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BBe.aenHe 

ilocTHrHyTbie ycrreXH B p83BHTHH MHKp09neKTpOHHKH IIpHBenH K 3H8'IH-

Tenbf{OMY IIOBbiWeHHIO H8,[te)f(HOCTH, 9KOHOMH'IHOCTH I p8AH03neKTpOHHO~ 

8IIIIapaTypbl H ee MHHH8T!OpH38UHH, 

B aacTOHl!lee apeMH y)f(e HB'IHHBJOT rroHBnHTbCH Bbi'IHCnHTenbHbie MaiiiHHbi 

TpeTbero IIOKOneHHSI, xap8KTepuayeMbie WHpOKHM IIpHMeHeHHeM 9neMeHTOB 

MHKposneKTpoHHKH anH rrocTpoeHHH cjlyHKUHOHanbHbiX 6noKoB. HecoMaeaao, 'ITO 

HCIIOnb30B8HHe HHTerpanbHblX MHKpOMOAyne~ B CXeM8X S!AepHO~ 9neKTpOHHKH 

OTKpbiB8eT HOBbie B03MO)f(H0CTH AnSI C03Ll8HHSI KOMI18KTHO~, Bb!COKOH8Ae)f(H0~ 

H yHHBepcanbHOA arrrrapaTyphl. 

HeKoTopbie Bonpocbi reopHH 

HaaecTHO, 'ITO cxeMbi UBM BblliOnHHJOTCH aa 9neMeHTax, KOTOpbie HB

nHJOTCH THliOBbiM K8K flO cpH3H'IeCKOMy IIpHHUHIIy pa60Tbl 0 T8K H IIO BblliOnHHeMbiM 

norH'IeCKHM cpyHKUHHM, npaKTH'IeCKH~ HHTepec IIpeACTaBnHeT C060~ Ha6op 

9neMeHTOB, C IIOMOIUbiO KOTOpbiX MO)f(HO IIOCTpOHTb CXeMy, peanH3YIOIUYIO nJ0-

6oA aarrepea aaaaHHhlA anropHTM rrpeo6paaoBaHHH HacjlopMaUHH. TaKHe aa6op~ 

sneMeHTOB H83biB810TCH cjlyHKUHOHanbHo rronHbiMH/ 1/. HarrpHMep, aa6op, BKnJO

'IB IOIUHA 9neMeHT "J1", 9neMeHT •J1flJ1" H 9neMeHT "HE", KOTOpbie COOTBeT

CTBeHHO peanH3ylOT orrepaUHH anre6pbl norHKH - KOH'b!OHKUH10 0 AH3'b!OHKUHIO 

H HHB9pCHIO, li03BOnHIOT IlOCTpOHTb n106y10 norH'IeCKyJO CXeMy ( 6ea Il8MHTH) o 

Ha6op, KOTOpbl~ KpoMe 9neMeHTOB "11", "'J1flJ1", "HE", BKnJO'IaeT B ce6SI 

T pHrrep CO C'I~THbiM BXOAOM, liQ3BOnSieT CTpOHTb nJ06bie CXeMbl rrpeo6paao

B8HHSI H 38IIOMHH8HHS! HHcjJOpM8UHH, 
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CneayeT rroaqepKHYTb, 'ITO yKaaaHHbiti BbiUie ¢YHKUHOHanbHo-rronHbiti 

H860p aneMeHTOB KOHCTpyKTHBHO MO)I{HO CBeCTH nHUib K OLlHOMY MOLtyniO, HC

XOLlR H3 cneayiOIIIHX coo6pa)l{eHHtl: 

1, K aK rrpaBHno , rrpH coaaaHHH MoaynbHbiX aneMeHTOB cxeMbi "11 " H "HE", 

II 11 

"11!111' H "HE" 06'heLtHHRIOTCR B OLlHH norH'IeCKHi!: aneMeHT 11-HE, HnH, 

TO )l{e C8MOe - "11!111-HE., ( B 38BHCHMOCTH OT TOro, rrpeLtCT8BneHbl nH 

CHrHanbi eLtHHHUbl H HynR HH3KHM HnH Bb!COKHM ypOBHeM), HarrpHMep, LlHOL1-

HO -TP8H3HCTOpHblti norHqecKHti aneMeHT MO)I{eT Bb!IIOnHRTb ¢YHKUHIO F= ABC , 

ecnH CHrHan eLtHHHUhl rrpeLtCT8BneH BhlCOKHM ypOBHeM (pHC, 1)/2/, 

2. TpHrrep rro~cyUieCTBY rrpeacTaBnReT co6otl cxeMy, cocTORIIIYIO H3 

LlBYX HHBepTOpOB C B38HMHO -o6p8TH b!M H IIOnO)I{HTenbHb!MH CBR3RMH ( pHC, 2) 

( TpHrrep t paaaenbHbiMH BXOLlBMH). HH)I{e 6y!leT rro!lpo6Ho paccMoTpeHa· cxeMa 

" " TOHrreoa CO C'I ~THbiM BXOLlOM, IIOCTpOeHHOrO H8 aneMeHTBX THII8 11-HE, 

• • 
TaKHM o6pa30M, HMeR H OL!HH THII aneMeHT8 0 H8IIpHMep, 11-HE, MO)I{HO 

CTpOHTb ni06bie cxeMbl rrpeo6p830B8HHR H 38IIOMHH8HHR HH!jJOpM8UHH, no T8-

KOMY IIYTH HLlYT paapa 6 0T'IHKH COBpeMeHHbiX HHTerpanbHb!X CXeM, neno B 

TOM, 'ITO paapa60TK8 H M8CCOBOe IIpOH3BOLlCTBO UIHpOKOtl HOMeHKnaTypbl no

rHqeCKHX TBepLtbiX aneMeHTOB C Bb!COKHM 6b!CTpOLtetiCTBHeM CBSI38Hbl IIOK8 

CO 3H8'IHTenbHb!MH TeXHOnorH'IeCKHMH TpyLtHOCTRMH, 

2. KnaccH~HKBUHH TpHrrepoB 

nnR IIOCTpoeHHR norH'IeCKHX CXeM C II8MRTb!O HCIIOnb3YIOTCR 5 683HCHb!X 

crrycKOBbiX cxeM: 

1) TpHrrep aa!lep)I{KH D , 

2) TpHrrep T· • 
3) TpHrrep S- R; 

4) TpHrrep J-K 
5) TpHrrep S-R -T. 

PacCMOTpHM KpaTKO Ta6nHUbl B036y)l{}:leHHti 9THX TpHrrepOB H HX !j:JyHK-

UHOH8nbHbie cxeMb!, 
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PHc. Ia. THrroaaH cxeMa LlHOLlHO-TpBH3HCTOpHoro TBepaoro HHTerpar 
MHKpOMO!IynSI, 

_Q 
A II B C 

J1-HE F= ABC 

~ BbtcoKuu !IPo8eH6 = 1 

2) H/IY!-HE F::A+B+C 

Hu3Kuu jpoB~H6=1 

PHc , 16. ¢yHKUHOHBnbHOe o6oaHaqeHHe HHTerpanbHoro MHKpOMO ! 
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8bJX. f &tx.2 

&roo 1 8xoj2 

PHc. 2. <l>yHKUHOH8nbH8SI CXeMa Tp Hrrepa C paanen bHbiMH BXOL18MH . 

1. TpHrrep 3aLiep)f{KH D 

TpHrrep 38Llep)f{KH (pH C. 3) HMeeT TOnhKO OLlH H BXOLl H OLlHH BbiXOLl, 

rrpHq~M BbiXOLlHO~ CHrHan ITOSIBnsreTCSI C 38Llep)f{K0~ OTHOCHTenbHO BXOLlHOrO 

(HarrpHMep, OL1HOBH6paTop). Ha pHc. 3 rrpeLICTaBneHa Ta6nHua B036Y*LleHHsr 

TpHrrepa D . 3LieCb H B L18nbHeArueM 5YKBOA 

TpHrrepOB H8 BbiXOLle B MOMeHT BpeMeHH 

TpHrrepoB B MOMeHT BpeMeHH ( t +·1 ) • 

2. TpHrrep T 

Q• 0503HaqaeTCH COCTOHHHe 

a CHMBOnOM Q + - COCTOSIHHH 

TpHrrep T ( pHc. 4) HMeeT Ton&Ko OLlHH sxoLI. KorLia Ha axon rrocTyrraeT 

CHrHan "1", TO rrpOHCXOLlHT H3MeHeHHe COCTOHHHSI TpHrrepa. np3 ITOCTyrrne

HHH Hynesoro cHrHana cocTosrHHe TpHrrepa He MeHsreTcsr. Ta5nHua so35Y*

LieHHsr TpHrrepa T rrpencTasneHa Ha pHc. 4. 
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~ 
Q D a+ 

0 0 0 0 
{ 0 1 ~ 

2 1 0 0 
5 / 1 / 

PHc. 3. 4>yHKUHOH8nbH8SI cxeMa H Ta6nHU8 B036y)!(neHHSI TpHrrepa o· 0 

~ 
~ 

Q T (f' 

0 0 0 0 
I 0 ( f 

2 f 0 1 
.5 I I 0 

PHc, 4, <l>yHKUHOHanbHaSI cxeMa H Ta6nHua ao36y)!(JleHHSI TpHrrepa T o 
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3. TpHrrep S - R 

Tpnrrep THna S- R (pH c . 5 ) HMeeT LIBa B jdxoaa S H R • DpH noaa'<Je 

HMnynhC8 HB BXOLl S TpHrrep YCT8H8BnHB8eTCH B eLIHHH'tJHOe COCTOHHHe 

He38BHCHMO OT ero COCTOHHHH B npeLlbiLlYIIlHti MOMeHT BpeMeHH . EcnH HMITYITbC 

nocTynaeT Ha BXOLl R , TO TpHrrep YCT8H8BITHB8eTCH B HyneBoe COCTOHHHe, 

He38BHCHMO O T npe LihlLlYWero COCTOHHHH o Ta6nHU8 B036Y*LleHHH TpHrrepa 

S- R npeacTaBneHa Ha pHc . 5 . CHMBon X 03H8'tJ8eT, 'ITO ITpH LlBHHOti 

KOM6HH8 U HH HB BXOLlBX B biXOLl TpHrrepa He onpeaeneH. 

Q s R Q~ 

0 0 0 0 0 

±EJf 
I 0 0 1 0 
2 0 ( 0 ( -

.3 0 ( / X 
~ 1 0 0 ( 

5 I 0 I 0 
6 I I 0 ( 

7 ( I I X 

PHC o 5. ¢yHKUHOH8ITbH8H CXeMa H T86ITHU8 B036Y*LleHHH TpHrrepa S -R . 

4. TpHrrep THna J - K 

TpHrrep THna J - K (pH c. 6) HMeeT TaK*e aBa B y! xoaa. BxoLib i J 
H K COOTBeTCTBYJOT BX0Ll8M S H R TpHrrepa S - R COOTBeT C TBeHHO. 

OTnH"tJHe TpHrrepa J - K 

COCTOHHHe TpHrrepa J - K 

OT TpHrrepa S - R COCTOHT nHIIlb B TOM, 'ITO 

H3MeHHeTCH Ha o6paTHOe , eCnH HB KB*Llblii: J 
H K OLlHOBpeMeHHO ITOCTYITB JOT CHrHSITbl J. Ha pHC. 6 npeLICTBBneHa TB6-

nHua B036Y*LleHHH TpHrrepa J - K . 
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Q :J K a.,. 

'g 0 0 0 0 0 K J-K Q 
f 0 0 1 0 
2 0 4 0 1 
3 0 I I ( 

4 I 0 a ( 

5 I 0 I 0 

6 I f 0 I 

7 { I { 0 

PHc. 6. 4>yHKUHOH8llbHaH cxeMa H Ta6nHua soa6y)l(aeHHSI TpHrrepa J - K . 

5 . TpHrrep S - R - T 

ToHrrep THna S-R-T(pHc. 7) HMeeT TpH BXOLia S , R H T.l1pH no-

cTynneHHH H8 BXOLI S CHrHana 1 TpHrrep YCT8H8BllHB8eTC5I B eLIHHHqHoe 

COCTOSIHHe. l1pH llOCTynneHHH CHrHana 1 Ha BXOLI R TpHrrep yCT8H8BllHBaeTCSI 

B Hyneaoe COCTOSIHHe. EcnH )l(e CHrHan 1 llOCTynaeT H8 BXOLl T 
1 

TO TpHrrep 

H3MeHs:teT CBOe COCTOSIHHe Ha llpOTHBOllOllO)I(HOe. l1pH STOM LIOll)I(HO C06lllO

Ll8TbC5I ycnoBRe: SR = RT = TS = O, B rrpoTHBHOM cnyqae TpRrrep ycTaHOBHTCs:t 

B HeonpeaeneHHOe COCTOSIHHe. 

TpRrrep THna S- R- T, oqeBHLIHo, s:tBnHeTcs:t TpRrrepoM co cq~THhiM 
H LIBYMH YCT8HOBOqHblMH BXOL18MH. 

llOCTpOeHHe TpHrrepoB Ha HHTerpanbHblX MO!lynHX 
II/ /t 

THna H-HE 

TpRrrepbl Ha LIHCKpeTHbiX KOMIIOHeHT8X 06bi'IHO BblllOllHSIIOTCSI CO CB5I3SIMH 

ITO nepeMeHHOMY TOKY ( HMIIYllhCHBSI llOrHKa), a TpHrrepbi Ha HHTerpanbHbiX 

CXeMaX - IIO IIOCTOSIHHOMy TO~y. 
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.sg R S·R·T ~ T Q 

Q S R T o s R. r 
0 0 0 0 0 0 ~ I 0 0 0 I 
{ 0 0 0 0 I 9 I 0 0 f Q 

2 0 0 { 0 0 10 I 0 I 0 0 

.3 0 0 I I X II I 0 I 0 X 
4 0 ; 0 0 I 12 I I 0 0 f 
5 0 I 0 I X /3 I i 0 I X 
& 0 I I 0 X '" f I I 0 X 
7 0 I I f X 15 I I I I X 

PHc , 7. <l>yHKUHoHanbHBH cxeMa H Ta6nHua aoa6ylKaeHHH TpHrrepa S- R- T . 

MCXOAHOA CXBMOA AUH TIOCTpOBHHH ApyrHX TpHrrepOB MOlKBT cnylKHTb .. . 
TpHrrep THna S- R , KOTOpbifi COCTOHT H3A ABYX sneMeHTOB M-HE (pHc,8) / 2f 

B HOpMallbHOM COCTOHHHH ( Hynb) Ha BbiXOAB Q TIOTBHUH8ll HH3KHH 1 a 

H8 BbiXOAB 

BXOA S 

Q 

HliH 

- BhlCOKHH, ~pOHT KOpOTKOrO HMTIYllbC8 1 TIOA8B8BMOro Ha 

P, OTnHpae T 3anepThlA AO TOrO TpaH3HCTOp, H TpHrrep 

nepeKnroqaeTCH, QqeBHAH0 1 qTo npOCTOe H3MBHBHHB ypOBHH H8TipHlKBHHH TIOCTO-

HHHOrO TOK8 HBllb3H HCTIOllb30B8Tb B K8qBCTBB CHrHana 3anyCK8 1 TIOCKOllbKy 

T8KOH CHrHan 6yae T 6noKHpOB8Tb TpHrrep AliH A8llbHBAlliHX H3MBHBHHA, MM

nynbC B03Bp8T8 B HYliBBoe COCTOHHHB ( c6poc) n oaaBTCR no lliHH8M R H C . 

11o6aBHB B HCXOAHyro CXBMY CTp06HpyroiUHB 9~BMBHTbl ( BBHTHliH) 1 MOlKHO 

nonyqHTb TaK Ha3biBaeMbiH TpHrrep 3aABPlKKH - D - TpHrrep (pHc , 9), 

3aeCb npRMOyrOllbHHKOM 0603HaqeHa HCXOAH8H CXBM8, GHMMBTpHqHbiB ynpaBliH -

IDIUHB ypOBHH n oaaroTCH Ha BXOAbl D H 0 , a Ha BXOA8X CHrHBUOB CHHXpO -

HH38UHH TIOTBHUH8ll HOpM8llbHO HYliBBOH, TaKTOBbiH HMnynbC npOXO!lHT qe

pe3 TOT BBHTHllb 1 Ha BTOpOM BXOAB KOTOpOrO HMBBTCH Bb!COKHA TIOTBHUH8ll 1 

H COOTBBTCTByroiUHM o6p830M nepeKnroqaeT TpHrrep, EcnH TpHrrep H 6e3 TOrO 

H 8X01lHTCH B COOOTBB TCTByroiUBM COCTOHHHH , TO nepeKnroqeHHB He npOHCXOAHT, 
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PHc. 8. CxeMa TpHrrepa S -R, nocTpoeHHoro Ha HHTerpanbHbiX aneMe. 

THna ~HnH-HE: 
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DoTeHuHan bHbie ypoBHH, nell:cTBYJO!IlHe Ha Bbixonax, rrO S!BnSIJOTCSI Ha Bbixo.aax 

TpHrrepa C 38Llep~KO~ H8 OLIHH rrepHOLl T8KTOBhlX HMDynbCOB, qeM H onpe.ae 

nS!e T CSI Haa s aHHe sToro TpHrrepa. 

E cnH H8 lliHHe T8K TO B biX CHrHanos .aell:CTsyeT BbiCOKHil: DOTe HuHan H n H 

~e sTa IlTHHa npocTo oTcyTcTsyeT, T o paccMaTpH s aeMaSI cxeMa npes p a m aeTCSI 

s npo c To ll: T pHrrep c ycTaHOBKO~ s enHHHUY H c6pocoM s Hynb ( R - S-TpHr r ep ). 

EcnH ~e CHHXpOHH38UHSI .aell:C T ByeT, HO H8 0 60HX BXOL18 X TpHr rep a 0 DOTeH -

f 

U H8n BbiCOK , HnH 9 T H BXO.Obi so s c e OT KnJOqeHbi , T O TpHrrep 6ecnoneaea, noc - ~ 

KOnbKY ero cocTOSIHHe n ocne Ka~.aoro T a KTo s oro HMrrynb ca Heonpe.ae neHHo.B 

9 T OM H 38Kn!Oq810T C SI OCHOBHhle HeLIOCT8TKH RS - TpHr repa: s T ex c n yqaS!x, 

Korna CHrH8nbi H8 0 6 8 BXOL1 8 DOL18 10T C SI O.OHOB peMeHHO, OH rrpOC T O He CJ?8 6 8Tbl-

saeT. 

D p o c To ll: R - S -Tp Hrrep MO~Ho Hcnonba osa Tb s aan o MHH8 JO!IlHX pe-

r Hc Tpa x. TpHr rep T Hna D MO~Ho n pHMeHSITb s a a noMH H8101IlHX p erHcTpax 

K8K C BHell!Hell: CH HXpO HH38UHell: , T8K H 6 e3 Hee, B per HCT p8 X CLl B Hra, a T8K~e 

DpH H8nHqHH DpSI MOrO H HHBepCHOro cHrHanos Ha sxo.aax D H B Cq/;!T-

~HK8X C BHell!He~ CHHXpOHH38UHell: . 0H He DOLlXOLlH T nHlll b Lln SI qHCT O HMDynb C 

HbiX Cq/;!T qHK OB H Tex cnyqaes , KOrna CXeMa C8M8 CTp0 6Hpye T CBOH BXO.Obl. 

4 MeTO.llbi nepeKniO"leHHH TpHrrepoB 

T p Hrrep c Henocpe.acTBeHHO ll: CBSI3b!O n o sxo.ay ( noTeHuHanbHbiil:) ne-

peKnJOqaeTCSI ~pOHTOM B X O.O HOrO HMDy nbC8 H OCT8eTC SI B HOBOM C OCTOSIHHH .00 

TeX nop, llOKa He H3MeHH TCSI C OCTOSIHHe Ha Bxo.ae. TpHrrep C eMKOCTHOA 

CBSI3b!O no BXO.OY ( HMDy nbC Hbi A) no.aroTaBnHsaeTCSI nepe.QHHM <fJpOHTOM H 

nepeKnJOqaeTcSI aanHHM ~poHTOM sxo.aHoro HMnynhca. TaKHM o6paaoM, nono

~HTenbHbiA DOT9HUHan ( e.QHHHU8) MO~eT 6b!Tb DpHno~eH K ero BXO.Oy CKOnb 

i 
d 

~ 

t 
yro.OHO .aonro, HO COCTOSIHHe TpHrrepa H3M9HHTCSI nHlll b TOr.aa, Kor.aa DOTeR- J, 

UH,lin H8 BXO.Oe H3M9HHTCSI C e.aHHHUbi H8 Hynb. 

Ha puc. 10 noKaaaaa cxeMa H8CTOS!Illero HMnynbcHoro J - K -TpHrrepa. 

CnenyeT OTMeTHTb, qTo BXOJlbi TaKTOBbiX HMnynhcos TpHrrepa aanep~KH anecb 1 

paa.aeneHbi H o6oaaaqeHbi J H K • Bxo.Obi D ( ynpasnSIJO!IlHe) sHelliHHMH 

npolluJlHHK8MH coenHHeHbi c Bbixo.aaMH TpHrrepa. Cne.ayeT aaMeTHTb, qTo· sTo 

BOBCe He 06bJqHble BHyTpeHHHe CBSI3H TpHrrepa.; OHH BbiDOnHeHbl BHyTpH KB8.0-

p8THK8,KOTOpbiM 0603HaqeH C06 CTSe HHO TpHrrep. 
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PHc. 10. CxeMa TpHrrepa THna J-K. 
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PH c . 11. C xe Ma TpHrrepa THna S -R .:.. T. 
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J - K - TpHrrep eCTb He 'iTO HHoe, KBK S - R -TpHrrep, H8JleneHHh iA 

JlOnOnHHTenbHOA CnOC06HOCTb!O nooqepeJlHO CTp06HpOB8Tb CHrHanbi, B OJlHO H 

TOlKe BpeMSI npHXOJlSIIUHe H8 o6a ero BX0Jl8. B HeM HMeeTCSI JlB8 p 8 3JlenbHbiX 

BX0Jl8 JlnSI yCT8HOBKH H8 e)lHHHUY H c6poca H8 Hynh H HeT HHK8KHX JlpyrHX 

BXOJlOB JlnSI T8KTOBbiX, C'i ~THb!X HnH K8KHX-nH60 ynpaBnSIIOIUHX CHT'HBnOB. EcnH 

o6a BXOJl8 C OeJlHHeHbl BMeCTe, TO TpHrrep C T8HOBHTCSI C'i~THbiM. KorJla H8 CTO

SIIUHA J - K -TpHrrep H8XOJlHTCSI B COCTOSIHHH 0, TO HH3KHA noTeHuHan Ha Bbl -

XOJle 6nOKHpyeT BXOJl K , TOT'Jl8 K8K BXOJl J OTKpbiT Bb!COKHM noTeHUHanoM 

C B b!XOJl8 Q • npH noRBneHHH eLJ.HHHUbl Ha BXOJle J TpHrrep nepeKnJOqa e T-

CSI B COCTOSIHH9 1 H ycnOBHSI 0 LJ.9t\CTByiOIUHe H8 BXOJlHblX BeHTHnSIX, CHMM9TpHq-

Ho H3MeH SI·TCR. Tenepb nepeKnroqeHHe 

no CHrHany H8 BXOJle K · 

TpHrrepa MOlKeT npOH30ATH TOnbKO 

npH OTCyTCTBHH BXOJlHbiX BeHTHneA CKOpOCTb , C KOTOpoA HMnynhCHblH 

TpHrrep MOlKHO nepeBeCTH H8 e)lHHHUy, a 38TeM c6pOCHTb H8 Hynh, orpaHH

'iHBaeTCSI yLJ.B09HHOH BenH'iHHOH BpeMeHH nepeKniO'ieHHSI Tp8H3HCTOpOB TpHrrepa 

nniOC WHpHH8 nepeKniO'i810IUHX HMnynhCOB. noMHMO 9TOT'0 0 KOT'Jl8 HMnynhCbl 

npHXOJlSIT OJlHOBpeMeHHO Ha o6a BX 0Jl8 0 TpHrrep He MOlKeT "peWHTb"', B K8KOe 

COCTOSIHHe eMy BCT8Tbo EcnH, 0JlH8KO, B CXeMy BBeJleHbl BXOJlHbie BeHTHnH, 

TO WHpHH8 nepeKniO'i810IUHX HMnynhCOB ylKe He HMeeT 3H8'ieHHSI 0 T8K K8K Ha CKO

pOCTb nepeKnJOqeHH~ 6yJleT OK83b!B8Tb BnHSIHHe TOnbKO WHpHH8 npOJlH¢¢epeH

UHp0B8HHOT'O cna)la BXOJlHOT'O HMnynbca. EcnH CHT'Hanbi H8 o6a BX0Jl8 npHXO

JlSIT OJlHOBpeMeHHO,TO TpHrrep nepeXOJlHT B HOBOe COCTOSIHHe; T8KHM nyTeM 

MOlKeT ocymeCTBnSITbCSI nepecq~T BXOJlHbiX HMnynhCOB, npH KOTOpOM TpHrrep 

CaM nooqepeJlHO CTp06HpyeT CBOH BXOJlblo 

YHHBepcanbHBH cxeMa TpHrrepa 

EcnH HaMeHHTh cxeMy J - K -TpHrrepa, coeJlHHHB MelKJlY co6oro BXOJlbi 

J H K ( npH 9TOM C03Jl8eTCSI o6WHH BXOJl JlnSI T8KTOBbiX HMnynhCOB) H 

Jlo6aBHB B Hee ewe JlBa ynpaBnSIIOWHX BXOJl8 0 TO nony'iHTCSl yHHBepcanbH8Sl 

cxeMa HMnynhcHoro TpHrrepa . 

B HeKOTOpOM OTHOlli 9HHH OH8 CXOJlH8 CO C X9 M O H D -TpHrrep a, HO HMe -

eT n o cpa BHeHH IO C 9TO H C XeMOH JlB8 O T n H'iHH. E c nH noTeHuHan Ha BXO Jle 
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T8KTOBb!X HMnynhCOB Bb!COK 0 HnH :>Ke 3TOT BXOJJ. COBCeM OTKn!OqeH, TO BXOA 

0 CT8HOBHTCSI BXOJJ.8MH J If K 1 no KOTOpb!M TpHrrep MO:>KeT nepeKniO-

qlfThCSI B CQCTOSIHHe 1 HnH 0. EcnH non Bb!COKHM noTeHUHanOM HaXOJJ.HTCSI 

BXOJJ. . D HnH :>Ke 3TOT BXOIJ. COBCeM OTKn!Oqea, TO BXOJJ. TaKTOBb!X HMIIynhCOB 

CT8HOBHTCSI cq~THbiM. 

5. norHqeCKOe KOHCTpyHpOBBHHe TpHrrepB CO C'I~THblM · 

,If II 
BXOJ:(OM HB HHTerpBnbHbiX sneMeHTBX /1-H£ .. 

~3BeCTHb!i!: MeTOJJ. noraqecKoro KOHCTpyHpOB8HHSI/3/ p COCTOSIII!Hi!: B CHH-
11 II 

Teae nepeKn!OqaTenbaol!: <jJyHKUHH cxeMbi 0 conep:>Kamel!: sneMeHThi l1-l1JU1, "HE-l1", 

C nocneJJ.y!OII!IfM
0 

nOCTpOeHHeM H8 OCHOBe 3TOi!: nepeKn!OqaTenhHOi!: QJyHKUHH KOH

KpeTHOi!: npHHUHnHanhHOif CXeMbJ 0 CBSI3aH C pSIJJ.OM orpaHHqeHHi!:, T8K K8K C031l8-

• 
HHe na:>Ke rrpocTel!:wel!: cxeMbi He acerna oKa3bJBaeTcSI rrpocTbiM. MaaecTeH 

6onee npocToi!: cnoco6 noraqe"CKoro KOHCTpyHpoBaHHSI TpHrrepa THna J- K /4/. 

B sToi!: pa6oTe HCnOnh30BanHCh JJ.Ba 6a30BbiX sneMeHTa, a HMeHHO: 

Kn!Oq K c noTeHuHanhHbiM ynpaaneaHeM H nHHHSI aanep:>KKH 3. Kn10q aaMbi

KaeTcSI npH nonaqe Ha ero BXOJJ. HanpSI:>KeHHSI IIOCTOSIHHOrO ypOBHSI. 3neMeHTOM 

aanep:>KKH MO:>KeT cn~Tb CaM HHTerpanhHb!i!: MHKpOMOJJ.ynh, KOTOpb!i!: HMeeT 

aaaep:>KKy, paaay10 r . ITpeHMymecTBO rrono6aoro rronxona K norHqecKoMy 

KOHCTpyHpOB8HifiO COCTOHT B TOM 0 qTQ IIpH 3TOM HMeeTCSI OJJ.H03H8qHOe COOTBeT

CTBHe Me:>KJJ.Y CHMBonHqecKoi!: cxeMoi!:, rronyqaeMoi!: B peaynhTaTe norHqecKoro 

KOHCTpyHpOBaHHSI 0 H IIpHHUHIIHanhHOi!: CXeMOi!: ycTpOi!:CTBa. norHqeCKOe KOH

CTpyHpOBaHHe Tp~rrepa THIIa J- K IIpOBOJJ.HTCSI B TpH 3Tarra: 

1) CTpOHTCSI CXeMa yrrpaBneHHSii 

2) CTpOHTCSI CXeMa QJOpMHpoBaHHSI aanyCK8101l!ero HMIIynbca; 

3) Ha OCHOBe rrepBbiX JJ.Byx CXeM CTpOHTCSI CXeMa TpHrrepa. 

Ha pHc. 12 rroKaaaaa cxeMa yrrpaaneHHSI 0 noaaonSIIDII!aSI rrpH rrocTynne

HHH rronO:>KHTenhaoro aanycKaiDmero HMnynhca nepeaecTH n106oa H3 HHBepTo

"' tl 
pOB (HE) H3 aanepTOro COCTOSIHHSI (nonO:>KHTenhHOe HanpR:>KeHHe Ha BhlXOJJ.e) 

B oTnepToe ( aanpR:>KeHHe aa Bbrxone 6nHaKo K ayniD). Bonee rronpo6ao: ecnH, .. . 
HanpHMep, HHBepTOp HE 

1 
H8XOJJ.HTCSI B aarrepTOM COCTOSIHHH 0 TO IIOnO:>KHTenh-

HOe HaiipSI:>KeHHe C ero BbiXOA8 IIOCTyrraeT qepea nHHHIO aa.nep:>KKH 33 Ha 

yrrpaBnSI!OII!Hi!: BXOA KnlOqa K l H IIOAJJ.ep:>KHBaeT 3TOT KnlO'I B aaMKHYTOM 
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, 1 K, 

PHc, 12, EnoK-cxeMa uenH ynpasneHHSI, 

COCTOSIHHH, Kmoq K 2 npH 3TOM p830MKHYT 0 T8K K8K ero ynpaB11SIIOIUHI% BXOLl 

qepe3 11HHHIO 38Liep)I{KH 34 CBSI38H C Bb!XOLIOM HHBepTopa He 2 , KOTOpbii% H8XO

LIHTCSI nOLI HyneBhlM noTeHUHanoM, CneLioBaTenbHO, npH nocTynneHHH HMnynbca 

H8 BXOLl CXeMbl HHBepTOp He 
1 

OTKpOeTCSI1 H 3TO Bbi30BeT 38ITHpaHHe HHBep.

TOpa He 
2 

• nonHbiA nepexoLI TpHrrepa H3 OLIHoro cocTOHHHH s Lipyroe cosep-

maeTCH s TeqeHHe HHTepsana speMeHH t II + t 12 , rLie t II - Ll11HTenbHOCTb 

OTITHp8HHSI HHBepTOpa, 8 t 12 - Ll11HTe1lbHOCTb ero 38ITHp8HHSI, 

ilnR o6ecneqeHHSI 'I~TKoro rrepeKniO'IeHHSI CHrHan Ha BXOLI 3anepToro HH

seTopa LI01l)l{eH nocTynaTb B Te'leHHe HHTepsana speMeHH, He MeHbmero, 'leM 

t I I + t 12 • nocK01lbKY speMSI, Tpe6yeMOe Ll11SI p83MbiK8HHSI ynpasnSIIOIUero 

K1110'18 t 'K 
2 

I npeBb!IUSeT H11H 0 ITO MeHbiUeJ% Mepe, paBHO t 12 1 TO Ll11HTe1lb

HOCTb 38ITYCK810IUero HMnynbC8 He Ll011)1{H8 npeBbllli8Tb BenH'IHHbl t ll + t 
12 

+ t K I' 

rLie t K I - BpeMSI, He06XOLlHMOe Ll11SI 38Mb!K8HHSI ynp8B11SIIO!UHX K1110'1el% K 1 H 

K 2 qepea nHHHH aanep)I{KH 3 3 H 3 4. TaKHM o6pa3oM, nonHaR Ll11HTenb-

HOCTb 3anyCKBIOIUero HMnynbca LI01l)I{H8 6biTb 6onhiiie t 
11 

+ t 
12 

H MeHbiiie 

tll +t12+tK1' l1HTepsan 
K 1 

rrpencTaBnReT co6oA norrycK Ha IUHpHHY 

aarrycKaiOIIIero HMrrynbca, 
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3aU8'i8 CXeMbl cpopMHpOB8HIHI HMIIynhCOB COCTOHT B TOM, 'iT06bi o6p830Bbl

B8Tb aa Bbixoue HMrrynhc JJnHTenhHOCThJO T ( T - HarrepeJJ 3a'JJaHHall BenM

'iHHa) II pH IIOCTyiineHHH H8 BXOJl n106oro HMIIynhC8 C ll!HpHHOil: 6onbmeil: , '!eM 

T . 0JJHa H3 B03MO)KHbiX cxeM cpopMHpoBaTenll rroKa3aHa Ha pHc . 13 . 0Ha 

pa6oTaeT cneuyJOll!HM o6pa30M. HopM?nhHO BXOJJHoe Harrpll)KeHHe paBHO ayn10. 

KnJO'i K 
1 

38MKHyT, rrocKonhKy Ha ero yrrpaBnllJO!llHil: BXOJJ )lOJJaeTCil rrono)KH

TenbHoe HarrplllKeHHe, a KnJO'i K 3 pa3oMKHyT. B biXOil cxeMbi coeJJHHeH co Bxo-

JJOM qepe3 KnJO'i K l H , cneJJOBaTenbHO, T8K)Ke H8XOJJHTCil IIOJJ. HyneBb!M 

!IOTeHUH8nOM. npH IIOCTyiineHHH H8 BXOJl IIOnOlKHTenbHOrO CK8'iK8 H8IIplllKeHHil 

n 
~~ oC> 

3$ 

~ 

1(3 

r 
.L 

lL 
GI>IKDd 

J.~ '---o + 

PHc. 13. EnoK-cxeMa cpopMHpoBaTenSI HMrrynhCOB. 

H8IIplllKeHHe H8 Bb!XOJle T8KlKe B03p8CT8eT, IIOCKOnhKY KnJOq K l OCT8eTCil 

38MKHYThlM. 3TOT Kn!O'i p830MKHeTCil TOnbKO liOCn e Toro, K8K 38MKHeTCH 

KnlO'i K 3 , 'iTO IIpOH30il:JJeT IIOCne IIOCTyrrneHHSI H8 yrrpaBnll!OillH il: BXOJl KnlO-

qa K 
~ 3 5. 

Ha pHC o 14 IIOK838H8 CXeMa TpHrrepa , rronyqeHHBil B pe3ynhT8Te KOM -

6HHHpOB8HHil CXeMbl yrrpaBneHHil H CXeMbl cjJopMHpOB8 HHilo 

17 



Puc. 14. EnoK-cxeMa J- K Tpurrep a. 

6. ' llpHHI.lHIIHBflbHbie CX eMbl TpHrrepoB 

113 6 noK-CX eMbl Tpurrepa TUna J - K ( p uc. 14) BULlHO , 'iTO LlnH pea-

• . . 
nH38UHH J - K Tpurrepa Ha a neMeHTax Tuna H-HE Heo6xoauMo, n o Kpail:Heil: 

Mepe, rnecTb TaKUX aneMeHTOB, Ha puc, 15 U 16 U306pa)KeHbl CXeMbl TpHr-

repoB CO C'l (!TH biM BXOLlOM, 3TH CXeM bl OTITH'la!OTCH TeM, 'iTO OHH 3anycKa

IOTCH HMITYITbCaMH ITpOTHBOITOITO)KHOil: ITOnHpHOCTH. 

PaCCMOTpHM KpaTKO pa6oTy Tpurr epa (puc. 15), ITOITb3Y HCb BpeMeHHOil: 

a u arpaM Moil: (puc. 17). Dpearrona raeTcH, 'iTO Hanuque oTpu uaTen&Horo curHana 

COOTBeTCTBy eT ITOI'U'leCKOil: eLlUHHUe, a npuc yTCT B He ITOITO)KUTeiTbHOrO CUrHana

- ITOI'U'leCKOMY Hyn!O, 8 HCXOJlHOM ( HyneBOM) COCTOSIHHH H a Bbi XOJle M OJlynSI 

6 - Bb!COKHil: ypoBeHb HanpSI)KeHHH ( +) ( eJlHHH'IH b lil: Bbi XOJl), a Ha BbiXOJle 

MoaynH 4 - HH3KU il: ypoBeH& HanpH)KeHHH (-). B cKo6Ka x yKa3aHbi 3Ha 'leHHSI 

ypOBHeil: H a BXOJlaX H B b iXOLlaX MOLlyneil:, KOrJla TpHrrep HaXOLlHTCH B Hyne

BOM ITOITO )Ke HHH. H a cq(!THOM BXOLle T p Hrrepa (MOJlynH 4 H 3) ycTaHOBneH 

B b i COKU il: ypoBeHb. D pu ITOC T ynneHH H Ha C 'l(!T Hbl lf B X OJl O T p u uaT enb HOI'O n e p e

naa& HaiTpH)KeHue qepe3 BpeMH, paBHOe BpeMeHU 3aLlep)KKU CUI'Hana H8 OJlU H 

KBCKBJl , H8 BWXOLle MOLlynH 4 ITOHBHT CH ITOITO)KUTen&HWil: nepena)l (eM . CXeMy 

18 
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troa 1f 
c~oc: 1f 

Puc. 15. n puHUHITH8nb H8SI cxeMa J- K TpHrrepa c 3anyCKOM OTpuuaTelll 

HhiMH HMITynhC8MU , 

&.x J 

n 

Puc. 16. npuHuunuanhHaSI cxeMa J- K Tpurrepa c 3anycKoM nono lKHTenbi 

MU · HMnynbC8MU , 
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I L.t 
0 2 
1 

o_j 
J I IJ 
0 't 
1 

01 
J 

I Ls 
0 

I I 

' 0 1 

PH c. 17. BpeMeHHBH JlHarpaMMa pa6oTbi TpHrrepa, Hao6pa)l(eaaoro aa 

pHCe 15: 1 - BXOJlHOll: CHrHBlli 2 - BbiXOJl MOJlYllH 1 i 3 - BbiXOJl 

MOJlYllH ~; 4 - BbiXOJl MOJlynH 3; 5 - BbiXOJl MOJlYllH 4; 6 - Bbi-

XOJl MOJlYllH 5; 7 - BbiXOJl MOJlYllH '6. . 

HB pHC. 1a) H8ITpH)I(eHHH 0 8 BbiXOil MOJlYllSI 3 B Te'leHHe <noro BpeMeHH OCTa

HeTCSI 6e3 H3MeHeHHSI. l.Jepe3 BpeMSI, p8BHOe 2 T , MOryT H3MeHS!Th CBOe 

C OCTOSIHH e MOilYllH 2, 3, 8, TBK KBK OHH C BSI3 8 Hbl C BbiXOilOM MOLIYllSI 4 . B bi 

X Oil MOllY li S! 2 IT p HHHMa e T 3 H 8 'le HH e 0, T B K K B K B b iXOil MOLl Y liS! 1 HMe e T 3 H 8 '1-

qeHHe 1. 8biXOil MOilYllSI 3 He MeHSieT CBOero 3 H8'leHHSI, OCT8B8S!Ch B Hyne, 

ITOCKOllhKY He MeHSieTCSI BXOilHOll: CHrHBll, p8BHbitl: eLIHHHUe. 8biXOil MOilYllSI 

8 H3MeHSieT CBOe 3H8'leHHe, ITOCKOllhKy B Te'leHHe p 8 CCM8TpHB8eMOrO HHTep

B8ll8 H8 ero BXOil ITOCTynaeT HyneBotl: CHrHBll C BbiXOLl8 MOLIYllSI 5. TaKHM 

o6p830M 1 ITOClle CHSITHSI C'l{!THOrO HMITYllhC8 TpHrrep nepe6p8CbiB8eTCSI B 

ellHHH'IHOe COCTOSIHHe. KaK BHLIHO H3 CXeMbl 1 CllellyiOIDHtl: C'l{!THbltl: HMITyllhC 

Bbi30BeT H3MeHeHHe MOLlYllSI 3, TBK KBK HB OCT8llhHbiX ero LIBYX BXOil8X B 
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e.[tHHH'IHOM COCTOHHHH yCTaHOBneHbl llOnO)KHTenbHb!e ypOBHH H JJ.anee CXeMa 

TpHrrepa nepe6paCbiBaeTCH B Hynesoe COCTOHHHe H T • .ll. KaK BH.llHO H3 BpeMeHHOJ!: 

.llHarpaMMblo npH KaCKa.llHpOBaHHH C'I~T'IHKa Ha C'I~THbiJ!: BXO.ll cneny!OIIIero pa3-

pH.lla He06XO.llHMO llO.llaTb Bb!XO.ll C MO.llynH 5. Eonee llOJl.p06HO CHHTe3 cxeMbl 

TpHrrepa OllHCSH B/3/. 

PaccMoTpHM cxeMy TpHrrepa, Hao6pa)KeHHoro Ha pHc. t/21. 3Ta cxeMa 

aanycKaeTCH nonO)KHTenbHbiMH ypOBHHMH HarrpH)KeHHJ!:. 3JJ.eCb llpHHHT0 0 'ITO Ha-

CHI'Hana COOTBeTCTByeT nOI'H'IeCKOMy Hyn10, a npHCyT-

CTBHe nonO)KHTenbHOI'O CHI'Hana - norH'IeCKOJ!: eJJ.HHHUe. B HCXO.llHOM (HyneBOM) 

COCTOHHHH K npOXO)KJleHHIO C'I~THOI'O nonO)KHTenbHOI'O nepenaJJ.a HBllpH)KeHHH 

ITO.lli'OTOBneH MO.llynb 2, a B eJJ.HHH'IHOM COCTOHHHH TpHrrepa C'I~THb!l!: HMnynbC 

npoxonHT qepea Monynb 4. TaKHM o6paaoM, ocymecTBnHeTCH nooqepenHoe cTpo-

6HpoBaHHe BXO.llOB TpHrrepa. 

7. Pe3ynbTBTbi H3MepeHHII 

06e cxeMbi TpHrrepoB 6bmH co6paHbi Ha TBepnhiX HHTerpanbHbiX cxeMax, 

HMe!OIIIHX BenH'IHHy 3aJJ.ep)KKH Ha OJl.HH 3neMeHT 3Qof4Q HCeK. npu HCllb!TBHHH 

6bma nony'leHa MaKCHManbHaH 'laCTOTa C'I~TB 8-t9 Mru ( llpH aanycKe qepe3 

aMHTTepHbil!: nosTopHTenb). EnaronapH oTcyTCTBHIO eMKOCTel!: cxeMbi TpHrrepoB 

C Herrocpe.llCTBeHHbiMH CBH3HMH HMe!OT O'leHb IIIHpOKHJ!: npenen yCTOJ!:'IHBOJ!: 

pa60Tbl llpH H3MeHeHHH llHTa!OIIIHX HallpH)KeHHJ!:, .llOCTHI'a!OIIIeM 50%. 
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