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OHIWI XAPAKTEPHCTHKA. PAID'IU 
ITpe~CTaEJIJiSf.mlt ~ccepTanHH OCHOBaHa. Ha MaTepP!aJiax HCCJIB~OBaHHil H 

pa3pa60TOit,BmrOJIH6HHHWC aBTOpOM sa nepHO~ 1965-83 rr. B OIDill. 0Ha 

IIOC~eHa C03~ B pa3BHTHD cpe~CTB o6ecne~eHWI CHCT9Mp9aJI:&HOrO 

npeMeHH WIJI HCIIOJI:bsoBSHHR: ymmepcaJI:&Hl:IX 313M n~oporo u TpeT:&ero noxo- . 

Jiemtll B axcnepHMeHTax,npono,JU!MI:IX Ha <IMa~ecrorx: ycTaHOBKax OIDill Ha oc-
HoBe. 9Jl9ltTpOHHOH MBTO,ItWW, · . ) 

AltzyaJI:&HOCT:& 0060TH. 3neKTpOHHM (6ec!IJWI:&MODM) MBTO~ HBJIHBT

CH O~Oii 1'!9 OCHOBHl:IX WIJI.•UpOB9~9HWI 9KCII9pHM9HTaJI:&Hl:IX HCCJI9~0BaHHH B 

<lMBPIK9 BHCOKHX :mepntil. Co3~aBa9MH9 Ha ee OCHOB9 3KCII9pHM9HTaJI:&HH9 

Cl'ICTeMH BIOID~aiOT. B ce6H ~eTeKTHPYDIIlYlD H perncTpli!JYlOU1YIO annapaTJPY 

( 3KCmepl'!MeHT8JI:&HM ycTruiOBKa), •OCHallleHHYIO COOTBSTCTBYJOillill~ annapaTyp

no-nporpaMMHHM o6ecne~eHHeM 313M,pa60TaiOIIlYlD B peaJI:&HOM MaCWTa6e BpeMe

Hl'I B pexHMe Henocpe~CTBSHHOH CBH3l'I C ycTaHOBKOH; ITpH npone~eH~.9Jl9lt

TpOHHHX 3KCII6PHM9HTOB ~ perueHWI 3~a-q'ynpaBJI9HHH o6opy~OBaHH9M~C6o
pa,HaltOlln9HHH H o6pa60TKH ~aHHl:IX !lJl'I3~9CKHX l'I3MepeHHR,KOHTpaHH 3KCII9-

pl'IM9HTa HCIIOJI:&SYIOTCJI Kalt CII9~H9HpOBaHHH9 , Talt H ymmepcan:&HHe 313M. 

K cepe~e 60-x ro~on B nepRoi CTaHonnenaa 6ec~WI:&Monoii MeTO.ItWW 

Hawa IIpOMHIWISHHOC~:& HB IIpOR3BO~ CIIBUl'IaJIItl3RpOBaHHHX MaJWX 

B~CJIRT9.7IDHHX MaWRH, a HCIIOJI:&30BaHHB cepHfiHo DHIIyCKa9MHX YHHBepcaJI:&

HWC 3131.1 6Wio CBH3aHO c Jieo6xo~oCT:&JJ nx npncnocodneHHH K aKcnepHMeH

TaJILHoti. annapaTJP9 WIJi pemeHHH BHW9ytta3aHHl:IX 3~a'i, 
· Coa~aHHe aKcnepRMeHTaJI:&imx cncTeM Ha·· 6aae yntmepca.ir:&HHX' 313M no

xasa.n:o,'iTO COIIpHX9HH9 HX C 3KCII9pHM9HTaJI:&HOH annapaTJPOH'H.MS~ C0-

6ofi npe~CTa.BJIHJio CJIOEHYIO a~atzy (oco6eHHo c 3BM BToporo noKOJieHHH). 

ITpexme ncero, Tpe6ona.n:Hc:& Mo~epHH3anHH BToporo noKOJiemm 3BM,paapa6oT

Ka H peaJil'I38Ul'IH 6nOKOD,yCTpOHCTB H cpe~CTB CBH3H,paapa60Tlta aJirOpHT

MOB COIIp!Dit9HWI H CII9Ul'I8JILHWC -KO~ ynpaBJI9HHH npepHBaHHSM nporpaMM H 

06MBHOM HHqiopM:anHeil,a TaltlltB paapa60TKa OIITID4WII>HHX aJirOpRTMOB MB.TeMa

T~BCKOrO 06BCII9~9HHH pBSJlbHOrO BpBM9HR 8KCIIBpRMBHTa C ]'i9TOM cne~

~ yCTBHOBOK :11 B03MOEHOCTBil 3HJ,He06XO~OCT:& C03~ :11 BH9~9HRH 
~onanHKTBXLHoro o6opy~onaHRH PI cooTBBTCTB~ero nporpaMMHoro o6ecne~e
HHH ·WIJI 60JIBB llOJIHOrO HCIIOJI1>30BaHRH B~CJIRT9.7IDHHX peCypCOB 3JN .H pac

nmpeHHH ~OHEIJI:&HHX B03MOEHOCT9l KaHBJIOB BBOM-BHBO~a. 
TaKRM o6paaoM,HenpPicnoco6neHHocT:& ynHBepca.n:LHWC 3BM n YHPIKBJI:&,.. 

HOCT:& cnolicTB KOHKpeTHHX aKcnepRMeHTanLHHX ycranoBOK onpe~anBHPI Heo6-

xo~ocT:&·cos~aHRH yxaaaHHHX cpe~CTB o6ecne'ieHHH CHCTeM pean:&Horo 

npeMeHH WIJI zcnon:&~oBaHHH 3BM n·sKcnepHMSHTax OHHH. Coa~aHRe aTHX 

cpe~CTB.RBKnOCL aKTYBnbHOti 3~a~el,pemeHH9 ltOTOpOH IIOTpe6oBaJIO CIIBUH

an:&HHX HCCH9~9BaHHit :11 pa3pa60TOK annapaTypY,KO~ H MPIKpOKO~,arr

ropHTMOD co~eHHH :a nporpaMM pean:&Horo npeMeHR. . ,..., .. __.._.. ............. 
, ... ~tty··-.~_~-··-··{\ ···(~---·-:!';~I \;;'U ~ ,..;.~l,.~l:•tt;":!.l.:A t~i .. t. t \· \ J • 
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lleJILD pa6oTU JIBWmC:& paspa60TKa H pewm~~ KOMWIQitCOB annapa
TYPHO-npOrpaMMHHx cpe~cTB H anropHTMOB MaTeMaTKqecxoro o6ocne~eHHH 
CHCT8M pean:&Horo BpeMeHH ~ HCIIan:&SOBBHHH YHHB9pCEUl:&HHXSEM EsCM-3M/I/, 

IDCM-4 H EC~I040 B axcnepBMeHTEUl:&HHX H~CJie~oBBHHRX Ha JIHHHH c \IJKSH

~ecron.m ycTaHOBKaMH H npz6opaMH OIDIH. Tpe6oBBHHH ;MaKCHMan:&Horo. zc-:

nanl>SOBBHHH .Bli~~EUl:&HHX pecypcoB H p8.C111Hp9HHH ~OHEUl:&HHX B03-
MOEHOCT9! KaHEUlOB BBO~a-BSBO~ J!.SBM,a TaKES .~KTHBHOro ~OHH

poBSHHH SKCII9pBM8HTEUl:&HHX CHCT9M npHBEUlH It H9o6XO~OCTH COS~BHHH ~o
IIonHHTEUl:&HOI'O o60!>Y)t0BBHHH H npOrp8MMHOI'O 069CII9~9Hl!JI,K paspa60TK9 

MHKpOnpOrpaMMHliX cpe~CTB H JliWl ~OHEUl:&HHX anropHTMOB nporpaMM 
pean:&Horo B~eMeHH,odecne~ c6op,HaKonneHHe sxcnepBMeHTan:&HHX 

~a.HHWC u ynpa.mreHHe npox~eHHeM paSJIH100iX ~eccoB npz. padoTe 
ifJII3~9CKOft YCTaHOBKK. Ha STaii9 HSMepeHHft. 

Ha:ytmatl HOBHSHa. 'PaspadOTa.K. H HCCJ19~0BaH Pff,IJ; HOBHX. OII'rnMaJI:&HHX 

CTPYKTYP;Cpe~CTB CBa3H H CHCT9M npepanaHHH,anropHTMOB COIIpRE8HHH H 

Ha6opa xo~; cos~rura xoMnnexca cpe~cTB o6ecne~el1.r41! ~ npoBe~eHHH 
~H3~8CKHX SKCIIepBM9HTOB B peanl>HOM BpeM9HH H OTpa60TaHa M9TO~ 
zcnan:&soBaHHII YHHBepcan:&HHX SBM Ha .mnnrn: c axc.irepHMeHTan:&Hofi annapaTypoil:. 

Paspa6oTrura np~:&Ho HOBHe cxeMmie pemeHHH WUJ. · paciiiHpeHHH 

onepaTHBHoil: IIBMnTH H oprrurzs~ coBMemeHHoro paEHMa padoTa np~ec
copa IDCM-4 c KaHanaMH IIpa:Moro ~ocTyna. BnepBHe ~ SBM roracca IDCM-4 

COS~aH IIporpaMMao-ynpa.BliJieMltli KaHan BBO~a~BHBOM C JIOI'HKOil: COiipRESHRII 
KaHanoB EC 3BM,~To odecneqano no~~eHHe x IDCM-4 coBpeMeHHHX:YCT

poilcTB BBo~a-BHBo~a H ,IU>YI'HX 3BM •. 

BnepBSe · pasp86oTaH YHH\PmtHpoBaHHail ~op MHKpoxo~.xoTopWi pe-. 
anzsoBaH B i:umapaTH!lX cpe~cTBaX H pacnmpaeT ®'H~HoHan:&Hae .J!·Jio~ec

me ·BOSMOJKHOCTH caneKT9PHOro:KaHana EC 3BM,~osBcl.mm op:ra:HHsoooT:& ero 

pa60Ty ·B My.ii:&THnn9KCHOM prumMe C H8CKanl>KHMH llH8WHHMH 06'L9KTaMH 683 

o6panteHHH x l.lBHTpan:&HOMy np~eccopy. '· .. 
Paapa6oTaH H peanHSOBaH Pff,IJ; HOBHX OIITHMan:&HliX aJII'OpHTMOB npor

paMM pean:&Horo.Bpe¥eHH ~.npoBe~eHEH sxcnepBMeHTOB,o6ecne~~ 
S~KTHBH09 HCIIan:&30BaHH9 ~OpOI'OCT~9I'O o60py)tOBaHEH H BpeM8HH ifJII3H
~8CKHX YCTaHOBOK H pecypCOB 3BM. 3To IIOSBanHJIO BII8pBli9 B COB9TCKOM CoJ0-
39 H .IU>YI'HX CTpaHax-;¥-.reCTHlll.lax: Olliill zcnan:&soooT:& YHHBBPCan:&.HYID 3H4 :EXJ
-1040 B pean:&HOM.MaCWTa6e BpeMeHH B pexKM9 H8IIOCp8~CTB9HHOft.~3H C 

. SKCII8pBM9HTan:&HaMH ycTaHOBRBMH ifJIISHKK BHCOKKX SHep:rd OID!Hjg • 
HcCJie~OBaHa IIpmnunmaJII,HO HOBHe BOIIpOCH MaKCJiiMaJI:&HOro zcnan:&ao

BBHHH pecypcoB 3BM EC-1040 H MHKponporpaMMHoro KOHTpQliJiepa KaHana· WUJ. 
069CII8~8HEH ~KTHBHODo c6opa 3KCII8pHM9HTBJI:&HHX ~HHx BO BpeMH 

c6poca ~ ycxopzTeJig H npe~oCTaBJIBHHR WHSHKY-aKcne-
PBMeHTaTopy BOSMOXHOCTH· OII8paTHBHOI'O odmeHEH C 3~1 npH IIOMomH T8pMH-
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Han:&HHX ycTpoilcTB.: Ha ocHoBe npoBe~eHHHX.HCCJie~oBaHIDt ilrrepBae cos~aHa 
anropHTW ~oBaHHoro MaTer.mTKqecxoro o6ecne~emm MHKponporpaM~ 
MHOrO KOHTpQliJI9pa KaHana EC 3BM H MeTO~ ero HCIIan:&SOBBHIDI WUi o6-
M8Ha mr~pMaiU!:eit co CKOpOCTl>D I ,25 M6aliT/C MeJK,IIy onepa~on rraMf!T:&IO 
3BM EC-1040 H aKcrrepBMeHTBJI:&Hoil: ifJ!Is~ecKon anrrapaTYPofi 19 • · · · 

. PeanHsm!W{ H IIJ?a.KT~ecKM neHHoCT:&. PesyJI:&TaTii np(me~eHHax, Hc-

CJie~oBaHHa H paspa6oTaHHae Ko~nmeKCH cpe~CTB o6ecrre~eHHfl yuKBepcan:&
HHX 3BM H OTpa60TaHHaf! M9TO~ HX HCIIan:&SOBBHIDI HanJJllr IIpBM9H9HH8 B 

l.lMOM pn,n;e SKCUepl!MeHTan:&HHX CHCT9M,xapaKTepH3Y!OmKXCH pa~nt pe
JitHMaMR ~OHHpOBBHIDI,pa3H006pa3HaM COCTaBOM H oprrum:saiUieii 3KCIIe
pHM9HTaJr:&HOI'O 060py)tC>BB.HIDI,KatJ:9CTB8HHO pa3.Jili'IHID.m B~aMH li xapax

TepHCTHKaMH HH~PMalln:oHHHX noToioB. 
Cos~aHHue KaHan BBO~a-BHBoia/I/ H CHCTeMa IIpepaBaHRa/2! II03BonH

JIH Bll9PBH9 B CCCP H .IU>YI'HX CTpaHax:-YtJ:aCTHHKax: OHHH HCITOJI:&SOBaTl>' 

ES~A-3M Ha JIHHHH C decifJIIJI:&MOBHM CII9KTpOM9TpOM H3 HCKpOBHX KaMep C 
Ma!'HHTOCTp~OHHHM c~THBaHHeM 1241. CITeKTpoMeTp rrpopadoTan · · 

Ha ~a II --M930HOB CHHXP$30TPOHa IO raB JIB3 OKano IOOO tJ:aCOB' 6H
JIO aaperncTpupoBaHo oKano ~3xi07 :co6aTID1. G rroMom:&IO yxasaHHHX cpe~CTB 
6HJIO 069CII9tJ:9HO ITO~tJ:eime K E3CM-3M rpyniiH H3M9pHTEUl:&HHX IIQnYaBTo

MaTOB THIIa IIYOC JIB3125/ H npoBe~eirim aKcnepnMeHToB. Ha JIHHHH. c ycTa- , 
HOBKOil H3 npOBOnO~ liCKpOBHX xaMep C <Peppll:TOBHM . C'lliTW3a.lUI9M .. ' B 

~e HeilTpan:&HaX tJ:aCTHI.l H C 6ecifJliJ!l>MOBHM.CII9KTpOM9TpOM liS HCKpOBHX 

ItaMep, per:acTpupyiCI!tero pad~ K0- II +rr- Ha yc,oP,HTane JIB3 •. 
Cos~a.HHlln npo:rpaMMHllil KOHTpOJIJiep KaHana BBo~a-BHBo~a 77. o6ecneqan 

IIO,!Ut1IM8HH9 K ESCM-3M CT~apTHoro HaKOIIHTeJig Ha MarHliTHOil JI9HT9 THIIa 

CDC-608 H ~CnHEl.ll CO CB9TOBHM Ka~amOM H IIpOB9A9llli9 3KCU9pH-· 
MeHToi Ha JIHHHH c 3BM B·p~e pas~eJieHHH BpeMeHH c HecKan:&KKMH ~sn
~ecKBMll: ycTaHOBKaMH BliCOKHX aHepriDt OMHR Ha Cll:HXpOTpoHe 70 raB "~B3 

(Ceprryxo~: c r..mororraparlleTpoBoi1 ycTaHOBKoi1 no ncCJie~oBallliro yrrpyroro pac
ceSIHWI rrpoTOHOB Iia rrpoToHax: B .11HTepBaJie aHeprn.U I-7U raB;co ciTeKTpo-

. M9TpaMil Ei!C ITO .liCCJI9AOBaiDUO pereHepaLUUi Ha BemecTB9 KOpOTKOIDiBYllliDC 

KaOHOB ~OJII'ooulBYJ!lll!.lli 11 }.)HC-1 ITO IIOHCKy traCTlllt C H9paBHHM HyJIIO HOBblM 

KBaHTOBllM tillCJIOM. . 

313M RJCM-4, OCHai111:iHHaH co~rHHMH cpeACTBBMH YIIPaBJI9HHfl. npepHBa-
HHeM/4/'H o6MeHoM mr~~en . zcnan:&syeTea B cHcTeMe zsMepHTeJI:&HHX 

nwaBTOMaTOii IIYOC JIBTA (OHfili). PeaJillSOBrurnHe. KaHaJili CBRSH • 

/6 o6ecne~ npoBe~eHHe 3KcnepBMeHTOB E3~6-4: co CKaHHpYJll!IHM aBTo
MaTOM Ha aJI9KTpOHH<>-JIY~eBofi· Tpy6Ke .illiTA;. C MHOroKa

HaJI:&HHMH aHanHsaTopar~ Ha HMUYJI:&CHOM peaxTope MEP-2 ~sMepHTeJI:&Horo 
l.leHTpa Jni<I!261; Ha ycKopnane JIB3 co cneKTpoMeTpaMH: no Hci::Jie~o-
Ba.HHJ). a.IU>9HOB li peJigTHBHCTCKHX n,nep; ITO 11CCJI9~0BaiDUO KyMyJIH.-
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TIIBHoro p()I{,I(emm 'Ia.CT:;m;. Ha ycTaHOBKe AJfJ:JJJA/27 I B · xo.n;e ni>one.n;eHWI. 
axcnepHMeHTOB 6urro saperncTpnpoBaHo 6anee 2,5xi06 nucoxoxa~ecTneu~ 
HHX CT9p90MarHHTOrpaLIJIIii:. 

C03.D;aHHH9 KOMnOH9HTH cpe.n;cTB COnpHX9HWI/9 ,10/ H anropHTMH MaTe~ 
MaTH~ecxoro o6ecne~elinR nporpro~moro KOHTpGnnepa nosnnrrRHH ncnonbso
BaTb 3BM EC-I040 B npo~eccax KOH'l'pOJIJI n c6opa axcnepHMeHTanmux .u;aH
HHX C cieCqiiDibMOBOrO CIT9KTpOM8Tpa El1C-2~0T8JOll{8rO B ~ HeilTpan:&
HHX ~acT:;m; cepnyxoncxoro ycKOpHTem/28 • B xo.u;e npoBe.u;eHWI axcnepH
MSHTOB C YCTaHOBKOH EHC-2 saperHCTpHpOBaHO OKQHO 23 MnnnHOHOB CT9-
peoMarHHTOrpaqnrii,o6~60TKa KOTOpHX TIOSBOHrora n~Tb pH.u; HOBHX 
Ha~HX pesyJibTaTOB729/, .· . 

C03.U,:aHHH8 KO~mOH8HTH T9XH~9CKHX cpe.U,:CTB H anropHTMOB MaT9~TH
~8CltOrO · ociecne'!eHIDI MHKponporpaMMHoro KOH'l'pOJIJiepa KaHana EC 3B!/16/ 
nOHY'IIDIH npaKTH'I9CK08 llpHM9H9HH8 B llKCnepHMSHTanbHHX CHCT9Max Olilllf: 
}1,JIH npo.u;OJDKemm ~a IICCJie.n;oBaHHil no IcyMyJIJITHBHOMY p()I{,I(SHHID 
'!aCT:;m;/22/;·)J,JIH HCCJI9.U,:OBaHHH qiparMSHT~ ~ep,- pacioTaromne Ha 
yCKOpHTeJI9 JiaciopaTopHH BHCOKHX aneprHil; EHC-2 WIJ1 llpO.U,:OJillt9HIDI npor
paMMH qiH3~8CKHX HCCJI9.U,:OBaHHfl,oc~ecTBJIJIBillKXCH CHCT9MOfl,Et1C-1 Ha 
ycKopnTeJie lli!CTH'cy'Ta qiHs:mm BHCOKHX aneprHil. Ha ycTaHonxe EHC-2 c 
nOMOmniD MHRPOllpOrpaMMHOrO KOHTpOJIJiapa KaHana B T9'19HH9 TpeX C9aHCOB 
saperHcTpnpoBaHo 6onnmoe K~ecTBO CTaTHCT~ecxoro MaTepnana (oRono 
40 MrorJIHOHOB COdHTHII),Haxo,u;a~eroCH B HaCToamee BpeMH B CTa.u;nH o6pa-
60TKH. 

Co3.U,:aHH!i9 aBTOpOM KOMnn9KC!i cpe.u;CTB o6ecne~9HIDI CHCTSM peanbHOrO 
BpeMeHH ycnemno Hcnurrn30B8JIHCb H HCnOHbSYIDTCR B T8'18HH9 MHOrHX JIST 
ripH npone.n;eHHH axcnepHMSHTOB ua JIHHHH c numeyxasaHH!iMH 3BM: E3CM-3M 
ua ycKopnTane JiaciopaTopHH BHCOKHX aueprHil OlliM c. 1965 no 1968 ro.n;u n 
ua cepnyxoncKoM ycKopnTeJie c I969 no I976 ro.n;u; J33CM-4 - B JiaciopaTo
PHH B~CJIHTSJinHoil TSXH:mm n aBTOMaTHS~ OHHM c I968 ro.u;a 
no HaCTORmea npSMR, - B JiaciopaTopHH uail'l'poHHoii qinsHKII OHHM c 1969 
no I98I ro.n;u, ~ B JIB3 c I969 no 1979 ro.n;u; ·:ill-1040 Ha cepnyxoBCKOM 
ycxopnTSJia c 1977 ro.n;a no uacToRmae npeMH; EC-I040 B JIBS c 1978 ro-
.n;a no HaCTOBm99 Bp9MH. 

AnpociauR!I oocioT H ¥-:6JIIIKaUHH. OcnonHHe pesyJibTaTH .n;nccepT~ 
onyciJIHKOBaHH n pacioTax/~9/. PesyJibTaTH npone.u;eHHHX pa6oT o6c~e1m · 
Ha CSMHHapax Ollill1 II .D;UITOJ!t9Hii Ha: COB9maHHH no HCKpOBHM KaM8paM (.lly6-
Ha,I966); MeJK.DYHapo.u;noil Konqiape~ no annapaTYPe }1,JIH !Pnsm BlicoKHX 
:maprd (CTeHqiop.u;,I966); IY CIIMUOSeyMe no p8,Jnt03JI9RTpOHHKe (llpara, 
I967) ; ConemaHHH no npo6JieMaM anTOMaTHS~ o6pa6oTKH HHqiopMaiUm: c 
ncnanbsoBaHHeM BH'IHCJIHTeJibHHX MamHH (.lly6ua,I967); I ·II II M~apo.n;
HHX lliKOJiaX no npHMeHSHHID 3Hvi B Sa,Jta'Iax llKCnepHMSHTaJibHOii qins:aror(.AJiym-
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Ta,I968 H 70); I BceCOIDSHOM COBemaHHH no aBTOMaTHS~ Hay'IHHX HCCJie
.n;oBaHHil B ~apuoii qinsHKe (KHen,I976); II BcecoriauoM CIIMUOSnyMe no Mo
.D;YJI:&lWM mi\liOJlMBIUIOHHo-BH'IHCJIHTSJibimM czcTeMaM (.lly6ua,I978); XII Bce
comsnon mKane no aBTOMaTRSaiUm HaytiHHX ncCJie.u;oBaHIDt (EaxypRaHH,I978); 
a T8.Itllte ony6JIHKOBaH!i B.JitYPHanax NIM,.H<I>,llT3 R coocimeHIDIX mum. 

. CTpyxrfpa liHCC8pTRITJm' OTB9'Ia9T R36paHHOH Ter.m, CO.D;S:pllta.HIDO H Tpe.:. 
6oBB.HIDIM ~eJibHOCTH :a o6'I>eMa RSJiaraeMoro MaTepzana. Oua cocTonT :as · 
BB9.U,:9HIDI,TIRTH rJiaB,SaKJiiltl9HIDI 1 CURCKa JlHTSpa'cy'pH H npiDIOJK9HHR H .co,u;ep
XHT ncaro I68 cTp~. Hs RRX: I44.cTp. TaKeTa c pnc. :a Ta6JI.; I6 
CTp. JlHTSpaTYIJll HS I35 nasBaiUtit H 8 CTp •. llpHJIOlK9HWI ( pnc • · H Ta6JI; ) • 

·KPATKOE CO~ PAEOTil 
Bo nnaneHHH .u;aeTCH xapaxTepncTHKa SJieKTpoHHHX axcnepHMeHTOB qin

s:mm BHCOKHX auepr.Kn n :ax ocnonHHe qiaKTopH,onpa.u;SJIRIDmne fieocixo.u;HMoCTb 
BKJID'l9HWI B COCTaB SKCnepHMeHTanbHOro 06opy.u;OBaHIDI 3Bid~KOTOpaH llpH. 
Han~ Cpe.U,:CTB o6ecna~eHIDI CHCT9M peannHOrO BpeMeHH B SHa'IHTeJibHOH 
CTSTISHH pemaeT y:&aSaHHH9 npo6JieMH. 0TM9~TCR OCHOBH!i9 npeRMYmeCTBa 
6ecqiHJibMOBoii MeTo.n;HKH, cnococicTBYJOlltile ·. nporpeccy B pasnHTHH sxcnepHMeH-. 
TanbHOil annapa'cy'P!i H BOSpaCTaHHID POJIH 3BM,pa60T8JOli{9H B peJKHMe uenoc
pe.n;cTBeHHoil CBRSR C qiR3H'I9CKOfi YCTaHOBKOil. B CBRSH C 3THM 000CHOBHBa-
9TCH aKTYanbHOCTb · Tip9.U,:CTa.BJIII9MOll: T9MaTHKR. \DopMYJIHpYIDTCH ~eJIR paOOT, 
OTM9'Ia9TCR.HX Hay'IHBR HOBHSHa H TipaKT~SCKaR ~9HHOCTb,y:&aSHBaeTCR 
BIOI~ anTopa .n;nccepTruum H .u;aeTCH xpaTKoe co.u;eJ»!Ulllne ee no rJianaM. 

llepBaR r4gsa TIOCBRm9Ha aCTI9KTaM pa3BHTHH CHCTSM·peaJibHOrO npe
MSHH, HCTIOHbSY9MHX }1,JIH qiHSII~9CKHX HCCJIS.U,:Onamtii:, · PaccMaTpHBaiDTCH OCHOB
Hii9 np~ mHpOKOrO HCTIMn30BaHHR 313M B qiHSR'ISCKHX SKCnepHMeHTax, 
OC069HHOCTH SKCTI9pRM9HTaJinHHX YCTaHOBOK H onpe,u;SJIReTCR HX llpHH~SlK
HOCTb K Macey CJIOEHHX CHCTSM, 

MHoroo6pasne pemaeMHXqiHSH'!ecKHX s~a'!,pasuopo.n;uocTb Hcnonnsyro
meilCR aicnepHMSHTaJinHoii annapaTypH,npm~eneHHe paSJIH'IH!iX cpe.u;cTn BH
'IHCJIHTSJinHoil TeXHHKH H MIIOI'H9 ,D;pyrH9 qiaKTOp!i · SaTpy.u;HRIDT. yHHqilmaiuno 
cpa.n;CTB·OOecne~eHHH CHCTSM p~aJibHOro.BpeM9HH. AHaJIH3 3~a'I llTHX 
cpe.n;CTB H Tipe.D;'lJIBJIRSMHX K HHM Tpecionamtii: CITOC06CTBY9T paspa60TK9 H 
peaJIRSaiUm onTHMannHHX KOMnJlSKCOB annapaTYIJIIO-nporpaMMHoro o6ecne'!e
HIDI SKCnepHMeHTaJibHHX CHCTSM H HCITMbSYSTCR npH llpOB9.D;9HHH yHHqiHKaiUm 
anropHTMOB H MO.D;yJie~L 

llpOBO~TCR CpaBHHTSJibHHil aHanHs.pa.n;a KpynHHX MHOrO~eJI9BHX SKcne
pKM9HTaJibHHX CHCT9M,pa6oT8JOli{HX Ha J1HHHH C pa~oro IOiaCCa 3BM B pe
WlbHOM MaCmTacia Bp9M9HH Ha YCKOpHTSJIRX B qin3m9CKHX HCCJIS.U,:OBaTeJibCKHX 
tieH'l'pax sa py6exOM n B ConeTCKOM CoDse,B TOM '!HCJie B OHHH. 

06cyz.n;aiDTCH ~ cpe.u;cTB o6ecne'IeHIDI CHCTeM peaJibHoro npeMeHH 
H s~a'IH,pemaeMHe c noMombiD 3H~1. 
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ITpoBO~TCH aHanH3 Tpe6oBBHKfi,KoTopHe ~onxeH BHnanHHT~ KOMnneKc 

nporpaMM KaK o~o na ocHOBHHX cpe~CTB-o6ecne~eHRR cHcTeM pean~Horo 
Bp9M9HH WIH .· oprrom3~ 3<IxJleKTHBHOrO HCllOJI~30BaiD!JI llOT9mntaiT~HHX 

B03MOJKHOCT9R SKCnepHM9HTaiT~llOrO 060py~OBaiD!JI H pecypCOB 313M. 

PaccMOTpeHa THTIOBaH CTPYKTJPa KOMnneKca nporpaMM pean~Horo Bpe

M9HH,KOTOpaH ll03BanH9T opraHH30BaT~ c6op,HaKOlln9HH9 H o6pa60TRY SKC

nepHM9HTaiT~HHX ~aHHHX C ~3~9CKHX yCTaHOBOK B pexKM9 Henocpe~CTB9H-

HOR CBfi3H C 313M. . . 
13TOJ?aJI rJIB.Ba llOCBSillt9Ha HaytmO-M9T0~9CKHM BOtiJlOCaM DH6opa 

onTHMan~liHX CTpyKTyp H paC~STY xapaKT9pHCTliK Cp9~CTB o6ecne~eHRa 

CHC'l'9M pean~Horo Bp9M9HH,KOT0p!i9 n03BOJIHIOT tiJlOBO~T~ T90p9~9CKH9 

OU9HKli OCHOBliHX llOKa3aT9JI9lt H napaMSTI>OB nepeM~ ~aHHHX B ~~ec

KHX aKcnepHMeHTax Ha JIHHHH c 313M, 11 Pff.1t ]ij)yi'IDC Tpe6yeMHX pemeHl!R npH 

paapa60TK9 HOBOH annapaTypH H anropRTMOB tiJlOrpaMM WIH 60Jiee Ka~9CT

B9HHOro R 3\ItP9KTHBHOrO HCllOJI~30BaHRR 313M Ha Jill:HHH C SKCll9pHM9HTaiT~HH

Mli ycTaHOBKaMH. PaccMOTpeHa MaTeMaT~ecRa.R: MO~eJI~ cpe~cTB o6ecne~e

HIDI CHCT9M pean~Horo Bp9M9HH. lfCCJI9~0BaHH9 3TIIX cpe~CTB,HCX()Jtll lll!l 

M0~9JIR,H906XO~AO Ha~aTb C aHanR3a Tp960BaHRR K SKCnepHM9HTaiT~HHM 

ycTaHOBKaM (BXO~e li BHXo~e ~aHHHe) H BHyTp9HHIIX napaMeTpOB-

cpe~CTB o6ecne~eHRR (cKopocT~ H cnoco6 nepe~a~ no JimmJIM CM3H,an

ropnTMH ~KUIIOHHPOBaHIDi annapaTypHO-npOrpaMMHHX cpe~CTB H ~.napa

M9TpOB) C ~eTOM XapaKT9pHCTHK BH9mH9rO B03~9itCTBIDi H T9XH~9CKHX 

pemeHHR. 

0co6oe BHHM8HH9 y~eJIJI9TCJI aHanR3Y noKa3aT9JI9ft H napruAeTpOD,xa

paxT9pH3YD~ Ka~9CTBO H S~9KTIIBHOCT~ nepe~a~ ~aHHHX B ~3~9CKIIX 
sKcnepHMeHTax Ha JIHHHH c 313M. Onpe~e.mnoTCJI TPe6oBaHHH K oco6eHHOCTSIM 

IU!Wop~.)(ruoTCJI OIIp9~9JI9HM .H tlJYHKUIIOH~HH9 IIp9~CTa.BJI9HID! BXOM

mero nOTOKa coo6meHHit,Ha OCHOB9 KOTOpHX MOJKHO OU9HHT~ ero xapaKT9-

pHCTRKII (pacnpe~eJieHIDi no BJleMeHH) B cHcTeMax nepe~a~. PaccMaTprr

BaiOTCH OCHOBHH9 UOKa3aT9JIH (Ha,neJKHOCT~,nponyCKHaJI CUOC06HOCT~,06l>eM 

11 BpeMH o6crry.K~IBaHRR coo6meHIDI R cTapeRIIe coo6meHRlt) CHcTeM nepe~a~ 
~aHHHX, np:~mo~cJI RX 'pac'!eTH. OUeHH:BaeTCJI ~ocToBepHOCT~ 

nepe~a~ ABHHHX:, xapaKT9pll3Y9MaH K0~9HTOM OlliR60K. IlpHBo-

~TCJI 3KCnepHM9HT~H09 Orrp9~9JI9HR9 Bann'!HHH KO~llua9HTa 

OlliR60K , H 0U9HRBa9TCJI Dp9.t'41! 1 H906XO,IJ;llM09 WIH perncTprunm KOJIH

~9CTBa omR6oK. rr~eHHaJI B ~eayJI~TaTe pac~eTa B~a Ko3\ItP~eHTa 
OmR60K COCTaBJIH9T 10-6 + 10- ,T.e. Tpe6oBaHIDI K ~OCTOD9pHOCTR nepe

~a~ ~aHHHX WIH tlJR3~9CKIIX 3KCnepHM9HTOB Ha Jill:HHH C 313M COBUa,I{aDT C 

06mJIMR Tpe60BaHIDIMR K T~t CHCT9MaM. 

PaccMaTpRBaeTCH o6ntiDl anropHTM ilJYHK1UiOHHPOB8.Hmt R napaM9TJlH 

czcTeMH npepHBaHHH. ITpRBo~TCJI KJiaccn~ Dcex yCJio:Bd · ( cnrniuroD) , 
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BH3HB810~ npepHBaHIDi BHnOJIH9HIDi Teeymeil riporpawJJ!l 313M. ITpime~eHa 
CX9Ma o6mero anropHTI&l ~OliHPOBaHIDi CltCT9MH npepHBaHIDi,Ha OCHOB9 

KOTOporo BHnOJIHH9TCH llpOrpaMMa o6pa60TKH npepHBaiDIJI. PaCCMOTpeHH· 

CllOCo6H Ollp9~9JI9HRR MOM9HTOB npepHBaHHH Teeyme:ii nporpaj.,r,IH 3l3M H llpH

B9~9HH BPeM9HHH9 COOTHOill9HIDi M9~ 3TallaMR o6pa60TKH CHrHanOB npe-
• I • . . 

JlHBaHIDI,Onpe~eJIJI~e xapaKT9pHCT!IKH CHCT9MH npepHBaiDIJI. , 

· • IlPHBO~TCH anropnTM nporpruAMHoR oprromaauHH Be~eHIDi apXRBa 

HHtlJopMaiUm Ha 3BM,Ha OCHOB9 KOTOporo ~aeTCH OU9HKa Bp9!.19HHHX mipa
M9TpOB R 3arpy3Kl! J33CM-4 B pEllKltMe npReMa R H~~reHHJI 3KCnepHM9H.:_ ' 

TaJI~HHX ~aHHHX c MHoroKaHanbHHX aHanzaaTopoB 2 7 • ITpime~eHH aasncn

MOCTH aarpyaKl! 313M OT noToKa cneKTpoMeTpn~ecKoli HHt!JopMauHH,nocTYUa:.. 

IOI!l9it C aHanR3aTOpOB. .IJ:aHH KOJI~9CTB9HHH9 3arpy3Kl! l33CM-4 · npn BHUOJI

Hemm onepauiDl UpHeMa H o6pa60TKH tiB:CCIIBOB 3KCU9pRM9HTaiTbl!HX ~aHHHX 

c aHan:KaaTopoB. ITp:~mo.n;rTCH 3aBHCHMOCTH ~CJia aHanzaaTopi:m oT nponycK

Holi · CUOC06HOCTH l! o6mero Kan~eCTBa pernCTPHPYDmliX TPrutTOB. 

ITpoBo~TCH TeopeTR~ecKHil pac~oT aq~KTHBHOCTH c6opa aKcnepilMeH

TaJI~HHX ~aHHHX • Onp~~eftaeTCH ocHoBHOH KPHTepnlt swweKTHBHOCTH no~cHc

TeMH c6opa ~aHHHX. )J.Jm KOJIH'!9CTB9HHO:ii OUElHKli 3TOro KpRT9piDi IlB9~eHa 
D9JI~a K03@i~9HTa rOTOBHOCTll,KOTOpHll llO CD09i! CYTH onpe~eJIJieT 

B9pOSITHOCT~ 06c.nyEmaHIDi C006meHIDi llO~CHCT9MOli-c6opa ~aHHHX.·.IJ:aeTCJI 

aHaJIH3 napaMeTpOB,BJIRiilO~ Ha DeJIH~ KOS@lHUH9HTa rOTOBHOCTH,II no

Ka3HBa9TCSI,~TO nepcneKTRBHHM nyTeM UOBHm9lll[H ~KTIIDHOCTR c6opa 

3KCU9pHM9HTaJlbHHX ~aHHHX SIBJISI9TCSI CHHX9HR9 BeJilt~ H9llpOR3BO~T9Jib

HHX saTpaT Ha BpeMH o6CJiymH:BaHIDI coo6meHRli 6JioKaMH onepaunoHHoli cnc-
TeMH 3BM. , 

PaccMaTpRBaDTCH anropHTMH BH6opo~ofi o6pa6oTKR RHtlJopMaUHH,npn

HHTofi C SKCU9pRM9HTaiT~HOll annapaTYPH,KOTOpHe peanHSYDTCSI B pa3JIH'!HHX 

KOMnn9KCax nporpaMM pean~HOrO Bp9M9HR. ITpime~eHH OCHOBHH9 Tp960BaHIDi, 

KOTOpH9 ~QnX9H o6ecne~Tb arrropHTM BH60p0'!HOH o6pa60TKR SKCU9pRM9H

TaiT~HOJ1 HHtlJopMauHH. PaCCMOTp9HO H9CKOJI~KO anrop:HTMOB KOMnn9KCa npor

paMM pean~Horo npeMeHR,oTMe'!eHH me ~OCTOHHCTDa n He~ocTaTKH. ITpRBo

.IUITCH CpaBHliT9JibH8JI' OU9HKa SqxpeKTHBHOCTlt Tpa,n,mn!OHHoro R HOBoro anro

pRTMOB R ~aHH HX ~KUIIOHaiT~HH9 3aBHCHMOCTH,UOCTp09HR9 KOTOpHX npo

H3BO,I(WIOC~ M9TO~OM MOHT9-Kap.7IO. ITpRB9~9HHH9 peayJI~TaTH HCCJI9~0DaHlrlt, 

U~9HHH9 llpR MaT9MaT~9CKOM M0~9JiltpOBaHHH Tpa,nnuROHHOrO H HOBOrO 

anropRTMOB, CB~9T9JI~CTBYDT 0 . TOM, ~TO HOBHll anropRTIJI U03BanH9T. B 1, 2-
-1-,5 paaa nOBHCRT~- CKOpOCT~ o6pa60TKH 3KCnepRM9HTan~HHX ~aHHHX. 3TO, 

COOTB9TCTB9HH0 1YB~9T aqxpeKTRBHOCT~ no~CRCT9MH onepaTimHOrO 

KOHTpOJIH Ra~9CTBa ~OHIIpOBaHRH 3KCll9pRM9HTaiTbHOH ~H3~9CKOH ycTa-

HOBKH Ha JIHHHR C 313M B pean~HOM MaCmTa6e Bp9M9HR. . 

B Tp9T~9H rJiaB9 paCCMOTP9HH BOllpOCH opraHR3~ H M9TO~ HC-
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UOJil>SoBa.ImR·Ko~eKCOB YCTPOilCTB_H nporpa:MMHHX cpe.n;cTB oCS~cne'!emm 
ymmepcaJil>HHX 8BM ·. BToporo · noKOJiemm B W:asH'!ecm sKcnepEMeHTax: OIDIH. 
OCSocHOBI:maeTCH BHCSop SBM :a aKTyaJII,HOCTl>Sa.rta'I Mo.n;epHHsmum,paspaCSoTKH 
H COS,ItaHHH KOMUn9KCOB cpep;CTB o6ecne'!9HHH 9BM ~ fiPOB9,11;9HHR SKCnepa
MSHTOB Ha .nmnm c {PnsH'!ecKEMH ycTaHOBRaMH :a npHCSopaMH OIDIH. · 

~ npoBe.n;eHHH SKcnepHMeHTOB ~ CSase BSCM~d paspaCSoT~jYcTpoil
cTBa Henocpe.n;CTBSHIIOro BBOM-Bl:IBO,ll;a !/ H CHCTSMa npepHBaHHH 2 ~ Pac
CMOTpeHl:l OpraHHSBUHH pe3HMOB BBO,Ita-Bl:IBO,Ita H CHT9Mli npepi:mamm H KX 
xapaKT9pHC'l'lUOJ. 

PaccMaTP:KBBilT~ WYmanm R CTIJYKTYIJB. nporpaMMitoro KOHTP01IJ!epa Ka

Hana BBO,Ita-Bl:IBO,Ita/7 , C03.n;a.HHOrO ~ fi0,11;RJIJJ'I9HHR Mal'HHTo{PoHa CDC -608 H 
,ItllCIIJI9Jl 11 ,ItJI.li opraHHSa.I.tiDI pa60TH (B pWitllMe paS,It9.1I9Hl!Jl Bp9M9Hll) 
C H9CK~KllMll ~llSll'ISCKllMll YCTaHOBKaMll Ha ~ C E3~d-3M Ha YCKOpll
T9.1I9 ¥I<liB8 (CepnyxoB). 
~ HCfiOJI:bSOBaHHH E3CM-4 B Sa,Ita'Iax: perHCTIJBIUm Cfi8KTpOM9TIJH'I9C

KOil HH{PoiJMaUHH c {Pl!sH'IecKKX ycTaaoBoK OHHH cos.n;a.HH ~oMnneKcH annapa
TY.PHo-nporpa:MMHHX cpe.n;cTB oCSecn_e'!emm CRCTeM peaJI:bHoro BpeMeHl! •. Pac
CMOTPSHH OC069HHOCTH UOCTYIJ.119HHR Cfi9KTpOM9TpH'I9CKOR HH{Pop.miUm C SKC
nepEM9HTaJI:bHWC yCTaHOBOK. PacCMaTPRBBllTCH 0611tR9 np~ opwsmum 
H npHBO,ll;llTCJl. xa~T~HCTRKR: Cp9,ItCTB ynpaBJiemm fiiJ9IJliBaHH9~4 H. o6-
M9HOM HH{Po~eti 5 ; KaHana CBJISR, c nOMOIIll>JO KoToporo · Ha CSase IDCM-4 
COS,ll;aHli SKCnepHMeHTaJil>Hl:IS CHCTSMH npHeMa,HaKOIIJISHHR. H O~CSOTKH .n;a.H

HWC C MHOrOKaHaJIDHWC aHBJIHSaTOpOB rs~ HllSitl'IX .. sHeprHti 6/ H . CO Cfi9K
TpOM9TpOB _{PHSHKH Bl:ICOKKX SHeprnit/2 •27 ; JIOrHKH pacnmpemm onepaTHB
HOfi naM.a:TH H coBMe~eHHoro pexHMa paCSoTH npo~accopa ESCM-4 c Ka.HaJiaMH 
IIpHMoro .n;oczyna, no KoTopHM B n8MJITR 31M c MIUmMaJll:,HI:lMI:l: Bpe.:.. ' 
MeHHl:IMH saTpaTaMH perRCTpzpyeTCH noc~ c ycTaHOBOK cneKTpoMeT
pH'!ecKa.JI HHWOIJMBUHH; nporpa.MMHo-ynpaBJIJieMoro KaHana BBo.n;a.-BHBo.n;a/3/, 
66ecne~ammero·no,ItRJIID'IeHRe K E9CM-4 '!apes cos.n;aHHI:~e ~OHTp01IJiepH c 
fiOMO~JO COOTB9TCTB~ero npOrpa.MMHOrO o6aCU9'I9HHJI MarHHTo{POHOB'TRUa 
EC-50!2 (B JIB3)/207 R CDC -608 (B JlHq))/3/ ,a '!apes cne~Hl:lit 6JIOK · 
.ItaJil>Heil CBJISH - SBM TPA-IOOI H E9CM-6/8/ • IloCJie,JtHee no;IJ;lt7IJO'IeHHe nos
BOJIWio BO BpeMJI SKCU9pHM9HTa fiPOBO.n;HT:b 06pa60TKy Cfi9KTIJOM9TPH'I8CKOfi 

· HH{Pop.~ruum,npHHJIToti B ESCM-4 c MHoroKaHaJIDHWC aHBJIHSaTopoB JlHq) •. 
qaTBepTa.a: rJiaBa noc~eHa Bonpoc~ zcn~l>SOBaHHR KOMnJiaKca anna

IJaTypHo-nporpaMMHHX cpa,ItCTB. COI!pfD19HHR S ,!0 . B npo~eccax: KOHTpOJIJI li 

c6opa .ItaHHHX c CSec{PWiwoBoro cneKTPOMaTpa EHC-2 Ha .nmnm c :3BM EC
-!040. 060CHOBHBa9TCH BHCSop H · aKTyaJI:bHOCT:b COS,ll;aHHH npor:paMMHoro KOH
TpOJUiapa . 8BM EC-!040 ~ Pa6om Ha .nmnm co cneKTpOMaTpOM EllC-2. · 
· PaccMaTp:KBBilTCH np~ opraHHSBIUm .. IIP,O!'.Q8MMHoro KOHTP01IJ!apa 
COIIpfllltamm cnaKTpOM9Tpa EllC-2 c S:BM EC-I04oi'II7. 0UHCI:maeTCH cir.flntmro-
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HaJI:bHOa HaSHa'!eHHe;¥ JTIJYKTYPHaJI opraHHSi¥§i KOMfiOH9HTOB KOHTp01IJiepa: 
annapaTHWC cpep;CTB 12 K~ Cp9,ItCTB ! 3/ H. cpe,ItCTB BHSlliHSro HH- . 
Tep{Peitca BBO,Ita-Bl:IBo.n;a/f4 ,KOTOpl:le no.n; ynpanneHHSM KaHaJI:bHOH·fiPOrpaMMH 
o6ecna'I:KBBilT: <WHKmm ynpannemm,KOHTPOJIJI H oCSMeHa HHiflop~efi MSW' 
sKcnepEMeHTaJil>Hoit annapaTYPoil EHC-2 H onepaTHBHOH·naMJIT:bJO S~d EC-!040. 
naeTCH o~aHKa BpeMeHH BlinOJIHSHHH fiOCJIS,li;OBaTeJI:bHOCTeit ~9llO'I9K XOMaH,It. 

0UHCHBaJOTCH. ~ HCUOJI:bSOBaHHH KOHTP01IJI9pa B _oprrumsmum . 
c6opa R 'OHTPOJIJI HH{Pop.~ruum co cneKTpoMeTPa EHC-2 Ha .nmnm c SBM EC-. 
-!04ol28 • IlpHBO.n;HTCH COCTaB H Ofil!CaHH9 opraHHSBIUm CHCTSMHOrO KpeilTa 
ycTaHOBKH EllC-:2. PaccMOTPeHH ynpanneHHe npHeMoM :a opraHHs8UHH nepe.n;a
'IH ,ItaHHHX B 3BM;opraHH38UHH KOHTpOJIJI pa60TH annapaTYPH H XO,Ita SKCne
IJEMSHTa. IIpno.n;HTCH xapaKTepHCTHKa 'ITemm _HH{Po~ c ycTaHOBKH. 

' IIpoBe.n;eH . aHBJIHS anropHTMa nporpa.MMHoro o6ecne'Iemm KOHTpannepa . 
~ opraHHSSIUm npo~eCCOB KOHTpOJIJI H cCSopa ,ll;aHHWC C SKCU9pHM9HTaJI:b-: . 
Holt annapaTYPH EHC-2 Ha .nmnm. c SBM EC-!040. PeaJIHsoBaHHa.a: no.n;cHcTeMa · 
c6opa ·.n;aHHHX o6ecne'Il!BaeT ynpanneHne nape.n;a'!eit ,IJ;aHHWC.npHeM HH{PopMa
~oHHWC MaCCKBOB,ynpanneHHe OnpOCOM HCTO'IHRKOB RH{Po~,KOHTpOJI:b 
nepe.n;B.JO~eit H·perRCTPRIJYJOI!l9fi annaJiaTYPH· 

B nJITOit rJiaB9 paCCMOTpeHli cpe,ItCTBa oCSecne'IaHl'IJl CHCT9M peaJI:bHOro 
. BpeMeHH ,I\1IJl HcnC>Jil>SOBaHHH EC SBM B {PnsH'!ecmix sKcnepEMeHTax: •• ocsocHo

BHBaeTCH aKTyaJI:bHOCT:b C03,ItaHHJI HOBOrO 6HCTpO,It9HCTBYJOmero KOMnn9KCa 
.cpe.n;cTB conpwKeHn.a: cneKTpoMeTpoB {PnsHKH BHCOKKX sneprHit c 9BM- EC
·-!040. 

· IlpllB0,11;JlTCJl CTPYKTYIJB. H opraHHS8UHH KOMnn9KCa cpe,ItCTB COilpfDK9HHR, 
nosB~ero Ha CSase MHKponporpaMMHoro KOHTpannepa (Ml!KpoKoHTpannepa) 
Railana EC :3BM npoBO.n;HT:b pa60TY SBM EC-!040 B peJmMe pa3,It9.1Iamr.it m,e
Hll Ha JIHHHH C H9CKOJI:bKHMH (~o 8) SKcnepHM9HTaJil>Hl:IMH YCTaHOBRaMH 5 • 

OnHCHBaJOTM ;W~ opraHHs~ ·H ~oHaJil>Hl:le xapiKTepncTHKR 
MHKpOKOHTp01IJiepa I · , 0UHC8Hli CSaitTH . OCHOBHOro H YTO'!HeHHoro COCTommil 
ft CTIOC06~ SaBepmeHRJI BlinOJIH9HRJI KOMaa,It H MHKpOKOMaR,It a60H9HTa B MHK
poKOHTpannepe. PaccMaTpHBaeT~ ~oHaniHoe nasHa'IeHHe H CTPYK
Jf!iHa.a: opraHHS8UHH KOMfiOH9,TOB.MHKpOKOHTp01IJI9pa: annapaTHHX Cp9,ItCTB 

I R nporpaMMHl:IX.cpe.n;cTB I 81,Ha ocnoBe KoTopux KaHaJIDHa.a: nporpaMMa 
H MHKpOrrpOrpaMMa,S~HaH Ha6opoM ~eno'I9K KOMaH,It H MHKpOKOMaH,It,Hax0-
,11;1llltRXCJl B onepaTHBHoit fiaMIITH KaHaJia,oCSecne1nmaJOT BOSMOJmOCT:b oprrum-
3~. rzCSKoit H· onepaTHBHoit paCSom KaHana BBo.n;a-BHBo~a SBM-EC-!040. 
Ha JIHHHH C SKCnapRMaHTanl>HOft annapaT,1.POft. 

PaccMaTpmiaeTCH MeTo.n;HKa :acnOJil>SOBaHHHMKKPOKOHTPDnnepa Ha CSase 
KOMnnSKCa.nporpaMM peaJI:bHOrO Bp9M9HH.B SKCnepRM9HTax,npOBO,li;HMHX Ha 
ny'IK9 yCROpRT9JIJl·!0 rsB C.WH3H'I9CKHMH ycTaH~~ Bl:ICORHX SHepre! B 
paEKMe Henocpe.n;cTBeHHon c~s:a c BBM EC-!040 22 • 
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. lipllBO,ItiiTC.Jl MropRTM H MOTO,nl'IRB. HCIIOJil>SOBa.Imil ymi@ml!pOBaHHOrO 
rrporpaMMHoro o6ecneTJeHH.JI MRKpoKOHTpOJIJiepa/231,cos.namroro Ha ocHoBe 
6asncHoro MaTo6ecneqeHR.JI H MaKCZMan:OHO·YTJHTHB~ero KaK'BOSM~ocTH 
MHKpoKOHTpOJJJiepa, -TaR l1 CIIeiUi<lmKY KOHitp9THUX: ~3l1'!9CIUlX 3KCII9pllM9HTOB. · . 

· • ITpiiBe,D;eHa ·xapaxTepucTilKa 6a3HCHoro MaTo6ecneTieHll.fl u paccMoTpeHa 
ymi@mHpOBalmM Cl1CT91Ja 1 · COCTOSIIIlrul. R3 nporparJJMH 06MeHa ·n KaHWU.HOH 
nporpaMM!I , · MHKpOKOHTpOJIJiepa,KOTOpl:le JilWIIOTC.Jl CaMOCTMTeJI:OHiD.m IIO,ll;-. 
a8,naTJaMR IIO· OTHOinElHRIO K IIpOrpaMMrull CRCT9MI:l c6opa H '06pa60TKR •. 0IIRCI:l..;. 
BaeTC.JI nporpaMMa ~ IIpOBepKR ll-OT~a,D;KR 3KCII9pRMeHT~l>HOH arrrrapaTYPI:l,' 

· ~mmii CM3H H r.nmpOKOHTpOJIJiepa. flpHBO,W!TC.JI OCHOBHI:l9 xapaKT9pliCTHKR 
ytm(pmuipOBaHHOil CHCiTEillll:l MRKpOKOHTpOJIJiepa. 

0IIRCI:lBaiOTC.fl ~ropliTMil IIOM6,ll;OBaTeJil>HOCT6H o6CJiyXUma.mm aKcrrepH
!116HTOB MRKpOKOHTpOJIJiepoM H rue xapaxTepHCTHKR. flpHBe,D;eHI:l CII9In!~ 
cnrH~OB MRKPOKOHTpOJIJiepa,onepamriiyrr~eHB:H H pBXHMoB pa6oTI:l nepn
~epHiiHoro kHTe~iica,o6ecne~ruomie ~ yn~eHH.JI n o6MeHa IIH
~opMatnieit Ha ~liHHH.· PacCMOTpeHI:l ~:i:'OpRTMI:l IIOM9,ll;OBaTeJil>HOCT6H B3aRMO.,
,D;6ltCTBH.fl ~6HTp~l>HOrO (!.mKpOKOHTpOJIJiep H. 313M) R II6pll\I>ep:IDiHoro (JIHTep
~eilc II axcnepRMeHT~l>HM arrnapaTYPa) ycTpoi1CTB~ ITpmie,D;einl BpeMeiiHI:le 
0~9HKR JixapaKT9pRCTmut MRKpOKOHTpoJr.irepa. 

3aJumTieF!Re. Hpo,D;cTaM.JieMM. ,D;HccepT~ nocBSiniena · MeTo,D;HKe nc
IIOJI:03oBamm yHHBepc~:oHI:lX · 813M BToporo n Tpenero noKOJiemtii B ~anqec
KIDC 3KCII9pHM9HTax Ha 6aae C03,ll;aHHI:lX KOMnn6KCOB cpe,D;CTB'06ecneTJeHH.JI 
cncTeM pe~:oHoro BpeMeHH •. OHa o6o61!1aeT MaTepn~ pa6oT, 3aKJIBJtraroumec.JI 
B ncMe,D;oBaHnn,paapa6oTKe H pe~a~nn ROMnneKCOB arrnapaTYPHo-rrpor-· 
paMMHI:lX Cpe,D;CTB R ~rOpHTMOB MaT6MaTHTJ6CKOrO 066CII6'!6HH.fl.yHHB6pC~J,
HI:lX 3.BM ~ opraHH3~HH rue pa60TI:l B pe~:OIIOM MaCmTa6e BpeMeHH B pelllli
Me H6IIOCpe,D;CTB9HH(}_H CB.Jl3H_C 3KCnepHM6HT~l>HI:lM1I ~R3HTJ9CKRM1I yCTaHOB
KaMR. 

OcHomme pesy~:oTaTN npe,D;cTaMeHHI:lX B ,D;HccepT~ pa6oT MOJKHo 
C~Op.fyJIRpOBaT:O Me~ o6pa30M. . 

I. ,UJm 3BM E8CM;..:3M co3,D;aHKOMnneKc ycTpoiicTB,B cocTaBe ROToporo 
paapa6oTaHI:l H_ peaJIHaoBru.m: KaH~ BBona-BWBona, KOTopllil o6ecne'!HJI npo
Be,D;eiUie uepBoro B CCGP ll ,DJJyrmc CTpaHax-y'!aCT~ax Q,·iii:l :mciiepli
lii6HTa C 6eC~RnJ,liJOBI:lM CII9KTpOM9TpOM H3 HCKpOBHX KaMep'c E3CM-3M Ha 

O~OTpOHe IO raB JiBs l1 IIO,ItiUID'reHHe K I>3CM-3M ;tlSMepHTeJibHwC no
onYaBTOMaTOB; nporpaMMHHii ·. KOHTpOJIJiep 'KOTopWl nosBo.riiii~nO,IUtJID'll'!TE K 
B:3CM-3M MarHHT~oH CDC -608 ,,D;HCMeit co. cBeTOBI:lM RaprumiunoM n Hec:KOJI:oKo 
axcnepHMeHTaH:OHI:lX YCTaHOBOK OHHll H o6ecrreTJRn c6op,HaKOMeHHe R o6pa-

. 60TKy ,ll;aHHI:lX c HIDe Ha mmxpoTpoHe 70. raB H<l>B3 (GepnyxOB). . 
. . 2 ~ Coa,D;rum KOMwr6KCI:l Cpe,D;CTB o6ecrre'leHH.JI 3BM B:3CM-4 li OTpa<lOTaHa 

M9TO,D;HKa 1IX HCIIOJI:b30BaHH.Jl Ha ~ C 3KCIISpnM9HTan:OHI:lMR yCTaHOBKaMH 

HI 

OHflll. 13 COCTaB9 KOMMOKCa paapa60TaHI:l H p68.1IH3.0BaHI:l! ycTpOilCTBa Yll
paBJI6HH.fl o6M9HOM HH~p.re.tn~eii H npepHB8lmeM IIpOrpaMM,KOTOpl:le o6ecne
TJRnH HCIIOJI:b30BaHH9 E3CM-4 B IIOJIYaBTOMaTRTJSCKOli CHCT9M9 ll3MepeHll.!l H 
o6pa60TKH ~MJ,MOBOli HH~Op.4BJ.Um JIBTA; KaHan CB.Jl3H,6JIOKR ;ri;U! paCIIIRp9HH.fl 
H CHHxpOliH3~ pa60TI:l IIp~9CCOpa C KaH~aMR npRMOro ,ll;OCTyiia,KOTOpl:le 
o6ecrre'!RnH pa6oTy TPBX 3BM E3CM-4·c ycTaHOBK8MH Bl:lCOKIDC aHeprBii Ha 
yCKOpHTwl9 JIBS H HHSKIDC aHeprd (c" MHOrOKaH~J,HI:lMR aHamiSaToimm) Ha 
peaKTOpe JIH<l>,a Truote CO CK8.HRpyJXJU'lM aBTOMaTOM Ha 8JI9KTpOHH~9BOii 
Tpy6Ke JIBTA; nnorpaMMHo-xnpa.BJI!!eMWl Ka.Ha.n:,coBMecTm.!Wi no ·.no:rn:Ke ·aon
prutteHH.JI c lW.HanOM EC 3BM,Ho c · 60Jiee pacnmpeHHI:lMR BOSMOJKHOCT.flMH (Jio
rHTJecxm:m ,~OH~l>HI:lMR H ,JJ;HB.I'HOCTH'!9CKHMH) H C COBM91!1BHHI:lllm pelltR
MBMH ca.n:eKTOpHoro H MY~:OTRMeKCHorG Ka.H~oB,c nOMOI!I:Om :KoTopl:lX oH 
o6ecneTJRn IIOKJIBJtreHHe K ESCM-4 HOBWC. ycTponcTB BBO,D;a-BI:lBO,D;a II .v;pyrnx 
SBM; KOHTpOJIJiep R rrporpaMMHoe o6ecrre-qeHHe MarHHT$HoB EC-50I2 ;u;m 
pa60TI:l E3CM-4 '!Spes riporpaMMHO-yiipaBJI.fl9MWl KaHan; HB.6op TSCTOBHX 
rrporpaMM WU!. ,ll;llarHOCTHKR c6oeB R KOHTP~ pa60TU 8JI9KTpOHHOH arrna

paTypU CB.Jl3H ooCM-4 C 3KCII9pRM9HTOM. 
3. · Cos~au rrporpaMIIIHI:lil KoHTpOJIJiep KaHana. EC SBM,KoTopiDl BnepBI:le 

.. B CCCP H .n;pyrrue CTpaHax-y'!aCTHitiUax mmn o6ecnetmJI npoBe,D;eHHe 3KC- ·. 
rrepHMeHToB·S:BM EC-I040 c YHB:Kan~>Hoii ~aH'!ecxoit ycTaHOBKoll mc..z/29

/ 
Ha ycKopHTSH9 11~133. llpH 3TOM,pa3pa60TaHI:l ll pe~H30BaHI:l MO~~R COIIpH

·xeHH.JI KaHa.n:a EC 313M c nepR~epHfiHHM ycTpoiicTBOM H ~ropHTMI:l cpe,D;CTB 
COIIpmK9HM III Ha6opa KOMaH,ll; .ri.JrH opraHHSaiUm pa6oTI:l 313M EC-I040. Ha D
HHH c axcrrepRMeHT~:oHoii ycTaHOBKoii EHC-2. 

4. Paapa6oTaH H peanH30BaH anropHTM nporpaMMHoro o6ecrre'l9HH.Jl 
KOHTpOJinepa ;u;m opraHRa~HH rrpo~eccoB yrr~eH!II.JI R c6opa ,D;aHHI:lX co· 
cneKTpOM6Tpa EHC-2 Ha ~· c 3~~ EC-!040.' ITporpBMMH,pe~a~e a.n:
ropRTM,o6ecne'!HBamT:KOHTpnn:oaKcnepRMeHTMl>HOro o6opy~oBaHH.JI,~oKaJIHaa
~m:J ero OTKa30B n a<p:JJeKTllBH09 1ICIIOJIJ,30BaHR9 onepaTllBHO~ nawrTH. Oc~ 
6eHHocT:oiO namroro anrop:ama .JlM.JleTC.JI aKTHBHoe yn~eHHe rrpo~eccoM 
orrpoca HCTOTIHHKOB HHWOPMatniH· • ' 

5 .. ~03,ll;aH MHKp~IIporpawiJHI:lii KOHTpOJIJiep {MHKpOKOHTpOJIJiep) KaHana 
EC 313M H OTpa60TaHa MSTO,D;HKa ero RCIIOJIJ,30BaHH.Jl C KaH~OM ;ri;U! o6ecrre
'l6HH.!l:pa60TI:l 313M .. EC-I040 c ~III3HTJ9CKRM1I ycTaHOBKaMH Bl:lCOM ·aHeprmt· 
OllHH H c TSpMHHaniHuliiH ycTpOitCTBBMH,BXO~ B COCTaB axcrrepHMeH
T~J,HOro o6opyJi'~Balum. 13 COCTaB9 MlmpOKOHTpOJiirepa. 1J8.3pa60.TaHI:l H pea
DSOBaHH Ha6op MomrJien coliprm:eHH.JI R yn~eHH.JI-MHKpoynpaBJieHH.JI,anrO- · 
pHTMH cpe,D;CTB c:'oi:tpruteHH.JI Ha ~HHHH 'li Ha6opa KO!.mH,n-MHiq>OKOMaH,ll; ynpaB

~eHH.JI H 06MeHa:au~3a H ~OCTRKR. C03naHHJ,!9 KOMIIOH9HTH MHKpOKOHT
pOJIJiepa :ma'll'!TeJI:oHo paciiiRpm ~orxqecKRe x ~oHa.m.HI:le BosL!OJmocTH 
KaH~a R II03BOJIRnR ero HCIIQnl>SOBaTJ, B MY~l>THM9KCHOM peEB:M9 698 o6pa-
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meHRR x.npo~eccopy.~To o6e9ne~o xa~ecTBeHHo HOBHH ypoBeHr:. B opra
HII3aumt prujoTH 313M EC-:-1040 C 3KCnepHMElHTB.liLIWMl'I YCTaHoBKm.m BHCOIWX 
3Hep:rml-.. II nOBHCWIO CKOpOCTI:._ II CTaTIICTmty _Ha6opa ;D;Bmmx ~3~9CIWX 
II3M9p9HIIil. _ . 

6.-Paapa6oTaHH_II peB.lil'IaoBaHH a.nropiiTMH nporpa.MMpea.nr:.Horo BpeMe
Hl'I ~ opraHII3~_pa60TH·Ml'!KpOKOHTponnepa C 3KCnepiiM9HTB.lii:.HOri.ycTa
HOBKOH .lJl{CI\-2/22/- no IICCJI9;D;OB8.HliD KyMyJIItTl'IBHOrO pOJK,I(eHRR ~C~ li C 
;n;pyrHMH ycTaHOBKaMH Ha ycxopHTa.n:e JIBS ua .mnnm c 313M EC-1040. 
IIporpaMMH, peaJIH3YJOIIllle a.nropHTMH, o6ecne~a.JOT . ynpaB.7l9HIIe annapaTypOll 
nepe;n;a~ ;n;ammx, npHeM me c Tpe6yeMHX HCTo'llimtoB HHWoP~ n cxJx>pM
JieHIIe .B BH;n;e ;n;HH~ec:rmx CTPYKTYP· MaxcHMBJir:.HM cxopocTr:. C'beMa HH
wopMaUl'Ill C_3KcnepHMeHTaJII:.HOll annapaTYPH ;D;OCTHraeTCH 3a c~eT peaJIHsa
~ a.nropliTMa pa60TH KaHaJII:.HOii nporpaMM!l'693 o6pameHRR K ~9HTpaJII:.HO
MY npo~eccopy 3BM EC-I040 •. 

7. Co3;n;aHH a.nropHTMH YHHW~OBaHHoro MaTeMaT~ecRoro o6ecne~e
HIDI MRKpoRClHTponnepa xana.na . .IWI· o6MeHa HHWOIJM~~n ld921\,ey 3BM Ec.:..r040 
H axcnepRMeHTa.nr:.non annapaTYPon. Ha ocHoBe aJiropHTMoB peaJIHsoBaH!l 
nporpa.MMa ~6MeHa li KaHaJII:.HM-nporpaMMa MliKPOKOHTponnepa,KOTOpHe.yc
nemHO HcnOJIL3y.DTCH B WH3~ec:rmx axcnepHMeHTax c ycTBHOBRaMH 
.lJl{CK-2 li El1C.,..2 ,a Truate MOryT 6HTI:. IICllOJII:.30BaHH B KOMIJJI9KC9 nporpa.MM 
peWII.HOrO Bp9M9Hl'I HOBHX MHOrOp9lltH1'lHW{; 3KCll9pl'IM9HTaJII>HHX CHCTeM. 

8. n COCTt;me, ymicll~OBaHHOro MaTer-.mTH~ecxoro o6ecnelJeHRR pea-
JIH30BaHa nporpSMMa: AIDI npoBepKH H oTJia;n;KH annapaTYPH ::lKcnepHMeH-
Ta. IIoornSMMa o6ecne~eT ;n;HarnocTmcy c6oeB u KOHTpOJIIt pa6oTH 
MnKpOKOHTponiepa,.mnnm H annapaTYPU CBH3ll.H BRJID'la9T B ce6R KaHaJII:.nyiD 
nporpaMMy, ;n;onOJIHeHHYID ~KUHRMH OTJia;n;KH,nporpaMMY o6MeHa H npor-. . . 
paMMy" AlUI YflpaBJI9Hllll . KOMaH;n;aMli li BU;D;a~ ;n;HarHOCTHKll. _ 

9 ~ OnHT peaJIH3~HH H sxciJJIYaTrunm cos;n;ammx anTopoM ItoMIJJiexcoB 
cpe;n;cTB o6ecnelJeHIDI CHCTeM peaJII.Horo BpeMeHH .IWI npone;n;eHIDI wnsn
lJec:rmx axcnepHMeHTOB B pexHMe nenocpe;n;cTBeHnon CBH3H c ynHBepcaJI:&~ 
HllMll: 3BM n03BOJIIt9T c;n;a.n:aT:b BHBO,IJ; 0 ~a.n:ecoo6pa3HOl\l HCTIOJII>30BaHHH liX 

.IWl ll!HpOKOrO roracca 3KCTI9pllM9HT8JII:.HHX yCTaHOBOK Ol-L'IH. 
10. Co3;n;aHHHe KOMIJJieKcH cpe~CTB o6ecnelJeHIDI cncTeM pea.n:&Horo 

. BpeMeHII cnoco6cTBOBaJIH ycnemHoMY npoBe;n;eHHD PR;IJ;a WH3R'lec:rmx sxcne
pHMeHTOB H8JIHHHHC ynHBepCaJII:.IWMl'I 3BM,Bpe3yJI:&TaT9 KOTOPHX TIOJIY'l9HH 
BaJKHHe H8Y'JHH9 peayJI:&TaTH: Ha. YCTaHOBKe mc-2". BnepBHe" o6HapYJIC9HO c . 
.l{OCTaTOlJHOfi CTaTHCTmtoii p0llr,Il;9Hl'I9 O~apoBaHHWC ~ac~ J\t( (6apHOHOB) B 
CWII.HWC B3aHMO,IJ;eltCTBIDIX npH 3H9PI'IDIX. ;D;O 70 ·TaB; Ha ycTaHOBK9 i!J!CI\-2 
BnepBHe H3MepeHH.KBapx-napToHHHe CTPYKTYPHHe ~ ~ep. 

l!a.CTI> H3. pa6oT aBTOpa .y;n;ocToeHa npeMIDl OIDiU. . 
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0CHOBHH9 p93YJI:bT8TH ngccepTanRg ony6JimtoBaHH B pa60Tax: 
I. ropo~eB E.,U. ,I\a;n;llKOB r.M. ,KpeTOB A~II. ,He<l)e;n;r:.eB O.K. ,Ca;n;oBHmtOB 

B.H. ,IIII'l:raen B.H. PeJ!tHM npepHBaHIDI H KaHaJI BHBo;n;a-nBo;n;a ;n;ammx WH
sn'!:ecm H3MepeHHlt AJUI 313M Ii3CM-3M H EXM-4.- ,Uy6Ha,I967 .- 20 c. 

(OIDIH.I0-3510). 
2. ropo~eB E • .n. ,I\a;n;HKOB r .M. ,KpeTOB A .II. ,Hawe;n;r:.eB -o .1\. 'Ca;n;OBHmtOB 

B.H. ,III:I'J:raeB B.H •• PeJmM npepl:lB8mm,BHBo;n;,BBo;n; ;n;ammx tlJH3~ecKHX ) 
H3MepeHHlt B :3EM J?:3CM-3M.- B: MaTepRaJiax IY CHMnoaHyMa no pa;n;Ro- · 
wrexTpoHRKa.·IIpara,I96?.- c. 151-167. 

3. 3a6IDIKHH r.H; ,BJia,u.m.mpoB B.A. ,lKypa.BJieB E.E.· R ;n;p. Pa3BRTHe 
cpe;n;cTB B~CJIHTeJI:&Holl T9XHKKR B HU ]H~.- ,Uy6Ha,I969.~ 70 c. 

(OMHH.EI-I0-4680). ·• 
4. ropo~eB E • .n. ,I\a;n;llKOB r.M. ,Ca;n;oBHHKOB B.H. ,1lop030Ba H.H. 

PeaJIH3ain'IJI npepHBaHRII npo~ B Ii3CM-4 .IWI HcnOJii:.30BaHIDI BH~C
JIHTeJILHOii MamHHH B 3JI9KTpOHHHX 3KCnepRMeHTax H CHCT8Max o6pa60TKH 
~aHHHX.- ,Uy6Ha,1969.- 20 c. (OID!J!.I0-4753). . 

5. ropo;n;H~eB E.,U. ,I\a;n;llKOB r .M. ;Ca;n;oBHRKOB B.H. ,Mop030Ba H.H. 
AnnapaTYpa II KOMaH,IUI . o6MeHa HHtlJopMalU!eit ~ pa6oTH E3CM-4 B pm
Me "ON-LINE".- ,Uy6Ha,1969.- 28 c. (QIDIH.ID-48?0). 

6. MoJ>oaona H.HqCa;n;oBHHKoB B.H. MecTHHll xanaJI cBHsR (MKC-I) ~ pa-
6oTH :3BM E3CM-4 Ha JIHHIDI CBH3H c tlJH3~9CKOii annapaTYPOii (JIH~,JIB3). 
":" ,Uy6Ha,I969.- 38 c. (OHffihEI;..II-4586). 

? • ropo~eB E .n. ,I\a;n;llKOB r .M. ,I\a,r(HKoBa c .B. ,Mmcynooma. JI. T. 'Ca;n;oB
HHKOB B.H.,Ill:I'J:poKoBa 3.H •. IIporpaMMHo-ynpaBJIRe~1 xanarr BBo;n;a-BHBo
;n;a ~ 3EM B.X3M9pRT9JII>HOM ~eHTpe.- ,Uy6Ha,I970.;.. 21 c. (OHHH.13-
-5053). . 

8. Sa6IDIKHH r.H. ,Eopo;n;HH n:c. ,Bmtorpa;n;OB A.~. H ;n;p. MHoroMalllliHHM 
Cl!CTSMa.BBO;n;a-BHBo;n;a E3CM-6.- ,Uy6Ha,I970.- 40 c. (OHHH.EI-10-4984l 

9. KOJinaKOB H.~. ,KpR'IKO A.II. ,Ca;n;OBHHKOB B.H. ,CycoBa r.M. YcTpoitCTilO 
conp!DKeHIDI :313M EC-1040 C ymmepCaJILHHM ;n;paltBepoM BeTBR B CTaH;n;ap
Te K.AMAK.- B: M8.TepHaJiax l BcecOio:3Horo coBemaHIDI no aBTOMaTH3~ 
Hay'IHHX xcCJie;n;oBaHI'Ill B ~epHott tlJR3HKe.- HHH AHYCCP,KReB,19?6 • 

c. 62-63. 
10. Ca;n;oBHRKOB B.H. ,KpR'IKo A.II. ,KnM IO 3eM. YcTpoltcTBO ~ opraHII3~ 

pa60TH :3BM EC-1040 Ha JIHHl'Il! c ~3~ecxoit annapaTYPQtL~ ,Uy6Ha,I9?8. 
- 9 c. (OIDIHliD_:.II357) ;- 13: Tpy;n;ax II Bcec0103Horo co:Se~ no 
MO.JtYJILHHM RHtlJop~oHHo-~CJIKTeJILHHM cRcTeMa.M.- IDlli AH CCCP, 
MocKBa,I980. · . ·' · · 

II • Ca;n;ommi<oB B ~H. II porpru.!MHHlt xoHTpOJIJiep conpsDJteHIDI EC-880.- · 
- ,Uy6Ha,I983.,;_ 7 c'. (OIDIH.I0-83;..III). 

I2. C8,ll;OBHHKOB B .H. AnnapaTHHe cpe;n;cTna nporpaMMHoro KOHTponnepa 
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coiipm!teH:rut EC-880.~ )ly6na,1983.- 7 c. (0HHH.10-83-II2). 
13. Ca,nonmmon B.H. KoMa.u,nuHe cpe~cTna nporpaMMnoro ROHTpOJIJiepa 

con~eH:rut EC-880.- )ly6Ha,1983.- 8 c. (OHHH.10-83-1I3). 
14. Ca,noBHRROB il.H. BHeiiiHlrli miT9pPeitC BBO~a-B!lBOM npo~oro ROHT

pOJIJiepa corr~eH:rut EC-880.- )ly6Ha,1983.- IO c. (OHHH.I0-83-II4). 
15. ~.iOB JI.r. ,Kp!l'IRO A.II. ,Ca,nonmmon B.H. KoMWieitc arrrrapaTHHX R 

rrporpaMMHHX cpe~cTn MH opraHR3BIUm pa6oTH EC 3BM Ha .mnnm: c 
3KCII9pRM8HTaJI:OHHMR ycTaHOBKru.m.- )ly6Ha,1980.- 8 C. (Ollilli-I0-80-
-224). 

I6. Ca,nonmmon B.H. MuxponporpaMr.ml:lil KOIITpOJIJiep KaHaJia EC 3BM.
- IIT3,1983,Jf, 3.- c. 63~7 •. 

I7. Ca,nonmmon D.H. ArrnapaTiu.te cpe~cTna MUKponporpaMMHoro KOHTpOJIJiepa 
KaHaJia EC :JDM.- )ly6Ha,198I.-: 9c. (0Hill1.I0-81-396). . 

I8. Ca,noBHRROB n. H. IIporpaMMHHe cpe~CTBa l;mKponporpaMMHOI'O ROHTpOJIJie
pa KaHaJia EC ::mr11.- )ly6Ha,198I.- 13 c. (OHt'TII.I0-81-397). 

19. Ea3wren C.H.-,F.<IJ:m.!on JI.r. ,KOJinaKon H.w. n ~· O:QraHR3ann:a: ~mcnepii
MeiiTon pe.rurTRBHCTcKoii smepuon qlli3li!tli Ha JIIDIRR c 0Bli1 EC-I040 n JIB3 
Olt'IH.- )ly6Ha,1983.- 7 c. (OHt'TII.I0-83-276) ., 

20. IIHCKYIIOB H.U. ,Ca,nonHHKOD B.II. ,CUTUHK !I.M. n ~· IIporpaMr.moe o6ec
. rre'leHue 8B!.! :WCLi-4 ,J1,7.UI pa6oTu n peJrau.!e ON-LINE c ycTaHonKoii 

"A.TIMA" ·"':' .lly6Ha,I976.- I2 c. (OH.r1JI.IO-I0255). 
2I: Ean:amon :a.K. ,ronopYH H. H. ,llBaH'ISHKo H.I.I. ,I<apneHKo II. H. ,Jinxa'leB 

M.-r>. ,Canmi H.A. ,Ca,nonHRROB B.II. ,CemHep A.E. IIeKoTopue acneKTU 
CliCTSMH C60pa mi@opMBnliR U KOHTpOJIJI 6ecr;DUJI:OMOBOI'O CII8KTpOM8Tpa 
Ha 6a3e :JBM EC-I040.- )ly6Ha,I978.- 14 c. (OIDIH.IO-II357). 

22. HBaH'leHKo H.M.,KaprreHKO H.II.,IIaHe6paomeB K:.A.,Ga,nonHHI<OB B.H., 
CeHHep A.E. ,GeHHep JI.A. ,CTanmicrotil: B.C. KoMIIJieKc rrporpaMM peaJI:o
Horo Bp8M8HH ,wiJI HCCJIS~OBaH:rut Ua YCTaHOBKS .D:HC:\-2 KyT;tyJISlTRBHOI'O 
po]K,ll;eH:rut '!aCTmt.- )ly6Ha,I98I.- II c. (OltlH.IO-BI-754). 

23. CMOBimKOB n:u. ,lliTpaiiT 0, YHH@Hl\HpOBaHHaJI CHCTeMa OdMSHa mig)op
ManHSil MSl!\IIY EC-I040 u Q]n3mecKoii arrnapazypoii 'Iepe3 i.!Ki(rmo..;.:.
- )ly6Ha,I982.- 7 c. (0Vliili.I0-82-I44).. 

24. ranpWIOB A.C. ,ronOPYH ·n.H. ,rOJiyTBIDI !LA. H ~p. YcTaHOBKa ll3 6ec
WWI:OMOBUX ncKponux KaMep c Herrocpe~cTneHnoli CBSI3:0IO c MSKTpoHHoll 
BU'lltCJIHT8JI:OHOit ManJHHOit,- )ly6na,I967 .- 15 c. (0Ui!H.EI3-3I4I); 
IIT3,I967,.1f, 5.- c. I5I-I56; n: !JaTepnaJiaxiY CilMII03HyMa no pa.nno-
3JI8RTpOHHKe. IIpara,I967.- c. 241-258. 

25. Eo~apeHRo B.H. ,ronopyx; H.H. ,.fumycap H.Jl. n ~- IIpnMeHeHn:e 
3JI8RTIJOHHHX BU'IHCJIHTSJI:OHUX ManJliH ·.IWl yrrpaBJISH:rut pa60TOfi orrepaTo
pon B IIOJIYaBTOMaTH'ISCRHX CHCTSMax lt3M8p8H:rut Q]WI:OMOBOii liHcjlopMBIUm. 
- )ly6Ha,1967 .- I6 c. (OUffif.I0-3426). 
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26. Baron B.A. ,3aMplrli B.H., 3rrolta30B B.E. ,Mopo3ona H~H. ,H$~:oena Jl.C., 
'Pepmc T.C. ,Ca,noBimKOB B.H. ,flrrupapona B.lvl. CHCT8Ma rrpneMa H HaKOll
JISH:rut ~aHHUX Ha 6a3e H3M8pliT8JI:OHOI'O ~eHTpa JIH<J) li 3IlM EJCM-4.-
- )ly6Ha,1970.- I5 c. (01~.1~370). 

27. A6Jieen B.r. ,EaCMa,It38 c.r. ,Eop3YHOB JG.T. H ~- 0.u;HOIIJI8'!9BOfi Mal'

HHTHHil c'neRTpOM9TP y.cTaHOBIGI "AJIM!A". 0IIPICaHR9 H xapaKT9pliCTRKa 
crreRTIJOMeTpa. OpraHR3an:rut pa6oi'H.- IIT3,I978,J& 2.- c. 63-70. 

28. AnxHep r.;AJieen A.H.,Apeci>:oen B.A. H ~· OpraHR3an:rut '!T9HHS1 H 
ROHTpOJIJI liHWO:pM:mliR rrpli pa6oTe CII9RTpOM9Tpa EHC-2 HB. .mnnm: C 3BM 
EC-1040.- )ly6Ha,1980.- I2 c. OHHH.I0-80-434). 

29. AJieen A.H. ,Ape[j/:oeB B.A~ ,Ean:a.H,ltHH B.II. H ~· Ha6Jno;rteHHe otiapoBaH
HUX 6apHOHOB A6,pO]K,ll;eHHUX B Heil!rpoHHoM ny'Ilte cepnyxonCRoro yctto
piiT9JISl.- Ey6Ha,I981.~ 7 c. (OHHH.PI-BI-693); fl~,1982,T.35,BHn.5.

- c. II75-II80. 

PYKOIIHCb llOCTynKna B H3MTSJI:oCitlrli OT~~ 
. . . 28 ~BpaJISI 1984 !'OM. 


