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Pa6oTa C0BpeMeHHbIX 3KCnepmrnHTaJibHbIX <pll3lltfeCKHX ycTaH0B0K 

HeB03M0)KHa 6e3 aBTOMaTH3Hp0BaHHbIX CIICTeM K0HTp0JIH II ynpaBJieHHH. B 
<l>YHKUHU TaKHX CHCTeM BX0.D:IIT c6op )],aHHbIX c nepBlllfHbIX ycTp0HCTB, 

o6pa6oTKa H aHaJIH3 3THX .naHHbIX B peaJibH0M BpeMeHII II Bbipa6oTKa B 

C00TBeTCTBIIH C pe3yJibTaTaMII aHaJIH3a ynpaBJIHIOII(IIX B03)],eHCTBHH JIH6o 

peKOMeH)],au;nii )],JlH )],aJibHeHIIIHX ,n:eiicTBHH o:riepaTopa. B~M 3JieMeHT0M 

CTPYKTYPhI aBTOMaTH3Hp0BaHHbIX CHCTeM YIIpaBJieHHH II K0ffTP0JIH HBJIHeTCH 

K0MITJieKC ycrpoiiCTB, npeo!}pa3YIQII(IIX aHaJI0r0Bhie CHrHaJibI, Hecymne 

HH<pOpMau;mo O IIp0HCXO)],j{Il(HX npou;eccax B q>OpMe T0K0B HJIH Hanp,r)KeHIIH, B 

u;H<ppOBOH KO)],, IIpHrO,D:Hblll )],JlH o6pa60TKH B YIIpaBJIHIOII(IIX K0MilbIOTepax. 

3TOT K0MilJieKC YCTPOHCTB Ha3bIBaeTCH aHaJIOfO-u;H<ppOBOH annaparypoii H 

BKJIIOtfaeT B ce6,r KaK co6CTBeHHO aHaJIOrO-u;H<ppOBbie npeo6pa30BaTeJIII (AQI1), 

TaK H IIIHpOKHH Ha6op aHaJI0fOBhIX H u;H<ppOBbIX Y3JI0B, BblIT0JIHHIOII(IIX 

pa3JilltfHYI0 npe.nBapmeJibHYIO o6pa6oTKY H HopMHp0BKY cHrHaJI0B, 
HaKaITJIIIBaIOil(HX H nepe.naIOII(IIX nonyqeHHhre AaHHhie. TaKHe xapaKTepHCTIIKH 

aHaJIOfO-u;H<ppOBOH annaparypbl KaK T0tfH0CTb ll3Mepemrn, pa3pemaIOil(M 

cnoco6HOCTb, 6bICTPOAeHCTBHe, illHp0KOIT0JI0CH0CTh, CTa6HJibHOCTb onpe.neJIHIOT 

3<p<peKTHBHOCTb pa60TbI He T0JihKO CHCTeMhl ynpaBJieHHH, HO H YCTaH0BKH B 

u;eJI0M, a 3alfaCTYIO H IIpHHu;HilHaJibHYIO B03M0)KH0CTb npoBe)],eHHH 

3KCnepHMeHT0B. 

AHaJIH3 3a,n:aq, pemaeMbIX B CHCTeMax K0ffTP0JIH H ynpaBJieHIUI 

<pll3lltfeCKHMH ycTaH0BKaMH, myqeHHe B03M0)KH0CTeii C03,D:aHHoii B IDl<I> co 
p AH annaparypbl CBH)],eTeJibCTByeT 0 )Kll3HeHH0CTH H Il0Jie3H0CTH pa3pa60TOK, 

BhIII0JIHeHHbIX B npeAI,I)].yil(He ro)],bl. BMeCTe C TeM, CTP0HTeJibCTBO H0B.bIX H 

M0,n:epHH3au;HH CTapbIX ycTaH0B0K, Bee B03paCTaIOil(He rpe60BaHHH K KatfeCTBy 

H3MepeHHH, B03M0:lKHOCTH COBpeMeHHOH 3JieKTp0HIIKH, cneu;H<pHKa MH0rHX 3a,D:atf, 

HeC0MHeHHo, )],eJiaIOT aKryaJibHbIM np0)],0JI)KeHIIe pa3pa6oTOK aHaJIOro-u;H<f>poBOH 

annaparypbl )],JlH CHCTeM aBTOMamau;HH <f>H3lltfeCKHX HCCJie)],0BaHHH. He MeHee 

aKryaJibHOH HBJIHeTCH H He06XOAUMOCTb o6CTOHTeJibHOro H3YtfeHHH H rpaMOTH0ro 

HCil0Jih30BaHHH 3TOH annaparypbI. 

I.J;Mb )],HccepTaQHOHHOii pa60Tbl 

,lvlccepTau;HH Il0CBHil(eHa HCCJie,n:oBaHHIO H pemeHHIO illHp0K0fO Kpyra 

npo6neM, B03HHKaIOil(HX IIpH C03,D:aHIIH H HCII0Jib30BaHHH aHaJIOro-u;H<f>poBoii 

annaparypbl CHCTeM K0ffTPQJIH H ynpaBUewrn . ~KcnepHMernHbIMH 

<f>H3lltfeCKHMH ycTaH0BKaMH. 0Cll~~ 

• AHaJIH3 3a,n:aq CBH3a~1Ut™t111e~~p Ha6opa CHrHaJI0B Ha 

3KcnepHMeHTaJihHhIX Y&'~OTEH~yqe}me npHMeHHM0CTH 
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pa3JlllllHhlX yc'IJ)OiiCTB aHanoro-r~mppoBoro npeo6pa3oBamrn: npII 

pemeHHH 3THX 3ap,aq_ 

• TeopeTWiecmii aHanID II npaKTII'IeCKHe IICcne,noBamur CTJJYKTYPHI>IX II 

cxeMoTeXHWJ.ecKIIX pememm: aHaJioro-umppoBoii arrnaparyp1,1. 

Pa3pa6oTI<a MeTO,!:(OB IlOBblmemrn 6bICTJ)O,!:(eHCTBIDI, TO'IHOCTII, 

pa3peIIIruomeii cnoco6HOCTH H CTI16HJibHOCTII rrapaMeTJ)OB 3TOH 

arrnaparypbl C Y'J:eTOM oco6eHHOCTeii pa6on1 !pIDII'IeCKHX KOMilJleKCOB. 

• C03,n;aHIIe aHanoro-unqipOBbIX YCTJJOHCTB H CHCTeM MH IDMepeHIDI 

CHrHaJIOB B lIIHpOKOM aMIIJIHTYJJ:HOM H BpeMeHHOM ,n;IIaIIa30HaX. 

• Pa3pa6oTKa MeTO,!:(HK IDMepeHIIii H npIIMeHeHIUI C03,!:(aHHOH anrraparypbl 

Ha 3JieK'IJ)O!pIDWieCKIIX ycTilHOBKax. 

JlUIJHhIH BKJia,l:{ aeTopa 

JllI'IH0e Y'J:aCTHe aBT0pa B pa6oTax, COCTilBJIIDOIUHX OCHOBY ,Zl;IICCepTaUHII, 

HBIDleTCH onpe,n;eJIIDOmIIM. HM JIII'IHO BbIIlOJIHeHbI TeopeTH'IeCKHe IICCJie,n;oBaHIUI 

CTJJYKTYPHbIX n cxeMOTeXHWieCKIIX peIIIeHIIii npII6opoB, a npaKTmecKoe 

HCCJie,!:(0BaHIIe 3THX perneHIIii npoBe,n;eHO no,n; pyK0BO,ll;CTB0M aBTOpa. ABTOP 

npHHHJI Henocpe,n;CTBeHHoe Y'J:aCTHe B pa3pa6oTKe npeAJIO)KeHHbIX IIM aHanoro

unqipoBbIX yc'IJ)0HCTB ,!:(IDI CHCTeM aBT0MaTIDauHH !pIDWieCKIIX yCTaH0B0K. IlpII 

ero onpe,n;eJIIDOmeM Y'J:aCTIIH npeAJIO)KeH H peaJIIDOBaH PM H3MepHTeJibHbIX 

MeT0,Zl;HK, cymecTBeHH0 IlOBbICHBlIIHX Ka'IeCTBO II 3qJ!peKTHBHOCTJ, HaY'J:HbIX 

nccne,noBamrli:. 

HayquaH H0BH3Ha pa6oTLI 

I. IlpoBe,!:(eH Te0peTH'IeCKHH aHaJIII3 H npaKTII'IeCKHe HCCJie,D;OBaHIUI 

C'IJ)YKrypHbIX n cxeMoTexHH'IeCKIIX perneHIIii aHanoro-unqipoBoii 

arrnaparyp1,1, Haii,n;eHbI opHrHHaJibHbie pemeHIDI, HanpaBneHHble Ha 

Il0BbillleHIIe 6bIC1J)O,D;eiicTBIDI, TO'IH0CTH, 'IYBCTBHTeJibH0CTH, 

IlOMexoyCTOH'IHBOCTII. 

2. BnepBble npe,!:(JIO)KeHa cxeMa IlOCTJ)OeHIDI ll,H!ppOBbIX pemCTJ)aTOpOB 

qiopMbl CHrHaJIOB, 0TJIH'IaIOIUaHCH q>yHKUHOHaJibHOH 3aBepmeHH0CTbIO H 

Cq>OPMYJIHpOBaHbI IlpHHUHllbl IT0C'IJ)0eHIUI 3TOro KJiacca npII6opoB. 

3. HcCJie,!:(OBaHbl npo6neMbl CIIHXp0HIDaJWII UIIq>pOBbIX perIIC'IJ)aTOp0B c 

npouecCaMH q>IDWieCKHX YCTaHOB0K. Pa3pa6oTaHbl MeTO,!:(J,I 

CHHXp0HIDaUHII II cxeMoTeXHHKa TaHMHpYJOIUHX Y3JIOB C0BpeMeHHbIX 

BbIC0K0ilpOIDB0,D;HTeJlbHbIX Al(II. 

4. BnepBbie B' Clpll,He.npe:rirroieH:HrrpHMeHeH Ha npaKTHKe px,n MeTo,n;HK 

nccne,n;oBamui ·; phlcTJ)o,rrp~re-KruQIUHX , .. n, B TOM 'IIIcne, aBapniiHbIX 

npoueccoBiiia '3I<crrepIIMeirran1,m,1x q>IDII'IecKnx ycmttoBKax. 
... '< .., t' • ) ' f,: 
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5. IlpeAJIO)KeHbl, HCCJie,D;0BaHbI II peaJIH30BaHbI IlpHHll,HIIbl ll0CTJ)0eHIDI 

BblC0KOTO'IHblX UH!ppOBbIX HHTerpnpYJOIUHX IDMepHTeneii IIMrryJibCHbIX 

MarHIITHbIX noneii. 

6. Ilpe,Zl;JIO)KeH II pa3pa6oTaH Ha6op yHHq>IIUHpOBaHHoii arrrraparyp1,1 ,!:(IDI 

npeUII3HOHHbIX IDMepeHIIH IlOCTOHHHbIX MarHIITHbIX noneii, 

II03B0JIHBIIIIIH BIIepBbie ocymecTBIITb KOMIIJieKCHbIH rro,n;xo,n; npn 

rrpoBe,n;eHHH MarHHTHbIX H3Mepemm:, CTilH,D;apTH30BaTb MeTO,Zl;HKH, 

06opy,n;0Bam1e H3MepnTeJibHbIX cTeHJJ:OB II nporpaMMHoe o6ecrreqettne. 

7. Haii,n;eHbI CTJJYKTYPHbie n cxeMHble pemeHIDI 3JieK1J)OHHKH, CTaBIIIeii 

6a30BhlM cpe,n;CTBOM aBTOMaTH3npOBaHHbIX CHCTeM ynpaBJieHIDI 

TeXHOJI0rlI'IeCKIIMH ycTaH0BKaMH no Ilp0H3B0,D;CTBY yttHKaJibH0ro 

!pH3H'IeCKOro 06opy,n;01iaHIDI. 

Hay1JHaH u npaKTHIJeCKaH 11,eHHOCTh pa6oTbl 

I. IlpeAJIO)KeHHbie IlpIIHUHIIbl Il0CTJ)0eHIUI H Haii.n;eHHbre pemeHIDI 

o6ecne'IflJIII cepHHHOe Ilp0H3B0,ll;CTB0 Bceii raMMbl pa3pa6oTaHHOH 

arrnaparypbl H 0CHameHHe 3T0H 3JieK1J)0HIIK0H 3KCnepHMeHTaJibHbIX 

yCTaHOB0K HJI<l>. 

2. .QnqipOBbie perHC'IJ)aTOpbl qiopMbl CHrHaJI0B HCIT0Jib3YJOTCH B 

60JibIIIHHCTBe na6oparnpnii HJI<l>, BO MHOrHX HaY'J:HO-

HCCJie,n;oBaTeJibCKHX opraHII3aUHHX CTJ)aHbI, a TaK)Ke pa60TaIOT B C0CTaBe 

px,n;a ycTaH0B0K 3a py6e)KOM. HaqHHaH c 1975 r. o6mee K0JIII'IeCTB0 

BbirryIUeHHbIX Mo,n;yneii npeBbICHJIO 600 e,n;HHHU, a B nepecqere Ha 

«KaHaJibl perIICTJ)aUHH» - 0K0JIO 1,5 TbICH'I. 

3. C03,D;aHa II 6onee 10 JieT aKTHBHO HCITOJlb3yeTCH npu mr0TOBJieHHH 

MHoronoJIIOCHbIX CBepxnp0B0MlIIHX YCTJJOHCTB YHHKaJibHaH 256-
KaHaJibHaH CHCTeMa perHCTJ)all,HH CpbIB0B CBepxnp0BO,Zl;HMOCTII H 

n,n;eHTHlpHKaIJ,HH «npo6neMHbIX» IT0JIIOCOB. 

4. Annaparypoii MH pemc'IJ)aIJ,HH aBapuii u c6oeB B pa6oTe o6opy,n;oBaHIDI 

0CHarueHbI 6oJibIIIHHCTBO K0MITJieKC0B HJI<l>. ~aHHaH MeTO,n;HKa y)Ke 

6orree 30 JleT IIIHp0K0 npnMeHHeTCH Ha ycTilH0BKax HHCTHTYTa ,!:(IDI 

BbIHBJieHIDI HeHa,!:(e)KHI,IX 3JieMeHTOB H YC'IJ)OHCTB. 

5. Ha 6a3e YHH!pHUHpOBaHHOH anrraparypbl MH npell,H3HOHHbIX MarHHTHbIX 

H3MepeHHii H3rOT0BJieHO HeCKOJlbKO CTaIJ,H0HapHbIX CHCTeM, 

Il03BOJIHBIIIHX peanmoBaTb Ha CTeH,n;ax HJI<l> He06XO,!:(HMbIH Ha6op 

MeTO,Zl;HK H3MepeHIUI IlOCTOHHHbIX MarHIITHblX noneii. 

6. H3roTOBJieHbI M06HJibHbie KOMIIJieKThI arrrraparyphl ,!:(JIH MarHHTHbIX 

H3MepeHHii, HeO,!:(HOKpaTHO npHMeHHBmHecx ,!:(IDI opraHil3aIJ,HH 

BpeMeHHbIX CTeH,D;OB KaK B HJI<l>, TaK H npH BbIIlOJIHeHim KOHTJ)aKTOB 3a 
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py6e)KOM: B I.J,eHTpe SOLEIL (<l>pamurn), DESY (repMaHIDl), IHI 
(5Inomrn). 

7. Co3,D,aH pH)]. CHCTeM )UUI aBTOMaTH3HpOBaHHOro ynpaBJieHID[ 

TeXHOJIOrwieCKHMll CTeH)l,aMH B 3KCnepHMeHTanbHOM npOIDBO)].CTBe ll 

na6opaTOpHHX IUI<l>. CTeH)].bl npHMeHfilOTCH .IUUI IDrOTOBJieHHH o6bflIHbIX 

ll CBepxnpoBO)l,HillHX MarHHTHbIX 3JieMeHTOB, OT)Kttre a3porem1, 

IlOJIHMepIDaI.J,HH o6MOTOK, BaKYYMHOH naiiKe. CeMb 
cneI.J,HanmupoBaHHbIX cncTeM B Te1Iem1e 4-x JieT o6ecnetJHBanH 

cepHHH0e IDroTOBJieHHe 6oJiee 10 TbICH'l CBepxnpoBOMID;HX Bus-Bar'oB 

.IUUI Eom,moro A.rq>oHHoro KoJIJiaH)l,epa (QEPH, )I{eHeBa). 

OcHOBHhle nonomemrn, BhIH0CHMhIC ua 381QHT)' 

1. TeopeTmecKHii aHanm u npaKTntJeCKHe nccne,D,oBaHHH CTPYKTYPHbIX H 
cxeM0TexHH1IecKHX pemeHHii aHanoro-u;mppoBoii annapaTYIJbl, B 
pe3yJihTaTe KOTOpbIX npe)l,JIO)KeHbI opHrirnanbHble pemeHHH, 

n03BOJIHBIIIHe He TOJibK0 )].OCTHrttyTb He06XO)].HMOro 6bICTPO,D,eHCTBHH, 

TO'IHOCTH, qyaCTBHTeJibHOCTH, noMexoycTOH'IHBOCTH, HO H C,D,eJiaTb 

annapaTYIJy a,D,anTUpyeMOH K H3MeIDIIOII.J,HMCH ycnoBHHM 3KCnepHMeHTa. 

2. Ilpe)l,JIO)KeHHM cxeMa nOCTP0eHHH n.mppOBhIX perncTPaTOpOB <pOpMbl 
cnrnanoB, OTJIH'laIOID;MCH <pyHKI.J,HOHanbHOH 3aBepmeHHOCTbIO, a TaK)Ke 

npHHI.J,HTibl nOCTPOeHIDI: 3TOro KJiacca npn6opoB, Ha OCHOBe KOTOpbIX 

pa3pa60TaHO HeCKOJihKO nOKOJieHHii Il.H<ppOBblX perncTPaTOp0B <pOpMbl 
CttrHanOB. 

3. HccJie,D,OBaHUe npo6neM CHHXpOHIDaI.J,HH I.1,H<ppOBblX pernCTPaTopOB c 
npon.ecCaMH lpH3H'leCKHX ycTaH0BOK. Pa3pa60TaHHble MeTO)l,bl TO'IHOH 

CIIHXpOHIDaI.J,HH ll COOTBeTCTBYJOID;M cxeMOTeXHHKa TaHMHpYJOID;HX 
Y3JIOB COBpeMeHHbIX BbICOK0np0IDBO)].IITeJibHblX ~. no3BOJIHBIIIHe 

HHTerpttpoBaTh npn6opbl Ha HX OCHOBe B CHCTeMbl C pa3H006pa3HbIMH 

BpeMeHHbIMII ,D,IIarpaMMa.-..i:II. 

4. Ilpe)l,JIO)KeHHbie II peanIDOBaHHhle MeTO)].HKII HCCJie,D,OBaHHH 

6bICTPOTIPOTeKaIOID;HX npon.eccoB Ha ycKopIITeJihHbIX KOMilJieKCax, 
IIJlaJMeHHbIX ycTaHOBKax, B MO.II.J,HblX II BbICOKOBOJibTHbIX YCTPOHCTBax, B 

KpIIOreHH0M o6opy,D,OBaHUH. 

5. HccJie,D,OBaHHe HOBbIX npHHI.1,HnOB nOCTPOeHHH HHTerpttpyroII.J,HX 

H3MepIITeJieii HMnyJibCHblX CIIrHallOB, noJIO)KeHHbIX B OCHOBY 
COBpeMeHHoro nOKOJieHHH TO'IHOH, MHOro1pyHKU.llOHallbHOH 

3JieKTPOHHKll )UUI II3MepeHIIii HMnyJII,CHbIX MarHHTHhIX noneii. 

6. Pa3pa6oTKa CIICTeM II KOMIIJieKTa yHHlpHI.J,HpOBaHHOH annapaTYIJbl MH 

npeI.1,H3IIOHHbIX ll3Mepemrn noCTOHHHbIX MarHHTHblX Il0Jieii, 
no3BOJIIIBIIIHX peanH30BaTh KOMIIJieKCHbIH no,D,X0,[( npll npoBe,D,eHHll 
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MarHHTHbIX H3MepeHUH, CTaH)l,apTH30BaTh MeTO)].HKH, o6opy.n.oBaHHe 

II3MepHTeJibHbIX CTeH,D,OB II nporpaMMHOe o6ecneqeHIIe. 

7. CTPYKTYPHbie n cxeMHbie pemeHHH 3JieKTPOHHKH TexHonormecKHX 
CTeH)l,OB, TI03BOJIHBillIIe H3roTOBHTh Ha,D,e)KHO pa6oTaromee 

aBTOMaTII3HpOBaHHoe npoIIJBohcTBeHHOe o6opy,D,oBaHHe MH 

npOMbIIIIJieHHOro BbinycKa 3JieMeHTOB lpll3H'leCKHX ycTaHOB0K. 

Anpo6aum1 )].11ccepTa11;m1 

OcHOBHbie pe3yJII,TaThI pa6oTLI )].OKJia,[(bIBanHCh Ha MHOrHX BceCOI03HblX, 

Bcepocc:uil:cKHX II Me)K,D,yHapO,D,HblX KOHq>epeHI.J,HHX, CIIMn03ttyMax II 
COBeID;aHHHX. lf3 BbICTYIIJieHHii IlOCJie,D,Hero ,necHTHJieTHH MO)KHO OTMeTHTh 

,noKJia,[(bI Ha Me)K,D,yHapo,nHbIX KOH!pepeHI.J,HHX no ycKopIITeJIHM 3apH)KeHHblX 
tJaCTIIII; AP AC'2001, PAC'2003, EPAC'2002, EPAC'2008 Me)K,D,yHapO,D,HbIX 

KOH<pepeHI.J,HHX no annapaTYIJe )UUI HCCJie)J.oBaHHH C CIIHXpo-rp0HHbIM H3JIY1IeHHeM 

SRI'2000, SRI'2006, Pocc:uiicKHX coBemaHHHX n KOHq>epeHU.HHX no ycKopHTeJIHM 

3apH)KeHHbIX tJacrnn. RuP AC'2002, RuP AC'2006, Me)K,D,yHapo)].HblX 

KOH<pepeHIIHHX IASTED «ABToMaTIDau;HH, KOH-rpOJih n HH!pOpMaI.J,HOHHble 

TeXHOJIOIBH» (2005 r., 2010 r.), PoccHHCKHX n Me)K,D,yHapo)J.HbIX KOHlpepeIIII;HHX 
no cHHXpo-rpoHHOMY H3JIY1IeHmo CH-2000, CH-2002, SR-2006, SR-2010, 

BcepoccHHCKOH KOH<pepeHI.J,HH «,AHarHOCTHKa BblCOKOTeMnepaTYIJHOH IIJlaJMI,I)) 

(2003 r.), Ha ceMHHapax B IUI<l> CO PAH. 

Ily6JIHK3II;HII 

CIIHCOK HayqHbIX pa6oT, npe,ncTaBJIHIOID;HX OCHOBHbie pe3yJibTaTbl 

)J.HCcepTaI.1,HH, BKJIIO'!aeT 31 ny6JIHKau;mo, m KOT0pbIX 12 - B pecpepupyeMbIX 

ll3,D,aHHHX. 

CTpyK-rypa II o6'beM )].IICCepTaII;HII 

,AnccepTau;HH COCTOHT H3 BBe,neHHH, ceMH rJiaB, 3aKJIIO'leHIDI: II cnncKa 

JIHTepaTYIJhI. O61,eM )].HCCepTaI.1,Hll COCTaBJIHeT 231 c-rpaHnu:y, CO,D,ep)Ka.lI.J,HX 131 

pncyHOK, 21 Ta6m1u,y. CIIHCOK IUITttpyeMOH JIHTepaTYIJbI CO,D,ep)KIIT 170 pa6oT. 

CO,LJ;EP)KAHIIE P AliOTLI 

Bo aae.n;eu1111 KpaTKo nepe'IHCJIHIOTCH 3a,na1IH, pemaeMble aHanoro

I.1,H!ppoBoii annapaTYIJOH B aBTOMaTII3HpOBaHHbIX CllCTeMax ynpaBJieHHH H 
KOH'TpOJIH lpll3H'leCKIIMH ycTaHOBKaMH, o6cy)K)J.aeTCH aKTYaJibHOCTh, 

lpOPMYJIHpYJOTCH u;enu ,D,HccepTall.HOHHOH pa60Tbl II npHBO)l,HTCH nOJI0)KeHHH, 

BbIHOCIIMbie Ha Jamnzy. 
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B rrepBOM pa'.mene rnaBbI 1 aHanoro-1.uuppom,re npeo6pa3oBaTeJIH B 

aBTOMaTH3HpOBaHJIJ,IX CIICTeMax ynpaBJieHJUI II KOHTpOIDI ycTaHOBKaMII 115111> co 
p AH paCCMUTpIIBaIOTCH B IICTOpWieCKOM acrreKTe. OTMe'IeHo, 'ITO pa60Thl IIO 

HCITOJih30Bamno 3BM ,!(JUI 11eJieil: ynpaBJieHII5.I Ha'!aJIIICh B 1971 ro;zy. IlepBM 

CIICTeMa 6hIJia IIOJIHOCThIO «ynpaBJ15.IIOIIJ.eil:», HO BCKOpe B ee COCTaB 6hIJI BKJIIO'!eH 

MHOrOKaHaJibHhIH A1(I1 (Al(II-300). 3TOT npH6op MOJKeT C'IHTaThCH rrepBbIM 

aHanoro-11mppOBhIM npeo6pa30BaTeJieM, pa3pa60TaHJIJ,IM II IICIIOJih30BaHHbIM B 

lUill> B CIICTeMax ynpaaJieHll5.I II KOHTpOIDI OT 3BM. OIIbIT ero IICIIOJih30BaHJUI 

npoJJ;eMOHCTpHpOBaJI, 'ITO HeCMOTpH Ha YHIIBepCailhH0CTh, 0)];IIH TIIIl npII60pa He B 

C0CT0HHIIII pelllIITh Bee npo6.rreMh1: He06XO)],HMhl ycTpOHCTBa, opIIeHTIIpOBaHJIJ,re 

Ha K0HKpeTHbie 3a)];a'III II C00TBeTCTByromIIe KJiaccbl CIIrHaJI0B. 

B pe3yJihTaTe A0CTaT0'IH0 6hICTpO 6hI.JIII BhIIIOJIHeHbI ,n:ae pa3pa60TKII: 

npellll3IIOHHbIH IIHTerpnpyrolI(lll BOJihTMeTp II 6blCTpOJJ;eil:cTByromIIil: AnII Ha 

opIIrIIHaJihH0M ,!(JUI Tex JieT KOHBeil:epHOM npIIHllllIIe. lIHrerpnpyromIIii 

B0JibTMeTp IIOJI0JKllJI Ha'IaJIO cepm1 npe11H3II0HHhIX IIHTerpHpyroIIJ.IIX A[(II, a C 

6bICTpOJJ;eil:cTByromero A[(II, O)];HIIM m aBTOp0B K0T0poro HBID!eTCH JJ;IIccepTaHT, 

Ha'!aJIIICh 11mpp0Bble pernCTpaTOpbI q>OpMbl CIIrHaJI0B. 

B K0H11e 1970-x roJJ;OB 6hma Ha'IaTa pa3pa6oTKa HOBOro IlOKOJieHII5.I 

annapaTHhIX cpeACTB, K0Topoe 6a3HpOBaJIOCh Ha CTaHAapTe KAMAK. B 1983 r. B 

MHCTIITYTe BhrnycKaJIIICh 44 TIIITa KAMAK-Mo;zyrreii, m KOTOphIX 15 - aHanoro

llllq>poBbie npeo6pa30BaTeJIII pa3JIWIHhIX Tllll0B. Pa3pa6oTaHHa5.I II ll3roTOBJieHHa5.I 

B TOT rrepIIOJJ; aHarroro-11nqipoBM annapazypa, 6a3HpyromMcH Ha cTitHJJ;apTe 

KAMAK, ,n:JIIITeJibH0e BpeMH 0CTaBarracb, a BO MH0rIIX CJI)"IaHX 0CTaeTCH II 

ceiillac 0CH0BHhIM cpe)],CTBOM ll3MepeHIIii B CIICTeMax aBT0MaTll3allllII 

q>H3WieCKIIX ycTaH0B0K lUill>. 
CTaHJJ;apT VME, IT0HBJieHIIe KOToporo 6bI.JIO HHIIllllHp0BaH0 pa6oTitMII ITO 

CBepxnpOB0MlllHM BIIrrrrepaM, B HaCTOHlllee BpeMH CTaJI 6a30BhIM npII 

Il0CTp0eHIIII CIICTeM npellll3II0HJil,IX MarHIITHhIX ll3Mepemrn. 

C 1990-x ro)],0B lUill> Ha'!arr BblII0JIHHTh KOHTpaKThI ITO cepIIHHOMY, 

npOMbllllJieHH0MY np0113BO)];CTBY 3JieMeHTOB q>IIJWieCKIIX YCTilH0B0K, II pa3BIITIIe 

II0JI)"IllJIII CIICTeMbI II aHanOrO-llllq>pOBhie ycTpOHCTBa, npeJJ;Ha3Ha'IeHHbie ,!(JUI 

IICII0Jib30BaHII5.I B TeXHOJiorWieCKIIX IlpOH3BO)],CTBeHJIJ,IX CTeHJJ;ax. ~ 3TOH 11eJIII 

6hm pa3pa6oTaH PM crre11IIaJIII3Hp0BaHHhIX ycTpoiicTB. 

B IIOCJieJJ;Hee JJ;eCHTllJieTIIe B lUill>, KaK II BO MHOrIIX ycK0pHTeJibHbIX 

11eHTpax, CTaJI IDHpOKO npHMeHHTbCH IIHTepqieiic, ncnoJih3JI0111HH lllHHY CAN 

bus. Ha'IIIHM c 2000 r., B MHCTttzyTe pa3pa60TaHO 6oJihmoe KOJIWieCTBo 

BCTpaHBaeMbIX aHarroro-llllq>POBhIX YCTpOHCTB, IICITOJib3yID111IIX 3T)' llliltty. 

3JieKTpOHHKa C HHTepqieiicOM CAN bus aKTHBHO IICIT0Jih3yeTCH ,!(JUI IlOCTp0eHHH 

pacnpe)],eJieHHbIX CHCTeM K0HTpOJIH II ynpaBJieHII5.I. 

Hap5.CAY c pacnpe)],eJieHHbIMII CIICTeMaMII B pH)].e CJI)"IaeB BOCTpe6oBaHhI 

C0BpeMeHJIJ,Ie KOMITaKTHble, q:iyHKllIIOHaJihHO HaCbIIIJ.eHJIJ,Je MarIICTpaJibH0-

MOJzyJihHbie CIICTeMhI, rrpHI.1Ie,n:mI1e B H0BhIX ycTaH0BKax Ha cMetty KAMAK'y. 

TpII ro)].a Ha3a)l; B IUl«l> ,!(JUI IT0CTpOeHII5.I CIICTeMbl yrrpaarreHHH JIIIHeHHbIM 
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HHJ:zyKllllOHJil,IM ycKopnTeJieM CTarra pa3pa6aThIBaThCH II IICilOJih30BaThcH 

arrnapazypa B MarnCTpaJihHO-MOJzyJibHOM CTaH)].apre compactPCI (cPCI). B cPCI 

mnp0KO HCII0Jih3yIDTCH Me30HIIHHbie KOHCTpYKllllII, II03B0JIIDOllllle B 

OTH0CHTeJibHO MaJI0M ofo,eMe pa3MeCTHTh M0lllHbie BhlCOKOnp0H3B0)l;HTeJibHhie 

CIICTeMbI. 

IlpoBO)],HMbie Ha qJH3WieCKHX YCTaHOBKax IICCJieJJ;oBaHJUI, KaK Bn,n:HO II3 

npHBeAeHHoro Bhillle peTpocITeKTHBH0ro o63opa aHarroro-llllq:ipoBoii arrnapazyphI, 

o6ecne'IHBaIOTCH pa3H006pa3HbIMII cpe)],CTBaMH ll3MepeHHii. HoMeHKJiazypa 3TIIX 

yCTpOHCTB, IIX q>JHKllllOHaJibHbie B03M0JKH0CTII II Heo6X0)],11Mble xapaKTepIICTHKll 

onpe)].eJIHJ1Ilch IICXOM m aHarrll3a pemaeMhIX 3aJJ;a'I II oco6eHHOCTeii 

3KCIIJIYaTilllllH. PacCMOTpeHne 3a)],a'I, pemaeMbIX aHaJIOro-llllq>pOBOH 

anrrapazypoii B CIICTeMaX aBTOMaTH3aIIIIH pa3JIWIHhIX qJH3HlleCKIIX ycTaHOB0K, 

IT03B0JlllJI0 CqJOpMYJIHpOBaTI, ipe6oBaHHH K pa3HbIM KJiaccaM arrnapazypbl. 3THM 

BOnp0CaM II0CBHIIJ.eH BTopoii pa3nen rnaBbI 1. 
B Ha'!ane pa3JJ;e.rra o6cyJKAaeTcH ll3MepHTeJibHM arrnapazypa ycKopIITeJihHhIX 

KOMITJieKCOB. 3JieKTpOHHOe o6opyAOBaHIIe 3TIIX KOMIIJieKC0B C0CTOHT lI3 

HeCK0JihKIIX 0CH0BHbIX ITO)],CIICTeM: MOlllHOro II0CT0HHHOro 3JieKTp0IIHTaHII5.1 

MarHIIT0B II JlllH3, HMnyJihCHhIX CHCTeM, M0lllHblX BhIC0K0'IaCTOTHbIX reHepaTOpOB 

KaK HenpepbIBHbIX (B HaKOIIHTeJIHX), TaK H . HMnyJihCHhIX (B JIIIHeHHI,IX 

ycKopIITeJIHX, IIHJKeKTOpax), CIICTeM )l;HarH0CTHKII rryllK0B, TeXH0JI0rlllleCKOro 

o6opyAOBaHII5.I. 

OrrIICaHbI Tpe6oBaHHH K rrepe'IIICJieHHbIM Il0ACIICTeMaM, BKJIIO'IaIOllllle 

)],OnyCTHMhie ITorpelllHOCTII, aMITJittzy)];Hhie AilaIIa30Hbl CIIrHaJI0B, 

6bICTpO,ll;eil:cTBne II lllHpOKOIT0JI0CHOCTh, KOJilllleCTBO KaHaJI0B, He06XOJJ;HMOCTh 

rarrhBaHlllleCK0H ll30IDII.IHII, ITOMeX03alllllmeHH0CTh. 

,[(arree B rnaBe 1 paccMaTpHBaeTCH armapazypa, npHMeHHeMlUI B 

IICCJie)],0BaHII5.IX ITO qJH3HKe IlJla3MhI. ABTOMaTH3allll5.I TepM0MepHbIX 

IICCJie,ll;0BaHHH a np0BO,ll;HMhIX lUill> pa6oTax c 0TKphIThIMH JIOByIIIKaMII HMeeT 

pH)]. cnellllq>WleCKHX oco6eHHOCTeH ITO cpaaHeHHIO c npo6rreMaMII aBT0MaTH3aIIHII 

ycKopHTeJihH0-HaK0ITHTeJihHbIX KOMITJieKC0B. 3TO CBH3aHo C TeM, 'ITO ,!(JUI )],aHHhIX 

IICCJie)],OBaHHH xapaKTepHbI BhICOK03HepreTWlecKHe, 6hICTpOnpOTeKaIOll1I1e, 

HeITOBTOPIDOllllieCH 0)],H0KpaTHbie npo11eccbI, 1ITO onpe)].eID!eT xapaKTepIICTHKII 

arrnapazyp1,r. 

OTMe1IeHo, 1ITO HaII6oJiee rrpeJJ;CTaBJieHHbIM Ha IlJla3MeHHbIX ycTaHOBKax 

KJJaCCOM aHarroro-llllq>POBOH aITITapazypbI HBJIIDOTCH llllq>pOBble pernCTpaTOpbI 

q:iopMbl CilrHaJI0B. OTJIWiaHCh xapaKTepIICTHKaMII, cxeMOTeXHWleCKHMH 

pemeHHHMII, IIHTepq:ieil:caMII, BCe 3TII npu6opbl HCITOJlb3yIDT OAHH H TOT JKe 

npHHllllll ITOCTpOeHHH: 6hICTpOAeiicTByromnii A1(I1 ofo.e)l;HHHeTCH c 6yq:iepHOH 

IlaMHThlO )],0CTaT01IHO 60JibI.1IOro o6'beMa, B KOTOpoil: HaKaIIJIHBaIOTCH pe3yJibTaThl 

npeo6pa30BaHII5.I, T.e. llllq>poBOH 3KBHBaJieHT q:iopMbI CIB'Harra. B JJ;aHH0M pa3JJ;ene 

cq:iopMYJIHpOBaHbI Tpe6oBaHII5.I K 3T0MY KJiaccy aHarrorO-llllq>poBoii arrnapazyphI. 
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BIDKHJ,IM n Heo6XO,IUIMhlM HanpmmeHHeM ,D;eHTeJihHOCTH H5:I<I> co PAH B 

nocJie,D;HHe nOJITopa ,D;eCHTIUieTIUI HBJIHeTCH BhlilOJIHeHHe KOHT_PaKTOB no 

pa3pa6oTKe H mroroBnemno B npoMI,IIIIJie.HHhlx MacUITa6ax :meMeHToB 

3KCnepHMeHTaJihHJ,IX YCTIUIOBOK H q>ll3ll'IeCKOro o6opy.D;oBaHHH. 3Ta 

,D;eHTeJihHOCTh T_Pe6yeT C03,D;aHHH pa31IWIHJ,IX OilhlTHO-IIpOH3B0.D;CTBeHHJ,IX 

YCTaHOBOK H CTeH,D;OB, MHOrne ll3 KOTOphlX OCHarf(aIOTCH 

KOMnhJOTepmnpoBaHHJ,IMH CHCTeMaMH KOHT_POJIH H ynpaBJieHHH. Eonee Toro, 

KOr,D;a ll3,D;eJine Ha1mHaeT BhinycKaThCH, Heo6XO.D;HMO oqem, TII(aTeJihHO ll3MepHTh 

xapaKTepHCTHKH H cepTIIq>HlUIPOBaTh KIDK.D:YJO e,D;HHHU)' IIpOH3Be,D;eHHOH 

npo.D;y~HH, .D;JIH qero C03,D;aJOTCH cneunq,WieCKHe, BeChMa CJI0)KHJ,Ie H TO'lHJ,Ie 

aBTOMaTII3HpOBaHHJ,Ie cpe,D;CTBa H3MepeHHH. 

B ,D;Hcce~UHH IIpHBO,ll;HTCH ,D;Ba npHMepa TaKHX pa6oT. TiepBhlH KaCaeTCH 

OilhlTHO-npoH3B0,D;CTBeHH0rO o6opy.D;oBaHH5.I .D;JIH repMWieCKOH o6pa6oTKH 

3JieMeHTOB H Y3JI0B q>ll3JilleCKHX YCTaH0BOK. OTMel!aeTCH, l!TO Han6onee 

OTBeTCTBeHm,Ie 3a,D;a1IH pa3pa60T'lHKa - TII(aTeill>HhIM o6pa30M npHBeCTII H 

o6pa60TaTh Hll3KOypOBHeBhie CHrHaJihl C TeppmopHaJihH0 pa3HeCCHHhIX 

TepMonap, npHMeH5.leMhIX B Ka'lecTBe ,D;aT'lHKOB, a TaK)Ke Y.D:0BJieTBOpHTh 

T_Pe6oBaHH5.IM 3KCDJIYaTanH0HHO-TeXHJilleCKHM, BhlTeKaIOmHM H3 Heo6xo,D;HMOCTII 

o6ecrre'leHH5.I Ha,ll;C)KHOii: 3KCDJIYaTaUHH, peMOHTOIIpHrO.D;HOCTH H T.n. 

lq)yroif npHMep HCilOJih30BaHH5.I aHaJIOrO-UH!ppOBOH annapazyphl npH 

IIpOH3B0.D;CTBe 3JieMeHTOB q>H3WieCKHX ycTaHOB0K - 3TO npenm1mHHoe 

H3MepeHHe xapaKTepHCTHK MarHHTHJ,IX 3JieMeHTOB. Ha npaKTHKe npHMeH5.leTCH 

Ha6op MeTO.D;HK, no3BOJ15.IJOmHX Henocpe,D;CTBeHHO H3MepHTh Te HJIH HHJ,Ie 

xapaKTepHCTHKH. MeTO.D;HKH MOryT 6a3HpOBaThCH JIH6o Ha 3q>q>eKTe XoJIJia, Jrn6o 

Ha 3q>q>eKTe jJ,!J.epHoro MarHHTH0ro pe30HaHca, JIH6o Ha HH.D;yKUH0HHOM MeTo,D;e. 

Arrnapazypa .D;JIH MarHHTHJ,IX H3MepeHHH ,ll;OJI)KHa 06ecne1IHBaTI, TO'lHOCTh Ha 

ypOBHe OT 5*104 
.D;O 1*10"6

, pa60Ta5.I C CHrHaJiaMH HaH0- H MHKpOBOJlhTOBOro 

ypOBH5.I 

B rJiaBe 2 paccMaT_PHBaIOTCH ll3BeCTHJ,Ie THilhI aHaJIOro-nnqipoBhlX 

ycT_POHCTB, aHaJIH3HpyJOTCH oco6eHHOCTH HX apxHTeKTYP C TO'lKH 3peHHH 

npHMeHHMOCTH B CHCTeMax aBTOMaTH3aUHH q>H3ll'IeCKHX YCTaHOBOK. 

B rrepBOM pa3ZieJie rnaBhI qiopMYnnpyeTcH MHHHMaJihHJ,IH Ha6op 

napaMeT_P0B, C IlOMOmhlO KOToporo MO)KHO oxapaKTepH3oBaTh aHanoro-nnippOBhie 

YCT_POHCTBa. ABTopy TaKoii pa3.D;eJI npe.D;CTaBJIMCH noneJm,IM, T.K. 11aKoHJI1Im,1if n 

IlOH5.ITHJ,IH q>H3HKaM Ha6op napaMeT_P0B 3JieKT_POHHKH ,D;aeT B03MO)KffOCTh 

IIp0BO.D;HTh .D;OCTaTO'lHO IIpOCTyJO nepBJilIHyJO oneHK)' npHMeHHM0CTH Toro HJIH 

HHOro yCT_PottcTBa B peaJihHJ,IX 3a.D;a1lax. PaccMoT_Pem,1 xopomo H3BecTm,re 

crreUHaJIHCTaM no 3JieKT_POHHKe napaMeT_PhI, npHMeH5.leMhie B MeT_POJIOrH'leCKOH 

IIpaKTHKe. Tipn 3TOM oneHK)' H rrepBWIHJ,IH aHaJIH3 npHMeHHM0CTII roro HJIH 

HH0ro npn6opa npe.D;JiaraeTCH ,D;eJiaTh Ha OCHOBe .D;0CTaTO'lH0 orpaHJilleHHOro 

Ha6opa: · 

• apXHTel<TyphI HJIH THila Ar([I; 
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• IIpOH3B0,D;HTeJihH0CTH; 

• 3q>q>eKTHBHOH pa3pH.D;HOCTH; 

• OIIIH6KH ttyJIH; 

• OIIIH6KH MacmTa6a B pa601IeM qaCT0THOM ,D;Haila30He. 

Pa3YMeeTCH, aHaJIOro-nnippOBhie npeo6pa30BaTeJIH HMeJOT MH0)KeCTB0 

oco6eHHOCTeH, OT_PIDKaeMhlX B 6onee IIlHpOKOM, qeM npe,D;JiaraeMhIH, Ha6ope 

xapaKTepHCTHK. BceCTopoHHee H TO'lH0e OilHCaHHe K0HKpeTHOro YC'fPOHCTBa 

T_Pe6yeT OC03HaHH5.I 3aMeTH0 6om,mero tta6opa rrapaMeT_P0B. TeM He MeHee, 

npe.D;JiaraeMhlii no.D;Xo.D; .D;JIH rrpaKTWieCKHX npHMetteHHii BnonHe 3q>q>eKTHBeH H 

,lJ;OCTaTO'leH. 

~anee, B nocne.D;yJOmnx pa3,o;enax, o6c~aIOTCH qen1pe THITa aHanoro

unqipoBhIX npeo6paJoBareneif, · Kap.D;HHaill>H0 OTJIWimomnecH no npHHnHOaM 

npeo6pa3oBaHH5.I H apXHTel<TypHJ,IM pemeHH5.IM: AIUI Ha ocHoBe Mero,o;a nopa3-

PMH0ro ypaBHOBemHBaHHH, «C1IHTa10mne» AJ..Ul, BhIC0K0IIp0H3BO.D;HTeJihHJ,Ie 

~TI n :EA-npeo6pa3oBarenn. 

OTMel!aeTCH, l!TO Alfil rropa3pHZIH0ro ypaBHOBeillHBaHHH {pa3.D;eJI 2) B 

Te1IeH1Ie ,o;ecHTHJieTHii OCTaIOTCH OCH0BHJ,IM H Han6onee HCil0Jlh3yeMI,IM 

npeo6pa3oBaTeJihHJ,IM YCT_POHCTBOM cpe.D;H Bcex THD0B AJ..UI. OrpaHJI1IHBaTh 

npHMeHeHHe ~TI nopa3pH.o;Horo ypaBH0BemHBaHH5.I cne.D;yeT JIHllih B cnyqae 

H3MepeHHH «3aIDYMJICHHhlX» CHrHaJI0B, r,o;e Heo6xO,IUIMhl MeT0.D;hl 

npeo6pa30BaHH5.I, 0CH0BaHHJ,Ie Ha HHTerpnpoBaHIIH. 

B HHTerpHpyJOIUHX npeo6pa3oBaTeJIHX, K0T0phie KOppeKTHee Ha3hIBaTh 

«C'lHTaIOIDHMH» (pa3,o;en 3), BhIX0.D;HOH KO.D; rronyqaeTCH B pe3yJihTaTe nO.D;C'leTa 

HMnyJihCOB, qaCT0Ta HJIH KOJIWieCTBO KOT0phIX onpe,D;eJ15.IJOTCH BXO,lJ;HI,IM 

CHTIIaJIOM. Han6onee mBeCTHJ,IM H pacnpocT_PatteHHhlM npe,o;cTaBHTeJieM 3Toro 

THna npeo6pa30BaTeJieii HBJIHeTCH AJ..UI, ncnom,3yiomnif KJiaCCWieCKHH MeT0.D; 

.o;ByxTaKTHOro HHTerpnpoBaHH5.I. BhICOKaH TO'lHOCTh npeo6pa30BaHHH B coqeTaHHH 

C 3q>qJeKTHBHJ,IM Il0.D;aBJieHHeM noMeX crroco6cTByJOT IllHpOKOMY npHMeHeHHJO 

3THX YCT_P0HCTB B npeUH3H0HHJ,IX CHCTeMax IlHTaHHH 3JieKT_PO!pH3WieCKHX 

YCTaHOB0K. 

KpoMe npeHMymecTB IIpII H3MepeHHH Il0CTOHHHJ,IX H Me,o;neHH0 

MeHHJOmnxc,i: HanpH)KeHHll H TOK0B, HHTerpnpoBaHHe BXO,lJ;H0r0 CHrHaJia B 

,o;aHHOM THile npeo6pa3oBaTeJIH n03B0JIHeT HCD0JII,30BaTh ero .D;JlH ll3MepeHH5.I 

Il0CT0HHHJ,IX MarHHTHJ,lX noneii C Il0M0mhlO nepeMemaeMhlX KazymeK. H eme 

o,o;Ho pacnpoCT_PaHeHHoe npHMettettne nHTerpnpyiomnx AIUI - mMepeHHe 

HMnyJihCHJ,IX MarHHTHJ,IX rroneif C Il0M0mhJO IIH.D;yKUH0HH0ro MeTO,D;a. 

K BhICoKonpott3B0ZIHTeJihHJ,IM AUTI (paJ,o;en 4) c HeKoTopoif ,o;oneii 

ycJI0BH0CTII OTH0CHT YCT_POHCTBa, TeMn BhI,D;a'lII KO,D;a B K0T0phIX npeBhIIllaeT 

lOMSPS. Han60Jiee II3BeCTHl,IM npe,o;CTaBHTeJieM 3Toii rpyrrilhl HBJIHeTCH ~TI, 

o6pa30BaHHl,IH JIIIHeil:KOH ll3 napaJIJieJihH0 BKJIIO'leHHJ,IX KOMnapaTOp0B - TaK 

HaJhmaeMhIH napaJIJieJihHJ,IH AJ..Ul (Flash ADC). TiapaJIJieJII,m,re attanoro

unippOBhie npeo6pa30BaTeJIII CTaJIII q>yH.D;aMeHTOM .D;JIH .o;Byx C0BpeMeHHhIX 
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BblCOKOilpOH3BOAHTeJII,HhIX apXHTeKryp: KOHBeiiepHhIX naprumem,Ho

nocne.n:oBaTeJihHhIX cxeM (Pipeline ADCs), opHeIITIIpOBaHHhIX Ha IIOJIY'leHIIe 12-
14-16 6HT npII npomBo.D:IITem,Hocm AO 300MSPS, II cxeM c aHarroroBoii 

cBepTKoii cIIrnana (Folding ADCs), HaueneHHhIX Ha cBepx6I,1crpoAeiicTBIIe 

(6onee IGSPS) rrpn pa.3pH.lllIOCTII 6-8-10 6HT. 

IlpIIMeHeHIIe BhICOKOilpOII3BO.D:IITeJihHhIX AWJ B CIICTeMax KOllTpOIDI 

q>H3li'leCKHX ycTaHOBOK BeChMa pa.3H006pa.3HO. Ilpe)K,!.(e Bcero, cneir.yeT OTMCTHTh 

arrnaparypy AIDI IIHq>pOBOH perncrpaIIHII 6hICrponporeKaIOIIIIIX npoueccOB n 

MHO)KeCTBo 6a:mpyroIIIHXCH Ha TaKHX perncrpaTOpax CHCTCM: ir,HarHOCTHKII 

II)"lKOB B ycKOpHTeJIHX, napaMerpoB IlJia.3Mhl B TepMOHir,epHhIX IICCJie.D:OBaHHHX, 

pernCTpaIIHII peIITreHOBCKHX mo6p~eHHH, Ha6mo,!.(eHirn aBapIIHHblX npoueccoB 

II T.Il. B 60JihIDHHCTBe npIIMeHeHHH KOHBeiiepm~HH o6pa60TKH, xapaKTepHaH 

AJUI BhICOKOnpOH3BOir,HTCJihHhIX AW!, H 3aAep)l(Ka BhIAaqn OTcqera Ha HeCKOJll,KO 

TaKTOB HenpHHIIHilIIa.JihHa. Ho B TeX CJIY'laHX, KOr,!.(a Heo6xoir,IIMa 6bICTPaH 

peaKIIHH CIICTCMhl Ha BXOAHOH CIIrHa.JI, uenecoo6pa.3HO npIIMeHHTh IIOJIHOCThlO 

napaJIJieJihHhie, JIH6o CBepx6b1crpoAeiiCTBYIOIIIHe Aqn:. B ycKopHTeJihHOH 

TeXHIIKe TaKIIM npHMepoM Moryr CJIY)KHTh "bunch-to-bunch" CHCTeMI>I 

IIOAaBJieHIIH HeycToiiqHBOCTeii n:yqKa. TaKHe CHCTeMhI HCIIOJih3yIOTCH Ha MHOrHX 

ycKOpHTCJihHO-HaKOIIHTeJihHhIX KOMilJieKcax H IICTOqHm<ax CM. 

ApXHTeKTYPa Li:i-AllII {pa.3,!leJI 5) B TOM Bnir,e, B KOTOpoM oHa CYIIIecTByeT B 

HaCTOHIIIee BpeMH, cqiopMHpOBa.JiaCI, K 1970 r. YHIIKaJihHOe KaqecTBo 

paccMarpHBaeMOH apXHTeKryphI - ,!.(OCTH)KeHIIe CBepXBhICOKOH pa.3pH)UIOCTH, He 

npHMeHHH npellll3HOHHhie KOMnOHeHThl, - npHBJieKJIO K 3THM npeo6pa.30BaTeJIHM 

BHHMaHHe cneIIHa.JIHCTOB. Ceiiqac Lli-AWJ pa3BHBaIOTCH HaH60Jiee ir,HHaMli'IHO 

no cpaBHeHIIIO C OCTaJihHhIMH npeo6pa.30BaTeJUIMH. O6naCThlO npHMeHeHIIH Ld
AWI MOI)'T 6hITh CHCTeMhI, B KOTOphIX rpe6yroTCH TQqHoe ( c orrrn6Koii MeHhme, 

qeM 1/216
) H3MepeHIIe CIIrHa.JIOB B no11oce OT HYJIH AO HeCKOJihKHX KHJiorepu. B 

q>H3li'leCKHX npHMeHeHIIHX, npe)l(Ae Bcero 3TO npeIIII3HOHHble CHCTeMhI IlIITaHHH 

pa.31Ili'IHhIX 3JieMeHTOB ycTaHOBOK. OTMCTHM TaK)Ke H3MepeHIIH C IlOMOIIlhlO 

AarqHKOB XoJIJia, rpe6yromHe AHHaMH'leCKOro ir,Hana30Ha 105 
- 106

. TaKHe 

3a,ll,aqH yrroMHHarroc1, B pa3,ll,ene 3, r,ll,e oTMeqarroch, qTo HIITerpnpyromHe 

npeo6pa30BaTeJIH BO MHOrllX CJIY'laHX BhITeCHHIOTCH 6onee COBpeMeHHhIMH Ld
AI.{Il. Oco6eHHocm H B03MO)KHOCTH Lli-AWI 061,HCHHIOT npli'IIIHhI 3TOii 

3a.MeHhI. 

B rJiaBe 3 OilIIChIBaeTCH arrnaparypa AIDI IDMepeHHii MrHOBeHHhIX 3HaqeHHH 

CIIrHa.JIOB B HMnyJihCHhIX CHCTeMax. 3aMeTHaH qacTh 3JieKrpOq>U3li'leCKOro 

06opy,ll,OBaHHH 3KCIIepHMeIITaJihHhIX YCTaHOBOK pa6oTaeT B HMnyJihCHOM pe)KHMe. 

Ilpeo6JiaAaIOIIIHM B o6meM o6'beMe THIIOM H3MepeHIIii B TaKllX CHCTeMax 

HBJIHIOTCH U3MepeHIIH, BhlIIOJIHHeMhie B crporo onpe,ll,eJieHHhIH MOMeIIT BpeMeHH, 

3a,ll,aBaeMhlii pa60qHM IIHKJIOM ycTaHOBKH. 3TO MOI)'T 6hITh ycKOpHIOmue 

HanpH)KeHHH HJIH IIOJIH B Mal'HHTHblX 3JieMeHTax B MOMeHT nponeTa II)"lKa, 

HanpH)KeHHH Ha HaKOIIHTeJihHhIX KOH,ll,eHCaTopHhIX 6ampeHX HMnyJihCHhIX 

reuepaTOpOB H T.Il. 
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Hau6011ee npHMeHHMI>I ,ll,Ba THIIa ycrpoiicTB 3TOH HanpaBneHHoCTu. IlepBI>Iii 

- 3TO H3MepHTCJIH 3HaqeHIIH CHrHarra B ,ll,aHHhIH MOMeHT BpeMeHH, a BTOpoii -

ll3MepHTeJIH IIHTerparra cnrnarra, «Ha6pauuoro» K ,ll,aHHOMY MOMeHTY BpeMeHH. 

Tp:aHITep ---------, 
I 

B • - I 

UAlllL 

I 
I 

iYBx I 
I .... ·----· ---- . -· 

):(amme 

CrpyKrypa mMepHTeneii 

nepBoro THIIa npoCTa: 

ycrpoiiCTBO Bbl60pKH-xpaHe

HIIH (YBX) He06XO,ll,HMOro 

6b1crpo,ll,eiicTBHH H TQqHOCTH 

II no,ll,KJIIOqeffHh1ii K HeMy 

npeo6pa30BaTCJih HanpH:lKe

HHH B KO,ll, (pHC. 1). BXOAHOH 

CIITHarr no,!laeTCH Ha YBX, 

3aIIOMHHaIOIIIee MrHOBeHHoe 

3HaqeHHe cHrHarra, KOTopoe 

PHc. l. CTPYKTYPa mMepHTeIDI MrHoBeHHhIX xpauHTCH HemMeHHhIM ,ll,O 

3uaqeHHii cnrnarra oKouqaHHH npeo6pa.3oBaHHH 

B KOA. Ca.M npouecc npeo6-

pa.3oBaHHH B KO,ll, MO)KCT 6hITh ,ll,OCTaToqHo MeAJieHHhIM no cpaBHeHmo c BpeMe

HeM H3MeHeHHH BXO,!.(HOro CIITHaJia. 

,l:t:arree aHaJIU3HpyIOTCH IlpHHIIHnHa.JihHhie MOMeHThI B pa6oTe YBX, 

nocrpoeHHoro no cxeMe C o6paTHOH CBH3hl0. 3TOT aHaJIH3 HHrepeceH H none3eH B 

TeopeTli'leCKOM IlJlaHe. rnaBHblMH 3a,ll,aqa.MH npH nocrpoeHIIH YBX C o6paTHOH 

CBH3hl0 HBJIHeTCH noJIY'leHHe npHeMJieMhIX AHHa.Mli'leCKHX xapaKTepIICTHK: 

Toquoro OTCJie)KHBaHHH 6hICTpOMeHHIOmerocH CIITHaJia n MaJIOro BpeMeHU 

BhI6opKII. 3TH rrapa.Merphl onpe,!leJIHIOTCH BHir,OM aMilJIHTYAHO-qaCTOTHOH 

xapaKTepHCTHKH (A lJX) cxeMhI. IlOKa3aHO, qTQ qaCTOTa BXOAHOro CHrHarra F, 
omn6Ka OTCJie)KHBaHHH ()A H qaCTOTa e,ll,HHli'IHOro ycHJieHIIH F1 YCHJIHTeJIH B 

rpaKTe cxeMhl CBH3aHhI COOTHOIDeHIIeM: F::;; Fi . ,J2. JA . 
3TO COOTHomeHHe HarraraeT rpe6oBaHHH Ha qaCTOTY F1 ycHJIHTeJIH, T.e. ero 

A lJX, eCJIH H3BeCTHO B KaKOH IIOJI0Ce qacTOT H C KaKOH OIIIH6Koii ,ll,OJI)KHO 

pa6oTaTh YBX. 

IlocJieAyIOmee U3JI0)KeHHe KacaeTCH onTHMmaIIHII cxeMOTCXHli'leCKHX 

pemeHIIii. OnHCaHa npeAJIO)KeHHaH aBTOp0M cxeMa, B KOTOpoii BTOpoii KaCKa,ll, 

ycHJIHTeJIH YBX OAHOBpeMeHHo BhIIlOJIHHCT <pYHKIIHH KJIIOqa (pnc. 2). 3TO 

cxeMOTCXHli'leCKOe pemeHHe BnepBhle ncnOJih30BaHO B qeTblpeXKaHaJihHOM 

KAMAK-Moir.yne 3MMC-4, pa.3pa6oTaHHOM B 1980 r. H ,ll,O cnx nop 

3KCTIJIYaTnpyeMbIM Ha HeKOTOphIX yCTaHOBKax IUl<l>. Haii,ll,eHHOH npIIeM HBJIHCTCH 

BeChMa y,ll,aqHhIM n HeO.D,HOKpaTHO npHMeHHJICH B nocJieAyIOIIIHX pa.3pa6oTKax. 
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Pttc. 2. CxeMa, coBMemruomaH BO nTOpoM KacKa)le qiymai;irn 

ycmnrrenH H KJIIO'la 

B M0)lyJie 3MMC-4K, pa3pa6oTaHHOM n 1996 r., HCll0Jih30BaHa MHKpocxeMa 

AD7862, co;:i;ep)KamaH KaK AIJJI, TaK H BCTP0eHHoe YBX. B1>1110JIHeHIIhiii Ha 

6onee coBepIIIeHHoii 3JieMeHTH0ii 6a3e, 3TOT nptt6op 110 nceM 11apaMeTPaM 

rrpeB0CX0)];HT rrpe)];l>I)lymyIO pa3pa60Tey. 

Bo BTOp0M pa311ene rJiaBbl paccMaTPHBaJOTCH mrrerprrpyiomn:e H3Mepn:TeJIH 

HMrryJihCHhIX CHrHaJI0B, IIlllpOK0 11pHMeHHeMbie Ha ycK0pHTeJibHhIX K0MllJleKcax 

J];J1H H3MepeHHH MarHHTHhIX ll0Jieii B HMrryJihCHhIX 3JieMeHTax B M0MeHT rrpone-ra 

ny'IKa. B Ka'leCTBe .a;aT'IHK0B HC110Jlh3YJOTCH CTaU,H0HapHble lleTJIH pa3JIH'IHblX 

KOHCTPyKUHii, pa3MeIIJ,aeM1>1e B MarHHre, JIH60 ll0lICa, 0XBaTbIBaJOIIJ,lie IIIHIIY C 

T0K0M. B IUl<l> 0CH0BHbIM cpe.a;cTB0M H3MepeHHH HMrryJihCHhIX MarHHTHhIX noneii 

,n:rmTeJI1>Hoe BpeMH HBJilIJICH KAMAK-MO)lyJih El1l1II-4, pa3pa6oTaHHhiii n 1981 r. 
B ero cxeMe J];J1H rrpeo6pa30BaHHH B KO)]; HC110Jlb3YeTCH MeT0A .a;ByxTaKTHoro 

HHTerprrponaHHH. 

C03J];aHHaH HeJ];aBH0 an11apaTJPa HC110Jlb3YeT IJ;Hq>ponoii MeT0A ll0JIY'leHHH 

MmoneHHoro 3Ha'leHHH mrrerpana. O6paTHMCH K pHCYHKY. 3, ll0HCHHJOIIJ,eMy 

npe)];JIO)KeHHblii MeT0)l. ,[(o Ha'lana HHTerpIIp0BaHHH KJIIO'I Hax0J];HTCH B 

II0JI0)KeHHH "L". C Ha'laJI0M qla3bl HHTerprrpoBaHHH KJIIO'I nepeB0J];HTCH B 

noJI0)KeHHe "H" H CIIrHaJI qepe3 KJIIOq nocry11aeT Ha RC-ueno'IKJ, ttrpruomyro 

pom, q>IIJibTPa BbIC0KHX qacT0T. 

llpH 11oczy11JieHHH K0MaHJ];hI Ha H3MepeHIIe, 61>ICTPOJ];eil:cTByiolll,liii KJIIO'I 

BH0Bb nepeB0)];HTCH B .ll0JI0)KeHIIe L, 0TCeKaH CIIrHaJI H npe.a;oTBpamaH ero 

AaJibHeiimee 11ocry11JieHIIe Ha RC-ue11o'IKy. Bon1>T-ceKyH;:i;HaH 11Jioma)l1> 

cqiopMrrpoBaHHOro .a;aHHhIM cnoco6oM «0TCeqeHHoro» CIIrHaJia H HBJIHeTCH 

TPe6yeMhIM IIHTerpaJI0M, H3MepeHHbIM B C00TBeTCTBYJOlll,HX rrpe;:i;enax 110 

npeMeHH. ToqHOCTh CIIHXp0HH3aIJ;HII orrpe.a;eJIHeTCll 61>ICTPOJ];eiiCTBHeM KJUO'la, a 
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0CTaJibHaH qaCTh cxeMbI, Bblll0JIHfilOIIJ,aH BT0pH'IH0e HHTerprrpoBaHHe, pa6oTaeT c 

paCTHHJTbIM BO npeMeHII, 0TH0CHTeJlbH0 HH3KoqacT0THhIM CHrHaJI0M H 

BCJieJ];CTBHe 3T0ro M0)KeT 6hITb c;:i;enaHa BbICOKOTOqHoii. llpmeM, BT0pH'IH0e 

IIHTerprrpoBaHHe pa3JMH0 Bblll0JIHHTb B UIIq>pOBOM BHJ];e, II0JIY'laH 0TC'leTbI C 

ll0M0ml>IO BhIC0K0pa3pMH0r0 AIJ;ll H cyMMHpYH HX. 

Ml -- -··--- ... }fi}i¢2l}'Wlm)t.__ ~ 
~-~. .. -"' z~06"":t1 - ~ 

1 
~4li~A1¥i¼li'ii. 

PIIc. 3. llpIIHUHll nocTPoeHHH 61>ICTPO)leiicTByio-

llperoiaraeMoe 

pemeHHe npHBneKa

TeJI1>Ho reM, qTO ;:i;aeT 

B03M0)KH0CTb cymecT

BeHH0 II0BbICIITh Toq

H0CTb HHTerprrpoBaHHH 

HMnyJihCHhIX CIIrHaJI0B. 

KpoMe Toro, OHO o6na

;:i;aeT eme IJ;em.1M pH.a;oM 

mero, npeIJ;H3II0HH0ro IIHTerpaTopa. npeHMYIIJ,eCTB CHCTeM

H0ro xapaKTepa. 

B J];IICCepTaUHH o6CJ)KJ];aIOTCH TeopeTH'leCKHe acneKTbI .a;aHHoii pa3pa6oTKII. 

B qaCTH0CTH, aHaJIIDrrpyeTCH, 'leM onpe)leJIHeTCH 11orpeIIIH0CTh UHq>ponoro 

MeTO.a;a ll0JIY'leHHH IIHTerpana. Ha 0CH0Be aHaJIH3a qiopMJnrrpyeTCH H ;:i;anee 

11ponepHeTCH Ha M0J];eJIH 11pe)];II0JIO)KeHHe 0 CBH3II 11apaMeTP0B qJIIJibTPOB B 

CllrHaJibH0M TPaKTe n qacT0ThI BbI6opoK AIJ.11. llOKa3aHO, qTo norpeIIIH0CTb 

MeT0J];a onpe)leJIHeTCH cre11eH1>IO II0J];aBJieHHH q>HJihTPOM qacT0T, KpaTHblX 'laCT0Te 

BbI6opKH AIJ.11. 

2.00E-08 

1.SOE-08 

1.00E-08 

5.00E-09 

O.OOE+OO 
~ - -~ - ,. --

-5.00E-09 

-1.00E-OB 

-1.50E-08 

-2.00E--08 

1.00E--06 

- .... -

1.00E-05 

I-+- pcb2 errO 2V --pcb2 err1 2V j 

--~ J 

~ I 
\~ 

"-.I 

1.00E-04 1.00E-03 1.00E-02 1.00E-01 

PHc. 4. 3aBHCHMOCTh a6coJIIOTHOll OIIIH6KH HHTerprrponaHHH OT npeMeHII. 
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B 3aKJI101IeHHe rnaBhI OilIIChmaeTCH npn6op VSDC2, IIOCTPOeHHhiii Ha 

OCHOBe umppoBOro MeTO,n:a IIO.rry<IeHHH HHTerpana, IIpHBO,n:HTCH HeCKOJihKO 

Han6onee npHHUIIIlilaJihHhIX xapaKTepHCTHK n MeTO,n:Hirn nx H3MepeHHH. HHTepec 

npe,n:CTaBJIHeT a6comoTHaH OIIlll6Ka HHTerpttpoBaHHH, ll3MepeHHaH B 

BOJihT*CeI<yH,n:ax, rpa<pHK KOTopoii IIOKa3aH Ha pttc. 4. ,IviH HMIIYJihCa c 

aMnmrry,n:oii 1 B n ,n:nHTeJihHOCThlO 100 MKC, rrorpernHOCTh ll3MepeHHH COCTaBHT 

5 · 10-9 / -6 = 5. 10-s, 'ITO B 50 MeHhrne, 11eM npn pa6ore KJiaccmecKoro 
/100-10 

HHTerpaTopa. 

CnpaBe,n:nHBO 3aMeTHTh, 'ITO norpeIIIHOCTH, Jl:OCTHrH)'Thie B 3TOM npn6ope, 

nepeKpbIBaIOT TPe6oBaHHH K TaKHM H3MepHTeJIHM B peanhHOH pa6oTe Ha 

YCTaHOBKax. TeM He MeHee, IIOTeHUIIaJI npe,n:nO)I(eHHOro Mern.n:a ,n:eJiaeT 

npHBneKaTeJihHhIM n nepcneKTHBHhIM npo.n:on)I(eHne pa6oT no 

COBeprneHCTBOBaHHIO Y3JIOB HOBOro nptt6opa c ueJihIO npHMeHeHHH ero Jl:J1H 
HMnyJihCHhIX ll3MepeHHii, TPe6yroIUIIX BhICOKOH TO'IHOCTH. 

TaKHe 3a,n:a1IH B03HllKJill He,n:aBHO B CBH3H C npoeKTHpOBaHHeM HOBhIX 

HaKonureneii-HCTO'IHllKOB CH, r.n:e K PMY HMIIYJILCHhIX MarHHTOB 
npe)J,'I,HBJIHIOTCH O'IeHh )I(eCTKHe TPe6oBaHHH no TO'IHOCTH. 

B rJiaBe 4 paccMaTPHBaIOTCH pa3JIH1IHhie acrreKThI pa3pa60TKH UII<ppOBhIX 

perHCTPaTOpOB cpopMhI H B nepByro 011epe.n:h - BOnpOChI apXHTeJCTYPhl H 
cxeMorexHHKH aHanoro-UII<ppoBhIX npeo6pa3oBaTeneii. Ilpu6op1,1 .n:nH 
pemCTPaIIHH cpopMbI CHrnaJIOB BCer.n:a 6hIJIH H OCTaIOTCH O,n:HHM H3 HaH6onee 

BOCTPe6oBaHHhIX KJiaccoB H3MepHTeJihHhIX YCTPOHCTB. Co3,n:aHHe H rnttpoKoe 

BHe.n:peHHe B npaKTHK)' !pH3ll1IecKHX nccne,n:oBaHHii TaKOH annapaTYPLI II03BOJIHeT 

pea1IH3oBaTh MHO)I(eCTBO 3<p<peKTHBHhIX MeTO,n:HK HCCJieJJ,oBaHHH npoueccoB, 

Jl:OCTttraH npH 3TOM ropa3JJ.O 60JihIIleii TO'IHOCTH IIOJIY1IaeMhIX ,n:aHHhIX. 

'~{ 
-),v'' 

j 
to~~r4 
3'lriJ~· 
:}/#01 

.. 
5 
0. 

ti 
~ 
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Puc. 5. Cnoco6 IlOCTPOeHHH UII<ppoBoro pernCTPaTOpa cpopMhI curHanoB. 

~ncppoBoii perncTPaTOp cpopMhl curHanoB BKJI1011aeT TPH 3JieMeHTa (puc. 5). 
IlpHHunn ero pa6on1 noHHTeH ll3 pHCYHKa: BhICoKonpott3BOJJ.HTeJihHhiii AIUI 
11epe3 onpe.n:eneHHhle npoMe~KH BpeMeHH BhIIIOJIHHeT npeo6pa3oBaHtte 
TeK)'IIIHX 3Ha1IeHHii CHrHaJia B UII<ppOBOH KO,!(, onepaTHBHOe 3anm,mHaromee 
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YCTPOHCTBO !pllKCttpyeT TIOCTYfiaIOIIIHe OTC'IeThI, a HHTep<peiiCHhIH Y3eJI 
ynpaBJIHeT pa6ornii A[(Il n 03Y H cBIDhIBaeT npu6op c MarttCTPaJILIO CHCTeMhI. 

TaKaH cxeMa 6hIJia peanIDOBaHa TIO,!( pyKOBO,!(CTBOM aBTopa ,n:nccepTaUIIH BnepBhie 

B 1974 r. H HCilOJih30Banach Ha ycTaHOBKe «rOJI-1». 
l);aHHaH pa6oTa XOTH H npo,n:eMOHCTPHpOBaJia nepcneKTHBHOCTb BhI6paHHOro 

HanpaBneHHH, HO BMecre C TeM BhlHBHJia H He,n:oCTaTKII 3TOH npOCTOH 

apXHTeJCTYPhl. l];eno B TOM, 'ITO 6hICTPOMeHHIOIIIHeCH ycJIOBHH !pll3ll1IeCKOro 
3KcnepHMeHTa, oco6eHHO B TepMOH,n:epHhIX nccne,n:oBaHHHX, ,n:JIH KOTOpbIX B 

nepByro 011epe.n:h pa3pa6anmanach HOBaH annapaTYPa, noTPe6oBann ropa3,n:o 

6onee llIHpOKHX .n:mina30HOB CHrHaJIOB H no aMTIJIHTY.U:HOH H no BpeMeHHOH 

IIIKane. Eme o,n:Ha npo6ne1.m, npoHBHBrnaHCH Ha nepBhIX 3Tarrax co3,n:aHHH 

UII<ppOBhIX pemCTPaTOpOB . q>OpMhl - He06XO,!(lIMOCTh 06ecne1IeHHH 
MHorope)I(IIMHOCTH ycTPoiicTBa. Oni:e11eHHhie He,n:ocTaTKH 6hIJIH npeo.n:oneHhI 

BBe,!(eHHeM B CXeMY ,!(OilOJIHHTeJihHhIX Y3JIOB: nporpaMMHO nepeKJIIOqaeMoro 

MacIDTa6upyromero ycHJIHTeJIH, MHoro,n:nana30HHoro reHepaTOpa HHTepBanoB 

,!(HCKpeTH3aUIIH n cneIIHanhHOro pemcTPa, B KOTOpOM 61,mo CKOHIIeHTPHpOBaHO 

ynpaBJieHHe BCeM npH6opoM. Ha pnc. 6, B3HTOM ll3 KaH,!(H,!(aTCKOH il,HCCepTaUIIH 

aBTOpa, IlOKa3aHa MO,n:Hq>HIIHpOBaHHaH cxeMa npH6opa. 

II:!: AU !I 03Y 
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Sauyci. 

Pnc. 6. CxeMa nepBoii Bepcnn <l>YHKUIIOHaJihHO 3aBepIIIeHHoro 

UII<ppOBOro pemcTPaTOpa q>OpMhl CHrHaJI0B. 

TaKIIM o6pa30M, opHeHTaUHH Ha q>H3ll1IeCKHe HCCJieil,OBaHHH H yqeT llX 

crreUII<pHKH npHBeJIII K Ba)I(HOMY npnHUIIny, KOTOpbIM aBTOp PYKOBOil,CTBOBaJICH 

npn pa3pa6oTKe n BCex IlOCJieAyroIIIHX nptt6opoB: UII<ppOBOH pernCTPaTOp q>OpMhl 
,n:oJI)I(eH fihITh q>YHKUIIOHaJILHo 3aKoH1IeHHhIM YCTPOHCTBOM, co.n:ep)I(aIUIIM ueJihlii 
Ha6op ,!(0ilOJIHHTeJihHhIX Y3JI0B, CYIIIeCTBeHH0 o6ner1IaIOIIIHX ero HHTerpttpoBaHHe 

B KOHKpeTH)'lO H3MepHTeJThHyro CHCTeMy. 
l);anee B 4-ii · rnaBe OilHChIBaIOTCH )].Ba IlOK0JieHHH nptt6opoB, 

pa3pa6oTaHHhIX no.n: PYK0B0,!(CTB0M aBTOpa. AHanorO-IIH<ppOBbie 
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npeo6pa30BaTeJIH rrepBoro II0K0JieHIDI npaKTll'IeCKH II0JIH0CTblO 6hIJIH 
BhIII0JIHeHhI Ha ,l(HCKpeTHhIX K0MII0HeHTaX II 3aHHManH II0JIHYIO neqanzy10 unary 

M0.ll)'IDI KAMAK. 
K 1982 r. OTeqeCTBeHHoii np0MhIIImeHH0CTblO 6hIJI 0CB0CH BhirryCK 

HeCK0llbKHX THII0B HHTerpanbHbIX BhIC0K0IIp0II3B0,D.IITCJlbHhIX AJ..Ul, a TaIOKe 
MHKp0CXeM rraWITII pa3nll'IH0ro o6'heMa II 6blC:-rpo,neiiCTBIDI. 3TH o6cTO.ITTeJihCTBa 
HHllQHHp0BanH pa3pa6on<y BT0poro Il0K0JICHIDI aHanoro-xuuppoBoii aIIIIaparypbl 
,nIDI perncrpaxurn qiopMbl CJirHan0B. P.ir.n opHrnHanhHhIX cxeM, pa3pa60TaHHhIX 
.D.IDI :noro Il0K0JieHIDI npn6opoB, onncaH B TeKCTe. O,nHO ll3 CTPYK'fYPHhIX 
pemeHHii, npe,nnmKeHHhIX B Te r0,nbI, Kacanocb yttIIq>HKaIUIB n:mppOBhIX 
perucTPaTOpoB. YqHTurna.ir, ~o Ha o,nHoii ycTaH0BKe Moryr IICII0Jih30BaThcH 
pa3Jill'IHhie Mo.nenn npn6opoB, BeChMa n;eJiecoo6pa3Hoii npe,ncTaBJIHJiach 
cTaH,napTH3aUIDI qiopMaTOB pernCTP0B H yHmpnKaUIDI BttyTPeHHeii CTPYK'fYPhI 
npn6opoB. Mo.nynII, rro.n.nep)KllBaIOIUHe CTaH,napTH3oBaHHhie q>op11,mn1, B0IIIJIH B 
TaK Ha3blBaeMyro «CeplllO-S». 3m cepHH npn6opoB II03B0JIHJia YHH4>llQHPOBaTh n 
YMCHhIDHTh o6'beM Heo6xo,nHMoro nporpaMMHoro o6ecrreqeHIDI. 

KoHen; 1980-x - Haqano 1990-x ro,noB .D.IDI IIOJIYnpOBO,D.HHK0BOll 
::meKTP0HHKH 6hlJIH OTMeqeHbI C03,D.aHIICM H0BhIX TCXHOJioruii, KaqecTBeHH0 
ll3MeHHBIDHX ypoBeHb aHanoro-unq>pOBOii cxeMoTeXHHKII. Bo3M0)l(II0CTb 3aMeTH0 
ynyqmllTh rrapaMCTPhI MH0rHX KJiaCC0B arrrraparyphl H B TOM qIICJle unq>pOBhIX 
perucTPaTOp0B q>opMbl CHrHan0B, 6bma oqeHb rrpHBJICKaTeJibHa. HaqHHaH c 
1995 r., rro.n PYK0B0,D.CTB0M aBT0pa ,l(HCCepTaIUm pa3pa60TaH p.ir.n H0BhIX 
ycrpoii:CTB, HCII0nh3YIOIUHX coBpeMeHHbIe K0MII0HeHTbI: ADC-81 0DX, ADC-
2200, ADC-333, ADC-200, ADC-502, ADC-200ME. 

OTMeqaeTCH, ~o npn pa3pa6oTKe C0BpeMeHHhIX npII6opoB neo6XO,nHMO 
peIIIHTh TPII 0CH0BHbIX 3a,naqH. 'IlepBaH ll3 HHX - T}UaTeJibHaH npopa6oTKa 
cxeM0TCXHHKH MHoroq>yHKUHoHanbHOro aHanoroB0ro TPaKTa c TeM, qTQ6bI «He 
IICII0pTHTb)) xapaKrepIICTHKlI npHMeHHeMoii MIIKp0CXeMbI. BTOpaH 3a,naqa, 
KOTopyro TaIOKe Heo6xo,nHMo pemaTb npe.nenhH0 aKKJparuo: TaKTnpoBaHIIe 
MHKp0CXCMbl AJ..Ul. ,lvuI .nocTIDKeHIDI xopomeii 3cpcpeKTlIBHOii pa3pH,nH0CTH B 
IIIHpOKOH cnrnanbHOii II0JI0Ce neo6xo,nHMO .no6HTbCH TOro, qT06hI qJa30Bhlll myM 
TaKTnpyroiuero cnrnana (,D.)l(HTTep) CTan MeHee 10 IllIK0CCKytt.n. 11, HaK0Hen;, 
BmKHaH 3a,naqa - pa3B0.!U(a rreqaruoii nnaThl. 3JieKTPll'ICCKH npaBHJihH0 
cnpoeKTHp0BaHHa.ir cxeMa He 6y,neT pa6oTaTh npu Hey,naqHoii TOnononrn 
neqaTH0ii IlJlaTbI, HenpaBHJlbH0M pa3Me}UeHIIH 3JieMeHT0B II IlJI0XOii 
BbICOKoqacTOTHOii pa3BH3Ke IIIHH TIHTaHJffl. 

,lvuI ,neM0HCTPan:un KaK oco6eHHOCTeii TCXHil'ICCKHX pemeHHii, TaK tt 
B03MO)l(H0CTeii C0BpeMeHHbIX perucTPaTopoB cpopMbl ClffHaJI0B 0ilHCbIBaIOTCH 
6onee ,neTallbH0 ,nBa nptt6opa II3 pa3pa6oToK nocne,nHHX neT: ADC-502, 
pa3pa6oTaHHhiii B 2005 r., u ADC-200ME, pa3pa6oTaHHhiii B 2009 r . 

B 3aBepmeHHe rnaBhI 4 rrpnBe,neHa ra6JIHn;a 1, co.nep)l(arn;an xapaKTepIICTHKH 
H o6'beMhl BhirryCKa pa3pa60TaHHbIX nptt6opoB. 
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Ta6nuua 1. XapaKTepUCTlIKII H o6'heMhl BhlrryCKa pa3pa60TaHHhIX npu6opoB. 

Mo,1J.em. Kauanoe Pa:ipim IlpOH3BO/I.II- 061,eM Kon-eo ro11. 
-HOCTh Te.llbHOCTh 03Y(c.;ioe) 

AIJ;rI-101 1 10 6IIT 1 MSPS 4096 12 -l/"j 00 
Af.Ul-8100 1 8 6irr 8MSPS 256 8 l/"j 0\ -
AIJJ1-101M 1 10 6irr 1 MSPS 4096 20 

II I 

~ -.:t" 
r--

AUil-8500 1 8 6HT 2MSPS 4096 15 0\ -
Af.Ul-lOlS 1 

10 
1 MSPS 4096 100 

6HT N 
l/"j 0\ 

Af.Ul-850S 1 8 6HT 20MSPS 1024 15 0'\ 0\ 
~ -J 

II 
AUI1-101SK 4 MYJihT. 

IQ 
1 MSPS 4096 250 

N 

6HT ~ 
00 
0\ -AUIT-850 SK 4 MYJibT. 8 6HT 20MSPS 1024 30 

ADC-810 1 8 6HT 100 MSPS 8K 25 0\ 
l/"j 0\ 

ADC-810DX 2 CIIHXp. 8 6HT l00MSPS 16 K 35 I.:> 0\ -II I 

10 
f"'I 

ADC~2200 4cHHXp. 40MSPS 128 K 5 ~ 
0\ 

6HT 
0\ -

ADC-200 2cHHXp. 86HT 200MSPS 256 K 40 

ADC-333 4 MYJihT. 
12 

2MSPS 64K 60 
6HT 0 

l/"j -12 00 0 
ADC-502 2 CllHXp. 60MSPS 128.K 15 '""" 

N 
6HT II 

J 

0 
12 ~ 

0 
ADC-200ME 2 CllHXp. 200MSPS 2M 70 0 

6m 
- N 

ADC-812ME 8 CllHXp 
12 

4MSPS 2M 15 
6HT 

Bo3MO)l(HOCTH paapa6oraHHoii aHanoro-uucppoBoii arrrraparypb1, 
o6CJ)l(,D.aBIIIeil:cH B rnaBe 4, ee 1Ip0ll3B0,D.CTB0 B He06XO,l(HMblX o6'beMax 
o6ycJIOBllJIH mnp0K0e npHMeHeHue 3THX YCTPOHCTB Ha IlJla3MeHHhIX YCTaH0BKax, 
B CHCTeMax aBT0MaTH3an;HH ycK0plITCllbHhIX K0MIIJleKC0B, B pa6oTax c 
CllHXP0TP0HHbIM IDnyqeHHeM, B uccne,noBaHUHX KpH0reHHbIX ycrpoiiCTB, 
M0IUHhIX Bq-CHCTeM H CHCTeM TIIITaHIDI. 

B rJiaBe 5 paccMaTPIIBaIOTCH MeTO,nmcn npHMeHeHIDI unq>pOBbIX 
perucrpaTOpoB q>opMbI. 

B rrepB0M pa3neJie rnaBhl 0TMeqeHbI HaII6onee II0Ka:3aTellbHhie H3 HJIX. 

OpraHH3aUIDI CIICTeM c 6oJihillllM K0Jill'IeCTB0M KaK MYJibTUIIJieKcnpoBaHHbIX, TaK 
u CHHXp0HHbIX · KaHaJI0B - CaMhIH pacnpocrpaHeHHblH crroco6 npHMeHeHIDI 
perucTPaTOp0B q>opMbI. T~HbIMlI npHMepaMH M0ryT CJJ)')lCHTb 
.nuarH0CTll'IeCKHe CHCTeMhl B 3KcneprIMeHTax no qJH3HKe IlJla3Mhl, r.ne Il0JIH0e 
K0Jill'IeCTB0 KaHaJI0B Ha ycTaH0BKe ,D.0CTHraeT CTa u 6onee. 
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Eme O)JJIH pacnpocrpaHeHIU,IH cnoco6 - IIcnoJib30BaHHe perncrpai:urn c 

u.eJibIO BII3YaJIII3aUIIII TeXHOJIOrw!eCKIIX CIITHaJIOB - TaK Ha3bIBaeMbIH «nyJibTOBOH 

OCll.lIJlJIOrpaqm, Ha KOTOpbIH no KOMaH.ne onepaTOpa Moryr 6bITh BbIBe,!1,eHbI 

6bICTPOMeIDIIOm1IeCH CHrHaJibl OT pa3ITWIHbIX CIICTeM ycTaHOBKH. OnepaTHBHbIH 

BII3YaJibHblll KOffTPOJII, n03BOJIHeT c.n;eJiaTb BblBO,!J, 0 HOpMaJibHOM HJIH 

HenpaBIIJibHOM qlYHKUIIOHIIpOBaHHII CIICTeM, a B03MO:JKHOCTb opraHII3all.lIH 

apXHB0B - CJie)JJITb 3a 3BOJIIOI.1.1IeH pe)l{IIMOB H napaMeTPOB 3JieMeHTOB. TIIIlll'IHOe 

1IIICJIO KaHaJIOB - He 6onee 4 - 6. 

EoJibillOe KOJIII'IeCTBO O,!J,HO- ,!l,ByxKaHaJibHbIX Bepc1Iii npH6opoB IICnOJib-

3yeTCH ,!J,JIH npeo6pa30BaHIIH CIITHaJIOB B ll.lI<ppoByro qlOPMY C u.eJibIO 

nocJie,!1,yIOmeii o6pa60TKH 3THX ,!J,aHHbIX, KaK, HanpIIMep, Bbl1IHCJieHHe 

HHTerpanoB, cneKTPOB, ,!l,HCKpIIMHHHpOBaHIIe no qiopMe II T.n. KaK npaBIIJIO, B 

3TOM CJIY1Iae ll.lI<ppOBble perncTPaTOpbl HB.JlfilOTCH 3JieMeHTaMII cnen.HaJIII-

3HpOBaHHbIX, 6onee CJIO)KHbIX II3MepIITeJibHbIX YCTPOHCTB H Bblil0JIIDIIOT 

q>yHKIJ.IOO yHHBepcaJibHOfO «Oll.liqlpOBIIl;IIKa» IIMnyJibCHbIX CIITHaJIOB. 1lacTO TaKIIe 

CHCTeMI,J OCHOBaHI,I Ha cnell.liq>II'IeCKIIX CBOHCTBax ll.liqJpOBbIX perIICTPaTOpOB. 

Eme O)JJIHM HpKIIM npHMepoM HBIDIIOTCH TaK Ha3bIBaeMbie «cTOpO)l{eBbie 

CHCTeMbD>, npHMeHHeMbie B MOrn;HI,IX HCTO'IHIIKax IIBTaHIIH, BbICOKOBOJibTHbIX 

CHCTeMax, B1I-reHepaTOpax, CBepxnpOBO,!J,HIIl;lIX YCTPOHCTBax. B TaKHX CIICTeMaX 

annapazypa HenpepbIBHO perHCTPIIpyeT Heo6XO,!J,IIMI,Je CIIrHaJibl H OCTaHaBJIHBaeT 

perIICTPall.lIIO npH OTKJIOHeHHHX OT HOpMaJibHOH pa6on1. AHaJIII3 npeJJ:I,ICTOplIII 

3aperHCTPIIp0BaHHbIX npou.eccoB noMoraeT BbIHBIITb IICTO'IHHK HenpHHTHOCTeii. 

1IHCJIO KaHaJIOB B no,!1,06HbIX CIICTeMax MO)KeT BapbIIpOBaTbCH OT e.n;HHIIIJ. JJ:0 

HeCKOJibKHX COTeH. 

B nocne.n;yromHX pa3,!1,eJiaX 5-ii rJiaBbl np1IB0,!J,HTCH KOHKpeTHbie npHMepbl 

peanII3aUIIH OTMe'leHHbIX MeTO,!l,IIK. 

Oco6eHHoCTH npHMeHemm MHoroKaHaJibHoii perncTPaIUll, paccMaT

pHBaeMLie B pa3,1leJie 2, .n;eMOHCTPIIpYeT CIICTeMa ,!J,eTaJibHOfO MOHIITOpHHra 

JIHHeUHoro IIH,[()'KUHOHHOrO ycKOpIITeJIH peHrreuorpaqill'IeCKOro KOMIIJieKca. 

3a,!1,a1Ia CHCTeMl>I - nOJIY1IeHIIe MaKCllMaJibHO Il0,!1,p06Hoii HHq>OpMaIUIH 0 

q>YHKUIIOHIIpOBaHHH 3JieMeHTOB JIHY, pa6oTa KOTOporo, y'!IITbIBM oco6eHHOCTH 

npHMeHemm 3TOfO YCKOpIITeAA, )I.OJI)l{Ha 61,JTI, oco6eHHO Ha,!J,e)l{Ha. Ha1I6onee 

HHq>OpMaTHBHbIMH .n;aHHblMII, )I.aIOIIl;IIMH o6o6meHffYIO xapaKTepHCTHKY pa60Tbl 

60JibllIHHCTBa 3JieMeHTOB ycTaHOBKII, HBJIHIOTCH TO'IHbie OCll.lIJlJIOrpaMMbl TOKOB II 

HanpH,KeHIIii HHeyKTOpOB, 06pa3yrorn;HX ycKopmeJibffYIO C'fPYKTYPY· ,tvrn 
nOJIY1IeHIIH 3THX )I.aHHhlX Heo6xo,ll.HMO II3fOTOBIITb 200-KaHaJihffYIO CHCTeMY 

perncTPaIUIB q>opMbl ClITHaJIOB. 

B cneu.HaJIII3HpOBaHHbIX CHCTeMax (pa3nen 3) MeTO,ll.HKa II3MepeHUH 

pa3pa6anmaeTCH <<no.n; ll.liq>poBoii perncTPaTOp» H 6a3HpYeTCH Ha ero 

B03MO)l{HOCTHX. B TaKHX CHCTeMax IIHTepec npe,!1,CTaB.JlfilOT He OCIUIJIJIOrpaMMbI, a 

HHq>OpMaIUIH, IlOJIY1IeHHaH B pe3yJibTaTe u.nqipoBoii o6pa60TKH 

3aperncrpnpoBaHHbIX CHrHaJIOB. 
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Pnc. 7. KapTima TO Ka H IlOJIO)l{eHIIH Ily1!Ka npH 3aXBaTe B 

CHHXPOTPOHHbIH pe,KHM. 

3TO )I.eMOHCTPnpyeTCH Ha npHMepe TPeX CIICTeM: H3Mepemm )JJIHaMIIKH 

HeiiTPOHHOfO H3JIY1IeHHH B 3KCnepHMeHTaX Ha YCTaHOBKe fQTI-3, noo6opOTHOH 

.n;uarnOCTIIKII TOKa II IlOJIO)l{eHIIH Ily1!Ka (p1Ic. 7) n «mrreJIJieKzyaJibHOM 

MOHIITope» Ily1!Ka B ll.lIKJIWieCKHX ycKopUTeJIHX. 

B Ka1IeCTBe «cTOpO)KeBoii» (pa3nen 4) OilIIChIBaeTCH CIICTeMa perncTPall.lIH 

cphIBOB B MHOronoJIIOCHbIX CBe_pxnpoBOMmHX BHITJiepax. MeTO,!J,IIKa 

perucTPaUHH Henpe,ll.CKa3yeMbIX no BpeMeHH B03HIIKHOBeHHH npoueccoB 

6a3IIpyeTCH Ha B03MO)KHOCTH C03,!l,aHHbIX np1I6opoB pa6oTaTb B TaK Ha3hIBaeMOM 

pe)KHMe «CaMonuceu.». CYTb 3TOfO pe)l{HMa COCTOHT B TOM, 1ITO 3anuc1, B naMHTb 

IlpOIICXO,ll.lIT )I.JIIITeJibHOe BpeMH 6e3 OCTaHOBKH, ll.lIKJIII'IeCKHM o6pa3oM: nocne 

3ailllcII .n;aHIU,IX B nocne.n;moro H1Ieiiey nepe3aITHchrnaeTCH nepBM, BTopM n TaK 

)I.aJiee. Ilpouecc o6HOBJieHIDI opraHH3oBaHHoro TaKHM o6pa3oM K0JihU.eBoro 

6yqiepa IlpO,ll.0JI)KaeTCH ,!1,0 B03HIIKHOBeHHH co6bITHH, 0CTaHaBJIHBaromero 

perIICTPall.lIIO- B pe3yn1,TaTe, B naMHTH IlOCJie 0CTaH0BKH 6yJJ:YT xpaHIITbCH 

,!J,aIIHI,Ie, npeL(IIIeCTByromne 3T0MY co6bITHIO, II )I.aHHbJe, 0illICblBaIOIIl;He CaM0 

co6bJTIIe. BnepBbJe TaK0H pe:lKHM 61,m npe)I.JIO)l{eH aBT0p0M )JJICcepTaIUll B 

1977 r. npn C03,!J,aHIIH aBTOMaTII3HpOBaHH0rO ynpaBJieHIDl II KOIITpOM 

ycraH0BKOH «fIIpOKOH». 

CncTeMa perncrpau:nu CphIB0B CBepxnpoBO,!J,HMOCTH fo,ma pa3pa60TaHa H 

II3fOTOBJieHa B 2001 r. K0r,!l,a B HHCTHzyTe BnepBhie npoeKTllp0BaJICH BHITJiep c 

49-ro nomocaMH n noneM 3.6 T JJ:M HaKomrreJIH Elettra B llTaJIHH. ,tvrn 
peanlI3all.lill OilHCaHHOll MeT0,!1,IIKH 6r,mn ncnOJib30BaHbI TPH KOMITJieKTa ADC-333 

+ MUX4*O6➔1), perncTPIIpYIOmne cnrnam,1 Ha 192 Kazynm:ax nomocoB 

Bnrrnepa. Mo.n;ynn ADC-333 pa6oTaJIII B pe,KIIMe «CaMonnceu:», nepe3anHChlBM 

.n;aHHbie ,!1,0 B03HIIKH0BeHHH cpr,rna. 
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IlpHBe,!).eHlII,IMH rrpHMepaMH ,!l.aJieK0 He HC'Ieprn,rnaIOTCH 3a):(a'IH, pemaeMbie C 

II0M0IIU,IO IUiq>pOBI,IX pernclpaTOp0B q>OpMhI HMrryJihCHhIX ClirllaJI0B. Te 

HeCK0JihK0 CHCTeM, 'ITO 0IIHCaHhI B rnaBe 5, no MHeHHIO aBT0pa Ha1I6onee 

HarnH,!I.H0 ,!l.eM0HCTpHpYJOT YHHKaJihHhie B03M0)KH0CTH 3THX 

MHoroqiymmnoHanhHhIX yclpoiicTB. 

B rJiaBe 6 paccMalpHBaeTCH C03.llaHHaH B rrocne,!I.HUe ro,!l.hI aIIIIaparypa ,!l.JIH 

rrpeo6pa30BaHHH CHrHaJIOB HaHo- H MUKp0B0JihT0B0ro ,!I.HaIIa30Ha. TaKaH 

arrrraparypa IDHp0KO BOClpe6oBaHa B rrpeIIIDH0HlII,IX CHCTeMax MarHHTHhIX 

ll3MepeHUH, HCII0Jih3YJOIIUIX KaK ,!l.aT'IHKll XoJIJia, TaK II pa3H006pa3Hhie 

HH,!l.yKIIH0HHhie AaT'IHKH: Kazynurn, ueTJIH, CTpYHhI H T.II. 

Xopomo ll3BeCTHhI lpH MeTOAa, IDHp0K0 . rrpHMeIDieMhie B rrpaKTHKe 

MarHHTHhIX IDMepeHHii: MeTOA H,llepHoro MarHHTH0f0 pe30HaHca (5IMP), 
HH,!l.yKIIH0HlII,lll MeTO,!I. H HCII0Jih30BaHUe AaT'IHK0B Xonna. KaK ,!I.0CT0HHCTBa, TaK 

H HeA0CTaTKH MeT0A0B rrpHB0,!l.HT K ecrecTBeHH0MY BhIB0,!J.Y O Pa3YMH0CTH HX 

K0MIIJieKCH0fO HCIT0Jih30BaHHH, K0r,!l.a B pe3yJihTaTe B3aHMOA0II0JIHeHHH 

,!I.0CTHraeTCH He06XOAHMOe Ka'leCTBo IDMepeHUii. Orcro,!l.a B03HUKaeT 

IIOlpe6HOCTh B YHUq>HKaIUIH aIIIIaparyphl MarHHTHhIX H3MepeHHH, 'ITO ,!l.aeT 

B03MO)KH0CTh KOM6HHHpOBaTh MeTO,!I.HKll H 061,eAHHHTh 3JieKlp0HHhie 

YClp0iiCTBa, C03,l{aBaH K0MITJieKCHhie CHCTeMhl pa3JIH'lH0ro Ha3Ha'leHHH. 

KoMIIJieKT TaKOii YHIIq>HIIHpOBaHHOii aIIIIapaTyphl H MeT0,!I.HKH ee rrpHMeHeHHH 

C03AaBaJIHCh IIO,!I. PYK0B0,!I.CTB0M aBTopa ,!I.HCCepTaIUIH. 

IIepBhIH pa3.lleJI rJiaBhI 6 Il0CBHIIIeH aIIIIaparype ,!1.JIH ll3MepeHHH IIOCT0HHHhIX 

MarHUTHhIX IlOJieii c Il0M0IIIhlO rrepeMemaeMhIX KazymeK. OIIHChIBaIOTCH ,l{Ba 

ycrpoiiCTBa: HHTerpaTOp C IUiq>pOBhIM BhIXO,!I.0M II MaJIOffiYMHIIIIIH YCHJIHTeJih C 

HIDKHM ,!I.JleiiqioM. HHTerpaTOp c IUiq>pOBhIM BhIX0,!1.0M (VsDC - Volt-Second-to

Digital Converter) ITTHa'lanLH0 rrpoeKTHpoBanc,i: KaK yclp0HCTBO ,!l.JIH rrpHMeHeHHH 

B CTeH,!l.ax C BpamruoIIIHMHCH KazymKaMH, IDMepHIOI!IID,IH MYJihTHII0JIH H 

II0JI0)KeHUe oceii B MarHHTHhIX JIHH3ax. CoBOKYIIHOCTh lpe6oBaHHii orrpe,!1.eJIHJia 

BhI6op crroco6a rrpeo6pa3oBaHHH H ClpyKTYPY rrp1I6opa: ,!I.ByxTitKTHoe 

HHTerpnpoBaHHe, pa3pHAHOCTh 16 6HT, BCTp0eHHhiii ycHJIHTeJih CHrHaJI0B c 

KazymeK, HaJIH'IHe BhIX0,!1.0B C 3TOro YCHJIHTeJIH H HHTerparnpa. ~ 

CHHXp0HH3aIIHH c MeXaHII'leCKHMH nepeMeIIIeHHHMH rrpn6op Ll,0JI)KeH 6hITh 

0CHaIIIeH pa3BHT0H CTaPT-CT0ilH0H JI0rHKOH. 

B TeKCTe rnaBhl 0IIHChIBaIOTCH HeK0TOphle ,!).eTaJIH cxeMoTeXHHKH V sDC, 

MeT0,!I.HKa ero TeCTHp0BaHHH, IIpHB0JlHTCH Ta6JIHIIa c rrapaMelpaMII (Ta6JI • 2). 

KaK II0Ka3aJI cpaBHUTeJihHhiii aHaJIH3, pa3pa60TaH1II,IH IIHTerpaTOp no 

COB0KYIIH0CTII Melp0JI0fll'leCKHX xapaKTepHCTHK, rrpH 3Ha'IIITeJihH0 MeHhmeii 

CT0HM0CTU, ne yczyrraeT rrp1I60py PDI 5025, xopomo H3BeCTH0MY H rnnpoKo 

rrpHMeIDieM0MY B 3apy6e)KHhlX !pll31l'lecKIIX Jia6opaTOpHHX ,!l.JIH IIOA06HhIX 
mMepeHHii. 

O'IeHh 'laCTO IIpH pa6oTe C IIO,!I.Bll)KHOH KazymKoii HCII0Jih3YJOT 
pacrroJI0)KeHHhIH B6JIH3H Hee BHeIIIHHH rrpeLl,BapnTeJihHhIH ycHJIHTeJih, 'ITO 

II03B0JIHeT YMeHhIDHTh HaB0,!1.KH Ha lpaccy lpaHcrropTHp0BKH CHrHaJI0B. 
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O'IeBH,!I.HO, l.{TO 3TOT ycHJIHTeJih orrpeAeJIHeT repMOCTa6HJihHOCTh II ffiYM0Bhie 

xapaKTepHCTHKH Bceii CHCTeMhI. B rnaBe 6 paccM0lpeHhI IIpHHIUIIIHaJihHhie 

acneKThI rrpHMeHeHHH TaKoro ycHJIHTeJIH H crroco6 ero rrocrpoeHHH. 

Ta6JIHIIa 2. IlapaMelphl HHTerpaTOpa c IUiq>pOBhIM BhIXOJJ;0M •. 

0BaHHH OT 0,02 ,!1.0 JOc 

0BaHHH He 6oJiee 100 MC 
p 15 6HT+ 3HaK 

Pa601Iee BX0AH0e Ha H)KeHUe <l B 

,[(narra30Hhl BX0,!I.HhIX CHrHaJI0B (MB·c): ±10,±20,±50,±100 

Pa3pemaromaH cnoco6HOCTh 0,3µVs, 0,6µVs, 1,5µVs, 

3 Vs 

<lLSB 

<lLSB 20-50°C) 

HeJIHHeiiHocTh < l.5LSB 

B HaCT0HIIIee BpeMH BhirryCKaeTCH 6oJihmoe K0JIH'leCTB0 rrpeIIH3U0HHhIX 

onepaIIH0HHhIX ycHJIHTeJieii. Ho BCJieACTBHe cxeM0TeXHll'leCKHX H 

TeXH0JI0rll'leCKHX orpaHll'leHHii ycHJIHTeJIH o6JiaLl,aIOT nu6o MaJihIMH 

TeMneparypHhIMH npeiiq>aMH, HO ,!I.OCTaT0'IH0 60JihIIIOii BeJill'lHH0H co6cTBeHHoro 

ffiYMa (HarrpHMep, LTC2051: illYM B II0JI0Ce 10 rll - 2 MKB p-p, npeiiqi -

30 HB/0 C), JIH6o Hao6opoT, HBJUIIOTCH MaJI0ffiYMHm;HMH, HO C 60JihIIIHM 

TeMneparypHhIM LI.peiiqioM (HarrpHMep, LTI 128: IIIYM B rronoce 10 rII- 35 HB p-p, 

LI.peiiqi - 1 MKB/0 C). OAHaKO B03M0)KH0 o6ne,!I.HHUTh ,!I.Ba BH,!l.a ycHJIHTeJieii TaKHM 

o6pa30M, l.{T06hI ycHJIHTeJih c MaJihIM TeMIIeparypHhIM ,!l.peiiqioM (LTC2051) 

K0MIIeHCHp0BaJI CMem;eHHe MaJI0ffiYMHIIIero ycHJIHTeJIH (LT1128), He BH0CH upu 

3T0M Ll,0II0JIHHTeJihHhIX IlIYM0B. 

Ta6JIHIIa 3: OcHOBHhie napaMelphI ycHJIHTeJIH. 

20~ 

HID -3 dB F=40Hz 

40 nV/°C 

B II0JI0Ce 40 Hz 35nV 

XapaKTepHhle BpeMeHa TeMrreparypHhIX yxo,!I.0B IIpH IIpaBHJihHOii 

TepM0H30JIHIIHll H3MepHIOTCH ,!l.eCHTKaMII ceeyH,!I., H ecJIH 0ipaHH'IHTh nonocy 

LTC2051 ,!l.eCHThIMH A0JIHMH repIIa, M0)KH0 CHIDHTh BeJIH'IHHY BH0CHMhIX HM 
IIIYM0B AO ypoBIDI IIIYM0B LTl 128. HMeHHo TaKoii, «KOM6HHHpoBaHHhIID> 

ycHJIHTeJih 6hIJI pa3pa60TaH ,!l.JIH CHCTeM C rrepeMemaeMhIMH KaTYIIIKaMH. Ero 
rrapaMelphl upHBe,!).eHhI B Ta6JIHIIe 3. . . 

Aanee onucaHa MeTo,!I.HKa IDMepeHHH upononhHoro pacupeneJieHHH 1-ro 

HHTerpana II0JIH B MH0roII0JIIOCHhIX BHITJiepax - II0Ka3aTeJihH0M IIpHMepe, B 

23 



KOTOpOM OT 3JieKrpOHIU.IX yc-rpoiiCTB, BXOJV{IIJ;HX B IDMepIITeJII,H}'IO cneTe.My 
IIOTJ)e60Ba11oe1, ,noeTIDKeHIIe npe,neJII,HI,IX napa.MeTJ)OB. 

Bo BTOpOM pa:mene 6-ii rnaBI>I paeeMOTJ)eHa eo3,naHHM HeeKOJII,KO JleT Ha3a,n 

anrrapazypa AIDI ID.MepeHIDI KapT MarHIITHI>IX IIOJieii e IIOMOIIJ;I,IO ,naT'IIIKOB XoJIJia. 

CTJ)yKTYPa XoJIJIOBeKoii CHCTeMI>I B o6rn;eM BH,ne npe,neTaBJieHa Ha pHeyttKe 8. 

----, 
I :c~,s""~","'"',""'"~" \ 
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Pne. 8. CTJ)yKzypa XoJIJioBeKoii eneTeMl>I e yHmpnu;npoBaHHoii 3JieKTJ)OHHKOii B 

eTaH,napTe VME. 

B Kpeirre yeTaHaBJIHBaIOTeH: KOHTJ)OJIJiep BIVME-1, HHTepcpeiie VME-RS-

232, HHTepcpeiie VME-CAN, n TJ)H erreunanmnpoBaHHI,IX MO,nyJIH: aHanoroBI>Iii 
HHTepcpeiie ,naT<IHKOB XoJIJia (VMEHSI), npeun3H0Hm,1ii Af.U1 (VMEADC16), 

eTa6HJIIDaTOp Te.Mrrepazyp1,1 ,narrnKoB (VMEHTS). }:vIH yeTaHOBKH 3TOii 

annapazypl>I Heo6xo,nHMO 7 .MeCT B eTaH,napTHOM 6U-Kpeirre. YHH!pHKaUIIH 
yc-rpoiicTB II03BOJIHeT npH Heo6xo,nHMOeTH .D:OIIOJIHHTI, encTeMy MO.D:)'JUIMH >IMP
MarHHTOMeTJ)a, npe,noeTaBJUrn B03MO)KH0CTh orrepaTHBHOii KaJin6poBKH ,narmKOB 

XoJIJia. B 3TOM e.rryqae Heo6xo,nHMo 11 Mee..:r. . 
,l:(anee npHBe,neHI>I TeXHWJ.eeme ,neTamr n oeo6eHHOeTn 3JieKrpOHHKH 

eneTeMI>I, a TaIOKe napaMeTJ)I>I attanoroBoro HHTepcpeiiea ,narmKOB XoJIJia 

VMEHSI, onpe,ne.JU110rn;ero TOqHOCTHI>Ie xapaKTepnCTHKH Bcero H3MepJITeJII>Horo 

TJ)aKTa (Ta6JI. 4). 
B :rneTI>eM pa3lleJie rJiaBI,I 6 paeeMOTJ)eHa 61>IeTJ)o.neiiCTByroIIJ;M eneTel\rn c 

,n:ByxKoOp,nnHaTmIMH ,na'flIHKaMH Xo1111a, opneHTnpOBaHHaH Ha IDMepeHne 
MHOronoJIIOeHI,IX MarHHTHI,IX 3JieMeHTOB. OrMeqaeTCH, qTo npn H3MepeHHH 
MarHHTHI,IX 3JieMeHTOB e MaJII,IM rrepno,no.M JIOJIH (HeeKOJII,KO eaHTHMeTJ)OB), 
3al\IeTH}'IO rrorpemHOCTh BHOCIIT MeTo,n H3MepeHIDI KOOp,nHHaT ,naTqHKOB. 
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I1oTJ)e6HOCTH B 61>ICTJ)O,neiicTByrorn;eii eHCTeMe C TOqHI,IM ll3MepeHHeM I<OOp,nnHaT 
B03HIIKJIH cpaBHIITeJII,HO He,naBHO B CBH3H C 3aMeTHI,IM YBenmeHHeM pa6oT no 

IDrOTOBJieHllIO B HHCTHTYTe TeIIJil>IX MHOfOilOJIIOCHI,IX MarHIITHI,IX 3JieMeHTOB. 

Ta6JIIIIIa 4. IlapaMeTJ)I>I ,MO.D:)'JIH VMEHSI. 

KonmecTBO KaHaJIOB 32 .nmbd>epeffUIIaJII,HI,IX 

Bxo,n:Hoii ,nnana30H ±250.MB 

,l:(narraJoH eHH<pa3Horo enmana ,no ±12 B 

Ko3cpcpnu;neHT ycHJieHIDI npe,nycHJIIITeJIH 40,000 + 40,002 

,l:(peiicp 1<031pqmuneHTa ycHJiemrn ±1 ppm/C0 

lliYM IIDHBe,neHHI,IH I< BXOllV 2MI<B p-p 

,l:(peiiq> CMern;eHIDI HYJIH ±30 HB/C0 

Pa6oqnii TOK ,naT<IHKOB 99 ,996±0,00 IMA 
,l:(peiiq> TOKa ±2PPmlC0 

ra6apl1Thl 2MVME 

OnneaHa eTJ)yKT)'pHM exeMa H napaMeTJ)I>I 3JieKipOHHKH 
3KCIIepHMeHTaJil>HOii Bepenn CHCTeMI>I (Ta6JI. 5). 

Ta611nua 5. Ilapa'1e1J>I>I :meKrpOHHI,IX ycTJ)oiicTB eHcTeMI>I IDMepeHIDI MHoro-

IIOJIIOCHl,IX 3JieMeHTOB. 

KaHaJIOB IDMepeHIDI HanpH)KeHIDI 

,l:(naIIa30H1,1 BXO,D:HI,IX CHrHaJIOB (pyqHoe 
rn , 

Pa3PHJJ:HOCTh npeO0Pa30BaTeJIH 

CTa6HJII>HOCTl> ttyJIH (npH perynHpHOii 

I<aJIII6POBKe 

CTa6HJII>HOCTh MaemTa6a (npn perynHpHOii 
I( - ' 

B 

2 eHHXPOHHl>IX 

±0,4 B (1 Tn); 
±IB (2,5 Tn) 

18 6HT 

35 MKB P-P, (±0,4 re) · 

0,4 MI<Bl°C 

3*10-o 11°C 

10.MKe 

eTHOCTI, IDMepeHIDI paceTOHHIDI I 80 HM 

HeCHHXPOHHOCTh IDMepeHIDI IIOJIH II KOOp,nnHaThI I ::;20.MKe 

lllecTyro rnaBy 3aBepmaeT npHMep I<OMIIJieKeHoro neIIOJII,30BaHIDI 

annapazyp1,1: CIICTeMa AIDl IOeTllpOBKll BHrrnepoB-3aTyxaTeJieii, IDfOTOBJieHHI>IX B 

IUl<l> AIDI Mo,nepHH3aunII HaKonJITeJIH PETRA-III B raM6ypre (paJllen 4). 
YHHq>HKaUIIH annapazyp1,1 Il03BOJillJla peanIDOBaTI, Bee He06XO,nHMI>Ie MeTO,D:HKH 
MarHHTHI,IX IDMepeHnii II npoBeCTH KaqeCTBeHH}'IO IOCTnpOBKY BHITJiepoB-

3aTyxaTeJieii. 
Ilo,n:BOM JITOr pa6oTa'1, paceMOTJ)eHHI,IM B rJiaBe 6, MO)KHO eKa3aTI>, qTo 

xopomne MeTJ)OJiormeeI<He xapaKTepHCTIIKH arrrrapazypl>I II03BOJUIIOT yenemHo 
HenoJih30BaTI> ee AIDI neene,noBamrn mnpoKoro cneKrpa· napaMeTJ)OB MafHHTmIX 
3JieMeHTOB. YHIIlpHKaUIIH II I<OMIIaKTHOCTI, yeTJ)OHCTB ,naeT B03MO)KHOeTI, 
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C03,D;aBaTI, MHoroueneBI,Ie CTeHJU,I KaK B CTaIUIOHapHOM HCnOJIHemm, TaK H B 

M06HJThHOM BapHaHTe. 

B rJiaBe 7 onHcaHa aHanoro-nmppoBIDI arrnapa-rypa .!(ID! aBTO.MaTmanHH 

TeXHOJIOrH'IeCKHX IlpOH3BO,Il;CTBeHIIl,IX CTeHAOB. lfHCTHTyT R,D;epHoii q>ll3HKH 

pa3pa6an,rnaeT H mroTaBJIHBaeT 6om,moe KOJilf'IeCTBo pa3Hoo6pa3HOro 

q>H3lf'IeCKOro o6opy.n;oBaHIDI KaK .!(ID! co6cTBeHIII,IX yCTaHOBOK, TaK n no 

KOllTpaKTaM c Be,[()'II(HMH Ha)"IHI,IMH na6opampn:m.m. 0AHOii m TeXHOJiornii, 

mn:pOKO npHMelUleMbIX npn: IlpOH3BO,Il;CTBe :,meMeHTOB 3KcnepHMeHTaJibHI,IX 

ycTaHOBOK, HBIDieTCH cneUHaJibHaH TeMneparypHIDI o6pa60TKa 3THX 3JieMeHTOB. 

TaKoii o6pa6oTKe noABepraIOTCH AHUOJII,Hhle MarHHThl H cerMeHThI MarHHTHI,IX 

JIHH3 H3 CKJien:BaeMoro IIIHXTOBaHHOro )KeJie3a, CBepxnpoBOMinHe KaTJIDKH H3 

HH06Hii-OJIOBa, a3porem, .!(ID! 1-IepeHKOBCKHX ,n;eTeKTopoB, . pa3H006pa3m,1e 

o6MOTKH C IIOJIHMepH3yeMoii H30IDIIUieii, AeTaJIH npH Bl,ICOKOTeMnepa-rypHOii 

BaKYYMHOii naHKe H T.n. 

Ilo,n; PYKOBO,Il;CTBOM H npH Herrocpe,n;cTBeHHOM yqacnrn aBTOpa ,n;n:ccepranHH 

.!(ID! 3KcnepHMeHTaJibHOro Ilpomno,n;CTBa H na6opampn:ii IUICl> c03,n;aHo 6onee 

,n;eCHTKa aBTOMaTH3HpOBaHHbIX CHCTeM ynpaBJieHHH TeXHOJIOrH'leCKHMH 

ycraHOBKaMH TeMnepa-rypHoii o6pa6oTKH. 

B nepBOM pa3nene paccMaTPHBaIOTCH TeXHOJIOrH'!eCKHe yCTaHOBKH, 

pa3MeIIIeHIII,Ie Ha He6om,rnoii IlJIOIIIa.n;n: n B OAffOM noMeIIIeHHH. ,lvul nx 

aBTOMaTH3HpOBaHHOfO ynpaBJieHIDI xopomo IIO,Il;XOMT MHOrOq>YffKnHOHaJIJ,Hhle 

IlJiaThI, BbIIIOJIHeHHbie B KOHCTPYKTHBe IBM PC H ycraHaBJIHBaeMbie Ha 

CHCTeMffYIO Marncrpanr, KOMIII,IOTepa. MHorocpyHKnHOHaJII,HI,Ie IIJiaTI,I co,n;ep)KaT 

YCTPOHCTBa aHaJIOfOBOfO n IUiq>poBoro BBO,n;a-BI,IBO,D;a H MOryT 6MTI, 

«IIOACThIKOBaHhl» K ynpaBAAeMbIM HailpH)KCHHCM THpHCTOpHbIM peryJIHTopaM, 

Y3JiaM peneiiHoii aBTOMaTHKH, MOIIJ;HI,IM KOHTaKTOpaM H T.n. 

Bo BTOpOM pa3nene rJiaBJ,I 7 OIIHCaHbI KpYIIHI,Ie IlpOH3BO,Il;CTBeHHbie 

yCTaHOBKH. ABTOMannn:poBaHHoe ynpaBJieHHe HMH TPe6yeT pa3pa6oTKH 

pacnpe,n;eJieHHI,IX CHCTeM, 'ITO II03BOAAeT paccpe,nOTO'IHTh 3JICKrpOHHbie 

YCTPOHCTBa no Bceii IlJIOIIIa.n;n: ycraHOBKH, ome,n:HHHB HX rrocne.n;oBaTenr,Hoii 

JIHHHeii CBH3H H pe3KO COKpaTHB ofo,eM IlpOBO,n;HI,IX coe,nHHeHHii. 3a,n;aqa 

C03,D;aHIDI pacnpe,n;eJieHHblX CHCTeM aBTOMaTH3anffH KpyIIHI,IX IlpO.MI,IIIIJICHHbIX 

YCTaHOBOK B03HHKJia B CB.il3H C BI,IIIOJIHeHHeM HHCTHTyTOM KOllTpaKTa 

«Pa3pa60TKa H C03,D;aHHe CBepxnpOBOAHID;HX KOMMYTanHOHIII,IX IDHH .!(ID! 

MarHHTHoii cHcTeMM ocHOBHoro Konr,na KoJIJiaii.n;epa LHC B ~PH'e». B 

COOTBeTCTBHII c KOHTPaKTOM Heo6xo,n;mto 61,mo H3fOTOBHTI, B Te'IeHHe 

HCCKOJII,KHX JieT 6onee 10000 IDHH 43 pa3HOBHAHOCTeii c pa3MepaMH ,n;o 16 
MeTPOB. 

B rnaBe 7 noKa3aHO, KaK nOCTPOCHbl pacnpe,n;eJieHIII,Ie CHCTeMI,I ynpanJieHHH 

yCTaHOBKaMH no TCMIIeparypHoii o6pa6oTKe CBepxnpoBOMID;HX IDHH. Oa30BI,IMH 

3JieMeHTa.MH arrnapaTHbIX cpe,n;CTB HBIDllOTCH MO,D;yJIH ynpaBJICHHH, ofo,e,n;HIDleMMe 

B CHCTeMI,I C pa3JIH'IHblMH KOHqmrypanHm.rn npH IIOMOIIIH nocne,n;oBaTCJII,HI,IX 

JIHHHH CBH3H. CucTCMI,I BKJIIO'IaIOT B COCTaB .no HeCKOJII,KHX ,n;eCHTKOB MO,n;yJieii 
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ynpaBJICHlliI, pa3HeceHHbIX TeppHTopn:anr,Ho Ha 30-40.M. OrrncaHbI OCHOBHbie 

TeXHH'leCKHe pemeHHH MO,D;yJieii ynpaBJieHlliI, a TaK,Ke paCCMOTPCHbl BOIIpOCl,l 

6e3aBapHiiHoro cpyHKnHOHn:pOBaHHH o6opy,n;onaHHH. 

B 3aK.ruoqeuun q>OPMYJIHpYIOTCH HayqHhle pe3yn1,ran,1 pa6on,1, coCTOHIIIHe 

B CJie,D;YIOIIIeM: 

1. Ilpone,n;eH aHaJIH3 TPe6oBaHHii K H3Mepmenr,Hoii anrrapa-rype Ha 

q>ll3H'ICCKHX yCTaHOBKax IUICl>, n03BOJIHBIDHH npe,n;JIO)KHTI, H 

pa3pa6oraT1, Ha6op aHanoro-IUiq>ponr,ix ycrpoiicTB, pemmorn;nx 

mn:poKHii cneKrp 3a,n;aq B CHCTeMax aBTOMaTH3aUHII Ha)"IHbIX 

HCCJIC,Il;OBaHIIii. 

2. PaccMOTPCHbI H3BeCTHbie apXHTCK'fYPI,I aHaJIOfO-IUI<ppOBI,IX 

npeo6pa30BaTeJieii C II03HUHH llX IlpHMCHHMOCTH B 

aBTOMaTH3n:pOBaHHbIX CHCTeMax ynpanJieHHH q>H3H'ICCKHMH 

ycraHOBKaMH •. Cq>OPMYJIHpOBaHhl peKOMeHAaIUIB no n1,16opy aHanoro

nHq>POBMX YCTPOiicTB, a,n;eKBaTHbIX KOHKpCTHbIM q>IDH'leCKHM 3a,n;a11aM. 

3. Ilpone,n;eH TeopeTH'ICCKHH aHaJIH3 II npaKTH'!eCKHe HCCJIC,Il;OBaHlliI 

CTPYK'fYPHbIX H cxeMOTeXHH'ICCKHX pemeHHH aHaJIOfO-UHq>pOBOH 

arrnapa-ryp1,1, Hafmem,1 opHrHHanr,m,1e perneHHH, HanpaBJieHIII,Ie Ha 

nOBbIIlICHHe 61,ICTPO,D;eiiCTBHH, TO'IHOCTH, 11yncTBHTCJil,HOCTH, 

IIOMCXOYCTOH1IHBOCTH. 

4. Ilpe,n;no,KeHa cxeMa nocTPOeHHH IUiq>pon1,1x perncTPampon qiopMbI 

CHrHaJIOB, OTJIH'laIOIIIaHCH q>YHKIUIOHaJII,HOH 3aBepmeHHOCThIO. 

Cqiop.MYJIHpOBaHbI npHHnHI™ nOCTPOeHIIH noro KJiacca npH6opoB. Ha 

OCHOBe npe,n;JIO,KCHHOii CXCMI,I pa3pa6oTaHO HCCKOJII,KO IIOKOJICHHH 

IUiq>pOBI,JX perncTPaTOpOB qiopMbl CHrHanoB. MHorne H3 3THX npH6opoB 

HMCJIH peKop,n;m,1e xapaKTepHCTHKH. BnepBI,Ie C03,naHa cneIUiaJibHaH 

arrnapa-rypa, MeTO,n;HKH 1!3MepeHHH napaMeTPOB H HacrpoiiKH 

61,1crpo,n;eiicTBYIOIIIHX pernCTPaTOpOB q>OpMbI HMrryJil,CHhlX CHfHaJIOB. 

5. lfccne,n;oBaHbI rrpo6neMbl CHHXpOHH38UHH IUiq>pOBI,IX perncrpaTOpOB c 

nponeccaMH q>H3H'ICCKHX ycraHOBOK. Pa3pa6oTaHhl MeTOJl:l,I 

CHHXpOHII3aIUIB H rrpe,n:JIO,KeHa cxeMOTeXIIHKa TaHMHpYIOIIIHX Y3JIOB 

COBpeMeHIII,IX BI,ICOKOilpOH3BO,n;HTeJII,HI,IX AQII, n03BOJIHBIDHX JICrKO 

HHTerpn:poBaTh npn:6op1,1 Ha HX OCHOBe B CHCTeMI,I C pa3H006pa3HbIMH 

BpeMCHIIl,IMH ,n;uarpaMMaMH. 

6. C03,naH PM opHrHHaJIJ,HblX MeTOJJ:HK HCCJie,Il;OBaHHH 

61,1crponpoTeKaIOIIIHX nponeccoB, cyrn;eCTBeHHO IIOBI,ICHBillllX Ka1IeCTBO 

u 3q>q>eKTHBHOCTh Ha)"IIII,IX HCCJie,noBaHHii. B 1977 r. BnepBbie B 

OTe'IeCTBeHHOH npaKTHKe npe,n;JIO)KCH~ ·n. peanmoBaHa YHHKaJil,HruJ 

MCTO,nHKa IUiq>pOBOii perHCTPanHH nponeccoB, Herrpe,n;CKaJyeMbIX no 

BpeMeHH B03HHKHOBCHHH: anapHii B MOIIIHhlX C,J:ICTeMax IIHTaHHH H BlJ
CllCTeMax, cphlBOB CBepxnpOBO,nHMOCTH, BI,ICOKOBOJil,THbIX rrpo6oeB H 
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T.n. Mero.a; J:J:HarnocTHKH ny'IKOB 3apIDKeHHI,IX qacnm, 6a1upyrorn;uitcH 
Ha [(HtppoBoit pemcTParum u o6pa6oTKe J:J:aHHI,IX B 3BM, B CCCP 6bur 
peaJIH30BaH BrrepBhie. 

7. Ilpe,wrO)KeHbI u HCCJie}J;OBaHbI HOBhie IlpHHil,HIIhI IIOCTPOeHUH 
UHTerpupyromux H3MepUTeneit IIMIIYJihCHhIX CHfllaJIOB. 3TH IlpHHil,HIIhI 
IIOJIO)KeHhr B OCHOBY COBpeMeHIIoro noKOJieHUH TOqHoit, 
MHOroq>yttKUHOHaJihHOH 3JieKTPOHHKH J:J:J1H H3MepeHHii HMrryJihCHhIX 
MarHHTHhIX rroneii. Haii}J;eHhr opnrnHaJihHhie cxeMoTeXHmecKne 
pemeHHH, no3BOJIHBIDHe C03}J;aTI, 6ecnpeu,e}J;eHTHbie no TOqHOCTH H 
6hICTPOJ:J:eiicTBHIO npu6op&I. 

8. C03}J;aH Ha6op yHmpnuupoBaHHOll arrrrapazypbl MH npe[(H3HOHHl,IX 
H3MepeHnii nocTOHHHI,IX MarHHTHhIX noneii, II03BOJifilOIIl;HH He TOJihKO 
npOBOJ:J:HTh ux Ha HOBOM, 6oJiee COBepmeHIIOM HayqHo-TeXHmeCKOM 
ypoBHe, HO H CTaH.a;apnr30BaTh MeTO,a:HKH, o6opyJ:J:OBaHne 
H3MepUTeJihHhIX CTeH}];OB u nporpaMMHOe o6ecrreqeHHe. 

9. Pa1pa60TaHhI CTPYKTYPHhie n cxeMHhre pememrn 3JieKTPOHHKH J:J:JIH 
TeXHOnornqecKHX ycTaHOBOK, n03BOJIHBIDHe C03}J;aTh Ha,a:e)KHO 
pa6onuomee, aBTOMaTH3HpOBaHHOe IlpOH3B~J:J:CTBeHHOe o6opyJ:J:OBaHHe, 
o6ecrreqHBaromee cepniiHoe npoll3BOJ:J:CTBO B KpyrnocyTOqHoM pe)KUMe 
pa60ThI. 
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