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Abstract. The article discusses the method of hurricane sample replacement taking into account the spatial rela-
tionship of other routine samples. This sample is presented as the result of selecting sampling parameters with the
mineral content above average values determined using the proposed methodology. The approach is based on geo-
statistical findings regarding the spatial dependence of sampled subsurface areas within a single geological block.
The feature of the proposed methodology is the calculation of the studied indicator taking into account all samples
for the evaluated block including the hurricane one. The approach is based on the method for determining weighting
coefficients from the inverse distance weighted method. The method has been tested using the exploration data from
a placer gold deposit. All key parameters of the proposed method, such as the radius and number of additional points
created, as well as the power coefficient of the weighting function are analyzed. Several indicators are identified that
will influence the results of mineral reserves calculations taking into account a hurricane sample and when it is re-
placed by the values calculated using the proposed methodology. The article analyses a situation in which the study
object is selected incorrectly. It is demonstrated how the replacement of an outlier value can affect the assessment
results for a given geological block. Examples of replacing similar samples are provided along with the assessment of
the impact on the change in estimated reserves for a placer gold deposit. A conclusion is drawn regarding the error
in determining the hurricane sample with the comparison of the impact on the exploration results and geological block
assessment. The article is based on the study of a geological block tested by vertical boreholes, in which the gold
content was determined. The results were obtained by modeling the process of determining the values to be used
to replace the selected sample. The conducted analysis shows the effect of volume changes for various parameter
variants of the proposed method. The article is illustrated with grade-interpolated plots and graphs showing curves for
various parameters of calculated indicators.
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HayuyHas ctaTtba
YOK 553.077

3amMeHa yparaHHou npo6bl
C ncnosb3oBaHUeM MeToAa oopaTHbIX B3BELWEeHHbIX PpacCCTOAHUN

B.J. PynocoB®*
aWpkymckul HayuoHarnbHbIl uccredosamernbCcKull mexHuyeckull yHusepcumem, Mipkymck, Poccust

Pe3rome. B ctaTbe paccMOTpeHa METOAMKa 3aMeHbl yparaHHOW Npobbl C y4eTOM NPOCTPaHCTBEHHOW B3aMMOCBA3W ApYTrnx
psgoBbix Npo6. Takas npoba NpeAcTaBneHa kak pedynstar Bblbopa nokasatenei onpoboBaHusi ¢ cogepxaHusMu nones-
HOrO KOMMOHEHTA BbILLE PSAAOBbIX 3HAYEHWUIA, onpeeneHre ee NPou3BedeHo No NpeasioXkeHHoN meToauke. MNogxon ocHo-
BbIBAETCH Ha BbIBOAAX re0OCTaTUCTMKN O NPOCTPAHCTBEHHON 3aBUCUMOCTM OMPOBYyeMbIX Y4aCTKOB HeAp B paMKax OZHOro
reonormnyeckoro 6rnoka. OcobeHHOCTbI0 NpeanaraeMon MeToAMKN ABSETCS pacyeT MccrnegyemMoro nokasarens ¢ y4eTom
BCex Npob no oueHnBaemMoMmy Brnoky, BKIo4asa 1 caMmy yparaHHyto. B ocHoBy nogxoaa B3sT cnocob onpefeneHnsi BECoBbIX
KoadhpmumneHToB M3 MeToaa obpaTHbIX B3BELLEHHbIX paccTosiHuiA. Anpobauns meTofa npov3BedeHa Ha npyMepe AaHHbIX
pa3BefKn POCChINMHOrO MECTOPOXAEHUS 30M0Ta. ViccrnenoBaHbl Bce OCHOBHbIE MapaMeTpbl NpeanaraeMoro MeToaa, Takve
Kak paguyc 1 KONu4yecTBO co3daBaeMblX AOMOSMHUTENMbHbBIX TOYEK, @ Takke CTeneHHoW KoaddULMEHT BECOBOWN DYHKLIMMN.
OnpefeneHbl HECKOMbKO MoKasaTternen, KoTopble NOBMAUSIIOT Ha pe3ynbTaThl NoAcYeTa 3anacoB NONe3HOro NCKOMaemMoro ¢
y4eTOM yparaHHOW Npobbl 1 NpU ee 3aMeHe Ha paccyMTaHHbIe 3Ha4YeHns No npeanaraemon metoguke. NposedeH aHanma
CuTyaumu, Korga o6beKT nccnegoBaHns BolIOpaH HEBEPHO, M NMOKa3aHo, Kak 3aMeHa BbIAENSALEerocs 13 psaa 3HavyeHus
MOXET NOBNUATbL Ha pe3ynbTaThl OLEHKM AAaHHOTo reonornyeckoro 6rnoka. MNpreeaeHsl NprMepbl 3amMmeHbl NOA06HBLIX NPo6
W OLeHKa BNUSHUSI HA U3MEHEHWE NOACYMTaHHbIX 3arMacoB POCCHINHOIO MECTOPOXAeHMs 3onoTa. CaenaH BeliBog 06 owwmno-
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Ke onpefeneHns yparaHHon npobbl C CONOCTaBEHEM BMSHUA Ha pe3ynbTaThbl Pa3Befkn U OLEHKM reonormyeckoro 6no-
ka. CTaTbs OCHOBaHa Ha nccnegoBaHMmn reonormyeckoro 6roka, onpoboBaHHOrO BEPTUKaNbHBIMU CKBXXUHaMU, B KOTOPbIX
onpegenanucb CoaepxaHns 3onoTa. PesynsraTtbl NonyyYeHbl C MCNONb30BaHeM MOAENMPOBaHNA NpoLecca onpeaeneHns
3Ha4YeHu, KoTopble ByayT MCnonb3oBaTbCA ANs 3ameHbl BbibpaHHOM Npobbl. [poBeAeHHbIN aHann3 nokasan addekT
nameHeHnst 06beMOB AN pasnUyHbIX BapuaHTOB NapaMeTpoB npegnaraemoro metoga. lMybnvkaums npounniocTpmpo-
BaHa MnaHamMu C MHTepnonsumeln No CoAepXaHusaM W rpadmkamm ¢ KpMBbIMU MPY Pas3fnMYHbIX NapameTpax pacyeTHbIX
nokasatenewn.

Knroyeeble croea: yparaHHasi npoba, reoctatuctuka, mMetos obpaTHbIX B3BELUEHHbIX PacCTOSHWN, pa3Befka MecTo-
POXAEHWUIN TBEPAbIX MOME3HbIX UCKOMAEMbIX

Ans yumupoeaHusi: Pynocos B.J1. 3ameHa yparaHHow npobbl ¢ MCMONb30BaHNEM METOAA 0OpaTHbIX B3BELLEHHbIX pac-
ctosiHui // Haykun o 3emne n Hegpononb3oBaHue. 2025. T. 48. Ne 4. C. 394-405. https://doi.org/10.21285/2686-9993-2025-

48-4-394-405. EDN: WLPUFP.

Introduction

The large heterogeneity of the occurrence
of many minerals [1, 2] requires the use of
methods to reduce the high contrast content
of the useful component. Modern sampling
methods make it possible to obtain samples
of variety orientation and to assess the con-
tent of chemical elements and the composi-
tion of rocks qualitatively [3]. The reliability of
sampling increases along with the capabilities
of modern laboratories, which reduces the
amount of processed material [4]. The bore-
hole drilling method makes it possible to obtain
samples of various locations and orientations,
which reduces the number of workings and im-
proves the quality of sampling®. In this regard,
each sample obtained during exploration has
a high value and reliability of determination,
which does not exclude the appearance of val-
ues that are out of the general range of sam-
pling and can be considered hurricane-like [5].
In this case, it should be understood that a giv-
en sample is an element of the heterogeneity
of the natural occurrence of minerals associat-
ed with a very high fluctuation in the content of
the useful component in the selected samples,
therefore, a simple approach of ignoring or re-
placing this value with non-standard parame-
ters is unacceptable. It is necessary to form
approaches to replacing this value, taking into
account the heterogeneity of the natural envi-
ronment?. On the other hand, the preservation
of an out-of-line sample can also negatively af-
fect the calculations of mineral reserves, as it
leads to their increase or decrease [6]. This is
most often due to the fact that a single sample
does not carry a high reliability of determining

' Komlev A.S. High-frequency combined sampling of ores and enrichment products: dis. ...

the contents and, therefore, its value is usually
extended to a certain volume in samples, and
with a high deviation from ordinary samples, it
leads to an increase in the error of the evalu-
ation work. For some methods of calculating
reserves, the error of one sample can strongly
affect the total reserves of the deposit [7—10].
For example, the polygon method is based on
the zone of influence of a single sample on a
subsurface area. At the same time, this meth-
od does not use averaging of indicators, but
relies only on the value of the sample, which
default parameters apply to the entire space
around this value that is the centre of the poly-
gon. If we imagine a situation where a nugget
got into a borehole during the exploration of a
placer deposit (even the control sample gave
high values of gold grade, which is associated
with selective grinding), then according to the
polygon method, the entire space around this
sample should contain nuggets, but, as prac-
tice shows, more often there are no nuggets
in this subsurface area. If you use methods of
calculating reserves, where there is averaging
over a small amount of data, the error will per-
sist. For example, the reserves of the triangle
method will also be calculated with a deviation
from the true values. In the triangle method,
the averaging of contents of fossil fuels occurs
only for three values, which are the vertices
of the triangle, so the impact of the hurricane
sample here will also be high.

In this case, an out-of-the-range value will
distort the volume of reserves for all triangles
that have this vertex as one of the three points.
Such a situation has no effect on the reliability
and validity of the obtained exploration results
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2 Filonyuk V.A. Fundamentals of risk factor management in the development of mineral deposits: textbook. handbook for
universities. Irkutsk: Irkutsk State Technical University; 2014, 113 p.
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for the borehole or sample, therefore, such a
value should be taken into account. Simple re-
placement of this value without analyzing it is
incorrect [5, 9, 11].

The purpose of this study is to determine
a way to replace the hurricane sample with a
value that takes into account the statistical and
spatial features of the distribution of the useful
component in the subsurface.

Materials and methods
The analysis of the hurricane sample is
divided into two stages: at the first stage, we
determine what relates to this indicator; at the
second stage, we replace this sample with the
calculated value [5].

The first stage is described in the previous
article [12]. It was necessary to provide some
characteristics of the proposed method for de-
tecting such a sample, especially for deposits
with high content variability. The article pro-
posed to search for the highest low-frequency
modal values. To identify them it is necessary
to divide values into classes according to the
proposed formula, which takes into account
the heterogeneity of the data by adding the co-
efficient of variation into the formula:

1,5

ko T
where V is the coefficient of variation, and
k is the number of classes for a sample with n
dimensions.

When calculating, the number of classes
increases depending on the value of the rel-
ative spread (V). Another feature of the pro-
posed method is the analysis of low-frequency
modal values. At the same time, it is necessary
to take into account the presence of a natural
increase in concentrations, justified by a se-
ries of samples with high values and located
in close proximity to each other. A series of
such samples cannot be classified as a hur-
ricane samples, even if they are much high-
er than the average value in the series. But
a single low-frequency sample with a spatial
environment of unremarkable samples can be
classified as a hurricane sample, as shown in
the article on the example of exploration of a
placer deposit.

To illustrate this approach, Figure 1 shows
a plot that identifies two hurricane samples. An
example is a placer gold deposit with borehole
sampling along exploration lines with high het-
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erogeneity of mineralization. At the same time,
the highest values on the plot related to bore-
holes no. 75 and 74 cannot be attributed to them
for this method of determining hurricane sam-
ples, since they are located next to each other
and with high values of boreholes no. 73 and
76, thus forming an area of a regular increase in
mineral content. But boreholes which samples
showed high values (more than 20,000 mg/m3)
can be classified as hurricane boreholes, since
they are located in a relatively isolated area and
surrounded by samples with high values. Such
objects include boreholes no. 20 and 15.

After you have detected hurricane sam-
ples, you need to move on to the next stage.
The article presents the results of a study of
methods for replacing selected values with cal-
culated ones.

There are several approaches to taking
hurricane samples into account in the litera-
ture. The first approach is a method for deter-
mining and excluding such values when cal-
culating reserves. In this case calculating the
average mineral content in the deposit is ac-
ceptable without excluding such a sample [5].
In the earliest works on this problem, it was
proposed to replace this sample with a new
one, which should be selected under the same
conditions and with very similar geometric pa-
rameters. This was often impossible due to
the completion of the field work of the explora-
tion stage, when the required equipment may
no longer be available in the field or it is very
difficult to repeat a geometrically close sam-
ple. Now we can add the economic feasibility
of such work to this, especially when each ex-
ploration process has a high reliability of ob-
taining a result.

The second approach is to replace such
a sample with the value of a certain indicator.
This approach makes it possible to reduce
the reserves calculation error, since the sam-
ple is not completely removed, but replaced
with a certain calculated value. In this case,
the accuracy of reserves accounting does not
suffer due to changes in the geometry of the
blocks of calculating minerals. There has been
a wide discussion about the method of calcu-
lating such an indicator, which can reasonably
replace a hurricane sample [5, 13—-15]. The
justifications of many methods are based on
statistical methods, especially great attention
is paid to random distributions. For example,
D.l. Shamansky proposed replacing the value
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Fig. 1. Gold grade change plot for boreholes with the identification of samples related to hurricane samples
Puc. 1. lnaH usmeHeHusi codepkaHuli 30J10ma Mo CKea)XuHam c¢ onpedesieHUeM rnpoeo,
OMHOCAWUXCSH K ypa2aHHbIM

from the empirical distribution of a random vari-
able with a normal distribution. V.l. Smirnov rec-
ommended replacing it with the average value
for the sample [5]. N.V. Volodomonov proposed
replacing the hurricane sample with a calculat-
ed value based on the average content for all
samples, taking into account the increase val-
ues according to the introduced indicator, the
limit of the effect of this sample on the aver-
age is 20 %. A similar approach to replacing an
out-of-order sample with a calculated indicator
can also be found in other authors, for exam-
ple, V.I. Kuzmin, V.M. Gudkov, G.l. Vilesov,
Iv. Khristov, D. Dimokov, Tsv. Boyadzhiev,
B.Ya. Yufa, G.A. Bazanov, |.V. Frantskiy and
many others® [3-5, 9, 11, 14, 15]. The influ-
ence of the spatial position of the sample can

3 Frantskiy |V., Bazanov G.A. Mathematical
Irkutsk: Irkutsk Polytechnic Institute; 1975, 249 p.
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be found in the works of P.L. Kallistov [5],
where he suggests classifying a hurricane
sample, which is two or more times higher in
content than the sample closest to it. In terms
of spatial analysis, the effects of such a sam-
ple deserve additional consideration, which
was noted in the approach of G.I. Vilesov [5].
There is a feature in his method of replacing a
hurricane sample related to the spread of the
influence of such a value. It is proposed to dis-
tribute this content not over half the distance
between neighboring samples, but over a part
of this distance corresponding to the probabil-
ity of a hurricane value, calculated as the ratio
of conditional reserves for such samples to the
sum of conditional reserves for hurricane and
ordinary samples.

and geometrization of deposits: textbook.
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In the conducted studies, it is proposed to
replace this sample based on an analysis of
its spatial position in the studied subsurface.
The value replacing this sample should take
into account both the content of all samples
obtained during the exploration of this ore
block and their location in space. The main as-
sumption is the geostatistical concept of the
dependence of mineralization of geological
blocks on the spatial geometry of ore-bearing
structures [16-19]. To form an approach for
replacing such samples, the inverse distance
weighting method was applied [20]. This meth-
od is based on the geostatistical assumption
that all samples obtained for a selected geo-
logical block or ore body can have an effect on
the interpolated point.

The spatial position of the samples limits
this effect. The further the samples are geo-
metrically away from the determined point, the
less influence there is on the calculated value.
This method is implemented through the calcu-
lation of special coefficients. Most often, such
a coefficient is the inverse distance, raised into
a power coefficient. Most software designed
for this type of interpolation suggests squaring
the distance by default. This study has shown

Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

that other values of the power coefficient can
be used, including the range from 0 to 1.

Here is a method for calculating the indi-
cator value, which can be used to replace a
hurricane sample (Fig. 2).

The inverse distance weighting method is
based on the assumption that the closest sam-
ple to the interpolated point is the most influ-
ential, and the furthest sample is the least in-
fluential. The weight is determined using the
inverse distance, raised to the power of y. The
formula for calculating weights using the in-
verse distance weighting method:

1 1
i =y 1
where 4; is the weight with which the i sam-
ple is taken into account; v is the power coef-
ficient; d}/ is the distance between the interpo-
lated point and the i sample, which is calcu-
lated using the formula:

d; = \/(xi = xyj)? + i — Yuj)?, (2)

where x; and Y; are the coordinates of the it
point; x,; and y,; are the coordinates of the
interpolated point.

Zi

Fig. 2. Hurricane sample recalculation scheme:
Z, 3, ,— ordinary samples; Z,,, ., .4 ,;,— additional calculation points; Z,— hurricane sample
Puc. 2. Cxema nepecyema ypa2aHHoU npob6bi:
Z, 3 »— pAdoeble Npobbl; Z,, ,1_y4 ,;— OOMOMHUME bHbIE pacyemHble ModKu, Z, — ypazaHHas rpoba
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A feature of the proposed method is the
creation of a series of interpolated points
placed around the hurricane sample in a cir-
cle, each such point as a result of the process
of determining the calculated value through in-
verse weighting distances is independent. The
selected sample is also involved in the calcula-
tion of the interpolated value. This approach is
demonstrated in Figure 2. To use the method,
it is necessary to calculate both the value Z,;
for each additional point and the position of the
point on the plan. To do this, we use the formu-
la for calculating the determined indicator Z,;:

no7za.
Zu' — =1“1 l, (3)
b XA
where Z; is the value of the studied indicator
for the i sample; 4; is the weighting coefficient
for this sample; Y.'-; 4; is the total sum of the
weights.

To determine the coordinates of an addi-
tional point on the plan, we use the formulas:

Xyi = Xy + dcosa;, (4)

Yui = Yy + d;sina;j, (5)
where x, and y, are the coordinates of the
hurricane sample; d' is the distance from this
sample to the interpolated point; the directional
angle a]{ is determined by the formula:

, 360Y .
g = (57 ®)
where m is the number of additional points for
interpolation.

After additional points are found, we calcu-
late the value that will be used to replace the
hurricane sample. The calculation is carried
out according to the formula:

m 1Z ,
= u
m
In this method, the replacement of the hur-

ricane sample is carried out taking into ac-
count all the obtained samples, including the
replaced sample, which makes it possible to
take into account all the data obtained without
exception. The calculated value will take into
account the heterogeneity of the ore field and
the complexity of its structure.

This method depends on several parame-
ters, the value of which can greatly affect the
calculation results of the replaced hurricane
sample. The following critical parameters can
be distinguished:

WWW.Nznj.ru
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— the value of the power coefficient in the
calculation of weights;

— the distance of the interpolated points
from the selected sample;

— the number of additional interpolated
points.

The Results and discussion

Studies were conducted at a real object
with exploration data on a placer deposit to
determine the effect of the above parameters
on the results of using the proposed method.

The effect of the number of additional
points arranged evenly in a circle around the
hurricane sample was estimated by calculat-
ing the obtained result using formulas (1)—(7)
for various options. The points on the circle
were taken in the amount from 4 to 26 units
and the replaced values were calculated using
the above formulas (4) and (5) for each option
with 1 step. A graph based on the calculation
results is shown in Figure 3.

The graph shows that after 10 additional
points, the value of the calculated indicator
becomes almost the same. Therefore, we take
the number of points on the circle, taking into
account a 20 % increase in reliability, equal to
12 pcs.

The next direction of the analysis was two
indicators: a power function and the distance
from the selected sample. The distance anal-
ysis was performed taking into account the
size of the exploration grid, since otherwise
the influence of surrounding samples would be
higher than the influence of hurricane sample,
and then you can replace this indicator simply
with the value of the nearest borehole. To do
this, the distance to the nearest sample was
determined and the influence of the radius size
of the circle on the selected sample was ana-
lyzed. Radii were studied from the location of
the hurricane sample to half the distance to the
nearest borehole.

The power coefficient was studied by cal-
culating an indicator that replaces this sample
for different values of the radius according to
formulas (1), (3) and (7). Therefore, data on the
analysis of the influence of the radius from the
hurricane sample and the power function were
combined into a single set of curves shown in
the Figures below. The power indicator was
studied in the period from 0.5 to 6 with unequal
step. The results obtained for sample of the
borehole no. 15 are shown in Figure 4. As can
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Fig. 3. Analysis of the number of points around the hurricane sample
Puc. 3. AHanu3s Konu4yecmea mo4yek 80Kpy2 ypa2aHHOU npobbi

be seen in the graph, a high dependence of
the results exists both on the power in a weight
function of the inverse weighting distance
method and on the radius at which twelve addi-
tional interpolated points are located. The max-
imum decrease in the hurricane sample occurs
only for the power coefficients 0.5, 0.6 and 0.7,
while the effect of increasing the distance of
the last three metres is insignificant. The graph
also showed that high powers (when the power
coefficient is higher than 3) do not differ signifi-
cantly from each other and, therefore, it is im-
practical to apply powers above 3. The power
of 1 is when the weight values correspond to
the inverse distances, the curve is close to a
linear relationship, therefore, only the distance
from the hurricane sample exists almost ac-
cording to an linear law.

This method of replacing a hurricane sam-
ple turned out to be very flexible. Depending
on the purpose and type of deposit, the value
can be drastically reduced using half or even
just 1/3 of the distance from such a sample and
the power of 0.5 or 0.6. At the same time, the
reduction of the selected sample for the given
example occurred from 23674 to 4400 mg/m3,
that is by 81 %. The smallest decrease in this
sample for the maximum radius is possible with
a power coefficient of 3, which is equivalent to
8200 mg/m3, so that the value of the replaced
hurricane sample will decrease by 65 %.

For this type of deposits belonging to the
third group of complexity, a curve with a pow-
er coefficient of 0.6 and a distance of 14 m

from the location of the hurricane sample can
be used. The replacement value for the select-
ed sample will be 5100 mg/m3 or 78 % of the
original value.

To assess the impact of replacing the hur-
ricane sample, we calculate the volume of the
surface of the contents relative to the zero
value using the Surfer software. The total vol-
ume of the «ingot» without replacing the se-
lected sample turned out to be 268.3x10° mg.
When replacing this sample from 23674 to
8200 mg/m3,the volume of the «ingot» turned out
to be 248.3x10% mg, the difference was 7.5 %.
Without taking this sample calculating re-
serves using a linear method will overestimate
the amount of gold in the deposit by more than
5 %, which is higher than the acceptable mar-
gin of error. The plan with an interpolated sur-
face is shown in Figure 5, a.

An analysis of the case was carried outwhen
the selected sample is not a hurricane sam-
ple (for example, borehole no. 75 in Figures 1
and 5). This borehole, as mentioned above, is
not hurricane, as it is surrounded by samples
with a high gold grade, which is clearly visible
on the plan, where another borehole falls into
the red zone of very high concentrations, and
two boreholes located in the immediate vicinity
fall into the green zone of high concentrations.
In case of incorrect selection of such a sample,
the method should not have a strong impact
on the total reserves of the mineral. To sub-
stantiate this statement, the variability of the
calculated indicator was analyzed depending
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Puc. 4. 3asucumMocmb pacyema 3Ha4yeHUsl 3aMeHsieMol ypa2aHHoOU npobb!
om paccmosiHUsI U cmeneHu 8 (hyHKUUU eecoebix KoaghghuyueHmoe Onsi ckeaxkuHbl Ne 15

on the power and distance from the selected
sample. The obtained results are summarized
in a graph in Figure 6.

As can be seen in the graph, the behavior of
the power functions remains similar to the graph
in Figure 4, therefore, the effect of the method
is stable for different cases. So, for example,
for powers above 3, the curves merge. The dif-
ference between the resulting minimum value
of 10340 and the pseudo-hurricane sample of
50323 mg/m?®is 79.5 %, which is lower than for
a truly hurricane sample of borehole no. 15.
If we take the values at a power coefficient
of 0.6 and a distance of 14 m, then in Figure 6
we will find the value of 14200 mg/m3, which
will be a decrease in the value of the select-
ed pseudo-hurricane sample by 71.7 %, which
is less than when replacing the true hurricane
sample by 6 %.

As can be seen in Figure 5, b, the replaced
value of the pseudo-hurricane sample ceased
to be ultra-high, but it remained high at the
same time. Calculated the volume of the result-
ing surface in the amount of 228.9%x10¢ mg and

WWW.Nznj.ru

compared with the volume of the original sur-
face, equal to 268.3x10° mg, we conclude that
there was a significant decrease (by 14.7 %).
Consequently, this method, if a hurricane sam-
ple is chosen incorrectly, may reduce the indi-
cators of mineral reserves unreasonably, which
does not make the method fully universal and
does not remove individual responsibility for
choosing such a sample from the specialist
who calculates reserves.

Conclusion

The proposed method allows not only to re-
place samples of this type, taking into account
the content of the studied geological block, but
also to assess the influence of the geometric
location of the sampled subsurface areas. The
geostatistical approach to estimating a spatial
variable makes it possible to make calculations
using all the obtained results of sampling, tak-
ing into account the high reliability and good
quality of the results obtained at all stages of
exploration. It is unacceptable to exclude sam-
ples from the evaluation of the block due to
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their value being out of the general range at orientation of the samples in the estimated
this stage of technology development, there- subsurface space. The proposed method for
fore, replacement should take into account replacing such samples is based on the weight
the existence of a hurricane sample. The cal- coefficients of the inverse weighting distance
culated value should be justified not only by method, meets all the requirements and can
the content, but also by the geometry of the be used for various deposits of solid minerals.
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