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BBEAEHHUE

B coBpeMeHHOH NPOMBIIIJIEHHOCTH LIHPOKO HCIOAB3YIOTCS
CHCTEeMbl aBTOMAaTHUYECKOTO0 KOHTPOJIS U PeryJHPOBAaHHS TPOU3-
BOJCTBEHHLIX NpoueccoB, [IpuMeHeHHe 3THX CHCTeM OCOGEHHO
ObICTPO yBelHYMBaeTcsl B TOABI CEMUJIETKH, KOTJAa Haiia Mpo-
MBILIIEHHOCTb BCTaJa Ha NyTh BCECTOPOHHeH aBTOMAaTH3alLlHH
TEXHOJIOTHUECKHX NPOLECCOB W BCEMEPHOT0 BHENPEHUS] CHUCTEM
TeJeylpaB/ieHusl W TeJleH3MepeHHs.

ABToperynupyiouye cuCTEMbl COLEPKAT CAEAYIOUIMEe OCHOB-
Hble 3JIEMEHTHhI:

1. Haruuku, oToGpa)kawliie napaMeTpel TOTO HJIH HHOTO
npollecca B BHJE 3JEKTPHUECKOTO CUTHaJa. THMHUHBIE NpHMe-
Pl NaTYHKOB: OOLIeM3BeCTHass TepMmolapa (ZaTyuxk TeMiepa-
TypHl), $oTO3/JeMeHT (JaTUYHK OCBELIEHHOCTH).

2. Ycusuresau, npelHasHaueHHble A/ yBeJHUEHHS MOLIHO-
CTH CHTHAJa. YCHUJNUTENH YacTO BBIMOJNHAIOTCS OTIeNbHBIMU
6JI0KaM{: YCHUJIUTENb TOKA WM HaNpsiKEHUs, YCHJAHTEJb MOLI-
HOCTH.

3. UcnosHurenbHble MeXaHU3Mbl, PeryJupyIoOllde X0 HpPO-
necca # ynpasisieMble YCHJIEHHBIM CHI'HAJIOM AaTyHKa.

4. KouTpoJsbHble NPHGOpHl, I[10KA3bIBAIOLIME HJIM 3alUCHI-
BalolIue.

Curmansl, BblpabaTbiBaeMble JaTYHKaMH, BecbMa 4acTo
npeacTaBJasioT CO0OH MeIJeHHO MeHAIUKecs M0 BeJHUYHHE
TOKM TIOCTOSIHHOTO HANpaB/eHHs (Tak Has3biBaeMble CHUTHaJIbI
MOCTOSIHHOTO TOKa). BesuuuHa 3THX TOKOB OOBLIYHO HAXOLUTCH
B npenenax 107'5—10-6 g, Torna Kax Ans MpUBENEHHA B Aei-
CTBHE M3MEPUTEJbHBIX WIH 3aMHCHIBAIOLIMX KOHTPOJbHBIX MpH-
60poB Heo6XOAMMH TOKHM nopsaka 10™ a, a ans ynpasieHus
HCIIOJHATEIbHBIMY MexanusMamu — Gosee 1072 a.

CoOTBeTCTByIOLlee YCHJEHHE OCYLIeCTBJSETCS pagHodJeK-
TPOHHBIMH YCTPOHCTBAMH, MONYYHBUIMMHW HAa3BaHHE Y CHJH-
tTeaeit noctoswuoro roka (YIIT). Xora BXOAHO# CHT-
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HaJ 9THX yCHJAUTesNell MOCTOSHEH JIULIL MO HampaBJeHHIO, Ha-
3anue YIIT Bouino B MMPOKHH TeXHUYecKHi#l O6UXOJ, IMO3TO-
My Mbl ero u OyaeMm ymorpedsstTh B JAajbHefiieM, BaxHoe
snauyenwe YIIT s arTOperynupyloUIux CHcTeM OOBsICHAETCSH
eule M HX MOUTH UAeasbHOH (ha30BOH XapakKTepUCTUKOH B 006-
JIACTH HU3KHX YACTOT, ABJSIOMIUXCS OCHOBHBIMH KOMIIOHEHTaMH
CHUTCHAJIOB YNPaBJeHHS.

He ToJBKO NPOMBIIIJIEHHOCTb, HO H DS Ba)KHeHIIHX oTpac-
Jeil ¢usnku, GHONOTHH, ACTPDOHOMHH M JIPYT'HX Hayk TaKxKe
wyxnatorces B YIIT mas ycuieHus CHTHAJIOB DaTYHKOB, C MHO-
MOIIbI0 KOTOPHIX BeNeTcss HabJiofeHHe 06beKTOB HCCJeLOBa-
uus. JlocTaTouHO YNOMSAHYTb UOHU3ALHMOHHBIE METOIB HC-
CllelOBaHHUS U3JyueHHH, MPUOOPHI ISl perucrpainud 6UOTOKOB,
Macc-CcrmeKTPoMeTpel d  pasHoo6pasHele  (DOTO3JEKTPHUECKHE
YCTaHOBKH, 4TOOHl NMOJNYUYHTb NPEJACTaBJEHNe O 3HAYEHHH Hayd-
Heix npuMenenuit YIIT, oxBaTbiBalOIMX acTPOHOMHIO H siep-
Hyl0 (u3UKy, GHOJOTHIO U MeTaNIypri0 U T. A. B saxepHOi
9HepreTUKe, reo/loTHYECKoll pasBelke He(pTH H APYTUX Ioje3-
HbIX MCKOMAeMBbIX Takxke IIHPOKO UCHOJb3YIOTCs [pa3Hoo6pas-
uple YIIT pnsa ueseft uamepeHuss W ynpasieHUs.

Mruoroo6pasue npumenenuit YIIT oOycaoBausaer To, 4TO
YHCJI0 PAa3JUYHBIX BUJOB anmapartyphl, B kKotopbuix YIIT sBasd-
eTcsl Ba)KHBHIM 3JEeMEHTOM, BecbMa Beauko. [IpuBemem Jauiub
HEKOTOpble NPUMepBHI,

B coueraHuu c (oTO3MEeKTPUUECKHUMH HAaTYHKaMH (¢oTo-
sjeMeHTaMy, yMHOXHuTeasiMH) YIIT npumensiorcs B yCcTaHOB-
Kax aBTOMAaTHYecKOro KOHTDOJS TOJIIUHBL, [JIOTHOCTH, 1IBETa,
MPO3PaYHOCTH ¥ APYrUX CBOHCTB JHCTOBBIX MaTepuanoB (TKa-
Hel, TactMace, 6ymMaru u mp.), a Takxe B YCTaHOBKAax aBTo-
MaTH4eCKOTO CHEeKTPaJbHOIO aHa/ju3a B MeTa/uypruH, AJs
KOHTPOJII U aBTOMATHYECKOIO peryJupOBaHusl TeMIepaTypbl,
IJIsT M3MEpeHHsl SIPKOCTM H LBETHOCTM IKPaHOB KHHECKOIOB,
JUis MaccoBOTO HM3MepeHHs INapaMeTpoB HCTOYHUKOB CBeTa.
ABTOperynupyoliie U KOHTPOJbHble YCTPO#cTBA, OCHOBAHHBIE
Ha NpPUMEHEHHH PaJMOaKTHBHBIX H30TONOB, TAKXKE CONEpKAT
YIIT kak oAHy M3 BaKHeHIIMX yacTell. TakoBb, HampuMep,
ramMmma- u 6eTa-ypoOBHEMEpHI, TOMIMHOMEPH, NJIOTHOMEPH! U sl
COOTBETCTBYIOLUIUX [PEryJsiTOPOB /IS XHMHYECKOro, He(TAHOro
H METaJJIypruyeckoro NpoU3BOACTE.

W3noxeHHble KpaTKWe CBelleHHs MOKa3blBaioT, uto YIIT
NpeaCTaBJAsIOT COO0H OAMH M3 OCHOBHBIX BHJAOB paigHOdJekK-
TPOHHOH almapaTtypel, BCe IUMHpe HCIOJAL3YEMOH B HAPOILHOM
X035fiCTBe IO Mepe pa3BUTHs aBTOMATH3alUM MPOHU3BOLACTBA.
Hacroswas Gpounopa HMeerT le/dbl0 O3HAKOMJEHHe IIHPOKHX
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Kpyros pajnuosioGuresiel @ paGOTHHKOB MPOMBILIJIEHHOCTH,
CTPEMSILIHXCSl HCIOJb30BaTh PafHO3JEKTPOHMKY JUISI COBEp-
LIEHCTBOBAHHA METONOB MPOM3BOACTBA, CO CXeMaMH H CBOW-
creamu JjamnoBux YIIT, ¢ ux ocobeHHOCTSMH, KOTOpble Cle-
OyeT yYMTHIBATb B OCHOBHLIX BMAaX npumeHeHuil. B 6pounope
COJEepkAaTCsl TaK:Ke ONHUCAHUST HECKOJIbKUX NMPAKTHYECKH NpOBe-
pennbix YIIT,



I'JIABA IIEPBAA
JATUUKH BXOAHOIO CUIHAJIA YNT

Bonbiuias wactb cucteM aBTOpPEry/JUpPOBAHHS H KOHTPOJIS
NPOU3BOACTBEHHBIX NPOLECCOB MOKeT OBITh MpeAcTaBJeHa JBY-
MSI OCHOBHBIMH CXeMHBIMH BapHaHTaMy, [OKa3aHHBEIMH HA
puc. 1. Kak yxXe ynmoMHHaJoCh BO BBeJEHHH, MHOTHe NATYHKH

I c Uc Ic °K; i
MNoxasvibarow,ud
Konmporupyemord Nameaux VAT
unu anucobaw-
obverm (npoy,ecc) wdd npubop
a)
Pezyrupyemond i ynt .
obvexm Aamaux (npedbapumenowoni ) o
e
)
Peeynupyrousee Yeunumeso Yempodcmbo (pozpanmnoe
( “‘;’;%’::z;ﬂggae ) wounoonus [ cpabuenus 7 yempodsmbo
o
U=y,
%)

Puc. 1. Brok-cxeMa KOHTPOJLHOrO (H3MePHUTENLHOTO) ycTpodcTBa (a)
U cxema aBroperyJupylouiero ycrpoicrsa (0).

BHIpa6aThIBAlOT cJalbble, CPABHHUTENBHO MeJJIEHHO H3MeHsIo-
LiMecss TOKH [OCTOSIHHOTO HarnpasJieHus, /s YCUJIEeHHs KOTo-
peix u npumeusiorcs YIIT. Ilepeuncnium wauboJiee pacnpo-
CTPaHEHHble B INPOMBILIJIEHHOM M HAYYHOM MPUMEHEHWH BHIb
I aTYHKOB.

Ilnss KOHTPOJIST U PeryJUpOBaHUs TEMNOBBIX IPOLECCOB JaT-
YHKaMH OOBIYHO CJYKAaT TePMONApPhl HJIH TEPMOCONPOTHBIEHHS.
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YyBCTBUTENLHOCTh NMEPBHIX (NpH BBIIOJHEHHH H3 METaJlIoB)
cocraBasier 1—2 ms na 100° C npu BHyTpeHHEM CONPOTUBJIE-
Huu o6bluno Meree 100 om. CurnaJ, BelpabarbiBaeMblil Aatyu-
KaMH Ha TCPMOCONPOTHBJICHHAX, CHJIBHO 3aBHCHT OT HX Ma-
TEpHajia U CXeMbl BKJIOUEHHS; O/ MeTa/JIoB M3MeHeHHe CO-
npOoTHBJeHHA cocTasisier npubsausuresnbho 0,4% na 1°C. 3na-
YUTEJbHO G0JblIel UYBCTBUTENbHOCTbIO 006J1afal0T MOJYMpO-
BOJHHKOBBEIE NaTUUKH TeMIlepaTyphl.

Jnst KOHTpOJIsST MeXaHUYeCKHX HaNpsiKeHU# NpUMeHsIoTCs
TaK HasblBaeMble TEH30JaTUMKU. VIX MOXKHO pa3meiuTb Ha TPH
OCHOBHBle TDyNIbl: a) ¢ MeHsiloLiMMcs Npu AedopMauug co-
npoTUBJAeH#eM; 6) ¢ MeHsIoIUMHCS npu aedopManidl MarHuT-
HEIMH CBOHCTBaMU; B) IIbe303JIeKTpHUECKHe, Ha 9JeKTPOoAax
KOTOPHIX TpH medopManuu BO3HMKaOT 3apsigbl. Hanps:Kenue
CUTHAJIOB TEH30ZATYMKOB TPYNI «a» H «0» COCTaBJ/sIET OKQJIO
1 M8 TmpH CPABHUTENbHO HH3KOM BHYTPEHHEM CONPOTHBJEHHH.
[Tbe30a/neKkTpuyeckue NaTUYMKU BblpaGaThIBAIOT HAMpsKEHHE
nopsigka 1 8 nmpu ycaosuu, uto Bxox YIIT o6nanaer Bechbma
GosbinM conporyBaerueM (10''—10'2 om) u mMaJsoil eMKOCTBIO.

KoHTposnb xuMHUYeckoro cocraBa W KOHIEHTpallMH HEKOTO-
pbIX PacTBOpPOB IPOM3BOLUTCS C MOMOIIbIO natuukoB pH, pea-
THPYIOIUX Ha KOHIEHTPALMI0 BOLOPORHBIX MOHOB. DTH AaT4H-
KHi, B KOTOPBIX OCHOBHONl MaTepuas 3JeKTPONOB 3allHlleH
CTeK/NSHHBEIMM MeMOpaHaMH OT CONPHKOCHOBEHWsl C pacrBopa-
MH, TpeOyIOT BeCbMa BBICOKOTO BXOJAHOIO conpoTHBgaenus YIIT
(10"'—10'3 om) npu uyBcTBHTeJbHOCTH nopsiaka 0,5 8.

KonTposb MHOrHX NPOHM3BOACTBEHHBIX NPOLECCOB HPOH3BO-
JUTCSl NPH NMOMOIIH (POTOIJIEKTPUUECKMX JHATUHKOB, B UYHCIO
KOTODHIX BXOJSIT: a) (DOTO3/NEeMEHTH TpeX BHAOB (C BHELIHUM
tdoToapdhekTOM — BaKyyMHBle, C 3amUpaioUMM cJjloeM — BeH-
THJbHBlE, © (OTOCONPOTHBIAEHHSI) # 6) (HOTO3/IEKTPOHHEBIE
YMHOXHTEJH.

BakyyMHuble ¢oTO9/1eMeHTHl, XapaKTePUCTHKH KOTOPHIX HaH-
Gosiee yCTOMUUBLI, NPUMEHSIOTCS] BeCbMa LIHPOKO, B TOM YHC/e
H B NPElH3UOHHBIX yCTpoiicTBaX, HampuMep B aBTOMAaTHdYe-
CKHX CNeKTpoaHanuszaropaxX. UyBCTBUTEIbHOCTL 3THX (hOTO3JE-
mentoB cocrtasiasier 20—80 mka/am, Ho Tak Kak paGouHe
CBETOBble NMOTOKH OGBIYHO MaJibl, TO OTHAYa TOKA JIeXKHT B IIpe-
nenax 107—10713 g. Brarogaps TOMy 4TO BHYTpeHHee COIIPOTHB-
JeHue BaKyyMHBIX (OTO3/IeMEHTOB BEJHUKO, MMeeTCsi BO3MOXK-
HOCTh npuMensth YIIT ¢ GonbliuM BXOAHBIM CONPOTHBJIEHHEM,
uyTo, Kak 6yneT [OKa3aHo HuiKe, obJieruaer 3ajnauy YCUIeHHS
CTOJIb MaJbiX TOKOB.

BenrmibHble (oTO3NEeMEHTH (CeJIeHOBBIe, MeIHO3aKHUCHHME,
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repMaHueBble W Ap.) 06JaLaloT, KaK NpaBHJIO, HH3KUM CONPO-
THBJEHHEM H Pa3BHBAIOT 3. A. ¢. oT 2—4 o 100—200 ms (npu
ocseuienHoctd 100 k). Ins oGecrneueHust JIHMHeHHOH 3aBHCH-
MOCTH HX (OTOTOKA OT OCBEHIEHHOCTH Tpe6GyeTcsi HU3KOe CO-
NPOTHBJIEHUE HArpPYy3KH. [109TOMY JlaMIIOBble YCHJIUTENH OObIY-
HO COEIHHSIOT C TAaKUMH (OTO3JEeMeHTaMi 4Yepe3 COOTBeT-
CTByIOLIHe Npeo6pa3oBaTeNd. 10 e B OCHOBHOM OTHOCHTCS
K (OTOCONPOTHBIEHHSIM,

Hnst paGoTel co CBETOBBIMH CHTHajiaMH 0CO60 MaJjiofl HH-
TEHCHBHOCTH NPHMEHSIOTCS (OTO3JEKTPOHHBIE YMHOXHTENH
(®3Y). Bricokoe BbIXOAHOe comporuBieHrwe ®IY u ux 6oJb-
ias ormaya nospoJssitor npuMeHsaTh YIIT ¢ BBICOKOOMHBIM
BX0JoM. 3ameruM, yto coyeranue YIIT ¢ DY obpasyer Hau-
6osee YyBCTBUTEJNBHHIH, JOCTATOYHO KOMIAKTHBIH W YHHBep-
caJbHBIU Npubop AJisi H3MepeHHsi OYeHb CaaGoro CBETOBOIO H3-
ayuenusi Bsoth no 10712 am (cBera 3Besn).

B Hacrosiiee BpeMs A/ H3MepeHHs psila TOKasaTesei
IPOU3BOACTBEHHBIX MPOLECcCOB (yPOBHS JKUIKOCTH, ee MJIOTHO-
CTH, TOJIIMHB MaTepHaJOB, KayecTBa HX 00paGoTKU M OKpac-
KH H T. A.) NIPUMEHSIIOTCS paJHOaKTHBHBIE H3/yYeHHs, B OCHOB-
HoM ramMa- u Oera-1yun. Jlatuukamu (IDeTeKropamu) 3THX
H3JIyYeHHH CJyXaT HOHH3alUHOHHBlE NPUOOPEl— ra3opaspsi-
Hble CYETYHKH, HOHH3AaLHOHHbElEe KaMepHl, a TakKXe P CUHMHTH-
JIITOPOB, HaNmpUMep KPHCTaJJbl HOJHCTOTO HATPHS B COYera-
Hun ¢ PIY.

lazopaspsnHble cueTYHKH NOA HeficTBMeM ramMma- u Oera-
H3JyueHHHl BBHIpaGaTHIBAIOT WMMYJBCHI, CpPefHsAsl yacToTa KOTO-
PHIX TNPOMOPUHOHAIbHA HHTEHCHBHOCTH H3JyueHHs, BO3Jei-
cTBylollero Ha cyetudk. IIpy momolnu mMpOCTOH HHTerpHpylo-
meH LeNmH UMIYJbCHl MOTYT ObITH NIPeo6pa3’oBaHbl B TOK MO-
CTOSHHOTO HamnpaBJieHHs; BeJHYHHA TOKAa IPOINOPUHHOHA/bHA
cpenHell yacToTe MMIYJbCOB H OOLIUHO HAXOAHTCs B Npejesax
105—108 aq. [dns u3MepeHHs TaKHX TOKOB CJyXar CpaBHI-
1eqbHO npoctble YIIT.

B HoHH3anHMOHHBEIX KaMepax MOJ AeHCTBHeM MPOHHKAIOIHX
H3JyueHHuil npoTekaooT Tokx nopsiaka 1071—107 a; sTu TOKH
NPONOPLUUOHANBHEL MHTEHCHBHOCTH H3JyuyeHusi, o0beMy KaMe-
pBI, NaBJEHHIO HAIOJHSIOLIEr0o rasa M 3aBHCAT TaKXe OT CO-
cTaBa rasa ¥ MaTepuaJja CTeHOK KaMephl. BHyTpeHnHee compo-
THBJIGHHE HOHM3ALHOHHOH KaMepbl BeCcbMa BEJHMKO, 4TO HAaeT
BO3MOXKHOCTb nosib3oBatbesi YIIT ¢ BBHICOKOOMHBIM BXOJOM.
s ycunenusi Tokos Meree 10712 g npumensiores YIIT co cne-
UMAJbHBIMH  3JIEKTPOMETPHUYECKHMH BXOAHBIMH KacKaaaMH.
Hounsauuonnas xamepa B coueranun c YIIT npexacrasasier
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co6oft onHO W3 HanBoJee TOUHBIX H HANEXHBIX YCTPOACTB ANSA
H3MepeHHs] MHTeHCHBHOCTH DaJHOaKTHBHBIX H3JYUeHHH.

B 3nexkTpoBakKyyMHOH NpOMBILIJIEHHOCTH GOJbIIOEe 3Haye-
HHe HMeeT KOHTPOJIb BaKyyMa®», TOUYHee H3MEepeHHe MaJibiX
nasjeHnit rasa B guanasose 10°—108 um pr. cr. UsMepenus
3TH NPOU3BONATCA NPU IOMOILM HOHU3ALHOHHBIX BaKyyMMeT-
poB. [laTynkaMH cJyxaT BHIOH3MeHeHHble HOHH3ALHOHHbLIE
KaMepbl, HENOCPeACTBEHHO coofuiauunecs ¢ 06beMOM, B KOTO-
poM H3MepseTcsi naBieHHe. B xaMepy mnomelljaeTcss MCTOYHHK
rnoHusupymouero usjaydyenus. Ilpu ycaoBunm ero ycrofiumBocTH
TOK KaMephl mpsiMo NPOMOpLUOHAJNEH [JaBjieHHuio rasa. ITosto-
My WIKaJy NMOKa3blBamoliero npubopa, BKJIIOYEHHOrO Ha BHIXOAe
YIIT, MoxXHO TrpagyupoBaThb HEMNOCPENCTBEHHO B E€IHHHLAX
JaBJIeHHs.

HcTounuKaMH HOHH3HDYIOWIEr0 U3JY4YeHHSI MOTYT CIAYXKHTb
HaKaJeHHHH KaTol, OKPYKEHHbI ceTyaThlM aHOLOM (3JIeKTpO-
Hbl HOHH3HDYIOT ra3, a HOHBl MPOJIETAlOT CKBO3b CeTKy Ha
«KOJIJIEKTOP» KaMepbl), MM paAHOAKTHBHHI  mpenapar,
HCNycKaloWui anbda-nyuu (B STOM clyuyae KaMepy—HaTuuK
BaKyyMMeTpa HHOrAa HasbBaloT anbdarpoHoM). O6pasylo-
UIHeCsl B rase MOJIOXKHUTENbHble HOHBI YJaBJAUBAIOTC OTPHUA-
TeJbHO 3apsKEeHHBIM KOJIJIEKTOPOM, KOTOPHIl COeIHHEH CO BXO-
nom YIIT.

Heckoabko 0c060 cTosiT 3afaun yCHJIEeHHsl TaK Ha3blBAeMbIX
6HOTOKOB, T. €. 3JeKTPHUECKHX CHIHAJO0B, BO3HUKAIOUIUX Hello-
CPeIICTBEHHO B TKaHAX M OpraHax B Ipollecce HX XH3Heles-
TeJbHOCTH. DTH CHTHAJBl HMEIOT BpeMsi H3MEHEHHsi OT CeKYyHI
10 foJiefl MHJIJIUCEKYHAbl M HANpsKeHHs NPHGIU3HTENbHO OT
0,5 mxe (toku Mo3ra u wuepBoB) no 0,1 8 (roku cepaua).
Bxox ¥TIT moakmiouaercss K HCCeflyeMbIM OpraHam IMpH IO-
MOILIM COOTBETCTBYIOUIMX (HEMNOJISIpH3YIOIIUXCSA) BJEKTPONOB.
Bxonnoe conpotusiienne YIIT Mmoxer GbITb HEBLICOKHM, IIO-
psinka 105—108 om; BBHAY MaJjiolf MOUIHOCTH CHTHAala K YCH-
JIUTENIO TPedbSBJSIOTCS BeCbMa JKeCTKHe TpeGOBaHHsI BHICO-
KO YCTOHYHBOCTH U MaJjoro uyma.

B ra6n. | maHa cBojKa cHCTeM W OCHOBHBIX MapaMeTPOB
IATYUKOB, NpeJHA3HAYEHHBIX AJsI KOHTPOJSI Pas3HYHBIX IIpO-
11eCCOB.

PaccmarpuBas npupenenuble B Taba, 1 DaTuMKuH Kaxk @Je-
MeHTH BXORHON uenu YIIT, MoXkHO GOJbLIYI0O HX YacTb pas-
NeJUTh MO 3JEeKTPHYECKUM CBOACTBAM Ha TpH rpymnsl. Jlaruu-
KH TepBOH TpYNNbl Ha30BeM 1aTUMKaMH TOKA; OHH HMeloT
BecbMa 60J/blIOe BHYTPEHHee CONPOTHBJIEHHE U MOTYT pa3BH-
BaTbh Hanpsikenue mopsinka 107'—]0! @ Ha BecbMa BBICOKOOM-
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Ho#t (105—10!3 om) uarpyske, mpuueM TOK maTuMKa He 3aBH-
CHT OT CONpPOTUBJIEHHsI HArpysku. Bropyloo rpynmy mMoxHo Ha-
3RATh OATYHKAMH HATPSKEHHS; OHH HMEIOT He(OoJ/blloe CONMpo-
THBJEHHe, pa3BUBAIOT HA Hu3KooMHOH (102—10* om) marpysxe
Hanpsixkenne 108—10"2 g, u UX XapaKTePUCTUKH CH/IbHO 3aBH-
CAT OT Harpys3kH. B TperTbio Tpymnmy BXOZSAT Nbe303JeKTpHUe-
CKHe M eMKOCTHBle NAaTUHKH; MX MOMKHO Ha3BaTh [JaTYyMKaMH
3apsAna, Tak Kak MMeHHO BeJUUHHA 3apsla Ha UX BJEKTpO-
Jax orofpaxaer HHTEHCHBHOCT KOHTPOJHPYEMOro HMH
siBNeHus. s paTunkoB TpeThed rpymmbl Tpebyercs, Kak mpa-
BHJIO, BBICOKOOMHAsI, HO MaJIOEMKOCTHasi Harpyska.

Bxox YIIT cornacoBbiBaeTcst ¢ JaTUHKOM TPH MOMOIIH CO-
OTBeTCTBYIOUIUX COTPOTHBJEHUI /a1 npeobpasoBaTened, KOTO-
pble OnHCaHbl B CJAefYIOLIEH riase.

I'JTABA BTOPAfA

OCHOBHBIE BONNPOCbI YCHJIEHUSI CUTHAJIOB
MNOCTOSAHHOIO TOKA

1. OCOBEHHOCTH JIAMIIOBbIX YCHJIMTEJIER
NOCTOSAHHOIO TOKA

Ilepsoit ocoGenHocTpio Gosblieil wactu JammoBeix YIIT
SIBJIsIETCS1 TO, YTO YCTAHOBJIEHHAsl B UX BXOMHOM KacKaje 3JeK-
TPOHHAs JiaMIla, aHOAHBIH TOK KOTOPOH ympasJsiercs CeT o -
HBIM HanpsXeHHeM, JHoJxHa paBoraTh B cXeMe Y C K-
nenusi toka. OueBupuo, uro sxog YIIT moaxen comep-
J)KaTb HeKOTOpBHIH mpeofpas3oBaTtesb, B KOTOPOM TOK CHIHAJA
co3naBaJ Obl HANpsKEHHe, B MOCTATOUHOH Mepe mMpeBhILIAK0-
miee coO6CTBeHHBIH WYM H (JAYKTYyaluH CETOYHOH Iemu BXOI-
HOH saMnbl. OTa 3aflaya pellaeTCsi HECKOJbKHMH CIocoGaMmi,
paccMaTpuBaeMbIMU B 3Tofl IJase.

ITocTostHCTBO HampaBJeHHs (NMOJSIPHOCTH) BXOZHOTO CHUT-
Haja, T. e. HaJHYHe B HeM IOCTOSIHHOH cocTaBJsiouleld, o6y-
cioBauBaer Bropywo ocobeHHoCTh YIIT: ero kKackanbl Hesb3s
CBSI3BIBATH . HU €MKOCTHbIM, HHM TPaHC()OpPMATOPHBIM Ilepexo-
IOM; MeXKacKaJgHble COeIMHEHHs NOJKHBI GbTh rajbBaHHUe-
ckuMu (310 He otHocutes K YIIT ¢ mpeo6pasoBaHuem curua-
Jla TIOCTOSIHHOTO TOKAa B NEPeMeHHBIH).

Tperbst ocobennocts YIIT (BepHee HeZOCTAaTOK) COCTOHUT
B TOM, UTO HCXOMHBI — «HyJIEeBOH» YPOBEHb HANPSAKEHUS HIA
TOKa HA HX BHIXOAe MOJBEPIKEH CAMONPOM3BOJNLHOMY H3MEHC-

11



guio: B YIIT nponcxonut Tak Has3biBaeMblit apeiidp HyJas. Pax-
TOpHI, o6ycsoBauBaiomue apeiid u Mepbl 6ophObl ¢ HAM, pac-
cMaTpHBalOTCA B TJ. 3.

Hpeiip orpannunBaer BO3MOXKHOCTb MOJYYeHHS GOJBLIOTO
Kosdpdunuenra ycunenns YIIT ¢ ranbBaHnueckoi MexKackam-
Ho# cBasblo. C atoit meablo paspaboransl cucremsl YIIT, B Ko-
TOPBIX BXOAHOH CHTHAJ TIOCTOSHHOTO TOKa KaK Obl MOLYJHDPYET
Hecyliue xoneGanus (0OBIYHO HH3KOUACTOTHBIC), YCHJIHBAEMbIE
3aTeM COOTBETCTBYIOLIUM YCHJIHTEJIEM.

Takum o6pasom, crpyktypHas cxema YIIT Moxer OBITh
npeacTaBieHa CAeAyIIAMHE OCHOBHBIMM BapHAHTAMHU:

1) Hatunk — npeo6pasoBaTe/ib CHTHAJA MIOCTOSHHOIO TOKA
B CHTHAJl NIOCTOSTHHOTO HaNpsi)KeHUs — BXONHOH Kackai — Ipo-
MEXYTOUYHBIH YCHJIHTEJNb Hamnpsi:KeHHss C TrajbBaHHUeCKO#
CBSI3bl0 — OKOHEUHBIl Kackaj (YCHJHTENb MOLIHOCTH);

2) JDaruuk — npeoGpasoBaresb CHTHAJNa NMOCTOSTHHOTO TOKa
B NlepeMeHHOe (MJHM UMIYJbCHOE) HAaNpsKeHHe — BXOAHOH Kac-
Kaj — MPOMEeXYTOUHbIH H36HpaTeJbHBIH yCHJAHTE]b — OKOHe-
HBI KacKal (YyCHJIHTENb MOIIHOCTH).

Ycunureab B LENTOM HJIH OTAeJbHBE ero y3Jbl MOryT Oblfh
OXBaueHH OTpHUIATENbHOH 06paTHOH CBSA3bIO.

2. BXOOAHBIE NPEOBPA30OBATEJIH

Bmosine oueBHAHO, uTO [pocCTeHIIHM mnpeofpa3oBaresieM
TOK—HamnpsiXKeHHe MOXKEeT CJYXKUTb CONPOTHBJEHHE, yepe3 K-
TOpOe MPOMyCKaeTcsi U3MepsieMblll TOK; KaK H3BECTHO, HAlpsXKe-
HEHe Ha CONpPOTHBJEHHH UR=R1. IlpuHuunuajipHas cxema
BXOJHOTrO ycTpoO#icTBa, paGoraiolero mo 3ToMy cnocofy, Ha-
3bIBAEMOMY ellle CIOCOO0OM HPSMOTO yCHJIeHHs, NpHBeleHa HA
puc. 2.

UsmepseMblft Tox I, mpomyckaercsa uYepe3 CONPOTHBJe-
HHe R,,, BKJIIOUeHHOe HA BXOJe JIaMIIOBOTO BOJIbTMETpA IO-

crosindoro toka (puc. 2). Mamepsia nampsxenuwe U ,, Haxo-

IHM TOK CHTHaJja
__:._ZEL. (l)

¢ Kox
Hanpumep, eciu U, =0,2 6 mpu R,, =10'° om, 1o I,=
=2-10"!" q. [lnana3oH H3MepeHHH JIeTKO MeHsTb, NepekJoyas
BXOJHHIE COMPOTHBJEHHS. DTOT CMoco6 LIHPOKO TPHMEHsSeTcs
B JIaMIOBHIX H3MEPHTe]sIX MaJiblX TOKOB (IHKoaMmepmerpax
WIH TaK Ha3blBaeMbIX JIaMIIOBHIX rajbBaHoMerpax). [Tokasbi-
palouuit npu6op MoxeT GbITb I'DALYHPOBAH HENOCPEACTBEHHO
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B eAHHHLAX H3MepseMON BeJHUYHHH. B ycTaHOBKax aBTOMAaTH-
yecKoro KoHTpoJsis u peryJjuposanus, YIIT kotoprix paforaior
no 3TOMy cnocofy, oGecleyHBaeTCss HellpephiBHOE M C OTHOCH-
TeJbHO MaJofi BpeMeHHON 3aJep:KKOH H3MeHeHHe BBIXOLHOTO
CHTHAJla NPH H3MEeHeHUH BXOMHOTO.

YyBCTBHTENBHOCTh ¢roco6a OrpaHHUYeHa IJIaBHBIM 06pasoM
TPYAHOCTBIO H3TOTOBJIEHHs CTaGH/IBHBIX CONPOTHBJEHHH Gosee
10'2 oM u HegOCTATOYHOH yCTOHUHBOCTLIO H3MepeHHs MaJbiX
HanpsAXKeHH# B CTOJb BBICOKOOMHBIX LensaX. ITo JinTepatypHbIM
JaHHBIM MOPOr YYBCTBHUTENbHOCTH MOXeT ObITb [OBeleH 10

Komnencauus

ja] |

c

R
Sy
Puc. 2. lpununnuaabHas cxeMma Puc. 3. IlpuHunnuanbHas cxema

»[IPAMOrO® H3MepeHHsA  MajbixX JIaMIIOBOTO 3JlIeKTPOMeTpa.
TOKOB.

1071 g. OnbiT mMoKa3bpiBaeT, OXHAKO, UTO YCTOHUHMBOe yCHJEHHE
curHaJia obecneunBaercs npu Tokax nopsiaka 0,5-107'2 a u Go-
qee. Cnoco6 oTOT MMeeT CyIIeCTBeHHble NMpeHMyllecTBa (Ipo-
CTOTy C€XeM H HeBBICOKYIO CTOMMOCTb almapaTyphbl) NpH
MCIIOJIb30BAHUH €ro B AHamna3oHe TOKoB mopsinka 10712—107% a.

lopa3mo Gosbluas YyBCTBUTENIbHOCT ROCTHTaeTcs IIpH
HCIOJIb30BAHHH 3JE€KTPOMETPHYECKOro MeTofa H3MepeHHd Ma-
JIBIX TOKOB, OCHOBAHHOTO Ha ONpeNeJeHHH CKODOCTH CTeKaHHsd
HJIM HaTeKaHus 3apsia.

B nepsoM BapuaHTe ®/JeKTPOMETPHYECKOTO MeTOfa H3Me-
psieMblil TOK /[, uaMmeHsier sapsj KoHaeHcatopa C B uenu ceTKH
aamned (puc. 3). Ilpoucxossiliee npu 9TOM HM3MeHeHHe Hanpsi-
KeHust Ha ceTke AU, MOXHO onpelesndTb, 3HAass KPYTH3HY
XapaKTePUCTHKH JaMIbl S U U3MEPUB H3MEHEHHe ee aHOLHOTO
Toka A

AU =1, @)
13



Msmenenne 3apsga KoOHZEHCAaTOpa MNPOHCXOIHUT HE MIHO-
BEHHO, a B TEYEHHE BpEeMeHd f, NMPOTEKIIEro ¢ MOMEHTa pas-
MbikaHus kimoua K mo Momenta orcuera Al,. Onpenenus ¢

IpU MOMOLIH, HaIpuMep, CEKYHAOMEepa, HaXOIHUM TOK

AULC  ALC
L=——=-3— (3)

(8 3TOl W mocJenywwmux GopmyJax TOK HaeTCs B ammepax,
HAIpsOKEHHe B BOJbLTAX, KPYTH3HA B aMmmnepax Ha BOJbBT,
eMKOCTh B (papajax, BpeMs B CEKYHJIaX).

UeM MeHbIlE TOK CHMTHAJ4, TEM MeHbllle J0JKHA OHITh
e€MKOCTb KOHJeHcaTopa C H TeM UyBCTBHTEJ]bHEE NOJKeH
GbiTh IOKa3biBaOUlHA MpuGOp, H3Mepsomail Al ; 1/ TOYHOTO
H3MEPEHHUs] MaJbIX 3HaueHHH A/, OGBIYHO HCMOJIB3YIOTCSH CXEMBI

KOMIIEHCALlUH HavaJbHOH cocTaBJsiomiell aHOAHOrO TOKa (HA
puc. 3—06arapes 5, u compoTuBJeHHE R,).

Ha#inennas no ¢opmysne (3) Benmuuna I, ABASETCS CyM-

MOH TOKOB CHTrHaJja H yrteukd. OuesBHJHO, YTO AJs1 JOCTH-
XKEHUST BBICOKOH UYBCTBHTE/NIBHOCTH HEOGXOAHMMO BHICOKOE
BXOJHOE CONmpoTHBJeHHe JaMnbl. C 3TOH ILeJapl0 CKOHCTPYH-
POBAHBI CIelHAaJJbHbIE 3JeKTPOMETPHYECKHE JaMIbl, BXOJHOE
CONPOTHBJIEHHE KOTOPHIX Hepenko mpesocxoiut 10 ox.
ITpuBeneM uuc/OBOM NMpPHMEp H3MEpPEHHS MaJjOr0 TOKAa 5THM QNOco60M.
ITycTs KpyTH3HA XapaKTEepHCTHKH JaMnel cocrasiaser 20 Mka/s, BXon-

Has eMKOCTb YCTPOHCTBAa (BKJ/ioYas €MKOCTb NOJCOENHHEHHOrO0 KATUHKA)
pasHa 20 n¢, a naMepenHas 3a BpeMs 30 cex BeqUyUHA Al =1 mxa. Toraa

10-9.20.10-12
I, = —3p10-v.30  =3:3107" a

YyBCTBUTENBHOCTh JIAMIIOBOTO 3JIEKTPOMETPa 3TOro THIIA
OrpaHHUYHBAETCs IMaBHBIM 00pa3oM CaMONPOH3BOJNBHBIM H3Me-
HeHHEM CeTOYHOrO M aHOMHOro TOKOB, T. e. Apefipom. Tiua-
TeJbHO BHITIOJHeHHbe NMPHOGOPH C HHAMBHIAyalbHO MORXOOpaH-
HBIMH JaMIaMH [O3BOJAIOT H3MepATh TOKM mopsiaka 1077 a.
B ycjoBusix 3aBOJACKHX J1abopaTopuil CpPaBHHTEIbHO MPOCThIE
JaMIOBLIE 3JEKTPOMETPbE NAIOT BO3MOXKHOCThH M3MepeHHs TO-
koB nopsiaka 107%—1071* q. IIpu aToM BeaHYHHA Al,, xoro-
pYIO perucTpupyer MoKasblBalouuit mpu6op, 06bHYHO COCTaB-
asieT okoso 1 mxa. ClefoBaTelbHO, yCUJI€HHe TOKa AOCTHTaer
B JaMnoBoM oJjextpomerpe 10° (muiaunapma pas!).

B npyroM BapuaHTe 3JeKTPOMETPHUECKOTO MeTo4a H3Me-
psieTcs He BpeMs f, a 4acTOTa NepHONMUECKOH Pa3PslKu HIH
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3apsiKM KanuGpoBaHHOro KoHmeHcartopa Cj, T. e. BeJIHUMHA
f=1/t. Ha puc. 4 nokasana ynpouennas cxema COOTBETCTBYIO-
lero npu6opa. B MOMeHT BR/IIOUEHHs MHTAHMS AHOAHBIE TOK
JlaMIbl BeI3bIBaeT cpabarbiBaHue pese P. Ero KoHTaKkThI 3aMbl-
KaloTCd, NofaBasi Ha CETKY JaMIbl OTpHIlaTe/bHOe HamlpsikKe-
HHe, 3anupalollee ee (MPHUEM NPOUCXOAHT OTIyCKaHHe peJe)
H 3apsxaiouiee Koungercarop Ci. MamepseMulii Tok /, koMmeH-
CHPYeT 3apsl KOHJeHCAaTopa, U JaMna uepe3 HeKOTOpoe BpeMs
OTKDBIBAETCSA; HO IPH STOM pesie CHOBa cpabarThiBaer, 3aps-
¥KaeT KOHAeHCATOp M 3amupaer JaMmny u T. 1. Ecau nanpsixke-
HHe Ha 3apsKeHHOM KoHXeHcaTope pasHo U, a rto Hampsixe-

HHe, NIPY KOTOPOM OTKphIBaeTcs Jjiamna u cpabaTbiBaer pede,
paBuo U, 10
I,=CU,—U,)(f,—foh (4)

rie f,—wuactora cpabaTbiBaHuii Npu HanMumuM curHana [ ;

fo —cobcTBenHas uactoTa cpabaThiBaHME mpubopa, 06-
yCJOBJEHHAsT YTEUKAMH KOHJAEHCATOPa H CETOYHOH
HeNH JIaMIIbL,

Cpa6GaTelBaHHS  PETHCTPHUPYIOTCH KAKHM-IH60 CUETHBIM
npu6opoM. [asa ToxkoB mopsinka 108 @ u Gosee BMecTo Ba-
KYyMHO# JIaMIBl MOXKHO NPHMEHHTh THPATPOH TJEIOLIEro pas-
psna.

YyBCTBUTEJBHOCTh ~ ammapa-

me C; u fo. Benuuuna nocuaen-

U,
TOB, pa6OTAIOUIUX MO 3TOMY Ba- i I ’
DHAHTY, TeM Bhllle, YeM MeHb- gg P

Hell 3aBHCHT OT yTeueK IO H30- Coemaux
JSLHH BXOAA 3JEKTpOMeTpa H umnys16cob
OT CeTOYHHIX TOKOB JaMmel Kak I ¥
M3BECTHO, COBPCMEHHble CHHTe- =

THYeCKHe H30JALHOHHBIe Mare- G
puaJbl THNa TNOJUACTHpPOJA H
¢roponsacra (redsioHa) mo3Bo-

JAI0T KOHCTPYHPOBATH H30JATO- -

ppl C CONPOTHBJIEHHEM HOPAAKA  p,. 4 Jlavmosui 3JIeKTPOMETP
10'® om. CiefoBaTeNbHO, YYB- co cueTamkom 3apsfo-paspaa-
CTBUTEJBHOCTD 3JIEKTPOMETPOB HbIX IePHOJ0B KOHAEHCcaTopa.
JaHHOIro BapuaHTa OorpaHu-

YyUBaAeTCs1 B OCHOBHOM <Ce€TOUHLIM TOKOM JaMIIbI (Tquee, ero
(QJayKTyaunsiMH); ONBIT IOKa3blBaeT, 4YTO KOHCTPYHPOBAHHE
npubopa Ha TokKH MeHee 107!* g mpencraBaser cepbe3Hble 3a-
TPY-AHEHHS,
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HenocratkoM 06OMX ONMHCAHHBIX 3/1€XKTPOMETPHUECKHX Me-
TONOB sIBJseTCS 3HAUHTe/bHAsi 3aTpara BPeMeHH Ha KaxKIbli
3aMep, a TakKe OTCYTCTBHe NpPSIMOTO OTCYETa BEJHYHHHLI TOKA.
IMTostomy paspaGoransl saektpoMerpuueckue YIIT, B KOTOpBIX
BpeMsl H3MeHeHHs 3apsfa KOHAeHCaTopa H3MepsieTCs palHo-
9J1eKTPOHHEIM YCTPOHCTBOM.

Cxema Taxoro annapara nokasawa Ha puc. 5. M3mepureis-
HBIH LUMKJI HAYMHAeTCsl C pa3MbKaHHS KOHTAKTOB pene Py,
NPHBOAHUMOrO B JeHCTBHE TeHepaTopOM HMIyJbCOB, KaaHOpPo-
BAHHHX MO AJHUTEIbHOCTH M CKBa)KHOCTH. TOK curuasna Hauu-
Haer 3apsxaTh Konfencatop C;. Uepes 3agannoe BpeMs (Ha-

Cs k’\l 7, ()

L
Ry Lr- Vinnynocroni
%

Usz| popmupyrougud

r“ r'_ youumens
114]

lexepamo, lerepamop_
UMNYALO cmaHGapmHod
bpemeny vacmomol

Cvemuux

.

Puc. 5. JlaMnoBeifl 9J€KTPOMETP ¢ HMIYJbCHBIM MpeoGpa3oBaTesneM.

npuMep, 1 cex) BTOPOH HMIyJbC MePeBOAHT KOHTAKTH pese Py
u3 noJoxenus I B mosoxkeHwe 2 (BCJed 3a STHM KOHTAKIhI
peae Py cnHosa saMmbikaworcs). Hampsixkenue xongencatopa C,
MOCTyNaeT Ha BXOJ YCHJAUTeNs uepes 3BeHo CoR, B BHIE
MMIIyJIbCa TPHOIH3UTEbHO TPEYroNbHOR (OpPMHL.

YCHANTENb CONEPHKHT aMIVIHTYIHO-OTPAaHHUHMTe/bHble Kac-
Kanabh. B muX curman mnpeo6pasyercs B TpalelleHdaJbHble
HMITyJIbCBI (TAK Ha3blBaeMoe «Npeo6pa3oBaHHe HalpsAKeHHe—
BpEMs»), NJIATENbHOCTh KOTOPBIX MPONOPUHOHANbHA TOKY CHI-
Haja. C BHIXOfA YCHJIHTeNs TPaleueHIajbHbIi HMIYJbC MO-
CTynaer Ha CeTKy JiaMmbl /I HOpMaJbHO 3aNepPTOro 3aTBOPHOIO
KacKaja ¥ OTKDBIBAET ero, MpoNyckas Ha CYETYHK IepPHOLHUe-
CKHE HMIYJIbCHI-«METKH» CTAHAAPTHOH 4YacTOTH (Hampumep,
100 xey) or remeparopa. ITo OkoHYaHMHM TpameleHAaJLHOrO
MMIyJbca 3aTBOPHBIA KacKaj 3aKphIBAeTCs; YHCJIO 3aperi-
CTPUPOBAHHBIX CUETUMKOM «METOK» SIBJASIETCA Mepoil Toka I,.

OmnucaHHBlA WHKI MOMKeT aBTOMATHYCCKH MOBTOPATLCS, UTO
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no3BoJIsieT CleIUTb 32 M3MeHeHHeM Toka. Bosmoxkna mpsaMas
rpagydpoBKa CYeTuHKa B eJMHHIAX TOKa. B cucremax aBtoO-
peryJHpOBaHus MMIYJbChI-<METKH» MOCTYNAIOT B HHTErpHPYyIo-
LIYI0 cXeMy, BbipaGaTBIBAIOLIYI0 CHTHan yhpasaeHus. IIpu
3TOM HMeeTcst BO3MOXKHOCTb 0OJ/IBLIOrO YCHJIEHHS MOIIHOCTH
CHTHaJja.

CJI0KHOCTb 3JIeKTPOMETPHUECKHX TNPHOOPOB 3TOrO BHAA
OKYyIaeTcs CpPaBHUTENbHO OOJBUIONH OLICTPOTOH HX HeHCTBHA,
BBICOKON TOUYHOCTBIO (morpemHocts MeHee 2%), a Takke BO3-
MOXKHOCTbIO IPHUMEHSITH BO BXOAHOM KackKajfe OOBLIYHbIE
HPUEMHO-YCHIUTENbHBIE JaMIbl. [lopor 4yBCTBUTENBHOCTH 3a-
BICHT OT CCIIPOTHBJEHHs M30JsLHHM KoHIeHcaTopa C; u peie,
a Tak¥e OT aMIVIMTYIbl NMapasUTHBIX HMIYyJAbCOB, BO3HHKAIO-
IIMX mpu cpafateiBaHuu pese. MMeloTcs naHHble 06 H3Mepe-
HUK TOKOB mopsapka 107! g ¢ xopolueli moBTOpPseMOCTbIO pe-
3yJIbTaTOB.

Metox npsMoOro ycuseHusi CUrHAJOB IOCTOSIHHOTO TOKa H
3JeKTPOMEeTpPUYECKHe METOIbl MaJio NMPUMeHUMBl B CJyudasy,
KOra HCTOYHHK CHTHA/la MMeeT Majoe BHYTPEHHee CONPOTHB-
JeHHe U SIBJseTcs He NAaTUAKOM TOKa, a HAaTUHKOM MaJoi
3. n. ¢. Hepenko takas 3. . . MOXeT BBHI3BATh JIHIIb MAaJble
B3MeHeHHs] aHOAHOTO Toka BXoano# Jamnsl YIIT, He npesH-
IaILile AMILIUTYIB €CTeCTBeHHbIX (uyKryauuid. OnHako u3-
BeCTHO, YTO paJHOTEXHHUYECKHe CpelCTBA MO3BOJSIOT YJ/aBJH-
BaThb CUTHAJBI, AaMILUIATYJa KOTOPBIX MeHblle aMIVIHTYALI
«(hOHA» XaOTHUECKHX LIYMOB, €CJAM CHTHAJbl HMEIOT BHI Ile-
pHoaMuecKux KosaeGauuii. CiefoBaTeqbHO, B JAaHHOM CcJyuae
cnabylo <«INOCTOSIHHYIO» ®. A. ¢. CHTHa/ja uejecoo6pasHo dpe-
o6pa3oBaThb B NepHOAHYECKHe KosleGaHHS.

Hawu6osee npocteiM cnoco6oM Takoro npeoGpa3oBaHHUs siB-
Jsercsl cmocol TepHOJHYECKOro TIpepHIBAHHS CHrHAsla IpH
TIOMOLIM MeXaHWyYecKoro Bubpartopa. MaMepsieMelit Tok mpepbl-
Baercsl o6bHO ¢ yacroroit or 50 po 400 ey u npeo6pasyercs
B NpPsIMOYTOJIbHbIE KoJie6anus. IlocienHne nocTymnamoT Ha BXOA
Y3KOIOJIOCHOTO yCHJIHTeNs. BHIXOAHOE HANpsiKeHHe YCHJIHTENA
BBEIIPSIMJAETCS CHHXPOHHBIM HETEKTOPOM, KOTOPHIH ympaBJsieT-
csl KoJieGaHUAMH, MPHBOIASALIMMH B HelcTBuEe NpephiBaTedb [
(puc. 6). drtor cnoco6 mnpuBJeKaTeNleH TeM, YTO IpPHMeHeHHe
y3KOIO/IOCHOTO YCHJIUTeJIsI HU3KOH YacTOTHl JaeT BO3MOXKHOCTH
yMeHbIIeHHsI WIyMa H GOJbLUIOro ycuJeHus curiasta. OmHako
3TO JOCTOHHCTBO He MOXKeT OBbITh MOJHOCTBIO peajH30BaHO
M3-32 BO3HHKHOBEHHS Napa3uTHBIX HMIY/JIbCOB B MOMEHTHl 3a-
MBIKaHHS H pa3MBIKaHHs KOHTAKTOB mpephiBartess. [lapasur-
HbIe HMIYJbCHl YAaeTCs CYUeCTBEHHO YMEHbIUHTb (HO He yHHU-
2 H. 5. Bpeiino. ' 17



TOXKHTb), TPHMEHSS IJIaTHHOBblE HJH 30JI0Thle KOHTAKTH H
noMeniast npepeiBatelb B aTMocdepy HHepTHOro rasa (apro-
Ha, HEOHA) HJH B BaKyyM.

Jlyuuime ycrtpoficTBa DaHHOrO THNA HMEIOT MpeResbHYI0
YyBCTBHTEJNBHOCTb OKoJIO 107° @ npu BXOQHOM COMPOTHBJEHHH
1 Mom (mo nanpsikeHuio curiana ~1 mg). UyBCTBUTENBHOCTD
YIIT sTOro BMIa NpH BXOXHOM COMPOTHBJEHHH OKOJNO 5 OM
MOKeT ObITh moBefieHa no 1078 g, [lpu srom, omnako, Ha6Jo-
JlaeTcs 3HAuUTebHAs 3aBUCHMOCTb aMIIUTYAbl IpeoGpa3oBaH-
HOrO CHTrHaJia OT BHellHed TeMIepaTyphl, a Takke apefid Ha
HECKOJIbKO TIDOLIEHTOB B 4yac, II0-BUAMMOMY, BCJeNCTBHE cTape-
HHsI KOHTAKTHBIX MOBepPXHOCTeH.

I - v’
L2l gy

2 ~§1 Y
g 1:50,
n m I ’ |
- E+
Veunu- Cunzpormod [ n l
ment demermaop J
- — 1
Bzod = =
a) 9

Puc. 6. YIIT co BxozHuIM BuGponpeoGpasoBaTeneM.
@ —C peocTaTHhIM BXOAOM; 6 —C TPaHCHOPMATOPHLIM BXO10M.

YIIT ¢ npepelBaTeNsIMH HA BXONe MPHUMEHSIIOTCS OGBIYHO
B COUETAHWH ¢ HH3KOOMHBIMH JaTYHKaMH, HanpHMep C TEepPMo-
nmapaMi B JUCTAaHLUOHHBIX TepMoperyjastopaX. OHM HCHOJb=
3yIOTCSl TakKe B OHOJIOTHYECKHX HCC/Ie[OBAaHHSX mpH padore
C HePBHO-MBIIIEYHBIME TKAHAMH H B HEKOTODHIX BJIEKTPOTEXHH-
YeCKHX H3MepeHHSX.

BMecTo MexaHHYecKHX INpephiBaTesiel MHOrga NPHMEHSIOT
repMaHueBble TPAH3UCTOPHl, paGoTaloliHe B KJIOUEBOM pexKd-
Me. OnHAaKO H3-32 BBICOKOTO YPOBHSI COGCTBEHHBIX LIYMOB H
HENOCTOSIHCTBA NAapPaMETPOB 3THX TPAH3UCTOPOB UYBCTBUTEJb-
noctb YIIT cocrasasier 107 a uau Gosee. JlocronHcTBOM IIpe-
peiBaTesiell Ha TPAH3HUCTOPAX SIBASETCS OTCYTCTBHE MeXaHHue-
CKHX MOABHMIKHBIX 3JeMeHTOB. B cBsi3M c nosiBleHHeM KpeM-
HUEBHIX TPAH3HCTOPOB MOKHO MOJATaTb, YTO NMapaMeTphl 3THX
npepbiBaTesiell CyLUIECTBEHHO YJyulIaTCs.

3HauuTeNbHOE NPHMeHeHHE HMEIOT TaKkKe MOAYJSLHOHHBIR
MeTonbl npeo6Gpa3oBaHUs CHrHAJa MOCTOSIHHOrO TOKa B mepe-
MeHHOe HanpsiKeHue. MIX oTauunTeNIbHASE 0COOEHHOCTbL 3aKJIO-
yaeTCsl B TOM, YTO ONHH H3 sJjeMeHToB BxoaHod uenu YIIT,
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HanpuMep CONPOTHUBJIEHHe HJM* KOHAEHCATOp, NepHOAHUYECKH,
€ 3aJ]aHHOH yacToTOH U3MeHsiercsl. Baaronmapst stoMy Ha BXOX
YCHJINTeN NOCTynaeT nepeMeHHOe HAMpsiKeHHe, MPONOPLHO-
HaJbHOe cHrHanay narunka. HauGosee pacnpocTpaHeHB peo-
CTaTHble (C NnepeMeHHBLIM COMPOTHBJIEHHEM) H eMKOCTHble MO-
JyJISITOPBI.

B npocreiimeM BHxe peocTatHBIE MOIYJAATODP NPEACTABJISET
co0oii makeT U3 yroJibHBIX IJIACTHHOK Mp, BKJIIOUEHHBIH mocJe-
ROBATEJbHO O BXOAHBIM compoTHB/eHHeM R, (puc. 7) niu

nepBHYHON 06MOTKO# Bxomuoro Ttpanchopmartopa. Monyns-
TOp Mp TOABEPraercs MepUOLHUYECKOMY CXKATHIO M pacTsake-

HHIO NpH moMouwx BuGpaTtopa B, mpuBoauMoro B JAefCTBHE
®JIEKTPOMArHHTOM 3, B pe3yJbTaTe 4ero CONPOTHBJIEHHEe MOLY-

~J
M 8 ’i ]
==

31:06 m
R,
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Jeunumen Beizod
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Puc. 7. VIIT ¢ BXOAHBIM PeoCTaTHLIM
MOZLYSITOPOM.

JATOpa MeHsIeTCsl C YacToToll BuGpauuu (BMeCTO ®JeKTpoMar-
HHTAa MOXKeT GBbITb HCMOJB30BaH Nbe3okpucradn). Hanpsixe-
HHe curHajna Ha BXofaHoM conporuBiaenun YIIT oxasweiBaercs
MOAYJNHPOBAHHBIM, NpHYeM TIMy6uHA MOAYJISUUH (MJAH KO3(]-
$uuKeHT mnpeolGpa3oBaHHs, PABHbIA OTHOLIEHHIO IlepeMEeHHOH
H TIOCTOSIHHON COCTABJASIOIIMX) TeM OoJblle, Yem GOJibllle OT-
HOILEHHe MAaKCHUMAaJbHOIO H MHHHMAJBHOTO CONPOTHBJEHHS
Mopyastopa. [Jia ycujeHHs nmepeMeHHOH COCTaBJsIOLIeH mpH-
MeHsieTcsl Pe30HAHCHBIl yCHJHTeNb, HACTPOGHHBIH HA 4acToOTy
BUOpaIuH.

Hast toro uto6ul MomyJsiTop paboTtan yCTOHYMBO, OH HOJ-
JKeH HAaXONUThCsl B CyXOd aTMoctepe WM B BaKyyMme IpH IO-
CTOSIHHOH TeMIlepaType H, KpoMe TOrO, ero AeTajd HOJKHBD
6bLITb H3TOTOBJIEHBl H3 CIEUUAJbHBIX COPTOB  3JEKTPOYTJfl.
Besencraue BBICOKHX COOCTBEHHBIX LIYMOB YIOJBHBIX MOLYJSi-
TOPOB OHH 0GeCleYyHBAIOT MOPOT YYBCTBHTENbHOCTH JIHIIL IIO-
psinka 10 a (okoso 100 mke mpu BXOLHOM CONPOTHBJIEHHH
100 ox). JOCTOMHCTBOM YrOJIbHBIX MOJYJASATOPOB sIBJsE€TCS OT-
HOCHUTEJbHAsi MPOCTOTA MX KOHCTPYKLHH.
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JlyumiuMu napamerpaMu o6snanaioT MoaynpoBOLHHKOBbIE
MOAYJATOPHl, BO30YyKAacMble NepeMeHHbIM MAaTHUTHBIM I10JleM
HJIA NPEepLIBUCTHIM CBETOM.

ITepBrre ocHOBaHbl Ha H3BecTHOM 3ddekrte Xosana, 3aKa0-
yaoleMcss B H3MEHEHHUW CONPOTHBJEHHs IMOJYIPOBOLHHUKOB B
MarautHoM nose. HeGonbmas toHkas muaacruka M, wanpu-
Mep CYPbMSIHACTOTO WHAHs BKJIOYaeTcs MOC/AeI0BATENbHO
C nepBUYHOH OGMOTKO# BXOMHOro TpaHchopmaropa pe3oHaHC-
Horo ycusaurens (puc. 8). IlnactuHka HaxoguTcs B MepeMeH-
HOM MarHHTHOM IOJe 3JieKTpoMaruuta 3 W ee CONPOTHBJEHHE
MeHsieTCsl € 4acCTOTOH, paBHOHN ABOMHON wacToTe BO30YKAEHHS
saekTpoMarnura. Pe3yapTupylolas nepeMeHHAas COCTaBJso-

B
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Puc. 8. YIIT ¢ BXOAHBIM MOJiyNnPOBOAHHKOBBIM MOAY/SITOPOM.

masi MOAYJHPOBAHHOIO CHTrHaJa IOCTYNaeT Ha pe30HAHCHBIH
yCHJHTENb Yepe3 MoOBHIIANOIHKHA TpaHcdopmarop. [Ipenenpnas
YYBCTBHTEJBHOCTb OTOTO MoAyastopa mopsinika 107 g mnpu
BxonHoM conporusierun 100 o (1. e. okoso 1075 g).
ITonynpoBONHUKOBHIH MOIYJSITOP, OCHOBAHHHIH Ha H3MeHe-
HHM CONpPOTHBJEHHS HEKOTOPBHIX MOJIYNPOBOAHHKOB mon Hefi-
CTBHEM CBeTa, HMeeT NPUHIHUIHANBHYIO CXeMY, OTJIHYAIOIIYIOCs
OT CXeMbl Ha pHC. 8 JIHIIb TeM, YTO BMECTO MATrHUTHOTO NOJS
Ha IVIaCTHHKY BO3/JeHCTByeT NMepHOAHYECKH NMpepblBaeMbli CBe-
TOBOH MOTOK (HAallpHMep, OT HEOHOBOH JIAMIIOUYKH, THTaeMOH
mepeMeHHBIM ToKOM). IlnacTmHka npexacraBiasier coGoél cep-
HHCTO-KaAMHeBOe HJIH CeJeHHCTO-KaaMueBoe (OTOCONpPOTHBIE-
HHe, CXOLHOE C U3BecTHHIMU ¢oroconpoTuBaeHusaMu tuna PCK.
Jnst o6ecneuenus ray6okoil MORYJIsILHH (T. €. BLICOKOTO K03(-
¢duuneHTa nMpeo6Pa30OBAHHUS) CHUTHAJA OHO NOJXKHO HMeETh Bbl-
COKOe OTHOLIeHHe TeMHOBOrO CONPOTHBJIEHHS K COMNPOTHBIJe-
HUIO B OCBELIEHHOM COCTOSIHHH. YCHJIHUTEJIH C NONOGHBIMH MO-
LyJSTOPAMH HMeIOT NpeflebHYI0 YyBCTBHTeNbHOCTh 10 107'%a
(nopsinka 1 me npu BXomHoM comporuBienun 10° om),
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Topasno Gosbluyio uyscTBuTeabHOCTh YIIT o6ecneunsaior
€MKOCTHBIE MOZLYJSTODAL.

ITpunuunuanbuasa cxema YIIT ¢ eMKOCTHBIM MOILYJSITOPOM
Ha BX0Je mokasaHa ma puc. 9. Curxan nocrynaer 8 RC-3BeHo,
KoHpmeHcatop Kotoporo C_, HasbiBaeMbl NHHAMHYECKHM HJH

BUOPOKOHIEHCATOPOM, MMEeT BJIeKTPOA, KoJeGaolluiics ¢ 4a-
croto#t 50—1 000 ey nmom neficTBueMm, HampuMep, BJeKTpOMar-
auta 9. BeaenctBue xosieGaHWii eMKOCTH Ha BXOJHOM COIpO-
THBJIEHUH YycuanTensi KRy BO3HHKaeT NepeMeHHOe HampsixKe-
e U_  nponopuuoHnanbHoe HampsiKeHHIO BXOLHOrO CHrHa-

na U,. Coornouwenne mexay U_ u Up 3aBucHT OT ry1yGHHBI

4

Boizod

Puc. 9. VIIT ¢ eMKOCTHBIM MOAYJISATOPOM.

MOIYJSIHH €MKOCTH, CONPOTHBJIEHHS M APYrux (akTopoB
(o6biuno U_/Up~0,2). Hanpsaxenune U_ ycuausaercs npu no-

MOLIH Y3KONOJOCHOT'O YCHJIHTeNs HU3KOH 4acTOTHl & W NOCTY-
maetr Ha CHHXPOHHBIH (asouyBcTBHTesbHBIH AeTektop /. Ilo-
cJeHHHl ynpaBJsieTcsi IepeMeHHbIM HalpsiKeHHeM TreHepaTo-
pa I', Bo36yxzuaiuero KoseGaHHs WMONBUKHOIO 3JeKTPOAA
BuGpokonaeHcaropa. [Tocie HerekTHpoBaHHsI CHrHAJ IIOCTY-
naer JK60 HAa M3MepHTeNbHbIH npubop, au6o, ecau YIIT sB-
JisieTCsl 3IeMEHTOM aBTODPETYJNHPYIOIeH cHCTeMBl, Ha YCHIHUTENb
MOILHOCTH HMJIM XK€ Ha CXeMY CpaBHeHHs.

[TpeoGpasoBaHne cHTHa/la IO 3TOMY MeTOAY COIPOBOXKAA-
eTCsi MeHbIUHMH ILIYMOBBLIMH NOMeXaMH, YeM IIpd peocTaTHOM
monyasiuud. Ilpu Hcnonb30BaHHHM BXOLHOH JaMIBl C MaJibiM
CeTOYHbIM TOKOM mopor uyBctBuTenbHOCTH YIIT ¢ eMKOCTHBIM
MOZIYJ/IATOPOM 1o TOKy mocturaer 107'6 g npy BBHICOKOM BXOAHOM
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comporusienuu (uau 1072 g no nanpsxenunio). OgHako nas mo-
JIyueHHS CTOJb BBICOKHMX MOKasaTesel Tpelyercsi BechbMa TiLa-
TellbHOE BbLINOJHEHHe BceX uacTedl BHGPOKOHZeHcatopa H
cnenuanbHas o6pabGorka nosepxXuoctd miaactud. [las ycrpa-
HeHHs aTMocpepHBIX BJIMSHHHA M 3JeKTPHUeCKHX MOMex KOH-
lleHcaTop AOMXKeH OBbITh 3aKJIOYeH B TepMETHUHBIH 3KpaHH-
PYIOIHA KOXYX, H3 KOTOPOTO yAaJsieTcss BO3IYX

[ToMuMo TpyRHOCTeH @pH H3rOTOBJEHHM [JHHAMHUYECKOTO
KoHaeHcaropa, wepocratrkoM YIIT woTolt cHcreMnl sBasteTcs
GoJablIast NOCTOSTHHAS BpeMeHH BX0Aa, o0yC/I0BJIHBAIOIAs 3HA-
YHTeNbHOe 3aMas3iblBAHME H3MEHEHHs CHrHajJa Ha BbIXOme OT-
HOCHTEJBHO H3MeHEeHHs BXOJHOro CHTHaja (HJIH, uTo TO XKe,
y3Kylo «mnoJocy nponyckanusiy YIIT).

B 3akJ/iodeHne sToro Kpartkoro o63opa ykaxewm, uro YIIT
C MOOyJATOpaMH H mMpephBaTelsiMH Ha BXolde B GoJblileilt
CBOeHl 4acTH 3HAYUTEJNLHO YCTYMNAIOT M0 YYBCTBHTEJILHOCTH H
oco6eHHO mo GeicTpore mefictBUs YIIT ¢ npsiMbiM ycHJIeHHeM.
OnHako Gnaromapsi TOMYy, 4To OCHOBHOe YCHJeHHe NPOH3BO-
HUTCA B HUX yCTOHUYMBBLIMH BHOAMH YCHJAHTeJelH, obecleynBaro-
IIUMH K TOMY XK€ BO3MOXHOCTH [OJyYeHHsi GOJIBIIOH MOLI-
HOCTH curHasa Ha Boixofe, YIIT co BxoaHeiMu npeoGpasoBa-
TeJSIMH UMEIOT He MeHee IUHpokoe npuMeHeHue, ueM YIIT
¢ npsiMbIM ycuienueM. O6a Buma YIIT nenpepbiBHO COBepIIeH-
ctBylorcsl, npuuem ecau B YIIT mpsaMoro ycuieHHss B OCHOB-
HOM pa3pabaThiBAOTCs CXeMbl CTAaGHJIH3AUHH <«HYJEBOH TOY-
Ku» H Koapduuuenra ycunenus, to B YIIT ¢ mpeo6pasoBare-
JIIMH COBEpPLIEHCTBYIOTCS KOHCTPYKLHH MOAYJSITOPOB, yayd-
IIaeTCs TEXHOJOTHsI HX H3TOTOBJEHHSI M M3BICKHBAIOTCH Mare-
pHaJsbl, o6eCneuynBalOIHe HX JYUYLUIYIO YCTOHYMBOCTH IIPOTHB
TeMIepaTypHBIX H -aTMOC(EepHBIX BJMSHHA M MeHbllee CTa-
peHue.

M3 npusoaumoit cBogHON TaGAHLbl BHAOB YCHJEHHS MOCTO-
SIHHOTO TOKa M OCHOBHBIX cBofictB YIIT c pasnuuHbiMu BXOn-
HBIMH TipeoGpasoBatensMu (Tabsj. 2) MOXHO BHIETb, YTV
BXOXHble Npeo6pa3oBaTesd pasJHYHBIX BHAOB COIJIACYIOTCS
C COOTBETCTBYIOUIMMH JaTUHKaMH H NMOSTOMY He HCKJI0YaIoT,
a pomonusior apyr apyra. Tax, ¥YIIT npsimoro ycujeHus ¢ Bbl-
COKOOMHBLIM BXOHOM COIVIACYIOTCA C AaTYHKaMH TOKa, HampH-
Mep ¢ BakyyMHBIMH (oTosanementamy; YIIT ¢ MexaHuyeckuMH
puGponpeo6pazoBaTesIsIMH COTJIaCylOTCsi C HH3KOOMHBLIMH HAaft-
YHKaMH H T. A. YKasbiBaeMblit B Ta6J. 2 MHHHMAaJbHBIR BXOJ-
HOH cHrHaJ mpeacTan/seT co60d MpHOAH3NTENbHO NeCATUKpAT-
HyI0 BeqWuYMHY coGcrBeHHOro wyMma u Apeiida YIIT (3a 1 4,
nocjie MpefBapHUTENbHOrO NpPOTpeBa), OTHECEHHYI0 KO BXOLY,
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T. €. TAKOH CUI'HAJ, B KOTODLIH 3TH ITIOMeXH BHOCAT MOTPELIHOCTh
He GoJsee 10%. BpeMs ycraHOB/eHHS! yKa3aHO A/ MHHHMAaJb-
HOT'O CHTHaJja.

8. OCHOBHBIE TEXHHUYECKHE XAPAKTEPHUCTHKH YINT

Kourpersoe nasnauenne YIIT onpenenser oCHOBHBIE TeX-
HHUECKHe MdaHHble, KOTOPHIMH MIOJKeH 006JafaTb YCHJHTEb.
OT 3THX JaHHBIX 3aBUCHT BHIGOp CXeMbl, JAMI H APYTHX CXeM-
HEIX geTadsell. PaccMorpum HanGoJiee BaxKHble apaMeTphl yCH-
JIATEJIST ¥ UX B3aHMOCBSI3b.

[IpenenrHnass 4YYyBCTBHTEJNABHOCTh HO TOKY
sxwun HWIH  Hampsokewwro U, -~ 1OKa3bIBAET HAUMEHBUIYIO
BeJMYHHY BXOJHOrO0 TOKA HJHM HANpPSXKEHHd, KOTOPYy0 C IO-
mombio YTIT MOXKHO H3MEDHTb HJIM YCHJIHTHL N0 HEOOXOIH-.
moro ypoBHs. OHa yKaselBaeTcsi B aMnepax MJIH BOJbTAX;

HampuMep: AJs JaMnoBoro ajsektpomerpa [, ... =107" g,
IJs JammoBoro raJaeBanomerpa [ .. =10""a, U _ =~

=~ 10~? 8. 3azaHHasg IpejeJbHAasT YYBCTBHTEJBHOCTH OIpe-
JeaseT BHIOOp JaMmmbl BXOJHOTO Kackaja H THI Npeo6paso-
Batess.

Pa6Gouunit nmamason YIIT seipaxaerca Jgu6o HeHo-
CPeACTBEHHO B €IHHHIAX TOKA BXOJHOrO CHTHaJa, JH3O

B @IMHMIAX BXOJAHOro Hampsukenusa U, M CONPOTHBJCHHA
R_.. OueBuano, uro Bxomuo#t Tok I, =U_/R . B cayuae

3JEKTPOMETPA COOTBETCTBEHHO YyKAa3hIBAIOTCS JOMYCTHMBIE
BesuunHel AU u C,,. YKasblBalOTCA TaKXe YHMCJIO MOJJHa-

Ma30HOB H HX Mpejesbl. 3aJaHHBIMH paGoyuM JAHANAa30HOM
H NpeJeJbHOH UYYBCTBHTEJLHOCTBIO  ONPENENsIOTCS — PEeXHM
BXOJHOH JiaMIbl H BHIGOD 3JEMEHTOB CXeMbl BXOJHOMO Ka-
ckaja (COMPOTHBJEHHS, EMKOCTH, THIA IMEpeKJoYaTes).

KpyrtnsHa xapakrtepucTuku S,. DroT mnapamerp
npejcTaBJseT co6oi oTHoweHue Toka [ Ha BeIxo;e YIIT
K COOTBETCTBYIOUIeMY BXOJHOMYy Hampskenuio U . u BbIpa-
xaeTcd OOBIYHO B MHJJIMAMIIEpax Ha BOJbT. Bmecrte ¢ Sy
yKasbiBaeTCs MakCHMaJbHO JomycruMasl BeadumHa [
wi U ., @& TaKXKe HeJMHEAHOCTh XapakTepHCTHKH [ =
=[(U,,); narpumep: S =100 xa/s, U, ....==0,2 8, Henn-
HEHHOCTh MeHee 20/, 3ajawnas BeawunHa S onpejesser
BLIGOP CXEMEI H JIaMI IPOMEXYTOYHOTO YCHJHTENS] H OKOHeu-
HOTO KaCKaja.
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Ycunenue toka K_npencrasaser coGoit OTHOLIeHHe

Alnux
K, =~ (5)

BX

O6biyno yxaswiBaror Bennunady K_ Tonbko 1o HauGosee yyB-
CTBHTE/NBHOMY NoAAuanasoHy. OueBujHO, 4TO JJs Juo6GOro

nojaguanasoHa
K'r = Rnx Sy’ (6)

HOpeitd nyneso#t rouku YIIT' Bhipaxkaercss SKBUBA-
JEHTHBIM BXOJHBIM Hanpsiokenwem U, =~ (B BOJbTaX HJH MHJ-
JHUBOJbTAX), KOTOPOE BHI3BAJO OB H3MEHEHHE BBLIXOJHOIO
TOXa, paBHOE HA6/o4aeMOMy B TeueHue BpeMeHH ! (OGBIYHO

B 4ac Hau CyTKH) cnossanmio Al .. CiefoBaTelbHo,
[r— AIBHX.AD
T ¥ : (7)

MHorma mpefid ykasbiBalOT B NpOleHTax MWIKajwl mpubopa,
skJlouenHoro Ha Beixode YIIT. Kak nmpasuso, npeiidp Goablue
10% B yac HeZOMyCTHM, TO3TOMY HOJXKHO COG.JIOAThCS He-
pasencrso U, .= " -

BpeMs ycTaHOBJeHHS IOKa3biBaeT MAJHTENbHOCTD
IpoMexXyTKa BPeMeHH MeX1y MOMEHTOM CTYIEeHYaToro HaMe-
HeHHsl CHTHaJla M YCTAHOBJEHHEM COOTBETCTBYIOILEr0 HOBOTO
ypoBHsa Toka (mampsukenusi) ua Bhixome YIIT. Bpems ycra-
Hosjenust YIIT nmpsiMoro ycuieHus 3aBHCHT TIJIaBHBIM oGpa-
3oM ot RC Bxoauo#t uenu. B YIIT co BXxomHsIMu MoxyasTopa-
MH HJH DpepbhiBaTeNsIMH OHO 3aBHUCHT ellle ¥ OT BpeMeHHHIX
JNaHHBIX IETEKTOPOB (AEMOAYJSTOPOB).

YUacrtorHasa xapaktepuctuka VYIIT oro6paxaer
€ro CIOCOOHOCTb YCHJHMBAThb CHTHAJbl OT OBICTPONpPOTEKAIOLIHX
npoueccoB. Huxnas rpanuna yacroTHoit xapakrepuctuku YIIT
Bcerna cocrasasier 0 2y. B 37eKTpOHHO-TY4eBHIX OCHUJJIOrpa-
¢hax u B psfie Apyrux ycrpoicts yacto npumensitorcss YIIT mps-
MOTO YCHJIeHHS C YacTOTHHIM auanazoHoMm 0 ey—b5 Mey n 6o-
Jgee. O6bIMHO BMeCTe ¢ JAHHBIMM YaCTOTHOH XapaKTePUCTHKU
VKa3blBAIOTCSl BXOAHAsi €MKOCTb M BXOJHOe CONPOTHBJIEHHE
YTIT. Uem mupe yacrotuuit quanasod YIIT, teM MeHblle ero
BpeMsi YCTaHOBJIEHHS.

! HyneBoi#l TOYKOil Ha3HIBAIOT HAuYaJbHbI TOK (MMM HampsiKeHHe) Ha
suixoge YIIT, ycraHoBsieHHBIH NPl OTCYTCTBMH BXOJAHOrO CHrHaJja.
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BoixonHoe conpotuBaenune R wm 7 _ yKa-
spiBaercs qisa tex YIIT, koropbie npegHasHaueHwl AJsi ynpas-
JEeHUS HCIOJHUTENbHBIM YCTPOUCTBOM HJHW [/ NMUTAHUST BHELI-
Hero M3MepUTe/bHOTO aiiapara.

Kpome nepeuncienubix, TexHiudyeckue ganusle YIIT BKatO-
YaloT CBEAEHHST O CUMMeTPHYHOM WJM HEeCHMMETPHYHOM BXOIe
W BBIXOZe, O HAYaJbHOM HaNpsKEHHH HAa BBIXOJE OTHOCHTEJNh-
HO «3eMJIU», O CHCTeMe NMHTaHHs ¥ NoTpebasieMOd MOLLHOCTH,
o rabapurax u Bece.

I'JIABA TPEThA
BXOJHbLIE KACKAABI YT

4. TPEBOBAHUSM K JJAMINAM BXOJHbIX KACKAIOB

Bxonupe xackagwey YIIT sBasioTcs nepBbiM — KackaJoM
yCUJIeHHsl CHrHaJja, npeo6pa3oBaHHOrO [0 ONHOMY H3 pac-
CMOTPEHHBIX B IJ. 2 crnoco6oB. Uem Bblllle 3alaHHAS YyBCTBH-
teabHocTh YTIT, TeM GoJee BbicoKHe TpeGOBaHUsi NpeAbABAL-
I0TCSl K mapamerpaM BXoAHoH samnbl. Xapaktep TpeGoBaHHH
3aBHCHT OT crnoco6a npeo6pa3oBaHuUs.

OcHoBHBle TpeGoBaHUs K JaMmaM BxojaHoro kackaga YIIT
NpPSIMOTO YCHJIEHHS:

1) MHHMMaJbHO BO3MOXHble (JYKTyalHH TOKa yIpabJ/sio-
mwef cetku (He Gosee 109 HamMeHbliero u3MepsieMOTO TOKa);

2) MaJsast BXOAHAsl eMKOCTb;

3) MakcHMaJ/JbHO BO3MOXKHOE <CONpPOTHBJIEHHE H30JSLHH
cetkd (He MeHee uyeM B 100 pas Gosblile BKJIIOYEHHOTO Ha BXO-
Jle CONpPOTHBJIEHHS);

4) ycrofiuuBas BO BpeMeHH ®MUCCHsI KaToxa (MaJblil gpefid
H MHHHMAaJ/bHble (JYKTyalHH aHOMHOI'O TOKa).

OcHoBHbie TpeGoBaHUA K JaMiaM BXomHoro Kackaga YIIT
CO BXOJIHBIM IpeoGpa3oBaTeseM:

1) MUHHMaJAbHO BO3MOXHBEIH COGCTBEHHBIN MIYM;

2) orcyrctBHe MuKpodonHoro sddekra ma yacrore BHO-
paiuu npeo6pasoBaredns;

3) MaJable (QJAYKTyalHH TOKa yOpaB/solleidl CeTkKH;

4) MaJsast BXOAHAsl eMKOCTb.

Kak BuaHO W3 OTHX NaHHBIX, HauboJsee KeCTKHe TpeGoBa-
HHSl K JlaMIle BXOJHOTO Kackaxa mpeabsisisior YIIT mpsMoro
ycunenusi. Bo sxoxnbix kackanax tex sunoB YIIT, B Koropbix
NpuUMeHeHb! npeofpa3oBaTenNd HJH MOAYJAATOPH (KpoMe eM-
KOCTHOr0), OOGBIYHO HCIOJB3YIOTCS PHEMHO-YCHAUTENbHEIE
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JIaMIbl, YIOBJETBOPSAIOUHe TPe6OBAaHHSAM MHKpPOQOHHBIX YyCH-
autened. Oas YIIT co BXOOHBIM eMKOCTHEIM MOIYJISITOPOM,
Kax mpaBuJo, Tpe6yIOTCsl 3MeKTPOMeTpHURCKHe JIaMIIbl BO BXOM-
HOM Kackale.

[naBubIME QakTOpaMH, OrpaHHYHBAIOUIMMH YYBCTBHTEJb-
Hoctb YIIT npsaMoro ycujeHusi, sBASIIOTCSI CETOYHBIH TOK BXOA-
HOH JlaMIbl B CaMONPOM3BOJIbHOE H3MeHeHHe BO BpEMEHH
(mpefid) ee anomHoro TOKa.

5. CETOYHBIE TOKH W CIIOCOBbl UX YMEHBUIEHUY

CorsacHo COBpeMeHHBIM JAaHHBIM CETOYHble TOKH 0GYyCJOB-
JIeHBl KaK 3JEeKTPOHHBIMH, TaK M HOHHBIMH mpoleccamu. Pac-
CMOTPHM KPATKO 3TH IMPOLECCHI.

HeGoabliass yacTh HenycKaeMblX KaTOAOM 3JEKTPOHOB 06-
Jajaer Takoil HAYaJbHOH CKOPOCTbIO, KOTOpAst JOCTATOUHA AJIS
. Toro, 4toGHl NpeojpoJieTh OTTaJKHBaWoUlee AEHCTBHe CETKH H
MONAacTh Ha Hee; 3THM OGYCJOBJIHBAETCS SJEKTPOHHBIH CeTOY-
HBIH TOK. YMeHbIIeHHE TeMIepaTyphl KaTofa 10 BeJHYHHBI
okosio 1000° K cHHXKaeT HauaJbHYIO CKOPOCTb 3JEKTPOHOB, H
STOT SJIEKTPOHHBI TOK CETKH MOUYTH NpEKpallaeTcst yxKe INpPH
CMellleHHH OKoJsio 1 6.

Kartox Moxer HCmycKaTb NOJIOKHTeNbHble HOHBI, KOTOpHIE
NPUTSICHBAIOTCS OTPHILATENbHO 3apsiXKEHHOH  ympasJsioulel
ceTKo#, 06pa3ysl «MOHHBIH» CeTOYHBII TOK. DTy uacTh TOKa
ynpaBasiolledl ceTKH MOXHO YMEHBbIIHTb IPH MOMOIUM TakK
Ha3blBaeMOM - «KaTONHOHA CETKH», NOMellleHHOH B JlaMIe MeXIy
KaToMOM M ympasasoireil cerkoil. Ha kartoamyio ceTky nona-
eTcst He6OJIbIIOH NOJNOXKUTeNbHBIA noTeHUUaN. [lose3Ho Takke
NOHUXKEHHe TeMIepaTyphl KaToja.

D/IeKTPOHBl AHOJHOTO TOKa MOTYT HOHH3HPOBATH AaTOMBI
OCTaTOYHOTO ras3a; o6pasylolluecs NPH BTOM IIOJIOKHTEeJbHbIe
HOHBl NIPUTATHBAIOTCS ynpasJagwooledl cerkoi, Kpome Toro,
YacTh 3JEeKTPOHOB, COYNapssicb C aHOAOM, MOXeT BHI3BaTh
HCIIyCKaHHe MATKHX (cJa6o INPOHHKAIOUHX) PEHTreHOBCKHX
Jydell, KOTOpble B CBOIO Ouepelb MOTYT BHIPBIBATH 3JEKTPOHELI
M3 CETKH. DTH KOMIOHEHTHl CETOYHOIO TOKA yMEHbIUAIOTCS CHH-
JKeHHeM aHOJHOT0 HanpskeHUs 10 5—8 8, T. e. 10 BeJHUHHHY,
KoTOpasi MeHbllle MOTeHIHala HOHH3ALUMH OCTATOYHHIX Tas30B.
OxHako NMpH CJHHLUIKOM HH3KOM aHOLHOM HANDSKEHHH MOXKeT
YBEJHUYHBATLCS 3JEKTPOHHAS COCTABJSIONIAS CETOYHOTO TOKA.

Ilox nefictBHeM Kak BHeLIHero, Tak W HUCIyCKaeMmMoro Karto-
JIOM CBeTa YMpaBJsiollasl CeTKa MOMKeT HCIYCKaTh 3JEKTPOHBI
(¢oroatpekt ceTtku), yTo CABHraer ee NOTEHUHAJ B IOJOXKH-
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TeAbHYI0 cTOpoHY. KpoMe Toro, ceTka MoXer TaKXKe IMHTTH-
pOBaTh BJIEKTPOHE B pe3yJbTaTe ee MOAOTpeBa JydeHCIyCcKa-
HueM Kartomga. [nsi 6opbObl ¢ 3TOH 4yacTbio CETOYHBIX TOKOB
JlaMIly cJlelyeT 3allyINaTbh OT BHeLIHEro CBeTa, a TaKikKe CHH-
XKaTb TeMIepaTypy ee Karoiaa.

by
1.
§ 5
-y, +U,
0
7 =
P
-1,

Puc. 10. 3aBHCHMOCTb KOMIIOHEHTOB CETOYHOTO TOKa JaMIIb
OT CMelleHHss Ha CeTkKe.

1—TepMOSJIEKTPOHH KaTOAa; 2—HOHH3alHsA rasa H HOHHI, HCIyCKaeMble
aHOAOM; 3—TepDMOHOHH KaTOJa, TepPMO3JEKTPOHH H ¢(OTO3NEKTPOHH
CeTKH; 4—BTOPDHYHAasA SMHCCHSI CETKH H KaTOZa; 5—yTeyka IO H30Js-
UHH; 6 —CyMMapHEI# CeTOUHBH TOK. 3HaKk + [, O3HauaeT MOCTYIJIEHHe

SJIEKTPOHOB Ha CETKY, a 8HaK—/[, — yXOZX SJIeKTPOHOB HJH HeHATpaJisa-
LHIO HX 8apsAa NOJOXKHTeJIbHLIMH HOHaMH.

ITox nefictBueM ®JIeKTPOHHON GoMOGapAMPOBKH aHOX JaM-
bl MOXKET HUCNMYCKaThb HeGOJIblIOe KOJNHYeCTBO HOHOB. BepodAT-
HOCTb 3TOTO TIpoliecca yMeHblIaeTcsi MPU HH3KOM aHOLHOM Ha-
NpsiKEHUH.

ITox neficrBueM uoHHO# GoMG6apAMPOBKM CeTKa M Karol
JaMnbl MOTYT HQIYyCKaTb BTOPHYHbIE 3J1E€KTPOHHE. BeposiTHOCTh
3TOr0 Ipollecca yMeHbLIAeTCss NPH HHU3KOH TeMIepaType Ka-
TOJa W MajJoM aHOLHOM HaINpsKeHHH.

KpoMme ToKOB, 06yC/IOBIeHHBHX BHYTPHJIAMIOBBEIMH mpoLec-
CaMH, 1O H3OJSUHH CETOYHOrOo BHIBOJA JaMIbl H IO ee GaJ-
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JIOHY MOTYT IepeMellaTbcs 3apsjbl, 06pa3ysi TOKH YTEUKH.
Ilasi yMeHblIEHHs] MOCTeNHHX HeOGXOAMMO MperoXpaHsTh 6aJ-
JIOH JlaMnbl OT BJIarM H 3arpsisHeHuil. Bxonuas wacte YIIT
JOJI)KHa MOHTHPOBATbCS HA BBLICOKOKAYeCTBEHHBIX H30JATOPaX
(13 nonucTtupona, tedJsoxa, sHraps). Ilosesmo oxpyxarthb
NpoBOAa CEeTOYHOH Lenu MeTa/UIMYECKHMH  LHJHHIPaMH
(«OXpaHHBIMH KOJBLAMH®), Ha KOTOpBHle NOJaBarh Hampsike-
HUe, paBHOE N0 3HAKYy M BeJHUYHHe CMeIleHHI0 YyIpaBJisiomieli
CeTKH: 9THM OCNabJSAIOTCs MOJs, BhI3bIBAIOlHe NepeMelleHHe
3apsI0B TI0 H30J5TOpPaM.

Ha puc. 10 moxasaHa 3aBHCHMOCTb OTHE/JbHBIX KOMIOHEH-
TOB CETOYHOI'O TOKA OT CMellleHHs] Ha ceTKe (B IIPOHU3BOJIBHOM
macurabe).

3HauuTeNbHAsT YacTh MepeyUcHeHHBIX Mep GopbObl ¢ ceé-
TOYHBIMH TOKaMH MOXeT ObITb MPHHSTA JHUIb NP KOHCTPYH-
poBaHUM JaMIl M B TpollecCe HX H3roTOBJeHHs. Takue creuu-
aJibHblE «3JIeKTPOMETPHUECKHe JaMIIbl» HMEIOT CONPOTHBJIEHHE
u3oasiunu ceTku no 10%—10'7 om u ceTouHble TOKH NMOpSaKa
10715%—1071% g. MmeroTcss maHHbBle, 4TO OTGOpHbIe BK3eMINAPLI
BBITYCKaeMbIX 9JEKTPOMETPHUYECKHX JIaMI MOTYT HMeTb elle
MeHbIIHE CeToYHble TOKH, mopsaka 10716—10717 q. B raba. 3
NPUBOASTCH NapaMeTpbl HEKOTOPBIX OTeUeCTBEHHEIX U 3apy0ex-
HBIX 3JIEKTPOMETPHUeCKHX JaMIl.

W3 ta6a. 3 BUAHO, UTo BJEKTPOMETPHUYECKHe JIAMIIbI HMEIOT
Masbli Ko3QpHUUUEHT YCUICHHS H Manylo KPYTH3HY. DTOT He-
JIOCTATOK OGYCJOBJNEH KOHCTPYKTHBHBIMH OCOGEHHOCTSMH, 3a
CYeT KOTOPBIX HOCTHIAIOTCSl BBICOKOE BXOLHOE COMPOTHBJIEHHE
H MaJible CeTOYHble TOKH.

6. 9JIEKTPOMETPHYECKHHA PE)XHM 11

B pane npakruueckux npuMerenuii YIIT ner neo6xommmo-
¢t u3MepaThb Toku MeHbule 10711—10712 q. B raxux cayuasx
MOTYT ObITb HCIOJB30BAHHE JIaMIbl H3 YHCJAA [PHEMHO-YCHJIH-
TeJbHBIX, 06/afaiole OTHOCHTENbHO BBICOKHM COIIPOTHBJIE-
HHeM H30JISIUHA ympaBasiomell ceTku. Tak, HanpuMep, JaMIibl
tunos 6)K1)K u 6)K7 umelor conpoTHB/IeHHe H30JSLUUH CETKH
nopaaka 10712—10713 om, a HeKOTOpHle MX 3IK3EeMIUIAPH —
104 om. Tlpu HOMHHAJBHBIX peXHMax NHTAHHs CETOUHBIH TOK
sTux Jaamn cocraiser 107—107® @, Ho npu NOHHXKeHHH Ha-
npsiXKeHust Hakana 10 3,2—4 6 CeTOUHBIH TOK pe3ko CHHXKaer-
cs. JlanbHelillee CHHMKEHHe CETOYHOrO TOKa N0 BeJHYHHBD 110-
panka 10712 a gocruraercsd noa6opom aHOLHOTO HampsKeHHs.
Ha puc. 11 mpuBemeHa ycpennennas kpuBasi | 3aBUCHMOCTH
CETOYHOIQ TOKAa OT AHOAHOrO HampsxeHus (MPH TPHOLHOM
20 .



BKJIOYEHHH — 3KDAHUDYIOLlas CeTKa COeIHHeHa ¢ aHOIOM)
Jami tana 6)K7, mpurofHeIX AJAs yKa3aHHOTO JIHANa3oHA.

all,
31072}
2-107%}-

o
Ua

1 1 1
0 0 20 ———30 %08
- 10‘72

2107

Puc. 11. 3aBucuMocTh ceToyHoro Toka Jamn tuna 6K7 ot
aHOJHOrO HallPSKeHUs (B cxeMe Ha puc. 12).
1 —J1aMIIBl BBICOKOTO KayecTBa, Q—HOCDQACTBEHHHC JlaMIIbl.

I cpaBHeHHS NpUBefeHa KPUBas 2, OTHOCAILASCS K «IOCPed-
CTBEHHBIM» 3K3eMIVIsipaM JaMIl, KOTOpble, OXHAKO, IPHTONHBI
aaa BxomHblx kKackamoB YIIT, paGorawomux B guHanasoHe
1071°—10° a

[Tpu aHOAHBIX HANPSKeHH-
siX, OJIU3KUX K TOYKe Iepece-

. +1008
yenust kpusoit I ¢ ocwio abe-
LHCC, W HANPSIKEHHH HaKala
okoJio 3,5 8 (B TaKk Ha3biBae-
MOM 3JIEKTPOMETPUYECKOM pe-
xkume II) na Bxome kackana 4 <46
MOXKHO BKJ/IOYaThb COIPOTHB-

Jeuus po 10! om, 4to mO3BO- Borzod
aser crpouts YIIT ¢ uyBcTBH- '7'
TeJbHOCTBIO Topsiaka 10712 . bt

Ilpaktuka moxasana, u4TO —_!__-

aamnbl THIOB 6)K7 u 6)KIDK,  puc. 12, Brogmoi xackan na mamme
a4 TaKiKe MHOTHE 3K3eMIIspbl  tuna 6)K7 nan 6XK1XK " snektpomer-
aamn tana 6)K1IT ycrofiunso puueckom pexume IL

H IOJroBeyHO paboTalT BO

BXOJHBIX KAaCKaJaX, COGpaHHbIX 110 CXeMe KaTOAHOTO IMOBTOPHU-
TeJIsl CO CPABHHUTEJNBHO GOJIBLIMM CONPOTHBJIEHHEM B LiellH Ka-
Tona (puc. 12). Koadduunenr neperaun Takux NPOCTHIX Kac-
kaznoB okosno 0,7. JIuHeiiHbift B npemenax =*=29, yuactok mno
U cocraBasieT fo +1,2 8 npH BXOZHOM CHrHAJe OJNOXKH-

BX

TeJbHOl noasipHocTd U o —O0,6 8 npu orpuLaTeNbHOM.

Y
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7. UBMEPEHHE CETOYHOrO TOKA

CyIIlECTByIOT IBAa OCHOBHBIX crocoba H3MepeHUs1 CETOYHBIX
TOKOB: a) [10 BpEeMEHHU U3MEHEHUA 3apdna BXOAHOH €eMKOCTH

aamnsl C, ¥ 6) MO MajeHHI0 HANpsKEeHHs HA BHICOKOOMHOM
CompoTuBJeHHH R, BK/IOYeHHOM B Lenu ceTkH. [lepsmiii cro-

co6 06GLIYHO IpHUMeHsieTCs AJsl [HanasoHa TokoB MeHee 107'%gq,
a BTOPOH — mJist TOKOB GoJblueil BeauuuHbl. Heo6xomumo
HMeTb B BHUAY, YTO MPH BTHX U3MEPEHUSX CeTOYHas LeNb JaM-

m - Hhi
a) o)

Puc. 13. CxeMbl H3MepeH:As] CETOYHOrO TOKa.

a— o BpeMeHH CTEKaHHs 3apsia; 6 — 10 najeHHIo HANpsAXeHHs Ha Bhle
COKOOMHOM COIIPOTHBJIEHHH.

N JoJiKHA OBITh TLIATEeNbHO 3KPaHMPOBAHA, a caMa Jamima
ellle ¥ 34LIMIIEHA OT CBeTa.

CxeMd M3MepeHHs CEeTOYHOTO TOKa IO MepBOMY crocody
nokasana Ha puc. 13,a. Ilepen HauasoM u3MepeHHss KOHTaK-
tol K, 3aMKHYTHl M Ha CETKY JaMIbl [OJ3eTCst peryJaupyeMoe

cmemenne U, ¢ nBMXKKa noreHuxnomerpa Ri. B anoxuoit uend
JaMIBl BKJTIOUeH MHKPOaMIIepMeTD; HAUANbHAS COCTABJSIOLIAs
AHOJHOIO TOKa KoMmmeHcHpyercs Garapeeil b, H MepeMeHHBIM
conpoTuBJeHHeM Ry.

[Ipu 3amxHyTOM KJaioue K, Npou3BOAMTCA Trpybas, a mpu
Pa3OMKHYTOM—TOYHasl Kommencanus. Msmenus cmeuenne U,
Ha BEJHYHHY AUc, MBIl M3MEHHM aHOJAHBIH TOK 1a HA BeJHUHHY

32

<



Al,. V3 3TuX NAHHBIX MOXHO HAHTH KPYTH3HY XapakTepH-
CTHKH JIaMIIbI"

Korna xontakThl K, 6y1yT Pa3OMKHYTH, HA €MKOCTH CETOY-
HO/ memu coxpauuTcs 3apan Q. =CU_. dtor sapax Gyzer

M3MEHSThC MmoJ  JeficTBHEM CYyMMAapHOrO CETOYHOTO TOKa
I, namner. CaepoBaTensHo, GyAET HM3MEHATBCA H  HaMpsKe-

HHE HA CEeTKe, O YeM MOXHO CYAHTh MO H3MEHEHHIO aHOI-
Horo Toka (AU ==AI,[S). 3uas BXOJHYyIO €MKOCTb H H3Me-

puB BpeMs Af, B TeUeHHe KOTOPOrO IPOHM30LIO H3MEHEHHe
4HOJHOI'O TOKA, MOXKHO BBIUMCJHTH CPEJHHI CETOUHBIH TOK:

=Tt ®)

Cxema H3MepeHHsI CETOYHOrO TOKA I10 BTOPOMY CIOCOGY
nokasana Ha puc. 13,0. Ilepen HauasioM usMepeHus: Kaou K,
3aMBbIKAKOT, U NPH JAHHOM aHOJLHOM HAaNpsKEHHH oOIpeje-
JSI0T KPYTH3HY XapakTepucTHku S. 3atem kmou K, pasmbl-
kaior. CeTouHblfl TOK, MPOTeKas uYepes CONMpOTHBJEHHE R
BbI3bIBAET mnajenue Hampskenus AU =R.J. O semuune
AU, cynsar, kak U IpH NEpBOM cmoco6e, MO H3MEHEHHIO
aHOJHOro Toka Al , KOTOpOe IPOH3OULIO IOCJE Pa3MbIKaHHA
kJawoua. Takum 06pa3oM, CeTOUHBIAA TOK

AU

c AIa
1c='?c=SRc . (9)

Ilpu m3MepeHun ceTOUYHOro TOKa oGouMu cmocobGamu cle-
NyeT yUHTBIBATH HE TOJBKO €ro BeJHYHMiy, HO H HamnpabJje-
uue. IlocnenHee ompemensieTcss 1O 3HAKY H3MEHEHHsT aHOA-
HOro Toka. Ecom npu pasMbikanuu Kjioua umeeM --Al, - TO
ceTka mpuoOpeTaeT MOJOXKHTENbHBI 3apsh 3a cuyeT CeTou-
HOrO TOKa, KOTOpHIl B 3TOM CJyYae NpPHHATO HasblBaTh OT-
puLaTeJbHLIM (MHOTZA ,HOHHEIM®). Ecam xe wumeem — Al
(T. e. aHOAHBIH TOK yMeHbIIAeTCST IPH pAa3MBIKAHHH KJioua
K,), 10 cerka mpuoGpeTaeT OTpPHIATEJbHBIH 3apsj 3a CUeT
CETOYHOrO0 TOKa, KOTOpBIi HA3bIBAIOT IOJOXHTEJLHBIM  HJH
3/MeKTPOHHBIM (CM. puc. 11).
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8. BBICOKOOMHBIE CONPOTHUBJIEHUA

KauectBo VIIT, paboraioniux no cxeme mpsiMoOro yCuJeHHs,
CYLIECTBEHHO 3aBUCHUT OT TEXHHUSCKUX I0KasaTeleil BBICOKO-
OMHBIX CONDOTHBJEHHH, BK/IIOYAEMBIX B CETOYHYIO 1leMb BXOM-
HOM saMnel. K 3THM cOnpoTHB/IEHHAM NpelnbsBlsOTCs Tpe6o-
BaHMS MaKCHMaJbHO BO3MOXHOH YCTOMYHBOCTM HMX BeJHUHMHHI
NpH H3MEHEeHHH TEMIIepaTyphl W BJAXKHOCTH OKpYXKalolleH
cpelbl, MaJOro CTapeHus, a TaKXKe MUHMMaJbHOrO BOJBLT-3(-
texTa, BBIPAXKAIOUIETOCS B H3MeHEHHH CONPOTHBJEHHS mMpH
U3MeHeHHH paboyero HampsKeHHs .

M3 BhimyckaeMbIX OTeUeCTBEHHON MPOMBIIIIEHHOCThIO BHICO-
KOOMHBIX CONDOTHBJIEHHH IIMPOKOT0 NDHMEHEHUs] B CETOUHOH
uenu BxogHo# Jjamnel YIIT MoKHO HCO/NB30BAaTh CONPOTHB-
saerus tunos KJIM u KBM. DTu conpoTuB/ieHHs BBITYCKAaIOT-
cs1 pasjauuHOit Bennuunbl — ot 108 go 102 om ¢ cooTHOWEHHA-
MY HOMMHAJbHBIX 3HaueHu#h 1—1,5—2,2—3,3—4,7—6,8—10,
Ha MakcuManbHoe pabouee HampsxkeHue no 300 8, ¢ HauGOJb-
wuM  BoabT-3d¢dekrom 0,1% na 1 8, paGounm pHAMA30HOM
teMnepatyp or —40 go +60° C, nanGosbliumM TeMIepaTypHbIM
koapduuuentom 0,25% ma 1°C u xospduuneHToM crapeHus
npubausutenbuo 2,5% B rox.

9. JPEV® HYJ4

IMpakruueckn BceM BupaM YIIT mpucym cepbesHblil Hemo-
CTaTOK, BHIpAXalolluiicss B TOH WJIH MHOH CTelleHH HeyCTOHuH-
BOCTH «HYJICBOH TOUKH», T. €. B H3MeHEHHH YPOBHSI BEIXOJHOTO
HANPSKEHHS] C TeueHMEM BpPEMEHH MNpPH OTCYTCTBHHM CHrHaJa
(uu npu HeM3MEHHOM CHrHaJse). DTOT Tak Ha3blBaeMEIi Bpe-
MeHHOH npefid amepuoAHUeH U MOKET MMeTh JI0OOOH 3HAK.

B VYIIT npsimoro ycuieHusi (¢ raJibBaHHYeCKOH MexXKac-
KajgHO# CBsI3bl0) BpeMeHHOH apeilid oOycJoBJeH TJIaBHBIM 00-
pa3oM H3MeHEeHHeM SMHCCHH KaTola BXOZHOH saMmel (Karon-
Hbli Apeiid) M MeleHHBIMH (GJYKTyauHsiMH CETOUHOro TOKa
B 3JI€KTPOMETpHYecKnX cxeMax. /st BTOpOro u mocJerylolux
KacKafoB KaTORHBIH npeH( MMeeT BTOPOCTENEHHOe 3HAYeHHe,
ec/IH OHH PaBoTaloT NpH AocTaTouHo Gosbilom curHamse. He-
VCTONUMBOCTL HYJS, OGYCTOBJEHHYIO H3MeHeHHeM BeJHUHHbI
netajell MJIM peXMMa aHONHOTO NHUTAHHS, MOXKHO PaiHKalb-
HO yMeHbLIHTb, NPHMEHfS BLICOKOKauyeCTBEHHblIE COIPOTHBJE-
HHsl U CTaGW/IM3HPOBaHHblE HCTOUHHMKH. ITosaTomMy MBI He 6y-
leM OTHEeNbHO paccMaTpHuBaTh 3TOT BHA Apeida.

B VIIT ¢ KOHTaKTHBIMH WJIM €MKOCTHBIMH Ipeo6pasoBare-
JIAMH KaTOAHBIA JApeH] He BJHMsE€T Ha YCTOHUMBOCTbL - HYJId.
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OnHako cocTOsIHHe MOBEPXHOCTEH KOHTAKTOB NMpephiBaTens HaH
nnacTuH BHODOKOHIEHCATOPA M3MeEHsIeTCst B Ipoliecce paGoTod
(mon nmefictBueM artMmocdepsl WJAM B pe3yJabTaTe [POIECCOB
cTapeHHs!). DTOT «KOHTAKTHBIA npefid» (TouHee, Apeiidh KOH-
TAKTHOTO IIOTEHI[HAaJa) MOxKeT OBITb CYIIeCTBEHHO YMeHbIIeH
mpUMeHeHHeM 0C060 YHCTBIX 30J10TA WM IJIATHHH B KayecTBe
MaTepuaja (MM NMOKPBITHA) KOHTAKTOB M maactuH. [Ipu atom
npepbiBaTe/b WJaHd BHODOKOHIEHCATOP c/elyeT MMOMellaTh B Ba-
KYyM HJI¥ B TepMeTHYHBI!l KOXKYX, HANOJHEHHbI HHEPTHBIM
rasom.

C uesabio cpaBHUTeNBHOH OueHKH Apelda pasauunbix YIIT
ero BeJIMUMHY, HaOJIONAeMyI0 Ha BbIXOJe YCHJIUTE/]s, HEOGX0-
OUMO <«IIPHBECTH» KO BXORy ycuautens. Ilycte nmpu oTCyT-
CTBHM cHTHasa Obl10 3aMeuyeHO, 4TO HYyJb IOKa3blBaloIlero
npubopa ¥YIIT otkaoHmica wa N mpoieHToB WKadwr (JA160
MIOJTHOTO BHIXOJAHOTO TOKAa) 3a BpeMs ¢ uacoB. Ecau uyBCTBH-
teapHOCTb YIIT s mofHOro oTkJAoHeHHss mpuGopa COCTaB-
aser Uy MHIMHBOJBT, TO NMpHBENEHHBI KO BXony Apeiidp co-
CTaBHT:

U= M2 Ligsa). (10)

Ap T

B nanpHefimem 6ynyT yKasblBaTbCsi HMEHHOQ MpPHBEeLeHHbIE
KO BXOly BeanuuHel Apefipa. B cxemax samewenus U, pac-
CMaTPHUBAETCSl KAaK NapasuTHOe HANpsKeHHe MOMeXH, BKJIO-
YeHHOE IIOCJef0BATEJbHO C HMCTOYHMKOM BXOMHOTIO CHrHajia
YIIT.

Copemennble YIIT ¢ KOHTaKTHHIMH BXOXHBIMH npeo6paso-
BateaaMu uMeiot apefip B mpepenax 0,05—0,5 me/4 B 3aBucu-
MOCTH OT KOHCTPYKUHMH H KadecTBa usrorosflenus. B VYIIT
C THIATeJbHO H3IOTOBJEHHBIM BXOAHLIM €MKOCTHBIM MOZYJSITO-
poMm ypaercs cHuauth apeiid mo +0,1 me B cyrku. YIIT mps-
MOTO yCHJIeHHs], KaK NpaBuso, uMeloT apeid mopsaka =10 us
B CYTKH, MPHUEM IJIABHBIM (DAKTOPOM, MPENSTCTBYIOUAM AaJb-
HellllleMy VyJAyulIeHUIO YCTOHUMBOCTH, SIBJAsSIeTCA KaTOMHBII
apeld.

Pasnnuaior karopublit nApefid [OBYX OCHOBHBIX BHJOB:
1) ofycnoB/ieHHBIH HecTaOHJIBHOCTBIO TeMIepaTypel KaTtona
BC/ENCTBHE H3MEHEHHS TOKa MOJorpeBarteiss W 2) o6ycaos-
JIeHHBIH H3MeHeHHeM CBOHCTB KaToza.

Hpeitd nepBoro Buga (TeMnepaTypHBIH) coCTaBJASET OKOJO
10 m8 na 1% wnsaMeneHus Toka mnomorpesaredss. DBuaaromaps
TEMJIOBOH HHepUMH KaTOXOB M3MeHEHHe HYJNeBOTLO YPOBHs Ha
Boixofe YIIT mpoucxogur c 3aiepxkkoll Ha 5—40 cex mocne
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E3MeHeHUs pexuMa mnoporpeBarteseil. CHHUKeHHe 3TOro BUIA
npeiipa mocturaercss crtabuiam3andedl ToKa Hakaja BXOLHBIX
JlaMn, HanpuMep NpH moMoluH GapeTrepa.

Heo6xonuMo, onHako, uMeTb B BHAY, YTO B «TOPAUMX» Le€-
TaJNsIX JaMIl B TeueHHe MepBbIX NeCATKOB 4acoB paboTsl MpO-
HCXOASIT W3MEHEHHs] KPUCTaJJHUeCKO#l CTPYKTYpHl, OCOGEHHO
B MecTaX KOHTAKTOB C BhIBOJAMH. B CBSI3H ¢ 3THM MOXeT H3-
MEHSTHCS CONPOTHBJIEHHE MONOTpeBaTesNell KaTONOB M HHUTel
6apertepoB. nsi yMeHblleHHs BJIMSHHSI ©TOTO Ipolecca Ha
crabunbHocth YIIT pekomeHnyeTcss pejaTb CONPOTHBJEHHE
HCTOYHMKA NMHTAHHS HAKaja pPaBHBIM (WM GOJNBIIAM) COMpO-

w0
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Puc. 14. Kpusrie ppeitpa YIIT.

Bx. —MOMEHT BKJIIOYEHHS; BeJHYHHA Uﬂ.p npusBeneHa KO BXOAY.

THBJICHHIO NOJOrpeBaTe/si MyTeM BKJ/IOYEHHs IOCJAENOBaTe/b-
HBIX CONpPOTHBJEHHH.

OnbiT nmoxasaJ, 4TO NpejBapHTes]bHas TPEHHPOBKA JaMI
M NpUMeHeHHe MocJeJOBaTeJbHOro CONPOTHBJEHUS B LeNu Ha-
KaJia I03BOJisieT CHU3UTb TeMIepaTypHbll napefid mo | ms Ha
1% u3MeHeHHs] MUTAIOLIEr0 HANPSKEHHs; B GOJBIIHHCTBE CaY-
yaeB 3TO BMOJIHE YIOBJETBODHTEJNbHAS BeJIMYHHA, KOTOpAS IO-
3BOJISIET NOJIb30BATHCS JJIs1 CTaOHJIM3aLHMU HANpsiKeHHs Haka-
aa YIIT npocteM (eppope3oHancHbIM crabunusaropom. Onna-
kKo aas YIIT, o6rapgaiomux 4yBCTBHTEJIBHOCTBIO MOJHOTO OT-
KioHeHHs1 nopsinka 10 M8, HONONHHTENBHO NDUMEHSIOTCS ellle
CXeMBl C KOMINeHCallMedi TemmepaTypHOro apeitda. 3amerum,
4TO B K4TOJHOM IIOBTOpHTe/e TeMIepaTypHhlil apelip B 1/SR,
pas MeHblle, YeM B Kackajfe ¢ aHONHOH Harpyskof.

Hpeiip BTOpOro BHma NpOsBIsETCA Kak MelJeHHOe, IpoO-
HCXOfsllee B TedeHHE MHOTMX 4acOB HJIM Jaxe CYTOK CIoJ3a-
HHe «HyJeBoH Touku», [as maJiocTpauuu Ha puc, 14 mpuBe-
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JleHb) pe3yJbTaThl 3amnucu apeitda Unp. Kpusast I coorser-
CTBYeT YCHJHTEJIO, yXKe ObIBLIEMY paHee B 9KCIJIyaTauuu 60-
Jqee 100 4. Hanboabwuit apeiid HabGal0QaeTCs B NEpBble Yachl
pabotrbl mocsde BkaoueHus YIIT, sateMm Hactymaer OTHOCH-

TeJlbHOe paBHOBecHe H Jpeiid cocrasisier NPUOJIH3HUTENBHO
*+2 ms 3a 10—30 4. Kpuras 2 coorsercrayer tomy ke YIIT,
B KOTODHIH OblJ YCTAHOBJEH HOBBIH 3K3eMILIAp BXOAHOH JaM-
nel. Jpeiid 3mech COmpoBOXKAAJCS OTHOCHTENbHO GBICTPBIMA
CKauyKaMH, aMIVIHTYIa KOTODHIX YMeHbIUanach C TeyeHHeM
BPeMeHM H KOTOpble NMPaKTHUeCKH NpeKpaTHJAHCh yepe3 50—
70 4 paGote. Taxofi xoq KpHBOil CBHAeTeNbCTBYeT O mpolecce
YCTAHOBJIEHUSI B JaMIle, O ee KTPEHHPOBKe». 3aMeTHM, 4TO He
y KaxXIoro oK3eMn/sipa JaMIbl TPeHHUPOBKa CTOJb 3HAUH-
TelbHO CHUXKaeT Apeld; mosToMmy uHananxa YIIT conpsikena
¢ mog6opoM JjaMn. [ss yMeHbIIEHHs [OTeDb BpDeMeHH IPH
3TOM Lieslecoo6pa3sHo NPOU3BOAHTH NpeaBapureabHyto 100-ua-
COBYIO TPEHHPOBKY IPYIIbI JaMI B pexuMe, GJU3KOM K pa-
6ouemy.

-Eme He Bce mpuuuHbel gpefida 3TOro BHIA BBLISCHEHD;
MUMeIOTCS OCHOBAHHUS IoJlaraTh, 4TO OH OOYCJ/IOBJEH H3MeHe-
HHEeM KaK 3MHCCHM KaTona, Tak M napaMerpo Jaamnbl. C Apy-
rofi CTOpoHbl, Ja6opaTopHble HCCJAeLOBAHHs [10KA3HIBAIOT, YTO
SMHCCHOHHAS CIOCOOHOCTb OKCHAHOTO CJOst Mpu paboueit teM-
neparype <1000°K mnouru He H3MeHseTcst B TeUeHHe MHOTUX
TBICSIY YaCOB; KPOME TOrO, COBPeMEHHble CXeMEl (HampuMep,
KaTOXHBIH IOBTOPHTEJb) MaJOUYYBCTBHTENbHE K HeGOJIbLIHM
HU3MeHeHHsIM KPYTH3HBI MK KO3(®(dHIHMEHTa yCHJIEHHs JaMIbL.

B03MOXHO, YTO B peaJibHOH JaMIe SMHCCHsS OKCHIHOTO
CJ10s1 KarojJa Bce :Ke H3MEHSeTCs B pe3ysbTare peakUuil ¢ Ma-
TEpUaJOM NOJJIOKKH, a TaKXKe C ra3aMH, BHIIEJASIOLINMHUCS U3
Hee. BecbMa BepOsTHO H3MeHeHHe C TedeHHeM BpPeMEHH U CO-
IIPOTHBJIEHUS] TPAHUYHOTO CJ0S MEeXKAY OKCHIHBIM MOKDHITHEM
¥ TMOMJIOXKKOH KaToAa; 3TO H3MeHeHHe, JO HEKOTOPOH CTeleHH
CXONHOe C N3MEHeHHeM CONPOTHBJEHUsI aBTOMATHYECKOIO CMe-
ILeHHsI, MOXKET BBI3bIBATb U3MeHEHUs AHOLHOTO TOKA.

Lpeiip BTOporo BUAA MOXKeT ObITh YACTHYHO OOYCIOBJEH
¥ NPUYHHAMH MeXaHHUeCKOT0 Xapakrepa, a HMeHHO, He6oJb-
IIAMH CMEIEHUSIMHU BJeKTPOLOB, B 0COOEHHOCTH MOoJorpeBarelis
M ceTKH OTHOCHTeNbHO Karoga. Ckauku kpusoil 2 (puc. 14)
B Go/bLIOH Mepe OGDSICHSIOTCS 3THM <«MeXaHHUYeCKHM Jpeii-
¢om». CKIOHHOCTb J1aMIIBl K MeXaHHYecKoMy Japeiidy Jjerko
o6HAapyXKHTb, YAAPSAS IO Hell KapaHAalloM B PasHBLIX HaMpas-
JGHHAX: eCJIH Mocae yhaapa HyJb yXoauT GoJee yeM Ha 20 ma
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(npuBeleHHBIX KO BXOLY), TO JiaMla, BepOSITHO, OKaXeTCs He-
NpUrofHON mJs nepBuiXx KackamoB YIIT.

B uacrosiee BpeMst HOCTYNHLIMH MepaMH CHUMKEHHS Jpeil-
ca BTOpPOro BUAA ABJAAIOTCS TpefBapHTeJbHass TPEHHPOBKA
Jamn u ux ot6op mo MexaHuueckoMmy apeifidy. CylrecTBeHHO
yMeHblIaeTcs apeidd npu MOHMKEHHM HaNpsKeHHs HaKaJjaa |
aHOJNHOTO TOKa, T. e. npu padoTe JaMn B TaK HA3bIBAEMOM
MHKPOTOKOBOM pexuMe. KpoMe toro, paspaboTaHbl CXeMbl
YIIT, B KOTOpHIX aBTOMAaTHYeCKH [POM3BONUTCA MepHOLHYe-
ckaa xoMmmeHcauus papeitba. Onpnako st YIIT caoxubl 10
cXeMe M KOHCTPYKLHH, M [03TOMY TNPEACTOHUT elle GoJiblias
paboTa 110 yCOBepIUEHCTBOBAHUIO 3/JEKTPOAHBIX CHCTEM M TeX-
HOJIOTHYECKOTO TMpolecca H3rOTOBJAEHHs CTaGHJbHBIX JaMil,
CreuuanbHo npefHasHauyeHHuXx aas YIIT.

10. OCHOBHBIE CXEMBI BXOJ HBIX KACKAJIOB

Bxonnme xackanawm YIIT npsamoro ycuuae-
H U 5. CXxeMa BXONHOIO Kackaja Ha 9/1eKTPOMEeTPHUYECKOH JaM-
nme tuna 13111 co BXOOHBIMH NepeKMIOYaeMbIMH COMPOTHBIE-
HHSIMH NOKa3aHa Ha puc. 15. [Iutanue nakasna JlaMIbl IPOHU3-

Ha npemesrcymasrend
yeunaumens

=

Puc. 15. BxoxHo#t Kackaa Ha 3neKTPoMeT-
puyeckol Jamie.

Ans namnbel tHna 1911: Ry~ Ry, =165 om; Ry =
=265 om; Ry = 100 wom; E, =19 & Ryy (cymma

BCEX COLIPOTHBJACHHI)— 10 1012 om.

BOOUTCS OT CTAaOH/IH3UPOBAHHOrO HCTOYHHMKA, HANpUMep, OT
IeauTenss B uend crabuju3atopa aHOQHOro nuraHus. Ha-
yaJbHOe CMellleHHe Ha ympaeasmiomyio cetky U, cHuMaercs
€ conpoTHBJeHHs R, 1Mo KOTODOMY INpOTeKaeT TOK Hakana
(aHOIHBI TOK W TOK KAaTONHOH CETKH OTHOCHUTEJbHO MaJgbl H
MMH 0pu pacuere mnpeHe6Gperaior). ConpoTusJAeHHe aHOAHOH
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Harpysku R, o6bluto BbiGupaior B npemenax 20—200 koM.
IMpu6amxKeHHbIH pacueT €ONPOTHBICHHA B LEMH MATAHAS JaM-
Ibl NPOM3BOAHMTCH 114 OCHOBAHHH ec¢ TalGJHYHBIX NAHHBIX [10
caeayouuM GopMmyaam:

Ri=—2; (11)
Uy —U,
2=——[—H~—, (12)
U, — U, +1,R,
Ry= 1= (R, 4Ry, (13

B cayuae tpuoma, manpuMep, 133I1 moaaraior Ry=0.

Tak kaK XapakTePHCTHKH OTHEJbHBIX 3K3eMIISIPOB JIaMIl
HECKOJIbKO DPAa3J/IHYaloTCsl, TO ONTHMAaJbHBIH peXHM YCTaHaB-
JIHBAIOT NOAGOPOM CONPOTHBJIEHUS R, a eC/H OKaKercs He-
00XONUMBIM, TO ¥ Ro. [sa H3MepeHHs MaJbX TOKOB IO Bpe-
MeHH 3apsijia — paspsiga BXOLHOH eMKOCTH BMeCTO COINPO-
THBJeHuH R, BK/IouaeTcs KOHTaKTHas mapa (cM. puc. 3),
C MOMOIUbLIO KOTOPOH HAa CeTKy JaMIBl NOAAeTCs HayaJbHOe
cMemenre. ConporuBieHue R; GepyT mepeMeHHBIM M napal-
JeJIbHO eMy MOoJKJIoualoT BoJabTMerp. Perynupys R;, onpene-
JII0T OTHOCHTeJbHYIO KpyTu3ny YIIT:

ITokasanus BmixojgHoro mnpudopa YIIT
S = .
y AU,

Ecnn BoixonHo#t npu6op rpagyupoBaH, HampuMmep, B MHJIH-
ammepax, T0 O, NaeTcs B MH/MaMnepax Ha BosbT. [lainee
u3MepsieTcss «TOK BXOAa» oJjekTpomerpa (cM. § 5), KOTOpHIit
NpH AaJbHEHIIHNX H3MePEeHHSAX anre6panyeckH BBIYATAIOT H3
TOKa CHrHaza.

" Jlamnbl THnoB 6)K1)K u 6)K7 u ap., paboraiouine B 3JeK-
TpoMeTpuuecKoM pexume II, gaioT xopouine pe3ysnbrarsl B cXe-
Me KaTOMHOTO NOBTODHTess. BxoXHOH kackaj, yacto npuMe-
HfeMblfi B H3MepHTeJsiX MaJblX TOKOB (MHKOaMmmepMeTpax),
Mmoka3aH Ha puc. 16,a.

Kackan oramyaercss OTHOCHTE/IBbHO GOJBIIHM —COHNPOTHB-
JeHHeM R, B KaTOJAHOA LEmd H TEM, YTO HpPH IOMOLIM IO
TEHUHOMeTpa R, NOJAOMpaeTCs AHOAHOE HAUPSIKEHHE, IpH
KOTOPOM CETOYHBI/l TOK JaMmbl paBeH Hymo. KouTpoapb Be-
AyT IO H3MEHEHHO HanpskeHus U, B MOMEHT 3aMbIKaHHA
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BXOJIOrO CONPOTHBJEHHST (IPH OTCYTCTBMM CETOUHOrO TOKA
H3MeHenus U, He TMPOHCXOIAT).

Cxema KaTOZHOTO NMOBTOPHTE/S HMEET CJeIyIolHe CyIle-
CTBEHHBIE [JI1 BXOJHOT'O KacKaja AOCTOHHCTBA:
1. ConpoTuBieHne H30JALHH CETKH R, . CPaBHUTEJBHO

MaNo BJHSET HA BXOJHOE CONPOTHBJEHHE JaMIbl, B 3TOH
cxeme mnpubGnusutenbHo paBHoe R, /(1 —K)), rae K =
=S8R /(1 + SR,). Tak, nanpumep, Jamna tuna 62KI2K umeer
COTPOTHBJEHHE M3OJAUAH yNpaBasiomel ceTky R, . > 10" ox.
Ee xpyTH3sHa (B DAHHOM peXuMe CXeMb) S== 01 nals. Tlpu

Puc. 16. BxogHbie KacKaZiel MO cCXeMe KaTORZHOrO MOBTOPH-
TeJs.

R, =200 xomx K_=0,1-200/(14-0,1-200)=0,95. Orcioza

BXOJHOE CONPOTHBJeHHe JaMnel cocTaBaser 10'°/(1—0,95)>
> 10" ox.

2. EMKOCTh CeTKa—KAaTON JaMIbl C,, 4aCTHYHO KOMIEH-

cupyercs OJaaromzaps o6paTHOH CBsI3M B CXE€Me KaTOJHOro -
HOBTOPHUTEJIS:

C::.K =~ CC.K (l - Kn) (1 4)

o koMmneHcanuu €MKOCTH CeTKA—aHOoJ, MOXHO IIpuMe-
HSTh CXeMy, MpuBeJeHHyio Ha puc. 16,6, B KOTOpO# TNOTEH-
IHajbl aHOAA H KaTOJA M3MEHSIOTCA BMECTE C IOTEHIHAJOM
ynpaBJasiolel ceTkH, 6.1arofaps YeMy JAHHAMHYECKAsh eMKOCTh
JaMIIbl

C::.x.a = CC.}\ (l - Knl)+ Cc.a (1 - Kann2); (15)
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srech K, u K ,— ko3pduunenTl nepenads nepBoro H BTO-
poro Kackamuos.

3. Hpeiid mo u3MeHeHHIO HANMPSKCHHsS HAKaja yMeHbLIaer-
Cs B HEeCKOJIbKO pa3 Mo CpaBHEeHHIO ¢ JaMIoH, paboTtalomeil
C aHOJHOH Harpyskoi.

B cxeme KaTOAHOro MOBTOPUTE/S RAIOT XOpOLIHe pe3yJb-
TaThl 3JeKTpoMeTpHyeckHe TpuoAabl Tuna IM4, [luranve na-
Kala 3THX JaMin HeoO6XOZMMO MPOH3BOIHTL OT OTHeJbHOM
O0OMOTKH cusioBoro TpaHcdopmaTopa, Jyullle uepe3 Mo-
CTOBOH BHLINPSIMUTENb Ha repMaHueBnlx auomax (III-L121).
Ha BrIXOze Mocra 1esnecoo6pa3Ho BKJAIOUHTH CYXOil rajbBaHH-
veckuit asgement (PBC, «Cartypn») uium ke MajsorabGapUTHBIH
‘aKKyMYJATODHBI iejqouHoH ajeMeHT. Toxk monsapsna Gydep-
HOTO 3JeMeHTa Jo/KeH Ha 5—I10% npeBbllIaTh TOK Haxajla
aamnbl. HUTE Hakasa maMnbl CoeHHSIETCS ¢ BIEMEHTOM uepes3
OTpaHHUYUTENbHOe conpoTHBiaeHHe. CONpoTHBJAeHUe KaTORHOI
narpysku 200—500 kom coenuHsieTCsi C MONOXKHTEIbHBIM KOH-
oM HuTH. AHomnoe HanpsikeHHe JiaMmel 133I1 B 3T0l cxeMme
MOKHO ycTaHaBJuBaThb oT 6 no 20 & (mocaennee — nmpu BXOA-
HOM CcompoTHBJeHHH He Gosee 10'° om).

B Tex cnyuasx, korpa uyBcTBUTelbHOCTb YIIT cocraBasier
108 a niu Gosee, BXoAHON Kackax MoxeT GblTb co6pan Ha mo-
norpeublx Tpuonax tuna 6HIIT unu 6H2IT, npuyem nanpsixke-
HHe Hakasa pekoMeHjayercsa OpaTb mopsjka 3,60—4,5 8 (BMe-
cto 6,3 8) u aHonHOe HamnpsiKeHHe B Inpejenax 25—60 s.
BxonHoe compoTUBJIEeHHE NPH STOM JOJXKHO OBITh He OoJee
100 Moum.

Bo BXonHbBIX Kackanax, paboTaloUuX Ha ABOHHBIX TPHOAAX,
BO3MOXHA KOMIleHCalHusi TeMmmepatypHoro npefida. Oxna us
yaCTO NMpUMEHsIeMBIX CXeM TaKoi KommeHcauun (cxeMa Mui-
Jepa) npuBefeHa Ha puc. 17. 3nech JieBbHH (1o cxeme) TpHOI
siBJsieTcsl pabouMM, a NpaBblfl — KOMIIeHCallHOHHBIM. X0 Apei-
¢da 6e3 KoMmeHcalluu nokasaH Kpusoit I Ha puc. 17,6; MOKHO
BHIeTh, YTO yBeJHYeHHe HampseKeHuss Hakana U, Ha 0,5 @
PaBHOCHJBHO [IOJOKHTEIbHOMY BXOJHOMY CHTHA/y OKOJO
10 ms. Bnaronapsi ToMy, uTo CMellleHHe Ha CETKYy KOMIIEHCH-
PyIOLIEro TPHOJA MOCTYMaeT TOJAbKO C YACTH CONPOTHB/IEHHS R,
a CONpPOTHBJIEHUE B aHOMHOH LleNH MaJjo, ero aHOAHLIA TOK HpH
yseauuennu U, Bospacraer Gosee KpyTO, HeKe/lH aHOMHBI
Tok paGouero tpuona. IlosToMy, pery.Jupyst MOTEHLHOMETDHI
Ry, Ry u R4, B03MOXKHO BHGpPaTh TaKOH pPeXXKUM KOMIIEHCHPYIO-
Ilero TPHOMA, NPH KOTOPOM H3MEHeHHe HaNpAXKeHHs Ha CO-
npoTHBNCHHAX R m Ry 3a cuer H3MeHeHHs ero aHOIHOTO
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TOKa GyAeT NMPUOAH3HTENBHO PaBHO MPHBEIEHHOMY Hampske-
HHIO fpelida paGouero tpuonma. Takum obpa3oM, cerka pabo-
4ero TPHOIA MHOJYYHT HN0GABOYHOe CMeIleHHe, KOMIEHCHPYIO-

+1508
R, (cmabp

0,56

w1t —Uz?

6H2N

Bxad -
yog

a)

a)
Puc. 17. Bxonnoft Kackal ¢ KoMmeHcauued TeMIePaTyPHOrO KaTOZHOTO
Apeitdha (a) u kpuBhle KoMneHcauuu Apefida (6).

ee apeid (xpuBas 2 ua puc. 17,6 orpaxkaer HeGOJbIIYIO
nepekomnencanuio). OntuManpHas BeauunHa Re=1/S, kosd-
¢uuuenT ycuwienns paGoyero TpHOAa (MO HAMpPSKEHHUIO)

~ l"‘Ra
KH~W. (16)

Bo BxoxHbIX Kackajxax, pafoTaloU¥X NpH HU3KOM aHOIHOM
HanpsKeHUH, aHOJ KOMIIEHCHPYIOUIEro TpHoJa MOMKHO COEeIH-
HHUTb HENOCPeACTBEHHO C [JIIOCOM HCTOYHHKA INHTaHUs H HC-
KJIIOYHTh CONPOTHUBJeHUs Rz, R4y u R;. Ycnellnnle pe3ynbraThl
B 5TOHl CxeMe MOTYT OBbITb IIOJyYeHbl! B CPaBHUTEJIbHO He6OJIb-
IIOM MHTepBaJje HanpsiKeHUH Hakajaa, NPHUeM HeOoGXOMHMO
NPUMEHATh MpeABAPHTENbHO TPEHUPOBAHHble JaMIbl. JlocTons-
CTBA cXeMbl B 3HAYMTeJbHOH CTeleHH YyMeHbUIAIOTCs BCJael-
cTBHe pas3bpoca XapaKTepHCTHK Pa3/IHUYHBIX 3K3eMILISPOB JaMIl
# HeoOXONHUMOCTH ee NOACTPOHKH NpH CMeHe JaMIlL

Hpefip, o6ycnoBleHHbIH H3MeHeHHEM HaNps)KeHH# mOHTa-
HHsl, MOXeT ObITb CHJIbHO yMeHblleH NPHMeHeHHeM MOCTOBbLIX
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(6anaHCHBIX) CXeM, B KOTOPHIX JBa mjaeua o6pa3oBaHbl TPHO-
JaMH, a ABa APYTHX IJleya — CONPOTHBJeHUAMU (puc. 18).
Ilpu oTcyTCcTBHMH BXOLHOTO CHrHaja HalpsiKeHHe HA HArpy3ke
BHIX0J1a yPaBHOBELIEHHOro JAaMIIOBOTO MOCTAa pPaBHO HYJIO.
BxonHo#i cHrHas u3MeHsieT NPOBOLMMOCTbL JaMIl, paBHOBecHe
MOCTa HapyllaeTcs W Ha Harpyske MmosiBJseTcs BbIXOLHOH CHT-
HaJ, NPONOPUUOHAJNLHBEIA BXOJHOMY (ecau JaMmel paboTaloT
Ha JIHHeHHOM yuacTKe aHOJHO-CETOUHOH XapaKTEePHUCTHKH).
C npyroit cTopoHbl, yMepeHHble H3MEHeHHsI HAMPSKEHUsT HAKI-
Jla ¥ aHONHOTO HAaNpsKeHUs BBHI3LIBAIOT MOYTH OJHHAKOBLIZ

r—s
+

Puc. 18. DanancHble cXeMbl BXOJHOTO KacKaja.

a — napaJJiebHO-6aNaHCHAss ¢ CHMMETPHYHBIM BXOMOM; 6 —TO 2Ke ¢ HeCHMMeTPHYHBIM
BXOZOM; 8—TO € ¢ CHMMeTPHYHbIM BXOJOM H Harpy3Kofi B IleNH KaTOLOB; 2 — ImocJe-
JHoBaTeNbHO-6aNaHCcHas

M3MEHEHUsT aHOXHBIX TOKOB B 06euX JiaMIaXx MoCTa, H [09TOMY
106aBOYHBIH Napa3UTHLBIA «CHTHaJ Apefida» OTHOCHTeJNBHO Mall.
Heo6xoauMo monuepKHYTb, YTO TIJ1aBHOE NOCTOHHCTBO 6a-
JIAHCHBIX CXeM — 0oJsbliasi YCTOHYMBOCTL K H3MEHeHHsM IH-
TAIOWIMX HANPSKeHHH — MoxKeT OBITb peajH30BaHO TOJbKO
IpH YCJIOBHH XOpOLIEro ypaBHOBelIMBaHHs. [ias mosydyenud
HaWJyYLIUX Pe3yJbTaTOB CJeqyeT NMPHMEHATH JaMIIHl, IpeiBa-
pHTEJILHO TPeHHDOBAHHble W NpPOBepeHHble Ha OTCYTCTBHe Me-
XaHuueckKoro apeida.
[Tpu BeIGope Bennunuer R,, R, ¥ APYrHX CONPOTHBJEHHH
B cxeMax Ha puc. 18 ciaeayer MCXONHMTb H3 CJAEAYIOIIHX OaH-
HbIX. Bo BXoZHOM Ga/laHCHOM Kackajae TPHOAbI paboTaroT IpH
OHHKEHHOM HamnpsKeHWH Hakajla (4—5 8) W aHOZHOM Ha-
npsixennd o6biyHO He Gosee 50 g. AHOIHBIA TOK TpHOAA CO-
crasasier 0,1—0,5 ma. Comporusienns R, BHGHpaTCs no-
psaka 200—500 xom mas namn tuna 6H2IT u 50—200 xom
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nng gamn tana 6HIIT. CwMmelleHune ma ynpasasiiollHe CeTKH
(I, R) OGepercs B npegeaax 1—3 8. CeTouHOe CONPOTHSB:
JeHue, Kak TpaBuao, He NoJkKHO npesbimarts 200 Mom, xots
C OTGOPHBLIMH 3K3eMIJIsIpaMU JaMIl €ro MOXKHO INOBBICHTBH HO
2000 Mom. Ecau BxonHo#t xackan YIIT monxew takke ycH-
JHBaTh CHTHAJbl C KpyThIMH ¢poHTamu (mopsinka 1070—
1078 cex), TO BeJHMYMHBI CONPOTHBJEHHH R, HEo6X0AMMO COOT-
BETCTBEHHO YMeHbIIaTh. Tak Kak NMpH 9TOM B LeJsX MOAIED-
xaHug HeoOxoauMoro KosdduUHeHTa YCHJIEHHs MNOBHLILIAIOT

Puc. 19. CxeMaTHueckoe pacClOJIOXKEHHE SJEKTPOJOB
(B momepedHOM pa3pese) M MPHMePbl LOKONEBKH CIBO-
eHHbIX 3JIEKTPOMETPHUECKUX TeTPOLOB.

HanpdaXKeHus MNUTaHUugd, TO YBeJHUYHUBAIOTCA CETOUHble TOKH H
JgomnyctuMasa BeJHUYHHA CETOYHOIO CONPOTHUBJCHHS CHHXKAETCH.

MocroBasi KOMNeHcalsi TPUMEHsIETCsS KaK Mepa CHHKEHHUs
He TOJNbLKO TeMTeparypHoro apeiipa KaToma, HO TakK¥Ke H €ro
BpeMeHHOro apefida. [as STOH menu CKOHCTPYHPOBAHBI CIie-
LlHaJbHblE CIBOEHHBIE JaMIIbl, B KOTOPHIX Ha 05e CHCTEMBI aHO-
OB U CETOK 3JIEKTPOHBl TMOCTYHAKT OT o06Ilero Karonaa
(puc. 19). Ilpu mpousBoACTBe BTHX JaMn NMPHHUMAIOTCS MepH
K ofeclleyeHHIO PaBHOMEPHOH 3MHCCHM CO BCefi MOBEPXHOCTH
karona. Jlamna BrMouaercss B GastaHCHyl0 cxeMy (puc. 20).
Ecau BCJIEACTBHE CTapeHud HUJAH UHBIX NPHYHH SMHCCHS KaATO-
da U3MeHsieTcsi, TO B OGEHX [OJIOBHHAX JIaMIIbl HOJKHBEI NpPO-
HCXONHTh ONMHAKOBble HM3MECHEHHS AHOXHOTO TOKAa H paBHO-
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BecHe MOCTa He MOJIKHO Hapyliartbcs. OmbBIT MoKaselBaer, 410
VIIT co caBoeHHBIMK JlaMNaMy BO BXOHHOM KacKale HMeEIOT
auumb B 2—5 pas Mesblnii npefid, Hexenu anajsornyHsle YIIT
C ONMHOYHLIMM BXONHBIMH JaMmnaMu. [lanbHellllee CHHXKeHHE
Japeiipa TUMHTHPYeTCS Cepbe3HbIMH TeXHOJOTHUeCKHMU TPYI-
HOCTSIMH H3TOTOBJIEHHSI JIaMIl, KOTOpble ObIIH OBl CUMMeETpHY-
Hbl He TOJbKO reOMeTpUYeCKH, HO M JMEeKTPHYECKH B TeyeHHE
IJUTENBHOTO BPEMEHH.

Bxoansie kackagsl YIIT co BXogHeIMM MpeoOpa3oBaTeasiMH.
Ha cerky namnsl Bxoaworo kackana YIIT, paGoraiouero no
OAHOMY M3 cnoco60B Npeo6pa3oBaHHsl CHUrHaja IOCTOSTHHOTO

5 +256
{1 /y Bm’
+856 - o
232n T Boiz,
mog 8z, }E\ 28z,
(e, O i | = I Q
M e [
L3 1
4 50 40 15 | 6an |
1 J
I 1
= a ) 6) ~

Puc. 20. CxeMbl BxOAHbIX OGanaHCHBIX KAaCKaJOB Ha CABOEHHBIX 3JIEKTPO-
MeTPHYEeCKHX TeTPOAax.

TOKa B CHTHAJ NepPeMeHHOro HampsMxKeHHUs, NOCTYNaloT NepHO-
Inyeckne KoJeGaHHsl WIM MMIYJbCHl, YacTOTa KOTOPBIX OObIY-
no He npesniiaer 1000 ey. ITosToMy cxeMa BXOXHOro Kacka-
na takux YIIT mouTu He oTsiMuaeTcst oT CXeMBl BXOJLHOTO Kac-
Kajga MHKPO(OHHOTO YCHJIHUTeNs, MNPH YCJAOBHM, UTo JaMma
BXOMHOTO Kackaja YAOBJETBOPseT COOTBETCTBYIOLUM Tpe6o-
BanusaM. CyllecTBeHHOe 3HAaueHHe HMEIOT COMNPOTHBJEHHS H
~ eMKOCTH CeTOYHOH LlenHd BXONHOH JaMIHl.

CxeMmpl BxonHod uactu YIIT ¢ BXOZHBIM MeXaHHYECKHM
npepbiBaTesieM GBWIM NOKasaHbl Ha puc. 6. B mepBom Kackape
etux YIIT ynosnerBoputenbHo paGoraior saMnel THIoB 6)K8,
6)K1T1, 6H2IT u gp. Jlamner 1 MOHTaK BXOZHON Lienmy AOJNKHDI
6HITh TINATEJbHO 3KpaHupoBaHb., C lenbl0 CHHMXKEHHUs IIYMOB
HaKaJ JaMn CJelyeT MUTAaTh MOCTOSIHHBIM TOKOM [PH IOHM-
xenHom Ha 20—409% wpanpsKeHWH, a aHONHOe HAaMpsIKeHHE
He no/kHO npeswliaTh 50  CeTouHoe compoTuBieHne R,
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(puc. 6,a) moaxHO GBITH 3HAYHTENBHO GOJibllle BHIXOMXHOTO CO-
UPOTHBJEHUS HCTOYHHKA CHTHAJA.

Yayuwennsiii Bapuant 6ectpanchopMaTopHo# cXxeMbl BXOM-
poro Kackama YIIT co BXomxHBIM npepbiBarescMm IokKasam Ha
puc. 21. DBunarogapsi pasaenutenbHOMYy KoumeHcatopy Ci
YMEHbIIAIOTCS TOMEeXH, 06YCJIOBJeHHBle PAYKTyauusMu ceTod-
Horo Toka Jamnsl. Konnencarop C, mepenaer Ha Katon JaMIlbk
nmapasuTHble CHTHAJB, BO3HHKAIONIME HA BePXHEM KOHTAKTe
npepuiBaTess, YTO YaCTHYHO KOMIEHCHPYET MOMEeXH.

B cxemax Ha puc. 6,a u 21 conporusienne R, BbIGHpaer-
Csl COMJIacHO He0oGXOAMMOMY CEeTOUHOMY cMellleHHI0 (B yKa-
3aHHOM pexuMe o6berino 10—50 kom), Ry Gepercs B mpenenax
50 xom—1,5 Mom, a R, paccuntsiBaeTcs no ¢opmyJe

zzRK(1+—f;). (17)

Ilpu Gonbuwiom p R, = R,. .
3arteMm, 3Hag mepuosa KoJaebaHus BHOpPATOpa IpPEpLIBATEJS
T , 8a/ai0TCA  BPEMEHEM YCTAHOBJEHHS CHIHaJa Ha CeTKe

T y<3Tn H BBIYHCJISIOT €MKOCTb KoHAeHcaTtopa C,:

C,= Ty . (18)

Rt 2R, (147)

Ecmm p>1 1 R <R, 10 C,=T /R,
lajiee ompefessioT eMKOCTb MepeXOJHOr0 KOHAeHcaTopa:

2R, 1
C,~ C=<Tc+m)’ (19)

rae f,—uactota KoJeGaHu# BHOGpaTOpa.

[IpegenbHasi UYyBCTBHUTEJBHOCTH KackKajga To CxeMe Ha
puc. 21 3aBHCHT OT KauyecTBa MOHTaxa, noafopa MaTepuana
KOHTAKTOB, YCTOHUMBOCTH M pPABHOMEPHOCTH TeMMNepaTyphl
BxongHoro 6;oka. Ilo snuTepaTypHBIM HaHHBIM IIOMeXH («30HA
HEUyBCTBHUTEJNBHOCTH») MOTYT ObITb yMeHbLIeHH MNpPUOJIU3H-
tesibHO H0 10 mxks. :

UyBCTBHTE/IBHOCTb BXOQHOTO KackKama ¢ TpaHcdopmarop-
HBIM nepexogoM (oM. puc. 6,6) MOXKHO 3aMeTHO MOBLICHTH,
ecqu TpaHcOpMAaTop TIIATEJNbHO BKPAHHPOBATH OT 3JEKTpH-
YyeCKHX M MarHHTHBIX HAaBOJOK, a ero BTOPHYHYIO 0OMOTKY Ha-
crpouth Ha yactory fo. JlanHele TpaHchopMartopa Hjs 4acro-
ol 50—100 2y: cepneunux IT-o6pasubiil u3 nepmanios H79IMS5;
ceuenre oxosgo 0,8 cm?; mepsHunas o6moTka 2X800 BHTKOB
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I13J1 0,1; Bropuunas o6motka 20 000 sutkos I19J1 0,05. Co-
nporusJenne Ri~=8 Kom.

Cxema Bxoxnoro kackaaa ¥YIIT ¢ eMKOCTHBIM MOLYJISATOPOM
u3obpakeHa Ha puc. 22. CurHaj CHUMAeTCsi ¢ CONPOTHBJEHHT
R, BenuumHa KOTOPOro B 3aBHCHMOCTH OT NAPaMeTPOB AATUH-
Ka Moxer ObITb oT 10° mo 10'2 om. [Ipn u3MepeHUH MaJbIX
®. L. €., IOCTYNAMOWHKX OT AATYHKa C BHICOKHM BXOIHBIM CO-

.|||._-

Puc. 21. Cxema BxogHoro kacka- Puc. 22. Cxema BXoAHOTroO
na YIT c BxofHsiM OpepoiBaTe- Kackajga aas YIIT c¢ eu-
JaeM. KOCTHBIM MOIYJSTOPOM.

NpoTUBJEHHEM, R; MOXHO yaaautb. UYepes CcoOnpoTHBJEHHE
R,, curHa;m nocTynaer Ha HENOABHXKHYIO IJIaCTHHY BHGPO-
kongencaropa C,, a Bo3HHMKalolllee 3Jech IlepeMeHHOe Ha-
npsiKeHHe MOCTyNaeT Ha CeTKYy BXOLHOH JaMIIbl yepe3 KOH-
aencatopbl C; u Cs. Ilns yMeHblUeHUs BAUSHHS QAyKTyauui
CEeTOYHOTO TOKa JaMIbl Ha YCTOHYMBOCTb HYJs MOCTOSHHBIE
BpeMeHH CyR; n C3Rs BbIGHpAIOTCS MaJbIMU [0 CPaBHEHHIO
¢ R,C, C sr0il Xe Leabl0 NOAGHPAIOT JAMIy C CETOYHBIM

ToKoM He GoJsee 1071 g,

IJIABA YETBEPTAA
NPOME)XYTOYHBIE U OKOHEYHBIE KACKAJLbl YIIT

11. CXEMbI ME)XKACKAJLIHON CBSI3W HEBAJIAHCHBIX YIT
NPAMOro YCUJAEHUY

Bxoano#t xackang YIIT o6biuno umeer HeGoJsblioe yCHIEHHE

M0 HaNpsKeHWIO, W N03TOMY npHu caaboM CcHTHasle (MeHee
100 m8) Heo6xonauMO naJibHellllee yCHJIeHHE, KOTOPOe ocyille-
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CTBJISIETCS] IPOMEKYTOUHBIM ycunutenem Hanpsxenus (I[TYH).
[Tpu curnane Gosaee 100 ms B u3MepHUTEJbHbIX YCHIUTENAX
o6rugo He noJas3ytorcst ITYH, u curdan nocrynaer oT BXOnd-
HOTO KacKaja Ha COOTBETCTBYIOWIHI OKOHeYHBIfi KacKal.
B VIIT asroperyaupylomux ycrpoitcts [IYH npuMensercs
MOYTH BCErga B CBSA3M C HEOSXOMAHMMOCTbIO MOJNYYHThH J0OCTa-

+ 2506 + 71508
£y [ (cmac)

+80 3.
A * Borzod

Puc. 23. CxeMnl nepexoga oT BxomHoft Jaamnsl YIIT Ha mnepBuifl Kackapg
YCHJIHT/isi HalPsiKeHus.

TOYHO GOJIbILIOe YNpaBJsiollee HANPSXKEHHe [Js1 MOIIHOrO OKO-
HEYHOro Kackaja.

Kax yxe ykasblBasoch, 0cOGEHHOCTh MEXKACKaIHBIX mepe-
xonoB B YIIT mpsiMoro ycuneHHs COCTOMT B HeOOXOAUMOCTH
raqbBaHU4ecKoi cBA3W 06e3 NocpeAcTBa KOHIEHCATOPOB HJIH
TpaHcdopmaropoB. CBsizb BxoxHoro Kackaga YIIT c nmepBeM
kKackagom ITYH He npexncraBnasier cylleCTBeHHBIX 3aTpyAHe-
HHMH, TaK Kak BXOXHOH Kackan paGoTaer INpH CPaBHUTENbHO
HU3KOM aHomHoM Hanpsxkenuu. Ha puc. 23,0 npusenena cxe-
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Ma COeJlMHEHHUS 3JeKTPOMeTpHyUecKoil maMnel JI| ¢ nepBbIM Kac-
kanom IIYH, paGoratomum na namne Jls.

Auonnas Harpyska JaMmnbl JI; CHyKHUT CETOYHBIM COIpO-
THBJIeHHEM IJ/5 JaMnel Jl,, nmpuueM NajeHue HaANpPsKEHHs Ha
3TOM CONPOTHBJEHHH PaBHO paGoueMy CMelleHHIO JaMmbl Jla.
ConporuBnenue B Lenu Katoga JaMmsl /I yMeHbIIAGT ee yCH-
JIeHHe 3a CueT OTpHlaTeJbHOH o0paTHOH CBs3H, KOTOpas 31eCh
He MOXKeT ObITb yCTpaHeHa LWIYHTHPYIOUIMM KOHIEHCATOPOM.
Ycunenue Takoro kackajaa

PR,
K=—TFor+mTR (20)

Ha puc. 23,6 nokasaHo coeinHeHHe BXOAHOH JaMnw JIi,
paboraoiie mo cxeMe KaTOAZHOTO MOBTOPHUTeNf, C MePBbLIM
kackagoM [TYH (namna JIp). CMemieHne Ha ceTky JaMmbl Jlg
3leCh II0JIyuaeTcsl 3a cueT pPa3HOCTH HANpsXKeHHH Ha Karo-
nax JaMIl.

3ameruM, 4TO peXHMM JiaMn NepBbIX Kackazos [IYH BhI-
GupaeTcsi MO HX aHOMHO-CETOUHBIM XapaKTepUCTHKAM C TaKuM
pacueToM, uTo6Gbl aHOLHBIH TOK He MpeBHILIAJ /3 HOMHHAJIBLHO-
ro, a paccesiHie MOLIHOCTH Ha aHone Gblio He Gosee 0,05 mo-
nyctuMoro. Tako#l 3aHHKEHHBIH pPeXUM NPUMEHSIETCS ¢ LeJblo
yMeHblUeHHsl MeXaHHyeCKoro apefda, KOTOPHIH MoOXKeT mnpo-
HCXOAHUTb BCJEJCTBHE HarpeBa BJeKTPONOB.

Ha puc. 23,8 Bxonnas namna YIIT (JI;) paGoraer ¢ aHond-
HOH Harpyskoi, Ha XKOTOpOH NaleHHe HANPAKEHUS HaAMHOIO
npeBbIIaeT HOPMaJbHOE 3HAUeHHe CETOYHOIO CMEIIeHHsT JaM-
el J. s KoMieHcanun H3GBITOYHOrO CMELIEHHsi 3a CYeT
najeHusl HaNpsKeHHs HA CONMpOTHBJIeHHH R, Kak 310 Cle-
JlaHo B cXeMe puc. 23,a, norpe6oBajoch Gbl 60JbIIOe CONpO-
THBJEHHE, YTO NPUBEJIO OBl K CHHXKEHHIO YCHJAEHHs KacKaaa
¢ nammnoit JIp. ITosToMy mpuMeHeH OTHOCHTe/NbHO HH3KOOMHBIi
nenutenb RiRgRs, ¢ KOTOpPOro CHUMAIOTCsS HEOGXONHMble HA-
P sKEeHHUS.

dta cxeMa BechbMa YYyBCTBHTE/IbHA K M3MEHEHHIO HalpsxKe-
HUIl NUTaHuA U KauecTBY comporusJeHuil. [lostoMy B mono6-
HBIX YCHJIUTENSIX OGLIUHO NPUMEHSIOTCA JaMIbl ¢ HanpsxKe-
nieM Hakana 12,6 u 30 8, npuueM nmogorpeBaresH COeIHHSIOT-
csl TOC/IeIOBATEJNbHO H BKJKYAOTCI B LEeNb Aedurtens, B ne-
asx obecneyeHHs ycTOHUMBOH paboOThl yCHJAUTENs CJeAyer
MPUMEHATh NPelBapUTeNbHO TPEHUPOBAHHBIE JAMIBl 1 BBICOKO-
cTaGu/abHble conpoTuBJeHUs. MoHTax He HoJKeH ObITb Tec-
HBIM BO M36e:KaHHe H3JHUIHETO Harpesa.

4 W. 4. Bpefino. 49



Jas nuranus caenyromux kackagos ITYH npu tako#i cxe-
Me cBsi3u TpeGyercsl noGaBneHue Hanpskenus no 100—150 8
Ha Kaxne#i kackan. Bmecre ¢ Heo6XOAMMOCTbIO NMpHMeHeHHs
NOBOJILHO TDOMO3JKHX MOHTaXHBIX JeTalelfl BTO SBJAETCS
Cepbe3HBIM HefocTaTKoM. Kpome Toro, mpu uucjie KacKamoB
Bosee IBYX 3Ta cXeMa OuYeHb CJIOXKHA B HaMaiKe.

Cxema nma puc. 23,2 OTJIMYaeTCss MeHblIeH CJIOXKHOCTbIO,
ofHaKo TpebGyeT npuMeHeHHs] MajorabapuTHoii 6arapeH, Ha-
npsKeHHe KOTOPOH NOJKHO OBITb 'YCTOHUHUBO B TeueHHe MJIH-
TeJIbHOTO BpPeMeHH, a TakXe IpPH HM3MeHeHHAX TeMIepaTypHl.
IMpoussdactBo GaTapeil CTOJb BBHICOKOTO KauecTBa CBf3aHO
c 3aTparoff JOpOroCTOSIIUX ¥ AehHUHUTHBIX MaTepHaNoB. DTO
SBJSIETCS OJHOM M3 NPHYMUH PEeNKOro MPHMeHeHHs JaHHOH
CXeMBL. -

CxeMbl, noxaszaHHble Ha puc. 23,8 W g, MOTyT [pHMe-
HATBCS TaKXKe W MJs CBA3M MeXXy ApyruMu kackagamu ITYH.
B03MOXKHO Tak:ke MpUMeHeHHe NePeXOAHBIX Lemlell, B KOTOPHIX
3a CyeT HEeKOTOPOH MOTepPH YCHJEHHs NOCTHraercs yJayulle-
HHe YCTOHUYHUBOCTH.

Ha puc. 24,0 nokasauwr nBa xackaga ITYH, B kotopsix
NpUMEHeHa NepexofHas Lelb ¢ KOMIEHCAalueHd aHOZHOro Ha-
NpsKeHUs: Npeablayliedl JaMIbl MPH MOMOLIH CPaBHUTENILHO
6oMBbIIOrO HaNpSIKEHHs] CMelleHHs, KOTOpoe IMojaeTcs uepe3
conporusiaeHue Ry. ITockosbky cetke saMnel JI, coobliaercs
He Becb CHTHAJ, a yacThb ero, pasHas Ry/(R;+R:), To moreps
YCHJIEHHSI TEM MeHbllle, ueM MeHbllle oTHolleHHe R;/R,. OmHa-
KO NPH 3TOM JNOJUKHO cOGMIofaThcst ycaoBhe Ryi+Ry > R,
TaK Kaxk MHaye aHOAHAs HArpyska Jamnsbd JI; Gyder CHJABHO
IIyHTUPOBAHA W yCHUJeHHe Kackaja yMeHblleHo. BenuuuHa co-
npotuBJeHus Ry orpaHMyYMBaeTCsl NPaKTHYECKHMH cooGpaxe-
HHAMH O MaKCHMaJbHO NONYCTHMOM HaNpsSIKeHHH HCTOUHHKA
cmemennst E.. O6buno R, =3R,, a E.<E,.

Ha ocHoBanuM 3THX MAaHHBIX pPaCCUMTHIBAETCS BeJHYHHA
conpoTuBaeHus R,

R BV el
Ual +Uc2

Jlnst KOppeKTHPOBKM pexKuMa JaMm B CBSI3H ¢ pasJHyieM

MX HMHAUBHIAYa/IbHBIX XapPaKTEPUCTHK CJYXKHUT CONPOTHBJIEHUE
Ki®

s yMeHblIIeHUs] TOTEPH YCHJEHHS B IIEPEXONHOH Lenu lie-
Jecoo6pa3Ho MPOU3BECTH CJaeayloiiee: 1160 3aMEHHTb COIpPO-
THEJEHUE R HENMHEAHBIM 3/71eMeHTOM, HajeHHe Ha KOTOPOM

50



NOCTATOYHO TOCTOSIHHO, T. €. CTaOWJAM3aTOPOM HaNpsKeHHd,
JuGO  COMpOTHBJIEHHe Ry 3aMeHHTb CTaOH/IM3aTOPOM  TOKA.
B ToM M apyroM cayuyae pasHOCTb HanpAXKeHHH MexKAy aHo-
noM JaMmnul JI; u cetkoil JaMnbl /o He GyneT H3MEHSTLCS C U3-

+2508

7
rrod 6HI(

20

Bsizod

o) 2

Puc. 24. CxeMbl MeXKacKaAHbiX nmepexoiueix uemneir [TYH.,

@ —c aHOJHO-CETOYHBIM [eJHTeseM; 6 —cO CTaGHAMTPOHOM BMECTO CONPOTHBJEHHS Ry;
8—Co CTabHIU8aTOPOM TOKA BMECTO CONPOTHBJEHHS Ry 2—C KaTOLHOH CBA3LIO.

MenenneM Beinynnbl U,, H, Cle1oBaTe/bHO, HA CETKY JaMIbl
JI, 6yner nepenaBaTbCs MOYTH BECH CHTHAJ C aHOAA JaMIblJl .

Cxema, cooTBeTCTByOImAs IepPBOMYy BapHaHTy, IOKa3aHa
Ha puc. 24,6. 3xecy conpotuBieHue R, (puc. 24,a) 3ameHeHO
JaMIOR  TJEOWEro paspsiia C YCTOHYHMBBLIM HAINpSXKEHHEM

ropenns U_, nanpuvep TupatpoHom Tina TX4B c moak.io-
YeHHBIMH Ha aHoJ ceTkaMu (ZMOAHBIA pexuM). Benumumuol co-
4+ 51



npotusiaenuit R, H R, yCcTaHaBIMBAIOTCA TaKHMH, 4YTOGHI
aHOJHOe HampsikeHwe Jamnbl J7, coctaBaaio U, =U_+ U,
Besmunna R, BLIGHpAeTCs M3 CJEAYIOLIEr0 PacueTa:

R,=(U,,+E)/,5

Has tupatponos TX3D u TX4D B amoxnom pewume paGo-
und Tok Haxoxutca B mpepeaax 0,1—0,5 xa.

YCTOAUMBOCTL yCHIMTENsT C TAKOH MEpexoJHOH IEnbio
B 6OJIbIION Mepe 3aBHCHT OT KAYecTBa JaMibl J/,, B 0COGEH-
HOCTH OT BpPEMEHHOH CTabHJbHOCTH Hanpsukenas U u ot-
cytctBua ero daykryanuil. [Ipensapurensuas 50—100-uacoBas
TPEHHPOBKA M OTGOp JaMm 1enecooGpd3Hbl U B JAHHOM Ciy-
yae. TlepexojHele Lemd MOAOOGHOrO THIA HCHOJB3YIOT OOGBIYHO
Mexc 1y nocaeiHuMm kackaZoM ITYH u ycunurenem MOIHOCTH,
TAK KdK Ha 3TOM IEPEXOJe HampsKEHHe CHrHajla yxke JL0-
CTATOYHO BEJNHMKO H HeGosbline (aykTyanun Hanpsxenns U,

He BHOCAT CYLIECTBEHHOH IOrPELIHOCTH.

Bropomy BapuaHTy COOTBETCTBYET CXeMa Ha pHC. 24,8.
Posb crabunnmsatopa TOka BhIIOJHAeT Javna JI,, pa6oraio-
Ias ¢ CHAbHOH OOpaTHOH CBA3bIO MO TOKY, OOYCJIOBJIEHHOMH
Go/bIIMM CONPOTHBJIEHHEM B KaTOAHOW uend (R ,> R)). Ilpu

H3MEHEHHH BeJHuuHH U, TOK uepes HepexoJHOe COIpPOTHB-

JeHue R, ocraercs NpakTHYECKH Heu3MeHHbIM. CJiel10BaTeNbHO,
He MEHAeTC M NaJeHHe HanpsKeHusa Ha R,, 6Graronaps yemy
carian AU, nepejaercs Ha CeTKy Jammbl J/, C MHHHMaJb-

HbIM OCJ/1a6/1€HHEM.

B YIIT, ucnonb3yeMblX B 3JEKTPOHHBIX CTAGHJIH3AaTOpaX,
YyacTO MNpHUMEHseTCs CABOEHHBII KackaJ, NpecTaBJIsiolHi
€060t 06beIHHeHHe KaTOLHOTO MOBTOPUTENS H Kackaaa C 3a-
3eMseHHo#i (Mo curHagay) cetkod. Cxema TaKoro kKackana
noxasaHa Ha puc. 24,2. YcuieHue kackaja

~ p :
K~ R& TR 22)
I+ R T RR(Fw

Baarogaps xatogHoMy noBTOpHTeNIO Kackam uMeer 60Jb-
Ioe BXOJHOE CONPOTHBJAEHHEe W Maayl0 BXONHYI0 eMKOCTb.
B cayuae, ecain CHrHAJT HMeET KPYTOH (PPOHT, MOXKHO BKJIIOUHTh
gonnencatop C eMmxrocteio oxoso 0,01 mkgp.

B saBucumoctu ot TpeboBanuil, npenbsBasembix Kk YIIT
KaK K YaCTH KOMILIEKCHOro yCTpOHCTBa, a4 TaKXe OT YCJOBHM
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nuraHus, cxeMbl KackanoB ITYH u ux mepexomuble menu Mo-
ryT WIHPOKO BugousMeHsithcsl. Ha puc. 25 npencrasienbr Ba-
puaHTel Tpexxackaaublx ITYH, paccunTaHHBIX Ha nuTaHHe OT
OIHOr0 HCTOYHHKA AHONHOTO HANPSKeHHs C 3a3eMJIeHHbIM MH-
HYCOM.

Ycunaurenb no cxeMe Ha puc. 25,a pa6otaer B MHKPOTOKO-
BOM pexxuMme. Ero KosdduuueHT ycujeHus mo HanpsKeHUIO —
nopsinka 10%. Makcuma/bHbIH BHIXOLHOH cHrHad — okoso 20 6.

Puc. 25. BapuaHTel cxeM CBSI3H MeXAy Kackajamu [1VH.
ITynkTHpOM MOKa3aHbl LENH OTPHuaTenbHOH 00paTHOM CBs3H.

YcraHoBKa peXuMa B OCHOBHOM NpPOHM3BOJHUTCA NPH [TOMOIIH
conpotuBieHus: R, HO HHOTAA MOXKeT NOTpeGOBATbCS MOX-
Gop conporuBienuii R, u R,

Ycuaurtenb, cxeMa KOTOPOro loka3aHa Ha puc. 25,6, B OT-
JWYyHe OT paHee ONHCAHHBIX BHIMOJNHEH HA MeHTOLaX. B ueM
npeaycMOoTpeHa OTpHllaTe/bHAas oOpaTHas CBA3b, KOTOpAs CJy-
KHUT A5 cTabunu3auuyl yCUJIeHUS M YJAyUlleHHd JHHEHHOCTH.
Jlamna JI; paGortaer B MHKPOTOKOBOM pexuMe. Ee pexum
ycTaHaBauBaeTcs MORGOpPOM HampsKeHHs Ha ®KpaHUpylollefl
CeTKe, CHHMaeMoro c conporusienus R,,. Ha katoxxoe co-
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npotusaenve R, uepe3 conporusjenus R; u R, nomaercs
Hanpsxende o6paTHOI CBSI3H C KaTona JaMibl Jls. YcTaHOBKA
HEOOX0IMMOro YCHJICHHSI MPOM3BOMUTCA MPU [OMOUIM COMPO-
THBJEHHS Rs. BhIXOMHOH cuTHas MOMHO CHHUMaTb KakK ¢ aHoa
JaMmnbl JI5, Tak U c ee Karona.

Ha puc. 25,6 npuBeneHa cxema cMelIaHHOH MeKKacKaaHOH
CBfI3H, KOTOpAs COMEPXKUT IJCMEHTH CXeM, NMPUBeIeHHBIX HA
puc. 23,a u 8 u 24,a. BMeCTo OTPHLATENLHOrO KOMNEHCHPYIO-
Ilero HanpsKeHHd, NMOJABAEMOT0 Ha CEeTKy JaMmbl JI,, 34ech
NOfAeTCA NMOJOKUTENbHOE HanpsiXKeHHe Ha KaToj 3TOH JaMIlbl
yepe3 CONPOTHBJIeHHe Rj, mpuueM TOK geaurtens Rs R, npd-
MepHO B 5 pa3 Gosblle aHOLHOTO TOKa JaMmbl, Baaropaps
9TOMY NPOHCXOAMT YacTHUHAA cTabuausallks HavyaabHOro cMe-
IleHdst, ¥ oOpaTHas CBfA3b, 0OYC/JOBJNEHHAsi CONPOTUBJEHHEM

x2, B MeHbIIeH Mepe CHHMXKAaeT yCuJeHHe KacKala.

Onucannele 31ech kackansl IIYH oTHOcsiTCA K HecHMMer-
puuHoMy (He6anancHoMy) Bupy. Kak yxe 6bWIO OTMeueHO,
I/ TIOJIyYeHHsl YHOBJIETBOPHTEABHOH YCTOHUHBOCTH TaKHX
ycuauTteJedl HeO6GXOAUMO NMPUMEHATHL BHICOKOKAUECTBEHHble Ie-
Tajd, TPEHUPOBAHHLlE JAMMBI M TaKue HCTOUHHKH TNHTAHHUSA,
CyMMapHasi HecTaGHJbHOCTL KOTOpbix He mnpesbimaer 0,1%.

3HauuTebHO MeHee JKeCTKHe TpeGoBaHus K cTaGUJIBHOCTH
NHTaHHA MPEeNbABJASIOT YCHAHTENH, BCe KacKaubl KOTOPBIX cO-
OpaHbl mo GasaHCHBIM cxeMaM. TaKue «CKBO3Hble GaJiaHCHbBIE»
YTIT pomyckaior KoneGaHns MHTAIOIKX Hanpaxenui no +1%,
YTO HAMHOTO ynpouiaer GJIOKH NMUTaHUS.

12. BAJIAHCHBIE CXEMBI NMPOME)XYTOUYHbIX YCHJIUTEJIEA
HANPSI)KEHHSA NMOCTOAHHOIO TOKA

[TpuHuun nefictBUs BXOAHOro GaslaHCHOTO Kackaga OMHUCAR
B § 10. Ero cxema npusenena ua puc. 20.

BanancHBIN Kackan ycH/EHHs HANpSIKeHHs MM MOIUHOCTH
B HACTOslIllee BpeMst SIBJISIeTCS OLHWUM H3 HauboJiee HaIexKHbIX
B skcisyarauun cxeMmueix yaaos YIIT. B VIIT, paGorawoumux
B aBTOPEryJHPYIOIIHX CHCTEMaX, NMPUMEHAETCS JOBOJNBLHO MHO-
ro BapuaHtoB 6aNaHCHBIX KacKaJOB; U3 HHUX Mbl PacCMOTPHM
CXeMbl H OCHOBHble pacueTHble QopMy.bl HauGosee ynorpe6u-
TeJbHBIX.

BanancHble xackampl pasmensAloTCss HA ABa OCHOBHBIX BH-
Ja: nmapaJaeJbHble, B KOTOPbIX JaMIe o6pasylor o6a
HHXKHUX ua1M 06a BepXHHX Ileya MocTa (cxeMa Ha puc. 26,a),
H mocJAexoBaTeJbHBle, B KOTOPBIX JaMnel 06GpasyioT
01HY BeTBb MocTa (cxema Ha puc. 26,2). OO6luHe HOCTOHHCTBA
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6anaHCHBIX KacKafO0B MO CPABHEHUIO ¢ HeGAaJaHCHBIMH COCTOAT
B MaJOH 3aBHCHMOCTH YCHJEHHsI OT NHTAIOLIMX HAnpsXKeHHH,
MeHblIeM TeMmnepaTypHoM Apeilide H 60JbIIOM y4yacTKe JHHEH-
HOH 3aBHCHMOCTH BBIXOAHOTO CUTHA/la OT BXOJHONO; MPH 3TOM

Puc. 26. Cxembl GanaHCHBIX KacKaioB.

moTpebaseMblt 6a/aHCHBIM KacKagoM aHORHBIH TOK MaJjo 3a-
BHUCHUT OT HampsiKeHUd curHaja. [locienoBaredibHble GanaHc-
Hble KacKaJbl OTJIHYAIOTCA OT napaJ/ielbHbIX HEeCKOJbKO MeHb-
IUHM BpeMeHHHIM fApeldoM Gaaromaps TOMY, UTO UX yCHJIeHHE
3aBHMCHT TJ1aBHBIM 00pa3oM OT . JIaMIl, T. e, OT TapaMerpa,
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Majo u3MeHswouerocs Bo BpeMmeHd. OnHako moc/ienoBartelb-
Hble GaJlaHCHbIE KACKAbl HMEIOT BbICOKOE BBLIXOJHOE CONpPOTHUB-
JeHHE H OTAAI0T MaJylo MOUIHOCTb.

Ha puc. 26,a u 6 mpuBejeHHl CXeMBl NapaJ/ulebHbIX 6a-
JAHCHBIX KAaCKaJ0B C CHMMETDHYHHIM H HECHMMETPHYHBIM BXO-
namu. B aTux kackapax R, Gepercs o0b4HO OT R,='R, 10
R,=3R, (B pexxume MukpoTOKOB R,~ 100R,). Comportusie-
HHE HArPy3KH MEXJy aHojaMH OCHYHO Oeperca oT R, =R,
A0 R, =2R,, HO NpH HCNOJIL30BAHHH KA4CKaJa B KayecTBe
YCHIMTENST HANPSXKEHH OHO MOXEeT OBITb MHOrO GOJblLIe.

Koadduuuent ycuieHds N0 HANpsKeHHO

v n

KH = B::‘ — Ri 2R,’ . (23)
_ "TRIR,
Hanpsokenne Ha Harpyske
Ul-l = Uaux = KHUBX = RH’H' (24)
KpyrusHa xapakTepHCTHKH
laux p‘Ra
= TRRFR, A (25)

Ha puc. 26,6 npuBeneHa cxema mnapaJulejbHOro GaJaHc-
HOrO KacKajJa C aHOJHBIM [HTAaHHeM OT JABYX HCTOYHHKOB,
61arojaps 4YeMmy CMELIEHHe Ha CeTKaX JaMI MeHblIe, HeXeJH
najeHue HalpsDKeHHs Ha KaTOAHOM compoTusieHud. Compo-
THBJIEHHS 7, (DIIeYH TOTEHUHOMETPA) CJayXaT AJsd GasaHcu-

POBKH. BrixogHoe CONpPOTHBJIEHHE Kackajla IO 3TOH cxeMe

2=R,+ R+ (1 +p)(r,+R)). (26)
OntumajbHag Harpyska R, Mmoxer ObITh BeIOpaHa B cJae-
JYIOLUX Tpefelax:

2R, (z—R)) .
RH =—_~z_'; (27)
Ry
Ri=—wr, (28)
KpyTH3Ha XapakTepHCTHKH H TOK B Harpyske
PR
S = = ; 1,=S,U,,. (29)

¥ (2R, +R,)z—2R!
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Hanpsxenne Ha HArpyske H k0ahhuUHEHT yCHJIEHHA 110
HATIPSOKEHHIO BHIYHCJSIOTCH aHaJaor iuHo opmyJaam (23) u (24).
Ha puc. 26,2 npuBeneHa cxema IocaenoBaTenbHoro Ga-
JaHCHOrO Kackazna. Ero Brixoxnoe comporusienue (mpu R =

=R,=R,)
2= R,+(1+p)R, (30)
OnrtumanbHass Harpyska
R, =0,5(R+ 2. (31)
KpyTHsHa xapak TepHCTHKH
Sy=item ot (32)

VT Uy REz+2R,

Hanpsxenne ua Harpyske, TOK B Heil ¥ KO3(hGULUUEHT yCH-
JIeHHA N0 HANPSIKEHHIO BBIUHCJSIOTCA aHAJIOrHYHO ¢opMyJsam
(23) u (24).

BanancHble Kackagbl MHPOKO MPUMEHSIOTCS W KAK OKOHed-
uele B YIIT npsamoro ycuienus. CooTBEeTCTBYIOIIHE CXeMbl H
pacueTHble (OpMyJ/bl aHAJOTHMYHB BblllenpuBefeHHHIM. Huxe
NPHBOASTCS NPHUMEPH CXeM ABYXKacKamHbIX GamaucHeix [TYH.

B cxeme 6aJaHCHOrO YCH/IHTeJsl HAMPSKEHHUsS, KOTOpAdA MO-
Ka3aHa Ha puc. 27,0, KaXJIbH Kackaj MpenctaBiser coloii
JaMIOBHIH MOCT, MpUYeM OQHO mJjedo 6ajaHCHOro YCHJHTeNs
MoYTH He OTJHYaeTcsi N0 cXeMe OT HeGajaHCHOro (CM.
pHc. 24,8). YcroAuuMBOCTL GaJaHCHOTO KacKaja HOCTHraeTCs
6aarogapa TOMY, YTO H3MeHeHHe HANpSXKeHHH MHTAHHSA BO3-
HefCTByeT NMpakTHYeCKH B paBHOH Mepe Ha o6a mueua. [Tos-
TOMY, XOTsl NP U3MEHEHHH HaNpsiKeHHs MHTAHUA <«a6CoJIOT-
Hble» (OTHOCHTENBHO MHHYCA) 3HAYeHHS AHOJHBIX HATpsikKe-
HHA JaMIO ¥ H3MEHSIOTCS, Pa3HOCTh AHOAHBIX HanpAXKeHUi
B OJHOM Kackafe, sIBJSIOLIAACHA NMOJE3HBIM CHTHaJOM, CoXpa-
HAETCH CYILeCTBEHHO MOCTOSHHOM.

Cxema Ha puc. 27,6 mpeacraB/isieT BapdaHT 6aJaHCIOrO
ITYH, otnnuarouiuiics Tem, 4to nepBuifi Kackajg pa6oTaer B MAK-
POTOKOBOM peXuMe., 31IeCb aHOIBl JaMm [epPBOTO Kackanaa
coefluHeHBl HEMOCPEACTBEHHO C CETKAMH BTOPOTO, a Heo6Xo-
JIUMOe CMellleHue Ha ceTKax JaMIel Jlp mojydaercs 3a cuer
conporuBienuss R,,. DBanancupoBka npous3BoaMTCs mnpH MO-

mowH moTenuuoMerpa R . [as crabuin3anuy NHTaHUS

anonHelx peneit B moxo6ubiXx [TYH nocratoyHo craGuaurposa
tuna CI'lIT uan CI'4C.
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B n3o6paxeHHoM Ha puc. 27 BHIe cXeMbl IpelHa3HayeHbl
IJisl CHMMETPHYHOrO OTHOCHTeJIbHO «3eMJIM» CHrHaJa, OXHAKO
MOXKHO NOJaBaTh U HCCHMMETPHUHBIH CUTHAJ Ha CeTKy OXHOr0
u3 TpuonoB JI; u JI;. CtaGuibHOCTb yCHAHTES IPH 3TOM NPakK-
THYECKH NIOYTH He yXYALlaercs, Tak Kak NepBHIH Kackapg O.H-

ot
Fay kaer Ras ”al[l] d‘-’-o‘
0881 gesll op 03311 033
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Puc. 27. Cxembl GanaHCHBIX AByxKackKaiueix [TYH.

30K MO cxeMe K mnapagasHoMy M BTOpOH Kackaj moJyuaer
CHMMETPHPOBAHHbBIH CHIHAJ.

AHasoruyHbIM 06pa3oM COCTaB/AIOTCA GajaHCHblE YCHJH-
Teqly Ha 6ase cxeM, NPHUBEAEHHHIX Ha puc. 24,6 u 8. B cayuae
HECHMMETPHYHOI'O CHTHA/Na PEeKOMEHAYeTCs B UEepPBOM KacKaie

. 6anancroro ITYH npumeHnsiTb GoJsiblloe KaTOgHOe COMNpPOTHB-
JeHHe I/ CUMMETPUDOBAHHMs BBIXOAHOTO CHrHaJsa KacKajaa.

13. KOMIIEHCALLHSI APEN®A H CHMMETPHPOBAHHUE
BAJIAHCHBIX KACKAILOB

C uesablo cokpailenns ra6apuros B 6anancunix ITYH npu-
MeHAIOT GoJblliefl yacTbio ABOHHLIE TpHoabl. OQHAKO MapaMert-
pbl IBYX TPHOMLOB, 3aK/IIOUEHHBIX B OOLIKH GaJ/IOH, MOYTH BCe-
raa HeoluHakoBhl ITpocrefimufi cmoco6 6GaJlaHCHPOBKM NpHU-
MeHeH B cxeMaX Ha puc. 27; BbIPaBHUBAaHHE JOCTHraercs
TaKKe B CXeMaxX Ha pucC. 26,8 U 2 myTeM MNOATOHKH COIPOTHB-
Jenuil B KaTOZHBIX uensix. [last perynsapHofi (omepaTopckoil)
YCTaHOBKH HYJISl OTHMH CONPOTHBJICHUSAMU He MOJb3YIOTCS; HX
MOHTHDPYIOT BHYTpPH G6JIOKOB YCHJHTeJell Kak NOACTPOeYHble
37eMeHThbl, HeoOXoAuMble OOBIUHO JIMIIb NIPH CMEHe JIaMIL

Banancuble Kackajhl, pa6oTaooliye Ha OTHeNbHBEIX JaMMax,
Jyyllle CHMMETPHDOBATh PEryJHpPOBKOH HANpsKeHUs HaKaja,
KaK IoKaszaHo Ha puc. 28,a. Dta cxeMa MNpuMEHUMA H IJs
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nBoitHoro Tpuona tuna 12HA4IT (puc. 28,6), mapamerpel KOTO-
poro ¥ B APYrMX OTHOIUEHHSX BIOJHe YJOBJETBOPAIOT YyCJ0-
BUsIM paGoThl B GasaHcHbiXx Kackapax YIIT. Ilpu mcrnousb3o-
BaHUHM 3THX CXeM IPYrHe 9JeMEHThl CHMMeTPHpOBaHUA (Kpo-
Me o6liero peryJsitopa HyJsl) yCTPaHAIOTCS; NepeMellleHHeM
JNBHXKKA MNOTEHUHOMeTpa NPOU3BOAUTCS BHIpaBHHBaHHe 3aBH-
CHMOCTH aHOIHBIX TOKOB TPHOJOB OT M3MeHEHHs HaNpsKeHH:

%)

Puc. 28. Cxemnl cHMMeTpPupoBaHHsi OajlaHCHOTO KacKaja [0 Haups-
KEHHIO Hakaja.

HakaJa. BripaBHUBaHHE MOXHO KOHTPOJHPOBATH MO AHOLHBIM
HATPSKEHHsIM 000HX TPHOJIOB.

YMenblienne To# wactu KatopHoro apefida, Koropas o6y-
CNOBJIeHA H3MEHeHHEM TOKa HaKaja BCJENCTBHE H3MeHeHHT
CONPOTHUBJIEHHSI MOJAOTrpeBaTeis, MoxKer OBITb OCYHIEeCTBJIEHO
TP MOMOIK OrpaHHUYATENbHBIX CONPOTHBJIEHHH R; u R;, B He-
CKOJIbKO pas IMpEeBBILIAIOLINX CONPOTHB/ICHHe MNONOFpeBaTess
(puc. 28,8). BbipaBHUBaHMe INPOU3BOMHTCA IepeMelleHHeM
IBHXKAa COMpOTHBJeHUA Rj.

Ilanuble cCONpOTUBJIEHUH B cXeMe Ha pHC. 28,8 yKasaHbl 14
Jamnbl tuna 12HA4IT. B stoii cxeme ciaenyer cobaiofartes cie-
aywowmue coorHomenust (npu Uy=U,, rae U, — nomunamL-
Hoe HampsKeHHe HaKaJja):

U, Ry _Ry.

U:— r,l r: ’ (33)
RIR3 j—

W +R (34)

rjpe r, = r,==r — pabouee CONPOTHBIEHHE MOJO0rpeBaTeJed.

Ecan U,=2U,, 10 Ry=2R, ==2R, = 4r. 59



TemneparypHbIi KaTOAHBIA npelid B Kackagax, ypaBHOBe-
IIeHHBIX MO cXeMaM Ha puc. 28, Moxer GbITh B HECKOJIbKO pa3
HHKe, YeM B KacKajax ¢ aHojgHo#t GanaHcuposkod. Hemocra-
TOK 3THX CXeM COCTOMT B 3HAUHMTe/]bHOH 3aTpaTe BpeMeHH Ha
CUMMeTpPHpPOBaHKME KaCKaJoB BCJeICTBHE TeIJIOBOH HHepPUHU
NOJOrPeBHEIX KAaTOLOB.

14. BLIXOJAHON KACKAJ YNT NPAMOro yCHJIEHHA

Oxoneunniit kackan YIIT BeipaGathiBaer curHan ajs H3-
MepHTeJbHOro (PEerHcTPUPYIOIIero) yCTPOHCTBA HWJHM IJs HC-
NOJMHHUTebHOrO MexaHu3Ma. OCHOBHble napaMeTphl OKOHEYHO-
ro Kackaga: 1) KpyTH3Ha XapaKTepHCTHKH S M MaKCHMAaJbHO
HOMyCTHMBIA TOK Harpysku [, ...~ (3TH nmapaMerpel CBA3a-
HBEl C [HANA30HOM JIHHeHHOI'0 yCHJIEHUA JaMIbl HIH C MaKCH-
MaJbHO NOMYCTHMOH BeNHUHHOH ee BXOQHOTO cUrHana); 2) BHI-
XOIHOE CONPOTHBJEHHe KacKajna 2; 3) onmTuMaJsbHas Harpyska
R, 4) HauanbHoe HanpsikeHue Eo, Ha BBIXONHBIX 3aXKH-
Max Mo OTHOIIEHHIO K 06IllleMy NMpOBOAY («3eMJe») — TaK Ha-
3bIBaeMBIHl YDOBEHb HYyJIsl.

Ecsn onun u3 nosocoB HAarpy3ku 3a3eMJeH, To OKOHEUHbIH
kackaf YIIT pomken nMeTb HeCMMMeTPHUHBIH BbIXOA. B H3-
meputesnbHblX YIIT, HArpy3ko#l KOTOPBIX C/AYKHT IOKa3biBalo-
mui npubop, yalle NIPUMEHSIOTCS OKOHEUHble KAaCKaAbl ¢ CHM-
MeTPHYHBIM, BHIXOZOM, 06a moJiioca KOTOPOro He 3a3eMJIeHHL.

HcxonueiMu ycnoBHSMH [Jisi BbIGODA JaMIm M CXeMbl S3-
JIIOTCA CBOMCTBA BHelIHefl Harpy3kd OKOHEUHOTO KacKana.
Tak, HanpuMep, B H3MepUTEJbHBIX YCTAHOBKAX TOK HAarpysKd
I, obbmuHO GbiBaeT MeHee 25 ma (yame B npepenax 0,5—
5. ma), a conmporusieHne HArpyskn R —B Ipexenax or
100 om no 10 xom. B aBroperyiupymoOIHX YCTPOHCTBAX Ha-
rpy3ska OKOHEYHOro KackKaja MoOKeT ObITb 3HAUHTeJbHO pas-
HooGpasHee. Yposenb Hyns GoJbluedl 4acTH H3MEpPHTENbHBIX
ycHJIHTeell (KpoMe KOMNAKTHBIX MepeHOCHBIX THIOB) NOJIXKeH
6bITh BO3MOXKHO 6suXKe K «3eMJse». DTO YCJOBHE BecbMa Ke-
JatesbHO BhIMONHATL U B YIIT, mpennasHaueHHBIX 1/ aBTO-
PeryJHpPYIOIIUX CHCTEM.

Hau6osbliee npuMeHeHHe B oKOHeuHblx kKackapgax YIIT
NpPSIMOT0 YCHJIEHUA NOJY4YH/Iu GasJaHCHblE CXeMBl ¢ TaK Hasbl-
BaeMbIM «NPeo6Pa30BAHHBIM K HYJI0» HayaJbHHIM BbIXOXHBIM
HanpaxenueM. C nogoGHbIM unpeo6pasoBaHHeM yHTATeNb yXKe
3HAKOM N0 cxeMaM nepexonHulx uenedl [TYH, npuBegennrsm Ha
puc. 24.
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Hns npeo6pa3oBaHuss BBIXOLHOTO HAampsiKEHHss K HYJIO
3JeMEeHThl MepeXOAHOH LeNmu pacCYUTHIBAIOTCS TaK, 4TO NpH
OTCYTCTBUH CHTHAJa CeTKH JaMiI OKOHEYHOro Xackana HMeIoT
OTpHIlaTe/IbHOE HaNpsKeHHe OTHOCHTEJNbHO KaToAOB, a Ha-
TMpsAXKeHHe KaToJOoB (MM aHONA) OTHOCHUTEJLHO «3eMJIH» PaB-
HO HyJio. IIpuMep pacnpele/neHHs HaNPsXKEHUH B Takod cXe-
Me nokasdaH Ha puc. 29,a (a/nemeHTH 6aJJaHCHPOBKH Ha cXeMe
He npuBeneHbl). IloTepst ycuJeHuss npeiblayllero Kackanaa Ha
CONnpOTHBJEHUsAX mepexoxa cocrasaser okono 40%. Kak u B

£
& - /508
o - 2508

9

Puc. 29. Cxema mpeoGpa3oBaHHs yPOBHS MOCTOSIHHOTO Hamps-
JXEeHHs NPH Nepexofie Ha OKOHEuHbIH Kackaj (@) M cxema Io-
cJefoBaTebHO-0alaHCHOrO Kackaza (6).

Mexkackagublx nepexonax ITYH, sra moteps Moxer G6bTb
yMeHbllleHa MpPHMeHeHHeM B KaXIOM Ilede cXeM, MOKa3aH-
HBIX Ha pHuC. 24,6 uau 8.

B cxeme Ha puc. 29,a narpyska BKJIOYaeTcs B JHarOHaJb
MOCTa MeXJAy KaTOZaMH OKOHEUHBIX TPHOLOB; BBIXOL UM BXOA
ABJSIOTCS CUMMETPHUHBIMH. /11 HeCHMMETPHYHOTO CHTHaJa
MoxeT ObITh MPUMeHeH KacKaj [0 NocJeloBaTe bHOH GanaHC-
HOH cXeMe, npusefeHHoH Ha puc. 29,6. B atoil cxeMe K03D-
¢uunent ycusnenus nwanpsxkenus K ~05p, a kpyrussy xa-
PAKTEPHCTHKH S, H TOK HATPY3KH MOXKHO ONPENeNHTh 110 CJe-

pylouuM QopmysiaM:

(35)
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[Tpu xopoumo nono6GpaHHBLIX W TPEHHPOBAHHBIX JaMIax
Kackajx mo cxeme Ha puc. 29,a umeer npeiid He Gosee 10 ms,
a Kackajx mno cxeme Ha puc. 29,6 — oxosto b m8 3a 8 u pabGo-
Thl. DTH BeJHUYHHBl CJIeIYyeT YYHTBIBATH MPH ONpeNeJIeHUH Ha-
npsXeHHss MHHUMAJbHOTO BXONHONO CHTHAJa: CHIMHAJ JOJIKEeH
npeBblaTh Apefid He MeHee yeM B 50 pa3 (B H3MepHUTENbHBIX
yeuautensx — B 100—500 pas).

Ilpu GosblIOM HampsixKeHWH CHrHaza, Korxa Apeidd OKo-
HEYHOrO KackKalga He MMeeT CYLIeCTBeHHOTO 3HAYEHHsd, HO KO-

Puc. 30. HecuMMeTpuuHBE MOCTOBBHIE CXeMbl OKOHEUHOI'O
KacKaja.

rna TpeGyercst GOMbLION TOK CHTHAJa Ha BbIXOJe, NPUMEHSIOT-
¢l cxeMbl, nokasaHuele ma puc. 30. Bosabmas MomHOCTL
BBLIXOJHOrO CHTHAaJa 3[1eCh AOCTHraercs 6aaronaps MajaoMy BHY-
TPeHHEMY COMPOTHBJICHHIO CTAGHIMTPOHOB, 06pa3yOLIUX BTO-
pyio BeTBb MocTa. Ilomaua BXOLHOro CHMFHaJla MOXeT MpOHU3-
BOILHUTbCS HE TOJbKO uepe3 COMpPOTHBJAEHUS Ry u Ry, HO H mpH
MOMOIIM APYFHX IepeXodHbIX LemeH, HanpuMep MOKa3aHHbBIX
Ha puc. 24,8 u e.

Oxouneudble Kackaasl uaMeputeabHblx YIIT o6bHO cobu-
paloTcs MO CXeMaM, I[PHUBEIEeHHbBIM Ha pHC. 26,a wuau 29.
. B KOMNAaxTHBIX mnepeHOCHBIX NpuGOpax 4acTo NPUMEHSAIOT H
cxeMbl, Moka3aHHble Ha puc. 30, HO CTaGUIUTPOHLI BO BTOPOIl
BETBHM MOCTA B 3TOM cJyuae 3aMeHSIOT CONPOTHBJEHHSIMH.,

15. TPOME)XYTOYHBIE U OKOHEYHBIE KACKAIbI YOT
C BXOJHBbIMH MPEPBIBATEJISAMH H MOLAYJIATOPAMH

B npocTefilluX W CPABHHUTEJBHO MaJOUYyBCTBUTEJbHBIX (MO-
panka 10—100 mg) VIIT c BxonHbIMH NpepbiBaTeNsAMU U MO-
nyastopamu npuMensiorcss B Kauecrse ITYH oGbiunble ysko-
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MOJIOCHBIE YCHHTENH 3BYKOBO#H uactoThl ¢ RC-mepexolnaMi,
cepelvHa TMOJOCH MPONYCKAHHS KOTOPHIX COOTBETCTBYET 4acTo-
Te Moayaauwud. OaHako B BbICOKOuyBCTBUTC/ABHBIX YIIT wTO-
ro BHIAa HeOGXOAHMO yCTpaHeHHe Mapa3HTHBIX CHTHAJOB (MoO-
Mex), 06yC/JOBJEHHEX KOHTAKTHBIMH NOTEHLHaJaMu mpephiBa-
Telell U MOIYJNATOPOB, a TaKXKe «HABOJAKAMHY.

" Béabuias yacThb MeTOIOB yCTpDaHeHHs TIOMeX OCHOBaHAa HA
TOM, YTO TNOJIe3HBI M Mapa3uTHBI CHrHAJbBl OTJIHYAIOTCH MO
yactoTe, ¢ase WIH MO APYTMM aMIUIMTYyIHO-BPEMEHHEIM Mnapa-
merpam (puc. 31; na puc. 31,6 3amrTpuxoBana 06JaacTb noJjes-
Horo curHasa). ®a3ouyBCTBUTEJbHBIH HAEMOAYJSATODP, BKJIO-
yaembli Mexay T1IYH u okoneunbim kackagom (cM. puc. 6, 8

H i
7P
y v

Puc. 31. dmiopsl Ocum/OrpaMM CHrHaja H MOMEXH.

a—B YIIT ¢ BxogHhM BHOPOKOHAeHcaTOpoM; 6—B YIIT ¢ BXO/HBIM

npepheIBaTENEM (CIJIOLIHbIE JHHHH — CHIHAJ, NYHKTHPHBIE — [IOMeXa), 8—

HCKaXKeHHs CHIMHaJ/la, MOKa3aHHOro Ha pHc., 6, IpH MJIOXOA ¢a3oBoA Xa-
paktepuctake ITYH.

1 9), mo3BoJIsIeT yCTPAHATh NOMeXY HaXKe TOrAa, KOrxa ee aM-
MJUTYIa 3HAYHTEJNbHO GoJiblle aMIJIMTYAbl curHajaa. B uact-
HOCTH, TpH NOKa3aHHOM Ha puc. 31,6 curHaJje 3TO NOCTHraer-
Csl Te€M, YTO JAEeMOIYJSITOP WJIH CUHXPOHHBIH NeTEKTOp «OTKphI-
BAlOTCSI» JIMWIb NOCJAe OKOHYAHUS NMapasuTHOro UMIYJbCa.

s BbIMOJHeHHS yKa3aHHBIX TpeGOBaHUil OCOGEHHO BaX-
Hbl Xopowas Qasosas xapakrepucruka IIYH ma wuacrorax,
6JM3KHX K 4acTtoTe MOAYJsUHU (NpephbiBaHHA), U OTCYTCTBHE
B IIYH pnurtenvHOro mepexomHoro mpouecca npH NapasuTHbIX
HMIYJIbCaX, AMIUIUTyJa KOTOPHIX INpEBBILIAET I0Je3HbI} cur-
Han («Hemeperpyx)aeMmoctb»). Kpome Ttoro, IIYH momxen
HMeTb TPSAMOJUHENHHYI0 aMIUIMTYIHYI0 XapaKTepHUCTHKY H
yCTOHuHBOE yCHJEHHE. :

B ¥IIT ¢ npeoGpasoBaHueM, Kaxk MPaBHJIO, HeT PE3KOro
pasieneHds GYHKUHH Mex1y BXomHbIM Kackamom u ITYH:
nepsblit kackax IIYH cayxut oObMHO M BXOZHBIM KacKamoMm
VIIT, na koTophlii MOCTynaer CHTHaJ oT npeobpasoBaress.
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Heo6xonumast ¢asoBasi xapakTepicTHKa, AHHCHHOCTb H yCTO#-
uyuBocTh ITYH pmocruralorcss npm moMollu OTpuuATeNbHOH 06-
partHoii cBasu. Hepenko mpuberaior (oco6eHHO B mepBBHIX Kac-
KaJgax) K TaJbBaHHUYECKOH MeXIyKacKagHOH CBs3H, obecre-
YHBalOUleli Hemeperpy:aeMocTb H Jy4Ilyio Ga30Byl0 xapakre-
puctuky ITYH.

C ueablo yMeHblleHHus MOMeX NUTAHMe HaKaja Jamm nep-
BbIX KaCKaJOB BLICOKOUYBCTBHUTebHbIX YIIT mpousBoasr mno-
CTOAAHHBIM TOKOM, IOJIy4aeMBIM OT KOMIIAKTHOTO BBUIPAMHTENS
Ha IJIOCKOCTHBIX TePMAaHHEBBIX OHMO0JaX CO CrJa’kUBalOUIHM
(GUABTPOM HA HU3KOBOJIBTHBIX MaJoraGapUTHBIX 3JEKTPOJHTH-
4eCKHX KoHuAeHcaropax eMkoctbio 100—500 mxg. Ecau 10
YCIOBUAM 3KCIUIyaTallMd NAaTUHK CUTHAJIOB, HAPUMep HOHH3a-
IIMOHHAA KaMepa, HAXONHTCA Ha G6OJbIIOM pacCTOSHHH OT
ocHoBHoro 6sioka YIIT, To mpUMeHSIIOT BBHIHOCHYIO «TOJIOBKY>,
B KOTOPOH, KpoMe mpeoOpasoBaTessi, MOHTHPYIOT BXOLHO# Kac-
KaJ ¥ KaTOLHBIA NMOBTOPHUTE/b.

C nocnennero xackaga IIYH curnan nepemeHHoro namps-
KEeHHs MOCTYNaeT Ha AeMOIyJATOD, KOTOPH npeobpasyer ero
B HampsiKeHHe IOCTOSHHOrO TOKa, MpHUYeM HOJSIPHOCTh HeMO-
LYJMPOBAHHOTO CHIHAJA COOTBETCTBYET NOJSPHOCTH BXOMHOTO.

Ilpocreiiiine neMORYJISTOPH MpeaCcTaBAAOT co6ofi mpephl-
BaTe/H, MEXaHHYECKH CBsSI3aHHBIe CO BXOOHLIMH MpepLIBATE i
MU WJIH CHHXpPOHHM30BaHHble ¢ HUMH. Uupoko npuMeHsiorca
TaKXe 9JIeKTPOHHble CHCTeMBl ((pa30uyBCTBUTENbHBEIE BBINPA-
MUTeJH, JIaMIbl ¢ ABOAHBIM ynpaB/ieHueM u np.). CxeMnl psiaa
I[IYH u pemonyJasitopoB npuBOAATCS B IJI. O.

OxoHeunnlit kackang YIIT ¢ BXoQHBIM MOIYJATOPOM HJIH
npepbiBaTesNieM OOBIYHO CJYXKHUT CPABHHTENIbHO MOLIHBIM YyCH-
auteneM Toka. Ero cxemMa m TexsHYccXHe NaHHble BbIGHPAIOT-
csl B COOTBeTCTBUHH ¢ Harpy3koii. IlockosbKy ma BXom OKOHed-
HOTO KaCKajia MoCTynaer NOCTATOYHO GOJbLIOH curHan (06brd-
Ho nopsaka 10 s unm Gosee), npefid 3nech He UMeeT NpaKTH-
YeCKOro 3HaYeHHs M MOXKHO IDHMEHATh CXeMBbI, MpHBeJEHHBIE
ua puc. 30. Hepeaxo B uensx cokpalleHHsi yucaa JiaMn OKO-
HeUHBIl Kackaj HCKMIOuaoT, a mociennuit kackax ITYH pac-
CUMTBIBAIOT TaK, 4TOOBl CHIHAJT Ha BbIXoZe AeMOAyasaTOpa
o6Jajfan MoJiHOH 3aJaHHON MOIIHOCTBIO.

16. OBPATHAS CBS3b B YT

C ueablo crabuausalul yCHJIeHHd, yNy4ylleHus JHHEeHHO-
CTH ¥ HEKOTOPBIX APYTHX NapaMmMeTpoB B YCUJHUTEASX, KAK H3-
BECTHO, MPUMEHSETCs oTpHuaTeabHas odpaThHas ceazp. B YIIT
OHa OTJHMYAETCs TeM, 4TO OCYULECTBJISETCA <«IO MOCTOSFHOMY
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TOKY®, T. €. IPH IIOMOIUIH OHUX TOJBbKO aKTHBHBIX CONMPOTHBJE-
HHH, COeIMHAIOWKX BHIXOL CO BXOLOM, MpHYEM MOJSIPHOCTDL
CHrHaJjla o6paTHOH CBS3H MPOTHBONOJIOXKHA MOJSIPHOCTH BXOI-
Horo curnagsa. Ha puc. 32 nokasanbl NMpHHIKIHAJIbHBIE CXEeMBb
oTpuLaTeNbHOR o6paTHOH cBsi3u. B cxeMe Ha puc. 32, yacth
HanpsiKeHus, CHUMaeMoro ¢ nejutens Ha Beixome YIIT, mo-
NaeTcs Ha ero BXOJ I[0CJeN0BaTeNbHO CO BXOMHBIM CHIHAJOM.
Kak wu3BecTHO, pe3y/nbTHpYIOllee YyCUJIEHHe HAMNpsKEHHs CHI-
HaJla MpH OTpUlLaTelbHOH 06paTHOl CBA3H

Koo =131 (36)

rae K — koaddunueHT ycuieHdss HampsokeHus 6es  o6paTHOH
CBSI3H.

Koasdpuunenr obOpaTHOH cBs3um B cxeMe, NpuBeJeHHOH
Ha puc. 32,a:

_ Ry

Hanpsaxeunne o6patHo#t cesasu U  =BU
HHE CeTKAa—KAaTOJ BXOJHOH JaMIbl U _UBx o.ce

Ecou oxmH H3 mosiocoB JaTyMKa 3a3eMieH, TO oOpaTHas
CBs3b OCYUIECTBJAETCS IO MPHHIUNHAJNLHOA CXeMe, MOKasaH-
Ho#t Ha pwc. 32,0.

3aMeTHM, 4TO B 06enx cxemax (puc. 32,a B 6) HEOOXOAHMO,
yTQGBl MPH OTCYTCTBHH CHTHAJa H3 BXOJE HANPAKEHHE Ha
BHIXO/E pAaBIAJIOCh HYJiI0 OTHOCHTEJIbHO 3eMJH (ypOBeHb
HyJas E,=0), Tax Kax HHaue CeTKa BXOJHOMA JaMmel MOJy-
YHT JONOJHHTEJNBHOE CMEIeHHEe, KOTOPOe MOXET HapyHIHUTb
pexxum ycuiurens. [lepeBefs ABHKOK cOmpoTHB/ieHHT R,R,
B BepxHee MOJOXeHHe, T. €. yctaHoBuB R,=0, mnoJayuum
B=1. Ecim K nmocraTouHo Benuk (Hanmpumep, K >100), To
K,.~=1 (310 ciayuaét ,100-mpouenTHOA® OTpHLATENLHON OC-
paTHOH# CBA3H).

HanomumMm, 4TO B Kackaje mo cCXeMe KaTOJHOFO IIOBTO-
puTeas oTpulaTtenbHas o6paTHas cBa3b Ouauska K 100-mpo-
ueHTHo#. Ilpy arom ¥YIIT npespamaercs B cBO€OOPa3HbIA
TpaHcHOPMATOP COMPOTHBJIEHHS:- OH HMEEeT O0JbILOe BXOJHOE

W OUYeHb MaJioe BHIXOJHOE CONPOTHBJEHHE (CM. HHXKeE),
aU,  =<U

BBIX BX*

[Ipg HeoOXOAHUMOCTH CTAOWJIH3UPOBATh YCHJEHHE TOKA
MPUMEHSIOT O0paTHyi0 CBA3b MO CXeMe, NPHBEJEHHOH Ha
pac. 32,6 (A JATYHMKA C 3a3E€MJEHHBLIM IIOMIOCOM) HJIH Ha
pue. 32,2 (mJas HArpy3ku C 3a3€MJEHHBIM IOJIOCOM). 37ech
HampsKeHue OOpaTHOH CBSI3W CHHMAETCs € COMPOTHBJIEHHS
5 u s1. Bpetino. 65
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R, ., BKJIOUEHHOrO MOCJEN0BAaTeJbHO ¢ Harpyskoit R . Cue-
nosateqapto, U, =IR, .
[TpumensioTcst Takxe CXeMbl KOMOHHHPOBAHHOH OTpHILA-

TeJNbHOH 006paTHOH cBsiH, rae U . CKJaAbBa€TCS M3 JABYX
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Uy, A Lf” e |fn Upe l;c A i
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Puc. 32. CxeMbl o0paTHOH CBSI3H.
[MonapuocTs Hanpsixenus Uy, . Takosa, 4ro nojsipioctn U . u U, mpo-
THBOMOJIOXKHBL.
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HampsKEeHHA, COOTBETCTBEHHO MPOMOPIHOHANBHEIX TOKY [,
U HanpsKeHUo Umx,

Bripaxxenne (36) mokaseiBaeT, 4TO pesyJbTHpYIOLlEE YCH-
aenue YIIT cHuxaeTcs 3a cueT OTpPHLATEJBLHOH OGpaTHOH
cBsisu B 1 +BK pas. Bo crosbko ke pa3 cHmkaercs H OT-
HOCHTE/bHAasd  HEeCTAOWJIbHOCTb  YCHJEHHs, OOGYCJOBAEHHAs
CTapeHdeM Jamm, Aetajteil u ApPyruMu (akTopaMH,

AKoe _ AK 1
Koo — K 14BK”

(38)

IMpu cunpHo#f oTpuLaTenbHOU O6PATHOH CBA3H M GOJBIION
BeanunHe K paGouee ycunenue YIIT npaxtuuecku He u3MeHsi-
eTcs npu CMeHe JiaMIl, U3MeHEHHH MNUTAIOIINAX HanpsKeHHH
Ha = 5% M TemJOBOM H3MeHEHHH CONPOTHBJEHHI (B pe3y.b-
TaTe pabouyero mporpeBa) B LeNsX YCUJIHUTeS.

Crabunusanuio yCu/aeHHsl He cJedyeT CMellUBATh cO cTabn-
Ju3aled HyJs: oTpuuaTtenbHass o6paTHas CBSI3b, HamnpsxKe-
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HHMe KOTOPOH BBOLMTCS MEXAY BXOJAOM YCHJHUTENS W HAaTUHKOM
CHTHAJIa WJIH MapaJjileIbHO DATUMKY CHrHAaJa, He MOXeT KOM-
MeHCHpPOBAaTh Apelida, UCTOUHUK KOTOPOro HAaXOAHUTCS BHYTDH
JaMmbl (OH Kak Obl BKJIOUEH TOCJEeJOBATENBHO C NPOMeXYT-
KoM Cerka — Kartof). MMelomuecs B JuTepaType CBeleHUS
O CHUXeHUH gapeiida NmpH NOMOLIM OTPHULATENbHON O6paTHOMH
CBSI3H HAaJA0, NO-BHAMMOMY, NMOHMMAaTb KaK yMeHbllleHHe CIIOJ-
3aHUA M0Ka3aHu# NpuGOPOB, OOYCJAOBJEHHOe yMeHblIeHHeM
yCHJIeHHS, a He KaK yMeHblIeHHe NPHBEJEHHOTO KO BXORY
npeiipa. Ilpenen wuysctBuTenbHoctd YIIT, omnpenenseMblit
npeitoM, HENOCPEACTBEHHO He YJydYllaeTcs BBeIeHHeM OTDH-
natensHoll o6patho# csszd (1. e oTHowenne U, /U - nis
YIT c oaHUM M TeM XKe AaTYUKOM He yBEeJHYHBAETCH).

B VIIT ¢ GOJbluMMM CONPOTHBJEHHAMH R, ¥ GOJ/IbIIOH
emgocThio C_ Ha BXOZe HAGMONAeTCs 3anasiblBaHHE BXOX-
HOT'O HAamNpsiKEHHs MO OTHOLIEHWIO K TOKY JA4aT4HKa, 00yCJIOB-

JIEHHO® TIOCTOSHHOH Bpemenu t =R C . AHaiu3 U OUBIT

BX ~BX'
TOKAa3BIBAIOT, YTO OTPULATE/IbHAS OGpATHAS CBA3b yMEHRIIAET
noctosindyio Bpemenun e 1-BK pa3, a B YIIT co 100-mpo-
LEHTHOH O6paTHOH CBsi3bio — npuMepHOo B K pa3. buaaroaaps
3TOMy Kak Obl yMeHbuiaercs BxogHas emkocTh YIIT, uTo
MO3BOJIIET MOJNBL30BAThC GOJNBIIMMH 3HaueHusMH R ., T. e.

spheKTHBHO MOBHILATHL Mpexen  yyBcTBHTenbHOCTH YIIT.
C npyro#t CTOpDOHBI, YyBeJHYeHHE ObICTPOAEHCTBHsS TaKXKe
IBJISIETCS] LIEHHBIM Pe3yJbTaTOM JJd pPAna BaXKHBIX IpUMEHe-
HHH.

IIpu paccMOTpeHHHM BXOXHOTO Kackaja Mo cXeMe KaTOJHO-
ro nosropureas (cM. puc. 16) yxe ykaswiBajoch, uyTo o6par-
Has CBA3b CYyLIECTBEHHO IMOBBIIIAeT BXOJHOE CONpPOTHBJIEHHE
JaMnel 3Toro Kackana. To ke HMeeT MeCTO U B MHOroxackan-
uplx YIIT, B KOTOphIX HampsiKeHHe oTpHUATeNbHOH 06paTHOH
CBSI3M MOJAeTcs B KAaTONHYIO IleNb BXOJAHOM JIaMIBl.

B npasuabho ckoucrpyuposansom YIIT oGpatuyio cBssb
BO3MOXKHO H3MEHATh B OUeHb IIHPOKHX Npeflesax, He yXyauas
napamerpos YIIT. DTo mosBojiger perysnupoBaTh yCHJIEHHE
VIIT c BHLICOKOOMHBIM BXOAOM 0OpH IIOMOILIH CPaBHHUTEJNBHO
HH3KOOMHBIX IIePeMeHHbIX CONPOTUBJIEHHH, BKIIOUEHHbIX Ha Bbi-
xomxe YIIT.

Jlast HarJsAHOCTH paccMOTPUM uucjoBoil npumep. IlycTo
ycuienne K = 10%. Torxa npu f= 1072 nonyuum paGouee ycu-
genne K, .~ 100, HecTaGUNBHOCTL KOTOPOTO COCTaBHT OKOJIO
1% or necrabuabHoctd Gea oGparnoii csasu. Ilpu 100-mpo-
5% 67



IeHTHOR o6patHoit cBsa3u K = 1. [lycTb BHIXOZHUE CONpPOTHB-
JeHue ycunutens (puc. 32,a) cocrasasier 10 kom. He yxynmas
YCIOBUA HArpyskH, MOXKHO BKJIOUHTb Ha BBIXOJe I[IOTEHIHO-
mMemp R;=99 KoM C OrpaHHUATENLHBIM CONpPOTHUBJIEHHEM
Ry=1 kom wu perynuposath ycumenue or 1 go 100. MoxHo
TaKXKe 3aMeHHTb R; KaJHODOBAHHBIM CTYNMEHYATBIM [ejHTe-
JgeM. B stom ciyuae manueii YIIT MoxeT CAyKHTbL H3MepH-
TEeJIbHBIM NPHGOPOM BBICOKOTO KJI4cca TOYHOCTH. °

Boo6uite, neckosbko npeoGpasoBaB BoipaxeHue (36)
K=o =———" (39)

o 1 +?K* 1
x x +3

MOXHO BHIEThb, 4TO NpH Goabmux 3HaueHusx K paGouee ycu-
nenue K, . 3aBucuT moutu TosbKo or 3Hauenus P. [locreanee
XKe MOXHO YCTaHOBHTb C TOYHOCTBIO, BIIOJIHE JOCTATOUHOH AJIS
GOJIBIIMHCTBA PHMEHEHHUH.

Konkpernble cxembl YTIT, B KOTOpHIX OCyllecTBJeHa OTPH-
natesnbHas ob6paTHas CBs3b, paccMaTpUBAlOTCs B I 5.

TJIABA NTATAA

NMPAKTHYECKHWE YCHJIUTEJIH WU U3MEPHUTEJIU
CHUIHAJIOB «IMOCTOSAHHOI'O» TOKA

17. MHOTOAHAINNA3OHHBIE MUKOAMIIEPMETPbI

B nacrosiee BpeMsi B TeXHHKE ¥ HAYUHBIX UCCAENOBAHHUAX
HanGoJiee 9ACTO HCNOJBb3YeTCs JAHAmas’oH MaJjblX TOKOB OT
10-5 go 10~2a, 1. e. or 10 mKka po | na. Ato ob6aacTs paGounx
TOKOB AaTuHKOB ((OTO3JEeMEHTOB, HOHHU3AMHOHHBIX KAMep, raso-
paspsiIHBIX CUETUHKOB, (POTO3JEKTPOHHBIX YMHOMXKHTEJEH U 11p.).
BuyrpeHnHee conporuBieHHe O6oJbllell 4acTH I3THX- AATUHKOB
BeCbMa BeJHKO, YTO IO3BOJIsieT MPHUMEHSTh JOCTATOYHO MPO-
crele o cxeMe YIIT npsiMoro ycHJeHHst ¢ BHICOKOOMHBIMH CO-
MPOTHBJEHUSIMH Ha BXOe.

ITpu pacuere BxoxHo# uemu Takux YIIT wucxoxsit us
caenyouux coobpaxenuit. [lycTh 3ajaH MHHMMaJbHBIA H3Me-
psaemblit ToK [ ... ITOT TOK OOBIYHO COOTBETCTBYET NPH-
MEpHO !/, WIKaJbl MOJJHANa30HA HAuGOJbLIEH UYYBCTBUTEJb-
HOoCTH. lleHa 1mkaJer, TakuM 06Da3oM, COCTaBJSET OKOJO
107, uy- Tlorpemnocts 3a cuet Jpefia, Kak mnpabHjo, He
IoNXHa npespimars 20/ B wac. Tak xak B CTaGHIM3HPOBAH-
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HoM YIIT mocne HayaspHOro mporpeBa Apefid mnpuGIH3H-
TeJbHO paBeH 2 m8/4,T0 1esecoo6pa3HO BHIGpATb YYyBCTBH-
TEJbHOCTb MOJHOTO OTKJOHEHHs MpH6opa (M0 HAMPSKEHHIO)
Uy vare=2-107%/2.10*=0,1 6. OTcioma  pacCuuTHBAEM
BeJHUMHY BXOMHOIO CONPOTHBJAEHHA JJd  NOAJAHANasOHa
HanGoJbIIEeH YyBCTBHUTEJNBHOCTH:

UBX.MaKC

RBx.Maxc;': 107 °

BX.MHH

Ecou, wnampumep, [/ .. =10"%a, T0 R, ...=0,1/10X
X 10-2=10" ox. ConpoTHBIEHHS AN OCTAJbHBIX IOAAHANA-
30HOB OGYyIyT COOTBETCTBCHHO MEHbLIE.

CxeMma nogo6Horo mMUKoaMmepMeTrpa NnpuUBedeHa Ha puc. 33.
BxomHoi#t kKackaj co6paH 1o cxeMe KaTOMHOI'O NMOBTOPUTeNS] HA

aamnax tuna 6)K7 wau 6)K1DK, ns goropeix mamna JI — pa-

Puc. 33. Cxema MHorompeaesbHOro muKoaMnepMeTpa Ha MPHEMHO-YCHIIH-
TeJbHBIX JIaMIIax.

Gouasi, a JI3— ypasHosewmuBatomas. Jlamna JI; paGoraer
B 3JeKTpoMeTpuueckoM pexuMe II; mom6op onruMazabhoro
AQHOMHOTO HampsKeHHs IMPOH3BOXUTCS DEryJHPOBKOH compo-
THBJMeHUs1 Ri;. VIaMeHeHHWe mpelesoB u3MepeHHil ocyilecT-
BJIsIeTCSI MPH MOMOLUK Mepekaiouartens (C KepaMHYeCKoH Iia-
toit) [I;, coemuHsiOLlero BXOA NpuGOpa C COOTBETCTBYIOUHM
conportuBgeHdeM. I1pu 3TOM cyMMapHOe CONPOTUBJ/ICHHE B LelH
ceTKH JaMmel JI; ocraeTcs 6e3 W3MeHeHHs, 4TO CrHOCOGCTBYyeT

69



Goabuleft ycroiuuBoctu pexxuma. Karoawl samn JI; u JI3 co-
eNHHeHBl C CeTKaMH JaMnbl JI; 6aJaHCHOTO OKOHEYHOro Kac-
kaga (tak kak B atoM YIIT Hanps:KeHHe BXONHOTO CHIHA-
Ja JocTaToyHo Besuko, To ITYH He nyxen). ITokaseiBalomuii
npu6op ( MukpoaMmnepmerp pA tuna M-24 ma 200 mka) BKIIO-
yeH MeXJy aHOJZaMH JaMnbl JI; uepe3 CONPOTHUBJEHUs Rgs—
Ry, mepekisiouaeMble (mepekjatouarteneM [13) OXHOBpPeMEHHO
C BXOIHBIMH cONpoTHBJMeHUAMH R;— Rq. Tlpn moMomu compo-
TUBJNEHHH Rgs — R3y npu rpagyupoBKe NMHKOoaMmmepMerpa KOp-
PEKTHPYeTCs pacXoxkKIeHHe MNpelesioB U3MepeHHH MeXAy Mof-
JManasoHaMu, KoTopoe o6yCJIOBJIeHO pa36pocoM BeJIMYHH BHI-
COKOOMHBIX BXOIHBIX CONPOTUBJIEHHH. YCTAHOBKA HYJs MPOH3-
BOJHUTCA NPU TIOMOILK COMpPOTHUBAeHUsT Ris, a yCTaHOBKA o61eit
YYBCTBUTEJIbHOCTH — NPH noMoluu myHta Ris. [TepemenHoe co-
npoTiB/aeHue Ryg B lemu Katoga JaMnsl Jlp CAYXKHT AJd
nop6opa nmpaBu/ibHOrO pexuma. st paGoTel ¢ CHTHaJaMH
o6Genx MOJISIPHOCTell npenycMoTpeH nepekiiouareas [ Ilura-
HUe Hakana Jamn JI; u JI3 cTaGuIn3npoBaHo 6apeTTep0M JIs,
a aHOJHOe MHTaHHe — CTAOUJUTPOHOM J 4.

TexHuueckue MaHHble MPUGOpa CIeAYIOIHe: YHCJIO NOJAUA--
na3oH0B 9; TOKH IOJHOrO OTKJOHeHus1 oT 5+ 10712 g0 5- 104 a;
MOCTOsSIHHAS BpeMeHHW BXOJa OKOJIO 2 cex; MUHUMAJbHBIH H3-
mepsieMblit Tok 0,5 na; apeitd (mocsne nosyuacoBoro mporpe-
Ba) He GoJsee 2 m8/4 B mepBHle 2 4, 3aTeM okoJio 10 ms 3a
10 «; menuHelHOCTbL MOKa3aHHH He Gojee = 3% mkaJmn; pac-
XOXKJAeHHe MOKAa3aHUM IpPH NepeKJIOYeHHH MOJNSIPHOCTH He 6o-
jgee *=2%' mKanbl; pacxoxJeHHe MeXIy INOAAHaNa3oHAMH
menblte 3% or 5:107% go 5-10-%a u menbuwe 6% na ocraib-
HBIX MOAAMaNa30HaX; HEyCTOHYHBOCTh TI'PALYHPOBKH MeHble
5% B roa; apeiid mo nuranuio okoso 1 me na 1% wusmenenus
HaNpsXKeHHs] 3JeKTpoceTH; mnorpebiseMass OT 3JIeKTPOCETH
MOIIHOCTb OKOJio 25 87. PacxoxkpaeHue MeXIy MOAAHANa3oHa-
MH M HeyCTOHUHBOCTb TPaAyHPOBKH OGYCJOBJIEHB TJaBHEIM
06pa3oM CBOHUCTBAMH BHICOKOOMHBIX COIPOTHBJIEHHH.

[IpuGop (pa3mepamu 250 X 220 X 200 mm) co6pan Ha
IlaccH ¢ HAKJOHHOH mNepelqHeii maHeJnio. BXonHoi#t Kackan
BMeCTe C IJ1aTOH Nepekaiouatenss [I; 3akiioueH B MAacCHBHBIH
9KpaH, OTHAENSIONMH MOHTaX CETOYHOi uenu Jamnel JI; ot
oCTa/bHBIX yacTeit mpuGopa. OnbIT MOKasaJjd, YTO 3TOT IHKO-
aMIepMeTp INIPOCT B HaJjaJKe H IPaiyHpPOBKe, HaleXeH B 3KC-
mJayaTaluyi, YCTOHYHUB U J0JroBeueH (MHOTHe 5K3eMILISPH pa-
Gorator mo 3000 4 u Gosee Ge3 cMmenn Jamn JI; u JI3). baa-
rogapsi 3TMM KaueCTBAM TaKue NPUGOPHl IUHPOKO HCIIOJNb3Y-
I0TCSl B IPOH3BOJACTBEHHBIX YCJIOBHAX.
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CuoieflyeT OTMeTHTb, 4TO JJIs [1IePBOrG Kackaaa BMeCTO MeH-
ToR0B JI{ U JI3 Jdy'llle NPUMEHHTL ABOHHON 3JIEKTPOMETpHuUE-
ckuit TeTpox THnma DM-5 (cxema BXOmHOro Kackajga ¢ 3To#
JaMnoi npuselneHa Ha puc. 20,6). Ilpu 3ToM omHy H3 ympas-
JSIOLWHX CeTOK ABOMHOrO TeTpojia CJefyeT 3a3eMJINThb, a €ro
aHOJBl COOTBETCTBEHHO COENHHHTb C ceTKaMu Jjamibl Jlo. Co-
NPOTHBJEHHe Ry B LeNH KAaTOAOB 3TOH JiaMIBl ‘HYXKHO YBEJHU-
YUTh OPUMEPHO A0 3 KOM, a compoTHBjeHHe R34 B 1enn Gaper-
Tepa Jls cnenyer H3MeHUTh B COOTBETCTBHHM C TOKOM Hakasa
tTerpona (GaperTep MOXKHO 3aMeHHTb APYTHM, HalpuMmep THIA
0,425B5,5-12).

TexHnHueckHe pnaHHBle NHKOAMIEpMeTpa ¢ JaMIof THma
OM-5 cyluecTBeHHO YyJYUIIAIOTCS: BPeMeHHOH Apeid cHukKaer-
cst 1o 3—5 me 3a 10 4, HeauHefinocts a0 * 1%, pacxoxmenune
NOKAa3aHH# NpH Mepek/ouYeHun noaspHocta po =+ 0,5%, apeitd
Mo MUTAHHIO A0 £ 5 M8 Ha * 15-MpoOUEHTHOe HU3MeHeHHe Ha-
NpsXKeHHUs 3JeKTpoceTH. YyBCTBHTEJNBHOCTh MOJHOTO OTKJOHE-
Hus npu6Gopa (Mo HaNpsiKEHHI0) Bo3MOXKHO goBectd g0 0,1 8
(BMecto 0,5 8 ¢ nenromamu tuna 6)K1)K), uro coorBercTByeT
YYBCTBHTEJBHOCTH 110 ToKy 1-10-12¢,

18. MHOTOAHATTABOHHBIE YNT MPSIMOro YCHJIEHHMS
C OTPHUATEJIbHOHW OBPATHOH CBS3bIO

Tounocts mpu6GopoB, co6paHHEIX MO cxeMe pHC. 33, H yCTO#-
YHBOCTb HX FPAAYHPOBKH CYLIECTBEHHO 3aBHCAT OT KauecTBa
BXOMHBIX CONDOTHBJEHHH H OT H30JSALHHU IUIATH NEepeKIIoya-
tens [T, CrapeHHe CONMPOTHBJEHHH M JlaMO BTOPOTO Kackana
TaKkXke MOXKeT BbI3BaTh n3MeHeHue nmapamerpoB YIIT. C uennio
MOBBIIEHUsT CTaOUIBHOCTH H TOYHOCTH Iesiecoo6pa3HO BBECTH
OTpHIIAaTEe/IbHYIO 0GPaTHYIO CBSI3b M YIPOCTHThL MepeKJIoueH!s
B BHICOKOOMHO! BXOJHOH leNH; H3MeHsisl TyOHHY OTPHIIATeNb-
HOH 0OpaTHOH CBSI3H, MOXKHO H3MEHSITb NpeJesbl H3MepeHHH.

Cxema YIIT, B xoropoii ocyluecTBJeHB 3TH Mephl, NpPHBe-
neHa Ha puc. 34. Bxoanas samna JI; paGoraer B 3JleKTpoMeT-
puueckoM pexume II. Ycunurenr na nammne JI; u JeBBIX (1m0
cxeMme) Tpuomax Jsamn Jg u J3 umeer kosdhduuueHr  ycuie-
HHs Ge3 o6partHoi cBsizu okoso 104 Tlpaswiit (mo cxeme) Tpi-
on JaMnel JIy CAyKUT AJsi KOMIIEHCAUUH TeMIepaTypHOro Ka-
ToAHOTO Apeida, a npaBbil TpPHOA JaMnHl JI3 sBJsieTCA KaTod-
HelM noBTopHTesneM. C xamuGpoBaHHOro menutenss Rz — Ry
CHHMaeTCsl HamnpsiKeHHe 0o0paTHOH CBSI3H, MeHsOLleH ycHie-
gue ot 100 no 1. B stoM VYIIT ¢ BXOOHBIM COMPOTHBJIEHHEM
10-10° om nepekpmiBaeTcs AHanas3oH TokoB ot 5-10-'2a go
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0,5-10~° a. Ocranbubie noaauanasons ot 50-10-2a 1o 5:- 106 a
NepeKpPBIBAOTCS MPH MMOAKJIIOYEHHBIX COMPOTUBJIEHHAX Ry 0 Rs.

YIIT npsMoro ycHieHus ¢ OTpPHLATeNbHOMN oépamqﬁ
CBSI3bI0 NMPUMEHSIIOTCS He TOJBKO B H3MEPHTENbHBIX YCTPOH-
CTBaX, HO H B aBTOMAaTHKe, a TaK¥ke B CUETHO-PelIalOIIUX yCT-
pofictBax. CylecTBeHHHH HeJOCTaTOK NPUGOPOB 3TOro BHIA
(B cayuae paGoThl ¢ HemepeK/al0YaeMbIM BXOAHBIM CONMpPOTHBJIE-

& + 3006
&+ 1008
Ay —(cmad)
sl i’
I
o 7 /3]]
- 927

08
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Kis HyrR
62x%
T08(emat)
lema
|
x /0 X309 X100
K1y 250 | Rpg500 lyl?fxiﬁ’gg S5 l Ry 175% @ ;%mm)z
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Puc. 34. CxeMa MHorompejesnbHOro usMepuTeabHoro VYIIT ¢ oTpHuATeDb-
HOH 00paTHOH CBA3bIO.

HHEeM) COCTOMT B GOJBIIOM NafeHWH HANpPSKEHAS HAa BXOJE
npu pabore Ha AHamna3oHax MaJjofl YyBCTBUTeJbHOCTH. Bemen-
CTBHE 3TOTO OHHM He MOTYT MOJIHOCTbIO 3aMeHHThb IPOCThble NMpPH-
6opel, cob6paHHble MO CXeMaM, CXOAHBIM C MOK4a3aHHOH Ha
puc. 33.

Baarogapsi OTHOCHTENBHO HH3KOOMHOMY Je/UTeJI0 pac-
XOxKJAeHHe Mex1y noanuanazosHamu B YIIT no cxeme puc. 34
MoxeT ObTh yMenblieHo 10 % 1%. Opgnako a6cosiooTHas mo-
TPEIIHOCTb 3/leCh 3aBHCHT OT KaueCTBa BKJIOYEHHBIX HAa BXO-
Je CONPOTHBJIEHHH, TaK XKe Kak H B npubopax, paGoTaioIiux
mo cxeMme puc. 33. s yMeHblIeHHs] NMOTPELIHOCTH H3MepeHHs
72



MaJBIX TOKOB HeOOXOAMMBI BBICOKOCTAGHJbHBlE U TOYHO KaJH-
GpoBaHHble CONpPOTHBJEHHs B jAuanasoHe 108 — 10!2 om.
IToBbIlIeHHe TOYHOCTH HM3MepeHHHi BO3MOXKHO H IyTeM
yMmeHbllenns apefida. ITocnennee mossosnusno 66l pa6oraTs npu
MeHbIUMX 3HayeHHAX U,, M COOTBETCTBEHHO MeHbIIMX, HO 6o-

Jlee TOYHBIX COMPOTUBJEHHSAX R, .

19. YOT C BXOILHBIM NPEPBLIBATEJIEM

Onnn M3 cmoCOGOB CYINECTBEHHOTO yMeHbIIeHHs Apeiida
COCTOHT B MpeoGpa3oBaHHH CHTHAJA MOCTOSIHHOTO TOKA B Nepe-
MeHHOe HamnpsiKeHHe IOCPeACTBOM MeXaHHYeCKUX (KOHTaKT-
HbIX) npepoiBateiefl. [Tpunuun peiicreuss YIIT srtoro Buzaa
onucan B § 2. Yactora npepuiBanuii 06bluHO GepeTcs paBHOf
o+
7508

i

Puc. 35. Cxema YIIT ¢ BXOAHHIM npepbiBaTesieM.

76O yacToTe CeTeBOrO Hampsikenus f,, au6o 2f,. Hapany
CO CHeLHaJbHBIMH KOHCTDYKUHAMH YacTO B KauecTBE IpephBa-
Tesiefl NPHUMEHSIOT TILATEeNbHO OTDPETryJHPOBaHHblE MOJISIPH30-
BanHele pese THnos PII4 wunu PII5 ¢ nmnaTuHOBBIMH KOHTAaK-
TaMH.

Ha puc. 35 npuBeneHa cxeMa mpoCTOro H HAaAeXXHOro
B skcnayartauun YIIT ¢ OByMsi CHHXDOHH3HDOBAHHBIMH Iipe-
pblBaTeNsIMH; BTOpOil mnpepuiBatenb [l; pa6GoTaer B Kackaje
IeMOAYJATOpa, COGPAaHHOrO MO CXeMe MeXaHH4ecKoro (CHH-
XPOHHOTO) BHIIPSMHUTENS.
6 H. s. Bpefino. 73



IMpepbiBaTesy NpPUBOXATCS B  IBHXKeHHe MHUHHATIOPHBIM
snexTpoaBHurateseM. Ycuautens (IIYH) co6pan Ha aByx
JIBOHHBIX TPHOAAX, KaxKAbli U3 KOTOpPHIX paGoTaer B CXeMe
C oTpHuaTeJbHON o6paTHO#i cBsi3blo. [t ympaBjieHHs 4YyB-
CTBHTE/IbHOCTBIO CJYMKHT AeJHTeNb H3 CONPOTHBIEHHH Rg-—
R;;. MoXHO NpPHMEHHTb AJIA 3TOTO H OTPHIATEJbHYIO oGpart-
Hyl0 CBS3b (Llemb KOTOpOI Moka3aHa NMyHKTHpoM). B  atom
cayyae menutenb Rg— Ryy Hckaouaercs.

ITpu TwIaTe/bHOM BHINOJNHEHHH NpepbIBaTesel (TOUEYHBIC
30/10Tble KOHTAKTHl, OTCYTCTBHE CKOJbXKE€HHs, Jpebe3KaHUA
U Jp.), Xopoulefi 5KpaHHUPOBKe, repMeTH3alHd BCell BXOLHOH
9acTH i1 OTJeNbHBIX 9KPaHaX Ha TpaHChoOpMaTope H MpephiBa-
Te/sIX YyBCTBHTEJBHOCTh MOJIHOTO OTKJOHEeHHs mpubopa co-
cTaBJjsieT 0KoJio 1 M8 mpu moMexax Menee 50 MK3 H BXOLHOM
conpotuBaenuu okoso 0,2 Mom. Ilpn pacueTHoiéi Harpyske
tTpaHchopmaropa Tps 600 om kpyTu3Ha ,~= 10 ma/ns.

Hpeiid He npesbimaer 50 uxg B cyTku (nocie 40—60 4 Tpenu-
POBKH NpepriBaTeseil).

Kpome nmpocreiiliero  MexaHHueCcKOro  AeMOAYJSITOpa
B YIIT co BXOAHBIMH NpepHIBaTeNsIMU IPHMEHSIOT NeMOAYJsi-
TOpHl THNa (ha30BOro (CHHXPOHHOrO) AEeTEeKTOpa, cXeMbl KOTO-
pBIX BecbMa pa3HooGpasubl. Ha puc. 36 nmpuBenensl naunGosee
ynorpe6GuTe/bHble B HAcTOsIllee BPeMsi CXeMbl, OCHOBHbIE NpeH-
MYILeCTBa KOTOPBIX COCTOSIT B NPOCTOTE H HaJeXHOCTH.

Cxema Ha puc. 36,a npeacrasiasier co6oif MOCTOBOI JeMo-
nyasrop. Tpancdopmatop Tp; BKAIOUEH Ha BBIXOJE MOCJHETHE-
ro kackaga ITYH. Ero Bropuunasi o6MoTKa nmuTaeT JHOAHBIA
MocT. B nuaronanp MocTa BKJIOYeHa BTOPHYHasi oOMOTKa
tpancdopmaropa Tpy, mepBuuHasi 06MOTKAa KOTOPOTO HMHUTAETCS
HanpsokeHuem U, oT o0lueil JIMHAH C KaTYLIKOH BO30YyXie-
HYSI BXOJHOTO IpephiBaTes.

Hemonyasarop no cxeme Ha puc. 36,6 paGotaer Ha [OBYX
IHOJAaX M HMeeT CHUMMETPHUHBIA BBIXOH, XOPOILIO CcOrIJIacye-
MBIl ¢ GaJlaHCHBIM OKOHEUHBIM KacKaaoM. [leMOAyJasiTophl Ha
YCUJHUTEJNbHBIX TPHOAAX HJIH TeNTOAax NPHMEHSITCS CpPaBHH-
TeJIbHO PEeAKO H3-3a HX HecTaOUAbHOCTH H 60JbLIOH 3aBUCHU-
MOCTHM HMX XapaKTepHUCTHK OT [lapaMeTPOB JaMIl.

Ha puc. 36,8 npusenena ymnpomiennas cxema YIIT c Kow-
GUHUPOBAHHBIM (OAHOSIKOPHBIM)  IPEPHIBATEJIEM-AEMOLYAATO-
poM /7, 3a3eMJIEHHBIA SIKOPb KOTOPOTO MOOYEPEIHO 3aMbi-
kaeT Bxox u Beixox YIIT na ,3emmo¢. IlpepriBaTenb oTpe-
TyJIMpOBaH TaK, YTO B MOMEHT MepeK/IOYeHHs] MPOHCXOAUT
,TI€PEKPhITHE® KOHTAKTOB. [Ipy 3aMKHYTOM BbIXOJE KOHIEH-
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catop C,, 3apskKaeTcs TOKOM CHTHAaJla, a IMpH 3aMBIKAHUU
BXOJ@ OH paspsKaeTcs uepes compoTuBienue R BosHukario-
IMH TIpU paspAfe MMIYJbC YCHIMBACTCA M 3afAKAET KOH-
neucartop C_ .. Tlpu nepexome siKops B mpaBoe (IO cxeme)
MOJNOXKEHHEe BHIXOJ CHOBAa 3aMblkaeTcs M KoHAeHcaTop C

BBIX

UaCTUYHO paspsAKaeTcHd. Paspsm €ro NpoUCXoauT 3HAYHUTEJILHO
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Puc. 36. CxeMbl AeMOAy/sATOPOB.

MeAJIeHHee 3apsAja, TaK KaK CKODOCTh 3apsiia MpPOMOPIHO-
HaJlbHA AMIUIUTYyJ€ BBIXOZHOTO HMIyJbCa, & CKOPOCTb pas-
pssa — cpeanemy snadenuio U . Tlpu mepemene moastpHocTH
HANpsXKeHUs] Ha BXOJe MeHsSeTCS M IOJISIPHOCTh BBIXOJHOIO
nHanpsakeHus. Bo u3GexaHHe caMOBO3GYKAEHUS YCHUJIHTENS
TpebyeTcs TIiaTe/jbHass SKPAHUPOBKA NpephiBaTessd H MOpo-
BOJHHKOB BX0Ja M BHIX0JA.
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MMetoTes coobuienuss o6 uameputenbuslx YTIT ¢ BHICOKO-
KaueCTBEHHBIMH BXOJlIbIMM BHOpoOnpeoGpa3oBaTesNsiMH, MO3BO-
JNFIOIUHMH He TNPHMEHSITh CHHXPOHHBIX HEMOAYJSTODOB, BMe-
CTO KOTOPBIX Ha BBLIXOJ YCHJINTeNsl BKJIOYAIOT MPOCTOH AHMOA-
Hplit Moct. CraGuJbHOCTL TakHX HpPHGOPOB o6ecrieunBaeTCs
ray6oKko#i oTpunaTeNbHOH 0GpaTHON cBsi3blo. [IpuBeNeHHBIE KO
BXoJy Apeld u WIyMbl Tpubopa COCTaBJSIOT MeHee 2D MK8
IIPH CONPOTHUBJIEHHH BXOJa oKoJsio 5 Moxm.

20. YT C BXOOHbIM EMKOCTHbBIM MOAYJIATOPOM

DKcnepHMeHTaNbHBle HaHHble, ONMyG/JMKOBAaHHble MHOTHMH
KOHCTPYKTOPAMH H HAYUHBIMH PabOTHHKAaMH, HAIOT OCHOBaHHe
moJiaraTh, YTO HaHMeHBILIMM Jpeid(oM HPH BLICOKOM BXOZHOM
conpoTtuBieHun ob6napaiot YIIT co BXOOHBIM MOZLYJISITOPOM
B BuIe BHOPOKOHIeHcaTopa (IHHAMHYECKOro KOHAeHcaTopa).
Ha puc. 37 npusenena cxema opsore u3 YIIT rakoro Ttuma.
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Puc. 37. Cxema YIIT ¢ eMKOCTHBIM MOAYJATOPOM.

Crnenyetr yuecTsb, uTo cBofictBa kKak YIIT ¢ BxoaueiMu mpe-
puiBaTensimi, Tak U YIIT ¢ BxogHbIMH BHGPOKOHIEHCATOpPaMHU
CPaBHHUTENIBHO MaJIO 3aBHCAT OT CXeMBbl H IIOYTH IOJHOCTBIO
onpefeNsIOTCS KaueCTBOM BXORHOro MopyJsropa. Maroroie-
HHMe BHOGDOKOHIEHCATOpa «BBICHIEr0 KJjacca SIBJISETCS OYeHb
TPYAHOH 3ajayedl M elBa JI1 BO3MOXKHO B YCJOBHSIX PagUOJIO-
6urenbckoit Mactepckoil. 3ameruM, uto YIIT ¢ BuGpokoHIeH-
.caTopaMHu, NPH HM3TOTOBJEHHH KOTOPHIX He co6Jiomanach TOY-
HOCTh H «CBEPXUHCTOTAa» COOPKH, MOTYT UMeThb 6oJiblline apeiid
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M WyMbl U yCTymaTh Xxopomwo HamaxeHHoMy YIIT c npsMbeiM
YCHIeHHEM.

OnuceiBaemerft YIIT 1npenHasHaueH st aBTOPErYJHPyIo-
IIHX CHCTeM M SBJSETCH OAHHUM H3 CaMBIX MPOCTHIX NPHGOPOB
310r0 BHJA. TOK BXOZHOrO CHrHajJa IPOTEKaeT 4Yepes COmpo-
THBJIEHHE R, KOTOpOE MOXKET OBIThb JIHOO MepeKIouaeMbIM
(kak B cxeme Ha puc. 33), 60 cMeHHHIM. MakcuMasbHas
BeanduHa R =10 — 10" ox. Uepes compoTusienne R,

BXOJHO€ HANpPsXKEHHe IOCTYNmAeT HA HEMNOABMXKHYIO ILIACTHHY
BUOpOKoHAeHcaTopa C,. OTa NJACTHHA JOJKHA ObITh TILA-

TeJIbHO H30JHPOBaHA (TedJOHOM, MHOJHCTHPOJOM) U HMETH
MHHUMAJIbHO BO3MOXHYIO €MKOCTb OTHOCHTENBHO KOpIycCa.

ITopBuxHaa nmactuHa (Bu6GpaTop) BHOpPOKOHAEHCATOpA
npejcTaBisier co60H YOPYrylo IJIaCTHHKY ¢ COGCTBeHHOH ua-
crotoii okono 500 ey. Oua 3asemiieHa, 6jarogapsi yemy fo-
CTHraeTcsi XOpollasi 5KPaHHPOBKA HENOABHIKHOH ITACTHHEL.
Karymka Bo36y:xkmenuss BHOPOKOHJeHCAaTOpa HMeeT CpeIHHH
BBHIBOJ M BXONHT B cXeMy redeparopa (saMmmna JI;) Kak uyacThb
ero KOHTypa, 6jarogapst ueMy BCs cucTreMa pa6oTaer Ha CoG-
CTBEHHOH yacToTe BUGparopa.

BxonHoit Kackag Ha Jawmne JI; paGoraer B MHKPOTOKOBOM
pekHMe NPH HaNpPSKEHHH HaKaJa JaMIbl 0KOoJI0 4 8 H Hanps-
JKeHHH Ha aHofe OkKoJio 20 8, yeM oGeCneyHBAIOTCH HE3HAUH-
TeJlbHBIe LIYMBl M MaJsblil ceTOYHBIH TOK. BTopoil kackax Ha
namie JIp, CBS3aHHBIM rajJlbBAHHUECKH CO BXOAHBIM KacKamoM,
paGoTtaer B pexHMe, GJH3KOM K OOBIYHOMY JUISI YCHJIHTeJel
HH3KO# yacToThl. TpeTuit Kackaa Ha JeBOM (IO cXeMe) TpHOAe
gamnbl JI3 HarpyxeH AeMOAayJsiTopoM (paloTaloUIMM MO MoO-
CTOBOH CcXeMe), BHIXOJHOe HaNpsKeHHe KOTOPOro uepes
¢uabtp RisR15C7Cs mocTynaer Ha ceTkKy mpaBoro (1o cxeme)
TpHoaa Jamnsl JI3 okoHeuHoro Kackajga. C KaToZHOTO compo-
THBJEHHSI Ryy JIeBOro TpHOAa JaMIbl JI3 CHUMAETCs HampsikKe-
HHe OTpHIaTeNbHOH 06paTHOH CBsI3H, cTabuUAU3HUpYIOLIEeH 06-
llee yCHJeHHe MePBBIX TPeX KackKaJaoB Ha ypoBHe okoJjio 2 000.

[Ipn nuTaHHM Hakasnta IOCTOSTHHBIM TOKOM H OTGOpPHOM
3K3eMIIsipe BXOAHOH JlaMObl COGCTBEHHBLIH LIYM YCHJIHTEJS He
npesbiliaer 10 mKe, uTo /IS cUrHaja, Pa3BUBAIOIETO HA BXO-
Je 0,1 ms, cOOTBETCTBYeT OTHOLIEHHIO CHTHaJ/iiym Gouee 10.
Kosddunuent npeo6pasoBanusi BHOPOKOHIeHCATOpa COCTaB-
asier npuMepHo 0,2, ciemoBaTtenbHo, BXxogHo# Tok 10~15q, pas-
BHBAIOLIMH HA BXoaHoM conportuBieHuu 102 om uanpsxkenue
1 ms, cosmaer Ha Bxoje ycuaurens curian 0,2 me, B 20 pas
npesbllalOUi WyM. Pazymeercs, curdan 0,2 M@ He A0/IKeH
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CONPOBOXKAAaThcs (POHOM COGCTBEHHBIX M HaBeleHHHIX MOMeX.
DTOT mpocTo#l pacuer elile pa3 OKa3blBaeT 3HayeHHe BBICOKO-
ro KauecTBa BUOPOKOHJAeHcATOPA.

21. INTHPOKOMOJIOCHBIE YNT

IToutu Bce paccMoTrpeHHble Bhillle cucTeMbl YIIT oTHocsTCsS
K VYCWIMTEJSIM TJaBHBIM 06pPa3oM <«MeIJeHHBIX» CHTHAJIOB,
NJIATEJbHOCTh M3MEHEHHsI BeJMUYHHBl KOTOPHIX COCTABJIsSIET He
Mernee 107* cex, a kax npasujo — 10! cex u Gosee. OaHako
CYLIEeCTBYET HeOOXONMMOCTh YCHJIHUBATh W HeGoJjbllive «ObI-
CTpBIE» CHTHAJBl, COAepIKalllue IOCTOSIHHYIO COCTaBJISIIOILYIO,
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Puc. 38. CxeMa mmupoxonosocHoro YIIT GanancHoro THma.

npuyeM BpeMsi NPOXOXKJEeHHS 3THX CHIHAJOB MOXKeT OGHITh
nopsiika JAoJed MHUKDOCeKyHABl. B 3ToM ciyuae npHMeHsioT
VTIT, B KOTOpPBIX aHOJAHO-CETOYHBIE LIENH JaMII PAaCCUHTAHBI HA
NpONyCKaHHe MOJOCHI YaCTOT OT HECKOJbKHX Merarepiy a0
«nocrosunoro» Toka (0 ey). OTauure HX OT OMHCAHHBIX BBILE
VIIT cocTouT B HCNONBb30BAHHHM TNMEHTOJOB CO CPaBHHUTEJILHO

HH3KOOMHBIMH COIIPOTHBJIEHHSIMH B aHOIHBIX lensax (R, € R,)),

B MaJIOEMKOCTHOM MOHTaxKe U HaJHUYUH KOPPEKTHPYIOUIHUX Ka-
TYLIEK.
Kak u3BecTHO, NOCTAaTOYHbIH KO3(MdHIHEHT YCHICHHS B LIH-
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POKOMOJIOCHOM KacKafe AOCTHraercsi 3a cueT GOJBIIOH Kpy-
TH3HBl XapaKTePHUCTHKH Jamll, Tak kKak K~ R, S. PexuM, npu

KOTOpoM o6ecneunBaeTcss GoJjiblllasi KPYTH3HA, pPe3KO OTJd-
YaeTcsi OT peXHMa MaJibIX CeTOYHHIX TOKOB. IlosToMy, Kak
npasuJo, wupokonosocHele YIIT HMeloT CpaBHUTENBHO HU3KO-
OMHBI{ BXOJ M HH3KYI0 UYBCTBHTE/NBHOCTH MO TOKY.

Ha puc. 38 npusenena cxema YIIT ¢ mosocoit 0—3 Mey
.1 ycusendneM okoJio 200. Ycusautenb co6paH mo cKBO3HOH 6a-
JIAHCHOH cXeMe ¢ GOJIBIIMMHU CONPOTHUBJEHHSIMH B LENAX Ka-
TOJOB JaMm, Gjarofapsi 4eMy AOCTHraeTcsl Xopolliee CHMMeET-
pHpOBaHHe (IpH Nojfaue CHTHAJa TOJIBKO H3 OJHH M3 BXOJI0B
HeCUMMETPHYHOCTh CHTHaJa Ha BbIXOZe He mpesniliaer 10%).
Conporusienne R4 CayXKUT AJsl VIaBHOM PEryJUpOBKH yCHIle-
Hust B mpefgenax ot 20 mo 200, a comporuBieHust Ry u Rg
HYXKHBI 1751 6aJaHCHPOBKHU MEpPBOTO U BTOPOTO KaCKaIoB.

Hpeitd Hyns mocie nosnyuyacoBoro mnporpeBa B stoM YIIT
He mpeBbimaer 20 ms/4. MakcuMasibHOe BBIXOJHOe HampsXe-
HHe cocTaBJjseT * 50 8 OTHOCUTEJbHO HAYaJbHOIG YPOBHS MO
KaXAOMYy IIeuy. YCHJIHUTE/b HCIOJb3YyeTCHd B LIHPOKONOJIOC-
HBIX ocuuJorpadax u B cxeMe AudGdepeHIHANbHBIX H3Mepe-
HHA.

22. ABTOMATHYECKASl KOMNEHCALLHSI IPEA®A
U ABTOPETYJIUPOBAHHE HYJIEBOTO YPOBHS YNT

Croco6el yMeHblIeHust npefida, onucanuble B 1. 3 U 4, sB-
JISIIOTCSE B cyU[HOCTH mapaMerpHueckuMu; cucreMa YIIT mpsa-
MOTO YCHJIeHHS] HE 3allHIIeHa OT CJAy4aHHBIX «CABHIOB» HYJs,
XOTS HX BepPOSITHOCTb M CBelleHa K HEKOTODOMY MHHHMYMY.
3HauuTeabHo HagexHee B 3ToM otHolmenud YIIT ¢ npepriBaTe-
JAMH UM BHGpoKoHaeHcaTopamu. Ho BciencTBue HH3KOH ua-
CTOTHl MOAYJSHM M OOJIBIION NOCTOSTHHOH BpeMeHH B LeMH
NeMOAYJsTOpa OHM HMMEIOT paspelllaiolllee BpeMs He MeHee
10—100 mcex u MO3TOMY He MOTYT 3aMeHHTh GBICTPOAEHCTBYIO-
wux YIIT npsamoro ycuiieHuss B psile BaXKHBIX NpPHUMeHeHHH,
HanpuMep B CHCTeMaX aBTOPErYJHPOBAHUSI HJIH B MaTeMaTHue-
CKHX MamuHax. Takum o6pa3oM, MakCHUMaJsbHOe CHUMKEHHE
apeiiha siBAsileTCss ORHOH M8 IyaBHBIX npoGieM B  06JacTd
VIIT; Ha ee paspellleHne 3aTpayuBaeTCsi MHOTO YCHJIHE.

B 1946—1947 rr. Owla mpelJioxKeHa CHCTeMa KOMIIeHca-
Huu apeifida, KOToOpylo o6pa3HO MOXKHO Ha3BaTb «aBTOMAaTHye-
ckuM omepatopoMy». Kak H3BecTHO, C I€/bI0O YCTAHOBKH HYJIS
onepaTtop BBIKJOYAET BXOJHOH CHTHAJ, OTMeuaeT IO TOKasa-
HuaM BeixomHoro npuGopa YIIT Benunuuny apeiida, a 3atem

79



MpH MOMOIIH COOTBETCTBYIOILErO PeryasTopa Bo3Bpaliaer rnoxa-
3aHus npubopa Ha HYJb. ITH QYHKUUH OGbLIM BO3JIOXKEHBl Ha
CHCTeMY peJie, IEDHOAHUYECKH MEepPEKIIOUaBIIHXCH B MOJ0XKEHHS
«paboTa» — «koMIeHcauust gpefipa». B 3aBucUMOCTH OT CKO-
poctu apeiidba YIIT u or Heo6XoJHMOI TOUHOCTH YacToTa Ie-
pekJoueHHH BhiGHpasach B npegenax 0,01—10 ey.

Ha puc. 39 mnokasaHa npuHOUOMANbHAsT CXeMa TakoH
aBTOMATHYECKOH KoMmmeHcauuu apefiga. KontakThl pene P,
B036Y:K1aeMOro reHepaTopoM /°, MepHOAHYECKH NEepPeK/IoYatoT
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Puc. 39. CxeMa aBTOMaTHIeCKOH KOMIIEHCALLHH
npeiiba Hyns.

Bzod

———-
|

-

pxox YTIIT us moJsoxenus / (KoMIEHcaluusi) B IOJIOXeHHE 2
(pa6ota). EMkocTe koHmeHcaTopa C BEIGMpAeTCst TaKOH, UTOOH!
R .C>T, , rae T ,— ATMTNbHOCTh WHKJIA TNepPeKToYeHHs;
6Jarozapst 3TOMy 3apsiji KOHIEHCAaTOpa MOXHO CYHTATH HEH3-
MEHHbBIM B TeueHHe paboyero mpoMexyTka. B moJoxenun I
Boixon YIIT coemmnsieTrcss co BxonoM (T. €. OH OXBaThHIBa-
erca 100-mpoleHTHOH OTpHULATENbHOH O6GPaTHOH CBSI3bIO),
KoHaeHncatop C BKJIOYAeTCsl MapaljenbHO BXOALY, M €CaU HA
BWIXOJIe UMeeTCs Hampsikenne Apeidda U, , TO KOHIeHCATOp

3apsaKAeTCAa 4O HaApsKEHHSA
, 1
U, = Unp(1-|—7), (40)

rae K — K03hGhULUHEHT YCHUJIEHHUS.

[Tocsie mepekJoyeHHs: peJsie B IOJOXKeHHe 2 KOHIeHCaTop
OKAa3bIBAETCSl BKJIOYEHHBIM MeXJAYy HCTOYHUKOM CHrHajla H
BxogoM YIIT. DBmarogaps GosbIIOR €MKOCTH OH COXpaHSIeT
(»3amOMHHAET®) 3apsih B TedeHHE BpeMeHHM I, U €ro MOXHO

paccmaTpuBaTh KAk HlXylo Garapelo, 3. A. C. KOTOpOH
pasra U, - IloJspHOCTL 9TOM 3. A. C, 0OpaTHA MHOJSIPHQ~
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cru U, u, Takum oG6pasoM, HampsikeHue apefia OkasbiBa-

eTcd CKOMIeHcUpoBaHHHIM. KommeHcauus TeM Jyulle, yeM
’
Gonbuie K, Tak Kak B 9TOM cJyudae ngz Unp,

Bo3aMoxkHOCTH yMeHblileHUs1 Apefitha orpaHHYHBAIOTCS 3/1eCh
MapasuTHBIMH CHTHAJaMU, O6YCJAOBJIEHHEIMH KOHTAKTHEIMU IIO-
TEHIHAJNaMH H MX H3MeHeHHUsiMH. TIIAaTeqbHO BLINOJHEHHBIM
NepekyIiouyaTe]b ¢ TOYEUHBIMH (OCTDHUHHBIMH) KOHTAKTaMH H3
cneunanbioro cnaasa (Au—949%, Ni—5%, Mn—19%) BHO-
CHT Apeiid Bcero JIMUIL OKOJIO b MK8 B CYTKH, & BCSI KOMIIEHCH-
poBaHHas ycraHoBka YIIT —20 mke B cytku. OnHako noka
TaKHe NepekaoyaTeNd U YCHIHTENH CYLIeCTBYIOT JHIIb B Ja-
60opaTopHOM HMCIOJIHEHHH. [IpH HCHOJIb30BAHHH THUIOBBEIX peJse
tunos PI14 u PII5 ¢ niaTMHOBBIMH KOHTakKTaMu apeiid HeGa-
naHcHoro YIIT cocraBasier okosno 200 mxs B cyTkun (apeidy
6e3 KoMmeHcaluui—oKoJo 1 ms/4).

HenocratkoMm 3Toi#l cucreMbl KoMneHcauuu apefidha siBasier-
cs1 npepriBucTocTh paboTel YIIT. B Tex cayuasix, xorna nepe-
PBHIBBl HEJONMYCTUMBI, COEJHHSIOT [ABa BXONHBIX Kackamna YIIT
TaK, UTO MPOMEKYTOK KOMIIEHCALIHH OJHOTO U3 HHX COBIAgaer
c pa6ouuM NPOMeKYTKOM BTOporo. B Takom ycrpoiicTBe, on-
HAaKO, CHJbHO YCJOXKHSIETCS CHCTeMa IepeK/IOUeHHH.

C nensio obecneynTh HeNpepHBHOCThL KOMIEHCALMH Apei-
tda B 1950—1955 rr. 6b1a paspaboTana CHCTeMa, COCTOSIIas
M3 YCHJIHTeNst TNPSIMOTO YCHJEHHs C MaJblM pa3pellaionuM
BpeMeHeM, HO ¢ 60JbLIUM ApeiddoM U YCHIHTENS CO BXOLHBIM
npeo6pasoBareseM, o6jajfamwliero MajawnM apeiidoMm, Ho 3aTo
6osplIMM paspellaoimuM BpeMeHeM. CxeMa BKJIOUEHHSI YCH-
JuTenell nokasaHa Ha puc. 40.

YcuneHne nepporo (r/i1aBHOro) ycuaurens 6e3  oGpaTHoH
cBA3M 0603HaunM 4depes K,, a BTOPOro (BCMOMOraTeIbHOr0) —
gepe3 K, [lepBhlil ycuiuTenb 0XBaueH CHJIBLHOH OTpHIATEJE-
HOHM o6paTHOH cBaA3bio (ee KoabduuueHt ), Graromaps Ko-
TOPOH TMOCTOsSIHHAs BpeMEHH BXxoja cHmXKaercs B 18K,
pas, mpuueM Ha BxoJ raaBHoro YIIT mnocrymaetr c ero BH-

U .
Xola Hampmienwe apefipa —2L—=U 9To HampsKeHue

B npl*
YCHIHBAETCA BTOPBIM YCHJHTEJEM H C €ro BBIXOAa MOCTy-
maeT Ha BTOpPOH BXOA  AHG(EpPEeHIHANBHOTO  BXOJHOrO
KackajJa IJaBHOTO YCHJHTEJsI.

Maremaruyeckuii aHaJau3 3TOH CxeMbl NOKA3HIBAE€T, YTO
npu Goabmx (>>1000) snauenuax K, u K, apefid ruaBHOro
ycuaureass nomkeH Obth ocnabned B B (1 -4 K,) pas, HO npu
sTOM Apedd BTOporo ycuauteas U, , yCHIMBAgTCA NpHOMM-
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1
3UTEJBbHO B T pas. CJ]eILOBaTeJIBHO, ueﬂecooépasHo HMETHb

Gosplivie BeauuuHel K, u B.

ITpuenem uucaoBoit npumep. IlycTs apefigp raaBHOrO
yeumreqas U, =20 x68, BCIOMOraTe/nbHOTO Un32=0,2 M8,
K,=2000, a B=0,5. [lpefi¢ raaBHOTO YCHJUTEJs YyMEHb-

’ 20
maeTcss 10 Unp;m,\,o,w M8, HO K HeMy JO-

Ompuyamensyas obpamnas cbasy
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Puc. 40. Cxema crabunusauuu HYJEBOro
yposas YIIT.

OaBJsieTCa YCWIEHHBIH Jpefid BTOPOro ycUJHTEJs Unp2=
0,2

=ﬁ=0’4 #8. Takum oGpasoM, B XyJameMm cJjaydae, T. €.

€C/IM HanpaBJeHHs Uy 1 Uy COBNANYT, pesysibTHPYyOMH

npefid cocraBut 0,42 m6—B 50 pas MeHbllle HAUAJBHOTO

U,,- Tpu atom raasuuiii YIIT coxpausier Bce npenMyecTsa

IpSIMOTO YCHJIEHHS.

[TepBBiit ycuauTeab cob6Hpaercsl Mo OXHOH W3 CXeM, MpHBe-
JeHHBIX Ha puc. 38 uau 34, a BTOpPOK — MO cXeMe, CXOIHOH
C MpHBeJeHHBIMH Ha PHC. 35 Hau 37, MO3TOMY MBI He MPHBO-
I4M [OJHOH cXeMbl ycrpoitctBa. Ha puc. 41 npusemeHwl Tu-
MUYHBIE CXeMbl CMECHTENbHON YacTH.
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OnwIT 1 pacueTsl NOKa3LIBAIOT, YTO HH OJHA M3 ONMHCAHHBIX
CXeM He MO03BOJIsIeT NMOJHOCTbIO YHUUTOXKHTB Apefidp nyas. Ox-
HAKO NpPHMeHeHHe 3THX CXeM HdeT BO3MOXKHOCTb YMEHBLIHTL

Obpamrasn cs3» Jbpamras cbmsb
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Puc. 41. CxeMmnl Bxogueix cMecurenelt YIIT co cTabuausu-
POBaHHBIM HYJIEBHIM YPOBHEM.

apefid 1o He3HauuTeNbHOH BeaHuuHbl (nopsiaka 100 mks), uto
BecbMa BaXKHO AJIsSI OTBETCTBEHHBIX CHCTEM aBTOPEryJHPOBAHHUS
H yIpaBJeHHUs, IJIsi MOMEJNHDPYIOUIHX MATeMaTHUECKHX MalIuH
‘M T. I., & TaK¥Ke [Jsi TOUHBIX H3MEPHTENbHBIX YCTPOHCTB.

23. OCHOBHBIE BONPOCBHI NMHUTAHHUS, KOHCTPYKILHH,
MOHTA)XA H CBOPKH YNT

[Turanune Gosbiieir yactn YIIT mosXKHO MPOM3BOAUTBCS OT
cTaGUIH3UPOBAHHBIX MCTOYHHMKOB. BBI6Op TOro uiau HHOro Ba-
pHaHTa cXeMbl MUTAIONIEr0 YCTPOHCTBA 3aBUCUT OT KOHKPETHBIX
yCJOBHH M OT TpeOGyeMO# 4yBCTBUTEJNbHOCTH npubopa. B VIIT
C MaJblM YHCJIOM KackaaoB H HeGoabwoi (mopsiaka 0,5 g)
4YyBCTBUTEJNbHOCTHIO AOCTATOYHO CTAGH/IM3HPOBATh aHOLHOE IH-
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TaHWe cTaGUJIUTPOHOM, a Hakasl — GapertepoM. MHorokackaa-
Hble YIIT ¢ 6onpliuM ycusieHueM TPeGYIOT 3JeKTPOHHOR cTa-
6uaM3anUy aHOMLHOTO MUTAHHS, IPHYEM 11e1eco06pa3HO NMUTATh
0T TOro Xe cTabuianH3aTopa ¥ Hakasj JIaMIl, COeJHHUB MOJAOTpe-
BaTesJd IMOCJENOBATENBbHO M NPHUMEHsIsT JaMIB ¢ HeGOJbIIHM
TOKOM Hakasna (Hanpumep, jgaMmnel 12-sosmbtHO#l cepun). Ilpu
3TOM LeNb Hakajla MOXeT GbiTh HMCIOJb30BaHA KaK JeJHTeNb
HamnpsiXKeHUs 1751 MHTaHHs BXOAHOTO H NPOMEXYTOUHBIX Kac-
KaJoB.

Cra6Gunusanus Haxana, Kak [NOKAa3biBaeT OMbIT, HEOGXOIH-
Ma noutd anad Bcex YIIT, B ToMm unciae u [aas 6GaJlaHCHHIX,
a takxke Ans YIIT, oxBaueHHBIX 06paTHOH CBsi3bio. [leso
B TOM, UTO Ja)Ke TLiaTejbHasi GajaHCHUPOBKA KOMIIEHCHPYET
TeMIepaTypHbIA Apeifid KaTOLOB JHIIb B CPABHUTENbHO Y3KHX
npefenax KoJjeOGaHHs HaNpsiKEHHs Hakaja, a OTpHIaTeJabHas
o6paTHas CBA3b, CTAGUIM3UDYsl YCHJIeHHe M yMeHblas ero
3aBHCHMOCTb OT HampsI)KeHHWH NHUTAHHs, He yMEeHBUIAaeT Cylie-
CTBEHHO TeMIepaTypHOro KaTOJHOTO upeﬁq)a B GosbuinucTBe
CJydyaeB MOXHO CUHTATh JOCTATOYHOH CTaGHIH3aLHUIO, oéecne-
yHBaeMyio (peppope3OHAHCHBIMH CTaGHIH3aTOPaMH.

Ecnu YIIT He mpenHasHaued [Jsl yCHJIeHHs GHICTPOIpOTe-
KalolUX NPOLeccoB, TO BEMHUHHA MYJbCAllMd aHOJHOTO HAMps-
XKeHHs1 MoxeT GbITb monyuieHa no 1%. I'maBueiM Tpe6oBanu-
€M K HCTOYHHKAM aHOAHOro NHUTAaHUs M CMeLleHHS SIBJSETCA
MaKCHMaJsbHasi YCTOHYMBOCTb HampsiKeHust Bo Bpemenu. Co-
BpeMeHHble 3JIEKTPOHHEIE CTaGHIM3aTOPLl HMEIT CyMMapHyio
HeyCTOHUHBOCTh He Gosee *0,1% 3a 10 « paGorel (mocae
[peABapPHUTENBHOTO IIPOTPeBa) MpPH H3MEHEHHHW HANpPsDKEeHHS
snektpocet Ha * 10%, wuro yHooBaeTBopsieT TpeGOBaHHAM
6oabimnscTBa YIIT.

ITurarne YIIT masoii uyBcrtBuTesmbHOocTH (1076 —10-8 @)
MOXKHO IIPOM3BOJIHTb Il€DeMEHHBIM WJIM BHIIPSMJECHHBIM He-
criakeHHBIM ToKoM. Ilynbcauus curHasa mpu 3TOM CIVIAXKH-
BaeTCsl KOHIEHCAaTOPOM, BKJIOUEHHBIM I[apajlyieIbHO BBIXOAY
YIIT. [Mopo6urie YIIT yacTo HCHOAB3YIOTCS B CHTHAJNBHBIX HJIH
HHAMKATOPHBIX YCTPOHCTBAX, a TaKkKe B aBTOPEryJHPYIOLIUX
yCTpOHCTBAX, HampuUMep [IJsi YIPaBJEHHS CKOPOCTbIO Bpalie-
HHS 5JIeKTPOJABHUraTeseil.

Koncrpykuus maccu, pasMmelleHHe JaMm H jJeTajedl OKo-
HEeYHOro W npoMexyTounslx kackamos YIIT, kak mpasuJo, co-
OTBETCTBYIOT HOPMaM pagHO3JIeKTPOHHOH anmnapaTtyphbl U 06bIY-
HO COFJIACYIOTCSI € TOH YyCTaHOBKOH, B xoropyio Bxoaut YIIT.
ITpu paboTe B YCHOBHSIX CHJbHBIX COTPSICEHHH M BHOpamuH,
KOTOPEIe MOTYT BbI3BaTh CABHI 3JIeKTPOJOB JIAMIl H CMelLleHHe
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HyneBolt touku YIIT, nosnesna mpocras amoprusauusi B BHIE
MArKOH TPOKJAAKH MM IojBeca. BaxHo o6GecneuuTr Halex-
HbEle MeTaJl/IH4ecKHe KOHTAKThl MeXKAy LIacCH, NaHeasdMH, Ko-
KyXaMH, CTOHKaMH M BCEMH Ba3eMJEeHHBIMH YacTIMH.

Tlpu xoucrpyupoBaunu BxomHoro kackama YIIT weo6xoan-
MO HMeTb B BHJY CJedylOlllie OCHOBHHle TpeboBaHus. Bxonnas
€MKOCTh JOJIKHa GbITb MHHUMAJbHOM, a COPOTHBJIeHHEe U30J5-
IIMY BXOJHOM LleMH — MaKCHMaJnbHbIM. Bce TOKoHecylllne yacTtu
HeOGXONMMO 3KpaHMPOBAThb OT CETKU BXOJHOH JaMIbI AOCTa-
TOYHO MAacCCHBHBIMH 3KpaHaMu. JlioGble nepeMelieHus (Kaua-
HHe, BHOpauusi) MPOBOJAHHKA W H3MEHEHHs] HANpSKeHHs Ha
HEM MOTYT BEI3BaTb ABHXKeHHe 3apsifioB (BCJIEACTBHe H3MeHe-
HUS TIOJIst), KOTOPOe CeTOYHBIH BBOA YJOBHT Kak momexu. Ilo-
3TOMy MoOHTaxX BXojaHOro kKackana YIIT, B ocoGeHHOCTH ero
CETOUHOH IIelH, HOJKeH ObITh BBINOJHEH JKECTKHMH H KOPOT-
KHMH COeIMHHTEJbHBIMH MpoBoxaMH. [IpuMeHeHHe pasHOTrO
pPoda H3OJSIHOHHBIX «YYJAKOB» Ha MOHTAXHBIX AETalsX 34eCh
HenonyctuMo. Heo6xonuMo Takke 3KpaHHPOBATh OT OCTAJb-
HBIX YacTelf yCTPOHCTBA IepeKJIouaTeJd H CONPOTHBJEHHS
BXona. BeimosnHenne 3TUX TPeGOBAHUH NOMKHO GHITH TeM XKecT-
Ye, ueM Bbllle BXONHOe CONMPOTHBJEHHE H UYBCTBHTENbHOCTh
VIIT. Ilone3no MOMHUTHL cJefdyiolilee NMPABHJIO: CeTKa BXOI-
Ho#l jsamnbl YIIT He nomkHa «BHAETH» HPOBOAOB aHOZa H
HakKaJja.

B VIIT, npeanasHaueHHBIX mJsi aBTOpEryJHPOBaHHUs Mpo-
MBILIJIEHHBIX OGBEKTOB, YacTO NPHMEHSIETCST OTHeJbHBIA GJOK
BXOIHOTO Kackajfa (BBIHOCHasi rososka). Ilpu xoHcTpyHpoga-
HUH Takoro 6JI0Ka KeJlaTelbHO OGecnedyuTb TrepMeTHUHOCTh
ero Kopnyca M INpelycMOTPeTb MeCTO ~ B HeM JJs KalclJs
c ocywnTesneM (THna cuJHkarensi). UToGbl cBECTH K MHHHMYMY
TepMO3JeKTpHUYeCKHe TOKH, B Kopnyce HeoG6Xxonumo usberathb
CTHIKOB Pa3HOPOJHBLIX METaJJIOB H N0 BO3MOXKHOCTH yMeHb-
IIMTh YUCJIO NaeK.

[Tpu Toke curHana mopsinka 10~!2 @ unu GoJbllle B Kaye-
CTBe H30JSITOPOB MOXKHO YHOTPeGJSTh MOJMPOBAHHOE OpTaHH-
yecKoe CTEKJIO MJIH MOJHCTHPOJ, a Mpu ToKe MeHee 10712 g u
BXOJHOM comnporuBiaeHnu Gojee 10'' om ciaemyer npuMmeHsthb
tedioH (¢drTopomracr-4). JdHTaps B KauecTse H30JSTOpPA IPH-
MeHSITb He DEeKOMeHAyeTCsl H3-3a ero JOPOTOBH3HBl H TPYHHOM
06paboTKH, a KBapl[ WJH CTeKJO NPUMEHATb BOOGIe He cJe-
QyeT, TaK KaK UX NOBEDXHOCTb OYeHb THTPOCKONHYHA M CONpPO-
THBJIEHHEe H30JSLHH MOXeT u3MeHsaATbcs B 103 — 10% pas npwu
€CTeCTBEHHBIX KOJeGaHMsIX BJaXKHOCTH OKPY»Kalolllero BO3Ny-
xa. B cayuae ke Hen3GeKHOCTH NPHUMeHEHHS] CTEKJSHHBIX HJIH
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KBapLEeBHX H30JIITOPOB WX MOBEPXHOCTh AOJXKHA OHTH 06pa-
60oTaHa KpeMHUHOPraHUYECKHMMH COETHHEHHSIMH C LeJbI0 MpH-
JlaHUSl UM BOJOOTTAJNKHBAIOIIUX CBOHCTB.

ITafikn MOMKHBI IPOU3BOAUTHCS C IIOMOUIbIO YHCTOH KaHH-
(onn, 6e3 npuMeHeHHs KaKHX-JH00 NasiJIbHBEIX MacT, B TOM 4H-
cJle M «OeCKHUCJOTHBIX», KOTOpble OUeHb YacTO COAepxkKaT Be-
IlecTBa, BPeIHO BJHSIONIME Ha KaueCcTBO H30JSITOPOB.

C60pKy BXOLHBIX KacKajoB H GJIOKOB HYXKHO IPOH3BOIHTH
TOMbKO B UYHCTBIX, XOPOUIO BEHTHJHPYEMBIX IOMelleHHsX, 3a-
UIHILEeHHBIX OT NBLIM U OT IOoNajaHHsl KaKUX OBl TO HU GBLIO HC-
napeHud, MOTYIIUX YXYAIIHTh H30Jsindi0 petasned. CGopLIAK
IpPU 3TOM He HOJIKEeH NPUKAcaThCs TOJOH PYKOH K JeTasnsiM ce-
TOYHOH Lenyu BxoxHo# samnsl YIIT.

Herann pomxHbel GbITh mepen cG6OPKOH TL[ATeNbHO OYHIIe-
HBl; XpaHUTb UX CJAeAYeT B IJIOTHO 3aKPHITHIX KOPOOKaXx.
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