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AnHoTanud. B pabote naercs omucaHue JaHHBIX MPEIMETHBIX 00JIacTel,
COCTABJIIONINX KOHTEHT CeMaHTH4Yeckoii OubOmmoreknu. McciemoBanue
HaIpaBJICHO Ha pelIeHue MPOOIEMBbI CO3/IaHuUs AaTaceTa JUist 00ydeHus OOIBIINX
SI3BIKOBBIX MOJENEH A7l pabOThI ¢ PYCCKOSI3BIYHBIMU HAYYHBIMH ITPEIMETHBIMH
obmactsimu. [lokazaHbl mporeypbl HANOTHEHUs OMOIMOTEKH ITyOIMKAIMSIMU
mocie 00pabOTKH CIIa0OCTPYKTYPHPOBAHHBIX JIAaHHBIX, MPOBEPKH KadecTBa
rpacda 3HaHUHN W HaBUTALMU 1O JaHHBIM. [Ipunoxkenue paboThl 3aKit0YaeTcs B
CO3JJaHMM  PEKOMEHJATEIbHBIX CHUCTEM s paboTel ¢  HAy4YHBIMH
PYCCKOSI3BIYHBIMH JKypHaJIaMH.

KiroueBble cjioBa: MpukiagHas OHTOJOTHS, rpad 3HAHUI, HCTOUYHUKU
JAHHBIX, pa3pabOTKa OHTOJIOTHH, HAyYHbIE Pe3yJIbTaThl B IU(POBOI cpere
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Abstract. The paper describes the subject area data that make up the content
of the semantic library. The study is aimed at solving the problem of creating a
dataset for training large language models to work with Russian-language
scientific subject areas. The procedures for filling the library with publications
after processing weakly structured data, checking the quality of the knowledge
graph and navigating through the data are shown. The application of the work is
to create recommender systems for working with scientific Russian-language
journals.

Keywords: applied ontology, knowledge graph, data sources, ontology
development, scientific results in the digital environment
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1. BBeaenue

Onucanvie HaOOpOB  JaHHBIX COCTaBISIET HEOOXOAMMYIO  YacTh
opraHu3amuy JocTyna K WHGOPMAIMOHHBIM  pecypcaMm. buOnmoreka
npeaMeTHbIX oOmactet  ScilibRu cdopMupoBaHa B paMKax KOHTEHTA
ceMaHTH4Yeckor Oubnmuotexkn LibMeta [1], Ha OCHOBE OHTOJOTHYECKOTO
MPOCKTUPOBaHUs [2] M HaABUTAIIMU IO JaHHBIM C TMOMOINBIO Tpada 3HAHMIA
(knowledge graph, KG) [3].

Cemanmuueckasn yugpposas oubruomexka LibMeta — 310 umdpoBas
OuOJIMOTeKa, TaHHBIE KOTOPOM CBSI3aHbl UEPAPXUUECKUMHU U aCCOLMATUBHBIMU
OTHOLLUEHUSIMHU B COOTBETCTBUU C OHMONO2UEU NPeOMemHOU 001acmu.

Oumonoeusi yughposoii cemanmuyeckou oOubauomexku — (HopMaibHOE
ONMCAaHWE MHOXKECTBA JAHHBIX (THUIBI JTAHHBIX, CBSA3W) MPEAMETHON o00JsacTu
(S§5D) [4]. Hnsa  ompeneneHdus  OHTOJOTMM — HCIOJB3YETCS  S3bIK
OWL(https://www.w3.0rg/2006/04/OWL_UseCases-ru.html). Ownrtonorus Ha
OWL — sto RDF-rpad (https://www.w3.org/TR/rdf12-schema/). Onucanue Ha
OWL — a10 omwmcanue cmpykmypsl AaHHBIX, a He camux OauHwix. Kaxmablii
IK3EMIUISIP JAaHHBIX — 3TO JK3EMIUIAP dJeMEeHTa OHTojioruu. B OuOnmoreke
LibMeta me3zaypyc [5] npencraBneH oumonoeueti Ha OWL.

CpenctBa penaktupoBanus LibMeta — 310 cpedcmea pedaxmuposaHus
OHMONO2UU.

B pesynbTaTe wHTErpanuu JaHHbIX B OmOnuoreke LibMeta HaKoOIIEHBI
onucanust SjD MareMaTUKU U CMEXHBIX OO0JlacTei, BK/IIOYas OMUCAHUS
KJIaCCU(DUKATOPOB, HAYYHBIX JKYPHAJIOB, W JAPYTHX HMCTOYHUKOB, KOTOPHIC
CEMaHTHUYECKH CBSI3aHBI B oxmonocuu oubauomexu SjD ScilibRu. Pa3putue
HaBUrauuu B OMOIMoTeke ¢ npuMeHeHneMm KG, MOo3BOJIAET MEPENUTH K MOMUCKY,
3a/1aBasi B MIOUCKOBOM 3alpoCe MPUHAIJICKHOCTh TaHHBIX SjD.

B nameii paboTe mpeayaraercs onmucaHue KOJUICKIIMU JaHHBIX ScilibRu,
KOTOpbIE OTJIMYAIOTCS OT JaHHbIX LibMeta wWanuuueM HOBBIX CBS3€EH,
MOJIYYEHHBIX B pe3yibTare Mmempuueckozco auanuza [6, 71 KG LibMeta u
JIOCTPAaWBaHUsI OHTOJIOTUM, XOTS STH MHOXECTBA, KOHEYHO, IEPECEKaroTCsl.
Onucanue paHHbix ScilibRu ctano HEOOXOJUMBIM HCCIIEJOBAHUEM, TTOCKOJIBKY
nanbHeiee pa3BUTHE OUOIMOTEKH TIPENIoiaraeT IOCTAaHOBKY 3ajad o
NPUMEHEHUHU OOJIbIIUX SI3bIKOBBIX Mojenel (LLM) u co3gaHuu pexoMeHAaluii
JUTSl M3BJICUCHUS 3HAHWW, HAKOIUICHHBIX B OMOIMOTEeKke. MHOXECTBO JaHHBIX,
npeaBapuUTeNbHO O0y4YeHHOM Ha o0mux gaHHbix LLM, mnpeamonaraercs
nononHATh AaHHbIMA KG ScilibRu, droObl orpanwumBath LLM pamMkamu
npeaMeTHoi obnacTu, 3agaBaeMoil KG.

B pabote npencraBieHo onrcaHue CEMaHTUYECKON MoieNn JaHHbIX U KG,
OIICHKA Ka4eCTBa JIAHHBIX JIJI1 MHTETPUPOBAHHBIX B OUOIMOTEKY SHIUKIIONETUH,
npuMep unterpanuu LLM u KG nns SjD oO0bIKHOBEHHBIX AU (PepeHITnanbHbIX
ypaBHeHuit (ODE), onucana mpouenypa THOPUIHOTO alropuTMa 3arpy3ku
C1a00CTPYKTYPUPOBAHHBIX JITaHHBIX JKYPHAJIOB, COJIEPXKAIIMX CUMBOJIBHYIO

uHpopmaruio (opmyibl).
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2. CemanTnueckas Mojaeb v 1anabie SciLibRu
2.1. Cemanmuueckas mooenn SciLibRu

Bynem ucrnonws3oBaTh MOHATHS mesaypyca TpeaMeTHON obOmactu [8, 9],
onmonocuu [4, 7], KG (epagpa 3nanuit) [10, 11], 3nanuu [12, 13]. /lanusie
SciLibRu — 3TO Hay4yHbIE CTAaThH, SHUMKIONEANH, KIACCUPUKATOPHI, CIOBAPH,
Te3aypycChl, KOpPITyca TEKCTOB U APYTUe UCTOUYHUKHU OolU(PpoBaHHON HH(pOpMAITUH,
NpeACTaBlieHHble B BuUAe OHTOoJoruu SjD. Ommonocuss ScilLibRu — 5310
CEeMAaHTHYECKasi MOJIeJIb JAHHBIX, B OCHOBE KOTOPOW JIEKHUT TE3aypyc
npenMetHoi  oOnactu. OwHronorust mnpoeuupyercss Ha KG, TOCKOJbKY
peanusyercst depe3 cxemy RDF. OcHoBHO#l kOHTeHT ScilibRu cCOCTaBISIOT
MaTeMatudeckue SjD, TpUIIoKEeHUS U CMEKHBIE 00J1aCcTH, 3a/laBaeMble JaHHBIMU
MPUKIATHBIX U MEXKIUCIUIUTMHAPHBIX )KYPHAJIOB.

3Hanus - 3TO CTPYKTYPUPOBAaHHBIC OarHbvle. VI3BIICUCHHWE 3HAHUN — 3TO
MOJy4yeHHe OTBeTa Ha WHGOpPMAUMOHHBIA 3ampoc. OTBET MOXET OBITh
(He)peneBaHTHBIM Teme 3ampoca U (HE)IEPTUHEHTHBIM, TO €cTh (HE)
YAOBJIETBOPSIOMIUM  WH(POPMAIIMOHHYIO TMOTPEOHOCTh MOJb30BaTeNs, (HE)
COOTBETCTBYIOIIUH Te€3aypycy aapecara [8].

Cemanmuueckas Mooenb OGHHbIX - CTPYKTYpUPOBaHHbBIE JaHHBIE, TJI€ €CTh
0bvexm, cyOveKkm U OMHOWeHUss MEXTy HUMU. IMEHHO OTHOIIICHUSI COCTAaBJISIOT
CMBICII 3TOM TpOilkU AaHHbIX. B KG OTHOILIEHUS — 3TO CBsA3M rpada, 00bEKTHI U
CyOBEKTHI — BEpIIUHBI Tpada.

Ownronorus LibMeta [1] — TpexypoBHEBasi, COICPKUT:

YHUBEPCAIbHBIC NOHAMUS OHTOJIOTHH;

OTIMCaHUsI 0ObeKmMOo8 MPUKIATHON 00IaCTH;

MemaodaHHbvle NPUKIAOHOU 001acmu KaK TaKOBBIC.

OcHoBHbIMU d51eMeHTamMu oHToJorud OWL sBISIOTCS ONMUCaHUs KJIACCOB,
WX CBOMCTB, OTHOIIEHWN MEXIY KJIacCaMd W TPEICTABUTEISIMU (WHIUBUIIOB)
Ki1accoB (WX CBOWMCTB M OTHomeHui). Jnsg »>tux ommcanuit OWL
MOCJIEA0BATEIBHO UCIOJIb3YET OMHAPHBIE OTHOIIEHUS CBOETO CIIOBAPS, & TAKKE
cinoBapeit RDF u RDFS (https://www.w3.org/TR/owl-semantics/).

SjD LibMeta, DLib = {Per, Pub, Th, Enc, Jour}:

- JTaHHBIE TIEPCOH U UX CBOWMCTB, MHOXKECTBO {Per};

- TaHHBIE MYOIMKAIUNA U UX CBOMCTB, MHOXKECTBO {Pub};

- JaHHBIC T€3aypPyCOB, MHOXECTBO {7/} ;

- JAHHBIE SHIMKJIONEINN, MHOXKECTBO {Enc};

- IaHHBIC KypPHAJIOB, MHOXECTBO {Jour}.

HNaunubie SjD ScilibRu DSci conepxaT MHOXeCTBO DLib u paHHBIE
MHOXxecTBa {KG}, T0 ectb DSci ={Per, Pub, Th, Enc, Jour, KG}.

Ha puc. 1 moka3aHo, 4To K TpexXypoBHEBOM Mo i€y oHToJIoTuu LibMeta [1]
nobaBwiicst ypoBeHb HaHHBIX KG.
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Puc. 1. Apxurektypa ganubix B SciLibRu.

2.2. Kauecmeo oannwvix SciLibRu

OrneHka KauecTBa JJAaHHBIX CTaJIa OJIHUM U3 3TANOB MPE/ICTABICHUS 3HAHUH,
IIOCKOJIbBKY BHeapenue LLM «epexianbiBaeT» BOIPOCHI JOCTOBEPHOCTH C
AKCIIEPTOB HAy4YHbIX oOOJacTel Ha co3aarenedl MH(OOPMAIMOHHBIX CHCTEM,
KOTOPBIE OPraHU3YIOT MHTETPALMIO JAaHHBIX U HAaBUTALHIO 1O HUM. VI3BECTHBIE
HEIOCTAaTKU NpUMEHEHUsI LLM B NOMCKOBBIX 3aIpocax, KOTOPHIE MPUBOIAT K
«TAJLUTIONMHAIIASIMY CBSI3aHbI KaK C JIOTUKOW MOJIEH, TaK U ¢ MaCCUBOM JaHHBIX
(maraceTt), Ha KOTOPBIX MPOBOJIUIIOCH 00yueHue [14].

Jns 6ubnmuotexku ScilibRu OleHKa aHHBIX 3aKJIFOYaeTCs B IMPOBEPKE
CBSI3€ B OHTOJIOTMHM, U COOTBETCTBEHHO, B K(G, KaKk B pPE3yJbTUPYIOIIEM
MHO>KECTBE KOHIIETITOB M CBsI3€H, KOTOPBIN OyAEeT UCIIOIb30BaThCS Ha Bxone LLM
[15].

Jlns Harero uccieaoBaHus ObLIN MocuuTaHbl MeTpuku KG ScilibRu, nns
BepmnH kiaccupuraropoB Y JIK(https://teacode.com/online/ude/) u I'PHTU
(https://grnti.ru/) u moy4eHbl 3HAYCHHSI METPUK JIJIsI OIICHKU KadecTBa rpada.

o  Obwee xonuuecmao y31086 (|V|) — aucino BepiumH (y3710B) B rpade:

'V|=10813.
o  Oobwee xonuuecmso cesazeu (|E|) — uucio pedep (cBsizeil) B rpade:
|E| = 178728.

e Pacnpeodenenue y3no6 KG SciLibRu mno tumam, tun 1 - KG
MaTeMaTtudeckou sHuukIoneauu [16], tun 2 — KG sHIUKI0NIEIUN
MatemaTudeckon puzuku [17]:

V|1 = 6263,
|V], =3228.
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e Pacnpenenenue y3m0B KG SciLibRu 10O CBS3sIM TIOKa3bIBAET,
CKOJIKO aCCOIIMaTUBHBIX CBs3el (pedep) kaxaoro tumna B KG [1]:

|E|; = 155448 (cBa3b related),
|El, = 11805 (cBs13b use),

|E|3 = 11475 (cBsi3b seealso).
o [Inomnocmv — Mepa 3anoineHHocmu rpada CBI3IMU:
___|E|
vidvi-1)

Jlns wnanpasiaenHoro rpada: V] (|V]-1) - Bo3MOXHOE MaKCHUMaIbHOE
KOJIMYECTBO pedep (KaKIbIi y3ell MOKET HMETh peOpo K Kaka0My, KpoMe ce0s).
[TnotHocTh rpada KG SciLibRu: p = 0.0015.

Huzkoe 3HaueHne MI0THOCTH rpada yKa3bIBaeT Ha €ro pa3pe:KeHHOCTh, YTO
TUIIUYHO U1t TpadoB OOJBIIOro pasMepa (rpad SHIUKIIONE M) 1 00BACHAETCS
TEM, 4TO OOJBIIMHCTBO Y3JIOB CBSI3aHO TOJBKO C HEOOJBIIUM MOJIMHOXKECTBOM
JIPYTUX Y3JI0B MPEUMYIIECTBEHHO B paMKaX TEMAaTHYECKUX B3aUMOCBs3EH
Ka)KI0TO TTOHSITHS.

B rpadpe KG SciLibRu BbisiBneHo 1057 u30JMpOBaHHBIX Y3JIOB THUIIA
Concept, uto coctaBisieT okojio 10% ot oOmero konuuectBa nmoHsATud SjD B
rpade. DTO yKa3bpIBa€T Ha OTCYTCTBUE CBSI3€M ATUX NOHATHUH C APYTUMH
CYITHOCTSIMH, YTO MOJKET CBHAETEIHCTBOBATh O HEJIOCTATOYHOCTH JOCTYITHOM
uH(popMauu B JaHHOU Mog00IacTH.

e Taxke ObUTM OCYUTAHBI MEMPUKU YEHMPATLHOCTU

Haubonee BiusATENbHBIMU y3JIaMU OKA3aJUCh Haubolee oOwujue noHAmMus.
OTO CBUJETENBCTBYET O BBICOKOW B3aMMOCBA3aHHOCTH M 3HAYMMOCTH 3THUX
HNOHSATUA B OXBaThiBaeMbIX SjD. AHaIW3 I1EHTPAIbHOCTH MOATBEPAMI
3HaYUMOCTb ITHX MOHATUHN, IIPX 3TOM BBISIBIII JOMOJHUTENBHBIE Y3ITbI, KOTOPHIE,
HECMOTpPST HAa  MEHBIIYI0O  PacIHpOCTPaHEHHOCTh, OONAJar0T  BBICOKOM
BEPOSTHOCTHOM 3HAYMMOCTBIO B Tpade.

Taxxe B pe3ynbrare aHaiv3a ObUTH BBISIBICHBI Y3IIbI, 3aMBIKAIOIIHECS Ha
ce0s (mpumep sro-rpada «DyHKIUSY, PUC. 2.), TO €CTh UX (KOHIEMTHI U CBSI3H)
HEOOXO0MMO JOTIOTHUTENFHO aHAJIM3UPOBaTh. B MOMCKOBOI BbhIaUe, BEPOSTHO,
ATO MPUBEIET K TyOIUPOBAHUIO.

KauecTBenHblil aHanu3 rpaga mokasaj, 4To €CTh CBSI3U, KOTOpPbIE HE ObLIN
BBISIBJICHBI B Ipoliecce Npeo0paboTKU JaHHBIX, YTO TOXKE, OUEBUIHO, BIMSIET HA
pe3ynbTaT noucka. belia Taxke mosrydeHa KOppessius MexXy SMOSIIMHIaMU U
KJIACCUYECKUMH METPUKAMHU.
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Puc. 2. Oxo-rpad yzna «@yukius» (nmoarpad KG ScilibRu).

B 1menoM, kadecTBeHHBIM aHAIM3 TPHBENT K JOCTpaWBaHUIO rpada u
OHTOJIOTUH OMOJIMOTEKMU.

2.3. Hasuzayusn no oannvim SciLibRu

Hapuranus nmo maaasiM ScilibRu peann3oBaHa ¢ momoiisio KG.

Bepumusr KG  (crathu, TepMuHBL, (Qopmyibsl SjD) — 3K3eMIUISPbI
3JIEMEHTOB OHTOJIOTMH, CBSI3U — CBSI3M Te3aypyca SjD.

JUis omucaHusT OHTOJOTMHM HCHOJB3YIOTCS Cieayromue ¢GopMaibHbIe

OTIpe/ICICHHUS:
OOBEKTHI U PECYPCHI:

OB = {01, ..., On}, where Oi, i=1,..n — mHoM*Cecmeo WHPOPMAIMOHHBIX

0OBEKTOB;

R={rl, ... rm}, 20erj, j=1,....m — mHod*Cecmeo NHOOPMALIMOHHBIX PECYPCOB

(Tunbl THOOPMAITMOHHBIX OOBEKTOB);
TYPE(O)= r - omnoweHue, TAC KaxaomMy HHGOpPMAIUOHHOMY O00BEeKTy Oi
COOTBETCTBYET MH(OPMAITMOHHBIN pecypc 77;
IsRe(rl, r2) - ommuowenue, uepapxun pecypcos, rae r2 (r2 > 0, r2 c rl)
COCTaBIIIET YacTh pecypca rI (moapecypc).

ATpuOyTHI:
A = {al, ..., ak}- mHnoocecmso aTpuOyTOB MH(POPMAIIMOHHBIX pECypcoBa, Z(ai)
3HauUeHUe aTpuoyTa ai.

Hcrounnku Moaeny JaHHBIX:
SX = {(rx, Ar)}, — munoowcecmso nap, T1ie rx U Ar pecypchl U UX aTpuOyTHI,
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G(rx, Ar) = (r, A), G — omHoweHue, HYHKIHS COMOCTABICHUS DJIEMEHTOB
MCXOJTHOM MOJIEH JAaHHBIX ¢ TH(OPMAIIMOHHBIMU pecypcamMu HHPOPMaLIMOHHOM
CHUCTEMBI U UX HA0OPOM aTpuOyTOB.

JlanHbie ucTOYHUKOB: X = (SX, G).

[Ipenmertnas obnacts Te3aypyca Th: Th = (P, T, R), tne:

P - mHooKCECMB0 KOHIIETITOB,

T - mHOMCECmB0 BepOATBHBIX TEPMUHOB KOHIICTITOB,

R - mHOJICECCMB0 BEPTHKANBHBIX W TOPU3OHTAIBHBIX CBSA3CH TEPMHUHOB U
KOHIICTITOB.

F — ¢dynkmus conocraBienusi kKaxaoro nHpopmaimonHoro oowekra u3 OB ¢
COOTBETCTBYIOMUMH TepMuHamu u3 1. F(oi)= {t}, t € T, oi € OB.

Tezaypyc Th onpeneneH njisi OHTOJOTUM CEMAaHTUYECKOW OMOIMOTEKH Ha
sa3pike OWL.

KG onpenensierca Ha ocHoBe RDF cxembl, kak TpUILIeT (s, p, o).

Kaxnaa Tpoiika npeacTtaBisieT co00il ynopsI04eHHbId HAOOp TEPMUHOB
RDF:

cyobekt s €U UB,

npequkarp € U, n

obbexkT0 EU UB UL.

Kpowme Toro, repmun RDF — sto URI, u € U, «niycToii» y3en b € B unu
mutepan [ € L. To ects, KG mydiie Bcero npecrapisercs Ha ocHoBe cxeM RDF,
HO He Kaxjoe npenacraBienue gaHnubix RDF paccmarpuBaercs kak KG.

OcHOBHBIE CBSI3H, KOTOPbIE peain30BaHbl MKy demeHTamu KG:

* 00OBEKT <> OOBEKT;

* KOHIIENT <> KOHIIEMNT;

* 00OBEKT <> KOHIICIT <> 00BEKT;

* KOHIIEIT <> 00BEKT <> KOHIIEIIT;

* KJIacCU(PUKATOP «> KOHLENT <> Ki1accudukarop;

* KOHIIENT <> KJIacCU(PUKATOP <> KOHIIEIT;

* 00BEKT «> KIaccu(PuKaTop <> 0OBEKT;

* K1acCU(PUKATOP <> OOBEKT <> KIacCU(PUKATOP.

2.4. Hcnoavzoeanue oannwvix SciLibRu

MHoxectBo JaHHbIX B BuAe KG uUCHOIb3yeTcsl I CO3/IaHUs
PEKOMEHAATENbHBIX CUCTEM C IpuMeHeHneM LLM nist kommyHukauuu. OHy U3
aKTyaJIbHBIX MpoOsieM mpumeHeHuss LLM wMoxHO copMyIupoBaTh, Kak
ocpaHudenue 3Hanutl, Ha komopuix gopmupyemcs omeem LLM npu obecneuenuu
nOAHOMbL OaHKbIX onucanus SjD. BapruaHnToM peleHus 3To! 3a/1a4l MOKET ObITh
ucnoyib3oBanue KG SjD B KadyecTBE BXOJHOIO MHOKE€CTBA MaHHBIX st LLM
npeaoOydeHHON Ha 00X JTAHHBIX.

B nHamem wucciaepoBaHuM OBUTM MPOBEACHBI 3KCHEpPUMEHTHI [18]
npumenenusi LLM k pabore ¢ SjD ODE B oubnuoreke SciLibRu. Pa3paboTtana
Merononorus B3aumoneuctsuss LLM u KG SjD ODE Ha OCHOBE MHCTPYKIIHUH,
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npuMmeHsieMbix K onucanuto SjD B Bune KG. Ha npumepe SjD ODE wmbl
orpannurBaeM 3HaHus mozenu KG SjD, He 03BOJIAS €l BBIXOJIUTH 32 TPAHULIBI
S/D ODE. Ha BbIXxo/i€ MBI IIOJy4a€M OTBETHI HA €CTECTBEHHOM S3bIKE, ONTUPAsICh
Ha 3HaHUs, MIpeJIcTaBlIeHHbIe B OnbnuoTeke B Buje KG.

B nporiecce 3kcneprMeHTOB ObUTH BBISBIICHBI OIIMOKHU, KOTOPHIE BIUSIOT
Ha Ka4eCcTBO JaHHBIX B OuOimnoreke SciLibRu:

1. CuHTakcuyeckde OIMOKM B  3ampocax. OITO OIMHUOKH B
reHepupyembix Mojaenbto LLM 3anpocax. Hampumep, naumHue «cidmm» B
npenauKaTax, OTcyTcTBue TipedukcoB. JIis WX wucmpaBiieHUs T00aBIISETCS
WHCTPYKLHS HPOMNI.

2. CuHTakcu4ecKkre OommOKd B OHTOIOTHU. OHU BBI3BIBAIOT Y MOJEIN
LLM CnoXHOCTH «B IIOHUMAaHWUW», €CJIHW KJIACChl U CBOWCTBA HEKOPPEKTHO
MMEHOBaHbl WJIM AHHOTUPOBaHbl. J[JI1 WX HCOpaBIEHUS B OHTOJIOTHIO
noOasngercs rdfs:label m rdfs:comment u yuuTbiBaeTcs B AalibHEHIIEM MpHU
n0pabOTKe MOJICNIU JIAHHBIX.

C yuyerom 3TuX omMOOK OBLIM CPOPMYIHPOBAHBI UHCTPYKUMU K LLM ¢
ucnois3oBanueM mojenu KG SjD ODE, nis popmupoBanus SPARQL-3anpocos
10 3aIpocaM IOJIb30BATENS HA €CTECTBEHHOM s3bIke [ 18, 19].

3. O0HOBJIeHNE TAHHBIX

OOHoOBJIIEHHE JAaHHBIX M JajbHEHIIee HaIloJHEHUEe OMOJIMOTEKH,
JOCTpAaWBaHWE OHTOJIOTMU W Tpada 3HAHUK pean3yeTcs TpH uHmezpayuu
HayyHvlX cmameli, KOTOpbIe MPOXOAAT NpeaoOpaboTKy [Jsi 3arpy3ku B
oubnmotexy. B nponecce nmpenoOpaboTKu AaHHBIX ObLT pa3paboTaH eubpuoHbliL
noOX00 Il WHTETpallMM CIa0OCTPYKTYpUPOBAHHBIX JAHHBIX, COAEpPKALIUX
cuMBOJIbHYIO uH(popmaruio (popmynsl B LaTeX). beuin BbIsiBIIEHBI TPOOIEMBI
Ipy  peamu3aliyd  IOAX0Ja, KOTOPhIE pelaNCh MPOTPAMMHBIM ITyTEM,
HaIMMCaHUEM COOTBETCTBYIOIMIMX CKpUNTOB Ha Python. JIs yno6cTBa M3I10XKEHUS
BBISIBJICHHBIC MPOOJIEeMbI HyMepyrOTCs, kKak [I(Homep).

Ortan npenoOpabOTKH HMCXOJHBIX JaHHBIX KYPHAJIBHBIX CTaTed s
HaroJHeHus oudimoreku ScilibRu moTpedoBall aHaIM3a, KaKk CaMUX JIAaHHBIX, TaK
U METOJI0B KoHBepTanuu u3 popmara LaTeX, B craHmapTU3UpOBaHHbBIN popmat
XML, coOTBETCTBYIONINN 3aJaHHBIM CIICIIU(PUKAITUSIM.

3.1. Ilepsuunvlit ananu3 c1adocmpyKmypupo8aHHviX OAHHBIX

ApXMBBI BBITYCKOB BBIOpaHHBIX MEPUOJUYECKUX HAYYHBIX W3JaHUN
xpansitcs B ¢opmare «I'TIT-H.rar» (rme I'TIT — ronx, H — Howmep),
00s13aTeNIbHO cojiepkaT riaBHbIN ucxoaubii daitn — IPL.TEX (Puc. 3.).

C nomoristo ¢aitna [IPL.TEX BeimonHsieTcs: opMupoBaHue BBITyCKa, TPH
ATOM peAaKiueld HCHOJb3YIOTCS CYIIECTBYIOIIME IIa0JIOHBI, 0003HAYEHUs |
aBTOpCKas CTUIMCTUKA puMeHeHus: LaTeX-makpokoMaH.
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e foToBbii PDF-pain

®aiinbl OpOPMIEHUA
Pains crated W KOMNOHEHTOB
DOKyMEHTa

damunnal.tex OBCHAK.TEX

damunna2.tex

Puc. 3. CtpykTypa 0JJHOTO U3 BBIITYCKOB ypHaja BEIOPAHHOTO /JI1 UHTETPALUH

Hns  BblOOpa  cTpaterud  mpenoopaboTKu apX1BOB ObLIH
IPOAHAIIM3UPOBAHBI HEKOTOPBIE MOAXO0Abl U METOJbI, TOCTYITHBIE TP 33/1aHHBIX
(OrpaHUYEHHBIX IO BPEMEHU U MOUTHOCTH ) BEIYMCIUTENBHBIX pecypcax.

B kadecTBe cTpareruu s npeaoOpaboTKu pacCMaTpPUBAIUCH:

A. Cunmaxcuueckuil ananus (napcuwre, parsing) - NocTpoeHre GopMaibHOMU
IrPAMMAaTHKHU U MCIOJIb30BAHHUE NAPCEP-TEHEPATOPOB ISl CO3/IAHUS aHAIN3AaTOpa
HCXOJTHOTO TEKCTa. DTOT MOAXO0/1 TpeOyeT TIATEIbHOU MPOPaOOTKU rpaMMaTUKH
U MOKET OBITh CJIOKEH B peaM3aliiy u3-3a THOKOCTH U paciupsemocTt LaTeX.

b. Ilepeonpeoenenue maxkpokomano - MOAU(PUKALNS CTAaHAAPTHBIX U
nonp3oBaresbckux kKomann LaTeX nna renepanum XML-pasMerku BMeECTO
TUNIOTpaCKOro BBIBOJA. IJTOT METOJA IMO3BOJSET COXPAaHUTh CEMAaHTHUKY
JIOKYMEHTa, HO TpeOyeT riy00KOoro NoHMMaHus cucteMbl MakpocoB LaTeX.

B. Vcnonvzosanue npomescymouHvlx ¢opmamos - KOHBEpTALUS 4depes
npomexxyTounbie ¢gopmarel (DVI, PDF) ¢ mnocnepyromum u3BICUCHHEM
CTPYKTYypbl U coxepxkanus. Ilogxon MOXKET TepATb CEMAaHTHYECKYIO
uH(OpMAIUIO, HO TIPOIIE B peaTU3aIlHH.

I'. T'ubpuonsie pewrenus - KOMOMHAIIAS PA3IUYHBIX TTOAX00B, HAIIPUMED,
UCIIOJIb30BaHUWE  Tapcepa sl 0a30BOM  CTPYKTYypbl  JAOKYMEHTa H
NepeonpeeieHne MAaKPOKOMAaH I JUIsl CEU(PUIECKUX KOHCTPYKIIHIA.

Jl.  Hcnonv3oeanue  Heiipocemesvix  Moodeneu -  UCHOJIb30BaHUE
HelpoceTeBbIX Mojeel s TpaHchopmanuu ucxogHoro tekcra LaTeX B XML.
DTOT MOAXOA MO3BOJISIET TOCTUYb BHICOKOM TOUHOCTH KOHBEpPTALMHU, HO TPeOyeT
3HAUUTEIbHBIX BBIYMCIUTEIBHBIX PECYPCOB U OOJIBIIOr0 00BbeMa JaHHBIX IS
00y4eHHUs MOJIEIH.

Camplil KauyeCTBEHHbIW M YHHBEPCAJIbHBIM MOJAXOJ - MCIOJIb30BAHUE
HEHPOCETEBBIX MOJIENIEH, HO BEICOKHE TPEOOBAHUS K BBIYUCIUTEILHBIM pecypcam
U 00beMy JaHHBIX JUJIsi OOy4YEHUS MOJENU YCJIOXKHSIOT UCIOJIb30BAHUE ATOTO
OAX0/A.

Hcnonp3oBaHne MNpPOMEXKYTOUHBIX (OPMATOB TMO3BOJIAET YACTUYHO
YOPOCTUTh 00pabOTKy, OJHAKO CTAJIKUBAETCS C MpoljemMaMu mpu padoTe co
CTapbIMU U HEMOJEPKUBAEMBbIMH (pOpMaTaMu JOKYMEHTaMH. Takke CO3at0TCs
HaKJIaJHbIE PACXObl HA XpaHEHHE U 00pabOTKy MPOMEKYTOUHBIX (POpMATOB.
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PaccmoTpenst memoost u uncmpymernmsi IipeoOpa3oBaHus TOKYMEHTOB TI0
M3BJICUCHUIO CTPYKTYPHUPOBAHHOM nHpopMaru [20, 21] u3
HECTPYKTYPUPOBAHHBIX WJIM MOJYCTPYKTYPUPOBAHHBIX TEKCTOB, UYTO HMEET
npsMyl0  aHajJoTWIO ¢ 3amgaded mnpeoOpaszoBanusi LaTeX-pasmerku B
ceMaHTH4ecKu ooorameHapii XML.

Yuusepcanvuvie xonsepmepuol: IIpoaHaIn3upoOBaHbl BO3MOXXHOCTH TaKUX
HHCTpyMeHTOB, kak Pandoc u TeX4ht (Ha ganueiit MomeHT penosutopuid TeX4ht
UCIIOJIB3yeT JOMEHHBbICE MMeEHa, 3a0iiokupoBaHHble B P®d, 4ro cymiecTBEeHHO
3aTPYAHSET €r0 UCTIOJIb30BaHUE U BHEAPEHHUE. )

Ilpoepammamuueckue nooxoow (programmatic approach): Pabotsl 1Mo
co3maHuio kacmomuulx napcepos nis LaTeX ¢ ucmonbp3oBaHUEM PETYISIPHBIX
BBIPDOKEHUM, CHUHTAKCHYECKUX aHanu3aTtopoB (Hampumep, ANTLR) wnm
CHEIUATN3UPOBAHHBIX OMOIMOTEK i pabOThl C TEKCTOBBIMU JAHHBIMHU. JTO
MTO3BOJIMJIO OIEHUTH CIIOKHOCTHh Pa3pabOTKH COOCTBEHHOTO PEIICHHSI U €ro
MIPEUMYIIECTBA B IJIAHE TOYHOCTH M KOHTPOJISA HAJ BBIXOJIHBIM (DOPMATOM.

HawnGosee mpocThIM U HAJEKHBIM ITOX0I0M MPECTABISACTCS cUOPUOHDIIL.
KOMOUHayus napcutea 0 0a3o6ot CmpyKmypbl 00KYMeHmMa U nepeonpeoeieHusl
MAKPOKOMAHO OJI5l CNeyu@duuecKux KOHCMpYKYuil U noab308ameNbCKUX KOMAHO.

3.2.  Pazpabomka apxumexkmypul npeoopazosamens UCX00HO20
00Kymenma u nocmpoenue coomeemcmeyrwuie2o XML-0okymenma

Pa3pabotka cucrembl konBeptaumu LaTeX B XML peanuszoBana mytem
CO3JlaHMs JieKcepa (JIGKCHYECKOro aHajau3aTtopa) W mnapcepa (CHHTaKCHYECKOTro
aHaJIM3aTopa), aBTOPCKOT0 TMOPUIHOTO «KOMIUJsTOpa» [22, 23, 24].

Jis  Havasa Obul  TIpOJENaH  AKCIEPUMEHT, 4TOoObl  M30ekKaTh
CaMOCTOSITEJIbHOIO ~ HalMCaHWsl  JieKcepa M mapcepa IMpU  YCIOBHH
YHHUBEPCATHbHOCTH UX MPUMEHEHHs ObLTa MPOM3BeIeHa TECTOBast cOOpKa (ailioB
C TIOMOIIIBIO CYIIECTBYIOIUX cucteM coopku LaTeX.

Coopka @aitnos. Hecmotpss Ha Hanumume coOpaHHBIX B apxuBe PDF-
¢aiinoB, ObUIO MPUHATO PEIICHUE MPOBECTH TECTOBYIO COOPKY, Jisi TPOBEPKU
BO3MOXKHOCTH  HMCIOJIb30BaHUSl  PEIICHUS, OCHOBAHHOTO Ha TEeHEpaIuu
POMEKYTOUHOTO (haiia.

B xone coopku 0b11H BeIsIBACHBI poOsemsl (110.- I11.):

I10. KogupoBka.

Koauposka gaitnos nmpoussenena B CP866 (Takxke nzBectHa, kak IBM866).
CP866 — «anbTepHaTUBHAs KOAUPOBKa», ocHoBaHa HAa CP437, ornuuaercs tem,
YTO OOJBIIMHCTBO CHCIIU(UIECKUX EBPOTICHCKUX CHMBOJIOB B BEPXHEH MOJIOBUHE
(mozumusix 0x80 - OxFF) xomoBoi TaOnuIel 3aMEHEHO Ha OYKBBI PYCCKOTO
andasuta, a IceBIOrpadUuECKre CUMBOJIBI OCTABIICHBI HETPOHYTHIMU.

Komuposka CP866 paspabotana B mape ¢ OCHOBHOW KOJIUPOBKOH (C
KOTOpPOM COBMajaeT 1o Habopy CHUMBOJIOB) B cepeauHe 1980-x T010B B
BoruncnurensHom 1eHtpe Akagemun Hayk CCCP [25]. Drta koaupoBKa
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M0JIB30BAIACh OOJIBIION MOMYJISIPHOCTHIO CPEAM COBETCKUX MoJib3oBareneli IBM
PC-coBmectumsix 11K.

Bce kupummnueckre CUMBOJIBI HEUUTAEMBI B UCXOJHOM BHUJE, B CBSI3U C
yeM, BCTajia 3ajiaua nepexkoaupoBKku (aitioB B koaupoBky UTF-8, kak ocHOBHYO
CUCTEMY KOJHUPOBKM JOKYMEHTOB JJsi TOJABIAIONIETO  OOJBIIMHCTBA
MOBCEIHEBHBIX 3a/1a4 JJ1s1 TekcToB B LaTeX.

[Ipo6nema I10. Obina pemena. st mpeoOpazoBanus (aiaoB HamuvcaH
CKpUIT Ha s3bike Python, n3aMeHsroNMii KOMUPOBKY ¢ COXpAaHEHHUEM MCXOHOTO
daiina ¢ pacmmpenuem «.backup». B xome paGoThl BBISICHUIOCH, YTO
CYIIECTBYIOIINE MEXaHU3Mbl OOHAPY>KEHHUS KOJIUPOBOK (pa3Hble BEPCHH
uchardet) me ompenensror CP866 koppekTHO (BO BCeX cClydasiX KOAMPOBKA
onpeneneHa kak Typeukuid noarun [SO). Oto cBsazaHo ¢ tem, uto CP866 —
CIMHCTBEHHAs: WM OJHAa M3 HeMHorux [BM-o0Opa3Hbix TaOmuIl, MOTYYUBIIUX
JIOCTATOYHO IIIMUPOKOE PACHPOCTPAHEHHWE M TIPU OSTOM HE BOIICIAIINX B
crienudukamuio 1SO.

II1. Cnenudguyeckue OUOJIHOTEKH

HexoTtoprie Oubmuoreku (B 4yacTHOCTH, «acad.sty») He coaep)karcsi B
OCHOBHBIX perno3uTopusix u mnakerax mnoctaBku LaTeX-cuctem Ha Linux-
nuctpuOyTuBbl, a CTAN 0OoJiee HE CUUTAET MAKET aKTUBHBIM.

[Ipodnema II1. He pemena. Ilpenmnonaraercs BO3MOXKHOCTH M0A00pa
TpeOyeMoll Bepcud M TapaMeTpoB COOpPKM OUOIMOTEKHM PYUYHBIM CIIOCOOOM,
OJIHAKO KOJMYECTBO BPEMEHH U PECYPCOB, KOTOpbIE HEOOXOAMMO ISl 3TOTO
3aTpaTUTh HEIEeIecOO0pa3HO B CPAaBHEHUHM C IMPEANOJIaraéMbIM IOJE3HBIM
pe3yJbTaTOM.

B pesynbrare oskcmepuMeHTa C TECTOBOM cOOpkoil (aitioB ObLIO
BbIpa0OTAaHO  pelleHue,  pa3pabOTKM  COOCTBEHHOrO  JIEKCepa-mapcepa
(xkommusiTOpa) U mocieayromuii TpaBepc AST (Abstract Syntax Tree).

1. BapmaHT ¢ MCHOJIb30BAHMEM HEHWPOCETEN HE PACCMATPUBAJICH KaK
W3JIUIIHE BPEMSI-, PECYPCO- U TPY03aTPATHBIN.

2. BapuaHT ¢ HCHNOJB30BAaHUEM MPOMEKYTOUHOTO TMPE/ICTABICHUS
TpebdoBal KOMITMIIUPYEMOCTU cOOPKHU, uTO He yaanochk (I11).

3. ABTOMaTHOe pelieHHe camo Mo cebe He akTyalbHO U He
COOTBETCTBYET MacIITady MOCTABICHHOM 3a/1auH.

BriOpanbl cymectBytomue reneparopsl rpammatuk (ANTL4 + Python).
Paznenenue Ha nekcep U mapcep HE OCYIIECTBISUIOCH, €AMHAs TpaMMaTHhKa Oblja
chopMHpOBaHa C LENbI YIPOIIECHUS OpraHU3allud MPaBWII M YNpPaBICHUS
KOH(UTypaluei.

3.3. Peanuzayus npomomuna Koneepmepa, y00eiemeopAarou,e2o
3a:A671€HHBIM MPEOOBAHUAM

B uucne npenocrtaBieHHbIX 111 paboThl (paitioB ObL1 mpumep dopmata
XML, koHBepTanui B KOTOPBIM TpeboBagoch ocymecTBuTh. C  1eNbIo
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oOJIeryeHus U yCKOPEHUsl OTJIaJKH OBUTM COCTaBJICHBI MOJEIBHBIC MPUMEPHI
KOPPEKTHBIX BXOJIHOTO U BBIXOJHOTO (haiiia.

B npouecce ananuza ucXoIHbIX (aNIOB A TOCTPOEHUS MOIEIBHOTO,
BBIICHWIIOCH clienyroiue npooiemsl (I12.-114.):

I12. ITosb30BaTEILCKHE MAKPOKOMAH/bI

Bce (unu moutu Bce) (hailyibl ¢ «IIOJIE3HBIM COJIEPKUMBIM», TO €CTh,
nexiapatuBHbiM LaTeX-koaoM, peCTaBICHHbIE B MPEIIIOKEHHOM IIPUMEPE,
coJiep>KaT ONpeIeTIeHUS MM0Ib30BATEIBCKIX MAKPOKOMAaH/, HEPEIKO BCTPEYAETCS
NIEPEOTIPEEIICHHE, 3aMEIIEHUE OJHOM MAKpOKOMaHIbl JPYroi, IPU 3TOM HE
Bcerga C coxpaHeHueM cmbicia. B camom (aitne IPL.TEX kommdectBOo
coJiepyKaHue MEePeonpeeIeHNI TaKkkKe HECTaOMIIBHO U MEHSAETCS OT BBINYCKa K
BBIITYCKY. BeposiTHee BCero, 3T0 CBS3aHO C PAa3IMYHOM TEMATUKOM BBIITYCKOB
(Hanpumep, onpenenenue D 11t ObICTporo HauepTaHus AUCTIEPCUU AJIs BBITYCKa,
MOCBSIEHHOTO TEOPUU BEPOSITHOCTEN ).

JlanHast mpo6JieMa CyIIECTBEHHO OCJIOKHSET Pa3paboTKy KOMITUISTOPHOTO
peumieHUss W B OYEpPEAHOW pa3 yKa3blBaeT HAa yA0OCTBO HATUBHOI'O
(ONTUMU3UPOBAHHOIO JJII KOHKPETHOTO Ciyyas) peleHus (HUCIoIb30BaHUs
CYLIECTBYIOIIUX CHUCTEM COOpKM I TEHEpaluu MPOMEXYTOYHOTO WIH
KOHEUHOro (haiiya u mocieayrliieii 00paboTKU TaKOBOTO).

[Ipo6nema II2. pemena. [ns ycrpanenus Obu1 Hanucan Python-ckpunr,
KOTOPBIN B JIBa MPpoxXoja 1o ¢aiaam Iporu3BOAUT PACKPHITHE TIOJI30BATEIIbCKUX
MakpocoB (3amuch-packpeiThe: 2 mpoxona). [Ipm 3ToM mosb30BaTeIbCKuE
MaKpochl (Takue, KOTOpbIE OIpeieeHbl B aiinax cTaTeil) UMEIOT IPUOPUTET HAJl
rno0anpHbIMU. JlaHHOE nelcTBHE OTHOCHUTCA K MNpeAoOpaboTKe MaHHBIX U
BBITIOJIHSAETCS. 10 3allyCKa HEMOCPEICTBEHHOIO pPEUICHUs, AHAJIOTUYHO C
IPOrpamMMOi CMEHbBI KOJUPOBKH.

HanuvcaHHBIN NPOTOTUIT yCnewHo KOHEEPMUPOBAL MOOEIb bl UCXOOHbIU
Qaiin 6 mooenvhblll yenesol ¢hatln, OMAPASCh HA OYCBHUIHBIE CEMAHTHUCCKHEC
Mapkepbl (Hampumep, (opmatupoBaHHas cTpoka «JlokazaTenbcTBO» IS
OTJICICHUS JTOKA3aTeIbCTBA MPUCYTCTBOBAjA BO BCceX (paiiylax B TOM WJIM MHOM
BHJIC.)

I'pammatuka st moaenbHOTrO (haitma 3anmumana 107 ctpok 6e3 ydera
CONPOBOAUTENIBHBIX TOMETOK.

B xone peanuzanuu rpaMMaTtuKH Ui «pabodero», a He MOJEIBHOIO
daiina, o0bEM rpammaTuku ObICTpO BbIpoc 10 ~400 ctpok, a ANTLR-
reHepupoBaHHbie Python-iporpammsl ctanu HectaOuibHbBIL. [losBUIHCH OIIMOKH,
HaIpumep, pazdop TEKCTOBOTO CErMEHTa KaK MpaBuiia Mociie MepeBo/ia Ha HOBYIO
cTpoky (cumBoJ ab3ama B LaTeX - «\\», npu 3Tom LaTeX-npaBusia HaUMHaIOTCS
C «W).

I13. ANTLR4 u c10:KHbIe TPAMMATHKHA

B xone paboThl HaJ MpakTUUYECKON T'PaMMaTUKOW CTaJI0 OYEBUIHO, YTO
¢dpeiimBopk ANTLR4 npencrapnsier co00il MOIIHBINA U pacUIMPIEMbIil TeHepaTop
napcepoB Mo 3agaHHbIM npaBuwiaM. OxgHako xoHurypauus ANTLR4 ctporo
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dbopManr3oBaHa U HE AOMYCKAET PyYHOTO YIIPABJICHUS U BPEMEHHOTO OTX0/Aa OT
CTPOrUX MpaBWJ peaiu3aliy rpaMMaTUYECKUX MPaBUIl 00paOOTKU SI3bIKA, UTO
OCJIOKHSIET pa3paboTKy MPaKTUYECKUX JIEKCEPOB U napcepoB. B yactHocTH, ipu
peanu3anuy peKypCUBHOIO CITyCKa BpYYHYH0, BO3MOYKHO pEalin30BaTh «HAUBHBIN
lookahead» myTem mowncka 3aKphIBAIOIIETO TAra ¢ yIIyOJICHUEM PEKYpCUH TPU
obHapyxeHuu moBTopHOTO OTKphIBaroiiero. C ANTLR4, kak u ¢ JIF0OBIM IpyTruM
TE€HEPATOPOM 3TO HEBO3MOXKHO.

I14. ANTLR4 u npaBmia

HecMoTpss Ha otnuyHyro paboTy TeHepatopa Ha MOJENbHBIX (ainmax,
MOTBITKA TMPUMEHUThL €ro Ha TMPaKTUKE CTOJIKHYJIACh C  MPOOJIeMOit
KOH(DJIMKTYIOMIMX MPABUJI, & TAKKE HETPUBUATILHOM MPUOPUTETHON OUEPETHOCTH
COCTaBJICHHBIX BbIpaxkeHU. K MOMEHTY, Korja rpaMmaTuka 1Jis MPakTUYECKOro
daiina gocturina ~400 cTpok U ee OTJIaAKa crajga MpoOJIeMaTUYHOM, CTajo
OYEBHUIHO, YTO HCIOJB30BaHUE (PYHKIIMOHAIA TPaMMAaTHYECKUX TE€HEPATOPOB
HEO0OXOMMO MEPECMOTPETb.

B pesynbpraTe mpoiecca paclidpeHusi NPOTOTUIIA CTAJO0 OYEBHUJIHO, YTO
ucnons3oBanue ANTL4 conpsbkeHO ¢ HEOOXOAUMOCTBIO  CUMTAThCA  C
0COOEHHOCTSIMU Moaxofa. Tak Kak NOAJEpKKa TPYIHOOTIAXKMBAEMOU H
c1aboynpaBiIIeMO CUCTEMBI OCIIOKHSIET MPUMEHEHUE U BHEIPEHUE PEIICHMUS,
BHHMaHKE ObUIO 0OpAIEHO Ha CYIIECTBYIOIINE PEIICHUS JIEKCUHTa U TAPCUHTA.

3.4. OueHka 3()(peKTUBHOCTH NPENJI0KEHHOT0 MOAX0AA MyTeM
JKCINEPUMEHTAJIbHOI0 TECTHPOBAHNUS M CPABHEHUS Pe3yJbTATOB C
CYILIECTBYIOIIMMH AHAJTOTHYHBIMH HHCTPYMEHTAMH
TpaBepc CyIlIECTBYIOIIETO AEPEBA
Ilocmanoeka: B cBsI3M ¢ UCKIIOYUTEIbHOM ClI0KHOCTBHIO LaTeX, nmmeer
CMBICII HKCMOJIb30BaTh CYLIECTBYIOIIYKD CHUCTEMY aHald3a s3blKa A
dopmupoBanuss AST, 1O KOTOPOMY TPOU3BOJUTH TpaBepC, TO €CTh,
BOCIIOJIB30BAThCSI CUCTEMOM KaKOTro-IM00 CYIIECTBYIONIETO JeKcepa U mapcepa
LaTeX nins 6osiee KOPPEKTHOTO M KAYECTBEHHOTO pa3dopa TeKcTa.

boin paccMOTpeHbl OCHOBHBIE MOMYJISIPHBIE <«JIBIDKKH»: pdftex, xetex,
luatex, bibtex, miktex. B xome aHamm3a BBIICHHIOCH, YTO KaK TaKOBOIO,
noctpoeHus: AST OHM HE IPOU3BOLAT.

I15. LaTeX-komnuiasiuus

Bce ocnoBHble cuctembl KOMNOHOBKHM LaTeX B BH3yaJlbHO uMTacMble

dbopmaThel BMECTO JIEKCHHTA M MApPCUHTa, Je-(aKTO PaCKPHIBAIOT BCTPECUCHHBIC
MaKpochl 3apaHee WIM JUHAMHUYECKU OmpelesieHHbIM oOpazom. IlosTomy,
UCIIOJB30BaTh CYIIECTBYIOIIEE AaOCTPAaKTHOE CHUHTAKCUYECKOE JEpPEBO HE
MOJIYYUTCA U3-3a €r0 OTCYTCTBHS.

B cBsi3u C BBIAICHEHHEM JaHHOTO OOCTOATENHCTBA, MPHUHITO PEIICHUE

onpoOoBath aApyrue cucteMbl LaTeXML u miiockuit LaTeX.

LaTeXML. Mounas cucrema, HantucanHas Ha Perl, npenna3znauennast ais

npeodpazoBanus nokymeHTOB LaTeX B paznmuunsie XML-dopmaTel, BKItOUas
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XHTML, MathML, DocBook u npyrue. LaTeXML co3nana sHTy3mactamu u
npuMeHeHa B mpoekte arXiv s re’epanuu HTML-cTpanuiy u3 maccuBHOM
OMOJMOTEKHM  HAKOIUIEHHOW HayuyHoWM Jureparypel. LaTeXML  wumeer
pacuMpsieMyl0  CUCTEMY  KOH(UIypaluu, BEpOSTHOCTHO-IBPUCTHUECKUE
MEXaHU3Mbl pelIeHUs] KOH(IMKTOB M OWIMOOK, a TaKXKe MOJIIEPKUBACT
cnenudukanuo TpedyeMoro BeIxo1HOTO (hopmarta B Buje XML-mabnoHa.

I16. LaTeXML

OCHOBHBIMU HEOCTAaTKaMH OKAa3aJIMCh: HECIMOCOOHOCTh HCIOIh30BaTh
ceManTuueckue mapkepbl (He-LaTeX KomaHIbpl) B KadyecTBE YIPaBISIONINX
CUMBOJIOB Il TpaBWJI O€3 BMEIIATEIhCTBA B CUCTEMY pa30opa HCXOJHBIX
(baioB; BHICOKHI TOPOT BXOXKJICHUS [ KOPPEKTHOW HACTPOUKHU IIaOJIOHOB H
COOCTBEHHBIX MAaKpOCOB; TpeOOBaHHE K HMCXOAHOMY (aiily JOJKHO OBIThH
MPEACTABICHHBIM B BHUAE OTIEIBHO CTOSIIETO, HE MMEIOIIETO 3aBUCHUMOCTEN
(ecTh MoaEpIKKa 3aBUCUMOCTEM, HO B paMKax 3aJlaud OHAa HE UMEET CMBICIIA, T.
K. TpeOyercss ckopee oOpaTHbli pa3zdop (daiina — NOAKIIOUYCHHE
uMIoptupyemoro (aisia B UMIOOPTUPYIOMIMI (ailT BO HM30€KaHHUE CIHSHUE
cTaTei).

ITocne HECKOJBKUX TOMBITOK TMOCTPOUTHh KOH(PUTYpAIIUI0 C Y4YETOM
CEeMAHTHUYECKUX MapKEPOB W 3aBUCHUMOCTEH, OBLIO PEIICHO OTKAa3aThCid OT
LaTeXML kak oT cuctembl, He moaxoasimieit a1 ganHou 3amadu (116.). Cramo
HEOOXOAMMO  pa3pemiuTh  OpoOJeMbl  OpPraHM3alldd  UMIIOPTOB |
MOJIb30BATEILCKUX MakpocoB. MIMeHHO Ha 3TOoM »JTame Obula peaiM30BaHa
pabouasi cuUcCTeMa pPaCKpBITHS OOJIBIIMHCTBA MAaKpOCOB METOJIOM JIBOMHOTO
npoxoja o ¢anty

Inockuu LaTeX. Nues mmockoro LaTeX 3akmtodaercss B CIEAYIOLIEM:
4TOOBI M30€KaTh CIOXKHOCTEHW B BHUJIE Pa3peIICHUs 3aBUCUMOCTEN U PACKPBITHS
M0JIb30BATEIbCKUX MaKpPOKOMAaHJ, MOXHO CJeNaTb OOpaTHOE — CIHTh BCE
cTaTb B enuHbId BbIXogHOW LaTeX-¢aiin, B KOTOPOM pPacKphiTh BCE
MaKpOKOMaH/IbI C YI€TOM MIPUOPUTETA U 00JACTH BUIUMOCTH.

Peanuzanus aroputma cocTosiia U3 JByX MOANPOrPaAMM:

1. Ilporpamma packpbITHSI MAKpPOCOB

2. IIporpamma pazpernieHus OAKITIOYCHUN 3aBUCUMOCTEH 1 00BeIUHEHUS
TEKCTa

1. Ha nepBoM nipoxojie asiroputm GoKycupyercs Ha UIeHTU(DUKAIIUY U
W3BJICUCHUN OMpeesieHn MakpokoMania. B pamkax nanHou ¢asel Python-
CKpUINT OCYUIECTBIIIET UTEPATUBHOE CUMThIBaHUE HcxoqHoro LaTeX-nokymenra
(moctpouHo unu Onokamu). [IpuMeHsIOTCS crienUanTu3upOBaHHbBIE PETryJsipHbIC
BBIPOKEHUS I OOHAPYKEHHMS] CHUHTAKCUYECKMX KOHCTPYKIUMH, TaKuUX Kak
\newcommand, \renewcommand, \def, a Takxe \newenvironment. [Ipu ycnenrxoi
BAJIMJIALIMM TAKOTO OIPEJEICHUs MPOU3BOJUTCS COXPAHEHHE MMEHH MakKpoca
(manpumep, \myMacro) W ero accOIUMUPOBAHHOTO Teia (CTPOKOBOM
penpe3eHTaIy, Ha KOTOPYIO JOJIKEH OBITh IPOU3BEACH 3aMEIIAIOIIHIA TIPOIECC).
OTH mapbl «KJIIOY-3HAYEHUE» (MM Makpoca: TeJl0) XpaHATCS B CloBape
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(ucnonb3yercsi Python). Ha nanHoM stame HemocpeiacTBeHHas MOAU(UKAIIHS
UCXOMHOTO (hailla HE OCYIIECTBISAETCS; MPOUCXOJIUT HUCKIIOUUTEIBHO
aKKyMYJIMPOBAHHE MaKPOCOB.

2. Bropoii npoxoa npeaHazHayeH AJis HENOCPEICTBEHHOTO PACKPBITUS
MaKpOKOMaHJl. AJTOPUTM OCYILIECTBJISET TOBTOPHOE CYHUThIBaHUE (WM
OTNIEPUPYET C yXKe 3arpy’>KCHHBbIM B OMEPATHUBHYIO MaMsiITh KOHTeHTOM) LaTeX-
daiina. [l kaXa0ro CerMEHTa TEKCTa, IPUMEHSIOTCS PETYJIAPHBIC BRIPAKCHHUSI,
CKOH(UTYpUpOBAaHHBIC IS TOWCKA BBI3OBOB (MHBOKAIIUW, BBITTOJHCHUH
MOCJIEIOBATEILHOCTH KOMaH/I, 3alIMCAHHBIX B MAaKpOCE) MaKpOCOB (HampuMmep,
\myMacro unu \myMacro {apryment} ). [Ipu oOHapykeHUr MHBOKAITUU MaKpoca
ero wuaAeHTH(PUKATOp BepudUIMpyeTcs B cloBape, CPOPMHUPOBAHHOM Ha
npeapiaymeM mnpoxoxae. Jlamee, ¢ wucnonb3oBaHueM (yHKIHOHANa re.sub()
oubnuotexu Python, oOHapykeHHOE HCIOJIB30BAHUE MaKpOca 3aMEIIAeTCsl €ro
COOTBETCTBYIOIIMM TEJIOM W3 cioBaps. B ciydae, ecnmu Makpoc mpeamonaraet
HaJIMYHE apTYMEHTOB, PETYISIPHOE BRIPAXKEHUE JOJIKHO OBITH CKOHCTPYHPOBAHO
C IOCTaTOYHOM CIIOKHOCTBIO IS 3aXBaTa dTUX apTyMEHTOB M UX TOCIICTYIOIICH
napaMeTpHu3alii B TeJe Makpoca JI0 OCYIIECTBIICHHUS OMNEpaliy 3aMelleHUs.
JlaHHBIN TIpOIIeCC umepamueéHo NOBMOpsemcsi 10 MOMEHTa PAaCKpPBITHS BCEX
M3BECTHBIX MakpocoB. Ecnm ompeneneHne Makpoca HESIBHO COICPKHUT APYTHE
MaKpOCHI, JaHHBIM MPOXOJ] MOXKET MOTPeOOBaTh IMUKIMYECKUX 3aMEIICHHH [0
MOJIHOTO  PACKpPBITUSI BCEX BJOXKEHHBIX CTPYKTYp, YTO OOECIeUYMBaAECT
JETEPMUHUPOBAHHOCTH KOHEYHOTO pe3yJIbTaTa.

II7. OrcyrcTBHE pa3rpaHUYeHus]

HecMoTpst Ha TO, 4TO pacKphITUE MAaKpPOCOB ObUIO MPU3BAHO MOBBICHUTH
aerkocth pazdopa LaTeX, oOHapyX uiaoch, YTO HEKOTOPHIE MaKPOKOMAHJIbI
ynoOHee mMapcuTh 0o packpbiTusa. Hampumep, Makpochl 3arojioBKa CTaThH,
aBTOPOB, KJIFOUEBHIX CIIOB | T. JI. TOPa3io yaoOHee o0pabaTeiBaTh 10 PACKPBITHS,
T. K. TIOCJIC PACKPBITHUSI OJTHO CIIOBO MAaKpPOCa MOXKET MPEBPATUTHCS B CIIOKHYIO
cuctemy LaTeX-komana, He IPEICTABISIONINX HHTEpEca I pa3dopa.

B pesynbrare, B MOCHENOBATENBHOCTh JEHCTBUI ObUIa BHECEHA
KOPPEKTUPOBKA, @ UMEHHO: NPO2PAMMA 00 NEPEO20 NPOX00a CUUMbIBAEm CNUCOK
«3anpemmvix» MAKpOKOMAHO U3 YKA3AHHO20 ¢haina u ucHopupyem ux npu
PACKpbIMuUU.

ITocne mostyyeHUss HECKOJBKUX JK3eMIULIpoB Iiockoro LaTeX crano
OYEBHJIHO, YTO CUTYyaIUsl YIy4lIUIach, OJHAKO 00pabaThIBaTh Takou (aiis ctao
cnoxuee (I17, I18.).

I18. boabuiue miIockocTu

OueBuHO, YTO C POCTOM pa3zMepa daiiia, jJerde ero oopadaThiBaTh HE
cTtaHoBHUTCS (B OosbIIMHCTBE ciydaeB). OOpaboTka MOJHOTO TEKCTa BBHIMTyCKa
KypHajia OKa3ajlaCh HEBEPHBIM PEIICHUEM IO Py PUYNH:

A). B KauecTBe pe3ybTaTa pad0oThl 0XKHIATTUCH pa3iebHbIe (halliIbl CTaTeH,
a He MOHOIMTHBIM XML-xypHau,
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b). ¢ poctom pasmepa daiina yBenTuyMBaeTCI HEOOXOMUMBIA OOBEM
PECYPCOB  BBIUMCIIMTEIBHOW CHCTEMBI, BpeMsi 00pabOTKH, OCIIOXKHSIETCS
00paboTKa M HUBEJIMPOBAHUE OLIHNOOK.

B cBs3u ¢ 3TUM HE00X01UMO MOIUPUITUPOBATH HAOOP IIPOTPaAMM: 8MECHIO
00veouHeHus (haiinos 6 eounsiil MoHoaumubsli naockuti LaTeX, kasxcoas cmamucs
npugooumcs k niockomy LaTeX unousudyanvro u obpabamvliéaemcs agmopcKum
JleKcepoM U napcepom.

[Tpu mopa®oTke TAHHOTO PEIICHUs] PEKOMEHYETCsl POBECTH paboTy HaJl
YTOYHCHHEM BO3MOXKHBIX BapHalMii OJHOTHITHBIX KOHCTPYKIWW (Harpumep,
pa3HBIX BHJIOB ONpeEACIICHUsT MaTeMaTHIecKux hopmyit: «\equationy, «»$, «$$»,
AN\, \O», ...).

Takke WMEeT CMBICT TIPOU3BECTH PACUETHYIO OIEHKY aOCTpaKTHOU
TOYHOCTH PEIICHHSI, TAK KaK Ha JAHHBI MOMEHT B XOJI¢ TPAHCIISIINH OITUOO0YHBIE
MeCTa MOT'YT IPUBOJANTH K OSCKOHEYHBIM IIMKJIAM U KPUTHUYCCKHM OIIHOKAM.

Bce mepeuncieHHbie MpOOIEMBl YIUTHIBAIOTCS B TPOIECCE Peann3aliin
npeaoOpabOTKU U 3arPy3KU HOBBIX JAHHBIX B OMOJIMOTEKY.

4. 3akiao4YeHue M BbIBOJAbBI

B pesynbrare uccnenoBaHusi Obliia MPOBEJEHA OIIEHKAa KAa4ecTBa JAHHBIX
oubnuotrexku ScilibRu, BBISIBICHBI HANpPABIEHUS JIJII UX COBEPIICHCTBOBAHMS,
KaK Ha JTamne 3arpy3k (mpenoOpaOOoTKH MaHHBIX C TOMOIIBI0 THOPUIHOTO
NOJIX0/1a) TaK M Ha ATane focTpauBaHus ontonoruu u KG. IlpuBenensl npuMepsl
unterpaunu LLM ¢ KG SciLibRu nji1 KOMMYHUKAIIMM Ha €CTECTBEHHOM S3bIKE.
[Tonyyen HaOOp CTPYKTYpUPOBAHHBIX JAHHBIX, KOTOPBIA MOMKET OBITh
UCITIOJIb30BaH AJi1 00yueHus: LLM Ha KopIiyce MaTeMaTUYECKUX PYCCKOS3bIUHbIX
Hay4HBIX CTATEH.

JlanbHe1ne ucciieJ0BaHus HapPaBJIEHbI Ha yJIyYIIEHHE KAYeCTBA JaHHBIX
SciLibRu ¢ uenbto (GopmMupoBaHus jgatacera s paborel LLM ¢
PYCCKOSI3bIYHBIMH HAyYHBIMH TEKCTAMM.

PaGora mpencraBiena B paMkax  BbImoiaHeHUs — Tembl  HUP
«MaremaTtnueckue METOJbl aHalu3a JAAHHBIX U NporHosupoBanus»y OUL[ UY
PAH.
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