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OcoCKOB r.A. 
npHMeHeHHe MeTOAoe pacno3HaeaHHR 06pa3oe 
B $H3HKe BYCOKHX 3HeprHH 

PI0-83-187 

nocne KpaTKoro eeeAeHHR e TeopH0 H MeTOAY pacno3HaeaHHR 06pa3oe 
$OPMYnHpyeTCR o6~aR CTpaTerHR AnR $HnbMOBYX H 6eC$HnbMOBYX MeTOAOB CoeMa 
AaHHYX. H3nara0TCR OCHOBHYe cnoco6Y $HnbTpa4HH H cmaTHR HH$OpMa4HH c Tpe
KOBYX KaMep. B 3aKn0~eHHe o6cymAa0TCR nepcneKTHBY pa3BHTHR MeTOAOB o6pa-
60TKH 3KCnepHMeHTanbHOH HH$OpMaijHH e $H3HKe BYCOKHX 3HeprHH. 

Pa6oTa BYnOnHeHa e na6opaTOPHH BY~HCnHTenbHOH TeXHHKH H aBTOMaTH3a-. 
4HH OHRH. ' 

Ososkov G.A. PI0-83-187 
Patter Recognition Applications in High Energy Physics 

After the short introduction to the theory and methods of the pattern 
recognition a general strategie of data handling is formulated for the 
film and filmless data taking. The main methods of track chamber data 
filtering and compression are considered. Concluding some modern trends 
of the development of experimental data handling in high energy physics 
are discussed. 

The investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 

nepeeoA aeTopa. 

I. BBegeHHe 

B3aHM006ycnoBJieHHOe BJIHRHHe 6HCTporo paaBHTHR BWl:HCJIHTMbHOA 

T8XHHKH Ha nporpecc B o6naCTH ~8M8HTaJibHbIX HayK H8H36eJKHO Be

AST K Bee pacmHpmo~eAcR aBTOMaTH3811HH HaytlHbIX HCCH8AOBaHHA. 

0AHHM H3 RpKHX npHMepoB 3Toro npo~ecca MO~eT CJI~HTb ~H3HKa 

BHCOKHX 3HeprHA, rAe BHCOKOCTaTHCTHqecKHe 3KCnepHM8HTH, CTaBlllH8 

B03MO~JmMH 6naroAapR BH8AP8HHD AOCTHllt8HHA 3H8KTpOHHKH B 3KcnepH

M8HTaJibHH8 ycTaHOBKH, rropo~aroT TaKoA orpOMHNA TTOTOK OnHTHbIX AaH

HbIX, qTo CJIOJKHefunaH nepepa6oTKa ero MR HaBJieqeHHR ~enaeMblX ~HaH

qecKHX peaynbTaTOB H8MHCHHMa CTapHMH M8TOA8MH 6ea npHBJieqeHHR 

CP8ACTB aBTOMaTH3811HH C HCTTOHb30BaHH8M 3BM ~e Ha CaMb!X nepBbIX 

CT~H~X OT6opa H o6pa60TKH AaHHbl"X. 

3BM ycnemHO npHM8Hl110TCR MR np0B8A8HHfl reoMeTpHqecKoro H 

KHHeMaTHqecKoro aHaJIH3a H3MepeHHbIX TpaeKTOpHR 3H8M8HTapHbIX qacTHQ. 

0AHaKO B A8H8 OT6opa HH~OPM811HH Mfl aHaJIH3a Ha MatllHHax o6paaOBaJI

Cff paapHB Me~ BHCOKOA npOH3BOAHT8HbHOCTbD COBp8M8HHHX 3BM, BH

nonHffD~HX MHHHHOHH onepaQHA B C8KyHAy, H npHMHTHBHOR T8XHHKOA 

TTOArOTOBKH AaHHbIX Mff BBOAa B 3BM. YcTpaHeHHe 3Toro HeCOOTB8TCT

BHff B MaCCOBOR o6pa6oTKe CTepeo~Torp~R co6HTHA B nyablpbKOBbIX 

K8Mepax nyTeM BB8A8HHff CKaHHPYD~HX ycTpOACTB MR aBTOMaTHtl8CKOro 

o6Mepa 3THX CHHMKOB nocTaBMO e~e OAHY cno~ttyn npo6neMY. 3aM8HHB 

qenoBeKa B M8AH8HHO BHTIOHHffBllleAcff 'HM ~KQHH H3MepeHHR, 3BM OKa

aanacb BNH~8HHOR B3RTb Ha ce6ff T8.Kll[8 H TaKHe Oll9paitHH (KOTO

pHe qenoBeK paHbme BHTIOHHM 6e3 TPYAa no XOAY H3Mepemrli:), Kalt 

onoaHaBaHHe co6HTHA Ha CHHMKe, nOHCK Q8HTpa B3aHMOA8ACTBHff H Ha

xo~eHHe CH8AOB qacTHQ, BbIXOA~HX H3 Q8HTpa: PaapemeHHe 3TOR 

npo6neM1,1 npHIIL1IOCb HcKaTb Ha nyTH Hcnon&aoBaHHff MeTOAOB pacnoaHa-
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BaHHH o6p8.30B, npHqeu cne~~HKa H CJIOlltHOCTb 3TOn sa,n;aqH CTHMYnH

po:BaJIH H3BeCTHl,le nHOHepcKHe pa6oTbl P.HapacHMXaHa B 3Ton o6naCTH 
no nHHrBHCTHqecKOMY IlO'AXO,Izy K pacnosHaBaHmo. XOTH npe~ollteHHaH 

HM peaJIH38.IJ;HH 3TOro n;r;o'Aa noTpe60BaJia Hcnonb30BaHHH TaKon cy
nep-8:IM, KaK l1ZUMAK..ffi 31, CaMa npo6JieMa ycnenmo pemeHa 06!:l'llWMII 

cnoco68.MH B ~H3HqecKHX ~eHTpax, B qacTHOCTH,B Ollirn:, 6nal'O'AapH: 
I) OTK8.3Y OT a6cTpaKTHblX rpa.MMaTHqecKHX npaBHn onHCaHHH CJIOlltHon 

HepapXHH TipH3HaKOB TpeXMepHoro co6HTHH H 3aMeHl,I HX Ha npaBMa, 
OCHOBaHHlie Ha ~H3HqeCKHX orpaHHqeHHHX; 2) npaBHnbHO BH6paHHOn 
CTpaTerHH o6pa6oTKH 3THX qpesBHqanHo 3amyMJieHHblX H306p8llteHHn, 

OCHOBaHHOR Ha MaKCHMMbHOM pe~HpOBaHHH myMOB Ha B03MOlltHO 6onee 
paHHeR CT8,Il;HH noHcKa H onTHMMbHOMY BMroqeHmo B Hero qenoBeKa. 

OTO n03BOnHXO CBecTH sa,n;aqy TpeXMepHoro noHcKa K ~HnbTp~H O'A
HOMepHb!X sneMeHTOB Ha 'ABYMepHHX npoeK~HHX. C MaTeMaTHqecKon Toq

KH speHHH TaKOe sneMeHTapHoe H306p8llteHHe, KaK Tp9K, IIOCJI9 BBO~ 
B SBM MOllteT 6HTb onHCaHO KaK 'AHCKpeTHaH nocne'AOBaTenbHOCTb ToqeK, 

CBH3aHHblX 6XH30CTbID K rna,n;KoR KPHBOR - TpaeKTOpHH qacTH~ B Mar
HHTHOM none. 0TMOHeHHH ToqeK OT KpHaon pacnpe'AeneHH no HOpMMb
HOMY 3aKoHy. IloMRMO napaMeTpOB KpHBoR, onpe'AeXeHHID no~elltHT TaK
llte H MOTHOCTb pacnpe'AeneHHH ToqeK TpeKa B'AOnb Hee (TaK Ha3HBae

MM ROHll3~0HHM IIJIOTHOCTb). B HaCTOJ.lllleli ~e~ llOCJie Iq>aTKOro 

BB8A8HIDI B Teopruo n MeTO.nH pacnosHaBaHlill o6pasoB WOPMYJillPY8TCH 
06111rui: cTpaTerM o6pa6oTKR ,u.rui: W~MOBUX n 6ec~MbMOBUX M8TOAOB 
c~eMa AaHHHX,. RMaraJOTCH OCHOBHU8 cnoco6u IIpOCJI8l!WBaHM Tp8KOB, 

M8TO,IJJ:l CJKaTM RH~PM~R c TpeKOBUX Kauep R o6CYJK,IJ;aJOTCH nepcneK
TRBU pa3BRTIDi M8TO~OB o6pa60TKR 3KCnepRMeHTa1.lnHOll RH~pM~ B 
q)E:3RK8 BUCOKRX :meprmt. 

• I 

2. OcHoBHHe sTami H MeTonu pacnosttaBaHHH o6pasoa 

IlepBHR 3Tan CBH3aH C npeACTaM8HHeM HCXO'AHHX AaHHblX. ABTO
MaTH3HpOBaHHaH CHCTeMa o6pa6oTKH H306p8llteHHR AOXlltHa BMroqaTb cKa

HHpyroI!lee ycTpoRCTBO, npe'AH8.3HaqeHHOe ~H BBO'Aa onTHqecKon HHq,op
M~H B SBM. IlpH 3TOM H3o6p8llteHHe O~H~OBNBaeTCH TaK, qTO KaJlt'AOR 
TQqKe MOCKOCTH H3o6p8llteHHH C 'AByMH KOOp'AHHaTBMH X Hy CTaBHTCH 

B COOTBeTCTBHe (WHK~H V ( X, y ) , xapaKTepH3Yl)lllaH CTeneHb no
qepHeHHH MK HpKOCTb B 3TOR TOqKe. Ha6op Bcex TaKKX AKCKpeTHblX 
ToqeK MK gqeeK o6pasyeT none speHRR,-HasuaaeMoe pacTpoM, pas

MepHOCTb KOTOporo onpeAMHeT paspemaJOIIIYD cnoco6HOCTb Hamett CKC-
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TeMbl. KonHqecTBO 3HaqeHHn, npHHHMaeMHX (WHKL1Hen V ( x, Y ) H 

3aBHCHIIIHX OT qyBCTBHTeXbHOCTH CHCTeMbl, 06HqH0 HMHeTCH CTeneH~D 
ABonKH H He npeBumaeT 25 + 26 • EcnH (WHK~HH v ( x, Y ) npHHHMaeT 
TOnbKO 'ABa 3HaqeHH8 I H 0, TO roaopHT O qepHo-6enoM H306p8llteHHH, 
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ecnH 3HaqeHHH 6onbme .n;ayx, TO H306p8.llteHHe Ha3@BaeTCH nonyTOHOBblM. 
HaH6onee xapaKTepHblM .n;nH H306paJKeHHH B ¢H3HKe BHCOKHX 3HeprHn 
HBnHeTCH TO, qTo OHH no 6onbmen qacTH HMfllOTCfl qepHo-6enblMH H HO
CHT mTpHXOBOH xapaKTep, T.e. KOnHqecTBO Hynen Ha HHX MO~eT Ha 

H8CKOJThKO rrop.!I,lUtOB rrpeBoCXO.n;HTb ~llC~O 8.n;HHllU, a TO~Kll, COOTB8T
CTBYJOIIIH8 8.n;HHUUaM, o6pa3YJOT CBR3Hll8 MHOJK8CTBa (CM. pnc. I). Ilo-
3TOMY TaKlle li3o6pa.JK8HIDI 6o~ee 3KOHOMHO (no cpaBH8Hli10 C KO,ll;OM 
Xamnmra, HanpIDAep) KO.n;HpOBaTb B Bn.n;e 2n-MepHoro BeKTopa 
( x1,Y1,x2,Y2 , ••• ,xn,Yn ), r.n;e n - ~uc~o ~epHl:lX To~eK uso6paJKe
Hllfl, a xi, Yj - RX Koop.n;HHaTh!. 

BTopon 3Tan pacTI03HaBaHHH o6pa30B CBH3aH C aHMH30M Hcxo.n;

Hh!X .IJ;aHHhlX .n;na Bhl,ll;8H8HHH HeKOTOphlX a6cTpaKTHhlX CBOHCTB HnH npH3Ha
KOB, npHCYJ11HX KaKHM-TO KnaccaM H3o6paJKeHHH lf TI03Bonmo111Hx onpe.n;e
HHTb HX KaK H8KOTOphle o6pa3@. 

IIpH3HaKH HecyT MeHbme HH¢QpMau;HH, qeM Hcxo.n;noe H306paJKeHHe, 

H TI03TOMY CHJ)KaT cpe.n;CTBOM CJKaTHfl 3TOH HH¢QpMau;HH, HO OHH He 

.n;on*Hb! T8pRTb TeX CYJ118CTB8HHhlX CBOHCTB, no KOTOpW Ha cne~111eM 
3Tane npOH3 BO.IJ;HTCH H.IJ;8HTH¢nKau;Ha H KnaccH¢mmb;Ha, T. e. OTHece

Hli8 ,IJ;aHHOro H3o6pIDK8HHH K O.IJ;HOMY H3 Maccoa. OTOT npoqecc H Ha-
3hlBaeTCH pacn03HaBaHHeM. 

0CYJ118CTMH8TCa OH Ha Tp8Tb8M 3Tane nyTeM npHM8H8HHfl K MH0-
.~8CTBY npH3HaKOB pema10111ero npaBHna. 

B 06111en TIOCTaHOBKe MO~HO paccMaTpHBaTb npH3HaK KaK .n;encTBH
TenbHOe qHcno, nonyqaeMoe B pe3ynbTaTe npHM8H8HHH K H306pruKeHHIO, 

T.e. K ¢YHKQHH V(X,Y) H8KOTOporo ¢YHK~OHana F(V(X,Y)) • 
Ha6op K TaKHX .n;eHCTBHTenbHhlX qHcen MOxtHO paccMaTpHBaTb KaK TOqKy 
B K -MepHOM npocTpaHCTBe. IIpHHRTH8 pemeHHfl O npHHB,]µ8JKHOCTH 

K~on ToqKH K TOMY HnH HHOMJ Macey MOllteT 6HTb BhlnonHeHo, ecnH 
ecT:r, Karoie-vm:60 cBa.n;eIDIJI o rpruum;ax: 06JracT0tt,srumMa0MWC It1Ia.CCBMR 

B HamaM IlpOCTpruiCTB8,IlJIH 8CJIH B H0M ~ Itallr..IJ;Oro It1Ia.CCa 3a.n;ruIOBepo
RTHOCTHOe pacnpe.n;eneHHe. Tor.n;a,Hcxo.n;a H3 Toro MH HHoro TIOHflTHR 
reoMeTpHqecKOH 6nH30CTH MH MaKCHMMbHOA aepOHTHOCTH, Mli MOllteM 
OCYJl18CTBHTb pacn03HaBaHHe, OTHeca ,IJ;aHHOe H306paxteHHe K TOMy Mac
ey, B o6naCTb KOTOporo norrana ToqKa npH3HaKOB. 

K coxtaneHHD, o61i11Ho Ha npaKTHKe rpaHHl\lil o6nacTeA HJIH pacnpe
.n;eneHHa BepoaTHOCTefl H8H3B8CTHli,H 3TH CBe.n;eHHa MOl!tHO IlOHyqHTb 
TOHbKO H3 3KcnepHM8HTa. 
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IIoaMaeTCH npo6neMa o6ygeHHa pacno3HaBaHHD, COCTOffil1M B TOM, 

qTo 3a,n;aeTCfl o6yganmM BH6opKa, T.e. Ha6op H306p8.llteHHA C JKa3aHH
eM .n;na K~oro H3 HHX COOTB8TCTBJDll18rO eMy Macca, no KOTopon H 
H111YTCa rpaHH~ o6nacTeA. TaKHM o6pa30M B pe3ynbTaTe o6yqeHHa 

CTpOHTCR TaKOe pemaDmee rrpaBMO, KOTOpoe o6ecneqHaaeT npaBHnbHJD 
KJiaccH~HKau;HD He TOnbKO H306prutteHHA H3 06yti:an111en BH6opKH, HO 

H acex nocne.n;YD111HX, npe.n;oaanaeMIDC .n;na onosHaBattHa. 
IlpaBWU,HOCTI, 3,IJ;eCb IlOHHMaeTca B cwcne MHHHMMbHOCTH omH6KH 

pacrr03HaBaHHH, KOTOpM B03MO:lKHa IIpH .IJ;aHHOH .n;HHHe 06yti:ruo111en B@6op
KH. 

3a,n;aqa, B KOTOpoA yxasrume KJiaCCOB OTCyTCTByeT, a Tpe6yeTca 

Bhl,ll;enHTb KJiaccH H306paJKeHHH, noxoimx C TOqKH speIDIJI H8KOTOporo 

KpHT8pHH 6nH30CTH HJIH CTaTHCTHqecKHX CBOACTB onHCaHHA 3THX KJiac
COB, Ha3HBa8TCR 3a,n;aqen pacn03HaBSHHR 6e3 o6yti:eHHa. 

B 3aBHCHMOCTH OT anpHOpHlilX CBe.n;eHHA O Knaccax H306p8llteHHA 
MeTO.IJ;H pacn03HaBatiHH OCHOBHBaDTCR Ha npe,ll.llOHOllteHH11X nH6o O THnax 

pem8.!0111HX ~KQHH, T.e. ~K~il, 38,lJ;aIOll1HX pas6HeHHR MHOllteCTBa acex 
3HaqeHHfl npH3HaKOB (Henapa.MeTpHqecKHe MeTO.IJ;bl), nH6o O aepORTHO
CTHHX CBOACTB8X npH3HaKOB, aa,n;aaaeMHX ycnoBHHMH pacnpe.n;eneHHaMH, 
napaMeTpH KOTOpHX H oqeHHBBlOTCfl a npoQecce o6yti:eHHR (napaMeTpHqe-

. CKHe MeTO.IJ;bl). 3a,n;aqH 6ea o6yti:eHHR pemaDTCfl MeTO.IJ;aMH KJiaCTepH3a
QHH, T.e. o6~e,IJ;HHeHHfl ToqeK B rrpocTpaHCTBe npH3HaKOB B rpynrm, _. 

KJiacTepH, - no npHH~ny 6nH30CTH. 

IlpHMepoM nepaoil rpynrm HenapaMeTpl{qeCKHX MeTO.IJ;O~ MOllteT cnym!Tb 
MeTO.IJ; noTeH~MbHHX ~KQHA, Kor.n;a K~on TOtrae H3 k -ro KJiacca o6y
qaDll1en. nocne.n;oaaTeHbHOCTH npHnHCHBaeTCR ITOTeHQHMbHM ~KQHH, MaKCH
MMbHM B 3TOR TOtrae H y6HBMll1M C paCCTOaHHeM OT Hee. IlpH Oil03HaBa

HHH HOBOro H306p8.llt8HHR ero OTHOCHT K TOMy KJiaccy, cyuuapHHA noTe~
an KOToporo B TOqKe, COOTB8TCTBJDI118R 3TOMy H306p8.llteHHD, 6onbme noTeH
QHMOB .n;pyrHX KJiaCCOB. B/35/ onHCaHH peaynbTaTN npHMeHeHHH 3Joro an

ropHTMa .n;HR H,IJ;eHTH~Kau;HH qacTHQ BHCOKHX aHeprHA, npoXO.IJ;ffi11HX qepea 

TenecKon H3 qeTHpeX .n;eTeKTOpOB; 
B KaqecTBe HJIHIOCTp~H KO BTOpon rpynne napaMeTplttleCKHX MeTO,IJ;OB 

npHae.n;eM 6onee cnolltHHR npHMep pacnoaHaBaHHR tteapHTeJibHHX o6paaoB H3 
~3HKH BHCOKHX 3Heprnn, CBH3aHHHA C HCITOHb30BaHHeM HCKpOBHX Hnlf npo
BOHOqtthlX KaMep Ha HHHHH c 3BM, noaBonroonµi:x o~!}JpOBa.Tb TpaeKTOpHH.qac

THQ, MHHYH CT8,ll;HD ¢QTorp~HpOBaHHH H nocne,JzyillllHX 113MepeHHR.3n-MepHJ:lR 
BeKTOp, onHCNBaD111HA npocTpaHCTBeHHYD TpaeKTOPHIO aapmiteHHon qacTlfl\f,I B 
MarHHTHOM none,.n;aBilJYIO n OTcqeTOB B npOBOHOqHHX KaMepax, aaBHCHT Bcero 
OT 5 ~HaHqeCKHX napaMeTpOB. TioaTOMy TaKHe BeKTOpH, COOTBeTCTBYI0111HO 
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peaJibHblM TpaeKTOpHRM,AOnlKHbl rpynrrnpoBaTbCfi B6nH3H H8KOTOpoA MTHMep
Hon rHnepnnocKOCTH. ITocKOnbKY CBfi3HOCTb ToqeK B TpaeKTOpHH MOJKHO xa
paKT8pH30BaTb KOppen~HOHHon MaTpHneA B , TO 8CT8CTB8HHO HCKaTb Ta-

. X 

Koe HOB08 npocTpaHCTBO,B KOTOpOM Bx npHHMa 6N AHarOHaJibHHn BHA. 
TaKHM npocTpa.HCTBOM, KaK H3B8CTHO, fiMfi8TCfi npocTpaHCTBO co6CTB8HHblX 

B8KTOpOB MaTpHm,I B 'npHqeM r~aBHNe qneHbl 3Toro pa3no~eHHfi n/ c/6-
CTB8HHhlM 3HaqeHHRM XB 'Ha3NBaeMoro pa3no~eHHeM KapyHeH-]oaBa 36 , H 

X . 

AOnlKHbl OTIHCNBaTb Hamy TifiTHMepHYJO MOCKOCTb Hee 6n~nmyio OKpecTHOCTb. 
]HHeAHoe npeo6pa30BaHHe B 3TO HOBOe npocTpaHCTBO C pa3MepHOCTbD, 3Ha
qHTenbHO M8Hbmen, qeM HCXOAHOe, H 03HaqaeT nepeXOA K HaH6onee HH!pOp
MaTHBHblM npH3HaKaM E;k. M3-3a HaJIHqHfi 3KCnepHMeHT8JibHblX omH60K qiruc
THqecKoe qHcno npH3HaKOB AOnJKHo 6NTb 6onbme nnTH, C TeM,qT06N,cqHTan 
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rnaBHh!MH nepBNe 5 KOMTIOH8HT, Hcnonb30BaTb OCT8JibHble ,Jµfi nposepKH 6nH-
30CTH K 5-MepHon MOCKOCTH, T.e. B KaqeCTBe pemruo~eA <pyHKnHH 6epeTCfi 

CYMMa d2=~26+ %;7+ •••• CneAYeT OTM9THTb BalKHble npo6neMbl,COCTaMHD
IJlHe rnaBHble, qacTO HenpeOAOnHMHe, TPYAHOCTH B TIOA06HblX 3aAaqax pac
n03HaBaHHfi: 

- Heo6o3pHMOCTb MHO~eCTBa KOM6HHa.qHn, B03HHK8.10111HX npH TIOllblTKe 
o6oeAHHHTb oTcqeTH HCKpoBblX KaMep B MHoroMepHble neKTOpH, cooTBeTCTBYD
~He TpaeKTOpHRM; 

- rpOM03AKOCTb nponeAYPN.nponepKH rpaHH~ ycnOBHA B MHoroMep
HOM npocTpaHCTBe; . 

- HaJIHqHe nponyCKOB OTcqeTOB Ha TpaeKTOpHH qacTHllbl, BN3BaHHblX 
Hecpa6aTHBaHH9M TOA HnH HHOA KaMepN, qTO npHBOAHT K HCMDqeHHD B8KTO
pa H3 paccMaTpHBaeMoro npocTpaHCTBa. 

Ycnex npHMeHeH'fi ieTO'Aa rnaBHNX KOMTIOHeHT ,Jµfi o6pa60TKH 'AaHHblX 
cneKTpOMeTpa R603 

37 o6ofiCHfieTCfi HMeHHo TeM, qTo Y'AaJIOCb npeO'AO~ 
neTb see TPH nepeqttcneHHblX ~Topa. ITepBNA - 6naroAapn 6NcTpoA npo
neAYPe npeceneKnHH KOM6HHanHA, OCHOBaHH~A Ha TO~OM yqeTe reoMeTpHH 
ycTaHOBKH, BTOpoA - C TIOMO~bD nepeXO'Aa B npocTpaHCTBe rnaBHblX KOMnO
HeHT H Tp8THl1 - B cHny BNCOKOA ,3ippeKTHBHOCTH KaMep H ycTaHOBKH R603 

H OAHOPO'AHOCTH MarHHTHoro nonn. 

0AHaxo, no~yA, q~e ncero npH o6pa6oTKe H3o6pMeHHA.B ~H3HKe 
BNCOKHX/3H7rHA Hcnonb3YDTCfi MeTOAN TpeTbel1 rpynm,i - MeTOAN MacTe-

pH3an1rn 38 • . 
IlpH 3TOM, KaK H B nepBblX 'AByx rpynnax MeTO'AOB, qpe3Bl:l<l8.AHO 

BaJ!tHblM fiMHeTCfi BOnpoc O npaBMbHOM BN6ope npH3HaK~B- Ha pHc.2 
~aHbl 'ABa npHMepa xnacTepoB Toqex, B CJ:IY1m8 2a B xaqecTne·npH3Ha
Ka CXOACTBa 'AByx o6p8.30B 'AOCTaTOqffO B3fiTb HX B3aHMHoe paCCTOfiHHe. 
BIDracnHB paccToHHHH Me~ BCSMH napaMH Toqex H npHMeHHB npocTeA
myio pem8.IOll1YD <pyHKnHD, - cpaBH8HHe C BN6paHHb1M noporoM, - MO~HO 
'AOBOnbHO 6NcTpo HaATH TIOAXO'AfilllHA nopor, KOTOpHA TI03BOnHT pa3Ae
nHTb ToqKH 3THX 'ABYJC MacTepoB, KaK noKa3aHO Ha pnc.26. 0AttaKo, 
ecnH pa3n~e o6paaN nepeceKruoTcn, KaK Ha pnc.2B, TO npe,Jµo~eH
HM noporOBM nponeAYPa OKSJ!teTCfi 6eccHnbHOA, noKa MbI He BBe'AeM 
e~e OAHH npH3HaK, xapaKTepH3YDIJlHl1 npHHa,JµeJKHOCTb ToqeK K "csoe
MY" xnacTepy. 3TOT npH3HaK -·nHHel1HM CBfi3HOCTb ToqeK, KOTOPYD 
MOJKHO KOHHqeCTBeHHO BHp8.3HTb KaK 6nH30CTb yrnoBblX K03!ppHQHeHTOB 
npSIMLtX, coe'AffHfiDIJlHX TOqKH oAttoro H Toro ~e xnacTepa. BTopon npH3-
HaK 6onee BeCOM, qeM nepBNl1, H B npoCTblX cnyqanx, KOrAa .H8T myMOB 

H Bee ToqKH MOryT 6HTb OTHeceHbl nH6o K OAHOMY, nH60 K 'APYrO -
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MY KJiaccy, MOJKHO o60HTHCb TOJibKO 3THM BTOpb!M npH3HaKOM. Bo3bMeM 

npOH3BOJibHYJO ToqKy A, Bl:ltlHCJIHM yrJIOBHe K03qq>HQHeHTbl Bcex 0Tpe3KOB, 
coeAHHRJO~Hx aTy ToqKy c ocTaJibHb!MH ToqKaMH Ha pnc.2B, H aatteceM 

HX a6coJinTHble BeJIH~Hbl D rHcTorpa.MMY, npeAcTa.BJieHHYJO Ha pnc.2r. 
ToqKH, Aa.BmHe nHK B 3TOH rHCTOrpaMMe, MOJKHO C 60Jibmon yBepeHHO

CTbID OTHeCTH K KJiacTepy, BKJiroqruo~eMY TOqKy A. IlpH HaJIHqHH IDYMOBb!X 
ToqeK, He OTHOC~HXCfl HH K OAHOMY H3 AByx KJI8.CTepoB Ha pnc.2B, 

Heo6XOAHMO HcnOJib30BaTb o6a npHaHaKa. 0TMeTHM, qTo o6pasu, nOA06-
Hble TOMY, KOTopun ttao6paJKeH Ha pnc.2B, Bo3HHKruoT nptt CKa.HHpoBa

HHH penepHoro KpecTa - OAHOH H3 Ca.MIDC MaCCOBb!X ~ttryp Ha CHHMK8.X 
c TpeKOBb!X K8.Mep. PenepHNe KpecTN Heo6XOAHMN 'AJ!fl BOCCTa.HOBJieHHfl 
npocTpa.HCTBeHHOH Ka.pTHHN co6NTHfl ll W!fl ytl8Ta B03MOJKHHX ~cTopclll:, 
no3TOMY HX QeHTpbl nOAJieJKaT oco6o TQqHOMY H3MepeHHID. 

Pa.cno3HaBa.HHe KpecTOB cpeAH ,qpyrHX Aa.HHHX CKa.HHpOBa.HHff o6Jier
qaeTCff TeM, qTo npH6JIH3HT8JibHO H3B8CTeH pattOH HX pa.cnoJIOJKeHHfl H 
38.'Aa.Ha ~OpMa: yroJI Mel!t,Iiy nJieqaMH KpecTa H HX 'AJIHHa. IlpH HaJIHqHH 
6oJibmoro KOJIHqecTBa. myMOBb!X oTcqeToB 3TH a.npHopHb!e A8.HHHe no3-

BOJIRJOT C 60Jibmri;cnexoM HCnOJib30B8.Tb nap8.MeTpHqecKHe M8TOAN. 
B OAHOM H3 HHX I napa npHMNX, o6pa.ayio~HX KpecT, OnHCHBaeTCfl Bbl
po~eHHblM ypa.BH8HHeM Kp,rnon BToporo nop~Ka, ·aa.BHC~HM OT Tpex 

napaMeTpOB (KOOP'AHHaT Q8HTpa H yrJia noBopoTa. Bcero Kp8CTa OTHO
CHTeJibHO 38.'Aa.HHOro yrna), KOTopue OQeHHBa.IDTCfl MeTO'AOM H8.HM8HbfilHX 
KBWaTOB no BCeM TQqKaM, 

B CJiyqMx, KOrAa H306pallt8HHe oqeHb CJIOlKHO H xapaKT8pHHX 
npHSHaKOB CJIHmKOM MHoro HJIH HX He YAaeTCfl HAeHTH~HQHpOB8.Tb, MOJK

HO Ha OCHOBe aHaJIHSa CTPYKTYPH o6pasa B~eJIHTb HeKOTopue 3JieMeH
TapHble Hso6paJKeHHfl, CKJI8.'AHB8JO~H8Cfl B 6onee CJIOlltHble nOA06pa.au, 
KOTopue MoryT o6pasoBaTb QeJiyio HepapxHqecKyio cHcTeMY, Ha.M noTpe-

6yeTcfl Ha6op oco6b!X npaBHJI; qTo6H onHC8.Tb CBOHCTBa H B38.HMHOe 

pacnoJiollteHHe nOA06pasoB, HeTPYAHO YCMOTpeTb 3AeCb 8.HaJIOrHn C 
CllHTaKCll'lBCKOli CTPYKTypon fl3HKOB, noaTOMY TaKon nOAXOA B pa.cno3-
H8.B8.HHH o6pa.30B H8.3blBaeTCfl JIHHrBHCTHqecKHM/2/, a npoQeAJPa. onttca

HHH - CTpyKTypHb!M 8.HaJIH30M HS06pallteHHff, 
KaK YJKe ynoMHHaJIOCb, OAHOH H3 nepBb!X pa6oT no JIHHrBHCTHtte

CKOMY MeTOAY 6wra CTaTbH P .Hapacm.ocatt/3/, KoToputi saHHMaJICfl ' 
pacno3H8.BaHHeM,C06HTHH Ha CHHMKax C ny3HpbKOBHX KaMep. 0~8.KO 

CJI8AYe7 OTMeTHTb, qTo 3H8.KOMCTBO C npHMepaMH o6pa60TKH, npHBeAeH
HblMH B 31, noKasHBaeT, qTO A8J!te c noMO~bn noJIHO C~PMYJIHpOBaHHOH 
rpaMMaTHKH npo6JieM-y JI.IKBH'A~HH HeCOOTBeTCTBHH B pa.6oTe nporpaMMbl 
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BUBBLE SCAN • o6yCJioB.llemrnx pa.apNBaMH TpeKOB H HenpaBHJibHb!M 

HX CO~HHeHHeM, MOJKHO pemHTb JIHlllb tl8.CTHttHO nyT8M yqeTa H8KOTOpb1X 

anpHopma: cBe'AeHHn o paccMaTpHBaeMHX KJiaccax Hso6paJKeHHA. KaK He
OAHOKpaTHo IlOAqepKHBaJI CaM P.HapacHMXa.H, HenpeMeHHHMH YCJIOBHHMH 

npHM8H8HHfl ~HHrBHCTHtleCKOro IlOAXO,qa flBJI.fl!OTCfl: a) HCnOJib30Ba.HHe 

csepx6NCTpWC 8BM (,qeCHTKH WIH.onep~n B ceKyttAY) C napaJI

JieJibHOtt o6pa6oTKOH HH~PM~HH, TaKHX,KaK IDIJrnAK-!11; 6) npe~BapH

TeJibHM o6pa6oTKa o~~OBa.HHOH HHlpOpM~H, llOM9lK811l9li CTPYKTYP

HOMY 8.HaJIH3Y WJH 38.IlOJIHeHHfl paspNBOB H YTOHbmeHHH JIHHHtt. KpoMe 
STOro, nporpaMMa BUBBLE SCAN pa6oTaeT B HHTepaKTHBHOM pelltHMe, 

T.e. C yqacTHeM qeJioBeKa, KOppeKTHpyio~ero pa6oTy 8BM. 

3. Pacno3HaBattHe o6paaoB npH o6pa6oTKe lla.HHIDC TJ)eKOBHX KB.Mep 

qT06N IlOHflTb, KaK.JKe BCe-TaKH o6pa6aTHB8JOTCH T8.KHe CJIOlltHble 

H306p8llteHHfl B lpH3HtleCKHX ~eHTpax, H3 KOTOpblX ~allte CaMHe KpynHHe 
He HM8DT CTOJib MOlllHHX BI,IqllCJIHTeJien KaK IDIJil1AK-!II, CJieAYeT Haqa.Tb 
C 6oJiee no~o6Horo 3HaKOMCTBa C H306pMCeHHHMH co6HTHtt B TpeKOBblX 
Ka.Mepax. 

B3aHMO,D,eAcTBHfl, npOHCXO~~He B TaKHX KaMepax, ~TorparpHpy
DTCfl, no KpaAHeA Mepe, TpeMI! ~OT006oeKTHBaMH (HX tlHCJIO MoJKeT 

~OX0,11,HTb HAO BOCbMH), qT06H "yBH,D,eTb 11 see pa6otlee npocTpa.HCTBO 
KaMepu H o6ecneqHTb npaBHJibHOCTb npocTpaHCTBeHHoli peKOHCTPYK~HH,. 
Ha Ka.JK'AOH npoeK~H MN HMeeM H306p8llteHHfl o~oro HJIH H8CKOJibKHX 

co6HTHtt MHOllt8CTBeHHoro po~eHHfl qacTH~, COCTO~He H3 Tp8KOB, 0,11,HH 
HS KOTOPHX,H8.3HB8.8MblH nepBHtlHHM,HJIH "nyqKOBb!M", ocTaBJieH qacTH
Qen, npeTepneBaro~en saaHMo~encTBHe B MHmeHH,H nopo~aeT 6onhmoe 

KOJIHqecTBO BTOplitlHHX TpeKOB. Ha ~TorpB.!pHflX co6HTHH c nyaHphKOBHX 
KaMep, MHm8HbID B KOTOPHX HBJIH8TCfl Ca.Ma lltH,11,KOCTh, 38.nOJIHR10~8.fl Ka

Mepy, qeJioBeK nerKo o6HapyiitHB8.8T npoeK~ ~eHTpa B38.KMO,D,eACTBHfl 
KaK M8CTO, H8.3HB8.eMoe BepmHHOH, r,qe O'AHH H3 IlyqKOBHX CJie~oB paa

B8TBJifl8TCfl B xapaKTepHyK> MeTeJiey BTOpHqHHX TpeKOB C Ha.npaBJI8HHfl
MH, aaBHCfllllHMH OT SHeprHH nyqKa H THna npoHsomeAWero B3aHMO,qeA
CTBHfl (pHc.I). TpeKH COCTOHT H3 ~enotleK ny3HpbKOB co cpe~HM ~a.
MeTpOM 15+30 MKM, KpoMe 3Toro, Ha ~TorparpHH C ny3HpbKOBOH Ka.Me

pH HMeeTCfl CJIYJKe6H8.fl HH~pM~fl (penepHble Kp8CTbl, KO~ HOMepoB 
KWOB HT.~.). a TaKJKe Macca ~HOBOH HH~OpM~H B BH,D,e Henpo
B38.HMO~encTBOBaBmHX IlyqKOBHX H npOCTO nocTOpOHHHX Tp8KOB, OT~eJib
HHX nyaHpbKOB, QapanHH, 6JIHKOB OT CHCTeMbl OCBe~eHHfl H T,,11,, 8Ta 

~HOBB.fl HH~pM~fl o6yCJiaBJIHB8.8T Heo6uqa~HO BhtCOKYJO 381llYMJI8HHOCTb 

11 



ilJoTorpaipHn c ny3hlpbKOB!,IX Ka.Mep. HanpHMep, noCJie pa60TH H3MepHTenbHoro 
aBTOMaTa c napannen&Hon paaBepTKon B nawtTb 3BM c O)Vion TORbKO $OTO
rpaipHH MO~eT nOCTYTIRTb CBbir!le 60 THC. nap KOOPAHHaT, H3 KOTOpbDC He 
6onee 4+5 TNC. npHH~e~aT TpeKa.M co6UTHH. 

0TMeTHM npH 3TOM, QTO TOQHOCTb H3MepeHHH ueHTpOB nyahlpbKOB He 
AORln!a 6HTb HRllte lCY;t HX AHa.MeTpa, QTO ARH AByxMeTpoBon Ka.MepH 03Ha
qaeT TOQHOCTb 10-5• HeKOTopoe nOBbir!leHHe TOQHOCTH AOCTHraeTCH nyTeM 
ycpe,!VieHHH 10-30 nocneAOBaTenbHblX OTCQeTOB OT O,!Vioro TpeKa B TaK 
Ha3HBaewe MaCTep-TOQKH. 

TaKHe BHCOKHe Tpe60BaHHH B COQeTaHHH c 6on&mon 38lllYMJieHHOCTbD 
H o6oHCHHIDT HenpHMeHHMOCTb KnaCCHQeCKHX MeTOAOB pacn03HaBaHHH o6paaoB. 
Co6CTBeHHO 3aJ:laqa o6pa60TKH Ka.Mepm,nc CHHMKOB no CBoen npHpOAe He HB
RHeTCH o6UQHon 3ru\aqen KnaCCH$HKauHH o6oeKTOB. 06HapyitteHHD noARe~aT 
He TpeKH, a 6onee CJIO~HUe npocTpaHCTBeHHUe o6oeKTH - co6HTHH, KOTOpHe 
BOCCTaHaMHBaIDTCH 3aTeM B XOAe reoMeTpHqecKon peKOHCTPYKUHH no CBOHM 
OTAeRbHUM aneMeHT8.M-TpeK8.M, KOTOpHe AOR~HU 6UTb CBH3aHU Me~ co6on, 
TaK KaK HBRHIDTCH npoeKUHHMH cneAOB qacTRU, BCTpeqaro~HXCH B OAHon TOQ
Ke npocTpaHCTBa, COOTBeTCTByro~en BepmHHe co6NTHH. 

TaKHM o6paaoM, B Ca.Mon nocTaHOBKe 3aJ:laQH 3MOZeHO pa36HeHHe 
CROln!Oro o6oeKTa Ha HepapXRro ¢parMeHTOB, pacnoaHaBaHHe KOTOpHX Ha 
caMOM HH3KOM YPOBHe - npoeKuHn TpeKOB - HBRHeTCH 6onee IlpOCTUM AenoM, 
TaK KaK OHH npeAcTaMHroT HeKOTOpHe RHHenHNe o6pa3H Ha IlnOCKOCTH. Cy
~eCTByID~He nporpa.MMN reoMeTpHqecKoro H KHHeMaTHqecKoro aHanHaa HH$op
MaUHH Ka.MepH!,IX 3KCnepHMeHTOB ARH H3BneqeHHH H3 Hee $H3HQeCKHX napa
MeTpoB paCCQHTaHU RMeHHO Ha TaKon BXOA, B KOTopoM HH¢opMauHH O co6u
THH nOAaeTCH B BHAe nocneAOBaTenbHUX cnHCKOB KOOPAHHaT MacTep-ToqeK 
BCex TpeKOB no npoeKUHHM co6HTHH. 3TH cnHCKH AaHH!,IX, BKnroqaro~He ARH 
nyaupbKOB!,IX Ka.Mep TaMe H KOOPAHHaTU BepmHH, B03MOlnlO,H BTOPHQH!,IX 
BepmHH H Bl,IXO~X H3 HHX TpeKOB (ecnH BTOpHQHM qaCTHUa TaK~e npe

TepneBaeT B3aHMOAencTBHe) TOQeK H3ROMOB, OCTaHOBOK TpeKOB H T.A.,HB
RHIDTCH npHMepoM no,Iij)06HWC OIIllCruutil: co6uTIDi Ha cneUHMbHOM MHOroypoB
HeBOM H3NKe, paapa6oTaHHOM $H3HK8.MR H nporpa.MMHCTaMR. 

Moln!o cpaay ze OTMeTHTb, QTO 3HaQHTenbHM ponb B 3TOM H3NKe 
OTBeAeHa onHCaHITTl paaHoro POAa cnyitte6Hon HH$OpMauHH, 6ea KOTopon 
HeB03MOln!a npaBHHbHM o6pa60TKa AaHH!,IX O co6HTHH: KOOPAHHaTH penep
Hb!X KpecToB, KMH6pOBOQHUe KOHCTaHTH, CBeAeHHH O napa.MeTpax Ka.MepH 

HT-A•, HO MN He 6yAeM 3AeCb KacaTbCH 3Ton CTOpOHU BOnpoca. 
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~o. QTO eCJIH 3TO onHC8.HHe YAOMeTBOpHeT BCeM Tpe60BaHHHM no 
TOQHOCTH onpeAeneHHH AeCKpHnTopoB, TO OHO n03BORHeT aaTeM BOCCTaHo
BHTb B npOCTpaHCTBe Ka.MepH Bee TpeKH co6HTHH H BUQHCJIHTb Bee Heo6-
XOAHMUe $H3RQeCKHe BMHQHHU. TaKHM o6pa30M, BMeCTO QHCTO RHHrBHCTH
qecKoro nOAXOAa C HCnORb30BaHHeM ¢opMMbHblX rpa.MMaTHQeCKHX npaBHn, 
OTIRCHB~HX B3aHMHOe pacnonozeHHe aneMeHTOB TpeKOB ARH o6oeAHHeHHH 
HX B co6HTHH,6onee ycnelIIHblM OKa3~CH nOAXOA C HCilORb30BaHHeM HaH6o
nee ecTeCTBeHHblX B 3TOA o6CT8.HOBKe reoMeTpHQeCKHX H KHHeMaTHQeCKHX 

npaBHR H ilioPMYH, nonHee yqHTHB~HX BCD anpHOpHyro HH$OpMauHID H cne
UH$HKY 3KCnepHMeHTa. 

Ho He cne,eyeT aa6HBaTb, QTO ycnex Aena C TOQKH apeHHH ~03AaHHH 
aBTOMaTHQecKoA cHcTeMU pacnoaHaBaHHH 6un onpeAeneH npe~e Bcero Ha 
"aneMeHTapHoM" ypoBHe pacn03HaBaHHH TpeKOB co6HTHH cpeAH Bcex OUH¢
pOBaHH!,IX KOOPAHHaT, nocTynaro~HX B 3BM npH CKaHHpOBaHHH H306p~eHHH 

oqepeAHOn npoeKUHH co6HTHH. 

PaccMOTpeHHe paaRHQHIDC CHCTeM aBTOMaTHQeCKon o6pa6oTKH Ka

MepHNX CHHMKOB noK8.3HBaeT, QTO nporpec~ B 3TOA o6naCTH 6Nn AOC

THrttyT, np~e Bcero, OTK8.30M OT nonHoA yttHBepCMbHOCTH H BH6o
poM P8.3YMHOro KOMI!pOMHCCa Me~ B03MOXHOCTHMH 3BM H cnoco6HOCTHMH 
qenoBeKa nyTeM BKJillQeHHH ero B CHCTeMY. EcnH nonTH,AMbme, no ny
TH aHMHaa anropHTMOB H nporpa.MM o6pa60TKH H,BNAeneHHH o6~HX 

npHHUHnOB, COCTaM~HX CTpaTerHll ycnexa HX pa60TH, TO MOXHO 
cilJopMj'RHpOBaTb CJie,lzylO~He OCHOBHHe npHffUHnli 3TOA CTpaTerHH. 

l. IloneaHH RHmb MeHee lCY;t HH$opMauHH Ha cHHMKe, noaTowy 
HeHy?ICHYJl HH!pOpMB.1.JHD CJie,llyeT OTCeHaaTb Ha B03MOXHO 6onee pattHeA 
CT8JJ,HJI o6pa6oTKH. 

2. ~onro H AOporo o6pa6aTHBaTb Bee AaHHHe c O,!ViOn H TOA ze 
BUCOKOA TOQHOCTbll, OTKB.3 ze OT Hee MOZ8T npHBeCTH K noTepe $H3H

Q8CKOA Hff¢opMaQHH, noaTOlq 
Heo6xogHMO MaKCHMMbHO HCnOHb30BaTb arrpHopHHe 3H8JIHH H 
YBeJIHtlHBaTb TOQHOCTb TOHbKO B xoge gM&HeAmero noHcKa. 
3. IlpocToTa anropHTMa noHcKa MOZ8T CAenaTb ero rnaBHUM 

"pacTpaTqHKOM BpeM8HH11 B nporpruore, noaTOMY cne,;yeT H36eraTb 
nepe6opa HJIH. no KpaAHeA Mepe, COKpBIIjaTb B K8ll,lj.OM l.U{KJie MHOlleCT
B0 TOlleK, no KOTOpOMY BegeTCH nepe6op; qeM paHbme IlOHCK CTaHeT 

0.JU{OM8pHUM. TeM nyqme. 
4. CHCTeMa 6e3 yqacTHH qenoBeKa BcerAa OK8.3HBaeTCH HeonpaB

ABHHO 'AOporoA H Y3KOCll8D;IW.1ll!SHpOB8llllOit, n03TOMY ll_KJlll'118HHe_tlMOBe-
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Ka B pacno3HaBa.HHe µenecoo6pa3HO, HO OHO He AOnJKHo 38Me.ItJIHTb HOp
Ma.JibHY)O pa6oTy CHCTeMbl. 

5. ~HHCTBeHHo H~elKHbln KpHTepHn KaqecTBa pacno3HaBa.HHH -
,Il;OCTOBepHOCTb ~H3HqecKHX pe3ynbTaTOB, n03TOMY 

B CHCTeMe AOnlltHa 6b1Tb 6bICTpM o6paTHM CBH3b, BKnIOq8.IOlllM npo
rpaMMbl MH HenocpeACTBeHHoro nonY3eHHH OKOHqaTMbHbIX ffiH3HqecKHX 
pe3ynbTaTOB o6pa60TKH. . 
HecMOTPH Ha BHemHIOIO oqeBH,Il;HOCTb KaJ!t'AOro H3 3THX.rrpHHUHnOB, He-

yKnOHHOe cne,n;oBa.HHe-HM acer,n;a no3BOnHno BbIHrpaTb apeMH H ,n;o6HTbCH 
ycnexa B pemeHHH KOMnpoMHcca Mel!t)zy HB.)J;e~HOCTbIO H CKOpOCTbIO.()qeBH,Il;HO, 
qTo 3TH rrpHHUHITbl He rrpOTHBOnocTaMeHbl 061I!en cxeMe pacnoaHaBa.HHH 06-
paaoB, a HanpoTHB, ,n;ononHHIOT ee, yqHTbIBM cneuH~HKY o6pa6aTbIBaeMon 
HH~OpMauHH. 

B cooTBeTCTBHH c aTon cTpaTerHen H o61I!en rrpoue'AYPon pacnoaHa
Ba.HHH paao6beM npouecc Haxo~eHHH H ToqHoro onHCa.HHH C06bITHn Ha 
cne,eyio~ nocne,n;oaaTenbHOCTb ocHOBHbIX ~Tanoa, no KoTopw H 6y,n;eT 
BeCTHCb ,Il;MbHeAmee Hano~eHHe: 

- aBTOMaTHqecKM ,Il;HCKpeTH3auHH CTepeoCHHMKOB; 
- npe,n;aapHTenbHM o6pa6oTKa ,Il;BHHblX; 
- BbJ'AeneHHe 3neMeHTOB TpeKoa; 
- pacnoaHaBa.HHe TpeKoa; 
- COCTaMeHHe onHcaHHH C06bITHH MH BBO,n;a B nporpaMMbI reoMeTpH-

qecKoro H KHHeMaT~ecKoro a.HMHaa; 
- o6yqeHHe CHCTeMbl o6pa60TKH rryTeM BHeceHHH KoppeKuHn B napa

MeTpbI pemaDII!HX q>yHKUHn no peaynbTaTaM aHa.JIHaa omH6oK pacnoaHaBa.HHH. 
0TMeTHM, qTo B 3TY ·cxeMY YKn~B8.llTCH H 6ec~HnbMOBble MeTO'Abl o6pa-
60TKH K8M9pHbIX ,Il;a.HHbIX. . 

4. MeTOAbl aBTOMaTHqecKon o6pa60TKH ffiOTOrprupHn C ny3blpbKOBbIX 
KaMep 

4. I. Cnoco6bl .n11CKpeTH3aI\HH H3o6p8.l!teHHn 

B COOTB0TCTBHH co cnoco6oM CKaHHpOBa.HHH, T:e. npOCMOTpa CHHMKa 
CBeTOBbIM nyqoM, CK8.HHPYJOII!H0 ycTponcTBa MO~HO KnaccH~HUHpOBaTb Ha 
PH'A rpynn. K nepaon 113 HHX OTHeceM ycTpOACTBa C rno6a.JibHbIM rrpocMOT
poM acero nonn CKaHHpOBa.HHH, OHR OCHOBaHbl Ha npHHUHne MeXaHHqecKon 
paaaepTKH H OTnHqaDTCH TOnbKO Tp'e'Top11en H BH,Il;OM CBeTOBoro ruITHa. 
YcTponcTBO x~ H Ilay3nna - HPD 4 HnH 8.Ha.JIOrHqHble OTeqecTBeHHh!e 
ycTponcTaa15 OCYII!eCTMHeT napa.nnenbttyD paaaepTKY nHTHOM Kpyrnon 
~OpMbl. ·cnHpaJibHbln H3MepHTenb CKa.HHpyeT H3o6p8.l!teHHe no cnHpMH, pa
,Il;HanbHO op~eHTHpOBaHHon yaKon lllenbIO OT aepmHHbI C06bITHH, H3MepneMon 
onepaTopoM139/. 
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J:\pyran rpynna ycTpOHCTB Hcnonb3yeT 8JI8KTpOHHO-JIY'l8B08 CKalill
poBaHHe, rH6KOCTb KOTOporo no3BOnHeT COBMell!aTb CKa.HHpOBaHHe C 
noHCKOM aepmHH H TpeKOB, OCYII!eCTMHH pacTpOBYJO pa3BepTKY OT,n;enb
HblX yqacTKOB CHHMKa. CIO,n;a OTHOCHTCH ycTaHOBKH PEPR t POLI:{ 
ERASME t MSJIAC, SJIAC, ASilT-II H ,n;p. 

MolltHO ellle ynoMHttyTb ycTponcTBa, THna SWEEPNIK t OCYII!eCTMHIO
II!He annapaTHOe cne~eHHe 3a TpeKOM c noMOII!blO lllenH, BP81118.llll!encH 
BOKpyr o,n;Horo H3 CBOHX KOHUOB. Haae,n;eHHe lllenH Ha KaJ!t'Abln H3 TP.e
KOB BblnonHHeTCH onepaTopoM.AHanorHqHo pa6oTaeT CHCTeMa HEVAS 749/ 

Ilo,n;po6Hble OITHCaHHH Bcex 3THX H3MepHTenbHblX ycTaH?BQK MO~O 
HanTH a o6aopru/ 4• 5/ 11 Tpy,n;ax Me~apo,n;HbIX KOH~peHUHn 7 • 26. 6 • 
~ee Mbl 6y,n;eM paccMaTpHBaTb aonpoc1,1 o6pa6oTKH ,n;aHHbIX ycTponcTaaMH 
nepaon rpynrrbl, TaK KaK a~aqH pacnoaHaBaHHH o6paaoa c yqacTHeM 
qenoaeKa, xapaKTepHble Mn ocTMbHblX ycTponcTB, BbIXO,Il;HT aa paMKH 
Hamen neKUHH. 

Man1,1n paaMep ruITHa, o6ecneqHB8llll!Hn BbICOKYJO TOqttOCTb HPD 
(-2 MKM),uoSBOJIHeT nonyqHTb co CHHMKa paaMepoM IOOx55 MM ,n;o 
60 TbIC.KOop,n;HHaT, Kon~ecTBO KOTOpbIX MO~eT y,n;BOHTbCH, ecnH B co-
6bITHR OK82'j'TCH TpeKH, napannenbHble Harrp~aneHHIO CKaHHpOBaHHH,H 
rrpR,n;eTCH npH6erttyTb K TaK H8.3bIBaeMOMY a6HOpll/l3JI!,HOMY cmumpoBa.HIDO 
B nepnett,n;HKynHpHOM HarrpaMeHHH. )J,rrH COKP8111eHHH 3Toro noTOKa ,Il;aH
HbIX rrpH6er8.llT K MeTogy noBeAeHHH no AOpoaKe, COCTOHII!eMY a Hcnonb-
3088.HHH ,Il;aHHbIX rrpe,n;aapHTenbHbIX rpy61ilC H3MepeHHH aepmHHbI H ,n;ayx 
ToqeK Ha KaJ!t'AOM TpeKe co6bITHll MH nocTpoeHHH no 3THM ,Il;aHHbIM ,n;y
roBbIX ,n;opo~eK mRpRuon oKono 0,5 MM c TeM, qT061,1 B npouecce cKa
HHpoaaHHH OT6HpaTb .MH aanoM¥.H8.HHH Koop,n;HHaTbl TOnbKO TeX ToqeK, 
KOTOpble ne~aT BHYTPR ,n;opoZKH. flMHHCb rrpHMepOM nonHon peaJIH3aU:l{H 
nepaoro Ra BNmenepeqHcneHHHX npHHUHnOB cTpaTerHH cKam1poaaHHa> Me ... 
To,n; Haae,n;eHHH no ,n;opoue, noMHMO Kap,n;HHa.JibHOro COKP81110HHll KOnH
qecTBa ,n;aHHbIX, 3HaqRTenbHO yrrpo111aeT noHCK TpeKOB R llOBblmaeT . T·oq
HOCTb H3UepeHRn. 0,n;Ha.KO 3TOT M8TO,II; Tpe6yeT 3H8qHT0nbHHX aaTpaT 
apeMeHR H o6opy,n;oB8.HHH Ha npe,n;aapHTMbHble pyqHble H3MepeHHfl, KO
TOpHe OKyll8.llTCH TOnbKO a cnyqanx co6bITHA MOl!HOit KOH~RrypaQHH. 

Hcnon&ayeTcH Taue H ,n;pyron MeTo,n; - HaBeAeHHe no aepmHHe, 
CYII!8CTB8HHO CH1Ut8Jlll!Hn 3aTpaTbl Ha rrpe,n;aapHTMbHHe H3MepeHHH,TaK 
KaK npH 3TOM apyqttyD H3MepHIOTCH TOnbKO KOOp,Il;HHaTbl aepmHH co6H
THn H KOpOTKH8 TpeKR, HO Tp86YDII!Hn y,,.e 6oxbmon SBM ,n;nn pa6oTH 
Ha nRHHR C HPD • qTo6H BO BpeMH CKaHHpOBaHHH OCYII!8CTMHTb HHH
UH~ TpeKOBbIX aneMeHTOB H llOHCK TpeKOB. 
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HMeDTCR npHMepu pa60TH HPD H 6es HaBeAeHHR (cM.HanpHMep, 
/ 8,·34{ HO 3TH CHCTeMhl orpam1qeHU onpe,n;eJieHHUM THnOM 3Kcnep101eHTOB, 

Tpe6yx>T Bb1COK08 qacTOTbl noRBJieHHH C06blTH8 Ha Ka,n;pax ¢HJibMa H/HJIH 
60JibmHX BHqHCJIHTeJibHblX cpe,n;CTB. 

MeTO,D; HaBe,n;eHHR no BepmHHe HCnOJib3yeTCR TB.lOlte npH pa6oTe 

CIIIIpaJII,HOro H3MepHTeJIR (Cli), r,n;e onepaTop, noJib3YRCb ,n;eKapTOB08 
CHCTeMott Koop~HHaT, H3MepReT BepmHtty C06b1THR, KO~ KOpOTKHX 
TpeKOB (!IT), a TB.Kl![e cne~aJibHble onopHHe TOqKH (OT) Ha samywieH

HblX TpeKax. IloCJie aToro B npouecce cnHpaJibHott pasBepTKH OT Bep
mHHH B 8BM nepe,n;~TCR nOJIRpHble KOOp,D;HHaTbl Bcex TOqeK, nepeceKae

MblX 3T08 CnHpaJibD, npHqeM pa,n;HaJibHO opHeHTHpOBaHHM ~eJib B pano

He BepmHHU 11 B~HT 11 TOJibKO TpeKH, BblXO,D;~He Jt3 Hee HJIH npoxo,n;~e 
COBCeM 6JIH3KO. ~HJibTp~Htt sifxpeKT ~eJIH H MeHbmM nJIOTHOCTb BHT

KOB cnHpaJIH B cpaBHeHHH C qacTOT08 napaJIJieJibHOff pa.sBepTKH npHBO

,D;HT K TOMY, qTo Beeb MaCCHB H3MepeHHblX n~JIHpHblX KOOp,D;HHaT (Ri, 
ei) i~T";n , r,n;e n He npeBbllllaeT 4 THC. H JielltHT o6uqHo B npe

,n;eJiax 1000-2000 ToqeK, MOllteT 6b1Tb sarmcaH Ha MarHHTHyx> JieHTY 
MH noCJie~en ( off-line ) o6pa6oTKH. IlocJie,n;oBaTeJibHOCTb no
JIRpHblX KOOp,D;HHaT, OTHOC~HXCR K ,D;aHHOA npoeK~H, CHa6lltaeTCR nac

nopTOM npoeKUHH, co,n;epllt811lHM, noMHMO CJIYJlte6Hon' HH¢QpM~HH (HoMe
pa 3KCnepHMeHTa, co6blTHR, npoeKUHH, ,n;aTbl H3MepeHHH H T.,n;. ), ,n;e
KapTOBbl KOOp,D;HHaTbl BCex ToqeK, HSMepeHHblX B 3T08 CHCTeMe (BepmH
HU, KpecTbl, !ITH OT). 

4.2. IlpeABapHTeJibHM o6pa6oTKa AaHHblX 

UeJib aToro sTana - He ,n;onycTHTb K ,D;aJibHettmen o6pa6oTKe .n;att
Hble, HMeD~He ,n;e¢eKTbl Ka.KB CJIYJlte6Ho8 HH¢QpM~HH, He HCnOJib3yeM08 

Henocpe,n;cTBeHHO MH pacnosHaBaHHR, TaK H B CaMIDC KOOprol!IaTax, 
MOr~HX 3TO pacn03HaBaHHe HCKMHTb. HecKOJibKO ynpo~M, npe,n;cTaBHM 
ce6e, HanpHMep, qTo O,D;HO H3 qffceJI B nocJie,n;oBaTeJibHOCTH ,n;aHHblX 

Cli ( Ri' 91 ) 6y,n;eT npo~eHo npH no6JIOqff08 sanHCH Ha MarHHT
Hyx> JieHTy. Tor,n;a BO BCeM nocJie'Ayx>~eM 6JIOKe, T.e. B KOJibUeBoA 
30He BOKpyr BepmHHbl, noJIHpHb18 pa,n;Hyc H yroJI noMeHRDTCR MeCTaMH. 
HeTPYAHO npe,n;cTaBHTb, K8.K 3TO MOllteT CKasaTbCH Ha pacn03HaBaHHH 
TpeKoBI Ilo,n;o6ttyxi omH6Ky MOlltHO o6HapYJltHTb, npoBepHR MOHOTOHHOCTb 

B03paCTaHHH pa,n;Hyca no BCeMY Ha6opy ( Ri' ei ) i=1,n • T8.Klle 
~OJilltHN 6b1Tb npoBepeHH ,n;eKapTOBbl Koop,n;HHaTbl penepHblX KpecTOB H 
BepmHHbl. IloCKOJibKY n03HUHH penepHblX KpecTOB B KaMepe TOqffO H3-
BeCTHbl, TO noCJie HeKOTOpblX BblqHCJieHHR MH nepexo,n;a B COOTBeTCT-
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Byx>~ CHCTeMy KOOp,D;HHaT MOryT 6b1Tb o6HapyiiteHbl He,n;onycTHMble OTK

JIO~eHHH B H3MepeHHHX penepHblX KpeCTOB, a TaKllte HeCOOTBeTCTBHR 
Mell(,lzy KOOp,D;HHaTaMH BepmHHbl Ha pasHblX npoeKUHHX. 

BalmOCTb npe,n;BapnTeJibHOro OTCeBa He,n;o6poKaqecTBeHHOH HH¢Qp
Ma!IHH npH MaCCOBOA o6pa6oTKe Ha CaMOA paHHeH ee CTa,n;HH o6oHCHH
eTCH He TOJibKO xeJiaHHeM H36erttyTb HanpacHblX 3aTpaT BpeMeHH 8BM Ha 

o6pa60TKY, pesyJibTaTH KOTopon Bee paBHO 6yAJT nOTOM OTBeprHyTH 
B noCJie'Ayx>~HX nporpaMMax, Ho, qTo 6oJiee cepbe3Ho,. - sTo npe,n;ox
pattReT Hae OT onacHOCTH HCKWlteHHH 3THMH HeBepHblMH ~aHHblMH, ecJIH 

OHH He 6YAJT OTBeprHyTbl, OKOHqaTeJibHblX ¢H3HqecKHX pesyJibTaTOB. 

,KpoMe Toro, CB9,D;9IDIJI 06 omH6Kax B ,D;aHHblX, HMeHHO Ha 3TOA CTa,n;HH, 

n03BOJIHDT oqeHb xopomo KOHTpOJIHpOBaTb pa6oTy CaMo,,ro CKattnpyiori!e-· 

ro aBTOMaTa. 
Ilpe,n;BapHTeJibHM o6pa60TKa MOllteT BblnOJIHRTbCH JIH60 Ha MaJI08 

8BM, o6CJIYJltHBaD~en CKattHpyio~HH aBTOMaT, JIH6o,ecJIH sTa 8BM He 
pacnoJiaraeT HYJltHHMH pecypcaMH CKOpOCTH H naMHTH, Ha 60JI&mon 8BM 
B KaqecTBe HaqaJibHoro aTana off-line o6pa6oTKH. 

K npe,n;BapHTeJibHOA o6pa60TKe MOllteT 6HTb OTHeCeHa onHCaHHM 
B/g/ npe¢HJibTpB.UHH, T.e. HCnOJib30BaHHe ¢HJibTpyio~ero 3qxpeKTa 

~eJIH MH 6blcTporo o6HapYJlteHHH no nepBblM BHTKaM cnHpaJIH HaqaJia 
TpeKOB, BblXO,D;~HX H3 BepmHHbl, H oprattH3~HH HaBe,n;eHHR no ,n;opollt
Ke B BH,n;e rpy6oro yrJIOBOro ceKTOpa. 8TO TT03BOJIHeT 6e3 noTepH 
TeMna CKaHHpOBaHHH COKpaTHTb TTOTOK ,D;aHHblX B 4-E pas. AHaJIOrHqHan 
nporpaMMa paspa6oTaHa B Olliill/IO/, HO MH HCTTOJib30BaHHH B ,n;pyrHx 

ueJinx. 
Mu He saTparHBaeM s,n;ec& BXO~~He B npe,n;BapHTeJibttyJO o6pa6oT

KY, HO He OTHOC~eCH K paccMaTpHBaeMHM HaMH BonpocaM, npe,n;Ba
pHTeJibHble npeo6pa30BaHHH Koop,n;HHaT, Heo6xo~Hwe MH KOppeK~H 
HeJIHHeAHblX HCKWlteHHA, BHOCHMHX H3MepHTeJibHblM ycTpORCTBOM/II, 41( 

4.3. B!,UJ;eJieHHe 3JieMeHTOB TpeKOB 

C ToqKH speHHH npHMeHHeMblX MeTO~OB sa,n;aqa Bbl,IJ;eJieHHH SJieMeH
TOB,peKOB, T.e. noHcKa B HeKOTopoR He60JibmoA o6JiaCTH rpynn TO
qeK, CBH3aHHblX B JIHHeAHUe uenoqxn, aHaJIOrHqffa MH npH60P.OB THna 

HPD HJIH Cli' H MollteT 6HTb OTHeceHa K KJiaCTepHOMy aHaJIH3yi'3B/. 

,#6oJiee ynoTpe6HT8.llbHHM ffBJIHeTCH MeTO,D; noBopOTHblX rHCTO
rp&MM 4 , COCTO~Htt B pas6HeHHH HCCJieAJeMOH o6JiaCTH Ha napaJIJieJib
Hble Y3KHe noJIOCKH H no~cqeTe qxCJia ToqeK, nonaBIIIHX B Krur,eyI) H3 
noJIOC (pHc.3). IlocTeneHHO MeHM HanpaBJieHHe noJIOCOK, nOJiyqHM, 
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QTO npH COBna,n;eHHH ero C HanpaBJieHHeM 3JieMeHTOB TpeKa TOQKH 3TO
ro 3JieMeHTa, nonaB B OAflY H3 nonoc, 'ABlIYT BHCOKHA nHK B rHCTO

rpw.we. TpeK 'AeTeKTHpyeTCH npH npeBHllleHHH 3THM nHKOM nopora, BH
QHCJIHeMoro no TpeKy C MHHHMaJibHOH nROTHOCTblO ny3HpbKOB. )J.nHHa 

KaJK'AOH nOJIOCKH 061itlHO He npes1,1111aeT I0-12 CKaH-JIHHHA. IIIHpHHa noJIO
COK ~OJil!Ha COOTBeTCTBOBaTb cpeAf{eA mHpHHe TpeKa (20-30 MKN). )J.nH 

Toro, QTO6H He noTepHTb TpeKH, pa3pe3aewe B'AOJib rpaHH~eA Mellt,ey 
noJIOCKaMH, OIDI 061:ltlHO nepet<pHBaDTCH Ha I0-15% HX mHpHHH. 
TiocJieAf{ee o6cTOHTeJibCTBO, a Taue TO, QTO TpeKOBHA 3JieMeHT MO

~eT 6HTb o6HapyxeH e~e 'ABaJK'Ali B 'AByx COC8'AHHX nOJIOCKax npH 
3HaqeHHmc yrJIOB nosopoTa, npe'AfileCTByD~HX H CJI8'AYJO~X 3a HCTHHHHM, 
npHBO'AHT K nOHM8HHXl 'AY6JIHKaTOB, KOTOpHe, OAf{aKO, JirrKO ycTpaHH
IOTCH. Cnol!Hee o6cTOHT 'A8JIO C 11MHHMHMH 11 TpeKOBHMH 3JieMeHTaMH, no
HBJIHJO~HMHCH Ha 3amyMJieHHHX yqacTKax H3-3a nOlla'AaHHH B noJIOCKH OT
'A8JlbHHX myMOBHX TOQeK HJIH 'APYrHX TpeKOB, nepeceK~ o6JiaCTb 

rHcTorpaM1mpOBaHHH. fuc ycTpatteHHe npoH3BO'AHTCH o6wrno Ha CJie'AY!O
~eM 3Tane pacno3HaB8.HHH, KaK H aHMH3 IlpHQHH CJIHmKOM BHCOKHX 

HMnyJibCOB B rHCTorpB.MMe, KOTOpHe,KpOMe HMHQHH myMOBHX Toqet, 

MoryT CBH'AeTeJibCTBOBaTb O nona,n;BHHH B O'AffY IlOJIOCKY 'AByx 6JIH3KO 
~ TpeKOB. 

Cne'AYJO~A, 6onee 6HcTpHA cnoco6 o6HapyxeHHH TpeKOBHX aJieMeH
TOB - MeTon mHYJ)OB ( STRINGING )/6/ COCTOHT B 0608'AHH8HHH TOQeK 
B COOTB8TCTBHH C me 6JIH30CTblO no O'AHOA H3 KOOP'AHHaT. TiocJie 060e
'AHHeHHH 'AByx TOQeK MOl!HO BKJillQHTb B KpHTepHA 6JIH30CTH H HeKOTO

poe HanpaBJieHHe,H no HeyY HCKaTb TpeTblO TOQKY H To'A•t npH 3TOM 
Heo6XO'AHMO CJI8'AHTb 3a JIHHeAHOCTblO IlOJij'Q8HHOro mttypa, QT06H He 

yATH B CTopoey, npHCO8'AHffHB K HeMY TOQKY, He npHHa,u.ne~~ 'AaH

HOMY TpeKOBOMY 3JieMeHTy H CJiyqaAHO OKa3aBmyJOCH 6JIH3KO. TI03TOMY 
'ARHHY mttypa o6wrno orpaHHQHBaDT Toil ~e BeJIHQHHOH - IO TOtleK,QTO 
H npH rHCTorpruompOBaHHH (pRc.4a). 

HeKOTopoe ycoBepmeHCTBOBaHHe 3TOro MeTO'Aa, COCTO.lllllee B 6onee 

o6OCHOBaHHOH 3KCTpjoJI,QHH BO3MOlKHOro noJio&eHHH CJie,Jzyll~eA TOtlKH 
mttypa, npe'ARO&eHo B 12 , r'Ae no mttypy H3 K Tot1eK c HanpaMeHHeM, 
6JIH3KHM KOCH ox, KOOP'AHHaT~ ( K+1 )- A TOtlKH 3KCTpanoJIHpyDTCH 

no peeyppeHTHHM ipopwynaw: 

y(3KC~p~)y(3KCTB-J 
k+1 k + k 

< aKcT:e,. ~ + I::,. x • 
Xk+1 k 

CI) 
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3ll,eCb ( x y ) - KOOplJ.HHaTbl nocJiell,Hen TQqKH meypa, 
::Jc' k 

( X ( 3KCT !-' • ) y ( 3KCTp. ) ) - npell,H,eylllHM nporH03 a HH~pMa.QHOHHHM 
k ' k ' 

1UieH Dk B~CJI.fleTC.fl KaK 

Dk= qk(Xk-Xk-1)+( 1-qk)Dk-1, (2) 

qk - y6li~8!0II1a.R cpj'HK~.fl K ' AX - mar CKaHHpOBa.HH.fl. B.nH30CTb 
K nporH03HpyeMOM TQqKe (I) IlOHHMaeTC.fl B CMb!CJie npHHa,Il,JieJ!tHOCTH 

Yk+1 K HHTepBaJiy WHpHHH 2 6( Xk) C I.ieHTpOM B YJ:rcTp.) ( 0 (X) 

- y6HB8JO~a.R cpj'HK~.fl X ). ITpH OTCYTCTBHH ToqeK B 3TOM HHTepaa.Jie 

yaeJIHqHaaeTC.fl cpj'HKI.iH.fl nponycKa G B (I) H IlOHCK nepeHOCHTC.fl Ha 

CJie,eyJOieylO CKa.H-JIHHHIO. EcJIH OK8.3b!BaeTC.fl, qTo G npeBblCHJia 3~aH

HHn nopor, TO mHyp o6pb!BaeTc.R (pHc.46). 

QqeBHlJ.HO, qTo B 3TOM IlO)VCOAe yt1.e HeT Heo6XOAHMOCTH orpaHH

qHBaTb AJIHHY TpeKOBOro 3JleMeHTa; co6CTBeHHO, 6JiaroAap.fi npOI.ieme 

3KCTpanOJI.f!I.iHH CTa,J:IH.fl BUAeJieHH.fl TpeKOBbIX 3JleMeHTOB 061,eAHHHJiaCb 

co CJie,eyio~en - pacnoaHaBaHHeM TpeKOB. MN BepHeMC.fl K MeTOAY meypoB 

B CJie~eM paaAene. 
!1'Ae.R 06 061,ell,HHeHHH ToqeK B TpeKOBbltt 3JleMeHT Ha OCHOBa.HHH 

HeKoToporo KpHTepH.R 6JIH30CTH 6b1Jla IlOJIO~eHa B/I3/ B OCHOBY a.Jiro

pHTMa, BUAeJI.fllllllero cpaay ace TpeKOBlie 3JleMeHTbl, 6JIH3KHe K aepmH

He. OTO OCYIIleCTBJI.ReTC.fl H3BeCTHblM H3 TeopHH rp~B MeTOAOM HaHMeHb

mero CB.fl3YJOII!ero nepeaa. B.nH30CTb ToqeK B pa,IIHaJibHOM HanpaBJieHHH 

yqHTliBaJiaCb C IlOMO~bIO cneI.iHaJibHOn MeTpHKH, "npe,r\noqHTaJO~en" 3TO 

HanpaBJieHHe. ITocKOJ!bKY MeTOA npHMeH.RJIC.fl K AaHHb!M cnHpaJibHoro CKa

HHpOBaHH.fl B HeKOTopoM Kpyre R C QeHTpOM B BepmHHe, TO nepeXOlJ. 

K TaKon MeTpHKe npocTO 03HaqaJI c~aTHe IlJIOCKOCTH no IlOJI.RpHOMY pa

lJ.HYCY R • 
ITpeACTaBJieHHe IlOJI.RpHblX KOOpll,HHaT R, e B BHAe np.RMoyroJibHOn 

CHCTeMbl KOOPAHHaT ( pHc.5,6) BeCbMa noJie3HO, TaK KaK Il03BOJl.fleT 

npHMeHHTb AJI.fl peaJIH3a.QHH MeTOlJ.a IlOBOpOTHb!X rHCTOrpaMM TeXHHKY 

npoeKTHpOBaHH.R, 3Ha~TeJ!bHO ycKOp.lUlieylO 3TOT MeTOlJ., CaMliM H~e~

HHn, HOH caMlin Mell,JleHHHn H3 BblillenepeqHCJieHHbIX, BMeCTO MHoroKpaT

Horo nepe6opa ncex ToqeK H3 o6JiaCTH rHcTorpa.MMHpoBaHH.fl AJI.R npo

B8pKH llX ll,Pmi~8.lltHOCTH K llHT8p:saJIY rHCTOI'paMMH (BCIIOMlilIM TP8Tllii 
npHH~n) B MeTOll,e npoeKTHpOBa.HH.fl Bl,lqHCJI.FOOTC.fl npoeKQHH ToqeK no 

COOTBeTCTBYIO~HM HanpaBJieHH.fiM. )J,n.R TQqKH C KOOplJ.HHaTaMH ( R, e 

peayJibTaT npoeKTHpOBaHH.fl Ha IlOJI.f!PHYIO OCb IlOlJ. yrJIOM J.. paBeH 

enp = e - tqel • R. (18) 
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MeH.R.fl HanpaBJieHHe npoeKTHpoBamrn OT ol . 
min 

AO ol (cM.pHc.7) c maroM 
max 

A e , no11yqaeM, qTo AJI.fl k -ro HanpanJieHH.fl tgolk BblqHCJl.fleTC.fl 

KaK 

tgol k = tgOC..min + k ti. e. 
TipeBp~a.R enp B aApec, no -KOTopoMy B cooTBeTCTBYIOll1.)'!0 rHcTorpaM

MY 6y,r\eT A06aBJieHa eAHHHUa, H MeH.fl.fl k 'Mb! ~aKTHqecKH,HaXOlJ.HM BKJI~ 
K8.JIUl,OA TQqKH BO BCe I'HCTorpaMMbl. 'TaKHM o6pa30M, AJI.fl KaJ!tIJ,Ott .f!qettKH 

ei=ei-ei-1 Ha OCH HaxO~HTC.fl rHcTorpaMMa, COOTBeTCTBYIO~M Beepy 

HanpaBneHHA, Bb!XOA.fl~HX H3 3TOtt .f!qettKH. 

EcJIH noJI.RpHHn yroJI eo , nOA KOTOPW TpeK Bb!XOAHT H3 BepmHHH, 

TaKOB, qTo ei-1 eo ei , TO 3TOT TpeK reHepHpyeT nHK B rHCTorpaM-

~e 'HanpaBJieHHH, COOTBeTCTByio~eM HanpaBJieHHIO 3TOro TpeKa. B pa6oTe 
42 AaH 6hlCTpliA a.rrropHTM MeTOAa npoeKTHpOBaHH.R, Il03BOJl.fl~~Hn peaJIH30-

~aTb ero_ annapaTHO HJIH BblnOJIHHTb B BHll,e nporpaMMb!, pa6oTaIO~en Ha JIH

HHH co cnHpaJibHb!M H3MepHTeJieM. )J,n.R npH6opoB C napaJIJieJ!bHb!M CKaHHpoBa-

HHeM THna HPD . /3BeCTHH HeCKOJ!bKo;cnemHO pa6oTilO~HX ycTpottcTB, 
TaKHX' KaK BRUSH 7 /' SHP 129 HJIH ITPST 731 ' KOTOphle 
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no3BOnruoT annapaTHO pemHTb npoTHBOpeqHe M8lK,ll,Y BblCORon 3qql8RTHBHOCTbD 
M8TO'Aa noBOpOTHb!X PHCTOPpaMM H Tpe60BaHHeM CY!Il8CTB8HHb!X pecypcoB 
SBM Ha ero 6HcTpoe aunonHeHHe. 

a 

1l1-------

~ e 

4.4. Pacno3HaBaHHe T.peKOB H co6HTHH 
KaK yJKe 6uno, CRa3aHO' C06b!THH Ha CHHMRax C IJY3b!pbKOBb!X Ra

Mep npe'ACTaBJiruoT co6on o6pa3bl C xopomo H3B8CTHO« CTPYKTYPOH, TB.K 

qTo HX pacno3HaBaHHe CBO'AHTCH R CHHTB.KCHqecKOMY ynpaBJIH8MOMY 

aHaJIHsy. HanoMHHM CTPYKTYPY co6b!THH: 

- TpeKOBble sn~MeHTbl o6pa3~T TpeR; 
- nepeceqeHHe He~KOnbRHX TpeKOB B O'AHO« ToqRe onp8'A8JIH8T 

BepmHHy; 
- TpeRH H BepmHHbl o6paa~T 'ABYM8P~ npoeKl\HD co6HTHH; 
- TPH npoeRl\HH BMecTe c peneptraMH KpecTaMH o6paa~T Tpex-

uepHoe co6blTHe. 
OTO« CTPYJtType COOTBeTCTByeT H npoQe'AYPa pacno3HaBaHHH. 
l1pH OTCYTCTBHH anp,iOpHHX CB8'A8.HHi1 0 co6HTHH MOlltHO npoBO'AHTb 

BOCCOe'AHH8HHe TpeKOB, CBH3HBM CK~ H3 TpeKOBHX sneMeHTOB 
napy: HanpaBJieHHe ol. H MaCTep-ToqKy p (QeHTP TSPiteCTH TpeKOBoro 

sneMeHTa) H, HaqHHM C KaKOH-TO HHHQHHpYIOlllen napH .,I. ,P 
0 0 

HCKaTb B HanpaBJieHHH d...o cne~ll\H« sneMeHT . ( "'-1, p 1 ) ' H,aH6nH-
JmHmHH K npe~eMY no HanpaBJieHHIO. l1apy sneMeHTOB MOlltHO HCnOnb-

30BaTb MH nyqmeA 3KCTpanonHl\HH (yitte He 06H3aT8JibHO nHH8HHon) 

H T-'A· aH8JIOrHqHO TOMY, KaK 3TO 6Hno B MeTO'Ae mHypOB. 
~hleHHO TB.K Ill)ORCXO,ltRT rioHCK nyqKOBWC: TpeKOB npH pa6oTe 6e3 

HaBe'AeHHH. 3aTeM Bee TQqKH, r,l\e nytlROBHe TpeKH o6pHB8llTOff 
MH MeHm:>T HanpaBJieHHe, conocTaBJifflJTCH no np08Kl\H.IIM MH onpe,l\8JI8-
HHH B8p!IHH, nocne qero 3a,l\aqa CBO,l\HTCH K pacno3HaBaHHD C HaBe,l\e

HHeM no Bep!IHHe. 
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HHllte Mb1 811\8 BepHeMCH K rno6aJibHblM MeTO'AB.M BOCC08'AHH8HHH 
TpeKOBb!X aneMeHTOB B paa'Aene 06 o6pa6oTRe HHqx>pMawiH npH 6ecq>Mb
MOBOM C1,8Me ,l\aHHHX co CTpHMepHHX KaMep, a 3'A8Cb pacCMOTpHM 6onee 

THnHqH~ MH o6pa60TKH CHHMKOB C IJY3bipbKOBHX RaMep 3a,l\aqy C HaBe
'A8HHeM no aepmHHe. 

OKCTpanonHQHH O'AttOro 113 TpeKOBhlX sneMeHTOB, HaH,l\8HHHX B6nH3H 

BepmHHbl, Ha cne~~ CRaH-nHHHD M~ noHcRa H npHC08,l\HH8HHH K 
sneMeHTY 811\8 0,1\HOH TOqRH,Ha3b!BaeTCH npocneJttHBaHHeM TpeKa. 

CY!IleCTByeT o6oeRTHBH8.H Heo6XO'AHMOCTb B TB.Kon onepawiH no

sneMeHTHOro Hap8.IIIHBaHHH TpeRa, HOC o6H3aTeHbHblM Hcnonb30BaHHeM 
HHq>OpMaQHH 06 yJKe HattA8HHb!X TQqRaX, BH3BaHHM HaJIHqHeM paapb!BOB 

H3-3a cna6oro KOHTpacTa IJY3b!pbKOB, npoXOJKA8HHH TpeKa qepe3 o6mHp

Hble nHTHa H nepeceqeHHeM c 'APYrHMH TpeKaMH. l1ocne,l\Hee oco6eHHO 
HenpHHTHO B cnyqanx nepeceqeHHH TpeKOB TTOA MaJiblMH yrnru.iH, TaR 

KaK nD6oe H3 ycTpOHCTB A8T8KTHpoBaHHH cepe'AHHbl CHPHaJia npH ne
peceqeHHH TpeKa nHTHOM HMeeT KOHeqH~ paapemaD~ cnoco6HOCTb, 
qTo B8'A8T R B03HHKHOB8HHD HeKOTOporo HCRaJKeHHoro ycpeAH8HHoro 

CHrHaJia B 30He nepeceqeHHH TpeKOB. ,Il,nHHa 3TOPO OT-

pe3Ka, BHOCfill\ero HCKaJKeHHH B nonoMeHHe .ToqeK KaJKAoro H3 nepece
KaDll\HXCH TpeKOB, T8M 60Hbill8, qeM M8Hbill8 yron nepeceqeHHH. HCMD
qeHHe HCK8llt8HHHX ToqeK H3 MaCCHBa TpeKa He npeACTaBJIHeT npo6ne
Mbl, 6narO,l\apH npOQ8'AYP8 Bbl6poca, 0 KOTOpOH• peqb nOHA8T HHllte, HO 
6onee onacHo "cBepeyTh" npH npocneMHBaHHH qepe3 MecTo nepeceqe

HHH Ha,nolltHoe HanpaBJieHHe, Bbl6paB HenpaBMbHOe npO'AOH~eHHe. 
B TaKHX cnyqa.HX ace aaBHCHT OT Toro, HaCKOHbKO yqTeHa B 

3KCTparronHQHOHHOH q>OpMYne HHq>opMaQHH, HM8Dll\aHCH B yiite HaHA8HHblX 
ToqKax. Bb!A8JIHM ABa OCHOBHb!X'cnoco6a 3KCTpanonRl\HH TpeKoa: 

I. 11poBe'AeHHe 3RCTpanonHQHOHHOH RpHBOH no MeTOAY HaHM8Hb
illHX RBa,l\paTOB (M.H.K.). • 

2. ITpeACKaaaHHe 6ai1ecoacKoro THna. 
,Il,nH Bbl6opa nO'AXO'AHll\8H RpHBOH, HaMyqillHM o6paaoM onHCHBaD

ll\8H TpeK, cneAYeT yqecTb, qTo 'ABIDK8HHe 3apIDKeHHOH qacTHQH B O'A
HOPOAHOM MarHHTHOM none npH OTCYTCTBHH 3HepreTHqecKHX noTepb 
npoHCXOAHT no BHHTOBOH HHHHH, npoeKQHH KOTopon Ha IlnOCKOCTb 

MO~eT 6HTb xopomo npH6nHllteHa OKpyJKHOCTbD c pa,l\HYCOM, o6paTHO 

nponopQHOHaJihHblM HMIJYnhcy qacTHQH. 11oaToMY a 3a,l\aqax npocne~Haa

HHH TpeKOB HCnOHb30BaHHe ypaaHeHHH OKpYJKHOCTH CTaJIO Tpa,l\HQHOH
Hb!M. B03BP8.1118.HCb onHTb K cnyqaD cnHpaJibHOro CKaHHpOBaHHH, BHBe
'A8M nonHpHOe ypaBH8HHe OKpYJKHOCTH pa,l\Hyca r , C Q8HTpOM B TQqKe 
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( Re, 8c 
tl:TO R 

C 

) , npoxo,rvru1eii Ha Ma.JIOM paccTOHHHH j3 OT TIOJIIOCa T8.K, 

r+p • Ile H3BeCTHOH TpHI'OHOMeTpHtl:eCKOH ~OPMYJie 

R2 + ; 2 + 2r.J, + 2R(r+pl cos(8-8
0

)=0 

OTKYAa np11 J1 , Ma.JIOM no cpaaHeHliD C Pa,IIHYCOM OKPYJKHOCTH r 

npeHe6peraeM ~eHaMH j/r H J, 2 H no.nyqaeM 

8 = 8 + arccos(-R- + L ). 
o 2r R 

Pas.naraa B P.f!A arccos , TIOJiyqliM H3BeCTHYJO annpoKCHMa.Izy!IO WI.fl 

ypaaHeHH.fl oKpYJKHOCTH B TIOJI.RpHb!X KOOPAHHaTax B B~e 

0 = 0
0 

+ cl.R + hR + fR3 
, (3) 

I'Ae J.. = .!_ - TIOJIOBHHa KpHBH3Hbl OKpYJKHOCTH, 'eo= 11" - 8 
a o= c1..31~r. 2 0 

Mbl, OAttaKo, He 6yAeM TIOJib30BaTbC.fl CB.fl3bl0 .,L_ H t ' tl:T06bl 
coxpaHHTb JiliHeiittyIO saBHCHMOCTb OT R03~lU~eHTOB. 3TO TI03BOJIHT 

HaM HallTH HX no HMeIOillHMC.fl n TOtl:KaM Tpexa ( Ri, 0 i > i = G , 
MHHHMH3Hpy.R KBa,IlpaTHtl:HhlH ~K~OHB.lI 

2 n 3 2 
s = ~w. (8 -8 -J..R.-j1/R.- l"R.) (4) 

i= 1 i i o 1 1 a 1 • 

YKnoHeHH.fl TOtl:eK ( R., 8. ) OT KPHBOH .nyqme 113Mep.RTb He no 
l. l. 

yr.ny 8 'TOtl:HOCTb KOToporo y6hlaaeT C pa,IIHYCOM, a no ~re l=R-6, 

T.e. coxpaHHTb AeKapToay MeTpliKy. ,ll.n.R 3TOI'O Ha,IIO Bhl6paTb aeca w. 
nponopmrnHl!.JibHhlMH Rf • IlpHpaBHHBa.fl HyJIIO npoH3B0AHble s 2 no napa.-

1 

MeTpaM, Mhl no.nyqaeM OTHOCHTeJibHO HHX HOpMB.libHYJO CHCTeMY JIHHeHHb!X 
ypaaHeHHll C CHMMeTplitl:HOA MaTpHu;eii. PemeHHe 3TOH CHCTeMbl AaeT HaM 

ou;eHKH WI.fl 8 
0

, cJ. •ft H ( , a 3Hatl:eHHe S 
2 
min - ou;eHKY AHC-

nepCHli, Heo6xoAHMYJO WI.R.opratt11sau;1111 npou:eAJPhl _ahl6poca "n.nox11x" 

TOtl:eK. 
IloTpe6HOCTb B 3TOH npou:eAJPe B03HHKaeT' eCJIH cpeAHHA pas-

6poc TO'i8K6'n aoxpyr xpHBOll (3) npeahlCHT AOTIYCTHMhlA nopor. B 
3TOM c.nyqae Bhl6pachlaaeTC.fl TOtl:Ka, M8.KCl1MaJibHO YAaJieHHa.R (no ~re) 

OT KpHBOA (4), 11 BC.fl npou:eAJPa TIOAI'OHKH r.oBTOp.ReTC.fl. Bhl6poc ITpOAOJI
JKaeTC.fl AO TeX nop, noxa O He BOllAeT B 38,IlaHHble npeAeJibl 11.JIH 

n . 
noRa CJIHmKOM 60.nbmoe tl:HCJIO Bb16pomeHHblX TOtl:eK He TIOKW!teT, tl:TO KpH-
Ba.R BHAa (3) He MOJKeT YAOBJieTBOpHTeJibHO OTIHCaTb HMeD~HHC.fl Ha6op 
TOtl:eK. 06hltl:HO T8.KHe CHTyau;11H B03HHKMT, KOI'Aa B Ham Ha6op nona

A8JlT TOtl:KH cpasy H3 AByx 6JIH3KO pacnoJIOJKeHHblX Tpexoa, K8.K,HanpH-
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Mep,a ynoMHHaameMC.fl ahlme c.nyqae, ec.nH o6a s.neMeHTa Tpexa nona.JIH 
B OAlfH H TOT JKe HHTepBB.lI I'HCTOI'paMMhl •. HaH6o.nee npocTOH BHXOA H3 

3TOI'O TIOJIOJKeHH.fl - npoBeAeHHe TIOBTOPHOI'O I'HCTOI'paMMHpOBaHH.fl C BABOe 
MeHbmeA mHpliHOA TIOJIOCOR. Bo3MOlKHOCTb T8.KOI'O AByx~TanHOI'O .t!!f:,

TorpaMMHpOBaHH.fl c HatiaJibHhlM sHatieHHeM mara no yr.ny ,18 ~1° + I,5~ 
no aceM yr.naM WI.fl onpeAe.neHH.fl 06.nacTell, I'Ae HMeIOTC.fl TpeKH,H noa
TopHoro C marOM 48/2 B T8X MecTax, I'Ae TIO.f!BJI.f!B)TC.fl CHI'HB.lihl 06 

ona_cHoM cr~eHHH Tpexoa, BIIOJm8 cooTaeTcTayeT npHH~ny 2 H c~e
CTBeHHo 3KOHOMRT o6~e saTpaThl apeMeHH H Tia.MJITH 3BM Ha I'HCTOI'pa.M

MHpOBaHHe (HeTpyAHO TIOACtlHTaTb, tl:TO ·WI.fl o6~ero I'HCTOI'paMMHpOBaHH.fl 
no aceM yr.naM c maroM 8=1° H aapHau;HeA KaJKAOI'O HanpaBJieHH.fl a 

npeAeJiax ±3° TIOTpe6yeTC.fl OKOJIO? TblC • .fltieeK TiaM.f!TH 3BM). 
IlpOCJieJKHBaHHe Tpe'xa C l'ICTIOJib30BaHHeM TIOAI'OHKH no KpHBOH BHAa 

(3) npOHCXOAHT c.neAYJQ~HM o6pa30M:noc.ne TOI'O, K8.K no npe~HM 
TOtlKaM 6h!JIH HatlAeHhl K03~HU:HeHThl KPHBOH (3) C Bb16pocoM acex no-

(n) (n) 
CTOpOHHHX TOtieK, HaxOAHTC.fl TOtl:Ka ( R nporH.' 8 nporH.) 
nepecet1eHl'l.fl 3TO!l KpHBOH co c.neAYJQ~M BHTROM CTIHPB.JIH. B oxpecTHO-

' CTH :: s n+ 1 3TOH TOtlKH' mHplma KOTOpoA He npeablmaeT ±3 (5 n ( HO 
H He MeHbme cpeAHeii IDHpHHhl Tpexa, T.e. _30 MKM) Bhl6HpaeTC.fl TOtlKa 

( Rn+1 ,8n+1 ), npHcOeAHH.fleMaa K MaCCl'IBY TOtl:eK Tpexa, noc.ne 
qero TIOBTOp.ReTC.fl BC.fl npou:eAJPa TIOAI'OHKH KpHBOll H Bhl6poca. Ec.nH 

'lHCJio ;o'leK B Sn~ i npeBlilllaeT oAHy, To 6epeTc.a To'!Ka, Hau6JIIDJtaiima.a 
K npoI'H03HpyeMOA. EcJIH . JKe B S° ~. { TO'leK He HBXOAHTC.fl, TO llp0HCXO,IU1T 

npeAcKasaHHe WI.fl c.neAYJQ~ero BHTKa cnHpaJIH HT.A., noxa aeJIHtlHHa 
nponycxa He IIOKaJKeT, 'iTO TpeK o6opBB.lIC.fl wm "ymeJI" B CTopoHy. 

~e 60.nee CJIOlKHa.R npou:eAYPa aBTOMaTHtl:9CKOI'O npoc.neJKHBaHl'l.fl Tpe
KOB ~a C/HHMKaX C 60JibmoA nyshlpbKOBOA KaMepbl MHPABEJ!b OTIHCaHa B pa-
6oTe143 • · 

HcnOJib30BaHHe M9TOAa IDHypOB TI03BOJI.fleT o6'beAlfHHTb 3Tan TIOHC

Ka TpeKOBhlX 3JieMeHTOB C 3TaTIOM llpOCJieJKHBaHH.fl TpeKOB, pa60Ta.R 

3Hatl:HTeJibHO 6hlCTpee M.H.K. 0Att8.KO npeACKa3aHHe no ~PMYJiaM (I-2) 
Ha,IleJKHO pa6oTaeT JIHm? a 6.narono.nyqHhlX c.nyqa.RX, KOI'Aa Ha TPeKe 
HeT 60.JibIDHX pasphlBOB H Y3KHX nepecet1eHHA C APYI'HMH Tp9KaMH. 

MoJKHO KOM6HHHpoaaTb 3TH ABa MeTOAa, npH6era.R K 3KCTpanoJI.fl

~H no M.H.K. B c.nyqa.RX HaJIHtl:H.fl Ha TpeKe 60.JibIDHX pasphlBOB. TeM 

He MeHee B03MOmiOCTb yxoAa Ha nepecex~n TICA Ma.JIW yr.noi TpeK 
OCTaaaJiacb I'JiaBHHM HeAOCTaTKOM MeToAa IDHypOB. B pa60Te/I4 AaHO 

o6ocHOBaHHe WI.fl 3Tana llpOCJieJKHBaHH.fl TpeKOB C TI03H~A 6a8ecoacKo
I'O TIOAXOAa. YpaaHeHHe Tp~Ka OTIHChlaaeTC.fl BeKTOpOM napaMeTpOB B. 
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Ha OCH0Ba.HHl1 11H¢0PM8.I.iHl1, noJiytreHHOH no YJl(e HB.H,l\eHHbIM TOqKaM TpeKa, 

,I\eJiaeTCH OUeHKa B"' , nporH0311PYJOIJ1aH nOJIOJKeHJ.te TpeKa Ha CJie~-

111en CKaH-JI11H1111. ITp11 3TOM 11cnoJib3yeTcH KB~paT11qHM WHKU11H noTepb 

· r (B'\BJ = (Bx ..: BJ ' (i!x-B) 11 MH noJiytreHl1H Bx MHHl1MH311pyeTcH 

anocTep11opH1,1tt pl1CK. B 06!,lqHQM npe,I\nOJIOlKeHl111 HOpMaJibHOCTl1 BeKTOpa 

113MepeHl1tt B KaqecTBe pemeHl1H nOJiytleH 113BeCTHl,ltt ¢11JlbTp Ka.rrMaHa. 

PaccM0TpeH11e npaKT11qecKOH pean113yeMOCTl1 ¢HJibTpa Ka.rrMaHa Ha 8BM 

noTpe60BaJIO PH,I\a ynpo111eH11fi, C,I\eJiaBllll1X ero 6onee 6NCTP,hlM, HO cy6-

onTl1MaJibHhlM. CooTBeTcTBYJOIJ1aH nporpaMMa ~HJibTP8.I.iHl1/I57noKaaana 

xopom11e pe3yJibTaTN np11 o6pa6oTKe peanbHNX co6NT11fi. 

Oco6yio TPY~OCTb MH npocneJKl1BaHl1H npe,I\CTaBJIHIOT TaK Ha3NBae
MNe Y3K11e hapN TpeKOB, T.e. CJie,I\OB, OCTaBJIHeMNX BTOp11qHNMH qacTl1-

llaMH, Bb!XO,I\HIJ111Ml1 113 BepillHHN BMecTe 11 pacXO,I\HIJ111M11CH TOJibKO B KOH

ue noJIH Ha6JIIO,I\eHl1H. ,lvrH o6nerqeHl1H npocneJKHBaHl1H TaKHX Y3Kl1X nap 

TpeKOB onepaTop ,I\OJllKeH 113Mep11Tb Ha KOHQax K~oro 113 Hl1X cneu11-

,, aJibHYJ(l TOqKy (Dr) TaK, qTo6N 06ecneq11Tb npocJielKl1BaHl1e B o6paTHOM 
HanpaBJieHl111 K Bepm11He. 

B CJlytlaHX OTKa3a 06!,!qHNX MeTO,I\0B o6HapyiKeHl1H TpeKOB MOlKeT 

6NTb np11MeHeH cnoco6 JIOKaJibHOro npeo6pa30BaHl1H KOOp,I\11HaT C nepe

HOCOM nOJIIOca B or. 4acTb 06111ero MaCCl1Ba ,I\aHHNX CKaH11pOBaHl1H 

( Ri, a i ) B Y3KOM ceKTope' BKJI10qaro111eM OT ( RoT , aoT ) ' T. e. B 

11HTepBaJie 3HaqeHl1H a OT a OT - a ,I\O 9oT + a, nepecq11TimaeTCH 
no ¢opeynaM: 

✓ 2 2 J = RoT - 2RRoT cos (a-eo-r ) +R 

<f =arcs in (; sin (e-eo-r ) ) 

B HOBYJO Cl1CTeMy nOJIHpHNX KOOp,I\11H~T ( _p, l.f ) C nOJIIOCOM B Dr, 
B KOTOpon qepe3 noJIIOC npOXO,I\11T TOJlbKO O,I\11H TpeK, TaK qTQ HaxOJl(,I\e

Hl18 era YIJPOIJ18HHOH npoue.I\YPOH npoeKT11pOBaHHH yiKe He npe,I\CTaBJIHeT 
npo6new. 

IToCJie 3aaepmeHl1H npocJieJKHBaHHH Bcex Tp8KOB Heo6XO,I\11MO OT06-

paTb H3 HHX TOJibKO Te, KOTOpNe BXO,I\~T B npoeKUHIO C06NTHH. 8TOT 

OT6op OCYIJ18CTBJIHeTCH C nOMOIJ1blO ,I\HCKpHMHHB.HTHoro ~YHKUHOHaJia, coc

TaBJiellHOro C ytreToM HMeIOIJ1HXC.H anpHOpHNX CBe,I\eHHtt. B CJiytrae cn11-

pMbHOro CKaHHpOBaH11H B KaqecTBe npoBepHeMh!X napaMeTpOB BN611paroT
CH: 
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- pacc~OHHHe TpeKa OT aepmHHN, T.e. napB.MeTp J, B ypaaHeHl111 

(3) 11 R, -nOJISipHNH p~yc 6JI11JKattmett K BepmHHe TOqKH TpeKa; 

- cpe~HH nJIOTHOCTb TOqeK B,I\OJlb TpeKa, T.e. OTHOmeH11e N/¾, 

r,I\e N - qHCJIO TO'lleK Ha TpeKe, ¾ - p~11yc Ca.MOH ,I\aJieKOH OT 
Bepm11HN TOqK11. 

ECJil1 0603HaqHTb P,=1/lj31, P2;=1/R,,P3=1/6, P4=¾;N, TO Ml1Hl1-
Ml13aQlffl WHKUHOHaJia KaqecTBa 

q 
F = - !:WiP. 

i=1 1. 

(5) 

Ha MHOJKeCTBe TpeKOB-KaH,I\11,I\aTOB n03BOJIHeT BN6paTb H8.11JiyqIDl18 113 HHX. 

Beca wi no,I\6HpaIDTCH 3Mnttp11qecK11 TaK, 'llT06N qJI8Hl,( CYMMN (5) He 

CJI11111KOM OTJil1'llaJIHCb .I\PYr OT ,I\Pyra. 

BB.l!tHhlM Kpl1Tep11eM HBJIH0TCH COOTBeTCTBl1e KpHBl13HN TpeKOB, T.e. 

napaMeTpa cJ. B ypaBHeHl111 (3) ~311tleCKl1M Tpe6oBaHl1J'IM, OTHOCHIJ1HMCH 

KaK K 3HaKY .J.. ' TaK 11 K B8J!R'!WI8. Oco6eHHO Jlt8CTIUI8 Tp960:sa.HIDI 

npe,I\1,HBJIHIOTCH K nytrKOBOMY TpeKy, MH KOTOporo 113BeCTHl,( 11 Kp11Bl13-

Ha 11 yroJI 80 ' no3TOMY o6a 3Tl1 napaMeTpa npoBepHIOTCH Ha HaxOJl(,I\e

Hl1e B onpe,I\eJieHHNX ,I\OnycKax: 

I 0 0 - anytlKI < € I J... - J,. nyt1KI< t.,1.. (6) 

~HKUHOHaJI (5) nerKo 0606111aeTCH Ha CJiytlatt HeCKOJibKHX KaH,I\11,I\aTOB, 

npOXO,I\HIJ111X Kp11Tep11n (6). AHaJior11trnNe cnoco6N npoBepK11 Kat1eCTBa 

oTo6paHHNX TpeKoB 11 BN6opa 113 HHX rpynnN, cocTaBJIHIOIJ18H npoeKUl1l!l 

co6NTl1H, 11M810TCH 11 MH pa60TN C ,I\aHHNMH B ,I\8KapTOBOM CHCT8M8 

KOOp,I\11HaT. 

• ~bH8MmaH o6pa60TKa HanpaBJI8Ha Ha 3aBepmeHl10 OTil1Ca.Hl1H co6N

Tl1H. Tot1KH OT06pa.HHNX TpeKOB ycpe,I\HHIOTCH, 'llT06H HM8Tb I5-20 Mac

Tep-TO'll0K Ha K~OM 113 HHX, npoBepH8TCH KOMTIJI0KTHOCTb acero co6N

Tl1H B U8JIOM, COOTB8TCTBl10 Bcex ,I\aHHNX no npoeKU11HM H ,I\aHHNe nepe

BO,I\HTCH B ¢opMaT, np11HHTNH Ha BXO,I\8 B nporpa.MMN reoMeTpwqecKoro 

11 ~311qecKoro attan113a. 

~onyCTl1Mbl0 n0Tep11 BO.BC8M 3TOM npouecce, Ha3NBaeMOM o6wmo 
qJHJlbTpagRefi, He ,I\OJIJKHH npeBbllilaTb 5-7%, qTo np0,I\1,HBJIH8T npe,I\eJibHO 

lK8CTKl1e Tpe60BaHl1H K ~HJibTP8.I.iHl1 dT,I\eJibHNX TpeKOB Ha npoeKUHHX. 

B CaMOM ,I\eJie, YJl(8 MH co6NTl1H C JUlTblO TpeKaMM, H3Mepe~HNMH Ha 

Tpex npoeKUHHX, Tpe60BaHl10 IDA8Tb He 6onee 5% noTepb Ha BNXO,I\8 

03Hat1aeT, qTo K~M npoeKUHH TpeKa ,I\OJiltHa 6NTb o6HapYJl(eHa 6e3 
ODIH6KH C B8pOHTHOCTblO 99,7%. 
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B 3TOA CBfl3H cne,eyeT TIOAqepKHYTb ponb npoaepoqHl,IX 6nOKOB npo

rpa.MM ~HnbTp8.UHH H, C APYPOA CTOpOHbl, HaTIOMHHTb, qTo B HeKOTOpblX 
AOCTaTOqHO peAKHX cnyqaflX pa3pemeHHe CRlffilKOM cnolKHl:ilX MbTepHaTHB 
BblPOAHee npeAOCTaBHTb qenoaeKy, qeM TIHTaTbCfl pemHTb HX 3.a cqeT qpe3-
MepHoro ycno~HeHHfl nporpaMMH. 

KpoMe 3TOPO, TIOAK.moqeHHe qenoBeKa Ha CTaAHH aAanT8.UHH nporpaMM 
o6pa60TKH K HOBOMy 3KCnepHMeHTY AenaeT CHCTeMy CaM006yqruomelfcfl, TaK 
KaK n03BORfleT HeMeMeHHO aHMH3HpoaaTb cnyqaH OTKa30B H OillH60K B 
pacno3HaBaHHH H BHOCHTb Heo6XOAHMHe KOppeKUHH B napaMeTpbl nporpa.MM. 
TaKoe yqacn1e qenoaeKa B oueHKe pe3ynbTaToB ~HnbTpauHH oc~ecTanfleT
cfl 06liqHO B BH.I~e TaK Ha3blBaeMolf CTaHUHH "cnaceHHfl 11 co6blTHlf, npeA

CTaBnfl10men co6oA cpencTBO BH3YMbHOPO npencTaaneHHfl AaHHblX B BHAe 
AHCnnefl co CBeTOBbIM KapaHAaillOM H COOTBeTCTB~mero nporpa.MMHOPO o6ec
neqeHHfl, no3aon~mero "noMoraTb" nporpaMMe ~HnbTpauHH H onepaTHBHo 
MeHflTb ee napaMeTpbl/l0,44/. 

E. ITpo6neMH 36pa60TKH H3o6paitteHH!f npH 6ecwHnbMOBOM C'oeMe 'AaHHblX 

HecMOTPfl Ha MHOPHe npeH~eCTBa ~HRbMOBOlf perHCTpaUHH °KaMepHb1X 
co6HTllli, liX rnaBHHe H8~0CTaTKli - ~oporoBllaHa H MHoroCT8ll8HHOCTD o6pa-
60TKl1 - CTm.,ynHpOBaJll1 llOHCKli ~yrHX, 68CWWlliMOBHX M8TO~OB perHCTI)a

llHH,oco6eHHO B CBfl3H C nOflBneHHeM HOBblX BblCO,OCTaTHCTHqecKHX 3Kcne
PHMeHTOB c MaPHHTHO-HCKpOBbIMH cneKTpOMeTpaMH l 7/ H 6onbillHMH CTpHMep
HblMH KaMepaMH/l6/. 

TpeKH B onTHqecKHX HCKpOBblX KaMepax COCTOflT H3 KOpOTKHX npflMO
nHHelfHblX caeT~HXCfl HCKp (cM. pHc.8). CTpHMepHble TpeKH npH B3PRflAe 
Ha HHX BAORb sneKTpOCTaTHqecKoro nonfl BHemHe noxo~H Ha TpeKH B 
ny3blpbKOBblX KaMepax (pHc.9), HOB oTnHqHe OT ny3blpbKOB, HMe10mHx OAH
HaKOBble AHaMeTpbl, CTpHMepbl HMelOT pa3Hble AHaMeTpbl H CBeTHMOCTb. BN
POAHOe OTnHqHe OT ny3blpbKOBblX KaMep - npaKTHqecKH nonHoe OTCYTCTBHe 
BTOpHqHblX B3aHMOAelfcTBHlf,MeHbillHlf ypoBeHb ~Ha H noHB/leHHe none3Hb!X 
co6blTHA noqTH npH K~OM cpa6aTblBaHHH. 

HeKOTOpble H3 coapeMeHHb!X BblCOKOqyBCTBHTenbHblX TeneKaMep n03BO
n~T nocne He06XOAHMOPO ycHneHHfl 3a~HKCHpoBaTb 3TY CBeT~MOCTb HCKp 
H CTpHMepoB H C TIOMomb10 COOTBeTCTB~mHx sneKTpOHHblX cxeM conpfl~eHHfl 
nepeAaTb OllH~poaaHHble KOOPAHHaTH HCKp H cTpHMepoa npflMO B 3BM, MHHYfl 
CTaAHlO !pOTOPp~HpoBaHHfl H CBfl3amrax C Helf npo6neM ( ocaemeHHe' npoflB
Ka, nocne,eyiomee CKaHHpOBaHHe H T.n.). BNnenflfl rnaBHble OTnHqHfl ~Hnb
MOBblX H 6ec~HnbMoBblX MeToAoB coeMa HH~opMauHH, yKaitteM npe~e acero 
Ha npHHUHTIHMb~ HeB03MO~HOCTb npH 6ec~HnbMOBOM CoeMe nepeMepHTb 
co6blTHe, KOTopoe 6Hno H3MepeHO HnH o6pa60TaHO c OillH6KoA HnH, qTo6onee 
Baitttto, coAep~aJio KaKolf-To peAKHA s~eKT H HMeHHo nosToMy He noMaBa
nocb o6pa60TKe no 06HqHblM PYTHHHblM anropHTMaM. 
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BYAb OHO C~OTOrp~HpOBaHO, ero MOl!tHO 6Hno 6bl H3MepHTb TTOBTOpHo, 
Hcnpaanflfl Bee BHAN OillH60K - KaK Te, qTo CBfl3aHbl C HenpaBHnbHblM Bbl6o
poM mara CKaHHPOBaHHfl H ypoBHfl AHCKpHMHHallHH, TaK H omH6KH pacno3-
HaBaHHfl, npH6erruI, npH Heo6XO,IV{M0CTH,K yqacTHlO qenoBeKa. XOTfl TIOA06-
Hafl HaAel!tHOCTb He Mo~eT 6b!Tb nonHOCTblO o6ecneqeHa npH 6ec~HnbMOBOM 
CoeMe (T.K. OillH0KH nepaoro THTia B03MO~ H npH CaMOM TOqHoM KOHTpO
ne OTcqeTHOA CHCTeMH), ecTeCTBeHHO ~enaHHe o6ecneqHTb MaKCHMMbHoe 
KaqeCTBO BOCTipOH3BeAeHHfl H306paitteHHfl nyTeM sanOMHHaHHfl Bcex AaHHblX 
6ec~HnbMOBOPO CoeMa Ha HeKOTOpOM TIOCTOflHHOM HOCHTene, HanpHMep, Ha 
MarHHTH0A neHTe. OnHaKo cne,eyeT HMeTb B BH,ey, ~TO CaMO TIOflMeHHe 
6ec~HnbMOBblX MeTOA0B 6Hno Bbl3BaHO He CTOnbKO ~enaHHeM ynpOCTHTb cno

co6 nonyqeHHfl H/MH ynemeBHTb ero pe3ynbTaT, CKOnbKO Tpe6oBaHHeM 
yaenHqHTb CTaTHCTHKY H, COOTBeTCTBeHHO, ycKOpHTb TeMTI 3KcnepHMeHTa. 

PocT TIOTOKa AaHHblX, AOXOAfllqero AO 106 - 107 6HT/C Tpe6yeT nH60 
KaKHX-TO HOBblX cneqHMbHblX cnoco6oB BHAe03aTIHCH C TinOTHOCTflMH He Me
Hee 300-400 6HT/MM (06 3TOA B03MOXHOCTH,TIOKa eme MMOAOCTYTIHOA y Hae, 
Ho Hcnonb3yeMoA B UEPHe,cM./48{cM.Ta~e / 49{, nH6o,qTo 6onee peanbHo,
c~aTHfl AaHHblX B npoqecce HX OllH~OBKH H 3anHCH Ha TIOCTOflHHbllf HOCHTenb. 

5. l. CJKaTHe ,namrux onmppomm 
IToA c~aTHeM AaHHblX o6blqHO TIOHHMaeTCfl npeo6pa3oBaHHe, COKp~alO

mee HX o6oeM TaK, qTo6bl 0CTaBMaCb MMO!l HeKOTopafl Mepa pa3HHJTbl Me~
,ey HCXOAHblM Ha6opoM AaHHblX H peKOHCTPYKUHelf c~aT0PO Ha6opa. ITpH o6-
pa60TKe H306pru1teHMlf, COCTO~HX H3 none3HOPO 06pa3a H ~OHOBblX AaHHblX, 
3TY Mepy uenecoo6pa3HO CTpOHTb TORbKO Ha TOqKax, OTHOCRmHXCfl K no
ne3HOMy o6pa3y, qT0 noaaonReT BKn10qHTb B npeo6pa3oBaHHe c~aTHR TaK~e 

H nponeAYPY ~HnbTpaqHH(OTCeBa illYMOB). 
TaKHM o6pa30M CTaBHTCfl 3anaqa O 6blCTpOM c~aTHH 6e3 HH~OpMauHOH

HblX noTepb. 3TO 03HaqaeT' qTo anropHTM c~aTHR AOR~eH OTHOCliTDC.fI It 

cneqHanbHOMy Knaccy 6blCTpb1X anropHTMOB, AOnycKaiomHx annapaTH~ pea
nH3allH10 H napannenH3M o6pa6oTKH, HO coxpaHRlOmHx npH 3T0M C 3aAaHHOA 
ToqHOCTblO reoMeTpHqecKHe H ~H3HqeCKHe CBOlfCTBa HCXOAHOPO A'CKP,eTHOPO 
npencTaMeHHfl (6onee nonHoe H3no~eHHe sTolf KOHUenQHH cM. B 451). 
06blqffo npH 3TOM nonycKaeTCfl n106oe ycno~HeHHe nocne,eyiomen off-line 

npolleAYPbl pecTaapaUHH Heo6paitteHHR, npOBOAHM0lf no 3an,ca~ AaHHblM, 
KaK npaBHno, Ha MO!IIHOA 3BM. 0AHaK0, KaK H3narMOCb B 46 ' ecnH Han
ropHTM pecTaBpallHH HCXOAHOPO H3o6paitteHHfl Ta~e YAaeTCfl peanH30BaTb 
KaK 6blCTpbl!l, TO B03HHKaeT B03MOl!tHOCTb e,nanTHBH0PO ClltaTHfl, T.e. TaK0A 
AHHaMHqeCKOA nepecTpoAKH napaMeTp0B c~aTHR, KOTOPWI ero ynyqmaeT, 
YMeHbillruI Mepy pa3HOCTH HCXOAHOPO H BOCCTaHOMeHHOPO H3o6paitteHHlf 

(HnH HX ~arMeHTOB). 
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I: 
qTO ~e KacaeTC.fl Tpe60Ba.HH.fl C~TH.fl 6e3 HHq)OpMallHOHHHX noTepb, 

TO 3TO 03HaqaeT He TORbKO ycnoBHe coxpa.HeHH.fl Been HH~OPMallHH, Heo6-
XO,l:IHMOn M.fl H~e~oro npocne~HBaHH.fl TpeKOB, HO TaK~e H ,l:IOITORHHTeJib

HOe ycJIOBHe, cneUH~ffqHOe, HanpHMep, M.fl CTpHMepHNX TpeKOB npH BHCOKHX 

:rneprH.f!X' a HMeHHO - coxpattemrn HH~OpMallHH 06 me JIOKalll,HOll CTPYKTY.P8' 

TO eCTb O COOTHomeHHH OTcqeTOB H nponycKOB B,l:IORb K~oro TpeKa, noa

BOJI.fllO~eM oueHHTb HX nepBHqHyio HOHH3allH' (CM~ peayJibTaTH 3KcnepHMeH
Ta.JlbHblX H TeopeTHqecKHX HCCJie,1:10BaHHn B 23- 2~/). 

B TaKon nocTaHOBKe 3~aqa_ 6HCTporo c~aTH.fl HCKnJOqaeT B03MO~OCTb 

npocToro nepeHeceHH.fl Toro 6oraTCTBa anropHTMOB pacnoaHaBa.HH.fl TpeKOB, 

KOTopoe 6uno HaKonJieHo B ~HJlbMOBon o6pa60TKe, noCKORbKY CaM no,1:1ico,1:1 

npH pacnoaHaBaHHH 03Haqa.JJ Bbl,l:leJieHHe MHO~ecTBa ToqeK, OTHOC.flll1HXC.fl K 

noJie3HOMY o6paay, H OT6pacHBaHHe OCTa.JlbHblX KaK ~OHOBl,!X, 3aMeTHM, 

qTQ 3,l:leCb Mb! He paccMaTpHBaeM npo6JieMbl c~aTH.fl M.fl 6ec~HJibMOBOro Coe

Ma ,1:1aHH1,1X C HCKpOBl,!X cneKTpOMeTpOB, noCKOnbKY nOTOKH"aHHHX TB.M (c 
BH,l:IHKOHHOn CHCTeMbl cnettTpOMeTpa "OMEI'A", HanpHMep/I? ) no3BOJI.fllOT 

~HKCHPOBaTb BCe Ha o6bltIHYJO MarHHTHYJO neHTy. 3TO ,1:1aeT B03MO~HOCTb npH

MeH.f!Tb 3aTeM B pe~HMe off-line napaMeTpHqeCKHn MeT0,1:1 pacnoaHaBa.HH.fl, 

ormcaHHbln B Haqa;re Hamen JieKUHH KaK MeTO'A rJiaBHHX KOMnOHeHT. )vl.R npe-

0,l:IOJieHH.fl OTMeqeHHHX Bliille Tpy,l:IHOCTen, CB.fl3aHHHX rnaBHblM o6paaoM C 

npo~ciaMH Ha TpeKalC H HeO,l:IHOpO,l:IHOCTblO MarHHTHOro non.R,6Hn npe,l:IJIO
~eH 7 opHrHHa.JJbttliA MeT0,1:1 ,l:IBYMepHoro noHcKa TpeKOB, TpeKH B 60KOBl,!X 

KaMepax, OKp~aro~x MHllleHb (CM. pHc.8),HCITORb30Ba.JJHCb ,!\JI.fl BbltIHcneHH.fl 

npocTpa.HcTBeHHoro nono~eHH.fl BepmHHbl nyTeM npo,1:10JI~eHH.fl HX ,1:10 nepece

qeHH.fl C nyqKoM, Hanpa~eHHe ROTOporo perHCTpHpOBaJIOCb cneUHaJibHblMH. 

npoBonoqHHMH KaMepaMH. TTpocJie~HBaHHe TpeKOB B nepe,l:IHHlC KB.MepalC Be

ROCb OT HaH6onee y,1:1aneHHOro OT MHllleHH KOHUa Ha3~ K Hen. TTpocne~HBa

HHe BeJIOCb o6bltIHHM MeTO,l:IOM no,1:1roHKH no M,H,K. TpaeKTOpHH no n.f!TH noc

Jie,l:IOBaTeJibHHM HCKpOBlilM npoMe~TKaM (B Tpeic H3 KOTOpl,!X no KpaAHen Me~ 

pe ,!:\OJI~ npHCYTCTBOBaTb HCKpH) C npe,1:1cKa3a.HHeM noJio~eHH.fl HCKpH B 

nocne,I:\YJ()~eM HCKpOBOM npoMe~yTKe. )vl.R cmHBa.HH.fl TpeKOB oc~eCTMMC.fl 

B~O~ B npocTpaHCTBO (TpeK-MaTq) opHrHHa.JlbHHM MeTO,l:IOM, npeMo~eHHHM 
IW ' 

B • 

no,1:106Hyio CHTYallHIO Mb! HMeeM HM.fl CTpHMepHHX TpeKOB B CJiyqae,KOI',l:IA 

HHq/O_pMa!J;ilH 06 me JIOKalll,HOll CTPYKTY.P8 H8 .IIBJIJl8TCH H806XO'AWo{Oli, H ,I:\0-
CTaTO~HO coxpaHHTb HHi;popumuno, Tpe6yeuyIO TOJ!bKO ,I:\J1.fl reOM8Tl)H'I8CKOli 

nporpaMMhl. CTa.HOBHTC.fl B03MOlltHblM HCnOJib30BaTb MeT0,1:11,1 ~TH.fl nyTeM 

6HCTporo OTCJie~BaHH.R TpeKOB HJIH npHMeHeHH.R 6HCTp1,!X opToroHa.JJbHl,IX 

npeo6pa3oBaHHn. BapHaHTH TaKoro 6HCT~oro C~TH.fl M.fl CTpHMepHon Ka
Mepu ycTaHOBKH "PllCK", onHcaHHble B/I I, noaBM.fllOT c noMO~bJO annapaT

HO pea.JJH30BaHHl,!X 6JIOKOB CJie~eHH.fl no 'MeTO,Izy "mttypoB" ,1:106HTbC.fl BHCOKO

ro K03ipf)HUHeHTa C~TH.fl (,1:10 20T30) 3a cqeT BHnonH.ReMoro B npouecce 
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PHc.IO. 

B 

CJlelleHHfl 3aITOJIHeHHfl _npoMeJ!tYTKOB Ha TpeKax H OTCeBa myMOB.ECJIH Te lie 
onepauHH 4iHJibTpallHH T,! ITOITOJIHeHHfl nponyCKOB BHITOJ[HflTb B BHAe cnellHMb
HOA 6HCTpon npouen,ypH npeABapHTeJibHOA copTHpOBKH AaHHHX, TO B03HHKa
eT B03MO~HOCTb HCITOJlb30BaTb Mfl c~aTHfl 6HCTpHe opTOPOHMbHble npeo6-
pa3oBaHHfl C nocne;zyio~HM ype3aHHeM cneKTpa, KaK' 3TO AeJIMOCb B MeTo
Ae rnaBHblX KOMITOHeHT. Ho B OTJ[T,!qHe OT HCITOJlb3yeMoro TB.M pasno~eHHfl 

KapytteH-H03Ba, Tpe6YJOlllero 60JibmHX npeABapHTSJlb~ BHqHCJieHHA AJifl 
onpe~eJieHHfl KoppeJiflllHOHHOA MaTpHllH, 6WIO HaAAeHo- 47/, qTo Mfl ~By

MepHblX H306p8)1teHHA 6onee YA06HHM flMfleTCfl 6HCTpoe CJl3HT-npeo6pa30Ba-
Hll8 (ECIT/46I. . 

B COCTaB 6a30BHX ~KllHA ECIT BXOAHT HaKJIOHHM npHMM, qTo IT03-
BOJifleT orpaHHql,!TbCfl Bcero 8+16 nepBHMH rapMOHHKaMH.cneKTpa Mfl npe~
CTaMeHHfl KycoqHo-JIHHeAHblX ~arMSHTOB ~BYMSPHHX H306pallt8HHA. Ha pHC. 

IO npeACTaMeHH AaHHHe npHMeHeHHfl ECIT H pe3ynbTaT peKOHCTPYKllHH npfl
MOA H JlOMaHon JIHHHA. qepe3 ~ o603HaqeH K03~HllHeHT CllaTHfl • .Il.nfl 

cpaBHeHHfl Ha pRc.IOB npHBe~eHH AaHHble no TTJ)HMeHeHHD K TOMY lie H3o6-
pallteHHD H3BeCTHoro npeo6pasoBaHHfl Yonma-MB.Mapa, ITOATBep~an~He on-
THMMbHOCTb ECIT. 

◊AHaKo,B o6~eM cnyqae 6HCTpoe CllaTHe MO~eT 6mb oc~eCTBJleHO 
TOJlbKO nyTeM 061,e~HHSHHfl B cerMeHTH no~pfl~ H,11,YlllHX OTcqeTOB Ha npfl
MOJIHHeAHblX yqacTKax TpeKoB, npHqeM cnyqaH 3anonHeHHfl He6onbmHx npo
MellyTKOB ~OJ[~ 06fl3aTeJibHO conpoao~aTbCfl sanoMHHaHHSM CBe~eHHA O. 
HHX, paBHO KaK HO BH6pomeHHblXmyMOBYX ToqKax, qTo ~OJlllHO ~aBaTb 

a priori MeHbmHA K03~HUHeHT c~aTHfl, 

32 

KaK H B CJIYllae cneunpoueccopoe THna SHP /'29/, pacCqHTaHHHX Ha ClltB.THe 

4lMbMOBOA HH(JJopMaUKH B npouecce CKaHHpOBaHKfl CHKMKOB, Tpe60BaHK0 
6HCTPOAeRCTBKH anropHTMOB B0AeT K Heo6XOAKMOCTH pa36H0HKH H306pallte~ 
HHH Ha 4JparM0HTH - CJiaRcH, 061>0AHH.RlllllH0 KOOPAHHaTH, ITOJiyqeHHHe Ha N 
nocJieAOBaTeJibHHX CKaH-JIHHKHX, B npeAeJiaX KOTOPYX H npoH3BOAHTCH 6HcT
paH npoeepKa CBH3HOCTH ToqeK. ECJIH qffQJ[O ToqeK n B TaKoR CBH3HOR 

rpynne npeebllllaeT HeKoTopHR He6oxbmon nopor, To B npeAexax cxaRca 3TH 
TOqKH annpOKCKMHpyDTCH JIHH0RHHM Tp8K-3Jl8M0HTOM (JITS)i CllaTH8 AaHHHX 
odecneqHeaeTCH T8M, qTo BM8CTO yKasaHHH KOOPAKHaT BC8X ToqeK rpynnH 
BJiA8.llTCH TOJlbKO 3+5 napaMeTpOB 3Toro JIT:3. QqeBff'AH08 HCKymeHKe: yae
JlHqHTb AJIHHY CJiaRca N I qTodH ITO'AffHTb K03~HIU18HT CllaTHH, - oqeH• 
onaCHO, T.K. npH 3TOM H3-3a KpHBH3HLI TpeKa H8H36ellHO 6yA8T HapymeHa 
3aA8HHaH TOqHOCTb O nHH0RHoR annpoKCHMaUKH, ITo3TOMY B cneunpouecco
pax TaKoro poAaN BH6HpaeTCH AOCTaTOqHO MMHM (5+10). 

◊AHaKO B CJiyqae dec~HJibMOBOro C1>8Ma 3HaqffT0JlbHOe YB0JIHqeHH8 
AJIHHH CJiaRcoB OKMMOCb HeodXOAKMHM, qTodH KOMIT0HCHpoBaTb a priori 

doxbmee qHCJIO napaMeTpoe JIT:3. HHHeRHan annpoKCHMal.lHH c 3aAaHHoR Toq
HOCTbD O npH 3TOM 0CT0CTB8HHHM odpaaoM CTaJia KyCOqHO-JIHH0RHoR, T,8, 
'AJIH ITp8ACTaB.lleHKH HeKoTopoR OTCJI0ll8HHOR CBH3HOR rpynnH ToqeK, COOT

B8CTByDIIHX KaKOMY-TO ~arMeHTY Tp8Ka, MOPJIO noTpedoBaTbCH 6oxee, 
qeM OAHH, JIT:3, qTQ OITHTb-TQKH B0Jl0 K CHHll0HHD lt0~8HTa ClltaTWl 
(He roBOpH YJl8 0 TpedoBaHHH COXpaH8HKff KOOPAHHaT BC8X H8H,ll;8HT~

poBaHHHX ToqeK). 
TaKHM odpaaoM, AJIH paspa60TKH KOHKpeTHHX axropHTMOB 6HcTporo 

Cllt8.THH 6ea HH(JJopMallHOHHHX ITOT8pb B YCJIOBHHX 6ec4lHJibMOBOPO C1>0Ma 6WIO 
He06XOAKMO paapemHTb npOTHBOp0qffff Mell'AY TpedOBaHHJIMH K noxyqeHHn 
AOCTQTOqffO BHCOKoro K03<Ixf,KUH8HTa ~aTHH H TOqffOCTH annpoKCHMaUHH npH 
3aAaHHOM MMOM epeweHH (~65 Mc/KaAP) pa6oTH ecero a.11ropHTMa nocxe 
ero peaJIH3QllHH B BHA8 annapaTypH CllaTHH AaHHLIX ( ACD ). C 3TOR U8JlbD 
npouema caa.THH 6HJia paadHTa Ha ABa 3Tana: I) OTCJl8llHBaHH8 CBff3HHX 
ToqeK JIYT8M 6HcTpoR COpTHpoBKH AaHHHX CKaHHpoBaHHH B np8AeJiaX KaJIAOR 
cKaH-nHHHH, H 2) KyCOqffO-JIHHeAHoR annpoKCHMatIHH c 3aAaHHoR_BeJIHqH

HOR MaKCHM&JlbHOPO OTKJIOH8HHH J' B KOM6HH&UKH C aanowmamt8M ltOOP'AR

HaT H8HA8HTH!fllrntpOBaHHLIX ,oq'K (nOAPQ6Hee OITHC8.HH8 nporpaMM, HMHTH-
pytllllHX padoTy ACD,Aatto a 50 ). . 

KpoMe 3Toro, AJIH BH6opa OITTHIIMbHOA AJIHHH CJiaRCOB H APYPHX na
pBJ,18Tp0B ACD 6HJio HeodXOAHJ,10 BHpadoTaTb KpHT8pHH KaqecTBa Cll8.THH H 
npoB8CTH HCCJl8AOBaHKe Ha peaxbHHX AaHHHX 6ecif,HJibMOBOro C'I,8Ma. TaKoA 
MaTepH8JI dwr noxyqeH C ITOMOlllbD aanHCH Ha MarHHTHyn Jl8HTY AOCT&TOqffO 

ITp8ACTaBHT8JlbHOr? H,6opa OUH~BaHHHX H3o6pall8HHR C T8Jl8BH3HOHHOR 
CHCT8MH KOHTponH 53 CTpHMepHoR KaM8pH ycTaHOBKH "PHCK". 
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KaK BIW{O Ha pHc.9, np8'ACTaBJI100111ero o~o H3 TaKHX OQH~OBaHHHX 
Hao6pallt8HHA, llHCJIO ToqeK Ha HeM 'AOCTaTO~O MaJIO (1+2 'l'HC,), qTQ o6~nc
Hff8TCff Y'Jl.8 ynoMlllWBUmMCH.OTCyTCTBH8M TpeKOB BTOpHqHl,IX H H8llpOB3aHMO

'A8ACTBOBaBll!HX nepBHtrnHX qacTHl\, a TaKllte B o6nacTH MHlll8HH, Kpoue Toro, 
Ha 6onhmHHCTB8 np08KQHA, He CO'A8Pll8JIIHX H306pallt8HHff o6~aCTH B3aHMO
'A8ACTBHff, KpHBH3Ha Tp8KOB MaJia, qTo 'AOnlltHo o6ecnetmBaTb BHCOKyn Toq
HOCTh HX nHHeAHoA annpOKCHMaQHH Ha yqacTKaX 3HatmT8nhHOA ,IVImrn: 

(BMOTb 'AO 64 CKaH-nHHHA), 
B KaqecTB8 onTHMHSHpYJ)IIIHX KpHT8pH8B KaqecTBa czaTHff 6HnH npe,IVIO

Z8Hl,I cne,IzylllilH8 xapaKT8pHCTHKH: K03if$1QH8HT ClltaTHff, cpe~eKBB,IWaTKq
HM BenHqHHa OTKJIOHeHHff

0

TOqeK HCXO~oro Hso6pazeHHH OT COOTB8TCTBYJO

IIIHX KM JIT3, a TaKllt8 cpe'AffHe Ha KB,IW OTHOCHTenhHHe qffcna H8ff'A8HTH~HQH
pOBaHHliX ToqeK K Bcex nonyqeHH1,1X JIT3 (o6a no OTHomeHHn H qHcny ToqeK 

Ha KCXO~OM 01.\H!ppOB~HOM HS06p8.llt8HHK), . 
Hccne'AOBaHHe/5l , npoBe'AeHHoe Ha yxasaHHHX peaJihHHX 'A8lnnDC, no

Kasaxo, qTo npH TO~OCTH BOCCTaHOBJieHHff TpeKOB 2,5 Wof (B npOCTpaHCT

B8 KaM8pH) ACD nosBonneT 'A06HThCff 8-KpaTHoro COKP8.1!18HHff HCXO~ 
'AaHHHX, a npH coxpaHeHHH KOOP'AffHaT H8H'AeHTH~QHpoBaHHHX ToqeK -
3-KpaTHOro. IlpH 3TOM Hcnonh30BaJIHCb ,IVIHHH cnaAcoB B 32+64 CKaH-nHHHH 
(npH 512 CKaH-JIHHHffX Ha K8'AP), HeKOTOpoe ynyqmeHH8 noRasaTe.neA CJtaTHR 

6sno 'AOCTHrttyTo saTeM nyTeM TaKoro ycoBepmeHCTBOBaHHH anropHTMa cne
QHaJihHOA copTHpOBKH, KOTopoe o6ecnetmBa8T y_tl8T noKa.JihHOrO HanpaBJI8HHff 
~arMeHTa TpeKa no Y'Jl.8 HaA'AeHHl:lM ero ToqxaM, ()QeHKH pesynhTaTOB cii:a
THH Tex ze p8aJibHHX 'AaHHHX C nOMOlllhD TaKoro MOlliHOro H yHHB8pCa.JihHOro 
cnel\npOl\8CCOpa, KaK SHP , noKa3a.JIH, qTo 6onee CKpoMHlllt no B03MOllHOC
T.RM, HO cneQHaJibHO opH8HTHp0B8J{Hl,IA Ha 6ec~HJibMOBHA ~eM, ACD H8 
ycTynaeT SHP C TQqxH 3p8HHff BB8'A8HHHX KpHT8pH8B Cl!aTHff/521. 

5.2. 06pa6oTKa CJtaToA HHiflopMagmt 

Bo3BP8111MCh K ocHOBHoA npo6neue o6pa6oTKH ttso6prugeHHA, HanowHM, 
qTo B paMKaX 06111eA cxew H8XOZ'A8HHff K OnHCaHHff co6HTHA Bli,l\8.neHHe nH

H8AHliX TpeK-3Jl8M8HTOB, BHnonHH8MOe B npoQecce CZllTHff 'AaHHllX,Ilp8'ABa
pneT cne,Jzy!)llllle 'ABa sTana: pacnosHaBaHHe npoeKQHA TpeKoB H o6~e~He- · 
HH8 HX B co6HTHff, KaK 3TO BIW{O HS pHc.ll, r'Ae H3o6pueH Ha6op JITa, 
nonyq8HHl,IX npH ClltaTHH 'AaHHliX, Ilp8'ACTaB.ij8HJnlX Ha pHc.9, HCnOHhsyewe 
,!Vlff STOA nenH M8TO'A],I 'AOJilmH 6HTb OTHeceHH K KHaccy UeTO'AOB 683 HaBe
'A8HHff, npuqeu B CHny cneQH~KK CTpHMepHoA KauepH H 6ec~HJibMOBOA CHC

T8W perHCTpaQHH B03HHKaeT PM 'AOnOHHHT8nbHHX TPY'AHOCTeA: 
- npHHQHnHaJihH08 OTCYTCTBH8 'AaHHHX O B8p!IIHH8 co6HTHff H npHH8~ 

raDllleA K HeA o6naCTH, 3aHffTOA NH!ll8HhDi 
- 3HatmT8nbHH8 OnTuqecKHe HCK8ll:8IDIJI, BHOCHW8 3Jl9KTpOHHO-OllTll

qecKHMH npeo6pasoBaTenRMH (3TO npeMTCTBY8T HCnOJib30BaHHI) 06HqHOR 
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MeTO'AffKH npHMeH8HHff ypaBH8HHff OKpyzHOCTH ,!Vlff onHcaHHff npoeKQHH Tpexa); 
- Heo6XO'AffMOCTb HcnOHbSOBaHHff M&CCHBa H8H'A8HTH~HQHpOBaHHHX ToqeK 

,!Vlff noHCKa Tp8KOB, H&KJIOH KOTOPHX npenwaeT 45°; 
- OTCYTCTBH8 COOTB8TCTBHff M8Z'AY nopff'AKOM cne'AOBaHHff JIT3 BHyTpH 

cnaAca H Tp8KaMJ.l co6HTHff H T,'A, 
TeM He MeHee COKP81118HHe 'A&HHHX 'AO 1+2 COT JIT3/K8'AP 3H&qHT8JlbHO llOBH
maeT HX H~pMaTHBHOCTb H 'Ae.naeT BnOJIH8 peaJibHID( npHM8H8HH8 Ha 3BM 
cpe~ero KJiacca rno6aJibHHX M8TO'AOB pacnosHaBaHKR, Tl)86YJJ!tl:IX BB8,lt8HWI 
Ha MHOZ8CTB8 BCeX B03MOJUWX JIT3 H8KOTOpoA M8TpHKH, T,8, paCCTOffHHff, 
xapaKT8pH3YDlllero 6HH30CTh JIT3 C ToqxH ~peHHff HX npHH8,I\118lEHOCTH K He
KOTOpoA HeHSB8CTHOA noxa BHnyKJIOA KpHBOA, ffBJiffD1118ACff MO'A8nhD npo8Kl\HH 

Tpexa. 
IlpH onpe'AeJieHHH TaKoro pacCTORHHff Heo6XO'AffMO ytDl'l'HBaTb KaK B03-

MOZHH8 MSJIH8 Ol!IH6KH B Oilp0'A8Jl8HHH KOHI.\0B JIT3, TaK H reoueTpHq8CKH8 

q>aKTOpY, Onp8'A8JlffDIIIH8 3TY 6JIH30CTb, C 3TOA l\8JlhD pacCMOTpHM B03MOE
Hll8 CJiyqaH B3aHMHoro pacnonozeHHJI 'AByx JIT3 Ha MOCKOCTll. ycT&HOBJBI 

H8KOTopse oqeBiWfl:il8 KpHT8pHH HX 6JIH30CTH, 
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I. 6JIH3KH8 0Tp83KH He AOJDl[}{l,I nepeKpNBaTbCff HJIH, Hao6opoT, 6NTb 

CJIHIIIKOM YA8JleHN ~yr O'l' ~yi:a, 'l'.e. AOJillteH 6NTb cnpaBeMHB KpHTepHR 
COOTBeTCTBHff HX BHYTpeHHHX KOHyOB ( ToqeK B H C Ha pHc.!2), ROTOpNR 
KOJIHqeCTB8HHO MOZeT 6NTb BNp8llC8H KaK Tpe6oBaHHe K BMHqHHe x=x3-x2: 

0 < Ax< XLIM • (7) 

2. B cnyqae HeBNnyKJioR KOH~HrypauHH AByx oTpe3KOB (pHc.I2a) HX 
6JIH30CTb 03HaqaeT, ~TO OHR KOJIJmH8apRH C H8KOTOpott 'AOIIYCTBMOfi H8TO~-

HOC'l'bl>1 'l'.e. 
tiYmax=max( AY1, AY2l < O. (8) 

3. IlpH BNnyRnOR (BOI'HY'l'OR) KOHif,HrypaUHH (pHc.!26), KOI'Aa 
6Y1 • 11 Y2 > O ,_ 6JIH30CTb 0Tp83KOB 03HaqaeT HX 6JIH30C'l'b K· npo8KUHH 

TpeKa, npH6JI~eHHOR NOAMbl) KOTopoff B cnyqae AOCTaTOllHO N8JIOI'O XLIM 

MOZeT CJl~HTb 'AYI'a,oKp~OCTH. qT06N npoBepHTb 6JIH30CTb AByx 0Tpe3-
KOB K ON{Off H TOR ze OKp~OCTH,AOCTaToqHo HaffTH 'l'OqKy O nepeceqeHHft 
nepneH'AHKYJIHJ)OB K cepeAHHaN 0Tp83KOB H y6eAHTbCJI B npHNepHOM paBeH
CTBe P~YCOB R1 H R2 , T.e. paCCTOftHHR OT TOqKH O AO KOHUOB 0Tpe3-
KOB. IlpOB8pff8M08 ycJIOBHe: 

tlR= IR1-R2I ( Ll~IM. (9) 

qT06N np8AOTBpaTHTb nOHCKH IlpO'AOJIJlt8HHff H30JIHp0BaHHNX JIT'3, ffBJIJmlllHX
Cft1 HanpHNep, if,HKTHBHhlMH, T.e. nopo~eHHNMH cnyqaffHNM CKOilJl8HH8M 

myMOBYX 'l'Oll8R 1 Heo6XOAHNO BB8CTJI !'MWY!n Saµp8Ta Ha Te cnyqaH, KOI'Aa 
ycnoBHft (7)-(9) oKa3NB8.llTCft HapymeHHNMH. 

iY 

A 

X 
x~ X,2 :t.:1 X4 

(a) 0 ([) 

P1ic. I2 
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)vi~ o6'I>eAMH8HHff BC8X 3THX KPHTepHeB H npaBHJia sanpeTa B OAHY. 

~piqny, onpeAeJiftl>ll!Yll Mepy f> 6JIH30CTH AByx JIT'3, BocnoJI&3yeMCR Wl{K
UHeR XeBHcaRAa 

"'/.-(x,a) = { 1, x<a 
o, x,:..a .. 

Ilocne 3TOI'O Ha OCHOBaHHH (7)+(!0) nonyqaeM 

J = w1 • .&x•X(dx,XLIMl·X(-.1x,O)+w2•LlY•A(JY,Ol + 

W3 ·AR· X ( .1 R, '1RLIM). (1- X ( A y, 0)) +M [ 1-j\ (AR, ~~IM)+ 

(1-Xc.c.x,XLIM)) • (1-.Xc-.1x,0)+(1-Xc .1y,3))]. 

(IO) 

(II) 

3A8Cb Beca w 
1 

, W 
2

, w 3 , B CyMMe paBHNe 8AHHHU8, a TaKZe napaM8TpN 

XLIM' &. ~IM noA6Hpa1>TCJI no 06yqa1>~eR BN6opKe H306p8l!CeHHff. MHo
ZHT8Jlb M nepeA noCJl8AHHM 1W8HOM AOBeH 6NTb BN6paH AOCTaTOllHO 60Jib-
mHM ( > ro4)' llT06N o6ecneqH'l'b BNnOJIH8HH8 npaBHJia 3anpeTa. . 

HcnOJlb3Yft Wl{KUHI> .fl Mff npoBepKH B3aHMHOR 6JIH30CTH Bcex JIT'3, 

iOZHO ?OC'l'pOHTb CHMMeTpH~ MaTpHny 6JIH30CTH H H3B8CTHNMH M8TOA8.MH 
54 , 55 B~8JIHTb Ha6opN JIT'3, COOTB8TCTBYJ]ltPI8 OTA8JlbHNM Tp8KaM, IlpH

Mep Y'AallHOI'O npHM8H8HHff TaKOI'O I'JI068JlbHOI'O M8TO'a rft o6pa60TKH cza-
TNX if,HJibMOBYX AaHHHX Ha 3BM B3CM-6 AaH B'pa6oTe 56 • . 

ON{aKO,eCJIH yqeCTb Bbllll8yKa3aHHNe OTJIHllHff JIT'3 B 6ec~HJibMOBOM 

cnyqae H npHHftTb BJ B,.HMaHHe HAeH, HaH60Jiee ffBHO BNCKa3aHHNe B CTaTb8 
.n. B. MaTYJIN B KHHre 38 : •• !'Ilp8'ACT8.BJleime HCXO~ AaHHNX O 6JIH30CTH B 
BffA8 rpa~ 6JIH30CTH, a He B BffA8 CHMNeTpHqecKoR MaTpHTJbl, nocTpoeHHOR . 

H3 A8ffCTBHT8JlbHNX llHC8Jl 1 ftBHO BNI'ON{O C BNqHCJIHTeJlbHOff TOllKH 3p8HHft" 1 
TO nO-BHAMNOMY, 6onee pauHOH8JlbHNNH Mff paclleTOB Ha 3BM MOZHO CllHTaTb 
M8TOAJ,I KJiaCTepH3aUHH Ha rp•x 6JIH30CTH. 

PaccMOTpHM IlJIOCKHff B3BemeHHNff rpa~ •. BepmHHN KOTOporo o6pa30BaHN 
KOHU8.MH Bcex JIT'3. Pe6pa, COBna,IJ,8.ll~He C JIT'3,6yAeM CllHTaTb 3a,IJ,aHmnm, 
T.e. HM8DqHMH Hynesoff Bee (MHffY). 3a,IJ,aBM Beca OCT8JlbHNX pe6ep C 

nOMO~bl) .Wl{KQHH .P' 6yAeM HCKaTb MHHHM8JlbHoe CBJl~ee AepeBo ( MCD 

3'l'OI'O rp., HCnOJlb3Yff H3B8C'l'HNR 8JII'OpHTM IlpHMa 7 • IloftBJieHHe B 
noCJie,mme ro.nN nporpru.rmwx peaJWsand sToro 8JII'OPHTMa,Tpe6YJOOtRX Ha 

nopftAOK M8Hbmee llHMO onepauHR M He ~8JmlMXCJI B pa6011eff naMftTM 3BM 
(CM., HanpMMep,/581), - e~e OAHH AOBOA B nOJlb3Y I'JI068JlbHYX M8TOAOB, 

OCHOBaHHNX Ha TeopHH rp$B. 
IlpaBHJIO 3anpe'1'a o6ecnellHBa8T Pa3A8Jl8HMe MCD Ha H8CKOJlbKO BeTBeA 

-KJlaC'l'epoB nyTeM ycTpaHeHHft H8CYJ!leCTB8HHHX (HMel>~X CJIHIIIKOM 60JibmoR 
B8C) pe6ep. IloJIHM npoue~ pa36HeHHft MCD Ha BeTBH, COOTBeTCTBYJJIIIHe 
OTA8JlbHNN TpeKaM, npoH3BOAHTCft 06NllHNM NeTOAOM KJiaCTepH3aUHH no cpeA
HHM 3H8ll8HHftM Beca KJ18CTepos C OT6pacNBaHH8M pe6ep, BNXO,IVmlHX no. 
CB08MY secy 38 TpH cpeN{eKB~THllHNe omH6KH. IloCKOJlbey A8T8JIH STOI'O 
M8TOA8 OnHCaHN.(CM.Hanp./59 ), OTM8THM TOJlbKO, qTo no cpasHeHHn C 
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o6pa60TKOR "chlpHX", H8CJltaTl,IX 'AaHHHX CKS.HHpOBaHHfl (cw.113/) ytl8T Han

paBJiemur JITS B BecoBoR !pj'HKUHH f 3HatraTeJibHO YCMJIHJI sqxlleKTHBHOCTb 
3Toro MeTO'Aa npH paspemeHMH Tpy~ocTeR c Tpexa.MH, nepeceKaBllllMMHCn 
IlO'A Ma..JmMl1 yt'JIB.MH, MJIH CJJIH3KO M,JzylllMX napaJIJienbHHMM TpeKS.MM. 

O~HM H3 nocJie'ACTBHR YHHBepcaJibHOCTH rJIOCJaJibHb.'X MeTO'AOB pac
nosHaBaHHfl .IIBJISDOTC.S:,sHatraTeJibHHe saTpaTbl pecypcoB SBM H, np~e sca

re, naMfiTH Ha HX peaJIH3all;HI). Il03TOMY Tait xe,xax II.PR oopa60TK8 Hec:ata
TOH miqx>pMaitmt, 60Jiee 3ltOHOMHHMR B peams~ OKa3liB8JDTO.S: M8'I'O;ttli :a;po
OJ:C8lltnl3aHRR,llOSBOJim!IltR8,KpOM8 Boero :a;potJ:ero,coxpa.TRTb o6Jrac'I'b nepe6opa 
KaH'AH'AaToB aa cqeT Jiytmrero yqeTa cnen;HipHKH o6pa6aTHBaewx 'AaHHHX. 

~Or8lltl'!BaHR8 MR O'AHOCBHStma.mtHit M8'I'O,It C llORCltOM 6.lwlKa.funero 
ooce.Ita 8 (B TepMmiax KJiaCTepHoro aHamsa) - 3'I'O :a;pon;e,eypa, B xo
'i'opoii, Ha~aSI O'I' BH6pamioro RCXO'Al!Oro 3J.I8M8H'I'a, OCYlll8C'I'BJI.fl:8'I'O.S: 

llOHCR KOH[(a JmHW:t IJY'I'8M II,PHC08,ItW18HRJI 6.lwlKa.funero (c TO~ speHRJ'l 
~ paCC'I'O.llHRJ'l p ) 3J.I8M8HTa. 

EcTeCTB8HHH8 Tpe6oBaHH,R K TaKOR npone,1zype: npoCJielltHBaHH8 'AOJigHO 
CJb!Tb ,ItOCTaTOtmO "6espasJIH'tlHhlM11 K CJiytlaRHliM OTKJIOHeHHfiM 3JieMeHTOB 
"cBoero" !(JlaCTepa, qTo6H ,J\OXO)\HTb 'AO KOHn;a JIHHHH, HOB TO lite BpeMJr 

- )\OCTaTOtmO "qeTKHM", ~06H pacnosHaBaTb H30JIHpOBaHHHe myMOBHe 3Jie
MeHTH MJIH 3JieMeHTH, OTHOCffll1H8Cfi K )\pyrHM JIHHHflM, H He npHcOe'AHHflTb 
RX K KJiaC'I'epy' 'l'I'O H8RS06litHO B8,It8'I' JIROO K o6pHBY II,POCJI8JltRl3alIR.a:' JIR6o 
K "yxo,1zy" Ha-·)\pyryn JIHHHIO. 

IlpoTHBopeqHBOCTb 3THX Tpe60BaHHR MOllteT CJHTb paapemeHa nyTeM 
yTotmeHHfi noHnTHfl 6JIH30CTH C poCTOM RJiacT8pa.,n;:,.r.a: 8TOro !pj'HKn;Hff .f 
AOJilltHa 6HTb AOTTOJIHeHa e~e H onepan;Hett TOtmoro nporHosHpOBaHHft Toro, 
pattoHa, B KOTOPOM CJI8,Izy8T HCKaTb CJie,DyD~HR 3Jl8MeHT KJiacTepa C noMO~blO 
3KCTpanOJI.RUHH no yge Ha~eHHHM 3JieMSHTaM. CJie,IzyeT no'AqepKHy'l'b CYllle
CTB8HH08 O'l'JIHtrae B nOCTa~OBKe 3a)\aqH 3KCTpanoJI.RUHH no Ha6opy JITS OT 
3KCTpanoJinnHH no Toqxa.M. SKcTpanoJIHpyD!llaft KpHBM (06W1Ho 3TO - napa-
6oJia MJIH OKpYJKHOCTb) 'AOJilllHa 6HTb HS npOCTO npoBe)\eHa no TOqKaM, on
PSAeJI~HM KOHnH JITS (MJIH qepes HX cepe'AffHH C coxpa.HeHHSM 6JIH30CTH 
npoH3BO~OR KpHBOI\ K HanpaBJieHHffM JITS). ~OJigHO BHnOJIHffTbCff Tpe6oBaHH8, 

noJIOllt8HH08 B OCHOBY H'AeH O 3aMeHe H306pageHHft TpeKa Ha6opoM JITS, a 
HMSHHO: !pHTH~M KPHBM He )\OJigtta BHXO,J\HTb sa rpaHHn;H KOp~opoB, 
OKp~~x K~ JITS B COOTB8TCTBHH C npon;emott eycotmO-JIHHeRHol\ 
annpOKCHMan;HH C 3a)\aHHOR TOqHOCTbl). 

Ilo-BH'AHMOMY, He CYlll8CTByeT aHaJIHTHqSCKoro pemeHH,r 3TOI\ 3a)\aqH 
'AJ!ft OKpylltHOCTH B TaKol\ HMSHHO nocTaHOBKe, HCKJil)qaIO~el\ JIJ:l6ol\ BliXO'A 
OKpylltHOCTH sa npe)\eJIH TTOJIOC ipHKCHpOBaHHOtt mHpHHH. Bo BCffKOM CJiytlae 

~e 'AJ!fl Tpex JITS MOlltHO nOCTpOHTb npHMep BnOJIH8 06W1Hott CHTY8.D;HH, 
KOr)\a pemeHHff MOllteT He CYlllSCTBOBaTb Hs-aa CJiytlaRHoro pas6poca KOHn;OB 

38 

JITS, O~aKO, ecJIH nepel\TH K.6oJiee p8aJIHC'l'Kll8CKOMY yCJIOBHD nona,l\aHHft 

KpHBOR B Ha6op noJIOC nepeMSHHOI\ mHpHHH C 3a)\aHHOR )\OBepHT8JlbHOR Bepo-
11:THOCTblO 1 - o( ( of.. -MaJIO) 1 TO 3a)\aqa onpe)\eJieHHff K03qxpHD;HeHTOB noJIH
HOMa, HaHMeHee yKJIOH1flO!l\8rOCII OT BCSX JITS. B N8TpHK8 L2' MOllt8T OHTb pe
meHa MeTO,J\OM Heonpe,l\eJieHHHX MHOlltHTeJiett ]arpaHllta. AHaJIHTHlleCKOe peme

HHe ,l\OCTaTOtmO rpoM03,l\KO H, KpoMe Toro, HCnOJib30BaHH8 'AJ!ff 3KCTpano
JIJmHH TTOJIHHOMa yge BTOpol\ CTeneHH sa npe,l\8JlaMH Toro ytraCTKa, r)\e OH 
aa)\aH, ,l\OJilltHO npoBO,J\HTbCfl c 6oJibmoR OCTOpolltHOCThD, 

B 3TOM OTHOmeHHH 3KCTpanOJiffn;1UJ Ha HeCJOJiblllHX paCCTOffHHffX C no

MO~bl) KpHBOtt nocTORHHol\ KpHBH3Hli - OKpYJKHOCTH - ffBHO npe)\TTOUTHTeJib
Hee. Ha npaKTHKe xopomo cede sapeKOM8H'AOBaJia cJie~M npocTM BliqHC

JIHTeJibHan npon;e,eypa HaXOJlt'AeHHff 3KCTpanoJIHpYJ)lqel\ OKPYJKHOCTH no TpeM 
JITS (Ha CJOJibmel\ 'AJIHHe OKpylltHOCTb nepecTaeT 6HTb a)\eKBaTHOI\ MO,It8Jlbl) 
TpeKa). BHaqaJie )\8JiaeTCff nepeBO,l\ meCTH ToqeK, flBJiff~HXCft KOHUaMH JITS 
B JIOKaJibHYIO CHCT8MY KOOP'AMHaT { x", y" ) C n;eHTpOM B neHTpe HX TJmec
TH H OCbl) a6cn;Hcc, npoBe'AeHHOI\ B)\OJib 3THX ToqeK no M8TO,Izy HaHM8HblllHX 
KBa,l\paToB (M,H,K,). B HOBO!\ cHcTeMe KOOP'AHHaT CTpoHTCff napa6oJia 

M. ff, K. BH'Aa y'' = ax"2 + b , PaJtlilYC OKpyDOO'I'H Onp8,l\8Jlff8TC.R, KaK 
R=1/2a , a KOOP'AHHaTa ueHTpa y~ TaKJKe·no)\OHpaeTCfl no M,H,K. 

~HCJlfll)TCfl OTKJIOHeHHn OT 3TOI\ OKpYl£HOCTH B KOHn;ax H cepe)\HHaX JITS 
H HaXO)\HTCfl MaKCHMaJibH08 H3 HHX - Dmax , ECJIH OHO OKa3HBae'l'CSl MeHbme, 
qeM Sa)\aHHan BeJIHqHHa b, TO nponema OKaHqHBaeTCfl,H KOOpAHHaTbl 

neHTpa x~ = 0 H y~ nepeBO'AflTCSl B HCXO'Affytl CHCTeMY,KOOp'AHffaT. IlpH 
0 ( Dmax < .3b ,!l,eJia8TCSl COOTBeTCTByr>!ltM KOppeKQJIH pa)\Hyca H nOBTOpHO 

BbltlHCJISl8'l'Cfl Dmax • EcJIH OHO He y6HBa8T, BflAa8TCfl )\HarHOC'l'HKa O H8-
B03MOlltHOCTH npoBe)\eHHfl OKPYJKHOCTH. 

IlocJie HaJCOJlt'AeHHst B npe,l\CKasSHHOW pattoHe oqepe~oro JITS ero 6JIH
soo'I'b K llOCJI8,ItHRM ABYM HS ~e Hal\)\eHHHX TSKllte npoBepneTCSl no 3'l'Ott 
npon;e,eype. 

AHllJIOrHtmaH npo6JieMa 3KCTpanoJistrntH B03HHK88'1' H Ha CJie~eM 
3Tane pacnosHaBaHHn: odie,l\HH8HHSI TpeKOB B co6HTHe .H OTCeBa !pOHOBHX 
H ipHKTHBHHX TpeKoB. SKCTpanoJIHpyn BTOpHqfflie TpeKH Hasa'A AO nepece
qeHHSl C IlpO'AOJillteHHeM nyqKOBOro TpeKa, p~yc KOToporo H3BecTeH, MOlltHO 
OI~eHHTb KOOp,11,HiinTH Bepll!HHbl KaK n;eHTpa TmlteCTH ToqeK nepeceqeHHst, 
BsBemeHHHX C ytre'l'ON HCKOTOpoR !pj'HKrntH KaqecTBa Tp8KOB, BKJil)~aJO~ett HX 
'AJIHHy, aanonHeHHOCTb OTcqeTHb!MH TQqKa.MH H T,'A, ~arM8HTbl TpeKoB, 
IlpO'AOJI~eHH8 KOTOpHX HO npoxo;v;aT B6JIH3H aepmHm,i, MeT.RTCfl B 6rutKO Tpe
KOB KaK !pOHOBble. 

OnpeAeneHHO npmAepHHX KOOPAHHa'l' aepmHHH ueo6XO,l\HMO 'l'aKllte 'AJ!Sl 
npoB8,J\8HHfl noHCKa cpe'AH HeH,11,eHTH(JJltn;HpoBaHHHX ToqeK Tex B03MOlltHHX Tpe
KOB, KOTOpble He 6WIH o6Hapyx<em.t H3-3a CJIHlllROM CJOJibmoro yrna (CBbllll8 
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B) 

45°) C HanpaMeHHeM nytlKOBoro TpeKa. KpoMe Toro, ~OJilltHH 6HTb c~eJiaHH 
no111:lTKH HCnOJib30BaHHSI HeH~eHTH~UHpOBaHHWC ToqeK MH npo~oJlllteHHSI K 
aepmHHe HOT Hee yi!.e Ha~eHHI:lX KOPOTKHX cerMeHTOB TpeKOB H, B03MOMHO, 
npHcoe~HeHHSI ~ononHHTeJibHWC ToqeK K OCTaJibHb!M TpeKaM, 

OKo~aTeJibHOe ~pMHpOBaHHe 6aHKa acex TpeKOB co6HTHSI MOllteT 6HTb 
BHnOJIHeHO TOJibKO nocJie "cmHBaHHSI" H conocTaBJieHHH Bcex npoeKUHR C 

BblXO~OM B npocTpaHCTBO, qTo 'AeJiaeTCSI TiK ,e, KaK H B cJiyqae ~JibMOBOR 
o6pa6oTKH H no TeM lite CB.MIDd nporpaMMaM 60 • 

B 38KJIK>qeHH8 3TOro paa'AeJia no~qepKHeM npeHMYJ!l8CTBa BBe~eHHSI 
~onOJIHHTeJibHOro ypoBHSI pacnoaHaBaHHH H306pallteHHR - B~eJieHHH JIHHeR
Hl:lX TpeK-3JieMeHTOB, IToSIBHBmHRCH B CHJIY Heo6XO'AHMOCTH c~aTHH 'AaHHblX 
3TOT ypoaeHb OKa3aJICH 3aTeM BnOJIHe onpaB'AaHHHM C TOqKH apeHHSI nOBH
meHHSI 3!pp8KTHBHOCTH H KaqecTBa npoue~ pacnoaHaBaHHSI Ha nocJie,lzy!)IIIHX 

ypOBHSIJC. . 
O'AffHM H3 CBH'AeTeJibCTB TOM'J MOllteT CJIYlftHTb,B qacTHOCTH, pa6oTa/6I/ 

o MeTo~ax o6pa6oTKH ~aHHWC CKaHHpoaaHHSI ~Torpa~R rnaaa qenoaeKa 
C HaHeceHHblMH Ha HHx·onTHqeCKHM nyTeM KOJibUeBNX penepHNX M8TOK (CM, 

~TO Ha pHc.13). ~8JibD aBTOMaTHqecKoR o6pa6oTKH SIMSIJIOCb Haxo~eHHe 
~Byx B3aHMHO-nepneH~HKYJISipHWC rJiaBHNX ~HaMeTpOB 3THJC KOJieU H BliqHC
JI8HH8 C BHCOKOR TOqHOCTbD ( ~6 MKM) KOOp~HHaT ToqeK nepeceqeHHSI KOJI8U 

C 3THMH ~aMeTpaMH, 
ITocJie nepeBOAa AaHHI:lX OllHq!pOBKH H306pallteHHSI B noJISIPHYD CHCTer.iy 

KOOp~HaT KOJibUa nepemJIH B Ha6op BOJIH006pa3HNX JIHHHR C xapaKTepHHMH 
paapHBaMH (CM. pHc.14). Ka.llt.l\an H3 3THJC JIHHHR 6HJia OTCJiellteHa H 3aMe
HeHa Ha 12 JIHHeRHWC 3JI8M8HTOB, no KOTOpUM 6HJIH npoae'AeHH KpHBHe BH-
Aa R=Ro +Acos2 'f +Bsin2 lf, n03BOJIHBmHe. npoHHTepnoJIHpOBaTb He-
AOCTaDqHe ytraCTKH, BllqHCJIHTb nOJIOllt8HHe rJiaBHNX ~aMeTpOB H noCJie 
B03BpaTa B HCJCOMfYO ~eKapTOBY CHCTer.iy KOOpAHffaT noJiyqHTb KOop~HaTH 
HCKOMbllC ToqeK c Tpe6yeMoR TOqffOCTbD Ylfte npH 256 CKaH-JIHHHSIJC/Ka,Iij), 

6. 3axJmqeHHe 

ITpo6JieNH UH~pOBOR o6pa60TKH H306pallteHHR, B03HHK810~He B ~H3HKe, 

ycnemHo pem8IOTCH B 06oeAHHeHHOM HHCTHTYTe MepHUX HCCJI8AOB8HHR H 
,Iij)yrIDC ~R3:if'l:8CJ:WX ~earpax, r~e pa6orm:iT ycrpottcr:aa ~ 

aBTOMaTR1l:80KOtt o6pa60TKR OHll:MKOB C ny3NpbKOBUJC H HCKpOBUJC KaNep 
Ha 6aae HPD H CH, 3KCMyaTHPYDTCSI CHCTeNH MH 6eC~bMOBoro eoexa 
AaHHUJC C HCKpOBI\IJC H npoBOJIOqffUJC K8Mep H Be~TCSI HCCJI8~0B8HHH no HC
noJib30B8.HHD TeJI8BH3HOHHOR annapaTyp!,I MSI 6ec~JibMOBOro CoeMa ~aHHUJC. 

0TH, a TaKllte H He 38TpOHyTH8 3~8Cb pa6oTH no 8Jl8Rrp0HH~8BOMY cxa
HHpq/BaHHD oc,ae~eHU B TPYA8JC Meir,eyHapoAHUX CHMn03HyYOB H KOHtpepeH
UHR 26,27,62. 
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PasBHTH8 HOBOR SKcnepHM8HT8JlbHOR T8XHHKH B «pHSHKe BUCOKHX SHep
rHR CT8BHT HOBUe S8A8mi nepeA cneUHB.JIHCT8.MH no UH~OBOR o6pa6oTK8 
HS06pa!teHHR. ITepeqHCJIHM HaH6onee aKTyMbHHe HS HHX. 

ITOBbllll8HH8 SHeprHH ~KOB qacTHU AO COT8H H Tucgq M!IpA sneKTpOH
BOHbT B8A8T K peSKOMY BospacTaHHtl tlHCJia BTop~HHX qacTHU, H,eylllHJC Bne

peA B ysKOM KOHyce, cpe~ KOTOpblX pacTeT AOHH H8RTpanbHblX qaCTHU. 
~o onpeAM8HHblX T8XHHqecKHX H SKOHOMHqecKHX npeAeHOB BOSHHKall!llH8 
npo6new MornH 6UTb pemeHH Ha TP~UHOHHHX nyTHX npHM8H8HH8 M8TOAHKH 
nysupbKOBblX Ka.Mep sa cqeT YB8JIHqeHHfi HX pasMepOB H HCITOHbSOB8HHH mH
poKo(J>opM8THOR OITTHKH. &ro npHBeno K COSASHHD ceMeRCTBa rHrSHTCKHX 
nysupbKOBblX Ka.Map H COOTB8TCTByx>IIIHX nporpa.MMHblX KOMM8KCOB ,11,lIH o6pa-
6oTKH nonyqaeMNX CTepeo(J>oTorpa4,HR, HH60 Ha "cTapb!X" 8BTOM8T8X THna 

HPD HJIH SR nocne cneQHMbHOR MOA8PHHSaUHH annapaTypu H nepecTpon
KH nporpa.MM pacnosHaB8HHH C o6ssaT8HbHOR opH8HT8UHeR Ha ~aCTKe qeno

B8Ka HS CT~HH "cnaceHHH" C06UTHR, He npome~HX o6pa60TKY, HH60 Ha 
8BTOMaTHSHp0B8HHblX HSMepHTMHX HOBoro THna, OCBOBaHHHX, KaK npa~HJIO, 
Ha npHM8H8HHH CK8HHpyx>lllmc SJIT, oco6eHHO ITOAXOA8111HX ,11,lIH BMDqeHHH qe
noaeKa B ca.M npouecc pacnosHaBSHHH. 

O~HaKO paCTYJllHR HHTepec K HsyqeHHJ> HOBblX «pHsHqecKHX CBORCTB 
KOpDTKOlKHBYJllHX sneMeHT8pHb1X qacTHn Tpe60B8JI HOBOR SKcnepHM8HT8JlbHOR 
T8XHHKH, KOTOpaH noSBOHRJia 6u yaen~HTb tlHCJIO cpa6aTUB8HHR sa UHKJI 
ycKopHTens, sanOJIHHTb npoCTp8HCTBO A8T8KTOpa SHaqHT8JibHO 60HbmHM 

tU{CJIOM qacTHU H B TO Ee apeMH CBO~HTb K MHHHMYMY (J>oHOBU8 nponeccu. 
B STOA CBHSH 6UCTpO aospocna ponb sneKTpOHHblX SKcnepHM8HTOB, 6onbmHX 
HCKpOBblX cneKTpDM8TpOB, CTpHMepHblX Ka.Mep H uenmc KOMM8KCOB HS HHX,
rH6pHAffHX CHCTeM, COCTOmqHX HS 6ucTponHKHHpyx>lllHX nysupbKOBblX Ka.Map, 
Hcnon&syeMHX B KaqecTB8 MHm8HH-A8T8KTopa, H OKPYJEaJllllHX HX no ~eKTO
paM HaH6onee aeposTHoro BblXOAa npOAYKTOB BSaHMOAeRCTBHH CHCT8M HS 
CTPHMepHblX H HCKpOBblX KaMep. HoBHHKa nOCH8AffHX neT - ronorpa«pHqecKHe 
KB.Mepu, - o6ecneqHBB.llT qpesauqaRHO BUCOKOe npocTp8HCTB8HH08 paspeme
HH8 (~IO MKM) npH oqeHb 6on&moR rny6HH8 pesKOCTH, qTo ITOSBOH88T 38-
IlOJIHHTb Kauepy orpoMHW qffCHOM qacTHU, p83KO nOBbllllM ee SippeKTHBHOCTb. 

~Ba rnaBHUX ~KTOpa: I) peSK08 aospacTSHHe ITOTOKOB o6pa6aTUBae-
MOR HH(J>opM8UHH H 2) CJID.lKHOCTL pacnosHaDaHWI, A8H81)T H8BOSMOllOililM 
oprSHHSanm> aceR o6pa60TKH TOHbKO TP~HUHOHHblMH CpeACTBaMH. Yze Ha 
npHMepe 6noKOB pacnosHaBaHHH H ~HHbTP8UHH nporpaMMHblX KOMM8KCOB, 
np8AffaSHaqemwx ,11,lIH 8BTOM8~8CKOR o6pa60TKH CHHHXOB C rHrrutTCKHX 
nysupbKOBblX KS.Mep,MODIO 6wto npoCJI8AHTb OCHOBHHe T8ffA8HQHH pa:3BHTH8 
STHX npor~: 

- YCJIOmt8HH8 MO~eneR TP8KOB; 
- yaenHqeHHe qHCJia noporoaux nponeAYP, Tpe6yeMHX ,11,lIH pemeHHH 

MHOrOtU{CH8HHUX aapHaHTOB npoCJia,HB8HH8 npH "nepenyTUBaHHH" TpeKoB; 
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- Heo6XOAHMOCTb B cneUHMbHOR npOU8AYP8 "cmHaamrn" ( bridging ) 

~parMeHTOB Tp8KOB, H86HDAa8MUX "no 'll8CTHM" pasHl,IMH omeKTHBa.MHj 

- YB8HH'll8HH8 ypoBHeR pacno3H8BrutH8 38 cqeT KaK yiite ynoMHHaBmHXCH 
cnoco6oB npe~HHbTpauHH, TaK H, rnaBHliM o6paaoM, cneQHMbHUX nporpaMM
HUX HHH annapaTHblX CP8ACTB, 38M8HHDll\HX MHOE8CTBO ToqeK H306paxe1rns 
Ha 3H8'tlHT8HbHO M8Hbmee 'llHCHO HHHeRHUX TpeK-3H8M8HTOBj 

- p83K08 B03pacTrutHe opHeHT8UHH"H8 TIOMOll\b qenoBeKa B aanyTaHHUX 
CJiy'llasx pacnoaHaBaHHH. 

0 H806XOAHMOCTH npHM8H8HH8 TIOA06HUX npHeMOB pa3BHTH8 M8TOAOB 
pacnosHaBaHHH ~aHHblX 6onbmHX CTpHMepm,rx Ka.Mep H HCKpOBHX cneKTpoMeT

poB CB~8T8HbCT~OBMH MaTepHMli npe~ero pa3Aena AaHHOR H8KUHH 
H APYrHe pa60Tu160 •631 • 

llMeDTCH OU8HKH1281, TIOK83UBalllllHe B03MOmtOCTb npHM8H8HH8 aBTOMa

Ta SR ,11,lIH o6pa60TKH HH(J>opt.W.UHH OT 6UcTpOUHKHHPyDll\eR nyaupbKOBOR Ka
Mepu, BXOAmqeR B rH6pHAffyD CHCT8MY EHS 'npH 3HeprHHX CBblille 
200 rsB/c, HO npH YCJIOBHH nonyqeHHH ueneyKa38HHR OT ~yrHX ycTpoRCTB, 
o6pa6aTliB8Dll\HX OCT8JlbHyD 'llaCTb HH~OpM8UHH. 

~bHeRmHR o6sop npHeMOB pacn03H8BaHHH, AOCT8TO'llHO 06ll\HX ,11,lIH 
aBTOMaTH'll8CKOR o6pa60TKH A8.HHID'.: B ~H3HK8 BliCOKHX 3HeprHA, 38TPYAff8H 

KaK cnenH~HKOR, HaKnaAUBaeMoR HOBeRmen 3RCnepHM8HTMbHOR T8XHHKOR, 
TaK H MHoroo6pasHeM cnoco6oB oT6opa H nepepa6oTKH nonyqaeMoR HH(J>op
Ma.QHH, onpeAensewx STOA CIT8UH«pHKOR H TIOCH8AffHMH AOCTHJl8HHHMH BHqHC
HHT8HbHOR T8XHHKH, BKHDqag CP8ACTBa npe~CTaBH8HHH AaHHblX• IlpH 3TOM 
M8H88TC8 Ca.M ITOAXOA K pacnosHaBaHHD. OHo, KaK K8l!t8TCH, nepecTaeT 

6liTb aBTOMaT~8CKHM, T.K. B H8M yqaCTByeT 'll8HOB8K, HO 3TO yqacTH8 Ha 
coaepmeHHO HOBOM ypoBHe, TI03B0Hm:lll\8M B H806XOAHMNX CJiyqamc M8.KCHMMb
HO HCTIOHbSOBaTb pacnosHaBaT8HbHli8 cnoco6HOCTH 'll8HOBeKa, ycKopsn npH 

3TOM B COTHH H TliCl!ll:H pas HCnOJIH8HHe OCT8JlbHblX IWffKQHR, BTOpDCTeneH
HblX C TO'llKH speHHH saTpaT BpeMeHH Ha pacnosHaBSHHe H YCHJIHR Ha npo
rpa.MMHpOBSHHe. TaKHM o6pasoM, 06ll\He HanpaMeHHH ycHJIHR no pemeHHD 
npo6neM,. BU3UBaeMUX ~KTOpaMH (I)-(2),'uoryT 6UTb CB8A8HH K cne.eyn
ll\HM: 

I. BospaCTaHHe ponH CIT8UH8JlbHUX annapaTHUX CP8ACTB 6liCTpon npe
C8H8KUHH H o6pa6oTKH B uensx CxtaTHH ~aHHliX 6es noTepH ~H3H'll8CKOR HH
(J>opMSQHH, OcijOBHoe Hl!fll)aMeHHe - 6UCTpoe Bu,qMeHHe 3H8)!8ijTOB Tp8KOB 
KaK HHH8RHUX129- 31 •521~ TaK H 6onee cnoimon CTpyKTypu164'. · 

2. Bospac'l'SHHe ponH yqacTHH qenonexa B npouecce pacnoaHaBSHHH 
KaK Ha S8KJil'.l'llHT8JibHOM 3Tane o6pa60TKH C nowo~bD ynoMHH8BlllHXC8 B § 4 
CTSHUHR cnaceHHK, TaK H Ha xaqecTBCHHO Honow ypoaHe, KOrAa ~enoseKy 
A81lTC8 cpe~CTBa ,11,lIH 6onee Harn.11Afforo K npocTpaHCTB8HHOro np8ACT&BJie
HH8 H aKTHBHoro BM81D&TMbCTBa B npouecc pacnoaH8B8HH8 C ITOMO~bO BK.lill
qeHHs nporp8.MMl:l reoM8TpHll8CKOA peKOHCTpyKUHH B qHCKO nporp!UDC, pa6o-

43 



T8JOIIIHX Ha nHHHH C onepaTopoM, H ycoBepmeHCTBOBaHHH nporpaMM H cpe,u;CTB 
,D;liCWI8liHOli T8XID!Kll'.. , 

3. YqeT IlOHBJieHHH HOBblX cpe,u;CTB BBO,u;a H306p8.llteHHH B SBM. KpoMe 
ycTpOttCTB TeneBH3HOHHoro e1,eMa HH/popMaUHH, cne,u;yeT yKa3aTb Ha e~e 
6onee nepcneKTHBHHe npH60pN C sapH,u;OBOtt CBH3bD (m), KOTOpNe Il03-
BOHHDT BNCOKOTO~ OUR4iPOBKY, He TOnbKO 6HHapHon 65I, HOH nonyTOHO- • 
Bon HH!p)pMaUHH (CM, Hanp./667), H MoryT 6HTb, D 'aCTHOCTH, HCnonb30-
BaHN ,D;JIH onpe,u;MeHHH HOHH3anHH CTpHMepHblX TpeKOB 321. 

4. Hcnonb30BaHH8 nocne,u;HHX ,D;OCTHllteHHtt BHqHCnHT8nbHOtt T8XHHKH 
oT MHKponpoueccopoB ,u;o cBepx6NcTpblX SBM napannenbHoro ,u;encTBHH! 
IlOHBJieHHe ,u;emeBblX O,D;HO - ,D;Byx6attTOBblX MHKponponeccopoB C pa3BHTOR 
CHCTeMon KOMaH,D; H ,u;pyrHx CX8M 6onbmon HHTerpaURH ,D;8JIO HOBN8 B03Mog
HOCTH ,D;JIH nepeBo,u;a B p~HM OH-naRH MHornx onepauHn KOHTponH H ceneKUHH 
,D;aHHblX (qeM BO MHoroM o6oHCHH8TCH pocT y,u;enbHOro Beca sneKTpOHHblX 
3KCnepHM8HTOB), .a ~yHKUHOH8JibHM rH6KOCTb yYnbTHCHCT8M HS MHKpo-oBM 
Il03BOHHna npHM8HHTb HX ,D;JI' 6~CTPOR napannenbHOR o6pa60TKH 6HHapHb1X 
H nonyTOHOBblX H306p8llteHHtt 70/. 

KaK M1i IlOMHHM, nenecoo6pasHOCTb npHMeHeHHH napannMbHlilX BHtlHC
neHHR Ha Bcex YPOBHHX pacnosHaBaHHH H306p8llteHHR ,u;oKa3HB8JiaCb nepBblMH 
OTIHTaMH Ha yHHK8JibHOR oBM illIJIBAK-lli OKono ,u;Byx ~8CHTMeTHtt Hasa,u;. 
0,D;HaKo TOHbKO Tenepb 3Ta H,u;en nonyqaeT KaqecTBeHHO HOByD TeXHH1l8CKyD 
6asy B BH,u;e TaKHX cpe,u;CTB BBO,D;a H306prur.eHHR,KaK MaTpHUN I13C H cpaB
HHT8nbHO ,u;emeBblX nponeccopoB napannenbHoro ,u;eRcTBHH (TaK HasHB,eMblX 
BHqHCHHTenbHblX cpe,u;/33/, BeKTOpHblX H acconHaTHBHblX nponeccopOB 671), 
BMDqeHHe KOTOpblX B COCTaB o6l,ltffil,IX M8JiblX oBM MHOroKpaTHO yBeHHqffBaeT 
HX CKOpOCTb H BHtlHCnHTenbHHe MO~OCTH, HO ,D;JIH onpe,u;eneHHoro·Kpyra 
sa,u;aq, B TOM qHcne H ·sa,u;aq pacnosHaBaHHH o6pasoB. EonbmHe nepcneKTHBH 
B03HHKaDT ,D;JIH npo6neM C03,D;e.HHH napMnMbHWC MropHTMOB B sa,u;aqax, 
noHBJIHDIIIHXCH Ha BHCIIIHX ypoBHHX pacnoaHaB&HHH (TaKHX, HanpHMep, KaK 
npOCTpaHCTBeHHM peKOHCTPYKURH TpeKOB BO B38HMO,u;eRcTBHHX, r,u;e poll,D;a
DTCH H8CKOnbKO ,u;eCHTKOB qacTHU), Paapa60TK8 3THX aJiropHTMOB Heo6xo
,D;HM8 ,D;JIH Hcnonb30B8HHH Cil8UH8JIH3Hp0BaHHIDC napannenbHblX nponeccopoB, 
a TaKllte H ,D;JIH pemeHHH T8KHX sa,u;aq Ha yHHBepcMb~ CBepx6HCTpNX SBM 
napannMbHOro ,u;eRcTBHH (Tnna KPS~-I HHH CDC-205 681). 

IlpHBJieqeHH8 orpoMHWC rocy,u;apcTB8HHIDC cpe,u;CTB ,D;JIH pa3BHTHH <l>YH
,D;aM8HT8JibHIDC H8YK H B nepByD oqepe,u;b ~H3HKH TI03BOHMO cocpe,u;oToqHTb 
B 3TOR o6naCTH 6onbmHe KanneKTHBH nepBOM8CCHIDC cneUHMHCTOB H CHa6-
,D;HTb HX CaMOR HOBeffmen T8XHHKOR. 0,D;HHM H3 nocne,u;CTBHR 3TOro HBHnOCb 
onepeg~ee no cpaBH8HHD C ,u;pyrHMH o6naCTHMH H8YKH H T8XHHKH pa3BHTH8 
cpe,u;cTB 3H8KTPOHHKH, BHqH0nHTenbHOR T8XHHKH H MaT8M8TH1l8CKHX M8TO,D;OB 
o6pa60TKH 3KcnepHM8HT8JibHIDC ,D;aHHblX, Oco6eHHO oTqeTnHBO 3TO BH,D;HO Ha 
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npHMepe npHBe,u;eHHblX B H8CTOfflll8R neKqHH ,D;OCTHllte~Hn B o6naCTH pacno3-
H8BaHHH o6pasoB B ~3HK8 BHCOKHX 3HeprHR, qTo, B qaCTHOCTH, o6oHCHH-
8TCH cpaBHHTenbHO npOCTblM xapaKTepoM H306p8.llteHHtt. HeMBJiyD ponb a,u;ecb 
curpan H Meg,u;yttapo,u;HHn xapaKTep Hccne,u;oBaHHtt. 

B 3Ton CBH3H BnonHe 8CT8CTB8HHw.m JIBJISIJOTCH ll,ll;8H O IIplIM8H8Hmi · 
HaKoMeHHoro B 3KCnepHMeHT8JibHOR ~3HK8 6oraTCTB8 anropHTMOB H T8X
HHKH B ,u;pyrHX o6naCTHX HaYKH H Hapo,D;Horo X03HRCTBa: B M8,D;HUHH8, 
6HonorHH, M8T8JinOB8,D;8HHH, ,D;JIH o6pa6oTKH KOCMHqecKHX Ha6nD,D;8HHtt H 
T,,u;. B HamHX neKUHHX Mbl orpaHHqHMCH npHMepoM c o6pa6oTKoR Me~
cxoft HHCpOpMaD;lili,IIpHB8,D;el!HHM B KoHne npe,u;~ero paa,u;ena. Eonbmoe 
KOnHq8CTBO ,u;pyrHX HHTenecmDC npHMeHeHHtt MOgffO HaRTH B Tpy,u;ax ceMH
Hapa126/ H KOH~peHUHR/62,69/_ 
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