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AHHOTAIHA

B craTee OMUCHIBAIOTCS  pE3YJbTATHI
WCCIIeOBaHUS TI0 CO3JaHUIO YHUBEPCATEHOW
MpOrpaMMHON CHCTEMBI 11 aBTOMAaTH3HPO-
BaHHOTO PACTIO3HABAHMSA WCTOPHUUECKHX PYKO-
IMCHBIX TEKCTOB, BKJIIOYas HCTOPUYECKUE
creHorpamMMbl XIX © Hauama XX BEKOB.
PaccmaTpuBaercs mpoOiema MOydeHUs! OpH-
TMHAIBHOM IpadUKK CHMBOJIOB MCTOPHMYECKUX
PYKOITCHBIX JIOKYMEHTOB, TIOMCK CXOXKHX
rpapuk B Oase 3HAHWH, ONpENETCHUS CTPOK
TEeKCTa, TMPUBOOUTCS MaTeMaTHdeckas MOJIelb
neumpoBky creHorpamMMm. Kpome atoro omm-
CBIBa€TCA TPOTOTUN  ABTOMAaTH3MPOBAaHHOM
CHCTEMBI PACIO3HAHUS PYKOMUCHBIX HCTOPH-
YEeCKHUX JTOKYMEHTOB.

Llannoe uccnedosanue nodOep’CAHO ePAHMOM
PIrH® Ne 11-01-120268.

1 BBenenue

[IpoGiema TmMOHWMaHWA TEKCTOB - OAWH U3
BaXHEHIINX BOMpOCcoB ucTopur. Ha ceronHAmHuil neHs
B apxuBax Poccum Hakomwics Oonbiiod o6beM
Hepacir(ppPOBAHHEIX CTEHOTPapUIECKUX JTOKYMEHTOB.
CoBpeMeHHbIe CTeHOrpadHCThl M yIEHbIE UCIIBITBIBAIOT
CyIeCTBEHHBIE TPOOJIeMbI MPHU Ae(pOBKE HCTOPHHU-
gecknx creHorpamM. Bo-mepBeix, B XIX u Hauame XX
BekoB creHorpadus B Poccuu Haxonmmacek B mporecce
CTAHOBJICHUS, [O3TOMY CYIIECTBYIOIIME JOKYMEHTEI
3amudpoBaHbl B pazHeIX cucremax. CoBpeMeHHas
creHorpadus CYIIECTBEHHO OTJINYaeTcs oT
ncTopudeckux cucreM creHorpaduu XIX Beka, U HET
CIIEIMAINCTOB, OONafaloUMX 3HAHWAMH O CHUCTEMax
cTeHOrpaUuecKkol 3amucy Toro BpeMeHu. Emle onHoH
TPYAHOCTBIO NEUIU(PPOBKU SBIAETCS TO, YTO CTEHO-
rpadpcT mpu LIMGPOBAaHUM MOI HCIHOJIB30BATh CBOM
HECTaHAAPTHbIE CUMBOJNBL (00O3HaueHUs), TaK Kak
yacTo paciu@poBkoil 3aHMMaics Toxe OH. Kpowme
TOr0, HEKOTOPbIE CUMBOJIbI CTEHOrpadu4ecKoil 3anucu
UMEIOT CXO0XKE€€ HalMCaHhe, HO B 3aBUCHMOCTH OT
HEKOTOPBIX (PU3HUECKUX MMapaMeTpoB, HalpUMep, TaKUX
KaK pa3Mepsl, IMEIOT pa3Hble 3HAUEHUS.

Tpyant 14-fi  Bcepoccuiickoii Hay4ynoil KOHpepeHUHH
«QNIeKTpOHHbIEe OUOJHOTEKH: MePCHeKTHBHBbIE MeTOoAbl H
TEXHOJIOTHH, JJIEKTPOHHBIe Ko/utekunwy — RCDL-2012,
IlepecnaBab-3anecckuii, Poccus, 15-18 oxradps 2012 r.

Takum 00pa3om, O/ BBEAEHWSI B HAYYHBIH 000pOT
HOBBIX JOKYMEHTOB  HEOOXOOVMO OIHCaHHE W
mem(poBka  HUCTOPHYECKHMX  CcTeHorpamm.  Jns
pelieHuss  3TOM  3amayd  HEeoOXOAMMO  CO3[aTh
YHHBEPCAIBHYIO MPOrpaMMHYIO CHCTEMY
ABTOMATU3MPOBAHHOTO PACIO3HABAHUA UCTOPUYECKUX
PYKOITUCHBIX ~ TEKCTOB,  BKJIFOYas  HCTOPHUYECKHE
creHorpamMbl  XIX - Hasama XX BekoB. K
OTJIMYUTEIbHBIM CBOHCTBaM pa3pabaTbiBaeMOi
CHCTEMBI OTHOCATCHA: Y4€T HHAWBUIYaIbHBIX 3HAKOB
Pa3HBIX CTEHOrpa(uCTOB, BO3MOXHOCTh KPUTHYECKOrO
aHaJ3a, MCIOJib30BAaHUE CIIOBaps HJIs MOACKA3KH NpH
nenmdposke Tekcra u T.4. [8]. MHopManmoHHas
cucteMa OyleT HaXONUTHCS B OTKPHITOM JOCTYIE H
npemaratsCi K WCHOJNB30BAaHUIO  PabOTHUKAMHU
apX¥BOB, HAYYHBIMU COTPYIHHKAMH, UCCIIENOBATENSAMHI
tekcroioram. OTNaXuBaTh CHUCTEMY OBUIO HPUHATO
pewenue Ha creHorpaMMax A.I. CHUTKHUHOM, 4acTU4HO
pacumdpoparsbix LI M. TomemsHckoi, 1 yueGHUKE
I1. OnbxuHa [7].

ABroMaTH3aums ~ JEIIMPPOBKM  MCTOPUUECKUX
CTEHOrpaMM COCTOUT U3 CIeAYIOIIMX IIaros:

o OHMHapU3alUs HCTOPMYECKUX DPYKOMUCHBIX IOKY-
MEHTOB;

e cosmanue BJI rpaduku creHOrpaduueckux CHMBO-
JIOB;

e KacTepu3anysi H300paXKeHUH CTeHOrpaduIecKux
CHIMBOJIOB;

e co3jaHue 6a3bl 3HAHMM CTEHOrpaUUECKUX CUMBO-
JIOB;

© METO[BI BBIIENIEHUS CTPOK B PYKONUCHBIX HCTOPUH-
YECKUX TOKYMEHTaX;

® [OWCK CUMBOJIA B Ga3ze 3HAHMIA;

® MaTteMaThu4decKasd MOICJIb pacliO3HaBaHWA CUMBOJIA.

2 Bunapu3zanusi HCTOPHYECKUX
PYKOHNHCHBIX JOKYMEHTOB

H3-3a COCTapeHHOCTH PYKOIUCHBIX MAaTepHUalioB U
TOTO YTO CTeHOrpahUIecKye 3aricH CAENaHbl IPOCThIM
KapaHOalioM Ha TIOKeNTeBllel Oymare BO3HUKAeT
npobriema ¢ GuHapuzauuedl nzobpaxenus. Iloporossii
MeTOJ 1o nBeroBbiM komnoHeHTaM (RBG), okazaincs He
NpyeMIeMblil 1si AaHHOM 3afayd, TaK Kak IUKCENH
(oHa M CHMBOJIOB UMEIOT CXOXKHE 3HAYEHUs LIBETOBBIX
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xoMrnoHeHT. Kak BuUOHO Ha ructorpammax (puc. 1)
OTCYTCTBHE JIBYX SBHO BBIPQXEHHBIX IIMKOB HE
MO3BOJIIET  BHIOpPAaTh TMOPOrOBOE  3HAUEHHWE IS
OuHapusauuy. Takue ke pe3ynbTaThl MOoMydaroTcs (puc.
1), ecnu UCTIONB30BaTh Pa3IOKEeHHE IO IIBETOBOM CXEME
HSB (oTTeHOK, HACHIIEHHOCTH, SIPKOCTH). [IpousBosst
OUHapU3alMI0 TOJIBKO [0 TIOPOrOBOMY 3HAYEHHIO
SPKOCTH, MOXKHO TOJTy4UTh AOCTATOYHO UETKHE CHMBO-
JIBI, C MajbIM KOJMYECTBOM IoymMa. AHAJOTHYHBIE
pe3ysabTaThl MONY4YeHbl B [6] MpW  pacrno3HaBaHWH
6aHKOBCKUX YEKOB.
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puc. 1 ['uctorpaMMBbl IIBETOBBIX CXEM
RGB (a) u HBS (0)

Kpome toro, 61 onpoOoBaH MeTon OMHapu3anuu
Oy [3], HO OH Tak ke KaK W MpeaplIyIIie METOIbl He
JaBajl XOpOLIMX pe3yJbTaToB NpU OWMHApU3ALMH, T.K.
OTCYTCTBOBA/IY JIBa SIBHO BBIPaXKEHHBIX MUKa. B Hamem
cllydae Xopollee KauecTBO OMHapu3alMyl Jal MeTon C
9KCTIEPHMEHTAIEHO HAMIEHHBIM IOPOrOBBIM 3HAYESHHEM
spkocTé 13% OTHOCUTENBHO OOIIero Ynciia MUKCeel.

3 ba3a JaHHBIX OPUTHHAJIBLHOMH rpaduku
CcTeHOrpa)uIecKuX CHMBOJIOB

Jis  pacmosHaHHA ~ CTEHOrpaMM  HEOOXOIHUMBI
OpUTHHA/IBHBIE CHUMBOJIBI, KOTOPBIH  HCIOJB30BAJ
cTeHorpadUCT B CBOMX 3aMMCAX, TaK KaK CTEHOTpaducT
MOT BUIOM3MEHSTH 1 MOIEPHH3UPOBATH CUMBOIIBI CTEH-
orpaduyeckoil CHUCTEMBI, KOTOPYIO OH HCIIOIB30BA.
Brinenenre CUMBOJIOB Ha PYKOIMHCHBIX MCTOPHUYECKIX
TOKyMEHTaX UMeeT CIEMYIOIIie 0COOSHHOCTH:

® OpUTHHAJIBHOE HSOGan(eHI/Ie YOOBJIETBOPUTEIIBHOTO
Ka4YeCcTBa W3-3a CJIEAYIOIETO pAna MpHUInH:

- pykomucsaM mopsnka 150 ner;

- 3aIKCh NMPOW3BOAWIACH MPOCTBIM KapaHOALIOM Ha
MOXKENTEBLIEH Oymare, KOTopas HUMeeT pa3/InyHbIe
HoBpekeHus (repernObl, pa3phIBBL, NPOCBEYHBA-
HYe HaJIucel ¢ Ipyroi CTOpOHLI JINCTA);

- HaJIu4iue CTOPOHHUX 3anuceil, MOMETOK, KOTOpPBIE
HE HOCST CMBICIIOBOU Harpys3kKu, HO IEPECEKaroTCA
co CTCHOFpa(bI/I‘leCKI/IMH 3amrucCiAMHU.

® Iipn 6I/IHapI/I3aIII/II/I TMPOUCXOOHITA pa3pbIBbl CUMBOJIOB,
T.K. HCKOTOPBIC IMUKCEIHW CHMBOJIA HUMEIIA CXOXHUH
IOBET C NHUKCEIIAMU 6yMam;

BO3HHUKaJIa HEOOXOIUMOCTh
HanmMCaHHBIX CJIMTHO, Ha

® P  CErMEHTALUU
pa3OueHuss CHMBOJIOB,
OTHENbHBIE CHMBOJTEI.
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bpilo  HamucaHO  MPHUIIOXKEHWE  IT03BOJIIOLICE
HOJIy4aTh OPUTHHAIBHYIO rpaduKy CUMBOJIOB U3 CTEHO-
rpammM. Kak BUIHO U3 pHC. 2, HA KOTOPOM IPEICTaBICH
uHTepdeiic NaHHOro NPHIOXKEHUs, OCHOBHOE pabouee
OKHO pa3liefieH0 Ha JBe 4YacTH. B jeBoil wactu
HaXOIUTCS OPHTHHAIBHOE H300paKeHIe CTeHOrPaMMBI,
U3 KOTOPOW HY)XHO MOJNYYUTh Tpayku CHMBONOB. B
MpaBoil YaCTH HAXOMATCSA YXKe TOIydUeHHble rpabuku
CHMBOJIOB, MpPUYEM OHHU DAaCIONiaratoTcs ¢ IOJbIM
COOTBETCTBMEM pPACIIONOXKEHUS HA  OPHUTHHAIIBHOM
U300paKeHUH.

Jnia co3maHusA OpUrMHAJIbHOH rpaduke CUMBOA,
MOJB30BATENb  HOIDKEH  BBIAGNUTH  CHMBON  Ha
OpPHUI'MHAJIBHOM H300pa)KeHWH M HaXaThb Ha "TOPSUYIO
KiaBully" WM ux komOuHaro. [lamee mpunmokeHwe
NPOU3BOAUT OMHAPU3ALMIO M CETMEHTALMIO BBIOETEH-
Horo (¢parmenTa. Ecmm npm cermeHTammu  GbuTO
HOJIly4eHO HECKONBKO CErMEHTOB, TO HpHIOKEHHE
npeaaraeT MoNb30BaTENO BBIOPATh, TE, KOTOpHIE, IO
€ro MHEHHUIO, COOTBETCTBYIOT [HAaHHOMY CHMBONY, U
crcTeMa IMPOM3BOAUT CBs3bIBaHME [4] "pasopBaHHBIX
yacteil". Ecnu monp3oBaTens He ycTpauBaeT pe3yJibTar,
TO OH MOXET ObITh OTPENaKTUPOBaH BO BCTPOSHHOM
rpacduyeckom penakrope. Ilocie aToro cucrema mpous-
BOAUT MOUCK B 0a3e [aHHBIX paHee IIOdyYeHHBIX
rpadUK CHMBOJIOB, CXOXHE, H TpeIIaraeT MoJib30Ba-
TeIo BbIOPaTh, €CJIM HET CXOKUX CHMBOJ JoOaBisercs
B 6a3y JaHHBIX.

Y o e - |

puc. 2 MHrepdeiic Moy co3naHus OpUrHHATBHON
rpaduKi CUMBOJIOB.

Beuto o6paboraHo 29 nucTOB CTEHOTpadIYecKuX
3amucedi M nomydeHo Oomee 2500 w3o0pakeHwit
cuMBOJIOB. [locie 3Toro BO3HMK/IA 3anada MX KJlacre-
pu3aLmy.

4 Knacrepuzanus uzo0paxeHui
cTeHOrpapuyecKuxX CHMBOJIOB

Jna pewieHus 3ToN 3amadm ObLIM ITPOAHAIU3UPO-
BaHBI CIEAYIOLIME METOABI CPABHEHUS CUMBOJIOB!
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® JIOTMYECKOE CPABHEHUE C 3TAJIOHOM;
® CpaBHEHHE CO CKEJIETOM 3TaJIOHa;

® METOJ CPaBHEHHS PacCTOSHUN;

® METO/l MOMEHTOB

® KOMOMHHPOBAHHBIN METOT;

® CpaBHEHHs KOHTYpOB.

[Touck ¢ wuCMoONb30BaHME ITANOHA 3aKIFOYATCS B
TOM, YTO WU300paXkeHUE CHMBOJA MCIIONB3YeTCS Kak
maGoH ¥ CPAaBHUBAETCA C W300paKCHHSAMU IPYTHX
cuMBoIioB. [Tpu cpaBHEHUN W300paXkeHHMN BBIYHCIISETCS
paccrosiHie XOMMUHI'2.

p(xy)=D(xy)BCG(xy)x=1.w,y=1L.nA

@dopManbHO 3TO O3HA4YaeT CpaBHEHUS 3HAUYEHHH
KKIOTO MHKCENs M300paKeHUs MepBOTO CHMBOJNA CO
3HAQYEHHEM COOTBETCTBYIOIETO MHKCENS BTOPOIrO
cumBorma. [lpm  3TOM  3HAYEHWS  NpHHAAJIEkKAT
vmHOXecTBy {0,1}. 3HaueHus @MKcened JIOruyecKku
CKITAIbIBAIOTCA, IIOCJE€ YEro IIPOMCXOAWT IOACYET
YPOBHSI COBIIA/IEHUs, KOTOpBIH paBeH 4YUCIy Hyled B
TOMYYEHHON MAaTpHle, pa3fie/IeHHOMY Ha oOluee Yucio
Toyek. Ecnu momyuyeHHBI ypOBEHb IPEBOCXOIHT
3a[@HHBI  [OpOr, TO K300paKeHUs  CUUTAIOTCH
CXOXKHMH.

Ilpy MOpOroBEIX 3HAYEHHUAX YPOBHS COBMAIEHHSA OT
80% nmaHHEBIA Meron 00namaeT BBICOKOW TOYHOCTBIO
MOKCKa, HO MPH 3TOM IOJIHOTa MOWCKA KpaiiHe Mmana.
Jlornueckoe cpaBHEHHE C STAJIOHOM IIOKa3bIBAET ILIO-
XHe pe3yJbTaThl U1 CIIOXKHBIX CHUMBOJIOB, HYTO
NPOMCXOANT M3-332 TOTO, YTO YEIOBEK IUINET. CHMBOJIBI
no-pasHoMy. MEHSIOTCS yIJIbl, pa3Mep M TOJNIIWHA
cumBoia. [Ipm CpaBHEHMHM CKEJIETOB ~ CHMBOJIOB
ACKITIOYAETCS Pa3NIMyie TOJIIMHBI CHMBOJIOB, HO
YCHJIMBAETCS Pa3jidyie B 3aBHCHMOCTH OT ApYyrux (ax-
TOPOB HamucaHusi cuMBona. CkeneTu3alys CHMBOJIOB
pou3BOIIIIACk aroputMoM 3oHra Cyns [5].

MeToj cpaBHEHHUS PACCTOSHHUN SBJIAETCA OBICTPBIM
METOIOM CpaBHEHHs CHUMBOJIOB. IIpHHIMI [aHHOrO
METOJA 3aKIFOYaeTcsi B IOCTPOEHHH OTPE3KOB IO
3apaHee 3alaHHOMY TPaBUIY U ONpENeNeHUe MX JUTHH.
Tlociie BBIYKCIIEHUS IJTHHBI 3aHOCATCSA B 0a3y HaHHBIX.
B paGore MBI HCHONB30BalM METOH  KPaeBHIX
paccrosHmit. [lpuHuun paGoTel MeToda KpaeBBIX
paccTOSHUIA - 3aKJFOYaeTcss B CIEOyIoleM, H3 0ashl
3HAHMM BBIOMPAIOTCA CHUMBOJIBI OTHOINEHWS BHICOTHI K
HIMpMHE KOTOPBIX HAXOAUTCA B HEKOTOPOH OKpecT-
HOCTH. DTO IMO3BOJIAET COKPaTUTh  MHOXECTBO
CHMBOJIOB, B KOTOPOM OCYINECTBISIETCA IIOMCK. Y
TEKYLIEro CHMBOJIAa W3MEpAIOTCS [UIMHBI OTPE3KOB
{Ii,l2,...,18} (cm. puc. 3). anee AnMHBI OTPE3KOB TEKY-
IIEr0 CUMBOJIA CPABHUBAIOTCSI C OTpe3kamMu u3 0a3bl
JaHHBIX. PaccTosiHue MEeXIy CUMBOJIAMU H3MEpsSeTcs
KaK 3BKIIMIOBO pPACCTOSHHE MEKAY TOydeHHBIMU
OTpe3KaMHu.

puc. 3 MeToa KpaeBbIX pacCTOSIHHMA.

IIpoBeneHHBIe WCOBITAHWA TOKA3aJld, 4YTO MJIS
OONIBLIIMHCTBA  IMOXOXMX CHMBOJIOB  HCCIIEIyeMOM
KOJUIEKLIUM PAacCTOSHME HEe MpeBhimaeT 3HadeHus 100.
ITpuMeps! IpUBENEHEI HA pUC. 4.

IToxoxx1e CUMBOJBI paccToaHue
% M 23.6
J ”/ 57.3

Pa3Hble cCUMBOITBI paccToaHne
M J 121.8
M V/ 128.2

puc. 4 CpaBHeHUE PACCTOSHUI.

MeTog MOMEHTOB OCHOBaH Ha  BBIUMCIIEHHHM
PACCTOSIHMIM MEXIy MOMEHTaMH Wu300paxkeHmi. Mel
WCTIONB30BANl MHBAPHWAHTHBIE MOMEHTH Xy [2].
PaccMOTpUM TIpOLIECC BBIUUCIICHHS MOMEHTOB Xy.
ITycte f(x,y) GyHKIMA HHTEHCUBHOCTH TOYEK OWHap-
HOTO HM300paXEHHs, KOTOpas MPUHUMAET 3HaueHHud «0»
u «1» (rme «0» — 4yepHbIil LBeT, a «1» - Gensiit). [pu
cpaBHeHMH ~ W300pakeHMH ~ MBI pabotaeM ¢
JMCKPETHBIMU BEJIMYMHAMHY, IO3TOMY OT HENIPEPLIBHOIO
3HayeHuss MoMeHTa (1) MBI IepexXoAuM K AUCKPETHOMY
ciydato (2). 3HaueHue p — NOpAAOK X, ( — MOPALOK Y.

Mpq=£rxpyqf(x,y)dxdy, ?,9=0,1.2,... (1)

M=% > Py f(x,y) (2)
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Jlanee mepexoauM K HEHTPaJbHEIM MOMEHTaM,
KOTOpBIE MHBAPUAHTHEI TIPU CABUTE M300paXKEeHHS.

1p=3 Y (=% (3= 7Y f(x,5) (3)

= Mg

M= 2 (4)
()

2

Mowment  pg uHBapMaHTeH TIpM MaclTaGMpOBa-
in. B ¢opmyne (4) Hoo umTepnpermpyercs Kak
MOJTHAsE Macca U300paskeHUsL.

Hmwke mnpuBemeHsl MOMEHTBl Xy, KOTOpEIE
WHBApMAHTHBL OPH CHBUTE, MAaCHITAOMPOBAHMH M
TIOBOPOTE.

@y =My g,

(2] :(’720+’702)2+4n12x

05 = (30 =3M12)" +(13, — o3 )’

?y :('730_31112)2 + (1, +/103)2

@5 = (1130 =302 ) (M50 102 ) (130 +115)* =301, 10507 ]
+(3rl2|_’703)(7121+’703)[3(’730+’712)2_(772|+’703)2]

96 = (M0 =02 (M3 +1M12)* = (1, H1103)* THAN (130 + 1115 ) (121 + 103)
@, =(3ny _7103)‘(”»21 oo J 30 F12 ) — 0051 5 ) T
_(7730_3']12)('721+’703)[3(’730+’712)2“(’721+’703)2]

Hul Hu2 Hu3 Hud
,_\/ 0,2147 0,0139 1’5%255‘3' 1,2‘(1)153E-
,\/ 02176 0,0136 5,6078 4’3?);45'
% 02117 0,0053 3503)?575 9,3%76713-
M 0,1938 0,0034 5’6%8665' 4,7%)66915-

Hus Hué6 Hu7
// 1,7090E-10 | 8,5411E-07 3,5408E-11
/\ﬂ 3,1893E-10 1,2221E-06 7.3859E-11
/\/ 2,1551E-09 | 3,6388E-06 -16609E-10
% 1,5224E-10 1,6644E-07 3.9974E-11
M 2,4304E-11 7,9079E-08 1,5291E-13

puc. 1 3HaueHUs I MOMEHTOB

B xone uccnenoBaHus ObUTM BBIYHMCIEHBI MOMEHTBI
Xy msst KojuleKun creHorpaddeckux cumMBooB. Kak
BUIHO W3 pHC. S5, pa3dpoc 3HAUEHWH KOHKPETHBIX
MOMEHTOB JIJIsl IOXOXHUX CUMBOJIOB MOYKET Pa3indaThCs
Ha HECKOJIPKO IOPSAOKOB, B TO BpeMs KaK 3HAYCHUS
Pa3IMYHBIX CHMBOJIOB MOTYT OBITh 3HAYHUTENHHO OJIFDKeE.
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Ha ocHOBaHMM IIOJy4€HHBIX HAHHBIX OBLI CHENaH
BBIBOJI, YTO MOMEHTHI Xy HE MO3BOJIAIOT ONPEIENTHTD,
MOXOXXH CTEHOrpadIecKrue CUMBOIIBI WU HET.

KoM6MHMpOBaHHBIA METON TpeACTaBiser coboi
JMHEHHYI0 KOMOMHALHMIO C BECOBEIMH K03(hduim-
eHTaMM, ONWCAHHBIX BBIIE METOHOB. TOYHOCTH
OMHCAHHBIX BBIlIE METONOB OKa3anach HEJOCTATOUHOH
W, TO3TOMY, Oblia TpuUMeHeHa Mogu(uKalus MeToza
"cpaBHeHMS ~ KOHTYpoB", mTpuBegeHHoro B  [l].
TlpumenenHas MomuduKamyMs METONA 3aKIIOYaeTCs B
cremytomem. Ha KOHType CHMBONA  ClTy4aifHbIM
obpazom BeiOupaercs 100 Touek. [Ind KaXmOW TOUKH
CTPOMTBCS KpyroBas THCTOrpamma, cocTosimas u3 60
obnacteit. TlomcuuTeIBaeTCs KOJIMYECTBO, MOMABLIMX
Touek u3 100 BBHIOpAHHBIX, B KKIyI0 U3 oOmacTteil.
PaccTosHre MEKIy MHOXECTBaMHM TOYEK Ha JBYX
H300paKEHMSIX WINETCS Kak Xu-kBaapaT. C MOMOLIBIO
"BeHrepckoro meroma" ToxOMpaercs Takas KoMOH-
HaIMA TTOMIAPHON CBSA3M TOUEK, KOTOpas MHHUMM3UPYET
CyMMapHOe paccTOsHHE. DTO PACCTOSAHHME U SBJISAETCA
paccTosiHueM MeXTy OByMs Hu3oOpaxxeHuamH. IIpose-
JEHHbIe OKCIEPHMEHTHl IOKa3ajld, 4YTO pPaCCTOSHHE
MEXIy ONWHAKOBBIME CHMBOJaMu Kojiebmerca ot 200
mo 500, mexmy moxokumu ot 450 mo 900, mexny
pasubvu ot 900. [IprMeps! npuBeneHs! Ha puc. 6.

OHI/IHaKOBBIe CHUMBOJIbBI paCCTOﬂHPIe

ﬁ' | jﬁ s
HOXO)KHC CHUMBOJIBI paCCTOHHI/Ie

”/ / 547
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YAV AR
Pa3HBIe CHUMBOIJIBI paCCTOHHHe

/ % 1222

%‘ / ) 1343

puc. 6 MeTon cpaBHEHUS KOHTYpOB.

Knacrepuzauus MOTY4EHHBIX u300parkeHu
OCYLIECTBJISUIaCh METOJOM MepapXH4ecKoro KJIacTep-
HOTO aHallu3a, HWCIOb3ysd IMONYy4EeHHYI TaOnuiy
pacCTOSHUI MEXTy BBIIEIEHHBIMU U300paKEHUAMHU.
Takum oOpa3om, ObLTM BbImeNeHsl 395 KJIacTepoB.
OOmee KOJIMYECTBO KIACTEPOB MPEBBHIIAET YUCIO
cTeHorpaduiecKux CUMBOJIOB, TaK KaK TEKCT COOEPIKUT
uppel ¥ OykBbl (CI0Ba, 3alMCaHHBIE OOBIYHBIM
obpazom).
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5 Metoapbl Bbijie/ieHHsI CTPOK B
PYKONHMCHBIX HCTOPHYECKHX JOKYMEHTaX

I[Tpu pacrmo3HaHMK CTEHOrpaMM IIOABUIAch Mpobie-
Ma BBIENICHUA CTpOK (NMHUI). Bbinenenue cTpok
ABIAETCS OJHUM U3 KIIOUEBBIX B pacmudpoBku
CTEHOrpaMM, Tak KaK 3HaueHHE CUMBOJIa 3aBHCHUT OT €ro
MecTa HaxOXJIeHUd B CTpoke. CHMBOJIBI MOTYT OBITb:
Ha/ICTPOUHBIMHM, TOACTPOYHBIMU, U 0ObIYHbIE. Tak Kak
CTEHOTpaMMBbl MUCAJIUCh HAa HEIMHOBAHHBIX JIUCTaX, C
OONMBIIMM KOJIMYECTBOM HCIPABICHHN W 3auepKu-
BAaHWH, a TaK )K€ C UCKPUBJIEHUEM CTPOKH, MO3TOMY B
TEKCTEe CIIOXKHO BBIIEIUTh SBHO BBIPRKEHHBIE CTPOKH.

J1nis1 BBLIENEHNS CTPOK OBIITH HCIPOOOBAHBI CIIEMYTO-
II{e METOIBI:

e [Ipoekiys LEHTPOB TSHKECTH CUMBOJIOB. Bpin
CIIPOELIMPOBAHbI LIEHTPHI TSHKECTEH CUMBOJIOB, HO
HE BO3MOXKHO OBIJIO BBIAEINUTH APKO BEIPAKEHHbIE
NIAKY, T.K. CTPOKH UMEIOT KPUBH3HY;

o JIpoexuust 4epHbIX NMUKcene cumBonoB. [1pu
IPOEKLUH YEPHBIX CTaIX OoNee BbIACIEHB! IIUKH
COOTBETCTBYIOLIME CTPOKAMHU (CM. puC. 8 BEepXHUii).
Ho npu UCKpUBIEHUH CTPOK, a TaK JKe MpH
0OJIBIIOM KOJIMYECTBO 3a4epKUBAHUN 1
UCTIpAaBJIeHHH, HEKOTOPBIE CTPOKH He
COOTBETCTBYIOT MUKaM (CM. pUC. 8 HIDKHHUIA);

e ANropurtM mnowucka OnrkaiInero CUMBOJa B CTPOKE.
CumMBoI cuutaercs OnvbKaiInuM, eClIi CUMBOJ
HaXOOUTCA OT TEKyIIero B cekrope 60 rpaxycoB ¢
HaMMEHBIIUM paccTosiHueM. Bec 6mm3octu
CHMBOJIa PACCYHUTHIBAETCS IO (OpMyIIe:

w=d-k+1

rne d — yrom Mexay NpAMOM COeTUHSIOMmEH
LEHTPBI CUMBOJIOB U ocblo OX, k — ko3¢ unmeHt
CXOxecTH , | — paccrosHue 0O cuMBONa (CM. pHC.
7). U3-3a mOACTPOYHBIX M HAACTPOYHBIX CHMBOJIOB
HEKOTOpBIE CUMBOJIBI HE COOTBETCTBOBAJIM CTPOKE
WJTH JKe TIPOUCXOIUT MPOITYCK CHMBOJIOB.
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Puc. 7. PesynpTat paGoThl aropuT™Ma moucka
OmKaiiero cumMBoIIa

He oguH W3 BbIIE MEPEYUCIICHHBIX METOMIOB, HE
JIaeT MPaBWIBHBINA PE3YNbTAT B CIIy4ae C PyKOMUCHBIMHA
UCTOPUYECKUMU HOKyMeHTaMu. JIJii BBIAEICHHUS CTPOK
UCTIONB3YeTCsl KOMOMHUPOBAHHBIHM aJirOPUTM Ha OCHOBE
moucka OmpKailimero CHMBOJA B paMKax CTpPOK,
NONY9YEeHHBIX COYETaHHEM AaJTOPUTMOB  MPOEKIUH
YEpHBIX CHMBOJIOB W LIEHTPOB CHMBOJIOB. JlaHHBIH
anroputM Obu1  oOydyeH Ha mnopaake 100 cTpok,
BBIIEIEHHBIX U3 MATU pa300paHHbIX TOKYMEHTOB.

6 MaTtemaTHdecKkas MoaeIb
pacno3HABAHUS CHMBOJIa

OcHoBHOM 3a7aueil B paclin(poBKe TOKYMEHTOB —
9TO COMOCTABJIEHHE Ka)KIOMY CHMBOJY €r0 3HAueHHE,
HO KaXIbI CHMBOJ MOXET MMETh HECKOJIBKO 3Hade-
HUH, JUOO0 K€ CXOXKHE [0 HAIHCAHUIO CUMBOJIBI MOTYT
UMETh COBEPLICHHO pa3Hble 3HaudeHus. [l HaHHOH
3amaun ObUTa COCTAaBJieHa MaTeMaTHieckas MOZIENb, HO
Ha JaHHOM JTare HCCIENOBaHWA, MOKa He NOCTaTOYHO
uHbOpMaMK Ui TpoBepkH 3 QEeKTUBHOCTU e
paboTHL

O603HaunM yepe3 X,,...,X, IOCIEN0BATENBHOCTD

creHorpaduueckux cuMBONOB. K coxarneHwro,
OUYeHb  4YacTO  cTeHorpadyecKhe  CHUMBOJIBI
OTpenessIIoTCA  HeomHo3HauyHo. [l cuMBona
k k
X 0G03HAYMM Hepes X, ,...,X; MHOXKECTBO ero
BO3MOXKHBIX pacIo3HaBaHuH. KaxknoMy pacro3HaH-
k
1OMY CHMBOIY X; Ha OCHOBaHWH B3 cTaBUThCH B
COOTBETCTBHHM €0

BO3MOKHBIC TPaKTOB-

ki ki o
KH yl gesey ym’d . Torma paco3HaHHBIM  TEKCT

14 i ni,
IPpUMET BUO yjl 5o "yj
n

j/a,é'/

Y . B2

Puc. 8. Ilpoekuys uepHbIX MHUKCETEH CUMBOIIOB

CraButrcsl 3ajaya HaWTW Takod HaOOp WHOEKCOB,
4TOOBI BEPOSTHOCTH TIPABMIBHOIO Pacrio3HaBaHUsA Oblila
MaKCUMaJIbHOM.
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6epeTc;1 o BCEM
1<i<i, 1<, <mys..., 10 L1,

1<j,<m, .Ouennm BepostHOCTS P Z‘ y;ni“ )
Ha ocHoBanun ¢opmynsl Baiieca omHa paBHa

Aot o).

Ouenka k-ro (k>3) comHOXuTeNns B NpaBoil yacTu
topmyet (1) umeer Bux:

yﬁin i (n=)i, 4 (1)

Li =
Jn y.l ey
A1 In=1

(L-a)P| 7 @)

y(k—S)ik_3 ”'y(k-l)ik_|

Jk-3 k-1

IlepBoe cnaraemMoe B npaBoii 4acTu (GOPMYJIEL
2 XapaKTepu3yeT  TOYHOCTH pacrno3HaBaHUA
creHorpadudeckoro cumBoia. OHO BBMUCHIAETCA KAk
B3BEIIIEHHAs CyMMa:

max Rl xR x,)

1<i<l,

P(x,-f et ) =b max Rlx,x,) "
N(x.k_3 .y )
—b) — i
(1 b) N(x,-,:jk-s X Ik)+1 Y

B mepBom cnaraeMom mpaBoil gacté (opmyssr (3)
k
R(xik ,xk) 03HAYaeT PacCTOSAHHE MEKAY CHMBOJIOM M

€ro BO3MOXHBIM STAaJOHHBIM 3HaueHHEM. Bo BTopom
k
caraeMoM rnpasoit yactu Gpopmymnsr (3) N ( X, | "'xik)
O3HAYAET YaCTOTy MHOSIBJIEHHS KOMOWHAIMH CHMBOJIOB
k-3

k
xl.k 5 .x,.k B CTEHOIrpamMMax.

Bropoe cnaraemoe B mpaBoif yacté dopmyisl (2)
XapaKTepU3yeT BEepPOSTHOCTb MOSBIEHUS JaHHOrO
¢parmenTa Tekcta. OHO OLIEHBAETCS KaK

ki,
P ) k —
y./k y(.k—j)ik_Su.y(-k—l)ikl
Jk-3 Jk=1
N(y(k—3)’}:-3 ykik )
= J

MU e

rme N (,k-B)iH ..

ki
YO ) 4acToTa  MOSBJICHHS
Jk-3 Jk

(= )k—3 ki

(parmenTa Tekcra Y, Y JlanHas oueHka
k

NpOMU3BOAMUTCS Ha OCHOBAHHHU aHaJIN3a TEKCTOB aBTOpa,
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B nmaHHoM ciydae @©.M. Jloctoerckoro. Ormenka k-ro
COMHOXHTENS Tpu K < 3 IPOM3BOAMTCA AHATIOTHYHO.
Kospduumentsr @, b nactpauBaiotcs B 3aBHCHMOCTH
OT Ka4eCTBa PACIIO3HABAHUS CTEHOrPAMMBEL

7 IlporoTnn Web-npuioxeHus: cuCTEMbI
aBTOMATH3MPOBAHHON CHCTeMbI
Pacno3HaHNA PYKOMHCHBIX HCTOPHIECKHX
JOKYMEHTOB

Ha puc. 9 mnpencraBneH wuHTepdeiic npoToTuna
aBTOMATU3UPOBAHHOM CHCTEMBI pacro3HaBaHUS
PYKOIIUCHBIX MCTOPUYECKHUX TOKYMEHTOB B Bume Web-
npuwitoxkenns. Cuctema wumeer 3 paboumx 00IACTH.
O651acTh OPUTHHAIBHOTO HM300paXKeHHsI CTEHOrPAMMEI,
obnacTe pa3oOpaHHONW CTEHOTpaMMBI, 00MacTh C

pactipoBaHHBIM TEKCTOM CTEHOTPAMMEI, a TaKKe
BCIUTHIBAIOIIEE OKHO C BO3MOXHBIMH BapHAHTAMH
paciippoBKU CHMBOJIA.

Bt Ghinst TaK 4p R06pw, uTO Mue Bam 1 CAMOE AOKNBANYIO JAMMCKYI
F ANOXOR NUTEPBTOP U MOXET BHiTh HANACANS YTO-HIGYAL MWNES, 3 NOTOMY NPILY BAC BMYSDKHYTL #3 Hel 10,
HTO HARAETE NMWHKN. HO R roBOPKMNS B HeR wumo npuav ¥ MOFY A0KA3aTh KEXA0E MOE CNoaa. [jo cux nop
0.0.1.Ko nocTynana & seicuwed ¢ wHwr flocr, € 3THM MHCHMA |
AocrasMna ynpaansoweny Kom, ¢ . rrom " 3ro

DaxTame
ABNEHHIIE MHOID
fnpencr; DT

puc. 9 Unrepdetic npororuna Web-npuioxeHus
ABTOMATU3UPOBAHHOM CUCTEMBI PACTIO3HAHUS
PYKOMHCHBIX HCTOPHUECKHX TOKYMEHTOB

Ilpn BBIIENEHNM CHMBONA Ha  OPHIMHAIBHOU
CTEHOrpaMMe, BBIIENICHHBIH (PparMeHT GuHapHu3yercs,
CErMEHTHPYETCd M BBIIENAETCS CUMBOJ. Bo BTOpO¥
obmnacTd 0TOOpaXkaeTCs B COOTBETCTBYIOLIEM MeCTE.
Hanee B Tperbeil obmacTu oTOOpaXkaercss HeIH(ppPO-
BaHHBIA TEKYIUMH CHMBOJ, C BOSMOJKHBIMH a/IbTEpPHA-
TUBHBIMH  BapuaHTamMu peumgposanusa. Cucrema,
aHaJM3upys MCXONHOE U300pakeHHWe TpH  BBOMIE
CHMBOJIOB, NMPOM3BOAUT aBTOMATHYECKOe Nelnrudposa-
HHME CXOXMX CUMBOJIOB HJIM TPYTIIT CUMBOJIOB.

JlaHHOe Web-TIpHIIOKeHIHe HAaXOAWTCS Ha dTare
HPOTOTHIIA, B KOTOPOM PEaTM30BaHbI OCHOBHBIE 3TAllbl
NoJTy4YeHHs rpadHKU CUMBOJIA LIS €r0 paciiupoBKy.

8 3akirouenue

Ha nannoM sTame pa3paboTky aBTOMATH3UPOBAHHOM
CHCTEMBI PpACHO3HAaHMA HCTOPUYECKUX PYKOIMCHBIX
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HOOKYMEHTOB OBL10 p€ann30oBaHO u TIOJTYy4€HO
clieayroumee:

e BblT peasu3oBaH M BHEAPEH MOIYJb IOITydeHHUE
OpUTHHAJBEHON TpadWKd CHMBOJIOB, HCIIOB30BaH-
HBIX IIpY HalMCaHUM cTeHorpaMM CHHUTKHHOM.
bbo o6paboTaHo nopsinka 25 cTeHorpaMM U ObUIO
nosydeHo Gonee 3 ThICSY rpaduk CUMBOJIOB;

e bbit pa3paboTaH aaropuT™ [Uid BBIIETIEHUS CTPOK B
CTeHOrpaMMaX, HO [aHHBIIl anroputM Tpedyer
YHUBEpCalu3alul, T.K. KOPPEKTHOCTh BBIIENEHUS
CTPOK 3aBHCHT OT IOAOOpa MapaMeTpoB, KOTOPHIE
Pa3NYHBI HA PA3IMYHBIX CTEHOTpaMMaXx;

e PazpaGoTaHHas MaTeMaTHdeckas MOIENb eruud-
POBKH TEKCTa MPOXOIUT arpoOUpOBaHHE, KOTOPOE
3aTPyAHEHO TeM, UTO CJIOBaph 3HAYEHMIl CTEHO-
rpaduecknx CHMBOJNIOB B HACTOSALIMN MOMEHT
HAaXOOUTCST HA OJTale HamonHeHHs. HamomxeHwe
NPOUCXOOUT HCXONS W3 TpPABHJI ONUCAHHBIX B
yde6Huke [7], mo koropomy obydanack CHUTKUHA;

e Co3maH TpPOTOTUII CHUCTEMbl B BHOe Wweb-
OpwiokeHus. JIaHHBIM DPOTOTUII HE SBIAETCA
OKOHYATENBHBIM W CaMOCTOATENBHBIM IIPOrpaMM-
MHBIM IPOIYKTOM, OH TpeOyeT NopaboTKH, OMNTH-
MH3aIUH, U yOoOHOH paboThl MONb30-BaTeneil ¢
HUM.
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About the the decoding of handwritten
historical documents

Aleksandr Rogov, Artem Skabin, Ivan Shterkel

The article describes the process of creating a
universal computerized recognition system of historical
manuscripts, including historical shorthand records
dating back to the 19th and early 20th centuries. We
discuss the problem of getting the original graphical
representation of symbols from historical manuscripts
using a threshold digitization method. We search for a
similar graphical representation of symbols in the
database. Moreover we present a prototype of a
computerized recognition system of historical
manuscripts.
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