RU3SUUSULh IULMUNESNE @3BUL @hSNL @3NL LLENh U2aU3hL UYUIEUNRU
utuaurndk ubdut 6rurush2hy4u3k 64 hudeLENU3hL
UE3UUUFLULNL @BUL hLUShSNL S

1UQ2UM3UL YUrLEL UNFreubk

UESUUULULUYUL SE1EUUSHNL @SUL UCU4UUL
unuLaLul usunL @SNL LLerc e4d *hsuryne uverk
UUVHUMGh UMSNL LUMESNL RSUL SLUR USNL UL
RUSUUSULP SUrueer orhrLuund)

h1.01.08 «Epypwdbhghw, ogurwywn hwuwsnubtph npnudJdwl
Gpypwbhghyuwywl Jtpnnutp» Jwulbwghunt pj wdp
$haghjwdwptdwwnmhwywlu ghunct ey ntubbph pGLwédne h ghwnwy wlu
wuwh8wlUh hw gdwl wnGUwfununt @) wu

veluuahkr

Q3NL Urh - 2018

HAUVOHAJIbHAA AKALEMUA HAYK PECMYBJTMKN APMEHUA
WHCTUTYT T’EOPU3NKN U NHXKEHEPHOW CEMCMONOTIMnN UMEHW A. HASAPOBA

KA3APAH KAPJIEH CYPEHOBUY

OCOBEHHOCTU OBPABEOTKU CEMCMOJIOMTMYECKON NHOOPMALIK
N OLIEHKA 3®®EKTUBHOCTU HABJTIOOATEJIbHOU CUCTEMbI
(HA MPUMEPE TEPPUTOPUN APMEHUW)

ABTOPE®EPAT
AvccepTaumm Ha comckaHue y4eHow cTeneHn kKaHamaaTta usnko-maTteMaTUYecknx Hayk

no cneumansHocTn 24.01.08 - «"'eodmnsmnka, reodpmsanyeckme MetToabl NOMCKOB MOME3HbIX
NCKOMaeMbIX»

NoMPU — 2018

Uintbwhununt p) wl pGdwl hwuwmwnd G £33 QUU U. Lwqwnnyh wuywl
EpnUpwbhghyw h W hudtutbpw hU ubjudwpwlunt @) wu hbuwhwnL wnne U

Ghunwywl nGYw]wp®
$-U.q.n,uypndbiunn UU. UbEuhuj wi



unbwywlu punnhdwhunuubp®
.Gg.n. U. Uhdnlj wli
.G. . U.Q. UwiinL ) wii

P D

we
U
U

Unwp wunwn Jwagdwybtpwnrpe) nt ™ 33 GUU Ep Yy p wp wl wy wu
ghunLrpejnrulbtph hUuwhwnt nn

Nup twwlinL B nLUp Yw wbw, nL £ 2018p. Jupuwh 6-hu, dualp 13%°-hl,
RR QUUERUP-nLU gnnénn «Eplypwbhgh w» 040 Jwu L wg h inwy wl
funphnpnh

Uhuwnod:3wugbl® 3115, p.9yncdph,4d. Uwnguj wu thnn. 5:
UntUwhuinunt ) wup Ywnpb h E dwunpwlw, 3R QUU EhUb-h
gnwnwpwunt J:

ubndwaghplt wnwpywé £ 2018 p. htupJwnh 5-hu:

Uwulbwghuwywl funphnpnh

ghuwywu pwpunLnwp, t.q. E. 2.4, Yunuwys wy wili

Tema gucceptaumm yteepxaeHa B IHCTUTYTE reounsnkm n MHXeHepHoOM cenmcMonormm
um. A. Haszaposa HAH PA.

HayyHbI pykoBoauTeEnb:

A. d.-M. H., npodeccop A.M. ABeTUCsIH
OduumanbHble ONMOHEHTbI:

A. d.-M. H. A.O. CUMOHSAH
K. .-M. H. A.l'. MaHyksH

Begywas opraHnsaums: MHCTUTYT reonormdecknx Hayk HAH PA

3awwmTa guccepTaumm coctontcs 6 maprta 2018r., B 13%° Ha 3acenaHun
CneumnanunsnpoBaHHoro coBeTta 040 "leodunauka" npu NHCTUTyTE reodomsmnkm m
NHXXeHepHown cercmonornmn no agpecy: 3115, r. Nompwu, yn. B. Caprcsana 5.

C anccepTtaumen MOXXHO o3HakoMnTbes B Gubnnoteke AMMC HAH PA.
AsTopechepat pasocnaH 5 pespana 2018 r.

Y4eHbIn cekpeTapb

CneunannsnpoBaHHOro COBETa, K. . H. Ox.K. KapaneTsiH

UChUSULRh CLRRULNL M FLNF BUGRNLC

eEdw h wpnhuwjuwinLp) nLup: 3w wuwnwbh wnwpwspp gunuyne d E
Undywuh wEuntwjwt wywhy U ubjudwjwwug gnunid: Ujuwmbn
Gpypwnhlbwdhywywlu wywhynrLpynell wpwwhwy indne U E
duytpluncyeh,  Gpypwybnlp pGUJwspltnh L pLnyutnh
dwJwubwywyhg nuwunwn 2wndniedny, hUsgwtu ULwlh pGUJwsplbph
nLnnnLpe)ynLtultpnd W npwug hwndwu hwugni jgubpnLd ubjudwshl
wpwg wnnuwp wpdbnpny:

Swppbp ubjudwpwlwywlu funhputp [ pLétp hu wplunp GU ng
Jhw U hhduwywlu wwpwdGunpGph npn2nodp, w| Lwl uwnwgyws
wnnjnLuplubnph d2unLE) wl g U wh wwnwy wup: Epnypuwp wpdbiph

2



wwnpwdGuwntnh npn2 Jduwl d2unL ) wl g U wh wuwnwly wl p
ubjudwpwlunLp) wu hhdbwywu L wywnLrw, puunhputphg E, pwluh np
nnpuwup ogumwagnpéynL Jd Gl npwbu Grwybuww hu wnd ) wg ubn
ubjudwpwlunLpe)ywlu wtuwywu U Yphpwnwywu Jh 2wpp punhpubn
LnLéG hu: Iwwmuh E ULwl, np 3w wuwuwnwluh wvwnpwspnid wenh Gl
nLubgb| dphusgu 7 JwgUuhunLtnny Gpypwp wpdbp, npnup wwwnywunc J
GU wbphs GpUypwpwndtph nwuhlu, hGwhwpwn ubjudhyncLp) wu
ntuntdbwuhpnioe)nelp ] nhuwnynodubph hwJwywnagh
wnnjnLrlbwjGunt e wu quwhwinedp hwunhuwuntd E wpunpwgne j u
L wpnhwywt fiunhputphg ubynp:

U2 haunuiip h bupundjp b pinhputpp

UnGbwfununt ) wu Lwwunwyt £ ubj udwpwlwywl nEnGwndne @) wu
J2 wy Jwu wnnj) ntuplubpp JGpLrnténLp)nLup,
wnwUudlUwhwwnynr ey neuubph pwgwhw vnitdp U nhuwpynodubph
hwdwywnagh wnnjynrtbwbGwniL ) wu gUwhwwne dp Iw) wuwnwuh nwpwdph
opnhtwyny:

LwywunwyhU hwubG nt hwdwp | ntéytp GUhGwWl) w funhplubpp.

e QLuwhuwwnt| gnjnLpjnLl nLubtignn ub ) udwp wlwywlu
hubnpdwghw h (Yuwww nqutiph) d2wnepe)nilup b hpwyuwlwgUb|
GLwybGuww hu nd ) wg uGnh J2 wy Jwl wnnjnLuplubph
JtpyrneénLp)nel:

e Upwyb ubjudwpwlwywu hUudbnpdwghw h dJGHLUwpwldwu U
nhunwpydwlt hwJwywngh gUwhwndwl JGpnnwpwlunLpE) nLlp
Rwj wuwnwuh nwpwsph ophbwyny:

e Untinét Rw wuwmwluh wvwpwspnLd 1962-2014pp. wtnh nLUubgwé
Gpypupwndtph vdj w UGph nLUpShjwgyws Yuwnw ng:

e Unwlbw, Gpypuwpwndbtph EUGpgbwhy nwuh W JwgUhwnenh Jdhgl
Juwwh hwjwuwpne dp Yndyuwuh vnwpwsdph hwdwn:

e NLuntdlbwuhpb| Upyunnnt ) wu anwbhyh inwp G guwn h
thnithnfuntpyneup LW Gpypuwp wpdbph pwbwywywlu pup fwjwsdni @) wl
wRwudlUwhwwynLp) nLtulbpp:

e QLuwhuwwnt| ub ) udwp wlwywu hu$npdwghwj h Jd2 wy Jwl
w.gnphprdutiph wnnjnruwdbuwnL ey nLlup Jwpt Jwwh 4wy wu
dnntGLwynpdwl Jhgngny:

YUhpunyuwd dEpnnutpp: UG Lwfununt @) wu 2npguwbwyutbpnod
wnwe wnpyws funhputph (neénudp wwhwugned £ ub) udwpwlwywl
nd ) w uGinh dGpLnLénLp) wl dwdJwuwywyhg JdGpnnubph
Uhpwnnipynitl: UGjudwpwlbwywl hUubnpdwghw h JELUwpwludwl U
nhuwnpydwlt hwdwywnagh JGppneénepe) wt bwwnwyny Yhpwrydbp LU
JwpbJwwnhywywlu yhdwywagpnt B wu, Jwptdwwhjwywlu dnnb| wdnpdwl
LU dwnwwhh JGpnnubpp: UwpbtJdwwnhjwljwlu dnnb wynpdwlu dhengny
gUwhuwwny by E tnwppbn dGpnnutph b w . gnphprdlUutph
wnnjnrbwjGunLrpeynilup: Epnypuw wpndtph EwhyGuwpnuubph
LUhhwpytGUwpnUuubph npn2dwl hwdwp Yhpwnyt| GU Hypo 71 L Hypo Bur
Gpwanptbpp: Spwbhywyuwl Yunnrgnedubpl ppwywuwgyt| U Advanced
grapherSpwqgpny:

U2 fuurnuiiph ghuwdjuii Unpni j pp

1. GLwhwwny G| E gnjnLpejnLl nLubgnn ub ) udwp wlwywlu

hudnpdwghw h (uwww nqutph) d2wnctpejnilup b hpwyuwtwgyb| E

GLwybuww hu wnd ) wg uGnh J2 wy Jwl wnnjnLuplubph

JgtpyrneénLpe) nel:



2. Uwydbl E ubjudwpwbwywu hUubnpdwghw h JdGhlLwpwludwlu U
nhwwn Yy Jwl hwdwywnagh g U wh wwnd wi JGpnnwpwlnLp) nLlp
Rw wuwnwuh nwpwsdph ophtwyny:

3.Untnédb E Iw wuwnwuh vnwpwspnid 1962-2014pp. wtnh nLrubguwé
GpnUpwp wndtiph nLUpdhwgyws Ywwnwy ngp:

4. Swnpptnp JwgUhunitnh uvwunnwyutpp ptpytp 6GU Jdhwulwywl
Eubpgbuwhy nwuwywpgdwl, Unyywuh wvwpwsph hwdwn uwnwgyws
Eubpgbwhy nwuh U JwqUhuninh Jhglb hwjwuwnpnodlubph
ogunLp) wdp:

5.Nfcuntdbwuphpyb Eubjudhynep) wu Jdwjwpnwylu punmwnwnhutph W
pwgwhw wdb| Et GpUpupuwndbtph pwlwjwywlu pupfwjwsnt @) wu
wRwudlUwhwwnynLp) ntulbpp:

6. GLwhwunndb| E wbnGlwundnLp) wu Jpwydwl gnjnrp)jntl ntubgnn
wgnphprJdutnh u inwg 4 wé LnLénudubph hnLuw hnLpE)ntlup
Jwpt Jwuwnh 4§ wy wu dnnbG wdnpduwl dhengnd, oguwagnndéb| ny
Swjwp wy hu w, hputiph JdnL wnph dwdwuwyltnph nwppbn
funpnLeyneulubph hwdwn hup Jupydws dnnbp wy hu vnydj w UGpp:
U2 fuurnudup h Uhpunuwljwl L2 wiiwjnL Bj nL up: UwntnéyJ wé

Gpnypugwpdtph ntuh$hwgyws Yuww ngp Yunnn £ oquugnpsybp 33

nwpwspned hpwywuwgynn Gpypwdbhghyuwywu hGurwgnune gy ntuubph

wpn)ntbwdbwn  hpwywuwgdwl, ubjudhy Juwlgh ¢ U wh wwnd w

pwpwiqutph YuwqUudwlt dwdwlwy: Gpypupwndbph  pwlwywywu

PuR fujwsnt @) wu L Upyunnnt pj wu gnwdhyh tnwn & g twn h

thntnfunt ey wl pwgwhw ywé wnuwlUdlUwhwnyniLp)nelUlUtpp nLUbL

Fwjwu Uwlwynrpyntl ubjudhy wywhynrp)jwl wrnwdb|wgnejl

wpdbGplutpn wwpnirlbwynn dJdwldwlwywhwinjwslubph  wnwlédlUwgdwl

nGwpned: Sw wuwmwuh wvwpwsph  ubjudwpwlwywl wdj w UGnh

J2 wy Jwu b nh wwn Yy Jwl wpnj nLuplubipph JGprneénip) wu

wnwe wnyJws JbpnnwpwlunLp) ntup wpnn £ yphpwedb 6L wyGuww hl

nd ) w uGph 62uvnLp)wt gbwhwndwl dwdwluwy, nph wnnjynrupnud
gwén d2unLp)nLl nLutgnn wpdtpubpp skl UGpwnynL Jd

GpnUpuwp wpdbinh hhwnyGuwnnuh Unnpnhlbwwnubnh npn2 Jduwl

wpngbuncd: Uwyyws w gnphpdp hUwpwynpnipyntl E  ww hu

dwpbdwwnhywywlu dnnt wnpdwl Jhengny hwdwnpt| Gpypuw wndtnh

hhwnytGuwpnuh Ynnpnhbwwnubtph npn2dwl JGpnnubtpp, gUwhwwnb|

npwug hnruw hnLtpe) wu wuwhdwup vwnptp GLwytwvw hU ndj w UGnph

wnwynLpjwlu nGwenitd, hUuswbu Uwl gqUwhwwnt] qgnjynLpjnLl

nLutgnn gwugh Wwnwudhl Jw wuubph wpny ntbwdbwnL gy nLlp:
Tup tupiiynn hhduuwljuwii npnij pukpp

e hpuwywlwg yws E GLrwybuwwy hu nd ) w uGnh J2 wy Jwl
wnpnj nLupubiph yGpyneténLpynel gnjynLpE)nLl nLubignn
ubjudwpwbwywlu hUudSnpdwghwy h Guwww, ngubph) G2uwnL E) wl
g Uwh wwnd wu Uwwunwyny :

e Uwydws U Yuwuwnpdws E Iw wuwnwlbh vwnpwsph ub) udwpwlwywl
hu$npdwghwj h JG 4 Uwpwldwl b nh wwn Yy Jw hwdwywnagh
gUwhwwndwl JGpnnwpwlnL ) nLup:

e UbGjudwpwlwywlt wbnGlwundnrp) wu dJdpwydwlt U &2wnLE) wl
gUwhwndwl wnpnnyneupnid Jugddws £ 3wy wuwnwluh nwpwsph 1962-
2014ppRr.wtnh ntubgws Gpypw wpndtph nLtUh$hjwgywsd Yuwnw ngn:

e Switnunywsé U Yppwndws E Gpypuwpwpdtnph Eubpgbwhly nwuh U
dwgUhunctnh dhglt wwh hwjwuwnnedp Unyywuh nwpwsph hwdwp:



e NLuntdbwuhpdws GU yYpyunnnrpywu gpwbhyh wvwnbguwph
hninfuncpyniup U Gpypwp wpdtph pwbwywywu pup fuJwdnt @) wl
wRwUudUwhwwnynL ey nelulbpp nLuntdbwuhpynn nwnp wé ph
ubjudhynLp)wu Jwywpnwyp punLpwanpb nt Lwwuwnwyny:

e Uwpt Jwwnh | wy wl dnnb wdnpduwl dhengny g U wh wuny wé E
ub ) udwp wlwy wu hu$npdwghwj h J2 wy Jwl wgnphprJdutnh
wnnjnrbwjGunLrpeyntup U pwgwhw nws E Gpypwpwndbph
hhwnyGuwpnuh Unnpnhlbwwnutnh nnn?2 Juwl JdGpnnubiph
wjwgne jJ U yhpwndwl ww Jwulbpp:

U2 fuuruiip h tnpauhwjuuuwhnLpy nLp L unyugp Y wiy
up fuuwnwiipubpp UnbbwfununcL ) wu hhdbwywu wnnynLluplbpp
qtynrgdty Uu wwwqgpdby GU 8-pn, 9npn U 1l-nn dhguwqquw) hl
ubjudngnghwywu nwnpnglutpnud QL Gughly 2013p., Unytpwl 20143,
Aqn| wnl-Uww 2016p.), tphunwuwnn ghUbuwywulbtnh 1-hu, 2-pn L 3-nn
dheswggw) hu ghuwdnnnyutpntd (Gwnwénp 2013p., 2015p., 2017p.),
IMS XXV U XXVIghwnwdnnnyh UjynLretpnud (Epbwl 2015p., 2016p.), 4-nn
mEyuwnun$hghyuwywlu ghwnwdnnnyned (Unulyyduw 2016p.), Ubplyw wgdb|
Gu R} QUU UWLwqwnndh wuyd. Epypwbhghyw h L pudtUGpw pl
ubjudwpwluni ) wu hbuwhwnewh uGdhbwputpno d: UG Lwfununt @) wu
unmwgyws wnnjynrUupbbpp vwwanpdbp, GU winwyuwu W Jdhgwqguwy hl
agnpwhunuynn wduwgpbGpnu J: UnGLwfununt @) wl pGdw) ny
hpwwnwpwydb GU pYny 18 gh twly wl wp fuunwupubip:

U Llwfununt pj wil JunnLgywdpp L Swjw p: U2 fuwnwi pp
Juuownpnyws E I} qUU ULwquwpnyh wudwu Gpypwbhghw h L
hudGUuGpw hbubjudwpwlnL ) wu huuwhwunL wnt U:

Uit bwfununc ) nLup Juwquywé E UGpwénLp) nLlhg, 3
gLnLfuutphg, GgpwywgnL ey ntUhg L oguuwgnpédywsd gpwyuwlnt @) wl
gwuyhg: U2 funwuph éwjw, p wgudned £ 118 Eg, wnjw GU pyny 10
ujwn, 37 gpwbhy, 8 wnynruwy, gpwywunrLpjwu guwuynrcd
uGpyw wgywsd £ 122 gpwywl wnpjnLn:

Epwuughuniepy nLl

Rtnhbwyp funphU Gpwmuwnwghwne )y nLUl £ hw wvunc d hp ghunwy wu
nGwdwn® $hg.-dwp. ghunLp)nrultph nnyunp, wpndtbunp U.U.
UjtGwhuj wupl L $hq.-dwpe. ghunLpynLulbtiph nnywnn
Jd.3nL.AnLpdhUphl funph npdwsph, pwgdwynndwuh wp wygnrp) wu L
wndbpwynn funphnLpnutnh hwdwn: Rtnhlbwyl hn funphl
2Uunphwyw, wywlu funupl E hw muntd I3 QUU EhUP nmuoptl Gpypwp.
ghunLtp)ntulbph pGUULWSNL 2YU.4Uwpuwwtwy wuhl pwgdwynnUduwlh
aghuww-gnndéUwywl wp wygnt ) wu hwduwn: Rtnhlbwyl hp
Gpwhuwnwghunt ey ntUb E hwy wunc d GpYypwp.-hwup. ghunepyneulbnh
nnyunp, wpnn$tunp NU.UhLwuj wuhlt wwtlbwununt p) wu UHwndwdp
gnrgwpbpws nLwnpnipjwu U wpdtpwdnp funphnepnutph hwdwn:
R6nhutwyl hp 2Unphwyw NnLpE)NnLUU E hw wnuntd I3 QUU pRpRrwWYhg
wunwd $hg.-dwp. ghwnLpyncuubph nnunnp U.U. IndhwulUhuj wuhl,
Gpypuwp. ghunLp) nLulbph pGHLwWSNL U.R.Uypws jwuhl,
ubjudwpwunLrpeywlu U Gpypuwpwndbph YJuwlfuwgnLr2 wydwlu pwdlh
dwphs $hqg.-dwp. ghuniLpeynetultph ptlUwsnLt EQ. G)ynnuwyjwuhl
funphnupnutph U nhuwnnnipeyncultph hwdwp, Id.Uwpgujwupl
GLwybuww hu v w UGpp uphpnyd Lpwdwnpt nL hwdwp:

UchuSULLh UUUMNNS ANYULUUNL @8NL LL
QL Nk hul. UESUUULULUNUL SYSULLErk UCUUUUL 641 OTShUR2USKUSHh
RpULUNUL LY PLENE

5



1.1. Ubjudwpwlwywlu ntnGluwndnt p) wu U2 wydwl fuunhpubpp b
Jwpbdwwhjwywu dnntp wynpdwl nGpp G wybGuwwy hu vy w Ukpp
JEYUwpwudwl dwdwlwy
Uwupwdwult dJGppneédyty E IR vwpwdph  ub) udwp wlwywl
hudnpdwghw) h wnjwaghunwywu wnd) w UGpp: 6L wytuww hbu wndj w Utnh
tp-10 L Jdowydws wnpnjyneuplbtph
100 . - . - dGpLnténLpyniup pnLy|

’ | o ¢ / E wvw hu hwuqgbinL wl

. e /e o Bapwyuwgni ) wlp, nn
50 — e npwup hwdwubn s&U, pwuh
KT S P I LA I nn Uhus b 80-wy wu
L .S pywywultpp Jpwyybp GU
o gy ' anwdnuwlw hwhly
Gnwuwyny, npnp2ygbp GU
nwnpbn nhuwnyncdutnh
hwdwywngbpny, J2wyduwlu
dGpnnutnpny b nLubl
&2 wnL ) wlu nwppbn
wuwhdwulubn:

Thuwnyyty E YUndluwuh
tnUpupg wndtinh
pyjnLGwGuutnh

) w uGpnd uwnwgyws P
w, hph wugdwu dwdwlwyh L

~s
-

80

S-P $hjwhy wy hph
GuwsnL ey wl  gpwdhyp
uy.1: Uuwnwg 4 wé E
gnywsniL @) wl JUGoé
wu wnh & w, nnpny
hhduwdnpdnc u E
nd ) w UGnh hnLuwl h
J2 wy Jwl
JwplUunpnLp)nLlp:
u ’ LYy.1. Unylyuuh
10 20 30 40 50 60 70 Is-Ip Epypupupdbph

p)nL Gukuutph
u) wy UEpny uurug yuws dunurhh gpu$hyp

S8nLjg £ wpdbp LUwlh ubjudwpwlwywl hudbnpdwghwy h Jd2 wydwl
d wd wl wy Jwt Jwuwnh 4§ wy wu dnnb wdnpduwl JdGpnnh Ywnplnnp
Lwuwynrp)ntup, nph hhdpntd pUyws E  uby udwpwlwywl
wpngbulubph Uwpwgpnep) nLup:

1.2. Gpypwpwndtph hhwnyGuwpnuutGph Yynnpnhbwwnbbph npn2 Jwu

dGpnnutGph yGpLnténLp)nLlup

Uwupwdwult JbGppniténipyuwl GU GUupwplyyb Gpypuw wpndbph
hhwnyGuwnnuh Ynnpnhbwwnubph npn2dwl  w gnphpdUubpht U
huwpwynp ufuw UGph JGénLp)ynLlUUbph qgUwhwndwl JGennUbphl
udppyws wp fuunwupubpp® UWU. UdGwhuj wu (1980, 1982, 1989, 1996),
Jd.3nL. PnLpdhlb (1992, 2012), ULM. UYUnlUnnpuiw w (1971), UL.U



90

80

70

60

50

30

20

10

dytntGlUulw w (1974), U.RP. Uypws J wlu (1998), U.R. dtpw hp (1978, 1981,
1985), 3nL .M. NthqUhg Guyn (1958):
1.3. Ubjudwpuwlwywu nhunwnpynedutph hwdwywpgh owywmhdhquwghuwy h
wRwudlUwhwwynL ey nelulbpp

Thunwplywsd G ubjudwpwlwywl nhuwnpynedubph hwdwywpagh
owwmhdhqwghwy h wnwudlUwhwwynLrpe)neUlbpp W ub) udwpwlwywu
nhuwnyncdutpnh hhdbwywlt Ywpunp gnpénlulbpp: PEpdws Gl
owmhdhqwghnlu JdGpnnubtph Yyphpwndwl hwdwp wuhpwdb?2 n hhdUwlywl
npnL) rUGpp” puwn npnug wuhpwdb2wn E npn2Gp nhuwpydwl
hwdwywngh vwhdwulbpp, puupb puntpwgpwywl s whwuh2 UGpUu nL
wuwhu hnihnfuywuutbpp, JYwenigb]p nhuwnydynn ubj udwpwlwywl
nup h  Jwptdwwhwywu dJnntGip L Yphpwet] hwdwwwnwu fuul
ownhdhqughw h dUbpnnubp:

QL NF hu2. UESUUULULUNMUL hLSNMrUUSKUSHh, ELUYESUSKL SY3ULLErh
UcUUUUL UMMSnL LeLtrbh derLnu'ene @SNL LL 64 3USUUSULh
dJUUULU4YUYRS UE3UURUNL @SNLLL
2. 3w wuwnwuh nwpwsph ubj udwpwlwywlu hubnpdwghwy h J2 wydwu L
nhunwpyJdwl wpnj ntupubph yGpyneénLpe) nLlp

Epypuwp wpndbph wwnpwdGuwnbnh npn2 Jduwl d2unLe) wl
gUwhwwnwywlup ubjudwpwunL e wu Ywpunp funhputphg E, pwuh np
npuwup ogumwanpéynL Jd Gl npwGu Grwybuww hu wnd ) wg ubn
ubjudwpwlunLp) wu wiuwywu U Yphpwrnwywl Jh 2wnp fuunhpubp
LneétLhu: Uyn bwwnwyny unbnéybt| E 1971-2014pp. wtnh nLubgwé
GpUpuwpwndbph  wjw UGph pwqw, npwtn pwgh GpYpuwpwndbph
hhdUwywu wwpwdbwptphg pungpyywé LGU Lwlu Gplyw Lwywu L
[ w bwywlu w hpubph UnLwnph cwdwuwylubnp (tp, ts) gpwlugwd ubjudhl
Jwy wuuGph wjw Ubpp: UL2aGUup, np Yndwuh ub) uduwpwlwywl
pyjnrpGweuutbpp vwwanpdbp GUUuws 1971 pdwywlhg:

UGjudwpwbwyuwu hubnpdwghwy h d2uwvnep) wlu JGppneédni ey wl
hwdwn nLuntJbwuhpynn dwdwluwywhwnywsp pwdwluyb £ 2thne h:

tpt0 Zm]mumulh 1971-1990pp. ;Up'w Zu1]u1uu1u1i1 1991-2010]31’&.
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Unwg hlu thnepned oguwagnnpéyb| Gl 1971-1990p 3.
dwdJwlwywhwndwsne J wntnh nLubgwéd utbjudhy
hpwnwpédnLpep)yntulbtph v w Ubpp: L2 Jwsd dwdwlwywhwnjwsdn U
Rw wuwwuh uGjudhly gwugp UGpwenid Ep 13 ubjudhly Yw wulbp:
Epypnpn bnLrpnLtd oguwgnpéyti| GU 1991-2010RE. dwd wl wy wh wwnd wé h
Grwybuww hu wdj w UGpp, Gpp ubGjudhy guwugp UGpwnnid Enp 34
Jwj wu: bUswbu Gpuntd E Uywn 2-hg, s bw wé Jw wulubGnph pwlwyh
wb| wgdwlun, 1991-2010pR 2. dwdwlwywhwndwsni U UGwknph
pup fwjwénrpryntup netuh d6Gé gpqwsnip)ynitl’ hwlbdwunws 1971-
1990ppE. 6L wytbww hU ) w UGph hGuwu:

Grwybuww hu vndj w UGph 62gpunLdl nL &2 unL p) wu qUwhwwnne JU
hpwlywuwgybi| E Gpyw Lwywl ] [ w Lwy wl w hpubiph
wpwagnLp)nLuutph hwpwptpnLp) wu Uhengny:

1971-1990p . dwdJwlwywhwndwsni U h wy wp wag n y wé pnLnn
Gpypwp wpdtph hwdwn hwpJwnpydby E Vp/Vs hwpwpbpnipeynilup U
uwhdwuyb| 6GU Jhgwyw ptGp, puwm nph Vp/Vs[15-2] ww Jwuhl
pwjwpwnned GU 89.7% wyj w ubpp: Vp/Vs-[1.7-2] ww Jwuh nGwpntd
) w btph 72.6% UGpwndned GU Y ) w Jhgwyw ph Ubg:

1991-2010ppr. Jdwlwlwywhwunjwsned hwjwpwagpyws wy) w UbGphg
dhwy U 77.5% pwjwpwpnid GU Vp/Vs-[1.5-2] ww JwuhU: Unwdb| Juwwn
wpn)ntup £ unwgyws Vp/Vs-[1.7-2] wwy Jwuh nGwpnid. wnd) w UGnh 58.3%
wwinyuwune d E uwhdwbws Jhpgwyw) phU: NLunt Jbwuhpne ey ntblubph
wpn) ntupubpp, npnup pwjwpwnpned GU JGpp L2 Jwd ww JwulubGnphl,
uGpyw wgyws GU wn) nLuwy 1-nL J:

UnjnLuuwl 1
Enypupupndtnph | Ywy wiluEph | Vp/Vs Vp/Vs
dufuliudjug ng uil puiliuly puiiuly [1.5-2] [1.7-2]
1971-1990 p[e. 263 13 89.7 % 72.6%
1991-2010 . 235 34 77.4% 58.3%
bpwywuwgyby E ub ) udwp wlwywl hu$npdwghwj h

dGppnténepyntl Lwu 2uwdwhuph pwpdpwjuwlunwyned L uwnwgyws
wpn) ntupubpp hwdtdwndb E Iw wuwnmwluh vwpwsph G wybuww phl
ndj w uGph  hGw: Lywn 2-nLd uGpyw wgyws 2wy wu wnwl h
ubjudwpwbwyuwlu hUubnpdwghwy h L Qwjwruph puwpédpwwlnuwyh
Jwnwwhh agpwbhyh ytweiph hwdwp uvwnigyty E nGagpGuhw h
hwjwuwpdwlu punhwunctp  hwnyneeyneultpp™ nppwt [ w E
nGgpbGuhw h Edwhphy hwjwuwnne dn h wJ wwwunwu fuuugyne U
dhdwywgpwywu wnd) w UGph hGwn (wnynruwy 2): 8nLjg £ wnpybG, np
Quwduwhrph pwnpédpwjwunwyh GLwybww ht vdj w UGph &2wnLE) nLlp
wdG h pwnén E:

Unj nLuuwly 2
ﬂhanthj Y b p T Uw Uhuzh
dualuwiiwd) wh uany wb huwuuupnt ghw h obnn Vp/Vs
da qnpéuljhg d

Rwy wutnw | 1971-1990 | y=1.212x+2.209 R’=0.878 425 | 1.88
u 1991-2010 y=1.079x+3.364 R2=0 615 6.44 1.926
Qwlwhuph |1971-1990 | y=1.284x+1.828 R%=0.940 3.24 | 1.77
pwnédpwy |1991-2010 | y=1.296x+0.918 R2=0 932 3.09 1.77




Cunn dJdtp ynnudhg wnwpwnydnn dJGepnnwpwlnLpE)wl wnwghl
swhwuh2h, nph hwlwdw U Yhpwrtny dHwnwwhh JGpnnp U
uwhdwub nd Gpw btwywu L | w bwywlu w hpubph hwpwpbpni pj wu
dhpwyw) ptp wluhpwdbwn E plUwptbp wlU wdjw UGpp, npnlg
ufuw wupp sh gbpwquwugnL d u wh Jwl y wé [1.5-2] V] [1.7-2]
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LY.3. Ukjudhy YJuwyuibtph EuhlybElUupmnUuwy hU hGnwfnpnLpynLrUUGph L
ubjudhy whputph uvmpwdduli duwduwlbwUtph wb&2uncLpy nLuubph
qpuwhhyutpp 2015p. un]j wy UEph huwlwiuy U
Cuw Gpypnpn swhwthzh npnz2ybp GU Gpypupwndbnp gpwlgws
JjanLpwpwug Jnep yw wuh EwphytGUwmpnuwy hu hGnwynpnLrpe) ntulbph b
ubjudhy wg hputbph vwpwsdwl dwdwuwyubph wud2uwunLp)nLlUlbpp
nL UGé 2Gnnudubph wnwy nLp) wu nGwpnLd (A~x104yd., t~x3dpy.) w n
Jwj wuh wjw uGpp stU UbGpwndt, Gpypwpwndh hhwnyGUwpnuh
UnnpnhUbwwubph npn2 Jwl dwdwlwy :
Lywp 3-ntd gnejg BU updws puwn «Uhowggw hu ub) udwp wlwy wl
UGuwpnnuh» wdjyw Ubph IR L
1001=tp=t6y / hwpwyhg 2pgswulbpnLd 2015p.
}, mEnh nLrubgwé Gpypuwpwndbpp
90 4 gnwugwd QGuwnUh L Uwb hwl wy wl
A Uwj wulGnh EwhyGuwpnuwy hu
hGtnwynpniLp) ntbltph L
ubjudhy w hpUbph wwpwsdwl
dwdwuwyubnph
wud2unLp)ynLlulbpp:
Uhpuwnb| ny wnwe wnyynn
JGpnnwpwlunLpe) nLlup 6d2gpuybiy
Gu Unylyuwuh 1971-2014R .
Gpypupwnpdbph Gplw Lwywtu L
[ w bwywlu w hputph JnLwph
dwdwuwyubnph ) w uGpp,
npnug wnnjnLlupp
utpyw wgywsé £ uwp 4-nL J:
682 gnuy ws ny) w ubpny
hpwywlwg b E Undyuwuh

GnUpuwg wpdtiph
EwphytGuUwpnulubtph L
hhwnyGuwpnuubph

yGpwhup Jwpy:
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Ly.4.  t—to GpUuy bujwu w hputph Lt $hiyuhy w hplubph
YufwjudnLpjuli qpubhyp 1971-2014pp.  4YndYuuh Gpypupundtiph
pJnL| GukUltph vy wy Ukpny (p) nL| GukUUGEph G2 gpurjws ]y w UGEpp).

22.Unduwuph cwdwuwywyhg ubjudhynLp) wu npn? npnt j Ut

QUwhwwt | nygnynLp)yntuntubgnnubjudwpwlwywl hu$bnpdwghwy h
(www ngubph) wnnjnLrbwjGunLe)ntlp L wnwe wnyynn
dGpnnwpwlunLp) wdp &2qgpwt ny G wybuww hu

nd ) w uGpp, nhwwnpydtp E Undywuh utGjudhyne p) wu wpuwhwy ndwl
nnpn2 npnt jRrUGP:8nLjg £ undG,np vnwnppbp vwphubpnod Undyuwuh
Gpnypuwp wpdtnph dwgUhuntnutnpp npn2dG| GU wwpptp Gnwuwyutnny,
husU wpwwhw) b E Gpypwpwpdtph Eutpgtwhly nwuph U
dwgUhuwunctnh dhegl vnwppbp Jwpwwédne ey ntuutpny: bpwywltwgdb| E
k-h U mp-h Jhglb Edwhphy Yuwwh npnznidl wlyuwhu JGp Ynnuhg
Juwgddwsd Juwuw ngh wnd) w ubph: dnpgydt|; GU NEIC Juwww ngh 1973-
2011ppe. ubjudhy hpwnwpénLrpeynLrlulutph wdjw UGpp W Uncjyl
hpwnwpédntp)ntuUubpp JGp Ynnudhg uwbnédwsd Yuwww, nghg nL
Junnrgyb| E k-hg mp-h yuwpwwdnL gy nL up:

bweph pupfwwsnip)ntUl  wwpnuhdwgdnid E hGwl) w
hwjwuwndwdp.

k=5.23+1.35mj,.

buly hwjwnwpdéd ywrwjwsnr )y ntUU ncuph hGwlby w wbupp

mMp=(k=5.23)/1.35.

QnynLp)ntlu nrlbtgnn YuwuwsnLrpeynelUlubpp L JGp Ynndhg
unmwgyws tEubpqgbwhy nwuph LU my JwgUhuwninh UnylUwuh wvwpwsdph
h wd wn u nwg y wé § wuwp htwpwdnpnLp)ncLl nybg nwnpbn
dwgUhunLtnutph uvwunnwyutpp ptGptp Jphwulwywu EUGpgGuwhy
nuwuwywngdwu U Yuwww ngp nwpédlb] hwlJwubn: YwnnLgyb| E
GpUpuwpwndtiph  Ypllunnnirpjwl qgpwdhyp, puwnn nph  YUndluuhp
nwpwsph hwdwn uwnwgybp E hGwujw Lg(N)= 858 - 0.49k wLupp,
uGpyw wgnrggwywu 6GuUu k=9+17 EubpgGwhy nwuh dJhgwyw pnLd
guuynn Gpypupuwndtpp: Ypyunnnipjuwt gpwbhlyh pGEpnLpe) wl
gnpdwyhgp® y=0.49, huly wqwwun wlunwdp® a=858: UnwudlLwgyb| GU
GpUpuwp wndbtiph Eutpghw h pup WjwésnL ey wu huwGuuhy wdhulbpp,
puinnph wnwb| wgnLj U huwGUuhdnepe)yneup nhudned E hnjwGdptn
wduphU: Wnwu wlhuUutphU nhuwnydned £ gwép ubjudhynLp)nLl’
ognuuwnu wluhU hwuunctd JhUuhdnLJ wndbtph:

Lywnp 5ncd UGpyw wgywéd £ Undywuh 1971-2014pp. Gpypuw wndbph
82 gnpundwé nd ) wg ubpny hhwnyGuwnpnuutnh Unnpnhuwwnbbph
JGpwhuwp Jupyywé wnpdbplbpp: Cunhwunip bhwjwpwagpyws 14400
hpwnwpédnLpyntulubphg UWwp 5nLd gnLjg £ wipywé 10150 ubj udhly
hpwnwnédnctp)ntl, npnup gpwugdtb GU 3 U wyt h Yw wulubpny L
npnug di1 wr UGnn UGNLWw wadws GU UndUwuh oI N GwELUEPpNL J:




LY.5 Unyuuh 1971-2014pp. Gpypupuwndtph Euhybuupnulubph (W L

JIRSPHES ™ LA TS T B LR ER MG e AR e dEPuyR LBHRS DB o nn
EwpytGuUwpnuutpp hhduwjwuntd pup fuJwd GU wnwudhl Jwubpnnyd L
sh wp wnwhwy nd b wnwudhl hwnwsUubph h wy wu wn wg wh
pup fujwéniL ) nrlu: Lywn 5ntd ww JwbwywunpblU wnwudlbwgluyb| Gl
bwu hhdbwywu EwphybGUwpnUw hu  gnwhUbpp: UnwphlU gnuwhl
dGpwgpdnicd £ Quwhph pwpédpwjwunwyhlu, nphu hGudnLtd £ ®dnpn
UnyUwuh wpudwy wu Ggpp: 6pypnpn gnwhlu dgyncd E nGwh Nws wy h
2ngul: tppnpn  gnwhl  hpGUhg UbGpQw wglunid E  ogwhw hl
gnwhubph 2npw, npnup dgynLd GU UGS Unyywuh hwpwdwy hU [ wlgh
Gpyw) Upny: Clun npnLd EpnyUpwp wpdbph hhwnytGuwpnulbpp
dGpwgpyned GU vwppbp EwhyGuUwpnuwy hu gnwhutphU,gnjnLpEynLl
sntuGUnhuypbwnwnpdbplubp nL pup fjwsé GU wlh wy wu wp ws wih:

23. 3w wuunwuh cwdwuwywyhg uGjudhynL ey nLlp

TYhuwnpywsd £ Jwywuuwnwuh U Jwulbwdnpwwbu pwpép ubjudhly
wywhynt py wdp wp nwh wy nd wé nwnpwspubph’® RjnLuphuwy hl
2wy wu wwl h b nn wl hwpwyhg Quwy whup h pwnénpuwdwlnuwyh
ubjudhynrp)wt wpuwhw wdwlu npn2 npnijpUbp: Ywnnigybi|p E
GpUpuwp wndbiph Upyunnnt pj wu anpwdhyp, puwn nnh
uGpyw wgnrgswywu GU hwdwnpyned k=8.0+16.0 Eutpgtwhy nuwuph
Gpypuwp wpndbpp: 3w wuwmwluh hwdwp unwgywsé EJwhphly Lg(N)=7.77 - 0.5k
Jwwh gnpéwyhglubpp pwjwywuht dnwn U Unyyuwuh hwdwn uwnwgy wé
hwdwwwuwwu fuut gnpédwyhgubphl: IynLuphuw hU Jw wuwnwuh L
Swjwruph pwnpdpwjwlnwyh Gpypup wndbph Ypyunnnee) wu gpwbhyh
géw) hu wmGupp unwgybti| E Lg(N)=6.87 - 0.45k, UGpyw wgnLgs wywl GU k
27 tubpqtwhly nwuh GpUpupwndtpp, Yplunnnipjwl qpuwdhyh
pGtpnLe)jnLlUp v = 045 E, huy wqwwn wunwdp® a = 6.87: 3w wuwwluh
nwpwsph hwdwp pwgwhw bl 6GU Gpypuwpwpdhg wnédwyyws
EuGpghw h ubgnluw hu ghyLw UnLpj) wu ] P wl wy wy wu
pup fwjwénLp) wu wnwudlUwhwwnynep)netbUutpp, nph wpnjynoupnod
nhwwnpyyby E wywhynrpjwlu wéh npn2wyh ghypw UnLpeynLl 1971-
1994pp. U 1995-2011ppR .;
LY.6. Jwuwuuwith U 2Quujuhph

LeN —  Iwywunwl  Lg(N)=7.77-0.3k
N Zuy . Lg(N)=7.77-0.5k Ptmbnlullli-lnullh
e Zintuhuuyhl Zuuunwi b G n l'l pup un db n h l‘l n LI un nnL pj wils
' \ Quifuifuph pupdpuuiigul qp uﬂ,h l'l ub np 1962-2014pp3.
\ Lg(N)=6.87-0.45k dufuiiwlj whwunjuwdne J:;
| hul RynLuhuwy hl

Rwjwuwnwuntd L Quwywhuph

pwpédpwjwlunwynce U
nhwwnyytp E wywhynie) wl
weh ghyLw unLpyntl 1964-
1973pR.,  1974-1995p@.,  1996-

N 2003p-, u 2004-2014pR -
o dwd wbwywhwnjuwsubnpne J:
AN Fwgwhwy nybi| Gl U wl

GpUpuwpwpdbph Eutpghw h L




pubwywywu pup fijwédnL ey ntbbbph wnwudlbwhwwnynie )y ntubtpl puwn
wdhulbtph: UnwbLwgnLjlu hUwGUuhdnepyntl nhuwnlyyby E
nGywbdptn wduhU, npp Juwjwsd £ Uwhuwwyh 07.12.88p. Gpypwp wndh
hGwn: Uwpuhdnodutp GU nhuvwnpydned bwlh hntudwn, wwphp,hnctbpu b
ubwwnbdptbn wdhulubtphU: Iynruhuw hb Jw wuunwuntd U Qwd whuph
pwpépwjwunwyntd Jwpuhdnedutp GU nhuwnydtp, LUwl hniuduwn,
Jdw hu LWhnywadptp whhulbtphl:

QL NF 3. RUSHYULHUL LENLUS U3 b Brurucurderk O2URLGErk
RNrnL @ESUL NFNSTUUL UEENILENE B4 M ULS 86SNL [(SUL
JdErL NL'éNL @SNL LL UUEEUUShHYULUUL UNTGEL UMNrUUL Uh2NSN4

3 L.3w jwywl | GrUuwp fmupnhh Gpypuwp wpdbph og whuutiph
funpnLpe)nLulbGnh
npn2Jwlu pwpnnnLpe)nLulbpp

JdGppneténrpjwlt GU GUpwplydty Gpypuwpwpdtph oguwpiubph
funpnLpjwlt npn2dwlt hw wuh dJGennUbpp, 3w wuwnwluh wwnppbn
htnhuwyutph Yynnuhg unwgywsd U wmwnpptpn dGennutph Yhpwndwdp
GpUpwlytnuh wpwgnipejwu pupfwWwlu UnntLUtpp, npnughg Gl
uudtwhuj wuph, YPnLpdhlUph, LYwpwwtbw wuh W UWUwhwyj) wuh
) w UGpp, 2uugbgnuph 2pgwlh funppw hu ubjudhy gnunwynpduwl
(U2) ndj w ubpp, hwpwd-wpuduwy wbu Iw wuwnwuh «Gpyhp» Juw wuh
) w UGpp, GBpuwuh 2pgwuh U2 wy)w UGpp, hyniruhuw hl
Rwj wuwnwuh L Qwdwhuph pwpdpwjwlunwyh U2 nd) w ubnp:

Unyyuwuh wvwpwsph hwdwn uvwnwgdbp E  wpwgnip)nilUlbGph
t2gpuJwé unp Ynpp (PFnupdphl, UdGwhuj wl, QGunplyj wu 2006), nph
Uhpwndwdp hUwpwynn E wwwhnyb| GEpnyUpwp wpdbnh
hhwnytGUwpnUubph Ynnpnhbwwnubph npn2Jdwl pwpén §2unL ) neL L:

3.2.46unw huogwuny Gpypuwp wpdbph wGuwywu Unntp Utph
JwnnLgnidp

OgutLny UWEGwhujwuh W nppnynpuyne Ynndhg wnwp wplyyws
Gpypuwp wpdbiph YUGww hu 09 Wwuh Jwret Jwuwnh 4 wy wu dnnb hg
ntuntdbwuhnpdt] E uGjudhy w hpubph vwpwsdwl dwdwlwylUGnh
thninfunL ) nLun dwnwagw) pw) hl dnunwnpydwdp® Y whuw] wé
Gpypws whwywu U JGruwbhywywl punctpwagptphg: Lz yws dUGennhlywl
huwpwynpnLpyntt E  wvw hu oguwgnpétind bGpypwpwndbph
nwpwénL ) wu Jog mbnwpuwp fiwl JwptJdwwnhwywu Unnbpp,ubjudhly
Jwj wulubnh npn2 wyh nuwuwdnpnLpjwlut U  wpwagnLp)ynLlUlbph
gwuwgws adund pupfwwl nGwentd gnynLrpeynLlU  niLlubgnn
Gnwuwyubphg Ywd w, gnphpdutphg pbuptp w b, npp Juwwhnyh
Unnpnhbwwnutph wjbih J&G6é6 62unLpyntl hwdtdwunws ubjudhl
hu$bnpdwghwy h Jowydwu Jjy nLu Gnwuwyutph hGuw;

UdGwhuj wuh Yynndhg unwgyb| £ hGnwdnpnLp) wu b dwdwuwyh
dhol $nrlUlyghnuw Yuwmjwénip)ynilp, wuhUpl® hnnngpwdh
hwjwuwnni dnp:

,! a a. 2
NEE[l—gcnﬂr—[l—[l—gnJ ]

Unwgyb| £ Lwl Swnwgwy ph Epyph dwybpbuneyp G ph dwdwlwyh
pwuwdlup,npUncUph hGwly w wGupp.
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Alt,h) =

12



Vo 2 VVE — b2 (1— sin’gy)
Pra b(1 — sing,)

Uyt nGwpntd, Gpp Vo wpwgnLp)nLrup géw hu $nrlulyghw sk,
nhétptughw bhwjwuwnnedutph hwdwywpgp snLcluh  wlw hwhy
LnLénLd, L dwnwqw) pUGnh nL hnnngpwdh JuwnnLrgniLdp
hpwjwuwgynLd E npuE dnunwplyynn dbpnnny: Utp Yynnuhg Juwunwnybi|
E U2 Jwé dGpnnh h nwy wuwg Jwl Gpwanpwj hlu wwwhnync dp:
OSpwagnpw) hl wuwwh ny Jwl dhengny qlUwhwwnyb| E ubjudhy
hudnpdwghwy h Jdpwydwlu Yhpwnnipyntlt unmwgwsd w gnphpdUbph
hntuw hnLeeyntup vwppbp Grwybuww hu ) w UGph wnjwy nL E) wu
ww) Jwulubpno d:

33. Uwptdwwnhjwywlu dnntL uUbph hhdwu ypwGnpypuwy wndbtiph
Unnpnhlbwwubph npn2dwl JGennubtph 62 vnL ) wu
gGprneénLpynelp
LGpyw wgyws JGpnnhyw h Enteyneup w wuntd E Upwlnc d, np
pumptind EwhyGUwpnUh dJnnGpw phb wvy) w UGp U gnynLpynLl
nLutgnn ubjudhy Jwy wubGph gwujwgwé pwlwy U wghudniLuww hl
2ngwhwyne d, mwnpbp funpnepynetubtph nGwened hup Jupyynie d Gu
JjnLpwpwUs Jnep Jw wuh hwdwnp Gpyw bwywu W [ w bwywu w hpubph

dnLwptiph cwdwbwyubpp:

Unwgywsé wyj w ubpny, wwpptpn dJGennuUtpnd npn2ydncd GU
GpnUpuwpwpdtnph hhwnytGuwpnuh Yynnpnhlbwwnutpp U guwhwnyne d E
wn JGennutph 62unLpynitlup wndjw ww Jwulubph nGwpnid:
B2unLpE) wu guwhwunt U hpwywuwgyni d £ dnnbGLw hu wnd) w UGph
hGun hwdbGJdwuwnnt @) wu dheongny: Unwe wnyynn JGpnnp
hUwpwynpnLp) nLl £ tnwy hu puwmnt| Gpypwp wpndbiph
hhwnyGuwpnulutnh Unnpnhlbwwnlubnh npn? Jduwl wnnjntlbwdbuw
Gnwuwyp U gqUwhwwt] gnjnLrpeynLtlU nLrubgnn gwugh L wnwUudhl
Jwy wuuGph owwhdw nLp)ntup oguwhiih Ynnpnhlbwwubtph npn2dJdwl
fuunph | ntédwl nGwpnL J:

dppntédytby GU hhwnytGUwpnulubph Ynnpnhbwwnubph npn2 dwl
UhpwnnLp)ntl uuwnwgws wgnphpdutpp: Uwulbuklnpwwtu Hypo-71
Spwaph hhdpnid puyws E  wbuwywl LU nhuwpydnn ubjudhly
w hpbutph vwpwsdwl dwdwuwyubph wluhwdwwywnwu fuutne @) nLuubpp
$nLulyghnluw h Jhuhdhquwgniup® QGjqgbph dGpnnp

Stzi(ti_ﬁ)z
FnLpUhlh Unnuhg wn wp wn Yy ws GpnUpuw wndbph
hhwnyGuwpnuutph Ynnpnhlbwwnubph npn2dwu JGYy w | dnwnbgduwl
nGwpniL d (Hypo_Bur)
42 e | JhuhJdhquwgyntd E
A BRNG thunUbUmnnULuJ hU
o TRI hGnwdnpnLp)nLultnh
NlK wl h wd wwwwnwu fuine gy nLuubp
Z§x s | h$nculghnluw
GMR | S:;pi(Di_di) +Y(H -h)
m npwntn D, H U d, h — utjudhl
© KAM o w, hpubph nwpwsdwl wb uwywl
k U nhuvwpyynn dwdwlbwylubphl
1-A
42
43 44 45 46




hwdwwwuwu fuwuinn EwhyGUwmpnUwy ht hGnwynpnirpeyntulutplu GU L
fnpnLp) nLulbpp, p=vi? U Y=Zn:pi puwp w hU wpunwnphsgutplu GU, npnup
i=1

pUanLuqnnLdbUUthuu_uJJnhiLuUhuJUuJulanraJnLUUbnn:
LYy.7. Epypupundh ptuuvwy ht Euplbluumnup L gpuliguwd
Juwy wiibpp 1-v&Gyudhly huy wbbnp,

2-Gpypupundh EuplyGlhumnlp

Ruwp ywnyytp GU 0,20,50 L 100 Yd funpnLpynLrulubpny Gpypwp wpdbph
dwpbdwwnhywywu dJnntGutpp, npnug Jhgngny wwnqybi E, pRG
hhwnyGuwpnuutph Yynnpnhbwwnbbtph npn2dwl vwnptn dpwanptpp U
dnwnbgnedutnpp hUuswhuh wnpnynouptbp GU ww hu: Lwlh nn
EwhyGuwpnuh yUnnpnphbwwnutGnpp hw wuh GU, www gbnnbGghuwywlu

ubtijudhl

hwywnwné Runph Jhegngny  hupyyb E EwhyGUwpnlw hu
hGnwdnpniLpeyntubutpp wn w wuubphg JnLpwpwlus jneph hwdwn:
Uy unthtGwu ubjudhyuw h Jdhwgwh niLnhn funph  Jhgngnd,

JjnLpwpwugs yJnep Jw wuh hwdwn npn2db EP-U S-w hpubph dnLwph
dwdwbwyutph vy w UGpp Jdtp Ynndhg puwpyws 0, 20, 50 L 100 yu
funpnLeynLlulbph hwdwn:

unjnruwy 3-ntd Ubpyw wgyws GU jnipwpwlgjnip YJuw wl
Gpwy bwywu L | wlbwywlt w hpubph JnLrwpbph hw dJwnydws

dwdwuwylubnp:
Unj nLuuwl 3

Ut) udhy wy hputiph UnLuph duduiwjutph wi]j wy Ukpp
0,20,50 b 100yd pnpnLp) nLuutph hudun

oyu 20y soyu 100y

‘l‘:l;fj ‘:L"ﬂ tp ts tp ts tp ts tp ts
DMNI | 0006.28 | 0010.86 | 0006.19 | 0010.72 | 0008.77 | 0015.17 | 0014.46 | 0025.01
BAW | 0006.28 | 0010.87 | 0006.20 | 0010.72 | 0008.77 | 0015.18 | 0014.46 | 0025.01
KAM | 0006.83 | 0011.8 | 0006.6 | 0011.42 | 0008.99 | 0015.56 | 0014.57 | 0025.21
GMR | 0008.09 | 0013.99 | 0007.57 | 0013.09 | 0009.57 | 0016.55 | 0014.88 | 0025.74
KZR | 0008.57 | 0014.83 | 0007.94 | 0013.74 | 0009.81 | 0016.97 | 0015.01 | 0025.97
TRI | 0009.71 | 0016.80 | 0008.83 | 0015.28 | 0010.41 | 0018.00 | 0015.35 | 0026.56
BGD | 0010.10 | 0017.46 | 0009.13 | 0015.8 | 0010.62 | 0018.37 | 0015.47 | 0026.77
BRNG | 0013.09 | 0022.62 | 0011.52 | 0019.93 | 0012.41 | 0021.47 | 0016.60 | 0028.71
AKH | 0013.12 | 0022.69 | 0011.55 | 0019.98 | 0012.44 | 0021.51 | 0016.61 | 0028.74
BKR | 0017.03 | 0029.46 | 0014.79 | 0025.59 | 0015.08 | 0026.08 | 0018.47 | 0031.95

Unwgywsé wnpnj ntupubph d2unLpe)ynetlup guwhwwt nt Lwwunwyny,

Jwnnrgyb| E ULwu 0, 20, 50,
hnnngpw$lbpp:

3nLpwpwls yjnep Jw wuh hwdwn uvunwgdws P- U S- w hplubph
dwdwuwyutph wdjw ubph yGpgbwywlu wnpnjynecuplbbpnp uGpdnLéyb|
EU Hypo-71 U Hypo Bur 6pwgnbph dGe: Pugh wn udwé wndj w ubpp
impwdwnpyblp GU Gpypwdhghuwyuwlu wwpptpn hw wuh Jdhgwqquy hl
JuwgdwybGpwnirpeyntulbtpnid wp fuunnn Jwulbwqgbuwmubph hup Juwpyubn
hpwywuwgUub nt Lwwwnwyny: Unynruwy 4-ncd pbpJwéd GU pGuwwy hlu
Gpnypwpwpndh EwhytlUwpnuph wvjw UGpp 0, 20, 50 L 100 yd
funpnLeynLrulbph hwdwp, U JnLrpwpwls ynep wwnpbGpwyh hwdwn
wnwudhU hupywpyyt| GU EwpytGUwpnulbbpp W funpnL ey nLulbpp:

100yd funpnipyneblbbGph  wbuwywu
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Unj nLuuwl 4
unntLw huwm]j y Utpny hhupyuupmnuubtph npn2 Juwii
unpnj) nLupubpp.

bUus wtu GpunLd E wnjynruwy 4-hg Hypo Bur &épwagpny uuwwgyws
wnpn) ntuplubpp nw hu GEU hwdbdwunwpwn wnwdb pwnan
2unLp)ntl Gpypwpwndbph hhwnyGuwpnuutph wwpwdbwpbpp
npn2bG hu” hlus wGu dwybpunL pw hl, w) LbwGu El Jbé
funpnLp)nrubGpny Gpypw wpdbph nGwpnL J:

unjnruwy 4-hg bGpuntd E, np Hypo-71 &épwapny wwppbn
Quwodwybpwnie) ntuUtph YUnndhg hupg Jwpybp ny Untj U wnyj w Lkpp,
unwgyt| GU dJphdjwlughg wwnppbp wnpnyneluplbbp: Pwjwywuhl
dubpwdwul nruntdbwuhpbnd Hypo-71 Spwanph wp fuunwlupwy hl
uygpnLruplbpp, wwpqytg Ywplunp hwlugwdwup funpnLpE)nLlulbpph
npn2dwlt htn Juwwjws™ épwanph hwdwwwunwu il whpni j pnod
dnLwmpwagnb ny bwhubwywlu dnunwnpydwl thnpp wpdtplutp hbwpwdnp g h
Lhuph &62gphnn hupdwnyb; wbh JGS funpnLpyntlu nLlubgnn
Gpypup wndbipp:
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] d o 1)
Rtuuwnpynn tﬂﬂﬂg%ﬂnl'l: dlﬁrul&nu"n fnpnLp) ncuubkpp (yYd)
Spugpbpp ” A
41.07 4414 | (nnuk:dpY)| 0o | 20 50 | 100

Hypo71 EpeBaH 41.069 44.134 -0:00:01 9.61
Hypo7l WATMC HAR [ 41 2685 441745 | 0:01.33 5.00
Hypo71 I'C PAH 41.061 44156 | 0:00.50 8.29
Hypo NAS 41.07811 44.12704 | -0:00.30 4-13
Hypo_Bur 41.07458 44.13903 | 0:00.01 0.00

P)41.0425 | 44.1577 0
dbloc2_DataScope | 51 g10 989 | 44.2688 1.75
Hypo71 EpeBaH 41.081 44.131 -0:01.04 18.96
Hypo7L MG HAH | 41 1007 44.0925 | -0:01.08 17.14
Hypo71 I'C PAH 41.043 44.083 | -0:00.40 19.80
Hypo NAS 41.09012 4411015 | -0:00.1 1825
Hypo_Bur 41.07553 44.13429 | 0:00.00 20.27

P)41.0507 | 44.1459 18.93
dbloc2_DataScope | 5\ g4 064 | 44,1268 12.29
Hypo71 Epesar 41.11 44.091 | 0:01.21 21.25
Hypo7L WIMMC HAH | 41 1178 44.0658 | 0:00.63 31.58
Hypo71 I'C PAH 41.046 44.078 | -0:00.10 48.06
Hypo NAS 41.10099 44.09883 | -0:00.1 40-49
Hypo_Bur 41.07536 44.13008 | 0:00.00 50.00

P)41.0527 | 44.1427 44.92
dbloc2_DataScope | b\ g11 088 | 44.0958 34.64
Hypo71 EpeBaH 41.049 44.206 0:06.99 16.12
FYPOTL UIVC HAH | 41 1178 44.0658 | 0:00.63 34.84
Hypo71 I'C PAH 41.046 44.078 | 0:00.00 97.98
Hypo NAS 41.09607 44.10222 | 0:00.6 85-95
Hypo_Bur 41.07668 44.12657 | 0:00.00 100.11

P)41.0571 | 44.1335 90.94
dbloc2_DataScope | 5\ qy41 0771 | 44.1067 80.27

EpUpwp wpdbph hhwnyGuwpnulubtph npn2dwl Spwapbph pLGuwmwdnpduwl
wp fuunwuplubpht hptug wywhy Jwubwygnr ey ntul GU ntutgt 4.3nL.
FnLpdhup - 6pyph $hghyw h hbuwhunce n, b.MN. Guuwuwnwpnywu — N3 U
Epypwbhghyuwywlt Sdwnw nLpynel, L.L.LNnuyndwlu - N QU NLpw h
pwdwudnLuph ghuwywu YGEUwpnu, L.E. Wudhlbgp - N QU Uhwubwywl

EpUpwdhghywy wl Swnwj nLE) wl Unpuynt JwulwdjnLn,
L.L.Uhfuw | nuwl - Awq whuu inwil h Epypwbhaghywywl
hGuwgnunepp)ynetuutph  hbuwhwniw, Upw LUunbjwup - I3 QUU

Epypwpwlwywl ghunep) ntuubph huuwhwne wn, R6nhUG Uwpqu) wup - 33
UGjudhy MuwpuuwwlunLp)wl wyqw hU Sdwnw nipejwlu hjyntuhuw hl
pwdwuuncLup:

E2/rudusSnL @/SNL LLEM B4 UNURUrCYNL [SNL LLEr
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. AQuwytpwyb] GUubyudwpwlbwywu hu$npdwghwy h hwy wp wagnpJdwl
L Jpgwydwl punhpuGpp, npnup Ywnpunp ¢gnep GU hwunhuwuncd
wnnjnLrlbwdbwn huwpynnwywlu w gnphpdutph dwydwlu LU hniLuw h
wnpn) nLtuplubp unwbw, nL hwdwp: LEpJyw wgyws JGpnnutnp W fdunph
duwytGpwnedutpp gnojg GU vw hu, np ubjudwpwlbwywlu wny) w LUEph
§2gnhwnd wynLdp pwgUwpwy | wpngbiu E:

. Swnpbp dwdwbwywhwnjwsutnne d b nwpwspubpned
hpwy wuwg J wé ub ) udwp wlwy wu nEnGwwnynt @) wl
dGpLrnténepyntll nt unwgyws wnpnjnrlUuplbbph hwdGdwwnne dp
gnLjg U wbL, np Jw wuwnwuh Swlpwwbunep) wlu nhwuwnydwl
hwdJwywnagh Uwj wulbph pwlwyh JGSdwgdwlp gnLrgplupwg
Grwybuww hu vy w UGpb nLublU gpdwdnrLp) wu UGS wuwhdwlu, pun
npncu Quwy wrup h pwnaépwlwlunwyh GLrwybuww hu nd ) w uGinh
d2unLp)wl wuwhdwup wybL h pwnédp E: Gpwybuwvw hu wnd) w Ukph
hGwwgw  JGYUwpwlJdwl h wd wn puwmnyb| Gl dhwy U wjy U
hpwnwnénctp)nelUlbtnp, npnlg wud2unLpynLlulbpp skl
gbpwqwugnid Uwhuuwtu wpdwéd Vp/Vs dbGénipejwup: Ujunchbul
pumpywé hpwnwpénLe)nLulbphg Jnipwpwls jnep Jw wuh hwdwn
npn2ybi Gl Gpypuwp wndbph EwhyGUwpnuw hu
hGnwdnpnLp)nLultnh ] ubjudhy w hpuGnh i wié U wil
dwdwbwyubph wud2unipyniulutpp LU puwupyty hnpp JGénLp) wdp
wpdGpubpp: UGpnnwpwlunL ) wu Yyppwrndwl wpnj ntupned ywgdyb E
Rwj wuwnwlbh nwpwsph 1962-2014pp. wtinh nLrlubgwd GpUpuwp wndbph
nLUhbhjuwgyws Yuwww ngp:

. UnqUuwuh wvwpwsph hwdwn unwgyws Eubpqgbwhly nwuh L my
dwgUhuwnt nh dheol y wwh b gnjnLp)nLl nLubtignn
JuwrwwésnLp) neultph dhgngny nwppbin dwgUhunLnubtiph
uwunnwyubpp Yuwuw ngned pGpdbp GU Jhwulwywu EUGpgbuwhyy
nwuwywnaguuwl:

. Cuwn gnynLp)nLl nLubignn ) w UGiph Undlwuh
ubjudhynrpywu dJtpyneténrpeyntlhg hGwuntd E, np Jbpghl
hhuntU vwphutbphU nwpwsph ubjudhy wywhyniL ey netlup nwntguwph
thnthnfwfned E, pun npnud 1962-1984ppr. ubtjudhy wywhynLp)nLlp
pwywywlhl Jdoswlunc J E: 2006-2011RR. Unylyuwuh utjudhy
wywhynrpeynetlup Ywpnely wvwnwudned E, hUwpwdnp E, np nuw
Jwuow ngntd ng pnpnp wd)w ubph UGpwndwl hGwhwupl E:
2wy wu wwl h b Quwy wrup h pwndnpuwdwlnuwyh ubjudhyncL pj wu
Jtpyneénepynelup gneyjg £ wvw hu, np uGjudhy wywhynrp)nLlp
punm wnwnhutph wuhwjwuwpws wh E pupfuws U nhwwpyyned E
wywhynrpeywu weh npn2wyh ghypw uncp)yntl 1971-1994ppE. L 1995-
2011R[s. dwJwlwywhwinjwsubnned: Upyunnnt p) wl anwdhyh
dGpLnténLpynilup gneyg E vw hu np Ubpyw wgnrgs wywu GUu k =7
EuGpgtwhy nwuh Gpypup wpdbinp:

. Uwptdwwhjwywlu JnnGpwnpdwlu hhdwlu Jpw Gpypuwpwndbpph
hhwnyGuwpnuutnh Unnpnhlbwwnubnh npn2 Jduwl d2unLe) wl
gUwhwwnidp wnwpwplyws dJEpnnhyw nd hUwpwynpnip)ntlu E
nwl hu pwgwhw wtp Gpypuwpwndbtph hhdbwywlu wwpwdbGuwnpbnh
npndwlu JGennutph [(wjwgnL)jlt Yhpwrdwl ww JwulUbpp: Uyl
hUtwpwdnpnLp)ncl E tw hu puunb| Gpypwp wpndbph
hhwnytGuwpnulutph Yynnpnhbwwutph npn2dwl hnruw h w gnphpUp
U quwhwwt| gnjynLpjntlb ntubgnn nhuwplydwl gwugh L wnwudhl
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JwywuubGph wnpnynrtbwbuwnrp)nitup Gpypuwpwndbnph hhduwywl
wwpwdGuwunbGph npn2Jwu nGwpni J:

Unup upynLpj nLuubp

Rw wuwmwuh vnwpwsph ubjudwpwlwjwlu ) w UGph dowydwl L
nhuwnpydwlt hwdwywngh JGppneénipjwlu dJbGpnnwpwlunLp)nilun
wnwewnyned Gup Yhpwnt] GLwybww hU wvd) w UGph G2 w1NL ) wl
gUwhwndwl dwdwlbwy, nph wpnynirupnetd gquwdp &2unLpE)nLl
nLubgnn wndbpubinp skl uUGpwnync d GpyUpuwp wnpdtinh
hhwnyGuwpnuh Unnpnhuwwubnph npn2 Juwl wpngbuncd L
wnnjnerupntd JYuwwgytbl wdbGg h hnruw h wd)w UGp: Pwgh wn,
Eubpgbwhy nwuh U Jwguhwninh dhob unmwgywsd Jwwp Yhpwnt|p mb
dwgUhuwuntnh uwunnwyhg kEuGpgGwhy nwuwywpgdwl dwdwlwy :

Ui bwfununi pj wil pEdwy ny hpurnupuwljyws up fuwnwiupubp

1.UdGwhujwu VU, MGunpnuj wu Q.N., Twquwnp) wu Y.U. I3 ubjudhl
nGtdhdh nruntdbwuphpdwl wnwlUdUwhwwnynL ey neulbpp 1991-2014ppR.:
Qnpéwnpwn Jvhgwjw ph pwnpbpwjdwlt U Jhpwaquw) hU wlwnbuwywl
hwdwgnpédwlygnrpe) wu punp w bdwl wpnh hhduwunhputpp 3I3-nL d,
3IMSR 26-nn ghwwdnnny, Gplwu, 15-18 Lnj GUptp, 2016, E9 361-366:

2. UdGwhuj wu u.u,, MGwnnuj wl qQ.n., Awquwn ) wl Yy.u.
Ubjudwpwbwywl nhuvwnyncdutph hwdwywngh UL  wdyw Ubph
dogwydwu  wpnynrbwjbuwnLpe)wlt gqUwhwunnedp I3-ncd: Ghwb| hp,
UnpwuwbnénLp)ntl bW qupguwgne U, 3MSI XXV ghwnwdnnnyh Uj nLptn,
2015, 6plbwu, Ee 50-55:

3. ABetucaH A.M., KaszapaH K.C. ConoctaBneHne pasnunyHbiX NOAXOAOB K
onpeneneHnio KoopAMHaT TUMOLEHTPOB 3EMIIETPSICEHUMI Ha OCHOBE MaTeMaTU4ecKoro
moaenupoBaHus. N3B. HAH PA, Hayku o 3emne, 2017, N3, cTp. 38-45.

4. bypmuH B.1O., Wemenesa WN.b., ®nendens J1.4., Asetucan A.M., KasapsH K.C.
Peaynbtatbl 06paboTkm CEMCMONOrMYEeCKUX AaHHbIX Ans Tepputopmumn ApmeHun. Bonpocsl
NHXXeHepHon cencmonorim Tom 43, Homep 1, 2016, cTp. 29-39.

5. KazapsiH K.C. CoBpemeHHas cerncMnyHocTb CeBepHon ApmMeHumn n [)xaBaxeTCKoro
Haropbd. LUupakckuii rocyaapcTtBeHHbIM yHuBepcuteT uM. M.HanbaHngsHa, Y4yeHble
3anunckn, N1,2016, ctp. 79-85.

6. bypmun B.1O., lWWemenesa WU.b., ®nendene J1.[0., AsetucaH A.M., KasapsH K.C.
MpeaoBaputenbHble pesynbTaTbl MNepecMoTpa CeMcMmornormyecknx pAaHHblx KaBkasa.
TekToHOM3NKA N aKkTyanbHble BOMpockl Hayk o 3emne. YeTBepTad TeKTOHOGM3NYeCcKas
KOH(pepeHums. 3-8 oktabps, 2016, Mockea, T1, cTp. 365-368.

7. bypmuH B.1O., WemeneBa WN.b., ®nendens J1.4., ABetucan A.M., KasapsaH K.C.
Pesynbtatel 06paboTKM  CEMCMONOrMYECKMX AaHHbIX Ha  Tepputopun  ApMeHUwn.
CoBpeMeHHble MeToabl 00paboTkM WU MHTepnpeTauunm CEenCMOSIONMYEeCKUX OaHHbIX.
MaTtepuanel XI MexagyHapogHoW cercMonorndeckon Lwkosbl. YonnoH-Ata, Kbeiprbi3cTaH,
12-16 ceHTa6ps, 2016, cTp. 65-70.

8. MkptusaH M.B., KasapsH K.C. O630p n aHanu3 CKOPOCTHbIX MOAENEN 3E€MHON KOpPbI
ApmeHun. CoBpeMeHHble 3agavm  reodu3nKkn, UHXEHEPHOW  CEWCMOonorMm U
cencmocTomrkoro crpoutenbctea. CO6. Hayd. Tpyaos |l mexayHapooHOWM Hay4yHOM KOHQ.
Monogbix y4eHblx, M3g."TvtyTion" HAH PA, Llaxkaasop, 2016, ctp. 229-234.

9. AsetucaH A.M., bypmnH B.1O., OraHecsaH A.O., KasapsaH K.C. CpaBHUTENbHbLIN
aHanmM3 OUEHKM TOYHOCTEN pes3ynbTaToB 006paboTKM CencMonorm4yeckon nHdopmMaumnm
Tepputopun ApmeHnn n [xaBaxeTckoro Haropbsi. CoBpeMeHHble 3agayn reoduaunku,
WHXXEHEPHOW CEencMonormm mn cencMocTonkoro ctpoutensctsa. C6. Hayy. Tpyaos |l
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MeXayHapoaHon Hay4yHou KoHd. Monogbix yyenbix, U3g."Tutytion" HAH PA, Llaxkagsop,
2016, cTtp.115-120.

10. AsetncaH A.M., bypmnH B.IO., OraHecaH A.O., KasapsH K.C. AHanus
NUCXOOHbIX [[aHHbIX M pe3ynbTatoB 00paboTkM CENCMONOrnyeckon uHgopmaumm Ha
Tepputopun Apmenuun. N3e. HAH PA, Haykn o 3emne, 2015, 68, N2, ctp. 31-43.

11. Bypmun B.1HO., ABetucsaH A.M., KasapsiH K.C., ToBmacsH A.K. [MposBneHue
COBPEMEHHON CENCMUYHOCTM Ha Tepputopun ApmeHun. CoBpeEMEHHble MeToAbl
00paboTkn M UHTepnpeTaumm CENCMOSIOrMYECKMX AaHHbiX. MaTtepuanbl OeBATON
MEXAYHaApOOHOW CEeNCMONOrM4yeckomn WwKkonbl. AreepaH, 8-12 ceHtsabps, 2014, ctp. 79-82.

12. Bypmun B.HO., ABetucaH A.M., Cepreesa H.A., KaszapsH K.C. HekoTtopbie
3aKOHOMEPHOCTU MNPOSABNEHUA coBpeMeHHoM cencmuyHoctn Kaskasa. Cencmuyeckue
npubopsl. T.49, 2013, ctp. 11-17.

13. Bypmun B.HO., AsetucaH A.M., Cepreesa H.A., Kasapan K.C. O6uwee
npegcraBneHne O cencMmyeckoMm pexmme KaBkasa M ero rnaBHble XapakTepUCTUKW.
CoBpeMeHHble 3afayn reou3nKN, WHXEHEPHOW CEeNCMONorMn U CEenCcMOCTONKOrO
ctpoutensctea. C6. Hayu. TpygoB | mexgyHapogHOM Hay4yHOM KOHM. MOMOAbIX YYEHbIX,
N3a."TutyTion" HAH PA, LUlaxkaasop, 2013, ctp. 183-187.

14. Bypmun B.HO., ABetucaH A.M., Cepreesa H.A., KaszapsH K.C. HekoTtopbie
3aKOHOMEPHOCTM MpPOSIBNEHNA COBpeMeHHoON cencMmmyHocTn KaBkasa. CoBpeMeHHble
MeToAbl 06paboTKn 1 MHTepnpeTaumMm CEMCMONOrMYeckux AaHHbIX. MaTtepuanbsl BOCbMON
MeXayHapoaHou cencmorornyeckon wkonbl. enengxuk 2013, ctp. 73-76.

15. Burmin V. Yu., Shemeleva I. B., Fleyfel L. D., Avetisyan A. M., Ghazaryan K.
S. Results of Seismological Data Processing for the Territory of Armenia. Seismic
Instruments, 2017, Vol. 53, No. 2, pp. 103-110.

16. Avetisyan A.M., Burmin V.Yu., Hovhannisyan H.H., Ghazaryan K.S.
Comparative analysis on the estimation of the results processing accuracy of seismic
information in Armenia and Javakheti plateau. National Academy of Sciences of RA
Electronic Journal of NATURAL SCIENCES 1(28), 2017, pp. 94-98.

17. Burmin V.Yu., Avetisyan A.M., Kazaryan K.S. Manifestation of the present-
day seismicity in the territory of Armenia. NAS RA, Electronic journal of Natural sciences,
2015, p.68-71.

18. Burmin V.Yu., Avetisyan A.M., Sergeeva N.A., Kazaryan K.S. Some
seismicity regularities of the Caucasus. Seismic Instruments. v.50, 2014, p.192-195.

KA3APAH KAPJIEH CYPEHOBUY
OCOBEHHOCTW OBPABOTKM CEMCMONTIOMMYECKOW MH®OPMALIMA
N OUEHKA 3®PEKTUBHOCTW HABMIOOATENNbHOW CUCTEMbI
(HA MPUMEPE TEPPUTOPUN APMEHWNWN)
Pe3ome

OucceptaumoHHaa paboTa nocBsWEHa  MCCNeaoBaHUK  BaXHbIX  npobnem
cencMmorormm: paspaboTke MeToAoNnornn Ans aHanmaa CENCMONOrMyeckon nHdopmaumm,
OLIEHKM CUCTEMbI HAONAEHUN U N3YYEHNIO CENCMUYHOCTH.
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Lenb u 3adayu duccepmayuoHHoU pabombl. Llenbio paboTbl sBNsieTca aHanus,
BbisiBfieHNne ocobeHHoCcTen pesynbtatoB 06paboTkm cencmonornyeckon mHdgopmaumm m
oLeHKa 3 EKTUBHOCTN HabnoaaTenbHOM cMCTeMbl Ha Npumepe Pecnybnvkn ApMmeHus.

[na poctmxkeHus Lenu 6binu peLleHbl cregyowme 3agayn:

e OueHeHa HaOeXHOCTb  CYLLUECTBYIOLLEN  CENCMOSIOrMYECKOM  MHopMaumm
(kaTanoroB) 1 NpoBeAeH aHanNn3 pe3ynbTatoB 06pPabOTKN NCXOAHBLIX AAHHbIX.

e PaspaboTtaHa meTogonorms Ons aHanuMsa CEencMONornyeckon uHdopmaumm u
OLEHKM cucTeMbl HabnaeHnn Ha npuMmepe TeppuTopun ApMeHuu.

e Co3gaH YHUMUUMPOBAHHLIA  KaTanor 3eMNeTpPsCEHNA  NpoU3oLIeAWnX Ha
Tepputopun ApmeHun 3a nepuog 1962-2014rr.

e [lonyyeHa cBA3b 3HEPreTUYECKOro Krnacca W MarHuTygbl 3emMreTpsaceHun ans
Tepputopun KaBkasa.

e lccnepoBaHbl noBefeHWe rpadurka NOBTOPSEMOCTU OT roda K rogy n ocO6eHHOCTH
KONMMYEeCTBEHHOIO pacnpenesieHns 3eMneTpsaceHnn.

e OQOueHeHa  a(PPEKTUBHOCTbL  anroputmMoB  06paboTkM  CencMonorn4yeckom
MHdOpPMaUUKM C MOMOLLLI0 MaTeEMaTUYECKOro MoA4eNnMpoBaHUS.

OcHo8HbIe 3aujuujaeMble MOsIOKEHUSI.

e [lpoBegeH aHanu3 pesynbTaToB 06pabOTKM MCXOOHbLIX AaHHbIX ANA  OLEHKM
HaLEeXHOCTM CyLLECTBYHOLLEN CENCMONOrMYECKON MHpOopMaLnn (KaTtanoros).

e (O6ocHoBaHa MeTOLOMOMMNA AN aHanmM3a CencMOSIOrMYecKon WHgopMaummn wu
OLIEHKM CUCTEMbI HabMaeHU Ha TeppuTopun ApMeHun.

e Co3gaH YHUMUUUMPOBAHHLIM  KaTanor 3eMneTpsceHnin npoumsowewmnx Ha
Tepputopun ApmeHun 3a nepuog 1962-2014rr.

e VYCTaHOBNEHa W nosiydeHa CBA3b 9HEpreTU4eckoro Knacca W MarHuTyabl
3eMneTpsiceHnn ona tepputopumn Kaskasa.

e lccnepoBaHbl noBefeHne rpadurka NOBTOPAEMOCTU OT roga K rogy u ocobeHHoOCTU
KONMYECTBEHHOIO pacnpeneneHns 3eMneTpaceHun ans onucaHnsa ypoBHA CEMCMUYHOCTH
Ha nccnegyemomn TeppuTopumn.

e C nomMowbid MaTeMaATUYECKOrO MOAENUPOBaHUS OuUEHeHa 3APPeKTUBHOCTb
anroputMoB 06paboTKM CENCMOSOrMYEecKoM WHMOPMaLMM U BbISIBIEHO Haunydwee
yCroBue NpMMeHeHNs MeTOA0B onpeaeneHns KoopauHaT rMnoLEHTPOB 3eMITETPACEHUN.

Anpobauyusi pabomsbi. OcCHOBHble pe3ynbTaTbl paboTbl  ony6nuKoBaHbI B
MEXAYHaAPOOHbIX KOH(EepeHUusX, a Takke OONOXEeHbl Ha CeMuHapax, NpOBeAEHHbIX B
NMrmc HAH PA. Bce nonydeHHble B paboTe pesynbTaTbl, OMNybrvkoBaHbl B

MeXayHapoaHbIX peLeH3npyeMblx XypHanax. Bcero no teme gucceprauun onybnmkosaHo
18 Hayu4HbIX cTaTen.

Bbi1800blI.
. CdopmynumpoBaHbl 3agayumn cbopa n obpaboTkm cencmonornyeckon nHdbopmaumm,
KOoTopble SABRAOTCA  HeobxoaumbiMM  3Tanamu  gnd  pa3paboTknm  adhPeKTUBHbBIX
BbIYMCNUTENbBHbLIX anropuTMOB U, CriegoBaTeribHO, MOMYYEeHUD YCTONYMBBIX pe3ynbTaToB
B npouecce obpaboTku. [NprvBeaeHHble MeTOAbl U NMOCTAHOBKA 3aJad nokasbiBakoT, YTO
KayecTBeHHas ob6paboTka CEeNCMONOrMYEcKNX [aHHbIX He SBMSEeTCA OOHOLIAaroBbIM
npoLeccom.

e [lpoBedeHHbIV aHanM3 CemcMonorMyeckorn MHopMaunmn N cpaBHeHNe NoNy4YeHHbIX
pes3ynbTaToB NoKasbIBaKT, YTO, HECMOTPA Ha YBEINMYEeHUs Yncen CemcMmnYecknx CTaHumm,
NUCXOAHbIE [aHHble MMEKT LIMPOKUA pas3bpoc, NpuM 3TOM CTeneHb TOYHOCTM UCXOAOHbIX
AaHHbIX [KaBaxeTcKoro Haropbs 6oniee Bbicokas. [Ans nocnefylowen uHTepnpeTaumm
OTOMpaloTCs TONbKO Te COBLITUSA, KOTOpbIE NoXaTcs Ha rpacdmk BagaTtu ¢ norpelHoCTsaMH,
He npeBbllanWnMM 3agaHHon BennumHbl Vp/Vs. locne aToro, Ans Kakgow cTaHuumm
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onpenensaTcs NOrpeLHOCTU ANUUEHTPArbHbIX PACCTOAHUA 1 BpEMEH pacnpOCTpaHeHUs
CENCMUYECKNX BOMH W BbIGMpaloTCa Te M3 HUX, NS KOTOPbIX MOrpelHocTM manbl. B
pesynbtarte rMpUMEHEeHUs MeTOAOSIorMM  cocTaBfieH  YHUUUMPOBAHHLIN  KaTanor
3eMrneTpsceHnn npounsoLwieanx Ha Tepputopmn ApmeHnn 3a nepuog 1962-2014rr.

) Mo nonyyeHHOM CBA3WM 3HEPreTUYECKOro Krnacca M MarHUTyabl Mp, U C MOMOLLbIO
APYrux CyLLeCTBYHOLLMX 3aBUCMMOCTEN, pasHble LKalbl MarHUTy B KaTtanore npueeaeHsl
B €MHYI0 SHEPreTUYECKyH Knaccudukaumio.

o N3 aHanusa cencmmnyHocTn KaBkasa nosiydeHo, 4YToO 3a nocnefHuve nAatbOecdrt net
cericMmuYyecKast akTMBHOCTb perMoHa MeHsanach oT roga K rogy, npudem, ¢ 1962 no 1984 rr.
cencmmyeckas akTMBHOCTb 3aMeTHO yBenuumanacb, ¢ 2006 no 2011rr. cencmmyeckas
aKkTMBHOCTb KaBkasa ucnbiTbiBana peskue kornebaHumsa. Bo3amoxxHO, 3TO cnencreme TOro,
YTO He BCe [aHHble 3aHOCUNUCb B MepBUYHble KaTanorn. 3 aHanu3a CencMUYHOCTU
ApmeHnn 1 [xaBaxeTCKOro Haropbsi crieqyeT, YTo cerMCMuyeckasl akTUBHOCTb MO rogam
pacnpegeneHa HepaBHOMEPHO, MpPUYEM, HECMOTPS Ha pes3kue konebaHums ¢ 1974 no
1994rr. n ¢ 1995 no 2011 rr. HabngaeTca NocTeneHHoe yBennvyeHne CENCMUYHOCTH.
AHanus rpaduka NoBTOPSEMOCTM MOKa3biBaeT, YTO NpeacTaBUTENbHbI 3EMNETPSICEHNS C
3HEepreTM4Yecknm knaccom k =7.

o Ha ocHoBe MaTtemMaTuyeckoro MoaenmnpoBaHUA OUeHKa TOYHOCTU onpeaerieHns
KoopaMHaT rMnoLEHTPOB 3EMIETPACEHNI AaeT BO3MOXHOCTb BbISIBUTb Haunyywiune
YCrnoBusi NPUMEHEHNA METOAOB onpefeneHNs OCHOBHbIX MapamMeTpoB 3eMMETPACEHUN U
BblbpaTb M3 pPa3nMyHbIX anropuTMOB  OMNTUMAaribHYl, OLEHUTb 3PPEKTUBHOCTb
CYLLEeCTBYIOLLIEN CENCMNYECKON CETU N OTAENBbHbIX CTaHLMN.

MpennoxeHus.

PaspabotaHHas wmMeTogonornst Ans adHanusa CencMonorMyeckon wuHdopmauum u
OLEHKM CUCTEMbl HabnaeHWn Ha npumepe TepputTopun ApMeHUM npeanaraem
NPUMEHNTb MPU OLIEHKE TOYHOCTU UCXOOHbLIX AAHHbIX, U B pe3ynbTaTe nony4utb Gonee
HagexXHble pesynbTaTbl. Kpome aTOro, nonyyeHHasi CBA3b MeXOy 3SHepreTuyeckum
KNaccoMm U MarHUTygow NpUMeHUTb Npu nepexone M3 MarHUTY4HOW wwkarnbl (Mp) K eUHON
aHepreTuyeckon (k) knaccmdbmkaumn.

GHAZARYAN KARLEN SUREN

FEATURES PROCESSING OF SEISMOLOGICAL INFORMATION
AND EVALUATION OF THE EFFECTIVENESS OF THE NETWORK SEISMIC SYSTEM
(THE EXAMPLE OF THE TERRITORY OF ARMENIA)
Resume

The thesis is devoted to the study of important problems of seismology: the
development of a methodology for analyzing seismological information, estimating the
network seismic system and studying seismicity.

Aim and tasks. The aim of the work is the analysis, identification of the features of
the results processing of seismological information and evaluation of the effectiveness of
the monitoring system on the example of the Republic of Armenia.

To achieve the aim the following tasks are solved:

e Assess the reliability of existing seismological information (catalogs) and analyze
the results of processing the initial data.

e Develop a methodology for analyzing seismological information and assessing the
observing system in Armenia.

e Create a unified catalog of earthquakes in the territory of Armenia for the period
1962-2014.

e Obtain the relationship between energy classes and magnitudes for earthquakes of
the Caucasus region.
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e To study variations in the parametr values of the recurrence graph from year to year
and features of the quantitative distribution of earthquakes.

e Using mathematical modeling to assess the effectiveness algorithms for processing
seismological information.

Scientific novelty:

e The reliability of existing seismological information (catalogs) and an analysis of the
results of processing the initial data.

e A methodology has been developed for analyzing seismological information and
assessing the observing system in Armenia.

e A unified catalog of earthquakes created in the territory of Armenia for the period
1962-2014.

e Using the obtained relationships energy class and magnitude for the territory of the
Caucasus different magnitudes scales are given in a unified energy classification.

e Studied variations in the parametr values of the recurrence graph from year to year
and features of the quantitative distribution of earthquakes.

e Using mathematical modeling based on the calculated for different depths arrival
times model data of body waves, at a certain location of seismic stations, the reliability of
the solutions obtained existing algorithms.

Testing of research. The main results of dissertation have been published in
international conferences and presented at seminaries at IGES NAS RA. All the results
obtained in the work are published in international peer reviewed journals. 18 scientific
articles are published on the theme of dissertation.

Conclusions.

e The tasks of collecting and processing sesmological information are formulated,
which are necessary steps for the development of effective algorithms and obtaining stable
results during processing. The resulted methods and statement of problems shows, that
gualitative processing of the seismological data is not a one-step process and
consequently works in this direction are actual.

e The analysis of seismological information and comparison of the obtained results
show that, despite the increase in the number of seismic stations, the accuracy of
determining the earthquake parameters has not increased with the processing of
seismological information, the degree of accuracy of the initial data of the Javakheti
highland is higher. According to the proposed methodology, correction and estimation of
the accuracy of the initial data is realized by determining of the velocities the
Primary and Secondary waves relations. For the subsequent interpretation, only those
events that fall on the Vadati schedule with errors not exceeding a given value will be
selected. The second criterion, small errors in the epicentral distances of earthquakes and
arrival times of seismic wave for each seismic station. As a result of applying the
methodology, a unified catalog of earthquakes occurred in the territory of Armenia for the
period 1962-2014.

e According to the obtained connection of the energy class and the magnitude mb,
and with the using of other existing dependencies, the different scales of magnitudes in the
catalog are given in a unified energy classification.

e Analysis of the seismicity of the Caucasus region allows us to conclude that the
seismic activity of the region changed from year to year during the last 50 years. It
increased significantly in the period of 1962-1984, in 2006-2011, the seismicity of the
Caucasus region demonstrated sharp oscillations, probably the result of incomplete data in
the initial catalog. Based on the analysis of seismicity in Armenia and Javakheti highland
can be inferred, that for the seismic activity is distributed unevenly over the years.
Moreover, despite rather strong vibrations over the time period from 1971- to 1994 and
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from 1995 to 2011 gradual increase in seismicity is observed. Analyzing the repeatability
graph it can be seen that earthquakes with an energy class of K=7 are representative.

e On the basis of mathematical modeling, the estimation of the accuracy of the
determination of the coordinates of earthquake hypocenters makes it possible to identify
the best conditions for the application of methods for determining the basic parameters of
earthquakes and to select from the optimal algorithms the optimal one, to evaluate the
existing seismic network and separate stations.

Suggestions.

The developed methodology for the analysis of seismological information and
estimation of the observing system for the example of the territory of Armenia is proposed
to be applied in assessing the accuracy of the initial data, and as a result, to obtain more
reliable results. In addition, the resulting relationship between the energy class and
magnitude is applied when passing from the magnitude scale (mb) to a single energy (k)
qualification.
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