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Oaao:ii 1:13 cymecrBeHHhiX oco6eaaocre:i1 nocrpoeHI:ISI coBpeMeHHO:ii · 

·aneKTpO!!HOqH13H"'eCKOfi annapaTypb! SIBnSieTCSI C03,[l8HI:Ie bOnbll!I:IX YCT8HOBOK 0 UHI:I 

MoryT BKnl0"18Tb B ce6SI OKOnO }leCSITI:I CT8HJl8pTHhiX c:oeK, 38ITOnHeHHbiX 

. 'pa3n~"'HhiMH aneKTpOHHbiMI:I 6noKaMI:I. B ar1:1x ycnoBHSIX npi:IXOJli:ITCSI pell!ar:e 

BOnpoc 0 KOHTpone 6nOKOB ITI:IT8HI:ISI ITOJl06Hb!X yCT8HOBOK 1 ITOCKOnhKY Ha Ka~

ilYIO CTO:i1Ky I:IX rpe6yeTCSI 6onee 20. 0co6eHHO He06XOlli:IM TO"'Hbi:ii KOHTpOnh. 

HanpSI*eHI:IH ITI:IT8HI:ISI CITeKTpOMeTpl:l"'eCKI:IX yCT8HOBOK1 K8K aneKTpOHHK1:1 1 T8K 

n ¢oroyMHO*I:ITene:i1. CymeCTBYIOllll:le CI:ICTeMbl. na}JannenhHOI'O. KOHTponSI nu

T~HI:ISI/1,2/, B npi:IHUI:Ine, H3-38 He06XO~I:IMOCTH npOCTOTbi KOHTp~nbHO:ii CXeMbl 

Ha KB*AO~ I:ICTO"'HI:!Ke, He Moryr o6ecne"'I:!Th noBbill!eHHofi TO"'HOCTI:I. 

B Jl8HHO:i1 pa6ore OITI:ICbiBaeTCSI ycTpO:iiCTBO KOHTponSI ITHT8HHSI nocne-

. llOBaTenbHOI'O ae:i1CTBI:ISI (pene:i1Hb!H KOMMyTaTop) C OJlHHM TO"'HbiM 6nOKOM· 

KOHTponsr (u~:~¢poBo:i1 BonhTMerp co cxeMo:ii saaaHI:ISI rpaHnu). YcrpoiicTBO npo

H3BOllHT nocne,[lOB8TenbHbi:i1 KOnbUeBOH o6XOJl BCeX KOHTpOnhHbiX TO"'eK. nnSI 

YA06CTB8 Bl:layanhHOI'O KOHTp~nSI HanpSI*eHI:Iii no Ul:ltjJpOBOMY BOnbTMeTpy. Jlni:I

TenbHOCTb H3MepeHI:I:i1 . HanpSI*eHI:ISI B K8*Jl0H TO"'Ke .Bhi6paHa paBHO:ii "' 3 CeK. 

flpl:l Bb!XO,[le HanpSI*eHI:ISI KO!!TpOnl:lpyeMOH TO"'KI:I 38 38Jl8HHh!e I'p8HHUbl npOI:ICXO

Jli:IT OCTBHOBK8 KOMMYT8TOpa H BKniO'l:aeTCSI 3BYKOBO:i1 CHI'Han OITOBellleHHSio 

flp1:1 i(O,[lKniO"'e!IHI:I BOnbTMeTpa K KOHTpOnl:lpyeMOMy I:ICTO"'HI:IKY I'8CHeT COOT

BeTCTBYIOlll8H I:IIIJli:IK8TOpllaSI naMITO"'Ka 118 nepeaHe:ii naHenl:l peneiiHOI'O KOMMY

TaTopa. Il09TOMY np1:1 OCT8HOBKe KOMMyTaTopa nei'KO H8HTI:I llei:ICITpaB!Ibi:ii I:IC

·rO"'III:IKo- f10K8381IHSI Ul:lcppOBOI'O BOnbTMeTpa B 9TOM. cny:qae CBHlleTen.b~TByiOT 

o r1:1ne Hel:lcnpaBHocru. 

YcTpO:iiCTBO KOHTponupyeT BOCeMb· HOMI:IHanoB HanpmKeHHil:: :!:..3B 1 :!:..6B 1 

:!:..12B 1 :!:..24B C TO'iHOCTbiO +0~ l9 .. -0,21 B B npeaenax OT 0 JlO :!:..42 179 Bo '. 
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YcTpoficTBO npocTo B HananKe, He Tpe6yeT. pe~ynupoBKH u lfMeeT 6onbiUOfi 

.aanac no TO'IHOCTII. flpu Heo6xonHMOCTH TO'IHOCTb. aanaHHSI HOMIIH8nbHblX B?

nU'IHH HaTipSI)K8H11ll MO)K8T 6b!Tb TIOBhiiUeHa COOTBeTCTBYIOIUHM nononHeHU8M· 

uutiJpoBofi cxeMbl sanaHHSI rpaHHU. OcTaHOBHMCSI no.opo6Hee. Ha oT.oenb!lhlX ysnax 

ycTpOHCTBa. 

PenefiHhlfi ~OMMyTaTop 

.PenefiHblll KOMMyTaTop COCTOHT 113 OTnenbHhlX nocnenoBaTenhHO BKniO

qaeMhiX C8KUUH Ha 24 KOHTpOnbHblX TO'IKH Ka)Knag. flpHHUHTIUanbHa·g CXeMa 

C8KU11li penefiHOI'O KOMMyTa Topa TIOK838Ha Ha puc. 1. 0Ha. COCTOHT li3 nocne

noBaTenbHO aanycxaiOIUHX apyr npyra onHOBII6paTopoi?. .na pene THna P3C-6 

(P3C-9) c conpoTHBneHiieM o6~oTKH 600 oM. CocTaBHofi TpaH31!CTop (·T1 , T2-

MIT26B) ucnonbayeTcSI TOnbKO nnSI yaenuqeHHSI axonHoro conpoTuaneHHSI 

pene, nocKonbKY nng BpeMSisanaiOIUero ·KOiineHcaTopa (30,0 MKtP) Heo6xotiHMO 

o6ecnetiHTb apeMSI paapgna ~ 3 ceK • 

. . CxeMa pa6oTaeT cnenyiO!UliM o6pa30Mo 8 HOpManhHOM COCTOS!Hlili BpeMSI

sanaiOIUifll KoHneucaTop paspg)KeJI, u pene BhiKniO'IeHo. l1Hni!KaTopHaSI naMnoq

Ka BKniO'IeHa qepe3 .HOpManbHO 38MKHyThlll KOHTaKT pene OT COOTB8TCTBY!OIII8I'O 

ell: 6noKa n,uTaHHSI •. ITpn cpa6aThiBaHHli npenhinymero pene npolicxonrrT no.oro

TOBKa onHOBH6paTopa. 8peMSI3anaiOIUlill KOHneHCaTOp 6biCTpO 38pSI)K89TCSI no 

HanpSI)KeHHSI nuTaHu5r ( -24 B) qepes nrron (.U1 04). ITpu oTnycKaHllll npe.O.hi

J:tymero pene K. o6MOTKe ·nocnenyiOmero. nonKnJOqaeTCSI qepea noaTopuTenb 

sapg)KeJIHhifi KoHneHcaTop, acnencTaue qero~pene cpa6aThiBaeT H ynep)KI!BaeT.:. 

CSI BO BKniO'I9HHOM COCTOS!Hllll B TetieHue apeMeHu paspSina KoHneHcaTopa 

no nopora oTnycKaHHSI pene. B aToT llHTepaan apeMeuu BhiKniO'IaeTcSI uHnu

KaTopHaSI naMTIO'IKa, li KOHTponupyeMblll HCTO'IHliK TiliT8HliSI nonKnJOqaeTCSI. 

K enrraofi uiuHe uu¢poaoro aonbTMeTpa. ConpoTuaneHue pa3BSI3KH 510 OM 

Heo6xonHMO nng npenoTBpameHHSI KOpOTKOI'O 38Mb!K8HHSI cocenHHX · KOHTponu-

' pyeMblX liCTO'IHliKOB llllT8HHSI, .· ecnu rpynna · KO~TaKTOB pene, BKniO'I8IOIU8SI ·no-

cnenyiOIUHll onHOBH6paTop, nepeKniOqaeTCSI pa!Ib!Uej '18M rpynna KOHT8KTOB, 
• - }c ' 

OTKniO'I8IOIU8SI npen~>Inymufi KOHTponupyeMblll HCTO'IHHK OT lllHHbl uu¢poBOI'O 

BOnbTMeTpa. B TetieHUe BpeMeHU Bhinep)KKll npOH3BOnHTCSI T8K)Ke' noni'OTOBKa 

• nocnenyiOmero onHoau6paTopa. 
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Ecnu Harrps:o:KeHue KOHTponupyeMoro ucTo'IHHKa rruTaHHSI Bhilllno sa sa

AaHHbie rpaHHUhi, TO pene, HaXOASil1JeeCSI B 6noKe SaAai!I!SI rpaHI!U, IIOAKnJO'!aeT 

o6myiO A.IISI BCeX OAHOBU6paTOpOB lllliHy OCTai!OBKli K liCTO'fJlliKY ·nuTaHUSI (-24n). 

B 9TOM cnyqae Ha o6MOTKH pene noAaeTcsr Harrpsr~eHue 6onblllee, '!eM nopor 

OTIIYCKaHliSI, HO MeHblllee, . '!eM nopor 'cpa6aTbiBaHHSI. npu 9TOM BK.IIIO'!eHHOe 

pene He oTnycKaeTcsr, a ocTanbHbie ue cpa6aTbiBaiOT, TaKuM o6pasoM npoua

BOAHTCsr OCTaHOBKa KOMMy.TaTopa Ha HeliCllpaBHOM 6noKe nuTaHHSI. noAKnJO'lliB 

llOIIO.IIHliTe'.llbHOe pene K lllliHe OCTaHOBKli, MO~HO CIIHXpOHU3UpOBaTb pa6oTy KOM

MyTaTopa, rrpn 9TOM A.llliTe.llbHOCTb liMIIY.IlbCa CIHIXpOHHSaUHli AO.Il~Ha 6b!Th 

60.Ilbllle, a naysa KOpO'Ie, '!OM npeMSI BbiAep~Kll OAHOBH6paTOpOB. 8 Ka~AO:fi 

' 
CeKUllll npeAyCMOTpeHa TaK~e py'IHaSI OC raUOBKa KOMMyTaTOpa C IIOMOIUbiO 

TyM6nepa. 

C6poc-ycTaHOBKa BCeX pene B BbiK.Il!O'!eHHOe COCTOSIHUe llpOHSBOAliTCSI . . 
·TyM6nepoM, paSMhiKaiOlllliM o6MOTKH pene B AaHHoii ceKUHH. BKniO'!eHue an-

napaTyphi C.lleAyeT npoliSBOAliTb, ycTaHOBliB TyM6nepbi BCeX CeKUHH B nono

~euue "C6pOC "• npoAO{I~UTe.llbHOCTb HHTepnana c6poca AOmKHa. 6b!Tb He Me

Hee 5 c,eK A.IISI ycTaHOB.IleHHSI HyneBhiX IIOTeHUUa.IIOB Ha BpeMSI3aAa!Ol1JliX KOH

AeHCaTopaX~ 

B Ka~AOH CeKUlili KOMMyTaTopa liMeeTCSI.KHOIIKa nycKa. Bee KOHTpOnb.Hhie 

TO'IKH, BXOA li Bb!XOA UeiiO'IKH OAHOBH6paTOpOB CeKUlili, a Ta·K~e lllliHbl OCTaHOBKli . 
'• ... 

li BOnbTMeTpa BhiBeneHhl Ha 30-KOHTaKTHL.IH pas'beM (pHC. 1) ,K. HeMy IIOAK.IIIO'!aioT-

. CSI ABa AOIIO.IIHHTe~bHbiX pas'beMa: BX()AHO:fi li BbiXOAHOii, C IIOMOIUbiO KOTOpb!X 

MO~HO BK.Il!O'IliTb B KO.IlbUO OAHY li.Illi HeCKO.IlbKO. CeKUHil KOMMyTaTopa, 

npenycMOTpeHO py'IHOe IIOAK.Il!O'IeHHe K K.lleMMe UHcjlpoBoro. BO.IlbTMeTpa 

.11!060ro HS KOHTponupye.MbiX. liCTO'IHHKOB IIHTaHliSI. B COKUllli C IIOMOlllb!O ABYX 

raneTHhiX nepeKniO'IaTeneii. nnTaHue OAHoi3u6paTopon saAy6nnpoBauo c no

MOlllbiO AHOAOB oT He~~onbKHX ( KOHTponHpyeMbiX) HCTO'IHHKOB nuTaHUSI c uo

MHHanbHOii Be.llli'IIIIIOii HaiipSI~eHHSI - 24 B. 

BnoK saAaHu~ rpaHnu 

llu~ponoii 6noK saAaHHSI rpaHnu, cxeMa KOToporo npHneA~Ha ua pnc. 2, 

npeAHa3Ha'!eH A.IISI pa60Tbl C Uli~pOBbiM BO.IlbTMeTpOM, liMO!OlllliM Bb!XOA B ABO

H'IHO-AeCSITli'IHOM KOAe. OH cocToliT us nepexonnuKOB ciT yponHeii uncjlponoro 

BO.IlbTMeTpa K ypODHSIM TTL (M 1-M ) 6ycjlepHbiX MOAyneii (MB .. Ms)' cny~amux 
I 5 ' 

6 

"',I 



I, ITIIT8HIIH BbiWnO 38 38-

8HIIH rpaHIIU, ITO,llKnJO'IaeT 

CTO,"\.HIIKY .ITIIT8HIIH (-24B), 

HIIe 6onbruee, '!eM nopor 

• ITpii aToM BKniD'IeHHoe 

, TaKIIM o6paaoM npoiia

OKe ITIIT8HII H. rr 0.1lKniO'IIIB 

onH3HpoBaTh pa6ory KoM

JouuaauHII .1lOmKHa OhiTh 

:oBHoparopoB, B Ka)K.1lOil 

JMMyTaTopa C ITOMOIUhiD 

:OCTOHHIIe ITpOII3B0,1liiTCH 

ceKUIIII, BKniD'IeHIIe an

>hi Bcex ceKUII11 B nono

ca aomKHa OhiTh He Me

lla BpeMH3at:ta!OWIIX KOH-

nycKa, Bee KOHTponbHhie 

a TaK)Ke WIIHbl OCTaHOBKII 

:, 1 ) .K. He My IT0.1lKniD'IaiDT

oil, C ITOMOIUbiD KO';t'Opb!X. 

:eKUHll KOMMyTBTOpa,

Ull(ppoBoro BOnhTMeTpa 

:eKUIIII C ITOMOIUhiD llBYX 

B aaayoniipoBauo·c no

ro'IHIIKOB ITIITaHIIH C HO-

'0 npiiBe;t:t~Ha Ha piiC, 2, 

IIMeiDIIliiM BbiXOll B llBO

OTypoBHeil UH<jlpoBoro 

· .. (Me +- Mi3), cny)Kamnx 

ann noBhiWeHIIH uarpyaoquoil cnoco6uocru nepexot:tHHKOB, Moayneil (Mg-t M 15), 
ITpOH3BOllHWIIX He06XOll!IMbie l CM, HII)Ke} noru'IeCKHe onepailliii II f!HepUHOHHOil 

cxeMbi (T1-tT2), BhiKniD'IaiOIUefl ·pene npu BhiXot:te KOIITponupyeMoro uarrpn

)KeHHH aa aaaaHHhie rpaHHUhi, 

CxeMa nepexot:tHHKa K ypoBHHM TTL npeacraBneua oraenbHO Ha puc. 3, 

Oua HBnneTCH yunBepcanbHOil II noaBonsreT nony'IaTb npnMoil u HHBepCHhifl 

ypoBHH TTL oT paann'IHhiX UII<jlpOBhiX BOnhTMeTpoB, CxeMa HMeeT cooCTBeH

Hhie ·noporu cpaoaThiBauusr -0,3 B u + 1,5 B, coBnaaaiDrune c noporaMu cpaoa

ThiBaHIIH B crauaapTax NIM II TTL cooTBeTCTBeHuo, B Taoniiue npuBet:teHhi 

BenH'IIIHbl cornacyiOIUero COITpOTHBneiiHH R , KOTopoe HeOOXOllllMO ITOAKniD

'IllTb K ·nepexoaHHKY npn paooTe c uu<jlpOBhiMH BOnhMeTpaMu. KaK BH.1lHO ua 
., . ._ . . -

raonnUhi, BhiX0.1lHOii: ~0.1l BOnhTMerpa HP3462A HBnsreTcn IIHBepCHhiM no- oruo

rneHHID K KOtlaM BOn?TMeTpOB .1lpyrux THITOB, IT OSTOMY t:tnn npaBHnbHOH _paoo

Tbl 6noKa aaaa.imsr r_pauuu B aToM cny-qae ueooxoauMo cunMaTb. BhiXOllHhie 

ypOBHII c KonneKTOpa T1, naoo ll008BliTb conpOTIIBneuue R'~ 27 KOM (pile, 3), 

BnoK 38.1l8HHH rpaHHU HBXOllllTCH B COCTOHHllll ITOKOH (HeT CllrHana .He

ucnpaBHOCTH) npu Bhmonueunu cneilyiOruero ycnoBun: 

. (1 ) 

1 

3t:teCb llHtleKC8Mll a ·' b ., II C 0003Ha'IeHbl t:teCHTII'IHhie _pa3p5I.1lbi 1. COOTBeT

CTBY!OIUHe. t:teCHTbiM .1lOn5IM1 et:tHHIIUBM ll .1leCHTK8M BOnbT COOTBeTCTBeHHO, 

-- ITpu nepexoae K ABOH'IHo-aecnTn'IHOMy K0.1lY ( 1-2-4-8) ypaBHeaue ( 1) npe...: 

o6paayeTCH K cnet:tyiOIUeMy BHt:ty: 

-( ( 2 ,, X 2" X 4, + 1 ,, X 2, X 4,) X 1 , + 1 ,, X 2 ,, X 2" X (1 " X 4" + 1 "X 4 ")) X 

x 2' x 4' x B' + ~(2"' x.2" x 4" + 1'" x 2" x 4" x 8_~') x,)_" + 1'" x 2'" x 
(2) 

X (J"·x 2"'x 4'' + 1" X 2" X 4")] X 8' 1 . 
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.tl.x. 

Puc, 3, CxeMa nepeXOAHHKa oT ypoeHeli nu¢poeoro eonbTMeTpa K ypoBHHM 
TTL. 

· Ta6nn:ua 

' Tun 
8onbTI"'ErPO .d f f?!Jwx R. 

8k'1..:10 ±0,58 -58 101< 201( 

HP3'1621l -21{8 -/8 fOOl< -
TR6515 0-H28 +6-tt/S~ i11k -

£M(J (382 08 -128 4/K 1(7,4( 
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B ypaBH9HIUI '(2) OJliiH lllTpiiX COOTBeTCTByeT IIHJl9KCy a ypaBH9HIISI ( 1) 1 

JlB8 . lllTpiiXa - IIHJl9KCy b II TpH lllTpHXa - IIHJl9KCy c , noi'H'leCKaSI CXeMa 

6JIOKa 38Jl8HIISI I'p8HIIU ITOCTpOeHa B COOTBeTCTBHII C ypaBH9HH9M (2), B CO

CTOSIHIIII, ITOKOSI HJIT9I'p_n:pyiOlliHfi KOHJl9HC8TO~ 15,0 MK<iJ (pHC, _2) sapSI:lKeH 

II ITOJlll9P*HBaeT pene OCT8HOBKII BO BKJIIO'l9HHOM COCTOSIHHH, HaepUIIOHHOCTb 

cpa6aTb!B8HIISI pene ("' 0,5 CeK) He06XOJliiM8 JlJISI C03Jl8H-HSI H9'lYBCTBI!T9nbHO

CTII K rraysaM, BO BpeMSI KOTOpb!X ITpOIICXOJlHT rrepeKJIIO'l9HII9 ITOK838H1Ifi 'ump
pOBOI'O BOJibTMeTpa, noJlJl9P*8HIIe pene HOpMaJibHO BO BKJIIO'l9HHOM COCTOSI"'

HIIII SIBJISI9TCSI rrpellOXp8HIIT9JlbHOit Mepoit rrpOTIIB OTKJIIO'l9HIISI (Jla*e 3aJly6JIII

pOB8HHOI'O) ITIIT8HIISI 6JIOKa 38Jl8HIISI I'p8HIIU, 

HcTO'lHIIKOM 3BYKOBOI'O orroBemeHIISI o a~:mcnpaBHOCTH SIBJISieTcst 3BOHOK1 

KOTOpbiit M0)!(9T llpii Heo6XOJliiMOCTII OTKJIIO'laTbCSI TyM6nepOM (piiC, 2), 

0ITIICaHHOe ycTpOitCTBO KOHTpOJISI IICTO'IHII~OB ITHTaHHSI 9JI9KTpOHHbiX 

ycTaHOBOK paCC'liiTaHO Ha . o6cJiy)!(IIBaHae H9CKOJlbKHX COTeH KOHTpOJibHb!X 

TO'l9K, B. qaCTHOCTII, C 9I'O ITOMOlllbiO MO*HO KOHTpOJIHpOB8Tb II Harrpst*9HH9 
·. ' 

llHT8HHSI <!Jo;I'09JI9KTpOHHbiX YMHO)!(HTeneit, 

B saKJIIO'leHHe aBTOpbi C'lHTaiOT Heo6XOJlHMhiM Bhipa3HTb 6nai'OJlapHOCTb 
' '· 

B. KpaMapeHKO sa rronesHbie o6CY*ll9HHSI, a Bt ApXIIrrOBY - sa MOHTa* 

H ITOMOlllb B rrpOBepKe CXeM, 

n H T e p a T y p a 
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