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Purpose. To set the correlation ratio between the parameters of underworked rocks and earth surface displace-
ment.

Methodology. The techniques in use stipulate the selection of analytical relations to describe the curve of the
ground depression. Characteristic stages of the ground depression and the corresponding parameters of displacement
of underworked rocks are determined on the basis of these analytical relations. Using the results of known experimen-
tal observations linear and angular parameters are defined to characterize the ground depression and displacement of
underworked rocks. Statistical analysis of the obtained data is carried out.

Findings. The crowd conditions of cross-correlation connections are set between the angular and linear parame-
ters of settling of the earth surface and moving of the earned additionally breeds. By basic influence defining the co-
ordinates of characteristic points of settling of the earth surface is a depth of conduct of stopping. Constancy of angu-
lar parameters is set for the considered depths in an interval of 106 + 1195 m.

Originality. The formation of the upper boundary of rock displacement with a break of their continuity under the
influence of the active phase of ground depression is established and confirmed by the results of statistical analysis for
the first time.

Practical value. The obtained results allow predicting the stage of ground depression and the corresponding pa-

rameters of the displacement of underworked rocks.

Keywords: ground depression, subsidence, underworked rocks, stages, linear and angular parameters

Introduction. The most reliable consequences of the
influence of working out coal seams on the earth’s sur-
face are determined on the basis of surveying measure-
ments. To obtain experimental data, observational sta-
tions perform instrumental measurements. The spatial
position of the frames of the profile line is established
many times over several intervals. In parallel with obser-
vations on the earth’s surface, the positions of the face
are fixed. Comparison of the measurement results al-
lows one to evaluate the displacement of the frames de-
pending on the location of the extraction face. The ex-
cavation of coal seams, apart from the displacement of
the earth’s surface, causes a change in the state of the
rocks. The experimental data obtained by the described
method do not allow us to determine the parameters of
the shift of the subsoil rocks directly. Reliable knowl-
edge of such parameters is necessary for solving many
mining problems associated with the manifestation of
rock pressure. Their establishment by direct instrumen-
tal measurements in an underworked array is a laborious
and financially high-cost operation. In addition, this
approach does not allow predicting the parameters of
rock displacement in advance when the dimensions of
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the excavation workings change. At present, the amount
of accumulated experimental data for direct measure-
ments in the mined rocks is not sufficient for their gen-
eralization and development of recommendations for
the rational mining of coal seams in different mining
and geological conditions. For this reason, analytical
studies on the relationship between the parameters of
the shifting of the rocks and the earth’s surface are rele-
vant.

The displacement the ground depression under its
underworking of the sewage treatment works studied by
the mathematical modelling of the process is considered
to be a promising direction [1]. Such an approach to
solving the engineers’ tasks reduces the expenses on
producing the immediate experimental investigations
on the ground and in mine working [2]. The results of
the earlier held observations by the moving of the by
frame on the ground and by the development of the sew-
age treatment works in coal mines allow expanding the
view of the process in the depth of the underworked
rocks with the help of the mathematical models [3].
Such information is needed for the working of the ac-
tivities on the rational underwork of the ground.

The investigations of the interdependence of the pa-
rameters of the ground moving and the moving of the
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underworked rocks with the course of the mathematical
models and experimental data have not taken place yet.

Analysis of the recent research. The theoretical part
of the methods is based on the scheme of settling of the
earth surface [4] according to the projection of the
cleaning rocks (Fig. 1). In this scheme horizontally were
made the distances (L) from the projection to the points
of the observations. Point 4 corresponds to the begin-
ning of the earth surface shifting, B — to the beginning of
the active stage of the process. C — to the maximum
stage of the speed of the settling, D — to the end of the
active stage and F — the beginning of its considered
scheme limits with point F. Its settling (1) is about
0.97—0.99 from the final (n,) at finished process of the
seal rocks [4].

The objectives of the article. The analyses included
the results of the experimental observations of the earth
settling depending on the development of the sewage
treatment works, these results were obtained at mines
“Belozerskaya” (bench Mark 132) [4], “Stepnaya” (3, 4,
5,7,8,9, 11, 16, 23, 34, 37, 42, 43) [From works by
Larchenko V. G. Impact of underground mining of coal
seams on the state of the Earth’s surface], “Gramotein-
skaya” (40, 30, 28, 28) [5], Appalach coal pool (1, 2, 3,
4) [6] , “Yubileynaya” (24) [7], Ne 22, Komunarskaya
(13) [8], Roorsk pool, layer Grimberg 2/3, lava 31 [From

Fig. 1. The scheme of the settling of the earth surface ac-
cording to the projection of the cleaning rocks:

1 — the earth surface; 2 the curve of the trajectory of the
settling of the points of the earth; 3 — worked out layer; 4 —
sewage treatment rock; m — the power of the worked out
layer; H — the depth of the sewage treatment works; A, B,
C, D, F are distinguished points of the curve of the ground
depression; 0 — the point of the target with sewage treatment
rock and the corresponding points A, B, C, D, F; dA — a
boundary angle corresponding to the beginning of the earth
shifting at point A; YA, YB, YC, YD, YF — the angle of the
moving of the underworked rocks which determine the loca-
tion of points B, C, D, F; v, — the depth of the flat bottom
of the swales till the seal rocks; < — the direction of the
moving of the sewage treatment rock; C — maximum stage
of the speed of the settling; D — the end of the active stage
and the beginning of its considered scheme limits with
point E Its settling (n,) is about 0.97—0.99 from the final
(ny) at finished process of the seal rocks; < — the direction
of the moving of the sewage treatment rock
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works by Gavrilenko Yu.N. Dynamics of subsidence
Earth’s surface at great depths and high development
face advance rate], “Stashits”, layer 352, lava 1002
[From works by Gavrilenko Yu. N. Dynamics of subsid-
ence Earth’s surface...], after A. F. Zasyadko (1), layer
m?, 13" west lava [From works Gavrilenko YU. N. Dy-
namics of subsidence Earth’s surface...], after S. M. Ki-
rov [From works by Avershin S.G. Displacement of
rocks and the earth surface in the principal coal fields of
the USSR]. The methods for the working out of the ex-
perimental data with the aim of the analytical descrip-
tion of the curve (2) of the settling of the points of the
ground (Fig. 1) are shown in the work [9]. This curve for
all objects is functionally described by the logistics, ex-
ponential or hyperbolic tangent of the dependence. In
all cases the correlation relation was about 0.99.

Unsolved aspects of the problem. Using the principles
of the identifying the stages of the process of the earth
settling with the help of the derivatives [4], were counted
for all three dependences of the distance between the
projection of the sewage treatment breed and corre-
sponding points (Fig. 1) of the curve of the ground de-
pression L, Lg, L, Lp, Ly. Their meanings are counted
according to these equations; they were closed to each
other. In further calculations were used average mean-
ings Ly, Ly, L., Ly, Ly (Table 1). The table pro-
vides the data on the power of the worked out layer (m),
depth of the bedding (H) and H/m for each object of the
observations. Using the meaning of the depth H and lo-
cation of the certain points of the curve of the depres-
sion trajectory of the ground (4, B, C, D, F) other anal-
ysed parameters were determined.

Presentation of the main research. The boundary
angles (dA) show the beginning of the moving of the
ground and were identified from point A according to
the projection of the sewage treatment rock (distances
L,). The angles of the moving of rocks (yg, W¢, Wp, Wp)
corresponding to different stages (points B, C, D, F) of
the ground settling were determined according to the es-
timated scheme (Fig. 1). The site of the curve A—B cor-
responds to the primary period of the ground settling
under the influence of the moving sewage treatment
rock. The most active earth settling is on the site B—D,
but at point C the maximum speed of the settling and
curve bend is reached. Point D corresponds to the end of
the active stage and transform to the attenuation of the
process of the moving ground. At point F maximum set-
tling is reached and further moving of sewage treatment
rock practically does not influence the process of mov-
ing of the unworked rocks and ground.

The location of certain points of swallies on the
ground (B, C, D, F) together with the angle Y gives a
possibility to judge about the suggested height of ex-
panding of moving of rocks with the gap of their conti-
nuity according to the sewage treatment rock (Fig. 2). If
to come off the assumption about a possibility of the
formation of zones of the underworked rocks with the
gap of their continuity in the period of the active stage of
moving of the ground, in general case the limit of its
zones, the boundary, will be determined by the param-
eter H ). The location of point D corresponds to the be-
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ginning of the allocation of the ground settling. For this
reason it is hard to believe that intensive moving of the
unworked rocks under the side of the curve D—F. De-
pending on strength qualities of the contained rocks, the
upper boundary of zones of underworked rocks may be
situated in the range of Hz—H) under the site B—D of
the curve of the half-swallies. The counted values of the
parameters Hy, H-and Hp for the mines of different coal
pools are given in Table 1. The given data allowed count-
ing the coefficients for mutual correlation for sixteen pa-
rameters m, H, H/m, Ly, Ly, L., Ly, L, 8 Wg,
Ve Vo Vh HB’ HC, HD (Table 2)

The absolute values of the coefficients of the correla-
tion r allow rating the closeness of the concentration be-
tween analysed parameters. For a considered sample of
the original data the influence of the power of layers on
other parameters is not fixed (#=0.06 + 0.26).

The main factor affecting the values L B> Zc, L,

and Ly is the depth (H) of the making sewage treat-
ment works 7= 0.71 + 0.97. The element H has the func-
tional influence on the parameters H. and H), which
are corresponded to »=0.98 and 0.99. The influence of
H on the parameter HB is a little bit smaller ( = 0.78).
There is no connection between H and angle parameters
(O4 Wg, W Wp, Wp), as value r was in the rate of
0.07 = 0.27.

This indicates on some continuity of the angle pa-
rameters for considered depths in the internal of 106—

1195 m. The influence of complex parameter (H/m) dif-
fered only a bit from the influence of H. The great scien-
tific and practical interest relates to the continuity of the
correlative connection between linear and angle param-
eters of the considered scheme (Figs. 1, 2).

For L 4 the connection with all angle parameters
(r=10.04 =+ 0.38) was absent, but it was significant with
otherlinearelements Ly, L., L,, Ly (r=0.60+0.94).
Practically the functional dependence was fixed with
L, and L, for which the values of r were equal to 0.91
and 0.94. The powerful, strong connection of L 4 OC-
curred with Hq (r=0.92) and with H) (r=0.94), but it
was weaker with Hy (r=0.66).

The same connection, in comparison with L 4> Was
fixed for ZB with the angle (» = 0.15 + 0.55) and linear
(Ly, Ly, L., Lp) parameters (r=0.60 + 0.93). The
element L p functionally determines the possible
boundaries of the rocks moving (Hg, Ho, Hp) with the
gap of their continuity »=0.79 + 0.99.

The close correlative dependence Zc’ L D L y was
fixed with all the rest linear parameters L, Ly, Hp,
H, Hy. Forthem »=0.83 + 0.99. With angle parameters
the correlation was absent »=(0.02—0.30. The boundary
angle 3, is not connected with moving angles vz, v,
Vp, Vg, (r=10.06 + 0.43), but the moving angles are
closely connected with each other r=0.68 + 0.97. Among
all fixed connections the most exponential is the depen-

Table 2

The results of identifying the coefficients of correlation between the parameters of swallies and ground moving
and sewage treatment rocks moving

The meaning of correlation coefficients
Parameters Point A Point B Point C Point D Point F
m H |Hm| _ _ _ _ _

L, Sy | Ly | we | Hp | Lo | We | He | Ly | wo | Hp | Ly | Wr

m 1.00 | 0.10 | 0.16 | 0.06 | 0.08 | 0.17 | 0.26 | 0.13 | 0.13 [ 0.20 | 0.13 | 0.13 | 0.17 | 0.11 | 0.12 | 0.14
H 0.10 | 1.00 | 0.94 | 0.97 | 0.13 | 0.71 | 0.27 | 0.78 | 0.90 | 0.07 | 0.98 | 0.95 | 0.13 | 0.99 | 0.97 | 0.10
H/m 0.16 { 0.94 | 1.00 | 0.95 | 0.25 | 0.69 | 0.30 | 0.75 | 0.87 | 0.05 | 0.91 | 0.92 | 0.08 | 0.94 | 0.94 | 0.03
L, 0.06 |1 0.97 | 0.95 | 1.00 | 0.35 | 0.60 | 0.38 | 0.66 | 0.83 | 0.13 | 0.92 | 0.91 | 0.14 | 0.94 | 0.94 | 0.04
34 0.08 | 0.13 ] 0.25 | 0.35 | 1.00 | 0.15 | 0.43 | 0.18 | 0.04 | 0.14 | 0.06 | 0.12 | 0.06 | 0.09 | 0.17 | 0.35
L, 0.17 1 0.71 | 0.69 | 0.60 | 0.15 | 1.00 | 0.39 | 0.99 | 0.93 | 0.55 | 0.82 | 0.88 | 0.42 | 0.79 | 0.83 | 0.32
W 0.26 | 0.27 | 0.30 | 0.38 | 0.43 | 0.39 | 1.00 | 0.30 | 0.08 | 0.91 | 0.13 | 0.02 | 0.82 | 0.18 | 0.10 | 0.68
Hp 0.13 1 0.78 | 0.75 | 0.66 | 0.18 | 0.99 | 0.30 | 1.00 | 0.96 | 0.46 | 0.87 | 0.91 | 0.32 | 0.85 | 0.87 | 0.22
L. 0.1310.90| 0.87 | 0.83 | 0.04 | 0.93 | 0.08 | 0.96 | 1.00 | 0.30 | 0.96 | 0.99 | 0.21 | 0.95 | 0.97 | 0.18
ye 0.20 | 0.07 | 0.05 | 0.13 | 0.14 | 0.55 | 0.91 | 0.46 | 0.30 | 1.00 | 0.08 { 0.21 | 0.97 | 0.02 | 0.14 | 0.85
He 0.1310.98| 091|092 | 0.06 | 0.82 | 0.13 | 0.87 | 0.96 | 0.08 | 1.00 | 0.98 | 0.00 | 0.99 | 0.98 | 0.01
L, 0.13 10951092 091|012 | 0.88 | 0.02 | 0.91 | 0.99]0.21 | 0.98 | 1.00 | 0.14 | 0.98 | 0.99 | 0.14
Vp 0.17 | 0.13 | 0.08 | 0.14 | 0.06 | 0.42 | 0.82 | 0.32 | 0.21 | 0.97 | 0.00 | 0.14 | 1.00 | 0.06 | 0.08 | 0.92
H)y 0.11 1 0.99 | 0.94 | 0.94 | 0.09 | 0.79 | 0.18 | 0.85| 0.95 | 0.02 | 0.99 | 0.98 | 0.06 | 1.00 | 0.99 | 0.04
L, 0.12 10971094 | 094 | 0.17 | 0.83 | 0.10 | 0.87 | 0.97 | 0.14 | 0.98 | 0.99 | 0.08 | 0.99 | 1.00 | 0.10
Vi 0.14 | 0.10 | 0.03 | 0.04 | 0.35 [ 0.32 | 0.68 | 0.22 | 018 | 0.85| 0.01 | 0.14 | 0.92 | 0.04 | 0,10 | 1.00
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Fig. 2. The scheme to identifying the boundaries of the
zones of the moving of underworked rocks with a gap
of their continuity with the usage of the parameters of
swallies of the ground (Lg, L¢, Lp, Lr) and the mov-
ing angle y
Hpg, He, H) — the height of the possible expanding of the
zone of the earned underworked rocks moving with the gap
of the continuity according to the certain points B, C and D
of the ground; Hg, Hy, Hj — the power of rock layers with-
out gap of their continuity; for the rest signs consult Fig. 1

dence of L 4 ONn ZF (Fig. 3). The parameters character-
ize the beginning and the ending of the ground moving
according to the projection of the sewage treatment

rock. On average Ly isthree times as big as the size L.
The conclusion. On the basis of the results of the cor-
relative analysis we can make the conclusion that con-
tribute to the increasing of the quality of the mathemat-
ical modelling of the ground moving and underworked
rocks:
- the main factor that determines linear parameters

of Ly, Ly, L., L,, L oftheswallies of earth surface
is the depth of the sewage treatment works;

- the power of the working layers in the rate of
0.91 + 4.50 m and depth of rocks working in the interval

b~

A>m / »

[ ]
1
200,00
. /
100,00 /

/ * r=094
[ ]

0,00 |
0,00 200,00 400,00 600,00 800,00

1000,00 I_,F m

Fig. 3. Schedule of mutual dependence of linear param-
eters L, and L,, that determined the beginning and
the ending of the ground moving. The meaning of pa-
rameters which were obtained basically on experi-
mental data, 1 — average direct; r — correlation coef-
ficient
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of 106 + 1195 m hardly influenced all linear parameters
Ly, Ly, L., L,, L, Hg, He, Hp;

- angle parameters d,, ¥z, V¢, Wp U Wp do not de-
pend on the depth of the working. For practical usage
their average values §,=77, y,=84", y.=77",
Y, =68 u Y, =53" may be reccommended that makes
the identification of the location of the certain points of
the ground easier;

- according to the element of the angle v, and loca-
tion of certain points B, C and D of swallies of earth sur-
face the upper boundary of earned additionally rocks
with the gap of their continuity may be approximately
determined.
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Merta. BcraHoBuTHM 3HauMMICTb (DaKTOpiB, IO
BIUIMBAIOTh Ha 3PYIIEHHS 3¢MHOI OBEPXHi MPU OUUC-
HUX poOOTaXx.

Metoauka. [1in0ip aHaNITUUHMX 3aJ€KHOCTEN IS
OIKCY KPUBOI OCiMaHHS 3eMHOI MoBepxHi. BcTtaHOB-
JICHHS Ha 1X OCHOBi XapaKTepHUX CTaliil OCiTaHHS 3eM-
HO1 MOBEPXHi i BiAMOBIIHUX HUM MapaMeTpiB 3pyILIeH-
Hs Iiapo0ieHux 1nopia. BukopucroByroun pe3yabTaTu
BiIOMUX €KCIIEPUMEHTAIbHUX CIIOCTEPEXKEeHb, BU3HA-
YWJIM JIiHIMHI 1 KyTOBi IapaMeTpH, 110 XapaKTepU3y-
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IOTh OCiJaHHSI 3€MHOI ITOBEPXHi Ta 3pYILICHHS Migpo-
O61eHux nopin. Bukonana craTucTuyHa o6poOKa OTpU-
MaHUX JaHMX.

Pe3yabratu. BcTaHoBEHA TiCHOTA KOPEISILIAHUX
3B’3KiB MiXK KyTOBUMHU ¥ JHIMHMMM TapameTpaMu
OCiJaHHSI 3eMHOI MOBEPXHi Ta 3pYILIEHHSIM MiapooJe-
HuX nopia. OCHOBHUM YMHHUKOM, 1110 BIJIUBAE, SIKUI
BU3HAYa€ KOOPAMHATU XapaKTepPHUX TOUOK OCiTaHHS
36MHOI TTOBEPXHi, € NIMOMHA BEACHHSI OYMCHUX POOIT.
BcraHoBieHa TOCTINHICTh KYTOBUX TapaMeTpiB IS
PO3MISIHYTUX TIMOMH B iHTepBaiti 106 + 1195 m.

HaykoBa HoBU3HA. YTiepliie BCTAHOBJIEHI I MinTBep-
JIKeHi pe3yJbTaTaMM CTaTUCTUYHOI 00poOKu (opmy-
BaHHSI BEpXHbOI MeXi 30HU 3pYIIEHHS MOPif i3 po3pu-
BOM 1X CIUIOLIHOCTI MiJi BILIMBOM aKTHUBHOI CTafil OCi-
JIaHHS 36MHOI OBEPXHi.

IIpakTuna 3HaummicTb. OTpUMaHi pe3yabTaTy 10-
3BOJISIIOTh TIPOTHO3YBAaTH CTaiil OCimaHHS 3¢MHOI I0-
BEPXHi I BiAMOBIAHI HUM TTapaMeTpHu 3pyLIeHHS Miapo-
OJieHUX TTOpif.

KmouoBi cioBa: 3zemna nosepxus, ocioanus, niopo-
oOneni nopodu, cmadii, AiniliHi i Kymoei napamempu

Heab. OnpeaenuTs 3HAYMMOCTb (haKTOPOB, BIIUSI-
IOIIUX Ha CABMXKEHHWE 3EMHOW IMOBEPXHOCTU IPU
OYMCTHBIX paboTax.

Mertomuka. I[logbop aHaIUMTUYECKUX 3aBUCUMO-
CTEU IJISI OIMCAaHMsI KPUBOM OCEHaHMsI 3€MHOM IIO-
BEPXHOCTH. YCTaHOBJIEHUE Ha X OCHOBE XapaKTEPHBIX
CTaIui OcemaHusl 3€eMHOW MOBEPXHOCTU U COOTBET-
CTBYIOLIUX UM TapaMETPOB CABMKEHUS MOAPAOOTaH-
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HbIX 1opo. Mcronb3yst pe3ysibTaThl U3BECTHBIX IKC-
[ePUMEHTAIbHBIX HAOMIOACHUI, ONPEAeIUIN JTUHEN-
HbIE U YIJIOBbIE ITApAMETPbI, XapaKTepU3YIOLIHEe Oce1a-
HME 3¢MHOI MIOBEPXHOCTU U CABUKEHUE MOApabOTaH-
HbIX mopox. [TpousBeaeHa ctaTuctuyeckas oopadboTka
IOJIyYEHHBIX TaHHBIX.

Pesyabratbl. YcTaHOBJIEHA TECHOTA KOPPEJISIIIMOH-
HBIX CBSI3EI MEXIY YIVIOBBIMU W JTUHEHHBIMU TTapaMe-
TpaMu OCeIaHuUsI 36MHO ITOBEPXHOCTHU U CABVXKEHUEM
roipaboTaHHBIX TIopos. OCHOBHBIM BIUSIONIMM (hak-
TOPOM, OIPENESIONINM KOOPAMHATHI XapaKTePHBIX
TOYEK OCEeIaHUs 3eMHOI MOBEPXHOCTHU, SIBIISICTCS TIIy-
OuHa BeeHUS OYMCTHBIX PabOT. YCTaAHOBIIEHO ITOCTO-
SIHCTBO YIJIOBBIX IIApaMeTpOB Ui PACcCMOTPEHHbIX
ryouH B uHTepBajie 106 + 1195 M.

Hayuynas HoBu3Ha. BriepBble yCTaHOBJIEHO M MOJ-
TBEPXKIEHO Pe3y/IbTaTaMM CTaTUCTUYECKOI 00paboTKMI
(bopMHpoBaHKe BepXHEl I'PaHUIIbI 30HbI CABUKECHUS
ITOPOJI C Pa3pbIBOM UX CILIOIIHOCTH TOJ BIUSIHUEM aK-
TUBHOM CTaJNU OCEIaHUsI 36MHOM TTOBEPXHOCTH.

IIpakTuyeckas 3HaYMMOCTb. [lojydeHHBIE pe3yJib-
TaThl TO3BOJISIOT MPOTHO3UPOBATh CTAAUU OCEIAHUS
3eMHOU MOBEPXHOCTU M COOTBETCTBYIOIIME UM Tapa-
METPbI CABMXEHUSI ITOAPA0OTAHHbBIX IIOPOI.

KimoueBble clioBa: 3emHas nogepxHocms, ocedauue,
nodpabomarusie nopodvl, cMaouu, AUHelHble U Yen08ble
napamempbl
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