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AHHOTaumll

B CTAaTbhbC OIIUCBIBACTCA MCTO/ I/IHTeJ'IJIeKTyaJ'ILHOFO
aHaJInu3a U aHFOpI/ITM COITIOCTABJICHUA nporpaMM
y‘-ICGHI)IX JUCHUIIZIMH Ha OCHOBEC HCIOJIb30BAHUA
Ioaxoa0B BCKTOpHOFO HpeZ[CTaBJ'IeHI/Iﬂ TEKCTOB C
MIOMOIIBI0 MOJEIH paragraph2vec, 4ro B OTIMYHE
oT OITMCAHHBIX paHee moaAXo40B ITO3BOJISIET
HpOBOZ[I/ITB CeMaHTI/I‘IeCKI/Iﬁ aHaJInu3 663
HGO6X0,I[I/IMOCTI/I prZ[O@MKOFO OHTOJIOT'MYECKOT'O
MOJCIUPOBAHU IPEAMETHBIX obnacTeit
o0pa3oBaTeNbHBIX NPOrpaMM, ONHMCAaHUS IPaBUII
JIOTHYCCKOI'O BbBIBOJ1a 1501051 HUCIIOJIB30BAHUA
JKCIEPTHBIX OLEHOK. IIpuBopsrcs pe3ynbrarhbl
3KCHepHMCHTa 110 OILICHKC KadyeCTBa
npe,unomeHHoro MeToaa JUJIA KJ'IaCCI/I(l)I/IKaHI/II/I
y‘le6HBIX JUCHUITIIINH Ha HpCZ[CTaBI/ITe.HBHOM
KOpITyce TEKCTOB pab0dnX MPOTrpamMM JUCIUTLINH.

1. BBenenue

B coBpeMeHHOM 00pa30BaHHUU B YCIOBHUSIX MOCTOSIHHOTO
HU3MEHEHHsT 00pa30BATENbHBIX CTAHIAPTOB, IOSIBICHUS
podeCCHOHANBHBIX CTAHIAPTOB, BO3PACTAHHS O00BEMOB
y4eOHO-METOIMIECKOM JTOKYMEHTAIlUd | W3MECHEHHS
TpeOoBaHUi K ee 0POPMIICHUIO BCE OO0Jiee TPYAOSMKHM
CTAHOBHUTCA TpoIlecc pa3paboTku 00pa3oBaTeIbHBIX
mnmporpaMm " OTACJIBHBIX y‘-Ie6HI)IX JUCHUIINIMH U
MOJyJICH.

Kpome Toro B3pbIBHOI pocT 00BeMOB 00pa30BaTEILHOIO
KOHTEHTa B VHTEpHeT, CTPEMHTEIBHOTO pPa3BUTHS
MaccoBeix oHNaiiH kypcoB (MOOC) wm TexHOMOTHIA
JUCTaHIMOHHOTO 00pa30BaHMs NPUBOIUT K YBEIHYCHUIO
KOHKYPEHIIMM Ha pbIHKE 00pa3oBaTeNIbHBIX YCIYr H
MOBBIIIAET TPEOOBaHMS K KadeCTBY M aKTyaJlbHOCTH
coJiep)KaHnsl 00pa30BaTENbHBIX IPOTPaMM.
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MPETo/IaBaTeNbCKUIl COCTaB B 3ajadax pa3paboTKH u
aKTyaau3anuy 00pa3oBaTeNbHBIX IPOTPAMM H KypPCOB.

C yd4eToM NpHMEHEHHS KOMIIETEHTHOCTHOTO ITOIXO7a,
KaKk OCHOBHOrO Jyisi ()OPMHPOBaHUS 00pa30BaTEIbHBIX
nporpamM, KpaiHe Ba)KHBIM CTAHOBHUTCS aHajIW3 HE
TOJIBKO CTPYKTYpbI y4eOHOH IUCLUILIMHBI, HO W IlieJen
Kypca W pe3yJbTaToB OOydeHHs B HX YBS3KE C
TpeOoBaHUSIMH 00pa30BaTENbHBIX U MPO(ECCHOHATBHBIX
CTaH/IAPTOB, a TAKXKE Y4eT TpeOOBAaHMI PBIHKA TPYyAa UL
npodecCHOHANBHBIX JUCHUIUIMH W HalpaBJIEHHOCTH
(mpodust) 06pazoBaTETHHOM MPOTPAMMEL.

U xorsa CCTOAHS YBCIIMYMBANOTCA TCEMIIbI BHCAPCHUA

CPEACTB  aBTOMATH3alMK  y4eOHOro  mporecca B
00pazoBaTebHbIC OpraHH3aIiH, MOCTOSTHHO
YCIOKHICTC  (PYHKIHOHATBHOCTh  HMH(DOPMAITMOHHBIX

CHCTEM, IIO3BOJSIOIIMX B TOM 4YHCIE pa3pabaTeiBaTh
ydeOHble MJaHbl, pabouyue NPOrpaMMbl AUCIUILUINH H
IIpoYre BHUIBI y4eOHO-METOIMUECKOW JOKYMEHTAIUY, Ha
CeTONHAIIHMN JeHb Ha pBIHKE MOJOOHOTO poja
IIPOrPaMMHOTO obecrieueHus OTCYTCTBYIOT
JIeUCTBUTENBHO 3((hEeKTHBHBIE CPEICTBA, IO3BOJIIONINE
HE3aBHCHMO OT NPEIMETHOH 001acTH HalpaBlIeHUS

MOATOTOBKA  TPOBOAWTH  CPABHUTEJNBHBIH  aHAIIN3
COJIepKaHMs, Ueled ¥ pe3yabTaToB  OOydeHus
00pa3oBaTeNbHBIX MNPOTPaMM M KYpCOB C IENbI0 HX
JanbHeHmen aKTyanu3anuu | (dbopmupoBaHus
KOHKPETHBIX peKOMeH Al o COJIEPIKaHUIO

o0pa3oBaHUs I MpenojgaBaTese ¢ y4eToM MOCIeIHUX
TpeboBaHMi 00pa3oBaTeNbHBIX CTAHAAPTOB, Pa3BUTHS
9KOHOMHKH, HAYKH M TEXHHUKH, U3MEHEHUS TpeOOBaHMI
Ha pbIHKE TpyAa.

JlaHHOEe wucclenoBaHME IOCBAIICHO PELICHUIO 33Ja4d
MHTEJIEKTyaIbHON MO IIEPKKH mpouecca
COIOCTABJIEHUS y4eOHBIX ANUCHMIUIMH 00pa30BaTENbHBIX
MpOTpaMM BBICHIEr0 OOpa3oBaHUS C LEIbIO CHIDKCHHUS
TPYIOEMKOCTH pa3pabOTKM HOBBIX M aKTyalHM3ally
CYIIECTBYIOIMX Y4YEOHBIX AWMCIMIUIMH W IOBBIIICHUS
Ka4ecTBa 00pa30BaTEIbHOIO KOHTEHTA.
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2. O030p MeTO0B HHTENIEKTYAJIBbHOTO
aHa/IM3a 00pa3oBaTeJbHBIX MPOrpaMMm

CpaBHHTeJ'ILHI:Iﬁ aHaJIn3 OGpa?,OBaTeJ'H;HLIX InporpamMm ¢
HCJIbI0 OoNpeACIiCHUA COIMOCTAaBUMOCTU O6pa3OBaHI/IH u

TIPUHSATHUSL PpeleHui npu TUTAHUPOBAHHUU
00pa30BaTeNbHBIX porpamMmm u yIpaBJICHUS
00pa30BaTeNFHBIMU  TPACKTOPHUSIMHU TPEACTABICH B
paboTtax M.b. I'y3zauposa, H.U. FOcynosoi,

O.H. Cmerannnoit, M.M. I'asnoBoir, C.B. Tapxosna,
A.C. Tupckoit, JI.C. JIucunpiaoit u apyrux [1,2,3,4,5,6,
7].

Tak B pabore O.H.Cwmeranumno#t [5] paccmarpusaercs
mpobieMa yrpasiieHIsI 00pa30BaTeNbHBIM MapIIpyTOM B
YCIOBUSIX OpPraHU3alMd W Pa3sBUTHS aKaJeMHICCKOU
MoOWIbHOCTH. JInsl pemieHuss mpoOsieMbl NpeUIoKeHa
MOJIETIb YIPaBJIEHUs M CHCTEMa IIOJAEPKKU IPUHITUS
pELICHUI C WCIIOJIb30BAHMEM KOMILIEKCA JIUCKPETHO-
COOBITHMHHBIX MOAENEH Ul CUTYallMOHHOTO YIPaBICHUS
W KOMIUIEKCA  KOHIENTYaJIbHBIX  OHTOJOTHYECKHX
MoJened M METOJOB HMHXXEHEpUHM 3HAHWUH IS
obecrieuennss MHGOPMAMOHHOW ToagepXku. CTeneHb
CXOKECTH POCCHHCKHX u MEXIYHApOIHBIX
00pa3oBaTeNbHBIX MPOrpPaMM IIyTEM COINOCTAaBICHUS
TEPMHUHOB (KJIFOUEBBIX CJIOB), (OPMYIHUPOBOK 3HAHUIA,
YMEHUI, HaBBIKOB, KOMIIETEHIMM M HAUMEHOBAaHUH
JUCLUILIMH Y4eOHBIX MIAHOB.

B pabore E.A.UYepnuxoBoit [8] mnpemmaraercs s
COMOCTAaBJICHUsT 00pa30BaTEeIbHBIX KYPCOB HCIIOJIb30BAThH
OHTOJIOTHYECKUEC MOJCIH, U OIPEACISIIOTCS MEPHI
CEMAHTHUYECKO#M OJM30CTH KYypCOB Ha OCHOBE aHAJIn3a
KIIFOYEBBIX CJIOB COACPIKAHUA AUCHUIUIMH U PE3YJIbLTAaTOB
00ydeHHs ¢ TOMOIIBI0 TaKCOHOMHH O0pa30BaTEIbHBIX
Hejei.

Takke OHTOJOTHYECKIE MOICIH MPUMEHSIOTCS B paboTte
A.1O. YxBa [9] I aJalTUBHOTO oucKa
00pa30BaTENBFHBIX PECYPCOB C IMOMOIIBI0 PACCYKICHHUN
IO TIpeLeICHTaM.

dopmanu3oBaHHAas MOJENb COCTaBICHHS y4eOHOro
IUIAHA HAa  OCHOBE  MOJYJIbHO-KOMIIETEHTHOCTHOTO
nozxo/a mpeacrasiena B pabore .M. Xapuronosa [10].
Jlnst mocTpoeHus y4eOHOTo IIaHa MCHOJIB3YIOTCS METOJ
9KCTIEPTHBIX OLEHOK M METOJ KOHTCHT-aHamu3a. A Juis
OIpe/ieNiCHUs] 3HAYMMOCTH JAUCLMIUIMH (Moxyuneit) ¢
y4eToM MOTpeOHOCTeH phIHKAa Tpylna HCIONB3yeTcs
METO/I JIATEHTHO-CEMAaHTHYECKOTO aHAJIM3A.

MeToJ; 3KCHEPTHBIX OLEHOK M KOTHUTHBHBIE KapThl
ucnone3yrorcs B pabore W.B. Cubukmuoit [11] mis
OTpENeICHUsT TEePEYHs TUCIHIUIHH, (HOPMUPYIOIIUX
oTpe/ieICHHY 0 KOMITETEHIIHIO 00pa3oBaTesbHO
mporpaMmbl. Il TOJyYEHHE IEPEYHS 3HAYMMBIX
MUCHMIUIMH W TEPEYHS  KOMIICTCHIMH  CTPOUTCS
JIMHTBUCTHYCCKHIA kinaccudukarop Ha OCHOBE
CHHTAKCHYECKHX MPABHJI H HEYECTKUX MHOXKECTB.

B pabore A.C.TIupcko#t, JI.C. Jlucunpiroit [7]
paccMaTpuBaeTcs MOJENb yIpaBlIeHUs
00pa3oBaTeNbHBIMH TPACKTOPHSIMHU CTYACHTOB Ha OCHOBE
pE3yIbTaTOB OCBOCHUS KOMIIETEHIMII 00pa3oBaTeIbHBIX

CTaH/IaPTOB C Y4YETOM MPHUHIHUIIA MEXIUCIUIMHAPHOCTH
obyuennsa. Jlng  opmanmmzanmm  0Opa3zoBaTENLHOM
TPaeKTOPUHU HCHONb3yeTcss TpadoBas MoJenb B BHJC
mraH-rpada.

AJropuT™M ABTOMAaTHU3UPOBAHHOTO COCTaBJICHUS
ydgeOHOTO IUTaHa 00pa30BaTeNFHOW IIPOrpaMMBI  Ha
OCHOBE KOMIIETEHTHOCTHOTO TMOAXOAa NpEAJoXKeH B
pabore C.C.KoroBa [12]. B pabore mnpumensercs
rpadgoBas Momenb CTPYKTYPHO-JIOTHUYECKHX  CBs3ei
JHCIMIUIAH, PACCMOTPEHBI PAa3UYHbIC AIBPHCTUYCCKHE

ITOpUTMBl  (OpMUpOBaHUsT  y4yeOHOrO  IUIaHa C
UCTIOJIb30BaHUEM HKCIEPTHBIX OLIEHOK.
CrouTr  OTMETUTH, 9YTO  OCHOBHAsA  CIOXHOCTh

HCTIONB30BaHUsl PACCMOTPEHHBIX MOAXOI0B HA IPAKTUKE
3aKJII0YAETCS B HeoOxoanmMocTn MPHBIICYEHHS
MPEJCTaBUTENILHOIO COCTaBa JKCIEPTOB IJIsI METOJOB C
HCTIONIb30BAaHUEM OHKCIIEPTHBIX OLEHOK, (hOPMHPOBAHUS
OHTOJIOTHUECKUX MOJIEJICH, MpaBHi W/WIH HPENeICHTOB
JUISL KaKI0W W3 MpeIMETHBIX 00JjacTel HarpaBiIeHHH
MOATOTOBKH 00pa30BaTEIbHBIX IPOTPaMM.

IIpsiMoe comocTaBieHHE KIIOYEBBIX CIOB WM Ha3BaHMH
JUCHMIUIMH, TeM M pa3JesioB IOKa3bIBaeT HHU3KOE
Ka4yeCTBO COIOCTaBJICHHs 00pa30BaTENbHBIX MIPOrPaMM U
KypCOB, YUYHUTBHIBas HMMEIOIIHECS Pa3IW4usi B IOAXOJax
pa3HBIX 00pa30BaTEIbHBIX OPraHU3alMi K Pa3JeNICHUIO
porpamMm Ha JVCIUTUTAHBI u MOJYIH,
CTPYKTYpHpOBaHHE  pa3lelioB W TeM  BHYTpPH
JUCLUIUIMHBL, (QOPMYNIHUPOBAHUE PE3yIbTATOB OOYyUCHHS
no aucnuiuimHaM. Bee eme Oonee oTsromaercs TeMm

(axTom, 4TO B MTOCTIeTHUX U3MEHEHUAX
00pa30BaTeNbHBIX CTAHAAPTOB TPETHETO IOKOJECHUS
(®I'OC  BO)  npakTHueckd  OTCYTCTBYIOT  (3a

WCKITIOYEHUEM TPEX-4eThIPeX 00s13aTebHBIX TUCITUILINH)
TpeOOBaHUS K HAJIMYMIO U COJACPKAHHIO OMPEICICHHBIX
JMUCIUIUINH, WX  CTPYKType M  pachupeaeieHuro
KOMIICTECHITHH I10 TUCIHIIIINHAM.

3. Mertoa conocraBiieHUs] y4eOHBIX
AUCHHUILUINH 00pa30BaTeJbHBIX IPOrpaMM

B nocineHee BpeMst GOJIbLIYIO MOMYISIPHOCTD U HIMPOKOE
MPUMEHCHUE TOJIYYWJIN MOJCIIN BEKTOPHBIX BJIOJKEHUH
(word  embedding), B  wacTHOCTH,  CO3JaHHAas
cotpyaHukamMu Kommnanuu Google moxens word2vec,
UCIIONB3YIOIIasl [BYXCIOWHbIE HEHPOHHBIE CETH Ui
OBICTPOrO U Ka4ECTBEHHOTO OCYIIECCTBICHHUS OTPaXKEHUSI
CII0B (WU JTFOOBIX IPYTUX TOKEHOB, YHOTPEOIMIOMIUXCS B
HOCIIEIOBATEILHOCTH) B X BEKTOPHOE IPECTABICHUE.
OCHOBHO# Hjiee JaHHOW MOJIENu OBUIO COMOCTAaBJICHUE
CIIOB c KOHTEKCTaMU ux yIOTPEOICHHS,
OPUEHTHUPYIOIIEECS Ha CONOCTABIEHHE KOCHHYCHOM
OJM30CTH BEKTOPOB CJIOB KOJMYECTBY MX OOIIHX
KOHTEKCTOB YIIOTPEOICHHUSI.

Mogens 1OKa3bIBa€T BBICOKHME pPE3yibTaThl Kak B
KauecTBEe, TaK U B CKOPOCTH pabOTHI, UMEs, MPH ITOM,
MOJIHYIO SI3bIKOBYIO HE3aBUCUMOCTh. Ha TaHHBII MOMEHT,
MOMyJIIpHOCTE  WOrd2vec ocobeHHa 3aMeTHa Ha
COPEBHOBaHHSX 10 aHANM3y f3bIKa, Takux kak Dialog,
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OOJILIITUHCTBO Y4aCTHHUKOB KOTOPOTO MNPUMEHAOT OTY
MOJCJIb B aHAJIM3C JaHHBIX.

IMo3ke, B KadecTBe pacimupeHust wumeir word2vec,
OpPUTHHAJIBHBIMA aBTOpaMH MOJENH ObUla BBINTyIICHA
Mmozens paragraph2vec, dQokycupyromasics yxe Ha
COIIOCTABJICHUE LEIBIX HOKYMEHTOB M OTPAKCHHUH UX B
BEKTOPHOE MPOCTPAHCTBO.

B gpamHOM paszene oOmHCaH METOJ| CONOCTABJICHUS
y4eOHBIX JUCHUIUIMH pa3IMYHBIX 00pa3oBaTeNbHbBIX
IpOrpamMm, KOTOPBIi UCIIOJIb3yET COBPEMEHHBIE MOIAXO b
BEKTOPHOI'O TPEJCTaBJICHHUS TEKCTOB C  IOMOIIBIO
Mozenu paragraph2vec, 4To B OTIMYHE OT OMHMCAHHBIX
paHee IOIXOJOB IT03BOJISICT IPOBOAUTH CONOCTAaBIICHHE
6e3 HEeoOXOIUMOCTH TPYAOEMKOTO OHTOJOTHIECKOTO

MOJCIUPOBAHUS HpeIMETHBIX obnacreit
00pa30oBaTeNBHBIX MMPOTpaMM W IOCTPOCHHUS 0a3 3HAHWH,
06e3  HEOOXOOMMOCTH  ONHMCAaHUSI  JBPUCTHUCCKHUX

AJITOPUTMOB, IMPABUJI JIOTUICCKOI'O BbIBOJA, a TAKIKC 0e3
HCIOJIb30BaHUA IKCIICPTHBIX OLICHOK.

Meton NO3BONAET pellaTh 3aJa4d  CEMaHTHYECKOTO
aHam3a yueOHBIX JUCLUIUINH, BKJIIOYAs
nH(pOpMaLMOHHBIH TIOUCK c PaHXUpPOBaHUEM
CEeMaHTU4YeCKH  ONM3KMX  NpOrpaMM  JIUCLUILUINMH,
KIacCU(pUKAIMI0O 10  pasiM4YHBIM  TpH3HAaKaM W
KJIACTEPH3ALHUIO YICOHBIX AUCIMIUINH.

3.1. Moaeab yueOHOM TMCUMILIHHBI

B pesynpTaTe mpOBENEHHOIO PaHEE aHAIU3a ONUCAHUS
00pa3oBaTeNBPHBIX ~ KypcOB  Ha  caliTax  BeOyIIUX
poccHiicKIX W 3apyOeKHBIX YHHBEPCHTETOB, a TaKXKe
., .
( Liens < Sanaun
/
/
I|MCL‘T

HM\.LT

,Elucuu nanKa |

Oﬁccncmmﬂu
_ OCTHAKCHHE

Heobxoanma st e w'luum
Hayuaetcs nocne

TpeboBanuii K odopmiieHHI0O paboumx TporpamMm
JTUCHIHIUIMH, YCTaHOBJICHHBIX MuHOOpHayku P®, Ovimm
OTIpeNeIeHl  OCHOBHBIE  DJIEMEHTHI,  OIMCHIBAIOIINE
y4eOHYIO TUCITUIUTAHY WK MOIyIb [13].

Jns dopmanuzanyu onucaHUs y4eOHOH TUCTIHTUIHHEBI
(Momyms) OpLTa oCcTpoeHa KOHIICTITYaIbHAs
OHTOJIOTHYECKAs MOJICIIb, MMPEICTABICHHAS HA PUCYHKE 1.
Ha Heil oTpakeHbl Haubojee Ba)KHBIC C TOYKU 3PCHHS
dhopMupoBaHus 00pa30BaTEIBHBIX MPOrPAMM KOHIICTITHI,
KOTOPBIC MPHCYTCTBYIOT BO BCEX pabOYMX Mporpammax
muciuiuiiH.  KOHIIENTB MOXHO pa3feiuTh Ha TpH
YCIIOBHBIC YaCTH:

1. OOpa3oBaTenpHBIE LM W 3agadd  Kypca,
KOMIICTEHIINM ~ 00pa30BaTeNbHONH INPOTpaMMBbl U
pe3ynbTaThl 00YIEHUsS 10 TUCIUIUINHE (KaK IIPaBUIIO,
OIMCHIBAIOTCSI B BUJIE 3HAHHH/yMEHHI/HABBIKOB).

CTpykTypa AUCIMIUIMHBL: OMHCAHUE PAa3JeliOB, TEM
Kypca, COICp)KaHHS JICKIIMOHHBIX M MPAKTUYCCKUX
3aHATUH, 3aJaHuil HAa CaMOCTOSATENbHYIO padoTy
00yJaroIuXcsI.

Onuncanne ¢GOpPMBI TPOMEXYTOUYHOH aTTECTAIWH,
OLICHOYHBIC CPEJICTBa C NpPUMEpPaMH 3aJaHUd |
MIPUBA3KON K IIPOBEPSEMBIM pe3ybTaTaM 00ydeHusl.

Ha mpaktuke mpernojaBatenb Ipu pa3paboTKe HOBOTO
Kypca WIH akKTyaJu3allud CYIIECTBYIOIEro Kypca B
NepByI0  oOdepelb  aHAIM3UpPyeT  IepBBIE  JIBE
COCTaBIIAIONINE ONUCAHUS JUCLIUIUINH.
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J g /’
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3.2. BekTOpHOE nMpeacTaB/IeHHe TEKCTOB

B mnocnenHue HECKONBKO JIET HaOMParOT MOMYJISIPHOCTH
HelpoceTeBble MOJENH S3bIKa, KOTOpPBIE ITOKA3bIBAIOT
nepeioBble  pe3yiabTaThl B 3ajJadax  OIpelesIeHUs
ceMaHTU4ecKoi Omm3octu [14,15], B TOM uwmcne u it
PYCCKOTO $I3bIKa, KaK 3TO [OKa3aHO B padOTax IO OLCHKE
METOJIOB OIpEEICHUs] CEMaHTHYEeCKOW OJHM30CTH CIOB
RUSSE [16]. HeiipocereBsle Momendn Takue Kak
WOrd2vec OCHOBBIBAIOTCS Ha TUCTPHOYTHBHOM THIIOTE3E
MMOHUMaHHUA CMBICTIa TEKCTa M TIOAXOJE BEKTOPHOTO
MIPeCTaBICHUS CJIOB (word embedding) c
HCTIOIE30BaHUEM HEMPOHHBIX ceTeid [15].

B  namHOi paboTe mpemmaraeTcsi — HCIOJB30BATH
HelipoceTeByl0 Mojenb paragraph2vec [17], kortopas
o0yJaeTcss Ha TEKCTax BXOJHOTO KOpIlyca, Ipeodpasyro
HX B BEKTOpHbIE TNPEACTaBICHHUA B N-MEPHOM
IpocTpaHcTBE. A 3aTeM  MO3BOJSIET  ONpenenaTh
CCMaHTUYCCKYIO 6HI/ISOCTL WJIN CBA3aHHOCTH JJI1 HOBBIX
TEKCTOB IIyTEM CPaBHEHHUSI BEKTOPOB 00y4EeHHOI Mozenu
(HampuMep, IO KOCHHYCHOM Mepe OJII30CTH).

CyliecTByeT 3HAYUTEIbHOE KOJIMYECTBO IMyOIMKAIH,
UCTIONB3YIOMIKUX paragraph2vec kak asst 6oniee 06a30BBIX
BAPUAHTOB KCIOJB30BAHUS BEKTOPHBIX MOJeIed —
reHepalud HabOpOB MapaMeTpOB JJIsl UCIOJb30BAaHHS B
3aja4ax KiaccupuKanuu (HanpuMep, 3aJauyd aHain3a
TOHAJBHOCTH), TaKk U OoJice cCHelU(DUICCKUX CIydacB
UCIIOJIb30BAHMSI.

Tak B pabore [18] aBTOpBI MpPEACTABIAIOT BapHAHT
ucnonb3oBanus paragraph2vec B ceszke ¢ Wikipedia B
KauecTBe 0a3bl 3HAHWH U peanu3aldi UMEHOBAHHOTO
CBSI3bIBaHMSA OOBEKTOB. [IpWM HaIWYMK  YHOMHHAHWI
MMEHOBAHHBIX CYIIHOCTEH, KOHTEKCTOB YITOTPEOICHUS
9THX YIIOMHHAHWN M HEKOTOPOTO Habopa KaHIHIaTOB,
obydyenHass wa 0Oasze Wikipedia momens renepupyer
BEKTOpa JJII KOHTEKCTOB M HWIIET Hauboliee ONM3KUMA K
HUM BEeKTOp cpenu kanaunatos-crateir Wikipedia.

Jpyrasg rpynmna ucciefoBaTesne, MoJl PYKOBOACTBOM
Hashimoto [19] mpumenuna paragraph2vec B 3amade
TEMaTHYECKOT0 MOJAETHPOBAHUSA. ABTOPH  00ydYaroT
Mozenb Ha 0as3e HcclelyeMoro Kopmyca, a 3aTeM
OCYIIECTBIISIOT KJIaCTEPU3ALIHIO. Ucxons u3
MPEIONI0KEHUI, YTO KIACTEPHl SBILIIOTCS TEMaMH,
aBTOPBI HCHONB3YIOT MOJIENb Ui TEHEepalHd CIOB JUIS
KaXI0M TeMBI U CPaBHUBAIOT Pe3yJbTaThl C JIATCHTHBIM

pa3MeIeHneM Hupuxie (LDA). Hcxomnoe
MPEANOI0KEHHE O TOM, YTO KJIacTepa BEKTOPOB TEKCTOB
COOTBETCTBYIOT TeMaM TpeOyeT  JIOMOJHUTEIHHBIX

MIPOBEPOK. B YacTHOCTH, TpEICTaBICHHBIE aBTOpPaMH
HaObOpsl TEM M CIOB HE CPaBHUMBI IO KAa4e€CTBY C
TpaauuoHHBIM LDA.

Eme onHO wucciienoBaHWe Npeiaraioliee CpaBHCHHUE
paragraph2vec ¢ LDA mpencrasieno B [20]. 3mecs,
aBTOPBI MOKA3bIBAIOT MOTEHIMAT MOZEIH, O0yYeHHON Ha
Wikipedia u wucmons3yemMoi Uil BBISBICHHS TPYIII
CTaTed  SHIMKIONEIWM,  IOKa3blBasg  JIOCTATOYHO
KayeCTBEHHBIE pPe3yJbTaThl B 3ajadye IOHMCKa Hauboiee
OJM3KHUX KOHLIENTOB CTATEH.

B 3agasax anaimm3a 00pa30BaTeNbHOrO  KOHTCHTA
BCKTODHOE  MPEIACTABICHHE  TEKCTOB  paHee  He
npuMeHsutock. XoTs B obnactu Educational Data Mining
HaXOASAT IIMPOKOE MPHMEHEHHE METOABI M AITOPUTMEL
MaImuHHOTO o0ydeHwus. bonee moxpoOHas wHpOpManus
npe/craBieHa B o63opax [14,21].

ABTOpaMH JaHHOTO WCCIICMOBAHUS  BBICKA3bIBACTCS
THI0TE3a, YTO METOAbl Ha OCHOBE HEWPOCETEBBIX
MoJIenel si3pika (¢ momorsio Word2vec u paragraph2vec)
MOTYT MOKa3aTh JydYiliee KaueCTBO MOJICTUPOBAHUSI H
OLICHKH CEMaHTHKH B 3a/1a4aX COIOCTABJICHHS Y4COHBIX
JUCUMIUIAH TPUA TPOCTOTE OOYYCHHS] CaMOW MOJCIH.
[p¥ 5TOM CTOWT Y4ECTh OJMH M3 OCHOBHBIX HEIOCTATKOB
HEHpoceTeBBIX Mojeneil (B OTIMYWe, Hampumep, OT
METOIOB BEPOSTHOCTHOTO TEMaTHYECKOTO
MOJICIIUPOBAHUS)  —  OTCYTCTBHE  BO3MOXKHOCTH
HHTEPIPETHPOBATh OTIEIbHBIC NPU3HAKA MONYICHHBIX
Ha BBIXOJIe HEHPOHHON CETH BEKTOPOB.

3.3. AJIrOpUTM CONOCTABJIEHUS COEPKAHUSA
Y4eOHBIX M CUUILIHH

Ha pucyske 2 mpencraBieHa oOOOWIEHHass cxeMma
AITOPUTMA  COMOCTAaBJICHHWS  y4eOHBIX KYpcoB C
UCIIONB30BaHMEM Mojenu paragraph2vec, oGydenHoit Ha
KOpILyce TEKCTOB pabOUYMX MPOrpaMM JUCLUIIIHH.

Ha mepBom mare  ajgropurMa  MpeayCMOTpEHA
npeBapuTeIbHas 00paboTKa TOKYMEHTOB, BKIIIOUAIOIIAs
BBIOOp U3 TEKCTOB JOKYMCHTOB HamOOIee Ba)KHBIX
(parMeHTOB — meneil W 3aja4 Kypca, pe3yJbTaToOB
00yueHHUs] M KOMIICTCHIINH, CTPYKTYPBI Kypca, BKIIOUast
OIMHCaHWsI TeM W pa3ienoB Kypca. IIpemBapurenbHast
obpaboTka 3aBeplIaeTCs neMMaTH3aImei "
0TOpachIBaHHUEM CTOII-CIIOB.

IMocne  obyuenust  mogenu  paragraph2vec  Ha
MOJITOTOBJICHHOM KOPITyCE TMOSIBISIETCS BO3MOXHOCTh
reHepaIMi BEKTOPOB JOKYMEHTOB JUIsi HOBBIX, paHee
HEM3BECTHBIX MOjIeNn paragraph2vec pabouux mporpamMm
JUACIUILIHH.

B nanpHeiimeM MOXHO J00aBUTh K TMOIYYE€HHBIM
BEKTOpaM HOBBIX JOKYMEHTOB M BEKTOpaM JIOKYMEHTOB
13 KOpITyca JOTIONHUTENbHBIE IPU3HAKH, KOTOPBIE MOTYT
YIIYUIINTh Ka4eCTBO COIMOCTABJICHUS pabodnx MporpamMm
M yd4ecTh JOINOJHUTEJbHbIE (AKTOPBI ISl OTIEIbHBIX
3agad B mporecce (OPMUPOBAHUS MW AKTyaIM3alnU
o0pa3oBaTeNbHBIX  NporpaMMm. JlaHHBIE — NIpU3HAKH
CO3JafOTCSl M OTOMpAroTCs  3KCIepTaMH B XOje
TPAaAWIMOHHOTO JJIsI MAaIIMHHOrO OOydYeHHs Iporecca
Feature Engineering. Hanpumep, Takumu mnpu3Hakamu
MOTYT OBITH  HaIlpaBIE€HHE IIOATOTOBKH, 00BeM
JUCHHIUIMHBI B 3a4eTHBIX €IWHHIAX, pacIperelcHie
9acoB, TEPHOA OCBOCHHUS IHCIUIUIMHBI (CeMecTp) IO
y4ueOHOMY TUTaHy, popma aTTecTarus u T.1.
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IIpeno6paboTka TEKCTOB
JIOKYMEHTOB pabodux Iporpamm
nqucturmiad (PT1T)

v

®opmupoBaHHe 00yUaOIIEro
KopIryca

v

Oo6yuenune mozemnu paragraph2vec na
IMOJIy4Y€HHOM KOpIIyCce

v

I'enepanus c momouis 0 00y4eHHOH
MOJIEJI BEKTOPOB JJIsI HOBBIX
comocTaBnsgeMbix 1okymeHToB (PITT)

Y
JTo6GaBeHu e IOMOTHUTENb HBIX
NPU3HAKOB K BEKTOPAM JOKYMEHTOB
(onyuonamwno)

\ 4

Kiactepuzanus, knaccuuKanus wiu
MIOUCK C paHXHPOBaAHUEM
JIOKyMEHTOB B 32aBUCUMOCTH OT
3aJa4M COIOCTABIICHUS HA OCHOBE
MOy Y€HHBIX BEKTOPOB

IIpencrapneHue pe3ynbTaToB
COTIOCTABIICHUS C OIICHKOM KadecTBa

Konen

Puc. 2. Aaropurm conocrapjieHusi y4eOHbIX
AMCLHMILIMH ¢ HCIOJb30BaHueM paragraph2vec

IMocnennue srtambl 000OIIEHHOTO AJITOPUTMa MOTYT
BapbUpPOBAThCS B 3aBHCUMOCTH OT KOHKPETHBIX 3aJad
aHaM3a 00pa3oBaTeNbHBIX MPOTPaMM. Eciu
HeoOxomuMo  momoOparh  Hamboiee  CEeMaHTHYECKH
Onu3KKe yueOHble AMCIMIUIMHBI K 33[JaHHON, TO MOXHO
MPUMEHSTh aJTOPUTMBI HMH(GOPMAIMIOHHOTO TOHCKA C
paHXHpOBaHUEM pe3yJbTaToB o CTENeHU
CEeMaHTHYECKOW OJIM30CTH BEKTOPOB JOKYMEHTOB (Kak
NPaBWJIO HCIIOJIB3YETCsl KOCHMHYCHash Mepa Onm30cTH).

MOo>kHO TIpOBECTH KIIacCH(UKAINIO yIEOHBIX TUCIUIIIINH
M0 OmpeneieHHBIM O00JacTsIM 3HaHWUH, HaNpaBICHUI
MOATOTOBKH, LHWKIAM AWCHUIUINH, TpPEIBAPUTEIHHO
00y9uB KiTaccHUKaTOp Ha 0Oydaromen BEIOOpKeE.

4. JKcnepuMeHT

Ilo mpuumHE OTCYTCTBHS OTKPBITBIX TPEHHPOBOUYHBIX
KOPILyCOB 00pa30BaTeNbHBIX MPOTPaMM Ha PYCCKOM HIIH
AHTJIMHCKOM SI3bIKaX B JIAHHOM HCCIENOBaHMUU JJId

aHaM3a NPUMEHUMOCTH paragraph2vec B
paccmarpuBacMOW 3ajadye  COIOCTaBJICHHS  y4eOHBIX
JUCLUMIUIMH,  aBTOPHl  BOCIOJIB30BAIUCH  TEKYLIMM
BapUAaHTOM  CO3/[aBa€MOr0  COOCTBEHHBIMH  CHJIAMHU

KOpITyca pabo4mx MporpaMM TUCIUIUIHH.

Ha paHHBII MOMEHT, SKCIEPUMEHTAIBHBIA KOPILYC
COJZICPKUT OoJiee CTa Pa3TMYHBIX YYEOHBIX IUCIIUILUIMH,
KOTOpBIE MOTYT OBITh pa3[eleHbl Ha CEMb TpPYyNI B
COOTBETCTBUH c MpEeIMETHON 00acThio:
nH(pOpMaMOHHbBIE TEXHOJIOTHH, SKOHOMUKA, MaTeMaTHKa
U CTAaTUCTHKA, JIMHTBUCTHKA, HCTOPHSA, MEIULIMHA, H
mpaBo. B kaxmoit rpymme umeercs oT 3 10 5 MEHbIIUX

KaTeropui, COOTBETCTBYIOIIUX KOHKPETHBIM
JUCHMIUIMHAM, KaXIas M3 KOTOPBIX coaepxur 4
JIOKyMEHTA, IIPEACTaBIAOIINX KaXIbIi

oOpa3oBaTenpHbIN Kypc. IIpuMep Takux kaTeropuil s
obiacTn MaTeMaTWKa M CTAaTHCTHKA: MaTeMaTHYeCKHH
aHanm3, anredpa M TeOMEeTpHsl, TEOPHs BEPOATHOCTEH n
MaTeMaTH4eCcKasi CTATUCTUKA, METO/IbI ONITUMH3ALIHH.

B paMkax 9SKCHepUMEHTa OICHHBAETCA KadeCTBO
KITACCH(UKAIINHN TIPOTPaMM YUeOHBIX MUCIUIUIMH B JBYX
3aj1auax; KJIacCH(DUKAIUK MO MpeaMETHBIM o0macTsMm (7
KJIaCCOB) M KJIacCH(PHUKAIMKM 10 KAaTErOpUsAM B paMKax
npeaMeTHBIX obacTeii (26 kimaccos).

B kauectBe peanmmsarmu paragraph2vec ucnoss3yercs
doc2vec u3 Oubnmorekm Qgensim. OGyuaercs Momenb
distributed bag of words, koropas, cormacHo oueHkam,
npuBeficHHBIM B paborte [17], mokaspiBaeT ydiine
pe3yibTaThl, 4eM anbTepHaTHBHas Mojenb distributed
Memory, Ha OOJIBITMHCTBE HA0OPOB TaHHBIX.

OoOyuaromass BeIOOpKa Juisi Mojenu paragraph2vec u
MOCJIEIYIONIEro 00yUYeHHUs KIacCH(PUKATOPOB COCTABIISIET
75% ot kopmyca, a TecToBas BBIOOpPKa, IO KOTOPOH
MPOU3BOIUTCS OlIeHKa Ka4ecTBa, COCTaBJIsIeT
octapmuecs 25% kopmyca. Takke Tpu  OICHKE
MPUMEHSETCS] CTaHJapTHASI METO/IMKA KPOCC-BaInAAIIH.

B cpaBHeHMM y4YacCTBYHOT MOIYJSPHBIE aJTOPUTMBI
KIacCupUKalMU: JIOTUCTUYECKass perpeccus, sSupport
vector knaccugurarop, K-OmmkalInmx cocelei, IepeBo
NPUHATHS PENICHHA ¥ pPa3JIMYHbICe aHCaMOIK JIECOB
JIEPEBLEB MPUHSTHS PEIICHUI.

Pe3ynbTaThl OLIGHKM OCHOBHBIX IIOKa3aTeneil KavecTBa
paboTsl  KIaccu(UKATOPOB TOYHOCTB  (precision),
nonHoTa (recall) u F-mepa, npencraenens B Tabnuue 1.

HHTeJ'IJ'IeKTyaJ'[LHBIﬁ METOA U aJITOPUTM COITOCTABJIICHUA y’{e6HBIX JUCHHUIUIMH Ha OCHOBE BEKTOPHOI'O NIPEACTABJICHUS TEKCTOB

24



Ta6auua 1. Pe3yibTaThl IKCIIEPUMEHTA MO KJIaccuPUKAIIME PabouuX MPOrpamMM JHCHUILTHH

Krnaccudukanms no kareropusiM 0;M3KHX Knaccudukanms aucuuIuims mo
JCTIATUIAH B paMKaX MPeIMETHON O00JIaCcTH MIPEIMETHBIM 00JIaCTsIM

Precision Recall F-mepa Precision Recall F-mepa
Logistic Regression 0.83 0.88 0.85 0.97 0.96 0.96
Extra-trees 0.77 0.85 0.79 0.97 0.96 0.96
Random Forest 0.72 0.81 0.75 0.97 0.96 0.96
Decision Tree 0.26 0.35 0.28 0.69 0.65 0.65
k-nearest neighbors 0.77 0.85 0.79 0.97 0.96 0.96
C-Support Vectors 0.84 0.88 0.85 0.97 0.96 0.96

Kak u oxunmanoch, pe3yiabTaTbl KiIacCH(UKAIMU MO
MPEAMETHBIM ~ O0JIaCTSIM ~ TPEBHILAIOT  AHAJOTWYHBIC
MoKasaTead Ui  OTAENBHBIX AWCHUIUIMH  BHYTpPHU
kareropudi. OpHaKo, Kak BHIHO H3 IPHUBEICHHBIX
Iokasarteseil, Bce 6a30Bble aJTOPUTMBI, 32 UCKITIOUCHHEM
JepeBa  MPUHATHS  pPELICEHWH  IOKa3ajdd  BBICOKHE
pe3yIbTaThI B obenx BBIOpaHHBIX 3aJadax
knaccudukanuu. OTo 03HaYAET, YTO Ja)Ke B MPOCTEHIIIEM
BapHUaHTe IPUMEHEHUS 0e3 J00aBIeHUs
JOIIOJTHATENBHBIX IIPH3HAKOB K BeKTOpam, paragraph2vec
XOpOIIO TMOAXOJUT [UIA CEMAaHTHYECKOTO aHalW3a
MpOrpamMM y4eOHbIX JTUCIIUILIIHH.

5. 3akiarouenne

OCHOBHBI@ peByJ’ILTaTBI HpOBe,Z[eHHOFO HCCIICJ0BaAHUA:

[ ] HpennomeH METOA4 H aJ'Il"OpI/ITM COITIOCTABJICHUA
y‘IC6HBIX JAUCHUIINIMH Ha OCHOBE MHCHOJB30BaHHUA

METOAAa BCKTOPHOT'O MPECIACTABJICHUA TCKCTOB IIYTEM
obyuenust Mmozenu paragraph2vec.

o [IposeneH 9KCIEPUMEHT c peanu3aruen
MIPEVIOKEHHOTO METo/a Ui 3a7ay KiacCH(UKAIIUH
y4eOHBIX JIACUUTUTAH Ha COCTaBJICHHOM

MPEJCTaBUTEIFHOM TEKCTOBOM KopIyce padbodnx
IIPOrpaMM JUCLMILIUH.

e PesynprarThl 3KCIEPUMEHTA TMO3BOJSIOT CIEIATh
BBIBOJI O IPUMEHMMOCTH Mojienu paragraph2vec s
OLIEHKH  CEMaHTHYECKOW  OJIM30CTH  MpOrpamm
yueOHbIX auciuminH. Jlydiiie nokazatenu F-meps
(0.85) moxkazan kmaccuukaTOp Ha  OCHOBE
anroputma C-Support Vectors.

Hanpanenus nanpHeuiero uccie0BaHus:

e OrueHKa NPUMEHUMOCTH IMPEIOKEHHOIO METoaa B
3a/1a9ax WH(POPMAIIMOHHOTO TOMCKa u
KITacCU(pUKAIUN YIeOHBIX NUCIUIUIMH B CPAaBHEHUU
C JIPYTHMH MOJIXOJaMHU K 00pabOTKe €CTECTBEHHOTO
s3pIka  (Hampumep, B3BemieHHelid 1F-IDF, LSA,
pLSA, LDA, wu3BlIcYeHHE KJIIOUYEBBIX  CIIOB,
WOord2vec B coueTaHHH C KJIFOUEBBIMU CIIOBAMH).

e  3BieueHne NOTIONHUTENBHBIX KOJIHYECTBEHHBIX |
cemaHThueckux npusnakos (Feature Engineering) us
MporpaMM y4eOHBIX JUCIUIUINH U yYeOHBIX TUIAHOB
JUISL aHAlM3a WX BIWSHUS Ha KaueCTBO pEUICHHS
3aau HHTEIUICKTYalbHO MOJIIEPKKH
(dhopMupoBaHUs 00pa30BATENBHBIX MPOTPAMM.

e Omnpenenenue yIOOHBIX JUIs KOHEYHBIX
HoJb30BaTeeit croco0oB BU3YyaJIU3aIUH
PE3YJIbTaTOB COMOCTABICHHS YUEOHBIX TUCIUILINH U
00pa3oBaTENbHBIX MIPOTPAMM.

e [IpuMeHeHHE BEKTOPHOTO IIPEACTABICHUS TEKCTOB
TSt COIIOCTABIICHNUS TpeboBaHMI
NPOoeCCHOHANBHBIX CTaHIAPTOB, BAaKAHCHH pBIHKA
TpyZla M Pe3yJbTaTOB OCBOEHHs 00pa30BaTENIbHBIX
nmporpaMMm B 3ajade (OPMUPOBAHUS AKTYaJIbHBIX
pe3ynbTatoB  0o0y4eHHss N0 NpodecCHOHaTbHBIM
JUCHUIUINHAM.
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