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AHHOTANUA

B crathe OMUCHIBAIOTCS  PE3YNbTATHI
WCCIIEIOBAaHMSI IO CO3JIAHUIO YHUBEPCAJIbHOM
MPOrPaMMHON CHCTEMBI ISl  aBTOMATH3HPO-
BAaHHOT'O PACMO3HABAHHS HCTOPUYCCKHX PYKO-
IMMCHBIX TCEKCTOB, BKJIIO4ass HCTOPHYCCKUC
creHorpaMMmbl XIX u Hauama XX BekoB.
PaccmarpuBaercst npoOsieMa MOIy4YeHUsT OpH-
T'MHAJILHOW I'paMKH CUMBOJIOB HCTOPUYECKUX
PYKOIIMCHBIX )IOKyMCHTOB, IIOUCK CXOXHUX
rpaduk B 0a3e 3HAHWMH, ONpENENEHUS CTPOK
TeKCTa, MPUBOIUTCS MaTeMaTHYeCKas MOICIb
neunpoBKH creHorpamMM. Kpome atoro onu-
CBIBAETCSl  TPOTOTHII  aBTOMATH3HMPOBAHHOM
CHCTEMBI PACIlO3HAHHS PYKOIUCHBIX HCTOPH-
YECKUX JIOKYMEHTOB.

Jannoe uccrnedoganue nooodepicano spaHmom
PIrH® Ne 11-01-120266.

1 BBenenue

[lpobiema mOHMMAHHWA TEKCTOB - OIMH U3
BaXKHEHIIMX BONPOCOB uctopuu. Ha ceronusamuuii 1eHb
B apxuBax Poccum Hakonwics Oonbinod 00beM
Hepacun(pPOBAHHBIX CTEHOrPapUUIECKUX JOKYMEHTOB.
CoBpeMeHHbIE CTEHOTPA(HCTHl U yYEHBIE HCIBITHIBAIOT
CYIECTBEHHBIE POOIEMBI NIPH AEMN(PPOBKE HCTOPHUHU-
YyecKuXx creHorpamMm. Bo-nepBbix, B XIX n Havane XX
BeKoB creHorpadus B Poccun Haxommiach B mporecce
CTaHOBJIEHUS, II0O3TOMY CYIIECTBYIOIINE IOKYMEHTBHI
3amm@poBaHsl B pasHbIX cucreMaX. CoBpeMeHHas
creHorpadus CYIIECTBEHHO OTJIMYaeTCs oT
ucropuueckux cucreM creHorpaguu XIX Beka, u Her
CHELHATNCTOB, O0JaJaloINX 3HAHUSAMH O CHCTEMax
cTeHorpaduyeckol 3amucu Toro BpeMeHn. Emie omHOiA
TPYIHOCTBIO ACHIM(POBKH SBISETCI TO, YTO CTEHO-
rpaduCT TpU IMU(PPOBAHWK MOT WCIIONB30BaTh CBOH
HECTAaHJAPTHBIC CHMBOJNBI (00O3HAYEeHWsS), TaK Kak
gacto pacmmdpoBKOi 3aHMMaics Toke OH. Kpome
TOr0, HEKOTOPBIE CHMBOJIBI CTEHOTpa(HUIECKON 3aIHCH
HMEIOT CXO)Kee HAalWCaHWe, HO B 3aBHCHMOCTH OT
HEKOTOPBIX (PM3WYECKUX MapaMeTpoB, HAIPHUMEP, TAKHUX
KaK pa3Mepbl, UMEIOT Pa3HbIE 3HAYCHUSI.

Tpyabl 14-ii  Bcepoccuiickoii Hay4yHoOil KoHpepeHIMH
«JeKTpPOHHbIe OMOJIMOTEKH: NepcleKTHBHbIE MeTOAbl H
TeXHOJIOTHH, JJIeKTPOHHbIe KoJulekuumw» — RCDL-2012,
IepecaaBab-3aneccknii, Poccus, 15-18 oxradps 2012 r.
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Takum o0pa3om, [Uisi BBEJCHUsI B HAYYHBIH 000pOT
HOBBIX  JIOKYMEHTOB  HEOOXOJMMO  OIMCaHWe U
JemppoBKa  UCTOPHYECKMX  creHorpamm.  Jlims
pemieHust  3TOM  3aayd  HEOOXOOMMO  CO3/aTh
YHUBEPCAIbHYIO MPOrpPaMMHYIO cHcTeMy
ABTOMATU3UPOBAHHOIO DPACHO3HABAHUSI HCTOPUYECKUX
PYKOITUCHBIX ~ TEKCTOB,  BKJIOYash  HCTOPUYECKHUE
creHorpaMmmbl  XIX wu Hawama XX BekoB. K
OTJINYUTEIBHBIM CBOMCTBaM pa3pabaTtsiBaeMOi
CUCTEMBbI OTHOCATCA: Y4Y€T HHAWBUAYAJIbHBIX 3HAKOB
pa3HBIX CTEHOrpa(uCTOB, BO3SMOKHOCTH KPUTHYECKOTO
aHaJM3a, MCHOJIb30BaHUE CIIOBAps JUIS TOJICKa3Ku IMpU
nemmppoBke Tekcta W T.4. [8]. MuHbopmarnumonHas
cucreMa OyfeT HaXOAWTHCS B OTKPBITOM JOCTYIE H
npesaratbCd K HCIIONB30BAaHHMIO  PaOOTHHKAMH
apXUBOB, HAYYHBIMH COTPYIHHMKAMHM, UCCIIEIOBATEIISIMU
TekcTonoraM. OTJIa)XHBaTh CHCTEMY OBUIO TIPHHATO
pemierre Ha creHorpamMMmax A.I'. CHUTKHHON, YaCTUYHO
pacumdpoBanbix 1. M. IomemsHckoi, 1 yueOHHKe
I1. Onbxuna [7].

ABTOMaTH3alMs  JCMU(PPOBKH  HUCTOPHUYECKUX

CTEHOIPaMM COCTOMT W3 CIEAYIOLIMX ILaroB:

e OMHapH3alMs HCTOPHYECKHX PYKOIUCHBIX TOKY-
MEHTOB;
coznanue BJ] rpaduku creHorpaduueckmux CHUMBO-
JIOB,;
KJIacTepr3anusi M300paXeHUH CTEHOTpapuIecKux
CHMBOJIOB;
coznanue 0a3pl 3HAHUN CTEHOrpaUIECKUX CHMBO-
JIOB,;

METOABI BBIACIICHUSA CTPOK B PYKOITUCHBIX UCTOPHUH-
YECKUX JOKYMCHTAX;

IMOMCK CHMBOJIa B 0a3¢ 3HAHMIA,

MaTéMaTH4IeCKasa MOACIIb pacIioO3HaBaHUA CUMBOJIA.

2 BbuHapu3anus MCTOPHYECKUX
PYKONHMCHBIX IOKYMEHTOB

W3-3a cocTapeHHOCTH PYKONMCHBIX MAaTEpHalioB U
TOTO YTO CTEHOrpaMUECKHe 3aIMHCH CIIENIaHbI IIPOCTHIM
KapaHAalloM Ha MOXEeNTeBmIeH Oymare BO3HHKAeT
npobnema ¢ OmHapu3armeil n3oo0paxenns. Iloporoseri
MeTo[ 110 nBeToBbIM kKomnoHeHTaM (RBG), okazancs He
MpUEeMJIEMBIH ISl TaHHOW 3aJa4d, TaK KaK IHKCEIH
(hoHa M CHMBOJIOB MMEIOT CXOXKHE 3HAUEHHS I[BETOBBIX



komroHeHT. Kak BugHO Ha TucTorpammax (puc. 1)
OTCYTCTBHE JBYX SIBHO BBIPQXKEHHBIX IIMKOB HeE
MMO3BOJISICT ~ BBHIOpATh  TIOPOTOBOE  3HAUYCHHWE IS

OuHapu3anuy. Taxue >xe pe3ynbTaThl MoaydaroTcs (puc.
1), eci ICIIOTB30BATh Pa3JIOKEHHE 110 IBETOBO CXeMe
HSB (oTTeHOK, HaCBIIEHHOCTH, SIPKOCTH). [Ipom3Boas
OuMHApU3alUI0 TOJBKO IO IOPOrOBOMY 3HA4YEHMIO
SIPKOCTH, MOYKHO IOJYYUTh TOCTATOYHO YETKHE CHMBO-
JBl, C MajbIM KOJMYECTBOM IIyMa. AHaJIOTHYHBIE
pe3yapTaThl MOAy4YyeHsl B [6] mNpu pacrno3HaBaHUU
0GaHKOBCKMX YEKOB.
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puc. 1 ['ucrorpaMMbI IIBETOBBIX CXEM
RGB (a) u HBS (0)

Kpome Toro, 0bu1 ompoOOBaH METOA OHHAPH3AIMU
Oy [3], HO OH Tak e KaK U MPEeAbIIYIIIe METOIbI HE
JlaBajl XOpOLIMX PEe3yJbTaTOB MpPH OMHApHU3AIMH, T.K.
OTCYTCTBOBAJIM JIBa SIBHO BBIP2XKEHHBIX NMUKa. B Harem
cllydae Xopolliee KadecTBO OMHApU3alMU Jall METOJ C
IKCIIEPUMEHTAIILHO HANICHHBIM TIOPOrOBbIM 3HAUYEHHUEM
apkocTH 13% OTHOCHTENBHO OOIIEro YHcia MUKCEIeH.

3 ba3a 1aHHBIX OPUTHMHAJBLHOM rpadukmn
CcTeHOrpauYecKuX CHMBOJIOB

J1s  pacmo3HaHWs — CTEHOIPaMM  HEOOX OMUMBI
OpUTHHAJBHBIE CHMBOJIB, KOTOPBIH  HCIIONB30BAT
cTeHOrpaduCT B CBOUX 3aIUCSX, TAK KaK cTeHorpaduct
MOT BHIOU3MEHSTH U MOJCPHU3UPOBATH CUMBOJIBI CTCH-
orpauveckoil CHCTEMbI, KOTOPYK) OH HCIIONB30BAIL.
BoinesieHne CHMBOJIOB Ha PYKOIHCHBIX HCTOPUYSCKHX
JOKYMEHTaX MMEET CIIeAYIOLINe OCOOCHHOCTH:

® OpUTHMHAIBHOE HM300paXEHUE YIOBJIECTBOPUTEIHHOTO
Ka4ecTBa M3-3a CJICAYIOIIETO psiia IPUYIHH:

- pyxommcsM mopsiaka 150 ner;

- 3aImuch MPOU3BOJWMIACH MPOCTHIM KapaHAAIIOM Ha
MOKENTEeBIIeH Oymare, KOTOpas UMEET pa3iIndHbIC
TTOBPEXKJCHUS (TIepeTrOBl, pa3phIBBI, MPOCBEUMBA-
HUE HAAMMCEH C APYroil CTOPOHEI JIUCTA);

- HalW4HMe CTOPOHHMX 3aIliCeH, MOMETOK, KOTOpHIC
HE HOCAT CMBICIIOBOH HarpyskH, HO IEPECEKaroTCs
€O cTeHOrpaUYECKUMH 3aITUCIMH.

® [Ipu 6I/IHapI/I3aHI/II/I IpouCXoAunjin pa3pbiBbl CHUMBOJIOB,
T.K. HCKOTOPBIC ITHMKCCIN CHMBOJIda HUMCEIIN CXOXKHUH
IOBECT C IMUKCCIISAMUA 6yMarI/1;

BO3HHKaAJIa H€O6XO,Z[I/IM OCTb
HaIllMCaHHBIX CJIIMTHO, Ha

® [Ipu CEIrMCHTAallu1
p336I/IeHI/I$I CHMBOJIOB,
OTIACJIBbHBIC CUMBOJIBI.
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Brimo  HamucaHO NPWIOKEHHE  TMO3BOJISIONIECE
MOTYYaTh OPUTHHAIBHYIO Tpa(UKy CHMBOJIOB U3 CTCHO-
rpamm. Kak BUIHO U3 puC. 2, HA KOTOPOM NPEACTABIECH
uHTEepdEiic TAaHHOTO MPWIOKECHUS, OCHOBHOE pabouce
OKHO pa3/ieJleH0 Ha JBe 4YacTd. B 5eBod wyacTu
HAXOIUTCS OPUTHHAILHOE H300paKCHHUE CTCHOTPAMMEL,
U3 KOTOPOW HY)XHO TOJYYHTh rpaduku CHMBOIIOB. B
MPaBO YacTH HAXOMATCA YXKE TONYyYCHHBIC TpaduKu
CHUMBOJIOB, TNPHUYEM OHU PACIOJaraloTcsi C IMOJIBIM
COOTBETCTBHEM  DACMOJIOKEHUs] Ha OpPUTHHAILHOM
U300paKCHUH.

Jns co3maHus OpUTHMHANBHOH TIpadHKu CHMBOIA,
HONb30BaTeNb  JIOJDKEH  BBLACAUTH  CHMBOJI — Ha
OPUTHHAIBHOM H300paXX€HHM M HaXKaTb Ha "TOpSAYylo
KiIaBuIly" WM uX KoMOuHanmoo. [lanee mpuioxeHue
NPOM3BOIUT OMHAPU3AIMI0 U CETMEHTAIMIO BbIJENEH-
Horo (¢parmenta. Ecmu mnpu cermeHranuu ObUIO
HOy4eHO HECKONbKO CErMEHTOB, TO IIPUIOKEHHE
npejaraeT MoNb30BaTeN0 BBIOPATh, TE, KOTOPHIE, IO
€ro MHEHHIO, COOTBETCTBYKOT MAaHHOMY CHMBOIY, H
cucTreMa IPOM3BOAUT CBs3bIBaHHE [4] "pa3opBaHHBIX
yacteit". Ecnu nonb3oBatens He ycTpauBaeT pe3yibTart,
TO OH MOXET OBbITh OTPEJAKTHPOBAH BO BCTPOCHHOM
rpaduueckom pepakrope. Ilocne atoro cucrema mpous-
BOJUT TIIOHMCK B 63,36 JaHHBIX paHEEC IOJYYCHHBIX
rpaduK CHMBOJIOB, CXOXHE, M Ipe[araeT MOoJIb30Ba-
TEJIO0 BBIOPATh, €CIIM HET CXOXKUX CHMBOJ JOOABIIAETCS
B 0a3y IaHHBIX.

ua/
12y

.‘m

Swhn B

Ha/
5

:¢I

e Z e |-
i [jcﬁ M
1 ' w‘h'l-w_Edzn ¥

@

et ey
sty e
n i e Tt
g o T e b
gty ) b
| b, o bty st |

puc. 2 VaTepdeiic Momymst co3aaHns OpUTHHATIBLHON
rpaduK CHMBOIIOB.

Bruto obpabotaHo 29 IHCTOB CTEHOTrpapUUSCKUX
3ammce W moiydeHo Oomee 2500 w300paxeHwMit
cuMBOIIOB. [lociie 3TOro BO3HMKIA 3ajava MX KiacTe-
pH3aLuy.

4 Kunacrepuszanus n300paskeHui
cTeHorpagu4ecKux CMMBOJIOB

Juis pemenust 5ToM 3amadn ObIIM MPOAHAIM3HPO-
BaHBI CIIEAYIOIINE METObI CPABHEHHS CUMBOJIOB!



® JIOTMYCECKOC CPABHCHUEC C 3TAJIOHOM;,
® CpaBHCHUC CO CKECJICTOM 3TAJIOHA,

® MCTOJ CPABHCHUSA paCCTOHHHﬁ;

® MCTOJ MOMCHTOB

° KOM6PIHPIpOBaHHLII>i METOA,

® CpaBHCHUA KOHTYPOB.

[Touck ¢ ucnonp30BaHHE 3TalOHA 3aKIOYaTCs B
TOM, YTO HU300pak€HWE CHMBOJIA WCIIONB3YeTCsS Kak
mabloH M CPaBHUBACTCA C HM300PAKCHUSAMH JPYTUX
CUMBOJIOB. [Ipu cpaBHEHUH M300paKEHUI BBIUUCIIACTCS
paccTosiHie XOMMUHTA.

p(%y)=D(xy)BG(xy)x=1.w,y=1.h

@dopManbHO 3TO O3HA4YaeT CpaBHEHUS 3HAa4YeHUN
Ka)XJIOTO ITHKCEIst U300pakeHnsl MEPBOro CHMBOJA CO
3HaYEHWEM COOTBETCTBYIOIEIO IHKCEIs BTOPOro
cuMmBona. Ilpu oSToM  3HaueHMs  IpUHAJUIEkKAT
MHOXecTBY {0,1}. 3HaveHuWs TmHKCENEH JOTHYCCKH
CKJIaJBIBAIOTCS, TIOCIE YEro MPOUCXOAUT IOACYET
YPOBHS COBIIAJICHUS, KOTOPBI PAaBEH YMCIY HyJEH B
HOJIy4YEeHHOW MaTpulle, pa3ZelIeHHOMY Ha o0liee Yucio

ToueKk. Ecnu nonydeHHbI YpOBEHb INPEBOCXOAMT
3aJ]aHHBI  TIOpOT, TO M300pPaKEHUS  CUUTAIOTCS
CXOKHMH.

HpI/I HOpOFOBI)IX 3HAYCHUAX ypOBHS{ COBIIaICHUSA OT
80% maHHBI MeTOn 00JIamaeT BBICOKOM TOYHOCTBIO
MOMCKA, HO TIPU STOM IIOJIHOTA IOWCKa KpaiiHe mala.
Jlornueckoe cpaBHEHHE C ATaJOHOM IOKa3bIBAET ILIO-
XH€ pe3YyNbTaThl Ui CJOXHBIX CHMBOJIOB, 4YTO
MPOUCXOJUT W3-3a TOTO, YTO YEIOBEK IMHUILET CUMBOIIBI
Mo-pazHoMy. MEHSIIOTCS yIUbl, pa3Mep H TOIIIMHA
cuMBoia. [lpu cpaBHEHMHM CKEJIETOB CHMBOJIOB
HCKITIOYAETCs Pas3iiMyie TONIIMHBI CHMBOJIOB, HO
YCUIIMBAETCSl Pa3iIMuie B 3aBUCUMOCTH OT APYTrUX (ak-
TOpPOB HamucaHusi cuMBona. CKeleTH3alus CHMBOJIOB
pou3BoAMIACk anroputMoM 3orra CyHd [5].

Merto/| CpaBHEHUSI PACCTOSIHUI SIBJISIETCS OBICTPHIM
METOJIOM CpaBHEHUsl cuMBOiOB. IlpuHIMO naHHOTO
MeToJa 3aKII0YaeTcsi B IIOCTPOCHUH OTPE3KOB 11O
3apaHee 3aJaHHOMY MPaBHIYy M ONpEIEICHUE UX IUTHH.
ITocne BeIYMCIIEHNS JUIMHBI 3aHOCATCS B 0a3y JaHHBIX.

B pabore MBI HCHONB30BalM METOH  KPaeBBIX
paccrostanii.  IlpuHmmm paboTel  MeToda KpPaeBBIX
paccTOSHMIM 3aKIIOYaeTcss B CIEXyoleM, Hu3 0a3bl

3HAHUH BBIOMPAIOTCS CHMBOJIBI OTHOLICHHS BBICOTHI K
LIMPUHE KOTOPBIX HAXONUTCS B HEKOTOPOH OKpecT-
HOCTH. OJTO TO3BONSET COKPaTUTh  MHOXECTBO
CHMBOJIOB, B KOTOPDOM OCYIICCTBISIETCS IIOHUCK. Y
TEKYIETO CHUMBOJA M3MEPSIOTCS JUIMHBI OTPE3KOB
{li,l,...,1s} (cm. puc. 3). damee IHHBI OTPE3KOB TEKY-
LIEr0 CHMBOJIa CPAaBHMBAIOTCA C OTpe3KaMH M3 0a3bl
JaHHBIX. PaccTosHHEe MEXAy CHMBOJAMH H3MEpSeTCS
KaKk OJBKIHMIOBO pAaCCTOSHHE MEXIY IONy4eHHBIMH
OTpEe3KaMHu.

puc. 3 MeTtoJ KpaeBbIX pacCTOSIHUH.

IIpoBeneHHble HCOBITAHUA [OKA3aJld, YTO JUIS
OOJIBIIIMHCTBA  TMOXOXKHUX CHUMBOJIOB  HCCIICITyeMOM
KOJIJIEKIIUM pacCTOsIHUE He TpeBbiinaeT 3HaueHus 100.
[Tpumepb! pUBeICHEI HA pUC. 4.

[Toxoxue cCuMBOJIBI paccrodaHue
J V/ o

Pasznble cuMBOIIBI paccrosaHue
M V/ 128.2
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puc. 4 CpaBHEHHE PacCTOSHUI.

Meronq MOMEHTOB OCHOBaH Ha  BBIYHCICHHH
pacCcTOSIHUIT MEXAYy MOMEHTaMH H300pakeHuil. MEl
WCTIONIb30BAIM  MHBAPWAHTHBIE MOMEHTH Xy [2].
PaccMoTpuM mporiecc BBIUKMCICHHS MOMEHTOB XYy.
IIycrs f(X,y) QyHKIINS WHTEHCHBHOCTH TOYEK OMHAp-
HOT'O M300pa)XeHus1, KOTOpasi MpUHUMAaeT 3Ha4eHUs «0»
u «1» (rme «0» — depHbIA 1BeT, a «1» - Oexnbrit). [Ipu
CpaBHEHMH  W300pakeHWA MBI~ paboTtaeM ¢
JVICKPETHBIMH BETMYHMHAMH, TIO3TOMY OT HETIPEPHIBHOTO
3HadeHUsT MOMEHTa (1) MBI IEpexXOoauM K JAUCKPETHOMY
ciydaro (2). 3HaueHne p — MOPSIOK X, ( — MOPSIIOK Y.

ffx”y"f(x,y)dxdy, p,g=0,1.2,... (1)

—o0 — o0

M=y > "y f(x.y) (2)

Mpfi




Z[anee NEepexoarM K ECHTpaJIbHBIM MOMEHTAaM,
KOTOPbIC MHBAPHUAHTHBI IIPU CABUTC I/I306pa>K€HI/ISI.

1= Y (x=%)(y= 7)Y f(x.y) (3)
’upq

AL
2

Hoo

(4)

’717‘1

MomenT ’1 pq UHBAPUAHTCH IIpH MaCIJ_ITa6I/IpOBa-

min. B dopmyne (4) Hoo umTepmpermpyercs kak
HOJIHAs Macca U300paskeHus.

Huxe MPUBCICHBI MOMCECHTBI Xy, KOTOpbIC
WHBApUAHTHBI TIpU CABUIEC, MaCLHTa6I/Ip0BaHI/II/I u
HOBOPOTE.

@1 =My g,

P, = (13 T2 )* +401,

03 = (130 =3M12 )" + (11— t105)°

P4 = (130 =3M15)% +(13, + g3 )

Ps = (139 =3M12 ) (130 + 102 M50 + 1112 )% = 30050 1105 )° ]

(30 =703 )01y T 1103 ) 3050 + 112 ) = (121 + 7105 )° ]

06 = (20 — Mo (130 +7712)2 = (15, +’703)2]+4n11(7730 1715 )1y, +103)
7 = (305 —No3 )51 1103 ) 3(113 Jr7712)2 =1, +’703)2]

= (130 =3M12 )2y 1163 )[ 3030 T 1102 )° = (1 T 1103 ) ]

Hul Hu2 Hu3 Hu4
/_'/ 02147 0.0139 1,5%2555- 1,24(;)!535_
,\/ 02176 0,0136 5,6078 4>3%§_4E'
M 02117 0,0053 3’03)?575' 9>3(())767E-
M 0,1938 0,0034 5’6%86615- 4>7%)669E—

Hu5 Hu6 Hu7
/_/ 1,7090E-10 8,5411E-07 3.5408E-11
/\/ 3,1893E-10 1,2221E-06 73859E-11
/\/ 2,1551E-09 3,6388E-06 -1,6609E-10
M 1,5224E-10 1,6644E-07 3.9974B-11
M 2,4304E-11 7,9079E-08 1,5291E-13

puc. 1 3HadeHUs MOMEHTOB

B xozme nccnenoBanus ObUTM BBIYHMCICHBI MOMEHTHI
Xy a7t KOJIUIEKIUH cTeHorpaduyecknx cuMBOiIoB. Kak
BUAHO W3 puc. 5, pa30dpoc 3HAYEHUH KOHKPETHBIX
MOMEHTOB JUIsl TOXOKUX CUMBOJIOB MOXKET Pa3INn4aThCs
Ha HECKONIBKO MOPSAKOB, B TO BpeMs KaK 3HAYCHUS
Pa3IMYHBIX CHMBOJIOB MOTYT OBITh 3HAYUTEIEHO OJIMIKE.
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Ha ocHOBanum NOJIYUYCHHBIX HJaHHBIX ObLI cIaciaH
BBIBOJI, YTO MOMCHTEI Xy HC TIO3BOJIAIOT OIIPEACIIUTD,
IIOX0XKH CTeHOFpa(i)I/I"IeCKI/Ie CHUMBOIJIbI UJIN HET.

KoMmOMHMpOBaHHBI METOX TpencTaBiIseT CcoOon
JTUHCHHYI0 KOMOWHAIIMIO C BECOBBIMH KO3 duIm-
€HTaMM, OIMCAHHBIX BBIIE METOJOB. TOYHOCTB
OITMCAaHHBIX BBIIIE METOJOB OKa3ajach HEJOCTaTOYHOU
W, To3TOMY, ObUIa TpUMEHEeHa MoAudUKalys MeTojaa
"cpaBHEeHMsI ~ KOHTypoB", IpuBeaeHHoro B [1].
[Ipumenennas mMoauduKanus MeToa 3aKIovyaeTcs B
crenyromieM. Ha KoHType cuMBONa cCiydaiHBIM
obpazom BeiOupaercs 100 Touek. I KaxaoW TOYKH
CTPOMTBCSI KpyroBasi THCTOrpaMMa, cocrosias u3 60
obnacreit. IlomcuuThIBaeTCs KOJUYECTBO, IMOMABIINX
Touek u3 100 BHIOpaHHBIX, B KaKAYIO W3 OOJIACTEH.
PaccrosHre MexJay MHOXECTBAaMHM TOYEK Ha JABYX
M300paKeHNAX HIIeTcs Kak xHu-kBajpaT. C moMouipro
"BeHrepckoro wmeroma" moaOupaercss Takas KOMOH-
Halus ONapHOH CBSI3M TOUEK, KOTOpasi MUHUMH3HPYET
CYMMapHO€ pacCTOsIHHE. DTO PACCTOSIHUE U SIBIISETCS
paccTosiHueM Mexay IByMsi nzobOpaxenusmu. IIpose-
JICHHBIE DKCIIEPUMEHTHI I[OKa3ajH, YTO pPACCTOSHUE
MEX]Jy OJUHAKOBBIMHU CHMBOJaMH Konebiaercs ot 200
1m0 500, mexny moxoxumu ot 450 mo 900, mexmy
pasueiMu oT 900. [Ipumeps! npuBeeHs! Ha puc. 6.

OnuUHAaKOBEIE CUMBOJIBI paccrosiHue
A A
[Toxoxue CUMBOIIBI paccrosiHue
V/ / 547
"
YAWAR
Pa3Hple cuMBOIBI paccrosiHue
/ % 1222
ﬁ V/ 1343

puc. 6 Meton cpaBHEHHSI KOHTYPOB.

Knacrepuzanus TIOJTY4E€HHBIX M300paskeHIH
OCYILECTBISIACE METOJOM HEpapXH4ecKOro Kiacrep-
HOTO aHaJlM3a, WCIONb3ys MOIYYeHHYI0 TaOmuiy
paccTosHUH MEXIy BBIICIEHHBIMA H300paXKEHUSIMH.
Takum oOpa3oMm, ObuTH BbIIENEHBI 395 KiacTepos.
OO1mee KOMMYECTBO KJIACTEPOB MPEBBIIIAET YHUCIIO
CTeHOTrpa(hUIecKNX CHMBOJIOB, TAK KaK TEKCT COAEPKHUT
midper m  OykBBI (CIIOBAa, 3amlMCaHHbIE OOBIYHBIM
obpazom).




5 Meroabl Bbljie/IeHUS CTPOK B
PYKONMCHBIX HCTOPUYECKHUX JOKYMEHTaX

[Ipn pacrio3HaHMM CTEHOrpaMM HOSIBHIACH TPOOIIe-
Ma BBIIENCHUS CTPOK (JMHUI). Beimenenue crpok
SIBIISIETCS OJIHMM U3 KJIIOYEBBIX B PacHIM(ppOBKH
CTEHOIpaMM, TaK KaK 3HAUE€HHE CUMBOJIA 3aBUCHUT OT €ro
MecTa HaxoKAeHHs B cTpoke. CHMBOJBI MOTYT OBITh:
Ha/ICTPOYHBIMH, TOJCTPOYHBIMHU, M OOBIYHBIE. Tak Kak
CTEHOTrpaMMBbl IHCAJIMCh HAa HEIUHOBAHHBIX JIUCTAX, C
OONBIIMM KOJMYECTBOM HCHPABICHHH M 3a4EepKH-
BaHUH, a TaK K€ C MCKPUBJIEHHEM CTPOKH, ITO3TOMY B
TEKCTE CII0KHO BBIJIETIUTD SIBHO BBIPAXKEHHBIE CTPOKU.

JLost BBIZICTIEHHUSI CTPOK OBUTH HCTIPOOOBAHBI CIIEMYIO-
1€ METOJIBL:

° HpOCKHI/IH HCHTPOB TAKECTU CUMBOJIOB. bruin
CIIpOCUHPOBAHBI HEHTPBI TsDKECTEH CUMBOJIOB, HO
HE BO3MOKHO OBILIO BBIACIIUTD APKO BbBIPA)KCHHBIC
MUKH, T.K. CTPOKH UMCIOT KPUBHU3HY;

e [Ipoexuus yepHbIX UKcene cuMmBoiioB. [Ipu
NPOEKIMH YEPHBIX CTaJIH OOJiee BhIACIEHBI ITUKU
COOTBETCTBYIOIINE CTPOKAMH (CM. PUC. 8 BEPXHHIA).
Ho nipu HCKpHUBIIEHUH CTPOK, a TaK e Ipu
OOJIBILIOM KOJIMYECTBO 3aUepKUBAHUI 1
UCIPABJIEHUM, HEKOTOPBIE CTPOKH HE
COOTBETCTBYIOT IMUKaM (CM. pUC. 8 HIKHUIA);

e AJITOPUTM HOHCKa OJIIKANILEr0 CHMBONIA B CTPOKE.
CHUMBOJI cuuTaeTcs ONMmKaimM, €clu CUMBOI
HAXOJUTCS OT TEKYyILIero B cekTope 60 rpamycos ¢
HAaMMEHBIINM paccTossHueM. Bec 6im3octH
CHMBOJIA PaCCUUTBIBAETCA 1O (hopMyIie:

w=d-k+I

rne d — yron Mexay NOpsSMON COEAWHSIOLIeH
LEHTPbI CUMBOJIOB U ochio OX, k — koaddurment
CXOXeCTH , | — paccrosiHHe 10 cMMBONa (CM. puC.
7). VI3-3a MOACTPOYHBIX M HAACTPOYHBIX CHMBOJIOB
HEKOTOpbIE CHMBOJIBI HE COOTBETCTBOBAIU CTPOKE
WJIN K€ TIPOUCXOUT MPOITYCK CUMBOJIOB.

ffx,\ f”/ﬁz ;z,.ﬁuﬂz_ﬁ.,_,;g

=

Puc. 7. PesympTat paboThI adropuTMa moucka
OmIDKaiIero CuMBoIIa

He onuH W3 BbINIe NEPEYNCICHHBIX METOAOB, HE
JIaeT MPaBUIBHBIN PE3YyNIbTAT B ClIy4ae ¢ PYKONUCHBIMH
HUCTOPUYECKUMH TOKyMEHTaMH. [l BBIICNECHUS CTPOK
UCTIONB3YeTCs KOMOMHUPOBAHHBIN aJITOPUTM Ha OCHOBE
MoMcKa ONWKaillero CUMBONA B paMKaX CTPOK,
MOYYEHHBIX COYETAaHWEM QJITOPUTMOB  MPOEKIUH
YEpHBIX CHMBOJOB M IIEHTPOB CHMBOJIOB. JlaHHBIH
anroput™M  Obl1 00ydeH Ha mopsake 100  cTpok,
BBIJICTICHHBIX U3 MATH Pa300paHHBIX JOKYMEHTOB.
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6 MaTremaTnueckas Mojaejb
pacno3HaBaHMsl CHMBOJIa

OcHOBHOH 3anaueil B pacmudpoBKe JOKYMEHTOB —
9TO COIOCTaBJIEHHE KaKIOMY CHMBOIY €r0 3HaueHHE,
HO Ka)XIIbIi CHMBOJI MOXXET UMETh HECKOJIBKO 3Haye-
HUH, THOO K€ CXOXHE 110 HAIMCAaHHUIO CHMBOJIBI MOTYT
MMETh COBEPIUCHHO pa3Hble 3HaueHus. [y paHHOU
3aja4yy OblJa COCTaBJIEHA MaTeMaTUYecKas MOAEINb, HO
Ha JIaHHOM JTalle WCCJEJOBaHMs, MOKa HE JOCTAaTOYHO
uopmanmu AN TPOBEpKH  IPPEKTUBHOCTH €€
paboTHL.

O6o3HaunM yepes X,,...,X, HOCIEIOBATENLHOCTh

creHorpaduyeckux cuMBOIOB. K coxaneHwuro,
O4eHb  4YacTO  CTEHOrpauYecKue  CHMBOJIBI
OIpeNeNsIIOTCd  HeofHo3HayHo. Jnsg  cuMBona

k k
X, 0003HauuM dYepe3 X s-++»X;  MHOXECTBO €ro
BO3MOXHBIX pacno3HaBaHui. Kaxxnomy pacro3Has-

k
HOMY CHMBOIly X; Ha OCHOBaHMM b3 craBuThCS B

COOTBETCTBUH €ro BO3MOYKHBIE TPaKTOB-
ki ki .
KA Y| 5eees Yy Torma pacno3HaHHBI — TEKCT
14 ni,
NpUMET BUA ) ., ..,yj
Ji n

i%}{ 9“
;////NG

a/‘?/‘..fﬂ
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t?.a-'?

%
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Puc. 8. IIpoekius yepHbIX NHUKCENENH CHMBOIIOB

CraBuTcs 3amavya HAaWTH TakoW HAOOp WHIIEKCOB,
4TOOBI BEPOSITHOCTh MIPABUIHLHOTO PACTIO3HABAHUS ObLIa
MaKCHMAaJIbHOH.
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Oepercst mo BCEM
1<i <[,1<j,<m ,1<i <1,
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[lepBoe cnaraemoe B mpaBod 4acTu (GopMyIibl
(2) XapakTepu3yeT TOYHOCTh pacno3HaBaHus
creHorpaduyeckoro cuMBoia. OHO BBIUHCISIETCS Kak
B3BEIICHHAS! CyMMa!

maXR(x,-k > Xg )_ R(xii X )

1<i<l,

Ay )=

R max k') ’
N(xk_3 .. .x<k )

1=b) ==

(1-2) N(Xiij xl"j)+1 .

B nepBom cnaraemom mpaBoi yactu (opmyist (3)
k
R(xik ,xk) O3HAYaeT PAcCTOSHHE MEXAY CHMBOJIOM U

€ro BO3MOXKHBIM JTaJIOHHBIM 3HauyeHHeM. Bo BTOpOM

k
ey

O3HA4YacT 4YaCTOTy IOSABJICHUA KOM6I/IHaI_[I/II/I CHMBOJIOB

k-3
X.

i3 "

o k-3
caaraeMoM npasoit yactu Gpopmyisl (3) N (xik .

k
. .xik B CTEHOIrpamMMax.

Bropoe cnaraemoe B mpaBoil dacTu Gopmynsl (2)
XapaKTepu3yeT BEPOATHOCTh IOSBICHHS JTAHHOTO
¢parmenta Texcra. OHO OLIEHUBAETCS KaK

ki
Pl y’x =
y./k y(‘k—S) 3 y(}kfl)x
k-3 Jk-1
k-3)i ki
N(( - )
yjk—s yjk
k=3)i_ (k1. ’
I
yjk*S yjkfl
k=3); ki
e N (yﬁ Jis ...yjk) 9acToTa  IOSIBJICHHSA
k=3 k

( 3)’k 3

¢parmMeHTa TekcTa y JanHas oreHka

kik
LY

TIPpOU3BOAUTCSA Ha OCHOBAaHMH aHaJIM3a TEKCTOB aBTOpa,
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B maHHOM ciydae .M. JlocroeBckoro. Onenka k-ro
coMHoXkuTenss npu K < 3 pOM3BOAMTCS aHAJOTHYHO.
Kosdduumentsl a, b HactpauBaroTcs B 3aBUCHMOCTH
OT KauecTBa paclo3HaBaHUS CTEHOIPaMMBL.

7 IIpororun Web-npuiioxeHus CHCTEMBI
aBTOMATH3HPOBAHHON CHCTEMbI
PACNO3HAHUS PYKONMUCHBIX HCTOPHYECKUX
JAOKYMEHTOB

Ha puc. 9 mnpencraBnen wuHTepdeiic mnpororura
ABTOMATHU3UPOBAHHOM CHCTEMBI pacro3HaBaHUs
PYKOIHCHBIX UCTOPHYECKHX TOKYMEHTOB B BHIe Web-
npwitoxenus. Cucrema uMmeer 3 pabouux o0ONacTH.
O0nacTh OPUTHHAIBHOTO M300pa)KEHUsI CTEHOIPaMMBI,
obacTh  pa3o0paHHOW CTEHOTPAMMBI, 00JacTh ¢
paciidpoBaHHBIM TEKCTOM CTEHOTPAMMBI, a TaKKe
BCIUTBIBAIOIEE OKHO C BO3MOXKHBIMH BapHaHTaMH
pacimppoBKH CUMBOJIA.
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puc. 9 UnTepdeiic npororuna Web-npunoxenus
ABTOMATH3UPOBAHHOM CHCTEMBI PACIIO3HAHMS
PYKOIMCHBIX HCTOPHYECKUX TOKYMEHTOB

Ilpu BblZENEHMM CHMBOJA HAa OPUTMHAJIBHOU
CTEHOIpaMMe, BBIICIICHHBIH (parMeHT OWHApU3YyeTCs,
CEeTMEHTHpPYETC W BbLAENsAETCS cuUMBOI. Bo BTOpO#
obmacTi 0TOOpa)kaeTcsi B COOTBETCTBYIOIIEM MeECTE.
Hamee B Tperbelt oOmactu oToOpaxkaercs Iemudpo-
BaHHbIA TEKYLIUNA CHMBOJ, C BO3MOXXHBIMHU aJbTepHa-
TUBHBIMH BapuaHTamu paemmdpoBanus. Cucrema,
AHAMBHPYST HWCXOAHOE M300pakeHWe TMpH BBOJE
CHMBOJIOB, TIPOM3BOAMT aBTOMAaTHYECKOe JemmdpoBa-
HHUE CXOXXHMX CHMBOJIOB WJIU TPYITI CHMBOJIOB.

JanHoe web-ipuiokeHre HAaXOIWTCA Ha JTame
MPOTOTHIA, B KOTOPOM PEATU3OBAHBI OCHOBHBIE ATaIlbI
TIOTYYeHHS Tpa(UKy CHMBOJIA JUISL €r0 PAcCIIU(POBKH.

8 3akiarouenue

Ha nannom sTane pa3paboTKH aBTOMAaTH3UPOBAHHOM
CHCTEMBl PACHO3HAHUsS HCTOPHUYECKHX PYKOMUCHBIX



JAOKYMCHTOB OBLIO

CJIICAYIOLICC:

pcajin30BaHoO u IMMOJIY4CHO

e boul peanm3oBaH W BHEIPEH MOAY/Ib ITONydeHUE
OpPHUTMHAIBHON TpadUKH CHMBOJIOB, HCIIOIb30BaH-
HBIX TIpH HalWCaHWUU CTeHOrpaMM CHUTKUHOM.
Bruto obpabdorano mopsiaka 25 creHOrpaMM u ObLIO
norydeHo 0osee 3 ThIcad rpaviKk CUMBOJIOB;

o Bru1 pa3paboTaH aaropuT™M JUIS BEIICICHHS CTPOK B
CTCHOTpaMMax, HO JIaHHBIA aJrOpUTM TpeOyeT
YVHHUBEpPCAJIU3aluU, T.K. KOPPEKTHOCTH BbIJCICHUS
CTPOK 3aBUCUT OT IoAdopa MmapameTpoB, KOTOpHIE
pa3JINYHbI HA Pa3IMYHBIX CTEHOTPaMMaXx;

e PazpaboraHHass mMaremarndeckas MOJENb Aennd-
POBKH TEKCTa MPOXOAUT anpoOHpOBaHHE, KOTOPOE
3aTpyJHEHO TEM, YTO CJIOBaph 3HAYEHUH CTEHO-
rpaduuecKux CHMBOIIOB B HACTOSIIHA MOMEHT
HAXOMUTCSl HA OJTarle HamoiHeHus. Hamonuenue
MPOUCXOMUT HUCXOMAS M3 TMPaBUI OMHCAHHBIX B
yueOHuKe [7], mo koTopomy oOydanach CHUTKUHA;

e Co3maH MPOTOTUI CHCTEMBI B BHAe web-
npuiaokeHus. JlaHHBIA IPOTOTHUII HE SIBISETCS
OKOHYATEeJIbHBIM U CaMOCTOSTENIBHBIM IPOrpamMMm-
MHBIM IIPOJIYKTOM, OH TpeOyeT MopaOOTKH, ONTH-
MH3alMHY, U1 yIOoOHOH paboThl MONb30-BaTeneil ¢
HHUM.
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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.





