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Pa6oTa BhlD0JIHeHa B Jla6opaTOPBB BblC0KBX :rnepraii 

O6'be.IJ;a_HeHHOrc:> HHCTBTYTa JI.D;epHhIX HCCJie.IJ;oaaHBi. 

HaylfHhlii pyxoao,zvnenb 

J(a:H.IJ.H.IJ;aT TeXHBlfeCKBX HayK 

cTapwsii HaylfHWii C0TPY.IJ;HBK 

O(jjsnsam.Hwe onnoHeHThl: 

.D.0KT0p TeXHBlfeCKBX HayK 

KaH.IJ;B.IJ;aT TeXHHlfeCKHX HayK 

H.<1>.KonnaJ<oa. 

IO .A.Kap)KaBIIH 

r .IT.XyKos. 

Be.IJ;ylllee HB.YlfHO·HCCJie.D.c:>BaTeJibCKOe yqpe)IC.IJ.eHHe: <l>a• 
3&1feCKHi HHCTHTYT AKa.IJ;eMBJI HayK CCCP, MocKaa. 

AaTope4>epaT pa3ocnaH " " 1976. r. 

. 3amHTa .IJ;HCCepTaUBB C0CT0HTCJI " " 1976 r. 
B . l{ac. Ha 3aCe,D;aHBB Y11eHoro COBeTa Jla6opaTOPllB 

BhllfHCJIBTeJibHOB TeXHHKH B aBT0MaTB3aUBU O6'be.ZJ;HHeHHO· 

ro HHCTBTyTa JI.IJ;epHhlX HC,CJie.IJ;OBaHHi, ,D;y6Ha, M0CKOBCKOB 
o6JiaCTH, . 

C .IJ;HccepTanuei M0:>KH0 03HaJ(0MBTbCJI B 6H6JIBOTeKe 
OHJIH. 

Y'leHblU ce1<peT11apb CoeeTlla 
KaHouoam¢U3UKO·MaT/leMaTIIU'lecKUXHayK 

T.ll,lly3blHUHa 
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B coapeMeHHblX <l>H3HlfeCKHX 3KcnepHMeHTaX Ha ycKopa

TeJIJIX HCil0Jlb3YIOTC1l CJI0)l{Hble CHCTeMbl c6opa, o6pa6oTKH H 

perHCTpau;HH HHq>OpMaD;HH a peaJibH0M MacwTa6e BpeMeHH. 

BecbMa cyID;eCTBeHHblMH 11BJI11IOTC1l H 3a.D,a'IH ynpaBJieHHH 

0T.D,eJibHbIMH y3JiaMH, arperaTaMH H YCTPOHCTBaMH KaK 

3KCnepHMeHTaJibHblX ycTaH0B0K, TaK H CaMHX yc1<0pHTeJieii. 

Heo6xo.D,HMOCTb BBe.D,eHHH H3MeHeHHH H ycoaepllleHCT· 

BOBaHHH B nepB0HalfaJibH0 onpe.D,eJieHHbie cxeMbl 3Kcnepa

MeHTaJibHblX ycTaH0B0K, Bbl3b1BaeMa1l H3MeHeHHJIMH xo.n.a 

caMoro 3KcnepaMeHTa HJIH ero npoMe:>KyT0'IHblMH pe3yJib• 

TaTaMH, npHBeJia K pa3pa60TKe H npHMeHeHHIO CHCTeMbl 

KAMAK, DOCTpoeHHOH no 6JI01fH0MY npHHUHDY 11 •21 . CTaH· 

.n.apT KAMAK HaKna.n.brnaeT orpaHHlfeHHH a Heo6xo.IJ;HMOM· 

MHHHMaJibH0M K0JIHlfeCTBe Ha MexaHHKY, ypoBHH CHrHaJI0B 

H nporpaMMHpoaaHHe. Pa3pa6oTKa cacTeM B 3T0M cTaH· 

. .n.apTe 3aKmo11aeTc11 B cornacoaaHHH Tpe6oaaHHii, HaKJia.D,bI· 

aaeMblX Ha pa3pa6aTb1BaeMble M0.D.YJIH H CHCTeMbl C peaJib• 

HblMH B03MO:>KH0CT11MH cyID;eCTBYIOID;CH 3JieMeHTHOH 6a3bl 

npH MaKCHMaJibH0 3<l>4>eKTHBHOM HCil0Jlb30BaHHH npeHMy

meCTB 6JI01fHOro npHHD;Hila. 

Ha ocHoae cTaH.n.apTa KAMAK co3.n.a10Tc11 npe:>K.n.e acero 

CHCTeMbl .n.mi Henocpe.D,CTBeHHOH pa60Tbl Ha JIHHHH C 3BM, 

K0Topa11 arpaeT poJib ynpaBJIHIOlllero ycTpoiicTBa, nepepa6a

TblBaIOlllero HH<!>OpMaD;HIO, H 0.D,H0BpeMeHH0 HCil0Jlb3yeTC1l 

.D,JIH xpaHeHHH H Bbl.D,a 'IH .D,aHHblX 131. . 
O.n.HaKO B C0BpeMeHH0M <l>H3H'leCKOM 3KcnepaMeHTe cy

llleCTByeT 60JiblllOe K0JIHlfeCTB0 3a.D,alf, Tpe6yIOID;HX aBT0H0M • 

HblX CHCTeM C 0TH0CHTeJibH0 :>KeCTKHMH nporpaMMaMH pa-

60Tbl. B TaKHX CJiyqa11x HeT npHMOH Heo6xo.D,HMOCTH He· 

nocpe,D;CTBeirnoro HCilOJib30BaHH1l 3BM .D,JIH ynpaBJieHHH 

CHCTeMaMH, H ee <i>YHKD;HIO M0:>KeT 3aMeHHTb C00TBeTCTByJO• 

11.J;HH aBTOHOMHblH K0HTpoJIJiep, CHa6:>KeHHblH He06XO.D,HMblMH 

:>KeCTKHMH nporpaMMaMH. 3TH CHCTeMbl HMeIOT PH.D. npea-

:y ,a..zesK---.-.._.,~_,__:._~...A..:.!f~ 
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:,m:13 · f:CQ12JlCllill11JJ 

. . ·i SiiViOTEH:1\ 
~--.:-,,!,,-.4"'1 - ·--paiiiiififi!--~ 

1 



MymecTB. OHH HaMH0ro ,z:i;eweane CHCTeM c 3BM, He Tpe6yIOT 
3aTpaT Ha nporpaMMHpoaaHHe .Ilepexo,z:i; Ha CB.H3b c 3BM 
B03M0:>KeH B ,z:i;anbHeiiweM nyTeM 3aMeHbl K0HTponnepa Kpeii
Ta. 

B HaCT0.Hmee BpeM.H B CB.H3H C no.HBileHHCM MHKponpo
neccopoB H nonynpoeo,z:i;HHKoeoii naM.HTH oco6eHHO B03pa
cTaeT pon1, TaKHX CHCTeM, no3B0il.HIOmHx peanH30BaTb npHH
nun "pacnpe,z:i;eneHHoro HHTenneKTa". 

B 0CH0BY HaCTO.Hmeii ,IJ;HCCep~anHH nono:>KeHa pa3pa6o
TaHHa.H B JIB3 OH.HM c rmcTHeM aeTopa cucTeMa cTaH
,z:i;apTHhlX 6noKoB KAMAK/41,K0Top1,1e npe,z:i;Ha3Ha'ieHhl ,z:i;ns: 

aBT0H0MHhlX CHCTCM, ynpaBil.HCMhlX cnenuanbHbIMH K0HTpon
nepaMH, H MoryT HCn0ilb30BaTbC.H TaK:>Ke B CHCTeMax, yn
paBn.HeMbIX C n0Mom1,10 3BM. B qacTH0CTH, pa3pa60TaHHa.H 
BnepBbie B conuanHCTH'ICCKHx·cTpaHax aBT0H0MHa.H CHCTeMa 
BbIB0,IJ;a nucl>poeoii HHcl>opMaUHH Ha neqaTb H nepcl>oneHTy151 

CTana OCHOBOH ,z:i;n,i: p.H,z:i;a ,z:i;pyrux CHCTeM. 
B ,IJ;HCCepTaUHH H3Il0:>KCHhl TaK:>Ke npHHUHnbI pa3pa60TKH 

caMHX CTaH,z:i;apTHbIX 6noKOB, HCK0T0phle npo6neMhl cxeMo
TCXHH'ICCKoro, MeTo,z:i;onorH'ieCKoro H TCXH0il0rH'ICCKoro 
xapaKTepa u npe,z:i;cTaeneHbI 0CH0BHhle aBT0H0MHhle 6ec
K0MnbIOTepHhle CHCTCMhl, K0T0phle 6hlilH peaJIH30BaHbl B 
Te'ieHHe 1971 - 1975 rr. B JIB3 OH.HM c n0Mom1,10 pa3pa~ 
6oTaHHOH CHCTCMhl 6noKOB. 

B xo,z:i;e pa6oT, CB.H3aHHLIX C pa3pa60TKOH H o6ecneqe
HHeM np0H3B0,IJ;CTBa MO,z:i;yneii, 61,1na C03,IJ;aHa CHCTeMa Knac
CHcl>HKaUHH Mo,z:i;yneii KAMAK, ocHoBaHHa.H Ha cl>YHKUHOHan1,
HLIX oco6eHHOCT.HX 6JIOKOB H ~x H8.3HaqeHHH 1261.B CHCTeMe 
Knaccucl>HKanHH onpe,z:i;eneHa MCT0,IJ;HKa H npHHUHnbI npHCB0e -
HH.H M0,IJ;Yil.HM ycJI0BHhlX o6o3Ha'ieHHH. CHCTeMa Knaccucl>u
KanHH BblII0JIHHna BeCbMa Ba:>KHYIO ponb npH nepe,z:i;aqe ,z:i;o
KyMeHTaUHH B np0H3B0,IJ;CTB0. 

,D;uccepTanH.H C0CT0HT H3 BBe,z:i;eHH.H, 'ICThlpex rnaB H 
3aKillO'iCHH.H. 

B nepeoii z.11aee paccMaTpHBaeTc.H coapeMeHHoe co
CT0.HHHe cTaH,z:i;apTa KAMAK. Oco6oe BHHMaHHe y,z:i;ens:eTc.H 
YT0'IHCHH.HM ~CHOBHbIX Tpe6oBaHHH CTaH.z:i;apTa B nocne,IJ;HHe 
ro,z:,;1,1 H HX HHTepnpeTanm1, a TaK:>Ke ynoMHHaeTC.H ,z:i;anbHeii
wa.H pa3pa60TKa 3Toro cTaH,z:i;apTa / 6/. 
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OT,IJ;CilbHhle , Tpe6oBaHH.H CTaH,z:i;apTa K0MMCHTHPYIOTC.H 
C T0'IKH 3peHH.H npaKTH'ICCKoro npHMCHCHH.H, B 'iaCTH0CTH, 
KOMaH,z:i;; X - KOMaH,z:i;a npHH.HTa, Q - OTBCT, L - 3anpoc, 
z- .nycK, c- c6poc. IlpHBe,IJ;eH p.H,D; cnoco6oB HCnOilb30BaHH.H 
K0MaH,z:i;, cl>YHKUHH H cy6a,z:i;pecoB. ,ll;aHbl peK0MaH,z:i;anHH no 
HCn0ilh30BaHHIO pe3epBHhlX K0HTaKTOB H WHH MarHCTpanu 
KpeiiTa. Ilpe,z:i;no:>KeH. opHrHHaJibHhlH MeTO,IJ; 6nO'IHOii nepe,z:i;aqu 
,z:i;aHHhlX H3 perHCTp0B C Heuyneeoii HHcl>opManueii B cTaH
,z:i;apTe KAMAK 18 ~- 3,z:i;ec1, TaK:>Ke paccMaTpuaaeTc.H pa3BHTHe 
CTaH,z:i;apTa · no MO,IJ;Hcl>HKanuu Tpe6oBaHHH K BHCWHHM CHrHa
naM H no co3,z:i;aaH10 nocne,z:i;oeaTeJibHoii MarHcTpanH KAMAK. 
B 3aKilIO'iCHHH 3TOH rnaBbl o6cy:>K,IJ;aIOTCJl npHMephl aBTO}IOM
HhlX CHCTCM.H B0IIpOChl ,z:i;anbHeiiwero HX pa3BHTHJI 112•131• 

- -
Bo BTIZOpoii z..11aee paccMaTpHBaIOTCJl npHHUHnhl no_cTpoe-

HHJ! nporpaMMHo-ynpaBilJICMhlX cl>YHKUHOHailbllhlX -Mo.z:i;yneii. 
IlporpaMMHo-ynpaBnJieMhlMH <PYHKUHOHailbHLIMH Mo.z:i;yn.H_MH 
Ha3LJBaIOTCJl . MO,IJ;YilH, ynpaBilJICMble KOHTponnepoM KpeiiTa 
nocpe.z:i;cTBOM cTaH,z:i;apTHhlx KOMaH,z:i; KAMAK. Mo~nH aeTo
HOMHLIX cHcTeM pa3,z:i;eneHbl ycnoBHo Ha 3 Knacca 01: -

- M0,IJ;YJIH npHeMa B BLJ,IJ;a'IB BHcl>opManeH, 
- Mo,z:i;yne nepepa6oTKB HHcl>opManHe, 
- MO,IJ;YilH HHTepcl>eiicoB nepucl>epBHHblX ycTpoiiCTB. 
Onpe,z:i;eneHbl o6mee Tpe6ouaaeJI, cnenHcl>B'lecKHe .z:i;nJI 

Ka:>K,z:i;oii 83 rpynn MO,IJ;yJieii. Ilpeae.z:i;eHbl xapaKTepBCTBKH, 0T
HOCJlmHeCJI K BonpocaM nporpaMMHpoBaHHJI. 

Ilo,z:i;po6Hblii aHaJIH3 npone,z:i;ypbl npoeKTHpoBaHHJl -~YHK
UH0HanbHblX Mo,z:i;ynei CBO,IJ;BT ee K BonpocaM onpe,z:i;eneHHJI 
Heo6xo,z:i;eMoro aa6opa K0MaH,z:i;, rpa«l>a cocToJIHHii 6noKa Bero 
OCHOBHblX Y3IlOB. 

BLI6op e:cnom,.:iyeMwx KOMaH.z:i; Tpe6yeT npe,z:i;eaperen1,-
11oro onpe,z:i;eneHHJI p,i,z:i;a Kpuiepeea; BnHJiromex Ha nporpaM
MHyro coBMeCTBMOCTb · 4iyHKUB<>Han1,HblX Mo.z:i;yneii. }'3n1a1 
,z:i;ewecl>paneu KOMau,z:i; onTHMB3epyroTcJI c nen1,10 orpaHe1JeHHJ1 
KOJIH'ICCT_Ba 3JleMeHTOB B MHHBMH3aUBB BpeMeHB cpa6aThl· 
BaHBJl JI0rB'ICCKHX CXeM. Ilpe,z:i;no>KeHa CXeMa ,z:i;ewecl>paI(HB 
KoMaH,z:i; • c 061,e.z:i;eHeueeM ueucnon1,3yeML1X WHH F B _ A. ,ll;JIJI 
3Toi. cxeMw 11ecno Kopnycoa MHKpocxeM Bhlpa>KaeTcJI cne-
,z:i;yromeii 4>opMynoi: · 
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3 1 1. n ·M:::4m + 4m•nF+ 2m•nA+ 3m• NAF' /1/ 

r,D;e: n F- 'IHCJIO HCilOJih3yeMbIX «l>YHKUHH, 

IlOJih3yeMblX cy6a,D;pecoB, n NAF - 'IHCJIO 

KOMaH,D;: 

n A - 'IHCJIO HC -

HCilOJih3yeMbIX 

Oco6oe BHHMaHHe 7s,D;eJieHO MO,D;YJIHM HHTepcl>eiicoB nepH

cl>epHHHhIX ycTpOHCTB 51 · PaccMaTpHBaIOTCH Tpe6oBaHHH H 

orpaHH'leHHH, HaKJia,D;bIBaeMhle iiepH4>epHHHhlMH YCTpoii

CTBaMH, Ha npHMepax · HHTepcl>eiicoB nHcl>poneqa Taromero 

ycTp~HCTBa H JieHTO'IHOro nepcl>opaTopa, onpe,D;eJICHhl BHyT

peHHHe CTPYKTyphl 3THX MO,D;yJieii / puc. 1/. IlpHMepaMH 

HHTepcl>eiicoB HBJIHIOTCH MO,D;YJIH THna liCII-543 H :6CII4>-5421~/ 
Paccy)K,D;eHHH HMeIOT o6mHii xapaKTep H npHMe~IHMhl K PHAY 

,D;pyrHX ycTpOHCTB. Oco6eHHO Ba)KHbIM HBJIHeTCH Bonpoc 

0 rpaHHUaX aBTOHOMHOCTH MO,D;yneii HHTepcl>eiicoB nepHcl>epHii

HhIX ycTpoiicTB. IlpHHHToe peweHHe npe,D;nonaraeT BhICOKYIO 

CTeneHb aBTOHOMHOCTH pa60Thl MO,D;yJieii, OCB060)K,D;a10my10 

TeM caMbIM nporpaMMHYIO Harpy3KY ynpaBJIHIOmero -KOHT-

pOJIJiepa. . 

B 3aKJiio'leHHH. rJiaBhl o6Cy)K,D;alOTCH BOilpOChI, CBH3aH;_ 

Hhle C MeTO,D;HKOH HaJia,D;KH H npoBepKH MO,D;yJieH. ,lJ;JIH HaJia,D;KH 

CHCTeM 6hIJI pa3pa60TaH opHrHHaJihHhIH MarHCTpaJibHhIH HH

,D;HKaTop HHM'-591/20/ npe,D;OCTaBJIHIOmHii B03MO)KHOCTh 3a

HeceHHH UHcl>poBhIX Ko.zioB Ha WHHhI R MarHcTpanu KpeiiTa. 

B 111pe111beii z11aae · paccMaTpHBaIOTCH npHH:UHilhI opra

HH3a:UHH aBTOHOMHhIX nporpaMMHO-MO,D;YJihHhIX CHCTeM ,D;JIH 

perHCTpa:uHH HHcl>opMa:UHH H 3a,D;a'I ynpaBJieHHH B o6naCTH 

cl>H3H'leCKOro 3KCnepHMeHTa. ABTOHOMHl,IMH Ha3bIBalOTCH 

npoCThie CHCTeMhl, npe,D;Ha3Ha'leHHhie ,D;JIH BhIIlOJIHeHHH or

paHH'le~Horo KOJIH'leCTBa 3a,D;a'I npH HeilOJIHOM yqacTHH 

onepaTopa ~ 6e~ npaMoii c~H3H c 3BM. 3TH CHCTeM.hI npH-· 

MeHHIOTCH, HanpHMep, ,D;JIH ynpaBJieHHH pa3JIH'IHhIMH ycTpoii:

CTBaMH, Tpe6yromHMH :UHKJIH~ecKoro IlOBTope.HHH nocJie,D;·o

BaTeJihHOCTH ,D;eHCTBHH ·112•131 ,ll;JIH aBTOHOMHhIX 

nporpaMMHO -Mo,D;yJihHhIX CHCTeM xapaKTepHa OTHOCHTeJib -

HO. )KeCTKaH CTPYKTypa, KOTOPYIO pnpe,D;eJIHIOT C~Ie:UHcl>H

qecirne Tpe6oBaHHH onpe,D;eJieHHOH 3KCnepH¥'.e~TaJihHOH y<::Ta ~

HOBKH. B rJiaBe OilHCaHa MeTO,D;HKa, npe,D;JIO)KeHHaH aBTOPOM 

npH pa3pa60TKe aBTOHOMHhIX CHCTeM Ha OCHOBe' ~~~yne:ii 
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Puc. 1. BHympeHHJIJl cmpyKmypa UHmep¢eiica ACHlflO'-IHOZO 
nep(fiopamopa. 

cTaH,D;apTa KAMAK .z:tJIH Jla6opaTopua BhlCOKHX 3HeprHii. 

Pa3pa60TKa 3THX CHCTeM Be,D;eTC.sI COOTBeTCTBeHHO CJie,D;yro

maM npHHUHilaM: 

1. CocTaBJIJleTCJI Ta6JIHUa BXO,!:tHblX .H BblXO,D;HhIX CHrHa

JIOB, B KOTOpoii YKR3blBalOTCJI Heo6XO,D;HMaJI HX o6pa60TKa, 

CKOPOCTb /HJIH qacTOTa/ npHeMa HJIH Bbl,D;a'IH, a TaIOKe 

·B03MO)KHble cnennanhHble Tpe6oaaHHJI. li3 ,D;aHHhIX, co6pau

HblX a Ta6JIHl{e, cne,1:tyeT: 

2. CrpynnapoBaTL CHrHaJibl COOTBeTCTBeHHO o6mHOCTH 

HX xapaKTepHCTBK HJIH BblilOJIHJleMoii cpyHKl{HB. 

3; BceM CBrHanaM Ta6JIHl{bl C'.J'aBJITCJI B COOTBeTCTBHe 

THilbl cl>YHKnHOHaJihHhIX MO.z:tyneJi. Bhl6Hpag cl>YHK:UHOHaJILHble 

M0,1:tYJIB, cne,D;yeT Y'IHTblBaTh O,D;HOBpeMeHHO nporpaMMHble 

xapaKTepBCTHKH: acnoJih3YCMble KOMaH.z:thl KAMAK a cy6-

a,D;peca. 

Cne.D;yromBM waroM HBJIJieTc.11: 

5. 



Puc. 2. C111pyK111ypa npozpaMMbl 
CUCllleMbl 6bl600a Ha llU{Ppoeoii 
UHOUKamop u llU{Ppone'-IQlflb. 

4. Onpe,D,eJieHHe o6o6ll.leHHoro rpaqia nepexo,D,oB cHcre·
MbI, e K0T0P0M oco6oe BHHMaHHe o6pall\aeTCH Ha YCJI0BHhie 
nepeX0,D,bl H neTJIH. 

5. Ha 0CH0Be o6o6ll.leHHOro rpaqia nepexo,D,0B CHCTeMbI 
onpe,D,eJIHeTCH CTPYKTypa nporpaMMbI, o6cJiy)KHBaIOU\e.H 
q>yHKI.{HOHam~Hbie M0.D.YJIH H ycTpOHCTBa, BX0,D,Hll\He B cocTaB 
,D,aHHOH CHCTeMbI / puc. 2/. 

OnHCbIBaeMyro MeT0,D,HKY 3aeepmaer onpe,D,eneHHe Tpe6o -
BaHHH K KOHTpOJIJiepy KpeiiTa aBTOHOMHOH CHCTeMhl. 

B 3 rnaee ocnoenoe BHHMaHHe cocpe,D,oroqeHo Ha ae
T0H0MH0M KOHTp0JIJiepe . KpeHTa, HMeIOll.lero CTPYKTYPY' He -
o6xo,D,HMYIO ,D,JIH o6ecneqeHHH npaBHJibHOH pa60Tbl CHCTeMbl 
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npH orpaHHqeHH0M qucne nporpaMMHbIX maroB 151. 1Io,D,po6-
uo paccMaTpHBaJOTCH qiaKTOpbl, BJIHHIOU\He Ha CTPYKTYPY 

nporpaMMHoro K0HTpcmnepa. Onpe,D,eJieHa 6no1<- cxeMa K0HT • 
ponnepa H BbI,D,eJieHbI Bee OCHOBHble q>yHKI.{HOHaJibHble Y3JibI. 

Ha OCH0Be pe3yJihTaTOB, nonyqeHHbIX npH pa3pa60TKe aBT0· 
HOMHOH CHCTeMbl ,D,JIH 3a,D,aHHoro Ha6opa MO,D,yJieH, onpe,D,e
JIHeTCH cnucoK K0MaH.D. KAMAK, BBe,D,eHHe KOT0PhlX B cxeMy 
K0HTp0JIJiepa Heo6xo,D,HMO /puc. 3/. 

PaccMaTpHBaJOTCH BapHaHTbl BO3MO)KHblX pemeHHH CHHX· 

p0HH3al{HH p~60Tbl CHCTeM C HCilOJib30BaHHeM CHrHaJia L H 
6e3 Hero. 

Ilepeoe pemeHHe rpe6yeT BBe,D,eHHH PH,D,a ,D,0il0JIHHTeJib• 
HblX KOMaH,D,, CBH3aHHbIX C H,D,CHTHqlHKal{HCH 3aj{BQK L H co-

0TBeTCTBYIOU\HM Bbl30B0M nporpaMMHblX onepal{HH /I 4/ 
AHaJIH3 noKa3hIBaer, qro B ,D,aHH0M cnyqae o6ll.lee KOJIHqecr
eo K0MaH,D, B nporpaMMe yBeJIHqHeaercg Ha 50-=- 1000/o no 
0THOIIIeHHIO K KOJIHqeCTBY K0MaH,D,, Heo6XO,D,HMblX BO BTOP0M 
pelIIeHHH. 

Ycmaeo!Kc Mo 
.,Cmcn" 

~ c,emsuK , _ 1nporpa-
l.4U"'100. M, 1"' I c,am,u;""ll"•HI-------

Ycmaeo6Ka No 

Rf+24 

·w1+24 

C,em,uK 
NL 

N1+16 

!WU'/JlC~P 

l 
llt+B FHS S2 s, B 

Puc. 3. BnympeHHJlJl cmpyKmypa npozpaMMHOZO KOHmpOAAepa 
Kpeiima. 
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., Bo, BTOpOM aapHaHTe Heo6XOJJ,HMO BBeJJ,eHHe CHrHaJIOB, 
Il03BOJIJIIOmHx .CHHXpOHH3HpoaaTb pa6oTy . KOHTponnepa C 
:UHKJIOM pa6oTbI 

0

IlOJJ,KJIIO'leHHblX nocpeJJ,CTBOM COOTBeTCTByIO-· 
mux HHTep~eecoa nepH~epHHHbIX ycTpoHCTB. Ha npaKTHKe 
B03MO:>KHO npHMeueuue CMemaHHOro aapHaHTa, npe.n:nona
raromero ucnonb30Bauu.e o,rpaHH'leHHoro. ~ucna 3a.11aoK L u 
CHHXPOHH3Hpyromux CHrHaJIOB. B Ka'leCTBe CHHXpO~H3Hpy10-
mero CHrHana HCilOJlb3yeTCJl CHrHaJI THna"Hold"/ls;16/nepe
.n:aaaeMbIH qep~.3 MarucTpanb KpeiiTa nocpe.n:cTBOM ciJo6o.n:
HOii IIIHHbl P2 • B rnaae npuae.n:eH aHaJIH3 cnoco6oa. ucn~nb-
30BaHHJl :nqro CJirHana, c yKa3aHHeM ero npeuMymecTB H 
orpaHH'leHHH .. Pa3pa6oTaHHbie KOHTponnepbI aBTOHOMHblX 
CHCTeM, a TaK)Ke MOJJ.YJIH: HHTep~eHCbl nepu~epHHHbIX ycT
poiiCTB H npeo6pa3oBaTenu KOJJ.a Hcnonb3YIOT CHrHan "Hold; 
06ecne'IHBa10muii HaJJ,e)KHYIO CHHXpOHH3aUHIO pa60Tbl CBC- . 
TeM. 

ABTOPOM npeJJ,JIO)KeH cnoco6 ucnoJib30BaHHJl pe3epauoii 
IIIHHbl p I JJ,JIJI nepeJJ,a'IH npH3HaKa JJ,BOH'IHO- JJ,eCHTH'IHOro 
Ko.n:a. 3ToT cnoco6 no3aon.HeT pa3MemaTb B KpeiiTe KAMAK 
MOJJ.YJIH C JJ.BOH'IHbIM HJIH C JJ,BOH'IHO- .n:ec1iTH'IHbIMH KOJJ,aMH 
B JII060M nop.HJJ,Ke. IlpH3HaK KOJJ,a Ha IIIHHe P1 Bbl3bIBaeT 
aBTOMaTH'leCKH COOTBeTCTBYIOmee H3MeHeHHe xo.n:a npo
rpaMMbl KOHTponnepa KpeiiTa. 

Ilpoae.n:eH pac'leT o6mero KOJIH'leCTBa KOMaH.n: NT, He
o6xoJJ,HMbIX JJ,JIH o6cJiy)KHBaHHJl CHCTeMbI, co.n:ep)Kameii n 

1 
perHCTpOB C JJ,BOH'IHbIM KOJJ,OM' H n - C JJ,BOH'IHO- .n:ec.HTH'l-

11 
HbIM: 

n1 nll 

NT"" .I 13-ai + I 9-ai +48. 
I;: I j;:I 

/2/ 

B 'lemeepmoii 2.11aee paccMaTpuaa10Tc.11 npHMepbI aaTo
HOMHbIX CHCTeM ,!:(JI.fl ~H3H'leCKHX 3KCnepHMeHTOB, pa3pa-
60TaHHbIX C yqacTHeM aBTOpa; Oco6bIH yriop c,n:enaH Ha pac -
CMOTpeHHe CHCTeMbI BbIBOJJ,a :UH~pOBOH HH~OpMa:UHH Ha ne'laTb 
H nep~oneHTY 1161 . IlpoaeJJ,eH pac'leT CKOPOCTH BblBOJJ,a 
HH~OpMa:UHH B 3aBHCHMOCTH OT 'IHCJia MOJJ,yneii / puc. 4/. 

B · cny'lae BbIBOJJ.a HH~opMa:UHH c noMomLIO nep~opaTopa 
BpeM.H BbIBOJJ,a Bblpa)KaeTCH ~OpMynoii: ' 
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r.n:e: NM- 'IHcno Mo.n:yneii a KpeiiTe, A 1w qncno cy6a.n:pecoa 
B Mo.n:yne, k - 'IHcno cTpoK nep~opauuu mi o.n:Ho c.rioao, 
V - CKOpOCTl~ pa60TbI- ne·p~opaTopa. 

Pa3pa6oTaHiiaH cucTeMa HBJI.Hnacb ncxo.n:Hoii JJ.JIH p.11.n:a 
JJ,pyrHX, peaJIH30-BaHHbIX--B lla6op,fropHH BbICOKHX 3Heprnii. 
IlpHMepoM JlBJIHeTca CHCTeMa MHoronapaMeTpH'lecKoro aM
nnHTYJJ.Horo aHaJIH3a c perHcTpa:uueii. B Heii HCilOJib3yeTc.H 
CHrHaJI OTBeTa Q, JJ,JI.H ynpaBJieHHH BbIDOJJ,OM TOJlbKO HeHyne
BOH HH~OpMa:UHH H CHrHaJI JJ,JIH 3anycKa CHCTeMbl. ,ll;na 3K
cnepHMeHTOB, -:·npoBOJJ,HMl>I_X . Ha CTPHMepHoii KaMepe 
CKM - 200, pa3pa6oTaHa JJ.BYXKpeiiTHa.H CHCTeMa c6opa, pe
rucTpa_UHH H HHJJ.HKaf!HH ·:uu~poaoii HH~opMa:UHH 1171. Heo6-
XOJJ.HMOCTb pacmupeHHH CHCTeMbl JJ,0 JJ.BYX KpeiiTOB, BbI3BaH
HaH 6oJiblIIHM 'IHCJIOM MOJJ,yneii, Il0Tpe6oaana opHrHHaJibHOrO 
pemeuua oprauu3a:UHH pa6oTbI / puc. 5/. 

,ll;nH ynpaaneHHH . 3JieKTPOHHbIM . HOIUlbIM HCTO'IHHKOM 
KPHOij: pa3pa60Taua CHCTeMa MuoroKauanbuoro TaiiMepa
xpoHH:rnTopa /IS/. OJUUI H3. BapHaHTOB ero pemeHHH 6bIJI 
OCHOB~H H~ 11cno.Jib30BclHHH CHrHaJIOB 3aHBO,K L. Pa3pa6oTaH 
TaK)Ke '. .n:pyroii. aapuaHT CHCTeMbl, B .KOTOPOM npHMeueu 
cnoco6 UHCPI>OBoro cpa~.HeHHH KOJJ.OB apeMeuu .n:n.a onpe.n:ene
HH.H HHTepaanoa·. Pa3pa6oTau cne:uuam~HblH aBTOHOMHbIH 
KOHTp0JIJiep KpeiiTa / I 9/ •. 

B JJ,HCcepTa:UHH paCCMOTpeH p.HJJ. .n:pyrux CHCTeM, peme
HHe KOTOpbIX B03MO)KH0 npH coxpaHeHHH IlOJIHOH aBTOHoM
HOCTH · pa6o,Tbl. K HHM npHHaJJ,Jie)KaT CHCTeMa KOOPJJ.HHaTHo
H3MepuTeJibHOro ycTpOHCTBa, CHCTeMa MOHHTOpHpOBaHHH 

·npo~uria ny'IKa ycKopinenH H pa.n: .n:pyrux. · 

B '3aK.ll10'leHUU o6cy)KJ),eUbI BOilPOCbI, CBH3aHHble C pac
lIIHpeHHeM-. aBTOHOMHbIX CHCTeM. Oco6oe 3Ha'leHHe HMeeT 
3JJ,ecb :eonpoc: nepexo.n:a Ha MHKponpo:ueccopbI H naMaTb 
Ha liHC. . 

Oc:)1(>B_H!>Je pe3yJibTaTbl JJ,HCCepTa:UHH 3aKJIIO'laIOTCH B 
cne.n:yromeM:°'· ,,._,;,: 

1. ~tien:i.io pa6<>Tbl' 6bIJIO C03JJ,aHHe aBTOHOMHbIX, npo
rpaMMHO-MOJJ.YJibHbIX CHCTeM JJ,JIJI perHCTpa:UHH HH~OpMa:UHH 
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B tpH3H'leCKOM 3KCnepHMeHTe. IlepBLIM pe3yJJLTaT0M 3TOH 

pa60_TLI CTan.a aBT0H0MHaJI CHCTeMa perHCTpan;HH D;Htppoaoii 

HHtp0p~lall;HH .. c BLIB0,IJ;0M mi. ,IJ;eCJITjsJ11LIH HH,IJ;HKaTop, ~Htppo

ne'laTL H. neHT0'IHLIH nepqiop_aTop ·. , pa3pa60TaHHaJ1 anep-
. - . ~ J ' 

BLle ·B con;HaJJHCTH'leCKHX CTpaHax • 

.. · ~- Ilpel(JJO>KeHa . opHrHH~JILHaJI HH)KeHep1.1aJ1 MeT0,IJ;HKa 

,IJ;n.H. pa3pa6oTKH aBTOHOMHLIX. nporpaMMH0- M0,IJ;YJJLHLIX CH

CTeM B .cTaJtiiapTe KAMAK c HcnonL30BaHHeM MeTo.IJ;a rpaqioa. 

3. C n<>MOll.{LIO · pa3pa60TaHHoii. MeT0,IJ;HKH C03,IJ;aH pa,IJ; 

CIICTeM .IJ;JJH tpH3H11ecKHX 3KcnepHMeHT0B. ,ll;nJI 3KcnepHMeH

Toa H8. CTpHMepHLIX KaMepax pa3pa6oTaHLI CHCTeMLI c6opa 

HHtpOpMan;HH c BLIBO.IJ;<>M Ha caeToaoe" Ta6no H n;Htppone11aTL. 

O,IJ;HOKpeiiTHaJI CHCTe:t,Ui npe,IJ;Ha3Ha'leHa . ,IJ;JIH CTpHMeJ)HOH 

KaMepLl. "Pe30HaHC". ,ll;JJJI 60JJLWOH CTpHMepHOH KaMepL1 

CKM-2OO pa3pa60TaHa .IJ;ByxKpeiiTHaJI CHCTeMa c6opa HH

qiopMan;uu"c BLIB0,IJ;0M Ha ceeToaoe Ta6no, nynLT onepaTopa 

.lJom-•11 

Puc. 5 .. EA01<.:. cxeMa cucmeMbl c6opa, pezucmpat1uu u UHOu-
1<at1uu ·· t1.il¢poaoil ,.uH¢dpMar,uu OAa cmpuMepHoil 1<aMepw 
CKM~·200.. . ·. · ,. · 
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H n;Htppone11aTL. C noM0ll.lLIO 3Toii cucieMLI 6Lmo 3aperHcT

pHpoeaHo e 1974 r. 80 TLIC. Ka,D;pOB co6LITHH. 

,D;nJI ynpaaneHHJI H0HHLIM HCT0'IHHK0M KPHOH H3roToe

neHo 2 K0MilJJeKTa aBT0H0MHLIX 6-KaHaJILHLIX .TaiiMepoa118/ 
C D;HtppOBLIM ynpaeneHHeM 3a,IJ;ep:>KKH HMilYJILC0B. CHCTeMLI 

ycneWH0 np0WJIH HCilLITaHHJI Ha CTeH,IJ;e HCT0'IHHKa H B Ha

CT0Jlll.lee BpeMJI HCil0JIL3yIOTCJI !!PH pa3pa6oTKe H HCCJJe -

JJ;0BaHHJIX H0BLIX HCT0'IHHK0B. 

Pa3pa60TaHa CHCTeMa ynpaBJJeHHJI K00p,IJ;HHaTH0-H3Me

PHTeJILHLIM YCTPOHCTBOM ,IJ;JIJI :>KH,IJ;KOBO,IJ;OPO.D;HOH KaMepLI 

"JlJOJJ;MHJJa" _- ,ll;JIJI 3TOH CHCTeMLI C03,IJ;aHLI: cnen;HaJILHLIH 

peaepCHBHLIH C"'leT'IHK THna pcq-4221251 H peneiiHLIH pe

rHCTP THna PYP-5O1
1211

• 

4. C .n;eJILJO ynpaen~HHJI aBT0H0MHLIMH CHCTeMaMH pe

rHCTpan;HH H BLIBO,na,HHqlOpMa,HH _pa3pa6oTaH nporpaMMHLIH 

K0HTponnep KpeiiTa KIT-641 41 . Ha 0CH0Be HaK0ilJleHHoro 

01:ILITa BO epeMJI 3KCnnyaTaD;HH CHCTeM BLIB0,IJ;a Ha ne'laTL 

pa3pa6oTaH MO,IJ;HtpHD;HpOBaHHLIH K0HTp0JIJlep THila KIT-642. 

KOHTPOJ1J1ep JIBJIJieTCJI 3K0H0MH'IHLIM ·YCTpOHCTBOM, Heo6xo

,IJ;HMLIM ,IJ;JIJI opraHH3aD;HH MaJILIX O,IJ;HOKpeiiTHLIX CHCTeM 

BLIB0,IJ;a HHtpOpMau;irn, H He HMeeT aHanoroB. 

Pa3pa60TaHLI cnen;HaJJLHL1e K0HTponnepLI THna KKH-651 

H KKH-652 ,nnJI co3,naHHJ1 MHoroKaHaJJLHoro TaiiMepHoro 

ycTpOHCTBa CHCTeMLI KP HOH /l 9/. 
· 5. Ha npoTJI:>KeHHH 1971+1975 rr. aaTopoM· eMecTe 

. C ,IJ;pyrHMH C0Tpy,D;HHKaMH 6Lma pa3pa60TaHa CHCTeMa C0BMe -

CTHMLIX Mo,nyneii B cTaH,napTe KAMAK I 41, JIBJIJIJOUlaJicJI 

6a3oii .IJ;JIJI C03,IJ;aHHJI C0BpeMeHHLIX aBT0H0MHLIX H3MepH

TeJJLHLIX CHCTeM. IIpH y11aCTHH aBTopa 6L1JIO pa3pa60TaHO 

CBLIWe 20 tpyHKD;HOHaJILHLIX MO,nyneii H K0HTp0JIJlepoB ,IJ;JIJI 

CHCTeM aBT0HOMHblX H pa6oTaIOll.lHX Ha JIHHHH c 3BM. Ae

T0p0M 6L1J1 npoBe,IJ;eH aHaJIH3 cxeM0TeXHH'leCKHX peweHHH 

oT,nenLHLIX y3noa MO.IJ;yneii KAMAK H onpe.neneHLI Tpe6oaa

HHJI K nporpa.MMHLIM xapaKTepHCTHKaM MO,IJ;yJJeii. 

',ll;JIJI CHCTeM. BLIB0,IJ;a HHtpOpMaD;HH pa3pa60TaH HHTep-

tpeiic neHT0'IHor~ nepqiopaTopa IIJI:-15O!
4
f TaK*e H3roToa

neH ,IJ;e CJITH'IHLIH HH,n~, TOP HH,D; -521 • HHTeptpejic nep

tpopa Topa ,liCII<l>-542,, xapaKTepH:3yeTCJI BLICOKOH CTe-

. IleHLIO aBT0H0MH0CTH pa60TLI: H B 3T0M, 0TH0WeHHH He HMe -

"' 
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,! 

eT aHanoro:e B MBpe. OpuruHanLH<>ii pa:ipa.6oTKoii JIBmieTcJI 
BL1xo.nHoii perBcTp c pene Tuna PYP -501 12 II. · 

Pa3pa6oTaH, C0BMeCTH0 C .npyrBMB C0TPY.D;HBKaMB, pa.n 
Mo.nyneii .nns opraHB3aUBB BeTBH: K0HTponnep KpeiiTa A-1 
TBrra KKA-811 1241, cornacoaaTenu BeTBB COB-831 u 
co B - 83212~1a TaK)Ke Mo,nynL opraHB3aUBB BeTBB CBCTeMH0 • 
ro KpeiiTa i11rra BOB-87Z27/ ,D;ns pacwupeHBJI cymecTByio
mux cucTeM co3,naH Mo,nynL cBJI3B KAMAK-KAMAK 'tuna 
BMC-851, coaMemaiomuii B ce6e 4>YHKUBB rrepe,naT'rnKa u 
IipueMHBKa nBHHB CBJl3B. 

,D;ns 'Hana,nKH CHCTeM pa3pa60TaH M0,nynL HH.D;HKaTopa 
MarBcTpanLHoro Tuna HHM-591 / 20/, aHanorH'IHLiii Mo.nynio 
Tuna 1801 4'upMLI "Borer", Ho HMeiomuii npeHMymecTBo -
BB0.D; Ha WHHLI MarBCTpanu KpeiiTa npoaep0'IH~X' uuil>po
BLIX KO.D;0B, CHrHanoa 3arrpoca, 0TBeTa H T • .n.' 'IT0 y.no6Ho 
npH Ham(AKe CBCTeM. 

6. OpraHH3oBaH MenKocepHiiHLiii BLinycK pa3pa6oTaH· 
HLIX Mo.nyneii.. B 'laCTH0CTH, BHe.npeHLI B npoB3B0.D;CTB0: 
Mo,nynu BHTep4'eiica nep$opaTopa IIJI-15O Tuna BCIIcI>-542; 
nporpaMMHLIH JC0HTponnep THna KII -642, peneiiHLiii pe -
rucTp THna PYP-5O1, MarucTpanLHLIH BH.D;BKaTop TBna 
HHM "'591, a TaK)Ke 5 Tunoa .D;B0B'IHLIX B .nao1111ao- .nee JI -

TH'IHLIX C'leT'IBKOB. 

Pa3pa60TaHa B nepe,naHa B npoli3BO.D;CTBO .noKyMeHTaUBJI 
Ha-npo6HHK nora11ecKBX curHanoB .nns npoBepKBB Hana.nKB 
cxeM Ha BHTerpanLHblX MHKpocxeMax. · Oco6oe BHHMaHue 
npa 3T0M 6blno y.neneuo aonpocaM :JneMeHTHOii 6a3LI, npu-
11eM .nns Il0BLIWeHHJI 34Ml>eKTHBHOCTH BHe.npeHHJI B rrpoH3 • 
B0.D;CTB0 K0ilB'leCTB0 THII0B Tpy,nH0.D;0CTYIIHblX 3IleMeHT0B 
6Lino YMeHLWeH0 .no Heo6xo.nHMOro MBHHMyMa. 

7. B xo.ne · pa6oT, CBJI3auuwx c co3,naHaeM a 06ecne-
11eHHeM np0B3B0.D;CTBa M0,nyneii, 6L1na pa3pa6oTaHa CHCTeMa 
Knacca4'HK8.UHH Mo,nyneii KAMAK 1261, lC0TopaJI BLIIlOilHHna. 
BeCLMa Ba)KffylO pOllL npH rrepe,na11e .noKyMeHTaUBH B np0B3 • 
B0.D;CTB0. 

8. PJI,A pa6oT aBTopa Hawen WHp0K0e npaMeHeHHe a BHe 
Oli.Hli.. HanpHMep;" CBCTeMa MHoronapaMeTpB'leCK0ro aM
IlnHTY.D;H0ro aHana3a c perBcTpau11eii Ha uu<tiponeiiaTB a 
nep4'oneHTe HCII0JIL3yeTCJI B Pa.naeBOM HHCTHTyTe BM. Xno
IIBHa. CHCTeMa COIIpJI)KeHBJI .D;Byx KpeiiTOB IIpHMeHJieTCJI 

B liHCTHTYTe 4iH3HKH 3eMnH AH CCCP H pJI,Ae ,npyrax. 

14 

Pe3YilLTaTLI pa60TLI .D;0Kna,nLIBanBCL Ha Me~yaapo.n
H0M CBMII03HyMe no s.nepHOB :JneKTp0HBKe B By.narrewTe 
a 1974 r., Ha VII Bcecoio3Hoii wKone no aBT0MaTB3auuu 
HaY'IHLIX BCCne,noBaHBB B JleHBHrpa,ne B 1974 r., a TaK)Ke 
Ha KOH4'epeHUBB "Mo.nynLHLie 3neKTp0HHLie CBCTeMLI" B 
lipaTucnaBe /1975 r./ u orry6nuKoBaHLI a nepuo.nu11ecKoii 
ne11aTu. 

OcHOBHoe co.nep)KaHue .nucceJ>Tauuu H3no)KeHo B orry6nu-
K0BaHHLIX pa6oTaX 12
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