PO3POBKA POAOBULL KOPUCHNX KOMAJIUH

PesyabraTsl. [1o pesyabraTaM 3KCIIepUMEHTATBHBIX
WCCIIeOBAaHNI Ha JabOpaTOPHOM MOIEIN CKBAXKMHBI
TIOCTPOCHBI rpacrIecKre 3aBUCUMOCTH KPAaTHOCTU U
YCTOMYMBOCTU MEHBI OT OMNPEACAIONIMX MapAMETPOB
(tuna u konueHTtpauuu [TAB u BelecTB-cTabuam3saTo-
POB U €ro TeMIIepaTyphbl), IO KOTOPbIM BbIOMpPATIN TUII
ITAB u BelecTB-cTabMAN3aTOPOB, KOTOPhIE 00ECIIeUM -
BalOT HAMOOJIBIINE 3HAYCHUSI KPATHOCTH U YCTOMYINBO-
cty TieHbl. C UCITOIb30BaHUEM METOIOB MaTeMaThde-
CKOI CTAaTUCTUKU OIIPEAEIISTA ONTUMAaIbHBIC KOHIICH-
tpauuu [TAB u BeliecTB-cTaOUIM3aTOPOB MEHBI, BBIILIE
KOTOPBIX KPATHOCTb M YCTOMIMBOCTD TICHBI M3MEHSIIOT-
cs maio. Pazpaboransl nBe komno3unuu [1AB u Be-
IIECTB-CTA0MIN3aTOPOB IIEHBI, OHA U3 KOTOPHIX MPEeI-
Ha3HAYaeTCs I IPOMBIBKY ITECUaHBIX IIPOOOK Ha 3a-
00€ CKBaXKMHBI, a Apyrasi — U151 HEIPEPBIBHOIO BBOJA B
3aTpyOHOE MPOCTPAHCTBO CKBAXKMHBI C LIETIbIO MPEIy-
MPeXAeHUs CKOIJIEHUS TBepIoii a3kl Ha 3a00e.

Hayunas noBusHa. Ha ocHoBe skcrepumeHTasb-
HBIX MCCJIETOBaHUI YCTAHOBJICHBI 3aKOHOMEPHOCTH
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Purpose. The purpose of this work is to develop a model of a geodetic reference network (in the form of a transi-
tion graph), which is located on the territory of mining leases and is prone to disruption as a result of impact of man-
made factors to improve the reliability of surveying maintenance of open and underground mining.

Methodology. To assess the state of geodetic framework using graph theory and stochastic processes the estimation
of its reliability has been done. The analytical model of surveyor-geodetic network as a graph of conversions has been
developed. The matrix of conditional distribution functions of duration of stay of the geodetic network in different
states and matrix of transition probabilities from the previous state to the next has been complied. The average time of
duration of stay of geodetic network in a reliable and unreliable state using semi-Markov process has been estimated.

Findings. The choice of mathematical model which describes the state of geodetic network in a particular time to
the fullest extent possible has been substantiated. The length of stay of geodetic network in each of its possible fixed
states has been determined.

Originality. The use of graph theory and stochastic processes to create a mathematical model of transitions of
surveyor-geodetic network of a reliable state into an unreliable one as a result of displacement of rocks, the earth’s
surface and geodetic points located on it has been proposed for the first time. The duration of stay of the geodetic
network in each of its possible fixed states has been determined. It allows carrying out a complex of works timely to
restore geodetic network to ensure reliable surveying mining and experimental studies.

Practical value. The creation of a mathematical model of the geodetic network in the form of the transition graph
by applying graph theory and semi-Markov process, allows identifying the time of decrease in reliability of geodetic
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networks as a result of displacement of rocks under the influence of underground workings and its timely restoration

up to reliable condition.

Keywords: surveyor-geodetic network, semi-Markov process, graph theory, modeling

Introduction. The performing surveying should pro-
vide completeness, accuracy and reliability of measure-
ments and calculations for the rational use, protection of
the natural resources, for safety of mining operations.
When performing such a responsible surveying tasks as
directly mining, which has been done by counter faces,
the important role played by the assessment of the accu-
racy and the most likely reliability of measurement re-
sults. To solve such problems, we should use the theory of
measurement errors, probability theory, graph and ran-
dom processes theory, and also the NLSQ (Non-Linear
Least Squares) method. When performing surveying the
special attention needs to be paid to the geodesic network
entry points which are replacing or destroying as a result
of rocks shifting in the developed area.

The most important result of last century research in
the field of geomechanics and geodynamics is revealing
the close relationship between global and local geody-
namic geomechanical processes resulting from man-
made impact with mining array during the mining op-
erations. Identifying the characteristics and destruction
of means of forming an array of rocks, as a result of the
nature of the earth’s surface topography changes, defor-
mations of buildings and engineering structures on it,
could be achieved by integrated approach that includes
theoretical analysis and experimental work using geo-
detic, geophysical and geomechanical methods. Reli-
ability of results of experimental works directly depends
on reliability of geodesic information.

Analysis of the recent publications. The analysis of the
executed researches showed that a problem of estimation of
reliability of geodesic network is an actual scientific task in
our time. There are some devoted to this question domestic
tractates by S. P. Voytenko, K. R. Tretyak, P. G. Chernyaha,
Y. M. Kostetska, R.V.Shults, V.M. Gladilin, V.A.Vagin,
Y. M. Vizirov, Y.I.Markuze, Y.V.Radionova, A.G.Alek-
seenko etc. And also by foreign scientists such as A. R. Ami-
ri-Simkooei, W. Baarda, A. Uznanski, M. Kavouras.

In most scientific tractates domestic and foreign re-
searchers were pointed internal reliability of geodetic
network, which depends on the accuracy and network’s
configuration, comparison etc. While the stability, reli-
ability and regularity of the fundamental geodetic points
(exterior reliability) are equally important components
in evaluating the reliability of geodetic network and
should be taken into account. Assessing the reliability of
geodetic network sometimes wonders when does it lost
it, during what time it was reliable, what time does it
take to get unreliable, others. Application of the graph
theory and random processes will allow to identify the
reliability loss and to restore it.

Analysis of the recent research. The problem of reli-
ability assessment is not new, even in the 50s of the
XIX century for the solution of that time technical prob-
lems, the creation of complex systems was required, for
what were started the research in reliability field. Now
the term “reliability” is used in all areas of human’s life

ISSN 2071-2227, HaykoBui BicHuK HI'Y, 2017, N2 3

and attracts engineers, economists, mathematicians. Ac-
cording to research Kadigrob S.V. [1] to describe the op-
eration of complex systems it is inappropriate to use
Markov’s methods because of possiblity of non-standard
processes in their conditions. In Kadigrob’s opinion [1]
“when we get inaccurate values of the basic elements of
semi-Markov’s models (Matrix of conditional functions
of duration distribution in their own possible conditions
and matrix of transition’s probability of Markov’s chain,
which are inserted to the semi-Markov’s process) we are
using the fuzzy sets theory namely semi-Markov’s pro-
cesses with not clearly defined parameters”.

The difference between Semi-Markov’s random
process which has many different counted conditions
and Markov’s process is in the probability of transition
from one condition to another depends on the length of
time spent in the previous one.

The researches in field of the use of not clear semi-
Markov’s models are in many tractates that confirms ac-
tuality and perspective of researches direction. In Boyari-
nov’s tractate [2] was offered semi-Markov’s not clear
model for a mining production, that allows to reduce the
complexity of decision optimization problems In Boyari-
nov’s U.G. opinion [2] “too frequent testing leads to the
not completely use of the system, while rare testing of the
system are responsible for the accumulation of fault ele-
ments of the system, which leads to not use the system too
due to downtimes associated with its recovery”. Regard-
ing Mine Surveying and Geodesy this device allows sci-
ence to justify holding periodic and reliable check of the
elements (coordinate points) and system (geodetic and
surveying network) and also make the remedial measures
on time to help increase network reliability, which in turn
will provide reliable surveying provision of mining works.

Unsolved aspects of the problem. The tasks of the reli-
ability theory are the source of researches in the random
processes theory. Especially widely used of semi-Markov
processes gives an opportunity to describe functioning of
many systems of reliability and get the row of important
descriptions of these systems. Semi-Markov’s processes
are natural and important generalization of chains and
processes of Markov, that allow more in detail to design the
real systems in many branches of science and technology.

With appearance of new high-fidelity geodesic
equipment and technologies, with the increase of com-
plication of the systems and responsibility of executable
tasks, a necessity appeared for the effective use, from the
economic point of view, geodesic networks for the re-
ceipt of reliable results of geodetic and surveying works.
Use of the geodetic reliable planning and altimetric sur-
vey network will allow to get reliable data of topographi-
cal survey of surface and surveys measurement of the
open and underground mining and so on.

The objective. To assess the real state geodetic network
and reliability providing survey mining operations, devel-
oped an analytical model of the functioning of the mine
surveying and geodetic network based on graph theory
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and random processes and determined the length of stay
of the geodetic network in each of its fixed position.

Presentation of the main research. When assessing
the reliability of surveying and geodetic networks of any
mining region it is necessary to choose an adequate
model of its functioning at different intervals with pos-
sible transitions from one condition to another. This
problem can be solved similarly to the solution given by
the example of the geodetic network of Dnipro. In 2011
the state enterprise “Scientific-research Institute of ge-
odesy and cartography” together with the Dnipropetro-
vsk branch of the Ukrainian state scientific-production
Institute filming of cities and geo-Informatics named
after A.V.Shah fulfilled a complex of geodesic works for
further upgrading of urban geodetic network of Dnipro.
The results of the works have been analyzed in [3]. The
location of point centres in the city of Dnipropetrovsk
was performed on topographic maps in the 1 : 10 000 to
1: 100 000 scale range using external signs that remained
on the ground, the external signs on the items, identify-
ing pillars, the remnants of the external design, mounds
or recesses over the centres etc. If necessary, the detec-
tion of points on the terrain was performed using navi-
gation GPS receivers.

Field inspection of geodetic points included the fol-
lowing processes:

- searching for points on the site;

- visual examination of the centres and their external
signs with a view to determining their state and appearance;

- reporting the results of the observations.

The point was regarded as lost when there were vi-
sual signs of its existing centre destruction (e. g. a capital
building had been constructed in the place of the point,
a mound had been destroyed, a pit had been dug, or the
building had been destroyed), or when measures have
been taken to detect the centre, including instrumental
and geophysical methods yielded no positive result. The
information about the surveyed points of the state geo-
detic network are given in Table 1.

The examination of urban points of the geodetic net-
work was carried out in compliance with the current
normative document [4] and Instruction [5].

The detection of point centres of the of first-order,
second-order, third-order and fourth-order traverse and

Table 1

Statistics of the examined points of the state geodetic
network of 1%, 2" 3" and 4™ order in Dnipropetrovsk

The number of points in which
. signs/centres are preserved
Class Type of sign (destroyed)

sign center
1 pyramid 1 1
1 no external sign 1 1
2 pyramid 3(1) 3
2 no external sign 2(2) 2

3 pyramid 11 (6) 11 (1)

3 urban | pyramid 10 (6) 10 (2)
4 urban | pyramid 3(1) 3

1 and 2 discharges in urban areas was carried out using
topographic maps in the 1 : 2000—1 : 10 000 scale range
and rough sketches of traverse. Direct search for centres
in the points of traverse on the spot was performed by
linear measurements given in the rough sketches of tra-
verse and by external features that were preserved on the
terrain such as identification poles, traces of external de-
sign, metal caps or notches above the centres and the
like. If necessary, the location of the points on the site
was established using navigation GPS-receivers. Infor-
mation about the surveyed points of the geodetic net-
work of the city is presented in Table 2.
As of February 2013 geodetic fund consists of:

- the points of the state geodesic network 1—4 class — 162;
- the points of the urban polygon

measurement 1—2 categories —33;
- topographic plans of scale 1 : 5000 — 34;
- topographic plans of scale 1 : 2000 — 489;
- orthophoto scale 1 : 2000 — 568;

- plans scale 1:500 more than 500.

On the surveyed points of the state geodetic network
(SGN) and on the points of triangulation of the city the
satellite geodetic observations has been performed.

The point's coordinates (SGN) and urban triangula-
tion have been calculated in State reference geodetic co-
ordinate system USC-2000. The values of the average
quadratic errors of the computed coordinates do not
exceed 0.02 m. It should be noted that the level of abid-
ance to the points of the state geodetic network points
and urban polygon measurement today is about 60 %.

There are many examples in the history of mining
and geodetic works of a reduction in the reliability of
geodetic networks due to the fragility or poor sustain-
ability of the centres and points of control. Therefore,
the problem of long-term preservation and sustainability
of survey stations is of great importance for surveying
and geodetic production. Long-term preservation of
centres and reference points can provide special con-
structive signs, materials and the choice of their loca-
tions. It seems much more difficult to ensure the invari-
ability of the position of these signs since soils from the
surface tend to become deformed causing a shift of signs.
Therefore, it would be essential to monitor the coordi-
nates of reference geodetic points periodically in order

Table 2

Statistics of the surveyed points of the geodetic network
of the city of Dnipropetrovsk

The number of surveyed (destroyed)
Type of center geodetic points
4" order 1% category | 2" category
U-15 — 2 6
U-15n — 7 3
1 1(1) 1 —
2 — 1 —
1gr. 24 (14) 5(4) 1
5gr. 3(3) 29 (18) 30 (6)
6 gr. 9(5) 45 (11) 37

28

ISSN 2071-2227, HaykoBui BicHuk HI'Y, 2017, N2 3



PO3POBKA POAOBMUIW, KOPUCHUX KONAJINH

to assess their reliability and obtain reliable geodetic
data. The structure of the factors of influence on the re-
liability of geodetic networks is presented in Fig. 1.

Periodicity of control ¢ of position of initial stations
of geodetic network in terms of specified displacement
intensity and specified probability of rigidity of position
of geodetic stations can be identified with the help of
equation of exponential distribution of random value
P(?) = e, from which we have

_InP()
—

To select stable stations of geodetic network, possible
error intervals to determine their coordinates (Table 3)
have been calculated according to the statistical formula

f—{%}s)(sfﬂ[%}

where z(iJ =§ is estimation accuracy; “X” is local-
n
ization error; X is a mean sample; “n” is sample vol-
ume; “c” is a mean square deviation of coordinates of
geodetic stations; “f” is argument value of Laplace’s
function @(f) O(r) =v/2; and “y” is reliability.

It follows from Table 1 data that in terms of reliabil-
ity objective, the stability of geodetic stations of corre-
sponding accuracy class is determined with the help of
probability intervals of errors while positioning. A sta-
tion is supposed as unstable if positioning error goes be-
yond the probability interval [6].

Analysis of studies [7] has shown that application of
satellite approaches is efficient in the context of consid-
erable displacement rates (more than 30 mm per an-
num) when demands for determination accuracy are
bated. In the context of insignificant displacement rates

t:

Table 3
Error intervals of geodetic stations positioning [6]
2 Reliability
s 5 0.9 [ 095 0.99
£ * Error intervals of positioning, mm
1 2.88—3.12 2.86—3.14 2.82-3.18
2 19.85-20.15 19.82—-20.18 19.76—20.99
3 31.79-32.21 31.75-32.25 31.67—32.33
4 31.76—32.24 31.72—32.28 31.63—32.37

(3—10 mm per annum) it is required to lengthen inter-
vals between observational cycles considerably. If accu-
racy of displacement determination is not satisfactory
then optimum traditional technique is applied or mea-
suring GPS-based technique is changed.

Consider the sequence of loss of reliability of a sys-
tem. Under the system we mean the geodetic network,
that includes a certain number of elements, which we
will consider as geodesic points. At any given time, the
system can be in only one of two conditions: reliable (E)
or unreliable (E*). So let’s analyze the process of transi-
tions surveying-geodetic network (system) from one
state to another of any mining region (Fig. 2).

According to the Fig. 2 basic surveying-geodetic net-
work at the initial moment of time is in a reliable posi-
tion S, (the probability of constant position of geodetic
points is P > 0.9). Element or system transiting to the
position of diagnosing the S; with probable transition of
establishment p;;= 1. According to the results of the di-
agnosis: the geodetic network can move to an unreliable
state 5, (P < 0.9) with transition probability p;,= O (loss
of reliability), or to stay in a reliable state S| with a tran-
sition probability p;; = 1 — Q. To restore the normal
functioning of the element or system in an unreliable
condition $, the procedure S, should be done (a com-

‘ The reliability of surveying and geodetic network ‘

4

Stability of geodetic points
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\

Network configuration,

The effect of construction and locations of signs
on their stability, protection from vandalism
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Fig. 1. The structure of the factors in fluencing the reliability of surveying and geodetic network
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plex of rehabilitation works or reconstruction of the net-
work) with probability of transition p,, = 1 in state ;.
For description of the possible conditions of the sys-
tems (Fig. 2) Need to compose the matrices of condi-
tional functions of distribution of duration of stay F(¢) of
network in the different states and matrix of probability of
transitions from the previous condition to the following

0 0 F, 0
0 0 0 F
F(r)= 0,
E F 0 0
F, 0 0 0
41 (1)
0 010
0 0 0 1
p= :
1-0 0 0 0
1 0 00

In accordance with Fig. 2 the components of matrix
F(t) look like

0,<0

Fn.f.(Td)_ Fn.f.(Td —1)
F,(T)

Lt>T,

F@)= , 0<t<T,;

0,<0
£,

£,.(T,)

Lt>T,,

0,1<T, /.
Fa0)= Lt>T .’
=" nf.

0,<T,

ﬁ;l(t)z{lt>T, Fyy(1) = , 0<t<T,,;
h=dy

Lr.>

0,1<T, .
b= Lt>T.’

where “#” is time of stay of element or system in the condi-
tion ;, if next position of an element or system will be posi-
tion S;; F, . is a function of distribution of time of the nor-
mal functioning of element or system; 7, is the mathemat-
ics expected value of duration of diagnosticating of element
orsystem; 7}, is the value of mathematic expected duration
of loss of reliability of element or system; 7, is the value of

Fig. 2. Graph of transitions of elements (geodesic points)
or system (mine surveyor-geodesic network):

E — reliable condition of the system; E* — unreliable con-
dition of the system; S, — reliable condition of elements;
S, — unreliable condition of elements; S; — condition of
diagnosticating of elements; S, — condition of elements re-
store; Q — probability of reliability loss

30

mathematic expected duration of restoring of an element
orsystem; 7}, - is a period of the normal functioning of geo-
desic network (a network is in the reliable condition of .S));
F,. is a function of distribution of random value of 7, of
the moment of origin of instability of geodesic points.

The functions of distribution of duration of stay Fj(¢)
of geodesic network in the different conditions (Fig. 2)
determine by expression

4
E(t) = F;(p;; )
Jj=1
0,1<0
F()={F,1),0<t<T,;
Lt>T,

F(t)=Fy;, F()=F; + Fy, Fyt) = Fy,

where F,. is a function of distribution of time of diag-
nosticating of element or system.

Mean time of stay of the system in the corresponding
conditions is determined by expression

T, = [[1-F@) Jdr; 3)

O —— 8

0 Tl‘l
n=[[1-F@®]dt=T, - [ F, (dt; T,=T,;
0 0

T,

1 K
Ty=— [ F, (T, -0, T,=T,,.
3 Fr(Td)'([ lr\"d. 4 S

Thus, application of semi Markov processes at the
estimation of reliability of the mine surveyor-geodesic
network allows to create the model of network’s transi-
tions from one condition to another, and also calculate
time of the transition.

Conclusions and recommendations for further re-
search. The given analytical model of functioning of the
system in a kind of a graph of transitions can be applied
for the estimation of reliability of the mine surveyor-geo-
detic networks that are located on territory of conduct of
mining works, and also geodetic control networks, for
works of national inventory in mining industrial regions.
Timely determination of the condition of loss of reliabil-
ity of networks based on results the repeated control of
coordinates of geodesic points and implementation of
complex of works on their restore will allow to promote
exactness and quality of conduct of mine surveyor, geo-
detic and cadastre operations with the receipt of reliable
results. The use of the reliable mine surveyor-geodetic
basis will allow to promote exactness of determination of
the areas of the concessions and their taxation, the ex-
actness of determination of mineral supplies in storages,
area and volume of ash disposal area others like that.
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Meta. Po3pobka momeni yHKIIiOHYBaHHS reoje-
3UYHOI OMOPHOI MepexXi (y BUTTIALL rpady MepexoIiB),
pO3TalllOBaHOI HA TEPUTOPii TIPHUYMX BiIBeIEHb, IO
CXWJIbHA [0 TOPYIIEHHS B Pe3yJbTaTi BIUIMBY TEXHO-
TeHHOTO YMHHUKA, IJIS MiABUILEHHS HaliltHOCTi MapK-
HefiaepcbKoro 3ade3neyeHHs BiIKPUTUX i MiI3eMHUX
TipHUYUX POOIT.

MeTtoauka. /1151 OLiHKY CTaHy reoe3u4HOI OCHOBU
BUKOHAaHa OlliHKa il HaAiHOCTI i3 3aCTOCYBaHHSIM T€O-
pii rpadiB i BunaaKoBux mnpoiieciB. Po3pobiena aHai-
TUYHA MOJENb (PYHKIIIOHYBAaHHS MapKIIEHIePChKO-Te-
OIIe3MIHOI MepeXi y BUIIIsii rpady nepexomiB. Ckiame-
Ha MaTpullg YMOBHUX (DYHKIII PO3MOIiTY TPUBAJIOCTI
nepeOyBaHHSI Teofe3MYHOl MepexXi B pi3HUX CTaHax i
MaTpullsl HIMOBIpHOCTI IePeXOiB i3 moIepeaHbOro cTa-
Hy B HacTynmHuii. BusHaueHo cepenHiii yac rnepeOyBaH-
HS1 Te0Ie3MYHOI MepexXi B HaailHOMY Ta HeHadiitHOMY
CTaHi 3 BUKOPUCTaHHSIM HalliBMapKiBChbKOI'O ITPOILIeCy.

Pe3yabratu. OOrpyHTOBaHO BMOIp MaTeMaTUYHOI
MOJIEJNi, 1110 HAWOIbII MOBHO OMUCYE CTaH reoae3ny-
HOI MepexXi B KOHKPETHUII MOMEHT Yacy, a TAKOX BU-
3Ha4YeHa TPUBAJICTh NepeOyBaHHS Te0e3nIHOI Mepe-
Xi B KOXKHOMY 3 11 MOXJTUBUX (DiKCOBAaHUX CTAHIB.

HaykoBa HOBH3HA. YIIepIiie 3aIlpOIIOHOBAaHE BUKO-
pUCTaHHSI Teopii TpadiB i BUITATKOBUX TIPOLIECIB IS
CTBOPEHHSI MaTeMaTUYHOI MOJIeJli TIepexXodiB MapKIlei-
JIEpPCbKO-Te0JIe3MYHOI MEpeXi 3 HaliifHOro CTaHy B He-
HaMiHUI y pe3yabTaTi 3pylleHb TiCbKUX TOopil, 3eMHOI
MOBEPXHi Ta TeOAe3UMYHUX IyHKTIB, PO3TAIlIOBAaHUX Ha
Hill. BuzHauyeHa TpuBaJicTbh NepeOyBaHHS T€ONe3UYHOI
Mepexi B KOXXHOMY 3 ii (pikcOBaHMX CTaHiB, 1110 JO3BOJISIE
CBOEYACHO BUKOHATU KOMILIEKC POOIT 3 ii BITHOBJIEHHS
JUTS HaiifHOTO MapKIIeHnepchKoro 3abe3rneyeHHs Tip-
HUYUX POOIT Ta EKCIIEPUMEHTATbHUX TOCTIIKEHb.

IIpakTuyna 3HauumicTh. CTBOPEHHST MaTeMaTUIHOT
Mopeai (YHKILIOHYBaHHSI MapKIlleiaepchKo-reoae-
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3MYHOI MepexXi y BULJISIAI rpady rnepexoniB Ha OCHOBI
3aCTOCYBaHHS Teopii rpadiB i HaMMiBMapKiCbKOIO TIpo-
1IeCY TO3BOJISIE BUSIBUT MOMEHT 3HUKCHHS HaIiliHOC-
Ti Mepexi B pe3ybTaTi 3pylleHb TipChbKX IMOpid Mif
BIUTMBOM MiI3¢MHUX PO3POOOK i CBOEYACHO BUKOHATHU
il BiMHOBJIEHHSI 1O HAAIAHOIO CTaHY.

KimouoBi cioBa: mapkueiioepcovio-eeode3uuna mepe-
Jca, HaniemapkiecvKull npoyec, meopis epagie, modenio-
BaHHS

Iems. PaspaboTka Momenn (GYHKIMOHUPOBAHUS
Te0Je3MIECKOI OMOPHOI CeTH (B BUIe rpacda mepexo-
JIOB), PacIOJIOKEHHOI Ha TePPUTOPUU TOPHBIX OTBO-
JIOB, KOTOpasi CKJIOHHAa K HapylIeHUIO B pe3yJbTaTe
BO3IEMCTBUSI TEXHOTEHHOro (hakTopa, ISl MOBBIIIE-
HUSI HaJIeXKHOCTY MapKIlleiaepcKoro ooecrneyeHus oT-
KPBITBIX Y TTOA3€MHBIX TOPHBIX pa0oT.

Metoauka. JIJ1s1 OLIEHKM COCTOSIHUSI T€01e3UYECKOi
OCHOBBI BBITIOJTHEHA OLIEHKA €€ HAIeKHOCTU C MPUMEHEe-
HHEM Teopuu rpadoB U CIYJaiHBIX TIporeccoB. Paspa-
0oTaHa aHaJIMTHYECKasT Momeidb (DYHKIIMOHUPOBAHUS
MapKIIIeaepcKo-Teone3MIecKoi CeTH B Bue Tpada me-
pexonoB. CocrapjicHa MaTpuIla YCJIOBHBIX (DYHKIIUI
pacripenesieHusT TPOIODKATEIbBHOCTY TTPeObIBAHNS T€0-
JIE3UYECKON CETU B Pa3IUYHBIX COCTOSIHMSIX M MaTpUIla
BEPOSITHOCTH TIEPEXOA0B U3 MPEIBIAYILEr0 COCTOSIHUS B
caenytounee. OnpeneseHo cpenHee BpeMsl MpeObIBaHUS
re0/Ie3UYECKO CEeTU B HAIesKHOM 1 HEHAIEXKHOM COCTO-
STHUU C UCITOJIb30BaHUEM TTOJTYyMapKOBCKUX ITPOIIECCOB.

Pe3ynbTatel. O60CHOBAH BBHIOOP MaTeMaTUYECKON
MoJIeJIv, KOTopasi HauboJiee IMOJTHO OMMCHIBAET COCTO-
SHUEC TCONEe3WYCCKON CeTM B KOHKPETHBIE MOMEHT
BpEMEHHU, a TaKKe OIpelcsieHa IMPOIOIKUTEILHOCTD
IMpeObIBaHNS TeOAe3MIECKOM CETU B KaXKIOM M3 €€ BO3-
MOXKHBIX (PUKCHPOBAHHBIX COCTOSTHUIA.

Hayuynas noBusHa. BriepBblie npeaiokeHO UCIOJIb-
30BaHUE TeOpUU IpadoB U CIyYaWHBIX TTPOLIECCOB IS
CO3IaHUsI MaTeMaTUYeCKO MOMIeIU TIEPEXOI0B MapK-
LIEUIEPCKO-TEONE3NYECKON CETU U3 HANEXKHOIo CO-
CTOSIHUS B HEHAZIEXKHOE B pe3y/bTaTe CABUXKEHUS TOp-
HBIX TTOPOJ, 3€MHOI TIOBEPXHOCTU U T'eOAC3UIECKUX
ITyHKTOB, pacojIoKeHHBIX Ha Heil. OmnpeneneHa mpo-
JIOJKUTEIBHOCTD TTPeObIBAHMS T€0IE3UUECKOl CeTH B
KaXXIIOM M3 €€ BO3MOXHBIX (DUKCUPOBAHHBIX COCTOSI-
HUI, KOTOpasl TTO3BOJISIET CBOEBPEMEHHO BBITIOJIHSTH
KOMIUIEKC padoT I10 ¢ BOCCTAHOBIICHUIO IUISI HAIEeXK-
HOTO MapKIIeHaepcKoro ooecIieueHus TOPHBIX padboT
1 3KCTIEPUMEHTAIBHBIX UCCIICIOBAHUIA.

IIpakTuyeckas 3HaumMocTh. Co3maHue MaTeMaruye-
CKoIt Moaenu (hyHKIIMOHUPOBAHUST MapKIIeiaepcKo-Te-
OlIe3UYECKOl CeT B BUIE rpada rmepexoioB Ha OCHOBE
MPUMEHEHMS TeOpuU rpadoB U MOJTyMapKOBCKOTO MPO-
11ecca IMo3BOJISIET BBISIBUTh MOMEHT CHYDKEHUST HAJIESKHO-
CTM CETH B pe3yJibTaTe CIBWXKEHUSI TOPHBIX TTOPOJ TIOf
BJIMSTHUEM TIOA3EMHBIX Pa3pabOTOK Y CBOEBPEMEHHO BhI-
TTOJTHUTH €€ BOCCTAHOBIICHHE O HAIEXKHOTO COCTOSTHUS.

KimoueBble clioBa: mapkueiidepcko-eeode3uueckas
cemb, NOAYMAPKOBCKUIL npoyecc, meopus epagos, mode-
AuUposatue

Pexomendoseano 0o nybaixauyii dokm. mexH. HAyK
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