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Computer Scanner of AEL'I'-1 'I'ype for Nuclear 
Physical and "Technical Problems 

A scanner with a control CR'I' is described. It is intended 
to measuring information on 35 mm films. On the basis of the use 
of scanners systems for processing experimental photos from 
a spark chamber and of flight information were built up. 'I'he 
scanner can be applied for solving a wide range of various scien­

tific technical problems. 

'I'he investigation has been performed at the Laboratory 

of Computing 'I'echniqces and Automation, JlNR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 

Pa3pa6oTKa H npuMeHeHae cKaHHPYIOIIJ,HX asToMaToB 
Tana A3JIT -1 1 1·21 no3sonanu, c O,IJ,Hoii cTopoHbl, uccne,IJ,o­
saTb npo6neMy C03.IJ.aHHJI cpasHaTenbHO npocToro a Ha,IJ,e~­
Horo, nparo,IJ,Horo ,IJ,n.ll wapoKoro ucnonb30BaHHJI B pa3nH'I­
Hwx o6naCTJIX HayKH H TeXHHKH aBTOMaTa Ha 3neKTpOHHO· 
nyqesoii Tpy6Ke /3JIT I, npe,IJ,Ha3Ha'leHHoro ,IJ,n.ll H3MepeHHJI 
35- MM liiHRbNOB /kHHOnneHOK/; C ,IJ,pyroii CTOpOHW, HCCne· 
,IJ,OB&Tb nyTH llOCTpOeHHJI CHCTeM o6pa60TKB ~~~BnbMOBOi 
BHiilopMaiJ,HB Ha OCHOBe TaKHX aBTOMaTOB. 

§1. OIIHCAHHE ti»YHK/..lHOHAJihHOJl CXEMbl 
ABTOMATA THHA A3JIT-1 

~YHKU.HOHanbHaJI cxeMa asToMa Ta A3JIT -1 npase,IJ,eHa 
Ha puc. 1. CKaHaposaHae llloToCHHMKOB /Ka,IJ,pos liiHnbMa 
s o61IJ,eM cny11ae/ ocyllJ,ecTsn.aeTc.a ueTO.IJ.OM "6eryllJ,ero 
nyqa", nyTeu npocse'IHBaHB.a H3Mepae:w:oro CHHMJCa H pe­
rHCTpaD,HH C llONOIIJ,biO ~3Y MOMeHTOB BCTpe'IH CBeTOBOro 
UJITHa 3JIT C pa3RH'IHWMH UO'IepHeHHJIMH /cne,IJ,aMH Jl,IJ,ep­
HWX 'laCTHIJ, H .D.P./ Ha HeM. CBeTOBOH ny'l Ha 3KpaHe 3JIT 
nepeMellJ,aeTCJI no cTpoKaM, nono~eHHeN KOTopwx /HoMe­
poM/ ynpasn.11eT 3BM. 0Tc'leT KOOP.IJ.HHaT ocyllJ,eCTBn.lleTcJI 
c noMOIIJ,biO cneu.uanbHOii cacTeMw penepHwx peweToK, Ha 
KOTopwe c noNOIIJ,biO nonynpo3pa'IHWX 3epKan oT,IJ,en.lleTc.ll 
'laCTb CBeTa OT 3JIT13: Ko,IJ,W KOOp,IJ,HHaT Ha'lana H KOHIJ,a 
H3MepeHHWX no'lepHeHBB nepe,IJ,&IOTCJl B ynpaBilJliODI)'JO 3BM 
ua o6pa6oTKY. B npou.ecce ckauuposaua.a 3BM ynpasmreT 
ypOBHeN ,IJ,BCKpHMBHaiJ,HB BWXO,IJ,HOrO CHrHana B liiBnbMOBOM 
KaHane. 
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ABTOMaT HMeeT pa3BHTYIO CHCTeMy cpe~CTB ~Hanora 
onepaTopa C 3BM, KOTOpa.ll HCDOnL3yeTC.II B 3aTpy~HHTenL· 
HbiX ~n.ll nporpaMM 3BM CHTyaiJ,HJIX Ha :nanax H3MepeHHJI 
H paCD03HaBaHHJI H3MepJieMbiX o6pa3IJ,OB Ha CHHMKaX. 

§2. TEXHHqECKHE XAPAKTEPHCTHKH 
ABTOMATA A3JIT-l 

ABTOMaT A3JIT-1 npe~a3Ha'leH ~nJI H3MepeHHJI HHtilop­
MaiJ,HH Ha 35- MM tilHnLMaX. 

Pa3Mep o6pa6aTbiBaeMoro Ka~pa - 26x19 MM. 

To'IHOCTL e~HHH'IHbiX H3MepeHHB B~onL CTPO'IHOB pa3-
sepTKH - 15 MKM, B~Onb Ka~pOBOB pa3BepTKH 6e3 CDeiJ,HanL· 
Hoi Kanu6poBKH - 25-50MKM. 

Pa3pewaiDIIJ,a.ll cnoco6HOCTL - 30 MKM. 

YnpasnJIIOIIJ,a.ll 3BM - 1i3CM -4. 
3BM ynpasnJieT nono:>KeHHeM Ka~oi cTpoKH pacTpa 

H ypOBHeM ~HCKpHMHHaiJ,HH BbiXO~HbiX CHrHanOB /onepaTHB· 
HOe ynpasneHHe CKaHHpOBaHHeM/. 

MaKCHManLHoe 'IHcno cTpOK B pacTpe - 512. 
qHCnO ypOBHeB ~HCKpHMHHaiJ,HH - ~0 256. 
CocTaB cpe~CTB ~uanora onepaTopa c 3BM: 

- ~Hcnnei-MOHHTOp; 

- ODTH'IeCKHB 3KpaH ~nJI npoeiJ,HpOBaHHJI H3MepJieMoro 

CHHMKa; 
- ycTpoicTBO ~n.11 py'IHoro ynpasneHH.II yposHeM~HcK-

PHMHHau.uu; 
- CBeTOBOB KapaH~aw; 
- tilyHKIJ,HOHanLHa.ll KnaBHaTypa. 

§3. OCOEEHHOCTH HCCJIEAOBAHHH 
llPH PA3PAEOTKE ABTOMATA A3JIT-l 

K HaH6onee Ba:>KHbiM pe3ynLTaTaM, KOTOpble COCTaBnJI· 
lOT OTnH'IHTenbHble OC06eHHOCTH HCCne~OBaHHB npH pa3pa-
6oTI<e aBTOMaTa A3JIT ·1, OTHOCJITCJI: 

- pa3pa6oTKa H BHe~peuue onepaTHBHoro ynpasneHHJI 
CKaHHPOBaHHeM; 
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- npHMeHeHHe MOHHTOpa S 3aUHKneHHOM pe~HMe CKa­

HHposaHH11 y'laCTKa CHHMKa KaK cpe.IJ;CTSa ,ZJ;Hanora Ha 3Ta­

ne H3MepeHH11; 
- cpaSHHTenbHa11 npOCTOTa TeXHH'IeCKOrO peweHH11, KO­

TOpa11, npe~.IJ;e scero, .IJ;OCTHrHyTa 3a C'leT npHMeHeHH11 cne­

UHanLHOi CHCTeMbl 3TanOHHbiX penepHbiX peweTOK, npH 

C03,ZJ;aHHH npeUH3HOHHOH H3MepHTenbHOH 'laCTH aSTOMaTa; 

- SbiCOKa11 Ha.IJ;e~OCTb annapaTypbl H pe3ynbTaTOS 

H3MepeHH11, nony'leHHa.tJ B pe3ynbTaTe pa3pa6oTKH cneuHanL­

HbiX MeTO.IJ;OS pac'leTa H KOHTpOJI:II. 

3.1. OnepamuaHoe ynpaaAeHue cKaHupoaaHueM 

Bo3Mo~ocTb o6pa6oTKH pe3ynLTaTos H3MepeHH11 nocne 

Ka~,ZJ;OH CTpOKH CKaHHpOSaHH11 H S03MO~OCTb npHH11TH11 

Ha 3TOH OCHOBe peweHH11 0 nono~eHHH cne,ZJ;yiOIUei CTpOKH 

H ypOSHe .IJ;HCKpHMHHaUHH SbiXO.IJ;HbiX CHrHanos, T .e. TO, 

Ha 'leM OCHOSbiSaeTC11 fiOH11THe onepaTHBHOrO ynpasneHH11 

cKaHHposaHHeM, .IJ;OCTHrHyTo B asToMaTe A3JIT -1 3a c'leT 

HCDOnb30BaHH11 S Ka'leCTSe ynpaBn11IOIUei MaWHHbl 3BM 

cpe.IJ;Hero Knacca c .IJ;OeTaTO'IHO 6om.woi naM11Tbro /12K 

45-pa3p11.IJ;HbiX enos onepaTHBHoi naM11TH, 64K enos naM11TH 

Ha MarHHTHbiX 6apa6aHax/, a Ta~e - e03,ZJ;aHH11 COOTBeT­

eTBYIOIUei norH'IecKoi ynpasnsrowei exeMb1 14 ,t o:,ll;ocTHrae­

Ma11 npH 3TOM rH6KOeTb B ynpasneHHH eKaHHpOBaHHeM Hr­

paeT sa~y10 pom, npH OpraHH3aUHH KOHTpOn11 Ha,ZJ;e~OCTH 

pe3ynbTaTOB H3MepeHH11 /CM. n. 3.4/ H COKpaweHHH CpOKOS 

C03,ZJ;aHH11 nporpaMM aSTOMaTH'IeCKOrO H3MepeHHJI H pae­
D03HaSaHH11 o6pa30S /eM . . §4/. 

3.2. MoHumop KaK cpeocmao ouaAoza 

KaK noKa3an npaKTH'IeeKHi onbiT, npH eo3.IJ;aHHH pean~o­

HbiX eHCTeM o6pa60TKH npOH3BO.IJ;HTeJibHOCTb, oeo6eHHO Ha 

nepsoM 3Tane eo3,ZJ;aHH11 .IJ;eieTsyrowei CHCTeMbl I eM. §4/, 
S 3Ha'IHTeJibHOH CTeneHH onpe,ZJ;eJI11eTe11 3a Tpa TaMH spe­

MeHH ua .IJ;Hanor onepaTopa e 3BM. IlpH 3TOM oco6eHHO 

60JibWHe 3aTpaTbl speMeHH eS113aHbl e OKa3aHHeM DOMOIUH 

S cnyqae H3MepeHH11 y'laCTKOS eHHMKOS C HH3KHM Ka'leeT-
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SOM H306pa~eHHH. flcnonb30SaHHe S Ka'leCTSe cpe.IJ;CTSa 

,ZJ;Hanora MOHHTOpa S 3aUHKneHHOM /MOHHTOpHOM/ pe~HMe 
CKaHHposaHH11 TaKOrO yqaCTKa 3aMeTHO 3KOHOMHT speM11, 

a H3MepeHHYIO npH 3TOM no.IJ; KOHTponeM onepaTopa none3-

HYIO HHcPOpMaUHIO, KOTopa11 Hepe.IJ;KO TOHeT S WyMaX, MO~O 

OTcPHnbTposaTb, HCDOnb3Y11 ,ZJ;Hcnneii: H cseTOSOH KapaH­
,ZJ;alll 1 5 '. Pa3pa6oTKa 3Toro MeTo.IJ;a no3sonseT ycnewHo 

H C .IJ;OCTaTO'IHO SbiCOKOH npOH3SO,ZJ;HTenbHOCTbiO H3Mep11Tb 

Ha A3JIT- 1 CHHMKH C HH3KHM Ka'leCTSOM H306pa~eHHH. 

3.3. Ilpocmoma mexHu'lecKozo peweHUJI aamoMama 

Hau6onee cno~Hoi qacTLIO n106oro cKaHHPYIOwero as­

ToMaTa 11Sn11eTC11 ero npeUH3HOHHa11 H3MepHTenbHa11 ycTa­

HOSKa. B asToMaTe A3JIT -1 3Ta 3a.IJ;a'la ycnewuo peweua 

3a e'leT n~HMeHeHH11 cneuuanLHOi cHcTeMbl penepHbiX pe­
weTOK 13 •6 , KOTOpa.ll 3Ha'IHTem.HO CH83Hna Tpe6osaHH.II 

K nRHeBHOCTH R eTa6RnbHOeTR pa3sepTOIC aBTOWaTa H 

ynpocTHna npouecc ero co3.IJ;aHH11. Ilocne.IJ;Hee JIBnseTC11 

sa~UbiM TaK~e npR opraHH3aUHH npOMbllllneHHOrO SblnyeKa 

TaKHX aSTOMaTOS. 
IlpH pa3pa6oTKe norH'IeeKoi ynpasn.11rowei exeuw 6blna 

npose,ZJ;eHa H.IJ;e11 coKpaweHH11 o6'beMa annapaTypbl 3a c'leT 

MaKeHManbHOrO nepeno~eHHJI SbiDOJIH11eMbiX aSTOMaTOM 

cPYHKUHi Ha ynpasJI1110IUYIO 3 B M. 

3.4. HaoeJICHOCIIIb annapaaypbl 
U pe3y/lb1/IQ1/IOB U3MepeHUJI 

C TO'IKH 3peHH11 peWeHH11 3a,ZJ;a'IH Ha,ZJ;e~HOCTH,S aSTOMaTe 

MO~HO Sbi,ZJ;enHTb ,ZJ;Se HaH6onee sa~Hble qaeTH: 

- H3MepHTenbHYIO ycTaHOSKY Ha 3JIT; 
- noruqecKyro ynpasn11IOIUYIO cxeMy H uenH nepe.IJ;a'IH 

HHcPOpMaUHR no JIHHHH CSJI3H e 3BM. 
IJpH pa3pa60TKe 3Ha'IHTeJI:bHOB 'laCTH 3JieJCTpOHHOB an­

napaTypbl H3MepHTeJibHOB ycTaHOSKH Ha 3JIT 6biJia yeneWHO 

HenonL3osaHa npe.IJ;Jio~eHHa.ll asTopow weTO.IJ;HJCa pae'leTa 
Ha Ha.IJ;e~HOCTb 3neKTpoHHbiX cxeM

171
. Oeuosy MeTo.IJ;a 
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cocTasnJieT pac'leT pa36poca xapaKTepHCTHK pa3pa6aTLIBae­

MLIX CXeM /Ko3cW>HUHeHTOB ycHneHHJI YCHnBTeneii H JJ.P./ 

KaK c1JyHKUHH pa36poca B peanbHLIX ycnOBHJIX onpeJJ.enJIIOIUHX 

JJ.aHHYIO xapaKTepHCTHKY 3neMeHTOB cxeMLI. HaJJ.elKHOii npu 

3TOM C'IHTaeTCJI xapaKTepHCTHKa, BLI'IHCneHHaJI C nonpaB­

KOH (2-3)a OTHOCHTenbHO ee HOMHHanbHOrO 3Ha'leHHJI. 

BMeCTe C TeM, H3-3a KOHKypeHUHH C ODTHKO-MeXaHH­

'IeCKHMH CKaHHPYIOIUHMH aBTOMaTaMH xapaKTepHOH OC06eH­

HOCTbiO pa3pa60TOK aBTOMaTOB Ha 3JIT JIBnJieTCJI CTpeMne­

HHe OpHeHTHpOBaTbCJIHaTeXHH'IeCKHexapaKTepHCTHKH/pa3-

perneHHe H np.j, 6nH3KHe K npeJJ.enbH.biM. 3TO BeJJ.eT K CHH­

lKeHHIO HaJJ.e)ICHOCTH JJ.OCTHrHyThiX pe3ynJ.TaTOB H Tpe6yeT 

BBeJJ.eHHJI JJ.OCTaTO'IHO 'laCTOrO DO BpeMeHH KOHTponJI OCHOB­

HbiX xapaKTepHCTHK. B auToMaTe A3JIT -1 3Ta 3aJJ.a'la 

ycnernao perneaa 6naroJJ.apJI nporpaMMHOMY KOHTpon10 nocne 

Ka)ICJJ.OH CTpOKH CKaHHpOBaHHJI /eM. n. 3.1/ DOnHoro 'IHCna 

OTC'IeTHLIX HMnynbCOB, cc1JopMHpOBaHHLIX B KaHane 3TanOH­

HOH lllTpHXOBOH peiUeTKH Ill. 3TO D03BOnJieT HCKniO'IHTb 

CHH)I(eHHe Ka'leCTBa H3MepeHHH, KOTOpoe npOHCXOJJ.HT KaK 

3a C'leT HeCTa6HnbHOCTH TeX HnH ,HHLIX napaMeTpOB aUTO­

MaTa /HeCTa6HnbHOCTb BbiCOKOBOnbTHOrO DHTaHHJI 3JIT 

H JJ.p./, TaK H 3a C'leT BnHJIHHJI KpaTKOBpeMeHHLIX BHeiUHHX 

DOMe X/ CKa'IKH HanpJI)I(eHHJI B 3neKTpH'IeCKOH CeTH/. 

JloruqecKaJI ynpasnJIIOIUaJI cxeMa H uenu nepeJJ.a'IH ua­

c1JopMaUHH nocTpoeHhl aa 3neMeHTax, KOTopble nocne oqe­

peJJ.HOii: nposepKH Ha pa60TOCDOC06HOCTb JJ.ODYCKaiOT JJ.OCTa­

TO'IHO JJ.nHTenbHOe /CYTKH H 6onbrne/ HCDOnb30BaHHe 3TOH 

qacTH annapaTypLI auToMaTa 6e3 KOHTponJI. C uen1.10 sce­

cTopoaaeii: nposepKH JJ.aHHoii annapaTypLI B auToMaTe npe­

JJ.YCMOTpeaa B03M0)1CH0CTb . HMHTaUHH C DOMOIUbiO 3BM 

pa6oTLI H3MepuTen~oaoii ycTaHOBKH aa 3JIT. Pa3pa6oTaH­

aoe cneuuan~oaoe TecTosoe MaTeMaTH'IecKoe o6ecneqe­

HHe IS! HCDOnb3yeTCJI e)l(eJJ.HeBHO JJ.nJI npoc1JunaKTH'IeCKOH 

nposepKH auToMaTa H no3sonJieT npu 3aTpaTax scero nHIUb 

oKono 1'*' oT BbiJJ.enJieMoro MaiUHHHoro speMeHH /1000 qa­

cos B roJJ./ DOJJ.JJ.ep)ICHBaTb COCTOJIHHe paCCMaTpHsaeMOH 

'laCTH aUTOMaTa, onpeJJ.enJIIOIUeii Ka'leCTBO nepeJJ.a'IH B 3BM 

pe3ynJ.TaTOB H3MepeHHJI,Ha JJ.OCTaTO'IHO BLICOKOM ypOBHe. 

B npouecce 3KcnnyaTaUHH auToMaTa qacTJ. o6pa6oTaH­

aoro MaTepuana I 10'*'/ BLI6opoqao o6pa6aTLisaeTcJI 

nosTopao JJ.nJI cpasHeHHJI pe3ynJ.TaToB. KpoMe Toro, ne-
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pHOJl.H'IeCKH C TOR )ICe ueni>IO DOBTOpJieTCJI o6pa60TKa OJJ.HOH 

H TOR )ICe jpaccMaTpHBaeMOH KaK 3TanOHHaJI/ KHHOnneHKH. 

3TOT KOHTpOnb D03BOnJieT OUeHHBaTb Ka'leCTBO pa60Tbl 

CHCTeMbl o6pa60TKH B uenOM, BKniO'IaJI TeXHH'IeCKOe co­

CTOJIHHe aBTOMaTa H OTHOIUeHHe onepaTOpOB /nepCOHanbHO/ 

K nopy'leHHoii pa6oTe. llocneJJ.Hee, KaK noKa3biBaeT npaK­

TH'IeCKHii OllbiT, JIBnJieTCJI Ba)I(HbiM c1JaKTOpOM B o6ecne'leHHH 

BbiCOKOrO Ka'leCTBa pe3ynJ.TaTOB H3MepeHHJI. 

§4. OPFAHH3Al(H.R CHCTEM OEPAEOTKH 

C03JJ.aHHe CHCTeMhl o6pa60TKH c1JoTOCHHMKOB Ha OCHOBe 

CKaHHPYIOIUero aBTOMa Ta CTaBHT uenbiO B KOHe'IHOM HTOre 

nony'IHTh CHH)I(eHHe CTOHMOCTH o6pa60TKH DO cpaBHeHHIO 

c nonyasToMaTH'IeCKHMH MeToJJ.aMH H3MepeHHH. H3 KOMn­

neKca npo6neM, KOTOp.ble Tpe6yeTCJI pelllHTb npH C03)J.aHHH 

CHCTeMbl o6pa60TKH, Bbl)J.ellHM JJ.Be HaH6onee Ba:>KHble: 

- )J.OCTH)I(eHHe BbiCOKOH 3cll4>eKTHBHOCTH H peHTa6enb-

HOCTH; 

- COKpaiUeHHe 

o6ecne'leHH.R. 

CpOKOB CO 3JJ.aHHK Ma TeMa TH'IeCKOrO 

4.1. 3(x/JeK1/IU8HOC1/Ib U peHma6eAbHOC1/Ib 

. 
3cW>eKTHBHOCTb CKaHHpyiOIUero aUTOMaTa onpeJJ.enJieTCJI 

OTHOIUeHHeM 'IHCna ycneiUHO o6pa6oTaHHI:dX CHHMKOB K HX 

06IUeMy KOllH'IeCTBY, KOTOpoe 6hlnO nepe)J.aHO Ha H3MepeHHe. 

EonblllaJI 'laCTb 3a)J.a'l, OTHOCJIIUHXCJI K JIJJ.epHOH c1JH3HKe, 

Tpe6yeT opraHH3aUHH o6pa60TKH C 3cll4>eKTHBHOCTbiO, 6nH3-

KOH K 100£1o. HeJJ.OCTaTO'IHO BbiCOKaJI 3cW>eKTHBHOCTb pa-

6oThl CKaHHPYIOIUero aUTOMaTa Tpe6yeT HCDOllb30BaHHJI B 

cocTase cHcTeMhl o6pa6oTKH jecnH JJ.OnycKaeT 3a.LJ.a'la/ 

nonyaBTOMaTH'IeCKHX H3MepHTellbHbiX ycTpOHCTB, 'ITO se­

)J.eT, KaK npaBHllO, K YJJ.OpO)I(aHHIO o6pa60TKH H CHHlKeHHIO 

DOKa3aTeneii peHTa6enbHOCTH npHMeHeHH.R CKaHHPYIOIUero 

auToMaTa. B o6IUeM cnyqae noKa3aTen~o peHTa6enJ.HOCTH 

HCDOnb30BaHH.R aBTOMaTa B COCTaBe CHCTeMLI o6pa60TKH 

MO)I(eT 6LITb npeJJ.CTasneH BLipa)l(eHHeM ;g;. 
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basT . ~IlL<!.+ (1- E aBT ), 
q "" s---- . s n/ a 

aBT 
/1/ 

r,D;e baBT H b n/a - CTOHMOCTb aBTOMaTa H nonyaBTOMaTa, 
S aBT H S n/a - ux npoH3BO,D;HTenbHOCTb, EaBT - K03cP-
4Juuueur 3cPcPeKTHBHOCTH aBTOMaTa. ~llR npOCTOT~ pacqera 
K03cPcPHUHeHT 3cPcPeKTHBHOCTH nonyaBTOMaTa npHHRT paBH~M 
1 /T.e. 3cPcPeKTHBHOCTb paBHa 100~/. 

Ja,D;aqeii: pa3pa6oTqHKOB CHCTeM~ RBllReTCR C,D;enaTb q 
MeHbWe 1. 

KaK noKa3~Baer npaKruqecKHii on~T, uaunyqwue pe-
3YllbTaT~ C TOqKH 3peHHJI noKa3aTenR peHTa6enbHOCTH ,D;O­
CTHraiOTCR npH HCnOllb30BaHHH aBTOMaTOB, nOCTpOeHHbiX 
no npuuuuny cucreM~ "qenoaeK- 3BM". TaKue aaroMaTbi 
n03BOllRIOT, B qacTHOCTH, onTHMallbH~M o6pa30M pacnpe­
,D;ellHTb nOTOK H3MepReM~X CHHMKOB Me)I(,D;y HHMH H BXO,D;R­
IUHMH B COCTaB CHCTeM~ nonyaBTOMaTaMH /9/. K qucny 
aBTOMa TOB TaKOro THna OTHOCHTCJI A3JIT- 1, o6na,D;aiOIUHH 
pa3BHTOH CHCTeMOH cpe,D;CTB ,D;Hanora oneparopa C 3BM. 

4.2. Co30aHue MallleMalllu'lecKozo o6ecne'leHU.11 

Be,D;y~eii H,D;eeii /uenbiD/ uccne,D;oaauuii npu co3,D;aHHH 
rpe6yeMoro MareMaruqecKoro o6ecneqeHHJI CKauupyroJ.Uero 
aBTOMaTa MOlKeT fiWTb Ha3BaHO COKpa~eHHe CpOKOB ero 
pa3pa60TKH. . 

Bue,D;peuue oneparuauoro ynpaaneuuJI cKauupoaauueM 
B aBTOMare A3JIT-1 no3Bonuno pa3pa6oraTb u npuMeHHTh 
npu ero ucnonb3oaauuu nporpeccuau~e MeTo,D;~ pacno3-
HaBaHHR o6pa30B, OCHOBaHH~e Ha o6pa60TKe HHcPOpMaUHH 
nocne Ka)I(,D;OH CTpOKH CKaHHpOBaHHJI, - MeTO,D; nOHCKa xa­
paKTepH~X Toqel( C06~THR H MeTO,D; "wuypoB"/ 1 l,121 . 3TO 
cy~eCTBeHHO ynpOCTHllO H COKpaTHllO CpOKH pa3pa60TKH 
MaTeMaruqecKoro o6ecneqeuuR aaroMara. 

Brop~M Ba)I(H~M MOMeHTOM uccne,D;oBauuii, uanpaaneu­
u~x Ha COKpa~eHHe CpOKOB C03NiHHJI MaTo6ecneqeHHJI, 
JIBllJieTCR BBe,D;eHHe ,D;BYX 3TallOB nOCTpOeHHJI CHCTeMbl o6-
pa60TKH /9/. 3a,D;aqeii: nepBoro 3Tana JIBnJieTcJI C03,D;auue 
B MaKCHMallbHO C)l(aTble CpOKH ,D;eHCTBYIO~eii: B~COK03cPcPeK-
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THBHOH CHCTeMbl o6pa60TKH, He o6na,D;aiDJ.UeH, O,D;HaKO, MaK­
CHMallbHO B03MO)I(HOH npOH3BO,D;HTellbHOCTbiO. 3a,D;aqeii: BTO­
poro 3Tana RBllReTCR nOBbiWeHHe npOH3BO,D;HTellbHOCTH CHC­
TeM~. 

Peweuue Ja,D;aqu nepaoro 3Tana ,D;llR aaToMaTa rona 
A3JIT -1 onupaeTCR Ha Hanuque pa3BHTOH CHCTeM~ Cpe,D;CTB 
,D;Hanora oneparopa c 3BM. llpu 3TOM ,D;llR MHorux Ja,D;aq 
uenecoo6pa3HO y)l(e ua nepaoM 3Tane coJ,D;aHHJI cucreMbl 
pa3pa6oraTb nporpaMMbl aBTOMaruqecKoro pacnoJHaBaHHJI 
,D;llR TeX COCTaBHbiX qacTeH o6pa3a, KOTOpble npe,D;CTaBllRIOT 

co6oii npocr~e <Purypbl /uenepeceKaro~uecR nuuuu u ,D;p.j. 
B Kaqecrae pa6oqeii: runore3~ aaropoM 6~no B~,D;BHHYTO 
u JaTeM uccne,D;oaauo npe,D;nono)l(euue o TOM, qro 6onbwaR 
qacTb Ka)I(,D;Oro Ho3 H3MepReM~x o6pa30B npuua,D;ne)I(HT 
HMeHHO K npOCT~M clJurypaM H n03TOMy C03,D;aHHe ,D;a)l(e 
CpaBHHTellbHO HeCllO)I(H~X nporpaMM no HX pacn03HaBaHHID, 
KOTOp~e MOryT 6b1Tb pa3pa6oTaH~ B KOpOTKHe CpOKH Ha 
nepaoM 3Tane coJ,D;aHHJI cucreMbl, nocrpoeuuoii no npuuuuny 
"qenoBeK- 3BM", ,Il;Oll)I(HO 3HaqurenbHO nO,D;HRTb noKa3aTellb 
ee npOH3BO,D;HTellbHOCTH. ~aHHaJI rHnOTe3a 0 cy~eCTBOBaHHH 
HeKOTOpOH KpHTHqecKOH TOqKH r B rpaclJuqecKOM npe,D;CTaB­
neHHH llpOH3BO,D;HTellbHOCTH S CTpOR~eHCJI CHCTeMbl 06-
pa60TKH OT 3aTpaT BpeMeHH t Ha C03,D;aHHe MaTeMaruqecKO­
ro o6ecneqeHHJI ynpaBneHHJI H3MepeuueM H pacno3BaBaHHJI 
o6pa30B HlllliDCTpHpyeTCJI puc. 2. runoTe3a 6blllA npoae­
peua npH C03,D;aHHH ,D;BYX yKa3aHH~X B~We CHCTeM o6pa6or­
I<H /11,12/ a uawna npaKruqecKoe no,D;TBep)I(,Il;eHHe. ,llocrur-

uyraR npH 3TOM Ha nepBOM 3Tane C03,D;aHHR KA)I(,Il;OH CHC­
TeM~ npOH3BO,D;HTellbHOCTb HAXO,D;HllACb Ha ypOBHe 30-50~ 
OT MAKCHMallbHO B03MO)I(HOH H y)l(e o6ecnequaana peura-
6enbHOCTb npHMeHeHHJI aBTOMATa. 

llocTpoeHHaR B C)I(AT~e CpOKH ,D;eHCTBYIO~aR CHCTeMa 
o6pa6oTKH B o6heMe nepaoro 3Tana noJBOnJieT, c O,D;Hoii 
cropou~. paubwe uaqarb pa6oqyro 3Kcnnyarauuro cKauu­
pyro~ero aBTOMaTa, a c ,D;pyroii - uau6onee pauuouanbup 
ucnonb30BATb orpauuqeuu~e cun~ pa3pa6orquKoB Mare­
MaruqecKoro o6ecneqeHHR ua aropoM 3Tane coJ,D;aHHR 
cucreMbl, KOr,D;a rpy,D;HOCTH ,D;AllbHeii:wero pa3BHTHJI Mare­
MaruqecKoro o6ecneqeHHJI no aaroMaruqecKoMy M3Mepe­
HHIO H pacn03HaBAHHID o6pa30B cy~eCTBeHHO B03pACTAIDT. 
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Puc. 2. HAAKJC111PUI4UJI zuno111e3bl o cy~J~eC111806aHuu KpU111u­
t~ecKoil 111ot~KU r 6 zpa¢ut~ecKOM npeOc111a6AeHuu 3a6ucu;wo­
C111U npOU3600U111eAbHOC111U S C111pOJIJ11eUCJI CUC111eMbl o6pa60111KU 
0111 3a111pa111 6peMeHU t HQ C030QHUe OAJI CKQHUPYKJUieZO 
Q61110MQ111Q MQ111eMQ111Ut~eCK020 o6ecnet~eHUJI ynpa6AeHUJI U3-
;wepeHUeM u pacno3Ha6aHUJI o6pa3o6. BeK111op - zpaoueH111 r 
npu 31IIOM noKa3bl6ae111 111eHOeHI4UKJ 6 U3MeHeHuu 1110t~KU S(r) 
HQ zpafPUKe 6 3Q6UCUMOC111U 0111 y6eAUt~eHUJI 2U6KOC111U 6 yn­
pa6AeHUU CKQHUp06QHUeM U pa36U111UJI cpe0C1116 0UQA02Q 

onepa111opa c 3BM. 

t 

B CBJ13H C BBe,IJ.eHHeM .IJ.BYX 3TanoB nocTpOeHHJI CHCTeM 

o6pa6oTKH cne,IJ.yeT oTMeTHTL Ta~e aa~~H ncuxonoru­

qecKHH ~aKTop B npouecce pa3pa6oTKH MaTeMaTuqecKoro 

o6ecneqeHHJI, CTHMYJIHPYIOIUHB noB~llleHHe TeMnOB pa6oT 

npH JanycKe CHCTeM~ B pa6oqyJO 3KCnnyaTaUHIO B c:>KaT~e 
cpoKH ua nepBOM 3Tane ee coJ,IJ.aHHJI. 

§5. j{OCTHTHYTblE PE3YJibTATbl 

5.1. Ha ocuose cKaHHPYJOIUero aBTOMaTa A3JIT -1 B 
OHJIH nocTpoeua H 3KcnnyaTupyeTCJI c 1973 ro.IJ.a cacTeMa 

o6pa60TKH CHHMKOB C lllHpOK03a30pHOH HCKpOBOH KaMepw. 

12 

0co6eHHOCTbiO H3MepJleM~X CHHMKOB JIBJIJleTCJI HH3KaJI KOHT­

paCTHOCTb 3HaqHTeJibHOH qaCTH TpeKOB H HX MaJiaJI .IJ.JIHHa 

1-1 MMI, a Ta~e HaJIHqHe Ha CHHMKaX MeWaiOIUHX aBTO­

MaTHqeCKOMY pacn03HaBaHHIO penepHbiX CeTOK, He06XO.IJ.H­

MblX ,AnJI H3MepeHHJI 3THX CHHMKOB Ha nonyaBTOMaTaX. 

MaTeMaTaqecKoe o6ecneqeuue ynpaaneHHJI H3MepeHHeM H 

pacno3HaBaHHJI co6blTHH .IJ.JIJI 3TOH 3a.IJ.aqa ua nepaoM 3Tane 

C03,IJ.aHHJI CHCTeMbl I.IJ.O TOqKH T Ha puc. 21 6blJIO C,AenaHO 

BCero JlHlllb 3a 3-4 MeCJIUa, ero 06'beM COCTaBHJl 10 TblCJlq 

KOMaH.IJ. 3BM .63CM-4. TaKoH KopoTKHH cpoK lo6blquo 

Tpe6yeTCJI .IJ.O HeCKOJlbKHX neT pa60Tbii B 3HaqHTeJibHOH 

CTeneHH ,IJ.OCTHrHyT 6naro,AapJI HCnOJib30BaHHIO H3JlO:>KeHHblX 

B~llle oTnaqaTenLHblX oco6euuocTeH aBTOMaTa A3JIT-1 -

onepaTHBHOrO ynpaaneHHJI CKaHHpOBaHHeM npH C03,IJ.aHHH 

nporpaMM ynpaaneHHJI H3MepeuueM H pacnoJHaBaHHJI co6bl­

THH, a TaK:>Ke - pa3BHTOH MOHHTOpHOH CHCTeMbl ,IJ.Hanora 

onepaTopa c 3BM. 3aTeM, a npouecce pa6oqeu 3KcnnyaTa­

UHH CHCTeMa 6wna OnTHMH3HpOBaHa Ia ee COCTaB 6biJI BKnJO­

qeH O.IJ.HH nonyaBTOMaT ,IJ.JIJI nOBTOpHoro H3MepeHHJI CHHMKOB 

C OC060 HH3KHM KaqecTBOMI H 6blJIH npoBe,AeHbl pa60Tbl no 

,AanLueuweMy pa3BHTHIO MaTeMaTaqecKoro o6ecneqeuHJI, 

nOBbiCHBlllHe 3~eKTHBHOCTb H npOH3BO.IJ.HTeJibHOCTb aBTO­

MaTa191. B pe3yJILTaTe 6blna nocTpoeua BblCOK03~eKTHB­
HaJI CHCTeMa o6pa60TKH C npOH3BO.IJ.HTeJibHOCTbiO npH O,IJ.HO­

CMeHHOH pa6oTe .IJ.O 70 TblCJiq C06b1THH B ro,A. llpH 3TOM 

CTOHMOCTb o6pa60TKH CHHMKOB, onpe,AeJIJIIOIUaJI peHTa6eJib­

HOCTb BHe,ApeHHJI aBTOMaTa, 6wna HH:>Ke, qeM Ha nonyaBTO­

MaTaX. 

Ha CHCTeMe 3a nepHO.IJ. 1873-78 rr. H3MepeHO OKOJIO 

250 TblCJlq co6blTHH, no pe3ynLTaTaM o6pa6oTKH nonyqeubl 
HOBble ~HJHqecKHe ,IJ.aHH~e 113 •14/ 

5.2. B U.ArH IMocKaal B nepHO.IJ. 1974-78 rr. no­

cTpoeu cKaHHPYJOIUHB aBTOMaT A3JIT -1M I puc. 31 H co3,IJ.a­
ua CHCTeMa o6pa60TKH 3KCnepHMeHTaJibHOH noJieTHOH HH­

~OpMaUHH 12 •12 •15 • 16 ~ rpa~HKH CKOpOCTH, BbiCOTbl H nepe­
rpy3KH, Janucauuwe a npouecce noneToB caMoneToB rpa)I(-

.IJ.aHcKoH aBHaUHH Ha 35- MM KHHOnJieHKY, HMeiOT 60JibWYIO 

.IJ.nHHY I o6wquo 1-2 Ml H He noJBOJIJIIOT npaKTaqecKH 

HCnOJib30BaTb B COCTaBe CHCTeMbl o6pa60TKH nonyaBTOMaTbl 
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AnB llOBTOpHOrO H3MepeHHR OT~eJILHhlX qacTeH KHHOllJieHKH 
/a MecTax nepeceqeuus rpacllHKOB c uapanuuaMH, npu pa3-
pwaax rpacl;HKOB H ~p./. Tpe6yeMas B ~aHHOM cnyqae 
o6pa60TKa KHHOllJieHOK C O,!l;HOH ycTaHOBKH ,!l;OCTHraeTCB 
ua aaToMa Te A3JIT -1M HCKmoquTeJILHO 6naro~aps uanu­
quJO C03,14anHOH CilCTe::•.H.I .L{Hanora onepaTopa c 3BM. 
MaTeMaTuqecKoe o6ecneqesue Ha nep:soM 3Tane coJ~aHHB 
~eicTBYJO~ei cucTeMw o6pa60TKH /JJ..o TO"'KB r I B o6be.Me 
8 TLicgq KOMaRA 3BM Ji3CM -4 6wno C.llenauo 3a 5-6 Me­
CRUeB pa6oTLI. llpu 3TOM coJnauue nporpaMM ynpaaneHBR 
B3MepeuueM H pacno3HaBaHHR rpai!IHKOB TaK)I(e onupanocL 
Ha HCllOJIL30BaHHe onepaniBHOrO ynpa:aneHHB CKaHHpOBaHB­
eM. 

Pa6oTocnoco6uocTL B ~ocTaToquas 341clleKTHBHOCTL co-
3~auuoro MaTeMaTuqecKoro o6ecne"'eHBB npoaepena npu 
B3MepeHHH pa6oq:ax Kauonneuox, nonyqeHhi ~H3B'-IeCKBe 

pe3yJihTaTW. 

§6. 3AK.IJJOfJEHJfE 

OnwT coJ~aHHJI clCaHBPYIOlUBX aBTOMaToB A3JIT -1 u 
A3JIT ·1M H OCHOBaHHLIX Ha HX HCllOJIL30BaHBB CHCTeM 
o6pa60TKB AflJI H3MepeHBR CHHMKOB C WBpOK03a30pHOH BC­
Kpoaoi KaMepw /JI~epuo-cllHJHqecKHH 3KcnepHMeHT/ H rpa­
clluqecKoi noneTHOH uucllopMauuu /npuKna~uaJI Ja~aqaj no­
Ka3an B03MO)I(H0CTL HCllOJIL30BaHBJI aBTOMaTOB JlaHHOrO 
THUa ~JIJI H3.MepeHHJI HHcllOpMaUHB Ha 35- MM cllBJILMaX B 
paJnuquwx o6nacTsx uayKH u TeXHHKH. CpaBHHTeJILHaJI npo­
CTOTa TexuuqecKoro peweHHJI aBTOMaTa, onupaJO[UaJICJI ua 
HCUOJib30BaHHe CHCTeMLI 3TaJIOHHLIX penepHLIX peWeTOK ~JIJI 
opraHH3aUHH npeUH3HOHHLIX H3MepeHHH, ~enaeT TaKOHaB­
TOMaT nerKO ):\OCTYllHLIM ~JIJI BHe~peHHR B npOMLIWJieHHOe 
TipOH3BO~CTBO. 

HaKonneHHLIH npu coJ.IJ;aHHH aaToMaToB Tuna A3JIT -1 
OllLIT, K KOTOpOMY npe)l(~e BCero He06XO~HMO OTHeCTH pa3-
pa6oTKY H BHe~peuue onepaTHBHoro ynpaaneHBJI cKauupo­
BaHHeM H MOHBTOpHOH CHCTeMLI ~Hanora onepaTopa C 3BM, 
a TaK)I(e onwT pauuouanLHoro ~BYX3Tanuoro coJ~aHBJI 

~eHCTBYIOlUHX BLICOK03cWleKTHBHLIX CHCTeM 06pa60TKH, OllB" 
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paiO~eiicJI ua BhlJIBneuuoe ua npuMepe KOHKpeTHhlX Ja.D.a'l 
C~eCTBOBaHHe KpHTH'IeCKOH TO'IKH B C03)l.aHHH MaTeMa­
TH'IeCKOrO o6ecne'leHHJI ynpaaneHHJI H3MepeuueM u pac­
noJHaBaHHJI o6pa30B, ucnonLJOBaH npu pa3pa6oTKe MOHH­
Topuoro CKaHHPYIO~ero aBTOMaTa A3JIT- 2/16011711 C03.D.a­
aaeMblX Ha ero OCHOBe CHCTeM o6pa60TKH cilOTOCHHMKOB. 

ITo MHeHHIO aaTopa, .D.anLHeiiwee pa3BHTHe cKaHHPYIO~X 
&BTO:W&TOB H& 3JIT B COOTBeTCTBHH C pe3ynLT&T&MH HC­
cne)l.OBaHHH ueo6xo.D.HYO secTH B uanpasneuuu eme 6onLwe­
ro yaenuqeuuJI ru6xocTB cKauuposauu .. u pacwupeuu .. B03-
MO:>KHOCTeii cpe.IJ.CTB .D.Hanora onepaTopa c 3BM. IIpuMe­
ueuue 3TanoHHhlX peweToK /o6pa3oB/ npu oprauuJauuu uJ­
Mepeuuii uenecoo6pa3HO coxpaHHTL u ucnonLJOBaTL B pea­
nuJoBaHHOM HllH )l.pyrOM /MO.D.HcilHllHPOBaHHOM/ BH)l.e )l,HJI 
pa3nH'IHhlX Tunoa aaToMaTOB. IIpu oprauuJauuu npoMhlW­

neuuoro BhlllYCK& &BTOMaTOB, O'leBH)l.HO, He06XO)l.HMO yqu­
TblB&TL, 'ITO CTpOHTeHLCTBO HX :>KenaTellLHO BeCTH ITO 
MO.D.YllLHOMY npBHllBITY. 3TO, B 'I&CTHOCTH, yny'IWHT yc­
llOBHJI coTpy.IJ.HH'IeCTBa pa3pa6oT'IHKOB, npe.D.CT&BHJIIO~Hx 

p&3llH'IHLie uanpaaneHBJI B C03)l,aHHB &BTOMaTOB. 

ABTop 6naro.IJ.apuT H.H.CKpwnJI Ja o6cy)l()l.euue HJno­
:>Keuuoro M&Tep&ana B COBMeCTHOe yTO'IHeHHe HeKOTOPLIX 

nono:>Keuuii. 
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