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LEMrUoNrE3NKL

UYywhy fugwdpubinh gnnpubiph jwjuniygjwt guwhwwnnwp huwpwynpnieniu
wmwihu  wwunybpwgnd  Yuqdb]  fugwuéph  dbpddwybpbuwhu W dwybipbuwihu
Ywnnigwdph Jwuht: Nwnwiuwuppbin wywnpy fugwépubipph Ywnnigywdpp wwpq &
nwnun npwug jwjungntup b Gpypwswihnieniup, nph oqunigjwidp Ywpbih £ JdGs
Gonnipjudp  Juqgib] wnw) wbnwdwup  ubjudnnblunnuwywu  dnnbp U dEdwgub)
ubjudpy yunwugh b nhuyh qguwhwwndwu donniejniup:

Wu nmup  Yuwpunp  Gpwlwynieniu  ptwlywywipbph  wudwwiug  Juyntu
qupgqwugiwu gnpdpupwgnud: Uywnhy fuqwédpubipp dbd Jwwug Gu ubplujwgunid
opowlyw  puwywywipbph, wbwnwlywu Yuwplnp Upwbuwynieynitu niukignn opjtlwubiph,
gjninwinunbuwlwu dywlwhnntph W wjuh hwdwp:

Nuuwh wywhy fugquéph gnunnt wjunejwu  guwhwwnwp nwh  Yupunp
ghnwlwu U Yhpwnwlwu bywbwynipniu:

Gdwih wpnhwywunieyniup

<& nwpwdpp gnugnd £ Upwpwlwtu b Gypwupwlwt uwitph Ynihghwip' pwiudwu
gnunnt YEunpnuwwu dwunwd, npntin b guuynd £ Pwdpwy-Ukwu-Ujntuhph pwpép
ubjudhy wywnphynipjwdp fuqyudpp: Hw wynpyniypjwu dwuptu Gu Jyuynd pwqdwphy
Gpypwpwuwlwu, Gpypwsbwpwuwlwu, gbnnbghwlwu  no GpYypwphghywywu
nwiutp, wn pYnwd mdtn  Gpypwowndtip: <wodh  wnubing  hwupwwbiwniejwu
wmwpwdéph ubjudhy uwugh quwhwwdwt nt pwpnbqugpdwt Ywplinpnigjniup, nph
ptipwguwhwwndwu htnbwupny twb ophuwly Uwyhwnwyh 1988p. tpypwowndp niubguy
owwn Swup hbwnbwupubp, Jupunp Gpwuwyniygintu £ unwunwd wywhy fuqudpubiph
gnhinhubph  [wjunyEjwu quwhwwindp, pwuh np uw 2w Jupunp wwpwdbwnp §
ubjuduntlyunnuwywu hnwwih dnnbubph Yuqddwu ni ubjudhy gnnpubph swihbph nt
Juwugh dwywpnwyh quwhwwndwu hwdwp:

Wuwhuny  tuqwédpubiph  gnwpubiph  wjunigjwu  npnpanwdp b dbpon  bwlwu
Ugwuwynipyniu ntup ubjudhy Juwugh wmwppbp dwwpnwyubph (Jhypnopowuwgdw,
dwupwdwul nt punhwunip ubjudhy opowtwgdwl), hbnbwpwp twl  ubjudhy nhuyh
quwhwwndwu gnpdnud:
4L wnwpwdpnd  wnwoht  wuqwd  wlwhy  fjuqwudpubph  dwybpbuwhu L

dpddwybipbuwiht - wbyunnuwlwu  wwppbiph hwjnuwpbpdwu b nwnduwuppdwu
wofuwwnwupubpnd Yhpwndb £ ginnwnwpwiht hwunype: Stnnwnwpwhu hwunypp
wofuwphnd hwdwpynwd £ udwuwwnhw fuunhpubiph nddwu pupwgpnd ogunwgnpdynn
dwdwuwywyhg wbfuuninghw b wprynwwybin  tdwbuwwhw fuunhpubiph ndwu
dwdwuwy:

Uzluwnwuph uywwwyp b néqwé fuunhpubpp

Wluwwnwuph  Uwwwwlyu £ Gplpwpwiwlhwu L gbnnwnwpwht  ndjwutpny
nuniWuwuhp U quwhwwb  wywhy  fuqudph gnwnt [wjuntRjnLun:
Nwniduwuppnieiniutbpp hpwywuwgyb) Gu Pwdpwy-Ukwu-Ujntuhp wyinpy tuqqwsdph
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wnwudhu  ubgdbumubpnud®  Jwutwynpwwbu  LRwppwph, UL [6h, dwuwénph U
dhninnynh nbnwdwubipnud:  Unwuduwgywd wnbnwdwubipnud  nwnwuwuppyb) Gu
fuqwdph Ywnnigjwdpp, dwybpbuwhu wwuwnnywdpubipp L npwug
wnwuduwhwwnynigyniuubpp: <wjnuwpbndb) Gu bwfuyhund hwjnuh fuquépubiph unp
utigibuwnubip, npnup  hwunwwnb] U pwgptp Gu wbnwdwubph  wbYunnuwlwu
Ywnnigywdph dwuhtu  bnwd  thwunbpu  nt Bupwnpnieniuubpp: rwownwhu
nhwwpynwutiph W hwdwihp nwnwuwuppniggniuubph wpryniupnd (nddb) Gu - hbnlyw
Uwjwwnwluih fuunhpubipp.

Pwdpwy-Ubhwu-Uiniupp wywhy fuquéph wnwushu ubiqibunmutph Gpypwpwuwlywu W
Epypwdhghulwu nwunwuwuppnieniu:

e  dwdpwy-Ulwu-Uniuphp  wywnhy fuqwdph  wnwudhu  ubgdbuwnubph
wnbyunnuwywu Yunnigywdph wywpqupwuntd:

e Uhwhy fuqwdph wnwushu ubgdbunubph wblwnuwlwu Ywnnigywdph
yopwpbpw)  wnlw  GBupwnpnigyniuubph Gogpunind b unp wwippbiph
pwgwhwjwnnid:

e Uhwpy fugwdpubiph gnunnud wnlw dwlbpbuwih b Jdep&ddwlybpbuwht
unpntyuninipwubiph hwjnuwpbpnd W nuniuwuhpnid:

e Qbnnwnwpwiht  hwunyph Yppwndwt wpryniiwybnnypuiu  quwhwwnnd
wlwhy fugqwdpubiph gninhubiph jwjuntgyniuubinh npn2dw bywwnwyny:

e Nuwnwuwuphpynn nbnwdwubpnd nbyunuwlwu Gplswih Ywd Gnwswih (2D
Ywd 3D) dnnbjutiph Ywnnigntd:

e Uhwnpy fuqwépubiph gninhubiph [wjunieniuutiph npnonud:

NMuunwuwunipjwt ubplujugywsd npnypubkpp

e Mpnwsd b Pwdpwy-Ulwu-Ujntupp wyinphy fugwsdph gnwnnt jwjunyeniup, npp
nwwnwuynwd £ dh pwup hwpynip deinphg dhusl 6000 dbunp:

e Pwdpwly-Ukwu-Untuhp wywinhy fuqyudph gnunnt jwjuntgjw swihbipp
wwjdwuwynpyws Gu unpniyuinipwihu b gbnnhuwdhlwywu
wnwuduwhwwnynieiniuubipny, npnup wnwowguntd Gu thny-wwwpun (pull-
apart) wjwqu:

e Lwuwnwwnyws E, np Lwppwpp, Uk Gh bW Shnjtnnynih hny-wwwpun (pull-
apart) wjwquuubph W dGpadwybipbuwihu, W funppwiht fugwusdputipp ugdnud
GU <<dwnyh unpniyunnipu>>:

e Npnadws k, np Pwdpwy-Ubwu-Uintupp wywinhy fuqyusdph dhniGunnynih b
Jwuwdnph hwunywdh jwjunipniuubpp, npnup hwdwwwwnwuluwuwpwn
Yuwqgunw Gu dnwn 1000 L 6000 dbtwnp, huYy Lwppwp b Ul [h6 wmbndwubpp
wywhy fugwdph gnwnint punthwuntp jwjunieyntup Yugqdnd £ dnwn 5000 dbwnp:

o L& nwpwdpnid wnwoht wugwd dwdwuwlwyhg ginnwnwpwihu Gplswih W
Gnwswth (2D U 3D) hwunypubph Yhpwnnwip wpryniiwybin £ dwybpbuwihu b
dbpsdwybpbuwihtu mbyunnuwlwu wwppbph hwjnuwpbpdwu W dJwupwdwut
nunwbwuhpdwt wotuwnwupubpnid:



LEwnwgnuinipyniuubph ghnwlwu unpnypep

o L nwpwdpnd dulbpbuwihtu b depddwytipbuwht wblunuwlwu wnwppbph
hwjnuwpbpdwu W nunuuwuppdwt twywwnwyng wnweht wuqwd Yhpwnybp b
glinnwnwpwjhu hwunyje:

¢  dPwdpwy-Ubwu-Untupp wlwhy tuquéph Ul (hé wnbnwdwuh wpldunjwu
hwwndwdénud hwynuwpbpyt) £ fugwdpwihu gnwint unp ubiqdbun, wwpqyb) £
wplbigpwu glluwdnp fuqwdph hjnwuhuwihu ninnnijwdp lwpwdnidp:

e NMuwnwWuwuphpywd wywnphy fugwéph Dphntnndnh nbwypbupwih  hwpwy-
wpudijwu wught hwynuwpbpgb] b wywhy fugqwdph unp ubiqdbuwmn, npp
wnwjniejniup hwuwnwwnb) b nbwyptupwih thn-wwwpn  (pull-apart) wjwquu
(hubiint Gupwnpnie)nLup

e  Unwohu wuqwd Ywqddt] U nwnuuwuppynn wnbnwdwubpp Gplyswih Jud
Gnwswih (2D Ywd 3D) Ywnnigwdpwiht wmwppbiph dnnbjutipp:

e Lwdwhp wyjwubph  hpdwu Jpw quwhwwyb; LU nwnwuwuhpynn
nbnwdwubpnud wywnhy fugwdpubiph gnunpubiph jwjuntgniuutipn:

Nwunufuwuppnipyw dGpnnubpp

Wluwwnwuph  ppwlwtwgdwu  pupwgpnd  Yhpwndty GBu  Gpypwpwuwlywu L
gbinnwnwpwiht wyjwiutiph  hwdwlwpgwd dgbipinwdnigyniuutip: “Hpwup hpbug  dbe
ubpwnnd Bu nwownwiht wotuwwnwupubiph Yuwwpnd Rwppwph, Ul [Gh, ShnjGwnnynjh
U Ydwuwdnph wbnwdwubpnd. gindnp$ninghwlwu hwunype, ginnwnwpwihu 2D b 3D
hwunypubip, unwgywsd nyjwiutiph dwdwuwywyhg hwdwlwpgswihtu dpwantiph (Radan
6.5, AutoCAD, Surfer, CorelDRAW L wyju) Yhpwndwdp Gpypwpwuwbpypwdbhghywlwu
daluwpwund’ Yunpdwdpubph W dnnbjubph Yugqdnd:

QGnpduwljwt tywuwlynipyniup

o UYywhy fugwsdpubiph gninhubiph jwjunyejwt guwhwwndwu wpryntupubpp Yupbph &
Yppwnby ubjudnnbywnuwlwu dnnbh Yugddwu dwdwuwl' dedwgubing ubjudhy
Juwugh gquwhwwndwu Gowniegniup,  npp htwpwynpnigynit Yuw  ujwgbgub)
ubjudhy nhuyn:

e Wu mup Yupunp vowlwynpent  puwywdwipbph  wwpwdpubph  Yuyntu
qupgqwugiwu gnpdpupwgnud, wbwwlwu  Jupunp  Upwbwynyeniu niubignn
opjGywnubph wwuwynpdwu U Yunnigwwwwndwu hwdwp:

e Mutinubjudninghwywt  fupwdninpubpp  wyjwiubpny  hwuwnwwnyt] £ whnphy
fugwdépubiph  gnunint  nwnuwWiuwuhpnigniututpnud gbinnwnwph - Yhpwndw
wpryntuwybinnigyntup,  npp htwpwdnpnigynitu £ wwihu hwyntwpbptp W
dwupwdwut nunwuwuhpb dpddwytipbiuwihtu inbynnuwlwu wmwppbpp:

Pnpédwhwywuwmnhnipyniup b hpwwwpwyndubpp

Upluwwnwuph  wnwudhu  npnypubpp  qtynigyty Gu  GEpdwupwih  “wouwipu
Lwupwwbnnijwu Ywpunnith Stluuninghwubph huuwnhwnunnd (Ukwwunbdptp, 2015),
Ypwuwmwuh bjhw MGnwlwu <wdwuwpwuh Ynndhg Upwupnidwunwd b Ywgpbynud
Ywguwybpwywsd dhowqguiht funphpnwdnnnubpnid (ognuwinnu, 2015, dwpw, 2014),
<< GUU 69h gbinwptubninghwih W gtindnupenphugh jwpnpwwnnphwih  ghwnwlwu
ubdhuwpubpnd, ML wotuwphwgpnypjwu b Gpypwpwunypjwu  pwynynbnnd L
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Ynudbpwuuubpnd’ <wy gpuwnwnipjwu 500-wdjwyphu L 6ML NRAL hhduwnpdwu 65-
wdjwyhu udppdwd dhowqqwiht ghnwdnnnynd (Gplwu, 2013), Gpuwuh MbGnwlwu
Lwdwuwpwuph hphduwnpdwu 95-wdjwyptu udhpdwd hnpbjwtwywu ghunwdnnnynid
(6plwu, 2015):

Lpwwnwpwyybp Bu ptdwh  JGpwpbpw; 3 ghunwlwu  hnnwdutip  gpwfunuynn
wduwagpbpnud:

Uluwwnwuph Yunnigwépp b swywip

UwnbGuwlununipiniup pwnyugwd k ubpwdnieiniuhg, snpu g|ntjuubiphg,
bgpwlwgniueiniuhg W wnwowpynuyeyniuubphg, gpwlwunypjwu  gwulhg' 80 wunwu
ghwlwuntgjwdp: Wu qwpwnpyws £ 116 Lobipnud, wwpniuwynwd £ 97 uluwip:
UWjuwunwuph juumwpdwyu Juypp b gunphwwinipyniuubpp

<bnpuwyh Ynndhg wwbtwlununigniup Yuwwpdtp £ <<€ YUU Gpypwpwuwlwu
Shwneyniuubph  buunpuinunnd® b.g.n. WU, Ywpwhuwtwuh  nbwdwpnigjudp:
dbnpuwyp hwynund £ hp funpptu Gpwfunwghunnieniup  ghnwywu  nGlwywphu
gnigwpbpwd donwlyw nwnpnigjwi, wpdbpwynp funphnipnutiph W nhunnnnigyniuutiph
hwdwp:

Upluwwnwupubpht wowlgbint W npwug pupwgpp fupwubint, huswybu utwl
pwquwehy funphnipnutiph hwdwp  2unphwlwineyniu - Gd hwynund - d.g.p.
L Pwpwjwuphu, G.g.e. MUpppowtjwupu, b.g.p. M.7nipgqupwuht, b.q.je.
U.UJwubywupu, U.QUunpguupu, b.g.n. U UJwquwuhu, U. Pwpwjwuhu,
U.Unwpbywupu, G.Uwybprywupu:

Lwwny  2unphwlwingnitu BJ hwyjwund <& QUU Bpypwpwuwywu
ghwinugniuubiph huuwnpwinunh wuophunyywup b wouwwmwyhgubpht' Yugdwybpwws
putwnpynudutiph b opjtiinhy qguwhwinwwuubph hwdwn:

Sunphwlwinieniu - G4 hwjnund  «Qbnnhul»  PPL-h  nn9  YnGywhyht,
wofuwwnwupht odwunwybint, gnigwpbpwé opjtyunhy Ybpwpbipdniuph b wuhpwdtion
oqunijwl hwdwp:

qLNkhu 1. <UMSh duvuLuuuyh8 dhsuucL
1.1 &£ wwhulpund uunwpjws tdwuwmpy wuwmwupubpp b Showqquighu

thnpap

Unwoht  Gupwgntund  ubpyuwjuwgwd  &u  vwfuypund  <&<-nud - wlwnpy
fuqwdpubiph  hwjnuwpbpdwu U pwpwnbquagpdwu ninnnipjwdp  Yuwnwnpywsd
woluwwnwupubipp, huswbu twl dwdwuwlwyhg depnnubpny wywhy fuquépubiph
gnunt Jwjuntgjwu npnadwu dhowqgquwihu thnpép: <&-nwd hpwwuwgyb Gu wlnhy
fuqwdpubiph hwjnuwpbpdwu L pwnnbqugpdwu pwqdwpehy
nnwuwuhpnieinwuubip, npnughg hwnywuowywu Gu Y. L. Mwdpbuhnigh [1948],
U.U. Swpphbywuh W nipphgubph [1956,1981], 6.6. Upwunjuynt [1968],41.9.
Sphdnunyh [1990], U.U. Ywpwliwiwuph [1997,2004], U.L. Lwqupbpjwuh
[1979,1987], £.£. Uwpnghujwuh [1989], E.lu. fuwpwquwuh [2012] W nipphoubiph
w2fuwwnwuputbipp:

dbpohtu  opowuh  woluwwnwupubpnd  wdbh  hunwybgdly Gu  fuqwdpubpp’

wnwuduwgyb] Gu upwug pwnwnphs Jwubpp: Wnwhuh  nwnwuwuppngniuubp
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1.2

1.3

hpwywuwgyt) tu U.U. Ywpwfuwujwup [2009,2011], U.4. UJwgywup [2001], U.L.
Luwqunbipjwup [2015] W niphoubiph wofuwwmwupubipnd: Lpwug wluwwnwupubipp
nutu Yppwnwywu db6§ vpwuwynyeniu b puywd Gu unp hGwnwgnuneniuubpp
hhdpnud:
Uywnhy tugwsputiph dwybtipbiuwipu b dpddwytipbiuwihu mblunuwywu wwppbpp
hwjnuwpbpdwt b Jwupwdwut nwnduwuppdwt bwwwnwyny gbnnwnwpwhu
hwunype tu Yphpwnbp Pnuupnu L nip. [2004], Lehdwup L nip. [1999,2000],
Mthswpn Uppunup [2003], pwudnitipp bW dhohwunu [2007], Swug U Lnpnp [2002]
U wynp:
{nwd phpwlwugqwd  wpluwwnwuptbpnd,  hpduwlwund  fuqqwdpubiph
dwupwdwul  nwnwuwuppnigyniuup W npwug  gnnint npnpdwtut nunyuid
wofuwwnwupttin s6U hpwlwuwgyby: Ywnbih £ ugby dbp Ynndhg Ytinhh dnwawndh
gnunnu hpwlwuwgywsd nunwuwuhpnieniup, nph dhongny wpryntuwybin ndybi £
wlywhy fugwdph gnwint wjunyjwu npnadw fuunhpp [2015]:
GEnnwnwpwihu hwunypeh dGpnnp
Wu bGupwgfunid pwgwwpynd £ gbinnwnwph  woluwwmwuph  $hghlulywu
ulqpniupp, wjunthbinb ubpyuyjwgynd £ gbnnwnwpwihu hwunyeh dennhywu b
nwunwuwuhpniniuubph htwpwynp  whpnyep:  <wunypeh  nwnwWuwuhpdw
funpnigyniup Ywjuqwd £ Yhpwndnn wibhwdwph hwbwuwlwunienituhg: Ubip
woluwwnwupubph  pupwgpnud  Yppwnykp Gu 100MHz, 200MHz L 400MHz
hgnpnipyntt nwubignn - withwywpubp, npnup  huwpwynpnieiniu G wwihu
nnwtwuhpb] hwdwwwwnwuluwuwpwnp Gpypwytinuh dpugl 30, 10 L 5 dbwnp
funpnienitubpp: Qbnnwnwpwiht hwunyph  wpryniupnd  unwgynid  Gu
nwnwpwgpwddwubp, npnup Radan 6.5 dpwgpwiht hwebeny Gupwnpyynud Gu
dowldwu:

Nwunufuwuppynn mbnwdwubp

SYjw| pwdunw ubipyuwjwgywsd  <<-p nwpwdpnid gunuynn ubjudwdhtu Pwdpwy-

Ulwu-Ujntupp whunpy fjugwdpp, nph wnwusuwgywsd ubigitunubpnud® Rwppwp,

Ul |p6, dhntunngnh b Jdwuwdnph wnbnwdwubpnd  hpwlwuwgyl) Gu dbp

nwnwuwuhpnigniuubpp (Uy. 1.), npnug tywwnwlu £ wynhy  fuqudpwihu

ghwnhubph  dwupwdwutu  nwnwWtwuppnigyniup hbnlyw|  fuunhpubph Nédwu
hwdwn.

e Bplypwpwuwlwu L tpypwdphghywlwu dbpnnubpny nwnduwuppbip Pwdpwy-
Ubwu-Upnwhp  wlwhy  fugwéph  dwybpbuwhut b depédwybpbuwhu
nbyunnuwywu wmwpptipp:

e Yuwqub| wywnhy fuqwdph Gnwswih Ywd pYswih dnnbp (3D Ywd 2D modeling):

e (pnot| Pwdpwy-Uhwu-Uintuhp wlwnhy fuqywdph gnunnt jwjunie)niup:



Ljwp 1. <<-nwd wywnpy fuqwdpubpp (Yupdhpnd) W nwunwduwuhpgwd Lwppwp, Uk
(hé, dhnjtwnynih b Ywuwdnph nbnwdwubpp (uliny), ujwputipp gnyg Gu wwihu
wnwpwdwopowuwihu ubinddwu U punwpdwydwu nidbph ninnnejniup:

qLNhktu 2. PUUPUL-UGUUL-USNRLPL UUSPY luR4UTLPh LUMrLUr
Stuuvuu

2.1. Lwppwph b REpdwnpjniph mEnudwubkph nunifuwuppjwénipyniuu ni
wnwuduwhwwlnipyniuubpp
Lbpywjwgyws b Pwdpwy-Ubwu-Uiniuhp wynhy fugudph wnwuduwgywsd Lwppwp
nbnwdwup (uy. 1.): Uunpwnwnpéd £ wpynd twfuypund nmbnwdwund hpwlwuwgyws
woluwwnwupubppu:  Mhhedh  wwjdwuubphg Gubin  nwnwWuwuppynn wnbnwdwup
pwdwuyb| § Gpynt dwuh: Lwppwp nbnwdwuh nwnwuwuphpnyeniuubph pupwgpnud
Yhpwnyb| Gu gbinnwnwpwihu 2D U 3D hwunypubn, npnug wndjwiutipp hwunwwnyt) Gu
wuwitinubjudninghwywu fupwdninhubiph Yhpwndwdp:
2.2, PLwppwp wbnwdiwuh wlwhy |juquépubph gnint quwhwwnudip
qlinnwnwpwjht hEmwqgnnnieyniuutpny
Unwohtu nbnwdwu.
Unweht wnbnwdwunwd hpwlwuwgyws 2D hwunyph wpryntupnid hwjnuwpbpytp b
pwpwnbquapyt] Bu dbpddwybipiuwiht unpnyunnipwubipp: <wunyph  wpndhiubpnud
wnw  wundwjhwubpp hpduwywund Unyuwwnhwy Gu: Stnnwnwpwihu 2D hwunyeh
wwiubph  hhdwt  Jpw  Yuwqudt) £ wundwihwubph  gpwdhly:  MNpndbhiutiph
wundwihwubph gpwdhynd wnwuduwgywsd fuqudpwihtu gninpubipnd hpwywuwgybi §
gbinnwnwpwjht 3D hwunyp, nph wpryniupubpp wdpnnonypjwdp  hwunmwwnb| Gu
ghinnwnwpwhtu 2D hwunyph nyjwiubpp:
EpYypnpn mbnwdwu
Bnpypnpn mbnwdwund ginnwnwpwiht 2D hwunyep huwpwynpnyeniu tytg dhusle 30
dwnp  funpniggniuubpnid dwupwdwut  nwnwbwuhpniejniuutp . ppwwuwgub, nph
wpryniupnd  hwjnuwpbipdbghtu dh owpp dbpddwybpbuwiht nbyunnuwlwu wmwppbp:
Unwgywd  wpryniupubpny  Gpypnpn nbnwdwup hwdwp Ywquybp k
nwnwpwgpwddwubph  wundwhwubph gpwdhy (LY. 2.), npp Ypw wnwuduwgywd
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fugwdépwihu  gnupubpp  wbnwdwund  wnw £ puwlwu nbwpbupw:  Puwlwu
nbwptupwih  hwwnjwdnid  hpwwuwgywd gbinnwnwpwiht 3D hwunypep
huwpwynpnipintt nybg nwnwuwuppbp dhusk 10 dGwnp funpnigjwtu tnGYunnuwyw
wmwppbipp b uwqgdb) npwug tnwswith wwwnybpubipp (Wy.3.), huswbu twb ywnpgbp wnfw
puwlwu nbwypbupwih nbyunnuwlwiu dwadwu dwupt tinwé Gupwnpnie)nLun:

Ul 3
M| D [ Mt 0100
i i et ksl

A 4
' \
_ _'l

Lluwp 2. Gpypnpn mbnwdwuh ginnwnwpwihtu 2D hwunyph wypn$hjutiph
wundwihwubph gpwdhy (wundwihwubpp updwsd Gu onwywaély):

Prof27

Prof25

Prof22

Prof20

Wu nwnwpwgpwddwih Gpypwpwuwbpypwdbhghluwlywu deluwpwudwt  wpryniupnud
wnwuduwgynud Gu Gpynt gpbet dhdjwug gniqwhbn fuqwéputip: Wu fuqwdpubiph
wnywyniejniup wdpnnonyht pwgwinpnd £ indju) inbinwdwuh dnp$ninghw:

Liwp 3-h a dwunwd wwwnybpdwsd £ nwnwpwgpwddwh deluwpwunddp’ upwunud wnfw
fugwdépubpp U nbwpbupwu:  Lnyu  wwwybpnd  unwgywd  Gpypwdhghywlwu
wundwihwubpp wpntuynd Bu dnpdninghwih ypw, wpryniupnd hunwy Gplnud
nbwptupwu L npw Ggpbpp tugwépubtipp: Lwp 3-h b dwunwWd nwnwpwgpwddwih
fugqwdpubiph dwupwdwut wnbupu £ b pwgwwnpnipniup: Mwwnlbphg hunwy Gpunad
np mbYyunnuwlwu nmwppbipp Yuaqdnd Gu dwnlwjhu unpninnipw: SEnnwnwpwihu 3D
L 2D hwunypubph wyjwutph hwdwnpdwdp wwwgnigytig, np ptwywu nbwpbuhwu
niup mblyunnuwywu dwgnud ni Yuqdnid E thn-wwwpun (pull-apart) wjwquu:
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Ljwp 3. Gpypnpn nmbnwdwup ginnwnwpwiht 3D hwunyeh dEluwpwunudp a) 3D
hwunyph dowynuwip b) 3D b 2D hwunypubiph ndjwiutiph hwdwnpnup:

NhunwWuwuhpnieniuutph wpryntupnud unwgyt) Gu hbinlyw| Ggpwlwgnyeniuubpp.

. Pwidpwy-Ukwu-Uniuhp  wywnhy fuqyuéph Lwppwp wnbnwdwund  wynhy
fugqwdpubipp nubu Swnyuwjhu unpnyunipwutn:

. Lwppwpp Gpypnpn mbnwdwuh nbwpbupwu thnpp thny-wwwpun - (pull-apart)
wywquwu &, nph hwdwp Yuqgdyt) £ Gnwswih dnnb:

. Nunuwuwuppywd Lwppwp wnbnwdwuh wywnhy fugwdph gnunt jwjunyejniup
Ywqgunud  dninwynpwwbu 800 dbwnp:

. Qtinnwnwpwjhtu GpYswth b Gnwswih (2D L 3D) hwunypubph hwdwwnbin

Yhpwndwdp ywpqupwuywsd E dwybpbuwihu b depédwytpbuwht mblunnuwywu
wwppbh puniwgnbipp:

qLNku 3. PUUPLUY-UGUYUL-USNRLPL UUShY lu4UTLh Ul Lok SE1UUUU

3.1. Sknwdwup punhwunip punipwghpp b yuunwpjwé
nwuntfuwuppnipyniuubpp

Nwniduwuppywsd £ Pwdpwly -Uuwu-Uintupp wlwnpy fugywdph wnwuduwgyws Uk
(hé wnbnwdwup (UY. 1.): Wn nwnwuwuhpniggniuubph pupwgpnd hpwwuwgyt) Gu
gbndnpdninghwywu U gbnnwnwpwiht’ dhust 10 L 30 dbwp pwihwughjhnuygniu
niutignn withwywpubpny, 2D hwunypubp: SGEnnwnwpwiht hwunypubph wyjwubpp
Gupwnyyb) tu dowydwu W hwdwnpyb) Gu gndnp$ninghwlywu wypndhjubph hbwn (uy.
4.): Sndnpdninghwlwu wpndpjubph ypw hwyinuwpbipdt) Bu puwlwu nbwpbuphwubn,
npnup  ujwwytp Gu wdpnne  nwnwWuwuhpwé  nbnwdwunud:  Yhwpbuhwubpp
dwupwdwut nwnwuwuhpybl Gu b pwpnbquanyby (uy. 5.):
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LYuwp 4. aa’ gtindnpdninghwlwu wypndhih fuwtunndubpp b ginnwnwpwiht hwunyeh
wundwihwubpp:

Llwp 5. twonwhtu wofuwwnmwuputiph pupwgpnid hwjnuwpbpywd ntwpbuhwutiph
(Yundhpny) nbinwnhppp:

Nuwnwpwgpwddwih ypw  hwjntwpbpdws wundwihwubpp hwdwwwwwufuwund G

gbindnp$ninghwlywu aa’ wypndpind wnyw fugywdpubiph hbwn (uy. 4.): huqwdpubipp

hptug wuldwu wuynwubpny swpniuwyyb Bu W Ywqgdybp £ npwug huwpwynp
funppwjht Yunpywdpp:

Cwdwihp nwnwuwuhpnigniuubph - wyjwubph wpryniupnud hwugl] Gup  hGnlyw
Ggpwlwgniejniutbphu.

e Npnadbp £, np Pwdpwy-Ulwu-Untupp wywnhy fjuqudph UL |heé nbnwdwup

wpubywu  hwndwdnwd  fjuquodph  gluwynp  wwwnwdpp  hjnwhuwhu
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ninnnypjwdp owpniuwyynd £ dhus hpwpluwht wwwpubp b dwélyynd £
npwugny:

e Ul |t wmbnwdwund hwynuwpbpyt] b swihwagnyb) Gu wynpy nblunuwywu
Swgdwu nbwpbuhwubp:

e Ul |p6 wbnwdwund wywhy tuqudph gnuint jwjunyeniup Yugdnd k
dnwnwynpwutiu 1100 dbwnp

¢ Sbnnwnwpwiht hwunyep wprynitwybin £ bdwbtwwhwy  wnbnwdwubpnud
wywhy fugwdpubiph ubgubunmubph hwjnuwpbpdwu b wyn ubiqdBunubph
ubipphtu Yunnigywéph dwupwypyphw nunwduwuppdw hwdwn:

3.3. Pwipwy-Ukwu-Ujnitupp wlwpy fuquéph Lwppwp b Uk pé mbnwdwubph
wpmyniupubiph hwdwwnbn yEppndnipyniu
Pwidpwy-Ukwu-Uintuhp wywnhy fuqwdph Lwppwn b UL |hé mbnwdwubiph hwdwp
uwfuypunw b dbp Yuwnwpwd wotuwwnmwupubph hhdwu ypw Yuqgdyt) £ dhwutwywu 3D
dnnb, nph wpryntupnid winpdb) Bu hGnlyw| Ggpwhwugnuwubpp (uy. 6.).

1= i ;afd =P

Lwp 6. Pwdpwy-Ukwu -Uintuhp wywinhy fugqwséph Lwppwp b UL [hé inbnwdwubpp
3D wbYunnuwlwu dnnty 1. UWywnhy fugwdpubin 2.6upwnnw| wynhy fuqudpubin
3.dwquwwnhy oowfu 4.nwpwdwonowlwiht punwpdwydwu ninnnipnLun:

e  Lwppwp U Uk |hé nbnwdwubphg jnipwpwugnipp Yuaqdnd £ dwnlwjphu
unpniyunnipw, npnup dhwupt Juqdnd Bu d6d thny-wwwpuin  (pull-apart)
wywquiu:

e hwjntuwpbpjwd Swnywiht unpninnipuubpp wnjw Bu  juqudpubiph
dbpddwytipbuwihtu hwwndwdubipnid:

e  RPwppwp b UL |peé wnbnwdwubph wywnhy fuqudph gnuint jwjunieyniup
Ywgunuw £ dnwn 5000 dbnp b wwjdwuwynpdwsd £ nwpwdwopowtwihu
punwpdwydwu ndbph, huswbu twl dng-wwwpun  (pull-apart) wjwqwuh
wnywjniejwdp:
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qLNhkhu 4. DUUPULU-UGHUL-USNRLPL ULShY luR4UTLP ShNLESNYN-
Jdutuanr/ usaubLSh LUSLNRE3UL FLULUSNRUL BrUrUAULULUL L
NNUAUNrU3PL SULNR3EBLEMNY

4.1 Spninnyn-dwuwénp ubqitunp punhwunip punipwqghpp
Wu gund  ubpyuwjugwd  Gu Pwdpwy-Ulwu-Unwpp  wynhy  fugudph
wnwudtwgywd dpntnnynjh b dwuwdnph nbwpbuphwubpp (uy. 1.): ShnjGwnynp
ntwpbuhwjnud nwnwuwuppniginiuubiph pupwgpnd hpwywuwgyt) Gu ginnwnwpwjhu
2D 5, 10 b 30 dbwp funpnipjudp  hwunypubp, npnug wngwiubpp hwdpuyb) Gu
uwpuypunwd  rpdws  wwibnubudninghwlwu  fupwdninpubph wndjwubph hbw:
dwuwdnph nbwpbupwih 1:10 000 Jwugwwph pwpwbgp pYwjiiwgyb) £ b Guqddb) £
pwpépnipniuutph pqwihu  dnnbp (DEM):  Pwpépniegniuubph pwihu dnnbh L
Ynudhywlwu uywpubph ybpnidnigjwu wpryniupnd Yuqdyb) £ fugnudubph  funppw)hu
Ywnmgywdph Yupdwdpp:
4.2. Spnitwnnynjh mbnwdwunid uunwpyjwé niuntfuwuppnipyniuutpp

Shniinnynjh nbwypbupwu niwh 10 yd Gplwpnggniu W 1,5 Yd - wjunieyniu:
Nwnwuwuppynn nbnwdwup ubplwjugyws & Engtiuh, ny witjunngbuh, yun W dhohu
hningbuh, n  hningbiuh, n  snpnpnulwt  vwngwnwowmwihut b snppnpnuwu
wuwwnubpny:
4.3. Ujwhy fuquéph gnuint pujunipju npnanudip gEnnwnwpwhu
hEunwgnunipyuu wyjwjutpny

T

--;4_7—;;- K/ |

Lwp 7. Pwuwnwgh Unyetiph ufubdw, nph ypw inbnunpdws tu: A) updws £ uwfuyhunid
Yuwwwpywsd b dbp woluwwnwuph hwdpulws ndjwiubpny wnwuduwgpwsd fuqyudpwihu
gnunhu (Sph$nuny U nip., 1990, dhihw U nip., 2001): B) hwjnuwpbpywsd fuqyudpwihu
ghwnt imbnwnhppp:

Qbnnwnwpwihu  hwunyeh wpryniuputpnd  ShnGnngnih  nbwpbupwih  hwpwywhu
[wuohu hwymuwpbnyti £ fugqwéph unp ubgdbuwm (uy. 7.), npny hwuwnwwnynud k, np wju
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thny-wwwpun  (pull-apart) wjwqwu £ Unwgywd pninp wndjuiutpp wbnwnpyb) Gu
thwuwnwgh ujniebiph pwpuintigh Yypw (uy. 7.):

4.4. Jwuwdanph mbnwdwunud hppwwuwgyws woluwwmwupubp

Jdwuwdénph nbwpbuhwih pwpdpniejniuutiph pYwiht dnnbiih bW Ynudhwywu ufwnpubph
gbpindnigywu - wprynwipnd - Yuaqddtp b fugnudubph dwybpbuubph o funppwpu
Ywnnigwdph Yupdwdpp, nph wpryntupnd  huwpwydnp £ nwpstp dwuwénph
ntwpbuhwjnud quwhwwb] wynhy fuqwudph gnunt jwjunieyniup (uy. 8.):

a a

LYwp 8. Hwuwanph nbwynpbuhwih 1:10.000 aa’ wpndhip b npw dE4uwpwuniegntup:
Wu qifunud yuwwnwpdws Gu hbinlyw| Ggpwhwugnwdutpp.

e  dhntwinynh nbwypbuhwih  nwnwWuwuppywd  nbnwdwuph  hwpwywhu
hwwndwdnud  hwynuwpbpdbp £ fugqwoép, npu nuh dwnyph unpniyunnipu b
Ywqgunu £ thny-wwwpunn (pull-apart) wwquu:

e  Guwhwwywd bt Pwlpwy-Ukwu-Uniuhp wywnhy fuqwdph DhniGinynih
hwwndwdh jwjuntgyntup, npp Yuqdnid £ dnwn 14d:

e Jwuwdénph nbwypbupwtu thny-wwwpun  (pull-apart) wwquwu £, npinbn wywnhy
fugqwdpwiht gnunnt jwjunyeniup Yugind £ dnunwynpwwtiu 6000 dtwnp:

e Qbnnwnwpwihtu 2D hwunypp htwpwynpniginiu £ pudbnnd Gpypwpwuwywu
unpntynnipwiutiph dwupwdwul nwunduwuhpnipjwu:
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GRMPUYUSNRESNRLLEN BY UNURUMUNRE3NRLLEN
Upfuwwnwuph nwnwuwuhpniginiuuph bW ghwnwlwt  wpryniupubph  punhwupwgdwu
hhdwu ypw wpynid Gu hbnbyw| Ggpulwgnieniuubp nt wnwgwpyniejniuubnp.
Gqpulwgnipyniuubp

o Pwdpwy-Ukwu-Untupp wywinhy fuqwdph wnwuduwgywd
wmbnwdwubpnud wnjw wywnpy fugwéputiph gnunpubiph  (wjunejwu
quwhwundwu nwunwuwuhpnieniuubipu hpwywuwgyby Gu
Gpypwpwuwlywu L Gpypwdphghywlwu nwonmwihu  wluwwnmwupubnh
hwdwihpny: Unwgwd wndwiubpp hwdbdwunyb] b hwunwwnyb] Gu
gbndnpdninghwlwu wnndhjutipny wpunwhwjnywsd nkihtdh
wuhwppenueniuubpny:  Stnwdwubpnd  ginnwnwpwihu  hwunyeh
dhongny wnwuduwgyti bu dbpddwybpbuwihtu  fuqwdpubip, npnup
dtipyuwgti| Gu wwibnubjudninghwywt fupwdninhubpnid:

¢ Nuwnwuwuhpywd nbnwdwubpnd wnwuduwgyb) tu dEpadwybpbuwihu
U funppwjht wywhy wblYnnuphywih wwppbip, npnup Yugdnwd Gu
swnywihtu unpnywinipwutp hng-wwwpn - (pull-apart) wywquwuubiph
winbupny: Thwug ubpphu Ywnnigwdpubipp, Ywhujws
wnwpwdwonowuwihu  punwpdwlydwu  Ywd  ubnddwu  ndbpp
wqntignupiniupg, wywhy fuqudéph ninnnieiniuhg, whwhy fuqyudpp
opowthwynn  wwwpubphg U wj hwuqwdwupubiphg, wwppbp Gu.
Shntwnnynih nbwypbupwind uyunynd tu ojwjwél pwpdpwgnidubn,
huly Rwppwpnut b UL @gnud* odwjwél nbuypbuhwubp:

e Ywuwwpywd nwnwuwuppniginiuubph ngjwiutph hpdwu Ypw Yugdyty
Gu  bGnwswth  wnbYyunnuwlwu  dnnbubp,  npnup  Ubpwnnd - Gu
dbpsdwytipbuwhu W funppwjpht Yunnigwdpwjhu tnwppbip:

e  dPwdpwy-Ubwu-Uniupp  wlwhy fuquédph gnwuint  |wjunieniup
wnwwnwuynwd £ dh pwup hwpnip dbwnphg dhuse 6 Ypndbunp, npp
swihbpp  wwjdwuwynpywé  Gu  wnbnwdwuh  Ywnnigwdpwihu W
gbnnhuwdhlwywu wnwuduwhwwnynyeniuubipny nt wnwowgpwsd thny-
wwwnwn (pull-apart) wjwquuubipny:

e Lwjnuwpbpdwd  hny-wwwpn (pull-apart)  wywquuubph W
depddwlybpbuwghu, W funppwihtu fugndubpp Yugdnd  Bu o dwnyh
unpntywnnipw:

Unwowplnipeyniuubp

e L& wwpwdph wywnhy fugywdputinh gnunhubiph jwjunyewu npnadwt hwdwp
dbp Ynndhg dowlyywsd nwnwuwuhpniginiuubiph thnpdp Yupbih Yhpwntp wy
nwpwdwopowuubipnid tdwuwwnhw hGwnwgnunieyniuubph hwdwn:

e Ubjudnnbyunnuwlwu dnnbjubph  Yunnigdwt  wpfuwwnwupubipnd  Yhpwnb)
wlwhy fuqwdpubiph gnunhubiph jwjungjwt Jwupwdwul nwnwiuwuppnudp b
guwhwwnwp: Wu  huwpwynpnggnit Yuw dGdwgub]  ubjudnunblyunuwlwu
dnnbih, ubjudhy uwugh W nhuyh quwhwwndwu donniejniun:
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1.

e PuwYwywypbph wwpwdpubnh, wbwnwlywu Ywpunp tpwuwynyeniu niubignn
opjtijinubiph  Yuyniu qupqugdwu  gnpdpupwgnd  hwoyh wnub] wynphy
fuqwdpubph  gnwpubpph  JwjunEwu  dwupwdwut  nwnWuwuppndp b
quwhwwnuip:

Uwnbuwfununipjut hhduwlwu wpnyniupubpp mywgpjwé Gu hGnlywp ghnwyw

hnnqwdubpnid
<. bghpjwt, U. Sunpgyuu, M. Fnipqunuu, < Pupwjwu  “UYywnpy tugwsdpubiph
ghnnd  dbpddwytpbuwihu - dGnpwépubph  hwjnuwpbpnwip  ginnwnwpwhu
hwunyph Yhpwndwdp (USNRLPL, <U3UUSUL)” <L, SUU  StntYwghnp,
Shwnniejniuutip Gpyph dwupu, N2, 2015, ko 61-70:
U.M. Sunpgyut, £.W. hghpywi, E.E.Uwhwlywu, £.6. Pwpwjwu “UYynpy fugywdph
gnhinnt [wjunypjwt npnandp Gpypwpwtw-gEnnwnwnpwihu nunwuwuhpnieniuubiph
wpryntupnd (Shnitnnynih nbwpbupwih oppuwyny, Lwjwuwnwu)”Fhinnieiniuubn
Gnyph dwuht, N3, 2015, £y 82-89:
<. hghpjul, «Ulwnhy fuqqwdph [wjunipjut gnnint quwhwwnnup Ybnhh ypwowndh
ophuwyny» ML, hpwwwpwysnipniu, puwlwu ghnnyejniuutp, N1.2(5), 2015, by
63-67:
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BBEJEHUE
AKTyanbHocTb pa6oTbl
ApMeHMA HaxOAWTCA B LLEHTPanbHOW 4YacTU 30Hbl ApaBWiiCKO KONAW3uW, rae HaxomuTcA
TaKiKe aKTUBHbII celicMoreHHblit pasnom Apmenun - MNambak-CesaH-CroHukckuit pasnom. O6
€ro aKTUBHOCTU CBUAETENbCTBYHOT MHOrOUYUCNEHHbIE 3EMIETPACEHUA, B TOM YUCe U3BECTHOE
Cnutakckoe 3emnetpaceHve 1988 roga. YunTbiBas BbICOKMIT YpOBEHb celicMMYecKoit
onacHoctu B PA, a Takme 0byCNOBNeHHbIi 3TUM CEiCMUYECKMIA PUCK, OLEHKa LUMPKUHBI 30H
BO3AeICTBMA aKTUBHbIX pa3noMoB npuobpeTaeT BaxHoe 3HauyeHue. [locnegHee paet
BO3MOMHOCTb  COCTaBUTb MpeAcTaBieHne O OAn3noBepxXHOCTHbIX W MOBEPXHOCTHbIX
CTPYKTypax pasnoma. [1py usyuyeHun sTux CTPYKTyp CTAaHOBATCA ACHBIMW LUMPUHA aKTWBHOIO
pasnomMa U ero reomeTpuA, C MOMOLLbIO YEro MOKHO C OONbLUOW TOYHOCTBIO COCTaBUTb
CeliCMOTEKTOHNYECKYHO MOJiE/b JAHHOIO Y4acTKa, NOBbICUTb TOYHOCTb OLLEHKN CECMNYECKOi
OMacHOCTW U CHU3NTb CENCMUYECKUIA PUCK.
Lkenb pa6oTbl u pelueHHble 3aga4u
Llenbto paboTbl ABNAETCA UCMONb30BaHWE FeONOrMYECKNX U reodU3NYECKUX METOAO0B ANA
W3yYeHWA LUMPUHbI 30HblI BO3AENCTBMA aKTMBHOIO pasfioMa M OLEHKW MeTOfMKN ee
onpepaeneHna, 4to 6bIN0 NpojenaHo Ha oThenbHbIx cermeHTax [ambak-CeBaH-CrloHMKCKOro
aKTUBHOro passioMa, B YacTHOCTM Ha yuacTkax Kapkap u CeBnuy, a Takme B [enpeccusx
BaHaasopa u ®uonetoBo. Ha BbigeneHHbIx yyacTkax Obinu U3yyeHbl CTPYKTypa pasnoma,
MOBEPXHOCTHbIE pa3pbiBbl U WX OCOBEHHOCTU. Bbinu BbiABAEHbI HOBble CErMeHTbl paHee
M3BECTHbIX pPa3NOMOB, KOTOpble MOATBEPAWIN W JOMOMHUAM UMetolmeca pakTbl |
NPEeANONOMEHUA KacaTeNbHO TEKTOHUYECKOTO CTPOEHMA Y4acTKoB. Bbinu noapobHO M3yyeHbl
MOBEPXHOCTHblE U1  6AN3MOBEPXHOCTHbIE CTPYKTypbl pa3nomoB. bbinu  ocyliecTBneHsb!
CnefytoLLVie LeneBble UCCNefoBaHUA:
e [eonornyeckoe U reopusnNyecKkoe UccnefoBaHUE OTAENbHbIX cermeHToB [lambak-
CeBaH-CIOHMKCKOrO aKTUBHOIO pasnoma;
e [lpoBepka MMelOLMUXCA MPENMONOKEHNA O TEKTOHUYECKOM CTPOEHUM OTAENbHbIX
CErMeHTOB aKTUBHOTO Pas/ioma;
e BbiABneHne W u3yyeHUe MOBEPXHOCTHbIX U  BGIM3MOBEPXHOCTHbIX  CTPYKTYP
VMEIOLLIMXCA B 30HE aKTUBHbIX Pa3fioMOB;
®  OdeKTUBHOCTb NPUMEHEHUA reopafapHoil c’eMkn B paboTax Mo OueHKe LUMPUHbI
30H aKTUBHbIX Pa3/lOMOB;
e T[locTpoeHne  [OBYXMEPHbIX UMM  TPEXMEPHbIX  TEKTOHUYECKUX  MOAeneii
“ccnefoBaHHbIX Y4acTKOB;
e OnpepeneHune LMPKHBI 30HbI BO3LEHCTBUA aKTUBHbIX Pa3/ioMOB.
HayyHaa HoBU3Ha uccnepoBaHmi
1. bBbina BblABNeHa TpexMepHas KapTWHa MPUMNOBEPXHOCTHbIX CTPYKTYp Ha HOro-
BOCTO4YHOM Kapkapckom yuyacTke aktuBHoro [Nambak-CeBaH-CroHMKCKOro pasnoma;
2. Ha 3anagHom oOTpe3ke WCCNefoBaHHOrO HOro-BOCTOYHOTO yuyacTka Cenny
aktuBHoro [lambak-CeBaH-CIOHMKCKOrO pasnoma BbIABIEH HOBbI  CErMEHT
pasfoMHON 30Hbl, BbIACHEHO NPOCTUPaHWe T[NaBHOTO BOCTOYHOIO pasioma B
CEeBEPHOM HarpaBlieHnu;
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3. Ha toxHoM cknoHe penpeccun PUONETOBO WCCNEAOBAHHONO aKTMBHOMO pasnoma
BbIAB/EH HOBbIi CEMMEHT aKTMBHOIO pasfoma, HanMuue KOTOpOro MOATBEPAMIO
npeganonoMeHne o TOM. YTo Aenpeccus asnaetca bacceitHom Tuna “nyn-anapt”’;

4. BbiM  nocTpoeHbl  ABYXMEPHble U TpeXMepHble  CTPYKTYpHble  MOAenu
UCCNEefOBaHHBIX YHaCTKOB;

5. bBbinn oueHeHbl BENUYMHLI LUMPWUHBbI 30H BO3[ECTBUA aKTUBHbLIX PasfoMOB Ha
UCCneaoBaHHbIX yyacTKax.

MpakTnyckoe 3HayeHmne

MocpencTBOM OLEHKM LUMPKHBI 30H BO3AENCTBMA aKTUBHbIX PasfoMOB MOKHO C 60MbLUOW
TOYHOCTBIO COCTaBUTb CEICMOTEKTOHMYECKYO MOfeNnb [aHHOro yyacTka M MOBbICUTb
TOYHOCTb OLEHKM CEICMMYECKOI OMacHOCTU, TEM CaMbIM CHUKaA CeCMUYECKMNIA PUCK.

D70 uMmeeT BakHOe 3HauyeHue AnA 6e30MacHOro paclUMpeHUA TeppUTOPUIA HaceneHHbIX
MYHKTOB,  OOEKTOB  BaMHOrO0  rOCyAapCTBEHHONO  3HayeHus, BO3/i€/bIBAaEMbIX
CeNbCKOXO3ANCTBEHHbIX 3eMenb 1 Ap.

3alwmiaembie NonoKeHNA

e OnpepeneHa LiMpuHa 30Hbl BO3feiicTBUA akTMBHOro [lambak-CeBaH-CrOHWMKCKOTO
pasnoma, KoTopas BapbUpyeT OT HECKONbKUX COT METPOB A0 6 KUIOMETPOB.

e Pasmepbl LMpKHBbI 30HbI BoO3felicTBrA akTuBHOro [lambak-CesaH-CloHMKCKOro
pasnoma oOycnoBeHbl CTPYKTYPHbIMM W FeOoAMHaMUYECKUMK 0CobeHHOCTAMM,
KoTopble obpasytoT bacceitH Tuna “nyn-anapt”;

e [lopTBepmpeHHble bacceilHbl Tuna “nyn-anapt”, a Takme OAN3NOBEPXHOCTHbIE W
rnybuHHblE pa3nombl 0bpasytoT “LBETKOBYIO” CTPYKTYPY.

e llnpuna aktneHoro [Mambak-CesaH-CloHuKcKoro pasnoma Ha oTpeskax Puonetoso
n Banap3op coctasnaet okono 1000 n 6000 m, cootBeTcTBeHHO, a obLias wWrpuHa
30HbI pa3noma Ha yyactkax Kapkap u Cesnuy coctaensaet okono 5000 m.

e B ApmeHuu nepBoe mpuMeHeHUE COBPEMEHHON AByxMepHol u TpexmepHoit (2D w
3D) reopapapHoii c’emkn okasanocb 3chpekTMBHO B paboTax MO BbIABAEHWIO U
OeTanbHOMY M3YYEHUIO TMOBEPXHOCTHbIX W ONM3MOBEPXHOCTHLIX TEKTOHUYECKMX
3/1EMEHTOB.

OBLUUE BbIBOAbI
Ha ocHoBe 0b06LueHna nccnefoBaHmii U pe3ynbTatos paboTbl cAenaHbl Clesytolye BoiBOgb!
U peKkoMeHAaLMM.
1. WccnepnoBaHua No OLEHKE LUMPUHBI 30H BO3AEHCTBUA aKTUBHbIX Pa3NoMOB,
MMEIOWMXCA Ha  BblENeHHbIX  Yy4YacTkax akTueHoro [lambak-CesaH-
CIOHMKCKOrO pasfnoma, OCYyLLLeCTBEHb! MOCPEACTBOM MONEBbIX ME0N0MNYECKUX
n reocpusuyeckux pabot. [lonyyeHHble paHHble OblnM  conocTaBneHbl U
MOATBEPMAEHbl  TaKKe HEPOBHOCTAMM  penbedpa,  BblpameHHbIMU  Ha
reomopcponoruyeckux npodunax. Ha nepBom yuacTke reopapapHas c’emka
BblAENMNa MPUMNOBEPXHOCTHbIE Pa3NoMbl, KOTOpble ObiAN  BCKPbITbI B
naneoceiicmMonornyecKoit TpaHLuee.
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Ha wuccnepoBaHHbIx yyacTkax Obiv  BblfeneHbl 6nU3MNOBEPXHOCTHblE W
rnybUHHbIE 3NEMEHTbI aKTUBHOW TEKTOHUKM, KOTopble 0bpasytoT “LBeTKoBble”
CTpPYKTYpbl B Buae bacceiiHoB Tuna “nyn-anapt’. WIx BHyTpeHHee cTpoeHwe
pasnnyHO W 3aBUCWT OT BO3AEWCTBWIA pPerMoHanbHbIX CWI PaCLUMPEHWA Waw
CHaTUA, HanpaBNeHUA aKTWBHOTO PasnioMa, MOPOL, OKPYMatOLLMX aKTWUBHbIN
pasnom, U apyrux obcroatensct. B penpeccun PuonetoBo Habntogarotca
OBanoBKAHbIE MOAHATKA, @ Ha ydacTkax Kapkap u CeBnuy - oBanoeupHble
MOHWMEHWA.

Ha ocHoBe paHHbIX BbINOMHEHHbIX MWCCnegoBaHuit coctasneHbl 3D
TEKTOHWNYECKNE MOJEnu, KOoTopble BKIOYaloT B cebA Onn3noBepxHOCTHbIE U
rNyOUHHbIE CTPYKTYPHbIE SNEMEHTbI.

LLnpuHa 30HbI aktBHOrO Mambak-CeBaH-CrOHUKCKOrO pasnoma BapbUpyeT oT
HECKONbKMX COT MeTpoB [0 6 KuioMeTpoB, U ee pasmep obycnoBneH
CTPYKTYPHbIMM M FEOAWHAMUYECKUMM  OCODEHHOCTAMM  y4yacTKOB U
obpasoBaHHbIMK HacceliHamu Tuna “nyn-anapt”.

BbifABneHHble pa3pbiBbl bacceliHoB “nyn-anapt”, a Takxe 6N113NOBEPXHOCTHbIE
1 rnybuHHble paspbiBbl 0OpasytoT “LiBETKOBYHO” CTPYKTYpY.
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INTRODUCTION
Currency of the Study
Armenia is situated in the central part of the Arabian collision and accommodates the
seismogenic Pambak-Sevan-Sunik Fault, the most active fault in the country. Many
earthquakes attest to the activity of this fault, including the 1988 Spitak earthquake.
Considering the high rate of seismic hazard in the RA, as well as the high seismic risk it has
determined, assessment of the width of active fault impact zones attains great importance.
Such an assessment enables understanding surface and near-subsurface structures of the
fault. Studying these structures, it is possible to clarify the width and the geometry of the
active fault, develop highly accurate seismotectonic model of the considered site, upgrade
the accuracy of seismic hazard assessment, and reduce seismic risk.
The Goal of the Study and the Tasks Resolved
The goal of the study was to apply geological and geophysical methods to study and evaluate
the technique of assessment of the width of active fault impact zone. The task was realized
within individual segments of the active Pambak-Sevan-Syunik Fault, in particular, within the
sites of Karkar and Sev-Lich in Syunik, as well as in the depressions of Vanadzor and
Fioletovo. The structure of the fault, surface ruptures and their features were studied at
individual sites. New segments of faults known earlier were identified, which supported and
supplemented the facts and assumptions made concerning the tectonic structure of the
sites. The surface and near-subsurface structures of the faults were investigated in detail.
The following targeted studies were realized:

e Geological and geophysical study of individual segments of the active Pambak-
Sevan-Syunik Fault;

e Verification of the current assumptions on the tectonic structure of individual
segments of the active fault;

e Identification and study of surface and near-subsurface structures in the active
fault zone;

o Efficiency of geo-radar surveys in the activities aimed at evaluation of the width of
active fault zones;

e  Development of 2D or 3D models of the studied sites;

o Estimation of the width of active fault impact zone.

Scientific Novelty of the Studies

e The 3D pattern of near-subsurface structures was identified at the southeastern
Karkar Site of the active Pambak-Sevan-Syunik Fault;

¢ A new segment of the fault zone was revealed at the western section of the studied
southeastern Sev-Lich Site of the active Pambak-Sevan-Syunik Fault; northward
extension of the main eastern fault was identified;

e A new active fault segment was revealed on the southern slope of the Fioletovo
depression of the studied active fault; the presence of the segment confirmed the
assumed “pull-apart” nature of the depression;

e 2D and 3D structural models of the studied sites were plotted;

e  The width of active fault impact zones was estimated for the considered sites.
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Practical Importance

By evaluating the width of active fault impact zones it is possible to produce a highly-precise
seismotectonic model of the considered site and improve accuracy of seismic hazard
assessment, thus reducing the seismic risk.

This is of great importance for safe extensive development of settlement areas, important
national-rank facilities, agricultural cultivated lands and other.

Statements Presented to Defense

o The width of the impact zone of the active Pambak-Sevan-Syunik Fault is estimated
in the range from a few hundreds of meters to up to 6 kilometers;

e The dimensions of width of the active Pambak-Sevan-Syunik fault impact zone are
determined by the structural and geodynamic features producing the pull-apart-
type basin;

e  The confirmed pull-apart-type basins, and both the near-subsurface and deep
faults, have developed a “flower”-type structure;

e The widths of the Fioletovo and Vanadzor sections of the active Pambak-Sevan-
Syunik Fault correspond to about 1000 and 6000 m, respectively, and the general
width of the active faults zone at the Karkar and Sev-Lich sites is about 5000 m.

¢ In Armenia, the first application of the advanced two-dimensional and three-
dimensional (2D and  3D) geo-radar surveys has appeared effective in the

activities

aimed at identifying and studying in detail the surface and near-

subsurface tectonic elements.

GENERAL CONCLUSIONS

The following conclusions and recommendations are formulated based on the summary of
surveys realized for the Study and of its results:

The investigations aimed at estimating the width of impact zones of the
active faults present within the selected sites of the active Pambak-Sevan-
Syunik Fault were realized through a complex of field geological and
geophysical works. The collected data were correlated and confirmed also
by the irregularities of relief manifested along geo-morphological profiles.
Near-subsurface faults were identified by the geo-radar survey at the first
site and then exposed by the paleoseismological trench.

Near-subsurface and deep elements of active tectonics were identified
within the studied sites: they developed “flower”-shaped structures in the
form of pull-apart basins. Their inner structures can be different and
depend on the regional extension or compression force effects, active
fault direction, rocks encompassing the active fault, and other factors;
thus, oval-shaped uplifts and oval-shaped depressions are observed in the
Fioletovo depression, and within the Karkar and Sev-Lich areas,
respectively;
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Based on the data of the completed studies, 3D tectonic models were
developed, which included both the near-subsurface and deep structural
elements;

The width of the zone of the active Pambak-Sevan-Syunik Fault varies in
the range from a few hundred meters up to 6 kilometers, the dimensions
that are determined by the structural and geodynamic features of the site,
and by the developed “pull-apart”-type basins;

The identified near-subsurface and deep ruptures in the pull-apart basins
shape a “flower”-type structure.

= =
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