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EaCHJ'8ll3e c.r. P13 - 12151 

3neKrpouuaa perucrpupyrowaH anrraparypa ¢uauqecKoro 
aKcrrepHMeHTa ( o63op). 

OcnemaiOTCH OCHOBHbi9 H81Ip8Bll9HKH pa3BHTHH 3ll8KTpOHHOA perHCTpH­

pylOIUen :tiiiiapaTypbi COBp8M8HHbiX yCT8HOBOK JlliH 9KCII9pHM8HTOB B smepHOif 

ljluauKe. l OBhiweaaoe BHHMBHHe yneneHo aonpocaM paapa6orox cneuuanuau­
poaaHHhi:: ru6pHJlHbiX HHTerpallbHbiX CX8M 1 CII8llH8liH3HpOB8HHhiM npOU8CCOp8M 

JllHI Cell€ KUHH C06hiTHH, HCIIOllb30B8HHIO HHTerpallbHbiX CXeM 3Y B 6liOK8X 

perncrpEUKH, aaanoro-uu¢poBbll'vl npeo6paaoaarenSIM, a TBK>Ke nepcneKTHBaM 
pa3BHTHS CT8HJl8pTOB HJl8pHoif aneKTpOHHKH. 

Patiora abmonHeHa a fla6oparopuu BbiCOKHX auepruil 0Hffl1. 

npenpl HT 06'b8llHH8HHOf'O HHCTHTYTB HJl8pHbiX HCCll8JlOB8HHif. Jly6Ha 1979 

BaEiladze S.G. P13 - 12151 

Detecting Nuclear Electronics for Physical 
Experiments.(Review) 

1he main directions of the development of present 
count<r electronics for experiments in nuclear physics 
is de•cribed. The basic attention is paid to the problems 
of de1igning special hybrid circuits, fast processors for 
trigg<r selection, semiconductor memory utilization for 
the n1nosecond logic modules, the analog to digital con­
vertoJs and the future of nuclear electronic standards. 

1'he investigation has been performed at the 
Laboratory of High Energy Physics, JINR. 

Pr >print of the Joint Institute lor Nuclear Research. Dubna 1979 



UeAD~ HBCTORmero 0630pa RBnaeTCR OCBemeHHB OCHOBHH[ aanpa­

BHBHHft pa3BHTHR aneKTpOHHOA perHCTpHpyvmeJ annapaTypH C)BpeMeH­

HHX KPYllHHX aBTOM8TH3HpOBBHHHX YCTBHOBOK nnR aRcnepHMeHrOB B 

anepHOI ~H3HKe. THllHqHHMH nnH aTHX YCTBHOBOK R~TCH C~BnJDmHB 

aJI8KTpoHHH8 CHCT8MH (pHC, I) • J.i,ineJieHHe C06b!THft, HCKOMU[ B npo­

uecce axcnepHMeaTa, npoHaBonaTca cacTeMaMH aanycxa ycTa~oBRH. 

3JieKTpoHHKa aanycxa, KaK npaBHJio, rtBYXCTyneaqaTaa - (pHc. I, a~. 

~eeTCR CHCT8M8 Up8rtB8pHTeJILHOrO OT6opa C06b!THft, B OCHOBHOM no 

KpHTep~ OnHOBpeMBHHOCTH Cp868THB8HHR onpeneJIBHHb!M o6p830M pac­

llOJIOEBHHHX 6b!CTponeiCTBynmHX neTBKTOpoB. 3T8 CHCT8M8 C06Hp88TCR 

H3 11 Tp8nHI.UfOHHHX11 6JIOROB H8HOC8RYHnHol aJI8RTpOHHKH (T- pHc.I,6). 

0Ha naeT CTpo6-HMnJJILC 38llHCH HCXOnHHX nBHHHX B 6YCTponeiCTBJD­

mHA CllBUHBJIH3HpOBBHHbli UH~pOBOI npoueccop, KOTOp!i:l llpOH3BOnHT 

OT6op C06b!THI no 6oJiee CJIO&Hb!M RpHTBpHRM. C Bb!XDnB nponeccopa 

CHHMB8TCR CHrHBJI 38flYCK8 (JIH6o 38llp8T8 C6pOC8) CHCTBM perHCTpa­

UHH aHeprHI H KOOPnHH8T qacTHU, 06CJiyKHBWDijHX OCHOBHOB qHCJIO 

naTqHKoB (Bb!XonoB neTexTopoB) ycTaaoBKH. B npencTBBJIBHHJI anexT­

ponHKe MO&Ho YCJIOBHO Bli:neJIHTL cxeMU c~eM8 H~pMauHH c neTeKTopoB 

(qacTO pa3neJIBHHb!B npocTp8HCTBBHHO C OCHOBHOI aJIBK!pOHBKOI) H 

CXBMH cqH'lHB8HHR nBHHb!X ( H8 MarHCTpaJIL KAMAK). BaiHOB MBCTO B 

CJIOEHHX YCT8HOBK8X 38HHM8DT CHCTBMU KOHTpOJIR H ynpBBJIBHKH peKH­

MBMH pa6oTb!. 

0CHOBOI nDCTHrHYTOrO B H8CTORm88 BpeMR ypoBHa annapaTypb! RBH­

JIOCL llpHMBHBHHB 61i:CTponeiCTBJDmHX HHTBrpaJILHb!X CXBM C SMHTTBpHOI 

CBIISLJ', HHT8rpaJILHYX CX8M TTJI cpenael CTBUBHB HHTerpQUilH H, B 

• CM. , aanpHMep, o6sop /I/. 
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P>w.I. Q,:HoBHHe cacTeMH MeRTpoHHKH perr.~cTp8UHH coBpeMeHHHX 

R)YllHHX CJRCll8pr.IM8HTa.JI:bHHX YCT8HOBOR -a); 6) - CTpJRTyp­

Hll8 CX8Mii R8HaJIOB llP8!lB8PHT8JII>HOro OT6opa C06HTHi\ (T), 

6liCTpHX UI'I4JpOBHX llpOU8CCOpOB (II), RaHa.JIOB ROOpnRH8THHX 

~3TBKTOpOB (K) H KaHanOB ABTBKTOpoB AAH H3MepeHMH 

:ueprMM (E). 
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OC008HHOCTH, CIT8UH8~H91ipOB8HHHX rHOpHnHHX HHTerp~bHHX CXeM. llo­

~eUHKM, C yqeTOM MX onpe~e~H~ero BK~~a B nepcneKTHBl pa3BMTHH 

s~eKTpoHHKH perHcTpauHH, nocBHmaeTCH oTne~:oHHi paane~ coaopa. B 

ocT~H~x paane~ax onHcaaa arrnapaTypa B cTaanapTe KANUUj ("BeKTop") 

~ JK838HHHX BHWe CHCTeM COBpeMeHHoa s~eKTpOHHKH perHCTp8UHH. 

CnegH~HaHpoBaHH~e HHTerp~:oHHe cxe~ 

lfCTOpHqeCKH ITOTpeOHOCTD B CITeUH~H9HpOB8HH~X HHTeJ•p~:OHHX 

cxeMax o~a paHee Bcero ocoaHaHa li,JIJl MeKTpoHHKH perHc~·pauHH 

CHrHMOB C rrponopUHOHMbH~X K8Mep (Ill{) /2 + 6/ • B Cl'IJIY HCKJIIOqH­

T~bHOa ITpOCTOT~ STHX neTeKTOpOB BOITpOC 0 M8CCOBOM ITpl~eHeHHH 

HX B JCT8HOBK8X ~Cfl, B auaqHTe~bHOH Mepe, BOITpOCOM coanaHl'!fl 

KOMITHKTHoil:, aaneJKHoii 11 aenoporoil: s~eKTpOHHKH perHCTp8UliH: Ilo -

CKO~KY "ItHCKpeTHUe" HHTerpMbHHe cxe~ WHpOKOrO rrpHMe!leHHfl He 

naBMH KapnHH~Horo peweHHH Bonpoca, 6~H coanaHH crrer~MHaapo­

B8HHHe 00~bWH8 HHTerp~bHHe CXe~. CJ!eztYIOUIHM ST8ITOM BH!,npeHWi 

CITeUH~H9HpOB8HHHX HHTerp~bH~X CXeM JIBM8Cb MHKpOMHHH!tTIDpH98UHfl 

aaMoro-UHilJpooox rrpeoopaaoBaTe~eil: MHoroKaHM:OH~x ronoCI:onHqecKHX 

CHCTeM (Ha6op~ CUHHT~HOHHHX, qepeHKOBCKHX neTeKTOpC•B, npeil:­

ilJoB~e KaMep~- ~. neTeKTOp~ Ha OCHOBe EMnKOro aproaa), M HaKO­

HeU, p83BKBwaRCfl TeXHO~OrHqecKafl 0898 nMa BOSMOlKHOCTb paapa6a­

Tii88Tb cneUHMH9HpOB8HHll8 CXe~, BRITYCK KOTOpliX nHKTOBhJICfl y11.e 

ae MacmTa6aMH npoHaBoncTBa annapaTypa, a nocTueaHeM 6c·~ee B~co-

' KHX M8KTpHqecKHX xapHKTepHCTHK (HanpHMep, ORCTponeil:CTltl'lfl, HS-98 

Mea:own napaaHTHRX eMKocTeii). B Ta6JI. I rrpHBO!l)lTM rrpwtepa cne­

UH~HaMpoBaHHHX HHTerp~HHX CXeM, BRnycKae~x paaJIHqHliMH ilJHpMa-

,lJ.aHHHe TS~iiUI>I CBHneTe~CTBYJlT 0 TOM, qTo HOMeHRJU!Typa Bl>l­

nycKaeMQX B HSCTOfllllee BpeMR: CIT8UH~3MpOB8HHHX HHTerpWU>HHX CXeM 
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~;a1 

HaaaaqeHHe cxeMH 

q,apMa Le C:~ox /7 + II/ 
Yc~TeJilJ 1:HrHMOB c q,'JY 

RicTp~ ycJL1IHTe~b 

lliHpoKorro~o,:~ MMOIIIYMiluum 
rrpe eyc~T,lJib 

Yc~HTe~QopMHPOBaTeJilJ nHH IlK 

~o~aua .rcan~r~TeJilJ~OpMHpoBaTe~b 

Cnsoea~ fC~HTe~~opMMpoBaTeJilJ 
nHH .llK 
Cusoea~ {8HM perHcTpauHH caraa­
JioB c IlK 

YcanHTeJilJ-UHCKpHMHHaTop nHH ~opMH­
poBaHRH no rrepenaeMY ~POHTY 

Ilpeo6paaoBaTeJilJ aapau-BpeMil 

Ilpeo6paaoEaTeJilJ aMnHHTyua-BpeMa 

CUBoeHHHe 5+11 paapauHHe 6HCTpHe 
cqeTqHKH 

CusoeHHHi rrpeo6paaoBaTe~b BpeMH­
-UH~pa 

CqeTBepeHk~ perHcTp 

CUBoeHHu3 rrpeo6paaoBaTeJilJ aapan­
-UH~pa 

~HpMB OgTIC /12 + 15/ 

TlrUI Ilplr!MeHeHir!e -
vv !00 IlocTaBJI.lleTca OT-

neJilJHo 
vv !01 _,,_ 

TRA 5!0 -"-

LD 604 _,,_ 

PC200 -"-

,UC201 -··-
PC700 B CHCTeMe PCOS-II 

LD60I B ~O~M-~X T.621+ 
+ 2 • 

QT IOO B M. 3UII T.2248+ 
+ 2250. 

vT roo B M. AUII T.2259. 

sc IOO, B 3UII T.2249+2251 B 
103,200 cq-Rax T.2250+225~. 

T,U300 B KO)Ul:p. J(K T.2770. 

RL100 B KO)Ul:p. IlK T.2720. 

QO 200 B 3I..UI T. 2282 • 

OrrepauHOHlHH YCKnHTe~b ]. /12/. 

Yc~TeJib··UHCKpHMHHBTOp nHH ~opMH- H.Jm)200 B ~PM-~e T.928. 
poBaTe~ 110 IIepen:HeMY <!JpoHTY 

CxeMa com tant fraction ·B q,GII T.934 /15/. 
nHfl ~OpMHJlOB8HRH TOqHoit BpeMeHHOi 
OTMeTKH 

CxeMa ~opHHpOBBHRH BHxonaoro cHril:a- HID106 B ~opM-~e T.928. 
~a B HBHOI:eRYHUHHX MOKBX 
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14-KaHan:&HUii aaanoroBufi MY~Tu­
rrJieKcop 

<l'l1pMa CIT Alcatel /16,17/ 

Jl. /14/. 

CIIBoeHHhiA MaJIOiliJM!l- rrpenycwrHTeJI:& II49 JI. /16/. 

CIIBoeaHWi 6ucTplffi rrpenycwrH'l'eJI:& 7369 

YCWIHT8JIL-topMHpOB8T8~ UJ!R TIK 7379 

KaHan perHCTpBUHH CHI'HaJioB c TIK 7321 

~IDJM8 EFCIS /18 + 20/ 

8-K8H8JI:&H8.l! CXeMa perHCTpBUHH CH!'H8- FILAS JI. /19/: 
JIOB c TIK 

CnaoeHHIDi 6biCTp!lli yCWIHTe~ IJ,1I.fi ilK RBA JI. /18/. 

8-KaHaJI:&Haa: cxeMa: Cll',BOeHHaa: saneplKKa- RBB JI. /18/. 
IIaMIITb, nJIJI IlK 

2::0Jtr30B8Te~ Bpe.Mfl-IUiClJpa (2 X 4) IFT 

B6CbM8 06WHpHa H OXB8TbiB88T IIpaKTHqecKH BCS THIIbl Y3JIOB, xapaKTep­

HhlX IJ,1I.fi JiuepHOH 3JI8KTpOHl1Kl1. 0TM8THM, qTo CTOHMOCTb CX~M Haxo­

UHTCII B rrpeneJiax 30 + 80 uoJIJI. (B 3aBHCHMOCTH oT CJIOlKfDCTM), Cpo-

UH COBeTCKHX CII8~HaJil13HpOB8HHbiX CX8M CJI8JlY8T OTM8T~Tb cepHH-

HO BhlnyCK88Mbl8 JCWIHT8Jib-wopMHpOB8T8Jib l{243Arl/21/ H CUB08HHhlii 

KaHan perHcTpBUHH CHl'HaJIOB c IlK K405XIII /22/. MMeJDTCJl a npyrHe 

paspa6oTKH /23/ • 

.l:l U8JIH H8CTOJIIIl6ro o63opa He BXOilHT OIIRC8HHC rrpollllllJI8HHO Bbi­

ITYCK86MbiX HHTerpaJI:&HiiX CXSM • 0 IlHaKO, IIO-BHilHMOM,Y, UeJl8 Joo6p83HO 

Kp8TKO OCT8HOBHTLCJI Ha CpaBHHTenbHO HOBOK Kna.cce HHterpanbHbiX 

CX8M - IIpH6opax C 38piiiJ;OBOH CBII3bl0 (II3C) /24,25/, oTKpliB810l!IWC: 

IIpHimHIIHaJILHO HOBble B03MOlKHOCTH IIOCTp08HHJI perHCTpMpYJOij8H arrna­

paTypbi, 

II3C-cTpYKTYphl rrpen;cTaBJIJIJOT co6oA JIHHeHHYJO rroCJieuo3aTeJI:&­

HOCTb ~-KoHueHcaTopoB (pHc. 2,a), cnoco6HHx non: n;elcrBHeM 

TaKTOBbiX HMIIYJibCOB rrepeM8!118TL C HHqTQEHUMH IIOT8pi!MH OII~en;eJieH-
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llx. BoporQ 

r11Kr~ ~~~.I JAnnnnn ~nnn~ ~~ J rlJ f J I 
SX0/}1 VIII 

CI1EutEH 

8X0/l2 VIS 

TIIKT2 -18 • I TTT_T_T, -r ( J 11 J I 

- 111 

S8 Wll 
311n.1 CJJBUr 2 

~S/1 ......._j j ~j i _.-v,_ ----p- ... Rr 

VOO ; RB 
CTP052. 

lw,ICAU~ 
~A•VDD 

-~ 

Bt~~x. 
Q) 

8) 

VOII SbiXOJl i 

3EMnR 
nOJlROXKQ 

·~ BbiXOIJ 2 

6) 

PEXIif'f CO 
CTPOIUPOeMIUEif 
PEZNM nocr. 
atiiO,QR 

PHc. 2. CxeMaTzqecKoe H3o6pa~eHHe IT3C-cTpJKTYPH- a); cxeMa IT3C­

-!1C THlla CCD 321 Fairchild - 6); Bp8M8HHH8 nHarpBMMH 

CHrHBAOB Bee J&ITOBHX TOqKaX- B). 

8 



HYIO B8JUl:tjlifiY sapHna, BB87l8HHOrO Ha BXOll JIHHHH, a B OTCY~'CTBI18 

TaRTOBhiX HMITYJil>COB - 1lJIHT8Jil>H08 Bp8Mfl coxpaHRT:b sapRll Hf,38BHCHMO 

B Kaanoii .f!qeilKe. BeJIHqHHY rpaHcnopTHpyeMoro &apHna Mol!Ulc' Bapi>HPO­

BaTn COTHH pas, T. e. Il3C - CTpJKTypa llBJIII8TCSI aHaJtOrOBhlM 

0,1\BHrOBhlM perHCTpOM. )J.Jm CX8Mbl CCD 32r Fairchild TaK'l'O-

BYIO qacTOTY CUBHra MO~iO M8HflT:b B npeneJiaX OT 20 ldru llO 20 KfU, 
qTQ COOTB8TCTBY8T B8pXH8H ITOJioce nponycKaHHR He M8H88 5 MrU H 

sanepmKe (Ha 455 RqeeK) oT 25 MKC no 50 MC /26/. 

OnHo Hs npe1lJiaraeMblx npHMeHeHHii II3C-MC /27/ - sanommaHHe 

aMIIJlHTYllHO-ITpOCTp8HCTB8HHO-BpeM8HHOrO o6pasa C06HTHR C UHoronpo­

BOJIOtjHblX ll8T8KTOpOB (pHC. 3, a). B HOPMaJII>HOM pelltHMe II3C·-MC, ITOll­

KJIKJqeHHhle K K~Oi! 1'13 ITIJOBOJ!Ol.!8K, ITOCTOSIHHO onpaw~BaDT 

,I\8T8KTOphl C Hal'!BhiCWei! TaKTOBOi! l.!aCTOTOR. B CJIYqal Bh!pa-

60TKH HMITYJII>ca sanycKa YCTBHOBKH (OTCTanmero OT C06HTHR Ha Bpe­

MR, 38TpaqeHH08 Ha C8JI8KUHD) CX8Mbl nepeBOnRTCR B peKRM ~T8HHR 

conepaameiCR B HX J!qeiKax HwPOpM8UHH. qaCTOTB TaKTOBhiX ~ITYJil>COB 

ITOHI!llta8TCR llO B8JII1tji!Hbl k • t n p , rue k - KOJII1tj8CTBO 3hlXO llOB 

ne~eKTopa, a tnp -BpeMR npeo6pasoBaHHR AUIT. TaKHM o6p~soM, B 

llaMRT:b 38HOCHTCR U~OBOH 8KBI!BaJI8HT aMllJIHTYnH CHrHaJIOB C BhiXO­

AOB ~8T8KTOpa, a ITOPRAKOBHH HOMep 3alli!C8HHOrO CJIOBB 0Tplllta8T HO­

M8p Bh!Xona H C BhiCOKOi CT8IT8Hl>D TOtjHOCTH (50 + rOO HC) - MOM8HT 

ITORBJI8HHR Ha H8M CHrHaJia. 

B pa6oTe /28/ npellJIOEeHo HCITOJII>SoBaTI> II3C-cTpJKTYP~ c ~oro-

BBonoM CHrHaJIOB /24,25/ llJIR c~eMa H~PMauHH c Ha6opa ronocKo­

rrHqecKHX ~3Y {PMCo J,o). Cl!rHaJihl co roo ~3Y qepes CTp06HpyeMble 

npeo6pasoBareJIH sapRn-BpeMR nona~TCR aa cBeTOAHOnH, pacnoJiozea­

HHe C Ollp8JleJI8HHHII maroM. BcJiliiiiKH CBa'l'OJ(BO'UOB ~KYCltpYITCJI H8 

IIX - HHTerpam,~ CXeMy Tlllla CCDI!O:r ( Fairchild ) • 3JJ:eKT-

pHqecKHe CHrHBJihl c Hee nooqepenao BHBO'UHTCH Ha AUII c B~eMeaeM 
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npeoopasonaHWI roo HC. OlKHJ:\aOMEI.fi Jli11IeHHOCTL JIY'IIll8 I%, a AI1HaMH­

'I8CKHH lll1aila30H H8 M8H88 !00. B 'IVICJ!8 ITp8HMYI!I8CTB aBT:>pbl OTM8-

'IBIDT HVI3KYID CTOaMOCTL CHCT8Mbl VI CTOHKOCTL K ITOM8xaM. 

l1Cnb!T3HW:! II3C-cTpJKTyp /26, 27/ IIOK83aJIH, 'ITO HX npHM8H8-

HI18 conpali1.8HO C pa!lOM TPYUHOCTeii: 

l) HaJII1'IH8M CUBHra ypODKH Bb!XOUHOro ClirHaHa, Bbl3b!Bae•oro TOKOM 

YT8'I8K, 11 3aDHCffl!l8rO OT TaKTODOH 'IBCTOTbl 11 TeMIIepaTypbl; 

2) npo6JieMOH COSUBHHR CIIeUHaJILHbiX CXeM HBHOCeKYHUHb!X TaKTODbiX 

HMflYJ!LCOD OOJ!LWOH aMnJ!MTY~ /29, 30/; 

3) npoXOli1.UeHHeM onpeU8Jl8HHOI 'IBCTH TaKTODOro HMIIYJILC8 Ha Db!XOU 

(pHC. 2,6,B); 

4) 38BHCHMOCTLID BeJII1'II1Hbl Bb!XO!lHOro CHrHaJia OT BMMHTYllbl TaKTODO­

ro HMnynca ( 18% aa 6%) , 

<ITo,onaaKo, ae YMeHLwaeT npHBJieKaTenaocTH uaHHbiX np116opon una 

COBpeMeHHOH RUepHOH ;meKTpOHHKH. OnHCaHO npHMeHeHH8 JJOrH<IeCKI1X 

/25/ ll3C-l1C, couepll1.a1!111X l6K RtieeK CnBHra D cxeMaX UI14POBOH rraMR­

TVI nHii xpaH8Hl1R M8CCI1BOB uaHHbiX /3!/. 

Cpen.11 upyrHX THrroB rrpoMb!mneHHbiX HHTerpaJILHb!X cxeM, cosnaro­

lll.l1X HOBble B03MOli1.HOCTH ITOCTpOeHHR perHCTpHpYDI!IeH anna~aTypb!,CJie­

nyeT ynoMHHYTL TaKll1.e o EHC IIaMRTH /32/ 11, B <IaCTHOCT~. 61WepHb!X 

3Y THrra FIFO /33/ (CM. HH:&e). 

3JieKTpOHKK8 CHCTeM rrpensapHTanbHOrO OT6opa COOYTJ! 

CJiencTBHeM IIIHpoxoro pacnpocTpaaeHHR cTaanapTa KAMAK RBKnCR 

rrepeBOU B ero KOHCTpJKTHBbl "Tp8UHUHOHHbi:X" 6JIOKOB HBHOCeKYHUHOH 

3Jl8KTpOHMKH, He HMeiD1!111X CBR811 C MBri1CTpaJILID. EoJiee B~COKaR CTOI1~ 

MOCTL Jll!8i!KH KAMAl{ H8HTJl8.JIH3Y8TCJI BhiCOKOK ITJIOTHOCTbll pa3M8llt8HHJI 

MOUYJI8H B OJIOKe*, a 8U11HCTBO KOHCTpJKTHBOB 008CIT8'IHB88T onpene­

Jl8HHble CHCT8MHble llp8HMYI!I8CTB8. llpHM8H8HI18 CIT8UHaJIHSHIOB8HHblX 
1.no xpaAael Mepe, no cpanaeHHD co cTaauapToM "BHmHR" /34, 35/, 
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HHTerpanbiDlX CX8M ll03BO~RHO U06HTbCH 6o~ee BHCOKHX &H8KTp!II'l8CKHX 

xapBRTepHC'PHK, H8llpHMep, C06CTB8HH08 "ry~HH811 /36/ <jlopMHpOB8Te­

~e:ii CHHllteHt> no I ac /9, 37/. B Taon. 2 npHBeneFW npHMepu paspa-

6oToK H8H0,)8KYHUHblX ~orH'l8CKHX MOKOB B KOHCTpJKTHBaX KAMAK. 

C~e~ornHM ~TanoM HBRHOCb BBeneaHe uH<jlpoBoro ynp~eHRH oc­

HOBHHMH na:)aMeTpaMH H8HOC8KYHUfWX 6~0KOB CO CTOpOHH M8r!IICTpanH 

KAMAK. llpo ,paMMaoe ynpaMeHPie napaMeTpaMH H CTpJKTypoil: CHCTeM 

npeUBapHT8.~bHOro OT6opa C06HTK!i ll03BO~eT /49/: 

a) YCKOpHTo H Y~'lillHTb K8'!8CTBO OT~8nKH MOKOB H YCT8HOBOK B ue-

~oM; 

6) CT86KnH3!1IpOB8Tb ·pexaM pa60TH YCT8HOBOK; 

B) UpOH3BO[LHTb OUHOBpeMeHHHe H3MepeHHH UO HeCKO~KHM KaHanaM 

H3Y'l88MHX ~eaKU~; 

r) llpOH3BO[LHTb orrep8THBHH8 nepeKniD'leHRH (B TOM '!H~e UHCT8HUHOH­

Ho); 

n) aBTOMaT~sHpoBaTb pyTHHFWe orrep~H (rron6op sanep&eK, aarrpH&e­

HHil: ITHTaaaa H rrpo<I.), 

T.e., B·UerroM, C03llaB8Tb 6o~ee ~OlltfWe H BHCOKOITpOH3BOllHT8~bHH8 

YCT8HOBKH. ilOCKO~DKY H8HOC8KYHUH!i8 MOKH C UH<jlpOBHM yrrp~eHHeM 

c~o&Hee CBOHX aaanoroB c py<IHHM yrrp~eaaeM,U~ecoo6pasao npHMe­

HHTb HX B TeX BSlmeiirnHX YM8X, KOTOpHe OK83HBaJ:JT pernaJJU!ee MM­

HHe Ha napaMerpH YCTSHOBKH B Ue~OM. B T86no 2 ITpHBeneH pHU pa3-

pa60T8HHHX K H8CTOH[lleMY BpeMeHH 6~0KOB H8HOC8KYHUHOil: ~rHKH C 

UH<jlpoBHM yrrpaMeaHeM. 

HneH llpOrpaMMHOro yrrpaMeHRH HarnJI8 CBOIO peanH38Uim H B 6no­

K8X H8HOCeKyHnHOil: 8~8KTpOHHKH, BHITO~H8HHHX B CT8HU8pTe NIM /57/. 

WHpMOI SEN paspa6oTaHa llO~enoBaTe~LHSH ynpa~SH CHCTeMa 

SATAN HS 256 16-paSpHUHHX K8HBAOB ynp~eHWI. Oaa BKJIJl'!aeT 

HHTep<jlelcauil: 6noK KAMAK, nY6nHpyJOmee ycrpolcTBo py<Iaoro yrrp~e-
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Hlffi (MOilH<iJlfKfll.UiH KaJI:CKYJLHTOpa) U npOM8lltJTOIIHI18 ynp8BJiiiJOIJli18 MOIT.Y­

~U rpynllll, Ha ocHoBe MKKponpoueccopoB Fairchild FB /58/. 

B paOOTB /59/ OllHC8H8 CUCTBMa S~BKTpOHHI1X ~OKOB UllR npen­

B8pHTB~:CHOro OTOopa C0011T~, p8aJIH30B8HH8.ff H8 npeunOlKBHH:)l\1 B 

/60/ ilpHHUHne annapaTypHoro pasne~eHHR <iJYHKU~ coBnaneHHR czrHa­

~oB BO Bp8MBHI1 H llpOB8pKH Ollpene~eHH!lX ~OrHIIBCitHX COOTHOlllBH~ 

M8lKUY H11111H. 0CHOBY ee COCT8BJLH8T 011CTp~ CTpOOHpyeMHfi perHCTp, 

~ BI1U8~8HHR CHrHaJIOB BO Bp8M8HH, H KOMMYTHpyeMHH O~OK ~OrHRH, 

H8 KOTOpOM H80HpaiOTCR H800XO!lHMI18 ~OrHIIBCKHB onepauHH. fpeHMJ­

illBCTBaMH TaKOrO peillBHHR RBnRIDTCR CHHX8HH8 IIH~a TipOM8EJ~OIIH11X 

pas~eMOB B JCTpO~CTBe OTOopa Hero Jllp0ill8HH8, BBHUY OTCjTCTBHR 

llpOMBlltYTOIIH!lX Y~OB CT8HU8pTH38UHH CHrHaJIOB (MBlKUY MOUJJRMH) B 

ypOBHH NIM • 0UH8KO cymeCTB8HHI1M H8UOCT8TKOM RBJLHBTCJ: 3H811H­

T8~:CH08 (Ha nopRUOK) YB~HII8HH8 MepTBoro Bp8M8HH*, llOHHl~fuee 

Koa@!HUHBHT oTOopa /61/. KpoMe Toro, olleBHUHa HesaMKay~·ocT:c 

TaKOii CHCTBMH, T.K. CTp06-CHrHaJI 38llHCH B OHCTp~ perHc~·p BCB 

paBHO UO~lK8H B11p808THB8T:CCR Tp8UHUHOHHI1MH O~OKaMH H8HOCilKYHUHOH 

S~BK TpO HHRH. 

CneyaaJIHsHpoBaHH!le npoyeccopu 

~aKTHII8CKH CHCT8MI1 OT6opa YllOMRHJTOro BI1W8 THll8 /5'), 60, 6!/ 

RBJIJlJlTCR nepeXOUHHMH KO BTOpOM,Y ypoBEIXl, T.e. K OliCTpHM l:il8I.UipO­

U8CCOpaM. 0HH SanyCKaJOTCR OT MOUY~eit OT6opa nepBoro ypo:3HR,HM8JOT 

CX8Mhl 3aTIOMHH8HHR HCXOIUII1X UBHIDIX H npOCTe:l.bnee J10r1r1116CK1le YCT­

poitCTBO. 

llpHHUHllHaJI:CHiiM OT~HIIHBM OHCTpHX cneUnpOUeCCOpoB RB~8TCR 

pa6oTa CO 3H811HT8~HO OO~LWHM IIHC~OM D,8TIIHKOB CHrHaJIOB (COTHH 

* B "OCSiiiiHHX" CHCT8MBX ilp8UB8plll'1'8~HOro OT6opa )lODJCTIIWHit nepHOD, 
llOBTOpeHHR CHrHaJIOB 3H811HT8~HO M8HLW8 BpeMeHR OT6opa (sa -
D,epEKH), 3D,8Cb ae 8TH B~HIIJIIHH paBBH. 
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H THCfiqH*) no cpasaeawv c acno~syeMHMH B cacTeMaX npensapHTenD­

Horo oT6opa (5 + I5 naTqHRoB) H cnoco6HocT:& pewwsoBaT:& cymecT­

Beaao 6oJieo cJiollt!IHA aJirOpHTM oT6opa, aelleJIH npocTelmlttlt aa6op one­

paulttlt M, M.irn:, HE. CneiUiaJIHSHPOBBHHHe npoueccopH, xax npaswro,ae 

pa60T81JT HfillOCp6!lCTB8HHO C CHrHaJISMH C ll8TqHKOB, UOCKOJI:&KY npen­

CT8BJI6HHe l(BHHHX B JIHH8MHOM UOSHUHOHHOM KO!le,con:eplltauteMCfi B 3BTIO­

Ml'II!BIOUl6M puracTpe, aeyno6ao (Tpe6yeT 6onmoro o6'beMa o6opynoBa­

HHa) ~~a BlffiOJHeHHB apH~KerMqeCKKX onepaQJI.TI03IOKY cne~MaHH3MpO­

BBHHH8 npotteCCOpH HM8IlT(CM.pHC.I )YCTpOitCTBa npeo6p830BBHHII Ko­

llOB H3 JIHHE,itHOrO ll03ItllUfOHHOrO B llBOllq!Wit. IlpH 60JI:&WOM KOJIHqecTBe 

HCXOllHOi HE~pM!lUHH 0 C06HTHH Heo6XO!lRMB, 6CT8CTB6HHO, 6HCTpaH 

MBrHCTpaJI:& nnR UOCJI6U:OB8T~HOI nepenaqH nBOHqHHx KOllOB B ap~ 

MeTaqecxoe ycTpolcTBo. 

B aac~'oJllllee BpeMR: paspa6oTaH noBOJI:&Ho mapom cnexTp cne­

UHaJIH3HpoBE.HHHX npoueccopoB p83JIH'IHOrO HB3HaqeHKII, CJIOlltHOCTH H 

6HcTponeitc~BHII /63 + 65/. OllHaKO ueJI:& HX nocTpoeHHR, B cymaoc­

TH, OllHB - SHB'IHTeJI:&HO CHH3HT:& B8JIH'IHHY llOTOKa llBHHHX, HaKBllnH­

BB6MhlX OR-JaHH 3m! B npouecce axcnepHMeHTa, sa cqeT npoHSBOllCTBB 

BH'IHCJieaait,n:eJiaBmHXCR paaee npa o~JiaiH o6pa6oTxe. IlpoueccopH, 

npellHB3HB'IEHHH8 nnR CeJI6KIUIH C06HTHit, MOllHO YCJIOBHO p83U:eJIHT:& 

aa nsa KJiac ca. 

I. ElicTpue cneuaaJIHsHpoBaHHHe npoueccopH - cpasHHT~Ho npocTHe 

YCTpOICTBa, OCHOBH08 HBSHaqeaHe KOTOpHX - llO!lHRT:& KO~HUH8HT 

OT6opa YCTBHOBKH H8CTOJI:&KO, qT06H o6ecne'IHT:& ee 8KCUOHHPOBBHH8 

llpH cymecTEeHHO 60~WHX HHT8HCRBHOCTRX nyqxa 'IBCTHU. 

2. CJio:atHHe cneunpoueccopH, BpeMR pemeHRR KOTopHx UOXOllHT no MHJI­

JIHcexyan, C03ztaBB8Mble nnR CHH&eHHII o6'beMa UBHHHX, BUBOllHMliiX B OH­

-JiaiH 3BM. ~a UHKJIH'Iecxax ycxopaTeJIRX Taxae npoueccopu o6ecneqa-

* 'ITO COOTBeTCTByeT KOJIHqecTBY HmPOPM!lUHH 8 + !2 6HT. 
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BaiOT BhlHrpHI!l H B CKOpOCTH uadopa CT8THCTHKH, 8CJIH HC!10.Cll>3Y8TC.fl 

!1pOM8JKYT04Ha.fl dyilJepHa.fl !18MfiT:O ( ,-..-' roo KCJIOB)' a rrep 338!1¥10:0 B 

3BM BeneTC.fl B rrayaax Me~nY BHBOnaMH ITY4Ka. 

Co CXO!lHOii U8JI:b!O C03naKJTC.fl He llpOII3BOIJ,l'Ii.UHe ceJieKUiUO crreU­

rrpoueccoph!* nna cmaTaa od~eMa nepenaBaeMHx naHHh!X o cojh!TUH, aa 

C48T Bhl4HCJieHH.fl ero 000di.U8HHhlX rrapaMeTpOB. HanpHMep, BMeCTO 38-

ITMCH H8CKOJI:bKHX KOOpnHH8T MOlEHO Bhl4HCJIHT:& H nepenaT:& TDJI:&KO Kpkl­

Bl!3HY TpaeKTOpHH 48CTklUhl, JIHOO !1pOH3BOnHT:b rHCTOnporpaMMHpOB8HHe 

coOHTIDi, a saTeM nepenaBaT:& rrapaMeTpa racTorpaMMh! /66, 67/. 

llpoueccopa BToporo H TpeT:oero THna aaqacTYIO HMeiO~ naMFIT:b, 

conepEamYIO nporpaMMY, HJIH (H) C04JI8H.fl!OTC.fl C MHHH- (JIHCO Mmtpo-) 

3Hv1. 

BucTP¥e cneqnpoueccopu. HaHOOJiee qacTo nna OhlcTpcx npouec­

copoB HClloJI:oayeTC.fl HHilJopMauaa c KoopnHHaTHHX neTeKTopcB,.KaK He 

TpeOYIOOia.fl BpeMeHH Ha npeoopaaoBanHe B UHilJpoByiO ilJopMY, onnaKo Mo­

~eT Oh!T:O npHBJieqeHa H SMllJIHTYL(HO-BpeMeHHa.fl HH~OpMSUH.fl (c BHXOL(OB 

aHanoro-uwjJpoBHX npeodpaaonaTeJiell). 

llpoCTe:i.huHMM aJirOpHTMaMM OTOopa COdHTIDI .fiBJI.fi!OTC.fl "8, KOTOphle 

ooecne4MBaiOT ceJieKUHIO no cooTHoi!leHH.fiM KOJIH4ecTB qacTmt, npolllen­

IIlHX perHCTPHPYJJUlHe llJIOCKOCTH. B paOoTe /68/ onHcaH OwtlTph!ii pneu­

rrpoueccop, cosnaHHHI nna nonaBJieHH.fl CJIY4SeB He~eKT~lHoro cpa­

OaTHBSHH.fl KoopnHH8THhlX neTeKTopoB (~ei~Bae KaMepH). B sKcnepH­

MeHTe HCnOJI:&30BaJIHC:O 4 0JIOKa .Jll{, conepl!St.UHX no 4 perH}TPHPY!OI.UHX 

IIJIOCKOCTH, COCTSBJI.fl8Mh!X L(8C.f!T:b!O CHrHaJI:bHhlMH npOBOJIOqK<iMH (no OL(­

HOii KOOPUHHSTe 14 CTOJI:OKO Ee no BTOpo~). llpogeccop BHn~Jl.fleT CJIY­

qaH perHCTpSUHH 48CT~ no KpaiiHeH Mepe TpeMa llJIOCKOCr.fiMH K8EL(O­

ro 0JIOK8, npH YCJIOBHH, qTo OOt.Uee KOJIH4BCTBO np0BOJI04e~, CpaOOTSB­

IIlHX B MORe, He npeBhlWSeT 6 (qTo HBOOXOL(HMO nJI.fi nonaBrreHH.fl CJIY­

qaeB nepeKpeCTHhlX HSBOL(OK M8EnJ npOBOJI04KaMH). B CHJIY npOCTOThl 
* . -Mx MOKHO CqHTaTb cne~poueCCOpaMK 3-ro TKna. 
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.JIOrlmH, IIJOMeJKYToqaoe ROllll:pOBSHPie llSHIWX He IIpOH3BOUPITCB:.Co6CT­

BeHHOe Bp 3MII peweHHB: npou;eccopa ,.._., 30 HC ( cepHB: MECL I0 .000) 

/I/. 

l:iiCT)Wi npou;eccop, oT6PiplllOlliPiit co6HTHH no pasaocTH qHce.JI 

qacTHI.J;, II;JoWeUWHX qepes UBe perHCTpHpYIOOtKe IIJIOCROCTH ( npOIIOpUPIO­

Ha.JILHUe Ri~epH), OIIHCSH B pa6oTe /69/. 0H COCTOHT H3 32-RaHa.JID­

HHX 6.JIOROB perHCTpauHH /70/ H npeo6pa30B3HHH RO.JIHqecTBa Cpa60TBB­

WHX RaHa.JIOB B IIJIOCROCTH B llBOHq!Wit ROll /7I/ H ap~eTHqeCRoro 

MORa, pe<UIH3Y!Olllero a.JiropPITM: A< N2 - N1 ~ B, rne N1 , N2 
- RO.JIHqec~~o saperHcTpHpoBaH!WX B MoMeHT sarrycRa qacTHI.J; B TIKI H 

~. A,B -· xoacTaHTH, sauaBaeMUe c rrepeK.JIJDqaTe.Jie! Ha rrepe!lHeA 

naae.JIH (0 {,A ~ 7, 0 ~ B ~ IS). 06mee Ro.JIHqecTBo BXOIUIUX 

RaHa.JIOB B npou;eccope - 96 (32 + 64, B IIpHHI.J;HIIe, MOEeT 6HTL He­

orpaaHqeac pacwHpeao), BpeMB: peweHHH 180 He (cepHB: KI38 /72, I/). 

llpou;eccop nosBo.JIReT BHlle.JIRTL C.JiyqaH poxueHHH onpene.Jieaaoro xo­

.JIPiqecTBa GaCTHI.J; (pacrraua aa.JieTaJDllle! qacTHI.J;H) B o6~eMe, orpaaHqea­

HOM perHC1pHpYJDlliHMH II.JIOCROCTHMH, Ha ~oae CKBOSIWX TpeKOB qepes 

o6e TIK. • 

QnellYvmHM IIpOI.J;eCCOpOM, pa60TillOlliHM C KOllaMH RO.JIHqecTB,HBJIB:eT­

CH /73/. Oa BHqPIC.JIReT sa 2,5 MKC (TT]-lliOTTKH /74/) ROOpllHHaTy H 

3HeprMD IIplme~weA qaCTMUH B npoTaZ&HHOU II03MUHOHHO-qyBCTBMT8RbHOU 

~eTeXTOpe (nponopi.J;MOHanbHHA cqerqMA),T.e. B TOU,B AOTOpoU B~e­

.JI8H!Wit sap:J:ll p8S!le.JIR8TCH K IIpOTHBOIIO.JIOXIWM TOpUaM ( QA H QB 

B COOTHOWeiHH, onpene.JIReMOM MeCTOM IIOIISllaHHB: qacTHI.J;H. JfH~pMai.J;M 

B rrpou;eccoJ nocTyrraeT c BHXOilOB llBYX aaa.Jioro-u;H!lJpoBHX rrpeo6paso-

BSTe.Jiei. 0 I BHqHcMeT CYMMY - ( QA + QB ) , llaJlUl.Yil Be.JIHqHHY 

&HeprHH, H OTHOW8HHe- QA /( QA + QB ), COOTBeTCTB~ee 

KOOpllHHSTe IIpOXOX!l8HHH qacTHI.J;H. !BTOpOM 6.JIOK HCIIO.JILSOB8H nnH o6-

pa60TKB !lSHHI:lX ( HaihteRHii8 Be.JIHqHIW rHCTOrpaMMHpYJJTCB:) , .HCHO, 0 zt-
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HBKO, t!TO C IIOMOlllbJJ 06Ht!IWX CXeM CpaBHeHWI KOilOB BHXOil~He Jl8H­

!We MOryT HCIIO~b30B8TbQa nnff BHil~eHHR C06HTHi ITO 9HepiHH, ~H60 

KoopnzaaTe (yr~ BHxona zs MKWeHH) sapaaeaaoi qacT~. 

Eo~ee ~OEHHMH, HO llOCT8TOtiHO pacrrpoCTpaaeHHHMH R!~TCR 

rrpo~eccopli, BlilleJIBIOUU'Ie co6HTWI aa ocaoBe orrpene~eHHHX I eoMeT­

pzqecKHX COOTHOWeHH!. HaH60~bmee t!H~O paspa6oTOK IlpHXCilHTCR aa 

no~ 6HcTpHX crre~rrpo~eccopoB, orrpeneAaJJUU'IX yro~ pacceRfHR qacT~ 

B MHWeHH /75 + 8I/. llpHMepoM rrpo~eccopa TaKOrO THIIa MOI~T C~EHTb 

YCTpoiCTBO /8Ii ~OK-CXeMa KOTOporo IIOKasaaa Ha pHC. 4, 0H CO­

CTOHT H3 32-KaHaR&HHX dnOKOB perHCTpauHH H WH~poBKH HO~epoB Cpa-

60TaBWHX IIpOBO~OtleK IlK I + Illi:3 B JlBOHtiHHe KO!lH TI!I-92I /f 2/ H apH4)­

MeTzqecKoro ~OK& Ull-93I /83/, pe~zsymmero ~opHTM: 

~ /A· Xr - B • Xz + C·X3 -Jl / > ex 

~ rne x1, Xz, X:3 - KOW>I KoopiJ;HaaT rrpoxo:atneaWI t~acT~ei III<p ~, 
()..... Illi:3• A, B, C, Jl - }lBOHtiHHe KOHCTaHTH, BapbHpyeMHe B 3a.I.HCHMOCTH 
C) 
--........._ oT reoMeTpHH oiiHTa, ex - sa.naaaem MHHHM~bHHI yrc ~ paccea-

HWI. 

JlOIIO~HHTMbHHM Y~OBHeM OT6opa ~eTQa H~t!He TC·~bKO OllHOi 

cpa6oTaBmel rrpoBo~OtiKH B Kaznol IlK. llpz o6meM qz~e BXC·IlHHX Ka­

HMOB ,_, 400 BpeMR pemeHHR COCT~eT 300 HC ( cepHH 1138, 

MECL II /I/). 

GnenyeT OTMeTHTb, t!TO paaee, ITO IIpHtiHHe OTCYTCTBWl 6HCTpHX 

!1C IIOBHmeHHOI HHTerp~HH, CYI!leCTBOB~a Teane~WI pe~H:J~HH 6HCT­

pwt crre~rrpo~eccopoB aa~oroBHMH MeTon;aMH /63, 84/, TaJ! ~:e, KaK H 

Ma:atopHTapHHX coBrranead /85 + 87/ (B oT~Ht!He oT ~H<lJpoBIIX MCC 

/7I, 88, 89/) .AH~OrOBHe ~OKH rrpJIBJieK~H CpaBHHTe~bHOJl IlpOCTOTOI, 

II09TOM,Y paspa60TKH aH~OrOBHX rrpo~eccopOB BCTpeqaJJTCR :1 B H8CTOR­

I!lee BpeMR: /90, 9I/. OllHaKO, yqzTHBaR IIpHCYI!lHe aH~OrOBllM BHtiHMH­

T~HHM cxeMaM aecTa6anbHOCTH B pa6oTe, orpaazqHBaDI!lHe nocTHEH-

-:- .- -;~ :~.:;:; 
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nK3 

CTPOO 

9>9x 

PMc. 4. finoK-cxeMa 6HcTporo crreuHanH3HpoBBHHoro rrpoueccopa URH 

oT6opa co6HTHH ITO yr~y pacceHHMH 48CTHU B MHlli8HH. 

I I 
' I 

I I 
I I 

I I 
I I 

I I 
I I 

TPE' I( 1 

PHc. 5. CxeMaTliJ4ecKoe liJ3o6pallteHliJe rrpoueccopa Ha ocHoBe cmmroBI:lX 

]J8rHCTpOB !l.iiJI Bbl!l8Jl8HHR ITpilMI:lX TpeKoB. 
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r.rui1 KO~HURBHT OT6opa, >rX Bp.fiU Jilt! CJienyeT cqi:!T8Tl> II6p)ll8KT>rBHli-

MH. 

ECJIH ap~6THqecKR6 6JIOKR 6HCTpliX IIpOU6CCOpOB OTJI~qaiDTC.fi 

6oJII>WHM MHOroo6p83lt!6~~ H ceifqac, IIO-BHUl!MOMY, UOIIYCKaiDT YHHciJHKa­

UHID TOJII>KO Ha ypOBH6 y3JIOB,6JIOKH nouroTOBKlt! U8HHUX MOEffO H UBJIB­

coo6pa3HO* cTaHnapTH3HpoBaT:o. B pa6oTe /92/ onHcaH YHHPHURPOBaH­

H~ 6JIOK perHCTp8UHH It! WHciJpoBKH U8HHliX nn.fi 6HCTpHX rrpo~eccopHUX 

CI'!CT6M. llo CII6UI'laJIH3HpOB8HHOH IIOCJIBUOB8T6Jll>HOH M8ri'!CT:[:aJIH (p83'.bi:iM 

Ha nepeUHBH IIaHBJIH) BUUaiDTC.fi KOU!i KOJII:!qecTBa qacTHU, saperHCTpH­

POB8HHUX B IIJIOCKOCTR, H nooqepeUHO- KOUli HX KOOpURRa~. CKopOCTI> 

KOnHPOBSRH.fi I'! nepenaqH U8RHUX UOB6UBHa UO 25 HC/CJIOBO (cepH.fi 

K500 /93/). 

llpoyeccopu IIOBUWBHHOH CJIOmHOCTH. Bec:oMa pacnpOCTI8HBHHOH aa­

naqej .fiBJI.fiBTC.fi IIpOB6UBHH8 ~rux TpeKOB qepea TOqKH IIIOXQEUBHH.fi 

qacTHUaMH p.R:US IIOCJI6UOBST6Jll>HliX IIJIOCKOCTBH. 3Ta aanaq~ COIIp.fiEBHS 

C nepe6opOM 3H8qHT6JII>HOro KOJIHqecTBS KOM61'!H8UHH H peW£6TC.fi IIOCJie­

UOBSTBJil>HUMH MBTOU8MH. llpOCTeibuit!H IIpHHUHII pBillBHH.fi COC~'OHT (pHC.':>) 

/94/ B HCIIOJII>30BSHHH CUBRrOBUX peri'!CTpOB I'! CX6M COBII8I:BHHH, BUUB­

JI.fiXlutRX "ropH30HTaJII>Hli8 11 TPBKI'l. ,lJ.n.fi BUU6JI8HH.fi HaKJIOHHUX Tp6KOB IIpH­

M6H.fi6TC.fi HaqaJIJ,HUH nponopUHOHaJII>HUH CUBHr USHHUX B pei'HCTpax. KaK 

BHUHM, USH~ npoueccop pa6oTaeT HBIIOCpencTBBHHO C JIHLBHHUMH II03H­

UHOHHUMH KOUaMH C BUXOUOB UBTBKTOpOB. HenocTaTOK M6TO!l8 - 60JI:bW08 

BpeM.fi pemeHHR, CB.fi38HH08 C MHOrOKp8THUM "IIpOKpyq>tBaHH!~M" USHIWX 

~ npoBepKH Ul'laii830H8 yrJIOB. 

Ilpoueccop npyroro THna u.mi eroi! aanaqH onl'!caH B pa6oTax 

/63, 64/. Ilo oqepenH nepe6HpaDTC.fi KOM6HH8UHH ToqeK Ha KpaHHHX 

IIJiocKoCT.fiX ( x1 H X m ) H npoBep.R:eTCR yCJioBHe aaxoJJtneHHR ToqeK 

c BHYTPBHHHX IIJIOCKOCTeit aa llpiJMOit I - 172. 

* IIOCKOJII>KY aTH 6xOKK COC~aanmDT no 8Q% ITO o6'.beMY &JmapaTypu B 
6ucTpHx npoueccopax. 

19 



' Al = X1 + fi i · (Xm - XI). 
l3 UC.JLHX ycKc perm.fl, BblqucJieHnii IIJlii IJcex BHyTpeHHifX IlJIOCKOCTeH -

- i = 2, ••. , (In - I) neeyTC.fl nap8JI.JieJI:oHo. 

BoJiee cJioli\HM sauaqa nuueJiel!ll.fl KPRBOJilli!BHHbiX TpaeKTopuii 

TpedyeT /95; DblqllCJI8Hll.fl Bblp8li\8HHM Bll!l8: 
m __ ·--1. , ,., 

c; = Z wt<L ·X;_ + W-'<i • Y..: ; K = 6 J ••• _, ""rrz . 
J.< l=.f 

Odmee qucJio nepe6upaeMHx KOMOHHBUHH, rrpu cpenl!eM qucJie ToqeK 

u ~Rm 
Ha perllCTPHI'YlOUi8Jd IIJIOCKOCTH - n_ , p8BHO r <. • ,li,Jr.ll He-

OOJI:biDHX neJI~ qnH n -~ 4, rn ~ 5 ynaeTC.fl nocTp011TI> rrpoueccop 

c npeMeHeM peiileHll.fl ....._. I Me /96/. CosnaH npoueccop IIJlii onpe­

ne.neHll.fl 1\plfl OJIHH8HflbiX TpaeKTOpiDi* B MHOl'OCJIOHHbiX !l8T8KTOpax Uld­

JII1HJlPI1qecKO~ l'80M8Tpldll /97/, BpeM.fl p8lil8Hll.fl KOTOporo !lOBB!lBHO 

!lO 34 MKC, £ llpllHUHn paOOTbl 8HaJIOrl1qeH /94/ (C!lBlll'l1 C ti8CTOTOH 

IO i.rr'u). 

B Kpynn,rx ycTaHoBKax 11CrroJII>3YIOTC.fl npoueccopu, oT611paiOU(He 

COObiTll.fl no f.BCKOJll>KllM KpllTBpl1.flM. TaK, B 50.000 - K8HaJI:bHOH CHC­

TeMe UEPH h18/ npoueccop( TilJOBDJIO 'nm IIJlii Hero o6'b8!li1HBHbl B rpyn-

llbl no 32) Bl!le.JLHBT COObiTH.fl no KOJII1qecTBy qaCTJdU, H8JII1qld!O 11X B 

KOHyCe paCCEJiHWI 11 no H8XOlK!l8Hid!O ilpRMbiX TpBKOB. 3a cqeT IT8pBJIJIBJI:b­

HOM o6pa6oTHI npeMfi pemeHH.fl coKpameHo no I r Jtc ( cxeMbl TTJI). 

Ha1160JIE8 CJIOlKHbiM ITO arrropHTMY .flB.JLHBTC.fl OT6op COObiTllH ITO 

KOWilJiaHapHOI Tl1 tpaeMOpl1ll tiaCTil!lbl, BOW8,1UI1Bll B Wi!W8Hh, Ill ,I{BYX Bbi­

Jl8TBBIIII1X 113 Hee B pe3yJII>T8TB B3811MOitBHCTBWl. Ilpoueccop, p8aJIH-

30B8HHbiH lJ,JI!'. aTIU U8JI8H /99/, ITp0113BOlli1T !lOllOJIHHT8Jll>HbiH OTOOp 11 

no yrJIY pa3J8Ta qacTKQ. 0H COCTOI1T 113 Tpex OCHOBHbiX qacTeH, llep­

BOH .flBJIHBTCJ: ITpenpoueccop, ITpOI13BOJlHmiDi neo6xo UUMble uaqaJil>Hble 

npeo6p830B8fll.fl KOOpJU{H8T l1 OTOOp COObiTMH no KOJIHqeCTBY qacTKQ. 

BTOpaH qacTJ. llp0113BO,IlHT npeiJ;BapHTBJII>HblH OTOOp Tp8BKTOpHH B co-

* B ITpoeKI.HH Ha IlJIOCKOCTI> ceqeHWI UMHHnpon. 
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OTBeTCTBMM c naHHIDv111 sanycKruomero ronocKona. TpeT:o.fl cTyJeH:o npo­

nepl!eT BCC KOM6liHal.\l'Il1 llp.f!MilX TpeKOB ( ""'f'ZL, ) Ha COOT3C'l'CTBHC 

a.JII'OpHTMY. ,lJ.rr.fl n = 4 B!l'lHCJieHM 38HHM8IDT ~ 100 MKC. 

IIporpar.rrvmpYe.Mlie cneunpoqeccopH. IIpocTeiitflHM npru~eHe meM naMH­

TH B cneunpogeccopax .fiBJI.fiCTC.fl XpaHeHHe KOHCT8HT, CBH38H1blX C KOH­

KpeTHHMI! ycJioBH.f!MH, HanpHMep, reoMeTpHeii :;)KcnepHMCH'l'a 179/. Eo­

Jiee <$IJCKTUBHO HCllOJI1>30B8tiHe II8M.f!TH !l.7l.fi xpaH8Hl1.fl rrporpa viM BblYJ'I­

CJICHHH, 'ITO HCCKOJILKO 38MC!l.7l.fiCT HX TCMll, HO CYIUCCTBCHHO IIOHI'I -

JKaeT o6'beM o6opynonaHM. 

ilpHMepoM TaiWH 6UCTpOUCHCTBYJOilleH CllCUHaJI¥!3!1pOB8HifO ~ 3,d,j MO­

lKCT CJIYlKHTl> paspa6oTKa /100/ • nocTpoeHHa.fl Ha cxeMax MEC[, IO.OOO. 

ilpogeccop I1p01!3BOUI1T 6llCTphiH 811aJII13 TpeKOB MIOOHHOH napu H onpe­

neJI.fleT <$IJeKTHBHYID MaCCY H nonepe'lH!lH HMTIYJI:OC IIO KDOPUH18Tlli~ 

Tp8KOB B UBYX ,!J.l{: • ~ ~ 

!1~= K:<[(.ll1 LJ.X:< -Bti1Xt) -r-(.Jl~i1Y~- .8:2. L\ Yr) } 

(Jl3 Y.R -,83 Yt) • (flg Y:l - Ba Y-t) 
Q :<., 

R x·/2[(./11 XR -B1X1) +(H:JYR - 8Q Yt) J 
/01. = ( ..J/3 Y,2 - 83 Yt):<. 
BpeMH pemeHWI 2 MICC. 

ElicTpa.fl cneul'laJJH3HponaHHM 3Rl cosuaeTc.fl B Wi<li lXJA 1 /IUI/ 

UJIH H3XOlKUCHH.fl 1'1 8H8Jil'l38 TpaeKTOpHH 'l8CTHU B MarHl'ITHOM . IOJIC, B 

ycTaHOBKe, conepJKameii 15000 Ka.Hanoa ITK. Ilpoueccop Ht.~eeT 6ucTpyiO 

MarHcTpaJil> ( corJiaconaHHhle JII1HHH - yponHH 3CJI) c npeMeHeJ~ Ul1KJia 

30 HC. W'li'ICJI8HH8 aJirOpl1TM8 Tpe6yeT 230 01!8pal.\l'li1 CYIVIMHplB8Hl1.fl, 

190 onepauuii cpanHeHH.fl, IOU - YJ>!HO:a:eHMH, 2lJ - ,l(eJieHM!l 11 :0 onepa1.111~ 

!13BJie'leHI'!ii KOpHH, JIH6o uaxoJKueHH.fl TpHroHoMeTpH'lecKHX WY lli.Ufli1. 

PHn npoueccopon nocTpoeH Ha ocHone cuHTesa c MHHM:BM • Ha­

npHMep. npoueccopu llJLH onpe neJieHHH npl!M!IX TpaeKTopH:i1 /6·l. 102/. 

CosnaHu npoueccopu H Ha ocHone MHKponpoueccopoB /65. Il.l3 +105/. 

OTMe'lruoTc.fl /65/ npei'!MYUieCTBa MHKponpoueccopon THna "bit -slice " 
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IJ;JIH paCCM8TpHB89tllbiX UeJieH, BBHIIY HX JIYtjilli!X xapaKTepHCTHK ITO 6bi­

CTpon;eHCTBHID H IJ;OCT8T0tjHOH rH6ROCTH nnR llOCTpOBHHR BbitjHCJIHT9Jib­

HbiX ycTpOHCTB CllBUHaJI:OHOi apXHT9RTypbi. 

HcrroJI:oaoBaHHe '3'1 Mil peaJIHaa:gHH JiorHqecRHX orrepauiDi. RaK 

H3B9CTH0,3Y MOZ9T S8M9HHT:O JIID6YD ROM6Y.H8HHOHHYD JIOrHqeCRYD CXBMY, 

BCJIH B Hero 38ITHC8T:O T86JIHUJ COCTOHHJ.Ii 3TOA CXBMbl. KaK ITORaaa­

HO B /I06/, '3'f MOE9T TaKEe BblllOJ!HHT:O ~YHRUHH llOCJI9IJ;OB8T9JlbHO­

-BpeMeHHbiX JIOrHqeCKHX CXeM, 9CJIH 38B9CTH o6paTHbl9 CBH3H C Bbi­

XOIJ;OB H8 qacT:O an;pecHbiX BXO~OB. 3HaqHT9JI:OHble ycrreXH B C03~8HHH 

HHTerpaJlbHbiX CX9M Il'3'f H 031 9MKOCT:O~ COOTB9TCTB9HHO Bblill9 I6 K H 

I K noaBonaDT aawe~aTb HMH norHqecXHe H apH~erHqecxMe ycrpoAcr­

Ba ~o I4 BXO~oB c aecTRoil: H no IO Bxo~oB c nporpaMMJ.IpyeMoi 

CTpJKTypOit. 

HCITOJ!b30B8HH8 3Y B CX9M8X OT6opa rrpHBJieRaeT CBOHM 6biCTpO­

neitCTBH9M, IIOCKOJ!bKY 38 OJ!HH UHKJI o6pameHRH IIOJIYlj89TCR HJZHOe 

"pemeHHe". TaK,aBTOpaMH /IO?/ 6biJIH HCITOJ!b30B8Hbl ~e 6HCTpo~eHCT­

BJDmH9 cxeMbl rraM!ITH ac.n:. llePBaJI, eMKocT:o~ I6x4 ,BblrroJIWIJia ~YHRUHH 

4-Bxo;noBoro YHHBepcaJI:OHoro JIOrHqecRoro 6JioKa npe~apHTeJI:oHoro 

OT6opa C 6biCTp0~8HCTBH8M J!O !00 Mr4; a BTOpaH 8MKOCT:O~ IQ24 X 

x I, pa6oTaJia KaK nporpaMMHo-ynpaBJIHeMoe IO-Bxo~oBoe JIOrHqecRoe 

YCTpoHCTBO. B paOOTe/ I08/ OIIHC8H8 CXe.Ma COBllaiJ;eHJ.Iit rroporOBOi JIO­

rHKH, llOCTp08HH8H Ha TI3Y. 

~ llOCTpoeHHa Cl19UHaJIH31-!pOB8HHbiX npoueccopOB Ha ~TOM ze 

npHHUHITe ROJIHqecTBa BXOn;OB (eMKOCTH) ~aze TI3Y OR83biB88TCR .IIBHO 

H9;I!OCT8TOqHbiM. HanpHMep, ,nJIJI npoBe.neHRH TpeKa, RaK MHHHMYM, H906-

XO~MMH TpH KOOp~HaTH,H 8CJIH B Raznoit perHCTpJ.IpJDmei ITJIOCKOCTH 

conepli!HTCH ~ IOOO npoBoJiol!eK, To "Kon: TpeKa" /65/ oyneT aarrH­

cbiBaT:ocn 30-paapHIJ;HHM CJIOBO.M, T.e. Tpe6yeTCR ITa.Mf.lT:O o&beMO.M 

,...J ro9 OHT. llo6TO.MY npzoeraDT R paSJIRqHblM cnocooaM coKpame-
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HHff 06'beMa ITaMHTH. IlpOCT9HmHM JlBJIHeTCR ITOJIYtj9HJf9 Ha nepBOH CTy­

neHH npl16JII:!llteHHoro peil!eHI:!.H, uanpRMep, )l.JI.fi rroJioc,npen:cTaB.JI.Hhllili:!X 

o6'ben~:~HeHHR npoBoJIO'IeK B rpynrru. Toqooe coO'l'HoUJeHM npoBep.HIOTCR 

!18 BTOpOM 3T8IIe 11 06blqHHM"ap$eTHli8CKHM 6JIOROM /I09, Il0/,rre­

pe61:!p8Kl!IIHM yllte 3H8l!RT9JI:OHO M8H:Omee tjltfCJIO KOMORHSHHi. ECJIH "o6-

JI8CTb pemeHIDi" CO)t8pli!HT pHn; IIOBTOpmlii!HXCH 30H, TO H8 060RX 3T8-

nax MOllteT OHT:O HCITOHb30BaHO ll3Y,nepBOe - ~HH Hax0~9HHH COOTB9TCT­

BHH 30He, BTOpoe - ~HH TOQHOA npoaepKM ITO e~.MHOMY a.JirOpHTWY 

(BXOn;HO.MY Ron:y) n;JIH 30Ro TpeTM B03MOZHOCT:O COKp8!119HM o&beMa 

3Y COCTOHT B yqeTe TOrO ~Ta, liTO o6JiaCT:O IIOJIOmETBJI:OHHX perue­

HRH, KaK npanwro, aaHBMaeT MaJIY10 qacT:o oT Bcero "rroJIH BoaMollt -

HOCTeil:". IlpOCThiM perueHHBM, YliHTbiBaKlmHM MaJIYD )!OJIIO 3H8li8Uli:!X ROM-

0HH8UKH, .IIBJIH9TCH 38III:!C:O RonoB ITOJIO~TeJI:OHbiX pelliBHHH B accoUHa­

THBHOe 3Y /IIO/, OJ!HaKO CTerreH:O HHTerp8UI:!R B CXeMax llaMHTH 

:JTOrO TI-!lla CYJ1!9CTB9HI!O HMEe. 

fX ... "'.-..~""' ,..~.,.. _.,...,, •• ,... • .,,...,.,.,,... f"\QV !'(.....,,..... ,., ...... "'T'rh...-.nm,...,,....,_r.T"I 1"'1 ,.,.,..._,., ...... .., Tl"r"ITI' 'lllft"\m..,....T'I" __ 
,a,U.4A-V,rtVV6.4"ww .a..a..t-"•.U.U'-'J-4'"'.L4 ....... '"' ""'......., V'"'V ~'-'' ... "'"'"J:!.t''"".o.'-J.t">J..._. ....,4->,J::''""._.'-"' .._.,........._., •••_..•.t"'".., 

Uti COBna,n:eHHil:, pa60T8Klti!9H Henocpe;nCTB9HHO C JIJ:!H9HHblMI:! II031:!UHOH­

HbiMH KO.D:8MI:! C BHXO;!!OB J{9T9KTOpOB /III/. 
AHanoro-gHWpoBHe rrpeoopaaoBaTe.JIJ:! 

PaapaOOTKH 8HaJIOrO-UI:!~p0BbiX npeo6pa30B8TeJI9E BBJ!YTCH IIO 

~YM H8np8BJI9HHHM. C OIJ;HOH CTOpoHH,C03IJ;aiDTCJI 8MIIJIRTyn;HQ-UH~p0Bble 

rrpeo6pa30B8TeJIH ll0Bblill9HHOR TOtjHOCTK H8 I2 + I4 paapHn;OB. B npe -

o6paaoBaTeAHx, pa6oTaDU!HX rro npaHUI:!ITY BHJIRHHcoua (cxeMH c Bb!Co­

KOH ~epeHUHaJlbHO~ JIHH9EHOCT:O~ - nna ITOJIYllpOBOIJ;HHROBHX n:eTeR­

TopoB) qacToTa cepHH noBe;neHa n:o roo + 200 Mil{. liJIOKH l1.llil 1:!3Me­

peHHa napaMeTpOB ~eKTp~H3Htj9CRHX YCT8HOBOK BHIIOJIHH~T C n;Hw­
~epeHl(HaJI:bHbiM JIJ:!OO H30Jll-!pOB8HHbiM BXOn;OM ( n;JIH H9~TpaJIH38HHH 

n;eHCTBHH HaBOn;OK), npeo6pa30B8HH9 Ben;eTCH ITO llpHHUHITY rropaspan­

HOro ypaBHoBemHBaHM. IIapaMeTpu pHn:a ToqiDix AUII npHBeneHH B 
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HWI 06'beMa ll8Mll'l'li. flpOCTethuaM .ffBJI.i!eTCfi llOJIY'l8Hii8 Ha llEPBOH CTY­

ll8Hii IIp!i6JllilK8HHOrO peweHWI, H8llpliM8p, )J.li.ii ITOJIO C, rrpe UC1 aB.JI.ffEJUU'IX 

06'b8UiiH8Hii.ff npOBOJIO'lCK B rpynrru. TO<!HII8 COO'l'HOW8HM ITI OBepHIOTCJI 

ua BTopoM aTane "o6H'lllHM"apwf)MeTH'lecKiiM 6JioKoM /109, IIO/ ,ne­

pe6apBIOUUIM yxe 3H8'lliT8Jl:CHO M8H:OWee 'lHCJIO KOM611fi~HH. t:CJlli 11 06-

JiaCT:O peweHIDi" CO]teplt!4T pSIU llOBTOpmo!IIHXC.fl 30H, TO H8 C 60HX 3Ta­

nax MOJKST 6HT:O HCIIOnb30BaHO ll3Y1 nepBOe - ~nn H8XOXA6H~R COOTB6TCT­

BJIR 30He 1 BTOpoe - ~U TOt!HOA npoaepKM no e~MHOMY a.JiropMTMY 

(BXOUHOMY KOnY) nnSl 30R. TpeT:C.ff B03MOJKHOCT:b COKpameHRf: o6'heMa 

3Y COCTOHT B J'lSTS TOrO ~aKTa, 'lTO 06JI8CT:b llOJIOmMT8Jl:CINX pewe­

HIW, KaK llpaBMO, saHMMliST MB.JIYil qacT:C OT BCero "ITOJI.fl B03MOJK -

HOCTeii". flpOCTHM peWSHH8M, Y'lliTHBBIOmHM M8JIYIO ]tOJl!O 3Ha<:amHX KOM-

6HH~Hi, .ffBJI.ff8TCJI 38llHC:b KO JtOB !IOJIOJKHT8Jl:CHIIX peW8HHH I I 8CCOU1ia­

THBH08 3Y /IIO/, OJtHaKO CT8TI8HI:. liHTerp~lili B CXeMax llaMRTH 

noro TMna CYJ!IeCTBeHJIO HJIJKe. 

l1HTepecHo npliM8H6HHe 03Y 6es ueum~paTopoB anpeca KaK MaTpa­

UH COBna;:teHIDi, pa6oTruomeH H8llOCp8JtCTB8HHO C Jll1H8HHHMH IT03liUiiOH­

HHMH KO)laMH C BHXO]tOB Jt8'l'8KTOpOB /III/. 
AHaJioro-qHWpOBHe npeo6pasoBaTeJIH 

Paspa6oTRH aHaJioro-UH~poBHX rrpeo6pasoBaTeJieii Be~rTCJI no 

ll.BYM H8!IpaBJISHii.fiM. C OllHOH CTOpOHH ,C03U8IOTC.fl 8M!IJlliTYlli!O-l4!1~poBble 

npeo6pasoBaTeJIH ITOBbiWSHHoii TO'lHOCTl1 Ha I2 + I4 paspSiuoB. B npe -

o6p830B8TSJI.fiX, pa6oT~X ITO !IpHHUl1llY BliJIKHHCOHa (CXSI~ C BHCO­

KOit Jll1(p:j)epeHUHaJII>HOR JIHHSilHOCTI>JO - ItJI.Il !IOJIY!IpOBOUHHKOllbiX USTeK­

TopOB) qacToTa cepHl1 UOBS)lSHa no roo + 200 MI'u. MOKl1 )lJl.fi li3Me­

peHWI rrapaMCTpOB MSKTpO~H3l1'lSCKHX ycT8HOBOK Bbi!IOJIHRJO'~ C UH!P­

~epeHUHaJII:.HbiM JIH60 H30JlRpOB8HHliM BXO llOM ( llJl.fi HSRTpaJIH: 18Uiili 

ueitCTBii.ff HaBOUOK), npeo6pa30B8HM:e BSUSTC.ff ITO TIPl1HUiillY nopa3pSIU­

HOrO ypaBHoBemHBaHii.ff. llapaMeTpbl pH:na TO'lHhiX AI..UI np~rne ~eHII B 
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rao.n. 3. ,' Yc rreXH B TeXHoJiorHH rH6pHnHllx 11C rro3BOJIMH qmpMe 

Le Croy CC3U8Tb QVT -8HaJIH38Top, pa3MemaeM!:ill B ]U>YX 6Jio-

Kax (cTaanap~· NIM ) /9/. 
BTOpllM !:aiipaBJieHHeM .FIBJiaeTCJI C03)laHHe MHOrO:KSHaJibHllX rrpeo6-

p830B8TeJieH t:penaeii ToqaocTH (9 +II pa3p.il,UOB). Pa3pa6oTalUI MHO­

ro:KaHaJibHHe H3MepHTeJIH aMIIJIHTYJJ:, JIH60 6HCTpO)l,eliCTBYIOinHe (ITO BXO­

IJ.Y) H3MepHTe;!H 38pRJJ:OB ( aHepreTHqec:KHe H3MepeHHJI C BllXOJJ:OB ~3Y), 

MH BpeMeHHll:C HHTepBaJIOB ( UJIJI BpeMJI-:KOOpUHH8TIUIX CUHHTWIJ.tfll.IHOH­

HllX j~eTeKTOp!>B, JIH60 ,Il,K. IlpruVIeHeHHe rH6pHUHllX HHTerpaJibHllX CXeM 

ll03BOJIJieT p8lMemaTb B OJJ:HOM 6JioKe ~{ e]lHHHqHOH lliliPHHll 12-t-16 

H3MepJI!TeJibHll { K8HaJIOB /9,122/. IlapaMeTphl pRJt8 T8:KHX IIpeo6pa30B8-

TeJieH rrpHBen~[fhl B ra6.n. J. Bcero H3BeCTHo He Meaee 50 KoMMepqec­

KH UOCTYIIHHX sapy6emHHx pa3pa60TOK HMIIYJibCHllX 8HaJIOrO-UrnPPOBllX 

npeo6pasoBaT3Jieii B cTannapTe KAMAK /124, 125/. Ueaa HX :KoJie6JieT­

CJI oT 1500 n::> 2500 noJIJI. 38 6Jio:K. XepaKTepHo rroJIBJieaJile rrpeo6pa-

30BaTeJieii C [IeJIHHeHHOH lliKaJIOH (JioraprnPMHqeCKO~ /IZJ/, JIH60 BHU8 

~ 19/), II03BOJIHIDmeii pacruHpliTb UJI[HaMHqec:KHii UHarra3oH H3Me­

pReMl:l.X CHrH8JIOB. 

I13MepH'I eJIH aapRJJ:OB H BpeMeHHUX HHTepBaJIOB rrpHMeHHIDT 1 ItaK 

IIpaBHJIO 1 B tiHOrOK8HaJibHllX ro]lOCKOIIl~qec:KHX CHCTeMaX, KOTOpllM IIpH­

CJmH CJienyiDUJI[e oco6eHHOCTH: o6maJI 3arpy3K8 BCeH ro)J,OCKOIIHqecKOH 

perHCTPHPJIOU,eH llOBepXHOCTH MOllteT 6UTb UOBOJibHO 3HaqHTeJibHOH,llpl4-

qeM qacTHUH liOCTYllaiDT CJIYqaMIUIM o6p830M KaK BO BpeMeHH, TaK II 

no IIJiomanz J•onoc:Kona; c npyro~ cTopoHH ,KoJIHqecTBo qacT~, perzcT­

PHPYeMOe B I :axnoM CJIYqae 3arryc:Ka ycraaoBKH, aeBeJIJIIKO H o6Hqao 

orpaHHqeao lieJIHl{HHOH 2 + 4. IloaTOMY MHOrO:K8HaJibHlle H3MepHTeJIH 

xapaKTep!UI nJieztYlll!lHM. 

I. OHH HMeKJT cxeMl:l. "6Hcrporo c6poca", npoH3BOil.fllllHe 38 I + 

+ 2 MKC IIOJII~ pa3pRn :KOHUeHC8TOpa, C IIOMOm:bKJ :KOTOporo npOH3BO-
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Ta6JI. 3. OcHoBHHe xapaKTepHCTHKH paspa6oTOK TO!JHHX AUII H MHororta­

HaJII>HHX ALUI, 3lll1 M Bl.UI B cTaHn;apTe KAMAl\. 
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IU1TCH ITpeOclJH30B811l:!e 8Ha.JIOr-BpeMH. 3TO YCOBepUJeHCTBOBBHHe IT03BO­

JIJieT BBOUHTJ, CHrH8.Jihl C ronoCKOIIH'lecKOH I1JIOCKOCTH ITO CTp06-HMITY.JID­

cy C CHCTeM rrpe"QBapHTe.JI:bHOrO OT6opa COclHTHH (HMe~mHX Ma.JIYID 38-

nepXKy Ce.Jiei~HH) H I1pOH3BO!(HT:b 6HCTpyro O'lHCTKY 6.JIOKOB B C.JIY'l8e 

OTpJmaTe.JII>Hc,ro peUJeHHJI ciTeurrpoueccopa. OTcyTcTDHe 6h!CTporo c6po­

ca BHHJlltnae~· HCITO.Jlb30B8T:b 3H8'lHTe.JibHOe KO.JIH''!eCTBO Ka6e.JieH II)!.II 

3anepmm cm•Ha.JIOB c BH:xonoB ronocKoiTa Ha BpeMfi peUJe!iHJI cneurrpo­

ueccopa. llorrnMo 6o.JI:bUJoro pacxona Ka6e.JIR (ero o6maR nnHHa B Mlio­

roKaHa.JI:blibiX CHCTeMaX MOllteT llOCTHr8T:b neCHTKOB KH.JIOMeTpOB), 31{8-

'lHTe.JI:bHM 31l!(eplKK8 ITpimO!(HT K 38TRI'Iffi81iHID CHrlia.JIOB C rO!(OCKOIIOB, 

liTO BHHYlltll81lT paCUJHpilT:b CTp06-HMITY.JI:bC 38ITHCH H yxynmaeT pa3pe­

Ul8~utee Bpe~! ycTalioBKH. OTMeTHM, 'ITO ceiiqac aTa rrpo6.JieMa MOllteT 

6HT:b ~eKT;mHO pelllelia (ITO KpaHHeii Mepe, II)!.II H3Mepe!iHfl 38PflllOB­

-8MI1JIHTYrt) :WITO.JI:b30B81iHeM I13C - C"QBHrOBHX perHCTpOB. 

2.Melltny BHXO!(IiHMH perHCTp8MH H3MepHTe.Jie~ H CXeMaMH Bh!Bona 

Ha MBrHcTpan; KAMAh HaqvmaroT ycTaliBB.JIJmaT:b 6yQ!ep!iyro naMHT:b THITa 

FIFO (IT ~pBhiM BOJUeJI - nepBHM BHJUeJI) /126, 127/ • llpHMeHeHHe 

TBKoro 6yweJa o6eciTeq~maeT: 

a) C'lHTHB8Hde TO.JI:bKO Sli8'l8UleH HHcl>OpMaiJ;RH, ITOCKO.JI:bKY "ey.JieBHe" 

C.JIOB8~ C BH~O!(OB He Cp860T8BUJHX K8H8.JIOB cl>R.JI:bTPJDTCff rrepen 6yci>e-

poM; 

6) 8CHHxpOH~H pelltHM C'lRTHBBHRII - B rrpOHSBO.JI:bHHH MOMeHT BpeMeliH, 

OTHOCRTe.JI:bH) RMllY.JI:bCOB 38flYCK8 YCT8HOBKH*K; 

~ Ctporo rosop.fl, npH OTCYTCTBRR CHrH8.JI8 H8 BXO!(e K8H8.JI8 B BbiXOrt­
HOM perncrpe OK83HBaeTCJI He Hy.JieBoe 3H8'l6HH6, a Be.JIH'll'IH8 
"rrbe,neCta I! a" ITepe !(8TO'l!iOH xapaKTepHCTIDOJ, fJO STOMY B K81ia.JIH 

BCTpa~maror cneUHB.JibHHe noporoBHe cxeM!i reHepauRR 3arrpoca L • 

*M 0TW6THM 1 liTO STO 06CTOflTe.JI:bCTBO H8KJI~WBaeT aeCTKHe orpBHR'le­
liRII H8 Be.JIR'lRHY HBBOT(OK CO CTOpOHH URQlpOBOH 'l8CTR 6.JIOK8 H8 
8Ha.JIOroByiD, qero T(OCT8TO'lHO TpYrtHO H36ellt8T:b. 
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B) 06UleH3B8CTHhl8 llp8HM]Ul8CTBa "paspaBH>!BaHIDI 11 >!IIWopMaLUH /128/. 

,Uim 6o;ree noJIHoro "paspaBHHBaHIDI" B 6y<IJepHyiO naMll~'b 6JioKa 

IleJiecoo6p83HO saHOCHTb naHHbl8 OT H8CROJIDKHX HMIIYJibCOB ~>SIIYCKa 

YCT8HOBKH. 3TO YCJIOBHe, IIOMHMO S8IIOMHHaHHR HOMepa cpa6CT8Blliero 

KaHaJia, rpe6yer <PHKcauin:l "HoMepa" sanycK8.Kll!lero HMIIYJII>C~ .• 3anaqa 

ara, H8CKOJIDKO H3B8CTHO, eme He perneaa. Byci!epi!YID IIaMll:Tl· THII8 

FIFO npHMeHJmT H B npHeMHhiX 6JioKax KAMAK cHcreM c<:HTWlaHaa 

HllPDpM8l.UIH c IlK /129, I30/, a TaRllte B cneilHaJIHSHPDBaHHHX 6JioKax 

cqHTUBaHHa HH<JlopMauHH C ~ /I3I/. 

3. ilOCKOJIDKY llpH K8lltUQM !4MIIYJibC8 sanycKa ycTaHOBKII cpa6aT~­

B88T MaJIOe qzCJIO K8H8JIOB B ronDCKOIIe, Hadn~aeTCH Te~eH~HH K 

0000~8HMD HedOnbWOro qHCna H3K8PHTeneR Ha CpaBHHTenbHO dOnbWYD 

rpynny BHXO,JtOB ,JtereKropos.JJ.aaHoe peweHHe OJuo snepsue ~ cnousosa­

uo B H3KepHT8JiaX BpeMeHH~X HHTepBaJIOB ,JtJUl ,]tpeRrpOBHX Kallep /132/. 

<JIO OTpallaJIO raue cnertH!PHKY uynbTHCTDIIHOro pexHU:a pa6( 1TI>I H3MepH­

renelt IIO K8.ZAOIIY H3 KaHaJIOB 3THX ,JteTeKTOpoB (B03MOXHOC1'b perMCTpa­

IlHH H8CKOJibKHX qaCTHil B HHTepBaJie BpeMeHH npefulla) • B pa6oTe /133/ 

noKasaHo, qro nono6Hoe o6o6meaHe Jri YHMWJriK8IlWI HSMepJriTe;reii Bos -

MO&Hli npH B~COKOI ~eKTHBHOCTH BO BCeX THnax rOilOCKOII!lqecKWt 

CHCTefd* llpH Cp8Ili!8M qHCJI8 qaCTHil, IIBI(aiOUIHX Ha IIJIOCKOCT:, B MO -

MeHT SanycKa - no OilHOI 1!8 50 neTeKTHPYDUIHX aqeeK (pMC. 6). ~ 

~ Tp8IlHilHOHHRH CTPYKTYPa I6/4 /I34/ ~eKTHBHa BMOT:b no sarpy­

soB: B 5 qacTHil H8 50 zteTeRTH:pYJlllllriX SOH. 0606UleHH8 HSMa]JHTeJieit 

T8R:&e IIOSBOMeT cqHTWl8Tb TOJIDKO HeHYJI8BYD HH<Jlop.laiJ;HJJ, IIOCKOJIDKY 

naHHble B B~XOJU{HX perHCTpax pacnoJiarruoTCH B YIIOpilztOqeHiiOM BHzte. 

,lJ,pyr!4M llpHHilHIIHaJIDHO OTJIHqHbiM CIIOC060M aKOHOMHH KllJIJriqeCTB8 

o6opynoBBHHR HBMeTGH HCIIOJibSOBBHHe 8HaJIOrOBOit IIaMll:TH :napBJIJieJID­

Hblit BBOJt H nooqepenHoe npeo6p8SOBBHHe BHaJIOrOB~X BeJIH<HH B UH<Ppo­

~ 
C perHCTpaiJ;Heit aHaJIOrOBOrO CRrHaJIB. 
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Pile. 6. CTpYl' TypHa.a cxeMa. YHilBepcaJLbHoro ll3MBPilTe.JIH 8HJioroBb!X 

ronomonll'tecKax cacTeM UJIJI sarpysoK no I qacTtmbl Ha 50 

.aqeer B MOMBHT sanycKa ( IG-KaHaJibHble ruraTH npeo6pasoBa­

Hil.fi J., s-,T__..T- CMCHHUe. 

•!) 0DOlJHQVIHUR: 

n c:==:J - CE2M£HT 

y - ,.,oaJin• 

y tJHTEAEI£Nr• 
-• MOiiJIAb 

oJ 

~ ';~SJ~· 

¢ ,.O~A· - vg HfU 

c "'" 
~~"'P a!fu c:::> - H f.Q"'4U I 
Ct l'fiHTD 

B) 9 9 99 ~~ 
I K::)l [5 6 6 

PHc. 7. OcHOBHble BapHBHTH cTpyxTypuo! opraHH38UHH CHCTeM no cTaH­

napT;r FASTBUS 
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JiepcrreK rHBhl pa3Bl1Tl1Jl CT3HU3pTOB JigepHOii WJeKTpO!!l1KH 

Coo0p3l!I3Hl1Jl CTOl1MOC'l'H - He 9,lUIHCTB9HHhl;t H9,l(OCTaTOK CTaH,D,apTa 

~{, OTMe<J1eMHH f!O~b30B8Te~l1. C~eQYeT f!OMHHT:O, 'ITO STOT CT3H­

uapT C03UaB31!C.fl Oo~ee I0 ~eT TOMY H833f(, Korna HM8~CJI OlillT ITpHMe­

H8Hl1Jl HC To~E:.Ko MMOH cTenerm HHTerpauHH. OH 6hl~ aanyMaH, B oc­

HOBIIOM, KaK ~HT8PlJ8HC 313M. llpl1 fl0~8Hl1U J3L1C OT'I8T~l1BO ITpOJIBMC.fl 

H8UOCT8TOK ~)rl1'18CKOH opr8Hl13al(l1l1 KMi~ , COCTO.flml1H B o6ecne<JeH­

HOCTl1 TO~bKO U8HTpMH30B8HHOrO ynpa~eHM KpeHTOM (CO CTOpOHH 

25-ii CT8HUHl1) , Bhlp3lleHHHH B "8CHMM8Tpl1H11 pa3BO I(KH, T. e. HMH'Il1l1 

14HUl1Bl1UYMbHbiX llll1H N l1 1 • Ha COBp8M8HHOM ypoBH8 llHKp(H.UIHH­

aTiliJl138.l.llU! I{[JeiiT CTM C~HiliKOM RpyrrHOH eUHHHUeH Jl,JIJl enHHCTBeHHOro 

HCTO'IHIDta yrrpaBJIJliOU!ero nosneiicTBM. 

B ua<JMe 1978 rona rrpHH.flT cTaauapT EUR 6500e /145, 146/, 

~enb KOTOporD - 068Cfl9'1l1Tb B KpeATe HeCKOnbKO MCTO'IHMKOB ynpaBne­

HM. CyT:O er) COCTOHT B 33MeHe l1HUl1Bl1UYM:OHDH pa3BOI(Kl1 lllHH N H 

1 Ha cJmoaHJlO. ITo lliHHaM N 1 
aupeca rrepeuaJOTCJI B UBDH'IHDM Ro­

ue ( T ah. liCe, h fJ.K no W~!Ha.M A l1 F ) , a 38!Ip0Chl 1 1 BhlCTaBNIJOTC.fl B 

~l1H8HHOM ~03m.lHOHHOM ROUe (5 l1 24 WHHhl COOTBeTCTBeHHO). Ilop.HUOK 

rro~:oaonaHM MarHcTpM:oJO aauaeTCJI rrpoxonameii no o<JepenH qepea 

Bee O~OKH illl1HOH ITpl10PHTeTa. Ceiiqac Tpy~o CK838Tb, 'ITO BOCnpe­

nJITCTBOBMO ITpHHJITl110 TaRDif "CHMM8TpH'IHOH" p83BOI(KH B CBOe BpeMH, 

flO-BHUHMDMJ, H8UOCT8TOK KOHTaKTOB H8 paa~eMe KAMAK, Bhi3B8H~ 
TeM, 'ITO lliHHbl w H R 6~11 paane~eHH. OUHaKo o<JeBHUHD, 'ITO 

npewmraeMru:r HaBecHM paaBoi(Ka HOBhiX lll.IUI N 
1 

.I'I L 
1 

<Jepea uono~-

HHTe~:OHhlfi pas~eM Ha sanueii rraHe~H MeHee Hane~a l1 Heyno6Ha B 

SKCMJ3Tal(l1l1. 

ivlHOrl1X riO~b30BaTe~eH, OC008HHO paOOT31011!l1X B <Jil13l1!{8 BllCOKHX 

SHeprHii, He rno~eTBOp.HeT 6o~:oma.fl nponoAXHT8~HOCTb u~a KAMAK, 
B 80 pas rrp8Bhllll810ll!ero BpeM.II aanepli!.Kl1 l1Cli0~3yeMHX l1HTerpM:OHhiX 
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CXeM. 3TO 38CTaanff8T C03U8B8Th Cll8URanK3HpOB8HHHe CHCT8N~ C M8HD­

WID~ Bp8M8H8M ~a, Ha OCHOBe Kp8HTa /147/. 

C 1976 rona KOMKT8TOM NIM (CiliA) B8UJTCR pa3pa60TKH HOBO-

ro CT8HU8pTa FASTBUS , paUKKanDHO OTAHqammerOCR OT CTBHU8pTa 

KAMAK /148/. Ero K3HaqanDaaa ue~- o6ecneqeaKe co3naaza 6ucTpo­

neHCTBJIDmKX CKCT8M C pacnpene~eHHUMK BUqH~KT8~hHW4K MOUHOCTRMK, 

opHeHTKPOBBHHHX aa Kcno~h3oBaaHe MC 1Y-noKo~eHKR /149/ ~ MMKponpo­

neccopoB /15Q/.ABTopu /148/, flOMKMO yxa38HHHX BUW~OTMeqaroT ~e­

nyiDmHe aenocTaTKK cTaanapTa KAMAK: 
a) COB8pW8HHO pa3ayiD opraHK38UKID M8rHCTpanR H B8TBK, qTC 3aTpyn- · 

HR8T CBR3h Meany cy6CHCT8MaMK B JCT8HOBKe; 

6) OTCYTCTBHe cneuKanhao npenycMoTpeaaux Mep ~ WH~TpEUHK HY~e­

Boi HHWOPMBUHH; 

B) 3HaqRT8~hH08 KO~KqeCTBO WHH B MBrHCTpanH*. 

Tipe~nonaraeTCH COXpaHHTb MO~ynhHUR npHHUHil llOCTpOeHHR annapaTy­

pu, npHqeu cyOCHCTeuu paaaux ypoBaea HepapxHH ~on~Hu CTJDHTbCH no 

e~HHOMY npHHUHny.MHHHManbaoa CTPYKTypaoa e~HHHUeR,HMe~eB coOCTBeH­

HYD uarHCTpanb,aBnaeTca cerweHT(pHc.7,a).Mo~ynH B cerueiTe paBHO­

npasau. MMeeTCR B03MOEHOCTh CBR3H Melltny JII06blMK cerMeHTar.H (cy6-

CHCT6MaMH) ITpK llOMOI!IK MOny~e:Q CBR3H (PJ!C. 7 ,0). 3TO OCOC 8HHO YU06-

HO nnH nocTpoeaHR 6ucTpux cneunpoueccopoB. MarKcTpanH cerMeHTOB 

MoryT 6b1Th 06'b8UHH8HH C ilOMOIIU>Xl 6ywepoB (pHC.7,B). B CCOTB8TCTBU 

C T8HU8HUHRMH pa3BHTWI COBp8M8HHHX llHHH3BJ4 /151/ qH~O WKH naa­

HUX (eUHHbiX ~ 38ilHCH K qTeHHR) UOB8U6HO no 32, a qHC~C anpeCHbiX 

WHH- no 28. B Ue~ COKpameHHR o6mero KO~HqeCTB8 WHH (EO), WHHH 

U8HHbiX H anpecHHe WHHH 06'b8.1UfH8HH. ITO OCTaBWKMM 4 WHHaf> BO BpeMil 

nepenaqH anpeca BHU88TM KOU KOM8HUbl. IIpenyCMOTpeHbl pe~~: dnoq-

~ C ~06aBOQHOII MarHCTpanhX> /146/ qHMO ROHTaRTOB Ha Ma~·e KAMAK 

UOCTHraeT 126. 
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Hoi1 nepcnaqrr ~aHHLrx, tPHJI:bTpaurrrr HyJieBoii rrn\[lopMaUnll, nHnliKaUnll 

c6ocB. BpeMH roJmoro UHKJJa 1m MarncTpaJill noBeneHo no IOOHc * 
( cnruaJiu n ypmH.fiX XJI). 

!IpenJiara 3MUtl CTaHnap• HO.XO nHTCH CUl8 B CTanmr npopa60TKH, Olllli­

naeTCfl ero IIp 1H.fiTI18 I\ 198U rony. Co CTOpOHLI cosnaTCJre:irl CTanuap-

Ta l{A;IJ.Al{ /152/ OTIV/8lJ8.8TC.fi, 4'1'0 FASTBUS 6yneT ll!Vl8'1'1 cpaBIU!TBJI:b-

HO J3KYJO 06JIO. ~T:b IIpH!.WHCHI1.H, orpaHI1'l8HIIYJO qJH3IDWH BLICOKIIX cmep-

rJill. Or(Hill\0 1e cJienyeT su6b!BaT1, lJTO cTaHnapT Iill!AK nepBoHa'laJI:b-

Ho 6b!JI paspa6 ;TaH TaKllte UJI.fi q!I13ID\11 Bh!COKHX anepr11:irl, HO 6hiCTpo 

pacnpOCTpaHHJI ).fl Ha upyrHe OOJiaCTli llpi1M8HE::Hlii1. !IO-Blinli!nOMY, BCG 

6yueT Oilp8U8JIHT:bCH0YUYilll1111 T8MllOM HapacTaHI1.H Bl:llJHCJiliTGJI1HhiX 

MOU(HOC'l'eii BO 'lcex o6JiacT.fiX c6opa n o6pa6oTKrr uaHHhlx; no ceronmnn­

Hero nHH OH e DJI:HO UYJllHO xapaKT8pli3J8TC.fi BC8MH KaK <!JaHTaCTH'l8CK!rl1. 

D 3ai{JIJ()lJ 3HH8 a.BTOp C'li:ITaeT CBOIDJ noJirOM II06JiaronapHT1 

B.A.CMHpHoBa, E.B.'lepHh!X 1:1 D.l1.IlpHXOUbKO sa coueficTBrre pa6oTe n 

IIOJI83Hhl8 o6CYKUBHU.f!. 

* ilpH 6Jioqaol nepeuaqe - 50 ac/CJioBo, T.K. aupeca ae nepeu~TCH. 
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