
Perm Journal of Petroleum and Mining Engineering. 2022. Vol.22, no.1. P.2-8. DOI: 10.15593/2712-8008/2022.1.1 
 

 
ISSN 2712−8008 
Volume / Том 22 №1 2022 
Journal Homepage: http://vestnik.pstu.ru/geo/ 

 
 

Недропользование. 2022. Т. 22, № 1. С.2–8. DOI: 10.15593/2712-8008/2022.1.1 2 

UDC 622+553.98 
Article / Статья  
 PNRPU / ПНИПУ, 2022 
 
Probabilistic and Statistical Assessment of Zonal Oil and Gas Potential 
of the Perm Arch based on Geochemical Criteria 
 
Ilya A. Tatarinov  
 
NAST-M LLC (95b, Kuibysheva str., Perm, 614010, Russian Federation) 
 
Вероятностно-статистическая оценка зональной нефтегазоносности 
Пермского свода по геохимическим критериям 
 
И.А. Татаринов 
 
ООО «НАСТ-М» (Россия, 614010, г. Пермь, ул. Куйбышева, 95б) 
 

Received / Получена: 23.07.2021.  Accepted / Принята: 19.11.2021.   Published / Опубликована: 31.01.2022 
 
Keywords: 
probability, statistical analysis, 
linear statistical model, 
multidimensional statistical model, 
correlation coefficient, oil and gas 
content, statistical criteria, oil and 
gas geochemistry, organic matter, 
geochemical and bituminological 
characteristics. 
 

 A zonal probabilistic-statistical assessment of the generation potential of deposits that form the oil and gas potential of the 
territory of the Perm arch was carried out. To assess the oil and gas content, databases were used on the geochemical and
bituminological characteristics of dispersed organic matter in the Upper Devonian-Tournaisian carbonate, Lower Visean 
terrigenous and Middle Carboniferous (Oka-Bashkirian) carbonate deposits. Statistical models were built on the basis of the 
following parameters: organic carbon content (CORG, %); organic matter (OM, %); composition of dispersed organic matter 
(content of bitumoids, %: chloroform (BCL), petroleum (BPE), alcohol-benzene (BAB), humic acids (HumA, %), insoluble residue 
(IR, %) and DOM conversion characteristics (ratio of concentrations of chloroform bitumoid to alcohol-benzene (BCL/BAB), bitumoid coefficient (β). To determine the information content of these characteristics in relation to oil and gas potential,
Student's statistical criteria – t and Pearson's – χ2 were used, which made it possible to develop one-dimensional and 
multidimensional linear regression models. With the help of step-by-step multidimensional regression analysis, a complex 
criterion was developed that took into account the influence of both each geochemical indicator separately and their
combinations. This made it possible to construct a distribution scheme for the probability of oil and gas content for the Perm 
arch territory. The analysis of the constructed scheme showed that the most favorable geochemical conditions for the formation 
of oil and gas potential due to the dispersed organic matter of the studied deposits were observed in the northeastern part of the 
Perm arch, which limited the isoprobability to more than 0.5.
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 Выполняется зональная вероятностно-статистическая оценка генерационного потенциала отложений, формирующих 
нефтегазоносность территории Пермского свода. Для оценки нефтегазоносности использованы базы данных по
геохимическим и битуминологическим характеристикам рассеянного органического вещества в верхнедевонско-
турнейских карбонатных, нижневизейских терригенных и среднекаменноугольных (окско-башкирских) карбонатных 
отложений. Статистические модели были построены по следующим показателям: содержание органического углерода
(СОРГ, %); органического вещества (ОВ, %); состав рассеянного органического вещества (содержание битумоидов, %: 
хлороформенных (БХЛ), петролейных (БПЭ), спиртобензольных (БСБ), гуминовых кислот (ГумК, %), нерастворимого 
остатка (НО,%) и характеристики преобразования РОВ (отношение концентраций хлороформенного битумоида к
спиртобензольному (БХЛ/БСБ), битумоидный коэффициент (β). Для определения информативности этих характеристик в отношении нефтегазоносности использованы статистические критерии Стьюдента – t и Пирсона – χ2. При построении 
моделей прогноза зональной нефтегазоносности территории Пермского свода использовались одномерный и
многомерный пошаговый регрессионный анализы, что позволило разработать одномерные и многомерные
регрессионные линейные модели. С помощью пошагового многомерного регрессионного анализа разработан 
комплексный критерий, учитывающий влияние как каждого геохимического показателя в отдельности, так и их
сочетаний. Это позволило построить схему распределения вероятности нефтегазоносности для территории Пермского 
свода. Анализ построенной схемы показал, что максимально благоприятные геохимические условия формирования
нефтегазоносности за счет рассеянного органического вещества изучаемых отложений наблюдаются в северо-восточной 
части Пермского свода, с ограничивающей изовероятностью больше 0,5.
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Introduction 
 

The standard methods of oil and gas content 
assessment do not always allow identifying the local sites 
that will contain oil accumulations. Many authors propose 
to use various quantitative or qualitative criteria for zonal 
forecast of oil and gas content. 

In the research the zonal probabilistic-statistical 
assessment of the deposit generative potential forming oil and 
gas content sedimentary section of the Perm arch was 
performed. To solve this problem probabilistic-statistical 
methods were used. Applying them in the construction of 
one-dimensional and multidimensional linear statistical 
models was possible by using elements of mathematical 
statistics and probability theory, which are fully described in 
Russian and foreign works [1–36]. 

In the Perm arch, as well as in the entire Perm Krai 
territory, the typical source rock interval is the deposit of 
the Upper Devonian-Tournaisian carbonate (D3-C1t) complex. Its potential description, including statistical 
methods for estimation oil and gas content potential is 
given in the following research [37-47]. In this article, the 
characteristics of dispersed organic matter (DOM) of 
Visean terrigenous and Middle Carboniferous (Oka-
Bashkirian) carbonate deposits are used in the construction 
of mathematical models for zonal forecast of oil and gas 
content based on probabilistic-statistical methods. We 
consider that applying the obtained data will allow to 
solve the problem of oil and gas content zonal forecast in 
the Perm arch.  

The databases on geochemical and bituminological 
characteristics of deposit's DOM, identified in wells of the 
Perm arch were used. 

The geological and geochemical features of the 
deposits have been studied in detail for the entire territory 
of Perm Krai [37–43]. It should be noted that in these 
studies little attention is paid to the peculiarities of DOM 
distribution in the Perm arch. We think that using 
probabilistic-statistical methods will make it possible to 
estimate the relationship between the DOM characteristics 
and oil and gas content of the Perm arch. 

 
Construction of one-dimensional models 
 
The samples from wells located within the Perm arch 

boundaries were analysed. Initially, the parameters 
characterising DOM in the studied deposits were divided 
into two groups. The first group includes DOM 
measurements from wells located within the field limits, 
and the second one includes those from wells located 
outside the oil fields. These parameters will be analysed 
for Upper Devonian-Tournaisian carbonate (D3-C1t), Lower 
Visean terrigenous (C1v) and Middle Carboniferous (Oka-
Bashkirian) carbonate (C2) deposits. These deposits we call 
geochemical complexes (GCC).  

The first statistical tool for assessing the degree of 
variation between the parameters for two samples is the 
test of hypotheses on the differences or their absence in 
the mean values of the considered DOM characteristics, 
using Student's t-criterion. The statistical calculation data 
of mean values (t-criterion and achieved significance 
level p) of geochemical and bituminological parameters for 
the studied deposits are given in Table 1, as well as the 
statistical characteristics of geochemical parameters for 
GCC in wells of the Perm arch. 

Quantitative mean values are compared by using 
Student's t-criterion (Table 1). 

In some cases data analysis shows statistical differences in 
mean values. We consider the technology of linear 
probabilistic models construction used to forecast the zonal 
oil and gas content of the studied area. The detailed 

methodology of building one-dimensional probabilistic 
models for oil and gas content estimation is described in the 
analyzed papers [14, 16, 43, 44]. 

As an example of using the methodology, we will examine 
the order of individual one-dimensional probabilistic model 
construction of BCL/BAB on GCC D3-C1t. For this purpose 
distribution densities of BCL/BAB within the oil fields are 
studied – class 1, n1 = 61, and data outside the oil and gas 
content areas – class 2, n2 = 167. It is necessary to divide the 
BCL/BAB complex (set) into objects belonging to class 1. 

Density distributions on BCL/BAB for classes 1 and 2 are 
given in Table 2.  

According to the data in each variation interval the 
probabilities of belonging to the oil fields – P(BCL/BABi) are 
calculated. Then they are compared with the average 
interval values of BCL/BABi. The matching correlation 
coefficient r is calculated from the values of P(BCL/BABi.) and BCL/BAB and then a regression equation is constructed. 
Subsequent adjustment of the constructed models is 
carried out considering that the mean value of 
probabilities for the oil field should be more than 0.5, and 
for the outside of oil field – less than 0.5. The probability 
model on BCL/BAB and other parameters is given in Table 3. 

The data in Table 3 show that the regression equations 
have both positive and negative types. In terms of IR, Corg, OM, BCL, BAB, and HumA parameters, they have 
multidirectional correlations for the studied GCC. For the 
BPE, BCL/BAB and β parameters they have unidirectional 
types for all GCC. 

Examples of the constructed models' graph on BCL/BAB for GCC of D3-C1t, C1v, and C2 are given in Fig. 1.  
It is seen that the dependencies of P (BCL/BAB) on BCL/BAB for GCC are significantly different. It should be noted that for 

C1V and C2 the probability values have a larger range than for 
D3-C1t. The models were used to calculate values for all 
analysed data and to determine mean values for oil and 
"empty" fields, which in the first case are greater than 0.5, in 
the second one are less than 0.5. 
 

Construction of multidimensional models 
 

In the next step of zonal forecast, a complex criterion 
was calculated from the values of individual probabilities 
using the following formula: 
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where P (W1 | X 

i)) – individual probabilities of wells belonging 
to the class of oil zones; P – their product. Calculations are 
performed for each complex separately. 

The GCC
compР  values were then used separately in the 

construction of multidimensional models on the GCC.  
The model for the Upper Devonian-Tournaisian GCC 

has the following form:  
 

GCC D3 С1t
compР −  = –3.288 + 0.97038 Р(IR) + 1.00461 Р(Bcl) + 

+ 0.41960 Р(Сorg) + 0.94026 Р(β) + 1.00515Р(BCL/BAB) + 
+ 1.04776 Р(BPE) + 1.02328 Р(BAB) + 1.16665 Р(OM),  

 
at R = 0.999, p < 0.0000, the forecast error is 0.0032. 

This model is used to calculate GCC D3 С1t
compР −  values for all 

geochemical samples taken from these deposits. The name 
of areas, well numbers and GCC

compР  values are given 
in Table 4. 
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Table 1  
Mean values of geochemical parameters on geochemical complexes 

Value GCC Student's criterion t
p  D3–С1t С1v C2

IR, % 

38.99 ± 41.29 
94 

81.34 ± 25.44
73  –7.6977

0.000000
 81.34 ± 25.44

73
27.17 ± 30.56

67
11.42838
0.000000

38.99 ± 41.29 
94  27.17 ± 30.56

67
1.985389
0.048821

Сorg, % 

0.39 ± 0.72 
116 

6.56 ± 16.19
50

–4.2490
0.000028

 
6.56 ± 16.19

50
0.24 ± 0.31

67
3.19403
0.001811

0.39 ± 0.72 
116  0.24 ± 0.31

67
1.575542
0.116878

OM, % 

0.50 ± 0.90 
116 

8.73 ± 21.54
50

–4.1196
0.000060

 
8.73 ± 21.54

50
0.33 ± 0.44

67
3.19069
0.001830

0.50 ± 0.90 
116  0.33 ± 0.44

67
1.380581
0.169110

BPE, % 

0.0017 ± 0.0079 
234 

0.00021 ± 0.00045
123

2.0739
0.038807

 
0.00021 ± 0.00045

123
0.00225 ± 0.014

156
0.122420
0.122420

0.0017 ± 0.0079 
234  0.00225 ± 0.014

156
–0.477432
0.633332

BCL, % 

0.045 ± 0.117 
247 

0.030 ± 0.046
126

1.3247
0.186094

 
0.030 ± 0.046

126
0.017 ± 0.102

157
1.30703
0.192272

0.045 ± 0.117 
247  0.017 ± 0.102

157
2.392633
0.017186

BAB, % 

0.081 ± 0.129 
232 

0.065 ± 0.084
125

1.2390
0.216158

 
0.065 ± 0.084

125
0.025 ± 0.082

156
4.03537
0.000070

0.081 ± 0.129 
232  0.025 ± 0.082

156
4.805095
0.000002

HumA, % 

0.0014 ± 0.0035 
245 

0.038 ± 0.134
175

–4.3410
0.000018

 
0.038 ± 0.134

125
0.001 ± 0.005

156
3.45518
0.000635

0.0014 ± 0.0035 
245  0.001 ± 0.005

156
–0.133462
0.893896

BCL/BAB, RU 

0.488 ± 0.381 
228 

0.518 ± 0.304
125

–1.7501
0.080972

 
0.518 ± 0.304

125
0.584 ± 0.658

156
–1.03703
0.300622

0.488 ± 0.381 
228  0.584 ± 0.658

156
–2.54602
0.011288

β, % 

13.63 ± 16.13 
112 

3.83 ± 9.04
48

3.94801
0.000118

 
3.83 ± 9.04

48
5.84 ± 11.69

67
–0.99566
0.321543

13.63 ± 16.13 
112  5.84 ± 11.69

67
3.448253
0.000705

 N o t e : * – numerator - mean values and standard deviation, denominator - number of data. 
 Table 2  

Distribution of BCL/BAB values of D3-C1 domanic deposits 
Class of features BCL/BAB variation intervals, unit fraction 

0.0–0.50 0.5–1.0 1.0–1.5 1.5–2.0
Areas within the field, n1 = 61 0.672 0.262 0.016 0.049
Areas outside the field, n2 = 167 0.796 0.161 0.035 0.006
 

Table 3  
Individual models for zonal oil and gas content forecast on GCC of D3-C1t, GCC -C1v and GCC of C2  

GCC Probability equation of belonging to a class of territories within the field GCC Probability equation of belonging to a class of territories within the field 
D3–С1t Р(IR) = 0.558–0.0019 IR D3–С1t Р(BAB) = 0.491 + 0.10072 BAB С1v Р(IR) = 0.101 + 0.00506 IR С1v Р(BAB) = 0.539–0.5876 BAB С2 Р(IR) = 0.346 + 0.00543 IR С2 Р(BAB) = 0.502–0.1771 BAB D3-С1t Р(Сorg) = 0.486 + 0.0364 Сorg D3–С1t Р(HumA) = 0.501–0.0003 HumA 
С1v Р(Сorg) = 0.485 + 0.00232 Сorg С1v Р(HumA) = 0.486 + 0.34761 HumA 
С2 Р(Сorg) = 0.622–0.5917 Сorg С2 Р(HumA) = 0.502–2.395 HumA 

D3–С1t Р(OM) = 0.485 + 0.03014 OM D3-С1t Р(BCL/BAB) = 0.481 + 0.0475 BCL/BAB С1v Р(OM) = 0.486 + 0.00175 OM С1v Р(BCL/BAB) = 0.271 + 0.46511 BCL/BABС2 Р(OM) = 0.620–0.5117 OM С2 Р(BCL/BAB) = 0.361 + 0.21008 BCL/BABD3–С1t Р(BPE) = 0.503–1.687 BPE D3–С1t Р(β) = 0.463 + 0.00263β 
С1v Р(BPE) = 0.542–250.00 BPE С1v Р(β) = 0.481 + 0.00543β 
С2 Р(BPE) = 0.502–1.398 BPE С2 Р(β) = 0.473 + 0.00467β 

D3–С1t Р(BCL) = 0.492 + 0.17574 BCL – – 
С1v Р(BCL) = 0.520–0.6667 BCL – – 
С2 Р(BCL) = 0.504–0.4975 BCL – – 

 

 
Fig. 1. Dependencies of P (BCL/BAB) values on BCL/BAB for GCC; Ksat = BCL/BAB, RU 
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Table 4  
GC
compР  values on geochemical complexes 

№ 
n/o 

GCC D3 С1t
compР −  GCC-С1v

compР  2GCC-С
compР  

Well 
GC
compР   

mean 
Well GC

compР   
mean Well 

GC
compР   

mean 
1 Zorinskaya-208 0.519 Kizimskaya-North Geschskaya 0.584 Koltsovskaya-1 0.454
2 Zorinskaya-218 0.429 Kizimskaya-Krasnovisherskaya 0.511 Novo-Talitskaya-20 0.379
3 Zorinskaya-221 0.539 Koltsovskaya-1 0.368 Nytvenskaya-9 0.365
4 Zorinskaya-223 0.545 Nytvenskaya-9 0.323 Rassvetovskaya-2 0.446
5 Zorinskaya-225 0.458 Rassvetovskaya-2 0.416 Rassvetovskaya-6 0.449
6 Zorinskaya-228 0.577 Rassvetovskaya-6 0.468 Rozhdestvenskaya-41 0.454
7 Kizimskaya-1 0.655 Rozhdestvenskaya-41 0.433 Sukhobizyarskay-Yaborovskaya 0.660
8 Kizimskaya-2 0.496 Sukhobizyarskaya-Yaborovskaya 0.578 Sukhobizyarskaya-Ivazhinskaya 0.569
9 Koltsovskaya-1 0.444 Sukhobizyarskay-Yaborovskaya 0.725 Sukhobizyarskaya-150 0.501
10 Koltsovskaya-3 0.297 Sukhobizyarskaya-150 0.507 – –
11 Lukhovskaya-1 0.417 Sukhobizyarskaya-1 0.414 – –
12 Novo-Talitskaya-20 0.520 Slutskaya-279 0.542 – –
13 Nytvenskaya-9 0.447 – – – –
14 Rassvetovskaya-2 0.435 – – – –
15 Rassvetovskaya-6 0.588 – – –– –
16 Rozhdestvenskaya-41 0.466 – – – –
17 Severokamskaya-12 0.518 – – – –
18 Sukhobizyarskaya-1 0.567 – – –– –
19 Sukhobizyarskaya-2 0.531 – – – –
20 Sukhobizyarskaya-150 0.502 – – – –
21 Shikhovskaya-1 0.517 – – – –
22 Slutskaya-279 0.550 – – – –

 
Table 5  

The sequence of probabilities inclusion into the constructed multidimensional 
regression equations to calculate GC

compР  values on geochemical complexes 

Probability 
Consistency of individual probabilities inclusion

into constructed multidimensional models, coefficients at parameters 
GCC-D3-С1t
compР  Coefficients GCC-С1v

compР  Coefficients GCC-С2
compР  Coefficients 

Р(IR) 1 0.97038 2 0.86234 3 0.83277
Р(Сorg) 3 0.41960 4 1.75149 5 2.25739
Р(OM) 8 1.6665 – – 1 –0.91542
Р(BPE) 6 1.04776 3 0.90777 4 0.75568
Р(BCL) 2 1.00461 8 1.07995 8 1.50130
Р(BAB) 7 1.02328 5 0.76367 – –
Р(HumA) – – 7 0.71421 6 1.05721
Р(BCL/BAB) 5 1.00515 1 0.94381 2 0.93010
Р(β) 4 0.94026 6 0.72506 7 0.25492

 
Table 6  

Correlation matrix 
Parameter D3–C1t C1V C2 

D3–C1t 1.00 –0.91* –0.77
C1V  1.00 0.96*
C2  1.00

 

         
а 

 
b 

Fig. 2. Dependences of values change: a – P(β) on β by GCC; β, %; b – areas by GCC
compР  by GCC; GCC

compР  variation interval 
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Fig. 3. Distribution diagram of the GC
compР  average 

for the Perm arch territory 
 

Based on the average GCC-D3-С1t
comp ,Р  GCC-С1v

comp ,Р  GCC-С2
compР  

values in the wells, the probability distribution diagrams of 
zonal oil and gas content for the Perm arch were constructed. 
These diagrams were used in further assessments of zonal oil 
and gas content in the Perm arch. 

To understand the process of GC
compР values formation 

from the values of individual probabilities P(IR), Р(Corg), Р(OM), Р(BPE), P(BCL), P(BAB) the sequence of regression 
equations formation on GCC was analysed (Table 5). 

It is seen that the sequence of using individual 
probabilities when building multidimensional models to 
calculate GC

compР values differs significantly for the three 
studied variants. It should be noted that the formation of 
models is fundamentally different for rocks that are 
considered to be the main oil source rock – D3-C1t and 
covering C1V and C2. It is obvious from the P(BCL) values which 
are used for GCC-D3-С1t

compР  model construction at the second 
step of model construction, while for GCC-С1v

comp ,Р  2GCC С
compР −  – 

at the last steps of model construction. 
The correlation coefficients between the data in the 

multidimensional regression equations are given in Table 6.  
It can be seen that between the coefficients at 

geochemical parameters in multidimensional regression 
equations for the forecasted GC

compР  on D3-C1t and C1V there is 
a statistically significant inverse correlation, between D3-C1t and C2 – the relation is also negative, but weaker. The 
correlation between C1V and C2 is direct and statistically 
significant. It indicates that the formation of oil and gas 
content due to the DOM of deposit potential occurred by 
different mechanisms of its transformation and further 
migration, which is confirmed by the type of change diagrams 
in the GC

compР values of D3-C1t, C1V and C2. This is quite clearly 
confirmed by such an important criterion of oil and gas 
content formation as β, which characterises the degree of 

hydrocarbon mobility. Dependences of P (β) values on β in 
the studied deposits are shown in Fig. 2, a. 

It can be seen that the dependences of P (β) on β for the 
studied rocks are significantly different. For the Upper 
Devonian-Tournaisian deposits P (β) values are located in a 
rather narrow range of values – from 0.463 to 0.653, which 
indicates a significant syngenetic nature of the DOM. P (β) 
values vary from 0.481 to 0.807 in the Visean terrigenous and 
from 0.473 to 0.894 in the Upper Visean-Bashkirian deposits. 
In addition, fundamental differences are observed in the 
BCL/BAB parameter. For the Upper Devonian-Tournaisian 
deposits, this parameter was included in the 5th place of the 
multidimensional model formation, whereas for the Visean 
terrigenous and Upper Visean-Bashkirian deposits it was used 
in the 1st and 2nd places. 

According to the diagrams of changes in the GCC-D3-С1t
comp ,Р  

GCC-С1v
comp ,Р  GCC-С2

compР  values, the distributions of areas within 
certain ranges of probabilities are built, shown in Fig. 2, b.  

We can see that GCC-D3-С1t
comp ,Р  GCC-С1v

comp ,Р  GCC-С2
compР  values 

less than 0.3 of the areas occupied by these probabilities are 
extremely insignificant and quite close in size. In the range up 
to 0.4 of the areas GC-D3-С1

compР remains insignificant, whereas 
GC-С1V
compР  and especially GC-С2

compР  are characterised by large 
values (44.459 % – C1V, 28.006 % – C2). 
 

Conclusion 
 

The research shows that the zonal oil and gas content 
of the Perm arch territory was formed due to the combined 
DOM potential of Upper Devonian-Tournaisian carbonate, 
Lower Visean terrigenous and Upper Visean-Bashkirian 
carbonate deposits. This allows us to consider that the 
developed probabilistic geochemical criteria can be used 
to estimate the zonal oil and gas content of the entire 
section of the Perm arch. Stepwise multidimensional 
regression analysis was used to estimate the quantitative 
contribution of GCC-D3-С1t

comp ,Р  GCC-С1v
comp ,Р  GCC-С2

compР  values to 
the GC

comp,Р complex characteristic defined, as before, by 
the formula of the complex criterion. 

The multidimensional regression equation of 
dependences on GCC-D3-С1t

comp ,Р  GCC-С1v
comp ,Р  GCC-С2

compР  has the 
following form: 
 

mGC
compР  = –0.467 + 3.72126 GCC-С2

compР  + 
+ 0.64282 GCC-С1v

compР  – 2.72126 GCC-D3-С1t
comp ;Р  

 
at R = 0,840, р < 0,45577 forecast error equals to 0.053.  

This shows that all the GCC-D3-С1t
comp ,Р  GCC-С1v

comp ,Р  
GCC-С2
compР  values participated in the values formation in a 

complex way (Fig. 3). According to the mGC
compР  values, a 

diagram of value distribution for the Perm arch territory 
was constructed (Fig. 3). 

 
References 

 
1. Vistelius A.V. Osnovy matematicheskoi geologii [Fundamentals of mathematical geology]. Leningrad: Nedra, 1980, 389 р.  
2. Dement'ev L.F. Matematicheskie metody i EVM v neftegazovoi geologii [Mathematical methods and computers in oil and gas geology]. Moscow: Nedra, 1987, 264 p. 
3. Davydenko A.Iu. Veroiatnostno-statisticheskie metody v geologo-geofizicheskikh prilozheniiakh [Probabilistic-statistical methods in geological and geophysical 
applications]. Irkutsk, 2007, 29 p. 
4. Mikhalevich I.M. Primenenie matematicheskikh metodov pri analize geologicheskoi informatsii (s ispol'zovaniem komp'iuternykh tekhnologii) [Application of 
mathematical methods in the analysis of geological information (using computer technology)]. Irkutsk, 2006, 115 p. 
5. Devis Dzh. Statistika i analiz geologicheskikh dannykh [Statistics and analysis of geological data]. Moscow: Mir, 1977, 353 p. 
6. Devis Dzh.S. Statisticheskii analiz dannykh v geologii [Statistical data analysis in geology]. Moscow: Nedra, 1990, book 1, 319 p.  
7. Devis Dzh.S. Statisticheskii analiz dannykh v geologii [Statistical data analysis in geology]. Moscow: Nedra, 1990, book 2, 426 p.  
8. Dement'ev L.F., Zhdanov M.A., Kirsanov A.N. Primenenie matematicheskoi statistiki v neftepromyslovoi geologii [Application of mathematical statistics in oilfield 
geology]. Moscow, 1977, 255 p. 
9. Dreiper N., Smit G. Prikladnoi regressionnyi analiz [Applied Regression Analysis]. Moscow: Vil'iams, 2007. 



PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING 
 

НЕДРОПОЛЬЗОВАНИЕ 7 

10. Pomorskii Iu.L. Metody statisticheskogo analiza eksperimental'nykh dannykh [Methods of statistical analysis of experimental data]. Leningrad, 1960, 174 p. 
11. Krivoshchekov S.N., Galkin V.I. Postroenie matritsy elementarnykh iacheek pri prognoze neftegazonosnosti veroiatnostno-statisticheskimi metodami na territorii 
Permskogo kraia [Construction of a matrix of elementary cells in the forecast of oil and gas content by probabilistic-statistical methods in the territory of the Perm 
Territory]. Geologiia, geofizika i razrabotka neftianykh i gazovykh mestorozhdenii. Moscow: VNIIOENG, 2008, no. 8, pp. 20-23.  
12. Galkin V.I., Sosnin N.E. Razrabotka geologo-matematicheskikh modelei dlia prognoza neftegazonosnosti slozhnopostroennykh struktur v devonskikh terrigennykh 
otlozheniiakh [Geological development of mathematical models for the prediction of oil and gas complex-built structures in the Devonian clastic sediments]. Neftianoe 
khoziaistvo, 2013, no. 4, pp. 28-31. 
13. Krivoshchekov S.N., Galkin V.I., Volkova A.S. Razrabotka veroiatnostno-statisticheskoi metodiki prognoza neftegazonosnosti struktur [Development of a probabilistic-
statistical methodology for predicting the oil and gas potential of structures]. Neftepromyslovoe delo. Moscow: VNIIOENG, 2010, no. 7, pp. 28-31. 
14. Galkin V.I., Kozlova I.A., Krivoshchekov S.N., Piatunina E.V., Pestova S.N. O vozmozhnosti prognozirovaniia neftegazonosnosti famenskikh otlozhenii s pomoshch'iu 
postroeniia veroiatnostno-statisticheskikh modelei [On the possibility of predicting the oil and gas content of Famennian deposits using the construction of probabilistic-
statistical models]. Geologiia, geofizika i razrabotka neftianykh i gazovykh mestorozhdenii. Moscow: VNIIOENG, 2007, no. 10, pp. 22-27. 
15. Galkin V.I., Rezvukhina D.V. Razrabotka statisticheskikh modelei dlia prognoza pogloshchenii po kharakteristikam razryvnykh narushenii [Development of Statistical 
Models for Predicting Losses based on the Characteristics of Discontinuities]. Vestnik Permskogo natsional'nogo issledovatel'skogo politekhnicheskogo universiteta. 
Nedropol'zovanie, 2021, vol. 21, no. 3, pp. 103-108. DOI: 10.15593/2712-8008/2021.3.1 
16. Koshkin K.A., Tatarinov I.A. Razrabotka veroiatnostnykh modelei zonal'nogo prognoza neftegazonosnosti tsentral'noi chasti Permskogo svoda po strukturno-
moshchnostnym kriteriiam [Development of Zone Forecast probability Models for Oil and Gas Potential in the Central Part of the Permian Uplift by Structural and 
Capacity Criteria]. Vestnik Permskogo natsional'nogo issledovatel'skogo politekhnicheskogo universiteta. Nedropol'zovanie, 2021, vol. 21, no. 1, pp. 2-8. 
DOI: 10.15593/2712-8008/2021.1.1 
17. Putilov I.S. Razrabotka tekhnologii kompleksnogo izucheniia geologicheskogo stroeniia i razmeshcheniia mestorozhdenii nefti i gaza [Development of technologies for a 
comprehensive study of the geological structure and location of oil and gas fields]. Perm': Permskii natsional'nyi issledovatel'skii politekhnicheskii universitet, 2014, 285 p. 
18. Galkin V.I., Solov'ev S.I. Raionirovanie territorii Permskogo kraia po stepeni perspektivnosti priobreteniia neftianykh uchastkov nedr [Classification of Perm krai areas 
according to prospectivity for oil fields acquisition]. Vestnik Permskogo natsional'nogo issledovatel'skogo politekhnicheskogo universiteta. Geologiia. Neftegazovoe i 
gornoe delo, 2015, no. 16, pp. 14-24. DOI: 10.15593/224-9923/2015.16.2 
19. Ivanov S.A., Rastegaev A.V., Galkin V.I. Analiz rezul'tatov primeneniia GRP (na primere Povkhovskogo mestorozhdeniia nefti) [Analysis of the results of hydraulic 
fracturing (on the example of the Povkhovskoye oil field)]. Neftepromyslovoe delo. Moscow: VNIIOENG, 2010, no. 7, pp. 54-58.  
20. Houze O., Viturat D., Fjaere O.S. Dinamie data analysis. Paris: Kappa Engineering, 2008, 694 p. 
21. Van Golf-Racht T.D. Fundamentals of fractured reservoir engineering. Elsevier scientific publishing company. Amsterdam - Oxford - New York, 1982, 709 p. 
22. Horne R.N. Modern well test analysis: A computer Aided Approach. 2nd ed. Palo Alto: PetrowayInc, 2006, 257 p. 
23. Johnson N.L., Leone F.C. Statistics and experimental design. New York - London - Sydney - Toronto, 1977, 606 p. 
24. Montgomery D.C., Peck E.A., Introduction to liner regression analysis. New York: John Wiley & Sons, 1982, 504 p. 
25. Amanat U.Chaudry.Oil well testinghanbook/Advanced TWPSON Petroleum Systems Inc. – Houston, 2004. – 525 p. 
26. Darling T. Well Logging and Formation Evalution. GardnersBooks, 2010, 336 p. 
27. Watson G.S. Statistic on spheres. New York: John Wiley and Sons, Inc., 1983, 238 p. 
28. Yarus J.M. Stochastic modeling and geostatistics. AAPG. Tulsa, Oklahoma, 1994, 231 p.  
29. Bouchaala F., Ali M.Y., Matsushima J. et al. Scattering and intrinsic attenuation as a potential tool for studying of a fractured reservoir. Journal of Petroleum Science 
and Engineering, 2019, vol. 174, pp. 533-543. DOI:10.1016/j.petrol.2018.11.058 
30. Friedman J. Regularized discriminant analysis. Journal of the American Statistical Association, 1989, vol. 84, pp. 165-175. DOI: 10.2307/2289860 
31. Koshkin K.A., Melkishev O.A. Use of derivatives to assess preservation of hydrocarbon deposits. IOP Conf. Series: Journal of Physics: Conference Series, 2018, 
vol. 1015, 032092 p. DOI:10.1088/1742-6596/1015/3/032092 
32. Zhuoheng Ch., Osadetz K.G. Geological risk mapping and prospect evaluation using multivariate and Bayesian statistical methods, western Sverdrup Basin of Canada. 
AAPG Bulletin, 2006, vol. 90, no. 6, pp. 859-872. DOI: 10.1306/01160605050 
33. Ahlbrandt T.S., Charpentier R.R., Klett T.R., Schmoker J.W., Schenk C.J., Ulmishek G.F. Global resource estimates from total petroleum systems. AAPG Memoir, 2005, 
no. 86, pp. 1-334. DOI: 10.1306/M861061 
34. Pang-Ning Tan, Michael Steinbach, Vipin Kumar. Introduction to data mining. Boston: Pearson Addison Wesley, 2005, 769 p. 
35. Warren J.E., Root P.J. The behavior of naturally fractured reservoirs. Soc. Petrol. Eng. J., 1963, vol. 3, iss. 3, pp. 245-255. DOI: 10.2118/426-PA 
36. Tiab D. Modern core analysis. Vol. 1. Theory, core laboratories. Houston, Texas, 1993, 200 p. 
37. Kozlova I.A., Galkin V.I., Vantseva I.V. K otsenke perspektiv neftegazonosnosti Solikamskoi depressii s pomoshch'iu geologo-geokhimicheskikh kharakteristik 
neftegazomaterinskikh porod [To assess the prospects of oil and gas potential of the Solikamsk depression using the geological and geochemical characteristics of oil and 
gas source rocks]. Neftepromyslovoe delo, 2010, no. 7, pp. 20-23. 
38. Krivoshchekov S.N., Kozlova I.A., Sannikov I.V. Otsenka perspektiv neftegazonosnosti zapadnoi chasti Solikamskoi depressii na osnove geokhimicheskikh i 
geodinamicheskikh dannykh [Estimate of the petroleum potential of the western Solikamsk depression based on geochemical and geodynamic data]. Neftianoe 
khoziaistvo, 2014, no. 6, pp. 12-15. 
39. Galkin V.I., Kozlova I.A., Melkishev O.A., Shadrina M.A. Geokhimicheskie pokazateli ROV porod kak kriterii otsenki perspektiv neftegazonosnosti [Geochemical 
indicators of dispersed organic matter (DOM) of rocks as criteria of hydrocarbon potential evaluation]. Neftepromyslovoe delo, 2013, no. 9, pp. 28-31. 
40. Galkin V.I., Kozlova I.A. Razrabotka veroiatnostno-statisticheskikh regional'no-zonal'nykh modelei prognoza neftegazonosnosti po dannym geokhimicheskikh 
issledovanii verkhnedevonskikh karbonatnykh otlozhenii [Development of probabilistic-statistical regional-zoning models of oil and gas potential prediction based on the 
data of geochemical studies of the Upper Devonian carbonate deposits]. Geologiia, geofizika i razrabotka neftianykh i gazovykh mestorozhdenii, 2016, no. 6, pp. 40-45. 
41. Galkin V.I., Kozlova I.A., Krivoshchekov S.N., Nosov M.A., Koltyrina N.S. Otsenka perspektiv neftegazonosnosti iuga Permskogo kraia po organo-geokhimicheskim dannym 
[Estimation of petroleum potential prospects in the south of Perm territory on the basis of organic-geochemical data]. Neftepromyslovoe delo, 2015, no. 7, pp. 32-35. 
42. Galkin V.I., Kozlova I.A., Krivoshchekov S.N., Nosov M.A. Reshenie regional'nykh zadach prognozirovaniia neftenosnosti po dannym geologo-geokhimicheskogo 
analiza rasseiannogo organicheskogo veshchestva porod domanikovogo tipa [Solutions to regional problems of forecasting oil bearing according to geological and 
geochemical analysis of dispersed organic matter of Domanic type rocks]. Neftianoe khoziaistvo, 2015, no. 1, pp. 21-23. 
43. Galkin V.I., Kozlova I.A., Krivoshchekov S.N., Melkishev O.A. K obosnovaniiu postroeniia modelei zonal'nogo prognoza neftegazonosnosti dlia nizhne-srednevizeiskogo 
kompleksa Permskogo kraia [On the justification of the construction of models for oil and gas potential area forecast Visean deposits of Perm region]. Neftianoe 
khoziaistvo, 2015, no. 8, pp. 32-35. 
44. Galkin V.I., Zhukov Iu.A., Shishkin M.A. Primenenie veroiatnostnykh modelei dlia lokal'nogo prognoza neftegazonosnosti [Application of probabilistic models for local 
forecast of oil and gas content]. Ekaterinburg: Ural'skoe otdelenie Rossiiskoi akademii nauk, 1990, 108 p. 
45. Galkin V.I., Krivoshchekov S.N. Obosnovanie napravlenii poiskov mestorozhdenii nefti i gaza v Permskom krae [Substantiation of the directions of prospecting for oil 
and gas fields in the Perm region]. Nauchnye issledovaniia i innovatsii, 2009, vol. 3, no. 4, pp. 3-7.  
46. Galkin V.I., Kozlova I.A., Rastegaev A.V., Vantseva I.V., Krivoshchekov S.N., Voevodkin V.L. K metodike otsenki perspektiv neftegazonosnosti Solikamskoi depressii po 
kharakteristikam lokal'nykh struktur [On the methodology for assessing the prospects for oil and gas potential of the Solikamsk depression according to the characteristics 
of local structures]. Neftepromyslovoe delo. Moscow: VNIIOENG, 2010, no. 7, pp. 12-17. 
47. Galkin V.I., Rastegaev A.V., Kozlova I.A., Vantseva I.V., Krivoshchekov S.N., Voevodkin V.L. Prognoznaia otsenka neftegazonosnosti struktur na territorii Solikamskoi depressii 
[Predictive assessment of oil and gas potential of structures on the territory of the Solikamsk depression]. Neftepromyslovoe delo. Moscow: VNIIOENG, 2010, no. 7, pp. 4-7.  
 

Библиографический список 
 
1. Вистелиус А.В. Основы математической геологии. – Л.: Недра, 1980. – 389 с.  
2. Дементьев Л.Ф. Математические методы и ЭВМ в нефтегазовой геологии. – М.:Недра,1987. – 264 с. 
3. Давыденко А.Ю. Вероятностно-статистические методы в геолого-геофизических приложениях. – Иркутск, 2007. – 29 с. 
4. Михалевич И.М. Применение математических методов при анализе геологической информации (с использованием компьютерных технологий). – Иркутск, 2006. – 115 с. 
5. Девис Дж. Статистика и анализ геологических данных. – М.: Мир, 1977. – 353 с. 
6. Девис Дж.С. Статистический анализ данных в геологии. – М.: Недра, 1990. – Кн. 1. – 319 с.  
7. Девис Дж.С. Статистический анализ данных в геологии. – М.: Недра, 1990. – Кн. 2. – 426 с.  
8. Дементьев Л.Ф., Жданов М.А., Кирсанов А.Н. Применение математической статистики в нефтепромысловой геологии. – М., 1977. – 255 с. 
9. Дрейпер Н., Смит Г. Прикладной регрессионный анализ. – М.: Изд. дом «Вильямс», 2007. 
10. Поморский Ю.Л. Методы статистического анализа экспериментальных данных: монография. – Л., 1960. – 174 с. 
11. Кривощеков С.Н., Галкин В.И. Построение матрицы элементарных ячеек при прогнозе нефтегазоносности вероятностно-статистическими методами на 
территории Пермского края // Геология, геофизика и разработка нефтяных и газовых месторождений. – М.: ВНИИОЭНГ, 2008. – № 8. – С. 20–23.  
12. Галкин В.И., Соснин Н.Е. Разработка геолого-математических моделей для прогноза нефтегазоносности сложнопостроенных структур в девонских 
терригенных отложениях // Нефтяное хозяйство. – 2013. – № 4. – С. 28–31. 
13. Кривощеков С.Н., Галкин В.И., Волкова А.С. Разработка вероятностно-статистической методики прогноза нефтегазоносности структур // Нефтепромысловое дело. – 
М.: ВНИИОЭНГ, 2010. – № 7. – С. 28–31. 
14. О возможности прогнозирования нефтегазоносности фаменских отложений с помощью построения вероятностно-статистических моделей / В.И. Галкин, И.А. Козлова, 
С.Н. Кривощеков, Е.В. Пятунина, С.Н. Пестова // Геология, геофизика и разработка нефтяных и газовых месторождений. – М.: ВНИИОЭНГ, 2007. – № 10. – С. 22–27. 
15. Галкин В.И., Резвухина Д.В. Разработка статистических моделей для прогноза поглощений по характеристикам разрывных нарушений // Вестник Пермского 
национального исследовательского политехнического университета. Недропользование. – 2021. – Т. 21, № 3. – С. 103–108. DOI: 10.15593/2712-8008/2021.3.1 
16. Кошкин К.А., Татаринов И.А. Разработка вероятностных моделей зонального прогноза нефтегазоносности центральной части Пермского свода по структурно-
мощностным критериям // Вестник Пермского национального исследовательского политехнического университета. Недропользование. – 2021. – Т. 21, № 1. – С. 2–8. 
DOI: 10.15593/2712-8008/2021.1.1 



PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING 
 

НЕДРОПОЛЬЗОВАНИЕ 8 

17. Путилов И.С. Разработка технологий комплексного изучения геологического строения и размещения месторождений нефти и газа. – Пермь: Изд-во Перм. 
нац. исслед. политехн. ун-та, 2014. – 285 с. 
18. Галкин В.И., Соловьев С.И. Районирование территории Пермского края по степени перспективности приобретения нефтяных участков недр// Вестник Пермского 
национального исследовательского политехнического университета. Геология. Нефтегазовое и горное дело. – 2015. – № 16. – С. 14–24. DOI: 10.15593/224-9923/2015.16.2 
19. Иванов С.А., Растегаев А.В., Галкин В.И. Анализ результатов применения ГРП (на примере Повховского месторождения нефти) // Нефтепромысловое дело. – 
М.: ВНИИОЭНГ, 2010. – № 7. – С. 54–58.  
20. Houze O., Viturat D., Fjaere O.S. Dinamie data analysis. – Paris: Kappa Engineering, 2008. – 694 p. 
21. Van Golf-Racht T.D. Fundamentals of fractured reservoir engineering / Elsevier scientific publishing company. – Amsterdam – Oxford – New York, 1982. – 709 p. 
22. Horne R.N. Modern well test analysis: A computer Aided Approach. – 2nd ed. – Palo Alto: PetrowayInc, 2006. – 257 p. 
23. Johnson N.L., Leone F.C. Statistics and experimental design. – New York – London – Sydney – Toronto, 1977. – 606 p. 
24. Montgomery D.C., Peck E.A., Introduction to liner regression analysis. – New York: John Wiley & Sons, 1982. – 504 p. 
25. Amanat U.Chaudry.Oil well testinghanbook // Advanced TWPSON Petroleum Systems Inc. – Houston, 2004. – 525 p. 
26. Darling T. Well Logging and Formation Evalution. – GardnersBooks, 2010. – 336 p. 
27. Watson G.S. Statistic on spheres. – New York: John Wiley and Sons, Inc., 1983. – 238 p. 
28. Yarus J.M. Stochastic modeling and geostatistics // AAPG. – Tulsa, Oklahoma, 1994. – 231 p.  
29. Scattering and intrinsic attenuation as a potential tool for studying of a fractured reservoir / F. Bouchaala, M.Y. Ali, J. Matsushima [et al.] // Journal of Petroleum 
Science and Engineering. – 2019. – Vol. 174. – P. 533–543. DOI: 10.1016/j.petrol.2018.11.058 
30. Friedman J. Regularized discriminant analysis // Journal of the American Statistical Association. – 1989. – Vol. 84. – P. 165–175. DOI: 10.2307/2289860 
31. Koshkin K.A., Melkishev O.A. Use of derivatives to assess preservation of hydrocarbon deposits // IOP Conf. Series: Journal of Physics: Conference Series. – 2018. – 
Vol. 1015. – P. 032092. DOI:10.1088/1742-6596/1015/3/032092 
32. Zhuoheng Ch., Osadetz K..G. Geological risk mapping and prospect evaluation using multivariate and Bayesian statistical methods, western Sverdrup Basin of Canada // 
AAPG Bulletin. – 2006. – Vol. 90, № 6. – P. 859–872. DOI: 10.1306/01160605050 
33. Global resource estimates from total petroleum systems / T.S. Ahlbrandt, R.R. Charpentier, T.R. Klett, J.W. Schmoker, C.J. Schenk, G.F. Ulmishek // AAPG Memoir. – 
2005. – № 86. – P. 1–334. DOI: 10.1306/M861061 
34. Introduction to data mining / Pang-Ning Tan, Michael Steinbach, Vipin Kumar. – Boston: Pearson Addison Wesley, 2005. – 769 p. 
35. Warren J.E., Root P.J. The behavior of naturally fractured reservoirs // Soc. Petrol. Eng. J. – 1963. – Vol. 3, iss. 3. – P. 245–255. DOI: 10.2118/426-PA 
36. Tiab D. Modern core analysis. Vol. 1. Theory, core laboratories. – Houston, Texas, 1993. – 200 p. 
37. Козлова И.А., Галкин В.И., Ванцева И.В. К оценке перспектив нефтегазоносности Соликамской депрессии с помощью геолого-геохимических характеристик 
нефтегазоматеринских пород // Нефтепромысловое дело. – 2010. – № 7. – С. 20–23. 
38. Кривощеков С.Н., Козлова И.А., Санников И.В. Оценка перспектив нефтегазоносности западной части Соликамской депрессии на основе геохимических и 
геодинамических данных // Нефтяное хозяйство. – 2014. – № 6. – С. 12–15. 
39. Геохимические показатели РОВ пород как критерии оценки перспектив нефтегазоносности / В.И. Галкин, И.А. Козлова, О.А. Мелкишев, М.А. Шадрина // 
Нефтепромысловое дело. – 2013. – № 9. – С. 28–31. 
40. Галкин В.И., Козлова И.А. Разработка вероятностно-статистических регионально-зональных моделей прогноза нефтегазоносности по данным геохимических 
исследований верхнедевонских карбонатных отложений // Геология, геофизика и разработка нефтяных и газовых месторождений. – 2016. – № 6. – С. 40–45. 
41. Оценка перспектив нефтегазоносности юга Пермского края по органо-геохимическим данным / В.И. Галкин, И.А. Козлова, С.Н. Кривощеков, М.А. Носов, 
Н.С. Колтырина // Нефтепромысловое дело. – 2015. – № 7. – С. 32–35. 
42. Решение региональных задач прогнозирования нефтеносности по данным геолого-геохимического анализа рассеянного органического вещества пород 
доманикового типа / В.И. Галкин, И.А. Козлова, С.Н. Кривощеков, М.А. Носов // Нефтяное хозяйство. – 2015. – № 1. – С. 21–23. 
43. К обоснованию построения моделей зонального прогноза нефтегазоносности для нижне-средневизейского комплекса Пермского края / В.И. Галкин, 
И.А. Козлова, С.Н. Кривощеков, О.А. Мелкишев // Нефтяное хозяйство. – 2015. – № 8. – С. 32–35. 
44. Галкин В.И., Жуков Ю.А., Шишкин М.А. Применение вероятностных моделей для локального прогноза нефтегазоносности. – Екатеринбург: Уро РАН, 1990. – 108 с. 
45. Галкин В.И., Кривощеков С.Н. Обоснование направлений поисков месторождений нефти и газа в Пермском крае // Научные исследования и инновации. – 
Пермь, 2009. – Т. 3, № 4. – С. 3–7.  
46. К методике оценки перспектив нефтегазоносности Соликамской депрессии по характеристикам локальных структур / В.И. Галкин, И.А. Козлова, А.В. Растегаев, 
И.В. Ванцева, С.Н. Кривощеков, В.Л. Воеводкин // Нефтепромысловое дело. – М.: ВНИИОЭНГ, 2010. – № 7. – С. 12–17. 
47. Прогнозная оценка нефтегазоносности структур на территории Соликамской депрессии / В.И. Галкин, А.В. Растегаев, И.А. Козлова, И.В. Ванцева, С.Н. Кривощеков, 
В.Л. Воеводкин // Нефтепромысловое дело. – М.: ВНИИОЭНГ, 2010. – № 7. – С. 4–7.  
 
 

Financing. The research had no sponsorship. 
Conflict of interests. The authors declare no conflict of interests. 

 


