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The discrete and continuous dependencies’ relationship question has been investigated. An algorithm for
determining the final and total series sums through the equivalence ratio of the series common term a,, and
the a,-model function improper integral mean value within the change unit interval based on the extended
integral Cauchy convergence criterion has been developed. Examples of determining for the statistical
sum in the Boltzmann distribution, for the first time directly expressed through a,-madel function. This
eliminates the need for calculations to accumulate the sum of the series up toja,Valuesthat is specified
by a certain accuracy of this sum. In addition, it allows in this case to vary the energy variation interval
with any given accuracy. The conducted studies allow solving both theoretical and practical problems of
physics and materials science, directly using the Boltzmann distribution (endrgy®pectrum) to calculate the
entropy, which determines the loss of thermal energy in technological pregesses.
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Introduction

The natural sciences are dominated by discrete (nanoparticles, atoms, molecules, genes, etc.), but
continuous (electromagnetic fields, wave theory, etc.) quantities are also used to describe real processes.
Classical mathematics is built on the contimuity and a function limit concepts, which are difficult to
apply in practice. The basis of specifigfcaleulations are the laws of discrete mathematics, which has
developed as a result of only mathematicaleonstructions recognition from a finite number of procedures
and finite objects. Evolution mg@dgls afe continuous and discrete dynamical systems. Continuous
dynamical systems are desgribéd Wby ordinary differential equations systems or in partial derivatives,
discrete dynamical systems areldeseribed by difference equations systems. There is a certain relationship
between continuous and discrete’systems, regardless of the application. It is interesting to compare the
continuous model propertiessand their discrete counterparts. And the functional dependence question
arises, when it is posgible/to carry out the transition from continuous to discrete values and vice [1-3].
As it is known, the disérete dependencies’ identification with continuous ones as the argument tends to
an infinitely small value dx is the differential and integral calculus. But the relationship between discrete
and continuous distributions can turn out to be definite and productive for fixed variation intervals,
x, if we applied to them the isomorphism general provisions — one mathematics development the new
directions [4]. Prior to this, such a relationship manifested itself when establishing the convergence
of a series, i.e. sums of discrete quantities, using the Cauchy, Maclaurin series convergence integral
criterion [5], according to which the series Y 7 a, converges if for the function f(x), which takes
the values a, at the points n, namely, for f(n) = a,, and for condition of monotone decrease of f(x)
in the region = > ngy with observance of the inequality f(z) > 0, the convergence of the improper
integral fno; f(x)dx is ensured. The integral Cauchy criterion greatly facilitates the series convergence
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study, since to reduce this issue to finding out the integral convergence of a well-chosen corresponding
function f(x), which is easily done using the integral calculus methods. Thus, this sign establishes
a certain equivalence of discrete and a variable continuous distribution. Detailed calculations, but
without observing the isomorphism conditions, were presented earlier by the authors [6-10].

It is necessary to verify the proposed version provability for the series sum and the improper
integral of the auxiliary a,-model function isomorphism, the existence of which is entirely determined
by the structure and form of the common term of the series and corresponds to its direct purpose for
determining its sum. In this regard, the a,-model function has a peculiarity, the similarity of which has
not been found in the literature [11-17]. This originality emphasizes the insufficiency of the integral
criterion for the convergence of the series and the improper Cauchy and Maclaurin integral to determine
the sum of the series, copying according to the form the series common term. Such insufficiency is a
consequence of using only the inequalities of a series sum and the improper integral to prove the series
convergence or divergence in terms these integral the convergence or divergence. To determine of a
series sum itself, an analytical, quantitative expression of its relationship with the improper integral
is required for a given restriction of this relationship. In addition, isomorphism 18 generally aimed at
introducing analytical proofs of mathematical objects similarity instead%of heir qualitative similarity
indications. At the very least, it is not yet possible to determine a geriés sum“based on the area
inequalities formed using a,, and f,(z).

1 Determination of the equivalence relation based gnithle Boltzmann distribution

The Boltzmann distribution for a monatomic ideal gasyn“andiscrete version is expressed as

€

N, Q> .
P,:Nl:ek‘%/;ek%, (1)
1=

where P; is the particles fraction with the i-th energy level €;, and the first energy level for physical
and thermodynamic reasons is equal to zeréwas'the lowest energy value to which the equilibrium system
tends. It, like quantum orbitals, is alsofthéymnost populated, which is mathematically achieved by the
value exp(—e;/kT) = 1 and following{fremd1) at ¢; = (i — 1)Ae by the condition Py < P, if T > 0,
and Ppp1 = F; at T — oo.

The series sum » o, e T funil vecently had no limit direct expression and was estimated either
from specific spectral distribatiens-or as a continuous function

/ e de = —kT
0

This result raises questions, first of all, due to its explicit energy dimension, J-particle™!, which
belongs not to the function, but to the argument. The function is a continuous sum of populations
of infinitesimally different energy levels, and the function must be dimensionless. We will try to solve
this question further as a special case of a more general solution. Meanwhile, it is possible to fairly
strictly determine of the series sum (statistical sum) using the equivalence relation A, for which the
series common term must be expressed in more detail and in the accepted notation

T 2)
0

_ £
e kT

_(n=1Ae
ap =€ kT (3)

which provide the condition: at n =1 a; =1, € = 0. In this case, A¢ is the energy variation step and
kT are constants (isothermal energy distribution is considered). a,-model function (3) is expressed as

_(z=1)Ae

ful@) =™ 7, (4)

Mathematics series. No.1(113)/2024 129



V.P. Malyshev, S.Sh. Kazhikenova et al.

and its improper integral (4) as

/OO _(z—1)Ac kT
e ET dr = ——
0 Ae

_(z=1)Ae o0
e kT

= —e*T, (5)

The integral (5) does not contain x = n that is, it converges, and hence the series >~ | a,, converges
according to the integral criterion for the Cauchy and Maclaurin series convergence.

nle
If we consider the integrand (2) as an-model for the series Y ;°e™ *T , then its improper integral
is expressed as
o0 _zle kT
e+ dr=———|e
0 Ne

This dimensionless result (6) can be numerically equal to k7 only at Ae = 1 J-particle™'. This
interval is quite acceptable, as well as any others that do not have a fundamental physical justification.
It is much more convincing to use Ae = kT'. But let us continue the isomorphisim possibility analysis
on the chosen example in the most general form.

kT
= A (6)

[e.o]
_zle
kT

0

To determine the equivalence relation, it is required to check its independenge,from n in an arbitrary
unit interval

— _(z=1)Ae _(z=1)Ae  p= _(n—1)A% win—2)Ae
Jyoy e ® de —Kle e G =S G 7
Al = _(n=1H)Ae = _(n=1Ae = 2n—1)Ae = Kg(e kT _1) # fn(n)
(& kT e kT ' &T

(7)
The equivalence relation does not depend on n, so it s pessible to use formula (7) to find the series
sum. But first need to make sure that get the sameéresult for the first unit interval, 0 =1 :

Ae
Jo fn@)de _ —R8L_FT) _ o fc
A = an = 1 = —(e kT — 1)

>
™

Then, according to (5) and (7), we establisly an isomorphism and find the partition function in the
direct calculation formula form [6], gzhich can be used to directly calculate the series sum

kT Qe Ae

_(n=1)Ae Ne ekT ekT 1
lan = / fn dx/zn e T = ©T - = TAe = De * (8)
A—(ekT —1) e —1 1—e ®7T

Using (8), we obtain the/Boltzmann distribution calculation formula (1) with the usual indexing
t1=mn

ANe
N; _(i=1)Ae _(i=1)Ae _ (i=l)Ae exT zAs Ae
P, = ¢ kT /E;?ile T — e kT —S—— =€ (e kT — 1) (9)
N exrT — 1

So, the entropy calculations have been dramatically simplified and become more accurate and
variable [8-10]. The results of the calculation statistical sum members according to the formula (3),
their sum accumulation for comparison with the calculation data according to the formula for the sum
direct expression (8) are shown in Table. And Boltzmann distribution results in the form (9) to control
P, — 0 and the sum convergence P; to unity. Arbitrary 1000K temperature values and energy variation
step Ae = % =6,9032- 1072 J-particle™' were chosen for calculation.

Direct calculation by (8) gives the value 39°, = 2.5415, from which the stepwise summation result
is only 0.0001 less. The accuracy of calculating the statistical sum, and indeed any convergent series,
can be determined or specified if the direct expression of this sum through the equivalence relation A
is known, since it is possible to select any interval of the sum in a commensurate set of its members.
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In this case, as in the general case, it is of great importance to set the exact limits of the discrete
and integral sums in order to avoid discontinuities in the continuous summation by at least one unit
interval. The fact is that the series is given by the common term number inclusive that is, by the
interval from (n — 1) to n.

Therefore, to cover the area a, x 1, we need to start integrating from a value equal to n — 1, and
end with the series higher term number, m > n. Then the partial sums in the continuous coverage of
the series, from a; to ao can be reflected with the appropriate limits of integration: from a; to a,~1,
that is [7 " fu(@)da; from ani1 0 Gmsn — f;::wn Jn(@)dx; from apmir 10 ase — [0 fr(x)da.

This implies the strict equality of the total sum of the series s to its initial s, (“partial”’, “final”),
intermediate s, (“middle”) and residual R, parts

$ =8y + Sm + R (10)

If any of the parts is missing (there is no need to take it into account), then the remaining ones
adjoin one another with the transition of the previous part upper limit to the next one lower limit, as
established above. In this case, it is possible to determine one of the three sifins'by, difference with the
other two. The same possibility of difference calculation is applicable to_the, tatal sum (10).

Determining the equivalence relation of the series and the impropet_imtegral and establishing their
isomorphism drastically simplifies computational procedures, sincélit alléws one to find calculation
formulas for all terms of equality (10)

Ne
— An—1)Ae _ 7nk
sn=1 Jo fa(@)de = —F— [~ Ve Wb dr = 1=—x,
Z—z(e kT —1) l—e™ kT
1 —nkATE 1 nie
_ Sn __ 1l—e . _
EPn—f— Az e =1—e #7T,
l—e kT l£e” kT
(n—m)Ae
1 T=m>n N i kT (z=1)Ae | . __nle 1—e™ 5T
Sm = 4 Jz=n fn(a:)das N A 75‘ - n e M VACEE
l—e kT
(n—m)Ae
nAe nle mAe
p _ % _noe _
EPm:ST:e RT L=€ Ze lAa:e KT — e kT,
l—e kT l—e kT
mole
T 1 KT, _@-12e e~ kT
Ry = o fo(x)dz = 1Az ‘e T | = — 2 (11)
r=m € 1—e ®T
mAe
Rm 67 kT 1 __mAe
YPp,6 =—= Az x =€ T . (12)
8 1 —e &7 1—e %7
In this case, the X Ps total value is unity:
—nlAe —nlAe —mAe —mAe

YP; =P, +%PFP,+XPg, =1—e *xT +e *T —e *sT +e kT =1.

This indicates each relative sum probabilistic meaning, as follows from the Boltzmann distribution
itself, which is a series of relative P; values that sum to one. This result indicates the need for the
constant joint presence of all series members as a whole.

—nle —mAe

The same is displayed by expressions for ¥ P,, ¥P,, and XPg,,, containing e *T and e *T
exponents. There are some arbitrary energy quantities n/Ae and mAe opposed to the kKT system
thermal energy state. And the corresponding probabilities of overcoming energy barriers n/Ae or m/\e
by the particles of the system (or not overcoming them at values 1 — X P, and 1 — X P,,).
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This primarily refers to the activation energy, which expresses the probability of exceeding the
barrier €, by the exponent exp(—e,/(kT') in various chemical, physical, and mechanical processes [18].
The found energy quantity impact probability and its contribution to the process general conditions
everything is not specified. In the rate constant, which was developed by Arrhenius in the 19" century,
the exponent included in it is treated as a thermodynamically determined quantity, without connection
with the Boltzmann distribution, and even more so without analytical justification and expression.

2  Randomized particles concept

Much more modern is the randomized particles concept (RPC') proposed at the beginning of the
215¢ century by the authors of [19, 20| which is entirely based on overcoming or not overcoming the
natural thermal barriers of melting kT, and boiling kT} by its fractional (probabilistic) content of
three energy particles classes: with energy less than kT, — crystal-mobile (c¢rm); with energy greater
than kT,,, but less than kT}, — liquid-mobile (Igm); with energy more than kT} % vapor-mobile (vm).
The entire spectrum of these particles is present at any temperature amddin any, state of substance
aggregation, in their probabilities sum it is unity with the difference fromy\it%e the fraction of c¢rm-
particles through P..,, — the fraction of kT,, superbarrier particles andgfon the difference with this
fraction of vapor-mobile particles P,,, — the fraction liquid particles:

Pom =1—exp(—kTy,) =1 — exp(—Ft/T),
Pym = exp(=Tp, )% exp(—T3,/T),
Py, = expFT,/T),

Pot Py + P = 1.

Each particle’s energy variet§ plays its role in ensuring the corresponding state of aggregation
stability and in preparingeforf theséransition to it from other states, depending on the substance
temperature, based on system-wide criteria for limiting stability, in particular, in proximity to the
golden ratio.

In this case, tlie relationiShip between changes in the content of particles certain types and some
substance physicochemigal properties, for example, with the metal plasticity, the melts viscosity, and
other properties, are revealed. With the advent of the randomized particles concept, finally, a general
“zero model” of matter as a whole took place, and it goes back to the universal, and therefore
fundamental, Boltzmann distribution according to the primary randomized (thermal) characteristic
of matter — its kinetic energy. It is all the more important to strengthen the evidence-based part of
RPC in order to eliminate some of its shortcomings.

First, from a physical point of view, the distribution is discrete both in content and form, since
the energy is quantized. This quantum of energy should be present at least in a general form in the
calculation formulas. Secondly, the possibility of expressing the partition function in a mathematically
rigorous isomorphism terms of continuous and discrete distributions must necessarily be taken into
account in the Boltzmann distribution, excluding the approximation in determining this sum. Thirdly,
each energy class and energy spectrum as a whole must be expressed independently, directly, thereby
proving the possibility of their isolation and unity in accordance with the superposition principle as a
fundamental property of complex systems.
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3 Isomorphism of discrete and continuous mappings of the Boltzmann distribution

The discreteness and continuity isomorphism analysis, which refers to accuracy expression of the
partition function terms calculating, and along with this, the particles distribution over energy levels P;
with a further entropy definition, is necessary for a more rigorous Boltzmann distribution justification.
In this case, the residual sum R,, (11) and its relative share Pry,, (12) play a special role. To determine
the calculation accuracy of all discrete quantities, only the residual sum related to series all members
a, matters, so we use the index n/ for the obtained absolute R, and relative Pg,, expressions of the
residual sum. Since it contains the terms closest to zero, which have a residual, almost negligible value,
then it determines the calculating accuracy of the series sum ¢ (up to the residual sum ones)

Rn n/Ae

6= = Py = e . (13)

We obtain the calculation formula excluding from (13) the required numberfof the series terms n’
to calculate their share with a given accuracy 4,

kT
= ———Iné. 14
" Ne " (14)

The higher § , the greater the number of terms of the series fmust, Be taken into account.

So, we limited ourselves to the results rounded to the nearest#10~% when calculating the data
in the Table. Substitute in (14) the used values Ae = 69032310721 - particle™!, ' = 1000K and
k = 1.38064 - 10~23.J - particle ' K1, we obtain the valiie,n4= 18.4. Rounding of the table data ends
exactly in the interval n = 1819. Let’s set a rougherjacctiracy limit 6 = 0.001, we get n’ = 13.8,
and this corresponds to the table data, where 4ll values after n = 13 =+ 14 cease to differ in the third
decimal place. For control, we will take an even réughier accuracy d = 0.01(1%) and get n’ = 9.2. We
are convinced that in the interval n = 9 + 10%he data difference ends by more than 1%, abs.

Table

Partition function members a;, its accumulation ¥!_;a;, Boltzmann distribution P; and its accumulation
Y PlatfTe= 1000 K and Ae = %, J - particle™*

in(n) Qi D @i Pi i b
1 1 1 0.3933 0.3935
2 0.6065 1.6065 | 0.2386 0.6321
3 0.3679 1.9744 | 0.1448 0.7769
4 0.2231 2.1975 0.0878 0.8647
5 0.1353 | 2.3329 | 0.0532 0.9179
6 0.0821 2.4150 | 0.0323 0.9502
7 0.0498 | 2.4648 | 0.0196 0.9698
8 0.0302 | 2.4949 | 0.0119 0.9817
9 0.0183 | 2.5133 | 0.0072 0.9889
10 0.0111 2.5244 | 0.0044 | 0.9933
11 0.0067 | 2.5311 0.0026 0.9959
12 0.0041 2.5352 | 0.0016 0.9975
13 0.0025 | 2.5377 | 0.0010 0.9985
14 0.0016 | 2.5392 | 0.0006 0.9991
15 0.0009 | 2.5401 | 0.0004 | 0.9994
16 0.0006 | 2.5406 | 0.0002 0.9997
17 0.0003 2.5410 0.0001 0.9998
18 0.0002 | 2.5412 | 0.0001 0.9999
19 0.0001 2.5413 | 0.0000 0.9999
20 0.0001 2.5414 0.0000 1.0000
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It is possible to estimate the requirement for the variation interval Ae by setting it to the smallest
value Ae = 1.3806410723.J - particle 1. In this case, formula (14) takes the form

n' = —TIné. (15)

We obtain the series terms required number n’ = 9210, having set a practically acceptable calculation
accuracy 6 = 10™%, which would be difficult to implement without taking into account the discrete and
continuous distributions isomorphism. Finally, using formula (15), one can determine the convergence
condition, discrete and continuous distributions identification: since the latter of them are characterized
by infinitely high accuracy, or vanishingly small error, this can be ensured by the condition § — 0,
under which the required number of series sum terms tends to infinity

limn' __
sl — oo
From formula (14) we release Ae and find its limit:
_ _kT lim Ae __
Aﬁ——ﬁlné, n’—>oo_0'

Next, the isomorphism conditions (7) with respect to the equivaleneg relaston A

kT = ae 0
lim A= lim —(e*T — 1)}—"=
Ay A= A AT N
This uncertainty is revealed by L’Hopital’s rule;
kT dkB(err —1)d kT
ANe kT — ANe
lim A= lim —(e*7 — 1) = lim ¢ © = lim "oer =
Ne—0 Ae—0 Ne Ne—0 de Ae—0

Thus, we can assume that establishinggthe'discrete and continuous sequences isomorphism represents
a broader scope of the problem than limiting the close proximity of both. And in any case, it involves
both internal and external resources of th€ analyzed mathematical objects in solving the problem.

Conclusion

Establishing the seriés sum and an improper integral isomorphism requires knowledge or selection
of a function thatftakesyth€ series common term values at the points = n. As such, a function
is recommended thatycompletely repeats the structure and the series common term form - a,-model
function, f,(z). The equivalence relation between the elements of the a,-model function improper
integral and the series of a common term is defined in an arbitrary unit interval and must satisfy the
condition

Jon—1 fn(2)d

an

L% ).

In this case, it is possible to transfer A to each unit interval and to their entire set as a whole,
ensuring complete mutual invertibility of both the two sets the elements and the series sum with an

improper integral
[e.e] 1 [e'e)
Zan = / fn(x)de.
i=1 A Jo

The found isomorphism extends to finite sums of both convergent and divergent series.

A=
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Thanks to the established algorithm for identifying the series sum and an improper integral
isomorphism, the Cauchy and Maclaurin series convergence integral criterion is developed in terms
of proving not only convergence, but also determining the series sum.

The presented partition function is defined in its direct expression for the first time in many years of
its discovery. Thanks to this, the concept of randomized particles received a more rigorous justification.
This allowed the Boltzmann distribution itself to be expressed not in continuity approxima-tion, but
taking into account its discreteness, that is, closer to its physical reality. At the same time, it became
possible to single out its final and residual sums in the particle energy spectrum, and to associate the
latter with a given accuracy of calculating the statistical sum, taking into account the necessary and
this sufficient sum members number.

The decisive role of the a,-model function is revealed in determining the isomorphism and accuracy
of the calculation of compared infinite sequences as the most closely related to both the discrete and
continuous sides of their isomorphism, automatically appearing along with the common term of the
series and disappearing after the establishment or rejection of their isomorphism. Its modest role as
a discreteness reducer and carrier to the improper integral of a continuous mapping is reminiscent of
very fundamental isomorphic self-organization procedures in nature and  jn¥%solving general scientific
problems, consisting in maintaining their unity through the analytical commegtion of arbitrary elements
of each of such sets.

The a,,-model function decisive role is to determine the isomorphism,and compared infinite sequences
calculation accuracy, closely related to both the discrete and, confimuous sides of their isomorphism,
automatically appearing along with the series common term and diSappearing after the establishment
or rejection of their isomorphism. Its modest role as a discreteness reducer and carrier to the improper
integral of a continuous mapping is reminiscent of the findamental isomorphic self-organization proce-
dures in nature and in solving general scientific préblems, which consist in maintaining their unity
through the analytical connection of such sets arbitrany each element.
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KarapablH KOCBIHABICHI MEH MEHIIIKCi3 MHTerpaJJabIH n30Mopdu3Mi
TypaJibl TeopeMaJap

B.II. Mamemmes!, C.I1I. Kazknkenosa?, A.M. Maxamesa', A.Ill. Kaxxuxenosa®

LK. Obiwes amuvimdaen, Xumua-memaniypeus uncmumymaot, Kapazands, Kazaxcman;
29. Caevmos amwmdaet. Kapaeandv, mezrnukasvk yrusepcumemi, Kapaeanow, Kasaxemar;
3 Axademurx E.A. Boxemos amuwmdaew. Kapazardv ynusepcumemi, Kapaeandw, Kazaxcman

Makanama IUCKpeTTi XKoHe Y3IIKCi3 ToyemiIiKTepIin 6ailyTaHbIChl TYPaJIbl Macese 3epTrenren. Komnm ka-
TapPBIHBIH YHJIeCIMIINHIH KEHEHTIJITeH MHTEerpaJIbIK Oerici Heridinge a, KaTapbIHbIH, *KaJIIlbl MYIIECIHIH
9KBUBAJIEHTTIK KATHIHACKHI XKOHE OJIAP/IbIH ©3repyiHiH O6ip/IiK MHTEPBAJBI APAIBIFBIHIAFBL (,-TOPI3l PYHK-
[USHBIH, OPTAIla WHTETPAJIBIK, IIIAMAChl APKbLIbI KATAPIbIH COHFBI YKOHE TOJIBIK, KOCBIHIBIIAPBIH aHBIKTAY
aJropuTMi 2KacaJiibl. BosbiMaH yirecTipiMiHeri cTaTHCTHKAIIBIK, KOCBIH/IBI YVINIH MYH/Iail coMaJiapapl aHbI-
KTay MBICAJIIAPbI KEITIPIITEeH, OJIap aJIFall PET d,-ToPi3Il PYyHKIMS apKbLIbI Tikeseil kopceriimi. Bym ocbr
coMaHbIH Oenrisi 6ip momiriMen 6epiiren MoHTe JIeiiH KATAP/IbIH KOCHIH/IBICHIH KUHAKTAY YIIH ecenTeyiep
JKYPrizy KaxkerTisirid xkos/bl. COHbIMEH Karap, OyJI »Karaail/[a SHEPrUsiHbIH 63repy ADAMBIFBIH Ke3 KeJIreH
JOJIIKIIEH e3repTyre MYMKIHIK Gepemi. 2Kyprizisren 3epTreysiep TEXHOTOTVSIIBIK, TPOMECTEPIET] KBLITY
9HEPTUSCHIHBIH KOFATYbIH AHBIKTANTBHIH SHTPONMIHBI €CENTEy YIIH BoabIMaiBbi@apalybid (SHeprus
CIIEKTPIH) TiKeJel KOJIaHa OTBIPHII, (DH3UKA MEH MaTEPUAITAHY CAJIACHIHIAFbl LeOPHUATIBIK, YKOHE IIPAKTH-
KAJIBIK, MOCeJIeJIep/Ii TIenryre MyMKIHIIK Gepesi.

Kiam cesdep: nzomopdusm, Karap KOCBIHJBICHI, MEHINIKCI3 MHTerpdil, J6ipiiK MHTEPBaJ, SKBUBAJIEHTTIK
KaTBIHAC.

Teopembl 06 n3oMopdu3Me CyMMbI PsAiia I HECOOCTBEHHOTO MHTErpaJia

B.II. Manemmes!, C.I1I. Kazxknkenosa’ WA . Maxamesa!, A.IIl. Kasknkenosa?

! Xumuro-memannypeuveckud uncmumym umery K. Abuwesa, Kapazanda, Kazaxcman;
2 Kapazanduncruti mexnuveckuds ynudepeumem umenu Abwaxaca Cazunosa, Kapazanda, Kaszaxeman;
3 Kapaeandurcrut yrusepcumemumen axademura E.A. Byxemosa, Kapaeanda, Kasaxcman

Hccnenosar Bopoc 0 B3aMOCBA3TACKPETHBIX U HEIIPEPBIBHBIX 3aBucuMocTeil. Ha ocHOBe pacmupeHHOTO
MHTErPAJIHHOTO TPU3HAKYPCXOANMOCTH psifa Ko paspaboraH ajropuTM OnpeeseHnst KOHEIHON U TOJTHOMN
CYMM psiJia Yepe3 OTHOIIEHWE SKBHBAJIEHTHOCTU OOIINETO YIeHa PO Gn U CPEHENHTEIDAJIHHOM BEJTMINHBI
an-00pa3Hoit GyHKINK B HpeAe/Iax eIUHITHOIO HHTEepBaJa UX n3MeHeHns. IIprBeneHbl npuMeps! ompese-
JIEHUSI TAKUX CYyMMBIIINCTATHCTUIECKON CYMMBI B pacupejiesieHnn bosbiivana, BiepBble HEITOCPEICTBEHHO
BBIPAXKEHHON 4€pe3/@Rro0PasHyo QyHKIMIO. DTO MCKIII0YAeT HEOOXOIUMOCTD IIPOBEJICHNS] PACIETOB 110 Ha-
KOIJIEHUIO CYMMBL Dsiia IO 3HA4YEeHUsI, KOTOPOe 33J1aeTcd OIPeIeIeHHOM TOYHOCTBIO 9TOU cyMMbI. Kpome
TOr0, OHA TIO3BOJICT'B TAHHOM CJIydae BapbUPOBATH MHTEPBAJI BAPUAINH SHEPIUU C JII000H 3aIaHHON TOU-
HOCThIO. IIpOBe/ieHHbBIE MCCIIEIOBAHNS TTIO3BOJISIOT PeNlaTh KaK TeOPETUYECKUe, TaAK U IIPAKTHYECKHe 3373~
un (DUSMKA W MATEPUAJIOBE/ICHUsI, HEIOCPEICTBEHHO HUCIIONb3Ys PACIIPEIETICHUE (SHEPreTUIeCKHil CIICKTD )
BonpnmMana mis pacdera sHTponmu, OIpeAesSIONeil MOTepU TEIJIOBON SHEPIUHM B TEXHOJOTUIECKUX IIPO-
1eccax.

Kmouesvie crosa: n3oMopduaM, CyMMa, psifia, HECOOCTBEHHBIN MHTETPAJI, € IMHIIHBIN NHTEPBAJI, OTHOIIIEHUE
9KBUBAJIEHTHOCTH.
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