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PROPARGYLATION OF  PHENOLES AND AZA -HETEROCYCLES  
1Bestritska V.ʆ., 2Ostapchuk Ye.ʄ., 1ʂʦrʦl N.ɯ., 1Slivka Mar.V., 

1Onysko M.Yu., 3Mariychuk R.T. 1,3Slivkʘ ʄ.V. 
e-mail: bestritska.victoriya@student.uzhnu.edu.ua 

1Uzhhorod National University,  
Ukraine, Uzhhorod 

2Kyiv National University,  
Ukraine, Kyiv 

3FHPS University of Presov, 
Slovak Republic, Preshiv 

 

Elaboration of simple, non-toxic, not time consuming and highly selective 
methods for obtaining of O,N,S-alkylation products is an actual task for 
synthetic chemistry, because it is well known that the introduction of alkyl 
moiety can lead to valuable and interesting biological activities.  

Theoretical approaches of regioselectivity of alkylation for different 
heterocycles were previously reported by us [1, 2]. This investigation aimed to 
elaboration of experimental technology for obtaining of propargylation product 
of different nature substrates. As starting substrates we have used 
polysubstituted phenols, indoles, and mercaptotriazoles. The compounds  
1-3 were dissolved in DMF in the presence of 50% excess potassium carbonate; 
the obtained solution was mixed with propargyl bromide and then stirred for  
16 hours at room temperature. 

 
Fig. 1. Propargylation of phenoles and aza-heterocycles 

 

The yields of obtained target compounds are 72-91%. The elaborated 
technique is effective for O,S,N-propargylation and can be used as universal. 

The authors are grateful to SAIA (ID 45748) and Enamine for research support. 
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regioselectivity of alkylation of 1,2,4-triazole-3-thiones using NMR, GIAO and 
DFT methods. // Journal of Molecular Structure. ï 2021. ï V. 1223. ï P. 128973. 



ʍɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷ ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ 

ʪʘ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ çʍʽʤʽʷ  ̔ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾè 

 

16 

SPECTRAL CHARACTERISTICS AND MOLECULAR STRUCTURE 

OF N-(1-(5-AMINO -1H-1,2,4-TRIAZOL -1-YL) -2,2,2-

TRICHLOROETHYL)CARBOXAMIDES  

Bezuhla A.V., Pavlova V.V., Zadorozhnii P.V., Kiselev V.V., Kharchenko A.V. 

e-mail: torfp@i.ua 

Ukrainian State University of Chemical Technology,  

Ukraine, Dnipro  

 

In this work we report on the synthesis of N-(1-(5-amino-1H-1,2,4-triazol-

1-yl)-2,2,2-trichloroethyl)carboxamides (5a-d) by amidoalkylation of 3-amino-

1,2,4-triazole (4). The reaction was carried out in 1,4-dioxane medium using a 

mixture of triethylamine and N-(1,2,2,2-tetrachloroethyl)carboxamides (2) for 

amidoalkylation of 3-amino-1,2,4-triazole (4). Synthesis began with the 

chlorination of N-(2,2,2-trichloro-1-hydroxyethyl)carboxamides (1) [1] by 

thionyl chloride in a carbon tetrachloride (Scheme 1). This resulted in  

N-(1,2,2,2-tetrachloroethyl)carboxamides (2). The interaction of chlorine 

derivatives (2) with triethylamine led to the formation of N-acylamine 

intermediate (3) [2]. They are highly reactive compounds and easily react with 

3-amino-1,2,4-triazole (4) with formation of N-(1-(5-amino-1H-1,2,4-triazol-1-

yl)-2,2,2-trichloroethyl)carboxamides (5a-d). The structures of obtained 

compounds were confirmed by 1H NMR, 13C NMR and X-ray spectroscopy. 

 

 

Scheme 1. Synthesis of N-(1-(5-amino-1H-1,2,4-triazol-1-yl)-2,2,2-

trichloroethyl)carboxamides (5a-d). 
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Ukraine, Dnipro 

 

Near-infrared (NIR) emitting xanthene fluorophores are widely used as 

novel markers for diagnosing various diseases. The wide range of practical 

applications encourages the search for new methods for the synthesis of 

fluorophores. Previously, there was no information on the synthesis of xanthene 

dyes with an electron-donating group at position 9. The presence of such a 

substituent in this position bathochromically shifts the absorption maximum to 

the green region of the spectrum and, as a consequence, shifts the fluorescence 

to the NIR region. 

Using the reaction of 1,3-dioxin-4-ones that we discovered, it is possible 

to synthesize previously unknown functionalized xanthene derivatives. Using 

this reaction as a basis, we have developed a new method for the synthesis of a 

water-soluble xanthene-like fluorophore with near-infrared emission. 

Commercially available 5-aminosalicylic acid was used as the starting precursor. 

The sequence of transformations is presented in Scheme 1.    
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Scheme 1 

The synthesized fluorophore absorbs in the green region of the 

electromagnetic spectrum and has a maximum emission in the near-infrared 

region. 
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SYNTHESIS OF PYRIDINES, PYRIMIDINES AND TRIAZOLES: 

CLOSING THE GAP BETWEEN CLICKING AND SYNTHESIZING  
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Ukraine, Kharkiv 
 

Multicomponent reactions (MCRs) employed in diversity-oriented 
syntheses provide valuable molecular frameworks with a minimal number of 
synthetic steps. MCRs are performed in a one-pot manner, involving a minimum 
of three reagents to produce a single product. Multicomponent strategy offers 
step efficiency, atom economy and high exploratory power which saves 
chemicals and time in comparison to stepwise protocols. 

Terpyridine, which is an N-heteroaromatic tridentate ligand, has a strong 
chelating tendency that enables the formation of strong complexes with metal 
ions. It is widely used in various fields such as photovoltaic devices, DNA 
binding agents, sensors, photosensitizers, medicinal chemistry, and the 
construction of metal-organic frameworks (MOFs). 

Inspired by the literature reports, we are developing a methodology for 
converting bulk MCRs in flasks (Hantzsch, Biginelli and CuAAC) into external 
functionalization protocols. We are trying to use MCRs to functionalize surfaces 
with multidentate ligands and prepare their complexes (Scheme1). 

 
Scheme 1: Synthetic approaches for surface grafting with selected N-

heterocyclic compounds 
The work was supported by the Czech Science Foundation Grant  

No. 22-11299M óReaction networks at phase interfaces for dynamic self-assemblyô. 
The team was also supported by the Experientia Foundation 2021 start-up grant. This 
project has received funding through the MSCA4Ukraine project, which is funded by 
the European Union. This work was also supported by the grant of Specific university 
research NÁ A2_FCHT_2023_103. 
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The indole fragment is part of many physiologically active substances that 

are widespread in nature; indole derivatives are primarily low-molecular 

regulators of the human central nervous system. Known indole derivatives are 

arbidol; isoquinoline ï drotaverine, papaverine, capable of inducing the activity 

of interferon, necessary in the treatment of acute respiratory viral infections.  

Since indole is a universal pharmacophore with a privileged framework, 

the search for biological activity among indole derivatives is relevant and in 

demand. 

Previously, indole derivatives 2a-d were synthesized at the PhtaTOS 

department by Fischer cyclization by heating in acetic acid saturated with 

gaseous HCl with the addition of anhydrous zinc chloride. 
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Using the ADMET 2.0 web resource, physicochemical and 

pharmacological properties, were checked for compliance with current 

requirements and compared with prediction data for active drugs, indole-3-

carbinol and diindolylmethane. All structures meet the requirements of the 

Lipinski Rules. The synthesized structures have good intestinal absorption and 

penetration of the blood-brain barrier, which will allow them to be 

recommended for the development of drugs for the central nervous system. The 

synthesized structures have low carcinogenicity and mutagenicity, which allows 

us to recommend them for further biochemical studies. 
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Perimidine derivatives are of great interest in pharmacy and medicine as 

potential biologically active substances [1]. Among the representatives of this 

class of compounds, substances with high antitumor, antibacterial, anti-

inflammatory, and many other types of biological activity are known. In this 

regard, the development of new as well as expansion of the scope of previously 

known methods for the synthesis of perimidine derivatives is a very important 

and urgent task. In this work, we report the synthesis of a series of new 

amidoalkylated at the amino group derivatives of 1H-perimidin-2-amine. The 

method for the synthesis of these compounds is based on the reaction of 

naphthalene-1,8-diamine (2) with N-(2,2,2-trichloro-1-

isothiocyanatoethyl)carboxamides (1) [2] (Scheme 1). 

 

 
Scheme 1. Synthesis of N-(1-((1H-perimidin-2-yl)amino)-2,2,2-

trichloroethyl)carboxamide derivatives (4). 

 

The reaction was carried out at reflux in anhydrous acetonitrile for 10 

min. We hypothesized that N-(1-(3-(8-aminonaphthalen-1-yl)thioureido)-2,2,2-

trichloroethyl)carboxamides (3) were formed as intermediates in these 

transformations. It was the elimination of hydrogen sulfide from the latter led to 

the formation of perimidine derivatives [3]. The final products were isolated in 

67-79% yield and their structure was confirmed by 1H and 13C NMR 

spectroscopy data. 
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Mesoionic compounds are dipolar molecules in which both positive and 

negative charges are delocalized. Due to the delocalization of charges, the 

structures of mesoionic compounds cannot be presented in the form of classical 

covalent structures. To preserve the usefulness of the term "mesoionic", it is 

customary to limit its use to two types of five-membered heterocyclic 

mesomeric betaines ï type A and type B [1]. These are cyclic molecules having 

two or more heteroatoms in a five-membered ring and exocyclic heteroatoms. In 

compounds of both types, the rings have a conjugated system of 8 ˊ-electrons, 

the difference between the classes is the origin of these ˊ-electrons (fig. 1). 

Molecules of mesoionic compounds are strongly stabilized due to 

delocalization of ˊ-electrons and large dipole moments. Given the structural 

features and interesting physical, chemical, and biological characteristics, 

mesoionic compounds attract a lot of attention from researchers, particularly in 

photonics, nonlinear optical research, and medicinal chemistry, where a wide 

range of biological activity of mesoionic compounds has been discovered. 

 
Fig. 1 Resonance structures and the origin of ˊ-electrons in studied mesoionic 

molecules. In Type A: A = O, NMe, S; B = C, CMe, CNMe2;  

C = NMe, O; D = C, CMe, CPh; E = C; F = O, S, NMe.  

In type B: A, D = C, CMe, N; B, C = NMe, S, O; E = C; F = O, S 

 

In this work, we present a study of the electronic structure of 

10 mesoionic compounds within the QTAIM (quantum theory of atoms in 

molecules) with the aim of finding indices characterizing molecular structures 

based on topological parameters. All calculations were performed using B3LYP 

density functional with the 6-31++G(d,p) basis set by employing the Gaussian 

09 software. 

The characteristics of bonds, such as electron density ɟ, Laplacian of 

electron density ɳ 2ɟ and ellipticity Ů at critical points are compared to reference 
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molecules, which are furan, pyrrole, thiophene, pyrazole, isoxazole, isothiazole 

and tetrazol. Also we provide an analysis of geometrical parameters in studied 

molecules. 

In order to understand the difference between the compounds of both 

classes, we introduce a number of indices which describe distribution of  the 

topological parameters in the molecule, such as the standard deviation (SD), the 

Shannon index and Kullback-Leibler index (KL), 24 indices totally. For the four 

studied bond characteristics, the indices have been calculated both for the ring 

separately and for the entire ˊ-electron system, including the exocyclic atom. 

Although type B compounds are by default more symmetrical, the obtained 

indices are quite comparable for compounds of both types, except for those 

characterizing the ellipticity distribution (table 1).  

 

Table 1. Standard deviation and Kullback-Leibler index for ellipticity. 

 Type A Type B 

SD 

for Ů 
0.112-0.176 0.007-0.101 

KL 

for Ů 
0.080-0.285, 0.415 0.000-0.094, 0.486, 0.600 

 

Despite the different origins of electrons in type A and type B rings, it 

cannot be said that electron delocalization in the conjugated system is solely 

determined by formal classification. In two types of studied structures, we 

observe both more ideal structures that are somewhat similar to each other, and 

extreme structures exhibiting unique properties. As a conclusion, the criterion 

for classifying a compound into type A or type B remains open, with type B 

compounds potentially exhibiting greater aromaticity. 
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1,8-Naphthalimide derivatives containing electron donating substituent in 

position 4 of naphthalene ring are useful as fluorophores.  

Introduction of the second electron donating substituent in position 5 can 

improve the effective fluorescence properties. 

N-2-Carboxyethyl- and N-3-carboxypropyl-1,8-naphthalimides with 

residues of ethanolamine in position 4 and 5 (3) were synthesized by imidation 

of 4,5-dichloro-1,8-naphthalic anhydride (1) with ɓ-alanine or ɔ-aminobutyric 

acid in acetic acid and by further interaction of imides (2) with ethanolamine in 

DMSO (scheme 1). 

N-2-Carboxyethyl-1,8-naphthalimides with residues of piperidine and 

morpholine in positions 4 and 5 (5) were obtained by interaction of 4,5-dichloro-

1,8-naphthalic anhydride (1) with corresponding secondary amines in DMSO 

followed by imidation of anhydrides (4) with ɓ-alanine (scheme 1). 

 

Scheme 1 

Synthesis of 4,5-disubstituted N-carboxyalkyl-1,8-naphthalimides 

 
 

The target products (3, 5) are crystalline substances with luminescence in 

yellow-green region of the spectrum. 

4,5-Dipiperidino-, 4,5-dimorpholino- and 4,5-di(2-hydroxyethylamino)-

N-carboxyalkylnaphthalimides are potential fluorescent probes for various 

biological objects capable of covalent binding to amino groups due to the 

presence of carboxyl group in their structure. 



ʍɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷ ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ 

ʪʘ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ çʍʽʤʽʷ  ̔ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾè 

 

24 

PREDICTION OF BIOLOGICAL ACTIVITY OF CHROMENIMINE 

DERIVATIVES  

Neklesa Ya.S., Varenichenko S.A., Farat O.K. 

e-mail: lilit20002@gmail.com 

Ukrainian State University of Chemical Technology, 

Ukraine, Dnipro 

 

The high importance of the synthesis of chromene and its derivatives is 

due to the wide range of biological activities of chromenes, including anticancer, 

anti-inflammatory, antioxidant and antimicrobial activities. All of the above 

demonstrates that the results discussed may be promising and effective for the 

use of chromene derivatives in the field of drug design. Previously, the 

Department of Ph and TOR developed an effective synthesis of chromenimine 

derivatives 2a-f. 

NH

O Ar

O

R1

R

POCl3 / DMF

O Ar

NH

R1

RNaOH / H2O

1a-f 2a-f  
2: a ï R=R1=H, Ar=Ph; b ï R=R1=H, Ar=4-C6H4-NO2; c ï R=R1=i-Pr, Ar=Ph;  

d ï R=R1=i-Pr, Ar=4-C6H4-NO2; e ï R=R1=H, Ar=4-C6H4-Br; f = R=Br, R1=H, 

Ar=Ph 

 

The physicochemical and pharmacokinetic parameters of the synthesized 

compounds were predicted using the ADMET 2.0 service. The prediction results 

were compared with the prediction results for chromone-4-one (benzo-4-

pyrone), which is part of a number of active drugs. 
 

 
               2b                                    2c                           chromone-4-one 

Figure 1. Graphic representation of the analysis of physical and chemical 

properties of compounds 2b, 2c and chromone-4-one 

When analyzing the results obtained, it was concluded that compounds 2a-f 

correspond to the Lipinski rule. Although the lipid solubility parameter (Log P) at 

physiological pH = 7.4 (Log D) is slightly outside the required norm. All compounds 

show good intestinal absorption, including in terms of blood-brain barrier penetration, 

except for compound 2f. The best indicators of toxicity, mutagenicity and 

carcinogenicity were shown by compound 2c. The obtained results allow 

recommending chromenimine derivatives for further biochemical testing. 
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Phytopreparations, phytotherapeutic preparations ð any extracts or active 

substances obtained from medicinal plant raw materials, or their combination in 

certain medicinal forms. The pharmacological effect of herbal preparations is 

determined by biologically active substances found in plants: glycosides, 

flavonoids, essential oils, alkaloids, vitamins, etc. These biologically active 

substances are in a certain ratio and optimally affect the human body [1]. 

Phytopreparations, unlike synthetic medicines, have a mild and moderate 

effect on the body, have a gradual but stable therapeutic effect. 

Phytopreparations do not cause addiction, have higher bioavailability due to the 

affinity of plant substances to the human body. Preparations of different plants 

are well combined with each other, often enhancing the effect of each other (the 

phenomenon of synergism) [2]. 

The latest trends in pharmaceutical research in Ukraine indicate an 

increase in interest in medicinal plants and herbal preparations. The review of 

the pharmaceutical market of Ukraine indicates an annual increase in the 

number of registered medicinal products of plant origin by 5 7%. Accordingly, 

the need of pharmaceutical enterprises for medicinal herbs increases by 20ï25% 

annually [3].  

The development of the phytopharmaceutical market is mostly due to the 

attraction and research of new types of medicinal plants. The vast majority of 

phytopreparations on the pharmaceutical market of Ukraine are made from wild 

or cultivated medicinal plant raw materials, which makes them economically 

more affordable. Thus, the issue of finding, researching and developing new 

medicines based on medicinal plant raw materials is an urgent and promising 

direction in pharmacy. 
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Today, the multicomponent Ugi isocyanide reaction is widely used to 

build a bisamide framework [1], which is the first step towards the creation of 

peptidomimetics [2]. 

Continuing research into the possibilities of using pyrrolyl-ɓ-

chlorovinylaldehyde 1 [3] as the smallest possible building block for the 

synthesis of Ugi bisamides, we investigated the appropriate reaction of this 

aldehyde with benzyl isocyanide, chloroacetic acid and aromatic amines 

(scheme 1). 

 

 
Scheme 1. Synthesis of Ugi bisamides 5a-e 

 

It was found that the Ugi reaction with aldehyde 1 and benzyl isocyanide 

4, unlike other isocyanides [3], takes slightly less time and takes 24 hours. In the 

case of using anisidine 2a, the product that precipitated first in methanol was  

2-oxo-4-(1H-pyrrol-3-yl)but-3-enoic acid amide 6 (scheme 2). 

mailto:tanyasvlk0@gmail.com
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Scheme 2. Feature of the Ugi-4CR with the participation of para-anisidine 2ʘ 

 

 
Figure 1. 1ʅ NMR spectrum of amide 6 

 

Substance 6, the structure of which was established using the NMR  

(Fig. 1) and LC-MS methods, is a yellow-green powder with a melting point of 

195 , poorly soluble in methanol and ethanol. 

The authors thank the National Academy of Sciences of Ukraine for 

financial support in the frame of the project ñDirected synthesis, chemical 

transformations and properties of new nitrogen-containing heterocyclic 

compoundsò (0122U001857). 
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Over the past few years, there has been a significant expansion in research 

on the chemistry of pyrazoles due to numerous applications of these 

heterocycles in various fields such as medicine, agrochemistry, organic 

synthesis, catalysis, etc. The prevalence of pyrazolole cores in biologically 

active molecules has stimulated the need for an elegant and efficient route to 

derivatize pyrazoles. 

Previously, the Department of PhtaTOR developed an effective synthesis 

of o-hydroxyphenyl derivatives of pyrazoles. 
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Using the ADMET 2.0 web resource, physicochemical and 

pharmacological properties, were checked for compliance with current 

requirements. All structures meet the requirements of the Lipinski Rules.  

The synthesized substances demonstrated good intestinal absorption, 

penetration of the blood-brain barrier, half-life and moderate toxicity, 

mutagenicity and carcinogenicity. The data obtained allow us to recommend the 

obtained compounds as low-molecular building blocks for further biochemical 

studies.  
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Diindolylmethane (DIM) and its derivatives constitute an important 
biological active class of indole alkaloids. Therefore, several methods have been 
reported for their synthesis [1].  

One of the widespread ways to synthesize DIM and its derivatives is a 
condensation reaction between an indole with aldehydes employing Brºensted-
Lowry or Lewis acids. Microwave irradiation is a potentially powerful and 
modern method of activation and accelerating such condensations [2]. 

 
Scheme 1. Synthesis of DIMs 

Continuing research on the implementing of microwave activation for the 
synthesis of diindolylmethane derivatives, we developed a method for the 
synthesis of DIMs based on indole and its 2-methyl derivative and 
functionalized pyrazolecarbaldehydes. 
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Epilepsy is a serious disease of the central nervous system associated with 

abnormal electrical activity in the brain. Its main symptom is repeated 

unprovoked convulcions [1]. Today, many drugs are known to treat epilepsy, but 

they have a number of side effects, which significantly complicates the 

treatment process. Approximately 30% of patients have epilepsy that is drug-

resistant [2]. In this regard, work on searching for new and modifying existing 

antiepileptic drugs is very important and relevant. 

Here we report the modification of carbamazepine (1) by condensation 

with chloral hydrate (2) (Scheme 1) [3,5]. 

 
Scheme 1. Synthesis of N-(2,2,2-trichloro-1-hydroxyethyl)-5H-

dibenzo[b,f]azepine-5-carboxamide (3) 
 

The reaction was carried out without a solvent by fusing the starting 

reagents [5]. The structure of the obtained compound 3 was confirmed  

by 1H NMR and 13C NMR spectroscopy data. 
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ʋʢʨʘʾʥʘ, ʍʘʨʢʽʚ 

 

ʇʨʦʙʣʝʤʘ ʧʦʰʫʢʫ ʝʬʝʢʪʠʚʥʠʭ ʣʽʢʽʚ ʚʽʜ COVID-19 ʽ ʜʦʩʽ ʻ 

ʘʢʪʫʘʣʴʥʦʶ. ʂʦʤʧôʶʪʝʨʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ʬʘʨʤʘʢʦʬʦʨʥʠʡ ʩʢʨʠʥʽʥʛ ʪʘ 

ʜʦʢʽʥʛ ʟʘʡʤʘʶʪʴ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ.  

ʇʨʦʮʝʜʫʨʘ ʬʘʨʤʘʢʦʬʦʨʥʦʛʦ ʩʢʨʠʥʽʥʛʫ ʧʦʣʷʛʘʻ ʫ ʧʦʨʽʚʥʷʥʥʽ ʘʢʪʠʚʥʠʭ 

ʮʝʥʪʨʽʚ ʧʝʚʥʦʾ ʤʦʣʝʢʫʣʠ, ʱʦ ʟʚôʷʟʫʶʪʴʩʷ ʟ ʧʨʦʪʝʾʥʦʤ ï ʬʘʨʤʘʢʦʬʦʨʽʚ ʟ 

ʬʘʨʤʘʢʦʬʦʨʘʤʠ ʨʝʬʝʨʝʥʩʥʦʾ ʤʦʣʝʢʫʣʠ ʟ ʜʦʚʝʜʝʥʦʶ ʘʢʪʠʚʥʽʩʪʶ. 

ʌʘʨʤʘʢʦʬʦʨʥʠʡ ʩʢʨʠʥʽʥʛ ʻ ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʦʶ ʧʨʦʮʝʜʫʨʦʶ ʽ ʤʦʞʝ 

ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʤ ʜʣʷ ʚʝʣʠʢʠʭ ʚʠʙʽʨʦʢ, ʱʦ ʤʽʩʪʷʪʴ ʤʽʣʴʡʦʥʠ ʤʦʣʝʢʫʣ. 

ʄʦʣʝʢʫʣʷʨʥʠʡ ʜʦʢʽʥʛ ï ʮʝ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʣʽʛʘʥʜʘ ʟ 

ʙʽʣʢʦʤ.  

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʢʨʠʥʽʥʛʦʤ, ʜʦʢʽʥʛ ʚʝʣʠʢʠʭ ʚʠʙʽʨʦʢ ʻ ʯʘʩʦ- ʪʘ 

ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʠʤ. ʇʨʦʪʝ ʦʙôʻʢʪʠʚʥʦʶ ʤʽʨʦʶ ʘʢʪʠʚʥʦʩʪʽ ʤʦʣʝʢʫʣʠ ʻ 

ʝʥʝʨʛʽʷ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʙʽʣʢʘ, ʱʦ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʢʽʥʛʫ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚ ʷʢʦʩʪʽ ʤʽʰʝʥʽ ʨʦʟʛʣʷʜʘʣʘʩʷ ʛʦʣʦʚʥʘ ʧʨʦʪʝʘʟʘ 

ʢʦʨʦʥʘʚʽʨʫʩʫ SARS-CoV-2 Mpro.  

ɯʥʛʽʙʫʚʘʥʥʷ ʮʽʻʾ ʧʨʦʪʝʘʟʠ ʫʥʝʤʦʞʣʠʚʣʶʻ ʨʝʧʣʽʢʘʮʽʶ ʈʅʂ ʚʽʨʫʩʫ, 

ʪʦʤʫ ʙʣʦʢʫʚʘʥʥʷ ʩʘʤʝ ʮʽʻʾ ʤʽʰʝʥʽ ʻ ʝʬʝʢʪʠʚʥʠʤ. ʋ ʷʢʦʩʪʽ ʨʝʬʝʨʝʥʩʥʠʭ 

ʣʽʛʘʥʜʽʚ ʤʠ ʚʠʙʨʘʣʠ ʽʥʛʽʙʽʪʦʨʠ N3 ʪʘ PF-07321332 (PDB-ʢʦʜʠ ʩʪʨʫʢʪʫʨ 

ʢʦʤʧʣʝʢʩʽʚ 6lu7 ʪʘ 7vh8, ʚʽʜʧʦʚʽʜʥʦ).  

ɼʣʷ ʥʘʰʦʾ ʨʦʙʦʪʠ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʠʙʽʨʢʫ ʟ 424 ʧʦʭʽʜʥʠʭ  

2-(5-ʘʨʠʣʩʫʣʴʬʦʥʽʣ-4-ʦʢʩʦ-3,4-ʜʠʛʽʜʨʦ-2-ʧʠʨʽʤʽʜʠʥʩʫʣʴʬʦ)ʘʮʝʪʘʤʽʜʫ.  

ɹʫʚ ʧʨʦʚʝʜʝʥʠʡ ʬʘʨʤʘʢʦʬʦʨʥʠʡ ʩʢʨʠʥʽʥʛ ʪʘ ʜʦʢʽʥʛ ʮʽʻʾ ʚʠʙʽʨʢʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ LigandScout [1].  

ʇʨʠ ʟʽʩʪʘʚʣʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʜʝʨʞʘʥʠʭ ʮʠʤʠ ʤʝʪʦʜʘʤʠ, ʟʥʘʯʥʠʭ 

ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʦʮʽʥʢʦʶ ʬʘʨʤʘʢʦʬʦʨʥʦʛʦ ʩʢʨʠʥʽʥʛʫ (Pharmacophore 

 Fit-Score, PFS) ʪʘ ʝʥʝʨʛʽʾ ʩʧʦʨʽʜʥʝʥʦʩʪʽ (Affinity) ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʝʥʝʨʛʽʾ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʚʽʜ Pharmacophore Fit-Score 

 

ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʦʤʫ ʜʦʢʽʥʛʫ ʤʠ ʧʨʦʧʦʥʫʻʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʦʛʽʩʪʠʯʥʫ ʨʝʛʨʝʩʽʡʥʫ ʤʦʜʝʣʴ. ɼʘʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʤʦʣʝʢʫʣʠ ʥʘ ʘʢʪʠʚʥʽ ʪʘ ʥʝʘʢʪʠʚʥʽ.  

 

 

01/ (1 exp( )),  i i i j ij

j

Y z z Xb b= + - = +ä
 (1) 

 

ʄʦʣʝʢʫʣʘ ʚʚʘʞʘʻʪʴʩʷ ʘʢʪʠʚʥʦʶ (Yi=1), ʷʢʱʦ ʾʾ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ 

ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦʨʽʚʥʶʻ ʘʙʦ ʧʝʨʝʚʠʱʫʻ ʝʥʝʨʛʽʾ ʟʚôʷʟʫʚʘʥʥʷ ʨʝʬʝʨʝʥʩʥʦʛʦ 

ʣʽʛʘʥʜʫ. ʋ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ Yi=0. ʈʝʛʨʝʩʦʨʘʤʠ Xij ʻ ʤʦʣʝʢʫʣʷʨʥʽ 

ʜʝʩʢʨʠʧʪʦʨʠ, ʷʢʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʽʟ ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʣʽʛʽʥʜʫ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʝʩʢʨʠʧʪʦʨʽʚ ʤʠ ʢʦʨʠʩʪʫʚʘʣʠʩʷ ʧʨʦʛʨʘʤʦʶ 

PaDEL-Descriptor [2].  

ɼʣʷ ʢʦʤʧʣʝʢʩʽʚ ʛʦʣʦʚʥʦʾ ʧʨʦʪʝʘʟʠ 6lu7 ʪʘ 7vh8 ʙʫʣʦ ʧʨʘʚʠʣʴʥʦ 

ʢʣʘʩʠʬʽʢʦʚʘʥʦ 79 % ʪʘ 94 % ʤʦʣʝʢʫʣ, ʚʽʜʧʦʚʽʜʥʦ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʟʘʜʦʚʽʣʴʥʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʧʦʰʫʢʫ 

ʝʬʝʢʪʠʚʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʧʨʦʪʠ COVID-19. 

 

ʃʽʪʝʨʘʪʫʨʘ: 
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2. Yap, C.W. (2011), PaDEL-descriptor: An open source software to 

calculate molecular descriptors and fingerprints. J. Comput. Chem., 32: 1466-

1474. 
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ɺʩʪʫʧ. ɿʘʧʘʣʴʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʥʦʩʘ (ʨʠʥʽʪʠ), ʘ ʪʘʢʦʞ 

ʥʘʚʢʦʣʦʥʦʩʦʚʠʭ, ʘʙʦ ʧʨʠʜʘʪʢʦʚʠʭ, ʧʘʟʫʭ ʥʦʩʘ (ʩʠʥʫʩʠʪʠ) ʻ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʃʆʈ-ʧʘʪʦʣʦʛʽʷʤʠ. ʅʘʡʭʘʨʘʢʪʝʨʥʽʰʠʡ ʩʠʤʧʪʦʤ ʨʠʥʽʪʫ ʚ 

ʜʦʨʦʩʣʠʭ ʽ ʜʽʪʝʡ - ʥʘʷʚʥʽʩʪʴ ʽʟ ʥʦʩʦʚʠʭ ʭʦʜʽʚ ʩʝʨʦʟʥʠʭ, ʩʣʠʟʦʚʠʭ, ʩʣʠʟʦʚʦ-

ʛʥʽʡʥʠʭ, ʛʥʽʡʥʠʭ, ʯʘʩʦʤ - ʟ ʜʦʤʽʰʢʦʶ ʢʨʦʚʽ ʚʠʜʽʣʝʥʴ. ɯ, ʷʢʱʦ ʥʝ ʧʨʠʜʽʣʷʪʠ 

ʥʘʣʝʞʥʦʾ ʫʚʘʛʠ ʣʽʢʫʚʘʥʥʶ ʨʠʥʽʪʫ, ʚʽʜʯʫʪʪʷ ʟʘʢʣʘʜʝʥʦʩʪʽ ʥʽʩʘ ʤʦʞʝ 

ʧʝʨʝʨʦʩʪʠ ʜʦ ʩʤʝʨʪʝʣʴʥʦʾ ʥʝʙʝʟʧʝʢʠ - ʚʽʜʩʫʪʥʦʩʪʽ ʤʦʞʣʠʚʦʩʪʽ ʜʠʭʘʥʥʷ ʪʘ 

ʨʦʟʧʦʚʩʶʜʞʝʥʦʩʪʽ ʽʥʬʝʢʮʽʾ ʦʨʛʘʥʽʟʤʦʤ. ɯʥʬʝʢʮʽʡʥʠʡ ʨʠʥʽʪ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʚʠʥʠʢʘʻ ʚ ʨʘʟʽ ʧʦʪʨʘʧʣʷʥʥʷ ʥʘ ʩʣʠʟʦʚʫ ʥʦʩʘ ʙʘʢʪʝʨʽʡ (ʩʪʘʬʽʣʦ-, 

ʩʪʨʝʧʪʦ-, ʧʥʝʚʤʦʢʦʢʽʚ). ɽʬʝʢʪʠʚʥʠʤ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʙʫʜʝ ʣʽʢʫʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʪʠʤʽʢʨʦʙʥʠʭ ʟʘʩʦʙʽʚ. ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʧʦʷʚʠ 

ʘʥʪʠʙʽʦʪʠʢʦʨʝʟʠʩʪʝʥʪʥʠʭ ʰʪʘʤʽʚ ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʜʽʾ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʨʦʟʨʦʙʢʠ ʧʨʝʧʘʨʘʪʫ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʜʽʾ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ 

ʣʽʢʫʚʘʥʥʷ ʟʘʧʘʣʴʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʥʦʩʘ ʻ ʘʢʪʫʘʣʴʥʦʶ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʨʦʙʢʘ ʩʢʣʘʜʫ ʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʝʧʘʨʘʪʫ 

ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʜʽʾ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʽʥʬʝʢʮʽʡʥʦʛʦ ʨʠʥʽʪʫ ʫ ʬʦʨʤʽ ʥʘʟʘʣʴʥʦʛʦ 

ʩʧʨʝʶ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟʛʽʜʥʦ ʩʪʘʥʜʘʨʪʥʠʭ 

ʤʝʪʦʜʠʢ ɼʌʋ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʪʘ ʚʽʜʪʚʦʨʝʥʽʩʪʶ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʷʢʦʩʪʽ ʜʽʶʯʦʾ ʨʝʯʦʚʠʥʠ ʥʘʤʠ ʙʫʣʦ ʦʙʨʘʥʦ ʨʽʜʢʠʡ 

ʝʢʩʪʨʘʢʪ ʘʨʦʥʽʾ ʯʦʨʥʦʧʣʦʜʥʦʾ, ʷʢʠʡ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʪʘ ʦʜʝʨʞʘʥʠʡ ʚ ʅʊʋ 

çʍʇɯè ʜʦʮ. ɼʦʤʘʨʴʦʚʠʤ ɸ.ʇ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʗʢ ʨʦʟʯʠʥʥʠʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʦʜʫ 

ʦʯʠʱʝʥʫ. ʈʘʮʽʦʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʦʜʥʝʚʦʛʦ ʧʦʢʘʟʥʠʢʘ ʧʽʜʪʨʠʤʫʚʘʣʠ ʰʣʷʭʦʤ 

ʚʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʩʧʨʝʶ ʨʝʛʫʣʷʪʦʨʘ ʨʅ. ʋ ʟʜʦʨʦʚʠʭ ʜʦʨʦʩʣʠʭ ʣʶʜʝʡ pH 

ʥʘʟʘʣʴʥʦʛʦ ʩʝʢʨʝʪʫ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ ʥʦʩʘ ʧʝʨʝʙʫʚʘʻ ʚ ʤʝʞʘʭ ʚʽʜ 5,5 ʜʦ 

6,5. ɿ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʫ ʜʦ ʩʢʣʘʜʫ ʩʧʨʝʶ ʚʚʦʜʠʣʠ 

ʩʧʽʚʨʦʟʯʠʥʥʠʢ ï ʇɽʆ 400. ɿ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʤʽʢʨʦʙʥʦʾ ʢʦʥʪʘʤʽʥʘʮʽʾ ʜʦ 

ʩʢʣʘʜʫ ʥʘʟʘʣʴʥʦʛʦ ʩʧʨʝʶ ʥʝʦʙʭʽʜʥʦ ʚʚʦʜʠʪʠ ʢʦʥʩʝʨʚʘʥʪʠ. ɺ ʩʠʣʫ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʥʠʟʴʢʦʾ ʪʦʢʩʠʯʥʦʾ ʜʽʾ ʥʘ ʦʨʛʘʥʽʟʤ 

ʣʶʜʠʥʠ, ʙʝʥʟʘʣʢʦʥʽʶ ʭʣʦʨʠʜ (ɹʍ) ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʩʢʣʘʜʽ ʨʽʟʥʠʭ 

ʃʌ. ʊʦʤʫ ʥʘʤʠ, ʷʢ ʢʦʥʩʝʨʚʘʥʪ, ʙʫʣʦ ʦʙʨʘʥʦ, ʙʝʥʟʘʣʢʦʥʽʶ ʭʣʦʨʠʜ. 

ɺʠʩʥʦʚʢʠ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʩʢʣʘʜ ʣʽʢʘʨʩʴʢʦʛʦ ʟʘʩʦʙʫ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʜʽʾ 

ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʽʥʬʝʢʮʽʡʥʦʛʦ ʨʠʥʽʪʫ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 



ʉʝʢʮʽʷ çʆʨʛʘʥʽʯʥʘ ʭʽʤʽʷ, ʪʝʭʥʦʣʦʛʽʾ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʽ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ 
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ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè, 

ʋʢʨʘʾʥʘ, ɼʥʽʧʨʦ 

 

ʉʪʘʨʽʥʥʷ ʰʢʽʨʠ ï ʮʝ ʧʨʦʮʝʩ, ʫ ʷʢʦʤʫ ʷʢʽʩʪʴ ʰʢʽʨʠ ʧʦʛʽʨʰʫʻʪʴʩʷ ʟ 

ʚʽʢʦʤ ʯʝʨʝʟ ʩʠʥʝʨʛʽʯʥʠʡ ʝʬʝʢʪ ʭʨʦʥʦʣʦʛʽʯʥʦʛʦ ʩʪʘʨʽʥʥʷ, ʬʦʪʦʩʪʘʨʽʥʥʷ, 

ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʜʝʬʽʮʠʪʫ ʪʘ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʠ 

ʩʪʘʨʽʥʥʽ ʰʢʽʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʽʙʨʦʙʣʘʩʪʽʚ, ʷʢʽ 

ʩʠʥʪʝʟʫʶʪʴ ʢʦʣʘʛʝʥ [1]. ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ 

ʩʪʘʨʽʥʥʷ ʰʢʽʨʠ: ʚʥʫʪʨʽʰʥʽʡ ʽ ʟʦʚʥʽʰʥʽʡ. ɿʦʚʥʽʰʥʻ ʩʪʘʨʽʥʥʷ ʩʧʨʠʯʠʥʝʥʝ 

ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ʩʦʥʮʽ, 

ʟʘʙʨʫʜʥʝʥʝ ʧʦʚʽʪʨʷ, ʢʫʨʽʥʥʷ ʪʘ ʥʝʧʨʘʚʠʣʴʥʝ ʭʘʨʯʫʚʘʥʥʷ. ɺʥʫʪʨʽʰʥʻ 

ʩʪʘʨʽʥʥʷ ʚʽʜʦʙʨʘʞʘʻ ʛʝʥʝʪʠʯʥʠʡ ʬʦʥ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ. ɿʦʚʥʽʰʥʽʡ ʚʽʢ 

ʰʢʽʨʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʬʦʪʦʧʦʰʢʦʜʞʝʥʥʷʤ ʫ ʚʠʛʣʷʜʽ ʟʤʦʨʰʦʢ, 

ʧʽʛʤʝʥʪʦʚʘʥʠʭ ʫʨʘʞʝʥʴ, ʥʝʦʜʥʦʨʽʜʥʦʾ ʛʽʧʦʧʽʛʤʝʥʪʘʮʽʾ ʪʘ ʘʢʪʠʥʽʯʥʦʛʦ 

ʢʝʨʘʪʦʟʫ. 

ʋ ʥʘʰ ʯʘʩ ʜʝʨʤʘʪʦʣʦʛʠ ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʯʠʩʣʝʥʥʽ 

ʩʧʦʩʦʙʠ ʟʘʧʦʙʽʛʘʥʥʷ ʩʪʘʨʽʥʥʶ, ʘ ʪʘʢʦʞ ʽʥʰʽ ʧʨʦʬʽʣʘʢʪʠʯʥʽ ʟʘʩʦʙʠ, ʪʘʢʽ ʷʢ 

ʢʦʩʤʝʪʦʣʦʛʽʯʥʽ ʟʘʩʦʙʠ, ʤʽʩʮʝʚʽ ʪʘ ʩʠʩʪʝʤʥʽ ʪʝʨʘʧʝʚʪʠʯʥʽ ʟʘʩʦʙʠ ʪʘ ʽʥʚʘʟʠʚʥʽ 

ʧʨʦʮʝʜʫʨʠ [2]. ɼʦ ʪʦʧʽʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʧʨʦʪʠ ʩʪʘʨʽʥʥʷ ʥʘʣʝʞʘʪʴ: ʨʝʪʠʥʦʾʜʠ, 

Ŭ-ʛʽʜʨʦʢʩʠʢʠʩʣʦʪʠ, ɓ-ʛʽʜʨʦʢʩʠʢʠʩʣʦʪʠ, ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ, ʢʦʝʥʟʠʤ Q10, 

ɓ-ʛʣʶʢʘʥʠ, ʢʝʨʘʤʽʜ. ɼʦ ʩʠʩʪʝʤʥʠʭ ʟʘʩʦʙʽʚ ʧʨʦʪʠ ʩʪʘʨʽʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ: 

ʧʨʝʧʘʨʘʪʠ ʢʦʣʘʛʝʥʫ, ʘʩʪʘʢʩʘʥʪʠʥ, ʛʽʘʣʫʨʦʥʦʚʘ ʢʠʩʣʦʪʘ, ʧʦʣʽ-L-ʤʦʣʦʯʥʘ 

ʢʠʩʣʦʪʘ, ʨʦʩʣʠʥʥʽ ʝʢʩʪʨʘʢʪʠ. 

ɿʘ ʦʩʪʘʥʥʽ 10 ʨʦʢʽʚ ʩʧʦʣʫʢʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʪʘʢʽ ʷʢ 

ʨʝʩʚʝʨʘʪʨʦʣ, ʢʫʨʢʫʤʽʥ, ʢʚʝʨʮʝʪʠʥ, ʩʠʣʽʤʘʨʠʥ ʽ ʙʘʢʫʭʽʦʣ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʘ 

ʨʦʩʣʠʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʱʦ ʤʽʩʪʷʪʴ ʦʣʽʶ ʰʠʧʰʠʥʠ (Rosa moschata), 

ʝʢʩʪʨʘʢʪ ʯʦʨʥʠʮʽ (Vaccinium myrtillus), ʩʦʣʦʜʢʠ (Glycyrrhiza). glabra) 

ʝʢʩʪʨʘʢʪ ʢʦʨʝʥʷ ʘʙʦ ʦʣʽʷ ʥʘʩʽʥʥʷ ʛʨʘʥʘʪʘ (Punica granatum) ʦʮʽʥʝʥʽ 

ʢʣʽʥʽʯʥʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʘʡʢʨʘʱʽ ʪʘ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʚʘʨʽʘʥʪʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʧʨʦʪʠ ʩʪʘʨʽʥʥʷ, 

ʚʢʣʶʯʘʶʯʠ ʬʝʨʫʣʦʚʫ ʢʠʩʣʦʪʫ ʪʘ ʛʘʣʦʚʫ ʢʠʩʣʦʪʫ, Thymus vulgaris, Panax 

ginseng, Triticum. aestivum ʽ Andrographis paniculata. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʨʦʨʘʣʴʥʦʛʦ 

ʧʨʝʧʘʨʘʪʫ ʜʣʷ ʢʦʨʝʢʮʽʾ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʩʪʘʨʽʥʥʷ ʰʢʽʨʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʡʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʝʧʘʨʘʪ ʫ ʬʦʨʤʽ ʢʘʧʩʫʣ ʫ ʷʢʦʩʪʽ ʜʽʶʯʠʭ ʨʝʯʦʚʠʥ 

ʤʽʩʪʠʪʴ ʝʢʩʪʨʘʢʪ ʢʦʨʝʥʷ ʜʽʦʩʢʦʨʝʾ, ʚʽʪʘʤʽʥ C, ʚʽʪʘʤʽʥ E (ʪʦʢʦʬʝʨʦʣʫ 

ʘʮʝʪʘʪ), ʛʽʘʣʫʨʦʥʦʚʫ ʢʠʩʣʦʪʫ [3]. 



ʍɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷ ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ 

ʪʘ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ çʍʽʤʽʷ  ̔ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾè 

 

36 

ʂʦʨʽʥʥʷ Dioscorea nipponica Makino ʜʽʦʩʢʦʨʝʾ ʤʽʩʪʠʪʴ ʮʽʣʠʡ ʢʦʤʧʣʝʢʩ 

ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʥʘʡʙʽʣʴʰ ʚʠʚʯʝʥʠʤʠ ʟ ʥʠʭ ʻ ʩʪʝʨʦʾʜʥʽ 

ʩʘʧʦʥʽʥʠ ʪʘ ʛʦʣʦʚʥʠʡ ʟ ʥʠʭ ï ʜʽʦʩʛʝʥʽʥ, ʷʢʠʡ ʻ ʥʘʪʫʨʘʣʴʥʠʤ ʧʦʧʝʨʝʜʥʠʢʦʤ 

ʜʝʛʽʜʨʦʝʧʽʘʥʜʨʦʩʪʝʨʦʥʫ (ɼɻɽɸ). ɼɻɽɸ ï ʮʝ ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʩʪʝʨʦʾʜʥʠʭ 

ʛʦʨʤʦʥʽʚ, ʷʢʠʡ ʙʽʦʭʽʤʽʯʥʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʛʦʨʤʦʥʠ ʝʩʪʨʦʛʝʥ, 

ʪʝʩʪʦʩʪʝʨʦʥ, ʧʨʦʛʝʩʪʝʨʦʥ ʽ ʢʦʨʪʠʢʦʩʪʝʨʦʥ, ʧʨʦʜʫʢʮʽʷ ʷʢʦʛʦ ʟ ʚʽʢʦʤ 

ʧʦʩʪʽʡʥʦ ʟʥʠʞʫʻʪʴʩʷ. ʌʽʙʨʦʙʣʘʩʪʠ ʪʘ ʤ'ʷʟʦʚʽ ʚʦʣʦʢʥʘ ʰʢʽʨʠ ʯʫʪʣʠʚʽ ʜʦ 

ʮʠʨʢʫʣʶʶʯʠʭ ʝʩʪʨʦʛʝʥʽʚ ʪʘ ʧʨʦʛʝʩʪʝʨʦʥʫ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʟʥʠʞʝʥʥʷ ʩʠʥʪʝʟʫ 

ʢʦʣʘʛʝʥʦ-ʝʣʘʩʪʠʥʦʚʠʭ ʚʦʣʦʢʦʥ. ʊʘʢʦʞ ʚʽʜʦʤʦ, ʱʦ ʜʽʦʩʢʦʨʝʷ ʻ ʧʨʠʨʦʜʥʠʤ 

ʩʪʠʤʫʣʷʪʦʨʦʤ ʚʠʨʦʙʣʝʥʥʷ ʩʦʤʘʪʦʪʨʦʧʥʦʛʦ ʛʦʨʤʦʥʫ, ʷʢʠʡ ʟʙʽʣʴʰʫʻ ʩʠʥʪʝʟ 

ʙʽʣʢʽʚ ʫ ʧʽʜʰʢʽʨʥʦʤʫ ʰʘʨʽ, ʚʽʜʥʦʚʣʶʻ ʧʨʫʞʥʽʩʪʴ, ʭʘʨʘʢʪʝʨʥʫ ʜʣʷ ʤʦʣʦʜʦʾ 

ʰʢʽʨʠ, ʧʦʢʨʘʱʫʻ ʾʾ ʢʦʣʽʨ. 

ɺʽʪʘʤʽʥ C ï ʘʥʪʠʦʢʩʠʜʘʥʪ/ʘʢʮʝʧʪʦʨ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ, ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʜʽʷʥʠʡ ʫ ʩʠʥʪʝʟʽ ʢʦʣʘʛʝʥʫ ʪʘ ʡʦʛʦ ʩʪʨʫʢʪʫʨʽ ʽ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʧʦʪʝʥʮʽʶʻ ʫʪʚʦʨʝʥʥʷ ʛʽʘʣʫʨʦʥʦʚʦʾ ʢʠʩʣʦʪʠ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ 

ʬʽʟʽʦʣʦʛʽʯʥʦʾ ʨʦʣʽ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʻ ʾʾ ʟʜʘʪʥʽʩʪʴ ʚʽʜʥʦʚʣʶʚʘʪʠ 

ʦʢʠʩʣʝʥʽ ʬʦʨʤʠ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʚʦʣʦʢʦʥ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʛʣʫʪʘʪʽʦʥʫ ʽ 

ʚʽʪʘʤʽʥʫ E.  

ɺʽʪʘʤʽʥ E ï ʘʥʪʠʦʢʩʠʜʘʥʪ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʟʥʠʞʝʥʥʶ ʚʤʽʩʪʫ 

ʢʦʣʘʛʝʥʫ, ʚʪʨʘʪʽ ʚʦʣʦʛʦʩʪʽ ʪʘ ʝʣʘʩʪʠʯʥʦʩʪʽ ʰʢʽʨʠ, ʟʘʭʠʱʘʻ ʾʾ ʚʽʜ ʰʢʽʜʣʠʚʦʛʦ 

ʚʧʣʠʚʫ ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ.  

ɻʽʘʣʫʨʦʥʦʚʘ ʢʠʩʣʦʪʘ ʧʝʨʝʰʢʦʜʞʘʻ ʨʦʟʧʘʜʫ ʝʣʘʩʪʠʥʫ ʪʘ ʢʦʣʘʛʝʥʫ, 

ʫʪʨʠʤʫʻ ʚʦʜʫ ʚ ʤʽʞʢʣʽʪʠʥʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʧʽʜʚʠʱʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʦʧʽʨ 

ʪʢʘʥʠʥ ʩʪʠʩʢʫ ʪʘ ʥʘʜʘʶʯʠ ʰʢʽʨʽ ʧʨʫʞʥʽʩʪʴ, ʩʧʨʠʷʻ ʚʠʨʦʙʣʝʥʥʶ 

ʬʽʙʨʦʙʣʘʩʪʽʚ ʩʧʦʣʫʯʥʦʾ ʪʢʘʥʠʥʠ. ʋ ʷʢʦʩʪʽ ʜʦʧʦʤʽʞʥʠʭ ʨʝʯʦʚʠʥ ʦʙʨʘʥʽ 

ʘʝʨʦʩʠʣ, ʢʘʣʴʮʽʶ ʩʪʝʘʨʘʪ.  

ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʛʣʘʤʝʥʪ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʝʨʦʨʘʣʴʥʦʛʦ ʧʨʝʧʘʨʘʪʫ ʜʣʷ ʢʦʨʝʢʮʽʾ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʩʪʘʨʽʥʥʷ ʰʢʽʨʠ ʫ 

ʢʘʧʩʫʣʘʭ ʪʘ ʦʙʨʘʥʦ ʥʝʦʙʭʽʜʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ. 
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ɺʽʜʦʤʦ, ʱʦ ʥʘʧʨʷʤʦʢ ʝʣʝʢʪʨʦʬʽʣʴʥʦʾ ʛʝʪʝʨʦʮʠʢʣʽʟʘʮʽʾ ʪʝʨʤʽʥʘʣʴʥʠʭ 

ʪʘ ʽʥʪʝʨʥʘʣʴʥʠʭ ʘʣʽʣʴʥʠʭ ʪʽʦʝʪʝʨʽʚ ʙʝʥʟʦʪʽʘʟʦʣʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʪʘ 

ʧʨʠʨʦʜʠ ʟʘʤʽʩʥʠʢʘ ʙʽʣʷ ʪʝʨʤʽʥʘʣʴʥʦʛʦ ʘʪʦʤʘ ʢʘʨʙʦʥʫ ʘʣʽʣʘ ʽ ʤʦʞʝ 

ʧʨʠʚʦʜʠʪʠ ʜʦ ʩʠʥʪʝʟʫ ʪʽʘʟʦʣʦ- ʯʠ ʪʽʘʟʠʥʦ-ʙʝʥʟʦʪʽʘʟʦʣʽʥʽʻʚʠʭ ʩʦʣʝʡ ʘʙʦ ʾʭ 

ʩʫʤʽʰʽ. ʅʘʧʨʷʤʦʢ ʛʘʣʦʛʝʥʦʮʠʢʣʽʟʘʮʽʾ ʘʣʽʣʴʥʦʛʦ(ʤʝʪʘʣʽʣʴʥʦʛʦ) ʪʽʦʝʪʝʨʫ 

ʯʫʪʣʠʚʠʡ ʜʦ ʧʦʣʷʨʥʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ, ʟʤʽʥʘ ʷʢʦʾ ʚʧʣʠʚʘʻ ʥʘ ʨʝʛʽʦʭʽʤʽʶ 

ʧʨʦʮʝʩʫ [1]. ʅʘʪʦʤʽʩʪʴ, ʧʨʠ ʛʘʣʦʮʠʢʣʽʟʘʮʽʾ ʮʠʥʘʤʽʣʴʥʦʛʦ ʪʽʦʝʪʝʨʫ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚʠʢʣʶʯʥʦ ʛʘʣʦʛʝʥʽʜʠ ʪʽʘʟʠʥʦʙʝʥʟʦʪʽʘʟʦʣʽʶ [2]. ʊʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʷʤʢʫ ʛʝʪʝʨʦʮʠʢʣʽʟʘʮʽʾ ʘʣʢʝʥʽʣʴʥʠʭ ʪʽʦʝʪʝʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʢʨʘʪʥʦʛʦ ʟʚôʷʟʢʫ ʯʠ ʟʤʽʥʠ ʚʠʜʫ ʟʘʤʽʩʥʠʢʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʷʤʢʫ ʛʘʣʦʛʝʥʦʮʠʢʣʽʟʘʮʽʾ 

ʧʨʝʥʽʣʴʥʦʛʦ 2 ʪʘ ʙʫʪʝʥʽʣʴʥʦʛʦ 3 ʪʽʦʝʪʝʨʽʚ ʙʝʥʟʦʪʽʘʟʦʣʫ, ʷʢʽ ʩʠʥʪʝʟʦʚʘʥʽ ʟʘ 

ʤʝʪʦʜʠʢʦʶ [2]. ɽʣʝʢʪʨʦʬʽʣʴʥʫ ʛʝʪʝʨʦʮʠʢʣʽʟʘʮʽʶ ʪʽʦʝʪʝʨʽʚ 2,3 ʧʨʦʚʦʜʠʣʠ 

ʜʽʻʶ ʛʘʣʦʛʝʥʽʚ (ʙʨʦʤ, ʡʦʜ) ʫ ʭʣʦʨʦʬʦʨʤʽ ʪʘ ʙʨʦʤʽʜʫ ʡʦʜʫ ʚ ʦʮʪʦʚʽʡ ʢʠʩʣʦʪʽ.  

 
ʈʠʩ.1 ʉʭʝʤʘ ʩʠʥʪʝʟʫ ʪʘ ʜʦʢʘʟʫ ʙʫʜʦʚʠ ʩʦʣʝʡ ʪʽʘʟʠʥʦʙʝʥʟʦʪʽʘʟʦʣʽʶ 4-8 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʩʚʽʜʯʠʪʴ, ʱʦ ʥʘʧʨʷʤʦʢ ʛʘʣʦʮʠʢʣʽʟʘʮʽʾ 

ʧʨʝʥʽʣʴʥʠʭ ʪʽʦʝʪʝʨʽʚ ʯʠ ʝʪʝʨʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʙʘʟʦʚʦʛʦ ʛʝʪʝʨʦʮʠʢʣʫ 

ʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʘʥʝʣʶʚʘʥʥʷ ʪʽʘʟʦʣʴʥʦʛʦ ʯʠ ʪʽʘʟʠʥʦʚʦʛʦ ʮʠʢʣʫ. ʅʘʤʠ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʘʣʦʛʝʥʫʚʘʥʥʷ 2-ʧʨʝʥʽʣʪʽʦʙʝʥʟʦʪʽʘʟʦʣʫ 2 ʨʝʛʽʦʩʝʣʝʢʪʠʚʥʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʦʥʦ ʯʠ ʪʨʠʛʘʣʦʛʝʥʽʜʽʚ ʪʽʘʟʠʥʦʙʝʥʟʦʪʽʘʟʦʣʽʶ 4-6, 

ʱʦ ʦʜʥʦʟʥʘʯʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʢʦʨʝʣʷʮʽʡʥʦʶ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ. ʉʦʣʽ 

ʪʽʘʟʠʥʦʙʝʥʟʦʪʽʘʟʦʣʽʶ 7,8 ʪʘʢʦʞ ʫʪʚʦʨʶʶʪʴʩʷ ʽ ʧʨʠ ʛʘʣʦʮʠʢʣʽʟʘʮʽʾ 

ʙʫʪʝʥʽʣʴʥʦʛʦ ʪʽʦʝʪʝʨʫ ʙʝʥʟʦʪʽʘʟʦʣʫ 3. 
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ʉʀʅʊɽɿ ʅʆɺʀʍ ʇʆʍɯɼʅʀʍ 1,2,3-ʊʈʀɸɿʆʃ-4-ɯʃ-1,4-

ɼʀɻɯɼʈʆʇɯʈʀɼʀʅʋ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ ɰʍ ɺʇʃʀɺʋ ʅɸ ʂɸʅɸʃʀ 

ʂɸʃʔʎɯʖ L-ʊʀʇʋ ʄɽʊʆɼʆʄ ʄʆʃɽʂʋʃʗʈʅʆɻʆ ɼʆʂɯʅɻʋ 

ɻʝʣʝʚʝʨʷ A.O.*, ɾʫʨʘʚʝʣʴ I.O.** , Koʚaʣeʥʢo ʉ.M.*** , Kʠʨʠʯeʥʢo ʆ.ɺ.*** , 

ɹʠʣʦʚ I.ɭ.**  

e-mail: Anna.Heleveria@vscht.cz 
*ʋʥʽʚʝʨʩʠʪʝʪ ʭʽʤʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ,  

ʏʝʩʴʢʘ ʈʝʩʧʫʙʣʽʢʘ, ʇʨʘʛʘ 

**ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɺ.ʅ. ʂʘʨʘʟʽʥʘ,  

ʋʢʨʘʾʥʘ, ʍʘʨʢʽʚ 
***ʅʘʮʽʦʥʘʣʴʥʠʡ ʬʘʨʤʘʮʝʚʪʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  

ʋʢʨʘʾʥʘ, ʍʘʨʢʽʚ 

 

ɺʩʪʫʧ. ʃʽʢʘʨʩʴʢʽ ʟʘʩʦʙʠ (ʃɿ) ʛʨʫʧʠ 1,4-ʜʠʛʽʜʨʦʧʽʨʠʜʠʥʽʚ (DHP), ʱʦ 

ʧʨʠʛʥʽʯʫʶʪʴ ʘʢʪʠʚʥʽʩʪʴ ʢʘʣʴʮʽʻʚʠʭ ʢʘʥʘʣʽʚ, ʧʦʩʽʜʘʶʪʴ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʚ 

ʪʝʨʘʧʽʾ ʛʽʧʝʨʪʦʥʽʯʥʦʾ ʭʚʦʨʦʙʠ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʾʭ ʚʠʩʦʢʦʶ ʚʠʙʽʨʢʦʚʽʩʪʶ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʩʘʤʝ ʜʦ ʩʫʜʠʥ. ʇʨʝʧʘʨʘʪʠ ʮʽʻʾ ʛʨʫʧʠ ʤʘʶʪʴ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʟʥʘʯʥʠʡ ʧʦʧʠʪ. ɸʣʝ ʚʽʜʦʤʽ ʥʘ ʩʴʦʛʦʜʥʽ ʙʣʦʢʘʪʦʨʠ 

ʢʘʣʴʮʽʻʚʠʭ ʢʘʥʘʣʽʚ ʥʝ ʧʦʟʙʘʚʣʝʥʽ ʥʝʜʦʣʽʢʽʚ, ʤʘʶʪʴ ʧʦʙʽʯʥʫ ʜʽʶ, ʱʦ ʨʦʙʠʪʴ 

ʜʦʮʽʣʴʥʠʤ ʧʦʰʫʢ ʪʘ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʙʝʟʧʝʯʥʠʭ ʃɿ 

ʮʽʻʾ ʛʨʫʧʠ. 

ʄʝʪʘ. ɿʜʽʡʩʥʠʪʠ ʩʠʥʪʝʟ ʪʘ ʧʨʦʚʝʩʪʠ ʤʦʣʝʢʫʣʷʨʥʠʡ ʜʦʢʽʥʛ ʥʦʚʠʭ 

ʘʥʘʣʦʛʽʚ ʥʽʬʝʜʠʧʽʥʫ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʬʨʘʛʤʝʥʪʠ 1,4-ʜʠʛʽʜʨʦʧʽʨʠʜʠʥʫ ʪʘ 

1,2,3-ʪʨʠʘʟʦʣʫ ʟ ʤʝʪʦʶ ʧʦʰʫʢʫ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʘʛʝʥʪʽʚ 

ʛʽʧʦʪʝʥʟʠʚʥʦʾ ʜʽʾ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʙʽʦʩʪʘʙʽʣʴʥʦʩʪʽ, ʙʽʦʜʦʩ-

ʪʫʧʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʜʦ ʨʝʮʝʧʪʦʨʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʣʷ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʩʧʦʣʫʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʩʪʘʥʜʘʨʪʥʽ ʩʠʥʪʝʪʠʯʥʽ ʤʝʪʦʜʠ; ʙʫʜʦʚʫ ʨʝʯʦʚʠʥ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʘʥʠʤʠ 1H 

ʗMʈ-, 13C ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ in silico 

ʙʫʣʠ ʟʜʽʡʩʥʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ AutoDock Vina ʪʘ LigandScout. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ʅʘʤʠ ʟʜʽʡʩʥʝʥʦ ʩʠʥʪʝʟ ʨʷʜʫ ʥʦʚʠʭ 

ʧʦʭʽʜʥʠʭ 2,6-ʜʠʤʝʪʠʣ-1,4-ʜʠʛʽʜʨʦʧʽʨʠʜʠʥ-3,5-ʜʠʢʘʨʙʦʢʩʠʣʘʪʽʚ ʽʟ 1-ʘʨʠʣ-

ʟʘʤʽʱʝʥʠʤ 1,2,3-ʪʨʠʘʟʦʣʴʥʠʤ ʬʨʘʛʤʝʥʪʦʤ ʚ ʧʦʣʦʞʝʥʥʽ 4.  

ʇʦʙʫʜʦʚʫ 1,2,3-ʪʨʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʫ ʟʜʽʡʩʥʶʚʘʣʠ ʢʣʽʢ-ʨʝʘʢʮʽʻʶ 

ʧʨʦʧʘʨʛʽʣʦʚʦʛʦ ʩʧʠʨʪʫ ʟ ʘʨʠʣʘʟʠʜʘʤʠ 2 ʟʘ ʍʴʶʟʛʝʥʦʤ (CuAAC) ʟ 

ʧʦʜʘʣʴʰʠʤ ʦʢʠʩʥʝʥʥʷʤ ʩʧʠʨʪʽʚ 3 ʧʽʜ ʜʽʻʶ ʭʣʦʨʦʭʨʦʤʘʪʘ ʧʽʨʠʜʠʥʽʶ (PCC). 

ɺʠʭʽʜ ʘʣʴʜʝʛʽʜʽʚ 4 ʩʪʘʥʦʚʠʚ 68 ï 79%. 

 



ʉʝʢʮʽʷ çʆʨʛʘʥʽʯʥʘ ʭʽʤʽʷ, ʪʝʭʥʦʣʦʛʽʾ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʽ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ 

ʧʨʝʧʘʨʘʪʽʚè 
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ʉʭʝʤʘ 1. ʉʠʥʪʝʟ 1H-1,2,3-ʪʨʠʘʟʦʣ-4-ʢʘʨʙʘʣʴʜʝʛʽʜʽʚ. ʈʝʘʛʝʥʪʠ ʽ 
ʫʤʦʚʠ: a) NaNO2, HCl, 0ÁC; NaN3, 2ï4 h, rt; b) ʧʨʦʧʘʨʛʽʣʦʚʠʡ ʩʧʠʨʪ, CuSO4, 
ʘʩʢʦʨʙʘʪ ʥʘʪʨʽʶ, THF:H2O (1:1), rt; c) PCC, CH2Cl2, 2 h, rt. 

ɼʘʣʽ ʢʦʥʜʝʥʩʘʮʽʻʶ ʜʚʦʭ ʝʢʚʽʚʘʣʝʥʪʽʚ 1,3-ʜʠʢʘʨʙʦʥʽʣʴʥʦʾ ʩʧʦʣʫʢʠ 6, 
ʦʜʥʦʛʦ ʝʢʚʽʚʘʣʝʥʪʘ ʘʣʴʜʝʛʽʜʘ 4a-h ʽ ʘʮʝʪʘʪʘ ʘʤʦʥʠʶ 6 ʟʘ ʨʝʘʢʮʽʻʶ ɻʘʥʯʘ 
ʦʪʨʠʤʫʚʘʣʠ ʢʽʥʮʝʚʽ 2,6-ʜʠʤʝʪʠʣ-4-(1H-1,2,3-ʪʨʠʘʟʦʣ-4-ʽʣ)-1,4-ʜʠʛʽʜʨʦʧʽ-
ʨʠʜʠʥ-3,5-ʜʠʢʘʨʙʦʢʩʠʣʘʪʠ 5ʘïh ʟ ʚʠʭʦʜʘʤʠ 80ï96%:  

ʉʭʝʤʘ 2. ʉʠʥʪʝʟ ʧʦʭʽʜʥʠʭ 2,6-ʜʠʤʝʪʠʣ-4-(1H-1,2,3-ʪʨʠʘʟʦʣ-4-ʽʣ)-1,4-
ʜʠʛʽʜʨʦʧʽʨʠʜʠʥ-3,5-ʜʠʢʘʨʙʦʢʩʠʣʘʪʽʚ 5ʘïh. 

ʇʨʦʚʝʜʝʥʦ ʤʦʣʝʢʫʣʷʨʥʠʡ ʜʦʢʽʥʛ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʜʣʷ ʛʥʫʯʢʦʾ 
ʤʦʜʝʣʽ ʮʠʭ ʣʽʛʘʥʜʽʚ ʪʘ ʬʽʢʩʦʚʘʥʦʾ ʤʦʜʝʣʽ ʙʽʣʢʫ ʜʠʛʽʜʨʦʧʽʨʠʥʦʚʦʛʦ 
ʨʝʮʝʧʪʦʨʘ ʢʘʣʴʮʽʻʚʠʭ ʢʘʥʘʣʽʚ L-ʪʠʧʫ rCav1.1.  

ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʽ 
ʨʝʯʦʚʠʥʠ ʟʘʡʤʘʶʪʴ ʪʝ ʩʘʤʝ ʧʦʣʦʞʝʥʥʷ ʚ ʘʢʪʠʚʥʦʤʫ ʩʘʡʪʽ ʬʝʨʤʝʥʪʫ, ʱʦ ʡ 
ʧʨʝʧʘʨʘʪ ʧʦʨʽʚʥʷʥʥʷ ʥʽʬʝʜʠʧʽʥ. 
ʅʘʧʨʠʢʣʘʜ, 3,5-ʜʽʝʪʠʣ-2,6-ʜʠʤʝʪʠʣ-4-
(1-(4-(ʪʨʠʣʫʦʨʦʤʝʪʠʣ)ʬʝʥʽʣ)-1H-1,2,3-
ʪʨʠʘʟʦʣ-4-ʽʣ-1,4-ʜʠʛʽʜʨʦʧʽʨʠʜʠʥʫ-3,5-
ʜʠʢʘʨʙʦʢʩʠʣʘʪ ʟʘ ʰʢʘʣʦʶ ʘʬʽʥʥʦʩʪʽ 
ʟʚôʷʟʫʚʘʥʥʷ LigandScout ʤʘʻ ʩʧʦ-
ʨʽʜʥʝʥʽʩʪʴ ʜʦ ʨʝʮʝʧʪʦʨʘ rCav1.1 ʥʘ 
ʨʽʚʥʽ -24,8 ʧʦʨʽʚʥʷʥʦ ʟ -24,9 ʜʣʷ 
ʥʽʬʝʜʠʧʽʥʫ (ʥʘ ʤʘʣʶʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʘ 
ʚʽʟʫʘʣʽʟʘʮʽʷ ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʠʢʦʚʢʠ 
ʩʧʦʣʫʢʠ ʚʽʜʥʦʩʥʦ ʨʝʮʝʧʪʦʨʘ rCav1.1 
(PDB 6JP5)).  

ɺʠʩʥʦʚʢʠ. ɿʜʽʡʩʥʝʥʦ ʩʠʥʪʝʟ ʥʦʚʠʭ ʩʧʦʣʫʢ ʨʷʜʫ 1,2,3-ʪʨʠʘʟʦʣ-4-ʽʣ-2,6-
ʜʠʤʝʪʠʣ-1,4-ʜʠʛʽʜʨʦʧʽʨʠʜʠʥ-3,5-ʜʠʢʘʨʙʦʢʩʠʣʘʪʽʚ. ʇʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ 
ʝʥʝʨʛʽʡ ʟʚôʷʟʫʚʘʥʥʷ ʪʘ ʩʢʦʨʠʥʛʦʚʠʭ ʬʫʥʢʮʽʡ ʚʢʘʟʫʶʪʴ ʥʘ ʧʦʪʝʥʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ 
ʩʠʥʪʝʟʦʚʘʥʠʭ ʨʝʯʦʚʠʥ ʙʣʦʢʫʚʘʪʠ ʢʘʣʴʮʽʻʚʽ ʢʘʥʘʣʠ L-ʪʠʧʫ ʪʘ ʥʘ ʜʦʮʽʣʴʥʽʩʪʴ 
ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʜʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ. ɿʘʛʘʣʦʤ 
ʨʝʟʫʣʴʪʘʪʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʽʥʛʫ ʩʚʽʜʯʘʪʴ, ʱʦ ʚʚʝʜʝʥʥʷ 1,2,3-ʪʨʠʘʟʦʣʦʚʦʛʦ 
ʬʨʘʛʤʝʥʪʘ ʚ ʧʦʟʠʮʽʶ 4 1,4-ʜʠʛʽʜʨʦʧʽʨʠʜʠʥʦʚʦʛʦ ʷʜʨʘ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 
ʩʠʥʪʝʪʠʯʥʠʤ ʧʽʜʭʦʜʦʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʙʣʦʢʘʪʦʨʽʚ DHP ʪʠʧʫ. 



ʍɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷ ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ 

ʪʘ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ çʍʽʤʽʷ  ̔ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾè 
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ʆʉʆɹʃʀɺʆʉʊɯ ʌʆʈʄʋɺɸʅʅʗ ʂʆʄɹɯʅɸʊʆʈʅʆɰ ɹɯɹʃɯʆʊɽʂʀ 

ʉɯʈʂʆɺʄɯʉʅʀʍ ɻɽʊɽʈʆʎʀʂʃɯʏʅʀʍ ɻɯɹʈʀɼɯɺ ʅɸ ʆʉʅʆɺɯ  

6-(ʍʃʆʈʆ(R2)ʄɽʊʀʃ)-3-R1-2H-[1,2,4]ʊʈʀɸɿʀʅʆ[2,3-ʩ]ʍɯʅɸɿʆʃɯʅ-

2-ʆʅɯɺ 

ɻʨʠʮʘʢ ʆ.ɸ. 

e-mail: 2212dek2015@gmail.com 

ɿʘʧʦʨʽʟʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʤʝʜʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  

ʋʢʨʘʾʥʘ, ɿʘʧʦʨʽʞʞʷ 

 

ɻʝʪʝʨʦʮʠʢʣʽʯʥʽ ʛʽʙʨʠʜʠ ʥʝʦʜʥʦʨʘʟʦʚʦ ʙʫʣʠ ʦʧʠʩʘʥʽ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ ʟ ʨʽʟʥʦʙʽʯʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ. 

ɺʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʝ, ʘ ʪʘʢʦʞ ʚʝʣʠʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʚʽʜʦʤʠʭ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʾʭ ʧʦʻʜʥʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

çʣʽʥʢʝʨʥʠʭè ʛʨʫʧ ʥʘʟʚʘʥʠʡ ʢʣʘʩ ʩʧʦʣʫʢ ʧʦʩʪʽʡʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʮʝʥʪʨʽ 

ʫʚʘʛʠ ʜʦʩʣʽʜʥʠʢʽʚ ʫ ʛʘʣʫʟʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ.  

ʉʝʨʝʜ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʭ ʛʽʙʨʠʜʽʚ ʤʦʞʥʘ 

ʚʽʜʟʥʘʯʠʪʠ [1,2,4]ʪʨʠʘʟʠʥʦ[2,3-c]ʭʽʥʘʟʦʣʽʥʦʚʫ ʛʝʪʝʨʦʮʠʢʣʽʯʥʫ ʩʠʩʪʝʤʫ, 

ʧʦʭʽʜʥʽ ʷʢʠʭ ʙʫʣʠ ʥʝʦʜʥʦʨʘʟʦʚʦ ʦʧʠʩʘʥʽ ʷʢ ʩʧʦʣʫʢʠ ʟ ʚʠʩʦʢʦʶ ʙʽʦʣʦʛʽʯʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ. ɹʽʣʴʰ ʪʦʛʦ ʦʧʠʩʘʥʽ ʛʝʪʝʨʦʮʠʢʣʽʯʥʽ ʛʽʙʨʠʜʠ, ʱʦ ʤʽʩʪʷʪʴ 

[1,2,4]ʪʨʠʘʟʠʥʦ[2,3-c]ʭʽʥʘʟʦʣʽʥʦʚʠʡ ʪʘ ʧʽʨʘʟʦʣʽʥʦʚʠʡ ʬʨʘʛʤʝʥʪʠ, ʱʦ 

ʧʦʻʜʥʘʥʽ ʪʽʦʘʮʝʪʘʤʽʜʥʠʤ çʣʽʥʢʝʨʦʤè ʪʘ ʧʨʦʷʚʣʷʶʪʴ ʚʠʨʘʞʝʥʫ 

ʘʥʪʠʤʽʢʨʦʙʥʫ ʜʽʶ.  

 

 
ʉʭʝʤʘ 1. ʂʦʥʮʝʧʮʽʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʙʽʙʣʽʦʪʝʢʠ 

 

 ɺʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʝ ʥʘʤʠ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʜʠʟʘʡʥ ʪʘ ʩʠʥʪʝʟ 

ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ʨʷʜʫ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʛʽʙʨʠʜʽʚ ʚ ʩʪʨʫʢʪʫʨʽ ʷʢʠʭ 

[1,2,4]ʪʨʠʘʟʠʥʦ[2,3-c]ʭʽʥʘʟʦʣʽʥʦʚʠʡ ʮʠʢʣ ʧʦʻʜʥʘʥʦ ʟ ʨʷʜʦʤ 

ʘʟʘʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʯʝʨʝʟ ʪʽʦʤʝʪʠʣʝʥʦʚʫ ʛʨʫʧʫ (ʉʭʝʤʘ 1). 

ʅʘʟʚʘʥʽ ʨʝʯʦʚʠʥʠ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʚʟʘʻʤʦʜʽʻʶ 6-(ʭʣʦʨʦ(R2)ʤʝʪʠʣ)-3-R1-2H-

[1,2,4]ʪʨʠʘʟʠʥʦ[2,3-c]ʭʽʥʘʟʦʣʽʥ-2-ʦʥʽʚ ʟ ʪʽʦʣʚʤʽʩʥʠʤʠ ʘʟʘʛʝʪʝʨʦʮʠʢʣʘʤʠ. 

ʆʜʝʨʞʘʥʽ ʨʝʯʦʚʠʥʠ ʧʣʘʥʫʻʪʴʩʷ ʜʦʩʣʽʜʠʪʠ ʥʘ ʥʘʷʚʥʽʩʪʴ 

ʧʨʦʪʠʤʽʢʨʦʙʥʦʾ ʪʘ ʧʨʦʪʠʛʨʠʙʢʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ. 



ʉʝʢʮʽʷ çʆʨʛʘʥʽʯʥʘ ʭʽʤʽʷ, ʪʝʭʥʦʣʦʛʽʾ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʽ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ 

ʧʨʝʧʘʨʘʪʽʚè 
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ʇɽʈʉʇɽʂʊʀɺʀ ʊɸ ʇʈʆɹʃɽʄʀ ʉʀʅʊɽʊʀʏʅʆɻʆ ʃɽɻʋɺɸʅʅʗ 

ɼɯɸʄɸʅɼʆɰɼɯɺ ʏɽʈɽɿ ʉʂɽʃɽʊʅɽ ʈɽɼɸɻʋɺɸʅʅʗ 

ɻʫʨʩʴʢʘ ʈ.ʄ 

e-mail: edunuchka@gmail.com 

ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, 

ʋʢʨʘʾʥʘ, ʂʠʾʚ 

 

ɼʽʘʤʘʥʜʦʾʜʠ ʩʴʦʛʦʜʥʽ ʜʫʞʝ ʮʽʢʘʚʠʡ ʪʘ ʧʨʦʛʨʝʩʠʚʥʠʡ ʥʘʧʨʷʤʦʢ 

ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ. ɼʽʘʤʘʥʜʦʾʜʠ ï ʮʝ ʚʫʛʣʝʚʦʜʥʽ, ʚ ʷʢʠʭ ʘʪʦʤ ʂʘʨʙʦʥʫ 

ʫʪʚʦʨʶʻ ʧʨʦʩʪʦʨʦʚʫ ʪʝʪʨʘʝʜʨʠʯʥʫ ʨʝʰʽʪʢʫ ʷʢ ʚ ʘʣʤʘʟʽ. ɺʦʥʠ ʻ ʧʨʠʨʦʜʥʽʤʠ 

ʢʣʽʪʠʥʥʠʤʠ ʚʫʛʣʝʚʦʜʥʷʤʠ ʽ ʥʘʛʘʜʫʶʪʴ ʥʘʥʦʘʣʤʘʟʥʽ ʯʘʩʪʠʥʢʠ ʟ ʚʦʜʥʝʚʠʤʠ 

ʢʽʣʴʮʷʤʠ, ʷʢʽ ʻ ʢʣʶʯʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʫʯʘʩʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʫʢ. [1] 

ʎʽ ʘʣʤʘʟʥʦ-ʢʨʠʩʪʘʣʽʯʥʽ ʢʣʽʪʠʥʠ ʟʣʠʪʽ ʤʽʞ ʩʦʙʦʶ ʽ ʟʘʢʽʥʯʫʶʪʴʩʷ 

ʚʦʜʥʝʤ. ɸʜʘʤʘʥʪʘʥ ʻ ʥʘʡʤʝʥʰʠʤ ʯʣʝʥʦʤ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʽʻʾ 

ʘʣʤʘʟʥʦʾ ʢʣʽʪʠʥʠ, ʪʝʪʨʘʤʘʥʪʘʥ ï ʚʠʱʠʡ ʜʽʘʤʘʥʜʦʾʜ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʯʦʪʠʨʴʦʭ ʢʣʽʪʠʥ. ʎʽ ʩʧʦʣʫʢʠ ʚʠʢʣʠʢʘʶʪʴ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʯʝʨʝʟ ʾʭ 

ʧʦʪʝʥʮʽʘʣ ʫ ʧʦʻʜʥʘʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʽʘʤʘʥʪʫ ʪʘ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ. ʇʦʻʜʥʘʥʥʷ 

ʤʽʮʥʦʩʪʽ, ʪʚʝʨʜʦʩʪʽ, ʥʘʧʽʚʧʨʦʚʽʜʥʦʩʪʽ, ʝʤʽʩʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʦʣʷ ʪʘ 

ʫʥʽʢʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʠʪʴ ʜʽʘʤʘʥʜʦʾʜʥʽ ʤʘʪʝʨʽʘʣʠ 

ʦʩʦʙʣʠʚʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʟʚʠʯʘʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ 

ʤʝʞʽ ʭʽʤʽʾ ʪʘ ʬʽʟʠʢʠ ʪʘ ʜʣʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. [2] 

ɺʽʜ ʧʦʯʘʪʢʫ ʚʽʜʢʨʠʪʪʷ ʮʠʭ ʩʧʦʣʫʢ ʧʦ ʩʴʦʛʦʜʥʽ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ 

ʚʠʙʽʨʢʦʚʦʾ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʜʽʘʤʘʥʜʦʾʜʽʚ. ʆʩʦʙʣʠʚʦ ʙʘʛʘʪʦʦʙʽʮʷʶʯʠʤ 

ʥʘʫʢʦʚʠʤ ʰʣʷʭʦʤ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʽʨʢʦʚʦʾ ʟʘʤʽʥʠ ʜʽʘʤʘʥʪʘʥʦʾʜʥʠʭ ʟʚôʷʟʢʽʚ 

ʉ-ʅ ʚʝʣʠʢʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʟʘʤʽʩʥʠʢʽʚ. ɹʽʣʴʰʝ ʪʦʛʦ, ʤʦʞʣʠʚʠʤ ʻ ʟʘʤʽʥʘ 

ʤʝʪʠʣʝʥʦʚʦʾ ʛʨʫʧʠ ʉ-ʅ ʛʝʪʝʨʦʘʪʦʤʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ S, O, 

NH ʪʦʱʦ. ʎʝ ʻ ʨʘʮʽʦʥʘʣʴʥʠʤ ʩʠʥʪʝʪʠʯʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʣʝʛʫʚʘʥʥʷ 

ʜʽʘʤʘʥʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɼʦʩʣʽʜʞʫʻʪʴʩʷ ʩʧʦʩʽʙ ʚʚʝʜʝʥʥʷ 

ʝʣʝʢʨʦʥʥʦʜʦʥʦʨʥʠʭ ʣʝʛʫʶʯʠʭ ʜʦʙʘʚʦʢ ʫ ʩʪʨʫʢʪʫʨʠ ʘʜʘʤʘʥʪʘʥʫ, ʜʽʘʤʘʥʪʘʥʫ 

ʪʘ ʪʨʽʘʤʘʥʪʘʥʫ ʯʝʨʝʟ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʝʘʢʮʽʡ ʚʽʜʢʨʠʪʪʷ ʪʘ ʟʘʢʨʠʪʪʷ ʢʣʽʪʠʥʠ. 

ʎʝ ʬʦʨʤʘʣʴʥʝ ʨʝʜʘʛʫʚʘʥʥʷ ʩʢʝʣʝʪʘ ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʪʠʣʝʥʫ ʥʘ 

ʛʝʪʝʨʦʘʪʦʤʥʠʡ ʬʨʘʛʤʝʥʪ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʩʧʝʮʽʘʣʴʥʦ ʣʝʛʦʚʘʥʽ 

ʜʽʘʤʘʥʪʦʚʽ ʤʘʪʝʨʽʘʣʠ ʟ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. [3] 

ʃʝʛʦʚʘʥʠʡ ʘʣʤʘʟ ʜʝʤʦʥʩʪʨʫʻ ʫʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ ʟʤʽʱʝʥʥʷ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʪʘ ʛʣʠʙʦʢʝ ʟʘʙʘʨʚʣʝʥʥʷ. ʍʦʯʘ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʜʝʢʽʣʴʢʘ 

ʰʣʷʭʽʚ ʩʠʥʪʝʟʫ ʛʝʪʝʨʦʜʽʘʤʘʥʜʦʾʜʽʚ, ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ, ʟʘ ʜʝʷʢʠʤʠ 

ʚʠʢʣʶʯʝʥʥʷʤʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʰʠʨʝʥʽ ʥʘ ʦʪʨʠʤʘʥʥʷ ʚʠʱʠʭ 

ʛʝʪʝʨʦʜʽʘʤʘʥʜʦʾʜʽʚ. ʍʦʯʘ ʪʽʘʜʘʤʘʥʪʘʥ ʙʫʣʦ ʜʘʚʥʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʪʘ 

ʚʠʜʽʣʝʥʦ ʽʟ ʩʠʨʦʾ ʥʘʬʪʠ, ʪʽʘʘʜʘʤʘʥʪʘʥ ʪʘ ʪʽʘʪʨʠʘʤʘʥʪʘʥ  ʙʫʣʠ ʚʽʜʢʨʠʪʪʽ 

ʣʠʰʝ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ, ʘʣʝ ʞʦʜʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʜʦʢʘʟʽʚ 

ʘʙʦ ʤʝʭʘʥʽʟʤʫ ʥʝ ʙʫʣʦ ʥʘʜʘʥʦ. ʍʦʯʘ ʧʨʠʩʫʪʥʽʩʪʴ ʝʣʝʢʨʦʥʝʛʘʪʠʚʥʠʭ ʘʪʦʤʽʚ 

ʜʝʟʘʢʪʠʚʫʻ ʘʜʘʤʘʥʪʘʥʦʚʽ ʢʣʽʪʠʥʠ ʜʦ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʉ-ʅ, ʮʝʡ ʝʬʝʢʪ 
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ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʦʩʣʘʙʣʶʻʪʴʩʷ ʫ ʚʠʱʠʭ ʜʽʘʤʘʥʜʦʾʜʘʭ. ʍʦʯʘ ʭʽʤʽʷ 

ʜʽʘʤʘʥʜʦʾʜʽʚ ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʚôʷʟʘʥʘ ʟ ʢʘʨʙʦʢʘʪʽʦʥʥʠʤʠ ʘʙʦ ʨʘʜʠʢʘʣʴʥʠʤʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ, ʥʘʷʚʥʽʩʪʴ ʝʣʝʢʨʦʥʝʛʘʪʠʚʥʠʭ ʘʪʦʤʽʚ ʨʦʙʠʪʴ 

ʛʝʪʝʨʦʜʽʘʤʘʥʜʦʾʜʠ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʢʘʨʙʘʥʽʦʥʥʠʭ ʨʝʘʢʮʽʡ. [4] 

ɿʘʨʘʟ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʢʣʘʩʫ ʤʦʣʝʢʫʣ ʚ 

ʤʝʜʠʮʠʥʽ ʪʘ ʭʽʤʽʾ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ. ɺʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʷʭ 

ʝʣʝʢʪʨʦʥʽʢʠ, ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʠʭ ʧʨʠʩʪʨʦʷʭ, ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʽ 

ʦʧʪʠʯʥʠʭ ʢʦʤʧôʶʪʝʨʘʭ. ɼʦʜʘʚʘʥʥʷ ʥʘʥʦʜʽʘʤʘʥʜʦʾʜʽʚ ʜʦ ʧʦʣʽʤʝʨʽʚ, ʛʫʤ, 

ʧʣʘʩʪʠʯʥʠʭ ʤʘʩ ʟʙʽʣʴʰʫʻ ʤʽʮʥʽʩʪʴ ʽ ʪʝʨʤʽʥ ʟʥʦʰʝʥʥʷ. ɺ ʤʝʜʠʮʠʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʝʜʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʤʝʜʠʯʥʠʭ 

ʥʘʥʦʨʦʙʦʪʽʚ. [5] 
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ʋʢʨʘʾʥʘ, ʆʜʝʩʘ 

 

ɿʽʩʪʘʚʣʝʥʽ ʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʘʨʝʥʩʫʣʴʬʦʥʦʚʦʶ 

(AS) ʪʘ ʥʽʪʨʘʪʥʦʶ (ʅ) ʢʠʩʣʦʪʘʤʠ ʟʨʘʟʢʽʚ ʙʝʥʪʦʥʽʪʫ (AS-Bent, ʅ-Bent), 

ʢʣʽʥʦʧʪʠʣʦʣʽʪʫ (AS-CLI, ʅ-CLI) ʪʘ ʪʨʝʧʝʣʫ(AS-ʊr, ʅ-ʊr) ʚ ʨʝʘʢʮʽʾ 

ʛʣʽʮʝʨʠʥʫ (GL) ʟ ʮʠʢʣʦʛʝʢʩʘʥʦʥʦʤ (CHone). 

ʆʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ, ʟ ʩʝʣʝʢʪʠʚʥʽʩʪʶ 99%, ʻ ʧôʷʪʠʯʣʝʥʥʠʡ 

ʮʠʢʣʽʯʥʠʡ ʢʝʪʘʣʴ (1,4-ʜ̔ʦʢʩʘʩʧʨ̔ʦ[4,5]ʜʝʢʘʥ-2-ʤʝʪʘʥʦʣ). ɺʠʷʚʣʝʥʦ, ʱʦ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ AS-CLI, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʪʘʣʽʟʘʪʦʨʫ (ʄkt) 

ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʫʙʫʪʢʫ GL (Wo) ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʪʦʜʽ ʷʢ ʢʦʥʚʝʨʩʽʷ GL 

(ZGL) ʟʨʦʩʪʘʻ ʽ ʜʦʩʷʛʘʻ 60%. ʅʘʪʦʤʽʩʪʴ ʫ ʧʨʠʩʫʪʥʦʩʪʽ AS-ʊr ʪʘ AS-Bent Wo 

ʟʨʦʩʪʘʻ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʄkt, ʧʨʠ ʮʴʦʤʫ ZGL ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʜʣʷ ʦʙʦʭ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ. ɿʨʘʟʦʢ ʥʘ ʦʩʥʦʚʽ ʪʨʝʧʝʣʫ ʧʨʦʷʚʣʷʻ ʙʽʣʴʰʫ ʘʢʪʠʚʥʽʩʪʴ ʥʽʞ 

ʙʝʥʪʦʥʽʪ ʪʘ ʢʣʽʥʦʧʪʠʣʦʣʽʪ. AS-Bent ʚʞʝ ʥʘ ʜʨʫʛʦʤʫ ʮʠʢʣʽ ʨʦʙʦʪʠ ʚʪʨʘʯʘʻ 

ʘʢʪʠʚʥʽʩʪʴ, ʘ AS-ʊr ï ʥʘ ʪʨʝʪʴʦʤʫ. 

ʈʝʘʢʮʽʷ ʟʘʜʦʚʽʣʴʥʦ ʦʧʠʩʫʻʪʴʩʷ ʤʦʜʝʣʣʶ ʄʽʭʘʝʣʽʩʘ-ʄʝʥʪʝʥ, 

ʢʦʥʩʪʘʥʪʠ ʄʽʭʘʝʣʽʩʘ ʪʘ ʤʘʢʩʠʤʘʣʴʥʽ ʰʚʠʜʢʦʩʪʽ, ʜʣʷ ʪʨʴʦʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ 

ʧʨʘʢʪʠʯʥʦ ʩʭʦʞʽ. ɺʠʷʚʣʝʥʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʧʦʨʷʜʦʢ ʨʝʘʢʮʽʾ (n) ʧʦ GL 

ʫ ʧʨʠʩʫʪʥʦʩʪʽ AS-Bent ʪʘ AS-ʊr ʜʦʨʽʚʥʶʻ ʪʨʴʦʤ, ʘ ʫ ʧʨʠʩʫʪʥʦʩʪʽ AS-CLI 

n = 2. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʮʴʦʛʦ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʧʦ ʨʽʟʥʦʤʫ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʝʭʘʥʽʟʤ ʨʝʘʢʮʽʾ. ɿʘ ʢʘʪʘʣʽʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʢʘʪʘʣʽʟʘʪʦʨʠ 

ʤʦʞʥʘ ʨʦʟʤʽʩʪʠʪʠ ʫ ʥʘʩʪʫʧʥʠʡ ʨʷʜ: AS-ʊr > AS-Bent > AS-CLI. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʩʝʨʝʜ ʅ-ʟʨʘʟʢʽʚ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʘʨʝʥʩʫʣʴʬʦʥʦʚʦʶ ʢʠʩʣʦʪʦʶ, ʙʽʣʴʰʫ ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʷʚʣʷʻ ʙʝʥʪʦʥʽʪ, ʪʦʜʽ ʷʢ 

ʪʨʝʧʝʣ ʙʽʣʴʰ ʘʢʪʠʚʥʠʡ ʩʝʨʝʜ AS-ʟʨʘʟʢʽʚ. ʅ-Bent ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʪʨʘʯʘʻ 

ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʪʷʛʦʤ 5 ʮʠʢʣʽʚ ʨʦʙʦʪʠ, ʥʘʪʦʤʽʩʪʴ ʅ-ʊr ʪʘ ʅ-CLI ʚʪʨʘʯʘʶʪʴ 

ʘʢʪʠʚʥʽʩʪʴ ʥʘ ʜʨʫʛʦʤʫ ʮʠʢʣʽ. ʅ-Bent ʚʠʷʚʠʚʩʷ ʙʽʣʴʰ ʩʪʽʡʢʠʤ ʜʦ ʚʪʨʘʪʠ 

ʢʘʪʘʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ AS-Bent, ʦʩʢʽʣʴʢʠ ʦʩʪʘʥʥʽʡ ʥʘ 

ʜʨʫʛʦʤʫ ʮʠʢʣʽ ʥʝʘʢʪʠʚʥʠʡ. 

ʂʽʥʝʪʠʢʘ ʨʝʘʢʮʽʾ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʅ-ʟʨʘʟʢʽʚ ʪʘʢʦʞ ʟʘʜʦʚʽʣʴʥʦ 

ʦʧʠʩʫʻʪʴʩʷ ʤʦʜʝʣʣʶ ʄʽʭʘʝʣʽʩʘ-ʄʝʥʪʝʥ. ɼʣʷ ʅ-Bent n = 1,5, ʜʣʷ ʅ-CLI 

n = 2 ʪʘ ʅ-ʊr n = 2,5. ɺʝʣʠʯʠʥʠ ʢʦʥʩʪʘʥʪʠ ʄʽʭʘʝʣʽʩʘ ʪʘ ʤʘʢʩʠʤʘʣʴʥʽ 

ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʅ-Bent ʚʠʱʽ, ʥʘʚʽʪʴ ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, 

ʱʦ ʨʝʘʢʮʽʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 40ʦʉ, ʪʦʜʽ ʷʢ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʅ-CLI ʪʘ ʅ-ʊr ʧʨʠ 

60ʦʉ. ɿʘ ʢʘʪʘʣʽʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʜʦʩʣʽʜʞʝʥʽ ʢʘʪʘʣʽʟʘʪʦʨʠ ʤʦʞʥʘ 

ʨʦʟʤʽʩʪʠʪʠ ʫ ʨʷʜ: ʅ-Bent > ʅ-CLI Ó ʅ-ʊr. 
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ɽʌɽʂʊʀɺʅʀʁ ʉʇʆʉɯɹ ʋʊɺʆʈɽʅʅʗ  

2-ʉʊʀʈʀʃʇɯʈʀʄɯɼʀʅ-4(3ʅ)-ʆʅɯɺ 

ɼʘʚʪʷʥ ɸ.ʉ. 

e-mail: araksya2103@gmail.com 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ʆ.ɺ. ɹʦʛʘʪʩʴʢʦʛʦ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ, 

ʋʢʨʘʾʥʘ, ʆʜʝʩʘ 

 

ɻʝʪʝʨʦʮʠʢʣʽʯʥʽ ʘʥʘʣʦʛʠ ʩʪʠʣʴʙʝʥʽʚ ʩʪʘʥʦʚʣʷʪʴ ʩʪʨʫʢʪʫʨʥʫ ʦʩʥʦʚʫ 

ʨʷʜʫ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʨʘʞʝʥʠʤʠ ʬʦʪʦʬʽʟʠʯʥʠʤʠ ʽ 

ʝʣʝʢʪʨʦʥʦʦʧʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ ʤʝʪʦʜʫ 

ʩʠʥʪʝʟʫ 2-ʩʪʠʨʠʣʧʽʨʠʤʽʜʠʥ-4(3ʅ)ʦʥʽʚ 1a-d ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʜʝʛʽʜʨʘʪʘʮʽʾ ʜʦʩʪʫʧʥʠʭ ʧʦʭʽʜʥʠʭ 2-(2-ʦʢʩʦ-2-ʘʨʠʣʝʪʠʣʽʜʝʥ)-

2,3-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʠʤʽʜʠʥ-4-ʦʥʽʚ 2a-d (ʩʭʝʤʘ 1). 

ʉʭʝʤʘ 1 

 
 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʫ ʽ ʚʠʜʽʣʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʦʪʨʠʤʘʪʠ 

ʮʽʣʴʦʚʽ ʧʨʦʜʫʢʪʠ ʟ ʚʠʩʦʢʠʤʠ ʚʠʭʦʜʘʤʠ ʪʘ ʜʦʩʪʘʪʥʽʤ ʩʪʫʧʝʥʝʤ ʯʠʩʪʦʪʠ ʙʝʟ 

ʜʦʜʘʪʢʦʚʦʛʦ ʦʯʠʱʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ʩʧʠʨʪʽʚ 3a-d ʪʘ ʟ ʤʽʥʽʤʘʣʴʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ. ʇʦ ʜʘʥʠʤ ʗʄʈ 1ʅ ʩʧʦʣʫʢʠ 1a-d 

ʤʘʶʪʴ ʬʦʨʤʫ ʪʨʘʥʩ ʽʟʦʤʝʨʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʪʘʢʦʞ, ʱʦ ʧʨʠ ʚʟʘʻʤʦʜʽʾ (E)-6-ʤʝʪʠʣ-2-

ʩʪʠʨʠʣʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʦʥʫ 1ʘ ʟ ʝʢʚʽʤʦʣʷʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʙʨʦʤʫ, 

ʫʪʚʦʨʶʻʪʴʩʷ ʥʝ ʦʯʽʢʫʚʘʥʠʡ ʧʨʦʜʫʢʪ ʧʨʠʻʜʥʘʥʥʷ ʧʦ ʧʦʜʚʽʡʥʦʤʫ ʟʚôʷʟʢʫ 4 

(ʩʭʝʤʘ 2), ʘ ʧʨʦʜʫʢʪ ʟʘʤʽʱʝʥʥʷ 5. 

ʉʭʝʤʘ 2 

 
ʇʦʜʽʙʥʠʡ ʧʝʨʝʙʽʛ ʨʝʘʢʮʽʾ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʫʪʚʦʨʝʥʥʷʤ ʥʘ ʧʝʨʰʽʡ 

ʩʪʘʜʽʾ ʨʝʘʢʮʽʾ ʘʢʪʠʚʥʦʛʦ ʽʥʪʝʨʤʝʜʽʘʪʫ, ʘ ʩʘʤʝ N-ʙʨʦʤʧʽʨʠʤʽʜʠʥ-4-ʦʥʫ. 

ʆʧʦʩʝʨʝʜʢʦʚʘʥʦ, ʥʘ ʢʦʨʠʩʪʴ ʮʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʩʚʽʜʯʠʪʴ ʬʘʢʪ ʫʪʚʦʨʝʥʥʷ 

ʩʧʦʣʫʢʠ 5 ʧʨʠ ʙʨʦʤʫʚʘʥʥʽ 1ʘ N-ʙʨʦʤʩʫʢʮʠʥʽʤʽʜʦʤ. 



ʉʝʢʮʽʷ çʆʨʛʘʥʽʯʥʘ ʭʽʤʽʷ, ʪʝʭʥʦʣʦʛʽʾ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʽ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ 
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ɯʄɯɼɸɿʆɹɽʅɿɸɿɽʇɯʅɯɺ 

ɼʘʥʠʣʶʢ ɯ.ʖ.,1 ʂʦʨʷʢʽʥʘ ʂ.ɺ.,2 ʊʦʣʤʘʯʦʚʘ ɺ.ʉ.,2 ʂʦʚʪʫʥ ʆ.ʄ.,2 ɺʦʚʢ ʄ.ɺ.1 

e-mail: ivannayu@ukr.net 
1ɯʥʩʪʠʪʫʪ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ,  

ʋʢʨʘʾʥʘ, ʂʠʾʚ 
2ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʄʠʭʘʡʣʘ ɼʨʘʛʦʤʘʥʦʚʘ, 

ʋʢʨʘʾʥʘ, ʂʠʾʚ 
 

ʇʦʪʫʞʥʠʤ ʤʝʜʠʢʦ-ʙʽʦʣʦʛʽʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʚʽʜʟʥʘʯʘʶʪʴʩʷ 

ʩʪʨʫʢʪʫʨʠ, ʫ ʷʢʠʭ ʙʝʥʟʘʟʝʧʽʥʦʚʠʡ ʢʘʨʢʘʩ ʘʥʝʣʴʦʚʘʥʠʡ ʟ ʽʤʽʜʘʟʦʣʴʥʠʤ 

ʷʜʨʦʤ. ɿʦʢʨʝʤʘ, ʚ ʨʷʜʫ ʧʦʭʽʜʥʠʭ ʽʤʽʜʘʟʦʙʝʥʟʘʟʝʧʽʥʽʚ ʟʥʘʡʜʝʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ 

ʚʠʷʚʣʷʶʪʴ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʫ ʪʘ ʘʥʪʠʛʽʧʝʨʪʝʥʟʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ ʘ ʪʘʢʦʞ ʻ  

ʝʬʝʢʪʠʚʥʠʤʠ ʘʥʪʘʛʦʥʽʩʪʘʤʠ ʛʽʩʪʘʤʽʥʦʚʠʭ ʪʘ ʩʝʨʦʪʦʥʽʥʦʚʠʭ ʨʝʮʝʧʪʦʨʽʚ. 

ɹʽʣʴʰʝ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʥʠʢʠ ʮʽʻʾ ʛʨʫʧʠ ʩʧʦʣʫʢ ʚʠʷʚʣʷʶʪʴ ʬʣʫʦʨʝʩʮʝʥʪʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʣʽʢʫʚʘʥʥʽ ʟʘʭʚʦʨʶʚʘʥʴ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʤʫʪʘʮʽʻʶ ʽʟʦʮʠʪʨʘʪʜʝʛʽʜʨʦʛʝʥʘʟ.  

ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʽʤʽʜʘʟʦʙʝʥʟʘʟʝʧʽʥʦʚʠʭ ʩʪʨʫʢʪʫʨ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʽ ʮʠʢʣʽʟʘʮʽʾ 

ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʧʦʭʽʜʥʠʭ ʙʝʥʟʘʟʝʧʽʥʽʚ, ʷʢʽ ʯʘʩʪʦ ʚʠʤʘʛʘʶʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʥʝ ʟʘʚʞʜʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʦʶ 

ʩʝʣʝʢʪʠʚʥʽʩʪʶ ʪʘ ʚʠʭʦʜʘʤʠ, ʘ ʪʘʢʦʞ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʽʜʩʫʪʥʽʩʪʶ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʫ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʘʭ. ʉʘʤʝ ʪʦʤʫ 

ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʦʜʝʨʞʘʥʥʷ ʽʤʽʜʘʟʦʙʝʥʟʘʟʝʧʽʥʦʚʠʭ ʩʢʘʬʦʣʜʽʚ ʽʟ 

ʽʥʢʦʨʧʦʨʦʚʘʥʠʤʠ ʚ ʾʭ ʩʪʨʫʢʪʫʨʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʽ ʬʘʨʤʘʢʦʬʦʨʥʠʤʠ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʩʠʥʪʝʪʠʯʥʦʶ ʧʨʦʙʣʝʤʦʶ. 

ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʘ ʧʽʜʭʦʜʠ ʜʦ ʩʠʥʪʝʟʫ 

ʛʘʣʦʛʝʥʦʤʝʪʠʣʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʽʤʽʜʘʟʦʙʝʥʟʘʟʝʧʽʥʽʚ. ʇʝʨʰʠʡ ʧʝʨʝʜʙʘʯʘʻ 

ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʫ ʛʘʣʦʛʝʥʮʠʢʣʽʟʘʮʽʶ N-ʘʣʽʣʘʤʽʜʠʥʽʚ 1 ʧʽʜ ʜʽʻʶ  

N-ʡʦʜʦ(ʙʨʦʤʦ)ʩʫʢʮʠʥʽʤʽʜʫ ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʽʟ ʦʪʨʠʤʘʥʥʷʤ ʥʦʚʠʭ 

ʙʨʦʤʦ(ʡʦʜʦ)ʤʝʪʠʣ ʽʤʽʜʘʟʦʙʝʥʟʘʟʝʧʽʥʽʚ 2. ɼʨʫʛʠʡ ʧʽʜʭʽʜ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʭʝʤʦʩʝʣʝʢʪʠʚʥʽʡ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʽʟʦʚʘʥʽʡ ʬʪʦʨʦʘʣʢʽʣʫʶʯʽʡ ʮʠʢʣʽʟʘʮʽʾ 

ʩʧʦʣʫʢ 1 ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʬʣʫʦʨʝʩʮʝʾʥʫ ʷʢ ʦʨʛʘʥʦʢʘʪʘʣʽʟʘʪʦʨʘ, ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʽʤʽʜʘʟʦʙʝʥʟʘʟʝʧʽʥʽʚ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʬʪʦʨʦʚʘʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ 3 (ʉʭʝʤʘ). 

 
ʉʭʝʤʘ. ʇʽʜʭʦʜʠ ʜʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʽʤʽʜʘʟʦʙʝʥʟʘʟʝʧʽʥʽʚ 
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ʅɸ ʇʆʃɯʉʊʀʈʆʃ 
ɼʽʤʦʚʘ ɯ.ɯ., ʐʝʚʯʝʥʢʦ ʆ.ɺ. 

e-mail: ovchev@ukr.net 
ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ. ɯ. ʄʝʯʥʠʢʦʚʘ, 

ʋʢʨʘʾʥʘ, ʆʜʝʩʘ 
 

ʇʦʣʽʩʪʠʨʦʣ (PS) ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʤʝʜʠʮʠʥʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʽʤʧʣʘʥʪʘʪʽʚ, 
ʦʜʥʦʨʘʟʦʚʠʭ ʚʠʨʦʙʽʚ (ʨʫʢʘʚʠʯʢʠ, ʬʣʘʢʦʥʠ), ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʢʦʥʪʝʡʥʝʨʽʚ, 
ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʦʩʫʜʫ (ʯʘʰʢʠ ʇʝʪʨʽ, ʣʦʪʢʠ ʜʣʷ ʩʪʝʨʠʣʽʟʘʮʽʾ ʪʘ ʧʽʧʝʪʢʠ). 
ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʡʦʛʦ ʧʦʧʝʨʝʜʥʴʦʾ ʩʪʝʨʠʣʽʟʘʮʽʾ, ʷʢʫ ʟʜʽʡʩʥʶʶʪʴ 
ʰʣʷʭʦʤ ʛʘʤʘ-ʦʧʨʦʤʽʥʝʥʥʷ ʘʙʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʝʪʠʣʝʥʦʢʩʠʜʫ, 

ʱʦ ʻ ʜʦʩʪʘʪʥʴʦ ʝʥʝʨʛʦʚʠʪʨʘʪʥʠʤ ʪʘ 
ʪʨʫʜʦʤʽʩʪʢʠʤ ʧʨʦʮʝʩʦʤ.  
ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ 
ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ PS, 
ʱʦ ʤʘʻ ʘʥʪʠʛʨʠʙʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦ 
ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʨʽʞʜʞʝʧʦʜʽʙʥʦʛʦ 
ʛʨʠʙʢʫ Candida albʽʩʘns. ʈʦʣʴ 
ʬʫʥʛʽʮʠʜʥʠʭ ʘʛʝʥʪʽʚ ʚʽʜʽʛʨʘʶʪʴ 
ʤʝʪʘʣʦʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ 
ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ 
ʫ ʤʝʜʠʮʠʥʽ ʜʣʷ ʧʨʦʪʠʜʽʾ ʧʘʪʦʛʝʥʥʠʤ 

ʙʘʢʪʝʨʽʷʤ ʪʘ ʛʨʠʙʢʘʤ [1]. ʉʠʥʪʝʟ ʤʝʪʘʣʦʚʤʽʩʥʦʛʦ PS ʟʜʽʡʩʥʶʶʪʴ ʫ ʜʚʘ 
ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ ï ʚʚʦʜʷʪʴ ɓ-ʜʠʢʝʪʦʥʽ ʛʨʫʧʠ, ʰʣʷʭʦʤ ʢʦʧʦʣʽʤʝʨʠʟʘʮʽʾ 
ʩʪʠʨʦʣʫ ʟ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 5-ʤʝʪʠʣ-5-ʛʝʢʩʝʥ-2,4-ʜʽʦʥʫ ʢʦʤʧʝʥʩʘʮʽʡʥʠʤ 
ʩʧʦʩʦʙʦʤ [2]. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʷʪʴ ʨʝʘʢʮʽʶ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ, 
ʜʦʜʘʶʯʠ ʜʦ ʨʦʟʯʠʥʫ ʧʦʣʽʤʝʨʫ ʩʦʣʽ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ. PS ʫ ʚʠʛʣʷʜʽ 
ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ, ʱʦ ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ ʚʤʽʩʪ ʤʝʪʘʣʽʚ (ʙʣʠʟʴʢʦ 1%) 
ʜʦʩʣʽʜʠʣʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʜʽʾ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʛʨʠʙʢʫ 
Candida albʽʩʘns. ɿʘ ʢʦʥʪʨʦʣʴʥʠʡ ʟʨʘʟʦʢ ʙʫʣʘ ʚʟʷʪʘ ʯʠʩʪʘ ʩʢʣʷʥʘ ʧʣʘʩʪʠʥʘ; 
ʪʘʢʦʞ ʦʮʽʥʶʚʘʣʠ ʚʧʣʠʚ ʚʠʭʽʜʥʦʾ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ (ʇʄ), ʱʦ ʥʝ ʤʽʩʪʠʪʴ 
ʤʝʪʘʣʦʬʨʘʛʤʝʥʪʽʚ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠʣʠ (ʜʠʚ. ʨʠʩ.), ʟʥʘʯʥʫ ʘʥʪʠʤʽʢʨʦʙʥʫ ʜʽʶ PS ʧʨʠ 
ʚʢʣʶʯʝʥʽ ɓ-ʜʠʢʝʪʦʥʫ ʜʦ ʡʦʛʦ ʩʢʣʘʜʫ (ʟʨʘʟʦʢ ʇʄ). ʍʝʣʘʪʫʚʘʥʥʷ 
ʧʝʨʝʭʽʜʥʠʤʠ ʤʝʪʘʣʘʤʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʩʠʣʝʥʥʷ ʬʫʥʛʽʮʠʜʥʦʾ ʜʽʾ, ʷʢʘ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʨʷʜʫ: Zn ² Co > Ag > Mn > Cu > ʇʄ. 
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ɺɿɸɭʄʆɼɯʗ  

N-(ʊʈɽʊ-ɹʋʊʀʃʉʋʃʔʌɯʅɯʃ)ʇʆʃɯʌʊʆʈʆɸʃʂɯʃɯʄɯʅɯɺ  

ɿ ɼɯɸɿʆʄɽʊɸʅʆʄ 

ɿʘʭʘʨʢʦ ʈ.ʄ., ɹʝʟʛʫʙʝʥʢʦ ʃ.ɺ., ʈʘʩʩʫʢʘʥʘ ʖ.ɺ. 

e-mail: zakharkoroman98@gmail.com 

ɯʥʩʪʠʪʫʪ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʋʢʨʘʾʥʘ, ʂʠʾʚ 

 

ɺʟʘʻʤʦʜʽʷ ʽʤʽʥʽʚ ʟ ʜʽʘʟʦʤʝʪʘʥʦʤ ʻ ʩʠʥʪʝʪʠʯʥʦ ʟʨʫʯʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ 

ʙʽʦʣʦʛʽʯʥʦ ʚʘʞʣʠʚʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ, ʪʘʢʠʭ ʷʢ ʪʨʠʘʟʦʣʽʥʠ ʪʘ 

ʘʟʠʨʠʜʠʥʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʾʭ ʧʦʣʽʬʪʦʨʘʣʢʽʣʴʥʠʭ ʘʥʘʣʦʛʽʚ [1,2]. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʚʟʘʻʤʦʜʽʷ N-(ʪʨʝʪ-ʙʫʪʠʣʩʫʣʴʬʽʥʽʣ)ʽʤʽʥʫ ʬʪʦʨʘʣʶ 1ʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʩʭʝʤʦʶ [3+2]-ʮʠʢʣʦʧʨʠʻʜʥʘʥʥʷ, ʦʜʥʘʢ, ʬʦʨʤʘʣʴʥʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʤʝʪʠʣʶʚʘʥʥʷʤ ʩʪʝʨʝʦʮʝʥʪʨʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʪʨʠʘʟʦʣʽʥʫ 2ʘ. ʉʪʨʫʢʪʫʨʘ 

ʪʨʠʘʟʦʣʽʥʫ 2ʘ ʙʫʣʘ ʜʦʚʝʜʝʥʘ ʈʉɸ, ʷʢʠʡ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʤʽʥʫ 

1ʘ ʟ S-ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʘʪʦʤʘ ʩʽʨʢʠ ʥʦʚʦʫʪʚʦʨʝʥʠʡ ʩʪʝʨʝʦʮʝʥʪʨ ʤʘʻ R-

ʢʦʥʬʽʛʫʨʘʮʽʶ. ɼʝʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʥʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʦʣʽʬʪʦʨʦʘʣʢʽʣʽʤʽʥʠ (S)-1 ʨʝʘʛʫʶʪʴ ʟ ʜʽʘʟʦʤʝʪʘʥʦʤ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʜʫʢʪʽʚ  [3+2] ï ʮʠʢʣʦʧʨʠʻʜʥʘʥʥʷ ï ʪʨʠʘʟʦʣʽʥʽʚ 3, ʷʢʽ ʻ 

ʪʝʨʤʽʯʥʦ ʥʝʩʪʽʡʢʠʤʠ ʽ ʧʦʩʪʫʧʦʚʦ, ʝʣʽʤʽʥʫʶʯʠ ʤʦʣʝʢʫʣʫ ʘʟʦʪʫ, 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽ ʢʝʪʽʤʽʥʠ (S)-4. ʅʘʩʪʫʧʥʘ ʚʟʘʻʤʦʜʽʷ ʢʝʪʽʤʽʥʽʚ 

(S)-4 ʟ ʜʽʘʟʦʤʝʪʘʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ ʟ ʫʪʚʦʨʝʥʥʷʤ ʦʧʪʠʯʥʦ 

ʯʠʩʪʠʭ ʪʨʠʘʟʦʣʽʥʽʚ (R,Ss)-2. ʇʨʠ ʜʽʾ ʢʘʪʘʣʽʪʠʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʠʬʪʦʨʦʦʮʪʦʚʦʾ 

ʢʠʩʣʦʪʠ ʪʨʠʘʟʦʣʽʥʠ (R,Ss)-2 ʙʫʣʠ ʧʝʨʝʪʚʦʨʝʥʽ ʫ ʚʽʜʧʦʚʽʜʥʽ ʦʧʪʠʯʥʦ ʯʠʩʪʽ 

ʘʟʠʨʠʜʠʥʠ (R,Ss)-5 (ʈʠʩ. 1).  

 
ʈʠʩʫʥʦʢ 1 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, 

ʋʢʨʘʾʥʘ, ʃʴʚʽʚ 

 

ʉʧʦʣʫʢʠ ʧʽʨʘʟʦʣʫ ʻ ʦʩʥʦʚʦʶ ʙʘʛʘʪʴʦʭ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ, 

ʟʦʢʨʝʤʘ, ʥʝʩʪʝʨʦʾʜʥʠʭ ʧʨʦʪʠʟʘʧʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʪʘʢʠʭ ʷʢ,  ɹʫʪʘʜʽʦʥ, 

ʃʦʟʘʥʦʣʘʢ ʪʘ ʎʝʣʝʢʦʢʩʠʙ, ʷʢʽ ʻ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤʠ ʽʥʛʽʙʽʪʦʨʘʤʠ ʩʠʥʪʝʟʫ 

ʮʠʢʣʦʦʢʩʠʛʝʥʘʟʠ ï ʧʦʧʝʨʝʜʥʠʢʘ ʧʨʦʩʪʘʛʣʘʥʜʠʥʽʚ [1-5]. ɿʚʘʞʘʶʯʠ ʥʘ ʾʭ 

ʧʨʦʪʠʟʘʧʘʣʴʥʫ, ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʫ ʪʘ ʘʥʪʠʚʽʨʫʩʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʽʨʘʟʦʣʠ ʻ 

ʮʽʥʥʠʤʠ ʜʣʷ ʙʦʨʦʪʴʙʠ ʟ ʽʥʬʝʢʮʽʡʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ.  

ɺʽʜʦʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʭʽʜʥʠʭ ʧʽʨʘʟʦʣʫ ʚ ʘʛʨʦʭʽʤʽʾ ʷʢ ʜʽʻʚʠʭ 

ʬʫʥʛʽʮʠʜʽʚ: ʌʣʫʢʩʦʧʽʨʘʢʩʘʜ, ɹʽʢʩʘʬʝʥ, ʉʝʜʦʢʩʘʥ, ɯʟʦʧʽʨʘʟʘʤ, ɹʦʢʩʘʣʽʜ 

ʪʦʱʦ [1,5,6]. ʉʘʤʝ ʪʦʤʫ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʽʨʘʟʦʣʴʥʽ ʬʨʘʛʤʝʥʪʠ ʻ 

ʬʘʢʪʠʯʥʦ ʢʣʶʯʦʚʠʤʠ ʦʙôʻʢʪʘʤʠ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʥʦʚʠʭ ʙʽʦʣʦʛʽʯʥʦ 

ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ ʥʘʤʠ ʙʫʚ 

ʟʜʽʡʩʥʝʥʠʡ ʩʠʥʪʝʟ ʚʽʜʧʦʚʽʜʥʠʭ ʘʤʽʥʦʧʽʨʘʟʦʣʽʚ ʟ 2,3-ʜʠʭʣʦʨʦ-1,4 

ʥʘʬʪʦʭʽʥʦʥʦʤ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ, ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʨʝʧʘʨʘʪʠʚʥʦ ʟʨʫʯʥʘ 

ʤʝʪʦʜʠʢʘ ʾʭ ʩʠʥʪʝʟʫ. ɼʣʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʝʨʚʠʥʥʠʡ 

ʙʽʦʣʦʛʽʯʥʠʡ ʩʢʨʠʥʽʥʛ ʤʝʪʦʜʦʤ ʜʠʬʫʟʽʾ ʨʝʯʦʚʠʥʠ ʚ ʘʛʘʨ ʪʘ ʤʝʪʦʜʦʤ ʩʝʨʽʡʥʠʭ 

ʨʦʟʚʝʜʝʥʴ [2]: 

 
ɺʩʽ ʘʤʽʥʦʧʽʨʘʟʦʣʴʥʽ ʧʦʭʽʜʥʽ ʥʘʬʪʦʭʽʥʦʥʫ (1aïd) ʙʫʣʠ ʧʨʦʪʝʩʪʦʚʘʥʽ 

ʧʨʦʪʠ ʙʘʢʪʝʨʽʡ ʰʪʘʤʽʚ: Staphylococcus aureus ATCC 25923, Staphylococcus 

aureus ATCC 29213, Escherichia coli, Pseudomonas aeruginosa ATCC  27853 

ʪʘ ʛʨʠʙʽʚ ʰʪʘʤʽʚ: Candida krusei, Candida glabrata, Candida albicans ATCC 

10231, Candida albicans SC5314 (ɻʜʘʥʩʴʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʬʘʢʫʣʴʪʝʪ ʭʽʤʽʾ, ʢʘʬʝʜʨʘ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʙʽʦʭʽʤʽʾ). 

ʅʘʡʙʽʣʴʰ ʘʢʪʠʚʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʧʨʦʪʠ C.tenuis, ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʤʠ 

ʤʝʪʦʜʦʤ ʩʝʨʽʡʥʠʭ ʨʦʟʚʝʜʝʥʴ, ʻ ʩʧʦʣʫʢʠ 2-ʭʣʦʨʦ-3-((3-(ʧ-ʪʦʣʽʣ)-1ʅ-ʧʽʨʘʟʦʣ-

5-ʽʣ) ʘʤʽʥʦ)ʥʘʬʪʘʣʝʥ-1,4-ʜʽʦʥ 1ʩ (ʄɯʂ=0,9 ʤʢʛ/ʤʣ, ʄʌʂ=1,9 ʤʢʛ/ʤʣ) ʪʘ  

2-ʭʣʦʨʦ-3-((1-ʤʝʪʠʣ-1H-ʧʽʨʘʟʦʣ-3-ʽʣ)ʘʤʽʥʦ)ʥʘʬʪʘʣʝʥ-1,4-ʜʽʦʥ  

1ʘ (ʄɯʂ=7,8 ʤʢʛ/ʤʣ, ʄʌʂ=15,6 ʤʢʛ/ʤʣ). 
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ʉʝʨʝʜ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʚʠʷʚʣʝʥʦ ʩʧʦʣʫʢʠ-ʣʽʜʝʨʠ ʟ ʚʠʩʦʢʦʶ 

ʯʫʪʣʠʚʽʩʪʶ ʱʦʜʦ  ʰʪʘʤʽʚ C.krusei, C.albicans ATCC 10231, ʘ ʪʘʢʦʞ  

C.albinas SC5314 - ʮʝ 2-ʭʣʦʨʦ-3-((1-ʤʝʪʠʣ-1ʅ-ʧʽʨʘʟʦʣ-3-ʽʣ)ʘʤʽʥʦ)ʥʘʬʪʘʣʝʥ-

1,4-ʜʽʦʥ 1ʘ ʽ  2-ʭʣʦʨʦ-3-((1-ʤʝʪʠʣ-1ʅ-ʧʽʨʘʟʦʣ-4-ʽʣ)ʘʤʽʥʦ)ʥʘʬʪʘʣʝʥ-1,4-ʜʽʦʥ 

1b. 

ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʚʠʥʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʠʙʽʨʢʦʚʫ ʙʘʢʪʝʨʽʦ- ʽ ʬʫʥʛʽʩʪʘʪʠʯʥʫ ʘʢʪʠʚʥʦʩʪʽ 

ʧʽʨʘʟʦʣʦʚʤʽʩʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. 
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ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆ. ɻʦʥʯʘʨʘ, 

ʋʢʨʘʾʥʘ, ɼʥʽʧʨʦ 

 

ɽʬʝʢʪʠʚʥʘ ʪʝʨʘʧʽʷ ʧʫʭʣʠʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʚʠʨʽʰʝʥʦʶ ʧʨʦʙʣʝʤʦʶ ʩʫʯʘʩʥʦʾ ʤʝʜʠʮʠʥʠ, ʬʘʨʤʘʮʽʾ ʪʘ ʤʝʜʠʯʥʦʾ ʭʽʤʽʾ. 

ɿʥʘʯʥʽ ʧʦʩʪʫʧʠ ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʫ ʣʽʢʫʚʘʥʥʽ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ 

ʧʝʨʰ ʟʘ ʚʩʝ ʧʦʚôʷʟʘʥʽ ʟ ʜʦʩʷʛʥʝʥʥʷʤʠ ʚ ʩʪʚʦʨʝʥʥʽ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʷʢʽ ʧʦʢʘʟʘʣʠ ʩʚʦʶ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. ɺ ʪʦʡ 

ʩʘʤʠʡ ʯʘʩ, ʨʦʙʦʪʠ ʧʦ ʨʦʟʨʦʙʮʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʶ ʚ ʤʝʜʠʯʥʫ ʧʨʘʢʪʠʢʫ 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʨʝʯʦʚʠʥ ʥʝ ʚʪʨʘʪʠʣʠ ʩʚʦʶ ʘʢʪʫʘʣʴʥʽʩʪʴ, ʱʦ ʧʦʚôʷʟʘʥʦ 

ʟʽ ʟʥʘʯʥʦ ʙʽʣʴʰ ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ ʧʨʝʧʘʨʘʪʽʚ ʪʘʢʦʛʦ ʪʠʧʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʤʠ. ʉʝʨʝʜ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʧʦ 

ʩʪʚʦʨʝʥʥʶ ʥʠʟʴʢʦ-ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʨʦʪʠʧʫʭʣʠʥʥʠʭ ʟʘʩʦʙʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʧʦʭʽʜʥʽ ʨʷʜʫ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ, ʬʨʘʛʤʝʥʪʠ ʷʢʠʭ ʧʨʠʩʫʪʥʽ ʚ ʩʪʨʫʢʪʫʨʽ 

ʤʦʣʝʢʫʣ, ʟʘʜʽʷʥʠʭ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʙʽʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. 

ʊʘʢ, ʧʪʝʨʠʜʠʥ ʪʘ ʡʦʛʦ ʧʦʭʽʜʥʽ ʥʝʦʜʥʦʨʘʟʦʚʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʚ ʨʘʤʢʘʭ 

ʧʨʦʻʢʪʽʚ ʧʦ ʩʪʚʦʨʝʥʥʶ ʧʨʦʪʠʧʫʭʣʠʥʥʠʭ ʟʘʩʦʙʽʚ. ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʟʚʘʞʘʶʯʠ ʥʘ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʭʽʜʥʠʭ 

ʧʪʝʨʠʜʠʥʫ, ʧʦʪʝʥʮʽʘʣ ʮʴʦʛʦ ʥʘʧʨʷʤʫ ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʠʯʝʨʧʘʥʠʤ. 

ɿʦʢʨʝʤʘ, ʜʦʩʽ ʤʘʣʦʚʠʚʯʝʥʠʤ ʻ ʨʷʜ 6,7-ʜʠʟʘʤʽʱʝʥʠʭ-2-ʦʢʩʦ- 

(ʽʤʽʥʦ-, ʪʽʦʢʩʦ-)-2,3-ʜʠʛʽʜʨʦʧʪʝʨʠʜʠʥ-4(1H)-ʦʥʽʚ, ʷʢʽ ʧʨʠʚʝʨʥʫʣʠ ʥʘʰʫ 

ʫʚʘʛʫ. 

 

 
ʉʭʝʤʘ. ʂʦʥʮʝʧʮʽʷ ʧʦʰʫʢʫ ʟʘʤʽʱʝʥʠʭ ʧʪʝʨʠʜʠʥʽʚ ʟ ʧʨʦʪʠʨʘʢʦʚʦʶ ʜʽʻʶ 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʥʘʟʚʘʥʦʛʦ ʪʠʧʫ ʨʝʯʦʚʠʥ ʭʘʨʘʢʪʝʨʥʠʡ ʨʷʜ 

ʪʘʫʪʦʤʝʨʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʫʩʢʣʘʜʥʶʻ ʧʨʦʚʝʜʝʥʥʷ ʧʨʝ-

ʩʢʨʠʥʽʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʽʥʛʫ, ʷʢʽ ʻ ʚʘʞʣʠʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʩʫʯʘʩʥʦʾ ʤʝʜʠʯʥʦʾ ʭʽʤʽʾ. ɺʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʝ, ʥʘʤʠ 

ʨʦʟʨʦʙʣʝʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘ ʩʭʝʤʘ (ʉʭʝʤʘ) ʧʦʰʫʢʫ ʧʨʦʪʠʨʘʢʦʚʠʭ ʘʛʝʥʪʽʚ 

ʩʝʨʝʜ ʜʘʥʦʛʦ ʢʣʘʩʫ ʩʧʦʣʫʢ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʧʦʧʝʨʝʜʥʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʙʫʜʦʚʠ ʪʘ ʪʘʫʪʦʤʝʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ɿʘʟʥʘʯʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʶʪʴ ʚʘʣʽʜʥʽʩʪʴ ʧʨʝʩʢʨʠʥʽʥʛʫ ʙʽʦʣʦʛʽʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʘʤʠ in silico ʪʘ ʜʦʟʚʦʣʷʪʴ ʧʨʦʚʝʩʪʠ ʝʬʝʢʪʠʚʥʝ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ in vitro ʪʘ in vivo. 
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ʉʀʅʊɽɿ 2-ʊɸ 4-ʌʊʆʈʆɿɸʄɯʑɽʅʀʍ ʅɸʌʊɸʃɯʄɯɼɯɺ  

ʂʽʨʽʻʥʢʦ ɸ.ɺ., ɺʘʣʝʥʪʽʨʦʚʘ ɭ.ʖ, ʌʫʯʝʜʞʠ ɸ.ɼ., ʄʽʣʽʥʯʫʢ ʂ.ʉ. 

e-mail: fedko@onu.edu.ua 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ.ɯ. ʄʝʯʥʠʢʦʚʘ, 

ʋʢʨʘʾʥʘ, ʆʜʝʩʘ 

 

ʉʝʨʝʜ ʛʘʣʦʛʝʥʦʥʘʬʪʘʣʽʤʽʜʽʚ - ʣʶʤʽʥʦʬʦʨʽʚ ʥʘʬʪʘʣʽʤʽʜʥʦʛʦ ʨʷʜʫ ʪʘ 

ʧʦʪʝʥʮʽʡʥʠʭ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʥʝ ʦʧʠʩʘʥʠʤʠ ʚ ʣʽʪʝʨʘʪʫʨʽ 

ʟʘʣʠʰʘʣʠʩʴ ʬʪʦʨʦʧʦʭʽʜʥʽ ʥʘʬʪʘʣʽʤʽʜʫ.  

2-ʌʪʦʨʦʥʘʬʪʘʣʽʤʽʜ (6ʘ) ʪʘ 4-ʬʪʦʨʦʥʘʬʪʘʣʽʤʽʜ (6ʙ) ʙʫʣʠ ʥʘʤʠ 

ʩʠʥʪʝʟʦʚʘʥʽ ʚʚʝʜʝʥʥʷʤ ʬʪʦʨʫ ʚ ʚʽʜʧʦʚʽʜʥʝ ʧʦʣʦʞʝʥʥʷ ʘʮʝʥʘʬʪʝʥʫ (1) ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʦʨʦʬʪʦʨʦʜʽʘʟʦʥʽʻʚʦʛʦ ʤʝʪʦʜʫ ʐʠʤʘʥʘ, ʦʢʠʩʣʝʥʥʷʤ 

ʬʪʦʨʦʘʮʝʥʘʬʪʝʥʫ (4ʘ,ʙ) ʪʘ ʘʤʦʥʦʣʽʟʦʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʪʦʨʦʥʘʬʪʘʣʝʚʦʛʦ 

ʘʥʛʽʜʨʠʜʫ (5ʘ,ʙ) (ʩʭʝʤʘ 1). 

ʉʭʝʤʘ 1 

ʉʠʥʪʝʟ 2-ʬʪʦʨʦ- ʪʘ 4-ʬʪʦʨʦʥʘʬʪʘʣʽʤʽʜʽʚ 

 
ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʤʦʞʣʠʚʦʩʪʽ ʚʚʝʜʝʥʥʷ ʬʪʦʨʦʥʘʬʪʘʣʽʤʽʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʚ ʤʦʣʝʢʫʣʠ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʽʞʬʘʟʥʝ ʘʣʢʽʣʫʚʘʥʥʷ 

 2-ʬʪʦʨʦ- ʪʘ 4-ʬʪʦʨʦʥʘʬʪʘʣʽʤʽʜʽʚ (6ʘ,ʙ) ʦʢʪʠʣʙʨʦʤʽʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ 

ʢʘʪʘʣʽʟʘʪʦʨʘ ʙʫʪʠʣʪʨʠʘʣʢʽʣʘʤʦʥʽʡ ʙʨʦʤʽʜʫ (ʩʭʝʤʘ 2). 

ʉʭʝʤʘ 2 

ʄʽʞʬʘʟʥʝ ʘʣʢʽʣʫʚʘʥʥʷ 2-ʬʪʦʨʦ- ʪʘ 4-ʬʪʦʨʦʥʘʬʪʘʣʽʤʽʜʽʚ ʦʢʪʠʣʙʨʦʤʽʜʦʤ 

 
2-ʌʪʦʨʦʥʘʬʪʘʣʽʤʽʜ (6ʘ) ʪʘ 4-ʬʪʦʨʦʥʘʬʪʘʣʽʤʽʜ (6ʙ), ʘ ʪʘʢʦʞ ʾʭ 

 N-ʦʢʪʠʣʧʦʭʽʜʥʽ (7ʘ,ʙ) ʻ ʢʨʠʩʪʘʣʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʩʚʽʪʣʦ-ʞʦʚʪʦʛʦ 

ʢʦʣʴʦʨʫ, ʱʦ ʣʶʤʽʥʝʩʮʽʶʶʪʴ ʚ ʙʣʘʢʠʪʥʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ. 


