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dbpohtt  iwphubipht [y Yhpwnnud unwgwd  ghinnwnwpuwiht

htitnwgnnneniutipp pungpynid B nunwbiwuhpnigeniibph pwuljwt it vwblnp.

L

huwghnngniund - htwghnwlwt  wbnudwubph  wnwbdbwgnd, npwlg
npwljwlwl b pwiwlwlwl punipwagpbph wwpqupwund,

Bpypwpwunyniund - twpwpbnye bpypwpwlwlwl wuhwdwubnnypniiubpp
dbpadwytpunypwihtt  nwnfuwuhpnipgni,  Bppwpwtwlwy  Ypywdputiph
Ywnnignud, gpniunuwghtu opbph dwlwpnwlh npngnud,

unnpgbntyw  Yndmuplwghwubph  pwpnbqugpnid  (funnnywlwpwntip,
dwinifutitip),

shtwpwpwlwl juemgywdpubiph npwih qguwhwwnnud:

Ppwlwiwgdwd nwnwuwuhpnnitubph wpynitpnd Yuwnnigynd Bu bplswai,

Gnwswih dnnbubp, pwpinbiqubp b hwdwwwinwufuwl Yupdwsdpubp:
fetdwh wpnhwiwbn@niup

Lbwghwnwlw hEunwgninnipnitbipnud ghinnwnwpuwhu
nwnwuwuhpnejniiitipp wwwhnygnud Bu whnnudubiph hinwulywpwpt b wowb)
wpryniuwybin inbnwdwubph punpngegniup:

Ubjudwwnwlg tnwpwdpubpnud gbnnwnwpuwihtt hwtnypp huwpwynpnipinia t
pudbnunud unwbiwg  Juinwhbh ndpuitbp wlnhy fuqudpubiph b ubudwsht
gnuhubiph pwpunbquagpdwt bujwnwlny:

Sbnnwnwnpwiht bplyswih b bnwswit hwunypubpp owbpwinhy b ntnbuwwtiu
owhwybin BU unnpgbintjw Yndniwhywghwubiph npnudw,  hwpnuwpbpdwy U
punipwgpdwl hwdwp:

Upfuwwnwtiph twywwnwlp b méwéd inhpubipp

Shunwlppwnwlwt hwdwihp nwnduwohpngggniuubph wpryniupnd - meyb) G

htiinlyw| buyywnwlwihu uunhpubpp.

Unwowplydby & nwnudbwuppnginiuibph gbinnwnwpwiht hwdwlwnpgh
Uphpwndwu wnbpuninghw, Jdbprqupwunpnit b Juwwwpdl £ dnanpught
ndjuiubiph Gagnpunnud:
Sbnnwnwpwiht bplswih b Bnwswd  hwunypubph  Yhpwndwt  wpryniupnud
Lwjwutnwund, Ypwunwund, Gghwywnund nundbwuhpdb) b hwouwpbipdt
b dwybpbuw)hu b depadwlybpbuwiht uqludpwht uinpnyunnppuitbn:
Ppwlwbwgdb) £ hwghunwywl hEnwulwpuhtu tnbrlwdwuhpn u Qg}hhmbhnh
wnwldbwgnul: ﬂpnﬁ{h[ BU npwtg npwljwlwu W pu.lhu.ll.r.uuwh phnt[amqﬁl‘rp;u
Ghnnwnwpuwiht - bnwgwih dnnbutiph L hbwqhmw»(uh anijwiubinh hmduimbq
depindniput wpryniupmd <& bqhmmnuh wwmudz_tuum[wl}hh
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nbnwdwubpnd  wnwbdbwgyb] U wydbjh pwt 170 wundwhwubp, npnup
hbnwulwpwiht B htwghnwlwl wennuubph wbuwytnhg, hwntwpbpdt) L
wbtnybi U wwndwdawlnypuwihtu opjkyunutp:

Muwamywuynn npnypubkpp

Chduwynpyby b gbnnwnwpwht hwdwluwpgh Yppwndwt, unwgdwd ndjuiubph
dowydwu b defbwpwbdwyu  depnpwpwunipnip - ginwpfubininghwlwu b
wwitinutjudninghwlwl futnhpubph édwl Bwwanwyny:

Cwuwnwinygly £, np glinnwnwpuyht hwunyph ppwlywbwgdwl hwdwp Edwhphy
tnwuwyny puwnpwd dnunpwiht wpdtiputipp L $niulyghnuw) wwpwdtinnpbipp
eyl Bu wwihu pwdwlwu dbd Gpnnpjwdp hwnbwpbpb), wnwbdtwgub) L
punipwgplip npnuynn Yunnigwdpubipp b opjljwntbipp:

Stinnwnwpwiht hwunyph Yhpwndwl wpyniupnd wbndb b hwunwandt) bBu
dbp Ynndhg  wnwowplwd <L wmwpwdph  Sbnwpnn L Thugquyhp
wuwindwdawynipwihtu nbnwdwubiph htwghnwlwu opjluubpp:

tghwywnuh Udbuhninbyy 11l Pwpwynup Swéwph nwpwdpnd bpypwpwlwlwu
nunwwuppniggmiiuph - b gbnnwnwpwiht hwdwlwpgh  Yhpwndwdp
hwuwnwinyb) £ gpniunubiph ophywgdwt (Soil liquefaction) thwuwp b Yuaqddb) £
npw dnnbip, hhduwnpyty Bu Wdkuhnunby 11 hwpwynth nwbwph uniwwwn
upwhh uniubiph hhdpbph hebignuiubiph wwwnbwnubpp:

Chwnwgnunnipnitubph ghnwlwb Unpnypp

Unwowpyyb) U gbinnwnwpwiht hwunyph Yhpwndwdp géwiht b nwpwdwljwu
op/liywubiph  hwpnbwpbpdwt,  nwnuwbwuppdwt b pwpnbqugpdwl
dapnnuwpwbwlwlu unp dnnbgnuwiubp, puswbu bwl wuhpwdbon $niulhghnuw
dnunpuwjhu nyjwubiph wpdtipubin, npnup wujwhnynul bu
nwnwibwuppnyeinibbph - wpryniipubiph hnwwhnygniip b aunnge)niup:
Cwjwuwnmwup  Cwupwwybnnewt  wwpwéph  pwpn Bpypupwtwlwt
wuwdwutbipnu wnweht wiugwd hpwlwuwgyb) kb ginnwnwpwihtu hwdwlwpgh
(uwppwinpnwiubp b dpwgpuwiht wwywhnynwd) wjtwdwuanwp Yhpwnnd thnpp
funpnipgniiubipnud guntidnn (dhtugle 30d) wwppbp npwh  Gunmgdwdpubph
(opjyunubiph) nunuwuhpdwu hwdwp:
Unwowplynn  wbunnghwlywl  jmdnwubpp ey BU wdbp  hpwlwlwguly
htinwanunnn - opjiljinbiph - punipwgphy  gmguwupgbph  nwawnwiht  Epuwpbu
YbEpndnipgniu b quwhwinnud:
Stinnwnwpwihi  hwunyph  oquwgnpdnidu wpryniwwytin  dbpnny |
dwltipbuwhtt U dbpddwlytipbuwht fuguépwiht  unpniuinputtiph  nhpph
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hwjunbwpbpdwt U wwpwdbnpbph  npnpdwl pbswbu Gwl dpwlnipwhu
dwnwgnipjwl opjinbph hwjinbwpbpdwt, nwunduwuhpdwt b wwhywidwl
hwdwnp:
Nwniduwuhpdwl SEpnnubpp
e Gpypwpwiwlwl, ghinnwnuwpwihht b huwghnwlywu ufuwtph  hwdwywpguws
ybpindnigynit, tnwpwdplubph b opjklwniiph 2D L 3D dnnbjubph Ywnngnd
hwunyph nyjwiubph dowlnu;
¢ dwilwuwlwyhg hwdwlwpgswih dSpwapbph Yhpwnnud® Radan 6.5, AutoCAD, Surfer,

GIS, CorelDRAW bpypwpwuw-bpypwhhahywlwtu b huwghnwlwt  indjuiutiph

dwlydwl b dbluwpwiudwl bywwnwlyndg:

SEnnwnwpwiht diennh Yhpwndwt gnpstiwljw npnpnbpp, bpwbwlnpnup

¢  Cbwghwnwlwb opyblinubph nunduwuhpnid, npntunud, wnwbduwgnud:

o Swpwdptbph dwybpbuwht b depddwybpbuwht Yunnigdwdpubiph/itnwpptiph
pwpinbiquigpnud:

¢  Swpwdplbiph ubjudhly gnunhwynpnud, ubjudhly Juwugh qguwhwnnw:

o Uywhy bpypwpwiwywl  Juwbgunp  Bpunypubpph L wpnglivutiph
munwtwuhpnynit (unquiptibiph,  buwnbgnwiubph,  thmgnuiubph),  Wbgwihu
gpwyhuinwghnt bpunypubp:

e Shjutwdhu b gbnunbfuthywlwt Ywnnygubph (opwdpwptbiph, wnswdpwpubiph,
unnpgbitnyw  wjwquwuubph, pwphqutph)  bphpwswhwywt L Swywiwht
wwpuwdbiinpbiph npnpnud, Gagpunnud, Gugniunpjwl qUwhuwnnud:

¢  Puwlwywjpbiph Yunnguuwindwl wyiwbwynpnud, Yugnie quipguignud:

@npdwhwldwunpnniup b hpwwywpuwlynufubpp

Upfuwwnwtph  wnwldht npnypubpp qlmgdb Bu Stpdwthugh St
Cwupwwmnnipjut Ywpunnybh Skfutininghwubph Puunhnnuanud (Ywnunnyt, 2015),
Ypwunwuh bihw Manwlwt <wdwpwpwih Yondhg Upwupnwdwundd b Ywgpbiynud
Yywauwlbpyws dhowaguiht funphpnwdnnnyubpnud (Upwupnuiwt, 2014; Ywqgphly,
2015), Cutjgwppwh waqquiht  ghunwlwt  hhduwnpwdh,  féphihuph Mbnwljwl
Cwlwuwpwuh b dpwuwnwth  bhw  Mbrnwliwu  Cwlwpwpwih  Yendhg
Yuaquwhbpyywd Unweht LEntwiht Ynydlwuh Uhgwqquih Snpnwinud (@phihuh,
2016), N Shunegnitubph UWwnbdhwih  Yywnhlywdlugh Shunwlwt Ybunpnup
Yondhg  Ywqiwlbipyywd  «4ndywuh  funppught - Gunnigqudph - iplpupwtiu
tpYypwhhghlulywt nwnuiuwuhpnipgniutins dhowqguijhu ghunwdnnni|nud
(unhyuyywqg, 2017), \ << qUU 5GP ghunwlwt  ubkdhuwpubpnud,  BEML
wofuwphwgpnpwt b Bplpwpwunyqut Swlnynbiind wbinh nubigud
ghnwdnnnyubipnd’ <w) gpunwymipjut 500-wdjwlyht b 5ME NRAL hhduwnpdwt 65
wdjwypt udppdwd dhewqquipt ghunwdnnnynd (Gpluwt, 2013), Gplwuh Nbnwljwl
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Cwdwpuwpwuh bhduwnpdwt 95-wdwypt ppdwsd hnpbjwbwlwy ghnwdnnnynud
(Gpbwl, 2015): <pwunwpwlyty Bu phdwih Jepwpbpw) 7 ghunwlwu hondwaubp
gnwfunuynn wduwgpbpnu:
Upjuwwnwuph funnigywépp b dwywp

Untibwpununyginiup - pwnugwd & - Ubpwdnipinithg, snpu gnijuitiphg,
bgpwlwgnienithg U wnwewnpynipjniutbphg, gpwlwunipjuwt gwulhg' 94 wunu
gpwlwunipjwdp, swpwnpyuwd £ 122 Eoh Jpw:
UWphvwwnwuph Yuwwnwpdwy Jujpp b gunphwlwinyeiniuubpp

Uwnbbwfununipiniip Yuwnwpyl) £ << SUU Gphpwpwiwlwl Shinnygymuubph

Puunpinunnud’ [g.g.g. WU, Ywpwhiwtjwuh| nbljwywpnipjudp: <Enhtwyp hwjnunw £
hp  funpht  Gpwhunwghwnnpmiup ghnwlwu  nelwdwpht gnigupbipwsd  danulwt
npwnpnipjwl,  wpdbpwynp  funphmipquph b phwnnegniiuph hwdwp:
Uptuwnwlipubiphtt - wewlgbnt,  htswbu  bwl  wnwUdhu  funphnippubph  hwdwp
sunphwlwinipinit Bl hwnund b.-d.q.p. <Pwpwjwuht, b.g.p. MUhphowlwuhu,
ti.q.p. M. rnipqupjwupt, b.g.p. U.Ujwubuwupl, b.q.n. U UJwouwuht, U.Pwpwjwuhb,
U Unwpbywupt, S Wwybppuuht: <wnnidy sunphwlwinegmt B4 hwjumundd <& SUU
Gpypwpwlwlwl ghnngeniuibiph huunpnnunh wuoppunewip b wouwwnwlhgubppt'
uauwlbipywsd  puuwpynuwiubph b opwhy  quwhwwnwlwuubph  hwdwp:
Sunphwlwimpmit B0 hwpnund 5N Ughluwphwgpnipywt U Gpypwpwunyajwl
pwlynynbinh Gpypwhhghlugh wdphntph  wouwnwlyhgubpht:  Gpwhunwwwpn  bd
«Gtinnpulpp  PPC-h nng  YnEhywhdpt wpluwinwupht  odwunwlbint, gnigwpbipws
opitlwnhy Jtipwpbipdniuph b pwqiwlnndwh oqunipwl hwdwp:
QLNRu 1. <UPSPh dUUULULUYPS dhBsULC

1.1 Ldwbwwhy wiluwnwuptbph dhowqgquihts thnpdp

Uluwd 19-pn nwnh ulyqphg, wwindwdawlnypwht opjbljnubph hwyntwpbpdwl,
nwnwilwuhpdw, pwpnbiqugpdwt futnhputiph nédwt hwdwp wwhwebg nwppbp
ghuwlwt  ninnipniltiph hwdwgnpdwlygnyeinu, nph - wpryniupnd  untindybg
ghuiwlwt unp nqnggni’ glnwpfubinnghw Ywd Bphpwpwbwlwl huwghwnniygniu:
Sifjuwy puwqwwnnud gbnwnwnwpwhu dbnnh huwpwnpnygyniiutipp
oguwgnpdytightt guwhwwnkiint inbnwuph dnp$ninghwlwt dLwhwiunndubpp, puwsahl
L wphbunwséhu bplnypubph wqnbgnyainiup 2pewlw dhewdwinh dpw, huswbu Gwl
npn2tint npntynn opjtiljnnbiph wkinwnhppbpp:
1.2 €€ nwpwopnud udwbwwnpuy wfuwmnwupubph thnpép

-C&nul dwqUhuwhbnwhniquijwt b fEywpwhbnwunquiwt  dpnnubpp
puwtbipnpn - nwph  Jbpeht L hwwnluwwbu  1999-2001pp. M. Uhtuwujwuh,
% Uwpynujwth, 3. <wlynpjuth Ynnihg  ogquwgnpdyty b hwjnbwpbpbne wundw)|
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nbnwdwubp, npntp  Yuwuwdwd bt dbplwgwd b bundwdpbipnyd  dwdlywd
huwghunwlwb opjklunubiph hbwn:

LLnud gbnnwnwpuwiht Jbpnnp hwdbdwnwpwp uhunbdwanhly Yhpwnydb) £ <<

JUU 59h L Sbnnhuly ghunwhbnwgnuwlwl pulybpnipwt Yandhg  nwpwplnye
wyhuwinwupubipnud, npnuighg hwinlwbpwlwy Bu hEnlywutpp.

2011p-hu Ypwunwuh hwupwwbnnyejut Qudwluph |bnuwnepwih huwghwnw

ubjudninghwlwt b wwbnubudninghwlwt  nwnwuhpnganiibtpr

hwyinwpbpybp £ fuquépwiht gnwnh, nph wnljwnpgniup hwonwad b |

wuwibnubjudninghwlwl fupwdninnt Shengny:

2014p-pu Unwihph dwpgh Rwppwp nbnudwunud gbnnwnwpuwihtu Gplswd b

nwswih hwunypubiph dhongny hwpuntiwpbpybp b pwpnbiqugpdb) Bu wlyjnp]

fuqwéph dtipddwlybpbuwht wwwnwépubpp, Ywaqddb bu npwug bnwswih

dnnbiubipp :

2014p-hu Upniuhph dwpgh Ywwwl pwnwph Stnwuny wnswdpwph wwindwph

Juwtgh quwhwindwt wpuwnwtptbpnd® wuwwndwph pw hwpnbwpbipb bBu

Shwhiwhinyws, ophwgbgwsd b pwipwjywd hwinywdubip, npnup hwuinwny b Bu

hnpuwindw wpfuwmnwupubipny:

2014p-hu hpwlwbwgyti E Unuhph dwpgh Ywwwt pwnuwph tnwpuspnid wnlju

hwupwjhtu  pwihnuwynyntph  tpnghnt rhulibph b qwuskph  Yuyniingewt

guwhwwmd: Npnpdtp § plwlwl  qwush dbEpaddwlbplnypwiht nbhbdp L

quwhunnyby b puthnuwlnyinbph hgnpnieniup:

2015p-hu Ujnwhph wnlbrywt hwwnuwdnud hpwywwgyby kit

huwghnwubjudninghwlwt  nunwWuwuppnypniiubp’  fugqwdptbph  wuldwu

wblyniiubph U npwug Gphpwswihnwt wwpqupwnwl bujwanwlny:

2015p-ht Thpwlh dwpgh Unwihh b Swynigh dwpgh Stinwhndhn hwdwuputiph

unnwpwiht nbnwdwubpnd npnaytp B unqwupwiht dwpdhubbph  uwhph

dwlybpbubbipp, pwjpwjjwd wbnudwubpp, npnbn wnljw tht Hhpnpwghnu

wpngbultip:

2015p-hu <& Lnnjw  dwpgh  Shnbnngn  nbnuwdwund  hpwwuwgt) |

gqbnnwnwpuyht bplswh hwtnyp, nph wpryniupnud hwpnbwpbpdt) £ ugqyuép

adwnyh» utnpniyunnipuny:

Unbuwfununipjwt ghinw-Yhpwnwlwt spgwtwlubipnd nunwitwuohpnuyagnibn

bu ppwlwbwgyt << Stqupnn, Chuquihp U Gghuwnuh Lnpunp punuwph

huwghwnwljwu mbmﬁndwubnnuj:

1.3. Wdthnthnud

Qtnnwnwpwiht hwunyph Yhpwnnwp htwpwynpripind | nwihu hwjnuwptink

pwnywd unnpgbntyw  dwpdhuubpp, spuwhunbing hoqwstipinh dwitiptiup b
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sqUuwubiny thunpynn htwghunwlwl opjblywp: Cuwgbinp unwun | bwhtwlwu

injwiubp, npnup Upw  woluwwnwbpp' wbnnuiubph plpwgpp, nwpdunud BU

wnwyb]  wuwwnwlwiht, hwnwwybu 068 nwpwdpubph  mundbwuhpdwt
dwdwbwly:

o Stnnwnwpwiht hwunypp  nup wpyniiwdbn Yphpwnnwd - fuqwéptbiph
dwibpbuwiht L depadwlbpbuwh  unpniyuinipuitbph hwpnwpbpdwl,
nunuuwuppdwt b pwpnbqugpdwt  wofuwwnwuptbpnd:  SEnnwnwpwhu
hwunypubiphh  oqunipjwip  hwjnuwpbpdl, L pwpwbqugpyb Bu Gpyph
dwlybpbupt  swprwhwndwd  dh pwpp  fuguépubp  fwd  npwlg
dpadwltipbuwiht unpnilyuniputibp:

QLNku 2. SENNULHULAUSPL <ULNR3MEh B4 USUSYUD S4U3ULLErh
Uzuuwuuu Us—NtuPULNM3NMLE
2.1. SEnnwnwpwiht gnunuynpdwt depnnwpwunipniu

Stinnwnwpuwiht hwunye hpwlwbwgtbin pupwgpnd wnwewunw Bu npnpwlh
futnpptip,  Guuwd  wwwph  nhblophy  pwihwugbngguwu () wpdbiph
pwgwlwneiwt hbn: Ldwt nuiubpp wwppbp wwwpubph hwdwp Yuqddl) bu
2. %hudpup b WUuuwuh  Ynndhg, pwjg  npwup  Yhpwnbh  Bu,  Gpp
nunubwuhpnignibbpt ppwlwiwgynud  Bu dhwowpp gbpwnd,  pul oEpntph
pwodwquinpwl  wwpwgwnd  wnwewtnd BU qquih nddwpnyginiiiip: ywd
fuunppubph  rddwlt Uwywwwlnd  dep Ynndhg  wnwewplybp b nuguwihu
woluwwmnwupubph b unwgwd nuiubph dowldwl Unp dnnbgnd: Unwewplymd |
nuunwihl wpluwnwlplbiph pupwgpnud mdt  Bppwbhahljwih hwlwnwnpd fuunhpp’
Uwwnwluwih thnpdwd  nwpwoptbpnd hpwlwtwgty  gbnnwnwpwht  hwunyp,
hwoyh wnubny wbnwdwubph  Gpypwpwbw-htwghnwlwt Unipbph  (gpnuinubph)
nbuwlp, quwhwnt) b npngt| npwlg nhGlnphly pwihwbgbjhnewu gnpéwlhgubpp:
Unwglwé inbntlwundnigyniup hwunwingb) b wwitnubudninghwlwl fupwdninhubph b
wnlw bpYypwpwbwywl Yupdwspltiph thwunwgnpdwl dhengny:

Gprb gbnnwnwpwiht hwinyph wpryniupnud wnwbdbwgynud £ wundwy opybyun,
wwjw Juwnwpynd BU bywnwlwiht wennuiubp b opjbljnh hpwlwt Bplpwswhwlwl
wwpwdbwnpbpp hwdtdwwnynd BU gennwnwpwiht ndwiubpny unwgywsd opjtilywnh
wwpwdtwpbph  hGin: - Upynidupnd npngdnud BU hwunyph  wpn$hjubph
Epwpnygniuubpp b dhowpn$hjwiht hbnwynpniggniup: Mpndhiubph Yuwnwpdnd Bu
thnfuninnwhwjwg  nqnniniubtpny,  wjuwbu, np  hGnwppppwlwu  Jwpdhtubpp
hwunybl wnbdwql bpbp YEwnnw:

2.2, Snnwnwpwiht nywiubph Guldwl dkpnpwpwnyznt

Stnnwnwpwht  nwnwpwgpuwddwibpp  Gupwplymd B hwdwlwpgswhu

dowldw, npp pny( b nwihu wpyniupubpp Ubplujwgbb] gnibwht pwsbudwdp’ windwy
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nbnwdwubpt wnwbduwgynd Bu dhowywiph unpdwy $ntihg: <wunyph ndjuiubph
wihpuwjht ybpndngegniup Yuwnwpynud £ hwdbdwnwlwu upgny (. 1):

Llwp 1. Nwnwpwgpuddwih dowldwl ophtwl’ upwpny Ugdwd £ unpdw)’ $nlwghl
qnuugnuip, hul we hwinduénul’ npuwt hwdwwwinwufuwt wihpubph wdyhnnpubpp:

Mwnuwpwgpwddwt wpnwhwunnd £ wihptbph wwpwddwt  wdyhunnpubph
wnwppbpnieinibubpp: Stnwdwunwd, npybu $ntwhtt hwdwpynud B wju wihpubpp,
npnug wdwhunnpubph ywdwbwlwu wpdbpubpt (nwnwpwgpuddwih pw Yupdhp,
ul U nbinht bpwbiqubpny) pulwsd Bu -0.2 + 0.2 dhowluypnd: Npwbu wunduwihw
punmiiynid - B wjt wbnwdwubpp,  npnbn wdyhonnwubph wWwydwbwlywb
dbdnyginiutbpp 3 b wybh wuqud gbpwquiugnud B Sntiwghtt wpdbpp:

Ugfuwwnwupubph  bgpwipwlhy  thaynd Ywnmigynd Bu Guyywnwlwh
wundwihwubph bplswih (2D) L bnwswih dnnbubpp (3D), npnup wpuwhwjnnd Bu
opjblywnubiph bpypwswihnyeiniutbpp b nwpwdwswihnyeiniibipp:

2.3. Wdthndpnud:

¢  Ghnnwnwpwiht hwunyph Yphpwndwdp  gdwjht b nwpwdwlwl opjtlunubph
hwynuwpbpdwt, nwnWbwuhpdwt b pwpunbqugpdw wnwownlywsd
dbpnnulwt  dnnbignuip  htwpwdnpnyginit £ wwhu dedwgubp  hwunypgh
Gownniyeniu n wigbil npwtg Gplswih b bnwswid dnnbpwgnpdwp:

e  Sbhnnwnwpuwht bplswiy hwunyph Yhpwndwdp hwpnuwpbpdnd BU npnudnn
opjlinubpp L wnwbdbwgynud Bu hbnwulwpwiht inbnwdwubpp: Ybpghuubphu
dwipwdwul nunuuwuhpdwt bwywwnwynd ppwlwiwgynd £ gbnnwnwpwht
bnwswih  hwonyp, npp  htwpwdnprenis £ wwjhu unwbw]  opjaynh
wdpnnowlwt  tnwpwdwlwlt  Ywengwdpp' wnbnunpdwt  funpneiniup L
bpypwswihnie)niup:

¢  Ppwlwiwgywd wyfuwnwupubpp phipt) Bu hbwnlyw) bgpuhwugmuiubph.

- Ywdwywqubphg b pwqupnubiph pynpubphg Yuqdywsd bpypwpwliwlwl Yupdwépnu

npnuynn opjlwnubph hwdwp‘wnmmbwt{bm nhktywnphy pwihwugbijhnysjwi dnunpwiht

gqnpdwlhg Ywpbih £ punniub §= 6.5;

Ywywlwghg, ppblswjwgwd wywqupwnphg, ubignuwht  hbnbndwlt  opquliwwbu

hwpnwwn whndhg, fupwn Yuijhg, Yuywywqghg b whndhg, wyjwghg b uhjiphg Yuqdywd
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Lunywdpubipnud opyiuinbiph nhtbywphly pwthwugbjhnyeuwu dnunpwihtt gnpdwlhgp'
&=7.2,

“wbphg, wywqulwyliphg U fubhg Ywqiywd uungwdpwiht 2bpnbph  nbypnu
nhialunnhly pwihwlgbihnyeiut dnunpuihl gnpdwljhg’ €= 3;

~<pduwjht U ppblswwguwd  wbuwlh, Yngnulhw), bwihl, wjwquiwduht L
nbpnupw| unwdpwiht  wwwpubpny  Ubpluwywgywsd  undwpwzbpnbpnyd winhy
ugqywdpubiph dwlbpbuwiht b depddwlbpbuwht unpriynnipwubph hwnbwpbpdwu b
pwpunbqugnpiwt  wpfuwnwuptbpnud  wpynitwdtin  phkbluphly  puwhwugbhnejwl
dnunpwihtu gnpdwlhg Ywpbih £ punniuby &= 7.8;

QLnhtu 3. SENNAULHUCUSPL BPLUUS L BIHUUP LULNRSELENP UhrUrIL
MUsSUUUTULYNR3RU3PL OP36USLEMh LUSSLURLIMUUL by
NUNKMILUWUPPU UL LRUSUYLEMNY
(361UrnNs b4 TELYUYPE SEUUUUUGT P OrhLULLEMNY)

3. 1. Sbnwpnun nbnudwu:

Cuwn wwndwlwt nduubph nbnudwund walw £ ppnugh nuph pwlwdwp:
Nwnuiuwuppynn nwpwépp dondwebp pipnwy £, nph uindwpwbpnp ubplupwgyws £
Yuybpny, Ywywjwqubpny b pwqunbbph pbynpubpny:  Sbqwdwund  Edwhphl
bnwuwyny npnayby £ nhkbluphly pwithwigbjhniejwu wpdbpp' &= 6.5:

LY. 2a wwwybpjuwsd £ nbnudwup fbyupwdwqubuwlwlu wihpubph nwpwéiwl
gpuwugnuip, hul 2b-mu npwig dwhdwt wpryniupnud wnwiduwgywd wiundwihw:

Ppwlwiwgwd  wrfuwwnwbpbph  wpryniupnud wnwbduwgyby  bGu
unpniyunniputp b Ywqdylp BU npwig 3D doenbubpp: <wpntwpbpdwd  ppnp
wundwihwibpp Yuwpquynpdbp Bu pun hbnwqw  wbnnwiubph  wnwguwhbippnyejwl
(Ywpdpp, nbnhb,jubiws gnyubpny), b nbnunpyty Bu hwunwgh Ynyebiph ufubidugh
Ynw (uy.3,a):
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Llwp 2. a) Sennwnuwpwiht hwunyph beynpwdwqUhuwlwt whpubph wwnlybpp, b)
nwnuwpwgpwddwih Yypw wnwbiduwgywsd wundwihwb:
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Lljwp 3. a) << Yhnwpnn inbnwdwuh gbnnwnwpuiht 2D b 3D hwunypubph
wundwipwubph nbnuwnhpph ufubdwu, b) htwghnwlw wbnywsd nbnudwu:

Upubdwyh  hjnwhu-wpbdnjwt hwandwdnd (dbgbpnpn - nbnuidwy,  Ulwpnu
Ywpdhp  gnyt) pwpnbqugpjué £ windwhwiubph  nbnudwuebpnd  2017p-hu
ppwlwtwgdly bu wbnndubp b wdpnnendhtt hwuwnuwendby £ wbndw) npulinpdwb
htwghunwlw tywbwynyeniup(uy.3. b):

Syjw wundwihwubpp nlw) dwpdpubbp bu, b wwppbpynud Bu hpbug ubppht
Yyuwnnigwdpny: “Hwtp bupwnpynud U dhdjwug gniquhbn ninnuhwywg uniubp L
Yuqujwsd bu wnwudht uwibphg, wbnunpdwsd hpwp Ypw: Uniubipt niubb punhwbngp
hwwwly, npp nbn-inbn punhwnynud £: Gupwnpdby £, np npwtp wphbunwlwt punyph
bu:

3. 2. Thbquijhp nbnuidwu:

Chuquiyhp puwlwwbnh wnwpwépnui, nph  wbnunhppp  Ubpluywgywsd k
thwuwnwgh Wnyebph ufubdwnnhly pwpnbgh dpw (Ul 4 a; 4b), hpwlwbwgyb) Bu 2D L
3D gbnnwnwpwiht hwunypubp: Stnwdwuh Yupwépp ubplyujwgyws b Ywybpny,
wywquijwybpny b juiny:

Lluwp 4. a) Sbnwdwubph wbnunhppp thwunwgh Ynpbph upubdwnhly pwpnbigh Ypuw
(hhudp'Google earth map); b) Thuguyhpe puwlwwnbnhnul wbnywd opjtyunutinh Ypw

hpwlwwgynn swipnuiubipp:
11



Gnwgwih hwunyph wpryniupnul wnwbidbwgyb bo.

e 0-1.2d funpnigynis, npp hpduwlwind £ wuwpdwbwynpwd  dwdwbwljwlhg
yndnishwghnt gdbipny L pbannth wnlwympjuwdp;

e 1.2-2.84 funpnypynit, tbpwnnul E htwghwwlw opjkljnubp’ wwwnbip, funpatip;

e unnpht 2bpunp’ Bbpluywgywsd b hwdbdwnwpwnp fuhn bunwdpubipny, wnbn-
wnbn wwpniwynu £ htwghinwlwl tnwwppbph $pwgdbuntbn:

Ywqdyby BU hwpinbwpbpwd optlnubph  Bnwswith dnnbjubpp oquwgnpdtng
2D hwunypubpny wnwbdbwgywsd wundwihwubpp (W 5;6): Nwnuwuwuhpnyeyniiubiph
wpryniuptbph - hpdwt  Jpw  ppwlwiwgdl) o htwghnwlwtu  wbnnwubp, npnup
hwunwnb) bu uinwgywd ndjwiubpp:

Llwp 5. Shnudwund wnwbdtwgywd wundwhwubpp

LY. 6 wuwwnlybpdwd £ whnnuubph wpyniupnud pugwhwpngwsd wwndwiwlynypuht
Ynpnnp, npp quuitwdl £ b dbd Gannipyudp hwdpulunud £ gbnnwnwpwiht bnwswih
hwunypny uwnwgywd wundw opytljnh hbwn:

4 . : d =2 il

Lluwp 6. Unwdtwgywd htinwulwpwiht huwghunwljw whnwdwubpp U npuwtg
wbndwu wpryniuptbipp
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3.3. Wdihnthmd

* pypwhhghlwlwt  hbnwgnnnenitibp wdihnthybp 6o wluwphwgpuwu
nbnbuwnjwiwt  hwdwluwpgnd  (USEGIS) wwwhndbind  unwgywd
inbnblwunynpyw bplswih b Gnwswi dbluwpwbnewl huwpwynpnyniu:

e Nwnwuwuhpywd nwpwdpubph hwdwp wnwybugnyt funpripyniiuipp by Bu
dhusle 3 Jdbwp, hhduwlwunut® 2 dwnp, npnbn wwhywidwd B huwghunwljwt
Ywnnygubpp:

o Unwbdtwlh nownpngput B wpdwth  wjt wundwjhwubpp, npnup
Gupwnpwpwn wwpdwbwynpywd Gu Yupdwsdph gnguynp Yunmgywsdpubipny,
npp hwjwuwywu | punipwgpulwt | Stuquihe ptwlwwnbnhh htwghunwluwl
nbnwdwuh hwdwp:

o Unwudtwgywd gbnnwnwpuwiht wundwhwtbpp hwunwingb] Bu uonwpdws
wbnnuiubph wpryniupnud:

qLNkv 4. GYPMSNUP LNM2UNM LUNULP LUBELLNSED I eUrU4nNLPk SUSUrk
suruocenhy 9sNMHHUAUSPL 62U Bd RUUP <ULNR3RLENP
LPPUNUUL S6NUMuENLNShULUL UMSNRLLLLNE
4.1.Swpwéph wpjubnubjudwpwiiwljwt nunuibwuhpnypymitiibp:

Luwpuyptund  Juuwpwsd  wofuwnwuptbpnd wwywgmgdby £, np nwwph
Swlwwnwhtu  Ubduntubph  Yniputbph  hpduwpwpbph  dhgwdwuny, wugunud |
bpypwpwlwlwt fugywép: Udbuhnunby Il nwéwpnd 2007-2013 pywlwiubphu <&
P -h dwutwhgnpywdp unwpwsd hbnwgnnngnitibipp gnyg bbby J.p.w
1200-900pp. pupwgpnd wbnh mubgwd bpypwowpdbph  hunwl  hbwpbp:  Lnp
njuiubpp  hwpnbwpbpdl Bu Udbuhninby 11 thwpwynuh wwbwph wbphuwhih
whnup, huswybu bwlb Ywnbwlyh nwbwph | yhintuh dnw:

Udbuhnunby Il thwpwynuh nwwph nwpwdpnud htwghnwubjudninghwlwt b
huwghunwlwl hbnwgnunnyginiutbiph bwwwwlu | bnb. w) gbnnwnwpuwhtt hwunyph
Yhpwndwdp  hwpnwpbpb, pwpnbqugpbp b Bnwswd  dnnbwynpbp  wwbwph
nwpwdpnd  pwnwd  htwghnwlwt  opbjinubpp;  p)  nwnuluwupplp  Jun
dwdwuwlubpnd wbinh niubgwd bplpwawnpdbph wpryniupnd wnwewgwd fuwfundw
gnunhiinp:

Stnnwnwpuwiht hwunypubpt hpwlwuwgyby tu Gpypwybnlh dhusl 3.5 danp
funpnyjudp  bpypwpwiwlwlt  vndwpwgbpnnd, npp ubpyuywgywd £ bpgnuhug
(nnnnupbkpniy) humt{wépbh‘nm{: Hwip  dwupwhwwhy bu b Ywgdduwd bu
Yuwiwqubiphg, ppliljswjwgywd (thanwpwpwiht) wywqupuwnbiphg, Linnuh ubignuuwghl
hbnbndwu hwpnwwn whndhg, fuhn Yuybphg, Yuyjwdwqubphg b npndhg, wdwquiht
nwjyuwubphg L uplphg: Mwundwdwynypwht  Ynpnnubpp  wwnpwunjwsd  bu
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pywnghg, Ypwpwphg b wywqupwphg: Lmpunp pwnwpnud wnlw Gu bwfulhbunw
whnywd htwghunwlwu Ynpanubip, npntin dbp Yynndhg  thnpdwplyt) £ ginnwnwpwihtu
hwunyph wpryniiwybnnpgniup: Upnyniupnud npngdlip £ dnwnpught nhkjkluphy
pwihwugbhnipjwt wpyniwytn gnpdwihgp € =7.2, npp Yhpwndty £ wdpnng
nbnudwun:  Unwgywd  wpryniiptbpp . hwuwnwndl, Bu hwdwoluwphwiht
Upwuwlynipjwn guwdnubph  hwpntwpbpdwt b npwig ghnwlwt  thwunwgpdwt
dhengny:

4.2. Sbnnwnuwpwiht hwbnypubph wpynupubpp:

Ogquwgnpdtiiny gbinnwnwpwiht bplswid b bnwswih hwunypubph, huswbu twl
hnphgnuwlwt  gbpnbph minqwbuyug  Jbpidnipput ndyuiubpp,  Yuqddl, G
Udbuhninby Il vwéwph  wnwbdht  wbnwdwubph  Bpypwhghluljwl  brwswih
dnnbiubiph:

Ljwp 7. Wibuhnnbw [ thwpwynth nwéwph hwpwy-wpbbywt nbnudwu. a)

thwunwgh Wnipbph ufubdw b wundwihwbph nbnwnhppp. b) gbnnwnwpuhtu

bnwswih hwunyph ufubdw. ) nwnwtwuhpywd wundwihwh bnwswih dnnby. d)
whbnYwd wwwndwlizwlnypuwiht gunwdn

Udbuhnunby 11l thwpwynuh nwéwph hwpwy-wpbbywt nbnudwuh gbnnwnwpwht
bnwswih dnnbind wnwidtwgywsd bu bpbp qunwal Jdwpdhuubp(uy. 7): <bwghnwlwu
wonnuwiubph  wpryniupnud hwunwndbghtt bnwgwh donbnd Uwpwgpyws
wundwihwubpp:  <wjnbwpbpdwsd  opjblwubpp  hwunhuwund  Gu Udbuhninbwy 11
thwpwynuh  wwbwph  dnunph  wngl  Ywbquwd Ukduntbbphg dbyp  ppwuwihu
hwindwdlubpp, npnup hwpinpuwdjwlubp hunpyb) b wohbun Yopwsd bBu hwdwpdby;:

Wdbthninby Il thwpwynuh  wwéwph  YEunpniwlwt  nbnudwund
hpwlwiwgywd woluwwnwupubph wprynibpubpp,  htuswybu Uwb bwhyhunyd wbndws
wuwindwiwynypwiht gunwdnt’ npnuynn bpyne wpdwltibphg deyh ginttup LY. 8-nud
wwinybpywsd E:
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Llwp 8. Udbuhnunbiy 1 thwpwinth nwdwph Yeunpnwywt nbnudwu.
a) thwuwnwgh Wniebph ufubibw b wundwihwubph wbnwnhppp. b) gbinnwnwpwihu
Gnwswih hwunyph uubdw. c) numdbwuhpywsd windwihwh bnwswi dnnby. d)
wbnywd wwuindwdawlnypught gunwdén

Stnnwnwpwiht bnwgwih hwunyph ndjwiitpny junnigwsd dnnbh b wbnywsd
dnizh hwibdwwnnyeniuthg  huwnwl bplund £ ppwig hwdwpdbpnipyniup’ swihubiph
hwiwwwnwupwinEut b WdwinEwt  wenwng: 4wpbh £ Bupwnpb), np
hwpuntwpbpywd wiundwhwt hwdwwwnwuppwund £ npnudnn bpbypnpn wpdwuh
giup: Nwwh wbnuwdwut wnwbdtwgdby b hwdwpdby £ wybnnwiubph  hwdwp
wnwolwyhl:

Mbnwd wpdwuh gnifup Yuwgqddwd £ Ypwpwphg, huly Ubdunth ppwlivght
hwnwdtubpp'  pYwpghg:  Ljwpwgpywd  ophtwlubph  hpdwt  Jpw  wplwd E
bgpwhwugnul, np gbnnwnwpwiht  nunduwuhpnipgniiibpt wprynibwybn Bu nyjwy
bunywépubiph dbg pywpguiht L Ypwpwpuwiht opjtlintbph npnudwt hwdwp: Swéwph
hjnwhu-wpldnjwt nbnuwdwup hbnwppppwlwt £ huswbu htwghunnipyut, wibybu k)
wwibnubudninghwih wbuwlbnhg: UWdbthninby 1l hwpwynth nwbwph uniwwwn
upwhnu hpwlwiwgwd ghnnwnwpuwihtt nunuWbwuhpnigniitbph wwnwlu £ bnb
wwinpgb) upwhh pwundwl wwndwnubpp:

Lwunwinybp B wwibnubjudninghwlwt hbnlywy hhwnebqubpp.

e Uwybplunypht wpnwhwindwd dwpbph’ dhusk 3 downp funpnygjwt nwpwsdnwip

(uy. 9 A),

s Twugnu dwbpwhwmh‘u wywquiht guunyah waljwyngniup LY. 9 C),
e Lnp nywiubph Jbpndnyewtn wpryniupnud wnwbidbwgwsd b wundwihw (0. 9

B):
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Unwglwd wpryntupubipp hwdbdwinbing £.$Shihyh b niphgubiph Ynndhg wnwgwplyws
hnntiph 9phlwgdwt dnnbih htwn Yuwpbih £ by, np unwgywd unpniynnipwt hnnbiph
oppYugdwl (Soil liquefaction) wpryniup t:

Llwp 9. Udbuhninbyy I thwpwynth inwéwph hjinwhu-wpldnw nbnudwu A)
dwlbpbupt wpnwhwynws 6wpbp. B) ginnwnwpwiht hwunyph Jbpindnipjul
wpryniupnud unwgywd unpnijinmpw. C) Gwpbpnud welpw Jwbpwhunnhl wiwquiht
quigyudp:

Lwunyph wpyniipnd wnwbdtwglwd b wundw| dwpdht, nph Jpw  hunwl
wpunwhwynywd £ upwt hhdpp (dhug 0. 4 dbwnp funpnipyudp hwnywdnwd), pun npnu
wju owpnpundwd £ L wnlw | bunbgnud: Ldwbwnhy wundwihwubpt hwdwnpdly Gu
qbinnbghwlwl wpndhih hbn (ul. 10):

L] N
3 ® e ® ] L] 4 R 13

A -: =ﬁ.5§5§.5§.=§..,-9§.2§5§ % %%rﬁ
L S i) \ :

1 2 [=] 3‘ 4

Llwp 10. Shnnwnwpwiht hwunyph ndjwubph hwdwnpnudp gennbighwlwu wpnghing
swihnuiubiph hbn:

Pwpnbqugpywd  uniiiph  hphdpbiph  Ynunpundwdnyegniip,  hebignuiutipp,
Gbnpudnp unpniynnipwbiph wnlwjnpinitp, wntiwwwn upwhh Bupwnbnwdwubiph
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2033

Gbnpbph nwpwddwl nunnyegniiubph  hwdpulunwp, hwunwnnd Bu, np yniubiph
hhdpbiph hebignuiubpp wwpdwuwynpywd bu hnnbph ophyugdwl hbwn:

4.3. UWdthnthnud

» bghwwuh Lnpunp pwnuwpnud hpwlwbwgdwd hwdwihp nunwuwuhpniyginiiubph
wpryniupubpp hEnwbljwpuwyhte Bu: Ppwlwiwgywsd ghnnwnwpugh hwbnypubp
nywiutiph hhdwu Ypw Ywnmgyh) 6u wundw| dwpdhutbph Gnwswi dnnbubpp:

e Cwunyph ndjuiubpny hwpntwpbpdt) U pwpnbqugpd) Bu wybih pwt 70
wundw| inbnwdwubp, npnup hinwbljwpwht U huwghnwlwu wnhuwlbnhg:

o Udbuhnnby Il thwpwynth  wwéwph  hwpwd-wpbbywt  hwnwénud
hwuuntwpbpyt), b huwgbwubph Ynndhg wbndb) £ Ubduntuh wpdwbh nwwjht
hwindwdp: Menywd dwpdhtp pwnyugwd k tpbip tnwppbp swihbiph pywpgb
opjaluinubiphg, Yuwnmgywd bnwswih dnnbu hwdpulby b wbnyws dwpdup hbwn:

e Swowph YEunpnuwlywl dwunwd hwjnbwpbpjwsd wiundwhwyu wbndb £ L wju
wp&wuutiphg dalh qiniut £, npp gpbipl unyunyajwdp Yplunu £ hwpliwnipjuwdp
guuygnn wpdwibbph gndutitiph dlp:

o Ywqdyh £ hnntph ophywgdwu dnnby, npnd pwgwwnpdb) Bt Udbuhninbyy 11
thwpwynup nwéwph uniiwwwn upwhh unwbiph hhdpbiph gwpnpudwanieniup
U npwg hebigdwl wwwndwnubpp:
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E2rULYUSNrE3NRLLEN BdY UnuURUruNh@3nhLusr
Upluwwnwuph ghnwyhpwnwljwt wpryniupbbph punhwipwgdwt hhdwt Ypw
wnywsd b hbnlyw) bgpuljwgnipniuibp ne wnwowplynipniibpp.

» Sinnwnwpwjht hwdwlwpgh Yhpwndwdp qodwjht b nwpwdwlwl opjblntbiph
hwpiniwpbpdwt b pwpnbqugpdwt  deprwpwliwlwt wnwowplyyws unp
dninbgnuip pnyp b wwihu punuiub] bpw Yppwndwt nnpuntbpp, dbdwgut
hwunyph wnjuubph Ganneiniup b hpwlwuwgub) opjlywnubph  Gplswh b
Enwswith dnnbjwynpnud:

o <pduwdnpwd b nwnuiuwuhpdnn dhewdwipph wprymiiwygbn dnunpuht
nhEElunphly pwihwugtihnipjwl gnpdwlihgubtiph npnznidp Edwhphly bnwtiwlny:

o Qnnwnwpwihu  hwunyph hhdwt  Jpw €& Sbnupnn b Thuqudhp
nbnwdwubpnud, npybu  hbnwulwpwiht, wnwudtwgdby b wydbh pwlu 100
Bupwwnbnwdwubn, npnughg whnwdubpp  hwunwnyb bu:

» Udbuhninbiy 111 thwpwyntp inwdwph nwpwdpnud (Bghuunnu) hwpnuwpbipdt b
pwpunbqugpyb) B wdbh pwu 70 wundw) inbnudwubp, npnughg  hwpuy-
wpbibyw hwindwdmyd hwpnbwpbpdby b whngly b Ukdunbh wpdwbh nwwght
hwinduwdp: “Ywaqdyby £ bwl tnwpwéph hnnbiph gphljwgdwl dnnby, puguwnpyt Bu
Udbuhnunbiy 11l thwpwynth wwbwph ynliwwjwn upwhh' uintubph  hhdptiph
ownnpuywdnipiw b npwtg hebguwl wwinbwnubpp:

» Unwowplynn  wbfutninghwlwt  ndndubpp Jupbih £ oquiwgnpdty
nwpwépubph  ubjudhly  gninhwynpdwl, ubjudhy Juwugh quwhwndwu
w2fuwwnwupubpnul, unnwupubiph, gpninbbph  gphlwgdwl,  vunbignudubiph,
thingnuiutiph b gpwidhiwghnt pwlwt b wphbunnwsdht  Juwuguynp
bplnypubiph quwhwwndwl gnpdpupwgubpnud:

Winbtwfununipywt hhitwlwl wpryntiptibpp nwwgpyuwé Bu hEnlyw) ghnwljwt
hnnwétbpnud

1. U.SQunpgub, <bhghpwt, MFLwpwdwl, EUwhwywt «Chkuqudhp
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l'eBopraH Mukaen Pagukosuy
O6ocHoBaHue n 0cOGEHHOCTH NPUMEHEHWA MeToja reopajapHoi
CHCTEMDI AN1A pPeLeHMA NaneoceiiCMONOrHYECKUX U apXeonornyeckux
3apay (Ha npumepe Apmenun u Erunrta)

AHHOTaUMA

PesynbTaTbl HayyHO-NPUKNAgHbIX WUCCNEfOBaHUA, NPUBEAEHHLIX B  HacTOALLEH
AMccepTaumoHHoid  paboTe, nO3BONAIOT CcAenaTh CNEAYIOUME OCHOBHbIE BbIBOAL! U
NpeAnoMeHuA.

B HacToAlee BpeMA BO MHOMMX CTpaHax BCE KpyNHble apxeonoruyeckue
UCCNEOBAHUA BLINOMHAIOTCA € NpUMeHeHWeM reopaguonokauun. OfHa W3  OCHOBHbIX
MPUYUH  3aKNIOHMAeTCA B TOM, 4TO MO CPABHEHWIO C  APYrUMU  COBPEMEHHBIMM
reohU3MyEcKMMM METOJaMW MPUMEHEHWE reopajapHOro MeTOfa MO3BONAET MONYYUTb
UHGhOpMaLIMIO O NMOAMOBEPXHOCTHOM CTPOEHUW C OYEHb BLICOKUM pa3pelueHuem. MasecTHo,
YTO PacKOMKKM apxeonoruyecknx obbexTos 06bIYHO NPUBOAAT K HaCTUMHOMY Pa3pyLUEHMIO
OCTAaTKOB [APEBHUX apXWTEKTYPHbIX MNaMATHWKOB, B TO BPEMA Kak [UCTaHUMOHHble
reopafapHbie WCCNefoBaHUA No3BONAIOT u3bematb 3toro u obecneunsalotr 6Gonbluyto
aththeKTUBHOCTL B Bbifope U olleHKe Haubonee NEPCNEKTUBHbIX ANA PACKOMNOK Y4acTKOB.

B pesynbTtate Hay4Ho-npuknafHbix uccnefosaHuii B pabote pelueHbl cneayloulne Lenesble
3agaum:

o [lpepnomeH HOBbIf  MeToAuYeckuit Noaxof ANA obHapyMeHWA, WcCnefoBaHUA W
KapTUpOBaHWA MPOCTPAHCTBEHHLIX W NWHEHHbIX OBLEKTOB, KOTOpbIA no3sonaet
YBENYUTL TOYHOCTb reothU3MYECKUX CHEMOK U OCYLLECTBUTL ABYX-, U TpexmepHoe
MoJenupoBaHme obbEKTOB.

o DMnupudeckn  onpepenedbl  agpekTUBHbIE  3HaveHuAa  KoachcpuumeHToB
AvaneKTpuyeckoid npoHuuaemoctd (§) M noatBepxpeHo, 4To  BbibpaHHble
NpakTU4eckMe  napameTpbl  NO3BONAIOT  OBHapyMWTe W OXxapakTepu3oBaThb
NOBEPXHOCTHLIE U NMPUNOBEPXHOCTHBIE CTPYKTYPbl U 0BBLEKTI.

o [IpeanomeHbl TEXHOMOTMA U METOAMKA NO ONPEAENneHUI0 W YTOYHEHWIO BXOAHbIX
AaHHBIX ANA ocylecTBneHruA AhheKTUBHBIX NONEBbIX UCCNef0BaHU;

o OueHeHa 3hPeKTMBHOCTb  reopajapHbiX  MCCNEAOBaHWA  ANA  BbIAENEHUA
NEpPCrEeKTUBHLIX  APXEONOTMYECKMX YYAaCTKOB Ha OCHOBAHUM  ONpEENeHWA WX
KONMYECTBEHHbIX M KAYECTBEHHbIX XapaKTEPUCTHK;
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o TeopagapHan CbemKa NO3BONAET YTOYHUTB M JiETanbHO KapTMPOBaTb Pa3fiOMHLIE W
celicMoreHHbIE  30HbI, 4TO CMOCOOCTBYET afeKBaTHOW OLEHKE CeliCMUHECKON
OMacHOCTW W PUCKa WCCNEA0BaHHbIX TEPPUTOPHIA.

Bnepeble Ha TeppuTOpuUi APMEHWW OCYLLIECTBNEHO LUMpOKOMaciuTabHoe npumeHeHue
reopajlapHoil CbeMKM ANA W3Y4YeHUA pasfM4HOrO TWNa CTPYKTYp (obwbektoB) |
HaXoAALLMXCA Ha Hebonbwnx rnybuHax.

* B pesynbTarte COBMECTHOTO aHanM3a reopajapHbix UCCNEA0BaHUI 1 apXEonorMyeckix
AaHHbIX, Ha TeppuTopuu ApmeHWW  (MCTOPWKO-KYNbTypHble y4acTku [exapoT w
Wenrasut ) u Erunta (yqactok xpama cpapaoHa Amenxotena lll ), BbigeneHbl Gonee
170 aHoManbHbIX y4acTKOB, NEPCMEKTUBHBIX [JIA apXEONOruYECKNX Packomok;

¢ Ha y4actke xpama chapaoHa Amenxotena Il npoBegeHbl packonku W oBHapymeH
thparmeHT nneva cTatyu ofiHoro us chapaoos - MemHora. Ha ocHoBe reopagapHbix
AaHHbIX pa3paboTaHa MOAENb pasMUMEHMA rpyHTa M fAaHo obbAcHeHWe npocafke
OCHOBaHMI KONOHH B KONOHHOM 3ane xpama drapaoHa Amexxotena il

* Ha TeppuTopuu UCTOPUKO-KyNbTYpHbIX LeHTpos [exapor u Lenrasut onpepeneHbl
Gonee 100 aHoManbHbIX Y4aCTKOB, MEPCNEKTUBHBIX ANA apXEONOTUYECKUX PAacKOMOK.
BbiABneHHbIE aHOMaNbHBIE YHaCTKU NOATBEPHKAEHbI apXeoNorMYECKUMU PacKOMKaMH.

o [lpeanomeHHbIit METOAMYECKMIA NOAXO/, U TEXHONOMMYECKUE PELLEHUA PEKOMEHAYETCA

NPAMEHATL ANA oﬁuapymenua, WCCNELOBAHUA U KAPTUPOBAHUA UCTOPUKO-KYNBTYPHDbIX

0OLEKTOB M OLUEHKM CEHCMWYECKOM ONAcHOCTH TEPPUTOPUIM APYIMX PErvOHOB.

Gevorgyan Mikael Radik
Justification and features of the application of georadar system to resolve
paleoseismological and
archeological problems (study cases in Armenia and Egypt)

Annotation

The results of scientific and applied research are given in this thesis, which allows to make
the following main conclusions and suggestions.

Currently, in many countries, all major archaeological research is carried out using
georadiolocation. One of the main reasons is that, in comparison with other modern
geophysical methods, the application of the georadar method makes it possible to obtain a
very high resolution information about a subsurface structure. It is known that excavations
of archaeological sites usuglly lead to partial destruction of the remains of ancient
architectural monuments, while remote georadar studies avoid this and provide greater
efficiency in the selection and evaluation of the most promising areas for excavation.
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As a result of scientific and applied research, the following tasks have been solved in the
thesis:

« A new methodical approach is proposed for the detection, investigation and mapping of
spatial and linear objects, which allows increasing the accuracy of geophysical surveys and
carry out two- and three-dimensional modeling of objects.

« The effective values of the dielectric permittivity (€) coefficients are empirically determined
and it is confirmed that the selected practical parameters allow to detect and characterize
surface and near-surface structures and objects.

+ Technology and methodology for determining and refining input data for efficient field
research has been proposed;

« The effectiveness of georadar research has been evaluated to identify promising
archaeological sites based on the determination of their quantitative and qualitative
characteristics;

« Georadar survey allows refining and mapping in detail the faults and seismogenic zones,
which supports an adequate assessment of the seismic hazard and the risk of the
investigated areas.

« For the first time in Armenia, a large-scale application of georadar imaging for studying
various types of structures (objects) located at shallow depths has been carried out.

« As a result of the joint analysis of georadar research and archaeological data, more than
170 anomalous sites were identified for archaeological excavations in Armenia (historical and
cultural sites of Gegharot and Shengavit) and Egypt (the site of Pharach Amenhotep IlI
temple).

« At the site of the temple of Pharach Amenhotep |ll excavations were carried out and a
fragment of the shoulder of the statue of the Pharaoh Mamnon was found. Based on
georadar data, a model for the soil liquefaction was developed and an explanation was given
for the subsidence of the columns’ bases in the column hall of the temple of the Pharach
Amenhotep Il

« More than 100 anomalous sites, promising for archaeological excavations, have been
identified on the territory of historical and cultural centers of Gegharot and Shengavit.
Identified anomalous areas are confirmed by archaeological excavations.

« The suggested methodical approach and technological solutions are recommended for
detection, research and mapping of historical and cultural sites and assessment of seismic

hazard for the territories in other regions.
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