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Uywhy fugdwépubiph gnuinhubiph wjunyejwt quwhwinuwp huwpwynpnygyni £
nwihu  wwwnlbpwgnd  Yuaqdty  fuqquéph  depddwlbpbuwht b dwlbpbuwght
Ywnmglwdph dwuht: Nwntwuhpbing wywnhy fuquéplbiph Yuwnnigdwdpp wwpq
nunund npwug wiunEniup b Ephpwswithniginiup, nph oquniywidp Yunbh £ dbd
Sonnipjudp  Ywadb] ndjw) wbnudwuh  ubudninbyuonbwlwy depbp b dbdwgub
ubudhy Yunwugh b nhuljh quwhwwndw Gauingeyniup:

Wu  nuh  Yupbnp  Upwbwlyneymt puwhwduwipbph - widnwug  Yuyni
qupqugdwl gnpdpupwgmud: Uywhy huqudptbpp dbd Juwlug Bu ubplujwgtnu
opowlw  puwlwywipbph, whnwlwt Ywplnp pwbwlnypins mutignn opjklwnubph,
gninwntinbuwlwt Jwhwhnnbph b wyuh hwdwp:

Nwwnph whwhy fugudph gnunt wjtinewlt  quwhwwinwp  muh  Juplnp
ghunwlwt b Yhpwnwlwt bpwbwlynipniu:
febdw)h wpnhwlwinpmip
<< nwpwdpp gqunugnud £ Upwpwlwt b Gypwuhwlwt uwibph Ynhghwih’ pupudwu
gnunnt YEunpnbwlwt dwund, npunbn b quugnd £ Pwdpwly-Uliwu-Uiniuhph pwpdp
ubjudhy wywnhynipjwdp fuqwdpp: Hw whunhynypqwt dwupl BU JYuinud pwqiwehy
Gpypwpwiwlwl,  bBpypwsbwpwbwlwl, gbnnbghwlwu  no Bpypwhhghlywlwu
njuiubp, wyn pdnd  ndbn bpypwowpdbn: Cwadh wnubind  hwupwwbnngejwu
nwpwdph ubudhly Juwigh quwhwndwl nt pwpinbqugndwl Ywplnpnyginiup, nph
plipwquwhwndwy htnbwupny bwl ophtiwl Uwhwnwyh 1988p. tpypwowndp niubigu
owwn dwup hbinbwupubp, Yupbnp bpwbwynipin § unwtund wynpy fugudpubiph
gninhubiph  (wjunipjwt  quwhwwnwp, pwuh np uw 2w Jupbnp wWwpwdbnp k
ubjudunblyinnuwywl hnwwih dnnbubph Juaddwt ne ubjudhly gnnpubph swhbph n
YJunwugh dwhwpnwyh quuwhwundwt hwdwp:

Ujuyhuny  fuquépttiph  gnwnhubiph  (wjuniejwt npngnuip  h - dbipgn  Ewlwt
Upwuwynpnit nih ubjudhly Juwugh nwppbp dwlwpnwlubph (Ghypnzpewtiwgduw,
dwupwdwut nu punhwunp ubjudhly powbiwgdwl), hbnbwpwp bwl  ubudhy rhulh
quwhwindwl gnpénud:
£ wwpwdpnd  wnweht  wuqwd  wlwnhy  fugywdpubph  dwlybpbuwht L
depddwybpbuwgpts wnblnniwlwt  wwppbph  hwpunbwpbpdwt b nwnwbwuehpdw
wotuwnwuptbpnud Yhpwnyb) b gbnnwnwpwiht hwunyp: Sennwnwpwiht hwunypp
wotuwphnud hwdwpynd £ bdwbwinhy fuunpptbph nddwt pupwgpnd oguwgnpdynn
dwdwuwlwlhg wbpunnghw b wpyniuwdbn £ udwbwnhy fuunhpubph (médw
dwdwuwl:

Uzfuwinwuph twwwwlp b pndgwéd uunhpubkpp o o BOTH K

Uptuwinwiph  Uwwwwlu £ Bplpwpwiwlywu L gbnng ,\whwjh'u undjwubpny
nunwuwuhpbp U quwhwnb]  wlnhy  fuqudph £ gmn < wilingegni:
Nwnuwuwuhpnyegnitibpp hpwlwbwgyby bu Pwipwy-Ukwl-bintihg ‘wljinhy fuqywdph
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wnwudht  ubgubuwnubpnud’  dwutwynpwwbu  Pwppwph, UL (Gh, dwuwénph b
dhnitwnnynih  nbnwdwubpnut:  Unwbdtwgywsd  nbnudwubpnud nunduwohpdl) Gy
tuqywdph Ywnnigdwdpp, Jwlbpbuwhu wwwnnywdpubpp b npwug
wnwbduwhwnynyeiniutbipp: Cwyintwpbipyb) Bu Uwhulyhund hwpnth fuqwdpbiph unp
ubgibuwnbp, npnup  hwuwnwinb L pwgpbp Bu wbnwdwubph  nbunuwlw
Ywnnigwdph Jwupt  bnwd  thwunbpt ne Bupwnpnienutbpp: “Hugunwhu
nhunwpynwiubph b hwdwihp nwnwuwuhpngeniuubph wpryniupnud (ndy ) Bu hbnlyw
Uyjwinwlwiht fuunphpubipp.

Pwipwy-Ukwu-Untuhp wlnhy fuqywdph wnwudhu ubgdbUnubph Gpypwpwiwlwi b
Eplypwhhghlywlwt nunduwuhpnypniu:

o Swlpwly-Ulwu-Uniipp  wlywhy  jguéph  wnwudht  ubgdbunubph
nbljnnuwlwy Ywnnigwdph wwpqupwunu:

o Uywhy fuqwdph wnwusdht ubqibuwnubph wbynnuwlwt  Ywnnigywséph
yopwpbpuw)  wnlw  Bupwnpoyggniuubph Gagpnnd - L unp wwipplph
pwgwhwjunnud:

o Uywhy pgyuwdputiph gnund wnlw Jdwybpbuwht U depadwlybpbuwhu
unpnifuinipwbph hwynuwpbpnd W nwnwbwuppnud:

*  Sbnnwnuwpwiht  hwunyph  Yhpwndwt  wpynitwdbnneut qUuwhwwnnu
wlywnhy fugqqwdplbiph gninpubiph jwjunieniuubph npnadwt bywwnwyny:

e Nuwndtwuppynn nbnudwubpnud nblunnuwlwt Gplswidh jud Bnwswdh (2D
Ywd 3D) dnnbjubiph Ywnnignud:

e Uywnhy jugwdpubiph gninhubiph (wjunieniuuph npnanud:

Muyunuywunpw tbpjuwjwgywé gpaypubpp

*  Npnadwsd b Pwdpwly-Ulwu-Ujniuhp wynhy fuqywsdph gnnnt wjtnigniup, npp
nwnwlynw § dh pwuh hwppntp dbwnphg dhtugl 6000 dbwnn:

*  Puwdpwl-Ulwb-Untihp whnhy fuqyudph gnnnt (wjunyejwl swihapp
wuwydwuwynpywd b uinpniuinipught b gennhuwdhywlw
wnwuduwhwnynipiniuibpny, npnup wnweowgunw BU thny-wwjwpin (pull-
apart) wywaqu:

o Cwunwwndws &, np Lwppwph, Ul Eh b Shntinngngh ging-wwwpn (pull-
apart) wwqwuubph L' depadwlybipbuwh, W funppwiht fuqywdpubipp fwgdnud
b <<dwnyh unpniyinnipws>:

e Npnadwd k, np Pwdpwy-Ulwu-Uniupp wywnpy fugqusph Shnjkinnygnih b
Ywbwdnph hwnduwdh wiunygnidiitbpp, npntp hwdwwwinwufuwbiupwn
Ywqdnud Bu dnwin 1000 L 6000 dbiwp, huly Lwppwp b Ul hé inbndwutiph
wlwpy fuqudph gnuinnt puhwung jwjuniygniup Yugdnud § dnn 5000 dbunp:

o L nwpwdpnd wnwoht wiuquwd dwdwlwlwyhg gennwnwpwht Gplswi b
tnwswith (20 U 3D) hwitingputiph Yhpwanwp wpmniiwdbn £ dwlbpbuuwght b
dpadwlbpbuwht wnbljnnuwlwi wwpptiph hwpnbwpbpdwy b dwupwdwab
nwnutwuhpdwt wouwnwuptbpnud:



ChEnwgninmpyniuubph ghnwlwb unpnypep

o L& nwpwdpnd Jwlbpbuwptt b depddwlbpbuwht whlunnuwlwy wwpptinh
hwyintwpbpdwl b nunubwuhpdwl bwwnwlng wnweht wugwd Yhpwndt) &
gbinnwnwpwiht hwunype:

e Swdpwl-Ubwb-Unhp winpy fuqiwéph Ul (hé nbnuidwuh  wpbdupwt
hwnjwdnwd hwyintwpbipdb) b ugjwdpught gnuine unp ubqdbun, wwpglb &
wpbbywu giuwynp fugywdph hjnwhuwght ninnpjwdp nwpwdnuip:

e (wunWtwuppdwd wlnhy fuqwdph Shnthnndngh  nbypbuhugh  hwpun-
wpbdnjwy (woght hwwnbwpbpdb) £ wlnhy fuquéph unp ubiqudbum, nph
wnlwjniiniup hwuwnwint £ nbwpbuhwih thng-wwwpn (pull-apart) wywqut
thubint Bupwnpnygimp

e Unwoht wugwd Ywgddb) bU nwnwuwuppynn wnbnuwdwubph Bplswd Yud
Gnwswih (2D Ywd 3D) Ywnnigywdpwiht tnwppbiph dnnbjubipp:

e  Zwduwypp wdwiubph  hpdwt  dpw  quwhwndb Bu nwnwuwuhpdnn
nbnwdwubpnud whnhy fugquépubiph gninhtbiph jwjunyeniubpp:

Nunuitwuhpnipywi dEpngubpp

Uouwwnwuph  ppwlywbwgdwt  pupwgpnd  Yhpwndbp bBU bphpwpwbwlwt L
gbonnwnwpwht ndjuiubph  hwdwlwpgus  Jbpindnigniutibn: Hwup  hpbitg by
ubpwnnul Bu nwonwht watuwwnwupubph Yuwwnwpnud Lwppwph, UL Gh, ShniGnngnh
b dwuwdanph wbnwdwubpn. gindnpbninghwlwl hwunyp, ginnwnwpwht 2D L 3D
hwunypbbp, unwgywd nyjuwiteph dwldwbwywlyhg hwdwlwpgsught Spwgpbiph (Radan
6.5, AutoCAD, Surfer, CorelDRAW U wyju) Yhpwndwdp Gpypwpwuwbpypwdhghluljwt
dbluwpwunyd’ Yupdwspubiph L dnntiubph Yugdned:

Snpéuwlw Bywuwlnipniup

o UYwnhy fugwdpubph gninhubiph jwjuntpjut quwhwundwl wpryniupubipp Jupbh £
Uhpwnby ubjudnnblnnuwlywt danbh Juoddwt dwdwbwl' JEdwgubing ubjudhl
Yunwbgh qUwhwwndwy Gaunnyginiup,  npp htwpwynpnginit Yuw udwgbiguiti
ubijudhly nhulyp:

o Wu nph  Yupbnp  wowbwlnienit  puwlwdwipbph  omwpwépubph Yugni
qunpgugiwl gnpdplpwgnud,  whwnwlwl  Ywplnp  Vpwlwlnygniu  niubgnn
opjynubiph wwuwynpdw b Yunngwwwwndwu hwdwp:

o Mubnubjudnnghwlwt  fupwdninhtbph  wdupbpnd hwunwndlp £ wlnhy
fugywéptbph  gnuine nwnuwuwuhpniggniubpnd gbinnwnwph  Yhpwndwb
wpryniwybwnygniup,  npp huwpwdnpnginis £ nwhu hwponbiwptipp G
dwupwdwut nunwitwuppby depddwybpbuwght nblunnuwlwt wwppbpp:

®npdwhwywunpnipynitp b hpwwywpwynudubpp

Upfuwwnwbiph  wnwbdhts  npnyplbpp  gbiynigy  Bu YGpdwbhwih - Thwgbugh
Cwupwubwnniiwt Ywpunnth Skuunnghwubph Puunpnnunnud (Uswnbdpbp, 2015),
dpwunwuh bihw Menwywy <wdwuwpwuh Ynndhg Upwupnwdwund b Ywgpblynud
Yuqdwltinuwd dhowqquyhli funphppwdnnnfubpnid (ognuwnnu, 2015, dwpwn, 2014),
<< FUU 59h gbnwpfubinnghwih L gbndnuhenphugh jwpnpwnnphwih - ghunwljwu
ubdptwptbpnd, M wotuwphwgpngw L BpYpwpwunpwt - Swiynintinnad U
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Ynupbpwuutbpnd’ <wy gpuwnwnipiwt 500-wdjwlpt b 5N NRGC hhduwnpdwu 65-
wdjwypt udppdwd dhewgguwiht ghunwdnnnynud (Gplwt, 2013), Gplwuh Mbnwlwl
Cwlwuwpwuh hhduwnpdwl 95-wdjwypu tyhpywd hnphjwlwlwl ghnwdnnnynu
(Gpluwt, 2015):

Cpwuwpwldbp U phdwh Jbpwpbpw) 3 ghuwlwu  hnpdwdubp  gpufunuynn
wduwgpbpnud:

Usuwuinwph Junnigwépp b dwwip

Uwnbbwfununeiniup pwnjugwd E ubpwdnuyeniupg, snpu gnifubiphg,
tigpulwgnipinithg U wnwowpynipniutbphg, gpwlwlneput gwulhg' 80 wuniu
gpwlwuniejwdp: U swpwnpdwsd b 116 Eebipnud, wwpniwlynw £ 97 uljwp:
Wluwmwph Yuwwnwpdw Juypp b unphwlwinyeynitubpp

<bnpuwlhp Yondhg wwbbwpununyniup  Gwwwpdl; B << YUU Bplpupwtiwlwt
Shunegniiiph - Auumhununnd® bg.n. WU, Ywpwhuwbwiuh  nblwdwpnipjudp:
<onpuwlyp hwpnund £ pp funpht Bpwpunwghunipiniup - ghunwywt  nlwdwpht
gnigwpbpwd danwlwy npwnpnipjwl, wpdbapwdnp funphnipnubph W nhunnnyegniiubiph
hwdwp:

Upluwwnwupbphtt wewlgbint b npwug plpwgpp fupwlbiny, huswbu Uwl
pwgiwehy funphnipnutph hwdwp  gunphwlwpeniv Bd hwwnund d.g.p.
CPwpwjwtpt, b.g.e. MmUpppowbywupt, bG.g.p. M Fnpgupjuhb, b.g.p.
U.Uwubujwuhu, U.Sunpguupt, bGgn W Ujwguwupt, U.  Pwpwjwhl,
U.Unwpbijwuht, S Wwybprywuh:

Qwwny  gunphwlwinygniu Bd hwpwund €4 SUU Bplypwpwbiwlwu
ghwnnipjniuutiph huuwnhinnunh wuophunipjwp U waluwinwlyhgubpht' Ywqdwlbpuws
putiwpynuiubph L opjblnhy quwhwuinwlywuutiph hwdwp:

Sunphwlwinipinit - B0 hwynunyd «Sbnnhul»  PPC-h nng  Ynianhyhu,
wotuwnwupht odwunwytnt, gnigwpbipwd opjtiiwhy Ybpwpbpiniuph b wuhpwdbown
oqunypjwu hwdwnp:

SLNRh 1. £UMSHh SUUULULULRS YhBsULC
1.1 &< vwfulpunud juunwpjws bdwiwnpy wifuwnwiptbpp b dhowqguiht

thnpap

Unwoht  bupwgniund  Ubplujwgywsé Bu  bwpyhunyd  <nud wiljinpy
fuquwidptibiph  hwynbiwpbpdwt U pwpnbqugpdwt nopmpguwdp Yuawpdwd
wpfuwwnwplibipp, hugwbu bwb dwdwbwlwyhg depnnubpny wywnhy fuqywdpubiph
gnunnt jujuniejwt npnadwt dhowqguiht tinpdp: <<-nud hpwlwuwgyb) Bu wynpy
fuqywdpubph hwjnbwpbpdwu b pwpunbquagpdwu pwquwphy
nwnwbwuhpniyggniuibp, npnghg hwnjwbwlwu By 4L, Mw$buhnigh [1948],
WU Swpphbjywuph L niphgubph [1956,1981], b.t. Uphpwundulne [1968],4.9.
Sph$nundh [1990], W.U. “wpwiuwupuh [1997,2004], U.L. Lwqupbpjwuh
[1979,1987], <.<. Uwpghujwuh [1989], Etu. huwpwguup [2012] L niphgubiph
wohuwwnwpubipp:

dbpoht  ppowth  wofuwwinwuptbipnyd  wybh  hunwlbgyty U fuqwdplbipp'

wnwldbuwgyb) U Upwlg pwnunphs dwubpp: Wnwhuh  nwniduwuhpnigniitbn
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1.2

1.3

hpwywuwgyty bu U.U. Ywpwhuwiwuh [2009,2011], U.d. Ujwgjuuh [2001], U.L.

Lwquipbipqwuh [2015] b niphgubiph wafuwnwuptbipnu: Lpwlg wfuwwnwbplbipp

nubt Yhpwnwlwu 06§ vpwuwlnyeni b pujwé Bu unp hEnwagnunnyeniuuiph

hhdpnud:

UYwnpy ugwdpubiph dwhbpbuwht b depddwlbpbuwiht nbyunnuwlwl nwppbph

hwjnbwpbpdwt b dwipwdwel  mundbwehpdwt buwnwlny  gbnnwnwpwihl

hwunyp Gu Uppwnb| Pnbupnu L nip. [2004), Lbhdwbp L nip. [1999,2000],

Mthswipn, Uppuntp [2003], Spwudnibpp b Yhohwtnt [2007], Swlg U Lnpnp [2002]

U wynp:

Z&nud ppwlwuglwd  wpjuwwinwuptbpnyd,  hhduwywunyd  fuqudputiph

Jwupwiwut  nwnwbwuhpnygniuubn bW ppwbig  gnne npnadwtit ninnywé

wpfuwnwptbp skt hpwywbwgyby: “wpbih £ Uzl dbp Ynndhg dbnhh ypwowndh

gnuinwd hpwlwbwgywsd nwunwuwuhpnygyniup, nph dhengny wpnynituwybun (ndyb) £

wywnhy fugwédph gnnnt wjuniejwu npnaudwt futnhpp [2015]:

Qbnnwnwpwiht hwinyph deennp

Wu bupwgfunyd pwgwwpdnud £ gbnnwnwph  wpfuwnwtph - Shahlwlwl

uljgpnitipp, wjunthbnl Ubpluywgynud £ gnnwnwpwiht hwunyph dhpnnhlwt L

nwnwitwuhpnigynitubph - huwpwdnp whpnyep: <wunyph  nwnwbwuhpdwt

funpnipgniip Gwhiwé £ Yhpwnynn  wibhwdwph  hwlwhiwhwunyenithg: Utp
wfuwwnwuptbph  pupwgpnyd  Yhpwndtp bu 100MHz, 200MHz L 400MHz
hgnpniinit niibignn wihwjwptbp,  npnup  htwpwynpmignit BU wwihu
nwnuitwuhpty hwdwwwinwuuwbwpwp Bphpwybnuh dhug 30, 10 b 5 dbwnp

fjunpneyniittipp:  SEnnwnwpwiht hwtnyeh  wprynitpnd unwgynud - B

nwnwnwagpwddwubp, npnup Radan 6.5 édpwgpwiht thwpbpny bupwnyynd Gu

dawldwi:

Nwnufuwuhpynn nbnudwubp

Syjwy pwdunud ubpyuwjwgywsd b <&-h nwpwdpnud guntnn ubjudwéhu Pwdpwly-

Ulwat-Ujniupp wyinhy fuqywdpp, nph wnwidtwgyws ubqubnubipnud’ Lwppwp,

Ul p6, Spnawnynh b dwbwdnph  nbnudwubpnd ppwlwuwgyl B dep

nwnuwuhpneyniuipp (LY. 1), npnug Lwwwnwlu F wlnpd  fuqludpuht

gnnhtbiph  Jwbpwdwul  nwnwbwuhpnyggniup - hbnlyw)  futnhpubph - nddwl
hwdwp.

e bpypwpwiwywt b pypwdhghywlywu depnnutpny muntwuhpb] Pwdpuwy-
Ubwu-Uniwhp  wiwhy  fuquwdph  dwybpbuwht b depadwlbpbuwhu
wnblunnuwlwt nwppbipp:

¢ Ywqub whwnhy fuqudph bnwswih Yud bplswih dnnbip (3D Yuwd 2D modeling):

»  Npngt Pwdpwl-Ulwu-Uniuhp winhy fuqlwdph gninn jwitiniggjniup:



Lhwp 1. <&-nud wlinhy fuqudpubipp (Yupdhpnd) b nwnwitwuppdwsd Rwppwp, Ul
(6, dhnjawnynjh b dwuwdnph nbnwdwubpp (ubny), upwptbpp gnyg Bu nwjhu
nwpwdwngwuwiht ubnidwl b punwpdwlydwu mdbph npnnyeniup:

qLNkh 2. PUUPUY-UGHUL-USNKLPE UUSPU R4UDLP 2UrLur
Stuvuvu

2.1. Bwppwph b 26pdwnpjniph nmbnudwubph nunufbwuhpwdniggnitds e
wnwistwhwwnlmpniubpp
Lbpluywgyws t Pwdpwl-Ulwi-Unishp wiinhy fuquéph wnwisbwgwsd Lwppup
nbnwdwup (ul. 1.): UWunpwnwpd £ wpdnud bwhyhunud nbnudwund hpulwiwgdws
wpluwwnwpubiphu: Mahedh wwpdwutbphg Gugnd  nwnwduwuhpydnn nbnudwup
pwdwudby £ Gpynt dwup: Pwppwp wbnudwuh nwndbwuhpngeinivubph pupwgpnid
Lhpwnyby b gbnnwnwpwipt 2D L ?D hwunypubp, npnug nijwiubpp hwuwnwndb) bu
wuwbnubudninghwlwt fupwdninhubiph Yhpwndwdp:
22. Pwppwp wbnuwiwuh wlywhy juquépubph  gnuint  quwhwwnnuip
qlinnwnwpwht hEnmwgnnnipynitibpny
Unwghts nbnwidwu.
Unwoht nbnwdwund hpwlwiwgdwsd 2D hwunyph wpryniupnd hwpntwpbpdb b
pwnubqugnyly bu dbpddwlbpbuwht unpniynnipuutipp: <wunyph  wpnbhubpnud
wnlw  wundwihwubpp hhduwlwiny unyuwinpy Bu: SEnnwnwpwihtt 20 hwnyph
njwubph - hhdwt  Ypw  Yuqdylp b wundwihwubph  gpwbhy:  Mpndhubph
wundwipwubph gpudhynd wnwbdtiwgyws fuqyudpuyht gninhtiinnid ppwlwliwgdty £
gbnnwnwpwiht 3D hwunyp, nph  wpryniupubpp  wdpnnenipjwdp  hwuwnwnb] bu
gqinnwnwpwiht 20 hwunyph undjutdnp:
Gplypnpn nbnudwu
Gplpnpn inbnudwund ginnuwnwpuwiht 2D hwunypp huwpwiynpnieimb nybg dpush 30
dbwp  funpregniitibpnd Jwupwdwut  nwnwbwuhpiegniuubp ppwlwtwguty,  nph
wpymbpnud hwyinbwpbpdbght dh swpp dbpddwlbpbuwht nbynnuwlywt wwppbip:
Unwgywd  wpryniupubipny  GBpypnpn wibnwdwup hwdwp Quqddb
nwnwpwgpwddwubph  wundwhwubph gpwdhy (LY. 2.), nph Ypw wnwbdbwglws
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fugwépwiht  gnwnhubph  wbnudwund  wnlw £ plwywt  nbypbupw:  Puwlwu
nbypbuhugh  hwindudnd ppulwiwgduéd ghnnwnwpuihy 3D hwlnypp
huwpwynpnipjnit g nuniluwuhpl dhuse 10 dbkwp funpnipput nblpnnuwljwt
nwppbpp L Yuadb) nputg Bnwswih wwnybpubpp (Wy.3.), huswybu twb ywpgby wnlw
puwlw ntwpbuhwih nbyunntwlwt Swqdwl Jwupt bnwd Bupwnpnuenp:

f}"'f“i.“,‘

Profib

Lljwp 2. Gpypnpn inbnwdwup gbnnwnwpwiht 2D hwunyph wypndhubph
wundwihwutiph gpw$hly (wundwhwubpp badwd Bu onwiljwdly):

Wu nwnwpwgpwddwih Bpypwpwiwepypuwbhghluywt  deluwpwudwt wpryniupnud
wnwbduwgynd u bpyne gpbiph Jhdjwug gniqwhbin fuquépubp: Wu fuqyuépubph
wnlwynipyniup wdpnnonyht pwgwwnpnud £ undju) nbnwdwuh dnpbninghwt:

Lywp 3-h a dwunwd wywwnhbpdws £ nwnwpugpuwddwih deluwpwtnup’ Upwnwd wnljw
jugwdpubpp L nbwpbupwu: Lnyu  wwwnlbpnd  unwgdwd  Bpypwbhghyuluit
wundwhwubpp wpnblynynd Bu dnp$ninghwgh Ypw, wpryniupnd hunwy Bplndd £
nbwpbupwu U npw banbph fugwdptbpp: Lhwp 3-h b dwund nwnwpwgpwddugh
fuquwépubiph dwupwdwut inbupt £ b pwgwinpnigniup: Mwnlbphg hunwy Gplnd
np nblunntwlwl wwppbpp Yugqdnd Bu dwnlught unpnunnpw: Sennwnwpwhu 3D
b 2D hwunypubph wndjwibph hwdwnpdwdp wwywgnigybg, np ptwlwl nbypGuphw
niuh nbYunnuwlwt dwanuw nu Yugdnd £ n-wwwpn (pull-apart) wwqu:
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Llwp 3. bpypnpn nbnwdwuh ginnwnwpwiht 3D hwunyph deuwpwunwip a) 3D
hwunyph dawynwp b) 3D b 2D hwunypubph nwiubiph hwdwnpnuwip:

Nhunwitwuppnieiniubph wpryniupnd unwgyby Bu hbinlyw) Bgpuljwgnyeniuubpp.

. dPwdpwl-Ulwu-Uniuhp  wlywnpy uqudph Lwppwp wnbnwdwund  wlnhy
fuqqwéptbipp nubU dwnyuwiht unpniyunnipuubn:

. Luwppwph bGpypnpn nbnwdwuh nbwpbupwl tinpp thny-wwwpn - (pull-apart)
wywqul £, nph hwdwp Yuqddb § bnwswi dnnb):

. Nwnuwibwuhpywd Lwppwp nbnudwuh wlnhy fuqudph gnune jwjungagniup
Yuqgdnu £ dnunwynpwwybu 800 dbwnp:

. SEnnwnwpwipt Bplswih b Gnwswih (2D L 3D) hwunypubph hwdwwntin

Yppwndwdp wwpqupwiuws b dwlybpbuwht b depddwlbipbuwht nblunnbwlwl
wnwppbh punipwgpbipp:

qLNku 3. PUUPULY-UGHUL-USNRLPL UL4SPY R4UTLP UL LBk SEUUUU

3.1. SEnwdwup punhwunp punypwghpp b jumnwpjwsd
nunuiuwuhpnipymitubpp

Nwnuuwuppywd b Pwdpwl -Ukwlu-Unhp winhy fuquudph wnwuduwgyws Ul
(hé wnbnuwdwup (Wy. 1.): Wn nwnuuwuhpniniuubph pupwgpnd ppwlwuwgyl) Gu
gbindnp$ninghwlwu L gbnnwnwpuht' dhsk 10 b 30 dbwnp pwihwugbpnieniu
niubignn withwJwpttpny, 2D hwunypubp: SEnnwnwpwht hwunypubiph wnyjwubpp
bupwnyyh) Bu dawldwu b hwdwnpyt) U gindnpdninghwlwl wpndhutph htin (Ly.
4.): Stndnpbninghwlwt wpndhubph ypw hwypnbwpbpdt) B puwywu nbypbuhwubp,
npnup  UJwwybp Bu wdpnne  nwntwuppywd  nbnudwunwd: Yypbuhwubpp
dwupwdwut nwunwuwuhpyb) Bu b pwpnbqugpdt (wy. 5.):
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Llwp 4. aa’ gindnp$ninghwlywl wpndhih pwfunnwiubpp b ginnwnwpwiht hwunyph
wundwhwubpp:

Llwp 5. Twpnwiht watuwinwuptbph pupwgpnud hwjntwpbpdwd nbwpbuhwubph
(4wndhnny) inbnunhppp:

Nwnwpwgpwddwh Jpw hwinbwpbpwsd windwhwubpp hwdwwwnwufuwund By
gbndnppninghwlwu aa’ wpnhind wnhw fugudpubiph htin (LY. 4.): hugyudpubipp
hpbug wuldwb wulymubbpny swpnibwiyl; Bu b Juwaddb) £ npwbg  huwpwdnp
funppuht Yuinpywépp:
wdwihp  nwnwuwuhpnugniuubph indyuiubph wprgniupnd - hwugl) Bup hbinlyug
Egpwlwgnyayniiubphu.
e Npnpdty £, np Pwdpwy-Ulwu-Uniuhp whinhy fuguéph Ul (hé inbnuwdwuh
wpbbpwy  hwndwdnd  fuquuéph  gluwdnp wwinnwépp  hjnwhuwht
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ninnniejwdp wpniiwlynd £ dhtgh hpwphuwht wwwpbp b dwalynud E
npwlgny:
o Ul |he nbnudwunwd hwnbwpbpdt) b swihwgpdl) B wynhy nblnnuwlywt
Swgdwl nbypbupwubn:
e Ul |h6 wbnudwund whwhy fugudph gnnne ujunginiup Ywagdnud |
dnunwynpwytu 1100 dbwnp
o Shnnwnwpwiht  hwunypp wpynitwdbn £ Wdwbuwwnhy  nbnuwdwubpnud
wywnhy fugywdplbph ubgdbUwnubph hwynbwpbpdwy b wyn ubqdbunubph
ubppht Ywnnigywdph dwupwypyhnn nwnwtwuhpdwt hwdwp:
3.3. Pwdpwl-Uhwu-Uymuhp wiwnhy juqiuéph Lwppwp b Uk (b6 mbnudwubph
wpryntuptibph  hwdwwnbn Jepnwdnipynia
Pwdpwl-Ulwt-Uniuhp wlnhy fuqiuéph Lwppuwn b Uk (hé nbnwdwubph hwdwp
Lwfuyhund b dbp Yunwpwd wgtuwnwupubph hhdwt ypw jugddl) b dhwutwlwu 3D
dnnbg, nph wpryniupnd wpdby Bu hbnlyw| bgpuhwugnuubpp (uy. 6.).

1-:--. 2 nﬂ@a:ﬁv :

Llwp 6. Pwdpwl-Ukwl -Ujniuhp wlnhy fuqywdph Lwppwp b Uk |hé nbnwdwubph
3D wnbywntwlwt dnnbp 1. UWinhy fuqudpubip 2.bupwnpjw) wlnhy fugudputip
3.dwqdwwnhl ogwlu 4.nwpwdwpswliwht punwpdwldwt ninnnienlup:

e Pwppwp L UL |hé nbnwdwubphg jnipwpwlsinipp Yugdnud b dwnluwght
unpniyninipw, npntup dhwuht Yugdnu B db& qing-wwwpn  (pull-apart)
wjwqu:

*  hwpntwpbpywd Swnywipt unpniuinipuibpp wnlw Bu fugudpubph
dbpddwlbpbuwghl hwndwdtbpnud:

Luwppwp b UL h6 wbnudwubph whwnhy fugwéph gnnnt (wjunwyeyniup
Ywgdnu £ dnin 5000 dbnp b wwjdwbwynpwd £ nwpwdwgngwtiwght
punwpdwlydwu mdbph, hugwbu bwl hn-wwywpn (pull-apart) wywquih
wnluynpjwdp:
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QLN 4. PUURUY-UBHUL-USNMLPL ULShY 24 UTLP ShNLESNYN-
Juvuanr ussUbLSh LUSLNREBUL SLULUSNMNIE GPUMrUPULULUL b
YeNMUIUrUshL SULNR3MELEPNY

4.1 Bhnbnnyn-dwiwdnp ubkqibunh punhwunip punipwghpp
Uu  gund  ubpluwyjugdws  Bu Pwdpwly-Ubwu-Unwhp  wlywpy  fuqjuéph
wnwudbwgywsd dphnmnnynh b dwuwadnph nbypbuhwubpp (U, 1.): ShniGwnnynih
ntwnGupwinu nwunwbiwuppnipyniiuepph pipwgpnud fpwwbwgyl) G gnnwnwpwiht
2D 5, 10 L 30 dbwp funpnygudp  hwunypubp, npnug wwiubpp hwdpuyk) Gu
bwhuhpunud  thnpdwéd  wwibnubudninghwlwt  fupwdninhubph wwiubph bt
Ywlwdanph nbwypbuhwih 1:10 000 Jwuginwph pwpinbgn pduwjuwgyt) b b Yuqidh) £
pwpdpnipiniutph pYwihtt  dnnt  (DEM):  Pwpdpniejniibiph - pqwiht dnnth L
Ynudhywlwt uwpubph Jepndnipjwu wpynipnud Juaddb) b lugndtbph  funppughtu
uinniguuidph unpdudpp:
4.2. Dhnbunndnih nbywdwunud jurnwpdwé nuniduwuhpnuyenisibpp

ShnEnndnh nbypbivhwy ndh 10 Y4d Gplwpngginds & 1,5 4d gtingeyni:
Nwnuuwuppynn wbnwdwup Ubpluywgdwsd § Engbuh, ny wiiunngbuh, Jun L dhopht
hningkiuh, ni  hningbuh, ni2  snpnpwlwt uwngwnwonwiht L snppRpRwljwu
wwwpubnny:
4.3. Uywnhd fuqquéph gaune jwitincequls npngnudp gbnnwpupught
hEwnwgnnnipjw nyjuubpny

Llwp 7. Pwunwgh Unipbph ufubdw, nph dpw nbnunpdws Bu: A) togwéd £ uwtulypunad

Yuwwnwpdws b dbp wouwnwuph hwdpulywsd nuubpny wnwudtwgpws fuqudpwhtu

gnuht (Sphbnuny b nip., 1990, Shihy L nip., 2001): B) hwyinbwpbpywd fugywsdpuw)h
gnunt inbnwnhppp:

Sbnnwnwnpwiht  hwunyph wpryniupubpny Shnannynh  nbypbupwih  hwpwywiht
(wuoht hwjnuwpbpyby § ugdwdph unp ubgdbuw (LY. 7.), npny hwuwnwwnynud £, np wjt
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thny-wwywpn  (pull
thwunwgh Uynipbiph

-apart) wdwquwu £ Unwgwd pninp onfyuifubpp wenunpyt Bu
pwpwnbigh Ypw (uy. 7.):

4.4, dwuwdnph nbnudwund ppwljwbugjwsd wuwmwipbbip
Ywbwdnph nbwpbuhwih pwpdpngnittubph puht dnnbh b Ynudhyulwu uywpubph
ybeppdmput wpmymiipnd Guquyly  F fugnuiubph dwlbpbubbph  junppught

Ywnnigwdph Ywp

Juwépp, nph wpryniupnd  huwpuwynp £ qupdl dwbwanph

ntwpbupwinud quwhwint) winhy fuqudph gnunne jwjunEniup (uy. 8.):

—

a

SwW NE

a'

, @n@)ﬂ. :m o, .:.:‘ we “®® -

T

Lhwp 8. Lwbwanph nbiwpbuhwih 1:10.000 aa’ wpndhip U gpw delwpwtinpinip:

Wyu gifunud uunwpdwd Bu htinlyw) bgpuwhwugnudubipp.

o Spnbwnndnh  ntypbuhwih - nwndbwohpyws  nbqudwuh hwpugwihu
hwinjwdnd  hwyntwpbipdty £ fuqywdp, nptt nith dwnih unpnynnipu L
Ywqdnu E thny-wwwpn (pull-apart) wjwqui:

o Stwhwndwd £ Pwdpwl-Ukwu-Uniwuhp wywnhd  fuqlwéph  Shnitunngnh
hunnwéh qwiunipiniup, npp Yugdnd § down 14d:

e dwbwdanph

nbwypbupwu thni-wwwpn  (pull-apart) wwquu E, npunbin wynhy

fuquidpwihu gnunne pwjunipiniup fuqdnd E dninwynpuwtbu 6000 Jbup:

¢ Shnnwnuwp

wjp 2D hwbnypp buwpwynpripnit | pidbnmd bplipwpwbwlwb

unpniunipwibph Jwipwdwul nunufuwuhpnipw:
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RPULUSNME3NALLEN bd UNURUMrYNk@-3NMLLED
Upfuwwnwuph nwnwbwuppnipymiivtiph U ghnwlwy wpymupbbph pbnhwbpwguwl
hhdwt Ypw wpynud Bu hbnlyw) Bapuljugnieiniubpl nu wnwgwplniejniutinp.
Ggpuljuwgnipjniiubp

o Puwdpwl-Ubwl-Uiniihp wlnhy tuqywdph wnwbslwgywd
nbnwdwubpnd wnlw wlwnhy fugudpubiph gnnhubph  wiuniypjwu
quwhwndwu nwnuwitwuhpnipynbibnl hpwlwtiwgdti Ll
bpypwpwibwlwt b bphpwphghluwlwt nwanwiht wofuwwnwuptbph
hwdwhpnd: Unwgywd ndjuubpp hwdtidwndb) b hwunwndl) Bu
gbndnpdninghwiwb wnndhiutpng wintnwhwjunwd nbkihbhp
wuhwppnygniubpny:  SEnudwubpnd  gbnnwnwpwiht hwunyph
dhengny wnwbdtwgyty bu Jdepddwlybipbuwht fuqwdputip, npnup
dbpywgb bU wwitinubjudninghwwl fupwininhbbpnud:

o Nuwnubwuppywd nbnudwubipnd wnwbduwgyt By depddwybpbiuwhu
U funppwiht wlwnpy wblnnupuyh wwppbp, npnbp Gugqdnd Gy
dwnluyht unpmlpmmpwibp hny-wwwpn  (pull-apart) wwquutbph
nbupny: Tpwug  ubppht  Ywnmgdwdpubpp,  Ywjudwd
nwpwdwopowtwiht  ptnwpdwydwt  Ywd  ubnddwl mdbph
wqnbignipynithg, wiwhy fugudph ninnniejniuhg, whnhy fugqwdpp
opowthwlynn  wwwpubphg L w) hwbqwdwbpubphg, wwppbip G
Shnjaunnynih nbwypbuhwnd Wungnw Bu odwpush pwpdpwgndubn,
huly Lwppwpnud b UL [Gnud’ ojuqwdle nbwpbuhwubip:

e Ywunwpywd nunwiuwuhpnygnuubph nduiubph hhdwu dpw jugdyb)
Bu  bnwswih  wmbByonbwlwb  dnnbubp,  npnup  ubpwand BU
dbpddwlbpbuwiht b funppwht junnigywépusht tnwppbp:

o Suwdpwly-Ulwu-Unmuhp wlnpd fgyuoph gnuine  ujlnggnip
mwnwiynd £ dh pwuh hwpnyp dewnphg dhusk 6 Yhindbip, nph
swihbpp  wwpdwuwynpdwsd  Bu nbnuwdwup junnigwsdpwihu L
ginnptwdhlulwt wnwidbwhwnlnysniibbpny n wnwawgpwd thny-
wwwnwun (pull-apart) wwquutbipnd:

o lwpntwpbpdwd  thny-wwwpn (pull-apart) wjwquuubpp U
dbpddwlbpbuwh, L funppuyht fugnidubpp  Yugdnd  Bu - dwnlyp
uwnpnyunnpw:

Unwowpynipjniuubip

o L& wnwpwdph wywhy fuguspubiph gninhubph wiunyeywu npnadwt hwdwp
dbip Ynndhg dowlywsd nwnwibwuhpnuggniubph tinpdp upbp Yopuwnky wy)
nwpwdwgnpowltbipnd Udwbiwnhuy hbnwgnuingagniilbiph hwdwp:

e Ubjudninbyunuwlwt  dnpblubph  Yunngdwt - wpfuwnwuptbpnd - Yhpwnt
wlinhy fuquéputiph gnnpubiph wjunypjwt dwupwdwul nwunduwuhpawdp b
quwhwinnulp: W htwnwdnpogegne Juaw dedwgul)  ubudninblumnuwlwu
dnnbh, ubjudhly uwugh b nhulh quwhwndwu anneiniup:
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e Puwlwywypbiph nwpwdplbiph, whnwlywt Yuplnp bpwbwlnenit nubgnn
opjiljinubiph  Yuynu  qupqugdwts gnpdpupwgnd  hwoyh  wnub| wiynhy
jugwdplbph  gnwpubph  (wunpwy  Jwupwdwul  nwnWduwehpnadp b
quwhwunnuip:

Uwnbbwfunumpjwt hhduwlwl wpryniupubpp tnwwgpywd bu hbnlyw| ghnwljw

hnnJwédtbpnud
<. hghput, U. Sunpgyut, 0. mipgqupw, < Pwpujwu  “Uywnhy luqudputiph
gnunud  dbpddwlybpbuwghu Gbnpdwdptubph  hwjnbwpbpndp  glinnwnwpwjh
hwunyeh Uhpwndwdp (USNKRLHR, <USUUSUL)" <&, QUU  Stntlwghp,
Shunnyegniuubp Gplph Jwup, N2, 2015, ke 61-70:
U.M. Sunpgyuis, & W. hghpywl, £ EUwhwluwy, £.6. Pwpwjwu “Ulwnhy fugqwsdph
gnuint (wiunijwl npnanudp BpYpwpwbw-gbnnwnwpwiht nwnwuwuhpnieiniuibph
wpryniupnud (bhnitnndngh abwpbuhbwih ophiwyny, Cwjwunw)"Shungegniiubp
bpyph dwuht, N3, 2015, ko 82-89:
<. hghpywl, «Uywnhy uqjuéph jwitnipjwi gninnt quwhwinnuip Yhnhh Ypwowndh
ophtwlny» EML, hpwinwpwlsnyeint, puwlwl ghunngeyniubp, N1.2(5), 2015, k
63-67:
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BBEJLIEHUE
AktyansHocTtb paboTbl
ApPMEHWA HaxoAuTCA B LEHTPaNbHOW 4HacTW 30HbI ApPaBMICKOW KONNW3MM, rAE HaxomwTcA
TaKHe aKTUBHbIN ceficMoreHHbId pasnom Apmeriny - MNambak-CesaH-Cronukckuii pasnom. 06
€r0 aKTUBHOCTH CBWAETENBCTBYIOT MHOMOYUCNEHHbIE 3EMNETPACEHNA, B TOM YMCNE M3BECTHOE
Cnutakckoe 3emnetpaceHue 1988 ropa. YuuTbiBaa BbICOKMI ypOBEHb CeHCMUYECKON
onacHocTW B PA, a Takme obycnoBneHHbli 3TUM CEACMMYECKMIA PUCK, OLEHKA LWMPUHBI 30H
BO3/lCTBMA aKTMBHbLIX pasnomos npuobperaer BamHoe 3Hadenue. [locnegHee paer
BO3MOMHOCTb  COCTaBWTb MPEACTaBNEHWE O OAM3NOBEPXHOCTHBIX W MOBEPXHOCTHbIX
CTpyKTypax paznoma. [1pu M3yyeHWH 3TUX CTPYKTYp CTAHOBATCA ACHBIMM LUMPUHA aKTMBHOIO
paznoma W ero reoMeTpuA, C MOMOLLBIO YEro MOMHO ¢ BOMBLUOH TOYHOCTBHD COCTaBUTH
CEACMOTEKTOHNYECKYH MOZENb AaHHOTO YHaCcTKa, NOBbICUTb TOYHOCTb OLEHKH CEACMNYECKOi
ONacHOCTH 1 CHU3NTb CENCMMYECKMIA PUCK.
Llenb paboTtel u peweHHble 3aaauu
Llenbto paboTbl ABNAETCA MCMONb30BAHWE FEONOTMYECKUX U reothusnyeckux METOAoB ANA
W3YHEHWA LUMPUHbI 30HLI BO3JEACTBUA aAKTWBHOTO pA3NOMa W OUEHKM METOAMKW ee
onpeaeneHnA, 4To BbINO NpojenaHo Ha oTaentHbix cermeHTax lNambak-CesaH-CloHnKcKoro
aKTUBHOrO pasnoma, B 4acTHOCTM Ha y4acTkax Kapkap v Cesnuuy, a Takmke B Aenpeccuax
Bavag3sopa 1 ®uonetoBo. Ha BbigeneHHbIX y4acTkax OGblid WM3yyeHbl CTpyKTypa pasnoma,
NOBEPXHOCTHbIE pa3pbiBbl U WX 0cOBEHHOCTU. Bbin BbIABNEHbI HOBblE CETMEHTLI paHee
W3BECTHBIX pa3NOMOB, KOTOpPble MOATBEPAWIM M  AOMOAHUAW WMEIOLWECA DaKTbl W
NPEAMNONOMEHUA KACATENBHO TEKTOHUYECKOTO CTPOEHUA y4acTKoB. Bbinu nogpobHo usyyeHs
NOBEPXHOCTHblE 1  BNKM3NOBEPXHOCTHbIE CTPYKTypbl pasnomoB. Beinu  ocyulecTeneHb!
cneayroLLmMe Lenesble MCCNefoBaHuA:
¢ [eonornyeckoe M reothU3nyeckoe WCCNeAoBaHUE OTAENbHbIX cermeHToB [lambak-
CepaH-CrOHWKCKOrO aKTUBHOMO pa3noma;
e [lpoBepka MMEIOLLMXCA NPEANONOKEHNIA O TEKTOHUYECKOM CTPOEHWW OTAENbHbIX
CErMEHTOBR aKTMBHOMO Pa3noma;
* BblABneHWME W M3y4eHWe MOBEPXHOCTHbIX W GNM3MOBEPXHOCTHBIX  CTPYKTYP
UMEIOLLIMXCA B 30HE aKTUBHbLIX PA3NOMOB;
*  SddeKTUBHOCTL NMPUMEHEHWA reopajapHoi c'eMKn B paboTax Mo OUEHKE LIMPUHbI
30H aKTUBHbIX Pa3NOMOB;
e [locTpoeHwe  [BYXMEPHbIX  WNW  TpexMmepHblX  TEKTOHWYECKMX  Mojeneii
UCCNeA0BaHHbIX Y4aCTKOB;
e Onpegenexne WMPHHBLI 30HbI BO3AEIACTBUA aKTUBHbBIX Pa3NOMOB.
Hayynan HoBM3Ha uccnesoBaHmii
1. Bbina BbiABNEHa TpeXMepHaA KapTUHa MPUNOBEPXHOCTHbLIX CTPYKTYp Ha oro-
BocTouHOM Kapkapckom yuyacTke akTueHoro lNambak-CesaH, f HMR‘é';!ip_r‘cfpasnoma;
2. Ha 3anagHOM OTpe3Ke WCCNENOBAHHOTO HOro-BOCT {r‘er“' yqacTka Ceanmq
aktuBHoro [lambak-CesaH-CroHUKCKOro pasnoma ?ﬁgh HOBbI  CErMEHT
PasNoOMHOW 30Hbl, BbIACHEHO NpPOCTHpaHue FNaBHArG® BOCTOMHOrO pasnoma -8
CEBEPHOM HarpaBneHuu; ) i
(]
J : .
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3. Ha womHom cknoHe penpeccun DUONETOBO MCCNEAOBAHHOTO AKTMBHOrO pasnoma
BbIABNEH HOBbLI CETMEHT aKTMBHOIO pasnoMa, HaTMYWe KOTOpOro NOATBEPAMND
NPeAnonoMeHue o TOM. YTO aenpeccua AenAetca bacceitHom Tuna “nyn-anapt”;

4. bBbinM  NOCTpOEHbl  ABYXMEPHble WM TPEeXMEepHble  CTPYKTYpHble  MoAenw
MCCNEA0BaHHbIX Y4aCTKOB;

5. bBbinu oueHeHbl BENMYMHBI LUMPUHBI 30H BO3AEHCTBMA aKTWUBHBLIX PA3NOMOB Ha
MCCNEAOBAHHBIX y4acTKax.

MNpakTnyckoe 3navyeHue

MocpeacTBOM OUEHKM LWMPHHBI 30H BO3AEHCTBMA AKTUBHBLIX PAa3NOMOB MOMHO C GONbLUOH
TOYHOCTBIO COCTaBUTb CEMCMOTEKTOHMYECKYIO MOAENb JAHHOrO YyyacTka M MOBbLICHTL
TOYHOCTb OLEHKM CEHCMMYECKOW OMNAacHOCTH, TEM CaMbIM CHUMAA CEACMUYECKUIA PUCK.

370 vmeeT BamHOe 3HaueHwe AnA 6e30NacHOro paclUMpPeHWA TEPPUTOPWIA HaceneHHbIx
NyHKTOB,  OOEKTOB  BaMHOTO  rOCYQAPCTBEHHOrO  3HAYEHUA,  BO3AENbIBAEMbIX
CENbCKOXO3ANCTBEHHBIX 3eMenb U Ap.

3awmuiaemble NnONOMEHNA

e OnpepeneHa WwupnHa 30Hbl BO3AeicTBMA akTuBHoro lMambak-Cesan-CroHmkckoro
pasnoma, KOTOpaA BapbUpYyeT OT HECKONbKWX COT MeTPoB A0 6 KunomeTpos.

e PasMmepbl WHUPUHBL 30HbI BO3AecTBMA akTuBHoro [lambax-Cesar-CroHuKckaoro
pasnoma OO6ycnoBNEHbl CTPYKTYPHBIMM W TEOAMHAMUYECKUMW OCOBEHHOCTAMM,
KoTopble obpasyiot bacceitH Tuna “nyn-anapt”;

o [logTeepwaeHHbie bacceiinbl Twna “nyn-anapt”, a Takxe OAM3NOBEPXHOCTHLIE W
rnybuHHble pa3nombl 0bpasyloT “UBETKOBYID" CTPYKTYPY.

e  lUupuna aktmeHoro MNambak-CesaH-CloHMKCKoro pasnoma Ha oTpeskax PuoneTtoso
v Banagsop cocraenaet okono 1000 u 6000 m, cooTBeTcTBEHHO, @ 06LWAA WMpUHA
30HbI pa3noma Ha ydactkax Kapkap u Ceenuy coctaenset okono 5000 m.

e B ApmeHun nepeoe npumeHeHue COBpEMEHHOW ABYXMepHOW M TpexmepHoi (2D u
3D) reopapapHoii c'eMKW okasanock 3cpekTMBHO B paboTax no BbIABNEHUID U
AETaNbHOMY W3YY4EHUID MNOBEPXHOCTHbIX M BNU3NOBEPXHOCTHLIX TEKTOHUYECKMX
3NEMEHTOB.

OBLUME BbIBO/bl
Ha ocHoBe 0606LeHuA uccnenoBaHnii W peaynbtaTos paboTbl cAenaHbl CefyoLIMe BbIBOAb
U pEKOMEH ALK,
1. MccnegoBaHna Mo OUEHKE LWMPHHBI 30H BO3AEACTBMA aKTMBHBIX PA3NOMOB,
VMEIOLWMXCA Ha  BblAENEHHbIX y4yacTkax aktueHoro [lambak-CesaH-
CHOHUKCKOro pasnoma, OCYLECTBNEHb! NOCPEACTBOM MONEBLIX FEONOrMHYECcKUX
u reocpusmveckux pabotr. [lNonyuyenHbie pauvHble bbinM conoctaBneHbl W
NOATBEPMAEHb!  TaKkKe HEepOBHOCTAMM  penbetha, BbIpaAMEHHbIMM  HA
reomopdronoruyeckux npocdmnax. Ha nepeom yuacTke reopajapHas c'emka
BbIAENMNA NPUNOBEPXHOCTHLIE Pa3NoMbl, KOTopble ObiM  BCKPLITHI B
nanecceicMoNorM4eckoii TpaHiuee.
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Ha wuccnegoBaHHbix yvacTkax Obinu  BbIAENEHbI  ONMINOBEPXHOCTHLIE W
rnyGMHHbIE 3NeMEHTLI aKTMBHOI TEKTOHUKK, KOTopeie obpasyioT “useTkosbie”
CTPYKTYpbl B Bufe bacceiiHos Tuna “nyn-anapt”. Wx BHyTpeHHee cTpoeHwe
pa3NW4YHO W 3aBUCWT OT BO3AEWCTBUI PErMOHANbHbLIX CUN PacLUMPEHMA MW
CHaTUA, HanpasneHHA aKTUBHOIO Pa3noma, NOPOJ, OKPYMaOLMX aKTUBHbIN
pasnom, u apyrux obcroatenncte. B penpeccun duonetoso HabnioparoTca
OBanoOBUAHBIE MOAHATWA, a Ha y4acTkax Kapkap w CeBnuuy — oBanoBUAHbIE
NOHUWMHEHWA.

Ha oCHoBe [aHHbiX BbINOMHEHHBIX WCCNeAOBaHWM cocTasneHbl 3D
TEKTOHW4YECKWE MOpOEenu, KOTOpbleé BHNKOYaAKOT B cebn 6J'IH3I'IOBEPXHOCTH!JIE "
rnybuHHbIE CTPYKTYpHbIE ANEMEHTBI.

LupuHa 30HbI akTueHoro MNambak-Cesan-CroHWKcKOro pasnoma Bapbupyer ot
HECKONbKUX COT MeTpoB Ao 6 KunomeTpoB, W ee pasmep obycnosneH
CTPYKTYPHBIMM WM TEOAMHaMUYECKUMM  OCODEHHOCTAMKM  yHacTKoB W
obpasosaHHbiMM GacceiiHamn Tuna “nyn-anapt”.

BbiaBnenHble paspoiBbl bacceiinos “nyn-anapt”, a takme 6n1M3noBEPXHOCTHbIE
u rnybunHHble paspbiBbl 06pasyroT “UBETKOBYIO” 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:

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

« 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; '

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

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

«  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;

¢ 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;

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

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