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THE CALCULATION OF FREE OSCILLATIONS
OF AN ANISOTROPIC THREE-DIMENSIONAL ARRAY
OF UNDERGROUND STRUCTURES

Abstract. This work is a theoretical research aimed at studying the amplitude-frequency characteristics of the
system "lining-soil". It was found that fluctuations in the deformation occur, not only the soil mass, but in an under-
ground structure in the course of a numerical experiment to study the free oscillations of an anisotropic three-
dimensional array with the station tunnel.

We investigate on the basis of the variational formulation of the finite element method of amplitude-frequency
characteristics of the system "lining-soil". A generalized problem of eigen values is solved iteratively in the subspace
based on the scheme of the Jacobi algorithm.

Keywords: free oscillation, stress-strain state, lining, stress, displacement, algorithm.

Creating a reliable method of calculating vehicle stability of underground structures of finite size in
difficult ground conditions under the influence of static and dynamic loads is very challenging. In
Kazakhstan a developed mining industry, with increasing depth of mining operations and the deterioration
of the conditions of development of mineral deposits, the requirements to ensure the sustainability of
developments rise sharply. In addition, with the construction of the Almaty Metro in the zone of possible
9-10-magnitude earthquake, it needs reliable recommendations for earthquake resistance.

All this calls for fundamental research involving modern apparatus of mathematics and mechanics of
solids, unconventional analytical and numerical methods for solving tasks and creation on their basis of
software tools for the analysis of dynamic stability of various vehicles designed and constructed under-
ground structures for various purposes [1, 2].

Study of free oscillations of transport facilities is important to determine the effect of physical and
mechanical properties and geometric parameters of the structural elements and the surrounding massif
complex structure at their resonant frequency response. On the other hand, the study of the dynamic
response of a spatial reference system "underground structure array rocks" lower frequencies is necessary
for the formation and basic solutions allowing movement of the matrix equations [3-5].

We study the free oscillations of the soil mass with a three-dimensional transport of underground
structures on the basis of the numerical method — finite element method (FEM) — in conjunction with an
iterative method in the subspace.

Object of research is the lower half-space with underground facilities shallow emplacement. Rock
mass consists of a non-uniform layers with different physical and mechanical properties. Elastic status of
each layer is described by the generalized Hooke's law:

{o}=[Die}. (1)
where {0'} = {Jx,ay,o; ...... T, }T,{g} = {gx,ey,gz, ..... lxz}r, [D] = [dl. j],(i, j= 1,2,...,6)- elastic solid

matrix; elastic moduli d;; represented by the elastic constants transtropic array E,, v,, G,, (k = 1,2) of
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angles of inclination of the plane of isotropy ¢ and inclination to the longitudinal axis of the horizontal
three-dimensional structures of the transport line stretch isotropic plane y [6,7].

Boundary conditions: the lateral faces and the base of the calculation region with the construction of non-
deformable - u = v = w = 0; internal the breed contour lining and free from external loads - Xn=Yn =Zn = 0.
Spatial computational domain is divided into 1606 prismatic elements with 2875 nodes.

Differential equations oscillation system for the array to transport underground structures can be

represented as:
1)+ [N O+ (KU (=R (). @
where {R(t)} - vector external nodal forces, {U (t)}, {U (t)}, {U (t)} - Vectors of nodal accelerations,

velocities and displacements, [M ] , [C ], [K ] - accordingly, the mass matrix, rigidity and damping system.

The matrix equation of free oscillations "lining-ground" of the system obtained from (2), when the effect
of damping and the impact of external forces that are missing [C]=0, {R}=0

(MUK U} =0. 3)

Stiffener matrix is computed using the integral [3,4]:
111

(= [[BY [D][Blav = [ [ [ [B] [D][Bldet[s|ds dnd¢ . )

-1-1-1

Integral expression (4) after the application of Gauss-Legendre quadrature to the form

ZZZHH H, (B}, [D][B],; det[]. )

i=l j=1 k=1

System stiffness matrix [K] is produced by summing all elements of the stiffness matrix
k-3 ]. ©
i=1

System mass matrix is formed from the matrix elements of the masses is similar to the system
stiffness matrix. Mass Matrix prismatic element has the form [8, 9]:

m] ZZZHH H, p[ yk] [Uk]det[J], (7

i=l j=1 k=l
where lP,-ij - matrix interpolating movements. System mass matrix is obtained by summing all elements

of the mass matrix

(M]3l ®

The solution of ordinary differential equations of second order (3) can be written as:

U}=lptsin(e (- a,)). ©
Substituting (9) into (3) gives a common problem eigen values
[K]{p}=0’[M]{p}. (10)
We introduce the notation A=, then (10) takes the form:
[K{p}=A[M{p}. (11)

For the solution of the generalized problem of eigen values used in the subspace iterative method
based on the algorithm of Jacobi method and the properties of the Sturm sequence [10].
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When iterative methods are necessary at each step to analyze the convergence of the obtained
approximations. Let a (k-1) and (k) - iteration step approximate calculated eigenvalues A f") and A l(.k +)

then the convergence is achieved at
/1 (k+1)_ /1 (k)

PRC L <g, (i=1,2,....,n), (12)

The effectiveness of the chosen method is explained, first, the initial choice of the subspace,
sufficiently close to the desired lowest eigen values; secondly, the transition from the convenience of the
algorithm to another subspace, which ensures "best" approximation of eigen values vectors. Furthermore,
the use of translations and other accelerating processes also increases the efficiency of the method [10].

In the study of stress-strain state of the system "lining-ground" on the seismic action the first and
necessary step in the calculation is to determine the frequencies and modes of vibration of the system.
Calculation of amplitude-frequency characteristics of the system “lining-soil” is made in the subspace
iteration method above.

Received 100 first frequencies and forms of oscillations in the frequency range up to 22.2 Hz. values
"lining-soil" system of the lower frequencies of free oscillations are shown in Table. As you can see, the
range of "lining-soil" system of natural frequencies is quite dense.

The values of the frequency of free oscillations "lining-soil" system

Frequency rooms 1 2 3 4 5 6 7 8

;(Hz) 1,78 3,09 3,61 3,84 4,31 4,65 5,87 6,13

Figures 1-3 show three-dimensional forms (fashion) free oscillations of the system "lining-ground."
Modes 1 and 2 are horizontal oscillations soil layer, wherein the first mode is a skew-symmetric and
the second mode — symmetric. In modes 3-5 are more pronounced vertical oscillations. The third mode is

Dlsp_Res
0.0033168
9.68025464
0.8077648
0.68055578
0.0052112
0.68054348
0.6804E584
0.68038520
9.68031058
0.0023292
9.68015528

-0 LB0B77ES
0.0008008

RO [ e

Figure 1 — The first mode of free oscillations "lining-soil" system
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Dlep_Res
61871688
06982290
06892990
00503690
66714398
DOEZSH90
.B0535798
06446490
UAE5T180
B0257380
06172660
LWARE9253
66869680

Figure 2 — The third mode of free oscillations "lining-soil" system

ODlzp_Res

201172408
01074708
08376388
00373258
00781588
OEEEIEEAE
06586198
00433438
00330730
060237098
06135408
00037533
00080008

Figure 3 — The fifth mode of free vibrations "lining-soil" system

a skew-symmetric, and 4-5 fashion — symmetrical. Higher forms shown in Figures 1-8, are rather complex
oscillatory motion of the ground and, apparently, do not make a significant contribution in determining the
seismic movements, but can have a significant impact in finding the acceleration system and the seismic
stresses in the construction of tunnels lining.
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Conclusions. Multivariate numerical experiments to study free "lining-soil" oscillations of the system
revealed that there is a complex pattern of deformation of anisotropic array and being in it three-
dimensional underground structure in the course of oscillation, comprising a tensile elements,
compression, bending and torsion (see Figures 1-3).

Analysis of the results of the calculation shows that the value of natural frequencies and forms of
oscillations are influenced by many factors, including the structure of the soil mass, the density
distribution in heterogeneous soils, the methods of construction of underground structures, geometrical
parameters.
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Kazaxckas akamemust TpaHCIOpTa M KOMMYyHUKaruil M. M. Treiabimmaesa, Anvatsl, Kasaxctan

PACYET CBOBO/JHbIX KOJJEBAHU AHU30TPOITHOI'O MACCHUBA
C TPEXMEPHbBIM ITOJA3EMHBIM COOPYXEHHUEM

Annoramus. PabGora mpezacTasisier co0oil TeopeTndeckoe HCCIeoBaHNe, HAPaBICHHOE HA M3YYCHHE aMIUIMTYIHO-dac-
TOTHBIX XapaKTePHCTHK CHCTEMBI «00eNKa-rpyHT». B Xo1e nmpoBeqeHus YHCICHHOTO KCIIEPHMEHTA 10 M3YyUSHUIO CBOOOIHBIX
KOJIe0aHUH aHU30TPOITHOIO MAcCHBa C TPEXMEPHBIM CTaHIMOHHBIM TOHHEJEM ObLIO YCTaHOBICHO, YTO B IIpoliecce KonebaHus
HPOMCXOAUT 1eOPMHPOBAHUE HE TOIBKO IPYHTOBOIO MacCHBa, HO M HAXO/AIIErOCs B HEM MOI3€MHOTO COOPYKEHHUSL.

Hccnenyercs Ha OCHOBE BapHAaLMOHHOHW (OPMYJIMPOBKM METOJd KOHEUHBIX 3JIEMEHTOB aMIUIMTYAHO-4aCTOTHBIE Xapak-
TEPUCTHKH CUCTEMBI «00aenKka- rpyHT». O000ImeHHas npobiemMa 0 COOCTBEHHBIX 3HAYCHUAX PEIIAcTCs] HTEPAUOHHBIM METOIOM
B MIOAINIPOCTPAHCTBE, OCHOBAHHBIM Ha CXEMe anropurma SIkoou.

KnioueBble ciioBa: cBoboHOE KojeOaHNe, HapsDKEeHHO-Ie(OPMUPOBAHHOE COCTOSHHE, 00/IeNKa, HaIpsDKeHUe, IepeMe-
IIEHHE, AJITOPHUTM.

Coznanre HaJEXHBIX METOJOB pacueTa YCTOMYMBOCTH TPAHCIIOPTHBIX MOJ3EMHBIX COOPYXKEHHU
KOHEYHBIX Pa3MEpOB B CIOKHBIX TPYHTOBBIX YCJIOBHSAX ITOJ JEUCTBHEM CTAaTHUECKUX W TWHAMHYECKHX
Harpy30K SIBJSIETCSI BEChbMa CIOXKHOM 3amaueil. B ycmoBusx Kaszaxcrana ¢ pa3BuToi TopHOI00BIBaOIIEH
MPOMBIIIUICHHOCTBIO, C YBEJIMYCHHEM TJIYOMHBI TOPHBIX pabOT M YXY/IICHHWEM YCIOBH pa3pabOoTKH
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MECTOPOKACHUH MOJIE3HBIX HCKOMAEMbIX, TpeOOBaHUS K 00ECIIEUEHUIO YCTOHYNBOCTH BBIPAOOTOK PE3KO
nosblarTcs. KpoMe Toro, co CTpoUTeNbCTBOM AJIMATUHCKOTO METPOIIOJIMTEHA B 30HE BO3MOXKHBIX 9-10-
OayTHHBIX 3eMJIETPSACEHHM HYKHBI HaJIe)KHbIe PEKOMEHAAINHN ISl 00eCTIeueH s CeHCMOCTOMKOCTH.

Bce 3T0 BBI3BIBacT HEOOXOIUMOCTH MPOBEACHUS (PYHAaMEHTAIBHBIX UCCIEA0BAHUM C MIPUBIICUCHUEM
COBPEMEHHOI'0 ammapara MaTeMaTHKd W MEXaHWKH IedOpMHUPYeMOro TBEpPAOro Tena, pa3paboTKH He-
TPaOULUOHHBIX AHATUTHYECKUX U YHUCJICHHBIX METOAOB PELICHHUS IIOCTABICHHBIX 3a/1a4 U CO3AaHUs HA UX
OCHOBE MPOTrpaMMHBIX CPEJACTB U aHaIM3a TUHAMUUYECKOH YCTONYMBOCTH Pa3IMYHBIX MPOEKTUPYEMBIX U
CTPOALLUXCS TPAHCIIOPTHBIX MOA3EMHBIX COOPYKEHUU pa3INYHbIX Ha3HaueHuu [1, 2].

Wzydenust cBOOOAHBIX KOJeOaHWN TPAHCHOPTHBIX COOPYKEHHWH BaXKHbBI UIS BBIICHEHUS BIMSIHUS
(U3NKO-MEXaHUYECKUX CBOWCTB M T'€OMETPUYCCKHUX NMAPaMETPOB KOHCTPYKTHBHBIX 3JEMEHTOB M OKpY-
JKaIOIIET0 MAacCHBa CIOKHOTO CTPOEHHUS Ha PE30HAHCHBIE MX aMIUIMTYAHO-YacCTOTHBIE XapaKTEPUCTUKU.
C npyroi CTOpPOHBI, IIPU M3YHYECHUH AMHAMHUYECKON PEaKIMU NMPOCTPAHCTBEHHOH CHUCTEMBI «IOJ3E€MHOE
COOpPYKEHHE-MacCUB TOPHBIX IMMOPOA» HU3IINE YacTOThl HEOOXOIWMBI il (POPMUPOBAHUS U PEIICHUS
OCHOBHBIX pa3pellaroniiuX MaTpUYHbIX ypaBHEHUH nBMKeHud [3-5].

B pabote uccnenyrorcst cBOOOAHbBIE KOJIeOaHUS TPYHTOBOI'O MAacCHBa C TPEXMEPHBIM TPAHCIIOPTHBIM
MOJ3EMHBIM COOPY>KCHHEM Ha OCHOBE UYHCICHHOIO METOAa — METoJa KOHeuHbIX aeMeHToB (MKD)- B
COUYETaHWHU C UTEPAIMOHHBIM METOAOM B IOANPOCTPAHCTBE.

OOBeKT uccrnenoBaHWE — HW)KHEE MOJIYIPOCTPAHCTBO C MOA3EMHBIM COOPY>KCHHEM HErIyOOKOro
3anoxeHust. IlopoaHbI MacCUB COCTOMT U3 HEOAHOPOIHBIX CJIOEB C Pa3IMYHBIMU (PU3MKO-MEXaHHUYeC-
KHMHU CBOMCTBaMH. YTIPYroe COCTOSIHHE Ka)KJIOTO CIIOSI OIMCBIBAETCS ypaBHEHUSIMH 00O0OIIEHHOTO 3aKOHa

I'yka:
{o}=[Dle}, 1)
e {o}= {O'x,O'y,O'Z ...... ,rxz}r,{g}= {6‘x,6‘y,6‘z, ...... AXZ}T, [D]= [dij],(i,j =1,2,...,6) - marpuua yu-

PYrOCTH MaccuBa; MOYIH yNPYrOCTH d,; TPEICTABISIOTCS Yepe3 YNPyrue MOCTOSHHBIC TPAHCTPOITHOIO

maceuBa E, v, G,, (k =1,2), yIVIOB HAKJIOHA TIOCKOCTH M30TPONHM ( W HAKJIOHA TPOJOIBHOH OCH
TOPU30HTAJIBHOTO TPEXMEPHOI'O TPAHCHOPTHOTO COOPYKEHHUSI OT JIMHUM TPOCTHPAHUS IUIOCKOCTH
u3zotponuu v [6, 7].

I'panuunble ycioBus: OOKOBBIE I'PaHU U OCHOBAaHME PAacyeTHOM 00JIaCTU C COOpyxeHueM Hezedop-
MHpPYIOTC — u=v=w=0; BHYTpeHHI NOPOAHBI KOHTYp U 00AenKa CBOOOJHBI OT BHEIIHHX HAarpy3ok -
X.=Y,=Z,=0. IIpoctpaHcTBeHHass pacueTHas oOiacTh pa3dura Ha 1606 TpU3MaTHYECKHE SJIEMEHTHI C
2875 y3namu.

Cucrema muddepeHnnanbHbIX ypaBHEHHH KoleOaHMH Ui MaccHBa C TPAHCIIOPTHBIM IMOJ3E€MHBIM
COOPY>KEHHEM MOXKHO MPEACTaBUTD B BHIE:

[T @)+ [T @)+ [KHU©}=R0)}, )

rae {R(t)} - BEKTOP BHEUIHMX Y3JIOBBIX CHII, {U (t)}, {U (t)}, {U (I)} - BEKTOPHI Y3JIOBBIX YCKOPEHMH,
CKOpOCTEH U MEepeMEeleHUH, [M ] ,[C ],[K ] - COOTBETCTBEHHO, MaTPHUIBl Macc, 3aTyXaHHUs U >KECTKOCTH

CHUCTEMBI.
MarpudHoe ypaBHEHHE CBOOOIHBIX KOJICOAHHM CHCTEMBI «00AeIKa-TPYHT» ToaydaeTcs u3 (2), koraa
s dexT neMnpupoBaHus U BO3ACHCTBHE BHEITHUX CHII OTCYTCTBYIOT T.€. [C]=0, {R}=0

M1+ &)U =0. 3)
Marpwuiia >keCTKOCTH DJIEMEHTAa BBIYHCIIACTCS C TOMOIIBI0 HHTErpana [8-9]:

111

k)= (81 [D)isla = [ | [ (87 [D]lslaetlslaganac @

—1-1-1

Bripaxkenue nnrerpana (4) nocie npuMmeneHus ksaapatyp ['aycca-Jlexxannpa npuBoguTcs K BULY
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=333 #,#, 1,81, [D) 5], dels] g

Marpuna sxectkoctd cuctembl [K] oOpasyercs myTeM CyMMHPOBAHHS MAaTpHIl KECTKOCTH BCEX
3JIEMEHTOB

[K]=>"[k]. 6)
i=1
ManI/H_[a MaCC CUCTEMBbI [M] (bOpMI/IpyeTCSI n3 ManI/H_I MacCC JJICMCHTOB AHAJIOTI'MYHO ManI/I]_[e

JKECTKOCTH CHCTeMbI. MaTpHIla Macc MPH3MaTHUECKOTO 3IeMEHTa uMeeT BuL [8, 9]:
m m m
[m] :ZZZHi Hj H, p[B‘jk]T [B’jk]det[‘]]a (7
i1 j=1 k=1

rae |P J - MaTpuIla, WHTEPIOJUPYIOMIas mepeMenieHrs. MaTpuila MacC CHCTEMBI TMOyYaeTcsl IIyTeM

ik
CYMMUpPOBaHUs MaTPHUILl MAaCC BCEX 3JIEMEHTOB

M1 ]. ®

Pemmenune cucrembl OOBIKHOBEHHBIX AM((EpeHIHaIbHBIX YpaBHEHHH BTOPOTO mopsaka (3) MOXKHO
3amucarh B BUIE:

Ul={pjsin(w (- o). ©
[oncrasmsist (9) B (3), morydnM oO0IIyI0 IpodIeMy COOCTBEHHBIX 3HAYCHHUN
[K]{p}=0’[M]{p}. (10)
BBeejeM 0603HaueHnE A =@ , Toraa (10) npumet BUI;
[K]{gi=AlM ]{gp}. (11)

Jst permierust 00001EeHHOM MPoOIIEeMbI COOCTBEHHBIX 3HAUCHUH MCTIOIB30BaH HTEPATHBHBIM METO/ B
MOJITPOCTPAHCTBE, OCHOBAHHBIN Ha aNTropuTMe MeTo/a SIKOOM U CBOMCTBAX MOCIE0BATEIHHOCTH
[MTtypma [10].

[Ipn uTepanMoHHBIX METOAaxX HEOOXOOUMO HAa KaXKIOM ILIare aHaJM3UpOBaTh CXOAMMOCTBH IONY-
yeHHBIX npuommkennid. [Tycts Ha (k-1) u (k)-1mare urepanuy BeIYUCICHBI TPUOIIKEHHBIE COOCTBEHHEIC

3Ha4YeHU A fk) uAi Sk”), TOrJa CXOAUMOCTb JIOCTUIaeTCsl IIPH

/1 §k+l)_ /1 Sk) .
ng, (i=12,..,n). (12)
]

O (hexTHBHOCTh BBIOPAHHOTO METOJa OOBSCHSETCS, BO-TIEPBBIX, BO3MOXKHOCTHIO BBIOOpa Hayallb-
HOT'O TIOATIPOCTPAHCTBA, JOCTATOYHO OJM3KOr0 K MCKOMBIM HaWMEHBLIMM COOCTBEHHBIM 3HAYEHUSIM; BO-
BTOPBIX, yIOOCTBa aJropuTMa IMepexoaa OT JAHHOTO HMOANPOCTPAHCTBA K IPYromy, 0OecleqrBaIOIIEMy
«HaWTy4IIero» npuobImKeHst COOCTBEHHBIX 3Ha4eHUI BEKTOpoB. KpoMme TOro, ncrnosib30BaHue CIBUTOB U
JIPYTUX YCKOPSIOMIMX MPOIEyp TaKXkKe CIIOCOOCTBYeT yBenndeHuto 3¢ dexkruHOCTH MeToaa [10].

[Ipu wuccnemoBaHMK HaNPSKEHHO-AS(HOPMHUPOBAHHOTO COCTOSHHUSI CHCTEMBl «O0IENIKa-TPYHT» Ha
ceificMu4ecKoe BO3JeiCTBHE MEPBBIM U HEOOXOAMMBIM ATANIOM pacuéTa SIBJSIETCS] ONPEAEICHUE YacTOT U
(dopM COOCTBEHHBIX KOJEOaHWH cucTeMbl. Pacu€r aMIDIMTyITHO-4ACTOTHBIX XapaKTEPUCTUK CHUCTEMBI
«00aenKa-rpyHT» BBIIONHEH UTEPALIMOHHBIM METOIOM B TIOANPOCTPAHCTBE, IPUBEACHHBIM BBIIIIC.

[omyuerno 100 mepBeIX yacToT U popM COOCTBEHHBIX KoJieOaHMIA B YaCTOTHOM JauamnaszoHe a0 22,2 'm.
B Tabnuie nprBeneHb! 3HAYEHHS HUBLINX YacTOT CBOOOTHBIX KOJNEOAHWN CHUCTEMbI «OOJeNKa-TpyHT».
Kak BuiHO, CIEKTp COOCTBEHHBIX YaCTOT CHCTEMBI «OOIENIKa-TPYHT» SIBISICTCA AOCTATOYHO MIIOTHBIM.

Ha pucynkax 1-3 moka3zaHbl IpOCTpaHCTBEHHBIE (GOPMBI (MOABI) COOCTBEHHBIX KOJICOAHUI CHCTEMBI
«OOJeNKa-TPYHTY.
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3HaueHHUsI YaCTOT CBOOOIHBIX KOJIEOaHUH CUCTEMBI «O0IeIKA-TPYHT»

Howmepa vactor

o; (I'm)

1,78

3,09

3,61

3,84

4,31

4,65

5,87

6

13

Pucynok 1 — Ilepas opma coOOCTBEHHBIX KOJICOAHUH CHCTEMBI «00IeNKa-TPyHT»

Pucynok 2 — Tpetbst hopMa cOOCTBEHHBIX KOJIEOaHUH CHCTEMBI «00IeNKa-TPYHT»
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Pucynok 3 — I[saras popma coOCTBEHHBIX KOJICOAHHI CHCTEMBI «00eTKa-TPyHT)

Mogst 1 1 2 npeAcTaBIsiOT co00i TOPU3OHTANIBHBIC KOJNIEOaHUs CI0A TPYyHTA, MPUYEM IepBas Moaa
ABJISIETCS. KOCOCUMMETPUYHOM, a BTOpas MoJa — cUMMeTpuuHOH. B momax 3-5 Oonee BbIpaKeHHBIMH
SBIISIIOTCSL BEPTHKAIIbHBIE KoJieOaHus. TpeThs Moaa SBIsIeTCS KOCOCHMMETPHYHOM, a 4-5 MOJBI — CUMMET-
puuHbiMH. Bosee BhIcokme (hopMBI, TIOKa3aHHBIE HAa PHCYHKax 1-8, MpeacTaBisSOT cO0O# I0CTAaTOYHO
CIIOKHBIE KojieOaTenbHbIe IBUKEHUS TPyHTa U, MO-BUAMMOMY, HE BHOCST CYLIECTBEHHOTO BKJaJaa IpH
OTIpeIeTICHNH CEeHCMUYECKHX TMEePEeMEIIeHn, HO MOTYT OKa3bIBaTh 3aMETHOE BIIMSHUE NPU HAXOXICHUHU
YCKOPEHHI CHCTEMBI 1 CEHCMHYECKIX HAIPsHKCHUH B KOHCTPYKIIMN 0OJICITIKH TOHHETICH.

BeiBoabl. [IpoBeseHHbIle MHOTOBapHAHTHBIE YHCIECHHBIE SKCIIEPUMEHTHI MO0 U3YYEHUIO CBOOOTHBIX
KOJIeOaHWI CHUCTEMBl «OOJEeNKa-TPyHT» TO3BOJIIN YCTAaHOBHTH, YTO HAOIOMAETCS CIOXHAs KapTHHA
nehOopMUPOBAHHS aHU30TPOITHOTO MAaCCHBA M HAXOMSIIEroCs B HEM TPEXMEPHOTO TMOA3EMHOTO COOpYKe-
HUS B TIpoliecce KoJieObaHuit, comeprxkamas B ceOs dJIEMEHTHl PACTSDKEHHS, CKAaThsl, U3ruba M KpydeHHs
(cM. pucyHku 1-3).

AHanu3 moyYeHHBIX Pe3yJbTaTOB pacueTa MOKa3bIBaeT, YTO Ha 3HAYCHHS COOCTBEHHBIX YaCTOT H
(opMBI KONIEOAHUS BIHAIOT MHOTHE (haKTOPBHL, B TOM YHMCIIE CTPOCHHE TPYHTOBOTO MacCHBa, pacipene-
JIeHHE TUIOTHOCTEH B Pa3HOPOJHBIX TPYHTaX, CHOCOOBI CTPOUTENBCTBA MOJ3EMHOTO COOPYKEHHUS, TeOMeT-
pUYECKHE €TO MTapaMeTphl.
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M. TriapimbaeB ateiHIarbl Kasak Kewik jkoHe KOMMYHUKAIsIIap akaaeMusicel, Anmatel, Kazakcran

CTAHIUSIHBIH TUIITIK BOIT'THAEI'T KATITAPJIAMACBIHbIH
KEPHEYJII-JE®@OPMAIUSJIBIK KYUIHIH OKCIHIEPUMEHTAJIb/IbI ECEIITEYI

Annotanust. )KymbIc «OeKiTIe-TonbIpak» )XyHeCciHiH aMIUTUTYAAIBIK-KHITIK CMIIATTaMAachliH 3epTTeyre OarbIT-
TaJIFaH TCOPHSUIBIK 13/I€HIC. YIII eJIeM i CTaHIUs TOHHEN 0ap aHM30TPONTHI MACCHUBIHIH €pKiH TEpOCIiCIiH YHPEHY
OolibIHIIIA CaHABIK AKCIIEPUMEHTTI )KYPri3y OapbIChiHIa TepOesy Ipoleci Ke3iHJe TONbIpaK MaccHBi FaHa redop-
MalysFa YislpaMai, OHIa OpHAJIACKaH KepacThl FUMApPATTAPBIHBIH Ja Ne(opMalHsIaHATHIHBI aHBIKTAJIFaH.

«bexiTne-TormbIpaky KYHeCiHIH aMIDTATY TANBIK-)KULUTIK CHITATTAMACHI BAPHALMAIIBIK TYPIETI IIEKTi JIEMEHTTEP
omici HeriziHze 3epTreneni. AkoOu anroput™ ce30acklHA HETI3AENTEH KeHICTIK OeiriHAeri nrepamus omiciMeH MeH-
IIKTI MOHAEPIHIH KaJIbUIaHFaH MAceseci eI,

Tyiiin ce3nep: epkiH Tepberic, kepHeyJi-nedopManusIbIK Ky, OeKiTIIe, KEPHEY, KBUDKY, aITOPUTM.
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