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npvt npOB€A€HHH 3KCnepHM€HTOB Ha HA€PHO$H3HY€CKHX 1-1 Tenno

$H3HY€CKHX ycTaHOBKax YaCTO He06XOAHMO H3M€P.RTb M€AJ1€HHO Me

HHIOW.H€CH aHanorOBbl€ CHrHaJlbl /nOJlOCa Y8CTOT 0-:-5 ru./ HH3KOrO 

ypoeHH /0,001+50/ M8 c ManoH norpewHOCTbiO /0,1%/. ~3MepeHHH 
aHanoroebiX cvtrHanoe HH3Koro ypoeH.R /CHY I npoBoARTc.R eo epeMR 

pa60Tbl OCHOBHOrO H BCnOMOraTeJlbHOrO o6opyAOB8HH.R ycTaHOBOK 1 

KOrAa reHepvtpyiOTC.R noMeXH nocTO.RHHoro "' nepeMeHHoro TOKa npo

MbiWneHHoH: YaCTOTbl /50 r~/. 
K HaCTO.RW.eMy epeMeHvt HaKonneH onpeAeneHH,blk1 ·anbiT peweHH.R no

A06Hb1X 3aAaY, HanpvtMep·ll/, 8 KS>KAOM KOHKpeTHOM CJlyYae aHSJ1J.13 

B03MO>KHbiX CTPYKTYP noMexoycToHYvtBbiX vt3Mep~;nenbHbiX KaHanoe on

peAell.ReT Bbl6op OnTHMSllbHOro peweHvt.R C ~€.flbl0 YAOB!l€TBOP€HL-1.R 

Tpe60B8HvtJ:1 3KCnepHM€HT8 1 a TaK>K€ MHHHMYMS H€06XOAVIMb1X annapa

TYPHbiX H nporpaMMHbiX CpeACTB. 8 paCCM8TPI-188€MOJ:1 HH>Ke 38A8Ye 
yY_~-tTbleanHCb ycnoeH.R I-13MepeHH.R aHanorosblx CHY oT 4-8 ASTYL-1KOB. 

4aCTb H3M€pHT€IlbHOH annapaTypbl /H3M€pHT€IlbHb1€ npeo6pa30B8T€!1J.1 

CHY I ycTaHaem-tsaeTc.R Ha aKcnepvtMeHTS!lbHOH ycTaHoeKe e _ycnoe~;~
.RX, HCKlliOYSIO~HX nOCTO.RHHOe o6C!lY>KHBaHH€ 1 Ha paCCTO.RHI-11-1 OT A8T

YJ.1KOB /20-30 M/. ~H$0pMa~H.R 06 J.13Mep.R€MOM napaMeTpe nepeAaeTCA 

no npoT.R>K€HHOI1 lli-1HI-1H /100-:-1000 M/ AllH per1-1cTpa~1-11-1 H o6pa6oTKH 
Ha 36M. KpoMe Taro, B03MO>KHa aHanoroea.R perHcTpa~HA H3Mep.ReMo

ro napaMeTpa. 

~anee paccMaTpHBaiOTC.R oco6eHHOCTH noMexoycToHYvteoro KaHana 

Afl.R vt3MepeHHR aHanoroBbiX CHY, nocTpoeHHoro Ha ocHoee I-130llvtpo

BaHHoro npeo6paaoeaTell.R 1'Hanp.R>KeHHe-4acToTa 11 /nH4/ H YAaneHHo

ro perl-1cTpa-c4eT"''HKa. 06paTHOe npeo.6paaoeaHH€ 1'LiacToTa-Hanp.R

>KeHH€11 /n4H/ n038011VIl10 no!lY4VITb aH~:morOBbiH: BbiXOA C nprpewHOCTbiO 

H€11HH€J:1HOCTJ.1 V13M€pVIT€11bHOrO KaHana + 0,02%, noporOM "''yBCTBHT€Jlb

HOCTH - 1 MKB, nOAaBJ1€HH€M npOAOJlbHQ~ nOM€XH nOCTO.RHHOrO TOKa -

140 A5, noAaBJleHvteM nonepe"'!Ho~ noMexvt /50 r~/ - 40 A5 npH no

noce nponycKaHHH 5 r4. 
noMexoyCTOHYvtBbiH: J.13MepvtT€!1bHb1H KaHan ·C npeo6pa3oBaHI-'ieM 11Ha

npR>K€Hvte-4aCTOTa-HanpR>K€HH€11 COA€P>KHT AaT4HK CHY, 6noK npeo6-

paaoeaTellA nH4 1 K BbiXOAY KOToporo MOryT 6b1Tb nOAK1110Y€Hb1 VIHTer
pvtpyiOW,vtH perHCTp-C4€T4HK HMnynbCOB /PC/, C BbiXOAOM Ha 38M, VI 

6noK npeo6pa30BST€ll.R n4H, K BbiXOAY KOTOporo MOryT 6b1Tb nOAKJ110-

"''€Hbl wneH$OBbiH oc~~-tnnorpa$ /lliO/, aHanoro-4vt$poeoH npeo6paao

eaTenb /A~n; " T.n. 
Ha A8T"''HK€ HM€€TC.R CHH$83HO€ Hanp.R>K€HH€ ·nOM€XH, HanpHMep, 

no OTHOW€HHIO K H€KOTOPOMy 6a30BOMY nOT€H4H811Y TO"''KH 383€MJ1€HH.R 
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~CTO~H~Ka nvtTaHvt~ 6noKa OHY. 3a~HTa OT B03HHKHOBeHH~ npo,qonb

Horo ToKa noMex~ s ~3Mep~TenbHO~ n~H~H AaT~~Ka CHY o6ecne~~

saeTc~ H30Il~~Hei1 BXOAa nHY, ra!lb8aHvt~ecKHM p83Aei1eHHeM 8 ~e

n~X nvtTaHH.~ H B~XOAa, a TaKme ynpa8neHH.~ H CHHXPOHH3a~H~, C 

npHMeHeH~eM HMny!lbCHbiX TpaHC$OpMaTOpOB C M8!10~ Mem06MOTO~HO!Ii 

eMKOCTbiO. P83AeJlvtTeJlbHbl~ TP8HC$OpMaTop Ha BbiXOAe nHLl H.CKJ11()48·

eT nPOAOJlbHble TOK~ 8 npOT~}I(eHHO~ IlHHHH C8~3~, KOr,qa noTeH~~aJl 

TO~K~ 383eMneH~~ y,qaneHHoro np~eMHvtKa, PC, oTnH~aeTCR oT 6a-

3oeoro. TaKHM o6paaoM AOCTHraeTc~ HCKJliO~eHvte norpewHocT~ ne

peAa~~ ~ BbiCOKoe Ka~ecTso ranbeaH~~ecKoro paa,qeneHvt
~. Opo,qonb

Hbtilt TOK no Jl~HHH aHaJloroeoro BbiXOAa n4H HCKJliO~aeTC~, eCJlH, 

Hanp\I!Mep, ranbBaHoMeTp WO ~aon~posaH OT ero ''aeMJll-1 11 , sxo,q y,qa

neHHoro AUn r~enr~eTc~ "nnasai011\HM11 no OTHOWeHvtiO K 6aaosoMy noTeH

l\Hany. Benvt~vtHa ~acTHbiX norpewHocTe~, B03H~Kai011\~X a a c~eT npo

TeKaH\11~ OCTaTO~HbiX npo,qOJlbHbiX TOKOB /3aB\IIC~~H.X OT Be!lH~vtHbl 

C~H$a3HblX HanpR}I(eH~l:1 nOMeXH 1 AI1~Hbl JlHH\IIH C8~3~., xap8KTepHCTH.K 

H30J1~~HH BXOAOB npvteMHHKOB, Ka~eCTBa 3KpaH~pOBK~ 1-1 T.n./, CH~

}I(eHa AO ypOBH~ OCHOBHO~ norpeWHOCT\11 ·H3Mep\IITeJlbHOrO KaHana 

/0, 1%/ npvtMeHeHvteM paccMaTpvteaeMbtX H~}l(e cxeMHbtX peweHvt~. 

CxeMa 6JlOK8 npeo6paaoeaTeJ1~ nH4, c nLJH 8 ~enH o6paTHO~ cs~-

3H /1/, C HeKOTOPbiM ynpOI1\eH~eM nOK838H8 H8 p~C. 1. ~3Mep~eMoe Ha

npflmeH~e OTP~l\8TeJlbHOl:1 nom=tpHOCT~ (U BX) n~c~ Ha BXOA /1/ 

YCHJ1HTei1~, KOTOpbl~ COCTOHT ~3 MOAYil~Topa napanneJlbHO-nOcJle,qo

B8TeJ1bHOro T~na /TpaH3HCTOpbt 3,4/, YCvtJ1vtTeJ1~ nepeMeHHOro TOK8 

/579/, AeMOAynRTOpa /10,11/ ~ B~XOgHOCO KaCKaAa /12/. C~rHan 

ycHnHTen~ M-AM nocTynaeT Ha vtHTerpaTop /13/-, ct>opMvtPYIOI1\Hl:1 n!-1no

o6pa3Hoe HanpRmeHHe CO CKOPOCTbiO H8p8CT8H~~, 3aBvtC~I1\eilt OT BXOA

HOrO Hanp~meHvt~. KorAa CHrHan vtHTerpaTopa AOCT~raeT noporoeoro 

ypoeH~, BKI110~aeTcR TpJ.o1rrep /14/. 3aTeM CvtHXpo~MnYnbcoM, ri6cTy

n~ew~M H8 BXOA /40/, BKJ110~8eTC~ BTOpOl:1 Tpvtrrep /15/. nb3TOMy 

Tp~rrep /14/ B03Bpaw,aeTC~ 8 ~CXOAHOe COCTORH~e. 3aTeM BTOpbtM 

CVIHXpO~MnynbCOM c6p8CbiB8eTC~ H TpHrrep /15/. Ero SbiXOAHO~ HM

nyn~c, AJ1~TeJ1bHOCTb KOTOporo (r H ) 38A8Ha nepHOAOM cne,qoBaH'~~ 

CHHXPOHMnyJlbCOB, noAa eTc~ Ha BXOA I-1HTerpaTopa I 13/, rAe Bbl3bt

saeT 6btCTpbl~ cna,q cHrHana, 1o1 e cxeMy npeo6paaoeaHH~ n4H, rAe 

nocne npeAeap~t~Te!lbHoro ct>OpM~poeaHHfl /17720/ nocTynaeT Ha KJ110~ 

/21 , 22/, $OPMHPYIOUJ,vt!li HMn)-IlbC C aa,qaHHOilt aMn!lHTy,qo\:1 (U on ) • no ... 

cne,qoeaTe!lbHOCTb 3THX HMnyilbCOB HHTerpHpyeTc~ Ha ABYX3BeHHOM 

RC -¢~IlbTpe. C BbiXO,qa ¢~t~IlbTpa Hanp~meH~e oTPHL\aTeJlbHOl:1 o6-

paTHoH CBfi3H (U OC) no,qaeTCR Ha BXOA /2/ yCvtJ1HTeJ1~. H-a BbiXOA 

6noKa nHY /41/ 4epe3 $OPM~posaTenb /16/ noCTynaiOT "Mnynbc~ C 

~8CTOTOI:i CJleAOB8HHR (f X ), 38BHCRUJ,ei:1 OT BXOAHOrO HanpR}I(eHH~ (U8
X). 

'38BVICH.M.OCTb l.l8CTOTbl CJleAOB8HHR BbiXOAHbiX HMnyJlbCOB OT BXoA

HOro Hanp~*eHH~ MO}I(HO onpe,qenHTb, y~HTbiBa~, ~TO gnR YCHJ1HTeJ1~ 

M-AM K03$¢H4HeHT YCHneHH~ 6ea o6paTH0\:1 CBfi3H Ao ,;,.lQ 5, ~ eTa-
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TH4eCKaA OWH6Ka e=U
8x-Uoc '5_8Uy/A0 , r,qe 6.Uy=0,4 8 eCTb 113-MeHeHHe BbiXO.QHOrO HanpR>K6HHR YCHf!HT611FI npl-1 113MeH6HHH U BX OT 0 ,qo 50 t.-18, He npeablwaeT 4.10-a B, T.e. U0c ;;;;usx. ,aanee, Mo>KHO noKa3aTb, 4TO npH HAeallbHbiX xapaKT6PHCTHKax Kll~4a HanpR>KeHHe U 0 c ce.AaaHo c 4acToTol1, AJ1HT6!lbHOCTbiO H at-mmHy,qo~ "1Mnynbcoa COOTHOWeHHeM: 

U ,f.r ·U ·K, oc x u on 
rAe K03<I><PH4HeHT K ~R0c/(R 0c+Rq,); R 0c- conpOTHB!leHHe Ha exo,qe /2/ ycHmnenR; R cp - CYMMa conpon.,aneHH~ ,qeyxaaeHHoro RC$HilbTpa. 0Tc~,qa Cne,qyeT, 4TO 4aCTOTa 

f x - U ex/' H • U on· K 
npRMO nponoP4HOHanbHa axo,qHoMy HanpR>KeHHIO. EcnH ,qnR cxeM~ Knl0-4a y4eCTb peallbHble OCTaT04Hbl6 napaMeTpbl TpaH3HCTOpOB /21,22/ BO BK111046HHOM COCTOAHVH1 (UOT' 16 , r

3 , r K) H AHHaMH46CKOe conpon1BileHHe (r 11. ) J.1CT04HHKa HanpA>KeHJ.1.R mHaHJ.1.R /+9 B/, HanpV~Mep, onopHoro cra6J.1nHrpoHa, ror,qa Hanp.R>KeHJ.1e o6parHot1 cs.Ral-1: 
fx ·r~ • (EcT+EOT) -EoT 0 oc"" Roc' fx ·r~-r~ +Rq,3 +R 0 c 

r.,qe EcT=UCT+U 0T-I6(r.n.+rK); U cT- Hanp.R>KeHJ.1e cra6J.1nJ.1-TpoHa; EOT =16·rK -UOT; R¢9 =R¢+r 3+rK. npJ.1 :HOM npe,qnon.araerC.R, 4TO pa3HOCTb napaMeTpOB TpaH3HCTOpOB He BHOCJ.1T norpeWHOCTJ.1. Y4J.1Tb1Ba.R, 4TO E 0T<<fx ·rJ.:I ·(EcT+E 0T), MOH<HO aan1o1caTb 
Uoc;;; fx ·r ~ ·(ECT + EoT) ·K r · 

3,qecb BeJ1J.14J.1Ha (EcT+E0T).RBJ1ReTCR peaJlbHO~ aMn111-1TYAOH J.1Mny11bCa Ha BbiXOAe K!ll04a (U on). a K03<I><I>H4HeHT K f ~ R ocl (f x • r H • r ~ + Rq;3+%c) OKa3biBaeTC.R 3aBJ.1C.R~J.1M OT 4aCTOT~. Ha OCHOBaHJ.1J.1 nOI1Y4eHHOro BblpaH<eHJ.1.R 

f =U ·(R +R, )/r .[(E +E ) ·R -U .r ] X BX OC 'f'3J.:I CT OT OC BX,ll. 
MoryT 6btTb onpe,qeneHbl 4aCTHbte J.1HCTpyMeHTSilbHbte norpewHOCTJ.1 nH4. ~J.1HaMJ.14eCKOe ConpOTHBileHHe CTafiHJ1J.1TPOHa /THna ~818E/ BHOCHT norpewHOCTb HeJ1J.1HeHHOCTI-1. npH r A = 10 OM' T H = 2 MKC J.1 H3MeHeH"" f X OT 10 AO 210 Kf4 K03<I><I>H4"eHT npeo6paaoeaHHR nH4 (~fx/~Uex ~ 4 Kf4/M6) H3MeHReTCR Ha 0,04%. AnR KOMneHCa-~HH aro~ norpeWHOCTI-1 a cxeMy OH4 aae,qeH 4SCTOTHoaaal-1cHMbiH l-'tcT04HHK TOKa, COCTOR~HH J.13 RC -<fJHJlbTpa HB BXO,Qe 3MHTTepHOro nOBTOplo1TeJ1R /23/ 1-1 TOK03a,qa~~ero peaHCTOpa Ha BbiXO,Qe. 3TO no-38011J.1110 CHJ.13HTb norpeWHOCTb HeJll-'tHe~HOCTH 8 2+3 paaa. 

KoMneHcarop nocro.RHHoH cocrasnR~~eH /24-31/, noaeon.R~~HH J.13Mep.RTb 6onee T04HO MSJlble OTKJlOHeHHR U BX Ha ypOBHe OTHOCI-1-TeJlbHO 6onbworo nocroRHHoro HanpRH<eHI-'t.R, coa,qaer Ha sxo,qe yCJ.1111-1-
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TenR /2/ KOMneHCHPY~~ee HanpR~eHHe /12,5; 25; 37,5/ MB. 3Ha-

4eH~~ roKa KoMneHcaropa /24,25/ nepeKn~~.~a~rc~ /26,27/ c~rHa

naMH Cl.leT"''YIKS /28,29/, HS BXOA KOTOpOrO nOCTynaiOT HMnyllbCbl 

BHewHeV! ynpaB!lfiiOUJ,e£1 cxeMbl /42/. Am'l cra6HI1Y13SU,IIIIII TaKa KoMneH

caropa seeAeHbl onepau,HOHHbl~ yc~oHnHenb /31 I 1r1 rpaH3111CTOP /30/, 

HSXOAFIUJ,YI£1Cfl HS OAH0£1 nOAllOmKe C TPSH3YICTopaMYI /24,25/. npYI 

TeMneparypHbiX oTKilOHeHiti.AX napaMerpos I U Q:l H (3 I 3H1X rpaH-

3Hcropos KOMneHCYIPYIOW.YI~ TOK OCTaeTCFI nOCTO.AHHbiM C norpeWHOCTbiO 

Q, 002%/ °C (aaBlr1CI-IT OT HeCTa6HllbHOCTI-1 napaMeTpos 3SASIOI1\ero Ha

npR*eHHe -9 B cra6HnHrpoHa /rHna A818E/ H TOK03SAaiOw,ero pe-

3HCTopa /THna C2-29/). 

n~onaHHe 6J10KS nHY ocyw,eCTBilfleTCR l.4epe3 pa3AeJU1TeilbHbl£1 TPSHC

¢opMaTop MeSHAPOM C 4SCTOT0£1 4 Kru,. npeo6pa30BSTeDb nOCTOAHHQ

ro HanpAmeHHA /+24 B/ a nepeMeHHoe npeACTaBnAeT co6oH MynbTH

BH6paTop /35,36/,' pa6oTa~~HH COBMeCTHO CO CTS6HDH3STOPOM Ha

npAmeHHA /37,38/. (HrHan MarHHTHOH o6paTHOH CBA3H CTS6HnH3S

Topa nOASeTCA 4epe3 BblnpAMHTeJ1b /39/. K03$$H~HeHT CTS6HJ1143S

~HH~700. HanpAmeHI4A ni4TSH14A /+18; -18; +5; -5 B/ noASIOTCA c 

BbiXO,qa BblnpAMHTeneH /33,34/, 6e3 AOnOJ1HI4TeJ1bHbiX CT a614Ili43STQ

pos. C 3TOrO me TpSHC(fJOpMaTopa CHI4MSIOTCA 14MnynbCbl 1 ynpaBJ1A~

~He pa60TOH MOAYilATOpa, 4epe3 $OpMHpOBSTe!lb /32/ C n~pa(fJa3HbiM 
BbiXOAOM /THna 122YT1/, H ,qeMOAYDfiTOpa • 

.[lHHSMH4eCKHe CBOHCTBa nHL! onpe,qenA~TCA 1 rnaBHbiM o6pS3'Qt1, 

AHHSMH4eCKHMH CBO~CTBSMH ycHDHTenA a-M.U 1-1 ABYX3BeHHoro RC

$HilbTpa B ~enH o6paTHOH CBA3H, a TSKme COOTHOWeHHeM HX napa

MeTpOB1 YAOBJ1eTBOpAIO~HM ycnOBHIO ycToH414BOH pa6oTbl. npH cTyneH-

4STOM soa,qeHcTBHH. sxo,qHoro cHrHana /oT 0 ,qo U n I nepexo,qHbiH 

npo~ecc s nHY on-pe,qenAeTCA ni4HeHHbiM nepexo,qHbiM npo~eccoM s 

YCHilHTene nepeMeHHOro TOKa I r 1_ = 5 MC/, epeMeHeM HSCbuqeHHOro 

pemHMS, T. e. 3SPAAS KOH,qeHCSTOpa HS BbiXOAe ,qeMOAY11RTOpa no

CTOAHHbiM TOKOM /r 2 = 10 MC/, 14 nepeXOAHbiM npo~eCCOM B J1HHeH

HOH o6naCTH nHL! nocne HS4ana ,qeHCTBHR o6paTHOH CBA3H /r3 =25 MC/. 

npH aasepweH~~tH nepexo,qHoro npo~ecca BbiXo,qHaR 4SCTOTa ,qocTHraeT 

YCTSHOBHBWeroCA 3HS4eHHA C norpewHOCTbiO +0,02%. 

COOTHOWeHHe Mem,qy noCTOAHHbiMIII B-peMeHH -YCHJlHTem~ (T 1 ) ,n_epsoro 

aseHa RC-$HDbTpa (T 2 ) H sToporo ero aaeHa (T3 ) Bbl6~·1paeTCA 

H3 yC110BHA ycTOi14HBOH pa60Tbl nH4 nP~~t 3SMbiKSHHH o6paTHoH CBA314. 

np11 nocne,qosaTe11bHO coeA~~tHeHHbiX ahepHOAH4eCKHx aseHbAX c nepe

AaT04HblMH ¢lYHK4.HRMH BHAa W.(p)~K./(pT;+l), rAe i ~1 ,2,3, Tpe-
1 1/2/ 

6yeTCR, cor nacHo Kpi4Tepl410 ryps~~tu.a·· , BbmonH"e.Hi-fe HepaseHcTsa 

K 1·K 2 -K 3 < Kk ~(1/T 1+1/T2 +1/T3) (T1+T2 +T 3):..1. 

3,qecb K 1= A 0=105 - CTaT~~t4eCKHH Kd3$$Hl\HeHT YcHneHHfi ycHnHT-eiiR 

M-AM, K 2 • K 3 ~U 0c /Uy=0.1- o6~H~ K03¢l¢lH4HeHT nepeAa4H cxeM npe

o6paaosaHHR 11HanpA>~<eHHe-4SCTOTa-HanpAmeHHe
11 /npH BbiXOAHOM Ha-
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npR}I(eHHH YCHm1TeJ1.A U y = 0, 5 8 VIMe.eM U OC = U BX =50 MB/, 3Ha4eHHe KPHTH4eCKoro K03~~H~HeHT8 Kk >10 4 MO}I(HO nOI1Y4HTb, ecnH nocToRHH~e apeMeHH CHI1bHO pa3!1H4a~TCR. KpoMe Toro, s~6op HX 3Ha4eHH~ orpaHH4HBaeTcR ycnoBHRMH o6ecne4eHHR Man~x nynbca~HH Ha B~XOAe yCHI1HTenR M-AM H H8 B~XOAe ~HJ1bTpa. anR CXeM nH4 ycTaHoaneHbl aHaYeHHR T1 :o::2 c, T2=10-3 c, T 3 ... 1o-4 c. 
~HanaaoH H3Mep.AeMbiX CHrHanos. HanpR}I(eHHe H3MepReMoro CHrHana A8T4HKa (U A) MomeT nPHHHMaTb 3Ha4eH"'e a npeAenax 0~ U A:::. U n = = -50 MB, Ha 3TOT CHrHaJ1 H8!10}1(eHa OCHOBH8R nepHOAH4eCK8R noMexa /50 f4/ C aMni1HTYAOH Ua, H Ha BXOA nH4 nocTynaeT cHrHaJ1 UBX =-U A__+ Ua 0 'Sin(Ut 0 nH4 6yAeT pa60T8Tb 6ea YICKa>KeHa .. n1 /KaK 8 o5nac'n1 Ua > U BX > 0, K0fA8 U .0: = 0 M8 H AeHCTByeT nonomJ.o1TeJlbHaR aMni1HTYAa noMeXH, TaK H B 06JlaCTH Un-Ua<U8x<Un, KOfAa U J1: ;;;; -50 MB H Aei1CTBYeT OTPH~aTeJlbHaR aMnilHTYAa/, ecJlH AHanaaoH BXOAHbtx HanpmKeHHi1 OH4 pacwHpeH H HMeer 3 y4aCTKa: U

8
x > 0 ; 0~ U ~ U ; U

8 <Un. ,QnR paccMaTpHeaeMoro OH4 TaK~M y4aCTKaM +?2 ,5+0)'; -10+501; -/50.;,60/ MB cooTeeTCTByeT ~3MeHeH"e BbiXOAH"X 4aCTOT /0.;,10/; /10+210/; /210+250/ Kr4. np~ 3TOM npeAeJlbHaR nOMeXOYCTOi14HBOCTb HHTerpHpy~~erO H3MepHTenbHoro KaHana COCTaBn~eT 46 116 np" U~ = 0 MB; 68 116 np~ U~=Un/2; 60 A6 npH U n:= U n . CMe~eHHe AH~naaoHa BbiXOAHbiX 4SCTOT Ha f o = 10 Kr4 npt-t U8x =0 yny4waer AHHSMH4eCKHe csoHcrsa OH4. HaKonneHHbiH npH HHrerpr.1poeaHHH aa speMR TJ:f OTC4eT N0 =f0 ·TuMO>KeT 6b1Tb CKOMneHCHPOBSH annapaTHbiMH lo1!1H nporpaMMHbiMI-1 CpeACTBaMH. 
HcnonbaosaHHe 6noKa OH4 cosMeCTHO c HHTerpHpy~~r.1M PC,ynpaenReMbiM 6noKOM rai1Mepa T" , s pe>Kio1Me HHTerpr.1py10~ero Al.ln, noaeonReT npHMeHHTb annapaTHo-nporpaMMHble MeTOAbl aa~HTbl peaynbTaTa ~3MepeHHR OT Ae~CTBHR nonep~4Hb1X nOMeX, H8JlO>KeHHb1X Ha CHfHaJl A8T4HKa. C 3TOJ.1 ~e!lbiO YCTaHaBnHsaeTCR BpeMR HHTerpHpOB8HJ.1R TH:z::m·Tn .. ' fAe m = 1.2~3, ... , a Tn = 20 MC - nepHOA OCHOBHOi1 nOMeXH. YsenH4eHHe BpeMeHH HHTerplo1pOBaHHR B m pa3 npHBOAr.1T K TOMY, 4TO Ha 4aCTOTe nOMeXH K03~~H4HeHT noMeXOyCTOi14HBOCTH yaeJlH4HBaeTCR HS Be.nJ.11-H1HY 6(m- 1) A6 Ia!, Opr-1 3TOM OTHOWeHI-1e CHrHan/wyM AI1R Hlo13K04aCTOTHbiX WjMOB TaK>Ke JlHHeJ.1HO pacTeT. 0oMexoycro~4HBbiH KaHan c HHTerplo1posaHI-1eM He.noaaonReT nonHOCTbiO peaJlH30BSTb AHHSMH4eCKHe xapaKTePHCTio1Kio1 0H4. 0plo1 annpoKCHMHpoeaHHH nepexOAHOro npo~ecca 3KcnoHeHroH AHHSMio14ecKHe csoHcrea nH4 MO>KHO oxapaKTepH30BaTb noCTORHHOH BpeMeHH,pSBHOH 3 MC. 3TO 3KBHBaneHTHO aMnJlHTYAH0-48CTOTHOJ.1 xapaKTepHCTHKe /A4X/ RC -~enH c 4acroroH cpeaa 50 r~. TaKaR nonoca nponycKaHHR AOCT8T04HS AI1R HCCneAOBSHHR HH3K048CTOTHbiX np04eCCOB B RAepHo~lo13H4eCKHX ycraHosKax. KorAa BbiXOAHaR 4acrora OH4 H3MepReTcR HHTerpHpy~HM C4eT4HKOM aa epeMR Tu=T 0 "" 20 Me, npOHCXOAHT cy>KeHHe nonocbl nponycKaHHR H3MePHTenbHoro KaHana, raK KaK A4X HHTerpaTopa W(j(c)) ... 1- (c) 2 • T~ /24 141 HMeer nonocy nponycKaHH-R 
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20 r~. np~ 3TOM MaKC~ManbHOe 4~C110 'HaMepeHH~ 3a ceKyHAY - 50. 
BMeCT€ C TeM, TSKO~ KaHan ABeT B03MOmHOCTb 6e3 HCKa~eHH~ nepe
ABBaTb Ha 6onbWHe pacCTORHHR aHaYeHHe H3MepReMoro CHY. 

Hcnonb30BSHH€ 6noKa n4H COBMeCTHO c 6biCTPOAe~CTBYIOutr-1M AUn 
HnH WO npeAYCMOTpeHo AnR 3KcnepHMeHTOB no H3Y4eHH~ nynbca~HH 
CHrHaJlOB H nepeXOAHbiX npo~eCCOB, KOrAa Tpe6y!OTCR 6onee BbiCO
KHe AHHSMH4€CKHe XapaKTepHCTHKH H3MepHT€1lbHOro KaHana H MBJlaR 
norpewHocTb, o6ycnosneHHaR epeMeHHOH AHCKpeTHaa~HeH npo~ecca. 
6J10K n4H, npeo6paaytoutHH 4SCTOTY BbiXOAHbiX J.1MnY!lbCOB 6noKa nH4 
a nponop~HOHanbHoe HanpRmeHHe Uswx• noaaonReT ycTaHoBHTb 
06utH171 K03$¢H414€HT YC14Jl€HHR nOCJ1€A08aTel1bHO BKJ1104eHHbiX 6l10KOB 
nH4 H n4H paBHbiM Ky~lOO; 200; 400; np~ 3TOM Ha4anbHaR 4aCTOTa 
0H4 (f 0 ) He BJlHReT Ha 3Ha4eH~e BblXO,qHoro HanpR}f(eHHR n4H. CxeMa 
6noKa 04H npe,qcTaaneHa Ha p1o1c.2. HMnynbCbl, cne,qy~~He c 4acTo
TO~ fx Ha exo,q /27/, no,qa~TCR 4epea ¢lopMHpoeaTenb /28/ Ha 
,QOnOJ1HJ.1TeJ1bHbl~ BbiXO,Q /29/ ,QJ1R HHTerpHpytOtQero C4eT4HKa lo1 Ha 
nepec4eTHY~ cxeMy /15,16/ c nepeKn~4aTeneM K03$$H4HeHTa ,qene
HHR 4aCTOTbl /17-20/, YCTaHaBm1BaeMbiM CHrHanaMH C4eT41o1Ka /23, 
24/ H ,qewH¢paTopa /25,26/. HMnynbc~ ynpaeneHHR c4eT4HKOM, oT 
KHOnKH lo1J1J.1 OT BHeWHeH CXeMbl /36/, MOryT 6b1Tb no,qaHbl 4epe3 
/37,38/ VI B 6noK nH4 /,qnR nepeKI1~4eHVIR KOMneHcaTopa HanpR}f(e
HHR/. 

OnHcblaaeMaR cxeMa HOPMHPYeT MaKcHManbHoe 3Ha4eHHe axo,qHoH 
4aCTOT~ (fM) K Bel1H4HHe fH : (f M -f0)/n + f 0/n, rAe D = 
= 1,2,4- K03¢l¢lH4HeHT nepeC4eTa, 3Ha4eHHe D Bbi6HpaeTCR TaK, 
4T06bl He HapyWHTb YCllOBHe HOpMHpOBKVI, TpeM ,QHanaaOHaM H3MepRe
MOrO Hanpfl}f(eHJ.1fl /0 +12 '5; 0+25; o+so MB/ COQTBeTCTBY~T TPI-1 ,Qio1a
naaoHa 4aCTOT /10+60; 10+110; 10+210 Kr~;. AnR nepeoro AHana
aoHa MO}f(HQ /ycTaHaBJlHBaR n = 1 ,2 HllH 4/ aa,qaBaTb COOTBeTCTBeH
HO K~=400, 200 HllH 100; AJlR BToporo AHanaaoHa /n = 2 HJlH 4/ 
Ky=ZOO HllH 100; AllR TpeTbero AHanaaoHa (n= 4) - TOJlbKO Ky = = 100. npH MHHHManbHOM n AJlfl TpeX AHana30HOB HOpMHpOBaHHaR Ha-
4allbHafl 4aCTOTa fo/n paSHa COOTBeTCTBeHHO 10; 5; 2,5 Kr4. 
TaKaR cxeMa noaaonReT npaKTH4ecKH 6ea norpewHOCTH nepeKn~4aTb 
K03¢¢lH4HeHT YCHJleHHfl no Hanpfl}f(eHH~ npeo6pa3oBaTene~ nH4-n4H. 

HMnynbCbl HOPMHPOBaHHOH 4aCTOTbl nocTyna~T Ha cxeMy ¢oPMHpo
BaHHfl AJ1HTeJ1bHOCTH HMnyllbCa rH /21,22/, aHal10rH4HY~ npHMe
HeHHOH B nH4, O,qHaKO, nOCKOJlbKY f H = 60 Kr4, Bb16paHO r H = = 8 MKC /AJ1R Y11Y4WeHHR YCllOBHH nocne,qy~~eH ~llbTpa4HH/.CHHXpo
HMnyJ1bCbl AllR 3a,qaHHR rH, nOCTyna~He C 4aCTOTOH 500 Kr4 H3 
BCTpOeHHOro reHepaTopa /30/ HJlH lo13 BHeWHero YCTpOHCTBa /31/, 
4epea ~opMHpoeaTellb /32/ nepeAa~TCR e OH4 /33/, a nocne Aene
HHR Ha 4 /34,35/- Ha BXOA CHHXpOHH3a4HK TpKrrepa /22/. Ero 
BbiXO,QHOH CHrHaJl nOCTynaeT Ha CXeMy ¢QpMHpOBaHHfl HMnynbCOB aa
,qaHHOH BOllbTCeKYHAHOH nno~a,qH /1-7/, aHanorH4HY~ npHMeHeHHOH 
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B 6!1oKe nH4, 3aTeM - Ha onepa4HOHHbtH aKTIIIBHbH1 ¢VIJlbTp /8/. A4X 
¢HnbTpa, Bbt6paHHaR no ycnOBHRM noMeXOYCTOC14HBOrO H3MepHTe!1bHO
ro KaHana, npeAcTaBnReT co6o~ xapaKTepHCTHKY 6aTTepaopTa BTo
poro nopRAKa c 4aCTOTO~ cpeaa - 5 r4. CTaTH4eCKHH K03¢$H4HeHT 
npeo6paaosaHHR $HnbTpa onpeAenReT aHa4eHHR K03¢¢H~HeHTa npeo6-
paaoaaHHR n4H- 25; 50; 100 MB/Kr~, 4TO COQTBeTCTByeTKy= 100; 
200; 400. AriR BblnOnHeHHR ycnoalo1R UBblX = 0 npH U sx = 0 Heo6-
XOAHMOe KOMneHCHpOBaHJ.IIe HanpR)f(eHio1R CMeW,eHio1R, o6pa30BaawerocR 
1-13- 3a npeo6pa30BaHHR 4aCTOTbl f 0/ n, BblnO!lHReTCR CXeMOC1 /9, 
1 Q, 11/, KOTopaR B 3aBJ.IICHMOCTI4 OT Bbl6paHHOro n = 1,2A YCTaHae
!11o1BaeT KOMneHcHpyiOw.ee HanpR>KeHHe - 1000; 500; 250 MB. BbtXOA 
HOPMio1POBaHHOrO aHanorosoro CHrHa!la -/0+5/ 8 npeAYCMOTpeH AJ1R 
nOAK!1104eHI4R AUn /12/, a BbiXOA /13/- AnR noAKI1104eHHR ranbaa
HOMeTpa WQ. KpOMe Taro, B n4H BCTpOeH KOHTpO!lbHbl~ CTpe!104HbiC1 
np~6op /1'4/. 

8 H3MepHTe!1bHOM KaHane nH4-n4H, a TaK)f(e nH4-C4eT41o1K C TaH
MepOM, 6!10KH MOryT pa6oTaTb COBMeCTHO OT BCTpOeHHOro B n4H 
reHepaTopa CHHXpOHMnynbCOB, K CTa6HnbHOCTH KOToporo He npeA~RB
JlRIOTCR OC06ble Tpe6oBaHHR, TaK KaK npH MaJ1biX OTKJlOHeHHRX era 
YaCTOTbl npOHCXOAHT B3aHMHaR KOMneHCa4HR norpeWHOCTeH. 

OcHOBHble MeTponorH4eCKHe xapaKTepHCTI4Kio1 KaHana nH4-n4H: 

- 1 00; 200; 400 Ko3¢¢H4HeHT ycHneHHR 
AHanaaoH BXOAHoro cHrHana - /0.;.50; 0+25; 0+12,5/MB; 
0CHOBHaR OTHOCHTenbHaR norpewHOCTb 
8xOAHOe conpoTI4B!1eHHe 
nopor 4YBCTBHTe!1bHOCTH 
8XOAHOH TOK 
noAaBJleHHe npOAO!lbHO~ noMeXH 
nocTORHHoro TOKa /a AHanaaoHe +2008/ 
nonoca nponycKaHHR /Ha ypoeHe 0,7 A4X 
$H!1bTpa 6aTTepaopTa/ 
noAaB!leHHe nonepe4HOC1 OOMeXH /50 r4/ 

- +0,02% 
- Too MOM 
- 1 MKB 
- 0' 1 HA 

- 140 A6 

- 5 r4 
- 40 A6. 

CTO!lb Mance 3Ha4eHHe OCHOBHOc::\ OTHOCHTenbHOC1 norpeWHOCTI4 
AOCTHrHyTO, B 3Ha4HTeJ1bHOC1 Mepe, 6naroAapR B3aVIMHOC1 KOMneHCa4HH 
OTAe!lbHbiX HHCTpyMeHTaJ1bHbiX norpeWHOCTe~ 6!10KOB nH4 H n4H J~/npH 
yKaaaHHoC1 nonoce nponycKaHHR KaHana H Tpe6yeMo~ norpewHOCTH 
apeMeHHOJ:1 AVICKpeT!43a4HH /0,1%/ 4aCTOTa Bbt6opKH H H3MepeHHR 
CHrHana A~n - He MeHee 350 H3M./c. EcnH A~n AonycKaeT 6onbwy~ 
4aCT0TY H3MepeHHH /51,Me>KAY BbiXOAaMH 6J10KOB n4H H BXOAOM AUn 
MO>KHO BK!11041o1Tb 06IJ.IH~ MYI1bTH0!1eKCOp Clo1rHaJ10B BbtCOKOrO ypoBHR 
/MCBY/ 161 .6 3TOM cny4ae n4H, MCBY H A~n paaMe~a~TCR TaK, 4TO 
HX H3Mep~TenbHaR ni4HHR 14MeeT He60!1bWYIO npQTR)f(eHHOCTb. 
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PHc. 3. CxeMa MHoroKaHa.JlbHbiX H3MepeHin1:. 

CxeMa MHoroKaHaJlbHbtX vt3MepeH1-1H, ygoeneTBOPBIOI.I.ISfl paccMOTpeH

HbtM BbiW€ YCJlOBH.AM /pHc.3/' COA€P~I-1T: 1 - .qaT4VIK CHY; 2 - nH4; 
3 - IIICTO"''HIIIK H8npFI>K€Hlt1R m1TSHI-1.A; 4 - n4H; 5,6 - reHepaTOPbl 

HMnynbcoe CV1HxpoHH3al.lliiV1 /flt!C/ 11 cTapTosbtx 11Mnynbcoe ;reT 1; 
7 - ¢'OpMV1pOB8T€Jlb I-1Mny11bCOB /¢lV\/; 8 - aHanoroBbli'-1 V13M€PI·1T€Jlb

Hbli-1 np1-16op /1-'ln/; 9713 - MOAYJ11.1 yclt1IlV1T€Jl.A-¢lopr•H1POBaTell.A /Mil>/, 

pen1CTpa-c4eT4~t~Ka /MP I, Cl.I€T4HKa-Tai1Mepa /MT I, reHepaTopa 

Cl1HXpoHMnynbcoe /MOl/ 1-1 cTapTOBbiX 1-!Mnynbcoe /MCT I; 14 - MSrl-1cT

panb CB.A3H MogyneH KAMAK. noMeX038li.IH1.1.1€HHa.A JlHHH.A B BHA€ CKpy

I..I€HHOi1 napbl npOBOAOB nOAKI1104eHa K AH¢¢epeHl.llt1SJlbHOMy BXOAY nH4, 

npvt4eM 3KpaH JlHH~~ COeA~HeH c 3KpaHoM 6noKa nHY. B 6noK~ nHY 

~ nYH BBOAATCA C~HXpO~MnyJ1bCbl CTa6~J1bHO~ 4SCT0Tbl OT o6~ero 

n1C. K aHanoroBOMY BbiXOAY nYH npeAYCMOTpeHO nOAKni04eH~e ~3-Me

P~TeiibHbiX np~6opoe /AUn, UB/ ~ aHanoroebiX pentcTpaTopoe /WO/, 
paaMe~aeMbiX HenocpeACTBeHHO y nYH ~1114 Ha paCCTOAH~~ /1071 00/M, 

C ~enb~ KOHTpOnA, AY611~POBSH14A 143MepeH~~ 1411~ pacw~peH~R npo

nycKHO~ cnoco6HOCT~ KSHana.AnR ocna6neH~R B03Ae~cTBI4R noMex 

no A11~HHO~ 11~H~~ CBA3~ 6noK ~H /BbiXOA cornaCOBSH C KOSKC~anb

HbiM Ka6eneM/ ~ H<J> /c A~¢¢epeH~·HanbHbiM BXOAOM/ COeA~HeHbl 4epe3 

HMnyJ1bCHble TpaHc¢opMSTOPbl. nocTyna~~l4e ~MnynbCbl pen1CTP~PYIOT

CR e MP a a epeMR, 3SASHHoe ynpaenR~~HM c~rHanoM MT. Ha BXOAbl 

MT nOAS~TCR HMnyilbCbl CTSpTa 1-1 C~HXPOHH3S~I-1H OTC4eTa BpeMeH~ 

per~cTpa~HH 1-13 MCT ~ MCH, np~4eM nocneAH~e MoryT aanycKaTbCR 

HMny11bCSMH rCT 1-1 rHC. 8 KS4eCTBe CTapTOBbiX HMnynbCOB MOryT 

6b1Tb ~CnOilb30BSHbl. ~Mny11bCbl rCT, nOCTynaiO~He OT yCTSHOBKH, '111160 

HMnynbcbl cTa6~t~nbHO~ 4SCTOTbl MCT. TorAa KS>KAOe H3MepeH~e /Bbl-

6opKa 3HS4eHHA CHrHana/ 6yAeT CHHXPOHH3111POBSHO C ~CCileAyeMbiM 
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npo~eCCOM /neplr!OAOM 'pa60Tbl YCTaHOBKirl/ h1r160 C onpeAe!leHHbiM Mo
MeHTOM pea!lbHoro epeMeHH /H MO>!<eT 6b!Tb T04HO AaT~r~pos.aHo/. B 
nOCileAHeM C!ly4.3e Ilii!HIIIR CBR3lrl C rCT He HY)f(Ha. np~r~ epeMeHirl pe
rlriCTpa~J.1lrl T" = Tn =20 Me OTHOCr.1TeJlbHaR riorpewHOCTb r-13-aa AlriCK
peTHOCTI-1 perr-1CTPIIIPYeMbiX AaHHbiX - 0, 024% /MO>KHO CH1r13r.1Tb ysen~r~-
4eHio1eM speMeHirl r.1HTerplliposaH~r~R/. ,QononHio1TellbHbre norpewHOCTirl 
lrl3-3a Ar.1CKpeTHOCTI4 OTC4r.1TbiBaeMoro speMeHH 1r1 HeCTa6~t~IlbHOCTIII 

4aCTOTbl fYIC /500 Kr4, CTa6HJ114314pOBaHa KBap~eM/ A0CTaT04HO Ma
JlaR I .... 0,01%/. Ecn~r~ AilR oTc4eTa epeMeH~t~ lo1cnonbaosaTb HMnynbcbr 
cTa6H!lbHoH 4aCTOT~ MCH /1000 Kr4, cTa6~r~nH3HposaHa Ksap4eM/, 
norpewHocTb lo1a-3a Hec~r~HxpoHHOCTH rHC 1r1 MCH TaK me Mana, 1o1 HeT 
He06XOAHMOCTio1. B Ilii!HIIIIII CBR31-1 C rHC. 

nocTpoeHir!e per~r~cTpaTopa /MOAYill-1 M~, MP, MT/ lriil!liDCTplllpyeTCR 
Ha nplo1Mepe OAHOio KaHana cxeMoH /p~r~c.4/, rAe: 1,2- paaAen~r~
TellbH~~ TpaHC$OpMaTop Ill $OpMio1POBaTeJ1b /Tirlna 521CA1/ perlr!CTpH
pyeMbiX IIIMnyilbCOB 1 HMnyllbCOB OTC4eTa. speMeHIII H CTapTOBbiX II!Mnynb
COB; 3,4 - nor~r~4eCKirl~ sneMeHT H, HnH; 5+7 - per~r~cTp-c4eT4111K 
/PC/; 8<' 1 0 - TPHrrep /T I; 11 - ex eM a cpaBHeHHR KOAOB /CK/; I , 
Z , N, S , L, R , W - c~r~rHan~ Mar~r~cTpam1 111 .Fl , .F2 , .F17 -

KOMaHAbl KAMAK. B HCXOAHOM cocTORHHH PC /5,6/ " T/8-10/ c6po
weHbl, PC /7/ xpaHI-1T KOA speMeHH per~r~cTpa41o11o1 T" /aan1o1cb KOAa 
spy4HY~ 11111111 nporpaMMHO /38M/ 4epea Mar~r~cTpanb, no .F17, a 
4TeHHe - no .Fl I ,6noK~r~poeKa BXOAOB I CHRTa. HMnynbc eTa pTa 
BI<Jll04a~T T/9/ H noATBePli<AaeT c6poc T/10/, PC/6/. nocne 3Toro 
e PC/5/ perHcTpHpyeTcR 4Hcno HMnynbcoe Nx=fx·TH, e PC/6/ 
OTC41-1T~saeTcR speMR T" 111 ero sHa4eHHe s CK/11/ cpasHio1saeTCR 
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c KOAOM PC/7/ 0 no CHrHany CK/11/ c6paCbiBaeTc~ T/9/- 3aKpbl
saeTCR BXOA PC/5,6/, BKn~~aeTCR T/10/- 6noK~pyeTCR cTapT 
1-1 ycTaHaenHeaeTcR cl-1rHan aanpoca L .. B cnyl.lae nepenonHeHHR 
PC/Si BKm04aeTcR T /8/ H nepeAaeTcR cHrHan aanpoca / 11 0w~t~6Ka 11 /. 
Co~jepiKaHHe PC/5,6/ 4HTaeTCA, 3aTeM PC/5,6/ H T/8, 10/ c6pacbl
ea~TCR /no F2 /. nocne c6poca T/10/ H L paapeweH cTapT pe
rHcTpa~HH, OpH oTKn~4eHHOM CHrHane T/10/ cTapT B03MomeH nocne 
OKOH4SHI-1R pen1CTpSL.J,HH /pe>I0.1M SBTOHOMHbiX 1113M€P€HYI~/, Pen1CTplll
pyro~aR CX€MS nocTpoeHa HS OCHOBe ~OAYJ1€~ C4€TllHKOB/?/, npH 
3TOM B MT BB€A€Hbl BXOA BH€WHero CTapTa ).1 Tp~ttrrep ynpaB!l€HH.R 
/9/. B M~ paaMe~eHbt 8 $oPMHpoeaTeneM /2/ c H3011HPY~~HMH TpaHc
<IJOpMaTopaMH /1/. 

Opeo6paaoeaTeJ1H nH~ ).1 n4H, reHepaTop r~c ).1 61lOK ASJlbHe~ 
CBR31.1 /8 J.130Jll-1POBSHHbiX ¢l0PMI-1POBST€Jl€J1 I-1MnyflbCOB/, BbtnOJlH€HHbte 
B BH,Q€ OT,Q€JlbHbiX MO,QyJleiii, yCTaHOBJl€Hb1 B Cn€1..1HaJlbHOM KapKace, 
r,Qe paaMell.laeTCR AD 8 MO,QYJleiti nH4 V1 8 MOAyneiii n4H. C03AaHHbtiii 
KOMnJ1€KC annapaTypbl o6ecnei.H1BaeT O,QHOBP€M€HHYIO Bbt6opKy H H3-
M€P€HH€ 8 napaMeTpOB ycTaHOBKV1 CO CKOPOCTbiO AD 400 H3M./C 
B V1HT€rPHPYIOLl.I€M pe~HM€. 

ll~TEPATYPA 

1. fynAeB B.A. HAP· O~R~, 10-11926, /jy6Ha, 1978. 
2 •. BopoHOB A.A. 3neMeHTbt TeopHH aBTOMaTH4ecKoro perynHposaHHR. 

BoeHH3,QaT, M. , 1954. . 
3. XapKeBI-14 A.A. 6opb6a c noMexaMH. ''HayKa 11

, M., 1965. 
4. HOBI11..1KH~ n. B ~' KHoppt.1Hr B. r.' ryTHHKOB ·s. c. U1-1¢lPOBbte 

npH6opbt c 4aCTOTHb1Mt.1 AaT4HKaMI-1. 113Heprl.1R 11
, Il., 1970. 

5. fyn~es B.A., 3aMp~,;; B.H., ~BaHos B.C. 0~~~. 10-11949, 
lly6Ha, 1978. 

6. fynAeB B.A., 3aMpH'i B.H., ~BaHoB B.C. O~RH, 10-11927, 
AY6Ha, 1978. 

7. ~ypasnes H.H. H AP· O~RH, 10-8754, /jy6Ha, 1975. 

12 

PyKom1Cb nocTyn1-1na B J.13,QaTeJ1bCKJ.1i:1 oTAen 

2 anpen~ 1981 ro11a. 


