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TEeIUIOYTUJIM3ALIMOHHBIX YCTAaHOBKAX W IIaXTHOM
KOMIIpeccope TIpHU UX COBMECTHOI paboTe. CpaBHI-
TEJIbHBINA 9KCePreTUUECKUI aHAIN3 CUCTEM YTUIA3a-
UM TeIlIa CXXATOTo BO3AyXa IIAXTHBIX KOMITPECCOp-
HBIX YCTAaHOBOK.

Pe3ynbraTbl. BbINOIHEH 3KCEpreTMYeCKUii aHa-
JIN3 TEIJIOHACOCHOM, KOTEHEPALIMOHHOM TEXHOJIOTUI
YTUIU3ALMU Terula IIaXTHBIX KOMIIPECCOPHBIX yCcTa-
HOBOK, a TaK>K€ TEXHOJIOTMU MPSIMOTO Harpesa. Ycra-
HOBJIEHO, 4TO akcepreTuueckuii KIT/I numeet Haubo-
Jiee BBICOKOE€ 3HaueHUe B cllyyae KOoreHepaluoOHHOM’
YTUIWU3alMKu Teria, OTBOAMMOIO OT CXKMUMaeMOoOTro
BO3Ayxa, MpU paboTe TEMJ0CUJIOBOI YCTAaHOBKHU IO
TeTI0(UKAITMOHHOMY IIUKITY.

Hayunas HoBu3HA. BriepBble mpou3sBeneH mne-
TaJIbHBIN YKCEPreTUYSCKUU aHAIU3 3JIEMEHTOB CH-
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Purpose. The development of analytical methods for forecasting the stress state of sewer tunnel linings, recon-
structed by the “pipe in pipe” technology, including ones in dense urban areas, the use of which allows geome-
chanical estimation of bearing capacity of the reconstructed facilities in operation in various mining conditions for
opening stability to fulfill.

Methodology. Obtaining rigorous solutions of the plane elasticity problems using the theory of analytic func-
tions of a complex variable, conformal mapping method, apparatus of analytic continuation of complex potentials
that are regular in the half-plane simulating the rock mass through its border, properties of Cauchy type integrals,
Faber polynomials and complex series.

Findings. A mathematical model of the interaction of a sewer tunnel restored by the “pipe in pipe” technol-
ogy, with the surrounding rock (soil) mass, as elements of a common deformable system that allows more thor-
oughly considering the impact of mining and geological conditions, external influences, as well as the basic design
parameters of the lining produced due to repairs, on the bearing capacity and strength of the reconstructed under-
ground structure as a whole.

Originality. A new approach to evaluating the effectiveness of repairing sewer tunnels, which is based on geo-
mechanical criterion, obtained on a study of the stress state and bearing capacity of three-layer underground
construction created by the “pipe in pipe” technology is proposed.

Practical value. The development of an algorithm for determining the stress state of shallow collector tunnel
linings, restored by the trenchless technology, under the action of various external loads and impacts, as well as
while developing a software that enables to make multivariant designs restore sewer tunnel linings, both for re-
search purposes and in practical design.

Keywords: sewer tunnel, trenchless repair technology, stress state, lining, bearing capacity, design
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Introduction. Sewer tunnels are a component of
modern cities’ communal infrastructure. Those struc-
tures usually have a circular cross-section and repre-
sent shallow underground structures constructed in
dense housing. The technical conditions of exploita-
tion of sewer tunnels have to satisfy special require-
ments in order to prevent any accidents due to filtra-
tion and outbreak of waste water into the environment,
the consequences of which are estimated as environ-
mental disasters.

The analysis of the causes of sewer tunnel damages
shows that the main ones are the lining wearing pro-
cess in the bottom due to the abrasive action of parti-
cles of drains and the corrosion of underground struc-
tures in the crown due to the corrosive gas atmosphere
above the level of wastewater in the tunnels.

Objectives. In order to prevent accidents and ex-
tend the service life of sewers the trenchless “pipe in
pipe” technology of rebuilding the worn tunnel lin-
ings has gained widespread use in recent years. The
technology provides laying of a polyethylene pipe
within the tunnel and filling in the cavity between the
pipe and the existing tunnel lining applying special ce-
ment plugging. The lining restored in such a way rep-
resents a three-layer structure, the layers of which are
made from different materials with appropriate defor-
mation and strength characteristics. As a rule, the two
outer layers of such lining have variable thickness
(Fig. 1).

It should be noted that the methods of geomechan-
ical predicting of the stress state of reconstructed sewer
linings as three-layer underground structures and de-
termining their bearing capacity during further opera-
tions, have not been developed yet. In this regard,
studies aimed to create the corresponding analytical
design method and identify the regularities of stress
state formation in sewer tunnel linings, restored with
the “pipe in pipe” technology have been carried out at
Tula State University in recent years.

The design method proposed is realized on the
base of modern concepts of underground structure
mechanics concerning the interaction of under-
ground structures and the surrounding rock mass as
elements of a single deformable system. It is based on

backfill cement layer tunnel lining

inner tube
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Fig. 1. The cross-section of tunnel lining after re-
construction by the “pipe in pipe” technology
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Fig. 2. The design scheme

analytic solutions of four corresponding flat stress
problems, the overall design scheme of which is
shown in Fig. 2.

Here the S, semi-infinite homogeneous linearly
deformable weighty medium simulates the rock mass.
The deformation properties of the .S, medium are
characterized by applying the £, deformation modu-
lus and v, Poisson’s ratio. The .S, area is limited by
the L straight line and the L, circular hole which is
supported by a three-layer ring S; (=1, 2, 3) simulat-
ing the tunnel lining created as a result of the repair.
The outer layer of the ring .S limited by the L, and
the L, contours simulates the existing concrete tun-
nel lining. So, the L, contour has a circular shape
with a radius R;, whereas the shape of the L, contour
is significantly different from the circular one due to
local thickness reduction in the upper and in the bot-
tom parts of the lining. The .S; inner layer limited by
the L,, L, circular contours simulates the inner pipe.
The common centre C of the L,, L5 circular contours
is arranged on the vertical axis and has the y,. = a co-
ordinate. The intermediate layer .5,, bounded by the
L,, L, contours, simulates the backfill cement layer
which is created during the repair between the exist-
ing concrete lining and the inner pipe. Materials of
the S; (j = 1, 2, 3) layers possess the corresponding
values of the £}, v; (j= 1, 2, 3) deformation character-
istics.

Layers S; (j=1, 2, 3) of the ring and the .S medium
deform together, i.e., the conditions of the displace-
ment and full stress vector continuity are satisfied on
the contact lines L; (j =0, 1, 2).

The gravitational forces due to soil’s own weight
(task 1) or the pressure of the underground water
(task 2) of the level H,,, being measured from the axis
of the tunnel, are modelled by the presence of S; (=0,
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1, 2) the appropriate fields of the initial stresses in the
areas [1].

The L; inner boundary is free from external forc-
es, or loaded with a uniform normal pressure p (task
3), which corresponds to considering the most dan-
gerous operation mode of sewer tunnel during the
spillway.

On the L border of the half-plane the condition
of external forces absence is satisfied, or, in the case of
the load action on the surface caused by the weight of
buildings, structures, and vehicles (task 4), the vertical
uniformly distributed load P acting on an arbitrary
part of the border is considered.

Presentation of the main research and expla-
nation of scientific results. The solutions of elas-
ticity theory problems have been obtained by apply-
ing methods of the theory of analytic functions of
complex variables and the conformal mappings, the
apparatus of analytic continuation of complex po-
tentials, regular in the lower half-plane (which sim-
ulates the soil massif) into the upper half-plane
through its straight boundary, properties of integrals
of Cauchy type, Faber polynomials and complex se-
ries.

After introducing the Kolosov-Muskhelishvili
complex potentials ¢,(z), ¥,(z) (=0, 1,2, 3), char-
acterizing the stress-strain state of the respective areas,
the transition to the boundary value problem of the
theory of analytic functions of a complex variable is
realised under the following boundary conditions for
all considered tasks:

- at the L; boundary

P () +105 (D) +,(1) = /1 (1); (1)

-atthe L;(j=0,..., 2) contours

(bjﬂ(tj)"—tj(pjﬂ(tj)+q[j+l(tj) =
=0, )+, T+, (0))
&jﬂ ¢j+1 (tj)_tjq)jﬂ (tj)_\]]jﬂ (tj) = (2)
=2, 0,) 1, 8,0) ¥, 0) )

J

- at the L; contour

(T)3(t3)+13(~p;(t3)+\|~]3(13)=f3(t3), 3)

E.
where & .=3-4v; U, =—2— (j=0, ...,3); t,is the
J J ”“1 2(1+Vj) (/ ) '
affix of a point of the contour L; (j = 0,..., 3); f(#)
(j=0,..., 3) are the functions determined depending

on the considered load (of the problem).
The ¢, (z) W (z) (j=1,..., 3) complex potentials

inthe S;(j = 1,...,3) areas are represented in the form
of
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$,(2)=9¢,(2)+L,(2);
V() =V, (2)+ M (2)(j=123),
where the ¢«(z), y,(z)are the functions regular in cor-

responding areas .§; which turn to zero at infinity;
L(z), M(z) are the functions of the form of

C))

X(/)+ 'Y(j)
L()=-2—""—lInzg
n(l+w,)
XD _jyW ’
M, (2)=2 " Ing

— In
2n(l+))

here XV +iYY =§(X +i¥,)ds=2K mi is the
L;

main vector of external forces distributed along the

contour L; (j =0, ..., 3), K; is the real value, which is

determined according to the external load considered,

i is the imaginary unit.

Following the approach proposed by I. G. Arama-
novich and successfully developed by prof. N. N. Fo-
tieva [1], after performing the analytic continuation of
complex potentials into the upper half-plane through
the Lj straight boundary, it is possible to come to rep-
resentations similar to (4)

_ iK,

= - 1
0,(2)=9,(2) Tree, ng
. iK, &
\lfo(z)=\v0(z)—1 N Ing

0

Then with the help of the z = »,((;) rational func-
tions the conformal mapping of the exteriors of I'; unit
circles in the domain of (; variables onto the exteriors
ofthe L; (j=0,..., 3) contours in the domain of z vari-
able is performed. As a result, after the geometric di-
mensions were related to the R, value the mapping
function can be written in the form

= pm0,C)=
¢, withj=0
- n[gﬁiqvg ] withj=1 |
V=0
ri;+b withj =2,3

here g, (v=1,..., n*) are the coefficients determined as
a result of conformal mapping of the exteriors of unit
circle onto the exterior of the L contour (#" is the num-
ber of terms of series being considered to ensure the ac-
fth i er(‘o 3); b="2
curacy of the mapping ; 7, =— (j=0,...,3); b=—.
"R R,
The complex potentials which are to be determined
are represented in the form of
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ia\(zl)(j)[z;j(z):lfv +
0,(2)= +50,jia$3)(j) [g;j_l(z)]v,(j =0,1,3) ;
Yo [G@] v Ta RO =2)
2 mm[c (z)] +
v, (3)= +80,jia\(/4)(j) [CH(Z)T’U =0,1,3)

(2)(/)[(; (Z):I +2a(4)(/)P(l)(z) (j 2)

V=

1, withk<s lied:
0, withk>s PRI
PY(z) (n=0,...,) are the Faber polynomials for the
inner area limited by the L, non-circular contour.

Thus, the further solution is based on the develop-
ment of the approach proposed by G. M. Ivanov [3],
according to which the following notations are intro-
duced

Here the notation 9, ={

0,()=9,[0,,)]=9,,,)
v,[o0,€)]=v,,E,)
L()=L,,(,); M,)=M,,(,)

Herej=1, 2, 3.

In order to keep the generality of writing expres-
sions for the potentials characterizing the stress-strain
state of the .S area the ©(z) = 9o ,0(2) = 9o ,0(Co), Wo(2) =
= 0(2) = W ,0(&o) representations are applied.

Thus, taking into account the expression of y(#) =
= o = €” for the contours L; (j=0,..., 3) the next for-
mulae can be written

N 00D <k L N Vo) <k
q)j’p(c) :ch(( D) 5 +ch(c oD 5
k=1 k=0

v, , 0=+ Pk )
k=1 k=0
(JZO”3’p:j:]+1,pS3)

here the ¢{”""

of the @\ as it is done in the paper [2].
As a result, the boundary conditions at the trans-
formed domain (1—3) are written as follows

coefficients are expressed in the terms

1 ,
Qs (gj +Q,07,,0)+vy,,;(c)=

1 5 ;
~0, (L]t v,0-20 ©

(/=012)

74

1
L1, (5) ~Q,07.,,(0)~v,..,(0)=
!'Lj+l —( 1 ’ ~
= {a:j 0, (gj -Q07; (o)~ Y, (G)} -0, (o) (7)

My

@33(1)+Q3(p33( J+v..(6)=A,(0)

wherein the Q;(0)= representation is applied,

,(0
®’,(0)
while the A,(6),0,(c) (=0, 1, 2, 3) functions are
determined dependmg on the considered kind of the
load (of the problem) [ 3 ].

Thus, each problem (from the 4 ones considered)
reduces to the determination of 7 pairs of the func-
tions, from the conditions (6, 7). A special feature of
the described solution is that it reduces to the well
convergent iterative process with the consideration
of the corresponding task for a three-layered ring in
the entire plane provided available additional terms
in the boundary conditions which reflect the pres-
ence of the boundary of the half-plane in each itera-
tion.

At the beginning of the iteration process these ad-
ditional terms represented as Laurent series are zeroed
and then they are corrected in further iterations. The
iterative process continues as long as the differences

between the ¢"” (k=1,..., N); ¢ (k=1,.., N+

+2); ¢V G=1,4k=1,..,N); ¢ (j=2,3; k=
= 1,..., N + 2) coefficients of correspondingly short-
ened infinite series (11) obtained in two next approxi-
mations do not become less than a predetermined
small value e, for example, ¢ = 107.

After the unknown coefficients of the series (5)
were calculated, the stresses in the .S; (/= 1, 2, 3) lay-
ers simulating the lining, and in the .S, area simulating
the soil mass are determined using the Kolosov-
Muskhelishvili formulas. In order to verify the accu-
racy of the solution obtained, the control of the satis-
faction of the boundary conditions (6, 7) is performed.
If this satisfaction does not feature sufficient accuracy,
the N number of the terms in the infinite series which
are used in calculations has to be increased (thus, as
experience shows, the retention in series N = 30 of
terms provides sufficient accuracy for practical pur-
poses), and the e value, on the contrary, has to be de-
creased.

The solution described is implemented in the
form of full algorithm, on the basis of which appro-
priate computer software for stress state evaluation of
sewer tunnel linings is developed with the purpose of
the geomechanical assessment of the effectiveness of
reconditioning using the technology of “pipe in
pipe”.

In order to consider the approximate effect of the
stresses formed in the lining before the repair works,
the a* correction factor [3] determined on the basis of
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the data of field measurements is entered into the re-
sults of the designing the underground construction to
be recovered regarding the soil’s own weight and the
weight of the buildings before the reconstruction of the
tunnel.

The spatial character of the problem, due to the
limited size of the buildings or structures in the direc-
tion of the axis of the tunnel, is taken into account,
using the k correction factor entered into the results of
the calculation. This correction factor is defined as
the ratio of vertical stress at the point of elastic half-
space corresponding to the lining centre cross-section
caused by surface load distributed over a rectangular
area calculated using the formula by Love and accord-
ing to the relevant strip of infinite length (i.e. plane
strain).

If the surface load considered simulates the weight
of a moving vehicle, the stresses determined as the re-
sults of solving the problem described, are to be multi-
ply by the appropriate dynamic factor, which is calcu-
lated by the well-known formula as the function of
speed of a vehicle. In the case when the vehicle is mov-
ing in a direction perpendicular to the axis of the tun-
nel the stress state of the lining is determined on the
basis of multivariant calculations for different load po-
sitions relative to the tunnel and it is necessary to plot
two envelop diagrams corresponding to the maximum
values of tensile (positive) and compressive (negative)
normal tangential stresses.

The viscoelastic deformation of soil is considered
on the base of the linear hereditary creep theory with
the use of the variable modules method, according to

which the deformation characteristics of soil are pre-
sented as the time-varying functions.

The results obtained according to the method de-
scribed are to be summarized with the stresses in the
lining caused by other types of acting loads (in the
most unfavourable combinations), and then the bear-
ing capacity of the lining is checked.

The example of the design. As an example to il-
lustrate the proposed method, the results of the de-
signing the lining of sewer tunnel recovered using the
method of “pipe-in-pipe” are presented below. The
action of the load on the surface acting after the repair
work in the tunnel was considered. The following in-
puts were accepted: £, = 50 MPa, v, = 0.35; E| =
=20000 MPa, v,=0.2; E,=10000 MPa, v,=0.2; E;=
=400 MPa, v; = 0.4. The case of the most unfavour-
able load position regarding the lining stress state, is
considered with the parameters a, = 0 and b, =10 m.
The non-circular shape of the L, outline adopted re-
flects the presence of zones of local failure due to cor-
rosion and deterioration of the concrete lining in ser-
vice.

The results of the design are shown in Fig. 3 in the

form of the o{" / (Pk) dimensionless diagrams of nor-
mal tangential stresses obtained for the outer and inner
contours of each layer lining. For comparison, here
the dash lines show the corresponding stress distribu-
tion in the tunnel lining, which is located at a lesser
depth H =5 m (the values are in brackets).

As it can be seen from the results presented, in the
lining considered there are not only compressive but
comparable in magnitude tensile normal tangential

Fig. 3. Normal tangential stresses arising on the external (a, b, ¢) and internal (d, e, f) outlines of the:
outer tunnel lining (a, d), backfill cement layer (b, e) and inner tube (c, f) caused by the load on the

surface
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Fig. 4. The extremal normal tangential stresses de-
pendences on the width of the surface load in
the reconstructed tunnel lining:
1 — before repair; 2 — in backfill cement layer; 3 —
in the inner tube

stresses. It can be also noted that the stresses in the in-
ner tube are significantly lower than in other layers of
the reconstructed underground construction.

Using the developed computer software multiple
calculations were made and the basic regularities of
stress state formation in the 3-layer tunnel lining, cre-
ated as a result of repair, under various external influ-
ences were stated. So, the dependencies of the extre-
mal (maximum compressive and tensile) normal tan-
gential stresses arising at the points of internal cross-
sectional contour of each layer under consideration
lining on the main influencing factors were examined
including the ratio of the modules of deformation of
soils and lining layers materials, the depth of the tun-
nel, the position of the centre of the inner tube relative
to the axis tunnel, the position and width of the load-
ing area on the surface.

Fig. 4 illustratively shows the dependences of extre-
mal normal tangential stresses at the points of the in-
ternal contours of the underground structure described
above existing before the repair (curves /) in backfill
cement layer (curve 2) and in the inner tube (curve 3)
onthe L/R,width loading surface applied after the re-
construction of the tunnel symmetrically about its
axis. We consider two cases, corresponding to the
depth of the tunnel H/R, =5 (solid lines) and H/R, =
=10 (dash lines).

As it can be seen from Fig. 4, all dependencies of
the stresses on the width of the surface load possess an
extremal nature, while, as before, the stresses in the
inner tube are small and only marginally affected.

In general, the analysis of the formation of the
stress state of linings of sewer tunnels, reconstructed
by the “pipe in pipe” technology using the method
proposed can indicate in each case a position of the
inner pipe cross-section relative to the axis of the tun-
nel, which can significantly (up to 50 %) reduce the
extremal values stresses in all layers of the lining. This
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fact should be taken into account while designing the
repair work in sewer tunnels.

Conclusions. In conclusion it should be noted
that the proposed analytical method and the installed
laws of stress state formation in the reconstructed un-
derground structures in different mining conditions
for the geomechanical substantiation of engineering
solutions, associated with the restoration of sewers
tunnels stability are essential.
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Meta. Po3pobka aHaTITUYHOTO METOMY OLIIHKU
HaIpyXeHo-1e(OPMOBAHOTO CTaHY KPIilJIEHHS KO-
JIEKTOPHMX TYHEJIB, 110 PEKOHCTPYIOIOTHCS METOIOM
,Tpyba y Tpy0i®, y TOMy 4MCJli — B YMOBax IIiJIbHOT
MiCbKOi 3a0yd0BM, BUKOPHCTAHHS SIKOTO TO3BOJISIE
3MiliICHIOBaTH T€OMEXaHIYHU I MPOTHO3 HECYYOi 31aT-
HOCTI BiTHOBJICHUX CIIOPY y MPOLIECi eKCIUTyaTallii B
Pi3HUX TiIPHUYO-TEXHIYHUX YMOBAax [JIs 3a0e3neyeH-
HSI CTiHKOCTi BUPOOOK.

Metoauka. [lonsirae B oTpuMaHHI aHATITUYHUX
pillleHb MJIaCKMX 3a/1a4 Teopii MPy>KHOCTI 3 BUKOPUC-
TaHHSIM Teopil aHATITUYHUX (PYHKIIH KOMITJIEKCHOI
3MiHHOI, MeTOAy KOH(GOPMHOTO BiloOpakeHHs, ara-
paTy aHaJiTUYHOTO MPOMOBXKEHHSI KOMIUIEKCHUX MO~
TeHLIiaJiB, 1110 € PErYJISIPHUMM Y TiBILIOIIMHI, BJac-
TUBOCTEW iHTerpaiiB Tuiy Komri, mojgiHomiB ®abepa
Ta KOMITJIEKCHUX PSIiB.

Pe3yabraTt. Po3pobiieHa MaTeMaTUYHa MOMETb
B3a€EMOJii KpPIiIJIEHHSI KOJEKTOPHOTO TYHENIO, IO
BiIHOBJIEHUIA MeTOIOM ,Tpyda y Tpybi®, 3 HaBKO-
JIMIIIHIM MacUBOM MOpia (TPYHTOM), SIK €JIE€MEHTIB
ennHoi neopmMoBaHoi cuctemu. Lle mo3BoJisie OibI
ITOBHO BpPaXOBYBAaTH BIUIMB TipHUYO-TEOJOTIUHUX
YMOB, 30BHIIIIHIX BIUIUBIB, a TAKOX OCHOBHUX KOH-
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TEOTEXHIYHA I TIPHUYA MEXAHIKA, MAWWWNHOBYAYBAHHA

CTPYKTUBHHUX TapaMeTpiB KPIillJIeHHs, 110 CTBOPEHE
B pe3yJbTaTi peMOHTY, Ha HECydy 3JaTHICTb i Mill-
HiCThb PEKOHCTPYMUOBAHOI MiA3€MHOI CIOPYAU B Li-
JIOMY.

HaykoBa HoBH3HA. 3aIIpOITOHOBAHO HOBUIA i/~
Xig 10 OiHKY €(heKTUBHOCTI BiTHOBIIOBAJIbHOTO pe-
MOHTY KOJIEKTOPHUX TYHEJIiB, B OCHOBY SKOTO I1O-
KJIaZleHO TeOMeXaHIYHUI KpUTEPiit, 1110 0a3yeThCs Ha
JIOCTiIKeHHI Hampy>XXeHOro CTaHy Ta Hecyyoi 3aaT-
HOCTI KpiIJIeHHsI, sIKke CTBOpEHE MeTOoIOM , Tpyda y
TpyOi* Ta pO3MISIHYTE SIK TpUIIapOBa Mig3eMHa KOH-
CTPYKILis.

IIpakTuyna 3HaymmicTb. [lossirae B po3poOili
AJTOPUTMY BH3HAYCHHSI HAMPYXKCHOTO CTaHy Kpi-
TUICHHSI KOJIGKTOPHOTO TYHEII0 HETTTMOOKOTO 3aKJIa-
JIEHHSI, BIIHOBJIEHOIO METOAOM , TpyOa y Tpy0Oi®, 3a
pPi3HMX HaBaHTaXXeHb i BIUIUBIB, a TAKOX Y CTBOPEHHI
IPOrpaMHOTO 3a0e3IMeUYeHHSI, 110 T03BOJISIE BUKOHY-
BaTu OaraToBapiaHTHI pO3pPaxXyHKM BiTHOBJIEHUX KO-
JIEKTOPHUX TYHEIB SIK Yy JOCTiTHUIIbKUX LiJISX, TaK i
npyY MPaKTUYHOMY TTPOEKTYBaHHi.

KurouoBi ciaoBa: xosnekmopHuii myHenv, Gid-
HOBAH8ANbHUTL PEMOHM, 6e3mpaHulelina mexHoA0-
2isl, KpinaeHHs, HanpyJdceHUull CmakH, Hecyua 30an -
HicmMb, PO3PAXYHOK

Ilenn. Pa3paboTka aHaJIUTUYECKOro MeTola
OLIEHKU HATIPSIKEHHOTO COCTOSIHUSI 00JeJIOK KOJ-
JIEKTOPHBIX TOHHEJEN, PEKOHCTPYUPYEMbIX METO-
oM ,,Tpy6a B TpyOe™, B TOM 4YHUCJie — B YCIOBUSX
IUIOTHOM TOPOACKOM 3aCTpPOMKH, MCHOOJb30BAaHUE
KOTOPOTO MO3BOJISIET OCYIICCTBIISITh TeOMEXaHWUe-
CKMI TPOTHO3 HEeCyllel COCOOHOCTU BOCCTAaHOB-
JICHHBIX COOPYXCHHMU B IIpoliecce AKCIUTyaTallul B
pPa3IUYHBIX TOPHO-TEXHUYECKUX YCIOBUSIX LTSI 00€-
CreYeHUs YCTOMUMBOCTHU BHIPaOOTOK.

Metoauka. BxirouaeT nonydyeHue aHaJuTUYE-
CKUX pELIEHU MIOCKUX 3aJa4 TEOPUU YIPYTOCTHU C
MCIIOJIb30BaHUEM TEOPUU aHaAUTUYECKUX (HYHK-
LM KOMIUJIEKCHOTO TMEPEMEeHHOTOo, MeToda KOH-
¢opMHOro ortoOpaxkeHus, arrmapara aHaJuTUye-
CKOI'0 TIPOAOJIKEHUS KOMIUJIEKCHBIX MOTEHIIMAOB,
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PEryJISIDHBIX B TOJYIJIOCKOCTU, MOIEJUPYIOLIeit
MaccuB TOpPOJ, Yepe3 €€ I'paHuIly, CBOMCTB UHTE-
rpamoB tuna Komm, mommHomoB Pabdepa M KoM-
MJIEKCHBIX PSIAOB.

PesyabraTtbel. PaspaboraHa wMartemaruuyeckas
MOJIEJIb B3aUMOJIEVCTBUS BOCCTAHOBJIEHHOU METO-
JIoM ,,Tpy0a B TpyOe™ 00IeIK1 KOJIJIEKTOPHOTO TOH-
HeJisl ¢ OKpYKaloIIMM MacCUBOM Iopon (IrpyHTa),
KaK 3JIEMEHTOB eIMHON AeDOpMUPYEMOIi CUCTEMBbI.
OTO mo3BoJIsieT 6osiee MOJTHO YYUTHIBATh BIUSIHUE
TOPHO-TE0JIOTUUECKHUX YCIOBUI, BHEIIHUX BO3ACH-
CTBMi1, a TaK:XK€ OCHOBHBIX KOHCTPYKTUBHBIX TMapa-
METPOB 00AEIKHU, CO3aBaAEMO B pe3yJIbTaTe PEMOH-
Ta, Ha HECYIIYIO CITOCOOHOCTb U MPOYHOCTb PEKOH-
CTPYMPOBAHHOTO MOA3EMHOI0 COOPYXKEHUSI B LIEJIOM.

Hayuynas HoBu3Hna. [IpenyioxxeH HOBbIM MOAXOA K
oleHKe 3(G(OEKTUBHOCTH BOCCTAHOBUTEIBLHOTO pe-
MOHTA KOJIJIEKTOPHbBIX TOHHEJEN, B OCHOBY KOTOPOIO
MOJOXEH TIeOMEXaHWYEeCKMII KpUTepuii, Oa3upyro-
LIMICS HA MCCIEN0OBAHUM HAMTPSIXKEHHOTO COCTOSIHUS
M Hecylleil CIOoCOOHOCTH, CO3JaBaeMOil METOOOM
,,Tpy0a B TpyOe™, 00AeIKM KaK TPEXCIONHOMN Mmoa3emM-
HOM KOHCTPYKIIMU.

IIpakTHyeckasi 3HAYUMOCTb. 3aKjoyaeTcs B
pa3paboTKe aaropuTMa onpeaeaeHusI HampsKeHHO-
rO COCTOSIHUSI OOAEIKM KOJUIEKTOPHOTO TOHHES
MEJIKOTO 3aJI0KE€HUSI, BOCCTAHOBJIEHHOTO METOIO0M
,Tpy0a B TpyOe™, nMpu pa3JIMYHbIX HArpy3Kax 1 BO3-
JNEWCTBUSIX, a TaKXKe B CO3JaHWM MNPOrpPaMMHOTO
obecrieyeHusl, MO3BOJISIIOIIETO MTPOU3BOAUTH MHO-
roBapyMaHTHbIE pacyeTbl 000K BOCCTAHOBJICH-
HBIX KOJUIEKTOPHBIX TOHHEJEM KaK B HMCCenoBa-
TEJbCKUX LIEJISIX, TAK U MPU MPAKTUYECKOM TPOEK-
TUPOBAHUU.

KiioueBbie ci0oBa: KO041€KMOPHLLIL MOHHEND,
80CCMAHOBUMENbHBLI PEMOHM, OecmpaHuleliHas
mexHonoeust, 060eaka, HanpsiICeHHoe COCMosiHUe,
Hecyuias cnocoOHOCMb, pacuem

Pexomendosarno 0o nybaikauyii dokm. mexH.

nayk O. O. Cosuxckosoro. lama Ha0X00HceHHsL py -
konucy 09.04.15.
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