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Abstract: In today’s complex and data-rich environment, decision-making systems often need to effectively
handle information that is uncertain, imprecise, and partially reliable. Traditional logic systems, built on binary
values such as true or false, are inadequate for modeling such real-world complexities. Although fuzzy logic
and probabilistic reasoning have made progress in representing imprecision and uncertainty, these approaches
typically address these issues separately and cannot fully capture the dual nature of imperfect information -
both its imprecision and degree of reliability. This gap has driven research into Z-numbers and Z-fuzzy rela-
tions; this approach unifies imprecision and reliability within a single mathematical framework. While theo-
retical foundations and practical applications exist in fields like control systems, medicine, decision making
and data analysis, fully developed and systematic methodologies for approximate reasoning based on Z-rules
remain insufficient. Current approaches often face limitations in handling bimodal information-based rule ba-
ses. Considering these challenges, there is a need for new formal models that enable reasoning from Z-number-
valued information, facilitating more human-like understanding and better management of uncertainty. The
above highlights the analysis of existing fuzzy and probabilistic implication tools, the elimination of their
shortcomings, and justifies the need to develop approximate reasoning methods based on Z- number concep-
tion.

Approximate reasoning plays a crucial role in decision-making and expert systems, especially in situations
where information is imprecise and uncertain. In this context, fuzzy implication models serve as a key
mechanism for deriving conclusions based on conditional rules. While classical logic expresses “if... then...”
statements rigidly, fuzzy logic enables more flexible and human-like interpretation through fuzzy implications.
However, existing fuzzy implications - such as those proposed by Mamdani, Gédel, Lukasiewicz, Zadeh,
Aliev, Reichenbach, Kleene-Dienes, Goguen, Yager, Weber, Fodor and others face limitations in practical
applications. These implications consider only imprecision, but fail to adequately address important aspects
such as the reliability or degree of confidence in the information.

Therefore, there is a growing need for new approaches that extend the functional capabilities of fuzzy impli-
cation by extending it to Z-number-based implications. Z-numbers allow for the simultaneous modeling of
both the vagueness of information and its trustworthiness (reliability or confidence). This leads to a more
expressive and realistic reasoning results.

The actuality of this work lies in the fact that it investigates the shortcomings of existing fuzzy implication
models, analyzes their current application potential, and justifies the development of new implications based
on Z-numbers. This represents a timely and significant research direction, both theoretically and practically,
for advancing modern fuzzy reasoning systems. The above-mentioned points determine the relevance of the
work.

It should be noted that conditional reasoning method is the foundation of control systems and decision-making
systems. This article proposes a new Z-conditional reasoning method using fuzzy and probabilistic implication.
Keywords: fuzzy implication, probabilistic implication, Z-implication, probabilty distribution, Z-number,
Fuzzy number, new conditional reasonin method
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Introduction

The relationship between the probabilities of oc-
currence of one or more dependent events is ex-
pressed using probabilistic implication. Classi-
cal logic differs from probabilistic logic. In clas-
sical logic, a true or false value is used, while in
probabilistic implication, a probability value is
used. Recently, the application of this concept
has also been encountered in works related to the
application of fuzzy theory. This can be ex-
plained by the fact that probabilistic implication
can support decision-making with inaccurate in-
formation and is useful for modeling human be-
havior, since in this case there is incomplete in-
formation. On the other hand, it can also better
model natural phenomena. There are numerous
approaches in the scientific literature related to
the modeling of processes characterized by im-
perfect information, and they are based on Pro-
fessor Zadeh's Z-number theory. These ap-
proaches allow the combined use of probabilistic
and fuzzy implication. However, the concept of
implication is more widely used in problems re-
quiring logical deduction. Unfortunately, these
implications are used separately either in a fuzzy
or probabilistic form, or in an approximated
form, which leads to information loss and, again,
modeling with incomplete information.

A review of existing conditional reasoning
approaches reveals that most of these methods
face significant challenges in effectively model-
ing the key characteristics of real-world prob-
lems, namely, uncertainty and imprecisionsim-
ultaneously. Classical logic and probabilistic
reasoning systems typically focus on one of
these aspects, and thus fall short when it comes
to processing vague, linguistically-expressed
knowledge that is characteristic of human think-
ing.

Traditional approaches often require infor-
mation and conditions to be precise and clearly
defined. However, in practice, expert knowledge
and real-world observations are frequently
vague and subjective. These systems tend to
treat all rules as equally reliable, without ac-
counting for the degree of trust that stems from
human perception, experience, or knowledge. In
reality, such trust is inherently partial and should
be modeled as a fuzzy value of a probability
measure.
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Moreover, many conditional reasoning sys-
tems lack contextual sensitivity,they apply rules
uniformly, regardless of the specific situation.
This reduces their alignment with human reason-
ing. The expressive capacity of classical and
some fuzzy implication operators is also limited,
as they fail to adequately reflect partial confi-
dence or degrees of belief.

Another major limitation arises when dealing
with complex systems that involve multiple in-
teracting rules. In such cases, existing methods
may produce inconsistent results or become
computationally intensive. Additionally, mecha-
nisms for prioritizing rules or resolving conflicts
are either underdeveloped or entirely absent.

As a result, current conditional reasoning ap-
proaches are unable to fully capture the uncer-
tainty and imprecision inherent in real-world in-
formation, which limits their applicability in
many domains. This highlights the need for
more expressive and flexible formal models.

As can be seen, the paradigm of approximate
reasoning is closely linked to the nature of im-
perfect information. The imperfection of real-
world data is mainly characterized by two key
features.

First, such information is often based on hu-
man perception, experience, and knowledge, and
is typically expressed through language. These
linguistic descriptions carry imprecision and
vagueness, which makes them suitable for for-
malization using fuzzy sets.

Second, human perception, experience, and
knowledge are not absolute sources of truth.
Therefore, such information can only be trusted
to a certain degree, and this trust is inherently
partial. This partiality is also imprecise and can
be formalized as a fuzzy value of a probability
measure.

All of this highlights the necessity of creating
a formal foundation capable of handling real-
world information, with all its imprecision and
uncertainty.

Z-numbers offer a framework for simultane-
ously representing both the imprecision of infor-
mation and the degree of reliability associated
with it. In this context, Z-rules—that is, “if-then”
rules defined using Z-numbers—aim to capture
both fuzziness and uncertainty in a unified man-
ner. First proposed by L.A. Zadeh, this approach
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presents significant potential for real-world de-
cision-making problems where information is
often incomplete, vague, or partially reliable.

However, at present, there is no fully estab-
lished and formal theoretical framework for ap-
proximate reasoning based on Z-rules. A rule
base composed of Z-rules is considered com-
plete only if, for every possible observation,
there exists at least one rule whose antecedent
(expressed as a Z-number) partially overlaps
with the observation. Otherwise, the rule base is
considered incomplete. This reflects a more re-
alistic modeling assumption, as it is typically in-
feasible or impractical to construct a rule base
that covers all possible scenarios involving
fuzzy and probabilistic uncertainties.

When the Z-rule base is incomplete and a
given observation is not matched by any rule,
classical reasoning methods,such as those based
on compositional rule of inference (e.g.,
Mamdani, Takagi-Sugeno),become ineffective
in producing valid outputs. In such cases, impli-
cation-based approaches offer a more suitable
alternative for reasoning with Z-rules, as they
can better accommodate partial matches and in-
complete knowledge.

Given the increasing complexity and uncer-
tainty inherent in real-world systems, the devel-
opment of a new formalism capable of deriving
conclusions from Z-number-valued information
is essential. Such a framework would lay the
foundation for a new generation of approximate
reasoning systems that can more effectively han-
dle both imprecision and partial reliability, and
thus enhance decision-making processes in
fields such as expert systems, risk assessment,
and intelligent control.

Statement of the problem

Below considers Z-conditional algorithm
and development of software. Currently, there is
almost no information in the scientific literature
about Z-conditional reasoning, especially re-
garding logical inference based on Z-implica-
tion. Processing of Z-rules requires the use of a
new type of implication. However, this problem
has not been discussed in the scientific literature.
The new type of implication, called Z-implica-
tion, is formed through the synergy of fuzzy and
probabilistic implications (Aliev et.,2025). The
related algorithm that enables inference using Z-
valued If=Then rules is proposed. For simplicity
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let us consider reasoning for SISO model. As-
sume If-Then rules and current observation are
given:

Rule 1: If Xis Zix(Ajx, Bix) ThenY is
Ziy(Aiyl Biy)i = 1, n,

Current observation: is Z,(A’y, B'y)

The problem is to compute a Z-number-based
value of Y: Z;,(A’y, B’y)

Proposed conditinal reasoning algorithm.

The basic steps of the algorithm (Ah-
madov,2025)] for solving this problem is
described below:

Step 1. Using Z-implication (Aliev et.,2025)
, compute a relation between Z- input
Z(Aix, Bix) and Z-output Z(A;,, B;,) for each
rule i=1,...,n.

A Z-implication I; may be described in terms

iy:

of mapping between pairs of Z- sets
(A4,B1),(A,,B,) taking into  account
underlying sets of cumulative probability
distributions:

G ={p:/p:= p'z P1Ma, € B1},

G, = {q:fpz = q'z p2Ma, € By} .

Consequently, ALI-1 fuzzy implication and
probabilistic implication would be a basis for
formulating Z-implication I, as follows.

Z-implication I is a vector-valued function:

I; = IFC(kllF(.uAluqu)' k.{lc(p,q):p €

Gl' q € GZ})I
where 7, and 7. are ALI-1 fuzzy implica-

tion and probabilistic implication respectively.
We can get different probabilistic implications
depending on copulas type. The second compo-
nent of the vector-valued function Ip; =
(Ip(uq, 12),{Ic(p, q)}) is a set of probabilistic
implications {I.(p, q)} induced by sets of cumu-
lative distributions G4, G,.

K 1s a binary two-dimensional column vector
K = (ky, k)T, ki, k, € {0,1}. As special cases
of Z-implication one has:

If ky =1,k, = Othen 7, is a fuzzy implica-

tion.
If k =0,k, =1then 7, isa set of probabilistic
implications.

Z-implication is obtained in general case
when k1 = 1, kz =1.
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Stepl.1. Set ki=1, k=0, to apply fuzzy Python simulation
Numerical example.

implication Ir; (4. , Ua, for each rule
P Fl( A Piy ) 1. If the error e is [negative small (NS),

i=1,..n. . .
o o THEN th: 1 -
Step1.2 Set ki=0, ko=1 to apply probabilistic very sure] N the control action u is [nega

o _ tive small (NS),very sure].

implications {I¢;(p, 0):p € Gix,q € Giy}. 2. Ifthe error e is [zero (ZE),not very sure]
Step 2. Aggregate the computed fuzzy and  THEN the control action u is [zero,not very

probabilistic matrices of all the rules i=1,...,n: sure].

. Step 3. P erform ComI?OSH}OH operation of If the error e is [positive small (PS),sure]
given current input Z(A'y, B'y) and obtained  THEN the control action u is [positive small
aggregated matrices ’(IF' {IcD. (PS),not very sure ].

Step 4. Given 4,, and G',, compute B’y to

find Z(4',, B'y).

{0.1 1 0.5} {0.2 1 0.4} {0.3 1 0.3}
not very sure =4— ,——,——, SUre =4———,——,——, verysure =4 —,——,——
0.6 0.7 0.8 0.75°0.8° 0.9 0.8 0.85 0.9

eis ( {0.09 0.15 0.32 0.59 0.94 0.71 0.39} {0.2 1 0.4})

“10°-7>-3>0 "3 7 10 /1075708709

For this Z-number based input, find the Z-value of u.

numpy as np
import pandas as pd
fuzzy relation matrix(X, Y, round digits=3, as_dataframe=

Creates a fuzzy relation matrix R according to the rule:

X = np.array(X, dtype=float) # Convert X to a NumPy array of floats
Y = np.array(Y, dtype=float) # Convert Y to a NumPy array of floats
R = np.zeros((Ien(X), len(Y))) # Initialize a zero matrix of shape len(X) x len(Y)
# Compute each element of the matrix
for 1, xi in enumerate(X):
for j, yj in enumerate(Y):
if xi <yj: # If element of X is less than element of Y
R[1,j]=1-xi # Assign 1 - xi
elif e # If elements are equal
R[i, ] # Assign 1
else: # If element of X is greater than element of Y
R[i,jl=yj #Assignyj
if as_dataframe: # Optionally convert to Pandas DataFrame
R _df = pd.DataFrame(R,
index=[{"{X[i]}" for i in range(len(X))], # Row labels from X
columns=[f"{Y[j]}" for j in range(len(Y))]) # Column la from Y
return R_df.round(round digits) # Round values to the specified number of digits
else:
return np.round(R, round digits) # Return NumPy array rounded to specified digits
process_fuzzy pairs(pairs, round digits=3, as dataframe= ):
Accepts a list of pairs (X, Y).
For each pair, calls fuzzy relation matrix(X, Y)
and prints the result.
Arguments:
pairs — list of tuples like [(X1, Y1), (X2, Y2), ...]
round digits — number of decimal digits for rounding (default 3)
as_dataframe — if True, returns a Pandas DataFrame
Returns a list of matrices (DataFrame or np.ndarray
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results =[] # Initialize a list to store results
for idx, (X, Y) in enumerate(pairs, start=1):
print(f"\n=== Matrix
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{idx} ===") # Print header for each matrix

R = fuzzy relation matrix(X, Y, round digits=round_digits, as dataframe=as_dataframe) # Compute fuzzy ma-

trix

print(R) # Print the matrix

results.append(R) # Store the matrix in results list

return results # Return all matrices

# Insert sets of fuzzy input values
A1=1[0.29, 0.56, 1, 0.68, 0.36, 0.15, 0.08] #input
A2 =1[0.56,0.81, 1, 0.87, 0.69, 0.45, 0.32] #output
A3 =10.15,0.29, 0.68, 1, 0.68, 0.29, 0.15]
A4 =045, 0.62,0.87, 1, 0.87, 0.62, 0.45]
A5=1[0.08, 0.15, 0.36, 0.68, 1, 0.56, 0.29]
A6=1[0.32,0.45, 0.69, 0.87, 1, 0.81, 0.62]
# Insert pairs of sets for processing
pairs = [(Al, A2), (A3, A4), (AS, A6)]

# Compute fuzzy relation matrices for all pairs

Result of fragment of proposed algorithm are as follow:
Fuzzy relation matrixes:
=== Matrix #1 ===
0.56 0.81 1.0 0.87 0.69 0.45 0.32
0.29 0.71 0.71 0.71 0.71 0.71 0.71 0.71
0.56 1.00 0.44 0.44 0.44 0.44 0.45 0.32
1.0 0.56 0.81 1.00 0.87

0.68 0.56 0.32 0.32 0.32
0.36 0.64 0.64 0.64 0.64
0.15 0.85 0.85 0.85 0.85
0.08 0.92 0.92 0.92 0.92

0.45 0.62 0.87 1.0 0.87 0.62 0.45
0.15 0.85 0.85 0.85 0.85 0.85 0.85 0.85
0.29 0.71 0.71 0.71 0.71 0.71 0.71 0.71
0.68 0.45 0.62 0.32 0.32 0.32 0.62 0.45
1.0 0.45 0.62 0.87 1.00 0.87 0.62 0.45
0.68 0.45 0.62 0.32 0.32 0.32 0.62 0.45
0.29 0.71 0.71 0.71 0.71 0.71 0.71 0.71
0.15 0.85 0.85 0.85 0.85 0.85 0.85 0.85

0.32 0.45 0.69 0.87 1.0 0.81 0.62
0.08 0.92 0.92 0.92 0.92 0.92 0.92 0.92
0.15 0.85 0.85 0.85 0.85 0.85 0.85 0.85
0.36 0.32 0.64 0.64 0.64 0.64 0.64 0.64
0.68 0.32 0.45 0.32 0.32 0.32 0.32 0.62

0.45 0.69 0.87 1.00 0.81 0.62
0.45 0.44 0.44 0.44 0.44 0.44
0.71 0.71 0.71 0.71 0.71 0.7

2.To aggregate multiple fuzzy relation matrices
obtained from different input pairs, a sequential
combination procedure was implemented. The
combination rule is defined as follows: if the
sum of corresponding elements in two matrices
1s less than one, the value from the first matrix is
retained; if the sum equals one, the resulting
value is set to zero; and if the sum is greater than

one, the value from the second matrix is used.
This procedure is applied iteratively to all matri-
ces, yielding a final aggregated fuzzy relation
matrix.

5
0
0.
1
0.
2
0.
3
0.
4
0.
5
0.
6

0.71 0.71

The final step in the fuzzy relation analysis
involves computing the A-vector using the
Max—Min method. First, the matrix L is con-
structed by taking the minimum between each
element of the input set X and the corresponding
element in the aggregated fuzzy relation matrix
R.Subsequently, the A-vector is obtained by tak-
ing the maximum across each column of matrix.
As result we had found values for A-part:
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The next step, using B part of Z-number
probability distributions are calculated using
goal programming:

7
Objective function: p = Zi:l ;D

;
YR el
7 - Zi=1 YiPi

Zi:l Hi

7
i1 Pi =1

where p, 20, and points of obtained proba-

bility, x, -universe points of A part of Z(A,B)

RULE 1 ===

0.80
.000000
.133333
.507850
.275965
.082851
.000000
.000000

0.85
.000000
.075641
.567814
.348347
.008198
.000000
.000000

0.90
.000000
.017949
.694231
.287821
.000000
.000000
.000000

0.7 0.8
.000000 .000000
.100557 .005219
.256807 .301995
.328400 .410549
.210650 .258287
.064497 .023950
.039089 .000000

.022580
.169310
.215267

.255312
.165533
.053266
.118731

0.75
.000000
.000000
.123583
.271424
.413968
.191026
.000000

0.80
.000000
.000000
.065890
.309886
.490892
.133332
.000000

0.90
.000000
.000000
.000000
.287821
.694231
.017949
.000000

0.80
.052445
.175625
.253120
.229064
.189929
.099817
.000000

0.60
.275779
.040485
.067850
.088371
.000000
.225122
.302393

number, 4 -is membership degree on universe

points on A, p is points of B part of Z-number/.
Obtained distributions on thepoints of B part
of Z-number are as follow.
Obtained probabilities on input p=0.85 and
on output p=0.85 are as follow:
p=0.85(input):(
(0,0.07564,0.567815,0.348348, 0.008197,0,0);
p=0.85(output):(0.164606, 0.313403,
0.276772.0.217191, 0.028028, 0).

0.85
.000000
.164606
.313403
.276772
.217191
.028028
.000000

0.6 0.7
.235321
.142639
.113935
.093959
.035800
.065793
.312553

.110296
.173011
.172001
.163373
.119152
.049696
.212470

0.70
.175553
.045768
.096793
.135062
.169435
.186950
.190437

Result of aggregation on the computed probabilistic matrices is defined as follow:
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In this stage, the SUMPRODUCT operation
is performed between each incremental vector P
and the A part vector. This involves element-
wise multiplication followed by summation, re-
sulting in a single scalar value for each P vector.

These SUMPRODUCT values quantify the
weighted contribution of each fuzzy result and
serve as the final aggregated measures. Frag-
ment of computer simulation listing and result
are represented below:

# Define the weight vector 'a' for the SUMPRODUCT calculation
a = np.array([0.45, 0.45, 0.69, 0.87, 0.94, 0.81, 0.44])

# === Function to compute SUMPRODUCT ===
sumproduct(p_vector, a_vector):

nmn

Calculates the SUMPRODUCT between vector p and vector a.

Args:

p_vector (pd.Series): Incremental vector p (values to multiply).

a_vector (np.array or list): Weight vector a.

Returns:
float: SUMPRODUCT result.

nmn

# Ensure both vectors have the same length
min_len = min(len(p_vector), len(a_vector))

# Compute element-wise product and sum

return np.sum(p_vector.values[:min_len] * a_vector[:min_len])

# === Compute SUMPRODUCT for each incremental vector p ===

sumprod pl = sumproduct(pl, a)
sumprod p2 = sumproduct(p2, a)
sumprod p3 = sumproduct(p3, a)

# === Print results =—
print("SUMPRODUCT(p1, a) =", sumprod p1)
print("SUMPRODUCT(p2, a) =", sumprod p2)
print("SUMPRODUCT(p3, a) =", sumprod_p3)
# --- Description ---

# This function computes the SUMPRODUCT of an incremental vector p with a predefined weight vector a.
# The operation multiplies corresponding elements and sums them, producing a single numerical result .

Obtained result: A, =
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({%,E,E,w,%,&,%}) and ALI-I Logic to Z-Fuzzy Environment. Lecture
-1 o-07 n030 008 071 ) Notes in Networks and Systems, 1622, 304-311.
B, = ({0_539413 ' 56785440 0720213 ) . 2. Ahrpadov, S.A.(2025) Z-implication and
its application. In Proceeding Il International
Thus, Z(A,, B,) is computed. Scientific and Practical Conference on Artificial
Intelligence Technologies and Aerospace, pp.3-

9.
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Xiilasa: Miiasir miirokkob vo molumatlarla zongin miihitde qorar gobuletmo sistemlori ¢ox vaxt geyri-
milayyan, geyri-daqiq va gisman etibarli olan molumatlan effektiv sokilds idars etmolidir. Dogru va ya yanlig
kimi ikili deyarler {izerinde qurulmus snenavi montiq sistemlari bu ciir real diinya miirakkabliklorini mod-
ellogdirmok {iglin geyri-adekvatdir. Qeyri-salis montiq vo ehtimal asaslandirmasi qeyri-doqiqliyi vo qeyri-
miioyyanliyi tomsil etmokds iraliloyis olds etso do, bu yanagmalar adaton bu mosslslari ayrica hall edir vo
geyri-mitkommsal malumatin ikili xarakterini -hom qeyri-daqiqliyi, ham ds etibarliliq deracasini tam shats eda
bilmir. Bu yanasma qeyri-doqiqliyi vo etibarlilig1 vahid riyazi ¢orcivado birlosdirir. idaraetma sistemleri, tibb,
gorar gobuletma vo malumatlarin tohlili kimi sahalorde nazari asaslar va praktik tatbiqlor mévcud olsa da, Z
qaydalarina asaslanan toxmini natica gixaris ii¢iin tam iglonmis vo sistematik metodologiyalar qeyri-kafi olaraq
galir. Movcud yanagmalar ¢ox vaxt bimodal mslumat asasli qayda bazalariin idars edilmasinde moahdudiy-
yotlorla iizlosir. Bu ¢atinliklori nozars alaraq, Z adad ilo qiymatlondirilon malumatdan ssaslandirmaya imkan
veran, daha insana bonzar anlayist asanlagdiran va geyri-miioyyanliyin daha yaxsi idars olunmasini tamin eden
yeni formal modellors ehtiyac var. Yuxaridakilar mévcud qeyri-salis vo ehtimala asaslanan implikasiya va-
sitolorinin tohlilini, onlarin ¢atigmazliglarinin aradan qaldirilmasini vurgulayir vo Z adadi konsepsiyasina
asaslanan toxmini miithakima iisullarinin iglonib hazirlanmasi zaruratini asaslandirir.

Toxmini mithakima qararlarin qobul edilmasinds va ekspert sistemlarinds, xiisuson do malumatin geyri-deqiq
vo geyri-miioyyon oldugu situasiyalarda miihiim rol oynayir. Bu kontekstdo geyri-solis implikasiya modellori
qaydalara osaslanan naticolorin ¢ixarilmasi ii¢iin asas mexanizm kimi ¢ixis edir. Klassik montiq “ogor...
onda...” ifadalorini sort gokilds ifads etdiyi halda, qeyri-salis mantiq qeyri-solis implikasiyalar vasitasilo daha
¢evik vo insana bonzar sorho imkan verir.

Bununla bels, mévcud geyri-salis implikasiyalar - mosolon, Mamdani, Godel, Lukasievicz, Zadeh, Aliyev,
Reichenbach, Kleene-Dienes, Goguen, Yager, Weber, Fodor va basqalari torofindan toklif olunanlar praktik
tatbiglorde mohdudiyyatlorls {izlagirlor. Bu implikasiyalar yalniz qeyri-deqiqliyi nozars alir, lakin molumatin
etibarlilig1 vo ya aminlik doracasi kimi miihiim aspektlori adekvat sokilde nazars ala bilmir.

Buna gora da, qeyri-salis implikasiyanin funksional imkanlarini Z adadins asaslanan implikasiyalara qador
geniglondiron yeni yanagmalara artan ehtiyac var. Z adadlor molumatin geyri-miiayyanliyini, ham do onun
etibarliligini (etibarliliq va ya etibarliliq) eyni vaxtda modellogdirmays imkan verir. Bu, daha mazmunlu va
real diistinma naticolorine gatirib ¢ixarir.

Bu igin aktualligi ondan ibarotdir ki, o, mdvecud geyri-salis implikasiya modellorinin ¢atismazliglarini aragdirir,
onlarin cari totbiq potensialimi tohlil edir vo Z-adadleri osasinda yeni implikasiyalaramn islonmasini
osaslandirir. Bu, miiasir geyri-salis miilahiza sistemlorinin inkisafi tiglin hom nazari, hom do praktiki cohatdon
vaxtinda va shomiyyatli tadqiqat istiqgamatini tomsil edir. Yuxarida geyd olunan magamlar isin aktualligini
miloyyon edir.

Qeyd etmok lazimdir ki, gorti natico ¢ixarma metodu idaraetms sistemlorinin va gorar gobuletma sistemlorinin
asasini tagkil edir. Bu moqalada qgeyri-salis vo ehtimal implikasiyadan istifado edarok yeni Z-sorti natico
¢ixaris metodu toklif edilir.
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Acar sozlar: geyri-salis implikasiya, ehtimal implikasiyasi, Z-tosirliliyi, ehtimal paylanmasi, Z adadi, qeyri-
salis adad, yeni gorti natico ¢ixaris metodu.

O HOBOM METO/IE YCJIOBHOI'O PACCYXXIEHUS

Mamuas Azep AXMAJIOB
AzepOaiimkanckuii I'ocynapcTBenusiii Y HuBepcuteT Hedtr u [IpoMbleHHOCTH
E-mail: ahmadov.shamil@asoiu.edu.az

Pe3iome: B coBpemMeHHO# CI0KHOM M HACBHIIIEHHON JaHHBIMU Cpelle CUCTEMaM MPUHATHUSL PElIEHUH 4acTo
HeoOxoauMOo 3P PEeKTUBHO 00padaThIBaTh HH()OPMAITHIO, KOTOPAs ABJISCTCS HEONpeIeICHHONW, HETOYHOM! 1 Ja-
CTUYHO HaJCKHOU. TpalullMOHHBIC JIOTHYECKUE CUCTEMBI, TOCTPOCHHBIC HA IBOMYHBIX 3HAUCHUSIX, TAKUX KaK
CUCTHHAY WIH «JI0Kb), HEaIEKBATHBI JJI1 MOJACTUPOBAHUS TAKUX CIIOKHBIX CUTYAIHi pealbHOr0 MUpa. XOTs
HEYeTKasl JIOTUKA W BEPOSITHOCTHBIE PACCYXKICHHUS TOCTUTIIN MTpOorpecca B MPEICTaBIEHUN HETOYHOCTH U HE-
OMPEACICHHOCTH, 3TH IOXO0AbI OOBIYHO PEIIAIOT 3TH MPOOJIEMBI IO OTJIEIBHOCTH U HE MOTYT B TIOJTHOH Mepe
OXBaTUTh JBOMCTBEHHYIO MPHUPOJY HECOBEPUICHHONH MH(OpPMAIMM — KaK €€ HETOYHOCTh, TaK U CTCICHb
HaJEKHOCTH. DTOT P00 CTUMYIIHPOBAI UCCIIEOBAHNS Z-91CeN M HEYETKUX Z-COOTHOIIEHHI; 3TOT TOXO0/T
00BENMHSAET HETOYHOCTh U HAJIS)KHOCTh B paMKaX €IMHOW MaTeMaTHIEeCKOH CTPYKTYPBI. XOTS TEOPETHUECKUE
OCHOBBI M ITPAKTHYECKUE MPHIIOKEHUS CYIIECTBYIOT B TAKUX 00J1aCTAX, KAK CUCTEMbI YIIPABJICHUS, MCIUIIMHA,
MIPUHATHE PEIICHUN U aHaJIN3 NaHHBIX, ITOJIHOCTHIO Pa3pabOTaHHBIX M CUCTEMATUYECKHX METOHOIOTHHA IS
MPHOIKEHHBIX PACCYXACHUH, OCHOBAHHBIX Ha Z-TIpaBHJIaX, OCTaeTcsi HemoctarouHo. COBpeMEHHBIE TO/I-
XOJIbI YaCTO CTAJIKMBAIOTCS ¢ OTPAaHUYCHUSAMU NIpH paboTe ¢ OMMOMAIbHBIMU 0a3aMH MPaBUII, OCHOBAHHBIMU
Ha UH(GOPMALUU. YUUTBIBAs STH MPOOIEMBL, CYHIECTBYET MOTPEOHOCTH B HOBBIX (POPMAIBHBIX MOJIEIISX, TI03-
BOJISTFOIIMX JIENIaTh BBIBOABI HA OCHOBE MH(OPMAIINH, MPEACTABICHHON B BHJIE Z-4HCEI, YTO CIOCOOCTBYET
0o0JIee YeIIOBEUECKOMY ITOHUMAaHUIO U OoJiee 3P PEKTUBHOMY YIIPABICHUIO HEOIPEICICHHOCThI0. BhIienso-
JKEHHOE OCBEIaeT aHAIN3 CYyIIECTBYIOMUX HHCTPYMEHTOB HEYETKON M BEPOATHOCTHOM MMILTUKAIIH, YCTpa-
HEHUE WX HeJIOCTATKOB 1 00OCHOBBIBAET HEOOXOIMMOCTh Pa3pabOTKH METOJ0B TPUOIMKEHHON WMILTHKAIIAH,
OCHOBaHHBIX Ha KOHIIETIIUYU Z-9HCe.

[TpubnmKeHHbIE PACCYKACHUS UTPAIOT PEIIAIONIYI0 POJIh B MPHUHIATHHA PEIICHUN U SKCIEPTHBIX CHCTEMAX,
0COOCHHO B CHTYaIHAX, KOrja nH(OpMAIUs HETOYHA U HEOoTIpeIeTIeHHa. B 3TOM KOHTeKCTe MO/IeTTH HEYeTKOM
MMIUTHKAIAA CTYXAaT KIIOYEBBIM MEXaHU3MOM JUIS BRIBOJIA 3aKJIFOUEHUI HA OCHOBE yCIOBHBIX IpaBui. B TO
BpeMsl KaK KJIACCUYECKasl JIOTHKA BhIPAXKaeT YTBEPKACHUS «ECIIH..., TO...» )KECTKO, HEUETKas JIOrHKa o0ecre-
guBaeT 0oJiee THOKYIO M YeIOBEUECKYIO0 HHTEPIIPETAIMIO TTOCPEICTBOM HEUETKUX UMILIHKAud. OIHAKO Cy-
IIECTBYIOIINE HEUETKAE UMIUIHKAIINH, TaKhe KakK NpeaiokeHHsie Mamaanwu, ['€nenem, Jlykacesuuem, 3ane,
AmmeBsiM, Paiixen6axom, Knun-Jluenecom, ['orenom, Srepom, Bebepom, @omopom 1 Apyrumu, CTaNKHBa-
FOTCSI C OTPAaHUYCHHUSIMH B MIPAKTUYECKOM MPUMEHEHUN. JTH UMIUIMKAIIUN YIUTHIBAIOT TOJBKO HETOYHOCTD,
HO HE YYWTHIBAIOT B IOJIHOW Mepe TaKHhe BaKHBIC aCTHEKThl, KaK HaAEKHOCTh WIHA CTENEHb JOCTOBEPHOCTH
nHpOpPMAaLIUH.

[ToaTomMy pacT€r moTpeOHOCTh B HOBBIX MOIXOAAX, PACIIUPSIONIUX (YHKIIMOHAILHBIC BO3MOXXHOCTH HEYET-
KOW MMIUTHKAITUH, PACTIPOCTPaHss €€ Ha MMIUTMKAIIMA Ha OCHOBE Z-9HCENl. Z-9Hciia TMO3BOJISIOT OTHOBPE-
MEHHO MOJIEIHPOBATh KaK HEYETKOCTh MH(POpPMAIINK, TaK U e€ TOCTOBEPHOCTH (HAJE&KHOCTh WIH IOCTOBEP-
HOCTB). DTO MIPUBOIUT K 00JIee BEIPA3UTEIIBLHBIM U PEATUCTUIHBIM PE3yJIbTaTaM PacCyKIACHHH.
AKTYyaTbHOCTh JAaHHOU paOOTHI 3aKJIF0YAETCS B TOM, UTO OHA UCCIICYET HEOCTATKU CYIIECTBYIOIINX MOACIICH
HEYETKON MMITTUKAINK, aHATTU3UPYET UX TEKYIIUH MPUKIIaTHOW TOTEHITNAN 1 00OCHOBBIBAET pa3pabOTKy HO-
BBIX UMIUIMKAIUH HA OCHOBE Z-4KCcell. DTO aKTyallbHOE U 3HAYMMOE HalpaBJICHUE UCCIEAOBAHUM, KaK C TEO-
PETUYECKOH, TaK M C MIPAKTUICCKON TOUKH 3PEHUS, UII Pa3BUTHS COBPEMEHHBIX CHCTEM HEYETKOTO BHIBOJA.
BrrmieniepeunciieHHbIe MOMEHTBI OTIPEACIISIOT aKTyadIbHOCTh TaHHOM PaOOTHI.

Cnenyer OTMETUTh, YTO METO/ YCIOBHBIX BBIBOJIOB JIEXKUT B OCHOBE CUCTEM YIPABJICHUS U NPUHATHS peLIe-
HUil. B 1aHHOM cTaThe npejiaraeTcsi HOBbIM MeTO | Z-yCIOBHOTO BbIBOJIA, UCTIONB3YIONIUN HEUYETKYIO U Be-
POSITHOCTHYIO UMILTUKAIIHIO.

KaroueBblie cjioBa: HEUECTKAs] MMIUTHKAIUS, BEPOSTHOCTHAS MMILTUKAIMS, Z-UMIUIMKALUS, PAacIIpeICIICHIC
BEPOATHOCTEM, Z-4NCII0, HEUETKOE YMCIIO, HOBBI METOJ] YCIIOBHOT'O BBIBOA.
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  If   X is   Z       ix     (  A ix ,  B ix )   Then Y is   Z iy (  A iy ,  B iy ) i =   1 , n ¯


   is   Z x ′  (   A ′ x ,   B ′ x )  


  Y


       Z y ′  (   A ′ y ,   B ′ y ) 


    A  i x


      B  i x


    A  i y


      B  i y


   I Z


    ( A 1 ,  B 1 ) ,   (  A 2 ,  B 2 )


   G 1 = { p : ∫  p 1 = p ,  ∑   p 1  μ   A 1 ∈  B 1 }


   G 2 = { q : ∫  p 2 = q ,  ∑   p 2  μ   A 2 ∈  B 2 }


    I  Z


    I  Z


    I  Z =   I  F C  (   k 1   I  F  (   𝜇    A 1 ,   𝜇    A 2 ) ,   k 2  {   I  C  ( p , q ) :   p ∈   G 1 , q ∈   G 2 } )


    I  F C =  (   I  F  (   𝜇 1 ,   𝜇 2 ) ,  {   I  C  ( p , q ) } )


    { I  C  ( p , q ) }


    G 1 ,   G 2


  K


  K =   (   k 1 ,   k 2 )  T


    k 1 ,   k 2 ∈ { 0 , 1 }


    k 1 = 1 ,   k 2 = 0


    k 1 = 1 ,   k 2 = 1


    I  F i  (   𝜇    A  i x ,   𝜇    A  i y )


   {   I  C i  ( p , q ) : p ∈   G  i x , q ∈   G  i y }


  Z (   A ′  x ,     B ′  x )  


    ( I  F , {   I  C } )


    A  y ′


    G ′  y


    B ′  y


  Z  (     A ′  y ,       B ′  y ) .


    A  u =


   (  {   0 . 45  − 1 ,   0 . 45  − 0 . 7 ,   0 . 69  − 0 . 3 ,   0 . 87 0 ,   0 . 94  0 . 3 ,   0 . 81  0 . 7 ,    0 . 44 1 } )


    B  u =  (  {  0  0 . 539413 ,  1  0 . 6785440 ,   0 . 3  0 . 720213 , )


    Z (   A  u , B  u

