202392979 Al

(19) EBpa3unckoe 21 202392979 13 Al
naTeHTHOeEe
BeAOMCTBO

(12 OIMMUCAHUE U30BPETEHUS K EBPAZUIICKOM 3ASIBKE

(43) Aara ny6nukauum sasiskm (51) Int. Cl. GOIV 9/00 (2006.01)
2024.05.22 GO6F 30/20 (2020.01)

(22) [ata nonaum 3aaBku
2023.11.21

(54) CHOCOB AOGbIYA HE®THU

(96) 2023000189 (RU) 2023.11.21 (72) Waobperatens:

(71) 3assurens: MemepsikoBa AHacTacus CepreeBHa,
NYBJINYHOE AKIIMOHEPHOE CeBocTbsiHOB AHapeii UropeBuy,
OBHIECTBO "TA3ITPOM CabaneBckuii Cepreii BajagumupoBuy,
HE®TB" (RU) Tumupraaun Azamat ACKaTOBUY,

KonaparseB Aprem IOpreBuy, Bonkos
TI'eopruii Baagumuposud, MykMHHOB
Hckanpnep Paucosuny, bepe3zosckuii
KOpmnii Cepreesuy, Maxapesuu Enena
BaagumuposHa, /[Bopenkas Exarepuna
AuiekcanaposHa (RU)
(74) nNpeacrasutens:

Yyrynkuna JL.A. (RU)

(57) Ipynma n3o0perenuii OTHOCHTES K CIIOCOGAM ISt ONPEIETICHHS YHACTKOB 3aJIEXKEH I MECTOPOIKICHUH

He(TH CO CXO)KMMHU CBOMCTBAMH M MOXKET OBITh pUMEHEHa B He(TeT0ObIBAONIEH MPOMBIITUICHHOCTH.
N306peTenue mo3BONISET MPOBOIUTH KIACCU(PHUKAIIMIO YIACTKOB 3AJICKH B Pa3HbIX MaclITabax: ypoBHH
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napamMerpoB 00 ydacTkax 3aiexedl HedTH, YTO MO3BOJSET y4YECTh BCE MMOJIYYCHHBIC MapaMeTphl.
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MIIK: GO1V 9/00
GO1V 99/00
GO6N 20/20

Cnoco0 100b1un HedTH

I'pynmna n300peTeHnii OTHOCHTCS K CHIOcOo0aM Uisl ONPENeNIeHUs] YYaCTKOB 3aJIeXKeH Win
MECTOPOKIACHUH He(PTH CO CXOXKUMH CBOWCTBAMH, M MOXET OBITb IpPHMEHEHa B
HeTenoObIBaIOIIeH TPOMBILIIEHHOCTH.

UzBecren cnoco0 kmaccudurammu (anmaibHbIX aCCOLMAMN, TMPH OCYILIECTBICHUU
KOTOPOTO TOJIyYarOT KapOTaXKHbIE KPUBbIE CKBAKHMHBI, IOCJIE YEro KapOTaKHble KPHUBBIE
oOpabarbIBaroT, MacmTabUpyst U HOPMAIM3Ysl MX, 3aT€M IapaMeTpaM KapOTaKHBIX KPHUBBIX
NPUCBANBAIOT BECOBbIE KO3()(QHULUMEHTHI, BBIIEIAIOT HA OCHOBE 3TOr0 (paruajbHbIe aCCOLMALINY,
U OCYILIECTBISIFOT KJIACTEPU3ALMIO CKBAXKUH B COOTBETCTBHH C (hallMabHBIMU aCCOLMALUSMU
[W02020185808, nara nmybmukauuu: 17.09.2020 r., MIIK: GO1V 11/00; GO1V 99/00].

OO0muM TPU3HAKOM H3BECTHOTO TEXHUYECKOTO PELISHHs M Croco0a MO HaCTOSIIEH
rpyrnmne u300peTeHui SBISETCS BBIACNEHHE W BO3MOXKHOCTh KIJIACTEPH3AIMU CKBAXKUH I10
¢danmanbHpIM accoruauusaM. lIpu 3TOM HEZOCTaTKOM HM3BECTHOTO TEXHHUYECKOTO PpEIIeHUs
SIBJISIETCS. €r0 OrPaHMYEHHBIH (PYHKIIMOHAN, KOTOPBIH M3-32 OTPAHUYEHHOrO0 00BEMa BXOIHBIX
JaHHBIX HE TIO3BOJIIET TMPOBECTH KIIACCU(PUKAIIMIO YYaCTKOB 3alieXKed IO pa3IMyHbIM
napaMeTpaM, B TOM YHCJIe TO pa3HbIM MacmTadaM, TeM caMbiM CHikas 3(QQexkTUBHOCTH
Kjaccuukanum.

UzBecteH cnoco0 aHamm3a reoiorndyeckoro OacceiiHa, mMpu OCYLIECTBICHHH KOTOPOTO
NOJIy4arOT JaHHbIE MapaMeTpoB OacceliHa M Ha UX OCHOBE NMPOM3BOIST PETHOHAJBHBIN aHAIH3
Oacceifna, celicMuueckuii aHanmu3 OacceiiHa, CTPYKTYpHBIH aHanmu3 OacceiiHa, aHam3
pe3epByapoB OacceliHa, aHAJIN3 HKPAHOB OacceifHa, aHAIM3 MCXOIHBIX JAHHBIX O OacceifHe U
aHaM3 MOJAEIHPOBaHUS OacceliHa, IMOCHe Yero pe3yJbTaThl MPOBEACHHOTO aHaIW3a MOTYT
WCIIOJb30BaTh ISl BBIABIEHUS AHAJOIMYHBIX reojoruueckux OacceiinoB [RU2491579, nmara
nyonukanun: 27.08.2013 r., MIIK: GO1V 1/28; GO6F 19/00].

OO0muM TPU3HAKOM H3BECTHOTO TEXHUYECKOrO pPELIeHMs M Crocod0a MO HACTOALIEH
rpymmne u300peTeHuil SBISETCS MONyYeHHe apaMeTpoB reojiormueckoro dacceiina. IIpu sTom
HEIOCTATKOM H3BECTHOIO TEXHHYECKOTO pEIIeHUs SBJSIETCS €ro HHU3Kas TOYHOCTh U
OrpaHUYEHHbIE (PYHKLUUOHAIBHBIE BO3MOXKHOCTH H3-32 TOrO, 4YTo cOOp W aHalu3 JaHHBIX
NPOBOJAUTCS TOJBKO HA PETHOHAIBHOM (KOOPIWHATHOM) YPOBHE, NMPH 3TOM JJIsl BBIIBJICHUS

AHAJIOTMYHBIX M€O0JIOTHYECKUX OacCeiHOB HUCIOJIB3YHOTCA «ChIPBIE», HENMOATOTOBJICHHBIC JAHHBIC,
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BCJICIICTBHE Yero CTAHOBUTCS BO3MOKHBIM HETOYHOE BBISBJIIEHHE aHAJIOTOB TOJIBKO HAa YPOBHE
re0JIOTHIECKUX 0acCEeHHOB.

B xauectBe mporoTtuna BbIOpaH crnocod i KiacCu(UKALNUN YYaCTKOB 3aliekedl Hedtu
CO CXOKMMH CBOWMCTBAMH, MPH OCYIIECTBICHUH KOTOPOrO MOArOTABIMBAIOT I'€OJUHAMHUYECKIE
napaMeTphl Ui MPOAYKTHBHBIX IUIACTOB pa3palbaThbIBAEMBIX Y4YAaCTKOB 3ajieKel, PaHKUPYIOT
napaMeTpbl  eOIMHAMUYECKOTO  COCTOSIHUSI  TMPOAYKTHBHBIX  IUIACTOB,  PAHXKHUPYIOT
NPOAYKTHUBHBIC IUIACTHI MO BEJIMYHHE MapaMeTPOB TFEOAMHAMHYECKOTO COCTOSHHS B KaXKIOW
IPyINe 3ajie)kd, MOAOHMPAOT ONTUMAJIBbHOE KOJHMYECTBO KJIACCOB  KJAcCU(UKALUH U
KJIacCU(UIMPYIOT Yy4acTKH 3ajekell HedTu mo BbIOpaHHbIM Kimaccam [RU2753903, nara
nyonmukanun: 24.08.2021 r., MIIK: GO1V 9/00; GO1V 99/00; GO6F 30/20].

OO0myuM TPU3HAKOM H3BECTHOTO TEXHMYECKOrO pPELIeHHs] M Crocoda MO HaCTOSIIEH
rpyImne u300peTeHni ABISETCA KiacCHU(UKALUs YYaCTKOB 3ajiekell MO BBIOPAHHBIM KJIACCAM.
[Tpu 3TOM HEAOCTATKOM MPOTOTHIIA SIBJISIETCS HU3KAs TOUHOCTh OMpENeNieHHs] y4aCTKOB 3aeKei
CO CXOKMMH CBOHCTBAMHM M3-3a OCYILIECTBJICHHS KJIACCU(PUKALIMN YYaCTKOB 3aliekel cpasy Io
BCEM [OCTYIHBIM T€OJMHAMUYECKUM MapamMeTpaM, BCJIEACTBHE 4Yero MpeaoCTaBisieMble
CBEICHUS, C MPAKTHYECKON TOYKH 3pEHHs, UMEIOT HU3KYI0 MH(POPMATUBHOCTb M 3a4aCTYIO HE
MOTYT OTpa3uTb BCE OCOOEHHOCTH He(Tera3soHOCHOro OacceliHa, NMPEACTABISIOMEro coboi
KpaifHe CJIOJKHBIA U HEOJHOPOIHBIN OOBEKT, KaK B IUIAHE, TAK U B pazpese.

B 4acTHOCTH, W3BECTHBIN MOAXOA HE MO3BOJISIET YYECTh BCE B3AUMOCBSI3U MEXKIY BCEMH
TUMAMH TEOJOrMYeCKUX OOBEKTOB B pa3HbIX MacuITadax, 4YTO HE TO3BOJSIET MOJYYUTh
OOBeKTHUBHBIE HaHHBbIE 00 OCOOEHHOCTSIX OCAIKOHAKOIUICHWS, UCTOPUU pas3BUTHs OacceliHa,
XapaKTepPUCTHKAX He(PTEeMATePHUHCKUX MOPOA U (PIIFOMAOB, 3aMOJHUBLIMX 3aJI€KH, [NyOHHE U
WMHTEHCUBHOCTH TOTPY)KEeHUsi OacceiiHa, a Takke O TepMOOAPHUYECKHX YCIOBHUSIX, KOTOpbIE
COBOKYITHO C BbIIIEYKA3aHHBIMH MapaMeTpaMd BIHUSIIOT Ha KapOOHATH3ALMIO TOPHOH MOPOBL.
Kpome Toro, u3BeCTHbII MOAXOA HE MPENOCTABISET BO3MOXKHOCTH O3HAKOMJICHHUS! C Ba)KHBIMH
JaHHBIMHU O (halliaIbHON 30HATBHOCTH IE0JIOTMYECKHX OOBEKTOB HA YYaCTKAX 3aJICKEH.

Takum 00pa3oM, OrpaHUYEHHBIH Pe3yJNbTaT M HU3KAs TOYHOCTh M3BECTHOTrO Crocoba
OIpeZieJIeH!s] Y4aCTKOB 3aliekeil HehTH CO CXOXKMMH CBOWCTBAMH, MPHUBOAUT K OTCYTCTBHIO
3HaHUH 00 OCOOEHHOCTSIX T'eOJIOTHYECKOro CTPOeHHs He(TerasoHOCHOro OacceliHa B PasHBIX
maciitabaX M OTCYTCTBHIO CBEACHHMH O B3aUMOCBSI3SIX MEXKIY THIAMH €ro TeOJOrM4eCcKHX
OOBEKTOB, YTO HCKIIOYAET HE TOJbKO BO3MOXKHOCTH ONPENENICHHs ONTHMAJIbHOW CTpaTerdu
pa3paboTKu 3anekedl CO CXOKUMH CBOWCTBAMH HAa DPAaHHHMX CTagusiX, HO U BO3MOXKHOCTb
NPUMEHEHHs] ONTHMAJIbHBIX TEXHOJOTHYECKHX PELIeHUN MpH pa3paboTke TakKuX 3ajiexeid, a
TAKXKE HCKJIFOYAeT BO3MOXKHOCTH OOMEHAa ONBITOM, BBUAY 4Y€ro HEOOXOOUMO CO3JIaHHUE HHOTO

croco0a, OTBEYAIOIEro COBPEMEHHbBIM TPEOOBAHMUSIM.
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Texnuueckass mpobOiema, Ha pelIeHHe KOTOpPOW HalpaBlieHa TIpyIma H300peTeHuH,
3aKJII0YAETCs B HEOOXOMUMOCTH COBEPIIEHCTBOBAHMS U MOBBIEHUH 3(dexTuBHOCTH criocoba
OTIpENeNICEHUs] YYaCTKOB 3aJIeKel HeTH CO CXOKMMHU CBOHCTBAMH.

TexHuueckuii pe3ysnbTaT, Ha AOCTIDKEHHE KOTOPOTO HAaIlpaBlieHa Tpyrmna u300peTeHui,
3aKJII04aeTcsl B MOBBILIEHMH TOYHOCTH U JTIOCTOBEPHOCTHU OIpeneSieHUs] Y4acTKOB 3ajexei co
CXOJKHMH CBOHCTBAMH 32 CYHET MEpPApXHUECKON KIacCH(UKALUHN yUaCTKOB 3ajekell HepTH co
CXO’KHMH CBOHCTBAMH, 1 COOTBETCTBEHHO, YBEIMYCHNE TTOKA3aTeNs JOOBIYH HE(PTH.

JIOMONMHUTENBHBIA TEXHUYECKUN pe3yJIbTaT, Ha AOCTH)KEHHE KOTOPOro HampasJieHa
rpymmna n300peTeHnH, 3aKJIF04YaeTcsl B MOBBIIEHNH HHPOPMATHBHOCTH CBEACHHH 00 ydacTKax
3anexked HepTH CO CXOKUMH CBOMCTBAMH.

TexHuueckuii pe3ynbpTaT AOCTUrAeTCs 3a CYET TOro, 4YTO Cnocod nodbruu HedTH
BKJTIOYAET CJeNVIOLIHe dTamnbl (Bapuant 1):

— TIOJIy4EHHUE MapaMeTPOB, BIFSIOMUX HAa MOABM)KHOCTD (IIFOMA, TTAPAMETPOB, BIUSIOMINX HA
pa3paboTKy, pe3yJbTaTOB reopU3MYECKNX HCCIENOBAHUA CKBAKMH M KOOpPAHMHAT 00
UCCIIElyEMOM YUaCTKE 3aJIeKH He(PTH,

— ONpeAesieHHe Yy4YacTKOB 3aiexed HEPTH CO CXOXKHMHU CBOHCTBAMH, OTHOCSAIIUXCS K
COOTBETCTBYIOILIMM KJIacCaM M 30HaM He(pTerasoHOCHOro OacceiiHa KOOPAWHATHOTO YPOBHS,
THUNIAM YYaCTKOB 3ajie’kell He(TH 30HAIBHOTO YPOBHS, KjaccaM (pallHallbHBIX acCOLMAIUN 30H
KOHyCa BBIHOCA YYaCTKOB 3ayexeld OOBEKTHOrO YPOBHS IyTEM OTHECEHHs HCCIETYEeMOTO
yuacTKa 3ajexu HepTH K MpPeaBapUTENbHO C(HOPMHUPOBAHHBIM COOTBETCTBYIOIIMM KJIACCaM,
30HaM U TUIIaM COOTBETCTBYIOIIUX YPOBHEH,

OpU 3TOM ISl TIOJYYEHHUS TPENBAPHUTENBHO CHOPMHPOBAHHBIX
KJIACCOB, 30H U THUIIOB KaXJ10I'0 U3 COOTBETCTBYIOIIUX YPOBHEN OCYIECTBISIOT:

- TIOJIyY€HUe MapaMeTPOB TeOJIOTMYECKUX OCOOEHHOCTEH YCIOBHIA
¢dopmupoBanuss HedrerasoHocHOro OacceifHa, MapaMeTpoB, BIMSIIOIIUX HAa IOIBHUKHOCTB
¢ronga, mapaMeTpoB, BIMSIOIUX HAa pa3pabOTKy, pe3ysIbTaTOB TeOPpU3NIECKUX HUCCIETOBAHUH
CKBAXMH YYaCTKOB 3aJIeKeil HepTH,

— oOmpefeNeHHe Ha KOOPAMHATHOM YPOBHE KIJIACCOB U 30H
HeTerasoHOCHOro OaccefiHa ¢ MX KOOPAWHATAMH ITyTE€M OCYIIECTBICHHUS KJIACTEPH3ALMH 30H
HeTera3oHOCHOro OacceiiHa Ha OCHOBE MAapaMeTPOB I'eOJOIMYECKHX OCOOEHHOCTEH YCIIOBHIM
(dbopmupoBanust He()TEra30HOCHOTO DacceiiHa,

— oIlpeneneHre Ha 30HAJIbHOM YPOBHE THUIIOB y4aCTKOB 3ajexei
HeTH TMyTeM OCYINECTBJIEHHUs KJIACTEPU3aALMH YYaCTKOB 3ajekedl He)TH Ha OCHOBE

NapaMeTpoB, BIMSIOLINX Ha MOABWKHOCTH (DIIFOMIA U TAPaMETPOB, BIUSIOIINX HA pa3padoTKy,



— omnpepaeieHne Ha OOBEKTHOM YpPOBHE KJIACCOB (palraibHBIX
accouualyi 30H KOHyCa BBIHOCA YYaCTKOB 3ajiexked MyTeM OCYLIECTBJICHUs KJacTeph3aluu
(paumanbHBIX acCOLMALMN 30H KOHyCa BBIHOCA, IOJYYEHHBIX Ha OCHOBE pe3yJbTaTOB
reo()U3N4YECKUX UCCICIOBAHUN CKBAXKHH,

IIPH 3TOM OTHECEHHE UCCIIEAYEMOro y4acTKa 3aJieKi HepTH K TeM MM UHBIM KJIacCy,
30HE U THIY KaKIOTO U3 COOTBETCTBYIOLINX YPOBHEH OCYIIECTBIISIOT CASAYIOLIMM 00pa3oM:

- COIOCTABJICHUE KOOPIUHAT UCCIAEAYEMOro Y4acTKa ¢ MMEIOLIUMUCS KOOPAHHATAMHU
KJIACCOB U 30H HE(TEra3oHOCHOTO DacceifHa yUacTKOB 3ayiekeil KOOPIUHATHOTO YPOBHS,

- COIOCTABJICHUE 3HAYEHHUI MapaMeTpOB, BIHUSIOIIMX Ha MOABHKHOCTH (uronga u
napaMeTpoB, BIMSIOLIMX Ha pa3pabOTKy HCCIEAYeMOro y4YacTKa 3ajJeXH C HMMEIOLIUMHUCS
napaMeTpamMH THIIOB Y4aCTKOB 3aJIe)Kei 30HaJIbHOTO YPOBHS,

- COIOCTABJICHUE 3HAYECHUH MapaMeTpOB Pe3yJIbTaTOB re0(U3NIECKUX HCCISIOBAHMM
CKBKUH HCCIIEIYEMOr0 Yy4acTKa 3aJeKU ¢ MMEIOIINMICS MapaMeTpaMH KJIacCcoB (alragbHbIX
accoLualyii 30H KOHyCa BBIHOCA Y4aCTKOB 3ajiexkell 0OObEeKTHOrO YPOBHS,

- OTpeneNieHHe TeX KJIACCOB, 30H U TUIIOB Ha COOTBETCTBYIOLIMX YPOBHSX, HA KOTOPBIX
3HAYEHHs] MapaMeTPOB KCCIEAYEMOro y4acTKa 3ajekd paBHbl WM Haubojee OJHM3KH K
napaMeTpaM y4YacTKOB 3aliekeli He(pTHM K COOTBETCTBYIOLIMM KJaccaM, 30HAM M THIAM
COOTBETCTBYIOIIUX YPOBHE,

— BBIOOp y4acTKa 3anexu Hedtu st pa3padboTky;
— OCYILIECTBJICHHE Pa3pabOTKH y4acTKa 3aieku He(TH U 100bIYa HePTH 13 3aJIEKH.

Takke TEXHUYECKUIl pe3y/ibTaT JOCTHraeTCsi 3a CYET TOrO, YTO CHOCOO OmpeaeneHus
y4YaCTKOB 3aJieskeil HeTH CO CXOKUMU CBOMCTBAMH BKJIIOYAET CJACAYIOIINE dTarnbl (BAPHAHT 2):

- TOJydYeHHe MapaMeTPOB TIeOJIOTHUECKHX OCOOEHHOCTeW ycloBHH  (OPMUPOBAHUS
He(TerazoHocHOro OacceiiHa, mapamMeTpoB, BIUSIIOLINX HAa MOABHKHOCTD (IIIOK/IA, MapaMeTPOB,
BIMSIIOIINX Ha pa3pabOTKy, Pe3yJbTaTOB reO(PHU3MUECKHX MCCIIECNOBAHUI CKBAaKMH YYaCTKOB
3anexxeit HeTH,

— oIlpezeseHre Ha KOOPAUHATHOM YPOBHE KJIACCOB M 30H He(hTera3oHOCHOro facceiiHa ¢ ux
KOOpAMHATAMH IMyTEM OCYIIECTBJCHHUS] KJacTepuU3aluu 30H HedrerazoHocHoro OacceliHa Ha
OCHOBE MMapaMeTPOB T'€OJIOTMIECKUX 0COOEHHOCTEH yeoBrid popMupoBaHusi HehTera30HOCHOTO
Dacceiina,

— oOmpenesiieHHMEe Ha 30HAJBPHOM YpOBHE THIIOB Y4YaCTKOB 3aliekeil HedTu mnyrem
OCYLIECTBJICHHsI KJIACTEPU3ALMK YYACTKOB 3ajekell HeTH Ha OCHOBE MapaMeTPOB, BIIHUSIFOLIMX
Ha MOZBIKHOCTD (PJIFOMAA U MAPaMETPOB, BIMSIOIIUX HA pa3paboTKy,

— onpenesjeHHe Ha OOBEKTHOM YPOBHE KJAacCOB (hallMalibHBIX aCCOLMALMI 30H KOHyca

BBIHOCA yYaCTKOB 3aJie)kKel MyTeM OCYILIECTBICHHs KJacTepu3almu (ParualbHBIX aCCOLMALMH
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30H KOHyCa BBIHOCA, IOJYYEHHBIX HA OCHOBE PE3YJbTATOB TI'eO(pU3MIECKUX HCCIENOBAHUIN
CKBaKUH,;

- OmpeneieHHe YYacTKOB 3alieked HEPTH CO CXOKHUMH CBOWMCTBA, OTHOCSINMXCS K
COOTBETCTBYIOILIMM KJIacCaM M 30HaM He(pTerasoHOCHOro OacceiiHa KOOPAWHATHOTO YPOBHS,
THUNIAM YYaCTKOB 3ajie’kell He(TH 30HAIBHOTO YPOBHS, KjaccaM (pallHallbHBIX acCOLMAIUN 30H
KOHYCa BBIHOCA YYACTKOB 3aJiekel OOBEKTHOTO YPOBHSL.

Takke TEXHWYECKHH pe3yJbTaT IOOCTUTAETCsl 3a CUET TOro, YTO CHUCTeMa s
OTIpeNeNIEHUs] YHaCTKOB 3aliekel He(pTH CO CXOKMMHU CBOMCTBAMH BKJIIOYAET MOJIb30BATEIBCKUHT
uHTepdeiic, mnpoueccop, NaMATb W MAIIMHOYNUTAEMblE WHCTPYKUMH JJIsI  BBITIOJHEHUS
IPOIIECCOPOM CIoco0a OMNpeNeNeHus] YYacTKOB 3ajekell He()TH CO CXOKMMH CBOHCTBAMH IIO
BapHUaHTy 2.

Takum 00pa3oM, COBOKYIHOCTb CYIIECTBEHHBIX MPHU3HAKOB TPYIIBI U300peTEeHU Npu
OTIpeNeIEHUH YYaCcTKOB 3ayiekel He(hTH CO CXOKUMH CBOWCTBAMHM (3HAYEHUSIMHU MApPAMETPOB HA
Pa3HBIX YPOBHSIX) MO3BOJSIET YUUTHIBATH BCE HanMOOJiee 3HAUUMBIE B3aMMOCBSI3U MEXKIY BCEMHU
TUNIAMH TEOJIOTHYECKUX OOBEKTOB B pa3HbIX MacimTabax, B TOM YHCJIEe HA KOOPAWHATHOM
(peruoHaJbHOM), 30HAJIBHOM M OOBEKTHOM YPOBHSIX, UM TO3BOJSIET MOJYYHTb OOBEKTHUBHBIE
naHHble 00 0OCOOEHHOCTSIX OCAaIKOHAKOIUIEHUs, UCTOPHU Pa3BUTHS OacceiiHa, XapaKTepUCTHKAX
HeTeMaTepUHCKUX MOpPOoA M (PJIIOMAOB, 3aNMOJHUBIIMX 3aJI€)KH, TIIyOMHE W HHTEHCHBHOCTH
norpy>keHust OacceliHa, a Takke O TepMOOAPUUECKUX YCIOBUSAX, KOTOPBIE COBOKYITHO C
BBILIIEYKA3aHHBIMU TTApAMETPAMHU BIIHMSIOT HA XaPaKTEPUCTHUKH 3aJIEKEH YTIIEBOAOPOIOB, a TAKKE
o0ecreynBaeT BO3MOKHOCTb O3HAKOMJIEHUS! C BKHBIMHU JaHHBIMH O (paliuaibHON 30HAJIBHOCTH
re0JIOTHYECKUX OOBEKTOB Ha ydacTKax 3aneked. To ectb, n300peTeHne Nmo3BONIsIeT MPOBOIUTh
KJIacCU(UKALIMIO YYaCTKOB 3aJIeKM B pa3HbIX MaciuTadax: YpOBHH KiIacCHPUKaUu —
KOOPJIMHATHBIA, 30HANBHBIA U 0ObEeKTHBIA. [Ipn 3TOM Kiaccupukaluio 1Mo Kiaccam, 30HaM U
TUNIAM COOTBETCTBYIOIIETO YPOBHSI OCYILIECTBISIFOT HAa OCHOBE KOHKPETHBIX ITOJYYEHHBIX
napaMeTpoB (IUIsl KaXKJIOr0 YPOBHS OHU CBOHM) OO ydacTKax 3ajiekedl He(TH, YTO TMO3BOJISET
yUeCTh BCE MOJIYYECHHBIE TApaMETPhL

bnaromapst sromy  oOecneuuBaercss  JOCTH)KEHHE  TEXHHUECKOTO  pe3yJIbTara,
3aKJIFOYAIOINEroCs] B MOBBIMIEHHNH TOYHOCTH M JOCTOBEPHOCTH OIpPENENICHHs] YIaCTKOB 3aseKen
CO CXOXKMIMU CBOMCTBAMH 32 CHET UEPAPXUIECKOHN KiacCU(UKALIUK YIaCTKOB 3ajieskelt HeTu co
CXO)KUMHU CBOWCTBAaMH, M COOTBETCTBEHHO, YBEJIMYEHHE TOKa3aTeast Ja00blMu  HedTH
(YyrneBomopoaoB), TeM CaMbIM PACIIUPSIFOTCS BO3MOKHOCTH M TOBBIIIAETCS 3()(PEeKTHBHOCTD

crioco0a onpeneneHnst y4acTKOB 3aJieskeil He(hTH CO CXOKHUMH CBOMCTBAMHL.



I'pynmna nzobperenuii obnagaer paHee HEN3BECTHON U3 YPOBHS TEXHUKH COBOKYITHOCTBIO
CYIIECTBEHHBIX IMPU3HAKOB, YTO CBHUAETEIBCTBYET O €€ COOTBETCTBHH  KPHTEPHIO
MATEHTOCMOCOOHOCTH «HOBH3HAY.

U3 ypOBHSI TEXHUKH M3BECTEH CIOCOO IUIsA KIIACCU(HUKAIINH YIACTKOB 3ajexkeit HedTr co
CXO’KHMH CBOHCTBAaMH, B KOTOPOM KJIaCCH(HMKALNS OCYIIECTBISIETCS CPa3y MO BCEM IapameTpam
reOIMHAMHYECKOTO  COCTOSIHUSI TMPOAYKTUBHBIX IIJIACTOB, a WTOrOBas KJIACCH(UKAIIHS
OCYILIECTBIISIETCS MO STHM MapaMeTpaM B COOTBETCTBUU ¢ 0003HAYEHHBIM KOJIMYECTBOM KJIACCOB.

OnHako U3 YpOBHSI TEXHUKH HE U3BECTEH CIOCOO UI ONpPEAENeHHs YYACTKOB 3aJIeKen
HeQTH CO CXOXXMMH CBOHCTBAMHM, OCHOBAaHHBIH Ha MacIITAOMPOBAHHOW HEPaAPXUUECKOH
KJIacTepu3aluy HeTera3soHOCHOro OacceiiHa Mo HamOoyiee 3HAUUMBIM Ui pa3paboTKu U
noberan  HedTH mapamerpaMm. lIpuMeHeHME TaKOro CHCTEMHOIO IOIXOAa K aHaIu3y
re0JIOTHYECKUX OCOOEHHOCTeH OacceiiHa HE TOJBKO HE W3BECTHO W3 YPOBHS TEXHUKH, HO H
o0ecreyrnBaeT TOCTHKEHHE CHHEPTETHUECKOro (¢ eKTa, KOTOPBIH 3aKII0YAETCS B BO3MOKHOCTH
OTIpeNeNIeHUs] ONTUMAJIBHON CTpaTerudl pa3paboTKH 3ayekell Ha pAHHUX CTaIUsAX W IPUMEHEHHS
ONTUMAJIbHBIX TEXHOJIOTUYECKUX PEIIeHUH Mpu pa3paboTKe aHAJIOTMYHBIX 3alieked 3a cuer
BBIJICJIEHUS TAaHHBIX 00 OCOOEHHOCTSIX I'€OJIOTMYECKOr0 CTPOEHUs! He(hTerasoHOCHOro GaccelHa
B Pa3HBIX MaclITadax M B3aUMOCBSI3AX MEXAY TUIIAMH €0 Ie0JIOTHYECKUX OOBEKTOB.

BBuny storo rpynma u300peTeHHH COOTBETCTBYET KPHTEPHIO MAaTEHTOCTIOCOOHOCTH
«n300peTaTeNbCKUi YPOBEHDY.

I'pynmna u3o0pereHuit MOKET ObITh BBITIOJHEHA W3 W3BECTHBIX MATEPUAJIOB C IMIOMOIIBIO
U3BECTHBIX CPEACTB, YTO CBHIETENBCTBYET O €€ COOTBETCTBHH KPUTEPHUIO MATEHTOCIIOCOOHOCTH
«TIPOMBILUTIEHHAsI TPUMEHUMOCTBY.

H3o0pereHus u3 rpynmbl W300peTeHUI CBSI3aHBI MEKAY COOOW M OOpasyroT eIUHBIN
H300peTaTeNIbCKUi 3aMBICE], YTO CBUIETEIBCTBYET O COOTBETCTBHHM TPYIIBI H300peTeHui
KPUTEPHUIO MATEHTOCMIOCOOHOCTH «EAMHCTBO U300pETEHUSY.

Omnpenenenne Ha KOOPOWHATHOM YPOBHE KJIACCOB M 30H He(TErasoHOCHOro OacceiHa
OCYLIECTBIISIIOT MyTEM KJIACTEPH3alMU 30H HeTera30HOCHOTO OacceiiHa Ha OCHOBE MapaMeTpOB
re0JIOTHYECKUX OCOOEHHOCTEH ycinoBuil (opMupoBaHust HedTerazoHocHoro Oacceiina. Ilpu
peanm3anuy M300peTeHHsT MapaMeTpbl MeOJIOrHYeCKHX OCOOEHHOCTEH ycnoBui (popMHpOBaHUS
HeTera3oHOCHOro OacceifHa MOTYT BKIIFOYATh, IO MEHBIIECH Mepe, TeOMETPHUYECKHE TTapaMeTphl
NPOCTPAHCTBA AKKOMOAALWH, TEKTOHUYECKHE TIapaMeTpbl, (UIbTPAIIIOHHO-EMKOCTHBIE
napamMeTpel M TMapaMeTpbl TepMOOapUYecKoro pekuma (TepMoOapHyYecKue MapaMeTphl).
3Ha4YeHUsT STHX MapaMeTPOB MOTYT OBbITh TMOJNYYEHBl IPHU TPOBEACHHH T'€OJOTHYECKHX
UCCIIEIOBAHNM, HA OCHOBE CEMCMHUYECKMX U CKBAKWHHBIX JAHHBIX, a TAK)K€ Ha OCHOBE KapT

KPOBJIM KOMIUICKCA, a4 TaKKE€ HN3 HWHbIX HCTOYHHKOB. I[OHOJ'IHI/ITGJ'II:;HO, npu peajanusanmuun
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u300pereHust, aysi Oojiee TOYHOTO OMNpPENeNeHUsT YYacTKOB 3aleked HePTH €O CXOXKUMHU
CBOWCTBaMH, KJIACTEPHU3ALUIO 30H He(TEra30HOCHOTO OacceiiHa [Jisl ONpenesieH s KIIaCCOB M 30H
HeTera3oHOCHOro 6acceiiHa MOTYT OCYLIECTBIISITh MO KKIOMY OTAEIbHOMY MapameTpy, IMOf
4eM I[OIpa3yMeBaeTcs KJIACTepU3alusl OTHAEJbHO IO TIEeOMETPUYECKHM  IapaMeTpam
NPOCTPAHCTBA AKKOMOAALWH, TEKTOHWYECKHM MapaMeTpbl, (UIbTPALMOHHO-EMKOCTHBIM
napamMeTpaM H IapaMerpaM TepMOOapHUecKOro pekumMa. | eoMeTpHyecKHe MapameTpbl
AKKOMOZJAIIMM MOTYT BKJIOYaTh BBICOTY MIenbda, AIUHY CKIOHA, Yrojl HAaKJOHA CKJIOHA,
NPOTSDKEHHOCTh T€N AYMMOBCKOW TOMIH. (DPHIBTPALMOHHO-EMKOCTHBIE IMapaMeTpbl MOTYT
BKJIFOYaTh 3(P(EeKTHBHYIO TOJNIINHY, PaCWIEHEHHOCTb, MPOHULAEMOCTh U MOPHCTOCTb.
Tepmobapuueckue mnapaMeTpbl MOTYT BKIIOYATh IJIACTOBOE JAABJICHHE, TepMOPHU3MUECKHUE
CBOMCTBaA (hIrOHA.

OmnpeneneHne Ha 30HAJIBHOM YPOBHE THUIIOB YYaCTKOB 3ajie’kell HE()TH OCYIIECTBISIFOT
NyTeM KJIACTEPU3ALUN YYACTKOB 3ajiexedl He()TH Ha OCHOBE MApaMETPOB, BIMSIOLINX HA
NOABIKHOCTh (JIIOMIa H NMapaMeTpoB, BIMSAIOIUX Ha pa3padotky. Ilpum peanusanuu
H300peTeHNs TapaMeTphl, BIUSIOIINE HA MOIBUKHOCTD (JIFOMA B IJIACTE, MOTYT BKIIOYATH, 110
MeHbIe Mepe, kodpdumument anHomanpHOocTH (ABIIJ]), CpenmHIO0 NPOHUIIAEMOCTh IO
reopusnueckuM uccnenoBanmsM ckBaxuH (I'MC), cpenHiow 3(G@EKTUBHYIO MOIIHOCTh
KOJIJIEKTOPA, Pa3JIoMbl (aHHBIE O HAJUYMU WJIM OTCYTCTBHUH PAa3JIOMOB), CPEAHIOI0 BS3KOCThb
¢dmronga B MIACTOBBIX YCIIOBUSX, ra3oBblii (akrop u np. Ilpum sToM, ansa Oonee TOYHOTO
OTpeNeNieHus] y4YacTKOB 3ajieskedl HedTH CO CXOXKUMH CBOWCTBaMH KO3 pUIIEHTAM
aHOMAJILHOCTH MOTYT 3aJaBaTh pasHble BecoBble Kkodddunmentel. Ilpum peanmuzaumu
M300peTeHNs MapaMeTphl, BIUSIOMNE Ha pa3paboTKy, MOTYT BKJIOYATh, MO MEHbBIIEH Mepe,
k03 (pULIMEHT MPOAYKTUBHOCTH CKBAKHMH, CTAPTOBBIN neduT HedtH, pakTHueckuil neOuT HedTu
U JKUJKOCTH M UX TEMIIbl MaaeHHs. 3HAYeHHs STHX U APYIUX MapaMeTpOB MOTIYT ObITh TaKke
NIOJIY4EHbI B PE3yJIbTaTe MPOBENEHHUS IeOJIOTHUecKUX uccienoBanuil. [lapamerpsl, BIHsIOIINE
Ha TOABIKHOCTH (uroMaa B IJIacTe, MOIYT BKJIOYaTh KOHTPACTHOCTh KaHaia/QoHa,
KOHTPAaCTHOCTb  PACHpeleIUTeIbHOTO  KaHAIa/JIoNacTH, KOHTPACTHOCTh  JiomacTu/(oHa,
NEPEKPBITHE JIOMACTEH, Pa3BETBJICHHOCTb, HM3BMJINCTOCTh U MEPEKPHITHE CHCTEMa KaHAJOB
MOJBOIHBIX KOHYCOB BBIHOCA, JIMHEHHBIE pa3Mepbl OOBEKTOB, MOIMHOCTb, 3(PeKTUBHASL
MOIITHOCTb, IPOHUIIAEMOCTD TI0 KEPHY.

JlononmHUTENbHO, Ui OoJiee TOYHOrO ONpEeAeNieHHs] YYacTKOB 3aleked HedTm co
CXOKUMHU CBOWCTBaMH, TUPAKUPOBAHHMS HanOOJEe YCIEIIHBIX TEXHOJIOTUH Ao0bMH HEYTH U
YBEJIIMYCHUS KOJMYECTBA TOOBITOTO YIIIEBOAOPOAA, PE3YIbTAThI KJIACTEPH3ANMH KOOPIUHATHOTO

U 30HAJILHOTO YPOBHEH MOTYT OBITh COBMEIIEHBI.



Omnpenenenne Ha OOBEKTHOM YPOBHE KJIACCOB (hallMANBbHBIX aCCOLMAIMN 30H KOHYCa
BBIHOCA YYACTKOB 3aJIe)KeH OCYILIECTBISIFOT MyTEeM KJlacTepu3anuy (palrajbHbIX aCCOLHANN 30H
KOHYyCa BBIHOCA, MMOJIy4YE€HHBIX Ha OCHOBE PE3YJIbTATOB (KPUBBIX) reo(pU3MUecKux HCCIeIOBaHuI
CKBRXHMH. JTO TO3BOJSIET OOHAPY)KHMBATh M KJIACTEPU3UPOBATh (hallMabHbIE 30HBI BHYTPH
reOJIOTUYECKUX TeJ, WIACHTU(QULMPOBAHHBIX HAa 30HAJIBHOM ypoBHe. Ilpnm peanusanuu
n300pereHnst (anraibHble acCOLMALUK 30H KOHYCa BBIHOCA YYAaCTKOB 3aJieKell MOTryT OBITh
NPEACTaBJICHbl B BHAE AHA OacceiiHa, MEXIIOMACTHBIX OTJIOXKEHUH, AMCTAIbHON YacTH KOHyca
BBIHOCA, NMPOKCHMAJIbHOH 4YacTh KOHyCa BbIHOCA M KaHaioB. IIpm peanusamun n3oOpeTeHus
pe3yabratel I UC MoryT npeactaBisiTb cOOOH pe3ysIbTaThl TaMMa-KapoTaxa.

Jnsa obecnieueHnst TOUHOCTH KIIAaCTEPU3ALWH MIPU peain3aluy n300peTeHus dparuaibHble
acCcOIMallii 30H KOHyCa BBIHOCA MOTYT IIOJy4aThb C NPUMEHEHHEM MOIEIH MAIIHHHOTO
oOydeHusi, Kk onu(pPOBAHHBIM pe3ysibTaTaM (KPUBbIM) T€OPU3HUECKUX HCCIEIOBAHUN CKBAKUH.
IIpn >ToM B Hambojee MPEANOYTHTENILHOM BapHAaHTE B KAdeCTBE aNrOPUTMAa MAIIMHHOTO
o0y4eHHss MOTYT HCIOJb30BaTh aJIroput™m ciydahHeii Jjec (RandomForest), koTopsrit
XapaKTepU3yeTcss YCTOWYMBOCTBIO K  BBIOpOcaM, OBICTPOH  CKOPOCTBEO OOydYeHHUs U
BO3MOYKHOCTBIO MHTEPIIPETALIUH TONTYYEHHBIX pe3ysbTaToB. OOyueHue anropurMa BbIIEIEHHIO
(anmanbHBIX acCOLMAIMA MOTYT OCYLIECTBISTh Ha 3apaHee pa3MEUeHHBbIX aTaceTax,
COZePIKALINX KPUBbIE re0OQU3MUECKIX UCCISTOBAHIA CKBAXKIH.

JIOTIOTHUTENBHO JUIsI TIOBBIIIEHHWST TOYHOCTH OIPENENICHUS] YYaCTKOB 3aliekel Cco
CXOXUMH CBOWCTBAMH HAa OCHOBE TMOJYYSHHOW HepapXUYecKol KiaaccuHUKaluu MOMAEeIb
MAIIMHHOTO OOYYEHHUSI MOTYT OLIEHHBATh IyTEM KPOCC-BATHIALINH.

IIpn peanuzamun U300pETEHUs, KJIACTEPU3ALMIO HAa KOOPAMHATHOM, 30HAJBHOM U
OOBEKTHOM YPOBHSAX MOIYT OCYINECTBJIATHCS JIFOOBIMH HM3BECTHBIMH AJNTOPUTMAaMHU, OIHAKO
NPEANOYTHUTENIbHEE OCYLIECTBISTh ¢ MpuMeHeHneM merona K-Means (k-cpenHux), Tak Kak OH
uMeeT HanboJiee BBICOKYIO TOUHOCTb.

IIpn peamuzanun M300pETEHUS] IOMOJHHUTEIBHO ISl HMCCIEOYEMOro ydacTka HedTH
MOTYT OIpeneanTh Hanbojee OMM3KUI y4acTOK 3aJeKH He(TH M3 COOTBETCTBYIOIIErO THIIA
YUYaCTKOB 3aJiekel 30HAJIbHOTO YPOBHs. JlJist onpeneneHus: HanboJsee OJIM3KOro y4acTKa 3alekKu
U3 COOTBETCTBYIOLIETO THIIA 30HAJBHOTO YPOBHS MOTYT OMNPEIENUTh C TOMOIIBI0 METOIOB
nepesa pemeHuit u K-Ommkaiimmx cocenei.

I'pynmna n3o0peTeHuit MosICHAETCS CIenyIMUME Gurypamu.

@ur. 1 — O6mas cxema crocoba nodbru HeTH.

@ur. 2 — [lapameTpsl MPOCTPAHCTBA AKKOMOJAIMH JJIsl EAMHUYHON KIMHO(OPMBI, TE:
H — Beicota mwenbga, L — anuHa ckiaoHa, R — mporsbkenHocTh AT (AunMOBCKast TOJINA), O —

YT'OJI HAKJIOHA CKJIOHA.



@ur. 3 — Pe3ynpTHpyOMas KapTa KIacTEPU3aLUU KJIACCOB M 30H He(TerasoHOCHOTo
OacceifHa Ha OCHOBE TEKTOHHYECKUX MapaMeTPOB KOOPAMHATHOTO YPOBHSI.

@ur. 4 — Pe3ynpTHpyIOIIas KapTa KIacTEPU3aLUU KJIACCOB M 30H He(TerasoHOCHOTo
OacceifHa Ha OCHOBE TePMOOAPUIECKUX MMAPAMETPOB KOOPAUHATHOTO YPOBHSL.

@ur. 5 —Tabmuna ¢ mapamMeTpaMy THUIIOB YYaCTKOB 3aliekell HeTH, MMOMyYeHHAs MPH
KJIaCTEepU3aLMd Ha OCHOBE IapaMeTPOB, BIMSIOMINX Ha IOABIKHOCTH (uronga B IJIacTe
30HAJbHOIO YPOBHS, OCYILIECTBJEH BBOJ 3HAUEHMI MapaMeTpoB, BIUSIOLIMX Ha HACbIILEHUE
OOBEKTOB MECTOPOKACHUSI.

@ur. 6 — Pe3ynbTar conocTaBlieHUs MaHHBIX, MOJY4YEHHBbIX HAa KOOPAUHATHOM U
30HAJILHOM YPOBHSIX, IIPU 3TOM BBIJEJIEHBI LIECTh 30H, XapaKTEPU3YIOIINECs Pa3HbBIM HaOOPOM
napaMeTpoB.

@ur. 7 — Pesynbrar KiIacTepuzaluM 3ajeked HEPTH C yUETOM TeOJIOTHYECKOH
TUNHU3ALMH (30HANIBHBIA YPOBEHb), OJHUM IIBETOM BBIIEIEHbl MECTOPOKACHUS, IOMABIINE B
OJIMH KJIacTep MO I'e0JOrHUeCcKUM MapameTpam.

@ur. 8 — PesynbTar KiIacTepU3aALUU YYACTKOB 3ajiekell HedpTu 1o koddpuIueHTy
MPOAYKTUBHOCTH CKBAXXMH Ha 30HAJILHOM YPOBHE.

dur. 9 — Pesynbrar BbIIENEHUS (PalMANbHBIX ACCOLMAIMA 30H KOHyCa BBIHOCA
YUaCTKOB 3aJIeKeH M BaJHMIALMsI MPOrHO3a HA OCHOBE (hallMabHBIX ACCOLMALNN 110 CKBaKUHAM
Ha OOBEKTHOM YPOBHE.

@ur. 10 — TpexocHas auarpamMma 3aBUCUMOCTH IPOLIEHTHOIO COAEpKaHUs
(anrambHBIX aCCOLUAIUN IO TAMMa-KapOTaXy OT MOILIHOCTH IIIACTa B CKBAYKUHAX.

@ur. 11 — Pe3ynprar KiacTepusalUu YYaCTKOB 3ajexkedl HegTH mno QanmuaibHbBIM
accoMauusIM Ha OOBEKTHOM YPOBHE.

Qur. 12 — DyHKUMOHANBbHAA CXEMa CHUCTEMBbI JJIsl OMPEIEICHHUS] YYaCTKOB 3ayieikei
He(TH CO CXOKUMHU CBOHCTBAMH.

JUis MiuFoCTpani BO3MOKHOCTH peasin3aliil M OoJiee IOJIHOTO TMOHMMAHUSl CYTH
IPYIIBl H300pETeHNH HUKE NMPEACTABICH BAPUAHT €€ OCYLIECTBJICHUS, KOTOPBIH MOXKET OBITh
1r00bIM 00pa30M U3MEHEH WJIH AOTIONHEH, IPU 3TOM HACTOSINAs TPYIIa H300PETEHHI HU B KOEM
cllydae He OrpaHUYMBAETCs IPEACTABIEHHBIM BAPHAHTOM.

Cnoco6 nobObrau  HeTH MOTYT OCYWIECTBJISATH HAa OCHOBE 3amaJHOCUOMPCKOro
HedTerasoHocHOro Oacceiina B meproa GopMupoBaHust A4nMOBCKo# Tommu (AT).

Croco® ompeneneHust y4acTKOB 3ajieskell HepTH co cxOokuMHu cBoiictBamu (Pur. 1)
peann3yeTcst psiIOM OCHOBHBIX 3TaIoB, OOECIEYMBANOIINX COOP AAHHBIX W ITOCIEAYIOIIVIO

KJIACTEPU3ALNI0, W THIH3ALUI OOBEKTOB HAa TPEX HEPAPXMUYECKHX YPOBHSIX: KOOPAMHATHOM



(peruoHaJbHOM), 30HAIBHOM M 00BekTHOM. Ha »tame 100 mony4aror (s MOJIyYeHUs
KOOPAMHATHOT'O, 30HAJILHOTO U OOBEKTHOTO YPOBHEH):

A) reonorudeckue 0COOEHHOCTH YCIIOBUH (hopMUpoBaHus He()Tera30HOCHOTO OacceitHa;

b) mapamerpsl, BIMSIOIIME HA TMOABIIKHOCTH (UIIOMIA W TapaMeTphl, BIMSIOLINE HA
pa3paboTky;

B) pesynbraTel raMMa-KapoTaKe CKBaYKHH.

A) B  kadecTBe TEOJIOTMYECKUX  OCOOEHHOCTEH  ycinoBHH  (HOPMHUpPOBAHHS
HedTerasoHocHOro 0OaccefiHa TMONY4arOT TIeOMETPUYECKHe IapamMeTpbl  MPOCTPAHCTBA
AaKKOMOJAIUY, TEKTOHWYECKHE TapaMmeTpbl, (UIbTPALMOHHO-EMKOCTHBIE MapaMeTpbl U
TepMOOapHUECKHE MTapaAMETPHI.

I'eomerpuueckne xapakTepuCTUKU OacceiiHa Ha MOMEHT HAaKOIUICHUS KaXKIOTO LIUKJINTA
OMHUCBHIBAIOT TAapaMeTpaMH TPOCTPAHCTBA AKKOMONALMH: BBICOTOH Imenb(OBOH HacTH,
KPYTHU3HOH WM AJIMHOM CKJIOHA, a TakXe paccTOsiHueM pacrnpoctpaHeHus ten AT njs kaxaoro
KJIMHOLMKINTA B KaXKAOM TOYKE €ro pacnpoCTPaHEHUs, KOTOpbIe MOJy4YarOT Ha OCHOBE
MIOCTPOCHHOH PErHOHANBHONW CTPYKTYpHOU Mozaenu AT, KOTOpPYIO B CBOIO ouepenb (GOpMUPYIOT
HA OCHOBE CEHCMHUYECKUX U CKBAKUHHBIX TAHHBIX.

ITony4yennusle nmapaMeTpbl NMPOCTPAHCTBA aKKOMOJALMU IpeACTaBieHbl Ha Dur. 2, rae:
H — BricoTa mwensda, L — ninna ckiaoHa, R — nporspkenHoCcTh AT, 00 — yros HaKJIOHa CKIIOHA.

Jnsi nony4deHus TEKTOHUYECKUX MapaMeTPOB MCHOJB3YIOT KAapTy KPOBIHU IOPCKOIO
KOMIUIEKCa, Ha IOBEPXHOCTH KOTOPOTO HEMOCpeACTBeHHO 3aneraer AT, a Takxke KapThbl
IUIOTHOCTH PA3jIOMOB MO TOpH3OHTaM. B kauecTBe (MIBTPALIMOHHO-EMKOCTHBIX IapaMeTPOB
UCTIONIb3YIOT JIaHHbIE O PacdJIeHEHHOCTH, 3(¢QexTuBHONH TONIMHE, MPOHUIAEMOCTH U
nopucToctd. B kauecTBe mapameTrpoB TepMOOAPHUYECKOrO peXMMa HCIIONB3VIOT IaHHBIE O
IUTACTOBOM JIaBJICHUU U TEPMO(PHU3NUECKUX CBONCTBAX (DIIFOMIOB, OJYYEHHBIX B mpouecce PVT
UCCJIEIOBAHMS.

b) Jlna otnoxkenuit AT XapakTepHO ABa OCHOBHBIX THIA TI'€OJOTHYECKHX OOBEKTOB:
KOHYCBI BBIHOCA U ONMOI3HU. 10 COBpEMEHHBIM NPEACTABIEHUSIM O CTPOCHUN KOHYCOB BBIHOCA B
1000M M3 HUX MOJKHO BBIIENUTH TPH (palfaibHble 30HBI, PA3IMYAIOIIUEcs MO KOJIUYECTBY H
pasMepy TypOMIOUTOBBIX KAHAJIOB M IECYAHHUCTOCTH OTJIOKEHHI: 30Ha OJHOTO OCHOBHOTO
MUTAIOLIEr0 TYpOUAMTOBOrO KaHajla, KOTOpas BKIIOYAET Takke (aly MPUPYCIOBOrO Baja,
MOABOJHBIX KPEBACCOBBIX KAHAJIOB M JIONACTEH, 30HAa KPYMHBIX OTBETBISIOLINXCSA
TypOMIUTOBBIX KAaHAJOB, KOTOpas BKJIOYAET Takke (Palllu MPHPYCIOBOTO Baja, KPEBACCOBBIX
KaHAJIOB U JIOTIACTEH; 30Ha (PPOHTAIBHBIX JONMACTEH ¢ MHOTOYHMCICHHBIMA MEJIKUMH (MEHbLIE
100 M IHpPHHOI) MEePETUIETAOIUMICS U PA3BETBISIFOIUMHUCS TEPMUHAIBHBIMU TYPOUAUTOBBIMH

KaHaJIaMU.
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Taxum 0Opa3oMm, U MONYYEHHUsS] MapaMeTPOB, BJIUSIOLINX HAa MOIBHIKHOCTH (puronaa B
IUIACTE, HWCCIEAYIOT  BBbILEYIIOMSHYTBIE OOBEKTHI, OIUCHIBAS WX KAUYECTBEHHbIE W
KOJIMYECTBEHHBIC TMApaMeTPhl. KOHTPACTHOCTh MOABOASIINMKA KaHaJ/(OH (30HBI OIHOTO
OCHOBHOTO THTAIOLIEro TypOUAWUTOBOrO KaHajla), KOHTPACTHOCTb pPaCHpeAeITUTEIbHbIE
KaHAJIBI/JIONACTH (30HA KPYIMHBIX OTBETBIBIIOIIUXCS TYPOMIUTOBBIX KaHAJIOB), KOHTPACTHOCTh
nonact/poH (30Ha (POHTANBHBIX JIOMAacTell), TEPEKPHITHE JIONACTEH, pPa3BETBIEHHOCTh
U3BUJIMCTOCT M TEPEKPBITHE CHCTEM KAaHAJIOB IMMOABONHBIX KOHYCOB BBIHOCA, JIMHEHHBIE
pa3Mepbl 0OBEKTOB (IJIMHA, ITUPUHA W UX COOTHOIICHHE), MOIIHOCTbD, 3P (EKTUBHAS MOILTHOCTb,
npoHuLaeMocTs 1o kepHy u no I'JIUC.

CoOBOKYNHO € mapaMeTpaMH TeOJIOTHYECKHUX OCOOEHHOCTEeH YCIoBUIT (HOPMHUpPOBAHHS
He(TerasoHOCHOro 0acceliHa MOTYyUEeHHBIH NepeueHb BKII0YAET CICAYIOLINE MapaMeTphl:

e kommyecTBO Touek nutanus (KB), mr;

® JMHEWHAas MJIOTHOCTh TOYEK MMUTAHUS Ha KM OpOBKU mmenbda, n.ex.;

e paznomsl (1 - a, O - Her);

¢ sddexruBnas Tommmna kowekropa [ UC, m;

e nponunaemocts ['HC, M/l;

e JyMHA pa3ioMoB D, kM;

e 1IMPUHA Pa3IoOMOB W, KM;

® Tra3oconepiKaHue, MM :

e  CTaGHIBHOE COZlepIKAHNIE KOHAEHCATA, I/M ;

e koxdpdunment anomanbHocTH (ABIIJ) Py, 1071

o Py, Ma;

e Py, Mna;

e uHedtH, cllyas;

e BbIcOTa Wenbda, H, m;

e MHA ckJioHa, L, kM;

® MPOTSKEHHOCTD, R, KkM;

®  YIroJI HAaKJIOHA CKJIOHA, O, °;

® CTpPYyKTypa, Struct, m;

e orHomeHue 3P PeKTUBHON YacTH KOJUTeKTOpa K obmel momuocTH miacta, NTG,
nen.;

® PpACWIECHEHHOCTD, €.
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Ilocne »TOro monmy4arOT mHapaMeTpel, BausIOmue Ha paspadorky. Cpeam Takux
IIapaMeTpPOB MPEACTABIICHBL:
¢ KO3(pPUIHEHT MPOAYKTUBHOCTH CKBAKUH;
e CTapTOBBIN nedUT HePTH;

o (axTuyeckuit nebUT HeHTU U JKUIKOCTH U UX TEMITbI TATICHUSI.

B) Kpusble ramma-kapoTtaxeid CKBOKWH TMOJYYalOT TIOCPEACTBOM MPOBEACHUS
reo(pU3NUECKOro UCCIEAOBAHUS CKBAKHUH ITOCPEACTBOM 30HAA.

Otan 110, Ha KOTOPOM OCYILECTBJISIFOT OINpeeIeHe Ha KOOPAMHATHOM YPOBHE KJIaCCOB
30H He(TerasoHOCHOro OacceiiHa, peaju3ylT NyTeM KJIacTepH3allH KJACCOB W 30H
HeTera3oHOCHOro OacceiiHa Ha OCHOBE MAapaMeTPOB I'eOJOIMYECKHX OCOOEHHOCTEH YCIIOBHIM
¢dopmupoBaHusl HepTEra30HOCHOTO OacceiiHa, CpeAr KOTOPBIX: T'€OMETPUYECKHE MapaMeTphl
NPOCTPAHCTBA AKKOMOJALMY, TEKTOHHYECKHE MapaMeTpbl,  (QUIBTPAIIOHHO-EMKOCTHBIE
napameTpsl 1 TepMOOApHUECKUE TaPaMETPBhL.

Jlis knacTepu3alil HAa KOOPAMHATHOM YPOBHE AHATU3UPYIOT HETUITUYHbIC 3HAUYCHUS
napaMeTpPoOB U BEIOMPAIOT METOJ KJIacTepru3alni (HalpuMep, ¢ UCTIONb30BAHUEM MAIUIANH).

Hanpumep, nns BbIABIEHUS HETHUNUYHBIX 3HAYEHWUN HCIIOJNB3YIOT alroputmbl Isolation
Forest, Local Outlier Factor u xpurepuii Beiiera 3a Q1-1.5IQR u Q3+1.5IQR. B cnydae ecnu 3
u3 O aNropuTMOB NAIOT (yiar BbUIETa — TOYKY OOO3HA4AKOT, Kak BbUIeT. Takum oOpa3om, Ha
paHHeH CTaANY BbIABIISIOT M OT(QHIBTPOBBIBAIOT OIIMOKHY IPH MIOCTPOSHUH KapT.

Ha stame knacrepmsaumm 3a 6a3y BeiOmparor amroputmbl K-means ++ u Expectation
Maximization (EM). Jlanee ¢ WX MNOMOINBIO TNepeOUpPAIOT TapaMeTpbl 3THX aJTOPUTMOB U
KOMOWHAIMY MCXOIHBIX JaHHBIX, KOTOPBIE BBINAIOT HanOoJblnee 3HaueHne Metpuku Silhouette

Score, KOTOPYIO PACCUUTHIBAIOT IO CIEAYIOIUM HOpMyIaM:

1oN
SWwc = EZJ:lej

__ bpiap;
X T max(ay by )

,

rae: SWC — Silhouette Score, by,; — paccTosiHEE MEXKAY TOYKAMU Pa3HbBIX KJIACTEPOB, ap; —
paccTosiHuEe MEXIy TOUKaMU OgHOro kjacrepa. [To oTrOuBke mydirne KOMOWHALIMHM COXPAHSIOT
JUTs1 NajibHEHIIEN re0JIOTHYeCKON NHTEPIPETALNH.

ITocne BBINOIHEHUS KIIACTEPHOTO aHANM3a IOJYYeHBl KJAcchl (MO MmapameTrpam
re0JIOTMYeCKUX OCOOEHHOCTeH ycoBwii (opMupoBaHHUs HedTera3oHOCHOro OacceiiHa), Ha
OCHOBAHUHU KOTOPBIX BBIAEINSIOT 30HBI (00JaCTH) MPEMMYINECTBEHHOIO PACIPOCTPAHEHHST TOTO
WJIM HHOTO KJ1acca.
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Ha ocHOBe npoBeneHHON KIIaCTepU3aLUH 10 TApaMeTpaM MPOCTPAHCTBA AKKOMOJAIIHH, B
YaCTHOCTH, IO BBICOTE CKJIOHA M yIJIy HAKJIOHA OPOBKH wIenbda, MoNydaroT Kapty (Ha ¢ur. He
nokasaHa), TeM cambiM nensiT AT Ha KOOpAMHATHOM (PErHOHANILHOM) YPOBHE Ha 3 Kjacrepa
«Cesepy, «3anany, «Boctok» uro Hanboee MOHO OTPaKAeT XapaKTep 3aroHeHus OacceiiHa u
0COOEHHOCTH PACIIOIOKEHUS] HCTOYHHKOB CHOCA.

ITpu xnacrepuzanuu AT o TekToHMYECKUM napameTpaM Ha kaprte (Pur. 3) BbemsioT 3
obnactu: roskHasi (KpacHasi) 30Ha, 30Ha pudTa (cuHssl), ceBepHass 30Ha Smano-Kapckoit
nenpeccuu. OTAENbHO BRIAENAIOT MecCOsIXCKHil MOpOT.

IMpn knacrepmsammun AT 1o (PUIBTPaLlMOHHO-EMKOCTHBIM MapaMeTpaM Ha KapTe
BBIJICJISIIOTCSL CEBEPHAsl U FOYKHASI YACTH TEPPUTOPHH, MEXKIY TOJNIIHHAMU U PACUICHEHHOCTBHIO
KOTOPBIX CYIIECTBYIOT pasiuuus. B TO BpeMs, Kak 30Ha ¢ MAaKCHUMAJbHBIMHU TOJNIIUHAMU H
PACUIEHEHHOCTBIO OpPHUEHTHPOBAaHA BIOJb LIEHTPAIbHOH Haubonee TMOTPyKEHHOW dYacTu
OacceifHa U COOTBETCTBYET BaJIAH)KUH-TOTEPUBCKUM KIMHO(OPMEHHBIM KOMIUIEKCAM.

IIpn xnacrepmsaumu AT mo TepmoOapuueckuMm mnapamerpaMm, Ha kapre (Pur. 4)
TEPPUTOPHUIO PA3NEISIFOT HA TPU OONAcTH (30HBI). IOJKHBIH, CEBEPHBIA U OTAENBHO BBIIEISIOT
HanboJiee MOrPY’KEHHYI0 YacTb CEBEPHOH 30HBI, rae HaOJMIOMaT MAaKCHMAJbHOE IJIACTOBOE
JaBJIEHUE U BBICOKUH KO3 (PUIIEHT aHOMAJIBbHOCTH.

Ortan 120, Ha KOTOPOM OCYILECTBJISIFOT OIpeleieHHe Ha 30HAJIbHOM YpPOBHE THIIOB
YUaCTKOB 3ayiekedl He(TH peajum3yloT MyTeM KJIAcTepH3allMd Y4YacTKOB 3aneked HepTH Ha
OCHOBE apaMeTPOB, BIUSIOMINX HA MMOIBWKHOCTH (DIIFOM/A B IJIacTe, M MAPaMETPOB, BIUSIOLIHX
Ha pa3paboTKy.

JUIs 3TOro CHavaja OCYINECTBIISIIOT KIACTEPH3ALMIO IO MapaMeTpaM, BIUSIOIINM Ha
NOABIKHOCTh (uronga B IUlacte. B pesynbraTe BBINOJHEHHS KJIACTEPU3ALMM CHavajia
BBIJIEJISIIOT YEThIpe OCHOBHBIX Tuma. OAHAKO JaHHAs 30HAJBHOCTb TpeOyeT AeTanu3auud U
JOTIOJTHUTEIBHO OblIa BBIMOJNHEHA KJIACTEPU3aLUs JUI KaXIOro u3 4eTblpéx THUMHoB. C Lenbro
BBISABJICHHsT HanOoJee 3HAYMMBIX [apaMEeTPOB, KIACTEPH3AIMIO CHadaja BBIIOJHIIOT 0e3
UCKJTFOYEHHsI WJIM TIPUCBOEHUSI KaKUM-JIMOO mapamerpaM BecOBBbIX Kod(pduumentos. Jlns
KJIACTEPU3ALMH UCNONB3YIOT anropurm K-Means ++.

3areM, mapaMmeTpsl PAaH)XKUPYIOT MO BaKHOCTU U JTOCTOBEPHOCTH HMCXOIHBIX HAHHBIX H
BBIOMPAIOT KIJIFOUEeBBbIE (DAKTOPBI U OLEHKH YYBCTBUTEIBHOCTH K HHM. Jlimst Gonee TOYHOMN
KJacTepuzauny, KodppuuueHTaM aHOMAJbHOCTH 3alal0T pa3Hble BECOBble KO3()(OHLIMEHTHI.
BBINONHSIOT HECKOJIBKO 3KCIIEPHUMEHTOB C JIEJICHHEM IapaMeTpoB Ha Tpymnmel. B pesyibrare
BBIJEJIIIOT HanOoyiee 3HAUYMMbIE TMapaMeTphl, NMpenacTaBlieHHble Ha PUr. 5 M OCYLIECTBISIIOT

UTOTOBYIO THUIH3ALHIO 3ajieskell HedTH.
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ITocne sToro, ansa Gojee TOYHOrO ONMPENeeHUs] YHaCTKOB 3alieskell HepTH CO CXOKUMHU
CBOWCTBAMH M THPAXKMPOBAHUS HauOoOJee YCIEUIHBIX TEXHOJOTMH TOOBIMU HEPTH C y4eTOM
OCOOEHHOCTEH  TeOJIOTMYECKOr0  CTPOCHHUS, COBMEINAIOT  Pe3yJbTaThbl  KJIACTEPU3ALUU
PETMOHANILHOTO M 30HAJIbHOTO ypoBHeH (Dur. 6), B pe3ysbTaTe 4ero BbIIENSIOT IeCTh 30H. To
€cTb, OepyT pe3yJbTaTbl PErHOHAJBHOIO YPOBHSA IO 30HaM (Ha ¢ur. 6 mokasaH pe3ysbTaT
KOOpIMHATHOTO ypoBHs, cocrosmmid un3 6 30H (Cesep Smano-Kapckoit pemnpeccuw,
Meccosixckuit  Ban, IOr Smano-Kapckoit nempeccun, IOr fmano-Kapckoil nempeccuu
(manbonee morpy:keHHass 4acTh), BrusiHue VYpenroricko-Konroropckoro rpabeH-pudra,
Cpenneobckasi peruoHanbHasi ctynenb (Bocrodnas u 3amagHasi 4acTh)), U OMPENEISIIOT KaKue
THUIIBI 30HAJIBHOTO YPOBHS COOTBETCTBYIOT TOM UJIM MHOM 30HE PErMOHANBHOTO YPOBHSI.

3aTeM, ¢ Yy4Ye€TOM TIPOBENCHHOM TE€OJIOTMUECKOW THUIMH3AIUH, OCYLIECTBIISIOT
KJIACTEPU3ALINIO 3aJIeKel He(hTH 1Mo mapaMeTpaM, BIUSIOLUINM Ha pa3padoTKy.

3aTeM OCYILECTBJSAIOT KJIACTEPU3ALMIO 3ajleXell ¢ y4eTOM IeOJOrHueckoi TUMH3aLUU
(®ur. 7), rne OAHMM IIBETOM BBIIEISIOT MECTOPOXKIAESHMS, TOMAaBIINE B OIUH KIJACTEp IO
reoJIorMueckuM napamerpam. Ilocie 3Toro ocyuecTBiIsIIOT KJIACTEPU3aLUI0 MECTOPOKAEHUH 10
ko3 uumenty mnpoxmykruBHOCTH CcKkBaxmH (Pur. 8), craproBomy nmebury HepTH U
¢bakTudeckomy nedbuTy He(TH U KUIKOCTH, U UX TEMITAM NaleHUsI.

Oran 130, Ha KOTOPOM OCYLIECTBIISIIOT OMperesieHne Ha OOBbEKTHOM ypPOBHE KJIacCOB
danmanbHBIX accOMALMil 30H KOHYCa BBIHOCA VYYACTKOB 3aJIeXkKeH, Ppean3yioT NyTeM
KJIacTepu3alni (ParragbHbIX aCCOLMALNI 30H KOHYCa BBIHOCA, MTOJYYEHHBIX HA OCHOBE KPHUBBIX
raMMa-KapoTaKeil CKBaKUH.

JUis 3TOro CHavaja OMNpeneNsioT (panuanbHble acCOLMALMM 30H KOHYCa BBIHOCA HA
OoCcHOBEe KpuBbIX ramma-kaporaxka (I'K), nmaHHbIE KOTOPBIX aHAJM3UPYIOT C NPUMEHEHHEM
NTOPUTMA MALTMHHOTO 00yUYeHUsI.

B kagectBe anropuTMa MAaIIMHHOTO OOYYEHHS HCHOJB3YIOT aJTOPUTM CIyYaiHbIA Jec
(RandomForest), KOTOpBIi XapakTepu3yeTcsl yCTOMUHUBOCTBIO K BBIOpPOCAaM, OBICTPOI CKOPOCTHIO
00y4eHHs U BO3MOKHOCTBIO HHTEPIPETALINN TIOTYYEHHBIX PE3YJIbTATOB.

B kauwectBe oOyuaromell BBIOOPKH HCIIONB3YIOT MHaHHBIE YK€ pa3MeueHHbIXx ['K
OOBEKTOB, PACMOJIOKEHHBIX B CEBEPHOH, 3amaJHONH M BOCTOYHOH 4acTsX 3amaTHOCHOUPCKOTO
Oacceitra. Ilpu 3ToM 00Opasel raMma-kaporaxka OLH(POBBIBAIOT METOAOM CTAaTHCTUYECKOTO
ONMMCaHUs CHUTHaja. Takue mapamMeTpbl, KaK PpacwJeHEHHOCTb, TPEHJ IeCHaHUCTOCTH,
LUKJIMYHOCTb, ONMCHIBAIOT C TOYKU 3PEHUS MAaTeMaTU4YeCKON CTAaTUCTUKM MapaMeTpaMu
AUCIepCUH, MOJUHOMA N-OM CTENEeHW U aBTOKOppeNsLUU B IUaBarolieM okHe. Takoil meron

MO3BOJIIET PACIIUPUTh MPOCTPAHCTBO MAPaMETPOB. MOMUMO aOCONIOTHBIX M HOPMHPOBAHHBIX
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3HaueHni metona I'K mony4aroT eme u onucarenbHble CTATUCTHKH, XapaKTepU3yIoIue o0passl,
KOTOpBIE 3a4acTyI0 HaOMoIaeT 4yenosek uccienys paspes AT.

Jlns o0y4eHnst anropuTMa UCTIONb3YIOT clienyromue napamerpsl I'K KpuBbIX:

e abcosmoTHbIe 3HaueHus ['K;

® 3HAYEHHs1 IBOMHOIrO pa3HOCTHOro napamerpa no I'K;

e cpefiHee, MaKCUMAaJIbHOE, MUHUMAaJIbHOE 3HaueHre [ K B BBIOpaHHOM IUIABArOIIEM OKHE;

¢ nucnepcusi ['K B mmaBarommx okHax pasHoro pasmepa (5, 10, 50 orcueros I'K);

e crtaxxeHHble 3HaueHus I K (okHa crnakuBanus 15, 25, 35).

C npuMeHEHHeM anropuTMa MAIIWHHOrO OOy4eHus K umeromumcs napamerpam 'K,
MOJIYHAaKOT CJEAYIOLIHE (allHabHbIE ACCOLUALINH:

® 1HO OacceliHa M MEXKJIOTIACTHBIE OTJIOKEHHS,

® UCTabHAs 4aCTh KOHYCa BBIHOCA;

® [IPOKCHUMAJIbHAS YaCTb KOHYCA BBIHOCA U KaHAJIBI.

KauecTBo Mozenu MammHHOTO OOYYEHUSOLEHUBAIOT IMyTEM KPOCC-BATUAALNN: OJHY U3
CKBaXMH 00yUaromel BBIOOPKH CKPBIBAIOT U B JAJbHEHIIEM Ha HEH MPOBOMSAT OLIEHKY COTJIACHO
metpuke F1. B pacdere OLICHKH y4acTBYIOT TOJBKO MHTEPBAJbl KOJJIEKTOPA MO NPUYMHE TOTO,
yto AT B oOyuaromeii BeiOopke Oonee yeM Ha 50% COCTOUT U3 MOIIHBIX TJTHHUCTBIX MPOCIOEB.
Taxum oOpa3om pesynbTupyromas oueHka F1 score okazanack pasHoit ~0,72.

Banmunanus mporHosa Ha OCHOBE (parMaibHBIX aCCOLMANN MO CKBAXKHMHAM MPEACTaBICHA
Ha Qur. 9, rae neBast KOJIOHKA - UCXO/IHAs Pa3METKa, paBasl KOJOHKA - Pe3yJIbTaT IPOrHo3a Mpu
UCKJTFOUEHHH CKBAXXHHBI U3 00y4aroIiel BEIOOPKH.

ITocne 3TOro BHIMONHSOT KJIACTEPH3ALUIO CKBAXKHH IO (PallHaIbHBIM aCOLHALIUSIM.

B wacTHOCTH, KJacTepu3allMI0 CKBa)KUH OCYLIECTBISIFOT Ha 3 Kiacca. Pasnenenue nHa
KJIACChI BBIMIOJHSIOT HA OCHOBE COOTHOMICHHUs (arumanbHbIX accoruanmii mo 'K, momuocTH
(anmanbHBIX aCCOLUANNN U PACUIEHEHHOCTH KOJUIEKTOPA B pa3pe3e CKBAKHH.

Ha tpexocHoit amarpamme (@ur. 10) mo ocsiM OTJIOKEHO TPOLEHTHOE CONIEp KaHUE
damuanpabx accoruanuii mo 'K oT MomrHoCTH miacta B CKBakuHaxX. L[BeT Touku obo3HavaeT
NPUHAJIE)KHOCTD CKBAKHUHBI K KIJIACCY, BBIIEICHHOMY IO COOTHOIICHHIO —(palnaibHbIX
acconmaumii mo 'K, MomHoCTH (anmanbHBIX acCONMALUN U PACHIEHEHHOCTH KOJUIEKTOpa B
paspese CKBaXKUHBI.

PesynbraTel mpoBeneHHON KiacTepu3al OOBEKTHOTO YPOBHS MPEACTABICHBI HA
Qur. 11.

Jdna xmacca 1 xapakTepHa Majias MOIIHOCTb IUIACTa W CPEOHssT MOIIHOCTh (hauui

KOJUIEKTOPA.
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Jlnsa xnacca 2 xapakTepHa CpelHssi MOLIHOCTb IUIACTa, CPEAHss CyMMapHas MOILIHOCTb
MPOKCUMAJIbHON U AMCTAJIbHON YacTH KOHYCa BBIHOCA, BBICOKAs PacUJI€HEHHOCTh paspesa.

Jna xnacca 3 xapakrtepHa Oounbliass CyMMapHash MOIIHOCTb NMPOKCHUMAIbHOW W/WIH
JUCTAJIbHOM YacTH, HU3Kasl paCuJIEHEHHOCTb.

Ha ocHOBaHMM BCEX MOJIy4EHHBIX NAHHBIX OOECIEUYHBAETCS] BO3MOXKHOCTH THITM3ALUU
HedTerasoHoCHOro 0acceifHa MO TeOoNOTMYECKMM M T€OMEXaHWYEeCKHM XapaKTePHCTUKaM, |
nepen  HavajioM pa3paboOTKM MPEenoCTaBISIETCS BO3MOXKHOCTb  OMNpEIENICHHs NepuMeTpa
TUPXUPOBAHUS M COKpPALICHUs CpPOKa Moxdopa TEXHOJOTHH, a Takke Oonee 3¢¢heKTHBHOro
BOBJIEYCHHUs] 3amacoB B paspaborky. I[lomMuMO 3TOro, mnpenocTaBisieTcss BO3MOXHOCTB
KOMILUIEKCHOH M MHOTOKPHUTEPHAIBHON OLIEHKH BEPOSITHOCTH YCIEIIHOCTH U OOOCHOBAaHHOCTH
TEXHOJIOTHYECKOro clieHapus 11 kaxkaoro tuna AT, uTo MO3BONMT BHOCIENCTBUM CHU3UTH
KaIUTAJIbHBIE pacxonbl Ha pa3paboTky. Jran 140, HA KOTOPOM OCYINECTBIISIIOT ONpeneIeHne
YUYaCTKOB 3aJI€Kel HEPTH CO CXOKUMH CBOMCTBAMH ITyTEM IMOJy4EHHUs] HHPOPMALUU O KJIaccax
30H He(TerasoHOCHOro OacceilHa, MONYYEHHBIX Ha KOOPIWHATHOM (PETHOHAJIBHOM) YpPOBHE,
KJIaccax y4acTKOB 3asiekel HepTH, OJy4eHHBIX Ha 30HAJIbHOM YPOBHE, H KJlaccax (panmaabHbIX
acconrauuii 30H KOHYCa BBIHOCA, MOJYYEHHBIX Ha OOBEKTHOM ypoBHE. TO €CTh, Ha JaHHOM
STane Mnocije NpoBeAeHUs TUIIH3aLUY MOJIYy4aloT YUYACTKU 3aJIeKel CO CXOKUMU CBONCTBAMH, TO
€CTb, T€, KOTOpbIe MOMaal B OJUH U TOT K€ KJIACC, 30Hy MJIU TUI COOTBETCTBYIOLIENO YPOBHSI.
Taxoke mosy4aroT napaMeTp, BIUSIONINE Ha MOABI)KHOCTD (PIIIOMIA, TApAMETPBI, BIHSIOMNAX HA
pa3paboTKy, pe3yapTaThl TeOPU3NIECKHX HCCIENOBAHUA CKBAXMH M KOOPAUHATHI 00
uccienyeMoM ydactke 3ajexxu Hedru. Ha stame 150 onpenersiror yuacTku 3anexei HeQTH co
CXO’KHMH CBOHCTBAMH, OTHOCSIIIMECS K COOTBETCTBYIOIINM KJIACCAM U 30HAM HE(PTEra30HOCHOTO
OacceifHa KOOPIMHATHOTO YPOBHS, KJacCaM THUIAM YYacTKOB 3ajie’kell He(TH 30HAIBHOTO
YPOBHSL, KjlaccaM (panMabHBIX aCCOLMALIMI 30H KOHYCa BBIHOCA YYaCTKOB 3aJieskell 0OBEKTHOTO
YPOBHS TNyTEM OTHECEHUs HCCIENYyeMOro yd4acTka 3alle)ku HepTH K TpeaBapUTeNIbHO
c(pOPMHPOBAHHBIM COOTBETCTBYIOIIUM KJIaccaM, 30HaM W THIAM COOTBETCTBYIOIIUX YPOBHEH
(4TO OMHUCAHO BBILIE).

OnpenesneHue y4acTKOB 3ayexXell CO CXOKUMHU CBOMCTBAMHM MOTYT OCYLIECTBJIATD 3a CUET
rpaduueckoro wuHTepdeica, MOCPENCTBOM KOTOPOrO  BBOMSAT IMMOJB30BATENbCKHUH 3arpoc,
coZieprKallMil 3Ha4eHUs] NapaMeTpoB Y4acTKa 3alleXkH, cepBepa, COMOCTABIISIIOIIEr0 3HAUYEHUs
napaMeTpoB ydacTKa 3ajleXd B IOJIb30BATEJIbCKOM 3alpoce C HMEIoIIelcs B XpaHWIHLIE
uHpopMalell o0 Kiaccax: 30H He()Tera3oHOCHOTo OacceiiHa, MOJYYEHHBIX HA KOOPAHMHATHOM
(peruoHaJbHOM) YPOBHE, VYACTKOB 3aliekell He(TH, MOJYYEHHbIX Ha 30HAJIBHOM YPOBHE, H
(armanbHBIX acCOLMAMK 30H KOHYCa BBIHOCA YYAaCTKOB 3aJIeXKEH, MONYUYEHHBIX HA OOBEKTHOM

YPOBHE, OIlpeneNeHus] TeX KJIAacCOB Ha YPOBHAX, 3HAYEHMsI [apaMeTpOB BHYTPU KOTOPBIX
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HanOosee OJM3KM K ITapaMeTpaM Y4acTKOB 3JIEKU B MOJIB30BATENBbCKOM 3aIPOCE, ONPEAETICHHS
YUaCTKOB 3ayexell He(pTH, OTHOCSIIMXCA K COOTBETCTBYIOLIMM Kiaccam. W mepenaue Ha
rpaduyeckuii uatepdeiic napopmarmu 06 0OHAPYKEHHOM y4aCTKe 3aJ1€KU He(hTHU CO CXOKUMHU
CBONCTBaMH.

Ha ocHoBe 3Tux nmaHHBIX Ha sTame 160 ompenensoT Hanbonee MPEANOYTUTENbHBIA
00BeKT 3asexu HepTH C y4eToM JaHHBIX U MOCJIe BCEX MOATOTOBHUTEIBHBIX padoT, Ha stamne 170
OCYIIECTBIISIET pa3paboTKy 3a1eKu HePTH ¢ MOCIEAYIOIEN ee TOObIMeH U3 3aJIeHKU.

Ha 30HanbHOM ypOBHE NpH BBOAE MapaMeTPOB MOJIb30BATENb MOXKET NOOABUTH JIFOOOH
napameTrp u3 0a3bl 3HAHUH U 337aTh Kak (PUKCHPOBAHHOE 3HAUEHHE, TaK U BeposiTHocTHOE (P10-
P50-P90). Kacxxnomy mapamerpy moxer ObiTh mpucBoeH Bec oT 0 mo 10. Bec mapamerpos mo
yMOJYaHUIO paBeH 1. AHanoru MiyTcs Mo BCeM NapamerpaM, KOTOpble BBEN MOJb30BaTelb, C
y4€TOM 3a/laHHBbIX BECOB. Mepa CXOACTBa CUUTAETCs JUIsl BCEX 3ajeeil B JOJSIX eAUHULIbI, MIPU
pacuére 3alleXXb CUMTAETCs aHAJIOrOM, €CJIM Mepa CXO)KEeCTHU IPEBBIIAET [IOPOroBOE 3HAUEHUE
0,58. Tlonp3oBaTenb MOXKET 3a1aBaTh (PUIBTPHI IO BCEM 3HAYCHUSM W3 0a3bl 3HAHWH, a TaKKe
MOXET (PUITbTPOBATH 3aJIEKHU IO PACCTOSIHHIO OT IUIAHUPYEMOTO y4acTka. B cimydae ecnm kakue-
TO TIapaMeTPbl ABJAIOTCS HEU3BECTHBIMU OHM 3aIOJHSIIOTCS W3 MOJYYEHHOI'O CIHCKA aHAJIOTOB C
yueToM (puibTpaluy BBIMOJIHEHHON monb3oBareneM. Ecian moip3oBaTens NpPOMyCKaeT 3Tarm
nondopa aHaJIOroB, TO aHAJIOTAMU CUMTAIOTCS BCE 3AJIEXKH TOTO YK€ THIIA HA 30HAJIBHOM YPOBHE.

Cucrema ompeneneHuss y4aCTKOB 3aJIe)KH CO CXOKHMH CBOMCTBaM MO crocodam o
BAPUAHTY 2 U 3 peaju3yeTcsi MOCPENCTBOM IOJIb30BATEIbCKON KOMIBIOTEPHON cuctembl 200
(®ur. 12), comepxkameli muny 210, npoueccop 220, cucremHyro namsate 230, rpaduueckuit
anantep 240, yctpoiicTso 250 BeIBOIA AaHHBIX, rpadudeckuii uaTepdeiic 251 u ycrpoiicto 260
BBOJIA JIaHHBIX, & TaKKe 3a cyeT noakiarodeHHoro k cucreme 200 mo cetu 270 cepsepa 280, k
KOTOPOMY B CBOKO O4epenpb MOAKJrouYeHa 0a3a 281 maHHBIX, B KOTOPOH XPaHATCS CBENCHHS O
MECTOPOXKACHUSIX U UX NapaMeTpax.

Takum  oOpasom  obecreunBaeTcst  AOCTH)KEHHE  TEXHHYECKOTO  Pe3yibTara,
3aKJIFOYAOINErocs B MOBBIIIEHUH TOYHOCTU U JJOCTOBEPHOCTH OINpEAeSIeHUs] YUaCTKOB 3ajekei
CO CXOXKMIMU CBOMCTBAMH 32 CHET UEPAPXUIECKOHN KiacCU(UKALIUK YIaCTKOB 3ajieskelt HeTu co
CXO’KHMH CBOWCTBAMH, U COOTBETCTBEHHO, YBEJMUCHNE NTOKA3aTeNs JOOBMU HEPTH, TEM CaMbIM

PACLIMPSIFOTCS] BO3MOKHOCTH H MOBBIIAETCs 3((EKTUBHOCTD criocoda.
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Dopmyia n300peTeHust

1. Crnocob mobbrau HeTH, KOTOPBIH BKIFOYAET CICAYIOIINE 3TAllbI:

— HNOJIYYCHHUEC MapaMETPOB, BJIMAIOMNX Ha MOABUKHOCTDH (1).]'II'OI/II[a, napamMeTpoOB, BIIMAOMINX Ha
pa3paboTKy, pe3yabTaTOB reo(U3UYECKUX HCCISNIOBAHUNM CKBAKHH M KOOPAMHAT 00
UCCIIEYEeMOM Y4acTKe 3aJIe)KU HePTH;

— OmpeleNieHHe Y4YaCTKOB 3ajiexkeldl He(pTH CO CXOKUMU CBOWCTBAMH, OTHOCSIIMXCS K
COOTBETCTBYIOIIMM KJIaCCaM M 30HaAM He(pTerasoHOCHOro OacceifHa KOOPAMHATHOTO YPOBHS,
TUIaM y4YacTKOB 3ayiekell HehTH 30HAIBHOIO YPOBHS, KjaccaM (hallajbHbIX acCOLMALUN 30H
KOHyCa BBIHOCA Y4YaCTKOB 3ajie’kell OOBEKTHOrO YpPOBHsI MyTEM OTHECEHHs HCCIeIyEeMOro
ydacTKa 3aJiCK1 He(l)TI/I K MpEeaABApPUTEIIBHO C(bOpMI/IpOBaHHbIM COOTBETCTBYIOIIIMM KJlaCcCaM,
30HAaM U TUIIaM COOTBETCTBYIOILUX YPOBHEM,

NpU 5TOM Uil TONYYEHHs TNPEABAPUTEIBHO C(HOPMHUPOBAHHBIX
KJIACCOB, 30H U TUIIOB KKIOTO M3 COOTBETCTBYIOLIMX YPOBHEH OCYIIECTBIISIIOT:

- TIOJIyYeHUE MapaMeTPOB T'eOJIOTMUECKUX OCOOCHHOCTEH yCIOBHIA
bopmupoBanus HedTErasoHOCHOTO OacceifHa, MapaMeTpOB, BIHSIOMIUX Ha IMOIBUXKHOCTD
¢ronna, mapamMeTpoB, BIMSIOLIMX HA pa3paboTKy, Pe3yJIbTaTOB reopU3nIecKux UCCIeIOBaHHUN
CKBAKMH Y4aCTKOB 3aJIeXKel HeTH,

— oOmpeneneHHe Ha KOOPAMHATHOM VYPOBHE KJIACCOB M 30H
He(Tera3oHOCHOro OacceiiHa ¢ MX KOOPAMHATAMH IyTEM OCYIIECTBIICHMS KJIACTEPU3ALMH 30H
He(Tera3oHoCHOro OacceliHa Ha OCHOBE MapaMeTPOB I'€OJIOTHYECKHX OCOOEHHOCTEH YCJIOBHUH
¢dopmupoBanus HedTerasoHOCHOTO Oacceiina,

— ompeeNieHUe Ha 30HAJTLHOM YPOBHE THIIOB YYaCTKOB 3ajiexeit
HebTH TmMyTeM OCYINECTBJIEHHS KJIACTEPH3ALMH YYaCTKOB 3ajiexell He(dTH Ha OCHOBE
NapamMeTpoB, BIUSIOLINX HA MOJBMKHOCTD (IIOMIA M TAPAMETPOB, BIMSAIOIINX Ha pa3paboTKy,

— ompepeneHHe Ha OOBEKTHOM YpPOBHE KJIACCOB (haliuaibHBIX
accouualuii 30H KOHYCa BBIHOCA YYAaCTKOB 3ajieKell MyTeM OCYIUECTBJCHHUS KJacTepU3aLMu
(paumanbHBIX ACCOLMALMI 30H KOHYCa BBIHOCA, MOJYYEHHBIX HAa OCHOBE pE3YJIbTaTOB
reo(p M3MUECKUX HUCCIIENOBAHMI CKBAXKHH,

NPU 3TOM OTHECEHHE HCCIIEyEMOTr0 yUacTKa 3aJeKu He(PTH K TEM WIIH WHBIM KJIaccy,
30HE U THUIY Ka)KIOTO U3 COOTBETCTBYIOIIMX YPOBHEH OCYLIECTBIISIIOT CIASAYIOIIUM 00pa3oM:
- COIOCTABJICHHUE KOOPAMHAT UCCIEAYEMOro y4acTKa ¢ UMEIOLIMMHUCS KOOPAHHATAMH

KJIaCCOB U 30H He(pTerazoHOCHOro OacceliHa yuacTKOB 3aJieskeil KOOPAUHATHOTO YPOBHS,



- COMNOCTABJICHHWE 3HAYEHHIl MapaMeTpOB, BIMSIOIIMX HA MOABMXKHOCTH (rouaa u
NapaMeTpoB, BIMSIOMMX Ha pa3pabOTKy MCCIEAYeMOro y4YacTKa 3ajJeXH C HMEIOLIHMHUCS
napaMeTpaMy THIIOB YYaCTKOB 3aJIe3Kel 30HAIbHOIO YPOBHH,

- COTOCTABJICHHE 3HAYECHUI MapaMeTpOB Pe3yJIbTaTOB re0(pU3NUECKUX HCCIIEAOBAHUII
CKBKUH HCCIIENyEMOI0 y4acTKa 3aJIeKN C MMEIOIIUMICS MapaMeTpaMH KJIacCoB (haruaibHbIX
accoLManyii 30H KOHyCa BBIHOCA YUACTKOB 3aJie)kell OOBEeKTHOTO YPOBHS,

- ONpefesieHne TeX KJIACCOB, 30H M TUIIOB HA COOTBETCTBYIOIIMX YPOBHSIX, HA KOTOPBIX
3HAYEHHs] [MapaMeTPOB KCCIEAYEMOro yd4acTKa 3ajie)kKd paBHbl MM HauOojee OJMM3KH K
napaMeTpaM y4acTKOB 3aliekeil HeTM K COOTBETCTBYIOLIMM KjlaccaM, 30HAM U THIIAM
COOTBETCTBYIOIIUX YPOBHEH;

— BBIOOp y4acTKa 3anexu HeTu it pa3padoTKHy,

— OCYIIECTBJIeHHE Pa3pabOTKK y4acTKa 3aJexu HeTH 1 Jo0bua He(PTH U3 3aJIEIKH.

2. Cnocob mo m. 1, B KOTOPOM Ha KOOpPIHWHATHOM YPOBHE I'€OJIOTHYECKHE OCOOEHHOCTH
ycroBui (hOpMHPOBaHUS HEPTETa30HOCHOTO OacCceiHa BKITIOYAIOT. TeOMETPHUYECKHE MapaMeTPhI
NPOCTPAHCTBA AKKOMOJALMH, TEKTOHUYEeCKHE MapameTpbl, (UIbTPALMOHHO-EMKOCTHbIE
napaMeTphl U TepMOOapHUYeCKUe MapaMeTphbl.

3. Cnocob mo m.2, B KOTOPOM TIeOMETPUYECKHe NapamMeTpbl aKKOMOAALMU BKIFOYAKOT
BBICOTY Iueib(da, JUIMHY CKJIOHA, YroJ HAaKJIOHA CKJIOHA, MPOTSKEHHOCTh TeJl AUYMMOBCKON
TOJILIH.

4. Cnocod mo m2, B KOTOPOM (HIBTPALMOHHO-EMKOCTHBIE IapaMeTpbl BKJIOYAIOT
3¢ PEeKTUBHYIO TOJNIIHHY, PACUIEHEHHOCTb, IIPOHUIIAEMOCTb U IIOPUCTOCTD.

5. Cmoco6 mo m2, B KOTOpOM TepMoOapu4ecKue Mapamerpbl BKIIOUYAIOT ILIACTOBOE
naByieHHe, TepMopU3nIecKre CBOMCTBa QIronza.

6. Cnoco6 mo m 1, B KOTOPOM Ha KOOPAMHATHOM YpOBHE KJACTEPU3ALMIO 30H

>
He(pTEera3oHOCHOrO OacceiiHa IUisi OMpenesieHHs KJIacCOB 30H He(TerasoHOCHOro OacceifHa
OCYILIECTBIISIFOT 110 K&KIOMY OTIEJIbHOMY ITapaMeTpy.

7. Cnoco® mo m.l, B KOTOPOM Ha 30HAJBPHOM YPOBHE MapaMeTpbl, BIUSIOIINE HA
NOJBIKHOCTD (DITFOM/IA B IJIaCTe, BKIIFOYAIOT, MO MEHbILIEH Mepe, KO3 PUIMEHT aHOMaJIbHOCTH,
CpenHel MPOHULAEMOCTH, cpenHell 3(p(eKTHBHON MOIIHOCTH KOJUIEKTOPA, JaHHbIE O HAJIUYHU
WIA OTCYTCTBHM PAa3JIOMOB, CPEAHEH BSI3KOCTH (JIFOMIA B IJIACTOBBIX YCIOBUSX M Ta30BOM
dakrope.

8. Crnoco® mo m.7, B KOTOPOM MapameTpsl, BIMAKOLINE HA MOIBWXHOCTH (UIIOHIA B

IUIacTe, BKIJIIOYAIOT KOHTPACTHOCTh KaHana/(oHa, KOHTPACTHOCTb PACIpPENeNUTENbHOTO

KaHaJa/lIonacTy, KOHTPACTHOCTh JIONACTH/(POHA, IEPEeKphITHE JIOMACTEeH, Pa3BETBIEHHOCTS,



U3BUJIUCTOCTE U MHNEPEKPLITUC CUCTEMA KaHAJOB IMOABOAHBIX KOHYCOB BbIHOCA, JINHEIHBIE

pa3Mepsl OOBEKTOB, MOIHOCTD, 3(p(heKTHBHAS MOIHOCTD, TPOHULIAEMOCTb MO KEPHY.

0. Cnoco6 mo m. 7, B kotopoMm ko3(pdumrienTraM aHOMAJIbHOCTH 3aJal0T Pa3HbBIE
BECOBBIE
KO3 (PULIUEHTBI.

10. Crnoco6 mo m.1, B KOTOPOM Ha 30HAJBHOM YPOBHE MapaMeTphl, BIUSIOIINE HA

pa3paboTKy, BKIJIIOYAIOT, IO MeEHbIIeH Mepe, KO3(PQUUUEHT TPOAYKTUBHOCTH CKBAXKHUH,
CTapTOBBIN 1eOUT HePTH, PakTUUECKUH 1eOUT HE(PTH U JKUIKOCTH U MX TEMITbI TaICHUsI.

11. Crnoco6 mo m. 1, B KOTOPOM Ha KOOPIAMHATHOM YPOBHE KJIACTEPU3ALMUIO JIJIsi
OTIpeNeNIEHUsT KJIACCOB 30H He(ITEra3oHOCHOrO DacceitHa OCYIECTBIISIIOT C MPUMEHEHHEM METO/IA
k-cpennux.

12. Crniocob mo 1. 1, B KOTOPOM Ha 30HAJIbHOM YPOBHE KJIACTEPHU3ALUIO IJIsI OTIPEAETICHUS
KJIACCOB YYACTKOB 3aJiekel He()TH OCYLIECTBISIFOT C MPUMEHEHHEM MeTo/a K-CpeTHnX.

13. Crmoco6 mo m.l, B KOTOPOM OCYIIECTBJSIIOT COBMEIIEHHE Pe3yJIbTaTOB
KJIaCTepU3aLMN 30H HE(PTEra3oHOCHOrO OacceiHa, MOJNyYeHHBIX HAa KOOPAMHATHOM YPOBHE, U
PE3yJIbTATOB KJIACTEPU3ALNY YIACTKOB 3aJIeXKel He(pTH, MOJYYeHHbIX Ha 30HAJIbHOM YPOBHE.

14. Criocob mo 1.1, B KOTOPOM Ha OOBEKTHOM YPOBHE KJIACTEPHU3ALHIIO IJISl OTIPEIeTICHHSI
KJIacCOB (palMajbHBIX aCCOLMALIMI 30H KOHYCa BBIHOCA OCYIIECTBIIAIOT C IPUMEHEHHEM METO/A
k-cpennux.

15. Cnoco6 mo m.1, B koTopoM Ha OOBEKTHOM YPOBHE MOJy4YeHHbIe (aluaibHble
accoLMalMU 30H KOHyCa BBIHOCA YYAaCTKOB 3ayieKeH NpeCcTaBiIeHbl B BUAe JAHA OacceiiHa,
ME>KJIONACTHBIX OTJIOXKEHUHN, AUCTANbHON YaCcTHU KOHYCA BBIHOCA, MPOKCUMAJIBHOM 4acTH KOHyCa
BBIHOCA U KaHAJIOB.

16. Criocob mo 1. 1, B KOTOPOM pe3ysbTaThl reohU3UIeCKUX HCCIIEIOBAHUN CKBAKUH
NPEACTABJSIIOT COOOM pe3ysIbTaThl FaAMMa-KapoTasKa.

17. Crnoco6 mo m.1, B KOTOpOM Ha OOBEKTHOM YpOBHE (hallHabHble aCCOLMALUN 30H
KOHyCa BBIHOCA TOJYYalOT C MPUMEHEHHEM MOJENH MAIIUHHOrO OOy4YeHHsI K pe3yJibTaTam
reo(pr3NUECKUX UCCIIENOBAHIHA CKBAXKHH.

18. Cnocob mo .17, B KOTOPOM B Ka4€CTBE MOJETH MAIIMHHOTO OOYYEHHSI HCTIOIB3YIOT
RandomForest.

19. Crnoco® mo m.17, B KOTOPOM MOJE€Ib MALIMHHOTO OOyUYeHHs] OLEHHBAIOT IyTEM
KPOCC-BaJIMIALHH.

20. Crnocob® mo m. 1, B KOTOPOM JOTMOJHUTENBHO Ul MCCIENYyEeMOro y4acTka HepTu
onpeneNsoT HaubOonee OMM3KMNA y4dacTOK 3anexku He(pTH U3 COOTBETCTBYIOIIErO THIA

30HAJIBHOTO YPOBHSI.



21. Criocob o m. 20, B KOTOPOM ISl OnpeesieHus: HanboJjee OJIM3KOro y4acTKa 3a1eKu
U3 COOTBETCTBYIOLIErO THIIA 30HAJBHOIO YPOBHS OMNPENENSIOT C HCIOJb30BAHHEM METOJIOB
JepeBo peleHui u k-Ommkalimmx cocene.

22.  Cnoco0 ompeneneHusi y4acTKOB 3alie)kell CO CXOXXHMH CBOWCTBAMH, KOTOPBIM
BKJIFOUAET CJIEAYIOLINE TAllbI:

- TIOJyYeHHE NapaMeTPOB T'eOJIOTHYECKHX OCOOEHHOCTEH yCIOBHH  (OPMHUpPOBAHUS
He(TerasoHOCHOro OacceiiHa, mapaMeTpoB, BIUSIOIIUX HA MOABHKHOCTD (DIIFOMIA, apaMeTPOB,
BIMSIIOLINX Ha pa3paloTKy, pe3yJbTaTOB reoQU3MYECKUX HCCIENOBAHMHA CKBAXKHH Y4YaCTKOB
3anexxei ey,

— omperneNeHne Ha KOOPAMHATHOM YPOBHE KJIACCOB M 30H He(TerasoHoCHOro OacceiiHa ¢ ux
KOOPIMHATAMHU TIYTEM OCYINECTBJICHUS KJIACTEPU3ALMU 30H He(Tera3oHOCHOro OacceliHa Ha
OCHOBE MapaMeTPOB T'€OJIOTHIECKUX OCOOEHHOCTEH yCoBHid (GOpMUpPOBaHHS HE(YTEra30HOCHOTO
Dacceiina,

— OlpeneNeHHe Ha 30HAJIBHOM YPOBHE THUIIOB YYacTKOB 3anexeid HeQTH myTeMm
OCYIIECTBIICHHS KJIACTEPU3ALMH YYaCTKOB 3aliekell HepTH Ha OCHOBE MapaMeTPOB, BIHSFOIINX
Ha MOJIBIYKHOCTH (DJIFOMIA M TAPaMETPOB, BIMAIOIIUX Ha pa3paboTKy,

— ompeneneHne Ha OOBEKTHOM YpPOBHE KJIACCOB (DallMaNbHBIX aCCOLMALMI 30H KOHYCa
BBIHOCA y4YaCTKOB 3aJiekel IMyTeM OCYIIECTBIEHMs KiacTepu3aluu (aruagbHbIX aCCOLUALMN
30H KOHyCa BBIHOCA, IOJIyUEHHBIX HA OCHOBE pE3YyJIbTATOB IeO(U3UUECKUX HCCIENOBAHUN
CKBKUH;

- OIpeAeJeHHE YYacTKOB 3aneked HepTH CO CXOXKHUMH CBOHCTBA, OTHOCSAIIMXCS K
COOTBETCTBYIOIIMM KJIaCCaM M 30HaM He(PTEerasoHOCHOro OacceifHa KOOPAMHATHOIO YPOBHS,
TUTNIAM YYaCTKOB 3aJiekell HeTH 30HAJIBHOTO YPOBHS, KjlaccaM (halMaibHBIX aCCOLMALMI 30H
KOHYCa BBIHOCA YYACTKOB 3aJie)kell OObEKTHOTO YPOBHSI.

23. Crniocob 1o .22, B KOTOPOM Ha KOOPJIUHATHOM YPOBHE T€OJIOTHYECKHE OCOOEHHOCTH
ycnoBuii  (opmupoBaHusi HeTerasoHOCHOrO OacceifHa BKIIIOYAIOT, IO MEHbIIEH Mepe,
reOMETPHYECKHE TMapaMeTpbl MPOCTPAHCTBA AKKOMOJAIMH, TEKTOHHYECKHUE TapaMeTpsbl,
(UITBTPALIMOHHO-EMKOCTHBIE TIApaMeTPhl U TEPMOOAPHUECKUE MTAPAMETPHI.

24. Cniocob mo m.23, B KOTOPOM reOMETPUIECKHE MapaMeTpbl aKKOMOAAIMH BKITFOUAIOT
BBICOTY IIeNb(a, MINHY CKIOHA, YroJl HAKJIOHA CKJIOHA, MPOTSHKEHHOCTb TeJNl AYHMOBCKOW
TOJIIIH.

25. Criocob mo m.23, B KOTOPOM (PHIIBTPALIMOHHO-EMKOCTHBIE TTapaMETPhl BKITIOYAIOT
3¢ (EeKTUBHYIO TOJIIUHY, PACUJIEHEHHOCTD, IPOHULIAEMOCTDb U IIOPUCTOCTD.

26. Criocob mo .23, B KOTOPOM TepMOoOapHyuecKre mapamMeTphl BKIIOYAIOT IJIACTOBOE

JaBlieHHe, TepMopu3ndeckre CBoicTBa Quronaa.
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27. Crocob mo m. 22, B KOTOPOM Ha KOOPAWHATHOM YyPOBHE KJIACTEPH3AILUIO 30H
He(TerasoHOCHOro OacceifHa AU ONpenesieHHs] KJIACCOB M 30H He(TerasoHOCHOro OacceitHa

OCYILECTBJISIOT MO KaKAOMY OTAEIBbHOMY IapaMeTpy.

28. Cnocob mo m.22, B KOTOPOM Ha 30HAJIBHOM YPOBHE IapaMeTphl, BIUSIOIIUE Ha
NOABIKHOCTD (MJIIOMAA B IUIACTE, BKIIOYAIOT, 1O MEHbIIEH Mepe, KO3 (PUINEHT aHOMAJIbHOCTH,
CpenHell MPOHUIAeMOCTH, cpefaHeil 3PPEeKTUBHON MOIIHOCTH KOJUIEKTOPA, NAaHHbIE O HATUYHU
WIM OTCYTCTBHM pPAa3JIOMOB, CPEAHEW BSI3KOCTH (HJIFOMA B IJIACTOBBIX YCJOBUSIX M Ta30BOM
dbakTtope.

29. Cniocob mo m.28, B KOTOPOM MapaMeTphl, BIUSIOIINE HA MTOIBUKHOCTD (IIFOMIA B
IUIACTe, BKIIIOYAIOT KOHTPACTHOCTh KaHana/(hOHa, KOHTPACTHOCTb PACIPENeNUTENIbHOTO
KaHAJIa/JIoNacTH, KOHTPACTHOCTh JIONACTH/(POHA, TEPEeKPBbITHE JIOMACTEH, Pa3BETBIECHHOCTS,
U3BIWJIMUCTOCTh U TEPEKPBITHE CHCTEMAa KAaHAJOB TMOABOAHBIX KOHYCOB BBIHOCA, JIMHEHHBIC
pa3Mepsl OOBEKTOB, MOIHOCTD, 3(p(heKTHBHAS MOIIHOCTD, TPOHULIAEMOCTb MO KEPHY.

30. Crocob6 mo m.28, B KoTOpoM KO3(p(ULIMEHTAM aHOMAJBHOCTH 3aJal0T pPa3HbIE
BECOBbIe KO3(hPHIMEHTHL.

31. Crnoco® mo m.22, B KOTOPOM Ha 30HAJBHOM YPOBHE IapaMeTphl, BIMSIOLINE Ha
pa3paboTKy, BKJIHOYAOT KO3((GHULMUEHT MPOAYKTUBHOCTH CKBAKHH, CTapTOBBIN neOUT HedTH,
dbaxTuueckuii 1e6UT HePTH U KUIKOCTH U UX TEMITbI AJACHUS.

32. Cnoco® mo m. 22, B KOTOPOM Ha KOOPAMHATHOM YpPOBHE KJIACTEPU3ALMUIO IS
OIIpeNeJIeHUs] KJIAaCCOB M 30H He(drera3oHOCHOro 0OacceliHa OCYINECTBISIIOT C NMPUMEHEHHEM
MeTona k-cpenHux.

33. Crnoco®6 mo m. 22, B KOTOPOM Ha 30HAJbHOM YPOBHE KJIACTEPU3ALUIO IS
OTIpeNeNieHUs] THIOB Y4YacTKOB 3aliekell He(TH OCYILIeCTBISIIOT ¢ NMPUMEHeHHeM merona k-
CpEeIHUX.

34. Crnoco® mo m.22, B KOTOPOM OCYINECTBJISIIOT COBMELICHHE PEe3YJIbTATOB
KJIaCTepU3aLMN 30H HE(TEra30HOCHOrO OaccelHa, MOJyYeHHBIX HAa KOOPAHMHATHOM YPOBHE, U
PE3yJIbTATOB KJIACTEPHU3ALNU YIACTKOB 3aJI€XKel He(TH, MOJYYEHHBIX Ha 30HAJIbHOM YPOBHE.

35. Crnoco®6 mo 122, B KOTOPOM Ha OOBEKTHOM YpPOBHE KIACTEPU3ALMUIO IS
OTpeneNieHus] KIaccoB (halMalibHBIX AacCOMALMIl 30H KOHyCa BBIHOCA OCYINECTBIIIIOT C
IpUMeHeHueM MeToza k-cpeaHux.

36. Crnoco® mo m.22, B KOTOPOM Ha OOBEKTHOM YpPOBHE IOJyYEHHBbIE (aluaibHbIE
accoIMalliil 30H KOHyCa BBIHOCA YYacCTKOB 3ayiekel MpeAcTaBiieHbl B BHUIE JHA OacceliHa,
ME>KJIONACTHBIX OTJIOXKEHUH, AUCTAIbHON YaCTH KOHYCA BBIHOCA, MPOKCUMAJIBHOM YacTH KOHyCa

BbIHOCA U KaHAJIOB.



37. Criocob mo m. 22, B KOTOPOM Pe3yJIbTaThl re0O(PH3NIECKUX HCCISNOBAHUN CKBAKUH
NPEACTABISIIOT COOOM pe3ysbTaThl FaMMa-KapoTasKa.

38. Crnocob mo m.22, B KOTOPOM Ha OOBEKTHOM YPOBHE (palliasibHbIe aCCOLMALMU 30H
KOHyCa BBIHOCA MOJIYYalOT C NPHMEHEHHEM MOJENM MAalIMHHOrO OOyueHHs K pe3yJibTaram

reopM3MUECKUX UCCIIENOBAHMI CKBAXKHH.

39. Cnocob mo m.38, B KOTOPOM B KaueCTBE MOJENI MAIMHHOTO OOYYEHHsI HCHIONb3YIOT
RandomForest.
40. Crnoco6 mo m.38, B KOTOPOM MOIEIb MALIMHHOTO OOyYeHHs] OLIEHHBAIOT IMyTEM

KPOCC-BaJIHIALHH.
41. Croco® mo m. 22, B KOTOPOM JOMNOJHHUTEIBHO OTHECST HCCIENyEeMbIH Y4acTOK
3aneku He(hTHU K TeM I UHBIM KJIAcCy, 30HE M THUIY KaXKIOTO U3 COOTBETCTBYIOLIMX YPOBHEH
CIIEYIOIHUM 00pa3oM:
- COIOCTaBJICHWE KOOPAWHAT HCCIIEAYEMOIrO y4acTKa C WMEFOIIMMHCS KOOPAWHATAMH
KJIACCOB U 30H He(TEra30HOCHOTO OacceiHa Y4acTKOB 3aJIeXKel KOOPIAUHATHOTO YPOBHS,
- CONOCTaBJIEHHE 3HAYEHUI MapaMeTpoB, BIMSIOIINX HA IOABIKHOCTH (urronga u
NapamMeTpoB, BIMSIOMUX HA pa3padOTKy MCCIENYEMOro Y4acTKa 3aJIeKU ¢ UMEFOIIUMUCS
napamMeTpaMy THIIOB Y4aCTKOB 3aJI€XKel 30HAIbHOTO YPOBHH,
- COTOCTaBJIEHWE 3HAYEHUH IapamMeTpoOB pPE3yJIbTATOB IeO(pU3NUECKUX HCCIEAOBAHUIM
CKBRXMH HCCIIEAYEMOrO y4yacTKa 3aJeXKH C UMEIOLIUMHCA IapaMeTpaMHu KJacCoB
(anmanpHBIX acCOLMALNI 30H KOHyCa BBIHOCA YUACTKOB 3aliekell OOBbEKTHOTO YPOBHH,
- OmpeneNieHne TeX KJIAcCOB, 30H U THUIIOB Ha COOTBETCTBYIOINUX YPOBHSX, HA KOTOPBIX
3HAQUEHHsI MapaMeTPOB HCCIENYyEeMOrO y4acTKa 3ajJeXKH paBHbI WM HauOosee OIM3KH K
napameTpaM y4acTKOB 3ajiekell He(TH K COOTBETCTBYIOIIMM KJIaCcCaM, 30HAM U THUIIAM
COOTBETCTBYIOIIUX YPOBHEM.
42. Cucrema Ji1s1 onipenesieHus y4acTKOB 3aliexkeit He(hTH CO CXOKUMU CBOMCTBAMM,
BKJIFOUAIOIIAsl 110 KpalHeH Mepe OIWH MPOLECCOp, OMEPATHBHYIO MaMSATh, H MAIIMHOYHUTAEMbIE
WHCTPYKLUHU JJIS1 BBIMOJIHEHHSI CITOcO0a ONpeAeNeHns YYaCTKOB 3ayiexku HeTH 1o Jrodomy U3

n.22-n4l.
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Mony4eHne reonorn4ecknx oCoBEHHOCTEN YCNOBUI (POPMUPOBAHNSA
HedTerasoHocHoro 6acceiHa, napaMmeTpoB,BIUSIIOLLMX HA NOABUKHOCTb
dnonga u napameTpos, BIUSAIOLWMX HA pa3paboTky, a Takke

pe3ynbLTaToB raMMa-KapoTaXen CKBaXKUH 100

y

OnpeaeneHne Ha KOOPAUHATHOM YPOBHE KNacCoB 30H
HedTerasoHoCHOro 6acceiiHa NyTem knacrepm3aumu Knaccos U 30H
HedTerasoHoCHOro 6acceiiHa Ha OCHOBE NapamMeTPOB reonornieckmnx
0COBEHHOCTE YCNOBUiA (POPMUPOBAHUS HEDTErA30HOCHOTO 6acceq?8

y
OnpegenexHne Ha 30HaNbLHOM YPOBHE TUMOB YYHACTKOB 3anexein HedTu
nyTem knacrepusauum y4actkoB 3anexken HedTn Ha OCHOBE
napamMmeTpoB, BAWSIOLLMX HA NOABUXKHOCTL chriouga B Nnacre, u

napameTpoB, BRUAIOWKUX HA pa3paboTky 120

A

OnpeaeneHne Ha 06LEKTHOM YPOBHE KNaccoB haunanbHbIX

accoumnaunii 30H KOHyca BbIHOCA y4aCTKOB 3anexen nytem
knacrepusayum haymanbHbIX acCoUMaumii 30H KOHYCa BbIHOCA,

MOSy4eHHbIX Ha OCHOBE KPUBbIX raMMa-KapoOTakel CKBaXUH 43q

A

OnpegeneHne y4acTkoB 3anexen HeddTu CO CXOKMMU CBOMCTBAMMU
nyTEM NOMyYEHUs1 MHEPOPMALMK O KNAccax 30H HEPTEra3oHOCHOTo
BacceiiHa, Nony4YeHHbIX Ha PErMoHaNsHOM YPOBHE, KNaccax y4acTKkoB
3anexei HedTu, NOMNYYEHHbIX HA 30HANLHOM YPOBHE, U Knaccax
dhaymanbHbIX accoumaumin 30H KOHYCa BbIHOCA, NOJYYEHHbIX Ha

06LEKTHOM YPOBHE 140

A

OnpepeneHne y4acTkoB 3anexei HeT Co CXOXKUMKU CBOWCTBaMM,
OTHOCSILLMXCS K COOTBETCTBYIOLUMM KNAaccam U 30Ham
HedTerasoHocHoro 6acceiHa KOOPAMHATHOrO YPOBHS, knaccam Tunam
y4acTKoB 3anexen HedTn 30HaNbLHOro YPOBHSA, U Knaccam daunanbHbiX
accounauuini 30H KOHyCa BbIHOCA YHaCTKOB 3anexei 06bEKTHOro yp1ogc|)4;|

'

BbiGop nonb3osaTenem HanGonee nNpeanoyTUTENLHON ANS HETO 3aMnexu
HedTH C yYETOM NMOMYYEHHbIX AAHHbIX 160

!

Pa3paboTka 3anexu HedbTu ¢ nocneaytowein ee gobuiHer N3 3anexu
170

dur.1
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BazkocTth azoBbiin. Hackl-

dakTop LieHue

*Paznombl — (0 — pa3ioMbl OTCYTCTBYIOT, | — €IWHUYHBIE PA3JIOMBI, 2 — KYJIHCHI)

®ur. 5
3o0Ha HassaHue 30H Tunbl 30HaNbLHOTO
KOOPAUHATHOro | KOOPAUHATHOrO YPOBHA

YPOBHA YPOBHA

1 Cesep AAmano- -
Kapckoi genpeccunm

2 Meccosaxckuit Ban 2,5

3  KOr fAmano-Kapckori
Aenpeccum

4  |Or fAAmano-KapcKkori 2,5
Aenpeccum
(Hamnbonee

NorpyeHHas 4acTb)
5  BausHwue YpeHroiicko- 4,3, 6
KonToropckoro
rpabeH-pudTa
6 CpepgHeobckas 1,6
pervoHasbHas
cTyneHb (BocTovHas u
3anagHas 4YacTb)

®ur. 6
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MecropoxaeHue 3 m 287

Mectopoxknenue 4

MecTtopoxnenue 5
MecTopoxknenue 6
Mecropoxxknenue 7
Mecronoxnenue 8
Mectopoxxknenue 9
Mecropoxaenue 10
Mectopoxaenue 11
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KoadduumeHT npoayKTHBHOCTH

£ 12 i 4h S 35

e

« Mecrtop. 11

Tum 0 moen Ty 3 s Ty 2

* Mectop. 6 “ Mecrop.8 ° Mecrop.7 * Mecrop.5 © Mecrop. 9

wowes  T'p17 5

dur. 8
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DT BOTOLRLH

MLTENBR MaCTe HO T l ’ g U ORI B0 HIHYLS

“ Do Gagoeia
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) Hrio Gaccelina
Tunowow paspes knacca 1 100

Turonol paapes wacea 3

INpokcumansHas YacTs ‘ [uctansHas YacTs
KoHyCa KoHyCa

PaLManbHBIe accouRaLK

OucransHas vacts kouyca | | TMpokcumansHas yacTs KoHyca

I [voGacceima

@ur. 10
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Knaco Tunpsosi | MowsooTs H npoxcumansHol H omcranerofn H analmemtbenoBbix Kpacu{nopmwp
paspes | obwas, M HECTH KOMYCa, M HACTH KOHYCH, M OTIIOREHINR, ™ no Hrnws)
®Knacct] |~ | 34 10,0 5, ; 19,2 0,17
Knace2
KEnaccd

Qur. 11
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Cepsep 280
Cetb 270 B 281
A
y
CuctemHas lpacdhmyeckun |, +| Yctpoiicteo 250 |, | T[paduyeckuin
namsaTb 230 Mpoyeccop 220 apanTep 240 BbIBOJA "l wnTtepoeiic 251
A K Y
\ 4
> Liuna 210 P «| Yctpoiicteo 260
BBOAA
lNonb3oBarensckasa KomnbloTepHaa cuctema 200

dur.12
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EAPATIS, Esp@cenet, PatSearch, Google Patents, PATENTSCOPE
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«A» - TOKYMEHT, OLPE/ICIISIONIU OOIHH YPOBSHb TEXHUKH

«D» - TOKyMeHT, NIpHUBeACHHBIN B eBpa3uiickoil 3asBke

«E» - Gosiee paHHUI TOKYMEHT, HO ONMyOJIMKOBAHHBIN Ha ATy HOJAUH

€Bpa3HicKOH 3asiBKU WM IIOCHIe Hee

«O» - TOKYMEHT, OTHOCSIIIUHCS K YCTHOMY PaCKpPBITHIO, SKCIIOHUPOBAHHIO)
H T

"P" - TOKyMEHT, OIyGIUKOBAHHBIN JIO JIAThI HOJIAUH €BPA3HICKON 3a5BKH,
HO TOCJIC JaThl HCTIPANIUBACMOTO MpUopuTeTa”

«T» - Goslee MO3AHUN JOKYMEHT, OIyOIHKOBAHHBIN MOC)Ie JaThl IPHOPUTETA H NIPH-
BeJIeHHBIH JUIS1 HOHUMAHHUS H300pSTeHHSI

|« X» - JOKYMEHT, HMeIoIUH HanGosiee GIM3K0e OTHOMEHHE K IIpeIMeTy IIOHcKa,
MOPOYAN[HH HOBU3HY HIIH H300peTaTeNIbCKUH YPOBEHb, B3SITHIH B OTASILHOCTH

«Y» - TOKYMeHT, UMeIoIUH HanGosiee GIM3K0e OTHOMCHHE K IIpeIMeTy IIOHUcKa,
MOpOYaI[UH H300peTaTeNLCKHH YpOBeHb B COUCTAHHH ¢ JPYTUMH JOKyMEHTAMH
TOH JKe KaTerOpHHU

«&» - TOKYMEHT, SIBIAIOMHNCS TaTeHTOM-aHaJIOTOM

«L» - TOKYMEHT, IPUBEACHHBIN B IPYTUX IEIIX

I[aTa IIPOBEJACHUS IIATEHTHOT'O ITIOUCKA.

22 QeBpaist 2024 (22.02.2024)

o
i

VIoaHoMOYeHHOE JIHAIIO!
Havamsrux praBJ'ICHI/IH SKCIICPTUSBEL

: Hopssony pognacas
FREE TR0 PR R

1683140432559
CH=lsepkHeE L.
siees 0305 2023-02.05.2024

e

C.E. ABepkues




	Bibliographic data
	Abstract
	Description
	Claims
	Drawings
	Search Report

