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Paapa6oT8MBble B na6opaTop•• BbiCOKKX aaeprlll K.OMMYTBTOpb! npenaaa-

HB'IeHw nnH cpa-•TenbHoro BKayan&Horo KccnenoBaHHH aa aKpaae ocuannorpa

<Pa riiCTOrpBMMbl HBUpH:lKeHHJl OT HeCKOnbKIIX ( no neCHTII ) HneHTH'IHbiX 

IICTO'IHHKOB. 0HH MoryT HCUOnb30B8TbCH , HallpHMep , nnH H3MepeHHH aapg

noa, HBKOnneHHbiX HB eMKOCTHbiX nBT'IIIKBX, npH pa6oTe C HMnynbCHbiMII ny'I

KBMil aapH:lKeHHbiX 'IBCTilU ( np11 aToM o6ner'laeTCH aaMepeaae pacnpeneneHilH 

'IBCTilU no C&'I&HHIO ny'IK81 npenCTBBnHeTCH l!l03MO:lKHOCTb OTnenHTb BO BpeM&HII 

aaMepeHilB OT pa6o'lero IIMnynbCa • ocna6HTb BnllHHile noMex ). BxonHble nena 

npHBeneHHbiX BHJKe CX&M paCC'IIlTBHbl HM&HHO HB TBKOe UpllM&H&HH&. 

06a KOMMYTBTopa HM&IOT no necHTb sxonoB, coenaaeHHbiX c KaMepllT&nb

HbiMK ~MKOCTBMH1 II npenCTBBnHIOT co6oi cnaarBIOlUHi perHCTp, KOTOpbli 

ynpBBnHeT rpynnot KniO'Iei • pa6oTaeT l!l peJKaMe onaoKpBTHoro aanycKa (c 

ManoA '18CTOTOI) • KoHCTpyKTHBHO KOMMyTBTOpbl BblfiOnHeHbl HB CTBBnapTHhlX 

wacca 6noKoB lllB 120x80 npoaasoncTBa U3M OHHH. KoMMyTaTopbl HM&IOT 

cnenyiOlUH& XBpBKTepHCTHKK: 

MaKCHManbHaH 'IBCTOTa 

aanycKa 

3anepJKKa BKniO'I&HHH nep

soro KBBana OTHOCKTenbHo 

aanycK. caruana 

HnTepsan BKniO'I&HHH KBBa

noB 

3 

PeneiHbli 

10 ru 

10 MCeK 

TpBB3HCTOpHbli 

Kru C nBT'IHK8MH 3.QC 

5 Kru C ~MKOCTHbiMH 

naT'IHKBMH 

22 

500 MKCeK 

+ 
MKCeK- 10% 
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J.1aMepSieMble HanpHmeHHSI 

KoscpcpHuHeHT nepeaa
'IH 

HarpyaKa Bbixoaa 

To'IHOeTb nepeaa'IH 
noeTOSIHHbiX HanpSime
HHJl 

PeneAHblil: TpaHaHeTopHblil: 

MHHye 1-HJOe MHHye 1-10B 

1; 1 1; 1 

axoaHoe eonpoT. r • • oeuHnnorpacpa 
y 

He xyme 2% He xyme 5% 

BxoaHoe eonpoTHBneHHe 
BKn~'IQHHbiX KaHanOB •y• He MeHbWe 200 KOM 

BxoaHoe eonpoTHeneHHe 
Bb!Kn~qeHHbiX KaHano& He MeHbWe 10 MOM 5 MOM 

KpaTKHe ODHeaHHSI yeTpoJleTBa H pa60Tbl KOMMyTaTopOB aa~TeSI paaaenbHO. 

PeneAHbllt KOMMyTaTop 

npHHUHDHanbHaSI exeMa peneltHOrO KOMMyTaTopa DpHBeaeHa Ha pHe, 1. 

npHeneKaTenbHble Ka'!eeTBa peneJlHbDC KOMMyTaTOpOB - HaeanbHbie Kn~qe

Bble eeoJleTBa KOHTaKTHOit napbl H B03MOmHOeTb KOMMyTHpOBaTb e xopoweA 

TO'IHOeTb~ HaDpSimeHHe n~60Jl nonHpHoeTH B WHpOKOM aHana30He aMDnHTya o 

OeHOBHaSI TpyaHoeTb - o6eeneqeHHe 6hleTpoaeAeTBHH, Heo6xoaHMoro B HaweM 

enyqae anSI TOro, 'IT06bi nepeaaqa HanpSimeHHSI H3MepHTenbHbiX QMKOeTeJl ·C 
0 

Ha BbiXOa He enHWKOM eHnbHO HeKamanaeb yTe'!KaMH DO H30nSIUHH ( eyweeT

BeHHa anSI noeneaHHX KaHanoB ) H pa3pSiaOM QMKOeTelt BKn~'IQHHbiX KaHanOB 

Ha exoaHoe eonpoTaeneHHe oeuannorpacpa "y"· 
.[lnSI HaaemHoro OTe'IQTa Ha'lanbHOJl aMnnaTyabl HMnynbea aaHHOrO Ka

Hana, KOTOpaSI pasHa H3MepSieMOMy HaDpSimeHH~ Ha eOOTBeTeTBy~welt QMKOeTH, 

eneayeT eTpeMHTbeSI K BbiDOnHeHH~ eoOTHOWeHHSI 

0 < c ""'y, HnH 9 < 5 MeeK npa C 
0 

r •y• =0,5MOM, 

rae 0 -anaTenbHOeTb BKn~'leHHSI KaHana. 

10 Tble,ncp., 
( 1 ) 

Manora6apHTHbie pene THna P3C-9, KOTOpbiMH Mbi paenonarana, aMe~T 

cneay~wae nacnopTHbie xapaKTepHCTHKH: conpoTaeneHae o6MOTKH 500 OM, 
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TOK cpa6aTb!BaHHSI • 30 Ma, TOK OTnyeKaHHSI I • 5 Ma, 
cp OTD 

BKn~'leHHSI HOpM8nbHO OTKpbiTOrO ( aanee H,O,) KOHTaKTa DpH noaa'lo 

06MOTKY HallpB)!{eHHSI 23 B cp 
;$ 10 MeeK, epeMSI Bb!Kn~'leHHSI 

~ 4 MeeK, epeMSI nepe6poea noaeHmHoro KOHT8KT8 r 
nep 

6 Mee! 

CooTHoweHHe > r He 003BOnSI9T Bb!DOnHHTb C8M 
nep. OTD, 

HhiA eaeHra~w•A peracTp, eoaepmawall: 6onee aeyx pene, K8K sTo 

H3 aaarpaMMbl pHC, 2a, BpeMSI OTnyeK8HHSI pene MO)!{HO HeKyeeTBeH 

nH'IHTb ( HanpHMep, wyHTRpySI 06MOTKH CODpOTHBneHHeM ) TaK, 'IT06 

H o6eene'!HTb yeTOii:'IHB 
OTD nep nonHHTb HepaeeHCTBO r > r 

6oTbi ueno'IKH pene npH n~6oM '!Hene cTyneHell:. OaHaKo npH 9TOM yE 

eSI HHTepaan BKn~'leHHSI H,O, KOHTaKT8 H HapywaeTCSI HepaeeHCTBO (J 

coxpaHeHHSI Manb!X HHTepeanoB BKn~'leHHSI KaHanoB DpH HeKyCCTBeHHO 

aepmKe pene Ha oTnycKaHHe a cxeMe pHc, 1 npeaycMoTpeHbl: 

a) noaKn~'leHHe H3MepS1eMbiX H8Dpflm9HHJl K BbiXOaHOit WI!He q, 

nocneaoeaTenbHo BKn~'IQHHbie H.o, KOHT8KTbi coceaHHX pene; 

6) 'o6pe38HHe' HMnynbeOB HaDpflmeHHSI H8 06MOTKax HOpM8nbHC 

aanee a.a.) KOHTaKTSMH noeneay~wax pene. 

noeKonbKY pene P3C-9 HMe~T nHWb aae rpynnhi nepeKn~qa~J 

KOHT8KTOB
1 

anSI BbiDOnHeHHSI nyHKTa a) B 'IQTHb!X CTyneHfiX IICDOnb3C 

aea pene napannenbHO, a wyHTapy~wKe conpoTaeneHHSI KMe~T MeHb 

eenH'IHHy. 

.[lHarpaMMa pa60Thl nepBb!X eTyneHeil: aaeanH3HpoeaHHOrO KOM 

( npH oTeyTcTBHH paa6poca nacnopTHbiX napaMeTpoe), aanyeKaeMoro 

KOHT8KT8MH nyeKOBOrO pene n HnH KHODKH Kn (cM.pHe.1 ) 1noKa38Ha H~ 

Paa6poc napaMeTpOB CTyneHelt KOMMyTaTopa B npaKTH'!eeKOit exeMe 

paa6poe T H 0 
,, 

H aenaeT B03MO)!{Hb!M 'HanomeHHe• B HeKOTOPbi' 

epeMeHH coeaaaeHHSI KaHanoe , a HMeHHo: 

QMKOCTH 1-ro H 2-ro KaHanoB MOryT 6biTb BKn~qeHbl napannE 

e MOMeHTbi aanomeHHSI qepea oaaoepeMeHHO aaMKHYTble a.o, KOHTaK 

2,1,3,2a> 

QMKOCTH 2-ro II 3-ro K8HanoB - qepea KOHT8KTbl 2 a, 4 H T • .C 

npH QMKOCTHbiX aaT'IHKax HanomeaHe K8Hanoe eoeepweaap aeaonyc 

T8K KaK OHO npHBOaHT K ypaBHHBaHH~ aanpSimeHHk coceaHHX QMKOe 
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e Harrpg>KeHHH 

T rrepena-

bixona 

epena'IH 

HanpH>Ke-

PeneliHhlll 

MKHye 1-lOOB 

1:1 

TpaHaHeTopHhlll 

MHHye I-lOB 

1:1 

axonHoe eonpoT. r • • ocuannorpa~a 
y 

He xy>Ke 2% He xy>Ke 5% 

npOTHBIIeHHe 

KaHaJIOB •y• He MeHbWe 200 KOM 

npOTHBJieHHe 

He MeHbWe }0 MOM 5 MOM 

IIKeBHHH yeTpoJieTBa H pa60Thl KOMMyTaTOpOB naJOTell paanerrbHO. 

Penel!Hhll! KOMMyTaTop 

JlbHBH exeMa penel!HOI'O KOMMyTaTopa IlpHBeneHa Ha pRe. }. 

errbHbie KaqeeTBa penel!HhiX KOMMyTaTOpOB - HnearrbHhle KIIJO'Ie

OHTaKTHOl! naphl H B03MO>KHOeTb KOMMyTHpOBaTb e XOpoweJI 

IIJ060JI IIOJI!!pHOeTH B WHpOKOM nHanaaoHe aMIIIIHTyn • 

oeTb - o6eerre'leHae 6hleTponelleTBHII, aeo6xonaMoro B aaweM 

O, 'IT06bi nepenaqa HanpH>K6HH!! K3MepHT6nbHhiX AMKOeTel! ·C 
0 

KWKOM eKnbHO HeKa>Kanaeb yTe'!KaMH IIO H30nliUHH ( eymeeT

enHHX KaHarrOB ) H paap!!nOM AMKOeTeJI BKnJO'IAHHhiX KaHanoB 

pOTHBI16HHe OeUHIIIIOI'pa~a 
"y"· 

>KHOI'O OTe'IATa HaqanbHOJI aMnnHTynbi HMnynbCa naHHOI'O xa

paBHa H3Mep!!eMOMy Haiip!!>KeHHJO Ha eoOTBeTeTByJOIUeJI AMKOeTK
1 

Tbe!l K BhinOnHeHHJO eOOTHOWeHHH 

,, ,, 
y 

HIIH fl < 5 MeeK II pH CO 

r 'y' =0,5MOM, 

bHOeTb BKIIJO'IeHH!I KaHana. 

}0 Thle.n~., 
( 1 ) 

pene THIIa P3C-9, KOTOpblMH Mhl paenonaranK, HM610T 

IIOpTHble xapaKTepHeTHKH: eonpOTHBneHH6 o6MOTKH 500 OM, 

4 

• 

-~ :It: ... ~. 
~;~ 

.. 

1 
I 

. . 

TOK epa6aThiBaiiKll I • 30 Ma, TOK OTnyeKaHH!! I • 5 Ma, Bp6Mll 
ep OTII 

BKn10'16HH!I HOpManbHO OTKphiTOrO ( nanee H.o.) KOHTaKTa II pH nonaqe Ha 

06MOTKY HaHpli>K6!fKll 23 B r _!> }0 MeeK, Bp6M!I BbiKni0'16HHll 
OTII ep 

r = 6 MeeK. 
nep 

"' 4 MeeK, BpeM!I nepe6poea nonBH>KHOI'O KOIITaKTa 

CooTHoweaae r > r He II03BOnH9T BbiiiOJIHHTb eaMOXon-
nep. OTII. 

HhiJI ensaraJOIUHI peraeTp, eonep>KamaA 6onee nsyx pene, xax 3TO BKnHo 

H3 naarpaM!'fhl pae. 2a • 8p9Mll OTnyeKaHHll pane MO>KHO HeKyeeTB6HHO yse

nH'IHTb ( HanpRMep, WyHTRpyll 06MOTKH eonpOTHBneHHeM ) TaK, 'IT06hl Bhl-

> r H o6eeii6'1HTb yeTOJI'IHBOeTb nonHKTb HepaBeHeTBO pa-
OTII nep 

6oTh! ueno'IKK pene npa n1060M 'IRene eTyneHel. OnHaxo npH 3TOM ysenH'IHBaeT-

ell HHTepsan BKnJO'IeHHll H.O. KOHTaKTa H HapywaeTell HepaseHeTBO (}) • .Llnll 

eoxpaHeHHll ManhiX HHT9pBanoB BKIII0'16HHll KaHanoB IlpH KeKyeeTB6HHOJI aa

nep>KKe pene Ha OTnyeKaHH6 B exeMe pae. } npenyeMOTp9Hhl: 

a) IIOnKnJO'IeHHe H3M6plleMbiX Hai1pli>K6HHJI K BbiXO.ilHOJI WHH6 qepea 

IIoenenoBaTenbHO BKIIIO'IAHHbl6 H.o. KOHTaKThl eoeenHHX pane; 

6) 'o6peaaaae' HMIIyJibeOB Haiipli>KeHKll Ha 06MOTKaX HOpMBnbKO 38MKHyTbiMH 

nanee a.a.) KOHTBKTaMH noenenyJOIUHX pene. 

noeKOnbKY pene P3C-9 HM6JOT nHWb nse I'pyrrrrbl nepeKnJO'IaJOIUHX 

KOHTaKTOB, nnll BhiiiOnH6HHll nyHKTa a) B 'IATHbiX eTyneHliX HenOnb30BaHbl IIO 

nsa pane napannerrbHO, a wyHTHpyJOIUHe eonpoTHBneHHll HMeJOT MeHbWyJO 

BenH'IHHy. 

.LlaappaMMa pa60Tbl nepBbiX eTyrreHeJI HneanH3HpOBaHHOI'O KOMMyTaTopa 

( rrpa oTeyTeTBKH paa6poea naenopTHhlX napaMeTpos), aanyexaeMoro a.o. 

KOHTaKTaMK nyeKOBOI'O pene n KIIK KHOIIKH Kn (eM.pHe •. l ) 1rrOKaaaHa Ha pae.26 

Paa6poe napaMeTpOB eTyrreHeJI KOMMyTaTopa B npaKTK'IeeKOJI exeMe Bbi3biBa6T .. 
paa6poe T K (} K nenaeT B03MO>KHbiM 'HanO>K6HHe' B HeKOTOpbl6 MOM6HTbi 

Bp6M6HK eoenHH6HKll KaHanoB 1 a HM6HHO: 

AMKOeTH }-po K 2-ro KaHanoB MOI'yT 6b1Tb BKnJ0'19Hbl napannenbHO 

B MOMeHThl aano>KeHKll qepea onaospeMeHHo aaMKHyThle a.o. KOHTaKTbl 

2,1,3,2a; 

AMKOeTH 2-Po K 3-ro K8HanOB - qepe3 KOHTaKTbl 2 a, 4 K T.n •• 

npa AMKOeTHbiX naT'IKKax Hano>KeHK9 KaHanoB eoBepweHHj) HenorryeTKMO, 

TaK KaK OHO npKBOnKT K ypaBHKBaHKIO Harrpli>KeHHf.i eoeenHKX AMKOeTeJI. 
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t 

noa6upan WyHTHpyiOI.UHe conpOTHBJieHHn npH tiJHKCHpOBaHHOM Hanpn:>KeHHH 

nuTaHHn, MO:>KHO ao6HTbCn 6JIH3KOA lliHpHHbl 0 BCeX KaHaJIOB H naya Me:>Kay 

HHMH. npu 3TOM, oaHaKO, CXeMa BeCbMa 'lyBCTBHTeJibHa K Hanpn:>KeHHIO nHTaHHn: 

npH ero noHH:>KeHHH Ha 1s OTHocuTenbHo ucxoaHoro aHa'leHun 24 B Ha6niOaaiOT

cn c60H B pa60T8 u.enO'IKH, npH nOBbiWeHHH :>Ke Ha 1B B03MO:>KHO H8J10:>KeHHe 

HeKOTOphlX KaHaJIOB, 

B cxeMe puc. 1 ann HCKJIJO'IeHHn saaHMHoA nepeaapnaKH coceaHHx 

t:!MKOCTeA npH Hano:>KeHHH KaHanOB BO BpeMeHH HCnonb30BaHbl paaaenHTenbHhle 

auoahi LI 
1 

Tuna Ll220. LJuoahi HecKonbKO yMeHbWaiOT TO'IHOCTb nepeaaqu 

ManbiX Hanpn:>KeHHA, HCKniO'IaiOT nepeaa'ly paaHononnpHblX HanpnN<eHHA H OTpH

uaTenbHbiX Hanpn)l(eHHA 6onee 100 B, OaHaKO CHH)I(aiOT KpHTH'IHOCTb KOMMy

TSTOpa K Hanpn)l(eHHIO nRTaHun H nOBbiWaiOT Haae)I(HOCTb H3MepeHUA. B cxe

MB npeaycMoTpeHbi aononHuTenbHbie auoaw Ll
2 

B Ka)l(aOM KaHane, qepea 

KOTOpble C noMOI.UbiO H,3. KOHTaKTa nycKOBOrO pene ocyi.UeCTBnneTCn paapna 

t:!MKOCTeA CO nepea O'lepeaHhlM UHKnOM U3MepeHHI. npu 3TOM npeanonaraeTcn, 

'ITO U3MepneMbie aapnahl BHOCnTCn lla t:!MKOCTH B npoMe)l(yTOK BpeMeHu OT l 1 

ao l 2 ( CM. auarpaMMy pa60Tbl KOHTaKTOB n Ha pHC, 2 6}. 

BenuquHa o6paTHoro conpoTusneHun paapnaHwx auoaos npn n106oM 

R3MepneMOM Hanpn)l(eHUU aomKHa yaosneTBOpnTb npu6nu:lKeHHOMY HepaseHCTBY 

> 
o6p 

N(N-llT 

c li 
0 

(2} 

rae N -qucno KaHanos, T - nepuoa KOMMyTauuu ( eM. puc. 2 6}, li -oTHo-

CUTenbHan TO'IHOCTb U3MepeHun Hanpn:>KBHUn B HaqanbHhiA MOMeHT BKniO'IeHun 

nocneaHE.ro KaHana. 

To'IHOCTb uaMepeHun Hanpn)l(eHun nepBhiX KaHanos npu 3TOM 6yaeT 

aaaeaoMo nyqwe. npu 

> 

~=1U, T=4 MeeK, C
0

=10 ThlC. n¢., 

1800MoM. 0Kono 20% auoaoe THna HMeeM U3 (2} 
o6p 

yaosneTBOpneT 3TOMY Tpe6osaHHIO. 

li =0,02 

Ll220 

Pene on. aaaep)l(aHHOe Ha cpa6aTbtBaHHe c noMOI.UbiO uenO'IKU, BBeaeHO 

B CXSMY ann HCKni0'18HHn nOBTOpHbiX aanycKOB KOMMyTaTopa B TSX cnyqanx, 

Kor.ua KOHTaKThl n HJIU Kn OCTaiOTCn BKniO'It:!HHbiMH nocne MOMSHTa T , 
3 

OcuunnorpaMMhl puc. 3a· oTpa:lKaiOT pa6oTy KOMMyTaTopa npu HOMHHanb-

HOM uanpn)I(SHHU nHTaHun. 24B H llpH noaaqe Ha BXOabi Hanpn>KeHuA OT OMH'Ie-

6 
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CKHX aenuTenell. KaK cneayeT ua ocuunnorpaMM, uHTepeanbi noaKn 

BbiXOay OTaenbHbiX KSHanoB KOne6niOTCn OT 2,5 ·ao 3,5 MCeK, a naJ 

!VlHanaMH - oT 0 ao 1 MeeK. UuKn o6eraHun scex aecnTu KaHanos 

oKono 36 MeeK, T,e. B cpeaHeM 3,6 MCeK Ha KaHan. Ha 3Toro MO>f 

naTb BbiBOa, 'ITO BpeMeHHble xapaKTepHCTUKH pene U3 HCnOnh30BaH~ 

npuMepHo aasoe nyqwe rapaHTHposaHHhlX no nacnopTy. MacwTa6 E 

Ha auarpaMMe puc. 26 COOTBeTCTByeT OCUHnnOI'paMMaM. 

6biCTpoaeiCTBHe KOMMyTaTOpa MO)I(HO HeCKOnbKO nOBbiCUTb, y 

san HanpnltteHue nHTaHHn, 3TO npusoauT K yMeHbllleHHIO H non,:oMy 

BeHHIO naya ( npu Hanpn>KeHHH 30B } U yMeHblliBHUIO T B COOTBeTC 

npu6nu:>KeHHbiM paBeHCTBOM 

T 
cpeaH. 

3,6 MCeK - 0,05 MCeK/B ( V 
{

v 
v ) 

HOM V 

npeBblweHHe Hanpn:>KeHHn Haa nacnopTHbiM anH pene 6eaonacHo esuay 1 

HOrO pe:>KHMa pa60Tbl, npu pa6oTe C ranbBSHH'IeCKRMU aaT'IHKaMH auoD 

Ll
2 

He HY)I(Hbl. 

Tp8H3HCTOQHbll KOMMyTaTop 

EcnH HepaaeHcTsa ( 1} u (2} HapywatoTcn ua-aa ManoA aenu 

unH r • • nu6o no KaKoA apyrol npH'IHHe, TO'IHOCTb H3MepeHUA 
y 

peneAHoro KOMMyTaTopa CHH)I(SeTCn. B TaKHX cnyqanx MO:>KHO npu1 

6onee 6biCTpb1A ( HO MeHee TO'IHbll } TpaH3HCTOpHb1A KOMMyTaTop, 

Han CXeMa KOTOpOrO nOK838Ha Ha pHC. 4. 

CasuratomnA perucTp npeacTasnneT co6oil: ueno'IKY nocneao 

coeauHeHHbiX )l(aymux 6noKHHr - reHepaTopos aanee - 6.r. 

Ha puc. 4 uao6pa:>KeHhl TOnbKO 1-5 u 6-10-n uaeHTU'IHhie cTyneHJ 

HOMHHanhl yKa3 aHbl TOnbKO ann 1-A CTyneHH, 3anupatoi.Uee Hanpsl>l 

0,2B no.uaeTCn Ha 6a3bl TpaH3HCTOpOB 6.r. C p83HCTOpa R CM• } 

nocneayiOI.UHA 6.r. aanycKaeTcn autPtPepeHuuposaHHbiM aaaHH._; ~p 
nynbCa npeabiaymero 6.r •• 3ToT nMnynbC cHuMaeTCn co cneuuam 

CBn3H, 'IHCnO BHTKOB KOTOpOA BbJ6paHO C aanaCOM OTHOCHTenbHO H 

ypoBHH aanycKa 6.r. no 6aae . 
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THpyiOlllHe eonpOTHBJleHHSI npH cpHKeHpOBaHHOM HanpSI.>KeHHH 

6HTbCSI 6nH3KOA lllHpHHbl () Beex KaHaJlOB H nays Me.>KtlY 

HaKO, exeMa seebMa 'lyBeTBHTeJlbHa K HanpSI.>KeHHIO nHTaHHSI: 

Ha }B OTHOeHTeJlbHO HeXOtlHOrO 3Ha'leHHSI 24 B Ha6niOtlaiOT

enO'IKH, npH noBblWeHHII .>Ke Ha }B B03MO.>KHO Hano.>KeHHe 

tlflll HeKJliO'IeHHSI B3aHMHOA nepeaapS!t:!KH eoeetlHHX 

eHHH KaHaJlOB BO BpeMeHH HellOJlb30BaHbl paaaenHTeJlbHble 

220 • .[lHOtlbl HeCKOJlbKO yMeHbWaiOT TO'IHOCTb nepeaa'IH 

ueKnJO'IaiOT nepeaa'ly pasHononSipHblX HanpSI>KeHHA H oTpH

HHA 6onee 100 B, OtlHaKO CHH.>Ka!OT KpHTH'IHOCTb KOMMy

H!O nuTaHHSI H noBhiWaiOT Haae.>KHOeTb HaMepeHHA. B cxe

aononHHTenbHbie tlHOtlbl .n
2 

B Ka.>KtlOM KaHane, qepea 

H.s. KOHTaKTa nyeKosoro pene oeyweeTBnSieTCSI paapHtl 

O'lepetlHblM UHKllOM H3MepeHHA. npH 3TOM npeanonaraeTCSI, 

pSitlbl BHOeSITeSI lla t\MKOCTH B npoMe.>KyTOK BpeMeHH OT t I 

aMMY pa60Tbl KOHTaKTOB n Ha pH e. 2 6), 

aTHOrO conpOTHBneHHSI paapSitlHblX tlHOtlOB npH n1060M 

eHHH tlOll.>KHa y tlOBneTBOpSITb npH6JlH.>KeHHOMY HepaBeHCTBY 

> 
o6p 

N(N-llT 

c 0 
0 

(2) 

JlOB, T - nepHOtl KOMMyTaUHH ( eM. pH C. 2 6), o -oTHo-

b H3MepeHHSI HanpSI.>KeHHSI B Ha'laJlbHbiA MOMeHT BKJllO'IeHHSI 

epeHHSI HanpsoKeHHSI nepBblX KaHanoB npH 3TOM 6ytieT 

npu 

> 
o6p 

c-l =10, T=4 MeeK, C =10 TblC. ncp., 
0 

}800MOM. 0KOJlO 20% tlHOtlOB THna 

OMY Tpe6oBaHH!O, 

0 =0,02 

.[l220 

aaep>KaHHOe Ha epa6aTblBaHHe e UOMO!llb!O uenO'IKH, BBetieHO 

I04eHHSI noBTOpHblX aanyeKOB KOMMyTaTopa B TeX Clly'lallx, 

HJIH Kn oeTaiOTell BKlliO'ItiHHhiMH nocne MoMeHTa T • 
3 

Mhl pHC. 3a· OTpa>KaiOT pa6oTy KOMMyTaTopa npll HOMHHanb-

nu-raHIISI. 24B II 11p11 noaaqe Ha BXOtlhl HanpSI>KI?HIIA OT OMH'Ie-

6 

• 

.. 

~.-.i·;·_~~-~t~ 
,.£(~; 
\,,~ ,, '· 

1$1 j' 

:-- !· 0 'I 'Y.:\ 
l~ 

~ 
:-~) .~~ . .'I, 

· .. i 
· .. ~~~ / i 

~, 

l 
J 
" I' 
'! 

I 
~ 

CKIIX aenuTeneA. KaK cneayeT H3 oeuunnorpaMM, HHTepaanbi noaKniO'IeHIISI K 

BblXOtlY OTtlellbHblX KaHanoB KOne6niOTCSI OT 2,5 ·ao 3,5 MCeK, a nay3bl Me.>KtlY 

!VlHanaMH - OT 0 ao ) MeeK. UHKn o6eraHHSI aeex aecHTII KaHanos saHIIMaeT 

oKono 36 Mce~, T.e. B cpeaHeM 3,6 MeeK Ha KaHan. VIa aToro MO>KHO eae-

naTb BblBOtl, 'ITO BpeMeHHble xapaKTepHCTHKH pene H3 HellOJlb30BaHHOA napTHH 

npuMepHo aasoe nyqwe rapaHTHpoaaHHhiX no naenopTy. MacwTa6 apeMeHH 

Ha tlHarpaMMe pHC, 26 eOOTBeTCTByeT OCUHnnorpaMMaM. 

6blCTpOtleAeTBHe KOMMyTaTopa MO.>KHO HeCKOJlbKO nOBbieiiTb, yaenH'IH

BaSI Hanpg}KeHIIe nHTaHHSI, 3TO npiiBOtliiT K yMeHbWeHHIO H nont:OMY HC'Ie3HO

BeHHIO naya ( npH HanpSI.>KeHHH 30B ) H yMeHbWeHHIO T B COOTBeTCTBHii e 

npH6JlH.>KeHHbiM paaeHCTBOM 

T 
cpeaH. 

3,6 MCeK - 0,05 MeeK/B ( V 

{

v 
v ) 

HOM V 

o24B 
HOM 

< 40B ' 

npeBbiWeHHe HanpSI.>KeHHSI Hatl nacnopTHblM tlJlSI pene 6eaonaCHO BBHtlY KpaTKO .. eMeH

HOrO pe)I{HMa pa60Tbl, npH pa6oTe e ranbBaHH'IeCKHMII aaT'II!KaMH tlHOtlbl .ill II 

.n
2 

He Hy.>KHbl, 

TpaH3HCTOpHbiA KOMMyTaTop 

EenH HepaaeHcTBa ( 1) H (2) HapywaJOTCll Ba-aa ManoA aenH'IHHbi C 0 

HUH r , , nH60 no KaKoA apyroA npH'IIIHe, TO'IHOCTb H3MepeHHA C nOMOlllbiO 
y 

peneAHoro KOMMyTaTopa CHH.>KaeTcSI. B TaKHx cny'lallx MO.>KHO npHMeHHTb 

6onee 6blCTphiA ( HO MeHee TO'IHhiA ) Tp8H3HCTOpHb1A KOMMyTaTop, npHHUHllii8Jlb

HaSI cxeMa KoToporo noKaaaHa Ha p11e. 4. 

CaaHraJO!llHA perHcTp npeaeTaBnSieT eo6oA ueno'IIty noeneaoaaTenbHO 

eoetiHHeHHbiX .>KtlylllHX 6noKHHr - reHepaTOpOB aanee - 6.r. ). 

Ha pue. 4 H306pa.>KeHhi TOJlbKO 1-5 H 6-10-ll HaeHTH'IHbie cTyneHH, npH'ItiM 

HOMIIH8Jlbl YK838Hbl TOJlbKO tlJlSI }-A CTyneHH, 3anupaJO!llee HanpSI.>KeHHe OKOUO 

0,2B noaaeTCSI Ha 6a3bl Tp8H3HeTOpOB 6,r, e peaHeTopa 
R • Ka)!<tlbiA 

eM 

nocneayiO!llHA 6.r. sanycKaeTCSI tiHcptPepeHUHpOBaHHbiM aaaHH,; ti!POHTOM HM-

nynbCa npetlbltlylllero 6.r .. 3TOT I!MnynbC CHHMaeTCSI CO cneuHaJlbHOA 06MOTKH 

eBS13H, 'IHeno BHTKOB KOTOpOA Bbi6paHO C sanaCOM OTHOeHTenbHO HaqanbHOrO 

ypoBHSI aanyeKa 6.r. no 6aae . 

7 



nepBbiit 6,r, perHCTpa aanycKaeTCSI OT O.OHOBH6paTO(Ja aa.oep)f{KH, Bbl

nonHeHHOrO no THnOBOit CXeMe, 0.0HOBH6paTOp aanycKaeTCSI OT pa6o'lero HMnynb

ca, orpaHll:'leHHoro no aMnnHTy.oe c noMOlllbJO cTa6HnHTpoHa .Ll811. BpeMSJ 

Bbi.Oep)f{KH O.[lHOBH6paTopa - OKOllO 5QQ MKCeK- .[lOCTaTO'IHO .[lllSI OKOH'IaHHSI 

npouecca aapSI.OKH H3MepHTenbHbiX ~MKOCTelt CO H HCKlli0'19HHSI noM eX OT pa-

60'IHX HMnynbCOB B CHCTeMe. ..;1 
KnJO'IH KC?MMyTaTopa BbiDonHeHbi Ha TpaHaHcTopax Mn 106 no cxeMe c 

o6melt 6aaolt; 6a3bl no.[lKllJO'IeHbl K HCTO'IHHKaM H3MepSieMbiX OTpHUaTenbHbiX 

Hanpg)f{eHHit ( He 6onee lOB). npH OTCYTCTBHH sanycKa !IMHTTepHbie nepeXO.Obl 

KnJO'Ielt sanepThl Hanpg)f{eHHeM U = U - E < 0, 0 < U <10 /a/ a6 o K 
0 

• 

a EK H3MeHS18TCSI OT 11 .00 13 BOflbT B aaBHCHMOCTH OT aenH'IHHbl perynHpyeMO-

U , npH cpa6aTbiBaHHH 6.,r, KlliO'I ro noporoaoro Hanpg)f{eHHSI KilJO'Ielt nop. 

COOTBeTCTByJOUlero KaHana OTKpbl&aeTCSI .00 TOKa 

u 0 + Unop u KS 1 Hacblm u a62 

Ia 
R a 

TpaH3liCTOpbl THna Mnto6 npH TOKe 0,1 - 1 Ma HMeiO'!' u96 .. o.s.;.o,Ba, HanH'IHe 

u no3BOilSieT CKOMneHCHpOBBTb STY B8llH'IHHJ, 'ITO 
nop. 

H3MepaHHH MBllblX HanpSJ)f{eHHit. npH H3MepeHHH 60llblllHX 

perynHpyeMoro 

Heo6xo.OHMO npH 

Hanpg)f{eHHit H u 
, 

..() HanH'IHe u 
6 

"' 0,5 B noaaonSJeT ocna6HTb snHSJHHe 
nop. s 

noMex. 

06be.OHHeHHe HMnynbC~B KlliO'Ielt C 1-ro no 5-lt H C 6-ro no 10-lt 

OCYlll8CTBflSI6TCSI Ha 06UlHX KOnneKTOpHbiX conpOTHBil6HHSIX no 5,1 KOM, a 3BT6M 

Ha TpaHsHcTopax Mn 10 ( c noaopoTOM ¢asbi H 6anaHcHpoBKolt aMnnHTy.Obi ). 

TaKolt cnoco6 o6be.OHHeHHSI npecne.oyeT .oae uenH: 

a) cornacoaaHHe nonSJpHocTH Ha6nJO.oaeMoro Ha B¥xo.oe cHrHana H Hs-

M6pS16MbiX Hanp51)1{6HHit; 

6) ocna6neHH8 BllHSIHH51 i'!MKOCTelt KonneKTOpHblX nepexo.OOB KflJO'Ielt 118 

cflpOHTbl Ha6nJO.oaeMbiX HMnynbCOB, 

Ha BXO.oax KflJO'Ielt BKflJO'IeHbl orpaHH'IHT8ilbHble CTa6HnHTp0Hbl ,Ll8ll K 

conpOTHBneHHSI yTe'IKH 

HasHa'leHHe nocne.oHHX 

R =·5,1 MOM. 6 . 
o6ecne'IHTb nonHbllt paspSI.o HsMepHTenbHbiX i'!MKo-

CTelt nocne O'lepe.OHOrO UHKna H3MepeHHit H npe.OOTBpaTHTb sapSI.O i'!MKOCTelt 

o6paTHblMH TOKaMH I 
KO 

sanepTbiX KnJO'Ielt, HoMHHan R 
6 H 

aO 

8 

.. 

H MaKCHManbHYIO 'laCTOTy sanycKa pernaMSHTHpyJOT HepaaeHCTBa 

-3 
0,7 • 10 ceK 

COB 
< R6 < 

8 U 0 MHH 

lao+ I KO 

0,434 

fMaKc < D __l_ c R 
Lg 8 0 I 

rnasHaSI npB'IHHa KCnOnb30B8HBSI B KOMMyTaTope OnHCaHHOI CXE 

He06XOAHMOCTb nonHOCTbiO HCKiliO'IHTb nepesap51.0KY coce.OHHX H3MeJ 

i'!MKOCTelt ( npH HCnOilb30BaHHH D<iiCne.oo&aTenbHb!X KniO'Ielt C 03 Ta: 

sapSJ.oKa aosMO)f{Ha a nepexo.oHbiX npoueccax). TaKHe KnJO'IH nosaon: 

)f{e nony'IKTb .OOCTaTO'IHO BbiCOKOe BXO.[lHOe COnpOTKBneHKe ( nopSI.OI 

H He CllHlllKOM saTHHYTbie cflpOHTbi npH KCnOnb30BaHHK HH3KO'IaCTOTHI 

3HCTOpOB H .OOCTaTO'IHO KOpOTKHX HMnynbCSX 6,r, 

OcuHnnorpaMMbl pa6oTbl TpaHaHCTOpHoro KOMMyTaTopa npxae.oe 

36. Ees no.o6opa conpoTHBneHHit o6paTHOA CBSI3H R B 6a30Bbll 
o.c. 

6.r. pas6poc HHTepaanoa aKnJO'IeHHH oT.oenbHbiX KaHanoa OTHOCHTenb 

Hero 3Ha-qeHHSI 22 MKCeK He npeBbiUlaeT :!: 10%, no.o6op 6a30BbiX CO 

nosBOnSieT yMeH..blliHTb 9TOT pas6poc, ecnH He06XO.OHMO, ,LlnHTenbHOC 

KOMMyTaUHH. llHHeltHO saaHCHT OT OTHOCHT8llbHOit .B8llH'IHHbi noporOBOI 

)1{8HH51 U IE • .LlnSJ HacbilllSHHbiX 6.r. TaKaS! saaHCHMOCTb 
nop. K 

eqTeCTB8HHOit, 

BepxHSJSI ocuHnnorpaMMa pxc. 36 .oaeT npe.ocTaaneHHe o pase 

Hyneaoro ypOBHSI OT.[lenbHbiX KaHanOB npH onTHManbHOit KOMnaHCaUH 

IJ 
96

• 0'1eBH.OHO, H3MepS1Tb HanpSI)f{eHHSI HH)f{e la Ha .[laHHOM KOM~ 

MO)f{HO Jllllllb C HH3KOit TO'IHOCTbiO, nocne.oyJOUlHe OCUHnnorpaMMbl 

aaKiliO'IHTb, 'ITO norpelll!fOCTb nepe.oa'IH Ha BbiXO.O HanpSJ}f{eHBit OT 

He npeahiUlaeT 5%. 

fl H T e p a T V p a 

1. 3.C.KapaMoB, A.ct>,<tbMHH, 3neMeHTbl aHanoroabiX pa.oHoTen 

CKHX CHCTeM, '3HeprH51°, 1966, 

2. E.M.MapTbiHoa, EecKOHTBKTHhie nepeKnJO'IBJOUlHe ycTpoltcTE 

rocaHeproHs.oaT, 1961. 
PyKonHcb nocTynHna .a Hs.oaTenbCKHA 01 

24 MaSJ 1967 ro.oa. 
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perHcTpa aanycKa9TCll OT O,llHOBH6paTopa aa,ll9p)KKH, Bbi-

BOII cxeMe, 0.1lHOBH6paTOp aanycKaeTCll OT pa60'Iero HMnynb

no aMn1IHTy.ll9 C ITOMOII.lbiO CT86H1IHTpoHa .ll811. BpeMll 

paTopa - OK0110 500 MKC9K- ,llOCTaTO'IHO ,ll1Ill OKOH'IBHHll 

H3M9pHT91IbHblX (!MKOCT9ll C
0 

H HCK1110'19HHll ITOM9X OT pa-

CHCT9M9, 

TaTopa e&monHeH&I Ha TpaHaHCTopax Mn106 no cxeMe c 

,[ no,llK1110'19Hbl K HCTO'IHHKaM H3M9pli9Mb1X OTpHUaT91IbHbiX 

onee lOB), npH OTCYTCTBHH aanycKa 3MHTT9pHbl9 nepeXO,Ilbl 

npl!)KeHHeM U = U - E < 0. 0 < U <10 /e/ 
a6 o K 

0 
• 

T 11 ,llO 13 B01IbT B aaBHCHMOCTH OT BeJIH'IHHbl perynHpyeMO-

pSI>K9HHSI K1110'19ll U , npH Cpa6aTbiBaHHH 6.,r, K1110'1 
nop. 

KaHana OTKpblBaeTCSI ,llO TOKa 

U 0 + Unop u K3 1 H acblll[' 0 a62 

R 3 

Mnl06 llpH TOKe 0,1 - 1 Ma HMeiO'f 0 9 6 .. 0,57-0,8B, HanH'IHB 

noaB01ISI9T CKOMn9HCHpOBaTb 3Ty B8nH'IHHy, 'ITO 
nop. 

MepeHHH MaJibiX HanpS1)1(9HHJI, npa H3M9p9HHH 601IblllHX , 
~ HanH'IHe u 

6 
~ 0,5 B IT03B01ISI9T ocna6HTb B1IHSIHH9 

nop. 3 

HMnynbCOB K1110'1ell c 1-ro no 5-ll H c 6-ro no 10-ll 

a 06II.lHX K011119KTOpHbiX ConpOTHBnBHHSIX no 5,1 KOM, a aaTeM 

n 10 ( C noaopOTOM qcaabl H 6anaHCHpOBKOII aMITJIHTy.llbl ), 

.llHHBHHSI npecne.llyeT ,llBB UBJIH: 

HHB nonSipHOCTH Ha6niO.IlaBMOrO Ha B~IXO,Ile CHrHana H H3-

e B1IHSIHHSI (!MKOCTell KOnneKTOpHblX nepeXO.IlOB KJIIO'IBJI 118 

IMbiX HMnynbCOB, 

1110'1911 BK1110'19Hbl orpaHH'IHTBnbHbiB CTa6HnHTpOHbl .ll811 H 

R ~·5, 1 MOM. 6 ' 

o6ecne'IHTb nonH&Ill paapSI.Il HaMepHTenbHbiX (!MKo-

.llHoro UHK1Ia H3M9p9HHII H npe,llOTBpaTHTb aapSI,Il (!MKOCTBJI 

H I 
KO 6 

R aanepT&IX KniO'Iell. HoMHHan H 
30 

8 

• 

K MaKCHManbHyiO '18CTOTy aanycKa pernaMeHTHpyiOT HepaBeHCTBa 

-a 
0,7 • 10 ceK 

Col) 
< R6 < 

iJ U 0 MHH 

fMaKc < 
lao+ I KO 

0,434 

fg _L_ C oR6 
iJ 

rnaaHaSI DpH'IHHa HCD01Ib30BaHHSI B KOMMyTaTope OITHCaHHOJI CXeMbl K1110'18-

H906XO,IlHMOCTb D01IHOCTbiO HCKJIIO'IHTb nepeaapSI.IlKY COCBllHHX H3M9pHT91lbHbiX 

(!MKOCTBJI ( npH HCD01Ib30BaHHH IIQlCnB.IlOBaTB1IbHh!X KJI.IO'Iell C 03 TaKaSI nepe

aapll.llKa B03MO)KH8 B nep9XOllHbiX npoueccax). TaKHB K1IIO'IH D03B01Il!IOT TaK

)Ke IT01Iy'IHTb .llOCTaTO'IHO BbiCOKOe BXO.IlHOB CODpOTHBJieHKe ( OOpll.llKa 200KOM) 

H He cnKmKOM aaTl!HyT&Ie IPpoHTbl npK Kcnonb3osaHHK HHaKo'laCTOTHbiX TpaH

aKCTopoB II .llOCTBTO'IHO KOpOTKHX HMnynbCaX 6,r, 

OcuHnnorpaMMbl pa60Tbl TpaHaHCTOpHoro KOMMyTaTopa npHBBllBHbl H8 pHC, 

36. Eea no.a6opa conpoTHBneHHII o6paTHoll CBli3K R B 6aaOBb!X U9Dl!X 
o.c. 

6,r, paa6pOC llHTepBanoB BK1110'19HHll 0TllB1IbHblX KaHanoB OTHOCHTB1IbHO cpe.a

Hero 3Ha'IBHHll 22 MKCBK He DpBBbiii.laeT ! 10%, no,ll60p 6a30BbiX COITpOTKB119HHJI 

IT03B01ISIBT yMeH.hWHTb 3TOT paa6poc, BC1IH He06XO,IlHMO, .llnHT91IbHOCTb UHKna 

KOMMyTaUHH. 1IIIHBJIHO aaBHCHT OT OTHOCHTBJibHOll BBnH'IHHbl noporosoro Harrpll-

)1(9HHll U /E , .llnH HaCbiii.lBHHblX 6,r, TaKaS! 38BHCHMOCTb liBnl!9TCll 
nop. K 

eqTeCTBBHHOJI, 

BepxHllll ocuHnnorpaMMa pHc. 36 .llaeT npe.llcTasneHHe o paa6poce 

HyneBOrO ypOBHll OTllB1IbHbiX KaHaJIOB npH OITTHManbHOJI KOMITBHCBUHH HaiTpli)KBHIIll 

IJ 
36

• 0'1BBH,IlHO, H3M9pl!Tb HaiTpl!)KBHIIll HII)KB lB Ha .aaHHOM KOMMyTaTope 

MO)KHO 1IIllllb C HH3KOJI TO'IHOCTbiO, noCJIB.IlyiOII.lHB OCUH1Inorp8MMbl IT03BOnliiOT 

aaKJIIO'IHTb, 'ITO norpeii.lHOCTb IT9p9.1l8'1H Ha Bb!XOll H.ITpSI)KBHHJI OT 1 ,llO 10 B01IbT 

HB npeBbiii.laeT 5%, 

n H T B p a T V p a 

1. 3.C.KapaMoB, A.<P.~MHH, 3neMeHTbi aHanoroBbiX pa.llHOTeneMeTpHqe

CKHX CHCT9M, w 3HeprHll", 1966, 

2. E.M.MapTbiHOB, EecKOHTaKTH&Ie nepeKJIIOqaiOmHe ycTpollcTBa • 

roc3HeprOH3,1laT, 1961. 

PyKODHCb ITOCTynHna B H3.1laTenbCKHII OT.Ilen 

24 Mall 1967 ro.lla. 
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