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The Dnestrovskii functions provide a powerful framework for understanding wave propagation, attenuation
and instabilities in plasmas where relativistic effects dominate, as relativistic plasma dispersion functions. To
calculate the Dnestrovskii functions for a wide range of parameter values, effective analytical and downward
recurrence formulae are proposed in this study. These formulae allow users to make efficient calculations
specific to high-energy or relativistic plasmas. Because the recurrence formulas are simple, calculating time
and accuracy are improved, and the formulas are easy to use. The results obtained using the new analytical
and downward recurrence formulae agree well with published results and those obtained using numerical cal-
culation methods for a wide range of parameters.
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Introduction

Relativistic plasma dispersion functions (PDFs) are essential for the study of wave propagation and in-
stabilities in high-energy plasmas. They generalize non-relativistic plasma theory to account for relativistic
effects, which are critical in environments where particles approach the speed of light. These functions are
highly applicable in astrophysics, fusion research and intense laser-plasma interactions [1-5]. The PDFs, of-
ten referred to as Dnestrovskii functions, are particularly applicable to high-energy or relativistic plasmas
[3]. These functions are critical for analyzing the behavior of wave propagation, damping and instabilities in
plasmas where particle velocities approach a significant fraction of the speed of light. The Dnestrovskii func-
tions provide a way of describing the relativistic effects on the plasma response to electromagnetic fields and
waves [1-20].

The Dnestrovskii functions are typically defined by integrals involving the relativistic particle distribu-
tion function and the wave-particle interaction terms. Although closed-form analytical expressions are rare,
these functions are essential for solving wave dispersion relations in relativistic plasmas, growth rates for
instabilities in both thermal and non-thermal plasmas, energy transfer between particles and waves (e.g., for
Landau and cyclotron damping in relativistic plasmas) [7—10].

High energy environments such as pulsar magnetospheres, relativistic jets and accretion disks around
black holes all involve relativistic plasmas where Dnestrovskii functions are used to describe the behavior of
waves and instabilities. In some fusion devices, especially in advanced scenarios involving high-energy par-
ticle beams, relativistic effects become important and Dnestrovskii functions are used to analyze plasma sta-
bility and wave-particle interactions. These functions extend classical plasma theory into the relativistic re-
gime, making them essential for the analysis of high-energy plasmas in both astrophysical and laboratory
contexts [3, 4]. Numerous studies have been proposed for the evaluation of Dnestrovskii functions. These
studies are widely used in applied sciences.

Dnestrovskii functions play a crucial role in describing weakly relativistic, magnetised and thermal
plasmas [3, 4].These functions, together with the Shkarofsky functions, are particularly important for waves
with small wave numbers that are perpendicular to the magnetic field [3]. Robinson [3, 5] has made an ex-
tensive study of these plasma dispersion functions, providing series expansions, asymptotic series, recurrence
relations, integral forms and approximations.An approach to relativistic quantum plasmas, including limit
cases, using covariant Wigner functions has been presented in [6]. Matroli has developed a numerical meth-
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od for the calculation of the weakly relativistic VVlasov dielectric dyad in magnetised thermal plasmas [7].
Another study investigated processes and equilibria in relativistic thermal plasmas, including the effects of
magnetic fields on thermal, Comptonised synchrotron emission and pair equilibria [8]. The equilibria of rela-
tivistic thermal plasmas have been studied, taking into account electron-positron creation and annihilation,
and photons produced in the plasma [9]. Krivenski provided a simple and exact expression for the weakly
relativistic plasma dispersion functions in terms of the Z-function to study the absorption and emission prop-
erties of a magnetized plasma [10]. The physical properties of a finite thermal plasma as a function of tem-
perature, proton optical depth and proton density or radius were studied in [11]. A new representation of the
dielectric tensor elements introduced in magnetized plasmas, including for the weakly relativistic case [12].
In addition, Robinson introduced a more general class of plasma dispersion functions for waves with arbi-
trary perpendicular wave numbers [3]. Xiao (1988) developed a formalism to evaluate the growth rate of
electromagnetic R-mode waves in a relativistic magnetized plasma, showing that relativistic corrections re-
duce the wave growth rate compared to the non-relativistic approximation [13]. New results, presented by
Robinson, on functions governing wave properties in non-relativistic and weakly relativistic plasmas [14].
Melrose extended this work by defining generalized Trubnikov functions for unmagnetized plasmas, deriv-
ing recursion relations to generate expressions in terms of the relativistic plasma dispersion function T(z, p)
introduced by Godfrey et al. in 1975 [15]. Exact and moderately relativistic plasma dispersion functions for
weakly relativistic, magnetized, thermal plasmas are presented in [16]. A closed set of Lorentz covariant flu-
id equations for relativistic magnetized plasmas, allowing for anisotropy and heat flow, derived by Hazeltine
(2002). Analytical approaches to thermodynamic functions of dense, fully ionized, non-ideal electron-ion
plasmas, including weakly relativistic and magnetized cases, are reviewed in [17]. Lyutikov discussed mi-
crophysical processes in magnetically dominated relativistic astrophysical plasmas, but does not mention
Dnestrovskii functions [18]. The electrostatic dispersion relation in a magnetized plasma using a weakly rela-
tivistic quantum kinetic model based on the Dirac equation derived in [19]. A comprehensive review of
guantum Kinetic theory for modelling plasmas, including weakly relativistic, magnetized and thermal plas-
mas, given in [20]. The relaxation characteristics in dense plasmas have been studied from the effective po-
tentials using the Coulomb logarithm in [21]. Mamedov not only derived upward and downward
Dnestrovskii recurrence formulas, but also developed an effective formula for Dnestrovskii functions using
the binomial expansion theorem, expressing them in terms of binomial coefficients and incomplete gamma
functions [4]. While in most cases the relativistic plasma dispersion function does not have a simple closed-
form expression, it can be computed numerically by integrating the relativistic particle distribution over ve-
locity space, considering the appropriate relativistic dynamics. The evaluation of Dnestrovskii functions can
be challenging due to their complexity and dependence on relativistic effects. These functions generally lack
simple closed-form solutions, so a variety of analytical approximations, numerical integration and special-
ized computational methods are used to evaluate them.

In this study, the Dnestrovskii function is calculated using the downward recurrence relations and ana-
Iytical formula. The new analytic formula for the Dnestrovskii function is obtained by the use of the expo-
nential-integral function. The results obtained according to the downward recurrence relation and the analyt-
ical formula obtained are evaluated and compared with those found in the literature. It is seen that the pro-
posed method is suitable in terms of time and accuracy of the calculations.

Recurrence and analytical relations for the Dnestrovskii functions

The Dnestrovskii functions for the integer and non-integer values of q and z are defined as follows

[5],

1 poxier
ﬁ(z):mj0 TR (1)
q+}/ J_-[ z+x )dx 2

In the literature there is also a series representation of the Dnestrovskii functions in the following
form [3],

. = 7'T'(1
F( )—Zq eFl q Z%ﬂq;) (3)
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In case the value of z is real and positive, the following equation can be obtained [3],

© (1-9)Z
)=

= j+1

(4)

In this study an analytical formula for the Dnestrovskii function is given using the exponential integral
equation, which is given as follows,

F,(2)=€E,(2)T'(a) (5)
where E, (z) is an exponential integral function which is defined as follows [22],

eth

Eq(z):jf ot (6)

Note that the Dnestrovskii functions satisfy the following downward recurrence relations for an integer
order and for a non-integer value, respectively,

[1 aF,.(2)] (7)

Py (2 [ ~(a+ %)F,5, ()] ®)

The upward recurrence relations of the Dnestrovskii functlon for an integer and a non-integer value are
obtained using Eq. (7) and Eq. (8) as follows,

1
Fq+1(z)=a(1_2|:q(z)) (9)
1-zF ) 10
Q+/ q + }/ ( q+}/ ( )
In the case that g = 0, the Eq. (1) and Eq. (2) take on the following form, respectively,
1
Fo(2)=7 (11)
T ;
F%(z)z\/;e Erfe(vz)  [Arg(2)]<n (12)
For the special case q =1, Eq. (9) and Eq. (10) take the following forms
-t
:jZert:ezEl(z) |Arg(z)|<n (13)
Ry, (2)=2(1-mze'Erfe(Vz) (14)

where El(z) is the g =1 case of the exponential integral function given in equation (6) and is defined as
follows [21],

E.(2)=], —dt (15)
and in Eq. (14) Erfc(z) is referred to as the complementary error function, which is defined in [21] as,

Erfc(z e Udt (16)

Results and discussion

In this study, the calculation of the Dnestrovskii function is carried out using the analytical formula and
the downward recurrence relation. In addition, the results of the calculation with the formulas proposed in
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the literature by means of approximate methods are compared with the results obtained in the present study.
New approximations have been proposed for the calculation of the Dnestrovskii functions that arise from the
propagation of waves and from instabilities in high energy plasmas. Based on the downward recurrence rela-
tions and new formula obtained in this study (Eqg. (5)), a program was developed to compute the Dnestrovskii
functions using the Mathematica 10 programming language. Furthermore, the results of our calculations are
compared with numerical and theoretical models from the literature. Given a sufficiently high value for g, it

is possible to select any initial value. As mentioned above, all values for Fq+y (z) and F, (z) functions have
2

the same order, so we can use Eg. (10-13) as the starting point for the backwards calculation. It should also
be noted that this study represents the first time in the literature that the results of calculating Eg. (2) and the
downward recurrence relations are presented comparatively.

The precision of the calculation results and their accuracy are listed in Table 1, in accordance with

(Eq. (5)), downward (Eg. (7)) and upward (Eg. (9)) recurrence formulas (for F, (z)), the serial representa-

tion of the Dnestrovskii function (Eq. (3-4)), Mamedov’s formula [4] and the Mathematica numerical inte-
gration method (Eq. (1)) for arbitrary integer and non-integer values of the q and z parameters. Table 2
shows the calculation results for arbitrary integer and non-integer values of the downward (Eq. (8)) and up-

ward (Eqg. (10)) recurrence formulas (for FH/(Z)) and the numerical integration method of (Eq. (2)) for
2

arbitrary integer and non-integer values of the parameters g and z. As can be seen from Table 1, the Eq. (5)
gives results that are in good agreement and high precision with Eq. (1) for all positive and real values of g
and z. On the other hand, according to the calculations, it is easy to see from the table that Eq. (7) does not
give results for values of g<z, while Eq. (9) gives results compatible with the Eq. (1). Similarly, while Eq.

(7) gives results compatible with the Eq. (1) for values of q>z, Eq. (9) does not give results for these values
of g and z. Furthermore, this table shows that for values of q<z, Eq. (3) and Eq. (4) yield no results
whatsoever. In the case where q is about ten times larger than z, all of the equations, except for Eq. (7),

give results that agree with the Eq. (1). As can be seen in Table 1, Eq. (3) and Eg. (4), which are the serial
representations of the Dnestrovskii function, provide computational results only for some limited values of
g and z. The same trend is observed for the downward Eq. (7) and upward Eqg. (9) recurrence relations of

the Dnestrovskii function as well. The empty cells in Table 1 and Table 2 are left blank because the corre-
sponding formulae fail to give correct results for the given values of q and z. It should also be noted that in

the evaluation of the calculation results obtained in Table 2, the downward recurrence formula Eq. (7)
demonstrates improved calculation accuracy when the upper limit (N) is chosen between 50 and 100. At the-
se N values, the results obtained from the downward recurrence formula are closer to the values obtained
from the Mathematica numerical integration results.

Table 2 compares the calculated results for non-integer g and z values of Eqg. (8) and Eq. (10) recur-

rence formulae with the Mathematica numerical integration equation (Eq. (2)) calculations. According to the
calculation results shown in Table 2, in cases where z is smaller than q, Eq. (8) gives no result. Eq. (8)

gives a result when z is greater than eight times q, but does not give a result for z > q values where this

condition is not satisfied. In cases where the value of z is greater than 20 times the value of g, the downward
recurrence formula Eq. (8) shows optimal performance when initiated at N = 50. Under these conditions, the
results obtained from Eqg. (8) are more consistent with the results obtained from the Mathematica numerical
integral equation Eq. (2).The calculation results were evaluated for the values of q and z where both equa-
tions yield valid outputs. In these cases, the results obtained with both equations are in good agreement with
the results obtained with the Mathematica numerical integral equation.

“Physics” Series. 2026, 31, 1(121) 43



M.N. Bakirci

26196€8206220°0 ¥26196€8206220°0 - - ¥26T96€82062200 | ¥26196€8206220°0 - e | LT
£22/868£522200 ¥22/868€52220°0 - - v22v/8688522200 | ¥22v/868€52220°0 - e | 8¢
GE9TT//G9ES6000 989TT//G9€S6000 - - 989TT//G9ES6000 | 99TT//G9ES600°0 - 06 | ST
1269./19Y962120°0 295G€E6/E06TL0'0 | ¥2T8/T9Y962T20'0 | TZ69.T9v962TL00 | 0Z69.19v9621L0°0 - - € | 811
v158/165625520°0 L¥€55056605520'0 | 66868165625520°0 — T0ST8T65625520°0 - - e | 1T
0005888T8T/120°0 1505888T8T/T20°0 - — 1505888T8T/T20°0 - 1505888T8T/T200 | 2 [ S¥
5£808595960210°0 82v£8595960210'0 - - 82v£85959602100 | 8ZvE8595960210°0 - 08 | L2
68507902EZET0 0 68507902VEZET0 0 - - 68507902vEZET00 | 8850Y90ZVEZETO0 - 069 | TOT
L989Y0TE09S86T 0 €LE26VYT09S86T'0 | 29¥OTI0E09S86T'0 | 088YYOTE09S86T'0 | 088YVOTE09SBET O 12/28vv/EES86T0 | 610 | 8'
TEE0/50618.L20°0 STE0/S0£T8220'0 | ¥9€0028YT82,20'0 | STEOLS0ET8LL200 | STEOLSOET8LL20'0 - STE0/S0£T8/.200 | 6T0 | 8'9¢
TTT9ETTS0S6E10°0 TTT9ETTS0S6E10°0 - TTT9ETTS0S6ET00 | TTT9ETTS0S6ET00 - TTT9ETTS0S6ET00 [ 8'S | 8'99
50989//2£2€.50'0 928/1/98/52/950'0 | 9Tv008/2€2€/50'0 | 82€89//2€2€/500 | V0S89//2€2€/50°0 - - 8'G | €1
2€252£80v276000 £€252£80v276000 - - £€252£80v2V6000 | £€252€80v2Y600°0 - 9'%6 | 96
9.E6YES0ZVESED O GOE6TI0LEETOVO'0 | TZIVTESOZVESEO'D | 9LE6YESOZYESEOD | 9LE6YESOZYESEDQ - v/€6YES0ZVESE00 | 9T [ 9'92
G9E6TI0LEETOVO0 GOE6TI0LEETOYO'0 | 8TBZEI0LEETOVO'0 | GOEETIOLEETOPOO | SG9IE6TIOLEETOVOQ - G9E6TI0LEETONO0 [ ¥'0 | §'S2
9v2505.¥212810°0 §¥2505.¥212810°0 - Gv2S06/v2128100 | Gv2S05/v212810°0 - §v2505/v2128100 | v'0 | §'SS
¥/29500€T68.10°0 6529500£T68.10°0 - - 65295006T68.100 | 6G29500£T68.10°0 - S5 | ¥'0
6/£/9€2€556T10°0 06TS9EZESSETTO 0 - 06TS9E2€5S6TI00 | 06T59€2ESS6T100 - 06TS9E2€556T100 | L'€ | 6108
EVZE6TETTEYB000 969T6TETTEYH00'0 - - 969T6TETTEIH00'0 - - L'gz | 6'08
98vEVTEIBY6.T0'0 09ZEYTEIBY6LT0'0 - - 09ZEVTEYBY6LT00 | 20T88ZEIBY6LTO00 - £'05 [ TS
1298Y60£588T20'0 99€8Y60£588720'0 - - 99€8760£588720°0 - - Lov | TS
28192/¥887290T 0 00292/v88v290T°0 | 10292/v88v290T0 | 00292/v88Y290T'0 | 00292/¥88Y290T 0 - 00292/¥88v290T0 | T'0 [ €0T
vv2v/82E8V6520°0 085070628v6G20'0 | 8£52ev8e8v6520'0 | vver/82e8y6520'0 | 05599062876520'0 - - 6 | €0
7/9908//62€800°0 ¥/9908//62€800°0 - - v/9908//62€800°0 | €/9908//62€800°0 - 06 | €0¢
S€0/2V662ETSTO 0 980/2v66ZETSTO 0 - - 980/2v662ETSIO0 | 2T892V66ZETSIO0 - T8S [ T'8
6788.8956v2110'0 L188/8956v2110°0 - - L188/8956v21100 | /188/8956v2T10°0 - 2’88 | L0
STGELLOZ66TETO 0 STSELLOZ66TETO 0 - - STSELLOZE6TETO0 | ¥TSELLOZE6TET00 - 259 | 0T
280v91Y/218510°0 TE0Y9TY/218510°0 - TE0Y9TY/2185T00 | TEOVITY/ZI8ST00 - 1€0v9TY/2185100 [ S | L9
1000€2298/8020°0 v€00€//98/8020'0 | T292T898€8020°0 | VE00E./98/80200 | ¥E00E./98/8020°0 - v€00€//98/80200 | §¥ [ €Y
TE05YE60798580'0 /G05YE60T98580'0 | 820SYE60T98S80'0 | 0S0SVE6OTI8S80'0 | 0ES0SVE6OTIBSBO0 - LETSYE60TI8S800 | G0 [ T2t
2669.280582110°0 0869/280582110°0 - 0869/280582T100 | 0869/280582T10°0 - 0869280821100 | T'T | S'88
ZYBEBTEEESHC0'0 GEBEBTEEEBSY20'0 | T6G2/STL08Sv20'0 | GEBEBTEEEBSYZO0 | GEBEBTEEEBSGKZO'0 - L66./8289vv200 | T'€ | '8¢
5068YTY997 V€00 G96VGS96YYPYE'D | LZvTyTv99y/vE0'0 | €69/960085/vE00 | S068YTYI9VLKEQQ - - Lot [ L8t
5G556185.79610°0 £5658185.79610°0 - - SG5S6T85.96T0°0 - - Loy | v'ot
2G€86182VSETEDQ 2GE86T82VSETE00 | BTEEIZBZYSETE00 | 2SEB6T8ZVYSETEO0 | 2SE86T8TYSETEQQ - 2GE86T82VSETE00 | 67 | 662
1556618TSS6EY0'0 6YT86T8TSS6EY0'0 | 29.66T8TSS6EY00 | 6vT86T8TSS6EY00 | 6vI86T8TSS6EVO'0 - 6Y18618TSS6E¥00 [ T'T | 922
£8096026.77T9T'0 1826209/9YYT9T'0 | 0€8282/6LyVT9T'0 | 6v1960/6/V¥T9T'0 | T826209.9V¥19T'0 - 1826209.9Y¥T9T0 [ S0 | 9'9
8205/67969£090'0 10815892T7€0900 - 9/9T/91/898090°0 | 996v/6796980900 - - g2t [ €Y
€/2//T65€8€LL0°0 96T262E0V0VLL0'0 - 9V06TE6SEBELL00 | 96VS8T6SEBELL00 - - g0t [ 9%

((1/53) sinsol LORRIOA ) 3 [y] oy (v) ‘b3 (€)b3 (9)b3 (b3 (6)b3 z | b

[20LIBWINU BOBWAYIRIA

T 9lqel

00T = N 40} () "9 suonouny Ib{sA01ISaUQ JNSIAIIRI3 3U) JO SaN[eA aAleIedwod 8y |

Bulletin of the Karaganda University

44



Evaluation of Relativistic Plasma Dispersion Functions ...

Table 2

The comparative values of the relativistic Dnestrovskii functions
by using downward recurrence relations, Fq+V (z) for N =100
2

Mathematica numerical

z q Eq. (10) Eq. (8) integration results (Eq.(2))
65,2 5,5 0.01415945096631 0.01415945956818 0.01415946020549
31,2 1,5 0.03062168076122 - 0.03062168043606
90,6 1,5 0.01074417463866 0.01074417463694 0.01074417401793
90,6 7,5 0.01019403295080 0.01020148444383 0.01020148477889
90,6 | 12,5 - 0.00971055000316 0.00971055061711
90,6 | 355 - - 0.00794775825821

1,1 35,5 0.02806487203395 - 0.02806487252910
2,9 72,5 0.01343373410043 - 0.01343373434772
4,3 12,5 0.06219097218131 - 0.06219097408672
48,6 | 125 0.01643361558159 - 0.01642020642880
99,4 8,5 0.00944895864996 0.00927449889396 0.00927449887642
19,7 | 275 0.02144651625463 - 0.02144651245955
9,7 46,5 0.01805778324645 - 0.01805778305634
0,7 46,5 0.02163777350948 - 0.02163777340892
9,7 4,5 0.07188671251409 - 0.07188671200669
79,3 4,5 0.01194065842446 0.01194065842945 0.01194065838736
37,5 4,5 0.02386796432871 - 0.02386796430175
83,9 7,5 0.01095520717832 0.01095055813507 0.01095055849122
91,3 | 275 - - 0.00843373526493
62,4 | 835 - - 0.00688084291229
62,4 3,5 0.01518640814421 0.01518640814399 0.01518640803752
47,1 | 135 - - 0.01656101572075
47,1 6,5 0.01869768084745 0.01865405371751 0.01869769133608
2,7 10,5 0.08003592842445 - 0.08044447582587
2,7 38,5 0.02483322536828 - 0.02483322945412
75,1 3,5 0.01272968856100 0.01272968865274 0.01272968861057
57 2,5 0.01659481082540 0.01659481082595 0.01659480990599

Figure 1 shows the graph of the data plotted against each other from the calculated results obtained us-
ing the Eqg. (5) and the Mathematica numerical integration method for arbitrary g and z values. As can be

seen from the graph, the results of the calculations obtained from the two methods are in good correlation

with each other.
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Figure 1. Correlation between Eqg. (5) and Mathematica numerical integration results
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Figure 2 shows 2D scatter plot that the calculation results of Eq. (5) and results of Mathematica numeri-
cal integration method are in a very good agreement. The ratio of the two sets of data to each other is cen-
tered around 1, as can be seen in the Figure 1.
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Figure 2. Comparison of the results obtained using the Eq. (5) and the Mathematica numerical integration method
as a function of the parameter z for ¢ =5.8and N =100

Conclusion

The results obtained using the new formula (Eq. (5)), proposed in this study and downward recurrence
formula (Eqg. (7 & 8)), which allows the Dnestrovskii function to be calculated with high precision, agree
very well with those obtained using the Mathematica numerical integration method. The accuracy of the pro-
posed approaches for evaluating Dnestrovskii functions has been verified through comparison with other ex-
isting methods, demonstrating high consistency. These formulas, Eq. (5) and Eqg. (7&8), provide a powerful
computational framework for understanding wave propagation, damping and instabilities in plasmas where
relativistic effects dominate. The performance of the Eq. (5) is better than previous ones and the formulas are
easy to use.

The proposed analytical and recurrence formulas are particularly beneficial for specific plasma physics
problems including: (i) wave-particle interaction calculations in fusion plasma heating scenarios, such as
electron cyclotron resonance heating and radio-frequency wave absorption in tokamaks; (ii) dispersion rela-
tion analysis in astrophysical relativistic plasmas, including pulsar magnetospheres, relativistic jets, and ac-
cretion disk environments; and (iii) stability analysis and wave propagation studies in high-intensity laser-
plasma interactions where weakly relativistic effects become significant. These methods provide computa-
tionally efficient alternatives to direct numerical integration, enabling faster parameter space exploration in
plasma simulations.

Several constraints must be considered when applying these formulas. The downward recurrence rela-
tions (Eg. 7-8) exhibit limited parameter range validity. For integer orders, reliable results require g>z, while
for half-integer orders, z must be approximately 8-20 times larger than g. Outside these ranges, the recur-
rence relations fail and numerical integration becomes necessary. The analytical formula (Eg. 5) demon-
strates broader applicability but still requires careful initialization of the recurrence starting point
(N =50-100) to ensure numerical stability. Additionally, these functions are specifically designed for weakly
relativistic, magnetized thermal plasmas with Maxwellian distributions, and therefore are not applicable to
ultra-relativistic regimes, non-thermal particle distributions, or highly non-equilibrium plasma conditions.
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M.H. bakupun

PeasiTUBHCTIK MJIa3MaHbIH JUCHEPCUSIBIK QYHKUMSJIAPBIH TOMEH KaWTapbIM
PEKyPCHACHI MEH AaHAJIMTHKAJIBIK KAaTBIHACTAP apKbLIbI ecenrtey

JlHecTpoBCKuii QyHKIMSIIAPBI PEISATHBUCTIK acepiep 6ackiM OONaThIH M1a3ManapAarkl TOJIKBIHAAP/IBIH Tapa-
JYBIH, QJICIPEYiH JKOHE TYpPaKCHI3IBIKTAPBIH CHIIATTAy YIIiH THIMZAI TEOPHUSJIBIK HETi3 KOHE PEeNSTHBUCTIK
IJIa3MaHbIH JUCIIEPCHSUTBIK (QYHKIMSUIApBl PEeTiHAe KONAaHbUIaAbl. Byn 3epTreyae mapamerpiepiiH KeH
ayKbIMBI YIIiH JIHECTPOBCKHH (GYHKIMSIAPBIH €CenTeyre apHaifaH THIMIl aHAIMTHKAIBIK ©PHEKTep MeH
TOMEH KaiTapbIM PeKyppeHTTIiK GopMynanap yChIHbUIAABL. ¥ ChIHBUIFaH OPHEKTEP KOFapbl SHEPTUSIIBI JKOHE
PEIATUBHCTIK IUTa3MallapFa TOH ecenTeylepi JKOFaphl THIMAUTIKIEH OpbIHAAyFa MYMKIHOIK Oepexi.
Pexyppentrik ¢opmynanapaslH KapanaifbIMIBUIGIFEL apKAChIHa €CeNTey yaKbITHl MEH JQJIIITi jKaKcapasbl
JKoHe (opMynanap/abl KoyiiaHy keHiamenai. JKaHa aHamMTHKAJBIK jKOHE TOMEH KailTapblM pPEKYppEHTTIK
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M.N. Bakirci

(dopMmynanap apkpUIbl ajbIHFAaH HOTIDKENEp HapaMeTpiepAiH KeH aiMarbl YIUiH OypblH >KapHsulaHFaH
HOTIKEJTIEPMEH JKOHE CaHIBIK €CENTey d9AiCTepiMEH allbIHFaH HOTIIKEJICPMEH KaKChl COMKECTIK KepceTei.

Kinm cesoep: JlHecTpoBckuil (pyHKIMSIAPB, TOMEH KaWTapblM PEKYPPEHTTIK KaThIHAcCTap, PEISTUBUCTIK
IUTa3MaHbIH JUCTIEPCHSUTBIK (DYHKIUSUIApHI, Ta3Ma (Gpru3ukacs!

M.H. bakupuu

OueHka peJATHBUCTCKUX JAUCIEPCHOHHBIX (PYHKIM MIa3Mbl
€ HCMOJIb30BAHUEM PEKYPPEHTHBIX (POPMYJI HUCXOAALLET0 THIIA
U AHAJIUTUYECKUX COOTHOLIEHUI

Oyukipn J[HECTPOBCKOTO MPEICTABISIIOT c000# 3 (EeKTHBHBII TEOPETHYESCKHUIA anmapar i OMUCaHUs pac-
MPOCTPAHEHUs] BOJH, 3aTyXaHHUs M Pa3BUTHS HEYCTOIUMBOCTEH B IJIa3Max, IZie JOMHHUDPYIOT PENSITHBUCT-
ckue 3((EeKTHl, U BBICTYIIAIOT B KAYECTBE PEJIITHBUCTCKUX AUCIIEPCHOHHBIX (DYHKIMI I1a3Mbl. B HacTostmeit
paboTe npemToxKeHsl 3Q(HEKTUBHBIE aHATUTUYECKUE BBIPAKECHHUS U PEKYPPEHTHBIE (GOPMYyIIBl HUCXOSIIETO
THUMA JUIs BEMMHUCICHNsT QyHKIMH JIHECTPOBCKOro B IMIMPOKOM JAWana3oHe ImapamMeTpoB. J[aHHBIE BBIpaKEHHs
00ecreYrBaOT BO3MOKHOCTD BEICOKOA()(DEKTUBHBIX BEIYHCIICHUH, XapaKTEePHBIX JUIS BRICOKOIHEPTETHIECKOM
U PEITATHBUCTCKOH Ima3Mel. biaromapst mpocToTe peKyppeHTHBIX (opMyn HOCTHTalOTCS YINy4IIEHHOE BBI-
YHCIUTENBHOE BPEMsI U TOYHOCTH 110 CPABHEHHIO C NMPEABIIYIINMI METOAAMH, a TAKXKe 00eCIIeInBaETCs MPO-
cTOoTa NpuMeHeHus. [loydeHHbIe pe3ynbTaThl Ha OCHOBE IPEUIOKECHHBIX aHAINTHYECKUX BBIPAXKEHUH U pe-
KyppPeHTHBIX (JOpMyN HUCXOAAIIETO THIA HAXOJATCS B XOPOIIEM COTJIACHH KaK C OIMyONMKOBaHHBIMH JaH-
HBIMH, TaK U C PE3yJIbTaTaMH, II0JIyYCHHBIMH C IIOMOIIBI0 YUCICHHBIX METOJIOB, B IIMPOKOM JUana3oHe Ma-
paMeTpoB.

Kniouesvie crosa: pyHkun JJHECTPOBCKOTO, PEKypPPEHTHBIE COOTHOLIEHHST HUCXO/SIIIIETO TUIIA, PEIISITUBHCT-
CKHUE JUCTICPCUOHHBIC (YHKITHH TUIa3Mbl, ((HU3MKa MIa3Mbl
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