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Լ.Ա 1ձղա|ովյա1>. 1ՆՍ.4-ևրփզ|ան. 1Լ*ԼԱահակյան
Արաբական և ևվրասիակսill սափրի բախման qnuim մաթեմատիկական 

մոդելավորումը GPS տվյալների հիման վրա
Օգտագործելով աոածդակաևուրւան տեսության եզրային խնդրի մաթեմատիկական ճշգրիտ լուծումը 

շերտի համար, արտածված են բանաձևեր՝ GPS ւափումեերի տվյալների հիման վրա Արաբական ե 
Օվրասիական տպերի բախման qinnniiJ լարանները և տեղափոխումները որոշելս։ համար, րնդանելով այրյ 
տարածաշրջանի համար աոաձդակաևուրյան տեսության շրջանակներում միջին ադված մոդելի 
կիրւււոեփություն Կառուցված են լարումների թենդւդփ և տեդափռխմաե վեկտորի բաղադրիչների հասար 
համապատասխան գրաֆիկները: Կատարված Ւ. լարվածա-դեֆռրմսպիոհ վիճակի վերլուծությունը:

Агаловян Л.Л,. Геворкян Р.С., Саакян Л. В.
Математическое моделирование зоны коллизии Аравийской и 

Гпразнаи кон или։ на основе данных GPS
Применим математически точное решение красной ыдачи теории упругости для слоя 

выведены ||юрмулы для определения напряжении и перемещении зоны колли ши 
Аравийской и liti|M3ii4TCKOit плит, используя данные GPS и считая возможным прийеиенно 
осреднениой модели региона по теории упругости Построены графики для компонентов 
leu юра напряжений и лектора псремешеиня. Приведен авали i напряженно- 
дефорйнрованното состояния.

Abstract
Applying div mathematically precise solution of the boundary value problem <il elasticity theory for a 

layer [1,2], formulae for determining stresses and displacements of collision zone of Arabian and l.uroasian 
plates applying (H’S data and considering possible the application of the average model of region in the 
frame of elasticity theory are derived. Graphics for displacement vector arc built, tin analysis of stress- 
strain slate is developed.

Key words. Arabian plate. Scisiv;Hcclonie>, GPS Observation

Introduction

li is known that the armcnian mountainous area and the Caucasian region are situated 
between considered immovable Euroasian and slowly moving to the north (notth west) 
Arabian plates. In the collision zone during the time big stresses which bring to 
earthquakes, ate accumulated. These phenomena attract the attention of the scientists* 
stisinologisls, geophysicists and mechanics. In paper [3] review of modern approaches, 
qualitative and quantitative analyses of collision zone slate is brought. Al the same time, 
using GPS (the Global Positioning System) data by the method of (mile element a plane 
problem of elasticity theory for mathematical simulation of stress-strain slate of collision 
zone taking it tor an isotropic plate, is numerically solved.

In the present paper, applying mathematically precise boundary value problems of 
elasticity theory for a layer [l,2|. stress-strain state 01 the collision zone is determined, 
taking into account that its facial surface is free from loads and in GPS bench-maik points 
displacements vector components are given.

The authors report in Asian Seismological Contmision V General Assembly. October 18-21. Yerevan.
Armenia. *
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The statement of the problem of elasticity theory ami its precise mathematical 
solution.

1 el us have a homogeneous isotropic plate with the width h occupying an area
Q = {x,y, z: 0 < x. v < (. 0 < z < h; h « / } (fig. I).

(axis x is directed along (he earth parallel, axis y is in (he direction of north and axis Z 
is directed along the radius into the depth of the earth).

On the earth surface z - 0 stresses are absent

<r..(x.y,0) = 0 j=x,y,z (I)

and in the depth h (the opposite surface of the plate-layer) the displacements which arc 
represented by the polynomials with yet unknown coefficients arc given

t’ = Ut(x,yji) =
A=0 r-ü

F(xy) = (Jf(x,y,h) = ££ V/՜' <2’

H'(x,y) = U:(x, y,h) = 0
It is required to determine the stresses tensor and displacements vector components 

inside the plate-lav er, which would satisfy the equations of the three-dimensional problem 
of elasticity theory |4.5| (these equations arc not shown; and on the surfaces z - 0 and 
Z - h would satisfy the boundary conditions ( 1 ) and (2).

I he precise mathematical solution or the slated problem under any numerical values 
ci։l .b)k arc expressed by recurrent formulae | L2|. which have the following form for an 
isotropic plate-layer

£ = x/C. ;;= p/C < z!h ^zif
(3)

U = UJf., V = UJC, W=UJt

= (4)
/=0

4=֊t Zh=0
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Iteration process (4)414) in case of polynomial loading (2) alter /7+1 step 
terminates and reduces to a closed (precise) mathematical solution of the staled boundary 
value problem for a layer under any numerical values (iit .blk.
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Determination of stress-strain state of collision zone by GPS data

Taking into account that we have GPS data in 37 bench mark points in geographical 
coordinates 13], we pass to Cartesian coordinates presuming point /<‘10 as the origin ol the 
system (Table 1 ).

Table I

N GPS bench
mark point

longitude latitude
GPS Data Cartesian coordinates

u, 
rnm/ycar

Uy 
mm/yea 

r

X 
km

у 
km

I KAL2 43.34 38.55 -5.3 12 535.4 IS3.3
2 GORI 46.37 39.51 3.3 9.6 808.9 290.0
3 IJEV 45.14 40.91 4 7.4 693.7 445.6
4 KRES 44.49 42.45 1.3 2.8 632.9 616.7
5 MATS 43.75 42.98 1.5 0.3 567.4 675.6
6 BEUG 42.79 44.01 -0.6 1 483.9 790.1
7 ZE LB 41.56 43.79 0.5 0.8 378.3 765.6
X Л КТО 39.7 40.97 0.5 1.7 209.8 452.3
9 SINC 37.96 39.45 -18.3 9.9 47.9 283.4

Iio GAZI 37.57 36.9 -8.5 12.3 0 0
II KIZI 40.65 37.25 -6.9 16.1 287.2 38.9
12 NICU 44.53 41.83 1.1 5.8 637.7 547.8
13 \i)YI 38.23 37.75 -7.6 13.4 64.9 94.4
14 KRCD 39.81 37.85 ■7.6 13.9 210.9 105.6
15 MLTA 38.22 38.46 ■12 10.9 67.1 173.3
16 KM AN ЗУ. 16 39.61 19 6 9.1 157.0 301.1
17 MERC 40.25 39.73 -2.7 4.9 255.8 314.5
18 KRKI 41.79 38.75 -5.1 14.4 39Д.9 205.6
19 1‘A'I'N 42.91 39.24 -2.5 8.7 495.9 260.0
21) ARGI 43.03 39.72 1.2 6.7 506.7 313.4

1 21 ERZU 41.3 39.97 -0.9 5 350.8 341.1
ISPI 40.81 40.44 0.2 ■* 4 307.5 393.4

Zj 01-TU 41.99 40.55 2.3 4.3 413.2 405.6
24 ПОРА 41.34 41.37 -0.1 2.6 356.2 496.7
25 KARS 43.17 40.69 0.7 5.2 518.6 421 1
26 ARTI 45.95 40.61 7 2 7.2 588.3 412.2
27 MMOK 44.11 40.18 2.5 7 603.3 364.5
28 NSSP 44.5 40.23 3.6 8.1 638.2 370.0
29 GARN 44.74 40.15 2.5 9.1 659.9 361.1
30 JERM 45.66 39.84 4.6 10.1 743.6 326.7
31 NINO 43.89 41.54 0.9 4.2 581.7 515.6
32 VAN! 42.47 42.02 1.6 4.1 456.3 568.9
33 SACK 43.4 42.35 2.6 4.8 537.7 605.6
34 1NGU 42.06 42.72 0.9 2.7 420.6 646.7
35 BALK 43.35 43.06 .2 -0.4 532.7 684 5
36 ULKA 42.19 43.35 •0.9 ■12 432.3 716.7
37 SHAT 42.67 43.74 0.3 1.7 473.7 760.1

Ihi: bench mail; poir՛;՝ and Iheii displacemcnis (multiplied by 10 j in dimca>imiles;-, 
coordinate systenrâje shown (Fig. 2).
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Calculating the stresses tensor components and displacements vector components by 
formulae (■<)•( 14) under n - 7. as the number of the unknown coefficients rt։. 
coincide with the number of GPS data, we require that on daily surface ot the collision zone 
(i.c. under z 0) the displacements vector components l/v and U։ in the bench math 
points were equal to the corresponding values of GPS data.

y//
0.8 • *

0.6, •

* •
0.4 . • * \

.M . • '.

x//
0.2 0.4 0.6 0.3

Fig. 2
We obtain a system from 36 linear algebraic equations relative to unknown 

caeffidenis U . by the solution of which, functions (2) are uniquely determined.

3.5I87v*iO՜ tfcWJJiSQ© -J,--. . •
O.C«O1148zL n- 0.601297.34 - O.UOt.-lM-yj •; ’ G.J.-J.!.S9617 : - O.C'jX’W.'U'.o ■;

•■՝ 7 1).003?32631 ■.
0,0006201» : 0.4017512 - ■_֊՝ D.V.:2 tlC'fi • ; 0.CXKU2097.- • - . O.SC‘•T'WjIB«’ ֊:
n.r n ֊' 0^00243^6■ 5,C0։iOi6i».՛. ‘. 0.:0C623«78 >?■ •. g.CaJ‘/=524v3 -'
I. ! I" t- ՝ ■'
u.uCJUOlZii՝ • 0.019*3$ >.r ■ 3.00765828 s ■ ՝?՝ 0.031154%^ ՛.'. 0B& 1 <-i C.20' i.

F(^.n)= (15)
3.8b639x JO' O.G30d535g3 .. Ji8385n20.00149779^. 0.3017.•53.1.0.000726678•'
0.03239369"' - Q4?0i0c9i3n' 0.03005221 'f) ' .0.000190163’ •. - C...՜30966174 6-
0.00731658 •՝;'>. - C.0i656’.l ; ♦ Fl. 01222 9° : 0.00266616^4 • C. 0004 35 »82 < 
0.00109334 r0.00460338 < ' 1' • 0,.OC^S73$7 ֊5 £ ' O.OSt'Wn ->՜ ■;•
0.001643-,3.;>. G,t»?8$ft6n<3« 6.030986512-"'.՝ - C.0172764n՛՝<1 - 0.0049901 ֊. •
0.00226691 ? 0.0149402 r, < . 0.0130193■: • 0.00336324 h361 O;OOQ62S4£ • 
0.0087381? ? ? •.■».0075214 -7C OJ-OOe^b-lOX՜-1 -0.00103845' - C.0G02«3062 ‘'
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Fig. 3 Fig. 4

Thus, the obtained solution (IH 15) mathematically precisely satisfies the equations of 
elasticity theory and boundary conditions (I). (2). and in the bench-mark points the 
displacements values I' ։. U t coincide with the values of G PS data I i able I.),

The more the density of the bench-mark points will be the more precisely the obtained 
solution will cxpiess the true picture of ihc stress-strain state of (he collision zone.

As we arc not aware of the conditions on the border of the considered zone, for great 
exactness it is necessary tu be restricted by the area inside this zone. 11 is proved by the 
authors <4.6|, that in this case the effect influence of the denoted zone (boundary layer) on 
the stress-strain slate inside plate-layer is negligibly small.

In tig. 3, fig 4 the 3D plots of the tangential displacements U and 1' in the depth 
2 - - 10 km arc brought.

I he lull energy ol the deformation chosen in the collision zone of the plate with the 
size of 700x700x10 km determined by the formula

֊ 2v(a i։ Q n t C7 ։1 a.. + a n a..)\dxdych

0<r<10'wr. 0<.v. v 0,2. (7 = 2.5՛ IO10 Pa
equal to

E*, =3.7■10”erg= 3,7 10”J

Analytical solution 11 J-t i51 nt the stated problem permits us to conduct other 
investigations as well when collaborating w ith geophy sicists and seismologists.

I hc algorithm of the problem solution developed by the authors permits in the future to 
take into account in homogeneity and anisotropy of the collision zone, layered, the 
existence of reonoinic layers, relief change of the area (variability h ). and also dependence 
ol physical-mechanical constants from the depth of the layer (4.7,8]. We have opportunity 
to lake into account the curvature of the region surface, i.c. to admit the region layer as pan 
of the spherical surface 19 j. Other the earthquake-hazard regions may be considered too.

In conclusion the authors kindly express their gratitude to prof. S Balassanian who 
showed ihc importance of solution of such problem.
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