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Abstract 

A stable diaqua-bis(N-benzoylanthranilato)-ethylato-copper(II) complex was synthesized by the reaction of 

N-benzoylanthranilic acid (N-baaH) and CuSO4Ŀ5H2O in 1:1 molar ratio in ethanol. Its crystals were structurally 

characterized by single crystal X-ray analysis. The complex has a distorted square planar CuO5 geometry. In the 

crystal, molecules are linked in inversion-related mode, forming dimers, which generate alternate Ὑ (12) ring 

motifs in a linked chain that runs along (100) plane. These chains are stacking via van der Waals interactions 

forming a two-dimensional supramolecular network. 

 

Keywords: X-ray analysis, N-benzoylanthranilic acid, copper(II) complex, hydrogen bonds. 

 

1. Introduction  

Anthranilic acid derivatives have been known as 

good inhibitors of AKR1C isoenzymes, with Ki values 

in low micromolar or nanomolar range. Almost 30 

years ago, Penning and Talalay showed that indometh-

acin and mefenamic acid, nonselective NSAIDs, 

strongly inhibit rat liver hydroxysteroid dehydrogenase 

AKR1C9, a model for human AKR1C isoenzymes [1]. 

Other nonselective NSAIDs and selective COX-2 in-

hibitors also proved to be potent inhibitors of AKR1C 

isoenzymes [2, 3]. For this purpose, a series of N-ben-

zoyl anthranilic acid derivatives were synthesized as in-

hibitors of penicillin binding protein [4]. Due to their 

structural similarities to several known inhibitors of 

AKR1C enzymes, their inhibitory activity on given en-

zymes was tested [5, 6]. In addition, copper complexes 

have been much explored due to the fact that copper is 

a bio-essential element responsible for numerous bio-

activities in living organisms [7]. Moreover, it is well 

known that Cu(II) complexation plays an important 

role in the pharmacological profile of the antimicrobial 

agents [8, 9]. 

Here we present the synthesis and structural char-

acterization of the new penta-coordinated copper(II) 

complex C30H29O9N2Cu, obtained by quantitatively 

yield of the title compound 1.  

2. Results and Discussion 

The displacement ellipsoid representation and the-

oretical geometry structure with the atom-numbering 

view for diaqua-bis(N-benzoylanthranilato)-ethylato-

copper(II) (1) is shown in Fig. 1. Carbon C29 and C30 

atoms are disordered, and their ellipsoid probability 

level not shown owing to disordered shift.  
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Figure 1. Molecular structure of Cu(N-baa)2(H2O)2EtOH showing the atom-numbering. Displacement ellipsoids 

for the non-H atoms are drawn at the 50 % probability level (except C29 and C30). The H atoms are presented 

with balls with arbitrary radii. 

 

The benzene (C1-C6 and C15-C20) rings planes 

are not parallel to each other and its adjacent COO-

groups forming a 5.455Á, 8.861Á and 3.652Á, respec-

tively. The metal atom of CuO4 basis is elevated from 

basal position no more than 4.581Á, while an angles O1-

Cu-O7 and O3-Cu-O7 (83.978Á and 94.427Á) lead to 

displaced vertex of pyramid (O7). The overall geome-

try around the penta-coordinated copper is described as 

a distorted square planar geometry. The bond distances 

CuðO1, CuðO3 are 1.933(4) ¡, respectively, which 

slightly deviate from those found in literature for metal 

complex having N-benzoylanthranilic acid; whereas 

angles CuðO1ðC7 and CuðO1ðC21 (123.318Á 

and 115.718Á) deviate greatly to the reported values for 

similar derivatives [10]. The CuðO2 bond distance 

3.085 ¡ and CuðO4 bond distance average 2.887 ¡, 

which are also in slightly great range [11]. 

The hydrogen bond geometry for copper(II) com-

plex is presented in Table 2. The molecule is dimeric 

and is stabilized by an intramolecular N1ðH1ĿĿĿO2 

and N2ðH2ĿĿĿO4 and intermolecular O5ïH5ĿĿĿO2 and 

O5ïH5ĿĿĿO4 hydrogen bonds; the latter generate alter-

nate Ὑ (12) ring motifs in a linked chain that runs along 

(100) plane. These chains are stacking along (41-5) via 

van der Waals interactions (C14ðH29 and H5ðH30) 

forming a two-dimensional supramolecular network 

(Table 1 and Fig. 2).  

 
Figure 2. View of two-dimensional supramolecular network. For better viewing, the terminal intramolecular 

and intermolecular atoms are assigned. For clarity, H atoms have been omitted. 
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Table 1.  
Hydrogen-bond geometry (¡, Á) of the complex 

DïHĿĿĿA D ï H d(HĿĿĿA) d(DĿĿĿA) <(DHA) 

N1ïH1ĿĿĿO2 0.860 1.913 2.624 139.150 

N2ïH2ĿĿĿO4 0.660 1.893 2.605 139.232 

O5ïH5ĿĿĿO2i 0.701 1.980 2.673 169.720 

O5ïH5ĿĿĿO4i 0.670 2.016 2.677 168.901 

O6iïH6iĿĿĿO9ii  0.670 2.036 2.694 167.637 

O6iïH6iĿĿĿO8iii  0.856 1.919 2.775 178.253 

Symmetry code: (i) -x, -y + 1, -z + 1; (ii) x, - y + 3/2, z - 1/2; (iii) x, -y + 1/2, z - 1/2; (iv) x + 1, y, z; (v) -x + 1, y 

+ 1/2, -z + 3/2; (vi) x + 1, -y + 3/2, z - 1/2; (vii) -x + 1, -y + 1, -z + 1; (viii) -x + 1, y ï 1/2, -z + 3/2; 

 

3. Material and Methods 

3.1. Synthesis 

The title compound 1 was obtained according to 

the reaction scheme 1. The crystals were grown accord-

ing laboratory procedure and used low-cost standard 

materials for this purpose. Briefly, a mixture of N-ben-

zoylanthranilic acid (0.02 g, 0.083 mmol) and 

CuSO4Ŀ5H2O (0,014 mg, 0.059 mmol) in ethanol (10 

mL) was sonicated for 15 min and refluxed at 75 ÁC for 

one hour. The precipitated copper(II) compound was 

filtered of and recrystallized from ethanol. The crystals 

were isolated as a bluish solid stable in air and suitable 

for X-ray diffraction study at 20 ÁC and collected in 65 

% yield.  
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O
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1  
Scheme 1. Synthesis of diaqua-bis(N-benzoylanthranilato)-ethylato-copper(II). 

 

3.2. X-ray Analysis 

A crystal of the title complex 1 having approxi-

mate dimension 0.15Ĭ0.22Ĭ0.12 mm was mounted on 

a glass needle using lab adhesive. All measurements 

were made on an Oxford Diffraction Xcalibur single 

crystal X-ray diffractometer using graphite monochro-

mated CuKŬ (ɚ =1.5418 ¡) radiation and CCD Ruby 

generation detector. Diffraction data were collected at 

20 ÁC by the ɤ-scan technique. Accurate unit cell pa-

rameters and orientation matrix were obtained by a 

least-squares fit of several high angle reflections in the 

ranges 3.73Á < ɗ < 75.75Á for the title compound. The 

intensity data were collected with an average four-fold 

redundancy per reflection and optimum resolution 

(0.83 ¡). The intensity data collection, frames integra-

tion, Lorentz-polarization correction and decay correc-

tion were done using CrysAlisPro (version 1.171.37.34) 

software [12]. The structure was solved by direct meth-

ods using SHELXS-97 implemented in Olex2 program 

suit [13]. The refinement was carried out by full-matrix 

least-square method on the positional and anisotropic 

temperature parameters of the non-hydrogen atoms, us-

ing SHELXL-97 [14, 15]. All the H atoms were posi-

tioned geometrically and constrained to ride on their 

parent atom with CðH = 0.93-0.97 ¡, NðH = 0.86 ¡ 

and OðH = 0.67-0.85 ¡, and with Uiso(H,H) = 1.2 

Ueq for ethyl H atoms and 1.5Ueq(H,H,H) for methyl H 

atoms. The general-purpose crystallography tool 

PLATON, ORTEP and MERCURY were used for 

structure analysis and presentation of the results [16-

18]. Details of the data collection, crystal parameters 

and refinement process of compound 1 are given in Ta-

ble 2. 
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Table 2.  

Experimental details 

Crystal data  

Empirical formula C30H29O9N2Cu 

Mr 625.09 

Crystal system, space group Monoclinic, P21/c 

Temperature (K) 293 

a, b, c (¡) 13.0395(5), 16.3395(3), 14.4133(5)  

ɓ (Á) 114.689(5) 

V (¡3) 2790.17(19) 

Z 4 

Radiation type CuKŬ 

Crystal size (mm) 0.15Ĭ0.22Ĭ0.12  

Calculated density (Mg/m3) no measured 

Absorption coefficient (mm-1) 1.615 

F(000) 1296 

Data collection 

Absorption correction no 

Tmin, Tmax 0.689, 0.834 

No. of measured, independent and observed [I > 2ů(I)] 

reflections 
12729, 5703, 4331 

Rint 0.0208 

Theta range for data collection (Á) 3.73 to 75.75  

Refinement 

Index ranges -16<=h<=14, 0<=k<=20, 0<=l<=17 

R[F2 > 2ů(F2)], wR(F2), S 0.0442, 0.1402, 1.058 

No. of reflections / restraints / parameters 5703 / 0 / 397 

Goodness-of-fit on F2 1.058 

Completeness, [dmin-dmax] (%) 98.04  

H-atom treatment H-atom parameters constrained 

ȹɟmax, ȹɟmin (e ¡-3) 0.47, -0.55 

Final R indices [I>2ů(I)] R1=0.0442, wR2=0.1402  

R indices (all data) R1=0.0579, wR2=0.1313  

CCDC reference 2033596 
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Abstract 
Recently it was synthesized an organic salt of diclofenac with ethylenediamine and complex compounds of 

these two ligands and metal cations Ni2+, Cu2+ and Zn2+, the structures of which were confirmed by the X-ray 

analyses. Investigation on cytotoxicity of the complexes against to HeLa cells showed 2.0-4.4 times efficacy then 

parent diclofenac. Once again proven that complexation with metals leads to an enhancement of the activity of the 

pharmaceutical drug. 

 

Keywords: diclofenac, metal complex, organic salt, cytotoxicity, Ni2+, Cu2+, Zn2+ cations.  

 

Introduction . 

The non-steroidal anti-inflammatory drug of di-

clofenac (DCF) is widely used in medicine since 1973 

[1]. This drug is gradually becoming promising in the 

treatment of different types of cancer [2]. It was 

summarised the evidence for an anti-cancer effect of 

DCF treatment drawing on in vitro, in vivo and human 

data. The established pharmacokinetics and known 

toxicity profile make DCF a strong candidate for 

repurposing as an oncological treatment, both in 

combination with existing standard of care treatments 

or in a cocktail with other repurposed drugs [3]. Some-

times synergism is observed when DCF is used in com-

bination with other drugs, as well as in their conjugates. 

Compound cis-[Pt(DCF)2(NH3)2], in which DCF mole-

cules are coordinated to Pt(II) through their carboxylic 

group, is more potent than parental conventional Pt(II) 

drug cisplatin, free DCF and the congeners of it in 

which diclofenac ligands are conjugated to Pt(II) via a 

diamine. The potency of cis-[Pt(DCF)2(NH3)2] is due to 

several factors including enhanced internalization that 

correlates with enhanced DNA binding and cytotoxi-

city [4].  

The released parental DCF molecules should be 

able to carry out their biological functions and the 

[Pt(NH3)2(H2ʆ)2]2+ moiety should be able to interact 

with its key target (nuclear DNA).  

DCF shows anti-proliferative effects against L929 

cells [5]. Furthermore, topical DCF in 2.5% hyaluronan 

shows the inhibition of colon-26 Adenocarcinoma de-

velopment and angiogenesis [6]. Upon obtaining of 

complexes of a known preparation with metals, solubil-

ity and bioavailability is usually increased [7]. The cor-

neal toxicity of preservative-containing solutions of 

DCF has already been documented [8-10] and later re-

vealed that preservative-free DCF exhibit considerable 

toxicity [11].  

Herein, we describe the X-ray structural analysis 

and cytotoxicity assessment against HeLa cells of DCF 

complexes with ethylenediamine (EDA): (DCFĀEDA), 

[M(DCF)2], and mixed ligand complexes - 

[M(EDA) 2(H2O)2](DCF)2 , where M= Ni2+, Cu2+ and 

Zn2+, EDA ï ethylendiamine.  

Materials and methods.  

In order to obtain DCF complexes with biometals, 

aqueous ethanol solutions of acetates of Ni2+, Cu2+ and 

Zn2+ were vigorously stirred with DCF and ethylenedi-

amine (EDA) in 1:1:1 molar ratio, respectively. After 

two hours of refluxing the reaction mixture, hot filtra-

tion was carried out. Then the mother liquor was left at 

room temperature for two weeks. The growths of single 

crystals were further observed, which were filtered of 

and dried. The molecular and crystal structures of these 

single crystals have been studied by X-ray diffraction 

analysis. Thus, we have synthesized complexes of d-

metals such as Ni2+, Cu2+ and Zn2+ with the anti-inflam-

matory drug DCF. Ethylenediamine was used as an ad-

ditional ligand. The metal complexes synthesized by us 

are characterized by chelation of a metal ion with both 

two molecules of EDA and water, and DCF anions sit-

uated on the external coordination sphere. The cytotox-

icity against HeLa cells of synthesized complexes were 

studied by MTT method.  

Results and discussion.  

The structures of the synthesized compounds. 
The synthesis of biometal complexes with DCF and 

EDA was carried out and their structures were deter-

mined by X-ray diffraction method. Organic salt of 

DCF with EDA characterized by molar ratio of 1:2, i.e. 

each protonated on N atoms EDA molecule H-bonded 
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with two deprotonated on carboxylic acid moiety DCF 

molecules. All synthesized metal complexes are similar 

by their molecular and crystal structure, i.e. they are 

isostructural. The metal cation is coordinated with two 

molecules of EDA and two water molecules in com-

plexes of diclofenac with Ni2+, Cu2+ and Zn2+.  

Complexes [Ni(EDA)2(H2O)2](DCF)2 (1), 

[Cu(EDA)2(H2O)2](DCF)2 (2) and 

[Cu(EDA)2(H2O)2](DCF)2 (3) are also isostructural. In 

all structures, the central metal ion lies on a symmetry 

center. The coordination geometry is elongated octahe-

dron with two aqua ligands occupying the apical posi-

tions. The DCF anionic moieties are located outside of 

the first coordination sphere. Due to the aforemen-

tioned structural similarity, complexes 1-3 exhibit also 

a very similar packing pattern (Fig. 1).  

 
Fig. 1. Packing of the cations [M(EDA)2(H2O)2] 2+ and anions DCF in the isostructural crystal structures, where 

M=Ni2+, Cu2+ and Zn2+. 

 

The cytotoxicity. The cytotoxic activity of new 

DCF complexes in comparison with the original DCF 

was studied. The cytotoxic effect of substances on 

HeLa cell culture was evaluated by the biochemical 

MTT method. It was revealed that metal complexes ex-

hibit cytotoxic activity 2.0-4.4 times higher than DCF 

itself. 

The efficacy of substances on cell culture. Cyto-

toxicity was evaluated biochemically using the MTT 

method. To determine the cytotoxic effect, HeLa cells 

were scattered into 96-well plates in an amount of 20-

30 thousand cells/mL in 100 ɛL of RPMI 1640 medium 

with 10% serum of calf embryo and cultured at a tem-

perature of 37ÁC in a CO2 incubator. After a day, sub-

stances were introduced at concentrations of 10 and 1 

ɛg/mL, cells were cultured for 24 hours, and then MTT 

[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-te-

trazolium bromide] was introduced into cells to detect 

living cells [12]. After 3 hours of incubation, the me-

dium was carefully drained, DMSO was added and in-

cubated for 20 minutes, and then the optical density of 

the solution was measured at a wavelength of 620 nm. 

Reference is cells without treatment, where degree of 

MTT entrance into cells is 100% (0% inhibition). The 

obtained results listed in Table 1. 

Table 1.  

Efficacy of compounds against to HeLa cell cultures 

Dose, Õg Sample 
Inhibition of MTT introduction in cells, %  

100 10 

DCF 20,2 23,5 

EDA 25,5 36,1 

(DCFĀEDA) 38,3 6,1 

[Zn(DCF)2] 47,0 40,6 

[Zn(EDA)2(H2O)2](DCF)2 20,7 22,1 

[Cu(DCF)2] 88,4 43,4 

[Cu(EDA)2(H2O)2](DCF)2 28,6 39,4 

[Ni(DCF)2] 30,4 12,2 

[Ni(EDA) 2(H2O)2](DCF)2 9,3 7,1 

Cisplatin 95,7 63,4 
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It was determined that the cytotoxic activity of the 

mixed-ligand complexes of DCF is lower than that of 

the complexes of diclofenac with metal cations. This 

result can be explained by the fact that due to the high 

donor ability of ethylenediamine, this molecule attracts 

metal cations, and the diclofenac molecule is displaced 

into the external sphere of the complexes.  

Conclusion. 

The metal-complexes of DCF with Ni2+, Cu2+ and 

Zn2+ cations exhibit stronger cytotoxic activity against 

HeLa cells than initial diclofenac, i.e., a complex for-

mation of DCF with metal cations enhances signifi-

cantly its cytotoxicity. Addition of EDA as a ligand 

leads to the disposition of DCF molecules to outer 

sphere of the complex. Thus, synthesis and structural 

study of DCF complexes is attractive from the theoret-

ical and practical view of points. 
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Abstract 

The processes of crystallization of a mixture of cocoa butter and new modified fats - ethyl esters of stearic 

acid are considered in the article. Ethyl stearate is a promising product for the confectionery industry in terms of 

providing solid low-melting modified fats without trans-isomers. The aim of the study is to obtain ‍ (V) stable 

modifications of cocoa butter. X-ray analysis and differential scanning calorimetry were used in the studies. The 

results of the study indicate that: - at a concentration of cocoa butter of 50% or more ethyl stearate turns into an 

amorphous state; - a mixture of ethyl stearate and cocoa butter does not form solid solutions at any concentration; 

- the addition of ethyl stearate to chocolate products reduces the viscosity of cocoa butter, which probably allows 

the formation of cocoa butter crystals in a stable modification, thus avoiding the "blooming" of the finished prod-

uct. 

ɸʥʦʪʘʮʽʷ 

ɺ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʮʝʩʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʫʤʽʰʽ ʢʘʢʘʦ-ʤʘʩʣʘ ʪʘ ʥʦʚʠʭ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʞʠʨʽʚ ï ʝʪʠ-

ʣʦʚʠʭ ʝʬʽʨʽʚ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ. ɽʪʠʣʩʪʝʘʨʘʪ ʻ ʧʝʨʩʧʝʢʪʚʥʠʤ ʧʨʦʜʫʢʪʦʤ ʜʣʷ ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʧʨʦʤʠʩʣʦ-

ʚʦʩʪʽ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʚʝʨʜʠʤʠ ʥʠʟʴʢʦʧʣʘʚʢʠʤʠ ʤʦʜʠʬʽʢʦʚʘʥʠʤʠ ʞʠʨʘʤʠ ʙʝʟ ʪʨʘʥʩ-ʽʟʦʤʝʨʽʚ. ʄʝʪʦʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʪʨʠʤʘʥʥʷ ‍ (V) ʩʪʘʙʽʣʴʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʢʘʢʘʦ-ʤʘʩʣʘ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠ-

ʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜʠ ʨʝʥʪʛʝʥʦʬʘʟʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʩʢʘʥʫʶʯʦʾ ʢʘʣʦʨʠʤʝʪʨʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ ʱʦ: - ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʢʘʦ-ʤʘʩʣʘ 50% ʽ ʙʽʣʴʰʝ ʝʪʠʣʩʪʝʘʨʘʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʘʤʦʨʬ-

ʥʠʡ ʩʪʘʥ; - ʩʫʤʽʰ ʝʪʠʣʩʪʝʘʨʘʪʫ ʪʘ ʢʘʢʘʦ-ʤʘʩʣʘ ʥʝ ʫʪʚʦʨʶʻ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ; 

- ʜʦʜʘʚʘʥʥʷ ʝʪʠʣʩʪʝʘʨʘʪʫ ʜʦ ʰʦʢʦʣʘʜʥʠʭ ʚʠʨʦʙʽʚ ʟʥʠʞʫʻ ʚôʷʟʢʽʩʪʴ ʢʘʢʘʦ-ʤʘʩʣʘ, ʱʦ, ʽʤʦʚʽʨʥʦ, ʜʦʟʚʦʣʷʻ 

ʩʬʦʨʤʫʚʘʪʠ ʢʨʠʩʪʘʣʠ ʢʘʢʘʦ-ʤʘʩʣʘ ʚ ʩʪʘʙʽʣʴʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʪʠʤ ʩʘʤʠʤ ʫʥʠʢʘʶʯʠ çʧʦʩʠʚʽʥʥʷè ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ. 

 

Keywords: ethyl stearate, cocoa butter, crystallization, tempering, X-ray phase analysis, differential scanning 

calorimetry. 
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ɺʩʪʫʧ. ɯʥʥʦʚʘʮʽʡʥʠʤ ʧʨʦʜʫʢʪʦʤ ʜʣʷ ʢʦʥʜʠʪʝʨ-

ʩʴʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʽ ʞʠʨʠ ï 

ʝʪʠʣʦʚʽ ʝʬʽʨʠ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ. ɽʪʠʣʩʪʝʘʨʘʪ ʟʘ 

ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʜʽʙʥʠʡ ʜʦ ʧʨʠʨʦʜʥʦʛʦ ʢʘ-

ʢʘʦ-ʤʘʩʣʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʚ 

ʷʢʦʩʪʽ ʥʦʚʦʾ ʘʣʴʪʝʨʥʘʪʠʚʠ. ɺ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʤʦʜʠʬʽʢʦʚʘʥʠʤʠ ʞʠʨʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʢʘʢʘʦ-

ʤʘʩʣʫ, ʝʪʠʣʩʪʝʘʨʘʪ ʤʘʻ ʥʠʟʢʫ ʚʘʛʦʤʠʭ ʧʝʨʝʚʘʛ: 

- ʥʝ ʧʦʪʨʝʙʫʻ ʧʨʦʮʝʩʫ ʪʝʤʧʝʨʫʚʘʥʥʷ; 

- ʩʪʽʡʢʠʡ ʜʦ ʦʢʠʩʥʝʥʥʷ; 

- ʤʘʻ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ; 

- ʥʝ ʤʽʩʪʠʪʴ ʪʨʘʥʩ-ʽʟʦʤʝʨʽʚ ʞʠʨʥʠʭ ʢʠʩʣʦʪ; 

- ʤʘʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʚ ʪʦʯʮʽ (33,4 Áʉ); 

- ʟʤʽʰʫʻʪʴʩʷ ʟ ʢʘʢʘʦ-ʤʘʩʣʦʤ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʩʧʽʚ-

ʚʽʜʥʦʰʝʥʥʽ; 

- ʥʝ ʚʠʢʣʠʢʘʻ ʞʠʨʦʚʦʛʦ çʧʦʩʠʚʽʥʥʷè ʚ ʰʦʢʦʣʘ-

ʜʥʠʭ ʚʠʨʦʙʘʭ. 

ʅʘʡʙʽʣʴʰʘ ʧʝʨʝʚʘʛʘ ʝʪʠʣʩʪʝʘʨʘʪʫ, ʚ ʧʦʨʽʚ-

ʥʷʥʥʽ ʟ ʤʦʜʠʬʽʢʦʚʘʥʠʤʠ ʞʠʨʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ 

ʢʘʢʘʦ-ʤʘʩʣʫ ʚ ʪʦʤʫ, ʱʦ ʡʦʛʦ ʧʣʘʚʣʝʥʥʷ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʚ ʪʦʯʮʽ ʽ ʚʤʽʩʪ ʪʚʝʨʜʠʭ ʝʬʽʨʽʚ ʧʨʠ 20 Áʉ ʙʽ-

ʣʴʰʝ 90%. ʎʝ ʦʙʫʤʦʚʣʶʻ ʫʥʽʢʘʣʴʥʽ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʩʘʤʝ ʚʽʜʯʫʪʪʷ ʭʦʣʦʜʫ ʚ ʨʦʪʽ ʧʨʠ ʚʞʠ-

ʚʘʥʥʽ ʰʦʢʦʣʘʜʥʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʝʪʠʣʩʪʝʘ-

ʨʘʪʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʪʠʣʦʚʠʭ ʝʬʽʨʽʚ ʞʠʨʥʠʭ ʢʠʩʣʦʪ 

ʫ ʩʢʣʘʜʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʟʦʢʨʝʤʘ ʝʪʠʣʩʪʝʘʨʘʪʫ 

ʚ ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʚʠʨʦʙʘʭ, ʻ ʥʦʚʠʤ ʧʽʜʭʦʜʦʤ ʚ ʤʝʭʘ-

ʥʽʟʤʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ ʥʝʦʙʭʽʜʥʠʤʠ 

ʞʠʨʥʠʤʠ ʢʠʩʣʦʪʘʤʠ, ʷʢʽ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʚʠʪʦʢ 

ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ [1], ʱʦ ʻ ʥʘʜʟʚʠ-

ʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʦʣʽʡʥʦ-ʞʠʨʦʚʦʾ ʛʘ-

ʣʫʟʽ.  

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʽ ʧʦʩʪʘʥʦʚʢʘ 

ʧʨʦʙʣʝʤʠ. ʇʨʠʨʦʜʥʝ ʢʘʢʘʦ-ʤʘʩʣʦ ʤʘʻ ʫʥʽʢʘʣʴʥʠʡ 

ʘʮʠʣʛʣʽʮʝʨʠʥʦʚʠʡ ʩʢʣʘʜ, ʪʘʢʦʞ ʚ ʥʴʦʤʫ ʥʘʷʚʥʽ 

ʮʽʥʥʽ ʘʥʪʠʦʢʠʩʠʜʘʥʪʥʽ ʪʘ ʧʩʠʭʦʩʪʠʤʫʣʶʶʯʽ ʨʝʯʦ-

ʚʠʥʠ. ɺ ʢʘʢʘʦ-ʤʘʩʣʽ ʤʽʩʪʠʪʴʩʷ ʙʣʠʟʴʢʦ 80% 2-ʦʣʝʦ-

ʜʠʥʘʩʠʯʝʥʠʭ ʘʮʠʣʛʣʽʮʝʨʠʥʽʚ, ʱʦ ʟʫʤʦʚʣʶʶʪʴ ʡʦʛʦ 

ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ ʧʨʠ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʣʘʚ-

ʣʝʥʥʷ. ɺ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʦʢʦʣʘʜʫ ʢʘʢʘʦ-ʤʘ-

ʩʣʦ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ. ʂʨʠʭʢʽʩʪʴ, ʪʚʝʨʜʽʩʪʴ ʪʘ 

ʨʽʟʢʝ ʪʘʥʝʥʥʷ, ʱʦ ʚʣʘʩʪʠʚʽ ʜʣʷ ʰʦʢʦʣʘʜʫ, ʟʘʙʝʟʧʝ-

ʯʝʥʽ ʢʨʠʩʪʘʣʘʤʠ ʢʘʢʘʦ-ʤʘʩʣʘ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʙʝʟʧʝ-

ʨʝʨʚʥʫ ʬʘʟʫ ʚ ʷʢʽʡ ʫ ʚʠʛʣʷʜʽ ʩʫʩʧʝʥʟʽʾ ʤʽʩʪʷʪʴʩʷ ʜʨʽ-

ʙʥʽ ʯʘʩʪʠʥʢʠ ʮʫʢʨʫ, ʢʘʢʘʦ-ʧʦʨʦʰʢʘ, ʢʘʢʘʦ-ʪʝʨʪʦʛʦ 

ʪʘ ʩʫʭʦʛʦ ʤʦʣʦʢʘ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʙʣʠʟʴʢʦ 70 ʤʘʩ.% 

ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʰʦʢʦʣʘʜʫ [2]. ɺʽʜʦʤʦ, ʱʦ ʢʘʢʘʦ-

ʤʘʩʣʦ ʽʩʥʫʻ ʚ ʰʝʩʪʠ ʧʦʣʽʤʦʨʬʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ: ɔ 

(I), Ŭ (II), Ŭ+(III ), ‍(IV), ‍ (V), ‍ (VI ) [2 - 4]. ʊʝʤ-

ʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʨʽʟʥʠʭ ʧʦʣʽʤʦʨʬʥʠʭ ʬʦʨʤ 

ʘʮʠʣʛʣʽʮʝʨʠʥʽʚ ʢʘʢʘʦ-ʤʘʩʣʘ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1 

[5]. ʊʝʤʧʝʨʫʚʘʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʧʨʦʮʝʩʦʤ ʜʣʷ ʩʪʚʦ-

ʨʝʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʬʦʨʤ ʢʘʢʘʦ-ʤʘʩʣʘ ʚ ʰʦʢʦʣʘʜʥʽʡ 

ʩʫʩʧʝʥʟʽʾ. ɺ'ʷʟʢʽʩʪʴ ʪʝʤʧʝʨʦʚʘʥʦʛʦ ʰʦʢʦʣʘʜʫ ʟʙʽʣʴ-

ʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ ‍ 

(V) [6]. ʆʩʥʦʚʥʘ ʤʝʪʘ ʪʝʤʧʝʨʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʬʦʨ-

ʤʫʚʘʥʥʽ ʩʪʘʙʽʣʴʥʠʭ ‍ (V) ʢʨʠʩʪʘʣʽʚ ʘʮʠʣʛʣʽʮʝʨʠʥʽʚ 

ʢʘʢʘʦ-ʤʘʩʣʘ. ʊʝʤʧʝʨʦʚʘʥʠʡ ʰʦʢʦʣʘʜ ʤʘʻ ʩʪʘʙʽʣʴʥʫ 

ʪʝʢʩʪʫʨʫ, ʛʣʘʜʢʫ ʪʘ ʙʣʠʩʢʫʯʫ ʧʦʚʝʨʭʥʶ, ʱʦ ʟʙʝʨʽ-

ʛʘʶʪʴʩʷ ʜʦʚʛʠʡ ʯʘʩ.  

ʊʘʙʣʠʮʷ 1 

ʊʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʧʦʣʽʤʦʨʬʥʠʭ ʬʦʨʤ ʢʘʢʘʦ-ʤʘʩʣʘ [5] 

ʇʦʣʽʤʦʨʬʥʽ ʬʦʨʤʠ ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ, Üʉ 

ɔ (I) 16 ï 18 

Ŭ (II ) 21 ï 24 

Ŭ+(III ) 25 ï 27 

‍(IV) 27 ï 28 

‍ (V) 30 ï 33,8 

‍ (VI ) 34 ï 36,3 

 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ çʟʘʨʦʜʢʽʚè ʢʨʠʩʪʘʣʽʚ ‍ (V) ʚ 

ʰʦʢʦʣʘʜʽ ʽʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʩʠ.  

ʇʝʨʰʠʡ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ çʟʘʨʦʜʢʽʚè ʚ 

ʦʙôʻʤʽ ʰʣʷʭʦʤ ʧʨʦʮʝʩʫ ʪʝʤʧʝʨʫʚʘʥʥʷ. ʎʝʡ ʧʨʦʮʝʩ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʐʦʢʦʣʘʜ ʩʧʦʯʘʪʢʫ 

ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ 45 ᴈ, ʱʦʙ ʨʦʟʧʣʘʚʠʪʠ ʚʩʽ ʰʽʩʪʴ 
ʬʦʨʤ ʢʨʠʩʪʘʣʽʚ. ʇʦʪʽʤ ʰʦʢʦʣʘʜ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʦ 

27 ᴈ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʢʨʠʩʪʘʣʠ ‍(IV) ʪʘ 

‍ (V) ʪʠʧʫ. ʇʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʰʦʢʦʣʘʜ ʧʝʨʝʤʽ-

ʰʫʻʪʴʩʷ ʽ ʚ ʥʴʦʤʫ ʚʠʥʠʢʘʻ ʙʝʟʣʽʯ ʜʨʽʙʥʠʭ ʢʨʠʩʪʘʣʽ-

ʯʥʠʭ çʟʘʨʦʜʢʽʚè, ʷʢʽ ʩʣʫʛʫʚʘʪʠʤʫʪʴ ʷʜʨʘʤʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʜʨʽʙʥʠʭ ʢʨʠʩʪʘʣʽʚ ʫ ʰʦʢʦʣʘʜʽ. ʇʦʪʽʤ ʰʦ-

ʢʦʣʘʜ ʥʘʛʨʽʚʘʶʪʴ ʜʦ ʧʨʠʙʣʠʟʥʦ 31 Á C ʜʣʷ ʫʩʫʥʝʥʥʷ 

ʙʫʜʴ-ʷʢʠʭ ʢʨʠʩʪʘʣʽʚ ‍(IV) ʪʠʧʫ, ʟʘʣʠʰʘʶʯʠ ʣʠʰʝ 

ʪʠʧ ‍ (V).  

ɯʥʰʠʡ ʧʨʦʮʝʩ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʥʝʩʝʥʥʷʤ çʟʘʨʦʜ-

ʢʽʚè ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ ‍ (VI ). ʎʝʡ ʧʨʦʮʝʩ ʧʝʨʝʜʙʘʯʘʻ 

ʜʦʜʘʚʘʥʥʷ ʜʦ ʰʦʢʦʣʘʜʫ ʢʘʢʘʦ-ʤʘʩʣʘ ʚ ʷʢʦʤʫ ʫ ʚʠ-

ʛʣʷʜʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʫʩʧʝʥʟʽʾ ʤʽʩʪʷʪʴʩʷ çʟʘʨʦʜʢʠè 

ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ ‍ (VI). ʂʨʠʩʪʘʣʽʯʥʘ ʩʫʩʧʝʥʟʽʷ ʢʘ-

ʢʘʦ-ʤʘʩʣʘ ʤʽʩʪʠʪʴ ʧʨʠʙʣʠʟʥʦ 10-30% çʟʘʨʦʜʢʽʚè 

ʢʨʠʩʪʘʣʽʚ. ɺʽʜ 0,2 ʜʦ 2% ʩʫʩʧʝʥʟʽʾ (ʚʽʜʥʦʩʥʦ ʟʘʛʘʣʴ-

ʥʦʾ ʤʘʩʠ ʰʦʢʦʣʘʜʫ) ʜʦʜʘʶʪʴ ʜʦ ʰʦʢʦʣʘʜʫ, ʷʢʠʡ ʧʽ-

ʜʽʛʨʽʪʠʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 34 Á C. ʋ ʟʚʠʯʘʡʥʦʤʫ ʧʨʦ-

ʮʝʩʽ ʧʦʧʝʨʝʜʥʴʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʩʷ ʰʦʢʦʣʘʜʥʘ ʤʘʩʘ 

ʧʨʦʭʦʜʠʪʴ ʪʝʤʧʝʨʫʚʘʥʥʷ ʽ ʧʽʜʜʘʻʪʴʩʷ ʜʽʾ ʱʦʥʘʡʤʝ-

ʥʰʝ ʪʨʴʦʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʝʪʘʧʽʚ. ʇʨʠ ʚʥʝʩʝʥʥʽ çʟʘ-

ʨʦʜʢʽʚè ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʥʰʘ ʢʽ-

ʣʴʢʽʩʪʴ ʯʠʩʪʦʛʦ ʢʘʢʘʦ-ʤʘʩʣʘ (0,2-2% ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ). ʐʦʢʦʣʘʜʥʘ ʤʘʩʘ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʫʪʚʦʨʝʥʥʷ çʟʘʨʦʜʢʽʚè ʟʘ ʦʜʠʥ ʢʨʦʢ. 

ʊʘʢʠʡ ʧʨʦʮʝʩ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʝʪʠ-

ʯʥʠʭ ʚʠʪʨʘʪ [7].  

ʂʨʠʩʪʘʣʽʯʥʫ ʩʫʩʧʝʥʟʽʶ çʟʘʨʦʜʢʽʚè ‍ (VI) ʪʠʧʫ 

ʚ ʢʘʢʘʦ-ʤʘʩʣʽ ʦʪʨʠʤʫʶʪʴ ʨʦʟʧʠʣʝʥʥʷʤ ʧʦʨʦʰʢʫ ʢʘ-

ʢʘʦ-ʤʘʩʣʘ ʚ ʧʦʧʝʨʝʜʥʴʦ ʦʭʦʣʦʜʞʝʥʦʤʫ ʨʽʜʢʦʤʫ ʢʘ-

ʢʘʦ-ʤʘʩʣʽ. ʇʦʨʦʰʦʢ ʢʘʢʘʦ-ʤʘʩʣʘ ʷʚʣʷʻ ʩʦʙʦʶ çʟʘ-

ʨʦʜʢʠè ʢʨʠʩʪʘʣʽʚ ʪʠʧʫ ‍ (VI), ʱʦ ʽʥʽʮʽʶʶʪʴ ʢʨʠʩ-

ʪʘʣʽʟʘʮʽʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʫʩʧʝʥʟʽʾ 

ʢʘʢʘʦ-ʤʘʩʣʘ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʢʦʥʮʝʥʪʨʘ-

ʮʽʾ çʟʘʨʦʜʢʽʚè ʢʨʠʩʪʘʣʽʚ ʩʫʩʧʝʥʟʽʶ ʧʦʨʦʰʢʫ ʢʘʢʘʦ-

ʤʘʩʣʘ ʩʣʽʜ ʦʭʦʣʦʜʠʪʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʯʝ 28 Á C. 

ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʨʽʜʢʦʤʫ ʢʘʢʘʦ-ʤʘʩʣʽ 
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ʫʪʚʦʨʶʶʪʴʩʷ, ʧʝʨʝʚʘʞʥʦ, ʢʨʠʩʪʘʣʠ ‍ (V). ʇʽʩʣʷ 

ʧʦʚʪʦʨʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʩʫʩʧʝʥʟʽʾ ʜʦ 32 Á C ʫʪʚʦʨʶ-

ʶʪʴʩʷ ʢʨʠʩʪʘʣʠ ‍ (VI ) [7].  

ʂʽʥʝʪʠʢʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ 

ʩʪʘʜʽʾ ʽʥʽʮʽʶʚʘʥʥʷ (ʬʦʨʤʫʚʘʥʥʷ çʟʘʨʦʜʢʽʚè), ʨʽʩʪ 

ʢʨʠʩʪʘʣʽʚ ʽ ʦʭʦʣʦʜʞʝʥʥʷ. ʇʨʠ ʩʪʘʪʠʯʥʽʡ ʢʨʠʩʪʘʣʽ-

ʟʘʮʽʾ ʨʽʜʢʦʛʦ ʢʘʢʘʦ-ʤʘʩʣʘ ʙʝʟ çʟʘʨʦʜʢʽʚè ʢʨʠʩʪʘʣʽʚ, 

ʢʽʥʝʪʠʢʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʠʣʴʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʦʭʦʣʦʜʞʝʥʥʷ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʭʦʣʦʜʞʝʥʥʷ 

ʚʽʜ 10 ʜʦ 25 Á C ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫʪʚʦʨʶʶʪʴʩʷ ʥʝʩʪʘ-

ʙʽʣʴʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʢʨʠʩʪʘʣʽʚ (Ŭ (II), Ŭ+(III ), ‍(IV)). 

ɺʚʦʜʷʯʠ ʩʪʘʙʽʣʴʥʽ ʢʨʠʩʪʘʣʽʯʥʽ çʟʘʨʦʜʢʠè (ʧʦʨʦʰʦʢ 

ʢʘʢʘʦ-ʤʘʩʣʘ ‍ (V), ‍ (VI)), ʨʽʜʢʝ ʢʘʢʘʦ-ʤʘʩʣʦ ʢʨʠ-

ʩʪʘʣʽʟʫʻʪʴʩʷ ʰʚʠʜʰʝ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʤʦʜʠʬʽʢʘʮʽʾ 

‍ (V) ʰʣʷʭʦʤ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, 

ʱʦ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʜʣʷ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʧʨʠ ʤʦʜʠ-

ʬʽʢʘʮʽʾ ‍ (V) ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʥʝʩʝʥʥʷ 

çʟʘʨʦʜʢʽʚè [7]. 

ɺ ʨʦʙʦʪʽ [8] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʨʽʰʘʣʴʥʦʶ ʩʪʘ-

ʜʽʻʶ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʘʮʠʣʛʣʽʮʝʨʠʥʽʚ ʻ ʬʦʨʤʫ-

ʚʘʥʥʷ çʟʘʨʦʜʢʽʚè, ʪʦʤʫ ʱʦ ʧʦʣʽʤʦʨʬʥʘ ʬʦʨʤʘ ʮʝʥ-

ʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʫʤʦʚʣʶʻ ʫʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ 

ʧʦʣʽʤʦʨʬʥʦʾ ʬʦʨʤʠ ʥʘ ʩʪʘʜʽʾ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ. ʄʦʨ-

ʬʦʣʦʛʽʷ ʪʘ ʧʦʣʽʤʦʨʬʽʟʤ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʢʦʥʢʫʨʝʥʮʽʻʶ ʤʽʞ ʚôʷʟʢʽʩʪʶ ʪʘ ʧʦʚʝʨʭ-

ʥʝʚʦʶ ʜʠʬʫʟʽʻʶ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ çʟʘʨʦʜʢʽʚè ʽ ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ ʯʠ 

ʨʦʟʯʠʥʫ. 

ʌʦʨʤʫʚʘʥʥʷ çʟʘʨʦʜʢʽʚè ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʥʝʚʝʣʠʢʠʭ ʢʨʠʩʪʘʣʽʚ ʚ ʨʦʟʯʠʥʽ, 

ʷʢʽ ʥʘʜʘʣʽ ʨʦʩʪʫʪʴ [9]. ʗʜʨʘ ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʨʘʭʫ-

ʥʦʢ ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʘʛʨʝʛʘʮʽʾ ʤʦʣʝʢʫʣ ʚ ʨʽʜʢʽʡ ʬʘʟʽ 

(ʪʘʢ ʟʚʘʥʝ ʛʦʤʦʛʝʥʥʝ ʫʪʚʦʨʝʥʥʷ çʟʘʨʦʜʢʽʚè). ʋʪʚʦ-

ʨʝʥʥʶ çʟʘʨʦʜʢʽʚè ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʡ ʟʦʚʥʽʰʥʽ ʷʜʨʘ 

(ʪʘʢ ʟʚʘʥʝ ʛʝʪʝʨʦʛʝʥʥʝ ʫʪʚʦʨʝʥʥʷ çʟʘʨʦʜʢʽʚè). ʐʚʠ-

ʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ çʟʘʨʦʜʢʽʚè ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʛʦ ʧʨʦʬʽʣʶ ʽ ʥʘʩʠʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʽʜ ʬʦʨʤʠ 

ʧʦʣʽʤʦʨʬʥʠʭ ʢʨʠʩʪʘʣʽʚ ʽ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʽ ʨʦʟʤʽʨ 

ʢʨʠʩʪʘʣʽʚ [9]. 

ʇʦʣʽʤʦʨʬʽʟʤ ʢʘʢʘʦ-ʤʘʩʣʘ ʦʙʫʤʦʚʣʶʻ ʧʦʚʝʜʽ-

ʥʢʫ ʰʦʢʦʣʘʜʥʠʭ ʚʠʨʦʙʽʚ ʧʨʠ ʟʘʩʪʠʛʘʥʥʽ ʽ ʟʙʝʨʽʛʘʥʥʽ 

[10, 11]. ʇʝʨʰ ʟʘ ʚʩʝ ʮʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʠʥʠʢʥʝʥʥʽ 

çʧʦʩʠʚʽʥʥʷè - ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʛʦ ʜʝʬʝʢʪʫ ʥʘ ʧʦ-

ʚʝʨʭʥʽ ʰʦʢʦʣʘʜʥʠʭ ʚʠʨʦʙʽʚ [12, 13]. 

ɼʝʷʢʽ ʘʚʪʦʨʠ ʚʠʟʥʘʯʠʣʠ ʧʝʨʝʭʽʜ ʚʽʜ ʬʦʨʤʠ ‍ 

(V) ʜʦ ‍ (VI) ʦʩʥʦʚʥʠʤ ʧʨʠʡʥʷʪʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʦ-

ʷʩʥʝʥʥʷ ʧʦʷʚʠ çʧʦʩʠʚʽʥʥʷè ʞʠʨʫ, ʷʢ ʧʨʘʚʠʣʦ, ʧʽʩʣʷ 

ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʟʙʝʨʽʛʘʥʥʷ ʪʘ / ʘʙʦ ʢʦʣʠʚʘʥʴ ʪʝʤʧʝ-

ʨʘʪʫʨʠ [14, 15, 2]. çʇʦʩʠʚʽʥʥʷè ʰʦʢʦʣʘʜʫ ʤʦʞʥʘ 

ʫʧʦʚʽʣʴʥʠʪʠ ʰʣʷʭʦʤ ʧʨʘʚʠʣʴʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʘʮʠʣʛʣʽʮʝʨʠʥʽʚ ʢʘʢʘʦ-ʤʘʩʣʘ ʚ ʩʪʘʙʽʣʴʥʽʡ ‍ (V) ʬʦ-

ʨʤʽ ʪʘ ʟʙʝʨʽʛʘʥʥʽ ʰʦʢʦʣʘʜʥʠʭ ʚʠʨʦʙʽʚ ʧʨʠ ʧʦʩʪʽʡ-

ʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ Ò 25 Á C [2]. ɿʘʤʽʥʘ ʢʘʢʘʦ-ʤʘʩʣʘ 

ʤʦʣʦʯʥʠʤ ʞʠʨʦʤ ʚ ʰʦʢʦʣʘʜʥʽʡ ʢʦʤʧʦʟʠʮʽʾ ʟʘʪʨʠ-

ʤʫʻ ʫʪʚʦʨʝʥʥʷ çʧʦʩʠʚʽʥʥʷè ʰʣʷʭʦʤ ʫʧʦʚʽʣʴʥʝʥʥʷ 

ʧʝʨʝʭʦʜʫ ʢʨʠʩʪʘʣʽʚ ʚʽʜ ‍ (V) ʜʦ ‍ (VI ) [16, 17].  

ɿʘʪʨʠʤʘʪʠ ʧʨʦʮʝʩ çʧʦʩʠʚʽʥʥʷè ʤʦʞʥʘ ʜʦʜʘ-

ʶʯʠ ʜʦ ʰʦʢʦʣʘʜʫ ʨʽʟʥʽ ʤʽʥʦʨʥʽ ʢʦʤʧʦʥʝʥʪʠ. 

ʅʘʧʨʠʢʣʘʜ, çʚʽʣʴʥʽè ʞʠʨʥʽ ʢʠʩʣʦʪʠ ʟʙʽʣʴʰʫ-

ʶʪʴ ʯʘʩ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʢʘʢʘʦ-ʤʘʩʣʘ, ʘʣʝ ʪʽʣʴʢʠ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʚʠʱʝ 2% [18]. 

ɽʤʫʣʴʛʘʪʦʨʠ ʤʘʡʞʝ ʟʘʚʞʜʠ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʰʦʢʦʣʘʜʫ. ɽʤʫʣʴʛʘʪʦʨʠ ʤʦʞʥʘ ʫʤʦ-

ʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ - ʪʽ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘ ʪʽ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʨʠ-

ʩʪʘʣʽʟʘʮʽʶ. ʃʝʮʠʪʠʥ, ʩʠʥʪʝʪʠʯʥʽ ʬʦʩʬʦʣʽʧʽʜʠ ʪʘ ʧʦ-

ʣʽʛʣʽʮʝʨʠʥ ʧʦʣʽʨʠʮʠʥʦʣʝʘʪ ʧʝʨʝʚʘʞʥʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʦʜʽ ʷʢ ʝʬʽʨʠ ʩʦʨʙʽʪʘʥʫ, 

ʤʦʥʦʘʮʠʣʛʣʽʮʝʨʠʥʠ ʪʘ ʝʪʦʢʩʠʣʴʦʚʘʥʽ ʝʬʽʨʠ ʩʦʨʙʽ-

ʪʘʥʫ ʚʚʦʜʷʪʴʩʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ. ʃʝ-

ʮʠʪʠʥ ï ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʘ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʘ 

ʨʝʯʦʚʠʥʘ (ʇɸʈ), ʷʢʫ ʜʦʜʘʶʪʴ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʰʦ-

ʢʦʣʘʜʫ. ɻʽʜʨʦʬʽʣʴʥʘ ʯʘʩʪʠʥʘ ʣʝʮʠʪʠʥʫ ʚʟʘʻʤʦʜʽʻ ʟ 

ʩʘʭʘʨʦʟʦʶ, ʘ ʣʽʧʦʬʽʣʴʥʘ ï ʟ ʣʽʧʽʜʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʣʝʮʠʪʠʥ ʜʽʻ ʷʢ ʝʤʫʣʴʛʘʪʦʨ, ʟʤʝʥʰʫʶʯʠ ʚʥʫʪʨʽʰʥʻ 

ʪʝʨʪʷ, ʘ ʦʪʞʝ ʡ ʟʤʝʥʰʫʶʯʠ ʚ'ʷʟʢʽʩʪʴ [19]. 

ɽʬʨ̔ʠ ʩʦʨʙʽʪʘʥʫ, ʦʩʦʙʣʠʚʦ ʪʨʠʩʪʝʘʨʘʪ ʩʦʨʙʽ-

ʪʘʥʫ, ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʙʣʠʩʢʫ ʚ ʰʦʢʦʣʘʜʽ. ʊʨʠʩʪʝʘʨʘʪ ʩʦʨʙʽ-

ʪʘʥʫ ʪʘʢʦʞ ʤʘʻ ʧʝʨʝʚʘʛʫ ʚ ʪʦʤʫ, ʱʦ ʟʣʝʛʢʘ ʧʽʜʚʠ-

ʱʫʻ ʚʤʽʩʪ ʪʚʝʨʜʦʛʦ ʞʠʨʫ ʧʨʠ 35 Üʉ ʽ ʟʤʝʥʰʫʻ ʡʦʛʦ 

ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʪʨʠʚʘʣʝ ʟʙʝʨʝʞʝʥʥʷ ʰʦʢʦʣʘʜʥʠʭ ʚʠʨʦʙʽʚ. ɺ ʨʦʙʦʪʽ 

[20] ʧʦʢʘʟʘʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʚʽʜ 0,2 % ʜʦ 5 % ʪʨʠ-

ʩʪʝʘʨʘʪʫ ʩʦʨʙʽʪʘʥʫ ʟʥʠʞʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚ-

ʣʝʥʥʷ ʢʘʢʘʦ-ʤʘʩʣʘ ʫ ʬʦʨʤʽ ‍ (V) ʽ ʟʙʽʣʴʰʫʶʪʴ ʨʽ-

ʜʢʫ ʬʨʘʢʮʽʶ ʧʨʠ 29 Üʉ ʚʽʜ 27 % ʜʦ 34 %. ʆʩʢʽʣʴʢʠ 

ʧʝʨʝʭʽʜ ʚʽʜ ʤʝʥʰ ʩʪʘʙʽʣʴʥʦʾ ʬʦʨʤʠ ‍(IV) ʩʪʘʙʽʣʴ-

ʥʦʾ ʬʦʨʤʠ ‍ (V) ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʨʦʟʧʣʘʚ, ʪʨʠ-

ʩʪʝʘʨʘʪ ʩʦʨʙʽʪʘʥʫ ʩʧʨʠʷʻ ʮʴʦʤʫ ʧʝʨʝʭʦʜʫ. ɺ ʜʦʩʣʽ-

ʜʞʝʥʥʽ [3] ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ, ʱʦ ʪʨʠʩʪʝʘʨʘʪ ʩʦʨʙʽ-

ʪʘʥʫ ʟʘʪʨʠʤʫʻ ʧʝʨʝʭʽʜ ‍ (V) ʜʦ ‍ (VI), ʪʘʢʠʤ 

ʯʠʥʦʤ ʟʙʝʨʽʛʘʶʯʠ ʙʣʠʩʢ ʰʦʢʦʣʘʜʥʠʭ ʚʠʨʦʙʽʚ.  

ʇʦʟʠʪʠʚʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʥʦʩʪʝʘʨʘʪ ʩʦʨʙʽ-

ʪʘʥʫ, ʷʢ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʚʘʯʘ ʢʘʢʘʦ-ʤʘʩʣʘ, ʧʦʷʩ-

ʥʶʻʪʴʩʷ ʥʠʟʴʢʦʶ ʨʦʟʯʠʥʥʽʩʪʶ ʚ ʦʨʛʘʥʽʯʥʦʤʫ ʩʝʨʝ-

ʜʦʚʠʱʽ ʪʘ ʟʜʘʪʥʽʩʪʶ ʜʦ ʩʘʤʦʟʙʽʨʢʠ, ʫʪʚʦʨʶʶʯʠ 

ʪʨʠʚʠʤʽʨʥʫ ʤʝʨʝʞʫ, ʟʜʘʪʥʫ ʟʘʭʦʧʠʪʠ ʣʽʧʽʜʥʫ ʬʘʟʫ 

[3].  

ɺ ʨʦʙʦʪʽ [21] ʧʦʚʽʜʦʤʠʣʠ, ʱʦ ʪʚʝʨʜʽ ʝʬʽʨʠ ʩʦʨ-

ʙʽʪʘʥʫ, ʪʘʢʽ ʷʢ ʪʨʠʩʪʝʘʨʘʪ ʩʦʨʙʽʪʘʥʫ, ʤʦʥʦʩʪʝʘʨʘʪ 

ʩʦʨʙʽʪʘʥʫ, ʘ ʪʘʢʦʞ ʤʦʥʦʧʘʣʴʤʽʪʘʪ ʩʦʨʙʽʪʘʥʫ, ʫ ʢʦʥ-

ʮʝʥʪʨʘʮʽʷʭ 0,1-5,0 ʤʘʩ.% ʧʨʠʩʢʦʨʶʶʪʴ ʨʘʥʥʶ ʩʪʘ-

ʜʽʶ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʢʘʢʘʦ-ʤʘʩʣʘ.  

ɺ ʨʦʙʦʪʽ [22] ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʤʦʥʦʩʪʝʘ-

ʨʘʪʫ ʩʦʨʙʽʪʘʥʫ ʪʘ ʩʪʝʘʨʠʥʦʚʦʾ ʬʨʘʢʮʽʾ ʢʘʢʘʦ-ʤʘʩʣʘ 

ʥʘ ʫʪʚʦʨʝʥʥʷ ʞʠʨʦʚʦʛʦ çʧʦʩʠʚʽʥʥʷè ʥʘ ʧʦʚʝʨʭʥʽ 

ʰʦʢʦʣʘʜʥʠʭ ʚʠʨʦʙʽʚ. ʆʮʽʥʢʫ ʧʨʦʚʦʜʠʣʠ ʟʘ ʽʥʜʝʢ-

ʩʦʤ ʙʽʣʠʟʥʠ ʪʘ ʚʽʟʫʘʣʴʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ. ɿʨʘ-

ʟʢʠ ʰʦʢʦʣʘʜʥʠʭ ʚʠʨʦʙʽʚ ʟ ʤʦʥʦʩʪʝʘʨʘʪʦʤ ʩʦʨʙʽʪʘʥʫ 

ʪʘ ʩʪʝʘʨʠʥʦʤ ʢʘʢʘʦ-ʤʘʩʣʘ ʟʙʝʨʽʛʘʣʠ ʧʨʦʪʷʛʦʤ 90 

ʜʥʽʚ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 20 Á C. ʇʨʠ ʢʦʣʠ-

ʚʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 20 ʜʦ 32 Á C ʜʦʜʘʚʘʥʥʷ ʤʦʥʦʩ-

ʪʝʘʨʘʪʫ ʩʦʨʙʽʪʘʥʫ (0,15%, ʤʘʩ.) ʘʙʦ ʩʪʝʘʨʠʥʫ ʢʘʢʘʦ-

ʤʘʩʣʘ (6,0%, ʤʘʩ.) ʜʦ ʨʝʮʝʧʪʫʨ ʪʝʤʥʦʛʦ ʰʦʢʦʣʘʜʫ 

ʤʦʞʝ ʫʩʧʽʰʥʦ ʩʪʨʠʤʫʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʞʠʨʦʚʦʛʦ 

çʧʦʩʠʚʽʥʥʷè ʥʘ 15 ʪʘ 45 ʜʥʽʚ ʚʽʜʧʦʚʽʜʥʦ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʱʝʟʘʟʥʘʯʝʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟʘʣʠ-

ʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʢʨʠʩʪʘʣʽ-

ʟʘʮʽʾ ʢʘʢʘʦ-ʤʘʩʣʘ. 

ɿʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟ'ʷʩʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʢʦʤʧʦʟʠʮʽʡ ʥʘ 

ʦʩʥʦʚʽ ʢʘʢʘʦ-ʤʘʩʣʘ ʰʣʷʭʦʤ ʟʤʽʥʠ ʩʢʣʘʜʫ ʩʫʤʽʰʽ ʪʘ 

ʫʤʦʚ ʾʭ ʟʘʪʚʝʨʜʽʚʘʥʥʷ. 
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ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʦʪʨʠʤʘʥʥʷ ‍ (V) ʩʪʘʙʽ-

ʣʴʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʢʘʢʘʦ-ʤʘʩʣʘ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʜʦʩ-

ʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʝʨʘʬʽʥʦʚʘʥʝ ʢʘʢʘʦ-ʤʘ-

ʩʣʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʊʄ çɹʽʩʢʚʽʪ-ʰʦʢʦ-

ʣʘʜè (ʋʢʨʘʾʥʘ) ʪʘ ʝʪʠʣʩʪʝʘʨʘʪ, ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ 

ʝʪʝʨʠʬʽʢʘʮʽʾ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ (ʅʽʤʝʯʯʠʥʘ) ʝʪʠ-

ʣʦʚʠʤ ʩʧʠʨʪʦʤ (96%) ʟʛʽʜʥʦ ʟʽ ʩʧʦʩʦʙʦʤ ʦʧʠʩʘʥʠʤ 

ʚ ʧʘʪʝʥʪʽ ˉ 143173 [23], ʟ ʷʢʠʭ ʧʨʠʛʦʪʦʚʘʥʽ ʩʫʤʽʰʽ 

ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʝʪʠʣʩʪʝʘʨʘʪʫ ʜʦ ʢʘʢʘʦ-ʤʘʩʣʘ 5, 25, 

50 ʪʘ 75 %. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʘʣʠ ʧʨʦʜʫʢʪ çMycryoè - 

ʢʨʠʩʪʘʣʽʟʦʚʘʥʝ ʢʘʢʘʦ-ʤʘʩʣʦ ʫ ʚʠʛʣʷʜʽ ʧʦʨʦʰʢʫ ʬʽ-

ʨʤʠ çCallebautè (ɹʝʣʴʛʽʷ). ɼʚʘ ʚʽʜʩʦʪʢʠ çMycryoè, 

ʜʦʜʘʥʽ ʜʦ ʨʦʟʪʦʧʣʝʥʦʛʦ ʰʦʢʦʣʘʜʫ, ʚʠʜʽʣʷʶʪʴ ʥʝʦʙ-

ʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʩʪʘʙʽʣʴʥʠʭ ʢʨʠʩʪʘʣʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʘʮʠʣʛʣʽʮʝʨʠʥʽʚ ʢʘʢʘʦ-ʤʘʩʣʘ ʚ ʬʦʨʤʽ ‍ (V) . 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʣʘʚʣʝʥʥʷ ʝʪʠʣʦʚʠʭ 

ʝʬʽʨʽʚ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʾʭ ʩʫʤʽʰʝʡ ʟ ʢʘʢʘʦ-

ʤʘʩʣʦʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʩʢʘʥʫʶʯʠʡ 

ʢʘʣʦʨʠʤʝʪʨ DSC Q-20 TA Instruments (ʉʐɸ) [24].  

ʈʝʥʪʛʝʥʦʬʘʟʥʠʡ ʘʥʘʣʽʟ ʢʘʢʘʦ-ʤʘʩʣʘ, ʝʪʠʣʩʪʝʘ-

ʨʘʪʫ ʪʘ ʾʭ ʩʫʤʽʰʝʡ ʚʠʢʦʥʘʥʦ ʥʘ ʧʦʨʦʰʢʦʚʦʤʫ ʜʠʬ-

ʨʘʢʪʦʤʝʪʨʽ Siemens D500 (ʅʽʤʝʯʯʠʥʘ) (ʛʝʦʤʝʪʨʠ-

ʯʥʘ ʩʭʝʤʘ ɹʨʝʛʛʘ-ɹʨʝʥʪʘʥʦ) ʚ ʤʽʜʥʦʤʫ ʚʠʧʨʦʤʽʥʶ-

ʚʘʥʥʽ ʟ ʛʨʘʬʽʪʦʚʠʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ. 

ʇʦʚʥʦʧʨʦʬʽʣʴʥʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʚʠʤʽʨʷʥʽ ʚ ʽʥʪʝʨ-

ʚʘʣʽ ʢʫʪʽʚ 2 <2ɗ<50 Á ʟ ʢʨʦʢʦʤ 0.02Á. ɼʣʷ ʬʘʟʦʚʦʛʦ 

ʘʥʘʣʽʟʫ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʝʪʘʣʦʥʥʽ ʢʘʨʪʢʠ ʜʣʷ ʟʨʘʟʢʽʚ 

ʯʠʩʪʦʛʦ ʢʘʢʘʦ-ʤʘʩʣʘ ʪʘ ʝʪʠʣʩʪʝʘʨʘʪʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʠʭ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ. 

ʂʽʥʝʤʘʪʠʯʥʫ ʚôʷʟʢʽʩʪʴ ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʢʘʧʽʣʷʨʥʦʛʦ ʚʽʩʢʦʟʠʤʝʪʨʘ ɺʇɾ ï 2 ʟ ʜʽʘʤʝʪʨʦʤ 

ʢʘʧʽʣʷʨʫ 1,77 ʤʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʝʥʪʛʝʥʦʬʘʟʥʠʡ 

ʘʥʘʣʽʟ ʝʪʠʣʩʪʝʘʨʘʪʫ (ɽʉ), ʢʘʢʘʦ-ʤʘʩʣʘ (ʄʂ) ʪʘ ʾʭ 

ʩʫʤʽʰʝʡ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ, ʱʦ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʢʘ-

ʢʘʦ-ʤʘʩʣʘ ʚ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ, ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʘʤʦʨʬʥʫ ʨʝʯʦʚʠʥʫ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʝʪʠʣʩʪʝʘʨʘʪʫ, 

ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʷʢ ʯʠʩʪʘ ʢʨʠʩʪʘʣʽʯʥʘ ʨʝʯʦ-

ʚʠʥʘ. ʈʝʥʪʛʝʥʦʛʨʘʤʠ ʝʪʠʣʩʪʝʘʨʘʪʫ ʪʘ ʢʘʢʘʦ-ʤʘʩʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʽ 2. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʈʝʥʪʛʝʥʦʛʨʘʤʘ ʝʪʠʣʦʚʠʭ ʝʬʽʨʽʚ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʝʥʪʛʝʥʦʛʨʘʤʘ ʢʘʢʘʦ-ʤʘʩʣʘ 
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ʅʘʷʚʥʽʩʪʴ ʟʥʘʯʥʦʾ ʯʘʩʪʠʥʠ ʘʤʦʨʬʥʦʾ ʨʝʯʦʚʠʥʠ 

ʚ ʢʘʢʘʦ-ʤʘʩʣʽ, ʤʘʙʫʪʴ, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʽʜʩʫʪʥʽʩʪʶ 

ʤʦʞʣʠʚʦʩʪʽ ʚ ʚʠʥʠʢʥʝʥʥʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʯʝʨʝʟ 

ʟʥʘʯʥʫ ʨʽʟʥʠʮʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʩʪʨʫʢʪʫʨʠ ʘʮʠʣʛʣʽ-

ʮʝʨʠʥʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʢʘʢʘʦ-ʤʘʩʣʘ. 

ɸʮʠʣʛʣʽʮʝʨʠʥʦʚʠʡ ʩʢʣʘʜ ʢʘʢʘʦ-ʤʘʩʣʘ ʥʝʧʦʩʪʽʡʥʠʡ 

ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʦʨʪʫ ʪʘ ʤʽʩʮʝʚʦʩʪʽ, ʜʝ ʚʠʨʦʱʫʶʪʴ 

ʢʘʢʘʦ-ʙʦʙʠ [5]. 

ʊʘʢʦʞ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʩʽ ʢʦʤʧʦʥʝ-

ʥʪʠ ʧʨʠʨʦʜʥʦʛʦ ʢʘʢʘʦ-ʤʘʩʣʘ ʟʤʽʰʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ 

ʚ ʧʝʚʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ. ʊʝʞ ʩʘʤʝ ʤʦʞʥʘ ʩʧʦʩʪʝ-

ʨʽʛʘʪʠ ʧʨʠ ʟʤʽʰʫʚʘʥʥʽ ʝʪʠʣʩʪʝʘʨʘʪʫ ʪʘ ʢʘʢʘʦ-ʤʘʩʣʘ. 

ʗʢʱʦ ʚʤʽʩʪ ʝʪʠʣʩʪʝʘʨʘʪʫ ʚ ʩʫʤʽʰʽ ʟ ʢʘʢʘʦ-ʤʘʩʣʦʤ 

ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 50 % ʤʘʩ. ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʽ (ʨʠ-

ʩʫʥʦʢ 3) ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʣʽʥʽʾ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʢʦ-

ʞʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʦʙʪʦ ʩʫʤʽʰ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦ-

ʙʦʶ ʘʤʦʨʬʥʫ ʨʝʯʦʚʠʥʫ ʟ ʷʢʦʾ ʥʝ ʤʦʞʝ ʢʨʠʩʪʘʣʽʟʫ-

ʚʘʪʠʩʴ ʞʦʜʝʥ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘ ʙʫʜʴ-ʷʢʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʈʝʥʪʛʝʥʦʛʨʘʤʘ ʩʫʤʽʰʽ ʝʪʠʣʩʪʝʘʨʘʪʘ ʪʘ ʢʘʢʘʦ-ʤʘʩʣʘ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 50:50 

 

ɿʤʽʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ɽʉ ʽ ʄʂ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʪʦʛʦ, ʱʦ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 75% ɽʉ ʪʘ 25 % ʄʂ 

ʯʘʩʪʠʥʘ ʝʪʠʣʩʪʝʘʨʘʪʫ ʪʘ ʚʩʝ ʢʘʢʘʦ-ʤʘʩʣʦ ʧʝʨʝʭʦ-

ʜʷʪʴ ʚ ʘʤʦʨʬʥʠʡ ʩʪʘʥ, ʘ ʧʨʠ 25% ɽʉ ʪʘ 75% ʄʂ ï 

ʥʘʚʧʘʢʠ. ʇʨʦ ʮʝʡ ʝʬʝʢʪ ʩʚʽʜʯʘʪʴ ʨʝʥʪʛʝʥʦʛʨʘʤʠ ʩʫ-

ʤʽʰʝʡ ɽʉ ʪʘ ʄʂ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 4 ʪʘ 5. 

 
ʈʠʩʫʥʦʢ 4 ï ʈʝʥʪʛʝʥʦʛʨʘʤʘ ʩʫʤʽʰʽ ʝʪʠʣʩʪʝʘʨʘʪʘ ʪʘ ʢʘʢʘʦ-ʤʘʩʣʘ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 75:25 
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ʈʠʩʫʥʦʢ 5 ï ʈʝʥʪʛʝʥʦʛʨʘʤʘ ʩʫʤʽʰʽ ʝʪʠʣʩʪʝʘʨʘʪʫ ʪʘ ʢʘʢʘʦ-ʤʘʩʣʘ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 25:75 

ɺʠʩʦʢʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʮʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʧʽʜʪʚʝ-

ʨʜʞʫʻʪʴʩʷ ʜʘʥʠʤʠ ʷʜʝʨʥʦ-ʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ 

(ʗʄʈ). ɿʘ ʜʦʧʦʤʦʛʦʶ ʗʄʈ ʚʠʟʥʘʯʠʣʠ ʤʘʩʦʚʫ ʯʘʩ-

ʪʢʫ ʪʚʝʨʜʠʭ ʝʬʽʨʽʚ ʚ ʝʪʠʣʩʪʝʘʨʘʪʽ ʪʘ ʤʘʩʦʚʫ ʯʘʩʪʢʫ 

ʪʚʝʨʜʠʭ ʞʠʨʽʚ ʚ ʢʘʢʘʦ-ʤʘʩʣʽ ʧʨʠ 20Üʉ. ɺ ʝʪʠʣʩʪʝʘ-

ʨʘʪʽ ʚʤʽʩʪ ʪʚʝʨʜʠʭ ʝʬʽʨʽʚ ʩʢʣʘʜʘʻ 94,3 %, ʘ ʚ ʢʘʢʘʦ-

ʤʘʩʣʽ ʚʤʽʩʪ ʪʚʝʨʜʦʛʦ ʞʠʨʫ ʥʘ ʨʽʚʥʽ 61,6 %, ʪʦʙʪʦ 

ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ (ʙʣʠʟʴʢʦ 40%) ʢʘʢʘʦ-ʤʘʩʣʘ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ. 

ʅʘ ʨʠʩʫʥʢʫ 6 ʥʘʚʝʜʝʥʽ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽ ʢʨʠʚʽ 

ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʝʪʠʣʩʪʝʘʨʘʪʫ, ʢʘʢʘʦ-ʤʘʩʣʘ ʪʘ ʾʭ 

ʩʫʤʽʰʝʡ. ɿ ʨʠʩʫʥʢʫ 6 ʚʠʜʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, 

ʷʢʘ ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʨʠ ʨʦʟʧʣʘʚʽ ʝʪʠʣʩʪʝʘʨʘʪʫ ʟʥʘʯʥʦ 

ʙʽʣʴʰʘ, ʥʽʞ ʧʨʠ ʨʦʟʧʣʘʚʽ ʢʘʢʘʦ-ʤʘʩʣʘ. 

ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʪʝ, ʱʦ ʝʪʠʣʩʪʝʘʨʘʪ ʧʦʚʥʽʩʪʶ ʻ 

ʢʨʠʩʪʘʣʽʯʥʦʶ ʨʝʯʦʚʠʥʦʶ, ʪʦʙʪʦ ʥʝ ʤʽʩʪʠʪʴ ʘʤʦʨʬ-

ʥʦʾ ʯʘʩʪʠʥʠ, ʘ ʘʮʠʣʛʣʽʮʝʨʠʥʠ ʢʘʢʘʦ-ʤʘʩʣʘ ʚ ʟʥʘʯʥʽʡ 

ʢʽʣʴʢʦʩʪʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʥʝʚʧʦʨʷʜʢʦʚʘʥʦʾ 

(ʘʤʦʨʬʥʦʾ) ʩʪʨʫʢʪʫʨʠ. ʊʦʤʫ, ʥʘ ʨʠʩʫʥʢʫ 6 ʩʧʦʩʪʝʨʽ-

ʛʘʻʪʴʩʷ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦ-

ʪʦʢʫ ʚʽʜ ʚʤʽʩʪʫ ʝʪʠʣʩʪʝʘʨʘʪʫ ʚ ʢʘʢʘʦ-ʤʘʩʣʽ ʧʨʠ ʨʦʟ-

ʧʣʘʚʽ ʾʭ ʩʫʤʽʰʝʡ. 

ɺ ʪʘʙʣʠʮʽ 2 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʬʝʨʝʥʮʽʡʥʦ-

ʩʢʘʥʫʶʯʦʾ ʢʘʣʦʨʠʤʝʪʨʽʾ ʱʦʜʦ ʧʦʢʘʟʥʠʢʽʚ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʜʣʷ ʩʫʤʽʰʝʡ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʝʪʠ-

ʣʩʪʝʘʨʘʪʫ ʚ ʢʘʢʘʦ-ʤʘʩʣʽ. 

ɼʘʥʽ ʪʘʙʣʠʮʽ 2 ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʝʪʠʣʩʪʝʘʨʘʪ 

ʥʝ ʫʪʚʦʨʶʻ ʟ ʢʘʢʘʦ-ʤʘʩʣʦʤ ʝʚʪʝʢʪʠʯʥʠʭ ʩʫʤʽʰʝʡ. 

ʊʘʙʣʠʮʷ 2 

ʇʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʧʣʘʚʣʝʥʥʷ ʝʪʠʣʩʪʝʘʨʘʪʫ, ʢʘʢʘʦ-ʤʘʩʣʘ ʪʘ ʾʭ ʩʫʤʽʰʝʡ ʧʨʠ ʰʚʠʜʢʦʩʪʽ 7 ʛʨʘʜ/ʭʚ. 

ɺʤʽʩʪ ʝʪʠʣʩʪʝʘʨʘʪʫ ʚ ʢʘʢʘʦ-ʤʘʩʣʽ, % 
ʇʦʯʘʪʦʢ ʄʘʢʩʠʤʫʤ ʂʽʥʝʮʴ 

ÁC ÁC ÁC 

0 13,33 20,86 32,23 

5 11,7 20,59 30,14 

25 15,76 21,15 26,54 

50 24,89 26,74 29,19 

75 26,51 30,78 35,54 

100 30,6 34,54 41,99 
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ʈʠʩʫʥʦʢ 6 ï ʇʨʦʮʝʩ ʧʣʘʚʣʝʥʥʷ, ʧʨʠ ʰʚʠʜʢʦʩʪʽ 7 ʛʨʘʜ/ʭʚ, ʜʣʷ ʝʪʠʣʩʪʝʘʨʘʪʫ, ʢʘʢʘʦ-ʤʘʩʣʘ ʪʘ ʾʭ ʩʫʤʽʰʝʡ:  

1 ï 100% ʄʂ, 2 ï 5 % ɽʉ:95% ʄʂ, 3 ï 25% ɽʉ:75% ʄʂ,  

4 ï 50% ɽʉ:50% ʄʂ, 5 ï 75% ɽʉ:25% ʄʂ, 6 ï 100% ɽʉ. 

 

ɽʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʘʥʦʤʘʣʴʥʝ 

ʟʨʦʩʪʘʥʥʷ ʚôʷʟʢʦʩʪʽ ʢʘʢʘʦ-ʤʘʩʣʘ ʚ ʧʝʨʝʜʢʨʠʩʪʘʣʽʟʘ-

ʮʽʡʥʠʡ ʧʝʨʽʦʜ, ʪʦʙʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 29 ï 36 Áʉ. 

ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʫʪʚʦʨʝʥʥʷʤ ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘ-

ʮʽʾ ʪʘʢ ʟʚʘʥʠʭ ʘʩʦʮʽʘʪʽʚ, ʱʦ çʙʣʦʢʫʶʪʴè ʨʫʭ ʤʦʣʝ-

ʢʫʣ ʫ ʨʦʟʧʣʘʚʽ [25]. ɺ ʮʠʭ ʞʝ ʫʤʦʚʘʭ ʝʪʠʣʩʪʝʘʨʘʪ ʥʝ 

ʧʨʦʷʚʣʷʻ ʪʘʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʄʦʣʝʢʫʣʷʨʥʽ ʢʨʠʩʪʘʣʠ ʟʘʩʪʠʛʘʶʪʴ ʚ ʥʝʩʪʘʙʽʣʴ-

ʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ, ʪʦʤʫ ʱʦ, ʤʘʙʫʪʴ, ʥʝ ʚʠʩʪʘʯʘʻ ʝʥʝ-

ʨʛʽʾ, ʱʦʙ ʧʝʨʝʙʫʜʫʚʘʪʠ ʘʩʦʮʽʘʪʠ ʚ ʩʪʘʙʽʣʴʥʫ ʤʦʜʠ-

ʬʽʢʘʮʽʶ [25]. ʗʢʱʦ ʚ ʢʘʢʘʦ-ʤʘʩʣʦ ʜʦʜʘʪʠ çʟʘʨʦʜʢʠè 

ʤʘʡʙʫʪʥʽʭ ʩʪʘʙʽʣʴʥʠʭ ʢʨʠʩʪʘʣʽʚ, ʪʦ ʚʦʥʦ ʚʽʜʨʘʟʫ 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ ʩʪʘʙʽʣʴʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ. 

ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʥʪʛʝʥʦʛʨʘʤʘʤʠ, ʱʦ ʟʦ-

ʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 7 ʽ 8.  

 

 
ʈʠʩʫʥʦʢ 7 ï ʈʝʥʪʛʝʥʦʛʨʘʤʘ ʢʘʢʘʦ-ʤʘʩʣʘ çMycryoè 
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ʈʠʩʫʥʦʢ 8 ï ʈʝʥʪʛʝʥʦʛʨʘʤʘ ʢʘʢʘʦ-ʤʘʩʣʘ ʟ ʜʦʜʘʚʘʥʥʷʤ 2 % ʧʨʦʜʫʢʪʫ çMycryoè 

 

ʅʘ ʨʠʩʫʥʢʫ 9 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʝʪʠʣʩʪʝʘʨʘʪʫ (ɽʉ) ʪʘ ʤʘʩʣʘ-ʢʘʢʘʦ (ʄʂ) ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ. 

 
ʈʠʩʫʥʦʢ 9 ï ɿʘʣʝʞʥʽʩʪʴ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʝʪʠʣʩʪʝʘʨʘʪʫ ʪʘ ʢʘʢʘʦ-ʤʘʩʣʘ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

 

ɺôʷʟʢʽʩʪʴ ʥʝʘʩʦʮʽʡʦʚʘʥʠʭ ʨʽʜʠʥ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ 

ʧʠʪʦʤʦʛʦ ʦʙôʻʤʫ (ʪʦʯʥʽʰʝ çʚʽʣʴʥʦʛʦè ʦʙôʻʤʫ, ʫ ʚʽʜ-

ʧʦʚʽʜʥʦʩʪʽ ʟ ʨʽʚʥʷʥʥʷʤ ʆ.ɯ. ɹʘʯʠʥʩʴʢʦʛʦ) [25]. çɺʽ-

ʣʴʥʠʡè ʦʙôʻʤ ʝʪʠʣʩʪʝʘʨʘʪʫ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʟʘ çʚʽʣʴ-

ʥʠʡè ʦʙôʻʤ ʘʮʠʣʛʣʽʮʝʨʠʥʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 

ʢʘʢʘʦ-ʤʘʩʣʘ, ʪʦʤʫ ʚôʷʟʢʽʩʪʴ ʧʨʠ 40 Áʉ ʝʪʠʣʩʪʝʘʨʘʪʫ 

ʧʨʠʙʣʠʟʥʦ ʚ 10 ʨʘʟʽʚ ʤʝʥʰʘ, ʥʽʞ ʚôʷʟʢʽʩʪʴ ʢʘʢʘʦ-ʤʘ-

ʩʣʘ. ʎʝ ʩʪʚʦʨʶʻ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʢʨʠʩʪʘʣʣʽʟʘ-

ʮʽʾ ʝʪʠʣʩʪʝʘʨʘʪʫ ʚ ʩʪʘʙʽʣʴʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ.  

ʆʩʢʽʣʴʢʠ, ʢʘʢʘʦ-ʤʘʩʣʦ ʻ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʶ 

ʩʫʤʽʰʰʶ ʨʽʟʥʠʭ ʘʮʠʣʛʣʽʮʝʨʠʥʽʚ ʪʘ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ 

ʚ ʰʝʩʪʠ ʧʦʣʽʤʦʨʬʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ, ʪʦ ʧʨʠ ʰʚʠʜ-

ʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʩʧʦʯʘʪʢʫ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʙʽʣʴʰ 

ʥʠʟʴʢʦʧʣʘʚʢʘ ʤʦʜʠʬʽʢʘʮʽʷ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʧʽʜʚʠ-

ʱʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ ʩʠʩʪʝʤʠ ʽ ʫʥʝʤʦʞʣʠʚʣʶʻ ʢʨʠʩʪʘʣʽ-

ʟʘʮ̔ʁ ʢʘʢʘʦ-ʤʘʩʣʘ ʚ ‍ (V) ï ʩʪʘʙʽʣʴʥʽʡ ʤʦʜʠʬʽʢʘ-

ʮʽʾ. ɼʣʷ ʟʥʠʞʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ ʩʠʩʪʝʤʠ, ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʜʦʜʘʚʘʪʠ ʝʪʠʣʩʪʝʘʨʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʠ ʰʚʠʜʢʦʤʫ 

ʦʭʦʣʦʜʞʝʥʥʽ ʩʬʦʨʤʫʚʘʪʠ ʩʪʘʙʽʣʴʥʫ ʤʦʜʠʬʽʢʘʮʽʶ. 
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ʈʠʩʫʥʦʢ 10 ï ɿʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʝʪʠʣʩʪʝʘʨʘʪʫ ʚ ʢʘʢʘʦ-ʤʘʩʣʽ 

 

ʊʘʙʣʠʮʷ 3 

ʇʦʢʘʟʥʠʢʠ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʝʪʠʣʩʪʝʘʨʘʪʫ ʚ ʢʘʢʘʦ-ʤʘʩʣʽ 

ɺôʷʟʢʽʩʪʴ ʩʫʤʽʰʽ ʝʪʠʣʩʪʝʘʨʘʪ ï ʢʘʢʘʦ-ʤʘʩʣʦ, ʩʩʪ ɺʤʽʩʪ ʝʪʠʣʩʪʝʨʘʪʫ ʚ ʢʘʢʘʦ-ʤʘʩʣʽ, % 

71,84 0 

49,86 10 

21,79 50 

9,46 90 

7,16 100 

 

ʇʨʦʚʝʜʝʥʽ ʚʠʤʽʨʠ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 30Áʉ ʢʘʢʘʦ-ʤʘʩʣʘ, ʝʪʠʣʩʪʝʘʨʘʪʫ ʪʘ ʾʭ 

ʩʫʤʽʰʝʡ. ʇʦʢʘʟʥʠʢʠ ʚôʷʟʢʦʩʪʽ ʪʘ ʚʤʽʩʪʫ ʝʪʠʣʪʝʘ-

ʨʘʪʫ ʚ ʢʘʢʘʦ-ʤʘʩʣʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3. ɿ ʟʘʣʝ-

ʞʥʦʩʪʽ (ʨʠʩʫʥʦʢ 9) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʪʠʣʩʪʝʘʨʘʪ 

ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʢʘʢʘʦ-

ʤʘʩʣʘ. ʅʝʧʨʷʤʠʤ ʜʦʢʘʟʦʤ ʮʴʦʛʦ ʻ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʰʦʢʦʣʘʜʥʠʭ ʚʠʨʦʙʽʚ ʥʘ ʦʩʥʦʚʽ ʝʪʠʣʩʪʝʘʨʘʪʫ. ɿʨʘʟʢʠ 

ʛʽʨʢʦʾ ʰʦʢʦʣʘʜʥʦʾ ʤʘʩʠ ʚʠʛʦʪʦʚʣʝʥʽ ʙʝʟ ʧʨʦʮʝʩʫ ʪʝ-

ʤʧʝʨʫʚʘʥʥʷ ʟ ʚʤʽʩʪʦʤ ʝʪʠʣʩʪʝʘʨʘʪʫ 33% ʚʽʜ ʟʘʛʘʣʴ-

ʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʢʘʦ-ʤʘʩʣʘ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʫ ʢʘʢʘʦ-

ʧʨʦʜʫʢʪʘʭ (ʘʙʦ 16% ʟʘ ʨʝʮʝʧʪʫʨʦʶ, ʟʘʤʽʩʪʴ ʢʘʢʘʦ-

ʤʘʩʣʘ), ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ ʙʽʣʴʰʝ 6 ʤʽʩʷʮʽʚ ʥʝ ʤʘʶʪʴ 

ʞʠʨʦʚʦʛʦ çʧʦʩʠʚʽʥʥʷè ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʰʦʢʦʣʘʜʥʠʭ 

ʟʨʘʟʢʽʚ ʚʠʛʦʪʦʚʣʝʥʠʭ ʧʨʠ ʪʠʭ ʞʝ ʫʤʦʚʘʭ ʘʣʝ ʟ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷʤ ʢʘʢʘʦ-ʤʘʩʣʘ. 

ɺʠʩʥʦʚʢʠ. 

ɼʦʚʝʜʝʥʦ, ʱʦ ʩʫʤʽʰ ʝʪʠʣʩʪʝʘʨʘʪʫ ʪʘ ʢʘʢʘʦ-ʤʘ-

ʩʣʘ ʥʝ ʫʪʚʦʨʶʻ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʧʨʠ ʙʫʜʴ-ʷʢʽʡ ʢʦʥ-

ʮʝʥʪʨʘʮʽʾ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʘʤʦʨʬʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ 

ʩʫʤʽʰʽ ʢʘʢʘʦ-ʤʘʩʣʘ ʪʘ ʝʪʠʣʩʪʝʘʨʘʪʫ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝ-

ʤʧʝʨʘʪʫʨʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʜʦʣʽ ʝʪʠʣʩ-

ʪʝʘʨʘʪʫ ʽ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

1:1, ʪʦʙʪʦ ʝʪʠʣʩʪʝʘʨʘʪ ʟʘ ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚ ʧʝʨʝʭʦ-

ʜʠʪʴ ʚ ʘʤʦʨʬʥʠʡ ʩʪʘʥ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʜʘʪʥʽ-

ʩʪʶ ʢʘʢʘʦ-ʤʘʩʣʘ ʽ ʝʪʠʣʩʪʝʘʨʘʪʫ ʟʤʽʰʫʚʘʪʠʩʷ ʫ ʙʫʜʴ-

ʷʢʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʢʘʢʘʦ-ʤʘʩʣʘ ʽ ʝʪʠʣʩʪʝʘʨʘʪʫ ʚ ʩʫʤʽʰʽ ʫʪʚʦʨʶʶʪʴʩʷ 

ʢʨʠʩʪʘʣʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʧʨʠʪʘʤʘʥʥʽ ʦʜʥʦʤʫ ʽʟ ʢʦʤʧʦ-

ʥʝʥʪʽʚ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʧʽʜʭʽʜ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʮʝʩʦʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʢʘʢʘʦ-ʤʘʩʣʘ ï ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚ ʷʢʦʩʪʽ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ (çʟʘʨʦʜʢʽʚè) ʤʽʮʝʣ ʧʦ-

ʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʟʘ ʩʚʦʻʶ ʩʪʨʫʢʪʫ-

ʨʦʶ ʽ ʪʝʤʧʝʨʘʪʫʨʦʶ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʩʪʨʫʢʪʫʨʽ ʽ ʪʝʤʧʝʨʘʪʫʨʽ ʧʣʘʚʣʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ‍ (V) 
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Abstract 

Last decade development of ʉʆ2 - lasers in the world went major rates. There were models technological 

ʉʆ2-lasers, different compactness, reliability and high performances. As it is known, such lasers last years are 

used for an optical rating of the molecular lasers generating in long-range infrared region, so-called FIR-lasers. 

Application of such lasers is related to medicine, examination of various organic substances, for example, the 

oil analysis, high-precision laser detection and ranging and fight against terrorism that became actual and for our 

country. 

In the report observational are given and theoretical effect, and also the design of making domestic powerful 

portable terahertz systems. 

At frequency tuning powerful the single-mode waveguide laser of models ʊʃ-300 and ʊʃ-1000 by means of 

a diffraction grating record power (to 300 w) frequency tuning on excitation lines methanol, ammonia is gained, 

etc. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʠʢʠ ʉʆ2 ï ʣʘʟʝʨʦʚ ʚ ʤʠʨʝ ʰʣʦ ʙʦʣʴʰʠʤʠ ʪʝʤʧʘʤʠ. ʇʦʷʚʠʣʠʩʴ 

ʤʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʉʆ2 ʣʘʟʝʨʦʚ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʢʦʤʧʘʢʪʥʦʩʪʴʶ, ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʘʢʠʝ ʣʘʟʝʨʳ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʪʠʯʝ-

ʩʢʦʡ ʥʘʢʘʯʢʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʣʘʟʝʨʦʚ, ʛʝʥʝʨʠʨʫʶʱʠʭ ʚ ʜʘʣʴʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

FIR-lasers. 

ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʣʘʟʝʨʦʚ ʩʚʷʟʘʥʦ ʩ ʤʝʜʠʮʠʥʦʡ, ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʥʘʧʨʠʤʝʨ ʘʥʘʣʠʟ ʥʝʬʪʠ, ʚʳʩʦʢʦʪʦʯʥʘʷ ʣʘʟʝʨʥʘʷ ʣʦʢʘʮʠʷ ʠ ʙʦʨʴʙʳ ʩ ʪʝʨʨʦʨʠʟʤʦʤ, ʯʪʦ ʩʪʘʣʦ ʘʢʪʫʘʣʴʥʳʤ ʠ 

ʜʣʷ ʥʘʰʝʡ ʩʪʨʘʥʳ. 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʪʘʢʞʝ ʧʨʦʝʢʪ ʩʦʟʜʘʥʠʷ ʦʪʝʯʝ-

ʩʪʚʝʥʥʦʡ ʤʦʱʥʦʡ ʤʦʙʠʣʴʥʦʡ ʪʝʨʘʛʝʨʮʦʚʦʡ ʩʠʩʪʝʤʳ. 
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ʇʨʠ ʧʝʨʝʩʪʨʦʡʢʝ ʤʦʱʥʦʛʦ ʚʦʣʥʦʚʦʜʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʥʦʚʦʜʥʦʛʦ ʣʘʟʝʨʘ ʤʦʜʝʣʠ ʊʃ-300 ʠ ʊʃ-

1000 ʩ ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʧʦʣʫʯʝʥʘ ʨʝʢʦʨʜʥʘʷ ʤʦʱʥʦʩʪʴ (ʜʦ 300 ɺʪ) ʧʝʨʝʩʪʨʦʡʢʠ ʥʘ ʣʠ-

ʥʠʷʭ ʚʦʟʙʫʞʜʝʥʠʷ ʤʝʪʘʥʦʣʘ, ʘʤʤʠʘʢʘ ʠ ʜʨ. 

 

Keywords: ʉʆ2 ï lasers, FIR-lasers, diffraction grating 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʉʆ2 ïʣʘʟʝʨʳ, FIR-ʣʘʟʝʨʳ, ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ 

 

1. ɺʚʝʜʝʥʠʝ. 

ʈʘʟʨʘʙʦʪʢʘ ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʣʷ ʦʧʪʠʯʝ-

ʩʢʦʡ ʥʘʢʘʯʢʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʣʘʟʝʨʦʚ, ʛʝʥʝʨʠʨʫʶ-

ʱʠʭ ʚ ʜʘʣʴʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ (FIR-

lasers), ʘʢʪʫʘʣʴʥʘ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʛʝʥʝʨʘʮʠʠ, ʤʦʜʫʣʷʮʠʠ, ʧʦʛʣʦʱʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ 

ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ ʜʦ 405 ɻɻʮ ʠ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʯʘʩʪʦʪ ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʦ 1000 ɻɻʮ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʠʢʠ 

ʉʆ2 ï ʣʘʟʝʨʦʚ ʚ ʤʠʨʝ ʰʣʦ ʙʦʣʴʰʠʤʠ ʪʝʤʧʘʤʠ. ʇʦ-

ʷʚʠʣʠʩʴ ʤʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʉʆ2 ʣʘʟʝʨʦʚ, ʦʪ-

ʣʠʯʘʶʱʠʝʩʷ ʢʦʤʧʘʢʪʥʦʩʪʴʶ, ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʚʳʩʦ-

ʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʪʘʢʠʝ ʣʘʟʝʨʳ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʜʣʷ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʣʘʟʝ-

ʨʦʚ, ʛʝʥʝʨʠʨʫʶʱʠʭ ʚ ʜʘʣʴʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘ-

ʩʪʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ FIR-lasers. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʦʨ-

ʧʦʨʘʮʠʠ Coherent-DEOS ʠ Institute of Standards and 

Technology-NIST (ʉʐɸ) ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʝʜʫʪ 

ʨʘʟʨʘʙʦʪʢʫ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʘʣʴʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ 70,119,123, 570 

,724mm., ʕʪʠ ʣʠʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʧʝʢʪʨʦʩʢʦ-

ʧʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ c ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 

ʚ ʮʝʣʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ, ʚʝʜʫʱʠʭʩʷ NASA 

(ʉʐɸ). 

ɼʣʷ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ ʣʘʟʝʨʦʚ FIR ʢʘʢ ʧʨʘ-

ʚʠʣʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʉʆ2 ïʣʘʟʝʨʳ, ʛʝʥʝʨʠʨʫʶʱʠʝ ʠʟ-

ʣʫʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 9-11 mm ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʪʨʘʞʘ-

ʪʝʣʝʡ ʚ ʨʝʟʦʥʘʪʦʨʝ ʚ ʚʠʜʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʝʰʝʪʦʢ. 

ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʪʘʢʠʭ ʣʘʟʝʨʦʚ ʥʝ ʧʨʝ-

ʚʳʰʘʝʪ 100 ɺʪ. ʇʨʠ ʵʪʦʤ, ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʠʟ-

ʣʫʯʝʥʠʷ ʚ ʜʘʣʴʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʦ-

ʩʪʘʚʣʷʝʪ (ʧʨʠ ʥʘʢʘʯʢʝ 120 ɺʪ) ʦʢʦʣʦ 30 ʤɺʪ ʧʨʠ ʯʘ-

ʩʪʦʪʝ 2.5 ʊɻʮ. ɺʦʟʤʦʞʥʘ ʛʝʥʝʨʘʮʠʷ ʠ ʥʘ ʯʘʩʪʦʪʘʭ 1-

5 ʊɻʮ. ʈʘʙʦʯʠʤʠ ʩʨʝʜʘʤʠ FIR-lasers, ʥʘʧʨʠʤʝʨ, ʤʦ-

ʛʫʪ ʷʚʣʷʪʴʩʷ ʠʟʦʪʦʧʳ ʤʝʪʘʥʦʣʘ (CD3OH, 13CH3OH, 
13CD3OD, 13ʉD2OD.CHD2OH, CH2DOH, CH3OD, 
13CD3OH, ʛʠʜʨʘʟʠʥ (N2H4) c ʜʣʠʥʘʤʠ ʚʦʣʥ ʚ ʦʙʣʘ-

ʩʪʠ ʦʪ 26,3 ʜʦ 183.3 mm 

ʊʘʢʠʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʳ ʙʳʪʴ 

ʢʦʤʧʘʢʪʥʳʤ, ʢʦʥʩʪʨʫʢʮʠʷ ʠʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʣʞʥʘ 

ʙʳʪʴ ʤʦʥʦʙʣʦʯʥʦʡ, ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʤʠʥʠʤʘʣʴʥʳʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʪʦʯʥʠʢ ʦʧʪʠʯʝʩʢʦʡ 

ʥʘʢʘʯʢʠ ʜʦʣʞʝʥ ʙʳʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʦʚʤʝʱʝʥ ʩ 

ʛʝʥʝʨʘʪʦʨʦʤ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʠ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʣʘʙʦ-

ʨʘʪʦʨʥʳʭ ʦʙʨʘʟʮʘʭ ʬʠʨʤʳ Coherent-DEOS . 

ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ ʙʘʟʠʨʫʝʪʩʷ 

ʥʘ ʩʦʚʤʝʱʝʥʠʠ ʚʳʩʦʢʦʨʘʟʚʠʪʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʘʤʠʭ 

ʪʝʨʘʛʝʨʮʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʣʥʦʚʦʜ-

ʥʳʭ ʉʆ2-ʣʘʟʝʨʦʚ ʥʘʢʘʯʢʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʩʷ ʢʦʤʧʘʢʪʥʦʩʪʴʶ, ʥʘʜʸʞʥʦʩʪʴʶ, ʙʦʣʴʰʠʤ ʨʝ-

ʩʫʨʩʦʤ ʨʘʙʦʪʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʤʦʱʥʦ-

ʩʪʴʶ ʠʟʣʫʯʝʥʠʷ. ʇʨʠʯʸʤ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʠ FIR-lasers, ʠʩʧʦʣʴʟʫʷ ʩʠ-

ʩʪʝʤʫ ʧʨʦʢʘʯʢʠ ʛʘʟʘ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʘʢʪʠʚʥʦʡ 

ʩʨʝʜʳ. 

ɺ ʀʇʃʀʊ ʈɸʅ ʤʥʦʛʦ ʣʝʪ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʣʥʦʚʦʜʥʳʝ ʉʆ2-ʣʘʟʝʨʳ ʩ ʚʳʩʦʢʠʤ 

ʢʘʯʝʩʪʚʦʤ ʠʟʣʫʯʝʥʠʷ ʠ ʚʳʩʦʢʠʤʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦ-

ʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ (ʢʦʤʧʘʢʪʥʦʩʪʴ, ʥʠʟʢʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ, ʚʳʩʦʢʠʡ ʂʇɼ (10%), 

ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʦʙʣʘʩʪʠ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝ-

ʮʠʟʠʦʥʥʦʡ ʨʝʟʢʠ ʠ ʤʝʜʠʮʠʥʝ. ʇʦʵʪʦʤʫ ʠʤʝʝʪʩʷ 

ʙʦʣʴʰʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʟʘʜʝʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʠ-

ʯʝʩʢʦʡ ʥʘʢʘʯʢʠ ʣʘʟʝʨʦʚ ʜʘʣʴʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙ-

ʣʘʩʪʠ. ʈʘʟʨʘʙʦʪʢʠ ʀʇʃʀʊ ʈɸʅ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʟʘ-

ʱʠʱʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʪʝʥʪʘʤʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ FIR-lasers ʪʨʝʙʫʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʫʚʝʣʠʯʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʩʪʦʯʥʠʢʘ ʥʘʢʘʯʢʠ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 0,5 ʢɺʪ ʥʘ ʙʘʟʝ ʩʦʟʜʘʥʥʳʭ ʚ ʀʇʃʀʊ 

ʈɸʅ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʣʥʦʚʦʜʥʳʭ ʉʆ2 - ʣʘʟʝʨʦʚ. ɺʦʟ-

ʥʠʢʘʶʱʝʡ ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ 

ʩʧʝʢʪʨʘ ʛʝʥʝʨʘʮʠʠ ʚʦʣʥʦʚʦʜʥʳʭ ʉʆ2 ʣʘʟʝʨʦʚ, ʩʦ-

ʛʣʘʩʫʶʱʝʛʦʩʷ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʛʣʦ-

ʱʝʥʠʷ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ FIR-laser. ʊʘʢʞʝ ʢ ʚʘʞʥʦʡ 

ʧʨʦʙʣʝʤʝ ʦʪʥʦʩʠʪʩʷ ʩʦʟʜʘʥʠʝ ʦʜʥʦʤʦʜʦʚʦʛʦ ʧʦ ʯʘ-

ʩʪʦʪʝ (ʩ ʦʜʥʦʡ ʚʦʣʥʦʚʦʜʥʦʡ ʤʦʜʦʡ) ʤʦʱʥʦʛʦ ʠʩʪʦʯ-

ʥʠʢʘ ʥʘʢʘʯʢʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ 

ʠʤʝʶʪ ʧʨʠʦʨʠʪʝʪ ʚ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʝ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ [1-3]. 

 

2. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ. 

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. 
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ʈʠʩ.1 ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

1. ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ , 2- ʀʟʣʫʯʘʪʝʣʴ ʉʆ2 ïʣʘʟʝʨʘ ʊʃ-300 ʩ ʚʦʟʜʫʰʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, ʊʃ-1000 ʩ 

ʞʠʜʢʦʩʪʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ 

3. ʇʨʦʩʚʝʪʚʣʝʥʥʦʝ ʦʢʥʦ ZnSe, 4- ʚʳʭʦʜʥʦʝ ʦʢʥʦ ZnSe , 5-ʧʦʚʦʨʦʪʥʦʝ ʟʝʨʢʘʣʦ, 6- ʇʣʦʩʢʦ-ʚʳʧʫʢʣʦʝ ʟʝʨʢʘʣʦ 

ʪʝʣʝʩʢʦʧʘ, 7- ʇʣʦʩʢʦ-ʚʦʛʥʫʪʦʝ ʟʝʨʢʘʣʦ ʪʝʣʝʩʢʦʧʘ, 8- ʇʦʚʦʨʦʪʥʦʝ ʟʝʨʢʘʣʦ , 9- ɺʭʦʜʥʦʝ ʦʢʥʦ ZnSe , 10- 

ʂʶʚʝʪʘ ʪʝʨʘʛʝʨʮʦʚʘʷ , 11- ɺʳʭʦʜʥʦʝ ʦʢʥʦ SiO2 

  

1. ʉʆ2 -ʣʘʟʝʨʥʳʡ ʠʩʪʦʯʥʠʢ ʦʧʪʠʯʝʩʢʦʡ 

ʥʘʢʘʯʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ ʜʦʣ-

ʞʝʥ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʚʦʣʥʦʚʦʜ-

ʥʳʡ ʣʘʟʝʨ ʉʆ2 ïʣʘʟʝʨ ʩ ʜʠʬʬʫʟʠʦʥʥʳʤ ʦʭʣʘʞʜʝ-

ʥʠʝʤ, ʚʦʟʙʫʞʜʘʝʤʳʡ ʨʘʟʨʷʜʦʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

ʟʚʫʢʦʚʦʡ ʯʘʩʪʦʪʳ ʤʦʜʝʣʠ ʊʃ-300 [4]  

 
ʈʠʩ.2. ɺʥʝʰʥʠʡ ʚʠʜ ʣʘʟʝʨʘ ʤʦʜʝʣʠ ʊʃ-300 (ʙʝʟ ʟʘʱʠʪʥʦʛʦ ʢʦʞʫʭʘ) 

 

ɼʣʷ ʧʝʨʝʩʪʨʦʡʢʠ ʧʦ ʜʣʠʥʘʤ ʚʦʣʥ ʠʟʣʫʯʝʥʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʫʟʝʣ ʢʨʝʧʣʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝ-

ʰʝʪʢʠ ʩ ʰʘʛʦʚʳʤ ʜʚʠʛʘʪʝʣʝʤ ʥʘ ʦʩʥʦʚʝ ʙʣʦʢʘ 

ʬʠʨʤʳ Vicon-Standa. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʟʝʨʦʚ ʊʃ-300 ʠ 

ʊʃ-1000 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

  


