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IIporpaMMHBIe HHCTPYMEHTHI MOUCKA OJIM3KHX
(pparMeHTOB B KOJUIEKIIMH YUEOHBIX JOKYMEHTOB

C.M. BOpMOTOBa[0009-0001-6400-1980]’ 0O.A. HeB3Op0Ba[0000-0001-8116-9446]

KOV /Uncmumym vruuciumenbHot Mamemamuxu
U UHGDOPMAYUOHHBIX MEXHOLOULL

AnHoTanusa. B cratbe paccMaTpuBaIOTCS METOABl ABTOMATHYECKOTO
paszeneHus IEKTPOHHBIX JOoKyMeHTOB B ¢opmate docx u pdf Ha normveckue
(dbparMeHThI (pa3iessl U TIaBbl) C TMOCISAYIONIMM CEMaHTUYECKUM aHAITU30M C
noMoupio Mogenu Sentence-BERT. IlepBblil MeTOT BBISIBISET M aHAJIU3UPYET
M3MEHEHMs MIpUQTa U CTUIEH TEeKCTa, TaKUM 00pa3oM OOHapy>KUBas Ha4ajo
IJIaBbl WK pasnena. Bropoit — konBepTupyet nqokymeHT pdf B docx, HaxomuT
TJIaBBl CO CIy)kKeOHbIMH cioBamu mo tumy «l'maBa», «Comepkanue» # Ip.,
HalJICHHbIE TJIaBbl BBIBOJAWT B rpaduyeckuii mHTEpdenc ¢ MOCIeayroIIei
pY4YHOHl HacTpoiikod, uTo d>(dexTuBHO s (DailioB, KOTOPHIE HMEIOT
HECTaHJapPTHYIO pa3MeTKy. TpeTuil MeTo1 UCIONIb3yeT BCTPOCHHBIE 3aKIaJKU B
JOKYMEHTE, 4YTO 00eCreunMBaeT MaKCUMAJIbHYIO TOYHOCTb Ui JOKYMEHTOB C
MIPEAOTIPENCTICHHON CTPYKTYpou. [l cemaHTH4ecKoro aHanu3a (parMeHTOB
ucnoabszyercs Mozaensb Sentence-BERT, xoTopast BBIABISET CMBICIOBBIE CBSI3U
MEXKIy TJIaBaMH W paszfenamu. [IpuBeneHbl pe3ynbTaTbl TECTUPOBAHUSA Ha 74
JOKYMEHTaX, KOTOPBIE IOKa3bIBAIOT IMPEUMYILECTBA U HEAOCTATKU KaxXIOTo
Meroaa. PazpaboTanHble HHCTPYMEHTHI aBTOMATHU3UPYIOT Ipoiiecc 00paboTKu
JOKYMEHTOB, TIO3BOJISISI OBICTPO ACTUTH KOJJICKIMIO JOKYMEHTOB HA CMBICTIOBBIC
(dbparMeHThI 17151 TOMCKA CXOXKUX (ParMEHTOB B HEMl, a TakkKe MPOBECTH aHAIN3
HalIeHHBIX OJNM3KMX TIO0 COJCPXKAHUIO Map C TIOMOLIbIO TpauuecKoro
uHTepderica.

KiaroueBble cjioBa: 00paboTka JOKYMEHTOB, CEMAHTHUECKHUN aHAIIU3,
pazaenenue Ha rnasbl, PDF, Sentence-BERT.

Software tools for searching for similar fragments
in a collection of educational documents

S.M. Bormotova, O.A. Nevzorova

KFU/Institute of Computational Mathematics and Information Technologies

Abstract. The article examines methods for automatic segmentation of
electronic documents in docx and pdf formats into logical fragments (sections
and chapters) with subsequent semantic analysis using the Sentence-BERT
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model. The first method detects and analyzes changes in text fonts and styles,
thereby identifying chapters or sections. The second method converts pdf
documents to docx, locates chapters using structural markers such as "Chapter,"
"Contents," etc., and displays the identified chapters in a graphical interface for
subsequent manual adjustment, which is particularly effective for files with non-
standard layouts. The third method utilizes built-in document bookmarks,
ensuring maximum accuracy for documents with predefined structures. For
semantic analysis of fragments, the Sentence-BERT model is employed to
identify meaningful relationships between chapters and sections. Testing results
on 74 documents are presented, demonstrating the advantages and limitations of
each method. The developed tools automate the document processing workflow,
enabling rapid segmentation of document collections into meaningful fragments
for identifying similar content, as well as analysis of found content-related pairs
through a graphical interface.

Keywords: document processing, semantic analysis, text segmentation, PDF,
Sentence-BERT

1. BBeaenue

Y4yeOHUKHN U yueOHbIE TOCOOUS SIBISIOTCS OCHOBHBIM UCTOYHUKOM 3HAHUN
yUYalIuXcs U OJTHUM U3 BaXHEHIINUX CPEICTB 00ydeHHs. YUEOHUKU OTIMYAIOTCS
CocoO0M H3J0XKEHHUs y4eOHOro Marepuaja B 3aBUCHMOCTH OT BO3pacTa U
NOJIFOTOBKM y4YaluXcs Y CBOEHHE Y4YeOHOro Marepuana — 3TO BaKHEWIIas
COCTaBJsIOlIasl  mpouecca  OO0ydeHus, JJid  YCHEIIHOIO  YCBOCHHUS
pa3pabaThIBalOTCA pa3IMYHble METOAUKU. llepcoHanmm3upoBaHHBIN MOAXOJ K
00Oy4YEeHHMIO BKJIIOYAET JTallbl, CBS3aHHBICE C OLIEHKOW YpPOBHS IOJArOTOBKH
o0y4yaeMoro M TpEIbsBICHUS €My y4eOHOro maTepuajia B COOTBETCTBUHU C
YpPOBHEM MOJrOTOBKH. Takum 00pa3zoM, akTyaJIbHOM SIBJISIETCS 3a7a4a MOMCKa U
OIICHMBaHUA B y4eOHON TE€MaTUYECKOM KOJUIEKUHU JTOKYMEHTOB (DparMeHTOB,
OMM3KMX TO COJAEPKAHWIO, OTHOCAIIUXCA K OJHOW ydeOHOU Teme.
CpaBHUTeNnbHAsA OIIEHKA HAWJEHHBIX ()PArMEHTOB IO 3aJaHHBIM KPUTEPUSIM
MO3BOJIUT  BBIOMpaATh I W3y4YeHUs  TeMaThudeckue  (PparMeHTsl,
COOTBETCTBYIOIIIME YPOBHIO MOATOTOBKM ydamuxcs. B cratee paccmarpuBaercs
TOJIBKO 33J1a4a MOKMCKa OJIM3KUX (parMeHTOB B KOJUICKITUU yU€OHBIX MaTEpUAJIOB,
BKJIIOYAsi OCHOBHBIE METOAbI 00pabOTKM JOKyMEeHTOB B ¢opmare pdf wu
IIOCTPOEHUE IPOTPAMMHBIX MHCTPYMEHTOB [UISl PELICHMS YKa3aHHOW 3aJauu
MOMCKA.

Pewenue aiis 3a1aum norcka 0Ju3KuX (PparMeHTOB B KOJJIEKIMU y4E€OHBIX
MaTepualoB CTPOUTCS B JABa drtana. Ha mnepBoMm »3Tame BBINOJHAETCS
aBTOMaTHYeCKOe pasjesieHue JokymeHTa B ¢opmare pdf Ha QparmeHTsl c
MOMOILBIO pa3pabOTaHHBIX METOJI0B, HA BTOPOM 3Tall€ BBINOJIHAETCS CPABHEHHE
(dbparMeHTOB Ha OJM30CTh COJiepKaHusl Ha ocHoBe Mojenu Sentence-BERT.
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1. Metoas! pa3aesieHusi pdf-1okymMeHTOB Ha parMeHTbI

ABTOMaTHueckoe paszzaeneHue pdf-TOKyMEHTOB Ha 4YacTH pelaeTcss B
HACTOSIIEEe BPEMS Pa3IMYHBIMU JOCTYITHBIMHU MIPOTPAMMHBIMU WHCTPYMEHTAMH,
OJIHAKO BCE ATH peLICHUs TPeOYIOT ydacTus MOJIb30BaTelNIs Ha ATare HAaCTPOUKHU
cooTBeTCTBYMOIIEH ¢GyHKIMU. Pemenue, paspaboTaHHOE B JaHHOW CTaThe, HE
TpeOyeT ydacTus MoJIb30BaTeNsl U pa3aesiseT JOKYMEHT Ha YacTH 110 3arojIOBKaM
PAa3HBIX YPOBHEH.

Jjist perieHust OCTaBJICHHOW 3a/1auu ObLIM pa3padoTaHsl TpU MeTona. Jliis
00pabdotku pdf-mokymenta wucnonp3oBaHa OuOmmoreka PyMuPDF, nans
nokymeHTa B ¢popmare docx — 6ubnmoteka python-docx. OcHOBHOI (TepBbIit)
METO/1 aHAJIM3UPYET U3MEHEHHUSI IpU(Ta B TEKCTE U HAXOJUT OTKIOHEHUS CTHIIS
U pazMepa mpudTa OT OCHOBHOTO HIpUPTA.

Hns ¢aiina dopmata docx pacno3HarTCs CTHIM M pa3Mepsl Ipudrta
3aroioBkoB mepBoro u BToporo ypoBHsi (Heading 1 u Heading 2), a Takxe
BBIJICTISIFOTCSL  XapaKTepHbIE CJOBAa JJISI JIOTHYECKOTO JEJIEHUS, TaKHE Kak
«I'naBay, «BBenenue» u npyrue. [lanee 3Tu mpu3Haku UACHTUDULIUPYIOTCS KaK
HOBBI 3aroJIOBOK, 10 KOTOPOMY B JaJbHEHIIEM JOKYMEHT pas3AeiiieTcs Ha
¢parmenTsl. Bropoil meron saBisercs MoauduKanMed NEepBOro Merona MU
npeaHazHadyeH Juis pasjenenus daiina B Gopmate pdf, 1ias KoToporo BHauaie
BBITNIOJHAECTCS TpeaoOpaboTKa, CBA3aHHAsI C yJaJICHUEM U300paKeHUH, a 3aTeM
ero kouBepranus B opmat docx.

KiroueBbie aTamnbr 00paboTku 1okymMeHTa ¢popmara docx:

e 3arpy3ka M BaIuaalus - npoBepka (¢HailJioB Ha UETOCTHOCTh M
COOTBETCTBHUE (POpMATY;

e [IpenoOpaboTka — OYMCTKA OT HECTAHAAPTHHIX CUMBOJIOB U MeaHa-
KOHTEHTA;

e AHamM3 CTWJIEBBIX XapaKTEPUCTUK — paclo3HaBaHHE pa3Mepa
mpudTa U MOUCK KItoUeBbIX clioB («I ' maBay, «Coaepxanue» u ap.);

e Pazgenenne Ha Jorumyeckue (parMeHTBl IO BbICTaBICHHBIM
KJIFOUEBBIM TOYKAM Ha MPEbIIYIIEM 3TAIE;

e [locrobpaboTka — ynHajgeHWe MYCTBIX CTPaHHUL, IPOBEPKa
YUTAEMOCTH.

[IpeumymiecTBoM pa3pabOTaHHBIX METOJOB SIBJISIETCS BO3MOXKHOCTH
YCTAHOBUTH KJIFOUEBBIE TOUKH pa30OMEHUs, JaXKe €CJIM B JIOKYMEHTE HET SIBHBIX
CCBUIOK Ha JIOTMYECKOE JEJEHHUE, T.€. OTCYTCTBYIOT XapaKTEpPHBIE KIHOYEBBIE
cinoBa. HemocTtaTtok METONIOB CBsSI3aH C HU3KOM TOYHOCTHIO (Menee 70%) wu
BBIYUCIUTEILHBIMU 3aTpaTaMHu.

Tpertunii MeToA pa3zieneHus JOKyMEHTa pacliO3HaeT BCTPOEHHBIE 3aKIIAKU
C MOMOIIBIO TOTOBOr0 MHCTpyMeHTa PDFSam, KOTOpBIi W3BIEKAET OrIaBICHUE
13 METaJIaHHbIX JOKyMeHTa [1].
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HpeI/IMYIHeCTBaMI/I 9TOTr0 MCTOJa SABJIAIOTCA BbBICOKAA TOYHOCTB, TAK KaK
AOKYMCHT pasAcCiIsICTCAa IO 3apaHeC CO3AaHHBIM aBTOPOM MCETKaM M BBICOKas
CKOpPOCTb O6pa6OTKI/I. CYHIGCTBGHHBIM HEAOCTATKOM ABIACTCA 3aBUCUMOCTH OT
Ka4yeCTBA pa3MCTKH KHUT'H U HAJITMYHUA 3aKJIad0K.

2. IKCIIEPUMEHTHI

HccnenoBanue mpoBOAMIOCH HA KOJJICKIIUU TOKYMEHTOB U3 74 yueOHUKOB
no uHQOpMATHKE U MporpaMMupoBaHuio. C MOMOLIbIO MEPBOTO AJIrOpUTMa
oOpabotrana 31 kHuWra, ¢ MOMOUIBIO BTOPOIO, PACIIMPSIOMIETo (HYHKIIMOHAT
nepBoro — 49 KHUr, C HOMOIIBIO TPETHETO — 7 KHHT.

Hwuxe npencraBineHbl TaONMIbI CPABHEHUS METOJOB Ha TPEX KHHUIax ¢
3aKJIaIKaMH.

Konunuectso BblAEeNEHHDbIX [J1aB
120
100
80
60
40

20
MeTopg 1: DOCX no Metog 2: Ounctka PDF - PDF SAM
3aro/IoBKam DOCX = rnasbl

1145_C_sharp_dlya_chayHukos B 1227 _unity_i_c_sharp

1322_C_sharp_na_primerah

Tabmannua 1. KoimuecTBO BbIAEIEHHBIX IIaB KaXKIBIM METOIOM

Bpeyma obpabotrn
Meton 1145_C_sharp 1227 u 1322_C_sha
oDpaboTEn dlva_chafinukoe nity 1 c_sharp rp_na primerah
Metoxg 1: 2,03 2.20 1.89
DOCX mo
3ArOIIOBKAM
Meroz 2: 228.00 192,00 231,00
Ouncrrka PDF —
DOCX — rnaem
PDF 5AM 5.42 417 3.74

Ta6nuna 2. Bpems (B cexkyHaax) o0padOTKH KHUT METOIaMHU
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[IpoBenenHoe uccienoBaHue MOKa3alo, YTO BRIOOP ONTUMAIBLHOTO METO1a
paszieneHusi JTOKYMEHTOB Ha IJIaBbl 3aBHUCUT OT THUIIA HCXOAHBIX (ailioB u
TpeOOBaHUM K CKOPOCTH 00paboTku. MeToa Ha OCHOBE aHaiu3a MpU(TOB
(Meton 1) nemMoHCTpHUpyeT HawIydllee coueTaHue CKopocTu (1-3 cexkyHIbl Ha
JOKYMEHT) U MpPHUEMIIEMON TOYHOCTH, YTO JI€JaeT €ro MpeAnOYTUTEIbHBIM IS
MaccoBOil 00pabOTKM XOPOIIO CTPYKTYPUPOBAHHBIX JOKYMEHTOB. buOnnoreka
PDFSam o0ecneunBaeT MakCMMalbHYIO TOYHOCTH INpU paboTe ¢ ¢ainamu,
COJIepKAIIMMU 3aKJIaJIKHU, OJJHAKO MPUMEHHUM JIUIIL K 66% TECTOBOW BHIOOPKH.

Haunbonee yHuBEpcalbHBIM, HO PECYpPCOEMKUM (110 4 MUHYT Ha aiin)
oKazaJics MeToJ| 2, codeTaronuii kKoupepraiuoo ¢opmara pdf B docx ¢ pydHoit
KOPPEeKTUPOBKOU. ETo KiTfoueBoe mpenmyIiecTBo — CocOOHOCTh 00pabaThiBaTh
JIOKYMEHTBI CO CJIOKHOM WJIM MOBPEKJICHHOM CTPYKTYpOU, HEIOCTYIIHBIE IS
IpYrux  MeTomoB.  JIns ~ KOMIIEKCHOTO  pEIIEHUsS  PEKOMEHIYyEeTCs
KOMOMHHUPOBaHHBIA NOAX0/: IEpBOHAaYalibHasg 00paboTka ¢ nomouisio PDFSam
(ec UMETOTCS 3aKJIAAKH), B CITydae OTCYTCTBHS 3aKJIaJ0K HCIIOIb30BaTh METO/
1, a ans mpoOneMHbIX (ailyioB — MeToJ 2 ¢ moclhenyromeid Bepudukanuen
PE3yIbTaTOB.

2. CeMmaHTHYeCKH AaHAJN3 TEKCTOBBIX (hparMeHTOB
¢ ucnoJsb3oBaHuemM moaesan Sentence-BERT

JIisi BBISIBJICHHSI CMBICIIOBBIX CBSI3€M MEXIy (parMeHTaMH Pa3IMdHbIX
y4eOHUKOB HCIOJIb30BAJICS METOJ] CEMAaHTHYECKOTO CpaBHEHUS Ha OCHOBE
moaenu Sentence-BERT [2]. JlaHHBIM MeTO MO3BOJISIET HAXOAUTh OJM3KHE 10
COJIEpaHUIO0 (PparMEHTHl Ja)ke MpH Pa3UuUiX B (POPMYIHUPOBKAX U CTHUIIE
U3JI0KEHHUS.

[Ipouiecc ananM3a BKIIOYAET HECKOJIBKO KIIIOYEBBIX H3TanoB. CHayana
MPOUCXOUT U3BJICYEHUE TEKCTA U3 MOJATOTOBIIEHHBIX (PPArMEHTOB IOKYMEHTOB.
3arem ¢ momomibio npenodydenHoi multilingual monenu paraphrase-MiniLM-
L12-v2 kaxxapiii TEKCT IpeoOpaszyeTcsi B BEKTOPHOE MpeAcTaBieHue (IMOEANHT)
[3]. OcoOeHHOCTBIO BHIOPAHHOW MOJIETHN SIBJISIETCSI €€ CIIOCOOHOCTh COXPAaHSTh
CMBICJIOBBIE CBSI3M MEXKy MPEIOKEHUSIMA HA PAa3HBIX S3bIKAX, UTO BAXKHO JUIS
aHanm3a yaeOHOI JTUTEepaTypHl.

JIisi  KOMUYECTBEHHOW OIIEHKH CXOXECTH (PparMEeHTOB WCHOIb3YeTCs
METPHKa KOCHHYCHOTO CXOJCTBa MEXIY BEKTOpaMH. Y CTAaHOBJIICHHBIA MOPOT B
0.6 mo3BossieT OTGUIBTPOBBIBATH CIIy4ailHble COBIAJEHHUS, OCTABIsSS TOJBKO
3HAYUMbIE€ CMBICIIOBBIE CBA3U. AHAJIM3 MPOBOJUTCS B YETHIPEX HAIPABICHUSX:
CpaBHEHHUE pa3/IeJIOB BHYTPU OJIHOM KHHUIU, MEXKIY pa3HbIMH y4YE€OHUKAMH, a
TaK)Ke COMOCTABJICHUE IJ1aB U MOJIPa3/eiIOB Pa3IMYHbIX YPOBHEH.

Pe3ynbTaThl BU3yalIu3UPYIOTCS ¢ TOMOIIBIO CIIEHUATBHO Pa3pad0OTaHHOTO
rpaduyeckoro wuHTepdeiica (puc. 1), KOTOPBIA TO3BOJSIET JKCIEPTAM
IpOCMATPUBATh TAapbhl CXOXHX (ParMeHTOB M  OIICHUBATh  Ka4eCTBO
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aBTOMATHUYECKOTO aHaju3a. [ mcTorpaMMbl pacmpeneseHus 3HAYeHU CXOJICTBA
(puc. 2, puc. 3) IEMOHCTPUPYIOT BBICOKYIO COTJIACOBAHHOCTH CTPYKTYPHI BHYTPH
OT/ACIbHBIX y4yeOHMKOB (muku B oOmactu 0.8-1.0) u ymepeHHOe, HO
CTaTHCTUYECKU 3HAYMMOE CXOJICTBO MEXAY pPa3HBIMU M3IaHUSIMH (rana3zoH 0.6-
0.75).

# Cpasnerue dparmenTos = O >

CpaeHeHne GparmMeHToE TEKCTE © Mcnons3ceaHuen BERT

CxoacTea (B 0AHOWA KHUME)

CxoAcTEa (pasHble KHNTW)

Cpaenenne Heading 1 <-> Heading 1

Cpaenenne Heading 2 <-> Heading 2

Mpadui: cgHa kHura

Mpadmk: pazHele KHUMA |

Mpadui: PazHele kHurm, xegunrl

Mpadme: PazHele KHUMMW, xeguHrd

Puc. 1. MaTepdeiic mporpaMMsbl aJis CpaBHEHUS COAEpKaHUs (PparMEeHTOB

PacnpeneneHne cxoXecTW — oflHa KHWUra

50 1

40 -

W
(=]
!

KonnvecTeo nap

%]
(=]
!

10 4

0 T T T T T T T T
0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
CxoncTeo

Puc. 2. 'ucrorpamma pacnpeneneHust 61m30cTi PparMeHTOB B OJHON KHUTE
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PacnpepeneHune CxoXecTun — pa3Hble KHUrn

80 4

70 7

60+

(¥}
o
L

Konwyecteo nap
F=
[=]
\

w
(=]
L

20+

10
0 ] 1

CX0ACTBO

Puc. 3. I'uctorpamma pacnpeeneHus: 6J1u30cTu pparMeHTOB B Pa3HbIX KHUTAX.

AHanmu3 NO3BOJIMJI BBIABUTH Psii 3aKOHOMepHocTel. Tak, Ha puCyHKe 2
BHYTPH OJIHOW KHUTH BBISBIICHBI BBICOKHE MOKAa3aTeIN OJIM30CTH BBIJCICHHBIX
dbparMeHTOB (TJIaB), YTO yKa3bIBaCT HA COTJIACOBAHHOCTH CTPYKTYPHI BHYTPH
OJTHOTO Y4eOHHMKA, TaK YTO 3arojOBKA BTOPOTO YPOBHSI JIOTUYHO TOTIOJHSIOT
3aroJI0BKH MEPBOr0 YPOBHS, pacKpbIBas UX cojep:xkanue. [Ipu aHanuze pucyHka
2 MOXHO TaK)€ YBUJIEThb, UTO OIIEHKH OJIM30CTH TMap (pparMeHTOB MOMaaaroT B
nuanazoH 0.6-0.8, 4TO oO3Ha4YaeT YaCTUYHOE COBMNAJCHUE TEM B Pa3HbBIX
ydeOHMKaX. OTO MOXET O3HayaTh, YTO  aBTOPhl MCIOJIB3YIOT IOXO0XKHE
JIOTUYECKUE CTPYKTYPhI UM HEKOTOPHIE TEMBI JICUCTBUTEIHLHO PACHPOCTPAHEHbI
Y TIOSIBJISIIOTCS B TIOXOKeH (hopMe B pa3HBIX KHHUTAX.

3axijIroueHue

B cratee paccMOTpeHBl METOJbl aBTOMATHYECKOTO  pa3lielieHus
ANIEKTPOHHBIX JOKyMEHTOB B ¢dopmate docx u pdf Ha noruueckue gpparmMeHTHI
(pa3nmenbl M TJIaBbl) C MOCIEAYIONIMM CEMAaHTUYECKUM aHAaJIM30M C MOMOIIbIO
moznenu Sentence-BERT. Pa3zpaboran nporpamMMHBIH WHCTPYMEHT, KOTOPBIM
MOKET aHAJIM3UPOBATh U COMOCTABIIATh TEKCTOBBIE IAHHBIE U3 PA3HBIX YUEOHbIX
NOoKyMeHTOB. [IpruMeHeHne CeMaHTUUECKOr0 aHallM3a CYHIECTBEHHO PaCIIUpPSIET
BO3MOXKHOCTH  pa3pabOTaHHOTO MHCTPYMEHTApHsi, TMO3BOJISASI HE TOJBKO
pa3nensaTh JOKYMEHTBHI Ha CTPYKTypHBIE DJJIEMEHTBI, HO U BBISBJISATH
CoJlep)KaTeIbHbIE CBS3M MEXAY MaTepHallaMd U3 Pa3HbIX HUCTOYHUKOB. OTO
0COOCHHO IEHHO i1 00pa30oBaTENbHBIX IUIAT()OPM, I7I€ BAXKHO HAXOIUTH H
COTOCTAaBIIATh AHAJIOTUYHBIE TEMbI B PA3JIMUYHBIX YUYEOHBIX TOCOOUSIX.
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