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HPUMEHEHHUE AJIT'OPUTMOB
ABTOMATHUYECKOI'O U3BJIEYEHUA KJIIOYEBBIX CJIOB
U MOJEJIEM BEKTOPHOTO ITPEJCTABJIEHUS CJIOB
B 3AJAYE AHAJIN3A OBPA3OBATEJIBHOI'O KOHTEHTA

HpOBeHéH 0630p MOMYJSAPHBIX MOAXOAO0B K M3BJICYCHUIO KIIFOUCBBIX CJIOB MPUMCHUTCIIBHO K 3a/1a4€ aHalin3a 06pa—
30BarCJIbHOIO KOHTCHTA (pa6oq1/1x nporpamm Z[I/ICHI/IHJ'II/IH). B XOAC DKCIICPUMEHTA IO OLICHKC Ka4u€CTBa pa60TLI all-
TOPUTMOB H3BJICUCHHSA KIIIOYECBBIX CJIOB, HE Tpe6y}01111/1x TpeHHpOBO‘IHOﬁ BI)I60pKI/I, ObLI MPEeAJIOKEH OAXO0A C UC-
MOJIb30BAHUCM MOAECTIN BEKTOPHOTO MPEACTABICHUA CIIOB WOI'dZVGC, pemaromeﬁ HpO6J'I€My CCMAaHTUYCCKOI'O pa3pbiBa
IIpyu CPAaBHCHUU PE3yJibTaTa pa60TI)I AJITOPUTMOB C TCCTOBBIMU Ha60paMI/I, COCTAaBJICHHBIMU JKCIICPTAMU.

Beenenne

B ycrmoBusx yBenmWYeHHS KOTUYECTBA OCTYITHBIX
BApPHAHTOB IOJIYYCHHUsI BBICIIETO MPO(EecCHOHAIBHO-
ro oOpazoBaHUs C BBHICTPAWBAHUEM WHAMBHIYaTbHBIX
00pa30BaTeIbHBIX TPACKTOPUH HAONIOAACTCsT OBICTPHIN
MPUPOCT 00BEMOB CYIIIECTBYIONIETO 00pa30BaTeIbHO-
ro KOHTCHTA: y4eOHBIX MAaTePUAIOB, 00pa30BaTeIbHBIX
mporpamMM, HporpaMM KypcoB, pabouux IporpamMm
JTUCIHILTUH, (GOHIOB OICHOYHBIX CPEACTB M T. m. Jlo-
KyMCHTAIIUs IO 00Pa30BaTEIbHBIM IIPOTPAMMaM PETy-
JSIPHO aKTyaJIH3UpyeTcs U mepepadarbiBacTcs 00paso-
BaTCIBPHBIMI OPTAaHU3AIUSIMHU B YCIOBHSAX ITOCTOSHHO
U3MEHSIOIINXCS TPeOOBaHUI 00pa30BaTEIBHBIX U TPO-
(hecCHOHANBHBIX CTaHIAPTOB, MOTpEeOHOCTEH paboTo-
naTeJien.

B Hammem nccne1oBaHIN MBI paCCMaTPHBAEM BO3MOXK-
HBIC BapHAHTHl MHTCIUICKTYAIFHOTO aHalu3a o0pa3oBa-
TEJNIFHOTO KOHTEHTA C [IENBI0 aBTOMAaTH3aIMU IIpoIiecca
00paboTKK OONBIINX MACCUBOB CIA0OCTPYKTYPHUPOBaH-
HBIX TaHHBIX 00 00pa30BaTeNBHBIX IPOTPaMMax, 4To I10-
3BOJIMJIO OBI 3HAYUTEIBHO YMEHBIIUTH HATPY3KY Ha Tep-
CcoHa 00pa30BaTeNBHBIX OpTaHM3aINHi, YIPOCTUTDH
mporecc pa3pabOTKU U aKTyalu3aluu 00pa3oBaTeIbHO-
ro KOHTCHTA U B KOHCYHOM HTOTC IMOBBICHTH KaueCTBO

00pa30BaTeNbHOrO KOHTEHTA U YPOBEHb ITOJTOTOBKH BbI-
ITyCKHHUKOB.

B npensiaymieii padote [1] paccMarpuBanuck pa3iny-
HbIe (OopMaThl TIPEJCTABICHUS WHPOPMALIMK O Kypcax
1 00pa30BaTeNbHBIX MpOorpamMmax B 00pa30BaTeiIbHBIX
YUPEXKICHHUSAX TI0 BCEMY MHUPY W aHAJIH3HPOBAINCH OC-
HOBHbIE KOMIIOHEHTHI JaHHBIX TOKYMEHTOB. B Hareii
TEKyIIeH eI TeILHOCTH MBI C()OKYCHPOBAITUCH Ha POO-
Jeme aHanu3a pabounx nporpamm aucuuruind (PII0) —
odpunmasbHOro  (opMara MPEACTABICHUS  JAHHBIX
00 o0pa3oBaTeNbHBIX Kypcax, peryiaupyeMoro oopaso-
BaTCIBGHBIMHU CTaHIAPTaMHU, YKa3aMH U HHCTPYKIUSMH
MunucrepcTBa 00pa3oBaHus U Hayku PO.

AHanu3 cTpyKTypsl U KoMnoHeHToB PII/{

[Tocne u3y4yeHus: pa3aUyuHBIX MPOrpaMM TUCIMILIHH
ObUTa TpeIOKeHA CIEAYIOIAsl MOJENb, OTpaXKaromas
CTPYKTYpy OpOTpamMMbl JUCHUIUIMHBI Kak TOKYMEHTa
(pUCYHOK).

Bonee peranmpHO paccMOTpeB MpOTrpaMMbl JHUCLUII-
JMH BEAYIIUX POCCHHUCKUX M 3apyOC:KHBIX yYHHUBEPCHU-
TETOB, MOXXHO NPUUTH K BBIBONY, YTO Haubojee Bax-
Has MH(QOpMAIHs, MaKCHMAaJIbHO TOYHO OTpaKaromias
cyTb onuceiBaemoro B PIIJl kypca, mnpezacraBieHa
CIICAYIOMNMH D>JICMEHTAMH [TaHHOM Moxenn: oomas
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uHpopMaIys, KOMIETCHUHH (pe3ynbTaTbl OO0yueHUSs)
U CTPYKTypa Kypca.

Paznen oOmieit mHGOpMAIUU CONEPIKUT YKPYITHEHHOE
OIHMCAaHUE TOT0, YEMY KypC IOCBSIIEH, KOMY €TI0 CIIEAYET
MIPOXOAUTH, KaKue O0IIre 3aa4u U Pe3yJIbTaThl Ipeciie-
IYIOTCS B paMKax M3y4eHUs U KaK JaHHbIM Kypc B3aUMO-
JEHCTBYET ¢ NPeAbLAYIIMMH U MOCIEAYIOIUME KypcaMu
B paMKax o01ei 00pa3oBaTeIbHOM MTPOTPaMMBI.

B paznene xomneTeHIHH TPUBOAUTCA MEPEUCHb KOM-
METCHIIMH 00pa30BaTebHON MPOrpaMMbl, YacThO KO-
TOpOW ABJSIETCS NAHHBIA Kypc, MEpedeHb Pe3ysbTaToB
OCBOEHHUS JUCLMILIMHBI B BUJE KOHKPETU3MPOBAHHBIX
3HaHUH, yMEHUH 1 HABBIKOB, a TAKXKe CBA3U MEKIY KOM-
MEeTEHIIMAMHI 00pa30BaTEIBHOTO CTAaHIAPTa M KOHKPET-
HBIMU pe3yabraTaMu 00y4YeHHUsI.

CrpykTypa Kypca, Kak IpaBUiIO, IPEACTaBIE€HA B
BUJIE CIIHCKA PA3JeNIOB U TeM B MOPSAKE X M3JI0KEHUS
Ha JICKIUAX (MHOTJA MPUBOISTCS TAKXKE MEPEUHH TEM
paccMaTpuBaeMbIX Ha MPAKTUKAX U B PaMKax caMOCTOs-
TEJBHOM PabOTHI CTYJICHTOB), a TaKXKe 00JIee eTaTbHOTO
OMHCaHUS COACPIKAHUS OTIENBHBIX TeM. DTO COIepKa-
HHC B ITOJIABIISIOIIEM OOJBITMHCTBE CIYyYaeB UMEET BUJ
MepeYHs KOHIIENTOB 00IaCTH 3HAHUS, N3y4YaeMbIX B paM-
Kax KayK10H1 OTIEJIbHON TEMBI.

IMockonbky ¢opmar PIIJ] moctarouno sxécTko 3a-
naéTcsi HOPMATUBHBIMH JOKyMEHTaMH M CHIIBHO (hop-
MaJIU30BaH, €ro CTPyKTypa, B TOM YHCJIE M OTAEIbHbIC
(hOpMYyIHPOBKH, 3a9acCTyI0 OCTAIOTCS HEHM3MEHHBIMH
OT IOKYMEHTa K TOKYMEHTY. B Tekyiiem ucciieoBaHuu
MOYKHO MCXOAMTbH U3 MPEIIONOKEHHs, YTO KaXKIblH Ta-
KOW JTOKYMEHT COAEPIKUT J1Ba MPHHLIUIMHUAIBHBIX IOMI-
MHO)KECTBA JICKCUKH: TIepBasi — OO0IIas Ui BCEX JTOKY-
MEHTOB JJAHHOTO THIIa, COAEpKalas OpraHu3alluOHHYIO
TEPMHUHOJIOTHIO M TEPMHHOJOTHIO 00pa30BaTeIFHOTO
mpoliecca, a BTopasi — OTHOCSIIAACA K KOHKPETHOM 00-
JIACTH 3HAHMS, U3y4yaeMol B paMKaX JUCLUIUIMHBL.

OO0mas TepMUHOJIOTHS 00pa30BaTENBLHOIO MpOIleC-
ca UMEET, Ha Hall B3IV, HU3KOE 3HAYCHHE IIPU COIO-
CTaBJICHUM CEMAaHTHKHU PAa3UYHBIX KypCOB B CPAaBHEHHH
C TEPMHHOJIOTHEH, ONMMCHIBAIOIICH, YTO UMEHHO OyIeT
MPOIICHO B paMKaX Kypca ¢ TOUKH 3pEHHs M3ydaeMOi
o0racTy 3HaHUS AUCIUIDIMHBL. DTa 001acTh 3HAHMS, KaK
MIPABUJIIO, COACPIKUT PsIJl KOHLIENTOB U MPOIIECCOB, KOTO-
pble U3y4aroTcs Ka)IbIM KOHKPETHBIM KYypCOM M Ipel-
craBieHbl B pamkax PIIJ[ KOHKpPETHBIMH TEpMHUHAMHU.
Bonee Toro, B BUAY CIEIU(PUKH ITOH TEPMHUHOJIOTHH
MOYKHO CHMTATh, YTO 3TH TEPMHUHBI OyAYT yIOTPeOIAThCA
B BUJI€ KIIIOUEBBIX CJIOB JaHHOTO JOKYMEHTA.

Wcxonst U3 AaHHBIX COOOpaKEHUH B JTaHHOW paboTe
(hoKyC HampapieH Ha MPOIECC M3BICUCHUS KITIOUCBBIX
CJIOB M3 yKa3aHHBIX BbIlIE pasnaenos PIII.

O030p aJropuTMOB M3BJICYEHUSI KJIIOYEBbIX CJ10B

CyiiecTByeT MHOXKECTBO Pa3sHOOOPA3HBIX METOOB,
CBSI3aHHBIX C TTOMyYCHHEM HaOOpa KIFOYEBBIX CIOB JUIS
JIOKYMEHTa WM KOJUICKLIMHM JOKYMEHTOB. OJTH METO-
IBI ¥ TTOAXOIBI MOYKHO YCJIOBHO Pa30OHTh HAa HECKOJBKO
KaTeropuii: MOAXOAbl HA OCHOBE 3HAHUM MpPEAMETHOMH

32

00nacTi, MOAXOAbl HA OCHOBE JMHTBUCTHYECKUX 3HA-
HUH, MOJXOABl HA OCHOBE MPOCTHIX CTATUCTHK M IOMI-
XOIIbl Ha OCHOBE MAIIMHHOTO OOy4YeHHs U KOMOMHAIIUN
TaKoOBBIX [2; 3].

MeTonbl, UCTIONB3YIONINE 3HAHUS KOHKPETHOW Ipe.-
METHOH 00J1aCTH HITH J]a’Ke KOHKPETHON aHATIM3UPYEeMO
KOJUIEKLIMU, TECHO CBS3aHbl C IMOHATHEM Ha3HAYCHUS
kimoueBbIx cioB (keyword assignment), 0003HauaIOITAM
Ipoliecc BHIOOpa KIIFOUEBBIX CJIOB M3 BHEIIHEH Takco-
HOMHH, OHTOJIOTUU HMJIM MHOW MOJIENIN TIPEJMETHON 00-
nactu. Hanpumep, 3TOT MOAX0A MOXKET OBITh TPUMEHEH
myTEM 3aMEHBI TOTCHITNALHBIX KaHIUIATOB B TEKCTE HA
JECKPUNTOPHI U3 cioBapeit [4; 5]. XoTs Takol moaxof
1 1aéT BOBMOYKHOCTb TIOJYYHTh KITFOUSBBIC CJIOBA B BUJIC
3apaHee TPOJYMaHHBIX, KAYECTBEHHBIX TEPMHHOB, OH
TpeOyeT HalW4Yus JOCTATOYHO KPYITHOTO HCTOYHHKA,
MIPUBA3AHHOTO K KOHKPETHOH oOnacTu 3HaHusA. B cumy
oOmmMpHOCTH 00acTell 3HAHUS, TOKPhIBAEMbIX pabouu-
MH MporpaMMaMH JUCIHUIUIMH, MBI HE paccMaTpHBacM
TIOJIXO/IBI IAHHOMW TPYIIIBI B paMKaX HACTOSIIIEH paboTHI.

JIMHrBUCTHYECKHE TOAXOABI OCYIIECTBISIOT H3BIIE-
YEHHE KIIFOYEBBIX CJIOB HMCXOIS W3 JMHTBUCTHUCCKUX
3HaHUH O sI3bIKE, UCIIOIB3YEMOM B JIOKyMeHTe. JIMHTBU-
CTUYCECKHUHU TIOXOJT YaCTO IPUMEHSIETCS [Tl U3BJICUCHHUS
KaHJMJATOB B KIIIOYEBbIC CJIOBA MyTEM OTOOPA TOJBKO
T€X, YTO COOTBETCTBYIOT TMAaTTepHAM dacTed pedn [6;
7]. Ucnonb3yembie mist atoro Part-of-Speech-terun tak-
)K€ TPUMCHSIOTCSI B KaueCTBE CBOMCTB KaHIHMIATOB B
MeTOJIaX, OCHOBaHHBIX Ha MAIIMHHOM OOy4deHUH [6—8].
OTnenbHBIC UCCIIEOBAHMS TAaKXKe YICISAIOT BHUMAaHHUC
WCTIOJNB30BAaHUIO TIOCIIEeI0BaTEIbHOCTEH CY((UKCOB B
KadecTBe Oosiee MEJIKOi Mephl B cpaBHeHNH ¢ POS-Terom
[9]. Ucxons U3 NMMHTBUCTUYECKUX COOOPaKEHUH 4aCTO
MIPOU3BOJIUTCSI BBIJICTICHHE KaHAMIATOB, HAIPUMED, Kak
MOCIIEIOBATEIbHOCTEH CIIOB, pa3ieiEHHBIX MyHKTYyallHu-
el u cron-ciioBamu [10].

3HauMTeNbHAS J0JIA METOAOB HCIOJB3YEeT IMPOCThIC
CTaTUCTUYECKUE MEphl TPHU OIPEICSICHUU KIIFOYEBBIX
CIIOB. DTH Mepbl 3a4acTyl0 NPUMEHSIOTCS KakK CcaMu
mo cebe, TaK MU B KAYSCTBE CBOWMCTB JJIi METOIOB Ma-
IIMHHOTO 00y4eHus. B 3Ty rpymniy BXOTUT Takxke U ca-
Masi MOMYJISIpHAs U M3BECTHAs METOIUKA ONPEICTICHUS
KITIOUEBBIX CIIOB — B3BemmBanue 1o cxeme TF-IDF [9].
TF-IDF 3apekomeHoBan ce0s Kak MPOCTOH, OBICTPHIH,
HO TP 3TOM JOCTaTOYHO CHJIbHBIA 0a3uc B 3aj1aue u3-
BJICUEHUS KITFOUEBBIX cioB [11]. Jpyrumu Takumu meto-
JIlaMH SIBIISIFOTCSL YaCTOTHI CJIOB, COBMECTHOE yHoTpeoe-
HUE WU PACTIONOKEHUE B TEKCTE B paMKaX BEIOPAHHOTO
okHa [12], nucTaHuy MEXAy CIOBAMH, CPETHHUE 3HAYE-
HUS A TUCTICPCUH ATHX TUCTAHIINHN, YACTOTHI CJIOB B KOH-
KPETHBIX pa3Jienax TeKCTa U T. [I.

[Toaxompl K M3BJICYCHUIO KITFOYEBBIX CIIOB Ha OCHOBE
MAaIIMHHOTO 00YYeHHS CIIeIyeT Janee pa3AeiuTh Ha MO~
XOIIbI «C yuuTeseM» u «0e3 yuutens» [2; 3]. [Togxombt
«C yUHTEJIEM», KaK MPaBHJIO, PACCMATPHUBAIOT 3a/1a4y H3-
BJICUCHHS KITIOUEBBIX CIIOB Kak 3a7a4y OMHApHOM Kiac-
cu(UKaIuK KaHJUIaTOB B KITIOYEBbIC (Ppa3bl HA OCHOBE

UTuC — 2017

MHpopManoHHbIE TEXHOIOTUH U cUcTeMBI, 1-5 mapta 2017 T



BBIOPAHHBIX XapPaKTECPUCTHK, B TO BPEMs KaK MMOJXOJBI
«0e3 yunuTens Ha OCHOBE TAHHBIX XapaKTCPUCTUK IIPO-
M3BOJIAT B3BELIMBAHUE KAHJUAATOB allpUOPH U OTperie-
JSIIOT KITIOUEBBIC CIIOBA KaK HamOoee BECOMBIC CpeImu
KaHJIU/IaTOB.

B kauecTBe mMpH3HAKOB KIACCH(DHUKAINH, aITOPUTMBI
«C y4UTEIeM», KaK TPaBIIIO, UCIIONB3YIOT TC WIIH HHBIC
BapUaHTBl PACCMOTPEHHBIX BBINIC JIMHTBUCTHYCCKUX
Y CTaTHCTUYECKHX TIOoKa3arenel [6; 7; 9].

ANTOpUTMEI «0€3 YUHUTENsD» TaKKe MCIIOIB3YIOT pac-
CMOTpCHHBIC BBIIIE TOKA3aTeNU MPU BBEIOOpE KaHIHIA-
TOB U orpenaencHuu ux Beca [8; 10], oqHako B cuiy ot-
CYTCTBHUSI KOPITYCOB, MPEIOCTABISIONINX BO3MOXKHOCTb
00ydeHHsI, TaHHBIC AITOPUTMBI HIIYT CIIOCOOBI H3BIICUC-
HUS JOTOJHUTENbHON MH(POPMAalUU HETMOCPEICTBEHHO
U3 CaMOTO TEKCTA.

OnHUM U3 MOMYJISIPHBIX IMOJXOIOB B allTOPUTMAxX «0e3
YUUTEISD» CTaNl TIEPEXO0]] OT BEKTOPHOTO IPEICTABICHUS
TEKCTa, B TOM 4YHcle Mojenu «memka cioB» (bag of
words), Ha rpadoBoe nipeacraneHue. [ padosas Moaeb
pemaeT psa npodiieM BEKTOPHBIX MOJAETEH, CBA3aHHBIX
C TIOTEper CTPYKTYpPHI TEKCTa U YPE3MEPHON HE3aBUCH-
MOCTBIO OTAEbHBIX cloB [13]. B 3amaue u3BieueHus
KITFOYEBEIX CJIOB IpadoBasi MOJIENID ITO3BOJISIET BOCIIONb-
30BaTbCsl Pa3IMYHBIMU METOAAMU ONPEACICHHS BECOB
Ka)KJI0W BEpIIMHBI HA OCHOBE CBSI3€H C JAPYTMMHU Bep-
muHaMu. Hanpumep, nonynaphsiii anroput™ TextRank
[14], Oasupyrommiicss Ha aNrOpUTME pPaHKHPOBAHUS
BeO-cTpanul PageRank [15], a Takxke ero MHOrOUMCIICH-
HbIe BapuaHThI (Hampumep, SingleRank u ExpandRank
[16]) cTposT rpad HA OCHOBE OTHOILIEHHS COBMECTHOTO
yIOTpeOICHHS CIIOB B TOKYMEHTE, YCTaHABIUBASI CBSI3U
MEX]y CJIOBaMH, B CIIy4dae €ClIl OHU HaXOIATCS B TAKOM
OTHOIICHHUH, a 3aT€M CJIOBAa M (pa3bl «PEKOMCHIYIOT»
JpyT ApyTra, MOBBIIIAsS TAKMM 00pa3oM CBOW BEC U BEC
CBSI3aHHBIX CIJIOB. lcciienmoBaHus Taroke MOKA3ald, 9To
MIPOCTBIE MEPHI ONpeJeIeHUs] Beca, TaKue Kak CTENeHb
(degree) u cuna (strength), moka3pIBarOT OoOJICe BHICOKHE
pEe3yNbTaThl, YeM CIOKHBIC Mephl [17].

Jpyroii moaxoa K U3BICUYCHUIO JOTIOJHUTEIHLHOW UH-
(hopmau mpeasaraeT mnepeq OLUESHKOH BecoB KaHIIU-
JIaTOB TIPOM3BECTH WX KIIACTCPHU3AILUIO, OCHOBBHIBASICH
Ha BHEUIHMX Mepax OJM30CTH CJIOB, YTO MO3BOJIMIIO OBI
CTPYNIIHPOBATH TEPMUHBI, CBSI3aHHBIC C Pa3INIHBIMH aC-
MEKTaMU M TEMaMH JIOKYMCHTA, U 3aMCHUTH MX OIHUM
TEPMHUHOM-«AK3eMIuIsIpom» [18].

BcenenctBue pa3zHooOpasusi ¥ OOMIMPHOCTH TEMAaTHK
KypCOB, a TaK)Ke OTCYTCTBHUS KPYITHBIX KOPITyCOB Ha Te-
KyIlleM 3Tare paboThl MpeAiaraeTcsi OUEHUTh KaueCTBO
W3BJICUCHHS KITIOYEBBIX CJIOB C TOMOIIBIO aJTOPHTMOB
«0e3 yuuTensy.

AHanu3upyeMble aIropuTMbI H3BJIEYEHHS KIII0Ye-
BBIX CJIOB

B pamkax maHHOTO WcciieoBaHUs ObUTH BBIOPaHBI
CIIEZYIOLINE alTOPUTMBbl M3BJICUCHHS KIIIOYEBBIX CIIOB:
TF-IDF, RAKE, TextRank, rpadoBbie anropuTMmbl Ha
ocHoBe crernenu (degree) u cuibl (strength).
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TF-IDF-B3BemnBanue 0CHOBBIBAETCS HA OIICHKE BEca
TEPMHUHA UCXO/ISl U3 €TO YaCTOTHI BCTPEYaEMOCTH BHYTPH
nokymenrta (Term Frequency) u BeauuyuHBI, 0OpaTHOM
YacTOTE BCTPEYAEMOCTH TEPMHUHA B IPYTUX IOKYMEHTaX
koyutekiuu (Inverted Document Frequency):

TFIDF (word,) = freq (word)) - idf (word,).

HecMoTpst Ha KaxyIIyrocs: IPOCTOTY JaHHOTO MOIXO0-
Jla, UCCIIeIOBaHUs TTOKa3alu ero 3(p(QekTHBHOCTh B 3-
BJICUCHHUH KITFOUCBBIX CJIOB, TaJKE B CPABHCHUU C IPYTH-
MH, O60JIee CIOKHBIMH METOIAMH.

B3sB BCIO KOJICKIUIO TOKYMEHTOB, MBI B3BEIIIMBACM
KXIBI TEPMHUH OTIENBHO IS KaKIOTO IOKyMEHTa,
a 3aTeM YIOpPSI0YMBaEM TOIy4YCHHBIC HAOOPHI TEPMU-
HOB IT0 YOBIBaHHUIO, TIOTydYasi CIIUCKH CJIOB TI0 HAIpaBs-
JICHUIO YOBIBaHUS HMX 3HAYUMOCTH. [1OCKOJIBKY, Haxke
MPOM3BES U3HAYATBHYIO (DMIIBTPAIMIO CTOI-CIIOB, MBI
BcE emé mosyyaeM CIHCOK BCEX BO3MOXKHO 3HAUUMBIX
CIIOB B JOKYMEHTE, MMEET CMBICI BBHIOpATh TPaHHUILY
3HAYUMOCTH, [0 KOTOPOH MPOU3BOTUTCS OTOPACHIBAHHE
MaJIO3HAYAIIHX JUTSI KOJUICKITUH CIIOB. [IpakTudecKu MBI
NPUHSUIA PEIICHUE OMUPAThCs TOJNBKO HA BepxXHUE 5 %
CIIOB B KaXKIOM JJOKyMECHTE.

RAKE mnpousBogut oT00p KaHIUIATOB B KIFOUCBBIC
cioBa W (pasel myTEM pa3OMeHUs] JOKYMEHTa BHadJaje
HA TPEIJIOKCHNUS, a 3aTeM Ha OTICIbHBIC COCTABIISIFOIIIEC
MIPETIOKCHUIM UCXO/IsI M3 3HAKOB MyHKTyaruu. 13 moimy-
YCHHBIX BBIPOKCHUN (ppa3bl-KaHAUIATHl BBIOMPAIOTCS
myTéM pa3OMeHHS ITHX BBIPOKCHHHA Ha Ooliee MEJKHE
COYETaHUsI C y4ETOM CITHCKA CTOM-CJIOB, BEPOSITHOCTD
HAXO)KICHUS KOTOPHIX B KITIOUEBBIX CIIOBAX KpaifHe Masa.
Oto nenaetr RAKE 0onee 3aBUCMMBIM OT KOHKPETHOTO
SI3BIKA AHATTM3UPYCMBIX TEKCTOB.

[Nony4eHHbIC KAHAUAATHI 3aTEM OLICHUBAIOTCS UCXOIIS
U3 BECOB BXOMSIINX B HHUX CIIOB, KOTOPBHIC OMPEICIISIOT-
Cs, B CBOIO O4Yepellb, HA OCHOBE YacCTOT UX yMOTpeOie-
HUSI B IOKYMEHTaX KOJUICKIIH M Ha OCHOBE MX CTCTICHEH
(degree):

Score(Keyword) = Z M

word; freg(word, ).

€ Keyword

[To amamoruy ¢ MPEABIAYIINAM ITOJXOIOM MBI yIIOpS-
JIOYMBACM B3BCIICHHBIC CIIOBA-KAHIUIATHI [T0 YOBIBAHHUIO
ux Beca u Oepém BepxHHUE 5 % MONYyYUBIIETOCS CITHUCKA
B KaYECTBE KITFOUCBBIX CIIOB.

TextRank — 310 rpadoBbIif aNTOPUTM, ONTUPAIOIITHIACS
Ha CO3J]aHue IrpaOBOU MOICITH JOKYMCHTa — B3BCIIICH-
HOTO Tpada, comep’Kamiero MOTCHIHANBHBIX KaHIHa-
TOB B KJIFOUEBBIC CJIOBA. [10 aHANOrUM ¢ OpUTHHAIBEHBIM
PageRank y311p61 Tpada B3BEMIMBAIOTCS MCXONS U3 TOTO,
HACKOJIBKO aBTOPUTETHBI CBSI3aHHBIC C HUMH y3JIbL. JlaH-
HBIH TIpOIIECC CBS3aH C ANTOPUTMaMH ONyKIaHUS IO
rpady, HOCTOSHHO U3MCHSIOIIMMH Beca BEPIIMH Ha OC-
HOBE BECOB MX COCENEH 0 TeX Iop, MOKa 3TH ILIABA0-
IMe Beca He COMTyTCs.
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Hpyrue paccMarpuBaeMble HaMH rpadoBbIe aJIrOPUT-
MBI OCHOBBIBAIOTCSI Ha 0oJiee MPOCTHIX MEpax Beca B
rpaax — CTENeHU U CWiie BepUIHMH. J[aHHbIE aJlropuT-
MBI TaKXe TPEOYIOT COCTaBIICHHUS B3BEIICHHOTO Tpada
JIOKYMEHTa, OIHAKO Beca KaHJIUIaTOB B BEpILIMHAX pac-
CUUTHIBAIOTCS] HCXOAS U3 CTECTICHH BEPIINH — YHUCIA CO-
celed — W CHJIBI BEPIIUH — CYMMBI BECOB BXOZSIIUX
B BepnHy pébep. Camu Beca ONpeeIsoTCs ¢ YIETOM
KOJIMYECTBA COBMECTHBIX YMHOTpEOSCHHH KaHAWIAaTOB
B BEpIINHAX.

i rpadoBBIX MOIXOI0B MBI IPOU3BOAMM aBTOMATH-
YEeCKOE CKIICHBAHNE KaHIUIATOB MCXOMS U3 MX COBMECT-
HBIX YIOTpeOJIIEHUH B TEKCTE JOKYMEHTa. 3aTeM, KaK U B
ClTydae C IPYTUMH TOIXOAAMH, MBI COPTUPYEM MOTyICH-
HBIW CIIMCOK KaHIUAATOB U OTOMpaeM BepxHue 5 % B Ka-
YEeCTBE KJIIOUCBBIX CIIOB.

IKcnepuMeHT

s cpaBHEHHST HECKOJIIBKUX BBIOPAHHBIX HAMH ajro-
PUTMOB OBUT COCTaBJICH TECTOBBIH KOPITYC, COCTOSIIUI
13 BBIOPAHHBIX JIEMEHTOB Pa0OYHMX MPOrpamMM JHCIH-
IUIMH 110 12 pa3iu4HbIM AMCUUIUIMHAM TPEX oOyacTei
3HaHWH: WH(OOPMAMOHHBIC TEXHOJIOTHH, MaTeMaTHKa
U SKOHOMHKA. J{711 JOKYMEHTOB JaHHOTO KOpIyca dKC-
MepTaMi — MPEIOIABATCIIIMI By30B OBIIM BBIOPAHBI
HA0OPbI KIIIOUEBBIX CJIOB, ONMPENEISIONINX COEpIKaHUEe
JAHHBIX AUCHUIDIAH. JlaHHbIe HAOOPH! OBIIM MCITONIH30-
BaHbI B KQUECTBE KOHTPOJIBHON BBIOOPKH.

Jns KaXIoro JOKyMEHTa OIMpPEACISIOTCS] AICMEHTEHI,
KOTOpbIE HanboJee BayKHBI IS aHAJIM3a 3TUX JTOKYyMEH-
TOB: BBOJIHBIX YacTei, ommcaHus TPeOOBAaHUN K PE3yIlb-
TaTaM OCBOCHUS U OMHUCAHMS CTPYKTYPbI Kypca Kak Ie-
PCUHS BXOISIINX B HETO PA3AETIOB H TEM.

W3 BbIOpaHHBIX (ParMEHTOB TEKCTa HCKIIOYAIOTCA
CTOTI-CIIOBa — MEXKIOMETHSI, CIIOBOCOYCTAHUS, YACTO
ynotpeobisieMble cO03bl U Mpeuioru. OCTaBIIUNACS TEKCT
3aTeM OYMINACTCS OT HETEKCTOBBIX CHMBOJIOB, pa3OmBa-
€TCsl Ha CJI0Ba, KOTOPBIE 3aTeM MTPOXOISAT JIEMMATH3ALHIO.

3ateM UII KaXIOr0 W3 IIOMYYCHHBIX JTOKYMCHTOB
MIPUMEHSIOTCS] BBIOpaHHbIE anropuT™Mel. Cienyer oTMe-
THUTB, YTO Ha MIPAKTHKE OBIIO MPUHATO PEIICHUE YIAIUTD
W3 KaHAUAATOB 1A Bcex anroputMmoB kpome TF-IDF e
CITOBA, KOTOPBIC HMEITH CIIUIIKOM HHU3KHH BeC, N30aBis-
SCh TAKMM 00Pa30oM OT 0011 JIEKCUKHU, BCTpeUaroIencs
BO BCEX JOKYMEHTAX, a TAK)KE COKpaIas oomiee KoJmde-
CTBO T€HEPUPYEMBIX KIIIOYEBBIX CIIOB MPHUOIU3UTEIBHO
BaBoe. Ha mpaxruke sxcnepument nposoautces ¢ 90 %-m
MOPOTOM — OCTaBJIAIOTCA TOJNbKO BepxHue 10 % cios,
orpamxupoBanubix 1o ux TF-IDF-Becy.

Taxkum 0Opa3oM, IJs1 K&KIOTO JTOKYMEHTa B KOJUIEK-
IIIH MBI TTOJy9aeM B3BCIICHHBIH HAOOp €ro JeMMaTH3H-
POBaHHBIX KJIFOYEBBIX CJIOB JJIsl BCEX MATH aJITOPUTMOB.

Onenka kayecTBa aJIropuTMOB

Jiia oueHkM KadecTBa B 3ajadax BbIOOpa KIIoue-
BBIX CJIOB TPHHATO HCIONB30BATH METPHKH TOYHOCTH
(precision) u nonHoTH (recall). TpamunuonHo nomnana-
HHEM WJIH TOCTOBEPHBIM MOJIOKUTCIBHBIM PE3YIIETaTOM
CUMTAETCS HaJM4Yue KIIOYEBOTO CJIOBA U3 PE3YJIbTaTOB
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paboThl OLIEHHBAEMOI'0 aJrOPUTMa B HAOOPE KIFOYEBBIX
CIIOB, COCTABJICHHBIX JKcIiepTamu. VHorma Takxke pac-
CMaTpHUBAIOTCA TOMAJAAHUs KIIOYEBOTrO CJI0Ba B aHHOTA-
ITHIO, COCTABJICHHYTO YKCIICPTOM.

Ha nmpaxTuke B JaHHOM SKCIEPUMEHTE MOKHO TPUH-
TH K BBIBOJY, UTO IKCIICPTHAS OI[CHKA 00Pa30BaTeIIEHOTO
KOHTEHTA, KaK MPaBUJIO, MIPUBOAUT K HAOOPY YKPYMHEH-
HBIX KOHIICTITOB TOTO, YTO YIMOMHHACTCS B JOKYMCHTE,
B TO BpeMs KaK aBTOMAaTH4eCKOe M3BJICYCHHE, 10 MEHb-
meil Mepe B BRIOPAHHBIX HAMH aJTOPUTMaX, OIHPACT-
Cs Ha KOHKPETHBbIE YIIOMHMHAHUS B TEKCTE JOKYMEHTa,
HE YKpYNHSA WX JIO Ooyiee OOIMIMX TIOHSTHHA, a TakkKe
3a4acTyl0, COCTOMT U3 MEHEEe KOPPEKTHO MOCTPOCHHBIX
(pas, yem Te, 9TO OBUTH BBIOPAHBI SKCIIEPTOM.

OTo HaOMONEHUE TO3BOJIAET OTMETHTh, YTO TpPau-
IIMOHHOE COIIOCTABJICHUE PE3YIbTAaTOB pabOTHI airo-
PUTMOB M OLICHKH YEJIOBEKOM B JJAHHOM JKCIIEPUMEHTE
TPYAHOBBITIONTHIMO H3-32 HEOOXOAMMOCTH COITOCTaBIIC-
HUS KaXKJIOM dKCrepTHON (hpa3bl ¢ KaKAOH creHepupo-
BaHHOU ()pa30il B MOMBITKE MPOCIEIUTh MEPEKPECTHBIC
yHOMUHaHUS TepMUHOB. OJHAKO, Ia)e MPOBEIs TaKoi
aHaJIM3, MOKHO CTOJIKHYTBCS C TIPOOIIEMOI ceMaHTHUe-
CKOTO pa3pbiBa — BBIOpaHHBIE KCIIEPTAMU KIIIOUYEBbIC
(bpas3sl MOTYT coOzlepkaTh KpailHEe Majoe 4HCIo OOIIUX
CJIIOB C aBTOMAaTWYEeCKH CTEeHEPUPOBAHHBIMH (pasamu
WA HE IMETh UX BOBCE.

[IpumepoM Takoi CUTyallii MOTYT SIBIATHCS CIEAYIO-
mye KIoueBble (passl Il JOKYMEHTA, TOCBAMIEHHOTO
mporpamMme Kypca o 6a3aM JaHHBIX:

— COBMECTHOE HCIIONIb30BaHNC JAHHBIX;

— KOJUIEKTHUBHBIN JJOCTYTI;

— pasrpaHHYCHHE TOCTYTIA.

IlepBas u3 »TUX KJIIOYEBBIX (pa3 ObLIa MpeIIoKeHa
9KCIICPTOM, JIBE JPYTHE BHIOPAHBI COOTBETCTBECHHO AJITO-
putmamu TF-IDF u TextRank. U xotst cpeau crenepupo-
BaHHBEIX (ppa3 HE COMCPIKUTCS HHU OTHOTO CJIOBA, BCTpE-
yaromierocs Bo ¢pase, BEIOPaHHON HKCIIEPTOM, OHU TaK
WITA MHA4YE UMCIOT OJIMH U TOT K€ CMBICIL.

Ecau npourHopupoBaTh AaHHBIA (akTop, a Takxke
CYIICCTBCHHO CHH3HUTH IUIAHKY CIOKHOCTH, CUHTAS
YCHENIHBIM HaJU4Me XOTSA OBl OIHOTO OOMIero clio-
Ba MEXJY OSKCIICPTHOM W CTeHEPUPOBaHHOU (Qpa3a-
MU, TO BBIOpaHHBIE AJITOPUTMBI MOKa3bIBAIOT CXOXKHE
pe3yapTaTel C APYTUMH paboTaMH, OICHUBAIOIIUMH
X KadecTBo. [pybo oueHEHHBIE TaKUM OOpa3oM aj-
TOPUTMBI TTOKAa3bIBAIOT JOCTATOYHO OJIM3KHE CperHUC
3HAYE€HUS TOYHOCTH M MOJHOTH: P ~ 0,35 u R = 0,4.
YyTh 60s1€€ BBICOKYIO TIOHOTY U TOYHOCTD TOCTHTACT
TF-IDF: P~ 0,38 npu R = 0,43. RAKE noka3ssiBaeT 60-
Jiee BBICOKYIO TOUHOCTH, HO TepsieT B monHote: P = 0,5
npu R = 0,33.

Tem He MeHee Takas OIICHKa KauyecTBa paboTHI ayro-
pUTMa HE BIOJHE KOPPEKTHA, B CBA3HM C 4eM ObLI MpH-
MCHEH aJBTEPHATHBHBIA TOIXOA C HCIHONB30BAHUEM
BEKTOPHBIX MpencTaBieHuil cioB. [lonb3ysch MOnIenbio
SI3BIKA, MBI MOKEM OLICHHUTH Ka4eCTBO KaK OIM30CTh MEK-
Iy JIByMsi HaOOpaMH KIIOYEBBIX CJIOB — HKCIEPTHBIM
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u creaepupoBaHHbiM. Monens Word2vec [19], oOyuen-
Hasi Ha kopnyce pycckosizpraaol Wikipedia, naér nocra-
TOYHO OOJIBLION OXBAT TEPMHUHOJIOTUH, YTOOBI MPHUOIH-
JKEHHO CIUTATh OTY BEKTOPHYIO MOJICITE MOAECIBIO SI3BIKA.
Takum 00pa3oM, MOXKHO BBIYHCIIUTH BEKTOPA BCEX KITIO-
YEeBBIX CIIOB B 000MX HA0Opax, 00BEIUHUTE WX B OOIIUI
JUTsl Habopa BEKTOp U CPABHUTH MX 4Yepe3 KOCHHYCHYIO
Mepy OIM30CTH. DTOT MOIX0J] OBUT TPE/ITIOKEH aBTOPAMH
genism framework [20].
BBeném caemyromue 0003HaUCHIS:

rae L2 — Hopma word2vec BeKTopa clioBa w;

ws
|ws |

rae L2 — Hopma word2vec BEKTOPOB BeeX CJIOB B HA0O-
pe ws.

Bizocts Mexy HAOOpaMu Ws; H WS, — 3TO KOCHHYC
MEXKIY CPSTHUMU CJIOB B HabOpax:

(ws,, ws,) = cos(m

ST, o dsets wsy ° mwsz )

Taknum 00pa3zoM, OIU30CTh MEXKIY JOKYMEHTAMU d; U
d; MOXeT OBITh BBIYMCIICHA KaK OIM30CTh MEK Ly Habopa-
MU BXOJSIIIIUX B HUX KITFOYEBBIX CIIOB!

sim(d;, d ;) = sim, ... (Keywords(d,), Keywords(d ;).
B pesynbrare Takoro mojaxoaa K OIEHKE MOTYJaroTCs
CJEIYIONINE YCPEAHEHHBIE TI0O BCEMY KOPITYCY OJIM30CTH

Ha0OPOB KITFOYEBBIX CIIOB:

Anroput™m SIM 0 dsets
TF-IDF 0,96974
TextRank 0,96608
Graph (Strength) 0,97381
Graph (Degree) 0,96904
RAKE 0,96478

[Tony4yeHHBIC JTaHHBIC MOKA3BIBAIOT CPABHUTEIHHYIO
OMM30CTh JAaHHBIX AJTOPUTMOB, KOTOpas TaKKe OTpa-
JKaeTcs B OJM30CTH CaMHUX CTCHEPHPOBaHHBIX HaOOpOB
KIIF0YEBBIX CI0B. CTOUT 3aMETHTh, YTO HCIIOIL30BAHKE
monenu word2vec i1 OLEHKU OJNM30CTH MOXKET II0-
TEHLHAIbHO BHOCUTH OIOJIHHUTEIbHBIA DJIIEMEHT IIO-
TPEITHOCTH, OJTHAKO OH 3HAYUTEIHLHO MEHbIIE ONTHOOK,
MOJyYaeMbIX 3a CYET JOMYIICHUH B aJbTCPHATHBHBIX
ITOAX0JaX K OI[CHKE KauyeCTBa.

3akioueHne

B pamkax gaHHOTO WCCIICIOBaHHUS MBI PACCMOTPEIH
YKPYIMHEHHYIO CTPYKTYpPY pabouux MporpaMM JHCIHUII-
JIMH ¥ BBISIBIIIN HanOoliee MHPOPMATHBHBIC UX JIEMCH-
Thl. BbUT poBeaEH 0030p CYMICCTBYIOIIMUX TMOMYISIPHBIX

. C. Boros, 10. /1. Knenun

METOJIOB H3BIICUCHUS KITFOUCBBIX CIIOB U OCYIIECTBICH
IKCTICPUMEHT C OIICHKOH KauecTBa METO/IOB, HE TPeOyTo-
IIAX TPEHUPOBOYHOI BEIOOPKH.

s omeHkn KadectBa pabOTHl NAHHBIX METOMOB
B paMKax paccMaTpUBaeMOM 3aqadd ObLI MOATOTOBICH
TECTOBBIH KOPITYC Pa3MUYHBIX PadOYMX MpOrpamMM IHC-
IUIUIAH W PEaTUu30BaH pPSAJ AITOPUTMOB HW3BJICUCHHUS
KIIFOYEBBIX CJIOB, PE3YJBTAThl PaOOTHI KOTOPBIX 3aTeM
OBUTH CpaBHEHBI ¢ HAOOpaMu CJIOB, BBIOPAHHBIMU JKC-
nepraMu. Pe3ymsraTsl mokazanu OIH30CTh KauecTBa pa-
00TBI BEIOPAHHBIX alTOPUTMOB.

CrenyomuMy OCHOBHBIMH IIATaMH  HCCIICTOBAHHS
SIBJISTFOTCSI:

— HCTIONIb30BaHHUE NONTYUYCHHBIX JAHHBIX IS YIydIe-
HUSI KAUECTBa CPABHECHUSI JOKYMCHTOB;

— oreHka 3(p(QEeKTUBHOCTH NaHHBIX AJITOPUTMOB IS
JPYTHX BHJIOB 00pa30BaTEIbHOTO KOHTCHTA;

— WHTETpanys CTPYKTYPHBIX MEp OLECHKH OIU30CTH
KOHTEHTA ¢ MepaMH Ha 0a3e KIIIOUEBBIX CJIOB;

— MPUMCHEHHE METOIOB BEPOSTHOCTHOTO TEMAaTH-
YEeCKOro MOJCITUPOBAHUS K 3a/layaM aHajm3a o0pa3oBa-
TEJIFHOTO KOHTCHTA.
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D. S. Botov, J. D. Klenin

APPLYING KEYWORD EXTRACTION ALGORITHMS AND VECTOR
REPRESENTATION OF WORDS IN THE PROBLEM OF EDUCATIONAL

CONTENT MINING

The paper presents an overview of keyword extraction algorithms in applied to educational data mining (course de-
scription analysis task specifically) and provides a general comparison of algorithms. In the experiment for evaluating of
keyword extraction algorithms, it proposed an approach using a model of the vector representation of words (word2vec),
solves the problem of the semantic gap by comparing the results of the algorithms with the test set composed by experts.
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