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‘M. C. POUTMAH, T. I1. TPO®HMOB, JI. A. HAYMOB, A. B. COKOJIOB

(IIpencraBieHa HayuHBIM CEMHHADOM KadeApsl PaAHOTEXHUKHU)

B koMmmekce 3afay Mo MOBBIIIEHHIO TOYHOCTH H OO€eCTeYeHHI0 eIHHCTBA
H3MEePEeHHH HaNpsKEHHiI BONLTMETPAMH PA3/IHYHBIX CHCTEM (aMMIUTyLHOTO,
LeHCTBYIOILEro i cpeJHero 3HaueHui) BakHOe 3HAUYCHUE MMeeT 3ajaya ydeTa
BAHSHUS (GOPMBI HANpsAKEHHUsI Ha MOKa3aHUs Npubopa Kak NpH NoBepKax, Tak
n npHu skcnayarauuu [1]. Ilpu 3TOoM 3KCHepHMeHTaAbHOMY IOAXOAY OTHAeT-
Csl MepBOCTeNeHHOe 3HauyeHHe BBHAY CYIIECTBEHHBIX MaTeMaTHYECKHX TPYA-
HOCTEHl NP aHAJHTHYECKOM pa3pelleHHH 3aJauH. :

Ilns1 TeopeTHyeckoro aHaJjau3a HeOOXOAHMMO pacloJiaraTb TOYHOH Mare-
MaTHYECKOH amnmpoKCHMalned NMHAMHYECKOH XapaKTeDHUCTHKH = BOJbTMETPa
M 3aTeM, B oflleM cJydae, pellaTb HeJHHEHHbIE lI.I/I(pq)epeHU,HaJIbele
ypaBHEHHSA. '

IIpoGiema KamHOPOBKH M SKCIEPHMEHTAIbHOH ONEHKH . BJIHAHHA (poprI
KPHBOH HANpSKEHHS Ha BOJBTMETPbl pAa3JHYHbIX CHCTEM B 3HAUHTEJbHOMH
Mepe pellaercss NPH HaJHYHH 06pasloBOr0 TIeHeparopa NPsAMOYTOJbHOrO
HaNpSiKeHHsI ¢ peryJupyeMBIMH napamerpaMu. 3iech U JaJjee moj obpas-
LIOBBIM [OHHMAaeTcsl TeHepaTop, apaMeTphl CHTHAaJa KOTODOTO H3BECTHHI
C BBICOKOH TOUHOCTBIO. ['eéHepaTOp NpPSIMOYTOJIbHOrO HANPSKEHHS CTAHOBUTCA
[IOUCTHHE YHHBEPCAJbHBIM CPENACTBOM, €C/JIH HMeeTCsl BO3MOXKHOCTb TOYHOTO
B3aHMOHE3aBHCHMOIO PEry/IMpOBaHHSA B IIHPOKHX Ipelesax 4acTOThl, CKBaX-
HOCTH H aMIJIHTYAbl HANpPSKEHHsi NPH [PEHeOPexRUMO MaJjOi OTHOCHTENDb-
HOHM [JINTeJbHOCTH (DPOHTOB.

Bo3MOKHBEI ABa NPHHIHMIHAJIbHO - Pa3/JHYHBIX IMYTH [OCTPOEHUS T'eHepa-
T0poB. IlepBEIil MyTh — 3TO KOTHA OcyulecTBaseTcsi Ge3pedercHas reHepa-
uus TpebyeMbix QyHKIHH, T. €. KOTAa B CHCTEMe HET YYBCTBHTEJBHLIX K OIl-
pelleleHHBIM ITapaMeTpaM CHIHaJjla oOpaTHBIX cBs3ell.

Btopoit — Korza HMeloTcsi BCTDOEHHbIe Y3JIBL KOHTPOJS NMapaMeTpoB
curfajna (ysabl BblJe/JeHHs MOTPEIIHOCTH) U HX aBTOpery/jupoBaHus (ped-
JIEKCHbIe TeHepaTophl). 3aMeTUM, YTO K 06pa3loBbIM I'eHepaTopaM NpelbsiB-
JIAIOTCSI CTOJIb BBICOKHE Tpe6OBaHHﬁ K cTaOHJBHOCTH [apaMeTPOB CHUTHAJIOB,
YTO KOPPEKTHPOBKA BPYUYHYIO NpaKTHUYeCKH HCKJ0YaeTcs.

Ecan noka orB/edbcss OT «LEHB 3aTpaT» M CTPEMHTHCS K HOTYYEHHIO
HaUJyulIHX METPOJIOTHYECKHX XapaKTePUCTHK, TO BBIOOp MyTH ONpele/siercs
OTBETOM Ha aJbTEPHATHUBY: UTO MOXKET OBbITb CAeJaHO C OOJbIIeil TOUHOCTLIO:
1) cunresmpoBaHHe CHTHaJ/a ¢ 3aJaHHBIMH IapaMeTPaMHu HJd 2) OLEeHKa OT-
KJIOHEHHSI COOTBETCTBYIOLIETr0 IapaMeTpa CHrHaJja OT 3aJaHHOrO 3HAYEHHS.
B o6meM ciayduae, 060CHOBAHHBIN OTBET MOKET OBITh MOJyUYeH TOJBKO IOCJ]e
JeTaJbHOro H3yuyeHHs] BONPOCOB Oe3pe(paeKCHOM reHepaluHd U NOTEHIHAJb-
HOM TOYHOCTH BCTPOEHHBIX CHCTEM IIOBEPKU IlapaMeTpPOB CHTrHAJA.
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I/ISBeCTHbIe MeTOJbl M3MEPeHHS aMILIUTYIHOTO 3HAuYeHHs HaMpsIKeHHst
He I03BOJIAIOT IOKA CO3MaTb BCTPOEHHBIE CHCTEMLI aKTUBHON* MOBEPKH
aMIIUTYAbl ¢ norpemHoctbio, menbmred 0,05 + 0,1%. Mwmeercs peasnbHan
BO3MOKHOCTb CBECTH IOTPEUIHOCTb H3MEPEHHS aMIIUTYA K BEJHUHHE MOPSA-
ka 0,01:%, mcrnosb3ys MeTom pasHOBPEMEHHOTO CPaBHEHUSI TOICTAHOBKOH
U ocunnnorpa(b B KauecTBe HyJb-HHAHKaTOpa. Ho mopobHoro pojpa cucremy
BecbMa 3aTPYIHHTEJIbHO aBTOMATHU3HPOBATh. :

UTo KacaeTcss H3MEPEHHS BpPEMEHHBIX HHTepBaJIOB TO 37€Ch YIOBJET-
BODUTEJIbHBIE PE3YJbTATHl MOTYT GBHITh MOJyYeHbl MPU HCHOJAb30BaHHU (haso-
BbiX MeTof0B. OlHAKO B 3TOM c/Iyyae pe3KO BO3pacTaloT O0ObeM H CJIO0XK-
HOCTb O0OpPYAOBaHHs, YTO HexkesaTesbHO. JlaHHOe 3aMeyaHue CHpPaBeLIHBO
W IPH HCIOJIb30BAHHM METOJla IOJCYeTa 4AC/]Ia HMIYJbCOB, YKJAAbIBAKOIIIX-
Csl B ONpe/IeseHHbIl HHTEPBaJL. \

Takum o6pa3om, IpeANOUTEHHE c.ne;[yeT OTHAaTh 6e3pedIeKCHBIM CHCTe-
MaMm. CpaBHHTeJIbeIH aHa/au3 peanusanuil 6e3pedeKCHBIX TeHepaTopoB Pod =
nokasaJg, 4To HauboJjee palHOHAJBHO €ro NOCTPOCHHE Ha 6a3e TPaH3UCTOP-
HBIX KJIo4ell u TpHurrepoB. Bapbupys pexuM BXOJHOH LIENMH TPaH3UCTOPHOTO
KJ11048, MOXHO CPABHHTE/IBHO JIETKO NPH 3aJlaHHOl HATPy3Ke MOJYYHTb OYeHb
MaJblil TeMpepaTypHbIH U BpeMeHHOH Apel HANpsKEHHS KOJJIEKTOP-3MHT-
Tep CIJIABHOTO TpaH3HcTopa B obJjacTu HacbllleHus [3], a cienoBaTenbHO, H
BLICOKYIO CTaOUJIbHOCTD AMILJIMTY/Abl BBIXOLHOTO curHaja**. Tpurrepsl, Kak
U Jpyrue AHCKPETHble CXEeMBI, MOTYT O0€CHNeUYUTh BBICOKYIO TOYHOCTb YyCTa-
HOBKM BpPeMeHHBIX HHTEepPBaJOB [4].

[To cpaBHEHHUIO ¢ APYTUMHU AUCKPETHBIMH IEIUTENSIME YacTOThl TPULTEPHI
HMeIoT psL OOLIeH3BECTHBIX mpeumyllecTB. OueBHAHO, NPH HCIOJb30BaHHU
CTAaTHUECKHX TPHITEPOB yCTAHOBKA YaCTOTHl M CKBAaKHOCTH Oyner oCyllecTs-

. JATbCA IHCKPETHO C KPaTHOCTDIO 2. OnHAaKO OHCKpeTHasi peryJupoBKa
AapaMeTpoB SIBJSIETCS XapaKTepHOU AJs1 06paslloBOH ammaparyphl.

Omnpenennm TpeOGOBaHHSA K CKBAXKHOCTH HPSIMOYTOJBHOTO HalpsSiKEHHUS.
st 3TOrO paccMOTpUM CHCTEMY TeHepaTop- BOJILTMETP C 3aKPEITEIM BXOJOM.
Cuntaem 1moka, 4To IIOCTOsIHHAS BPeMEHM BXOJHOH LiemH BOJIbTMeTpa Gecko-
HEYHO BeJHKa H, CJAel0BaTeNbHO, CIaf BEPUIMHb NPSAMOYTONBHOTO HAlpsizKe-
HHUS “OTCYTCTBYET.. AMIIUTYHO®, JeficTBYIOIEe W CPe/lHee 3HAYeHHs NPSAMO-
YyrOJBLHOrO HANpAXKEHHA 3aBHCAT OT CKBaXKHOCTH, T. €. B 00IieM cnyqae
U, =[(Q). Kone6annus cKBa)KHOCTH OKOJIO YCTAHOBJIEHHOTO 3HAYEHHs OIl-
pelendoT HecTaOHJABHOCTb COOTBETCTBYIOILEro Hampsikenus U, . DTy cBfA3b
yI00HO HAUTH B BHAE

dU. U,
dQ/Q

OTKyla [Jsi 3aJaHHOH NOTPELIHOCTH HaNpskKeHHs K HalfeM AONyCcTHMOe OT-
HOCHTEJbHOE OTKJOHEHHE CKBaXKHOCTH.

. 3anaBas BEJUUHHY Mepenafa HanpsKeHus 2u (pHC 1) u yuureiBas
PaBeHCTBO MJIOWIAJed TNOJOKHUTEIbHON H OTPHIATENbHOH IOJyBOJHBI, Hal-
€M aMIUIUTYAy MpsAMOYTOJbHOTO HaNpsKEHWs TOocjde pPa3aeuTeJabHOI
€MKOCTH: ' ‘

2 FQ), | | (1)

Lo
e e . @)
Q
HpHpaBHHBaH CVMMY YKaSaHHbIX HJIOHlaILEH HeKOTOpOMy CpeILHeBbIHpHM-
JIEHHOMY™*** HalpPJKEeHHIO, [eHCTBYIOMEMY B TeUeHHE MepHoAa, T. €. BelHyHIe

* Tlox aKTHMBHOH NMOHEMAeTCsi MOBEPKA, Pe3yJ/bTaThl KOTOPOH HCIOJB3YIOTCA MJis1 YCT-
paHeHus1 OTKJOHEHHH mapaMeTpPOB CUTHANA OT HOPMHEL
** W3 paJjbHeiilllero BHJAHO, YTO HECTAOMJIBHOCTE MapaMEeTPOB 3aKPBITOrO TPaH3HCTOpa

He BJIMSIET HAa XapaKTEPUCTHKH BBIXOJHOI'O CHUT'HaJa.
*#% B pajpHeiilleM Oyaem ymOTPeOJATL TEPMHH «CpeIHEe HATPSIKEHHE».
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Pue: o1

[TonyueHHbIE COOTHOIIEHHS MO3BOJSAIOT HANTH NHK(DAKTOD

U e Sl
Kp=-—"= —1 : 5
, o VQ (5)
1 KoahunueHt GopMbl HaNpAKEHUA :
U Q :
Kp =—4 = =, 6
0T e (6)

YTO YAOGHO MJisi CONOCTABJIEHHS Pe3yJbTaTOB KaJHOPOBKH CHHYCOHLATbHBIM

¥ NPAMOYTOJbHBIM HaNpPAXKEHHAMH.
3HaueHus Uy, U,;, K, 1 Kp, paccuuraHHble JJsi HEKOTOPBHIX
3HaueHn# ckaxHoctd, 1 U=10 s, npusenens B Taba. 1. [lasa cyuiecTByio-

Tab6aunma l

Q S i Us Hyo I

2 10,000 | 10,000 10,000 1,000 1,000
4 15,000 8,660 7,500 1,732 1,155
8 17,500 - 6,615 4,375 2,646 1,512
16 18,750 | 4,837 2,344 3,873 2,066

I[HX BOJBTMETPOB MHK(AKTOP KaTHOPOBOYHOrO HAMNPSI2KEHHsi He MpeBbIla-
er 4. VI3 npuBelIeHHBIX TAHHBIX BHIHO, YTO 3TO 3HaueHue Kp HOCTHraercs
npu Q = 16. CiiefoBaTe/bHO, YyKa3aHHBI PsAJ 3HAYCHHH CKBAXKHOCTEH MOXKHO
CYHUTATb JLOCTATOYHBIM.
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Huddepenuupys BoipaxeHnus (2), (3) u (4) mo CKBa*KHOCTH M YUHThI-
Bas moJsyueHHele cootHomenusi gasg U, , Uy u U,, Hahzem 3aBHCHMOCTH
BHAa (l). OTH 3aBHCUMOCTH M HX UYHCJIEHHble BEJHUMHB! JJAS HECKOJbKHX
3HQYeHUH CKBAXKHOCTHU NpPHUBEIEHBl B TabJ. 2.

Tab6numa 2

JlonycTHMble OTKJOHEHHS CKBAaXKHOCTH TNPAMOYrOJLHOrO HANpPAMKEHHS
Np¥ OOrPelIHOCTH No Hanpsikenuio 3-107°

[asg aMiautTynsoro Jlng meucTBYyIOUIEro Haa cpelnero
d d d
Q o 28 10" Sy
Q Q Q
2 : 3,0 — : —
4 < 9.0 9,0 s 4,5
8 20 70 : 355
16 45,0 . 6,4 - 3.2

Jlyumine oreuecTBeHHbIE . BOJbTMETPHl aMIIHTYAHOTO, JIeHCTBYIOLIEro
U CpelHero 3HAYeHHWH HaNpskKeHUH uMelT Kiaacc TouHoctd - 0,2-0,3. as
HX KaJUOPOBKH U MOBEPKH JOCTATOYHO HMETb NOrPEUIHOCTb I10 HalpPKEeHHIO

AU U s = dUo Uy = dU /U 4 = 3-10-5,

PaccuuTanneie 1o 3aBHCHMOCTSAM Ta6J1 2 [omyCcTHMble 3HaYeHUsI
dQ/Q mpuBenens B Taba. 3.
B xoneunom cuere TpeGyemasi HecTaOU/JIBHOCTb CKBaXKHOCTH ompenesser
MaKCHMAJbHYI0 4aCTOTY TEHEPHPYEMOro HaMpsIKeHHs., ITo mameii oueHke
IJisl  TPaH3UCTOPHBIX CXeM
T B OOBIUHOM HCNGJIHEHHH 39Ta
YyacToTa OrpardyeHa BeJIHYH-
~ Hoit 10 xey. ;
T : Bepxussa uacrora reHe-
pUpyeMOro HampsikeHHsI Or-
‘paHUYEHA TaKXKe JOMyCTUMBbI-
MH NOTEPSIMH HEPrHH CHUCHa-
b Ja 32 CYeT KOHEYHOU [IJH-
TEJbHOCTH nepeKJ/JIIoueHHs
TPaH3UCTOPHBIX Kjwoued. [lus
CIJIaBHBIX TPAH3UCTOPOB 3TO
BpeMsl HaXOZHUTCS B mpegenax
; 100 Hcex, 4TO He MO3BOJSET
T YBEJHUYUTb 4YaCTOTy TeHepa-
uun Beiuie 10 key (6e3 yxya-
fm . LIEHNS XapaKTEPUCTHK BHIXO-
HOTIO HaNpsizKeHHs).
Pacemorpum tenepsn c.nyqan KOrjla IOCTOSIHHAsI BPEMEHH BXOMHOM LeNH
BOJIFMETPA KOHeUHa. JKCIOHEHIHAJbHBEIA Clajf BepPIIHHBI IIPSAMOYTOJHHOrO
HMITy/1bC4 NPHBOAHUT K AOMOJHHTENbHEIM MOrPEUIHOCTSIM MO aMIUIHTYAHOMY,
JAEeHCTBYIOUIEMY U CpeAHEMY 3HAUEHHSIM HAIIPSIKEHHUS. :
AMIIJII/ITyILy HanpsiKeBUs T[PH HAJUUYUH DPa3[JeJHUTEJbHOH €MKOCTI
(puc. 2) HalieM H3 OUEBHIHOTO COOTHOLICHHS

* T

2U
Ume

~t~ =Ty

(Umc'e e QU)E _T__i— 2U = Umca



OTKYAa

it : : (7)

a|S

=

HpI/I pa3J/JozKEeHHHN 3KCIIOHEHI(MAJbHBIX YJI€HOB B pAd U yuyeTe JUllb ABYX
HJACHOB pa3J/IOzKE€HHA ITOJYUNM :

r 1 = ; : :
ol ( 1 —{— - =\ U,, : (8)
\ Q 2<f — 1 ;
T'le B OKOHYATEJbHOM BbIpazK€HHH MNEPHOL 3aMEHEH YacCTOTOH. I[OHOJIHH' »
‘TeJbHOE€ OTHOCUTEJbHOE H3MEHEHHE Umc IO 'CpaBHEHHIO C Um COCTAaBHUT

N 1 : ¥ 7
OUmc/: - (9)
Q2= :
YduTeiBasg paBeHCTBO MJOILAfeH IOJOXKMUTEJALHOH H OTPUUATENBHOH
TIOJIy BOJIHBI, AJIA CPEJIHErO 3a MepPHUOJ HANPSKEHUsT HUMeeM

7 t

‘Uoc =2 S‘ Umc'e_—{ dt

)

[Tocse moacraHoBKH B 3T0 paBecrBo 3HaueHus U,, U3 BblpaxkeHHs
(8) u BbIMOJNHEHAS NPEOOPA3OBAHHE MOMKHO MOJYYHTH

Gt 4 (10)
rr'f_ 1
e el i (1
UO QTf'_“ 1
AHaNOruyHO /51 A€4CTBYIOUIEro 3HAUeHUA HaHpH‘zKeHHH‘MOvX(HO HA#T U
: it/ 85t 7 | 12
il l/ Qi g T h
e (13)

ITocTosiHHAs BpeMeHH pa3/iesUTe]bHON LeNH BOJbTMETPOB pa3JIHYHBIX
cucteM kogebJgercs B mpepenax 0,01 +0,5 cex, u noNONHATEIbHAS BeJHYHHA
MOrPEIHOCTH [0 BCEM 3HAyeHHUSIM HaAMpSIKeHHs Ha HH3KHX 4acToTax coCTa-
BUT 3HQUUTEJNbHYI0O BeauyuHy. [lag ydera mnonpaBkH HeOOXOAUMO 3HATH
HCTHHHYIO BEJHUHHY T. : :

l'enepatop peasnn3oBaH no GYHKUHOHAJBHOH CXeMe, NMPUBELEHHOM Ha
puc. 3.

®opmupesaresb () npeobpasyer CHHYCOHAANbHBEIE KOJeOaHHus 3agalo-
mero LC —renepatopa (3I') B ocTpOKOHeUHble ~HUMMOYJbCH JJIs 3aIycKa
TpurrepHbix cxeM. Ilepecuernas cxema ma tpurrepax Trl—Trl0 onpenenser
YaCTOTY BBIXOJHOTO MPSIMOYTOJBHOTO HAMpSKEHHsI B COOTBETCTBHH ¢ TpeOye-
MBIM KO3((HUIIMEHTOM NEPEeKPBITHS YacTOTHOro nuanasona (2!9).

Tpurrepot Tr11—Tr20 u BenTHap B o06pasyior cxemy ¢GopMHPOBaHHS
ckBaxkHocTH. PaGora cxembl mosicHAeTCsl BpeMeHHBIMH JHarpaMMaMHu, IpH-
BeJleHHBIMH Ha pHc. 4. BenTuap npencrasaser co60d TPaH3HCTOPHYIO HoOcJe-
JIOBATEJbHYIO CXeMY COBIaJeHHsI OTPHIATENbHBIX CUT'HAJIOB U UMeeT [IBa BXO-
Ia: NOTeHUHaJAbHbIA ¢ Tpurrepa Trl9 u MMIyJbCHBIN C OJAHOIO U3 TPHITEPOB
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Tr11—Tr13 B 3aBucHMOCTH OT TpeGyeMOil CKBaXKHOCTH (MOJIOKEHHUsI Tepe-
Kiatouateas B2-1). ,
-Hmnynbesl o6pasoBanel nyTem nuddepeHIUpPOBaHUS TepenagoB Hanpsi-

xKenus1 ¢ tpurrepos Trl1—Trl3 u mocrymator Ha BeHTHJAb B HempepbiBHO.

HE

.

M

Cﬁpoc

Em OﬁluEBI

16 %

| CKBaXHOOTH § T = HATP.
(] n0887 6lsa8F B
- B1
yacrora ' '
[ 5] [rte] 17 1218
: vahvaRvalhvaRhvaluSava
Rue. -3

»

Curnansl ¢ jeBoro Bhixoga tpurrepa Trl0 uepe3 mepecueTHyl0 CXeMy Ha
tpurrepax Trl4—Trl8 nepebpacuiBator’ Trl9 B cocTosinue, npy KOTOPOM Ha
€ro JIeBOM BBHIXOJ€ YCTAaHABJHBAeTCSd BLICOKHH OTDHILATE/bHBIH IOTEHIHAJI.

Benrusnp B noaroraBauBaercs X pa-

Tioesl LLLLLLLUALI I LLDALEL ¢ - 6ore. Crycrs mosnepHosa padoTel
Tio(mp) xlllllllIllllllIhIHllIIHIHIlel 3 g; lfpngjgggﬁ?“ﬁlﬂf;yggc Hcmfg;‘;;?
it H FTTTTI "' BlsPL T Y  k cpabarsiBaHHiO BeHTWJA B, BBIXOA-.
e .r t HOH CHTHaJ KOTOpOro nepebpachiBaer
Dsrt 0 l =t  tpurrep Tr20 u uepes mepexsmioua-
L o ' i teab B2-2 tpurrep Tr21. BTopo# Bui-

Ty Sl ! Lt  xomnoil umnynbc Bentuis B, BosHu-
s | I, KaoWuil B 3aBHCHMOCTH OT MOJIOXKe-
o : —=t  Hui mepekmouatens B2-1, mo BTopo-
RS T4 | I My HMIYJbCYy OAHOTO H3 TPUITEPOB

B :' E e : ]‘lvt Tr11—Trl3 nepeGpaceiBaer TpPUITEPLI
Tk | —C ! Tr20 u Tr2l B HCXOOHOE MOJOXKEHHUE.
2) TE s b F Curnan ¢ Tr20 Bosspamaer Trl9
A 1 Y B cocrosmue, npu KOTOpoOM Ha ero Je-

BOM BBIXOJE YCTAHABJHBAETCS HYJe-

Die 4 BoH nmoteHuuad. [Ipu aTom BéHTHIDL HA

TpeTHd uMIyJbc He pearupyer. Cie-
Ayiolllie ABa MMIyJbca CXeMa COBIa-
JeHHusi BbIJlaeT mocje ouepeaHoro cpabarbiBanusg Trl9 mo JeBoMy BXondy.
Takum ob6pas3oM, B TeueHHe HHTepBaja BPEeMeHH MEXKIYy AByMs 3THMH HM-
iyabcamy Tpurrep Tr2l HaxoxuTesl B OHOM COCTOSIHHH, a B TeUEHHE OCTallb:
HOHM yacTu nepuona, onpenenasemoro Tpurrepom Trl9, B mapyrom. Curnasbl
¢ tpurrepa Trll oGpasyior ckBaxuocrs 16, c Tr12—8 ¢ Tr13—4. CxBax-
HOCTb 2 00pasyercss myTeM OOBIYHOrO Jjesnenus Tpurrepom Tr2l wacroThl
CHrHaJOoB C JeBoro Beixoga Trl7 (Ha puc. 4 mokasaHbl JHUIIb CUTHAJBL C TIpa-
BOro Bbixofa Trl7, ¢akTuuecKue CUTHAJBI CABHHYTHI Ha MoJjnepuHoga pado-
1o Tr17). :

Ja1s nosyyeHHuss MaJiod MOTPELIHOCTH IO CKBAaXKHOCTH B CXeMe reHepa-
TOpa HCHOJb30BaHBl BbHICOKOUACTOTHBIE TPUITEPHI CO BCTPOEHHBIMH 3MHTTEp-
HbIMH IIOBTOPHTE/ISIMH, OCHOBHBbIe TPaH3HCTOPHI KOTOPLIX paboTalT B He-
HACBHIIEHHOM pexkuMe. [IJHTeNbHOCTh IepenajfoB - HAMpsiKeHHsi TPHUrTepa
BesqnunHOHN 9,5 8 cocraBaser 40 Heek.
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OnunakoBoe PasHOMOJISIPHOE HaMPsKEHHe MOJIYyYeHO MPH MOMOIIH Nepe-
KHIHOTO TPaH3HCTOPHOrO KJaoua K (puc. 3 u puc. 5).

[Ipu nocTymsieHHH BBICOKOTO OTPHUATENBHOTO YPOBHSI C TPUTTepa Tr2l
orkpuiT Tpansuctop IIIl; u Hanpskenue Ha narpyske + U, npu HysneBOM -
YPOBHE CHTHA/a TDHITEPA HANPSKEHHE Ha HArPYy3Ke OTPUIIATEJIBHO (—U).
1 mosyueHHs] OTHHAKO-
BOTO pAa3HONOJSAPHOrO Ha-
IpAXKEHUST Ha Harpyske
(mageHuss HampsiKEHHUs Ha
HACBILIEHHBIX  TPAaH3UCTO-
pax, BHyTpPEHHHE COTPOTHB-
JeHuss HcTouHUKOB Egi, Eo
H T[pPOBOAOB  pa3JiMuHbI)
3. . C. UCTOUHUKOB pery.H-

pylorcs. , $ L i ' ¢ :

~ CraTHyeckuil = pexuM fa3,40 120304 e :
reHepaTopa ¢ 3agaHfoil mo-  B3-1

JISPHOCTBIO BBIXOJTHOIrO Ha- o ‘

npsixkeHusi obecrnedynBaeTcs .
TyTeM MOJa4YHd Ha COOTBET-
cTBylomylo 6asy Tpurrepa
Tr2l noJOXKHTeNBHOTO HA- ‘ 108
TPSIKEHUs] yepe3 KOHTAaKTLI .
2 u 3 nepekawouarens B3-2

Puc. 5.

(ma obuieir cxeme reHepa- Ocusano-
TOpa 3TOT IIepeKJaroYarenb TeA®
He 1nokasaH). B nepsom

¥ 4eTBEpPTOM IIOJIOZKEHHH Morenuuo-
- niepekJirouarenss B3 obecre- METP
yuBaeTcss  AUHAMUYECKHil

pexkum reneparopa. [lpu

KOMMYTalul TPaH3UCTOPOB

[MI1; u Illl; monyuum Ha 3r
Harpyske OUIIOJNSAPHOE INPS-

MOYTOJIbHOE HampsKeHHe.

ITocnennee  ocraercs :
PABHBIM MOCTOSIHHOMY, €CJIH Puc. 6.
TOJIBKO MAaJeHHUsl HampsxKe-
HUA Ha TPAH3HUCTODHBIX KJIOYaX MU BHYTPEHHEM COMPOTHUBJEHHH HCTOYHHKOB
Eor u Ege B IMHaMHKe He U3MEHSIOTCH, a €MKOCTH 3TUX HCTOYHHKOB IO OT-
‘HOLIEHHIO K «3eMJie» MpeHeOpexXHMO Manbl (HHaue YBeJIHYHBAIOTCH JUTH-
TeJbHOCTU TepenagoB U ymeHbmaeTc;{ neHCTBonmee 3HayeHHe MPSIMOYIOJb-
HOTO HaIPSI?KeHH) . .

151 OLleHKH pasauuusi Hanpﬂmeﬂnﬂ KOJIJIEKTOP-3MHTTEp HACHIILEHHOTO
kawoda Uy B CTaTHKe ' B JAMHAMHKE JBa OJHOTHIHBIX TpaH3HUCTOpa
(MIT16b wnu MII38A) BraAWOUAJUCh MO CXeMe, MpHBENEHHON Ha puc. O.
YrpasJasolllee Halpsi>KeHHe IMOAAaeTcsl C MPOTHBOIOJOXKHBIX IJIed BBICOKO-
YacCTOTHOrO TPHITepa. 3aTOPMajKUBaJd TPUTTEP TO B OLHOM, TO B APYIOM
COCTOSIHUM H HH3KOOMHBIM TOTEHI[HOMETPOM 7, JOOHBAJHCh paBEHCTBA
HanpsAxeHHH Ha KOJJIEKTOpaX TpaH3UCTOPOB B CTaTHKe. 3areM TpHUITEP
sanyckajcs, i u3Mmenenne Uwn KOHTPOMMPOBANOCH moteHmuomerpom P309.
B nnnamuke npu BhixogHoM Toke 10 ma nHanpsikenue Uysy yMeHbBINAJOCDH
v tpansucropo MII38A na 5-+10 mxs, a y MII16b — Bo3pacrano Ha
10 < 20 mxB. ns BoisicHeHHs npuuyuH u3MeHeHHS Uy,y BapbUpOBAJHCDH
yactora KOMMyTauuu Ttpurrepa (5 ey = 50 ey) m rny6uHa Hachll(eHHSs],
a Takxe KOHTPOJHDOBAJIHCH NePEeXOXHble NMpOLecch. HcciaenoBanns Moka-
3aJ/ld, 4TO OCHOBHEIM BnnmomHM (aKTopoM SBJSETCS CHHXKEHHe TeMIepa-
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TYpbl B TPAH3HCTOPE Ha MEPEeMEHHOM TOKe H3-3a yMEHbIIEHMS PacXopyeMOir
B HeM MOIIHOCTH (moutH B 1Ba pasa). C yBennueHHeM BBLIXOJHOTO TOKa
KJI0Ya 3Ta MOrpemHocTh Bospacraer. [TosToMy BHIXOAHOH TOK TeHepaTopa
BLiGpan paBubiM 10 ma. JaHHble O TemMmepaTypHOR H BpeMeHHOH cTabuJb--
noctH U xsx NpHBeLeHbl B paborax [2, 3].

OueHum BJIMsHHe BHYTPEHHEro CONPOTHUBJIEHHSI HCTOUHHKOB Eo; U Ego.
[lorpeGiienne HMCTOYHMKA Ha INOCTOSIHHOM TOKe B JBA pasa BbIlle, YeM Ha
fiepeMEHHOM. DTO NMPHBOJAHUT K M3MEHEHUIO HANPSIKEHUsI MeaHApa MO cpaBHe-

Gl Ip
HHIO C OCTOSIHHBIM Ha AU” e
2
BuyTpeHHHe cONpOTHBIEHHS peaJU30BaHHBIX HCTOYHHKOB r; = — 0,007 oxn,
rio =+0,003 om, u HanpsixkeHue MeaHIpa noBhIIaercs Ha +20 uke-
(/ =10 ma). AHaJOrHYHO MOKHO ONMpeNe/HTb HU3MEHEHHe aMIVIUTYALl AJf

M000ro 3HauyeHus ckKBaxKHOCTH. HecrabuabHocTh HanpsxkeHu# Eq u Eop He
npesbimaer 10 —% 3a 10 munyr.

s u3MeHeHHs] Mapa3uTHOM e€MKOCTH HCTOUHUKOB Eg; u E02 HX NHUTa-
HHEe OCYLIeCTBJAETCSA Yepe3 AOIOJHUTeJNbHbIN TpaHchopmarop Tp2 (puc. 7).
IIapasuTHasi eMKOCTb BTODHUHOI
ob6MoTkKH  Tp2  oTHOCHTEJBHO

TS C, | -08 _ «3eMJIH» B 3TOM cJyuae omnpene-
cs@ Bl JSEeTCs TMOCJEeN0BATENbHO COeIH-
. Tez  — 10 'HEHHBIMH ~ M€XKAyOOMOTOYHBIMH
! 446/ B2| [ Ci|ww |Cal Eq eMKOCTSIMH  TpaHcopMaTopos
: S :}_<05Lu Tpl u Tp2 u cocraBssier coraac-
s B; dhaen Cs|. Eoz Ho usmepenusim 80 ng.
‘ = < ti0

IloBepka renepatopa Ha
TIOCTOAHHOM TOKe NMPOH3BOAHIAChH
notenunomerpom P309. Ha nepe-
MEHHOM TOKe IJIs OLECHKH METpPO-
JOTHYECKHX XapaKTepHCTHK BBIXOJHOT'O NPSMOYTOJLHOTO HANPAKEHHST TpH-
MEHSIJINCh CHelMaJbHO OTOOpaHHblE H3MepHUTeJbHbIe NpeoOpa3oBaTesiu: MHO-
ro3JIeMEHTHBIH TepMoaJIeKTqueCKHH (TOM), BakyyMHBIA OGECKOHTAKTHLIN
(TBB) u cosnanmblii Ha Kadeape (HOTO3JEKTPHUECKUIT HHTETPUPYIOULIETO
tuna. HecrabuabHocTh yacToThl omnpenensiiacb uactromerpom 4Y3-12, nau-
TeJIbHOCTb PpOHTOB — ocuuagorpagom Cl-11 (uena meTkn 10 Hcex).

[ToBepka nana caenyiouide pe3yJabTaThl.

1. HecrabuabHocTb ﬂefICTBy}omero 3HAUEHUsI = HampsizKeHus — + 5 X
d0=2% sduae , ‘ o

2. HecrabuabHocTh yactoThl -+ 2 X IO = 9% 3a 5 uacos.

3. HecrabunbuocTh ckBaxHoctu + 10 = 9% 3a uac.

4. InurenbHoctb GpoHTOB 50 Heek.

[Tonpo6HO MeTOAHKA M JaHHbIE MOBEPKH HpHBeﬂ.eHbI B paéoTe 21

OcHoBHblE XapaKTePUCTHKH TeHepaTopa (cM. puc. 8): aMIJIUTyAa Bbli-
XonHoro Hanpsxeuus -+ 10 8, BbixogHo# ToK 10 wma, CcKBaxKHOCTH
Zm 1 3. d ). wactoTal 10 on. (me= 152, 10},

Puc. 7.
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Puc. 8. Buemnufi Bux reneparopa



