E.B. AHYYK

TyHHeNnbHbIe ANOABI

B MPUEMHO-YCUNUTENbHbIX
YCTPOWCTBAX



MACCOBAS1I PAIMOBHMBJIIMOTEKA

Boinyck 628

E. B. AHUYK

TYHHEJIbHBIE JHUObI
" B MPUEMHO-YCHUJIUTEJIbHbBIX
| YCTPONCTBAX

2

«<OHEPT US>
MOCKBA 1967

Scan AAW



YK 621.382.233.014.2

PEOAKLUHWOHHAM KOJNJET U

Bepr A. H., Bypneiiumit ®. H., Bypasun B. A, Baxees B. H,
lFennmra E. H., )Kepe6uoe M. 1., Kanaesa A. M. Kopoaskos B. T.,
Kpenkean 3. T., Kyankosckuii A. A., Cmupuos A. I., Tapacos ®. H,,

Idammyp B. H.

Sinuyk E. B.

166  TyHHenbHble OHOABI B MPHEMHO-YCHJIHTEJbHBIX
ycrpoiictBax. M., «JHeprus», 1967.

56 c. ¢ mun (MaccoBaa paanmoGu6iHoTeKa. Buim. 628)
40000 3k3. 15 K.

B 6pouiiope NpUBEeJEHbl CBEJEHHS NO NMPHMEHEHHIO TYHHeJbHDLIX NHO-
OB B MPHEMHO-YCHJUTEJNbHBIX ycTpoiicTBax. OCHOBHOe BHHMaHHe yaeJe-
HO pa36Opy THIOBBIX CXEM YCHJAHTeJel, reHepaTopoB (MaJOMOULHEIX reTe-
POAMHOB), AETEKTOPOB H MpeoGpa3oBaTesiell 4acCTOTHI. IIpuBoAsiTCS Npak-
THYeCKHEe CXeMbl M MalOTCs pacyeTHble COOTHolleHHs. IIpenHasHaueHa
IJ5 NOATOTOBJEHHMX DajHONIOGHTENefl, a TaKXKe MOXeT ObiTb NoJie3Ha
TEeXHHKaM H HHXeHepaM, MHTepecyIOIHMCS NDHMEeHeHHeM TYHHEJbHBIX

JAHOLOB,

3-4-5
= 692.13
317-67

HAnuyk Eaena Baadumuposna
TyHHeAbHble JHOAN B NPHEMHO-YCHIHTEJAbHRIX YCTpOACTBAx

Penakrop A. A. dxkcaep

XynoxecrBeHHbIt pegakTop A. M. Kyswunnuxos
Texu. pexakrop T. I'. Ycaxesa

Koppekrop 3. 5. Lllraidgep

Crano B Ha6op 25/XI 1966 r. Moanucano x negarn 16/I1 1967 r.
dopMaT 84X 108!/, Bymara tunorpadckas Ne 2
T-01770 Yeca, mew. a1 2,94 Y9.-n3x. a. 3,58
Trpax 40 000 3K3. Ilena 15 xom. 3aka3s 2729

HsnareasctBo ,duepras®, Mocksa, XK-114, IIlmiososas Ha6., 10.

MockoBckas tHnorpadus Ne 10 I'masnmoaurpadpnpoma
Komurera no mewatu npu CoBere Munucrpos CCCP,
LllmosoBas Ha6., 10,



FnaBa nmepBas

OBUIHE CBENEHHSA O TYHHEJIbHbIX JHOJAX

OcHOBHble CBOACTBA M BOJILT-aMIepPHasi XapaKTePHCTHKA

B 1958 r. anonckum ¢usukom npodeccopom ToxHACKOTO yHHBEpCH-
teTa Jleo Dcaku GBI OTKPHIT HOBBIA CBOEOGPA3HLIA MOJYIPOBOLHHKOBHIN
npu6op, KOTOPbIAi BCKOpe INOCJAe 3TOrO MOJNYYHJ Ha3BaHHe TYHHEJbHOrO
nuona, WIH avona dcakd. TYHHENbHBIM JHOJ Ha3bIBaeTcs TOTOMY, 4TO
ero pa6oTa OCHOBaHAa Ha M3BECTHOM B KBaHTOBOA MeXaHHWKe TYHHEJbHOM
addexre.

OT 0GBIYHOTO MOAYNPOBOIHHKOBOTO JHOLA TYHHEJbHBIA IHOM OTJH-
yaercss GO/bLION KOHLEHTpalliefi mpHMecefi B # U p o6JacTsX, BecbMa
Y3KHM p-7i TIepeXofoM, GOJIbLION NMPOBOXHMOCTbIO B OGPAaTHOM HAmpas-
JIeHHH H HaJIMYHeM NaJalollero yyacTka Ha NpsiIMOfi BETBH BOJIbT-aMIep-
HOft xapakTepucTHKH. ®H3HKa pDaGOTHl TYHHENBHOTO [Hola MNOAPOGHO
OMHCaHa B JHTEpaType W B AaHHOA Gpolilope HE paccMaTpHBaeTcs.

Ha mapalomem yyacrke BOJIbT-aMNEPHOA XapaKTEPHCTHKH TYHHeJb-
HBIA JHOX TNpencTaBAseT co00f AaKTUBHBIA [BYXMOJIOCHUK, YTO MO3BO-
JsieT LUIHPOKO HCIOJb30BaTh €r0 B DA3/IMYHOrO DOAA YCHJHTENSIX, reHe-
patopax, npeo6pa3oBaTessix, AETEKTOPaxX, BBHIUHCIAHTENbHBIX M 3aTIOMH-
HAIOWHKX YCTPOACTBAx H JAp.

Bospimio#t uHTEpec X HOBOMY TIONYNPOBOXHHKOBOMY TNpHGOpY H
ero GLICTpPOE pacnpocTpaHeHHe OGBSCHAETCS €ro CIOCOOHOCThIO pao-
TaTb Ha BecbMa BBICOKHX wacTtoTax (10°—I10! ey), WHPOKHM HHTEp-
BatoM paGounx Temnepatyp (mo 400°C), CcpaBHHTEJIBHO HH3KHM
ypoBHeM COGCTBEHHBIX WIyMOB (2—3 06), ManbiMu raGaputaMu H Be-
COM, MaJbIM TNOTPeG/JeHHeM 3HePriH, BHICOKHM J[ONYCTHMBIM YPOBHEM
panuaunn (g0 10'7 nefirponoB Ha 1 c#?); BHICOKOM MeXaHHYeCKOH Mpou-
HOCTbIO H HAaJeXHOCTbIO PaGOThl, NJMHTEIbHBIM CPOKOM CJAYXKObH M IpO-
CTOTOfi H3rOTOBJIEHHS.

OCHOBHBIMH HENOCTaTKaMH TYHHEJbHBIX IHOJOB SIBJASIOTCS Masas
BBHIXOJHAasi MOLIHOCTb M OTCYTCTBHE «BHYTPEHHeH» Pa3Bsi3KH MeXLY BXO-
JOM M BBIXOJLOM, 4TO YaCTO BBI3bIBAET Cepbe3Hble 3aTPY[MHEHHS TpH HX
NIPHM EHEHHH.

B ra6n. 1 nokasaH HeKOTOpble CBOMCTBA TYHHEJBHOTO AHOAA IO
CPaBHEHHIO C ADPYTMMH INOJYNPOBOJHHKOBEIMH H 3JEKTPOBAKYYMHBIMU
npuGopaMu (B cxeMax ycHauTeneh).

OcHOBHblE MapaMeTphl TYHHEIbHOrO IHOIA OTPENesIOTCS ero BOJbT-
aMIepHOR XapaKTEePHCTHKOH, KoTopas HMeeT napnamoumHi yuyactok. Ha
3TOM Yy4acTKe yBe/lHueHHe HANpsKEeHHS Ha JUOAE BEI3BIBAET yMeHblie-
HHe TOKa yepe3 HEro H, C/IeJORaTeJbHO, BOIHHKAeT OTPHIATEJbHO@ CO-
TPOTHBJEHHE. '
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Ta6anua 1

INapame Tpul
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KBanToBmii ycumTess | Jlo CBETOBOrO
JHanasoHa 4°K 400 |0,2—1,5
Jlamna Geryiueil BoJIHbI
(J1BB) . . . .. .. 300 200 — 700 10 2—10

YcrpoficTBa ¢ OTpHIaTeJbHEIM BHYTPEHHHM CONpPOTHBJIEHHEM H3Be-
CTHBI [aBHO; JOCTaTOYHO, HaNpHMep, BCIOMHHTb 3JeKTPHUECKYI0 IYTY
HIM (TMHATPOHHBIH 3ddekt. X MoxXHO paslenuTb Ha ABe TPYNNBL: CTa-
GH/IbHBIE TIO TOKY H CTaGHJBHbIE N0 HANPSKEHUI0. XapaKTePHCTHKH TPH-
60poB, cTaGHJbHble MO TOKY (S-XapakTepHCTHKH) MOKa3aHbl Ha pHc. 1,a.
K rtakuM npuGopaM OTHOCATCH JaBUHHBIE TPHOJbI, TOYEUHble TPAH3H-

[ 1

K/ 7

Puc. 1. THNB BOJbT-aMNEePHbIX XapaKTEPHCTHK
npu6opoB € OTPHIATENbHBIM CONPOTHBJEHHEM.

cTopsl B cxeMe ¢ obmeli 6a3of, p-n-p-n nepekiouarend. [losoxenne
paboyefi TOUKH Ha S-XapaKTepPHCTHKe OJHO3HAYHO OIpefe/sieTcss TOKOM
H HEOJHO3HAYHO — HalpsKeHHeM.

BosibT-aMnepHast XapaKTepPHCTHKAa TYHHENLHOTO JHONA M0 CBOEMY
BHIY TIDHHAJUIEXKHT K XapaKTePHCTHKaM, CTaGH/IbHEIM TO HaNpsiKeHHUIO
{N-xapakTepucTHKa), T. e. TIOJOXeHHe pabouefi TOUKH Ha Hell OAHO-
SHaYHO %npenenﬂe'rcn 3aJlaHHBLIM HaNpSKEeHHEeM H HeOJHO3HAYHO — TOKOM

uc, 1,6). -
0 Ha p)uc. 2 npuBeleHa BOJBT-aMIIeDPHAsi XapaKTEPHCTHKA TYHHEJbHOrO
nuona. Touky P, Ha3HBalOT BepLIHHOH, TOUKy P — BHafgHHOM XapakTe-
PHCTHKH.

I, — MakcHMaJIbHBIH TYHHEJBHBIA TOK, WJIH NMHKOBHIA TOK.

Iy — MUHHMa/IBHBIA TOK.

Ig—TO0K B paﬁoqeﬁ TOYKeE.



U, — nanpskente, COOTBETCTBYIOLlee MAKCHMA/NbHOMY TOKY.

U, — HampsiXKeHue, COOTBETCTBYIOIlee MHHHMA/TbHOMY TOKY.

Us — HanpsixKeH’e, COOTBeTCTBYollee Au(pPY3HOHHOMY TOKY, paB-
HOMY TOKY MaKCHMyMa.

U, — nanpsikenye B pafoueit TOUKe.

Puc. 2. BoJabT-aMnepHast XapaKkTepHCTHKa TYH-

HEJIBHOTO RHoAa.

IMpu oTpHuaTeJbHOM HanpsKeHHH 6/arogaps TYHHeJIbHOMY 3ddeKTy
B p-n nepexofe o6paTHHA TOK AHOLA KPYTO Bo3pacraer (yyacroxk / HA
puc. 2). TIpu HeGoabIOM NpsSIMOM CMELIEHHH TOK C YyBeJHueHHeM Hamps-
JKeHHS yBeJIHUHBaercs JuHefiHo (ywactok /1), moctHras ocTporo MakcH-
MyMa, daTeM nanaer Ao rwrry6okoro MuHMMyMma (yuacrok //I) u, Hako-
Hell, IPH AaJjbHeflleM YBENTHYEHHH CMelleHHS SKCIOHEHLIHaabHO BO3pa-
craer (ygacrok /V). OrpuuartenbHoe cONPOTHBJIEHHE TYHHEJIbLHOrO AMONA
(—Rjx), onpenenseMoe HAaKJIOHOM KacaTeJbHOM, MPOBENEHHOH Ha Najgalo-
IleM yyacCTKe XapaKTepHCTHKH, Ha3biBaercs AUt depeHIHaNbHbIM.

Monyap nuddepeHIHANBHOIO OTPHILATEJBHOTO COTNpPOTHBJIEHHUS, 3a-
BUCHILEro OT NMOJIOXKEHHsT paBouefl TOUYKH, ompenensercss Kak

du
l—-R.‘l =W

B nacrnopre Ha TYHHeJbHBIA JIHONl HHOTIA YKAa3bIBAaeTCH HHTErpaJb-
H0€e CONPOTHBJIGHHE, DaBHOE

.U —U,

|—Ral =

2—11

T. €. CPelHee 3HaueHHe MOAYJS OTpHIaTeabHOre AubdepeHIHaNTbHOTO
COTPOTHBJIEHHSI.

Tunsl AHOKOB

IepBbie TyHHENbHBIE IHOJB H3FOTOBJISMNCH U3 FEPMAHHS U KpeM-
Hus. [103XKe cTalH MCNONB30BATh HHTEpMETaJ/IMYecKHe COefHHEHHs 3Je-
mentoB III u V rpynn tabmuust . M. MeHneneeBa—apceHHA raiiHs
(GaAs), antuMonun raanus (GaSb), aurumonun uuaus (InSb) u ap.
2—2729 5



Yro6bl MOBHICHTH BEPOSITHOCTb TYHHENBHOTO 3¢ipeKTa, Heo6XONUM
-]
oueHb Y3KHH p-n mnepexon (Mehwee 100 A), B To BpeMs Kak y OOBIUHBIX
o

MoJIynpOBOIHHKOBLIX NPHOOPOB OH cocraBiaser 10000 A. drtoro mobu-
BalOTCsl TIPUMEHEHHEM CHeLHaNbHOH TEeXHOJOrHH W 'MCIOJb30BAaHHEM Ma-
TepHaJoB C BecbMa GOJIBIUNM COJdepPKAHHEM TIpHMecell, B COTHH H Thi-
CSYH pa3 BhlIE, YeM y OGBIYHBIX IOMYNDPOBOLHHUKOB.

lepMaHHeBbIi TYHHEJNbHBbIA AHOJ, H3TOTOBJSETCH NYTeM CIIaBJEHHS
MOHOKPHCTA/IHYECKOT0 TepMaHHsl, JIErHPOBaHHOTO ¢ocdOpoM HJIH MHIIbS-
KOM, C WHJHEM, JIECHPDOBAHHbIM Fa’IMEM WJIH adioMuHHeM. KOHIeHTpauus
npuMecell Ao/KHA OBITH OYeHb BBICOKOH — (2—5) - 10'9 arom/cmd. Kom-
TaKThl W3FOTOBJSAIOTCS M3 O0/0BAa. BeJHYyMHAa MakcuMajibHOro TOKa [
SaBHCHT OT KOHLEHTpallMy NpHMecell H MJIOWIAAM Mepexosa.

W3meHsist cTeneHb JierpoBaHusi p U n o6JacTefl 5/71eKTPOHHO-ABIPOY-
HOTO INepexofa, MOXKHO B IUMPOKHX INpefielax YNpaB/siTh OCHOBHBIMH
napaMeTpaMH TYHHEJNbHOTO AHOJa, NpHYeM BHIGOP TOH HJH HHOH CTeleHH
JIETHPOBaHHs ONpejensieTcsi TpeGOBaHMAMH INPHMEHEHHs, NJs KOTOporo
M3roTOBJAIOTCS JaHHbie AHOABL Tak, AJs MaJoWyMsIiHX YCHJAHTeleH
HeoGXOAMMO MHHHMajbHoe mnpousBefeHHe lo|—Rjy|, uTo uMeer MecTo
y repMaHHeBBIX AHOAOB ¢ U;=~40 me. C TOuKH 3peHHs] NMOBLILIEHHS TeM-
nepaTypHOll CTaGUJBHOCTH NAapaMeTPOB HAWIYULIUMH OKa3aJHChb JHO-
ael ¢ U;j=60 M8, a c ToukH 3peHHsi paboOTel B [HanasoHe BO3MOXKHO
Gosbiux yacroT — ¢ U;=70 ms. [lnamason paGoyux TemiepaTyp rep-
MaHHeBbIX TYHHeJbHHX AHOAOB OT 4° K (TeMnepaTypa »KHAKOrO reus)
no +200°C.

KpemHuneBbie TyHHeJbHLIE AHOABI H3TOTOBJSIOTCS CIJIABJEHHEM KpeM-
HHSl C aMIOMHHHeM. JIyUIIHMH aKuUenTopaMu AJis KpeMHHs aBAsilOTCS 60p
H Ta/JJIHH, a JOHOpaMH — MHIIBAK, cypbMa H ¢ocdop. KonleHTpauus
npuveceit 1019—104 arom/cu®. OOnacTb DPaGOYHX TeMIepPaTyp JEKHT
B npexeiax oT 4,2°K mo +400°C. 3nauense nuxoBoro Toka I, oueHb
ciabo 3aBHCHT OT TeMmneparypnl. OHo yMeHbllaeTcs Bcero Ha 4% upu
u3MeHeHHH TeMmepartypsl oT +20 go +200°C.

HaunyyitiMH BBHICOKOYACTOTHHIMH CBOHCTBAMH 006/1afal0T TYHHEJb-
Hble IMOJbl H3 aHTHMOHMA2 HHAMA (InSb), ogHako oHH MoryT paGoTaTth
TOJIbKO MPH HH3KHX TeMNepaTypax H yxKe IpU KOMHaTHOH TeMmepaType
TepSIIOT CBOH TYHHeJbHble CBOHCTBA.

TyHnHeabHble auoabl M3 aHTHMOHMpa raaaus  (GaSb) ocobenHo
XOpOIIH A/ paGoT B AquanasoHe CBY, Tak kak 0671afaioT HU3KHM
ypoBHeM umyMoB. OHM HMelOT npousBeneHue Jo|—Rjy| HauMeHbluee H3
BCeX THNOB auonoB u paBHoe 0,043 s,

TyHHeabHble AuOAB M3 apcenupa raaans (GaAs) Jerupyiorcs UHH-
KOM HJH 0JIOBOM. OTH JHOAB HMeIOT oTHoieHue /y/[;, paBHoe 40—60,
YTO TNO3BOJISIET NPHMEHATb MX B JOTHYECKHX CXeMax M TIeHepaTopax
MOBBIIIEHHOH (M0 CpaBHEHHIO C reHepaTOpaMu Ha APYrHX THNAX TyHHeJb-
HBIX JHOLO0B) MoluHocTH. IlHoxpt MoryT paGoTaTb Npu TemmepaType A0
+450°C. MunumanbHoe mpousBefgenue Ilo|—Rjy| pas 3THX AHONOB
paBHo 0,12 8, T. e. MO IIyMOBEIM CBOHCTBaM OHH YCTYNamOT [HOAAM,
H3TOTOBJIEHHBIM H3 AHTHMOHHAA TaJNMSl M TepMaHus.

Her Takoro «yHuBepca/ibHOr0» MaTepHana, YTOGH TYHHENbHbIE JHOMHI,
H3rOTOBJIEHHbIE H3 Hero, 06/1afaay Obl BCEMH ONTHMAJAbHBIMH NMapaMerpa-
MHu. Bri6op MaTepnana ompenensieTcss HasHaueHWeM H 00JacTbiO NpHMe-
HeHHs co3gaBaeMoro npu6opa. [las cpaBHeHUs! pas/HYHbIX THIOB AUOLOB
YyacTo NPUBOAUTCS BeMuMHa oTHolleHus Cy/l;, KOTOpasi xapakrepH3yeT
THII HOJla HE3aBHCHUMO OT ero marepuana. 3pecb Cp— eMKOCTb p-n Ie-
pexoza.
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CpaBHeHHe HEKOTOPHIX CBOMCTB TYHHEJABHBIX JAMOIO0B, M3rOTOBJIEHHBIX
M3 pa3qUYHBIX MaTEpHAaJOB, MPIBEJEHO B TaG1. 2

DKBHBAJeHTHasl CXeMa AHOAA B 06JACTH OTPHIATENHHOrO
CONMPOTHBJEHHS (JJI1 MaJbIX CHTHAJOB)

OxBUBaNeHTHAs CXeMa AHOJa mpHBeleHa Ha puc. 3. Bepxuss wacTs
CXeMbl COJEePXKHT 3/MeMeHThl COGCTBEHHO [HONAa, a HUMKHSS — 3JeMeHTHl
BHellHeil nemit. Ha cxeMe NpHHATH clefylomue 0G03HAUYEHHS:

—Ryp=du/di — puddepenuu-
ajlpHOe OTpULATesqbHOE COMpO- |
THBJIEHHE TYHHeJIbHOro [HOAa, |
NpPOTOPIHOHANbHOE HAKJOHY TNa- |
AAIOero y4acTka BOJbT-aMmep- |

|
|

e e e e ——— o

Tynnenonoid duod

~Ra

HOH XapaKTepHCTHKH B TOuKe,
onpenenseMoit cMelleHueM. Mo-
Ryab  Au¢depeHuUasbHOro  Co-
npotusieHuss |—Rjy| NpakTuye- |
CKH HE 3aBHCHT OT 4acToThl Jo !
108 2y, © OH TeM MeHblue, uyeM !
Goabllle NpuMeceil COAepKHUTCH :
B n U p obaactsax nuoxa. Juox,
paGoraomuii B Axanasose CBY,
IOJI3)KEeH HMeTh MaJioe 3HauyeHHe Puc. 3. DKBHBaJIeHTHasi CxeMa TYHHeJb-
'—Rn|~ B 10 xe BpEeMsl BeJlH- HOro AHONA H BHEIIHEH LenH.
quHa |—Rj;| He [dOMKHAa GHITH

CYIIEeCTBEHHO MeHbllle BOJHOBHIX COMPOTHBJEHHA BOJHOBOJHBHIX H KOaK-
CHa/JIbHBIX TPAaKTOB, B KOTOPHIX PaGoTaeT NHOA, TaK KaK HeOOGXOXHMO
COr/acoBaTh 3TH CONPOTHBJIEHHS B JOBOJbHO LIHPOKOM JHaNa3oHe Ya-
croT. Kpome Toro, Majele 3HaueHHst |—Ry| co3malOT TPYNHOCTH AJIA
MOJIyYeHHsI YCTOMUHWBOH pabouell TOUKM B CXeMe IOJAYH CMeUleHHs H
NpH NMOAABJECHHH NMAapa3WTHBIX KoJeGaHUA B DE30HAHCHON CcHCTeMe YCH-
JHTeNs. 3aBHCHMOCTb MOAY/Id AubbepeHIHaNbHOrO CONPOTHBIEHHA
AM0Ja OT BeJHYHHbl TNPHJOXKEHHOTO HaNpsXKeHHs HOCHT CYLIeCTBEHHO
HeJHMHeAHbI/t XapakTep. XapaKTep HeJMHEAHOCTH BJHSET Ha JHHAMHueCKHi
[ManasoH YCHJHTeNs H Ha BHJ KoJeGaHHH B reHepartope.
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Cx — eMKOCTb NHOAA, ONpejieNsieMas eMKOCTbio p-n mepexoma. Ona
H3MeHsieTCsl B Npejesax Najfaiollero yyacTka BOJbT-aMIEpHON XapakTe-
pHCTHRHM npumepHo Ha 20%.

73 — CyMMapHOe CONDOTHBJIeHHe NOTepb B MaTrepHaje NOJYNpPOBOI-
HHKA, B KOHTAaKTax U BbIBOAaxX. CONPOTHB/IEHUE r'y UMEET MPHMEPHO OLHO
M TO e 3HaueHHe B Npefesax Bcero paGodyero yd4acTka BOJLT-aMMepHOH
XapaKTepUCTHKH.

Ly — cyMMapHass HHAYKTUBHOCTb JHOAA, B KOTODYIO BXOAST HHAYK-
THBHOCTb [IaTPOHA M BBIBOJOB; 3aBUCHT B OCHOBHOM OT reOMeTpHuecKoH
¢$OpMBl BHIBOJOB.

Cp — napasuTHasi eMKOCTb NMaTPOHAa M BBIBOAOB npuGopa. ¥ coBpe-
MeHHBIX TYHHe/JbHBIX JHOIOB 3Ta e€MKOCTh MajJa H B GOJBLIMHCTBe CJy-
yaeB ee MOXHO He YUYHTHIBAThb, TMO3TOMY Ha 3KBHBAJIEHTHON cXxeMe OHa
NoKa3aHa MYHKTHPOM.

rzm, Lpn — 3/€MeHTH, YYHTHIBAIOLHE NapaMeTpPhl BHEWIHHX MpPOBO-
JI0B, HarPY3KH H MapaMeTpel HCTOYHHKA THTaHHUS.

YucnoBble 3HaueHusi napamerpoB Ry, Cyp, rp u Ly 3aBuCAT OT Ma-
TepHasa, U3 KOTOPOrO H3FOTOBJEH TYHHEJbHBIA JHOM, €r0 KOHCTPYKTHB-
HOro O(OpMJIeHHS, KOHLUEHTpPAallMH TpHMecefl H JeXXaT B Mpejenax:
—R ;| =56—500 om; Cx=1—200 ngp (y ayumux auopos Cp=0,2—2 ng);
Ly=10-8—10-10 2n; r;=1—15 ox.

CorsnacHO pHC. 3 TYHHe/JbHBIl JHON MOXKHO TNpPeNCTaBHTb KOMILIEKC-
HbIM CONPOTUBJICHHEM:

1

Rx joC
Z=rn+j(oLn-—___l__]__.i__= A——a
—_— R 1+ 0*CiR,
joCx r
(ﬁRiCn

i =TGRy |

YacTOTHBI AHANa30H TYHHENBHOTO AMOJA ONpeje]sieTCss ero mapamerpa-
Mu. Uro6nl ompenenuTth, O KaKoH mpefeNbHOH YacTOTH TYHHeIbHBIH
IHO0J COXPaHsieT CBOe OTPHILATeNIbHOE CONPOTHBI/IEHIE, HYXKHO ONpeNeNHTh
KPHTHUECKYIO YacTOTY, Ha KOTOPOH OTpHLlaTeJ]bHOe CONPOTHBJEHHE IHO-
1a KOMIIEHCHpDYeTCsl ero coGcTBeHHBIMH moTepsAMH. IlpenenpHas, uaH
KPHTHYeCKas, 4YacToTa !(HHOIAa ee Ha3HIBAalOT YacTOTOH cpe3a) omnpele-
JsieTcsl M3 YCJIOBHSI DaBEHCTBA HYJIIO JeACTBHTEJIbHON YacTH KOMILIEKc-
HOTO CONPOTHUBJEHUS Z:

Rz

RE(Z)=rn—l—_—'_—;‘;i—é§-

=0,

OTKyZla KPHTHYeCKass 4yacToTa

f — l ‘ - Rll l —_— 1 .
P 2m [ —Rn|Cr I'n
Cnenyer pasyiHyaTh NpefesibHyl0 4aCTOTY COGCTBEHHOIO TYHHeJbHOTO

nuona (fxp) M TPENENBHYIO YACTOTY CXeMbl C BKJIOUEHHHIM B Hee JHO-
noM (fren). ITom mpemenbHOM uyacToTOil B OGOMX CiAyuasx MOHHMAaeTcs
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MaKCHMaJlbHasl 4acToTa, Ha KOTOPO# MoxKeT GbiTh NOJyueHa reHepalud.
Kputuueckas gacrora (fxp) — 3TO MakCHMalbHas 4acTroTa B OTCYTCTBHE
BHeluHe#t Harpy3kH. [IpefiebHyIO 4acTOTy reHepalni cxeMbl (fres), XOTO-
pas Bcenia MeHbllle fxp, MOMHO HAHTH, YYHTBIBas IOTOJIHHTEJbHOE
aKTHBHOE CONMpPOTHBJIEHHE IOTEPb ’py, BHOCHMOE 3TOA CXeMOH:

f _ l I—Rlll __l‘
T ™ 2nCyx | — Ry | rg - Tsm

Beiile 31O YacTOTH CONPOTHBJIEHHE NHOLA B cxeMe yxke He MOXeT ObiTb
orTpuuareabHbM. Clle0BaTeNbHO, NMPH f>frem HeNb3s NOJYYHTb YCHIIe-
HHMe WJIH aBTOKoJle6aHHe, TaK KaK NPH 3TOM NHOJ HMeeT JIHLIb IIOJOXH-
TeJbHOE aKTHBHOE CONPOTHBJIEHHE U €MKOCTb.

Maxkcuma/bHOe 3HAUYeHHe TpPeJeNbHON YaCTOTHl TeHepPalluH CXeMbl
onpefe/sercs Kak

1 -
f FeH.MaKC = .2_"‘Cn I—_""R; l-

Bepxuuit uyacTOTHbI mnpenen ompenensercss mpousBeneHuem |[—Rz|Cx.
Tax Kak BenMyuHa NHG(DEPEHUHAIBHOTO OTPULLATENBHOTO CONPOTHBJIEHHS
nuoaa |—Ry| HM3MeHsieTCs OT TOYKM K TOUKE HA MajalolleM YuyacTke
BOJILT-aMNePHON XaPAKTEPUCTHKH, TO 3HAJEeHHE YACTOTH frew maxc TAKXKe
3aBHCHT OT MNOJIOKeHHs: paGoueli TOUKM Ha 3TOM yuyacTke Makcumaib-
HOMY 3HAUEHHIO YaCTOTHl TeHepallid COOTBETCTBYeT |—Ry mun|, KOTO-
poe cocTaBJsieT n,pu6.nn3m'enbuo 40% oT 3HaUEHHsT HHTErpanbHOro
conporusaenus |R'g].

[IpupaBHAB HYJIO MHHMYIO YacTh BHIDAXKEHHs JJIs KOMIIIEKCHOTO CO-
NPOTHBJIEHUA [HOLA, MOXHO ONpENENHTh ellle OfHY XapaKTepHCTHde-
CKYIO 4aCTOTY — Pe30HaHCHYIO qacrmzy IHOAA fpes, PU KOTOpOH paBHA
HYJII0 MHHMasl 4acTb COTpPOTHBJEHHS Z:

©R? Cy

m@)=ols—— e =
AR

OTKYAa
1 CiR2 |
fp68=2ﬂcn|_Rn| -Tn——— .

Jast ycrofiuMBofi paGoOTH CXeMbl HEOO6XOAHMO, uTO6b COGCTBEHHAR
pe3oHaHCHas 4acToTa TYHHENbHOro AHOAa 6blia BhIle NpejeNbHON ua-
CTOTHl T'eHepailuH, T. €. Gbl1a B TOM [AUAamna3oHe 4YacCTOT, I'ae AHOL YXKe
He HMeeT OTpHLATEJNbHOro CONIPOTHBJIEHHS. 3to0 yc/a0BHe BHINOJNHAETCA
NpH MajblX 3HAYeHUAX HHAYKTHBHOCTH auoma Lj.

Ecnu fpes = fxp— TO IHOX «MOTeHLMANbHO YCTOHUMBY, ecau Xe
fres << fxp — To IHOA <«mOTEeHiMAJSbHO HEYCTOMUMB», TaK KaKk B 3TOM
cllyyae OH reHepupyeT KoJeGaHHsl Aaxe IPU OTCYTCTBHH BHEUIHHX peaK-
TUBHBIX 3JIEMEHTOB.

ITpu paGore Ha wacToTax HHXKe [pes CONPOTUBJEHWE MAMOJA HOCHT
€MKOCTHBIAl, @ NpH pa6oTe Ha YacTOTax Bhllle fpes WUHAYKTHBHHIA Xa-
pakKrep.
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HcTounMKY NMUTAHUA

OpHHM M3 NPeMYLIeCTB CXeM C TYHHeJbHHIMH AHONAMH $BJAETCH
MaJjioe moTpe6ieHne sHepruu (=104 8T), OJHAKO AO CHX NOP 3TO NpPEH-
MYLLECTBO He MCHOJb3yeTcH, TaK KaK HEeT COOTBETCTBYIOIHX HCTOYHH-
k0B nutanud. OGBIYHO Takue CXeMbl MHTAIOT OT CTAHAAPTHBEIX 3JIEMEHTOB
¢ HanpsixeHHeM 1,6—2,2 8, B TO Bpemsi Kak TpebyeMoe HanpsiKeHue
He mpesblmaer 200 xs. M36biTox HanpsikeHHs TacuTcs GasnnacTHHIM C€O-
NPOTHBJIEHHEM, 3a CYeT Yero MOIUMHOCTb, MoTpeG/idgeMas OT MHCTOUHHKA
NHTaHUsl, 0OKa3blBaeTCsl PABHOH WJM GOJbIIE MOLIHOCTH, HeOGXOLHMOH
NJis MMTaHHS AHANOTMYHBLIX CXeM Ha TPAH3HUCTOPAX.

HICTOYHHK MOCTOSIHHOrO HAMNpsXKEHHs [/ CXeM ¢ TYHHeJbHBHIMH
IMOJAMH JOJJKeH YAOBJETBOPSATb NBYM OCHOBHBIM Tpe0OBaHHSM: HMeTb
BBICOKYIO CTaGHMJIBHOCTb M Masoe BHYTDEHHee CONPOTHBIEHHE.

OTHOCHTe/bHas HECTAGHABHOCTb MCTOUHHKA [HTAHHS JUI CXeMHl
C TYHHENbHBIMH [HOLaMH LOJDKHA ObITb He GoJsee

AE
'Y]E::T =(0)05+0y3) 0/0)

B TO BpeMs Kak y TPaH3UCTOPOB AONYCTHMas HeCTaOHUIBHOCTb COCTaB-
nset 10%. HecraGuipHocTh HampsiKeHHs: UCTOUHMKA NMUTAHUS PHBOLMT
K DE3KOMY M3MEHEeHHIO BeJHUYHHBl OTPHLATEJBHOIO CONPOTHBJEHHS JHOAA,
M, Kak CJe[CTBHE, K HecTaOHIbHOCTM OCHOBHBIX KauecTBEHHHIX IIOKa-
saTtefefl cxeMbl (ycuaurtenss Wiau reepatopa). Ha puc. 4 mpusenen
rpaduK 3aBHCHMOCTH JOMYCTHMOi HeCTaGHJIBHOCTH HCTOYHHKA MUTAHHS
NE OT AONYCTHMOH HeCTaGU/JBbHOCTH KO3(pdHLHEHTa YCHJIEHHS 1) YCHJH-
Tend AJsA ABYX 3HAUeHHH Ko3(-

OHOM M TOM Ke HampsixKeHHH
o 4 & 2 15 B paGoueil Touke (cM. puc. 2).
Puc. 4. 3aB3HCHMOCTb JONMYCTHMOTrO KO- Harpysounas mpsmas B coot-
shduuuentTa HecTaGHNBHOCTH MCTOYHHKa  BETCTBYET DEXHMMY, B KOTOpPOM
nu1aHust Mg Or KONYCTHMOR HecTaGuJb- cxeMma pa6oTaeTr Kak nepexJoya-
HOCTH Ko3(hdHUUEHTa ycuaeHHT M. renb. Pa6ouas Touka /—Touka
HEYCTOHYHBOr0 DaBHOBECH H
B 3aBHCMMOCTH OT 3Haka (QJyKTyaluu Hanpsukenus Up Gynmer nepecka-
KHBaTb B TOYKH YCTOHYUBOrOo paBHOBecHS 2 uau 3. DTO CBOHCTBO CXe-
Mbl TO3BOJIIET HCMOJAb30BaTH €e B MepekMoyaloUIux ycTpoictsax. Ilpu
3TOM [I0JJHO€ CONPOTHBJICHHE LENH MOCTOAHHOMY TOKy (puc. 3) GoJblie
MOZY/si_ OTPHLATeJbHOTO COMPOTHBJIGHHS TYHHEJIBHOrO JHOAA, T. €.
ry>|—Ry], rme ry =rp-+7rzg—IN0JHOE CONPOTHBJEHHE CXeMbl IIO-
CTOSTHHOMY TOKY,

10

% 7, (GHuLHEeHTa yCHJeHHS 10 MOLIHO-

CTH.
432 — BTopoe TpeGoBaHue BO3HHU-
® KaeT H3 YCJAOBHSA YCTOHUMBOH
024 7/ paboThl cXeMbl N0 NOCTOSTHHOMY
4 >\y 9“0/——— Toky. JIMHHA Harpy3ku mo mo-
/ & CTOSIHHOMY TOKY MOKeT nepece-
a16 o KaTh BOJIbT-aMNIepPHYIO XapaKTe-
PHCTHKY AHOZA Ju6O B OXHOM,
0.08 / an6o B TpeX TOYKaxX, B 3aBHCH-
’ MOCTH OT BeJHUHH BHYTPEeHHEro
7 COTMIPOTHBJIEHHS HCTOYHHKA IIpH

%



Ecnm uenn nepeMeHHOro M MOCTOSIHHOTO TOKa B cXeMe pasjeeHsl,
TO ren=Rr, rae Rr— BHYTDeHHee CONMPOTUBJAEHHEe HCTOUHMKA MOCTOSIH-
HOro oMellenns. Jlng Toro 4To6el Touka I 6blaa YCTOHUHBOM, T. €. 4TOGH
CXeMy MOXHO OBLIO HCMOJb30BaTh B KAaueCTBe YCHJIMTENS MJH TeHepa-
TOpPa TrapMOHHYECKHX KO/NeGaHui, HeoGXONUMO OGecneuydTh HAKJIOH Ha-
IPY304HOH npaAMof, cooTseTcTByOmHUi npsiMoli A (puc. 2). Takoit pexum
BLITIOJIHSiETCA NpH  yeoBHH ry <|—Ry|. Ecau
3TO YCJIOBHE He BHINOJHAETCH H3-3a GOJBLIOTO
BHYTPEHHEro CONPOTHBJEHHS HCTOYHHKA MHTAHHSA,
TO MOC/JAeAHHH HIYHTHPYIOT MajbiM COMpPOTHBJe-
HHeM. OGbIUHO MCMOJB3YIOT JenuTeds Ry, H Re
(puc. 5), H HanpsKeHHe HA NHOA MOJAeTCH C pe-
3ucTopa Ry, COMPOTHB/IEHHE KOTOPOrO MeHbIIe
MOZAY/A OTPHIATENBHOTO COTMPOTUBJIGHHS [HONA.
[Tpn 3TOM ROJKHO BHITIONHATBCH HEPAaBEHCTBO

re=R4+r; <|— Puc. 5. IMonava Ha-
z + \[ Rnlv NpsiKeHUsI  CMellleHUus
rae Ha TYHHeJbHBHII 1HOA
(Rr + Rl) Ry, ~ yepe3 JeJIHTeJb.
R=p—7F5T17p"
Rr 4+ R+ R,

Uem MeHnblle R, TeM GoJblie 3amac ycTOHUMBOCTH, T. e. TeM jaJblie

cXeMa OT peXXMMa NepeKJIOUeHHs, OJHAKO yMeHblieHHe R; TpeGyer yBe-
JIMYEHHS] MOLIHOCTH HCTOYHHKA.

CauIIKOM MaJioe 3HayeHHe CONMPOTHB/JIEHHA 33aMKHYTOr0O KOHTypa 1no
MOCTOAHHOMY TOKY 7y MOXKeT BBI3BAaTb IeHEPHPDOBAHHE CXEMBI. ¥Ycnosue

YCTOMYMBOH pPaGOTH, T. €. YC/IOBHE, TIPM 'KOTOPOM B UENH MHTAHUS HE
BO3HHKHYT Tapa3uTHbie KO/IeGaHHA, MOXHO MOJYYHTb, PacCMOTpEB INpe-
HeNbHBIN cTyyall PaBEHCTBA 4aCTOT fpes M fxp, OTKyHAA

LZ
[—RxICx’

rie Ly — cymMMapHas HHIYKTHBHOCTb, COCTOSIIAsi M3 HHAYKTHBHOCTH
nvona Ly ¥ MHAYKTHBHOCTH BHewHe# Uenmd Lgy.

Ly <rg|—Rg|Cxum rg >

AnnpokcHManus BOJbT-aMIEPHON XapaKTEePHCTHKH AHOAA

Bomnpoc ycrofiuuBocTH CxeMbl Ha TYHHETbHOM [HOLe OGHIUHO pac-
cMaTpHBaeTcs B NMPEANoJIOXKEHHH, 4TO ero XapaKTepucTHKa JuHefiHa, T. e.
BO3JieACTBYIOMKH curHan Man. PeanbHas ke xapakTepucTHKa JuOxa
CYLIECTBEHHO HeJHHefHa, a aMIJIHTYIbl BOBJEeACTBYIOMIUX CHTHAJOB MO-
ryT 6biTh 3HauuTebHb. KpoMe Toro, mpu HecTaGUIBHOM HCTOYHHKe MH-
TaHus paboyas TOYKA MOXKET MeHSITb CBOe TIOJIOXKEHHE, UTO TPHBOLUT
K OTKJIOHEHHIO JIeHCTBHTEJbHBIX MapaMeTpoB YCTPOACTBA OT PacCUUTaH-
HbIX. JI1sl OUEHKH HeJHHeAHBIX M INEePeKPEeCTHBIX HCKaXKEHHA B cxeMe
BaXXHO HMETb aHaJUTHYeCKoe BBIPAa)KEHHE XapaKTEePHCTHKH nuozxa (am-
NMPOKCHMHPOBATH ee).

K amnpokcumupylollefi GYHKIHM NpexbsBisieTCs Psif TpeGoBaHHM.
C oaHoft cTOPOHHI OHA JIOJKHA GBIT NOCTAaTOYHO NIPOCTOM, YTOGH pelle-
HHe MOJYYHJIOCh B yAOGHOM ans aHaiausa Buje. C Apyroft CTOpoHH aHa-
JIMTHYECKOe BhIpaXKeHHE O0JKHO OMHCHIBATH DPEasbHYI XapaKTePHUCTUKY
C OnpeleNeHHOH TOYHOCTbIO, UTOGH pe3yJbTaThl aHalH3a MOXKHO GbLIO
PUMEHHTb JJ/I1 pacueTa KOHKPETHBIX YCTPOMCTB.
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B HacTosiiee BpeMsl He CyLiecTBYeT NMPOCTOrO aHaJHTHYECKOrO Bbi-
paXeHus JJas BOJbT-aMNePHOH XaPaKTEPHCTHKM TYHHeJNbHOIG JHOAA,
HKOCTaTOYHO TOYHO OMHCHIBAIOIEro BCe NpOIecCh, MPOTeKalue B y3KHX
p-n nepexojax.

AnnpokcuManus TNOMHOM BOJBT-aMIIEPHON XapaKTEDHCTHKH JHOMA
MOKeT ObITb OCYLIeCTBJeHa HecKOJbKHMHU crmocob6aMu. Ecau pabouas Tou-
Ka HaxoAHTCS BOGJM3H MaKCHMyMa TOKa, YTO MOXeT HMeTb MecTO B mpe-

PHc. 6. ANNpPeKCHMAaLHA OTAeNbHbIX YYaCTKOB BOJbLT-aMIEPHOH Xa-
PaKTePUCTHKH OTPe3KaMM NPAMBIX pPa3JHYHOH KPYTH3HbI.

o6pasoBaTesfix 4aCTOTHl, TO BOJbT-aMIEpPHAas XapaKTEePHCTHKa B 3TOH
o6nacTy 6.1M3Ka K KBaJApaTHYHOR mapabose.

IlocTaTouHo MpocToft ABJSAETCS aNNMpPOKCHMAUHUs OTAEJIbHEIX YYacTKOB
XapaKTePHCTHKH OTPEe3KaMM MNpPAMBIX pa3JuYHOH KpYTH3HB (puc. 6).
ToyHOCTb aNMPOKCHMAUHHM 3aBUCHT OT YHC/IAa OTPE3KOB, HO NpH 3HAUH-
TeJbHOM HX YBeJHYEHHH BO3pacTaeT CJAOXKHOCTb pacyera. HeoGxomumoe
YMCJIO OTPE3KOB OMpedesercsd B KaXKJIOM KOHKDETHOM C/ydyae B 3aBHCH-
MOCTH OT (OpMBI XapaKTePUCTHKH, TpeGyeMON TOUYHOCTH pacueTa H OT
Bbi6opa paGoyero yyacTka xapaKTEepHCTUKH.

Yamie Bcero BOJBT-aMNepHAasi XxapaKTePUCTHKa amNNPOKCHMHpYyeTcs
CTeNleHHEIM MOJHHOMOM. B HeGo/IbIION OKPecTHOCTH paGodeii TOUKH
(AU<O0,1Uy) ® npH HeGOJBIIOM CcHrHAje JJsi OUEHKH HeMuHeAHBIX
CBOWCTB TYHHE/bHOIO JHOJA MOXXHO BOCIMOJ/Ib30BATbCA KYGHUECKHM MOJH-
HOMOM:

i=audt+bud+cu

Jlast Goabliell TOYHOCTH WM MPH GOMBLIHX CHrHAMAX TPUMEHSIOTCA MO-
JIHHOMBI TIATOH, BOCbMOM M Ja)e OJHHHAAUATOM CTENeHH, HO 3TO TPHBO-
JAUT K OYeHb TPDOMO3IKHM BbiYHCJIEHHUSM.

CraTuyeckHe XapaKTEPUCTHKH PA3JHUHBIX THIOB TYHHENbHBIX NHOAOB
MOXHO MPEACTABHTh C TOYHOCTBIO He xyxe *£6Y% cymMoll HByx 3kcmoO-
HEHLUHAJbHHIX QYHKIHHA:

i=aue—b*+d(ec*—1).
IMepBoe cnaraemoe COOTBETCTBYET TYHHeNbHOH, BTOpoe — AHdPy3HOH-

HOM cocraBisiomiell Toka; @, b, ¢ u d — Ko3bdHUHEHTH, MOCTOSHHBIE
R KaXKAOTO K3eMMaspa AHOJa.
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Fnasa sTOopan
YCHJIMTEJIH

OOimue cBeaeHHUsd

N3 Bcero MHoroo6pasus npuMeHeHH HanGojiee NEPCNeKTHBHO HC-
noJb3oBaHHe TYHHeJbHbIX AHOXOB B ycuautensx BU u CBYU. 3to cBa-
3aHO C TeM, UTO TaKHe YCHJIMTENH HMeIOT HU3KHA yPOoBeHb COGCTBEHHHIX
wymoB (2—3 06), MpocTyI0 KOHCTPYKLHIO H He TpebyloT NOMOJHHTENb-
HBIX TeHepaToOpoB Hakauku. B psne ciyuyaeB TYHHeNbHHIH AHOJ NPHMe-
HAETCST U JJS1 YCHJAEHHS HU3KHX 4acToT.

OCHOBHBIMH NapaMeTpaMH, XapaKTepH3YIOIIHMH YCHJIHTeIb C TYH-
HE/NbHBIM JQHOAOM, SIBIAIOTCH KOI(pPHUHEHT ycHIeHHs, ROGPOTHOCTH (Ipo-
u3BeneHue KoadHIHEHTa YCHJIEHHS Ha MOJIOCY NMpPOMyCKaHHA) H Ko3d-
¢duuMeHT WIyMa. YCHIMTelbHble CBORCTBA XapakTepuayloTcs Kosddu-
[MEHTOM YcHJeHHs Mo MowiHocTH. ONHAKO MOCKOMBKY TYHHENbHBIH JHOX
SIBASIeTCS JBYXIOJIOCHHKOM H Y HEro HeJlb3sl Pas3fieNHTb BXOA H BHIXOM,
TO HCMOJIb30BaTh AJs 3TOA LeMH OGBIYHOE MOHATHe KOa(dHIHeHTa 'yCH-
JIeHHsi MO0 MOIIHOCTH (KaK OTHOLIEHHe MOLIHOCTH CHIHaJ/a, BHIAe/IsSeMON
B Harpy3ke YCHJHTE]S, K MOIWIHOCTH CHrHaja, TIOCTYNamoLlero B €ro
BXOJHYIO Ilenb) HeBo3MOxHO. IToaToMy B JHTepaType BcTpeuaercs HHOe
onpejeneHue Koa(dulMeHTa YCHJIeHHS MO MOIUHOCTH, MPHYEM pasJHy-
Hble aBTOPBI MOJB3YIOTCSl PasHBHIMH OMNpeJe/eHHsMH.

Yauie BCero HCMOJb3YIOT HOMHHAJBHBIA Koo(dullUeHT ycHJeHHus IO
momHocTH Ky, OmpepesnseMblii Kak OTHOLIEHHe MOLIHOCTH cHrHajda Pg,
BhIle/IsIeMOR B HArpyske YCHJHTeNs, K MOIIHOCTH Py, KOTOpyio MOXKeT
OTAaTh JaHHBIA TeHEpaToOp CMrHA/ia B cOrviacoBanHY Harpysky. Tak xak

2 2
UII Ul‘

PH:R_H’ P.=‘4Tr,

TO

Px R: [ U \?
KI=P_.'=4 Re (Ur)’

rne Ur u Uy — HanpsixKeHHs reHepaTopa W Harpy3kH, a Ry # Ry — co-
NPOTHB/IEHHS HCTOUHHKA CHTHa/la M HarpysKH COOTBETCTBEHHO. B KoH-
KPeTHO# cxeMe BXOJHOE COMPOTHBJIEHHE YCHJIHTENbHOTO 3jieMeHTa MOXKET
OBITb He COIVIACOBAHO C BHYTPEHHHM CONPOTHBJIEHHEM TreHepaTropa, Io-
35TOMY HOMHHAJbHBIA KO3((MHIHEHT YCHIEHHS XapaKTepH3yeT YCHJHTEJb-
Hble CBOHCTBA Bceil cXeMbl B UleqoM (reHepaTop, YCHJHTe/b, Harpyska)
C y4eTOM MOTepb Ha PaccOr/iacoBaHHe.

Hnorpa ycunurtenb xapakTepH3yloT K03 (HIHEHTOM BHOCHMONO YCH-
sneHHss Kpn, KOTODHI NOKa3bIBaeT BEJIHYHHY MOIMHOCTH, «BHOCHMO#»
B cxeMy. OH onpejensieTcs KaK OTHOUIEHHe MOIIHOCTH CHrHana, Bbije-
JNeMOH B Harpys3ke NpH BKJIOUYEHHOM JAHOMe, K MOULHOCTH B TOH Xe Ha-
rpyske MNpH BbIKJIOUeHHOM JHONe. HOMHHAMbHBIA KO3 (DUIHEHT yCHIe-
Hufi Kuw u Kosdduument BHocHMOro ycuienus Kpm CBA3aHBI COOTHO-

LIeHHeM:
4RrRy

Ko =Ko Rt Ry

[pu Ry=Ry Ku=Kyys, B0 Bcex ocTanbiux cayvaax Ky <K,
3—2729 13



Kosddunuentom ycanenus no HanpsKEHHIO CYUTAIOT OTHOLIeHHe Ha-
OpsKeHHs Ha Bhixofe ycuautens Um K 3. A. ¢. HCTOuHMKa curHania Ur:

U
Kn=—lﬁ.

OGruHoe omnpenenenne Ko3(GHUUHEHTa YCHAEHHS [0 HAMPSXKEHHIO KaK
OTHOILEHHe HaMpsXeHHA Ha BHIXOAE H BXOJAe YCHJIHTENS TepseT CMbICH
Yy ABYXNoJiOcHHKA. KospHIMEeHT 'yCHJIEHHS MO HaNpsAXKeHHI0 OJHO3Hau-
HO CBfI3aH C KO3®(HIMEHTOM YCH/IEHHS TO MOLLHOCTH:

1 R
==T1/K“ Ry

O6biuno K03(pHIHEHT YcHIeHHs Bblpaxaercs B feltubenax. Kosddu-
LHeHT YCHJEHHS TIO HaNpsi?KEHHIO, BBIpAXKeHHHI B JeuuGenax, paBeH
201g K, a Kosbduuuent ycusenus no moiusoctn —I101g Ky.

YpoBeHb MUHHMAJIbHO YCHIMBAeMOrO CHI'Haja OrpaHHYHBaeTcs cob-
CTBeHHbIMH WiymaMu Ycuautens. Illym, co3gaBaeMblfi TYHHEJbHBIM JHO-
JIOM, MOXHO TpeACTaBHTb B BHJEe TPeX HCTOYHUKOB IIyMa: ApoGOBOTro,
TeNJIOBOrO H MePIaTeJbHOro.

FnaBHBIM HCTOYMHHKOM LIYMa TYHHENBHOTO NHOAA fABAsETCs APoGo-
Boft myM. OH cO3/aeTcst MOCTOSIHHBIM TOKOM, TIPOTEKAIOLIUM uyepes JHOX
Tpu pa6GoTe ycuauTesas. JpoGoBoit 1yM uMeeT CIJIOIIHOK CNEKTP H MO-
JXeT ObITb NpeNCTaBJeH B BHAE HCTOUHHKA TOKA inp:

%, = 2elAf,

rie e — 3apsii 9JeKTPOHa;
Af — mosioca mpomycKkaHHs ycCHJHTeNs Ha YpoBHe 3 06.
TennoBofi myM B Napa3sHTHOM MOC/IEJOBaTEIbHOM CONPOTHB/IEHHH
NOTePb rg TYHHEJBHOrO AHOAA MOXET ObiTb NPEACTaBJeH B BHJe HCTOY-
HHKA 3. . C. ex:

€2 = 4kTr zAf,

rae er — 3. A. C. TeIIOBHIX IIYMOB;
k — nocrosimHas BoabuMana;

T — aGcosoTHAas TeMIepaTypa CONMPOTHBiEHHs ToTepsh, °K,

Inss yMeHbllleHHS BJIHSAHHS TeMJIOBOro IOyMa HeOGXONHMO HMETb
BO3MOXHO MeHbllee OTHOLIeHHe fx/|—Rjy|. O6bIUHO 5TO OTHOUIEHHe PaB-
Ho 0,1—0,3.

B 1nnanasoHe 3BYKOBBIX 4acTOT TpOSIBJSETCS TakxkKe IIYM, CreK-
Tpa/ibHasA MJIOTHOCTb KOTOPOTo -yObiBaer no 3akony lff. 1o Tak Hasbl-
BaeMBIli MepuaTeJbHBI/l IIYM, CBSI3aHHBI ¢ TOKOM ‘yTeuKH mepexoza. Ha
yacToTax Bullle | K2y 3Ta WIyMOBas KOMIIOHeHTa mpeHeGpexHMO MaJja
NO CPaBHEHHIO C OCTaJbHBIMH.

OBHBa/eHTHAs CXeMa TYHHE/NbHOTO (IMONA C YYyeTOM IOyMOB mpen-
craBjeda Ha puc. 7,a. M3BecTHO, yTo npPOGOBOW IUYyM [aeT OCHOBHOM
BKJad B BeJMUHHY OOLlero INyMa TYHHEJIbHOIO [HOJXa YXe IpH
ra/|—Rz|=0,1—0,3. Ipo6oBoi wym xapakrepusyeTcs IIYMOBOH II0-
CTOAHHOH, npuGaH3uTe bHO paBHON 20/9|—Rj;|. KonHyecTBeHHO LIyMOBHe
CBOMCTBA YCHJIHTeNst onpenensioTcss Koapduunenrom myma F. On paben
OTHOILIEHHIO MOUIHOCTH HFYMOB Ha BBIXOJE PeajbHOTO YCHJHTENIS K MOIL-
HOCTH IIYMNB Ha BbIXOJE HAEaJbHOrO, He BHOCAIULEr0 COGCTBEHHBIX IIy-
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MOB, ycunureds. MHaue, Ko>d)GHUUKEHT 1IyMa ONpele/sieT, HA CKOJBKO
YCHIHTENb YXYAlIaeT OTHOWIEHHe CUTHAJ/IIYM, T. €.

(curnan/mym)
= (curnan/urym),  *

OkBuBaJieHTHasi cXeMa YCHJHTeJIs ¢ YyeTOM IIyMOB mpeacTaBjieHa Ha
puc. 7,6. Koadhduunent MyMa yCHAHTeNs MOXKHO MNpPEACTaBHTb B BHIE

__1+ gn +go

rae g — NpOBOIMMOCTb COGCTBEHHBIX MOTePb AMOJAA H KOHTYpa YCHJIH-
Tens;
ga — NMPOBOJMMOCTb Harpy3kH;
gr — NPOBOJHMOCTb TeHepaTopa;
ge — SKBHBAJIGHTHAs I'yMoBasi MPOBOJHMOCTb IHOAA;

el,
8e = 9T *

Mpu T=300°K g pasna 0,02/¢R;, roe I, u3MepeHn B MH/IHaMIepax.
Ilpn cnaGoit cBI3H ¢ HarpyskoH BhHIpaXKeHHe NJA KoahdHLHeHTa LIyMa

ynpoiuaercs:
F=140,02/6Ry.
-
“Ra <y "a La
¢——-—l::3—-—-@——x::——f‘~“—¢
ILCa
H
a)
) [] I g T lue g Iw.HCTD
lurl & A wl e n
o — .
Hemovnur — Kowmyp  Tywnnensnod — Hazpysna
cueHanra g duod

Puc, 7. DKBHBaJeHTHass MyMOBasi CXeMa TYHHeALHOro
RHORA M YCHJHTENA Ha TYHHEJBHOM RHOME.

HampsixkeHue Ha nHOAe, COOTBETCTBYIOLEE MHHHMAJBHOMY SHaUeHHIO
kosdpdunuenta mwyma F, He coBmagaer ¢ TeM HampsiKeHHeM, IPH KOTO-
poOM 3HaueHHe OTPHIIATeJbHOTO COTPOTHBJEHHS TYHHEJNbHOTO HAHOAA MH-
HUMaJbHO, a MpeBOCXOAHT ero Ha 10—20 ms.

B mupokonosocHoM ycHiHTele Ko3(dHIMEHT UTyMa Ha BCex Yacro-
Tax OCTaeTcs OrpaHHYEHHOA BeNHYHHOA. JIAs DE3OHAHCHOTO yCHAMTENS
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K03(pPHUUHEHT luymMa HEOTrpaHHYeHHO BO3PAacTdeT NpH NPHOJHKEHHH pa-
6ouell 4acTOTHl YCHJIHTeJdsl K KPHUTHYECKOH (fxp).

Jis MoNMHOM XapakTEPHCTHKH YCHAHTENS € TYHHeJbHBIM AHOMAOM
BBOIAAT BeMHUuHY M, onpenessIomlyl0 KaK 'yCHAHTE[bHBIE, TaK H LIyMO-
Bbl€ CBOAICTBA CXEMHI.

F—1
M= ——7—.

Sy

Ycunuteab mosiieH OHTb paccUuTaH Tax, yTobbl M MMeno MHHHMAJbHOE
3HayeHue.

Pe3ucTuBHBIe yCHIHMTE M HU3KOHW 4acTOThi

PesucTHBHBIE YCHAHTEIH MOTYT GbITh MOCTPOEHBI MO I10C/Te10BaTe b
HOl HJM 1O NapaJsjlesbHON cxeMme,

MocnenoBarenpHas cXxema DE3UCTHBHOrO yCHJHTeNst H3oGpaxeHa Ha
puc. 8,a, rme R u Cx— conpoTuB/eHHe H eMKOCTb Harpy3ku; Cp—
pasnenuTenbHHl KoHAeHcaTop; E, Ry H Ry — 3. 1. ¢. HCTOYHHKA NHTAHHA
H Pe3HCTOPH JeJHTeNs; er, Ry u Co— 3. 1. C., BHYTPEHHEe CONMpPOTHBIIE-
HHE H BHIXOAHAs €MKOCTb HCTOYHHKA CHrHana.

3aMeHAs TYHHeJbHBIH [AMON €ro 3KBUBAJEHTHON CXeMOH M OmycKas
Ueny MOCTOSIHHOTO TOKAa, MEePeXOJHM K 3KBUBAJECHTHOM CXeMe YCHIHTEs
no nepeMeHHoMy Toky (pHc. 8,0), rae

RiRs
Ro=® ¥R

Kos¢duumeHT ycHnenns MO HAaNPSKEHHIO HAa CPeIHHX 4acTOTaX, NPH KOTO-
PHIX MOXKHO NpeHeGpeyb BJIHUSAHHEM BceX eMKOCTEH, paBeH:

R .n

K= R TRa—Ry
Tne
RuRs
Row="poF Ry -

C TOYKM 3peHHS BeJHYHHBl KO3(ullMeHTa yCHJAeHHS 6e3pasiiHyHo,
rie Ha MafalolleM YuyacTKe XapaKTeDHCTHKH JAHoAa Bui6paHa pa6ouyas
TOYKa, MOCKOJ/IbKY NMOAG0POM CONPOTHBJIEHHS HArpy3kH Ry Bcerna MOXKHO
o6ecneyuTh CKOJIb YrogHO Goibiliofi Ko3doduuHeHT ycuienus. OCpuare
Ha MajamolleM YYacTKe XapaKTePHCTHKH eCThb TOYKH, B KOTOPBIX LOCTH-
raercss JH60 MHHHMYM HEJHHEHHBIX HCKaXKeHHH, JHGO MHHUMYM WIYMa.

OG6HuuHo paGouasi TOYKa BEHIGHDAeTCs B TOUKe Ileperu6a Haiaiollero
y9acTKa BOJIbT-aMIIEPHOH XapaKTCPHCTHKH NHOAA, rhe |—Ry|=|—Rxz muul
(rouxa A wa puc. 9). B okpectHOCTH Touku A BenMunHA Ry H3MeHsercs
8HAUHTEJbHO MeHbllle, YeM B JDYFEX TGEKAaX BOJLT-aMNepHONA XapakTe
pucrukd. CreoBaTeAbHO, B STOH TOUKe HeJHHeAHHE HCKaXKEeHHS YCHJIH
BaeMOTO CHTHaJla MHHHMAJbHB NIPH MaKCHMAaJbHOM MOJE3HON MOLIHOCTH.
ITpu atoM TpeGoBaHHs K CTaGHJIBHOCTH HCTOYHHKA MHTaHHS HaHMeHee
XKeCTKHe, a TMpPOH3BelAeHHE TOJOCH NPOMYCKaHHSA Ha KO3G(UUHEHT YCH-
JICHHS] HMeeT MaKCHMaJlbHOe 3HaueHHe.
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XoTs WyMbl TYHHENBHOTO AHOJA B TouKe A H HE MMET MHHHMYMa,
0HAKO OHM Bcero Ha 5—109, npeBHIIAIOT CBOE MUHHMAJIbHOE 3HaueHHe.

Kosddnunent mepenaun Ha CpPeiHHX 4acToTax IOJYYaeTCs MAaKCH-
MaJ/IbHBIM TNIPH CONpPOTUBJIEHHH HArpy3ku Rg, cTpemsmieMcs K GecKoHeu-
HOCTH (Torna Re s=Rn); UpH STOM
K Ry

" = Th Db b .
H.MaKC R: + R:—R,

4

|XF

I \A

|

| u
|

7
A 7

f

.

P |

LN

_'T A —TT-R‘QM“”
l ;

g

Puc 8. Pe3HCTHBHHHA yCHJIHTEJb C NO- Puc. 9. X2apaKTepHCTHKH TYH-
cJefoBaTeJbHEIM BKJIIOUeHHEM TYHHeNb- HeJbHOTrO JRHOAA,
HOTro AHOna,

Ecin cymma (Rr+Ru) Oamska x |—R;|, To kospdHuueHT ycHIeHUs
CcTpeMHTC K OECKOHEYHOCTH, HO YCHUJIHTeNb TIpY 3TOM paboTaer HEYCTOH-
yuBo. [as ycrofiunBofi paGoThl YCH/IMTENS HEOGXOLHMO BHINOJIHHTD

ycaoBHe
Ri+Ru<|—Ryj,
KOTOpO€ MOXKeT GHITb 3amMCaHO B BHJE paBeHCTBa
ky(Rr+Rn)=|_Rnl,
rie ky——KOSCl)(bHLIHeHT. onpene.nmomnﬁ 3amnac }’CTOﬁ‘IHBOCTH. Torna

BbIpaXKeHHe AJis MaKCIMAaNbHOrO Kos(p@uilMeHTa YCHJIEHNs MO Hampsxe-
HUI0 NMPHMET BHI:
R,

l"“ky-En—'
Kowage = —
H.Maxkce ky—l

YBejqueHne Ky NPHBOAHT K YBE/JHYEHHIO YCTOAYHBOCIH CXeMbl, HO BM6-
cTe ¢ TeM YMeHbIIaeT KO3GQUIUHEHT YCHJeHHS YCHIHTeNs u Tpefyer
yBeJIHUeHHS MOLIHOCTH OT HCTOUHHKA MHTaHHA. PekoMeHAyeTcs BHOHPaTh
ky=1,05+1,5. Ecin ornomwenue R:/R, BenHKo, TO [Js mMOJydeHHS
Ku.maxe™1 HyXHO BHOHpaTh AMOA ¢ GOmbmuM 3HadeHHeM |Ry|, Goabuie
mWyHTHpoBaTh ero (ymenbmasg R;) H cmemath palouyio TOUKY B €TO-
pOHy MHHHMyMa TOKa BOJIbT-aMIIEPHOH XapaKTEPHETHKH,
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Kosbdumuent sHOCHMOrO YCHIEHHS MLJIs IOCHENOBAaTeNbHON CXeMbl
paBeH:

[__Re+Ra 7
K“—[“R'r+kn+zn ] .

Ecnr npereGpeudb BimsiameM ry B Cp, TO TOCHEAHEE BhPaXeHAe ympolna-
eTCs W TIPHHHMAeT BHA:

RetRa 712
K"":[ PR

Bepxnsisi @ HMXHAA 4ACTOTH TIOJIOCH TPONYCKARHS YCHJHMTEJ]s oOmpe-
nensoress o opmynam:
f 1 ;
B 2"Cp (R0 + Rﬂ),

AT
*= Znr, 1+',41—K3—,

rae "% = RyCxR:Co + RzCrCuRr + R:CoCuRy;

R — Ra®:—Rx) .
%= Ry—Ra—R: ’

RrCo(Ro.u— Rx) 4 CuRo.ui (Rr — Ry) — RpCx (Raw + Rr) |

3.H

.

1
T, = .

2 2
% T
1/‘3_2|Ko|(‘— ;L;)

Napannenpnas cXxema pe3sHCTHBHOrO YCHJHTEJS HH3KOH 4acTOTH H
ero >KBHBAJIEHTHasl cxeMa H3o6paxeHn Ha puc. 10,6 u 6. Hcroumuk
CHrHaJa, TYHHEJbHHH AHOA H Harpys3ka BKJIOUeHH NapaJienbHo. Koagd-
HUHEHT YCHJIEHHS [10 HANpPSXKEHUIO Ha CPEIHHX 4acTOTax ompelelsercd

no dopmyie

12=

- 8

T &+ 8us—gn'

rae gr=1/Ry — BHYTpeHHSs MPOBOIMMOCTh HCTOUHWKA CHTHAMA;
8n>=gu+gn; gn=1/Ru; ga=1/Rn; gx=1/Rx.

Makcumansnoe suauenue Kg 1oJydaeTcs npH gm, CTpeMsllielics K HyJo:

gr
KH.MaI(O =——_gr + gn— Zx )

Hasa yc’roﬁqnaoﬁ pa60'ru CXeMH HeOGXONEMO BLITIQJHHTH ycaosme:
g!‘+ gu.a>|"'gu |~

Ka
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YuRTHBas yCJOBHE YCTONYRBOCTH:

ky
&+ 8= T=Ral*

goJydaeM:
|—Ral
R
Ky.maxe = Tl—l-'
| i
L1
R. T4 R,
lo} H,[] R, []Eﬁ L
T . T
) ‘T
e)
1L Cp
LI}
" 8
6‘0:: [li._-_ Fa R. ” Q::
e H

Puc. 10. Pe3HCTHBHHIA YCHJIHTENb C mapan-
JeJbHHM BKJIOYEHHEM TYHHEJLHOTO JHOAA,

BerHﬂﬂ H HHXHAS 4YacTOTHl TIOJOCH TMPOITyCKaHHS onpeaeasoTca
o ¢opmyaam;

1 1
fr= 2nty ’ fa= 2%y’
rae
_ Cat+Co+Cs _ |—Ra |
= gr+ gue—gn’ w=Cy (RB+ grl_Rn|+gn|—'Rn|—l).

Koadduument BHOCHMOTro ycmienns:

L
Kin= R
T
[x+z]
rae
1 1 1
TR R

2¢ 19



Ha prc. 11 npmBesena cxema Napa/Jie/BHOTO DESACTHBHOrO YCHJIA-
Tens ¢ pasjeieHHeM liellel MOCTOSHHOrO M mepemenHoro Toka. Cwuele-
HH@ HA JHOJ MOJAeTcd C NOMOIULbIO JeJHTes HaNpsKeHHs, cOCTOsIIero

u3 pe3ucTopoB R; u Ri Pasnenenne ue-

qa nefi nepeMeHHOro H IOCTOSHHOTO TOKa

A /! OCYILECTB/IAETCS ¢  NOMOIUIBLIO KaTyUIKH

" L 3F~ HHIYKTHBHOCTH L, BKJIIOUeHHOH mapan-

H JenbHO Harpyske. Tak Kak cONpOTHB/IEHHE

KaTylIKH NOCTOSTHHOMY TOKy MaJjo, a ne-

Pt 2 peMeHHOMY — BeJIHKO, TO TOCTOSiHHAs Co-

ér (N 2 CTaBJAIOILAA TOKA HJAEeT 4Yepe3 KaTyIIKY,
+ a mepeMeHHas — uepe3 Harpysky. Takoe

b £ BKJIIOUEHHe HHIYKTHBHOCTH L He cHHXaer

KO3 QHIHeHTa YCHJAEHHS cXeMBl 10 Tepe-
MEHHOMY TOKY.
Puc. 1I. PesHCTHBEEA ycH- Insi Toro 4TOGH H30eKaTh BO3MOXK-
AHTeAb ¢ pasmeneHHeM memek  HOCTH DPAGOTH CXeMBl B DEXXHME MeEpeKJIo-
IepeMeHHOro H MOCTOSHHOrO  yeHHs, Heo6XOZHMO, YTOGHl obliee COMpO-
Toka. THBJIEHHE 3aMKHYTOro KOHTYpa IO MOCTO-
SIHHOMY TOKY ObLIO MeHbllle, YeM OTpHIa-
TeJbHO® CONDOTHBJEHHE AHOLA, T. ..

R+Rlﬂn<|—Rnly
rae
RiRs
R="+r

Rung — conpoTusnenne KaTyIIKH HHAYKTHBHOCTH L NOCTOSTHHOMY
ToKy. OdYeHb MaJjioe MOJIHOE CONPOTHBJEHHE 3aMKHYTOTO KOHTYPa MOXeT
BHI3BaTh reHepupoBaHHe cXeMbl. Il mosydeHHst CTaGHJIBHOTO yCHJEHHS
HeoGXOQHMO BHIIOJHHTL YCJIOBHE

LX
Ry SR <I=Ru |

nne IR-: =\R+Rlnns

OG6bI9HO AAsi CTAaGHABHOTO YCHJEHHS HCHOJB3YIOT 3HaueHHs Rr=
=(0,3+0,6)Ry.

B 3akJ/iloyeHHe CPAaBHHM HEKOTODble MApaMeTPH DEe3HCTHBHHX YCHJIH-
Tesefl ¢ MOC/TeROBaTEeJbHEM M NMapaJilefbHHM BKJ/IOYEHHeM NHOXA u pac-
CMOTPHM TpeGOBaHHs, NpeNbSBAsEMble K HHM. YCHIHTENb € NMOC/AEN0Ba-
TeIbHBIM BKJ/IOYEHHEM OHONA M HAarpy3KH HMeeT HECKOJIbKO OOJbIIYI0
BEPXHIOI YacTOTy MOJOCH npomyckanus (fs), 49eM ¢ MapaJsesbHBIM
BKJIOYeHHeM; OH GoJsiee 3¢ deKTHBeH MNpH YepeNOBaHHH C TPaAH3HCTOP-
HBIMH KacKaJaMH.

OCHOBHBIM HEHOCTAaTKOM YCHJHTENS € NapaJjJjelbHHM BKJIOUeHHEM
IMONA fABJSETCS TO, YTO OH YTPauHBAeT YCHJHMTENbHbe CBOHCTBa IpH
pasjesieHHH LeMedl HCTOYHMKA CHTHAJMA M Harpy3kKu MO NOCTOSHHOMY TO-
Ky. OGe cxeMbl JalOT BO3MOXHOCTb HENOCPEACTBEHHOTO NONKJIOUEHHS
Harpy3Kd K YCHJMTENIO, MPU 3TOM OH NPeBpamiaeTcs B YCHJHUTeJb MO-
CTOSIHHOTO TOKa.

OtHOcHTENbHOE H3MeHeHHe Ko3(hGUIHeHTa YCHJIeHHA NMOX BAMAHHEM
pasfpoca napamMeTpoB AHOKA M H3MEHEHHS TEMIIepaTypsl AJs OGeHx
CXeM YBEJHYHBAeTCS C YyBeJHucHHeM Koappuudenta ycuiaenus, Hawu-
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MEHbIAN HECTAaGHJbHOCTb JOCTHTAeTCA NPH DABEHCTBE HYJIO OTHOIICHHA
R:/Ra. Ho Beamuuinl Rr u Rp OrpaHHueHbl HepaBeHCTBAMH:
Rr 4+ Ra <<| — Rz | — Ana nocniefoBaTenbHOH CXeMbi;

Rff;a <|— Ry | — nan napannenbHolt cxemu,

NOTOMY NpH paboTe C HH3KOOMHHIM F@HEPAaTOPOM CHrHaja lesiecoo6pas-
Hee NPHMEHSATb MOC/AEJOBATENAbHBIA YCHIHTENb, a C BHICOKOOMHHM — Ma-
paJie/IbHbIA.

Tlpn npouux paBHHX YCHOBHAX NapajuieJbHBIH YCHJHTENXb o6na-
AaeT MeHbileA HeCTaGHJIBHOCTbIO KO3(pQHIHEHTa yCHJEHHS IO cpaBHe-
HHIO ¢ nocjefoBaTelbHbIM. TIpH 3TOM HeCTaGHIABHOCTb NapajIeNbHOTO
YCHJIHTeNIi He 3aBHCHT OT CNoco0a BKJIOYEHHS MCTOYHHKA NOCTOSIHHOTO
CMelEeHHS.

OOGbIuHBlE J1aMMOBblE M TOJYNPOBOAHHKOBLIE YCHJIHTENH NpH LOTY-
CTHMOA HecTaGHAbHOCTH Koxhouuuenta ycuienua 10—30% ue tpeGyioT
NpHMEHeHHs] NPellH3HOHHBIX DE3HCTOPOB. YCHIAHTENH e ¢ TYHHeJIbHBIMK
JHOJAaMH TIDH TeX XK€ YCJIOBHAX M CDABHHTEJbHO HeGOJBIIOM YCHIEHHH
(2—8 mna Kackazs) TpeGyiOT NpHMEHEHHs PE3HCTOPOB C MOCTATOYHO Ma-
JbIM pa3bpocoM, OTHM TpeGOBaHHAM YAOBJNETBODSIOT DPE3HCTOPHl TH-
na YJIN u BJIII, umeiomue pas6poc =1 u +0,5% coorBercTBeHHO.

Hns yerofiunBofi paGoTH ycHAHTE/si HEOGXOLHMO TILATENbHO MPORY-
MaTbh ero KOHCTPYKIHIO. BBIBOZBI [HOZAa H COeIHHHTE]bHble TpOBOJAA
HOJKHBI OBITb KaK MOXHO KOpOYe, TaK KaK ¢ HX YAJHHEHHEM YBEeJHYH-
BaeTCA OKBHBAJNEGHTHAS HHAYKTHBHOCTb JHONA, a CJIELOBATe/NbHO, MOHH-
JKaeTcsi; pe3oHaHCHas vacrora pHoxa. C NOHHXXEHHEM pPE30HAHCHOM
YaCTOTHI MOXKET BO3HHKHYTb TeHepalHs, €ClH [pes CTaHET MeHbIIE fxp.

CyMMa nposoauMocTeii Harpy3kH M reHepatropa AJs NapavieJbHOH
cxeMBl JOJXKHA Bcerja ‘GbiThb OoJbllle OTPHIATENBHOM MpPOBOJHMOCTH
avoxa, T. e Ga+gr>|—gx|, a maa  nocienoBaTeNbHOR  CXEMH
Re+Ru<|—Rs.

IMonHas MpOBOZHMOCTb 3aMKHYTOIO JJIsi MOCTOSHHOIO TOKa KOHTYpa
JIOJIXKHA GBITb GoJibllle, YeM OTpHLATENbHAs MPOBOLHMOCTb AHOAA (HCTOY-
HHUK TOCTOSIHHOTO CMelleHHs] NOJKeH GHTb MCTOYHHKOM HaNpsXKeHHS).
Bce paccMoTpeHHbie Bhlllle TpeGOBaHHS AOJIKHBI BBIIOJHATBCS NPH BCEX
TeMIepaTypax H BCeX HANpSKEeHHSAX HCTOUHHKA MHTAHHA.

Pe3oHaHCHBIE YCHJIHUTENH BLICOKOA 4aCTOTBI

[NpuHIHN QeficTBHS DE30HAHCHONO YCHJHTENS BBICOKOH 4acTOTHl Ha
TYHHEJbHOM JHOJe OCHOBAaH Ha YaCTHYHON KOMMEHCAllHH NOTepb B KOH-
Type 3a cYeT OTPHLUATENbHOrO COMPOTHBJeHHA AHoLa —Ry. Omnako 3Ha-
YHTEeJbHOE YBelHuYeHHe NOODOTHOCTH KOHTYypa MOXeT NPHBECTH K reHe-
pallHH, IJs 'yCTPaHeHHsi KOTOPOH HeoOGXONHMO NPHHHMATL ClellHaJbHbie
Mephl. YCHJHTeb BBICOKOM YaCTOTHl MOXKET GbITh BBINOJHEH MO MOCHe-
JOBaTe/bHOH HJHM TapajjesbHOA cXeMaM.

B nmapaanenbHoft cxeme pe3oHaHCHOro ycuiauteas (puc. 12) emxocTs
AHOJa, BKAIOUEHHAs NMapa/ie]bHO OTPHULATENbHOH NPOBOLHMOCTH, O Me-
pe NMOBLILIEHHsT YaCTOTH yBeJHYHBAeT WYHTHpYolllee AefictBHe. B ycuin-
TeJe C MapajjelbHbIM KOHTYPOM MapaJjelbHO AHOLY BKJIIOY3eTcss Ka-
TYyIWKa HHAYKTHBHOCTH Ly ® KoHJeHcaTop Cx ¢ TaKMM pacueToM, 4TOGbl
Ha pa6oueit uactote fo cymmaphas emkocTb C=Cx+Cj; W uHAyKTHB-

HOCTb DE30HHPOBAH f.=2—“-]/.—1"__-? .
K
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Brupaxenne /11 KosbbHUHEHTA YCHJIEHHS M0 MOLIHOCTH B O6LieM
cJyuae BBIVIAZHT CJAELYIOLIHM 06Gpasom:

4gc8x
3 N3 °
@,
gf+0'C’(l— w)

IMpr pesomance (w = ®,) KOSG}HIHEAT YCHJEHHS 0O MOIHOCTH HMEET
MaKCHMAaJbHOE 3BayeHHe:

Ku=

4gl‘gn

Kunaxe = 9
L]

rae o= (gr+8x+gx—8x); gx — SKBUBaJEHTHAs NPOBOIHMOCTb KOHTY-
pa Ha pabouefi uacrore.
Ecan cyMMa NoJoXKHTeAbHBIX NPOBOAHMOCTER (gr+gx+ga) Bh6pa-
Ha PaBHOM OTPULATENbHOA NIPOBOAHMOCTH (—gz), TO K03pHUHEHT yCH-
. nennss Ky GeckoHeuno Goabimoi. Ecau
T4 cymma (gx+gr+gr) MeHblle |—gx|, TO
cxema HeycToHuuBa. TakuM o6pasoM, pjs
Rr ¢ YA 1 TONyueHHS YCTOAUHBOrO YCHJIEHHS CaefyeT
. " [] Renatb cyMmy (g@r+&x+gn) HeckoJbKo
y Gonbure, yeM |—gyl. Tlpu ymanennn ot
C"T R, IMonoca mnpomyckaHusi yCUJIHTeNs MO
E 7 yposuio 0,7 onpenensieTc BhHIpaXKEHHEM
—lt—L
i—:l—- &e
£ a } Afo,, = onC *
INocnegHue nBa ypaBHEHHSI MOKa3bIBAIOT,
4TO C yBeJHuEHHeM Ko3(p¢HIHEHTa ycHJe-
3 “Z‘ 3 9y uus (nyTeM yMeHbIEHHS gx) 1OJIOCA NPO-
NyCKaHHs cokpauiaetcsi, ofpaiasch B
0) Hylb B TOUKe, rie g, PaBHO HyJO, T. €.
TaM, Iie yCHJIeHHe GeCKOHEYHO.

Jlo6pOTHOCTb YCHAMTENS HA TYHHe/b-
Puc. 12. Pe3oHaHCHHIA YCHJIH-
Tenh BLICOKOR wacToTH ¢ ma- HOM JHOJe, paBHAsi NPOM3BENEHHIO KO3(-

Ly
pes3oHaHca yCHJIEHHE YMEHbIIAETCH.

3~

PpannenbRbIM sKiovenneM  (MUMEHTa YCHJIEHHS MO HANpsXeHHIO Ha
R#onA NOJIOCY NpPONYCKAaHHS MOXHO BHPAa3HThb ue-
pe3 mapaMeTphl CXeMbl:
V grgn |

S=]7EA’=‘ =C

[TpousBeneHHe MONOCH TIPOMYCKAHHSI HA KO3(DGHIHMEHT yCHJIeHHs GyReT
HaHOOMbLIMM, KOraa gm=gr=|—gx|/2, npu stom

o 4] | —gal
VKubf =7 =—2;—£,—.

Takum 06pa3oM, KauecTBO TYHHEJALHOTO AMOAA OMpelelsieTCss OTHoIIe-
uueM ero napamerpos |—gx[/Cn, Tak xak mpu Cyx=0 C=Cy. JIo6pot-
HOCTb TYHHEJBHOTO AHOAA 3HAUHTENbHO MpPEBHILAET NOGPOTHOCTH 3JEKe
TPOHHMX JIaMI H TPaH3HCTOPOB.
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Koa(pHIHEHT BHOCHMOTO YCHJ/GHHS YCHJHIENH UHpojeanciun v
dopmyie
1 2

TR E)

111,
me g =g TR

@©p — Pe30HaHCHas YacToTa YCHJIHTENs,;

@xp — KPUTHYECKAst YacTOTa TYHHEJIbHOTO JHOJA.

ITpn yBeiauueHud BXOJHOrO CHrHazna Ha6JIOfaeTcss 3HAYHTENbHOE
yMeHbllleHHe K03(UIMEHTa YCUJIEHHS, TaK KaK XapaKTepHCTHKa TYH-
HEJIBbHOTO JHOJA He SBJASETCA JHHEAHOA H C YBeJIHYEHHEM BXOIHOrO
CUTHaJa YBEJHUHBAeTCS OTpHIATeNbHOE CONPOTHBJ/EHHE.

XapakTepUCTHKH YCHINUTENsT B 3HAUHTENbHOM CTENeHH 3aBHCAT OT
cTaGU/IBHOCTH TEMIIepaTypHl -OKPYyXKalolllell cpefbl H HaNpsiXkKeHUs HCTOYU-
HHKa cMelleHus. HecTabuibHocTb TemIepaTyphl M CMellleHHs] OCOGEHHO
pesko nposiBaserca NpH GoablioM ycuneHud. Tak, HampuMep, B Iocie-
[OBAaTeJIbHOM YCHJIHTENEe, HACTPOEHHOM Ha uactoTy 3,5 My u uMeloumeM
ycunenne 35 06, u3MeHEHHe cMellleHHs Ha 5 M8 MPHBOJHT K 'yMeHblle-
uuio ycunenuss Ha 10—15 06. ITostoMy crabuibHas paGoTa YCHIUTENS
BO3MOXHA JHIIb NMpH ycuiaeHnH 10—20 06. Onnoft M3 NpPHYHH HeyCTOH-
yHBOX paGoOTHl fABJSETCS HENpPaBHJIbHOE NPOEKTHPOBAaHHE CXeMbl MUTAHHUA.
BkJaiouaTh HCTOYHHK [HTaHHS HENOCPEJICTBEHHO B BbICOKOYACTOTHBIA
KOHTYp He pexkoMeHnayercs. Jlis pasneseHHsl BLICOKOYACTOTHHIX Wemed
W ULeNell NMUTaHHS CTaBAT GJOKHPOBOuHHIY KojeHcatop Ce (puc. 12).

Ha ycrofiunsocth paGoTH
YCUIHTENSl OKa3bIBAIOT BJHSHHE
HU3MEHeHHs CONPOTHBJIEHHS Ha-

TPY3KH M BHYTDEHHEr0 CONpPOTHB-

JIeHHsl MCTOYHHMKAa cHraazaa. Jlio-

6oe HebosbIIOE H3MEHEHHe OTpH-
[HaTeqbHOH NPOBOAMMOCTH JAHOAA

|gzl, BHI3BaHHOE H3MeHEHHeM 1
CMelleHHs,, CMEHOH JuOAa, Koje- ‘
GaHUsIMH TEMIEPaTypbl HJH H3-
MeHeHHeM MpPOBOIUMOCTH HAarpys-
KH WJIH HCTOYHHKA NMHTAHHS, PE3-  Puc. 13. Pe3oHaHCHHA YCHIAMTENb BBICO-
KO BJAHSET Ha BEJHYHHY KO03(-  KOi UaCTOTEl C COIVIaCOBAHHEM BXOIHBIX
¢unmenta ycunenus. Hcrounu- U BHXOAHHX HLEMeH,

KOM CHrHaja B ycHaHuTene OGbIY-

HO OhIBaeT AaHTeHHa, a Ha-

rpy3koit — npeo6pasoBaTe/b YacToThl. MIx cOTMpPOTUB/IEHHS] MOTYT MEHSATb-
cs BO ‘BpEMEHH TDH H3MEHEHWH TeMIepaTyphl H HaNpsXKeHHs THTaHHA.
ITo mepe Bo3pacTaHHs Ko3dHIHEHTa ycHJIeHHs TpeGOBaHHUs, TIPeNDBAB-
JAsieMble K CTaGHUAbHOCTH TapaMeTPoB YCHJHTENs, Pe3KO TOBLIIAIOTCA.
Tak, HanpuMep, ec/id B ycuautele go=gs ¥ Ky=30 06, To usmenenue
NPOBOAMUMOCTH Harpy3Ku Ha 1% BbisbiBaeT H3MeHeHHe KoddduuueHra
ycHJeHusi pH pesonaHce Ha 30%.

Uro6bl 0CAa6UTh BJMSHHE H3MEHEHHS! COMPOTHBJEHHA HCTOUHHKA
CHTHA/Ma M HAarpy3KH Ha YCHJHTe]b, HEOOXOJHMO BKJIOYHTbH COTI/Iacyio-
UHe IeNMH MeX]y aHTEHHOM M YCHJIHTeJNEM H MeXIy YCHJHTeNeM M Ha-
rpyskoii. Ha puc. 113 u3o6paxcena 3KBHBAJIEHTHas CXEMa DE3OHAHCHOTO
YCHAHTENS € COINIACOBaHHeM BXONHBIX H BHIXOAHBIX Lemefl. BxuoueHue
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MCTOYHMKA CMIHAJa M HArPY3KH MOXKET ObiTh aBTOTPAHCHOPMATOPHBIM
uny TpamchopMaTOPHBIM; onpeleleHde KO3hGUUHEHTOB TPaHCHOPMALHH
0JHHAKOBO B 0GOHX ciyuasx. OCHOBHbie MapaMeTpPel TAKOTO YCHJIUTENN
caenylolHe:

KO3(QDHULHEHT YCHJEHHS MO MOLIHOCTH:

4grm% gnmg
(g=m’ + gaml + gx — gx)?

rae m; B my — K03pHUHEHTH TPaHCHOPMAIHM;
[oJI0Ca TIPOMYCKAHHS:

Ku=

gl + gumy + g — 8
Af = 2nCy ’
N0GPOTHOCTb KOHTYpa:
@,Cr

Q= 2 5 .
grmy+ gumy+ gu — gn
3HAYEHHS] ONTHMAJBHBIX KO03(QduIHEHTOB TpaHcOpMAaIUHI
2 28C Af — g + &x .

my 2ngyp ’
2 __ 2nC 3 Af — g + gx
my = Srgn .

Ecna  xosdpuuuenthl 1paHcdopManud BbHIGDAHBI ONTHMAJNbHBIMH, TO
MaKCHMaJIbHBIA KOI(QQUIHEHT YCHJIEHHS IO MOLIHOCTH PaBeH:

K =(1— 8x —&x z.
M.MaKC =/ 27"Cp‘Af

Uem yxke nosoca mpomyckanus Af, MeHbllle eMKocTb juofa Cy u 60.blle
OTpHLATeAbHast IPOBOAHMOCTb AHOAA, TeM GO/bIE YCHJIEHHEe CXeMBI.

IocaenoBartenbHas cxeMa pe30HAHCHOrO YCHJAHTedst M306paXeHa Ha
puc. 14. Ha wmeft nocienoBaTeqbHO ¢ TYHHeJbHBIM JHOJAOM BKJIOYeHA
MHIYKTHBHOCTb L, BhIGpaHHas TakuM o6pa3oM, uTo Ha pabouefi uacro-
Te @p AJIA MOCAE10BaTeNbHOr0 KOHTYPa, 06pa3soBaHHOTO eMKOCTBIO [IHO-
aa Cp,1 U HHIYKTHBHOCTBIO L, BHIIOJHSIETCS YC/IOBHE De30HAHCa:

©,R2C,
%l =T @Rr.Cryr =
YCKJIHTEJIB pa601‘ae’r ycTOﬁ'-IHBO l'[pﬂ BBITIOJIHEHUH YCJIOBHH
L<’z|“Rnlcn A ry < |—Ryl.

Koa(xpuumenT BHOCAMOTO YCHNEHMS HAa 4YacToTe «p ONpeleJmeTcs 10
dbopmyae:
. 1 9

K BR = 1 L Rn ]
T | TF @R.Ca)
Tlle Iy — CyMMapHOE COTpPOTHB/IEHHe TIOCTOSHHOMY TOKY.
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Ha puc. i5,a mpuseseHa ipax- T R, L
{Hyechad CXeMa I0C/eJ0BaTe/]bHOro
PE30HAHCHOTO YCHJHTeNs, paboTaio-
mero Ha gacrore 100 Mey ¢ ucnoJb-
30BaHHEM TIepMaHHEBOTO TYHHEJb-
Horo pmuoja THnma IN2939 ¢ mapa- Lp R,
MerpaMu: |Rz|=143 om, Cy=5 ng,
ra=2 om.

Harpyska u resepartop nogkioo- €
yeHbl K CXeMe NpH NOMOLIM JHHHHA R }5]
conpoTHBJeHHeM 50 oM, COrnacoBaH- gl =
HBlX Ha Kouuax. CornacoBanHe siB-

JifieTcs: HeoGXOJHMbIM YCIOBHEM HOP- p;':fén“' Pesogaﬂcﬂbm ycunutesh Su-
ManpHO# paGoTH  ycHauTeass, TaK © R RTOReRTeM . RaoRa M
KaK IIPH 3TOM CO CTOPOHH Harpy3KH

H TeHepaTopa He BHOCHTCS HHKAaKHX

peakTHBHBIX mapaMmeTpoB. MuaykTuBHOCTD Ly H eMKocTh auona Cy o6pa-
3yI0T KoJieGaTe/bHbI KOHTYp, HacTpoeHHbl#t Ha wyactoTy 100 Mey, Mnnyk-
THBHOCTh Lo BhIMO/MHsIeT (DYHKUMH Apoccens, Pa3Bsi3blBalOILEro Uenb IO-
CTOSIHHOTO CMeLIEeHHSI OT CXeMBl YCHJUTENS.

Conpotun.eHus pe3ucropoB Ry H R, moaGupaioTcs Tak, 4ToObl TIa-
JleHHe HanpsixKeHHs Ha JAHofe Gbuio paBHo 125 ms. B sTolt cxeme Ghul
nosydyeH Kospduuuest ycuieHus 32 06.

8z0d 14 L, Beizod

Puc. 15, TIpakTHuYecKHe CXEeMB DE30OHAHCHHWX YycHAHTeNeR,

Ec/in u3BecTHH napaMeTphl TYHHE/IbHOTO IHOIa, BHYTPEHHEE COMpO-
“THBJIEHHe TeHepaTopa, Harpy3ka, pa6ouasi yacToTa H TNOJOCa YCHJIHBae-
MBIX 4acTOT H TpeGyeTcsi BHGPAThb THN CXeMBI, NMO3BOJSIOLIEA NMONYUYHTH
HaHGO/bIIHA KO3(p(PHUHEHT YCHIEHHs, TO OCHOBHHM KpHTepHeM BHGOpa
CXeMBl SIBJISIETCS COOTBETCTBHE 3aJaHHHX NApaMeTPOB YCJIOBHAM YCTOf-
uyBOf paboThl. EciH ycl0BHSA YCTOAYMBOCTH BHINOJNHAKOTCS AMfA OGeHx
CXeM BKJIOYEHHS AHOAA, TO BONPOC O BHIGOpE CXeMH pelllasTcs CpaBHe-
HHeM KO3(/HIHEHTOB YCHJIGHHS.
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Ha puc. 15,6 ¥ 6 npuBepeHb TpaKlMYecKHe CXEMbl IapalelbHbIA
pe30OHAHCHbIX YCHJIHTeNeH Ha uacToThl 445 ke2y u 27 Mey coorser-
crBenHo. B ycunutene na 27 Mey npuMeHeH TYHHE/BHBIA JHOX € mapa-
merpamu Cp=25 n¢h, rz=1,2 om. Tlpu Kosdpduunenre ycuaenuas 10 96
6biia mosyueHa moJoca nponyckanus 1 Mey u kosadhduuueHT ImyMa
3,2 06. B ycuaurene Ha 445 Key UCNONB30Bajcs TYHHe/NbHBIA HHOX
¢ |Rx|=100 om u noayueno ycuienue 20 66.

CBepXpereHepaTHBHBIA YCHIHTENb

CaepxpereHepaTop mnpeicraB/iseT coGoH cHcTeMy, B KOTODOH 9KBH-
BaJleHTHOE 3aTyXaHHe KOHTYPa NepPHOJHYECKH H3MeHseTcsl ¢ HeKOTOpOH
BCIIOMOTaTe/NbHONH YaCTOTOH, CTAHOBSICh TO MOJIOXKHTeJbHBIM, TO OTPHIA-
TenbHbIM. OZHO W3 OCHOBHBIX NPEHMYLIeCTB CBepXpereHepaTHBHOIO Me-
TOJA YCHJeHUs! 3aKJII0Yaercss B BO3MOXKHOCTH TOJYUYHTb BecbMa GOJbllOe
yCHJIeHHE OT OJHOro Kackaja. B nocielHee BpeMs CBepXpereHepauusi
KaK CPeACTBO NOJYYeHHs GOJbIIOro YCHJIEHHs OT OJHOro Kackajga IpH-
MeHsiIach B NapaMeTPHYECKHX H KBAHTOBBIX YCHJHTENSAX.

TyHHeJAbHBIA AHOI TOXe MOXeT ObiTh HCHOJb30BaH B KayecTBe aK-
THBHOTO 3JieMeHTa IIPOCTOro CBepXpereHepaTHBHOI'O YCHJAHTENs. YCHJH-
TeJb Ha TyHHEJIbHOM JHOJe MOXKeT GbIThb NpeBpalleH B CBepxpereHepa-
THBHBIH, €C/IM HampsXKeHHe MOJOMHTENbHOrO CMellleHus1 Ha auome 6GyneT
NIePHOIHYECKH H3MEHSAThCSI BO BPEMEHH ¢ OnpelelieHHOH 4acTOTOM.

Puc. 16. CBepxpereHepaTHBHBII YCHJIHTEJNb.

a — NpHHIMNHAJNbHAsA cxeMa; 6 — 3KBHBaJIeHTHasl cxema re-
HepaTopa BCIOMOraTeJbHON 4acTOThI.

CBepxreHepaTop OT/IHYAeTCs MPOCTOTOM CXEMbl M KOHCTPYKLMH, Ma-
JILIMH raGapuTaMH, CMOCOGHOCTbIO paGoTaTh Ha BecbMa BBICOKHX 4acTo-
Tax B IIHPOKOM HHTepBaJe TeMIeparyp.

CaepxpereHepaTHBHbIe YCHJIHTEMH MOTYT GBITb BBINOJHEHE € OT-
JleIbHBIM TeHepaToOpOM BCIIOMOTaTe/lbHBIX KoJMe6aduil (KOTOpHI MOXKeT
GbiTb ¥ Ha TYHHeNTbHOM RMOJe) H Ha ONHOM TYHHENbHOM AHOJE C LENbIO
MAaKCHMaJIbHOTO ympolleHusi cxeMbl. ONHAKO B mociegHeM ciaydae Kaue-
CTBEHHBIE [MOKAa3aTeJNH YCUIHTENs OKasblBAOTCS AOBOJBHO HH3KHMH
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(6onbiiye HenMUHEAHBle MCKAXMEHUS, HU3KasA cTaGU/ibHOCTb apaMeTpoB
H ap.).

Ha puc. 16,a npeacra/ieHacxeMa cBepXpereHepaTUBHOTO YCHAHTES
C OTHEJbHBIM TeHepaTOPOM BCIOMOraTe/bHbIX KoJeGaHHH, cOGpaHHBIM Ha
auone T/, Yacrora reHepaTopa BHIGHPAETCS OTHOCHTEJbHO HU3KOM.
Ja1s1 moayyeHHs1 HauGoJbLIedl MOLIHOCTH OT reHepaTopa Heo6XOAYMO pa-
60uyl0 TOUKY BLIGHPATh Ha cepelyHEe MajaloUIEr0 y4yacTKa BOJbT-aMmep-
HOM XapakTepHCTHKU (Touka I ua puc. 2). Ilpu stoM HyXHo co6a0naThb
ycJIOBHe 'yCTOAUMBOCTH MO MOCTOSHHOMY TOKY: R;<|Ryz|. B measx sko-
HOMHH OHEepPrHH  HCTOYHHKA IHTaHUS  PEeKOMeHAyercs  BbIGHpAThb
R=.(0,8+0,9) |—Rgz].

OKBUBa/NEHTHas cXxeMa reHepaTopa npuBefeHa Ha puc. 16,6 .

JleBasi 4acTb cxeMbl, coGpaHHass Ha jauonde T/, CIyXKHT yCHIHTe-
aeMm. JIns aToft uactu cxeMmbl pabouasi TOYKa MO NMOCTOSIHHOMY TOKY AJs
YMeHbllleHUs1 TpeGyIollerocs Tacsuiero HanpsixKeHHs BblGHpaercsi BOMH3H
Najamlolero Yy4yacTka BOJIBT-aMNEPHOM XapaKTepHCTHKH (cnpaBa WJIH
cleBa — MpHHUKNKANABHO Ge3pasyuyHo). Ilpu BuiGope paGoueii TOUKU
cieBa (BO6aHM3U TOYKH Py HA puc. 2) AHOX TOTpebiasieT MeHbIIYI0 MOLI-
HOCTb OT HCTOYHHKA NHTaHHS.

BricokouacToTHble KoJieGaHHS, yCH/IEHHble CBepXpereHepaTHBHBIM
YCHJIMTeNeM, IeTeKTHPYIOTCs OObIYHBIM auogom [

Yepepustomuit ¢ouasTp ReCi moMKeH mpomycKath 6es HCKaxXKeHHH
BBICINYIO YacTOTy Moxyasund. EmkocTs ¢uabrpa C; HyXKHO 6paTh OTHO-
OHTeJNbHO HeGOJMBINOHA, 4TOGH He IIYHTHPOBATh BXOM YCHUJHTENs] HH3KOMH
YacTOTHl Ha BHICIUEH YacTOTe MOJLYJSIIUH.

[TpuMeHeHue cBepXpereHepaTHBHbIX YCUJIHTEJEH HA TYHHENbHBIX NHO-
nax Ha yactorax Huxe 100—200 Mey Heuenecoo6pasHO, TaK Kak B 3TOM
NlManazoHe 4acTOT ¥3-3a BLICOKOTO YDOBHS IOMeX He yJaeTcsi A0GHTbos
60JIbIIOTO yCHJIEHHS.

CsepxpereHepaTHBHBI ycuautenb Ha auone Tuna 3M301A, paboraio-
wuk Ha yacrore 600 Mey npu uacroTe BcrmoMoOraTesbHBIX KOJeGaHHI
55 key, uMeeT Ko3(pdHUUEHT yCUeHHs MO HanpsxkeHuo 6. 103, uyBcTBU-
TeJbHOCTb 5 MK6 W mosocy nponyckanus 8 Mey. Ipyroit cBepxpereHe-
paTUBHBIA 'ycuauTedb Ha uactoTe 325 Mey umeer ycunenue 54 06 mpu
yyBcTBUTenbHOCTH 0,4 MK6 W BeromoraTenbHOR uyacToTe 50 kay.

Ycuauteau npomexyrounoit yacrorsl (YY)

PanuonpueMHble ycTPOHCTBA HOJMXKHBI HMeTb JOCTAaTOUHYIO H30H-
paTesbHOCTb, HeoGXOnHUMOe YCHJeHHe W HauMeHbIH# KosddulueHt my-
ma. Jlas moJyueHHs MHHHMalbHOro KoadduuueHta myma B cocTaBe
MpHEeMHHKA TIpelyCMAaTPHBAeTCS pEe3OHAHCHBI YCUJIMTeNb BHICOKO# ua-
CTOTBHI, H36HDPATENLHOCTb Ke H OCHOBHOe YyCHJEeHHe [OCTHUraercs ¢ Mo-
MOLIbI0 YCHJHTENST NPOMEXYTOUHOM YacToTH. Jlas MONydeHHs 3HAUH-
TeJbHONO YCHJEHHS YCHJIHTENIb MPOMEXKYTOUHON YacCTOThl JOJXKeH ObiTh
MHOTOKacKaJHLIM H, KPOMe TOro, JHO0JXKeH HMeTb B CBOeM cOcTaBe 3Je-
MEHTBl C BBICOKHMH H36HpaTe/bHLIMH CBOHCTBaMHU.

OJHOKOHTYpHAsi CHCTEMa MaJlo NPHrofHAa JJIS JNOCTHXKEHHs BBICO-
KOfl u36HpaTeJLHOCTH H3-32 HeGJaronpHATHOA (OPMBEI PE30HAHCHOA KPHU-
Boft. Jlnsa pacmupeHus MOJIOCH NMPOMYCKAHHS H yayilleHHs1 KoaddnuuneH-
Ta NPSAMOYNOJBHOCTH PE30HAHCHBIN KOHTYD 4acTo 3aMeHSIOT I0JIOCOBBLIM
¢unprpoM. HauGosee mpOCTEIMH YCHJIHTENSIMH TaKOrO THMA SIBJSIOTCA
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YCH/IHT@LH C ABYMsl CBA3aHHBIMH KOHTypaMH. CBA3b MeXAy KOHTYpaMma
MOXKeT GbiTh WJIH BHEIlHe eMKOCTHoH (puc. 17,a) mam TpaHcopmaTop-
mo#i (puc. 17,6).

Ecnu cxeMa ycHMIHTeN HMeeT Gojiee ABYX CBSI3aHHBIX KOHTYPOB, TO
BKJI0YaTb TYHHeJbHble KHOAH B KaXK[Abfi M3 HUX [Jd YMEHbIIeHHS 3a-

n Ccﬁ’
"

T, T4,

U, = L, Ly £, R,

R,

Puc. 17, YcHauTeaH NPOMEXYTOYHOM YacTOTH! C MOJIOCOBBIMH
buabTpaMu,

TyXaHHS He HMEeT CMBIC/Ia, TaK KaK OHH He HarpykeHel # 06.1a1aioT
33Be[lOMO BBHICOKON A0GpPOTHOCTBIO. HYXHO yMeHBbIUIHTb 3aTyxXaHde (mo-
CPeICTBOM BKJIOYEHHs JHOJOB) TOJNbKO BHEIIHHX KOHTYPOB, KOTOpbie
CHJIbHO TIYHTHDYIOTCS HCTOYHHKOM CHrHajia (CMecuTeneM) M Harpysko#
(BeTeKTOpoM).

0O6a xourypa (LiCi u LoCy) ycumutens, u3oGpaxeHHOTo Ha
puc. 17,0, HacTpoeHbl Ha TNPOMEXKYTOUHYIO 4acCTOTy f[up. Ilpumenenne
IBYXKOHTYPHHIX YCHJIHTENell BMECTO DE3OHAHCHBIX MO3BOJsET NOJYYHTh
onpeje/eHHbi BEIMIPHIN B ycHnexnu. Kosdduuuent ycuienus mo Mom-
HOCTH HACTPOEGHHOIO TOJIOCOBOrO HHIBTPA € TYHHEIbHHIMH JHOLAMU
paBeH:

488
[!_(_gx +'gr —&x) (@u +'8x — &)

Kl= 2
QCc. + ‘.Cc']




cAe gu, gx, §r — NPOBOJUMOCTH HArPysKH, KOHTYPa M reHepaTopa CHi-
HaJla COOTBETCTBEHHO;
Ccs — eMKOCTb KOHJEHCATODA CBSI3H.
Ecnn 3ananel npoBoaMMOCTb reHepaTopa gr M NapameTpn QHIbTpa
(gx, Ccs), TO MOXKHO ONpele/NHTb ONTHMAJBHYIO MPOBOJAHMOCTb HAIDY3-
KH gn.o, IPU KOTODPOH NOJNyYaeTcss MaKCHMa.lbHOe YCHJIEHHe:

_ (gr + 8x — gn) (@x — &x) + (@Ccx)®,

&u.0

&+ &x—8x ’
IpH STOM
K . gr0Ccy 1
““““““‘gr+gx—-gn (g,+gx—gn) (gr-gn) )
oC + ©Ccs
cB

B GosbiuHCTBe ciyyaes Harpyska 3ajaHa, a TpeGyeTcs ONPENEHThb
eMKOCTb KOHJeHcaTopa ¢Bsi3H Cop. ONTHMAJbHAS eMKOCTb KOHJEHcaTopa
CBSI3d paBHA:

V(gr + gx —gn) (@ + &« — &n)
()

COB.O =
NpH 3TOM

K _ Zr8n
MMExC T (e + @k — 8n) (€a - gx — &x)

Ecin eMKOCTb KOHAeHcaTopa CBS3H BbI6paHa ONTHMAJbHOA H Za=gr,
TO CBSI3b MOJyyaeTcss KPUTHYECKOH, T. e. ¢opMa pe30HAHCHOM KPHBOH
6/MH3Ka K NMPSIMOYNOJIbHOH M MMeeT YIJIOLIEHHYIO BepLIHHY.

HepocraTkoM ABYXKOHTYPHOTO YCHJMTENS MO CGPABHEHHIO C OJHO-
KOHTYPHBIM sBJsiercst GoJiee BBICOKHH YPOBEHb BHYTPEHHHX IIYMOB, CO3-
JlaBaeMblX IBYMS IHOJLAMH.

Tpe6oBanue 60JBLIOrO YCHIEHHS NPUBOAUT K HEOGXONHMOCTH IIO-
CTPOeHUS] MHOTOKAacKaJHbIX ycuauTenell. B aKTHBHHX YeThIpeXIOJIOCHH-
Kax -(naMna, TpaH3HCTOp) BXOA GoJiee MM MeHee XOpOLIO OTAEJNeH OT
BBIX0Jd, YTO IaeT BO3MOXHOCTb MOCTPOEHHS MHOTOKACKaJHBIX CXeM.
TyHHeJbHBIA NHOA SBJISAETCS JABYXMOJIOCHHKOM, Y KOTODOPO BXOJ H BHI-
XOJl MOJIHOCTBIO CBfI3aHBl. JTa NpsiMas CBf3b TpeGyeT NpUMEHEHHs clie-
ILHaJIbHBIX BJIEMEHTOB, Pa3BA3bIBAIOIYX BXOJHBIE H BBIXOJHbIE LENH MHO-
roKackafHeix ycuautenefi. Hacto B KayecTBe TaKkoro 3jeMeHTa WHCIOJb-
3YIOT TPAaH3UGCTOP, BKJIOYEHHBIN 1O cxeMe C obuefll 6a3oif (puc. 18),

M
L
2

C
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Puc. 18. Mcnons3oBaHHe TPAaH3HCTOPA AJIS PAa3BASKH BXOXHOM H BLIXOA-
HOR Lemefi MONIOCOBOrO YCHJHTC/AS HA TYHHENbHOM RHOJE,
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Ha puc. 19,a npuBeneHa cxema ofHOro Kackaja ycHJHTeJs NpOMe-
JKYTOUHOHM 4acTOTBL. DTa CXeMa OT/IHYaeTCsi OT OGBIYHOTO YCHIHUTeJs TeM,
4TO B Hell uMeercss ABa JHoAa. BkuaioueHue puoma T, He yBeauuuBaer
Ko3(pbHLHEHTa YCHIEHHS, HO JaeT BO3MOXKHOCTb KacKaaupoBaHHs. Ka-
Tymkd Ly u Ly cinyxar 4ns pasfeieHHs LeNedi mo mepeMeHHOMY M IO-
CTOSIHHOMY TOKy. BxoaHoe compoTuB/eHHe KacKagHpOBAaHHOTO YCHJH-
Tels PaBHO:

-_ Rn! (Rn —R,ul)

Rux == Ri—Ram °

Puc. 19. KacKagHpoBaHHHIA YCHJHMTENb MNPOMEXYTOUHON 4YaCTOTHI.
a — cxeMa OJHOro 3seHa; 6 — mosHasi NPHHUMNHAJbHAS CXeMa.

Eciu nomo6paTh oTpHILaTeNbHOE CONPOTHBJIeHUe auona T/, Takum, uro-
Obl BXOJHOE CONMpPOTHBJNEHHe KacKkajda PaBHAJOCH CONPOTHBIEHHIO Ha-
TPY3KH, TO 3Ty CX€MY MOXHO HCIO/b30BaTh B KayeCTBe HATPY3KH MO-
noOHOA Ke Lenu. HecKoabKO KacKanoB, cOeIHMHEHHBIX NMOAOGHBIM 06pa-
3oM (puc. 19,6), maior ofliee ycuieHHe:

Koem=K,K",

rae n— 4HC/JI0 KaCKanoB;

R

=<op ___ p ___ — YCUJ]IeHHE IIepBOro Kackaja;
K=5r—rm Y P an;

R
K= R l;z — YyCHJIeHHe KaXAoro MOCAEAYIOLIEero Kackaaa.
H— fApa

ITpu 3ToM BHYTpeHHee COMPOTHBJEHHE UCTOYHHKA CHIHAJA TaKXKe
paBHo Ra. IpakTHueckH TaKyl CXeMy MOKHO OCYIIECTBHTb TOJbKO Ha
OTHOCHTE/JbHO BBICOKHX yacToTax (mopsuika 500 Mey).

Eme ofuH THN CXeMH JJIfi COT/AacOBaHHS YCHJHTENeH ¢ HCIOJB30-
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BaHHEM YeTBEPTbBOJIHOBOH JIMHHM B KauecTBe COTVIACYIOLUIEro 3JeMeHTa
nokaszaH Ha puc. 20. DKcnepUMeHTaJIbHBIH YCHJIHTE/b, TIOCTPOEHHBIA TIO
TaKOMY NpHHUHANY, paGoTaimomuii Ha wactote 30 May, uMeer CONPOTUB-
JieHHe Harpy3kH H HCTOYHHMKA cHrHaia 50 oM, ko3douiHeHT ImyMa
4,3 06 u ycunenne 8,9 06. CornacoBaHHe CONPOTHBJIEHHS HATPY3KH H
HCTOYHHKA C CONPOTHBJIEHHEM TYHHEJbHOIO NHOAA OCYLIECTBJISeTCs ¢ MO-
mompio TpancdopmaropoB Tp, u Tps,. UerepTbBosHOBas JHHAS ofpa-
3oBaHa anementaMn L;C,. IlapanienbHo NHONAM BKJIOUEHH KODDEKTH-
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Puc. 20. Ycuaurens MNPOMEXYTOYHOM YacTOThI C YETBEPThb-
BOJIHOBOH JIHHHeH.

a — 61OK-CXeMa COIVIaCOBAaHHOTO YCHJAHTENs; 6 — cxeMa 3KC-
NePHMEHTaJNbHOro ycHiauTeas Ha 30 Mey.

pyomue uenoukn ReC,. HenmocraTkom cxembl siBisieTcsi Haluyue ITHKOB
Ha XapakTepHCTHKe K03((HIMEHTa YCHJIEHHS] HA YacTOTax Bbllle H HHXKe
30 Mey,

Yceuaurean AECUHUMETPOBOro H CAHTHMETPOBOro AHANa3soHOB

Bo3amoxHB aBa THna napasienbnsix ycuauredeii CBY, otanuaro-
HHeCss MECTOM BKJIIOUEHHsl TYHHEJBHOTO 140Ja — NPOXOJHAS cXeMa yCH-
JieHUs1, KOrla THOJ BKJIOYEH B JIMHHIO MeXJYy Harpy3KoH H HCTOUHHKOM,
M OTpaxKaTeJbHAas CXeMa, KOT4a LHOJ BKJIOUeH mocse Harpysku. Mnorna
B muana3one CBYU npuMeHSIOTCH YCHJIHMTENH ¢ TYHHEJbHBIMH JHOJaMH,
HEMOCPECTBEHHO MOJK/IIOUEHHBIMH Ha BXOJ TIPHEMHOIO YCTpOMCTBA, Kak
3TO mnokaszaHo Ha puc. 2l,a. Taxue ycuauTenu Ha3blBalOTCsi paboralo-
IMMA «HA TPOXOA», TaK KAK yCHIMBAEeMblii CHTHaJ NPOXOAHT CO BXOJa
YCHJIMTENS HA €ro BBIXOA. ¥ CHJIHTENH C HeNoCpeNCTBeHHbIM BKJIOUEHHEM
06/1a]a0T CYUIeCTBEHHHIM HENOCTATKOM, 3aKJIIOYaloIHMC B TOM, UTO
TeIVIOBHE HIYMBbl Harpy3kH (B NaHHOM cjyyae NMPHEMHHKa) MOTYT mona-
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AaTh B YCHJHTeJb R BO3Bpawarbest B HArpys3ky ycusieHHeMH. Kpome
TOro, TAKOH YCHJIMTEJb TPYIHO CTaGHIM3HPOBATh, TAK Kak MaJioe H3Me-
HeHHe HATPY3KH TIPHBOAHT K ‘GOJBIIOMY M3MeHeHHIO ycunenus. Bor mno-
YyeMy HEnoCpeICTBeHHOe MOAKTIOUEeHHe YCHJIHTeJSs K NPHEMHHKY TpHMe-
HsleTCs PENKO.

Llesnecoo6pasno MOAKJIIOYATh HArpPy3Ky uepe3 ycTpOACTBO, 06/anaio-
Ilee ONHOHANMpABJEHHHIM AeficTBUeM (HeB3auMHOe ycTpoficTso). Takoe

Bxod
9 J
Bzod = /j 2

Boixod
g 7 7 %
7

9 g

Puc, 21, Pe30oHaHCHBIA YCHJIHTENb MapaJjeJbHOIO THINA, PaGOTAlWIHAR &HA
DPOXOA» .

? Boizod

yCTPOACTBO AOJKHO MPONYycKaTh YCHJEHHHA CHTHAJ K Harpy3Ke, HO Ipe-
NATCTBOBATh NPOHHKHOBEHHIO IIYMOB HAarpy3kd B ycuadTesb. B auana-
3one CBY B xauecTBe Takhx 3JeMEHTOB NpHMEHSIOTCH (peppHTOBble LHP-
Ky/naTOpH U ruGpuaHble coefnHeHHs. OHM NPOCTH, MasoraGapuTHH H
noTpe6/IsIoT MaJyl0 MOLIHOCTb.

OnncanHas B OfHOM H3 3apyGeXXHBIX JKyPHAJOB KOHCTPYKUHs YCH-
Jaurens Ha uactoty 460 May npusemena na puc. 21,6. TynHenbHHH
auon I(|Rx|=100 om, Cx=T7 n¢h, ry=1om; Ly=56-10-9 2n) naxoaurcs
B MOJIOCKOBOM De30HaTope 2, KOTOPHIfi COeJHHEH C TreHepaTopOM M Ha-
rPy3KOA NpH NOMOLIM KOaKCHaJbHBIX JHHHA 3. B pesonatope nmeercs
coryiacyomui crepxenp 4. [lapannejbHo JHOAY MOIKJ/IOUEHA KOAKCHAJb-
Hasi eMKOCTb § JlJIsi TIepecTpOfKH pe30HaTopa. YCHJHTe]b paGoTaer B 1xa-
na3oHe yacror 405—460 Mey c xoadunuentoM ycunenus 15 96, kosd-
¢uupentom myma 55 96 u mosocolt mponyckauus 12 Mey, Pasmepu
YCHJHTeNd ¢ UCTOYHHUKOM mHTaHAs 48X29X16 mm, Bec 100 e.

Ycunnrenp ¢ WHPKYJIATOPOM pHC. 22,a sBisieTcs HamGoJiee pacrpo-
CTPaHEeHHHIM BHJOM YcuiuTensi. @®eppHTOBHI UHDPKYAATOp sBisETCA
TpexXIuieyeBLIM TIACCHBHBIM HeB3aHMHBIM NMPHGOPOM, B KOTOPOM IofJiexa-
LHAA YCHJIEHHIO CHTHAJ TIOJ JAeHACTBHEM CHJIBHOrO MarHHTHOrO MOJs pac-
npocTpaHseTcs JHIL B OJHOM HampaB/JeHHH: OT TeHepaTtopa (MOJIO-
cul I—I) k ycanuremo (mosrocet 2—2), me nonajas B Harpysky. YcH-
JIeHHHIH CHMHAJ mojaercs B Harpysky i(momocw 3—3), He momanas TIpH
sToM Ha reHepaTop. ITono6Has HmHpKYJsAuHs (0 YAaCOBOR CTPENKeE) IOJY-
yaeTcsi NpM Mofaye CHNHAaMa Ha JIO60H H3 Tpex mnoaiocoB. B oGpaTHoM
HanpaBJleAHH oHEPrus He pacmpocrpansiercs. IloTepu B npsAMOM Ha-
npaBJeHHH B IHUPKYJSTOpPe COCTaBJSIOT IOJH Renubena, pa3BsA3Ka
B o6paTHOM HampaBjeHuu 20 06.

32



A Yeunurnens A 6 9 Yeunuriiens
@ ' Berxcd

Berod Bxod

») u Ixbuba nenm

M aHmeHHs!

b

* Boixod a)

Puc, 22. Ycuaurean CBY ¢ ¢eppHTOBRIMH LHPKYJIATOPAMH,

Yeunutenb ¢ TpexmeueBHM HMHPKYJIATOPOM, paGoTaiomuii HA yacTo-
tax 7, 11 u 26 I'ey, nokasan Ha pHc. 22,6. TyHHeJbHHA QHOA M3 apce-
aupa ranaus ([,=05-+1 ma, I;/[;>3) noMemen B LeHTpe LUIHHIDH-
YecKOro pe30OHaTopa, HMelomero B ceueHHu dopMy Komyca. Pesonarop
paGoTaeT Ha OTpaXkeHHe M IO3TOMY HMeeT TOJbKO OJAHH BXOJ B BHJE
NeTId CBSI3H, C MOMOILBIO KOTOPO B Pe30HATOP BBOJHMTCS CHCHAM C TeHe-
paTtopa W BBIBOJHMTCS YCHJIEHHBIH OTpDaXKeHHBIl CHMHAJ, MOCTYMaIOMHUA
B Harpysky. Harpyska u reneparop pasjeseHbl LHPKYJISATOPOM.

[Tonoxenune meT/H cBSI3H B PE30HATOPe DEryJIHPYeTCs ¢ IOMOIIbIO
COrJIaCyIOIlero BHHTA, YTO [I03BOJISIET H3MEHATb KO3GGHIHEHT yCHIeHHs
or 5 p0 38 06. Ha uacrorax or 6,8 mo 258 I'ey moayueno ycuienue
36—38 06 mpu xo3pdunuente myma 7,5~—11,5 d6. Ha uyacrore 10,8 ey
npu ycunenuun 20 06 Gbiia nosyyeHa moJsioca npomyckanus 20 Mey,

" a npu ycuaennu 10 96 — 110 Mey.

Jusi ynayullenus pa3Bsi3KH B 0GpaTHOM HanpaBJeHHH MCIIOJIb3y10T
geThIpexIyieyeBble LHPKYIATOPH (puc. 22,8). 'KOHCTPYKUHS ueTHipexiJe-
YyeBOro UHPKy/asATOpa H3o6paxkeHa Ha puc. 23. LlupKynsatop comepKHT
¢eppHTOBBIA CTEPKEHb & ¢ KOHYCOOGDa3HHMH MepexoqaMH Ha KOHILax
Ans corviacoBanus. [TocTossHHBIA MarHuT 6 co3faeTr NPoAOJIbHOE MAarHHT-
HOe noJsie AJis1 MOBOPOTA MUIOCKOCTH MNoJssipu3alyu Ha 45°. BepTukambho
nosisipU30BaHHas BOJHA mocTymaer B mieyo /. ITpoxons uepe3 BOJHOBOA
C HaMarHAYeHHBIM (epPPHTOM, OHA TIOJNYYaeT MOBOPOT IVIOCKOCTH IMOJIS-
pu3auun Ha 45° ¥ BHIXOAMT uYepe3 meyo 2 K YCHJIHTENIO ¢ TYHHeNLHBIM
AuonoM. OTpaxkeHHAs OT YCHIHTe/si BOJIHA NOC/e BTOPHYHOTO TMPOXOXK-
JIeH¥sl uepe3 HaMarHWYeHHbIA (eppUT OKa3biBaeTCs FOPH3OHTANBHO MOJIS-
pH30BaHHOH W momajnaer B mievo 3. BosHa, mocrynaiomas B mieuo 3, 3a
CYeT NMOBOPOTA IJIOCKOCTH MOJISIpH3allUH BBLIXOJHT 4yepe3 mJjeuo 4 u T. A.

YcunuTeqH ¢ UHPKYJISTOPAMH YacTO Ha3bBAlOT paGoTalOIHMH «HA
OTpaxKeHHe», TaK KaK B HHUX CYLIECTBYIOT Beé BOJIHHI: mMajaloilas, noj-
Jiexallas YCHJIeHHIO, H OTPaXKeHHas ycuieHHas. IlpuMenenue LupKyJs-
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TOopoB HauGoJsiee 1ejecoo6pa3HO B CAHTHMETDPOBOM MAManasoHe, TAe HX
pasMepnl MaJbl. B uHanasoHe geuMMeTpOBHIX H TeM G6oJjiee MeTPOBBIX
BOJIH pa3Mepbl (PeppHTOBHIX LHAPKYJNSTOPOB YPe3MEPHO BEJHKH, 4TO, KakK
NpaBHJIO, HEe TO3BOJISET MPHMEHATH HX.

Ilpn BbIGOpe LHPKY/NATOpAa HEOOXOAHMO YUMTHIBATH, UTO OH NOJIKeH
HMeTb MHHHMaJIbHOe 3HaueHHe KO3(h(HIMeHTa CcTOsYeld BOJHBE MO Ha-
NpSXKEHHI0, 4TOGB OGECNEYHTh COIVIaCOBaHHE C OTPHUATENBHON {IPOBO-
IUMOCTBIO TYHHEJBHOTO JHOJAA; BHOCHMBIE MOTEDH NOJIKHBI OBITh MaJibl,
TaK KaK UX YBeJHUEHHe CNOCOGCTBYET yBEeJNHUEHHI0 Kos(pduuueHTa IIyMma

Puc. 23. KoHcTpykuus ¢&eppuTOBOro LHPKYyAs-
Topa

BHE 3aBHCHMOCTH OT KO3(@UIHEHTAa YCUTEHUS CHCTEMBl; WHUPKYJIATOP
JO/XKEH XOpOIUO Pa3Bsi3bIBATh JHOJ OT HCTOYHHKA CHTHAJA U HArPy3KH;
IoJioca TIPONYCKaHUs UHPKYJIATOpA (IOJKHA GBITb JOCTATOYHOH A/ HOp-
MaJbHOA pPaGoTHl CHCTEMEI B 1eJIOM. ¥Y3KOMNOJIOCHbE IHPKYJISATOPH HMEIOT
nosiocy 5—10% OT Hecylleft yacToTHl, a WHpoKonoJyocksie 20% H Bhille.

TyHHeJbHBIA NHOJ BHIGHpAETCH MO BeJHYHHe OTPHILATENbHOrO CONpO-
THBJIEHUS] H 0 MHHHMaJbHOMY SBHAYEHHIO €MKOCTH [IHOJa, TaK KaK OHa
B/IHSIET HA IOJIOCY MPONMyCKaHWs M paGouylo wacToTy ycuaurens. [lo-
CKOJIBKY eMKocTb auona Cpx ompenensieT MakCHMaJbHYI) 4acTOTy reHe-
pHpOBaHHUs, TO OHa ompenenser u KoadduuueHnT 1ryma.

Kpurnueckass yacrora HoJiHa GHITh, TO KpafiHeli Mepe, B TP pa3sa
BHIle paGoyelt yactoThl, [l yMeHblleHHs1 KoaddHIHeHTa MIyMa ClIeRyeT
BBIGHpATh HaMMeHbllee 3HAYEHHE OTHOLISHHH rnﬁ—fRnl u lof/|—gx|. Dna
YCTOHUHBOTO YCHJIEHHS CHeAyeT BHIGHpaTh HHOA € MaJsofi HMHIYKTHB-
HOCTBIO KOpDNyca H BHINOJIHHTH YCJHOBHS YCTOHYHBOCTH IO NOCTOSIHHOMY
H NepeMeHHOMY TOKY, aHaJIOTHYHBIE JJISi YCHJIHTeJedl ¢ COCPeLOTOUEHHHI-
MH TOCTOSIHHBIMH.

JpyruM MeTOIOM, MO3BOJSIOUIUM OCYIIECTBHTh HAMpPABJIEHHYIO me-
penauy CHTHaJa, SBJASETCS MeTOJ THOPHIHBIX BOJHOBOJHBIX COeJHHEHHH.
Biok-cxeMa YCUIHTENs, HCIOJb3YIOIIEr0 Takoe CcOejHHEHHe, II0Ka3aHa
Ha puc. 24. OCHOBHBIM OJIEMEHTOM 3TOM CXeMbl sBJSeTCs THGpHIHOE
KOJIBIIO, BHIMOJHEHHOE B BHJe KOAKCHANLHOM JIMHHH MJH BOJHOBOZA.
K pasnuunHbiM ToykaM FHGDHIHOrO KoJiblla MOJKJ/IOYEHbl IeHepaTop, Ha-
rpy3ka 4 gBa YycuiauTeas. PaccTOsiHHs MexXIy OTIeJbHBIMH [JeYaMH
o6ecneynBalOT TakHe ()a30Bbie COOTHOIUEHHS B CXEMe, UTO CHTHAJH,
OTpaXKeHHble OT YCHJHTesefl, MPHXOAAT K reHepaTopy B HpoTHBodase H
He BO3IeACTBYIOT Ha Hero, K Harpyske ke OHH NPHXOAAT B ¢ase 4
CKIaAbiBalOTCs. B pesyibraTe 'ycHAMTEN b 06/1aaeT HanpaBJEHHOCTHIO.
dra cxeMa BecbMa UyBCTBUTENbHA K PaCCOIVIACOBAaHHIO B LENAX HarpY3KH
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H reHepaTopa, NMOSTOMY AJsf YCTOMYHBOA PaGOTH NPAXOIUTCA HCIOJb3IO-
BaTh JIOMOJHHTE/IbHEE COT/IACYIOLlHe 31eMeHTh. 10 fanHbM 3apy6exHOf
JIITEPATYPH YCHJIHTENb € THODUIHBIM COEIHHEHUEM HA TePMAaHHEBOM TYH-
HeJqbHOM auoje Tuna ZJ56 wiu GeIN2939 l(an|=ll‘15 om, [,=1,1 ma,

Yewnumens
7

Bxod 2, | | Boixod

[ e

ludpudroe
KONbYO

Yeunumens {
2

Puc. 24. Ycuaurteab ¢ ruGPHAHLIM KOJbIOM,

fxp=2,1 Tey) crabuabHo paboTan B TNosoce yactor 210—265 Mey
¢ xosp¢uunentom ycunennss 8 06 u kosdpduuuentom myma 1,94 06.
TloTeps ycuienuss B THODHAHOM COeNHHEHHH cocTaBuna 3 46.

FnaBa TpeThbs
FTEHEPATOPbI TAPMOHHUYECKHX KOJIEBAHHN

Buabl reHepaTopoB H HX CBOiicTBa

JIOCTOHHCTBAMH I'eHEPaTOpPOB Ha TYHHEJbHBIX NUONAX SBJSIOTCS BhI-
COKHMA YacTOTHHI Mpenel, Majias NOTpe6iseMasi MOLIHOCTb, BbICOKas
CTa6HJIbHOCTh YaCTOTH H MpOCTOTA CXEMbl; OCHOBHbBIM HEJNOCTaTKOM —
Manast BEIXOIHAsi MOLIHOCTb. B NpHEMHO-YCHIMTENbHON TeXHHKe reHepa-
TOpP C TYHHEJbHEIM AMOJOM MOXeT HAHTH MpUMeHeHHe B KayecTBe MaJio-
MOILUHOTO reTepPONHHA.

DJIeKTpHUECKash CXeMa ¢ BKJIOYEHHBIM B Hee TYHHEJBHBIM [HOLOM
B 3aBHCHMOCTH OT MapaMeTPOB CXEeMBl H NMAapaMeTpOB JQHOIA MOXET BHI-
MONHATh pa3nuyHble ¢yHKUMH. [lo BHeIIHeMYy BHAY TPYAHO pPa3JIHYMTh
CXeMY YCHJIHTeNs H reHepaTopa, Tak Kak OJHA H Ta e CXeMa MOXeT
paboTaTh KaK YCHJIHTENb TPH BHIIOJHEHHH YCJIOBHS YCTOHUMBOCTH HJIH
KaK reHepaTop, ecld CyMMapHble NOTEPH [IHOJA U CXeMbl MOJHOCTHIO
CKOMTIEHCHDPOBAHBI OTPULATEIbHLIM CONPOTHBJEHHEM TYHHENBHOrO JHOJA.

Hna Toro uro6nl TreHepaTop B036GyAHuJcs, HEOGXOAHMO BHITIOJNHHTD
YCJIOBHE, TPOTHBOINOJOXHOE YCJIOBHIO YCTOHUHBOCTH:

Ly = ryCul— Ryl
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cae LE—I]OﬂHaSI HHAYKTHBHOCTb CXEMBI, COCTOSILAsT H3 HHIYKTHBHOCTH

nHoga Ly W BHeIUHeH, CNeUHa/bHO BKJIOYeHHOH HHAYKTHBHOCTH L. Ilpu
9TOM IJs1 MPEJOTBpallleHHs] PeXXHMa NepeKIioueHHs Tak XKe Kak ¥ B YCH-
JuTene HeoGXOAHMO, UTOOH CYyMMapHOe MOCJef0BaTe/]bHOE COMPOTHBIE-
HHe CXeMbl NOCTOSIHHOMY TOKY ObLI0 Gbl MeHblile MOAYJS OTpPHUATeNh-
HOTO CONpOTHBJIEHHS TYHHENbHOTO JHOAA:

rg <|—Rxgl.

Pexxamet paﬁoru CXeMbl C TYHHEJbHBIM JTHOAOM B 32aBHCHMOCTH OT Be€-
JIMYHHBl CyMMapHOTO COINPOTHBJ/IEHHS! NOTEPb ry NPEACTABJIEHH Ha PHC. 251

L .
npa |—Rg|>ry > -C_';l——x—l'?—ul — cTaGuiIbHOE YCHIEHHE;

p)
Tpu | — Ry | >y < m — refdepaliusl rapMoBHYECKHX KoJeGaHnii;
npE ry > | — Ry | — ABYXCTaGH/IbHBI PexuM.

TakuM 06pasoM, eciM OTHOWeHHE ryf|—Ryg| CrHWKOM Mamo HiH
CJMIIKOM BeJHKO, TO cXeMa HecTabuibHa. HecTaGuiabHoCTb Moxer OHITH
TAKXKE Pe3y/NbTaTOM CJHIIKOM MaJeHbKoil BenHumHH Cp/Ly,

IMpocrefimas cxeMa reHepatopa MoXeT OHTb NpeJCTaBleHa B BHAE
nocae0BaTeJbHO BKJIOYEHHHIX TYHHEJbHONO AHOMA H J0GaBOYHOM HHAYK-
THBHOCTH L, cosmaioluefi yca0BHe caMoB036yxJeHns (puc. 26,a). Takof
NpoCTOf reHepaTOp He Hallles WIHPOKOTO NPHMEHEHHs H3-3a 3HAYHTeNb-
HOTO H3MEHEeHHsl YacCTOTH NPH M3MEHEHHH HaNpsXKeHHsl MHTAHHA H H3-3a
HeyN0BJIETBOPHTEIbHOMA $OpMH cHrHaia. OfHaKo nociefloBaTelbHAs CXe-
Ma ofecneuHBaeT MaKCUMaJbHYI0 paGouylo 4acToTy, Tak KaK B KauecTBe
eMkocTH C; MOXeT HCNOJb30BaTbCsi €MKOCTh AuoAa C,. MakcuMasbHO

BO3MOXKHAs 4YaCTOTa TleHepalyH
nocye0BaTeIbHOA CXeMhl Olpe-
nAensiercs mo ¢opmyJe:
lengpauus | Crmadunsroe | A6yxcmaduns— I ____._l_x
yeunenue | Hold pexcum P on

153 XV 1 ( ry )2.
[Ao] - LyCr ™ \|-RyIL;Cy

Ly
._.l.__;|_
Ha Gosnee Hu3KHX uacToTax ma-

Puc. 25. JuarpamMma pasJHYHBIX PeXH- panjieqibHO eMKOCTH Cn Heo6xo-
MOB paGoOThl TYHHEJNBHOrO AHOAA. IuMo a06aBHTH JOTIOJTHUTENbHYIO
emkocTb C.

Bonee crabuibHylo uyacro-

Ty M OG6JbIIyI0 BHIXOAHYIO MOUIHOCTb JaeT <cXemMa C mapai-
JIeIbHBIM  Pe30HaHCHBIM KOHTypoM (puc. 26,6). Uem MeHbllle Besu-
YHHA JOMOJHHUTEJNBHO BKJIOYEHHOH HHAYKTHBHOCTH L, TeM MeHb-
mMe aMIInTyAa kKosebauuft. IIpn yBennuenun L aMmiuTyna koJieGaHui
BO3pacTaeT H MNpeNeNbHBHIA UMK/ MOXKeT BBLIXOAHTb 32 TOYKH, COOTBET-
crByloude HanpsixenusM Uy u Up (puc. 2), 4TO NpHBOLHT K 3HAYUTEJb-
HOMY YBEJHUYEHHIO COZlepXKaHus rapMoHHK. ILis mosydeHnst CHHYCOHAaJlb-
HBHX KoseGaHMA cHHXalT oTHollenwe L/C. YBe/nueHHI0 aMIIHTYAH
KoJe6aHHfi B NMapaJiie/bHOA cxeMe cnoco6CTByeT ToT (akT, yTo compo-
THBJIEHHE TIOTePb TYHHEJbHOIO AHONA rx ILYHTHPYeTCS MaJhM CONpo-
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rABJICANEM KaTYRIKH HOCTOSIHHOMY TOKY, 4TO pacmupser npeneﬂbﬂbﬂ
UHKJ, HO De3KO MNOBHIaeT cojepxaHHe rapMoHHK. COGCTBeHHas peso-
HaHCHAass 4acroTra mpaJmeJleoFl CXeMH paBHa:
- 1 1 1
P = on - .
2n Ly (Cx+C)  RCx(Cx+0)

Jlis yBenHueHHs aMIUIHTYJH KoJieGaHHA M CTaGUJIBHOCTH YacTOTH MNpH-
MEHSIIOT HeNmoJIHOe BKJIoueHHe Koutypa (puc, 26,2). Ilpu yBeauueHHH
Cy
r—4k—
|

Puc. 26. CxeMH reHepaToOpoB C COCPEJOTOYEHHBIMH MapaMeTPaMH.

a — nociaefoBaTeJbHast cxeMa; 6 — mapaJJesibHasi CXeMa; 8 — MOCJeno-
BaTeJbHO-NIapajijaesbHast CXeMa; &€ — CXeéMa TIeHepaTopa ¢ HEemoJHHM
BKJIOYEHHEM KOHTYypa.

CBfI3H JHOAA C KOHTYPOM YacToTa TeHepaTopa yMeHblllaeTcsi H3-3a yBe-
JIMYeHHs HeNHHEAHOCTH CHCTeMbl H M3-32 YyBeJHUEHHs €MKOCTH KOHTypa
(3a cueT eMKOCTH TyHHesbHOTO nuona). C yMeHblleHHeM Ko3(HLHEHTA
BKJIIOUEHHS] aMINIHTYla KoJe6aHHA PacTer, HO NPH HEKOTOPOM SHAYEHHH
K03 HIHEHTa BKJIOYEHHS NPOHUCXONHT CPHIB KoJeGaHHi.

Pa6ouast Touka BhIGHpaeTCl HA CepefHHE YYacTKa OTPHILATENbHOrO
CONPOTHBJIEHHS], TAe CTelleHb HeJIWHeAHOCTH MHHHMaJbHa. I{a1s moBmime-
HHS CTAaGHJIBHOCTH YacTOTH HampsKeHHe CMellleHHsi HY0KHO 6paTh pas-
HeiM Up= (3+5)U,.

Ha puc. 27 npuBefieHBl 3aBHCHMOCTH YacTOTH H aMIVIHTYAH KoJje-
GaHufi reHepaTopa Ha repMaHHEBOM TYHHEJIbHOM NHOJE OT HANPSKEHHS
CMellleHHsT M TEMNEpaTypH MTpH Pa3JHuYHHX Ko3(pdHIHEHTAX BKJIOYe-
HUA n. 3aBHCHMOCTb 49acTOTH reHeparopa oOT cMemenns (puc. 27,6)
MOXHO HCI0JIb30BaTh A5 €r0 3JEeKTPOHHOH aBTOMOACTPOAKH. IIpu cuib-
HOM CBSI3M ¢ KOHTYPOM [HaMa3oH H3MeHeHHs YacTOTH IPH H3MeHEHHH
HanpsiXKeHHsl CMELeHHss MOXeT CHWJIbHO paclHpHThbesl. Tak, GuIO mosy-
YeHO H3MeHeHHe 4acToThl OT 9,5 A0 12 Mey mpH W3MeHEHHU CMeIleHHA
{Uo) ot 70 no 120 ms.
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Puc. 27. 3aBHCHMOCTH 9acTOTHBl H aMIUIATYAH KoneGagmfi OT HampsKe-
HHSl CMEIeHHs M TeMNepaTypbhi NMPH Pas3iuYHbIX Ko3ddbunmeHdTax BKIIO-
9YeHHs N B reHepaTope Ha repMaHHEeBOM TYHHeJNb3IoM AHOAE,

HenosHoe BK/IIOUeHHe TYHHEJNBHOTO [HOTAa B KOHTYp BHIFOAHO H
C TOUKH 3peHHs] HauMEHbIIero BIHSHHS H3MeHEHHs TEMMEepaTyph Ha uya-
croTy reseparopa. OIHako NOBbIIEHHe CTaGMIBHOCTH 4acToTal reHepa-
TOpa MyTeM YMeHblIeHHs CBSA3H TYHHENbHOrO 1HOAA C KOHTYPOM CYXKaer
TeMnepaTypHble HHTepBaJel paGoThl reHepaTopa. I'eHepaTop Moxer pa-
6oTaTb B LIHDOKHX HHTEPBaJax TeMIepaTyp JIHIlb MPH 3HAYHTENbHOR
CBSI3H TYHHEJbHOTO JHOAA C KOHTYpPOM, B NpPOTHBHOM Clyuae IpH yBe-
JIMYeHHH TeMMepaTyphl Ha6mionaercs cpelB Kosnebanuit (puc. 27,8). CpuiB
kosie6aHHA Ha pHCYHKe oTMeyeH kpectHkoM. Yacro Gosee yaoGHO Hc-
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[0JIb30BaTh TMOCAeNOBATeAbHO-NApAIeNbHYI0 cXeMy (puc. 26,8), co6-
CTBEHHAas 4acCTOTa KOTODOH

1 1 1
f p=‘2?]/ L:C:+C) RC(C+Cy

rie C; yuMTBIBAeT e€MKOCTb TYHHEJNBHOTO AHoAa. DTa cXeMa NO3BOJIAET
HMEeTb HAHJYYIIYyI0 CTAaGUJbHOCTb H $HOpPMY CHrHaJja.

Pacyer renepaTopa HauuHaeTCsi ¢ BbI6Opa HHOJA, CIOCOGHOIO pas-
BHTb OTpeJeJeHHYI0 BHIXOAHYIO MOLIHOCTb Ha 3ajaHHON yacTrore. MakcH-
ManibHasi MOILHOCTb KBAa3HCHHYCOMRAJbHBIX KoJeGaHufi (6e3 yueTa He-
JIHHeHHBIX HCKaXKeHHH), KOTODPYIO MOXeT pa3BHTb TYHHeJBHHIA (HOJ,
BbIpaxKaeTcs CJELYIOLIHM COOTHOIUEHHEM:

o1
Puanc=§(ul—ux)(ll'—lz)’

mpejnonaras, 4To KoJeGaHHe HAMPSKEHHS MPOHCXOAHT MeXAY TOYKaMH
TIHKAa W BNAJHHBI BOJbT-aMIIeDHOM XapaKTePUCTHKH auoja. ¥ repManHe-
BOro TysaHenbHoro auoga U,=~65 ms, U,~250+350 ms8, I,/I;=~8. Ilox-
CTaHOBKA 3THX BENMYHH B BhipaxeHHe IS Pyaxc AAET:

I
Puaxc = '4%-

MorkHO B Hao060pOT, 10 BenuuuHe TpeGyeMol BHIXOLHOA MOLIHOCTH ONpe-
JeNMUTh NMHKOBBIA TOK, a CJIeI0BaTeNbHO, H ero THN. [l repMaHHeBoOro
TYHHEJbHOTO JHOZA

llunnz‘lop'rpeﬁ.

Benuuunsl Hanpsixenuit U, u Up 3aBHCAT TONIBKO OT CBOMCTB MaTe-
pHasia, MOSTOMY MAaKCHMaJbHO OTAaBaeMas MOIIHOCTb 3aBHCHT NpPaKTH-
yeckd aumb oT /;. Tak, ajs auoma u3 apceHupa rawusa P=/[,[14. Tyn-
HeJMbHBIH AHOA ¢ GOJILLIIMM TOKOM (pacCUMTaHHBIA HA GOJBLIYIO OTAAaBae-
MYI0 MOLIHOCTb) HMeeT HH3KYI
4acToTy COGCTBEHHOro pe3oHaHca §/
H BBICOKYIO KDHTHYECKYIO YacTOTY.
Ilpn 3ToM IS reHepPaTOpOB C BhI- |
XoaHO# MomHocThio 10-3 8T 3Ha- )
YeHHsS  COTPOTHUBIEHHS  HarpysKy
B 3aBHCHMOCTH OT THNa Juola #

|
|
YacTOTbl TreHepaTopa Jiexar B HH- :
|
|
1

TepBale or 3—5 mo 10—15 om. |

Heo6xonuMocTs TpaHchopManHU
TaKHX HH3KHX compotuBieHufi x U’ U, U, u
COTPOTHBJIEHHIO CTAHLAPTHHIX Tepe-
naownx neuai 50 ox mpusomut x  PEC. 2. K rpadueckony werony
CYUIeCTBeHHOMY YCOJIOXKHEHHIO KOH- Heparopa,
CTPYKIHH TreHepaTopa.

Ins omnpeneseHus aMILTHTYABI
HanpsXKeHHS IeHepaTopa MOXHO HCIOMb30BaThb rpaduyeckuil MerTox pac-
yera. Uepes paGouyio TOuKy / Ha BOJbT-aMIepHOfi XapaKTepPHCTHKE TYH-
nesbMOro AuoAa (puc. 28) NMpPOBOAAT JIMHHIO HATPY3KH 1O IE€PEMEHHOMY
ToKy. ToukH mepeceueHHs ee C BOJbT-aMIeDHON XapaKTEPHUCTHKOM AHOMA
HaloT NBa 3HaueHus Hampskewds U’ u U7 MeXAY KOTOPLIMH H3MEHseT-
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¢H HampsKeHHe Ha AHOfe. MIX nonypasHocTe u GymeT NMpHMePHO paBRa
aMIIMTyle HanpsiKeHus reHepatopa. [l HAXOXKIEHHS HaNpAXeHHs
Ha KOHTYpDe HYXHO NOJNYydYeHHbli pe3yJbTaT Pa3leNHTb Ha KO3(PHIHEHT
BKJIIOYEHHS.

FeHepaTopH MOBBLIMEHHOH MOIHOCTH

Kaxk yXe OTMeuajoch, CyIIeCTBEHHbBIM HEJIOCTAaTKOM reHepaToOpPoOB Ha
TYHHeJNbHbIX JHOAAX SIBJISETCS OTHOCHTENbHO HeGoJbllasi reHepHpyeMas
MOIIHOCTb. ¥ reHepaTopa Ha TepMaHHEBOM JHOJE OHA (©COCTaBJjseT
0,25—0,5 ms8T. las1 MOBHILIEHHs TeHepHPYeMON MOIIHOCTH MOXHO Hc-

21,

Puc. 29, CxeMa uenefi mMUTaHHSA IS DA3NHYHBIX CNOCOGOB BKJIOYEHHS
ABYX TYHHEJbHBIX AHOJOB.

a — napaJjjesbHOe BKJIOUYeHHe; 6O — nocjexoBaTeJbHOE BKJIIOYEHHE;
6 — nocJe0BaTe/NIbHOE BKJIOYEHHE C BHIMOJHEHHEM YCJOBHS YCTOHYHBO-
CTH MO NOCTOSHHOMY TOKY.

f10/1530BaTh HECKOJILKO JUOJLOB, MPH 3TOM BO3MOXKHO KaK MOCJelI0BaTeNlb-
?oe, T;g)n mapaJjJjiebHOe BK.JIOUEHHE HX JpPYr OTHOCHTENbHO Jpyra
puc. .

C oHepreTHueCcKOH TOUKH 3DeHUsi NapasulelbHOe BKJIOUEHHE JBYR
TYHHEJBHBIX QHOLOB TO MOCTOSHHOMY TOKY He BJHsieT Ha K. I A. CXe-
Mbl, 2 cyMMapHas BOJbT-aMIlepHas XapaKTePHCTHKA HMeeT TOK MaKCH-
MyMa ¥ MHHHMYMa B 2 pasa GoJblIHA, dYeM OJMHOYHOrO (HOAA
(puc. 30,a). Tlepenan toxa Al=I,—I, Bo3pacraer B nBa pasa, 4TO
103BOJISIET MCMOJIb30BAaTh TAKOH reHepaTop JMJis TOJAYdYeHHs B 2 pasa
Gosbielt MomuocTH. ONHAKO MOTPeG/EHHE MOIMHOCTH OT HCTOUHHKA TIH-
TaHHA TaKXKe yABaHBaeTCs, MOCKOJbKY Oflllee OTPHIATEJbHOE CONPOTHB-
JieHHe 3KBHBAJIEHTHOrO JHOJA YMEHbIIAeTcs BIBoe M JJs COOJMIOfEHHS
YCJIOBHS 'YCTOMYHBOCTH COTMPOTHBJIeHHe pesucropa R; (puc, 29,a) HyxHO
TaKKe YMEHbIUHTh BJBOE.

BosbT-amnepHas xapaKTepHCTHKA JIJIs1 TIOC/TIENOBATENBHOTO COeAHHe-
"gus ABYyX auonoB npuBeneHa Ha puc. 30,6. Ilpu nocaenoBaTenbHOM
BKJIOUEHHH TIO TTOCTOSIHHOMY TOKY NMpPaKTHUECKH HEBO3MOXKHO YCTAHOBHTH
pa6ouylo TOYKY Ha yyacTKe OTPHLATENsHOTO compoTHBJeHHA. [lostomy
s MOCAeIOBATENbHOTO BKJIOYEHHS HYXKHO HENOJNb30BaTk CXeMv
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puc. 29,6, rie YCJOBHS YCTORYHBOCTH 110 IOCTOSTHHOMY TOKY BHINOJMHSIOTCS
OIHOBDEMEHHO /st 0G0MX NHOXOB. Jlisi 3TOH CXeMBl K. M. JX. yBeJMYH-
BaeTcd B 2 pasa IO CPAaBHEHHIO CO CXeMOH HAa OJAHOM JHOAE,

@T 1
Z@ - g—{ii)rﬂz
o

i : . 4,+74
TA*TA, Az e

T,

u

q

Puc, 30, CymMMapHhle BOJNbT-aMIepHhle XapaKTePUCTHKH TYHHEAbHHX JHONOB,

BbicOKOYaCTOTHEE CBOMCTBA CXeMbl OLEHHBAIOTCS TO BeJHYHHe mpe-
JeJIbHON 4acTOTH TeHepaluH. [lJs cxeMbl reHepaTopa ¢ OJHHM TYHHEJb-
HbIM AHOJOM 3HAYeHHe STOH YacTOTH OmpesensieTcs mo dopmyJe:

f _ 1 l-Rn‘ -1,
T8 20Cn | — Ry | ra+rx

rA€ r'x — CONpOTHBJIEHHE IIOTEPb B KOHTYDpe.
Jns cxeMHl ¢ napaJuiiejbHBIM BKJ/IOYEHHEM ABYX JHOAOB MO TepeMeH-
HOMY TOKY InpelesbHass 4yacToTa reHepalMd paBHaA:

, 1 |—Rx| _
frea=2“CJ|_RJl| fu+2f“ l<f1‘ol’

1. €. Npefie/lbHasi YacTOTa reHepallid YMeHbIIAeTCs N0 CPaBHEHHIO CO
cxeMoit Ha ofHoM Auofe, Ecau moTepu B KOHType MAJH, TO 3TO yMeHb-
illeHde He3HAUHTeNbHO. JlJsi cXeMBl ¢ MOC/AeN0BAaTe/bHbIM BKJIIOYEHHEM

ABYX NHONOR IO NEPEMEHHOMY TOKY NpemeNbHas 4acTOTa TIeHepalluH
paBHa:

1 2] —Rq| _
i"r“=2“cn|"‘Rn| 2rg + rx : > frent

t. e, npeleibMad 9acCTOTa reMepallH¥ MecKoJbKo nosuimaercs. Ecim mo
TepH B KOHType Majbl, TO 3TO YBEJHYeHHE He3HaYHTEJbHO.

Jast yBenHueHUS BHIXOXHOH MOLIHOCTH reHepaTOpa TYHHe/bHbE JHO-
AH HYXKHO BKJIOYaTh OC]ENOBAaTeJbHO KaK 7O NepeMeHHOMY, TaK H {10
IOCTOSTHHOMY TOKY. UTOGH ¢opMa reHepHpYyeMOTo CHrHaja GHJa GIH3KaE
€ CHHYCOHIANLHOH, HEOGXOAHMO BHINONHHTb YC/IOBHSA

Ru=]==Rz] u Re>|—Rixl
g



Tak XKak COnpOTHBJEHHe HArpy3KH Ry OObIUHO 3HAUMTENbHO GoJblle |Rjl,
TO JJISI BHIMOJHEHHs 3THX YCJOBHH c/efyeT NPHMEHHTb HENOJHOe BKJIO-
yenue KoHTypa. Ha puc. 31 npuBeneHa mpakTHyeckas cxeMa TakKOro
reHeparopa.

[Tpu nocienoBaTe bHOM COeIHHEHHH IBYX IHOLOB BO3pacTaeT OTPH-
IaTe/lbHOE CONPOTHBJIEHHE S3KBHBAJEHTHOIO 1HOAA, YTO IMO3BOJSET Ha-
rpyXartb reHeparop OOJbIIMM CONPOTHBJEHHEM. YXxyalleHHe OpPMbI

6
Gerxad

Puc. 31. TIpakTHyeckas cxeMa reHepaTopa C HenoJ-
HBIM BKJIOYeHHEM KOHTYDa.

reHepupyeMbix KoseGaHufi npu 3ToM He Ha6aopnaercs. Ecau Harpyska
CJIMLIKOM MaJjla U YC/IOBHS I'€HepalMH CHHYCOHJAJbHOTO CHrHaJa He BH-
MOJIHSAIOTCS, TO MPUMEHSIOT NapaJe]bHOe BKJOYEHHe ABYX NHONOB, Tak
KaK NPH 3TOM YMeHbIIAeTCsl OTPHIATEJBHOE CONPOTHBJEHHE IKBUBAJIEHT-
HOTO JHOZA.

leHepaTophl ¢ KBapueBo#l craGuiansaunueii

Tak Kak yacTOTa reHepaTopa 3aBHCHT OT TapaMeTPOB TYHHENbHOTO
JHOxa, KOTOpble H3MEHAKTCA NPH HU3MEHEHHH HANPAXKEHHd CMEIUeHUd H
TEeMIepaTypsl, TO AJs MOJyYeHHs Heo6XOJHMOH CTaGHJIBHOCTH YacTOTHI
HYXHO NpPHMEHSTh COOTBETCTBYIOIHE CXeMbl CTaGHIH3AlUH.

Ecnu Tpe6yercss BhICOKast CTaGUJbHOCTb 4YacTOTHl, TO TIPUMEHSIOT
cXeMbl ¢ KBapueBofi craGunusauuef,. OcHOBHble TpPe6OBAHHS K TaKOMY
reHepaTopy — reHepHpoBaHue KojeGaHH TOJBKO HA 4acToTe fxs, ONMpe-
JejasieMofi KBapleM. To 03HAayaeT, YTO B aBTOTeHEPaTOpe He MOJKHH
BO3HHKATh KO/NeGaHHsl HAa JPYTHX YacTOTax H YTO TeHepallus [JOJKHA
CpHBaThCs NPH YAaJeHHH KBapua #3 cxeMbl. OHAKO TMOAKJIOUHTL KBapIL
HENoCPeNCTBEHHO MNapaJjelbHO TYHHEIbHOMY AHOAY He NpelCTaBJseTcs
BO3MOXKHBIM, IOCKOJIBKY MOC/JIeN0BaTe/bHOE COTNPOTHBJEHHE KBapla rxs
B GOJIBLIMHCTBE CJyyaeB MeHbIle MOAYJS OTPHLUATENbHOTO CONPOTHBJE-
Husa auona (rxs=10+30 om, |—Rx|=100+-150 ox).

Ha puc. 32,a mpeacraBieHa ofHa ¥3 BO3MOJKHBIX CX€M reHepaTopa
¢ kBapueM. Ha Bcex gacroTax, KpoMe 9acTOTH TOCJeJOBaTeNbHOTO pe-
30HaHCa KBapua, ofllee CONPOTHBJEHHe NMoTepb ry TaKOBO, UTO YCJIOBHE
caMoB036yxkIeHus He BunmoJaHseTcs. Ha paGouefi yacTore cxeMH, ompe-
nensieMoll co6CTBeHHOfi 4YacTOTOA KBapla, BeIHUYHHA ry YMeHbIIaeTcs

HacToJIbKO, YTO BHINMOJIHSAETCA YCJIOBHE
L, >r;| —Ru| Ca

d10 pocruraercs 6narojaps TOMY, 9TO Ha YacTOTe CBOEro TIOC/AeN0Bas
TENBHOTO Pe30HaHCa KBapll HMEeT OYeHb Majoe aKTHBHOE CONPOTHBJIE-
HHe H pesHctopn Ra ¥ [; mrmouaiorca napannenssde. Ha Beex ppyrus
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44CTOTaxX, OTJIHYHBIX OI 4acTOThl NIOCTELOBATENLHOTO PE3OHAHCA KBap-
Ia fxs, CyMMapHOe CONPOTHBJEHHE NOTePb 7y OKA3LIBAETCS CJHIIKOM
Be/IHKO, 4To6bl cXeMa Bo3Gynuiach. TakuM 06pa3oM, reHepauns BO3SMOX-
Ha JIMIIb Ha ONHOA 4YacToTe fxs. DTa cXema reHepaTropa ¢ KBapleBo#

a
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Puc, 32. CxeMBl 3afaioliHX reHepaToOpoB HA TYHHENb-
HOM JRHOJe C KBapieBo@l cTaGuiau3anues,

cTaGuIn3amueli HCI0/Ib30BaJach B KauecTBe JATYHKA BPEMEHHBIX HHTEp-
BaJOB sl YJbTPAcTaOHJIbHOTO XPOHOMETPA, HMEIOILEr0o MaKCHMAaJbHYIO
OIIKGKY BCEro B HECKOJIBKO CEKYHJ 3a Trol.

NPYTHX CXeMax IJsi BHITOJHEHHs YCJIOBUS CaMOBO3GYXIEeHHS
MpeLyCMaTPUBAIOTCS 3JEMEHTHl [Js COTJIaCOBaHHS COTPOTHBJEHUH TYH-
HeJBHOTO JHOMA M KBaplia. TakUMH sJieMeHTaMu MOryT OHTh TpaHncdop-
MaTop HJM JAPYTOfl YeTHIPeXMOJIOCHHK.

Ilpn npuMenenun TpaHchopmaTopa HeoGXOJHMOE COTJIACOBAaHHE CO-
NPOTHBJIEHHA OCYILECTBIseTCS N0AGOPOM COOTBETCTBYIOLIErO YHC/IA BHT-
KoB 06MoTOK. HefocTaTok TakOro COraacyiomero sieMeHTa 3aKJ04aercs
B TOM, Y4TO B CJyYae HEHCIPaBHOCTH KBaplla HE NPOHCXOTHT CPBIBA KoOJe-
GaHMl M cxeMa NMPOLOJIKAET IeHeDHPOBATh Ha HeomlpeleleHHOH HecTalH-
JIH3MPOBAHHOA uacToTe. DTO MPOHCXOJTHUT TIOTOMY, YTO NPH HEHCIHPABHOM
KBaplie ero CONPOTHBJIEHHE, NMEepecyHTaHHOe K JHOAY, 3HAUHUTEJNLHO BO3-
pacTaerT M YCJOBHe I'€Hepaillud COXpaHsAeTcs.

B kauecTBe TpaHC(HODPMHPYIOILETO 3JIeMEHTAa MOXXHO TPUMEHHTh TakK-
x)e IT-o6pasubifi 4eTHIPEXMOJIOCHHK, 06Janalomuf TpaHcGopMUPYIOIIHMHA
CBOACTBAMH YeTBEPTHBOJHOBOA JdHHH (puc. 32,6), UerhlpexnosaioCHHK
JOJKeH o6ecneynTb TpaHCHOPMAIHIO CONPOTHBIIEHHS] TYHHEJIBHOr0 NHONA
X CONPOTHBJIEHHI0 KBaplla Ha YacToTe €ro MOCJAeNOBaTeNbHOTO Pes3oHaH-
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ca. XapaKTepHCTARECKOe COMPOTHBIIEHRE YeTHPEXNOMOCHHKA P PABHO:
#="Vrxs[—Ryl.

3nas P MOXKHO ONpeNeJHTh TlapaMeTphl YeThpexnosiocHuka L u C.

Onucannbii B 3apy6exKHOA JHTepaType reHepaTOp TaKOrO THOA
pa6oraer Ha 4actoTe 40 Mey npH HecTaGHABHOCTH 4acTOTH 7,5:10-%
Ha 1°C, mpHuUeM yXOX UacTOTH 3a CU€T U3MEHEHHs HANpSIKEHHs MHTa-
HHst Ha +6% cocraBiser 3-10~7 or 06ulero yxoaa yacroTel. Jas TYyH-
HeJbHOrO auoja Thma IN2939, unu IN3712 (|—Ryx|=120 om) BeIxOAHAS
MOLUIHOCTb COCTaBJsieT 12 MK6T, a CHeKTP TeHEPHPYEMBIX KoJieOaHu
He HMeeT NOGOYHHX 4YacTOT,

leneparopm CBY

B renepatopax CBY Ha TyHHejbHHX JHOLAX B KauecTBe KOHTYpOB
HCOJB3YIOT LieNd ¢ paclnpeie/eHHBIMH NapaMeTpaMu B BUAEe BOJIHOBO-
Jl0B, KOAKCHAJIbHHIX KaGeJefi HJIH NMOJOCKOBHIX JIMHUA. TyHHENbHBIH JHOA
B TaKHX TeHepaTopax MOXeT PaGoTaTh HAa YacTOTaX HHXKe WJH BhILIE
YaCTOTH COGCTBEHHOTO pe3oHaHca fpes. Ecau auonm paGoraer ma uacro-
Tax HHXe YacTOTHl COGCTBEHHOrO DPe30HaHCa, ero CONpPOTHBJeHHE Oyner
€MKOCTHBIM, a NPH pabGOTe HAa YaCTOTax Bhllle YaCTOTH COGCTBEHHOIO
pe3oHaHca — HHAYKTHBHLIM.

Ilpu n3MeHEHHHM CONPOTHBJEHHs HArpy3KH 4acTOTa TeHepaTopa Me-
usercss, PopMa xoneGaHuA MOXKeET GbITh HCKAXKeHA H3-32 HENTHHEAHOCTH
y4acTKa OTPHUATENbHOTO CONPOTHBJEHHS, TO3TOMY aMIUIUTyda Koje6a-
HHA He JOJ/IKHA GHITh GOJibllle MPOTSKEHHOCTH JHHEAHOTO Y4acTKa, 4To
BO3MOXHO B Cjydae NPHMEPHOrO DaBEHCTBA CONPOTHBJEHHS HArpysKH

Puc. 33. Terepatopn CBY Ha TyHHeJbHHIX RHOAAX.
@~ ¢ NpsSIMBIM MOJIOCKOBHIM DEe30HAaTOPOM; 6 — C KOJbIEBbIM MOJOCKOBHIM
PEe30HaTOpOM.
I — TynHeabHLIA AMOA; 2 — BXOA NOCTOSHHOTO TOKAa; 3 == cTAGHJAH3HDYIO-
MUl pe3HCTOP; 4 — BHICOKOYACTOTHHIA BHIXOA.

Ha OTHOCHTEJIbHO HH3KOfl YacToTe M MOAYJS OTDHIATEJbHOTO COMPOTHR-
JieHus: B pabouef Touke. MakcHMasbHAsI BHIXOAHAS MOLLHOCTH AJsI THMO-
BHIX TYHHEJBbHHIX THOJOB COCTaBJsSeT AecATKM MUJIHBATT. B nHamasone
CBUY mociienioBaTenbHass HHAYKTHBHOCTb iMORA Ly OrpaHHYHBAeT BBHIXOX-
HYI0 MOLIHOCTb, YBEJHYHTb KOTOPYIO MOXKHO HCIOJB30BAHHEM MOC/AEN0-
BaTeJbHOH HJIH Napa/JelbHOfi KOMOHHANHH TYHHEJbHHX HIHONOB HJH
nmpuMeHEeHHeM KOJIBIEBHX CXEM.

Ha puc. 33 npuBeeHbl CxeMH TreHepaTOPOB € MPAMBIM M KOJbIEBHM
NOMIOCKOBHIMH pe30oHaTOpaMH. B mpakTHueckofi KosblieBofi cXxeme TeHe-
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paTopa Ha MOJOCKOBOH JIMHHM Nepefiayd MCMONb30BAH OAMH TyHHENbHBIN
IMON M3 apceHHlAa raius; Ha uvacrorax 1,4—1,8 2y monyueHa Moul-
Hocte 13 mgr. JIBa mapanienbHO COEJMHEHHBIX AHOLA [aIOT HAa va-
crore 1,55 I'ey MowmHocts 26 meT. Hcnoab3oBanue GOJbINero yucia
napaJ/esibHO BKJIOYEHHBIX NHOAOB He JaeT YBEJIHYEHHsi MOLLHOCTH.

Brodnod
\ bo3dyrcdarouud

Tenepamap feizad

1

Puc. 34. Kosbuesass cxema reHeparopa.

Bésplive MOLIIHOCTH MOTYT GbITh TOJYYeHHl NapaJjiebHbIM COelH-
HeHMeM psna reHepatopoB. Ha puc. 34 mokasana npocras KOJblleBas
cxXeMa, B KOTOPOA BHIXOJAHBIE MOILHOCTH ABYX ONHHAKOBBIX FeHepaTopoB
cymMupylorcs. Yacrora KoneGaHHA MOXET 321aBaThcsl BHEIIHHM CHTHa-
aoM. TIogo6HbIe cXeMBl MOT'YT COEIMHSITBCS IIOC/AeJOBATeNbHO ]IS AaJjb-
Hefilllero NOBbIMeHUst ofllell MollHOoCcTH. B 3apyGexHoil nuteparype omni-
CaH reHepaTop, B KOTOPOM MapaJiebHO cOeIMHEHH BOCEMb reHepaTopoB
C IBYMs TYHHeJbHBIMH JIHOJaMH H3 apceHMaa rajnus B KackaoM. Tlpu
MOILIHOCTH BO30Yyxaaloliero curuana 3 8T Ha yacrorte 1,56 ey noay-
yeHa BBIXOAHAs MouiHOocTh 105 meT. Memosb3yeMblli TYHHEJNBHBIA HHON
HMen cJaepylomue mnapaMerpbl: [,=200 ma, I.=10 ma, U,=230 ws,
U,=600 m8, ry=05 om, C;=8-+20 ng.

C moBBIIlEHHEM YaCTOTHl BO3MOMHOCTH MOJIYYEHHs! GOJIBIHMX MOLI-
HocTefl 3atpypusiorcsa. Tak, oT ogHOro nuoma Ha uactore 58 ey Gniia
nosyyeHa MOILHOCTL JHIb 25 MKET, a Ha vacToTe 90 ey — 2 MKST.
OnHako MpHMeHeHHe CMelHaJbHOrO paclpene/eHHOro reHepaTopa ¢ He-
CKOJIbKHMH TYHHEJbHBIMH JHOJaMU I[103BOJIHJIO MMeTb BBIXOJHYIO MOII-
HocTh 4 M8T mpu uyacrorte 6 Iey.

HHrepecHo omMeTuThb, yTo B nuanazoHe CBY reHepaumsi BO3MOXKHA
OJHOBPEMEHHO Ha [BYX YacTOTax. B 3apy6eXHOH JuTepaType ONMHCAHO
YCTPOHACTBO IJIs FeHEDHPOBAHHS JBYX He3aBUCHMBIX APYT OT JApyra KoJe-
GaHUA DasHBIX YacTOT, TIpHYEM OJHA M3 HUX He SBJSETCS TAPMOHHKOH
apyroii. HanpuMep, 6blin nosryueHbl koseGaHust Ha yacTroTax 683 Mey
u 7565 May c TyHnenbHbiM guoaom tuna A650.

Cnoco6nl nepecTpoiiku reHepaTopos

B Hacrosiiiee BpeMsi CO3/aHO MHOrO INHPOKOAMAMA30HHBIX reHepa-
TOpPOB, OIHAKO OYEHb BAXKHO HMETb reHEpaTop, XOTODHIA He TOJIbKO Nepe-
cTpauBascs Gbl, HO H NO3BOJIAT OCYILECTBJAATH 3/JeKTPOHHYIO TIePecTpOi-
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Ky. OaHHM Hu3 cRHOcOoGOB BJIEKTDOHHON NepecTPOAKH sBJsieTCs IIPOCToe
M3MeHeHHe HANPSKEHHsl CMelleHHs Ha TYHHeJIbHOM nuoxe. Ksmenenue
HanpsiKeHHs CMeLIeHHsl TPHBOJHT K H3MEHeHHIO NapaMeTPOB JHONA, OT
KOTOpPBIX 3aBHCHT reHepHpyeMasl dacroTa. TakuM MeTomoM Gblia MOJy-
yeHa mepecTpoOfika reHepaTopa B npenenax 12% wua wacrore 1'300 Mey.
TTocKONBKY HHTEPBaJ CMellleHH#, B KOTOPOM CYLIEeCTBYeT OTpHllaTe/bHOe

Bbizod

+
Han}mxe—
wue wa ba—
puxan

-

Puc. 35. CxeMbl reHepaTopoB C 3JIeKTPOHHOHM HAaCTPONHKON C MOMONIbIO BapuKama.

CONPOTHBJIEHHE, MaJl, H3MeHeHHe 4YacTOTH TOxe orpaHnuyeHo. OpnHako
B JIMTEpAType UMeIOTCs CBeJeHHsl O CO3LaHMH MHHUATIOPHOTO renepaTtopa
Ha TyHHeabHOM muoxe tuna RCA40062 u3 apceHuna ra/inusi ¢ o/eKTpH-
uecKOi TepecTpofikofi Ha okTaBy (900—I1 800 Mey). Hanpsikenue cme-
IeHHs] MeHslock B npepenax 216—450 xs, mpu 3TOM BbHIXORHASA MOIL-
HOCTb B COIJIaCOBaHHOMA Harpyske uaMeHsuiach oT 0,2 no 0,6 msrT.

Jlsisi u3MeHeHHs1 4acTOThl TeHepaTopa B GOJbLIeM 1Hana30He HCHOJb-
3ylor Bapukansl. Ha puc. 35, npuBeneHa NpHHUMNHAJNBLHAS cXeMa reHe-
paropa, HacTpauBaeMOro TakuM crnoco6oM. Bapukan npexncrasasieT coGoit
MO, €MKOCTb KOTODOrO 3aBHCHT OT BeJHYHHB NPHJIOXKEHHOr0 K HeMy
[OCTOSIHHOTO HanpsiKeHus. IIpH H3MeHeHHH cMellleHHs HA BapHKame TH-
na PC-117 na 100 6 B nomoGHO# cxeMe Gbla IOJyYyeHAa BO3MOIKHOCTBb
nepecTpofikh yacToThl reHeparopa ot 600 mo 900 Mey, uto oTKpHIBaer
BO3MOXKHOCTD 11 OGBICTPOH AMCTaHIHOHHOM HacTpofiku npuemuuka. Ilpu
3TOM BBIXOJHAsl MOIIHOCTb paBHsnach 0,45—0,65 msr. Ha puc. 35,6 npu-
BejeHa CXeMa BBICOKOYACTOTHOTO TeHepaTopa C TYHHEJbHBIM [THOJIO0M
1N2939 uau (IN3712 ¢ siekTpoHHON nepecTpofikofi B pguanasode ot 200
no 400 Mey u BeixogHofi MomHocTeio 0,6 m8T. Ha puc. 35,8 uso6paxena
CXeMa aBTOTeHepaTopa ¢ 9JeKTPOHHOM MNepecTpOHKOA B JHama3oHe
12—22 Mey una TyuHeabHoM guoje Tuma IN2939 u ¢ Bapukamom T4-
na PC-117-47. Tlpu HanpsKeHuH CMellleHHs Ha OHoAe '150 me Hamps-
JKeHde Ha Bapukane u3MeHsioch oT 0,4 10 60 8. OTHOCHTENBHO HH3Kas
A06poTHOCTL Bapukana B Auanasone CBY npuBOZUT K 3HAUHTENBHBHIM
NoTepsiM MOLIHOCTH.
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Eme ogHuM crnocoG6oM 5/1eKTPOHHOR NepecTPORKH SBJAAETCS HCNOJb-
3oBaHHe (eppHTOBOrO pe30HATOPa ¢ MAPHUTHOHM HACTPOAKOHN, COOTBeT-
CTBYIOILMM 06pPa3oM CBA3aHHOTO C TYHHeJbHHIM AHOAOM. [lepecTpofika,
OCYILeCTB/IsAeMasi C TIOMOILbIO MarHHTHOH IeNH, MOMKET {aTh H3MEeHeHHe
yactoTel oT 2,5 10 4 ey, MpH 3TOM H3MeHeHHe MOLIHOCTH Ha BBIXOJe
reHepatopa He npesbimaer 1 06. Takoit MeTon HACTPOAKH MOXeT ObITh
[pUMeEHeH Ha OuYeHb BHICOKHMX yacrorax BmaoTh g0 100 ey, mpuueMm yxKe
LoJyyeHa  BO3MOXKHOCTb M3MeHeHHs 4YaCTOThl Ha JBe OKTaBhl
(600—2 400 Mey),

FnaBa yerBepTas

HAETEKTOPbI

Jerekrop, paboraomuilt B 06JaCTH MOJOXKHTEJILHOTO
CONPOTHBJIEHHS BOJIbT-aMIIEPHOH XapaKTEPUCTHKH AMOAA

[Ipu cMellleHHH, PaBHOM HJH GJH3KOM K HYJIO, TYHHEJbHBIH IHOR
MOXeT HCHOJb30BAaTHCH B KayecTBe IUIHPOKONOJIOCHOTO KBaZPaTHUHOIO
JeTekTopa. HennHefiHOe NOJIOXKUTETbHOE NUHAMHYECKOE COMPOTUBJEHHE
B BTOH 00/1aCTH MO3BOJISIET NOJYYHTh GOJNBIION K. M. O., BEICOKYIO YyB-
CTBHTE/NIBHOCTD M XOPOINYIO JHHEHHOCTb MO BCEMY AMHAMHYECKOMY JHa-
nasony. Ellle oIHHM IDENMYLIECTBOM TYHHE/JBHOTO NHOAA KaK neTeKTopa
SIBJISIeTCS 3HAIUTENbHO Goslee HH3KHH YpOBeHb MepUATENbHOTO ILIyMa,
yeM y OOBIYHBIX IIOJYNPOBOAHHKOBHIX (iHONOB. TIpH cMellleHHH, PaBHOM
HYJII0, BeJMYHHA BBHINPSMJIEHHOTO TOKAa He 3aBUCUT OT TeMIepaTypel U
onpese/sieTcs JUIb CBOACTBAMH NOJYNPOBOAHMKOBOro Marepuasaa. Coor-
BeTCTBYIOLIUM BEIGODOM NapaMeTpOB MarepHaja (yMeHbIIas CTeleHb
JerupoBaHUsI) MOXHO YBEJNHYHTb BEJIHYMHY BHIIPSMJEHHOTO TOKa, HO
MpH 3TOM YMeEHbIIAeTcs BepOsT-

HOCTb TYHHenbHONO 3ddekTa. wral;

YacTo A NeTeKTHPOBAHUS 1200
MpHMEHsIeTCA Tak HasbiBaeMblit 06-
pallleHHbIA OMOA, XapaKTepHCTHKA 800
KOTOpOro moxkasaHa Ha puc. 36. Y
O6palleHHblfi IHOA WAM COBCEM He 400 va
MMeeT yyacTKa ¢ oTpunartenasHeiM 200700 Lz~ w
CO:IpOTUBJEHHEM HJIH HMeeT ero, HO g 200 400 Al
C MaJbIM 3HaYeHHeM THKOBOTO TOKa —400
(10—200 mxa). Taxue puompl OKa-
3LIBAIOTCS 3HAYHTENLHO OGosee 3th- =600
(eKTHBHBIMH BEINPAMHUTENAMH MallO- Puc. 36. Bonpr-amMnepHas xapakre-
ro CHruaja, yeM OGblYHbIE MOJYTIPO- PHCTHKA OpAIICHHONO AHONA.
BOLHUKOBbIE AHOABL. JleTekTopel Ha
HHX HAlIM NPUMEHeHHe Kaxk B NpH-
eMHHKax NpPSMOTO YCHJIEeHHs, TaK U B H3MEDHTEJbHbIX NpHOOpax, HaNmpH-
Mep NSl H3MepeHHs MOLIHOCTM He3aTyXamolUHX KosaeGaHui. B KayecTse
JleTeKTopa He3aTyXaloUuX KoseGaHul repMaHueBbIll TyHHe/bHbIA JHOJ, CiI0-
coGeH OGHapyKHBaTb He3aTYXalollide CHIHA/Jbl C MOUIHOCTBIO [IOPSIKa
108 67, B TO BpeMsi KaK H3MepHTENd MOUIHOCTH C TEPMOPE3UCTOPOM
~uaM 60JIOMETPOM OTMeYalT HalMyhe MOIMHOCTH He MeHee l0—5 6T.

Ha ugacrore 10 "2y B mpueMHHKe NPSIMOTO YCHJIEHHsI AETEKTOPH Ha
O6pallleHHBIX AHOLAX OOECMEeUHJIH UyBCTBMTENBHOCThL mopsinka 10—9 6r.
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PerenepaTuBnbiii aeTekTOp

Herextop, o6/anaoIInf OueHb BLICOKOR YYBCTBHTENbHOCTBIO, MOXKET
6HITh peajH30BaH C NOMOILbIO YCTPOACTBA, OCHOBAHHOIO HAa HCIOJb30-
BaHHH B OJHOH cXeMe SIBJEHUA YCHJEHHs H JeTeKTHpoBaHHs. CMellleHue
Ha JHOle JMOJXKHO OHITb TAKOBO, YTOGH paGouass TOYKA HAXOIHJIACh
B 06/1aCTH OTPHLATENbHOTO CONMPOTHBJIEHHS,

PerenepaTuBHbIfl AeTEKTOp IO CYIUECTBY IPEACTaBJ/sieT COGON YCHIIH-
Telb HA TYHHEJIbHOM [AHOJE, B KOTODOM H3-32 HeJHHEHHOCTH BOJIBT-
aMIepHOH XapaKTeDHCTHKH Ha TOM XK€ JUONe OCYLIeCTBJSETCS M jerek-
tupoBanue. Ilpu ynanennu paGouefl TOUKM OT TOUKK Neperu6a BOJBT-
aMnepHOf xapakTepucTHKH (Touka A Ha puc. 9) HeTeKTHpyollue CBOM-
CTBa CXeMBbl yJayumaiorcs, a 9¢ipeKTHBHOCTb ycuJIuTel]s manaer. B ornin-
yHe OT YCHJIHTEJs! pereHepaTHBHbIE AEeTeKTODH He TPeGYIOT LHPKYJSTOpA,
TaKk Kak He Tpebyercsi BbIBOZHTb 3Hepruio CBU. Uro6bl yMeHBIIHTH
BJHSIHHE M3MEHEeHHS Harpyskd Ha BeJHuHHY KoadduLueHTa yoH/IeHHs H
NpeROTBPaTUTh OOpAaTHOe H3/JyuyeHHe B aHTEHHY, epej pereHepaTHBHBIM
1eTeKTOPOM CTaBAT (eppUTOBBLIA H30JSITOP, KOTOPHI KOHCTPYKTHBHO
ropasfo npolle UHPKyJasaTopa. I[IpH HCNONB30BAHHH pereHepaTHBHOIO
JleTeKTOpPa NPHXOAHTCA CyXKaTb INOJIOCY NMPONYCKAHHS YCHJIHTENs.

OKcnepHMeHTaJbHbIe HCCNEOBaHUS NMOKa3a/H, YTO C MOMOUIbIO pe-
reHepaTHBHOrO HeTekTopa Ha yactrore 980 Mey MOxHO OGHApYIKHTb CHT-
HaJl MOIIHOCTbIO nmopsigka 10~14 8T, mpH 3TOM HauAyullas YYBCTBHTENb-
HOCTb TIO TOKY KOPOTXKOro 3aMbikaHHs 1105 a/er. ITox 4yBCTBHTE/NbHOCTBIO
MO TOKY NOHUMAeTCsl OTHOUIEHHe BHLIIPSIMJIEHHOT'O TOKAa KOPOTKOTO 3aMbl-
KaHHS K MaKCHMaJbHOM MOIIHOCTH HCTOYHMKA cHrHana. Opnnako npu
TpuGJIHKEHHH K TOUKe, B KOTODPOM BO3HHKaeT TeHepallusl, yXyAallaeres
CcTaGU/IBHOCTD M CYXKaercs noJsoca nponyckanusi. Tak, BbICOKasi cTaGHJIb-
Hasi 4yBCTBUTesqbHOCTh 5102 a/8T, cooTBeTcTBOBaBIIas OGHApyxHBae-
moft Momuoctd 10—!2 T, MMesna MeCTO NMpH IIHPHHE MOJOCH NMPONMyCKa-
HUs Bcero Juwb 2% OT HecyLIed 4acTOTHI.

CBepxpereHepaTHBHBI JETEKTOP

B pereHepaTuBHO/ cxeMe HeTeKTOpa MpH GOJBIIKX 3HAYEHHSAX KOad-
duIHeHTa YCHJEHMS 3HAYUTEJIbHO CHHXKAETC YCTOAYHBOCTb CXEMBI.
CsepxpereHepaTHBHLIA [€TEKTOp MO3BOJISIET INOJYYHTb BHICOKYIO YYB-
CTBHTEJbHOCTb IpPY AOCTATOYHOM YCTOMYMBOCTH. PaGouasi Touka nuoxa
B peXHMe CBepXpereHeparopa CMellaeTcsi B 00/1aCTh OTPHIATENBHOrO
COTPOTHBJIEHHS H B KOHTYDe BHINOJHSETCS YCJAOBHE MJIsi BOSHUKHOBEHHUS
KoJe6aHHA. AMMJIATYIAa BCIIOMOraTe/bHONO HCTOYHHKA AOJKHA OBITH J0-
CTAaTOYHOMA AJ51 NEePHOAMYECKOro CpbiBa 3TUX KoJieOaHHH.

Ha puc. 37,0 npuBeneHa cxeMa cBepXpereHepaTHBHOTO LeTEKTOpa
Ha YacTOTY MpHXOASIHX curHanoB 6,25 Mey, rae E; — reneparop Bcmo-
Morate/nbHOA uacTOTH 100 x2y. OGHYHO reHepaTop BCLIOMOraTeNbHBIX
KoJieGaHul, 1eTeKTOp M YCHJIHTe]b coBMellleHbl (puc. 37,6). DTOT CBepx-
perenepaTHBHEIA JleTekTop paboTaer Ha yacrotax or 100 Mzy no 6 Iy
H Bbllle IPH COOTBETCTBYIOILEM MOAGOpe 3JeMeHTOB Pe30HAHCHOH LEINH,
cocTosIllel M3 eMKOCTH AHMOJa U BXORHONM WHAYKTHBHOocTM L;. Yacrora
BCTIIOMOTaTeJbHBIX KoJleGaHHMA onpejensercss BeauunHamu L, u C; m pas-
Ha npuMepHo 20 Mey. as nojoch Bumeouactor 0,2 Mey uyBcTBUTEND-
HOCTb AeTeKropa mpeBbimaer 1010 g7, T. e. Ha 12—15 36 Bhume uys-
CTBHTEJIHOCTH JIIOGOT0 AeTeKTopa C MacCHBHBIM JHOJAOM,
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Puc. 37. CxeMbl CBepxpereHepaTHBHHIX neTeK‘ropbB.

F'maBa natas
NMPEOBPA3OBATEJIH YACTOTHI

Bo3MoxHbie CcrOCOOB NMpeo6pa3oBaHHA YaCTOTHI

OpHuM M3 MeTOZOB INpHeMa cjalblx CHrHaJOB siBAsieTcs npeobpa-
30BaHMe CHTHana K 60Jiee HH3KOH .(MPOMeXYTOUHOM) yacTOTe H AaJb-
Hefllllee yCHJIeHHe €ro Ha MPOMexXyTouHOM wacroTe. B puamasone CBY,
rae He MPHMEHHMbl OObIYHBIE BJIEKTPOHHBIE JIaMMbl 11151 Npeo6pasoBaHUS
4acTOTH, MO IOCJEIHEr0 BPeMEeHH TPHMEHSAHCh KpHCTaJJIHYecKue cMe-
CHTEeJIM M TeTepoAuH Ha KaucTpoHe uau JIBB. Koadduuuent nepenaun
TAaKOr0 CMECHTE/Isl MeHbllle @NHHHLBI NPH MUHHUMAJbHOM Ko3bdHIHeHTe
myMa 6—8 06, mpuyeM IOBOJIBHO TPYJHO MOJYYHTb LOCTAaTOUHO IIKPO-
KYI0O T0JIOCY NpPONMYyCKaHHS.

ITosiBuBUIMECST TO3/JHee NapaMeTpHueckHe Ipeo6Gpas3oBaTenH, Jef-
CTBHe KOTOPBHIX OCHOBAHO Ha MCMOJb30BAaHHH HeNHHEHHON eMKOCTH, obna-
JaloT MeHbIIHM YDOBHeM IyMa M TOBBIHEHHBIM K03ddHIHeHTOM mepe-
nayd. OfHako mapaMeTpHYECKHM Mpeo6pa3oBaTelssM, paGOTAIOWHM IpH
OTHOCUTE/JBHO HH3KHX IPOMEXYTOUHBIX YacToTaX, CBOACTBeH GOJbLIOH
koapduuuent myma. Ilapamerpuueckufi npeoGpaszoBaTeiib, NOHHIKAOUIUA
yacrory B 10 pas, uMeer JOMOJHUTENbHBIA KOd(bduLHeHT myma B 10 96.
TakuM o6pa3oM, IpH HCIOJb30BAHHH NapaMeTpHUYECKOro npeo6pas3oBa-
teas B guanasoHe CBY pust moJsyyeHHst HU3KHX [IPOMEXYTOUHBIX 4acTOT
HEBO3MOXKHO TOJIYUHTb MaJjble 3HaueHHs Kosadduuuenta myma. Kpome
TOro, NapaMeTpHuYeCKHH mpeoGpasoBaTesb sBAfeTcH ©€ojee CHAOKHBIM
YCTPOACTBOM, TaK KaK OH TpeOyeT BHeEIIHEro reHepatropa HakauKd, XO-
JIOAUJBHOTO YCTpoficT8a H AD.

ITpeo6pa3oBarenn ¢ TYHHEJbHBIMH IHOAAMH 0GecneudBaloT GoJbLIOH
Ko3buIUHeHT mepenayn (XOTs H MEHbIIHA, YeM B yCHJHTEJE HAa TYHHeJb-
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HOM JHMOfe) NPH MaJOM 'ypoBHe IIYMOB M LIMDOKON IOJoce MpONycKa-
uus. [Ipeo6pasoBare/np He 06Jajaer TakKHM XKe HUSKHM KO3(QPUUHEHTOM
IwyMa, Kak ycuautesnb. CylllecTByeT HECKOJIBKO CHNOCOGOB HCIOJ/b30BaHHSA
TYHHENbHOTO JMORa B KayecTBe npeoGpas3oBaresisi 4acTOTHl, KaX/[bld H3
KOTOPBIX HMeeT CBOM TMpeMMyIlecTBa M HegoctaTkH. K sTuM crmocoGam
OTHOCSITCS: IpeoGpa3oBaTesib ¢ caMOBO30YKAeHHEM, CMECHTeNb C OTAe/b-
HBIM FeTepOAMHOM; IACCHBHBIH CMECHTe/b.

TNpeoGpa3oBaTedb 4YacTOTH C CaMOB0O3GyXKaeHHEM

B mnpeo6pasoBaresne YacTOTH ¢ CaMOBO36YXKIEHHEM OJHH aKTHBHbIMA
3JIeMEHT, IO3TOMY TaKasi cxeMa siB/seTcs caMofl- nemesoi. Bo Bcex apy-
FHX CXeMax HeoOXOJAHMMO HCIOJb30BaThb JBa aKTHBHLHIX 3JIEMEHTa — OJHH
KaK reTepOfHH, APYroi Kak COGCTBEHHO CMECHTe/b.

TyHHeJbHBIA NHOA IOMXKeH OBITb CMeEIleH B 0G/1acTb OTPHLATeNbHOH
NPOBOJMMOCTH, NpHYeM paGouell TOYKOM BeiGHpaeTcs Touka F (puc. 9),
Te MOXeT GhTb MOJYueHO GoJbllee ycH/IeHHe MPeo6Pa3OBAHHA H JIyy-
mas CTaGHJIbHOCTb TeHepaTopa, YeM B JPYTHX TOYKax Ha MajaiolleM
yuacrke. \[Ipy paGore B Touke A (Touka nepern6a BOJbT-aMIEPHOH Xa-
paKkTepHCTHKH) Ha BbixoJe oGpasyeTcs 3HauMTeJbHasi N0 BeJNHYHHE BTO-
past TapMOHHKa, TIO3TOMY 5Ta pabouasi TOUKa BhIGHpaeTcs JJs npeobpa-
30BaHHsi Ha rapMOHHKax. B npeoGpasoBarene c €aMOBO30YyXKIEHHEM

Brod

@

s

Puc, 38. CxemMn mnpeoGpa3soBaTeseff YacTOTHI.

flenb HAa OAHOM JAHOJe BBLIIOJHSET HECKONbKO (GYHKUMA: TreHepupyer
9acTOTY TeTePORHHA; YCHIMBAET CHTHaJM (Ha HeCyIUed H NpOMEXYyTOuHOR
yacToTax); paGoTaeT Kak CMeCHTEb.

Moryr GnTb ABa THma npeoGpasoBaTenefi ¢ caMOBO3GYXKIEHHEM:
npeoGpa3oBaTesib Ha OCHOBHOM uyacroTe (puc. 38,a), B KOTOpPOM dYacToTa
CHrHaJla @ CBsI3aHa € reHepHpyeMoH 4acCTOTOM TreTepOAHHA ®r COOTHO-
LIeHUEM:

o)c:(orimnp’
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rieé ogp — NPOMeXyTouHasi yactoTa, H npeofpasoBaTesib Ha rapMOHHKAX
(puc. 38,6), B KOTOPOM 4acCTOTHl CHTHajla H reTepofHHA CBSI3aHBl COOT-
HOILUE€HHEM

®¢=20r*0xnp.
CxeMa mnpeoGpasoBaTesss Ha OCHOBHOH YacToTe COCTOMT M3 ABYX
KOHTYPOB, OfMH 3 KOTOpbiXx LyCp HAcTpOEH Ha NMPOMEXKYTOUHYIO 4acTo-
TY, APYroil — Ha uacToTy rerepoauna. dnements L;C, o6pasyior peso-

Im(7)

/w‘ ya

np W, r We np / Wr UJ} We

a) 07«

Puc, 39. XapaKTepHCTHKM DEakTHBHOH NPOBOAMMOCTH Npeo6pa-
30BaTeJ.

@ — Ha OCHOBHOfi 4acTOTe; 6 — Ha BTOPOfi rapMOHHKe.

Im(Y)

HaHCHbI KOHTYp reHepaTtopa. EMKocTb koHpeHcatopa Cp BbiOHpaeTcst
JIOCTATOYHO O6OJBLIONH JAJst TOro, YToGbl OH IpeicTaRasN coboil MaJioe
CONMpOTHBJIEHHE Ha YacTOTaX CHrHAJA M reTepOJHUHA.

Ha puc. 39,0 moxasaHa 3aBHCHMOCTb PEakTHBHOH TPOBOZHMOCTH
TYHHeJbHOTO NHOJA OT yacToThl. Ha yacrore resHepauuu ®r NpOBOLH-
MOCTb JHOJa paBHAa HYJIO, a MOCKOJIbKY 4acTOTa GUrHa/la U 3epKaabHast
9acToTa {PACITOJIOXKeHbl OT YacTOTH reHepallid Ha OJMHAKOBLIX paccTos-
HHSIX, TO TPOBOAHMOCTb Ha 3ePKaJbHOH 4YacTOTe 3 NPUGIU3UTENIBHO
paBHa NpPOBOJHMMOCTH Ha HyacToTe curHala ®c. Orciosa cienyer, 4TO
3aKOH pacnpejesieHHs IIYMOB B T10JIOCE 3ePKaJbHOH 4acTOThl COBNAfaeT
C 3aKOHOM pAcIpeje/ieHHs UIYMOB B IOJioce CHrHajza. BropbiM Heno-
CTAaTKOM 3TOH CXeMBl $SIBJISIETCS BO3MOXKHOCTb B3aHMOJEHCTBHS MEXAY
KOJieGaHMsIMH CHTHaJa ¥ reTepoJMHa BBHIY TOIO, YTO Pa3sHOCTb MEXAY
4acTOTOM CHrHaJla M reTepofiHHa MOXKeT GHITh He BEIHKAa; B 3TOM cjaydae
npu GOJBIIOH aMIUIMTYAe CHIHaJla TeTepoJMH MOXKeT <«3aTsArHBaThCS»
PaJHOCHTHAJIOM.

Ilpeo6pasoBaTeny Ha rapMOHHMKax NPHMEHSIOTCS B TOM CJydae, eclid
4acTOTHl CHIHA/la M IeTepOJAMHA PAcCNOJIOXKeHH CIHIIKOM GJIH3KO H BO3-
MOXKHO fiBJIeHHe «3aTArHBaHusi». B Takux mpeoGpa3oBaTessix HMeeTcs
TPH De30HAHCHBIX KOHTypa: retepoauna Ls;Cs, curiana L,C; u mpome-
KyTouHOM 4acToThl LyCo M MX 'MO2KHO HAaCTPaHBAaTh HE3aBUCHMO APYr OT
apyra. KoHTyp, pesoHHpYIOLIHH Ha YacTOTe CHrHaJa W, HAacTpaHBaercs
TaK, YToObl peaKkTHBHas MPOBOJMMOCTb Ha ®©TOH yacroTe GOhljla paBHa
Hymo. DTo 03Hayaer, 4TO MPOBOJHMOCTb Ha 3epKaJbHOH YacToTe ©s
MOXeT GhITb clleJlaHa JOCTATOYHO GOJIbINOH H yCHJeHHEe Ha ITOH uacToTe
yMeHBIUIHTCS, T. €. LIyMOBhle CBOHCTBA npu6opa  yJaydIlIalOTCs
(puc. 39,6). IlockombKy uacCTOTBI CHrHaJla W reTepOAHHA JOCTAaTOYHO
JlaJleko OTCTOAT APYr OT Apyra, TO BO3MOXKHOCTb «3aTSTHBAHHS» Yacro-
Thl Te€TEPOAMHA YACTOTOH CHrHAJa 3HAYMTENbHO YMEHbLIAeTCs.
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Cmecurennr ¢ BHEeHNIHHM reTepoiHHOM

TyHHeNbHHA NHOA MOXeT GbiTb HCIOJNb30BAH He TOJIBKO B KauecTBe
npeo6pasoBare/is, HO H KaK CMeCHTe/lb C OTJeJbHHIM reTepoJHHOM, IpH-
yeM B 3aBHCHMOCTH OT BHIGOpa peXHMa paGOThl MOMKHO pacCMaTpHBaThb
[Ba cJayuyasi: KOTZa BXOJHOE CONpPOTHB/EHHE CMECHTeNs NOJIOXKHTENbHO H
Korga oHo otpuuarenbHo. ITpu sToM cBocTBa cMecHTesnss COBEpPIIEHHO
pas/IHyHHI.

CMecuTesb HMeeT TIOJIOKHTEIbHOE BXOJHOe CONPOTHBJIEHHE, eCH
paGoyass TOuka TYHHEJbHOTO JAHOAA BbIGpaHa B 06G/1acCTH MNOJIOXKHTEJb-
HOTO CONMPOTHBJEHHS HJHM Ke paGoyas TOYKA HAXOAHTCA Ha NONAIOLIEM
y4acTKe XapaKTepUCTHKH, HO aMILIATyJa reTepoOfHHa BbiGpaHa HAacCTOJb-
KO G6O0JIbILIOH, YTO 3aXBaThiBaeT 006/1acTb IOJIOXKHTEJNbHOr0 COTPOTHBIIE-
uus. B oTOM ciyuae cxema 06JafaeT HCKJIOUHTENbHOH CTaGHJIBHOCTBIO
Npy H3MEHeHWH CONDOTHUBJIEHHH Harpy3KH M reHepaTopa H GOJBIIHM
IHHAMHYECKHM [HANa30HOM, HO TPH 3TOM IOJIY4aIOTCS HEeCKOJbKO TO-
BhlllleHHBle 3HAYeHHsl TOTepb MpeoGpa3oBaHus K mymos. OxHaKo nocsen-
HHe NOKa3aTe/NH BCe e 3HAYMTEJbHO Jyyllle, YeM y CMECHTeJs ¢ OOBbIY-
HBIM KpHCTa/IMYeckuM JAHOZOM. Tak, aKCIepUMEHTaNbHHHA CMecHTelb
MMeJl NOTepH Npeo6pasoBaHUs (BeJNHUHHA, OGpaTHas KOIPGUUHEHTY yCH-
nennst) 0 06 u xKoahduiEeHT WymMa oxono 3 06.

Jast TOro 4ToGhl CMECHTe/Nb WMeJ OTPHIAaTEIbHOE BXOJHOE COMpO-
THUBJIEHHE, HEOGXOJHMO paGouyl0 TOUKY TYHHEJIbHOIO AHOLA IOMECTHTb
Ha NajamolleM YYacTKe XapaKTepHUCTHKH, HJH, eClid OHa Ha YyuyacTke
C MOJIOXKUTE/IbHEIM CONpPOTHBJIEHHEM, HEOGXOXUMO HMeThb 3HAYHTENBHYIO
BeJIMYMHY aMTJIHTYJAB TeTepojyHa, YTOGhl HMeTb BO3MOXKHOCTb 3aXBa-
THIBaTh YYaCTOK OTPHIATENBLHOrO COMPOTHBJIGHHS.

Takoft cMecutesnp oGecneunBaer GOJIBIIOH KO3p(UUHEHT YCHIEHHS
fpu npeoGpa3oBaHUH M ‘MaJjbie TIYMbl, HO BeCBMa YYBCTBHTENEH K H3Me-
HEeHMsIM CONPOTHBJIGHHHA HArpy3KH M reHepaTopa H MMeeT OrpaHHYeHHBIH
IHMHAMHYeCKHA NHama3oH.

B kauecTBe mpuMepa MOXKHO IPHBECTH JaHHbIE, NOJIYYGHHBIE CO CMe-
curesieM, paGotalomuM Ha uactore 1200 M2y ¥ MMEIOIHM NPOMEXYTOU-
uywo uactory 30 Mey. CMecutenb BHIOJHEH Ha TYHHEJNbHOM JIHOAE
IN3218A u npu xosdhHUHEHTe YcuIeHHs MPH npeoGpasoBaHun 26 06
uMen Xodpdunuent myma 4,7 d6.

CxeMa 3KCIePHMEHTAJbHOrO cMecuTens Ha yacrorty 100 Mey mpuse-
neHa Ha puc. 40. B cxeMme mpenycMoTpeHH JBa (DHJIBTpa C NOCTeROBa-
TesbHHM pesoHancoM L3Cs m LoC,, caykallhe It YMEHbLIEHHs] LIYMOB
M0 3epKaJbHOMY KaHajly H KaHaly NPOMEXYTOUHOH YacTOThl COOTBET-

crBenHo. [Ipu ycunenun 4,6 96 B 3Tof cxeMe GHJ moJyueH KO3(dH-
nuent myma 13,2 86. '

TMaccHBHBIN CMECHTEJb

B kauecrBe cMecHTeNsT MOXKeT GHTb HCINOJb30BaH 06palleHHRH U0
dApH Hy/JeBOM cMellleHHH. BH1 HcciefoBan GanaHCHHA CMecHTeadb Iia
o6pallleHHBIX JHOJAX (IJs1 TMOJaBJEeHHS IIyMa reTepOAHHA) AJs Ipe-
o6pasoBanus yactoTh 100 Mey nenocpencTBeHHO B 4aCTOTY 5 K2y, KOTO-
puit uMenl Ko>boHuHeHT Iryma 7 06, B TO BpPeMsi KaK aHaJOTHYHBIE
CMECHTENH HAa TOYeYHHX AHOAAX HMEIT Koapduuuent myma 30—40 46.
Cmecutenb Ha o6pallleHHBIX AHOJZAX 3HAUMTEJIbHO MeHee UyBCTBHTeNeH
K M3MEHEeHWIO COTpPOTHBJEHHH HAarpyskH M MCTOYHHKA CHTHajla ¥ K TO-
BPeXJAEHHSIM OT CJyyaHHBIX MeXaHHYECKHX H 3JIeKTPHYECKHX Teperpy-
30K, YeM CMECHTe/b Ha TYHHEJbHOM JHOJe.
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B sakaiouenue Ha puc. 41—43 npuBejeHB HEKOTOpble NMpaKTHUECKHe

cxeMbl npeoGpasoBaTesiell Ha TYHHeJbHBIX JHOJAAX.
[1peoGpa3oBaTesb 4acTOTH C KBapueBod craGuiusauueir (puc. 41)

BLINOJIHEH HAa repMaHMeBOM TYHHesJbHOM juoje tuma IN3712 wu mpen-

Bxod 2emepoduqa
130 Mty

Bxodnod cueHan
100 mey,

Puc. 40. Cxema cMecuTesss Ha uactory 100 Mey Ha TYHHeJbHOM
AUOJie C BHEIUHHM TIeTePONHHOM.

Ha3HaueH AJa npeo6pas3oBaHusi uacToTol 446 Mey B panuoyacTOTHl (He-
CKOJIbKO coTeH Kujorepil). CxeMbl mepexmiouaTesiedl TeeBH3HOHHBIX Ka-

&, 1000
-L ‘ Bsixod
b G Ly
56 150 170
MIZH

Puc. 4l1. Ipeo6pasoBaTeab C KBaplieBoll cTaGHAH3anued.

HanoB (puc. 42 u 43) cobpasnl Ha auonax tuna IN3713. Tlocaepuss
cxeMa MpeiHazHayeHa AJsi paGoTl B JuanasoHe uacTor 470—850 Mey.
Ona o6ecneyuBaeT 4yBCTBHTENbHOCTb 6,9—10,3 mxe mpu nmomoce mpomy-

ckanus 6 Mey u kosduuuente myma 13,9—15,5 d6.
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Cummemnpuyran
QHImena

Puc. 42. [lepeksiouaTesb TeJE€BH3HOHHbIX KaHaJIOB,

R, ;2800
c Boixod
3J, ——
17
T4 - + 150
bral,
30
T T T -
| R N | -

Puc, 43. MepekaouaTenb TeJeBH3HOHHBIX KaHaJOB AELHMETDOBOro AHa-
nas3oHa C eMKOCTHOH HacCTpONKOH.

3akaouenue

B HacTosilllee BpeMsi He BCe BO3MOXKHOCTH TYHHEJIBHONO JHOAA HC-
NOJIb3YIOTCsl B MOJHONH Mepe. Hampumep, ycu/uTeNdb ¢ TyHHeJbHBIM JHO-
IOM MOXeT NoTpeGJsiTb MOIIHOCTb, Ha NMOPSIAOK MEHbIIYIO, YeM aHaJo-
FHYHBIA 'YCHJINTeNIb HA TPAH3HCTOPaX, HO W3-3a OTCYTCTBHSI COOTBET-
CTBYIOUIHX HCTOYHHKOB MIHTaHHs NOTpeG/isieMble MOIIHOCTH He3Hayu-
TeJbHO OTJIHYAIOTCs APYT oT Apyra. IToka He HafigeH Hocratouno sdbek-
THBHBIH M NPOCTOR crnoco6 JJsi pa3Bsi3KH OTAENbHBIX KacKajoB B JHana-
30HE OTHOCHTEJNbHO HM3KHX YacTOT, YTO 3aTpPyAHSeT NOCTpOeHHe MHOIo-
KackagHbx cxeM. ITocnenHee B cBOIO ouepelb 3aTpyJHsIET HCIOJb30-
BaHHE TYHHEJbHHIX IHONOB B YCHJIMTENSiX Ha 4YacTOTax NPUMEPHO MO
100 Mey. Kpome Toro, TpaH3uUCTOpH B 3TOM AHanasoHe O6JafaiT A0-
CTaTOYHO XOPOIUHMH YCHJIHTEJbHBIMH CBOACTBaMH, W NOCTPOEHHE MHOTO-
KacKaJHHX YCHJIHTeNefi Ha HHUX He BHI3BIBaeT 3aTPyAHEHHH.

Opnako mnsi paGoThl NpH BHICOKHX Temmnepatypx (300—400°C),
a TakXKe B YCJOBHAX MOBBIIEHHOM SAEGPHOM pafMauWH HaXke Ha HH3-
KHX YaCTOTaX NpPEeHMYIIeCTEEHHO TYHHEJIbHHX JHOAOB HEOCTOpHMQ. Xopo-

54



tithe pe3ysabtaThl JAal0T KOMGHHMpOBaHHBIE CX€Mbl, B8 KOTOpBIX HpuMe-
HAIOTCS W TPAH3HCTOPHl H TYHHEJbHblE AUOJBI.

HauGoslee mepcneKTHBHO TIpHMeHeHHe YCHJIHTeNefl Ha TYHHEJIbHBIX
nuonax B nuanasoHe CBY, rie TpPaH3HCTOpHI yKe He MOryT 0GecmedydThb
HeoOXOJHMOro YCHJeHHSI H KosdpouuueHTa wWwyma. B sToM naHanasoHe
Jy4llAMH TNOKa3aTe/siMd O6JMajaloT NapaMeTpHuYeckHe YCHJIHMTENH, HO
OHH TpeGYIOT CNelHa/bHOrO reHepaTopa HakKayKH M He MOTYT paGoTaTb
NpH BHICOKHX TeMneparypax. B nuanazone CBY poBosbHO mpocTto pe-
iaeTcs 3ajaya KackagHOTO COEeJMHEHHsS! YCHJHTeseH, MOCKOJbKY CO37a-
HBl YCTPOACTBA, OGeCHeYHBAIOIIHe HANpPaBJEHHOCTb pPacCNPOCTPAHEHHS
cHriajna. B Hacrosilee BpeMsi MOCTpPOEHbI YCHJMTENH, paGoTaiollue Ha
yactoTe f0 85 2y, a TaKxKe YCHJHTENH C NOJOCOA MPOMYCKaHHS CBHIIIE
OKTaBHI. .

ITepcrmekTHBHO MpHMeHeHHe TYHHeabHHX auonoB U4 B CBU renepa-
Topax. Tak, Hanpumep, H3rOTOBJIeH MPHGOP, reHepHUPYIOWHA Ha YacToTe
103 T'2y. OcHOBHHM HEeJOCTAaTKOM T'EHEpaTOPOB Ha TYHHEJbHHX NUOAX
ABJIETCSl MaJasl BBIXOJAHAsh MOLIHOCTb, AJISl YBeJHYeHHs KOTOPOH IpH-
XONHUTCS YCJOXKHATB ycTpoiicTBo. 'eHepaTOpel Ha TYHHeJNbHBIX JNHOAAX,
CTaGU/H3HPOBaHHbIE KBaplleM, MOryT oGecleudTb BecbMa BHICOKYIO cTa-
GUIBHOCTb YacTOThl M MCHOJB3YIOTCS B KayecTBe CTaGHJbHBIX TIeTepo-
IMHOB, JesMuTesefl YacTOThl, XPOHOMeTpoB H jp. PaspaGoransl u cos-
JlaHBl MaJIOMOILHble NepefaTYHKH Ha TYHHEJbHBIX JHOJAaX C aBTOMOLY-
asuuefi. B reHepatope Ha TYHHENBHOM JHOJE MOXKHO OCYIIECTBUTb BJ€K-
TPOHHYIO HAacTPOAKY, TIO9TOMY TaKOH TreHepaTop MOXeT GhiTb HCIOJb-
30BaH B reTepojJiiHe MHOTOJHaNnasoHHOr0 NPHEMHHKa.

B cynepreTepoyHHHX NPHEMHHKAX TYHHeJbHble HHOJbI MPUMEHSIOT-
¢l AJsl CO3NaHHus npeoGpasoBaTes]edl 4acTOTH, NPHYEM ONUH M TOT XKe
IHOJ MOXKeT GhITh HCMOJNb30BaH B KayeCTBe M CMECHTENsl H FeTePOAHHA.
Ilpu sTOoM B ‘psilie clydaeB MOXKHO OGOHTHCh '6e3 NpefBapHUTEJIbHOIO YCH-
JMTeNs] BBICOKOH UAaCTOTHl, Tak Kak NpeoGpa3oBaTelb Ha TYHHEJIbHOM
nHoje oGecrieyHBaeT AOCTATOYHO Mablil KO3GdHUMeHT IIymMa M MaJble
noTepu npeoGpa3oBaHHs (Za)ke MOXeET JaTb YCHJIEHHe).

B nuanazone CBY, rae njs npeoGpa3oBaHMsl YacTOTH He NpHUMeHH-
Mbl 2JIEKTPOHHBIE JIaMIibl, Mpeo6pa3oBaTe/Nb Ha TYHHEJIbHOM [JHOJe 3aMe-
HsieT Manio3(eKTHBHBI KPHCTANIHYECKHI CMECHTe]b Ha OObIYHOM MOJY-
TIPOBOJIHHKOBOM JIHOJe H TPOMO3JKHA rereponuH Ha JIBB uau kim-
cTpoHe. B KauecTBe [eTeKTOPOB TYHHe/bHble IHOAbI MOrYT obecreyu-
BaThb XOPOIIYI0 YYBCTBHTEJNBLHOCTb M 3HAYHTe/bHBIH KO3(dHILMEHT mepe-
HavyH.

XoTs TyHHeJBHBIA AHOX MOsBUJICS Ha 10 JleT nosxe TpaH3HUCTOPA,
yXe cefiyac MHOTHe YCTPOACTBA C TYHHEJBHBIMH JHOZAMU [IPEBOCXOAST
N0 KayecTBEHHBIM II0Ka3aTelsiM aHaJ/IOTHYHbE 'YCTPOACTBA HA TPaH3H-
cropax ¥ JIBB u 3HauuTe/NbHO Mpollle MapaMeTPHYECKHX H KBaHTOBO-
MeXaHHYeCKHX YCTPOMCTB.
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