeueHHe OTBEPCTHS,
Oymer paBHa HYJI0. DTO HEOGXOAUMO YYHTHIBATb NMPH yCTa-
HOBKe [1epeTOPOJKH, pPaslelsollell 5SKpaHupyeMoe IPOCTPaH-
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cTBO HA ABa oTceka (puc. 2-12). B Takom 3KpaHe BO3HU-
KaloT 6JyXHaiolide TOKH, CO3Jalolllie BbHICOKOYACTOTHbHIE
Da3HOCTH TMOTEHLHANOB MeXJy OTAEJIbHBIMH TOYKaMH
9KpaHa.

3. Ecnu ma nyru mne-
PEMEHHOrO0 MAarHHUTHOTO
noroka  (puc. 2-13) 2
YCTAHOBJIEH MeTaJlInye- [

i

L 0/ 4

CKHIl JIUCT M3 HJEeajbHO- v
ro NpOBOJHHKA C OTBEP-
CTHeM, TO CyMMapHbIH ~ AT
[OTOK uYepe3 OTBepCcTHe

6yaer paBeH Hym:0. DTG Puc. 2-12. BosnukHOBeHHE B 3KpaHe
03Hauaer, YTO YHCJIO 61y2K L2IOUINX TOKOB.
MAarHUTHBIX CHJIOBBIX

JUHNHA, BHIXOASIIMX M3 OTBEPCTHS, PaBHO UMCIYy JIMHHI,
BXOASAIIUX B HEro.

Ha ocnoBaHuu 3THX MOJIOXKEHHI, a TaK¥Xe M3 NpPAKTHUe-
CKHMX BHIBOJOB, M3JOXEHHHIX B KOHLe § 2-2, MOXKHO ycTa-
HOBMTb, UTO TeHepaTOp BBLICOKOH YacTOTBI BMeCTe C €ro

3JIeKTPONUTAHUEM, 3allH-
IIeHHBIH €O BCEX CTOPOH
9KPaHOM M3 XOpOLIo Npo-
BOAsALIEr0 MaTepuHana 6e3
OTBEpPCTUH, TNPH TOJILHHE
CTEHOK 3JKpaHa NOpANKa
1 mm, He JacT CHapyXH
HH  3JEKTPUYeCKOoro, HH
MArguTHOTO TIOJEH.

Zy

Ucmoyruk MauJipie oTBepCTHS MOY-
nepemerroen TH He YXY[IIAlT KayecmBo
MACH. nona

9KpaHa, TaK KakK COrJaacHo

puc. 2-13 MarHuTHOE IOJIE,
BLIXOHslIee W3 Majoro OfT-
BepcTHA, MOMXKeET OblThb 00-
HapyXKeHO TOJbKO BO/IH3U
orBepcTus. [IJNIMHHDLIE, Y3KHe LIeJH, OONYCTHMEBIE B 3JeK-
TPHYECKOM 2KpaHe, OMNacHbl B MAarHUTHOM, €CJlH OHH
HampasJieHBl [IONePeK HanpaBJeHHs BUXPEBHIX TOKOB
(puc. 2-14). B Tex ciyuasix, KOTAa 5KPaHUPYIOTCSl CIOXKHEBIE
3JeKTPHYECKHe UeNH, B KOTOPBIX HamnpaBJeHHs] MarHUTHBLIX
NOTOKOB MOTYT ObLITb CaMbiMU Pa3HOO6GPAa3HBIMH, CJIEAYeT
nu3berath QJMHHBIX Lieseli. s 3TOro :KejatelbHO OTAE/]b-
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Hble KPHIIKY M SKPAaHb! CKPEnAsTh APYr ¢ APYrOM H ¢ Kop-
nycom npubopa Tak, 4TOOb BO3MOXKHbIE IIeH He NPeBOCX0-
auan no gaue 0,25—1,0%. nauusl BonHb. Takoe ckpende-
HHEe MOJIe3HO M IJs SKPaHHPOBAHHA 3JEKTPUYECKOrO MOJ4,
TaK KakK OT KauecTBa MNpPHCOeJHWHEHHMS OTAeJbHBIX 4YacTed

Onacywas

gé’//é

Hanpabrerue
buxpeberx

maokob \

T~

=

—~Jdnacnse

weny
/

Hanpabnenue
Heonacraa MACKHUINHOEO0
wensy nomoxa

~_&

Puc. 2-14. BiusHue IJIMHHBIX Y3KHX Liedefl B sKkpade.

5KpaHa ApPYT K IPYrY, ONpelessiolero pa3HocTb MOTeHLHa-
JIOB MEXAY HHUMH, IMOYTH LEJTHUKOM 3aBHCHT KaueCTBO 3JeK-
TPHUYECKOr0 3KpaHa.

Oco6eHHO TILATENbHO HYXHO MOAXOXUTb K BHIGOPY KOH-
CTPYKLHY KPBIIIEK, TPUKPHIBAIOIINX OLHOBPEMEHHO HECKOJIb-
KO 9KpaHHPOBaHHBIX oTceKoB. [lyctb (pmec. 2-15) uernipe
orceka A, b, B u I', sKpaHupoBaHHbIE APYT OT Apyra mepe-
rOpOAKaMu, TNPUKPBIBAIOTCS OOIlell KPBHIUIKOH, HMelollel
XOpOLIMH KOHTAKT Mo nepuMerpy B Toukax / u 6. Ilpu cus-
TOH KpblliKe (puc. 2-15,8) HCTOYHMKM HABOJAKM U, pacro-
JoxeHHble B oTcekax A u b, cBsi3aHbl C NMpHEMHUKaMH Ha-
BOJIKH 7, PACIONOKEHHBIMH B oTcekax B u I', napasutHbIMHU
emroctamu Cy, Cy, C3 u Cy Tlpu HageBaHWH KPBILIKH
(puc. 2-15,6) nonyuaiorcsa emkoctu C’y, C’5, C’s u C’4 TOuEK
¢ W n ga kpuiuky. [Ipu pa6Gore Ha OTHOCHTENbHO HH3KOH
4acToTe, Ha KOTOPOi BJIMSIHHE HHAYKTUBHOTO CONDOTHBJE-
HUS KpPBHIUIKY M NEpPeXONHOTO CONDPOTHUBJEHHS KOHTAKTOB
B Toukax I u 6 He3HAuyuTeJbHO, 3TH €MKOCTH OKa3blBaIOTCH
COeIUHEHHBIMH C KOPNYCOM U KpBIIIKa MOYTH MOJHOCTBIO
ycTpaHdgeT MmapasuTHble HABOAKH.
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Ha BBICOKMX H, OCOGEHHO, YJBTPABBICOKHX YACTOTAX
TOUKH 4 M N OKa3blBAlOTCA ONATh CBI3aHHBLIMH uUepe3 Te Ke
emkoctn C’y, C’y, C’s u C’4 W UHAYKTHBHBIE JeJUTEH, obpa-

30BaHHBIe KpbIKOH. Taxk, e
Hanpumep (puc. 2-15,6 u -~ TR
2-16), HanpsXKeHHe HCTOY- /g"‘( ;,'.\" AN
HHKA, HaXOAALErocs B OT- AN R
ceke A, uepes mnepBuiit me- o | ¥, v¥s n‘ﬁ A
JIUTeNMb, COCTABJIEHHHIH H3 ~ ~ | | g
emkoctu C’; ¥ MHIYKTHB- p . P .
HOCTH Lo yuactka kpeiw- ¥ f t T
Ku 2—1, uepes BTODOIl Je- )| k| i) ke
JIUTeNb, cOCTaBieHHBH u3 0] | ybg UbE| ndB) ntr
uHAyKTHBHOCTER Los U Lsg ~ ~ G| el

YYacTKOB KpBIWKH 2—5 H
5—6, u uepes Tpetuit Ae- T O DiE ¥
JIUTEJNb, COCTABJEHHBIH U3

emkocreit C’y u Cs, mepe- 0 A b b r
naercsi B orcek I', B KOTO-

OM HaxXOJUTCS MTPHEMHHK
ga'BOJlKI/I. Tak Kaﬁ eMKO- R R ‘r 4
CTH C’], C’2, ,3 " C/4 3Ha- 2) A 6 8 r
YHTENBHO OOJblle eMKO-
crel Cl, C2, C3 H C4, TO
MOXeT 0Ka3aTbCs, YTO Ha-
JleBaHUE KDPBILIKH HE TOJb-
KO He ocjabur mapasur- 4 | A b B r
HYIO CBfI3b, HO Jla)Ke yBe-
JHUHT €€, HECMOTDA HA XO°  pu. 915 [Tapasurnas ceasb uepes
pomIHHM  KOHTAKT MEXAY OO6LIYI0 KPBIUKY.
KDBIIIKON U OTCEKOM.

J1s1 yCTpaHeHUs: 9TOr0 BUNA apasUTHON CBA3H K KPhIL-
Ke TpHKIeNnbBalT TIy6ku !(puc. 2-15,8), mamlnue KOH-

0 5l 5 4

5 4
n . Pmc. 2-16. xBuBanentHas
C 0//;;3/( CXeMa TapasHTHOH mnepenaud
iI

u 1
Omcex  ~ Ly Ls g
A l ’ ’ HaMpSKEHUs dYepe3 KPBILWKY.
1 §

=

TaKT C TPOMEXKYTOYHBIMH Neperopopkamu. Takoe pemeHne
obnanaer CleNYIOLIUMHE HELOCTATKAMHU:
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a) Heo6XOMMMOCTb TOUHOH YCTAHOBKHM 1ePEeropofiok M
ry60K 1 TOro, yTo6bl 0OECNeYUTh UX CONPSIXKEHUE;

6) BOo3MOXKHOCTb JedopmMauuu Ty6OK IpH HaJeBaHHU
KpBIIIKH;

B) HEOGXOJHUMOCTb INPHUMEHEHHs CIelHaJbHBIX XOPOIIO
NPYXKHUHAIIUX MaTepuaJsos;

T) HENOJHOe YyCTpaHeHHe M[MapasuTHOH CBSA3H, KOTOpOe
MOXeT MOJYYHTbCs OJarofapsi TOMy, YTO y4acToK, COCTOSI-
IIMA M3 YeTBlpeX I[epeXOJHBIX KOHTakToB I, 2, 8 u 4
(puc. 2-17), wyHTHpYeTCS NPSMBIM y4acCTKOM KDHIIIKH ab,

Npamod  cO83ebamwyui
MoK 10 Kpsiwne

AN L

Puc. 2-17. OcraTtoynast mapa-
7 3UTHasi CBfI3b NIPH COeJfUHe-
Hpsllux@  HMHM KPBILUKH € Neperopoakoi

Paslnsslan- 4, J KOHTaKTHBHIMH TyGKaMu.

wug mwg Ha
116peeopaoK
pecopoony flepeaopoina

yepes  KOTOPBIH  MOJyyaeTcss HEKOTopas OCTaTOyHas
CBSI3b.

Ot 3TuX HeNOCTaTKOB CBOGOAHO pelleHHe, NMOKa3aHHOe
Ha puc. 2-15,e, rlle KaxIblil OTCEK 3aKPBIBAETCS OTAEJbHOMH
KpHIIKO#. KpoMe TOro, B 3T0OM BapuaHTe He 0643aTeJbHO
UMETb XOPOLIMH KOHTAKT IO BCE MOBEPXHOCTH COMNPHKOCHO-
BEHUS] KPHIIKH C 35KPaHHPYEMBIM OTCEKOM; [OCTATOYHO
NPUKPENUTb ee B HECKOJbKHX TOUKaX.

Ecin 3aBeoMO H3BECTHO, YTO MCTOYHHKHM HABOJOK Ha-
xonsarcs B orcekax A u b, a npueMHUKM — B OTceKax B u I’
UM 4YTO CBSI3b MEXKAY KOHKPETHBIMH OTCEKaMM MeHee Olac-
Ha, 4yeM COBS3b MeXAY JAPYTHMU OTCeKaMH, TO MOXKHO YIpo-
CTHTb KOHCTDPYKUHIO, MPHMEHHB OOLIHe KDBIIIKU AJS [IBYX
WM GOJiee OTCEKOB, KaK 3TO II0Ka3aHo Ha puc. 2-15,0.

2-5. 9KPAHHPOBAHHUE MPOBOOOB

B mpocTpaHcTBe, OKpyXamwlleM NPOBOXA, COENUHSIOLIHH
reHepaTop mnepeMeHHoro HanpsikeHus U ¢ Harpyskoit Zy
(puc. 2-18), co3mgaiwoTcs mepeMeHHble 3JeKTPHUECKOe U Mar-
HuTHOe mnoJsd. OHM MOTYT OKas3aTbCsi MPUYHHONH HABOLKH
apa3uTHBIX HaNpsKeHUIl Ha HaxOAsIiuecs BOJIU3Y JeTauu.
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Hpumenenue npogoda ¢ dKpanupyroujel merassuieckoi
060104K0L, He COEOUHEHHOU C KOpnycom, HUKaxKoezo 3Kkpa-
Huposanus He Oaer. HanpsKeHHOCTb MArHUTHOTO MOJS HE
M3MeHHTCS, TaK Kak B 000M0YKe He MOTYT BO3HHUKHYTb J0O-
NOJHHTEJbHBIE TOKM, MarHUTHOE IIOJieé KOTOPHIX MOIJIO Gb
YMEHbUIHTb II0J€, CO3Aa-
N N'"NA BaeMOe OCHOBHBIM TO-
kom [ B mpoeome. Ha-
OPSIXKEHHOCTb  3JeKTPH-
U~ £ Z YeCKOro I[OJsd  TaKkKe
MOYTH HE W3MEHHUTCH,
Tak kak eMKkoctb Cp, KO-
Y224 /SIS Topylo HMeJ IPOBOL oT-
Puc. 2-18. dnexmpuueckoe u mar- HOCHTEJIBHO Kopmyca,
HHTHOE TOJMs B mTpocTpaHcrse, I[PH HAJHYHH OOOJNOYKH
OKpYy»XaollleM TPOBOL. pasjenauTcs Ha JBe I0-
clAeloBare/lbHO  COEMHU-
HEHHble €MKOCTH TpPOBOL — 060/104Ka u 060JI0YKa — KOp-
nyc. DTH eMKOCTH B CyMMe GYAYT JIMIIb HEMHOro G6O0Jblle
emkocTH Cp H3-3a BIHSHHS H30JSLHOHHOIO MarepHala
C JU3JEKTPUYECKOH mo- /

CTOSIHHOH €71 B mpo- AN
!—@ AN
U~

MEXYTKe MPOBOA — 060-
JIOUKa.

Ilpn COeIHHEeHUH
060JIOUKH € KODPIYCcOM
B Ji060H ORHON TOYKE
(puc. 2-19)  emKOCTb
o6oJ04Ka—KOpIyC OKa- a)
3bIBAaeTCS 3aMKHYTOH Ha-
KODOTKO, 'BCE 3JIEKTPH~
yecKoe moJjie KOHUEHTPH-
pyercs B €MKOCTH TIpO-
Bog—o060/I0uKa U BHeL-
Hee 3JIeKTPHUeCcKoe IoJje
oTcyTcTByer. Takoe co- 5)
eflMHEHHE DPE3KOo YBEJIH-
yuBaeT EMKOCTHBIA TOK,
NpoTeKaIIuA Mo Lenu
regeparop — TIPOBOL —
060/104Ka — KODIYC — reHepaTop, MHHYS MOJIe3HYI0 Halpy3-
Ky Zg Huast TOro 4To6GBl TOJHOCTBIO 3aIUUTHTL BHEIIHee
IPOCTPAHCTBO OT BO3JAEHCTBHS 9JEKTPHYECKOrO noJs, HeoO-
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Puc. 2-19. DOxpaHnpoBanue
TOJIbKO 3JIEKTPHUYECKOTO IMOJIf:
a — maoxoe; 6 — xopouiee.



XOIUMO OCOOEHHO TIIATEJIbHO BBINOJHATL COCNUHEHUE 000-
JIOYKM C KOpNYyCOM, uYepe3 KOTOPOe MPOTEKAaeT YKa3aHHBIM
€MKOCTHBIH TOK. 3/lechb COBEpIUEHHO HeJOMyCTHMBI COEIH-
HUTENbHble IPOBOJA JMIOGOH mauHbl. [logkiaouenne o6oJ0u-
KH JIOJI2KHO OCYLIECTBJAATBHCA MYTEM HeMNoCPeACTBEHHOro
KOHTAKTa, TPUMaiKod MJIM NpHBapKoil ee K Kopmycy. Co-
edurnernue 000A04KU € KOPNYCOM 8 OOHOU TOUKE He 0cCB80-
bosicdaer okpyscarouee NPOCTPARCTEO OT MASHUTHO20 NOAA.

bnok A - bnok b
s | Iyl wure) ‘ Z,
‘_I‘_'—I I bip (ne cbonouke)

Puc. 2-20. ITonHoe BKpPaHHPOBAHHE SJEKTPHYECKOTO M Mar-
HUTHOTO moJef.

51 5KpaHHPOBaHMSI MAarHUTHOTO NOJs1 HEOOXOJUMO CO3-
JlaTh MOJie TaKOH Ke BeJUUYMHB B 0OpaTHOrO HaNmpaBJeHMS.
Jnst 3TOrO HYXXHO BeCb OOpaTHBI TOK TeHepaTopa, KOTO-
peIil B cxeMe puc. 2-18 u 2-19 mpotekaer mo xopmycy npu-
6opa, HanpaBUTb Yepe3 SKPaHUPYIOLLYI0 0060JOYKY HPOBOLA.
Torga marHUTHBIH NOTOK ‘D, CO3LaBaeMBIH TOKOM [np,
IPOTEKAIIIUM MO NPOBOAY, OYyAeT paBeH MarHuTHOMY
noToKy @e6p, CO34aBaeMOMy OOGpaTHBIM TOKOM [o6p, MpOTE-
KaolUM 1o 060J04Ke, H B JIOOOH TOUKE OKpPYKaIOLIEro
TIPOCTPAaHCTBA BHIIOJHUTCH YCJIOBHE

(D'np.— (I)oﬁp =0.

Il MOMHOTO OCYLIECTBJIEHHS] 3TOTO MPHHLHUNA HeobXo-
dumo, 4robouL kpanupyrowas obosouka Goira eOCUHCTBeEH-
HbIM COeQUHEHUeM KOPRYcos OTCeKa 2eHeparopa U OTCeKa
Haepysku (puc. 2-20).

Ha uu3Kux yacToTax NONOJHHUTEJNbHOE COeIMHEHHEe KOp-
IyCuB HJIM YaCTHYHOE 3aMbIKaHue 060/10uKH (puc. 2-21) mo-
JXKeT HapyUHTb 3KpPaHMpPOBaHWE, TAK KaK IDH 3TOM YacTh
o6paTHOro ToKa OyAeT NpPOTeKaTb MOMHMO 06QJOYKH.

Ha Beicokux uacroTax 6/arojapsi mOBeDXHOCTHOMY 3¢-
tdexkTy o6paTHHI! TOK NPOTEKaeT B OCHOBHOM IO BHYTpEH-
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Hell moBepxHOCTH O6oJMOuKH (puc. 2-22), majas mo 3KCHO-
HEHLHAJbHOMY 3aKOHY NO Mepe NPHUGJIHKEHHS K HapyKHOH
noBepxHocTH. UeM BHIIle YacTOTa, TeM MeHbllle TMyOHHA
[IPOHUKHOBEHHS TOKA BHYTPb OOOJIOYKH, TeEM MEeHbIIAasl yacTb
TOKa MPOTEKAET M0 ee HAPYKHOH MOBEPXHOCTH U TEM MeHb-
me nposiBasiercs 3pdeKT HapylleHHs SKPaHHPOBAHHUSA IPH

Gnok A\ v/ [ni(zo wune)

bnokb | 2,

/

Puc. 2-21. HapymeHnne oKpaHHPOBKH NPH 3aMBIKAHHH KODITYCOB
npuGOpOB UMM WKpaHHpYIOIlell 060J0YKH NpoOBOxA.

HAPYXXHOM KODOTKOM 3aMblKaHHM o06osouku (puc. 2-21).
[Mpaktuueckn, ecam TJIy6HHA  NPOHUKHOBEHHS  Xo,o1
(ta6a. 2-1) MeHblle TOJIIUHBI CTEHOK SKpaHupymoulleld 060-
JIOYKH, TO TOK, IpoTEKaIOLLU N i

10 HapYXHOH TOBEPXHOCTH,

coctaBaser Menbme 1% ot

[OJHOTO TOKA, IPOTEKAIILEro

no o6oyiouke. DTOT TOK cO3/a- /

eT MeXJIy KoprmycaMu mpuoo- X

pPOB M OTJAEJbHBIMH TOUYKaMH
KpaHHpylollell 060J0UYKH Ha-
CTOJBKO MaJyl pasHOCTb II0-
TEHLHAJOB, YTO HapylleHHe
5KpPaHHPOBaHHUSI OT HaPYKHO-

ro KOPOTKOTO 3aMblKaHusi DHC. 2-22. Pacmpenenenne mior-

HOCTH TOKa MO KICTeHKe 3SKpaHH-

060JIOUKY Ha YacToTax BHILIE pyIOllef 0BONOTKH,
10 Mey mourun He Habawona-
ercs.

[pexje ueM NPHUMEHHTb NPOBOAA C SKPAHUPYIOLIUMH
OmnJIeTKaMH, He0OXOAHMO YYecTh CJeAylollue HX OCOGeHHO-
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CTH, KOTOpble MOTYT IIPUBECTH K HapyLUIeHHI0O HOPMaJbHOMH
paborsl npubopa.

Hannuue skpaHupymoleil 060J0YKH pe3KO YBeJHYHBaeT
eMKOCTb [IPOBOJla Ha KOpPIYC, YTO BCErLa HEXKeNaTeJbHO.

DKpaHUpPOBaHHBIE NPOBOLA 6oJiee TPOMO3JKH, HEYHOGHL!
IpH MOHTaxe H TPeGYIOT NpeNOXPaHEHHS OT CJaYyYaiHBIX
COeIMHEHHH C JADYTHMH J[eTasMH.

Jl1uHa KPaHHPOBAHHOTO yyacTKa AOMXKHA OLITb MEHb-
Ie 4YeTBEPTH AJHHBEI CAMOH KOPOTKO# BOJIHEI llepenaBaeMoro
o npoBojy curHaja. Ecau 3To yciaoBHe He co6Jonaercs,
TO IpHMeHeHNe S3KPaHHPOBAHHOTO NPOBOJA HEJNb3sl paccMar-
puBaTh Kax BBeleHHE MONOJHHTeNbHONH eMKoctu. Torna
5KPaHUPOBAHHBIA YyuacTOK OyieT IJHHHOH KOAaKCUaJbHOH
JuHMeH, Kotopas BO u3bexkanue BO3HHKHOBEHHS CTOSUHX
BOJIH JOJXHa OBITb HarpyKeHa Ha CONPOTHBJIEHHE, paBHOE
BOJIHOBOMY.

[TosToMy npuMelieHue 5KPaHHPOBAHHBIX NPOBOXOB BCEr-
JIa KpalHe HexesaTtelbHO. B Tex cayuasx, Korja sKpaHu-
pOBaHye NMPOM3BOAUTCH B Mpejesax C/HOIO MeTaJJHYeCKOro
KOXYxXa, ClelyeT PacCMOTpPeTb BCe BO3MOXHBIE BapHUAaHTHI
pelleHus 3ajauy, npexje 4eM NPUGETHYTb K 3KPaHHPOBAH-
HeIM npoBojaM. IIpu sToM moutu Bcerna Habinercs 6oJiee

BHITOJHBIYI BAPDHAHT U MOXHO 6yjer obolituch 6e3 5KpaHu-
POBaHHBIX IPOBOMOB.

Takum o6pa3oMm, 3KpaHUPOBaHHbIE NPOBOJA, KOAKCHAJb-
Hbele KabeJM W MHOTOXHJbHBIE 35KDAHUPOBAaHHbIe LIJAHTH
C 3KPaHHPOBAHHBIMM NPOBOJAMH BHYTPH WX CJEAYET UpPH-
MEHSITb TOJBbKO JJIS COeIHHEHUs OTAEJbHBIX GJIOKOB U y3J0B
Ipyr ¢ ApyroM. B 3Tom ciyuae skpaHHpOBaHHE [IPOBOLOB
BBIIOJIHSIET CJeAYIolle (PYHKIMU:

a) Mo3BoJIsieT OCBOOGOIUTHCS OT B3aUMHBIX MapPa3HUTHBIX
HaBOJOK BHYTPH JAHHOTO YCTPOHCTBA, COCTOSIIEr0 H3 He-
CKOJIBKHX GJIOKOB;

6) npenoxpaHsieT MHOTOGJIOUHBEIE YCTPOHCTBA OT mapa-
3UTHBIX HAROJOK CO CTOPOHBI JPYTHX NpPHOODOB;

B) NpeOXpaHseT OT Mapa3UTHHIX HABOLOK NPHUOOPHI, Ha-
XoJsIivecss B MPOCTPAHCTBe, OKpyXkKalollleM NaHHOEe MHOro-
6104HOE yCTpPOHCTBO.

BrimosiHeHWe Bcex 3THX (YHKIUN LEeTUKOM 3aBHCHT OT
KayecTBa NPHCOeNVHEHUs] SKPAaHHPYIOUIUX OMJIETOK K KOD-
nycaMm cOelMHsieMblXx NpuGOPOB. S

3HauuTeJbHOE YMeHbIIEeHHe BHELIHHX NMOJEeH MOXKHO Mo-
JqyuuTtb, He Npuberad K 5KPaHMPOBAaHHBIM KabessM, npu:
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MéHeHueM ABYXNPOBOLHOK JHHHH, MPOBOAA KOTOPOH CBUTHI
B IWIHYp. Takas JuHHUS JeHCTBYET XOPOILO, €CMH Mo 0GOUM
IpOBOZaM NPOTEKAIOT B NPOTHBONOJIOXKHBIE CTOPOHBI OJXH-
HaKOBble TOKH.

2-6. 9KPAHUPOBAHHE BbICOKOYACTOTHBIX KATYHIEK

IIpu sKpaHMpPOBAaHMH BBICOKOYACTOTHBIX KAaTyIEK MpH-
XOAUTCS paccMaTpuBaTb He TOJbKO HOJIE3HBIH SKpaHUpPYIO-
mui 3¢ ¢deKT 3KpaHa, HO U BPeJHOe ero AelcTBHe, 3aKJIO-

yaijolmeecss B yBeanue-
~— Lo —=
‘ HUU TNOTEPb KaTYLWIKH H

) a B yMEHDLIIEHHH ee HH-
|| 1 IyKTHBHOCTH. Paccma-

TpuBasg  MaTepuan H
Lok L ﬂ_& KOHCTPYKIHIO 3KpaHa C
x4z 5TOH  'TOYKH  3pEHHs,
J__ J MOXHO, 'HE BIaBasiCb B
N———~ ocobbie  MOAPOBGHOCTH,
Puc. 2-23. OxBusaneHTHBe pasmepnl YCTAHOBHTb, UTO BHOCH-
UMJHHAPHYECKONO H  MPSMOYyroJbHoro MBbI€ MM TIOTEPH 6yayT
5KPaHOB. BO3pacTaTb C YyBeJHYe-
HUEM VIeJbHOro COMpo-
THBJIEHHSI p MaTepuaja dKpaHa H C YMEHbIUEHHEM PacCTosi-
HHSI MEXIYy 3KPaHOM M 3KpaHupyeMmo# KaTywkoi. ITostomy
B TeXx CJyuyasix, KOr4a SKBHBAJIEHTHOE 3aTyXaHHe KOHTYpa
d, onpefensieTcsi B OCHOBHOM 3aTyXaHMEM KaTYLIKH H HEOO-
XOIHUMO HMeThb MaJjoe 3aTyXaHue, ClefyeT H36eraTtb MaJjiblx
pa3MepoB 3KpaHa, a B Kaue-

CTBE€ MarTepuana IIs Hero a—— Do =2Dkqm —>
NpUMEHSITb MeIb WJIH alio- T
MUHHH. 0,{51),,,,,,

[To Bompocy 3KpaHupOBa-
HUS KaTyliek Hmeercss 00-
WHpHAs JIATEPaTypa, CHHCOK 1T Tz _‘Jﬁﬂm""
KOTOpO# TmpHBeJeH B cIpa- ‘T

BOUHMKE 1O PagHOTEXHHKe
[2]. B sTOM XK€ cHpaBOYHHKE
JNaHbl OCHOBHBIE TIOJOXKEHHS T
3TOH JIHTEepaTypHI. 35 Dram

He npu6eras K nogpoGHO- i

MY PacCMOTPEHHIO BONPOCA,  pyc 2.24. Paameps KaTywxn i
MO2KHO YIOBJIETBOPUTEJNbHO 3KpaHa.

< Lram

< Lon = Unam™ Dram >
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CNPOEKTHPOBATL DKPAH AJs BHICOKOUACTOTHOM KaTyLIKH U
OLEHUThL JEHCTBHE er0 Ha KAaTyIIKy Ha OCHOBe CJeLyIOMIUX
MOJIOXKEHU .

DKpaHHPOBAaHHE MOXKHO OCYILIeCTBUTb NMPHMEHEHUEM IH-
JUHIPHYECKOr0 3KpaHa AnameTpoM Dy, uau 3KpaHa KBaj-
pPaTHOTO ceueHust co ctoporoit @ (puc. 2-23). Ecau npn atom
IJIHHA 5KPaHOB 'MpeBblllaeT AJHHY HAMOTKH KaTyLIKH, TO
06a THMa 3KPaHOB OYNYT 3KBUBAJEHTHBI NPH COOMIOLEHUH
COOTHOLUEHHU A

DQK: 1,2 a.

ToslHHA CTEHOK 3KpaHa [AO0MXKHA ObITb He MEHbIe TJy-
OUHBI IPOHHKHOBEHUS Xo0; (CM. TAba. 2-1).

PasMepnl LUJHHOPHYECKOTO 3KpaHa pallHOHAJIbHO BHI-
6upalb Tak, YTOOB CO BCEX CTOPOH 3a30D MEXAY SKPaHOM
W KaTYLIKOH OBblI He MeHbllle MOJOBHHBI AMaMeTpa KaTyLIKH
(puc. 2-24). Orcropa ciaenyer, YTO MHHUMaJbHbIE pasMepHl
3KpaHa JOJ/KHBl ObITb PaBHbI

Ds}( MHH — QDHaTa
lak MHH — lr(a'r ‘I‘ DxaT-

- [TomelileHye KaTYIIKH B 9KpaH C MHHUMAJbHBIMU pa3Me-
paMM yMeHbIIaeT HHIAYKTHBHOCThL ee Ha 15—18Y%, ecan
IJIMHA KaTYyIIKH BbiOpaHa B Npenenax

3D1<a'r > lxa'r >DR3T‘

JlononHuTeIbHBIE MOTEPH, BHOCHMBIE 3KPAHOM, 3KBHBA-
JIEHTHBI BKJIIOYEHHIO B KATYIIKY TOCJe0BATENbHO CONPOTHB-
JaeHns Ry, BeJMuMHA KOTOPOTO IPONOPLHOHAJbHA KODHIO
KBaJpaTHOMY H3 YacTOTHl M YIENbHOH NMPOBOAUMOCTH Mare-
puana 3KpaHa. DTH 1OTepH YAOOHO OLEHHBATb BHOCHMBIM
JOMOJTHATENbHEIM 3aTyXaHHEM

. Rox

":K——(\)L,

KoTopoe Gyner o6paTHO NMPONOPLUHOHANBHO KOPHIO KBajpaT-
HOMY M3 YaCTOTHl H HpPSIMO MPONOPLUHOHANBHO KODHIO KBal-
paTHOMy M3 YyAeJbHOH NPOBOAHMOCTH MaTepHala 3KpaHa.
[as KaTyuwkH, 3aK/JII0OUEHHON B MeIHBIH 3KpaH C MPUMEpHO
MHHHMAaJbHBIMH pa3MepaMH, BHOCHMOE IONOJHHTEJbHOE
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3aTyxanue Ha uyactote | Mey paBHO dy=3-10—% [1]. 3t0
OPHUBOAHT K BhIPAXKEHHIO, MM03BOJAIOLUIEMY OPHEHTHPOBOUHO
OLIEHUTb 3aTyXaHHe, BHOCHMOE 3KPaHOM:

T Mzy p
dox=23-10"*" e Voo (2-6)
31echb p/pM—OTHOILIeHHe yAEJbHOH NPOBOAUMOCTH NpHMEHEH-
HOrO0 MeTa/Jyia K YJAeJbHOH HPOBOJUMOCTH MEH; %‘i——

OTHOLIEHHe yacTOTel B | AMey K pabouell yacToTe KaTylIKH,
HU3MEPEHHOH B Merarepuax.

B GosbmMHCTBE CJy4aeB BHOCHMOE 3aTyXaHHe BechbMa
HeBeJNHKO. Tak, 32KpaHHDysd MeAbl0 KaTyllKy C 3aTyXaHHEM
d =0,01, na uyacroTe llél/laz; NOJIyyuM, YTO 3aTyXaHue) ee
3-10-% -2 __

W—&IO =3,

KaTymkn WHIYKTHBHOCTH CO3MAIOT MATHMTHBIH MOTOK,
HanpaBJIeHHbIH onpeneseHHbIM 00pa3oM, UTO CHelyeT YUH-
TBIBATh NPH YCTAHOBKE 3KPAHOB H NMPOEKTHPOBAHHH ILEJeH
IJ1sl BBIBOJA NMPOBOROB. Bce Ilean AOJXKHB OHITH pPacnofo-
JKeHbl Tak, uTOOBl OHM He NPENsTCTBOBANH NPOXOXKAEHHIO
BHXDPEBEIX TOKOB, ONpeNesIOIIUNX 3KPAHUPYIOWHH 3¢ deKT.
Ha puc. 2-25 u 2-26 npeacTaB/eHbl THIHYHBE CJOyYau
9KpaHHPOBAHMs KAaTyLIEeK M yKa3aHbl JOMYCTHMBIE W HEJIO-
NYCTHMble HaMpaBleHHs Liened.

=D

Puc. 2-25. Pacnonoxenue wenei
IJIS1 BHIBOJAA TMPOBOAOB U3 3KpaHupo- Puc. 2-26. Haznesanue 3xpaHoB
BAHHOH KaTyLIKH. Ha KaTyIIKH,

YXyAIIUTCA BCErO Ha

Bepio

Hebepro

DKpaHUPOBaHHE 3JeKTPHUECKOTO HOJsSI B PACCMOTPEHHOH
KOHCTPYKUMH 3KpaHa noJyuaercs 6e3 KaKUX-THOO NOMOJHH-
TeJbHBIX mnpucnocobnenuft. Heob6xomumo ToOABKO, 4TOOGBE
9KpaH GblJ XOPOLIO COeJHHEH ¢ KopnycoM npubopa. MHorza
TpebyeTcss BEIIOJHUTb 3KPAaHHDOBAaHHe TOJBKO 3JeKTpuye-
cKoro nosis. Takoe 3afianyue CTaBUTCS NPU KOHCTPYHPOBAHHH
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HEKOTOPBIX CIIeLHaJbHBIX BBICOKOYACTOTHBIX TpaHchopMaTo-
POB, B KOTOPHIX JOJI)KHAa OTCYTCTBOBAaTb €MKOCTHAsi CBsI3b
Mexay o6MmoTKamu. Pelllende 3Toft 3amauu 3akjaiodaercs
B OCBOOOXJEHHH 3KpaHa OT BHXDEBHIX TOKOB. Jlasi 3TOro

ero  H3rOTaB/IHBAIOT  He

bymagaum P ”3/7 0030,3_ pp CIVIOWHBIM, 2 COCTOSILAM
l2ika /7" W3 mapamnemsHo ymoxen-
HBIX TOHKHX W30JMDOBaH-

f HBIX (MPOBOMXHHKOB  (puc.
2-27), COeTHHEHHBIX OPYT C
IPYrOM H C KOPIYCOM TpH-
6opa TOJNBKO B OJHOH TOU-
Ke.

2-7. 3KPAHHPOBAHHUE

Bbibod 3 HU3KOYACTOTHbBIX
1800 dna
npucgedunENuR H CHJIOBbBIX
* Roprycy TPAHC®OPMATOPOB
Puc. 2-27. DneKTpHueoKH# 3KpaH, ‘B rtpanchopmatopax c

NPONYCKAIOUHA MaCHHTHOE TIoJIe. cepleyHuKaMH H3 Geppo-

MArHuTHbIX MartepuassoB
OCHOBHAsl TIOJIe3Hasi YacTb MAarHUTHOrO MOTOKA 3aMBIKaeT-
cs1 B cepmeyHuke. TolbKo HeGoJbLIasi 4acTb €ro B BHIE
MOTOKA pacCenBaHUSl 3axBaTHIBaeT OKpyxkKawollee Mpo-
CTPAHCTBO M sIBJAsieTCS] IPHYHHOM NapasHTHBIX HAaBOJOK.
Jllo6ble MepONpUSTHS, CBA3aHHBIE C YMEHbIIEHHEM PpacCeH-
BaHHA TpaHcopmaropa, NPUBOAST OJHOBPEMEHHO K YMEHb-
LIeHHIO NapasuTHLIX HaBogoK. OTciona ciaefyeT, UTo IepBLIM
HauboJlee CYyLIeCTBEHHBEIM 3KpaHOM TpaHchopmaTopa siB-
JisleTcs e€ro MarHHTONPOBOL.

YnyuuieHue MarHHTONPOBOAA, HOCTHraeMoe IIyTeM WpH-
MEHEHHS] MaTepUaaoOB C BBLICOKMM OTHOCHTENbHBIM KO3(¢u-
LMEeHTOM MAarHUTHON HPOHHIAEMOCTH W U YMeHblIeHHEM
BO3AYUIHBIX 3a30pPOB, BeleT K YMEHBLIEHHIO MNapa3uTHBIX
HaBOJOK. B Tex cayuasix, korma TpaHcopMaTop yCTaHaB-
JIUBAaeTCs TaK, UTO OH MOXKET OKa3aThbCsl HCTOUHHKOM HJH
NPUEMHHKOM  HaBOJKH, KOHCTPYKIHMSI MAarHUTONPOBOZAA
JLOJMKHA BHIOMDATbhCS HE TOJNBKO C TOUKH 3peHHs] KauecTBa
TpaHchopMarTopa, HO H C YYeTOM 3SKPaHHPYIOLIHX CBOHCTB
MAarHUTONPOBOAA.

JlanbHefiliee yMeHblleHHe BHEIIHEr0 MAarCHUTHOTO IMOJS
TpaHchopMaTopa MmoOJydyaeTcs INPH JOMOJHUTEJIbHOM €ro
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skpanuposanuu. [1pu sToM paccemBanue Tparcdopmartopa,
MOHHMaeMoe KakK OfMH M3 I[oKasaTelell ero KauecrBa M
onpejensiolilee 0XBaT OOL(MM MATHHTHBIM TNOTOKOM BCeX
06MOTOK, MOXeT M He yMeHbIIaTbCsl. DKPaHHDOBAHHE MO-
KeT 0C1a6aaTh TOJbKO BHEIFHee mole TpaHcopMa-
TOpa, COCpeOTOuMBAas ero B Npelenax skpaHa. HHoraa,
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Puc. 2-28. DddexTHBHOCT BKPAHUPOBAHHS HU3KHX YACTOT "pas-
JIMYHBIMH MaTepHaviaMH.

HacGOPOT, 3KpaH MOXKET YXYAUHUTb NapamMeTpPsl TPaHC-
¢opmaropa, BHOCH, HalpUMeEp, B HEro [OMOJHUTENLHbIE
MOTEPH.

s Beibopa Marepuana 3KpaHa ymoGHO MOJb30BAThCSA
KDHBBIMH, CHSITBIMH 3KCNEPHMEHTANTBHO A8 yactor ot 50 A0
4000 ey (puc. 2-28) [14]. Has cHsITHS 3TUX KPHUBHIX TPaHC-
¢opMarTop moMellaJscsi BO BHelIHee NePeMeHHOEe MarHHTHOE
nose W u3mepsinach 3. A. ¢. Eo, HaBomumasi ma OXHOM U3
ero oOMOTOK IIPH OTCYTCTBHH 3KpaHa, u 3. 1. ¢. E, naBogu-
Masi B TOH Xe OGMOTKe NpPH KPAaHWUPOBAHHHM TpaHcdop-
MaTopa MeJIHOH, NepMaaJoeBOH HJIHM CTalbHOH NpPsIMO-
yroabaoi KopobKo#. [Tox 3ppeKTHBHOCTBIO 3KPaHHPOBAHUSA
MOHHMAeTCsl OTHOLIEHKWE 3THX 3. [. C., BbIpaXKeHHOe B JelH-
fesax u paBHOe

201g Ei
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Ha puc. 2-28 BumHo, uto KpeMHHCTas cTalb ABIAETCA
NJOXHUM 3KPaHOM [UJIsi BCero pacCMaTPHBAeMOro NHanasoHa
yacTOT. BHINOJHS€Mble HHOTAA W3 3TOr0 M JAPYTHX COPTOB
CTai C HEBLICOKOM MArHMTHOIN NPOHHIIAEMOCTbIO KPBILIKH
M KOpoOKH aJsi TpaHCHOPMATOPOB CJEeyeT paccMaTpPHBATh

He Kak 3KpaH, a Kak 3alluTy
ggggg%%}/%%; tTpaHcopmaropa OT MexaHH-
YeCKHMX I[10BpeXAEeHHH.

JIdass  tpancdopmaTopos,
pa6oTarIllUX MPU 4acToTe ce-
td 50 ey, OTAENbHBIA MeIHbIH
HWIA aJlOMUHHEBBIM 3KpaH Cco-
BepileHHO He 3(GeKTHBeH.
Hecmotpst masro, H. M. Amo-
cesxo u J. M. Mypun [24]
OPUMEHHIU aJIOMHHHEBBI 1
KOPOTKO3aMKHYTBIl BHTOK H3
JIGHTB! TOJNIIMHON 3 MM W LLIH-

puHO#t 65 MM LIS 3KpaHUPO-
eyt ie S DaWAT CHIOROTO. TDaTOG0D-
savkHyTEM amomuHueBuM Bur-  Ma10Pd B TEIEBHSOpaX. Ta-
KOM. KOH BHTOK HajeBalcs Ha
CpelHiol0 uacTh Tpanchopma-
topa {puc. 2-29) u, no usMe-
peHHsIM aBTOPOB, YMEHbIIA] MAarHUTHOE [0Je pacCenBaHHdA
B MECTE pacOJOXEHHs 3JeKTPOHHO-Ny4eBOH TPYOKH Ha
12—16 06. 310 pacxox[eHHEe Pe3yJbTaTOB MOXHO O0bsIC-
HHTb TEM, UTO AJIOMHHHEBHIH BUTOK SIBJSJCS BTODPHIM 3Kpa-
HOM TIOC/Te CTalbHOro cepleuHuka TpaHchopmaropa. Ilo-
3TOMY 3JeCb HMeJCS IBYXCAOHHBIA 3KpaH B KOMOWHAUHUHU
CTaJb — AJIOMHHUH, MAIOLUUA MOBHILIEHHYIO 3P HEKTHBHOCTD
3KpaHHPOBAHHsI, UTO NMOKA3aHO HHXKE.

Bo Bcem nuanasone Huskux uacror 50—4000 ey xopoiuo
NelcTBYeT 3KpaH M3 MepMaanosi ¥ APYTHX CHeLHaJbHBIX
COpTOB (PeppPOMAaTHHTHEIX MAaTepPUaNOB C BEHICOKOH MAarHuT-
HOH TPOHHMLIAEMOCTbIO | W MaJbiM YyJAeJbHBIM CONPOTHBIE-
uuem p. ITo pesyabratam ['ycradcona [14] sxpanupymomas
KOpoGKa He NOJIKHA MJOTHO NMpHJIerath K cepleyHuKy TpaHC-
¢dopmartopa. I1pu 3a3ope npumepro B 3 mnm 3PHEKTHBHOCTD
9KpaHMPOBaHHs ToOJayuaercs Ha 15 00 BhllLle. ’

Ewe O6onee BelcOKass 3(P(PeKTHUBHOCTb 3KPaHHPOBAHHUSA
NOJyYaeTCsl MPH MCHOJb30BAaHHM MHOTOCJHONHBIX 3KPaHOB
C BO3IYIIHBIMHM 3a30paMHu. Tak, AJs HOCTOAHHOIO MAarHuT-
76
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Horo moJast (puc. 2-30) ABa KOHIEHTPUUECKHUX UHIMHIpA H3
teppomaruutHoro marepuana ¢ p=95000 npu HeH3MeHHOH
CyMMapHO# TOJIHHe 3KpaHa p [NAIT MaKCUManbHyo 30-
(eXTHBHOCTh 3KPAaHUPOBAHMS, €CIH 3a30D COCTaBJsieT MpHU-
MEepHO !/3 OT TOMILMHLI 3KpaHa p. Buurpelul, naBaemblil 3a-

p=254um

=~
& & 3

Ippekmubrocmd skpanupobanus,db

S

S

Yacmoma wynebas

0 ) ! 1 1 L 1 1 1 |
0 10 20 30 40 0. 60 70 8 90 100
Jdasop 8 % om cymmapnoid momyurbl, p

Puc. 2-30. DdderTHBHOCTb SKPaHHPOBAHHS ABYMS KOHLEHTPHYECKHMH
IMJIHHADAMH B 3aBHCHMOCTH OT BO3AYLIHOTO 3a3opa.

30poM, TeM GoJblle, ueM ToMLe 3KpaH. Tak, npu p=1,3 um
Oll TIOYTH He3aMerTeH, a mpu p=25 mm pocturaer 40 06.
ATH TeopeTHUECKHE KPHBBHIE MOATBEDKLAIOTCS 3JKCMepHMeH-
TalbHOM MPOBEPKON 3KpPaHUPOBaHUs TpaHodopmdTopa
ONHHM, ABYMsI ¥ TpeMsl (MepMaJJOeBbIMH LMJIHHADAMH
¢ KpHILIKamMu B guanasoxe uacror H0—4000 ey (14]. [1pu-
MEPHO TaKHe XKe pe3y/abTaThl mpHBeneHsl B padore Kamena
[1]1 nns mByxcaoioro cdepHYecKoro MarHHTOCTATHYECKOTO
3KpaHa ¢ BO3AYIIHbIM 3a30POM.

Haunyumu#t  skpanupyowmuii  3pdekr B [AnamnasoHe
gactor 3—100 key maer MHOrocJOHHBIN 3KpaH 6e3 BO3LYLI-
HBIX 3230pOB, BBINOJHEHHBIH U3 pPa3HbIX MeTalJa0B — (eppo-
MAarHuTHOTO ¥ HedeppoOMAarHUTHOTrO. 31eCb BO3MOXKHBI Pas-
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JAudHble BAPHAHTH: NEepMAaIoOh — Mefib, fHepmansiof —=
Melb — MepMaJjiiol, MeJb— nepMa/Jod — Melb, Melb —
cTalb — Menb ¥ Ap. lloBuilleHHe >DGHEKTHBHOCTH 3KPaHH-
pOBaHMS B 3THX CJIy4yasax OOBSICHSIETCS COOTBETCTBYIOILEH
ta3oit o6paTHOTO HeACTBHS OTAENbHEHIX CJI0€B 3KpaHa Jpyr
Ha Apyra.
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Puc. 2-31. 3ddexTuBHOCTb BKPAHUPOBAHHS DPEXCIONHBIM 9KPAHOM
Melb — CTajb — Me[b B SBaBHCHMOCTH OT TOJIUHHBI iCT2JBHOTO
cnost (mo Kapeny).

Takass KOHCTPYKIHsI 3KPaHOB mnoOAPOOHO pas3obpana
B autepatype {1, 14 u 25]. Ha puc. 2-31 naunl pe3yabTaThi
pa6or Kamena [l] mo pacuery TpexcJOiHOTO 3KpaHa
Mellb — CTajib — Melb NPH CYMMAapHOH TOJNLIMHE BCEX TpPex
cinoes 0,6 mm. VI3 KpPHUBBHIX 3TOTO PHCYHKA CJeNyeT, YTO BO
BceM auamnasone yactor 1—100 key TOMLIHHA KAXKIOTO CJOS
0,2 mm npaer HauGoabiuuit 3Kpauupyowuit 3pdexkr. dror
pesyanbrat onportectoBaH I'popneBeiM u Ceprefiuykom [25],
B paGore KoTophix (puc. 2-32) nmoka3aHo, UTO ONTHMaJbHas
TOJIIIMHA BCeX Tpex cjoeB 1o 0,2 mm cOOTBETCTBYET YacToTe
8 key. C moBblienneM pabouell yacTOTH ONTHMAJbHOE CO-
OTHOIIEKHe TOJILHH CJOEB CIABUTAeTC B CTODOHY yBelHue-
HUS TOJILMHBE CTAJbHOTO CJOS NPH YMeHbIIEHMH TOJLIHHH
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MenunXx caoes. Ha uacrorax Brime 100—200 x2y npumene-
HHe MHOTOCJONHBIX 5KPAaHOB TepseT CMBIC]A, TaK KaK ORLHO-
CJOMHBIN CTaJbHOM 3KpaH [daeT NOCTATOYHBI SKpaHUPYIO-

wuit 5 dexr.
Kak ykaswiBator I'ponseB u Cepreiiuyk, Npu4nHOH TaKo-
ro pacXOXJEeHHs] pacueroB siBaseTcsl TO, uTo Kanxen He yunu-
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Puc. 2-32. d¢ddeKkTHBHOCTL BKpaHUPOBAHHS
TPEXCNOHHBIM SKpPaHOM Melb — CTajb —
Melb B 3aBHCHMOCTH OT TOJIUIUHBEI CTalb-
Horo cnos (no I'pomneBy w Ceprefuyky).

ThiBaeT TOKOB ®YKO, BO3HHKAIOIIHX B CTAJbHOM CJOe, H
[0Jaraet, YTo 3TOT CJIOH HEeHCTBYET TOJNBKO 3a CUET LIYHTH-
pOBaHMS MATHHUTHOrO mOJs. IleACTBHTENBHO, MO KPHBBHIM
Kanena (puc. 2-31) monyuaercsi He3aBHCHMOCTb 3((HeEKTHB-
HOCTH 3KPAHHPOBAHHS OT YACTOTH NPH TOJLIHHE CTAJbHOTO
ciaost 0,6 mm, T. e. IpPH OTCYTCTBHH MeIHBIX cioeB. Hesep-
HOCTb TaKOro pe3yabTaTa BHAHa B Taba. 2-1, B Koropo#
NaHa rayGuHa NPOHHKHOBEeHHsS AJs ctanad npu pu=200. 13
TabauIbl cJeIyeT, YTO NpPH H3MEHEeHHWH 4YacToThl OT 1 J0o
100 key raybuHa NpOHMKHOBeHUS yMeHbluaeTcs B 10 pas u
yto Ha yactore 100 key mna ray6bune 0,16 mm WIOTHOCTB
TOKa cocraBiasier Bcero 1Y oOT TOKa, IpoTekalollero mo
' IOBEpPXHOCTH.
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B nuanasone 6onee Hu3Kkux yactor 50—500 ey xopouyro
3¢ dekTiBEOCTD 3KpaHupoBanust 75—90 06 MOXKHO MOJTYUHTH
[14], npuMeHHB 35KpaH M3 JBYX MNEPMaJJIOEBbIX KOPOGOK
C KpPb'IIKaMyu U OAHOH MedHOH KOPOOKOH MeXAYy HHMH NpH
TOJIIIHHE CTEHOK KaxXnoi KopoOku 0,8 mm.

Ilpn KOHCTPYHMPOBaHHH MHOTOCJOHHBIX KPaHOB HEOGXO-
JHMO YYUTBIBATh pa3jHuHBle (QYHKUHH, KOTOpPbIE HECYT OT-

Cmanbiod skpaw — Mednbud skpan
Nl

Lepleynuk \
mpancgop- 2 74

mamopa N1 —
>

mpaﬁcwop-—-<——§—-"‘

Mamopa

> 2

Puc. 2-33. DkpaHupoBaHue BXOLHOIO TpaHC-
tdopMaTOpa MeLHO-CTANbHLEIM SKDaHOM.

IleJbHBIE CJOU, pacrosarasi B HUX CTHIKM TakK, 4TOOBl OHH HE
CHHXKaJM 3KpaHupywouuit sdpdekr. [las atoro B 3KpaHupyio-
X 060J0YKAxX M3 MaTepHana ¢ BHICOKMM W, HEHCTBYIOLIHX
M0 NPHHUUNY IIYHTHPOBAHHS MAaTHHTHOTO MOTOKA, NONMYCTH-
MBI TOJIbKO CTBHIKH, MapaJ/iielbHble HANpPaBJIEHHIO MAarHHUT-
Horo noJs. B o6osoukax u3 marepuana C MaablM YAEAbHbIM
COMPOTHBJIEHHEM, AEHCTBYIOIIHX 32 CUET BHITECHEHHs Mar-
HUTHOTO TOTOKA BUXPEBHIMH TOKaMH, AOHYCTHMBl TOJBKO
CTBIKH, NapaJiebHble HANPaBAEHHIO BUXPEBHIX TOKOB, T. €.
NepleHIuKyAsipHble MarHuTHOMY Toaio. Tak, manpumep [1],
Npd KPaHUPOBAHMH BXOJHOTO TpaHcpopmMaTopa peKOMeH-
JIyeTcs: NMOMelllaTh €ro B JIBYXCIOHHBIH MeLHO-CTa/JbHOH
skpan (puc. 2-33) W pacnojaraTb B HeM Tak, YTOoOHl mJjoc-
KOCTb CTBIKOB B KPBIIIKax M3 cTajyu Obla mapaJjjelnbHa OCH
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KaTyLIKH TpaHc(hopMaropa, a MIOCKOCTb CTHIKOB B KpbILI-
Kax U3 MeJH MepNeHANKYAsIpHA OCH KATYILUKH.

B cu/I0BBIX U HH3KOYACTOTHBIX TpaHCGHOpPMATOpax 4acro
TpeOyeTcss YCTPAHUTb €MKOCTHYIO CBSI3b MEXIY NEPBHYHOM
H BCEMH BTODHUYHBIMH OOMOTKaMU. 3HAUHTENbHOE yMEHbIle-
HH€ TaKOH CBSI3M JaeT DPa3OMKHYTBIH BHUTOK H3 MeJHOH
¢osbry, NpOKIaAbIBaeMbll MeXAY OOMOTKAaMH IO Bcel
IJUHEe KaTymkd TpaHchopmaropa. Burtok coenunsercs
C CeplleYHHKOM TpaHchopMaTopa U ¢ KOPHycoM mpuopa H
JefcTByeT KakK 3J/eKTpocTaTHuecKuil 3kpaH. MHorma BMecto
BUTKA 43 (OJIbIM NPUMEHSEeTCS OJHOCAOHHAS 3KPaHHpPYIO-
Imasi HaMOTKa, OJUH KOHell KOTOPOH H30JUPYeTcs, a APYroi
coeluHsEeTCS ¢ KopmycoM. B ycrpoiictBax, paGorarmomux Ha
HU3KHUX 4aCTOTax ¥ B JHana3oHe AJMHHBIX M CPEIHHMX BOJH,
3KpaHupylomas o6MOTKa AeficTByer xopowo. B nuanasone
KODOTKHX H, OCOOEHHO, YJIbTPAaKOPOTKHX BOJH BHTOK H3
cdoneru peictByer 3ddeKTHBHEE 3KpaHUPYIOUEH OGMOTKH,
€CJIM TOJIBKO B HeM ofecneyeHa MaJjiast HUHLAYKTHBHOCTD IIHHE,
cayxallel JJisi NPHCOENUHEHUS K KOPIyCY.

2-8. PA3BSI3bIBAHHE LLENEX W ®HUJbTPALLUA
HANPS)XEHHUHX B MPOBOIOAX

IlpoBona, BHIXOLALIHE 13 JKPAHHMPOBAHHOTO OTCEKA,
BCETrIa HMEIOT HENOCPEeJCTBEHHYI0 MJM Mapa3uTHYIO CBA3b
C 3JIeMEeHTaMH CXeMBbl, HaXOASILIUMHCS BHYTPU oTceka. Oue-
BUJHO, JJIS1 INOJIHOTO 3KPAHUPOBAaHUSA HEOOXOXHMO, 4TOGHI
ROTEHYUAA 8bIX00AWUX U3 IKPAHA NPOBOD0B OTHOCUTEAbHO
akpana no Kaxdod axpanupyemot uacrtore O6bia pase
HYyAr0.

ITonHoe cobGmofenne 3TOro npasBuaa TpeOyeT NpUMeHe-
HUS CJOXKHBIX 3JEKTPHUECKHX (UABTPOB IJad KaKIOro
IIPOBOJA, BBHIXOASLIETO H3 3SKPAHHPOBAHHOI'O OTCEKA, YTO
CHJIBHO YCJIOXHSIET H yHopoxKaeTr npu6op. B To ke Bpems
NOJIHOE 3KPAaHHPOBAaHUE OTHENbHBIX KacKanoB mpubopa ujH
npubopoB B LeJOM OOBIYHO He SIBJAseTC 00653aTe/lbHBIM.
B GosbLIHHCTBE CJAyYaeB MOXKHO OTPAHUYUTHCS JIUIIb ONpe-
IeJIeHHBIM YMEHbIIEeHUEM HANpSIKEHUH Ha NPOBOLAX, COEJHU-
HSIOU{HX YYBCTBUTE/JbHbIE K HABOJKAM YYaCTKH CXEMBL

51 cHMXKeHHs] HAaNMps)KeHHH BBICOKOYACTOTHBIX HABOJOK
B NPOBOJAX, BLHIXOASILIHX K3 3KpaHa, B 3TH NPOBOJLA BKJIO-
4yaloT QUIbTPYIOLIKEe, WM Pa3BsA3bIBaOLINe, TUelKH, COCTOS-
liye M3 CONpOTUBAEHHE Zy, Z3, Zs W T. A., BKJIIOUEHHBIX
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[OC/eJ0BATENbHO B OfIMH U3 NMPOBOROB (puc. 2-34), u compo-
TUBJEHUR Zy, Zy, Zs W T. H., BKJIIOUEHHBIX I1apaJJejibHO
MeX Iy IPOBOJAOM H 5KpaHoM (xopnycoM). Beanunna nocie-
JOBATEJbHBIX CONPOTHBAEHUH /1 QUABTPYEMBIX YACTOT BHI-
6upaercss GoJbIIOH, a mapaJ/enbHblx — Majaod. Ilpu stom
GUABTPYIOLIYI0 Ilemb MOXHO paccMaTpPHBaThb KaK CEpHUIO
BKJ/IIOYEHHBIX APYT 3a JPYroM JenuTenell HanpsaxeHus. Eciu

zy Y 23 Uz 25 Uy

v & 4 Z

GII /177777777777, 4 UL, 2
Puc. 2-34. O6mas cxema QUIbTPYIOMEH (lenH.

HanpsikeHHe Ha TPOBOJE MO OTHOIIEHHIO K KODPNycCy IO
¢unbtpa pasuo U, T0 B pe3ynbraTe AEHCTBHS NEPBOrO JeJH-
TeJIsl, COCTOSILLEr0 M3 CONPOTHBAEHHH Z,, Z;, HanpsKeHHe
CHHU3UTCS IO BEJHYHHBI

_y b ayh
U=Uryzn=Va

[Tocsie BTOpOro penuTensi, COCTOSIIIETO M3 CONPOTHUBJEHHI
Z3y v Z4, HanpsixkeHnue GyneT paBHO

YAV

Uz:UZ;Z{

HaKOHeLI, IocJe n-ro ge/IuTe/ I Mellawliee HallpaA2KeHHe Ha
IpoBOJAE YMEHBUIIHUTCA OO BEJAUUYHUHDI

O6o3navas uyepe3 M BeJuuHHy, MOKa3bIBAIOILYIO, BO
CKOJIBKO pa3 HampsiXKeHHe Ha Bbixofe QUABTPYIOILEH lenu
MeHbIIIe HANPSXKEHUS HA BXOJE, NONYUYaeM

ZhZoZs. ..

M= Z3Z4Zo -y "
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B kauecrBe nocjefoBatenbHbIX CONPOTUBJEHHH (HIb-
TPYIOLEH LieNH NPUMEHSIOTCS HENPOBOJIOYHbIE IIOCTOSIHHbIE
CONMPOTHBJ/IEHHS MJIH KAaTyWKH MHAYKTHBHOCTH. Henpososou-
HBElEe CONPOTUBJEHHS YHOOHLI TEM, UTO BEJIHYHMHA HMX He 3a-
BUCHT OT 4aCTOTH B IIHPOKOM JAHaNasoHe BOJH OT caMbiX
JUIMHHBIX 10 YJAbBTpakopoTkKux. Kpome Toro, HemposoJsouHble
CONIPOTUBJIEHHS HMEIOT HeOOJbIIWe pa3MepPbl M JIELIEBHI.
[IpuMeHeHue cONpOTHBAEHHN B QUABTPYIOUIMX sS4YeHKax
OTpaHUYMBAETCA NMaJeHHEM Ha HHUX HANpPSXKEHHS He TOJbKO
9acTOT, NOAJexalux (GuabTpaluu, HO U HANPSKEHHH Tex
4acToT, AJIA Nepefayl KOTOPBIX NMpeflHa3HAYeHbl BLIXOAMALINE
U3 3KpaHa nposoja. [103ToMy CONPOTHB/IEHHUS IPUMEHAIOTCS
TOJILKO NPH MaJIBIX TOKaxX M BBICOKHX HaINpPSIXKEHUSX, Hepe-
JaBaeMblX MO0 (HUIbTPYEMOMY HpPOBOAY, B YaCTHOCTH, AJs
Pa3BsI3BIBAHUS AHOAHBIX W CETOYHBIX Lenefl 3JeKTPOHHBIX
Jamil.

Korma HemonycTumo BK/IIOUEHHE GOJbUIMX CONPOTHBJE-
HUH B IPOBOJ, BBIXOASLIHI M3 3KpaHa, NMPUMEHSAIOTCA Ka-
TYWKH HHAYKTHBHOCTH (Hpoccenn). Kak u3BecTHO, KaTyll-
KM HHAYKTHUBHOCTH HMEIOT COOCTBEHHYIO pacHpeleseHHYIO
€MKOCTb ¥ COGCTBEHHYIO PE30HAHCHYIO 4acToTy. BenencrBue
3TOr0 pEeaKTHBHOe, CONpPOTHBJEHHe JIOOOro Apoccetss mpu
H3MEHEHHH YacCTOThl CHaua/ja UMeeT HHAYKTHBHBIH XapakTep
U pacTeT C MOBBIIIEHHEM YacCTOTHl, 3aTeM IIPUHHUMAaeT Ma-
KCHMaJIbHOE 3HAYeHHe, N0C/e Yer0 OHO HMEET YXKe eMKOCT-
HBIH1 XapaKTep M C MOBBILIEHHEM YacTOTHl nmajpaet. [1pu nane-
HeAIIEM MOBBILIEHHH YaCTOTH JAPOCCEb, KakK H Jiobas ApY-
ras Lenb C pacnpefeNeHHBIMU NOCTOSHHBIMH, Ha HEKOTODPHIX
yacTorax Beaer ceGs KaK IOCTAEN0BATENbHBI PE30HAHCHBIH
KOHTYp. B 3ToM ciyuae COnpOTHB/EHHE JpPOCCENST MOXKET
JIOCTHraTh BeCbMa MaJlblX BEJHYUH ¥ NMO3TOMY GHUIBTPYIO-
iee AefcTBHE SYEHKH C JpocceneM Ha HEKOTOPHIX YacTOTaX
OKaXeTCs He3HAUUTENbHBIM.

Jlast Toro 4ToGHBl YaCTOTHAS XapAKTEePUCTHKA (UIBTPYIO-
e siuefiku Obljla paBHOMEDHOH BO BceM HeOOXOAHMOM AHa-
[a30He YacTOT, He CJeLyeT NPUMEHATb B HEH CJHIIKOM
GONBUIMX MHAYKTHBHOCTEH, @ UX COOGCTBEHHYIO PE30HAHCHYIO
yacToTy noabupaTh TakK, 4TOObl OHa Oblia BbllIe HJIH He
6osiee uem Ha 20—30% HuKe caMoil BHICOKOH M3 IOJaBJse-
MBIX 4acTOT. JJ BBICOKMX 4acTOT, JeXallluX B AuanasoHe
KOPOTKMX M METPOBBIX BOJIH, 3TO OrpaHHyeHHe NPHUBOAUT
K MPHEMEHEHHIO OJHOCIOMHBIX KaTyllleK MaJjoro auaMerpa,
TaK KaK OHM UMEIOT MHHHMMAaJbHYI0 eMKOCTb. Ecan Karymka
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HaMotana Ha KapKace u3 u30JALKUOHHOTO MaTepuana, TO
COrJIacHO 3KCIEepHUMEHTAJbHBIM JaHHBIM ee COOCTBEHHAas
IJIMHA BOJIHBl paBHA

A, =3I,
rae | — pjauHa npoBoga KaTYIIKH.

Uamge npuUMeHSIIOTCA OJHOCJOHMHBIE JNPOCCENH, HaMaTHl-
BaeMble Ha CTEPXKHU H3 MarHUTOAU3JeKTpukKa. Takue mpoc-
ce UMEIOT NPU TOH XKe MHAYKTUBHOCTH 3HAYUTENbHO MEHb-
iHe pa3Mepsl, YeM Jpoccesu Ge3 cepAeyHHKOB.

MoHTax gpoccesef CleayeT NPOU3BOLAUTDL C YUETOM JJIH-
HBl COEJMHUTE/bHBIX MNPOBOLOB, KOTODBIE BXOASIT B OGLIYIO
JUIMHY NPOBOAA, ONPEAESIOIYI0 COOGCTBEHHYIO JIUHY BOJHBI
npoccens. [TocsenoBaresbHOe cOeUHEHHEe Apocceel, pabo-
TAaOIIMX HAa YacTOTax, OJM3KHX K COOCTBEHHBIM, He J1aeT
yiayulieHusl aeficrBus QuabTpyOLIel gueilkd, a, Hao6OopoT,
HNPUBOLUT K TOMY, YTO HAa HEKOTOPBIX YaCTOTaxX CONPOTHB-
JIEHHE TI0C/AeN0BATE/NbHONH JPOCCEIbHON 4acTH (UJBTPaA OKa-
3bIBaeTCsd BeCbMa MaJabiM. Bo u3bexanue 3TOTO SIBJIEHHUSA
clefyeT ¢ 06OHX KOHIIOB KaXAOrO Jpoccesass BKJ/IIOYATh
GJIOKHPYIOUIHI KOHAEHCATOP.

B kauecTBe mapaJijie/ibHbIX COMPOTHRJAEHUN (Zg, Zy,...,)
IDUMEHSIOTCS KOHIEHCATOPH, C NOMOLIbIO KOTODHIX CO3-
JaeTcsi MUHUMAJbHO BO3MOXKHOE CONPOTHBJIEHHE NapaJliesb-
HBIX BeTBefl uabTpyrouux sueek. Ilpu BHIGOpE KOHAeHCa-
TOpa CAeLyeT YUUTHIBATH HE TOMBKO €MKOCTb, HO H COOCTBEH-
HYIO €r0 HHIAYKTHBHOCTb, BK/II09as HHAYKTUBHOCTb BBIBOJOB,
TaK KakK HHAYKTHBHOE CONPOTHBJIEHHEe KOHAEHcaropa Ipe-
BOCXOJHMT HHOrMa eMKocTHOe. Ha Hu3KuX yacToTax u B Aua-
na3oHe JUIMHHBIX BOJH NPUMEHAIOT OyMakKHble KOHJEHCATO-
pbl GOJbIION eMKOCTH J1060# KoHCcTpykKuuu. Ha xoporkux
i YJAbTPAKOPOTKHX BOJHAX YAOBJETBOPDHUTENbHO paboTaloT
CIIOJsSIHBIE KOHZEeHCAaTOphbl, KepaMHueckue, CIelUajJbHbIe
6e3BIHIYKIMOHHbIe OyMa)KHble u I/eHouHble. Ha 3Tux xe
BOJIHAX MDUMEHSIOTCS KepaMHuecKHe M GyMa’kKHble NPOXOJ-
Ible KOHJIEHCATOPHI, B KOTOPHIX BOBCE OTCYTCTBYIOT COE€AHU-
EUTeJNbHBIE mpoBoja. IIpu ¢uabTpauuu B WIHPOKOM AMana-
30HE YaCTOT HMHOrAa NPaKTHKyeTCs MapaJjJelbHOe BKIIOoye-
1€ KOHAEHCATOPOB Da3JHYHBIX THIIOB.

Onun u TOT Xe Koapduuuent ocnabaenus M moxer
GbITh MOJMyyeH Npu pasnuunbix BeauunHax L u C. Ins pa-
IMOHANBHOTO BHIGOpA 3THX BEJUYHH MOXKHO HCXOAHTb H3
ClelyIoU X NPeANOChlIOK:
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a) KOHCTPYKUHsA KaTylleK HHAYKTHBHOCTHM npoute u fe-
meBJe AN MaJlBIX TOKOB;

6) KOHCTPYKUHMS KOHIEHCATOPOB MpOIE H JEIIeBJe M
MaJiblX HalpskeHHH.

OTciona MOXHO 3aK/IOYHTb, YTO ecIH (uabTpyeMas
Lenb HeceT GOJBIIOA TOK MPH HU3KOM HANDSXKEHUH, TO CJe-
AyeT NpHUMeHATb GUAbTPYIOIME SAYEHKH ¢ MaJbIMH HHAYK-
TUBHOCTAMH H O6O0JblIMMH eMKoctsMu. Hao6Gopor, ecau
¢bunbTpyemMasn Lenb paGoOTaeT NPH BEICOKOM HaNPSKEHUH, TO
clelyeT NMPUMEHATb MaKCHMaJbHO NONYCTUMbIE HHAYKTHB-
HOCTH U He6OJIbLINE EMKOCTH.

IIpu BHIGOpe cXeMbl H KOHCTPYKLHH (HIBTPYIOLIUX
AdeeKk HeOOXOAUMO J0OUBATBCA MHUHHMMAJBHOI'O KOJHYECTBA
Jerasnedi. ITO HYKIIO He TOJNBKO M3 SKOHOMHUUECKHX coobpa-
JKEeHHH, HO M MOTOMY, 4TO KaxOas AUWHASL 0eTans, nalka,
nepexoOHOl KOHTAKT, USOAATOP CHUNAIOT HAOEIHHOCTb Npu-
6opa, Tak Kak uem GoJsblue HeTastell B NpuGope, TeM GOJb-
ule BEPOSITHOCTb TOTO, UTO KaKas-HUOYAb M3 HUX BBIAJET
U3 CTpoA.

2-9. MOHTA)X ®HJbTPYIOUIUX SAYEEK

PauucHanbHEII MOHTa)X GUJIBTPYIOUIMX SYEEK HMeeT
nepBocTeneHHoe 3HauyeHde. IIpn mnjoxom MoHTaxe paxe
OYeHb CJOXKHBII QUABTP MOXKET AaTh JULIb HE3HAUHTENBHOE
ociabjenne GUIABTPYEMOrO HaNpsAXKEeHHS.

™~

3 L, ¢ e

T T"

174
h 7 \A
L

Puc. 2-35. HeBepHEII MOHTaX [JBYX-
s9eeyHoro (PHIbTpaA.

Ilns npuMepa pacCMOTPHM HENPaBHJIBHO CMOHTHPOBAH-
HblHl ABYyxsiueeuHblft ¢uabtp (puc. 2-35), paGoraromwuil Ha
yactore [o=6 Mey. [lauHble ¢uabrpa: Li=L,=L=
=100 mren; C,=Cy=C=0,05 mKk(p; BHyTpEHHee CONPOTHB-
JeHue reseparopa Ryz=100 ox.
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PaccuutaeMm kosdpduunent ocnabaenus:

__ZlZaZs__ 53T 2 P
M=77.2,="CL'Rou=

= (2m)°-6°-10%.5°-10-2*.10 -*. 10>~ 10"°.

Ha ocnoBanuu pacuera 3TOT (uAbTp HOJNIKEH J1aBaTb
ocnabnenue B 10'° pas. Ha npakTtuke Gyner mosyueHo 3Ha-
YUTEJBHO MeHblIee ocnalbleHle U3-3a CAeLyOUNX Ae(eKToB
MOHTaXa.

1. ®unprpyeMoe nanpsikenue U MpuaoKeHO MOJHOCTHIO
K menu abe. Ecnn yuactok Montaxa bec umeer aauny 30 um,
-TO €ro HHAYKTHBHOCTb paBHa npuMepHo 0,03 mker
(ta6a. 1-1) u conpotuBnenue wlyc=1 om. [Ipu BHyTpeHHEM
conpoTuByeHud renepatopa 100 om, npenebperas CONPOTUB-

1
JE€HUEeM KOHIEHCaTOpa ot z0,5 om, IIoJlydaeM, 4YTO HA
1

yuactke bc magaer 0,01 GuIbTPYyeMOro HaNpAXKEHHUS TeHe-
paTopa. DTo HanpsKeHue yepe3 KonpeHcatop Cs, CONMPOTUB-
JIEHHEM KOTODOTO TaK¥Ke MOXKHO NpeHeOpeub, OKa3blBaeTCs
NPUIOXKEHHBIM K BHIXOAY. B pesyabrate XKo3(duuuent
ociabnenuss puaptpa M paBen 100. Takum o6pasom, u3-3a
BJUSHHA TOJBKO OMHOI0 HEeMpaBHU/IbHO OMOHTHPOBAHHOTO
yuacrka bc ocnabneHne ¢uibTpa ymenbmaercs B 108
pas.

2. Mexny nmpoccensimu Ly u L, nmeercs HHAYKTHBHAs
cBsi3b. TOK, npoxOAsIiui no gpoccenaio L, Bo36yauT B Apoc-
cese Lo JONOJHHUTENBHYIO 3. . C., KOTOpas MpPHUBEIET
K JaJbHeHIIeMy CHHXKEHHIO Koddduuuenta M.

3. Mexay TOYKAMH C MAKCHMaJbHOH Da3HOCTBIO MOTEH-
uuajaoB a ¥ d CyllecTBYeT HEKOTOpas IapasuTHAs eMKOCTb,
KOTOpasi Takxe YXYAWHUT AeficTBhe ¢puabTpa. JIerko moacuu-
TaTh, 4yTO npu napasutHo#l eMkocTd 0,005 n¢ KO3 GuLHEHT
ocnabaenus ¢uabtpa cmusurces ¢ 109 mo 107, 1. e. yxyn-
uutest B 1000 pas.

4. HenpaBu/bHO BHIIIOJHEH MOHTaXK KOHIEHCATODPOB, IIO-
C/1el0OBATEJNbHO ¢ KOTOPBIMH BKJ/IIOUeHB! OOJblINe KYCKH MOH-
TaxKHOro mnposoga. Tak KaK CONPOTHBJEHHE €MKOCTHOH
BeTBH paBHO 0,5 OM, a MHAYKTHBHOE COMPOTHBJIEHHe 1 cm
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MOHTaXHOTO nposojga pasuo 0,3 oM, TO ZOCTATOYHO CHenaTh
IJUHY COEIMHMTEJNbHBIX KOHIOB paBHOH 2—3 cm, 4TOOH
CONMpPOTHUB/IEHHE €MKOCTHOH BEeTBH YBEJMUYHJIOCH IO CpaBHe-
HUIO C PacueTHbIM M BequunHa M yMeHbIIHIACh.
Ha puc. 2-36 oTaenbHO NOKa3aHbl BEPHBIH U HEBEPHBIH
MOHTaX KOHJEHCAaTOPOB.
5. IIpoBox hf, MOHTaxK KOTOPOTO BBINOJIHEH HCXOAA H3
OmKGOYHBIX pacCyXJeHuH 00 yMeHbLIEHHH TOKa MO KOp-
nycy Tpubopa, NPOXORHUT

AN BOJIM3H TOYEK C BBICOKUM
tebepno 0€M norenunanom. Hs-za em-
T T KOCTHOH CBSI3W B HEM Ha-
T T BOAATCS INEepeMEHHbe Ha-

. NpsKeHds,  NomajfaroLue

Puc. 2-36. Bepanit u Hesep- HEMOCPeNCTBEHHO Ha BbI-

HBI MOHTaX (UJIbTPYIOILEro

KOHJleHcaTopa. xon. Takum ofpasom, HE

TOJIbKO OCHOBHOH TOKOHE-
CyllHH TMpOBOA € '0Kasbl-
BaeTcsl 70 TOTEHIHAJOM BBICOKOH YacCTOTHI, HO M MPOBOI,
MPHUCOEIWHEHHBIN K KOPIYCY.

Ha puc. 2-37 nokasad NOpaBU/JBHO BBINOJHEHHBIH MOH-
Tax JABYXsS4eeyHOro (GHUAbTPA, JHUIIEHHBIH ONUCAHHBIX HELO-
craTtkoB. Takoifl MOHTaX MPH COOTBETCTBYIOILEM MOADHOpE
Beanund L u C ¢ yuerom OCTAaTOYHON NapasuTHOM €MKOCTH
MEXAY BXONHBIMH ¥ BBIXOZHBIMHU NPOBOAAMH MOXKET JAaTh
CHHXKEHUE TOJaB/JIsSEMOTO HAMNpPSI)KEHHsl BBICOKOH YacTOTH
B 106—108 pas.

IIpn MoHTaxe QUABTPYIOUINX SUeeK, a TaKXe NP APY-
rHX BHJAAX MOHTaxa pa- :

IHOTPUOOPOB JOBOJLHO Ya- L N L |

CTO IPUMEHsIeTCsT OAHOTO-
YeyHOe [PHCOEIHHEHHE K
Kopmycy (puc.  2-38).
MonTax cxembl puc. 2-38
BHIMOJNHEH HA OCHOBaHHH
omu6ouHot umex 06 H3- Puc. 2-37. IlpaBuJbHBEIE MOH-
GaBJEeHHH OT TOKOB, TEKY- Tax JBYXsueeUyHOro (HIbTpa.
IMX N0 Kopmycy npuéopa.

Kak Gbuio nokasano B § 2-3 u 2-4, 6iaaronaps NOBepPXHO-
cTHOMY 3((EKTy TOKH, TpOTeKalole 10 KOpmycy mpubopa,
He YrIy6AsIOTCS B TOJILY MaTepHasa, HAyT BCeria mo Io-
BEPXHOCTH M uepe3 Te Ke OTBEPCTHSH, 4TO M TOKOHECYIIue
npOoBOAHHKH. [109TOMY HHKAKOro YJY4lIEHWS C TOUKH 3pe-
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HUS YMEHbIUIEHHs TOKOB IO KOPMYCYy MPHGOpa TakKoe IPHCO-
efuHenue He paer. C APYrofl CTOPOHBI, IJA TOTO uTOGLI
BBINOJIHUTb ~ OAHOTOYEYHOE TIPUCOEAHHEHHE, MNPUXOAUTCS
YAJHUHATh BIBOJbLl KOHAEHCATOPOB, YTO YXYAIUaeT AeilcTBHE
¢unprpa. Boobuie B JuTeparype, OCO6EHHO B PalHOTIOOH-
TEJIbCKOH, 9acTO DPEKOMEHAVIOTCS (PasJUuYHble BHITOLHBIE
KOMOMHAIMY TIPHCOEIHHEHHST K KOpIycy. B GOJbIIHHCTBE

0 ey L

Puc. 2-38. HeBepHblfl MoHTaxx ¢uJbTpa
C OJHOTOYEUHEIM MPHCOGIUHEHHEM K KOp-
mycy.

c/lyyaeB 3TH KOMOWHAllMW WM He JIal0T HHKakKoro s¢gdexra
WM TPHUBOASIT K OTDPUIATEJNbHBIM pe3y/jbTaTaM, TakK Kak
NPaKTUYECKHU MOUYTH HEBO3MOXKHO ONPENETUTh AEHCTBUTE/b-
HO HYXXHble HamnpaB/JeHus OCHOBHOTO TOKa mpubopa (T. e.
TOKa, TEKYLIero TOo MpOBOAAM M AETaasiM) ¥ JONOJHHUTENb-
HOTO TOKa, BO3HHUKAIOLIEr0 3a CcueT MapasuTHbIX CBs3ell.
ITosToMy OCHOBHGIM npasusom MOHTaNQ cAedYyeT CHUTATH
npucoedunenue Oerarell u nposodos Kk Kopnycy npubopa
8 Oauxcatiwer; To4xke. Ilpy BBIMOJHEHHH TIPUCOEIHHEHUS
K KOpmycy He ciaenyer 3abbiBaTh 00 HHIYKTUBHOCTH KOp-
IIyCHOTO JIENEeCTKa MW ChnenuanbHOTo OTrH6a. dta HHAYK-
THBHOCTb MOJKET JaTh HEYUUTHIBAEMYIO M HEXKEJIaTeJNbHYIO
CBsI3b BHJA, MOKa3aHHOrO Ha puc. 2-35 (yuacrok bc). Ilo-
S5TOMY JIyyllleé BCEro KaXkJ0e TPUCOeNHHEHHE K KOpIycy
JlesaTh Ha OTAEJbHOM JIeNecTKe.

2-10. 9KPAHUPOBAHUE U OXJIA)KOEHHE
NPHEMHO-YCHJIUTEJIbHBIX 3JIEKTPOHHBIX JIAMI

DIeKTPOHHBIE JIaMNbl C OOBIYHEIM OKTaJbHBIM IIOKOJIEM,
a TakXe JaMNbl MaJbYHKOBOTO THIIA SIBJISIOTCS CMEHHBIMU
sJeMeHTaMu paxuoannapatypel. OHU pacmosararTcs B J10-
CTYNHOH YacTH npubopa uacTo OGJM3KO OJHA OT JPYroi.
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OT1o MoOXeT CAYMUTh NMPUUHHOK 3HAUMTEJbHBIX [tapa3uTHbIX
HaBOJOK B OCHOBHOM 3a CYeT €MKOCTHOH CBSI3M JlaMIl JpYTr
C IpPYroM H C BHEIIHMMH UensMu. [las ycTpaHeHHs 3TOl
CBA3M Ha JaMIbl HaJeBalOT 3JEKTDOCTAaTHUECKHE 3KDaHbl.
Haanyue sKkpaHa MeHsIeT TeMIepaTypPHbIH peXxHM JaMIbl H
IpU HeyNayHOl ero KOHCTPYKUMH BeJeT K COKpalleHHIO
CpoKa CJayXKOBl JaMIbl.

BecuoKo/bHble CBEPXMHHUATIODHbIE 3JEKTPOHHBIE JaM-
Iibl, BBIBOABI KOTOPBIX pAacCCUUTaHBl AJIi HPHCOEJHHEHHS
K CXeéMe NYyTeM MNaiiK{, MOXHO INOMelllaTb BHYTPH 3KpaHM-
pPOBaHHBIX OTCEKOB. B 3TOM ciayuae OHM MOTYT He HMeThb
HHJIWBUAyadbHBIX 3KpaHoB. Ho pasmelllenne jsamn B Tec-
HOM, IJIOXO BEHTH/IMPYEMOM OTCEKe MOXKET IIDHBEeCTH K Ie-
perpeBy He TOJIbKO JiaMIl, HO H BCeX OKDYyXKalOIUX AeTaJseH.

3ajaya 5KpaHUPOBAHUA 3JEKTPOHHHIX JamMn 6Ge3 yueTa
BJUSIHUS 3KpaHa Ha HX TeMIepaTypHBIH peXHM MOXKET
ObITb pellleHa 3J1eMEHTaPHO IIPOCTO B COOTBETCTBHUH C NpPHH-
LUIIaMH 3J€KTPOCTATHYECKOTO 3KDaHHPOBAHUSA, H3JIOXKEH-
HeIMA B § 2-2. [Ipu TakoM pacCMOTPEHHH OKa3blBaeTcs IIpH-
rogHo#l Jwo6asi KOHCTDYKLUMS 3KpaHa, JHUMb Obl OH OblI
JOCTAaTOYHO XOpOWIO MNpHCOeNHHEH K Kopmycy npubopa Hu
He HMeJ CadmkoM OO0JbIIHX OTBepcTHil. ToJBKO aHanu3
OXJaXKJeHUs JaMIbl B 3KpaHax pasjHYHOH KOHCTDYKLHH
1103BOJIseT HANTH MpaBu/ibHOEe pewleHHe 3axaud. Obe mpo-
6/1eMbl — 3JIEKTPOTEXHHUECKAss U TemjaoBas — JOJIXKHbI pac-
CcMaTpuBaThCA coBMecTHO. HuxXe wusmaraloTcs OCHOBHBIE
HUTOTH paboT NO JSKPAHUPOBAHHIO U OXJAaXJEHHUIO JaMll
[13, 26].

JlonroBeyHOCTh ¥ YCTOHYHBOCTH DPabOThl 3JEKTPOHHOH
JaMIbl B 3HAYUTENbHOH CTeNneHU 3aBUCHUT OT TeMIIepaTyphbl
6ajsiona. Ilpu paboTe B HNOBHILIEHHOM TEMIEPATypHOM pe-
XKHUME MOXKET IIPOMCXOJHUTh: a) YCHUJEHHOe BBIIEJEHHEe rasa
U3 CcTeHOK 0a/ijioHa, NPUBOJsllee K HapyUIEHHUIO BaKyyMa;
6) HapyweHHe paGoThl ra30NOIJIOTUTENS, HAaHECEHHOro Ha
BHYTDPEHHHE CTeHKHu O0a/lJioHa; B) 3JEKTPOJNH3 CTEKJa HOXK-
KM JaMIbl MeXJY BBIBOAAMH.

JInst HajexKHOH paboThl JaMTbl HEOGXOAUMO, UTOOH! TEM-
nepatypa 6ajjoHa 6biia Huxke 150—170° C.

OT1Box Temsa or 6anoHa JaMIbl BO3MOXKEH TPeMs CIO-
cobami.

1. IlyreM JyuencrmyckaHus, T. €. TEINJOBOTO H3JyuyeHHH.
Temyoornaua 6a/10Ha 3a CYeT H3JYYeHUS] NPONOPIHOHAJb-
Ha pasHocTH TeMnepatyp I‘sam—7T %ok, rie Tox — OKpYKAIO-
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as abcomoTHan TeMiieparypa u Tean — abcomioTHas TeM-
neparypa 6amoHa. I1Ipy mocTosHHOM NOTpebJieHHH JaMIOH
SHEpPrUH OT MCTOYHHKOB NHUTAHHUSA M IPH HACTYIHBIUEM Tell-
JIOBOM PaBHOBECHH KOJHUYECTBO TEIJA, OTHAaBaeMOr0 JaMIOH,
6yleT NMOCTOAHHOH BeJUYUHOMH, He 3aBHCALLEH OT OKpy#xKalo-
et Temnepatypsl. [losToMy ykasaHHass pa3HOCTb IIpH OT-
CYTCTBMM BCe€X APYTHX BHIOB Temjolepefaud Gyner Iocro-
SIHHOH BeNIMYUHOH. lais IBYX pas3/HYHBIX OKPYXKaIOLIHX TeM-
nepatyp Tiox U Toox MOXKHO HAIHMCAThb COOTHOIIEHHE

T4 _ T4 — T4Ga_n - T4

16aa lok 20K?

OTKyIa

4
Tzﬁa.n :‘/Tfﬁau _l_ (T:OK - T:OR).

M3 sToro Belpa)KeHus cjelyeT, 4TO C NOBBIIIEHHEM OK-
pyxarouieli Temnepartypbl Tox OyIeT MOBLIIATHCT M TeMIIe-
parypa 6amnoHa Tean. [Ipu 3TOM uem BeIlIE Tox, TEM MEHb-
mas pasHoOCTh Tean—7Tox OO€CeUHBaET HEOOXOIUMYIO Tel-
jJoorgauy. Ilyctb, Hanpumep, NMpH OKpyKamwlleldl Temmepa-
type +27° C(T10x=300° K) Temnepartypa GasioHa HpeBbl-
waet okpyxatomyo Ha 100° C (Ti6a2=400° K).

Ecnun okpyxammag Temnepatypa noseicutc:d Ha 50° C,
T. €. 10 T30x=350° K, To Temnepatypa 6a/j/ioHa H3MEHHUTCS

oo

Ty5an =17/ 400°F 350" — 500* =424°K,

T. €. MIOBBICUTCA Bcero Ha 24° C.

Tenuionepenaua JydencnyckaHHeM NpPONOPIMOHANbHA 6€3-
pasMepHOMY KO3(QGULUMEHTY &, ONpefessiOUleMYy CTeNeHb
YEPHOTHI MOJIHOTO H3JYUEHHS OXJaXAaeMOro Teja. ITOT
K03 ULUHeHT 3aBUCHT OT MaTepuasna, crnocob6a ero obpa-
60TKM M TeMIepaTypsl OXJaxAaeMoH NoBepxHocTH. Hau-
MeHbLIYI0 cTeneHb uepHOTH (£=0,02--0,09) wu, caenosa-
TeJIbHO, HAUXYALIYIO TEIJIOOTHAYY JYYEHCITYCKAHHEM HMEIOT
OsiecTsilliHe NOJNMPOBAHHBIE NOBEPXHOCTH LBETHBIX METall-
JIOB.

CpenHwoio crenenb yepHoTthl (e=0,5+0,7) uMeloT MaTo-
Bble UM OKHCJEHHBIE IOBEPXHOCTH pa3/MUHBIX METAJIJIOB.
Haubosbiyio cTeneHb YePHOTHl HMEIOT YepHBIE JIAKH H Mac-
JISIHBle KPAaCKH DPasJIMYHBIX IIBETOB, HJsi KOTOPHIX K03(du-
IIMeHT & JeXHuT B mpegenax 0,88—0,98.
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[TogpoGHBle maHHBE N0 TEMJIONEpefaye JydeHCIycKa-
HYeM [Js Da3JUYHBIX MaTepHa/JOB U IOKPBITHH UMEITCH
B crnpaBouHuKe [23].

2. IlyTeM BO3AYIIHO} KOHBEKLHH, T. €. OTBOZOM TelJa
C IOMOIIbI0O LHUPKYJHUPYIOLIET0 BO3Ayxa. BosnpymHas KOH-
BEKIlMS Ha3bIBAaeTCsl eCTECTBEHHOH, KOTJAa BO3Ayx CBOGOIHO
nepeMeliaercs  IOX  BJIMSHHUEM
YMEHbIIIEHUS] CBOEro YAEJbHOTO Be- A
ca mnpu HarpeBe. [nsa nonayueHud je

Cpednan
XOpOIIEro OX.7a)KJeHUS IYyTeM ecTe-
CTBEHHOH KOHBEKLHH HEOOXOAHMO
TIATeNbHOE H3yYEHHUE NIOTOKOB BO3- 1@ | makcumansnan

nyxa B npubope. BosaymHas KOH-
BEKIMsI Ha3blBaeTcsl NPUHYILHUTEb-
HOH, Korja UUPKyJAsfilus BO3AYyxa 7@ ﬁzigf%ﬂaﬁaﬂ
OCYILLECTB/ISAETCA BEHTUAATOPOM HIIH \n_néllT
IPYrU:M  YCTPOHCTBOM JJs 064yBa.
3. IlyreM  TemsonpoBOIHOCTH,
NMPH HENOCPENACTBEHHOM KOHTakTe Puc. 2-39. Pacmpesenere
Gan/soHa JAaMIObl HJAH JIaMIIOBOTO TeM'“ePa“lﬁ’aM;*: Gannone
1OKOJISI ¢ OTBOASILIMM TEIJIO TEJOM. :
Tennomepeiaua STUM  CIOCOGOM
MPOINOPIHOHANbHA Koati)(bnuueﬂry TEN0NPOBOJHOCTH Tena
OTBOMSAIIEr0 TEMJIO, KOTOPHIH XapaKTepu3yercs caelyloluMu
3HAUEHUSIMH (fcrca/l/M-ttac-epad): menb—330, adoMuHHII—
175, naTyHp—73, Bo3nyx B CIOKOHHOM cocTosiHuH—0,02[23].
U3 stux nudp ciaeayer, 4To OTBOJ| TEIJaa TEMJIONPOBOL-
HOCTBI0 MOXKET UMETh Cephe3HOe 3HaueHHEe TOJILKO NpH OT-
CYTCTBHH BO3AYUIHOH NPOLJIOITKH MeXAy 6a/I0HOM JaMIbl H
OTBONAIIMM TEIa0 MeTajanoM. JloCTaTOYHO MMeTh paccros-
Hue Mex 1y 6a/JioHOM ¥ MeTaljoM, paBHoe 1 mm, uTOOLI
GTBOA TeEllla CHU3HJICSA BO MHOTO JEeCSITKOB pas.

IIpu HOpManbHBIX KOMHATHBIX YCJIOBMsIX 6a/lJIOH CTEK-
JITHHOH JaMnbl 6e3 sKpaHa, BePTHKAJbHO pPachHOJOXKEeHHOH
Ha IIaccd W yNajeHHOH OT CTEHOK KOXYyXa M OTJAPYLHX JaMII,
HMeeT MHHUManbHYIO Temneparypy. Haubosee ropsunu me-
CTOM Ha G6asloHe HABJASAETCS €ro IeHTpPaJbHas YdCThb
(puc. 2-39), Haxonsimiascs NPOTHB CepPelUHbl aHOZa (TOd-
ka I). Ha xpasx 6aamona (toukun 2 u 3) Temmeparypa
Hxke B 1,2 pasa, a BHM3Y, y WITHIPbKOB, GoJiee ueM B [Ba
pasa. OxsaxjeHue O6a/IOHOB NIPU TaKOM pacIOJOXKeHHH
JlaMIl HIPCHCXOIHUT TOJBKO 32 CUET JIYUYEHCNYCKAHHA H ec-
TeCTBEHHOH KOHBeKIuH. OXaxIeHHe BCAEACTBUE TEMIONpO-
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BOJHOCTH WOUYTH OTCYTCTBYET, TaK KaK OHO MOXET ToJy-
YHUThCs] TOJIBLKO 3a CYeT IUTBIPbKOB JIAMIIBI, JIENECTKOB JiaM-
IIOBOH MaHeJNH U COeIUHHTE/bHBIX IIPOBONOB, IPHUYEM OXJaXK-
JaTbest 6yner U Ge3 TOro HauMeHee ropsiyee MeCTO JaMIIbL.
OTnpaBasisick OT 3THX HAYaJbHBIX YCJIOBHH, pPacCMOTPHUM,
KaK H3MeHseTcs TeMllepatypa 6ajjoHa NPH CAeYIOIIUX U3-
MEHEHHSIX OKPYXKAIOIIUX YCJIOBUE M PACHOJIOKEHHS JaMIl.

1. Tlpu moOBLIIEHUH TEMIEPATYphbl OKPYXKalollell cpefbl
BbIIIE HOpPMAaJIbHOH KOMHATHOH TeMmepaTtypa 6aJjoHa IO-
BbIIAETC HECKOJBKO MeJJIeHHee, UYeM OKpYyXKawlliag TeM-
neparypa. M3 skcnepuMeHTa/bHBIX [NAHHBIX, NOJY4YeHHBIX
IS TelJIonepefayy JydyeHUCIyCKaHHEM, MOXHO CHeJaTh BhI-
BOJ, UTO NpeBBbILIEHHE TEMIepaTypbl CaMoil ropsiyedl TOUKU
GanjioHa HaJ OKpYXalllled YMeHbIIaeTcss NPUMEDPHO Ha
10° na kaxable 30° C mOBBILIEHHUS OKpYyXKaloOIled TeMIle-
paryphl.

2. Tlpn moxpeme mpubopa ¢ 3NEKTPOHHBIMH JlaMIaMH Ha
6000 m Hax ypoBHeM Mops TeMmneparypa OaJJIOHOB JaMIl
6e3 sKpaHa moBhiaercs npuMepHo Ha 30° C, mpu mogbeme
Ha BTopble 6000 m—mua 20° C. IIpoucxomut 3To H3-3a yXyA-
LIEeHHUsi YCJIOBHH €CTEeCTBEHHOrO KOHBEKTHBHOIO OXJaxk[e-
HUSA B pa3peXeHHOU cpene.

3. T1py u3MeHEeHHH IOJIOXKEHHUS JaMIbl C BePTHKAJIbHO-
ro Ha TOPHU30HTa/JbHOE TeMIlepaTypa 6aJjJloHA NOBHILIAETCH
Ha 10—30° C u3-3a MeHblIeli 06TeKaeMOCTH JIaMIIbl €CTecT-
BEHHBIM KOHBEKIMOHHBIM IIOTOKOM BO3JyXa.

4. TlpuGauxKeHue JaMIbl K GOKOBHIM CTEHKaM KOXyXa H
OKpyXeHHEe ee [PYTMMH TFOPSUMMH JaMIaMH [OBBILIAOT
TeMIepatypy 6ansoHa. )
- 5. HapmeBaHue Ha JlaMIy CIJIOLIHOIO 3aKPBITOTO 3KpaHa,
He eoNmpHKacalollerocs ¢ 6aJ/0HOM, Pe3KO H3MEHSET ee TEM-
nmepaTypHblil pexuM. Mexay sKpaHOM u 6a/OHOM TIOJTY-
yaeTcsl HENOJBMXKHAsA BO3IAYLIHAS IIPOCJIOHKA, 3aTPYRHSIO-
Illasi KOHBEKIMOHHYIO Mepefauy Temna. bannon oxnaxnaer-
C B OCHOBHOM 3a CUeT JIYUYEHCIHYCKaHHS NpPH He3HauHuTeNb-
HOM BJHMAHHHM TEIJIONPOBOJHOCTH dYepe3 BO3AYIIHYIO IIPO-
cloiiKy. B pesysnbraTe TeMmeparypa 6ajiiOHa JiaMIlbl, MO-
MeIleHHOH B CIJIOUIHOA 3auyepHeHHBIH 3SKpaH, MOXET BO3-
pactu B 1,5 pasa, a ImpH HCNOJb30BAHHH He3aYepPHEHHOrO
GJecTAIlEro sKpaHa — Jaxe B 2 pasa.

6. IIpumMeHeHUe 3a4epHEHHOIO 3KpaHa C OTBEPCTHAMH
BOCCTaHaBJIHBaeT KOHBEKLHOHHEIA 0T60p Temna oT 6aJoHa.
[pu Takom sKpaHe TeMnepaTypa 6a/joHa Bceria Ha 5—
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20° C Bbllle ero TemMneparypsl 6e3 sKpaHa. B KoHCTpyKIuH
3KpaHa 0COOeHHO BaXHO Pa3MECTHTb OTBEPCTHSA TakK, 4TO-
Obl 0OecleYHTh eCTECTBEHHbIH KOHBEKIMOHHBIH IIOTOK BO3-
nyxa. C 3To# TOUKM 3peHHs YNAYHOH SBJASETCS KOHCTPYKLHS
3KpaHa JAJAdA  [aJbYMKOBBIX
aamn (puc. 2-40). 3pech B
HUXKHEH 4YacTH 3KpaHa HMe- 7 } Q‘ .

I0TCS BXOJAHBIE OTBEPCTUA A5 f “9
Bo3fyxa.  Harpesarowuiicst / ?
BO3AYyX O6TEKaeT JaMuy H i

BHIXOJMT Yepes BepxHee OT-

Bepctue. Bo3nyx ass oxmax- /

JEeHUS HUXHel YacTH JaMIlbl
Y LWUTHIPbKOB IMOCTYIAeT uepe3
OTBepPCTHE B 3KpaHUPYIOILEM
IUCTOHE, 3alpeccoBaHHOM B
KOpOyC JaMIIOBOH TIaHENbKH.

ITpeneGpexenue 3JeMeH-
TapHBIMH TpaBUlIaMu ofecre- J
YEeHUS eCTECTBEHHOH KOHBEK-
UUY NPHUBOAUT K HEYJAUHLIM
KOHCTPYKLHUSM, KOTOPBIE, K CO- Jogggm_
JKaJNeHHUIO, BBITYCKAIOTCA H
npumensiorcs. Tax, B HEKOTO-
PBIX THODAX 3KPAHOB M
NaJpYUKOBBIX JaMI OTCYT-
CTBYIOT BXOIHble OTBEPCTHUSA
B HUXKHEH 4acTu M B 3KpaHU- Bz0d
pyoomem nuctoHe. Bo3ayx B :?oa/yza
SKpaHE 34CTAMBACTCA, H T p,. 94 dKpan JJs MaNbYHKO-
pPAETCA CMBICJ BEDXHErO BbI- | goji jamusl ¢ OTBepCTHAMH sl
XOLHOTO OTBepcTHA. B pe-  oxaaxmeHus TyTeM ecTeCTBeH-
3yJbTaTe€ OKPaHB paboTaloT HOH KOHBEKUHH BO3NyXa.
Kak cmjaolugbie. B apyrux
THIAX 9KPaHOB MPH OTCYTCTBUH HUXKHHX BXOJHBIX OT-
BEpPCTHH [eJaloTCA LIMPOKHE NPOpe3H B BepPXHeH MOJOBHHE
9KpaHa, Hapyluaollue TATY ¥ NPUBOJAALIKE K MeCTHbIM Ile-
perpeeam.

7. Hekoroporo cHuKeHus TeMIeparyphl GajjioHa B 3a-
YepHEHHOM 3KpaHe C OTBEPCTUSAMH MOXKHO JHOCTHTHYTh yBe-
JUYEHUEM OTBOJA TeIlJa BCAEJCTBHE TEIJIONPOBOLHOCTH.
Ilns 310r0 HYXHO 06GecneyuTb HENOCPEACTBEHHBIH KOHTAKT
3KpaHa CO CTeK/JSHHO} NOBEPXHOCTbIO GaJoHa, O0COGEHHO
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B cpenHel, HaubGosee ropsyell ero yacTd. DTOro MOXKHO HO-
CTUTHYTh NpPHMEHEHHEM CIIeNHalbHO H30THYTHIX MPYKHH-
HbIX 3Be3JOYeK M3 MaTepHasa C XOpOLleHd TelJOoNpOoBOI-
HOCThIO (Hampumep, u3 ¢ocdopuctoli GpoH3BL), Kacaro-
muxcs GajJoHa M SKpaHa WM IPUKIENaHHbX (ayuiie
IPUNASTHHBIX WM NPUPABHEHHBIX) K 3KPaHY M KacalollHUXCA
6aJs0Ha.

CBepXMHUHUATIOpPHBIE JIaMIIbl ¢ THOKUMH BBIBOJAMH pa-
6oTaloT B 0COGEHHO TsXKeJblx TEMIEPaTyPHbIX YCJIOBUSX,
TaK KaK H3-3a HeOOJBIIUX Pa3MepOB OHH HUMEIOT MEHBIIYIO
IIOBEPXHOCTh OXJaXKJAeHUs. Y[IelbHad MOLIHOCTb pacceH-
BaHUS, T. €. MOLIHOCTb, CHUMaeMasi ¢ KBaJpaTHOI'O CAHTH-
MeTpa [OBEPXHOCTH GasjoOHA, JJsi CBEPXMUHHATIOPHBIX
JaMIl Ebllle, YeM [Jsi APYTHX THIOB JaMI, YTO NPHBOJUT
K NOBBILIEHNHIO TeMIepaTyphl Ganmona. Kpome Toro, sammnsl
3TOr0 THUMA OOBIYHO IPUMEHSIIOTCA B MaJjorabapuTHBIX
ycTpoficTBax, yacTo paboTaiollux B pa3pekkeHHOM BO3[yXe,
YTO 3aTPyJHSIET OXJaXKJeHHe He TOJbKO JaMI, HO H BCEro
ycTpoiictBa B nenoM. B pesynbTaTe 6ansioH cBEpXMHHHA-
TIOPHOH JiaMIbl 6e3 5KpaHa HMeeT 3HAYUTENbHO 0oJiee Bbl-
COKYIO TeMIlepaTypy, 4eM 6a/nnon oObIYHOH CTEKISHHOH HJIH
NaJbYHKOBOH JaMIbl ToXe 6e3 3KpaHa.

Tak, Hanpumep, fag jaamn naasdukosoit 6)KI1IT u cBepx-
muHHaTIOpHON 6)K1DB, HMeIUX NPUMEPHO OTHHAKOBEHIE I1a-
paMeTphl, TeMIepaTypa OajjoHa 6e3 3KpaHa y CBEpXMH-
HHATIOPHOW JaMmbl moJdydaercss Ha 40—50° C Beilne, uem
y naab4ukoBo#. Ilpu 3TOM CBEpXMHHHMATIOpHEIE JAMIBI HE
MOryT paboTaTh B YCJOBUAX IIOBBILIEHHOM OKpYyXKalollel
TeMIepaTypel ¥ TOHHKEHHOrO HaBJjeHns 6e3 NIpPHHyLHU-
TEJIBHOTO OXJaXAeHHS.

DKpaH ‘HOpPMAaJbHOM CHEMHOH KOHCTDYKUHUH, HaJeThIH Ha
NaJbUHKOBYIO JIaMIy, MOBBIIIAET TeMMepaTtypy ee GajoHa
npumepdo Ha 25° C. s cBepXMMHHATIOPHBIX JaMI ChEM-
HEle 3KpaHBl He HYXKHbl. [ToaTOMy MOXHO BOCHO/Ib30BaThCH
9KpaHOM, B KOTOPOM IIOMellleHa CBEPXMHHHATIOpHAs Jlam-
ma U COOTBETCTBYIOIlAs YacTb MOHTaxXa, I/ CHHXKeHHS
TeMnepaTtypbl G6GajJoHa JaMhel TYTeM TEMJOMNPOBOJHOCT.
Has storo Heo6xoxuMo obecrneuuT, KOHTAKT 3KpaHa C Mo-
BEPXHOCTBIO Gaji/IoHa B ero HauboJiee ropsiueil YacTU U Tel-
JIONPOBOASIIIUEA KOHTAKT MEXJAY SKPAHOM H MeTaJJHYeCKUM
maccu npubopa. Ilpu Takoil cucTeMe SKpaHHPOBAHHA B OX-
JaXIEeHHH JaMIi ydacTByeT Becb Kopnyc npubopa. Ilpu
XOpOILEeH ero TelmJONpPOBOJAHOCTH U OOECHeYeHHH XOPOLIMX
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TeNNoNPOBOAAUIUX KOHTAKTOB TeMitepatypa Gannota Mano
OTJHYaeTcg OT TEMIepaTyphl LIACCH M OKa3blBaeTCHd HHXKe
TeMnepaTypel GajnoHa Ge3 skpaHa. TakuMm 006pasoM, eciaH
3a/laya YKPaHUPOBAHUS MaJbUYHMKOBOH JaMIbl TIPOTUBOPEUYUT
3anave ee OXJaxKJIeHHs, TO B IPaBHJIBHO CKOHCTPyHpOBaH-
HOM 3KpaHe JJIsi CBEDXMHHHATIODHOH JIaMIbI pelleHre 06enx

3ajay coBmajgaer.

Heydaywbre Yoayntie

Q00

Puc. 2-41. Konourypauun sKpaHOB [IJs CBEPXMHHMATIODHEIX JaMIl.

B KOHCTPYKUMH «OXJaXIaloLIero» 3KpaHa HeoO0XOMUMO
co6nonaTh CAeAyollile TPeIOCTOPOXKHOCTH.

1. OkpaH JO/MXKEH NJIOTHO KacaTbCsl BCell UUNMHApHYE-
ckoll, Hau6GoJiee ropsidel, yactu 6annoHa. YajaeHue sKpaHa
oT 6a/sIoHAa B HEKOTOPBIX MECTaX MOXKET NPHBECTH K MecCT-
HbBIM IleperpeBaM 6Jarojaps IJIOXOH TEeNJONPOBOLHOCTH
crekna. Ha puc. 2-41 noka3aHsl yiauHble U HEyJAYHbIE KOH-
¢durypanuu sKpaHoB.

2. Ons xopowel mepefayx Temia OT SKpaHa K LIaccH
HEeJOCTATOYHO COEJUHSTh ero C LIaCCH B HECKONbKUX TOYKax
3aknenkaMu. UToGb yBEJHYHUTh HMOBEPXHOCTb, Yepe3 KOTO-
PYIO mepenaercs TEMIO, SKPaH HYXKHO TIPUIAHBATh HJIH MPH-
BapuBaTh K mmaccu. IIpu 3TOoM TeMmepartypa 6ajnioHa IHO-
ayvaerca Ha 15—25°C HuXKe, ueM TpH KPENJEHHH 3aKJjel-
KaMH.

Ha puc. 2-42 nokasan rpaduk 3aBHCHMOCTell Temmnepa-
Typ 6aJj/IOHOB IBYX THNOB JaMINl B 3KpaHaX H Ge3 3KpaHOB
OT TeMIlepaTyphl OKPYKalolllel Cpeldbl NMPH MOUTH OJHHAKO-
BO# momBoxuMoi momHoctH. Ha stom rpaduxe uerko BHI-
Ha yKa3aHHas BbIlle pPa3JHYHAs POJb SKPAHOB NpH 3Kpa-
HUPOBaHHU MaJbUAKOBBIX H CBEPXMUHUATIOPHBIX JaMIL

Heo6x0auM0 OTMETHTb, YTO B TSXKEJBIX TeMIEpaTyp-
HBIX H BBICOTHBIX YCJIOBHSX HAa)Ke CaMO€ KauyeCTBEHHOe 3K-
paHUpOBaHMe CBEPXMHHHATIOPHBIX JaMI He 0cBoGoOXmaer
OT HEOGXOAUMOCTH NPUMEHEHHUS NPUHYILUTENbHOH KOHBEK-
UMK H3-33 BO3MOXKHBIX IIepErDEBOB HE TOJBKO JaMI, HO H
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traccu u Beex npyrux feraned. Hecmorps ma 910, Tina-
relbHOe «OXJaXAamollee» 3KPAaHUPOBAHUE BCeX JaMIl cJje-
1yeT PEeKOMEHIOBATb M B TEX CJyuasiX, KOraa 3JeKTPocTa-

T

S 200

150

100

Temnepamypa dannora namne,

<
5
o

1 1 1 L
50 . 100 150 200
Temnepamypa oxpumarowed cpedst,C

Puc. 2-42. Temneparypel 6aJIOHOB TaAJBYHKO-

Boi sammbel 6AK5 (anasnor 6)KIIT) # cBepx-

MuHHaTIOpHOM Jammel 5702 (amasor 6)K1B)
B 9KpaHe H Ge3 oKpaHa.

THYECKOTO 3KPaHUpPOBaHWg JaMn He Tpebyercs. Oxmaxme-
HUe He’KpaHHPOBAHHBIX JaMm OOGAYBOM KpaiiHe HeHaleX-
HO, TaK KakK He BCe JlaMIbl pa3MelleHbl B MecTaX, yA0GHHIX
151 BeHTUAALUH. Oco6eHHO MI0X0 06eCneyHBaeTcs OXJax-
JeHUe JlaMIl NIPH KpPeIJIEHHH UX B OOGBIYHBIX JAepKaTensx
(puc. 2-43, cnpaBa) Ha H3O/NSALKHOHHOM NaHENH, NPHUMeHsE-
MBIX 4acTO NPH MOHTa)Ke NeYaTHBIX CXeM. 3Jecb OTCYTCT-
ByeT OxJaXJeHHe 3a CUeT TelJIONPOBOXHOCTH, a JepXKaTelb
MellaeT oOQyBY HHUXHel dYacTd Jamnbl. TakXKe HeynauHa
KOHCTPYKLHA KpDYIJIOTO JepXKarefs, MNOLAepXKUBAIOLIEro
JlaMIy B BepTHKaJbHOM INosnoxXeHuu (puc. 2-43, ciaesa).
B HeM nosydaercsi MOYTH HENONBHXKHAs BO3IAYLIHAS «IIO-
AyllKa» B leHTpaabHOH Haubosee ropsiuelt dactu OaJ-
JIOHA. .

Korpa naMnbl HaXOmATCS B MJIOTHO NPUIEraOMIUX K HAM
3KpaHax, TO POJIb NPHHYAUTENbHOH KOHBEKIHH U3MEHSETCH.
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Omna wucrnonb3yeTcss B OCHOBHOM g OTBOZA Tellja OT luac-
cH, 4TO YIpolllaeT 3afayy U JaeT 5KOHOMHIO BO31yXa, IO-
Tpebasemoro Aias o6aysa.

Takum o6pasom, MoJHOE S5KPAHHPOBAHHE JaMIl CHHKAET
¥ BblpaBHHBaeT TeMmnepatypy GannoHosB. Tak Kak oT TeM-

S

\ Bosdywrasn
nooyuwKa

Puc. 2-43. Heynaunnle XOHCTpPyKIMH
nepxartenefl  JJs CBePXMHHHATIOPHBIX
JlaM.

nepaTtypsl 6a/JIOHOB JIaMIl 3aBHCHT HaJeXHOCTb, YCTOHYH-
BOCTb PaBOThl H CPOK CJAYXKObl JIaMI, TO MOXKHO yTBepXK-
JaTb, UTO NOAHOE IKPAHUPOBAHUE BCeX C8EPXMUHUATIOPHLLY
Aamn nosvluiaer HA0eNHHOCTo paboTel npubopa.

2-11. NOCTAHOBKA 3AJAYH NMPU 3KPAHUPOBAHHH
YCUJIUTEJNEN U PALHONIPUEMHHKOB

OKpaHUPOBaHHE YCHJHTeNefl H PaZUONPHUEMHHKOB Tpe-
clelyeT 1Be OCHOBHble LejH: 1) 3allHTy 3KpaHHPYeMOro
YCTPOHCTBA OT BJIHSTHHHM BHEIIHUX 3JEKTPHUUECKHX, MarHHT-
HbIX M 3JEKTPOMArHUTHBIX IIapa3UTHBIX HAaBOLOK; 2) ycTpa-
HEeHHe BpeJHBIX INapa3UTHBIX CBSI3efl BHYTPH YCHJAHTENS
WJIH paJHOTNpPHEMHHKA.

Hnsa peulenns nepBoil 3afaun SKpaHHPyEMble YCHIHTEIb
WIH DPaJUMONPHEMHHMK CJelyeT PacCMaTPHBAaTh KaK eIHHYIO
CHCTEMY, Ha KOTODYIO BHEIUHHE HCTOYHHKH IOMeX MOTYT
OKa3biBaTb BpefHOe BausgHHe (pHc. 2-44) kak nyTem He-
IIOCPEICTBEHHOTO BO3JeHCTBUsI 3JEKTPUYECKOTO M MAarHUT-
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HOTO NoJIed Ha JAeTanH MOHTaXa ycuauTenasa Ujau pajuolnpH-
€MHHKa, TaK H 4Yepe3 BXOAHble M BbIXONHbIe IMPOBOAA U IIPO-
BOoA IIUTAHHUA. B rex clyuadXx, Korampa HCTOYHHKH IIOMeX
Haxomdarca B HeHOCpeI[CTBeHHOﬁ O6JU30CTH OT yCUJMUTENA
WJIH paguonpHeMHHKa, MPOHHKHOBEHHE HABOJAOK BO3MOXHO

10 BCEM YKasaHHbIM Ha pHC.

%“’m / Noweza 2-44 nyram. [as ycTpaHeHHs
TaKMX HABOJAOK IPHXOIUTCA

TIPOM3BOJAMTb BECbMa COBEP-

brod | Paduonpuemnuk IIEHHOE 3JeKTPOCTATHUECKOE
> y:uljrlefz;;eﬁb '—‘< ¥ MAarHUTHOE 3KPaHHPOBaHHE
%;,Ja Jwess C TPHMEHEHHeM (HIBTPYIO-

UIMX Iliened OJsi BceX NPOBO-
OB, BBIXOLSUIUX 3a Tpelesbl
”‘“"’M/’ l””’”‘”’”e 9KpaHOB. B Tex e cayyasx,
KOrfa Mellalolige yCTPoH-
Puc. 2-44. Ilytn mpoHukHOBeHHs CTBa YJAaJE€Hbl OT YCHJHUTENSA
noMex B PAOHONDHEMHHK  HJIH HJIM PpajuONpUEeMHHUKA, ‘HaJIU-
YCHTHTEE. YHe COBEPIIEHHOrO 3KpaHa
Heo6s13aTeNbHO, 'TAK KaK Ha-
BOAKM B OCHOBHOM TOCTYNAalOT uepe3 AHTEHHY MM Yepes
CHJIBHO pa3BeTBJEHHBIE MPOBOJA IIHTAHHUS, SBJASOILNECS
CBOE0OPa3HOIl «aHTEHHOU» AJS TIpHeMa HaBOMOK.
B ocofeHHO TSXKeNOM MOJIOXKEHHH HAXOAATCH YCHAHTENH
U paguoNpHeMHUKH, paboTailive B HENOCPEACTBEHHOH OJ1H-
30CTH OT MOUIHBIX NepefaTUYHKOB M HMIYJIbCHBIX YJBTPAaKO-
POTKOBOJMIHOBBIX T'€HEPAaTOPOB, CO3JAIOIINX IIOMeXH Ha uya-
cToTax, 6JM3KHX K MX COOCTBEHHOH 4YacToTe, M Ha BCeX ua-
CTOTaX, COOTBETCTBYIOLIUX HENPEpPHIBHOMY CIEKTPY PpasJo-
XeHusl uMmnyabca. ns 3amuTel pafHOycTpORCTBA OT 3THX
nomex Heo6GXOAMMO TIIATENbHO 5KPAHHPOBATh BCE NYTH MPO-
HUKHOBEHHsI NOMeX [Js BCeX MeLlaloIHUX YacToT.

Huaue o6crout meno co Bropoit 3agaueit. [TosmHoe yerpa-
HeHHe IIapasUTHHIX CBA3€H BHYTPH YCHJHTeas Tpebyer
6OJIBIIOTO €ro YCJHOXKHEeHHSI W IPAaKTHYECKH HeolpaBIaHO.
Hna pocTuXKEHUs 3TOH LeNH OOBIYHO He NPUXORUTCS Npube-
raTe K MOJHOMY 3KPaHHPOBAHHUIO OTJE/NbHBIX KacKafoB yCH-
JUTENs] APYr OT Jpyra U NPUBEJEHHIO BBICOKOYACTOTHOTO
NoTeHIHaJla IPOBOJOB MUTAHUSA K NOTEHUHAJy 5KpaHa, Tak
Kak AJs yCTOMYUBOH pabOTH YCHJAHTEN OKa3bIBaerTcs HAO=
CTAaTOYHBIM He IOJIHOEe, a YacTUYHOe INOJABJeHME Napasur-
HbIX cBsa3ell. Ilogpo6Ho 3TOT Bompoc pasobGpaH B ciepyto-
niell rJaase.



FT'MABA TPETbHHA

NAPA3SUTHBIE OBPATHBIE CBA3H
B YCHUJIUTEJAX

3-1. BJUSAHUE NAPA3HUTHBIX OBPATHBIX CBSI3EM
HA PABOTY YCHJIUTEJIEM

Paspa6oTka ycuauTens Tak Ke, Kak ¥ OOJBLIMHCTBA pa-
IMO3JICKTPOHHBIX TpubopoB, pa3buBaercs Ha [ABa srana:
IPOEKTHPOBaHUE W 3SKCIepHMeHTaJbHas HoBoAKa. Pasbpoc
nmapaMeTpoB JiaMI, KOHTYDOB M JeTaJjiell, HeBO3MOXHOCTb
TOYHOTO yyeTa oOpaTHLIX CBA3eH M NOTepb B KOHTYpPaXx, BIAHSA-
HHUe paclio/OKeHus faeTanell U JJIUHBl COeIUHHTENbHBIX IPO-
BOJIOB NPHBOJAT K TOMY, YTO 3KCIepHMeHTa/JbHasi AOBOJKA
ABJSETCS TOYTH Heu3OeXHOH YacTblo pa3paboTKu YCHAHU-
Teqsi. Uem Gousblie (pakTopoB, ONpedenslOlUX paGoTy ycH-
JIUTeJsl, YUTEHO IPU ero pacuyere U KOHCTPYHDOBAHHH, UEM
TilaTe/lbHEe W INPOJyMaHHEe BBIIOJNHEH €ro MOHTaX, TeM,
OYEBHIHO, Hpolle M OhICTpee NPOU3BOLUTCH IKCNEPUMEH-
TaJbHasl JHOBOAKA YCHJHUTeNs. B HAeaJbHOM CJaydyae OHa
MorJyia Obl CBECTHCh K IIPOCTOMY ero ucnelitanuio. HaoGopor,
LPH HEeyMauHOM INIPOEKTe YCHUJIUTEeNsT NOOGUTbCS YIOBJETBO-
PHUTEJNbHBIX Pe3yJAbTaTOB YAAeTCs TOMBbKO IOcje AJMUTENbHO-
r0 3KCIEepHUMEHTHPOBAHHS C DSAJOM IIOCNefOBaTeNbHO U3TO-
TOBJISIEMbIX 00Pa3IoB.

C/loXHOCTb perviupoBaHMsi M HaCTpPOHKH paspabatbl-
BAaeMOTO YCHJHUTENS MOYTH LENHKOM OIpefessieTcs HaJjH-
yneM B HeM 0OpaTHbIX CBs3efl. XOpOILIO 3KPaHHPOBAHHBIHA
VCHJHTENb, B KOTOPOM NpPedyCMOTPEHO NOAaBJIeHHe Iapa-
3HUTHBIX CBfI3€fl MO BCeM BO3MOXKHBIM IYTSIM HX BO3HUKHO-
BeHHUs, MOXeT ObiTh HacTpoeH JOCTATOYHO OBICTPO. YcCH-
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JIUTEJNb, SKPAHUPOBAHHBIH HEJOCTATOYHO WUJIM HEBEPHO, MOXK-
HO 6e3pe3y/NbTaTHO HaCTpauBaTb MeCALAMHU.

IIpuuvHBl BOSHUKHOBEHUS B YCHUJIUTENAX HEXKeJaTeNbHbIX
06paTHBIX CBsI3ell MOXHO pa36UTh HA ABE OCHOBHblE I'DYIIIHIL.
K mepBoyi rpynme oTHocsTcsi O6paTHble CBSI3H, BO3HHKAIO-
l[He yepe3 eMKOCTb aHOX — ceTKa Cug 3JEKTPOHHOH J1aMIIbl,
M Yepe3 CONpPOTHUBJEHUe OOPaTHOH CBA3U rjs MOJYNPOBOX-
HUKOBOTO TpPHUOZA (TpaH3UCTOpA).

Ko BTOpo# rpynme oTHeceM ofpaTHblE CBSI3H, BO3HHUKAIO-
Life BCJIEJCTBHE HECOBEPLIEHHOrO 3KPAaHUPOBAHHUs OTHAE/b-
HBIX KaCKaJoB YCUJIHTeNs APYT OT Apyra.

Huxe paszbuparorcs pasHoobpasHble LENH Iapas3UTHBIX
06paTHBIX CBs3eHl B YCHJIHMTENSX, 32 HCKJIIOUEHHEM CBA3H
uepe3 CONPOTUBJIEHUE Iy B TPAH3UCTOPE. DTO COINPOTUBJIE-
HHe SIBJASIETCS] OJHOH M3 OCHOBHBIX COCTABHBIX YaCTEH 3KBH-
BaJIEHTHOH CXeMbl TPAH3HCTOPAa, U €ro BJHSHHE He MOXKeT
paccMaTpuBaTbCa HU30JHPOBAHHO OT O6LIeHl TEODHUH TPaH3U-
CTODHBIX CXEM.

3-2. BXOOHOE CONMPOTHBJEHHWHE TPHOJA

Ilpu noAkJIOUEHHM LENHM CETKH JaMObl K HCTOYHHKY
BxofHOro HanpsxeHuss Usy 3TOT HCTOYHHK Harpyxaercs
(puc. 3-1) sKBHBaNEHTHBIM AKTHBHBIM CONPOTHUBJIEHHEM Rpx
¥ 5KBHUBAJIEHTHOH BXOAHOH eMKOCTblO Cpy. BenmuuuHbl 3THX
Harpy3oK 3aBUCAT OT peaKUUH aHOJHOH M KaTONHOH Iemel
JaMnbl Ha CETOYHYIO IeNb.
Ilpu npaBuibHOM MOAGOpPE TH-
na JaMmnel pa6oTa IPOUCXOTUT
Ha He CJMUIKOM BBICOKHX AJISI
Hee yacTtoTax. B atom cayuae
BJMSTHHE BDEMEHH IpoJera

o

Rﬁx cg

x

=1+

= &

{1

Puc. 3-1. Bxomnas eMKocTb u Puc. 3-2. K pacuery Bxoz-
BXOLHOe aKTHBHOE COIPOTHB- HOT'O COMPOTHBJIEGHHS TPH-
JIeHHe JIaMIIHl. oza.
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3JIEKTPOHOB B MPOMEXKYTKE KaTOA—CEeTKa—aHOd MOXKHO He
YVUUTBIBATD M CYHTATh, YTO PeaKUUs Ha CETOUHYIO IeMb
NPOUCXONUT TOJILKO Yepe3 BHYTPHJIAMIOBHIE E€MKOCTH.
Jusist aHaiu3a BXOMHOTO CONPOTHUBJEHHS TPHOAA Ompe-
neastor ToK Ipx (puc. 3-2), KOTOpHIA NpOTEKaeT BO BXOMHOH
Lend JIaMIlbl, pa3BeTBJsASCh HA JABa TOKa: [’py, MpOTEKalo-
WK [0 LeNH ceTKa—KaTox depe3 eMKocTb Cgn, # Iy, IPO-

TeKaloUHi 10 lLeNnu ceTKa—aHoN yepe3d eMKOCTb Cg.
Emkocth Cgp HaXOOUTCA TNMOJ PAasHOCTHIO NOTEHIHAJIOB

UBX - UK = UBX _FFUBX :—Unx (1— F}(),

= Uk .
rie Ky= =— — KOMIJIEKCHHH KO3((ULUEHT yCH/EHHS Kac-
BX

Kalla OT CeTKH IO Karoja C_yuyeToM (asel, onpenesseMoi

KaTOMHBIM CONPOTHBJIEHHEM Zy.
Sra pasHOCTh NOTEHLHAJOB BEI30BeT uepe3 eMKocTb Cgr

TOK

TIBX - Unxj“’cgh (1 ‘—Ru)

EMmKocTb Cga HaxoOoUTCs IIOA Pa3HOCTBIO IOTEHIHAaJIOB

(—]Bx_UaZUBx—(_‘]_(aUBX)=UBx (l—l—fa),

- U o
rae K,=— —=""-—KOMIUIEKCHbIH KO3 ULUEHT yCuneHHs

BX

Kackajga OT CEeTKH OO0 aHOga C Y4YeTOM q)aSbI‘, onpeneJmeMoﬁ

aHONHLIM COTpOTHBJeHHeM Z,, ¥ Ge3 ydera nosopora (hasml
Ha 180°, paBaeMOro 3/€KTPOHHBIM TOKOM JaMIbl. JDTa pas-
HOCTb NOTEHIHAJIOB BHI30BET yepe3 eMKocTb Cgz, TOK

l—”Bx—_—Unxj“)Cga (1 —]—f_(a).
CyMMapHbIf TOK BO BXOJHOH Ienmd Jiammel Oyaer
Tnx = l'ax +1"2x=Usxjo [Cgn (1 — Kx) 4 Cga (1 +Ka)]-

Orciona caenyer, 4TO BXOJHOE CONPOTHBJIEHHE TpHOJA
C Harpyskodl B aHOJe H B KaTOZe PaBHO

5 Usx 1
Zyg=——= = = v -
Inx  jo[Cer (1 —Kx)+ Cga (1 +Ka)] &1
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Kommnyexkchble kKoadduunents ycunerns Ky U Ky MOXKHO
TIpeJICTaBUTh B TPUTOHOMeTPHYeCKol ¢opme

Ky =K C0s ¢+ K i Sin ¢x

—K_a—’:KaCOS?a_I‘jKaSiﬂ‘Pa,

rae Kx u Ky, — Monyan, T. e. alcoJioTHble 3HauyeHHs K0ag-
(uIMEeHTOB yCHUJIeHHs TIO KaToAy M aHondy Oe3 yueta ux asbi
J
NHdyrmubraa
HazpY3Ka

AxmubHaA

HazZPYIKa
F Puc. 3-3. dasoswiii yroa co-

MpOTUBJIEHIA HANPY3KH.

-J

Px U P, — (hasoBble YIJbl TOJHBLIX CONPOTHUBJEHHH Harpysok
B IleUsiX KaToma Zyx U aHoma Z, (puc. 3-3).

[TogcraBnsis 3TO CoOTHOLIeHHe B ypaBHeHHe (3-1) u yum-
ThbiBast, UTO COIJIaCHO PHC. 3-1 BXOJQHOE CONPOTHBJIEHHE JIAMIIHI
TNpeCTaBJIsieTcsl B BUIE NapaJlIelbHOrO coequHeHust Ry ¥ Cpy,
nocJie npeo0pa3oBaHuil NoJyyaeM

11
Z.s  Rox
— 0C g, Ky sin @y + jo [Cgp (1 — Kx cos ¢x) +
+Cga (1 4 Kacos¢,)].
OTclofla HaxoIUM OKOHUYATeJbHble BLIPAXKEHHS [Ji1 BXOAHOM
eMKOCTH TpHOMA

Cox=Cygp (1 —Kxcos¢x) +Cgy (14 Kacospa) (3-2)

H [Jisd BXOOHOI'O aKTHUBHOI'O COIPOTHUBJIEHHS

R 1

Mpx= @C g Kx sin¢x— 0C,yoKa sin fa

+ijBX == (”CngK Sin @y —

(3-3)
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~ 3-3. BIUAHHE OBPATHBIX CBS3EW
YEPE3 BHYTPUJAMIIOBbIE EMKOCTH HA PABOTY
YCUJIUTEJEM HU3KOM YACTOTbl, BULEOYCUJIUTEJIEHN
U KATOOHBIX MOBTOPUTEJEH

B peocTaTHHIX YCHJMTEJNSIX HM3KOH YacTOThl U B HEKOP-
PEKTHPOBAHHBIX BHAEOYCHJUTENAX AHO[HAss Harpyska mJs
HH3KHX H CPeJHHX YaCTOT BCETrNa YHCTO aKTHBHA, a NMPH BHI-
COKHX YacToTax K Heil jobasJjsgercs
eMKOCTHAas cocTaBasiowiad. B atux +£,
ycaoBHAX (asoBBIl Yyrol aHOMHOH
Harpy3kH @a IBCErfa -OTPULATEJeH
((P'a<0).

Eciin KaTooHOe CONpOTHBJIEHHE
R« (puc. 3-4), BkiOuaemoe AJs
[OJIyYeHHs] aBTOMAaTHUECKOro cMe-
LIeHHs, OTCYTCTBYET HJH 3allyHTH-
poBaHO 6ouibLIOl eMKOCTbio Cy, TO
B BhIpaxkenusx (3-2) u (3-3) Kg=0
4 OHH obpalraiTcs B

Cex=Cgr+ Cga(1-+ Kacos @a),
(3-4) Puc. 3-4. Ycuaurens Hus-
KOH YacTOTbl WJH BHUIEO-

1 -
- - . ' CHJIHTEJIb.
Rox L0CgoKasin ga * (3-5)

[Ipu orpunarespHbXx (a3oBHIX yraax cosg,>0 u
sin ga<0. Orcroga cienyeT, YTO B YKa3aHHBIX YCHJIUTENSX
Rpx Bcerma TOJIOXKHTEJNbHO, © oOpaTHasl CBs3b Yepe3 eM-
KOCTb aHOJ—CeTKa He MOXeT NPHBECTH K CaMoB030yxie-
nuto. OHa MOXKeT BHI3BAaTh TOJIbKO CHJIBHBIA Caj YCHJIEHUS
Ha BBICOKMX YacTOTaxX H3-3a OousiblIOH BeauuuHH Cpx U
yMeHblIeHHs Rgpx C NOBHIIEHHEM YacTOTHI.

Tak, manpumep, KacKaji YCHUJEHHS Ha CBepXMHUHHATIOP-
noM tpuome 6C6D c mapamerpamu S=5 wmals, p=25,
R;=5 kom, Cgp=3,3 np, Cgo=1,42 n¢p npu conpoTuBJieHUH
Harpysku R,=20 xom OylerT uUMeThb CJeAyIOIllHe IOKa3a-
TeJH:

a) Kos(h}HUMEHT ycHJeHHS Ha CpPeNHHUX YacToTax

_ _ wRa _25-20
Ka=K,= R;i+Ra ™ 5+20
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6) BXOJHAs e€MKOCTb Ha CpeIHHX 4acToTax, NMpH KOTO-
PEIX MOXHO npeHeOpeub eMKOCTBIO B aHOJHOH LeNH U CYH-
TaThb, 4YTO a=0:

Cax=Cgn+Cga (1 +Ka)=23,3+1,42-21 = 33,1 nep;

B) BXOJHOE CONPOTHBJIEHHE Rgy OmpejgesuM Ha uacToTe
1 Mey, koTopyto ycioBHO OymeM cunTaTh rpaHuuHoi. Ha
3TOH YacToTe CONPOTHBJEHHE BCeX paclpeflesieHHbIX eMKO-
cTefl, LIYHTHPYIOUIUX aHOAHYIO HarpysKy Ra, IPUBOAHUT K TO-
My, uTo Ko3dduuuent ycunenus K, nagaer no 0,7 or sHa-
YeHHUS] Ha CpPeNHHX YacTroTax, T. e. A0 14.

B 3ToM ciyuae moJiHOe CONMPOTHB/IEHHE aHOAHOH Harpys-
KM ynajer OT BeJqHUYHHB Rpa=20 xom 100 BeJHUHHH Z,=
=6,4 Kom, OTKyZa

COS Py :%=0,32; Pa=——71% sinpa=——0,95.

‘BxonHoe conpoTHB/ieHHe JaMNBl ynamer 0T Rpx=o0 Ha
CpeNHHX YacToTax IO

Rnx:_

1
= 5a 105 1,22 10-12. 140,05 — 00 Kox.

1
WCgoKasing,

o, OuyeBUIHO, UYTO TaKoe 3HaueHHe
Rsx pe3Ko CHU3HT yCHUJIEHHE Npeblny-
1Iero Kackaaa Ha BBICOKHX YaCTOTax U
OHO He OyJer COOTBETCTBOBATb pac-
yery, npoBeJeHHOMY 6e3 yuera eMKo-
ctu Cg. )
Ue B  KOppeKTHPOBAaHHOM BHJEOYCH-
JuTene B Harpy3ky aHOJHOH memu
- BKJIIOYaercsd HeGOJBLION  JpOCCesb,
= KOTOPHII MOXeT MPHBECTH K TOMY,
p . UTO Ha HEKOTOPEIX YacToTax MOoJiHOe
uc. 3-5. Katonnsrit DY
MOBTOPHTED, COTIPOTHBJIEHHE  AHOAHOM  HArpy3KH
Z, nupHMeT HHIYKTUBHHIH xapaxrep
(9a>0). Torma BXOmHOE CONpPOTHBIJIE-
Hue Rpx clesaercsi OTpULATEIbHBIM, H3-3a YEro MOXKEeT WJIH
4Ype3MepHO BO3DACTH YyCHJIEHHe, WJH NPOU30HTH CaMOBO3-
6yXKIecHUe YCHJIHTENS.
B cxeme KatomHOro moBTOpHTENsi (pUC. 3-5) COHNPOTHB-
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nenne R, orcyrctByer, Ka=0 u Bboipaxenus (3-2) u (3-3)
obpamaiorcd B

Cox="Cga+Cgr (1 — Kx cos ¢y), (3-6)
Rax= ! 37)

O)CghKK sin (49 '

OO6bluHOH HArpy3Kof KaTOMHOIO NMOBTOPHUTENS SIBJISIETCS
conpoTuBienne Ry, 3allyHTHPOBaHHOE eMKOCTblo Cx=10—
30 ngp nas cxem, paboTalOIIUX Ha COIJIAaCOBAHHBIH Kabesb,
U Cx=100—1000 n¢ pns cxem, paboralolluXx Ha HecorJa-
coBaHHbIH Kabenb. Pa3oBell yroj TakoHd HAarpysku OTpHU-
LaTesJeH U ONpelessieTcss U3 COOTHOUIEHHs

tg ¢x = — oCxRx.

Ecau B katon Jsamnel 6C6b Bkitouenn Rx=10 kom wu
Cx=1000 n¢, to na uacrore B 1 Mey

tg ¢y = — 0CxRx =—2r-10°- 1000- 10~ 2. 10- 10°* =
= —62,8.
DTOMY COOTBETCTBYET
P ——89°, sinpx=——0,9998, cos¢;=0,0175

u npu Kx=0,9
Cox=Cga+Cgr=334+1,42=4,72 ng,
1
Ry o€ K. sine. —

- wC g p Kk sin ¢k -

1
= 7 9r.10°-3,3-10-2.0,9-0,9998

-—5b4 rom.

BesnuynHa OTpUIATENBHOrO aKTHBHOTO BXOMHOIO COMNpO-
THBJIEHHS] KAaTOJHOTO TOBTOPHUTENSI Majo 3aBHCHT OT BeJH-
ypHBl Harpy3ouyHo#i emkocti Cy. I1pu cHukenun ee 8 10 pas
ta30BbIH yros H3MEHHTCS M0 @x=—381° U BXOMHOE compo-
THBJieHHe Bo3dpacrer Bcero Ha 1Y%. [axe mpu MHHHMAJIb-
HO BO3MOXKHOH eMkocTH B kKatome Cx=10 ng dasopmuit
yroJs uaMeHHTCSl 10 —32° © BXOJHOE CONPOTHBJIEHHE YBEJH-
4YHTCH BCEro B OBa pasa. Tak e cnabo 3aBUCHT Rpx 0T Be-
JUYUHBL Ry.

OTrpunaresibHoe BXOIHOE CONPOTHBJIEHHE KATONHOrO MO-
BTOpUTENst 06paTHO NMpPOMOPLHOHANBHO YacToTe . Ha BHI-
COKHX 4YaCTOTaXx OHO MOXKET IOJHOCTbIO CKOMIEHCHPOBATb
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NOTEePH PE30HAHCHBIX KOHTYPOB, NMOJK/IIOUEHHBIX K CETOYHOH
Liemd, ¥ BH3BAaTh caMoBO30yxneHue. Ha oueHb BHICOKHX
yactotax (mopsimka 100 Mey u BhILle) BAHSHNE HHIYKTHB-
HocTd KartogHoro BeiBoma (0,02—0,05 mkxen) npeBOCXORUT
BJHSHAE eMKOCTHOH HarpyskH, ($asoBBHIH yroJa IOJHOTO co-
NpOTHBJIEHHS] B LeNH KaTola CTAHOBHTCA MOJIOKHUTENbHBIM
M ONacHoe MIJiss CaMOBO30YXIeHHS OTpHUAaTelbHOEe BXO/[-
HOe COTPOTHBJIEHHE CTAHOBUTCS TaKXe IOJOXHTEJIbHBIM.

Takum o6pasom, caMoBO30yXKAeHHe KaTOJAHOTO NMOBTODH-
Tens MOXKET BOSHHKHYTb B gHanasoHe yactor 10—100 Mey,
mosTOMYy ciepyer usberathb
BKJIIOUEHHST B 'CETOYHYIO IIeMNb
DPEe30HAHCHBIX KOHTYPOB, Ha-
CTPOEHHBIX Ha 3TH YacTOTHI,
HJH CHJIBHO YBEJHYHBATH HX
saryxanue. K TakuM KOHTY-
paM MOXHO OTHEeCTH LemnH
KOPPeKLHH BHAEOYCHJIHTENS,
Boxod K 'KOTOPOMY [OAKJIOYaercs
KaTOOHBIH TIOBTODHTENb U Ia-
pPasHTHBE KOHTYpa, BO3HHKa-
IOlllHe B MOHTa}e LEeNH CEeTKH
KaTOJHOTO MOBTOPHTEJS.

+Eq

Berxod !

Ao

Bxo0d

| —
Afp—o

Puc. 3-6. CxeMa ¢ conpoTHBIe- Wnorna CXeéMa BKJIOYEHHS
HUSIMH B aHOJAHOH M KaTogHoM  3JIEKTPOHHOH JiaMIIbl U B aHOX-
Lensix. HOMH, © B KaTOAHOH Lensix co-

NEepXKHT CONPOTHUBJEHHS, He
3alIYHTHPOBAHHKEE GOJMbIINMU eMKocTsaMu (puc. 3-6). Eciu
B TAKO} CXeMe BLIXOJHOe Halpsi)KeHHe CHUMAaeTcs C aHOAA
(Buixom 1), To 310 Oymer cXxeMa YCHJIHTEJIBHOrO Kackajaa
C OTpHLIATEJIbHOH OOpATHON CBS3BIO 1O TOKY; €CJIH HCIOJib-
3yercs BHIXOX 2, To 370 OyneT cxema KaTOJHOI'O HOBTOPH-
TeJisl, B KOTOPOH compoTuBjieHHe Ry mpemoxpaHsier JaMmy
OT TeperpysoK; ecJd HCNOJb3YIOTC 06a BBIXOAA, TO 3TO
6yner cxema aByx(asHoro moBropuTeNnsi. B 3THX cayuasx
IJIs OnpelesieHHs] BXOLHOTO CONPOTHBJIEHUS W BXOJHOH eM-
KOCTH NPHXOJHUTCSH MOJb30BATHCS TOJHBIMH BEIPaXKeHUSAMH
(3-2) u (3-3). Ha cpennux vacrorax, mpu KOTOPBHIX HeGOJIb-
IIHMH Tapa3uTHBIMH €MKOCTSIMH, WIYHTHPYIOWUMH Ry u Ry,
MOM{HO npeHeGpeub, Px=@a=0; Rzx=00 U

Cnxzcgk(l _"KR)—I_CEa (l‘l‘Ka) (3'8)
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B ycunuTene HU3KOH 4acTOTHl U B BHIEOYCHJIHTeNe yBE-
JIM4eHHe He3allyHTHPOBAHHOTO eMKOCTbIO CONpPOTHBJIEHUS
Ry TmpuBOOMT K yBeJHUEHHIO KO3 (HUIHEHTA YCHJIEHHS IIO
Katony Kyx ¥ K yMmeHblleHHI0O KO3((]ULHeHTa VCHJEHHS IIO
aHoJy. DTH BEJHUHHBl CBS3aHBl COOTHOIIEHHEM

Ka:Ko (1 —[<H)) (3'9)
raoe
. Ua _ wR,
Ko——Uc—K— Ri; + Ra

— xo3bdHIHEHT yCHJeHHs Kackajga mo aHoAy 6Oes obpar-
HOH CBSI3H TPH 3alIYHTHPOBAHHOM €MKOCTBIO CONPOTHBJIE-
HUY Ry.

N3 Beipaxkenuit (3-8) u (3-9) ciemyeT, uTo BBeleHHE CO-
npoTUBJeHUsT Ryx U ero yBeJHMueHHe NPHU OJHOBPEMEHHOM
yBeanueHun R, Tak, uto6e K, ocraBajioch HEH3MEHHBIM,
HE3HAUYHMTEJHHO BJIHSIET HA BXOLHYIO €MKOCTb. B BmIpaxe-
HUH (3-8) yMeHbLIaercsl TOJBKO HEPBBHIA 4YJieH, KOTOPHIA H
6e3 TOr0 BO MHOTO pa3 MeHbllle BTOpPoro. ¥MenblueHue Cagy,
HabJionaeMoe NpU BBeleHUH Ry, mojyyaercs He H3-3a OT-
pHUilaTeNbHO} OOpAaTHOH CBS3H, a U3-3a yYMeHblIEHUs BeJiH-
uHbl K,. Tloutu takoit Xe 3((deKT MOXKHO NOJYYUTb MpPH
yMeHbliennd Ky 1 ApyrumMu crnocoGaMu.

B cxeme mByxdasHoro noBropurens Ra=Ry. Ilpu atom

Ka=Ke=gg =1

U BXOHHAasi €MKOCTb JeJiaeTcsi BecbMa MaJioH, G6JM3KOH
K CszQCga'

AxTuBHas cocTaBJsollas BXOJHOTO CONPOTHBJIEHHSI CXeM
C Harpyskoil B aHOIe H B KaTole, onpefensieMasl ypaBHEHH-
eM (3-3), MOXKeT UMeTb PA3/IHYHYIO BEJUUYHHY U Da3/IHYHbIE
3HAKH B 3aBHCUMOCTH OT (ha30BBHIX YIVIOB HArpy3oK U OT
COOTHOLIEHHs] NEepBOr0 ¥ BTOPOTO YJIEHOB ypaBHEHHS.

HeynauHele KoMOHHALMM 3THX BEJHYUH MOTYT NPUBECTH
K HEHOpPMAaJIbHOMY NaJeHHI0 YCHJIEHHS B 00J1aCTH BHICOKHX
YacToT, K HeHOPMaJbHOMY YBeJHUYEHHIO YCHJIEHHS WJIM K Ca-
MoBo36yKaeHuw. [lpu Haauunu takux 3¢ dekToB HeoGXO-
IVMO TIPOU3BECTH NPOBEPKY BXOJHOrO CONPOTHBJIEHHS IO
ypaBHeHHIO (3-3) C yueTOM BceX pPeaKTHBHOCTEH B aHOIHOH
¥ KaTOMHOH LlendX, BKJIIOUas UHAYKTUBHOCTH JIAMIIOBBIX BbI-
BOJIOB.
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B TpUONHBIX YCHIHTENSIX HH3KOH UacTOTHl H B BULEOYCH-
JIUTEJISIX BXOAHAsl €MKOCTb B OCHOBHOM OIpelesisieTcs uJie-
HOM BbIpaxeHnus (3-2)

Cqa (l'—|— K a cOS 9,).

M36riTouHass BeNMYHHA 3TONQ 4JEHa YacTo NPensiTCTBYeT
paspaboTKe BbICOKOKAUECTBEHHOTO YCHIHUTEN S, YTO SBJISETCS
OCHOBaHHeM [JIs npUMEHeHHs 3Kpa-
HUPOBAHHBIX Jiamn (TMEeHTONOB HJH
TETPOAOB) € 3HAYMTENbHO MEHb-
meid emxocthlo Cgq. Pacuer Bx0I-
HOH eMKOCTH H aKTHBHOI'O BXOMHO-
ro COTNPOTHUBJIEHHS YCHIUTEJNbHBIX
KaCcKaJioB ¢ 3KPaHUPOBAHHBIMH
JamiaMd TIPOH3BOJUTCA TO TeM
Ke 'ypaBHeHUAM (342)—(3-8) mpwu
YCJIOBHH NpPaBHJLHOTO BEIOOpa eM-
KOCTH, ONOKUDYIOLIEH 3KpaHUpYIO-
Y0 ceTKy Ha karton (cMm. § 3-6).
Bropeim cnoco60M yMeHblleHHs
BJHUSHUS BXOXHOH €MKOCTH YCHJH-
TeJbHOr0 KacKajfa Ha TPHOJe fBJSI-
Puc. 3-7. Yeunuteas ¢ ka- ©TCS TDHMEHeHHe KaTOZHOro o-
TONHOA CBSI3BIO, BTOpUTE/S, MaJjoe BHIXOLHOE CO-
NPOTHBJIEHHE KOTOPOTO TO3BOJISET
NOAKII04aTh JOBOJBHO GOJbIIYIO
eMKocTb 0e3 3aMeTHOrO yXyAlleHHs mapamerpoB. Ma Bcex
BO3MOXHBIX BAapPHAHTOB TAKOro BBeJeHHS MHHHUMAaJbHOE
YHCJIO JleTasiell HMeeT <YCHJIHMTeNb C KaTOMHOM cBSA3bio» [27],
BBIMOJIHSIEMBIH HA JBOHHOM TpHOMe (pHC. 3-7) M ABJAIOIIHI-
cq KoMOWHanHeH M3 KaTOJHOTO MOBTOPHTENSI M yCHJIHTENS
C 3a3eMJIEHHOH CeTKOH.

|

v

3-4. BJIMAHHUE OBPATHbIX CBA3EM
YEPE3 BHYTPUJIAMIIOBbIE EMKOCTU HA PABOTY
PE3OHAHCHbBIX YCUJIMTEJIEW BbICOKOM
A NMPOME)XYTOYHOM YACTOTbI

B 0OmHOKOHTYDHOM OIHOKAaCKaAHOM PE30HaHCHOM ycH-
JIUTeJie Harpy3Ka B aHOQHOH IeNH MOXKeT UMETb aKTHBHEI,
€MKOCTHBIH HJIH MHAYKTHBHBIH XapakTep B 3aBUCHMOCTH OT
YaCTOThl MOAABAEMOTO Ha CETKY BXOJHOTO HalpsKeHMH.
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CompoTruB/ieHHe, BKJIOYaeMOe B KaTOJA YCHJIHTENs, 0OBIYHO
6si0KHpyeTCcs: GOJBIIOH eMKOCThI0 Ha KOPIYC, H3-3a Yero
Kycos gx=0. Ha puc. 3-8 moxkasaHE aMIJIUTYZHO-4acTOT-
Hast U a30-yacTOTHAsl XapaKTEPUCTHKH TAKOTO YCHIHUTENb-
Horo Kackama. ComocTaBJisis 3TH XapaKTEePHCTHKH C ypas-
Henusamu (3-2) u (3-3),
MOXHO JIerKO YOeJUTbCA
B TOM, UTO OJHOKOHTYDHBIA
VCHJIUTEJbHBN Kackajy 0y-
JIeT HMEeTh MAaKCHMAaJbHYIO
BXOIHYIO €MKOCTb Ha D€30-
HAHCHOHA YacToTe o, /1
KoTopoil @a=0, cos@pa=1,
Ka=Ka waxc ¥ BXOIHAs eM-
KOCTb

CBX MaKc —/ Cgh _I‘

_I— Cga (1 "I"Ka MaKC)‘

Ias onpelnesieHus Be- —
JINUHHBl aKTHBHOTO (COMpPO- P I !
THBJIEHHS] HYXHO DaccMoT- R
peThb npousBefeHHe -0t -

Kasing,. Ha pesonancHo#

yacrore g  Sin@a=0, Puc. 3-8. AmmautynHo-uacroTHas u
RBx=oo U akKrtuBHasag coO- ti)aso-'-lamomaﬂ XapakTEepUCTUKU OL1-
CTaBJSIONAas BXOMTHOTO TO- HOKOHTYpPHOTO yl(ix;ﬁz?enbﬁoro Kac
ka orcyrctByer. [Ipu pac-

cTpoiike B 06e CTODOHBI OT

0o abCOJIIOTHOe 3HAu€HHE @a U SiN@g, pacreT, 3HaueHHE
K, mnamaer, a mpoussenende |K,singa| crauana pacrer,
a 3areM yMeHbliaercs. YacTtoThl, Ha KOTOpHX TIpoO-
usBefenne |Kasing,| Gymer MaKcHMaJbHEIM, HaXOAATCA
IyTeM COCTABJEHUS] ypaBHeHHH 4acCTOTHOH u (as3oBoi xa-
PAKTEPUCTHK YCHUJIHTEIS H OmpeJeseHHsi OOLIYHBIM MyTeM
MaKCHMyMa yKa3aHHOTO TpousBeneHusi. B pesyabrarte mo-
Jyyaercs, YTO 3TH YacCTOTHl COOTBETCTBYIOT KPafAM IOJOCHI
POTYCKaHUS

Aw,
(-Do i 0,7 ,
2

Ha KOoTOpbIX Ky =0,7K3 yaxc H Pa=7-45°.
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[TomcTaBuB 3TH 3HAYeHWs B ypaBHeHHe (3-3), MOJIYUYUM
MUHHMAaJIbHYIO BEeJHUHHY BXOMHOILO COMPOTHBJIEHUS

2
(OCgaKa Make

(3-10)

| Rnx MUH | -

STO COMPOTHBJIEHHE MMEET 3HAK «-+» Ha uyacroTe Kpas
MOJIOCH TPOMYCKaHHS BBHILIE @ H 3HAK «—>» Ha YacToTe
HHXe 0g.

Taxum o6pa3oM, B pe30HaHCHBIH KOHTYpP, BKJIOUEHHBIH
Ha BXOJl€ JIaMIIbl, BHOCHTCS Llenblo 06paTHOM CBS3U Ha pas-
JIHYHBIX YacTOTax {PasjyyHOe N0 BeJUYHHe U TI0 3HAKYy 3a-
TyXaHHe, UTO MPHUBOJXUT K HCKaXXEHWIO YaCTOTHON XapakKre-
DUCTHKH HJH K CaMOBO3OYXKIEHHIO YCHJIUTEJIS.

Jlnsi ycTpaHeHHss BPeNHOTO BJHSHUST eMKOCTH Cgq TpH-
MeHSIIOT 9KpPaHUPOBAHHBIE JIAMIE], TEHTONb HJIH TETPOJIH,
HMeloIHe eMKOCThb cetka—aHon Cg B 100—1000 pas
MeHbIYIO, YeM TpuOAbl. Mcnosib3oBaHHe 3KpaHUPOBAaHHBIX
JiaMI mpexX[e BCero yCTpaHseT yBeJHYeHHe BXOINHOH eMKO-
CTH, BHI3bIBaeMoe eMKOCTbI0 Cgq, TaK Kak IJI 3THX JiaMII
npousBefieHue Cgq (14 Ka maxe) TpHu caMbix HeGaronpHsT-
HEIX yCJOBHAX He TpeBocxonut 1 ng. Tak XKe pesko yBeju-
YHBaeTCs aKTHUBHOE BXONHOE CONPOTHBJIEHHEe Rgx.

CymecTByeT MHOro CXeM [/ HeHTPaJu3alUU BJIHSAHHUS
emkoctd Cqp TpHOHOB [2] 4 sxkpanupoBamHbIX Jamn [20].
Ha mpakTuKe B MpHEMHO-YCHJIUTENBHBIX YCTPOHCTBAX 3TH
cXeMbl He NPUMEHSIIOTCS, TaK KaK TpeOyIOT KPONOTJIHBOrO
noxbopa u HacTpoiku. Bcerma mpoille NpUMEHHTh KpaHHU-
pOBaHHBIE JJaMNBI U B3ATh 60JIblIee HX YHCJAO NPH MEHbIEM
VCHJIeHHH Ha KacKaJd. ENUHCTBEHHBIM H3BECTHBIM HCKJIOue-
HUeM U3 A3TOr0 MpaBH/a SIBJASETCH CXeMa pPe30HAHCHOTO
YCHJIHTEJNS ¢ MUHUMAaJbHEIM ypOBHEM IIyMa, B KOTOPOH mJis
NoJiyyeHHsi MaJsioro LiyMa TPHMEHEeHBl TPHOABI, YTO MOTpe-
60BaJio HelTpasu3auui eMKOCTH Cgg.

ITpuMeHeHHe oTpuuIaTeqbHOH 0OpAaTHON CBSI3H MO TOKY
3a CYeT BKJIIOUEHHS B KaToX He3abJIOKHPOBAHHOIO COMNPO-
THBJIEHHS TOYTH He YMeHbllaeT BXOMHOH €MKOCTH TPHOJA.
Takoe BK/IOUeHHe YMeHbIIAeT TOJBKO MepBBIl UleH Bhpa-
XKeHud (3-2), KoTopuli W 6e3 TOTO 3HAYHTEJbHO MeHbllle
BTOPOTO.

BBenenne B KaTo mMeHTOAa MOJHOCTbIO HJIH YaCTHYHO
He3alIYHTHPOBAHHOTO CONPOTHBJIEHHSI MOXKeT 3aMEeTHO
YMeHBIIHTb BXOJHYIO eMKOCTb, TaK KaK B 3TOM CJyyae Iep-
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BHIH wieH BelpaxKeHus (3-2) Gosblie BToporo. Takoe BKJIO-
yeHHe TakKXKe MoJe3HO /s YMeHbIIEHHS HU3MeHeHHs BXO[-
HOH eMKOCTH M, CJeLOBaTeJIBHO, N/ yMeHbIIeHus pac-
CTPOAKH KOHTYPOB YCH/IUTENs NMPH PEryJupOBaHHUH YyCHJC-
HHUSl MOJauyell Ha CETKY OTPHLATENbHOIO HampsikKedus [27].

3-5. HAUBOJIBIIEE YCTOWYHBOE YCHJIEHUE
PE3SOHAHCHOTO YCHJIHUTEJA

IMogkmwoueHne LEMU CETKH JaMIbl, MUHHMAJbHOE BXO[I-
HOE CONpOTHBJEeHHE Ryxwmum KOTOPOH ONpenessiercs ypaBHe-
HueM (3-10) K pe30HAHCHOMy KOHTYpY TPHBOIHUT K HCKaXKe-
HHIO er0 YaCTOTHOM XapaKTePUCTHKH. DTO MCKaxKeHHe ypo06-
HO OIleHHBATb COOTHOLIEHHEM MeXIY 9KBHBAJIEHTHHIM CO-
UPOTHBJIEHHEM KOHTYpa Rs, KOTODPOE OH MMEET Ha pe3oHaHC-
HOH mWacToTe g, KOrga Rpy=o00, W BeJMYHHOH 3TOro Xe
conporuBaeHus R’ KOnga KOHTYp WIYHTHPYETcs CONPOTHB-
JeHueM Ry vum. OueBHIHO, YTO BeauuuHaMm R, u R’; oGpar-
HO TIPONOPLHOHAJIbHBI BaTyXaHus ds u d’y, XapaKTepusyo-
ulye YacCTOTHYI0 XapaKTePUCTHKY VCHJMTENbHOro Kackaza.

Ha 6ase ypaBuenus (3-10), sagaBuuce 10%-HbiM H3Me-
HEHMEM 3aTyXaHus KOHTypa oT BausHus Cug, B. Y. Cucdopos
{15] mokasaJs, 4yTO B pE3OHAHCHOM YCHJIHTEJe C JIOGHIM YHC-
JIOM KaCKaJ0B MaKCHMaJbHOEe YCTOHYHBOE yCHJIeHHEe Ha Ka-
cKajll OT CeTKU N0 aHOJa He JOJKHO TPEBOCXOAHTL BeJH-
YHLHDI.

S
®0yCag '

Ko waxc yc'r:0,42‘/ (3-11)

M3 storo BhipaxkeHus cjaefyert, 4to HauboJbliiee yCTOU-
quBOe yCHJIEHHE He 3aBHCHT OT MapaMeTPOB KOHTYpa U CBS-
34 €ro C JIaMIoH, a Onpefe/IsieTcss HCKAOUUTEIbHO MapaMer-
paMu JaMmnbl U paboyell YaCTOTOH YCHJIMTEJIS.

K ¢opmyne (3-11) MoxkHO chaenath ciaepyoline 3aMeya-
HHUS:

a) Ona BoiBeleHa NJ 3KPAHHPOBAHHBIX J1aMI, Y KOTO-
prix R; > R,.

6) ®opmyna BbiBeleHa B NIPeIOJI0KEHHH, UTO MaPa3HT-
#ias o6paTHas CBA3b B YCHJHTeNEe BO3HHKAET TOJNbLKO yepes
eMKOCTb Cgag. OKDPaHHDOBAHHE YCHJAHMTENs BHIIOJNHEHO HA-
CTOJILKO XOPOLIO, YTO OCTaJbHBIMH BHUIAaMH BO3LeHCTBUS
MOC/AEYIOIUX Lenel YCHIMTENs Ha MpPEABIAYIIHE MOXKHO
1peHebpeys.
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B) B MHoroxackajgHOM ycuiUTeNe, OTHEJNbHBIE KaCKaLbl
KOTOPOro JaloT yCHJEeHHe OT CeTKH A0 aHOAa, COOTBETCTBY-
[olllee MaKCHMaJbHOMY YCTOHYUBOMY K, maxc yer, TPH BCEX
HaUXYAIIUX CJAYy4aHHBIX B3aHMHBIX DacCTpPOHKaX KOHTYpOB
3aTyXaHue TePBOro KOHTypa (He roBOps yXK '0 Bcex moche-
IyoluX) yMeHbluaercs He 6oneeueM Ha 10% om3aryxaHus,
KOTOpOe KOHTYp HMeJ HPH OTCYTCTBUU OOpaTHOH CBS3H.

T) B OZHOKOHTYDHBIX KacKafax C IIOJIHHIM BKJIOYEHHEM
KOHTYDOB B aHOJHDbIE LeNHJaMI U C HAaCTPONKOH Bcex KOH-
TypOB Ha OJHY YacTOTY YCUJIeHHe OJHOJaMIOBOTO KacKaja
OT CeTKH IO AaHOJa pPAaBHO YCHJIEHHIO OT CEeTKH 3TOro
Kackajxa o CeTKU JiaMmbl cjaeqylomiero kackaga. s takux
YCHIIHTENEN Kamaxcyc'r=K01 maxc yer, TAE€ Ko Mmakc yer — Ma-
KCHMaJIbHOE YCTOHYMBOE YCHJIeHHe OJHOro Kackana, u ¢op-
myJoit (3-11) MoXHO mosb3oBaThcd 6e3 Kakux-1ubo oro-
BOpOK. Bo Bcex ocTaslbHBIX Cayuasix, T. €. B YCHAHTENSX
C HENOJIHBIM BKJIIOUEHHEM KOHTYPOB B aHOJIHblE LIeMH JIaMi,
¢ TpaHcopMaTOPHOH CBSI3bIO, C KOHTYPAMH, HAaCTPOEHHBIMHU
Ha JBe U 6oJiee 4aCTOTH, U C ABYXKOHTYPHBIMH I10JIOCOBEI-
MU GuIbTpaMH, He0OXOLHMO YUHTHIBATb, YTO BeEJIHYHHA
Kg waxe HDaHHOI mpOBepsieMOil KOMOGHHALMH KOHTYp—JlaM-
na—KOHTYp Ha PE30HAaHCHONH 4YacroTe MOXKET O0Kas3aThes
3HAQUUTENbHO OOJibllie CpPeNHero yCHJeHHS OJHOTO KacKaua
Ko, paccuutsiBaemoro mo dopmyae

Ku=yK,,

rie n—Yyucj0 KackamoB u Ky — MoJHOe ycuJeHHe BCero
YCHITUTEJIS.

IIpu nmpaBuNbHOM BbIOOpE YCHJIHTENLHOR JaMIbl, COOT-
BETCTBYIOILEM €e ‘OCHOBHOMY Ha3HAUeHHIO, MaKCHMalbHOE
yCTOAUNBOE yCHJEHHe, paccunTaHHoe mo Gopmyte (3-11),
OOBIYHO OKAa3HIBAETCS 3HAUHTEJNLHO OOJNBUIEM peajbHO HO-
ayuaemoro. Kpome toro, B ycuiutene CyllecTByeT psij ApY-
THX TIAPAa3UTHBIX CBsi3el, KOTOPHiE OKasbiBAOT Gojiee CHJb-
HOe BJIUSIHME, 4eM CBs3b uepe3 eMkocThb Coe. Bce ke Bo
us3bexkaHue oWUGOK NpPH BBIOOpE JaMI H HempaBHJIbHOTO
yuera YCHJIEHHS B PACCTPOEHHOH CHCTEME T0JEe3HO TPOBO-
IOUTb TPOBEPKY BCEX NPOEKTHPYEMbIX PE30HAHCHBIX YCHJIM-
resielt mo opmyae (3-11).

PaccMoTpeHHbIH B HacToslleM naparpade BOIPOC OTHO-
CUTCH K LIMPOKO TPHMEHsSeMBIM PE30HAHCHBIM YCHJIUTENSM
C 8aseMJieHHbIM (06uEM) KatogoM. Mapenka nns yMmeHsb-
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IIeHHs 'YPOBHA LIyMa NPHUMEHSAIOTCH YCHJIUTENH Ha TPHOLAX,
B KOTOPBIX TMPUXOLUTCS HCIOJNb30BATh CXeMY C 3a3eMJIeHHOH
CeTKoH, Tak KaK cxema < OOIIUM KaToJAOM HeYCTOHYHBA
u3-3a ‘GOJIBLIONH eMKOCTH aHOJ—CeTKa. B cxeme ¢ sazemieH-
HOH CeTKOHl YCTOHUMBOCTb ONpelessieTcs eMKOCThI0 aHOA—
KaToJ, KOTopas BecbMa MaJja OJarogaps KpaHUPYOILEMY
neficTBHIO 3a3eMJIeHHON ceTKu. Pa6ora ycunuTeneii ¢ 3a3eM-
gfﬂggfl ceTKON moxpo6GHO ocBellleHa B Jurtepartype {10, 15,
) g .

3-6. BbIGOP U NMOAKJIOYEHHUE K KOPIMYCY
BJIOKHPOBOYHOM EMKOCTH B LLENH 3KPAHHUPYIOILEM
CETKH. NOAKJIDYEHUE K KOPNYCY
AHTUAWUHATPOHHOM CETKH

YKa3aHHbBIE B CIIPaBOYHHUKAX 3JIEKTPOBAKYYMHBIX MpHOO-
poB BesuuuHBl Cgag, ONpeesioliie MaKCUMaslbHOE YCTOH-
YHBOE yCHJIEHHEe, TApAHTHPYIOTCS 3aBOLOM TOJBLKO NpH KO-
POTKOM 3aMBIKaHHU 3KDAHHPYIOILEH CETKH Ha KaTOJ JiaMIIbl.

[Ipu mpakTHYECKOM HCIONb30OBAHUH 3JIEKTPOHHBIX JaMIl
Ha SKPAHUPYIOILYI0 CETKY II0JAeTCs [OJIOXKHTeJNbHBIH 10~
TEHIMaJ, a TI0 BBICOKOH YaCTOTE OHa COENUHSIETCS € KaTo-
IOM uepe3 GJIOKHPOBOYHBIN KOHAeHcaTop. B aTux ycinoBusix
9KpaHUpyIOlllee MHEHCTBHE CETKH YMeHbLIaercs, OCOOEHHO
IpH HEJOCTAaTOYHOH BeJuyuHEe OGJIOKHPOBOYHOro KOHMEHCA-
TOpa.

s pacuera BeJIMYMHBL HAUpsKeHHs OOPaTHOH CBS3H
U, BO3HHKAIOIIEr0 Ha YNpaBJ/sIOLIel CeTKe JiaMIlbl YCHJIH-

Puc. 3-9. Bimmsanue emxoctd C; Ha yCTOHYHBOCTD YCHJIH-
TeJIBHOTO KacKaja.

TeJig NOJ BO3IeACTBHEM liepeMeHHoro HampsizKenus U, Ha
aHOJ€e, BOCIIOJIb3yeMCSl SKBUBAJIEHTHOR cxeMoi puc. 3-9, rne
Z,— CONpOTHBJIEHWE pPe30HAHCHOTO KOHTypa, HOIKJ/IOYeH-
Horo K cerke naminbl, C,g— NMpPOXOJHAs €MKOCTb MeXIYy
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ynpasJasiomel ceTkolt ¥ aHonoM; Cggz — €MKOCTb MeXKay
aHOLOM H 3KpaHupyiowel cetkoll; Cgs— eMKOCTb MeXAy
ynpaBjsiolell W dKpaHupyomel cerkaMu u Cp,— eMKOCTh
6/IOKHPOBOYHOrO KOHJEHCaTopa B LeNHu 3KpaHHUPYIOILEeH
ceTkid. EMKOCTH ceTKa—KaTOL U aHOA—KAaTojJ Ha CXeMe He
MOKas3aHbl, TAK KaK OHYU BXOJAAT B dHONHYIO U CETOUHYIO Ha-
Tpy3KH.

Ecnu mpunsate eMkocTb C, 6ecKOHeyHo 60JBIIOH, TO Ha-
npsi:KeHue oOpaTHOH CBA3H, 3aBUCHIlee TONBKO OT OCTATOU-
Hol mpoxoaHo# eMKOCTH Cgog, GyIeT paBHO

UdaZo
N
joCag 2z

Um -

y"—lHTvaBaH, YTO €MKOCTb Cag BecbMa MaJa H, CJaegoBa-
TeJbHO,
1
joCoy

> Zc:
10J1y4aem
[701 ~ Uajwcagzc-

IIpu xoHeuHoi BenuuuHe eMkoctd C, KpoMe Hampsxe-
Husi Uq) Ha yupaB/siiolllell ceTKe MOSBATCY JOTNOJHHTENBHOE
HalpsiXKeHHe

Cage Ze
% Cogz +Co 1 _

L_/cg—-—_U .
joCgr, T 20

l —_
Tak kak C;> Cyg, ¥ —~—>Z;, TO MOXHO IIpeHe-
JoCg1,

6peub B 3HaMeHarese BeauunHaMd Cgag, H Z;, HECMOTPS Ha
TO, 4YTO HOcJegHee TNpeHeOpelkeHHe HECKOJbKO CHHXKaeT
TOYHOCTb pacueTa.

Torna

Cagzcgl,z . 7
e ot

U02=Ua,

Hnas Toro uto6bl mapasutHass obpaTHas CBSI3b BCJHEI-
CTBHE HENOCTATOUHOH BenuuuHbl eMKoctH C, He yxydliaja
KayecTBa 3JIEKTPOHHOH J/laMIlbl, HEOGXONHMO BbIMOJIHEHHE
yenoBust Ueg €Ug;. Honycrum, uTo o6paTHasi CBSI3b H3Me-
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HsieT HamnpsiKenue Ha cetke Ha 10% oTHOCHTENBHO Hamps-
Kenust npu Co=o00, T. €.

1702 — 0’ 1001

)7 0)858

Cag2Cgl 2

U, 2282812 iy 7 . —0,1U,C ygj0 Zo.

Pemwus ato YpaBHEeHHE€ OTHOCHTEJIbHO Ca, MOJIYy4YUM

_ Cag2Cg1_'2

Ca_—lO—Cag .

[Tonaras, 4t0 Cgge=0,5Cpyx U Cg12=0,5Cpx, momyuaeMm
ypaBHeHHe

CBXCBI)IX

Co=25=5s,

(3-12)

B3 KOTOpPOTO CJeLyeT, YTO MUHHMaJ/bHast eMKocTb C,, HeoO-
XomuMasi JiJIs HOPMaJsbHON pabOTHl SKpaHUDYIOUlEH CETKH
3J/IGKTDOHHOH JlaMINbl, HE 3aBHCUT OT NapaMEeTPOB YCHJIH-
Tessl, a oOmpelessercss TONBKO BHYTPHU/JIZMIIOBHIMH €MKO-
CTSIMH.

HuXe mpuBeneHBl OpUEHTHPOBOUHBIE MHHHUMAJIBHBIE Be-
JIMYHHBl €MKOCTH OJIOKHDOBOYHOIO KOHJIEHCATOpa B ILemH
9KPAHUPYIOIe! CeTKH, PACCUNTAHHBIE N0 YpaBHeHHIO (3-12)
I/ HEKOTOPBIX THIIOB METAaJIMYECKHUX, CBEPXMHHHUATIODHBIX
U MaJbYMKOBBIX JIaMII.

YpaBHeHune (3-12) BriBefleHO 06e3 yyera SKpaHUPYIOILEro
NEeACTBHSA aHTHIHHATPOHHOH CETKH, KOTOPOE He 3aBHCHT OT
Besuuyunsl C,. HecMoTpss Ha 37O, TOUHOCTb BEJNHUHH €MKO-
crefl, npuBefeHHbIX B Taba. 3-1, BrmosHe XOocTaTouHa s
NPaKTHYeCKOTO MHONOJb30BaHHUS, TaK KaK 3HAUHUTEJbHBIN
pas6poc BesuumH C, Majno orpaxkaeTcs Ha paboTe yCHJIH-
Tess.

Ecnu momyyaeMoe OT Kackajza ycuJeHHe 3HAUMTEIbHO
MeHbllle MaKCUMAaJbHOTO YCTOHYHBOI'O, PACCUHTAHHOIO MO
dopmyne (3-11), To MunuManbHas BeauyuHa C, MOKeT
ObITh CHHXKEHA 0e3 ocoboro yuiep6a a/s yCTONYHBOCTH Ka-
ckaga. DTo 3aMeuaHue NPeXJe BCEro OTHOCHTCH K jJaMIam
tunoB 6)K3, 6)K8, 6K3, 6)K4I1 u 6K4II, xortopsie npegHa-
3HaYeHbl /I Y3KOMOJNOCHBIX YCHJIUTENel. DTH JaMIbl HMeloT
oyeHb Manylo eMKocTb Cag, TpeOyIOT mo ypaBHeHHo (3-12)
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Gonpuoll 6J0KUPOBOYHOH eMKocTH C, ¥ MO3BOJAIOT TOJY-
YuTh GOJIbIIOE YCTOHYHBOE yCHJ/IEHHE HA OTHOCHTEJHLHO HHU3-
KHX yacToTax.

Ta6auna 3-1

MuHHMajbHbBle BeJIHYHHL €MKOCTH GHOKKPOBO'IHOFO
KOHJleHCAaTOopa B lend 3KPaHUPYIOuWeEH CeTKH

EmxkocTh 6J10-

MeXay37eKTPOLHEE €MKOCTH KHPOBOYHOrO

Tan aamnst . JlaMnbl, ng KOI;;[?I-;::;TO-

Cax Cnmx Cag Ca

6)K3 8.5 7,0 0,003 50 000
6)K4 10,0 6,0 0,015 10000
6)K8 6.0 7,0 0,005 21000
6K3 6,0 7.0 0,003 35000
6K4 8.5 7,0 0,005 30000
6)K1b 4,8 3.8 0,03 1500
6K 1 4,7 2,8 0,035 1000
6)K3I1 6.5 1.5 0.025 1000
6 K4IT 6,3 6.3 0,0035 28 000
6)K5B 6,0 4,0 0,05 1200
6)K5I1 8,5 2,2 0,03 1 600
6 KOIT 8.5 3.0 0,03 2100
6)K9b 7.5 3,0 0,055 1000
6,K10B 6.5 4,5 0,05 1 500
6 K11I1 13,5 3,5 0,04 3000
6,K20I1 8.6 2,5 0,04 1300
6)K23I1 13,5 3,0 0,075 1 300
6K31B 4,8 3.8 0,03 1 500
6)K33A 3.6 3.3 0,03 1 000
67K40IT 6,7 4,1 0,025 2700
6K4I1 6.4 6.7 0,0045 24000
6K6A 3.6 3.3 0,03 1 000
6K11B 4,8 3.8 0,03 1 500

[Ipu paGore JaMIbl B YCHJIUTEJNSIX HH3KOH YacTOTH U
B BHJEOYCH/IUTENSAX MHHHMAaJbHble 3HAUeHHs BelHUuHH C;,
onpesensieMble U3 YCJIOBHSA JONYCTHMOro HCKaxcHHA op-
Mbl CUTHAJIOB, NOJYYAIOTCS 3HAUHUTENbHO GOJIble BeJHUMH,
yKasaHHbIX B Taba. 3-1.

B xatoxuyio uens jamn 6oJjiblieHd 4acThIO BKJIOYaeTCH
COTIPOTHBJIEHHE ABTOMATHYECKOrO CMellleHHs 3a CYeT aHoA-
HOTO TOKa. B 3TOM ciyuae HHOTA IPOH3BOAAT OW:UGOUHOE
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nomkaoyeHre Konaencaropa Cp HemocpeaCTBEHHO K KaToAy
BMeCTO ILIACCH.

Kak moka3aHo Ha 3KBHBaJeHTHOH cxeMe puc. 3-10, Ta-
KO€ MOJKJIOUeHHe CO3/laeT NONOJHUTEIbHYIO Lenb 06paTHOH
CBA3H aHOAA C ceTKoil uepe3d eMKOCTH Cggs, Cp U Cax. JTa

fag
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| lapp. Skp.cemka g2 | g,
R s T W
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R )
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Puc. 3-10. Hepepwoe mogxiioueHHe K KaToly IG/OKHPOBOUHOTO KOH-
JeHcaTopa SKPAHHDYIOUIeH CeTKH.

IONOJNHUTeNbHAs o0paTHass CBS3b 3aBHCUT OT BEJHYHHEL
conpoTuBJeHust Z; U GoJibllle BCErO MPOSIBASIETCS Ha BECbMa
BLICOKHX 4acTOTaX, Ha KOTOPHIX JaxKe TpHu Gojbliel GJI0KH-
POBOYHOH €MKOCTH B KaTOLE BeJHYHHA Zj MOJYy4aeTcs OTHO-
CHTEJbHO ©GONBLIOA O6Jarofaps BJAHSHHUIO HHIYKTHBHOCTH
KaTOMHOH LIeMH.

Anajiornynasi KapTHHA MOJNYYaeTcsl MPH TPUCOENHHEHHH
AHTUJIHHATPOHHOHN CeTKU K Karony. M3 okBuBaseHTHOH cXe-
Mbpl puc. 3-11 BuAHO, 4TO ¥ B 3TOM Clyuae MOJy4aercs
JOTIONIHUTeNbHAs o6GpaTHast CBsA3b uepe3 eMKOCTH Cggs U
Cgr, 3aBUCALIAS OT BEJUYUHB Zp.

Takum oGpasom, koulencarop C, u aHTUOUHATPOHHYIO
ceTky caedyer sceeda coeOunaTs ¢ kopnycom npubopa. Uem
Bhllle pabouasi yacToTa Kackajga, TeM OoJjiee 6J1arOTBOPHO
IeficTBYeT Takoe cOequHeHHe. B HEKOTOPHIX THHax Jamm
AQHTHAMHATPOHHAS CEeTKa COeJHHEHa C KaTOJOM BHYTPH JiaM-
OBl U OTHEJNBHOrO BHIBOZA He uMeeT. Ha uacrorax Bhiie
10—20 Mey takue JaMmmbl NIPUMEHSTH HeXKeJaTeJNbHO.

Ilpn NORKIIOUEHHH AHTULUHATPOHHOH CETKH K KOPMYCY
OHa mnoJyyaeT HeOOJBIION -OTPULATENbHBIH MOTEHIHA.
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B HexOTOpHIX THUMAX JaMI OT 3TOr0 HEMHOro Najaer Kpy-
TH3HA XapaKTePUCTHKH, ¢ YeM OOBIYHO He CUHTAIOTCA.
[Ipu Bu6ope Tunma KoHgeHcatopa C; M Npu MOHTaXe
enell SKpaHHpYIOLLell H aHTHAHHATPOHHOH CETOK HE Clely-
eT 3a6bBaTh 00 HHAYKTHBHOCTH COEJHHHTEJBHBIX MPOBOAOB
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Puc. 3-11. HeBepHoe NpHCOeNHHEHHE AHTHIHHATPOHHOH <CETKH K Ka-
TonY.

H 0 COOCTBEHHON HHAYKTUBHOCTH KOHIEHCATopa, KOTOphIE
MOTYT pe3KO HCKa3HThb H YCJIOXKHHTb pasobpaHHBE 3]eCh
ABJICHHs, OCOGEHHO B YCHJHUTENsAX, pabOTAOUINX Ha OYeHb
BBICOKHX YacCTOTaX.

3-7. OLEHKA HEOBXOJHMMOW CTENEHH
9KPAHHUPOBAHHUA U ®UJIbTPALHH

B MHOrokackaJgHbIX YCHJHTeNSX CYLLecTByeT O60JblIOe
YHCJIO KAHAJIOB, 110 KOTOPBIM YCHJIEHHOe Halpsi)KeHHe MO-
JKeT MOCTYNaTh U3 TOYeK C GOJBIIHNM YDPOBHEM HaNpsKeHHH
B TOYKH C MEHbUIMM YpOBHeM HamnpsiKeHusl. K TakuM KaHa-
JlaM MOXKHO OTHECTH BCe BHAH OOPAaTHOH CBSI3H MeXIYy
AHOMHON W CETOYHOH LeNsiMU B Tpefenax KaxKAoro OTHelb-
HOTO Kackaja, B Ipelenax ABYX, Tpex u 6ojee KaCKauoB H,
HAKOHEIl, Tepefayy HamnpsKeHus C BBIXOLA YSHIHTeNs Ha
ero Bxoa. Hannuwe GoJablIOTO umcia KaHastoB 00paTHOH
CBSI3H He TI03BOJISET MPOU3BECTH TEOPETHUECKOE PACCMOTpE-
HHUE siBJIeHHs1 B 06ueM Buie. [ng ympolleHHs MpPEeRNoJo-
UM, UTO OGpaTHble CBSI3M UMEIOTCSH TOJNBKO MEeXJY BBIXO-
JIOM ¥ BXOAOM YCHJIHTeNS. DTOMYy TPeNIoN0NKeHHIO MOJTHO-
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CTbI0O COOTBETCTBYeT ONHOKACKafHBIH yCHUAUTENb, a U3
MHOrOKaCKaJHBIX — TOJIBKO T€, B KOTOPBIX JKPaHHPOBaHHE
BBIMOJIHEHO HACTOJIBKO XOPOIIO, YTO C BJAMAHHEM CBs3eH
MeXJy IPOMEXYTOUYHHIMH TOYKAMH MOXKHO He CUATAThCS.
CkasaHHOe He O3HayaeT, YTO MApPa3UTHHIMH CBS3SIMH IIPO-
MeXYTOUHbIX KacKaJoB MexXAy coboH ciaemyer mpeHeGpe-
ratb; INpH 'HEYILAuHON CHCTEME

SKDaHUPOBAHHUS YCUAHTEN MO- Upg Ypbix

JKeT 0KasaTbCsl YTO CBA3U MeX- ~— i —

Iy TMPOMEXYTOUHBIMH Kackala-

MH IIPEBOCXOLSIT CBSI3M MeEXIY

nepBuiM U mocaenHuM. Tlosaras,

yToO Toc/JefHee OOCTOSATENLCTBO —

OTCYTCTBYET, PACCMOTPHM YCJO- s

BUS YCTOHUUBOH pabOThl YCHJIH-

Teqs. Puc. 3-12. CreneTHas cxema
Ha puc. 3-12 nmokasana cke- YCHJIHTENS ¢ 0BpaTHOH

JIeTHas cxeMa ycuaureias c 00- CBA3BIO,

paTtHO# cBA3bi0. OH cOCTOMT U3

ycunurens 6e3 o0paTHOH ©oBsi3H, K03(HuLHEHT YCHIIEHHA
Koroporo paser K, u 1enu 06paTHO# CcBsA3H, mepefaiolei
Ha BXOJ YaCTh BBIXOMHOrO HaNpPsKEHHS B ycuauteds.

B ofuiem cayuae K ¥ B SBAAIOTCH KOMIJIGKCHBIMH Be-
JIUUAHAMHY, 3aBUCAIIUMH OT YaCTOTHI.

Ecnu Ha BXon ycunurtens nojarh Hampsixkenue Usx, TO
BBIXOJHO€ HampsiKeHHe Uspwx ONpPENEeNHTCH HalpsikeHHeM
BXONa, YCHJIEeHHBIM B K Da3, U BBHIXOAHBIM Hamps:KeHHeM,
KOTOpOe IpOHAeT yepe3 sjeMeHTH f U K, T. e.

Unmx - R Unx —I—FRUBBIX'

Pemas 510 ypaBHEHHEe OTHOCHTENbHO Ugyyx, TIOSYyYaeM

ol

T:"T—(‘U_BX’

Unbrx —

|

OTKYJa HaXONHM KO3 HULUHEHT YCUJIEHUS YCUNUTENS C 06
pPaTHOH CBsSI3bIO

7 K
K _— = 3-1
o= TrR (3-13)
IIpu Hanuunn 06paTHOA CBA3H yCHJIEHHE BO3pAcTeT, ec-
a4 abCcoJIIOTHOe 3HaueHHe 3HaMeHartess |1—BK|<1. B stom
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cayyae ob6paTHas cBS3b HA3BIBAeTCsA NMONOXHTeNbHOH. Ecian

e abCo/IoTHOe 3HaueHHe 3HameHartens |1—BK|>1, To a0
3HAYMT, YTO HMeeTcsd OTpuLaTe]bHass oOparHas <CBA3b,
yMeHbIIAIoIas yCUIeHHE.

B MHOrokackagHHIX YCHJHTENSX HEBO3MOXKHO IOJNYYHTh
TOJIBKO OJMH M3 YKa3aHHBIX BHLOB oOpaTHOH CBA3HM H, Clle-
IOBAaTe/NbHO, HEBO3MOXKHO IIOJyUeHHE H3BECTHHIX IIpeUMy-
IIECTB, [aBaeMbiX OTPHIATEJNbHOH 06paTHON -cgﬂsbfo.* Heno

B TOM, YTO BeJMuHHa u (Gasa mpousBeneHus BK, HasbiBae-
Moro Ko3dduineHTOM 0OpaTHOH CBSA3H, 3aBHCAT OT YaACTO-
Thl. ‘B mpepenax moJoCH NPOIYCKaHHA YCHUJAHTENS OH H3-
MeHsIeTCsl HACTOJIBKO, YTO Ha HEKOTOPbIX YacToTax Hab.io-
JlaeTcsl MOJIOXKUTeJbHAass 0OpaTHas CBs3b, a Ha ADYTHX —
oTpullaTeNbHast. DTO MPUBOAUT K reHepalluu HJAW K HC-
KaXKEHHI0 YaCTOTHHX XapakTepucTuk. Iljsi monydyeHus He-
HCKaXKEHHBIX WACTOTHBIX XAapaKTeDUCTHK NPH HAJIUUHU
06paTHOH CBS3H UX KOPDEKTHPYIOT, MOBHIIAS KAKHM-JIHOO
cnocoGoM YCHJIEHHE Ha ONHHUX 4YacCTOTax WJM CHHXKAs Ha
Apyrux. B pe3oHaHCHBIX YCHIHTENAX 3TO yalle BCEro MI0-
CTHraeTcsl TMyTeM pPACCTPOHKH OTJeNbHBIX KOHTYPOB OTHO-
CUTEJbHO PACUETHBIX YaCTOT HACTPOHKY HJIM TyTeM H3MeHe-
HUSl BEeJUYHH CONPOTHBJIEHHH, WIYHTHPYIOIMIUX KOHTYPH,
a ‘B BHIEOYCHJIHUTENSX — NIPUMEHEHHEM KODPEKTHDPYIOIIUX
apoccesell M KOHAeHcaTopoB. IlosyueHne TakuMH CIIOCO-
Gamu TpeOyeMOH YAacTOTHOH XapaKTePUCTHKH BMeCTO
YMeHBIIEeHUs] NMapasuTHOH O06paTHOH CBS3M YXyALIAeT psf
nokasaTesjell yCHJIHTENS: HeH3MEHHOCTb II0JIOCHl I pPOIyCKa-
HUsl TpH peryJHpPOBaHHH YCHJIeHHd, MOCTOSHCTBO KO3(hbu-
[HeHTa ycujeHus ¥ (QOpMBl YACTOTHOH XapaKTepUCTHKU TPH
H3MEeHEeHHH THTAIOLUX HanpsXKeHH# U CMeHe JamI, Ypo-
BeHb IIYMOB, TOBTOPSI&MOCTb TapaMeTPOB TPH CEPHAHOM
IpOM3BOACTBE # T. A. IlosTOMy napasuTHylo o6paTHYIO
CBA3b JIOGOr0 BHIA B YCHUJHTENSX ClelyeT KBaauuuupo-
BaTb KakK sIBJIeHHE BpefHOe U [OojJexallee MaKCHMaabHO
BO3MOKHOMY TNOJaBJIEHHIO.

[Tpexne Bcero onpenenuM, Kakyl 4acTb BHIXOZHOIO Ha-
NpsKeHHs] MOXKHO IepefaBaTh Ha BXOJ ycuiuress 6e3 oco-

* OrpuuarenbHas obpaTHas CBsI3b B YCHJAMTEJSIX INI3KOH YacTOTHI
H B BUAEOYCHJHTEJSX OObIYHO OXBaTh!BAeT OAHH Kackal. OxBar mBYyX-
Tpex KackajoB NpHMeHseTCs OueHb pemKko [2]. B pe3oHaHCHBIX 'yCHIH-
TedsIX OTpHUATenbHas OOpaTHas CBA3b NpPaKTHUECKH He IPUMEHseTcs
BOBCe, XOTf M HMeeTcs TPHHIMITHMAJbHAsE BO3MOXKHOCTb €e HCIOJb30-
sanua [lil, 21].
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Goro yxymmenusa ero napamerpos. ®asa Kosdduunenra 06-
paTHoi cBsidu BK B mpefenax MoJOCH MPONMYCKaHHs YCHIIL-
TeJTsl U3MEHseTCs 3HAUUTeJNbHO H, CJeJOBaTeJIbHO, Ha
HEKOTOPbIX UYacTOTaX HanpsKeHue OOpaTHOl CBA3H, MO-
crymnarollee ¢ BbIXOAA yepes uenb o6paTHOI cBs3u f§, cOBTA-
AaeT mo (ase ¢ BXOAHBIM HampsKEHHEM, a Ha APYTHX 4a-
CTOTaX MpPSIMO MPOTHBONOJOXHO emy. B mepsom cayuae
o6paTHas CBsA3b JEHCTBYeT KaK MaKCHMalbHO IIy6OKas
NOJIOXKHTeNbHAsl, a BO BTOPOM — Kak OTpHLAaTeNbHass. By-
JleM CUUTaTbh JOIYCTHMOH TaKyl0 o0paTHyIO CBfA3b, KOTOpas
MCKaXKaeT YaCTOTHYI0O XaPaKTePUCTHKY He GOoJblle yeM Ha
5%, T. e. mpu KoTOpo#l ycuieHHe Ha JOGOH YacToTe OTIU-
yaeTcsl OT ycuseHus 6e3 oOpaTHOH CBs3H He ©OJiee 4eM Ha
+5%, uau

1= |BK |=1==0,05.

Orciona MakcuMalabHOE AONYCTHMOe 3HaueHHe KO3DHIH-
eHTa Tepelayd N0 LeNnsM MapasuTHOH o6paTHOH CBSI3H
OyLeT paBHO

Hamaxc l—_—cl)—lgsl. (3-14)

STo BHIpaXKEHHE M03BOJIsIeT €C/IH He PACCYHTATh, TO, BO BCS-
KOM cJaydae, rpy6o OLEHHTb KauecTBO 3KpPaHHDOBAaHHA, He-
00XOAMMOr0 AJ1s TOMYYEHHs] YCTOMYUBOrO ycH/eHusi. Bripa-
xenne (3-14) moxasbiBa€T, YTO KauyeCTBO 3KPaAHMPOBAHHs
JOO/KHO OBITh NPAMO MPONOPUHOHANBHO KO3(PQPHUUHEHTY
YCHIIeHHUS.

MHorokackagHbll YCHIHTEIb C MHOMXeCTBOM KaHaJOB
0o0paTHOH CBA3H MEXAy JIOOBIMH OKOHEUHBIMH H NPOMEXKY-
TOYHBIMH TOYKaMH MOXKHO TPELCTaBHUTb B BHJE KOMOGUHAIUU
OTJeNbHHX ycHIuTeneH (puc. 3-13), cOCTOALIHMX M3 OMHOTO,
IBYX, Tpex H 0oJiee KacKaloB, B KOTODHIX HMeeTcss ofpart-
Hasl CBsI3b TOJIbKO MEXAY BXOHOM M BHIXOHOM C K03 uuH-
eHTaMM 06paTHOH CBS3H

B:I?U Eﬁkzv ceey Elzlzlz’ anl?za’ cte ’BE

9TO MO3BO/IAET MPHMEHHTh K MHOFOKACKALHOMY YCHJIHTEJIO
H3JIOKEHHYI0 3J1eMEHTapHYI0 TEOpHI0 OGpaTHOH CBS3H, U3
KOTODOH ClIelyeT, UTO uem Ooabulee ycureHue umeeTcs mexc-
Oy Kaxumu-aubo TOUKAMU YCUAUTEAS, Tem Ayuule caedyer
9KPanHuposary 3Tu Touku Opye or Opyea.
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[TpakTHUecKH MOTYT BCTPETHTBCS CJelyIolllie OCHOBHbIE
BM/Jbl Mapa3UTHLIX CBs3€l, 3a CYeT KOTOPBHIX Mepenaercs
HalpsKeHHe C BbIXOJA 'YCHJIHTENs Ha ero BXOX:

a) IlpsiMass eMKoCTHasl CBSI3b MEXIY BXOLHOH WM BBIXOJ-
HOH uensaMu ycuaurenass (puc. 3-14). DToT BUJ CBA3H MmOJY-

Pz Koz
P123K123
B/ Pelle Bak3 Biky
7 \
7 2 J 4
nac- Kac- Kac- ~rac-
rxad xad rad xad
Brafirz
BazKas

B

Puc. 3-13. O6paTHele CBs3H B MHOTOKacKaj-
HOM YCHJIHTeJNe.

yaercsl TNpPH TakOoH KOHCTPYKUHH YCHJIHTeNas, B KOTOPO#
NpOBOJA BXOAHOH LEMH TIPOXOAAT BOJM3H BHIXOAHBIX (eM-
KocTk Ci), OTCYTCTBYIOT 3KPaHBEl Ha JIaMNaX HJIH OHH He-

/W [72] [] Mnl N\

\
Brod ’I Nepboni NMocned, |Borxod
N\ |racwad racxad 7

RN X,
N -
Cryvaunsie npoboda

Pac 3-14. EmxocTHas mapasuTHas 06paTHas CBS3b B yCHIHTEIE.

IOCTAaTOYHO 3KpaHHpPoBaHH (eMKocTb Cp) M, HaKOHel, MpH
HaJHYHM B MOHTAXKe YCHJHTeNs NPOBOAOB (B TOM YHCJE
¥ TIPOBONOB MUTAHHs), He HMEIOUIUX OTHOLIEHHS] K BBICOKO-
YaCTOTHHIM LeNsM, HO CBSI3aHHHIX C HHMH eMKOCTAMH Cj
i C,;. B pesysnbraTe coBMeCTHOTo HNeHCTBUS 3THX lemneil Bbl-
XO0JHOE HaMpsKeHHE MmepefaeTcs Ha BXOM YCHIUTeNs1 0caab-
JeHHHIM B M, pas.

122



6) OGpaTHas cBsA3b Yepe3 B3aUMOHHAYKTHBHOCTH MEXY
KOHTYypaMH YCHJIHTeNd, B pe3y/bTaTe AEHCTBHS KOTOPOH Ha
BXOJ, NMOCTyNaeT BHICOKOYACTOTHOE HaNpsKeHHe, ociabied-
Hoe B My pas.

B) O6parTHas cBSI3b N0 INPOBOAAM THTaHWS Hakanaa
AaMn. DTOT BHJ MapasuTHON CBSI3M CO3J4aeT Ha CeTKe Mep-
BOM JlaMIbl YCHJIMTEAs BBICOKOYACTOTHOE HallpsKeHue,
ocaaGneHHoe B My pa3 mo CpPaBHEHHIO C HaNpsAXeHHEM
B aHOAHOM KOHTYpE MOCJeIHEro Kackana.

r) O6paTHasi cBA3b MYTEM TiepeJayd BbICOKOYACTOTHOIO
HanpsiKeHHss M3 AHOAHOM M 3KPAaHHOM uened Toc/enHel
JaMIbl Ha CeTKy MepBOH HJIH BTOPOHl JaMMbl 110 MpPOBOLY,
NUTAIOUEMY YCHIUTENb AHOAHBIM HampsiKeHueM. [asa cHu-
KeHHUsI BLICOKOYACTOTHOTIO HalpsiKEHUs, TlepeflaBaeMoro Io
3TOMY KaHaJsly CBSI3H, B aHOJHble H 3KDaHHBIE LeNy BKJIO-
yaloTcs pa3Bsi3bIBaloMIMe fYCHKH, OT AEHCTBHSA KOTOPHIX Ha-
npsuKeHne ocnabasercs B Ma pas.

n) OGpaTtHas CBsi3b IO TNPOBOJAM aBTOMATHYECKOTO M
PYYHOTO YHpaBJeHHS YCHIEHHeM, MOJKJIHYaeMbIM K yNpaBs-
JSIOIHM CETKaM, aHTHAMHATPOHHBIM CeTKaM MJH K KaTo-
gaM Jgami. [Ipy 3TOM Ha BXOJA YCHJIHTeJd fepefaeTcs BhI-
COKOUACTOTHOE HampsiKeHHe, ocaabuaennoe B M. pas.

e) OGpaTHas cBA3b 110 INACCH YCHJIHTEJA, ABJAIOIEMY-
¢l OJJHHM H3 TIPOBOMAOB, COENUHSIOUIHX Da3/HUHBEIE TOUKU
yeuautens.* DToT BUJ MapasHTHON CBS3H CO3/aeT Ha CETKe
mepBOf JlaMIbl YCHJIHMTENS BBICOKOYACTOTHOE HampsiKeHue,
ocaabaenHoe B My pas.

OueBuHO, UTO BCe 3TH Mapa3HTHLIE HAMPSKEHHUS NOCTY-
namT Ha BXOJ YCUJHTENS B CaMBIX pa3HooOpa3HHIX (azax
H CYMMHPYIOTCS TeOMeTpHYecKH. Tak Kak yuecTb Bce 3TH
¢ha3bl He mpefcTaBAsETCS BO3MOXKHBIM, TO C 3anacom Oyzrem
CUHTATh, UTO BCe HampsikKeHHs nocrynalor B ¢ase. Toraa
B pe3yJbTaTe HX COBMECTHOTO AEHCTBUS Ha BXO[le YCHJIUTE-
JIS MOJIYYUTCS HampsiKeHHe

1 1 1 1 1 1
Uoo=Usux 3+ 3+ 3T w1+t )

* Hexoropeie aBTopsl [10 u 18] He mpousBoasT HeTanabHOro pac-
CMOTDeHHs MyTeH HHIYKTHBHOH H eMKOCTHOH OGpaTHLIX C©Bf3eH B ycH-
JquTesie U OGPaTHOM CBSI3H MO LIACcCH, TIPeATOUUTas 3aMeHY MX OLHUM
MmyTeM «BOJIHOBOAHOH o6paTHOi cBA3W». DToT Meroj pasoGpan B § 3-16,
rie mokasaHo, YTO OH NPHBOMHMT K HeBepPHHIM De3yasTaTaM, OrpaHH-
YMBAIOUMM yMEHbIIEHHE Pa3MEPQB 'yCHIHTes, )
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Has Toro wro6bl 06paTHbIe CBA3H He HCKaXKaJd 4acToT-
HYI0O XapaKTepPHCTHKy YcHJIHTens GoJee yem Ha 5%, Heol-
XOAUMO CcOO/MIONeHle yCJAOBHUS

1 1 1 1 1 1
/T/I:—l_m_l_M_ﬂ_l_A_/l; +'M_G+ATK < Buaxc-

[IpenmonoxXuM, 4TO HampsixKedHe OOpaTHOH CBSA3H MO
KaXIOMYy H3 pasoGpaHHBIX NyTej ociaabnasieTcs B OJHHAKO-
BOE YHCJIO pas, T. €.

Me:Mu:MH—:Ma:jVIc :MKZJ‘/I-

Torna, yuuteieas (3-14), nonyuaem
6 _0.05

M<K)

OoTKyna Heob6xoaumoe ochabenne yasa a060ro kauaaa o6-
PaTHOH CBsI3H, CUMTAsg OT aHOMAA MOCHENHeH JaMIbl YCHIHU-
Teas A0 YNpaB/sioOllell CeTKH JaMMbl, Ha KOTOPYIO MOCTY-
naeT HampsiXKeHHe OOPAaTHOH CBSI3H, MOMXKET ObITh OpPHEHTH-
POBOYHO HAHZEHO W3 COOTHOLIEHHS

M= 120K, (3-15)

rie K —koadhuuneHT ycHIeHHs], OTCUHTEIBAEMBbIH Ha TOM
Ke ydacTKe YCHJIHTe/f, Ha KOTOPOM OmpefensieTcss Heo0Xo-
IHMOe ocyaabJieHHe.

Brimte mogpo6Ho pa3o6paH HauboJslee TSKeJBIH cayyai
napasUTHHIX CBsi3el B ycHautesne. K HeMy OTHOCSTCS IyCii-
JINTEJH, BBUTONHSEeMble Ha BaKyyMHBHIX mpubopax, paboTalo-
i€ Ha JIOCTATOYHO BBICOKMX YaCTOTAaX M HMelollHe MaKCH-
MaJibHOe BO3MOXKHOE YHCJA0 lenefl mapasuTHOl OO6paTHOM
CBSI3H — LlecTb. B Apyrux THmax ycu/uTeseld 4HCAO Lerneh
napasuTHON CBs3uW 'Oyner MeHblle, H Ko3(pduunent 120
B ypaBHeHHH (3-15) MOXKeT OBITb CHHXEH COOTBETCTBEHHO
YHCJY CBA3LIBAIOIIKX lieneil BIJIOTL mo 20 mpu OXHOH liemu
napasuTHo#t cBsizu. Tak, HanpHMep, B YCHJIMTeJNe BbICOKOH
4aCTOTHl, BBINOJHAEMOM 'Ha TPaH3UCTOpax, OTCYTCTBYel
Lenb HakaJja, YHUCIO Lenel MapasuTHOH CBS3U CHUXKAETCH:
o TATH U Kod(duuueHt B ypaBHeHuu (3-15) yMmeHblIaer-
cs po 100. B MHOorokackamHoM YCHJIHMTeJNe HH3KOH YacTOThHI
OTCYTCTBYIOT BC€ BH/JbBl CBSA3H, KDOME Ileny, MHTaiolleH
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aHOJBl JIAMI HJIH KOJJIEKTOPH TPaH3uCTOpoB. B atom ciy-
yae koathduuueHnt cHuxKaerca a0 20.

IIpousBenenHass 37ech OleHKa HeOOXONMMOH CTemeHH
3KpaHUPOBaHHsl W (UIbTPAUUH BLHITIONHEHA C HEKOTOPHIM
3amacoM, BeJHUYHHY KOTOPOTO ONpemeuTb HEBO3MOXKHO.
YuuTeBasi, 4TO TOJAaBJeHHe OOpPaTHBIX CBsi3edl sBJsETCA
TAXKEJNOH H KPOMOTJIHBON pabOTOH, KelaTeJbHO COXPAHUTH
BeCh 3TOT 3anac NpH HadajbHOH pa3pab0TKe mepBOro 00-
pasua, ecau mpubop BHIMyCKaeTcs He6GOJBIIOH mapTHel.
Ecnu ke mpubop mpemHasHayaercs /sl KPYNHOCEPHHHOTO
HJIM MacCOBOTO MPOU3BOACTBA, TO MPU OTpaboTKe 06pasloB
C/JAeAyeT MPOBEPUTb BO3MOXKHOCTb HEKOTODOTO YMNpOILEHHUS
9KPAHHPOBKH U (UIbTPALHH HPOBOAOB.

3-8. OBPATHASl CBf3b NO LENHW MUTAHHUS HAKAJIA

Ilenb KaToma YCHIMTEJNBHOHR JIaMNBl ¢ KOCBEHHBIM MOMIO-
IpEBOM OGBIUYHO COeNUHSIETCS C IIACCH YCUJIHTE/ HEMoCpel-
CTBEHHO HJIM uYepe3 KOHJAeHCAaTOp 6OJBIIOH eMKOcTH. B mep-
BOM MNpPUOJHKEHHH BBICOKOYACTOTHBI MOTEHIHAJ KaToma
NPUHHMAeTCs PaBHHIM TIOTEHLHAJy IIacCH. JTO MpUOIHKe-
Hie HEeMPHMEHHMO K YCHJIUTENAM ¢ G0JbIIUM KoadduuneH-
TOM YCHJEHHs, MpeJHa3HAUYEHHBIM [Jis paboThl Ha BecbMa
BBICOKMX 4acToTaX. [IpH HCHOJNB30OBAHHH METaJJIHUECKHX
JlaMI MOJIHYIO AJHHY COeAHHUTEJNbHBIX IPOBOJNOB OT KaTOMa
no maccd (puc. 3-15) TpymHo chenaTth Kopoue 7 CM, Tak
KaK B Hee BXOISAT YUacCTKH, NIPOXOASINHe BHYTPH JaMMbl M
JIaMIOBOH MaHeNu, H KOHIEHCATOP LeNH aBTOMAaTHYECKOro
CMelLleHHs] ¢ MOHTaXO0M OT JIelleCTKa JIaMIOBOH MaHeaH 0o
maccH. DTOH AJMHE MPOBOAA COOTBETCTBYET HHIYKTHBHOCTB
nopsinka 0,07 mxex, uMelomasi Ha yactore 3 Mey peakTus-
HOe COMPOTHBMeHHe oKoso 1,4 om m Ha uacrore 30 Mey —
O0K0J0 14 om. s maJb4HKOBBIX H CBEPXMHHHATIODHBHIX
namn (puc. 3-16) aquHa LenmH KaToma COKpalllaercs mpH-
MepHO B JIBa pasa. Bo CTOJMbKO Xe pas yMeHblaeTcs ee
HHIYKTHBHOCTb U PEaKTHBHOE COMpPOTHBJ/IEHHE.

EMmkocts Cy, 'KaTOm — MONOTpEBaTeNb JaMIbl HMeeT Be-
anduny mopsaka 3—10 n¢. Bnaronapsa atoit eMKoCTH BHI-
cokouacToTHoe HampsizkeHHe Uy, OKasaBuieecs moueMy-auGo
OPUJIOKEHHBIM K Hakajly Jamnbl (puc. 3-17,a), BLI3EIBAET
MeXJY CEeTKOH W KAaTOAOM HalpsaXKeHue

Up=0L,CsUy. (3-16)
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Huxe nNpHBedeHbl OTHOCHTEeJibHble BE€JHWYHHBI 3THX HA-
ﬂpH}KeHHﬁ B 3aBHCHMOCTH OT YaCTOTHI.

f. Mey| 0.1 1 3 10 30 60 ’ 100 ‘
Un
U, 1,4-107 | 1,4-105 | 1,6-10* | 1,4-10% | 1,6-102 | 40 14

W3 npuBemenHbix uudp, paccuuTaHHBIX Jas  Lp=
=0,035 mren n Csp,=5 ne¢h, BUAHO, YTO Ha YaCTOTAX, NPEBHI-

Cxema IxBubanenm
H movramBY
nomenqyana
5/7,\\’
Cxema In8uBanenm
H moywam BY
. nomeryuana
07 i ”
Cﬂc N
L.
" 1
U L -
o Ln 7 Vs
Ry
7
6l

Puc. 3-17. MoHTaX uenu HakaJja:

a — 1enb HakaJjJa He cOelMHeHa C KopmycoM; 6 — uenb Ha-
Kajla coelHHeHa C KOpmyCoM.

wawmux 3 Mey, nocraToudo 6oJsbllasi YacTb HaTPSIKEHUS,
BO36YXKIEHHOro B lleNd HaKaJja, NepeXONUT B lenb CeTKH.
Tak Kak 1enb HakaJja NPOXOAUT BAOJb BCEro YCHJAUTENS H
K Hell NMpPUCOeMHHAIOTCS BCE JaMIbl, To HEyJdauHas Cxema
5TOH LeNH M NJOXOE€ BLIMOJHEHHE MOHTa’)Ka MOTYT MOCHY-
JKHTb MPHYHHOH 3HAUHTEJNbHBIX OOpaTHHIX CBfI3eH.
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Cuuxenvs HanpsiKenns Uy, mepexofsilero U3 ueny Ha-
KaJja B LeNb CeTKd, 0e3 H3MEHEHHS CXeMbl LenmH HaKa.ja
MOXHO AOCTHTHYTh TOJbKO yMeHbIIEHHeM BeJHUHHB Tapa-
suTHOro Hamnpsikeduss Uy, B0O36yXKAaeMoro B Liend Hakana,
TaK KaK OCTaJbHble BEJHUHHBI, BXOASAIIHE B BhIpaKeHHE
(3-16), ompenensoTcss KOHCTPYKLHEH JaMmbl U JIaMIIOBON
nanesd. Ha uacrorax muxe 3 Mey, a mpu He CAHIIKOM
60O/BILIOM YCHJIEHHH W Ha 60Jiee BBHICOKHX YaCTOTaxX AOCTa-
TouHOe cHIKeHHe Uy moJsyuaercss B pe3ysbTaTe mMpHCOENH-
HEeHHS K Koprlycy mpubopa OJHOro W3 MPOBOJOB Hakaja.
DT0 coelMHeHHe 3KBHBAaJIeHTHO, rpy6o roBOpd, MOIKIIOUE-

HHIo K KOHTYPY LxCrn MONOBHHBEL HHAYKTHBHOCTH —5- H IIO-

JIOBUHBI CONPOTHBJIEHHSA RTB HHUTH HakKaJ/Jia U CO€JHHHUTEJIbHBIX

npoBoaoB (puc. 3-17,0). Buoaromapsi 3aToMy [OAK/IIOYEHHIO
COCTaBJISIETCSI JONOJIHMTENbHAS LeNb AeUTeNs HalpsiKeHus,
B IOCJIENOBaTeJbHOE IJIeY0 KOTOPOTO BXONHT IlapasHTHast
eMKocTb Cy, CBSI3bBAIOIIAsl LeNb Hakajda [JAHHOM JIaMIlbl
C TOYKaMH GOJIBIIOTO BHICOKOYACTOTHOIO MOTEHIHAJA, a TAKKeE
HHAYKTHBHOCTH M €MKOCTH MOHTaXHBHIX IIpoBOHoB. Ilapas-

H

L
JebHOe IJIEYO JEJHTE/s COCTOMT M3 HMHAYKTHBHOCTH —5-
Ra
U CONPOTHBJEHHS —5-.

Ha uacrore 3 Mey takoi nenuTe]p JMaeT 3HauHTe/]bHOE
ocnaGienue. 37eCh MOXKHO mpeHeOpeub HHAYKTHBHOCTAMMU
U eMKOCTSMH MOHTaXHBIX TNDPOBOJOB H HHAYKTHBHOCTBIO
lenu HakaJja Jamnbel. Torma genuTenb GYAET COCTOSTb H3

H

R
emkocTd Cy M conpoTuBieHus — - Paccmartpusas mepena-

i

4y HanpskKeHHS OT MOC/AeJHEero Kackajfa YCHJHTENsl K mep-
BOMY, MOXKHO MPHHATh, 4T0 Cy SIBJISIETCS €MKOCTBIO KaTOd—
NoJOrpeBaTeNb NocaeJHeH JaMIbl YCHIUTe/s, paBHOH MpH-
MepHO 5 ng.

Jns 60/MbIIHHCTBA MaJOMOLIHEIX MAJLYMKOBEIX H CBEPX-
MHMHHATIOPHBIX 3JIEKTPOHHBIX JaMIl CONDPOTHBJIEHHE HHUTH
HakaJja B ropsueM cocTosiHHH Ry=30 om. Ilpu aTux Benu-
YHHAX eMKOCTH H CONPOTHBJEHHs JeNuTelb AacT ociaabie-
HHe

2 2

MsznRﬂ = 2%.3-108.5.10-12.30

=700.
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Takum o6pasom, Ha uactoTe 3 M2y NOAKJIOYeHHE K Ilac-
CH OJHOTO H3 NPOBOJOB HaKa/a TOJbKO OJHOH JaMIlkl yME€Hb-
IIAT HampspkeHue obpaTHo# cBssu B 700 pas, noBeas ero Ao

Py aCK
11000000 OT HanpskKeHusi Ha KaTojae IoC/JaeNHero XKackanua,

1 o
MPOTUB 16000 NpH K30JIMPOBAHHOM OT IUaCcCH LENH HakaJa.

Ha Gosee BbicOKMX yacToTax, oco6eHHO mpu 00JAbLIOM
YCHJIEHHH, COeJAMHEHHs ¢ WAcCH OJHOTO M3 MPOBOAOB HakKa-
Jla yacTo 6uIBaeT HemocTaTodHo. MHorma melTaroTcsi CHH3HTD
Uy, 6/10KHpYs BTOPOH NPOBOJ HaKaJja KOHAEHCATOPOM, CO-
e¢lMHeHHBIM C InaccH. Irta OJoKHPOBKa O60Jblledl YacTbio
ngeficTByeT ciafo, Tak KaK €MKOCTHOe CONpPOTHBJIEHHE KOH-
JleHCATOPOB IPHMEHSIEMBIX THIIOB OKa3biBaeTcsl OJHOTO IO-
pANKa ¢ COMPOTHBJIEHHEeM HHTH Hakaja. B HEKOTOpPhIX cay-
yagx OJOKHPOBKA HeHCTBYyeT AaxKe B 00paTHYIO CTOPOHY —
MOBBILIAeT CKJIOHHOCTb YCHJHUTEN 'K CaMOBO30YXKIeHHIO.
OOGLIYHO 3TO MPOUCXOAHUT H3-3a HeyAauHOro obbelHHEHHS
C OPYCHMH UeNsMH TOYKH NPHCOeNMHEHHS KOHJAEHCaTopa
K IIacCH Ha OOIIHX JIEMEecTKaX.

UeMm BHILIe YaCcTOTa, Ha KOTOPOH paboTaer YCHHTENb,
TeM MeHee XejlaTeJbHO MapasielNbHOe TIPHCOEIHWHEHHE Ha-
KaJia BCeX JIaMIl K OJIHOMY IPOBOAY, TaK KaK HHIYKTHBHOE
COMpPOTHB/eHHE OOIlero HJs HecKOJbKHX JaMH YydacTKa
npoBOAA SIBASETCS CBA3LIBAIOUIMM 3JeMeHToM uenHd. Kpome
TOTO, MPOBOJ HaKajia, MPOXOAs BIOJb BCero YCHIHTENS,
¥MeeT MapasuTHble €MKOCTH OTHOCHTENbHO CaMBIX pa3HO-
o0Opa3HBIX ero Touek. Hepe3 3TH eMKOCTH Ha NPOBOJE BO3-
HUKAIOT JOMOJHHUTE/NbHBIE BBICOKOUACTOTHBIE HAMpPAKEHHS.

Insi yMeHbIIeHHs] HeXeJaTeJlbHbIX CBSI3€H B YCHJIHTE-
JX, paboTaloIUX HA BBHICOKMX 4YacToTax, B NIPOBOJA Haka-
Jia BKJIOYAIOT peaKTHBHBEIE CONMPOTHBJeHHS (npoccenn). Ha
puc. 3-18 mokasaH HHOTJa NMpPUMeHsieMbll, HO HepalHOHaJb-
HBIH BapHaHT BKJ/IOYEHHS Jpoccesedl B LeNb HaKa/ga KaXaoh
JAammel, Ha puc. 3-19 maHa 3HauuTesbHO GoOJsiee BBRITOZHAS
cxeMa IlenH HakaJja, Coflep:Kallasg TOJNbKO JBa IPOCCEs.

Ilpu pas6ope u aHa/ju3e [eHCTBHS pa3iHYHBIX CXEM
NOoJaB/AeHKs] Napas3UTHEIX CBsi3el, MOJyYalOIIHXCA uepe3
Henyd Hakajia, mpexjae BCero HeOOXOAMMO HCXOAMUTh H3 TO-
ro, 470 HauboJsiee OMACHOH CBA3BI0 MeXIY LeNsIMH YCHJH-
TesNsl SABASETCS CBA3b MEXAY MOCAeNHHM M INEPBBIM €ro
KacKajaMH. YuuTbiBas 3T0, pa3bepem TMoKa3aHHbE Ha
puc. 3-18 u 3-19 nBa BapuaHTa cXeM lend HaKaja MIECTH-
9—347 129



KacKaJHOro ycujiuTess. DKBABANEHTHbIE CXeMbl 3THX Llenel
O BBICOKOH uactoTe n306paXXeHbl Ha TeX 2Ke PHCYHKaXx.
I'enepatop mapasurHoro Hamnpskenns Uy, mocrynaoiero
B LleMb HAaKaJia U3 Uend Katoaa JaMmnel 6, 6yieM CYUTaTh MO~
KJIIOUEHHBIM MeXJYy MPOBOAOM HakKaja U KOpIycoM mpHGO-
pa, T. e. mapaJjjejbHo Hakaay Jamnbl 6. [IpueMHHKOM ma-
pasutHoro HampsixkeHus Uy CIOYXKHT KaTodHAsd UeNb JaM-
nel /. W3 3KBHBajeHTHBIX CXeM BHJHO, UYTO BapHaHT
puc. 3-19, B cxeMy KOTOpPOTO BKJIOUEHBl BCEro ABa Jpocce-
Jisl, jacT 3HauyHTeNabHO OoJbliee ocaabjeHue HanpskKeHHd,
MOCTymammero Ha KaTof Jamnbel I, ueM BapHaHT, MOKa-
3aHHBI HA puc. 3-18. IleficTBUTeNBHO, TIpeHe6peras MpoBo-
JUMOCTBIO BTODUYHOH OOMOTKH TpaHc(opMaTopa HakaJjia
L;, Bugum, uto B cxeme puc. 3-18 wyHTHpyIOLllas Uelb,
coCTOsIllasi U3 YeThipeX mapaJelJbHO BK/IIOUEHHBIX Ipocce-
geit Mexny Le u L;, uMeer GoJblloe CONPOTHBJIEHHE, B TO
BpeMsl Kak B cxeMe puc. 3-19 sra umenb, cocraB/ieHHas 43
IBYX IapajjejbHO BK/IIOUEHHBIX HHUTEH HakaJja JlaMill, UMe-
eT MaJjoe comporusieHue. Cuuras, 4To 006e CXeMBl JKBHBa-
JIEHTHBl AByXslUeeUHblM (HABTPYIOUHNM LensiM H 4YTO HH-
NYKTHBHOE COMpOTHBJEHHE Apoccens paBHO 1000 om u co-
MPOTHBJIEHHE HUTH Hakasia 30 oM, MOXKHO MONYYUTH LUDPEL,
XapakTepHusywlllne paboTy 06eux cxeM.
Hnsa cxemel puc. 3-18 ocnabnenne paBHO

1000 1000

Ina cxemul puc. 3-19 ocnabneHne paBHO

Kpome 3HauntenpHo Oosblliero ocsiabieHHs HampsixkKe-
HHS, NlepellaBaeMOro M3 Ilend KaToja NOCJHeIHeH JaMihl
B Iellb KaToJAa nepBofi JaMnbl, cxema puc. 3-19-uMeer ele 1o
NPEUMYILECTBO, YTO B Hel O0O6MUHA TPOBOA, COEXHHSIOUIUIT
tTpaHchopmaTop L; c HUTbIO HaKana KaKJOH JaMIbl, pasfe-
nen apocceiiMu Ly u LgHa Tpu yuacTKa. DTOTMPOBOJ, B CXe-
Me pHc. 3-18, mpoxons BAOIb BCEr0 YCHAUTENS, MOXET 'CIY-
KHTh NPUUYHHON Mapa3uTHOH 06paTHON CBS3H MO MOCTOPOH-
#Hemy npoBoay (cM. puc. 1-9). B cxeme puc. 3-19 duibt-
pyollHe guefKH, COCTABAEHHblE U3 Ipoccejeldl W HHUTEH Ha-
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Puc. 3-18. HepauuonanpHast cxeMa BKJIOYe-

HUSA gpoccesefl B LeNb KaXAOH JaMIbL

e 5"

9*

Puc. 3-19. llenb Hakama c¢ pgByMs Jgpocce-
JSIMH.
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Kajla JlaMIl, CHHXKAIOT Tak¥Ke JIoOble caydaiiHble HampsKe-
HH$, NepefaBaeMble Mo o6lLieMy MPOBOXY HakaJja.

Ilpu HemocTaTOYHOCTH (UIBTPALHH, HaBAEMOH CXEMOI
C AByMs ApoccensiMu (puc. 3-19), MOXKHO mpUMEHSTh Ccxe-
MBI C TpeMsl, YETBIPbMS U 60oJiee NPOCCEISIMH, OCTaBJSAS TOT
Ke NPHUHIHMI [OC/AeNOBATeJbHOTO BKJ/IOYEHHS Jpocceselt

Puc. 3-20. Ilenb Hakana ¢ maTbio 'GUIBTPYIOLIMMH SYEHKAMH.

B 061K mMpoBON MUTaHUS Hakana. [Ipemesnbublil cayuaii mo-
Ka3aH Ha oxeMe puc. 3-20, rie MpocceaH BKIIOUEHB MeXIY
HAKaJbHBIMH HOXKKaMH BCeX JiaMil. DTa cxeMa, 5KBHBAJeHTI-
Has MHOTOsYeeYHOMY (DUABLTPY, HaeT MakcHMaJ/bHOe oc/iab-
JIeHHe MapasuTHOTO HaNpsKeHWs, nepefaBaeMoro mO Ha-
KaJIbHOH LENH.

JomnonuutenbHoe OCTOMHCTBO CXEMBI C I10CJef0BATeNb-
HBIM BKJIIOUEHHeM Jpoccesefl B TMPOBOX HaKaJja 3aKJIOuaer-
csl B TOM, 4TO B Hell BCe KacKafibl pasdfeeHbl QUIbTPYIOUIH-
MU suyelikamy. UeM pmaJjblle mo CXeMe OTCTOST APYr QT
JApyra oTHeJbHbIE KaCKanbl, TeM GoJibiliee YHCAO GHIBTPYIO-
KX sYeeK BKAIOUEHO MeXIy HHUMH.

B cxeme puc. 3-20 nokasaubl koumencatopul Cy, Co, .. .,
Cs, BRJIIOUEHHBIE TIAapaJijieJbHO HUTH HaKana KaxkKaof JaM-
nel. B 3aBucuMocTu ot paGoueir yacTOTHl ycuaHuTENs, Ko3(h-
(bHuLHeHTa YCHJIEHHS W HHAYKTHBHOCTH TIPUMEHEHHBIX Xpoc-
cesell 5TH KOHAEHCATOPHl MOXKHO ¥ HEe 'YCTaHABJIMBATh.

Ins mpumepa omnpenenum ocnabienue o6paTHON CBSI3H,
NaBaemoe cxemoit puc. 3-20 mJS LIECTHKACKAaIHOTO YCHJH-
renss Ha naamnax 6)KI1I1. CompoTuBjeHHe HUTH HaKama
Jamnbl 36 om, HHIYKTHBHOCTb Apoccenst 0,3 mKeH, eMKOCTh
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koHumeHncatopoB 220 n¢. PaGouas wuactora ycmautens
200 Meay.
Ha ocHOBaHHH ONMHCAHHOTO BHIIE MPUGIHKEHHOTO METO-
Jla pacueTa TOJYYHM CJAeRYIOUHe Pe3yJabTaThl:
a) ocnabyenue, maBaeMoe ONHOH syefikoll 6e3 KOHIEH-
caropa,
®,L __ 2r.200-10°.0,3-10-° 380
Re 36

=10,6;

6) ocnabiaeHue, naBaeMoe OJHON SUYEHKOH C KOHJIEH-
CaToOpoM,

l/wC ——==380.2r-200-10°-220- 10> ~ 106;

B) ocnabaeHue, [aBaeMoe NAThbIO gueHKaMH 0e3 KOHAEH-
CaToOpOB,

M=10,6°=1,3-10%

r) ocnabreHne, [aBaeMoe MATbIO sTueHKaMu C KOHJeHca-
TOpaMH,

M=106°=1,3-10.

Pacuer nokaseiBaer, uTo ocsnabJjieHHe, JaBaeMOe Bapu-
aHTOM < KoHHeHcaTopaMy, B 105 paz Gosbie. Hecmorps Ha
3TO, NpaBuJibHee BHIOpaTh BapHaHT 6e3 KOHIEHCATOPOB, Tak
Kak JaBaemMoe MM ocJjab/ieHHe HOCTATOYHO BEJIMKO, a yCTa-
HOBKA IMATH KOHAEHCATODPOB H3JWIIHE OCJOXKHSAET MOHTAX.
ATOT NOBOA OTmajgaer [pd HUCHOJB30BAHUU CIemHabHOMN
JamnoBol naueau (puc. 3-43) co BCTPOEHHBIMH KOHMAEHCA-
TopamH, onucanHodl B § 3-14.

B mpuBeneHHOM pacuerTe IAaHHBbIE BKJIOUEHHBIX B CXEMY
Jpoccesiell ¥ KOHIEHCATOPOB TOXOOpaHHE Tak, YTOOH Ha
paboueil 4acTOTe YCHJHUTEJS pPEeaKTUBHOE CONPOTHBJIEHHE
npoccesist 6blJIO 3HAUUTENbHO OOJIbIIIe CONPOTHBJEHUS HHUTH
HaKajla, a pPeaKTHBHOE COIIPOTUBJIEHHE KOHIEHCATOpa GBLIO
3HAUUTE/bIIO MeHbllle 3TOr0 compoTuBjenus. [loatomy pa-
cueT ocsabJjeHHsl BLIMOJAHSETCS BecbMa InpocTto. Ecau He
NIPUIEPKHUBATLCS 3TOTO MpPaBUJa, TO pacueT CUJIBHO YCI0K-
HaeTcss HeOoOXOAHMMOCTBIO y4YeTa [OJIHBIX CONPOTHBJIEHHI
Bcex lenell. Tako#l ycNOXKHEHHBIH pacuyeT MPOHU3BOLUThL He
caeayeT, TaKk Kak ¥ 0e3 HEero OUYeBHOHO, YTO BKJIOUEHUE
B IleNb HaKaja Apoccesell M 'KOHAEHCATOPOB, PeaKTHBHBIE
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CONpPOTHBJIEHUS KOTODPBIX OJNM3KH K CONPOTUBJEHHUIO HHTH
HakaJja, gacT JUIIb He3HAuhTeabHoe ocjabieHne 06paTHBIX
ceased. Tak, HanpuMep, ec/id B NMpeAbIAylleM NpUMepe CHHU-
3uTh pabouyio uvactory ycuaurens no 30 Mey, ocraBuB Te
Ke NaHHble lend HakKa/ja, TO PeaKTHBHOe CONPOTHBJIEHHE
mpoccess ynager ¢ 380 no 56 om, peaKTHBHOE CONIPOTHBJIE-

ewin - 6w 6N

Puc. 3-21. MoHTaxX 1enu Hakazna Tpex
KaCKaJo0B IIMPOKOINONOCHOTO YCHJIHTENS Ha
MaNBpYMKOBHIX JaMNax:

a — 6e3 ppocceneft; 6 —c agpoccensiMu; 8 —
C IpOCCeJsIMH H KOHIEHCaTOpPaMH.

HYe KOHAeHcaTopa yBeanuutcs ¢ 3,6 mo 24 om u oba co-
OPOTHBJEHUST OYAYT MaJjO OTIUYATHCS OT CONPOTHUBJIEHHA
HUTH HaKaJsa, paBHOro 36 om. Ocnabienne Kaxmoi suedKn
Oyner nopsaka 2—3 pas M AJs yIOBJIETBOPHTENbHOH pabo-
THl QUABTPYIOLIEH Lenu MPUAETCS NPeXKIe BCEro yBEIHUUTh
HHIYKTHUBHOCTb IpOcCCeNsl TakK, YTOOBl ero peakTHUBHOE CO-
NPOTHBJIEHUE B HECKOJIBKO Pa3 NPEBOCXONUJIO CONPOTHBIIZ-
HUe HUTH HaKaJja. Ecau mocsie 3TOTO MONY4HTCST KOCTATOM-
Hoe ocnabjieHue o6paTHOl CBsA3H, TO Jyulle o6oHATHCH Ge3
KOHJIeHCaTOpOB. BBOAUTL KOHAEHCATOPH! CJAENYET B MOCHEN-
HIOIO OYepeflb, KOTAa HEBO3MOXHO YBEJIHYHTb HHIYKTUB-
HOCTb Apoccenel.

Konctpykuus mpocceseil mo cBOUM pa3MepaM Majo orl-
auyaercss 0T OOBIYHEIX 0,25-8T HENPOBOJIOYHBIX COTPOTHB-
JgeHuil. Ha puc. 3-21 u 3-22 noka3aH MOHTaX LENH HakaJja
Tpex Jamn ycuautens. Kak BUIHO M3 PUCYHKOB, BKJAIOUEHHE
apoccesielt B mpoBoga ab, bc He ycioXKHAET MOHTaX YCH-
JuTeNf, B TO BpeMs KaK YCTaHOBKAa KOHJEHCATOPOB, 0CO6EH-
HO MpDH HCNOJb30BAHHM MaJbYNKOBBIX M CBEPXMUHHATIOP-
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HBIX JlaMil, TpeGyeT AOMOJNHHTENbHOTO MeCTa H CHJBHO 3a-
TPOMOXKHAeT MOHTAaX YCHJIATENs.

I poccenu, BKAOYaeMble B Iell HakKanaa, MPH MaJblX ra-
GapuTax 4 MaKCHMa/JbHO BO3MOXHON HHIYKTHBHOCTH
NOJIXKHEL HUMEThb Majioe OMHUYECKOe CONpPOTHBJIEHHE, TaK Kak
yepe3 HUX NPOXOAHT TOK
Hakana Jaawmm. [Tostomy 6MIE  6MIE GG

IJsT HAMOTKH Jpoccenelt

HeJb34 ynorpebaate {
romkni  mpOBOR, U0 )ézzzﬁz,giﬁ;;ﬁ;%eﬂzzf;@
OrpaHU4YHBae’ BO3MOX-

HOCTH yMeHbleHHd pas-

MEpOB Jpoccesiedl H yBe- 6H15 G5 OMAG
THUEHAS] HX HHAYKTHB- j)

goctd. MakcuMadnbHas
BEJIMYHHA UHAYKTHBHO-
CTH Jpoccess 3aBHCHT
TakXe OT ero coocT-
BeHHOH  DachpeneseH-
HO#l emKoctd. Kak mo-
kazaHo B § 2-8, maxkcu-
MaJibHOE TOJIHOe «OMpo-
rHBJIEHHE HMeeT JpocC- ¢

ceab, coOcTBeHHAd pe- Kopnyc & Kepnyc s Kopnye
30HaHCHasi dYacToTa KO-

roporo 6iu3ka K paGo-  Puc. 3-22. Monrax menn makana Tpex

yey yacToTe YCHJIHTCJIR. KacKangoB IUHPOKOIIOJOCHOIO YCHIHUTENA
Ta'KHM L[pOC-CeJIeM MO- ‘Ha CBE&PXMHHHATIOPHBIX Jamnax:

o a — 6e3 gpocceneii; 6 —c ApOCCeNsiMH; 68—
XKeT CJYKHUTb OJHOCJIOH- ¢ ApoccensiMH M KOHAEHCAaTopaMH.

Had KaTyllka, HaMOTaH-
Hasg Ha Kapkace U3

o A
JUSJIEKTPHKa, TpW NAHHE TPOBORA, paBHOH [= —*. [lpoc-

dp dp dp d

X6 bMiE b6

ceslM Hakaja C MaKCHMaJbHO BO3MOXKHDBIM TOJHBIM COIPO-
THBJIEHHEM MOTYT IDHMMEHSTbCS AJIS CaMblX BBICOKHX pabo-
ypx yactoT ycuautens. Ha MeHpIIHX yacToTax mopsnxa
10—60 Mey npHXOMUTCA HCHOJNB30BATh APOCCEJH C MEHb-
LIXM CONMPOTHBJEHHEM, TaK KaK APOCCeNH, coOCTBeHHAs 4a-
CTOTa KOTOPHIX JeKUT 0Koso 10—60 Mey, uMeioT canKoM
Gonblive raGapUThl ¥ OOJbLUIOE OMHYECKOE CONPOTHBJIEHUE.
Bosblneil uacTbio JAPOCCEJNH HaMaThIBAIOTCA Ha CepAevYHH-

KaX U3 MarHUTOJH3JIEKTPHKA.
Ha puc. 3-20 TpancdopmaTop Hakaja L; momknioueH
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ik touke [ menn fpocceneit Ly, Ly, ..., Ls. Uepes npoccens
Ls mpOXOMHT CYMMapHBIl TOK Hakaja MATH JaMIM, © 3TOT
Jpoccesib OMpenensieT JHONYCTUMYIO BEJTHYHHY OMHYECKOTro
CONPOTHBJIEHHS TIDUMEHEHHBLIX B CHCTEMe fpoccenedi. TpaHc-
(opmaTop HaKaJa MOXKHO NOJKJIOUHTb H K JIIOOOH U3 TOYeK
a, b, ..., f, Tak Kak fmeficTBue CHCTEMBI Kak QHUIbTpa BBHICO-
KO# 4aCTOTHl He 3aBHCHUT OT TOUKH NOJKJIOUeHHs TpaHcdop-
maropa. Has moaydenus e Haubosee palMOHAJILHOH KOH-
CTPYKLMH [poccCesell BHITOJHEE NOAKMIOYHTh TpanchopMa-
Top K TOuke ¢ uau d. Torga MakoMMasbHBIH TOK, DaBHBIH
CYMMapHOMY TOKY HakKaJja Tpex Jami, OYHeT HpOXOAMThb
uepes mApocceab Ls, KOTOPHIH MOXKeT ObiTh BBIIOJNHEH H3 00-
Jlee TOHKOTO IPOBOJA, YeM Apoccenb Ls MpH TIOAK/IIOUEHHH
TpaHchopMaropa K TOUKE f.

3HauuTeNbHOe OcJabJieHHe HeXesaTelbHBIX CBsideH, TO-
J'y4yaeMoOe IIDH NPaBUJIbHO BBIODAHHOM cXeMe Lenu Hakasna,
MOXKeT OBbITb CHJIBHO YXYALIEHO BCAENCTBUE HAJNMUS TIps-
MOH NapasHTHOH CBS3H MeEXKAY NPOBOLAMH HaKaJjia MepBHIX
U TOCAeNHHX KackKamoB. Jisi npemoxpaHeHus OT Takol
CBfI3U JKeNaTeJbHO MPH KOHCTPYUPOBAHHU YCHJIUTENS pac-
moJjiaraTh ero Kackagbl B JIMHHUIO, T. €. TaK Ke, KaK OHH
06GBIYHO H306paxkaloTCsd Ha MPHHIUNHAJIBHBIX CXeMax. JTo
IIPUBOMUT K KOHCTPYKLUH YCHJHTeJs, B KOTOPOfl mepBasi H
NOCJEeRHAS JIaMIbl HaXOASATCH HAa MaKCHMaJbHOM pacCTOs-
HUH ApYr OoT Apyra. B Tex ciaywasx, xorfga mo o6IIuUM KOH-
CTPYKTHBHBIM cOOGpaKeHusiM pa3MellleHHe JaMll U KacKa-
IOB B JIMHEHKY HEBBINOJHHMO, HPUXOMUTCS NPUMEHATH 3K-
paHUpYIOLlHEe MeperopofKy, a MOHTaX Ilenu Hakaja BHI-
NOJIHSATh 3KPaHUPOBAHHBIM INIPOBOJIOM.

IIpuBeneHHBle B Hayasle HAcTosllero naparpada opuen-
THPOBOYHBbIE IOACYETH HAMpsiKeHHs,, BO30YXKTaeMOoro B Iie-
nu KaTtopa, ObLIH OCHOBAHBl HA TOM, UTOo 3TO HalpsiKeHue
SIBJISIETCS T1apa3UTHHIM, T. €. BO30YKIaerTcss He3aBHCHMO OT
JKeJlaHusl KOHCTPYKTOpa, 6sarofaps HEYCTPAHHMOH HHIYK-
TUBHOCTY KAaTOLHOTO BBHIBOJIA. 3HAUMUTENbHO O6oJabluue Ha-
npsiKeHUs: BO3OYXKNAlOTCS B CXeMaxX C BKJIIOUeHHEM peso-
HAHCHOTO KOHTYpa B Iellb KaTOAA, HANPUMep, B YCUJIUTENSIX
C 3a3eMJIEHHOH CeTKOH M B HEKOTODHIX BapHAHTaX Cxem Ae-
TEKTOPOB, Y KOTOPHIX KATOJ HAXOLUTCS MOp TOJHBIM Hamps-
JKEHHMEM BBICOKOH 4acTOThl. IIpy KOMIIOHOBKE CXeMBl YCHJIH-
TeJs CcjelyeT YUUTHIBATH YKa3aHHOE H MO 'BO3MOXKHOCTH
n3beratb Kackafop C He3aseMJEHHBIM KaTonoM. Ilpu HeoG-
XOAMMOCTH HpHMEHEHHs] TAKHX KaCKafIOB CJAeLYeT YJYUIIHTL
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buabTpanyio MapasuTHbBIX HaNpsXKEHWH B IEeNH HakaJja.
C 3TOH TOUKM 3peHHs B KayeCTBE NETEKTOPOB JIyullle MNpHU-
MEHSITb TOJNYIPOBOJHUKOBEIE AHOABI, KOTOpPHIE He TPeOYIOT
Hakaja.

PaccMoTpennble B HacTosIeM maparpade LenH mHTaHusg
HakKa/la ‘B OCHOBHOM OTHOCSTCS K YCHJIUTENSIM BBICOKOI,
TIPOMEXKYTOYHOH M BHAE0YacTOT, HMEIOIUM GOoJblIOe yCHIe-
uue u paboTaluUM Ha yacToTax Bheiue 3 Mey. HeoGxonu-
MOCTb TIpHMeHeHUs! (UJABTPOB B LieNny HaKaja Onpepensercs
pacyeToM MO M3JOXKEHHOH 3fech Meronuke. Ha wacrorax
HuXKe 3 Mey o6bIYHO OKa3BIBAETCSl HOCTATOYHBLIM NPUCOEM -
HEHVEe K KOpMYCy ONHOTO M3 KOHIIOB HHTH HaKaJja.

B ycunurtensix HM3KOH YaCTOTHI BOTPOCH!, CBA3AHHHE CO
CXeMO¥ W MOHTaXOM Leny HakaJja JIaMIl, YCJAOXKHSAITCA Ha-
BOAKOH (hoHA, cO03[aBaeMOro mepeMeHHHIM HampsitKeHHEM
HakaJja. DTH BOnpock pasbupatorcs B § 4-3, 4-5 u 4-6.

3-9. MAPA3UTHASl OBPATHASl CBf3b
Mo LENAM NMUTAHHUS AHOIOB U 3KPAHHUPYIOUIHUX
CETOK B PE3SOHAHCHbBIX YCHJIHUTEJAX

O6paTHas €BA3b MO LeNsM THTAHHS aHOMOB M IKpaHHU-
PYIOIUX CETOK 3JeKTPOHHBIX J1AMIl OTHOCHTCS K NapasHTHOM
CBfI3M yepe3 oOlLiee CONPOTHBJEHHEe. DTOT BHJ CBSI3H OBLI

a, bon
Anod n- 2o g
Kxacnada 5
U H Gornpsmu-
menn

Puc. 3-23. BbicokouacroTHas cxeMa LeNnH [0C/ael0BaTeqbHOro
NHTaHUs aHOAOB JaMml,

pasobpan B § 1-1. BHyTpeHHee cOnmpoTHBJIEHHE HCTOUHHKA
nuTaHus anoma (puc. 3-23), Ha BEIXOAEe KOTOPOTO OGHMHO
BKJIOYaeTcss KOHJeHCaTop BechbMa Goabliol emMKocTH Cyp,
HACTOJBKO MaJio, YTO C HUM MOXKHO He CYHMTATbCH BO BCeM
AxanasoHe pabouHX 4aCTOT YCHAMTend. B 3Tux ycsoBusix

137



CBA3b MEXKJY TOUKAMHU € MAKCUMAaJbHBIM U MUHHMAaJbHBIM
YPOBHSIMH HampsiXKeHHUs MOXKET BO3HHKHYTbH TOJIBKO 3a CUeT
najeHusl Hanpsi2KeHUus Ha oOllleM yuacTKe MpPOBOMA MUTAHUSA
ba,aza, 1o KOTOPOMY MPOXOXUT NepeMeHHasi COCTaBJAIOLAs
aHOJHOTO TOKAa BCeX JIaMI YCHJIUTENS.

IIpu paune obuiero .ipoBoma ab=10 c¢cm OH uMeer uH-
IYKTHBHOCTb Lqp oKkosio 0,1 mxen. B pesonanmcHom ycuaure-
Je KOHTypHble Katyiiku L, Lo, ..., L, WMeOT MHIYKTHB-
Hoctb mopsinka 500 mken Ha uactore 465 xey, 1 mxen ma
yacrore 30 Mey u 0,05 mxen uwa yacrore 200 Mey. KakBun-
HO M3 5KBHMBAJIEHTHOH CXeMBbl, TOKa3aHHOH Ha pHC. 3-23,
MEePBLIH M MOCJAENHHH KOHTYPHl YCHUJIUTENS OKa3blBalOTCA
CBSI3aHHBIMM ADPYT C IPYroM uYepe3 OOLLYI0 HHAYKTHUBHOCTb
Loy, Kosdbunuedr cBsA3p npuHUMaer CJAeYyOLlHe 3Haue-
HUS:

Ha yactoTe 465 Key

p— 01~ 0,02/,

500 4+ 0,1
Ha uactoTe 30 Mey
0.1 i
k=101 =%
Ha yacrote 200 Mey
0,1 _
k=g ror =67

Takasi cB3b MeXIy KOHTypaMu NPUBOLHT K Iepenaue
3HAYMTEJbHO! YacTH BHIXOJHOTO HANPSIXKEHHUsS YCHUIHTENS
U, na cerky BToporo kackana. KpoMe BHeceHuss o6paTHOM
cBsi3H, yuacTku abj, aby, abs u T. K., BXOZA B KOHTYpPHl yCHU-
JIUTENS TOCJAeJOBAaTeJbHO C MHIVKTHBHOCTAMH L, Lo, L,
.o, Ln, NIpHBOMAT K CHUXKEHHIO YCTOHYMBOCTH HACTPOHKH
YCHJAUTENS, TaK KaK SIBJASIOTCS HeCTaOWJILHBIMH YacTAMH
HHIYKTHBHOCTH KOHTYpoB. [lomK/miouenne KOHIEHCATOPOB
Cy, Co ...,Cn x TOUKRAM by, by, ..., b BMecTO WIACCH yZH-
JIUTENS LAeT YaCTUUHOe yJaydllleHHe YCTOHYUBOCTH HACTPOH-
KM M yMeHblleHHe OGpaTHO! CBSI3H B Y3KOMOJOCHBIX YCHJIH-
TeNs1X. B IIMPOKOMONOCHBIX YCHJIUTENSIX TaKas BO3MOX-
HOCTh OTCYTCTBYET, TAK KaK B HHX He MPUMEHSETCs coCcpe-
IOTOUEHHAsi eMKOCTb B KOHTYpE, a pacnpelleJleHHAss EMKOCTh
BCcerga ONHHM KOHIIOM HOIKJIOUEeHAa K IMACCH.

[IpuMeHsemass B UIMPOKONONOCHBIX VCHUJHTENSIX CXeMa
napajesbHOr0o MUTAHHS aHOLOB JiaMm [aeT Jiydllde pe-
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3ynbTathl. 3fech (puc. 3-24) HHAYKTUBHOCTb Lgp TIOCHERO-
BaTeNbHO B KOHTYPH He BXONHT M Ha YCTOHUYMBOCTb Ha-
CTPOHKH YCHJIHTENs He BauserT. Benuunea HanpsikeHus o6-
pPAaTHO CBSI3H, MEePeAaBaeMOro U3 aHOMHOH I[eNH mocaefHeH
JaMIibl Ha CeTKy BTOPOro KackKaja, TakXKe YMeHbLIaeTcd.
[Ipy TOll XKe BeNHUMHe WHIYKTUBHOCTH OOlLIEro MpOBORA

K Boinpamu-
menrg

Puc. 3-24. BbicokouacToTHast cxeMa IlenH fapasfesbHoro
MMTaHHS AHOLOB JaMIL.

L.,,=0,1 mxen ero compotuBjenve Ha wvacrore 30 Mey
woLlay~20 om u Ha uacrore 200 Mey wolap=~125 om.
B aHoaHyi0 Ienb IIHPOKOIOJOCHBIX YCHAHTeNdell O0OBIYHO
BKJIIOYAlOTCH conmpoTuBieHus R;, Ry, ..., R, mnopsaka
1000 om. HanpsixxeHue Ha ceTKe BTOPOro Kackajga OyneT co-
CTaBJATH:

20

Ha uactoTte 30 Mzy 600 120 = 29/4,

12
Ha uvactoTe 200 Meay W% 11°/, OT HanpskeHus

Ha aHOMEe NOCJeJHEro KackKaia.

Jnst mopaBieHdss o6paTHON CBS3M TI0 LeMY NMUTaHUS aHo.
Ja IPHMEHSIOTCS pa3Bs3blBalOllMe LeNH, yallle BCEro BKJIO-
yaeMble Mo cxeMe pHc. 3-25. Cpenunit Konmencarop Cges,
BKJIOYaeMblfl MapasuieibHO KOHJEHCATOPYy GUJIbTpPa MHTa-
Husi Cgp, IWYHTUPYET WHIYKTHBHOCTb Lo, OOLlero mpoBona
nutanud. [Tosle3HEIM TaKOH KOHAEHCATOD MOXeT OBITb TOJb
KO, ecJqd €ro cONmpOTHBJIEHHe Ha pabGoyell YaCTOTe YCHJIH-

1
Tend o Crv I6YI[eT 3HAYUTEJIbHO MeHpIlle CONpPOTUBJILS-
O ppa

Husg w¢ley. B mpoTuBHOM cayyae 6Gsarogaps pe3oHaHCY
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MexRIy Cpsa U Loy MONKIIOUEHHE KOHAEHCATOPA MOXKeT OKa-
3aThCsl GecloNesHbiM H Jaxe BpeIHbLIM. JTH cooOpaKeHHS
npu Lgp=0,1 mken NpuBOASAT K HEOOXOMIIMOCTH UPHMEHSTh
KOHJEHCATOphl eMKocTbio mopsnka 10 mxg Ha wyacrore
465 key u eMKocTblo mopsinka 3000 ng Ha wacrote 30 Mey
HJIM He BKJIIOYATh HX BOBCE.

G

Anod n-2o fn Pon Roy Ry H Bernpsmumens
rackada Tomma
Uy 2 wacxada
= 7

Puc. 3-25. BricokouacTOTHast cxeMa Pa3Bsi3bIBaHUs LEMH NHTAHHUS
aHOILOB C TpeMs GHJIbTPYIOLIHMH s4eliKaMIi.

Kak crnemyer u3 3KBHBaJEHTHOH cxeMmbl (puc. 3-25),
pasBsi3bIBAIOIlAsl IIeNb COCTOUT M3 Tpex sueek: R,Cp,,
RpnCopra (mu RpnLap mpu orcyTcTBHU Cppa) U RpCp He-
3aBUCHMO OT YHCJA KaCKafOB H HAJWUHs Pa3Bsi3bIBAIOLIUX
aueek RpeCpo, Rp3Cps ¥ T. 1., KOTOpEIE MOTYT OTCYTCTBOBATb,
ecnu He TpeGyeTcs pas3Bs3bIBAHUS MPOMEXKYTOUHEIX KacKa-
OB 1PYyr OT Apyra. YBenudeHue ocuaab/eHus B 3ToH cxeme
MOXKET GBITh NOJNYYEHO TOJNBKO 32 cueT yBenudeHnus: Cp u Rp,
YTO CBSI3aHO C TOBHILIEHUEM HAMpPSXKEHUS THUTAHUS, YBEJH-
YyeHHeM MOILLHOCTH, DPACCEHBAeMOH Ha BCEX CONPOTHBJEHHSX
Ry, u yBennuenneM raGapuTOB KOHIEHCATOPOB M COMNpO-
TuBJeHnA. HemocTaTkoM cXeMbl YCHJIMTENS, COCTOSIIIErO H3
60JIBLIOrO YHCJA KAaCKaJOB, TaKXKe SIBJISIETCS HAJUyHe MPO-
Bojga b;b, XOTOpBIE MPOXOOUT Yepes Bce KacKadbl YCHJIi-
TeJIT ¥ MOXeT CNYKUTh NPHYUHON CAyYafHBIX MapasuTHBIX
CBfI3edl MexXIY JIOOBIMM TOYKAMH CXEMBL.
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CooTHowenne Mexay BeauunHamu Cp u Ry moxer ObITE
B3ATO JI060e. BaXXHo TOJbKO, YTOOBl [ KaXAo# passd-
3biBalOLIell siYeHKH BeJAMYHHA COMPOTHBJIEHHUS, BK/IIOYEHHOTO
nocJefoBaTeNibHO B NMPOBOA MITAHUs, Oblia 3HAYHTENbLHO
GoJibllle BEJHYHHBI CONPOTHBJAEHHS, BKJIOUEHHOro Tmapas-
JeJbHO MeXAy NpOBOJOM IUTAHHS M KOPNYCOM, H UTOOHI
NOC/AeA0BATENIbHOE CONPOTHBJIEHHE He CJHMLIKOM CHHXKaJo
aHomHOoe HampsikeHHe. Llenu sKpaHHpPYIOLIMX CEeTOK Ha CXe-
Max puc. 3-23, 3-24 u 3-25 He TOKasaHbl HJ5 YNpOILIeHHSL.
OOGBLIYHO 3TH CETKH MHUTAKTCHA OT OOLIero ¢ aHOJaMH HCTOY-
HHKa MMTAHHs Yepe3 racslliie COMpOTUBJIEHHS, cayxkalide
ISl CHHXKEHHSl HalpsiKeHUsl Ha SKpaHHpYIOLledl ceTke. JTH
COTNpPOTHUBJIEHHS] BMec1e C ©JOKHDOBOYHBIMH KOHJAeHCaTopa-
mu C,, posib KOTOpHX pasobpaHa B § 3-6, ciyxar ogHoBpe-
MEHHO W pasBA3bIBAIOLIUMH fuYedKaMu lened 3KpaHupylo-
IIHX CEeTOK, MeHCTBYIOUIHMH aHAJOTMYHO cxeMme puc. 3-26.

B GoJsblliHHCTBE CAydYaeB BBIXOLHOE HaNpsKeHHE YCHA-
JIUTEJIST BBICOKOH MJIH MpPOMEXYTOYHOH HacTOThl, NOfaBae-
MO€e Ha [eTeKkTop, He nperocxogut 1—2 s. Bce Jammbl ycH-
AuTess paboTalT C BeCbMa HHM3KMM HCIOJbL30BAHHEM IO:
CTOSIHHOTO AHOJHOTO HATpsiKeHHs, He npesbimawowum 10%
naxe s moc/efHero Kackafa. B aTux ycloBHAX NONyCTH-
MO MMeTh Ha aHOJe HH3KOe HampsiKeHHe, KOTOpPOe paBHO
UM HECKOJbKO MeEHbIlle HalpskKeHHs Ha 3KpaHHpPYyIOLLei
cerke. Tako#l peXuM JamI T03BOJisieT 0OBERUHUTH pas3Bs-
3bIBAIOLIME COMPOTUBJIEHUS] U €MKOCTH AHOJNHBIX Lienel U le-
nell skpaHHpYyWOUHX ceTOK (puc. 3-26). Ha sToM pucyHke
H306paxKeHbl MPHHLUHNHANBHBIE CXeMbl OLHOTO YCHJHTENb-
HOT'O KacKajaa B COOTBETCTBHH C YCJIOBHOH BBICOKOYACTOTHOH
cxeMoit puc. 3-25, Ha KOTOPOH Bce OTHe/NbHBIE KacKaJbl MO-
ryT GLITL 3aMeHeHbl Ha KacKajpl, MoKa3aHHble Ha pHc. 3-26.

TIpu memocraToyHoCTH (UABTPALMHM € TOMOIIBIO TPeX
sueek (puC. 3-25) MOXKHO yBEJHUYUBATh YUCJIO fUeeK, BKAIYAs
CONPOTHBJEHHS MOCIEA0BATEIBHO B yYACTKH TPOBORA babs,
baby, ... u coemuHssa TOUKH by, b3, by, ... uepes koHmenca-
TOpPBl C IIaccH. OTO YyBeJHYHBAeT KOJHYECTBO JeTased
B YCHJHTeNE H YCI0XKHSAET ero MOHTaX.

Ha puc. 3-27 nana cxeMa pa3BA3bIBAHUS U NUTAHUSA Iie-
nedl aHOMA U SKPaHHPYIOUIUX CETOK, TOCTPOEHHAS aHAJOTHY”
HO cxeMe puc. 3-20, cayxalledl IJjisg pas3Bsi3bIBaHUs lemnel
HakaJja. OTa cxema Np¥ MHHUMAJNbHOM KOJHYECTBe HeTasell
naeT MaKCHMaJbHYIO ¢uabrpanuioo. Tak XKe, Kak H TpH
pa3Bsi3bIBAHHH LIeNH HaKaJja, 34eck oOLUi MPOBOL MHTAHUA
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BBICOKH'M HampsXKeHHeM pasfeseH QHAbTPYIOLLUMH A4eliKa-
MH Ha Y4acTKH, YTO HCKJIOYaeT BO3MOXHOCTb CJAy4aiHOH
CBAA3H IO 3TOMY TIPOBOAY BXONHBIX H BBIXOJHBIX LENEH yCHu-
autedst. OUABTPYIOLIUMH SUeHKaMU pasfiesieHbl BCE KacKa-

Puc. 3-26. CxeMbl ¢ o0GbeLHHEHHEM Pa3BA3BIBAIOLIHX
Jleraneil Lellefi aHoja U SKPAHHOH CETKH:

@ — OJHOKOHTYPHBIH IIMPOKOMOJIOCHBI}i YCHJHTEJNb C MapaJiesb-

HLIM NUTaHHEM aHoja; 6 — ONHOKOHTYDHBIH IIHPOKOMOJIOCHBIK

YCHJIHTeNb ¢ OGHOHISPHON HAMOTKOH KOHTYDHOH KaTYIIKH;

8 — NBYXKOHTYDHBIHf IIMPOKOMNOJIOCHBIH  YCHJIHTENb; & — ABYX-
KOHTYDHBIii y3KOMNOJIOCHBI YCHJIHTEJNb.

Abl, H 4yeM JaJblle OHH OTCTOAT APYT OT Apyra, TeM OoJiblle
pa3Bsi3Ka MeXAY HHMH.

Bri6op pasBsisbiBaloluX Aerajedl mas cxembl puc. 3-27
npoct. MHHHMaJpHass eMKOCTh KOHAEHCATOPOB OIpenenser-
ca nmo taba. 3-1, a BeqHUHHBI CONPOTHBJIEHHH pPacCCUHTHIBA-
I0TCS, HCXOAA M3 pacceMBaeMOH Ha HHX MOILIHOCTH W Taje-
HUS TOCTOSIHHOT'O HampsiKeHHs. Tak, Hampumep, €cad Mpo-
BOJ, OT BBIMPSIMHTE/S TIOAKMIOUEH K TOUKe b W CyMMapHbiii
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TOK aHOLa M SKPAHUPYIOULEH ceTKu Jamnbl paseH [;=
=10 ma, To [ IIeCTHKACKaJHOr'0 YCHUJHTEJs yepes CONpo-
THBJeHHe Rps 6yaer npotekate TokK 5/,=50 ma. Ecau npu-

6
g[ ﬂ K cemxe
J

A anody
u 3Kkp.cemnes

Aw0d6 F36 & Fos bs Rou by, Koz by Buz b, Ror b K Geinpamumento
lemmal
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Pic. 3-27. Cxema 11eCTHKACKalaHOrO LUIPOKOMOJIOCHOTO IYCHAHTE-
JISl C TOC/e0BATEJbHBIM BKJIOYEHHEM Pa3BI3bLBAIOIIIX CONPOTIIB-
JIeHH 1.

MEeHHTb OJHHAKOBHIE TIO BeJHYHHE COMPOTHUBJEHHA C pac-
ceuBaemoit mougocteio 0,25 8T, TO

0,25
Ry = Rpy = Rps == Rp, = Ry, = 577755 = 100 ox,

U Ha COTMPOTHBJEHUSAX Ry, Rpg, ..., Rps magaer Hampsixkenue
cooTBercTBeHHO 1, 2, 3, 4 u b 8. Pacuet ocnabnenuss o6par-
‘HOM CBSI3H BHITIOJIHSIETCSI COIVIACHO 3KBUBAJIEHTHOH Ccxeme
puc. 3-27. Ecnu ocnabnenue 6yaer HeZOCTaTOYHBIM, TO €ro
MOXKHO YBEJHYHTb CJAELYIOILHMH CIOCO6aMHU: YBeJHUeHHEM
eMmkocTd Cp, CBEpX MHHHMAJbHOTO ee 3Ha4YeHWs, YBeJauue-
HHEeM COTpPOTUBNEHHH Rpi, Rpe, Rps u Rps 10 BesuuwH, cOOT-
BETCTBYIOILUX paccenBaemol molnocta 0,25 8T, U yBenuue-
HHEM BCEX COTPOTHBJIEHHH 3a CueT MOBBIIIEHHUs pacceHBae-
MoH Ha HUX MolrHocTH cBepx 0,25 61. Ecav nurarnoiugit npo-
BOJA MOJKJIOUUTh BMECTO TOYKM b K Touke by, To MakcH-
MaJbHHH TOK, TpOTEKaIIni yepe3 Rys, 6ymer pasen 30 ma,
YTO TO3BOJIAT YBEJHUYHTb BEJHUUHBI DPa3Bs3bIBAIONIHX CO-
IPOTUBJIEHHH IIPH TOH e pacceHBaeMOM MOLIHOCTH.

143



CxeMbl € TOC/J€IOBATEJNbHbIM COeIHHEHUEM pPa3Bsi3bi-
BAIOIIUX COTNPOTHUB/IEHHH, TOKa3aHHble Ha pHc. 3-27, ympo-
LIaJ0OT MOHTAaX YCHJAHUTeNs H, CAeL0BAaTeNbHO, HENai0T ero
6oJiee HafeXKHbIM.

Puc. 3-28. MoHTax Neneft aHoja H 3KpaHH-
DYIOLIKX CETOK TPeX JaMll IIHPOKONOJOCHOrO
YCHIIHTENS:

a — pa3genbHasi (GHABTPAUHS aHOZA M SKPaHHUPYIO-
mel ceTKH; 6 — o6belduHeHHe (QHUABTPAUMM NPH Na-
paJyieJibHOM BKJIOYEHHMH DPa3Bs3bIBAOUIHX COMPOTHB-
JleHn#i; 8 — o6befHHEeHHe (UIbTPALHH NpPH TOCHe-
AOBATEJbHOM BKJIIOUEHHH Ppa3BA3BIBAIOLIHX COMPO-
THBJIEHHH.

Ha puc. 3-28 manbl OJ51 CpaBHEHHsT BAPHAHTH MOHTAaXa
nenefl aHOAA M SKPAHHPYIOUIUX CETOK JAJs TpeX KacKaloB
YyCHJIHTENSl HAa MaJbYMKOBBIX JiaMIax. TakuM e MpoOCThHM
noJaydyaercd MOHTaxX YCHJIHTEJAS Ha CBEPXMHHHATIOPHBIX

JamMmnax.

3-10. MAPASUTHASl OBPATHASl CBA3b NO LWENAM NUTAHHUA
AHOOOB W 3KPAHHPYIOLIHUX CETOK B YCHJIHUTEJNAX
HU3KOW YACTOTbl U B BUAEOYCHJIUTEJAX

B ycuauTenssx HU3KOH UaCTOTHL U BUILEOYCHJIHUTENISIX BO3-
MOXKHBl [Ba BUAa NapasuTHON 0OpaTHOH CBA3H MO LENAM
NUTAHHS AHOMOB W SKpaHUpYOIIUX ceToK. [lepsrifi Bum 06-
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paTHOH CBSI3W TOJIYYaeTCs 3a CYeT MHAYKTHBHOTO COTIPOTHB-
JleHHus 0OLIero yyacTka mpoBoja NuUTaHus ab, Kak 3To mo-
KasaHo Ha cxeMe pHC. 3-23, B KOTOpPOH pe30HAaHCHHIE
KCHTYPbl MOXXHO 3aMEHHTb CONPOTHB/ISHUAMH HJIH TpaHCHOP-
MaTopaMH HH3KOM YacTOThl. BuinsHHe 3TOro BuAa mapasuT-
HOH 0OpaTHON CBSI3W YBeJHYH-
BAaeTCs C TMOBHILEHHEM YaCTOTHL
Ilostomy oma omacHa TONBKO
IJIsl YCUJHTeNell ¢ BecbMa BbI-
COKOH BepXHeH TrpaHHYHOH ua- 20
crotot fz. Bopwba ¢ mapasutr- gy
HOU 0OpaTHOHN CBA3BIO HA BHICO-
KMX 9acToTax BejeTcs TeM XKe O
MeTOJIO0M, KOTOpblfi Obll H3j0- 60
JXeH Bbllle [Js1 PEe30HaHCHBIX ol
ycUauTeNeH.

Bropo#i Bug mapasuTHOH 00- 2:
paTHO#  CBSI3H ,nqnyqaeTCﬂ B R w0
HH3KOYAaCTOTHOM 4YacTH IIpOmy- .20
CKaeMOro YCHJHTeJeM CIleKTpa
yacror. C moHuKeHHeM yacToThl  Puc. 3-29. ITonHoe BBIXOAHOE
pacTeT eMKOCTHOe CONpOTHBje- ~CONPOTHRICHNS MCTORHMKA M-
HHe BBIXOJHOTO KOHJeHCaTopa .

Cyn uartpa nuradus. Ha

yacTtoTax, OJIH3KHX K HYJIO, CONPOTHBJAEHHWe yuacTka ab
HOCTUTaeT BEJMYMHEL CYyMMapHOTO CODPOTHBJIEHHS TIO-
CTOSTHHOMY TOKYy Apoccenell puibTpa mHUTaHus W BHYTpPEH-
HEro CONpOTHBJEHUS BHINpsAMHTensd Rgr. Ha puc. 3-29
MOKAa3aHO, KaK H3MEHSEeTCS CONMPOTHBJIEHHEe yuacTKa ab mpu
usmenennu yactotel oT 10 no 10% ey, ecnu om umeer cie-
aywoue gamuble: Lgp=0,1 mren; Con=10 mxg; Rgyn=
=300 om.

YBennuenue emKoctd Guabtpa muTaHus Cgn TOUTH HE
BJIHSIET HA 3TOT BUJI OOPAaTHON CBSISH, TAaK KakK HE3aBHCHMO
OT 3TOH eMKOCTH CONpPOTHBJIEHHE yyacTKa ab mpu CHHKEHHU
YacTOTH BCerja CTPeMHTCS K BeluudHe Rgn. Takke noutu
He BJHUSIIOT HNOTOJHUTENbHblE Da3BS3BIBAIOILHE CONpPOTHUBIE-
Hust Ry u xoupencaropsl Cp, BK/IIOUaeMbie Mo cxeMe puc. 3-25,
TaK KaK uX GUIbTPYIOILHE CBOHCTBA YMEHbLIAKOTCS NMPU MO-
HHUKEHUH YaCTOThI.

Bpemnoe peficTBue nmapasuTHON oOGpaTHON CBA3H HA HHU3-
KHX YaCTOTaX NPOSIBJsETCS B BUAE HEHOPMAJLHOTO MCKaXke-
HHSl YaCTOTHOH XapaKTEPUCTHKH YCHJIMTENS HJIH €ro caMo-
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BO30yXKIEeHHS 'Ha 4YacTOTax MOPSAKa HECKOJNbKHX TIepIl.
OueBumHO, 4TO BpeqHOE AeficTBue GyneT TeM GOJblle, yeM
Gosbille KO3(PdULHEHT YCUIEHHS HA HUSKHX wacToTax. I1o-
3TOMY OCHOBHBIM METOJOM O60pLOBI ¢ caMOBO3GyXKIeHHEM
YCUIHUTeNS HA HUBKHX YaCTOTAX SIBASETCS MAaKCHMAaJbHO
BO3MOXKHOE CHUXKEHHEe YCHJIeHHS Ha 3THX uacTtoTaXx. [lpu
pacueTe ycuJuTe/Ns HHKOTLA He ICIeNyeT 3aNaBaThCs HU3JIHII-
ge MaJibIM 3HAYEHHeM HHXKHEN TPaHHWHOH 4acTOTHl fz M He
CUHTATDb JOCTHKEHHEM MOJyYeHHe fz HuXKe TpeGyemoro. Ha-
060poT, JaHHHIE CXeMBl CIeNyeT BHIGHPATH TaK, YTOGH yCH-
JeHHe Ha YacTOTax HHXKe fy Magato KaK MOXHO Kpyue.

[Tapasumnasi o6partHasi C©BA3b ONY4aeTCs YepPe3 COMpPO-
THBJIeHHEe OOIIero yyacTka MpoBona ab, KOTOpoe ompeme-
JseTcs BHYTPEHHUM CONPOTHBJIEHHEM HCTOUHHMKA NHTAHHSA
MOCTOSIHHOMY TOKY Rp.

ITosromy soOble Mepbl CHHXKEHHsSI CONPOTHBAEHUST Rpn—
yMeHbIIeHHe CONPOTHBJEHHS Jpocceis GHABTPa, TpHUMeHe-
HHE KEeHOTPOHOB C MaJblM BHYDPPEHHHM CONPOTHBJIEHHEM,
3/1EeKTPOHHAs ‘cTaOUIU3aLHsl BBIXOJHOrO HAMPSIXKEHUS — Be-
IyT K ocaabjeHuio ob6paTHoi cBsisd. M3 sToit mpymmml cmo-
co000B MOLaBaeHHS 00paTHOH cBsidm Hambosee sdrdexTHB-
HBIM SIBJISIETCA NHUTAHHE YCHIAWTENS OT JBYX OTHENBHBIX HC-
TOYHHKOB C TOAK/JIIOUEHHEM K ONHOMY H3 HHX TNEepBHIX
KacKafioB, a K Apyromy — mocJefHHX KackamoB. K stomy
c11ocofy MPUXOAUTCS TpHOeraTh B MHOMOKACKaZHLIX YCHJIH-
TeJsIX C oueHb OOJIbIIMM YCHJIEHHEM H C OUE€Hb HH3KOH rpa-
HUUHOH wacroToi fr [28].

YMenbllieHue 06paTHOH CBA3H HA HU3KHX YaCTOTaX MOXK-
HO NOJIYYHTh, IPUMEHSS CllellHaTbHble CXeMBbl YCHIHTENBHBIX
KacKajoB — ABYTaKTHble U KOMIeHCAllMOHHble. B mByTaKT-
HbIX CXeMaX HM3MEeHEHHE TOKA HATPY3KU BLIMPSMUTENS, Bbl-
3bIBaeMO€e ONHOH U3 JlaMil, KOMIIEHCHPYEeTCcs OOpPATHBIM H3-
MeHEeHHEM, BbI3bIBAeMHIM ApPyroit jgamnoit. Komneuncaimuon-
Hble cXeMbl paGOTalOT 0 MPUHLUWNY KOMIEHCALHH BJUSHUS
HanpsIKeHus] MapasuTHOH 0OpaTHOH CBSI3M MPOTHBOMOJOXK-
HpIM eMy no (dase HanpsKeHHeM, NMOLABAGMbIM Ha KaTOMLbI
H/IM SKPAaHUPYIOILINE CETKH JaMIl NepPBBIX KAaCKaNOB YCHJH-
tensi. Hajnagka u perylupoBKa TaKUX CXeM OUeHb CJOXKHA.
ITosToMy K HUM cienyet npuberaTh, 6C/AH HET JPYTHX NyTel
IJ151 HeATpanu3alny mapasHTHBIX 00paTHBIX cBa3ed. Kpart-
KOe OMUCAHHE KOMMEHCAIIMOHHEX CXeM IaHO B CIDaBOYHHKE
[2]. Tam xe umeworcs TOLPOOHBIE CCHIIKH Ha JHTEpa-

TYPY-
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: 3-11. NAPASUTHASl OBPATHASl CBf13b
o WENIM NOJAYH HAMNPSHKEHUM HA YINPABJSIOLWUE
A AHTUIHWHATPOHHBIE CETKH

B MHOrOKackamHOM YCHJHTEJe HA YNPaBJAAOLINE U aH-
THIMHATPOHHbIE CETKU JaMI HEKOTOPHIX KacCKafoB NOLAIOT-
Csl HANPAXKEHHS JJI DEryJnpOBaHUS YCHJIEHUS WJIH JPYTOro
ynpasjenus. Ilo umensaM nomauu 3THX HANPSKEHHH MOTYT
MOJIyyaTbCs NapasHTHble OOpaTHEIE CBS3H 33 CUET eMKOCT-
HOM COCTABJSAIOILEH TOKa B LN CeTKH IIOCTAEeIHEero Vipas-
JeMOoro Kackajna. DTOT TOK 'Ha OOLIeM (COMmPOTHBJIGHHH HC-
TOYHHKA YIPaBJSIOIIEr0 CHTHAJA CO3[LaeT HanpsiKeHHe,
KOTOpOe NOCTYNaeT Ha BCe MpeLblIylide YIpaBJseMble
Kackanel. TakuMm 0o0pa3soM, XapakTep BO3HHKHOBEHHS Tapa-
3HTHBEIX OOpAaTHBIX CBA3eHl uepe3 IeNnd YNpaBJeHus COBEp-
IIeHHO TaKOH Ke, KakK IpU OOLIEM TUTAHHH AHOMHHIX U K-
PaHHBIX Lemnel.

Ecnu ympasisiioliie HampsiKeHUs H3MEHSAIOTCA MeNJeH-
HO, KaK 3TO 6osbllell yacTblo GEIBAET B CHCTEMAaX PYUYHOrO
¥ aBTOMATHYECKOIO PEeryJupPOBAHUA YCHJIBHUS, TO IJA I0-
NaBJeHUs OOpAaTHBIX CBfA3EH 110 LENsM YIPaBJISHUS MOJAb3Y-
I0TC METOAOM, (pa3oOpaHHBIM B INpelnayiieM naparpade
IJ11 HH3KOYaCTOTHBIX CBfA3el uepe3 ILend MUTAHHS aHOIOB.
Hexoropas monomHuTenbHas PPYLHOCTb 3aKAIOYAETCS B TOM,
YTO BHIXOJLHOE CONPOTHBJGHHE HCTOUHHKA YNPAaBJSIOLIErO
HanpsxKeHHsi OObLIYHO 3HAUUTENBHO O60JIblile BEIXOAHOTO CO-
NPOTHUBJIEHUST HCTOYHHKA NHTaHHs Yycunurtens. C Apyro#
CTOPOHH, 3aJa4a HEecKOJBKO YNpoliaeTcss TeM, 4TO YNnpaB-
JeHrueM OOBYHO OXBATHIBAIOTCS HE BCE JAMIK YCHJHTES.

B wHexoTOpHIX THNAaX MHOTOKACKaTHBIX YCHJIUTENell Ha
VIpapasiollie MJAH AHTHLWHATPOHHbIE CETKH MOJAI0TCA
OLICTPO H3MEHSIOLIHECS HAMPSXKeHNs JJI KpPaTKOBDEeMEeHHO-
rO 3anupaHus JaMI, OTHUPAHUS HX HMJIH H3MEHEHHUs YCH-
Jenusi. B 3TOM ciyuae K pasBs3bBAIOUIAM LemnsiM MpelbsiB-
JISIOTCS IBAa NPOTMBOPeYHBHX mTpeboBaHuss. OHU HOJKHBI,
C OIHOH CTOPOHEI, XOPOIIO MOAABJAAThH OGPaTHYIO CBSI3b H,
C Epyro#l, —'Masno 3aMelJATb H HCKaXaTb YNpPaBJsIoLlde
Hamp sKeHHs.

C ToukH 3peHus mogaBJeHuss OOpPATHOH CBA3M NPOCTeM-
UM H HAWAYYIIAM BapHAHTOM SBHAOCH Obl IPUMEHeHHe
pa3BsA3HIBAIOIIEN LeNd W3 MOC/AeJ0BATEBHO BKAOUECHHHX
COTNPOTHBJEHHH H NapaJJiefbHBX KOHIeHCaTopoB (puc. 3-30),
AHAJOTUYHOM HenW, MPHUMEHEeHHO!H NJs pPa3BfA3KM aHOLOB H
10+ 147



148

SKPaHHPVIOUHX CETOK.

HepnocratkoM Takoro BapuaHTa
ABJAETCA TO, 4TO B KaxKAo# duabtpymoulesl sueiike RC npo-
UCXOAUT 3afepXkKa ympaB/sAOLIero UMOYJAbca, H3-32 YEro
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Ynpaln. Hanﬁmewe )

Puc. 3-30. TTocnemosare/ibHast lellb PasBsA3KH YNpaBsIOMMX CeTOK
C HEONHOBDEMEHHLIM 3alupaHHeM ¥ OTIMPAHHEM JiaMi.

JaMMbl OTMMPAIOTCA U 3anUpaloTcs He oguoBpeMenHo. ITpu-
XonuTcs npuberath K napasiensHoil cxeme puc. 3-31, Ko-
TOpas, HeCMOTPS Ha GoJiblliee YHCAO AeTaJsel, 1aeT MeHbllee

Ynpabn T Hanpswenve

Puc. 3-31. ITapannenbHas uenb pasBSA3KH YIPaBJASIOUMX CETOK € Of-

HOBpPEMEHHbIM 3aNWpaHHeM H OTIHpaHueM JaMIl.



ocnabenye napasuTHOH HaBOAKH. JleficTBUTENBHO, cuuTas
HCTOYHHKOM HAaBOAKH KoHaencatop C;, Ha KOTOPOM INOJY-
yaercsl MaKCHMaJbHOE HalmpsKeHHe OT €MKOCTHOro TOKa
CeTKH naMmul Jl4, mosyuaeMm, uyto B cxeMe puc. 3-30 Mexny
TOUKaMH a U b uMeeTcs TpH pasBsasbiBaiolyie syelkd RoCy,

Ynpabn. § Hanosxenue

Puc. 3-32. TlapamnenbHo-moc/iefoBaTe/bHASL  LEMb
pasBsi3K¥  YMPaBJSIOIHX CETOK ¢ OXHOBDEMEHHBIM
3alMpaHueM M OTIHHUPAHHUEM JIaMIL

R3C; u R4C4, a B cxeMe puc. 3-31 — mBe suelikn R;C; n
R4C4. Bennuunnl R u C HyXHO BHOHPATh HEOOMBIIHMH, UTO-
6bl MeHblle WCKa)aJuchb YIPaBJSIOUIMe HMIyJabch. Ecau
IBYX sl4eeK OKaXKeTcs HeLOCTaTOYHO JJI151 Pa3BSI3EIBAHUSA TO-
YeK @ H b, TO MOXKHO NPUMEHUTD ellle Gosiee HESKOHOMHUYHYIO
cxeMy puc. 3-32, naiollyi0 H3JIHIIHIOI pa3Bsi3Ky, HO obec-
NeyyBaIOILYI0 OJHOBDEMEHHOE YyNpaBjeHHE BCEMH JaM-
TaMHu.

Ilpu mpOoeKTMPOBAHHU Pa3BA3KH LEMNH (yNpaBAeHUs C NO-
Moo 371eMenToB RC Heo6X04uMO mpexje BCEro ompeje-
JIUTh CTEIEeHb BJAHSHHUS UX HA YOpABAAKOUIMHA uMmysbe. Teo-
POTHUSCKHI aHAMU3 NePeXOJHBIX XaPAKTEPHCTHK MHOTO3BEH-
Hbeix 1eneft RC BecbMa CIOXeH H [JJs1 TPaAKTHUECKOro ‘HC-
nosb3oBaHus 3arpynHutenen [16, 17]. IToatomy pekoMeH-
ILyercsl mpou3BOANTL nombop R u C B siuefiKax SKCHepUMeH-
TanbHO. IIpyu 3TOM HeOOXOAMMO YUHTHIBATH, uTO eMKocTH Ci,
C,, C3 u C4 BXOOAT B PEe30HAHCHBIE KOHTYPHl YCHJAUTEs MO-
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C/eNOBATEIBHO ¢ BXOMHBIME eMKOCTsiMu Jamn Cpx. Bennuu-
HBl 5THX €MKOCTEH JKeJaTeJbHO BhIOUPATDh KaK MOXKHO 60JIb-
IIMMH, BO BCAKOM CJyyae TakK, YTOOH! BbIMOJHSIOCH YCIA0BHE
C> (10—20) Cgs.

PaccmorpeHHylo pa3BsiseBatouyto nenb RC MOXKHO MpH-
MeHSITh B CXe€Me ynpaB/eHus, ecnu TpebyemMoe BpeMs ycTa-
HOBJIEHHS] HOPMAJIbHOTO YCHJIEHHS COCTAaBJseT He MeHee |—

Ynpabn L/2 L L nZ
Hanpmwerue | | l ¢
T (A I A (A

Puc. 3-33. ®uaptp LC B Wenu ympapiedus.

2 mkcex. Ilpn HeoOXOOHMOCTH HMETb MeHBIIee BpeMs
ycTaHoB/IeHds: uenb RC OKkasbiBaeTCsl HENPUTOXHOM d TpH-
xomutess npuberats k uenu LC. Takas uenb (puc. 3-33)
npencrasiaser co6oit I1-o6pasubifi GuabTp HUXKHHUX YacToT,
UMEIOUIHH MpaHUYHYIO 4aCTOTY

1
T ayLC’

fa

[Tepexomnass XapaKTepucTHKAa TaKoro (GuibTpa XapaKTepHu-
3yencsi BpeMeHeM yCTaHOBJIEeHHS

=0y B L1V

KOTOpOe [JIsl ONHOH sTueliKy f0YTH TOYHO COBMALAeT C KCIe-
puMeHTanbHBIME pe3dyabTatamu. C yBennyeHueM ducaa sye-
eK BpeMs YCTaHOBJIEHHsS PAcTeT MeNJIeHHO H st 3—5 sue-
€K LOCTHraeT BeJHYWHH

t s =19)LC.

Llenb LC Moxer 6bITh mpuMeHeHa B cxemMax puc. 3-31
1 3-32 ¢ 3aMeHO! B HHX COIPOTHBJEHHH HA WHIYKTHBHOCTH.
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[Tpenmymectsom uenu LC mo cpaBHenuto ¢ mensio RC
SIBJSIETC  BO3MOXKHOCTb TpPHUMEHEHHST OOJbIIHX eMKOCTel
(C;—C,), uro yJjyulllaer KaueCTBO PE30HAHCHBIX KOHTYPOB
YCHARTEAs U JaeT GOJBLIVIO Pa3BA3KY.

Henocratkom paspsizbiBatomeil nenu LC sBisioTces 3ua-
YHTENbHbBle BBIOPOCH B KOHILE BPEMEHH yCTAHOBJEHUS aM-
MJIHTYLBl, KOCTHTAIOILUE
BeqmuuH +10% or ye- Alt)y
TaHOBHBLIEroCsH  3Haue- L2p
nust (puc. 3-34). Hpy- -~
rum Hemoctatkom uemn WL ZTZ 71
LC saBasercs yzmapHoe ast
B036yXKaeHue, BO3HII-
Kapomee npu umnyabc- 08
HOlt pa6oTe YyCHIUTE/]S 04
U TIeperpyske ero ce- 0
TOWHBIMM  TOKamu. B 02
5TOM cJayyae Io Jpoc- ‘
celsiM IpOTEKaeT pes-

KO HaMensomuiics Tok Puc. 3-34. VirauosijeHde ‘HampsiKeHHs
M HA HUX HHLYKTHDYeT- Ha BBeIxogse ¢uabnpa LC.

csl HampsKeHue, 3aps-

XKamplliee HX COGCTBEHHYIO Mapas3uTHYIO eMKocTb. B pe-
3y/bTaTe BO3HUKILEro yAapHOTO BO30YXKIEHHS BbICOKOYA-
CTOTHBI HMITYJbC, TPOXOASALIMHA Yepe3 YCHAHUTE/b, PaCTsATH-
BaeTcs H ero opmMa HOKaXKaerncs.

Jns yMeHblieHHs BHIGPOCOB M YCTpPaHEHHS YIMADPHOTO
BO36YXKIEHHST APOCCENM LIYHTHPYIOT CONPOTHBJEHUSMH, KaK
nokasano ma puc. 3-35. llynTHpyrollee compoTHBIEHHE ClIE-
ILyeT BEIOMPATh U3 COOTHOIIEHHUS

_LI/T
R_2 Cnap

M1 TOro, YTOGBI KOHTYP, COCTaBJeHHBI M3 mpoccens L u
eT0 COGCTBEHHOM pacnpelnejeHHON NapasuTHOH eMKOCTH,
cran anepuomuueckuM. [Ipu 5ToM amnauTysa BHIGPOCOB HA
ynpaBJsiolleM HMmyabce nanaer B 1,5—2 pasa, a Bpemd
YCTAHOBJIEHHS YNPaBJSIOIIET0 HMIYyJbCa BO3pacTaeT B
1,5 pasa.

PaspsspBaoias uenb puc. 3-33 u 3-35 aBAgETCH HECO-
rJacoBaHHON JHHHMeH 3aJepXKH, B KOTOPOH BO3MOXHHI OT-
pameHus YIpaBAAIOLHX HMIYJbCOB OT OGOUX KOHIOB. DTH

1561
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OTPAXKEHHs! He MODNYT MOBJUATb HA MepeNHHA GPOHT ympas-
JSAIOIIEr0 AMITY/IHCA, TAK KAK NePBEIH OTPaKeHHBIH UMIYIbC
MOX®T NPUATH K TOuKaM Z. TOJBKO MOCAE TOTO, KaK OH,
OTPa3HBLIMCh OT 3THX TOUEK, AOHAET AO HCTOYHHKA YIIPaB-
JAOLIEeN0 HANpPsXeHHs, CHOBA OTPa3UTCS M BepHETCS 06-

Yfpabn 57‘2' ) L L

Hanpﬂmeﬂue.
l R/2 R
p—{
I3 =

I T

Puc. 3-35. ®umptp LCR B uenu ynpasaeHus.

a——f-

pamao. IlepBbifi OTpaXKeHHBIH UMIYALC B TOUKaX Z. OKAa3bi-
Baercs 3alepKaHHBIM Ha BpeMs

2, —=2nVIC,

rae f{,—Bpemsi 3aepKKH JHHHUH H 1 — YHCIO SueekK.

AMnianTyna OTpajKEHHOTO HMITYJbCA ONpPeflessiercs 3a-
TyXaHHeM JHHHH M COOTHOLIEHHEM MeXIYy BBIXOTHBIM CO-
NPOTHBJIEHHEM HCTOYHMKA YNPABJASAIOIIEN0 HAMPsSXKeHHS U
BOJ'HOBBLIM COIIPIOTHBJIEHHEM JIHHUH

L
p:V‘T.

Ecan pantensHocTs ynpapasiomienro ummyabca T> 2f
TO K MOMEHTY IPHXOLA OTPAXKEHHOTO HMITY/J1bCa OH elle He
ycleeT 3aKOHUMTbCA. IDTO (MPUBEJET K  DPaCTATUBaHUIO
yIpaBJSIOMIero UMIYJAbCa B TOUYKAX Z, U K MCKAXKEHUIO ero
3aJlHEero cpesa, 4TO MOKHO Jerko CKOPPEKTHPOBATh YMEeHb-
IIeHHEM [JHTEIbHOCTH HMINYJIbCA ‘Ha BBHIXOAE MCTOUHHKA
VNP aBJISIONIEr0 HANPIKEHHS.

OueBnuHO, YTO HpOCTEHIIMM CHOCOGOM JHKBUTAIHH OT-
PajKeHHBIX HMTYJbCOB SIBJSETCS COIJIacOBaHHE JHUHHH, T. €,
3aMBIKaHHE ee Ha COMPOTHBAEHHE R=p Ha JI060M U3 KOd-
OB. DTOT MeTon GOJbLIEH YacTbi0 HempueMJeM, TaK Kak
BOJIHOBOE (CONPOTHBJAEHHUE JHHHU P HE BEJIMKO H COTJIacylo-
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liee COTMPOTHBJEHHE CHJIBHO HArPy:KaeT WCTOYHHK YIpaB-
JISIIOIIETO HaNPSIKEHHS.

[Tostomy npuxoaurcss npubGeraTb K HECOTJIACOBAHHOM
pa3Bs3bIBAIOLIEH Lenu, BHOHpast YHCA0 sueeKk 1 1 NapaMeT-
pel L u C Ha ocHOBaHHUM MPHBEJEHHBIX COOOpPaKeHHH.

3-12. ®UJIbTPALLUA HABEIJEHHBIX HANPS)KEHUM
B LENJAX HM3MEPEHUS TOKA CMECHTEJSA
B NPUEMHHKAX CAHTHUMETPOBbBIX BOJIH

B npreMHHKaX CaHTHUMETPOBBIX BOJH NPUMEHSIOTCS IO-
JIYTIpOBOJJHHKOBBIE CMECHTEJNH, B LeNb KOTOPHIX HEOOXO/UMO
BKJIOYaTb HU3MEDUTEJbHBIH NPHOOP TOCTOSHHOrO TOKa MJd
KOHTPOJsi pabOThl CMeCHTENsl U IIPOBEPKH YpPOBHS MOLLHO-
CTH, TO&aBaeMOH OT TeTepomuHa. Llenb H3MepHTEIBHOTO
mpubopa Moxer ObITh AJUHHONH H Pa3BETBJEHHOH, TAK KakK
OH YacTo pa3Mellaercs JaleKo oT aMecutenas. MHorza sta
Ienb KCIONb3YETCs TaKXKe JJs NOLAaud OMelleHUs Ha TMojay-
MPOBONHUKOBEI AHOA. Llenb usmepurensHoro mpubopa ue-
pe3 BXOAHOH TpaHchOpmMaTop OKas3blBaeTcss NOLKIIOUEHHOH
K CaMOH YYBCTBUTEJIbHOH TOYKe NPHEMHHKA — BXOLY YCHJIH-
TeJs1 IMPOMEXYTOUYHOH YaCTOTHI.

Ilpu oTcyTCTBHM pa3Bs3BIBAIOMIMX (DHUJIBTPOB JOCTATOUHO
HEe3HAUUTEJBHOH HABOLKU B LIl M3MEPHUTEJbHONO mpubopa
OT MCTOYHMKOB, paboTalomUX Ha 4acToTax, O6Ju3KUX K IPO-
MEeXYTOUHOH, YTOObl Ha NPUEMHHKE MOJYUYHJICSH NOBBILIEH-
HBIHl ypoBenb wyma. Emle xyxXe nosyuyaencs mpu Hemocra-
TOYHOM 3KPaHUPOBAHHUM M (PUABDPAINMH B LENSX IOCASIHUX
KaCKaJ0B TOr0 XK€ YCHIUTENs U erTo jaerekropa. B stom ciry-
yae yepe3 lemM M3MePUTEJbHONO npubopa moaydgaencs na-
pagumHas o6paTHas CBS3b BHIXOLA YCHJIMTEJS C €0 BXOAOM,
UTO MPUBOMHUT K CaMOBO30YXKIECHUIO YCHAUTENSA WJIH K M3Me-
HEHHIO €I'0 YaCTOTHBIX XapaKTePUCTHK.

Taxmm o6pasom (puc. 3-36 u 3-37), 06sA3aTebHEIMH CO-
CTaBHBIMM 3JIeMEHTaMH BXOAHBIX ILleNeH YCHJIHUTeNs Npome-
)KYTOYHOH YaCTOThl NPUEMHHKOB CAHTHWMETPOBBIX BOJIH SIB-
JA10T7CsT QUABLTPH, He MPONYCKAIOIIMe Ha BXOJ, YCHIHUTENS
HanpsiKeHuH, HaBeJ@HHBIX B LENH H3MEPUTEJIBHODO IpH-
Gopa.

KomcTpyxTHBHOE BHITOJHEHHE 3THX (QUILTPOB He CJIO0XK-
HO, TaK KaK yepe3 HHX NPOXOAST TONBKO IOCTOSIHHBIE CO-
cTaBjsOLIMe TOKA cMecuressi. [lostomy MakcuMasibHas CTe-
neHb (OUABTPALIUH CO CTOPOHBl HU3KHX YacTOT B HHX HHUYEM
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He orpanuyuuBaercs. OUABTPE LOMKHBL UMETh Majoe OMH-
YecKoe COMPOTHUBJEHHE, YTOOH HEe CO3LaBaTh JTOMOJHHUTENb-
HOTO CMElIeHUS Ha CMeCHTeJNbHBIH Anof. B 3aBucumocmi ot
CXEMBl CMECHTENs IPUMEHSIETCS OlUH U3 UeThIpeX BapHaHTOB
cxeMbl (GUIBTPA, IIOKA3aHHBIX HA PUCYHKAX.

Cwecume, .
IU % Bxodrnou

mparc oo,
gzmw427 p

[ K yny

—/uru\-Ifmn--;

v

al—i
af—

Prc. 3-36. dunbrpamus menu H3MepHTeNbHOTO npubopa B ONHO-
TAKTHOM CMeCHTeJle.

Uncao sueek GUABTPA H €ro JaHHbBIE PACCYHTHIBAIOTCS
C yueToM HeoGXOXHMOro ociabyeHus, 1aBaeMOro (PHJIBTPOM,
KOoTOpoe onpefensiercs no gopmyne (3-15)

M>120K,

rie K — mosmubiit k03QQUIMeHT YCUAEHHS MO NpOMEXYTOY-
HOH yacToTe.

B sToM pacuere umeercs 3amac 3a CYET HEBO3MOXKHOCTH
yuera Ko3(puUMEeHTa CBA3H MEXAY H3IMepHTEJbHbIM MpHU-
6opoM u BHIXOZHHM KackanoMm YITU, xoropwiil Bcerza ana-
YHUTENbHO MeHblle eIHHHIBL.

IIpu uaroroBjeHuH GHIBTPOB HCIOJIB3YIOTCS MaJjorada-
PHTHBIE JieTaa . BeluunHbBl HHIYKTUBHOCTEH M eMKOCTeH BHI-
6upatoTcss MakcuMaabHo GonmbliuMu. [1pu 3ToM coGeTBeHHAas
pe3oHaHCHAasl yacToOTa [poccenst nojydaercs GJU3KOH K HO-
MHUHAJbHOH IPOMEXYTOUHOH YacCTOTe YCHIMTENS.
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Bxadnoud

Cwecumens o owcaopmamop

n 9Ny

b
Puc. 3-37. ®unbnpanus UenH H8MepHTesJbHOrO mpuGopa
B GaJlaHCHOM CMeCHTeJse:
a — cxeMa C JOeTeKTOpaMH OJHOro HalpaBJIeHHS; 6 — cxema
C JeTeKTOpaMH IBYX Hanpameﬂ:uﬁ H C T1mnocJienoBaTeJbHbIM

BKJIIOUEHHEM 3JIEMEHTOB; 8 — CXéMa C JeTeKTOpaMH IByX Ha-
npaBjleHHH H C NapajJesbHbIM BKJIIOYEeHHEM 3JIeMEHTOB.
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3-13. PASJEJIEHUE YCHJIMTEJIEM NMPOME)XYTOYHOM
YACTOTblI NPHEMHHUKOB CAHTUMETPOBbLIX BOJIH
HA Iyn4y W ryny

[IupoKONONOCHEIE YOUIUTENH ILDOMEKYTOUHON 4acTO1 bl
npuMeHAeMble B PATHOIPHEMHHKAX CAHTUMETPOBOTO AHana-
30Ha BOJIH, HMEIT OOBIYHO GOJBIIOE YCHJEHHE [OPsiKa
110 96 nnu 3-10° pas mo uampskenmio. Umcao Kackamos
YCUIUTes, OmpelensieMOe JacTO He M3 HeOGXOMHMOCTH IIO-
JYyUSHHS 3a0aHHOr0 YCHJAEHHS, a W3 NOTPeOHOCTH B 60Jb-
LIOM YHCJe JEMEHTOB, Ha KOTOpPble MOXKHO IOLABaTh Ha-
TPSIKEHAA AJS PelNyJUPOBAHUA M VIIPABJEHHS .yCHICHHEM,
mocruraer o6biyHo 8—10. Takoilt ycuaunenb, Kak npaBuio,
pa3buBalOT Ha MBa: TPENBAPUTEJNBHBIN YCHJIHTEIb NpOMe-
Kyr1ouyHo# wactoTel IIYIIYU u rnapubiil younauTeab mpome-
xyrouysol yacrotel ['YITU. Ha BbiXome moca@IHEr0 BKJIO-
yaeTics NEeTeKTOp C BUINEOYCHAUTENEM HJIH BBHIXOMHBIM Ka-
TOJLHBIM OBTOPUTEEM.

Bxomuyio uacTb ycuaiuTens HeoGXOIMMO pacnosaraTh
BO/IM3U oMecHTess, YTOOH NEpefaBaTh CMDHAJABI MO KOPOT-
KHM OTpe3kaM NpOBOMOB MU Kabene#, He Tpebymolum co-
raacoBauus. [lepenaua curHasoB Ha BXOM {10 COTJIacOBaH-
HOMY Kabeal0 MPUBONUT K MOTEPEe MOLIHOCTH B COIVIACyio-
IleM COMPOTUBJEGHHH H BO3pacTaHu0 Koy(pibuuuenta myma
yeuaurens. Ecoru oTkasathcs OT pasfefeHus YCHAUTENs Ha
mea — ITYITY u 'YITY, To Tonna Bech YCHAHTENb MPHIETCS
ycTaHaBJIUBATb OKOJIO cMecuTens. HemocraTok mecra B 6J10-
Ke, COTEepXKalleM BOJHOBOLHO-CMECHTENbHYIO YacCTh, $B-
JISIeTCA OCHOBHBIM APTYMEHTOM B TOJb3Y pasnelNeHus YCH-
JIUTEJIs] HA JBE YaCTH.

B xauecTBe BTOPOTO apryMeHTa BBHIIBHUIAETCH TIPEmIOJ0-
JKEeHHe, UTO TaKoe pasjeieHue ycuiautens obuaeruaer 60pb-
6y c nmapasuTHBEIMH 0OpaTHHIMH CBs3sMu Gjarogaps Haju-
YHIO ABYX OTNEIBHBIX SKPaHWPOBAHHBLIX GJOKOB, MHTaEMBIX
OT Pa3jIMYHBIX UCTOUHHMKOB mHTaHus (puc. 3-38). Pasbepem
9T0 mpennosoKenue 6ojee 10ApoOHO.

Kaxk moxasano B § 3-7, JJs MOMHOCTBIO yCTOAUHBOH pa-
6OTHl ycuauTeass HeoOXoAuMO, uTOGhl ocmabieHHe B 000N
HeNH NMapasuTHOH oOpaTHO#H cBsi3n ObLI0 He MeHee 120 K.
Ias paccmatpuBaemoro cayyas (npu K=3-105) sto o3na-
yaer, uyTo ocjabieHHe MapasuTHBIX OOGpaTHBIX CBA3eil, BO3-
HUKAOUNX MO0 LeNAM [OUDPAHHS aHONA M HaKajaa, MLOJIXKHO
6uiTe mopsimka 3,6 - 107 pas. Takoro ocinabieHus He MOTYT
naTh pasjenabHble HCTOUHHKH IHTAHUS, MOLKIIOUEHHBIE K 00-

156



el ceTd, TaK KaK MeXAYy HUMH HMeeTcs CBs3b uyepe3 mep-
BUUHBIE OOMOTKH CHJIOBBIX TpaHcopMaropoB. Kpome roro,
BBIXOJHBIETIPOBOAA OOOMX HCTOUHHKOB THUTAHHUS MOTYT ObITb
HA HEeKOTOPHIX YYaCTKaX 3aK/AIO4eHbl B OOIHe LIJTaHIU WJIH
TPOXOAUTb BOJAM3H APYruXx nposonos. Ilocrarouno He6O/b-
IOH eMKOCTH MEeXXY HHMH, U3MepseMOl HOJAMH Nukoda-

Bxod Coed Bo1xod
g Kadesns rond

.

74 2

[lumarue | umarue

Cems

Puc. 3-38. IluTanue mpefBapHUTEJbHOTO H
TJIABHOTO TYOMJHTeNell IPOMeXyTOYHON YacTo-
TH OT OTHAENbLHBIX HCTOYHHKOB.

pansl, uToGbl OcaabieHHe Napa3uTHBIX CBf3ed MOJYYHIOCH
3HAUUTENBHO MeHblle HeoOxomuMoro. ITo TumM ABYM mpuuH-
HAM Ha BBICOKHX YaCTOTaX Npu GOMBLIOM YCHIEHHH Jydlle
BCENO CYHTATh pasiejbHble HCTOUHHKHM IHTAHUS OOLIUMH,
nosarasi, 4To ocaabiaeHuss oGpaTHON CBSI3M OT TOUKH 2
K Touke / (ipuc. 3-38) He IPOUCXOMHUT.

HOns noxydenuss tpebyemoro ocnab/eHHs NapasHTHBIX
cBsi3efi MeXAy BuIxofHbiMH Kackamamu ['YIIU u BxomoM
[TYITY, npu 3aMKHYTHIX HaKOPOTKO IO BBICOKOH 4YacTOTe
troukax I u 2 (puc. 3-38), caenyeT coOTBETCTBYIOIHUM 00pa-
30M ‘paccuuTaTh CHUCTEMY Pa3Ba30K. Ecau cobcrBenHbie pas-
psaapipatomrve enu [TYITH u T'YITU padcuntassl B COOTBET-
CTBUM ¢ HX KOI(QHIHEHTAMH YCHAEHHS, TO MEXIY TOuKa-
Mu | M 2 TPHXONHTCH BKJKOYATb JONOJHHTENbHBIE
(bUABTPYOLIHE LEIH.

TaxuMm o6pa3oM, pas3feneHle YCHJANTENS HA ABA HE TOJMb-
Ko He obJjeruaer Gopp6y ¢ mapasuTHBIMH OBA3AMH, a, Ha-
o6opor, TpeGyer JOMOJHHTeNbHBIX pa3BsA3oK. [losromy
K pasmenennto ycuaurens xa ITYITH u TYIIY caenyer npu-
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GeraThb TOJBKO B CJyuae HEBO3MOXKHOCTH Pa3sMeLIEHHs BCErO

YCHIUTENS] B HEMOOPEJCTBEHHON OGJH30CTH OT CMECHTES.

ITpu 3TOM HYXKHO YUHMTBHIBATH, UTO TAKOE paldneseHHe CBs3a-

HO C BBEJlEHHEM MNOMNOJHHTEJNBHBIX [eTajefl 1 pa3beMOB H,

C/IeIOBATENLHO, ¢ NOHHXKEHHeM HaLeXHOCTH CHCTEME.
nyny rymy

A1\N21 13114 ATN2| N3 N4{N5| N6 —=

Numarue 4 2 0m 00wezo ucmoytuxa
YNy 1. 0m amdemroeo uc

|mm///uxa

A - namna lluma-| | Numa-
P - pa3Bssvibarowyan Hue Hue

Hen l | Cemb

Puc. 3-39. Cxema bKchepuMeHTa € pasyieSbHEIMU
H obuum mutamuem TIYITY.

Jlnst mpoBepKy M3J102KEHHONO GBI MPOBEAEH CIefyIOui
skcnepuMedT. Hactpoennre u nHamakenusle [TYITY u I'VITY
NUTaIUCh CHayaja OT OBYX OTHAEJBHHX BHTPAMHTENEH U
TpaHcQOpPMAaTOPOB HaKada (HOIoXKeHue | mepeK/aouYaTeNs
Ha puc. 3-39). Ilpu TOoM moOsywasnach pesKO HCKaXKeHHas
JaCTOTHAs XapaKTePHCTHKA, HECMOTPS HA TO, YTO NPH OT=
nensnoi mposepke ITYITY u I'YITY napasutubie-¢BA3H B HUX
oncyreTBoBasu. IlepeBonm muTaHus Ha OO6LIMe HCOTOYHHKU
(nonoxenune 2 nmepekaroyarensi) Hudyero e yamenua. Korma
xke ITYITY nurtanca or o6MIUX HCTOYHUKOB MUTAHHUS, HO de-
pes Bcio cucTeMy pasBa3ok ['VIIU (monoxkenne 3 mepexiio-
yaTensi), SBJEHHS MapasuTHOH OOGPaTHON CBSA3H HCUE3aJU
U YCHJIUTENb UMeJ HOPMaJBHYIO YAOTOTHYIO XapaKTePHCTH-
Ky. Tor xe adipext momyuancs mpu murauuy [TYTTU ot To-
uek / u 2, eciin B nposoxa nuranus ITYITY BBOoguauch m0-
MOJIHUTENbHbIE Pa3BsI3KH.

O6a ycunrutens — TPeNBAPUTENbHBIH M TJABHBIH — CO-
SNUHSAIOTCS COTJIACOBAHHBIM KOAKCHAJbHBIM KaGenaeM C BOJ-
HOBBIM compoTuBaenneM 75—100 om. B cornacynomem co-
NPOTHBJEHUH TepseTcsd H3PSNHAs SHEPTHS, H BHIXOMHOM
kackap ITYITY sBasercs ycuaureseM MOLIHOCTH C TpaiHc-
dopmalyeli Ha TOHHXKEHHE. AMIIMTYIHAST XapaKTepHCTH-
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ka [1YITY, cuuMaeMasi HA KOHIE COrJacOBAHHODO Kabeas,
onpaHu4uBaeTcs paboTol smoro Kackana. OHa MOXKeT GHITh
MPUIHHOA HELOCTATOYHOTO JHHAMHUYEOKOTO AHANa30oHa BCEro
YCHJHTENS, UTO OCOOeHHO nposiBasiercs, korpa ['YITU ume-
eT JoTapu(GMHYECKYI0 aAMINHTYLHYIO XapaKTepHCTHKY H,
CleI0BATENbHO, JHHAMIYECKHH JHanasoH He ONpaHMYHBaET.
CkasaHHOe CJYXHT ellle OJHAM apryMEHTOM NPOTHB pas-
LeneHuss ycuaurtens Ha aBa — [IVIIU u TYIIY,

3-14. KOHCTPYKUHUH YCHJIUTEJEH
HA NAJIbYHKOBBIX JIAMNAX

[Mlaccu ycuaurens raJbBaHHYECKH COSLHHSAET Pas/duHble
TOUKH ero cxembl. Kaxnaas Jeranb ¥ NPOBOX YCHIMTCIISA
HMEIOT HeKOTOPYI0 eMKOCTb OTHOCHTENBHO Inaccu. Ilox
BJMSIHHEM I[eDeMEeHHOr0 HaNpsIKEHUST Ha aHOme JaMibl 110
NOBEPXHOCTHOMY CJIOK0 LIACCH MPOTEKAeT MHOXKECTBO TOKOB,
HanpaBJeHHs] KOTOPBHIX OPHEHTHMPOBOYHO TIOKA3aHHI Ha
puc. 3-48. Kpome TOro, mo moBepPXHOCTHOMY CJOI0 LIaccH
IPOTEKAIOT BUXPEBbIE TOKH, BHI3BAHHBIE MEPEMEHHLIM Mar-
HUTHBIM ITOJIEM KaTyLleK U NPOBOLOB. B 3aBumcuMocTu ot Be-
JHYXHBl aKTHBHOTO U PEaKTHBHOTO COMNPOTHBJIEHHH MOBEPX-
HOCTHOT'O (/IO LIacCcH
MeXIy pas3JHYHBIMH €ero
TOYKaMH BO3HHUKAIOT
pPa3HOCTH TMOTEHLHAJOB,
KOTOphle, B CBOIO Oue-
penb, MOTyT THepefa-
BaTbCcA B JI00OBIe TOUKH
CXEMBl YCHJIUTENS, UMe-
I0lllHe TaJbBaHUYECKYIO,
E€MKOCTHYIO HJIH HHIYK-
THUBHYIO CBsI3b C IIacCCH,
BbI3bIBAs 3TUM Iapasur-
HyI0 CBfI3b pPa3JHYHBIX
SNIEMEHTOB  YCHIUTENH  pye 349, ITyTn ToKOB BLICOKOH YacTo-
Apyr ¢ ApPyrom. Thl B NOBEPXHOCTHOM cJIoe MeTalinye-

Ecnu k wmeranianue- CKOrO JIHCTa.

CKOMY JIHCTy B TOUYKaXx

a U bnojBecTH TOK BHICOKOH YaCTOTHI, TO Yepes3JIUCT OH By-

AeT NPOXOAHTb MO CAMBIM Pa3HOOGPa3HBIM NyTsM, IOKa3aH-

HbIM Ha puc. 3-40. IIpu 3ToM BesnMuMHa TOKa, IPOXOASAILETO

yepes MnomepeyHoe CeyeHue JI060H NMOJOCKH, B3ATOH B TO-
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BEPXHOCTHOM cJ/ioe JuCTa, OyIeT TeM MeHblle, YeM gafblle
OTCTOUT M0JIOCKA OT NPSAMOH, COERMHSIOIIEd TOUKH a H b.
HesaBucumo oT pasMepoB /iMCTa B NMPOXOXKAEHHH TOKa Oy-
IeT y4yacTBOBaTh BECb €ro NOBEPXHOCTHBHIH CJIOH.
‘O6parHas cBs3b MO LaccH Npubopa MPOABASAETCS TeM
CHJIbHee, YeM Bhile pafoyas 4acToTa YCHAMTENs, TaK Kak
C [OBBIIIGHNEM YaCTOThl BO3PACTAlOT TOKM B ILACCH, IPOTe-
Kalolye yepe3 eMKOCTH MOHTa)Ka W Jerajeil, H YBeJHuH-
BAlOTCH €r0 aKTHBHOE M DEaKTHBHOE CONPOTHUBJEHHS.

Ha wvacrorax, uamMepsieMblX KHJIOTEPUAMH U ©IHHHIIAMH
Merarepl, pasHOCTH MOTEHIHAJOB MEXMAY Pa3JHYHBIMH TOY-
KaM{ MOBEPXHOCTH INACCH HACTOJBKO MaJibl, 4YTO €€ MOXKHO
OUHTATh JKBUIOTEHIHANBHON U, CJIGLOBATEIbHO, He CO3Mal0-
mell o6paTHON cBSI3M. B ycHauTeNsaX BBICOKOH M IPOMEXY-
TOYHOH YaCTOTHI, pabOTaIOILUX B YKAa3aHHOM JHaMa30He ya-
OTOT, Mephl TPeJOCTOPOXKHOCTH B OTHOLISHHH TMapasuTHON
006paTHON CBSI3W IO LIACCH He NpUHUMAKTCS. B takux ycu-
JUTENAX KOHTYPHbIE KATYIIKH WHIYKTHBHOCTH OOBIYHO HMe-
IOT OTHOCHUTEJNBHO OOJBbIIME pa3Mepbl, a KOHTYPH, B 'KOTO-
pele OHM BXOASAT, — MaJjoe 3artyxaHue d,. DBo3MoxHocTb
napa3uTHON MHAYKTUBHON CBSA3M MEXIY KaTYIIKaMH, BXOJS-
UMM B pa3/JUYHble KaCKaAbl YCHIAMTENs, BeJIMKa H3-3a
OTHOCHTENbHO OOJBIIOH BEJHUWHBl BHELUIHEr0 MaTHUTHOTO
noas. Bece 310 ompenensier o6lIyI0 KOHETPYKIMIO YCHIHTE-
Jisl, KOTOPBIE MOHTHpYeTCs: OOBIYHO HA O6IieM LIaccH ¢ JpYy-
UMM 4YacTAMH pajfHOonpueMHuKa. KOHTYpHl LieJuKOM 3IKpa-
HUPYIOTCS LPYT OT APYyra CHelHasbHBIMH MEeTaJJHyecKHMHU
CTakaHaMHd. B mpocrefiiux pagnonpreMHHKAaX HePeNKO MpH-
MEHSIOTCS HEeSKPaHWpOBAaHHbIE OTKPBITHIE KAaTYIIKH, [PH-
KpemJisieMble K Pa3HbIM CTOPOHAM ILIACCH, CAyXKallero ofHO-
BPEMEHHO SKPaHOM.

B ycuaurensix HU3KOH YacTOTH U B BHACOYCHJIHTENAX,
paboTamIxX Ha TeX Xe YacToTax, NapasuTHas oGpaTHad
CBfI3b Uepe3 IIacCH TakKXe MajgoBeposTHa. Ilpum Hatuuau
B yCHJaUTeNe TpaHchOpMaToOpoB U Apoccenedl MeXIy HUMH
BO3MOXHA €MKOCTHAS M HHIYKTHBHAS CBS3b, BO H36eKaHue
KOTOPOH HX YIAJSAT APYT OT Apyra u sKkpanupyior. Ocoboe
BHUMaHHe OGPaIlaloT HAa paslejeHHe BXOLHBIX M BBIXOAHBIX
neraneit ¥ mpamcdopMaToOpoB B MHONOKACKAMHBIX YICHIHTE-
JsX ¢ GONBIIUM YCHIEHHEM.

B mmpoKOTOJOCHBIX YCHAUTENSIX BBHICOKOH H IIPOMEXY-
TOYHOH YacTOTHl, KOTOphle OOBIUHO paboraloT Ha OGoJjee
BLICOKHX YacTOTaX, MU3MepseMbIX NecsATKaMH Merarepil, TOKH,
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NpoTeKawlllue B IMOBEPXHOCTHOM CJloe LIACCH, MODYT OhITh
NPHYUHOH 3HAYUTEJNbHOIO YXYIAUIEHHs] YCTOHYMBOCTH YCHJIH-
tensi. st ycrpaHeHus: oOpaTHEIX OBsS3ef 1O MIACCH YIOHJM-
Teqs HeOOXOIMMO BCe [EeTajH, TPOBOAA W TOYKH INPHCOENHU-
HeHHS K IIAcCH, OTHOCSALIMeCS K aHOAY M YmpasJsoLled
CeTke ABYX COCeJHUX IO MPHHUHUMNHAJBHON cXeMe 3JeKTpOH-
HBIX JIaM{l, pa3MelllaTh TOIBKO B IIPOMEXYTKEe MEXIY HHUMH,

fNlonepeyras
acs

0 @ Q Npodorsrnas
DOOOO
D 0 ©),

Puc. 3-41. CxemMa pasMellleHHa meTanet
B IIHPOKOMOJOCHOM Pe30HAHCHOM YCHJIH-
TeJe:

J1, J12, JI3,— 3nekTpoHHLle JaMmmbl; I — paiioH
pasMellleHHA JHeTajled 3SKPaHUpYolleii CeTKH H
Katoxa JII H NpHCOeNUHEHHS HX K _ KoOpmycy;
2—1T10 Xe nasa JI2; 3—T0 Xe mnas J3; [—2—
padioH pa3MelleHHsT  meTajelf, OTHOCSILIUXCS
K anomy JII u ynpasasiiolleil ceTke JI2 H mpH-
COoeNMHEHHS HX K Kopmycy; 2—3 —To Xe Ias
anoma JI2 u ympasasiolieii ceTkH JI3.

N0 BO3MOMHOCTH OJHXKE K MPOAOJIBHOH OCSBOH JIMWHHH
(puc. 3-41). [Heranu, npoBoLa H TOYKH [MPHCOEAHHEHHS
K [IaccH, OTHOCsUlMecs K KAaTOMy H 3KDaHHDYIOLleH CceTke
OLHOI JAMIBI, CAEIYeT pa3MellaThb KakK MOXKHO Ounxke
K IOTEepedHoil OcH JaMnbl. B mpoMexyTke Mexny samnavy,
na)e Ha JOBOJBHO OOJIBIIOM PAacCTOSIHHH OT MPOJLOJIBHOHU
OCH, COBEpIIEHHO HENOMYCTHMO pa3MellaTh NETalH, MPoBO-
714 ¥ TOYKHM NPHUCOCIMHEHHs K IIACCH, OTHOCSIIKecsS K Apy-
MM KacKajaM AaHHOTO ycuautens. Bce aTu ycnoBus Hau-
JyulipM 06pasoM YMAeTcsl BBINIOJIHUTb, €CAH PacloOXKUTb
JAMIB OLHY 3a APYTOil MO NPSIMOM JMHHK B OTeNbHOM G610~
Ke, yCTAHABIWBAGMOM Ha OOILIeM IIacCH NPHEMHHKA. Ta-
KYIO KOHCTDYKLHIO NMDHHATO HA3bIBATb JHHEHKOM NMPOMEXY-
TOUHON 4acTOTh (puc. 3-42). 3/1eCh TOKH B MOBEPXHOCTHOM
c/0e IIACCH, OTHOCSLIMECS K JII0O0MY Kackany YcHauTend,
3aMBIKAIOTCS B Mpefeaax JaHHOTO KaCKajla, He 3aXBaThiBasd
MECT yCTAHOBKH M COEIMHEHHs C llaccH Jerajeif, OTHOCS-
IHUXCH K APYrMM KackanaM. [LOMOJHUTENbHBIM TpEenMyLle-
CTBOM pa3MelleHHs B JHHEHAKY sBISETCH MaKCHUMaJbHOE

11—-347 161



CHMXKEeHHe eMKOCTHBIX M WHAYKTHBHBIX CBSI3ell MeXAY BXOJ-
HBIMH H BBIXOJHBIMH LeNSIMH 110 CPABHEHHIO C JIOOBIM ApPY-
MM BapHAHTOM KOHCTDYKTHBHOTO O(QOPMJESHHUS VCHIWTENS.
LelcTBUTENBHO, 3[leCh BXOJHOH ¥ BBIXOLHOIN KacKaabl pac-
MOJIOXKEeHbl HAa MaKCHMAaJIbHO BO3MOXHOM PACCTOSHUH JPYT
OT Jpyra, a Hajsuyne 0oOLUEro JKpaHa H30aHpPYyeT YCHIHTENb

Il
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il

il
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Puc. 3-42. JluHefika mpoMe:KyTOUHOH YaCTOTHl
Ha MaJBYHKOBLIX JaMMax.

OT OCTa/IbHBIX JeTasefl 1 MOHTAXKHBIX MPOBOLOB IPHEMHH-
Ka, KOTOpble MOTYT CJHIYXKHUTh {IDUYHHOH CAy4YalHOH CBS3U
MeXy BXONHBIMM ¥ BBIXOJHBIMH IESMSIMH.

K koHCcTpyupOBaHHIO OOLLEro 3KpaHa HYXHO MOAXONHUTh
¢ oco6oi ocTtopoxkHocThlo. Heynaunblii BapuaHt, 0cB0GO-
IUB JIMHEHKY OT NMapasuTHbIX OBs3eHl yepe3 cayualHble e«
Talu ¥ Lenu, He BXOJSILHE B Hee, MOXET NPUBECTH K JO-
MOMHUTENBHOA CBA3H BBIXOJA C BXOMLOM Yepe3 KPBILUKY 00-
Llero 3KpaHa, Kak 3To mNoApo6HO pa3obpano B § 2-4.
HawGosnee Ge3onacHbIM sIBJASETCS 3aKpblBaHHe MePBBIX Of-
HOTO-IBYX KacKaJOB H INOCJHEJHHX OIHOrOo-IJBYX KAacKajioB
C MEeTeKTOPOM IBYMsI OTHEeJbHBIMH KpbIIKaMu. [IpoMexy-
TOYHble KAacKajgbl MOXHO 3aKphiBaTb JMIOGBIM 00pasom.

Henb3sa pekoMeHIOBATb pasMelllehie LIHPOKONOJOCHOTO
YOHJIHTe st P OMeXyTOYHOH YacTOThl Ha O6IIeM LIACCH MPH-
eMHHKAa, pacloJarasi JaMlbl [0 NPSIMOA JHHHM WM TOL
OPSAMBIM YIJIOM APYT K Apyry B BuAe OykBel . B stux
CJyyYasix, AaxKe MpH PacloJOXKeHHH JaMIl B JIHHHIO, 06paT-
Hble CBSI3H B YCHJAXTeNe BO3PACTAlOT TIJABHBIM 00pasoM
3a CueT TOKOB BIIOBEPXHOCTHOM CJOE IIacCH, KOTOPhIE, pac-
NPOCTPaHsAsICh MO GOJBIIOH NOBEPXHOCTH, MOLYT CBS3HIBATH
BXOAHble H BBIXOAHBIE Lienu. 3Jech eMKOCTHBIE CBS3M TOXe
YBeTHUUBAIOTCH H3-33 HAJTHUUs BOIU3H OT YCHIHTENS NOCTO-
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POHHHX JeTajedl M MNPOBOZOB M BCAENCTBHE COMHKEHHS
nepBONO Kackajma c nociaemHuM. Ilpy pasMerueHun ycuaure-
JAs Ha o6lleM IIaccd MpUeMHHKA dKpaHUpPOBAHUE ero B lie-
JIOM WJM 4YacTAMH OOGBIYHO NaeT Mauablit 3d¢erT, Tak Kak
GoJibllIas YacThb YKA3aHHBIX [PUYWH TMOBBILEHHS YPOBHS
o6paTHRIX CBsi3ell OCTaeTcs W [OCJHe HaA&BAHUS 3SKDPAaHOB.

OueBHUIHO, UYTO COBEPIISHHO HELONYCTHMO pacmoJaraTh
JaMIIBl YCHJINTENs B JBa psaa.

B numeiike mpoMexyTOYHOH yacTOTHl G/1anofaps MaJbiM
pasMepaM [erajseil U BHIFOLHOMY HX Pa3MelleHHIO eMKOCT-
HBle ¥ HHIYKTHBHBIE CBSI3M MeX|ILy KacdKaiaMu HacTOJbKO
Majbl, YTO MIOMOJHUTEJNBHONO 3KDaHUPOBAHHS OTLENbHBIX
KacKaOB U KATYLIGK HHLYKTHBHOCTH HPYr OT Apyna 60Jib-
mel yactbio He Tpebyercs *. Hao6Gopor, mpomexyToyHbIE
9KpaHbl MPH HEYIaYHOM WX KOHCTPYKLHH MOTYT OBITH IDH-
YHHOM MaXKe yBeJquueHusi oOpamTHOM cBsi3m. Tak, Hampumep,
WHOT/A YICTAHABIMBAIOT JONONHHTE/IbHbIE JKPAHEL B CepeIy-
He JaMMOBHIX TNaHesgeHd, NPUKpenJseMble K IIadcH NIBYMS
BHHTAMH HJH 3akK/jenkamMu 06e3 3aMbIKaHHs C OGOKOBBHIMH
cTeHKaMy Waccu. Takue KpaHb HMEIOT Mexqy coOOH BHI-
COKOYaCTOTHYIO PA3HOCTb MOTEHLHANOB, TOSB/ISIOLIYIOCS IO
CleyIOlIMM NMPHYKHAM: €MKOCTHAS CBSI3b I OMOJHHUTEIBHBIX
3KPaHOB C JPYTUMH LeTadsMM, TPHCOSAUHEHHEe K 3KpaHaM
6JIOKHPOBOYHBIX KOHIEHCATOPOB, YCTAHOBKA KPaHOB B pas-
JIHYHBIX TOYKAX LIACCH, MO KOTOPOMY NPOTEKaoT TOKH BBICO-
KOl 4acmoThl. B 3THX YCIOBHSAX eMKOCTb MeXMy MpoMexy-
TOYHBIMH 3KpPaHaMM MOXeT JONONHHTEJbHO CBs3bIBaTh
BXO/HbIE M BBIXOIHBIE HEMH YCHIUTES.

ITpomonkasi nmpuBefl@HHbBIe PACCYXKIEHHS, JIENKO MPHHUTH
K BBIBOLY, YTO Kaxc0as OONOAHUTEAbHAS 0eTalb, YCTAHABAU-
gaemas @ ycuaiurere, moxcer co30aTs O0NOAHUTesbHYIO 0O~
parryto c8a3e. IloaTomy uem mersule Oerared 8 ycuarurene,
TeM OH AYyuule He TOAbKO ¢ TEXHUKO-3KOHOMUUECKOU TOUKU
3PEHUsl, HO U ¢ TO4YKU 3PeHus Kauecrga ezo paboTel u HA-
OexcHocTuU.

Upcno petasell B yCUJIHTENE W JJMUHY COEHHUTENHHBIX
IIPOBOJOB MOXKHO 3HAaUHTeNbHO COKPATHTh IPHMEHeHHEM
CTelliaJbHON J1aMIOBOH TTaHeaUu CO BCTPOCHHBIMH KOHILEHCA-
TOpaMH, MpeNHA3HAYEHHON IJs NaJbyukoBhX Jgamn. Ha

* Tlpu oueHb 6JH3KOM pasMellleHHH KOHTYPHBIX KaTyllek NOJIe3HO
ycTaHABJHBATb MeXAY HUMI HeGOJBINYI0 TePeropoixy, mnpHBapuBas
WM TIpUTauBasl ee He MeHee YeM K ABYM CTeHKaM IIaccH. DTO Moxer
yGepeub OT Mapa3HTHOH CBsI3M B TPefesax OTHOrO-IBYX KAacKalTOB.
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puc. 3-43 nokaszama koscTpykuua Takoi mamenn. Oma co-
CTOHT M3 NJIACTMACCOBONO Kopimyca I, B KOTOPBIH BCTaB/IsACT-
CA CeMb rHes3pn 2. Ha YeThbipe rue3na, K KOTOPBIM IOAKJIO-
YalTcs ABa BBIBOAA KaTonaa, 3KpaHupyrouiass cerka 1 OAuH
IOJI0C HaKaJaa, HamoeBanTCa HUTAHAPUYECKHE KepaMHuYeCKHe

Ny

|
|

Puc. 3-43. TlaHeanb qi MaJbYHKOBBIX JJAMN CO BCTPOEH-
HBIMH KOHJEHCATOpaMH.

KoHneHcaTopel & eMmKoctbio 800—1000 ng. Buyrtpennsas
obKIamKa STHX KOHNEHCATOPOB 'COeXMHEHA C THE3LOM,
K BHelIHelt oOKJagKe NpHXKUMaeTcs MNpyxXwuHa 4, KoTopas
TpUnawBaerTcs WM NPUBAPUBAETCS K MeTa/LTHYecKoi o6oii-
Me 5§, cryxauedl oJa KpenJeHdHs BCedl MaHeJHd K IIacCH.
'He3na W KOHAEGHCATODPH NOANEPXKUBAIOTCS IJIACTMaCCOBOMH
KDBHIKOHA 6, KOTOpasi THCTOHOM 7 TIDHKPEMJISieTCs K KOpiIy-
cy I. DTOT NUCTOH CJIYKHUT HE TOJBKO JIJs KPENJICHUS, HO
U JJsT 3KpaHWPOBAHMS MPYr OT APyra BLIBOLOB AHOAA H
yOPaBASIOUICH CEeTKH IPH YCJAOBHH COeJHWHEHHS ero C IIaccH
KOPOTKHUM TIPOBOLOM.

MyHEMAaMbHOE KOJMYECTBO AeTajed B IIHPOKOMO/TOCHOM
yCH/IWTEeN e 'Ha NaJbYHKOBBIX JaMIax NOJYUYaeTcss MPH HC-
NOJL30BAHUK 3TOH JaMNOBOH NaHe H, CXeM THTaHUs Lenel
HaKa/jga ¥ aHola C MOCJEGNOBATEJNBHLIM BK/IIOUEHWEM pa3Bsi-
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3BIBAIOLIMX Apoccesiell u conpoTuBieHnit (puc. 3-20 n 3-27)
M CXeMBl C JBYXKOHTYPHBIMU (QUABTPAMHU HIH ¢ OnPHIAAPHON
HAMOTKOHN KaTYLIKH KOHTYpa .u O00beJHHEHUeM DasBsA3bIBaio-
LMX JeTaseil aHola u 3Kpamupymoweit cerkn. Ha puc. 3-44
u300pakeHbl NPUHUKIHANDHAS CXeMa 1 MOHTaX Tpex JaMm

5’
S — — o

Puc. 3-44. [lpunHuunnaneHas cxeMa ¥ MOHTaK LIHPO-
KOIOJIOCHOTO YCHJIMTENs TPH HCIOJNb30BAaHHH JIAMIIO-
BOH MaHeNH €O BCTPOEHHBIMH KOHJAEHCAaTOpaMH.

Takoro ycunutess. [TokasanHele Ha NPUHLUMIMANBHON cxeMme
NYHKTHPOM KOHJAEHCATOPBl BCTPOSHBl B JAMIIOBYIO NaHeab
H OTeJIbHOrO MECTa He 3aZHHMAIOT. B pesysbraTe KaxKIbii
KacKaj COCTOMT BCEro W3 llecTH JeraJeii: 1) mammoBoit na-
HeJM, 2) KaTyLUIKH KOHTYpa, 3) COMPOTHUBJEHHS, WIYHTUPYIO-
1ero KOHTYp, 4) Apoccensi Hakasla, 5) pa3BA3bIBAIOLILErO
COMPOTHBJIEHHS] B L@NH NHTAHHS AHOLOB U IKPaAHUPYIOLIHX
ceTok U 6) COMpPOTHBJIEHHS B KaTOHe HJs aBTOMAaTHYCOKOI'O
cMeureHus. Kak BUOHO M3 pUCYHKa, B O6JOKe COBEPLUSHHO
OTCYTCTBYIOT MOHTaXHble [POBOJA M CHelHajbHble MJIAHKH
¢ JelecTKaMyu JJsl NpUHNaiKku AeTased.

165



Xopollo CKOHCTPYHPOBAHHAS JTMHEHKA [IDOMEXKYTOUHOH
4acToThl 6siarogapsi MaJoil BeJnynHe OOpPaTHBIX CBsi3eil pa-
6oTaeT BNOJHE ycTOHYHBO. B cepuilHOM TIpOM3BOLCTBE I1pU
HMIEHTUYHOM MOHTaXKe JMHEHKH NAI0T BBICOKYIO IIOBTOpfe-
MOCTb IapaMeTpoB.

3-15. MAJIOTABAPUTHBIE KOHCTPYKUHH
IHPOKOIOJIOCHbBIX PE3OHAHCHbIX YCHJIMTEJIEW
HA CBEPXMHWHHATIOPHBIX JIAMIIAX

IIpu KOHCTPYHPOBAHKH MaJOradapUTHOrO IIHPOKOMOI0C-
HODPO YCHJIUTE/s HAa GeCLlOKOIBHBIX CBEDXMHHMATIOPHBIX JaM-
nax cepu# «b» DPUXOIUTCS CTAJKHBATHCA C PALOM TPYA-
nHocte#t. OCHOBHOHM H3 HUX SIBJASETCH NOJYYEHHE YICTOHUHBOH
pabGoThl yCHAUTENsl 0UpK GOJBLIOM YCHJIEHHH IO HampsKe-
uuio mopsimka 0,3- 108, 4o NpUBOXMT K HEOSXOLUMOCTH
MMeTh OocrabjaeHHe 1Mo JMI060MY BO3MOXKHOMY KaHaly napa-
3UTHOH oGpaTnoi cBaA3u mopsyrka 3,6 - 107. Ipyrie mpyaHo-
CTH COCTOAT B obecmeyeHH HeOOX0AUMOro OXJaKAeHUA 1e-
Tajedl W JaMm YCHAUATENs, YLOOHOTO AOCTyMa K MOHTaXy,
HAEHTHYHOCTH XapaKTepPHCTHK B MPOH3BO/ICTBE. :

M3BecTen psil KOHCTPYKTHBHBIX BapuaHTOB MaJorada-
pUTHBIX Yyounurenaed. OmUH H3 HUX NOKas3aH Ha CXeMaTH-

4 YyecKOoM udepTexe puc. 3-45.
/ cunutenp cobupaercs Ha
mwaccu-naare | U3 noceped-
DPEHHOH WJU JYXKeHOH JIaTyHH,
MEeAU WM MeTaJJHu3upOBaH-
HOTO HM30JSILHOHHOTO  MarTe-
puana. K nmate npuKJ/ensl-
BaeTCs UJIM Ha Hel oTrubaet-
csl yroJioK 2, K KOTOPOMY TpH-
Z/‘ ‘\j i i KpemisioTcs KOHTYpHBIe Ka-
i Tymkn 3. Ha 3sto#t XKe cro-
Puc. 3-45. CxemaTuyeckuii wuep- pOHe IIAThl, KOTOPYIO 6yzeM
TeX YCTaHOBKHM OCHOBHBIX JeTa- o
net B ManoraGaputHoM peso- Ha3blBaTbh BEPXHEH, IOMella-
HaHCHOM yCHJHUTeEJEe. I0TCA BCe OCTaJbHBIE YacCTH
CXeMbl, Haxojsuuecs MO
60JBIIAM BBICOKOYACTOTHBIM MNOTEHLHAJOM OTHOCHTENb-
HO NJaThl: jaMmnbl 4, o6epHyThle B MeIHYI0 (POJBLY, NpH-
NauBaeMyl0 K IJaTe, W CONPOTHB/GHUA, IUIYyHTHPYIOIIKE
KOHTYpHbIe KaTyllkd. [locienHie nmpunawBaloTCs Hemocpel-
CTBEHHO K BBIBOJAM KOHTYDHBIX KaTylleK TaK Xe, KaK H
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HeOOJIbLIHE KOHTYDHbIE KOHAGHCATOPBI, BKJIIOYaeMble B CXe-
MY AJsl MOBBIIEHHS CTAGUIBHOCTH HACTPOHKu. UacTo KO-
Typ 8 coCTaBAsETCS U3 JBYX MJIH Jaxe MPexX OTIeNBHbIX Ka-
tymek. Torna oHu KpensiTcsi HENOCpPeNCTBEHHO K muaate I,
a yroJok 2 OCTaercs AJs NPHIAHUS efl >KEeCTKOCTH.

Ha HuxHell cTOpOHe IaaThl MOMeLIAalOTCs BCe OeTaJiH,
HaXOJALMECS 0oL MaJblM BBICOKOYACTOTHBIM OTEHIIMATOM:

N """ Woccu-nnama

_ il

Nauxa'k lauixa Kk nUEMOKY.

Kopnycy Gemabnenfiony 8
v30nAMIp

Puc. 3-46. MouTaxk Ha maccu-miaTe U3 VIATYHH
HJIH MeJIH.

COTIPOTUBJGHMS M KOHILGHCATOPH LEMH KaToxa, pasBsA3bl-
BalollHe NPOCCEIH, COMPOTHB/ICHHA U KOHISHCATOPH lemnei
HaKaJ/a, aHOMa U CEeTOK.

JIOCTOMHCTBOM 3TOH KOHCTPYKIMM sBJISIeTCA TO, YTO
B HEeH OTCYTCTBYIOT CO@AMHHTE/NbHBIC TPOBOJAHUKH, 32 HCKJIO-
YeHHEM TIPOBOLOB MUTAHHUS, YIIPABIEHUS W BbIX0J A, HAYILHX
K pazbeMaM. DJIEMEeHTBl CXeMbl MPHINAUBAIOTCSA APYr K ADPY-
Iy Ha ONOPHBIX TOUKAX WJH NPHCOENUHSIOTCA K maccu. Pas-
METKa OMNOPHBIX TOYEK M 'MECT TPHUCOENUHEHHS K IIaccH
flyTeM OBepJeHHs OTBOPCTHH INOJ HHX O CNelluaJbHOMY
ma6aoHy OGYC/JOBIMBAGT <CTPOTYI0 HACHTHYHOCTD MOH-
Ta¥Xa H MOBTOPSIEMOCTb MapaMeTPOB YCHJIUTENs B MDPOU3-
BOJCTBE.

Ecom maccu-niata cAeJaHo u3 JAaTYHH WIAM MenH, TO
OMOPHblE TOYKH YLOOHO BBIMONHSATb B BUIe HEOOJBIIHX MpoO-
XOIHBIX M30JATOPOB, NOMYCKAIOILAX MOHTaX M0 ofe CTOpO-
bl macen (puc. 3-46). Takke mpuUMeHSIOTCA MJacTMacco-
Bble MPOXOJHble H30JATOPHE Pa3JUUYHON KOHGMHUTYpaUuH, 06'b-
@NUHSIIOUINE HEeCcKOJIBKO ONMOPHBIX TOYeK, KaK [OKa3aHO Ha
puc. 3-47. DBpicoxoyacTOTHBE «CBOMCTBA |IH3JEKTPHKA
B OMOPHBIX H30JITOpPaX WM B M3OJSLUOHHOH 4aCTH IJIATHI
3HAYEHHs] HE HMeIOT, TaK KaK OHM CBSI3aHBl C TOYKAMHU, BbI-
COKOYaCTOTHBIA MOTEHIMAT KOTOPhIX OM30K K HYJII0. Bax-
HbI TOJbKO HX MEXaHHYeCKHe CBOACTBA W BJAarocToi-
KOCTb.

[Tpu sKkpaHWpOBaHUH TAKOTO YCUJUTENS] HYKHO Y4yecTb,
Y70 HajesaHue OOLIEro KOXyxa MOXKeT cO34aTh Napasur-
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HYIO CBSI3b MEXY BXOMOM M BBIXOJOM JIa)Ke TPH XOpOLIeM

KOHTaKTe MeXIY KOXYXOM M IJaTOH IO BCeMy MepUMeTpy

(om. § 2-4). [Tosmomy mast ofecneueHHs] YCTONYHBOCTH YCH-

JuTeNsl Heo6XOMUMO Npex/e BCceno o6edneynTh 3aKphiBaHue

MePBHIX H TMOCAEIHHX KACKAMOB YCWIHTEXsS C BepPXHEH CTO-

POHBI OTAGNBHBIMH KDBILKAMU, XOPOLIO NPHCOEHHIEMbIMU

K naarte. CpelHsisi 4acTb YOHJIUTENs] C BepPXHe#Hl CTOPOHBI

MOXeT ObITb 3aKphiTa TOJBKO YacTHyHO. HakoHel, HuXHAA

CTOpPOHA MOXET He 3aKphl-

BaThCsl BOBCE, €CJAH Ha He#

OTCYTCTBYIOT Jertanu c 60Jb-

IIAM BBICOKOYACTOTHHIM  IIO-

reHnuasoM. Yro kacaercs 06-

Puc. 3-47. IlnacrmaccoBnii u3o-  LIEro0 KOXyxa, TO ero Jayu-

JATOP MMIA  MOAKMOYEHHS He-  [lle PACCMATPHBATh Kak Cpel-

CKOJILKHX  TOYEK. CTBO 3alllUThl OT MeXaHHuye-

CKHX ITIOBpeXKAeHHH, He NoJsa-

rascb Ha ero 3KpaHupyiolllee MAeHCTBHE B OTHOLIGHHH

BHYTPEHHHX NapasuTHHIX cBsidedl. Kak skpan o01ui KOXKyx

JefiCTBYeT TOJMIBKO IIPH HAJTUYAH BHEUIHHX HABOAOK, IPH

YC/JIOBUH TILATENbHONH (PHIbTPALIMH BCEX BBHIXOLAIIUX 43 He-
r'0 MpIOBOMOB.

Eonu MOHTaXK ycuIMTeNst HE OYeHb TECEH H MEXiy Ka-
TYLIIKaMHU OCTaeTcsi paccTosiHue GoJbile 2—3 nuHaMeTpoB
KaTYIIK#, TO NepenoposKu MeXLy BCeMM HIH HEeKOTOpPBIMH
H3 HHX MOTYT OKa3aThCsl HeHYKHbHIMU. Ecau XKe KOHCTPYK-
ISl BBIMOJIHSIETCS MUHAMAJBHOM NJIMHBI, TAK YTO KAaTYLIKH
pacmosaramTcs OYTH BIVIOTHYIO, TO A IPEIOXIPAHEHHS OT
napasuTHON CBSI3W B Mpeerax Kackana YCTaHaB/IMBAIOT ITe-
peropoiki Mexny kKarymkamud 5 (puc. 3-45). OcHOBHEIM
IOCTOMHCTBOM OMNMCAHHON KOHCTPYKLIHH YCHJIUTENS SBJSIOT-
csl yMOOCTBO MOHTaXKa W MOJMHAs JOCTYIHOCTh NeTaJjei AJs
TIPOBEPKK ¥ PeMOHTA. B0O3MOXHOCTD TIATENBHON TPOBEPKH
BCeX JeTajell M Maek, a TaKXKe MUHHUMANBHOE HX KOJue-
CTBO MOBBIIAIOT HANEKHOCTh KOHCTPYKIHH B ILIeJOM.

B JApyroMm BapHaHTe KOHCTPYKIMH MaJjoradapuTHOrO
YCUJMUTEN OH pasMellaeTcss B KOpoOKe, pa3feneHHOH Ha
HeOOJIbIIME OTCeKH, BMellamliie M0 omgHoMy Kackany. He-
JOCTaTKOM 3TON KOHCTPYKIMH SIBJsSIeTCS KpaHHss CIOXKHOCTD
'MOHTaXa H HEeLOCTYMHOCTb OTIEeJBHBIX Jerasell U Maek mnpu
NpoBepKe  peMoHTe. B TO XKe BpeMsi M3JIHILHEE SKPAHUPO-
BaHWE HUKAKHUX MPEMMYUIEeCTB He MaeT. B IemoM KOHCTPYK-
Lusl MeHee HafeXHa, 4YeM Opebllyllas.
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W3BecTHb KOHCTPYKIMH HAOODPHBIX YCHIHTENeH, COGH-
paeMbIX M3 OTUEeNbHBIX 3aKOHYEHHBIX KaCKAaJLOB, 3aKpeIvIeH-
HBIX HA METaJIMYeCKHX MWJIH IJACTMaCOOBBIX OCHOBAHHSAX.
Takwe KOHCTPYKIAM, BbIMOJHSIEMble HOKJIIOUHTEABHO MIVIs
obJyeryeHnsi cOOPKH M MOHTa)a, OOepikaT YBeaHyeHHOe
KOJIMYECTBO [eTanel NI KpeMJeHdHs U VWIS COeLUuHeHMS
KaCKajioB APYr C [PYroM. B 9THX KOHCTPYKUHSIX HEBO3MOXK-
HO IMPWMEHHTb CXeMbl C [OC/TeHOBAaTebHON (HUAbTpanue
nunaHua B ydcomoM Bume (puc. 3-20 u 3-27), u3-3a yero BHI-
pacraer ykca0 PUABTPYIOIUX feTaneid. PeMOHT u mpoBepka
netanefi ¥ naek B COOGPAHHOM YCHJIMTeJNe IPENCTABISIOT
Gosbliye TPYMNHOCTH., B IenoM 3TH KOHCTPYKIMH TaKKe
MeHee HaleXHbl, 4eM NepBas.

Yicurutenu, cofpaHHble HA NJIaTax ¢ NeYATHHIM MOHTA-
JKOM, TNpeIHa3HayalTes A48 MAadcoBOrO aBTOMaTMIYecKOno
npou3BOIICTBA, M OOCYXIeHHe UX BBIXOQUT 34 NOpefesbl Te-
MBI HaCTOsILLEH KHHUDY.

[ITaccn nuHeAKH MOXKHO BBHIMOJHSTD W3 MEIH, JATYHH U
amoMuaus. IlpuMeHeHUe aJIOMIHUS HEXeIaTeJbHO BBUAY
TpyAHOCTH ero nafiku. K mraccu npuxofuTesi NMPUKJIENHBATh
JeMecTKy AJs TpHnafkd NpoBomoB. B MecTax mpukIenku
JISNECTKOB Ha AJIOMIIHUU (OSIBISeTCS MJIEHKA OKHCH, YBeJdU-
YHBaOLas MepexofHoe COMPOTHBAEHHe KoHTakTa. Haumyu-
IIMM MaTepiaJoM LIACCH JHHEHKH SBJISeTCS MeLb WIH Ja-
TYHb, OCOOEHHO eC/JIH B KauecTBe aHTHKOPDPO3UHHOrO MOKPHI-
THsl TpUMeHeHO cepeGpo uax o0n10B0. Memuoe mocepe6peH-
HOE HJIH JIYKeHOe L1acoH UMeeT BechMa HU3KO0e COMpOTHBJIE-
HYe MOBePXHOCTHOTO CI0s M YIOOHO NMpH MOHTaXxKe 6Jaro-
mapsi Jerkocns mnaiky. Heckonbko 60/blIass CTOXMOCTD
TAKOro WACCH BITOMTHE ONpaBALIBAETCA OTCYTCTBUEM JelecT-
KOB M 3aKJEMOK ¥ ynpolleHneM MoHTaxa. [Ipeumylectsom
Memu Tepejl JaTyHbIO sIBseTCS ee GO/bIIAs TEMIONPOBOL-
HOCTb, YTO OCOGEHHO BAaXKHO [JIs OXJaK/JIeHUs Majaorabapur-
HBIX YCTpOHCTB.

3-16. TABAPUTHBIE PA3MEPbHI IIHWPOKONOJIOCHLIX
PE3OHAHCHbBIX YCHJIMTEJIEHN

PasMepbl JUHEHKH MPOMEXKYTOUHOH YaCTOTHl MOXKHO BbI-
6upaTh € YY4€TOM TOrO, YTO 4eM OHa yXe M JJHMHHEee, TeM
MeHbllle ypoBeHb o6pamHbix cBsadelt. C apyroit CTOPOHHI,
yBe/NMYeHHE MAJIHHBI JTHHEHKH TIPUBOAMT K YBEJMYGHHIO Dac-
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CTOSHHS MeXJy JBYMsI COCeLHHMH JaMrnaMy H, CIef0Ba-
TeJBHO, K YAJMHHEHHIO IeNeH aHofa M YnpaB/siollied CeTKy,
9To HEBHIroIHO. ITosnoMy Jryuiie Bce pas3Mepbl JrHEHKH BbI-
6paTb MHHHMaJbHBIMH, HCXOAS TOJBKO M3 YCJIOBHSI pasMe-
LIeHUsl AeTasiedl, KOTophle TaKXKe Jyulle Gparh MaJsorata-
purabiMu. Ecau npm sxcmeprMeHTanbHON mpoBepKe OKa-
JKE@Tosl, YTO YCHJIUTENb HENOCTATOYHO YICTOHUMB H3-3a MaJioH
AJIAHBL JMHEHAKM (C/ayyadl MaJOoBePOATHBIN), TO YCTOHUH-
BOCTb MOXK€T OBITb TIOBbIIGHA TIYyTOM YCTAHOBKH 3KpPaHH-
pywoolleli neperopoiku B cepeiuHe JuHe#ku. Ileperoponka
IOJIXKHA UMeTb XOpOIIUA KOHTAaKT CO BiceMM CTEHKaMH Iuac-
cH ¥ Koxyxa muHefiku. [Ieperopoaky He clemyeT uonosb3o-
BaTb JJsl COGNUHEHHUS C IIACCH TOKOHECYIIMX HneTaJsied.

B pa6orax [10, 18] nMeercst nonbITKa TeOPETHYECKH 060-
CHOBATh Pa3Mephbl LIMPOKOMOJOCHONO YCHIUTENs IPOMEeXY-
TOYHOH YACTOThl NMyTeM BBENLESHMUS IOHSTHS «BOJIHOBOIHON
06paTHON CBSI3M», CYLIHOCTh KOTOPONO 3aK/IIOYAGTCS B CJe-
IyIOILLEM.

[Tacon nuHelikM MPOMEXYTOYHOM YACTOTHI NPELCTABIIA-
er co60i MeTaIIuyecKkyio NPpsSMOYINOJLHYI0 KOpoOKy. B npe-
Iejax 3TOH KOPOOKH WMEIOTCS MAeTadd, NOLAKJIIYeHHbIE
K Da3THYHBIM TOUKAM CXE&MBl YCHIUTENS W CIOCOOHBIE W3.IY-
4aTh ¢ IIPUHAMATD 3/JEKTPOMArHUTHYIO Hepruto. Taxas ko-
pobKa YCHJHTeNsl pacCMaTpPHBAaeTCsi KaK NPSIMOYTOJbHEIA
BOJIHOBOJ, a JETAJH ero CXeMbl — KaK BO3OYIHTENIH H MpPH-
eMHHUKH 3/1eKTDPOMAarHUTHOH 3HEePTHH, DacpocTpaHsoLencs
B Mpe/eaax TON0 BOJHOBOLA.

Kak yxe ykasbiBaJjgoch B § 1-5, B BoJHOBOLEe MOTYT pac-
MPOCTPAHSTHCA BOJIHBI PasJWyHBIX TunoB. V3 HuX BoJHA
Hy; uMmeer nanGosee HU3KYIO KPHUTUYECKYIO 4acTOTY U IO-
3TOMY SIBJAsiIeTCS Hawbo/iee ONacHOH C TOYKH 3PeHus pac-
CMaTpWBaeMblX 3JeCh NapasuTHBIX OBSI3el B YCOHJHTEIE.
InnHa KpHTHYecKOH BoaHbl Aast tTana Hy; paBHA Awp=20,
rie b — pasmep GoJbllell CTOPOHBI NONEPEYHOrO CEUEHHS
TPSIMOYNOJNIBHOTO BOJMHOBOAA. BOJIHBI KOpoue KDPHUTHYECKOH
cBOGOIHO pacmpoCTpPaHSIOTC B BOJHOBOJE C BecbMa Ma-
JapiM 3atyxanuem (Menee 1% Ha Merp). Bonnbl duaunHee
KPHTHYECKON B BOJHOBOJE DPaCIPOCTPaHATbCS HE MOTYT, U
B HEM OCTaeTcsl TOJBbKO 3JeKTDOMArHHUTHOe noJe, Cylle-
CTBYIOIlEE B HEMOCPENCTBEHHOH OJH30CTH OT HCTOUHHKA H
GBICTPO 3aTyxawlllee Mo Mepe yAaJeHHus OT Hero.

Ecnu pa6ouass [JuHa BOJHBI A 3HAUUTENbHO GOJbIIE
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KPHTHUSCKOH Ayp, TO 3aTyXaHHEe HA LUHHLY JJAHHBI NPUO/IM-
3UTEJBHO ONpeLedsteTcsl U3+ COOTHOUISHHUS

b= o0,

OTKYZa CJeAYeT, YTO Ha yyacTKe BOJHOBOZIA, JJIHHA KOTOPO-
ro paBHA WMpuUHe, NoJe 3aTyxaeT Ha 27 00.

Hlzpuna JuHEHKH LIMPOKOMOIOCHOTO YCHAUTEIS IIPOMe-
XKYTOYHON YaCTOTHl, €CIH OH Aaxe CoOpaH HAa MeTajjnye-
okux Jgammax tuna 6)K4, ze npeseimaer 100 mm. Kpuruue-
OKasi AJIMHA BOJHBEL JJIS BOJIHOBOZA, OGPasoBaHHONO KOPOOG-
KO YCH/IMTEJS, He TPEBBIAET Axp=26=200 mm. [Tostomy
Ha BCeX NPOMEXYTOUHBIX YacTOTaX, BINIOTh (10 YaiCTOTHI
fo=200 Mey, coxpansiercsa ycaoBHe 4> Agp H MOXKHO CUH-
TaTh, YTO B NycTOH KOpoOKe YCHIHTENS TIOJe 3aTyXaeT Ha
27 06 ma yuacTKe, IJMHA KOTOPOrO paBHA IIHpHHE KOPOG-
Ku b

Ha ocHOBaHHU 3THX COBEpIIEHHO NPaBUIbHBIX cOOOpaxe-
HHI B yKa3aHHBIX paboTax mesaeTcsl HEBEOPHBIH BHIBOM, YTO
IJIS yCTPpAHEHNs HeXeJlaTeJlbHbIX 0OpAaTHBIX CBA3EH B YCHJIH-
Tese JNOMYCTHMO HMeTb youleHue He Oojee 27 96 wuan
B 22,4 pasa 1o Hamp9IXKEHHIO HA yyacTKe, HJHWHA KOTOPOTO
paBHa b. Ecnu monHoe ycHieHHe, TABAeMO€ YCHIHTENEM,
paBHO Ko, TO J/MHA KOPOOKU [ JOMKHA GBITH HE MeHee 4eM
B m pa3 Gosblie WIWPHUHBL b, NIe m MOXHO HafTH M3 COOT-
nowenuss 201gKo=27 m. Orcioma cjaenyer, 4To Kopiodka
IO/IPKHA UMETH JJIHHY

1> mb— b8k

1,35°

C BEIBOIOM, NMpUBEISHHBIM B moc/aeqHeM af3ale, MOXKHO
6b110 GBI COTVIACHTBCH TIPH YCJOBHH, YTO BO3OyXKIaioUlue H
NpUHUMAIOLIHE 3JeMeHTHl BHYTPU KOpoOKH-BOJHOBOLA CIie-
IMabHO HACTPOEHB! TaK, YTO B KOPOOKY H3JyyaeTcs JLOcCTa-
TOYHO OoOJbLIas YaCTh BBLIXOAHOH MOILHOCTH YCHJIWTENS H
UTO BXOJHBIE LENH YCHAUTENS CIOCOGHBI BOCHPHHHMATL U3
KopoOKY OOJIBIIYIO YaCTh NIOCTYNAlOUledl K HUM MOLHOCTH.

Ho usBecmno, uyrTo 148 noxayueHus Ttakoro 3sddexra
B BOJIHOBOJE HeOOXOMMM TILATENBHBIA MOLOOpP pa3MepoB H
MecTa VCTAHOBKM B HeM H3JAyYalOLIHX ¥ INPHHUMAIOLLHX
sJeMeHTOB. B pesy/nbTaTe Takoro nom6opa Bcerma MnoJy‘a-
I07cs pas3Mephl, opapHuMble ¢ pabouedl IJMHOH BOJHHL.
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B pacomarpmBaeMBIX Ke 3Jech CAyYasx H3/ayyaTedeM H
MPUEMHUKOM YCJIOBHO SBJISIOTCS KATYIIKH H COeTHHUTENb-
Hble NMPOBOJA IMOC/JASJHEero M NePBOT0 KOHTYPOB YCHJIHTEJS,
pasMeprl KOTODBbIX 3HAYHTENbHO MeHbLIe pabGoyel IJIHHBL
BOMHBL. Mecra yCTaHOBKH 3THX 3/6MEHTOB B KODIOGKe BbI-
OMpalOTCA COBCEM He H3 YCAOBHH HaWIYYIIErO H3/TydYeHHS,
U paCCTOSHHS MX OT CTEHOK KOPOOKH BCernma TakXe 3HAYH-
TeJHHO MeHblle paGoueil MUIMHBI BOJIHEL,

HMaBecTHo Takxke, ym0 Tpu paboTe HA BOJHE, IJIHHHEE
KPUTHYGCKOH, 3ajaya Nepeladd JHEPTHH B BOJHOBON SB-
JfIeTCs BeChMa TPYIHOH Jaxe NpH CMelUaBHBIX COTVIACYIO-
IuX yctnpokcmax. Tak, HampuMep, B UIMEPHTENbHOH amna-
paType B KauelcTBe MpefeJ]bHON0 aTTEHIOATOPA HCIOJIb3yeT-
cd y4acTOK BOJHOBOJA HAa BOJHAX, IJIHHHEE KPUTHUECKOH.
ITpu paspaGoTKe KOHCTPYKUHH TaKONO AaTTEHIOATOPAa CTpe-
MATCA K IOJYyYeHUIO MaJiof BeNUYWHBl €n0 HaYyasbHOTO 3a-
TyxaHusa. HecMoTps Ha Bece IpuHHMAeMble MepHI, He yJaer-
€A CKOHCTPYHpPOBATb aTTeHI0AaTOp (€3 Haya/JbHOrO 3aTyxa-
Hus nmopsumka 25—30 06.

BBenenne B BOJIHOBOX JIOGBIX IIOCTOPOHHHUX INpPEIMETOB
pe3ko yBeJHyuBaeT eno 3amyxanue. KopobKa YCHmMTEeNs
npoMexxyTounoil yactorel Ha 30—50% oBoero o6wvema 3a-
IOJHeHa JeTaasiMU, NPHYEM C YMeHbIIeHHeM TrabapHuToB
ycuauTenss Ko3hUIueHT 3anoaHeHus ero o6beMa YBeJTHYH-
Baetics. OueBHNHO, YTO HeTa]u BHOCAT 3HAUMTENLHOE I0-
MOJIHWTENBHOE 3aTyXaHHe CBepX BeJWywHH 27 06, XxapakTe-
pHU3yIOLLeH MYyCTyI0 KOpPOOKY.

Bice 3mu coobipaxenuss MOKa3bIBAOT, YTO J/18 MPUPABHH-
BaHUA KoIDduIMeHTa YCWISHHA 3aTyXaHuio Hemu odpart-
HOM CBSI3M HYXKHO K 3TOMY 3aTyXaHHIO CBEPX BeJHUHHBI
27 06 nobGaBuTh elle sHauuTesnbHO Gosblie 30 06. 1o jwo-
6aByieHHEe COCTABUTCA M8 HAYAJBHONO 3aTyXaHUs COBEpIIEH-
HO HECOIJIAaCOBAHHBIX H3/IydaTe/]s W MPHEMHHKA H M3 6l0Jb-
IIOT0 3aTyXaHHS, BHOCHMONO IPOMEXYTOUHBIMH [eTalasaMu
YOHIUTE . YKa3aHHble NOOABIEeHHS CBOASAT Ha HET pac-
cMaTpMBaeMbIil pacueT TPeeNbHON AJUHBL (YCHIUTES.

Boofuie TepMUHOM «BOJHOBOMHAA OOpaTHass CBA3b»
JIyyllle He I0Jb30BaThCs, TAaK KaK BOJHOBOJOM Ha3bIBAETCHA
orpaHUYeHHOe MeTajJIoM TpPOCTPAHCTBO, CIocofHOe MTpoBO-
JIUTh 3/eKTPOMAaTHUTHELE BOJHBl C MaJbIM 3aTyXaHueMm, T. €.
paboTaiolilee Ha BOJIHE, KOpOYe KPUTHYESCKOH, a B JAaHHOM
cayyae HHKAKHX BOJH B Hemu o0paTHON CBA3U HET H UMe-
IOTCS TOJIBKO [HEMOCPeICTBEHHbIe HHIYKTURBHAS U eMKOCTHadA
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osisu. Momosnb3oBanue npu paspaboOTKe NpPeLeSbHBIX aT-
TeHI0ATOPOB (OpMYJ, BbIBeJ@HHHIX B TEODUH BOJHOBOLOB,
He 03HAYyaeT, YTO NMpefe/bHbI aTTEHI0ATOD SIBJASETCSI BOJHO-
BoxoM. DTH (OPMY/IB NPHUMEHSIOTCS TOJbKO IOTOMY, YTO
OHH MO3BOJSIOT MPOCTO PACCYHTATL HMEIOUlHecs B aTTeHI0a-
TOPe HHIYKTUBHYIO U eMKOCTHYIO CBS3H.

Heo6xomumo ellle OTMETHTb, YTO BOOOILE 'pacueT I[ipe-
JNeJbHOH MJIMHBI YCHJIUTeNd, naxke ecad Gbl OH Obll mpa-
BUJIDHBIM, BPENEH TeM, YTO OTPAHUUMWBAET COKpalllgHue ra-
0apUTOB 'YCHIUTENS U TIPENATCTBYET PA3BUTHIO TEXHUKY KOH-
CTPYHPOBAHUSA MajgorabapuTHLIX pamuoyCTPOHACTB, B TO Bpe-
M KaK paccMaTpHBAEMBIH BUJ HeXeJaaTejbHONH 06paTHOMH
CBA34 BECHMa MPOCTO YCTpaHsAeDTCs MyTeM YCTaHOBKH B YCH-
JIUTENIE TPIOMEXYTOUHBIX T&PEno pIoLOK.

3-17. MPABHUJIA MOHTA)XA YCHJIUTEJIEM
PA3JIMYHbIX TUMOB

Uem Bhllle YacTOTHl, HA KOTOPHIX paGOTA€T YCHUIHUTENb,
TeM 6o/bllIag YacTb TOKOB, NPOTEKAIOMIMX B LENAX YCHJIH-
Tesl, OoTBeTBJaserTca B WaccH. OMHOBpPEMEHHO ¢ MOBBIIIe-
HUeM YacCTOTHl yBe/HYHUBAeTCS WHIYKTHUBHOE COTIDOTHB/IGHHE
coefuHUTeNbHBIX MpoBofoB. OGa 3TH (daKTOpa SBASIOTCH
MpUYUHOH TOTO, YTO YeM BHILIE 4aCTOTA, 'TEM CHJIbHEE OTpa-
JKAIOTCs Ha paboTe yCUIUTENs IApa3UTHbHIE CBSI3H, BBI3BAH-
Hble ‘HeyUauHbIM MOHTaxoM. IloaTomMy B mepByi0 oOuepenb
3llecb pacCCMaTpPHBAaeTCd MOHTAX MIHPOKOMOJIOCHONO pe30-
HAHCHOTO YCHJIMTeNs, paboTaiolurero Ha BBICOKOH uacToTe
B QHaMa30He MEeTPOBbIX BOJIH.

JlJs BBISICH@HHS BAUSHUSA MOHTaXXa IIHpIOKOITOJIOCHON0
YCHAUTENST Ha ero paboTy BOMOMHUM, UTO eMKOCTh KOHTYypa
COCTaBJseTCsd M3 BXOOHON M BBIXOAHON ©MKOCTEH JamMm H
eMKOCTH MOHTaxa (puc. 3-48).

BxomHas eMKOCTb JIaMIBI COCTOMT W3 €MKOCTH BBIBOIA
ynpaBAgOlell (CEPKH OTHOCHTEJNbHO KOpIyca, €eMKOCTH
YrpaBAsSOUed CeTKH ODHOCHTENHHO Kamoga M eMKOCTH
yTIpaBJgOlled CeTKH OTHOCHTEJNHHO 3KpaHUpWYIoNleH cer-
ki *. Toxu, mpoTekalollue uepe3 NOCAGLHHE IBE E&MKOCTH,
JOCTHDAIOT LIAICCH yepe3 OJOKHPOBOUYHBIE KOH/IEHCATOPHl Ka-
TOZA W 3KPaHUPYIOUIEH CeTKH. BHIXOAHAs eMKOCThb JIaMIIBl

* Bnusuue o6paTHOH OBf34 Yepes eMKOCTb MEXIY YmpaBisioller
CETKOH u aHoOJOM 3JeChb He YUYUThIBAencsd BCJAEACTBHE ee Majoi Be-
JINUHHBI

173



COCTOMT M3 ‘€MKOCTH BbIBOJA aHOLA OTHOCHTENLHO KOPMyca
H @MKOCTH aHONA OTHOCHTELHO AHTHIWHATPOHHOH U 3Kpa-
Hupyioled cerok. Toku, mporekamline uepes TOC/IELIHIO0
8MKOCTb, NOCTHUIAIOT HIACCH TaKXKe uepe3 GJIOKHPOBOUHBI
KOH/JIEHCATOD 3KpaHupymolleil ceTkn. EMKocTh MOHTa)<a co-

Puc. 38-48. Hampassenue TOKOB BHCOKOI
YaCcTOTHl B yCHIHTEJHHOM KacKaje.

CTOMT W3 eMKOCTeH JIeNeCTKOB JaMIIOBBIX MaHe el H/IH Bbl-
BOJOB, pacMmpeleJeHHbIX eMKOCTell COeLUWHHTENBHBIX pOBO-
IOB, pacmpefe/]eHHBX eMKOCTeHl KOHTYDHBIX KaTylUleK wu
eMKOCTH Pa3JIelUTeJbHOTO KOHJIEHCATOPA OTHOCHTENbHO
Kopimyca.

Toku, npoTekaroue Mo Iacod, BXOASAT B HErO uepe3 Bce
3TH eMKOCTH, ‘paclpeleseHHble Ha Y4aCTKaxX OT aHOLa OmHOH
JlaMITBl IO CeTKH CAeLYIOLLeH JaMIbl, BKJIIOUAs MeX1y3/eK-
TPOLHBIE BMKOCTH JaMNbl. Pacnpedenrenue ToKo8 no tuaccu
onpedenseTcs 8 OCHOBHOM pasmewjeruem deraieii u nposgo-
008 U TOALKO 8 HE3HAUUTEAbHOLU cTenexu 3a8UCUT OT npu-
coedunenusn aTux deraneil u nposodos K wiaccu.

[lpu MOHTaXKe YCHAUTENS HYXHO CTPEMUTHCS K YMeHb-
LIHHIO eMKOCTH MOHTarKa, WHIYKTUBHOCTH CIOSIHHHTE]BHBIX
IPOBOMOB U B3aWMOCBSI3H MexXAy JeraaamMu. Dtu coobpa-
JKEeHHS TIPUBOJAT K CJAENYIOIHAM IPaBHIAM MOHTaXa, CTpO-
roe BHIMOJHEHWE KOTOPLIX OCOOEHHO CYLISCTBEHHO NS LiH-
POKOIOJIOCHEIX YCHIUTENEH.

a) Bce coepuHUTeNbHBIE TIPOBOA NOJXKHBI UMETh MHUHHU-
MaJaBHYIO JUIHHY.

6) IlpoBoma u merans, COeIUHSEMBIE C YIIDPAaBJISIOUIAMY
CEeTKaMH W QHONAMHU JaMI, TOKHBI pacrmojaratbcs Ha Ma-
KCHMAaJIBHBIX PACCTOAHHAX OT LIACCH, CTeHOK H KOXKYXOB.
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B) ITlpoBosa, Bxojdllue B LeMH YEPABASIOMHX CETOK H
AHO/LO0B, LOJI)KHbl UMETb MHHMMAJbHBIH NHAMENp, AOIYCTH-
MBIH MO ©O0OpaXkKeHHAM MeXaHHYEeCKOH TPOYHOCTH. B 3THX
uenAx Jydylle JPUMEHATb JKECTKHe, TOJIble I[IPOBOJa, He
NMO3BOJIAIOLUINE BBIIONHATL NPOU3BOJBHYI0 YK/IAAKy MOH-
Taxa. .

r) Hnas nmpoBomoB, ciayxa- Naunu
LHX JJi MONK/IIOUEHUS] KOH- § ] }
TYPHBIX 'KATYUIEK K aHOLY H
CeTKe JiaMIbl, He CcJaedyer Lg:;.-\
NPUMEHATb JONOJHHTENbHBIX
MOLTOPOK, H30JATOPOB  HJH
JIPYrUX KpensllHX KOHCTPYK-

IHH. i

) Mpncocguemie gera- P, Si%, Costuiome Jersied
el K Kopmycy AOMKHO fpo- =, ng)ymﬂoﬁ cﬂmpoue ﬁlac'cn.
H3BOAUTHCA TIPOBOJAMH MH-

HUMAaJbHOH IJIMHBl B TOYKAX,

6AMXKaMUX K TMPHCOENHHSEMOH NeTanH, 3a HCKJIIYeHHEM
KOHTYpPHOTO KoOHJeHcaTopa (eclM OH HMeercs), KOTOPBIH
cefyeT TPUCOETUHATh HENOCPENCTBEHHO K KAaTYIIKe.

e) Kaxnas meranp HO/MXKHA COENMHATbCH € KOPIYCOM
OTHeNbHBIM JernectkoM. Ecan Marepuas IiaccH LOMYcCKaeT
nafiky, TO Jyulle JelecTKaMd He IMOJb30BAaTHCS, a NPOH3-
BOIHUTD [IPUMANKY K HaAPYXKHOH CTOpOHE IIaccH, KaK MmoKasa-
HO Ha puc. 3-49. Takoi cmoco He TONBKO ympouiaer cGOpKYy
YCHJINTEN S, HO ! TIO3BOJISET YKOPOTHTb AJUHY COEUMHUTE/b-
abx mnpoponos. CoBeplleHHO HELOMYCTHMO HCNOIb30BaHHE
O6IIHX TPOBOMOB M IIMH I HPUCOSIMHEHHS HEeCKOJbKHX
Jlerajiell 'K KOpIyQy.

k) IlpoBoma TuTaHUS W YHOpaBJdeHUusd, MpOXoAALHe
B/IOJIb BCEIO YCHJIMTEJ s, JOJNKHBl ObITh THIATEJbHO 3KDAaHHU-
POBaHBI OT OCHOBHBIX llenefl YCHJIHTENS WJAH pa3fejeHbl HA
yyacTK ‘QpuabTPYIOL UM AYeiKaMu.

PexoMenpanuu, u3moxermHble B 1. 1) H €), TPOTHBOpE-
yaT peKOMeHIALUsIM, JaBaeMbIM B jauTepartype. Hexoropbie
aBropsl [10, 18] mpensaraioT Takoe coenuHeHne MPOUIBOLUTD
B 'OfHOH /M IBYX TOYKaxX, oOBbeNHHSS B 9THX TOUKAX LeNU
TaK, 4T0OBl NOJYYUTh MHUHUMAJLHbIE TOKH B TOBEDXHOCTHOM
cioe mwaccd. [lpu 3T70M He yUuTBHIBaeTCH, 4T0, KaK MOKAa3aHO
BbIllle, B IIHPOKOIIOJIOCHOM YCHJIHUTENe TOKH B IIACCH 3aBHU-
CST MpeX|le BCEero OT pacmnpefe/]eHHBIX eMKOCTeil, a He OT
TO4YeK NPUCOeNUHEHUS TPOBOLOB K KOPIYCY, MOITOMY HpaK=
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THYECKH 'HeBO3MOXKHO MPENCTABATL JeHCTBUTEIbHYIO KapTu-
HY NPOXOXJeHHS TOKOB B Liaccu. HeGosbline mpeumyiie-
CTBa, KOTOpble MOXKHO NOJYUHTb NPH TPABHIBLHOM BbiGOpe
U OOBeIHHEHHH TOYeK COeNHHeHHA C KODITYcoM, TepsoTcs
mpH OIIWG0YHOM COeIUHEHWH, OCOOEHHO eCaM MAJSA TaKOoro
COeJJMHEHHdA IMPUXOAUTCA YIAIHHATL MOHTaxX. B TO Xe BpeMs
peKOMeHLyeMoe 3/1eCb IPHCOeIHHEHHE K KOPIYCY Hernocpe-
CTBEHHO Y HeraJiell gBagercs Haubosee 6e30MIHO0YHBIM, TaK
KaK 'OHO OObeNHHSIET BCe TOKH B LIACCH, BBI3bIBaeMble NaH-
HOH HeTajblo.

Ilpu MOHTaXe Y3KOMOJOCHEIX YCHIUTENeH, paboTaiolux
Ha 3HaYUTeNbHO O0Jee HU3KUX 4aCTOTAX H MMeIOLUX B KOH-
Tyipe OGOJBIIYIO COCPEIOTOYEHHYIO €MKOCTb, VOHIUTEIeH
HU3KOH 4YaCTOTBI, BUIEOYCHIUTENEH W APYTHX pPagUOTEXHH-
YECKHX CXeM [pUBENeHHble NPaBHJIA MOHTarKa XKeJaTeJlbHO
Takxe coOJIomaTb, XOTS 3jIech OHH Heobs3aTeabHbl. O6beM
IOMYCTUMBIX OTK/JIOHEHHH Ompenessencd HCKIIOYHTEIbHO
YyTbeM KOHCTPYKTOpPA M INPH OTCYTCTBHM TAKOBOTO MOXKET
MPUBECTH K KPYITHBIM OLIHGKaM B MOHTaXKe, ONACHBIM H JJ5
'HU3KOYACTOTHBIX CXEM.



TTABA YETBEPTAA4

NMONABJIEHUE NMAPA3UTHBIX HABOIOK
U ®OHA CETH NHUTAHHA

4-1. OBIIHME NMPHUHLHUIIBI U METOOHKA
3KCNEPUMEHTHPOBAHMUA

TlapaainHble HABOAKH ILPOABJAITCA B NEPBYI0 OUepedb
Ha OKOHEUHOM HHIMKATOpPe PajHO3/JeKTPOHHOI'O YCTPOHACTBA
HE3aBHCHMO OT AeACTBUTE/IbHBIX UX HCTOYHUKOB U MPUEMHH-
xoB. Tax, HampuMmep, MapasuTHas MOLYJIALUS (OHOM CEeTH
MUTAHHS DeHepaTopa CTAHLAPTHOIO CHFHAaJa HemocpeLoTBeH-
HO Ha reHeparope He Ha6/l0JaeTcs U BBIAB/IAETCH TOJIbKO
Ha BHIXOMHOM WHAMKATOPE paJuONpHeMHHUKA — TededoHax,
IHHAMHYECKOM DPOMKOTOBOpPHUTENE,  3JIeKTPOHHO-JIydIeBOl
TpyOiKe, mMpubGOpax aBTOMATHYSCKOro ympasjeHus. IIpu sTom
ee TPYAHO OTJIIHYHTb OT COOCTBEHHOTO (pOHA NPHEMHHKA, HA-
npuMep OT MOAYJAALHUH TIeTepONMHA HanpsikKeHHeM (oHa.

JJis ToMHOro ¥ rapaHTHPOBAHHOTO MOLABJEHHS Iapa-
3UTHON HABOAKH HeoOXOLMMO HAHTH KOHKpOTHBIH ee MCTOY-
HHK, 1leNb NapasyTHOH CBA3H, IO KOTOPOH HAaBOMKA [IOCTY-
naeT Ha NPHEMHHK, U BXOMHYIO Lenb NPMeMHHKA HAaBOMKH.
Konza sTd Tpu 3/1eMeHTa HalfleHBl, caMO MOJAaBJEHHE Ha-
BOAKM B GOJIBLIHHCTBE CJAydYaeB He IPeICTaBASET 3aTpyaHe-
HHH W OBOAMTCA OOBIYHO K M0o0aBJeHHIO Pas3BA3bIBAIOLINX
UM CrJIaXKMBAIOUIUX syeeK U K HeOONbIIUM H3MeHEeHHAM
B MOHTaxe. MoK/IIoueHHe cOCTaB/AAIT caydad, KOrja mpudu-
HOM HaBOAKH SBJSETCH HONOCTATOYHOE 3KPaHHPOBaHHE
3JIeKTPUYECKOTO M MarHUTHOTO ToJeli. B stoM ciyuae mas
yCTpaHeHus HABOMKH MOXeT NOHANOOHThCA PEKOHCTDYHPO-
BaHUe npubopa UJu y3Jna.

12—347 177



Heo6xonuMo 31eCh NMOMUEPKHYTh ONHO BaXKHOE MOJOMXKEe-
HHe, KOTOpOe 0O6BIYHO HNPEANOYHTAIOT HE YTOUHATh. B uie-
aJIbHO MPOJyMaHHOM, CIPOEKTHPOBAHHON U CKOHICTDYHPOBaH-
HOH OHCTeMe Tlapa3HTHble HABOMKH, OYeBHIHO, OTCYTCIBYIOT.
Hannyue mapasuTHBIX HABOLOK CBHIETEIBCTBYET 06 OUING-
KaX, MOMYIIEHHBIX MPOSKTAHTOM M KOHCTPYKTOpoM. Tpy-
JIOSMKOCTb JKICIEpHMeHTaJbHOH PabioTH M0 ITOXABJIEHHIO I1a-
Pa3UDHBIX HABOLOK HECPABHEHHO GOJbIIe TPYLOEMKOCTH
npoekmipoBanus. bosee TiarenprOe mpOEKTHPOBAHKE, MPH-
BJIeUeHHE K HEMY pabGiOTHUKOB, 3AHUMAIOLIUXCS IKCIEDHMeH-
TaJbHOH NOBOLKOH, TMPHBIEUEHHE K IKOMEPHMEHTHPOBAHHUIO
KOHCTPYKTODOB MOTYT 3HAYHTEJNBHO COKPATHTh CPOKH pas-
paGoTKK pagno3JeKTpOHHOH ammnapartyphl. IIpapunbio Gb-
Jo OBl KauyecTBO MpPOEKTa OLeHWBATH BpPeMeHeM, KOTopoe
TPUXOIUTCA 3aTPayMBATh HA SKCNEPUMEHTANLHYIO LOBOJKY.

Hs ckasaHHOrOo He ciaemyeT nelaTh BHIBOX, YTO aBTOP
cydTaeT MpecTyIieHeM NI00yi0 OMNOKY, BeLYIIYIO K Heob-
XOLUMOCTH 3KcnepumMeHTHpoBanusa. CioxKHOCTE pa3pabaTh-
BAeMOH DamM03/IeKTPOHHOH almapaTryphbl HAaCTOJNBKO BEMHKA,
gp0 Ge3 omuboK o6xomuThes He ymaercd. Ho co3narenbHoe
OTHOILI@HHE K OLINGKaM, jJla)Ke MpOCTass KOHCTATALMSA TODO,
YTO JaHHBIH HedeKT aBJjseTcs OWIHOKOH, ToJaKaeT paGOTHU-
KOB K JajbHeillieMy TOBBILIEHHIO OBOeH KBaaupuKaluu H,
cIeMOBATENbHO, K TOMY, 4TOOBl IenaTbh MeHblle OMIHOOK
B OyayumeM. BoT mouemy aBTOp MO3BOJMUM cebe H3MOXKUTDb
3Iech OBOE MHEHHME, YTO, BO3MOXKHO, TOKaXKeTCsd HEKOTOPBEM
EEeYMECTHBIM,

DxanepyuMeHTaNbHEe PaboThl 110 MOAABJIEHHIO Napa3uT-
HbIX HAaBOLOK CJIeIYET HAaUHHATH C KACCAQLOBATENBCKOH ya-
OTM», IEJbI0 KOTOpOH OyyeT HaXOXIeHue HCTOUHHKOB U
npuéMHHKOB HaBOIKM U Ilenefl mapasuTHoi cBasu. [as
3TOr0 HeoO6XOnuMO, HEempepelBHO Habaiogas HaBOLKY HA
BHIXOMHOM WHIMKATOPE CHUCTEMBl, HeNaTh U IHPOBEP:;ITb Te
WM KHble TPENIONOXKEeHHs 0 KOHKPEHTHHIX ee HCTOYHHKAX,
MpUeMHHKAX U LendaX oBa3u. Ilocie MpoBepKH OIUIKGOWHBLIE
MmPeNNOoNoKeHUsT OTBepraioTCs, MOITOMY OHH He CTpalliHBHL.
3HauHTEAbHO XYyXke OTCYTCTBHE MNDPeNOJOXeHHH, KOTOpoe
He MO03BOJIsIeT BecTw jnanbHedmyio pabory. Ecau pabora
3alll;la B TaKOH TYMHK, TO CAELYyeT ellle pa3 MpPOCMOTPeThb
NepPBYI0 IaBy KHHULHM H CHeJaTh U3 Hee BENIMCKY BCeX BO3-
MOXHBIX BApHAHTOB, He HCKJAlOuasl NIpY 3TOM H Te BapH-
aHTbl, KOTOPblE C NEpBOrO B3TJIsifa Kaxyrcs abCcyph-
HEIMH.
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Jist mpOBEPKH OLENAHHOTO MPEAMONTOKEHUS HOO6XOMHMO
VIPOCTUTb CHCTEMY, T. €. BHIK/JIIOUHTb H3 Hee BCE 3JEMEHTHI,
He yyacTByoIlue B npennonaoxesuu. Eciu npu aTom HaBoaKa
He HICUE3HET, TO MpPenNoJIoKeHHe NeJaencs MOYTH JOCTOBEp-
upM. Torma ciaemyer noapo6HO pPaCcCMOTPETh BECh MPETO-
JlaTaeMbll MYTb NMPOXOXK/JEHHs] HABONKH, BBISICHAS TIOCJIEO0-
BaTeNbHO Ha KaXJI0M
€ro ydacrtke, Kakue 3Je-
MEHTbl BXOASAT B CUCTC-
My HCTOYHHUK — Lenb
CBSI3M — IPUEMHHUK Ha-
BOJAKH. B mpouecce Ta-
KOro BHICHEHHS TPHUXO-
IUTCS OTKJAIOYAaTh U 3a-
MBIKATb HAKOPOTKO He-
KOTOpble TOYKH CHCTe-
mbl. [lomesHo rTakxke
IJIs1 BBISICHEHHS Xapak-
TEepa HaBOLKU BBOLHTDb
B pasaduHble  II€Nd
dunpTpyoLue Apocceau
H KOHZEHCaTOphl, moabupas UX THI U JLaHHbIE B COOTBET-
CTBHUM C XapaktepoM OHAbTpyeMOH HaBOAKH. Ecam B cH-
cTeMe MMeloTcsl IITencejbHble pPa3beMbl, TO JJS SKCIEpH-
MEHTHPOBAHHS OYeHb yNOOHO M3rOTOBUTH HEOOJBUIYIO 3Kpa-
HUPOBAHHYIO KOPOOKYy (puc. 4-1) c o6euMu OTBETHEIMH ua-
CTAMH IITENCENBHOr0 pas3beMa, COeLHHEHHBIMH (UJIbTPYIO-
LHMH SuelKaMU.

O6bryHO B MpOLECCEe TAKONO IKCNEDUMEHTHPOBAHHS U
BhIsSTOHsIETCH HawuboJsee IIPOCTON U HALEXKHBIH CmOCO6 momaB-
Jgenuss HaBomkd. Heo6x0ouMo NperocTepeydb OT MMOLaB/ICHHUSI
HaBomOK 6e3 yraybJjeHus B (U3UUYECKHH CMBICJ IIPOLECCOR
myTeM Gosiee HIM MeHee CAydalHBHIX Ipo6 W mepenesok.
Wnorna Takas MerojwKa W M03BoJseT OLICTPO YCTPaHUTh
HaBOJAKY, HO B OOJIBLIMHCTBE CJAyYaeB OHA TPUBOLUT K NJIH-
TEJXBHOMY U Ge3pe3yJbTaTHOMY IKCepUMeHTHPOBaHH0. 3a-
JIOT ycrexa B 9TOM TOHKOM Jeje 3aKjHyaeTcs B TOM, YTO-
OBl, OTBJEKIINCb OT TPAKTUYECKOH 3aaud — MOLABISHUS
HABOIKH, TIIATENbHO IMPOAHATU3HUPOBATE (DU3HUECKYIO CYII-
HOCTb MpOIlecCa H MCCJAeNOBATb 60 MOJHOCTBIO. M3auwnud
U Hecsoe8peMeHHbll NpaKTuyusm 68 GOAbUUHCT8e cAyuaes
He ynpowaer Oeao, a, HaoboporT, sarssusaer ezo Ha 60Ab-
woil cpox.
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YHacTo uccnenyemMas HaBOAKA [OCTYNAeT HA ee MPUEMHAUK
0 HECKOJbKUM NYTAM U uYepe3 pasHble BXOLHbIE IEOMIH.
B sTom cnyuae skanepuMeHTaNbHAs TPOBEPKa TiPABHJLHO
IPeINo0KEeHHOT0 TYyTH MPOXOXKILEHHS HABOLKH MOXKeT AaTh
OTPHLATE/ILHBIA Pe3y/IbTaT, eCAH IO ITOMY IIYTH IMPOXOMUT
MEeHbIIass yacTh HaBOAKH. [ToBTOpeHue mpoBepKu IOCAE TO-
NaBJEHUS OCHOBHOH 4aoTH HABOMKH MOXET HATh ILOJIOXMH-
TEJbHbIH pe3ysabTaT. B TaKHX C/JI0XKHBIX CAy4asix MPOBEPKY
CHeNlagHbIX MPeMIToN0XKe U HeoOXOmUMO I OM3BOJHTL OCO-
OeHHO TILATeJBHO, YUHTHIBAS Ji0Oble He3HAUHTE/IBHbIEe H3Me-
HEHHs YPOBHS HaBOJLKH M He OTKA3bl8AACL OT MHO20KPAT-
HO020 NOBTOPEHUS IKCNEePUMEHTOS.

TlopaBnenue HaBooKU Bceeda Bbl200HEe nPOU3BOOUTL
Y UCTOYHUKA, TaK KaK 3TO FapaHTHPYET OTCYTCTBHME HABOAKH
He TOJIMKO Ha JAHHBII KOHKPETHBIH NMPHEMHUK, HO M Ha Bce
Ipyrye, KOTOpble MOTYT OOGHaPYXHUTbCs B Ja/lbHeHlleM.
B Tex yacTHEIX clyyasx, KOna HaBOJKA IOCTYNAET HA IIPH-
©MHUK 110 BXOJHBIM LEeMsIM BMECTe C MOJE3HBIMH CHTHaJaMu
¥ Ha TeX Xe 4acToTaxX, TOLAaBJEHHEe HABOLKH Y HCTOYHHKA
SBJsIeTCS @TUHCTBEHHEIM crnocoGoM u3baBieHus oT Hee. Bo
BCEX OCTAJBHBIX CAyuasix, MJas GoJbliefl HANLEXHOCTH, XKe-
JaTe/]bH0 MOAABASTh HABOLKY HBaXKIbl — y HCTOYHHKA ee
U Y MPUeMHHKA. '

4-2, TPHUYHUHDBI NMOABJEHUSA ®OHA CETH NMHUTAHHUA.
®OH H3-3A HEOOCTATOYHOIO CrJIA)KMBAHUA
HANPSOKEHHSA BBINMPAMHUTEJIEW

@oH ceTH, MUTAMOUIEN DPaIHO3EKTPOHHBIA NpuGOp, sB-
JeTCs ONHOH M3 yYallle BCETr0 BCTPeyaloIUXCs Mapa3suTHBIX
HaBOMOK. Takas HaBOmKa MmpOsiBaAsiencss au60 B BWIe IIPAMO-
PO NIPOXOXK/IEHHS MepPEeMEeHHONO HaTpSXKeHHS YaCTOTHl CETH
MUTAHUS U ee DApDMOHHK Ha BHIXOI Ipuiiopa He3aBHCHMO OT
IIOJIE3HBIX - CHNHAJIOB, U060 B BUJE HAKJIAAKH (MOIYJISILH)
MepeMeHHOTO HAMpPSXKEHHUS YaCTOTHl CETH IIUTAHUS H ee rap-
MOHHUK Ha J1I06ble BBIXOIHEIE CUDHAJE MPUOOpa: MOCTOSHHBIH
TOK, ‘He3aTyXalollde W MOLYJIWPOBAHHEE KOJeGaHUs, BBHICO-
KOYaCTOTHble HMIYJbCH, BHIGOHUMNYJbCH, H306paKeHue Ha
9KpaHe 3JIKTPOHHOIYYeBO{l TpyOKu M T. K. [Ipn nosiBien:dn
Hapoqk1 «poHA HeoOXOmMUMO LpesKje Bcero yOeIuTbCs
B TOM, YTO 3TO (OH CETH NUTAHUA, & He KaKoe-JHOO gpyroe
aBaenue. g 3T0no ynoGHee BCero NonaTh BHIXOMHOE Ha-
NpsXKeHHe Ha OCHUU/IA0rpad, CHHXDOHM3HDYS €ro ¢ CeThblQ
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nutanusi. Ecau Oymer MOJNyueHO HenoABHXKHOe H306pa-
JKEeHHe, TO 3TO O3HauaeT, uro HabjioJaercs ¢(OH ceTH
MU AaHUA.

M3aBecTHbl TPH NPHUMHBL MOABJASHHSA (OHA: HEMOCTATOU-
HOE CrJia’KUBaHME BBLIXOMHOTO HANPSKEHHS BbIMDSIMUTENEL,
SABJIAIOIUXCA HCTOYHHKAMH aHOJHOTO, 3KPAHHOTO H CETOY-
HODO TOCTOSIHHBIX HANpSXKeHHH, WTaHHE HaKaJja JaMi Ie-
pEMEeHHBIM TOKOM H IapasHTHble HABOMKH HAMPSIKEHHA Ha
OTe/bHbIE 3J€MEHThl CXEMBl 3JTeKTPHUSCKHMH M MAaTHHTHBI-
MH TIOJSIMH, CO37aBaeMbIMH 3JEMEHTAMH M IENSIMH HCTOY-
HUKOB IIUTaHHS.

M3 3TuX NmpHYKH Jerye BCENO ompenesstencss (OH, BhI3bI-
BaeMblHl mUTaHWeM lenell Hakama. IlJist 3TONO HYKHO, IPH-
QM OCOGHUBLINCH K OBICTPBHIM HAOJ/II0OLSHUSAM Ha OCUmJIOTpade
WK LPYTOM BLIXOIHOM HHIMKATOPe, BHIKIIOUHTb HaKaJ BCeX
JIaMill, He BBIKJIOUAasi OCTaJBLHONO nuTaHus. Ecun mpuuMHON
¢doHa TBASETCS HAKaJ, TO OH HOUe32eT ¢pasy MOC/e BBIK/IIO-
yeHMs, B TO BpeMs Kak npuop nepecraer paboTarTh HOCTe-
MeHHO, IO Mepe OCTLIBAHHS JaMI. TaKoH 3SKCIepUMeHT
yIaercss TOJBKO MpH MPUMEHEHHH JaMII C KATOLAMH KOCBEH-
HOTO Hakajsa. B npubopax ¢ YacTHIHBIM MPUMEHEHHeM JaMil
NpsIMOTO Hakajda [PUXOLUTCH 3aMEHAThL NHTaHHE HakaJja
OT CeTH NepPEeMEHHOTO TOKAa NHTaHHEM OT (aTaped HIH aK-
Kymyasitopa. Hanawune npexkHero oHa TPHU BBIKJIIOYUEHWH
HaKaJa He O3HayaeT, yTo (roH, BHI3bIBAEMBIH IENbI0 HaKana,
OTCYTCTBYeT BOBCE. DTOT (aKT yKasblBAeT TOJbKO Ha TO,
YTO OCHOBHBIM HCTOUHHMKOM (OHA fBJseTCS He LeNb HaKaJja.
Eciu mocsie nofaBJeHHst OCHOBHOTO MCTOWHHKA (OH Bce Ke
OCTaHeTcss, TO IKCIEPHMEHT C BBHIKJIOUSHHEM HaKaJjga cie-
IYET MOBTOPUTE.

Tlocie o6cnenoBaHusl Liemu HaKajda CJAeyeT BbIICHHTD,
KaKOH H3 OCTAJbHBIX HCTOUHHKOB MHTAHHS CO3LAeT OO0Jb-
IIYI0 yacTh HABOXKH. [lasg 3Toro ymoOHO IIYHTIDOBATh
B ONpeIeTEHHOH TOCIeL0OBATENBHOCTH HCTOYHHKK HallpsiKe-
HUH [JIs NMTaHHS aHOLOB, SKPAHHPYIOLIUX H YIPaBJSIOLINX
CETOK, HampsXKeHHs 24 g nJas Lemned peje u T. 4. 6atapeen
KOHAEHCATOPOB 060/bllol eMkoctH mopsimka 100 mkp u
nHabionar, u3MeneHue ypoBHs ¢ona. Heckonbko Mellee
ymo6iHo - mobaBJieHse B NMPOBEPSOMBIA HOTOYHHK (PUILTPYIO-
el suedlKu U3 Apoccess H/IH CONPOTHBJGHHS H KOHJeHCa-
TOpa, TaK Kak 3hecCh CpaBHeHHe YPOBHS (POHA NpPH CTapoH
U yAyYlieHHOH (QUAbTPAUUH IIPUXOLUTCH TPOHU3BOLUTD
C pa3phIBOM Lemd ToKa. Ecau yayyllenne QUALTPaliuH BCexX
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HCTOYHWKOB MOCTOSIHHOTO HANpSIXKEHUs He JAaeT 3aMeTHOINo
yMeHbllleHnsl yipoBHS (OHA, TO eno MOXHO OTHECTH K BO3HHU-
KawllemMy 10 TPeTbell MmpuuHHe — Napas3uTHON HaBO/Ke ye-
pes 3JeKTpHYecKoe  MarHUTHOE IOJs.

Ec/u BBHISIGHHTCS, YTO fPUYHHON (oHa ABJISETCS Heao-
CTaTOUHAs] (PUJALTPALMS HAMPSKEHUS ONHONO H3 BBIIPSIMH-
TeJed, TO CAeIyeT C MOMOLLbI0 ocuumIorpada H3MepHTh aM-
IJAUTYLY OcTaToyHOoro ¢oHa, MOCTYNAMLLeNo Ha LWIHHY IuTa-

Puc. 4-2. Tlepenaua ¢oua

OT HCTOYHHKA THTaHuS

aHOJOB Ha YMPaBJSAULYIO
CeTKY JIaMIbl.

UYenu MEKKAC-
Kadnou clgzu

Hust gamn. IIpy TakoM u3MepeHuy Ha BBHIXOJE HCTOUHIKA
IUTAHUS [OOJKHA OLITL BK/IIOYEHA ero HOMWHAJbLHAS Ha-
TPy3Ka HJIH ee JKBUBAJEHT. 3aTeM PacyenoM OMKEeH GbITh
[IPOBEPEH OTHOCHTEJIbHLII YPOBEeHb (OHA JAHHOTO HCTOUYHH-
Ka. Ecau -okaxercs, 4TO OH BEIXOZUT 32 Mpelesbl, YOTaHOB-
JIGHHblE TEXHUUYECKHMH yCJOBHSMH, TO BBIMDIMUTENDb TOJJe-
KHUT PEMIOHTY HJIH PEryJHpOBKe.

Ilpn wnonpaBHOM BhIMpsIMHTENE CJlELYeT MPOCMOTpETb
BCIO NUTAEMYI0 OT Hero 4acTh npuGopa, OTK/IIUAS OTLeb-
HBI® 3JIEMEHTDI, JIO TeX I0p, MOKa He ncyedHeT GoH. 3aTeM
HeOGXOIUMO I1POCMOTPETh CXeMy 3TOH yacTu mpu6opa ¢ Tou-
K1 3peHHS INPOXOXKIEHHS M YCHJIEHHS B HeH HM3BECTHOro
YPOBHSI OCTATOYHOTO (hOHA, MOCTYNAKIIEN0 HA IIHHY MHTa-
HUsL. 3ech OOLIYHO H HAXOIST OIIMGKH, KOTOPHIE Yallle BCe-
NO CBOJEAITCS K CJAEIYIOUIEMY.

B mo6oit koMGuHALWKH U3 SJIEKTPOHHBIX JTAMI AHOLHBIE
Ueny ONHHX JIaMil CO8MMHSAIONCA C CETOUHBIMH LEmsAMU APY-
THX JlaMI 4Yepes -pas/IuuHble JeMEeHThl MeXKACKaIHOH CBs-
su: wemu RC, tpamchopmaropsl, aumHud U T. 1. Kak BumHO
U3 puc. 4-2, nepeMeHHOe HANPSKOHHE OCTATOYHONO (oHa,
MPHJIOXEHHOe K aHOLY JIAMTbl, TONaJaeT Ha CEeTKY Apynoi
JaMIbl yepe3 3JeMEeHTbl MeXKaCKaIHOH CBS3H.

YpoBeHb (oHa Ha CeTKe ONpefesseTcss YacTOTHOH Xa-
PaKTEPHMCTHKON MeXKaCKaLHOH cBA3H. B namxymmem coay-
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yae BCe HaAMpsKeHHE OCTATOUHOrO (OHAa OKABHIBAETCS M-
JIOXKEHHBIM K CEeTKe, a NPH HAMOJIB30BAHKM MOBBIIAOIIETO
TpancopmMaTopa OHO MOXKeT Jaxe BO3pacTi. B peaysbra-
Te, ueM OOJIblIee yiCHAEHHE HMEETCS Ha TYTH OT CETKH Ka-
KOH-iGO JaMIbl IO BBIXOAA, HA KOTOPOM MIPOSIBJSETCS Ha-
BOmKa (oma, ¥ UeM BEIIIEe HIET YACTOTHAs XapaKTepHCTHKA
3TONO I'yTH B 06JACTH HU3KHX YacCTOT, TeM 6OJblle Oymer
tdou. Bopbby ¢ TakuM ycHIEHHEM
¢oHa, KOTOPBHIH HHOTAA TIPOEKTH-
DPOBIIMKAMH He YUUTHIBAeTCs, Be-

IyT NyTeM BKJIOUEHHS B aHOJHbIE sza
LEeNH HEKOTOPBIX JaMn (PHUAbTPYIO-

mux sueek RC, pacCuHTaHHBIX Ha
JOTIOJHUTEIbHOE CHUXKEHHE yPOBHSA
¢oHa wHa ceTKax JAPYrHX JaMIL. r
Kpome toro, cHuxeHus GpoHa MOXK- Don H
HO NOOGHTbCSA YXYAIIEHUEeM 4YacToT- wamodel ) gemamoyn
HOM  XapaKTePHCTHKH  CHCTeMbl =
B 06/1aCTH HH3KHUX YaCTOT, €C/JAH 3TO

sonyerio. B ot

B HekoTophIX ciayuasx AJAs MO- UHTaAs AHOLA.
Iayd HayaJbHOTO CMelleHHd Ha
CeTKy JaMmbl MNOJAKIIYalT Ka-

TON 4epe3 COIPOTHBJEHHE K HCTOUHHMKY INHTAHHS aHONOB
(puc. 4-3). Ilpu sToM Ha KaTof TIOAaeTCs M HaNpsKeHde
ocTaToyHOro (poHA HCTOUHMKA.

[Tpu HayaJbHOM TPOEKTHPOBAHUH TPHOOpa HEOGXOXHMO
YYMTHIBATb, YTO INpPHMEHEHHE OTAEJbHLIX (DHUIbTPYIOIHX
fueeK K BLIIPAMHUTENO [JS MUTAHHS KacoKajloB, UYBICTBH-
TeJIbHBIX K (OHY, U OTKa3 OT H3JHLIHE XOPOUIHX 4aCTOTHBIX
XapaKTePHCTHK sIBJsieTCss HauboJee MPOCTBIM, Haubosee
HelIeBeM ¥ HanOoJee HaNeKHBIM BapHAHTOM NHTAHHUA CH-
crembl. Pa36op pasjuuHLIX cXeM (PUAbTPALUU H HCIO0Jb30-
BaHUS C STOH IEJbIO cxeM cTabuanH3allid BBLIXOJHOTO Ha-
MPSIKEHHST BBIXOLUT 32 Mpelesbl 3a4ay, pPacoMaTpPUBaeMbIX
B HaCTOsleH KHUre, DTH BOMPOCH OCBELlEeHBl B JUTepaType
{2, 5].

Ilpu mwWpOSKTHPOBAHWH HYXHO TakKXe YYUTHIBATH, 4TO
BKJIIOYEHHE B lleNb aHONA NOTEHIUOMeTpa WU HesIuTels Ha-
NpsKEHHS AJs1 PeryJHPOBAHHS aMIIUTYABl CHDHAJa, MO-
IaBaeMOro Ha CeTKy JaMnbl CJAedyIOLLero  Kackajaa
(‘pwrc. 4-4), U3MEHSAET B HEBLINPOJHYIO CTODOHY COOTHOIIEHHE
MeX/y HanpsSKeHUsIMH curHajia u ¢oxa. Ilostomy noren-
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IMOMETp HJIH [OeJUTeNb Jyulle BKJIOYATh B LENb CETKH,
KaK nokKasatio Ha puc. 4-5.

bopr6a ¢ ¢doHOM npsEMBIMII MeTOAAMI, T. €. yMeHblie-
HUEM ypOBHS (POHA UCTOYHHKOB H I[I01aBJCHIIEM IapasHT-
HBLIX Lemefl, OBA3bIBAIOLIMX UCTOUHHKY (POHA C ero MmpreMiiH-
KaMH, MPHBOLHT YaCTO K HEOOXOMWMOCTH MOBLIIIEHHS Ka-
yeCTBA WCTOYHHKOB THTAHHS H LPYTHX 3BEHLEB DajlHOOJIEeK-
TPOHHOIO Mpubopa, 4To TpedyeT MOMOJHUTEALHBIX 3aTpaT H
yCHOKHeH ST amnapatypsl. [Tosromy BecbMa 3aMaHylIBBIMH

A

Eﬁ

Puc. 4-4. HenpasunbHoe sBKmouenne Puc. 4-5. IlpaBunbHoe BKJIO-
IOTEHIOMEeDpa [PEeryJHPOBKH aMIHTY- YeHHe TIOTEHIHOMETPa pery-
JBl ICHTHAJIA. JHPOBKH aMILTHTYJBl CHTHANA.

KaxKyTcs pas3iHUHble KOMISHCALHOHHbIE CXEMBI 102 BJISHHUS
boHa, TPUHLMI AEHCTBHSI KOTOPBIX OBOJUTCS K BBENEHHUIO
B pa3JIMyHble TOUKH CXeMBbl NpiGopa MepeMeHHOTO Hamps-
XKEHWS CeTH MUuTaHusl B mpoTuBodase c dounoM. Herocrat-
KaMH TaKHX CXeM $IBJisieTcs HeoOXOAHMOCTb TOUHOH MHAUBH-
Iya/JbHON PeryJupOBKH NMpHGOpa M BO3MOXKHOCTb HeLOKOM-
MeHCAllWd W I[ePeKOMINEHCALUH NPH H3IMEHEHHSIX YDPOBHS
tdona nmo mwodolt npuunHe. B pesynbrate npumenerie Kom-
NEHCAYUOHHbLX CXeM NPUBOOUT K YCAONMCHEHUID npoussol-
CT8Q, CHUNMCEHUIO WOEHTUUHOCTU OTOeabHblX 00pasyos u
ymensulenuto Hadexcrnoctu annaparypoi. IlosTomy 3mech u
B CAQAYIONIMX maparpadax KOMIeHCAHOHHLIE MeTOALl He
paccMaTpuBaloTcs. MHTepecyonuxes: apTop OTChIaeT K JIl-
Teparype [2, 5].
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4-3. ®OH CETH NMUTAHHS NMPH HAKAJIE JIAMIN
NMEPEMEHHbBIM TOKOM

B 6oubLuHCTBE paLiH03eKTPOHHBIX MPAGOPOB OLAH 110-
JIIOC Led Hakajga COoeluHseTcs ¢ KopmycoM mpubopa. He-
MpaBUIbHOE BBLIMOJHEHHE TAKOTO (COGMIHEHUS MOXET CJLy-
JKUTb TPUYMHOHA TOSAB-

JeHus B Inpudope 3Ha-
HHTEILHOTO toxa.

Ha puc. 4-6 nokasa-  [Tmogur|[lcmosnux) [Hancoopma
Ha  HeBepHAs CXeMa | gy %’7// H%‘,f,
MOJAKIIOUEHHST MCTOUHH- *] - 2 N ]
KOB muTaHus mnpubopa, g
B KOTOPOH IpHUCOEHH-
HSIEMBIH K KOPIYCY MpO- / 7__ » NG
BOL OT TpaHchopmMaro- ”p?/ﬂzp
pa Hakama chelaH Ha

yuactke ab  oBuiuMm )
C mLymAME X KOPMYCY oo h RO s mira:
MpOBOJAAMH OT OTPHIA- HHSL

TEJBHOTO NOJIOCA HCTOY-

HMKA MUTAHUS aHONOB H

OT MOJIOXKHTEJILHOTO TI0JII0CAa UCTOYHHKA MHTAHHS ceToK. TOK
Hakasa npubopa 0dblYHO AOBOJLHO Besuk. IIpoTekast mo o6-
eMy ydyactky ab, oH co3jaeT Ha HeM 8aMeTHOe MNajleHHe
HANPSIXKeHHs, KOTOPOe OKa3blBAaeTcss BKJIOUEHHBIM [OCJHe-
JOBATEJNHHO C BHIPSMHUTENIMHE aHOMLO0B H CETOK H PE3KO yBe-
JUYMBaeT MX ypoBeHb ¢oHa. Tak, Hanpumep, €CaIM HCTOU-
HHK IMTaHus aHoLoB ¢ HampskenneM E,=300 8 umeer ypo-
Bedb ona 0,01%, To mepemeHHas cocraBJasioniasi, MOABO-
auMas OT Hero K mpubopy, cocrapiser Bcero 300.10~*=
=0,03 8. Ecomn npubop umeer 10 jamn, a cpenHee 3HAUEGHHE
TOKa Haka/jga KaxXAoi sammsl paBro 0,5 @, To mpoxoasiuiui
no yyactky ab Tox paBed b5 a. Ilpu maumwe yyacrka ab,
paBHoit 1 M, ¥ WcmoNAb30BaHUK NpoBoda AuaMerpoM 1,0 mm
compoTuBIeHHe yuacTka Oyner okoso 0,025 om. Ilanenne
HampsixKeHnusi Ha yuactke ab Oymer 0,125 8. B pesymabrate

0,125
ypoBexb (OHA, MOJABaeMOro Ha npubop OyxeT B —5oz =

=4,2 pasa Bblllle YDOBHS, NABAEMOINO TOJBKO BLITIDAMHTE-

JIEM.
Ha pwic. 4-7 nokasana npaBu/ibHas cXeMma TOLKIIOYEHHS
MCTOYHHKOB IIMTAHHUS, B KOTOPOH BCe IIPHCOEIHHSIEMbIE
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K WIa0CH MPOBOLA HMEIOT CBOM OTHeldbHble KiaeMMbl Oco-
GeHHO BaXKHO COGJIONATL ITY CXeMY B MHOMNOOGJOYHON amma-
paType, B KOTOPOH HCTOYHHKH NIHTAHHUS YaCTO BLLIENSIIOTCS
B oTAeabHble OsokH. HeoOxomumo Takke COOGMIONATbL 3TY
cxeMy B J1aGOpaTODHBIX K HCIBITATENbHBIX YICDAaHOBKAX, TaK
Kak ‘HenpaBHJIbHOE MOMKJIIO-
{Jemoynux| | UemoynuK 7170//”07570/7/”” YeHHE WCTOYHHKOB MUTAHHA

num HI/H numanusa /4
ﬂh’a CemoK naxarg | MOXKET [aTh OLIUGOYHLIE pe-
- 3YJAbTaThl, HE MOBTOPSIOIIHECHA

IPpH OKOHUATeJbHON cOopkKe

ammaparypsl.
(& d f”% Paccmorpennas mapasur-
v = Has Tepefaya dYacTd Hamps-

Npudip JKEHHsl HakKaja B LenH IPYTUX
HCTOUHHKOB IMUTAHHS OTHOCHT-
f;fy-le4];7}-{03?;%‘;"g$%3p'g°£g’0'2: c K Tapa3uTHON CBSI3M yepes
HUKOB MHTAHHA. obuiee CONpOTHBIEHHE, DPa3o-
G6paunoit B § 1-1. Dror BUR
Mapa3uTHOH CBsA3U 0COBEHHO
omaceH B TeX cJydyasx, KOnma uyepe3 OOIHi MPOBOM TIPOTE-
KaeT GOablIoH TOK. [TosTOMYy K MOHTAXY IIpHCONHHEH IS
K KODIIyCY IpOBOLOB, HECYLUIHX TOKH HAKAJa, HYXKHO OTHO-
CHTHCSI BeCLbMa OCTOpPOXKHO. [TpoBOna M/ JIENeCTKH, COeIHu-
HSION[HEe Ilenu Hakajla ¢ LIacCH, HeJab3s HCINO0JAb30BaTh
IJIs TMpUCOENUHEHUS K IIacCH JPYrHX 3JEMEHTOB CXEMBI.
B npaxTtuke aBTOpa WMeJs MeCTO CJayyail, KOLIa y MpOMBILI-
JIeHHONO 06paslia ocluamonpada Ha JTHHAKW Pa3BEPTKH MOJTY-
4aJCsi OCTATOUHBIN (POH, He MCUe3aBIUUH IPH OTKJIIOUEHHH
BXOJIHBIX TPOBONOB W [IPH YCTAHOBKE HAa HYJIb peryJsrtopa
BEPTHKAJBHOTO ycuaenus. OKa3amoch, 4YTO OJUH W3 KOHIIOB
COMPOTHBJIEGHHS, OTHOCSILErOCS K BXOAY YCHJUTENS] BePTH-
KaJbHOTO OTKJOHEHHS, OBLT INPHCOBIHHEH K IIaccu uepes
HaKaJbHHH JIENecTOK JaMIOBOH iMaHedd, COeJHHAHHBIA
¢ mwaccu npoomoM AJuHoi oKojgo 200 mm. Ilagenue Ha-
IPSXKEHHS HAa 3TOM ydacTKe, IO KOTOPOMY MIPOTEKAaJ TOK
Bcero onHo# Jamnnl 6)K4, oxa3zaJoch OOCTATOUHBIM [Js
co3naHus GoHa.

TTopkaouenyse K KOPNyCy HECKOJNLKHX HCTOYHHKOB IIHTa-
HUSl OBLIMM IIPOBOJOM OLACHO HE TOJNLKO, KOrja ONHHM H3
HCTOYHHKOB siBJseTcsa Tmpaxchopmatop Hakasaa. Iluranue
CXeM, NOCTPOEHHBIX Ha IOJIYINPOBOJHUKOBLIX IPHOOPaX, OT-
JUYaeTCs 3HAUYUTENbHO MEHBUIHMH HANPSKEHUSAMH H 3HaYH-
TeJbHO OGOJLIIHMH TOKAMH [0 CPaBHEHHIO C THTaHHEM
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JaMIOBHIX CcXeM. B 3THX YCJHOBHSX OGIIHE IIPOBON MOXKeET
MPUBEIOTH K YBEeJUYEHHIO YipOBHST (GOHA 32 cueT MOGaBJ/eHHs
K GoHY OLHOTO BRIIpAMHUTENS (POHA MPYrHX BHIMPSIMHUTENEH,
Tak xe mo6ble H3MeHeHUsT 1 GPOCKH TOKA, MOTPe6JsIeMoro
OT OJHOTO U3 BBIIPSIMUTEJEH, MOTYT 4aBaTb 3aMeTHOe Ia-
IEeHHe HaMpsKeHHs Ha 06+
mieM TpoBoJe U 106 aBIsATh-
€ K HANPSIKEHUIO OCTaMlb-
HBIX HCTOUYHUKOB.

B aurepartype {2, 9]
HMeercsl yKasaHHE Ha TO,
YTO HONOJB30BaHHE MIACCH
B KayecTBE OJHOTIO M3 TPO-
BOJOB Hakala MOXKET (o-
CAYXHUTb IIPUYUHOH IOSIB-
aenusi Gona. IIpu »31OM
BO3MOXKHBl JBa MYTH BO3-
HHKHOBeHus1 ¢oHa: 1) wus-
32 HaBOJKHM MArHHUTHBIM H
3JEKTPUUYECKHM  MOJSMH,
NOABJASIOIIUMHUCSA mpH Puc. 4-8. HenpaBunbréoe I'lOI[I(J'[lj)qu-
achuMeTpHN e Hakana; TS X KDY nhiGops Aerarch
2) u3-3a maneHus Halps- HOMY KacKazy.

JKEHHsI, CO3laBaeMOro TO-
KOM HaKaJa, MpOTeKaloluM
JI0 pas3MYHbIM yuacTkaMm WaoccH. IlepBoe mnpeamosoxeHue
pasbupaerca B § 4-5. [lasg mpoBepKH NIPABHILHOCTH BTO-
pPOTO MPENTONONKEHHUS ONPeLeNUM NaLeHHe HaMpsIKeHAs, KO-
TOPOE MOXKET IOJYUUTHCS PU IIPOTYCOKAHAM TOKA D a uepe3
MEeMIHYIO NJIACTHHY TouuwHOof 1,5 mm, mmpunoit 50 mm u
naunoit 200 mm. ComporuBieHHe TaKOM NJIACTHHEL DaBHO
50 - 10—% om u Ha Bcefl ee AJHHE NMafaeT HaMpsSKeHUEe BCETO
0,25 ms. Ha cranpHO# TIacTHHE TeX »Ke :pa3MepoB najpaer
okoam0 2 ma, T. e. B 7,7 pasa Goablle. DTO HANpSEKeHHE
MOXKET IMOJHOCTbIO TMONACTh B LIeNb CETKH YCHJIUTEJBHOTO
KaCKajLa, eC/IH ero CMOHTHPOBATDh, KaK MOKa3aHo Ha puc. 4-8,
pasHecsl KaK MOXHO JaJjibllle TOUKH NMPUCOETUHEHUS KaTOAa
H cemky K Imaccy. Ecjri )Ke MOHTaX BBLINOJHEeH ¢ cob.i0/e-
HUEM 3JI@MEHTAPHOTO IIpaBMJa OJH3KONO pa3MelleHus H
COoeIUHEHUs C LIACCH BCEX JeTajed, OTHOCSIUIMXCA K OJHOH
Jamie, T0 npuBefLeHHble LHGPH GYLYT BO MHOTO pa3 Me€Hb-
me. Takum o6pazoM, mpormyckaHie TOKa HaKaja Mo LIaccH
fezonacHo Aaxe [Js BLHICOKOKAUYSCTBEHHBIX YCHJAHTEJeH
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HHBKOH 4aCTOTBl C GOJBLINM YOHJISHHEM NPH YCIOBUI NMpa-
BHJIbHOTO MOHTa)a MepBBIX KackaxoB. B mpyrnx cxemax
HanpsikeHue ¢oHa, H3MepsieMoe eNHHHIAMM MUJIIHBOMADT,
BOOOIlle OKa3bIBAaeTCs HEJLOCTATOUHBIM JMJIsi CO3JAHHA mapa-
3UTHOH MoONyAAlUnH (OHOM, M NPONyCKaHWe TOKAa HaKaJa
o mwaccH Ge30MmacHO M IPH HOYJaYHOM MOHTaxKe NepBLIX
KadKaloB YOHJITES.

HMpyroft npuunHOil mostBieHust GOHa NPH HaKaJde JaMil
IIEDEMEeHHLIM TOKOM SBJSAETCS MPOBOAUMOCTb MPOMEXYTKA
NoJOrpeBaresb — Katof, TpOsBIsIOLIas-
Csl IPH HAKaJeHHOM KaTogde, OCOOeHHO
NDH TIOBLIIEHHOM HANpPSXKEHHM HaKasa.

7, Bemuunna compoTuB/ieHHs moJorpesa-
I 1Rex  Tenp — KaToL AJsL  PA3iMUHBIX  TUMOB
ey JaMIl JIeXHT B mpefenax 3—8 Mom npu
p HOMHHAJIbHOM HalpsSUKeHHH Hakajga. DTo
K

CONpPOTHBJIEHNE 06pa3yeT ¢ BKIAIOUYEHHLIM
2577 B KaTOA comnporuBienrem Ry penurenn
_]_' L (puc. 4-9), uepe3 KOTOPBII yacTb Tepe-
= MEHHOTO HanpsKeHUsl HaKa/ja Nneperaer-
Puc. 4-0. Hasonka Cf B llenb Kartoma. Hasomumoe Ha Ka-
¢oua uepes compo- TOHLE HanpsxKenue ¢oua TeMm GoJblie,
THBJISHHE NPOME-  yeM (OJblUe KAaTOLHOE COTPOTHBJEHHE
KyTRa i;;oﬂ_“a' Ry,. Tax, Hanpumep, npu NHTaHHM Ha-
' Kajla HanpskeHuem 6,3 8 U CONpOTHBIE-
uun Rp=0,256 Mom naBeienHoe Ha Ka-

TOJ HamnpsikeHne (OHA MOXKeT [OCTHIHYTh BEJHUHHLI
6,3-0,25
——3— =0,56 unocne HeGoabworo ycuienus 8 10—

20 pas co3maThb Ha BBIXOJE 3HAUUTENbHBI (OH, KO-
TOPBIH yJaeTcs MONABUTh TOJNBKO MUTAHUMEM HaKaja LaHHOH
JlaMIBl OT OTAeNbHOH OOMOTKH TpaHC(hOpPMaTOpa, XOpOUIo
H30JHPOBaHHOA OT KOpITyca, BCeX APYTHX OGMOTOK M Bcex
IPYTHX JIaMil,

Bosbliie conmpoTuBaeHHsT B KaTOAe MPUMEHSAIOTCS YacTo
B CXeMe JleTeKTopa B TOM CJIyuae, KOTjla Ha ero BHIXOLE io-
JydaeTcsl  HaNpsKeHHe  IIOJOKUTEJIbHOH  IOJSIPHOCTH
(puc. 4-10,a). C mouku 3peHust HABOAKHM (POHA 3HAUNTENBHO
Jyyllle CXeMBl IS IIOMyYeHUsl HaMpPSIKeHHsT OTPHLATEIBHOTO
3Haka (puc. 4-10,6, 8), B KOTOPBIX KaTOA COEJMHEH C Iiac-
CH HEMOCPeICTBEHHO HJIH Yepe3 BhICOKOYACTOTHYIO KATYIUKY.

He6onblime conpoTiB/eHds B KATOLE IPUMEHSIOTCS T0U-
TH BCErAa AJs TIOJYUeHHs ABTOMATHYECKONO CMeIleHHs H
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[JIs yMeHblIeHHsl BJHSHHA pasbpoca napaMeTpos JaMI NpH
X cMeHe i crapeHuy. Ilpy GOMBIIOM YCHJIEHHH HA 4acTo-
Tax, GN3KIX K 4aCTOTE CETH IIUTAHHs M e€e IapMOHHK, Aaxe
He6OoblINe BeAWIWHEl COMPOTHBICHUS B KaTOAe MOIYT HaTh

Borxod

S

]_:T
-

||l|

Beixod =
o

a) o) b)

Puc. 4-10. BapuaHTbl BKJIOYEHHSt JETEKTOpPA C BAKYYMHBIM JHOMOM.

samerHblll yiposenb (ona. Tak, Hanpumep, mpu Rx=200 on
U HanpsxkeHuu Hakana 6,3 6 HampsikeHne (oHa Ha BXOAe
6,3-200
KacKa/Ja MOXKeT NOCTHUTHYTb BeJidYHHDI W=O’4 M8, mo-
CTaTOYHON [Jisi TIOJNYYEHHS '3aMeTHOro ¢oHa Ha BBHIXOIe
BBLICOKOKAUECTBEHHONO YCHJIHTEI HU3KOH 4acTOThl B 3sToMm
cayyae JJIs NOAaBJaeHHs (OHA HEOOXONUMO LIVHTHPOBATDH
KATOJ OYeHb OOJIBIIOH eMKOCTBIO HJIM, OTKa3aBIIMCL OT aB-
TOMAaTHUECKONO CMEILSHHs, MPHCOSLHHHTh KaToJ K IIacCH,
nofaBasi CMelleHre OT CNelHaJbHONO HWCTOUHHKA, HEeCMOTPS
Ha TO, YTO 3TO MeHee BLITOMHO C TOUKH 3PEHHST BJIHSIHHS
pa3fipoca mapaMeTpoB JaMiI.

B ycuautensx Hu3KOH 4YacTOTBl C OUeHb GOJBUINM VCH-
JIEHHEM COeIHHEHHEe KAaToja C INAaCCH MOXKET He MOJHOCThIO
yCcTpanuTh (OH, BHI3BIBAEMBIH ILIENbI0 HaKaJja, BCAETCTBHE
HEIOCTATOUHOH TENJOBOH HHEPIHUHM KATONOB JaMI U BIJHUSA-
HHS MaATHHTHONO H 3JeKTPHYECKODO IoJieHd IemH HaKama Ha
IMHACCHOHHBIA TOK JaMmbl. Tonga eIHHCTBEHHBIM CIOCOGOM
nogaBjaeHus: GoHa OyneT mepeBOM IUTAHWS HAKakda MePBBIX
JIAMIT YCHJIHUTEJNS HA MOCTOSIHHBIA TOK OT QIellHaJBHOr0 HH3-
KOBOJIbTHOT'O BBIMPSIMHUTENS] C XOPOLUIUM CIJaXKUBAHHEM BHI-
ITPAMJIEHHOTO HAD K eHHS.

OTnenbHyl0 Lenb HaKa/jga MPUXOLUTCA NPUMEHSTH eLle
TOTJAa, KOTla Ha KaTOMABl JaMm Mnojaercs 60Jblioe OTpHIIA-
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TeJbHOE HamNpsiKeHHE OTHOCHTEJIbHO KOpIyca, NPeBOCXONS-
ee HauGoJsbllee HaNnpsXKeHHe MeXAY KaTONOM U [I0J0TrpeBa-
TeJleM, OrOBOPEHHOEe TeXHHYeCKHMH YCJNOBHSIMH Ha Jiammy.
B sToM ciyyae Lenb Hakasa He ClaelyeT OCTAaBJSTb U30JH-
POBaHHOM OT OCTA/IbHOH CXEMBI, TaK KaK IPH JIOGOM caydai-
HOM COEJMHEHHH llenu HakaJja ¢ xopnycom (npo6o# TpaHc-
popmartopa, Kacanue oTBEPTKON IIPH HACTPOHKe) HAmpsKe-
HHe MeXJY KaTOJOM U NOJOorpeBaTejieM AOCTHUTHET MOJHOTO
Hanpsi)KeHUst UCTOUHWKA MUTAHHUSA U JaMnaBLIALET U3 CTPOS.
Eciu Taxoe nuTaHWe NOJAeTCsi TOJIbKO HA ONHY JaMIy
(s;ekTpoHHO-TyyeBasi TpyOKa C JIEKTPOCTATHUECKHM OTKJIO-
HeHHEeM, MAarHeTPOH, CHellHaJbHBIH BBIXOAHOH Kackapn), TO
IJsl ee IPEeNOXPaHEHUs] KaTod <CJaeLyeT COEIUHSIThL HaKo-
POTKO C OJHUM IOJNIOCOM OTAEJNLHOH ILlenu Hakaja HJIH
co cpefHell TOYKOH Jo60oroBHAA, TOKA3aHHOTO Ha pHC. 4-16.
Ecnn Ke OT MCTOUHHKA OTPULATENBHOTO HANPSIKEHHA [H-
TaeTCs HEeCKOJbKO JIaMII, TO OJUH NOJIOC LeNu Hakaja HJIHU
€e CPEeJHIOI TOUKY cJenyeT COeAHHHUTb C MHHYCOM HCTOU-
HHUKA.

4-4. ®OH CETH NUTAHHUA, HABOJHUMbIH
MATHUTHBIMH MNOJAMH

Haxopsimuecs B npubope uau 6J0Ke CHJIOBOH TpaHc-
tdopMaTop u Apoccesb CIVIAXKHBAIOMIEro GHUAbTPA CO3AAMT
MAarHUTHBIH IOTOK PACCEUBAHHUS, KOTOPLIA MOXKET 0Ka3aThCH
NPUYUHOH NOsiBJeHHsT (DOHA IePEMEHHOTO TOKAa HAa BHIXOHE
YCHJIUTENS.

MaruuTtHelfl TOTOK paccedBaHUsl HHAYKTHPYET HampsixKe-
Hue (oHa B MOOGLIX KATYLIKaX HWHAYKTHBHOCTH, PaCIOJN0XKEH-
HBIX Ha ero nytu. HaBonxu ¢doHa mepeMeHHOTO TOKa CHJBHO
CKa3bIBAIOTCS HAa TpaHchOopMaTopax HHU3KOH YacTOTHI, OCO-
6eHHO B YCHJAMTENSX C OOJBIIOH YYBCTBUTENbHOCTBHIO. Kak
pasobpauo B § 2-7, BEICOKOKAUeCTBEHHOE 3KPAHUPOBAHUE CHU-
JIOBBIX M HHU3KOUACTOTHBIX TPaHC(HOPMATOPOB CIOXKHO U JAO-
poro. ITosromy B mpu6opax ¢ COBMECTHLIM pa3MeLleHUEeM CH-
JIOBOH ¥ PaJHO3JeKTPOHHON yacTell HYXKHO H3beraThb npuMe-
HEeHHUs] HH3KOYaCTOTHBIX Tpancdopmaropos. Ecau ke HH3KO-
YaCTOTHBIH TpaHohOpPMATOP OKa3kelBaeTcsl HEOOXOAHMBIM, TO
ero cjaefiyer pas3MelllaTb HAa OJHOH OCH C CHJIOBBIM TpPaHC-
tbopMaTOpOM Ha MAaKCHMAaJbHOM DAacCTOSSHHU OT HEro, Opu-
eHTHpyss o6a TpaHcdopmMaropa Tak, YTOOB HX MAarHHUTHBIE
noJs nepecekaauch nox yraom 90°. Heob6xonumocts momod-
HHTEJbHOTO dKPAaHHPOBaHUS OGOMX TPaHCPOPMATOPOB NHpH
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TAKOM pa3MEIlEHHH MOXeT OBbITb YCTAaHOBJEHA TOJNbBKO
SKCMepUMEeHTaJbHO.

3ameTHO MeHblilee pacCenBaHHe HMEIOT CHJOBble U HHU3-
KOYaCTOTHBIE TpaHCHOpMAaTOPhl C TOPOMAANBHBLIMH CepAey-
HUKAMH, 4YTO 06JIeryaeT COBMECTHOE pa3MellleHUe UX B OJHOM
npubope.

MaruutHbi TOTOK PacCeuBaHHsI MOXET HeNocpeacTBeH-
HO BJMATb HA 3JEKTPOHHBIH MOTOK B JIaMNIaX ¥ 3J1€KTPOHHO-

Puc. 4-11. BuausHue MarHuTHo-
ro TIOTOKAa pacceMBaHHs Ha
9JIEKTPOHHO-1Y4eBYyI0 TDPYyOKY.

Jy4eBLIX TPyOKax, NMPOU3BOASI NMEPUOJUYECKOE OTKIOHEHUE
ero B cropony. Hnsi mperoxpaHeHuss OT TAKOrO BJIHUSHHUSA
HY>KHO YAaAsiTh 3JEKTPOHHBIE JaMIIbl, OTHOCsIIMeCs K nep-
BHIM KacKajaM YCHJIUTeNs HU3KOH YacTOThl HA MaKCHMalb-
HO BO3MOXHOE DacCTOsiIHME OT CHJIOBOro TpaHcdopmaropa
u Apocceseil. Kpome Toro, B ycunuTensix ¢ BbHICOKOH YYBCT-
BUTENbHOCTbIO DEKOMEHIYeTCs IOMeHlaTh MEPBYI JaaMmmy
B CIeNuaJbHbLIA HU3KOUACTOTHBIH 3KpaH, BBINOJAHSAEMEIH
C yueToM TOro, 4To ckasauo B § 2-7 u 2-10.
3HauuTebHO TPyNHee U30aBUThCS OT BJHMSIHUS CHIOBOTO
TpaHchopmMaTropa Ha 3JeKTPOHHO-IyUeBYIO TPYOKY, Tak Kak
06a 3TH 3/IeMeHTa SIBJASIOTCA HauboJiee KPYNHBIMU YaCTSMH
npubopa (ocumsmorpacda, TeaeBU30pa, pagMOJOKALHOHHOTO
HHAMKATOpa), OT KOTOPBIX B OCHOBHOM 3aBHCHT €r0 KOH-
CTPYKUHsSI U pa3Mepbl. MarHUTHBIH MOTOK pacCedBAHHUS MO-
JKeT nepeceKaTb 3JeKTPOHHO-NIYUEBYIO TPYOKY IOZ JIOGHIM
yriaoM o ¢ ee ocblo (puc. 4-11) B 3aBUCHMOCTH OT B3aHMHO-
ro pachosioKeHusl CUI0BOro Tpanchopmaropa u Tpy6ku. Ero
BCErJa MOXKHO PasyioXKHUTb Ha JBe cocrapasoune @y u Dy,
NelcTBYyIOLIe COOTBETCTBEHHO BLOJb W INEpPHeHAHKYJIsDHO
ocu TpyOKH.
OceBas cocrasasowas @y nobaB/sieTcsi K MATHUTHOMY
NOTOKY, co3laBaeMOMY (oKycupyiollell KaTymKoil TpPyOKH,
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H TNPOM3BOIHT CHHYCOMJAlbHOE H3MEHEHHe 3TOro IOTOKA.
B pesyabraTte nmpoucxoauT pacoKycHpPOBKA MsTHA HA 3Kpa-
He TpyOKH, H3MeHsOLlascst ¢ yacToTol ceTH murtaHus. Oue-
BHIHO, YTO OCEBAsi COCTABJSIOIIAsl MATHUTHOrO MOTOKA pac-
CeuBaHMsl OKa3blBaeT aHANOTHUYHOe MefiCTBHe U HA TPYOKY
C 3JIEKTPOCTATHUECKOH (POKYCHPOBKOII.

[lepnennukynspHas cocraBasiomas @Oy NPOU3BOAUT Me-
peMellleHHe MsITHA B HANpPAaBJEHHH, NEPHEHAUKYASIPHOM OCH
TpyOKu. JleficTBHe 5TOH COCTaBJMSIOUIEN Jierko OGHAapyXu-
BaeTCsl Ha 5KpaHe TPYOKM NpU BBLIK/JIOUEHHHIX pasBepTKax
B BUJE CBETSILEroCs MsTHA, KOTOPE NPHU NMONLITKAX CHOKycH-
pOBaTh €ro B KPYIVIYIO TOUKY BBITTHBAETCS B SJJIHMIC HIH
JIUHUIO.

Ilpu Hanuuuy pa3BEePTOK MArHUTHBIH ITOTOK PACCEUBaHHS
NpOosBJAsieTCss B BHAE PA3MHUHBIX HCKAXKeHUN H300paKeHHsd,
3aBHCSILUMX OT HCIHOJAb30BAHUS TPYOKH M HAJIMUUS HAU OT-
CYTCTBUS CHHXDOHH3AUUHU C CETbIO NMUTAHHUS.

He mpuGerasi x cnelyanibHOMY 3KPaHHPOBAHHIO, BIHsHHe
MAarHUTHOI'O MOTOKa PacCEHBAHUSI MOXKHO CHJIBHO OCMA0HTh,
OTZAMUB CHUJIOBOH TpaHchOpMaTOp U Apoccenb HUALTPA BhI-
NPSIMUTENsT HAa MaKCHMalbHO BO3MOXKHOE pAacCTOsHHE OT
TPYOKH M CreluajbHo noaobpaB UX B3aUMHOe Daclooxe-
Hie. DTOT NoA60p Mpolle BCero NPOU3BOAUTCS IKCIEPHUMER-
TaJbHO M3-3a TPYNHOCTU TEODETHUECKOTrO yyeTa Hampas,Je-
HUH B BeJIMUMH IOTOKOB pacceuBaHus. Ilpu HemocTraTouHOM
ocjabNeHHH BJHsIHMS MOTOKAa pAacCeHBaHUs, I[0JYyYyaeMoro
MetonoM mnoa6opa B3aUMHOTO DACHOJOXKEHHsS, NPUMEHSIOT
MAarHUTHOE 3KPaHUPOBAaHHE, KOTOPOE MOXKeT OBITh BBIOJHE-
HO B TpeX BapHaHTaX: YCTAHOBKA 3KPAHUPYIOLIEH OLHOCIOMH-
HOM MJIM MHOTOCJIOHHOH 1MeperopoiKyu MeXAy TPYOKo# U cu-
CTEMON INHTaHMsl; YCHJIEHHOEe JKPAHUPOBAHHE CHJIOBOTO
tTpaHcopMaTopa; pasmellleHHe TPYOKH B MAarHUTHOM 3Kpa-
He. Bri6op oQHOrO M3 BapUAHTOB ONpelesieTcsi KOHCTPYK-
THBHBIMH cOOGpakeHusiMU. [lssi 371€KTPOHHBIX OCLHJIOrpa-
(oB HauboJsee XKeNaTeNbHEIM BAPDHAHTOM SBJIsieTCs XOpolllee
MAar{HuTHOe 3KPAaHHUPOBAHHE 3JEKTPOHHO-Ay4eBOH TPYOKH,
TaK Kak OOBIYHO oOcUmIIorpad YCTaHABAHBAETCA PSLOM

¢ ApYruMu npubopamH, cOLepKalLUMU CHIOBLIe TpaHchOP-
MaTopHI.

4-5. MOHTA)X CETH NUTAHHUA

CyulecTBeHHOe 3HAYeHHe HMeEeT MNPaBUJABHBEI MOHTAaXK
B n1pu6ope NMPOBOAOB, IO KOTOPBIM NMOABOAUTCS HaNpPsKeHHe
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cetd nurauus. Kak nmokaszano B § 2-5, misi yYHHUTOXKEHHSA
MAarHUTHOTO MOJIsT NPOBOJAOB HeOOXOAHWMO MNPOMYCKATbh TOK
0 KOAKCHaJbHOMY MNPOBOLY W/IH CBHTOIl TMape NPOBOLOB
Tagk, 4TOOGbl NpPsMOM W 06paTHLII TOKU Oblai paBHEL. CeTb
NUTAHHUS BCerza B KaKoil-1nbo TOuke CoellHeHa C 3eMiell,
U NpOBOJAA CETH NUTAHUS HA DAa3jHYHBIX yYyacTKaX HMEIOT

T T T

BmopuyHaa
o0MOmna

-: L *I'; TNputop
Fabnonep naegp AN , 3
g ! =112
o Y e
Hepaby waep. ‘—— T
U # Uy b |*F

Puc. 4-12. TIutanie mpubopa or mpexdasHoli ceTH.

pasHble eMKOCTH OTHOCHUTENbHO 3emsau. Kopnyc mnpu6opa
TaKXKe Bcerga 3asemasercs. s NOABHXKHBIX OOBEKTOB
«3eMJIeH» MOXKHO CYHTAThb KOPNYC CAMOT0 06BEKTa, K KOTO-
pOMY BCeria TpUCOeJUHACTCS CETh MUTAHUs HapuGop. B pe-
3y/lbTaTe OKa3blBAaeTCsl, YTO CeThb MUTAHUsSI COEJHHEHa C MpH-
60poM TpeMsi IPOBOJAMH — [Ba NMPOBOAA CETH H 3a3emJe-
Hae. Ecam  3asemieHHe  CeTH  CTPOr0  CHMMETDPHYHO
(puc. 4-12), To yepes 3azemJieHHe ypaBHUTE/NbLHbIE TOKH HE
TEKYyT, Mo 000uM TPOBOLAM B TIPOTUBOIMOJIOXKHBIX Hampas-
JIEHUSIX TEKYT ONMHAKOBble TOKH M BHELIHEe MarHUTHOE IoJie
MPOBOJOB CETH THTaHMs, TIPONOXKEHHbIX BHYTPH NpHGOPA,
6/MU3KO0 K HYJIIO. )

Hpyroii wacto Bcrpevaroimuiics cayyali noKasaH Ha
puc. 4-13. 3nech TpexdasHasi ceTb NUTAHHS UMeeT HyJEBOW
MPOBOZ U BCE NMOTPEOMTENH MOAKMIOYAIOTCS MeXIy (hasoi u
HyneM. B artoii cxeme 06paTHBI TOK NPOTEKAeT YaCTHYHO
Mo HyJE€BOMY NPOBOAY M YaCTHUHO yepe3 3eMJI0, MPOBOJA
CeTH NMUTAHHs HMEIOT BHelllHee MarHuTHOe IoJe, HaBoAsllee
(GoH Ha passuuHble yacTH npubopa.

B nepsoii cxeme (puc. 4-12) crporas CUMMETPHs MOXKET
MOJIYYUTHCA TOJBKO NPH PaBHOMEDHOH Harpyske BCeX Tpex
¢as tpanchopmaropa ceru. IIpn HepaBHOMepHOH Harpyske
NPOBOJ Ka[oH (aspl MMeeT pasHOe HanpsXKeHHe OTHOCH-
TeIbHO 3€MJIH, UYepe3 3eMJI0 NMPOTEKAIT YpaBHHTeNbHLIE
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€MKOCTHble TOKH W NPOBOAA CETH NHTAHHSI UMEIOT BHELIHee
MaTHUTHOE IOJIe.

Takum o6pasom, npokaasbiBaeMble o npubopy npoBoaa
CEeTH THMTAHHS HE MMEIOT BHELHEr0 MarHUTHOTO IOJS TOJbKO
B PENKHX YACTHBIX CAy4asix, U dasce ecau OHuU He darT (o-

Bmopuywaa
o00MOmKa
NOKUMarowyeeo
MPAHEGOpMa -
mopa cunabou
cemu
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Puc. 4-13. Tluranne mpuGopa or Tpexdas3Holl ceTH ¢ HyJe-
BbIM MPOBOJOM.

Ha, TO ux caedyeT paAcCMATPUBATL KAK NOTEHYUAAbHbLE UC-
TOUHUKUY (POHa, OelicT8UE KOTOPbLX MONET NPOABUTHCA NpPU
nodkatoueruu npubopa K Opyeoll ceTu NUTAHUA.

B panuosneKTpOHHBIX YCTPOHCTBAaX, COCTOSILINX M3 He-
CKOJNBKHX 6JIOKOB, COEMHEHHbIX APYT C LPYrOM MHOTOXH/b-
HBIMH KabesMH, YaCTO UCIONb3YIOT OTAENbHBlE XKHJbl A/
NofAayy HANDPSKEHHs] CETH NMTAHHS HA HAxoAsluuecs B OJ0-
Kax tpaHctopmaTopsl. IIpu 3TOM npososa ceTH HAYT PALAOM
C JPYTHMH NPOBOAAMH YCTpOHCTBA HA yyacTKax 3HAUHTeE/b-
HOH OJuHBL. [IpH acHMMeTpPUH OTHOCHTENBHO 3€MJH OHH MO-
TYT CAYXKHTh HCTOYHHKOM HaBoaku ¢oHna. [lostomy u3 Bcex
IPOBOJOB, PACIIOJIOKEHHEIX BHYTPH npudopa, HauboJiee noa-
BepIKeHbl HABOJKAM [POBOZA, POJIOKEHHbIE B COeAUHUTE/b-
HBIX Kabensx.

AcuMMeTpust CeTH NMUTAHUS MOXET CAYKHTb NDHYHHOH
HaBOZKH ¢oHa M uepe3 3jekTpuueckoe moge. Ilycts
(puc. 4-14) cBuTble B LIHYD NPOBOJA CETH MHUTAHHA UMEIOT
OTHOCHTEJbHO Kopnyca pa3ubie nanpsikenus U; u Us. Torna
HX MOKHO paccMaTpHBaTb KakK OJUH NMPOBOJ, UMeIOIIHH Ha-
npsxenne U;—U, orHocuTenbHo xopnyca. Ecau sTor mpo-
Bom (touka A) uMeer HeGOJbIIYIO NapasUTHYID €MKOCTb
Crap OTHOCHMTEJbHO UYBCTBUTENbHOH K (oHy ToukH B (Ha-
NpUMep, CeTKa MepPBOM JaMIbl YCHAHTENsT HH3KOH 4acCTOTHI
¢ GoJbUIMM YCHJIEHHMEM), TO HampsiKeHHe B Touke B Oymer
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OnpenensiThCs NeHCTBHEM Je/HTels, COCTaBJIEHHOTO H3 eM-
KOCTH Cpap M MapajielbHOr0 coeAuHeHus1 eMKocTH Cpy H CO-
MPOTHBIEHUS] Rpx TOUKH B OTHOCHTe/NIbHO KOpmyca.

Jas Toro utoObl yOEAUThCS B peajbHOCTH TAKOH CXEMBI
HaBOIKHU (poHa, paccyuTaeM BeJUUYHHY eMKOCTH Cpap, KOTO-
pasi JocTaToOyHa JJIs MOJYYeHHsl 3aMeTHOro ¢oHa Ha BbIXOJe

A f:ﬂap
N
>4 :
Uty
Rdx :-Ar'-’[lx
|
!
terrd I TIT77

Puc. 4-14. HaBopnka ((oHa BjeKTpHUYeCKHM MO-
JeM TPH acHMMETPHH CeTH NIITaHUS.

ycunurensi. Iluranue ycunuTenss OCyILEeCTBJSIETCS OT CETH
nepemennoro Toka 50 ey ¢ acummerpueir Ha 20% oT Hamps-
Kenus cetn 220 6, T. e. Ha 45 8. Koadduuuent ycunenus
npumenM paBubiM 1000. 3ameTHbiM Gy1eMm CUUTaTh HalpsKe-
Hue (oHa Ha BHIXOHQEe, paBHoe 1 8. Otcioma cienyer, uToO
IJIsl ToJiyuyeHusi 3aMeTHOro ¢GoHa Ha CeTKY MepBOMH JIaMIIbi
HYKHO nozfath HanpsxkeHune | m6 u neaurtedb u3 Crap, Csx
i Rpx AOJMKeH ocaabnsarh Hanpsikenue B 45 000 pas. Ecau
B3STh BEJUYUHY CONDOTHUBJEHUs] YTEUKH B ILENH CeTKH
0,5 Mom, To conportnBaeHueM eMKocTH Cpx Ha uactoTe 50 ey
MOXHO npeHe6peub. Torna B nenurtene u3 Cpap U Rix, eM-
KOCTb Cpap AOMKHA UMETb CONPOTHUBIEHHE

1
('-)Cnap

=45 000-0,5-10° o,

OTKYZa

1
Sn 50505 100 —0-14 ng.

Cr!ap -

Takum obpasom, /st moaydeHnusi 3aMeTHOro GoHa Ha BHI-
XOJie YCUJIUTE/s1 LOCTATOUHO Napa3UTHOH €MKOCTH, KOTOPYIO
UMeIOT JiBa NPOBOJHUKA AUAMETPOM 2 mm ¥ AJuHOK 10 mm,
Haxoasimuecss Ha paccrosHuu 10 mm Ogpyr ot Jjpyra
(raba. 1-3).
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Ecau anmaparypa nHTaercs ot ceTd c yacroroil 400 ey,
TG BO3MOXXHOCTb HABOJIKH (hoHa 'iepe3 3/JeKTpHyeckoe iIoJe
yBenuyuBaetrcs B 8 pa3. B 3ToM ciyuae MOXKeT OKasaThbCd
MOJIE3HbIM 3JIEKTPOCTATHUECCKUI 3KPaH MeXIy NMPOBOAAMII U
3/IeMEHTAMH CeTH MUTAallusd M BCEMH OCTAJbHBIMH YacTsAMHU
ycTpoficTBa.

Hanst npenoxpaneHus pafinoOyCTPOHUCTBA OT HABOMLOK, BbI-
3bIBaeMblX aCHMMETpHel CeTH NUTAaHUs, HeOOXOLWMO MNpH-
JEepXKHUBATbCS CAEYIOLNX NPABUII:

a) CunoBo#i TpaHchoOpMaTop, NPELOXPAHUTENU H BHI-
KJIIOYaTeJ]b CETH YCTAaHaB/JAHBATbL B OLHOM MECTE OKOJIO BBO-
na cetn B npubop.

6) B cunoBom TpaHCchOpMaTOpe HEOGXOAUMO HMETh JIEK-
TPOCTATHYECKUH SKpPaH MeXAy NepBUYHOH OOMOTKOH H BCe-
MH OCTaJ/bHBIMH.

B) Ilpu 6/0YHON KOHCTPYKUMH PaLHOYCTPOMCTBA MPOBO-
Jla CeTH NMUTAHUS He PEKOMEHAYeTCsl IPOKIaAbIBATh B OOLIUX
COEMHUTENbHBIX Kabesx.

r) [1pu monTtaxe npubopa ciaenyer usberaTb npOoU3BOJb-
HOrO DasMelleHHs HeTanel, OTHOCSIUUXCSH K ero BBINPSMHU-
TEIbHON M OCHOBHOH uacTtaM. [IpoBoma u jeramu, oTHOCS-
Uigecss X cxeMe NUTaHUs, HEOOXOAMUMO pacnojaraTb Ha Makx-
CHMAJIbHO BO3MOXKHOM DAaCCTOSIHHH OT NPOBOLOB W JeTajei
OCHOBHOH cxeMbl npubopa. Eme nydmie pasmemiatb cxemy
[IHTAaHUS B OTAENbHOM GJIOKe.

Oco0eHHO BaXXHO COG/IIOAEHHE MNPUBEIEHHBIX NPaBHII
npy NUTaHUU npubopa oT GOPTCETH MOCTOSIHHOIO TOKA C MO-
MOUIbIO MOJYINPOBOJHUKUBLIX Ipeo6pa3oBarmeneil MOCTOSH-
HOTO TOKa B NepeMeHHHIH. B 3TOM ciyuae Kak 6oprceTh, Tak
U MOJYNPOBOAHUKOBLEIA mnpeobpaszoBaTenb OLIBAIOT PE3KO
ACHMMETPHYHBIMH OTHOCHTeNbHO Kopnyca npu6opa. Kpowme
TOro, npeo6pasoBarenb OObLIYHO PabOTaeT He CHHYCOUAJb-
HBIM HanpsKeHHEM INPOMBILIJIEHHON yacToThl 50 ey, a Ha
YacToTax B HECKOJNbKO Kely, NPU pPe3KO HCKaXKeHHOH dopme
HanpsXeHus, BIJIOTb N0 MeaHapa. Bce 3to yBesuuuBaer
BO3MOXXHOCTb NaPa3uTHBIX HAaBOJOK HAa OCHOBHYIO CXeMy

npubopa.

4-6. OOHONMPOBOAHBINM U JBYXNPOBOHbIM
MOHTAX HENMH HAKAJIA

Ienp Hakana JjaMn B GOJIbIIMHCTBE CJAy4aeB MOHTHPYET-
cs1 Kak ofHonpoBonHasi (puc. 4-15) ¢ ucmosb3oBaHHEeM B Ka-
yecTBe o6paTHOro nposoja kopnyca npubopa. Ilpumensierca
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Tak»Xe [BYXIPOBOJHAas cXeMma leNu Haka/ja C NPUCOeNHHe-
HHEM K LIAacCH CpefHell TOUKM HaKaabHON OOMOTKH TpaHC-
¢opmatopa (puc. 4-16,a) HIM C HCKYCCTBEHHO# CcpefHeH
TOYKOH, MOJyyaeMOH C MOMOMLbIO IBYX HOCTOSIHHBIX COIpPO-
TuBJNeHn# R;=Ry=50-+100 om (puc. 4-16,6), uau c no-

Puc. 4-15. OgnonpoBogHas lelb HaKaja.

MOILbIQ MEPEMEHHOTO CONPOTHB/ICHHS, MO3BOJISIOLIETO TOYHO
nono6paTb cpenHiol0 To4Ky (puc. 4-16,8). JIByxmposomHas
uenb Hakaja BBINONHS€TCS CBUTON B IIHYp HJH C mapan-
JeNbHOH YKIaAKOH MPOBOOB.

|

o)

@r

6)
Puc. 4-16. [IByxnposoamuble dienx HaKkala
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[TpeumyiuecTBOM OJHONPOBOJHON CXeMBI MeNH Hakala
ABIseTC De3Koe ocjabieHue Pa3HOOOGPA3HBIX Napas3sUTHBIX
CBsI3€H, KOTODbIe MOLYT BO3HHKHYTb MEXXIYy OTHEJbHHIMH
JaMnaMu npubopa uepe3 eMKOCTb MOJOTPEBATENb— KAaTO[,
(§ 3-8). '

TlpeumymiecTBOM NBYXNPOBOLHOM LeNU HAKaJa sBJASETCS
yMeHbllIleHHe BO3MOMKHOCTH HABOAKHM (OHa MArHUTHEIM I10-
JieM, CO3LaBaeMbIM TOKOM HaKaja, U 3JeKTPHUECKHM IMOJIEM,
CO37laBaeMbIM HamMpsiKeHHeM Hakaja, '

OueBuIHO, YTO MPHUMEHSATb JABYXNPOBOAHYIO LeNb HaKaaa
HMEeT CMBIC/J ‘TOTZa, KOr4a 3aBeJOMO H3BECTHO, 4TO OJHO-
NPOBOAHASA LeNb HacT HAaBOAKY ¢oHa. Bo Bcex ocTanbHBIX
Cl1yyasix BBITOJHEE NMPHMEHSITb OLHOMPOBOLHYIO LieMb, KOTO-
pasi npoue u NMpefoxpaHsierT OT HEOXKHULAHHBIX HABOJLOK JIO-
6oro mpoucxoxaeHusi, kpome ¢ouna. Otcioma caenver, 4to
BO3MOXKHBIMH 00'b€KTaMHU NMPUMEHEHHs1 IBYXNPOBOJHON LenH
HaKaja siBASIIOTCS YCHJIUTENH HH3KOH YacTOTHl M BHAEOYCH-
JUTeNN C OONbIIUM YCHJIEHHEM, YACTOTHBIE XaPAKTEPHCTHKH
KOTOpHIX He MNajaloT Ha YaCTOTe CETH MNHTAaHHs; NPUOOPHI
C 3JIEKTPOHHO-/1yYeBLIMH TPYOKaMH, HA KOTOpPble BO3MOXKHA
HenocpeACTBEeHHAs, HaBOJKA MATHUTHBIM MOJEeM IleNH Ha-
Kana. .

[TocMOTpHM, NpPH KaKOM YCHJEHMH HAa 4acTOTe CETH IIH-
TAHHUA NONYYUTCS 3aMeTHasl HaBogka (oHA MATrHHTHBIM IO-
JieM OJHOTIPOBOAHOM lienu Hakajaa. [lycTb mpoBOA Lemu Ha-
Kaja, COefUHAIOHNIUMN CHJI0BOH TpanchopMarop co BceMH
JaMmnamu npubopa, umeer gauny 20 cu. [IpoBona u meranu
LEeny CeTKH NEPBOTO KacKala YCHJIUTENs, HMEIOILHE IJIHHY
10 cm, u3-3a HEYZAYHOro PACIOJNOXKEHHS HX MMEIOT HHIYK-
THBHYIO CBfI3b C NPOBOJAOM HaKasaa, Ko3()@PHIHEHT CBA3H
k=0,1. Ycuautennb 6e3 pxopnoro rpancdhopmaropa. Inamerp
MOHTaXxHbIX npoBonoB 0,5 mm. ITo Taba. 1-1 HaXOOUM HH-
NYKTHBHOCTH 3THX NPSIMBIX NMPOBOAOB: B Liend Hakama L;=
=0,26 mxen, B nenu cerku Ly=0,12 mxen. Baumonnaykuus
paBHa

M=#k)'LL,=0,1)/0,26-0,12=0,018 uxen.

Ecnu no uenu Hakaja TeueT TOK /=>5 a, TO IPH YacToTe Ha-
npsukenust cetd 50 ey Ha ceTKe NepBOH JaMIbl YCHIUTENS
HHIYKTHpYeTCH 3. A. C.

E =7I1oM=5-2%.50.0,018-10-°*=230 #xxs.
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Orciona cienyer, 4to st IONYYEHHs] HA BHIXOAE YCHAUTENS
saMeTHOro QoHa HanpsKeHueMm .1 8 HYXHO, UTOOBl YCHJIH-
TeJb UMeJ DeJKO NMpHUMeHsIeMoe YCHAeHHe

1
K =515 =33 000.

IIpu noBriLleHuy YaCTOTH CeTy nuTanua mo 400 2y npenenb-
HBIA KO3(M(UIMEHT YCH/IEHUs, IPH KOTOPOM LOMYCTHMO NpH-
MeHeHHe OJHONDOBOAHOMH Lleny HaKaJja, najaer B 8 pas, T. e.
no Benuuunbl K=4000.

IlpumeHeHue B ycHIMTEJe HHU3KOM YacTOTHl BXOLHOTO
TpaHcgopmMaropa CUJIbHO YBelnUuMBaeT HaBOAKY. Tax, ecau
ceToyHass 06MOTKa BXOJHOr'O TpaHC(hOpMaTopa MMEET HHIYK-
TUBHOCTb Lo= 100 ex, paccenBanue 1% u cBA3b paccesHHOro
noToka ¢ uenblo Hakaaa 10%, To nmedicTBylomuit Koadpdu-
IHEHT CBSI3H MEXAy CEeTOYHOH OOMOTKOH M IleNnbl0 HaKaJja
pasen k£=0,001, oTkyna B3auUMOMHIYKIHS 3THX lemnef

M=0,001)0,26-10-°-100=5 mxex

6yner B —03—18:280 pas Gonblile B3aHMOMHIYKLUHH LENei

Ges rtpancdopmaropa. Bo cronbko Ke pas yBeJIHUHTCS
3. I. c. poHa, HaBeleHHAs! B LeNb CETKU NEPBOH JaMMbl YCH-
JINTeNs, a UMeHHO fo 8,50 ms mpu uyacrore cetu 50 24 H 1o
75 me npu uactore ceru 400 ay.

YnanyT takxke npefenbHble Ko3(pGHIUEHTH yCHUIEHHS,
IpY KOTOPBIX LONYCTHUMO TPHMeHEeHHe ONHOIPOBOLHOM IIeNH
Hakana: npu yacrtote cetd 50 ey K=1120, npu yacrore cetu
400 2y K=15.

HaBonxa ¢oHa 37eKTPUYECKHM I[OJEM ONHOMPOBONHOM
Leny Hakajla COBePLIEHHO aHAJOTHYHA HaBoike (oHA mpH
aCHMMeTpPHM CeTu nuTaHus (puc. 4-14), paccMmorpenHO#H
B mpenwnymem naparpage. Toapko stra HaBomka G6ymer

B -6—3—=7 pas Menbuie B COOTBETCTBUM C MEHBIIUM HAIpH-
£l

J)XeHueM B Ilenu Hakanaa. ITosnb3ysch mpuBedeHHEIMH Tam
udppamu, NPUMEM, UYTO MAJsl TOJYYeHHs 3aMeTHOro (oHa
B YCHJIHTENE HHU3KOHM YacTOTH C KO3()PHUUHEHTOM YCHAEHHUS
K=1000 nocTaTouHO MEXIY LEnbl0 HAKaJa H CeTKOH mep-
BO# J1aMTIbl HMETb NapasUTHYIO0 eMKOCTh Cpap=0,14-7=1ng
npu yacrore cetd 50 ey U Cpap~0,12 n¢p npu yacrore cetu
400 ey,
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U3 stux nudp crepyer (rada. 1-3), uto mpu HeyLayHoM
MOHTa}Ke LeNel MepBOro Kackajza YCHAHUTENs MOXKET MOJy-
YUThCA HABOAKAa (hoHA 3/JeKTPUUECKUM nojeM. Takas HaBOX-
Ka JIErKO MOJaBJSIETCsl 9KPAaHHPOBAHHEM MPOBOAA HaKaJja Ha
yuactke, GJHKANIIEM K TEPBOMY KacKany.

B npuGopax ¢ 3/eKTPOHHO-NTyueBLIMH TPyOKaMHu ILenb
Hakaja oObIYHO HAXOLUTCH HA JOBOJbHO OOJBIIOM paccros-
HUH OT TPYOKMU H OTTOPOXKEHA OT Hee IIACCH, SIBJISIOHIHMCS
XOpOLIUM 3JMEKTPUUECKHM 3KPaHOM, CHHKAIOUIHM TaKXKe
marautHoe mnoge. ITo wusmepenusm H. HM. Amocenko u
J. M. Mypuna {24], B TeneBu3uonsom npuemHuke «CeBep»
C OLHONPOBOAHOH IeNbl0 HaKaja MaKCHMaJbHasi MAarHUTHAS
MHAYKIYs, CO3[aBaeMasi TOKaMH HakKaja, BIOMb OCH TPYOKH
B HENMOCPENCTBEHHOH OJMH30CTH OT OTKJIOHSAIOWEH CHCTEMBI
cocrasasier 3,4-10~2 ec. B 10 e BpeMs U3BECTHO, UTO I/
OTKJIOHEHHS NATHA Ha paccTosHHe, cocTraBagiomue 1% or
pagmyca 3KpaHa, HYKHa MarHMTHAs WHAYKLUSA [OpsIIKA
0,1 ec. Ha tpy6ke ¢ panuycom sxkpaHa 100 mm napasutroe
OTKJIOHEHHe, BEI3BAHHOE MATHUTHEIM IOJIEM LieMU HaKaJja, He

o 1
MPEBOCXOLHUT COBEPIIEHHO He3aMETHOH BEJHYUHEI 'WMM.

Takum o6pasom, Ajs BelOOpa CXeMbl Leny HaKama MOX-
HO 1aTh CAeldyIOllUe PeKOMeHLaluH. :

a) Ilpu orcyrcTBuu B cxeme npubopa TpaHcdopmaTopos
HU3KOH uacToThl MU OOJbLIIUX CONPOTHUBJAEHHA B Karomax
JlaMn HYXKHO HCIIOJIb30BaTh OJHONPOBOAHYIO CXeMy HakaJa.

6) Ilpm omHOMpOBOAHOH cXeMe HakaJa NPU HAJHYUU
B npubope ycunutens ¢ KoahdUUHEHTOM yCuaeHHsI 6oJblue
1000 Ha uactore ceru 50 2y u Goapme 100 Ha yacrore ceTH
400 ey MOHTa)XX NMPOBOLOB HaKaja, NPOXOASUIUX BOMHU3H OT
Hanbosiee YYBCTBUTENbHBIX TOYEK CXeMBbl, C/JAeAYeT BHIOJI-
HSTb 9KPaHHPOBAHHBEIM NPOBO/OM.

B) Ilpu nHanuuuu B cxeme npubopa TpaHchoOpMaTopoB
HM3KO# 4acCTOTH C yCHUJIeHHeM mociae HUx 6oabuie 120 Ha ua-
crore cetd 50 ey u Gosbule 15 na yacrore ceru 400 ey MoH-
Ta)x Ilenyd HAKaja HYKHO BBLINOJHATH IO JIBYXIIPOBOLHOU
CUMMETPHUHON CXeMe C NMPUCOeJHHEHHEM K KOpIycy cpel-
HeH TOuKH.

r) Hakas HeKoTOpBIX j1aMil ¢ 6OJIbIIHMY CONPOTHBJIEHUSI-
MH B KaTOJ€ HYXHO NMUTATh OT OTAENbHON OGMOTKH TpaHC-
tdopmaropa. Heo6xonuMocTh TAKOTO NHUTAHHMS OINpPELENsieT-
Cs pacyeToM, KakK noxkasaHso B § 4-3.
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1) BausiHneM oOxHOMPOBOJHOH LemM Hakajga Ha 3JeK-
TPOHHO-JIyyeBble TPYOKHU MOXKHO NpeHe6peub.

OTH perOMEHJALUH CHeJaHBl HAa OCHOBAHUU IIPUBEJEH-
HBEIX BBILIe OPHEHTHPOBOYHBIX NOAcueTroB. IlpoBepka mpa-
BHJBHOCTH BHIODAHHOI'O pelleHHs NpH APYTHUX YCIOBHAX
MoxKeT OBITh BHIIOJNIHEHA 110 3TOH Xe METOJHUKe.

4-7. HABOJAKA M H3JIYYEHUE NMOMEX YEPE3 CETb
NMUTAHUS NPHBOPA

[MpoBoma ceru nuTaHus, BXOJslIHe BHYTPb npubopa,
UMeIOT pa3/uYyHble MapasuTHble CBs3M C BHYTPEHHHUMH 4a-
cramu npubopa. Bre npubopa 31H npoBoAa pacnpenendior-
Csl MO PANY APYTHX MOMeIeHHH U npubopoB U, TaKuM obpa-
30M, OCYUIECTBJSIOT TPSMYI0 [apAa3UTHYIO CBSI3b MeXIY
BHYTDPEHHHMHM YacTsIMH Das3jMuHBIX npubopos. Kpome roro,
IPOBOJA CeTH MUTAHUS HMEIOT CBS3b C AHTEHHAMH COCel-
HUX pajuonepesaTiMKoOB M pajuonpHeMHUKOB. F3-3a sroil
CBSI3M HA NPOBOJAAX CETH NHUTAHUA UHAYKTHUDYIOTCS Da3juy-
HBle BHICOKOYACTOTHBIE HANPSKEHUs, epefaBaemMble BHYTPb
npubopa.

Hapsapy ¢ sTuM HanpsikeHUs, HHAYKTHPOBAHHbIE HA NPO-
BOJlaX CeTH TIHTaHUs, NePefaloTCcs HA aHTeHHB! PaJHONpHUEM-
HukoB. IlpakThuka mokasblBaeT, 4YTO MOAABJSAMILAA YaCTh
B3aUMHBEIX NaDAa3UTHHIX HABOJOK MeXAY yJNaJeHHBIMH IPYT
OT Apyra npubopaMy NPOUCXOLHUT C yUacTHEM CETH NUTaHUL.

[IpoBona cetu nuTaHUs NPOKNAABIBAIOTCS BCETIa BMeECTe
CBMUTHIMH B LIHYp WM B IjaHre. OHU HMeEIOT OJUHAKOBbHIE
napasuTHble eMKOCTH OTHOCHTE/IbHO UCTOYHUKOB U NPUEMHHU-
KOB HAaBOJKH U B HHUX HABOJATCS HaNpsKeHHUs, ONUHAKOBHE
N0 BeJHYHHE U 10 (ase OTHOCHTENBHO 3eMJIH U KOPIYCOB
npu6opos. Ha puc. 4-17 nokasaHsl nelCTBUTEeNbHAS H KBH-
BaJeHTHAs CXeMbl NMapasUTHOH CBSI3M IBYX Npubopos, M-
Tawiuxcsa or -obmei cerd. Ha puc. 4-18,a noxasan npuem
NoMex 4epe3 CeTb NUTAHUS, B KOTOPOU HABOXSTCS BHICOKO-
4acTOTHble HaNpPsXKEHHUs, U3/JlydyaeMble YIaJeHHBIM TreHepa-
TOPOM BBICOKOH yacToThl. Ha puc. 4-18,6 nokasano usnyue-
HUe TOMeX yepe3 CeTb MHUTAHHUS reHepaTopa BBHICOKOH YacCTo-
TEl. Bce 3Tu BHAB pacnpocTpaHeHHs Mapa3suTHBIX HABOJOK
N0 CeTU NUTAHUSA SBAATCI aCUMMETPHUHBIMH, HJH OLHOIPO-
BOIHBIMH, TOCKOJIbKY 00a MPOBOJLA CETH MUTAHHUS NMepeaioT
CHTHAJl HABOAKH B OJHOM HAaNpaBJeHWH, OOPATHBHIM MPOBO-
IOM SIBJISIETCS 3eMJIS.
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Ilox resepaTopaMu BBICOKOH YaCTOTH 3/l€Ch IOHUMAIOTCS
He TOJIbKO YCTPOMCTBA, HEMOCPeJCTBEHHO BhIpabaThiBalollue
nepeMeHHble HAMpPSI)KeHHs] U TOKH BBICOKOH 4YacTOTHl, HO H
Jo6ble YCTPONCTBA, B Mpollecce paGoTHl KOTOPBIX CO3/AAIOT-
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Puc. 4-17. Cxema cBs3H JBYX TPHOGOPOB IO CETH MHTAHHS.

Cd CKaYKH HampsikKeHHH W TOKOB C INHPOKUM CIEKTPOM ua-
crot (§ 1-7).

CumMeTpHUHOE pacHpocTpaHeHHe HABOLKH MOJydaercs,
KOTJla Ha IIPOBOJAX CETH IUTAHHS UHAYKTHUDYIOTCS Dasjuy-
HBle HanpsKeHHs OTHOCHTeJbHO 3eMau. Torma Mexnay mpo-
BOJAMHM MOJYYaeTCs BHICOKOYACTOTHAs PAa3HOCTb IOTEHLUA-
JIOB, U IO NPOBOJAM CETH NPOXOJAT TOKU B Pa3HbIX HANpPAaB-
geusix. CUMMETPUUHO pacopoCTpaHsAwLlasics HAaBOAKa He
MOXKeT NPOHUKHYTb HA BHICOKOUACTOTHYIO YacTh NPUEMHHKA
HaBOJKH uepe3 OLMHAKOBbIE Napa3UTHEIE €MKOCTH 060HUX
npoeonoB (puc. 4-19,a), Tak Kak Ha NpPHEMHHKE HABOLKH
HHIAYKTHDPYIOTCS PasHble O BeJHUYKMHE U 0OpaTHBIE MO 3HAKY
HanpsxkeHus. MajioBepOSITHO TakkKe NPOHUKHOBEHHE CHM-
MEeTPUYHO! HABONKU uepe3 CUJIOBOH TpaHcopMaTop NyTeM
nepefavyn HanpskKeHHs, HABeJJeHHOTO B TIepBUUHOI 0OMOTKe,
BO BTOPHYHYIO, TaK KaK CHJIOBOI TpaHchopMaTop CoBeplleH-
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HO He npucrnocob/eH Ajas paboThl HAa YacTOTaxX, OTIMYHBIX
OT YaCTOThl CETU NUTAHHUS.

CuMMeTpUYHOE PACIPOCTPAHEHHE HABOAKH ONACHO TOJb-
KO NpU AaCHMMeTPUHM MPHEMHHKA HABOJAKM OTHOCHTEJNBHO
MpoBOJOB ceTH mMuTanusA. Tak, nanpumep (puc. 4-19,6), eciu
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Puc. 4-18. Cerp NuTanusa Kak NpHeMHas M Nepejaiollas aHTEHHBL

BBECTH B OJMH U3 NPOBOLOB CETH NMUTAHUS BHIKJIOYATE]b U
nperoXpaHuTe]b, PA3MECTHB HX Ha NepejHel naHeau npubo-
pa, To oba NpoBofa CeTH NUTAHHsA OYAYT UMeTb pa3jHUHbIE
€MKOCTH OTHOCHTEJNBHO BBICOKOYAcTOTHOH uyacTH mnpubopa,
yepe3 KOTOphle OYAYT NepefaBaTbCsl HaNpPsXKeHUs, Pa3HOCTb
KOTOPBIX U BBIDA3UTCS B BUJE HABOAKH.

TlosiB/leHHe CUMMETPHYHOH HABOAKM BBI3LIBAETCS JIBYMHA
NPUYHHAMH: aCHMMeETPUEell NPOBOJOB NHTAHHUS OTHOCHTEJb-
HO HCTOYHHKA HaBOOKH U BKJIOUEHHEM HENOCPeNCTBEHHO
B CeThb NHTAHUSA KONJEKTOPHBIX MOTODOB, peJse, JeKTpuue-
CKUX 3BOHKOB M JPYruXx npubopoB, LAIOUIKX CKAYKH TOKa.
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CuMMeTpHUHAs HABOJKA HMeeT 3HAUUTENbHO MeHbILee
3HayeHHe, yeM aCHMMeETPHYHAs, KaK IOTOMY, YTO 0HA pexe
BCTpeyaercs, TAK M IOTOMY, YTO BCe Mephl, IPHHUMAEMbIe
IJisi TI0[(aBJIeHHs] aCHMMETDHYHOH HABOJKH, HEHCTBYIOT TaK
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Puc. 4-19. CuMmeTpHuHOE [pacmpOCTpaHeHHe HaBOJ-
KH {10 CETH MUTAHHT.

Xe ¥ Ha cuMMetrpuunywo. [loaToMy B JanbHelillieM CUMMeT-
pUuYHas HaBOJKAa He pacCMaTPUBAeTCH.

W3 sxBuBasenTHON cXeMHl puc. 4-17 cienymoT ABa mero-
Ja 6opbObl ¢ HABOJKAMH TIOMEX Yepe3 CeTb IMUTaHHus npubo-
Pa, KOTOpHle MPUMEHSIIOTCA pa3fleybHO, a B GoJee BaXKHBIX
CIy4asix — COBMECTHO.

[lepBhIit MeTon 3aK/1I04YaeTcsi B MAaKCUMaJbHO BO3MOX-
HOM YMeHbLIEHUH NAapa3uTHON eMKOCTHOH CBs3U MeXJy Mpo-
BOIAMH CeTH BMeCTe C MEepBUYHOH OOMOTKOH CHJIOBOTO
TpaHchopMaTopa ¥ APYrUMH uacTsiMu mpubopa. as sToro
CJyXKaT Mephl, peKOMeHIOBaHHble B § 4-4 1NJs yMeHbIIeHUS
HaBoJAKM (OHA W 3aK/MIOUAIOIIUeCs B 3JEKTPOCTATHUECKOM
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KPaHHPOBAHUHU MEPBHYHON OOMOTKH CHJIOBOTO TpaHcdopma-
TOpPa OT BCEeX OCTAJbHBIX U B PAallUOHAJIBHOM DPaCIHOJIOXKEHUH
Hetajiell, CBI3aHHBIX C CEThbI0 MUTAHMs, 10 OTHOIIEHHIO K OC-
HOBHOI1 yactu npubopa.

Bropo#t MeTox 3ak/iouaercss B yCTaHOBKe (DUIBTPYIOLIUX
3JIeMEHTOB M siUueeK MeXXAy MNepBUYHOM OOMOTKOIl TpaHC-
topmaTopa H TPOBOLAMH

cern muramusi. Bosspa- Loy Com
masch K 9KBHBAJEHTHOU W !
cxeme puc. 4-17, pmobaBum a) J_ |
Ha Hell GJOKHMPOBOUHDBIHA Uuem Ifﬁl
koumencarop Cs;  (pHuC. :3 L :
4-20,a) B mMecTe BBOAA ) N
ceTd nuTaHus B upudep
(ucrounuk Hasoxku). Ilo- lo  fp, | Leme
JAYYUTCSH  JOMOJHHTEJbHBIH numakus
Ie/uTelb HATPSXKEHUS U3 I |
kougnencaropoB Ces u Cey, / Uy =L |
CHMXKAIW WA YPOBEHb BbI- I |
XOJHOTO HampsiKeHHs TIo- T F |

CeTb MUTaHHS AJs1 BBl —y L2 A
COKOYACTOTHLIX HampsiKe- l |
HHNl siBJsieTcs Hecornaco- ) Usem =0zl
BAaHHO! [JIMHHON JIHHHEH, I |
B KOTOPO! NpPOMCXOAAT OT- ¥ ¥ = |
paXeHHs M  BOSHHKAIOT Co Ape Ap2 | Cemo

cTosiuMe BOJIHBL. B 3aBucu- UTIAHYA
MOCTH OT CJaydYaHHBIX CoO- |
OTHOWIEHHH MexXny AJIuHa- ¢ Gy SRy ==y
MM BOJH HCTOYHHKA IIOMe- I I I |
XH, JNJUHOH CeTH U ee OT- s = v v |
BETBJEHMH M AKTHBHBIMH .. o0 Byrouenne guist-
M DeaKTHBHBIMH CONPOTHB-  ,visnyux siueek ma ®BOXe CeTH
JIEeHUsAMHU NOAK/JIOYEHHBIX puTaHHs B MCTOUHHK HABOMKH.
K ceTn  morpeburtenei
SHEPTHH MOJIHOE CONPOTHBJIEHHE CETH M0 BBHICOKOH 4YacToTe,
H3MepeHHOe Ha BBOXe B NPHGOP (MCTOYHHK TOMEXH), MO-
XKeT OBITh caMbiM pasauyHbIM. [Tostomy 3ddext, noay-
yapoluiicsas oT MOAK/IoueHHs KoHpeHncatopa Cg;, Oylner He-
onpefe/eHHbIM, 3aBHCAIINM OT CJIYy4alHBHIX OOCTOATENbCTB.
i moBBIlIeHHs] 3 HeKTHBHOCTY AEHCTBUS KOHIEHCATO-
pa Cs; HEOGXOAMMO, 4TOOBl YKA3aHHOE NOJIHOE CONPOTHBJE-
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HUe GBLIO KaK MOXHo Oosblle. Brirouenne B cxemy mocie-
noBatejapHoro apocceas Ap; (puc. 4-20,6) ocrasut Ty XKe
HeonpeJeNeHHOCTb, TaK KaK IIOJHOe CONDOTHUBJIEHHE IpOC-
ceJisi BMECTe 'C CeTbI0 MOXeT OHTh M06bIM. TONbKO NpH LO-
6aB/JeHHM elle OJHOrO KOHAEHCATopa M INPH NPaBUIbHOM
ero  moabope (puc.

1

nu‘z;%fw: | IQJ 4-20,6) MOXHO OBITh
T 1 YBEDEHHBIM, YTO MePBHIA
| ¢ zemurenp u3 Cep u Cei
a : l Naw NefiCTBYeT  HOPMAJBHO.
= Bropo# xe menurenb us
| L napoccenss /[p, H KOH-
= nencaropa Cse Haer
Cemo | 45, clp pasiHuHble DPe3YJLTAThI
PUmanug o o Sooen 4 NPH pa3JIMUYHBIX CJayyai-
! ) HLIX COOTHOIUEHHSIX B Ce-
7) l IC[f, TH. Hnst Toro 4To6El BTO-
- Znp po#i Jeautenp paboran
T yBepeHHO, HeoOXOLUMO
' L no6aBuTh  Tperuil w3
= npoccenss ps U KoOH-
cems | ,llp,' Cly neucaropa Css  (pHcC.

numanus | . 4-20,3),
YI _'L ) I l, OyeBUJHO, YTO H3-3a
8) I Ié}r, Il’fz Z,) HEeoNpeeJeHHOCTH B Be-
1 1 auuuHax Ces M TOJNHOTO
i = = CONPOTUBJIEHUA CeTH,

dunprpyromas Lenb He
Puc. 4-21. Bxmouenwe duaptpylomux [MOLAAETCA TOUHOMY pac-
sd9eeK Ha BBOJe CETH INUTaHusg B HC- -  UETY.

TOYHHK HaBOMKH. B mocnenneil cxeme

: : #3 Tpex JeJuTesed MOX-
HO TapaHTHpPOBATb TOJbBKO Ko3(hbuuueHt ocaabiaeHus,
JaBaeMblil CpPeJHUM 3BEHOM, COCTABJEHHBIM M3 3JIEMEHTOB
Hp: u Csy. Ocnabienue, JaBaeMoe TEPBbLIM [EJIUTENEM,
MOXHO ONpENeJHuThb, €CHH TONbKO YAacTcs M3MepPHTb lapa-
3UTHYI0 eMKOCTb ¢BSI3H Cep.

Heckonbko wnHaue neHCTBYIOT GUAbTPYIOIIMe [eTaJIH

B CHCTeMe NHTAHMA NPHUEeMHHKA NoMeX. 37eChb KOHIEHCATop
C’s1 (puc. 4-21,a) cocraB/isieT JeNuTeb C NOJHBIM BBIXOM-
HbBIM CONPOTHBJIEHMEM CETH MHTAHHS MO BBLICOKOH 4acCToOTe,
JaLIMH HeompefeneHHble pe3yabrathl. Jlo6asjaeHue npoc-
cens Ap’y (puc. 4-21,6) MoxeT Jaxe yXyAWIUTb pe3ynbTa-
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THI, ecJIH OH cayyafiHo o6pa3yer BmecTe ¢ eMKOCThIO C’¢p
KOHTYD, HACTPOEHHBI B PE30HAHC HA HECYLIYIO 4acTOTy Ha-
Boaku. HakoHell, TONbKO ellle NpPH OJHOM KOHJIEHCATOpE
C’62 MOXHO OBITb YBEDEHHBIM, UTO CPeJHHMH JeJIuTe]b H3

snemenToB [p’; u C’s2 paboTaeT HOPMAJbHO.

K mpaxc- Damod
opManmy,
vop p—; cemu
numanu s
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I I
= = |
_______ -
a i/ j
K mpanc- g B6od mpex-
wop- @aIHoU
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7/

Puc. 4-22. OuasTpbl Ha BBOLAX CeTH MUTAHHSA.

[IpakTuyecku Bce pPacCMOTpPeHHble (QUABTPYIOLINE sYeli-
KIl JIOJIKHBI BKJIOUATbCA B JIBYXNPOBOJHYIO, a HHOTAA H
B TpexmpoBoiHyI0 (TpexdasHywo) ceTb mutaHus. Ilostomy
YHCJ0 ApOCCeaell U KOHLEHCAaTOPOB, NOKA3aHHBIX JJIs YNpo-
IIeHHs] PUCYHKOB BKJIIOUYEHHBIMH B OJHOINDOBOLHYIO CETb

NPpOXOXAeHUs1 MOMEXH, YBEJUUNBAETCA B JBAa UJAH TPHU pa3sa.
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Tak, cxema puc. 4-20,6 TIpH HCMOJNb30OBAHMH €€ B IBYXNPO-
BOJHOHU ceTu muTaHusa (puc. 4422,a) cocToHT U3 ABYX ApOC-
celell M YeTHIPEX KOHIEHCATOPOB U B TpexdasHoi CerH
(puc. 4-22,6) — u3 Tpex Apoccesed H IIECTH KOHIEHCATO-
poB. Mex/ly TOukaMu, OTMEUEHHBIMH Ha 3THX CXeMaX OAH-
HAKOBbIMM OyKBaMu, OTCYTCTBYeT BBICOKOYACTOTHAs pas-
HOCTh moTeHUHanoB. [lo3TOMy He HYXKHO 3SKPaHHPOBATb
ApocceN¥ W TpefoXpaHATb HX OT OBSA3H JPYyr C ADPYroM.
MoxHo moMellaTh HX Ha OOlleM CepAeYHUKe, HaMaThHIBAs
M06bIM 06pasoM, XoTs OBl B JBa-Tpu nposoja («Ouduasp-
Hask HAMOTKA»), €CJU 3TO AONyCKaer 3JeKTpHYeCKas Npod-
HOCTb U30JISILUU TIPOBOMLOB. ‘

Konpencatopsl (GHABTPOB HEOOXOAUMO IPHCOEIUHSATH
K KOPIyCy OTJAEe/NbHO BO H30exaHHe yXyAlleHHs paGoTel OT
CBsI3u 4yepes3 OOLIMH coeNUHUTeNbHEIH nPoBOA (§ 2-9). B ps-
Ie cayuyaeB 0coOeHHO YL0OHO NPUMEHATDH ClelHa bHble Mpo-
XOJHBlEe KOHJeHCATOPHI.

4-8, TIOOJABJIEHUE HMMYJbCHBIX HABOJOK

Tlos MMNYJbCHBIMM HABOLKAaMH IOHHMAIOTCS Pa3jHYHBIEC
BHIBI MOMEX, CO3JaBaeMblX CKauKaMU TOCTOSHHOTO HJIM Ile-
PEMEHHOTro HaMNpsXKEHHsA HJIH TOKA, MPOMCXOASLIMMHU B JIO-
OblXx Hensx um npubopax. K MMOy/nbcHEIM HAaBOAKaM OTHO-
cATCs:

— HelocpeJCTBeHHAsl HABOJKa BHUAEOUMIY/bCOB;

— yaapHoe BO36yXKIeHHe BBICOKOYACTOTHBIX YCTPOMCTB
BUIEOUMITY/JIbCAMH HJIM TNPOXOXKJAeHHe uepe3 HHUX CIeKTpa
YacTOT BHIEOHMNYJbCOB, MNOJAYYAIOIIUXCA B CHeLHaJbHBIX
reHepatopax, MOACOGHBIX LENSAX pPa3JHYHBIX YCTPOUCTB H
TeJIeBH30DpaX;

—ynapHoe B0O30yXJeHHE BBICOKOUACTOTHBIX YCTPOHCTB,
BO3HHKalollee NpH pabore KOJJIEKTOPHBIX MOTOPOB, pele,
BBIKJIIOYATe/JeH, TeJe(pOHHBIX aNnapaTtoB U APYroil KOHTAKT-
HOH ammaparyphl;

— ylapHoe BO30yXK[eHHE BBICOKOYACTOTHBIX YCTDOHCTB
BUIEOUMITYIbCAMH, NOTYUAIOIIUMUCSA B pe3yabTaTe HAETEKTHU-
pPOBaHUSI HMIYJbCOB BBICOKOH 4YaCTOTHl B IeperpyxkeHHbIX
YCUJIUTENbHBIX KaCKaJax U B APYrUX HeJMHeHAHBIX COTPOTHB-
JIEeHUSIX.

VCTOYHHKM M NMYTH MPOXOXKJAEHHs] TaKHX HABOLOK ObLIN
paccmotpens B § 1-7, 1-8, 1-9, 1-10, 1-11, 1-12,
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[TepBbiM 3TanoM paboOTHl MO MOAABJIEHHIO MMIYJbCHBIX
HABOJIOK SIBJISIETCSl BbISICHEHHe KOHKDETHBIX HX HCTOYHHKOB
U IyTel CBSA3H C NPHEMHHKOM HaBOJOK.

st 3TOro He06X0AUMO:

a) IMoouepenHO BBHIK/IKOUATL BCEBO3MOXKHBIE LeNd M ya-
CTH YCTPOHCTB A0 MOJHOTO HCUE3HOBEHHMsS NOMEXH HJ/IH ee
yMeHbLIeHHS.

6) YmeHbwaTb KPyTH3HY CKAYKOB, MOAKJIOYas CT/IAXHU-
Barouye (GUIbTPH K PA3JHYHBIM TOYKAM, B KOTOPBIX HaOJIO-
JAIOTCsl CKA4KY, NOOHBAsChb 3THUM yMEHbIIEHHS HABOJKH H
H3MeHeHHus (OpMbl HABOJUMOTO HMITYJbCa.

B) YBenHuuBaTh NJHTENbHOCTb HMIY/IBCOB B PA3JIHYHBIX
Hensx, Ha6/aw01asi, KaAK OHU HCKaXKaKTCA HA BHIXOJAE MPUEM-
HUKA HABOJKH C TeM, UTOOBI BBHISICHUTb, He NPOUCXOAHT JIH
ux nubdepeHIupPOBaHME WIH HHTETPHPOBAHHE (€cid OHH
MOCTYNAIOT HENOCPEACTBEHHO HA BHALOYCHJHUTENb) HJHM pPas-
JenleHde Ha ABa (eCJAH OHU NMPOXOAAT uepe3 YCHIUTEJb BHI-
COKOH MJIM NMPOMEXYTOYHO! YacTOTHl U AeTeKTop), puc. 1-18
u '1-29.

r) BoikarouaTh B NpUEeMHHKE HABOAKH IOC/EL0BATENBHO,
HauuHas oT BXOAa (AHTEHHBI), 'pa3JUYHble KacKajpl U JADY-
rue Lenu, NOGUBAsCh MCUE3HOBEHUS HABOIKH.

n) IysTtupoBaTh KOHAEHCATOPOM O6OJBLIOH €MKOCTH
C KOPOTKHMH BBIBOJAMH pA3/JHUYHble IleNH, N0 KOTOPHIM MO-
JKeT MepeaBaThCs HABOJAKA, U N00KMBATbCSA ee yMeHbLIEHHS.

B pesyabraTe nepBoro srana paGoTel AOMXKHA OHTb CO-
CTaBjleHa 4yeTKas cXeMa, XOTs Obl ONHOIO KaHaja CBS3H, 10
KOTOpPOMY NPOXOAUT nomexa. IIpH 3TOM JOJKHB ObITh U3-
BECTHB MCTOYHHMK HABOJKH, €ro BBIXOH, LleNH CBS3H, BXOJI
NpHEMHHKA, Lend ¢ MeTOABl IPOXOXKAEHHS HMIIYJabCa
B IIpHeMHHKe HABOJKH. .

Bropbim 3TanmoM paboTH sBJAsieTCS BHeCeHHe B NMPUOOD
U3MEeHeHUH, HeOOXOQMMBIX AJs MojaBjeHust HaBoAku. [Ipu
3TOM HY2KHO UMETb B BHIY, YTO B 3aBHCHMOCTH OT XapakTe-
pa MMOYJbCHBIX HABOJOK OHHM MOAABJSIOTCH CJAeAYIOUIUMH
crnoco6aMHu.

1. Inst nofaBJeHUsi HABOAKU OT BUAEOMMIYJIbCOB U APY-
THX CKAaYKOB TOCTOSIHHOTO HaNpsiXKeHHsl, MOCTYNAIOIUX He-
MOCPEJCTBEHHO HA BHAEOYCUNUTENH, YCHIUTENH HU3KOH 4a-
CTOTHl H APYTUe yCTpoHCTBa 6€3 Pe30HAHCHBIX yCHAUTesel
BBICOKOM YaCTOTHI IO ORHOI u3 cxeM puc. 1-28, Heo6xomHMO
BBECTH JONOJHHTEJbHbIE AeTa/H, OcNab/solHe CBSI3b MeX-
Ay HCTOYHMKOM M TNpHeMHHKOM HaBoiku. Illyntupomanume
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06I11ero CONMPOTHBJIEHUS OOJbIIOH €MKOCTBIO YACTO OKA43Hl-
BaeTcs Mano3(QeKTUBHBIM, TaK KaK oO6lllee CONPOTUBAEHUE
OOBIYHO MaJio, W AJsl NOJyYeHHs 3aMeTHOro ocJabjeHus
cBsi3u TpeGyercss oueHb 'OOJblIas €MKOCTb, J3HAUMTEJNBHO
TIPOILle W Jyylle AeHCTBYeT BBeJeHHe B LeNb CBS3W JOIOJ-
HUTEJIbHBIX Pa3BA3bIBAIOINUX siueeK (meauTened Mellaroliero
UMIYJbCHOTO HANps2kKeHHs), COCTABJASIEMBIX U3 CONpPOTHUBJE-
HUA M KOHAEHCATOPOB HUJAM Jpoccesedl U KOHLEHCATODPOB.
Ilpu cBsi3u uepe3 Manyw NapasUTHYIO eMKOCTb HJIH B3aHMO-
MHAYKTHBHOCTb (puc. 1428, u 0) mpocTeHlIuM pelleHHEM
3aJlaud MOXKEeT 0Ka3aTbCs BBEJEHHE B MOHTAX 3SKDAaHHPO-
BAHHOTO MPOBOAA WM YCTAHOBKA 3KPAHUDYIOLUIEH Nepero-
POIKH MeXIYy [eTassiMH.

2. HaBoxka oT cTpoGUpPYIOLIUX BUIAEOMMNYJbCOB, NoJa-
BaeMbIX HAa YCHJHTEJNH BBICOKOIH YacTOTH LJIsl YIpaBJeHHS
yCUJNeHHeM, TOJyuaeTcs BCAeJCTBHE PE3KHX CKAYKOB aHOJ-
HOTO TOKa YIpaBJseMbIX Jamll, NMPUBOAALIKNX K YAAPHOMY
BO30YKIEHHIO KOHTYPOB ycuiaurens. s nofas/ieHus: Takou
HABOJKU HEOOXOAUMO CHUKATh KPYTU3HY KpaeB CTpPoOHDYIO-
IIUX UMNYJbCOB. EcMK TaKoe CriaxKHBaHHe yNpaBJsiOLIEro
UMNYJbCa HEIOMYyCTHMO, TO €AMHCTBEHHBIM CIOCOGOM TIIO-
JlaBJeHds] HABOLKU OyJdeT TpPUMEHEHHe B YIpPaBASEMBIX Ka-
CKaJgax YCHUJHTENs] BBICOKOH YacTOTHl ABYXTAKTHBIX CXEM
¢ mojaueil CTpoOUMNYJAbCA HA CPEJHIOI TOUKY CETOYHOH 00-
MOTKH TpaHcopmaTopa.

3. Bce mpyrue BHAB YoapHOTO BO3OYKAEHHs YCHJIHUTE-
Jell BBHICOKOM 4acTOTH (pafMONPHEMHHUKOB) BUIEOUMIYJb-
caMu 4 JIOOBIMUH CKauKaM# NOCTOSIHHOTO HAaNpskKeHHUsl BO3-
HUKAIOT GOJblIell 4acTbhlo NyTeM [POHUKHOBEHHMS NMOMeX Ha
BXOLHble LleNH YCHJAUTENs] (2HTEHHY) BMECTE C NOJE3HbIMH
curianamu. IlojaBieHwe Takux HaBOLOK T POHU3BOJUTCSH
Yy HCTOYHMKA B IEPBYI0 Ouepefb BK/IIOUeHHEeM (GHUIBTPOB
B lleNy NUTAHUS HCTOUHMKA HABOJKM M 3KPAaHHPOBAHHEM
B HEM CeTH NMUTaHHUs, KaK pa3o6paHo B NpeiblAylleM mapa-
rpade.

B pemkux cnyuasx GJM3KOrO pacloJOKeHHs HCTOYHHKA
nofo6HO# HABOAKM C ee NPHEMHUKOM (HAa PacCTOSTHUAX 1 M
U MeHee), KpoMe (HUJIBTPOB, MOXKeT TMOHAMOGUTHCA MOJHOE
SKpPaHHPOBAHHE HCTOYHHKA NMOMELUEHHEeM ero B MeTaJjjuye-
CKUIl KOXYX (Hampumep, 5KpaHHPOBaHHe peJjie, HaxXOXsllie-
rocs y aHTEeHHOTO BBOZA pajHONpHEMHHKA) WM YACTHYHOE
S5KPAHUPOBAHHE BHYTPEHHHUX 3JEMEHTOB MCTOUHMKA (HAMpHU-
Mep, 3KpaHUpPOBaHHE T'PA(UTOBOrO MNOKPBHITHS 3JeKTPOHHO-
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iyueBott Tpy6Ku B TeneBu3opaX, peKOMeHAyeMoe B JHTepa-
Type [12]).

B HekoTOpHIX NMpHEeMHHUKaX HAaBOAKM OHA MOCTynaeT He
CTOJIbKO Yepe3 BXOJHbie Iemu, CKOJbLKO Yepe3 MapasHTHbIE
BXOJbI — LleNM NMUTaHUsA. B 3TOM ciyuae cHUXKeHHe HaBOAKH
MOXKHO NOJYYHUTb NPH (PUIbTPALUK llenel NMUTAHUSA NpPHUEM-
HuKa. Bosee meTanbHble CBeJleHHS 1O NAHHBIM BUJAAaM HaBO-
IIOK uMeloTcs B autepatype {6, 7, 12].

4. Tlpu mogaBjeHHY HABOAKH BHICOKOYACTOTHBIX MMIYJb-
COB, MOCTYMAIOIIUX HA YCHJIUTENb BHICOKOH YacTOTHI, He Ha-
CTPOEHHBIM Ha HECYLIYI0 YacTOTy HMIY/IbCOB, HEOOXOMMMO,
yTOGBl B 3JIeMEHTaX NMPHEMHHKA HaBOJAKH He NMPOUCXOAHIO
JAETEKTHDOBAHHS MELIAIOIHX UMIYJIbCOB, T. €. YTOOH
NPUEMHHK HAaBOJKH He Heperpyxaijcs u paboran B JuHEH-
HOM pexume. /i1 3TOr0 HYXHO CHHXKAaTb HaNnpskKeHHUe MoO-
MeXH B ILeny, HaxOoAsllleHcs Nepel NePBLIM HeJUHEHHBIM
3J1eMEeHTOM NpHeMHUKa (JaMmoil WJAH MOJYNPOBOAHHKOBLIM
nerektopoMm). M36upartenbHOCTh NpecenekTopa, COCTOsIero
U3 OMHOTO MJIH JBYX KOHTYPOB, OKa3bIBaeTCsl HeLOCTaTOYHON
IpH NMOJaue Ha HEr0 BHICOKOYACTOTHBIX MMMYJNbCOB GOJBIIONH
MOLIHOCTH.

Ecan pamyonpueMHUK 3aHOBO NPOEKTUPYeTCA HJs COB-
MeCTHOH paGoThl ¢ MOIUHBIMH HMNYJbCHBIMH T€HepaTopamu
BBHICOKOH 4aCTOTHI, TO OH AOJKeH ObITh CHa0XKeH ClelHalb-
HBIM MHOTOKOHTYDHBIM TpeceseKTpoM, obeCneunBaOLIUM
6oabiioe ocnabjeHue CUTHAJOB JIOOBIX 4acTOT, KpOMe BXO-
ISIMX B NOJIOCY NMpOMycKaHus npueMHuka. Eciu ke Tpe-
fyercs mpucnoOCOOUTb TOTOBBIA PaAMONPUEMHHK AJsT YKa3aH-
HOH Llesqd, TO MOXKHO MOJY4YUTb XOPOIIMHA pe3yJbTaT, eciau
JN06aBUTb B BBOJ AHTEHHBI OJHO- MU JBYXSAueeuHbld QUABTD,
paccuMTaHHBIA Ha ocnabjieHue HeCyLiedl 4acTOThl MeHialo-
IIUX UMIYJabcOB. TpyAHOCTH B pa3dpaboTKe Takoro ¢puabrpa
3aKJIOYalTCsd B TOM, UTO OH NOJXKE€H OJLHOBPEMEHHO YHO0B-
JIeTBOPSATb ABYM TpeOOBaHUSIM: He YXYAIIAThb NOKa3aTesH
NpUeMHHKa M [aBaThb JOCTAaTOYHO GoJblioe ociabieHue Mo-
Mexu. Eciin Melramouiye HMNy/nbCh HMEIOT BECbMa BEICOKYIO
HeCyIlYyI0 YacToTy, TO JOCTATOYHO HE3HAUMTEJbHOH eMKOCT-
HO#1 CBSI3M BHYTDH NPHEMHHKA MeXAay JIOOBIMH NpPOBOLAMH,
BXOJSIIMMH B NDHEMHUK U3BHE, H JETaJSIMH BbICOKOYaCTOT-
HOH YacTH TIPHEMHMKA, YTOOB MelIAIoLHi MMNYJIbC HOCTY-
MUJ MOMUMO IpeceseKTopa uiau auTeHnoro ¢uiabrpa. [TosTo-
MY B IpHEMHHKaX, pabOTalOlIUX B TAKUX YCIOBHUSIX, HEOOXO-
JHMO MMeTb QUABTPYIOLIHE STUEHKH B MecTax BBOZA JIOOBIX
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NPOBONOB, BKjtouasi TesedOHHBIN WIHYDP B NpHeMHHKe pa-
AHOCBSI3H.

5. YpoBeHb ypapHOTOo B030YXKIeHHsS BbICOKOUACTHHMH
uMnyiabcamMu BecbMa HeBblcoK (§ 1-10 u 1-11). TTostomy
Takasi NoMexa NOCTynaeT Ha NPHEMHHK HABOAKH TOJBKO
yepe3 aHTEHHBIH BBOJ Ha TeX Ke uacCTOTaX, YTO U MOJIe3Hble
curHajbl. EnHHCTBEHHBIM crmoco60OM MOLABJEHHS 3TOH Ha-
BOJKH fIBJISIETCSl OTPAHHYEHHE CIEKTPa 4acTOT, M3JydaeMo-
r0O HMIYJbCHBIM T€HEPATOPOM BHICOKO! 4acCTOTHI.

- 4-9. IPUMEHEHHE JABOMHBIX JIAMII

Cpeny cobpaHHBIX B OJHOM OaJjoHe MBOHHBIX JaMIl
uMeercs: 6OJbIIOe yHCaAO TpuomoB (O6ykBa H Ha BTOpPOM Me-
CTe YCJIOBHOro 00O3HauyeHHs]) M HECKOJbKO THIOB TPHOM-
neHTonoB (6ykBa ® Ha BTOPOM MecCTe YCJOBHOro 0603HAue-
Hus1). KOHCTPYKUMH OTHENbHBIX THIOB ABONHBIX JaMi Bbl-
NOJHeHbl pa3/iuuHo. B HEKOTOPHIX THNAX JaMI MeXAY
yacTSAMM JaMNbl UMeeTcsl KpPaH ¢ OTAEJbHBHIM BLIBOLOM,
B APYTHX KOHCTPYKUHSAX 3KPaH COeJUHEH C OJHHM H3 KaTo-
JIOB U B TPETbUX — 3KpaH OTCYTCTBYET BOBCE.

B TexHuuecKMX YCJIOBHAX Ha [BOHHBIE JaMMbl GOJbLIel
YacTbI0 OrOBapHBAETCS eMKOCTb MEXAY aHOAAMH MU MEX-
LYy aHOLOM OJHO!N NOJOBHUHBI U CETKON APYTO¥ MOJOBMHEIL
Bennuuna 3tux eMmkocreiél Kojebsercsa B npepenax 0,02—
0,5 ng B 3aBucumoct ot THna Jjamnel. OHH SBJISAIOTCS 3Be-
HOM, CBSI3BLIBAIOIIMM IIE€MH, B KOTOPbIe BKJIOUEHB! Pa3JUUHbIC
HOJIOBUHBEl OJHOH JaMnbl. B TeXHUYeCKHX YCIOBHSIX Ha H2-
KOTOpble THMbl [JBOHHBIX JIaMO BEJHYUHBI CBSI3BIBAIOIIHX
eMKocTeil He oroBopeHbl BoBce. [Ipu 3ToM OHHM MOryT OBITH
JOBOJIbHO BEJHKM M MOTYT H3MEHSTbCS OT 3K3eMIIspa
K 5K3eMJISIpY B IIHPOKHUX Npefenax.

KpoMe eMKOCTHO# CBSI3H, MEXAY OTAE/JbHBIMH YaCTAMHU
IBOMHOM JlaMIbl MOXKET CYLIeCTBOBATb CBf3b 3a CUET 3JIeK-
TPOHHOTO MOTOKa, TPOHUKAIOLIEro yepes LieJd U OTBEPCTHS
B KOHCTPYKIUMAH JIaMIbl U3 OJHOH MOJIOBUHBEI Ha 3JIEKTPOJbI
IPYroi MOJIOBHHEL. DTOT BHJ CBSI3H TEXHUUECKHMH YCJIOBHS-
MH He NPeflyCMOTpeH, XOTs HHOTJAA U MOXET OKa3aTbCs He-
JONYCTUMBIM.

B pesyabrare pasbopa BAUSAHUS 000UX BUAOB CBSI3N
MOXHO /1aTh ClHeAyIOIlHe DeKOMEHJALWH MO MPUMEHEHHIO
JIBOHMHHIX jamn. JIyuille Bcero Takue jaMmnbl paboTaior B cxe-
Max ¢ CHJIbHOH CBSI3bI0 00€HX yacTed APYT ¢ JPYIOM: MYJb-
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TuBUOpPATOPHI, KHMI-PEJe, TPUTTEPHl, GJOKHHT-TEHePaTOphl
C NYCKOBOJ JaMmo#, ABYX(a3Hble U ABYXTaKTHble yCHJUTE-
Ju, npeo6pa3oBaTesd YaCTOTH, COCTOAIIUE H3 CMECHTENs U
retrepoiuHa, u T. A. Xopouro paboTalT ABOHHBIE JIaMIIbI
B JIBYX COCEJHHX YCHUJHTEJIbHBIX KacCKaJax Ha He OUeHb BHI-
COKHX yacToTax. IIpM HCIOJb30BAHMM MX B IIHPOKOMOJOC-
HbIX DE30HAHCHBIX W BHIEOYCHUJIUTENSIX CJIeNyeT NMPOBEpPUTH
OTCYTCTBHE Mapas3uTHOTO BJMUSHUA YacTel JaMimbl.

[IpumeneHue JABONHBEIX JaMI B JBYX pPasHLIX KaHajax
panuonpubopa B NPHUHIMIE HEXeJNaTeJbHO M K HeMy cJe-
nyeT npuberaTh TOJBKO B CIyyasix KpakHeHd HeOOX0AHMOCTH.
Ilpu sToM crielyeT CPDaBHUTb YPOBHH NepeMeHHBIX Hamps-
KEHUH W MOIIHOCTeli B 000MX COBMellaeMbIX 3JeMEHTaX.
UeM MeHbille OTJIHYAIOTCH JAPYT OT APYra 3TH YPOBHH, TeM
fosee BEPOSITHO, UTO NPUMeHEHHE ABOUHOMN JIaMIBl MPOUMAET
6e360J1e3HEHHO.

Jlis momaBiieHHs Mapa3uTHOH CBA3M, BO3HHKIIEH H3-3a
npuMeHeHHs1 ABOMHBIX JaMI, NMpeXJe BCEro CjaefyeT Mpo-
BEDUTb HaJUYHe SKpaHa B JaMlle H KauyeCTBO NPHUCOELHHe-
HUs ero K xopnycy. OKOHYaTe/nbHOE CYXK[eHHE O MpaBUJIb-
HOCTU NIDUMEHEHHs B LAHHOM MecTe ABOHHOMH JIaMIIbl MOXKHO
MOJYYHTh TOJBKO IOCJAe BPEMEHHOH YCTAaHOBKH MABYX OT-
HeJbHHIX JaMIl M NPOBEPKH ¢ HUMH napamerpoB mnpubopa.

4-10. MAPASHUTHASl TEHEPALIMS OTIAEJIbHBIX
YCHJUTEJNbHbBIX KACKAJOB HA CBEPXBbICOKOM
YACTOTE

PaccmoTpenneM o6paTHBIX CBsi3ell, HeHCTBYIOLIMX HA 4a-
CTOTaX, 6JU3KUX K Pa6OYUM 4acTOTaM YCHJIUTEJsI, He HCUep-
nblBaeTcsl pa3bop Bcex Napas3uTHBIX siBJeHMi B HeM. Yacro
npuxoaurcss 60POTbCs ellle C MapasuTHOH TeHepallHed OT-
IeNbHbIX KackajoB YCHJHUTEIs Ha CBEpXBBLICOKOH ua-
CTOTe.

ITapasutHas renepaunuss na CBY BosHuKaer B YCHJH-
TEJNbHBIX CXeMaX, COOpaHHBIX Ha TEHTOJAaX H TETPoAax
c OOJBIIOH KPYTH3HOH, BCIEACTBHE BJIMSIHUS MHIYKTHBHO-
CTeHdl BBIBOJA 3KpaHUpyOUled ceTKU Lgs, GJIOKHPOBOYHOTO
KOHJ€HCAaTOPa H 3a3eMJISIIOLIEro ero npoBoaa Lex(puc. 4-23).
OTH HHIYKTHBHOCTH, COEINMHEHHble MNapajJelbHO C €M-
KOCTBLIO 3KpaHupyiouas cerka —«Katof Cgop, TPeACTaBITIOT
co00# HaCTPOEHHBIH Pe30HAHCHBIH KOHTYDP. MHAYKTMBHOCTb
BBIBOJla YNpaBJsAOlled ceTKH Lg ¢ COeIMHUTEJNBHBIMH MPO-
BOJaMH TaKXe npeicTasiasieT co6oit CBU pe3oHaHcHBIH KOH-
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TYD, HACTPOEHHBLIH 6MKOCTbIO ceTKa — Karon. O6a kourypa
CB3aHBI uepe3 eMKOCTb CeTKa — 3KPaHHpYyIolas CeTKa
Cgi1,9, UIPAIOILYI0 31eCh POJIb MPOXOAHOH eMKOCTH. Takum
ob6pa3oM, cxeMa llemeil KaToxa, 3KPaHUDPYOUIEH U Yympas-.
JsIIOlIel CeTOK KBUBAJIEHTHA CXeMe reHeparopa Ha TpHOILe
CO CBfI3bI0 uepe3 BHYT-
pPHJIAMIIOBYI0O  TPOXOA-
HYI0 eMKocTh. [Ipu 6na-
TONPHUATHOM (C TOUKH
3peHHs] Mapa3uTHOH re-
HepalKy) COOTHOLIEHHH
HacTpoeKk 060uX KOHTY-
pOB BO3HHKAeT TreHepa-
uusa. BosHukHYB B TpO-
MEXYTOUHEIX KACKallaX, p .= 93 Tenepalusi yCHAHTENBHOTO
3Ta TreHepalus MOXKeT . ‘xackana #a CBU.

SIBHO HE TpPOSBUTbCA, a

MOBJUSTL HA  TaKHe

0GBIYHO PENKO KOHTPONHDYeMble MapaMerphl, KaK aHOMHBIHA
TOK OT[EJbHBIX JaMI, JUHeHHOCTb aMMJHTYAHOH Xapakre-
puctuky u T. A. VIHorma sra Xe reHepaunusi, H3MeHss pe-
XKHM pabOTHl YCHJIHUTENS, MO-
XKEeT TOCJAYXKUTb TPHYUHOH
oOpaTHBIX CBSI3€H MO OCHOB-
Hoit uactore. C yHHUYTOXKe-
HMeM TaKOH TreHepaluH ONHO-
BPEMEHHO NpONMajeT HCKaxe-
HHE YaCTOTHBIX XapaKTepu-
CTUK YCHJIHTENS.

TTono6Hast reHepanus 0co-
GEHHO YacTO BO3HUKAeT B Bhl-
XOIHBIX KacKafax yCuauresei
HU3KOH YacCTOTHI WJU BUILEO-
oty ook o Lol YOWTENCH, COOMpaGMLX. Ha
napaJie/bHOM COe}lWHeHHI/lJIaHl\;IpH. MOWHLIX MNEHTONAX HJH TET-

poAax TmpPH mapajJesbHOM CO-

eIVHEHUU JBYX U 6osee Jaml
IO cxXemMaM C aHOAHOM HJIM KaTONHON Harpyskoil. 3Hdech
(puc. 4-24) coefMHUTENbHBIE TPOBOJAA MEXIY YIPaBJIAIOIIH-
MHI ¥ 3KPaHUDPYIOIIUMU CeTKaMu O6EHX JaMn NpeicTaBlsioT
co60l 'OTPEe30K CHUMMETPHUYHOH JIMHUH, BKJIIOUEHHOH IO
IBYXTaKTHO#l CXeMe, MPHUMeHseMOii OOBIYHO B TreHepaTopax
yJIbTPaKOPOTKHUX BOJH.
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Takyio xe cxemy ABYXTakTHOro resepatopa CBY serko
YBHIETb B CXeMe KaTOJLHOTO NOBTOPHUTENS C MapajebHbIM
BHIKJIIOUEHHEM JIaMIl, eCJIH YUeCTb HHLYKTUBHOCTH ¥ €MKOCTH
COeNMHHUTEJbHBIX NPOBOJAOB MeX1y aHOLAaMH H MEXIy CceT-
KaMH.

Oo6napyxenue resiepanuu Ha CBY saBnsiercs 0nHOj H3
TpymHBbIX 3agay. Cnoco6, mpUMeHsIEMBlHl B mepefaryuKax,—
H3MepeHHe BOJHBEI Mapa3UTHOTO KoJeGaHUs — B YCHIUTENsIX
HEIpUMEHHM BBUAY MaJo# MOILIHOCTH KosebaHUH. Tak Kak
renepanus Ha CBY Moxer mposBasiTbCc caMbiM pasHoob-
pasHbiM 06pa3oM, TO MPaBUJIbHO OYAET OTHOCHTb K Heil Te
HEHOPMaJIbHOCTH B DafOTe YCHUJIHUTENSA, HA KOTOPHIE CHJIBHO
BJHUSIIOT He3HAUUTeJbHble MH3MEeHEHUs [JHHB INPOBOLOB
ynpaBisiiollel M KPaHUPYIOILEH CeTOK, M3MeHEHHs TOUYKH
MOAKJIOUEHUsT GJOKHUPOBOYHBLIX KOHIEHCATOPOB, MPHUKOCHO-
BeHHUE OTBEPTKOH HJu manbueM H T. 0. [Ipu oOHapyxeHuu
TAaKOro sIBJEHHS CJAEAYeT B ME€PBYI0 ouepelb NIPOBEPHTH
aHOIHble TOKH WJIM TOKH CETOK BCEX JaMIm yCHJUTeNs, obec-
NeYuB NPH MPOBepKe He3aBUCUMOCTb KCCAENYEMOro siBJIeHHUs
OT BKJIIOUEHHS H3MEPHUTENBbHOro npubopa.

Heckonbko Jerue o6HapyuBaeTcsi reHepalius Ha CBY
B MOIIHBIX YCHJMTENBHBIX KacKajdaX HHU3KOH 4acTOTH IO
CBeUEHHIO HEOHOBOH Jamnbl. [lius mnpoBemeHus Takoro
SKCHEPUMEHTA J1aMNOYKy HeOOJBIINX Pa3MepoB NPUKpEeNs-
I0T K JJIHHHOMY H30JSIHOHHOMY CTEPXKHI0O H KacamoTcs
OOHMM H3 BHIBOLOB Da3JIHUHBIX TOUEK CXEMBI,

[TonaBnenue CBY reHepanun He NpPEACTABJASIET 0COGBIX
TpyAHOcTe#. 34ech BO3MOXKHH [Ba MyTH: PacCTpoiKa mapa-
3UTHBIX KOHTYDOB, ONpPEJeNAIOIUX TEHEePaluio, HIH BHEce-
HHE B 3TH KOHTYpPHI 60JbIIOro 3atyxanus. Mas no nepsomy
OyTH, cledyeT TpPeXJe BCEro CMOHTMDOBATb 3aHOBO reHe-
PUPYIOIIMH KacKaj, obecrneylB HauKpaTyaiiine COeIUHEHUs
B Lensx yipaBisiiolleidl U SKPaHUPYOLIEH CETOK, 4TO YacTo
Crmoco6CTBYET HCYE3HOBEHHIO reHepauuu. Ilpu BTOpOM MyTH
HanboJsee JNEeHCTBEHHBIM CNOCOOOM I[ONABJEHHS TeHepaluu
SIBJIAETCA BKJIIOYEHHE [OC/IEA0BATeNbHOTO CONMPOTHBJIEHHS
10—200 om B menb ynpaBJsiolieii ceTKH Jjamibl. Takoe co-
NPOTUBJICHHE, MaJIO BIUsS HAa PaGOTy CXeMbl Ha OCHOBHOM
4acToTe, BHOCHT GoJiblliMe noTepu B napasutHuii CBY kou-
Typ. Tak e HeHCTBYIOT W CONPOTHBJIEHHS, BBOAMMEIE
B KPaHUPYIOLYIO CETKY, HO OHH YXYAIIAIOT 9KPaHUPYIOIee
AeHCcTBHe CETKH, H3-332 4Yero HUX NPUMEHSIOT B MOCJeJHIOI
ouepelb. B cxemmbl, MOCTPOEHHbIE HA TPUOLAX, B YACTHOCTH,
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B KaTOXHble NMOBTOPHTEJIH MOXKHO BBOJHMTb CONPOTHBJIEHUS
B aHOJHBIE Lenu. AHTUNAPa3UTHBIE COMPOTHUBJEHUS CIELyeT
NOJK/II0YaTh HEMOCPENCTBEHHO K BBOAAM 3JEKTPOLOB JaMII.
CoenuHuTeIbHEIE TPOBOAA M JIMIIHHE OMODPHHIE TOUKH 3/€Ch
HeJONMYyCTUMBIL.

ITepBBlit MyTb — paccTpoiika MNapasUTHBIX KOHTYPOB —
MIMeeT CYLIEeCTBEHHBI HEJOCTATOK, TaK KaK He JaeT YBEPEeH-
HOCTH B TOM, 4YTO NaPa3uUTHAsi TeHepalus He BO3HUKHET
CHOBA NMpH CMeHe Jamm. [TosToMy eclii 3aHOBO CMOHTHPO-
BAaHHBIA KacKaj He TeHeDHUDPYeT, CJeldyeT BCe XKe BKJIOYUTb
aHTUNApa3uTHbBIE CONPOTHUBJEHHS B YNPAaBJSIOIHE CETKH
JUJIS1 TIOBBLILIEHHS HaJ€XKHOCTH.

YuuteiBasi, WTO TNapasuTHOMY CaMOBO3OYXK/JEHHIO Ha
CBY ocof6eHHO NOABEPKEHBl CXEMBI C MapaJelbHbIM COETH-
HeHHeM JiaMnl H uTO Oopb6a C TakuM CaMOBO30YXIEHHEM
BeCbMa 3aTPYNHUTENbHA, AJIS1 TAKHX CXEM CJIeNyeT CUUTATh
0043aTeNbHbLM BKAIOYEHUE AHTUNAPABUTHOLX CONPOTUBAEHUL
BO BCE YNpaBJSIOLINE CETKH.

4-11. MMAPASUTHBIE OBPATHBIE CBS3H HA TAPMOHHKAX
COBCTBEHHOM YACTOTbl YCHJIMTEJA

O6paTtHas cBsi3b HAa TapMOHUKaxX MOXKeT BO3HHKHYTb
B CJIOXKHOU CHCTEMe, COCTOsLIEN U3 ABYX WM TPEX YCHJHUTe-
Jeii, paboTalOIIUX Ha PAa3HBIX YAaCTOTaX U COEIMHEHHBIX PYT
c ApyroM npeo6pa3oBaTtejsMHM 4aCTOTbl MJIH AeTeKTODaMH.
Tak, nanpumep, B 06bI4HOM CyNnepreTepOJUHHOM NpHEeMHUKe
(puc. 4-25) rapMOHUKa NPOMEXYTOUYHOH YaCTOTHI, BblJEJSIO-

rapmoruxa HY

Bx0d ( l Beixod
mlcunumens Yeunumens Yeunumens

0CHOOHOU \Ipomex ymos HU3ZKOU

vacmomer HOU Yacimoms vacmome|
rapmonuna 1Y

Puc. 4-25. TlapasuTHas oGpaTHas (CBS3b HA TapMOHHKAX.

mascs npu HelUHeHHOM DeXHMe OJHOTO W3 KacKajoB YCH-
JIUTEJs] MPOMEXYTOUHOH HaCTOTHl WJIM NOJy4Yamouascs Ha
BBIXOJle HETEeKTOpa, MOXKET IONacTh Ha BXOJ NPHEMHHKA IO
LenssM NapasuTHoil o6GpaTHO# cBsi3u Jwo6oro Bupa. Ecuau
YCUIUTEb BICOKOH YaCTOThl OKa3bIBAETCS HACTPOEHHHIM Ha
3Ty CapMOHHKY, TO BO3HHMKAeT reHepallusl WM APYyTrHe sABJE-
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HHS, COMPOBOXK/AAIOIINE Mapa3sUTHYIO 06paTHyIO cBs3b. K Ta-
KOMY e pe3y/JbTaTy MOXKeT MNpUBECTH [onajamolas Ha
BXOJ, NMpMEMHHKa MO LeNsM NapasuTHOH o6paTHOM CBSA3YU
FapMOHHKA BBIXOJHOTO HANPSXKEHUS YCHJAHTEJs HHU3KOH ya-
CTOTHI, COBIAJamIast ¢ YacTOTOH HACTPOHKM NPHEMHHKA
B LesoM. OTIMYUTh 3TOT BUA NApa3uTHOM CBSI3U JIeTKo, TaK
KaKk OH [oJiyuaeTcss TOJbKO NpH COBMECTHOH paboTe He
MeHbIlle YeM JBYX YCUJHTeNeH pasJHuHBIX 4acToT.

O6parHasi cBsi3b B BHUJe reHepalluy, UCKa*KeHUsS pe30-
HAaHCHOH KPHBOH HJIM HEHOPMAJbLHO MOBBLIIIEHHOH YYBCTBH-
TEJbHOCTH MPOSIBJSETCS HA OTHEJbHBIX HACTPOHKAX YCHJH-
TeJisi BHICOKOH YacTOTHl, B TO BpeMs KaK Ha COCEJHUX Ha-
CTpOiiKax npueMHHK paboraer HopMmasabHo. Hiasi G6opbObl
C 9THM JOBOJIBHO PENKO BCTpedalollUMCs BUAOM Napasur-
HO¥ 0OpaTHOM CBSA3H HEOOXOAUMO YJIYUlllaTh SKpaHUPOBaHUe
OT[eJIbHBIX YCHIUTENEH, BXOASAIIUX B CHCTEMY.

4-12. ONNPEOEJEHUE U MNOJABJEHUE MNAPA3HUTHbLIX
OBPATHBIX CBSISEM B YCHJIUTEJIAX

Ilocie cGOpKM NPaBUIbHO DPACCUUTAHHOTO YCHIMTENS
yacTo OKas3hblBaeTcsi, UYTO OH HEe COOTBETCTBYeT DPAaCUYEeTHHIM
nokasareasiM. OcHOBHOH
npuwuHHOf sToro ecoor- A(F)
BETCTBHUsl SIBJISIOTCA He- 4p
yYTEHHblEe  Tapa3uTHLHIE
obpaTHble CBA3H, NPHBO- (8t
ISUHe K TeHepalMHy,
uckaxenuio dopmbl ua- 46
CTOTHOH XapaKTepuCTH- m
KM, DPE3KOMY CYXKEHHIO ~
MOJNOCHL  YCHIIHBAEMBIX 4,
9acTOT, MOBLILIEHHOMY
YPOBHIO LIYMOB M K NO- () . .
HUXKEHHO yCTOMYMBOCTH a7 28 29 80 1 32 f Heu
YCUIUTEIA. Puc. 4-26. PacuerHass 4 5KClepHMeH-

s UJAJIOCTPAUMH  TanbHasg YacTOTHble  XapPaKTePHUCTHKH
BJIUAHUSA O6paTHOI:I CB4d- Pe30OHaHCHOIr0 YCHJIUTENA.
31 Ha OCHOBHOH TmMOKa-
3aTenb [MOJOCOBOTO YCHJIUTENS BBICOKOH HJIU INPOMEXY-
TOUHOI1 YacTOThl — MOJIOCY NpPONyCKaHus —Ha puc. 4-26
MOKa3aHbl pacyeTHas M dKCNepUMeHTasJbHasl yacTOTHHIE Xa-
pakTepucTuku ycuaurensd. [lonbem ycuieHuss Ha ORHHX uya-
CTOTax M CNaj Ha APYruX BRI3BAHLI pasaHYHBIMU (aszamu
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06pamHOi#l CBs3M Ha Pa3jHYHBIX YacTOTax. Mamepsas mosocy
nponyckauusi Afo7, ToJyyaeM [JIST PAacUETHON KPUBOU
Af'o7=3 Mey, a nns sKCNEPUMEHTANBHOA KPUBOH Af’o7=
=0,5 Mey. Ecoy mpu 3TOM HEMHONO H3MEHHTb BETHERHY
oOpaTHBIX CBsI3ell, TO W3MepeHHas momoca Af”y7 yBenmnuuTes
8 HECKOJIBKO pas.
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Puc. 4-27. YacroTHble XapaKTeDHCTHKH YCHIAHMTENS HI3KOH da-
CTOTBHI:
1 — pacyeTtHasi; 2 — mpeXAeBPeMeHHBI! cnaj yoHIeHHs; 3 — pe3KHH NOLBbeM
YCHJIEHHS B OGJACTH BBICOKHX YacTOT.

BTOpbIM MpUMEPOM MOTYT CHYXHTb U300paKeHHbIE Ha
puc. 4-27 yacTOTHbIE XapPaKTEPUCTHKH YCHIUTEN HU3KOH ya-
CTOTHI, KOTOpbie MOKAa3BIBAIOT, YTO NapasuTHas oGpaTHas
CBSI3b [PHBOAUT K MNPEXAEBDEMEHHOMY CIafaHWi0 WU
K HeXenaTeJlbHOMY PE3KOMY MOABEMY YCHJEHUS BBICOKHX
yactor. B pesysbraTe rpaHpyHas 4acrora YCHJHUTENS [p
MOXKET CHJbHO OTJIHYATbCS OT PAacyeTHONl KakK B CTOPOHY
HU3KUX, TAK U B CTOPOHY BBICOKHX 4acCTOT.

W3 BuipaxeHus AJas KoadduiuedTa ycuaeHUs yCHIUTE-
Js1 ¢ 06paTHOH CBS3bIO

Koc :T:—KB—K
CJIe/lyeT, YTO OTHOLIeHHUE
K —] —
Koy =1 FK
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mpH HeM3MEeHHO!N BeluuuHe B Gymer TeM OuukKe K eNuHuile,
yeM MeHblle BeauuyuHa ycuinenuss K. Omcioma cienyer, yto
ec/ii B yCuIuTeNe Haxke C OOJbIINMA OGPATHBIMH CBA3SIMH,
T. e. ¢ OOJbIIOH BEJUYUHOH [, CHU3HTh YCMUJIEHHE, TO €ro
JaCTOTHAsA XapaxkTepucTuka Oymer OJM3KOH K TOH, KOTO-
pYI0 ycuiauTenb yuMes Obl IPH ‘OTCYTCTBUH OOpaTHHIX CBsI3eH.

CHsiTHe W 'CPaBHEHHE YACTOTHHIX XAPAKTEPUCTHUK YCHJIHU-
TeNsl HpY IIOJHOM H CHUXKEHHOM YCHJEHHM SIBJISIOTCS Hau-
60osee BepHBIM H YJOOGHBIM CIOCOGIOM MPOBEPKM CTEIEHH
mogaBaeHHsT 00paTHbX oBsi3ell. I1pu cHATHH XapaKTepHcTHK
HeOoOX0o4uMO, ITOOb YCMAWTENb OblJ IFOJHOCTBIO TOANOTOB-
JeH K paboTe U HUTHE HE MMeJ HaPYLISHHOH 3IKpaHIPOBKH.
Jns mOmKAIOYeHMs WHAMKATOpa BHIXOMHOTO HAIDSKEHUS
HY2KHO TIOJIH30BATHCS BBIXOAHBIMH KJIeMMaMH YCUJIHTENS,
TUIATEeJNBHO MPOBePsAs, He BHOCUT JIH TaKOe IOMKJIIUEHHE
JOMOTHUTENbHBIX OOpaTHHIX Bs3eil. TOWHO TaK Ke BXOIHOE
HampsKeHHe 2KeJaTeJbHO MONaBaTb Ha BXOL YCHJIHUTENS,
npuberasi X ImoLaye ero Ha MPOMEXYTOYHblE TOUKH TOJIBKO
B KpalHUX cJaydasiX, ¥ TIATeJbHO NPOBEPSITh, He BHOCHT JH
TaKas mogada LOMOJHUTENbHBIX 00paTHhIX cBsidell. B Haua-
Jle IKCIEpUMeHTa HeoOXOomUMO YOemHUTHCH B  OTCYTCTBUU
CBSI3M MEX[IY BXONHBIMH M BBIXONHBIMH TPHOOpaMH.

Jis1 cpaBHEHHUS] YaCTOTHBIX XapaKTEPUCTHK NPU MOJHOM
U CHHXKEHHOM YCUJeHHH YLoOHee BCEro MOJb30BAaTHCS Te-
HEpaTOpPOM Kaualollelics 4YacTOThl, MO3BOJSIONIUM BU3Yab-
HO HabaojaTh Ha 3KpaHe 3JeKTPOHHO-TYUeBOH TPYOKU
YaCTOTHbIE XapaKTepucTuku. HyXHO TOJIBKO IPOBEPUTH, He
CO3[acT Jii CaM TaKOH I'eHepaTop AOMOJHUTENbHOH OOpart-
Ho#l cBsisu. He cyliecrBenHO, eciu reHepaTop Kavamooure#cs
JacTOTHl MCKaxaeT GOpPMY YacTOTHOH XapaKTEePHUCTHKH, TaK
KaK BaXKHO TOJBKO ee OTHOCUTEJBHOe M3MeHEeHHe B 3aBi-
CHMOCTH 0T YCHJICHHS.

[lpx OTCYTCTBHM TeHepaTopa KayalolUleHCss YaCTOTHI HC-
Cle0BaHNe YCOWIUTENs] WHOMLA IMPOBOLUTCS HA IOLHOH dYa-
croTe (OpenHel WM PYrof), Ha KOTOPOU IpoBepsieTcs AeH-
CTBHE 'TeX WJIH MHBIX GJOKHPOBOK, 'Pa3BsS30K M 3IKPaHOB.
Ilpu sTOM mpemmoJaraercs, MTO €CAM MONKIIOUSHHE [1aH-
HOPO 3KPAHUDPYIOLIEro 5JAeMEHTA I[IPUBOLUT K CHHUIKEGHHIO
BBIXOJHOTO HAMPSIXKEHUS YCUIUTENs MPH MOCTOSHHOM BXO.-
HOM, TO 9TOT 3JIeMeHT CHHUKaeT ofpamHbie (CBA3H. Kak BHIHO
U3 MpebLAYLIero, Takoe IKCIEPUMSHTHPOBAHUE MOXKET MPH-
BECTH K IOLIMOGOUHBIM pe3yJbTaTaM, TakK Kak, fedcmBys OJja-
POTBODIHO HA OJHOH "acTOTe, OJIOKHPOBKA MOXKET OKa3LIBATh
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TPOTHBOMONOKHOE JelicTBue Ha pyrok yacrore. [IpoBepky
NeHCTBUS 9KPaHa (CAGAYET IPOU3BOLUTD MYTEM ICHATAS ya-
CTOTHBIX XapaKTEePUCTUK MpPU NMOJHOM H YMeHbIIEHHOM yCH-
gennu. B Tex chaydax, Korla Takoe CHSITHe XapaKTepH-
CTHK #3-3a ‘OOJBIIONO MHCAA SKCIePHMEHTOB OKa3biBaeTcs
3aMPyNHUTEJBHEIM, MOXKHO OTDAaHHUHTHCS JJIs IIPOMEXYTNU-
HBIX ‘ONBITOB M3MepeHHeM [MOJIOCH TIPONYCKAHUS HJIM CpaB-
HEHHEM YCHISHUS Ha IBYX PAa3JHUYHbIX YacTOTaX.

ITpu cpaBHEHWH YACTOTHHIX XapaKTEPUCTHK, CHATLIX TPH
MOJIHOM ‘Ml 'YMEeHbIIEHHOM YCHJISHHH, He00X0IUMO HMETb B BH-
Ay, YTO ¢ IMPH 'OTCYTCTBHH OOpAaTHBIX CBsI3eH OHM BCerma
MONTYaIOTCs HECKOJNBKO 'PasJIMUHBIMU U3-32 TOLO, YTO pery-
JUPOBAHUE YCUIEHHS (CBA3aHO IC U3MEHEHHEM JIHHAaMUYECKIX
eMKOCTe!l W (BHYTPEHHEr0 CONPOTHUBJIGHHS BJEKTPOHHOH
JIaMIIbl.

Kak cneqyer u3 pazfopa MpUIWH M MYTeH (BOBHUKHOBE-
HUSl NMapasuUTHBIX OODATHBIX CBsI3€d, NPUBEAEHHOrO0 B IIpe-
IBINyIed raape, oOHapy:KeHHAas OOpaTHasi CBSI3b SIB.ISETCS
pe3ybTaTOM psfia ICJOMKHBIX B3aUMOLSHCTBUNA MeXKLy Bbl-
XOIHBIMH [ BXOXHBIMU LEMSAMH YicHIuTess. B oTHX B3amwMo-
JeHICTBUAX YYACTBYIOT iBCE OBSI3U KaK ICHIBHBIE, TaK U He-
3HAYUTENLHbIE, EeHCTBYIOIe Kaxias B cBoeil ase. Tlo-
3TOMY, €CIH HCKJIIOUHTD CIydan SBHBIX 'OHO0K U medeKToB
B IMOHTaXKe YCHIHTENS, TPYIIHO 'PACCUMTEIBATD HA HaX0XK/e-
HHME OJ(HOH HMJIM HECKONBKHX [MPHInH 0o0paTHol cBs3H. JIo-
foe M3MeHeHue 6JOKUPOBKH, SKPAHOB U MOHTa)Ka B YCHJH-
TeJe CO BHAUYUTETbHBIMH OODATHBIMU ICBSI3IMH MPUBOLUT
K M3MEHEHHIO 3TUX '(CBA3ed: MOJAABJISHUIO MX Ha OMNHMX 4a-
CTOTaX M 'YBEJUUEHHIO Ha [IPYTHX.

B panuwoniobuTeNbCKOi MPAKTHKE YACTO VIS [OLaBJe-
HUS1 100paTHBIX ©BSI3eH B YCHJIUTENE 3a3eMJSIOT ero LIaccH,
T. €. ICOGMHSIOT (CO CHeIHAJBHOH IIMHOH, [MOIKJIIOISHHOH
K Tpy6am BogompoBora. B mpyrux cayyasx BMecTo 3asemie-
HUS [MOJB3YIOTCS IMETa IMIecKHM JIMCTOM, Ha KOTOPBIH ycTa-
HaBJIMBAIOTCA MCOBITEIBaeMble mpubopel. ns obbsacHeHHs
BJIUSIHUS 3a3eMJIEHHST HYXKHO YUeCTb, UTO OT/IeJbHbIE JeTalit
IJI0X0 BKPaAHUPOBAHHONO YCHIUTEIS HMEIOT eMKOCTHYIO
CBfI3b (C [PA3TMYHBIMH HAXOLALIMMHCS BHE YICUINTEAs [Tpe-
METaMH: [MPOBOLAMHM OCBOTHTEIbHOH ‘U ICHJIOBOK CETH, TPY-
GaMy LEHTPaJBHOTO OTOMISH!S U (BOLOTPOBOLA H T. A. DTH
mpeqgMeThl MODNYT YBEJHUYHBATh [1aDa3UTHYIO (CBA3H MEXKIY
9JIEMEHTAMY YCOHUJHTENs, AelCTBYS MMOLOGHO HeCOSIMHEHH O
¢ Inaccu KpbIlIKe, MOKagdaHHOH Ha puc. 2-6. 3asemieHne
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fitaccy, nepepacnpefedasis M 4YaCTHUHO SaMblkasg BHelllHHE
eMKOCTHbIE (CBSI3M, BJIUSET 3THM Ha MapasHTHBE SBJASHUS
B ycuautene., Ilpuberatb K TaxoMy <CrHocofy IMOLaBJIEHHS
o0paTHBIX 'CBSI3el 0eCnoNe3H0, TaK KaK OH JeHCTBYeT TOJb-
KO IIpH JaHHOM KOHKpDeTHOH o6ctaHoBKe. [lepenecs ycu-
JUTeJb B Jpyroe IOMelIeHHe UJIH Ha APYroe MeCTO, JErko
yOequTbcsl, MTO NeHCTBHE 3a3eMJeHHs IIACCH [IPH APYTHX
BHEIIHUX 'yCJOBUSIX OKA3bIBAETCS HHBIM.

3aszeMmJieHne WACCH YCHIWTENs BAHSIET TOJBKO HA ITOXO
MY HEMDP ABHJIBHO GKPaHUPOBAHHBII yCHANTENb. 3aBeMJeHHe
HJIH (MOJKJIIOYeHH e JIIOObIX MPeIMeToB K KOPIYCY YCHIUTEN,
HMEIOIero JIOCTATOUHO KaueCTBEHHYIO CHCOTEMY IKDaHHPO-
BaHHUS, ICOBEPIIGHHO IHe OTpaxaercs Ha eno pabdore. ITpoBep-
KOH BJHSHNWS 3a36MEHUS Ha MapaMeTpPhbl YCHIUTENsT MOXKHO
BOQII'OJIB30BATHCS 1151 T'PYO0i IDLEHKH [KAUeaTBa eTo 9K aHM-
pOBaHHUS.

ITonaBnerne OOPATHBIX CBsi3eil B YICHAHTENE PEKOMEH-
JyeTcst IBECTH B CAeqyoIleM [op siIKe:

1. TmatenbHO TIPOBEPUTD MOHTAXK, YOMIUTHCS B HATHIUHA
H UCIIPABHOCTH BCEX [YKA3AHHBIX HA CXeMe (IeTajleil U B OT-
CYTCTBHUU ICOSIUHUTENBHbBIX H CAYyYailHBIX IIPOBOLOB, MOTY-
X {1aTh TAPa3UTHYIO CBsI3b.

2. OnpenenntTb MPUMePHO KACKabl, y4aCTBYIOIIHE B CH-
cTeme 00paTHOH (©BS3U. Llas 3Toro ciaemyer ICHATbH YACTOT-
Hble XaPaKTEePUCTHKH MPH MOJHOM W YMEHBIICHHOM YCHJe-
HUM, OfaBasi CHUTHAJ OT HU3MEDPHTEJBHOI'0 CeHepaTopa Imo-
cAeIoBaTeIbHO [HAa BXOJ YCHIUTENs], Ha CEeTKY MepBoil JaM-
Ibl, HA CETKY BTOPOH JIAMIBI U T. \I. 0 HAXOXJeHUs KacKa-
Jla, HAYWHAS iC 'KOTOPOTO, XapaKTepHCTHKH, CHATbIE IIPH
MOIHOM U YMeHbLIeHHOM [yCHIeHuH, 60Jee M1 IMeHee COBIIa-
pawot. Tlpu obpaboTke MaTepuasoOB SKCNEPHMEHTA He Cle-
AyeT geJaTb HeBePHbIH BLIBOJ, MTO [MOCAELHHE KacKajbl
B cHoTeMe OOPaTHOH ICBSI3H HE YUaCTBYIOT.

3. B coomBercTBUH C pe3yabTaTaMH, IOJNYYSHHBIMIL B 1I. 2,
COCTABHUTb [POEKT yAYYLIEHHs SKpaAHUPOBaHUS, 0O6paTUB
BHUMAaHHUE Ha CAeyIollee:

a) JUIs Y3KONOJOCHBIX 'YCHJIUTeNell — Ha WHIYKTHBHYIO
CBS3b (MeX/Iy KOHTYDPHBIMU KATYIIKAMH, &MKOCTHYIO CBS3b
MeXKIy BXOAOM M BHIXOJOM U B [OCAGLHIO 0UepeIb Ha pas-
BsI3bIBaHHE Lemell MUTaAHu;

©) ST IIHPOKOMOJOCHBIX 'PE30HAHCHBIX YCHAUTE e —
Ha (CBSI3b (IO MPOBOJAM HAKaJa, OBsI3b uepe3 OOLHe KPbILIKH
9KpaHa, CBs3b 10 MPOBOLAM MTHTAHUS aHONOB U ICETOK, ‘UBSI3b
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6narofapsi menpasuabHOMY (pasMetuenuio meranel u coeru-

HEeHHH MX ¢ KODPIYCOM, He COOTBETCTBYOIeMY puc. 3-41, u

B MOCJEHIOI Oyepelb Ha MHAYKTHBHYIO CBSI3b MEXAY Ka-

TYLIKAMH;

B) IJIs YCHIATEeNeH HU3KOH UaCTOTH M BHIEOYCHIHTe-

Jlell —Ha MCKaXKeHHe XapaKTepUCTwK 'GJarogaps Hempa-

BHJIBHOMY YYery BXONHOro CO-

Coms 178 npoTHBJEHHS Jamnbl (cM. § 3-3),

—_— CBS3b yepe3 oblee CONpPOTUBIE-

HHMe HCTOYHHKOB ITUTAHHS, mapa-

o—y 3uTHy©0 reHepamuio nHa CBY,

0co6eHHO AJs ‘mapaJjjenbHO CO-
eIUHEHHBIX JaMI.

Puc. 4-28. Bkmouenue ipese 4. BuImoMHUTL cpa3y Bce HA-
AN TPOBEPKH SKPAHHPOBKH  MEYEHHBIE YJYULIEHHs] H TIPOU3-
npuGopa. BecTd mpoBepKy. He pekomen-

Iyercs  BHOCUTb  OTHeJbHbIE
YAYUIleHWs] 'M IPOBEPSITb UX, TaK KaK 3TO MOXKEeT MPHUBECTH
K HEBEPHBIM pe3yJbTaTaM H CH/AbHO 3aTSHYTb paGoTy.
dkclnepuMeHTalbHble (PabOTH, CBS3aHHBIE IC MOLABJE-
HHeM OoOpaTHBIX CBs3ell, CI0XKHBI, NJJIUTENbHB U 4acTO HpH-
BOZSIT K MepefeNKe YCUIUTeNsl. YUATBIBAST 3TO, CAEIYET TPH
paspabioTKe KOHCTDYKLUU YCHAUTeNs] BKpAHUpOBaHE BHI-
OJIHSTD IC 'HEKOTOPLIM 3alacoM, TeM ©6oJjiee, YTO ITOT 3amnac
JIMIIb 'HE3HAUYUTENBHO YIOPOXKAET YCUIHTENb, DKOHOMUTH
Ha 3KPAHHPOBAHWU BBIFOJHO TOJIbKO I/ MacCOBBIX MpPHOO-
_POB, UJIs1 KOTOPBIX 3HAYUTENbHOE YCJIOXKHEeHUEe paspaboTKu
OKymnaercsl HeGOJ/IbIIHM YAelIeBASHEM KOHCTDYKLUH.

OKOHYATENBHYIO MPOBEPKY VCHIMTENs TMOCTe IOoIaBJe-
Hus B HeM 0GpaTHBEIX ICBSI3el CaefyeT MPOBOLUTb B GOpCH-
POBAHHOM peXuMe ero paboThl, T. €. MPH IOJHOM YCHJEHHH
U MpH MOBLIIGHHOM AHONHOM W KDPAHHOM HaMpSKeHHUSX.
DTo rapaHTHpyeT HaAeXHYI0 PaGOTy [YCHAUTENS MpPH WMC-
[10JIb30BAHUHY JIAMII, (TaPaMeTpbl KOTOPHIX OIU3KH K BEPXHEH
rpaHulle MONYyCKOB.

Yeumutenu ¢ GOJbIIMAM YCHNSHUSM H PALHONPHEMHUKH,
ycTaHaBAHBaeMble Ha OOBEKTaX, HACHILEHHBIX pa3JuIHEIMY
aBTOMATHYECKUMH H WMIYJAbCHBIMH YCTpoHcTBamMu (pene,
OIOKUHT-TEHEPATOPDI, HMIY/JIBCHBIE MOLYJISTOPHI), 'HEOOXO-
JUMO [MpPOBEPSITh HA MOCTATOYHOCTb ‘O0IEH SKPAHHPOBKH H
¢GbuabTpallyy BCeX BLIXOAAIIUX U3 BKpaHa mpoBomos. Ilpo-
cTedmiuM npubopoM [Jsi TaKOH NPOBEPKU SIBJSIETCS pese,
MOIOKAIOYaeMoe 0 CXeMe IC HeTpepLIBHBIM cpabaThiBaHueM
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H omnyckanueMm (puc. 4-28) MAUHHBIMH MPOBONAMH K CETH
27 8. 3arem 310 peje MOMHOCST KO BCEM IIeJsM B IKpaHe
npubopa W KO BCEM COSIHHUTENLHBIM MpPOBOLAM H ‘HabJIo-
JaloT HaJaWyhe oMeX Ha Bbixolde mpubopa. Takoil mpocToit
3KCIepHMeHT TO3BOMSET JeNKOo OOHAPYXKUTb clradble MecTa
8 i061L1eM SKpaHe mpubopa.
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