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I. OH!lAfl XAPAKTEPHCTl1l{A PABOTH 

HaCTORlllaH ,rr,11ccepTaUl1H IlOCBRllleHa C03,IT,aHH~ nonHon Cl1CTeMbl MaTeMa
Tl1tieCKl1X MeTO,Il,OB 11 a.rrrop11TMOB aBTOMaTl1tiecKoro 113MepeHl1fl H nepB11tIHoro 
aHB.Jil13a 11so6pa.JKeH11n B R,IT,epHOH !pl1311Ke Ha OCHOBe Cl1CTeMaT11tieCKoro 11 
nocne,rr,oBaTeHbHoro np11MeHeHl1R BepoRTHOCTHHX 11 CT8Tl1CTl1tI9CKl1X MeTO,lJ,OB. 
Co3,rr,aHHHA M8T9M8Tl1tI8CKl1TT annapaT peaJil130BaH B Bl1,rr,e nporpaMMHoro o6ec
netieHHR pR,IT,a.KOHKpeTHHX 113M8pl1TMbHIDC Cl1CT8M. 

AKTYaJibHOCTb npo6neMbl 
06oeMbl ,rr,aHHWC B COBpeMeHHWC 3KcrrepHM8HT8X R,IT,epHoA !p11311Kl1 11 ~H311-

K11 BHCOKHX 3Hepr11A MoryT ,Il,OCTl1r8Tb MHHH110H~B 8,lJ,HH11U 11Hq>OpM8Ul111 B t 

C8Kytt,IT,y. Per11cTpau11n 11 orrepaTl1BHHn attan113 3Tl1X rHraHTCK11X ITOTOKOB 
u11~p 38 BpeMH, ,lJ,11KTyeMoe TeMnaMH 11ccne,rr,oaaH11H, CTan11 B03MOlltHWdH TOHb
KO 6naro,rr,apH nocne,IT,H11M ,Il,OCTHllteHl1HM n,rr,eptton sneKTpOHl1Kl1 11 BbNl1CHl1Tenb
HOTT TeXHHK11, o6ecnetil1Bml1M 8BTOM8Tl138Ul1D rrpoueccoa 113MepeHl1R 11 o6pa-
6oTKl1 ,lJ,aHHWC qJl13HtI9CK11X 3Kcrrep11MeHTOB. Bo Bcex KpyrrHWC ¢113Htl8CKl1X 
USHTpax CoB8TCKOro COD38 11 ,rr,pyr11x CTpaH-ytiaCTH11U Ollilli 6wi11 rrpoae,rr,eHN 
m11pOKOMacmTa6HHe 11ccne,rr,0BaHl1H 11 paspa60TKl1 aBTOM8Tl1311pOBaHHWC npoCMOT
pOB0-113M8p11T8HbHWC 11 CKaH11pyvm11x Cl1CT8M ,IT,nfl ¢11nbMOBOA o6pa60TKl1. 

B nocne,rr,Hee ,rr,ecnT11neT11e 6hlJio TaKllte cos,rr,aHo 6onbmoe t111cno 6ec
~11nbMOBwt Cl1CT8M o6pa60TKl1, 113 KOTOpwt B paMKax',rr,11ccepT8Ul10HHOA Tew 
6y,rr,yT 11ccne,rr,0BaHH MeTO,lJ,N T9H8Bl13110HHOro·coeMa ,Il,aHHWC C Tp8KOBWC KaMep. 

ITp11 C03,lJ,aHl111 nporpaMMHoro o6ecnetieHl1H T8Kl1X aBTOM8THtI8CKl1X Cl1C
T8M ITOTpe6oBaJIOCb C03,Il,8Tb anrop11TMbl ,IT,nfl 3aMeHH tienoBeKa Bero qiyHK
ll11HX 113MepeH11H 11 pacrro3H8B8Hl1R 3KCIT8p11M8HTaHbHWC ,lJ,SHHblX. Cpe,rr,11 3Tl1X 
anrop11TMOB Ha116onee cno~HHMl1 C MaTeMaTHtI8CKOA TOtIKl1 3p8Hl1H HBl1Hl1Cb 

anrop11TMbl rrepBHtIHoro aHan11sa ,rr,attttwc, BKJOOtiMmero sa,rr,aqy ¢11nbTpau1111, 
T.e. pacno3H8BaHl1H 11 OT6opa Koop,Il,HHST TIOH83HWC TOQ8K B o6meM ITOTOK8 
,Il,SHHWC 8BTOM8THtiecKoro CKaH11pOB8Hl1H, a Ta.JKe sa,rr,aqy Kan116pOBKl1 ,rr,aHHWC 
,IT,nfl ytieTa ,lJ,11CTOpc11A CKaHaTopa 11 orrpe,rr,eneHHH 110Hl138U110HHOA MOTHOCTH 
cne,rr,oB qacTHQ. 

QqeBl1,lJ,HO, QTO 3Tl1 sa,rr,aq11 HBH~TCH XOTH 11 B8.JKHblMl1, HO nHmb qacT

HHM11 B o6~eA ,npo6neMe 8BTOM8Tl138U1111 ¢11311tieCKl1X 113M8p8Hl1TT, r,rr,e B03Hl1Ka-
8T uenHA KOMMeKC rro,rr,o6Hwt 3a,rr,aq, CBR3aHHblX C 'opratt11sau11eA qiyHKUl10Hl1-
poBaHl1H Bcero 113Mep11T8HbHOro ycTpoACTBa KaK Cl1CTeMbl, pa6oTMmeA rro,rr, 
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ynpaBJiemrnM 3Bi'J, c HaKonnemrnM u Ko,n;upoBaHueM ,n;aHHhlX, ux nepBff<1HhlM 

aHaJIU30M ll T.,n;.Ilpu 3TOM p8ill8Hll8 TaKUX sa,n;aq B KB.JK,D;OM K~HKpeTHOM CJiy

qae OKa3aJIOCb B8CbMa CY1118CTB8HHO 38BllCH~llM OT BbltlllCJIUTeJibHb!X, aJIPO

pllTMlltl8CKUX, T8XHUtleCKllX acneKTOB llX pea.JIU38Ullil ll pe*UMa BhlnOJIH8HllH 

(B peaJibHOM BpeMeHll ynpaBJIHIO~eti 3BM llJ!ll oqxp-JiatiH Ha 60JibIDOil 3BM, UJ!ll 

Ha·cneuuaJIU3llpOBaHHOti BbltlllCJIUTeJibHOti CllCTeMe napaJIJieJibHOPO ,n;etiCTBUH). 

B YCJIOBllHX 6hlCTporo pa3BllTilH COBpeMeHHOti ~ll3llKll 3JieM8HTapHbIX 

tl8CTUU 3H8tlllMOCTb npo6JI8Mbl KOMnJieKCHOti 8BTOM8Tll38Uilll npoueccoB ll3Me

peHUH ll 8H8Jlil38 3KcnepuMeHT8JlbHblX ,n;aHHblX TOJ!bKO B03pacTaeT, TaK KaK· 

pemeHue 3TOti npo6JieMbl, n03BOJIHIO~eeonepaTHBHO noJiyqUTb ~ll3;fq8CKllil pe-

3YJ!l,TaT, B H6KOTOPHX CJiyqamc OKasJIBa6TCJI 60JI88 CJIOJKHUM ',ll;6JIOM, 'ISM 

C03,ll;aHli8 CaMOli 3KCil8pUM9HTaJibHOli YCTaHOBKll, li M0~6T CTaTb orrpe,n;SJimo

lllliM cpaKTOpOM rrpu BU6ope 3KCil8pllM6HTa. 
ITpoBe,n;eHHhlti B rn.I aHaJiil3 60Jibmoro tlllCJia pa6oT, onUCblBaIO~llX 

pasnut1Hble OT8tl8CTB8HHble ll 3apy6e~Hble CllCT8Mhl ~llJ!bMOBOti o6pa6oTKll, 

noKa3b!BaeT, tlTO aqxpeKTllBHOCTb pemeHUH sa,n;aq, B03HllKaIO~UX Ha nocne,n;o

BaTeJibHhlX 3Tanax aBTOM8Tll3llpOB8HHhlX ll3MepeHUti ll o6pa6oTKH ll3o6pruKeHUti • • B ~ll3UKe 3JieMeHTapHbIX tl8CTUU, o6yCJiaBJmBaJiaCb-T8M, HaCKOJibKO xopomo 

y,n;aBaJIOCb yqeCTb B CllCTeMe cneuu~uKy KOHKpeTHOro 3KCnepuMeHTa, H3Me

pHTeJibHOro npu6opa ll HCnOJib3yeMhlX Bblt{HCJIHTeJibHblX cpe,n;cTB, 

0Tc10,n;a HeHs6e~Ha pa3HOTHnHOCTb u,n;eti H MeTo,n;oa, JI8*81J1HX B OCHOB8 

nporpaMM, 06ecnet1uaa10~ux aBTOMaTmecKHe p8*HMbl pa6oThl Ha 3THX aTanax. 

A,n;anTaUHH H nepecTpOtiKa TaKHX nporpaMM Ha ,n;pyrHe Tllrrhl H306pruKe

mtit,cKaHHpYJ!llllil) ycTpOHCTBa wm 3:EM MoryT .WIOr,n;a 3aJmMaTJ:, 60JIE,1119 Bpe

M8Hli, ~8M paspa60TKa HOBWC rrporpaMM.Xapa.tT9plillM rrpUMepoM JIBJiflIOTCJI yrrpa

BJUIIaltll9 rrporpaMMH ,Il,1IJl BCTp09HH!:lX 3Hl1, Hamrcamme B I{eJIJlX lIOBl,llll9HliJI ' 

aqxpeKTHBHOCTll B aBTOKO,n;ax 3THX 3BM. BoJiee Toro, CJIHIDKQM ~eCTKM opHeH-· 

TaUHH MSTO,ll;OB, 3aJI0~8HHb!X B nporpaMMbl pacnosHaBaHHH, tlaCTO OKa3b!Ba

JiaCb npHHUHnHaJibHhlM npenHTCTBHSM K HX nepecTpOAKe Ha HHhle HCTOtlHHKH 

,n;aHHb!X. B TO ~e apeMH MHorot1HCJI8HHOCTb H pa3Jliltlll8 THnOB H npHMeHeHHti 

H3M8pHT8JlbHblX ycTpOtiCTB o6ycJiaBJIHBa!OT o6o8KTHBHYIO Heo6xo,n;uMOCTb B pas

pa60TK8 TaKHX o6~ux, YHUBepCaJibHhlX MSTO,ll;OB aBTOMaTH3aUHH H3MepeHHA 

Hso6pruK8Hllti C.718,ll;OB tiaCTUU ll IDTpHXOBblX o6pa30B Boo6me, KOTOpble, no,n;o6Ho 

qeJIOB8tl8CKOA cnoco6HOCTH K paCil03HaBaHli!0,6hlJIH 6bl MllHHMaJibHO saBHCHMbl 

OT Tuna H306p8llt8HHH H BH,n;a CKaHHpoaaHHH HJIH JierKO K HHM a,n;anTHpoaa

JIHCb. Heo6xo,n;HMoti o6~HOCTH B pemeHHH rrpo6JI8Mbl 6hlJIO eCT8CTB8HHO ,n;o6H

BaTbCH KaK no JIHHHH HCC.718,ll;OBaHHH H o6o6~8HHH HaKOITJISHHOro onblTa, TaK 

H Ha 6oJiee pa,n;HKaJibHblX rryTHX 003,ll;aHHH HOBhlX MSTO,ll;OB aJirOpHTMH3aUHH 

HHTYHTHBHhlX cnoco6HocTei:I tienoaeKa H ,n;pyrux onepauun, nosaonmomux sa

MeHHTb era B (pj'HKUHHX li3M9P9HliH npu ,ll;OCTaTOtlHOM ypOBH8 TOtlHOCTH H 

,ll;OCTOB8pHOCTH. KpoMe Toro, Tpe6oBaJIOCb HCC.718,ll;OBaTb HOBble cnoco6hl CoeMa 

KaMepHb!X H306paJK8HHti, TaKUe, KaK 6ec~HJ!bMOBhlti T8JieBH3HOHHblti Co8M, a 
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TaKlKe noHBJIHIOmuecH B03MO*HOCTH IIpUMeHeHHH MeTO,ll;OB napaJIJieJibHOti o6pa-
6oTKll ,D;JIH nepBlltlHOro aHaJIH3a ,n;aHHblX. 

B ,n;uccepTauuu H3JIO~eHhl pesyJibTaThl, nony.qeHHhle aaTopoM a nepuo,n; 

!964-86 rr. Pa6oT~, nono*eHHhle B ocHoay ,n;uccepTauuu, BhlnonHeHhl B 

COOTBSTCTBllll C rrpo6JI8MHO-T8MaTHtl8CKllM nJiaHOM HayqHO-llCCJl8,ll;OBaT8JlbCKHX 

pa6oT H nnaHaMH Me~apo,n;Horo coTp~,n;HuqecTaa OlliI~. 

Uenu H scmatiu HCCJienoaaHHH 

0CHOBHhlMll ueJIHMll ,n;uccepTaUUH HBllJIHCh: 

- llCCJie,n;oaaHue, TeopeTmecKoe o6o6~8HH8 H cos,n;aHue HOBhlX YHHB8p

CaJibHblX MaTeMaTUt18CKHX MSTO,ll;OB ,ll;JIH 3qxp8KTHBHOro pemeHHH acero KOMnJieK

ca sa,n;ati aBTOMaTH3aUHH H3M8p8HHti H HX nepaut1Horo aHaJIHSa; 

- pa3B.11TH8 HOBhlX, 6blCTpbIX H 3KOHOMlltlHblX aJiropHTMOB, peaJIH3YJO~HX 

npe,n;JI9~eHHhl8 M8TO,ll;hl C yqeTOM B03MO*HOCTeti rrapaJIJI8JlbHb!X BbltlHCJISHUti; 

- coa,n;aHue pH,n;a KOHKpeTHblX CHCTSM nporpaMMHoro 06ecnet1eHHH KaK 

a ~llJ!bMOBOM, TaK u 6ec~llJ!bMOBOM MSTO,n;ax CoeMa llH~OpMauuu. 

KottKp8THblMll aa,n;atiaMH HCC.718,ll;OBaHHti H paapa60TOK HBJIH!OTCH: 

_. Bblpa6oTKa o6mux npHHUHTIOB ynpaBJISHHH H3MepUT8JlbHblMll ycTpoticT

BaMH ,ll;JIH coa,n;aHUH nporpaMMHb!X cpe,n;cTB, nCY1118CTBJIH!O~HX 3HatlHT8JlbH08 

nOBbl!Il8Hll8 CTeneHH aBTOM8TH38UHH nporpaMMUpOBaHHH B peaJibHOM apeMeHH, 

a TaKlKe peaJiuaau»H 3THX cpe,n;cTB Ha Hau6onee pacnpocTpaHeHHhlX THnax 

BCTp08HHb!X 3BM; 
- HCC.718,ll;OBaHHe ll aHaJIH3 pa3JI;IqHblX H3M8pHT8JlbHblX CllCTeM ,ll;JIH Bb!HB

JISHHH OCHOBHhlX npHHUHnOB u paapa6oTKH o6~eti CTpaTeruu ~llJ!bTpauuu, 

KOTopaH ,n;o~Ha onpe,n;eJIHTh rJiaBHhle 3Tanbl ~HJ!bTpauuu H rapaHTHpOBaTb OT 

rpy6b!X npoctieTOB B paapa60TKe CHCTSM nporpaMM; 

- coa,n;aHHe HOBhlX MaTeMaTHtl8CKHX MSTO,ll;OB ll aJiropHTMHtleCKHX cpe,n;CTB 

nepBHtlHOro aHaJIH3a ,n;aHHhlX, OTB8t1a10mux Tpe60BaHHHM YHHBepcaJibHOCTH, 

nOBbl!Il8HHH CKOpOCTH, TOtlHOCTH H Ha,n;e~HOCTH Bblt{HCJISHHti, a TaKlKe ,ll;OCTO

B8pHOCTH nonyqaeMblX OUSHOK napaMeTpOB. CIO,n;a OTHOCHTCH C.718,ll;Y!Om»e aa,n;aqu: 

- HCCJI8,ll;OB8Hll8 rrpoueccoa ~JlbTpaUHH B ycJIOBHHX CHJ!hHOti H80,n;HO-' 

po,n;HOCTH Bbl60pKH ,ll;JIH coa,n;aHUH 6blCTpbIX YCTOtitlHBblX K myMaM aJirOpHTMOB 

npoCJI8*UBaHUH TpeKoB; 

- coa,n;attue onTUMaJibHhlX aJiropHTMOB 6ec~HJ!bMOBOro TeJiecoeMa llH~op

M8UllH, ionycKa!O~llX napaJIJieJIH3M o6pa60TKll H npe,n;Ha3H8tl8HHblX ,ll;JIH C*a

TUH ,n;aHHblX B peaJibHOM apeMSHH T8Jl8Bll3HOHHOPO CKaHHpOBaHUH H ,ll;JIH pac

n03HaBaHHH H306paJK8HHH no C~Tb!M ,n;aHHhlM; 

- llCC.718,ll;OBaHUe CTaTHCTHtl8CKHX H BbltlllCJIUT8JlbHhlX acneKTOB KaJiu6po

BOtlHblX H3MepeHUti, npe,n;Ha3Hatl8HHhlX ,n;JIH KOMTI8Hcauuu ,ll;HCTOpCKllti annapa

Typhl, H cos,n;aHH8 HOBoro MaTeMaTHtl8CKOro annapaTa ,ll;JIH KaJIU6pOBKll B 

opTOPOHaJibHOti H H80pTOPOHaJibHOti CHCTSMaX Koop,n;uHaT; 
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- l1CCJl8,ll;OBaH11e BepOHTHOCTHOH CTpyKTYPbl CTp11MepHbIX TpeKOB H C03-

,naHYI8 M8TO)J;OB oueHK\11 110Hl138UHOHHblX napaMeTpOB no )J;aHHblM aBTOMaT111::ie

CKYJX 113MepeH11ti. 

Pa3pa6oTaHHbltl MaTeMaTYJtl8CKl1H annapaT 11 8JlI'Op11TMHtl8CKl18 cpe,U.CTBa 

Tpe60B8JIOCb np11M8Hl1Tb KaK OCHOBY ,ll,JIH C03,ll,8Hl1H MaTeMaTHtI8CKOI'O o6ecne

tl8Hl1H pH,11,a KOHKpeTHblX H3M8p11T8JlbHblX CHCTeM C Jtl8TOM cospeMeHHbIX T8H

,IJ;8HUYIH B oprairn3au1111 ,u.aHHblX 11 CTPYKTYPHOI'O no,u.xo,u.a K nporpaMMl1pOB8Hl1IO • 

Ha_yqHaH HOBl13Ha YI 3H8t111MOCTb pa60Tbl 

!foMITJl8KCHble npo6JI8Mbl T8KOI'O po,u.a, 38Tp8I'HB8l0llll18 rrrnpoKl1H Kpyr 

sonpocos 113 C8Mb!X pa3Jil1t!Hb!X 0611acTetl 3HaH11tl' He MOPYT 6b!Tb pemeHhl B 

paMKax KaKotl-To 0,11,HOtl Teop1111. ITo3TOMY ITOCTaHOBKa 11 pa3pa6oTKa HOBbIX, 

06I1111X MeT0,11,0B pemeHl1H B03Hl1Ka!OI1111X np11 3TOM pa3HOpO,U.HblX MaTeMaT11t1eCKl1X 

npo6JieM MOI'Jl8 6b!Tb BblTIOJIHeHa TOJ!bKO Ha CTb!Ke U8JIOI'O pHja pa3,11,eJIOB 

MaTeMaTHKl1, TaKllX,,KaK Teop11H sepOHTHOCTetl 11 M8T8MaTHtl8CK8H CTaTHCTl1Ka, 

B,bltIYICJil1TeJibHaH M8T8MaTl1K8, MeT0,11,bl MoHTe-KapJIO, Cl1MBOJibHble Bhltl11CJieHH.A, 

pacIT03HaBaH11e o6pa30B H KJI8CTepH3aUH.A, Ml1Hl1Ml138U11H ~YHKU110H8JIOB, Cl1C

TeMHoe nporpaMM11pOBaHl1e 11 T.,u.. ITp11 3TOM Hl1 B o,nHoti 113 yKa38HHblX o6-
JI8CTeti MaTeM8Tl1Kl1 He 6blJIO I'OTOBblX MeT0,11,0B 11 pemeH11tl, TIOCT8BJieHHble 

3a,11,at1i He TIOM8B8Jil1Cb, K8K npaB11JIO, aHaJil1TYJtieCKOMY pemeHl1!0, a Tpe60B8Jil1 

pa3pa60TKl1 HOBblX MeT0,11,0B 11Jil1 np11BJiet1eHl1.A 11X 113' CMe~HbIX o6JI8CTeti. )],Jr.A 

o6oe,U.HHeH11.A scex 3Tl1X 38,ll,8tl B 0,11,HOM HaJtIHOM HanpaBJieHl111 TIOTpe60B8JICH 

06I1111« TIO,IJ;X0,11,,: e,11,11H8H MeTO,ll,01IOI'l1H KaK TIOCT8HOBKl1 MaTeMaT11t1eCKl1X npo6-
JieM aBTOM8Tl138U11H 113MepeH11ti, TaK 11 11X pemeHl1.A.· 

npe,u.JiaraeMa.A aBTOpOM MeTO,U.OJIOI'l1.A OCHOBaHa Ha m11pOKOM 11 Cl1CTeMa

Tl1tieCKOM np11MeHeH1111 MeT0,11,0B Teop1111 sepo.ATHOCTetl, M8TeMaT11t1eCKOH CTa~ 

Tl1CTl1K11 11 Teop1111 M8CCOBOI'O o6cJI~l1B8Hl1.A ,11,JI.A C03,IJ;8H11.A 11 11CCJie,U.OB8HH.A 

BepO.ATHOCTHbIX MO,U.eJietl o6pa6aTb!BaeMoti 3KCnep11MeHT8JibHOti l1HcjiopMau1111, a 

Ta!Olte npoueccoB ee npeo6pa3osatt11.A B xo,u.e H3MepeH11tl 11 06pa60TK11, 113Me

HeH11tl 3arpy3Kl1 06cJiy~HB8KlI11etl Bbltll1CJil1TeJibHOti Cl1CTeMbl 11 T,,11,,, 

Mo,11,eJI11, CBH38HHble C .A,u.epH0-¢113HtieCKl1MH H306p~eHHHMH, OTHOC.ATCH 

K mHpOKOMY KJiaccy 611HapHb1X mTp11XOBbIX 11306p~eH11ti,B03HHKa!OI11HX B C8MbIX 

pa3JI11t!HbIX HaJtIHO-TeXH11tieCKHX npHJIO~eH11.AX (rpaipHKH C8MOTIHCUeB, t1epTe~11, 

OCUHJIJIOI'p8MMb1 H T.,u..). MccJie,U.OB8HHe 06I11HX CBOHCTB T8KHX MO,U.eJietl sepo

.ATHOCTHblMl1 H CTaTHCTHtieCKl1MH MeTO,ll,8Ml1 TI03BOJil1JIO pa3pa60TaTb HOBblH 

yH1rnepcMbHhltl MaTeMaT11t1ecKHtl annapaT ¢11JibTpau1111, KaJIH6poaKH 11 ,u.pyr11x 

npoue,u.yp nepBl1tIHOI'O 8H8Jll138. )],Jr.A 3TOI'O TIOTpe6oB8JIOCb ITOJIJtil1Tb p.A,11; 

HOBblX TeopeT11t1eCKl1X pe3yJibT8TOB, OTHOC.AI1111XC.A K po6aCTHblM perpeccHOH

HblM oueHKSM, pacno3H8BaHHIO CB.A38HHbIX KJiacTepoa TOtieK, Cl1CTeMaM M8C

COBOI'O 06cJI~HBaHl1.A C 6ecKOHetIHblM tIHCJIOM KaHaJIOB, MHOI'OMepHblM TIOJIHHO

MH8JlbHblM annpoKCHMaUH.AM, 6blCTpblM annpOKCHM8Ul10HHblM 8JII'OpHTM8M, pa3-

pa6oTKe H nposepKe HOBbIX reHepaTopoB CJIJtI8HHbIX tIHCeJI H ,u.p. KpoMe 

3TOrO,?K838JIOCb Heo6xon11Mb!M 3aHOBO pem11Tb B8lltflhle 3anat1H nporpaMMHpo-
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B8Hl1.A, TaKl:18, K8K C03,ll,8HHe HOBOI'O cneUH8JIH3Hp0B8HHOI'O 8JlI'Op11TM11tiec

KOI'O .A3b!Ka ,11,Jl.A HaTIHCaHH.A ynpaBJI.AIOI1111X nporpaMM, OTITHMaJibHa.A opraHl138-

U11.A ,ll,8HHblX H nporpaMMHhlX M0,11,YJietl B 60JibmHX CHCTeMaX nporpaMM, pac

napMJieJIHB8HHe aJII'OpHTMOB paCTI03H8B8HH.A, 
Pa3pa60TaHHbl~ TeopeTHtieCKHtl annapaT TI03BOJIHJI TIOJIYtIHTb HOBhle 

06I11He aqx'{leKTHBHble pemeHH.A OCHOBHblX 3a,11,at1 nepBHtIHOI'O aH8JIH3a ,u.aHHblX, 

Cpe,11,11 TIOJIJtieHHblX npHKJI8,11,HblX peayJibT8TOB OTMeTHM CJie,ll,YIOIIIHe: 6blCTpble 

anropHTMbl c~aTH.A ,11,8HHblX npH 6ec¢HJibMOBOM TeJieBH3110HHOM CoeMe, ,11,onyc

Ka10I11He annapaTHoe HCTIOJIHeHHe, H napaJIJieJibHY!O peaJIH38UHIO MeTo,u.a peKOH-. 

CTPYKUHH TpeKOB no ,11,8HHblM c~aTH.A; 6hlCTpble po6aCTHble aJII'OpHTMbl npocJie

~HB8HH.A TpeKoB, no3BOJIHIOIIIHe HaX0,11,HTb H np11coe,11,HH.ATb K TpeKy cpaay 

rpynTihl TOtieK; Ha,u.e~Hble I'JI06aJibHble aJII'OpHTMbl pacnoaHaBaHH.A; YHHBepcaJib

Hble nporpaMMbl KaJIH6poBKH, aJII'OpHTMbl aBTOM8THtieCKOtl oueHKH TIJIOTHOCTH 
TpeKOB npH pa3JIHtIHbIX BH,11,8X_CK8HHp0B8HH.A (B TOM tIHCJie' npH CKaHHpOBaHHH 

llleJ!blO H noJiyTOHOBbIX H3M8p8HH.AX). 

BepO.ATHOCTHble MO,U.8JIH o6pa6aTblB88MblX noTOKOB 3KCnepHM8HTaJibHOA 

HHcjiopMSUHH, nocTp08HHbl8 ,11,Jl.A KOHKpeTHblX CHCT8M, ,11,8JIH B03MO~OCTb c,u.e

JI8Tb Bhl6op OnTHM8JlbHbIX CX8M ynpaBJI8HH.A H COnp~8HHH 3BM, ,B8,ll,YIIIHX H3-

M8p8HHH H o6pa6oTKY, a Ta!Olte npoaeCTH He06XO,U.HMbltl OT6op M8TO,ll,OB H 

MropHTMOB nyT8M cpaBHHTeJibHOA OU8HKH xapaKT8pHCTHK, noJiyttaeMblX B 

xo,u.e nepBHtIHOI'O aHaJIH3a, Ha CT8,11,HH paapa60TKH CHCT8M 3TH OU8HKH npo

B0,11,HJIHCb no M8TO,ll,Y MoHTe-Kapno, a B ,11,8JlbHetlmeM nocne no.ABJI8HH.A peaJib~ 

HbIX ,11,aHHbIX YTOtIH.AJIHCbCTaTHCTll~8CKHMll M8TO,ll,8Mll,Ha OCHOB0 nocne,u.oaa

T8JibHOI'O CHCT8MHOI'O no,u.xo,u.a Ha acex 3Tanax paapa60TKH K~OA 113 KOHK

peTHbIX CHCT8M MaT8M8THtl8CKOI'O 06ecnet1eHHH, paCCMOTpeHHblX B ,u.11ccepTa

UHH, 6b!JI npoae,u.eH c6aJiaHCHp0B8HHblA ytl8T Tpe6oaaHHA K CHCT8M8 no ee 

3KOHOMl1t!HOCTH, aqx'{leKTHBHOCTH, no CKOpOCTH H3MepeHHtl H HX o6pa60TKH 

npH 38,11,aHHbIX M8KCHM8JlbHO B03MOl!CHl,IX TOtIHOCTHbIX xapaKT8pHCTHK8X peayJib

T8TOB, 

ITpaKTHtl8CK8H TIOJI83HOCTb pa6om 

Paapa6oTaHHblH MaT8M8Tl1tl8CKHtl annapaT H M8T0,11,HKa HCCJI8,U.0B8HHA, 

npe,ll,JI0~8HHbl8 B HaCTOHI118A ~HccepTaUHH, ,ll,8JIH B03MO~HOCTb C03,ll,8Tb H 

BHe,u.pHTb nporpaMMHble CHCTeMbl H KOMTIJl8KChl, CT8BillH8 OCHOBHblMH KOMnOH8H

TaMl1 ,11,Jl.A TaKHX aBTOM8TH3Hp0B8HHblX H3M8pHT8JlbHbIX CHCTeM Ollirn H ,11,pyr11x 

¢H311t18CKHX H H8yt!Hb!X U8HTpOB, KaK aBTOM8Tbl "Cn11paJibHhlA H3M8pHTeJib" 

H AaJIT-2/160, CHCT8Ma npoCMOTpoBO-H3MepHTeJibHbIX CTOJIOB BOC-2 B Ollirn, 
8BTOM8T Spiral Reader B L(EPHe, tITO ,n03BOJIHJIO nOJIYtIHTb HOBble 

~H311t!eCKH8 peayJibT8Tbl H cnoco6cTBY8T HHT8HCH!pHK8U11H H8yt!Hb!X HCCJie,u.oaa

HHA. 
06I11HOCTb npe,11,JlOMeHHblX B ,11,11ccepT8UHH M8TO,ll,0B H aJII'OpHTMOB ynpaB

JieHH.A 8BTOM8TH3Hp0B8HHblMH ycTpOACTBaMH H nepBHtIHOA o6pa60TKH ,U.8HHblX 
c Tp8KOBbIX ,u.eT8KTOpoB ,u.onycKaeT HX npHM8HeHH8 ,ll,JIH 6oJiee mHpOKHX KJiac-
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COB np1-16opOB 1-1 WTpl-lXOBblX l-1306p8lK8HHn. aro HJIJIIDCTpHpyeTCH B pa6oTe Ha 

np1-1Mepe npl-lJIOl!C8HI-IH K pemeHl-!ID BaJKHon M8AHUI-IHCKOA 3aAaq1-1, CBH3aHHOtt C 

1-13MepeHHeM 1-1 o6pa60TKOA AaHHblX O noaepXHOCTl-1 poro~ r~asa. 

BOJibilll-lHCTBO OCHOBHblX noJIOl!C8HHn AHCCepTaUHH HCnOJib3Y8TCH B JieK

UI-IOHHOM cneuKypce AJIH CTYA8HTOB ¢H31-1qecKHX cneUHa.JibHOCTen MI'Y no aBTO

MaTH3aUHH H3M8p8HHH 1-1 06pa~or1-1 AaHHblX ¢H3HqecKOrO 3KCnepHM8HTa H 
BOWJIH a yqe6H~ MOHOrpa~D l • 

Cne.n.V!OlllHe octtoBHhle peaynhTaTu n1-1ccepTaUHH Bhl,nBHraroTcH MR 
3811jHTU: 

l. TTpHHUHnbl 1-1 o6~aR M8TOAHKa HMHT8UI-IOHHOro MOAMHp0B8HI-IH noTOKOB 

HH~pMaUHH co CK8HHpyID~I-IX aBTOMaTOB 1-1 npoueccoa ee npeo6pa30B8HHH B 

XOA8 H3MepeHHH 1-1 o6pa60TKH, a TaK*e aepOHTHOCTHlie MOA8JIH ~fl KOHKpeT

HblX H3MepHT8JlbHhlX CI-ICTeM. 

2. npeAJIOl!C8HHUe 1-1 o60CH0B8HHUe npHHUHnbl ynpaBJI8HI-IH H KOHTpOJIH 

l-13MepHT8JlbHblX aBTOM8TOB 1-1 paapa6oTaHHUe nporpaMMHUe cpeACTBa aBTOMa

TH3aUHI-I nporpaMMHp0B8HHH B pea.JibHOM apeMeHH. 

3. PeayJibTaTU aH8Jll-13a MeTOAOB pacno3HaBaHl-!H mTpHXOBb!JC o6pa30B 

no A8HHUM C onTHq8CKHX TpeKOBblX A8T8KTOpOB, no3BOJIHBWHe c~pMyJIHpoaaTb 

o6~He npHHUl-lnbl CTpaTerHH ¢HJ!bTpaQHH H pea.JIH30B8Tb HX B BHAe 3~8KTHB

HblX anropHTMOB H nporpaMM ¢HJ!bTpaUHH ~fl KOHKpeTHbIX H3M8pHT8JlbHblX 
CHCTeM. 

4. flpeAJIOl!CeHHaH M8TOAHK8 H nonyqeHHble pe3yJibTaTU HCCJI8AOBaHHH 

BOilpOCOB Cl!C8THH AaHHblX npH 6ec¢HJ!bMOBOM T8JI8BH3HOHHOM CoeMe HH~pMa

UHH co CTpHMepHblX KaMep, noKa3aBmHe, qTo CO3AaHHble a.JiropHTMbl 6ucTporo 

Cl!C8THH O6JiaAMT AOCTaToqtton noMexoycTO~HBOCTbD H ToqHQCTbD H AOnyCKSDT 

pea.JIH38UHD B BHAe cneuHa.JibHOA annapaTypu Cl!CaTHH A8HHblX H napa.JIJIMb-

HblX nporpaMM BOCCT8HOBJI8HHH TpeKOB. 

5. Pa3BHTHe M8TOAOB po6acTHblX oueHOK napaMeTpOB H AHHaMHqecKoA 

KJI8CTepH3aQHH H HX npHM8H8HHH ~fl CO3A8HHH H TeopeTHqecKoro o60CHO

B8HHH o6~x 3~8KTHBHblX H noMexoycTO~HBblX a.JiropHTMOB pacno3H8B8.HHH 

H ¢HJ!bTpaUHH TpeKoaon HH~pMaUHH, 

6. Paapa60T8HHUA MaTeMaTHqeCKHA annapaT ~fl CO3A8HHH yHHBepCa.Jib

HblX nporpaMM'' RaJili6pomw: H3M8PHT8Jll,lllll CHCT8M C opToroHam.Hoii l:1 H8-

OpTOrOHa.JibHOA CHCT8MaMH KOOPAHHaT. 

?. BepoHTHOCTHble ,MOA8JIH npoueccoa H3MepeHHH HOHH38UHOHHOA 

MOTHOCTH Tp8KOB, IlO3BOJIHBWHe nocTaBHTb H pemHTb 38AaqH oueHKH OTHO

CHTMbHOA HOHH38UHH ~fl CKaHHp~~HX ycTpO!lCTB pa3JiffqHblX THnOB_. 

8. flpHJI0.8HHH pa3pa6oTaHttoro M8T8M8Tffq8CKOro annapaTa ~fl CO3Aa

HHH H BH8AP8HHH nporpaMMHblX KOMM8KCOB, CTaBmHX OCHOBHblMH KOMnOH8HTa-
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MH AJIH PHA8 aBTOM8TH3HpOBaHHhlX H3MepHT8JlbHhlX CHCTeM, qTo nOATB8plK,Il.8-

HO aKT8MH O BH8AP8HHH H IlpHM8H8HHH peayJihTaTOB AHCcepTaUHH, CTaTyc

HhlMH ny6JIHK8UHHMH H aBTOpCKI-IM CBHA8T8JlbCTBOM Ha H306peTettHe. 

Anpo6au1-1n pa6oThl 

MaTepHa.Jili AHCcepTaUHH AOKJiaAUBaJIHCb Ha BceMHpHOM KOHrpecce 

MaTeMaTHKOB B MocKBe ( 1966)' MelK,IJ,YHapOAHhlX COB81]1aHHHX no nporpaMMH

p0B8HI-IID H M8T8M8THqecKHM M8TOA8M pemeHHH ¢1-131-1qecKHX 38Aaq (,Ily6tta, 

1964, 1966, 19?1, I9?3, 1978, 1983), EaponencKoA KoH¢epettUHH cTaT1-1c

THKOB (BapHa, HPB, 1979), Me*AJH8POAHblX CHMnoaHyMax: no MHHH- 1-1 MHKpo-

3BM (ByAanemT, BHP, I980), no-B~HCJIHTeJibttoA cTaTHCTHKe (Mapcenb, 

~paHQMH, 1982; npara, qccP, 1984), no TeopHH 1-!H~pMaQHH (TamKeHT,1984), 

BcecoID3HblX ceMHttapax: no o6pa6oTKe ¢1-1aHqecKoA 1-1tt¢opMau1-11-1 (EpeaaH, 

1976, 1978), no aBTOM8TH3aQHI-I ttayqttb!X HCCJI8AOB8HHtt B flA8ptton ~H3HKe, 

1-1 CMel!CHblX o6nacTHX (,IlyriJatt6e, 1980), BcecoroaHux KoH~epeHuHnx: no aaTo

MaTH3aUHH ttayqHblX HCCJl8AOB8HHn Ha OCHOBe npHM8H8Hl-lfl 3BM (HoBOCH6HpCK, 

1981), no TeopHH aepOHTHOCTen 1-1 MaTeMaT1-1qecKOH CT8THCTHKe (BHJibHIDC, 

1981) ' Ha 38- n ceccHH C8KUHH YqeHoro COB8Ta OIBU1 no ¢H3HK8 BUCOKHX 

3HeprHA ( ,Ily6Ha' 1984)' Ha HayqHblX C8MHttapax Jla6opaTopHH B~HCJIHT8Jlb

HOtt T8XHHKH 1-1 8BTOMaTH3aQHH OITHl1, ITHCTHTyTa H3MepeHHn 1-1 H3M8pHT8JlbHOH 

T8XHHKH CAH (BpaTHCJiaBa, qccP), OTA8Jla TpeKOBhlX KaMep L(EPH (1KeHeaa, 

IIIBeAuap1-1n). 

Ily6JIHK8UHH 

no ~aTepHa.JiaM AHCCepTaUHH ony6JIHKOB8HO 45 neqaTHblX pa6oT, B TOM 

q1-1cne OAH8 MOHOrpa¢HH. 

CTPYKT,YPa H o6oeM pa6oTu 
_nuccepTaUHH COCTOHT H3 BB8A8HHH, C8MH rJiaB, 38KJIIDq8HHH, npHJIO

'l!CeHHA, CnHCKa JIHTepaTypu 1-13 333 HaHM8HOBaHHA, COA8Pl!CHT 299 CTpaHHQ 

neqaTHOPO TeKCTa, 51 pHCYHOK 1-1 12 Ta6JIHU. 

n. KPATKOE CO.[(EPJKAHl1E ,Il,11CCEPTAI.(IB1 

Bo BBenettl-11-1 o6CYJKA88TCH npo6neMaTHKa pa60TU, ee aKTYa.JibHOCTb 1-1 

HOBH3Ha, onpeA8JI8Hli U8JII-I H 30Aaq1-1 I-ICCJieAOB8HHH, KpaTKO nepeq1-1cJieHU 

OCHOBHble pe3yJibT8Tli no rJiaBaM AHCCepTaUHH. 

B nepBon rnaae BlinOJIHeH 063op pa6oT, onHCUBSID~I-IX H3B8CTHlie 

H3MepHT8JlbHlie CHCT8Mli, cnoco6u CKaHHp0B8HHH H306p8lKeHHn H 38AaHHH 

ueneyKa3aHHA, COKP8!118ID~HX IlOTOK iaHHblX, AHa.Jil-13 3TanoB 1-1 np1-1M8HH8Mb!X 

M8TOAOB 8BTOMaTffq8CKOA ¢HJ!bTpau1-11-1 H APyrHX npoueAJP nepBHqHOro aHa

JIH3a n03B0JIHJI ycTaHOBHTb o6~He npHeMU H H8AOCT8TKH 3THX M8TOAOB, BU6-

paTb HanpaBJI8HHH HCCJI8AOB8HHH, onpeA8JIHTb TepMHHOJIOrJm H nocTaBHTb 

M8T8M8TH\18CKHe 38Aaq1-1 AJIH Kal!CAOro H3 HanpaBJI8HHA. 
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PaccMoTpeHHe cnoco6oa ipHRbTp8UHH, npHM8HH8MblX B H3B8CTHhIX CHC

TeMaX ipHRbMOBOA o6pa60TKH, nOK83aJIO Hea,n;eKB8THOCTb HCnORb3Y8MblX B 

HMX MOAeneA 3KcnepMMeHT8RbHhlX ASHHhlX npeAnOROJK8Hl1IO O HOpMaJibHOCT\1 

oTKnoHeH11A ToqeK {xi yij, i=1~ , cocTaanH10m11x AaHHh!e cKaH11-
poaaH11H CHMMKa, OT MOA8RhHblX ypaBH8Hl1M TpeKa y = f(x; Q) • Han11-

q11e 3HaqHT8RbHOPO q11cna illYMOBhlX ToqeK, 3acopHIOm11x Bb160pKy, np11BOAl1T 

K c~eCTB8HHhlM HapymeHMHM 3Toro npeAnOROlK8Hl1H ARH OTKROH8Hl1H 

ei = y i - f(xi ; Q), i:1--;i • B T8KHX CJJYtI8HX np11MeHHIOTCH TaK 

H83b1B88Mble po6acTHhle M8TOAbl CT8Tl1CTMqecKoro OU8Hl1B8Hl1H napaMeTpOB 

TpeKOB, B KOTOpblX KBflAP8Tl1qHbltl ipyHKl\110HaJI MeTOAa H811M8HbillHX KB8Apa

TOB (MHK) saMeHHeTcH Ha 

Lg= I;_. _p (e1/fi- ), (I) 
l. 

PA8 J (t) - ipyHKUMH BKRaAa, pacT~aH M8AR8HHee, qeM t
2/2 , a 

6' - oueHKa MaCmTa6a. 0AH8KO ARH npMMeHeHMH po6aCTHhlX M8TOAOB B 

Ha!lleM cnyqae Tpe6oBaJIOCb npeAB8p11T8RbHO npoBeCT\1 MX cpaBHl1T8RbH08 

HCCReAOB8HHe H ycoaepmeHCTB0B8H!1e Ha cnyqaA OORbillHX sacopeHHH BblOOpKH 

C uenhIO onTHMH38Ul1H ipyHKUHH p(t) , cnocooa MacmTa6Hp0B8Hl1H, a TaK

JKe npHM8H8HHH K HMHH8HHNM MOA8RHM TpeKa. 

Tpe6oBaJIOCb npoBeCTH HCCReAOBaHHe M8TOAOB o6pa60TKH A8HHhlX npH 

6ecipHRbMOBOM TeneBH3HOHHOM CoeMe, qTo6bl Bb16paTb anropHTMN OblCTporo 

ClK8THH A8HHhlX H nocneAYIQufero BOCCT8HOM8HHH TpeKOB 6e3 noTepH (pH3J,lli8-

CKOA HHipopM8UHH. 
B 38Aaqe oueHKH 110HH38UHH cneAOB qaCTHU c~eCTBOBaJIH TORbKO 

3MnHpJ,11i8CKHe ipopMyRbl WIH nysHpbKOBblX TpeKOB. Tpe60BaJIOCb paspa6oTaTb 

o6mHe TeopeTHqecKH o6oCHOB8HHble OUSHKH HOHH38UHOHHOH MOTHOCTH, yqH

TblBaIOmHe CTieUH<pHKY CTpHMepHhlX TpeKOB, a T8KJKe pa3RJ,11iHblX CTIOCODOB 
CK8HHp0B8HHH (B TOM qacne CK8HHp0B8HHS menbIO). KoopAHH8TH8H CHCTeMa 

( u, V ) 8BTOM8THqecKHX H3M8pHTSRbHhlX rrpH6opoB, K8K TipaBHRO, He-

opTOPOHaJibHa, 8 KOOPAHH8Tbl ( ui, vi ) i=1,N ToqeK, BNA8B88MhlX 

OTcqeTHNMH CHCTeMaMH TipH6opa, HCKaJK8Hbl era AHCTOpCHHMVi'. )ln:H B38HMHOPO 

nepeBOA8 H3MepeHHhlX 3HaqeHHA B H8KOTOPYIO yttH<pHUHp0B8HHYIO npHMoyronb

HYI) CHCTeMy KOOPAHHaT ( X' y ), CBH38HHYIO C H300palK8HHeM, Heo6xo

AHMY CTI8UHaJibHhie KaJIH6poaoqHhle Tipeo6pa30B8HHH KaK TIPHMOS 

X = F(u,v;A) y = G(u,v;B) , (2) 

TB.K H o6paTHOe 

u = F-1 (x,y;A') V = G-1(x,y;B'). (3) 

~YHKUHH F HG TIPHHHTO TIP8ACT8MHTb B BHAe pa3ROJKSHHH TIO CHCT8MS 

HeKOTOphlX 083HCHhlX cpyttKUHA { 4' i (x,y) } 
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F(u,v;A) • L,aj lf;i(x,y) 
j=1 

m . 
G(u, v;13)a L bj lf ;1 (x,y} • 

ja1 
(4) 

)ln:H oueHKH K03qxpHUHeHTOB aj H bj H YCTBHOBJieHHH TOllHOCTHblX 

xapaKTepHCTHK rrpH6opa BblTIOJIHH8TCH npoueAYPa KBJIHOpOBKH, COCTOHlllM 

B CK8.HHp0B8HHH HeKoToporo 3T8JIOHHOro H300p8llt8HHH H TIOCJieAYIO~en CTB

THCTmecion o6pa60TKH nonyqeHHIDC KaJIH6poaoqHl,IX AaHHblX. B KaqeCTBe 

3T8JIOHHOPO H300palK8HHH TIPHHHM8DT pemeTKY H3 'AOCTBTOtrnO 6onbmoro qffCna 

M KpeCTOB, KOOp~H8Tbl ( X:k•Yk ); ka1--;ii U8HTpOB KOTOporo H3-

B8CTHbl C BblCOKOtt TO'ClJ:{OCTbIO. B XO'A8 TIOCJI8AYIO~eA o6pa60TER rrpeJK'Ae acero 

paCTI03H8DTCH 'AaHHble, OTHOCH!llH8CH K KaJK,D;OMY H3 KpeCTOB, Bl,lqHCJIHJ:lTCH 

KOOP'AHH8Tbl HX ll8HTpOB ( ~ , Vk ) k=1,M CO Cp0'Aff8KBa,IUl8THtlHhlMH 

TIOrpemHOCTHMH ( S , SV ) ,I\JIH COTIOCT8BJI8HHH C H'A8MbHblMH KOOp-

AHH8T8MH ll8HTPOB cic~ , yk~ ) , k=1 ,M • Ha CH8AYI0~8M OCHOBHOM 3Ta-

TI8 K8JIH6poBKH TIO 3THM 'ABHHblM Bl,lqHCHHlOT OU8HKH A H ~ BeKTOpOB Tia

paMeTpOB Tipeo6pa30B8HHH (4),oTipe'AenHIOT TO"llHOCTb H CTa6HnbHOCTb TipH-

6opa~ Ms-aa HeB03MO!tHOCTH rrpocToro o6pa~eHHH HenHHeAHblX cpyttKUHA F 

H G o6paTH08 KBJIHOpOBQqHoe rrpeo6p830B8HH~ (3) TaKJKe TIP8'ACT8BJIH8TCR 

B BH'A8 paanoJtemrn TIO 083HCy { '1'/u,v)} · C R03qxp~8HT&m, TaIOlte 

nowrelK~HMH oueHK8 B XOAe KMH6pOBKH. 

AHBJIH3 cnoco6oB oueHKH KMH6poaoqHbIX TiapaMeTpoB,rrpHM8HHBmHXCH 

B H3BeCTHblX CHCTeMaX, TIOKaaan, qTo 3TH CTIOCOObl He OblnH o6~HMH H3-38 

OTCYTCTBH.!1 paapa6oTaHHOPO MaTeMaT»qecKoro~0 8TITiapaTa. Tpe60BM8Cb KOp

peKTH8H TIOCT8HOBK8 H pemeHHH PMS MeTOAHqecKHX H Bl,lqHCHHTenbHhlX 3a

'A8qKBJIH6pOBKH. 

,Lia.nee B o6aope paCCMOTpeHbl q11cTO rrporpaMMHble acTieKTbl C03A8HHH 

KOMTineKCOB rrporpaMM TiepBHqHoro attanHaa. IloKaaaiia HSOOXOAHMOCTb CHC

TeMHoro TIOAXO'Aa, B qacTHOCTH, B opraHH38llHH CTPYKTYP ABHHbIX H TiporpaM

MHIDC MO'AYneA. I1poaHaJIH3Hp0B8Hbl TaKJKe BOTipOCbl rrporpaMMHpOBBHHH B peanb

HOM BpeMeHH, OT pemeHHH KOTOpbIX 38BHCHT 31ppeKTHBHOCTb pa60Tbl H3MepH

TenbHOro 8BTOMaTa, H OOOCHOBaHa TIOTp00HOCTb B CTISUHMH3HpoB8HHOM 

anropHTM»qeCKOM H3b1Ke 'AHH H8TIHC8HHH rrporpaMM yrrpaaneHHH T8KHMH 8BTO

M8T8MH H M06HnbHOro TpaHCHHTOpa C 3Toro H3blK8 B aBTOKOAbl HaH6onee 

pacTipocTpatteHHhlX yTipaanft!OmHx MHHH-8BM. 

B KOHUS o6sopa A8H8 CHCTeMaTH38llHH OO~HX M8TOAOB HMHT8UHOHHoro 

MOAenHp0B8HHH cnOJKHhIX CHCTeM H AenaeTCH BblBOA O Heo6XOAHMOCTH paapa-
6oTKH MaTeMaTmeCKHX MOAenen TIOTOKOB HHipOpMaQHH C pa3n»qHhlJC H3MepH

TenbHhlX ycTpOACTB H rrpoueccoB ee Tipeo6paaoBaHHH B XO'A8'0UH!ppOBKH H 
TiepBffqHQPO 8HMH38. MayqeHHe OO~HX CBOHCTB T8KHX MOAeneA CHYJKHT OCHO

BOA ARH AMbHetlmHX HccneAOBBHHA. Ilo3TOMY TiocneAYIO~ee H3HOJKSHH8 OblnO 

HaqaTo C paapa60TKH BepoHTHOCTHhlX MOAenetl A8HHhlX 8BTOM8THqecKoro CKa

CKaHHpOBaHHH. 8Ton aa,n;aqe IlOCBHllleHa BTOpaH rnaaa 'AHCCepTaUHH. 
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ITonHaR MOAeJih npoueccoB npeo6pa30BaHHfl 3KCnepHMeHTaJibHOli HHqJOp
MaUHH npeACTaBJIReT co6oli nepapXHID ypOBHeli, HaQHHaR OT reHepaUHH HCXOA
HOro ~H3HQeCKoro co6HTHR H HMHTaUHH yCJIOBHli 3KcnepHMeHTa AO ypoBHeli, 

HMl1THPYKJlJ1HX npoueccH HSMepeHHfl (oumppOBKa, TIORBJieHHe.cTaTUCTUQeCKHX 
. omn6oK npn nsMepeHHli H HaKonnemrn AaHHhlX), 11 caMhlX HliSKliX yposHeli 
reHepaUliH cnyqaliHHX BOSAeliCTBlili. 

06CYJK,D,8R npHHl\liTIH MOAeJIHpOBaHHR' 8BTOp TIOAqepKlrnaeT' QTO OHH ADnlK
HH o6ecneQHB8Tb BHTIOJIHeHlie 6anaHca Me*,n,y npOCTOTOli H TOQHOCTbID MOAe
.ijH, npHBOAHT npHMepH YAaQHOro OCYlJ1eCTBJieHlifl 3Toro Tpe6oBaHHR B KOHK
peTHhlX MOAeJIRX, peaJIH3YIDlJ1HX 06ll1JID MeTOAHKY MOAeJI!ipOBaHHR TIOTOKOB. 

OU!i~poBaHHHX AaHHHX co CK8HliPYKJlJ1HX aBTOMaTOB. CyTh 3TOli 06lJ1eli MeTo.
AHKH, TIOAP06Ho H3JIOllteHHOli B pasAeJie 2.2, COCTOHT B CYlJ1eCTBeHHOM ynpo
lJ1eHHH MOAeJili H306p8*eHHfl co6HTliR B rpeKOBOli KaMepe H rrepeH9C9lilili aK
ueHTa Ha HMliTaUHID ~aKTOpOB, CBR38HHhlX C npoueccoM HSMepeHliR: TliTI 
CKaH!ipOBaHHR, norpemHOCTli, CBR3aHHHe C.AliCKpeTHsau11eli npii OU!i~pOBKe, 

c60RMli CKaHaTopa Ii ~OHOBOli liHqJOpMau11eli. 
&ro TI03BOJIHJIO COSAaTh MOAeJIH AJIR cJieAYIDll1HX KOHKpeTHhlX 3Kcnepli

MeHTOB Ii H3MepHTeJibHhlX ycTpoli~TB: napaJIJI8JibHOro Ii Cillipa.7IbHOro CK8Hli
poBaHWI c])w.u,MoBux ~amu,1x,6ec~11JibMOBoro Tenes11s110HHoro coeMa, 110Hnsau11-

0HHHX liSMepeHHli CTpHMepHhlX TpeKOB, BKJIIDQaR nonyTOHOBHe HSMepeHliR. 

Pe~nsaunn MOAeJIH AJIR cnyqaR napanneJibHOro CKaHHpoaaHHR, XOTR Ii 

He npeACTaBJIRJia TPYAHOCTeli B MaTeMaTHQeCKOM nJiaHe, OKasanacb Heo6xo

AnMOli npH pemeHHli SaAaq no BH6opy anropHTMOB 6/CT¥oro ClltaTHR npn . 
6ec~HJibMOBOM CoeMe/r, 21 H pacn03H8B8HHID TpeKOB 3, 2( a TaIOKe nocne

AYID!l1eli OTJiaAKe H OTITliMHSaUHli nporpaMM. 
Eonee CJIO~Oli MaTeMaTHQeCKH OK83aJI8Cb MOAeJib npoueccJB OUH~pOB-. 

KH H yqeTa myMOBhlX TOQ~K npH crmpMbHOM CKaHlipOBaHHH/B,I4 , TI03BOJIHB

maR C03A8Tb H OTJiaAHTb nporpaMMH ~HJibTpaum-1 H KaJIH6pOBKH "CTilipaJibHO-
ro H3MepnTeJIR 11 ell1e Ha CT8AHH npoeKTHpOBaHHR npn6opa. . 

,lvrR H8XOJKAeHHR MeTOAOB oueHKH HOHHSaUHOHHOli MOTHOCTH CTPHMep
HhlX TpeKOB TIOTpe6oBaJI8Cb HMHTaUHR TpeKa co cnyqaliHb!M pas6pocoM ueHT

poB, pasMepoB H RpKOCTeli CTpHMepoB H yqeT AeTaneli cxeM 0/H~yoBKli cnr
HaJIOB. TaKaR BepoRTHOCTH8R MOAeJib, npeAJIOllteHHaR B pa6oTe I '8KTIIBHO 
HCTIOJib30B8JI8Cb KaK AJIR npoaepKH npHMeHnMOCTH yiKe H3BeCTHblX cnoco6oB 

ifr,epeHHR HOHH38UHHJTaK H npH npoBeAeHHli TeopeTHQeCKHX HCCJieAOB8HHli 

~ TI03BOJIHBillHX ?£5~~,HTb PM HOBblX, HaAEllltHhlX cnoco6oB HSMepeHHR 
MOTHOCTeli TpeKOB ' • 

PaCCMOTpeHHe TIOTOKa AaHHblX H npoeKTHpyeMoli CHCTeMH c. nosnunli. 
M8T0M8THQ0CKO!i TeopH!i M8CCOBoro o6cJI~BaHHR · KaK TIOTOKa saRBOK H 
COOTB0TC'.1'BYKJll19li AHCUHTIJIHHH o6CJ1YJKHB8HHR, TI03BOJIHJI.O pemliTb T8KH9 c.JIOllt
HNe 38A8Qli, -.THTIH'llHNe MR ueHTPOB o6pa60TKH 3KCnepHM0HT8JibHOli HH!p0p
M8UHH, KaK pacqeT OTITnMa/IbHOli CTPYKTypN CliCT9MH c.nyJibCHPYKJ!l1eli sa-
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I"PYaKmi H JlN6.Qll Ilj)liOpHT9TOB B CHCTeMe .PB3HOTHilHblX 3BM, o6CJIYJKHB8!0lJ1HX 
H3M9pHT9nbHO-BNQHCJIHTeJibHbili KOMTineKc. 

B nepaoli 38Aaqe, CBR38HHOli co cJiyqaliHOli nepHOAHQ0CKOli aarpysKoli 

o60PYAOBaHHR, HCTO'llHHK ABHHblX HM99T nepHOAHQeCKYKJ HHTeHCHBHOCTb A(t) 

c nepHOAOM T , OTJI~YD OT HYJIR JIHIIlb Ha BpeMeHHoM HHTepaane T 
1 
~ T , 

Ha3HB89MOM nepHOAOM perHCTP8UHH• fu!eHHO TaKHM o6pa30M nocTynaeT HH~op
MBQHR M8lK,lzy' UHKJIBMH YCKOPHT9JIR HJIH HMTIYJibCHoro 6NcTporo peaKTOpa, a 
TaICKe B H3M9pHTeJibHliX ycTpOliCTBax, B.KOTOpblX UHKJI CKaHHp0B8HHR T 
pacn~aeTCR Ha pa60QH!i XOA T1 H o6paTHbili XOA nyqa. 

flpH HaKOilJI8HHH ABHHblX C IlOMO~bD 3BM CHrHaJIN, cnyqaliHO npHin9AfilH9 
IlOAPflA sa Bpewr, M9Hbmee 'C:: - MepTBoro BpeMeHH HaKOilHT9JIR (HanpHMep, 
MarHKTHOli JI9HTN),TepRDTCR. 0AttaKO npH BNTIOJIHeHHH yCJIOBHR 

'i: .t .A(t)dt <. T1 , B03HHKaeT B03MOlltHOCTb YCTpaHHTb HJIH XOTR 
V 

6N CB8CTH K MHHHMYMY 3TH IlOTepH nyTeM npHM9H9HHR 6NCTpoli (H Il03TOMY 
AOporoli) 6y~epHoli naMRTH (Bil) o6oeMa m • 

3BAaqa COCTOHT B onpeAeJieHHH OilTHMaJibHOli B9JIHQHHN m 'o6ecne
QKB~eli MHHHMyM noTepb, B KaqecTBe KOTOpblX 06NQHO npHHHM8IOT OTHOCH
TeJrbttoe cpeAHee QHCJIO <½ CHrHaJIOB, noTepHHHhlX 38 nepHOA, HJIH B 60-
Jiee JKeCTKOli IlOCTaHOBKe BepORTHOCTb PT no.TepH XOTR 6N OAHOro CHPHaJia. 

IlocJie Toro KaK SBAaqa 6NJia pemeHa MeTOAOM MoHTe-Kapno MR HeKo-

TopNX KOHKpeTHblX cnyqaeB ·' allTOpOM 6wro HaffAeHo pemeHHe B 06tI1eli 
IlOCTaHOBKe. CHCTeMa paccMaTpHBaeTCR B MOM9HTN ti (ti -·t1-1=~ 

i = 1, 2. • .) nepeAa'll B OCHOBHO!i H8KOTIHT9Jlb. ilpouecc perncTp8UHH MOJ!t
HO OilHC8Tb C IlOMOlJ1bD AByx cnyqaliHNX U9JIO'llHCJI9HHhlX IlOCJI9AOB8T9JibHOCTeli: 

{ VL} - 'llHCJIO CHPHaJIOB, IlOCTynaio~x Ha BXOA sa apeMR ( ti-1 -0,ti ) 
H ! }tJ - 'llHCJIO CHPHMOB, HaXO~HXCR B Bil B MOM9HT t 1 + 0 • B 
pa6oTe /AOK838Ha TeopeMa,npeACTBBJIJID~aR CBR3b 3THX TIOCJI9AOB8TeJib
HOCTeli 

h ... max{o, min(m, ~ 1_1 + v 1 ) -1 J ; i =1,2, •• ., , 

MapKOBOCTb B0KTOpa :::: t = ( s i., ... ) 1 i.+7'- 1 ) H RBHO onpeA9JIRDll18R 
UHKJIHQ9CKYKJ M8TpHuYM nepeXOAHhlX BepORTHOCTeli. ,lvrR YCT8HOBJI9HHR HCKO
MHX BepORTHOCTHNX xapaKTepHCTHK ponyqeHHO~ nepHOAH'll9CKOli uenn MapKo
Ba, ee paccMaTpHBaIOT B MOMeHTN, KpaTHNe T, T.e. nepeXOAflT K uenH C 

MaTpnueli MT • &ra HOBaR uenb 6yAeT yir.e peryJIRpHOli, H MR Hee CYlJ1eCTBY-
9T CHCTeMa ~HHaJibHNT. aepORTHOnTeli, noJiyqaeMblX npH t -oo, KOTOpNe 
Il03BOJIRDT BNQHCJIHTb HCKOMNe xapaKTepHCTHKH IlOTepb npH pa3JIH'llHblX m 
H TaKHM o6pa30M pemHTb 38A8'1ly. Hs-sa 60JibmOli pasMepHOCTH ypaBH9HHli 
AJIR ~HHaJibHblX BepoRTHOCTeli B03HHKJIH 3HS'llHT9JibHN9 BNQHCJIHTeJibHN9 
TPYAffOCTH, KOTOpNe YAaJIOCb npeOAOJI9Tb C TIOMOll1bD npneMa, COKP8ll1810ll1ero 
B T/T1 pas pa3M9pHOCTb MSTPHU aa C'lleT HCKJID'll9HHR HyJI9BhlX 3JieMeHTOB, 
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BTopaH 3a~aqa no onpe~eJieHHID a.rrropHTMOB ~HcneTqeptt3at1HH npH 
npoeKTHpOBaHHH Cl;ICT8Mbl pea.rrhHoro apeMeHH (CPB) ,' npe~Ha3HaqeHHOti,,,Il,]IH 
HaKOTTJI8HHH ~aHHblX H8CKORhKHX pa3HOTHTTHblX 3KCnepHM8HTOB H o~oapeMeH
Horo o6CRYJKHBaHHH aBTOMaTa HPD,6blJia pemeHa M8TO~OM HMHTaUHOHHoro 
MO~eRHpOBaHHH. Ha nepBOM 3Tane HCCRe~oBaHHH/20/6blJIH HaKOTTJI8Hhl H o6pa-

6oTaHhl pea.rrhHhle CTaTHCTHqecKHe ~aHHble O pa6oTe H3MepHT0RhHO-BblttHCRH
TeRbHOro ueHTpa Ep<1iM, ~aBmHe aepOHTHOCTHOe onHCaHHe H KOHKpeTHhle 3Ha
qeHHH napaMeTpOB KaK BXO~HblX TTOTOKOB OT 3KcnepHM8HTaRbHblX ycTaHOBOK 
H 3aHBOK Ha o6CJIYJKRB8llli9 HPD 'TaK H COOTB8TCTB~mHX apeMeH o6cRy

l!CHBaHHH. 
,ILnR nocTpOeHHR MO~eRH 6b!JI Bhl6patt H3hlK CHMYJIA~67. OTO no3BORHRO 

n~cTpOHTh 06~ MO~eJ!h CPB paccMaTpHBaeMoro THna, a TTOTOM onTHMH3H
poBaTh ee, cpaBHHBaR pa3RHqHHe aapHaHThl ~HCUHMHHhl o6CR,Y)KHBaHHH, on

pe~eRRIDmHe pa6oTy ~HcneTtiepa CPB. 
Heo6XOAHMOe BHHM8HHe Y~eJieHo B ~HccepTaUHH C03AaHHID nporpaMMHoro 

HHCTpYMeHTapHH, o6ecneqttaaromero 6wcTpoTy H YA06CTBO MOAeRHpoaaHHH, 
T.e. MeTOAaM pa3pa6oTKH H npoaepKH nporpaMMHblX reHepaTopoB cRyqaAHbIX 
qHceR (rC4), a Ta!OKe CT8HAapTHblX nporpaMM CTaTHCTHqecKoro aHaJIH3~ 
(nocTpOeHHe rHCTorpaMM, MRHHnyRRUHH c HHMH, MomHHe, HO 6hlCTpo BblttHC
RReMl,le CTaTHCTHtleCKHe KpHTepHH). 

ABTOp HenocpeACTB8HHO yqaCTBOBB.JI B C03AaHHH H HCCReAOBaHHH rcq 

ARR MHOrHX OTetleCTBeHHhlX 3BM,B TOM tlHCRe 6~g0BblX 3,M 0lliU1. 0TH rcq 
npomRH npoaepKy B MHoroReTHeti 3KCMyaTaUHI{' '

21
• 2~ C03AaH PM 3KOHO

MHqHbll( nporpaMM-reHepaTopoB ARR noHyqeHHR CHyqaAHbIX BeHHtlHH C 3aKOHa

MH pacnpeAeHeHHR, HaH6oHee ynoTpef~j,HhHblMH B ~H3HtleCKHl: HJCHeAOBa-, 
HHRX H fl!l~e Bcero - HOpMMhHhlM ' '3KCnoHeHUHaJihHhlM 24 H nyacco
HOBCKHM 7251 • 

I1pe,Il,]Iol!CeHH, npoaepeHH no 3~,TH,HOA CHCTeMe TeCTOB H BH8AP8Hhl 
rcq ,Il,]IR MHKpo- H nepcoHaJihHhlX 3BM 34 • 

MaTepHM TpeTbeA rHaBhl KacaeTCR HeoT1>eMJieMoA qacTH MaTeMaTme

CKoro o6ecneqeHHR mo6oA H3MepHTeHbHOA CHCTeMl,I - nporpB.MMHblX cpeACTB 
AHR ynpaBHeHHR H npoaepKH H3MepHT8HbHIDC aBTOMaTOB. Ha OCHOBe Tpe6o

BaHHA K H3MepHTeHbHhlM CHCTeM8.M H BhlTeKruomHx H3 HHX ~YHKUHA ynpaMHJO
mHx 3BM aBTOpOM eme B 1970 r. 6b!JI pa3pa60Ta7 OAHH H3 nepBblX cneuHMH-
3HpoBaHHHX MropHTMHqecKHX R3hlKOB COPLAN/6 ,Il,]IR HanHCaHHR nporpaMM 

peMbHoro BpeMeHH H C03A87~57epHR TpaHCHRTOpOB C Hero ,Il,]IR HaH6oHee 
H3B8CTHblX THnOB MHHH-8BM , 

ITpH pa3pa6oTK8 R3HKa 6blJI Bhl6patt nOAXOA, yqHTHBaD~HA CHTyauHD, 
xapaKTElp~ ARR TaKHX ~H3HtleCKHX ueHTpoa,KaK UEPH, Ollill1 HAP·, KOrAa 
AaHHHe,nonyqaeMHe OT BCTpoeHHoA SBM, nOAHel!CaT 3aTeM o6pa60TK8 Ha 
MOmttOA SBM, CHa6l!CeHHOA TpaHCHRTOpOM H 6H6RHOT8KOA nporpaMM Ha R3hlK8 
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!PopTpaH, HaH60Ree noHRTHOM ~H3HKaM-TIOHb30B8T8RHM, ITo3TOMY R3hlK 
COPLAN CTpOHRCR Ha OCHOBe ~pTpaHo-nOA06HblX onepaTopoB, a TpaHC-

RRTOp C Hero Ta!OKe 6b!JI pea.rrH30BaH B BHAe ~pTpaHHOH nporpaMMH. OTO 
no3BORHHO nepeHeCTH Ha 60Rbill~ SBM BCe npo6HeMH C TpaHCHRU~eA, pe

AaKuHeA H OTHftAKOA H npeOAOHeTb OCHOBHhle TPYAHOCTH nporpaMMHpoaamrn 
Ha BCTpoeHHhlX SBM, B TOM t1Hcne HeBOSMOl!CHOCTh ycoaepmeHCTBOBaHHR 
MaT06ecnet1eHHR Ha caMoA BCTpoeHHoA SBM, 3aHHToA npoueccoM ynpaBRe
HHR. KpoMe Toro, Bhl6op ~OpTpatta H nepeHeceHHe TpaHCRRUHH Ha 60Rhill~ 
SBM n03BORHRO oc~eCTBHTh peaJIH3aUHD MaT06ecnet1eHHR 3a KOpOTKHA 
cpoK, a B AMhHeAmeM ynpoCTHTh pa60Thl no ero nepeHeceHHD Ha SBM 
EXM-6 ,Il,]IR APYrHx THnoa MHHH-8BM. 

H3HK COPLAN 6blJI COCTaBneH H3 3ReMeHTOB Tpex: ypOBHeti: 
I. IloAMHOl!CeCTBa MBinHHHO-He3aBHCHMl:JX apH~eTHtleCKHX, HOrHtleCKHX 

H ynpaanHIDmHx: onepaTopoa-~opTpaHa, BKRDt1aeMblX B Hcx:o~He nporpaMMH 
C noMombro MaKpoonpeAeReHHA; 

2. MamHHH0-3aBHCHMblX onepaTopoB ynpaBReHHR, pea.rrH3yeMblX C no

MO~bD annapaTa CTaffAapTHbIX ~KUHR H noAnporpaMM; 
3. KoMattA aBTOKOAa BCTpOeHHOA MHHH-8BM, Heo6X:OAHMblX npel!CAe 

acero ,Il,]IR 06ecnet1eHHR COBMeCTHMOCTH C "paHee HaTIHcaHHHM MaTeMaTHtle
CKHM 06ecnet18HH8M, 

ilOAP06i°e OTIHCaHHe R3hlKa COPLAN B HOpMaJlhHOA ~pMe BaKyca 
npHBeAeHo B 271. B ~HccepTaUHH ~aHo KpaTKOe OTIHCaHHe R3HKa H npHH
UHnOB TpaHCRRUHH C Hero. Hatt60Ree CHOl!CHOA RBHRaCh 3ftAatla Bhl6opa 
ynpaMHIDmHx: onepaTOpOB BTOporo ypoBHR, opHeHTHpoBaHHblX Ha o6CHYJKH
BaHH8 H3MepHTeHbHblX: ycTpoACTB C TIOMOmbro annapaTa npephlBaHHA, HCnORb-

3~mero KOMa~o-cTaTyCHhle perHCTphl (KCP) OTAeHbHblX nOAJCTpOACTB H 
H3MepRe~ illKMy npHOpHTeTOB. B nOA06HoA CX:eMe ynpaBR8HHR onepaTophl 

BTOporo ypOBHR CHeAJeT CHHTe3HpoBaTb He H3 uenblX ynpaBH~HX: TIOA
nporpaMM (tlTO CAeHaJIO 6hl R3hlK CHHIIIKOM MBinHHH0-3aBHCHMHM), a H3 Tex 

HX: t1acTeA, KOTOphle RMSDOTCR o6~HMH B nporpaMMax ynpaMeHHR pa3HblMH 
ycTpOACTBBMH. TaKaH o6mttOCTb B8AeT K H~ee 06 YHH~KaUHH ~pMl,I CTaH
AapTHIDC ~KUHA,peaJIH3~mHx ynpaBHHIO~He onepaTOphl ,Il,]IR pa3RHtlHIDC TIOA
ycTpoACTB, nyTeM TipHCBOeHHR Kal!CAOMY H3 TIOAJCTpoACTB HOMepa, HCTIOHb-
3yeMoro KaK napaMeTp ~KUHH, OTOT l!Ce npHeM no3BOHReT peMH30BaTb 
MropHTMl,I ynpaMeHHR Ha OCHOBe M8TOAOB CTpyKTypHoro nporpaMMHpOBB.HHR 
B BH~e MOAJHeA, TIP8ACTaMHDmHx rpynnhl AeACTBHA H3 CTpyKTypHIDC KOH
CTPYKUHA C OAHHM BX:OAOM H OAHHM BblXOAOM, COCTO~HX: H3 nOCH8AOBaTeHb
HblX, ycnoBHIDC, UHKHHtleCKHX: H ceneKTHBHIDC HHCTPYKUHA. MHHHMaJibHblA 
Ha6op 6a30BblX MaJIIHHH0-3aBHCHMblX onepaTOpOB COPLANa , TipHBeAeHHml 
B KatleCTB8 npHMepa B pa3AeHe 3.2, TI03BORHeT oc~eCTBHTb ynpaaneHHe 
aBTOMaTHtleCKHM H3MepeHHeM, a npH Heo6XOAHMOCTH nOAKHD'tleHHR AOnOHHH-
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TeJihHoro ycTpOtlCTBa 'AaeT B03MOlKHOCTb nepecTpOHTb CHCTeMy npHOpHTeTOB, 

He nptt6eraR K nepe3arpy3Ke ynpaBnruo111et1 nporpaMMhl. 
ITP.HMepb! npaKTHqecKoro npHMeHeHHR 3THX onepaTOpOB MOlKHO Hal:\TH 

s/7 , 281• Pa3H006pa3He KOHKpeT~ CHCT8M ynpaBJieHHR JililllaeT CMb!CJia 

nro6yio TTOOOTKY 'AaTb 06111ee HX OTTHCaHHe. B 3TOM H HeT Heo6XO'AHMOCTH, 

T.K. COPLAN opHeHTHpOBaH Ha npe'ACTaMeHHe nOJib30BaTeJIID roTOBoro, 

'AOCTaToqHQ rH6Koro annapaTa 'AJ!R BKRroqeHHR B COCTaB R3b!Ka HOBNX ynpaB

J!RIDIIIHX onepaTOpOB. 

B onHcaHHH npHHUHTTOB TpaHCJ!RUHH C R3b!Ka COPLAN CJie~eT OTMe

THTb pemeHHe HeHCCJ!8'AOBaHHNX BOnpOCOB aBTOMaTHq8CKOro pa36HeHHR npo

TpaHCJIHpOBaHHOro TeKCTa nporpaMMbl Ha CTpaHHUbl/261, BaJKHOe ~R MHHH-
3BM THna "3ireKTpOHHKa.:.IQQ" C MaJIOl:\ ~HHOl:\ ~peCHQl:\ qacTH CJ!OBa. 

IToKa3aTeJieM Bb!COKOtl M06HJibHOCTH ~opTpaHHoro TpaHCJ!RTopa C COPLANa 

RBHJ!aCb era peaJIH3aUHR Ha MHHH-3BM PDP-9 'OTeqeCTB8HHblX M8DIHHaX 
"3neKTpOHHKa-IOO; M-6000, a TaKJKe Ha CaMOl:\ MHHH-3BM, HM@lllel:\ B COCTa

Be csoero MaTo6ecneqeHHR TpaHCJIRTop c ~opTpaHa/291. B KaqecTBe npH

MepoB npHJIOJKeHHR COPLAN'a K ynpasJieHHID H3MepHTMbHNMH npH60paMH 

npHBe'A8Hbl nporpaMMH 'AJ!fl eJKe'AHeBHOl:\ TeCTOBOl:\ npo~HJiaKTHqecKol:\ npoBepKH 

aBTOMaTa Spiral Reader B l.\EPH/7 / H nporpaMMu ynpasJieHHR aBTOMa

TOM HPD Ep~l1, npe'AHa3HaqeHHbl9 f;R o6pa60TKH HHqK>pMauHH C HCKpOBHX 
KaMep H acTpO~H3HtleCKHX ~aHHblX/2 /. 

B pa3pa60TKe R3b!Ka COPLAN ' OTHocnmelfoR K Ha'llaJIY 70-x ro,D;OB, 
6HnH npe,D;BOCXHm8HH OCHOBHble COBpeM8HHHe Tpe60BaHHR K R3b!KaM peaJibHOro 
BpeMBHH: CJia6aR THTTH3aUHfl c a6cTpaKUHen ,D;0.HHblX, ,D;OCTaTOqttOl:\ ,D;JIR Kpyra 

pemaeMHX 3~a'll, CTPYKTypon ynpaMeHHR IF H GOTO , no,IJ;nporpaMMaMH 
H q>yHKUHRMH, o6ecne'llHB8.lOillHMH MO~JlbHOCTb CTpyKTYPhl, BO3MOlltHOCTH 

HHHUHaJIH3auHH He TOJ!bKO nepeMBHHblX, HOH napa.JIJIMb~ npoueccos, 

nporpaMMHpOBaHHR ycTponcTB HH3Koro ypOBHH, pa3'A8JlbH8R KOMITHJIRUHR 
MO~Jien H T.,IJ;.). 

3TH B03MOlltHOCTH R3NKa COPLAN , HapH~ C npHHUHnaMH H OnNTOM B 
KOHCTPYHPOB8HHH onepaTopoB ynpaMeHHH,OCTB.DTCR aKTYaJibHNMH H MoryT 
6b!Tb npHM8Hemi B aBTOMaTH3auHH nporpaMMHpOBaHHH ~R COBp8M8HHblX CHC-

T8M ynpaBJIBHHH H o6pa60TKH B peaJibHOM BpeMeHH. 

~eHTpMbHOtl B ,D;HccepTaUHH HMR8TCR qeTB8pTaH rnasa, nocsnmeH

HaH npo6JieMaM 8BTOM8TH'lleCKon ~HJ!bTpaUHH TpeKOBOtl·H, B006111e, 6HHap

HOl:\ mTpHXOBOtl HHq,opMauHH, pa3pa6OTKe ~8KB8THOro MaTeMaTHqecKoro 

annapaTa Hero npHMeHeHmo K C03,IJ;8HH!l ~HJ!bTpy:a:l!IIHX nporpaMM ~R CKa~ 
HHPYJOIIIHX asToMaTos"Czmpa7ll',HIDI: HSMe_p:RT8Jll,,.(C\1), A3JIT-2/I60, 6ec~Jih
Moson TMBBH3HOHHOl:\ CHCT8Mhl. 

OnNT C03,IJ;8HHR H BHB'APeHHR pa3JIHlrnlDC nporpaMM nepBH'llHOl:\ o6pa6oT-. 

KH ~~ snepshle cq,opMyJIHpOBaH aBTOpOM B BH,IJ;e 06111en CTpaTerHH ~JlbTpa
UHH 3 ' CYTb npHHUHTTOB KOTopon COCTOHT B Tpe60BaHHRX OTC8Ba H8HYJtHOtl 
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HHqK>pMaUHH Ha B03MOlKHO 6onee paHHel:\ CTa'AHH o6pa60TKH, MaKCHMaJibHOro 

HCTTOJ!b30BaHHR anpHopHOtl HHqK)pMaUHH, COKpa111eHHR nepe6opa 'AaHHNX H 
CTpeMJieHHR K O'AffOM8pHOMy noHCKy, uenecoo6pa3HOCTH BKJiroqeHHR qeJIOBe

Ka B pacno3HaBaHHe, eCJIH 3TO He 3aMe'AJIReT pa6oTy CHCTeMbl H,HaKOHeu, 
HaJIHqHR 6b!CTpon o6paTHOtl CBR3H C OKOH'llaTeJihHb!MH·reoMeTpHqecKHMH H 

~3HqecKHMH pe3yJibTaTaMH o6pa60TKH. HecMOTPR Ha BHemHIDID oqeBH'AHOCTb 

K~oro H3 3THX npHHUHTTOB, HeyKJIOHHoe_cJie'AOBaHHe HM Bcer'Aa Il03BOJ!RJ!O 

BNnrpaTb BpeMR H 'A06HTbCR ycnexa B pemeHHH KOMnpOMHCCa Mel!UJ,y H8'AelK

HOCTbID H cxopOCThID, T,K. noMorano H36eJKaTh npocqeTOB B anropHTMax, 
nyqme opraHH30BaTh ,IJ;aHHNe H nporpaMMbl B CHCTeMe o6pa60TKH, B KaqecT

Be O,IJ;HOro H3 npHMepoB ycnemHol:\ peaJIH3aQHH 3Tol:\ CTpaTerHH npHBe,D;eH 
KOMTTn8KC nporpaMM ~HJ!bTpaUHH CH 011ru1/3o/, -HaXO'ARIIIHHCR B 3KCnJiyaTa

UHH B 'A8tlCTBYJ01I1etl CHCTeMe MaCCOBNX H3MepeHHl:\. ITpHHUHTibl CTpaTerHH 
n06YJK'AaIDT TaKJKe K 'AaJlbHel:\meMy pa3BHTHID MeTO'AOB ~HJ!bTpaUHH, KaK 3TO 

IIOKa3a.HO Ha IIpllMBpax BBe,D;eiIHOll aBTOpOM rrpou;e,D;ypll NEWPOL ' 06ecneqH
Baro111et1 nyqmyio ceJieKTHBHOCTb M8TO'AOB nOHCKa 6JIH3KHX TpeKOB, BXO'ARIIIHX 
B "y3KYJ011 napy, HJ!H paspa60TKH 3KOHOMJiqHOi1 CTaHUHH cnaceHlfR co6hlTHli 

Ha 6ase CTaH,IJ;apTHb!X TepMHHaJlbHb!X H nporpaMMHNX cpe'ACTB. 
HoBNM RBHJ!OCb HCCJ!e'AOBaHHe BonpocoB_ClKaTHR 'AaHHNX npH 6ec¢HJ!b

MOBO/ TeJiecoeMe HHqK)pMaQHH co cTpHMepHNX KaMep. KaK noKasaHO B pa-
6oTe 21, anropHTMbl ClK8THR, H3BeCTHNe H3 ¢HJ!bMOBOtl o6pa6oTKH, OKa3hl

BaIDTCR HenpHMeHHMNMH H3-3a JKeCTKHX H npOTHBOpeqHBb!X Tpe6oBaHHli 6ec

¢HJ!bMOBOro CoeMa, KOr'Aa nepeMep H306paJKeHHR B cnyqae omH6KH npH o6-
pa6oTKe HeB03MOJKeH, caMa o6pa6oTKa 'AOJ!JKHa BeCTHCb 6b!CTpo, B TeMne 

TeJieBH3HOHHOro cKaHHpoBaHHR H B TO )Ke BpeMR 6NTb TOqHol:\ H He 'AOnyc

KaTb HHq,opMaUHOHHNX noTepb. ~eTaJibHOe HCCJie,IJ;OBaHHe npo6JieMhl Ha MO

'AeJ!bHblX H peaJibHNX ,IJ;aHHb!X Il03BOJ!HJ!O paspa6oTaTb 6h!cTp!Ie anropHTMbl. 

ClKaTHR, ~OBJ!eTBOpRIDIIIHe 3THM Tpe6oBaHHRM H opHeHTHpoBaHHble Ha anna

paTHYJO peaJIH3aQHD Ha 6ase COBpeMeHHNX MHKponpoueccopoB. ITpe,D;JiolKeHHble 

anropHTMbl OCHOBaH!l Ha napa.n:JieJibHOtl o6pa60TKe OT'AMbHblX cnancoB H306-

p_aJKeHHR C npoBe,IJ;eHHeM copTHPOBKH OTC'lleTOB B KaJK'AOti cKaH-JIHHHH ~R 

BOCCTaHOBJieHHR CBR3HOCTH M~ OTcqeTaMH O'AHOro H Toro lite TpeKa H 
6b!CTporo HanpaBJieHHOro OTCJielKHBaHHR O'AffOBpeMeHHO BCeX cerMeHTOB Tpe

KOB B ,D;aHHOM cnance C nocJie,D;yio111en annpOKCHMaQHeti HX JIHHetiHb!MH TpeK
SJieMeHTaMH (JIT3), ~HHa KOTOpNX npH sa,D;aHHOtl TOqHQCTH b (0,2+0,3 MM 

B KaMepe) saBHCeJia OT KpHBH3Hbl TpeKa, HaJIHqHR pa3pb!BOB H nepece'lleHHti 

C 'APYrHMH TpeKaMH, TaKOti nO,IJ;XO,IJ; He Tpe6oaan 6y~epHOti naMRTH ~fl sa
IlOMHHaHHR BCero H306paJKeHHR HJIH-KaKHX-TO ero 'llaCTeA H Il03BOJ!RJ! o6xo-; 

,IJ;HTbCR MHHHMYMOM annapaTypbl. MeTO,D; Il03BOJIRJ! yBeJIH'llHTb ,IJ;JIHHY cnatica 
no cpaBHeHHD C ,D;pyrHMH H3BeCTHb!MH cnoco6aMH B HeCKOJ!bKO pas. 3aMeHa

o61itlHOtl_JIHHel:\Hon annpOKCHMa.QHH Ha Kyco~HO-J!HHel:\Hyio He npHBO,D;HT K 
noTepe CKOpOCTH npH annapaTHOtl peaJIH3aUHH, 6Jiaro,D;apR npHMeHeHHD 
accouHaTHBHoro npoueccopa/9/. 
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B HTOI'e c~aTHR pea.JibHOe H3o6p~eHHe H3 I+2 ThlC. ToqeK AaeT 

HeCKOJibKO AeCRTKOB JIT3. no6aBJieHHe K BblXOAHOti HHq>OpMaUHH AaHHUX 0 

nJIOTHOCTH K~OI'O JIT3 H M8CCHBa KOOPAHHaT H6HA6HTH¢HUHp0B8HHblX 'ToqeK 

CHl{)!CaeT K03qxpHUHeHT c~aTHR C IO AO 3+4. 

Ha OCHOBe 3THX a.JII'OpHTMOB pa3pa60TaH npoeKT annapaTyp@ c~aTHR 

AaHHblX (ACn)/9/. C03AiH nporpaMMHhlfi HMHTaTop ACn, KOTOphlfi n03BOJIHJI 

npoBeCTH HCCJieAOBaHHe 21 no B@6opy KpHTepHeB KaqecTBa c~aTHR H C HX 

ijOMO~bro BhlnOJIHHTb OnTHMH3aUHro napaMeTpOR ACn Ha pea.JibHhlX AaHHblX Te

JieBH3HOHHOI'O coeMa co cTpHMepHofi KaMepu ycTaHoBKH PHCK. 

nnR pacn03HaBaHHR TpeKOB no AaHHhlM C~aTHR pa3pa60TaH I'JI06a.JibHhlti 

(T.e. npHMeHHMblti cpa3y KO Bee 3JI6MeHTaM) aJII'OpHTM, OCHOBaHHhlfi Ha 

Ta6JIHUe nonapHOti 6JIH30CTH JIT3 C ytieTOM COOTBeTCTBHR HX KOHUOB H He

AOn~eHHR BblXOAa AYI'H, COeAHHRro~en KOHUhl 0Tpe3KOB, 3a KOPHAOP mHpHHli 

fi • IlocJie 3TOI'O noCJI6AOBaTeJibHOe o6oeAHHeHHe JIT3 B TpeKH, HaqHHM ' 

C CaMblX 6JIH3KHX nap,npoBOAHJIOCb H3B6CTHhlM B TeopHH KJiacTepH3aUHH Me

TOAOM "6mmanmero coceAa" .IlOCKOJibKY noHCK TpeKOB Ha 3BM npOBO):IHTCR . 

cpaay Ha,IJ; BCeM MHO~eCTBOM JIT3 H Tpe6yeT TOJibKO onepauHn ynopRAoqH

BaHHR, CYMMffpOBaHHR H YMHO~eHHR, 3TOT aJII'OpHTM RBHJICR xopomHM o6oeK

TOM AJIR peaJIH38UHH ero Ha 3BM na~JieibHOI'O ):letiCTBHR C accouHaTHBHOti 
naMRTbro. CooTBeTcTByio~aR nporpaMMa IO, pa3pa60TaHHaR BnepB@e MR 
aa,n;aq TaKOI'O PDAa, BlinOJIHReT OCHOBHYJO qacTb Bl,JqHCJieHHfi no o6oeAHHe
HHro JIT3 B TpeKH. 

nnR AaJibHefimero pa3BHTHR MeTOAOB pacno3HaBaHHR TpeKOB noTpe6o

BaJiaCb ~eopeTHqecKaR npopa60TKa KaK I'Jio6aJibHblX M6TO):IOB pacnoaHaBaHHR, 

TaK H ynoMHHaBIDHXCR yir.e po6aCTHblX MeTOAOB oueHKH napaMeTpOB •. 

Ewra paapa6oTaHa MeTOAHKa cpaBHHTeJibHOI'O HCCJieAOBaHHR po6aCTHhlX 

M -oueHOK (oueHOK THna MaKCHM8JibHOI'O npaBAOnOA06HR)1311, COI'JiaCHO 

KOTopon npoBeAeHli AeTaJibH@e qHcJieHHlie 3KcnepHMeHThl AJIR cpaBHeHHR 

M -oueHoK c orpaHHqeHHhlMH H HeorpaHHqeHHliMH ¢YHKUHRMH BKJia,n;a }'Ct) 
(CM.(I)l B paMKax perpeccHOHHOti MOAeJIH 

Y = XQ + E , (5) 

I',I\e y =(Y1'••••Yn) - BeKTOp Ha6moAeHHA, X a{:z:ij)i:1 t;i!1 
MaTpima ~KTOpOB, Q - BeKTOp HCKOMblX napaMeTpoB, E =<e1,e2•···•en) 
- B6KTOp omH60K Ha6JIJO):leHHA, MR KOTOpblX npHHRTli MOAeJib E. -3aI'pR3-
HeHHOI'O HOpM8JibHOI'O pacnpeAeJieHHH 

f(x) =( 1- E.) <P(x) + I: h(x) , (6) 

r~e <f'(x) .. srn exp(-x2/2G'
2
) , h(x) - 3aJDyMJim:i~ee pacnpe):le

JieHHe. CneUHaJibHOe BHHMaHHe 6wro YA8JI8HO ytieTy BJIHRHHH TaKHX' ~KTO

pOB., THTIHqHblX MR Tp8KO.BOA HH¢QpMSUHH,KaK ycTofiqHBOCTb K ypoBHJO 

lliyMOB .e 'TQqKaM pa36aJiaHcHpOBKH (T.e. TQqKaM C 60JibillHM·oTKJIOHeHH8M 
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e. , JI~a~HM nocJie paap@Ba B ~KTOPHOM npocTpaHCTBe (CM. pHc.I), 
i . 

paaMepHOCTb H CBR3b KOMnOH6HT BeKTOpa Q 

B KaqecTBe KpHTepHR cpaBHeHHR Ilpm.48HJt/IOCb cpeAH6KBa):lpaTffqHOe 

OTKJIOH8HHe OT HCTHHHOA perpecc.lW, ycpeAHeHHOe ·no HeCKOJibKHM THCflq8M 

peaJIH3aUHA, a Ta~e Bl,JqHCJIHT6JibH@e xapaKTepHCTHKH np0ll6AYP OU8HKH 

napaMeTpOB: CKOpOCTb CXOAHMOCTH 1 Tpe6yeMble pecypc@ 3BM H T•A• nnR 
KaqeCTB8HHOI'O o6oRCH6HHR noBeA6HHR MHHHMH3HpyeMblX ¢yHKUHOH8JIOB pa3-

pa6oTaHhl H ycnemHO npHM8H8Hhl MeTOA@ rpa¢HqecKon BH3y8JIH3aUHH noBepx

HOCTefi 3THX ¢YHKUHOHaJIOB (cM. pHc.2). 

Ha OCHOBe cpaBHHTeJibHOI'O HCCJI8AOBaHHR, npoBe):leHHOI'O no yKa3aH

HOA MeTOAffKe, nonyqeHU HOBhle pe3yJibTaT@ TeopeTHqeCKOI'O H npHKJia):IHOI'O 

xapaKTepa. 

PemeH@ CJI8AYJ()~He BaJf;Hhl8 3aAaqH, B03HHKaro~He npH npHJIO~eHHH 

po6aCTHblX M -oueHOK K ¢HJibTpa/HH Tp8KOBblX AaHHblX: 
. a)nOJiytieHa ¢YHKUHH BKJia,IJ;a 32/ 

• 1+c 
p(t) = (1+c) ln +exp(-t2/2) (7) 

C 

onTHMaJibHaH C TQqKH 3p8HHR MaKCHMaJibHO~O npaBAOnOA06HH B YCJIOBHRX 

CHJibHOI'O paBHOMepHOI'O aacopeHHH Bli60pKH, KOI'Aa B (6) h(X)=ho 
B HHT8pB8JI8 MHHhl 1/ho >> o H c > 1/2 • Orpattttq8HHOCTb ¢YHK-

UHH (7) c~eCTBeHHa JIHmb AJIH c > o, 1 , qTQ COOTBeTCTByeT THllt8JIOMY 

aacopeHHro B@6opKH; 

6) noJiytieH H T80p8THq8CKH o6ocHOBaH 8JII'OpHTM nonyqeHHR COBMeCT

HOfi po6acTHOA oueHKH napaMeTpOB noJIO~eHHH H MacmT,6a, HHBapHaHTHOA 

OTHOCHT8JibHO npeo6pa3oBaHHA CABHI'a H YMHO~eHHH132 • IlpoBepKa aJII'O

pHTMa B qHcJieHHOM 3KCnepHM8HTe noKaaaJia BliCOKYJO 3!W>eKTHBHOCTb COB

M8CTHOA M -OU8HKH BTTJIOTb AO 3Ha'tl8HHA E =0, 9 ( 3TO COOTB8TCTBY8T 

OTHomeHim CHI'HaJI/myM JIHmb O,I); 

B) npeMo~eH MeTOA MacmTa6HOA HOpMHpoBKH, n03BOJISIIOIIIHA nOBliCHTb 

ycTofiqHBOCTb M -oueHOK npH noHBJI8HHH HeCKOJibKHX JIOKaJibHblX MHHHMY

MOB <pyHKUHOHaJia (I) I HeHa6elltHOM npH 60JibillHX aacopeHHHX ( ! >"0,2) I 

KOI'Aa npHM8HHDTCH orpaHttqeHHlie <pyHKUHH BKJia,n;a J' (t) 133 • MeTOA, 

oco6eHHO 3qxp6KTHBHliA npH' HaJIHqHH TO'tl8K pa368JiaHCHpOBKH, COCTOHT B 

HOPMHJlOBKe OCTaTKOB 'ei B (I) He Ha 06~ MR BCeX ToqeK 6' ' a 

Ha BeJiffqHHY di , I',1\8 d~ - HHAHBHAYaJI~HaH, ToqeqHM ,I\HcnepcHH oc

TaTKa ei , nep8B1,JqHCJIR8MM Ha K~OA HTepauHH npOU6AYPhl B3Bem8HHOI'O 

MHK-oueHHBaHH_H no q>epMyJie 

2 2 T 
di .. 6' (1+ HiHi - 2Hi Ai) 

I'Ae Hi = ii (.x:T W x)-1 xT W 
Ai - i -A 6a3HCHlifi B8KTOp B ~ 
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i=1,n, 

T - CHMBOJI TpattcnoHHpOBaHHH, 

w - ,I\HaI'OHaJibHaH MaTp>ma 



y 

I X 
4 6 8 ,to 42 

P.11:c. I 

a 

6 

P.11:c. 2 

1B 

aecoa, xi - aeKTop ( xi 1, ••• , xim ) • l{aqecTBeHHoe rrpen;cTaBJie-

H11e n;eAcTBl1H TaKoA 11 CTbKJ,I\eHTl138U1111" OCTaTKOB np11 m=2 ,I\aHO Ha 

p11c.2, rn;e 11306proKeHhl noaepXHOCTl1 z = -L(Q1 , Q2) a) np11 OTCYTCT

B.li.11: TO~9K pa36aJiaHC.lipOBK.li, 6)np.11: :WC Ha.Jlli'Illli, B)noCJie CTblO,D;9HT.li3~li, 

Bhl3hIBaKJ~eA COKpa~eH11e TIJIO~a,I\11 rop113OHT8JlbHOA npoeKUl111 TIOCTOpOHHero 

n11Ka, tITO yMeHbmaeT BepoHTHOCTb nonan;aHl1H B STY o6JiaCTb Blitll1CJIReMoA 

OI.leHKl1. 

ITp11MeHeH11e 3T11X TeopeTtttieCKl1X pesyJibT8TOB K san;aqe ¢11JibTpau1111 

TIO3BOJil1JIO TIOBhICl1Tb TOtIHOCTb 3KCTpanoJIHUl111 11 CKOpOCTb rrpOCJI8lKl1B8Hl1H 

TpeKOB 38 ctieT np11coen;11HeHl1H He On;HOA, a uenoA rpynnhl TOtieK. BaJKHb!M 

np11KJI8,I\Hb!M pe3yJibT8TOM 11CCJie,I\OB8Hl1A no po6acTHhIM OLl8HK8M HBl1JIOCb 

CO3,I\8Hl1e 11 BHen;peH11e nporpaMM-~MI,Tp~,I\JIH aBTOMaTa A3JIT-2/I6ol33( 
np11HHTblX B 3KcruiyaT8U11Kl B H8CTO~ee apeMH. 

C yqeTOM OTih!Ta np11M9H9Hl1H nporpaMM ¢11JibTpau1111 B n;11aJioro·BhIX 

¢11JibMOBhIX Cl1CTeMaX H 6ec¢11JibMOBOA Cl1CT9Me CneMa n;aHHblX rrpen;JioJKeH 

HOBh!A non;xon; K peaJI11sa111111 cTpaTer1111 ¢11JibTpau1111, 11cnoJib3YJOllll1A rno6aJih; 

Hoe pacno3H8B8Hl19 cpasy BC9X TpeKOB 11306paJ!.(eHl1H/I2/. B cpaBH9Hl111 C 

KJI8CCl1tl9CKOA CX9MOA (HatiaJibHhIA _TIOl1CK + MHK - npOCJieJKl1B8Hl19) .IJ;OCTO-

11HCTB8 npen;noJKeHHOI'O non;xon;a COCTOHT B TIOBhlmeH11H npaan;onon;o611H pe-

3YJibT8TOB, 60JibmeA r116KOCTH np11 an;anTlll.11111 K Cl1CT9M8M 11eney1msaHHA 11 

nyqmeA np11cnoco6JieHHOCTl1 K peaJil138LIH11 Ha 3BM napaJIJI9JibHOI'O n;eAC'.1'Bl1H. 

Ilon;xon; OCHOBaH Ha HCTIOJib3OB8HHH np11HLIHTia MSKCHMaJibHOI'O rrpaan;o

non;o6HH n;na oprattHsau11~ pacnoaHaBaHHH cpasy acex TpeKoB nyTeM .IJ;HHa

MtttieCKH nepecTpaHBaeMOA KJiacTepH38I.1HH 3JI8M9HTOB H3O6p8.llt8HHH. B ~YHK

I.llf!O npaan;onon;o6HH 6hlJia 3aJIOX9Ha MO.IJ;8Jib H306p8.llt8HH.R HS H9KOToporo 

tIHCJia M TpeKOB, JIOKaJibHO annpoKCHMHpyeMblX OKpYJCHOCTHMH Ha ~He 

CHJibHOI'O paBHOMepHoro sacopeHH.R, T.e. pacnpen;eJieHHe OTKJIOH8HHA 

_ei(x,y) _cnyqaAHO Bb16paHHOA TOQKH OT i ~ro TpeKa (i = 1,M ) . 
HMeeT TIJIOTHOCTb (6) C h(x) = oonst • OTO IlO3BOJI.R9T HaATH nopor 

D , 38.IJ;~HA npaBHJIO KJI8CCH~HKlil1HH TOtI8K no npHHan;JI8XHOCTH K TOMY 

HJIH HHOMY TpeKy H npH H3B8CTHOA Ta6JIHI.19 JIOKaJibHblX napaMeTpOB Tp8KOB 

pas6HTb ace TOtIKH Ha M KJiacTepoB no TpeKaM 11 "myMOBOA" KJiacTep _n;JI.R 

OCTSJibHblX TOtl8K. 
IlpH H8H3B~CTHOM M , 6naron;ap.R yqeTy nponyCKOB M8JKD;Y 3JI8M9HTaMH 

TpeKa, norap11~uqecKaH q>yHKI.IHH npaan;onon;o611.R rrp1106peTaeT BHD; 

M A (i) (i) 
L = L L..;.. e1 ( ~ , yk ) + N0D + MS - inf , (8) 

i=l k=l 

rn;e (:z:fci), y~i)) 1 ka1 1 Ni - OTCtI8Tbl, OTH8C8HHb19K i-MYTpeKy, 

Ni - HX trn:CJIO, No - tIHCJIO myMOBblX OTCtI8TOB, a TIOCJI8n;HHA qJieH C 
BlitlHCJIH9MblM sapattee S HrpaeT pOJib IDTpa¢a 38 IlOTihITKY YBeJIHtrn:Tb 

tll1CJIO TpeKOB. MmmMH38I.IHH (8) OC~9CTBJI.R9TCH aJII'OpHTMOM, COCTO~HM 

113 CJI8D;YKJ~HX maroB: a) CO3.IJ;BHH8 HOBblX KHQCTepoB, 6) MHK-OU9HKa JIO-
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KaJibHblX napaMeTpOB TpeKoB, B) nepecTpOAKa HMenmHXCR KRaCTepoB (ny

TeM HX pa36HeHHR npH HaJIHqHH 60RbIDOro npoMeittyTKa HRH CRHRHHR, eCRH 

HX MO*HO annpoKCHMHpOBaTb O~HO!l ~roll OKPY*HOCTH). BbinORH8HHe KM

~oro H3 3THX maroB TORbKO B CRyqae YMeHbID8HHR (8) rapaHTHPYBT cxo

~HMOCTb MropHTMa 3a KOHeqHoe qHCRO maroB. 

ARrOpHTM o6o6~eH Ha CRyqaA npnBrHTMbHOrO C*aTHR AaHHblX B 
BHAe RHH8HHblX TpeK-3R8M8HTOB (JIT8) 13 • Ha OCHOBe BliID8H3RO*eHHoro 

nOAXOAa C npeABapHTeRbHliM pacnoRo~eHHeM JIT8 B Ta6RHUe no 6RH30CTH 

~ap Hero o6o6~eHHR Ha onpe~eReHHe 6RH30CTH no TpoAKaM JIT8 YAMOCb 

8HaqHT8RbHO COKpaTHTb nepe6op A8HHblX, ycKopHTb BHqHCR8HHe ~YHKUHH 

npaBAOnOA06HR H AOCTHrHyTb CKOpOCTH'06pa6oTKH B 3-6 c/KaAP Ha peaJib

HblX H3o6p~eHHRX, COAe~a~HX AO 300 npOH3B0RbHO pacnoRo~eHHllX 

JIT8 CRyqa!lHO!l ARHHbl, H3 KOTOpllX 60Ree TIOROBHHbl 6Hno myMOBIDC. B noc

R8AH8M pa3A8Re rR.4 o6cy~aIDTCR 3aAaqH nporpaMMHOA peaJIH3aQHH Mro

PHTMOB ~RbTpaQHH: Ha1160Ree PffiU10HaJil,H8HCTPYKTypa A8HHblX, o6ecne

qHBaID~aR MHHHMH3aUHID onepaQHA HaA HHMH, 3KOHOMHaR opr8HH3aQHR MO~nb

HOA HepapxHqecKoA apXHT8KTYPb1 nporpaMM, npHHUHnli pacnapaJIReRHBaHHR 

rno6aRbHllX MrOpHTMOB pacn03HaBaHHR H paapa60TKH 6blcTpllX a.nropHTMOB. 

MR HCnonb30BaHHR B peittHMe peMbHoro BpeMeHH H CBOAKa npeMO*eH~ 
HblX 6blCTpllX a.nropHTMOB. 

fIRTM rnasa nOCBH1118Ha npo6neMaM KaJIH6pOBKH H3MepHT8HbHblX npH

~opoB, COCTOHlllet! H3 cne~~HX 3TanoB o6pa6oTKH A8HHblX CK8HHp0B8HHR 

3TaJIOHHOA KaJIH6poaoqHo!l pemeTKH: I) pacnoaHaBaHHe ueHTpOB KpeCTOB 

( 'ic • vk ) k = 1---;N ; 2) BWrnCJieHHe KaJIH6posoqHbJX npeo6pa30B8HHA 

(2) / (3); 3) onpeAeReHHe xapaKTepHCTHK TOT.lHOCTH H CTa6HnbHOCTH npH-. 
6opa 41. · 

Ha nepBOM 3Tane B cnyqae MMblX AHCTopcHt! CKaHaTopa npeMO*eH 

M8TOA pacnoaHaBaHHR cpaay BCero KpecTa KaK BbipO~eHHoA KpHBOA BTO

poro nopRAKa, AaIO~Ht! HTepaTHBHYfil npouemy BbJqHCJieHHR KOOPAHHaT 

ueHTpa 11 HX omH6oK. B o6~eM cnyqae, KOrAa B03MO*Hb1 HeRHHeAHhle HCKa

~eHHR nneq KpeCTOB, xapaKTepHble ARR npH6opoB, HCnORb3Yfil~HX SJIT H 

3H8KTpOHHli8 YCHHHTenH CB8Ta, np8M0*8H YHHBepCaJibHblt! M8TOA 0Aff0Bpe

M8HHO!l po6aCTHOA nonHHOMHaJibHOt! no,n;rOHKH nneq KpecTa, peaJIH30BaHHbl!l 

B BHAe nporpaMMbl NORTCR , 8BTOMaTHqeCKH nOA6Hpan~e!l CTeneHH nonH
HOMOB OT I 'AO 3 AHR K!lllt,D;Oro H3 nneq. 

IlepeXOAfl KO BTOpOMy 3Tanyt BOCnORb3Y8MCR cne~~HM cnoco6oM 

ITP8ACTasneHHR AaHHblX nepBoro 3Tana, Aenruo~HM 60Ree HarRRAffO!l nocTa
HOBKY 3MatJH. Ilocne COBM8~8HHR HatlaJI KOOPAHHaT ( x,y ) H ( u, V ) 

H npe,n;BapHTenbHOro MaCIDTa6HpOBaHH.R ocet! ( u, V ) (MR nepeXOAa OT 

cqeTHblX 8AHHHU B MM) OTHO~HM B K!lllt,D;OM yane pemeTKH nepneHAHKYRRpHo 

K Het! B8KTOp d:z:yk = ✓dzi + dyi C KOMnOH8HTaMH ~ a 41:- 'ic, 
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dyk = yk - vk k = 11 Il H HaTRH8M Ha 3TH B0KTOpbl nosepXHOCTb. 

PHc.3. 

IlpHMep nOA06Hot! ITOB8pXHOCTH AHR aBTOMaTa ASJIT-2/160 npHB8'A8H Ha 

pHC. 3. ECJIH OTKRMbIB~Tb BM8CTO d:z:yk CHaqaJia ~ t a ITOTOM 

dyk , TO Mb1 nonyqHM 8HaJIOr~ble noaepXHOCTH, K annpOKCHMaQHH KO

TOpbIX H CBOAHTCR aSAaqa nonyqeHHR npeo6paaoaaHHR (2). ~cTopuqecKH 

CRO*HBIDaRCR TpaAHUHR pemaTb 3TH 3MaqH nyT8M noArOHKH ABYM8PHblX 
nonHHO!OB, HAST e~e C Toro Bp8M8HH, KOrAa cpaBHHTenbHO He6onbIDOA 

o6oeM naMRTH 8BM npenRTCTBOBaJI pa3Me~eH~ Ta6nKU H3 A8CHTKOB TblC. 

K03~HUHeHTOB, Tpe6yeMblX MH 6oRee 6blCTpbIX KHTepnonnQHOHHblX M8TO,Il;OB. 

IlpHM8HHHHCb 6onee npoCTble B BbltlHCJI8HHH H80pTOrOHMbHble CHCT8Mbl nORH

HOMOB, qTo Beno K H806XOAHMOCTH HCnOnb30BaHHH anropHTMOB C Y,D;B08HHOA 

TOT.lHOCTbn. 
AHMH3,M8TOAOnor11qecKHX K BbltlHCnKT8RbHblX npo6neM KMK6pOBKK, 

np0B8A8HHOA Ha 6onbIDOM CTaTKCTKqecKOM MaTepHaJie, IT03BOnHn aBTOPY 

np8MO~KTb MH npH6opoB C npHMOyrORbHOA CKCT8MOA KOOpAHHaT annpoK

CHMaQHID (4) C nOMO~bID CKCT8Mbl llfci~;)J 'ABYM8PHbIX nonKHOMOB, OPTO
roHaJibHblX Ha 8'AHHHqHOM KBaAPaTe, ~fl npnMoro npeo6paaoBaHKH,K CKC

T8My { fcx~:~1 . OPTOrOHMbttyn Ha ~KKCHp0B8HHOM MH0~8CTB8 TOqeK 

( 41: Yk ) ka1 ,N, - ~R o6paTHOrO. )].nn BbltlHCH8HHR K03~8HTOB 

nonKHOMOB CKCT8Mhl / J <fci2;)) 6wra paapa6oTaHa nporpaMMa Ha CHMBOnb
HOM nablKe REDUCE-2 3 I. KpoMe 3Toro, 6Wio npoae,n;eHo HccReAoBaHKe 

HHTepnon.fIUKOHHblX M8TO,Il;OB KMK6poBKH K KOM6KHHPOBaHHOro M8TO'Aa, coc

TOH1118ro B npoae,n;eHHK 60Ree npoCTOA annpoKCKMaQHK_ noRHHOMOM Tp8TbeA 
CTeneHK C nocRe~eA 6blCTpoA RKHeAHoA KHTepnORRUHeA no KapTe OCTaT

KOB. IloCJI8AffHA MeTO,Il; OKa3aJICH OTITHMaJibHblM C TOqKK apeHHH pecypCOB 

MKHK-8BM CM-4, ynpaMRllllleA aBTOMaTOM ASJIT-2/160, qTo noaBonHno BH8A-
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pHTb 6blCTpbln BapH8.HT Ka.JIH6~0BoqHon nporpa.MMl,I ,I(Jlfl npOB8,I1;8HHfl onepa
THBHblX Ka.JIH6pOBOK aBTOMaTa 361. 

}vrH npH6opoB THna CH. HCITOJib3YJOll\HX, Hap.fl,IO' C ,n;eKapTOBOil, ITOJIHp

HYJO CHCT8MY KOOp,IJ;HHaT ( R • Q ) paspa6oTB.Ha Ka.JIH6poBoqHaH npoqe,ey-

pa, B KOTOpon Ha OCHOB8 .1(8.HHIDC CKaHHpOBaHHH .I(OITOJIHHTeJibHOro 3Ta.JIOHa 

B BH.I(e npHMOH JIHHHH npHBO.I(HTCH npe.nBapHTeJibHaH yI'JIOBM KOpp8KI.1HH 

H8JIHH8HHbIX HCKaJ!teHHfi, qTo CYIJl8CTB8HHO ynpoll\aeT ITOCJI8AYJOII\YD H8JIHH8H

HYJO annpoKCHMaQHJO yrJioaon KOOp,IJ;HHaTbl 

QKopp'; Q0 + olR + f>/R + °t f(R), (9) 

r.ne ,I(JIH CH 011ffii f(R) = R/( 1 + O (R - :f\n) 2 ) , C H :f\n - sapaHee 
ITO.I(06pa.HHble KOHCTaHTbl. IloKa3aHO, qTo JIHHeapH3aQHH (9) npHBO,IJ;HT K 

pa3JIOJK8HHro BH,n;a (4) ITO HeJIHHefuiblM IPYlfKl.lHHM ~(R, Q) ·' ITOBh1IllaIDll\8MY 

TOqHOCTb Ka.JIH6poBoqHoro IT~eo6pa30BaHHH, T.K. IT03BOJIHeT yqeCTb KOp
peJI.RUHro M8'1C,lzy H3MepeHHRMH 41. 

Ha Tp8Tb8M 3Tane BBqHCJieHHH TOqHOCTHhlX xapaKT8pHCTHK 6wrH npe.n➔ 
JIOJK8Hbl H o6oCHOBaHbl aqxpeKTHBHble KpHTepHH CT86HJibHOCTH ITpH6opa H Ka

qecTBa Ka.JIH6poBKH. HcCJI6.I(OB8HHH ITOKa3aJIH Heo6XO.I(HMOCTb yqeTa CTaTHC➔ 

THqecKoro BKJiaAa KB8AP8TOB H8BH30K . di H a; Kat,D.oro Kp8CTa (T.e. 

HX B3B8ill8HHOH CYMMb!) KaK JIOKaJibHOH xapaKTepHCTHKH TO~OCTH, a B 

KaqecTBe 06ll\8H xapaKT8pHCTHKH - cpe,n;HeKB8AP8TH~bln B3BemeHHHn pas6-

poc, BBqHCJIH8Mbln KaK (S" = I/ X~/(N-m) • Ha OCHOBe 3THX xapaK-

TepHCTHK Ha CTaTHCTHqecKOM MaTepHa.Jie ,I(JIH pa3HblX H3MepHT8JibHblX npH6o

poB 6blJI ITPHBe,n;eH Bhl6op OITTHMaJibHOR CTeneHH m aITnpOKCHMHpYIDll\ero ITOJIK

HOMa B 3aBHCHMOCTH OT THITa npH6opa. B KOHlle rJI.5 npHB8JJ,8Hbl H8KOTOpb1$ 

xapaKT8pHCTHKH YHHBepCa.JibHbIX Ka.JIH6pOBQqHblX nporpaMM CENCAL H 

CALORT ,IJ;JIH npH6opoB C OpTorOHaJibHblM CKaHHpOBaHH8M H nporpaMMbl 

CALIBR ,I(JIH CH 011:HH, BB8,IJ;8HHblX B 3KCITJiyaTaQHro KaK qacTb MaTo6ecneqe

HHH pea.JibHO ,n;encTBYJOll\HX H3MepHT8JibHblX CHCTeM; Ha OCHOBe nporpaMMbl 

CALIBR paspa6oTaH ITaKeT npHKJiaAHblX nporpaMM, IT03BOJIRroll\Kn 6b1CTPYJO 

,IJ;HHaM~WYJO c6opKy Tpe6yeMon B8pCHH nporpaMMbl H3 6H6JIHOTeqHblX HJIH 
BHOBb C03,Il;a.HHblX Mo,ey-ien. 

illecTaH rJiaBa ITOCBflll\8Ha BOnpOCaM aBTOMaTH3aQHH H3MepeHHR HOHH-

3aQHOHHon ITJIOTHOCTH TpeKa, KOTOpble B H8KOTOpblX ,IJ;HanasoHaX 3HeprHn 

HCCJie_ey-eMbIX qacTHU MoryT OKa3aTbCH pemaroll\HMH ITPH H,IJ;8HTH~HKaQHH Ka

HaJIOB peaKQHH. C ITOMOll\bID Bh1Ill80ITHCaHHOH MO.I(eJIH CTpHMepHoro TpeKa 6blJI~ 

HCCJI8,IJ;OB8Hbl B03MOJKHOCTH np,M~,eHHH MeTO,IJ;OB OQ8HKH HOHH3aUHH, H3B8CT

Hb!X H3 ~HJibMOBOR o6pa6oTRH I . B CBH3H C H8,IJ;OCTaToqHon HX ,Il;OCTOBep

HOCTbro oco6eHHO B npHM8H8HHH K yCJIOBHRM 6ec~HJibMOBOro CoeMa npoae.ne

HO ,TeopeTHq8CKOe HCCJie,n;oBaHHe caoncTB CTaTHCTHq8CKHX OU8HOK, o6yc
JiaBJIHBaeMblJC CJIHRHH8M CTpHMepoB B crycTKH C B03MO.lltHblM np0IT8Aa.HH8M 
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H306paJK8HHn OT,IJ;8JibHblX CTpHMepoB/37/_ }vrH noJiyqeHHH TeopeTHq8CKH 

o6oCHOBaHHblX OQ8HOK ,nJIOTHOCTH CJie,n;osaJio ycTaHOBl!Tb COOTB8TCTBH8 

HOHH3aUIIOHHOn ITJIQTHOCTH g II pacnpe.neJieHHH ,IJ;JIHH crycTKOB.H npoCBe

TOM_MelK,Ily HHMH. IToJiyqeHHble ~PMYJib! HOCIIJIH np116JIII_JK8HHbln xapaKTep 11 

.nencTBOBaJIH TOJibKO ,Il;JIH TpeKOB MaJIOH nJIOTHOCTrt, OJJ,HaKO 6Jiaro,n;apH ne

peao,ey- 3Tl1X 38Aaq B TepMIIHOJiormo CIICT€M MaccoBoro o6cJiyllmBaHHH c 

6ecKoHeqHblM q11cJIOM KaHaJIOB (CMO/oo ), B JJ,IICCepTaUl1H noJiyqeHbl HX 

o6niHe perneHIIH B aHaJIHTHqecKo/ BH.n;e HJIII B np11~1JHJK6HHOi<: ~pMe, yJJ,06-
Hon .I(JIH B~11cJieHHn Ha sm/II . 

B Tepwmax: CMO/ C/J .I(Jil1Ha B crycTKa CTp11MepoB noJiyqaeT TOJIKoBa

Hlrn KaK nepHO,IJ; 3aHHTOCTl1 CMO, ,IJ;JIHHa ITpOMeJKYTKa L - nepHo.n; ee npoc

•TOH, q11cJio CTp11MepoB B crycTKe y - ~CJIO Tpe60BaH11n,nocTynHBIIJl1X sa 

nep110,n; 3aHHTQCTH B. AIIH ITOJiyqeHIIH 06II1HX pe3yJibTaTOB, npliM81lliMliX K 

nysb!pbKOBblM H CTpHMepHblM KaMepaM KaK K qacTHblM CJiyqaHM, 6CT8CTB€HHO 

6b!JIO paCCMaTp11BaTb 06II1HH CJiyqan CM0/0() C np0113BOJibHblM BXO,IJ;Hb!M ITOTO

KOM 11 npOH3BOJibHblM BpeMeHeM o6CJIYJKIIBaHIIH. 

Ha OCHOBe TeopllH peKyppeHTHblX ITO •:lieJIJiepy. co6b!Tl1n B JJ,HCCepTau1111 

pa3BHTbl HOBbl8 M8TO,IJ;bl H3yq8Hl'!H CMO/ 00 ' IT03BOJIHBIIJHe noJiyqHTb HOBbl8' 

6oJiee npOCTble 'OK,3aTeJibCTBa TeopeM O BpeMeHl1 npoCTOH 11 3aHHTOCTl1 

06II1HX CMO/oo 38 • 

11:ccJie.I(OBaHHe CJiyqanHbIX HBJI8Hl1H, B03HIIKaroniHx np11 ou11~pOBKe 11306-

paJKeHl1H CTp11MepHb!X TpeKOB, TTOTpe6oBaJIQ HOBb!X TTOCTaHOBOK II .no:rmsa

TeJlbCTB TeopeM O .I(IICKp8TH!1X GMQ/ 00 /
39/. 

IToJiyqeHHble TeopeTHqec1<11e pacnpeJJ,eJieHl1H TT03BOJIHJIH TTOCTp011Tb 

Tpe6yeMble oueHKII HOHH3aQHOHHOH TTJIOTHOCTH CTp11MepHblX 11 ny3blpbKOBblX 

TpeKOB np11 pa3Jil1qHblX MeTo,n;ax CoeMa ,n;aHHblX (~11JibMOBOM H 6ec~HllbMOBOM) 

c .n;11cKp11M11Hau11en c11rHaJia Ha .I(Ba 11 6oJiee ypoBHei<:, npH pa3JI11quon q,c
ToTe CKaH11poBaHIIH, B TOM q11cJie 11 np11 CKaH11p0B8H1111 Il18Jlbro/r5,r7 , 4o . 

IToJiyqeHbl TaKJKe aCIIMTTTOTHqecKHe ~OPMYJibl, TTOJI€3Hble npH npaJ<THqe

CKIIX pacqeTaX IIOHl13aU1111 .D;JIH noqTH CTTJIOIIIHblX TpeKOB/II/. 

AJiropllTMbl, pa3pa6oTaHHbl8 .D;JIH npoBepKII npe.n;JioJKeHHblX TeopeTHqe

CKIIX Oll8HOK np11 1HJibMOBOM CoeMe,6blJIII peaJill30BaHbl B BH.n;e nporpaMM 

no.ncqeTa HOHll3aQIIH H npHM8H8Hbl K peaJihHblM H, rJiaBHblM o6pa30M, MO

.n;eJibHblM .n;aHHbIM, noKa3aB npHeMJI8MYJO 3qxp8KTHBHOCTb (OTHOCHT8JibHaH 

OIIJH6Ka b-B'fo). }vrH nporpaMMbl, no.n;c~Tb!BaIDil18H IIOHH38UHID Tp8KOB,np11 

TTOJIYTOHOBblX H3MepeHIIHX, paspa6oTaHa B8pC11H, op11eHTHpOBaHHa' Hana
paJIJI8JibHble B~l1CJI8HHH Ha MaTpllqHQM npoueccope THna EC-2706 171. 

MeTo,n;u, paaBHTble ,n;nH CMO/oo , 6b!JI11 c ycnexoM HCITOJib30BaHhl B 

Ilp11KJiaAHOH 38Aa~e no pacqeTy pa6oqHx napaMeTpOB 113MepHT8HH cpe.n;Heij 
~aCTOTli llMIIY~hCOB,llOJIY'!aeMHX C .I(8T0KTOpa pa.I(IIOaKTliBHOro li3.lIY'!8HliH/4I~ 
a TSK~e. TT03BOJil1HH TTOJiyqllTb.HOBli8 pesyJibTaTH B TeopHH cqeTql1KOB C 

npo~JI8B8roll\llMCH MepTBblM apeMeHeM, OTHOCflllll18CH K TQqHliM 11 8Cl1MITTOTH-
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qecKH~ pacnpe~eneHHHM noTepb B Henpep~BHOM H ~HCKpeTHOM 
HX/42/. , 

cnyqa-

Ha3HaqeHHe ceghMOH rnaB~ - npoHnn~cTpHpOBaTb B03MOJKHOCTH pa3BH
Tm B ~HccepTaUHH MeTO~OB HSMepeHHH H nepaHqHoro_ aHaRH3a Ha npHMepe 
HX npHMeHeHHH K pemeHHn BalKHOH H aKTYMbHOH 3a~aqH no o6pa6oTKe Me~ 
~HUHHCKOH rpa!p,!qecKoA HHcpopMaUHH, nonyqaeMOH npH ~OTorpa~HpOB8HHH 
porOBHU~ rna3a qenoseKa C uenbn paspa6oTKH onTHMMbHOH KOHCTPYKUHH 
KOHTaKTH~ RHH3. TaKoe cpoTorpa~HpoBaHHe C HaHeceHHeM Ha HSo6pruKeHHe 
poroBHU~ cneUHMbHblX KORbUeBm penepHblX MeTOK (pHc.4) npOH3BO~HTCH 
c noMO~bn npH6opa - woToxepaToMeTpa1431,paspa6oTaHHoro BO BcecorosHOM 
ueHTpe KOHTaKTHOH KoppeKUHH 3peHHR npH HMH rna3HHX 6onesHeA HM.renbM
rOJI~a. Heo6xO,!UlMOCTb B MaCCOBOil o6pa60TK8 TaKwc CHllMKOB - WOTOKepaTO
rpaMM (coTHH THC.Bro~) no6y~Hna aBTOpa HCCReAOB8Tb BOSMOJKHOCTb npH
MeHeHHR K HX o6pa60T/e C03A8HH~X B 0Hffi1 H3MepHTeRbHHX aBTOM8TOB 
ASJIT-I H ASJIT-2/160. 5/. 

Hcnonh3YR KORbUeBOA xapaKTep mTpHXOBoro H306pruKeHHR Ha <pOTO
KepaTorpaMMaX (pHc.5a), c nOMO~bID anropHTMa no~rOHKH OKpYJKHOCTH on
pe~enHeTCH ueHTp H306pruKeHHH, npHHHMae~A 38 noooc nonHpHOA CHCTe~ 
KOOp~HH8T, nepeao~ B KOTOP~ npeo6pasoBHBM Bee KORbUeBHe RHHHH·B 
Ha6op BOHHOo6pasHm KpHBm c npHMepHo COBna~an~HMH SKCTpeMyMaMH 
(pHc.56). )J,nH pacnosHaBaHHR OT~enbHm nHHHA 6blJia npHMeHeHa xopomo 
OTpa6oTaHHaR MeTOAHKa B~eneHHH RHHeAHblX 3ReMeHTOB. Kru!tA8H RHHHH 
38M6HHnacb Ha 12 nHHeAHm sneMeHTOB, no KOTOp~ no~rOHHRaCb no MHK 
annpoKCHMHp~~8R KpHBaH BH~a 

R = R
0 

+ (AG+ B)Sin2G + ( C•Q + D)Coa2Q 

n03BORHBll8H npOHHTepnonHpOB8Tb paspHB~, B~HCRHTb nonol!'.eHHe rnaBHm 
~HaMeTpOB H nocne B03BpaTa B HCXO~H~ ~eKapTOBY CHCTeMJ Koop~HHaT 
nonyqHTb KOOPAHH8TH HCKO~ ToqeK nepeceqeHHR Koneu C rnaBH~H ~Ha
MeTpaMH c Tpe6yeMoA TOqHOCTb~ (N 5 MKM) yitte npH 256 CKaH-RHHHHX/K~. 

ABTOM8TH3HpoBaHHaH o6pa60TK8 npoBOAH,ij8Cb Ha He6onbmOA CT8THCTH
Ke, T.K. HOCHna MeTO~HqecKHA xapaKTep H 6blJia npe~a3HaqeHa MR 0Tpa-
60TKH anropHTMOB pacno3H8B8HHH, onepaTHBHoro onpe~eneHHR ToqHOCTHm 
xapaKTepHCTHK H3MepeHHA, cpaBHHTenbHOA oueHKH TI0Tpe6Hm pecypCOB 3BM 
H ~yrHX 38TpaT Ha MaCCOB~ o6pa6oTKy, a T8!0Ke nossonRna HaMeTHTb 
~anbHeAmHe HanpaaneHHH Hccne~oBaHHA. 

BWIH nonyqeHH TOq8OCTHHeXapaKTepHCTHKHMeTo~a <pOTOKepaTOMeTpHH 
Ha OCHOBe oueHKH OCHOBHblX norpemHOCTeA OTeqeCTBeHHoro <pOTOKepaTo
MeTpa <I?K-I, qTo no3BORHRO npe.11,]IOl!'.HTb 06~ MaTeM8THqecK~ MO~Mb 
noae~~OCTH poroBHUH, xopomo annpoKCHMHP~~ pa3n~HHe THDbl poro
BH/ 3/. 
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.ILnH onpe)],eJieHl1fl OTTTl1M8JJbHOi1 KOHCTPYKI.11111 KOHTaKTHblX Jll1H3 Tpe-

60B8JJOCb TaIOKe peWl1Tb TaKl18 CJJO*Hb!e npo6JJ8Mbl, KaK Pl1.IJ.PO)],l1HaM11qe

CKl18 pacqeTbl TT0B8)],8Hl1fl CJl83HOM: *l1.IJ.KOCTl1 TIO)], Jil1H30tt, ee ycToi1q11-

BOCTb np11 MopraHl1l1 l1 .Il.P•, KOTOphre BblXO)],flT 3a paMKl1 HaCTORl!leil"~11c

cepTa1Il1l1 11 B Hei1 He l1CTTOJ!b3YJOTCfl, 

TTpe)].JIO*eHHble MaTeMaT11qecKl18 MeTO)],bl, npoae)],eHHble TQqHOCTHble 

oueHKl1 l1 KaqecTB8HHble pacqeTbl 6b!Jll1 npl1M8H8Hbl np11 pa3pa6oTKe B 

I!l,fl1 11M,reJibMP0.1IbUa Tl1TTOBblX Ha6opOB Jll1H3, npl1PO)],Hb!X )],.iifl 60JJbWl1H

CTBa narrneHTOB, a TaKJKe )],aJ111 B03MO*HOCTb aBTopy COBM8CTHO C pa3-

pa6oTql1KaMl1 113 HHH 11M.reJibMPOJJbua 11 OlIBH npe)].JJO*l1Th 3JieKTpoHHblii 

113M8pl1T8ITbHblIT np116op - T8.JI8KepaToMeT.P"44~B KOTOPOM H306p8.lit8HH.ll KOJih
ll8BblX M8TOK npoeKTl1PYIOTCfl He Ha tpOTOTTJl8HKY,a Ha TeJieKaMepy Ha 6a3e 

MaTpl1Ubl l1Jll1 Jll1HeiiKl1 me, pa3pemaIO!I1afl cnoco6HOCTb KOTOpb!X (I0-2MM) 

06ecneq11aaeT Heo6XO)],l1MYIO TQqHQCTb. !Ip116op npe)],Ha3HaqeH )],Jlfl aBTOMa

Tl1qecKoro onepaTHBHoro nonyqeH11H reoMeTp11qecK11X xapaKTep11cT11K rna3-

Hoi1 pOPOBl1llbl, )],Jlfl qero OH OCHall\eH Bb[ql1CJl,l1T8JlbHblM ycTpOttCTBO/. 3aHB

Ka Ha l1306peTeHl18 np116opa 3al!1l1!118Ha aBTOpCKl1M CBl1)],8T8JlbCTBOM 44/_ 

B np11no*eH11Hx np11ae)].eHbl TeKCTbl nocJie)].H11x aepc11n Ha116onee ynoT

pe611TeJJbHblX nporpaMM cnyqai1:Hb!X q11ceJI )].Jlfl Ml1:Kpo-3BM, 6blcTpoi1 no)].

roHKl1 OKpYJKHOCTl1 l1 REDUCE - nporpaMMa )],Jlfl nonyqeHl1fl .IJ.BYM8PHblX 

opTOPOHaJJbHblX TTOJ!l1HOMOB, a TaKJKe aKTbl O BH8)],p8Hl111 l1 np11MeHeHl1l11Pe-

3YJJbTaTOB )],l1CCepTaUl1l1. 

III. OCHOBlillE PE3YJI1TATH H BHBO,nll 

I. B )],l1CCepTaIIl1l1 npoae)],eHo m11p0Koe KOMWI8KCHOe l1CCJl8)],0BaHl1e 

npo6JieM aBTOMaTl13aIIl1l1 npoII8CCOB 113MepeHl1fl·l1 o6pa6oTKl1 11306pallteH11i1. 

C06b!Tl1ii B 3KCnep11M8HTaX C OnT11qeCKl1Ml1 TpeKOBb!Ml1 )],8T8KTOpaMH fl)],ep

HOti ¢11311Kl1 • .ILnH npeo)],OJJ8Hl1fl pa3HOTl1TTHOCTl1 113BeCTHblX 11)],8M: 11 MeTO)],OB 

MaTeMaT11qecKoro o6ecneqeHl1fl pa3Hoo6pa3Hb!X 113M8p11T8JlbHblX aBTOMaTOB, 

3aTPY.IJ.HHIO!I1eii 11x a)].anTaII11IO Ha .IJ.pyr11e B11.IJ.bl 3Kcnep11MeHTOB, np116opoa 
11 3BM, Ha OCHOBe Cl1CT8MaT11qecKoro np11M8H8Hl1fl aepOHTHOCTHblX TTO)],XO)],OB 

C03)].aH ·o6!11Hii MaTeMaT11qecK11A annapaT, 06ecneq11aaI0!1111A aaT0MaT113aII11IO 

113MepeH11ii 11 pacn03HaB8Hl1fl 11306pruiteH11ii B fl)],8pHoii ¢11311Ke C TTOM0!11bl0 • 

TTOJJHOii Cl1CT8Mbl YHl1BepC8JlbHblX MaTeMaT11qecKl1X MeT0)],0B 11 8JJPOpl1TMOB. 

2. Pa3pa6oTaHHblii M8TeMaT11qecK11A annapaT 11 M8T0)],11Ka 11CCJl8)],0BaHl1ti, 

npe)],JlogeHHble B )],11CCepTaIIH11, )],8JJl1 B03MO~OCTb C03)],8Th. 11 BH8.IJ.Pl1Tb 

nporpaMMHble Cl1CT8Mbl 11 KOMWI8KCbl, CTaBII111e OCHOBHblMl1 KOMTTOH8HT8Ml1 )],Jlfl 

TaKl1X aBTOMaTl1311p0BaHHblX 113Mep11TeJJbHblX Cl1CT8M O!IBH 11 .IJ.PyPl1X ¢11311qe

CKl1X 11 HayqHblX ueHTpOB, KaK aBTOM8Tbl "Cffi'lpaJJbHblii 113M8pl1T8JJb" 11 

A3JIT-2/I60, c11cTeMa npocM0Tpoao-113Mep11TeJJhHblX cTOJIOB BIIC-2 B O!IBH, 

aaToMaT Spiral Reader B UEPHe, qTo rro3BOJil1JIO rroJiyql1Th HOBble 
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¢113mecK11e pe3yJibTaTbl. Cal1)],8T8J!bCTBOM 06!11HOCTl1 l1 3¢¢eKTl1BHOCTl1 pa3-

pa6oTaHHblX B )],11CC8pTaUl111 M8TO)],OB flBl1JIOCb 11X np11Jl0*8Hl1e K pa3pa6oTKe 

M8)],11U11HCKOA 113Mep11T8JlbHOti Cl1CTeMbl )],Jlfl 8BTOMaT11qecKoro onepaTl1BHOPO 

noJiyqeH11H reoMeTp11qecK11x xapaKTep11cT11K rJia3Hoii poroattIIbl. 

3. KpoMe Toro, a npoIIecce perueH11fl ocHOBHblX ~a)].aq 6b!JI noJiyqeH 

Pfl.Il. HOBblX B8JKHblX MaTeMaT11qec~11x pe3yJihTaTOB, l1M8!0!1111X C8MOCTOHT8JlbH08 

HayqHoe 3HaqeH11e. CIO)],a OTHOCflTCfl: noJiyqeHl18 11 06ocH0BaH11e HOBblX Me

TO)],OB po6acTHOPO OII8Hl1BaHl1fl perpeCC110HHb!X napaMeTpoa; 061!\l1e 8JIPOpl1T

Mbl pacno3HaBaHl1fl IDTp11XOBOii 11H¢opM8U1111 B M0)],8Jil1, yq11Tb!BaIOII\en Cl1JlbHOe 

paaHoMepH6e 3arpH3HeH11e 11306p8lKeH11H; .IJ.OKa3aTeJibCTBO TeopeM o pacnpe

.IJ.eJieH1111 OCHOBHblX xapaKTep11CTl1K 06!11l1X Cl1CTeM Maccoaoro o6cJJyiKl1B8Hl1fl 

c 6ecKoHeqHblM q11cJioM KaHaJIOB; pH)]. 6blcTpb!X annpoKCHMaIIHOHHblX aJirop11T

MOB, a TaK*e peaJil13aUl1fl HeKOTOpb!X anrop11TMOB pacno3HaBaHl1fl Ha 3BM 

napaJIJI8JlbHOPO )],ettCTBl1fl. 
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