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NnaHupyemble pe3ynbTaTbl 06y4yeHus no OOI

Kopn pesyabtara

Pe3yabTar 00y4enus
(BBIIYCKHHUK J0JK€eH ObITH T'OTOB)

Ob6menpodeccnoHalbHbIe KOMIIETEHIIUN

P1

BocnpuHuMare ¥ caMOCTOSTENBHO NPHOOpPETaTh, Pa3BUBATh W IPUMEHSTH
MaTeMaTU4eCKUE, €CTECTBEHHOHAyYHbIEC, COLMAIIBHO-DKOHOMUYECKHE U
npodeccuoHaIbHbIC 3HAHUS ISl pelIeHUs] HECTaHAAPTHBIX 33]a4, B TOM YHCIIe
B HOBOW MJIM HE3HAKOMOM CPEJ€ ¥ B MEXAMCLIUIIINHAPHOM KOHTEKCTE.

P2

Brnagets ¥ npuMeHATh MeETOABI M CPEACTBA IOJYYEHHUS, XPaHEHUS,
nepepaboTKU W TPaHCIALUMKM HHPOPMAIMM MOCPEACTBOM COBPEMEHHBIX
KOMITBIOTEPHBIX TEXHOJOTHA, B TOM YHCIE B TJIOOATBHBIX KOMITBIOTEPHBIX
CeTsIX.

P3

JIeMOHCTPHPOBaTh KYJIBTYPY MBIIUICHHS, CIIOCOOHOCTh BBICTPAMBAThH JIOTHKY
paccyXIeHHH M BBICKa3bIBaHWH, OCHOBAaHHBIX HAa HWHTEPIIPETAlMU TaHHBIX,
MHTETPUPOBAHHBIX W3 Pa3HBIX 00JacTeii HAYKW W TEXHUKU, BBIHOCHTH
CY)KICHHS  HAa  OCHOBaHMHM  HENOJHBIX  JaHHBIX,  AHAIN3UPOBATH
npodeccHOHaNbHYI0  HH(pOpManuio,  BBIICIATH B HEH  TJaBHOE,
CTPYKTYpPUPOBaTh, O(GOPMIIATH M MPEACTABIATH B BUJAE aAHATUTHYECKHX
0030pOB ¢ 000CHOBAaHHBIMH BBIBOJIAMU ¥ PEKOMEHIAIUSIMHU.

P4

AHanM3upoBaTh W OIIEHMBATH YPOBHH CBOMX KOMIICTEHIIMHA B COYETAHHUH CO
CIIOCOOHOCTHIO M TOTOBHOCTHIO K CaMOPETYJIMPOBAHUIO  JIAJIbHEHIIIETO
o0pa3oBanus U IpodhecCHOHATBHOM MOOMILHOCTH. BiianeTs, o kpaitHeii mepe,
OHUM nu3 HWHOCTPAaHHBIX SA3BIKOB Ha YPOBHE COUAJIBHOT'O u
npodeCCHOHAIBHOTO  OOIEHHS, TNPUMEHITh CICIHATIbHYIO JIEKCHKY U
po(hecCHOHATEHYIO TEPMUHOJIOTHIO SI3BIKA.

IIpodeccnonanbHbIe KOMIIETEHITUA

P5

BreimonHaTe HMHHOBAIMOHHBLIC  MHKCHCPHBIC  IIPOCKTBI IIO pa3pa60TKe
afrmaparHblX W HOpPOrpaMMHBIX  CPCACTB  aBTOMATU3HMPOBAHHBIX CHUCTEM
Ppa3jiIniHOTrO  HA3HAYCHUA C  HUCIHOJBb30BAHUEM  COBPCMCHHBIX  MCETOJ0B
MMPOCKTUPOBAHM, CHUCTEM ABTOMAaTU3HUPOBAHHOI'O MMPOCKTUPOBAHNA,
NEepcA0BOIr0 OIIbITA pa3pa60TKI/I KOHKYPCHTHO CITOCOOHBIX I/I3,Z[CJII/Il>’I.

P6

HJ'IaHI/IpOBaTI) u MMpOBOAUTH TCOPCTUUCCKHE n OKCIICPUMCHTAJIbHBIC
HUCCICOIOBAHUA B obnactu IMPOCKTUPOBAHUA alllapaTHBIX U IMPOrpaMMHBIX
Cp€ACTB aBTOMATHU3UPOBAHHLIX CHCTEM C HCIOJB30BaAHUECM HOBEHIITHX
,HOCTH)KGHPII’I HAayYKH U TCXHUKHU, NIEPCAOBOI0 OTCUCCTBCHHOI'O U 33.13}/'6C)KHOFO
OIIbITA. KpI/ITI/I‘IGCKI/I OIICHUBATH NOJYUYCHHBIC JaHHBIC U JICJIaTh BBIBOABI.

P7

OCYH_ICCTBJ'IHTB ABTOPCKOC COIPOBOKIACHUC TIPOLECCOB MPOCKTHPOBAHUA,
BHCAPCHUA W  OKCIUTyaTaluW  allapaTHbIX W [POrpaMMHBIX  CPEACTB
ABTOMATU3HUPOBAHHBIX CUCTCM PA3JIMYHOI'O HA3HAYUCHU .

O01eKyJIbTYPHbIE KOMIIETEHIIHU

P8

Hcnonp3oBaTh Ha TNpPaKkTUKE YMEHHS M HABBIKM B OpraHU3aluu
HCCIIEIOBATENbCKUX, MPOEKTHBIX paboT M MpodecCHOHATbHON SKCIITyaTaluu
COBPEMEHHOTr0 000py/I0BaHUs U MPUOOPOB, B YIIPABIEHUH KOJJIEKTHBOM.

P9

OcymiecTBIATh KOMMYHHKAIIUA B TIPO(ECCHOHATBLHON Ccpelie U B OOIIECTBE B
[[eJIOM, AaKTUBHO  BJAJeTh  WHOCTPAHHBIM  SI3BIKOM,  pa3padaThiBaTh
JAOKYMCHTAIIMIO, IMPE3CHTOBATh W 3alllMIIaTh PE3YyJIbTaThbl HHHOBaHHOHHOfI
WHXKEHEPHOM JIeATeNIbHOCTH, B TOM YMCJIE HA HHOCTPAHHOM SI3bIKE.




Kon pesyabtarta

Pe3yabTar 00yyeHus
(BBILYCKHHK J0JK€eH ObITH T'OTOB)

P10

CoBeplIeHCTBOBaTh M pa3BUBaThb  CBOM  MHTEUIEKTYaJIbHBIH U
OOLIEKYJIbTYpHBIM ypoBeHb. [IposiBIATH MHHMLIMATUBY, B TOM 4MHCIE B
CUTYallUsIX PUCKA, OpaTh Ha ceOs BCIO MOJIHOTY OTBETCTBEHHOCTH.

P11

JleMOHCTpHpOBAaTh CHOCOOHOCTH K CAaMOCTOSATENIBHOMY OOYYEHHIO HOBBIM
METOJAaM  HUCCJIEJOBaHMs, K  HW3MEHEHHIO HAy4YHOI0 W HAy4HO-
IPOM3BOJICTBEHHOTO MpOoQmiIs CBoed MNpodecCHOHANBHOW AEATeNbHOCTH,
CHOCOOHOCTh CaMOCTOSITENIBHO MPUOOPETaTh C MOMOLIbI0 MH(POPMALMOHHBIX
TEXHOJIOTHI ¥ UCIOJIb30BaTh B IPAKTUUECKON IEATEIBHOCTH HOBBIE 3HAHUS U
YMEHHUS, B TOM 4YMCJIE€ B HOBBIX OOJIACTSIX 3HAHUM, HEMOCPEACTBEHHO HE
CBSI3aHHBIX CO c(hepoil AEATeNbHOCTH, CHOCOOHOCTh K TeNarorndeckoi
JESITCIIBHOCTH.
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epaghuueckux Gainos ¢ noMowblO AILOPUMMA CeMEeHMmayuu u
KIaccuguramopa mekcmyp;

UCXOOHBIE MAMEPUATBL: ATCOPUMM U NPOSPAMMHOE 0becnedenue
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npesenmayus Microsoft Power Point na 16 craiioax
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03.06.2016 | 7. Literature review 10
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Pedepar

BroinyckHas kBanupukanuonHas pabora 122 c., 54 puc., 19 Tabn., 44
VMCTOYHHKA, 3 MPHUJL

KiroueBbie crmoBa: wuwHaekcanus Tpadudeckuit  ¢aiisioB, o0paboTka
U300paKeHMIA, YEI0BEYECKOEe BOCIPUATHE, TEKCTYPHbIE XapaKTEPUCTUKH, HEUETKUN
KJ1accu(uKaTop, CerMeHTaIus N300pa>KeHus.

OOBEeKT  uccleloBaHMS:  MOBBbIIIEHHE  A3PGEKTUBHOCTH  MHJACKCAIUU
rpaduueckux (aiaoB Mo COAECPKUMOMY C TOMOIIBIO KIACCU(PUKALUU TEKCTYp H
CEerMeHTAaIK1 U300pakKeHUH.

Lenp paboThl: pa3paboTKa MAaTEMAaTUYECKOTO M MPOTPAMMHOI0 00ecreueHus
CEerMeHTalu U300paxeHui s 3Pp(HEeKTUBHON HHEKcaluu rpadpuyeckux (ansios ¢
HOMOIUIbIO TEKCTYPHOTO KJIacCU(UKATOPA.

Meroasl npoBelieHHs padOThl: HCCIENOBAHUE IYTEM AaHAIW3a JIMTEpaTyphl
JITOPUTMOB  KJIACCU(UKALMU U CErMEHTAlH, aJIrOpUTMOB OIICHKM KauecTBa
IOJyYEHHBIX PE3YyJbTaTOB; peajan3alusl BEIOpAaHHBIX METOJOB B BUJE MPOrpaMMHON
CUCTEMBI, MMO3BOJISIOIIEH MOTYYUTh U IPOAHATU3UPOBATh PE3YJIbTAThl pa0OTHI.

[lomyuyeHHble  pe3ynbTarhl: MOBbIIIEHHE A()YEKTUBHOCTH  TEKCTYpPHOM
Kiaccupukanuu — coiepkaHus rpaduyeckux (QaliIoB C MOMOIIBIO METOAa
CEerMEHTAllMM, METOJ| OIIEHKM KauecTBa CErMEHTAlluHd, OCHOBAHHBI Ha MOJAEIHU
YeJIOBEYECKOIO BOCIIPUATHS.

O6nacTe npuMeHeHUs: UHACKcalus rpaduueckux (GpaiaoB Mo COJEPIKAHMUIO,
OLIEHKA apealioB MPUPOJHBIX PACTUTENbHBIX U JIAHIIA(YTHBIX 30H MO CITyTHUKOBBIM
CHUMKaM; pa3paboTka cHUCTeMbl KilacCH(pUKAMK (OpPM U CTENEHH pPa3BUTHUSA
TyOepKyJjie3a Ha OCHOBE TEKCTYPHBIX XapaKTEPUCTUK TKAHEH JIETKUX YesIOBeKa.

DKOHOMHMYECKAass 3HAYUMOCTh pabOThl: MPUMEHEHHE pPEe3yJbTaTOB IS
pa3pabOTKH MEAMIIMHCKOTO MpPOEeKTa OOYCIABIMBAET SKOHOMUYECKHH 3(pPexT or
YBEJIIMYEHUS! TOYHOCTH TOCTAHOBKM JHMarHo3a, yMEHbIIEHHWE BPEMEHHU IpHeMa

MnanueHTa, YMCHbBIICHHUC HCOIIPABAAHHBIX 3aTpaT Ha JICUCHUC OJIA OOJILHOTO.



OnpeaeneHusn

B nanHOl paboTe MpUMEHEHBI CIEAYIOIIHE TEPMHHBI C COOTBETCTBYIOILUMHU
OIPEIEICHHUSIMMU.

Texkcrypa — IloHATHE, XapakTepu3yrollee M HM3MEpSIOIIEe IapaMeTpbl
OJTHOPOJHOCTH U300pakeHHUS.

TexcrypHble xapakrepucTukH JlaBca — XapakTEpUCTUKH, ONMCBHIBAIOIINE
CBOICTBaA TUNA pedep, CKAYKOB, BOJIH HAa N300paKEHUH.

Nupexcanusi u300pakeHMss — MPOLECC ABTOMATUYECKOTO J00ABICHHUS
CBEACHUN O (ailiie M300pa)xKeHMsI, UCIOJIb3YIOIUXCS MOTOM JUIsl MOMCKa JaHHOMN
uH(popManuu.

Kuacenpukanust — nponecc cCOOTHECEHUSI BXOIHOM MH(POPMALIMHA K OJHOMY
13 U3BECTHBIX Ul AHATUTUYECKON TPOrPaMMBbI KJIACCOB.

Kuacrep — 00be1MHEHHE HECKOJIBKUX OAHOPOIHBIX 3JIEMEHTOB.

Kaacrepusauus — npoiiecc OTHECEHUS OJHOPOIHBIX OOBEKTOB K OTAEIbHBIM
CTPYKTypaMm — KJIacTepam.

Heuerka cucrema — cucrema, UCMONb3YIOWAs TPUHIUIIBI HEYETKON JIOTUKU
JUISl IPUHATHS pELICHUS.

CermMeHT HM300paskeHUs] — Yy4acCTOK M300pa)Ke€HHUsA, B KOTOPOM COJEpKaTCs
OJTHOPOJIHBIE 110 OIPENEICHHOMY NMPU3HAKY MUKCEIN U300paKeHusI.

CermMeHTauMsi M300paskeHUsl — TMpOIECC pa3JClICHUs H300paKeHUs Ha

CCIMCHTHI.



O603Ha4YeHUA n cokpallueHus

KMCC — K-Means with Connectivity Constraint.

DDMCMC — Data-Driven Markov Chain Monte Carlo.

AIST — Analysis of Images, Social Networks and Texts.

HUP — nayuHo-uccnenoBareiabckas padora.

HTY — Hay4HO-TEXHUYECKUIN YPOBEHb.

I15BM — IICPCOHAJIbHAS 3JICKTPOHHAA BBIYUCIUTCIIbHAA MalllnHA.

MPT — MarHUTHO-pE30HAHCHAsE TOMOTpadusi.
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BBepeHue

[Touck w wHAEKcanmwsi WHPOPMAMM B HACTOAIIEE BPEMS SIBIISCTCS
aKTyaJIbHOW 3aJjaueil B CBSI3U C MOCTOSIHHBIM POCTOM OObeéMa MHPOpMallUd B MUPE
KaK B JIMYHBIX JIOKAJBHBIX XPAHWIMINAX IOJIb30BATENIC, TaK W B HAOpaBIIUX B
HACTOSAIIEe BPEMS BBICOKYIO MOMYJISIPHOCTh ceTeBbIX MHTEepHET-pecypcax. OnHoil u3
HEpeIICHHbIX TMpobjieM B JaHHOW cdepe sBiseTcs mnpobdiieMa HHIEKCAINU
rpaduueckoit nHdopManuu, coaepxKaiencs Ha n300paxeHusIX U Buaeodaitnax. Ito
MOBBIMIAET AKTYyaJIbHOCTh 3a7aud  3(G(EKTUBHOTO yIpaBieHUs TrpapuyecKuMu
daiimamMn, 3aKIIOYAIONIYIOCS B ABTOMATUYECKOM TIOMCKE W HWHACKCUPOBAHUU
COJICP’)KUMOTO, BBISBIICHUM 3HAYUMBIX OOBEKTOB, (oHA W HX KIacCUPUKAIIMIU.
Pa3zpaboTka pemieHust 1aHHON MPOOJIEMbl HA OCHOBE TE€XHOJIOTUN MHTEIJICKTYyaIbHON
00paOOTKH TaHHBIX BHOCUT OOJBIION BKJIA/ B PA3BUTHE UCCIIEIOBAHHH, CBSI3aHHBIX C
MallMHHBIM ~ OoOydeHHeM, o0paboTkoi  u300pakeHHM W Kiaccudukanuen
rpauuecKkux MaTepuaioB.

Han nanHoi mpoOJsieMOi HECKOJIBKO JIET paOOTaeT KOJUIEKTHB CTYICHTOB U
MOJIOABIX Y4eHBIX Kadenpsl Ontumuzanuu cucteM yrpasieHuss MHcTuTyTa
KnOepHETUKH TOMCKOTO TIOJIMTEXHUYECKOTO YHHUBEPCHUTETa TIOA PYKOBOJCTBOM
noueHta kadeapel AxcéHoBa Cepres BmanumupoBuua. PesynpraTom paboThI
SBJIIETCSI TPOEKT MO pa3pabOTKe HEYETKOro TEKCTYpHOTo Kiaccudukaropa,
MCTIOJIB3YIOIIETO BHICOKOIIPOU3BOIUTENbHBIE BEIYUCICHHUS. OOBEKTOM HCCIEAOBAHNUS
MPOEKTa SBIIAETCS pa3paboTKa CUCTEMBI I MHACKCAlMU rpaduyeckux (ailioB 1o
ux coaepkumomy. [laHHas cucTema MO3BOJIAET KiIacCU(PUIMPOBATH TOYKM M MX
OKPECTHOCTH Ha H300paXeHWHW HAa OCHOBE 0a3bl TEKCTYpPHBIX XapaKTEPUCTHK.
HepemenapiMu OCTAIOTCS 3a1a91 BBIJCICHUS U PA3IMUCHUS 00BEKTOB N300pAKECHUS,
a Tak)Ke TOBBIIMICHUS TOYHOCTH M KOPPEKTHOCTH Kiaccuukamuu. Ilosromy mis
peanuzanuu  dppeKkTuBHONM pabOThl CHUCTEMBI OJHONM W3 BaXKHEHIIMX 3ajad,
SBJISTFOIIMXCST TIPEIMETOM HCCIICIOBAHUS, SBJISICTCS TMPOSKTHPOBAHWE U pa3paboTka
QIrOpUTMAa CETMEHTAlMM M300pa)K€HUs, TMO3BOJISIIOUIETO PEIIUTh IPOOIEeMbl

KJIaCCI/I(l)I/IKaTOpa, IIOBBICUTH TOYHOCTbD KHaCCI/I(I)I/IKaLII/II/I, CHU3UTb KOJIHUYCCTBO
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OlIMOOK, peaqn30BaTh MOJyYEeHUE HH(POpPMAIMH O PACIONOKEHHUH OOBEKTOB Ha
U300paKeHHH.

Lenpro gaHHOW paboOTHl sBIsieTCs pa3pabOTKa MaTEeMaTUYeCcKoro U
IPOrpaMMHOTO amnmnapara CerMEeHTalUN U300pakeHul, MO3BOJISIOMEro 3(h(HEeKTUBHO
WHJEKCUpPOBaTh  Tpaduueckue  maTepuasbl € [OMOIIBIO  TEKCTYPHOIO
kinaccudukaropa. B pabore ommMchIBaIOTCS HUCCIENOBAaHUS, CBSI3aHHBIE C TOMCKOM
ONTUMAJIBHBIX JJI JAHHOM 3aJa4l METOJIOB CErMEHTAllMM W OLEHKH €€ KauecTBa;
pa3paboTaHHbIE AJITOPUTMBI M MPUHIUIBI UX PaOOTHI; apXUTEKTypa U MPUHIUIIBI
paboThl MPOrpaMMHON CHUCTEMBI, PEATU3YIOLIEH JaHHBIE AJTOPUTMBI; PE3YyJIbTaThI
TECTUPOBaHUS PabOThl CHUCTEMBI TMPU PA3JIUYHBIX [apaMeTpax, CpaBHEHHE
pe3ysbTaToB U 000cHOBaHHUE 3()(PEKTUBHOCTU PAOOTHI CUCTEMBI B LIEJIOM.

PesynpraTel mo gaHHOM Teme ObuIM ONMYyOJMKOBaHbI B Marepuaax
MEXIyHapoJAHOH HayuyHON KoH(pepeHunu «MHpOpMallMOHHBIE TEXHOJOTUU U
cuctemsl 2014 (UTC 2014)» B 2014 roxy; B cOopHuKe «BBICOKONPON3BOIUTENHHBIC
IapajulelIbHble BBIYMCIEHUS HA KiacTepHbIX cucremax» B 2014 ronmy. Takke
JOKJIaapl 1O TeMe ObUIM NpPEJICTaBI€Hbl Ha KOH(epeHuusx Tomckoro
MOJINTEXHUYECKOTO yHUBEpcUTeTa «MOJOAEk b U COBPEMEHHbIE MH(DOPMALMOHHBIE
texHosorun» B 2014 u 2015 rogax; Ha koHpepeHuusx TOMCKOro rocy1apCTBEHHOTO
YHUBEPCHUTETA CUCTEM YIIpaBIICHHS U paanodaekTpoHuku «Hayunas ceccust TYCYPy
B 2015 u 2016 ronax; Ha MmexxayHapoaHoi koHpepenuu «Analysis of Images, Social
Networks and Texts» B 2015 roay, cOOpHHUK KOTOpO# ObLT OMyOJIMKOBAH B XKYypHAJIE
Springer, uanekcupyemMomMm SCOPUS.

Pe3ynbTaThl, NnpeacTaBlieHHbIe B JaHHOW paboTe, OyIyT MCIOIb30BaHBI JJIs
pa3paboTku WED-OpHEHTUPOBAHHOTO TPUIIOKECHHUS, TTO3BOJISIOIIETO WHICKCHPOBATh
3arpy’kaeMmble rpaduueckue (ailsil. ITO TO3BOJMT TMOJB30BATENSAM OBICTPO U
3¢ (HEeKTUBHO HANTH UHTEPECYIOLUI UX MYJIbTUMEIUNHBIA KOHTEHT 10 COJIEP>KaHUIO.
Taxoke, omHOW W3 OOJACTEl MPUMEHEHUS PE3YyIbTaTOB PAaOOTHI SIBISETCS aHAIU3
CIYTHUKOBBIX CHHUMKOB JJis KJIaCCU(PUKALIMM TUIIOB PACTUTENbHBIX MACCHUBOB U
o0nactel UX MPOU3PACTaAHUS, OTCICKUBAHUS COCTOSIHUSI IPUPOIAHBIX PACTUTEIBHBIX

u J'IaH)]H_Iaq)THBIX 30H, YTO IIOMOIKCT PCHINTL 3aaa4r I'€OJIOTHH, OKOJIOTUN U OXpPaHbI
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OKpyXxaromel cpenbl. Hanbosiee NEepCleKTUBHBIM HAMPABICHUEM HCIIOJIb30BAHUS
pE3yNbTaTOB pabOTHl SBIACTCS pa3pabOTKa CHUCTEMBI Kiaccupukarmuu GopM H
CTENIEHU pa3BUTUs TyOepKysie3a Ha OCHOBE TEKCTYPHBIX XapaKTEPUCTUK TKaHEH
JIeTKHUX 4enoBeka. J[aHHBbIi mpoiecc OyAeT OCYIECTBIATHCS C MOMOIIBIO0 TOCTPOCHUS
TPEXMEPHON MOJIETN JIETKUX IO CHUMKAM MAarHUTHO-PE30HAHCHOW ToMorpaduu.
JlanHasi cucremMa 3HAYUTEIHHO MOBBICUT 3(PGEKTUBHOCTh AUATHOCTUKH U JICUCHHS
paznudHbIX (opM TyOepkyne3a. CucteMa OynmeT pa3pabaThiBaThCs B paMKax I'paHTa
Poccuiickoro ®onna dynaameHtanpHbIx MccnenoBanuii Homep 16-47-700289 p_a.
Brenpenue cuctembl OyneT MPOU3BOIUTHCA Ha 0a3e MEIUIIMHCKUX YUYPEKICHUN

roponaa Tomck.
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1 O630p nuTepaTypbl
1.1 AropuT™Msl cerMeHTaunuu

1.1.1 IlonsiTHE CErMeHTALINHU

CermeHTanust u300pakeHUsT — TPOLECC paslelieHnus H300paKeHus Ha
o0nacTu, Kaxkaas U3 KOTOPBIX COJEPXKUT MUKCENH, OJHOPOIHBIE MO HEKOTOPOMY
Npu3HakKy W oOmajgarommye  OOMMMH  BH3YQIBHBIMH — XapaKTEPUCTHUKAMH.
OIHOPOTHOCTH MOKET MPUCYTCTBOBATD I10 CIEAYIOUIUM IPU3HAKAM: 110 SPKOCTH, 110
I[BETY, M0 OJU30CTH HA M300paKEHUH, IO TEKCType, MO TIIyOuHE (eCiIi UMEeT MECTO
TpEXMEpPHOE MpOoCcTpaHCTBO). [lpumep cermeHTanum H300paXeHUsT MPUBEIECH Ha

pucyske 1.

Pucynox 1 — [Ipumep cermenTanuu u3o0pakxeHus

Lenp cermMeHTalMM 3aKJIOYaeTCd B  YOPOLUIEHUUM W/WIM  HU3MEHEHUHU
MpeACTaBICHUsT MU300paxKeHusi, 4ToO0bl €ro ObUIO TPOIIE U JIeTYE aHAIU3UPOBATh.
Pesynbrarom cerMeHTanuMu = HM300paXKEHUW  SBISIETCS. MHOXECTBO  CETMEHTOB
M300pAKEHUS, UM MHOKECTBO KOHTYPOB Ha N300paKEHHH.

CermenTanus n300pakeHH ObIBaeT OCHOBAHHOM Ha aHaJIM3¢ BBICOKOTO
YPOBHSI — OT/CJICHUE O0BEKTOB OT (poHA (M APYr OT JIpyra) U Ha aHAJIM3€ HU3KOIO
YPOBHS — pa30MeHNe Ha 00JIACTH MTOX0KUX MEXKTy COOOM MUKCETeH.

Taxoke kimaccuuKanus MOHATUS CETMEHTAMUA M300pakeHUs MPOU3BOAUTCS
N0 TpU3HAKYy Yy4YacTHUS B OTOM TMpOIecce TOMb30BATENsA: aBTOMATHYECKas

CCTMCHTAIUA — CCIMCHTAI U, IIPOU3BOAMAS oe3 B3aI/IM0I[eI‘/JICTBI/I$I C ITIOJIB30BAaTCIJIEM
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(n300pakeHue Ha BXOJIe, PETHOHBI HAa BBIXOJE) M WHTEPAKTUBHAS CETMEHTAIUS —
CeTMEHTAaIMs,  YIpaBiseMas  [OJb3oBaTeleM  W/wiM  TpeOyromas  BBoOJa
JOTIOJIHUTEIbHON HH(popMaruu [1-2].

dopmalibHOE OMpeeNieHne CerMeHTallud U300pakeHUs, Kak ero pa3oneHus

Ha Ha60p HeHepeCCKaIOHII/IXCH 06HaCTeﬁ, MOXHO OJaTb CJIGI[y}OHII/IM O6pa?>OM2
S={S},i=1LN (1)
Vi, j=LN:i=j,SNS, = 2)

rae Siu Sj — cerMeHThbl U300pakeHus, | ¥ ] — HATypaJIbHBIC YHCIIA.
1.1.2 ba3zoBbie MeTOAbI CerMEeHTALIUN

ba3oBbie METOIbI CErMEHTAIMK MPECTABISAIOT CO00 OCHOBHBIE TTPUHITUIIBI,
Ha KOTOPBIX 0a3UPYIOTCSA aJrOPUTMbI CETMEHTALUU, TPUMEHSIEMbIE B TEX WU MHBIX
ciydasx. Ha ocHOBe MOAXOJOB, OINHUCHIBAEMBIX B  0a30BBIX  MeETOAAX,
pa3pabaThiBalOTCA  MPOJBUHYTHIE QJITOPUTMBI, KOTOPBIE IOKAa3bIBAIOT  CBOIO
3¢ (HEKTUBHOCTH B PEIICHUH CIICIIMATN3UPOBAHHBIX 3a/1a4.

MeToabl, 0CHOBAHHBIE HA KJACTePU3ANUH

MeTtonpl, OCHOBaHHBIC Ha KJIACTEpU3alliH, OOBIYHO HCIIOJIB3YIOT MeTon K-
cpennux (Taxkxe MoryT ucnoib3oBathcsi CURE, ROCK, DBSCAN u apyrwue), 9To0bI
pa3nenuTh u3o0paxkeHne Ha K kiactepoB. JlaHHBIH METOJ XOpOIIO HM3BECTCH H
IIIUPOKO HCITOJIB3yEeM JIJI BBITTOJTHCHHS COBEPIIEHHO pa3NMUYHBIX 3amad. I[lpumep,

WITIOCTPUPYIOMINUN paboTy anroputMa K-cpeTHux NpuBeACH Ha PUCYHKE 2.

® (]
o o 1 .‘
e & | B s 2
m @ 0] - e D\\E
o © o /
oo s
T n\: .

Pucynok 2 — [IpumMep ucnonb30BaHus aropuT™Ma K-cpeIHuX s KIIacTepU3alluy B

JIBYXMEPHOM IIPOCTPAHCTBE

B kaudectBe pacCTodHnsA MCKAY OSJICMCHTAMU I/I306pa)KeHI/I}I, HaIIpHuUMCp,

MUKCeNsaMHu, OObIYHO Oepercs EBKiMmoBa mMepa pacCTOSHHUS MEXKIY TMUKCEISIMH U
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IIEHTPOM KJIacTepa. B kadecTBe Mepbl PacCTOSIHUS ISl Ka)XIOTO MHUKCENST MOXKET
CIy)KUTh I[BETOBasi COCTABJIIONIAsl, 3HAYCHHWE TEKCTYPHOH XapaKTePUCTHKH,
COCTAaBIISIFOIAS SIPKOCTH WJIM TEOMETPUYECKOE TIOJI0KEHHE MHKCEIsl B EBKIMIOBOM
IPOCTPAHCTBE.

OOBIYHO TIPU UCIIOJIL30BAHUU ANTOPUTMA K-CpEHUX HAYAIbHOE IMOJIOXKCHUE
IIEHTPOB  KJIACTEpOB  BBIOMpaeTcsa  ciay4yaiiHeiM  oOpazom.  CyecTByer
YCOBEPIIICHCTBOBAHKUE aNropuTMa K-cpemHux ImyTeM HW3MEHEHHs Crocoda BBIOOpA
HAYaJILHOTO TTOJIOKEHHS IICHTPOB KiacTepoB (K-cpemHux++):

- TOJIOXKEHHE TIEPBOTO IEHTPa BEIOUpAETCs CIydyailHbIM 00pa3oMm;

- TIOJIOXECHHE KaXKJIOTO CIICAYIONIETO IIEHTpa BEIOUPAETCS ¢ BEPOSITHOCTHIO,

3amaBaeMon opmysioit (3).
D*(x)
000 @

XeX

rne D(X) — paccrosiHEMEe OT TOYKM X IO OJMOKAaWIIEro W3 YK€ BBIOPaHHBIX
LEHTPOB, X — MHOXECTBO MTUKCETEH.

Jns anroputma K-cpemnux++, 4eM fanbline TOYKa OT BBIOPAHHBIX IICHTPOB,
TeM OoJIbllle BEPOSATHOCTh €€ BhIOOpa B KayecTBE HOBOT'O LIEHTpa. Takoe U3MEHEHHE
WHUIIMATU3AlUN TTapaMeTPOB aIrOPUTMA YBEJIMUUBAET €0 CXOJUMOCTh MOUYTH B JIBA
pasa, 4To IEMOHCTPUPYETCS Ha PUCYHKax 3-4.

CpaBHeHME, TPUBEICHHOE Ha pUCYHKax 3-4 ObUIO MPOM3BENCHO Ha
n3oopaxennn pazmepom 800x450 nukceneii n npousseaeHo B [1].

Emie oqauM ynydineHueM aaropuTMa, siBISIONMMCS OJHUM U3 €r0 BApUAaHTOB
pa3BuTHs ABIsETCA anroput™ K-cpennux ¢ orpannyenusmu cocenctsa (KMCC — K-
Means with Connectivity Constraint), ocHOBaHHBII Ha COCEICTBE PETHOHOB. JIaHHBIH

QITOPUTM MOAPOOHO omucaH B paszzene «[IpoBUHYThIE METOIBI CETMEHTAILIUN.

17



140

=120
=
=0
©
o 100
E 80
O -
o B k-cpeaHux
8 60 W k-cpeaHux++
<
= 40
2
20
0 -

k=4 k=8 k=16 k=20

Konun4vectso Kn acTepos

Pucynox 3 — CpaBHEHHE KOJIMYECTBA UTEPALIUI IS allroput™Ma K-CpeaHux u

YCOBCPIICHCTBOBAHHOI'O aJITOPHUTMA k-CpGI[HI/IX++

wul

IS

M k-cpeaHux

B k-cpegHux++

Mo

Bpemsa pabotbl, ¢
w

k=8 k=16 k=20

KonnyecTso knactepos
Pucynok 4 — CpaBHeHHE BpeMeHHU paboThl IS anroputMa K-cpeHux u

YCOBEPIICHCTBOBAHHOTO airoput™Ma K-cpemnux++

ANTOPUTMBI  CErMEHTAIlMM M300pa)K€HWH Ha OCHOBE KJIACTEpU3aLUU
rapaHTHUPOBAHO CXOJATCS, T.K. KOJIMYECTBO KJIACTEPOB 3aJaHO 3apaHee, HO 3a4acTyIo
MOJIYYEHHOE PELICHUE HE SIBJIIETCS ONTUMAJIbHBIM, a TaK)Ke€ UTHOPUPYETCS KaKoe-

100 MPOCTPAHCTBEHHOE MOJIOKEHHUE MUKCENE 1 CETMEHTOB.
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AJITOPUTMBI IOPOT0OBOii 00padoTKN

[ToporoBass 00paboTka MIMPOKO MPUMEHSIETCA  JJII  CETMEHTalluu
M300pKEHUM, XapaKTePU3YIOIUXCS HATMYUEM OJTHOPOIHBIX YYACTKOB C Pa3IuYHON
cpenHel sipkocThio. HambOomnee pacmpocTpaHEHHBIM METOJIOM SIBIISICTCS OWHapHas
CEerMEHTaIlMs, B ClIy4ae KOTOPOM 001acTu U300pakeHHs] MOTYT OTHOCUTBCS K OJHOMY
U3 JByX ydacTkoB. [IpeoOpa3zoBaHue HCXOIHOTO H300paKEHUS MPOU3BOJIUTCA C

IOMOIIBIO BBIPAKCHUS:

(i.,i) = Yor X(i, 1) < X,

T T (i) > %, @

rie X(i1, i) — Touka ucxoaHOro n300paxkeHus, Y(ii, iz) — Touka H300paKeHU-
pe3yibTaTa, Yk — YPOBEHb SPKOCTH IIEPBOTO M BTOPOrO0 Yy4YacTKa BBIXOJHOTO
U300paKeHMsI, Xo — 3HAYCHHE ITOPOTa.

Hawnboyiee 4acThiM NPHMEHCHHEM JaHHOTO METOJa SBIISICTCS OWHApHOE
paszeicHue M300paKEHUs C HWCIOJIb30BAaHUEM OJIHOTO 3HAYCHUsS ITOpora, OJHAKoO,
€CJIM KJIaCCOB, KOTOPBIC HEOOXOIUMO BBIICIUTh Ha M300paKCHUH, OOJIBIIEC IBYX, TO
JIOJDKEH OBITh 3a/1aH HAOOp MTOPOTOB.

[Ipumep nmpuMeHeHuss TOpOroBoi 0OpabOTKKU HAa OCHOBE MOKA3aTeNsl APKOCTH

C OZTHOM MOPOTOM TIPU CETMEHTAINH U300paKeHUs IPUBEIEH Ha PUCYHKaX 5-6.

Pucynox 5 — Ucxonnoe nzodpaxkenue Pucynox 6 — Pe3ynbrar moporoBoi
JIJIS1 TIOPOTOBOM (DUITBTpALIUU bunpTpanuu
OCHOBHBIM MOMEHTOM IPU peau3alliid JAHHOTO AJITOPUTMa CErMEHTAIIUU

ABJIACTCSA BBI60p WJIN OIPECACIICHUC C IIOMOIIBIO OIPCACIICHHBIX aJTOPHUTMOB
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3HAUCHUSA TMOpora B aBTOMATHYECKOM pexume. Yame Bcero BHIOOp MOPOTOB
OCYIIECTBIISIETCS] HA OCHOBE aHAJIM3a THCTOTPaMM MCXOTHOTO n300pakeHwust [3].

OCHOBHBIM HEJOCTATKOM JIAHHOTO METOJA ABJISIETCA Y30CTh €r0 IPUMEHEHHS,
T.K. OYC€Hb CJIO)KHO MO00PaTh MapaMeTPhl aITOPUTMA IS PEIICHUS IIIMPOKOTO KpyTa
3aJad4.

MapkoBckasi puiibTpanus

CraTucTUYeCKUil METOJ] CErMEHTAallMM, OCHOBaHHBIM Ha MapKoBCKOi
bunbTpalMy, MOAPa3yMEBAECT NPUHITHE PEHICHUS B KaXKIOM TOUKE Ha OCHOBE
aHanM3a M300paKEHUS B €€ OKpecTHOCTsIX. B [4] paccMarpuBaeTcs HeKay3albHBIN
BApUAHT METOJIa, KOI/la OKPECTHOCTh COCTABJISIIOT NEPECEUYECHHE CTONOLA U CTPOKH
ucciaenyeMoit Ttouku. Ha pucyHke 7 mNpuBelleH NpUMEp CETMEHTAlUM JaHHBIM

meroaoM [3].

Pucynox 7 — [Ipumep MapkoBCKO# cerMeHTaluu TEKCTYP

B [5] anroput™m omuceiBaeTcs B TepMUHAX MapKOBCKHX CIIy4alHBIX TOJICH,
IPEICTaBIISIONIMX CO00M rpaduueckyro Mojelb, koTopas 3anaercs rpapom G=(V,E).

DHeprusi MOJIeTU 3aIlMChIBACTCS BHIPAXKEHHUEM, MPEJCTABICHHBIM (POPMYIION:

E(X):ZDi(Xi)+ Zvij(xiixj), (5)

icP (i,])<E
rne E — cucrema coceacrtBa, V — OuHapHble moTeHNUansl, D — yHapHBIE
MOTCHITMABI, X — BEKTOP METOK HaTypaJIbHBIX YHCEIL.
3amaya CEerMEHTAIlMM CBOAMTCA K BOCCTAaHOBIICHHIO HaWOOJiee BEPOSITHBIX
CKPBITBIX ITepeMeHHbBIX X 10 Ha0I01aeMbIM iepeMeHHbIM Y [6] cormacHo gopmyire:

Xyp =argmax P(X]Y). (6)
X
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B [7] mpemnoxxeHbl pa3ivuHbIC aITOPUTMBI BOCCTAHOBJICHUS CKPBITON
KOMITOHEHTHI. ba3oBbIN anropuTM BKIIIOYAaeT Tpu mnpoxoxaa no rpady G. O6paboTka

HAYMHACTCS C KOPHS t*, IpH 5TOM 3a/1aeTCs alPHOPHOE pacrpe/iesieH e mo hopmyie:
O (X ), Xpr € Q2. (7)
Hucxonsmmm npocmorpom s Bcex y3imoB t € T mo dopmyne (8)

BBIYUCJIAIOTCA allpUOPHBIC pACIIPEACIICHUA.

qs(xs) = qu(xs |Xt)qt(xt)’xs EQ’S eT(t) ) (8)

Xt eQ
rae Sut— pedpa rpada G
Crnenyromye dTanbl BKIIOYAIOT B ce0s BOCXOASIIUMH W HUCXOSIIUI
MPOCMOTPBI JIJIT  BBIYMCIICHHUS] alOCTEPUOPHBIX MAapTHHAIBHBIX pachpeaeeHuid
kiaccoB 1o hopmynam (9) u (10), Ha OCHOBaHHH KOTOPBIX MPUHUMAIOTCS PEIICHUSI O

Kj1accax.

P (X¢ | Y¢) oc pe (X | Y(j':))pt(xt Y, X, €QteT, (9)

pex 1Y) o TT Zpe(x, | v) B X0 g

seTg, (10)
S XgeQ ( )

rre Y - moaepeBo ¢ KOPHEM B Vi, KOTOPOE BKIIFOUAET B CE0sI 3TOT KOPEHb.

CermeHTanust Ha OCHOBe MapKOBCKHX MOJIEH 4Yalle BCEro NpUMEHSETCs IS
aHanu3a U o0paOOTKU M300paKEHUI, CoAepk alMX B ce0€ TEKCTYphI, MOCKOJIbKY
[IOPOroBasi CErMEHTAIUs B IOJOOHOM CIyyae He MOXKET ObITh UCIIOJIB30BaHa.

OCHOBHBIM HEIOCTATKOM SIBIISIETCSI CIIOKHOCTh peajn3allii TaHHOTO METO/a
JUIS KOHKPETHOW 3aJaud, a TaKKe BBICOKHME TpPEeOOBaHMS K BBIUMCIUTEIHLHBIM
pecypcam [3-5].

MeToabI ¢ HCTO/Ib30BAHNEM THCTOTPAMM

['mcrorpamma (OHOKAHAIBHOTO H300pakeHUs1) — TpaduK pacrpeneacHus
YPOBHSI MHTEHCHUBHOCTH (SIpKOCTH) mukceneid. CerMeHTalusi C HCIOJIb30BAHHEM
THCTOTPAaMM 3aKJII0YaeTCs B TOM, YTO MPOHMCXOMIUT MOCTPOCHHE THCTOTPAMMBI TI0

KaKOMY-JTHOO 1IBETOBOMY KaHaly M300paxKeHHs], a 3aTeM MUHHUMYMbI U MAaKCHUMYyMbI

Ha TIIOJYYCHHBIX THCTOrpaMMax HCIOJb3YIOTCA JJIA BBIACJICHUA KIIACTCPOB
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U300paKeHHsI, HAPUMEP, KaXKIbI MUK TUCTOTPAMMBbI aCCOLIUUPYETCA C KIacTepOM
Ha u3oOpaxeHuu. llpumep rucrorpammsbl s HM300paXeHUs B OTTEHKaX CEPOTo

MpeJCTaBJIeH Ha pucyHkax 8-9.

L

Pucynok 8 — [Ipumep ceporo Pucynok 9 — [Ipumep rucrorpammsl

M300paKeHHUSI JUTSL TAaHHOT'O M300paXkeHUs

Ha pucynkax 8-9 BHUIHO, YTO NHUK TUCTOTPaMMBbI, HAXOMSIIMICS clieBa B
0oJiee TEMHOM JTMAIla30HE WHTEHCUBHOCTH CEPOTO IBETA, SIBISICTCS YEPHBIM (DOHOM.
OTtpensdst 3TH MHUKCENIM OT BCEX OCTaJIbHBIX IHKCEICH MPOUCXOAUT BBIICICHUE
cermeHTa (poHa U300pakeHusI U 0OBEKTOB HA N300PAKEHUU.

OCHOBHBIM TIPEHMYIIIECTBOM JAaHHOTO IIOJXO/Ja CETMEHTAIMH SIBIISETCS
CKOpPOCTh pacué€ra, T.K. B OO0IeM ciay4dae TpeOyercs TOJbKO OJMH MPOXOJ IO
nuKcessiM n3o0paxeHus. CyImecTBYIOT M CepbE3HbIC HETOCTATKU:

- TIOJHOCTBIO  WTHOPHUPYETCS  MPOCTpPAHCTBEHHas  uHoOpMalus o

MOJIOKEHUH TTMKCETIel Ha N300paKeHUH;
- 4YacTto OBIBaeT CJIOKHO OOHApPY)KWTh IHKH Ha THUCTOTpaMME, YTO
3HAYMTEIBHO CHMYKAET Ka4eCTBO cerMeHTaruu [8].

VYiay4iieHue JaHHOTO METOJIa — PEKYPCHUBHO MPUMEHSTH €r0 K MOJTyYCHHBIM
Ha ONpEACIICHHON WTepaluu KiactepaM Ha MW300paKeHWH, 4YTOOBI TMOACIIHUTH
MOJIy4eHHBIC KJIacTephl Ha Oosiee menkue. [Iporecc moBTOpsSieTCsT UTEPATUBHO, TTOKA
HE TIEPECTAHYT MOSBJIATHCS HOBBIC KIIACTEPHI.

JlaHHBIA BUJ] CErMEHTAIIMN aKTUBHO MPUMEHSIETCS 3a CUET MPEUMYIIECTBA B
CKOPOCTH aHaJlu3a HECKOJbKHX KaJpOB BHUACO IS OTICICHHS JBIKYIIUXCS

00beKTOB U 00BbeKkTOB (poHa. Ha OCHOBaHMM MOJYYEHHBIX JAHHBIX MOXKHO CJHIEJIaTh
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BBIBOJI O THKCENSAX, MPUHAJICKAMNX K ONPEACICHHOMY OOBEKTY W IHKCENSX,
IPECTABISAIONINX c000i GoH M300paxkeHus Ha Kajape Buaeo [7-8].

CermeHTanusi Ha OCHOBe O0OHAPYKeHHUS KPaeB

OOHapyXeHuEe KpaeB — OTO XOpOIIO H3Yy4YeHHas 00JacTb 00pabOTKH
n300pakeHuid. ['paHuIpl 00BEKTOB M300paXkKeHU U Kpasi 001acTeil CUIbHO CBSA3aHbI,
T.K. 4aCTO CYHIIECTBYET OYEHb PE3KHIl mepemnaj SpKOCTH Ha TpaHUIAX o0OJacTel.
MeTonpl BBIIEICHHUS KpaeB WCIOJB3YIOTCS KaK OCHOBAa ISl JIPYTUX METOJ/OB
cerMenTaiuu [7].

ANTOpUTMBI OOHApYKEHHSI KpPacB 3aKIIOYAIOTCS B HAXOXKICHUM TOYEK HA
rpanmmax obmactedt. Jlmsg  pacmo3HaBaHWS ~TPAaHWIT YacTO  HMCIOJIB3YIOTCS
XapaKTEePUCTUKU SIPKOCTH, TEKCTypbl U TpagueHT. CaMo ompenerneHue TpaHUIlbI
COJICPKUT TIOHSATHEC JIOKAIBHBIX TEPENagoB SIPKOCTH HAa H300pPaKEHHH, KOTOPHIE
MOTYT OBITb JIMHEWHBIMHU W CKauKoOOpa3HbIMH. [lpu nuHEHHON HEOJHOPOIHOCTH
napamMeTp SpPKOCTH MEHSIET CBO€ 3HAY€HWE TIOCTENEHHO, TIOPOM JOXOAs J0
TUaMETPaIbHO MMPOTHBOIIOJIOKHOTO 3HaUYeHMs. B ciydae ckaukooOpa3HOTO pa3phiBa
Ha U300paKEHUU MPUCYTCTBYET HEKOTOPBINA (PparMeHT, XapaKTepU3YIOIIUNUCS PE3KUM
CKaYKOM HJIU TIaJICHUEM sIpKocTH [3].

B o6miem ciydae MOXHO BBIIEIUTH 0a30BYIO MOCIEAOBATEIILHOCTD ATANOB B
QITOPUTMAaX BBIJICJIICHUS TPAHUIL;

- (unpTpanus UCX0MHOTO N300PKECHUSI 111 CHUKCHUS BIUSHUS [ITyMOB;

- ycuieHHue o0iacTel ¢ nepenajgom sipKoCTH;

- BBIJICJICHUE TOYKH B TPAHUILY C UCITOJIH30BAHUEM ITOPOTOBOTO 3HAYCHMS;

-  JIOKaJU3alns MECTOIOJIOKEHUS U HaIIPABJICHHMS.

B kadecTBe CrocOOOB BBIIENIEHUS TPAHMI] YACTO MPUMEHSIOTCS ONEPaTOPHI
CoGensi, Kanau u PoGeprca [3]. Merekrop kpaeB KonHu siBisieTcss HaumOosiee
nonyJsipHeIM U 3¢ deKTuBHBIM oniepatopoM [4]. Tlocne criuaxuBaHus MOJyTOHOBOTO
n300pakeHnst GOPMHUPYIOTCS KOHTYPHBIE CETMEHTHI ITyTEM OOHAPYKEHUS COCETHUX
NMUKCeNled ¢ OOJBIIMMH  3HAYCHHSIMH MOAYJS TpaaueHta. J[ins cpaBHEHHS
s dexTuBHOCTH MeTO/MOB Ha pucyHke 10 mpeacTaBieHBI pPe3ynbTaThl BBIJCICHHUS

KpaeB ¢ MoMoIIkI0 oneparopoB Konuu u Pobeprca.
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Pucynok 10 — IIpumep BbiAeneHus: TpaHUI] HA UCXOJHOM M300paxXeHHH (CIeBa) C
nomouibo oneparopa Kannu npu noporoBom 3Hauenuu ¢ = 1 u ¢ = 4 (nocepenuxe
CBEpXY M CHU3Y COOTBETCTBEHHO) U orieparopa Podeprca ¢ mapameTpom oTOopa

paBHbIM 20% (cripaBa)

Metoasbl pazpacTaHus o0JiacTen

Anroput™ paspactaHusi oOmactel — 3TO TMOAXOJ K CEerMEHTaluH
U300paKeHHid, B KOTOPOM PAacCMaTPUBAIOTCS COCEIHUE MHUKCENIU M T00aBIAIOTCA B
OJHy 00JacTh, €ciau He OOHapyxuBaeTcsi rpaHuna. JlaHHbBIN mpolecc SBISETCS
UTEPATUBHBIM ISl KQXKJI0TO TPAHUYHOTO MUKCEJIS B PETUOHE.

JlaHHBIN ~ anropuT™M TpeOyeT OMOJHHUTEIBHOTO BBOAA HWHGOpPMAIUU
M0JIb30BaTEJIEM: Ha MEPBOM IIare ajropuTMa IOoJIb30BaTeNleM BBIOMPAIOTCS LIEHTPHI
peruoHoB (3€pHa), KOTOpblE Ha TMOCJIEAYIONIUMX Iarax ajropurma OyayT
paspacTtarbcs 10 TOJHOLIGHHBIX pPEruoHOoB. HaumHas C BBIOpAaHHBIX IIEHTPOB,
pPErMOHbBI Pa3pacTaloTCs MyTeM NPUCOSANHEHUS COCETHUX TOUEK.

Korna Hu oguH muKcens M300pa)KEHUS HE MOXKET OBITh MPUCOSAMHEH HHU K
OJTHOMY M3 PETHOHOB, MPOIIECC pa3pacTaHus PETMOHOB OCTAHABIMBACTCSI.

Touka mpucoeanHsIeTC K PErMOHY Ha OCHOBAaHWM HEKOTOPOTO KPUTEPHUS,
HampuMep, ONM30CTh TOYKH K IEHTPY PETHOHA, ONM30CTh K COCEIHEH TOouKe,

MIPUCOEIMHEHHOW K PETMOHY HA MPEABIAYIIEM IIare, CTOMMOCTh KpaTYauIlero MmyTu
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OT LIEHTpa PEervoHa 0 TEKyUIEH TOYKU WU OTJIMYHME SIPKOCTU TEKYIEW TOYKH OT
CpeIHel IPKOCTU TOYEK PETUOHA U T.II.
Ha pucynke 11 mpezacraBieH mnpumep MNPUMEHEHHS METO/AA pa3pacTaHus

PETUOHOB K ITOJIyTOHOBOMY HU300paKEHHUIO.

Pucynok 11 — [TpuMeHeHune MeToa pa3pacTaHus perHOHOB

JIns  yCHEUIHOTO BBIMOJHEHUS CETMEHTAllMh C TOMOIIBI0 aJIfOpUTMa
pa3pacTaHusi o0JacTeil Ha OCHOBE HCIIOJIb30BaHUS SPKOCTU MHUKCEIEH HEOOXOIUMO
ONPENICIUTh KPUTEPUU OJTHOPOJHOCTH U300PAKECHUS:

- THUCTOTpaMMa H300paXKEeHHs HE JOJDKHA COJEpKaTh OOJbIIE OJHOTO

3HAYUTEJIHLHOTO MUK,

- OTKJIOHEHUE JIIOOOTO MUKCENS OT CPEAHEN SIPKOCTH JIOJKHO OBITh MEHBIIIE

HEKOTOPOT'O CPEeTHETO Topora Tayg coriacHo dopmyiie (11);

VpeS I(p)—%ZI(qRTavg, (11)

geS
rae P — MUKCENTb CETMEHTa, S — CErMEHT HM300paXKeHHs, (| — MHUKCENb
n3o0paxkenus, 1(0) — SpKOCTb MUKCEIS;
- pa3HHMIA APKOCTH COCEIHUX MUKCEIEH M0KHA OBITh MEHBIIIE HEKOTOPOTO

TIOPOT'OBOTO OTKJIOHEHHS T gitf corIacHo (popmyiie (12);
VpeS,vqe N(p) “(p)_l(q)‘<Tdiff (12)

rae N(p) — MHOXKECTBO ITUKCEICH H300paKECHUSI.
B anropurme paspacTaHMs pPETHOHOB KpaliHE BakeH BBIOOP IIEHTPOB

PETUOHOB, OHpelleJ'ISICMBII\/II IIOJB30BATCIIEM — JOTO ABJICTCA OAHHM H3 OCHOBHBIX
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HEJOCTAaTKOB IS 3a/1ay, TpeOyIoMMX MOJHOW aBToMaru3auuud. OIHAKO HMEHHO
Omaromapss 3TOMY, [JaHHBIA METOJA TMO3BOJIIET BEPHO BBIAEHATH 00JIACTH C
OJIMHAKOBBIMM  XapaKTEPUCTHMKAMH, YyKa3aHHbIMM  IIOJb30BareneM. Jlpyrum
JOCTOMHCTBOM METO/Ia pa3pacTaHUsi PETHOHOB SBIIAETCS TO, YTO OH MPOCT IS
noHuManusa. KpoMe TOro, JaHHBIM alropuT™M TIO3BOJSET BHIOPATh COCTaBHOU
KpUTEpUN Ui pa3fesieHus] N300paxeHusi Ha pernoHbl. OCHOBHBIM € HEIOCTATKOM
METO/a SIBIISTIOTCS BBICOKHE BBIYMCIIUTEILHBIC 3aTpaThI [1].

Metoanbl pa3pes3a rpaga

MeTonsl pazpesa rpada — 310 3pPeKTUBHBIE METOABI CETMEHTALIUN, KOTOPHIE
TpeOyIOT BBOJIa  JIONMOJHUTENBHOM  uwHbOpManuu  mojb3oBaTeneM. Ilepen
IPOBEJCHUEM CETMEHTAllMU I0Jb30BaTENlb YKa3bIBAET HA MCXOJHOM H300pakeHUU
MacKy U300paKE€HHsT — NPSIMOYTIOJbHYI0 0O0JacTh, B KOTOPOM HAXOAMUTCA
UHTEPECYIOIMIA  MOJBb30BAaTENsl  PETMOH, a TaKkKe  MapKepbl  IHKCENEH,
IpUHAJIeKAIMX OOBEKTY U MUKCENEH, MpUHaIeKalmx QoHy.

OOBIYHO MUKCENb WM TPYIIa MUKCEIeH accouuupyeTcsi C BepIIMHON rpada,
a TIOX0’KECTh WJIM HEITOXOXKECTh COCETHUX ITUKCEIIEH, ONPEIEIAIOAscs, HallpuMep, ¢
MOMOILbIO BBIYUCIIEHUSI U3MEHEHHS TPaJIMEeHTa 10 8-MU HaIpaBJICHUSM, ONpEAEIIsieT
Beca pébep rpada.

3arem rpad (M300pakeHHE) pas3pe3acTcss COTJIACHO KpUTEpHUio (Macke),
CO3JaHHOMY JJisi TIOJyYEHMs JKeJaeMbIX KiacTepoB. Kaxkgas yacTh BepIIMH
(nukcenei), mody4daemas ATHUMHU alrOPUTMAMM, CUYUTAEeTCd OOBEKTOM Ha
U300pAKEHUU.

Ecnn  monydeHHBI  pe3ysnbTaT  yAOBJIETBOPUTENEH, YTO  ONPEIEISAET
II0JI30BATENb, TO AJTOPUTM Ipekpamaercsa. MHaue, oH MOBTOpSAETCS A0 TEX IOp,
ToKa He OyJIeT TOCTUTHYT XKeJlaeMblid pe3ynbrat [1].

CermMeHTanMsl METOAOM BOAOpa3ea

B anroputMax cermMeHTauuyM METOAOM BOJOpA3Zeiia pacCMaTpUBaeTCsa KapTa
aOCOJIIOTHBIX BEJIMYMH TpajueHTa H300paKeHHs, KaK KapTa BbICOT JaHAamagdra

MECTHOCTH — pUCyHKHU 12-13.
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Pucynok 12 — Kapra Benmnunn ~ Pucynok 13 — Kapra penbeda MmecTHOCTH Ha
BEKTOpa TpaieHTa OCHOBE KapThl BEJIMYMHBI BEKTOpa TpaucHTa
M300paKeHHUSI U300paKEeHUS

Bbonpmas BenmuumHa BEKTOpa TpalieHTa COOTBETCTBYET TPAHUIIAM O00JIaCTeH,
KOTOpbIE B JIaHHOM aJTOPUTME HA3BIBAIOTCS TpaHUIIAMH Bojopasnena. «Bomay,
MOMEIIeHHas: Ha JIto0ON MUKCceNb BHYTPH OOIIEH JMHUU BOjopasnena, OyAeT Teub
BHH3 K O0OIIeMy MHUHHMYMY SpPKOCTH. Bopopasmenom Ha3bIBaeTcs 00JacTh, B
KOTOPOHM TOTOK U3 BCEX TOYEK M300paKEHUsSI «CTEKaeT» K OJHOM OOIIed Touke —
pucynok 14. Ilo pesynbratam pabOThl aJropuTMa MOJYYUBIIHECS BOAOCOOPHI

IPEJICTABIISIIOT COOOM CErMEeHThI m300pakenus [7, 8].

.-+« BoJopazaeel
(watersheds)

-5 m="baccelHbl
(catchment basins)

Pucynok 14 — O6mias cxema MoHSATUM aJiropuTMa BoJopaszenia
Henocratkom gaHHOTO ajnroputMa SIBJISETCS YpE3MEpHasl €ro YyBCTBUTEIBHOCTh K
IIyMYy, YTO CIIOCOOCTBYET TOSIBJICHUIO MHOXECTBA JIOKATHHBIX MUHUMYMOB. Takas
Ype3MepHas CErMEHTAIlUsl YCTPAHSAETCS C TMOMOIIbI0 BBEACHUS JOMOJHUTEIBHBIX

JAaHHBIX ITIOJIB30BAaTCJICM. 0003HaYeHHE MOIL30BaTEIIEM HHTCPCCYOUICTO €TO 00BeKTa
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u ¢ona. Takoil MeTon HaA3bIBACTCS alrOPUTMOM BOJOpa3jeia, OCHOBAHHBIM Ha

mapkepax [1].
1.1.3 IIpoaBHHYTHIE METOAbI CETMEHTAIIUU

B nanHOM paszmenie ONMCHIBAIOTCS METOABI CETMEHTALMHA, OCHOBAHHBIE Ha
NpUHIMIAX paOoThl 0a30BBIX METOOB U MPEACTABIISIIONINE COO0M X MOAUUKAIIIH,
JUIsL pellieHuE CIEeNUaIu3UpPOBAHHBIX CIOXKHBIX 3a7ad. JlaHHBIE anropuTMbl ObLIH
OCBEILIEHbl B HAyUYHBIX CTaThAX W MPEACTABISAIOTCA HauOoNiee WHTEPECHBIMH U
MPEANOYTUTENBHBIMU ISl pEHICHUS 33]1a4M, OMMChIBAEMOM B JaHHOU padoTe.

Cermenranusa ¢ mnomombio Meroga K-means with Connectivity
Constraint (KMCC)

JlaHHBIN aNrOpUTM CErMEHTAllMM OCHOBaH HAa MeEToje Kiactepu3anuu K-
cpenaux (k-means). B kadecTBe Mepbl pacCTOSHUS MEXIY JJIEMEHTaMH KJIacTepoB
(mMKcensaMH) U LEHTpaMHU KIacTepoB (LIEHTPhl PETMOHOB) OepeTcsl KyMyJsTUBHas
OLICHKA F€OMETPUYECKOTO IOJIOKEHNUS, [IBETOBBIX U TEKCTYPHBIX XapaAKTEPUCTHUK, YTO
3HAQUYUTENBHO YBENIMYMBACT KAa4ECTBO CETMEHTAIMU IPUMEHHUTENBHO K CIIOKHBIM
KOMITJIEKCHBIM M300PaKEHHSIM.

B amroputme KMCC kaxaplii MUKCETh XapaKTEepPHU3yeTCs HECKOJIbKIMHU
BEKTOpPaMHU XapaKTEPHUCTHK:

—  XapaKTEPUCTUKH MHTEHCUBHOCTH L[BETA MUKCENS I KaXKI0r0 [IBETOBOTO

kaHana B npoctpanctee CIE L*a*b: 1(p) = [I.(p), la(p), lb(p)];

— BEKTOpP TEKCTYPHBIX XapaKTEPUCTHUK MHUKCEJS, MOJYyYEHHBIX C MOMOULIBIO

HI3KOYACTOTHON (uibTparmu Xaapa: T(P);

—  BEKTOp KOOPJIMHAT MPOCTPAHCTBEHHOTO MOJIOXKEHUS MUKCeIs: P = [Py, Pyl-

Bce mnpoctpancTBO M300paskeHHsT H3HAYaIbHO JIEJIUTCS Ha KBaJpaTHbIC
CerMEHTHI 3aaHHOi pa3mepHocTH f. Kakaplil momydeHHbIH TakuM 00pa3oM CerMeHT
UMeEEeT COOCTBEHHbIE XapaKTEPUCTUKHU, OCHOBAHHbIC HAa XapaKTEPUCTHKAX BXOMSAIIUX

B HETO ITUKCEJIEH:

— BEKTOp CpeJHeH MHTEHCUBHOCTH peruoHa: |, ;
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— BEKTOp CPEIHUX 3HAYCHHUU TEKCTYPHBIX XapaKTEPUCTHUK PETUOHA: T ;

— BEKTOpP KOOPJMHAT TOJIOKEHUS [ICHTPa pEeruoHa: S, ;

- IUIOIIAJb peruoHa: Ay.

[lepen HauaioM HEMOCPEACTBEHHO AJITOPUTMA CETMEHTAIUU MPOU3BOAUTCS
MOATOTOBKAa M300paXEHUS] C TOMOIIbIO TPOBEJACHUS YCJIOBHOW (QUIbTpalluu

BEKTOPOB MHTEHCUBHOCTH MTUKCEIIEH 10 cleAyromiei Gpopmyiie:

L(p),if [T (p)| <T,,
P =1L .
2P T () 2T, 43
m=1
rjae P — MHUKcelb u300paxeHus, |(p) — MHTEHCUBHOCTH IIBETA MUKCENS O]
OHOMY KaHaiy, 1(P) — TeKCTypHasl XapaKTepPHCTHKA I OKPECTHOCTH mukcens, f —
pa3MepHOCTh KBAJAPATHOTO cerMeHTa u3oopakeHusi, Tt = Max(0,65* Tmax, 14), Tmax —

MAaKCUMAJIBHOE  3HAY€HWE  HOPMBI  BEKTOpa  TEKCTYPHBIX  XapaKTEPUCTHUK

uso6paserus [T (P)] .

AJNTOPUTM CETrMEHTAIlUU JIETTUTCS Ha JIBE CTaUU:
1. Ha mepBoiif cTaguu MpOUCXOIUT OLIEHKA OJU30CTH KAKIOTO MHKCENs KO
BCEM PETHOHAM H300paKEHUSI MO BCEM HMMEIOIIMMCS XapaKTepUCTUKAM

MUKCEJIEN U PETHOHOB 10 cIeaAyoueil popmyie:

— — A —
D(p,sk)=HJ(p)—JKH+HT<p)—TkH+zEHp—skH, (14)
rne P — NUKcenb M300paxkeHWs, Sy — K-blif CerMeHT W300paXKeHWs,

HJ (p) - J_kH , HT (p) —-FkH u H p— S_kH — EBKJIMIOBO PacCTOSHUE MEKILY

MUKCEJIIEM H PETMOHOM MO  XapaKTEpPUCTUKAM  HWHTEHCUBHOCTH,
MOJIyYeHHOW B  pe3yjbTaTe YCIOBHOM  (QWIbTpAllUHA, TEKCTYPHBIX

XapaKTePUCTUK U MPOCTPAHCTBEHHOI'O MOJIOXKEHUSI COOTBETCTBEHHO; Ay —

TUIOIIAb pEerroHa; A — CpelHss TUIONIAlb BCEX PETHOHOB M300PaKEeHUS;
A — perynupytomuii napamerp. Ha kaxmom mrare mapameTpbl peTHOHOB

NNEPECUUTHIBAIOTCA, W IIHMKCEJIIb IPUCOCAUHACTCA K PCTHOHY, KOTOpBIﬁ
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HanOosiee OJM30K K HEMY, HA OCHOBaHUHM HanMeHbIero 3uadenus D(p,Sy).
[Tpu 5TOM, PETHOHBI, pa3Mepbl KOTOPBIX CTAHOBSITCS MEHBIIE ITOPOTOBOTO
sHaueHus thsiz,e = 0,75 % mtomaau n300pakeHus, MPOIMYCKAIOTC.

2. Ha BTOpO# cTagmm aqropuTMa MPOUCXOMUT aHAIM3 OJIM30CcTH 00JIacTeH,

MOJIYYeHHBIX Ha MEPBOM CTAUU aNropuT™Ma 1o Gopmysie:

D(Sn’sk) :‘

| o

rie Sy — N-bIii cCerMEeHT U300paskeHsl, Sk — K-bIif CErMEHT H300paKeHUSI.
brnuszkne ob6mactu  oObemuHsIOTCA.  Takum  00pa3oM  MPOUCXOAUT
NOJTy4eHHe KJIacTepoB oOiacTell, MpHHAIIeKAIMX K OIHUM OOBbEeKTaM
n300paKEHUs, OCHOBBIBASCh HA  HECKOJNBKHX  XapaKTEPUCTHKAX
MU300paKeHHUS.
OObenuHeHne 00JIaCTe MPOUCXOAMT 1O TEX TOp, MOKa KOJIUYECTBO
o0acTeil He TOCTUTHET TpeOyeMoro KOoJIMYecTBa, 3a1aHHOTO U3HAYAIBHO
[9].

[TIpumep cermentanuu wnzodpaxenus no merony KMCC mpencraBneH Ha

pucyske 15.

Pucynox 15 — Ilpumep cermenTaruu nzoopaxenus mo metoxy KMCC

VY paHHOrO anropuTMa HET pealu3ali, KOTopas Haxoauwnach Obl B
CBOOOJTHOM JIOCTYyNE, B OTIMYHE OT MHOTHUX Oa30BBIX aJTOPUTMOB CErMEHTAIIMH.

JlaHHBIN aNrOpUTM, COXpaHsAs NPOCTOTY U BBIYUCIUTENbHYIO 3(P(GEKTUBHOCTD,
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YYUTHIBAET MHOXECTBO BAXHBIX XAPAKTEPUCTUK OOBEKTOB HAa H300paXKCHHH, UTO
MO3BOJISIET TIPOBECTU 00JIee TOYHYIO CErMEHTAITHIO.

CermenTamus ¢ momomsbio Meroga Data-Driven Markov Chain Monte
Carlo (DDMCMC)

JIaHHBIA METOJI ONMMCHIBACTCS KaK aJrOPUTM, MO3BOJSIOIIMN BBIACIUTH Ha
M300pKEHUH OOBEKTHI, KOTOpbIe OyIyT Haubosiee MHTEPECHBI YeNOBEKY, T.C. Te
00BEKTHI Ha KOTOpBIE YEJIOBEK oOpamiaeT BHUMaHHe. [|aHHBINA aaroputM, moJpoOHO
omucanHbpii B [10], yuuThIBaeT 4YelOBEUECKHE OCOOCHHOCTH 3PUTEIBHOTO
BOCHPUATHS OOBEKTOB.

ABTOpPBI TAHHOTO QJITOPUTMA, WCIIOIB3YSI MHOXKECTBO PE3yIbTaTOB HAYYHBIX
UCCJIEIOBAaHUM B JaHHOW 00JacTH, TpU pa3pabOTKe METo/Ja CEeTrMEHTalluu
OCHOBBIBAIOTCSI HA TPEAMOJIOKEHUH O TOM, YTO CYIIECTBYET BCETO YETHIPE THIIA
11abJIOHOB CErMEHTOB, KOTOPbIE BOCHPHUHUMAIOTCA YEJIOBEKOM Ha OJIHOKAHAJIBHBIX

N300paKEeHUSIX — pUCYHOK 16.

Pucynoxk 16 — Yetsipe Tumna mabioHOB CETMEHTOB N300paKeHHI, BOCTIPUHUMAEMBbIX

YCJIOBCKOM

YeTtsIpe THMA 1M1a0JI0OHOB CErMEHTOB:

- ©IWHOE OTOOpaKeHWe, HalpuMmep, TpaBa — Ha pHCyHKe 16 mepBoe
U300paKEeHUE CIEBA HAIIPABO;

- OecropsIoK, HampuMep, BETKM Ha JIEPEBbsIX — HAa PUCYHKe 16 BTOpoe
N300pakeHHE CIeBa HAMPaBo;

— TEKCTYypbl, HampuMep, TEKCTypbl IIKYyp XWUBOTHBIX — Ha puUCYHKE 16
TpeThe N300paXKEHHE CIeBa HAMPABO;

— CBETOTEHb — Ha pUCYHKe 16 ueTBepTOe U300pakeHuE clieBa HapaBo.
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B coorBeTrcTBMM C KaXIbIM BHUJOM  BOCIPUHHMAEMBIX CETMEHTOB
M300pPKCHUI aBTOPHI  MPEUIaraloT  OMPEISICHHBICE CIOCOOBI  OMHCAHHWS U

KJ'IaCCI/I(bI/IKaHI/II/I JaHHBIX THUIIOB:

eIMHOE OTOOpaskeHne — ¢ moMoIIbio ¢pyHkiuu ["aycca;

6CCHOpHIIOK — C IOMOIIBIO TUCTOI'PAMM MHTCHCHUBHOCTH,

TEKCTYphI — ¢ momoinesio FB Response histograms;

CBETOTEHD — C IIOMOIILIO B-criraiiHOB.

OCHOBHBIM JOCTH)KEHHEM pa0OTHl aBTOPOB aJITOPHTMA SIBJISICTCS BBIJCICHHAS
uMu  GopMyria pacdeTa BEpPOSTHOCTH HauOoJiee TOXOMSIMICH C TOYKA 3pEHUs
YEJIOBEUECKOTO BOCIPHUATHS CETMEHTAIMM HWCXOJHOTO M300pakeHus. JlaHHas
dbopMylla OCHOBBIBACTCS Ha BBIJICJICHHBIX aBTOPAMH TMPHOPUTETAX 3PUTEIBHOTO

BOCIIPUATHS YEJIOBEKA!
pP(W) o p(K)H p(R) p(l) p(©; 1) , (16)

~ 20K
rme  P(K)oce™"  osmagaer, 4ro uenoBeKk NpeAMOUYMTACT OOPAIIATH

—,u§ ds
BHUMaHHE Ha KaK MOXHO MEHBIIIEE KOJIMYECTBO PETHOHOB; p(R)xce -

O3HAYaeT, YTO YEJIOBEK XOYET BUAETh HAauOoJiee OKPYIJIbIE PErMOHbI — OJIU3KUE 1O

-v|©|

14
dopme k kpyry; P(@[1)ce 03HAYAET, YTO YEJIOBEK XOUET BUJIETh PETHOHBI C

,7AC
nanbornee mpocroii popmoit; P(I) oc € osmauaer, uro wemosex mpemrmounraer

HaOmomaTh Oosiee Menkue peruoHbl. Mcxoass W3 MPUBENEHHBIX 0003HAYCHHIA

dbopmyiy (16) MOKHO TIPEACTaBUTH B BU/IE:

P(W) oc expd — A,K — Z §ds+y|R|+v|®| | 17)
i=1

rae K — KoJMuecTBO pEeruoHOB; Ag — PEryJUPYIOMIUN mapamMeTp; BhIpaKeHHe

l ds _ IEepUMETp PEeruoHa; Rj — miIomaas peruoHa; ¢ — KOHCTAHTa CO 3HAYCHHUEM
2 2
oR;

0,9; vy — xoHcTaHTa co 3HaYeHuem 2,0; © — TUIl peruoHa, V — KOHCTAHTA.
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Taxxe B AITOPpUTME YUUTHIBACTCS CTCIICHB HpaBI[OHOI[O6I/I$I CECIrMCHTOB IJIs1

HaWJIEHHBIX CETMEHTOB M300paKEHUS, TTOICUNTHIBAIOIIASACS C TIOMOIIBIO CIEAYIOMEH

bopmyIbI:
K
p(l |W)::|i:1[p(|Ri;®i'|i), (18)

rae | — uHgekce Trma Moenu u300paxkeHust; @ — BEKTOP MapaMeTPOB MOJICIN
n300pakeHust; Iri — 0TOOpakeHne M300paxkeHus B Kax oM peruone [10].
[Ipumep cermeHTanuu wuzo0paxkeHuss ¢ mnomompo meroga DDMCMC

MpPE/ICTaBIICH Ha pUCyHKke 17.

Pucynok 17 — ITpumep cermeHTanuu u300pakeHus ¢ momoiso metoga DDMCMC

VYuuteiBas OKCIIOHCHIUAJIBHYIO  CJIO)KHOCTDB BBI‘II/ICJICHHfl, KOJIMYECTBO
XapaKTCPUCTUK I/I306pa)KCHI/ISI H KOJIHNYCCTBO HpeI[l'[O‘ITeHI/Iﬁ K HCKOMBIM Ha
I/1306pa)KCHI/II/I CCIrMCHTAaM, BBIUYHUCIINTCIIbHAA CJIOKHOCTL aJIrOpUTMa CTAHOBHTCA

OYCHb BBICOKOI;'I, YTO ABJISACTCSA OCHOBHBIM HEAOCTATKOM aJIFOpI/ITMa.
1.2 OueHka KayecTBa CerMEeHTAIIUM

Ha cerogusmHuii JA€Hb CYIIECTBYET HECKOJIBKO TMOAXOJOB [IJISi OIIEHKHU
KauyecTBa CerMeHTaluu n3o0pakeHnii. Bce X MOXHO pa3ie/iuTh Ha JIBE KaTETOPUHU:
OIICHKY KauecTBa C IMOMOINBIO JKCMepTa, T.e. C OSTAJOHHOW HH(pOpMAIUEH O
CerMEHTAIlMM, M aBTOMATHMYECKYyI0 OIIEHKYy KadecTBa, MPOU3BOIMMYI0 0e€3
JOTIOJIHUTEILHOW HMH(pOpPMAIMM O TOM, KaK B JICHCTBUTEIBHOCTH JOJDKHBI OBIThH

pas3iesieHbl peruoHbl Ha U300paKEHUU.
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1.2.1 Ouenka kayecTBa ¢ IKCNEPTOM

JIaHHBIX MOJXOJ OCHOBAaH HAa TOM, YTO JUIsl OLICHKU KayeCTBa CErMEHTAIMU
UCIIOJIB3YIOTCSl JIOMOJIHUTENIbHBIE JaHHBIE, TOJIyYeHHbIE OT JKcrepTa. JlaHHBIN
NOoAXOJ BbIAENAeTCS U omnuckiBaeTcs B [11]. OH 3akmtouaercss B BBIACICHUHU
HKCIIEPTOM MHOKECTBA 00JIacTel Ha N300paKEHUH, KOTOPBIE SBIISIOTCS ATATIOHHBIMH,

a 3aTcM B II0ACYUCTC KOS(i)(bI/IHI/IeHTa KadycCTBa CCIMCHTaAllUM IIO cnez:yromeﬁ

dbopmye:
SN
OS(S, G) =——, (29)
sUG
rae S — IUIOMIagh CEerMEHTa W300paXEeHHs, MOJIYYCHHOTO C TIOMOIIBIO
anroputMa cerMmeHTtanuu; G — IIIOmM@Abh STaJOHHOTO CETMEHTa HW300pakKCHHUS.

Bemuunna OS moxeT npuHuMath 3HaueHue B auanaszone ot 0 go 1. OS — sto Mepa,
OTIpEIEIISIIONIAs HOPMAIM30BAaHHOE TIEPEKPHITHE CeTMEHTOB. [IpuMep ncrmonp30BaHUs

JTAHHOM OIIEHKH KauecTBa IpUBeEIeH Ha pucyHkax 18-20.

Pucynox 18 — Pucynoxk 19 — Cerment 1 Pucynok 20 — Cermenr 2

DTaOHHBII CETMEHT —3nayenue OS = 0,825 —3”ayenue OS = 0,892
bonee moauduuMpoBaHHBIM CMOCOO HAKCHEPTHOM  OIEHKM  KadecTBa
cermeHTanuu npuBoauTcs B [12]. Kpome Mepbl pacCTOSHHS MEXIy 3JIeMEHTaMH
0o0pa3loBOr0 CErMEHTa M CETMEHTa, IIOJYyYEHHOTO C TOMOIIBI0 aJrOpuTMAa
CEeTMEHTAIlNM, TaKKe YUYWUTHIBACTCA Mepa CcpefaHell OIM30CTH MEXIy TOYKaMU
cerMeHTa. Mepa KauecTBa CerMEHTAIIUU PACCUNTHIBACTCS TIO CIEAYIONIeH GpopMmyiie:

M($,6) =3 ¥ (-24d(s,.0 )R, 20)

i=1s;eS;
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rie S — CerMeHT H300pakeHMs, MOJYUYECHHBI C MOMOUIbIO aJropuTMa
CerMEHTAaIlH, Sj — MHUKCENb cerMeHTa S, G — ATaJIOHHBIA CETrMEHT, {Jj — MHKCENb
ATAJIOHHOTO cerMeHTa, N — KoJaumdecTBO MHKceneld m3o0paxeHus, K — KonuuecTBo
IUKCeNIel sl 3TaJOHHOIO CerMeHTa, Rsj — cpenHsss Mepa OIM30CTH MEXITY

IMUKCCIIAMH CCITMCHTA S, pacCuuTbiBacMasl 110 (I)OpMy.]Ie:

R, =1-Ad,, @1)

S

e Ad; — paccrosnue mexnay mukcemamu gi(S;) u {g;(sit), d?%(s), 95(S), ..
g%(s))}. 3mauenmne M(S, G) naxoaurcs B nuanasone ot -1 yo 1.

Januas Qopmyna seisercs MoaupHKamueil MPOCTOro crnocoda >KCIEPTHOM
OLIEHKH KauecTBa CErMEHTAl[MHU, 3HAYUTEILHO YIYdIIalomel aJeKBaTHOCTh OLEHKH
3a cueT yuera (QOpMBI CETMEHTA Yepe3 mapametp Rs;.

JlaHHAs OLIEHKA Ka4ecTBa ABIISAETCS IMPOCTON B pealM3alyi, U, KaK BUIHO M3
MIPUMEPOB, OHA JAET JOCTOBEPHYIO OLICHKY KaduecTBa cerMeHTauuu. Ho maHHbIN THIT
OLIGHKH TpeOyeT MCIIONb30BAHUS JOMOIHUTENBHBIX JAHHBIX, ITPEIOCTABIAEMBIX
SKCIIEPTOM, YTO HE IO3BOJISET HCIONb30BaTh JAHHBIA MOAXOJ JUIS IIOJHOCTBIO

aBTOMATHUYECKON OLIEHKH Ka4eCTBa CErMEHTAIINH.
1.2.2 ABTOMaTHYeCKAas OL[EHKA KAa4YeCcTBa

[Ipu NOJTHOCTHIO aBTOMATUYECKOM OLICHKE Ka4eCTBA CETMEHTAlMU AT OPUTMbI
OMHUPAIOTCS Ha TMOJYyYEeHHYI0 (GOpPMYy CErMEHTOB, MX KOJMYECTBO U B3aMMHOE
pacnoJIoKeHUe Apyr K JIpyry. Takue MeToIpl MCHOJB3YIOTCS HAMHOI'O PEXe, 4eM
HKCIIEPTHBIE.

AKKyMynUpyss MHOTHE€ METOJbl W MOAXOAbl K aBTOMAaTUYECKOW OIIEHKe
KadyecTBa aBTOphI anroputMa cermenTanuu Data-Driven Markov Chain Monte Carlo,
omucanHoro B [10], BeBenu QopMyiny aBTOMATHYECKOHW OIICHKM KadyecTBa
CEerMEHTAIlMM C TOYKHU 3PEHUSI BOCIPHUSATHS UEJIOBEKAa CETMEHTOB Ha M300pakKeHUU.
JlaHHBIM TOJIXOJT UCTOJIB3YET BBIYMCICHUE BEPOATHOCTH TOTO, YTO OMpPEIETIECHHBIN
pe3yapTaT CerMEHTaluu OJIM30K K YeJIOBEYeCKOMY BOCIPHUSTHIO OTIEIBHBIX

00BEKTOB U300paKeHHsI, 1O cieayromei Gopmye:
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POW)=p(] | P(R)P(IP() = exp(-AK - > (uf, dS 7R +vB)). 22)

rae K — 910 koamuecTBO peruoHoB, Ri — iI-biii perwon, |j — rpanuma i-ro
peruona, P(t) niau ®; — THIT i-TO peruoHa, A, L, Y, V — KOHCTAHTHI.
[IpuiMepbl KCIONB30BAaHMS JAHHOTO IOAXOAAa JJIs OICHKH KauyecTBa

CerMEHTalMu N300pakeHus IPUBEICHBI Ha pUCYHKax 21-23.

-

Pucynok 21 — Mcxonnoe  Pucynok 22 — Oaus u3 Pucynok 23 — Onun u3

n300paxKeHue BApUAHTOB CETMEHTAIIUM, BapUaHTOB CETMEHTALINH,
P =2,74x10° P =1,88x10*

Kak BHJIHO M3 NPUBEIEHHBIX NIPUMEPOB, TAHHASI MEPA SBISIETCS JOCTATOYHO
JIOCTOBEPHOM ISl OLICHKU KauyecTBa CErMEHTAINH, a TAKXKe SABIISIETCS TPUOIMKEHHOM
K YEJIOBEUYECKOMY BOCIIPHUATUIO OOBEKTOB HA U300paKEHUSX.

JIaHHBI METOJI MPEAOCTABIIAET JOCTOBEPHYIO OLICHKY KauyeCTBa CETMEHTalNN
B IIOJIHOCTBKO ABTOMATHYECKOM PpEXUME, OJHAKO OH CJIOXEH U Tpedyer
HKCIIEPUMEHTAIbHOU HACTPOWKH KO3 (HUIIUEHTOB JUISI NOJIYYEHUS

YAOBJICTBOPHUTCIBHBIX PC3YJILTATOB.
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2 O0BbeKkT n MmeToabl UccregoBaHus

OObeKTOM WuCClIeIOBaHMSI B JaHHOW paboTe SBISIETCA MOBBILICHHUE
3¢ (HEeKTUBHOCTH UHACKCAIIMH TpadUUYecKuX MaTepualoB IO HX TEKCTYpPHOMY
cogepxkanuto. IIpoBeneHre nHAEKCAMU U300paKEHUS C MOMOIIBIO KiIacCH(pUKAIUN
UX KOHTEHTA MOApPa3yMeBaeT PEUICHUE CACAYIONINX 3a/1a4:

— BBIJICJICHUE U OTHEJICHNE 0OBEKTOB U300paKeHUs, PA3INYHBIX CETMEHTOB

oT ¢oHa U JPYT OT APYTa;

- kiaccupukanusg OOBEKTOB M (POHA C TMOMOIIBIO HEUYETKOH CHUCTEMBI,
OCHOBaHHOMW Ha 0a3€ TEKCTYPHBIX XapaKTEPUCTHK;

- TPOBEJEHUE WHTETPAllMd CHCTEM KJIacCH(UKAIMU ¢ CErMEHTalluH,
HACTpOWKa M TECTUPOBAHHUE MMAPAMETPOB OOLIEH CHUCTEMBI AJI PEIIaeMOn
POOJIEMBI.

[IpencraBneHHbIE 331a9U PEIIATUCH C TOMOIIBIO TIPOBEIACHHSI NCCIIETIOBAHUIA

B JIAHHOM o0OJyiacTH, omucaHHbIX B [13, 14] u pa3paboTKu CUCTEMBbI KJIaCCHU(PHUKAIMH
TEKCTYp Ha BU3YyaJbHBIX CIICHAX M300paKEHHU W KaJpOB BHIECO, OMHUCAHHOW B [15,
16].

OnHOM M3 OCHOBHBIX 3a/lad HCCJIENOBAaHUS SIBISUIACh 3aJada pa3paboTKu
CUCTEMBI KJIacCU(UKAMU COAEPKUMOIO HM300paK€HUsA, OCHOBAaHHOM Ha 0a3ze
TEKCTYPHBIX XapakTepHUCTUK. [I[pUHIMIBI TOCTPOEHUS U Pe3yJbTaThl TECTUPOBAHUIA
HEYETKOro TEeKCTYpPHOro Kiaccudukaropa, o0yyaeMoro ¢ MOMOUIbIO aJrOPUTMOB
KJIaCTepU3allii TeKCTYPHBIX XapaKTepucTHK JlaBca n300pakeHus ¢ UCIIOJIb30BaHUEM
camoopranusymoimuxcs kapt KoxoHena, moapoOHo omucanbsl B [17]. Mcxons u3
ONMMCAHUS M PE3yJbTaTOB pabOThl KiaccupuUKaTopa, a Takke U3 OCOOCHHOCTEH
penraeMoit 3aa4u MOYKHO BBIZICIIUTh OCHOBHBIE HEPEIIEHHBIEC TPOOIEMBI:

- TMpPUHIATHE pEeHIeHHs O KiIacCUu(UKAMU TPOU3BOAUTCA ISl TTHKCEIS

U300paKeHHs, OCHOBBIBASCh Ha (QYHKIUH, YYUTHIBAIOUICH Wb

He60J'H:HIy}O OKPCCTHOCTB 3TOI'O ITNKCCIIA;
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- HaIW4YUE CXOXHX OJJIEMEHTOB TEKCTYphl Y pPa3IUYHBIX KJIACCOB
oOydarorieil BBIOOpKH BiiedeT 3a COOOW OmUOKKA Kiaccu(UKAIuu B
TOYKaX U300pakKeHMs, COOTBETCTBYIOLIUX 3TUM DJIEMEHTaM;

- HE TPOU3BOJUTCS BBIICTICHUE U OTACICHHE CETMEHTOB M OOBEKTOB JAPYT
OT Jipyra 1 oT (hoHa U300paKCHHUS.

[lepeuriciienHbie MpoOIEMbl HE MO3BOJISIIOT HA JAHHOM JTare MCIOJIb30BaTh
Kiaccu(uKaTop I pemieHusT MpoOJIeMbl WHIEKCAIIMM BH3YaJbHBIX CIIEH MO WX
conepkanuto. To, 4TO Ha JaHHOM dTare MPOU3BOAUTCS aHAIM3 OTIEIbHBIX TOYEK
(mukceneil) u300paKeHUs, W HETOYHOCTU KJAacCU(PUKAIMU HE MO3BOJISIIOT
WCITOJIB30BaTh PE3yJbTAaThl I TOCICIYIOIIETO WCIOJBb30BaHUS W 00pabOTKH.
Brinenenue u pasaeneHue 00bEKTOB TaKKe TECHO CBSI3aHbI C JAHHBIMU MPOOJIEMaMHU.

[IpencraBnenHas 3agadya aBTOMATHYECKOW WHACKCAIIMH BU3YaJIbHBIX CIICH
OCHOBBIBAETCS Ha MPUHIIMIAX YEJIIOBEYECKOIO BOCHPUATHS OOBEKTOB: YEIIOBEK HE
BOCIIPUHUMAET BU3YaJIbHBIE CIIEHBI OTJEIBHBIMU TOUYKAMH (TO KaK 3TO IPOU3BOIUTCS
C MOMOIIBIO KJIaccudukaropa), OH 3pUTEIBHO BBIJIENSAET HEKOTOPhIE OOBEKTHI, YECTH
OOBEKTOB, OTJEIbHBICE PETHOHBI HA OCHOBAHUHM CBOETO BOCHPUSITHS W 3HAHUU O
CEMaHTHYECKUX CBs3sIX Mexay npeameramu [10]. IIpu mpoekTHpoBaHMHM METOIOB
KJIAaCCU(DHUKAIIMY ATO TAKXKE TOJDKHO OBITh YUTEHO.

JIyist pelieHus MPUBENEHHBIX MpoosieM, MoauduUKauu KiaccudukaTopa u
ynyuiieHus  3QQdekTuBHOCTH  Kiaccuukamuu — ObLJIO  pelIeHO  IPOBECTH
WCCJICIOBAHMUSI, CBSI3aHHBIE C pealiu3alleil MeToJa CErMEHTAIIMK U300paKeHUsI.

Wcxons u3 nienu u 3a1a4 paboThI, TPH MPOSKTHPOBAHWN METOIa CETMEHTAIIUN
HEO0OXOJMMO YUYHUTHIBATH CIACAYIOIMNE KPUTCPUU:

- aUrOpuTM  JIOJDKEH  OBITh  TMOJHOCTBIO  aBTOMATH3UpPOBaH  0e3

HEO0OXOMMOCTH BBO/JIA JOTIOTHUTEIIBHBIX IAHHBIX MTOJIH30BATEIICM;

—  aITOPUTM JIOJDKEH OBITh ¢1a00 BOCIPUUMYHUB K U3MEHEHUSIM MaciiTada u
YPOBHSI OCBEIIEHHOCTH BHU3yaJbHBIX CIIEH H, CJEIOBATEIbHO, IOJIKEH
OCHOBBIBATHCS 110 KpaliHEl Mepe Ha IBETOBBIX M TEKCTYPHBIX aTpHOyTax

AJIIEMEHTOB U300paKeHU;
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— QITOPHUTM JIOJDKCH YYHTHIBATh OCOOCHHOCTH 3PUTEIHHOTO YEIIOBEUECKOTO
BOCTIPUATHSL OOBEKTOB HAa U300paKEHHH,

—  QJITOPUTM JOJIKEH OBITh JIETKO MOIIAIONIMMCS paclapallieIMBaHUIO JIJIs
BO3MOYKHOCTH peasin3aiiuil paboThl B peaIbHOM BPEMEHU;

Hcxons w3 MaHHBIX KPUTEPUEB M B PE3yJIbTATe MPOBEACHUS HCCIICTOBAHUIMA
pPa3IUYHBIX AJITOPUTMOB CETMEHTAIMH, METOJOB W THUIOTE3 OMNHMCHIBAIOIINX
NPUHIUIBL  pa3JeNIeHUs] M300paKeHUsT Ha OTIENBbHBIC CETMEHTHI, ObLIO TPHUHSTO
perrenne o peanusanuu anroputMa K-means with Connectivity Constraint (KMCC),
ormmcanHoro B [9], B KkadecTBe MeToJa CErMEHTAlMA C MOIUMUKAINASIMH,
COOTBETCTBYIOIIUMH KPUTEPHUSIM JaHHOW 3ajaud. J(aHHBIA alropuTM He Tpedyer
BBOJa  JIONIOJHUTENBHBIX  JAHHBIX  [IOJB30BATENIEeM,  JIETKO  TOJIaeTCs
pacnapajuleIMBaHnI0, JJIS CETMEHTAllMM HCIOJb3yeT HWH(POPMAIMI0 O IIBETE,
TEKCTYPHBIX XapaKTEPUCTUKAX W TPOCTPAHCTBEHHOM TIOJIO)KEHUU DSJIEMEHTOB
U300pakeHus, YTO TIO3BOJMT pEaJH30BaTh HE3aBUCHMOCTh OT Macimradba u
OCBCIICHUSI.

[Tockombky OJHMM ®3 OCHOBHBIX KPHTEPHEB BBIOOpa  alropuUTMa
CETMCHTAIIMU SIBIISICTCS BBIJCIICHUE OOBEKTOB M PETHOHOB Ha W300paKEHUH B
COOTBETCTBUH C OCOOCHHOCTSIMHU YEJIOBEYECKOTO BOCIIPUSTHS, TO B KA4YeCTBE METOJIA
OLIEHKM KayeCTBa Pe3yJIbTATOB CErMEHTAIMH M METO/Ia MPOBEICHHS CPABHUTEIHLHOTO
TECTHPOBAaHUSI OBLI BBIOPAH METOJl BBIYMCIICHUS BEPOSTHOCTH, KaK TIOKa3aTels
peneBaHTHOCTH cerMeHTanuu, Data-Driven Markov Chain  Monte Carlo
(DDMCMC), omucannsii B [10]. JlaHHBI MeTOJ MO3BOJSCT OLICHUTH KAa4eCTBO
CETMEHTAIMU B COOTBETCTBUU CO 3PUTEIILHBIM BOCIPHUSTHEM YEIIOBEKAa CETMEHTOB
U300paKkeHUsi B TOJIHOCTBIO  aBTOMATHYECKOM  pEXHUME. ITO  TO3BOJHT
KOHTPOJMPOBATh Ka4eCTBO CETMEHTAIlMA BO BpeMs pPabOThI TPOTpaMMbI depe3
O0paTHyYIO CBSI3b C QITOPUTMOM CETMEHTAIMM 0€3 BHECCHHsS JOTOJHHUTEIBHBIX

U3MCHCHUH B KOO WJIN NCXOAHBIC JaHHBIC.
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5 ®MHaAHCOBbLIN MEeHe4XMEeHT, pecypco3adheKTUBHOCTbL U

pecypcocbepexeHue

[lenpto  gaHHOTO paszgena SIBISACTCS OINEHKA TEXHHUKO-DKOHOMHYECKUX
nokazareneii pa3padOTKH, KOMIUIGKCHOE ONUCaHWe ¢ aHaimm3 (pUHAHCOBO-
YKOHOMUYECKUX ACTICKTOB BBITIOJHEHMsSI paboThl. B MaHHBIC acmeKThl BKIIOYACTCS
OLIEHKA JICHEeXHBIX 3aTpaT Ha MCCIEIOBaHUE U pa3pabOTKy MPOEKTa, IKOHOMHYECKIX

pe3yJIbTaTOB €€ BHEJPEHHS, a TAKKE HAYyYHO-TEXHUUECKOTO YPOBHS pa3pabOTKHU.
5.1 Opranusanus ¥ VIAaHUPOBaHKE padoT

Ha nanHoM sTane npou3BOAWTCS IJIAaHUPOBaHHE pabOT MO UCCIEIOBAHUIO U
pa3paboTKe MO TeMe, pachpeeseHrue 3a1ad U 00A3aHHOCTEH MEXK]Yy y4YacTHUKAMU
IPOEKTa, a TAKXKE OINPEACIICHUE PAIMOHAIBHON MPOJOJKUTEIBHOCTH KaXKIOTO M3
JTAloOB MpOEKTa. Pe3ynbTaTOM JAaHHOTO JTamna SBISETCS JUHEHHBIM rpaduk

IMPOBCACHUS pa60T H I1OKAa3aTCJIM HapaCTaHHA TEXHUYECKON TOTOBHOCTH IIPOCKTA.
5.1.1 Ilepevyenb padoOT MO MPOEKTY

[lepBpIM >TamoM MJIAHUPOBAHUS NPOBEACHUS PabOT MO MPOEKTY SBISETCS
IIOCTPOEHNE XPOHOJIOTMYECKOM TaOIMIBl MEPEYHs 3TAnoB padOT ¢ ONpENEIeHUEM
3aHATOCTH JUISl KQXKJIOTO y4acTHUKaA. Pe3ynbTaTsl peacTaBieHsl B Ta0uie 1.

B tabaune 1 HP — nayunslii pykoBoauTenb, I — MCIOJIHUTENh IPOEKTA.

Kak BuaHO u3 Tabnumel 1, paboTel MO NpoekTy pasneneHsl Ha 16 3TanoB u
JUISL K&KJOTO dTara ONpEeesIeHbl YUaCTHUKH, a TaKKe UX 3arpy’KeHHOCTh B paboTax

OI1 MPOEKTY B MPOLEHTaX OT pabo4yero BpeMeHHU.
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Tabnuna 1 — [lepeuenb pabOT ¥ NPOJOIKUTENBHOCTh UX BBIMIOJHEHUS

Oran paboThl Wcnonxurenu Sarpysia .
UCIIOJIHUTEIEH

ITocTaHoBKa Lien€el U 3a1a4, IOJIy4YEeHUE HP HP - 100%
UCXOAHBIX TAHHBIX
CocraBnenue u yreepxacHue T3 HP, 1 HP - 100%, 1 - 20%
[TonOop n u3ydeHue MaTepuaIoB 110 HP, U HP - 60%, 1 - 50%
TEMaTHKE
OOcyxaeHue IuTepaTyphl HP, 1 HP - 50%, 1 - 50%
Pa3paboTka kajieH1apHOTrO I1J1aHa HP, 11 HP - 90%, 1 - 10%
Bb16op anropurma cerMeHTaLNH HP, 1 HP - 70%, 11 - 100%
Peanuzanus aroputMa cermeHTanuu B HP, U HP - 10%, U - 80%
COOTBETCTBHUHU C JTUTEPATYpPOU
Pa3paboTka anropurma IpoBEpKH HP, U HP - 60%, U - 60%
Ka4yeCcTBa CETMEHTALNH
Peaymzanus anrropurma npoBepKU HP, U HP - 100%, 1 - 60%
KayeCTBa CETMEHTAINH
OnTtumu3zanus 1 MOAUPUKALUSL HP, 11 HP - 10%, U - 90%
aJITOpUTMa CErMEHTALMN
BHenpenune pa3paboTaHHOTO alropuT™Ma
B IIPOTPAMMHYIO CUCTEMY " 1 - 100%
KJIACCU(DHUKALIMU TEKCTYP
TectupoBaHue U aHAJIN3 MTOTYYEHHBIX HP, U HP - 10%, U1 - 100%
pE3yJIbTAaTOB
OdopmiieHHEe MOSCHUTEIBLHOM 3aITUCKH " 1 - 100%
OdopmiieHne rpagpuiecKux MaTepruaaoB " 1 - 100%
ITpoBepka paboOThI ¥ OJBENEHUE HP, U HP - 50%, U - 100%
UTOTOB
ITocranoBka 1enen v 3a1a4, IOJIyYEHHE HP HP - 100%
MCXOJIHBIX JJAHHBIX

5.1.2 IIpoa0IKUTENbHOCTH ITANOB PadoT

[IpoIOKUTENLHOCTS  ATAlOB  pabOT  pPACCUMTHIBAETCS €  MOMOIIBIO

HKCIIEPTHOTO OIMBITHO-CTATUCTUYECKOI0 METOAA 1o (hopMyJie:

3t + 2t

t =
0o1c 5 ) (23)
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rie tmn — MUHUMaIbHAs MPOJODKUTEILHOCTh paldOT, IHU; tnax —
MaKCHUMaJIbHasi TPOJIOKUTENBLHOCTh PadoT, THU;

Jlns  najgpHEWIero IMOCTPOCHHUS JHUHEWHOro rpaduka padoT HEoOXOAUMMO
pacCcUMTaTh JIUTEIHLHOCTh pa0OT B paboYMX JHSAX, a 3aT€M MEPEBECTU MMOTYyUEHHBIC
pe3yJbTaThl B KajJeHJapHbIE THU. PacueT MpoO0JDKUTENIBHOCTH B PabOUYMX JTHSX

OCyHIECTBIISIETCS IO (popMmyIie:

t

TPZI = R?J’C Kg, (24)
BH

rae Kpn — koa(dduuMeHT BBITONHEHHS padOT, YYUTHIBAIOLIMN BIUSHUE
BHEIIHMX  (akTOpoB  Ha  COOJIIOJIGHHME  IPEBAPUTEIbHO-OIPEIEICHHbBIX
JUIUTEeNIbHOCTEH paboT, B maHHoi padore Ky = 0,8; Ky — xodddunmenrt,
YUUTBHIBAIOMIMA JIOTIONTHUTEIHHOE BpeMsi Ha KOMIICHCAIMIO HEMpEeABUICHHBIX
3aJIepKeK U corjacoBaHue padoT, B 1aHHOM padoTte Ky =1,1.

Pacuer MMPOAOIZKUTCIIbBHOCTHU pa60T B KAJICHAAPHBIX JHAX IMPOU3BOAUTCS 110

bopmyie:
Tiq =TpTy, (25)
rae Tk — koapPuIueHT KaneHJapHOCTH, pACCUNTHIBAEMBIH 0 (hopmyIe:
T
Ty = — 26
TKAﬂ_TB _Tﬂﬂ’ (26)

rie Txan — xkanenaapubie 1HU (Txan = 365), Ty — Boixoausie auu (Tpg = 52),
Tnp — npasaauunbie qHU (T = 10). Takum oOpa3zom Juisi JaHHOTO MPOEKTa [k =
1,205.

Hcnonb3yst dopMynsl g pacdera IPOJODKUTEIBHOCTH padoT, OBLIN
MPOM3BEICHBI  pacueThl TPyJO03aTpaT Ha BBITOJHCHHE TIPOCKTa, KOTOPHIC
MIPE/ICTABIICHBI B IPWIOKEHUH b.

Jluneitnpiii rpaduk npoBegeHUsT paboT, MOCTPOCHHBI HA OCHOBE JAaHHBIX O

TpyJo03arpaTax, IpeJACTaBJICH B MPUJIOKeHUHU B.
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5.1.3 Pacuetr HaKOIJICHUSI TOTOBHOCTH NPOEKTA

I[JBI OLOCHKMN TCKYIICTO COCTOAHHA IIPOCKTAa Ha OCHOBC IIPOMCIKYTOYHBIX

PE3YIbTATOB IIPHUMCHACTCA BCIHMYMHA HAKOIUICHUA I'OTOBHOCTHU pa6OTBI. I[aHHaSI

BCIIMYMHA IMOKA3bIBACT AOJIIO I'OTOBHOCTHU IIPOCKTA IO OKOHYAHHIO TCKYHICTO (i-FO)

sTarna padoThl.

CreneHb rOTOBHOCTHU ONpEIETsieTCs 0 (hopMyIie:

> TP,
CFi — TP i _ k=l
P, TP, "

(27)

rne TP — TpymoeMKocTh I-To dTamna mpoeKTa, paBHas CyMMe Bcex K TamoB ot

nepBoro 1o I-ro stana; TP.ey — 00IIas Tpy10eMKOCTh PabOT HaJl MPOEKTOM, PaBHAs

CYMMC HTOI'OBBIX TPYHOGMKOCTGﬁ L KaXKA0ro ydaCTHHKA, pPaCCUUTAaHHBIX B

pabounx JHSX.

HapaCTaHI/Ie IFOTOBHOCTH IIPOCKTa I KaxKJIO0I'0 JSTalla IIPCACTABIICHO B

Tadmie 2.

Tabnuua 2 — Hapactanue TeXHUYECKOW TOTOBHOCTH MPOEKTA

Oran TPi, % CFi, %
ITocTanoBKa 11eJIel M 3a/1a4, MOJYYEHUE UCXOAHBIX TaHHBIX 1,99 1,99
CocraBnienue u yrBepxjacHue T3 521 7,20
[Ton6Gop n U3yyeHne MaTeprualioB MO TEMATHKE 9,56 16,76
OOCyXIeHue TUTEepaTyphI 3,10 19,86
Pa3paboTka kaJieH1apHOTro IJ1aHa 1,74 21,60
Br10op anroputma cerMeHTanuu 7,39 28,98
PeanmaumluanropHTMa CEerMEHTAI[MN B COOTBETCTBUH C 23,46 52,45
JUTEPATYPOU
Pa3paboTka anroputMa npoBEepKU KauecTBa CETMEHTALUU 10,43 62,87
Peanu3zanus airoputMa MpoBEpKU KayecTBa CErMEHTAIUU 6,95 69,82
Ontumu3zanus U MoaudUKaIMs alTOPUTMa CETMEHTAIIUN 11,54 81,37
Brenpenue pazpaboTaHHOTO aJITOpUTMA B MIPOTPAMMHYIO
CUCTEMY KJIACCU(PUKALIMU TEKCTYP 2,98 84,35
TecTrpoBaHue M aHAIN3 MTOJYYECHHBIX PE3YIBTATOB 2,87 87,21
OdopmiieHre MOSCHUTEIHHOM 3aMUCKU 7,45 94,66
Odopmienue rpadhuueckux MaTepruaIoB 1,99 96,65
[TpoBepka paOOTHI ¥ TOIBEICHUE UTOTOB 3,35 100,00
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5.2 PacyeTr cMeThI 3aTPAT HA BHINOJHEHUE MMPOEKTA

Ha pganHoM sTame mpoM3BOAMTCA pacdeT BCEX PacXOJ0B, HEOOXOAUMBIX IS
peanu3anuu padoT, CBA3aHHBIX C HCCIEIOBaHHMEM M pa3paboTkoil mpoekta. Pacuer

CMETHOM CTOUMOCTH IMPOU3BOAUTCA 110 CICAYIOIINM CTATBAM 3aTpart:

MaTepHabl U TIOKYITHBIC U3/ICITHS;
- 3apaboTHas TUIaTa;

—  COIMAJBHBINA HAJIOT;

- pacxojibl Ha JIEKTPOIHEPTHIo (6€3 OCBEIICHMS ),
—  aMOPTHU3ALMOHHBIE OTYUCIICHUS;

- pacxojibl Ha OCHOBE TUTATEKHBIX IOKYMEHTOB;

- mpouue (HakJIaJaHbIe) pacXomdbl.
5.2.1 Pacyer 3aTpaTr Ha MaTepHAJIbI

K nmaHHOW cTaThe pacxoJ0B OTHOCHTCS CTOMMOCTh MaTEPHAJIOB, TTOKYITHBIX
u3zienui, noaypabpukaToB U IPYruX MaTepUAbHBIX [IEHHOCTEH.

Bce paGoTrbl B XOji€ BBIMOJTHEHHUS TMPOEKTAa BBIMOJIHIUCH TOJIBKO C
WCITOJIb30BaHUEM KOMIThIOTEPA M HE TPEOOBAIM JIOMOJTHUTEILHBIX 3aTPAT HA MMOKYIIKY
MaTepuaioB. Menkue pacxo/sl (KaHIeIsIpus, 3aTpaThl Ha TeYaTh U TP.) MOTYT OBITH

OTHCCCHBI K CTATHC IPOYHUX PACXOAO0B, ITIOITOMY II0 I[&HHOIZ CTaTbC MOKHO IIPUHATH

CMaT = O pY6.
5.2.2 Pac4yet 3apa0oOTHOI1 IJ1ATHI

JlanHast cTaThsi pacxofOB BKIIIOUAeT B ceOs 3apalbOTHYIO TIIATy HAYyYHOTO
PYKOBOAMTENS U HCIOJIHUTENS, a TaKKe MpPEeMHUH, BXoAsdmme B (oHa 3apaboTHOU
TUTaTHI.

Jlns pacdyeta 3apa0OTHOM TIaThl KPOME OKJIaJa YYaCTHUKOB TMIPOEKTa
HEOOXOJMMO pPAacCUUTaTh CPEIHEAHEBHYIO Tapu(HYIO 3apabOTHYIO IUIaTy M0
bopmyie:

3y = MO124,83 (28)
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rae MO — Mecsunblii oknan, 24,83 — cpenHee KOJIMYECTBO pabOuMX JHEH B
MecAlle NpU CPEeJHEM KOJMYECTBE padbouyux JHEW B roay paBHOM 298 (mpu
IIECTHUTHEBHOM pabodeit Hefene).

Taxxke HYXHO paccuuTarh OOMMA KOIPPHUIIMEHT 3apaOOTHOW IIIATHI IO
bopmyie:
KH = KHPK,ZZOHJHKP; (29)

rae Kpp — xoadpdunment npemuii, mis ganaou padotsl Kpp = 1,15 Kyomsn —
KOA(hGUITUEHT TOMOTHUTENBbHOM 3apab0THOM ATk, Ui JaHHOW paboThl Komsm =
1,188; Kp — paitonnsiii koadduiment, 11 ganHo# padotsel B Tomcke Kp = 1,3.

[TomHbIi pacdéT 3aTpaT Ha 3apabOTHYIO TUIATY MPEACTABIICH B TaOIUIE 3.

Tabnuna 3 — 3aTpaThl Ha 3apabOTHYIO TUIATY

CpennenneBHas | 3aTpaTbl DoHp
Oxnan,
Hcnonxurens CTaBKa, BpemeHnu, | Koado-t 3/IIIaThI,
py0./mec.
py0./pad. aeHb. | pab. 1HU pyo

HP 23264,86 936,97 71,78 1,70 114248,21
" 7864,11 316,72 149,77 1,70 80581,56
Hroro - — — — 194829, 77

5.2.3 Pacuert 3aTpaT Ha CONUAJIbHBII HAJIOT

JlanHasi cTaThs 3aTpaT BKIIIOYAET B €0 OTUHMCIICHUS B IEHCUOHHBIN (OH/, Ha
COLMAIBHOE M MEIMIMHCKOE cTpaxoBaHue U cocTtaBisaroT 30 % OT mnojaHou
3apaboTHOM miatel. Takum oOpazoM miist maHHOTO MpoekTa Ceoy = 194829,77 * 0,3 =

58448.,93 py0.
5.2.4 Pacuer 3aTpaT Ha 3JIeKTPOIHEPIUI0

JlanHast cTaThsl 3aTpaT BKIIOYaeT B ce0sS CTOMMOCTb DJIEKTPOIHEPTHUH,
3aTpadyeHHON Ha paboTy 000pYyIOBaHMS, UCTIOIB3YEMOT0O IJIsl paboThl HAJl MPOESKTOM.

Pacxonpl Ha 3JIEKTPOIHEPTUIO PACCUUTHIBAIOTCS O CIIEAYIOIIeH GpopMmyiie:
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Conos = Postosd 5, (30)

rae Posp — MOITHOCTB, mOTpedsieMas: 000pyI0BaHHUEM U PacCUUTHIBAGMast IO
dopmyiie (10); top — Bpems pabOThI 000pYyIOBaHUS, PACCUUTHIBAEMOE 10 (opMYyJIe
(9); L — tapud Ha 1 kBT B uac, ans ganHoi padotsl L = 5,257 py0./kBT B uac.

dopmyna pacyeTa BpeMeHH pabOThl 000PYIOBAHUS:

tos = TPﬂKT , (31)

rae Tpg — TPYAOEMKOCTh MCHOJHUTEINSA, pacCuuThiBaeMas B paboOdMX THSX
(mpunoxenue A); Kr — ko PuiimeHT ucnonb3oBaHus 000PYI0BaHUS 1O BPEMEHH,

115t jaHHoM padotsl Kr = 1.

dopMyia pacyeTa MOILHOCTH, MOTPeOIIsieMOi 000pyI0BaHUEM:

Pos = Prow K¢, (32)

rne Ppom — HOMHHANIbHAasg MOIIHOCTh palbOThl 00O0pYyIOBaHUS, IS
kommnbiorepa HP Ppom = 0,3 kBt, nus xommsiorepa U Ppom = 0,12 xBt; K¢ —
KO PUIIMEHT 3arpy3ku, 3aBUCSAIIMNA OT CpeJHEW CTENEHU MCIOIb30BAHMUS
HOMHUHAJIBHOW MOITHOCTH, JUIsl TaHHOM paboThl Besae Kc = 1.

Bce pacueTsl 3aTpaT Ha 2JIEKTPOIHEPTUIO CBEJICHBI B TA0IUILY 4.

Tabnuua 4 — 3aTpathbl Ha SIEKTPOIHEPTHUIO

Bpewms pabotsl | [ToTpebnsiemast 3aTpaThl Ha
HaunmenoBanue
o0opyioBaHUs, | MOIITHOCTD, 3JIEKTPOIHEPTHIO,
o0opynoBaHUs
gac kBT pyo.
Kommnsrotep mus U 1198,12 0,3 1889,56
Kommsrotep nins HP 574,2 0,12 362,23
HTroro - — 2251,78

5.2.5 Pacyer aMOpPTH3aLIMOHHBIX PACX010B

Pacyer aMOpTHM3aLMOHHBIX OTYUCICHUN NPOU3ZBOAUTCA IO CJIEAYIOLIEH

dbopmyre:
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C = HAHOEtPtDn
AM F
A

(33)

rae Ha — rogoBast HopMa aMOpTH3aIMK €IMHUIBI 000PYIOBAHMS, ISl TaHHOM
paboTBl B KadecTBE OOOpYIOBaHUS HCIOJIB3YETCS TOJIBKO IEPCOHAJIBHBIC
KOMITBIOTEPBHI, 1JI1 KOTOPBIX B KAUECTBE CPOKAa aMOpPTHU3alUU BbIOpaHO 3HaueHue 2,7
JeT, W, CIeoBaTelbHO, 3HaueHue Ha, KoTOopoe 00paTHO NPONOPHUOHAIBEHO
3HaueHUo 3Toro cpoka paBHO 0,37; Llop — OamaHcOBast CTOMMOCTH €IMHUIIBI
o0opyaoBaHus, I JaHHOW paboThl cToMMOCTh KoMmmboTepa HP coctaBmser 32100
py0., CTOMMOCTh KoMmmbloTepa wucnonHuTens cocrasiser 37400 py6.; tro —
(dakTHueckoe BpeMsi pabOThl 000pyAOBaHMs, T.K. 00OPYJAOBaHHE HCIIOJIb30BAIOCH B
TEYEHHE BCErO BPEMEHHU BBINOJHEHHUS MPOEKTa, TO (HaKTHUUECKOe BpeMsi padOThl
00OpyI0BaHUSI MOXKHO MOJYYUTh M3 MOKa3aTeseld Tpyno3aTpar B pabodMX yacax U
s komnerotepa HP tpe = 574,2 waca, niisg kommnbrorepa U tpe = 1198,12 wacos; N —
KOJIMYECTBO O0OpYyIOBaHMUS OJHOro Twma; Fj — NeHCTBUTENbHBIN T0A0BON (OHI
BpeMeHU paboThl 000PYI0BaHHUS, VISl JTAHHON paOOThI OH PABEH KOJIMYECTBY pabOUMX
4acoB MpHU WECTUAHEBHOMN paboueli Henene, Fy =298 * 8 = 2384 yaca.

PacueTsl aMOpPTH3allMOHHBIX PACXOAOB MCXOAS W3 JAHHBIX, INPHUBEIACHHBIX
BBIIIIE, IPEACTABJICHBI B TAOJIHIIE .

Tabnuua 5 — AMOPTH3AIIMOHHBIE PACXOIBI

HanmenoBanue o60pynoBaHus AMOPTH3aIIUOHHBIE OTYUCIICHHUSI
Kommnerotep nns HP 2860,64
Kommnsrotep mns U 6954,52
Hroro 9815,17

5.2.6 Pacxoabl Ha OCHOBE IVIATEKHBIX JOKYMEHTOB

B JaHHYIO CTATbIO PACXO/10B OBLIN OTHECEHBI pacxoabl HA KOMaHIAUPOBKY B T.

ExarepunOypr asis npe3eHTanuu pe3yabTaTOB UCCIENOBAHUN M0 JaHHOW pabdoTe Ha
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mexayHaponanoit kondepenmmu AIST (Analysis of Images, Social networks and
Texts) B 2015 roxy.

JITMTEeThHOCTh KOMaHAUPOBKU B T. ExatepuHOypr paBHa 7 THSM, CYTOUYHBIC
o Poccun — 100 py0., mopora B ExarepunOypr u odpatHo Ha moesne — 11230 py6.,
MPO’KMBAaHUE B TOCTUHHMIIE BO BpeMs komaHupoBku — 12400.

Tabnuia pacxo0B Ha OCHOBE TUIATEKHBIX TOKYMEHTOB — TabnuIa 6.

Tabnuua 6 — Pacxoibl Ha OCHOBE IJIATEKHBIX JJOKYMEHTOB

Bug pacxonios CroumocTs, pyo.
Komananposka B ExarepunOypr 24330,00
HTroro 24330,00

5.2.7 Pacuet nmpoumx pacxoja0B

K naHHOW cTaThe pacxo/l0B OTHOCSTCS PACXO/bl, KOTOPbIE HE OBUIM YYTEHBI B
npeapaymux crarbsax. OHu npuHUMaroTcs paBHbIMU 10 % OT cyMMBI pacXoJoB IO

BCEM NPEABIIYIINM CTaThIM 110 (popMyJie:
Cnpoq - (CMAT + C317 + Ccou + Caﬂ.OE + CAM + CHH)O’]' (34)

s nannoro npoekta Crpoy = 28967,57 pyo.
5.2.8 Pacuer o0mieii cebecTONMOCTH Pa3padoTKu

OO6mras cBeieHUsI 0 CEOECTOMMOCTH pa3pabOTKHU MPEACTaBICHbI B Ta0IuIe /.

Tabnuua 7 — CmeTa 3aTpat Ha pa3pabOTKy MPOEKTa

Cratbs 3aTpat ~ciosHoe Cymma, pyo
P 0003HaUYECHHE YMMa, Py
Matepuaibl ¥ MOKYITHBIC U3ICIHS Char 0,00
OcHoBHas 3apa0oTHas IJiaTa Cin 194829,77
OT4rCIIeHUs B COITMATbHBIC Ceon 58448 93
(b oHIBI
Pacxo/pl Ha 3JIEKTPOIHEPTHUIO Con 2251,78
AMOpPTH3AIIMOHHBIE OTYUCIICHUS Cam 9815,17
HemocpencTBeHHO yUUTHIBaGMBbIe Cup 24330,00
pacxobl
IIpoune pacxomsl Cupos 28967,57
HUroro — 318643,22




5.2.9 Pacuer npu0bLIH

Jliist pacyeTa mpuOsur 66110 B3ITO 20 % OT MOSTHO#M ce0€CTOMMOCTH MPOEKTA.

s nanHOM paboTH MPUOBLIL cocTaBisieT 63728,64 pyo.
5.2.10 Pacuer HJIC

HIC cocraBnsier 18 % oT cymMy 3aTpaT Ha pa3pabOTKy U NpuObLIU. J{ms

nanHoi padotsl HIIC coctaBnsieT 68826,93 py6.
5.2.11 Ilena pa3paboTKu NpoeKTa

OOmass 1eHa pa3padOTKM HAYYHO-UCCIENOBATEIBCKON pabOTHI SBISETCS
cymmoin cebecroumoctr, npubsuii 1 HJAC u anga nanHoil pa®oThl OHAa paBHA

451198,79 py6.
5.3 Ouenka 3koHOMH4YeCKOH 3PPEeKTUBHOCTH NPOEKTA

B nanHOM paszfnene omuchIBaeTCs OIEHKA CaMOT0 aKTyaJlbHOT'O acleKTa JJis
BEITIOJIHSIEMOTO B paMKaX MaruCTepPCKON TUCCEPTAIMKM MPOSKTa — AKOHOMHYECKOM
addexTruBHOCTH ero peanusanuu. [1og skoHoMHUUeckoit 3 (PEKTUBHOCTHIO TOHUMAIOT
COOTHOIIIEHHE JKOHOMHUYECKOro 3(deKTa OT peanu3aluu MpPOoeKTa W 3aTrpaT Ha
pa3palboTKy MpOEKTa.

OCHOBHBIM HaNpPaBJICHHEM peaTu3allMi METOJa, pa3paboTaHHOTO B pamMKax
MIPOCKTa, SBISICTCS pa3pabOoTKa METUITMHCKOW CHUCTEMBbI KilacCU(pUKAIMK BUAOB U
CTETICHU pa3BUTHUS TyOepKyse3a Mo TPEXMEPHON MOJIeNH JIETKUX, TIOCTPOCHHOU Ha
OCHOBE CHUMKOB TOMoOrpaduu. Mcxonas U3 JaHHOTO HAmpaBlieHUS peau3allvi,
3¢h(HEKT HOCUT MPEUMYIIICCTBEHHO COMMAIBHBIN XapakTep. OJTHaKO MOYKHO BBIICIIUTH
nepedeHb (PaKTOpoOB SIKOHOMUYECKOTO A dexTa:

- YBEIWYCHHUE TOYHOCTH ITOCTAHOBKH JMAarHO3a BPavuoM;

- yMEHBIIEHHWE BPEMEHHW TpHeMa OJHOTO IAIMEeHTa, IPOXOJSIIETO

oOcye0BaHMe JIETKUX C TIOMOIBI0 MAarHUTHO-PE30HAHCHON TOMOTpaduu;
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- yMEHBIIIEHWE HEONPaBAAHHBIX 3aTpaT Ha JICUCHHE TYyOepKyJe3a s
OOJBHOTO;
- TIOBBIIICHHUE IIIAaHCA COXPAHHUTH KU3Hb M 3J0POBbE OOJILHOTO Ha OoJiee
JUTATEIIbHBIN TIEPUO/T;
- TIOHW)KEHHE BEPOSTHOCTH TPOXOXKJCHUS OOJBHBIM CTallMOHAPHOIO
JICYEHUS, YTO BJICYET 32 COOOM IKOHOMUIO OFOKETHBIX CPEJICTB.
CrerneHp BIUSHUAS KKIOTO M3 MEPEUUCICHHBIX (PAKTOPOB AKOHOMHYECKOTO
addekra, a TaKkKe KOJIMYECTBEHHOE BBIpaKEHHE 3Toro »d@ekra MoacUnuTaTh
HEBO3MOXHO, T.K. UX HCCJIEIOBaHUE TPEOYeT CleIMaabHbIX HABBIKOB, KOMIIETCHIIUN

U PECYPCOB, KOTOPBHIM UCTIOTHUTEIN HA MOMEHT BBINIOJHEHUS ITPOEKTA HE 00JI1a1at0T.
5.4 OueHKa HAYYHO-TeXHHMYECKOI0 YPOBHS padboT

B manHOM pasznerne ommchIBaeTCs pacueT KOJWYECTBEHHOM XapaKTEPUCTUKHU
BIIUSHUS Pa3pab0OTaHHOTO MPOEKTa Ha YPOBEHb M JTUHAMUKY OOECredeHUs HaydHO-
TEXHUYECKOTro mporpecca. Jljs 3TOro HCHomb3yeTcs MeToJ OalbHBIX OICHOK,
3aKJTIOYAIONIUMNACS B TIPUCBOSCHUM OIPEIASICHHOTO KOJIMYECTBAa OalsIoB Ka)Iou
XapaKTEPUCTHKE HAYYHO-HCCICIOBATEIHCKON PabOThl M HAXOXKJICHUHM B3BEIICHHOM
CYMMBI 3THX OaJJIOB C MCIOJIb30BAHHEM OIPEJICICHHBIX BECOBBIX KO3(P(UIIMEHTOB.
Ha ocHOBe BBIOpAHHBIX XapaKTEPUCTHK OMPEICISACTCS WHTETPAIbHBIA TOKA3aTelb

HAyYHO-TEXHUYECKOTO YPOBHS pabOTHI 10 popMyIie:

3
Ky = Z Rin; , (35)
i=1

rae Ri — BecoBoil KO3(UIMEHT KaXIO0T0 NMpHU3HAKA HAYYHO-TEXHUYECKOIO
addekra; Nj — KOIUYECTBEHHAs] OICHKA I-r0 TpPU3HAKA HAYYHO-TEXHHYCCKOTO
s dekra B 6asiax.

Ha ocHoBe Ha0Oopa KadeCTBEHHBIX BECOBBIX Kod(h(dummeHToB u Habopa
OaIIOB JIs1 KaKI0M XapaKTepucTuku Obuta chopmupoBaHa oOrias Tabauia OreHKA

HAyYHO-TEXHUYECKOTO YPOBHS paboT — Tabnuiia 8.
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Ha ocHoBe BBIOpaHHBIX TOKa3aTesel, MPEACTaBICHHBIX B Tabmuie 8, Obul

MMPOU3BCIACH PaACUCT HAYYHO-TCXHHUYCCKOI'O YPOBHA HAYYHO-HUCCICAOBATCIILCKUX

pa6ot. Kyry = 8.

HUcxonss u3 MOMy4eHHOW KOJIMYECTBEHHOM OLCHKH, KAa4eCTBEHHAs OLCHKA

ypoBHs1 HUP sABIs€eTCA BBICOKOU.

Tabnuua 8 — OueHka HayYHO-TEXHUYECKOTO YPOBHS padboT

3Hau- VYposenb | BriOpannsbiii | OGocHOBaHME BRIOPAHHOTO

®aktop HTY
Tb, R; dhaxTopa 6ain, n; Oamia

[ToBeIicUT 3¢ (HEKTUBHOCTH
npoLeaypbl TOMOrpaduu
JIETKUX U 3KCIIEPTHOTO

Hogsas 6 aHaIM3a pPe3yJIbTaToB.
[ToBbICUT 3P HEKTUBHOCTD
Je4eHHs TyOepKyJies3a B
00JIaCTH B LEJIOM.

YpoBeHb
HOBU3HBI

0,4

HoBsii1 MeTOT TEKCTYpHOU
KJ1accupuKaIuu,
WCIIOJIB3YOIIUI HOBBIN JUIs
HEE TOJXO0 - CETMEHTALIUIO
M300paKeHUs

Teopernueckuii | PazpaboTtka 5

0,1
YPOBEHb criocoba

B Tedenue nepBbIx 3-X €T
TJIaHUpYETCs pa3paboTaTh U
BHEJIPUTH B UCITOJIb30BAaHUE
MeTOJI KJIacCH(pUKaAITUN
TPEXMEPHOUN MOJICITTH JICTKHX
10 TOMOTpaMMe Ha 0aze
6onpHUIE T. ToMCKa

Bo3moxxHocTts | B Teuenune 10

0,5
' peanu3ay | MePBBIX JICT

o1
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