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JeHCATOPBI, TAK KaK IPH MAaJIbIX 4yacTOTaX 3HAYMTEJIHLHO BO3PACTAET
eMKOcTHOe conporusienue [cm. (14.33)]. IIpuxoaurea ucnosip30BaTh
cnenMajbHbIE YCHANTEIN IOCTOSHHOTO TOKA,

MasocTs 61OmoTeHIIANOB NOOYKAaeT UCTIONAB30BATh YCHUIUTEIN C
JOCTATOYHO OOJBIINM KO3(p(PHUIINEHTOM YCUIeHUsI, TO3TOMY JarKe He-
foapmIne NoMexu, MONaJaloNIne Ha BXOJ YCUIUTeN s, MOTYT UCKa3UTh
MOJe3HbIN O103JIeKTpUUYeCKUH CUTHAJ M BBI3BAThH JIOXKHYIO HH(pOpMa-
nuio. ITomexamu MOXKHO CUMTATH JIIOOble TOKM WJIM HANPS KEHUA Ha
BBIXOJl€ YCHJIUTEJISI IPU OTCYTCTBUHM HA €ro BXo/Je NMOJIe3HOro CHI'HAJA.

OT OZHUX TOMEX MOKHO N30aBUTHCA MJIM YMEHBIIIUTD UX BJIUAHUE,
VCJO0KHUB U YIOPOKHMB KOHCTpyKnuwo ycuwimrensa. Or apyrux usba-
BUTHCS B IIPUHIIMIIE HEBO3MOYKHO, U TO3TOMY NPUXOAUTCA UCHOJB30-
BATh KackKaJj ¢ Hebosbmnm KoaphuueHToM yCHUIeHNA.

Tak, HanipuMep, MePEMEHHBIN TOK rOPOACKOI CeTH MOYKET HABOAUTh
SIC BcsiencTBHE 3JEKTPOMATHATHON HHAYKIIUY B PAJTOM PACHOJIOMKEH-
HBIX YCHMJIMTEJLHBIX [elnsaX 1 GHOJOrnuecKnX 00beKTax. JKpaHHUPOBa-
HUe YCHJINTEeJA ¥ NPOBOJHHUKOB B €ro Ilellf, a TaKKe HCCAeLyeMbIX
CHCTEM, YAAJIEHHE 3TUX 3JIEMEHTOB OT IPOBOJHUKOB ¢ IepeMEHHBIM TO-
KOM I03BOJISET YCTPAHUTH MJIA YMEHBIIIUTD 1 5TH MTOMEXHU.

Ecuin metanu yeunurens (SJIE€KTpPOABI JaMIl, NJIACTUHBI KOHJIEHCA-
TOPOB 1 Ap.) OyayT KoJiebaThecsa, TO 3TO NPHUBeJeT K NepHOAUUECKOMY
M3MEHEHHIO [1apaMeTPOB CXeMBbI 1, KaK cJie[[CTBHE, K BOSBHUKHOBEHUIO
CJAyYalHBIX BJIEKTPOMArHMUTHBHIX KoJe0aHUH — MUKpOpOHHLIL Ig-
¢pexm. Yrpenusisi feTaqu CXeMbl ¥ YCHJIHMBAS aMOPTH3AIUIO, MOXHO
YMEHBIIUTE WM JIMKBUIUPOBATH IOMEXH U 3TOTO BHUJA.

Boasmas rpynna nomex nojsy4yusia Ha3BaHUE WY mMo06 (IJIeKTPOHHBIX
mymoB). IIlymbl c/ABILIHBI, HATIPUMEpD, B TPpUEMHUKeE B BuJe NTUIIEHUS,
TpecKa u mopoxa. Oco6eHHO 3T0 3aMeTHO NPH DOJIBIIIOM YCHJIEHUN.

TepMHH «IIYMBI» IIPOU30IIEN OT CJAYXOBOI'O BOCOPUATUS 3JEKTPHU-
YeCKUX XaO0THUeCKUX curaajios (B obsacru uactor 20 'y — 20 xT'n)
Npy NOAKJIOYEHHHN penpoaykrTopa. OZHAKO ceftuac 5TO MOHATHE HUC-
MoJIL3yercsa 6€30THOCUTENbHO K UX YACTOTHOMY MHTEpBaJy u Tem 60-
Jee 6E30THOCUTENBHO K TOMY, BOCHPOM3BOLATCA JIU HIYMBI 3BYKOBBI-
MH BOJIHAMH HJIK HET.

ITymbl umeloT pasHyIo (GU3UUYECKYIO IPUPOLY, B 3HAUNTENLHOM CTe-
MeHy OHM 00YCAOBJIEHB! (GJIYKTyalMAMU TOKOB, T. €. CJAYYailHBIMH OT-
KJIOHEHUAMK UX OT CpeJgHeit BeJIMUNHBI, UTO BBI3BAHO DecIOpAN0YHBIMU
ABMIKEHUSIMH 3JIeKTPOHOB. M36aBUTHCS OT MIyMa JOCTATOYHO CJIOMKHO,
CTApaoTCs M3rOTOBUTH CHeElMaJbHble MaJOMIYMAIHe TPAH3UCTOPBI U
JIaMIBI JJI5 UCTIOJIB30BAHMSA B IIePBBIX KACKAJaX YCHIIUTENEH.

HNckakeHns yCHJIEHHOIO CUTHAJIA MOT'YT BOSHUKHYTH M BCJEJLCTBUE
HecTabMIBHOCTH UCTOYHMKOB MUTAHUSA, IO3TOMY B HEKOTODBIX CJAyYaAX
cJiefyeT cIenualbHO Ipe yCcMAaTPUBATE CTAOHIN3AIMIO HATIPAKEHU .
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JJEeKTPOHHBIX IreHepPaToOpPoOR.
I'enepaTop HMIYJLCHBIX KOJEOaHUMN
HAa HEOHOBOI JaMIie

B MeaunuHe 3JeKTpOHHBIE I'e€HEPATOPHI HAXOAAT TPH OCHOBHBIX
OpUMeHeHUs:

— 8 (huduomepanesmuieckol 31eKMPOHHOU annapamype;

— 8 3NeKMPOHHbLX CTRUMYLAMOPAX;

— 8 omdenvHblx duazrocmuieckux npubopax, Hanpumep é pe-
ozpadge.

OcHoBaHreM JJid KJaccuUKAINY reHePATOPOB 3JIeKTPUYECKUX KO-
nebanuil MOryT GBITH pasHbIe IPU3HAKH: PAZHOBUIHOCTL TEXHUUECKO-
ro ycTpoiicTsa, 061acTh 4aCTOT, YPOBEHb MOLHOCTH H T. 1. s npak-
THUECKOT0 HUCHOJb30BAHUS IeHepaTOPOB B MEJUIMHE BecbMa CyLiecT-
BeHHa (opMa TeHepupyeMbiX 3JIeKTpHUecKuX KojaebaHmil. B aTom
OTHOUIEHUH OHM MOJAPA3AEIAIOTCA HA reHepaToPhl 2apMOHULECKUX (CU-
HYCOUOQNbHBLX) N UMNYAbCHBLX (PENaKCAYUOHHbLX) KoNnebanuii.

B kauecTBe HEKOTOPOTO IpUMepa paccMoTpuM paboTy reHepaTopa
MMOYJbCHEIX (pelaKcanoHHbIX) KoJlebaHnid Ha HeoHOBoH namne. Ox-
Ha U3 BO3MOYKHBIX CXE€M TAKOro remeparopa nokasana Ha puc. 18.6.
3necs JI — HeonoBas samna. Takue JaMIbl «3aKUralOTCA» IIPHU HEKO-
TOPOM CTPOro ompefesleHHOM 3HadeHuMu HampsixeHnsa Uz, a racHyT
npu MenblleM Hanpskeauu U . TIponecc HAUMHACTCA € 3apPSLKH KOH-
npencaropa C. Ha rpadgurke 3aBUCMMOCTH BBIXOAHOTO HANDSKEHUA OT
BpemeHnn (puc. 18.7) aToT sTanm nokasaH orpe3kom OA, oTBeualoInM
ypaBuenunio (14.17). B Touke A Hanpsi>keHHe Ha KOHJEHcaTope noc-
turaer 3HaueHua U, KOCTATOYHOTO M MOHMU3AUMH rasa B HEOHO-
BO#1 Jsamme, JlaMIa s3aropaeTcs M KOHJEHCATOp paspsi’KaeTcs uepes
Hee [cm. (14.15)]. B Touke B Hanps)KeHHe Ha JaMmie CTaHeT PaB-

R

Puc. 18.6 Puc. 18.7
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HBIM Ur’ JlaMna racHeT U ee COIIPOTUBJIE-

HiMe 3HAUMTEJBHO BoapacraeT. KoHpeH-
caTOpP OMATH MOA3apsAKaeTcsd, U Ipolece
IOBTOpPSIETCA.

Kak suzuo u3 (14.17), cKOpocTh BO3-
pacTaHus HanpsoKeHUsl B TAKOH cXeme
MOXKHO M3MEHATh, M3MEHAA NapaMeTphbl

Puc. 18.8 R u C. Tar, yBenudeHnue cOnpoOTUBIEHUA
OpUBEAeT K YBeJHYEHHWI0 BpEMeEHH T,

yuactok OA craner 6osee nonorum. MsMeHeHne HANPAKEHUS HA yUa-
cTke AB MpoucXoAuT NpH paspsjiie HeOHOBOH JaMIbl U 3aBUCHUT, CJI€JO-
BaTeJILHO, OT ee xapakrepucTuk. [Togbupas napaMeTpsl CXeMbl, MOXK-
HO peaJibHBIH rpaduk (cMm. puc. 18.7) npubau3nuTh K UACAIBHOMY, HA-
3bIBAEMOMY nunoo6pasnvim Hanpascernuem (puc. 18.8). I'paduk
3aBHCHUMOCTH 3TOT0 HANPSIKEHUA OT BpEMEHH HANOMHUHAET NMPopuiib
nuasbl. B reverue Bpemenn T, HanpsikeHUe JUHEAHO BodpacTaeT 0T Uy

no U,, sareM 3a Bpema T, OHO IMHEHHO YMEHBIIAETCA JO MUHUMAILHO-

ro sHauennd. Ecau Tpebyercs Gosiee TouHOE HPUOIHIKEHHUE K INHEHHO-
My HM3MEHEHMIO HATPSOKEHUs cO BpEMeHeM, TO NpUMeHAT Gosee
cJI03KHBIE cxeMbl. IInioo0pasHoe HANpsi?KeHne UCIoJIb3yeTcs B I'eHepa-
TOpe pa3BepTKHU 3JEeKTPOHHOro ocuusuiorpada (cum. § 18.8).

§ 18.6. dnexTpoHHBIE CTHMYIATOPEL
HuskouacroTHas (PpU3MOTEpaneBTHYECKAS
3JeKTpPOHHAS anmaparypa

ByaeMm, paau KpaTKOCTH, HA3bIBATh (DU3UOTEPATIEBTUYECKYIO JIEK-
TPOHHYIO annapaTypy HU3KOH M 3BYKOBOI YacTOTBL Hu3xoiacmom-
HOUi. DIeKTPOHHYIO aNllapaTypy BCeX APYIHX YacToT — 0006Iatomum
MOHATHEM 6bLCOKOLACITNOMHAR.

MeaunuHCKHBEe anmnapaTel — TEeHepaTOpbl TapMOHMYECKHUX W HM-
OYJbCHBIX HH3KOUACTOTHBIX 3J€KTPOMArHUTHBIX Kostebanuil — o6benn-
HAIOT ABe 6OoJIbIIINME PNkl YCTPOHCTB, KOTOPBIE TPYAHO YETKO pasrpa-
HUUKUTD: 3/leKMPOHHbLe CIMUMYAAMOPbL (ILeKMPOCTIUMYAAMOPbL) U
annapamyt ¢usuomepanuu. Ilpn HeGoNBIIUX yacToTax Haubosee cy-
IIeCTBEHHO chenudHUecKoe, a He TENIoBoe, JeficTBue Toka. IloaTomy
JleyeHre TOKOM HMMeeT XapaKTep CTUMYJINDPOBAHMSA KaKoro-aubo sagdex-
Ta pasgpaykKeHMeM TOKaMu. JTO OOCTOSATENLCTBO, BEPOATHO, M BJEYET
cMellleHue IOHATUH «JieueDHBIH annapaT» U «3JIEKTPOCTUMYJISATOD» .

XoTA 3neKTpUYecKoe pasgpakeHne MBIIIIb] 66110 OOHAPYIKEHO elle
B XVIII B., HIMPOKOE MCTIOJL30BAHNE JIEKTPOCTUMYJIATOPOB HAYAJIOCH
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JUIIB B 1IocHeAHMne aecATreTud. B HacTodAuee BpeMA UMEEeTCA MHOrO
pasHBIX 3jeKTpocTuMyJiATopoB. Ho u ceflyac BaXKHOH MEAMIIMHCKOH U
(pu3HOoNOTNYeCKOil IIpoGIeMoi OcTaeTest TOHHOE 3a/laHHe BHIXOAHBIX Na-
pPaMeTpOB BJIEKTPUYECKOrO CUTHana paspaboTUMKaM JIeKTPOCTUMY.JISA-
TOPOB: (hopMa MUMIYJILCA, ero JJIUTEeJbHOCTh, YACTOTA UMIIYILCHOrO TO-
Ka M CKBAYKHOCTSH CJIeJOBAHUS UMITYJIBCOB (cM. Ia1. 14 1 15).

DJIeKTPOCTUMYJIATOPLI MOI'YT GLITH TOAPAS/AEJEHEl HA CMAYUOHaAp-
Hble, HOCUMble I uMRAaHMuUpYembie (8xcusrnemoie). 115 NOAHOCTBIO
MMILIAHTUPYEMBIX 3JIeKTPOCTUMYIATOPOB, HAIPUMED KAPAXOCTUMY1A-
TOPOB, JOCTATOYHO Cepbe3HOH mpobaeMoll ABJIAIOTCA MCTOYHUKM MUTA-
HUs1, KOTOPbIE JO/IAKHBI JTTUTEIBHO ¥ 9KOHOMHO (DYHKIIHOHMPOBATh. I
npobsiemMa peliaeTcsd KaK CO3JAHUEM COOTBETCTBYIOLIUX HUCTOYHUKOB,
TaK 1 pa3paboTKON S9KOHOMHUUYHBIX reHepaTopos. Tak, HanpuMep, xeJa-
TeJIbHO UMETh IeHepaTophbl, KOTOPbie MPAKTHYECKN He IOTPe6asanu Gbl
3Hepruio B Iay3e MeXXJy UMIYJIbCAMH.

B kauecTBe mpuMepa CTAIIMOHAPHOTO CTHUMYJATOpa IIHPOKOrO
HasHAUYCHUS MOYKHO VKa3aTh YHUBEPCAJBHBIN 3JIEKTPOUMIIYJILCATOD
(puc. 18.9). On npexcraBisieT cob6oil reHepaTop UMIYJIBCHOTO TOKA
OpAMOYroJbHON M 9KCIOHEHIMAIBbHOH (hopMbl. IlapaMeTpel UMY Tb-
COB M MX YaCTOTa MOTYT peryJupoBAThCA B IIMPOKUX IIpeJesax, TaK,
HanpuMep, AJUTeJbHOCTb NPAMOYTOJLHBIX HMIYJILCOB CIIOCOOHA U3-
mensaTbess guckperHo ot 0,01 xo 300 mc. Anmapar no3BoJisier usMe-
pATH AMILIATYAY UMIIyJbca TOKA B Ienu nanuenTa. Ha skpane syiekx-
TPOHHO-JIYYeBOH TPyOKu (JieBasi CTOPOHA JAULEeBOI NaHeNlN) MOMKHO Ha-
6stonaTh (popMy MMIIYJIECOB Ha BRIXOJE allnapara.

[IpuMepoM cBOeoGPa3HOrO CTUMYJIATOPA ABAAIOTCA Oepubpurns-
mopb. — anmnapatsl, OpeJcTaBiasolnue cob0il reHepaTopsl MOIIHBIX
BBICOKOBOJIBTHBIX OJJEKTPUUECKUX HMIIYJBCOB, NpeJHa3HaYaeMble
IUIsT JleYeHUs TSOKEJbIX HApylIIeHHH pUTMa cepiua. Hedbubpunasarop
BKJTIOUAET HAKOMUTENh 3HEepruu (KOHAEHCATOP), YCTPOMCTBO 3apsaxa
KoHjeHcaTopa 1 paspagayio nens. Ha puc. 18.10 moxasan BHELIHUiA
BHJ UMIYJIbCHOTO AedubpuiasaTopa.

HocuMbIM ¥ YACTHUYHO UMILIAHTHPYEMBIM KapAUOCTUMYJIATOPOM
ABJSIETCS MMILVIAHTUPYEMBIH pPaJUOYACTOTHBIA 3JEKTPOKAPAUOCTUMY-

Puc. 18.9
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narop (puc. 18.11). Umnnantupyemas ero
yacTh (IPUEMHUK) MOKA3aHA B LIEHTpe PH-
cyHKa, ee macca 22 r, ToamiuHa 8,5 mMwM.
IIpueMHUK BOCHPHUHUMAET PAJUOCHUTHAJIBI
OT BHEILIIHETO liepeAaTYnKa (Ha pUCYHKe cJe-
Ba). TU CUrHAJIBI BOCTIPUHUMAIOTCA BHYTPHU
Tesa HOJLHOI0O UMIVIAHTUPYEMOH YacThio U
B BHJE HUMIIYJILCOB Uepe3 JIEKTPOABI MOja-
Puc. 18.11 I0TCs Ha cepAne. B mpaBoi yacTu pUCYHKa
noxasaH 6J0K NMUTAaHUSA, KOTOPBIH, KaK u

nepeJaTUYNK, HOCUTCA GOJIBHBIM CHAPYXKU.

K 0coboii pa3zHOBHAHOCTH 3JIEKTPOCTUMYISITOPOB MOYKHO OTHECTH
TaKkue, KOTOPhIE CNIOCOGHBI B 3aKOJUPOBAHHOH (hopMe NepefaBaTh UH-
hopmanuio, 06BIYHO BOCIPUHUMAEMYIO OopranamMu 4yBeTB. [1ogo6HbIM
CTUMYJISITOPOM SIBJIAETCSI KOXJieapHblil npoTes, npeobpasyoniuii 3sy-
KOBYI0 UHGOPMAIIUIO B 9JIEKTPUYECKHUH CUrHAJ, T. €., MO CYILIECTBY,
3aMeHANINH YINTKY BHyTpeHHero yxa (cm. § 6.5). Hocumsiil Koxute-
apHBIN Ipore3 NOKa3aH Ha puc. 6.12.

K rexHuueckum ycTpoRCTBAM 37EKTPOCTUMYJISIIIUNA OTHOCSITCA TAKIXKe
3JIEKTPOABI U1 TIOBEAECHUA JJIEKTPUUIECKOr0 CUrHAIA K OHOTOIHUeCKOH
cucteMe. Bo MHOrHX c/IydaAaXx 3JIEKTPOCTUMYJIUPOBAHUE OCYILIECTBIIACTCH
MIACTUHYATBHIMHU 3JIEKTPOSAMM, KOTOPbIE HAKJIAJABIBAIOTCA HA TEJIO YeJIO-
BeKa Nogo0HO ajIeKTpojam IS ajieKTpoKapauorpabuu (cm. § 17.2). Ina
BIXKUBJIIEMbBIX 3JIEKTPOAOB IpobJieMbl Bojiee cepbesHBIE, B TOM YUCIe U
npobsieMa BeIbOpa maTepuasia, yCTOHYUBOro K KOPPO3UM NPU MPOXOXKIe-
HUH TOKA B YCJIOBUAX arpecCUBHON GHONIOrNUecKoil cpeasbl.

IIpumepom ¢usanoTepaneBTUUECKOro ammnapara AJsi 3JeKTpoTepa-
MUY CHHYCOMAAJIHLHBIMIU MOAYJIUPOBAHHBIMU TOKAMHM SBJISAETCS «AMim-
aunyiasc-4» (puc. 18.12, ). B Hem uacroTa HeCyLIMX CHHYCOUAAJIb-
HBIX KoJsiebaHuit paBHa 5 KI'1, wacToTa MOAYIUPYIOLINX CHHYCOUIAIB-
HBIX KonebaHuil MOXKeT NJIABHO peryJupoBaTscs B npegenax 10—150
I'i. Hekoropsle BoaMoKHBIE (GOPMBI TOKOB, CO3JlaHHBIE 9TUM I'eHEPATO-
poM, nokaszaHbl Ha puc. 18.12, 6; cooTHOIIeHE MeKIy YaCTOTAMU He-
CYLIUX ¥ MOAYJIUPYIOLMX KOJIEOAHUH HA PUCYHKE HE BBILEPIKAHO.
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§ 18.7. BeicokouacroTnas dusHoTepanesTHYECKas
3JIeKTPOHHASA anmaparypa.
Annaparsl 3JIeKTPOXHUPYPrun

Boapmas rpynna MeIUIMHCKUX aNlapaToB — IEHEpaTOPOB 3JIeK-
TPOMATHUTHBIX KOJieGaHUH U BOJH — paboTaeT B AuanasoHe yJbTpa-
3BYKOBBIX (HAaJTOHAJIbHEIX), BBICOKHX, YJIbTPABRICOKUX U CBEPXBBICO-
KUX YaCTOT X HasbiBaeTcsa 0000IAIOIIMM TeDMUHOM 8blCOKORACMOm-
HAA INEKMPOHHAA annapamypa.

TIpobiema 3/1€KTPOROB B AAHHOM cJjydae pelllaeTcs No-pasHomy. lisa
BBICOKOUACTOTHBIX TOKOB (cM. puc. 15.5) ucnosab3yioTcs CTEKJISHHBIE
3JIeKTPOJAbI, BO3jeHCTBHE NEePEMEHHbIM MATHUTHBIM IojeM (MHIYKTO-
TepMHUs) OKA3LIBAETCS Yepes3 CIIMPATN HJIM IVIOCKKe CBepHYThIe Kabean,
[I0 KOTOPBIM TIPOXOQUT IIePeMeHHbII TOK, CO3/1aBasA HepeMeHHOe MAarHuT-
Hoe moje. Ilpn YBU-tepanmum nporpesaeMylo 4acTh TeJja [IOMELAIOT
MeX Ty AUCKOOOPA3HBIMM METaJINYeCKUMH djieKTpogamu (puc. 18.13),
DOKPBITBIMU cJioeM uaoJisitopa. [Ipu Bo3neiicTBUM 371€KTPOMArHUTHBIMU
BOJIHAMU TPHUO/IMIKAIOT K TeJTy U3JIy4YaTesab 3TUX BOJIH.

1A 6e30nacHOCTH GOJILHOTO 3JIEKTPObI MOAKJIIOUAIOTCS He K KoJle-
6arensHOMy KoHTYpPY reseparopa (KT'), a k¥ kKoHTYpy nanuenTa (Tepa-
meBTHUECKOMY KOHTYpPY, TK), KOTOpBIHl MHAYKTUBHO CBA3AH C OCHOB-
HBEIM KoJiefGaTelbHBIM KOHTypoM reHeparopa (puc. 18.14). MugyxkTHUB-
Had CBA3b UCKJIOUAET BO3MOMKHOCTE CJAYYaHHOro nonajanusa 6015H0ro
IO BEICOKOE MOCTOAHHOE HANPsAXKEHNEe, KOTOpoe IPAKTHYECKN nMeeT-
¢s B GOJIBIINHCTBE MEIMIIMHCKUX BBICOKOUYACTOTHBIX TeHepaTopoB. Ha
puc. 18.14 usobpasken reHepaTop Ha TPUOAe, TAK KaK JaMIOBbIE reHe-
paTopsl eie NPUMEHSAIOTCA B MEJUIIMHCKON annapaType B CBsI3H C He-
06X0QMMOCTBIO MOJYUYUTE JOCTATOUHO DOJIBILIYIO MOLTHOCTE.

duznoTepanieBTHYECKHEe AaNlapaThbl, ABIAIOLIKECS TreHeparopaMu
3JeKTPOMArHUTHEIX KOJIeGaHMI, KOHCTPYHUPYIOTCA TaK, 4TOObI He Me-
IIaTh PaAMoNpHeMy U TeJeBUAeHUIo. JTo obecreunBaeTcs, ¢ OQHOU CTO-
POHEI, CHeIMaJbHLIMM HOMEXO03al{UTHBIMU YCTPOICTBAMH, a ¢ ApYyroi
CTOpPOHBI, ONPee/ICHHEIM CTPOIMM 3aIaHUEM JUAIIa30HA pabounx 4acToT.
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BHernHUi BUA HEKOTOPBIX AlIAPATOB MOKA3AH HA PUCYHKAX: aIlia-
pat «Mckpa-1» — BBICOKOUACTOTHLIH I'eHepaTop, paboTalonIni B UM-
MyJbCHOM DEeXKHMe U UCIOJb3YeMbIH JJIA MECTHOH AApPCOHBAIM3AIUY
(puc. 18.15), anmapar UKB-4 aas uaaykrorepmuu, paboraomniuit Ha
yactote 13,56 MI'y (puc. 18.16), nepenocuoit annapar gaa ¥YBY-re-
panun — YBY-66 (cMm. puc. 18.13).

K BBICOKOUACTOTHOH 3JIEKTPOHHOH MEAMIMHCKOI ammapaType OT-
HOCAT M ANnaparsl 3JeKTPOXUPYPruM (BHICOKOYACTOTHOH XUPYPrun).
OCHOBO#t 3THX YCTPOHCTB SBIAAETCA TEHEPATOP 3JEKTPOMATHUTHBIX
KoJiebaHWi, rapMOHHYECKUX WMJIM MOJLYJMPOBAHHBIX. MOIIHOCTE Hc-
NMOJb3yeMBbIX B JIEKTPOXUPYPIUM 3JIEeKTPOMArHUTHRIX KoJe6aHuil Mo-
2KeT O6bITh 0T 1 BT 10 HeCKOJIBKKX COTEH BATT.

OcobeHHOCTEL TeHepaTOPOB B TOM, UTO OHU JOJKHBLI OTAABATH MOIIL-
HOCTb B HArpy3ky (buosiormueckasi TKaHb), KOTOPAs U3MEHAETCA B
3HAUYUTEJNLHBIX Tpefenax. HaurenbHoe
BpeMsA reHepaTopsl Booblie MOryT pabo-
TaTh 0e3 Harpy3ku, MO3TOMY B anmnapa-
Tax BJJEKTPOXUDPYPrUM €lle B 3HAYU-
TeJbHOH CTeneHM HCHOJb3YIOTCH BaKy-
YMHBIE JIAMIIbI, KOTOPBIE 10 CPABHEHUIO
€ NOJYHPOBOJHUKOBBIME yCTPOHCTBAMU
00s1a1210T GOJIBITEH YCTOHUYUBOCTHIO K
BO3MOKHBIM NEPErPy3KaM.

IIpu syeKTpoXuUpypruu sjeKTpoMar-
HUTHBIE KojieDaHMA TIOJAIOTCH HA 3JICKT-
pPOZBI, KOTOPBIE PACCEKAIOT MJIM KOAaryJIu-
pyioT TKaHb. Paginuator ajekTpoas! s
MOHOIOJISIDHON ® GUIOJIADHON 3JIEKTPO-
XUPYPruu.

B nepsBom ciyuae oguH BBIXOJ IeHe-
paropa COeIMHEH ¢ AKTUBHBIM 3JIEKTPO-
JIOM, KOTODBIM ¥ OCYIIECTBJAIOT 9JIeK-
4'{“'“"@_— TPOXUPYpPrudecKoe BO3JeHCTBUE, a JpY-
K TroH 9JIEKTPOJ — MACCUBHBIA — KOHTAK-
THUPYET C TeJOM HAaIUeHTa.

Bo Bropom ciyuae o6a BbIXoza TeHe-
paTopa COeJWHEHBI C ABYMsS AKTHUBHBIMU
3JIEKTPOJAMH, MEXKJy KOTOPBIMHU TpOTe-
KaeT BBICOKOYACTOTHBIA TOK, OKAa3blBad
Xupypruueckoe Boszelicteue. B atom ciy-
yae o0a 2JIEKTPOJA SIBJIAIOTCA AKTHUBHBI-
MM, a NACCUBHBII 3JIEKTPOJ HE MCIOJB3Y-
Puc. 18.16 eTCA.
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§ 18.8. dnexrponnsrii ocuanorpad

Ocyunnozpag — 5TO N3MEPUTEJIBHOE YCTPOUCTBO 1A BU3YAILHO-
ro HabMoZeHUA MK 3anucu PyHKIINOHAJLHOR 3aBUCUMOCTH JBYX Be-
JIMYNH, IpeoBGpa3oBAHHBIX B 9JIEKTPHUECKHit curHal. Ocuuinorpadbt
HMIMPOKO MCIOJL3YIOT AJIs HabJII0jeHus BPeMeHHOH 3aBUCHMOCTH Te-
peMeHHOH BeJIMYKHEL.

T'7aBHO# YACTBIO 3JIEKTPOHHOI0 ocnuiorpada siBjaseTca 3JIEKTPOH-
Ho-TyueBast Tpyoka (DJIT), nokasannas Ha puc. 18.17. Ee sneMeHTsI
pACTIOJIOXKEHBI B BAKYYMHUPOBAaHHOM faslIoHe B. Onu BKJ0UaioT B cebsa
JIIOMUHECIMPYIOIIui 3Kpa 9, OTKJIOHAILYIO cuctemy O U3 ABYX map
OTKJIOHSIONIX MJIACTHH U dJeKTPoHHYI0 mymKy II (BblaesieHa IITPU-
XOBOIl JIUHMEl), COCTOAIYIO U3 MOAOTPEBHOIO KaTO/a, MOJL00GHOTO Ka-
TOAY AMOAA, 1 CIIEIMATBbHBIX 3JIEKTPOJOB, KOTOPBIE YCKOPSIOT i (hOKY-
CHDYIOT 3J1eKTPOHBL. Ha N1acTUHBI BePTHKAIBHOTO ¥ TOPU3OHTATILHOTO
OTKJIOHEHWs MOAAETCA pasHOCTh MOTeHuuanoB. B saBmcumocTy oT ee
3HAKA ¥ 3HAUEHHUS MYYOK 3JEKTPOHOB OTKJIOHAETCA B BEPTUKAJBHOM
WIN TOPH3OHTANbLHOM HanpasieHnu. CHOPMHPOBAHHBIN U OIIpeJesIeH-
HBIM 06pa3oM HANpPABJEHHBIH BJIEKTPOHHBIA NYYOK IONA/aeT Ha JIIo-
MUHECIUPYIOIMiA BKpaH — TepejHIO CTEeHKY 3JIeKTPOHHO-JIyYeBOH
TPY6KH, HOKPBITYIO JIOMHHOpOpAMHU, KOTODHIE CIOCOOHBI CBETUTHCH
noj BO3neHCTBHEM YIAPOB 3JIeKTPOHOB (kamodonomunecyeHyunR).

TIyuoK 37eKTPOHOB Ha 9KpaHe wu300pasuTcs CBETHALIEHCA TOUYKOH.
TInaBHO M3MeHAA HAIpsPKeHMe Ha OTKJOHANINMX IJIACTHHAX, CBETH-
LIYIOCsT TOUKY MOKHO IepeMelnaTs o 3KpaHy. JIromuuodopst 06188a10T
CBOMCTBOM TIOCJIECBEUCHUA, OHU CBETATCA B JAHHOM MeCTe HeKOTOpoe
BpeMs TI0cJIe TOr0, KAK 3JIEKTPOHHBIH My40K CMECTHJICHA C JAHHOrO MECTA.
IlosTOMY NepeMeliieHe TyYKA HAO/IIOZAETCA HA SKpaHe B BUJe IMHUH.

CTpyKTypHas cxema oclujiorpada JaHa Ha pHUC. 18.18: ¥, un

¥, — ycummurean, BII — 6Jiok nuragua, I'P — rereparop pasBeprT-
xu, DJIT — aneKTpoHHO-Tydyesas TpyOka. meercs rakske GJIOK CHH-

Puc. 18.17
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xponusanuu. Ha puc. 18.19 ns06-
pakeHa NepegHssA MaHeNb OCIIUJLIOr-
pada.

Sprocts [ ITopanHubIll Ha KJaemMmbl ¢«Bxog Y»
‘ . U «3eMJIsi» CUTHAJ YCUJINBAETCH M I10-
JaeTcsd HA BepTUKAJABHO OTKJIOHAIO-

T e rtacTuHb. Ha skpane ocuuiior-
233%%’ pacda TakKoil cUrHall U300pasUTCA OT-
I |  peskom BepTHUKANLHOI NPAMOII.

Sacrora mizguo Ilns  HABIIOMEHMS 3aBHCHMOCTH

CUTH&JIa OT BPEMEHH CJeayeT CBeTH-
meiicss TOUKe COOBIUTH OJHOBPEMEH-
HO PABHOMEPHOE JBUYKEHNE B TOPU30H-
TAJIBHOM HanpaBjeHun. Yrobel samu-
caTh NEePHOAUUYECKHUI MpPOLECC, TOUYKA

7 8 . -

P @ 2 JOJI’KHA 3a HEKOTOpbIH KOHEYHBIN

b Y Curvanonas namnoixa Y X -
Tonrce e IIPDOMEXKYTOK BpEMEHH IepeMeCTHUTH
CA CJeBa HAIIPaBoO IO 9KPAaHy M B BO3-

Puc. 18.19 MOXKHO KOPOTKMH IIPOMEXKYTOK Bpeme-

HHM BepHyThCsi obpaTtHo. Ilostomy Ha-
NpsyKeHne, N0AaBaeMoe HA TOPU3OHTANBHO OTKJIOHSAION[ME IJIACTHHBI,
JOVKHO MMeTh NKJI000pasHbIi BUA (CM., HanpuMep, puc. 18.8, npuuem
T, > T,). Ilpunuun ycTpoiicTsa, caIyKamlero AJs 3TOH Iie, — reHe-
paTopa pa3BepTKHu — ObLiI paccmoTpeH B § 18.5.

JL151 Toro uTO6EI NEpHOANYECKHI TPOIece 0TODpaXKasicsa Ha dKpaHe
HENOABMXXHBIM mn3o0parkeHnem, HeoOXoauMO MoZOOPAThL JOCTATOUHO
TOYHO YaCTOTy pa3BepTKU: HA OLWH MEPUO] BpeMEeHH pasBePTKI HOJ-
KHO HPUXOAMTLCS LIeJIoe UNCIO IEePHUOJOB MCCJIELYyeMOro CuUrHasia.
IT0 yc/I0BHME BBINOIHAETCH GJIOKOM CHHXDOHM3AIMH Pa3BePTKH. Pyu-
kn «Jluanason wacrtorT» u «Yacrora maaBHO» HO3BOJAIOT 334aBATh
HYKHYIO YACTOTY Pa3BepTKH.

Eciu wucenemyemselil npouecc OZHOKPATHBIN HAM HellepHOgHUE-
CKHH, TO MOXeT OBITh HCIOJIB30BAH JKAYLIMI DEKHM Ppa3BEepTKH,
NPEeAYCMOTPEHHBIA B HEKOTOPBIX ocumiiorpadax. IToT peskUM pas-
BEDPTKHU NEACTBYET KaXKABIM pa3 U TOJIBKO TOrAA, KOTAA BO3HHUKAET pe-
THCTPUPYEMBIil TpoIiece.,

Bpamas pyukn «fIpkocts» 1 «@PoKyc», UBMEHAIOT Pa3HOCTH IiO-
TEHIIUAJIOB MEXKAY YCKOPAIOIINMY JIeKTpogamu, Gaarogapst uemy Jo-
CTUTAIOTCA PA3JUYHAA MHTEHCUBHOCTD U NJIONALb CeUCHUSA DK TPOH-
HOro myuka. IIpu 3ToM HNpOMCXOANT W3MEHeHUe SAPKOCTH M (POKYCH-
poBKU cBeTAmedca Touku. Pyukn «Ock Y» u «Oce X» cayskar gas
CMelleHns Beell n3obpaskaeMoil KADTHUHBI B BEPTUKAJBHOM UJIU rOpU-
30HTAJIbHOM HATIPABJIEHUH.
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s Haba04eHNs 3aBUCUMOCTH KaKUX-Iub0 JBYX BeJIMUYMH HMOAA-
0T 3JICKTPUUECKHe CHUIHAJIbI, OTBEYalolliie 3TUM BeJMUYMHAM, Ha
kiaemmbl «Bxox Y» n «Bxog X». 'eHepaTtop pa3sBepTKH IIpH 3TOM He
prJouaercss. Tak, B 4ACTHOCTH, MOXKHO NMOJYYHUTE (purypsl Jluccaxky
(cm. § 5.3), BekTOp-Kapauorpammy (cm. § 12.5).

C nNoMOIBIO PYUKH «YCHJIEHNHEe» U3MEHAIOT yCUJIeHUe MOJAHHOro
curaaJia. IIpu aTom Ha 3KpaHe ocuuiIorpada n3odbpaskeHue pacTATH-
BaeTCA WU COKUMAETCS M0 COOTBETCTBYIOIEMY HAlpaB/JAeHHUIO.

Hduia xanubpoBKu macumitaba BpemMeHH B HEKOTOPBIX OCIIMJLIOTDA-
dax npegycmMoTpeH reHepaTop MeTOK BpeMEeHH JJA MNepUOJUYEeCKOro
M3MEHEHHUsA APKOCTH [IATHA HA 9KpaHe. Byarofaps 5ToMy MOYKHO Om-
pelesisaTh JJINTENbHOCTs M306paXkaeMoro npolecca UiaN ero OTHeJb-
HBIX yacTeil.

HNzobparkenune, HoJgyueHHOE HA 9KpaHe 3JIeKTPOHHOTO OCIIUJLIOrpa-
¢a, moxker 6bITH coTOrpadupoBano.
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YCUAUTCAU U FTeHePaTOPbI
U MX BO3MOXHbIE MCMOAb30OBaHNS
B MEAMLIMHCKOM annaparype

YCUATEAIMU DACKTOUHECKUAX CUMHAAOB (3ACKTDOHHBIMK YCHAK-
TeAIMU) Ha3bIBAIOT YCTOOWCTBA, YBEAUYMBAIOLLME 3TV CUTHAALI 33
CYeT 3HePrM NOCTOPOHHETO UCTOYHMKA. TeHepaTopamn (SAeK-
TOOHHBIMM  TEHEPATOPAaMM)  HA3BLIBAIOT YCTPOWCTBE, KOTOPbIE
NPeobPasyioT SHEPr1io UCTOYHUKOB NOCTOAHHOMO HANPXKEHWs
B SHEPMMIO IASKTPOMATHUTHBIX KOACDAHIA PA3AMHHOM GOPMBI.

B rAdBe pacCMaTpMBAIOTCS HEKOTOPbie OBLIMe BOMPOCh 3TvX
YCTPOMCTB M CMELMpUKa VX MOUMEHEHMS B MEAMLIMHE. Kak Mpak-
THYECKY BAXHBIA MPUBOP, BKAIOYAIOWMA B CeBI U YCUAUTEAL U
reHepaTop, PACCMATPVBAETCS SAEKTDOHHDIN OCLIMAAOTDAD.

§ 18.1. Kosdbduumenr ycuaeHus ycHIuTe s

VenauTeay MOryT CO3LABATHCS HA OCHOBE PA3JIMUHBIX 3JI€MEHTOB
(TPaH3UCTOPBI, TPHOABI U AP.), OXHAKO B OOIIUX BONPOCAX Bce YCHJIHU-
TeJ MOTYT BbITH IpeACTaBJAeHbl JOCTATOYHO eArHO. OHI MMEIOT BXOJ,
HA KOTOPBIH MOJAETCS YCHJIMBAEMBIH 3JICKTPUUECKHU CUTHAJ, ¥ BBI-
X0JI, ¢ KOTOPOro CHUMAETCA yCcuJIeHHbIN curaad (puc. 18.1).

Henpemennoii yacTbio Bcell cHCTeMBl ABJAETCA UCTOYHHUK 3JIEKT-
puUUeCcKOH d3HEPIUH.

Haubosee pacupocTpaHeHHBIM NPUHIMIOM YCHJIEHUS CUrHAJA SB-
JasieTcs BO3AeCTBHE BXOJHOM [N Ha 3JeKTPUUYECKOe CONPOTUBJIEHNE
BBIXOJHOI IleNK. ITO BO3JEHCTBIHE COOTBETCTBYET (hopMe YCUIUBAEMO-
ro cursaia, u moaromy GopMa cUrHaaa
BOCTIPOU3BOAUTCH B BRIXOAHOH IeNu.

CyijecTBeHHBIM TpeBoBaHMEM K yCH-
JIATEJIAM ABJISEeTCA BOCIPOU3BeAeHNe YCH-
JAUBaeMoro curuaja (ycuieHue) 6e3 ucka-
JKeHud ero GopMHI.

Ha npakTuke sto TpeboBaHUE BBITJIA-
JUT KaK CTpeMJIeHHe YCUIUTh 3JIeKTpuYe-
Puc. 18.1 CKMH cHrHAJ ¢ HAaUMEHBIIUMM HCKaXKe-

Yceunurensb

>

Herounur
HATAHUA
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HAAMHA. DO3SMOXXHOCTh YCHJINTEJIA YBEJUUNTH NNIONAHHBIM HaA €ro BXoJn
CHT'HAJT KOJIMUECTBEHHO OLleHNBAETCA KOIPPUYUEHMOM YCcUuNeHUA.

OH paBeH OTHOLIEHUIO TNPUPAIEHUA HANDSKEHUsT (CUIBL TOKA,
MOIIHOCTHM) Ha BBIXOJE YCHUJIUTENSI K BbIZBABIIIEMY €r0 MPUPALIEHUIO
HanpsAXKeHus (CHJBL TOKA, MOIIIHOCTH) HA BXOJe:
R (18.1)

BX BX BX

B saBucumocT# ot nesieil pa3inyaioT yCUJIUTEH HATIPAKEHU A, CH-
JBl TOKA MJIN MOLIHOCTH. B pasbHellieM, pagy onpegesieHHOCTH, BCe
WLTIOCTPAIUHI M BHIBOALI BYAYT OTHOCUTBECH K KODMUIUEHTY yCcuJe-
HUA N0 HATIPSKEHUIO £, KOTOpBIH 6yneT obosHavaThCs Ge3 HHAEK A.

IIpur ycusiennu curHajsa CHHYCOMJAJIBHOU (DOPMBI B BRIPpAYKEHUAX
(18.1) 06BIYHO MCHOJIB3YIOT AMIJIMTYALI BXOJHOTO U BEIXOJHOI'O CHUT-
HaJIOB:

E=U /U

BREIX M

(18.2)

BX m*®

Ecnu £ nmeer sHauenusi, HeOCTATOUHBIE AJIA MOAYUEHUS HA BBIXO-
Jie CUTHAJIA HY»KHOrO HATIPSIXKEHUSA, TO COeTUHAIOT HECKOJIbKO YCUIN-
Teneil. Kaxkaslit oTaebHBIA YCUJINTENE IPU 9TOM HA3BIBAIOT YCUAU-
mensbroim kacxadom. 1o cymecrny, puc. 18.1 u Beipaxkenus (18.1) n
(18.2) caenyer otHecT K Kackagy. KosppuuueHT ycujieHNsa yCUIn-
TeJIsT U3 HECKOJIBKIUX KACKAaJ0B paBeH MPOU3BeJeHUI0 KOdDOUIIMEHTOB
YCHJIEHUS BCEX MCHOJB3YEMBIX KACKAI0B:

Fosw = Bykgkge.. . (18.3)

§ 18.2. Avmmryanas
XapaKTePHUCTHKA YCUJIUTEIA.
Henuneitnnie nckaxennd

PacecMoTpum ycmiienne CHHYCOUJANBHOrO (PapMOHUUYECKOTO) CHUT-
Hasa. [lyisa Toro urobsl djopma curHasa Npy YyCUJIEHMHU He N3MEHSAJIACh,
K03hduuueHT yeuJIeHUs JOJIKeH ObITh OJU-
HaKOB sl Pa3JIMUHbIX HAIIDSDKEHUH B Iipe- 7
Jlelax n3MeHEeHUsT BXOQHOTO CHIHAJA.,

B srom canyuae saBucumocts U =

BBIX M
(U, n)> HasBIBaeMas amnaumyonol xa-

pPaxmepucmukoll ycuaiumensn, WMeeT JIu-
Helinet Bug U, = RU_  (puc. 18.2;
npsamas gauausA). Ha camom mene sinHeitnas O
8aBHCHMOCTH BBIIOJIHAETCA B OTPAHMYEH-

HOI1 objlacTt M3MEHEHUSA BXOJHOrO HAMPS- Puc. 18.2

BBEIX

21 — 2495 321
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JKeHUS, IPU BBIXOJe 3a Ipegesibl 9TOH 00/1aCTH MTUHEHHOCTD 3aBUCHUM
TH HapyliaeTcs (LI TPUXOBadA JUHUS).

Ecsnu BxoAHON rapMoHHYeCK Ui CUTHAJ BBIHET 3a Npefesibl JINHC
HOMH YacTH aMILIUTYAHON XapaKTepPUCTUKY, TO BBIXOZHOH CUTHAJ Y.
He OyZeT rapMoHnYecKUM. BOBHUKHYT HeJHHeHHBIE (AMIJIUTYIHE
UCKaXKeHUs.

I'paduuecku ycuieHne rapMOHHYECKOT0 (CHHYCOMAANBLHOTO) CUT]
Jia mimoctpupyerces puc. 18.3 6e3 uckakeHus (@) 1 ¢ MICKAXKEHUEM |

Kaskabplil 13 9THX PHCYHKOB cogepykut Tpu rpadura. Ha ogaom (¢
U, n U, ) noxkasasa aMIIMTy/iHAS XapaKTEPUCTUKA: JTMHEHHAH (A
HenunenHas (6). Ha HuoxsHem rpaduke npusefieHa 3aBUCUMOCTE BX
HOT'O HaNPsXKeHUsA OT BpeMeHH. ITa 3aBUCHMOCThL CUHYCORJAIbHAS,
cABHHYTasA oTHOcUTe bHO U = 0 HA HEKOTOPYIO NOCTOAHHYIO BEIH"

BbIX

Hy. I'padguk pacnosokes HeoOBIYHO (OCh BpeMeHHM ¢ NIeT BEPTHKAJIBH
TaK KaK ucnoJb3yerca obmas ock U, € NpeAbAyIIed 3aBUCHMOCTE

Ha sneBoM rpacduke gaHa BpeMeHHAs] 3aBUCHMOCTb BBIXOJHOrO HAll]
sxeHnsi. 3xeck ToxKe ock U, TIpUHAJJIEKHUT ABYM rpadpuram. IToT I

(puK crpouTcs ciepyiomuM obpazom. M3 HMyKHero rpaduka Haxo/
snauennsa U, /I HEKOTOPHIX (PMKCHPOBAHHBIX MOMEHTOB BpeMel

3aTeM 0O aMIJIUTYAHOU XapaKTepHCTHKe YCTAaHABJIMBAIOT COOTBET
Bymomue sHaueHnd U 1 HepeHocAT UX Ha JieBBIH rpaduK (IITPK:

Bble JUHMM, TOUKH C OJUHAKOBLIMY CHMBOJAMU COOTBETCTBYIOT OJHO
¥ TOMY K€ BpeMeHH).
Ha puc. 18.3 macmirab no ocu opaunar asasa U Gosblie, yem

ocn abenucee giaa U, (curyan YCUJINBAETCA).
Ha rpaduxax saBucumocru U = f(¢) B ciydae NuHEHHOR aMIL
TYZHOU XapakTepUCTHKH (a) BUIHA CHHYCOMJA; CIENOBATEJILHO, ¥

a) 6)
Puc. 18.3
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JIeHHBIA CUTHAN He ucKaxkeH. IIpn HesmHeilHON xapakTepucTuke (0)
BBIXOJHOH CUTHAJ MEePHOJUUECKUH, HO He CMHYCOMJANbHbIH; cJIeL0Ba-
TeJbHO, IPOUCXOAUT UCKAXKEHNe cuTHAa Npu yeuienuu. Ilepuoanye-
CK#il cUrHAN MoXKeT OBITh MPEACTABJIEH CYMMOi rapMoHuK (cMm. § 5.4),
DO3TOMY HETUHEeWHble HCKAaXKEHUsSI MOYKHO PACCMATPUBATL KAK IIOAB-
JieHHe HOBBIX FAapDMOHMK B CHUTHaJIe TpH ero ycujeHnn. Yem Gosnlie
HOBBIX F'ADMOHMK, UeM BBIIIE UX AMILINTYJA, TeM CHJbLHee HeJlnHeil-
Hble HCKa’KeHUA, UTO OLEHUBAETCA KOIPOUUYUEHMOM HEeAUHEUHbLX

ucKkadxcenui
U, + U}
N7Zm 7 dm o (18.4)
Ulm

rge U, — aMmiuTyga Hanpsi)KeHUsA OCHOBHOH TapMOHHMKH, Uy
Usp, --- — aMILIUTYABI HOBBIX FapMOHHMK. [[Jist TOUHOrO BocIpon3Be/e-

HUSA CUTHAJIA KO3DOHUIMEHT ¥, OYeBUAHO, JOJI’KeH ObITh MUHIMAJICH.

§ 18.3. YacroTHaa xapakTepHCTHEA YCHINTENA.
JInHeilHbIe HCKAKEeHNA

HcnonszoBanne THHEHHOr0 yuacTKa XapaKTePUCTUKM eie He sIB-
JIA€TCS rapaHThell HeHCKaKeHHOIO YCHJICHUS 3JIEKTPUUECKOTO CHT-
HaJa.

Ecin ycusmBaemblil curHaj HecHMHYCOMAAJIBHBIH, TO OH MOJYKET
6bITE Pa3JIOKEH HA OTJeJ/IbHBIE MPADMOHMUYECKUE COCTABIIAIONINE, KarK-
J0¥ M3 KOTOPBIX COOTBETCTBYET CBOA HACTOTA. TaK KAK B YCHIUTENSAX
HCIONB3YIOTCS KOHAEHCATOPHI M KATYUIKK MHIYKTUBHOCTH, 4 UX CO-
OPOTUBJIEHUE 3ABUCUT OT yacToThl (cMm. § 14.3), To KoahdunmenT ycu-
JIEHU A JJISl PA3HBIX FADMOHUYECKHUX COCTABJIAIOLIMX MOXKET OKA3aThCS
pasupiM. OTMeTHM, YTO HHAYKTUBHbIE CBOICTBA PE3MCTOPOB M eMKO-
CTHBIE CBOMCTBA NMPOBOAHHMKOB, CKOJIb OBl MaJbl OHM HU OLLIM, NIPK
YBeJIMYeHUM YACTOTHI TOXKE MOT'YT OKA3aTh CYLIeCTBeHHOe BAUSHIE HA
ko3pdunuent ycunennsa. Takum ob6pazom, cyumiecTBeHHa 3aBHUCHU-
MOCTb £ = f(w) niu k = f(v), KOTOpasa NoJy4YnIa Ha3BaHUE LACMOM-
HoU xapaxmepucmuru ycurumeas. Jiis Toro utobsl aHTADMOHMYE-
CKMil cUTHAN 6BLI yeusieH 6e3 ucKaykeHus (Jaske IpH MCHOJb30BAHUH
JINHetHOl YACTU aMILINTYJHONH XapaKTepUCTUKH), HeobXoJumMa Hesa-
BUCHUMOCTE KO3 PHUIIeHTa YCUIEHUA OT YaCTOTHI.

HacroTHasA XapakTepHCTUKA ROJ'KHA MMeTh Bux kB = const. Ha
OpaKTUKE 9TO HEe Peaqn3yeTcs U NIPUBOAUT K UCKAYKCHUAM, IOJYUNB-
MM HAa3BAHUE LUHEUHbLX NN YACTHOMHbLX.
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1
t O
Puc. 18.4

Jluneiinpie nckaxkeHns uaoerTpupylores puc. 18.4. Ha puc. 18.4,
a na3obpaked MepUOAUUYECKHUt CUTHAJT 3, KOTOPBIN ABJISAETCA CYMMOI
AByx curycoung (I u 2), a Ha puc. 18.4, 6 — Te Ke CUTHAJBI IOCJIE YCH-
senus. Ecju cunyconiaibHble CUIHAIBI PA3HOH YaCTOThHI YCUIUBAIOT-
CA MO-pasHoOMy, Hanpumep, oiuH ¢ k, = 2, a Apyroii ¢ k, = 0,5, To pe-
3yJAbTUPYIONIUN YCUJIEHHBINI CUTHAJ OTJAUYaeTcA OT BXOAHOro (Cpas-
HuTe Kpusbie 3 Ha puc. 18.4, a u 6).

YacToTHYI0O XapaKTePUCTHUKY YCHJIUTENA OBBIYHO H300pakaioT
rpaduuecku (puc. 18.5). 3 3Toro pucyHKa BHIHO, UTO B Npefesiax
®, — 05 Kod(POUIMEHT yeuIeHUs TPUMEPHO nocToAHeH. B pagnorex-

HHKe IPUHATO CYUTATH, UTO ymeHbIIeHHe ero go 0,7k = kmax/ﬁ
HpaKTHUECKH He MCKaXKaeT CUrHasa. [JluanazoH 4acToT o, — o, Ha3bl-

BAlOT NOJAOCOU NPONYCKAHUR YCULUMENR.
st pacmupeHnst IOJIOCHI IPONYCKAHUS NPUXOJUTCS YCIOKHATH
YCUINTebHbIe cxembl, OTHAKO AMATIa30H YACTOT, KOTOPhle HAAO0 yCU-
JauBaTh 6e3 NCKaKeHus1, ONpeaensieTcA 3agauamMu yeujdenus. Tak, qiasa
ycuJieHnsA 3ByKa goctarouno nmosock! 60 'y — 15 kI, a yensieHue Bu-
JeOUMNYJAbLCOB TpebyeT 3HAUNTEIBHO 60bIIeH 10JI0CH] NPONYCKAHUS.
YacToTHasA XapaKTePUCTUKA HNMEeT
k GoJsiblioe 3HAUYeHMe NpH BbIBOpe ycumn-
TeJA AJA  3a0uCKH  OMOIOTEeHIKAJIOB,

Bl
B UMEIOLIMX XapaKkTep CI0XKHOro Koseba-
\m@ax - HUS ¢ PA3JNYHBIMH Tpeje/aMi YacTOT B

! uX rapMoHuUYecKom cHekrpe. Iloatomy
Lo He Bcerja YCHJNUTeJNb, NpeAHA3HAUYEH-
+——t + - %) -
0 o o 0y 0 ® HBIA AJIA 3alUCKH OJHMX BuomoreHIUa
JIOB, MOXKeT OBITH MCHMOJb30BAH JAJIs 3a-

Puc. 18.5 OHUCH JPYTHUX.

§ 18.4. Ycennenue 6103/ 1eKTPHYECKMX CUTHAJIOB

IIpsamoe, HenmocpeACTBEHHOE H3MepeH e DNO3IEKTPHUECKOr0 CUTrHA-
Jla, WJIK CUTHAJIA, CO3LAHHOrO HA BBIXO/E I'EeHEePATOPHOrO JATYMKA, SAB-
JsieTes TPYAHOBBINOJHUMOM 3ajayeil, TAK KAK 3TH CUTHAJBI OOBIYHO
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BechbMa Masbi. IMeHHO 103TOMY B CTPYKTYPHOH cxeme (cM. puc. 17.1)
BTODHIM DJIEMEHTOM HOKA3AaH YCUINATENb 3JeKTPUUECKIUX CUIHAJIOB.

Paau onpe/e e HHOCTH NPORJIIOCTPUPYEM OCOBEHHOCTU yCUIIEeHNHA
MEIUKO-DHONIOrHUecKNX 2JIeKTPUUECKHX CUTHAJOB Ha MpuMepe 6uo-
aNeKMPUieCKuX CUZHAL08, T. €. TeX CUTHAJOB, KOTOPhIE CHUMAIOTCHA
3JIEKTPOJaMH ¢ G1OJIOrHuecKoro obpexTa.

Cuenuduka yeumaureneir 6MONMOTEeHHAIOB OlIpeJEIACTCA CAeLYIO-
OEMI OCHOBHBIMHM OCODEHHOCTAMU 3TOH PAa3HOBUJHOCTU 3JEKTPUUE-
cKuX KoJsebaHuii: 1) BEIXOAHOE CONPOTUBJIeHe GHOIOrnUecKoH cucre-
MBI COBMECTHO C CONPOTHUBJIEHHEM JJIEKTPOAOB OBBIYHO JOCTATOUHO
BLICOKO; 2) GUOMOTEHIMAJEBl ~— MeJJIEHHO M3MEHAIOHINeca CUTHAJIBL;
3) buonoreHnmagbl — cjaabble CUTHAJBL.

Paccmorpum nozpobHee 9TH Borpockl. B § 17.2 ormeuasachk poJib
DepexoJHOT0 CONPOTHUBJIEHUS 3JEKTPOL — KOXKa Ha Hepegauy OHo-
AJMIEKTPUUECKOr0 CUrHAJa TOCJeAYIOI UM djieMeHTaM cxembl. OKasbl-
BaeTcd, 3TUM BOIPOCOM Hpobiema cONpPOTUBJIEHNH He OrpaHUYMBAET-
cA: IpU YCUJIEHUH CUTHAJIA CJieyeT YIUTHIBATL COOTHOLIEHNUSA COIpPO-
tusnennit R, u R, [cm. (17.1)]. Heob6xonumo, Kak NPpUHATO rOBOPHUTH,
€OTJIacOBAHUE CONMPOTUBJICHUS BXOAHON NN YCUJIUTENA U BBIXOJHO-
I'o COMPOTUBJIEHNUA DUOIOTUUECKOH CUCTEMBI.

Bonpoc corsiacoBaHusi MOJHBIX CONPOTUBJIEHUH (MMIIEJAHCOB) JO-
CTATOYHO CJ0KHBIA. [IponsiiocTpupyeM ero JINIib HEKOTOPBIMHU 0OCO-
6eHHOCTAMU B3aUMOMAEHCTBYIOIUX 3JIEMEHTOB 3JIEKTPUUECKOH CXeMBbl.

Bripasus u3 (17.1) cuay Toka I = & /(R, + R ) # noacraBus B

dhopmMyy 4JiA BXOLHOrO HanpsukeHnsa U yeuauTens, nojyunm
& ¢
U =IR =__" R =__05 |
B R+ R, B R/R, +1
W3 (18.5) cieayioT HeKOTOphie NpefesbHble caydan: 1) U — 0
opu B, — 0, T. e. HA BXOJe ycUIuTe st He OyaeT HANDAMKEHUs, eclt

(18.5)

€ro BXOJHOE CONpOTUBJIeHNe paBHO HyNw; 2) U . — & npu B —> o0,
T. €. MAKCHMAJILHO BO3MOYKHOE HATIpSAYKEHUe Ha ycusnTesie 6yger npu
6eckoHeuHO DOJILILIOM ero BXOAHOM cONpoTuBiIeHun. Bo BTOpOM Ciy-
Yae TOKa BO BXOAHOM I1eNN HET; CJAeLOBATEJbHO, He OyaeT NepelaBaTh-
€A M MOIIJHOCTh OT HCTOYHHUKA CUTHAJIA.

B peanpsOil cuTyanuu Ha BXOJe YCHJIUTENs OKAaKeTCA UaCTh Ha-
NPSXKEHUA, FeHepUpPyeMoro 6MoJIOTHUeCKOl cUCcTeMOH U 3aBHCAIIETO
or oromenusa R,/R_ [cm. (18.5)].

Itu npuMepsl 00palal0T BHUMaHNE Ha HEODXOAMMOCTD COr/IacoBa-
Husi conpotuBienuii. B asexkTpodusuosorun cuuraior, uro K, noja-

#xHO B 10—20 pas npeBblmaTs Haubomsiiee BO3MOXKHOe 3HaYeHne R,

Maunast yacToTa 6MOTOrHUECKUX ANeKTpUUYECKHUX CHUTHAJIOB IIPDUBO-
AUT K TOMY, UTO B IIENAX YCUJIUTEJIA HEBO3MOXHO UCIIOJIE30BATh KOH-
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