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,UIIIYIII Jfc}epHblX UCCJtec}oeaHUU ,4y6Ha 

B nocneAHee· opeMJI B CBJI3H c yoenu1.feHHCM o6'beMa 
o6pa6aTbiBaCMOH HHiiJopMaUHH B03pacTaCT ueo6XOAHMOCTb. 
B C03AaHHH :meKTpOHHblX ycTpOHCTB, OCHOBHbiC napaMCTpbl 
KOTOpblX perynupyroTCJI npH DOMOIUH 3BM. 3TO AaCT BOJ· 
MO:>KHOCTb HC TOnbKO HC~Onb30BaTb YHHBepcanbHbiC npo
rpaMMbl AnJI ycTaHOBKH uaqanbHblX ycnOBHH H KOHTpOnJI 
OCHOBHbiX napaMCTpOB BO BpCMJI H3MCpCHHH, HO H ODTHMH-
3HpOBaTb 3TH napaMeTpbl, pa6oTaJI o pe:>KHMC on line . 

C noii uenbiD o' PJIAC pa6oT /t • 9 • 10 I npCAYCMoTpeua 
B03MO:>KHOCTb 3nCKTpOHHOrO ynpaBnCHHJI OCHOBHbiMH napa
MCTpaMH npu noMOIUH auanorooblx curuan.oo. B _!<a'lecToe 
3nCMCHTa ynpaBnCHHJI B TaKHX ycTpOHCTBaX 1.faiUC BCCrO 
ucnonbJYCTCJI noneooii TpaHJHCTop. Ynpaoneuue noAo6uoro 
THDa HapJIAY C npCHMYIUCCTBaMH /B03MO:>KHOCTb nnaBHOrO 
perynupooaHHJI/ HMCCT u PJIA HCAOCTaTKoo: 3ACCb cneAYCT 
yKa3aTb Ha )i(eCTKHC Tpe6ooaHHJI, KOTOpblC DPCA'bJIBnJIIOTCJI 
K HACHTH'-IHOCTH H DOCTOJIHCTBY napaMeTpOB 3nCMCHTOB 

auanoroooro ynpa8neHBJI, H - OTCIOAa- TPYAHOCTL o6ecneqe
HHJI BblCOKOH CTCDCHH BOCllpOH3BOAHMOCTH H CTa6HnbHOCTH 
ycTpoiicTB. ~pyraJI oco6euuocTb ynpaoneHHJI·auanoroooro 
THDa CBJI3aHa C HC06XOAHMOCTbiO C03AaHHJI cpaBHHTCnbHO 
cno:>KHbiX uuliJpoailanorooblx npeo6pa3oBaTeneii 161; B Ko
TopblX 1.fHCnO ABOH1.fHbiX pa3pJIAOB ri onpeACnJICTCJI BCnH1.fHHOH 
b ~ AOnycTHMOii norpemuocTblO ·ycTauooneuu~ perynupye-

Moro napaMeTpa: 

n =-
Cn D. 
en 2 · 

/1/ 

B PJIAC cnyqaea uenecoo6pa3HO ucnonbJOBaTb ycTpoii
cToa perynupooaHBJI ue auanoroooro, a ABCKpeTuoro Tuna. 
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Puc. 1. ConpomueAeHue omKpblmozo KAIO'Ia Ha noAeeoM 
111paH3UC1110pe KaK ¢YHKliUJI HanpJIJICeHUJI 3Q11160pa U llfOKa 
CllfOKa. 

. I 

0CHOBHLIM HX npeHMy~eCTBOM JIBJIJieTCJI BLICOKaJI CTa6HnL-

HOCTL.H TO'IHOCTL YCTaHOBneHHJI perynapyeMLIX napaMeTpOB, 

llOCKOnLKy. aKTHBHLie 3neMeHTbi 3~eCL pa6oTalOT B KniD'Ie

BOM pe:>KHMe H OCHOBHLie napaMeTpLI, B nepBOM npa6nH)Ke

HHH, onpe~enJilOTCJI BLICOKOCTa6HnLHLIMH naCCHBHLIMH CXeM
HLIMH 3neMeHTaMH. 

B Ka'leCTBe Knro'leii qa~e Bcero ucnonL3yroTCJI3neKTpo

MexaHH'IecKHe pene, ~Ho~LI, noneBLie H 6unonJipHLie TpaH-

3HcTopw. Kor~a 6LicTpo~eiicTBHe perynupoBaH:HJI He JIB

nJieTcJI OCHOBHLIM onpe~enJilO~M 4JaKTOpOM, a Ba)KHO o6ec

lle'IHTL · BLICOKyro CTa6HnLHOCTL, y~06HO npHMeHJITL MHHH

aTlOpHLie 3neKTpoMexaHH'IeCKHe pene T .H. "reed relays" . 
0HH o6na~aroT BLICOKOH ~onroBe'IHOCTLlO, HX nepexo~HOe 
conpoTHBneHHe nopJI~Ka 10-

2 
OM, a MO~OCTL ynpaBneHHJI 

MO)KeT 6LITL nopJI~Ka 30 MBm. · 

O~HaKo B coBpeMeHHLIX perynJITopax ~HCKpeTuoro THna 

qa~e Bcero ucnonL3yroTcJI noneBLie TpaH3HCTOpLI B Knro-
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'leBoM pe,KuMe /2-5,11/. HapJI~y c npeHM~ecTBaMH Knro

'le:ii Ha noneBLIX TpaH3HCTOpax /BLICOKOOMHLie nenH ynpaB

neHHJI, B03MO)KHOCTL KOMMyTanHH CHrHanOB o6eHX nonJip

HOCTe:ii/ cne~yeT OTMeTHTL ax cna6yro cTopoHy: 6onLwyro 

3aBHCHMOCTL COllpOTHBneHHJI 3aMKHyToro KnlO'Ia OT HanpJI

)KeHHJI ynpaBneHHJI H BenH'IHHLI KOMMYTHpyro~ero CHrliana 
/eM. puc. 1/. 

B Ka'leCTBe Knro'leii B ycTpoiicTBax c ynpaBneHHeM 

~HCKpeTHOrO THna MO)KHO HCllOnL30BaTL H 06LI'IHLie 6uno
nJipHLie TpaH3HCTOpLI /7, 8/. 

fipHMeHeHHe 6HnOnJipHLIX TpaH3HCTOpOB He B HOpManL

HOM,, a B HHBepCHOM pe:>KHMe HMee'l' onpe~eJieHHLie npeu

Myll(eCTBa a, B nepByro o'lepe~L, O'leHL Manoe HanpJI)I(eHHe 

Ha. 3aMKHYTOM Knro'le. TaK, HanpaMep, ~nJI KpeMHHeBoro 

TpaH3HCTopa THna KT326 nocTOJIHHoe HanpJI)I(eHue lJ BO 
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Puc. 2. OclllaJIO'IHOe HanpRJICeHue OllfKPblllozo KAIO'Ia KaK 
¢YHKriUJI liiOKa CUZHaAa ynpaeAeHUJI OAJI pa3HbiX QMnAUlllyO 
nepeKAIO'IaeMOZO UMnyAbCQ. 
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Puc. 3. TeMnepamypHblii Ko3d>¢Uf1Ueum oc111a111o'lHOZO uanpJt
xeHUJI 0111Kpbi1110ZO K.IUO'la 6 3Q6UCUMOC111U 0111 1110Ka ynpa6Ae
HUJI. 
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Puc. ·4. Hpo6oCJuMocmb aaKpbrllozo KAIO'la KaK fPYHKIIUJI aM
rurumyCJbl nepeKAIO'laeMOZO UMnyAbCa. 
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BKJUO'IeHHOM COCTOJIHHH ~a:>Ke ~H.H _!:fKa ynpaBneHH.H nop.H~- · 
xa 9.10-3 A He npeswwaeT 5;10 B /eM. puc. 2/, aero 
TeMnepaTypuwu K03~unueHT B ~ana3oue ~o 40°CMeHL
we, 'leM 1o-5BfOC/cM. puc. 3/. llposo~HMOCTL 3axpwToro 
KJUO'Ia ~ HMDYHLCOB OTpH~aTeJILHOH non.HpHOCTH C aMnnu
TY~OH, He npeswmarolllei 6 B, M.H xpeMHHeswx TpaH3HCTo
poB He3Ha'IHTeHLHa /HanpHMep, MJI TpaH3HCTOpOB THna 

6 -7 -1 KT32 B HHBepcHoM BKJUO'IeHHH ·oHa cocTaBn.HeT ... 10 OM -
CM. puc. 4/. 

CxeMa, KOTOpa.H HCDOHL30BanacL ~HJI CH.H.TH.H xapaKTe
pHCTHK TpaH3HCTOpHoro KHIO'Ia, a TaK:>Ke 3aBBCBMOCTB TOKa 
ynpasneHBJI u Hanp.H:>KeHB.H ua 6a3e TpaH3BCTopa oT uanp.H
:>KeHB.H ynpasneuu.H, noxa3aHa lla puc. 5. HMnynLcuoe co-
npOTBBHeHBe OTKpLITOrO KJUO'Ia MeHJI'eTCJI B HeKoTopwx 
rpaHB~ax- B 3aBBCBMOCTH OT aMDHBTY~LI KOMMYTBpyeMoro 
CBrHana B TOKa ynpaBHeHB.H. ,lJ;mi TOKOBLIX CBrHaHOB, He 
npeswmaromu:x 1 ,5 .10-:3 A, 'ITO co6TBeTCTByeT B AaiiHOM 

]ynp{mA} /:yn,,/4 = ffv_J 
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Puc. 5. ToK ynpa6AeuuJi r.i uanpJtxeu'ue 6aaa- KOAAeK111op 
KAIO'le60ZO 111paH3UCIIOpa 6 3Q6UCUMOCIIU 011 HanpJIXeHUJI 
ynpa6AeHUJI. 
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Puc. 6. BHympeHHee conpomueAeHue omKpbHIIozo KAto'la KaK 
fPYHKijUJI aMnAUIIIYObJ 6XOOHOZO CUZHaAa OAJl pa3HbJX 1!10K06 
ynpaeAeHUJI. 

cnyqae 6 B Ha BXO.I{e, aenH'IHHa conpoTHBneHHJl Kmo'la He . 
6onLwe 30 OM /o6mee nocne.I{oBaTenLHoe conpoTHBneHHe 

. -6 
B :u;enu Kmo'la "' 4.103 OM, .I{nHTenLHOCTb HMnynLcoa ,Jo c- · 
eM. puc. 6/. 

IIpHMepHo TaKHMH :>Ke xapaKTepHCTHKaMH o6na.I{aiOT H 
Kmo'IH ,I{n.ll cHrHanoB nono:>KHTenLHOH non.llpHOCTH, B~non
HeHH~e Ha KpeMHHeB~X TpaH3HCTOpaX /HanpHMep, THna 
KT306 r I c npoBO.I{HMOCTblO n - p - n • H3MeHeHHe K03clJ-, 
clJH:u;HeHTa nepe.I{a'IH ,I{enHTemi C TpaH3HCTOpH~M KillO'IOM 
/eM·. CXeMy Ha puc. 5/, KaK clJYHKIJ;HJI aMllnHTY.I{~ .BXO.I{H~X 
cHrHanoa ,I{n.H pa3H~x TOKOB ynpaaneHH.H, noKa3aHo Ha puc. 7. 
llpH 3TOM HHTerpanLHaJI HenuHeHHOCTb oH, BHOCHMaJI Kmo

'leBbiM ycTpoucTBOM npu TOKe ynpaaneHHJI 9.10-3 A HaM-
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nnHTy.I{aX BXO.I{HbiX CHrHanOB, He npeB~WaiOIUHX 6 B, CO
cTaBn.HeT He 6onee 0,06~ /eM. ·puc. 8/. 

,D;ucllclJepeH:u;HanLHa.H HenHHeHHocTb o .ll. , o6ycnoaneHHa.H 
KillO'IOM /npH TeX :>Ke ycnOBHJIX/, KaK clJyHKIJ;HJI aMnnHTY.I{~ 
BXO.I{HOrO HMnynLCa llOKa3aHa Ha pUC. 9, H3 KOTOpOrO BH.I{HO, 
'ITO ee aenuquua He npea~aeT 0,2~. B~coKa.Jl TeMnepa
TypHa.H CTa6HnbHOCTb K03cllclJH:u;HeHTa nepe,I{aqH paCCMaTpH
BaeMOrO .I{enHTen.ll unmocTpHpyeTCJI puc. 10. BenH'IHHa 
TeMnepaTypHoro Ko3cllclJHUHeHTa nepe.I{a'IH TKA ,I{n.H a~we
yKa3aHH~X ycnOBHH OCTaeTCJI 3aBe.I{OMO MeHbWe 10-4/° C. 

HcnonL3oBaHHe onucaHH~x Kmo'leH B :u;enu o6paTHOH 
CBJI3H ,I{n.H MCKpeTHoro perynupoaaHH.H ico3cllclJH:u;HeHTa ycu
neHHJI B HMllynbCHOM YCHnHTene llO.I{TBep.I{HnO HX B~COKHe 
napaMeTp~. IIocKonLKY Ko3cllclJH:u;HeHT ycuneHHJI K0 ycHnuTe
n.11 6e3 OTpH:u;aTenLHOH o6paTIIOH CBJI3H .I{OCTaTO'IHO BenHK 
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Puc. 7. 3a6UCUMOCI!Ib K03fPfPUijUeHI!Ia nepeoa~uynpaBAJieMOZO 
oeAumeAJI. 0111 aMnAUIIIYObl 6XOOHOZO UMnyAbCQ OAJl pa3HbJX 
IIOK06 ynpaeAeHUJI. . . 

9 



"4U 

~st 

~ .• 
'ltw'"" 

1 

f .2 
::=:v..,M 

6IYJ J 'I s 

Puc. 8. HH•ezpaAbHaJI HeAuHeiiHoc•r, ynpaaAJie.Mozo oeAu
JieAJI KaK fPYHK'lUJI a.MnAUIIYObJ exooHozo u.MnyAr,ca OAJI pa3-
HbJX JIOK06 ynpa6A€HUJI. 

AA · 
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Puc. 9. 0•Hocu•eAbHoe U3MeHeHue K03fPfPUf4UeHJia nepeoa11u 
yripaaAJieMozo- oeAu•eAJI KaK ¢YHKf4UJI aMnAu•yo, axooHozo 
UMnYAbca OAJI pa3HbJX JIOKoe ynpaeAeHUJI. · 

10 

( f3Ko » 1) , TO K03clxlJH:UHeHT yc_HJieHHJI K onpe,IJ.en.HeTCJI 
npaKTH'IeCKH TOnLKO K03clxlJH:UUeHTOM nepe,IJ.a'IH 3aMKHYTOH 
neTnu o6paTuoii CB.H3H. 

Mo:>Kuo noKa3aTL, 'ITO .D.n.H : H3Meueuu.H Ko3clxlJu:uueuTa 
ycuneuu.H K c 3a.D.aHHLIM. mar oM C B onpe,IJ.eneuuoM ·.D.Hua
MH'IeCKOM .D.Hana3oue D CYIQecTayeT ueKoTopoe MHHHManLuo 
ueo6XO,IJ.HMOe 'IHCno n ,IJ.HCKpeTHLIX 3Ha'leHHH K03clxlJH:UHeHTa 
nepe,IJ.a'IH {3 B :uenH OTpU:UaTenLHOH o6paTHOH CBJI3H. 3)J.eCL 
nro6oe .D.HCKpeTuoe 3uaqeuue K03clxlJu:uueuTa nepe.D.a'IH f3i 
onpe.IJ.en.HeTc.H mar oM H3Meueuu.H C: 
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Puc. 10. TeMnepallypHbJii K03fPfPUf4UeHJI nepeoa11u ynpaeAJie
Mozo oeAuJieAJI KaK fPYHKf4UJI aMnAUIIIYOM exooHozo uMnyAr,ca 
OAJI pa3HbJX JIOKoe ynpaeAeHUJI. 
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Puc. 11. YcwrumeAb c ynpaeA.ReMbiM K03gKpUf1UeH•oM ycUAe
HU.R e npeOeAax 20 oE /om 1,4 oo 14/ c wazoM ynpaeAeHU.R 
~3 os. 

Orew.l(a Henoepe.l(eTBeHHO ene,l(yer, 'ITO 3Ha'leHHe Pn paBHO 

B = f3 c"- 1 n 1. . /3/ 

HMe.ll B BH.l(Y, 'ITO .l(HHaMH'IeeKHii ,l(Hana30H perynHpoBaHH.II 

onpe,l(eJIJieTe.ll Bblpa:>KeHHeM 

o = ~ ~ !1_ - c" - 1 
- ' 

Kn f3t 
.l(JI.II mara peryJIHpoBaHH.II nonyqaeM: 

fuD 
C = exp(--) . 

n- 1 

Tor,l(a 'IHeJio .l(HeKpeTHbiX 3Ha'leHHii n 6y.l(eT: 

fuD 
0=--+1. 

fuC 

/4/ 

/5/ 

/6/ 

Orew,l(a Mo:>KHo onpe,l(eJIHTL Heo6xo.l(HMoe 'IHeno Kmo'leii: 

N = S!!...!!_ 
fu 2 • /7/ 

illHpoKononoeHLrii JIHHe:iiHbl:ii HMDYJILeHbiH yeHJIHTeJIL, B 

:Koropo.M Heene,l(oBanaeL pa6ora rpaH3HeropHLrX ICJIIO'Ieii .IJ;JI.II 

ynpaBJieHH.II K03~HnHeHTOM yeHJieHH.II, 6~.rn peaJIH30BaH Ha 

6a3e .l(BYX raJILBaHH'IeeKH eB.II3aHHLIX .Me)l(,l(y eo6oii ,l(Hcll

cllepeHnHaJILHbiX KaeKa.l(OB /eM. puc. 11/. Ero K03~HnHeHT 
yeHneHH.II 6e3 .· o6paTHoii eBJI3H K 0 paBeH 1,5.10 3 • 3a.l(aBa

JieL aeJIH'IHHoii .l(HHaMH'IeeKoro .l(Hana3oHa H3MeHeHH.II yeH

neHH.II D = 0,1 / Kmaxl Kmin = 10 / H maroM peryJIHpOBa

HH.II 3 oE I C ~ 0, 7 I, nony'IHM 'IHeno .l(HeKpeTHLIX 3Ha'leHH:ii 

0 = 8, a 'IHeJIO HeDOJIL3yeMLrX B ,IJ;eJIHTene o6paTHOH eB.II3H 

Kmo'leii N ,;, 3. IloeKOJILKY yeHJIHTeJIL npe.l(Ha3Ha'leH . .l(JI.II H.M

nynLeoB OTpHnaTeJILHOH DOJI.IIpHOeTH, TO B KJilO'IaX ·OpHMe

HeHbl TpaH3HeTOpLr e npOBO,l(HMOeTLIO p - n -p .3aBHeHMOeTL 

K03~HnHeHTa yeHJieHH.II OT eoeTO.IIHH.II KJilO'IeH /0 - KJilO'I 

pa3oMKHYT, 1 - . KJIIO'I 3aMKHYT I noKa3aHa B . ma6AUfle. 

Ta6Aut~a 

KJIIOliH K 

A B c 

0 0 0 1,4 
0 0 1 2,0 
0 1 0 3,0 
0 1 1 4,0 
1 0 0 6,0 
1 0 1 8,0 
1 1 0 10,0 
1 1 1 14,0 

3.l(eeL eJie,l(yeT OT.MeTHTLs 'ITO BeJIH'IHHLr pe3HCTOpOB, KO

TOpLre HaXO,l(.IITe.ll B ynpaBJI.IIeMOH o6paTHO:ii eB.II3H, y.l(06Hee 

Beero paee'IHTLIBarL· npH noMOIIUI 3BM. Heo6xo,l(H.Mo H.MeTL 

B BH.l(y, 'ITO .,l(JI.II eoxpaHeHH.II BLICOKO:ii JIHHeiiHOeTH H era-
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Puc. 12. HHmezpaAbHaJI HeAuHeiiHOC111b ynpae;ueMozo ycuAu
meAJI KaK (JyHKl#UJI a!-fnAUftYObl 6XOOHOZO CUZHciAa OAJI pa3-
HblX 1110K06 ynpaeAeHUJI. 

6HRbHOCTH YCHRHTen.H. /JJ.ll.H. yMeHbWeHH.H. BRH.H.HH.H. 3aMKHyTo

ro K~'la/ nenecoo6pa3HO Bbi6HpaTb 3neMeHTbl JJ.enaTen.H. 

JJ.OCTaTO'IHO BbiCOKOOMHbiMH, 'ITO Tpe6yeT JJ.OllORHHTellbHOH 

qacToTuoii KOMneucanHH a nenH o6paTuoiicB.H.3H(C8 , C9 , Cto). 
B onHCbiBaeMOM ycHnHTene HHTerpanLHa.H. uenHueiiuocTb 

JJ.ll.H. pa3RH'IHbiX K034xlJHUHeHTOB YCHneHH.H. COCTaBn.H.eT ,Q,l~ 
/eM. puc. 12/. 
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