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1. OBIIUE CBEJEHUS

1.1. HaumeHoBaHHe NMPOTrPaMMBbI

IlosiHOE HamMeHOBaHME IPOrpaMMbl: AHAJIUTHYECKas CUCTEMA IIOYEPKOBEAUECKOH
UICHTU(HUKAIIMYA aBTOPOB JOKYMEHTOB.

Kpatkoe nanmenoBanue IIporpammsl — ACITHUA/L.

1.2. Ha3HayeHue mporpamMmMbl

AHanuTHuecKas cucTeMa I0YepPKOBEIYECKOM MICHTH(UKALUU aBTOPOB JIOKYMEHTOB
IOpeJHa3HauYeHa [ aHaJIu3a PYKOIHUCHBIX MAaTepHalloB HAa MPEIMET  OIpelesICHUs
HEOJIHOPOJHOCTH M0YEpKa U MPUHAJJIEKHOCTH TEKCTA Pa3HbIM aBTOPaM U MOKET IPUMEHATHCA
JUIs  TPOBEIEHHs] aBTOMAaTH3UPOBAHHOM MOYEPKOBEIYECKOM SKCIEPTU3bl PYKOMHMCHBIX
MaTepHaIoB. JTO NO3BOJISIET ONPEIEINUTh!

— IPUHAUIEKHOCTh PYKOIUCHOTO TEKCTa OJHOMY aBTOPY B paMKax OJHOIO
PYKOIIMCHOTO JIOKYMEHTA;
— IPHUHAUIEKHOCTb PA3JIUYHBIX PYKONHUCHBIX TEKCTOB, OTHOCALIMXCS K 3TOMY

ABTOPY PYKOIIMCHOI'O JOKYMCHTA.

1.3. ®yHKIMOHAJIbHbIE BO3MOKHOCTH MPOTrPaAMMBbI

[IporpamMmMa oOecrieunBaeT BHINOJHEHUE CAEAYIOMUX (PYHKIINN:

— mnpenoOpaboTka pPYKONUCHBIX MaTepUajoB JJsi OO0ECleYeHMs] CHMKEHUs
(bakTOpOB, BIUSIONIMX HAa TOYHOCTh aHAW3a M BBIJEJICHHE MOJIE3HON 00nacTH
PYKOIMCHOTO IOKYMEHTA;

— yJaJeHHe MyCTHIX 00JacTeil Ha PyKOMHUCHBIX MaTepraax;

— COEIMHEHHE BCEX JINCTOB PYKOMHUCHOTO JOKYMEHTA B OOBEIMHEHHBIA TOKYMEHT
aBTOPA;

— aHanu3 00beAMHEHHOT 0 IOKyMEHTa Ha MpeMET HEOAHOPOIHOCTH MOYEPKa;

— BBISBJICHHE O0JIACTEH PYKOMUCHOTO TEKCTa, MPUHAICKAIUX Pa3HBIM aBTOPaM
(pa3Hblil OYepK);

— BBIBJIEHUE O0JIacTe PYKOIMMCHOTO TEKCTa, COJAeprKaliue rpaduKu, pUCYHKH,
cXeMbl, GOPMYIIBI (1 APYTHE HJIEMEHTHI, BHIICISIOIINECS U3 OOIIEro TeKCTa);

— TMIPEeNoCTaBJICHHWE BO3MOKHOCTH PYYHOTO aHallM3a BBISBJICHHBIX CIydaeB

HCOAHOPOAHOCTH ITOYCPKA.



1.4.0co0eHHOCTH OpPraHM3alMH HEHPOHHOW CeTH, HCIOJIb3yeMOH IpH
aHaJIM3e PYKONMCHBIX JOKYMEHTOB

AHanu3 pYKONMCHOTO JOKYMEHTa IPOM3BOAMUTCS C HCIOJIb30BAaHUEM CBEPTOYHOM
HelipoHHoI cetn riryookoro oOydenusi (Convolutional Neural Network, CNN) ¢ cuamckoii
ApPXUTEKTYPOI, OpraHU30BaHHOMN Ha OCHOBE OoubInoTeK Tensorflow
(https://www.tensorflow.org/) u Scikit-learn (https://scikit-learn.org/stable/).

Jis  JoCTHXKEeHUs TpeOyeMBbIX XapaKTepUCTHK IPOM3BOIUTENBHOCTH JOCTATOYHO
pa3BEPTHIBaHUS KJIacTepa HEHPOHHOH ceTH Ha oJHOM (u3uueckoM y3ie. Jlornmyeckas cxema

KJIaCTCpa NMpruBCACHA Ha PUCYHKC HUKC.

MNnaHupoBLMK

Paboume y3nbl

Pucynok 1 - Cxema kiactepa HEHpOHHOM CeTH

Tormonorudecku KJIacTep COCTOUT U3 TPEX TUIIOB JIOTHYECKUX Y3JIOB:

— IUTAHUPOBIIUK NMPHHUMAET KOMAaHJbl M OOECIIEYMBAET YIpaBIeHHE HEWPOHHOU
CEThIO;

— pabouuit y3en obOecrieunBaeT aHanu3 WHGOPMAIMU C HCIOJIb30BaHUEM
MIpeIBapUTENILHO 00YYeHHON Mozenu (00ydeHrne MOJeH TaKXKe MPOBOAUTCS Ha
paboueM y3ie), TPU STOM JIOTHYECKHUX Y3JIOB MOXKET OBITh HECKOJBKO B
3aBHCHUMOCTH OT CTOSIIUX 3a7ad;

— cepBep XpaHEHUS MOJEIH.

Jlis monmydeHusl pe3ynbTaToOB C 33aJaHHOW TOYHOCTHIO (He MeHee 95%) mocTaTOuHO

OJTHOTO paboyYero y3ia B KiacTepe.



2. OIIUCAHUE ®YHKIINOHAJIBHBIX XAPAKTEPUCTHUK
2.1.1lpeaBapurtesibHasi NOATOTOBKA PYKONUCHBIX JOKYMEHTOB

2.1.1. llpenodpadoTKa pyKONUCHBIX MATEPHAJIOB

[Ipu mpoBeneHWW aHaIM3a PYKONMHCHBIX JIOKYMEHTOB KaXKIbId JOKYMEHT HPOXOIUT
npeBapUTEILHYIO IOJTOTOBKY:

— TIpenBapUTENbHO O0E3MMYCHHBI PYKONHUCHBIA JOKYMEHT OuHapuzyercs
METOAaM{ U3MEHEHUS LIBETOBOT'O PeKUMa JIsl MOTydeHUs §-OMTHOro OMHApHOTO
dhopmara kaapa;

— TPOBOJMTCS KOHTYPHBIN aHAJIHM3 TOJIYYEHHOTO KaJpa MOCPEICTBOM IPUMEHECHUS
QITOPUTMOB OHMOJIMOTEKH Opencv Ha OCHOBE [ETEKTOpa TpaHHUIl canny, C
MOCTIeIYOIIEH anmpoKCuManred KOHTYpOB;

— TPOBOJMTCS CETMEHTAIUsI 00JIaCTU C TEKCTOM - IpeABapUTeNbHas (QHIbTpaIHs
00J1aCTH C TEKCTOM IIPH ITOMOIIM OTlepaIiiy pa3MbIBaHus (erode);

— TPHUMEHSETCS METOJ TIOWCKa JIOKAIbHBIX MakcuMyMoB (findpeaks) mmst
CerMEHTAIUHN 00JIaCTH C TEKCTOM Ha CTPOKH;

— TIPOBOJAUTCS CETMEHTAIUS CIIOB MOCPEACTBOM MPUMEHEHHUsI KOHTYPHOTO aHaIn3a
u merona boundingbox amns cinos;

— TPOBOAUTCA JIOTMYECKas oOpaboTKa pe3ynbTaToB (GHUIbTpAllMU C LEJIbI0

BbIJIEJICHUS T0JI€3HOM 00J1aCTH PYKOIIUCHOTO IOKYMEHTA.

2.1.2. Ilouck mycThIX 00J1aCTel HA PYKOMUCHBIX MaTepHaiax

Jlns moucka MycThIX obOnacteil (mamee - Z-oOmacTei) UCHONB3YeTCsl CHEIHAIBHO
oOyueHHass HepOHHas ceTh, (GOpMUpyeMasi Ha TOM K€ KJlacTepe, Ha KOTOPOM 3aTeM POBOIUTCS
aHaJIN3 PYKOITMCHOTO JIOKYMEHTA.

Jliia noucka Z-o01acTei UCIoIb3yeTcsl CIEYIOINUNA alrOpuTM:

— TII0oclie 3allycka Kiactepa paOouuil y3en 3arpykaeT MoJenb HeHpOHHOH ceTu ¢
cepBepa, HWHUIMHMPYET HEHPOHHYIO CEeTb B COOTBETCTBUH C 3aJaHHBIMH
3HAYCHUSIMU THITEPIIAPAMETPOB U 3arpy’KaeT HabOp PYKOIMCHBIX JIOKYMEHTOB, Ha
KOTOPBIX HYXXHO OIPEJEIUTh HaJuue Z-00J1acTH;

— Beca cBs3ed MeXIy HeMpOHAMH WHULMUPYIOTCS 3HAYEHUSMHU, COXpaHEHHBIMU
rocie o0y4eHus CeTH;

— ©3 Habopa JMaHHBIX MOCIEIOBATEIBHO 3arpy)kaeTcsi 0 OJHOMY PYKOIHCHOMY

JIOKYMEHTY C pa3MEUCHHOM TOJIE3HOUW 001aCThIO;



— TI0JIe3HAas 00JIACTh PYKOMMCHOTO JOKYMEHTA 3arpy:KaeTcsi B HSHPOHHYIO CETh H
aHAJM3UPYeTCs, ¥ Ha BbIX0JAE (OPMHUPYETCS CpaBHUTENbHAS XapaKTEPHCTHKA,
yKa3bIBalollasi Ha HaJM4Ke U ToJI0KeHue Z-001acTy;

— cHCTeMa 3allOMUHAET IOJIOKEHHE Z-00J1acTH Ha PyKOIIMCHOM JIOKYMEHTE;

— IIOCJIE 3aBEpLICHUs AHAJIN3a BCEX PYKOIMUCHBIX JIOKYMEHTOB IUIAHUPOBUIUK

OCTAaHAaBJIMBACT NPOUCCC MMOUCKA.

2.1.3. O0bennHeHHe PYKONMUCHBIX MATEPHAJIOB

Ilpy  npoBeneHMM  aHanmuM3a  PYKONMHMCHBIX  JIOKYMEHTOB ~ Ha  HalU4ue
HCCAaHKIIMOHHUPOBAHHBIX W3MEHEHMH I10JIE3HBIE 007JaCTH BCEX PYKOIIMCHBIX OJOKYMCHTOB BCCX
aBTOPOB OOBETUHSIOTCS B €IMHOE N300pakeHHeE.

Anroput™ 00bEeJMHEHHUS PYKOITUCHBIX IOKYMEHTOB BBITJISIUT CIEAYIOIIUM 00pa3oMm:

- JUISL KaXXI0TO aBTOpA IMPOM3BOJHUTCS BHIOOPKA €ro JOKYMEHTOB IO KaXIOMY
PYKOIIUCHOMY JOKYMEHTY, YKa3aHHOMY IIpH IIPOBEACHUHN aHAIN3A,

- MOoJIe3HbIE  O0JIACTH ~ KaX/JIOTO PYKOIMHUCHOTO JIOKYMEHTa W3  BBIOOPKH
HIOCJICIOBATENBHO «CKJICHBAIOTCS» JPYT MOJ IPYTOM B €IMHOE N300paKeHUE;

B utore hopmupyercs nzo0paxenue, cojeprkaliee TeKCT BCEX PYKOIMHCHBIX JIOKYMEHTOB
aBTopa. [lonoxenune Z-o6macTeil mpu 3TOM yKa3bIBa€TCsl OTHOCUTEIBHO KOOPIUHAT CO3/ITaHHOTO

€IMHOTO U300paKEeHUS.

2.2.ABTOMATHYeCKHil AaHAJIN3 PYKONMCHBIX JOKYMEHTOB

2.2.1. Ilouck obdsacTeii CMeHBI MOYEPKAa HA PYKONMUCHBIX MaTepHaJiax

JIns aHanM3a UCOJIB3YETCS KIAaCTEP HEUPOHHOW CETH, U IPUMEHSIETCS HEUPOHHAs CETh,
oOydeHHas U1 UICHTU(PUKAIIUYA HECAHKITMOHUPOBAHHBIX H3MEHEHUM 110 aITOPUTMY.
ABTOMATUYECKHI aHAJIU3 TIPOBOJUTCS IO CIEAYIOUIEMY AJITOPUTMY:

— Tocle 3amycka Kiactepa pabouyuil y3enm 3arpykaer MoAelb C CepBepa,
WHULIMAPYET HEHPOHHYIO CETh B COOTBETCTBUHM C 3aJlaHHBIMH 3HAYCHUSMU
TUTNIEpPIIapaMeTpOB M 3arpykaeT Ha0Op MaHHBIX — Ha0oOp 00BEeTUHEHHBIX
M300paXEHUH MOIE3HBIX 00JIACTEe PYKOMHUCHBIX TOKYMEHTOB;

— Beca CBs3ed MEX]y HEHpOHaMHM MHUIMUPYIOTCS 3HAYEHUSIMU, COXPaHEHHBIMU
nociie o0y4ueHus;

— U3 Habopa JaHHBIX MOCJEA0BATEIbHO 3arpy>KaeTcs Mo 0OJHOMY 00bEeTUHEHHOMY

N300pakeHUIO;



— METOJOM CKOJIB3SIIEr0 OKHAa M3 MCXOJHOTO M300paskeHUs omnpezaensercs Habop
(bparmenToB pazmepom 128 x 512 nukceneii ¢ mepexpoitueM 50% (T.e. cMelIeHHe
OKHa COCTaBJISIET 64 TUKcenel ), mpu 3TOM Z-00J1acTH UTHOPUPYIOTCS;

— TONy4YeHHbIe (parMeHThl IONapHO 3arpyXaroTcsi B HEHPOHHYIO CEeTh U
AHAIM3UPYIOTCS, U Ha BBIXOJE (POPMUPYETCS CPaBHUTEIIbHAS XaPAKTEPHUCTUKA,
MO3BOJISIIOIIAST  OTPEACIUTh, TMPUCYTCTBYIOT JIM  HECAHKIIMOHUPOBAHHBIC
M3MEHEHHUS B OIHOM U3 (parMeHTOB, UM HET;

— pe3yibTaT COXpaHseTcs,

— TIOBTOpSIETCS TPOIECC Ha CcleAyomeid mape QparMeHTOB, BBIOPAHHOTO
PYKOIMCHOTO JOKYMEHTa KOHTPOJIBHOTO HabOPa, 3aTeM BBIOMpAETCS CIIEAYIONIee
n300paXkeHue U T.J. A0 KOHIIa Ha0opa JaHHBIX;

— TOCTe 3aBepIICHUs aHajdn3a BCEX PYKOMHCHBIX JOKYMEHTOB ILJIAHHUPOBIIMK
OCTaHaBJIMBAET MPOLIECC aHAJIN3A.

B wurore mo kaxaomMy OObEIMHEHHOMY HW300pPKEHHIO OIPEACISIETCS IOJIOKEHHUE
obnactell PyKOMHCHOTO TEKCTa, MPEANOJIOKUTENBHO OTPAKAIOIINX HECAaHKIIMOHUPOBAHHBIC

HU3MCHCHUA.

2.2.2. Pa3zMeTKa o0J1acTeil HApylIeHHi MoYepKa

Pe3ynbrarhl aHaiM3a pPYKOMHCHOIO JOKYMEHTa IOCTYHAlOT B aITOPUTM pPa3METKH
oOnacTell HeCaHKIIMOHUPOBAHHBIX U3MEHEHHH.

Ha oObennHEHHOM M300paX€HUU TPSMOYTOJBHUKOM  BBIJENSETCS HPUMEPHOE
NOJIOkKEHHE 00JIACTH HECAHKIIMOHUPOBAHHBIX U3MEHEHHH. BeiieicTBHE TEXHOIOT MU BBIJEICHUS
(¢parMeHTOB 001aCTh MOXET MMETh NOTPELIHOCTb MO IOJIOKEHUIO BEPXHEH W/WIM HIDKHEU

rpaHulbl + 64 nmukcenei.

2.3.IlpenocraBjieHne BO3MOKHOCTH PYYHOI0 aHAJIU3a BbISABJIEHHBIX
cJIy4aeB HEOJHOPOJIHOCTH MOYEpPKAa

B pesynpraTe BBINOJHEHHWS aBTOMATHYECKOTO aHaiIM3a Ha  OOBEAMHEHHBIX
M300paXEHUSIX BBISBISIOTCS MOJIOKEHHSI 00JIacTell PYKOMUCHOTO TEKCTa, MPEANOIOKUTEIHEHO
MPEJICTaBISIIOIINE CO00M HEeCaHKIMOHUPOBAaHHBIC M3MeHEeHUs. [laHHBIE 0OJIACTH BBIIACISIOTCS
rpaguYecKu MPSIMOYTOJIbHUKOM (PaMKO#) Jisi yI0OCTBa MIPOBEACHUS aHAIHM3a CIICIIUATUCTAMU,
OCYIIECTBISIOMUMHE MPOBEPKY B PYUYHOM PEKUME.

Py‘lHOﬁ AHAJIN3 IPOBOAUTCH CIICHUAJIMCTOM 110 CICAYIOIIEMY AJITOPUTMY:



CHEIMAIUCT OCYIIECTBISET AyTCHTH(PHUKAIMIO C WCIOIH30BAaHHEM JIOTUHA H
apos;

aHAJIM3UPYET BbIIEJICHHBIE 00JIACTH PYKOMHCHOIO TEKCTa, MPEINOII0KUTEIHHO
OTpaXkarolllie HECAaHKIMOHUPOBAHHbBIC HU3MEHEHHS;

MPOCTABISIET OTMETKY O TOATBEPKACHUHM HAIM4YUsl HECAHKIIMOHUPOBAHHBIX
W3MEHCHUH WM TEPEeXOJUT K TIPOBEPKE CIEAYIONIEr0 OObEINHEHHOTO
M300pakeHUsI 10 TOrO0 MOMEHTa, IMOKa Bce OOBEAMHEHHBIE H300paKeHUs,
MpOaHATM3UPOBAHHbIE HEMPOHHON CEThIO Ha 3Tale aBTOMAaTHYECKOIro aHaju3a,

He OyIyT IOJTHOCTBIO IIPOBEPEHBI.



