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Purpose. The aim of the research is using boundary values of parameters related to terrestrial surface displacement
and clearing wastes of the rated scheme for forecasting a trajectory of the maximum subsidence points on the terrestrial
surface at the stage of clearing works devel opment.

M ethodology. Empirical coefficients of mathematical dependences are determined in two ways: on the basis of pro-
cessing experimental data by a method of least squares and according to the rated scheme using boundary values of pa-
rameters of terrestrial surface displacement and clearing wastes. The technique aims at establishment of the equivalence
of these methods and the type of mathematical dependence, most accurately describing a trgjectory of the maximum
subsidence points on the terrestrial surface.

Findings. The exponential equation most precisely describes atrajectory of the maximum subsidence points on the
terrestrial surface. The equivaence of ways of empirical coefficients determination has been established.

Originality. On the basis of the proximity of empirical coefficients determined by different ways, it has been proved
that forecasting the trajectory of the maximum subsidence points on the terrestrial surface on the basis of boundary val-
ues of parameters of terrestrial surface displacement and clearing wastesis possible.

Practical value. Determination of empirical coefficients of the mathematical equations by the offered way will al-
low to further avoid labor- and time-consuming direct supervisions to receive experimental data and perform their pro-

cessing by the method of |east squares.
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Statement of the problem. The solution of many
topical mining production problems is associated with
processes of used rocks and earth surface displacement.
These include the choice of location and bearing capacity
of the development workings lining, justification of roof
control method in clearing faces, the forecast of gassing in
goaf and the selection of ventilation schemes of mines and
excavation sites, protection and safe working off water and
other objects on the earth surface. The most promising
forecast method for defining displacement parameters of
the earth surface is mathematical modeling.

Analysis of recent research. Conventiona mathe-
matical models [1, 2] describe only a particular case of
the earth surface subsidence after its complete undermin-
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ing. The initial stage of surface subsidence and subse-
guent changes in parameters of displacement mould dur-
ing the development of treatment works to complete un-
dermining are not considered by known mathematical
models.

The mathematical description of the stage of treat-
ment works development is studied the least, except valid
work [3], which shows the results of research only for
conditions of Western Donbass mines, but there are no
generalizing recommendations which could be used for
other mining and geological conditions.

Segregation of unsolved problems. Determining the
trajectory of maximum earth surface points' subsidence
is necessary for mathematical description of processes
parameters change in the displacement mould during the
development of treatment works.
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Currently, the solution of this problem is possible on-
ly on the basis of processing experimental point data, be-
cause direct and continuous determination of the maxi-
mum earth's surface subsidence is almost impossible
given the potential of modern devices. For this reason,
the most promising direction is mathematical modeling
by computational schemes. In the original computational
scheme, we laid scientific principles of formation param-
eters of the earth surface displacement mould during pro-
cessing of shallow coal seams [4]. This scheme consists
of two fundamentally different approaches to the calcula-
tion of parameters at different stages of treatment works.

The first stage is characterized by the beginning of
the earth surface displacement to its complete undermin-
ing (formation of the mould flat bottom). The main influ-
encing factor at this stage is the degree of second work-
ing development (one of the options is removal of the
stope from the cut furnace). The maximum subsidence of
the earth surface points is considered in relation to the
boundaries of second working (goaf).

The second stage for a single face is associated only
with the movement of stope after attaining the full earth
surface undermining. Movement process parameters are
considered in coordinates for this stage, taking into ac-
count the position of the stope projection relative to a
point on the earth surface. Mathematical models of the
process of earth surface shifting for this stepage are de-
scribed inworks[1, 2].

Considering the current state of this question, mathe-
matical description of the trgectory of earth surface
points maximum subsidence is the cutting-edge scientific
and practical problem.

The purposes of theresearch are:

- to prove the possibility of using geometric dimen-
sions of the stope and calculation scheme parameters for
determination of empirical coefficients of mathematical
functions;

- to establish the form of the equation, which de-
scribes the trgjectory of the earth surface points maxi-
mum subsidence most accurately;

- to test the application of parameters of the earth sur-
face subsidence mould and stope, calculated according to
regulatory documents, to determine the empirical coeffi-
cients of equations.

The main material of the study. Surveying observa-
tions for the earth surface subsidence over second min-
ing, represented in works of V.A. Nazarenko [3] (mines
“Stepnaya’, “Jubileynaya’, “Pershotravneva’),
G.A. Averin [6] (mine “M.V.Frunze’), A.F. Borzyh [7]
(mine  “P.L.Voykova), M.A. lofisa  (mine
“G.G.Kapustina”) and V.G.Larchenko [9] (mine “Step-
nayd’), indicates the presence of regularities of the sub-
sidence mould formation.

On the basis of experimental data, it is proved that in
some geological conditions with a constant power of
formation’s development (m), the depth of reference
works (H) and strength properties of undermined rocks,
the maximum subsidence of the earth surface points
(n,,) isin close function with a change in one of geo-

metric dimensions (L) of second mining (goaf).

According to the generalized calculation scheme [4],
the trgjectory of the earth surface points maximum subsid-
ence can be forecast, using the parameters of the second
mining and displacement mould at the surface (fig. 1).

Preliminary analysis of the known experimental data
showed that the trgjectory curve of maximum subsidence
of earth surface points (1) can be described by a lognor-
mal, exponential or hyperbolic curve.

The trgjectory of maximum subsidence of the earth
surface points for lognormal dependence is described by
the equation

n,=alnL+b. (D

/e —— P———

Qm 3

Fig. 1. The estimated trajectory (1) of the maximum
subsidence of earth surface points 7, when

resizing L of undermining space: A — point of the
earth surface, where earth surface shifting begins;
L, — size of developed space, corresponding to
the beginning of earth surface shifting; L, — size

of the purification mining, characterizing com-
plete earth surface undermining; 7q— depth of the

flat bottom of displacement mould; 7, — final
surface subsidence

Coefficients a and b according to the scheme (Fig. 1)
are defined by parameters of the second mining L, and

L, . Vaue L, corresponds to the beginning of the dis-

placement of point “A” on the earth surface. Its position is
found from the condition,,, = 0, then from equation (1)

b=-alnL,.

The depth of the flat bottom of the displacement mould
(770 ) is equd approximately to the final subsidence of the

earth surface (7, ). According to [1] 7, ~ (0,97 +0,99)7, , if
it allowsto use the equality

77}11 znl{' zczlnL}’l-"_b

and to get a system of equations for determination of co-
efficients a and b

b=-alnL,
b=n,-alnL,
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Solving this system of equations, we find coefficients
for equation (1)

o, .
“TnL, —InL) @

-n,-InL,,

“(nL, —InL,) " ®)

Similarly, we determine coefficients for the exponen-
tial dependence

nm=a+b-exp(c-L). (4

Exponential function approaches asymptotically the
maximum value of its coefficient a, which is equal
numerically to the final subsidence of the earth sur-
face n, .

According to the condition of the initial displacement of
the earth surface (77, = 0 ), we determine the coefficient b

b= —a _ —k
exp(c-L,) exp(c-L,)

The formation of displacement mould flat bottom
of corresponds to the condition

Nm =1, =(0.97+0.99)7n, =k-n,.

Substituting this expression in equation (4) and taking
into account equality a=r7, , we find the coefficient b
from the condition of the flat bottom formation

b (k-Dn,
exp(c-L,)

Considering al the above, we get the dependence of
the coefficient ¢ on the sought-for parameters

_In1-k)
. (L}’I_LH) . (5)

The coefficient b value according to the diagram
(fig. 1) and equation (5) will be equal in the final ver-
sion

po (K=Dme A=K)7, . (8)
exp(c-L,)  explin(l-k)-L,/(L,-L,)]

Coefficients a and b for hyperbolic dependence

a
77m:r+b (7)
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we determine from the conditions of the initial surface
subsidence (7,, =0) and the formation of displacement

mould flat bottom (77,, = 77,.)

(Ln - LH)
a=— Mk Ln Lu ) (9)
Ln - LH

To test the possibility of equations (1, 4, 7) practical
use we calculate coefficients (a, b and ¢) for specific
geological conditions, respectively by the method of |east
squares and equations (2, 3, 5, 6, 8, 9). Values of parame-
ters(L,,L, .n..7, ), incoming into these equations, we
identified previously in two ways.

In one case, they were determined visualy on the
graphs, based on experimental data, for specific geologi-
cal and mining conditions.

In the other case, their calculation was made accord-
ing to recommendations of the normative document [5].
This calculation has some conditional character due to
the lack of determination specificity of unknown parame-
ters. For example, it is recommended to determine the
beginning of the earth surface subsidence from the condi-
tion L, =(0.1+0.3)H - The size of undermining space

characterizing the condition of complete undermining
and the end of displacement process, is calculated by the
equation L,=(1.2+1.4)H - These dependences do not

consider, except for the depth of treatment works, other
mining and geological factors. The influence of H in de-
fining L, and L, was taken as the averaging of recom-

mended coefficients.

Maximum earth surface subsidence, with the full un-
dermining, depends on the power of doping layer
N, =dom [5]. Coefficient gy are chosen in the range

0.75 + 0.85, considering the type of coal.

Desired coefficients of equations (1, 4, 7), defined in
three ways, are shown in tables 1 and 2 for these depend-
encies.

The most reliable and common method of equations
empirical coefficients definition is the processing of ex-
perimental data by the least squares method. Equations
(1,4,7), coefficients of which are determined by least
squares method, described practically functionally the
trajectory of maximum subsidence of earth surface points
for each specific object. Correlation ratios (R) were with-
in the range 0.920 + 0.998 (tables 1 and 2). For this rea-
sons, we can assume, that coefficients (q, ,b,,c, ), de-
termined by the least squares method, correspond, a high
probability to specific conditions of experiments for each
specific object. Comparing values a, , b,, ¢, with coef-
ficients ay , by, ¢4 n a,, b,, c,, we can set the pos-
sibility of using the calculation scheme (fig. 1) and equa
tions (1, 4, 7) for forecasting the trajectory of maximum
subsidence of earth surface points.
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Estimation of closeness of the connection between
coefficients of equations, defined in many ways, was
done by values of paired coefficients of correlation be-
tween them (table 3). The closest connection between
coefficients is set, when they were calculated on the ac-
tual parameters (7m,,7.,L, ., L.) of displacement

mould and second mining (r = 0.867 +~ 0.997). Thisin-
dicates principled possibility of using the design
scheme (fig. 1) and the equations (1, 4, 7) to simulate
the trgjectory of maximum subsidence of earth surface

points. Lower paired correlation coefficients (r =
0.299 + 0.791) were obtained during determining the
input parameters (7m. 7., L, , L), according to regu-
latory documents [5]. This indicates the insufficient ac-
curacy of calculation of input parameters. For their de-
fining, except m and H, it is necessary to take into
account additional influencing factors. These factors
can be the strength properties of rocks, the speed of
stope movement, the angle of seam’sincidence, the size
of second mining and some others.

Table 1

The results of determining coefficients of the lognormal and the hyperbolic equations
according to experimental data[3, 6-9]

The method of coefficients determination

for alognormal dependence

For a hyperbolic dependence

Mine, bed
(excavation),
literary
source

According to the
factual
parameters

Least square method
* [5]

According to

according to the
factual
parameters

Least square method According to [5]

R ad, bd’ a

R ag by, a, b,

S,
Cs

(excavation 373 | -1448 | 0.978 363 | -1415 | 454 | -1652

zone
715,713),[3]

-34500 688 0.930 -37871 773 -38173 1005

“Stepnaya’,
Ce
(excavation
zone606) , [3]

606 | -2078 | 0.982 | 646 | -2333 | 477 | -1516

-53000 1280 | 0.978 -45638 1233 -25329 1055

“Stepnayd’,
Ce
(excavation
zone 604) , [3]

473 | -1623 | 0.987 449 -1527 418 -1421

-35000 977 0.988 -30727 1024 -27726 924

“Pershotravne-
va', ¢y

(excavation | 187 | -596 | 0985 | 217 | -681 | 286 | -954

zone 302,
304),[3]

-14000 487 0.920 -12778 556 -17737 633

“Jubileynayd’,
G

@ndessten. | 312 | -1034 | 0987 | 336 | -1184 | 453 | -1494

excavaion
zone), [3]

-26700 712 0.989 -24504 721 -27109 1004

“Jubileynayd’,
Cs
(excavation
zone 605,
607),[3]

3% | -1605 | 0,977 375 | -1501 | 323 | -1262

-49600 820 | 0.968 -44669 812 -35691 714

“Jubileynaya’,
(excavation
zone 530)
Cg- 13l

551 | -2026 | 0.983 522 -1854 | 454 | -1545

-40600 958 0.931 -38914 1112 -30136 1005

M.V. Frunze,
hg, [6]

236 | -1237 | 0.960 265 -1385 | 561 -2913

-105000 475 0.955 -98619 527 -223364 1241

P.L. Voykov,

k% 7 344 | -1779 | 0.970 310 -1592 401 -1974

-104000 557 | 0.942 | -103619 610 -122318 886

Polishmine, [8] | 719 | -3176 | 0.860 | 1188 | -5879 705 | -2669

-206000 1652 | 0.938 | -255014 1809 -68640 1560

G.G. Kaputin,
thH

420 | -1423 | 0.997 432 -1499 954 | -3768

-57000 1186 | 0.951 -39844 1245 -109696 2110

Sepnyel, | a4z | gaa | 0940 | 387 | -1213 | 411 | -1253

Ce, [9]

-26000 1000 | 0.989 -22032 958 -19176 913
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Table 2
Theresults of determining coefficients of the exponential equation according to experimental data[3, 6-9]
Themethod of coefficients determining
Mine, bed according to thefactud "
(excavation zone), Leest square method perameters accordingto[9]
literary source
aK bK' CK R ad) bdj Cd) all bll Cll
“Stepnayd’, ¢y
. 648 -1350 -0.0150 0.970 640 -1442 -0.0166 850 -1731 | -0.0187
(excavation zone 715, 713), [3]
“Stepnaya’, Cg
) 980 -2450 -0.0250 0.994 950 -3053 -0.0316 893 -1819 | -0.0296
(excavation zone 606) , [3]
“Sq)nayd‘! Ce
. 899 -1450 -0.0160 0.991 880 -1671 -0.0214 782 -1593 | -0.0237
(excavation zone 604) , [3]
“Pershotravneva’, ¢,
. 4 532 -665 -0.0095 0.997 500 =772 -0.0189 536 -1092 | -0.0254
(excavation zone 302, 304), [3]
“Jubileynayel’, ¢,
. 630 -1210 -0.0190 0.991 600 -1318 -0.0232 850 -1727 | -0.0263
(2-nd east. excavetion zone), [3]
“Jubileynaye’’, g
. 708 -1180 -0.0093 0.973 680 -1454 -0.0138 604 -1230 | -0.0142
(excavation zone 605, 607) , [3]
“Jubileynaya’,
(excavationzone530) (., [3] | 984 | -1550 | -00128 | 0971 | 922 | -2063 | -00230 | 850 | -1731 | -0.0237
6
M.V. Frunze, hg, [6] 428 -750 -0.0030 0.940 419 -1153 -0.0054 1050 -2138 | -0.0040
PL. Voykov, i, [7] 540 -900 -0.0030 | 0.967 480 -1379 | -0.0062 750 -1527 | -0.0052
Polish mine, [8] 1122 -9350 -0.0150 0.997 1080 -15122 -0.0187 1320 -2688 | -0.0162
G.G. Kapustin, ms" 1178 -1500 -0.0075 0.989 1160 -1546 -0.0090 1785 -3635 | -0.0137
“Stepnayd’, Cs, [9] 853 -1550 -0.0260 0.998 852 -1386 -0.0212 774 -1564 | -0.0335
Table 3 sguares method, and straight averaging must be identical

Determination results of paired correlation coefficients
between coefficients of equations (1, 4, 7)

g0 Vaueof par correlation coefficients(r)
55 . forthe forthe
3 .§ for thee(pgqn;ma lognormal hyperbolic de-
g g P dependence pendence

B aK bK CK aK bK aK bK
“%logr| — | — |osw| — |osm| —
b

| _ |owe| — | — |o088| — |09
C

o | — Josr| — | — | — | —
9l oe21| — | — |o0383| — |04 | —
Byl loms | — | — |oxe| — |osm
Gl | — fom| — | — | — | =

Departing from the values of paired correlation coef-
ficients, defined on the basis of actual and calculated
values of input parameters, the most suitable function is
an exponential equation to simulate the trgjectory of the
earth surface points maximum subsidence. More detailed
examination of this equation coefficients (4) peculiarities
features of their definition (fig. 2).

Ideally, calculated coefficients of the equation must
be identical to the coefficients, determined by the least
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to the bisector of the grid. The determination of the coef-
ficient ay isvery closeto asimilar value (fig. 2, ).

The averaging straight (1) almost coincides with
the bisector of the grid (3). Some errors in the deter-
mination of g, are associated with inaccuracy of cal-
culation of input parameters according to [5]. As are-
sult, the averaging straight (2) is located slightly
above the bisector (3) of the grid, and the points have
a significant deviation from the approximating straight
line.

Despite the high correlation coefficient (r = 0,996) of
connection between the by, and b, , averaging straight
(1) does not coincide with the bisector (3) of the grid
(fig. 2, b). Also the averaging straight (2) of coefficient
(b, ) does not coincide with the bisector. This indicates
the necessity to adjust the coefficient by, downwards,

and change the coefficient b, to theincrease.
Averaging straights (1) and (2) for coefficients c,,
and ¢, are above the bisector (3) of the grid (fig. 2, c),

and, therefore, to improve the prediction accuracy of
the trajectory of the earth surface points maximum
subsidence, it is necessary to justify making amend-
ments for specific mining and geological conditions.
Despite some variations of coefficientsay, , by, ¢y

from a,, b,, c,, exponential dependence describes

quite accurately the trgjectory of maximum subsidence of
earth surface points (fig. 3).
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Fig. 2. Relationship between coefficients of the expo-
nential equation (4), determined in different ways:
1- averaging straight of the connection between
coefficients (agy, by, cy), calculated from the

actual parameters, with the least squares method
(a,, b, c.); 2 —averaging straight of the con-
nection between coefficients (a,,, b, , ¢, ), calcu-

lated according to [5], with least squares method
(a,, be, c¢); 3 — bisectors of grids, m,
o — values of coefficients for specific geological
conditions, determined according to the design
scheme, respectively by actual parameters of dis-
placement moulds and second minings and ac-
cording to methods [5]

This confirms the possibility of using the design
scheme (fig. 1) and the exponential equation (4) for
mathematical modeling of maximum subsidence of
earth surface points. The necessary condition for thisis
reliable determination of 7y, 7., L,, L. These pa
rameters are studied enough for the Western Donbas
mines, what is reflected in recommendations of the
normative document [5].
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Fig. 3. The example of determining the trajectory of

maximum subsidence of the earth surface points:
a — mine “Sepnaya”’ [3]; b — mine “P.L. Voy-
kov' [7]; ¢ —mine “ Jubileynaya” [3]; d — Polish
mine [8]; 1- curves, defined by the least squares
method; 2, 3 — trajectories, calculated according
to the design scheme (fig. 1), with using respec-
tively of actual parameters of displacement
moulds and cal culated according to the normative
document [5]; e —experimental data
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This is confirmed by matching the actua trajectories
of the earth surface points maximum subsidence with
curves calculated by input parameters according to [5]
for mines of this region (Fig. 3, a and ¢). Such compli-
ance is not observed for other objects of mining-
industrial areas. For example, for anthracite seams, ac-
cording to [5], the maximum subsidence of the earth sur-
face is significantly overestimated (Fig. 3, b), and for the
Polish mine, a big uncertainty in determination of the pa-
rameter L, is added to the same unconformity (Fig. 3,

d). These facts indicate the necessity for a more detailed
study of parameters 7., 7., L,, L., and for amend-

ments in the normative document.

These studies |ed to the following conclusions:

- boundary values of displacement moulds parameters
and second workings can be used to determine empirical
coefficients of mathematical dependences of the trgjecto-
ry of the earth surface points maximum subsidence;

- exponential equation describes most accurate by the
tragjectory of the earth surface points maximum subsid-
ence, compared with other types of mathematical func-
tions;

- parameters of displacement moulds and second
workings, calculated according to the regulatory docu-
ment, can be used to predict the trajectory of the earth
surface points maximum subsidence only for Western
Donbass' mines. More research is needed for other re-
gions.
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Merta. JloBecTH MOXIIMBICTh BUKOPUCTAHHS TPAHUY-
HHX 3HAYeHb IIapaMeTpiB MyJIb]] 3pyLICHHS 3¢MHOI II0Be-
pPXHI Ta OYMCHUX BUPOOOK PO3PaXyHKOBOI CXEMH [UIs
MPOTHO3YBaHHS TPAEKTOPIi MaKCHMaILHOTO OCIJaHHs
TOYOK 36MHOI IIOBEPXHI Ha CTaii PO3BUTKY OYMCHUX PO-
0ir.

Metoanka. BusHaueHHs eMmipuuHNX KoedilieHTIB
MaTeMaTHYHHUX 3aJIGKHOCTEH ABOMA Croco0aMu: Ha Mij-
cTaBi OOpOOKHM EKCIEPUMEHTAIBHUX JAHUX METOIOM
HalMEHIIMX KBaApaTiB 1 3TiHO 3 PO3pPaxyHKOBOIO CXe-
MOIO 3 BUKOPHUCTaHHSIM I'PaHHYHUX 3HAUYCHb IIapaMeTpiB
MyJIBJI 3pYLICHHS Ta OYMCHHUX BHPOOOK. BcraHOBICHHS
PIBHOLIHHOCTI X CHOCOOIB 1 BHAY MaTeMaTH4HOI 3a-
JI©KHOCTI, 1110 HAWOUIBIII TOYHO OMUCYE TPAEKTOPIIO MaK-
CHUMAaJIBHOTO OCIJIaHHS TOUOK 3€MHOT MOBEPXHi.

PesyabraTu. ExcrioHeH1ianbHe pIBHAHHS HAaWOLIbII
TOYHO OIMUCY€E TPAEKTOPIF0O MAKCUMAIBLHOTO OCIIaHHS TO-
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PO3POBKA POAOBUIU, KOPUCHNX KONAJINH

YOK 3€MHOI MOBEPXHi. Y CTaHOBJIEHA PIBHOILIHHICTH CITIO-
co0iB BU3HAUCHHS EMITIPUYHUX KOE]Ili€HTIB.

HayxoBa HoBu3na. Ha mincraBi Onm3bkocTi emtipu-
YHUX KOCQIIIEHTIB, BH3HAYCHUX PI3HUMH CIIOCOOAMH,
JIOBEJICHO MOXKITUBICTh MPOTHO3YBAaHHS TPAEKTOPii Mak-
CHUMAJTFHOTO OCiTaHHS TOYOK 3eMHOI ITOBEPXHi 3 BUKOPH-
CTaHHSIM TPAaHWYHUX 3HAUCHb MapaMeTpiB MyJbI 3py-
IICHHS Ta OYHCHUX BHPOOOK.

IpakTHyHa 3HaYMMicTh. Bu3HaueHHS eMIipuuHUX
KOe(IIIEHTIB MaTeMaTHYHUX PIBHSHb 3aIPONIOHOBAHUM
CIOCOOOM JIO3BOJIUTH HaJalli YHUKHYTH TPYIOMICTKHX 1
TpUBAJINX OE3MOCEPEIHIX CIIOCTEPEIKEHD Il OTPUMaHHS
EKCIIEpUMEHTAIBHUX JlaHUX Ta iX 00poOKM MeTonoM
HalMEHIINX KBaJPaTiB.

Kuouosi cioBa: 3zemua nosepxms, mpackmopis, em-
nipuyHi KoegiyicHmu, MoOen08anHs, MAKCUMATIbHe OCi-
OanHs

Henb. /JoxazaTe BO3MOXKHOCTb HCIIOJIB30BAHMS Ipa-
HUYHBIX 3HAUYEHUN MapaMeTpOB MYJIbJ CIABHKCHUS 3EM-
HOW TIOBEPXHOCTH W OYHCTHBIX BBIPAOOTOK PAaCUETHOM
CXEMBI JUIsl TIPOTHO3UPOBAHUS TPACKTOPUU MaKCHUMaJlb-
HOTO OCEJaHHs TOYEK 3eMHOM NMOBEPXHOCTH Ha CTaIHH
Pa3BUTHSI OYMCTHBIX paboT.

Metoanka. OrmpeneneHue >SMIUPUYECKUX Koddu-
UEHTOB MaTEeMAaTHUECKUX 3aBHCHUMOCTEH ABYMS CIOCO-
06aMu. Ha OCHOBaHMH OOpPAOOTKM SKCIEPUMEHTAIBHBIX
JAHHBIX METOJOM HaMMEHBIINX KBaJpaToB U B COOTBET-
CTBUHU C PacuETHOM CXEMOW C HMCIOIb30BAaHUEM IpaHHUY-
HBIX 3HAYCHUH MMapaMeTPOB MYJbJ CABWKCHUS U OYHCT-
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HBIX BBIpAOOTOK. YCTaHOBJIEHHE PAaBHOLEHHOCTH O3THX
Croco00B ¥ BHJAa MaTeMaTH4YEeCKOW 3aBUCHMOCTH,
HanOoyee TOYHO ONMCHIBAIOIICH TPAEKTOPHUIO MAaKCH-
MAaJIbHOIO OCEJaHHs TOYEK 3€MHOIl TOBEPXHOCTH.

Pe3ynbTarsl. OKCIIOHEHITHATEHOE ypaBHEHHE
HanboJlee TOYHO OMHCHIBACT TPACKTOPHUIO MAKCHMAIBHO-
ro OceJaHusi TOUEK 3€MHOM MOBEPXHOCTH. Y CTAHOBJIEHA
PaBHOIIEHHOCTH CIOCOOOB OIpeNeNeHUs SMIHNPUIESCKUX
K03((HUIMEHTOB.

Hayunasa noBu3na. Ha ocHoBanum 6nm30cTH 5M-
MUPUYECKUX KOA((PUIIMEHTOB, ONPENeIeHHBIX pa3HBIMU
cnocobam#, 0Ka3aHa BO3MOKHOCTh HMPOTHO3MPOBaHUS
TPAaCKTOPUU MAKCHUMAJIBHOTO OCENaHUs TOYEK 3E€MHOU
MMOBEPXHOCTHU C HCITOJIb30BAHUEM TPAHUYHBIX 3HAUCHUMA
MapaMeTpoB MYJB] CIABMKCHHS W OYHCTHBIX BBIPa0O-
TOK.

[pakTHyeckas 3HAYNMOCTH. OTpeneIcHIE dMITH-
pudecKknxX Ko3(h(UIIMEHTOB MaTeMaTHYEeCKHX YypaBHe-
HUH TPeasoKeHHBIM CIIOCOOOM TO3BOJHUT B JajbHEH-
meM  u30exaTb  TPYNOEMKHX M JINTENBHBIX
HEMOCPEACTBEHHBIX HAONIOMEHUIN NI MOTyYeHHs JKC-
MEPUMEHTAJIbHBIX NAHHBIX U HX OOpPabOTKH METOI0M
HAaUMEHBIIIUX KBAJPATOR.

KuroueBble coBa: 3emiuasn nosepxHocms, mpaekmo-
pust, samuupudeckue Ko3pguyuenmol, Mooeruposauue,
MakcumanbHoe ocedanue

Pexomenoosano 0o nybrixayii 0okm. mexH. Hayk

B.M. Oxanenosum. [lama HaoxoodcenHs  pyKonucy
04.10.13.
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