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I A. Xpuuixesuu

Oxonyun [lckogexkuil eocyoapemeaenuulil YHugepcumem. OONAchiv HAYUHBIX UHIEPECO8 CEIA3AHA ¢ NPUMEHEHIEM
Memooos 06pabomku  U300paxceHUil U MAUUHHO2O O00YdYeHUs Ond Yudpogoeo GOCCHAHOGNEHUS 00bEKMOos
MOHYMEHMATLHOT HCUBONUCY C COXPAHEHUEM KVTILIMYPHO SHAUUMBIX XYOOHCECHBEHHBIX 0COOeHHOCHE.

B.U. ITumenos

Oxonyun banmuiickuii 2ocyoapcmeennvili mexuudeckuti YHueepcumem «Boenmexy umenu J[.D. Vemunosa.
Obnacms HAYUHBIX UHIMEPECO8 CEI3AHA C PASPADOMKOT MEMOO08 Ul AILOPUMMO8 UHMEIIEKINY AIbHO20 AHANU3A OAHHbIX,
KOZHUMUBHBIX MEXHOJO2UT, KOMILIOMEPHBIX cucmem o6pabomxu U aHAIM3a OGHHBIX, KOMILIOMEPHO 2paghxi,
pacnosHasanus 06pazos, Myremumeoua mexnono2uti u 3D-mooenuposans.

.A. Anopees

Oxonyun Ilckogcxkuti 2ocyoapemeentviil noaumexuuyeckuil uncmumym. OOIacme HAYUHBIX UHIMEPECOo8 CA3AHA ¢
paspabomxoti Mooenedl, aneopummos U noKasameneti Kauecmea PopmMani308aHHOZ0 ONUCAHUA U AHANU3A MeXHONO2UT
npouU3800CcMEa NPOOVKYUU.

Annotamusi. B pabote paccMaTpHBarOTCs yTPAaThl MOHY MEHTAIBHOM SKHBOIMCH (TPEINMHBL, ISITHA, JTAKYHbI) KaK
HCTOYHHK CTPYKTYPHUPOBAHHBIX JaHHBIX B mapagurme Big Data. KnrouesbiM (axTopoMm sBISECTCS mEpexonx OT
MMUKCEIbHOW PAa3METKH K OOBEKTHO-OPHEHTHPOBAHHOMY HAOOpPY JAHHBIX, TAC KAKIBIH AC(EKT IPEACTABIICTCS
OTOCTBHOM 3aMHCHI0 C TCOMCTPHUCCKHMH W MOP(OIOTHUYCCKUMH Hpu3HAKAMH. (OCOOCHHOCTH —PCATH3ALHH
MPEAIaracMoro TOAX0Ja OTPAKCHBI B (DOPMAIM3alMM IPOICCCOB MHOTOKAHAIBHOW CETMCHTAIMH JE(EKTOB C
MOCTICAYFOIICH NETEPMUHUPOBAHHON MOCTOOPAOOTKON M BHIJCJICHHUEM CBA3HBIX KOMIOHEHTOB. Ha mpuMepe peanbHOTO
mo0pakeHus Ppecku u3 Crnaco-IIpeoOpakeHCKOT0 MHPOKCKOTO MYKCKOTO MOHACTHIpA (Poccmiickas ®eneparmus, T.
[ckoB) momyueHo 1038 00BEKTOB yTpaT mpu CyMMapHOH Aone MOKpwITHA 33,9%, 4TO MOATBEP)KAAET BO3MOKHOCTH
HAKOIUICHHA OOBEKTHBIX IMOKA3aTENCH COCTOSHUS IS TIOCICIYIOMIECIO AaHAIN3a H MOHHTOPHHTA.

KiroueBbie ciioBa: MOHYMCHTAJILHAS KUBOIKCH, yTpaThl, Big Data, MHOrOKaHAIbHAS CETMEHTALMS, CBSI3HBIC
KOMITOHEHTHI, 00bEKTHO-OPHECHTHPOBAHHBIC JAHHBIC, HU(PPOBOE TOKYMEHTHPOBAHKE, MOHUTOPUHT COCTOSTHILL.
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Beenenne. MoHyMeHTabHASI JKUBOMUCH ((PPECKH, HACTEHHBIE POCITUCH, UKOHBI) OTHOCUTCS K
ySI3BUMBbIM OOBEKTaM KYJBTYPHOTO HACJEAMs, JAJIT KOTOPbIX OCOOEHHO BaXKHBI 33/1a4H LIU(POBOTO
IOKYMEHTHPOBAHHUS, aHAJIN3a COCTOSHHUS U MOATOTOBKHU JaHHBIX JUJIsI peCTaBpalMOHHBIX pador [1].
ITpu pabote ¢ poTodukcanmeit MaMATHIKOB BO3HUKAET HEOOXOIUMOCTD NIEpEXo/ia OT OMUCAHUHN Ha
YPOBHE U300pKEHHU K M3MEPUMBIM MOKA3aTeNsIM, IIPUTOIHBIM ISl CPABHEHHSI MEKAY OOBEKTaMH
1 MOHUTOpHHIA BO BpeMeHH [2].

B nmpuknagaom koHTekcte Big Data mposiBiisieTcst He TOJBKO Kak O0sbLIONH 00BEM MUKCETBbHBIX
JaHHBIX, HO U KaK MAacIITa0UpyeMbIil TOTOK IHUCKPETHBIX HAOJIIOAEHWH, €CII paccMaTpHhBaTh
MOBPEXKICHUSI HE KaK CIUIOMIHYKD MAacKy, a KaK MHOJKECTBO OTHENbHbIX 00BekToB. Jlaxke ommH
¢bparMeHT Qpeckn MOXKET COAEp’KaTb COTHH OOBEKTOB Pa3sMETKH ((pparMeHThHl TPEIlUH, MSATEH,
JAKyH), U KaXbIi U3 HUX MOXET OBITh OMUCaH HAaOOPOM MPU3HAKOB. JTO MO3BOJISIET (POPMHUPOBATH
TaOJMYHBIE 1aTACEThI K PUMEHSTh METO/IbI CTATUCTUKH M HHTEJUIEKTYJIbHOTO aHAJIN3a JAHHBIX JUIS
MOJ/IEPIKKH PELICHUH MPH PecTaBpallud M MOHUTOPHHIE COCTOSHHA OOBEKTOB MOHYMEHTAJbHON
JKUBOITUCH. Pa3BUTHE METONOB KOMIBIOTEPHOI'O 3pPEHHSI U HEHpPOCETEeBOW CErMEHTALH CO3IAaéT
NPEANOCHIIKH JI1 aBTOMATH3ALMH BBIACJIEHUS yTpaT Ha n3obpakeHusx [3]. Jns mpakTHUECKOro
NPUMEHEHHUsT HeOOXOAMMO (OpPMaM30BaTh MEPEXO] OT PEe3yJIbTATOB CErMEHTAUU K OOBEKTHO-
OPUEHTHUPOBAHHBIM JaHHBIM M TOKa3aTh MaclTad HaONMIONEHUI Ha peajbHOM H300pakeHHH, YTO
COIJIaCyeTCsl € paHee NPEJIOKEHHOH BapHAallMOHHON MOJenbio LU(POBON  pecTaBpaiyuu
MOHYMEHTQJIbHON JKUBOMUCH [4]. DTUM ONpenemsiFoTCs IOCTAHOBKA 3a7ayd, BBIOOP METONUKU
MOCTPOCHHUsT OOBEKTHO-OPUEHTUPOBAHHBIX [AHHBIX M COCTaB KOJHYECTBEHHBIX IOKa3aTesel,
aHAJM3MPyeMbIX B padoTe.

IocTanoBka 3agaun. B nccnenoBaHun HCNONB3YIOTCS U POBBIE H300pakeHUs PPAarMEeHTOB
bpecok, momyueHHsle B xone porodukcauy u nocneayoeld NOArOTOBKYA MaTeprata aJisl aHaIn3a.
Jlnst yactu n300pakeHU BHITIOTHEHA PyYHasl pa3MeTka o0iacTell yTpaT, KOTopasi CIIyKUT OCHOBOM
s 00yueHHUs] ¥ MPOBEPKU AJTOPUTMOB CETMEHTALUH, a TaKXKe U Mepexofa OT MHUKCENbHOrO
NpeACTaBlIeHUs K OOBbEKTHO-OPHEHTHPOBAaHHOMY Habopy maHHbIX. [lanmee BBoguTcs (hopMaibHast
3aMHCh BXOAHBIX TAaHHBIX U pe3ysibTaTa 00padoTKH.

[TycTh 3a7aHO MHOKECTBO LU(PPOBBIX H300paKEHUN PPECOK:

L={l,}m=12,....M, (D)
rae [, — uBeTHoe m3o0pakeHue pasmepa H*W (BeicoTa U mmprHA H300pa’keHUs] COOTBETCTBEHHO),
m — UHIEKC N300paKeHUsI.
Kaxxnoe m3obpaxenue I, paccMaTpuBaeTcsl Ha IUCKPETHOH 00JIacTH MTUKCeNeH:

N={1<i<HI1<j<W} (2)
rae (i,j) — KOOpAMHATHI TUKCEJIS.
JInst LBETHOTO M300paKeHHs 3HAYEHUsT THKCENs 3a/1at0TCst BEKTOpoM I, (i, /) € R3(xaHanbl
aaIUTUBHON 1BeTOBOM Moaenu RGRB) [5].
PaccmaTtpuBaeTcsi MHOXKECTBO KJIACCOB yTPaT (TUIOB Ae(eKTOB):

U=1{cs,l}, 3)
7€ ¢ — KJIACC TPELIHH, § — KJIacC MATeH, / — KJ1acc JIaKyH.
Tpebyercst monyunTh OOBEKTHO-OPUEHTHPOBAHHOE TMPENCTABIEHHE YTPaT Ha KaKIOM
n300paKeHNH [, BKIIOYAIOLIEe:
1. GuHapHbIE MUKCENBHBIE MAaCKHU yTpaT 1o kinaccam Yy, (-, k), k € U,
2. MHOX€CTBAa OOBEKTOB yTpPaT (CBA3HLIX KOMMIOHEHTOB) O, 1 = {0k 1, ---'Om,k,Nm,k} TUTST
Ka)kI0ro Kjacca k;
3. TaOnmuHbli  nmaTaceTr OOBEKTOB D, B KOTOPOM KaKAOMY CBSI3HOMY KOMITOHEHTY
COOTBETCTBYET OTAEJbHAS 3aIUCh C IPU3HAKAMH.
OOmbexTHBIN naTaceT 3a1aéTCs KakK:
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D = {(idimg, idopj» k. x) | k € U}, (4)
re id;ymg — uneHTuduKaTop u306paskeHus (HanpuMep, HOMEP M300paxeHus M UIu uMs Qaiina),
idop; — uneHTuduUKaTOp 0ObeKTa BHYTPU H300parkeHus (HAPUMeEp, HOMEpP CBA3HOTO KOMITIOHEHTA),
k — xnacc obwekra, k € U, x — Habop npu3HaKOB 0OBbEKTA.

Takum obpasom, B paboTe pemaercs 3amada MOCTPOCHUS OOBEKTHO-OPHUEHTUPOBAHHOTO
OMHCAHUS yTPAT MOHYMEHTAJIbHOU JKUBOMMKUCH TIO LU POBBIM H300pakeHnsIM (Ha nmpumepe Qpecok).
PesynpraToM 00paboTKH KakAOro M300pakeHUs SBJSFOTCS OMHAPHBIE MAcKH IO KJjlaccaM yTparT,
MHOKECTBO BBIIEJIEHHBIX OOBEKTOB yTPAT KaK CBSI3HBIX KOMIIOHEHTOB U TaOJMYHOE MPECTABICHHE
3TUX OOBEKTOB B BUJIE 3aIUCeH ¢ mpu3HakaMu. Ha OCHOBE TaKOro MpeacTaBIeHHs PACCUUTHIBAIOTCS
KOJINYECTBEHHBIE MMOKA3aTeNId COCTOSTHHS N300paKEHHs: YICIO OOBEKTOB B KAKAOM KJIacCe yTpar,
OOJsT TUIOLIamy HM300paKeHMs, 3aHATas yTPaTaMH, W CTATUCTHKH pACIpenesieHus pa3MepoB
00bekToB. [lapameTpbl OMHApPH3aIMU B TOCTOOPAOOTKH 3aMar0TCsl B paMKaxX €IMHOTO MPOTOKOJA
00pabOTKM ¥ TPUMEHSFOTCS OJWHAKOBO KO BCEM HM300paKeHHsM, 4YTO obOecreynBaeT
BOCIIPOU3BOAMMOCTb BBIUUCIIEHHSI [TOKAa3aTeNiell Ha CepuH JaHHBIX.

MeTonojiorusi uccjenoBaHus. B uccienoBaHMM HCMONB3yeTCs MPOTOKON 00paboTKy,
BKJIFOYAIOIIUI MMOCTPOEHHE BEPOSTHOCTHBIX KapT YTPaT, MX AUCKPETH3ALHUIO, MOCTOOPabOoTKy,
BbIJIeJIeHHEe OOBEKTOB M BBIUUCIIEHHE arperupOBaHHBIX MOKa3aTeNeil cocTosiHus n3obpakeHus. Ha
BXOJl TOAAaéTCs I[BETHOe wu3o0pakeHne Qpeckw, Ha BbixoAe (GOPMHUPYETCS OOBEKTHO-
OPUEHTHUPOBAHHBIN HAOOp HAHHBIX, COAEpIKALIUI HAEHTHYHUKATOP M300paKEHUs], UAESHTH(HHUKATOP
00BEKTa, KJAcC yTpaThl M HaOOp NPU3HAKOB OOBEKTA, a TAKXKE 3HAUEHHUsS arperupoBaHHBIX
noKasarteJel 1Jis Bcero n300pakeHusl.

[TonyueHne MUKCENBHBIX MACOK YTPAT OCHOBAHO Ha MHOTOKAHAJIbHOW MO CEerMEHTALUU
[6], koTOpast st KaXKIOro H300paskeHus [, CTABUT B COOTBETCTBHE TEH30P BEPOSTHOCTHBIX KAPT IO
KJIaccam:

fot I = Py, Py € [0,1]%10L, (5)
rae fy — Heiipoceresas Momens ¢ mapamerpamu 6, P, € [0,1]7*WXIUl _ pepostHOCTS TOTO, TO
MUKCEJIb (7, j) MPUHAMIIEKUT KIIACCY K.
BuHapu3alust BLITOJIHAETCS MyTEM CPAaBHEHMS 3HAYEHUH BEPOSTHOCTHBIX KapT ¢ 3aJaHHBIMH
MOpOraMy OTAENBHO 1T KayK0ro Kiacca ytpar k € U:

?Tn(lr]rk) = 1[Pm(lr]rk) 2Tk]: (6)
rae Y, (i, j, k) — npomexxyTounas GuHapHas Macka kiacca k, T, — GUKCHpPOBAHHBII ITOPOT [T KIacca
k, 1[-] — nanukaTopHast GyHKIMS, paBHas | MPH UCTHHHOCTH yCJIOBHSI WJIUA B MPOTUBHOM cirydae — 0.
JUis oIy 4eHus1 yCTOWYMBBIX MAaCOK MPUMEHSIETCS AeTEPMUHIPOBAaHHAs TOCTOOpa0oTKA!

Y G k) = M (T (1K) ), @)
rne I, (-) — oneparop moctoOpadoTKu KaHama &, BKITIOYAIOINUN yAAJIEHUE MaJIbIX KOMIIOHEHTOB,
MOP(OJIOTHUECKUE ONIEPALIN U KOPPEKTHPOBKY CTPYKTYPbl MACKH B COOTBETCTBHH C MOP(OJIOTHeH
yTpar maHHOro kiacca. Ilonydennsie mo (6) — (7) macku Yy, (-, k) nmanee paccMaTpuUBArOTCs Kak
UTOTOBbIe OMHAPHBIE MUKCENbHBIE MACKHU yTPAT KJlacca k Ha U300paskeHUH /1.
OOyueHne mapaMeTpOB CErMEHTAIIMOHHOW MOJENU BBITIOJNHSETCS HA Pa3MEYeHHOH BBIOOpKE
nap «u3o0pakeHue—Macka» u popMyIUpyeTcst Kak 3a1a4a MUHUMHU3AINN dMITHPUIECKOTO PUCKA!

0" =argargming ~SN.y  L(fo(), V), (8)
rne (I, Y,) — napa oOy4arommx AaHHbIX, N — 4UCJIO O0YUarOIIUX MPUMEPOB.
Jlnst ycroituuBoro oOydeHusi mpu AucOaiaHce KJACCOB HCMOJB3YeTCsl KOMOWHHPOBaHHAs
(YHKIUS TOTEPh, BKIIOYAIOIAs B3BEHICHHYO MO KJIaccaM OMHAPHYIO KPOCC-3HTPONHIO Lygop (W) 1
Dice-cnaraemoe Lp;c.(Wy) [7]:
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L = Apce Lece(Wi) + Apice Lpice (W), ©)
rne Agcg M Apice — KodbduumeHTsl, onpenenstomue otHocutenbHbi Bkiang BCE- u Dice-
claraeMbIx, a Wj — Beca KJIacCOB, KOMIICHCHUpPYIOIIME AUCOANaHC TO YHCIYy MHKCeIeH
COOTBETCTBYIOILETO KJIacca yTpar.

Ontumuzanusi BeImonHseTcss MetogoM AdamW ¢ KOCHHYCHBIM paclUCaHHEM CKOPOCTH
oOyuenus. [lns mosbimeHus: o0o0Imarmeil CnoCOOHOCTH MPUMEHSFOTCS MPOCTPAHCTBEHHBIE U
doTromMeTpHUecKHe ayrMEeHTALMN U HOPMaJIM3aLisl BXOAHBIX AaHHBIX [8]. Iloporu 7, u mapamerpsl
noctoOpaboTku 1, onpenessiroTcss Ha TMOATBEPIKAEHHON YacTH MAHHBIX U Aanee (QUKCUPYIOTCS B
pOTOKOJIEe 00paboTKH.

ITocne monmy4eHHWss UTOTOBBIX OWHAPHBIX MUKCENbHBIX Macok Yy, (-, k) mo kjaccam yTpar
BBIMOJIHSETCS BBIACIEHHE CBSI3HBIX KOMITOHEHTOB, Ka)KIbIH M3 KOTOPBIX HMHTEPIPETUPYETCS Kak
OTHENbHBIA OOBEKT YTPATHI:

Om,k = {Om,k,lr ey Om,k,Nm,k}: (10)
rae Ny, j — KOIM4ecTBO OOBEKTOB Kjacca k Ha M300pakeHun m.

Jns kaxaoro OoOBeKTa BBIUUCIAETCS HAOOp MPU3HAKOB, BKIIFOYAMOIIMNA T'€OMETPHYECKHE
XapaKTEPUCTHKH (HAIIpUMep, TUIOIIAlb, TEPUMET]P, OTPAHUYMBAOIIHI IPSMOY TOJIbHUK, LIEHTP MACC)
U XapaKTEePUCTHKH (POpMBI (HATpUMep, OpUEHTALUS, VIJTHHEHHOCTD). ArpEerupoOBaHHbIE TIOKA3aTEN
COCTOSIHUSI M300pa’KEHHUs] PACCUMTHIBAIOTCS MO MackaM H MHOXeCTBaM OOBeKTOB. B kauecTBe
0a30BbIX TIOKAa3aTeNel UCTONb3YTCS YHUCIIO OOBEKTOB M0 KAKIOMY KJIACCy YTPAT M A0S TOKPBITHS
U300paKeHHst yTpaTaMu JaHHOTO KJIacca COOTBETCTBEHHO!

Nm,k = |0m,k|: (11)
__1 yH w . 0
Pmxr = HWZi:l j=1 Ym(l:]rk) *100 /07 (12)
TH€ Py — AOJA TOKPHITHSA M300pakeHUs yTpaTaMu Kyacca k, BbIpakeHHas B mpoueHTax, HW —
o011ee YnciIo muKcene n300paskeHus..

[Tony4yeHHble OObEKTHbIE TNPU3HAKM M  arperdpoBaHHbIE MOKa3zaTead  (QOPMHUPYIOT
CTPYKTYPHUPOBAaHHOE MPEACTABICHHE JAHHBIX, PUTOAHOE ISl HAKOIUICHUsSI TI0 CEPUHU U300 paskeHUH
U TTOCJIEAYIOIIETO aHATN3a.

JKCHepUMEeHTA/IbHbIE pe3yabTarhl. [laHHAs yacTh HacTosIeidl paboOThl HAIpaBlieHa Ha
MpOBEPKy padoTOCMOCOOHOCTH OMUCAHHOTO B (hOPMAJIM30BAHHOM BHUAE IMOAXOMA MO OOBEKTHO-
OPUEHTHUPOBAHHOMY TPEACTABICHUIO YTPAaT M Ha MOJy4YeHHE KOJHMUYECTBEHHBIX IOKa3aTesel Ha
npUMepe peabHOro n300pakeHus ppecku. B kauecTBe HCXOMHBIX JAHHBIX UCTIOIB3YETCs HUPPOBOE
uzobpaxkenue ¢pecku, koropas pasmemiena B Cmaco-IIpeoOpaskeHCkoM MUPOKCKOM MY3KCKOM
monacteipe (Poccuiickas @eneparus, r. [ICKOB), ¢ BBITOJHEHHON MHOTOKJIACCOBOM pa3MeTKOM yTpat
B COOTBETCTBHHM C HX KJACCaMH, COOTBETCTBYIOLIMM MEPEUMUCICHHbIM BbILIe TUMAM ae(EeKTOB
(TpeIuHbL, MATHA, JAKYHbI) (PUCYHOK 1).

Bribop maHHOTO H300pakeHusi OOYCJIOBJIEH HATUYMEM OOJBIIOrO YHCJIA Pa3pO3HEHHBIX
oOmacreil yTpar, 4ToO MO3BOJISIET OLIEHUTh MacIITad 0ObEKTHO-OPHEHTHPOBAHHOTO HabOpa NaHHbIX,
dbopMupyeMoro naxke Ha ypoBHe OmHOro cHuMka. OOpaboTka BBITIOJIHIETCS B COOTBETCTBHH C
OMHCAHHON METOAOJOTHel: pa3MeTka npeodpasyercss B OMHapHbIE MACKH I10 KJIacCaM yTpar, 3aTeM
NPUMEHSIOTCS QUKCUPOBaHHbIE TPABIJIA OUUCTKH MACOK U BBIJACJICHHUS OTAEIbHBIX 00sacTeil yTpar
KaK CBSI3HBIX KOMIIOHEHTOB.

JInist KaXKIoro Kilacca yTpaTr NOACUUTBIBAETCS YHCIIO BBIIEIEHHBIX OOBEKTOB U OIS TIOKPBITHS
n300pKEHNs, a TAK)KE PACCUUTBIBAIOTCS CTATHCTUKU IUIOIAel OOBEKTOB, XapaKTepHU3YIOIIHE
pacripeneneHue pa3MepoB yTpaT.
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[aHHble yTpaTt

W Tpewmnbl: N=488, p=4,58%
B NatHa: N=445, p=14,33%
B lakyHbi: N=105, p=14,99%

Bcero o6bekTos: N=1038,
CyMMapHoe nokpbitne p=33,9%

Pucynox 1. MHOTOKIacCOBast pa3MeTKa yTpaT Ha U300pakeHuu ppecku
Crnaco-IIpeobpaskeHckoro MUpoKCKOTO My KCKOTO MOHACTBIPSI
(Poccuiickast @enepanus, r. IIckoB)

IMocne muckperusauu, TocToOpabOTKM W BBIACIEHUS CBSI3HBIX KOMIIOHEHTOB PACCUHTAHBI
3HadeHus nmokaszatened Nm,k u m,k, a Takxke cTaTuCTUKH pa3MepoB OOBEKTOB MO KaKIOMY KJIACCy

yTpat (Tabmmua 1).

Tabnuya 1. KonudecTBeHHBIE TOKA3ATEIN YTPAT MO KJIaccaM Ha M300paskeHuu hpecKu

Kracc Yucmo Homst Me nuannast Cpenmssa MaxkcumansHas
yTpar 00sekToB N | mokpserTus p, % IIOMAb, PX° IIOMAIb, PX° IUIOMA b, PX°
Tperunbt 488 4,58 89 3205 25836
[aTHa 445 14,33 405 1101 60741
Jaxynst 105 14,99 1036 4879,96 117717
Hroro 1038 33,9 249 1116,3 117717

Jlns u3obpaxkenus pazmepom 2048* 1669 nukcenel MOIyYeHbI CISAYIOMNE 3HAYEHUS . YUCTIO
00bekTOB yTpar coctaBmiio N = 488 nmnst tpemusd, N = 445 nns mareH u N = 105 mis naxyH;
CYMMapHO€ YHCJIO0 O0BEKTOB yTpaT Ha uzodpaxkernn paBHO N = 1038, [{onist MOKPBITHS H300paskeHUs
yTpataMu coctaBuia 4,58% nns tpemus, 14,33% nns nsared u 14,99% nins nakyH; cyMMapHas 1051
MOKPBITUS paBHa 33,9%.
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HNHTEHCUBHOCTh OOBEKTHO-OPUEHTUPOBAHHOTO TPENCTABICHUS Ui JAHHOTO HM300pakeHUs
cocraiisieT okoyo 304 oObekToB Ha 1 Meramukcenb, 4TO COOTBETCTBYeT OTHOIeHuto 1038/3,42
(uomane w3o0paskeHusi B Meramukcesix) ~ 304 00OBEKTOB K IuIOmanu w300paskeHus B
Mmeranukcensix. Taxke B Tabnuue 1 mpuBeaeHb MEAMAHHBIC, CPEHNE W MAKCUMAJIbHBIE TUIOIIAN
OOBEKTOB B MHKCENSIX (pX?) MO KaXKIOMy KJIACCy yTparT. MeauaHHas IUIOManb XapaKTepH3yeT
TUMHYHBIA pa3Mep OOBEKTa M yCTOHUMBA K €OMHMYHBIM KPYITHBIM JIAKyHAM, CPEIHSS IUIOIAdb
oTpakaer OOIUIl ypOBEHb pPa3MEpPOB C YYETOM BCEX OOBEKTOB, a MAaKCHUMaJbHasl ILIOLIANb
MOKa3bIBAET HANOOJBIIYIO MO TUIOIAAH 00JIaCTh YTPATHI JAHHOTO KJIacca Ha M300pakKeHUH.

OO0cy:xnenue pe3yabTarToB. [IpencraBieHue yTpaT Kak MHOXKECTBA OOBEKTOB IMEPEBOIUT
aHamu3 M300pakeHU MOHYMEHTAJIbHOW JKHUBOIMCH W3 YUCTO MUKCENbHOro (opmara B Qopmar
CTPYKTYPHUPOBAHHBIX JAHHBIX: KaXbIii OOBEKT CTAHOBUTCS OTAEIBHOH 3aIHMChI0 C MPU3HAKAMH, a
n300pakeHe — ICTOYHUKOM arperupOBaHHBIX HHAEKCOB COCTOSTHHUSI.

B paccmoTpenHoM npumepe ogHO u3oOpaxenune ¢ppecku naér N=1038 oObekToB yTpaT npu
CyMMapHO# noje nokpbitus 33,9 % u mHTeHCHBHOCTH Topsinka 304 00bekTOB Ha 1 Meramukces,
YTO y’K€ Ha YPOBHE OJHOTO CHHMKA COOTBETCTBYET OOJBIIOMY YHCIY IUCKPETHBIX HAOMIOACHUN U
3a1aéT MacTad 0OBEKTHO-OPUEHTUPOBAHHOTO HA0Opa TaHHBIX.

AHanus nokasarenei no knaccam ypart (tabin. 1) neMoHCTpupyer pasnnine ux MOpOIOrHu.
TpeuuHbl MpencTaBieHbl HAUOOIBIIUM YUCIOM O0BEKTOB (488) MpU OTHOCUTEIHPHO HU3KOW JTOJIe
nokpeitust (4,58%) u Manbx Tuomaasx (MeAMaHHas IUIOMIAb COCTaBisieT 89 MHKCeNed), 4To
COOTBETCTBYE€T MHOMECTBY Y3KHUX JIMHEHHBbIX aedekToB. IIsaTHa 3aHUMAIOT TPOMEKYTOUHOE
MOJIOXKEHHE. YUCIIO OOBEKTOB COMOCTABUMO C TperuHamu (445), nonst mokpsrtus Boime (14,33%), a
MeananHas miomanb (405 nukceneil) oTpakaeT 0oyiee KOMIAKTHYIO, HO TUIOTHYIO CTPYKTYPY.

JlakyHBI XapaKkTepHU3YIOTCs] HANMEHBIINM YHCIIOM 00bekTOB (105) mpu cxoskelt 10J1e TOKPBITHS
(14,99%) ¢ maTHAMU, HO CYLIIECTBEHHO OOJiee BRICOKUMU 3HAUYEHUSIMU TiIomanen (mequandas — 1036
nukceneii, MakcumanbHass — 117717 nmkceneii), 4TO COOTBETCTBYET KPYIHBIM OOJACTSM yTpaT
JKUBOITUCHOTO cJosi. TakuMm o00pa3oM, TOJyYEHHBIE XapaKTEPUCTHKH OTPAKAIOT Pa3JIndHe
MOP(OJIOTHH yTPaT: TPEIIUHBI NMPEACTABICHbI OOJBIIUM YHCIOM MAJBIX IO IUIOMATH OOBEKTOB,
TOTAa Kak JIAKyHbl (POPMHPYIOT CPaBHHUTENBHO HEOOJBINOE HYMCIO KPYMHBIX oOnacteil. Takoe
pa3OueHune yTpaT Mo KJIaccaM B COYETAHUHU C OOBEKTHO-OPUEHTHPOBAHHBIMHU MOKA3aTEISIMH (IHCIIO
OOBEKTOB, JOJISI MOKPBITHS, PACIIpEeNIEHIE TUIOIaIeH) MO3BOJSIET HE TOJIbKO ONHCHIBATH TEKYIIEe
cocTosiHue (pparMeHTa, HO U (POPMHUPOBATH THIIOTE3BI O MEXAHM3MAax Pa3pyLICHHUs W MPUOPHUTETaX
pecTaBpaLMOHHOTO BMemarenbeTBa. [Ipn MacmTabupoBaHUN HA CEPUI0 M300paKeHUN CyMMapHOe
KOJINYECTBO OOBEKTOB OBICTPO JOCTUTAET NECATKOB U COTEH ThICAY, YTO OTKPBIBAET BO3MOYKHOCTD
NPUMEHEHHsI METO/IOB CTATHCTUYECKOrO aHAIN3a M WHTEIUICKTYyAIbHOW aHAMTHKH JJIST CPABHEHUS
NaMSITHUKOB, MOHUTOPHUHTA JUHAMHUKH Pa3pyLICHUS U BBIIBJICHHUS 30H MOBBIIIEHHOTO pucka [9, 10].

Jnsa obecrieueHnst BOCIPOM3BOAMMOCTH B HCCICIOBAHMM HCIIONB3YIOTCS (PUKCHPOBAHHBIE
NOPOTH OMHAPHU3AIMU U €MHbIE MPAaBHIIA MOCTOOPAOOTKH, MPUMEHAEMbIE KO BCEM H300paKeHHIM
10 OHOMY NPOTOKONY. B mpencraBneHHON SKCHNEPUMEHTAIbHON YacTH PacuéThbl BBIIIOJHEHBI O
oBepiiel0 pasMmeTku. llpu pacmiupeHuu BBIOOPKH T€ JK€ IOKA3aTeNId MOTYT BBIYHCISTBCA IO
OMHApHBIM MacKaM, TOJYYEHHBIM HENOCPEACTBEHHO W3 NMPENCKAa3aHUN MOJENN CErMEHTALUH, YTO
MO3BOJIUT OLIEHUTh BJIMSHHE KaUeCTBA CETMEHTANY Ha YCTOWYMBOCTh OO BEKTHO-OPHUEHTUPOBAHHBIX
UH/IEKCOB COCTOSTHHSL.

3axmouenne. [Ipennoxen noaxon mo oObEKTHO-OPHEHTUPOBAHHOMY MPENCTABICHUIO yTPaT
MOHYMEHTAJIbHOM JKMBOMHMCH HAa OCHOBE MHOTOKAaHAJIBbHOW CErMEHTAIlMd M JeTePMUHHPOBAHHON
noctoOpaboTkn OuHapHbIX Macok. PopMann3oBaH NEpPexXon OT NHKCENbHBIX KapT yTpaT K
MHOXECTBY OOBEKTOB YTPAT KaK CBSI3HBIX KOMIIOHEHTOB U K TAOJMYHOMY HAOOpY JaHHBIX, B KOTOPOM
KaXXIOMy OOBEKTY COOTBETCTBYET OTJENIbHAS 3aMUCh C F€OMETPUYECKMMH U MOP(OIOrHIECKIMU
NpU3HAKaMu. B sKCrepUMEHTaIbHOH YacTH TOJYyYEHbI KOJHMUECTBEHHBIC IOKA3aTENd COCTOSHUS
peanbHOro M300paKeHus PPecKy, BKIFOUAs YUCIO OOBEKTOB IO KIacCaM yTPAT U AOJH MOKPBITHS, a
TAKXKE CTATUCTUKU pactpeneseHus Iomaneii 0O beKToB.
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ITokazaHo, YTO OMH CHUMOK (DOPMUPYET CBBILIE THICSYU OOBEKTOB YTPAT U TEM CAMBIM 3a1aET
MaciuTad HaOMIONEHHUN, AOCTATOYHBIA I HAKOIUICHUS CTPYKTYPHPOBAHHBIX NAHHBIX Ha CEPHUU
n300paKeHNH M TMOCHenyrolero aHamusa B mapagurme Big Data. IlepcnexTuBbl mampHEHImmx
UCCIICIOBAHHI CBSI3aHBbI C PACIPOCTPAHEHUEM MPEIUIOKEHHOrO MPOTOKOJa 0OpaboTKH Ha CEpUI0
n3o0pakeHuit, (OPMUPOBAHMEM BBIOOPOK U3 JECSITKOB W COTEH ThICSY OOBEKTOB yTpaT u
NPUMEHEHHEM METOIOB CTaTHUCTHYECKOrO aHajiu3a W MAIIMHHOrO OOydeHus s 3ajad
KJIACTEPHU3ALNH, IPOTHO3UPOBAHMS IUHAMUKH Pa3pyLISHHs U NOANEPKKH IPUHITHS PEIIeHUI pu
pecraBpaunu. OTHENbHOE HANPABJIEHUE COCTABISIET WHTErpauusi OOBEKTHO-OPHEHTHUPOBAHHBIX
NoKasaresel ¢ BApHAIlOHHBIMHI MOJIEISIMU LIU(PPOBON pecTaBpalliil MOHY MEHTAJIBHOM KUBOITUCH U
pa3paboTKa KOMIUIEKCHBIX MHIEKCOB COCTOSIHHS, YYHTBIBAIOIIMX KaK IPOCTPAHCTBEHHOE
pacripenieNieHue yTpar, Tak 1 UX MOJIOKEHHE B CTPYKTYPE JKHUBOITUCHOTO CIIOS.
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ABTOpCKHIi BRJIAJ

Xpumkesn4 leopruii AnapeeBnt — IIOCTAHOBKA 334a4H HCCIICIOBAHI, (JOPMHUPOBAHHE KOHLICTINH OO BEKTHO-
OPUCHTHPOBAHHOTO MPEACTABICHUS YTPAaT MOHYMCHTAJIBHOH >KMBONMHCH B Joruke Big Data, moaroToBka u anamm3
HCXOIHBIX H300PAKCHHUH M Pa3METKH, pa3padoTKa METOAMKH 00PAaOOTKH U KOJMUECTBEHHOM OLCHKH YTPAT, IIPOBEICHHUE
SKCIEPUMEHTA, HHTEPIIPETAINS PE3yITATOB, TOJTOTOBKA TEKCTA CTATHH.

umenor Buxtop HropeBnmY — MOCTAHOBKA 330aYd HCCICIOBAHHA, (DOPMHPOBAHHC HAYYHOH KOHIICTIITHH
HCCIICIOBAHNS, HHTCPIIPETALMS PE3YIbTATOB, PEAAKTHPOBAHIE CTATHH.

Anapee JIMuTpuii AHATOJIbeBHY — IOCTAHOBKA 33Ja4Yd HCCICAOBAHUS, MCETOIIUCCKOE COIPOBOMKICHHC
HCCIICIOBAHMS, SKCIICPTHAS OLICHKA PE3YIbTATOB, PEIAKTHPOBAHUE CTATHH.
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LOSSES OF MONUMENTAL PAINTING AS BIG DATA INDICATORS: OBJECT-
ORIENTED REPRESENTATION OF DEFECTS BASED ON MULTICHANNEL

SEGMENTATION
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Abstract. The paper considers losses in momimental painting (cracks, stains, lacunae) as a source of structured data within the Big
Data paradigm. The key idea is the transition from pixel-wise annotation to an object-oriented dataset in which each defect is represented
as a separate record with geometric and visual features. The implementation of the proposed approach is based on the formalization of
multichannel defect segmentation followed by deterministic post-processing and extraction of connected components. Using the example
of a real fresco image from the Transfiguration of the Saviour Mirozhsky Monastery in Russian Federation in Pskov, 1038 loss objects
were obtained with a total coverage of 33.9%, which confirms the possibility of accummulating object-level condition indicators for
subsequent analysis and monitoring,

Keywords: monumental painting, losses, Big Data, multichannel segmentation, connected components, object-oriented data,
digital documentation, condition monitoring,
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