MAWWHHOE OBYYEHWE

B 3AOAYAX MONCKA
MECTOPOXOAEHNWN-AHANOIOB
YBC ONnd UEJNEWN TNMOOCHETA
3ANACOB W NPOEKTUPOBARNUA
PASPABOTKN

PomaHeHKOB A.B.




MHOTOOBPA3WE MHEHWA NPU BbIBOPE AHAJIOr OB

[MyTn npeoponeHns

AHanorus

MeTon Hay4YHOro no3HaHu4, OCHOBAaHHbIN Ha TOM, YTO
N3 CXO0OCTBa HEKOTOPbIX NMPN3HaKOB ABYX U
HECKONbKNX 0O bEKTOB OEMaeTCs BbIBOA O CXOACTBE
OPYTrmnx rMPM3HaKoB 3TUX 06bEKTOB.

MNpuMeHsieTcs Npn 060CHOBaHUM reonoro-euanyeckomn
XapaKTePUCTUKM NPOOYKTUBHbIX MNacToB U
KO3pPULUMEHTOB U3BIEYEHWS YIIE€BOLOPOLAOB Npu
nofcyeTe 3anacoB 1 NPOEKTUPOBAHNY

Cnabblie CTOpPOHbI:
» [lpouecc He pernamMeHTUpoBaH

* MeToa OCHOBaH Ha YMO3aK/toYeHUW aKcnepTa,
BO3MOXXHa anennsaumsa K 60nbWNHCTBY, aBTOPUTETY
M Tpagnumnn

* BeposTHa «owwnbka BbI6OpKN»

* AHanoramMu MoryT BbICTyNnaTb HEAOU3YYEHHbIE
0O6BbEKTbI

MyTn peweHns

CospaHune NonckoBo cuctemMbl. Bo3MOXHOCTM CUCTEMBI
noabopa 06beEKTOB-aHaANOroB AOMKHbI OblTb OCHOBaHbI Ha
rmbpungHonm Mogenu, BKAtoYatowen B cebst anropntmbi
MaTeMaTM4YeCcKon CTaTUCTUKN N TEXHONIOMMU UCKYCCTBEHHOIO
uHTennekTa c gubdepeHuymaumnen NnpuMeHeHNs No cTagnuam
N3yYeHHOCTN LieneBoro obbekTa

Llenb co3zaaHna NoUCKOBOW CUCTEMDbI

[MoBbllWEeHMe cTeneHn 060CHOBAaHHOCTW Freo1oro-
dn3nYyeckmx NnapaMeTpoB 3anexen B 3agadax nogcyera
3aMacoB VI TMPaXXNpOoBaHMe NyYlnX NPaKTuK, npu
NPOEKTMPOBAHUN TEXHONOIN pa3paboTku
MecTopoxaeHun YBC



KOHUENTYAJIbHAA CXEMA

Mo cteneHn
. MpusHakn
reonornyeckom
Knactepusauum
M3y4YeHHOCTM

HedTerasoHocHoe paloHMpoBaHue

CtpaTurpadudeckas
NpYHaLNEXHOCTb

Tun (rpynna) nopog
'nybuHa 3aneraHuns

[To Benn4nHe n3Bnekaemblx 3anacos

®Ma3oBoe cocTosiHNe Gnonaa
CnoxHocTb
reosiorMyeckoro CTpoeHs

Tun 3anexmu

[MpoHnuaemocTb
MopucTtocTb

Co,uep)«aHme KOHOeHCaTa

Ycnosus cequmeHTaunm

Twun KonnekTopa

OCHOBHOW KpuTepuii
npwu Bbibope aHanora”

Knactepusauus 3anexei no
YCTaHOB/IEHHbIM MPU3HaKaM

Tununsauns pa3pe30B CKBaXXNH

Knactepusauus 3anexein no
YCTaHOB/IEHHbIM MPU3HaKaM

Tunusauns Pa3pe30B CKBaXXnH

Knactepusauus 3anexein no
YCTaHOB/IEHHbIM MPU3HaKaM

Tunnzauuns pPa3pe30B CKBaXXWH

CootseTtctBre OEC konnekTopos

Knactepunsauus 3anexein no
YCTaHOB/IEHHbIM NPU3HaKaM

Tunnzauuns Pa3pe30B CKBaXXNH

CTpyKTypa MyCTOTHOrO MPOCTPaHCTBa
KONeKToOpoB

MapameTpbl, NPUHMMaeMble NO aHanorun

3¢ dekTuBHbIE HEDTE-
rasoHachblleHHbIe TOMLUHbI

rpaHl/I‘-{Hble 3Ha4vYeHnq
KOJT1EKTOPOB

Kputnyeckue sHayeHus
COMPOTUBEHNN

MopucrocTtb

[MeTpoduanyeckme
KOHCTaHTbI

Mogpenn onpefneneHuns
OEC

Hedrte-rasonacbiweHHoOCTb

DuU3nNKo-xMMNYyecKme CBOMCTBa N1aCTOBbIX BOA
Mopenn HedTe-ra3oHacbIWeHNs

Dursnko-xnummyeckme n TepMmobapuryeckme
cBoncTBa HedTW 1 rasa

AddekTnBHbIE HEPTE-
ra3oHacbllWeHHbIe TONMHbI

['paHnyHbIe 3HaYeHNs
KOJINEeKTOpoB

Kputnyeckne aHaveHmns
COMpPOTUBNEHWNI

MopucTocTtb HedTe-rasoHacbileHHOCTb
Mopenun HedTe-ra3oHacbILLEHNS
MeTpodusnyeckme
KOHCTaHTbI

Mogenu onpegeneHus
OEC

YTouHeHune napameTpoB

[paHnyYHbIe 3HauYeHNa KONNekTopoB  lMeTpoduanyeckme KOHCTaHTbI

Kputnyeckne aHaveHns
COMPOTUBNEHMNIN

Mopenun HedTe-rasoHacbIWeHns

Mogpenn onpegeneHna OEC

YTouHeHuWe napamMeTpoB

Mopenu onpenenenmns ®EC

"~ o Bcem NYyHKTaM npennoxeHbl peweHnda Ha OCHoBe MeTo40B MallMHHOIO O6\/‘46HVIF!

Mopenun HedTe-ra3oHacbleHNs



NPUHLUWUN CYXEHWUA OBNACTU MOWCKA 3ANEXEW AHANOIOB

Knactepusauus

OnpepeneHune knacTepa
CTaTUCTUYECKN
3KBUBANEHTHbIX 3anexel
no 6a30BbIM NapameTpam,
OLleHKa penTrHra
3KBUBASIEHTHOCTM

CepumeHTaumns

OueHKa COOTBETCTBMSA
YyCNoBUIA ceaguMeHTaumnm,
Cy)>XeHue KnacTepa,
YyTOYHEHWE penTuHra

MNeTpodusnka

ConocTaBneHune pesynsratos
NCCNefoBaHNS KepHa U
neTpodur3nNyYecKnx
3aBUCKMOCTEN, CyXeHue
KnacTepa,

YyTOYHEHUE peTUHra

oorl

CpaBHeHMe XxapaKTepucTmk
MHOrodasHbIX NOTOKOB,
Cy)>XeHue KnacTepa,
YyTOYHEHUE peiTuHra

MopomeTtpus

OueHKa CooTBETCTBMS
CTPYKTYpPbl MYCTOTHOrO
NpPOCTPaHCTBA,
Cy)>eHue KnacTepa,
YTOYHEHUE penTUHra



BANNNIbHAA [PENTWHIOBA4]

CUCTEMA OLEHKW

[Mpumep Tabnuubl aHanoros

3apaHo 5 napameTpoB Noncka

PentuHr  Ananor Kn KWH
32 MecTopoxpeHue A. [nacT H05. OcHoBHad 3anexs. 12 0,341
8 AHanornyHoe mectopoxgeHue b. Nnact tO0,. 12 0.342
BocTouyHas 3anexb
26 MecTtopoxaeHue b. lNnact t0,_s. 13 0,338
3apaHo 10 napameTpoB rnouncka
PentuHr  Ananor Kn KWH
75 MecTtopoxpaeHue A. Mnact H0;. OcHOBHas 3anexsb. 12 0,341
72 MecTtopoxpaeHue b. lNnacTt t05. BocTouHas 3anexb 12 0,342
69 MecTtopoxpaeHue b. lMNnacT t0,_s. 13 0,338

BbluncneHue pentuHra

HauncneHve 6annos oCyLLeCTBAAETCA N0 KaX oMy
napameTpy

OueHka Bapbupyetcs ot O go 10 6annos, yem 6onee
MOXO0XXW 3a/1eXN, TEM BbIlLe PENTUHT

CyMMapHbIN PpeNnTUHr

A = F(82) + F(A,) + F(Bkyp) + -

AddekT

BocnpuaTne pesynstatoB peTUHIOBOW CUCTEMDI
6osee NpMBbLIYHO A9 NONb30BaTeNs

YBennyeHmne KonmyecTtsa 3HaHUN 0 COOBCTBEHHOM
MeCTOpOXAEeHUN cnocobCcTBYET NonyyeHuto bonee
BbICOKOIro penTuHra (6onblue napaMeTpoB - Bbllle
PENTUHI)



BA30BbIE

XAPAKTEPUCTUKW

3ANTEXEN

KoHuenuua conocraBneHus

1

DopmMunposaHne MHOroMepHoOro

HOPMMPOBAHHOIO NPOCTPAHCTBA MO U3BECTHbIM

napamMeTpam U3yyaemom 3asiexmu

Tun (rpynna) nopog
Tun KonnekTopa
DasoBoe cocTosHMe dnonga

CnoXXHOCTb reosiorMyecKoro
CTpOeHs

Tun 3anexun

HedTerasoHocHoe
panioHMpoOBaHMeE

CTtpaturpadundeckas
NPUHaONEXHOCTb

mybunHa 3aneraHuns

BennuynHa nssnekaemblix
3anacos

[MpoHMLaeMoCTb
[MopucTtocTb

CoaepxaHune KoHOeHcaTa

Mouck Knactepa CTaTUCTU4eCKUnxX
aHaJioroe

AHcambnb pe3ynbTaToB KNacTepusauunm:
Knactepusauuna metogoM k-mean
KnacTtepnaaums metonoM Agglomerative clustering

Knactepuzauuna metogom DBSCAN

BbluncneHune pentuHra
Ha OCHOBE PYHKLNN «PaCCTOSAHUSA»
MeXay 3anexamu B Knactepe

10

MaKC



ycnosugd CEOQUMEHTALINI

KoHuenuua conocraBneHus

1 Mouck cTpaToTUNOB B U3y4aeMON 3aNexu

NC nayyaemoii » CospaHue «andaBuTa» cTpaToTMNOB, 4 MeToaa:

3aJ1exXn

4l ”

>

i % ; CpaBHeHue CpaBHeHMe
«UHTEpnpeTaunmn» - annpoKcrMaumin
MeTo[ Knaccudurkaumm CTyNeH4YaTbIMN GYHKLUMAMM
CtpaToTunsl
)

§> < =

7 CpaBHeHWe BpeMeHHbIX CpaBHeHMe YacTOTHbIX
pagoB CMeKTpoB

* AHcambnunpoBaHue

Monck cTpaToTUNOB B 3anexax

Knactepa
3anexb 1 CtpaTtotunbl
FLC e —> 702>
3;3'1'1e»<b N CTtpatoTunbl

FrE — /DS >

3 ConocTtaBneHune cTpaToTUNos
N3yvyaeMom 3as5ieXn N 3anexemn
N3 Knacrepa

e 702
3anexb N3 7 Z ; > i

KnacTtepa

M

4 BbluncneHue pentuHra

10
0 ®
He aHanor @ _
0 |\/| M

KpuUT



NETPOOU3SNYECKWE 3ABUCUMOCTH

KoHuenuua conoctaBneHus

1. BbiuncneHune koadppuumneHTa getepmmnHaumm R? 3. Tect HOY o _ (RSS, — [RSS, + RSS,])/(k + 1)
~ (RSS, + RSS))/(n—2(k + 1))

R2 [ CobcTBeHHble ToUkM CTOPOHHSAA 3aBUCUMOCTS ]
~F(k+1,n-2k+1))

HonyctumMble 3HayeHUs KoadpduLneHTa geTepMuUHaLLnm
ofHOMapaMeTpUYECKMX 3aBUCUMOCTEN CoaepaTcs B
npukase MIMP N2218 o1 15 mas 2014r.

(06 yTBEPXAEHUM NOPALKa ONpeaeneHns nokasaTenel NPOHNLAEMOCT 1
3hdeKTBHOM HedTeHAaChIWEHHON TONWMHbI NNacTa Mo 3anexu yrnesogopoaHoro

TecT Ha paBeHCTBO KO3QDULMEHTOB perpeccum

B OBYX BblbopKax. [1pegHa3HayeH 4719 OLEHKN
3HAYMMOCTM YNyYLLEeHNs NoKasaTenen perpeccum
npw obbegHEHNN OBYX BbIOGOPOK B OOHY

Cblpbst)

He yuntbiBaeT 06bEM BbIGOPKU TpebyeTcqa nuHeapunsaLumsa AaHHbIX
2. Tect Ouwepa Ha 3HAYNMOCTb KO3IPPULNEHTOB 4. Metoa noBepuUTeNibHbIX NHTEPBAJOB
ypaBHeHUNs perpeccuu ANS OLEeHOK Ko3adpUuLmMeHTOB perpeccun

R2 [ Cob6cTBeHHble ToukM CTOPOHHAA 3aBUCUMOCTS ] CobCcTBEHHbIE TOUKN Y =A.x+B

CTOpOHHASA 3aBNCMMOCTb Y=A,sx+B,
MeTog 0715 OLLEeHKU 3Ha4YMMOCTN KOaddULMEHTa

netepMumnHaLmm
_R*(n-2)
~ 1—R2

Axt.S, B+ t..Sy

[ 2
0 A, A o 0 BB

~F(k—1,n—k)

YunTbiBaeT 06bEM BbIOOPKN
TpebyeTca nuHeapunsauma AaHHbIX



XAPAKTEPUCTWUKI MHOIO®GA3HbIX MOTOKOB

KoHuenuua conocraBneHus

1 CpaBHeHme KJ1IoueBbIX MeToa CpaBHEHMS: BblYMCEHME
. 10
v MHOrOMepHoOn GyHKLUMM nogobus no _
xapaktepnctuk pyHkumn OOl COHLLEBbIM TOUKaM b= Z (Pz usyuaempiii — Pi KaHﬂMAaT) 5
MapaMeTpbl 418 BbIYUCTEHNSA GYHKLIAN =1 Pimax — Pimin
cxogHble faHHble: pesynbTaThl nopo6us:
akcnepumeHToB O®I1, 0606bueHHas Swir Swer Soweer Krorwr keomms Kower Kewir
Anarpamma OOl no 3anexnm Ny Ny Lerow
oon Normalized Water- 2 Bbiuncnenne
Fractional-Flow Curve PenTuHra
1 1
JInHnAa HenTpanbHoM
CcMa4ymBaeMocCTu
10
0
He aHanor .E P

: i 0
O Su  Sucr 1-Sowcr  Swu 0 PKpVIT



CTPYKTYPA NYCTOTHOI0 NMPOCTPAHCTBA

KoHuenuua conoctaBneHus

1 .
CneKTpasbHbIil aHanus
pacnpeneneHus nop no / \

pa3MepaM Pagunyc nop

nons

CnekTp byget N X
XapaKTepunsoBaTbCca Habopom :
napamMeTpoB: aMNANTYAON

Aancnepcuen, NonoXKeHmem 3 / \
N PN

v
Papunyc nop

nons
X
N

3 LLeHprI He rnpecekarTcod
He aHanor
Xo
ConocraBneHue X v Xs
KnacTtepos e, TGy p-
1 BbIYUCNIEHNE PEeTUHra ST W, WY
'Y > o

2

Knactepusauus
napamMeTpoB CrneKTpa

[MapameTpbl cnekTpa
0bpasyoT TpexmMepHoe
NPOCTPaHCTBO, B KOTOPOM
OCYLLECTB/SIETCS Npoueaypa
Knactepusaumm MeTogom k-
mean

LleHTpbl HaxoOaTCs B OOHOM KilacTepe

XO N r
‘.To X °
M Y ° O Xa
o:::. A ° . Yy W
e.‘ o‘t:i.
° - ° ° ° .‘: o’
. . ° °
.
>
Xg N Y,
. LX) S ©
® %% °
S AN
« ° ° :30.::. .
° . o 8pe °
N
7

LleHTpbl nepecekatoTcs
Peiitnnr 10

XO © L]

WV

10



KOHUENT WHTEP®EWNCA NOJNIb30BATENS

@lllr TUHC X 1 Mounck aHanoros X [ I N

el

< > Q. nowckaHanoros.pd / npeacTasneHve pesynbTaTos novcka *C B =

OAJTbHEE MECTOPQORRBEHIIE, MJTACT HOC5;, OCHOBHASA 3AJIEXb

Q OAJIbHEE MECTOPOXAEHNE
MIACT KOC5, OCHOBHAA 3AJTIEXKb

PAHNYHbBIE SHAYEHNA

METPOPUINYECKNE KOHCTAHTDI

BbibpaHHbIl
aHanor

Viccnepnyemas
3anexb

Vv MNOACHETHbIE MAPAMETPbI HEDTU

KoadpduumeHT HepTeHacbIWEeHHOCTH

YacToTa 20

PenTtunHr AHanor

BnvxHee MecTtopoxaeHne
MnacT HOC,. OcHoBHas 04 05 06 07 08 09 1,0

3anexb.
MnotHoCTb HedpTH

Yactota 20

MecTtopoxpaeHue E.
MnacT O,.

10
MecTopoxpaeHue E.

MnacT K05. p-oH ckB. 6P 0

r/cm®

1




ABTOMATU3ALUWA PYTWHHbLIX TNMPOLELYP

@Hr TUHI X {?_@ [Mownck aHanoros X
4 » Q_ nowuckaHanoros.p¢ / NnpeAcTaBieHne pe3ynbTaToB Novcka

Q HOAJIbHEE MECTOPOXAEHWE
MIACT HOC5, OCHOBHAA 3AJTIEXb

Blopo nH$opMaLMOHHbIX TEXHONOrMi
Mouckosas crctemMa aHanoros mectopoxaeHuin YBC gns

Liene noacyeTa 3anacos ¥ NPOEKTUPOBaHWS pPa3paboTKy
no,u6opa aHanoros

https://nonckananoros.p¢

OTYET
O NOLABOPE AHAJIOTA MECTOPOXOEHWA YBC

Nayyaemas 3anexb 3anexb aHanor
[anbHee MecTopoXaeHne BamxHee mecTopoXxaeHne
Mnact OC4 Mnact HOC,
OcHoBHas 3anexb OcHoBHas 3anexb

B oTueTe npuBeneHbl CBEAEHUS MOATBEPXAAtOLWME CTaTUCTUYECKYI 3KBUBANEHTHOCTb NogobpaHHOro
aHanora ” wun3y4yaemon 3anexu. [aHbl XapaKTepUCTUKM MacCuBa CTaTUCTUYECKN SKBUBANEHTHbIX
n3yyaeMomy 0ObEeKTy 3anexen, pacnofiokeHHbIXx Ha  Tepputopun  Poccuickon  Depgepauumn.
[MpOAEMOHCTPUPOBAHO MOMOXEHWE XapaKTEPUCTUK 3aeXn aHanora B Maccuee CTaTUCTUYECKNX aHaNoroB.

Isyyaemas HedTsaHas niacToBas 3anexb pacnosiokeHa B 3anagHo-Cubupckon HepTerazoHOCHOW




COTPYOAHWHECTBO C K3 W MI'Y
B CO3OAHWWN OTPACNHEBOW CUCTEMb

v/ ABaHnpoekT v/ TexHunuyeckoe 3apaHune
ChopmynnpoBaHbl TpeboBaHMA K OnuncaHne TeEXHNYECKNX N QYHKLNOHaNbHbIX geTanemn
COLEPXaHUI0 TEXHNYECKOro 3afaHus, peannsauum nporpaMmmMHoro npogykta OTpacnesom
6a30BOMY QYHKLMOHaNY NONCKOBOW MOMCKOBOW CUCTEMbI MECTOPOXOEHWNI aHaNOroB
CUCTEMDBI

TpeboBaHMs K OCHOBHbIM CUCTEMAM U NOACUCTEMAM:
- CUCTeMbl BBOAA MOMCKOBOro 3anpoca

- CUCTEMbI MOMCKa aHanoros

- CUCTEeMbI NPeACcTaBIeHNs pe3ynbTaToB NOWCKa U
BblbOpa aHanoros

MporpammMmHas peanusauus

TecTupoBaHue

CDYHKLI,I/IOHaJ'IbHOG TECTNPOBaHWE
AHanns OTK83OYCTOML-II/IBOCTI/I CUCTEMbI

C6op npeanoxeHnn onaa NHTerpaunm
anbTepHaTUBHbIX PeLleH i

TupaxuposaHue B npakTuke 3,
NPOEKTUPOBaHUSA N IKCNEPTU3bI

K3
LIKP

HpOGKTH bl€ MHCTUTYTbI

13



CNNACUB0O 3A
BHUMAHUE

HayuHas koHpepeHuus
«MckyccTBEHHbIN MHTENNEKT

B HedTerasoBom oTpacam»

: 000
T“Hr «TIOMEHCKNI NHCTUTYT

HedTn U rasa»

TioMeHb, [epueHa, 64
+7 (3452) 68-51-25
ting@togi.ru




