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IHHOCTPOEHHBIE HA OCHOBE KOHEYHBIX ABTOMATOB
II.A. CkopbIHUH

PaccmarpuBaercs Mmoaudukarys Merona Buonsi—/[xoHca — 0IHOTO U3 caMbIX (G (QEKTHBHBIX METOJOB KJIaCCHU(DUKALIUK H30-
OpaxxeHHI. BMecTo 1eTeKTOPOB NPSIMOYTOIBHBIX 0COOEHHOCTEH B IPEIUIOKEHHOH MOAN(DHUKAIIMN UCHIONB3YIOTCS IETEKTOPHI
0c0OEHHOCTEH, MOCTPOEHHbIE HA KOHEYHBIX aBTOMarax. IIpyMeHeHne aBTOMAaTOB MO3BOJSIET COKPAaTHTh YHCIO YpPOBHEH B
KacKaJie U YHCIIO JETEKTOPOB Ha KaKJAOM YPOBHE 3a CUET TOTO, 4TO AETEKTOp, YNPABIsEMbI aBTOMAaTOM, MOXKET OOHapy-
KUTH O0JIEE CI0KHBIE 0OCOOEHHOCTH, HEXKEITH MPOCThIE MPSIMOYTONBHUKH.

KuroueBrble cioBa: kiaccudukaiys n300paxeHnH, KOHEYHbIE aBTOMATHI, MAIIMHHOE 00y4YeHHe.

BBenenue

3ajauu, CBI3aHHBIE C KOMITBIOTEPHBIM 3peHHEM, OBLIN BCET/Ia, TIOKa CYIECTBYIOT KOMIBIOTEpbl. OCHOBHBIM
I1aroM B co3/1aHuH 3P (EKTUBHBIX aJrOPUTMOB B IAHHOHM OOJIACTH CTAJO MPUMEHEHUE B HUX METOJIOB MAIIHHOTO
o0yuenust. OxHa U3 HauboJiee PacpOCTPaHEHHBIX 3a/1ad KOMITBIOTEPHOTO 3peHus — 3a1a4a o Kiaccudukanmu. B
paMKax 3ToH 3a1a4u TpeOyeTcsl ONpeeInTb, IIPUHAICKHT JIN HEKOTOPOE U300pakeHNe WM ero 4acTh K omperie-
JIeHHOMY Kitaccy. [IpumepoM Takoi 3a1auu sSBISIETCS 33/1a4a O JIOKAJIM3AL|H JIML HA H300payKeHHH.

OnuH M3 IPUMEPOB NMPUMEHEHHS MAIIMHHOTO 00y4YeHHs B 3aJ[a4aX KOMITLIOTEpPHOro 3peHus — MeTox Buo-
nel-/IxoHca [1], apnsromuiicss omHIM U3 HanOonee Y(PPEKTUBHBIX METOIOB B CBoeM Kiacce. OCHOBHAS €ro Hes
3aKIIFOYAeTCS B TOM, YTOOBI BMECTO OJHOTO CIOXKHOTO KJIACCH(PHKATOPA HUCIONIB30BATh KAaCKa]| CHIIBHBIX KIIACCH-
(huKaTOpOB, MOCTPOCHHBIX U3 CITA0BIX KIACCU(UKATOPOB, MPEACTABIISIOMINX COOO0M IETEKTOPHI OCOOEHHOCTEIA.

Crnalsle KJIaCCH(PHUKATOPHI COCTABISIOT OCHOBY IMOJIYyYaeMOTO CHIIBHOTO Kiacch(uKaTtopa M BO MHOTOM
orpenegroT ero 3G GeKTHBHOCTE. 3aMEeTHM, YTO MPSIMOYTOJIBHBIE 0COOEHHOCTH HE BCETAA TOCTaTOYHO XOPOIIO
MOTYT OMNKCATh XapaKTepHbIC MPU3HAKA MCKOMOI'O Kjacca Ju0O0 s 3TOro TpeOyeTcs JHHeHHas KOMOWHAIUs
JIOCTaTOYHO OOJIBLIOTO YUCIa TaKMX ocoOeHHOcTed. Takum oOpa3oM, HECMOTpPS Ha BBICOKYIO B CPEIHEM CKO-
POCTh PabOTHI MOJTy4aeMbIX KJIacCU(UKATOPOB, B XyALIEM clydae TpeOyeTcsi BHIYUCISATH OOJIBIIOE YUCIO 0CO-
6enHocteil. B pabore Buonbsl n [Ixonca [1] ans 3agaun geTekuuu ul ObUT TTOJIyYeH KilacCu(UKaTop, B KOTO-
POM HUCTIOJIB30BANIOCH 4297 NETEKTOPOB MPSMOYTOJIEHBIX OCOOCHHOCTEH.
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IlocTanoBKa 3aJa4y M 000CHOBaAHHE METOAA

[enbto qaHHOM PabOTHI SIBIsICTCS MOTU(HKAIKS MeToAa Broibi—J[»o0HCa ¢ UCMOJIB30BaHHEM JCTEKTOPOB
0co0eHHOCTEW Ha OCHOBE KOHEYHBIX aBTOMATOB. CHHTE3NPOBAHHBII ITPY IIOMOIIY MOIU(PUIIMPOBAHHOTO METOIa
KJaccu(UKaTOp JOIDKEH Paclo3HaBaTh IMPH3HAKN HE XyXKe KiacCUpHUKaTOpa, CHHTE3NPOBAaHHOTO MeTo10M Buo-
nei-J>x0HCa.

CymecTByeT IBa croco0a IMOBHIMICHUS OBICTPOICHCTBHS METOIOB KOMITBIOTEPHOTO 3peHus. [lepBorii —
AJITOPUTMUYECKOE YIYUIIEHUE, BTOPOM — anmapaTHasi peainusalus MeTooB. Vcnonbs3oBaHUE AETEKTOPOB OCO-
OeHHOCTEH Ha OCHOBE KOHEYHBIX aBTOMATOB MOJXKET JaTh MPEUMYIIECTBO B 3PPEKTHBHOCTH U MO3BOJIHUT YMEHb-
HIATh YHCJIO CJIAOBIX KIACCU(PHUKATOPOB B KacKaJe, MOCKOJIBKY MPSIMOYTOJbHbIE OCOOCHHOCTH OTPaHHYCHBI
(hopMmoii, a aBTOMAT, «IBUTASCH» 110 MUKCENAM N300pakeHHsI, MOXKET PAacllO3HABATh HE TOJIBKO MPSIMOYTOJIEHBIC
aneMeHTHI. [Ipu 3TOM KOHEYHBbIe aBTOMATHI JIETKO PEaNH3yIOTCs Ha MPOrpaMMUpPYEMOi JTJOrHYeCKONH HHTETpajb-
Ho# cxeme (ITJIMC) [2]. ' naBHOE MX NperMyILIECTBO — OTCYTCTBHE CJIOXKHBIX orepauuii. Bee, uto Heo6Xoaumo —
3TO CpaBHEHHE U ciloxeHue. [103ToMy HCIob30BaHNE KOHEUHBIX aBTOMAaTOB B JETEKTOpax OCOOEHHOCTEH ra-
paHTHUpYeT UX Jerkyto peannsanuto Ha [TJIMC ¢ MUHUMAaNBHBIMU 3aTpaTaMu PECYPCOB.

Onucanne YipapJdoumero aBTomatra

B nmerekropax ocobeHHOCTEl UCMONb3yeTcss KOHEUHbIH aBToMar Muiin. BeixoaHbIe BO3JEHCTBUSI TAKOTO
aBTOMAara 'eHEpUPYIOTCS B 3aBUCUMOCTH OT TEKYILETo COCTOSIHUSI U BXOJHOr'O Bo3JeHcTBHsA. B nanHO# padote
HCHOJ’I]:?;y}OTCH KOHCYHBIC aBTOMATHI MI/IJII/I 13 BOCbMH COCTO)IHI/Iﬁ.

B mporecce cBoeil pabOThI aBTOMAT «JIBHUTAETCS» MO OKHY M300pakeHHs pasMepoMm 19x19, Hauunas ¢
HEKOTOPO# (hPMKCUPOBAaHHOH Mo3unnu. Haxosch B HEKOTOPOM MHUKCENIe H300paKECHUS, aBTOMAT «BHIUT» TEKY-
LM MUKCeNb U ellle uyeThipex coceneil. [1o pazHuie Mexay TeKyLUIUM MUKCEJIEM U COCEAsIMU NMPUHUMAETCS pe-
LIEHHE O MEPEABIKEHUHU HA OJIMH MUKCEIb B OJJHY U3 YeThIpeX cTopoH. KpoMme Toro, Ha Ka)aoM Iiare OTaaeTcs
TOJIOC «32)» HJIH IIPOTUB» TEKYIIETO OKHA.

Pabora aBTOMaTa 3aKaHUMBAETCS Yepe3 HEKOTOPOE YUCIO maroB. OMBITHEIM IyTeM OBLIO BBEISICHEHO, YTO
HaWTY4IIAM YUCIIOM IIAroB JUISA 3alaHHOTO pa3Mmepa okHa sBistercs 10. [lpu «Beixome» aBToMaTa 3a Kpail OKHa
OKHO Cpa3y OTKJIOHs€TCA. EciM 4MCIIO TOIOCOB «3a» MPEBBIAECT OPOrOBOE 3Ha4eHHe I, , pacCMAaTpUBAEMOE

OKHO CUMTAETCsl NPUHATHIM. B IPOTUBHOM Cilydae OHO Takke OTKJIoHseTca. OnruManbHelil nopor 7, Heobxo-

MO HaXOJHUTh B Iporiecce o0ydeHus cnadoro kiaccudukaropa.
BxoaHbIe U BLIXOJHBIE BO3AeHCTBUA

Jns onucaHus BXOIHBIX BO3JEHCTBUI IpUMEHsIETCS TepHapHas Jioruka. Bcero ucrnonb3yercst ueTsIpe
BXO/IHBIX TIEPEMEHHBIX — 10 OJHOW HAa KaXIOTO COCEIa TEKYIEro IMUKcens. PaccMoTpuM nmpumep BEIMHCICHHS
BXOJIHOM MEPEMEHHOM JUJIsl OJHOTO M3 COCENHUX MUKceseld. Eciii 3HaueHus: B TEKYLIEM U COCEIHEM IHKCENSIX
OTJIMYAIOTCA He Ooliee YyeM Ha IIOpPOroBoe 3HaueHue 7, , TO 3allUChIBA€M B COOTBETCTBYIOLIYIO IepeMeHHYo 0.
B npoTtuBHOM city4ae, eciy 3HaU€HHE B TEKYIIEM IHKcese O0IbIle, 3aUchiBaeM « 1», nHade 3anmceBaeM «—1».
Takum 00Opa3omM, 1osryyaeM YeThIpe 3HaYeHUs Il YeThIpeX cocesield. Bcero BO3MOKHBIX BapHaHTOB OKa3bIBAET-
cs13% = 81. Ha puc. 1 mokasas npuMep TOro, Kak BBIUMCIIAETCS BXOTHOE BO3IEHCTBHE.

Puc. 1. NMpumep BblMUCTIEHNUSI BXOOAHOTO BO3AENCTBUS

Ha BBIXO/Ic aBTOMAT OCYIIECTBIISIET CIICAYIOIINAC BO3ICHCTBHS:
— HampaBlieHUE JBIKCHUS (BBEPX, BHH3, BICBO WIIH BIIPABO);
— TOJIOC «32»/«IPOTHUBY;
— HOBOE COCTOSIHUE (OJJHO U3 BOCHMH).
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I'enepanust aBToMaTOB

YTo0bI O1IeHUTH 3PPEKTUBHOCTH JETEKTOPOB OCOOCHHOCTEH HAa KOHEYHBIX aBTOMAarax M CPaBHUBATh UX
Mexly cOOOH, OIpeenuM CleayIoIyto GpuTHecC-QyHKIMIO:
T, T,
f=kL+m-L,
P N
rae 7', —4ACIO NOJOKHUTEIbHBIX TECTOB, HA KOTOPBIX aBTOMAT OTBETHI «[law; Ty — Y9MCIO OTPULATEIbHBIX

TECTOB, Ha KOTOPHIX aBTOMAT OTBETHI «HeT»; P — 001ee Ynciio MOJI0KUTENBHBIX TeCTOB, N — o0Iiee 9ucio OT-
PHIIATEIBHBIX TECTOB; kK U m — BecoBbie Kod(GurmenTsl. B manHoit pabore k= 3, a m=1. Bribop Takoii ¢purHecc-
(hyHKIIMHM 060CHOBAaH HEOOXOIUMOCTBIO TTOTYYEHHSI HU3KOTO YPOBHS omIiOOK | poia, Tak Kak B KacKaie OUIHOKH
HakaruinBaioTcs. [1o3ToMy Bec MpaBMIBHO OINPENEIEHHBIX MOJIOXKHUTEIBHBIX TECTOB BBIIIE, YEM BEC MPABHIBHO
OIMPCACICHHBIX OTPULATCIIBHBIX TCCTOB.

Tabuuna nepexooB Uil KaXI0T0 U3 BOCBMHU COCTOSIHUMI aBTOMaTa reHepupyercs cirydaiiHo. Cpenu cre-
HEPUPOBAHHBIX aBTOMATOB BBIOMPAIOTCS TOJILKO T€, ypoBeHb omnOoK [ u 11 pona KOTOpBIX siBiISETCS MpHEMIIe-
MBIM IIPH HEKOTOPBIX TOPOrOBbIX 3HaUeHUsIX 1; u T, . B naHHON paboTe At 3THX MapaMeTpoB ObLIM SMINPHU-

4ecky o1o0paHsl 3HaYeHus B 5% 1 60% COOTBETCTBEHHO.

ITocne aTOrO 3aITycKaeTcst MPOLECC MOCIEAOBATENbHOTO YIIyUIlIeHUs: aBToMaTa. [l 3Toro mpumeHsiercs
(1+1) sBonrounonHas crparerus [3]. MyTtanueid B 1aHHOH paboTe siBIS€TCS U3MEHEHUE CITy4allHO BBIOPaHHOTO
nepexoaa. Tak Kak Mpu OJHON MyTaIlMi U3MEHSAETCS JUIIb OAUH U3 648 mepexoaoB, MOXKHO FTOBOPUTH O MaJIOM
M3MEHEHHUHU aBTOMAaTa B X0/i€ MyTallHu.

CuibHbIe K1accupuraTopsl

CnabbM Kiaccu(hUKaTOpOM Ha3bIBACTCSl TaKOi Kiaccu(UKATOp, KOTOPBIA MPAaBUIBHO KIIACCU(PHULIUPYET
n300pakeHHs ¢ BEpOITHOCTBIO Oonee 50%. YcueHue cinadbix KiIacCH(pUKaTOpPOB — MOAXO K PEIICHHIO 3aa4u
Kiaccu(pUKauy MmyTeM KOMOMHUPOBAHMS HECKOJBKUX CIA0bIX KiIacCH(UKATOPOB B OJWH CHIBHBIN. s sToi
3a/1a4uy MOXKET MOA0MTH J1H000# anroput™ ycmieHus (boosting). B nanHoii pabote i Beibopa 0COOCHHOCTEH, a
TaKxke s 00yYeHHs CHIILHOTO KiaccuukaTopa ucrnonb3yercs anroputm AdaBoost [4].

Opotinn u Hlamup (Freund, Schapire) B pabore [4] noka3anu, 4ro ommOka 00y4eHHs y CHIBHOTO KJIac-
cuukaropa npubIMKaeTcs K HyJII0 B SKCIOHESHIMATIBHON 3aBUCMMOCTH OT 4uciia HukioB. Kpome Toro, Meton
AdaBoost mokazai BEICOKYIO 3 ()EKTHBHOCTh Ha IPAKTHKE.

Beruncienue knaccudukaTopa U3 JAByX OCOOCHHOCTEH HAa OCHOBE KOHEUYHBIX aBTOMATOB TPEOYET OKOJIO
80 xoman MuKponporieccopa. CKaHUPOBAHKE ke MPOCTHIX MIAOIOHOB H300pAKEHUI MM BBIYUCICHUE TIPOCTO-
ro mepcentpoHa [5] TpebyeT B 15 pa3 Gonpiie onepanuii Ha OTHO OKHO.

Kackan

B pabore [1] onncan anropuT™ nocTpoeHust Kackaaa KiIacCU(pHUKaTOPOB, KOTOPBIH MO3BOJISIET YBEIHMUUTh
3 dexTHBHOCTh KiacCH(UKAIMNA U COKPATUTH BpeMs BBIYMCICHHH. Vies anropurMma 3aKiIro4aeTcst B TOM, YTO
MOTYT OBITh IIOCTPOSHBI MEHBIIIHE U, CIEIOBATENBHO, Oojee A3 PEeKTHBHBIC CHIIBHBIE KIIACCH(UKATOPBI, KOTOPBIE
OTKJIOHSIOT OOJIBINYIO YacTh OTPULATEIBHBIX OKOH IPU OOHAPYKEHHH MOYTH BCEX MOJOKHUTENBbHBIX. [IpH 3TOM
IPOCTHIEe KIAacCU(HUKATOPHI OyIyT OTKJIOHATH OOJBIIYI0 YacTh OTPHLATENBHBIX OKOH A0 TOro, Kak OyayT Hc-
TI0JIL30BAHEI 00JIee CIIOXKHBIE KIIacCH(UKATOPBI JUTs JOCTH)XEHUS HU3KOTO YPOBHS omHO0K I poxa.

YpoBHH Kackaga CTPOSATCS M3 CHIIBHBIX KJIacCH(UKaToOpoB, 00ydeHHBIX ¢ nmomorbio AdaBoost. Haunnas
C CWJIBHOTO KJlaccu(uKaropa M3 OJHOH ocoOeHHOCTH, 3(deKTHBHBINA Kiaccu(UKATOp MOXKET ObITH MOIyuYeH
MyTeM KOPPEKTHPOBKH IOPOra CHIBHOTO Kiaccu(ukaropa Jjisi MUHUMHU3aluu oluoku [ pona.

Ha puc. 2 mpeacrasnen oOmuii BUJ npolecca KiacCu(UKAUU — 3TO BBIPOKACHHOE JIEPEBO PELICHHH,
Ha3bIBAEMOE KACKAOOM.
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Puc. 2. O6wmn BMa Kackaga CUmbHbIX KnaccugukaTopos
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OcymiecTBisieTcsl OCIe0BaTeIbHOE IPUMEHEHHE KIIacCH()UKAaTOPOB K H300PAKEHHIO:
— mpocThie Kiaccu(pUKATOpbl OTOPACHIBAIOT YaCTh OTPHLIATEIBHBIX OKOH, IIPH 3TOM HNPUHMMAs MOYTH BCE MO-
JIOKUTEIIbHBIC OKHA,;
— TIOJIOXKMTENBHBIM OTKJIMK IEPBOro Kiaccu(ukaTopa 3amycKaeT BBIYMCICHHE BTOPOro, Oosee CI0XHOTrO,
Kiaccuukaropa, MoJOKHUTEIBHBIA OTKIUK BTOPOT'O 3aIyCKAeT TPETHH U TaK Jaliee;
— OTpHUATEIHHBIN OTKIHMK Ha JIFOOOM 3Tare MPUBOANUT K HEMEUICHHOMY OTKJIOHCHHUIO OKHA.

OGyuenune Kackajaa KJIacCH(PUKATOPOB

B GonbiiMHCTBE CiiydaeB KIacCH()UKATOPBI C OOJIBIITHM YHCIIOM OCOOCHHOCTEH JOCTUTAIOT 00JIee BBICOKOTO
YPOBHSI pacro3HaBaHusi U HU3KOro ypoBHs ommunbok [ pona. B To xe Bpemst kiaccudukaropbl ¢ OOJIBIINM YHCIIOM
0COOCHHOCTEW TPEOYIOT OOJIbIIIE BPEMEHH JJIsl BBIYKMCIICHHS. DTO MOXKET MOCTY)KUTh 0a30i ONTUMH3AIUH, [IPU
KOTOPOM 151 ONITHMH3ALIMY 0’KHIAEMOT0 YHciia 0COOEHHOCTEH NN, pelaronyx 3a1ady a1 ypoBHs omuoku 11 pona
F v ypoBHs pacniozHaBaHus I Kackasna Kiiaccu(UKaTopoB I, BApbUPYIOTCS ClleyIOMNe BEINYNHbL: KOJINYECTBO
YpOBHEH KiaccuuKaTopa, KOJINIeCTBO 0COOCHHOCTE 71; Ha KaXK/IOM YPOBHE, ITOPOT Ha Ka)KIOM YPOBHE.

[Touck onTHMaNbHBIX 3HAYCHHH MAapaMETPOB SBISETCS TPYAHOU 3amadeidl. B HacTosmiei pabore mpume-
HSETCS MPOCTOH, HO AEMOHCTPHUPYIOLIHNA XOPOIINE PE3yIbTATH ATOPUTM ONTHMH3ALINH.

CTpyKTypa noJIy4eHHOro Kjiaaccupukaropa

[Tpu cuHTE3€ NETEKTOPOB OCOOEHHOCTEH HAa KOHEYHBIX aBTOMAarax ISl PEeIeHUs 3allaudl JeTEKIHH JINI]
OBLTH UCIIOJIE30BaHbBI T€ K€ 0a3bl H300pakeHuil, 4To u B padotax [6] u [7]. Ha mepBom sTame paboTsl MeToAa
6buT0 cuHTE3MpoBaHO 250 EeTeKTOPOB OCOOCHHOCTEH Ha KOHEYHBIX aBTOMarax. YPOBEHb JETEKIHMH MOJI0XKH-
TENBHBIX TPUMEPOB y HUX Koiaebsercs oT 96% no 99%. Ommodka I poxa cocraBnser ot 23% no 55%. Ilomy-
YUBIIHECS JETEKTOPHI YIOBIECTBOPSIOT TPEOOBAHUAM [T CIA0BIX KIIacCH(UKATOPOB.

Jns oOy4ueHns kackaga ObUTH BEIOpPAHBI CIIEAYIOMINE 3HAYCHUS MMapaMeTPOB: MAKCUMAJIBHO JOITYCTUMBIH
YPOBEHB JIOKHBIX cpadaTbiBaHui — 50% Ha CI0if, MUHUMAJIBHO JAOMYCTHMBIH YpOBeHb OOHapyxeHus — 99% Ha
cioii. [Ipn Takux mapamerpax oOyueHHs MakcuMmanbHas obmas omudka Il poma B 0,1% MoxkeT ObITH JOCTHTHY-
Ta KackKaJioM, COCTOSIINUM Bcero u3 10 cioes.

B pesynbrare paboThl 00yyaromero aropurMa ObUI MOCTPOEH KAacKaJ CHIIBHBIX KJIACCU(HUKATOPOB, CO-
crosimid w3 10 crmoes. [lepBbiil Ci10i COCTOMT M3 OJHOTO JETEKTOpPa 0COOCHHOCTEH, KOTOPBIA OTCeUBaeT Ooee
75% oTpHLATEIBHBIX OKOH. YPOBEHb PAaco3HaBaHUs NepBoro cyios 6sm3ok k 100%. BTopoii cioii cocTout yxe
u3 Tpex nerektopoB. Ilocie Hero orcenBatoTcs 6osee 90% OTpHLATETBHBIX OKOH IPHU YPOBHE PACIO3HABAHUS
no-tipexxaeMy Onmskomy k 100%. Cremyromyie CiIou HPEACTaBISIOT COOOW JHHEHHBIE KOMOMHAIMU CIA0bIX
KI1accu(hUKaTOPOB U BKIIFOYAIOT B CPEAHEM TI0 6 JeTeKTopoB. O0IIee YUCIIO HCIOTh30BaHHBIX B KacKale cladbIxX
K1accu(hUKaTopoB PaBHO 52.

TecTUpoBaHUe NOJYYHBIIEr0Csl KJIACCH(PUKATOPA U CPABHEHHE C AHAJIOTAMH

s TectupoBaHus Kiaccu(uKaTopa McCIoib3oBasack 0aza mzobpaxenuir mun CMU (Carnegie Mellon
University) [7]. Ta >xe 6a3a ucronbp3oBanach 1 U TECTUPOBaHUs Kiaccupukaropa B padore Buonsl u [xonca
[1]. ba3a u3o0paxeHuit BKIOUaeT B cedst 472 n300paskeHuid il ¥ 23573 u300paxkeHuil [pyrux TUNOB (HE JIMII).
[Ipu TecTUpOBaHMH HUCIIOIB30BAINCH T JaHHBIC, KOTOPHIC HE UCIIONB30BAIUCE IPH 00y4eHHH. Ta e MeToauKa
HCHoJIb30Banack Buonoit u JI>koHCcOM.

ROC curves for face detector
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Puc. 3. ROC-kpuBas ans knaccudukatopa, NOCTPOEHHOro: OpUrMHanbHbIM MeToaoM Buonbl-[xoHca (a);
Ha geTekTopax 0co6eHHOCTeN Ha KOHeYHbIX aBTomaTax (6)
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Ha puc. 3 mokaszansl mis cpaBHerns ROC-kpuBsie [8] mast KimacCH(pHKATOPOB, MOCTPOSHHBIX B padoTe
Buouser u J[)0HCa U B TaHHO# padoTe.

B Ta6n1/1ue IMMPUBCACHBI 3HAYCHU YPOBHA paCIIO3HABAHUA JI1 HCKOTOPBIX 3HAYEHUH YHrCia JOKHBIX Cpa-
OaThIBAaHUM.

YHucio 10KHBIX 10 31 50 65 78 95 110 167 422
cpabaTbIBaHUI

ABTOMATBI 81,5% | 87,5% | 89,9% | 90,9% |914% | 91,7% | 92,0% | 92,4% | 93.3%
Buona-/[xonHc 78,3% | 852% | 88,8% | 89,8% | 90,1% | 90,8% | 91,1% | 91,8% | 93,7%

Ta6nuua 1. YpoBeHb pacnosHaBaHus Npu pasfnMyHOM Yncre NoXHbIX cpabaTbiBaHui
3akjrouenue

PesynbraTsl mpoaenaHHoi paboTHL:

— TIOCTPOEHBI clalble Kiaccu(UKaTOPbl HA OCHOBE KOHEYHBIX aBTOMATOB;

— pa3paboTaH M peau30BaH METO] aBTOMAaTHYECKOI'0 CHHTe3a ClIa0bIX KIacCH(UKATOPOB HA KOHEYHBIX aBTO-
MaTax;

— TIPOBEJIEH aHAIM3 IOJYYSHHBIX PE3yJIbTaTOB, KOTOPBIM IOKa3all, YTO CHHTE3UPOBAHHBIN KilacCU(pHUKATOP HE
YCTyIaeT 10 KayecTBY KIacCU(PHUKATOPY, HOCTPOSHHOMY MeToJ oM Buosbi—/[»oHca, HO npu 3ToM o0Jajnaer
Oostee BEICOKOH CKOPOCTBIO PadOTHI;

— peaJM30BaH METOJ ITOCTPOEHHS Kackaaa Kiaccu(pHUKaTOpOB Ha OCHOBE JETEKTOPOB OCOOEHHOCTEH Ha KOHEY-
HBIX aBTOMATax.

B nmanpHelimmem mmraHupyeTcs pa3paboTka METoAa aBTOMAaTHYECKOTO IMpeoO0pa3oBaHMs IOIyYaeMOro
KIaccu(uKaTopa B A3bIK ONMUCAHUS CXEM W pean3alisl MOITydYeHHOTO Kiaccu(rKaTopa Ha PeaIbHOM ammapar-
HOM o0ecriedeHuH. [Isi ZOCTHKEHHS BBICOKOH HAJEeKHOCTH TaKKe BO3MOXKHO KOMOMHHMpPOBAaHHE amllapaTHOH
pean3aliy MeToa ¢ IPOrpaMMHOI peain3anueid Jpyrux METOAO0B: 00JIacTH, BBIJETIEHHbIE KIaCCH(PHKATOPOM
Ha aBTOMATax, CJIeAyeT NOABEPraTh JOIOJIHUTENbHON IPOBEPKE MPOrpaMMHBIMU MeTofaMu. [Ipu aTom cymect-
BEHHO COKpATUTCS BPEMsl IPOrpaMMHON 00paboTKH.

Kpome Toro, ofHUM M3 HampaBieHUI B pa3BUTUH METO/IA SIBJISIETCS YCOBEPIIEHCTBOBAHUE CTPYKTYPHI aB-
TOMaTa B JieTeKTopax ocoOeHHocTel. [IpumeHeHne cokpanieHHbIX Taduui [9] ¥ yBennveHne 4uciia COCTOSHUN
MOJKET MOMOYb YIy4YIIUTh MOBEACHUE aBTOMAaTa. Takike CyHIECTBYET BO3MOXKHOCTh IPUMEHATH JOMNOIHHUTENb-
Hble (QUIBTPBI HA/I HCXOIHBIM N300paXKEHHEM ISl TOTO, YTOOBI MTOJUYEPKHYTh HA HEM HEKOTOpBIE 0COOCHHOCTH
WM, Ha000POT, CriaguTh myMsl. [Ipu aToM Tpedyercs, yToOsI Jt00bie MOAM(UKALIMN HE YMEHBIIAIH CKOPOCTh
METOZa U He YCIOXKHIN mporecc peamm3anuu Ha [IJINC.
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