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£0BEE GO BssEsHjGdd SMEE) (OL cAIS Crot-fstdnjsonte), syontss Ut sk d
bHOBOdE, 2022 6. d bydsre0ssiv fied tsSdeso0tdd d ejHjkdd ¢SLkYR ©0BSs GO
EHOSSYORG R ZUORSSOR; SEHEAGY j t6jLles0sT HAfjiesoydistts? 0BT difst Lz k" o
GOzyEY = dhiizjHse0GdWA R&MsdlZs0 estehses HjZ0 AL tdw &0 tWHj Hiszedr Bl Sk
¢.ist jROGy,iNSEes BEGdsiied, aSHEyY ZHOESEYONGET j G fsEEsHkdY, BOLE0B0S o0k j
telzHEdSOBd s ¢S cptfosdlse, 3oL cIFamSe d dJ cASs crot- tfskdh jisodee.

Jdud™ 2 9St0H Oalstste:

- tshisOksollz yjbd, tBLSE o ovest fjHiise HEY jj HShsd>Mikdw, i jsdj
tfishisOatz jkdzr = LOHOY d OkOkdL Ybiizyjhkrn tjLizisOkte s fisejth jhsoto0ddts e jHiso
2N kEOCEhsqynCEes Betdssbdted;

- 0k0kdL ttedLz0SEotsets Hfistshiste0diso0 J2nBEosEnsduinSd hdedkoksse, ©OLe0BEICE
Oterndls jSlsizte T, By jdd] d Isjhsdtstso0ddj SodtfzjSh0 d&j2tetshjlsjorn diisH k2 HEW stfts jH jdz jdedW
S0 dyistsydaSO te jedhstedielz jds TR HOGGT R o hEsadwn OCkdotkses o jHjddw it LOBSS;

- ©OLEOBSKSE  GJSSHAS  HiGsAWdSOydd  OCEmsduiiSd  OSkdedrn LS,
r010Ck jieqLiz= PR sy0ed tise T jhiises cstedisets HOot jid o d0fde  ctl™ R HisteisH, f) 5y jESE2
dF Hishstse jisdatshisd d 0y jistsds 400 jisteise OLadisd™ f) s ju jdid]jds ot jds jdecl;

- wOWs  OLOmjstse  okjBjhGrR  tvHSe S 1j2MdsOSkhsduinSdd  HOGG Y,
hstfshisOatjidj dn i Yeswek jkdwhd cbtlksets HOodjhdW o orBst LEOYdh - tiedLioSse Hiw
tfsseELtso0GdW ZHOESEYONGShS;

- OLLOBSSSE, SBEWjBd) o Isjfisdiese0ndj GEHEJ? BONJhESEs SBRYjRdY  HEw
GOH M Esets Yt jHCOLOGIY HAROBY SR tfetWat jkd? dtedsets HOak jidW 40 ZHOLSSHONGSS
Bt HIGA DSHESS;

- t0LeOBBICO, BBRYjRd) d biflsdite0kd) ¢sHiEJ? GONdhases SBRyjgdw HEW
GOH &6 e jHMSOLORdW HABORUINCHR etWolz jkd? cikhkses HOokjRdY &0 EZHOLSSHONESN
dGhsstesHJBdd DM BE.
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¢ esBOydW eOBsIs Y. Jhbisows] fisHJeX 0tkdd HohidtelsOydistis? 0Bl o SisHJEAGY J Jd
e edvy feuhisOodwidnt o 2018-2024 66. ¢0: VII, VI, IX dB3jHZz@OLSHEE? GOzydks2
Cstwtejydd ¢t jdzr Sl jShbses shosjhgdy 6isthzthsoe (6. mOBOEsefS, 2018, 2020,
2023 ¢6.); mml d XXVI G0 jotseg CistzSlzteh ] d3stzsH = Ey ik (6. mOBOLSONE, 2019, 2024 ¢6.);
X1, XV, XV of jteshinof2mS 52 disizsH M 652 GO0zydks-te0Ssdyints? SshW it jeydd ¢ szl
G jHEsYsE L sa0kve (6. mOBOBEONS, 2019, 2021, 2024 66.); 1-2 GiHEEOLEHES? @OZyGE?
Cslwitejydd ¢cHesBEJBY 6isdjr0kdSd fdirkGs fMOsYa bl ~ ttesH d dohhdetee (6.
A&OHdoBhissS, 2019 6.); ohjtshid2mCE2 &ozybs? SehW jtejiydd i) BidHEzE0EEHE & Zyohisd ids
CAJIBHABOBACO d GOtfewy jhbisd Nshistvhad] dgdHt ddede, tshowh jaus? 75-tjsds s Hpw
shise0bdY RAN e T (6. soshdediehS, 2019 ¢.); V d > HEzGOEBHEE? GOozydis-tfe0SsdyjhSs2
Cstw jtejydd ¢cREWSEHBOYdEEE T J sintstsedd d orisCstfssdLosHdlsjz & J o ydhkjkdve (c.
MmoBOEenS, 2019 ¢.); X d Xl ofjeshhd2mis?  Gokyks-tie0Ssduints?  SkW it jdkydd
CREGEoOYdshG |  GOOatjhdy o HlosjChdiesodkdd cstlksHsB 00 dn i jHtftedWisd?:
AWWJSsdottsd shosjbkdd dsdhisstesyHiGI2 sziiter - dnSstOjir=e (6. aohSls-I jisjtsizies, 2020,
2024 ¢6.); GOy SobkW jtjtydd dsesH R Zywhr = d Ohtfdte0diste ¢SOt b tiesaiz jdsr
hotsjidv ¢istejhizishsoe (6. mOBOtLsoNE, 2023 6.); 10th Sino-Russian Joint Scientific-Technical
Forum on Deep-level Rock Mechanics and Engineering (sdk02, 6. mOtBdlk, 2022 ¢.);
o Jteshind20SE2 GOzUGE-sjatdydhis? Seewtieydd cAdwissa Y sintsisedd o estehsd Hikie
(6. dYoilsT, 2023 ¢.); mllI of jteshind2mSds fddtsLdlzdd cAdLdSo 4 jshwite (6. dzoH]otsh)sEE,
2023 ¢.); 12th Sino-Russian International Forum on Deep Rock Mechanics in Mines (sds02, 6.
1,jCd®, 2024 ¢6.).

dolstste o¥0X04ls diStedatztsts YtedLiOls jizAdishist Mot jllz GOzyks®E telzStosHlsjzs ydb.-
Cstete. Ty, H-telz bjrd. ©OES tohhSoLselz R. O. L0 ahdd0ddj S t0Bskj d tfsksh+ o jj
e jokdLoydd, H-telz. Ijnd. @OZC skehotdelz 4. ¢. 0 SedGhizdrkoydd ted &oYdhodkdd
HAh JtelsOydisdds? woBEs . dolstste fiydisOls hotsdd Histesd o teOLdls+ BEOSSHOMGEMIsA Sk jc0ds
di RAr rdJQ tow Lo gsdsh o yjekrj fiseds™ thed ortfstdikdd dhfitjHte0hd2, 0 K0S>]
hektelzHed0s eI caFs  croitskdiisontze L0 hsHj2hsedj o - tecOkdLOydd
AChfJtedisjis0z = PORkG YA difjzjHse0k0? o edkjHisjidi o HusdLotHiises Ytiizyjhkdk -
GOy - tojLizdz2Is0stse.
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ledtcd o s Jes JOWRE IS I3 LS urdt L R P IR
Jeodrdd rm At Lo e RITCrvIterroRe

1.1 SOt dEhs LOHOYd HesetsLdso0hd™ HAEOBAUICR Woljdd? chisdkisets
HOOE jadW, tftedfydizr d kidsodw dn obLidShse jdkdw

rdzogdydhedy teswekzjhdw cstedsets HOokjidw oLEdCOsk o tojLizisOl] odjLoydk ,
ek jCOBPAR f) orfsCs? NCHEshis s HogM jid? otk R HstsH, MdHSEHsj2 did ¢OLse. S
BsHJEAGYds  odHOB  YtHSBGY R fwelzjkd?  Gldshwishw  sBizbjkdw,  evBishY,
LOCEBEBEOLSo0GdY o fistejdvdkdw tisteH, et 4 d osteds-sjCtkdyihSdy ZHOEY, ovLo0hkk j
e jLCdds orfosBEMHjGdjd GLOSSYE jhhks? Adjtedd [1]. 4Btk J ZHOr wodweslshv sHEAM dL
GOdBSEL}} SYONGTR odHEe HALOBAYINSR tesWoljkd? cstehses HOowjhd™, fedosHvhdj ¢
0L jists Offe0 et st o o t0BEISES o tsjHijsOokves P atesLE BjLSYONGShs o
GstezisHsB F o0 j2 tfiesd P jhdshisd [2, 3].

JHidl dL shesedr = @OfkOekjkd? diikjHse0Rd? © HOGHS?2 ©BEONSd Wedw jishw
stejHiejkd] tejHoniskdSte tietwolkjkd? cbthkises HOokjadw f) yjz e dn teschksLdisto0ndy d
oBLEBEYEes tisjHEikote0h jidw [4-7]. W OdBGEj 0SkZOZ G0 UsO LOHOYO HEW SOSdm fists0dz, SOS
aZd, sdk02, toihdy, Sot, sO0GOHO, Yvdid, R&HAW, Yjadw, dofsteOzdy o 4jtds0ddw.
VGoudsjz-dr? oSwOH o dLizyikdi ttedudiz d Ehised? esLadShsejkdy sHEBRY - Wokikd?
otz dfkd 50Cd ] teshid2nSdj e d, €OC &. 4. pajtehddh, A. A. pHzhCdE, ¢. 1. 100 wise, ¢. .
(it itSts, &. d. sELrigje, J. o SESHjuSE, 4.\ JHotdl, R 45 IjsEase, R. D. tONHSOLEs, 4.
¢. utsBtizjo, J. A. sk jkv, s. . vteBjySs? d Hikzedy. RL LOEZzB &Y R Zywdr = fiijHE s
orHjikdis+ P. K. Kaiser, W. D. Ortlepp, D. F. Scott, M.J, ¢. J. Mendecki, A. McGarr, R. A.
Lynch, L. Zhang, J. Wang, J. Feng d Z. Song.

teisBE ji30 HABOBY SR tesWarkz jhd? o Bdtsos? cotlks? Hie0CsdS | dLe sk 2314 Bt
250 wjls. dtfjteor j &Y j tiesWod jkdv ctehses HOo jidwW BT &d LOWShdtse0h o 1738 GHEz
G0 SESOVEGY R tzHEACoR LOshjRejt0 o dhedd [8]. At okt tksednj XIX 9SO
HA&OdduNSdl fteswodz jledw &Oy0kd GOBEEHOK W d o Hiszedn Mists0k0n ot tied SistOBHIS |
st G e dGjhsstsyHjed?, st tdetjChs fsorh ks obkddohdj ¢ dikzyjkds cthr
ZHOtstse.

1 R&HAd © 1898 6sHEZ %0 ListslstsHiB Fo0Eh jds telzHGAS | LIsEOkM 0 StkOthCsd: 02k ], GO
Gz 320 3, LOt jedfhistedteso0ds tf jteo 2 ctstelz 2 zHOt [9]. ILMJ, GO telzHEdS, | JO2Mst & 1930
6sHE ffesdish ji dsha&r?2 zHOt, sredkdeNd? setshbs, tieshstodhsos NoRstses st o
arLe0ehd? &0LElzh jhdwW &0 tfise jtentshisd o tOHdkNj 16 S&. 0 telzHkdS) Y jBYdst-tdW o 1954
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GisHE fdzlzydehw Ctelztfdz 2 etstez 2 ZHOt, 0 © 196211966 6HOR BY (20 LOWASHdteso0dk0 yjdow fjtedw
tfsHSBE Y A fsBYsd?, BO@YNNdR LEOydlkjzd 2 ASsEshady insd? M jes [10, 11].

WO LoisksHEBro0Bshdn tzHRdS0R DXes2 ¢WiedSd tfiterj LOkicdhstdisto0hd ™ j
et j ZHOT tiesdLshad o 1908 esHEz. I Bt o jedyjkdw sBl jdse HEBYyd dn yOmssiso
e jLSE zo jhzdudeon-: i) 7 © 1908 6tHiz HEs 223 9 1918 etHiz. A 1975 6tHiz %0 31 tizHEJSj BVt
L0t jedhistedtsso0izs florh j 680 zHOtse, fedyjds o Astsls 6sH 55 % ofjn fddtels it drn hiklzyode
Mtejnd M0ORkYEese BY&d MowL0k "™ dddkdts f) ebted ™ dd ZHOLOR. s 1979 6BHEZ SO HEEW ofsLiEMEZO
HES 62 % [9].

1 sO0tOH] tfjeor 2 eitelk 2 ZHOE BV &z LOWASHdteso0k © 1932 ¢tHEz 40 Listslt® tezHGAS |
CsdstfOdscfd Lake Shore o JalsOtedfts. l 1957 ctsHiz 9 Astss te jédtsz tetsdLsNdzs dis P dats j tftets oz jdidj
i) g 2MBdYinSs?2 A jieedj2 5T10% Jr>, Sabssiss j fisows fsosHss HEW it jdtses Bekdsstdieo
0 50Sdr B jSs0n [12]. J 1964 6HE BY (2 LOWAShdteso0d Stolztftz j2d2 etstedz ™2 ZHOt o diylsted(d
SOGOHT, tfisht] yiet WH tlzHdkdSse o tejedisd) LoSE dd [9].

J u= ¢ 6Bt J ZHOBT %0 cizzBsSSdn hodlkyses-idtejsteVk n elzHBISO0R o 602h] sSYt-
H' P jd NIs0ls0 p2HORE BOYOE] tejedistedtsso0ls+iw Bk j 70 djls GZOLOH. A tfjtecftsH f) 1978 tfis 1993
GBHY L0t jedistedtoso0hs 73 fieswolz jkdv, o tojLizils0lj Crlsstern fiscdBds 5 NORk jeso. 1 1983
GsHEZ G0 SHESR dL ket b= PORl &0 LOYOH] Mistedkr asteh 2 ZHOt 0Ltz dk 40 Pdkssern
Ctejtfj2, GOdjhw fizP jhise jded 2 P jte [9].

WOUdROw f) 1929 ¢sHO Stolztf ™ ested ™ ZHOT GOy0kd WdShdteseOlsH v &0 eOLzdqyudkT -
telzHGICOR o fiste0t0n okt d defstordd. 30 hadiyses-yduStosd izHEdS j £028E o dofstdd
9 1930 csHE fiesdLshye P2 ZHOt, Lidzistevh jkd tls Selsstesets shizMowsh o wOHEN 15
Ccg. A 1958 6BHE © At %0 N0Rky mitedtze it tesdLshdo fjtdw esteds-sjSkseduinSdn ZHOESe f
teOHdzh® Hi2hsad™ & 1000 S, tishizjHiisodw Crilsste = GOYsRdRORd Lige st h jedj s HE 8
BOLEse tts MCOLj MSK-64. A AteOtydd, o 026k ]_Jsotediedd, teswolz jhdw ctedses HOo® jadw
oo jid C 0Lz jhdts ov jhsyk - ZyohkSe d vk jhkdts ktejMdl Nddis? HE Gllstd &0
tfso Jtendzshisd.

11 1959 d 1964 G5HOR t0 ket MORLOR sdlsow BT td LOWASHdieso0h ™ ok dr j cstst T j
EHOLY, ovieOehdj tOLelzh jkdj BtEkji 80 Hodgse. A IjSdii @O HimEshisOdydva
te jedstedteso0ddi ksiySd HOXj 70 Cds sls POl [10, 13]. s0S Blszjy0 ls tesW jiiists A0lkzedd:, o
sdk0j etk j ZHOT LOWIShdeto0k ™ &0 142 h0Rkom o 17 tesodhydn, st 2C0Lre0jls &0
NS j toMtteshists0t jidj Alsisets W jiow [14, 15].

1 wuut tjtor] LOjedhstedistso0l ™ fizkzydd cttekrn EZHOLSe Hisdishad o
sdLjienShd etk dsdy BONN 2% © 1944 GBHEZ, ¢HJ o LuOYdlsjz i ds2 fisjtfikd tiejsBEOHOSIS
orfsCrlztolzed Colteyjord imuokdSd [9, 16]. A 1960-j GSHY ol j EZHOLY  GOyOdd
GOBHEHOSA™ G0 telzHAE TR SISt HdAwa T uONSOEsEANCEH, (LEWBENCEMS, t jo jeskiEornCsd
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d Hiszedm. JHE] di &0dBBE ] Szt n Nkizydje BY&zd LOWIShEsa0n &0 d jo jebizts0d-fSEd
BSChdlssotsd B insstsyHiGdd © 1978 6sHEz i) 0Lz jadwdd, sradlsdedid 450 @ istsse ctstel
orie0BBIES [17, 18]. s 1990-03 6SHOG & taAut E0hydisro0dsh 18 gty HiRd? i) o iisCdds
oSz osLEdShse jidw tieswal jid? d 43 ZHOEGSHONE Y A. A jtedsH f) 1970 tfis 1994 6sH BY (s
L0t jedMistedtstso0ts BSEZ i 380 Nizzydje etk » o BdSesizHOGEe, ydhis Skt n fiesHEE 0k
te0misd ) Yistad> Jdsd o clzizBdz ™ Siste0BEISH [9].

0 MJesHEYN G2 HiG* o tahhdd &ohudis o0 jishw tCais 50 B histtes>H kg2, fSdskd  d
sHONG - gt etedz o3 ZHOO3 [19, 20]. 10 tishizindd i 30 dil f ko jedyikdid crzedhr Skie0BsSd
LBEOYdsJEids  otLeshEs Stkdyihses HAROGAUJNSHm tiesWok jkd? cbtehses HOokjkdw @0
BOLEUBT R tZHGY R BNssEEHjBdYA [21-23]. v BZzHECse Otk joshstykses tjcdsi0
tflesBi R0 CBtedses HOOw jidW Wodw jisiw 0CkEZOZA &2 2> BBEzjJ 40 dls [24]. A ¢ofksswh jj ots jgw
¢ stfoherd d hCesherd ¢ el d ZHOEOE Blskshvs yjkr2 WH ezHEdSte ok dics dshiksSo
[20], tftejHisOatz jists ™2 o IsOBEZAyJ 1.1.

e . ;‘ a3 N\
4 15 ; g X ‘, '9..:) mf '.‘\ \
; e " B O | R ' ¥
1dhzesS 1.1 T _fjhsstes>Hjedw tehhdd, hSesehrj d sgohd | tis ested " d3 ZHOE0
1-$pBOCOENSEj; 2-dtsj?; 3-pYoisdissor2 ydteS; 4-a jusestehSsd; 5- jts jLsontsj; 6-

A eSS j; 7-Ashks-2; 8- rijsCaestehStj; 9-4020CE,; 10- 45tsBEO6EHONSEj; 11-
OOnzenSa; 12-chsshkdEntt]; 131087 bsJ; 14-RissCdRHAGNSE]; 15-s0LNSE; 16-
sts0hadihts; 17-sthhsodsdhsontt; 18-stiesaStontt]; 19-stytotnttj; 20-
skzCdhekdsystetehCs j; 21- fjBVydthSj; 22-3 steStforhSej_fotL jtehSsj (ZyohistS sotdkohkztls d
ZyOhsse LEBBLjER); 233 JCsE0 jon s ; 24-; 25- JetjonSs-a0C jhds; 26- JEswBANSE]; 27-
u0ERORNSE; 28- Jzjkd? telzyi?; 29-30tlsshystetnSsj; 30-I e jo0t ks j; 31-Iifyoehis]; 32-
30kt fohekzdsysstets; 33-{OhokzdyBstetsnSty; 34-a0HBENCE|; 35-10CdENCE]; 36-ubldk jyds); 37-
wiste J1ysontsj; 38-us0Ms0etstnesd; 39-urtedOkLhCr]; 40-vLjzredihts; 41-mdhcodnStd; 42-
Z e je il j; 43- Db ; 44- DChifstehCsj; 45-cStotjonSs; 46-ajsesthnCd? 4 Ls; 47-

S>hs-mdize0uSs ]



13

u0BEdYO 1.1 T JYOhwrJ o hCashir J ¢ el &3 ZHOWLO telzHdk " 4 dshisstesyHJGdY [rOZ1ddets

Ashiss$o
. o IstelsHT d telzH Y, ShsdG T § € stedlsdyCOw cizBdt0 tis
SIS (1zHidC) sl L jds bisodEs PHOESSYONESTSA, 5
S0 jonGis | . w, w
(g}ggs oiojs?;r]]‘; ) RLOJSEAC, YsteWcfiasr, KT 700
. . utedrdHOYdlsT, OdH jLdls™, BOLOGAIST,
Gilsj? (ctizBsSd2e) N 500
. . A 3,jinedoSd, O jotetsilst, teizHO,
Sis] (22 witso jishSd2e) CoOENZEWHEOY (i) 180
o jo0iAdas IstsWafter, fjtscfydlss-mistsdssor 600
(cAjtejolddz2€) ColteyfsH M0 dj iiz0dey T, Sy jHOG
. stﬁf@g'f{;fgé) A WHE T j tH T, cleotls-seWdsr 660
s jtszOy iSOt s j . L .
(gsgtsjtsooz?oﬁgtgow SZ rf{)é) SdBeJtetdlssor § BtejSudd, Sddadteds 700
Ol MA0EC | w jiscfydsT, Rrstedlsserj stetciedst d £00
(cAstiejusre) BledSudd
! . o ox utedrdHOYdIs", OiHJLAsY, BOLOEZIST,
JOuts-ulzdClz joiCs j (¢ 8e) O jotesircfs ™, 20", O 570

GOy qestshis-

1l JHNSOLOGW

CIBHABOBAYINC

wo G2  sBlzikOetdo0 i

o

COlsOmstesWdy i Sodsd tishiz jHisedwdsd, dihkzPdr etesLiz B jLstOndshisd t0BEs0Es M jets i jtehstkz0i0
d chisohseS) tiesdLosHise jhhses tesyhfe. WO tedhlzéCi 1.2 tfiejHilsOatjkr odLizOz b j
fodiziter  tshizjnhsed? O st dtes  osLHj2sodw  sHLIGE =  ktkySse &0
Ginsstes>HIGdVA Okt jcshiaes tlzHbses Hiswho.

Yedudlr osLkdShse jidv ettehsHdROGIYINSdm tietWokz jhd? disjtsls GusesWOSksed: 2
~00Cks jts, 0 dm dLizyjhdj sSOLYe0jls Bsk1hsj odkdvkdj @0 sBjhtjuitdj BiLstondshsd tied
t60Btslsj o EZhizsadWn oV MSCEE Gtelkisets HOojhdY. NS diseEd HOGG J tswekjkdw d dn hditk
Stfts jH jdesls CsBSts jist T j ¢ jstsedyiiSd,j Ehesod, flowL0htr j Gt jHise jhds i fistzCskiss?
oSl HstesH, 0 50SH et jhadj esLHjRmsodw, Skt disells dshdls s jfisojtk 2 did
s jRdatse jdat 2 200Gk jis [25, 26].

Jonhisoshsj exdvhdj @0 HesHEY ] &GOfider &COLre0sls IsjSkshduinSdi d
cte0adlsOydkhr j fidkzr. RA oLHj2fhsed fistftosots>HO jishw tfishistwidd5 HOad jd jds G0 cted™
tstetsH”,  GOSEYrjhdis o fitjeonttinjeikdis GO jad?, tedesHvhda € fisWor jhdt
eOLe ol = (HJLIBGCkdotrn) HAhEsSOYd?2 d diedekrn (HdSosdotrn) HjWBEROYD2 o
istelzChlzts j stesHES doMido0 [27].
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TS 1.2 ¥ T0LELP jhd™ o T E0BEES Uik YsHL T ssEyCss 19 dotekd 2022 & 0
IS0 jofiCHsds o fsistss>H it (T jent) d 25 SCEWBEW 2019 ¢. GO ds jfjsistes>H jddd St
(L)

Atedz ™ J istesHT gselzls dazlst teOLzdul ™ J WLdSs-dGin0kdyinSd] hos2hse0, Loadhvhdj
sls dn fistelzClsizts ™ d Mshs000, st okdvls G0 dn htfshsehshst ¢ HiWstEOYdd. W Ofted®ts, Jhkd
este ™ tfistetsH fsHjte>{Ols fizOBY § Lsk', KOS COS btejPdhr dizd tizhssisr, ks shkd disels
tfsHe jiecOsA W BsEA Mg HjWstedsOydwas tted w0ctelzLSj, st ftedfosHdls € obLkdShBe jidts BBz )
orfsChes CSLhses HOoLjgd™. Gt fdosHds € sk, uss o ©02sEOR f 0Skdekrdd
sJSlssdudnSdd3d teOLdsds0dsd dizd &ottewddr&d ¢jstzsedyinSdid istlzShzts0did o jtswisdshis-
éstelzrn  ZHOwe otsLiOhisOjls [28]. s Htelzedd jhksihlsejedrd tiedud®od, tedosHvhdd ¢
GOz jldts  MistelzCllzte™  ostelzm  YistetsH  Slsdashwishw  dfisihisedddzd  tesydhi™ ssedd
ar o jistedoddw.

d goHLjBB R stk jedve  ZHOESEYONGSHS  fizP jihse jidts ko jkdyde0dsh dL-LO
s jnttse jltises o jNOlsjiflse0 o s ifsojhtis] GisBin0hdyiiSs] fshstvhdj tstsHibses
GOMhde0. IeaBHCO ot n  ovteOBBLES, BiZzESoLtrokrj tOBSSY, or jito i jLkrn
dhSeto jds - d Hiszedj odHT Gim0hkduinSdn otLHj2hised2 dLdjdwesls jfs ifise jhdts | GOtftew jddis-
HJWstedsdftstso0his fishissWizd | tistsHES6S BoMhde0 [29].
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uosClzit] okdwhdj Jhsihsejhkbes o Isjrdksejkhtes otLHj2hsodw tedosHdls €
f.jte JtsOn e jH i it d0tfte">y iz d eOLadsdes ste jF ot fjisq o Estel YESHOR, ofjjHisodj
wics esdhsHds didibitd) dr GimoGduinSdn fes2ise [30, 31]. Med Assd, yjd BSEhj
CBAEO d ot jdhdetshis S0SdR oBLHj2Ased?, ik Hdt-dj dEls teswots i dn & jcokdodts
okdwizdg, tfedosHvhjj € ©BLOLSa0RdY Lk ) EsCOE s oo jakrd cttek ds HOokjkdid,
CHbisieT j o st sy jiejH i jHijsOat sk fses? LyohsSd Yl jiydotdis? syongshsq [32-35].
StfiejHjLitk T2 GEBiEs o SedsduiiSdn Ehdsedns &sCOEIGY | LshT GOtews|jdd? fisotksowshw
Gihssudorgd d EOLEEPOskY, st tedoHds § BYjbjHGEBE U ieontt jH ik kdss
GOy dkd? d &Ozh jhdrs hfeshashsd fejHT. 2 OdBsEj SYONEYJ sty Sodkyjdksts0ydd
sejPdz eBkdLd oYtOBGLSS, GHJ oWk orfosBEMHjRdW GOCSYEZjhks2 Adjtedd
Q0L 05 LGOYdsjt s orhj [36]. A0MGs Sdslsd, ubsts Asts dsyls YesdinsHds! 08
s Jujds, 50S d HSOUSHEBIEOLES, USS tejBljls otkqd0ls je- Gt SEHsEstY o BEhdssEdReD.

1.2 uboljtjlh ™ djssHT SYjkSq d iS¢t ir0bduiiSses Hshistwidw
HistesHEEES dOfde0

r&v e jHiztfiej>HjGdy syonkr - tetwokjid? cstehisets HOodjhdW o ebtdkisHEB 00 j2
e Mz jddshisd  GjsBatHdds  shizh jhsodwist  tsyjéSz o Stbstest! ¢ s jrodkdyjhtsets
hshistswiadw ctsteds ™~ tfistetsH. wisots jds jhd ™ j s jlstsHY 5y jiCd o Stistetsdw shdtso0d ™ &0 Htedds jdjdzofd
orfsCrls jndsEsedulrn  duhstlzg jkste, Sobstrj fLottvesls 0k0kdLdisetls  GOtfew>] Jkys-
HjWistszcftetso0tdzts . fshistswizdj istetsHiisets OMiide0 d YteschsLdtetsollst osLdssydrj stohdshisd
[37, 38]. ShisedJ tfsHABHYT oChEsy0sls dskdlsttedie Gotiewy jid? d HWisthoyd?, ydhtdas]
G3tsH jzeftetso0talj, O 50S>] &isWALquinSdj dissHT.

Ytz jdudz " § dtsHjdzef Wodzwesshw o0>d 3 ddzflstelzds Jdilstsds HEzW tissedBLdteso0dkdW Yo jHiddw
etelz = gOMMdose o EZhksodWa 0Ly~ GOctklzLES. ot jdjhdrj teset0Rlr Loty
udsTo0lst fEsGTJ CisBir0kduinSdi tesydif™ d fstsds? GEHjed HEY teschsLdese0td™
Oa0ted2d ¥ - fidlsizOyd?2 [39].

OdBsiz4h jj teOhtfietshiste0djid] ted fishists itdd ydhz e n dsHizi2? L0Rdhol 6 JlssH
BsHJEdtsa0ndw ted tisdshd Shjukr - W jgjdste (JSS), goLotezveshd? oriskdgws+ ©ofyyis
GOtftowy jhdzis-HJWisteztetso0hbsets  fishistwhzdj tistesHEses  kohded f) orfsCr? st jdt s
ssydzshisd. FsG dhtfsiz-Liz s HEw tiejHinSOLOGIW oBLBEM B - HIWEEROYd? d tBislzh jid? tied
eOLzduera fyJeodwa te0LE0BtikCd d HeBYyd. A ti0SdS) HEW KOSdm Eohyykte NS
Hredmzjevesisihw tesets0dsdz ™ Isdtfo FLAC, PLAXIS d UDEC [40].

I telzed o teOntftetsiiste0uz joats ¥ o3 dsJlssHESM YoMtz jdkhksets disHJddtsso0dkdw Wodw jisiw HAhSte jishts-
A o jhilstesj BsHjEdteso0kd] (FSHD), tsLesdvesh jj zydisre0ks oL0ddsH j2hisod] SisHjdAdk A
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Yomisdfy o dsomided YistesH. Glsisls dibisH s jhbks tiskjLis did dssHjtdeso0kdd ©oLslzh jed? d
tftetsy e bt P dizstBs0Lse0RdY [41].

WOteWHE ) ydhkjdkrd &sHjzdese0kdid HEY ByjtSd ¢isgjrokdyihSses hishistwidw
fisesHEses  GONNde0, edBjavesls fdisidr dsGdssdted GO ihd2 d HiWsEEROYdR,
tfsLosivshdj orwagws! sl jydoz ds ZHOESSHONGY j LsGY. s Shbsekr & BjkssHOR s0SdR
nffsjds SsdswsY Is jlLsdjsedy, Wekses0hhjsedy  ¢OLjks] TC0hdEse0tdj [42-45]. I
tsete josddedatsc cfftftsiedzjacl SOC fcffis jos* YisLotstzvests sishzi>dfo0lst dLdiddzjdd™ GOtie>ijtd2 o
HJWsteds0yd2 s jiemdisilsj2 CBtelT R oV s0BEIES o to >t 0TS ot jdjdd, yss gsorho jis
ssygshist o Hestshis tj0cdteso0id™ @0 fisjHe jiskdCd stohk - tesWorikd? cothises HOo jddw
s mojotejBibkrd fediwsdjl GisBRSHIBY = @it fs fisOBdzdLoydd ¢.jsdj~06dyihSses
shissvtdw [46, 47]. fsHjtds € dejddkP jijse0ds dOLjiedisets NSOkdisa0Gd™ dExds Sl jfsd
LA st HSLHOBAW o T isSslsisys TR 3D-disHji i tise jsndshsj2 o T EOBHISES.

LWL Cdj dilssHT dstdlssbdled 505> e iHEOLGOIGT HEW Sy jGSd REhssvad™
flSEHESE  BORHYe0 Ykl EsSORALOYdd Ylshstohso bt sk f orfsCdl Lisodid
GOtle>) j&d2 of CEhRaEshs = § BOLEL jides [48-50].

S GJSWALAUINSd® BissHOG Sisishdsh ¢jstOHdsEsSoyd™ (GRP), Siitse0nGow ¢o
Hj2hisodd Ak jCtesR0chdlstr = ottd, Hiskdtoshdn o ttHiftojtentshstrj histelzCkizier d
tskste03 0 jijw tsls €tsOdfy s jo ) teOLzcfudsr BB Atz jChstesWelLofu ol fies2sedd [51].

ZdesCsj wOnYeshse0hitdj i BjssHEe ¢ jsWdLdyinSses distdlssbdied GG
nd2mascunSdd d idSeshinaduinSdd hohsds ™, dntfse-Lizjd*J W Seastese osLidSasejed™ o
woLodg™ kejPdl o UsesHESE BOMfdej. wOSdi NAhsikr  tsLostvesls shEzP jisods
tejedhistsOyd h2mddunCdn fiserisd2, ddyddiszid - esydihodd st M distBtoLsa0kd™ [52].
dhOkdL fj2MBAYINSIR d GaSEshi2nbduiiSdR HOGET R Lot jis o Mwarvist sBEORs OSkdotses
f.jte jeOn e jHik it GOYEvsjhd?, Uss GBS el HedLaossd Yl jydotGrs Ltk
eoLtelzn g [53, 54]. Iedijkiedj Bl uzeflsedisjitr = GdSeshi2mBduintd= ndhsid
tisLoszvsls WChdiessets! HOM tiBsE!Pd,j St isdkd™ o koffide], SEsET j dses i jHe jF ok
BSEZjj Swizfkrj fsBridw, KO0Sdj SOS tBtizh jadw, ettekrj ZHOLY d Hiekzedj d@0kkzb jadw
hfshdshisd fejHr [55, 56].

S %0dBBiiJ tfjjHsordy MicjHniso0d syjaSd d Sshiststw ¢jsd-0kduintsets mishsswhdw
istesHESES GOfCe0 lstsiishy Ssdstfz S j s joT dstalsiedte0 f) tedds jt kit B issHse
s juoz jChlObtatsels  OBORLO, o jHEOLGOWjBGY R HEY ot jHjdjhow  LOSHEH jedishis 2,
s jH jfjsolz=s PR tlesWot jiadds ZHOESSYONGSHIST [57-59]. SEBYtISHET J Hisidr dsLosdvesls
5Bl jHdhvist d Mseddfists 0n0kdLdistolls? LOLGSESHE J HOGGY J, Ystizy0id™d ttd tsdshd
ST SR CisWALAunSdR fdsjds, it jdises BsH jtdtese0nd did HiskedR fisjHijse [60, 61].
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edBijkjRd) GjstHBe dhisitEjCz0t et 0G0RdLO HOGGY R o  cjsWdLdyihSdn
dhftiHse0hkdWA ZHOLSEYONESsd este ™ tfistesH didls SEsyjot) LEOWikdj HEY tisor jadw
stsydtshisd tftesctsLise d e jHislsote0 jadw 0o0ted? [62, 63]. RA dijtfsiz Lso0dkd,j sBlzijk0akdo0 jishw
NG o dGscsWOSksEhs s difitjHzigre  desyjiise 4ot jH it jddw
GOt Jkd?, lsjSkshdyjhts? 0Ckdodshisd, st dhstBtoLsedkdy d Hiszedhd Wk jkdwdd,
tfietsls jSOsPdid o el R HfistelsHOR df SSOLra0=Pddd odzdvhdj 40 ZHOESEYONGShs [64, 65].
JsHY s jldz jClslz0d tisets 00RO tsdsc0ls dffiz jHso0k s Wodz jdidw, tSBOBOS 9OW
BSEAhdj GOffider HOGGT R d SsjHit™ fSETsr j LOSEEHSG jhshsd, G0 Shksa0hdd SEssEr R
Bs>ls BYls+ tfisor b ji0 ssydshis tstsehsLen sy jiisS HEW fieschsLdisso0nkov el n ZHOESS o
HiszedR tfiesWoz jdid? chtelsets HOow jidw [66-69]

S thdsed 3 0t jSs0d otk Lse0dkd™ & jissHise diis itk jSz0k- disets 0k0ddLO o sBEOf)Sd
iz jHs00dkdW ZHOESSHONGSHS slsdshwish)w:

1. dotdL BsEz1hdR HOGGY R (Big Data). Atekrj tzHGAS d MORY ¢ jdjtedtszesls
BeshBJ tBIjBT HOGGY -, MowLOhkY™j f disdkdksediesd GOt jodks-HiWEERdteso0hkEses
shissvGd™ YstesH. Cld HOGGY j disclls oShyost fjMBE0SkhsdunSd) fdetotr, HoLod st
HjWistekOyd2,  ROLOCk jtedsdSd  Isto jP dhtstsBieOLSa0hdY, s jdstjeOliztels™j L jdjiedy
sJmlasejht T ety slsHjdAGrn ZyohsSe domhde0. JjlssHY ddis jid jSlz0d tisets 0G0kdLO
tfsLotkVEsls sBtsOBOIS T o0ls4 AUsd HOGG Y j 0 tsj>dds ] tjOk tisets ots joz jdzd], ulsts YisLatsdW jis fisLHOoOI-
RO josOsy Sy dsHjkd, teiniCOLro0shdj otLdtyBYj Ooltdd &0 shbse0dkdd
tfejHh jilsolzts M j2 deWsteOydd s ¢6isdin0kdyihSsad fshssWidd fistsHEss Gofide0.

2. Johdius sezyitdj d teschsidesodtd. fBHitd Gohdedses sBzyidgdy (ML)
OSldodzts ditftskALizEskhv HEW  teschLdlso0ndy ojeswWiskshisd etk EZHOGSe. JHGBAd dL
0N YteshisteOt jtd - tisHABHESD WodW jishw Ytecfdsjijhdd b 2tskh = Njsj2 d dijissHse &jctsjhhodd
HEZW Hfishistets jiedW tfteschsLe ™ n disH 2. WOt ts, dijtfsdLse0dkd ] tejSktete jdlst & j2ttsdh n
Mdsj2 (RNN) tisLosivjls GsHjedse0k! ot jdjutrj Loodhddshsd o HOGHYE, OSdR SOS
HAGOBASO fj2nkduiiSdn fsBrd? o GOt jkd2 o HskEHOR, Ust k0l orworwss
CtoolscfufiSdli Bt idEsT, SCHO o s stsis! HABOBAYNSESS fesWat kg™ osLiE0MsO k.

3. stOnMIWISOyd™ HOBGY = d LONYSLGEOa0B] Odksd0kd?. i Syjhsd ZHOESEHONGSHS
Btselzls tftedds jdisiw CohidWdSoydstdr j Odestedlsigr, SOSdj SOS HjtejoW tojh jiod?, djlstsHT
stfstekrn o jCkstse (SVM) d tjesterj fijsd. Sld BjssHT Hiskscosls Oolsshosdyinsd
COfoVdydtese0ls! ZyonsSd YstesHE TR Goffidose Ui kissodts sHonGshsd. 103G WoCkstsd
weiw jisiiw OftfsLE000hkdj OBshOEd? T 6jLSdn dLdjkikd? o HABORAS) o0 jtese, SElstster j
Btselzls hodHls jefsotso0ls+ & YiedBid>jidd ebthsets ZHOLO did Skl jdadv.

4. v j2MBsoSkhsdyihCd? dskdkstedhe i) ditfistLse0dkdid diks bt jSkz0t ket 060kdLO.
uv0Cdj dsHY, CO0C ChOfsjtdoydy o 0k0zdL ot jkikhrn tWHEe, HisdkscOEsl orHjiwis
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LOSIStSH jistsfisq © 1 j2N GOSNy NSR HOGGT R d s jHPCOL T o0l osLEEY BT j Clslr j ZHOET .

VOtledzjie, OkestsdshT cEzBECEEs SBIYjGAW Bells 0G0kdLdkse0l! ROLOSkjEGT j dLdsjtikdw
2Ny ings? 0Skdotshisd d HschsLdisols ot ik d &t oELBEMGSES sVl jGdw CElnses
HOjtW. [tz e0XEE? BBHONSE Hecld jkikd™ i jstHise s jht jSsz0n et 0kOkdLO o
s ikon  fi2nds0SEhsduiicses  dshdssiedted Wodvjsiv st jHititdi sdy0  dissusdso
te jedsteqielz kT a 1) j2MBEOSENSUNCR ostk. ohGo™ LOHO ShsB ks 0SSzt d0 o fikzydj
tedGjdded  BdCEshiAMmBduinCd=  ndhlsjds, SBEOHOSPdR Bkl orfisCdl  yOhssErd
HAOYOLSGIS, st edosHdls € s jediiseoydd Bt Pises Sidy,ifse0 fdekozss, dhdyddieso0ts T
s JRSE jiasD Hjwls jrdpsfis s,

5. Medizjdjdd] GjRteshirn fjsj? HEY tBtOBEISH ¢ jtOHOLG = HOGGY A 4 jStOHOET,
st LB HEw sy fshssvhdy dsetH, ¢jkjedeztsls Bst P Ssedyifses HOGRYR,
CHbisterj IselzHbs i jiotfts jlsclisso0ls! osbybles. Medsidididj flojelssutra Gj2esthra fijsi2
(CNN) tfsLatsdjls OalstszlsdLdteso0ls sty sBteOBSISC tbOHEESOYdstEG = dLsBOM jhd? d
orwalWis! Liskr &GOty jbdshisd d IstejPdhstBeOLsa0hdY, st isdse0jls sy jddeols s it jd
bHOESSYONSTIST & tojOE B ot jd i

6. Cosktsyd™ st P diissaEOLEe0kdY d HieschsL SOSONsEEWAyinSdR fisBrisd?. JjssHr
s jiotz SIS0t dsets 0t0tdLO Ysdsse0sls diisH jzdeso0ls sy jfy* tostt=ydd kst ifdi o estegr A
iStesHOR, Ulsts Wow jisii 00MG a5 dtHASOSSESE doLonsOE jos Gotews jhdw. vOSHj sHAsHT,
COC dsisH jizdfteso0tdj GO Shise O jdisse did WALduines dsH jkdeso0hd,j i difstLso0tkd,jd
HOBGTE & B jPdEOn d GOt jGdms, hYshsahsolssls dsorh jhdes ksydshsd i jHSOLOG™
sYond = ¢jsHAEOBdYINCdn ol ikd?.

7. RusjesOydw wOLezdutr - dissykdSse HOGGY A, JHEdd du Sesyjorn tejdasizh jhise
B jlssHse  dials jiztz jSz0k disets  0kOzdLO  WodwWjistiv  osLdssybshist  ddisjete@ydd  teOLdzdyudrn
dissydaSse HOGG T (€jSEOHOET, fij2ABAYiNSOw OCkdotishs!, s jBYjtosttt ™ j HOGGY j d Hi.) o
JHOlS dssH ji. Clsts HisLotstv jis fstyds Bk iskis e jHis0otjkd & kiSEP jd hshssvadd
CBtel TR YtesH d Yot ssygishls! flesetsLdeso0ndw ZHOESSYORGSTS.

13  wlejHiso0  NjNkE0CkhsquinSecs  khdssdie® 0  ZHOLSSYONGY T
5 JSBUEH Ve

A dwoyd™ d jedilstoyd™ dostfiza-fise 0SEhsqudnts? Addiidd (¢S) ttd fesvorddd
GBtelkses HOod jkdw, MewLod Y ) WLduihSdhd tissyhhodd, tesdh-sHvhdid o ekl tistsHOR
9 tojLizdzs0lsj ©0Lielz jhadw O jed0k0 did didddidy Jots MistelzClsizier [70]. T Otelzb jozcfw
hfzshashisd hteJur, teswakweshdjhw o odHj ovBEthse cklks2 HsksHY, ktiySte, Mizdke,
tfsiste jSdo0kd? d Hiszedn Woizjkd?, tedosHws § osLkdShse jkdts 0Skzhisdynts? dadhhdd [71].
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JhsBr2 diisdtedh YiejHisOazvesls yomsofui™J dOekzh jhdw histelzChlzte, Clster dselzls Bl
tftc jHo iMlsizCOB BEZ jJ GOMMs0BG - d SOONSEEWIUNSdn HiesWolz jkd? coilkset HOow jidw. FHed
s0Sdm &OYOL% - MisOHIWR Ists P dssBE0LSa0GdY HiesdhntHdls dLikzyidd] fij2hEsoSzhsdyinSdn
ot orfsties YONsEkEes HAOYOLE®RO, fted Ustsdy ~0te0Sk jte ts jedhistedtsz jd3 T - hedOtse BizH jls
LOadf jls+ tsls ROt0Ss jte® MOdssets GOtz jidw [72].

utfte0o jHEdos Zlso jtexHJdkdd, ulst 0dtidiszHO d Adjtcdw daistza e BizniZls ksjg BEEAN ],
yjBs s+ j ojedyudi0 itzedn GOtiewy jhd2, GoSsydondniw o HOGHE? SBEONSd ¢ disdsjuislz
©0Ltsr o0, d yids BoEAPJ wOLdjter biedPrdir [73]. tokdusrd dhfiiHse0ddy HAROddSd
Iste j P ftzstsBteOLSa0MGAY tfisHise jie>{HOIs, ists tfied tftedBid> jhdd € Bk jhkk Stztftsets GOkl jadw
s dshisd G0l jed0io, zo jazdude0tsishw sOLg it st dd, o jls o slsdkshdlsjeAdsj udhds o
quds jdvjishw Isoftf GOtelzh jlaw [74, 75]. IsAsshilz B2 diElsjtejf) HEY diizjHse0k jij2
tftc jHisOatW jls o Wetz jdadj 5B R LOSHERENR jedshis j2 dj>HE tesWeal jedvdd cttebsets HOod jhdW o
~0t0Cls jtadlsdSOdsd  tsjedfiistedtelz jdz ™ ) j2Mdss0SkNsdyihiCdn hdedotse, ¢ Cwlsstrd &selks
sldahdsiw  Cezdyihlksets, Ak jtejsdyinSdi oe0gistr, 0gYkdsizHO, ottkkse0w Wst0 did
NS0z g2 fishisoe ditzefse. drvekzjkdi S0Sdn Shtts jiwyd? fLottvjls i jHEkote0lsdls
did fhdidlst 2hjee s syohkra teswol jhd? ebthkises HOodzjhdw, teiHtfledive HEw st
G jSBRBHB Y J Bt [76].

TOLadlsdj ftsjHhise fj2Mdss0ChsdyihStes djlssHO HEW Cdistetst d3OMde0 etedr A HistesH
d ftesckbLdteso0hdy tisvolz jkd? ket HOokjkdw GOyOEsh! BSEij Ybiize iSO &OLOH. 0
e jub jJ ots jdsw 160LEe0BEE06G o Zhtjhds teddjdv s W BJssHIS d sjatdydhSdn fisjHise
BYJESd hshisswadw &omhde0, BOLdtzE= P daiw 60 dLdstitdd Howod stse 0SEzhisdyinCs2 ddhidd,
tejedistedislz jo3is2 efdzjrised ] tesydhhse lstej P dhssBE0Lsa0kdY o 6isted tistsHOR [76, 77].

At dhsesd AWW jClsdodshise s0Sdn g jlstHse d fidhisjd ¢t jr0kdyihSeet Codistetsdw
Loodhdls tls Bl jSlsdodshisd  disjtetfiedlsoydd tsjcdhstediczjds = HOGGY R d  GOH>dshisd
oo jivjlsra Cedlsjtecfjo HEZW BYyjdSd fshisswidw tisteisHE Y - domiidese [78, 79]. atsk+ et
AShHftzOkd i o GONsE jj otsjdw o ids 1i2ndss0Skilsdy inSses st s jHistozvesls
fisBis?  Oolstscz0dLateso0ht j dLdjtedfs it dis-o rydieds it drj SsGYLiShr f toLkdydrdd
oELBEGSHs R U fBsEl o SBEOBESS f)j2MBE0SkLhsquiNSdR HOGG R [80]. vOSH SEhkHLiSHT
(iselzls Bl o st jir o fisOydshotedss did ksedebss dijtfstyitgdd [81, 82].

sy dskotedj fdhisjdsr wedweskiiw L&Oydsji ds BBEjj MEsMEGT G, tBEZOHOBhJ®R
M (ftesCdas Z0BMEEE: osLBEM s 2. Jhd tiejHhs0odwesls st dLd.tedls jt- ds-o mydhkds jz-4d 2
CBYLiSH, SNt juded=Fd? tedjs, dLdjiitdj d SBEOBSSSE fj2Mds0SksquiniSdR fddtotse o
tfiojHjk0n LsGY Cowsesey. A Gonsswh ji otejg™ fedijkied) S0Sdn OolsshokdLdtso0dht:  n
MisOydtoted - fidhlsid GonsHAs of)y Bt jJ 0N teshiste0d jkd o tfesdLotHiise jhdks2 HW its].



20

OO0k  SO0Cses  SHOfh0 i jHiisOavjls fisBE2  BhsEsCOGOT G j  kists2hise0,
did=dd @joedidds d did oLOddsLOedidi  COROLT Hledjdd f) wOLGINJEETBd o
leshstonhse did ¢eCOEAGS EhsOktokjkig did edjhktrdd teissiOLtatljevdd, udhis
Clsste™ L jdavjlsiw s 4 (Bdhdds0b s Histzhlsddssj HEW tojh jkdw IstefOdclzd ™y dtsdadits?
tfteshste0dhise jids2 LOHOY] #sSOydd) HE 24 d BEZid [83].

JBCoydv dhssyidSo fj2idsoCsdy jiiSeets hsersdv o Btz dbhkej ftkzydje Y-
teJHJEW jishw tfs eOLGshisd ofsiztfizjidw oSk, 0 4djecdisdyincow R0E0Skitdhisdso &0 shise
Cehoddd - dLits jd? 0dtizdlizH Hteddis = hdedk0dse. 3 0 ssydsh)s! tejedhistedtsz jdg = HOGE A
ot Blsesds otzdwWesls HABOBASO d Isd dhissydidSo, Gokdydd d ~0e0Sk jts s jnitse Jdi ' Y dn o Ltk
Gstdsstedie0, WALdSs-ds jr0dkdyhSd] hots2fse0 ested T~ tfistetsH, 6HJ oo tftetshste0dWeslshw Ltfislzed
ottkr, Oftorstrj ROLOCk jtdhisdSd fdhsigr d Ytsetdkdkrj Okestedsi™ tt SBEOBSSS ]
HOGG% " .

1 hidd t0LE0BBISOE ttWH dLd jtedls jz-d ~ Stz jShise HEW SHlistest ctetksets HOaw jidw
d syjeld fshisswedy Gohde0 etk n fitesH, tWH dL Stisster n i jhdés teddjdw jishv o
EHOESSHONG = d fhCEsGEre € ZHOsYOhdgshisd  tzHGICOR.  fhbsedr YOLOg st
sls judfise joattsets teWHO tfisHisBd Y fdhls jds oo jH ik o sOBddyj 1.2.

u0BEAYO 1.2 7 MOBOSH jiscfsdSof shizsed T R khid2nSdn o jd f2nks0SkzhsduihSses Soibtssiw
Gsteisets HOa jhadw

OtfOLsd .
. . Y OfssEGT2 . rdoyo Yisete P
WO jeso0hd] Jiec0ddLoyd - quoqousoz stidyjfises | rdhisodyd™ dLdjtejdad mqﬁ‘]‘ls stir]
s jcs ™ 60LE0BSEYIS C | conogse | Cstbiim, d A jiecfq oo, &
“ osEuEAO, 1y Had
crJs ticdsbe 1155) ggd?gso?gggﬁb' 0,25-85 32 1000 102107 20
CcGITS-Sé NRSIR 0,001-1 His 48 1000 10%-107 ~20
CLitsh-Je | WuA cholsshkgcos 0,005-1 16 (s is HOGGT S 101-10¢ ~10
CZET 0488 10 LcCufue 0,01-1 His 32 1000 10%-107 ~20
PP 3 cedBYa jlsds jls- IPFSSON B .
CAlelsL0-16e Dbtst0sqC08 20074010 16 50 5t i v sy 1
N EcisL-5_fe 11;{3[??;?0,["2521“9' 0,8-12 5 100 0,1-10° 2.5
cLuoee llif{?j“}%ﬁbé' 035 8 300 1-103 ~10
¢Prognoz ADSe RAr rdJLtd 0,2-12 HES 32 250 0,1-10° 2-5

s SOk etedd S0Sdm flsOydstott ' n dksesC0R0z ¢ n fdhisd siskshdishv 0Skhisdyihcow
s jg0 Sodlstesky etedisets HOokjhdY (PpusAr) ¢Prognoz-ADSe, tisjHhs0otweshow fisBs?2
dLaztedls jizd 2 tietscto0ddhs-0 Yot 2 SoiizjCh, oStBsyoEshd2 htesCd?2 ¢oBstE fitejHhse,
fsLesiveshdn shizh jhisodwis+ f)j2hds0SEhsduinSd? dedkdikstdde dohhde0 stk n tistsH [84].
JBHIEAGY j SeRYsh s dusqr sCOL0ET &0 EdhizeSj 1.3.
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tdhlzdsS 1.3 T Lhisedk § Az jkjds™ s cPrognoz-ADSE: 0) T o ¥ Gishis?
- jLsgz Shstedy i a2 0Sh it it lste PeA12; B) T ydWissos? tited idi 2 tfieisBte0LEo0k ji4
RADCI40; 9) T hCOW ¢z Sty dls0idw; 6) T Is-htso ts, BESS Hdls0ndw-ndtntesizdLoydd A3,
BsHEdd 7BBte0 o HjteiHOUd HOGG Y A

adisji0 ¢cPrognoz-ADSe ©0LE0BBE0%0 RAY A T o 6. mOBOEBenS  d teOLoda0 jishw
f) 2005 ¢. [85]. J#O0 tfsLotkv jls shizh jhisedwis! tsjedhstoydts fj2ndks0SkEnsduintdn hdekotse o
HAOYOLsE] s 0,2 HE 12 Sqy d dmn HORAGj2hkes sBOBEKCE, oSdsyow stfisiHjzidd ]
Adz Jtec sy jnSdm d ot jdsjdzdz™ - HOte0RJsteso ddstflzdznse d SosteHdi0ls diylstyddSo 0SkisdyinSs?
Agdindd, I fedBieiedis hsotiBiktrn Hesctogkern MejHhse [86]. I o jLzd+s00d
BteOBEICH fLHOBKIW Blkyylsr o odHj SOLOEsese, SOl d cOWdSre. wif jydozdLdtssadld 2
tfloscte0RBB 2 SRR jSh hdhlsjgr Lotkvjls toOhfydlsr o0k, ovHjiwst d Sthistestdtssatls
o0k st Yl jlydot'ts  HOESSHONGYs sk d  tesosHds?  fleschsidlzys sy jdlk
¢ Jsck jr0dedy S isets fishisswizdw d0mihde0 ested: ™~ tiststsH [87, 88].

Yiescte0hde 2 CodstfizjSh hdhlsjar hshikssdls dL yjises LWHO fitsjHijse, $ shisodkrd dL
Cslstste 2 lsezshWishw iz jHizE= P dj Htetsete0dzdi T

- cMastere, tejHEOLGOYjGBOY HEW CoEWdekziedeso0hd™ GOBEEHOL jE G2 fisd d
GOMstes2Sd Yote0ds jistetse te jedfhiste@ydd s jd* distdisstedhed;

- ¢GeoControle Hyw B0 d Yiteodyis? sBLOBEIS b jcdhistdisz jig = 0SkzhisdyihSdn
hdck0tse, fsLestwEshow o tg > dk i te jJOz-dise ots joz jdd Bk > dodls OBtk s ik ;

- udisjk0 Etedokjkdy tejevydehtrgd BOLORI HOGGY -~ ¢MS SQL Servere, tfied
el Cobies? shizh jhsedw sy Re0kdtdd o jgzd<oydy HOGGY ~ BJMHE tsHLIBEBE? o
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tfso jtondshishs?  yonswid fdhsid™, 0 s0SMJ MLHOR) tejLjtokr = Sttfd?, tBOBSKSO o
seftetso0ddJ sts0LOSYd2;

- ¢GeoAcousticse, fisH 0P 0w shised ™ J 0dettedisd ™ tis 5B6OBEISS | HOGG -, § ydhilz
Cilsstern By Wekthdieto0kd)  esCOydster - fjed?,  wohywks  CoseHd0k
nJ2nd&s0CEhisdyinSdn e risd?, Witeddtsso0hd 0SEhisdyinSd 0Skdod n Lisd, iyl Ctedls jtedjo
d 5YJ&S0 ZHOESSYON s 5B jSI50 Bisthdlstedde0 dizd jots SsHjkAdk Y m yonisj?;

- ¢GeoFiltratione,  feJHEOLGOYJGEOY  HEZY  dHJEsdWISOydd o  dhissydkdto
OSknsdyinSdn hdekodkse, oSutsyow WeaSydd tlyss? kdifdioydd fdek0kse d Okesbdlsd™
Chzomks jtedzses 0G0kdLO ) PdtesSdRd obLBEM &V ctedWdunSEes Holzd jtehtses d It jnd jtehsets
tftc jHilsOat jdad 4Ote0ds jistetse fj2Mds0SENsduinCdn diszzfise d fisBrisd2;

- ¢GeoAcoustics3DViewe, tfsLoszveshow o & j>dh 0k Gses ot jd3jid SlssBic0>04
6JsBjr0nduinSzts tBhlsOktelt fistsHEsEs Gohnde0, hstfshistad W tjedhistdtszjdrj HOGGY j f
3D sH ji2 B NORkhkses s,

14 Jhksekrj Asoyr d &OficOakzjkdw Mo jth jEhsosodkdw s jHiiso
d2MBs0SEZhsdyihéaet dndisstedize0 &0 Hedddted Hdhisjds* ¢Prognoz-ADSe

b j2Mdss0Ckhsdy jhCd? dshkdlstedhe ) ditfistLso0hdjd hdhsigr Sodistest™ ¢btedisets
HOo&Z j&zdW ¢Prognoz-ADSeé oCu=y0Jls teWH tfshizjHise0 ik k- UsOtse &l orBid &0dBSL]]
AW Cdotises oMYk jady  GOBEESHOLjEGE2 fisd @O0 A0 YsjCkdesodkdy His
. jtftshte jHlso jitsets dysdis0O0 fidhisj& T d eschsLdsa0kd” ZHOSSYOM S

s &0yok0 ASHazizOoydd fofhisjhr dshkosstdie0, G0 Ao j ov B0 & jfls oL jdadw
nJ2Ms0SzhisdyihSdn HOydSEe, ftedds jaEslshw tfescts0ddd: r j Mt jHiso0, LotV hdj sy jdds
BzHEZPZE  G0BEH=HOLjE Gz fjl! ts &jhCaE Sl YsCoL0kjowd [89-91]. wOS, d&Otfteddjts,
t£0Lte0BBIOR Y d dijtfsikzLEzEskshv Okestedlsdz ™ te0fyYisd yizehisods jidishisd G0BEEHO jEzAds2 fjlsd,
shise0he " J %0 oL0duksd tontisy jidd ¢ jsWskse o tOHdEN ] tied ji0 hdekodse [92, 93] (ted.
1.4). tjlzeabosst  syjaSd  GOBEEHOsjEiGE?  fjsd wedweslhw  kjfuserj CowsT )
teOmipudis " o0 jds T L0y jddids yzefhlsodls jz dshisd, sedjPyhkj i) HtOdksd cstdLisdsd ddhd
te0Ls jLO, COS sCOLOGE &0 tedhlzdS 1.5. v0Sd] M jHiiso0 frLotkvisls o B! CBWdckts0ydts
HOSYJCS® tjsBRSHAGBEY d HiSTsOssYGES o tfis jH jt0R Stttk jdises 58 jCis0 [94, 95].
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[e0METPHYECKAA S0HA

lNeodotsl

+ 450- ~ M2 CrEa#HHEI | M reodona | % | | Z | YunTeieats
35
Mpoexkuun ta 7 4502 1734 955057 | 35147 |452.704
e o 4503 1795 1040112 | 310362 | 453 447
4504 1735 1021774 | 20376 | 455133
min Ymax 4505 1797 1143521 | 303526 454,217
4505 1738 176,777 | 275,454 | 455,132
Z |0 1507 1793 1207349 | 271 408 | 455,325
4508 1800 1305734 | 276,965 | 455 456
m i
SPSMETPEI PacieTa 14251 18m 109208 322657 | 428205
Pasmep aomena, m 1 5 4252 1802 1227942 | 273,937 | 428,747
Paguyc =N 4704 1804 130,914 | 262419 | 479919
YYBCTEHTEALHOCTH 120 —
BRI O N 4703 1805 1074,26 | 278,146 | 460,782
4702 1605 995,99 | 262052 | 460 400
Paztuexa Ha ypoBHU —
4701 1807 1014,523 | 173.923 | 480,368
Yposens 0 0 4708 1808 1295, 353 | 245 481 | 461 528
Yposens | 4705 1803 179,304 | 231 B57 | 460,666
Yposehs Il

Yaanume IGLEEE Y

MapareTpsl NOCTPOEHUA KapThl

Cureon Pasmep, cr

Macuratian wkana

MeopoHe!

L seT cumenna
Januek.a ypoBHER

AATOPHTH SrAGHHBAHHA

pOEHE O6paTHBIE B3EEWEHHBIE PACCTORHMA
UBer soHb!

" FAPEHTMRORAHHORD
HEKOHTRO NPy EMol
KOHTRORA

CoBMECTUTE KaPTY C NPOSKUWHER S0HEI KOHTROAA

[] 3kcnopr pesynetaros & Excel

MHoronoTouHoCTE

Pacugr Bexog

TldsS 1.4 T Rils ot j2f) Heseeoddhses GsHze™ ¢ it iHititd] yzehsods it dshisd

GOBE S HOIs ji s e

700 700
60| % 650 | 7
600 | :40 600
38
36 e
550 |7, 34 3307
32
30 <
500 28 5007
g 26
2 24
> 450 2 2> 450
£ 20
£ 18
2
400 2 Qe 40
) 14
12
350 | . ;0 350
L6
300 7‘2‘ 300
T
250 250
200 200

170S(1 541}

L]yBC-T'BHTG.TIBHO CTDh

T T
600 650

TohizdsS 1.5 T Heddste eOfftejHjdiddw yzehsodls je1dshisd Hsdjhse, tistkizyjddk 2 ted tisdsh d

CLOH s TR (izjo0) d Seiblet e R iessetj2 (ft0s0)

Fisfyz o7 Biste0 SistWelelkzisdydd GOBEEHOK jz-ds2 fjisd], BIstsO>O o 9815HO 0 A0SOy s
s 5™ fi2MEEOSERsdynSEes dstdlssiedted cPrognoz-ADSE iz jfjsed jisi t jediseoyd® o
5BE0BEESO f1j2NBEOSKsqUINSn HOBGTE, fERssvPdj di ©"HO thkjHse0lkjd drn Usotss,
tfle jHEjsOajdats T © adHj NRjdsT &0 afizdSj 1.6.
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ypOBeHb ALN

Oundposka OnpegeneHue Pacuér OnpejeneHue 3anucb B
aKyCTNYeckmx BpEMEHU napameTpos BpEMeHN 6ydepHoe
CUrHanoB BCTYMJ/IEHNA CUrHanoB OKOHYaHWA XpaHunuile

3anucb
napameTpoB

curHanoe B B

T

Pennunkauusa 6as
OAHHbIX

YpoBeHb onepaTopa

YTouHeHVe
PopmMupoBaHme PopMUpoBaHMe
BpeMeHur DuneTpaund Jlokaums
JNIOKaLUMOHHbIX . aKyCTUYecKn
perucrpaumn CUrHanos o CobbITUIA
cepuia aKTMBHbIX 30H

CNrHanoB

AHanws . MocTpoeHue kapT
OueHka Pacuér
yA3apOoO0nacHoCTH pacnpegeneHus
reoMexaHu4yeckoro KpuTepues
I'IpOCTpaHCTBeHHbIX COBLITUA 1
COCTOSAHNA YAapoonacHoCTH
3Hepruu

1dhkésS 1.6 T anjd0 e jcdhiste0ydd d tBte0BsisSd HOGE: Y = hdhisik™ ¢cPrognoz-ADSe

A0>Gres  AkOsds  tjediseoydd  OSElsuinSdn  fdekotse  ovrfskyojs  desygff
Stfie jH it ots jdk i jets ofsz il [96, 97]. Ot Otestedisd tj0tdLEo0d GO Oi0L0stsd
tesodzj 8 A tfied YsdsMd slbsh jhkdv SotesisCY jtedtHibsets d HEdhdksY jtedtHbses Leoy jddw
OdstfizlsizH, GOL T 00 jdssets S0Cj STA/LTA-H jis jClststs [98]. wistsdls s jisals, ylsts Asts djSElstets j
OHOWsodisj Yistetsetot LGOYjddj, HsLosEshow f) orfsCs? bsybshss st jHjbds! ot jdw
BOVOEO fdet0E0, Wolstelzw Bist Mizes yofjs+ 0SkhlsefuifSdR Pizdsise. W isBRSHABES 6 j0tdLoydd
HOGG T Otzetstedsdsise G0 OYHOEOSGSH iesot | o100 f) Sltshds it ds ovisCdd HEW isHEBGT R
s cs 0B UORsSIst T &8 HOOYOLSES®, d, SOS Nz iHhsed., Bt Ndds 5B Vst Yshiszyosdn
%0 GAL HOGRY 7. RL-LO bsjrdofuiiCn o0k jtd?, fow0mk n i) ook jths? HestiziChs?
MBS 6icdhstoydstt R &dtd?, o nAisik ojHYsiw LOYdi SiH it G ZyomsCse
oo TR Wststs fict0tse YishissVhnses LOLBjE0 o adHj 2048 Slyyise HOBses detowo o 128
slsyyistse His jots GOORO. [HBOS 0l 5OSHR H0L0Sk jiediisdS SO OdstitdisizHO, At jted.jsqyinCd
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rOL0Sk jafsdSd NAekoLd d GjSEssErn Hekedn HesdiosHdsh H SCERYOGY ey
te jedisteOydd ffckOLe, HO> ik J&s Hds e Gshs e jor PO s ZCOLOGRT 2 oL, jts.

ukh jilsoljls 50S>J W fejHise dsLostveshdn Essukds! ofskdtjsdj hdedkoRo,
hCitete jChsdftetsoe sisiiyyls ote jdzjkd Jots &Oy0w0 d fwstedidtesalls dL ddn asSoydstsrj hjtdd. s
qn ydiitz sashosiv Okestdlst 40 shigse] duWstBOydstases Stdsjedy ¢SS (AIC),
OtftesBdteso0hn ™2 GO A jidd jtis0k G HOGG TR [99].

FECOydshaor fjedy  flejnfsoodvjls fses? BEdLSt ONYSEEY GG of ol jdjkd
nJ2NBOCENsquinSd) fdckotr, Lot jcdistdtsettrj BOLGrdd HOSYISORd, Uss fisLoseyjs
fHjEOst tiejHtfisis>ljtdj 5B jHAGSE dilssyadS) dibizyjid [100, 101]. Hed fskshd EvHO
OtzetstedlscBtse, te jOkdLsa0hB R o Hiesctedh®j cGeoAcousticse, Shbkso0hk R GO LOLGIYj otejojd
tfsdrsHO fekodse MG ) HihsObtyks? kykshsits, Colstow ot dbsest LOodhdls Bl
tislsshisq wOLds P jaad HOSYC[SIse, SHfts jH s SststeHd0ls T dijssygdSo [102, 103]. woSd,j fjtdd
ffctOzse f) oRfydlsOnd T ds onYEs iddjd dissukdeo dsivs GoLe0hdj fii2hMsoSkhsdyinSdn
sBrisd?, HEZW Clbttern HisYskudl jziGs StfisjHjow jishwv tewH Adjtee jisduinSdn d otejdz bl
000 jisteso.

FoLij fid™ fiserlsd? ds>ijls Brs! Bl jHbiG0 s eshisbonise jdhkis-ots it it
nOLOCk a0l o  OSkmsquifSd  OCkdenrj  Lskr,  ROwOSkjediz=Pdj  tsyded
ste P dizstBiEOLEa0RdY o |Ofhde] otk HstsH [104-106]. ¢&OzdL  OBfisktskkrn o
Sl jiGrR 0e0djsese  OCEAsquinSd OSkdoGrn Lsk fsLotivjl &sCOkdLEa0k: SYOC
st6 | P SBEOLEO0GAY, Sy jhdls? CjsdiR0hduincs NEhssvadj &omded d feschsLdisa0ls!
YOG J tetwodjhdw cttettets HOotz jdkdw [107-109].

Jhbsodis?  LOHOYJ? ¢ jsdjr0ddyinSeets  dishkdsstedRed  f)  tfieddididkd.id
hJ2hBsoCknsduinCdn  hdhkjd wedwjlshw fsorhjkdl HEhstejedshsd —YescksLdtso0ddy
ZHOLESYONGEhisd  [110]. ydv kojedyjhd™w bLeybshsd giejHnSoL0kdw dhSo st iBlzjlshw
Zhse jteh jdhsoto0hkdj SHjz G = UsOtfse BOBBISSH Mj2Mdks0SknsduinSd= HOGGY -~ [111].
JBhjj &otoekjidj tOLodlsdw hdhbidr @GOk ikt &0 teklzyjkdi sszAh jct tBI jd0
Coyhise jhtzrm stz il = HOGERY -, ROLOSK jedLz=hda jhsjhisejadk | ftesyihhr oLtz jadv o
fistelsHizses BOnfde , f) Yt fserh jadv GoH j>dshisd fescisLdisso0hdw YNGR v jkd?
CBtelses HOO G, fjds BYES orHjkiks ked GOdBsELj Stdlsduir R OfteOetjkd™ toLadlsdw
M ds0sElscynss? fdhisjd

~ OolsBOSyINSO dHjEsqWdSOoydy o sty ticdistdie g fij2nds0CkhsdyinCan
HOGGEY - MdedOdse, ROwOSkjtedLizEshdn Jhsifise ik tesyihnr woLtizhjkdy, d hdekodse
ls jrtztse jhdatsets tfietsdimtsyHjddY, didyddtsse0dd n 0Ssded & o jH jhkd jds csted ™ 0Bk,

— Wstehdteso0td,j 0SkhsqyinSd 0Ssdotk R Lt HEW SBEGOEE> jGd™ Syoess 6OLEEP jhdH f
sy dn Wisteds ™, aLOdd3dscts toOhtfisizsy jied™ d HAhOddSd teOLadisdw;
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- tfesedsLdteso0dd | stonG - HAROGquinSdn HtetWetjkd? cttedisets HOM jhdW G0 Bl j
tededhstedtsz jggrn MBSy inCdn hdekokse, s isd? d Lt f) tedhjditdif Ozestedikdso
GON et sBlzY ikdw.

e judidzjdrj LOHOY Wodweslshv oLOddsshowL0de ™ d d btejalztls HishiziHso0ls jz-dises
ortfisizdzjdW. W OdBiES YiehiCdonrds YiSHRHEE HEY dn tejNddd™ Wedlsh™ tteddsitjddd
BJlsBHE izl jrijSCkiz0z ket 0G0EdL0 o GONdhkses sBzyjddy [112]. Isisshlz HOES
ffledosHdshY  0GOZdL  MetejBikk =  dhikiHse0kjzMCdr OBk,  Hshewh jhhkra
. j2Mds0Chisdy inSehlz Ghkdlsstedbetz f) to i jadid Usdn St st LOHOY.

Atz P dihsets omhBOktedo0 B~ difiziHEo0hkd2 Bt o tfiskd ks HEW 0%0ddLO HOGGR T -,
LOtjeomistecftetso0nt ™~ fj2ndsshisOdydvld gt tedudd d= Bz j2 tohtfeshiston jahkshisd s
MteOadjlsd® ) BSEjj ulzohsodisjkrdrdd fj2hds0SkzhsduinSdad hdhkikokd. sl jishise jhkds
s0SJ hdekozr dizit=l Bk GALSd? yOmkslkr?2 HJOYoLsE: dt ficdodjkdts f) Mdek0k0kd|
tejedhistecftelz i 3 o v isCsyOnissisds rgd fidhisidg0dd, ¢ Solststerds sisdshdishiv d teofhfdtsiste jdadow
s i@ cPrognoz-ADSe. Y sHEdd skkdudik orfsky0js oLdsydshst  0k0kdLO
G tfte jte " otztsets YslstsCO HOdG Y - dL-LO o djBist Miscts sBd jdz0. M fidzkzy0J fdils jds f BStzJ j © Y isCdds
YOMslstz ¥ HOOYOLBEGEM LOYONSEE diitsls Hids i) &isst!Nddkd shtilSoRd osthgsern Wistsds,
~0E0Ck jtedLiz=Pdn o) o Hjdikhk 2 dedkod did jes yoms. 3 ifBsistew &0 Usd shss jkdshisd o
Ydisd dlssHstsedw fisHnsHEe d ditfistaLizjdkrj 0kestedisdz ™ disclzls ftoddzidvisafiv d HEW Isjm, d
HEW Htslzédm fdils jcs.

A &Ofisswh jj ote jdzw o fdfys jgj cPrognoz-ADSe t0dBBizJ IstelzHiLOE0ksE: a3 s ots jos jdd
d It jBlzE=Pdds odddz0hdv st jte0lststed WodW jishw ttetsy dfiiy o7 Hjkzjddw dL B jeéts YisksCO HOGG A
qdeWistedz0ydd, R0LoSkjtedLiz=hj2 jhsinse itk dsydin® woLslzP jadw o tistkisHbsd donided
[113]. Fequdis? Astses Woiw jlkiw orisCd? yomsskkr2 HAOYOLEE hdhsjd™, uss, f) SHEE2
hlststetsdz ™, tsLotw ils tejcdhistedteso0ls ddLSdjtse jisdfudnCdd syoed 0SkhisdudnSs? Adjtcdd), bk,
) Hielkes?2 T tedotsHdls € bkdOetzdeOhds B4 hses  Soizdyiise0 sjrbscjdkra Yk jn,
oLEdCOshdR ofiijHisodj 0Ckdots? te0LE0BECd st jLir n S0 jrn. Jhbsotks? oSEOH o
Wetehdisso0hdj sjnGsCithrn kit onsivs BlisoLE eGrj wOBSST. Sttdyjises SOSdR
OSkRsofuifCdr fdctkOss, B3l tejor ok 90% s ofjés Bl j&O HOGGT R, tjcdfstabkjkrn
hdhisjdss2 ¢cPrognoz-ADSé.

Ytedis jtjledj Okettedlsdzse GONdhbsets tBIZYjhdY HEY StftejHjdikd™ sdfo dhstydkdco
OSkRsofuifCdr fidctOise T st 0Ckdots t0Laded=POv SOt difiLiHEe0GdR. ¢ YskshEs
BlsHEe BONdhksets By jkdY dsMEs tBIZUds! dSHjkd eOntsLE000! wOLZdyhkTj sdfr
LokCso ' 1 fdetkodse, sOSdR SOS tojy, Bzt SO did Pizdg.

v Assets sBYybs dijfsiLizEkiw soLzdydd odestdisds™ SaonhdWdSoydd, s0Sd4 oS
BJsBH SYBl R ojSkttte (SVM), fElzyd2kr2 @i, d¢jesttrd fisd o Hekzedd BissHr
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Gohdubtes tBzyjkdw. JA0GTYd Asofsd Wedw ki YfHektatO d tBEOBEISSO HOGG A,
oCesyoshdj mette d OLgjkClz 0CEhsdyintdn hdekouse HEW sBRZyiddw dsHidd, uss o
LEOydls i ds? fisjtfibd okdwjls &0 ovBit Cuhkltsjlstiscts &jssHO o Mt jHijse yjbSd jes
AWW JCkdodshisd. itz sBZzyjhdy dgtHjed JJ dtMEs teddjdvst HEW OslbsdolsdyihSsets
stteHizjadw sdt0 dhissydd<o oSkhsduinStes Ndedkono o 6ot ks otikikd. vo0Sd] Mdhsid™
Gselzls BVl tskjLkr o tOLzduk - sBEONSWA, i tohtsLE0e0kdY tjuyd HE dsGdsstdike0
Q08P j2 s jHT.

TOMhBOLEdo0 oW NWitd GOZG - dLrihCokd?, 0 diikhts dhfstiisedkd) ®issHEe
GONdhbses By jddy HEY stftejHjdikdy sdqf0 dilstykdSo hindsoSkhsdquihSd hdekodss,
teOntfeshste0RV g o ootk n tstsHOR, 0Skdodts HEtsddwjlkhv Gsordd &okitd0tokd d
YSHABHOB.

s udhtlz sOSdR iz jHso0kd2 slkdkshdshv ©0Bsk0 Zyyara du 4=d [114]. Jkd
te0Lte0BBISOEd d diytfistLse0kd hoYeksydkizts ¢ j2tskhkizts fjs+ ConvNetQuake HEZW 8V Hjiz jdd™ dL
sBF jos tfislssC0 tojedhistediolz iz Mi2hGduihtdn hdekodse Lideist hitd? d stisjHitiedy dn
Gdfssysisy jddv. r&vtjh jedv HoGGs2 LOHOY BY ¢0 tOL0BSIS0%0 fio jlelstsydow d j2tetsdd0w i jis-,
tfedizdaioshov G0 ontH ottzEserj Weth0 fdekodse, LOtjcdhstedtto0he  n styRS0h0rd  Gd
nd2mdsediBedCosd (tdh. 1.7).
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(reshape)
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No  Cluster Cluster
event 1 6

TdhizesS 1.7 T derdisjSizte0 hojelstsyms? ¢ j2tsudkis? fjlsd ConvNetQuake

FOGGOY dj2tesh s jo0W disH it Lot jls CuofdWaydissedl! Yshskyosdy fdekokr
CoC  MiAMBduinSd?2 kg ded Ligedstvihiddy, ted Assg st stsdBdLdse0k0 HEW
L sz jlstev jaacf ) 8O GROCtASZHED. UGSt GOLE0BESORHE dsH g HEY JCOLOGHTR GO
teafiztiC j 1.8 oS jistse fishisOadd 74,6 %.
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KANSAS
OKLAHOMA

(]

region of interest

36.00
35901
@ .
E
35.80
’:' Non-repeating ¥«
3570} ‘ events —=
-97.6 -97.5 -97.4 -97.3 -97.2
Longitude
aizess 1.8 7 7 jdstste ik o tojodstj Mok [CEOREE0 (4=d) f) 14 Wiotk0r™ 2014 ¢, tfs 16
BswBtew 2016 6.

[olzeOW t0BEIO BY &0 Hfteso jHjk0 difikHtso0k jevdkd du defstedhdd. Jhd oY fdddid
MteOadzdiedj bteyn SEOnmduihtdn Okcttedsdte GONdhhtes sBRzyiGdY HEW tihjddw LOHOYd
teOntsLz000GdY hj2hbdyinSdn fisBrisd? d eLtsrete: ChOhhdWdSoktste Adhjtd, &Oded 2
BO2 jsofCd? CtOmhdWdSokste d &sedhisdunSow tojeteifiidw [115]. weOodkitdj HOGG Y - B jlktHE
tfesosHAEsh &0 tedBdtd steyn B jSkso YHLjiEE2 e0L0BECd Yk jikr~ dhSsyojgra. A
fedLiz0Ctots tieshistodhsots &isHjkj? oshdd K0S fot0ds jlste™ 0CkhsdyjhSdn fsBrisd?, OS
wOLGdy0 Ut etejdind MshjHed= fsBrkd?, NJAMdduintd? disdids, hzddaoeEd dLazydisow
A jtecdv, slsish jid | Ak jedd iy jsgdv S-ottd ¢ 1k jteedd dLiizyiddy P-otstd, Zetso0w yonisisiso
d OHjddj fisOlsdy jihSisets GOtfiews) jadw.

RifNEjHsoOsjzvsd  BYdEs  EhsOksodjkts, uss — @OdBstAhjj  ekdwhdj &0
ChomhdWdSoydthzys hfshtBhshist  dsHjzj? $COLYo0d HfiedLd0S teOLdshisd  tejedhistOydd
BT isd? ofs ot jo3jtzd, Ysts Oolstste™ MeawLodd f) LOH jtex SOdd B> HEz didyddisse0hd. jds SisH jdAd
hilziesorn LOLWHBE o tesyihfid ortfskdjkdy &omfsera tesatHyinSdR oLterote. pOhEOw
LOG G jistshs* te jHisOotj%0 6O tedfzaS,j 1.9.

IS tojLzds0k0ds  diiyz jHse0kd? BYds fHjEOGs LOSEBYjkd) 5 BGjAWW jClsdodsd:
dftfistz 'L so0kAd LoNiHEOEde0 kTR diHiEI2 HEW o T iisSEd jteibduiiSdR fisersa?. W OdBsE ]
SsYGYR  tjLzeOkse  ZHOGSHA HsBASRY  ted  ditistiise0ndd Otcstdsk0 %0 s
seahisqydinSs? tejetsidd.
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24 ul17 17:19:04.523962 P 1254 51309 =119 uld 17:19:04.527795 P125351324
SI5EAmin Dist = 94 m |(§ 44E 3>

15 ulo 17:19:04.542982 P 885 51009 #3122 T5 17:19:04,544795 P 124851316
T378 o ™ 3

ooooo

14 T4 17:19:04.545983 P 793 S 862 #5{9 us 17:19:04,.564983 P 86551030
2781 05 m|[5 940 J s

h0 = 0.5 0 =
W Pas & Corrected 3 KHz W Pas * Corrected 6 KHz

TdhzésS 1.9 T udtfdyd'j i j2hkset0dd ™ fjtedd oLt od Y hsBrisd2 f) ZOBEEHO jdss2
tfsolststew jdstshis & fj2nddyuinCdn hdckodss, teswodwesh 2w o tOLdshisd ofsktfiz jkd?
HloHBEAG Y - ostzd HEW fish jHedn hd2hddudhSdm Lotdhi2

LYJBYJ dL RLEOEY OS] LOGAds0ddh eOLEdyibkd il LiBList hjkd? d oLerete &0
shise  fd2hdduihSdn HOGE Y A, Ut 0SkEZOEA G HEY e jedtikse, cHJ HtesdhnsHWs, COS tiedteHE T |
nj2ndeuinCdj serisdw, 50S kit jbtr j oL or [116]. v Alsses skd g jdvtd s0Sdj
Odestedisis™ GO dhhses sBZzyjhdy COC fEkzyokr2 & d &jssH stistgrn o jSkstse.
JhsB jdhshsits dn YsHABHO WodW jishw diitfistLso0hdw SodtfizjSho dssHjdj?, By jdkrn &0
HOGG T -, LOt jedhistedtstso0dtr r Ists jdsw fj2MdsshisOdydvdsd. Gl YLoshdis dd Sthtfidkhdtsse0is-
shdsCd SHES2 dsHjtd g YsBshd HejHnCOLORAR Heln HiszedR. fikedd tedm s
CeOnsjtedLoydd #0 shise) chzBsSE? Gj2tkekys? fisd PhaseNet wokwjlshiv ok jHso06kdd
oz Cses  yyhses, o Cubssd  0CM)  teddjdwessiv  ieshisteOdise jhdis-ots jd jhh
n0t0Sk jisciisoSd HEW o H iz jkdw fyj2mBduinSdn hdetodss [117].

sOC tfeadis, o MjmBEOSEhsquiiSdn Ndisidon ¢isdstdsedted HEw Wotseoydd
Bsz4 b j2 yofisd & >0k ji b hidise ditfstALizjisiiv STA/LTA HjlsjSlsts, shidso0kh 2 &GO
F0t0S jtej oLeB jis jecf OcstitallstzH ™ ficfedzOdztse. JHEOCH, Lol j- 0w yomis bs jrtise kit Pldtse
qd fdekotse s jiso jhtses stsjPdustatoLse0hdY dhjjls BedLSd) LaOyjbdw OdtdszHY d
YOmstslstzts § teOtfte jH jkiddj, COS tsCOLOG% &0 tocfilzdCj 1.10.
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Waveforms and STA/LTA
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TS 1.10 T Ao jnl: Wath ™ fidetorse BqCeshi2miduincds d Pedser R fserisd?, 0 5083,
teOfiydlsOtt ™ j Lioy jadw STA/LTA. JdStesh j2iddudfSd, fidekoe™ jhshise jhdisets

Isted P dtztssBEOLSE0GAW BIsSBIEOM 0w Cte0hd ©d3 yodlstsds, Mizds SteOdhtfistelst - ftsjHiise T fidddds,

hEg oLte 00 T Lk ik a3, Plzds JOHjddW T > jds v &, P tfied ~SHABJ Y jdse S0 T Wtk jisse rd;
yJtedz0w Y Gow adidw tejnnisOanwjls L0y jidw STA/LTA, 0 Ceofiow YizdSisdtedkow dofdow
tfte jHMisOad™ jis flisBis2 stfte jH W jo3ts j stz Liso0ls iz jds Yistetsetsets L0y iddj z0y0Lo hded0dko.

ALz it jSsteses0nnk0 stk jsisoz=Pdn BSEsimBduinSdR o Pidsers fisrkd?

RifizjHE00jzd dL  sdsov  tojh0kd  fsBljdlz  t6OLHjkildy  Jhlsfise jkdn
BOSEsHIMBAUINSdR d Pidsers fsersd?, ditistiLzy HEw Asses BjssH SYsthr R o jSstse
(SVM) [118]. X SOyjfsaj B jbtkshsj? dn difikzjHse0kdw fistdls o Hjddis! ditfistLse0dkd
Bsi4Pisets Y0 tedikoCse o Ctskdyjhsej 71. w0SHj kyjkrdd tteddzjdvon dls jtolsdadow
Chotistetstdtolz jdz0W  Miste@lsjodw By jdidw, SteHO  tfied  djlzHBod jsostedls jE A ds?  Issydshisd
tfte jHnCOLOGYW CHONmO duLdsjdwdiw hshisOe d HfistewHsS ditfist Lso0kd™ edLioSte. Gl BY s
e jOtdLse0ns tied fsishd ojhsorn SeWWdydidkte HEW COMHBER iedl®0SO d GllssHO NCA
(000zofLO Ssdstfstzjdisse tfis fish jHlselz), Shdso0nBSMs 6O isHnise jhds? Okestedishiz K-Bizo>02PdR
ishdHd? Ssteydydd, GoLre0jdts? fist=omiscuincdhd Bd>02MdBd fishiHvdgd [119].

A to jLizi21s0s j 5y S disHjzj2, difiydzjHtse0lsjkd o Beddd 16 fedLioSse d fttdoddid dn
Ssubshisd  HEY  OLEduE = WHiE SVM: @dij2akses, WHEO 40Eih0, SoOHwOldujnises o
CBdyifCses. 2 0dBsE P j2 AW iSsdotshisd ZHOES! HBAlH W i diffstLse0Gd ik 40kise0
WHig0, § teHE oGz jijse SEIsEiEses Siskshdlsh 5083 dit* b jJ otsjis™ sBlzyjldw BsH jid.

A vlzieydd v tfsejujs difitiHse0nkd) s LOhYELG0a0GdE HdekOdse tis oL ad
60BBls d LjBzilstevijkd? o tiejHid0n 4 MCEsGE - ¢ fsvokjkds ZHOLSSHONGENSH tBEONS2
[120]. o Asscs buyeragd feOeddo0don! AWWjCkdodshs! OHOtlsolks?  dj2ss-tjuyisSs?
hdhisjs™ (ANFIS) [121], &jtetsteds? fjisd f tfiowdss? mewLtts (FFNN) [122] d ojtesWistshists2
(2t fjlsd (PNN) [123], Otendis jShlzter Crlstste ™ tfis jHjsOat jda ™ &0 tedilzdCj 1.11.
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Layerl Layer 4

Layer2 Layer3

Classification

Eartquake

Quarry Blast

Earthquake

Inputs Radial Basis Layer Competitive Layer

TolifztisS 1.11 T iRl jShizte ™ COniWASOydistt R disH jizj2 fie jienlz otdL: ANFIS, FFNN,
PNN

A Coyjfsej sBlzy0=hdn oi0giktse disHjzd tiedhddsotd &0 ontsH ofjes HOO HiedLk0So
hdekodse: skkshjbdj OdgyhdszH st gs? d Yotfjejyks? osth d Adjted jlsdyihSow
~0t0Cls jtedisd<0, s jHisOadzveshow fises? Bikksh jkd) dhisjcteotse s 0kyhdskzHi S d P ot
oLV tfis o B0 " d3 ote jd3jdatz ¥ 3 5CHOM3 (complexity).

1 yjtsd ofyj bt difitjHzidr i gEHjkd §sS0L0td fstsydsit Gy tilzeosr f
StsyGishis & SBHEOLE A" LBt iseiigd? s 93 Hs 100% o LOsdhddsisd sl diist-LE jks2
®sHjkd o 0GOzdLdtlzjBises Zyoniseo, ted Assds Goduzyhdj tejLizzsolsr Hjdgshhstotesa0io
BEH G & j2tesdhs? fjlsd f) gekdgshowid rd¢ fts ik FFNN.

S SHES | Te0otjidj BOLEquR R dEHjij2 KON dhdkses BB G™ HE™ s jH i jkdw
SqftfO dfijssydSo fi2MdkduinSdn detotse B it fisse jHiks difikjHse0lsjtvdd di sdksew [124].
Afyjets ywhrdsd syjddeotsh 10 dGisHjkj2: Htjots i jkd?, fkzydhr2 ¢jf), dsedhsdyihcow
tedetediiow, dsjlsH Ytk n ojSilss, GlOHjdsk 2 BlfSdle &0 Shbse Hittjordo i jwd?2,
BdssH K-BEdM02Ndr fishjHi?, 0kestedisd; AdaBoost, ¢0dodr 2 BO2 jfsenSd2 ShofhdWdSoltsts,
BHJE BL66dHRE0 o dBJ2tesdkdRow fijls f) Ykdshowid d fisid.
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1 hesCzyEshsd ¢ sz hogz Stkdyinsez gsHE?, OolsE0Rd YesosHEN tfsHBEE
cdtf oot stse  ovett BBk AWWJSkdontes Mshis0e0 tiedLioSteoses  Hisshistodnisots
dieHdodHEZOG Gt HEW COMHE2 dBisHIRd. dissdls ZSOL0+ B0 GOz 2 teOLijte ovBBeSd fdet0dse,
dhtfst Lz jgs2 HEY sBlzY jkdW d Isdfsdtese0ddw, fisHjtex 0 j2 o fisesSzydshisd ofjes 50 LOYdhi2.
Glsts HOYIs tfisotsH HEZW Mk jdd2 o ssydshisd fstizyidh - b Lz s0kse. 3 & o Y jisd B jssHEzEedw
dhiz jHse0dGdW tfie jHiisO0ad™ jis ddzls jtsjf o stfdh*o0jls Stk iSht 2 tfsHABH s oV Btz ZOdBGEZ] )
AWW jSlsdodzsets OtzetstedlsgO 30N dhdsets SBlzy jddv.

ey i 0L SSd HOGE - o 0SSR difz jHse0G WA WokW jisi HsosEA kS IstelzHE jiSdd o
stegBlzjls BN dr LOLEOS ojdjhd, ust MNedX04s hestshs kihsdse0kdy d odjHtsjdadw
CromhdWdSoydota = GBHjEJ2.  Isssdiz  fizPdfkezjs  tsHABH,  tsLeseweshd?
CaoOnmoWoydtetso0lst  djeOLByjbirj HOGRY J, GOLYo0jir2 sBzyjhdjl BJL kydsjdv, tid
Clsstetseg HEZW dH jdisdWdSoydd Skomfse el jSlsse to i 0 jishw LOHOYO Stz0mls jedLOydd.

Iedijte003d SOSEEE YSHASHO oY ikskztf0Els ©0BEISY YWk - dL 4=¢ d sdlkow [125, 126].
A SOy nise shisB jawshis j2? sBdn difijijHE0dkd2 BE>&s 0¥ Hikdlks? ditfstz-Lse0hd ] tisishs2 flsd
HOlsydSts9, tsjedistedislz = dn 0SzhisdyinSdd ostd T o GdLSyonksists2 tBkomisd, d dn hsnte0ddkd
0 adHJ & jtfte jto modzisets HislssCO HOGER Y .

¢dolsster Usdm difiizjHBSe0hd? o Wadkd LOSSEBJtikshisd © COMHED dL oY Hd kG~ did 6
Chomsjiese, dhfsziLzy HEW Astes Okcttedsds K-fsjHkdm d Mzdddislzy  fitf jSiste0dzdrj
~O0Ck jedhisdSd hedOdse. wOSHMJ distejf) © HOGEGY - OBESISOR tts jHisOad™ jis teOndssiste jdidj
ostfiesh0  YteshisteOhnso jhtses  wOLadisdw  wOLkdykrn  SkOfsitte )  SBGOLEY jRdid
LOSHh®R jedshis j2 GjMHE 1ottzsydj2 Sofls jte0 cLjdi jistevh jkd2e d ¢ jshsedyhSdd toLdtsdsisds.

StRYziShEr2 oHatH s StfeiHjzigds S0 dhissyizd<o hi2hBsoszhsdyintd= ostd
Bra tfiejHdsyjk o difiziHse0kdd Sds02nCdn bywhra. Jhd ortfistdkdid cizesCd? 0h0kdL
tfleqLi0S o fidet0tse ted Yisksd o jissHEs tie jsat0Lse0tdw o HiSEBYSLAYAd fledLi0Sse (EMD
d SVD), st feLestdis tfstzydst diHdodHEZOZ G2 GoBt ~0EOC jtedisdS HEZW COMHEES
SHJEAGEes  SHOfs 0 fdczonse [127]. A¢OGsHOEY  difstiLso0hdts yjkses SshttiSho
B0k jg0duinSdn Okettedisise d teOLteOBBS] G0 dn thbse GHikd GONdheses sBzyjkdw f
CHAteso0kdjd d HjSBHAtEsa0hdjB HedikoSte (M-W&E), finjd0 Solsttes? tfts jHijsOodjk0 ¢O
tdhlzCd 1.12, dd3 ZHOESSH* HsBdIs+W 92,5 % Issydshisd HJ&sdWdSoydd fhd2hddudhSdn hdekowse
9 BsHjzAG Y = dihijHEzjd3 - ctelztftfon.

JsHjz e adkdds0dkd™ LohEEzM o0 jls dijtst-Lse0hkt 2 Oalsste0hkd & lstH odLizOkdLOoydd
HOGG Y », GOLY90jds 2 fissronsdyinSdds odsyjidjd fishiH? T t-eOnftejHitjedid (t-SNE).
roger?2 Okestdls tsLosdwil fhdidls! LOLdGjehshis? HOGGY R, Stdhre0jgrn BtEINdd
Cekdyjhisotsd tedLi0Sre, d tfisjHhisOadls+ dr o HolzAds jtedisds dizdf Ists jnds etz HiethisteOdniso j, SOE
HsCOLOG!S G0 tedfzkSj 1.13.
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TohizasS 1.13 T SO0 it it 6OLds jtedshisd] Yishz dLotjy ik oLyt R fledLtoSte: (0) -
BJL t5B0BSIS; (b) T 60fHtejH i iddj ROEOCk jisdiisdS dsjisedd o j20tis-40C j0; (c) T
60N ie jH itz jdaj leclLtz0Sse B jCsso EMD_SVD:; (d) T 0ftfie jH jt.jddj S8 jChiso disH iz M-
W&E
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1 ©0BBkj WOkyzLhSda d 0gJtedCounSdn Stttz jc HEw Saofsjtedoydd djttejtr ok
nd2hdyinSdn HOGG - Bs LiBL ikt hjed? d Pidgse tfeddjdvenv GikssH ciztsises tBizyikdw
[128]. ISHABH, Shhse0GE 2 ¢0 flojtlstys - Gi2tesdks - hikwn, tsLestdl dd isHikdlst Pizd sis
stz jLe - detkowse, dHjuisdWdydssete tfisls jaydoe1dts sHondG ™ j ZyohisSd. Iecdsjdawjd 2 dsjistH
tftotsH jdssimistedftetso0t o szt ssydshist o 0Ldzdudbdd oLk sdttse fdedkodse d tfsLashdl dd
MSLHOY  GOHD>dzE  Oolssds0duinSlzts  hidhlsjdlz  €0hkkjes  SBROLEY jadY hj2hddyjhts?
0Ckdoadshisd &0 shisej o Hidith~ Stonks jtse fi2nBdyinSdn fserisd? (tedf. 1.14).
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1dhkesS 1.14 T ZdesCstistshizow i j2hdkset0dl0, Logdnodaow hsokydi?2 NUUG,
tte jHiisOodz j&0 10 o Jterdz jds GteOWdS . IsyOhsa0w NSkteshis+ SBERO0EEZY jkdW odizisted SkOmis jt0
tte jHils0otz j&z0 HAZW COMHISEEs dL 4 SO jteso (S5 A HEs D). Afis0aCd i tfie0ots? fisttetsds
sCOL ro0sks sisdzishdls ja 2 e0Ldijts Hstlzdwydd COMHBER Skomis jte0. 3 0Btz how
Ctstets jlzdtelzEs P OW 3 Ctotsh j2Mdsdu oW A jeedw BT &0 LOWASHdteso0%0 ¢0 o jtehddz0n Ckomks jeso
C d D, ke jishisolze=sFrdn s jej>4 ebissHO Y 2ze0hisd0S o gtedz0zHAd d ydiste0t-dis2
YOnsd e jo tets? Plsi0dkisdSd fistsise Jishise jawts

A yjists, fssds skaisdst, st fzPifsekil Bhsyfses ©0BSs, fsLostvshdn
OalsssOsdLeftetso0ls tstftejHjtjdj Ao dissukdSo f2mdsoSksduinSdn fdekodse. HEACH
CuSEjsisj tjPjhdj HEEGS ovBJEOEf  sH  MYiydWdSk ditstLzikrn  fdisid
Bishdssteddze0 d tejedhistecftelz jds ™ j f) dm YisdssM e HOGG Y.

[ ezcOv LOHOWD, Iste jBlzsPOw OslsstkOsdLOydd & KOSHR s jBOn fi2nds0Skhsdy inSses
dGsdkdstdhe® COS cPrognoz-ADSe T Alsts Bl jHkjhd] Esydesedth = fisBrisd? o ezt
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GOLYo0jigrd S0S>d 0SEhisdyintd 0Skdodrgd Lskogd. JBIjHAGIGRId hi2nks0SEhsdyinSdn
B s 0 ezt tisLotY jls ¢0BEEHOK d 0G0zdLdtse0k HAEOBASE dLtkyikdw 0SkhisdyihtE2
1gdhndd, o fsslse jishisedJ f) tOLEdyd " &d Usogodd Loszsydd st distas0Lso0kd o Gonfde
CBtel TR fstesH [129].

Avrnjeikdi d tOladisdj OSkEmsdyjhSd OSkdek'n sk o fhj2hdshsedd & jtiHSE
teOnfdsOstefo0 jisiiv &0 hidsej tejLizizsOktse ChkOms jtedisets 0GOELO o, o whsBjdkdshisd,
tftedck jdjdad jds Ozetstelscz® DBSCAN. s Astscilz &0tfteOodz jdadss s jte jfy tte jHiysOadz jis ts0BISO,
GHJ Oolbsste™ HEW dHjdsdWdSoydd d 0hk0kdLo OSkhsdyinSd 0Sksdodrn Lt ethtsi-Lise0kdi
CdsBdzOyd 2 B lssHEe 10 shdsej DBSCAN d o jRot k-t jsB0Ls00dkd2 [130].

Itolzedj byd ' j ttedds jdadizd Odzetstedsds DBSCAN HEW HolzrAsOtfts? Caz0fls jtedLoydd [131].
WO o3 Us0tf] sid tesojkd tfeshiste0dhiso jddzs Cons jtedLoydt HEW hj2hBduinSdn HOGE Y A
tfts Ltz jlstewhy jafvds, o7 H jlzdo BAStetsChOMk ™. O olststetses T teOLH jzdzd] istzlzyjdsts ™ j sBEOMSH
tfts otp joi jdads s ROtOCks jteciiso[SOds, tisizizyde fj2idsdyhSdj Lstr (tocfiy. 1.15).
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TohlztsS 1.15 T JoSEsChonsjier d chse0L dr j Sonsjer (Nj2NBduinSdj Ls&T), o Hikitkr j
Hiw SOEAWstetsdldf (a, ©) of HEW cisBOE-ditsets COISOMSED Loz sty jisaf2 (b, d)
S £0BEI0G f) Yedds jdjidjds Otesedisdkd DBSCAN s\t 0§ St inisd dfikzjHsa0hdw
PWar R di mistse0isdd [132] d redtise [133]. A vonjshshisd, fsikintdj o Hjtdkd 6 Cofsjtse d
fles060kdLdiss0kd dF fij2NdkduinSd, RoEock jedhsdSd (tdh. 1.16).
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TolhzasS 1.16 T (a) SOWSSEEONAYiNCE] tisjHisOotitdj BOLEquRT R StOfs s, sty kiR f)
s Ozetstediss0 SO jisdLoydd DBSCAN f) U=0,6 ¢ n = 35; (b) 20t 2 clsOWdS
000tdLdelz jd52 fj2MBqutshisd i sy jdCs? iskishsd WHid (KDE) SOMHE2 fj2MkdyinSs2
008l jtecfisclCf, 20t i s &0 ckOotizts HAOUHHEOE-

A t6WH j oz jHs90dd2 thesai jds T Ste0sSBhtesyibses HisschsLdisa0dkdw ZHOBSE NG &0
shise,j BjssHse GONdhhtes By jGdY ©OLEOBOSY 008l MsHji4, it Cilsttes? WadW jishw
stftejHjlijldj btsodw todiCO [134, 135]. JHE&SR dL kOSdm  CkOhhdWASOyd2  WedW jisiw
tfte JHitSM Jz0w Feng o Chen fidfisJ&z0 ztetsodzd?, tfisjHiisOodt jidkow o lsOBddyd 1.3 [136, 137].

u0BEAY0 1.3 T somiWdSOydw kzissod 2 tedin¢o
Lo i tedhSo JHdnoddj
b Jishizlstisod.j Wedzsets tfise jtenditshstsets GOtz jadw
WILBOYdls jiads or S0 doddd] dizd tohhk0de0dkdy; tOLBt Wis0eddis0 10-30
WLEOyds G2  fids; 0BT LekzC tofists jiSa0daW; cizadO Mt jiSdedtd™ & jtkij 0,5 d;
oliisJds0 Stejyizjdso dz tfisote>HJ%0
ddizdts ) to0hsts jiiCda0hdJ; 0L jte ¥ Bl jhdksets tBEs®REO fistssHT T 30-80 fids;
LBl 2 Iste <, fsns>{d2 %O oLt o H jlstsh0lststed; ctzzdd0 0Lz jhdw 0,5-1,0 &;
tfsote j>HJ%0 B jlsthkh0w SBH SO 03> HE 0dS jtod ™ zd BEsORd
A hE2 5BIVE o Blesh jhns? csteis? BGONT; or BEsh kT2 Wis0cd jds
Rt s 2 tfistesH Y ddgdls 0L ts T 80-150 fds; o> HizshSehisd tOLez jedw o Lisdj
J 0Ltz jladw; tfiesHEsE s ji2d 2 Lok, Ysntsyd2 40 oLtsT o ) ZHOLGE otkkE?;
iz dtz0 0Ltz jizgw 1,0-3,0 d3; 0Ltelz jlzdj Stejtfof

bobsiT G S SR E0BSS s jtd donPl0BlkSs] difikise0kd] s 0G0kdLE d syjtS]
W JClscfodsshisd] HleetsLdeso0kd™ bSO f) fdsh-s K0S GOL o0 iR OGH0BBEL o R & lssHEe
[138, 139]. tzls* SOSAR dsistsHtse fshistsdls o Sai jHjl G dtisyise0 Hislzedr BOLEe TR diisH 2
) gt o jadw dF Hedid0bss? fesdLoHds jE gshsd. RISSHET j HOGGY j BT Ed sty jgr
i jHse0ks jivdsd f) diyfist-Lse0tkd,jds s ids ™ ddSieshi2nbdyinStes distdssedieo. I Soyifse
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fedLiz0C e diytfisd- Lso0ddh S0Sd  sSOLO jizd, SO hzddkotdbs | Sotdyjiisets fise risd2, EseOtdWa
dn Adjteedd, om0 MsBYisd?, dRSEzBOYdBRGE) oiBY d GJSsbksierj Hizedy. uOSMJ
shsBjhkkshs s dn LOBBST Wodwjshw I, st ddfi kHOESHA erwedist eLOddshewtt &idHE
CiSte st 3d YedLz0S0Bd d %0BG0dd HOGG Y -. Clst tsLetidis di o tWH fikizyo jo MsStolsdis-
Cidyjhisets ontHEY - HOL0d: istese, tseriide fesdLosHds jE-dshist dsH jd 2.

1O tedhk®Cy 1.17 YeinhsOok k™ tejLizdls0ls™ st teOBST &0 thktej 0dn0dBLIOY -
BiSHJZj2 BONdidsets sBlzyjedv i) oLzdydk Bd GOBSEOdsd HOGSG ~ HEW ddls jahdodisets Zztstsodkw
et ikdW ctedses HOal jadw.
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TdhkzdsS 1.17 T F-g3jte® CkomidWdColsstetse s ts0LE T d3 G:0BSt0ds HOGR = HEW dls jdfhdodsets
ztstsolW eSO

105 jo Oalsste tftedcziddizd teOL0BEISOhRE ™ j &sHikd HEZW He0Csdyjhs? LOHOYd, O ddsjddts
HEY  fieunCOLOGdY  tediGO0 obLBdShBojhdY cbtkees EZHOLO o BHESE dL  Sthiidi?
egHtetsd jClstetshisOdydd Aditdl 2. fhbsohs? fitsHE? SO WodW jishv de0dst, tSBEOHOE M2
orfisCis? tfiesydshisa s d AtelztfSisyls 5. ydzBdh0 LOE je0dd™ Istsdiz jiz j2 fishisOad™ jis o fits jHdz jds 1700
&, 0 GOSHOGOLAGOY HEhsde0js 2525 &. s 2015 ¢ o tOikoskde0 jdist Sthkjt BTt
LOWdShdteso0ds HOO fidiz-d r ested ™ ZHOWO. Rk jHESo0k jid oLved sBlzy jddk ' j disHjkd HEw 1-
¢ts d 4-6ts GOBStese HOGERY R, SOS COS sid YsCoLOkd GOodizzyd]j te jLzds0k d ditfstLse0kd on
HEW Asdm Helzm Milzy0je. s jHMCOLOGGLT § ojtesWistkshisd Bist N ddise0 disHjij? YtsHise jteHdkd
orfsCd? d disjdhdet 2 ssodkd tdhSo osLidChse jddw Vol jkd2 Isintkse iddks2 fi2nddudshisd.

Py BHEO ©0BEIO BY @0 50S>J s jHisOotz j&0 Cos02mSddkd bywdrdd. Jod teddddid
¢dBtedHE 2 BlsH tfieschisLOteso0hkdW ctelk R ZHOEEe 6O Zesk1kr R hORkOR, Srlstter2 fisyjsOd o
hjBJ Gjteshdrj fjlsd d Abjdjdsr djuyykes? dsedSd [140]. rdv 0G0kdLO tkd oY BkOkd 10
000 jisteso, ROE0Sk jiedLzsPdR ast gl homsk. oV ekt Gjtftitronrn ojedudt st
ditfist-Lse0ed OGoEdsduinSdi or oy ikdw, f Yskshies Calssern stejHjedtd oLodBshovL
B HE LBEOYjedwld Howodmistelse d tedizOHE M dshis1E S stiiejHlEjeussE itokts wdhSo; HEwW
HAMSte dlstz - HOt0dsdistese T MisJtfjd Slsdzifikdw € tesadts eSO, disziLEzw GlssH ASH jtelsd
BYJBES.
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rokid Oobter ©OLEOBBLOLd Gj2teshhklzts ks, hshsswhEs du yjsrieyn fisde d
By jhdklzE 40 tfedLk0Sor 15 hikzy0jo el ~ ZHOEES. T jLzds0lstsd toBEsT b j2tshkhs? fjsd
wodwizts! L0 jhdj ojtetsWistshisd HEW COMHEES kstsodw tediCO, k. j. ofjeés 4 L&Oyjddy. O
LOajteh0=h jis S0 dhfizjHiso0nmow Ly dedhjudid Selzyjhbklze dj2esubzs hjse ¢
oG a3 Ehksodwd etz dgs? MORkr w0Gaywwit. A tojLzdkosj o 8 du 10 hdzyowa
Gz j2tes) jls joOW dsH ji HisHise jteHdO o fisCd? o didsls jdhdod 2 ktesadd tedico.

Jd yjdsds ik dnizjls sisdlsdis, st Bk hddhsets 0Bl Sdis02mSdn o dkHd20CdR by n
s HOGGG2 tesBEjds0dS, &OttOat ik &0 tfeschbLdteso0hdj ZHOLEYONGSs] o etk
hORKOS of HisHLjBG D sttt jiz 2 [141-145].

TWH dhiiiHse0ls je+nSdn 08Bl Gotis0at it &0 dhtfst-Lse0hkd] hj2ndidudhSdn HOG%E ¥ A HEW
tftesclisLdteso0hkdW L jddjisteh jdkd? [146, 147]. s k0Sds t0BEsOd ds>bs Sistjhisd difit jHso0dkd.j
B HEZEOEHERES St jClsdod Oolststetse tts 0k0kdLE fi2hddudshisd &0 sdtftej f) teddsjdidd.id
BHEd GO dheses sBlzyjddw [148].

AsHotHY dlstse, Mz jHizjls slsdz jiscfls*, ysts SCOMHOW 160BEISO s teOmfizOstedo0 jdis2 s jd0sdS
BSBEZOHOJs fosdBd ShsBiRushswgd. Jhxas LOSusydlsd, st skhizshsed —JHAGEES
dkdo jteh0kGses  sHABHO sBENESOLjGs ERdSOEGrdd ROOSk jtedhsdSokd dhfkiHEzjgr -
tsBJ jSlstso d HOGG Y A, tistizy0Jd - o ety dekdsttedhed [149]. vots? 9CE0H o OLESEBLOL]]
feddzjiv jgra tfsHAtHse d BjlktHise odkshdls PdesCd? Wt jSkts sjrbdujnSdn fitejise o
Okzestedistsso  BLOBBISH  HOGRY R,  Isdstsdlz  HEW o jldy  YhsOetjlkra  LOHOY tfs
fise jish jhsoto0ndts f)j2nEs0SEhsquincs? Hdisikr GisBRsHAGS GO Shkse] fizh jisezsdn
diyidz jHse0lk jzhCdn 0Btsls o7 B0l d Histsls jfisdtetsotis- fitseiise jdds 2 &0BStE & jissHise d fite jHhse,
Celsste™ 2 fisLotsidls yifist shisejhdshisd ShStjlstkisets ZHOLESYONGE6s s8I JSI0, fidhsid ™
64t jn0dkduinSsets dsikdksiedked d tjedistdiszjd ™ n HOwG T .

1.5 Ajiz+ d LOHOY didzjHs00ddw

WO Yty jkdd dGhsedn il GOBEEHOJSHY kjdHjRydy S kejkdyikdt ckizdkr d
s GiGds  estbhs-¢jsuseduiiSdn bidsed? fs Skw0BSSS) djissEsyHiGd? st kT
qiCsojBra. J fsesSzyashisd i) 5intscitht e osLHihsod s, teswarvshdniv o dofisern
BiztssoLts "ot "~ t60BBISOR d o jtdy jdkdd Bl jG0 o t0BElOGHEes Hishstodhse0, Usts fedosHdls ¢
fsor P jdts etelses HOak jkdW o Ste0jorn kyOhisCon istsHEses Gofded d tshsk Cokdyihise0
ZHOt S YOG~ oz jdd?.

TOMhdslsts jd i hisote i itdk T~ GilssHEe By jkSd d stk ¢ s j~0kdyjhisets hshisswadw
fstosHEses GOfided YsCOL0E, yst sHEANR di shbsestskocoshdn fedkydse dn tOLadisdw
wow jistiv fiise jteh jihisoso0dkd] Yiesete0dis-BlssHdydnSdn Mt jHiise fs tBieOBBIS) o 0%0kdLE
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o jedstdljkn HOGGTT. Mod AssB ofij BSEPjj tONtleshstotitd Yty djssHT
s jizz jCklz0k tsels 00kdLO, fsLostvshdj o LBOydsji ts? fisititd OolsskosdLdieseds! o
tfsoriiflst 5B jCldotshis! Gusedn Us0tse BEBssided ¢ s R0ty iSses fishss ddw.

s fjejHsord fojHise0d Sbistesd™ ¢ jsBjR0GqyiSEes  fshsehGdr  Sishshmshv
nJ2ndsoSkhsduiSd fdhsikr, shzPjfseevshd tjcdistoyds d tBwOBSESE HOGGTT,
orLa0hk  HjWBhOydstd r&d tfisydhhosd o fesHeEss Gomhhde . I 6 jLizdls0ls0ds 0k0ddLO
ot i ik~ dhfiziHse0kd? BY&d oY Hikjkr ShEsekr ] GOtkoetjkdy fseiteh jhhsoto0dkdw
2N BEOCEhsdynCdR fdhsid, TWskkEedese0tr yitd d LOHOY] HAiEsoydstns? 0BT,

AJt* HAitlsOydshns? 0BEsT  LOSHEYO W o tOLEOBSES) ot iCkk0t tis2
s jd T Hletsete0ddtets- jlssHAuNSAR fitsjHise ©BE0BELC o o jtetfiejisoydd didstedsjddrT
HOGGY R © Yyl M2NdsoSksduiiSses dshdsstdied ZHOESSYONGSES konde0 sl T
tfistelsH BJMSSEEYHjGAY DXkE,.

RHJW HAhijtelsOydd hshissdls o tedljhibdd dlstHise dulsjeejSisiz0zdises 0%0ddLo
qLBjeds it b fj2nhsoCThsuiiSdn HOGGTR HEY tsorh jadv dGOHYMGSs] o Werjkd™
LOCttSd jiedsis j2 Wtdideso0hdy SHONGTS syoess 0L jGd? d fescksio HAkOBqyinSdr
oot jhd?  cstgses  HOeLjGdY o  Hlsyffj  MJ2NdsOSkhsduiiSses  dsstdsstoied
t60Lt0BOIS ¥ 90 jd356ts ZHOtSSYONGEGES BinissietsHIRdW.

r&w Hishisof> jdadw tfishisOad jhdats? yjdd BT d stfiejHijkjkr d jh j&r hkzjuzshdj LoHoyd:

~ tfes0G0tdLdise0s- tledLGOCEs tletsiste0thsots t6 jedfijstedislz jds T
njRMBsOSENsquiNSdR  HOGGT R HEW  StlejHjtjedy  ROwOSKjGrn  YoLOB istse  fdckowss,
didyddsedtn = fsifisejatrid — cisBirondyinSdhd tesydimosd d  ortskdjidid
s jrdastseu SR SY.it0yd? Ut EOLE0BESS,j tjfssEsHiGd2;

- BBEhHHEo0kH WWiSkdodk Y § disHikd GO dudses tlzujtdw d ftsdLehisd tisHesE dn
COittor0Bstsse HEY  HEMSSojbkses orvotjhdw fdckOise o fsBYd? jfsjfise et
tfesdins>HiGdY;

- te0Lte0BBIOL BisHASE BBEOLEZYJGAY d tyjkSd tydese ftorh jhdkset cttnses
HOoW jdzdW © ZHOBEHONGEE RoMhde,j et - HfistsH;

- orifistdos tOfyYls YO0 jisteise ot j jdt T2 teHse of fistfshisOadls = i Hetswetz jad i
ostetsets HOow jddW, Lot jedfistedtetso0id r did 40 ZHOLSEHONGES dfistls>HGAd);

- ) gediikdidis ni2hGeotnsduinSdm HOGEY = tOLEOBEISOKY AWW jSisdodJ BHjed
BON dttsets SBlzyjidW HEW GOH M bEES esctsLdtso0dd™ EHOESSHONGShS.
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sdBJs0zeduintsd gdhsstsdHjed) Db, GORsHYhjjhv o StohdistjujdknhSsd
telzHEEE ot rotkiesthSaes guviho, seshdlshiv € Sdiesdk sdtiz i fjtistevas-hodizysets-
YduSoon? BdEjeoedLoydj?. Jhusokr§ lzHdrd sizt® Ginsses>Hiddy WodW jishw >Mdzd — 4
(tedh). 2.2), Slsiedw tisjHisOadzjk0 dOnfdad ™ did Yeishyolsrdid hzd+ Wk &d d SOeBEHOSH:S-
Mz WdHG " d3d  elzHOd. O BJSPd? dskikls ShO Gkk0BsSOBO HES ckizBdl™ 520 & d
ROBOSk jtedLiz jishw fyjo jists-otshistyd ™ &3 Hisshisds0hkajds (724) i) Zedisd §OH jdkdw 45T60A.

L inlststets>iH jdedj GORBHASHY o Listj fidzts>ibs s jSlsshkdCd, stits jH bW jdsts? tejedsk0z- drdd
hHadesor&sd tfjtejds i jledwdsd. Jhdsad ™ dd telzHisCtistestzdtelzts P ddzd fistelzClslzte0dzd Wodweslshw
o dtes-omistydn T j tOLEs® Y, tidztsyjdigr | ¢ Lstk] OLEsR0 tlzHE 2, 0 50$3 j I jo tes-LOYOHE Y j
GOtz jkdw, hewLOhkr f) tojedskOt Gy id tOLEsROkd. thHEYd kiZ0 RO0Ck jtedLiztskshw
ov sk jidil ckCerisra ghishsi?, BJL oYEdXjhuset dgJsOnsdkoEL0, d ddedtoedLoydi?,
e jHilsOot ittt €Ok oS, MWOLitedisEds, HYjdsRAsEn, Yoetssdiss, 0 K0S Mz &d
Bz jtes0tz0czd, SOSddd SOS COteBBHRO T, Caltey d OShddd]s.

W0 B hisstets>iH jdd D>dts] Ytodds jdvdzd* O™ j fdils jds™ OLteOBBIS o LOadhddhshisd
sls ottelsls jridyinSdn Ehdsed?. s 1986 csHO diitfsk Lse0k0n! fidhlsjk0 ) tisHAUSOMdG d
GOcOLdGdteso0hkd i telzHY, ftod Cobsts? shisOokjkdi yjedsse d LOedhOkdi tstesH Sesokd
tfiedfosHdizd € oStz ik stfisted ™~ GOctelzLsS d fidzdrd etk d ZHOEOR. A tojLizd-sols |
GBSty HiGd] 40 ctzBdR0n GdXMJ estdLstsd 760 & BYds HedLdons sHohkrE gt estedd
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1dhizess 2.2 T aa k0 w0ttt jady shisot - ebtelkn oV te0BEISES df tOLztBHRE2 5jSkstdSd
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- dhtsd-Lse0dd] GitHO cOHd jdisdises MtfznCo HEw stisdidLoydd SosteHd®0ls sy S o
oL SteOLd jtetisds Htetshiste0diso ;

- sfsdidioydy  WedSydd  tikits,  sb0x0shj2  gihsskejsiised]  GJMHE
o fsCiteOLBJtel 3 d GoLSBieOLBjted ¥ o3 GlsOWORd:

C= a(‘ Pjj log g; - (1_ pij)log (1_ 0; )) ' (2.10)

GHJ gy T ojeswishishis o GoLlsieOLBjtlsd teshistokhisod, SttiHitiGaov f) difistLse0dkdid
wzaSydd JdrotsenSsets:

-1
)

g, = (1+a”yi -y, sz) (2.11)

GHJ o0k iste a d b sBYyss oredwOEskiv OslssdosduinSd HEW fsske shsody Stedos?
oV BoOhBE2 B jlstedCJ teOmflssWazcw.

a9 jielsC0  fOt0dstetse  fdetOdse, WOLBjulhin tizykrd fshessd, did YsksHd
Ozetstedlscz0 t-SNE s jHilsOotz jt0 60 tecfhlzdzCj 2.16.

ted BBE ] H SOk disds teOnfdssiste jidd ctelztftf Blztetso = fided0dso f) Ok0kdLSM ots jds jdid
GixHEZ NshiHGgdRd digzahokd BYds Ehsokset ks, st t5&0 o tstds? ditd ¢l slojyddls
orWalz jhh a5 LOSEHEM jedshsvd d fslstshlz wokwjishv ¢ iHshiste jteks2. A celzftflz fidekodse f
sdtfsds c=lzdkze gzl YstfoHokr fdek0kr ks Bltssorn d oLk ol tOBES, Hisistdlz oodHlz
slsfizishisodw  ROEOCI jtele™ = Yjtels fidckOdse celztffr c=zlkde, shd 0SMJ d&j &seks Bl
dhtfstLse0kr COC HEhisso ek HOGEY 4. A howed f) Asdid LOSE=YiGdvdd BYds fedhvists
te i jidj ssSOLOA W sls dffytfskALse0hdw Usdn Hokzn celzftf fdckodkse o dLioyPE-dsd odH tied
©0LEE0BEISS] SHOMhWdSOydtis? disHjkd, 0 sid o fost Byjiedr dalsjsttjsdtsso0tedhn+ oS
hdek0kr BjL sdtf0. & Hiekzes? Missteskr, Cshdyinses fdekotse o Usdn Hokn celztfon wodzw jishw
B jLa0yds At T o8 s Slstsh kg S eeltods jis jhise jtk TR 0CkhsdyinSdn hdetotss d hdckodse
sls oLte o ¥ t5OBISIS, tOLBJYJbE Y - ASHY jelsd o3 BB JISSHISE.

106JJ ZSOL T 00dztsh, Yists shdsodizEs Yoms+ s jrbse bk~ hidgse hishisOawwesls fidekok ™ sis
oLvok n d Bhtssorn OB, tisissklz BjL Asdm ekt teOLOBEISO  tfisddisy jdidis?
CHOnHWASOydstns? BHjkd, SBEOHOEM |2 GOkyGs? d t0SkdunSs? LEoudEshsEs, ¢
tftc jHMisOadw jishw  osLBsYds2. vOSH ©BEOLSE osLEdSHO fsBhjk0 ovHjizjkdy di efjn
LOte jedfstedtetso0h ™= HOGG -~ yOhlsd fdek0dse, dhlstykdSed dutkyjgdy Stk n Wodzweslshw
Blzteso ™ j teOBBIST.
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Tun umnynsca *~ A3 - bypeHne - B3pbis - LUyM

100 -50 0o 50 100

TdhzdsS 2.16 T aojtelsCo 0t0ds jisteso 0SZzhsduinSdn hdekodse, e0Ldjy ks~ tied fedshd
S jelstisets 0BOLLO, tis Ohesedistl t-SNE. edLtOSd: OdstdisizHO, Hidls jedishs,
Hezofls jdsfls? Wistsias0, fzsP O, MARSE, ZCR: 400k it tjstftjShdd ¥ 30
rew tejhjkdw HOGGE?2 Bl iy BYd dhtfskiLse0d SkOMsjtedr?2 0k0kdL, 0 dd3jddts
t0L0BBI0% Ozestedld, tLotiwveshd orH jidk! ¢ jSolssis] Cizdy ket BEztssorn fdedotse &0
shlsed YowOBjstese OdstfzdlsizHr, otejdsjid dsiMHz MshjHaddd hfewkokodsd o ot jdsdd
tejedhisteoydd [170]. pOhtkr2 Okcttedisds WokWjishw dsHIWISOYIR dlssHO SO jedLoydd
DBSCAN, tfsHtssBazj teOfhd30lstedfo0 jditet o 60 3. pactedlsd stflsdidLdistodn HEW tjh jadw
fshisOadzjdhis? LOHOY] d & Jofs Shdsead o3 Shis Jddishiswa Sisdswishw:
- t6OLHjEZidd ] onBHE = HOGE - G0 Ho j ezt T yjk ozt d hizd;
- Cingiso0hdj HOGGTR Ut Ok joCkdHserR tOMfjssMGd?, Lottt
tlssqLatHdls! SHORSjedLoyd™s o Xk, EiOLGsEs ot jdjhkd!
- oBLEEYE&ENSH 99 jH kAW o jiser n SEAWWIYJJdiste HEZW JOL0d istsse.
wjBOsqu NS Okestsdsd i jHisOotjt 40 kS j 2.17.
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TolifzaesS 2.17 T LEEPYEHEOY 117 jB0 OB OzEstlst ¢IEEIBSTEE o Hasct0di,
¢GeoFiltratione

OGi2 Oucstedisds YsLotivils o LuOydsji kR Bited Ztieshisdlst orHjzikd) Blziesorn
hdeodse du 0SkhlsdyjhSdn HOGGY -, G HEW fEzyow Bk Pises Cotzdyinised diewstgoydd, oS
GOtftedits, HEY st HjRdY DXk, ¢HJ Stkdyihses hdekokse HEhisdeoils 2 Gud, Jos
dhtfsziLte0hd] & tejHhsOadkwjlshw obLBE &Y ds oodHE LGOS G~ otejdddk = LOSGOS
. jSBRBHABR Y = %0 fsHBSts Y00 jiststso ChOmis jtedLOYdd. BOSHJ jet dhtfsizLso0dd] Shdsydw jishw
BBt @ Sokduinsosd EsMGs Chons kLot - Ndekodse, st beislzjs dn tzybs?
sBEOBBSS 1) yjz'ts dqhSesyikdy du SOl jestdd Btsorn fdehkotse. Isstdilz BYEs tieddkviss
tejh jkdj ovBtOls! jtedtH tejcdstOydd, G0 Crlsstsd Nekotr Bl Bzttsorn ©0BES SBEOHOIS
~OtOCk jtodz " d3d yjtelsOdd, 5. J. L0y jhd™ OO istese OdstfizelszHY d yOhssls™ dn tejedistsOydd
Coipyjabedislzesisiv - o seOhdujehst  dabjteo0t)  L&OYjGI2. W Ottedht,  SOSddsd
~0B0Cs jtedisdS0d3d 5BEZOHO IS tfitedsH ot jd3jdad i) 26 Wizo0Lw fis 9 Wietedkw 2024 6. HEW HOydSo
009-017. 20 tedilzd:$j 2.18 Hte jHisOoz jdz ™ s HOd Y J.

Ishizj dhtfistLso0hkd™ HOGhsEs Obestdskd d telzybs? St jSsdtesoCd HOGGY R s
COMHBz HOYGSE BY zd oV Hjz jd " fidetk0e T, skishwhdhw € Bzt o3 tt0BBIOH, Yt Siste0>] jéts
0 tocfilzdz$ g 2.19 HEZW HOyASO 009-017.
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A gLzt s0s ttecids jds jdsf OCEES YHRSHO BY s sty jds HERSOsEYEs) Catdyjfjsets
OCEAsefu,ifiCaR fided0ttse sk LOLG T dijssubdSs. Rseses,j Sy fisos hdetodss EOLG YT kdyte,
L0t jedstedistso0td R SlH jds T dsef HOSUqSOd, tledfo jHidis o 0By 2.7.

uoBEdYO 2.7 T stsizdyhisets LOBjedmistedtsso0tky ~ fidekodkise s HOydSOds d Isdtfods dissygndStse,
LOts jedhlstedltstso0tdz ™ m 40 B jfisttssxHjkdd S>3 f) 03.12.2022 6. tfs 09.02.2024 ¢.

Stizduihjsets destfize-fise s bqods dhjssykdsse

gﬁi‘gf ChlsJnouo ALerogrj Alztetsor §
009-001 1016 (0,28) 1874 (0,52) 9552 (2,66) 347188 (96,54) 359630
009-002 1229 (0,30) 1935 (0,47) 14780 (3,62) 390074 (95,60) 408018
009-003 2899 (2,62) 2205 (1,99) 1149 (1,04) 104394 (94,35) 110647
009-004 1455 (5,62) 1496 (5,77) 5782 (22,32) 17174 (66,29) 25907
009-005 817 (0,37) 1084 (0,50) 9803 (4,49) 206839 (94,64) 218543
009-006 2428 (3,61) 1906 (2,83) 691 (1,03) 62219 (92,53) 67244
009-007 985 (1,79) 1927 (3,50) 687 (1,25) 51516 (93,47) 55115
009-009 2089 (1,08) 2148 (1,11) 5743 (2,97) 183560 (94,84) 193540
009-010 2429 (0,66) 2161 (0,59) 26717 (7,29) 335431 (91,46) 366738
009-011 1645 (1,00) 1855 (1,13) 4532 (2,75) 156476 (95,12) 164508
009-012 1318 (4,00) 1873 (5,68) 7423 (22,53) 22338 (67,79) 32952
009-017 2521 (0,59) 2152 (0,50) | 126438 (29,61) | 295951 (69,30) 427062

Anjes 20842 (0,86) | 22619 (0,93) | 213297 (8,78) | 2173160 (89,43) 2429904

Isalttlks teonhdsstedd ctoWdSd Ysyotkses ot jHitizdy rdLtotte hdekodss,
sqtfdLdtsso0hd ) ditfistz-Lse0ndd toLEOBEISOGHEES Orettedisd0 Chomisjtdkses 0k0kdLo. Jdd
tfte HiisOak b GO tediylzisd 2.20.

10 fejHhsOot jhkr = cteOWdSOn BiEjj YWk fieswodweslsiw shise jhdshisd hdekotse
eOLEdyi = sdtfse. W OHeddite, LOGISEY wOLZdudy &idHE hdek0z0dkd Jnkinikse jkdses
Iste j P oftssBisOLs0Gd™ d fidct0zoBd Sl oLt ok 60BSS 10 cOWdS  Loadhddshisd OBthdlszHT
sls Csizdy hise0 tf jte jnsHE yjteju 0. BOSMJ o HIEW jishw ffse rh jhdkow Cdy jdist0ydv hdetkodse tis
oL ol 1 te0BBIS (20 GteOWCOR ) ote jd3 jdz ik MizisS, yists MawLOds i) f jedsHydEhis B HOGGEES oHO
t60BIskS.

I stfistddls jz & ds gsHise jtexiH jhkdid Hishisse jedshisd LBy itk - fidekodse o hisztfo jis
HjdsBEnsteOydy dn fot0dsjlstese  tfied istssMd Okettedisdziso  Ysid> jhdy teOLg jtetshisd. 30
teizCOn 2.21 d 2.22 edHis, st cedkdyT kjxHE fdck0tokd tOLET R kdtfse fisdkd BiEjj
WSSA®kd, R ¢sEoLHs HesPj teso jfisd. s ditfstLse0st HEY SqidLoydd HOGGT 2 GssH dj
e jCBM@jdHEZ IS oodHE dn ov SRR yzomksodljz dshisd ¢ HSBOOEjEdE GSoYA HOGGY -, Yss
tfslste jBlzjls stolzHs j3Sses  fisHBEO  YOt0h jisteso  LOSLOsEY = ovydhkikd?. J khbsedwa
Gdtftete T odzs2 to jedfistsOydd 0Skhisdy inSdn HOGGR = T st oW jishW IstolzHdse * fstzdzd s 2 LOHOV 2.
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TS 2.20 T IY06ES BOfHis H.ititd ] tledLtSse Hdatodse, sqtoLdese0hs R ¢0 shise
ACH,jielstisets o SO jedses 0G0tdLo

Tun umnyneca ° A3 ° B3pbie © Bypexne

&
b
Tdhizass 2.21 T wo jelsCo Jorod istse Hdekokse, LOLdjy itk tid fegshd ASh jristses d
CizOmls jtetzsets 0k0kdLO, tfs Otetstedisdsz UMAP. iedLt0Sd: 0gYdisizHO, Hizdls jd- ditshis,
Hizdls JEAdzshis Wissdis0, fizsPoH1, MARSE, ot J&W g j>Hiz; H0ts0d jiste Godzcdz0e- tsets
tOnfisswlzdw ds>Hiz SsySORd o Hieshiste0dhisod T 55; d3disted<0 wommisswlzdw T correlation
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Tun umnynsca ° A3 ° B3pbis © BypeHue

TS 2.22 T o jiesCO Yo0d jistsso 0SkhsdyiiCdR dekozss, LoLkiyittr T fid fsksPd
ST jtekstatses o SHOMs jiedset 0BOkALO, Ui Otestdltl t-SNE. JedLaoCd: OdtidikzHO,
Hitdfls iz datshls? Wietsdals0, Yz OH+, MARSE, ZCR; §00dsists tjistiShd ¥ 45

2.3 e jChqieso0ndj OEndlsjCier  hjRushjsjos?  dsHjkd, HisHeskEag0
sBlzuO= PR o Isjfisso ™7 GOBSEE HOGRT R

ed H SOz dsds teOnBsiste jledd Mdek0nse d sihisdse0hdd OLzdykr ~ fsHABHEe BY (2
hHJZOh ovosH 5 BjyjthstBeOLdshisd OLOBEIS Zddo jhOk1dis? &isHjdd HEW of)jn HOGHGT ~.
IBHjbd, shise0kdrj 0 Assd dedhydyd, sCOLro0kdht GOESAWWiSkdokrgd f ddLis?
stsydztshis2 & tte jHNCOLOGJ.

o Hiplzes2 Misstesd T, Bk jj o iisCsj SOy hiset tfie jHnCOLOGA? Hjdsshhistedtsso0kd BsH jid,
B2y bt " § &0 fidekokon, Lot jedhistedtesa0dt ™~ sHEdd HOsydSEds [171]. Glsts HstizP jhdj otfisddz j
eyl seIWhGYjishw fisjHs? ONtisshise0kedw OSkhsouinSdn ostdk &0 izsd hdekozo i
dissutkdSo His tted jBhkdS0. 3 0dBisizj GLOSEWHGS st sy b GOBEZEHOK tfied o jtelsSj Yo0R jists
ndet0wse, Lot jedistdtse0n ™A &OLE T B HOsYdSOdd, COS HS0LOGS GO tdilztC] 2.23.

[telzcO" o HoqlzsOw cetfisls L0 LOCEEYOLON o GoLdudd LadSot-dra R0t0Sk jdiisdS &
nefedOtse tOLzoyBS? HiedissHr YisdhmsHJRdW, st disX ks GOBEEHOKY GO tOMdsEIssjddb
60t cLOWSOR (ted). 2.20).

u0Cdc sBiOLBE s tfis jHifBEE> JddW tede jid € OLE0BRIS j ykiset 0%n0dBEY BAtOk: ™~
CLONWASOYdGE TR dsH k2, SBEYjtGHT R St jHikvs: CuuSt it yjtjos? st dijssykdso
hdeOdse HEW SlsHjzAdgses HOydSO. p@v BOLY HOGGY -~ NdekOdtse g jhsbietyHjGdY D>dsj
oSkttt Shdy ket dsHjtj2 o 0GhokBE] fishisOadis 36 jHdkdy: s 3 dsHjzd GO SOMHT2
dr 12 HOydCtse.
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Tun nMnynbca * AS * B3pblB * bypeHue

a) | 0)

1dhlzess 2.23 T rokzdjteds] e jHiisOodjdd] edLk0Ste hdekodkse &0 shisej 0kestedisds0 t-SNE,
LOte jeoistedfteso0ta ™ Lk &d HOsYdCOdkd: a) 009-003; B) 009-004; 8) 009-005; ¢) 009-009

1 Coyihlsaj Hstfskddls jzdrn tfeiddkizh jhikse s0CEes YsHASHO o fisiztf0jls oL dish)s-
qiHdodHEZ0 G52 GOMsts2Cd Cditt0r0d jsete HEY COMHER dsHjkd d R BSEZij BYfses
B2y j&dJ, flowL0bdts] i) difsiz Lse0dd jds BAkOtdks? ChomhdWdSoydd d tieshist? Otendls jSkizts .

OtendlsSsizied disHkd GJReshiks? hisd o 0khodBEj oSz=y0k0 ofjes 2 STy a ks T
fstdshovd 2 d fiis? tjckzivedLOydd. anjdosdydsy tfiejniisootjkdj dsHidd tedojHjds @0
tedfzdC 2.24.

ArosHr ) fehijHzjes tistdshovidses hetw d&j2tskbs? hjsd hezo>dedddin ttd
tisksPd WeaSydd dsedisduifiSses NdedsdgHO ) yjt s tisbzyitd™ o jesvsdshsq it g™
fde0t0 § yjtjostkl SHOnflL:

1
1+e*’

F(x) =

GHJ e T shbsa0dkd] Gokkzt0kdkises discOtedW0;
X T LBOYjGdj " REHASGHS fsw disHjikzd HEW fided0d0.

(2.12)
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batch size 64-512
epochs  20-50

Input layer
9 parameters
Dense layer
64-512 neurons
relu, tanh, sigmoid activation

|

[ Dropout layer

0.1-0.8 dropout

|

Output layer
1 neuron
sigmoid activation

—

TlsS 2.24 T 6 jd0 G j2Aests2 fijisd f) HIOYOLSGEOG] HsHBdE0 & cdjtt0w0d jistso

baetedss  YsHesksold sByOEhdn d kihktera  HOKOMjte (#0BBEse HOGEY )
LOSEE=Y0Ehw o oV Bt fded0dse tls SHESES HedydikdSo d to jHOSKdteso0hdd djlsSd sdtfo s0Sdds
BBEOLSE, st Yjzjos? lsdtf tisd jyodiw 1, 0 HeO Hiskzedr Isoffo T 0. TOLdjt sBIzZYOEhdn d s st
HOSOM Jistso MshisOadt Mtise jishise jhds 85 o 15%. 3 joisd jdizjds2 Yo+t fsHesissoCd HOGEG -
orfsztfok0 d3ddaddz0l- dats-BOShdBOL1G0v  Bistedz0dzdLOyd™ (min-max scaling), GtftsjHjdw jdow
N JnizE=h j2 Wekdhkzas?:

« = X, —min[X]
“ max[X]-min[X]’

GH X, T ofjAsHESj L&Oyjbdj fiedLi0So dL fissezayd X -6 hdekoeo, x, T X ;

min[ X7 gdiedk0t1dis,j Leoyjkd, tedLd0So;
max[ X ]7 G0¢hdds0t- et Le0ydkd] dedik0So.

A tojLizizs0lsj dste0kdLOydd sEOfis? LiOYiRd? tedLkoSsetses Hishistonhised BY @0
>0s0 o tfte jHjkOR dzls jtea0kz0 [0; 1], usts sLesizdis tsdakse jhdls? akdwhdj SOMHEES HiedLz0SO
(0 SEOnhWASOydshkzs hshtBhshist LOLEOBOL 00 jd3s2 &EHjid.

stkdyjhses hdekozse s wOLkdyk = dissykdSse o dissesora HOOMISOR BY @S
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