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ABSTRACT 

Onuk M. M. Environment influence on the structure and properties of hydrogen-

bonded clusters. 3 Qualification scientific work on the rights of the manuscript. 

The manuscript submitted to acquire the PhD (Doctor of Philosophy) degree in the 

specialty 104 3 <Physics and Astronomy= (10 3 Natural Sciences). 3 Taras Shevchenko 

National University of Kyiv, Ministry of Education and Science of Ukraine, Kyiv, 2024. 

 

Through a combination of infrared (IR) absorption and Raman methods, the method 

of low-temperature matrix isolation and quantum-chemical calculations, as well as the 

method of density measurements, the influence of the environment on the structure of 

methanol clusters, the conformational composition of propanol in the gaseous state and in 

the low-temperature argon matrix was analyzed; intermolecular interaction in dimethyl 

sulfoxide (DMSO) and its manifestation in vibrational spectra; temperature dependence 

of partial molar volumes of aqueous solutions of salts and their ions at infinite dilution 

and their energetic, thermodynamic and spectral characteristics were studied. The 

influence of low-temperature argon matrix on the structure and dynamics of clusters of 

one-atom alcohols embedded in it has been investigated using computer modeling 

methods. 

The introduction substantiates the relevance of the chosen topic of research, 

formulates the aim and objectives of the dissertation work, shows the scientific novelty 

and practical significance of the results obtained, defines the object and subject of 

research, specifies the methods of research. The information about the approbation of the 

research results, structure and scope of the dissertation, personal contribution of the 

applicant and connection of the work with scientific programs, plans, topics, grants is 

given. 

In the first section, a review of modern literature on the topic of studies of the 

influence of the environment on the structural features of hydrogen-bonded clusters in the 

condensed state and in low-temperature inert matrices is given. The general properties of 
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liquids with intermolecular hydrogen bonding are described. Various studies on the 

thermodynamic properties of aqueous salt solutions and their influence on the 

intermolecular hydrogen bonding of water are analyzed and the relative importance of 

ion-water interactions is described. General concepts of structure and the current state of 

research on single-atom alcohols such as methanol and propanol are presented. General 

information of model lipid membranes and experimental and theoretical studies of the 

effects of various impurities on their structure are depicted and described, which may be 

useful for establishing the actual mechanisms of life activity of both individual 

membranes and the cell as a whole. One of the paragraphs is devoted to the study of 

hydrogen-bonded clusters in liquid dimethyl sulfoxide and its aqueous solutions. Despite 

high achievements in the development of equipment for experimental studies as well as 

powerful computational methods, the depth of understanding of the influence of the 

environment on the structure and dynamics of hydrogen-bonded clusters still cannot be 

considered sufficient. Hydrogen bonds play an important role in many biological systems 

and are characteristic features of many clusters, biological aggregates and condensed 

phases. The study of the structural, energetic, thermodynamic and spectroscopic 

characteristics of these substances may provide clues to understanding the influence of 

the environment on the structures and properties of hydrogen-bonded liquids. 

The second section describes in detail the methodology of experimental studies. In 

particular, the method of computer modeling: the general provisions of the Hartree-Fock 

method and density functional theory are presented, and the features of different basis sets 

are given. Oscillatory spectroscopy: the principle schemes and features of Fourier 

spectroscopy of infrared absorption and Raman spectroscopy are presented. The basic idea 

of the matrix isolation method is highlighted, which allows much simpler spectra to be 

obtained for interpretation. Density measurement method: the principle scheme of density 

meter installation and the method of estimation of volumetric properties of analyzed 

systems are described. And the methods of preparation of research objects are also given. 
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In the third section, the influence of the environment on the structure and vibrational 

spectra of methyl and propyl alcohol clusters is investigated using the quantum chemical 

modeling method. The conformational composition of propanol in the gas phase and in 

the argon matrix was analyzed. Information on the effect of argon environment on the 

geometrical parameters and vibrational spectra of propanol conformers and methanol 

clusters was obtained. In this chapter we present the results of quantum-chemical 

calculations of the optimal structure and vibrational spectra of the methanol molecule and 

its smallest clusters 3 dimer and trimer by DFT method in the B3LYP/cc-pVTZ 

approximation for three different environments: vacuum, methanol and argon. It is shown 

that the influence of the environment on the structure of the methanol molecule is to 

increase the length of C-O and O-H bonds, which is manifested in the IR absorption 

spectra in the form of a blue shift of the corresponding spectral bands and a decrease in 

the length of C-H bonds 3 red shift. It was found that the magnitude of the shift of spectral 

bands caused by the influence of the environment decreases with increasing cluster size, 

which is explained by the higher symmetry of the trimer compared to the monomer and 

dimer. It is shown that argon environment has a weaker effect on the structure and 

vibrational spectra of methanol clusters than methanol environment. 

Quantum-chemical modeling of the optimal geometry of five conformers of propyl 

alcohol in vacuum and argon medium has been performed and their dipole moments and 

energies have been calculated. A full potential energy surface (PES) scan has been 

performed to determine the complete set of all possible conformations of the propanol 

molecule and the height of energy barriers between conformers has been estimated. It is 

shown that transitions between conformations formed by rotation around the C-O bond 

are more probable. It was found that the most probable configuration (with the lowest 

energy) is conformer Gg. 

Experimentally recorded IR absorption spectra of propanol in the gaseous state and 

in matrix isolation have been analyzed for different spectral ranges. It is shown that the 

conformational composition of the samples in these two cases is different. In particular, it 
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is investigated that gaseous propanol has the most Gt conformers, which are the most 

stable of the five possible conformers of propanol according to the results of quantum-

chemical modeling. Propanol molecules isolated in a low-temperature argon matrix are 

influenced by the environment, so the most energetically favorable is another form - 

conformer Tg, which prevails in the percentage ratio. 

The fourth section presents the results of the study of the formation of hydrogen-

bonded clusters in aqueous solutions of dimethyl sulfoxide (DMSO) by vibrational 

spectroscopy and quantum-chemical calculations, analyzes the influence of impurities (in 

particular, cholesterol and melatonin) on the structure and functionality of model lipid 

membranes, and investigates the structure and properties of aqueous solutions of salts. 

In this chapter, the intermolecular interaction in dimethylsulfoxide (DMSO) and its 

manifestations in vibrational spectra are analyzed using Raman spectroscopy techniques. 

Quantum-chemical calculations of the optimal structure and vibrational spectra of DMSO 

molecule and its smallest clusters - dimer and trimer, as well as complexes of DMSO with 

water molecules by DFT method have been carried out. It is shown that the intermolecular 

interaction between DMSO molecules is manifested in the DFT spectra as a red shift of 

the S=O valence vibration band and a blue shift of the C-H valence vibration band, which 

are also observed in the spectra of aqueous DMSO solutions. It was found that the red 

shift of the spectrum is explained by an increase in the bond length due to the formation 

of conventional hydrogen bonding, and the blue shift is explained by a decrease in the 

bond length due to non-classical hydrogen bonding. 

Experimentally recorded IR absorption spectra of model lipid membranes with 

added cholesterol and melatonin have been analyzed. It is shown that increasing the 

concentration of melatonin in the membrane prevents the interaction of coronovirus S-

protein with the lipid membrane. In the case of cholesterol molecules, which are mainly 

distributed in the center of the membrane and have no effect in the main group region, the 

addition of the SARS-CoV-2 receptor-binding domain demonstrates a change in 
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membrane thickness and size of single-layer lipid vesicles and thus does not prevent 

membrane-protein interaction. 

On the basis of the first-order approximation of the density-molality dependence, 

the dependence of partial molar volumes of aqueous solutions of salts and their ions at 

infinite dilution in the temperature range 20 3 40°C was calculated. It was found that 

changes in the dependence of partial molar volumes of aqueous solutions of salts correctly 

reflect the temperature-dependent (re)organization of the solvation shell. For the first time 

a discrepancy between the partial molar volumes of anions and cations as a function of 

temperature has been found, which reflects differences in the entropy-enthalpy balance of 

ion solvation, which is additionally affected by the heat capacity of the solvation sphere. 

Keywords: hydrogen bond, clusters, aqueous solution, salt ions, density, Raman 

spectroscopy, quantum-chemical calculations, conformer, FTIR spectroscopy, 

intermolecular interaction, argon, lipid membrane, cholesterol, matrix. 
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�%&'� 

�5�DG=FG64==O 6<5>DG F5<< 4>E?V465==O. �4=646?<6VL<< 6<4>< 

E?5F<DVG=<E <V6<>?5>G?OD=<E 674T<>4V= 66464TFLEO 6>4=56<= 769O7>>, O><= 

744VO=<= G 5474FL>E ?D>F5E4E 5V>?>7VG=>7> D>7?V7=464==O. '=V>4?L=V 6?4EF<6>EFV F4 

EFDG>FGD4 =<7>< E?>?G> 74?564FL 6V4 <5E4=V7<G D>D<G64==O 6>4=56>7> 769O7>G, 

GF6>D5==O O>>7> 6<7=4G4T F4>>6 EV<VG=V F4 5V>EV<VG=V ?D>F5E<. 

�>4=56<= 76'O7>> T E4D4>F5D=>N >7=4>>N 5474FL>E >?4EF5DV6, 5V>?>7VG=<E 

47D574FV6 V >>=45=E>64=<E D47. �46?<6VEFL 6>4=56>7> 76'O7>G 7G<>6?5=4 7>?>6=<< 

G<=>< F<< D4>F><, M> 4?O ?56=<E F<?V6 <>?5>G? GF6>D5==O F4><E 76'O7>V6 6<7=4G4T 

EFDG>FGDG 4<<5DV6 45> 5V?LL<E <>?5>G?OD=<E >?4EF5DV6. �576464NG< =4 WE GVF>> 

6<7=4G5=V EFDG>FGD=V >E>5?<6>EFV (6V4EF4=V, 64?5=F=V >GF<), 6V4><>, M> =4 

6?4EF<6>EFV H-769O7>V6 E<?L=> 6??<64T E5D54>6<M5, F><G 7?<5>>5 6<6G5==O 6??<6G 

>F>G5==O =4 EFDG>FGDG F4 6?4EF<6>EFV 6>4=56>-76'O74=<E >?4EF5DV6 =4 EL>7>4=V T 

4G65 4>FG4?L=<<. 

�<<5F<?EG?LD>>E<4 (��%�) 74EF>E>6GTFLEO O> D4D<4>>?>7VG=<= 74EV5 4?O 

?V>G64==O ?N45= 7 1960-E D>>V6. %L>7>4=V ��%� 6<>>D<EF>6GTFLEO 7455V?LL>7> 4?O 

>DV>>>=E5D64FVW EF>65GD>6<E >?VF<=, ?V>G64==O DV7=<E 74E6>DN64=L, G F><G G<E?V = 

>=>>?>7VG=<E F4 O> 4>?><V6=4 D5G>6<=4, M> E?D<OT ?D>=<>=5==N D>7G<==<>V6, 4 

F4>>6 4>F<6=<E D4D<4F56F<G=<E 475=FV6, G ?5DLG G5D7G ?D>F<74?4?L=<E. �E>V?L>< 

FO D5G>6<=4 ?57>> 6E<>>FGTFLEO 6 L>VDG, ��%� <>65 5GF< >>D<E=>N 

4?LF5D=4F<6>N V=L<< 7=55>?N64?L=<< ?D5?4D4F4< F4 5D5>F<6=> 

6<>>D<EF>6G64F<EL 4?O 7<5=L5==O >V?L>>EFV 6<F>>V6 ?V4 G4E 66545==O EV<V>F5D4?VW. 

�DV< F>7>, 5G?< ?D>6545=V 45O>V 4>E?V465==O [1] ?5D5647 ��%�, >>?< <>64 =45 ?D> 

?D<7=VG5==O D4>>6<E >?VF<=. �4=4>, 4>E?V465==O 7 FVTW F5<4F<>< FV?L>< 

D>7?>G<=4NFLEO, 4 >E>V?L>< 5G?> 6<O6?5=> 5474F> ?>5VG=<E D54>FV= G 769O7>G 7 

6<>>D<EF4==O< ��%�, F> =44V==VEFL FL>7> 74E>5G 4>EV =5 ?V4F65D465=4, >F65 

=5>5EV4=> ?D>6>4<F< ?>44?LLV 4>E?V465==O G FL><G =4?DO<V, ?5DL =V6 <>6=4 5G45 
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7D>5<F< >EF4F>G=V 6<E=>6><. &><G 4>E?V465==O 6>4=56<E 769O7>V6 F4 >>?<64?L=<E 

?D>F5EV6 G 4<<5F<?EG?LD>>E<4V F4 =>7> 6>4=<E D>7G<=4E 74?<L4TFLEO 4>FG4?L=<< V 

=444?V. 

' %%� EF>?VFFV E6VF 7VF>=G6EO 7V 7D>EF4NG>N >D<7>N =5EF4GV G<EF>W 6>4<. 28 

?<?=O 2010 D>>G �5=5D4?L=4 �E4<5?5O ��� GE64?<?4 VEF>D<G=G D57>?NFVN, 6 O>V= 

6<7=4TFLEO «?D46> =4 557?5G=G F4 G<EFG ?<F=G 6>4G F4 E4=VF4DVN O> ?D46> ?N4<=<, 

M> <4T VEF>F=> 646?<65 7=4G5==O 4?O ?>6=>FV==>7> 6<FFO F4 ?>6=>7> 74V=E=5==O 

6EVE ?D46 ?N4<=<» ( A/RES/64/292 ). ' 2015 D>FV �5=5D4?L=4 �E4<5?5O F4 $444 7 

?D46 ?N4<=< 6<7=4?< ?D46> =4 557?5G=G F4 G<EFG ?<F=G 6>4G F4 ?D46> =4 E4=VF4DVN 

FVE=> ?>6'O74=<<<, 4?5 DV7=<<< ?D464<< ?N4<=< [2]. �4=<< V7 5D5>F<6=<E E?>E>5V6 

74557?5G5==O ?DVE=>N 6>4>N T >?DVE=5==O <>DEL>>W 6>4<. �D>F5 ?D>F5E 76>D>F=>7> 

>E<>EG, O><= 6<>>D<EF>6GTFLEO 4?O >?DVE=5==O, EF6>DNT >>=F5=FD>64=G ?4DG 45> 

D>7EV?, O><= 7455V?LL>7> E><44TFLEO 6 >>54=, E?D<G<=ONG< ?>7VDL5==O 

=46>>?<L=L>7> E5D54>6<M4. &5D<>4<=4<VG=V 6?4EF<6>EFV 6>4=>-E>?L>6<E D>7G<=V6 

T 646?<6<<< D4>F>D4<<, O>V =5>5EV4=> 4>5D5 D>7G<VF<, M>5 ?>4>?4F< FN ?D>5?5<G. 

�> F>7> 6, 6<6G5==O 6>4=<E D>7G<=V6 E>?5= ?>7?<5?NT =4L5 D>7G<V==O =5 FV?L>< 

>>54=V6 =4L>W ??4=5F<, 4 = V=L<E >D<64=<E ??4=5F G 44?5><E >GF>G>4E =4L>W 

%>=OG=>W E<EF5<<, 4 E4<5: G< <>6GFL >D<64=V EG?GF=<>< ?V4FD<<G64F< 6<FFO? 

�>=44 50% GEVE <>?5>G? ?V>V6, M> 6<>>D<EF>6GNFLEO 6 <54<F<=V, VE=GNFL G 

6<7?O4V E>?5= (=4FDVN, EG?LD4FG F>M>). �V>G64?L=V 74E>5< G4EF> D>D<GNFLEO G 

6<7?O4V E?45>>W ><E?>F< 45> >E=>6<, 4?5 F4>4 D>D<4 =5 74664< T >?F<<4?L=>N 4?O 

D>7G<=5==O (6>4>D>7G<=5==O) 45> 6E<>>FG64==O 6 >D74=V7<V, 4 557 FL>7> ?V>< =5 

<>6GFL <4F< F5D4?56F<G=>7> 5D5>FG. �44?O G=<>=5==O F4><E =54>?V>V6, ?D5?4D4F< 

G4EF> EV<VG=> ?5D5F6>DNNFL =4 E>?L>6V D>D<<, M>5 ?>>D4M<F< WE=T D>7G<=5==O, 

?D<E>>D<F< 6E<>>FG64==O 6 >D>6 V ?V46<M<F< WE=N 5D5>F<6=VEFL. &><G 4>E?V465==O 

?4DFV4?L=<E <>?OD=<E >59T<V6 E>?5= 7 6>4>N T =56V49T<=>N G4EF<=>N O> EGG4E=>W 

>>E<VG=>W =4G><, F4> V D4D<4F56F<><. 
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�6464NG< =4 =4476<G4==> 646?<6G D>?L 6>4=56>7> 769O7>G 6 E>?44=<E 

>D74=VG=<E V =5>D74=VG=<E E?>?G>4E, >>D<E=> 5G?> 5 D>7V5D4F<EO G ?D>F5E4E =>7> 

D>D<G64==O =4 ?D>EF<E, 4?5 6 F>= 65 G4E D54?VEF<G=<E <>45?L=<E E<EF5<4E. 

�?4EF5D< >4=>4F><=<E E?<DFV6 <>6GFL E?G7G64F< 547>6<< DG=44<5=F>< 4?O 

4>E?V465==O 6??<6G >F>G5==O =4 EFDG>FGDG 6>4=56>-769O74=<E D5G>6<=. �5F4=>? T 

646?<6>N E<D>6<=>N V 6<>>D<EF>6GTFLEO 4?O 6<D>5=<FF64 >?5DV=V6, 4<<5F<?>6>7> 

5DVDG F4 V=L<E EV<V>4FV6. �DV< F>7>, 6<D>5=<FF6> D>7G<==<>4 4?O E<=F57G 

6<>>D<EF>6GT 85% 6<D>5?5=>7> <5F4=>?G, V =5446=T 4>E?V465==O 6<7=4G4T =>7> 

74EF>EG64==O O> ?4?<64 6 46F><>5V?L=<E 46<7G=4E G5D57 =>7> 5D5>F<6=V 6?4EF<6>EFV 

77>DO==O [3]. �GV>GTFLEO, M> ?>?<F =4 <5F4=>? O> ?4?<6> 7D>EF5, >E>V?L>< E6VF 

6V4E>4<FL 6V4 E?>6<64==O 6<>>?=>7> ?4?<64. �D>?4=>? <4T 5474F> ?5D5647, 7>>D5<4, 

6V= <>65 4VOF< O> D>7G<==<>, 4=F<E5?F<>, 74EV5 4?O >G<M5==O, 69O6GG<= 74EV5 V 4?O 

?V>G64==O <9O7>6>7> 5>?N. �>?>6=>N ?D<G<=>N 6<>>D<EF4==O E?<DFV6, G F><G G<E?V 

?D>?4=>?G, G G<E?5==<E 74EF>EG64==OE T 7<VLG64=VEFL 7 V=L<<< ?>?OD=<<< 

D>7G<==<>4<<. �DV< F>7>, ?D>?4=>?, >FD<<4=<= 7 6V4=>6?N64=>W E<D>6<=<, 

66464TFLEO 5V?LL 6<7V4=<< G5D57 =>7> =<7L>G F>>E<G=VEFL G D4D<4F56F<G=V= 

?D><<E?>6>EFV. &4><< G<=><, 4>E?V465==O >4=>4F><=<E E?<DFV6 <5F>44<< 

>>?<64?L=>W E?5>FD>E>>?VW T 4G65 646?<6<<< 4?O D>7G<V==O 6??<6G >F>G5==O =4 

EFDG>FGDG F4 6?4EF<6>EFV 6>4=56>-769O74=<E >?4EF5DV6 F4 >>D<E=<<< 4?O D54?V74FVW 

DV7=<E <5F>4V6 6<D>5=<FF64 E?<DFV6. 

�>F>G=4 7?>54?L=4 >D<74 6 74?G7V >E>D>=< 74>D>69O, E?D<G<=5=4 L6<4><< 

?>L<D5==O< V=D5>FVW SARS-CoV-2, M> ?D<765?4 4> COVID-19, EF6>D<?4 

65?<G57=<= 6<>?<> 4?O E<EF5<< >E>D>=< 74>D>69O F4 <>5V?V7GT E6VF>65 <54<G=5 F4 

4>E?V4=<FL>5 E?V6F>64D<EF6> 4?O =444==O L6<4>> 74EF>E>6=<E DVL5=L. 

�474F>>5VFONGV F4 DV7=><4=VF=V <5F>4< ?V>G64==O 5G?< 6<6G5=V F4 6<>>D<EF4=V 

?D>F< COVID-19. �4=4> G5D57 G<E?5==V F4 E>?44=V 4E?5>F< E<<?F><V6 COVID-19, 4 

F4>>6 DV7=V <>6?<6V <5E4=V7<< 4VW SARS-CoV-2, 4?O D>7L<D5==O E?5>FDG 4>EFG?=<E 

<5F>4V6 ?V>G64==O =5>5EV4=5 6<7=4G5==O 5D5>F<6=<E ?V>4DEL><E 74E>5V6 45> 
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>><5V=4FV= ?D5?4D4FV6 G< 4>?><V6=<E D5G>6<=, =4?D<>?44, <5?4F>=V=G 45> 

E>?5EF5D<=G, O>V 557?>E5D54=L> ?D<EGF=V G =4L><G >D74=V7<V. %>?5EF5D<= <VEF<FLEO 

6 >?VF<==<E <5<5D4=4E 6EVE F64D<=, G F><G G<E?V ?N4<=<. �V46<M5=<= DV65=L 

E>?5EF5D<=G 6 >D>6V ?D<76>4<FL 4> 4F5D>E>?5D>7G, M> <>65 75V?LL<F< D<7<> 

E5DF56>7> =4?44G, V=EG?LFG F4 74E6>DN64==O ?5D<D5D<G=<E 4DF5DV=. �5?4F>=V= T 

5V>4>F<6=>N <>?5>G?>N 7 FV?<< DO4>< >>D<E=<E 4?O 74>D>69O 6?4EF<6>EF5=, O><= 

GE?VL=> 6<>>D<EF>6GTFLEO 4?O ?V>G64==O D>7?44V6 E=G, <4D5==O, 4F5D>E>?5D>7G, 

D5E?VD4F>D=<E 74E6>DN64=L V 6VDGE=<E V=D5>FV= [4]. &><G 4>E?V465==O 6??<6G 

4><VL>>, 7>>D5<4 E>?5EF5D<=G F4 <5?4F>=V=G, =4 EFDG>FGD=V ?4D4<5FD< <>45?L=<E 

?V?V4=<E <5<5D4= F4 WE 674T<>4VN 7 S-?D>F5W=>< SARS-CoV-2 T =4476<G4==> 

4>FG4?L=<<< V 646?<6<<< 4?O ?>4>?4==O FVTW ?D>5?5<< 7?>54?L=>7> <4ELF45G. 

� FV?><G, 44=4 D>5>F4 ED>>GE>64=4 =4 4>E?V465==V 6??<6G >F>G5==O =4 

EFDG>FGD=V >E>5?<6>EFV EVF>< 6>4=56<E 769O7>V6 G 747=4G5=<E 6<M5 <>?5>G?OD=<E 

E<cF5<4E.  

�5F4 V 74644==O 4>E?V465==O. �5F>N 4>E?V465==O T 6<7=4G5==O 6??<6G 

<>?5>G?OD=>7> >F>G5==O =4 EFDG>FGDG F4 6?4EF<6>EFV E<EF5< 7 <V6<>?5>G?OD=<< 

6>4=56<< 769O7>>< F4 =>7> ?D>O6V6 G >>?<64?L=<E E?5>FD4E.  

�>EF46?5=4 <5F4 6<7=4G4T 7444GV 4>E?V465==O: 

1. �D>65EF< >64=F>6>-EV<VG=5 <>45?N64==O EFDG>FGD< F4 >>?<64?L=<E 

E?5>FDV6 6>4=56>-769O74=<E >?4EF5DV6 <5F4=>?G F4 ?D>?4=>?G 6 DV7=><G >F>G5==V 

(64>GG<, 4D7>=, <5F4=>?) F4 6<7=4G<F< >7=4>< 6??<6G >F>G5==O =4 >FD<<4=V 

?4D4<5FD<. 

2. �D>65EF< 4=4?V7 6??<6G 4D7>=>6>7> >F>G5==O =4 >>=D>D<4FV==<= E>?44 

?D>?4=>?G 74 5>E?5D<<5=F4?L=> 74D5TEFD>64=<<< E?5>FD4<< �' ?>7?<=4==O 

?D>?4=>?G 6 747>?>4V5=><G EF4=V F4 6 =<7L>>F5<?5D4FGD=V= 4D7>=>6V= <4FD<FV. 

3. �4 4>?><>7>N <5F>4V6 E?5>FD>E>>?VW >><5V=4FV==>7> D>7EVO==O F4 ab 

initio D>7D4EG=>V6 ?D>4=4?V7G64F< <V6<>?5>G?OD=V 674T<>4VW 6 4<<5F<?EG?LD>>E<4V 

(��%�) F4 WW ?D>O6< G >>?<64?L=<E E?5>FD4E, D>7D4EG646L< >?F<<4?L=G 5G4>6G F4 



21 

 

>>?<64?L=V E?5>FD< <>=><5D4, 4<<5D4 F4 FD<<5D4 ��%�, 4 F4>>6 >><??5>EV6 

��%� 7 <>?5>G?4<< 6>4<. 

4. �5F>44<< >>?<64?L=>W E?5>FD>E>>?VW 4>E?V4<F< 6??<6 4><VL>> 

(E>?5EF5D<=, <5?4F>=V=) =4 EFDG>FGDG <>45?L=>W ?V?V4=>W <5<5D4=< F4 >E>5?<6>EFV 

WW 674T<>4VW 7 S-?D>F5W=>< SARS-CoV-2. 

5. �4 >E=>6V 4?D>>E<<4FVW ?5DL>7> ?>DO4>G 74?56=>EFV 7GEF<=4-

<>?O?L=VEFL D>7D4EG64F< ?4DFV4?L=V <>?OD=V >5'T<< MgSO4, Na2SO4, K2SO4, MgCl2, 

NaCl, KCl, MgBr2, NaBr V KBr G 6>4V. �EF4=>6<F< 74?56=>EFV ?4DFV4?L=<E <>?OD=<E 

>5'T<V6 E>?5= F4 WE V>=V6 ?D< =5E>V=G5==><G D>76545==V 6 V=F5D64?V F5<?5D4FGD 20 3 

40°%. 

�59T>F 4>E?V465==O 3 <5E4=V7<< 6??<6G <>?5>G?OD=>7> >F>G5==O =4 ?D>F5E< 

47D574FVW <>?5>G? G DV4<=4E 7 <V6<>?5>G?OD=<< 6>4=56<< 769O7>><. 

�D54<5F 4>E?V465==O 3 EFDG>FGD4 >?4EF5DV6 <5F4=>?G, 4<<5F<?EG?LD>>E<4G, 

75F5D>4E>FV4FV6 ��%� 7 <>?5>G?4<< 6>4<, DV7=<E >>=D>D<5DV6 <>?5>G?< 

?D>?4=>?G; F5<?5D4FGD=4 74?56=VEFL ?4DFV4?L=<E <>?OD=<E >59T<V6 MgSO4, 

Na2SO4, K2SO4, MgCl2, NaCl, KCl, MgBr2, NaBr V KBr G 6>4V F4 WE V>=V6 ?D< 

=5E>V=G5==><G D>76545==V.  

�5F>4< 4>E?V465==O. �5F>44<< >>?<64?L=>W E?5>FD>E>>?VW 4>E?V465=> �' 

?>7?<=4==O ?D>?4=>?G 6 747>?>4V5=><G EF4=V F4 6 =<7L>>F5<?5D4FGD=V= 4D7>=>6V= 

<4FD<FV, 74D5TEFD>64=> E?5>FD< >><5V=4FV==>7> D>7EVO==O ��%� F4 =>7> 6>4=<E 

D>7G<=V6, E?5>FD< �' ?>7?<=4==O <>45?L=<E ?V?V4=<E <5<5D4= 7 DV7=<< E>?44>< 

4><VL>>. �5F>44<< >64=F>6>-EV<VG=>7> <>45?N64==O 6<>>=4=> D>7D4EG=>< 

>?F<<4?L=>W 5G4>6< F4 >>?<64?L=<E E?5>FDV6 >?4EF5DV6 <5F4=>?G 6 DV7=><G 

>F>G5==V, >>=D>D<5DV6 <>?5>G?< ?D>?4=>?G, >?4EF5DV6 F4 75F5D>4E>FV4FV6 ��%� G 

6>4=<E D>7G<=4E. �5F>4>< 6<<VDN64==O 7GEF<=< >FV=5=> ?4DFV4?L=V <>?OD=V 

>5'T<< 4=4?V7>64=<E E<EF5< (MgSO4, Na2SO4 K2SO4, MgCl2, NaCl, KCl, MgBr2, NaBr, 

KBr V HCl 6 H2O) =4 >E=>6V 4?D>>E<<4FVW ?5DL>7> ?>DO4>G 74?56=>EFV 7GEF<=< 6V4 

<>?O?L=>EFV 7 ?>?D46>>N =4 F5>D5F<G=<= =4E<? �554O-�N>>5?O. 
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�4G>>64 =>6<7=4 >FD<<4=<E D57G?LF4FV6. ' 4<E5DF4FV==V D>5>FV >FD<<4=> 

F4>V >D<7V=4?L=V D57G?LF4F<:  

1. �??<6 4D7>=>6>7> >F>G5==O =4 >?4EF5D< <5F4=>?G ?>?O74T G 75V?LL5==V 

4>66<=< 769O7>V6 %-O F4 �-�, M> ?D>O6?OTFLEO G E?5>FD4E �' ?>7?<=4==O G 6<7?O4V 

E<=L>7> 7<VM5==O 6V4?>6V4=<E E?5>FD4?L=<E E<G7 F4 7<5=L5=V 4>66<=< 769O7>V6 %-

� 3 G5D6>=5 7<VM5==O. �??<6 4D7>=>6>7> E5D54>6<M4 =4 EFDG>FGDG >?4EF5DV6 

6<O6<6EO E?45L<< 74 6??<6 >F>G5==O <5F4=>?><. 

2. �>>474=>, M> 6 747>?>4V5=><G ?D>?4=>?V ?5D56464NFL >>=D>D<5D< Gt, 

F>4V O> 6 =<7L>>F5<?5D4FGD=V <4FD<FV 6??<6 4D7>=>6>7> >F>G5==O =4 EFDG>FGDG 

<>?5>G? ?D<76>4<FL 4> F>7>, M> =4=5V?LL 5=5D75F<G=> 6<7V4=>N D>D<>N EF4T 

>>=D>D<5D Tg. 

3. ' E?5>FD4E >><5V=4FV==>7> D>7EVN64==O ��%� F4 =>7> 6>4=<E 

D>7G<=V6 6<O6?5=> G5D6>=<= 7EG6 E<G7< 64?5=F=<E >>?<64=L S=O, 7G<>6?5=<= 

D>D<G64==O< >?4E<G=>7> 6>4=56>7> 76'O7>G, V E<=V= 7EG6 E<G7< 64?5=F=<E >>?<64=L 

C-H, 7G<>6?5=<= GF6>D5==O< =5>?4E<G=>7> 6>4=56>7> 76'O7>G.  

4. �>>474=>, M> 4>4464==O E>?5EF5D<=G 4> <>45?L=>W ?V?V4=>W <5<5D4=< 

?D<76>4<FL 4> 7<V= G WW EFDG>FGDV, O>V ?D>O6?ONFLEO G E?5>FD4E �' ?>7?<=4==O: G 

7=<65==V V=F5=E<6=>EFV ?>7?<=4==O 7DG? $�2
- V �� F4 7<VM5==V <4>E<<G<G E<G7< 

$�2
- 6 5V> 6<M<E G4EF>F. 

5. �<O6?5=>, M> ?V46<M5==O >>=F5=FD4FVW <5?4F>=V=G 6 ?V?V4=V= <5<5D4=V 

?5D5L>>464T 674T<>4VW >>D>=>6VDGE=>7> S-5V?>4 7 >?VF<==>N <5<5D4=>N 4 G 

?D<EGF=>EFV E>?5EF5D<=G 6 E<EF5<V 674T<>4VO ?V?V4=>W <5<5D4=< 7 4>F<6=>N 

G4EF<=>N S-5V?>4 6V45G64TFLEO 6 74?56=>EFV 6V4 D47>6>7> EF4=G ?V?V4G: G 6<?44>G 

75?56>W D47< =5 6V45G64TFLEO 7<V= EFDG>FGD=<E ?4D4<5FDV6, 4?5 74 6<M<E F5<?5D4FGD 

G 6<?44>G DV4>>>D<EF4?VG=>W D47< 4>4464==O RBD SARS-CoV-2 4> E<EF5<< 

?D<76>4<FL 4> 7<5=L5==O F>6M<=< <5<5D4=<. 

6. �?5DL5 6<O6?5=> O>VE=G DV7=<FN 6 F5<?5D4FGD=V= 74?56=>EFV 

?4DFV4?L=>7> <>?OD=>7> >5'T<G <V6 4=V>=4<< V >4FV>=4<<, M> <>65 557?>E5D54=L> 
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6V4>5D464F< WE=V= DV7=<= 5?5>FD>EF4F<G=<= 6=5E>> G 674T<>4VN D>7G<==<>4 7 

D>7G<=5=>N D5G>6<=>N. $4=VL5 F4>>7> 5D5>FG =5 E?>EF5DV74?>EO.  

�E>5<EF<= 6=5E>> 74>5G64G4 ?>?O74T 6 >?D4FN64==V F4 4=4?V7V EGG4E=>7> 

?VF5D4FGD=>7> <4F5DV4?G 74 F5<>N 4>E?V465=L, ?D>6545==V 6EVE ?D54EF46?5=<E G 

D>5>FV >64=F>6>-EV<VG=<E D>7D4EG=>V6 F4 >FD<<4==V 5>E?5D<<5=F4?L=<E 44=<E 

<5F>44<< >>?<64?L=>W E?5>FD>E>>?VW F4 6<<VDN64==O 7GEF<=<. �4V=E=5=> >5D>5>G F4 

4=4?V7 >FD<<4=<E 5>E?5D<<5=F4?L=<E 44=<E, 7>>D5<4 V=F5D?D5F4FVN E?5>FD4?L=<E 

E<G7, >?D4FL>64=> D57G?LF4F< <>45?N64==O 5=5D75F<G=<E F4 EFDG>FGD=<E 

E4D4>F5D<EF<> 4>E?V46G64=<E >5'T>FV6. �57?>E5D54=L> 5D4?4 GG4EFL G =4?<E4==V F4 

?V47>F>6FV EF4F5= [5-8] F4 F57 4>?>6V45= =4 <V6=4D>4=<E =4G>>6<E >>=D5D5=FVOE [9-

14], O>V 6<E6VF?NNFL >E=>6=V D57G?LF4F< 4<E5DF4FV==>W D>5>F<. �>EF4=>6>4 7444GV 

F4 >57>6>D5==O >45D64=<E D57G?LF4FV6 ?D>6>4<?<EL D47>< 7 =4G>>6<< >5DV6=<>><. 

�>E?V465==O ?4DFV4?L=<E <>?OD=<E >59T<V6 6>4=<E D>7G<=V6 E>?5= <5F>4>< 

6<<VDN64==O 7GEF<=<, 4 F4>>6 WE 4=4?V7 5G?> ?D>6545=> G �45>D4F>DVW 

<>?5>G?OD=<E >E=>6 5V>?>7VG=>W 4>F<6=>EFV �=EF<FGFG 5V>EV<VW F4 5V>DV7<>< 

�>?LEL>>W 4>445<VW =4G> G E?V6D>5VF=<FF6V V7 ?D>D5E>D>< /D>E?46>< �>7=4=EL><<. 

�?D>54FVO <4F5DV4?V6 4<E5DF4FVW. �D54EF46?5=V 6 4<E5DF4FVW D57G?LF4F< 

4>E?V465==O 5G?< 6<E6VF?5=V G 10 =4G>>6<E ?G5?V>4FVOE, E5D54 O><E 4 EF4FFV G 

?5DV>4<G=<E D4E>6<E 6<44==OE [5-8], F4 6 F57 4>?>6V45= =4 <V6=4D>4=<E 

>>=D5D5=FVOE, =4G>>6<E L>>?4E F4 E5<V=4D4E [9-14]. 

%FDG>FGD4 F4 >5EO7 4<E5DF4FVW. &5>EF 4<E5DF4FVW 6<>?445=> =4 161 EF>DV=FV. 

$>5>F4 E>?444TFLEO V7 4=>F4FVW 45D646=>N F4 4=7?V=EL>>N <>64<<, 6EFG?G, G>F<DL>E 

D>74V?V6, 6<E=>6>V6, E?<E>G F<F>64=>W ?VF5D4FGD<, M> <VEF<FL ?>E<?4==O =4 205 

465D5?, F4 4>44F>V6. �<E5DF4FVO <VEF<FL 27 F45?<FL F4 45 D<EG=>V6. 

�69O7>> D>5>F< 7 =4G>>6<<< ?D>7D4<4<<, ??4=4<<, F5<4<<, 7D4=F4<<. 

$>5>F4 6<>>=G64?4EL =4 >4D54DV 5>E?5D<<5=F4?L=>W DV7<>< �<W6EL>>7> 

=4FV>=4?L=>7> G=V65DE<F5FG V<5=V &4D4E4 ,56G5=>4 6 D4<>4E 5N465F=<E F5< 

718�$051-02� «�>4=56>-769O74=V <>?5>G?OD=V >?4EF5D< 6E5D54<=V 
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=4=>EFDG>FGD>64=<E <4F5DV4?V6», 719�$051-07 «�4>>=><VD=>EFV E?V=74?56=<E 

?D>F5EV6 G >D<EF4?4E V =4=>EFDG>FGD4E, D>7D>5?5==O <5F>4V6 ?D>5>F<6=<E 

?D54EF46?5=L 7DG? E<<5FDVW 4?O WE=L>W V=F5D?D5F4FVW», 722�$051-07 «�?5>FD>==>-

>>?<64?L=V ?D>F5E< 6 1D F4 2D-6<<VD=<E =4=>E<EF5<4E, ?5DE?5>F<6=<E 4?O =>6VF=VE 

74EF>EG64=L 6 E>=OG=V= 5=5D75F<FV, =4=>5?5>FD>=VFV». $>5>F4 5G?4 G4EF>>6> 

?V4FD<<4=4 �>?LEL>>N =4FV>=4?L=>N 475=FVTN 4>445<VG=<E >5<V=V6 6 D4<>4E 

?D>7D4<< "%>?V44D=VEFL 7 '>D4W=>N" (BPS/UKR/2022/1/00009/U/00001). 

�D4>F<G=5 7=4G5==O >FD<<4=<E D57G?LF4FV6. �FD<<4=V D57G?LF4F< 

4=4?V7G 6??<6G >F>G5==O =4 EFDG>FGD=V F4 F5D<>4<=4<VG=V >E>5?<6>EFV 6>4=56>-

769O74=<E >?4EF5DV6 <4F<<GFL ?D4>F<G=5 74EF>EG64==O 4?O ?>44?LL>7> 

6<>>D<EF4==O G =4G>>6<E F4 F5E=VG=<E D>7D>5>4E G DV7=<E 74?G7OE V=65=5DVW, 

<54<F<=<, DV7V>?>7VW, 75>?>7VW F4 V=. 

�>>D5<4, V=D>D<4FVO ?D> 674T<>4VN V>=V6 7 6>4>N <4T 6<DVL4?L=5 7=4G5==O 6 

5V>DV7<FV, 5V>EV<VW F4 D4D<4F56F<G=V= ?D><<E?>6>EFV. �?5>FD>?VF< 3 F5 D5G>6<=<, 

O>V ?5D544NFL 5?5>FD<G=V V<?G?LE< ?> =4L><G FV?G F4 ?V4FD<<GNFL 6>4=<= 54?4=E 

V D57G?OFVN 5474FL>E DG=>FV= >D74=V7<G, 6>?NG4NG< E>>D>G5==O <'O7V6, ?D>6545==O 

=5D6>6<E V<?G?LEV6, 7V4D4F4FVN F4 D57G?N64==O DV6=O D�. &4>>6 6?4EF<6>EFV 

D>7G<=V6 5?5>FD>?VFV6 <>6GFL 5GF< >>D<E=<<< 4?O 6<7=4G5==O ?D<D>4< 674T<>4V=, 

M> VE=GNFL G WE D>7G<=4E.  

�?4EF5D< E?<DFV6 <>6GFL ?>E?G7>6G64F< 4>EF5<5==>N F4 ?D>EF>N <>45??N 

4?O 4>E?V465==O EFDG>FGD< 6>4=56>-769O74=<E 47D574FV6 F4 WE=L>W 4<=4<V>< O> G 

E?<DF4E, F4> V 6 V=L<E DV7V>?>7VG=> 646?<6<E DV4<=4E G >>=45=E>64=><G EF4=V. 

�FD<<4=V 44=V ?D> D>D<G64==O 6>4=56>-769O74=<E >?4EF5DV6 G E?<DF4E <4NFL 

647><5 ?D4>F<G=5 7=4G5==O 4?O ?D><<E?>6>EFV, 5V>?>7VG=<E F4 <54<G=<E =4G>. �E 

<>6=4 6<>>D<EF4F< ?D< 6<D>5=<FF6V DV7=><4=VF=<E ?>?V<5DV6, 4 F4>>6 

4>E?V465==OE 4<=4<V>< <>?5>G?OD=<E 47D574FV6 6>4< F4 GF6>D5==O WW EFDG>FGD<. 

�>E?V465==O ?4DFV4?L=<E <>?OD=<E >59T<V6 E>?5= 7 6>4>N <>6=4 74EF>EG64F< G 

6<DVL5==V >4=VTW 7 7?>54?L=<E ?D>5?5< ?N4EF64 3 D>7D>5FV ?D>F5EV6 >G<EF>< 6>4<.  
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�FD<<4=4 =>64 V=D>D<4FVO <>65 5GF< 66<F4 4?O GF>G=5==O F4 >>D57G64==O 

5V>EV<VG=<E ?D>F5EV6 G DV7V>?>7VW F4 <54<F<=V. $57G?LF4F< 4>E?V465=L EFDG>FGD< 

6>4=56>-769O74=<E >?4EF5DV6 ��%� 646?<6V 4?O 45F4?L=>7> 6<6G5==O 

<V>D>E>>?VG=<E 4E?5>FV6 D>D<G64==O D>7G<=V6,  <4NFL ?D4>F<G=5 74EF>EG64==O 6 

<54<F<=V, O> ?V>4DEL><= 74EV5, 6 5V>?>7VW, =4?D<>?44, 4?O V=7V5G64==O E?4DN64==O 

6<EV4=<E <>?5>G? ��� 6 ?>?V<5D47=<E ?4=FN7>6<E D54>FVOE, 4?O 6<6G5==O 

EFDG>FGD< <>?5>G?, <V6<>?5>G?OD=<E V 6=GFDVL=L><>?5>G?OD=<E �-76'O7>V6, 

674T<>4V= <V6 D>7G<==<>>< V D>7G<=N64=>N D5G>6<=>N V =46VFL O> >><?>=5=F 

EV<VG=>W 75D>W.  

�FD<<4=4 =>64 V=D>D<4FVO ?D> 6??<6 4><VL>> =4 EFDG>FGD=V ?4D4<5FD< 

<>45?L=<E ?V?V4=<E <5<5D4= F4 DG=>FVD=4?L=VEFL D5F5?F>D-76'O7G64?L=>7> 4><5=G 

S-?D>F5W=G SARS-CoV-2 T 4G65 646?<6>N G 5V>?>7VW, <54<F<=V F4 D4D<4F56F<FV 4?O 

D>7D>5>< =>6<E ?V>4DEL><E 74E>5V6. 

�DV< FL>7>, D57G?LF4F<, >FD<<4=V 6 44=V= D>5>FV, <>6GFL 5GF< 6<>>D<EF4=V 4?O 

?>44?LL<E 5>E?5D<<5=F4?L=<E V F5>D5F<G=<E 4>E?V465=L 6??<6G >F>G5==O =4 

EFDG>FGDG F4 6?4EF<6>EFV 6>4=56>-769O74=<E DV4<= V 6<O6<F<EL >>D<E=<<< 6 

=46G4?L=><G ?D>F5EV, 7>>D5<4 6 E?5F>GDE4E 7 <V6<>?5>G?OD=>W 674T<>4VW. 
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$����� 1. 

�%������%&� %&$'�&'$� &� ���%&���%&�� �������-��9/����% 

�����'�/$��% %�%&�� (���/� ��&�$�&'$�) 

1.1 �?4EF<6>EFV DV4<= 7 <V6<>?5>G?OD=<< 6>4=56<< 769O7>>< 

�E>5?<6>EFV ?D<D>4< D>D<G64==O 6>4=56>7> 769O7>G 4>F<6=> ?>G4?< 6<6G4F< 

7 ?>G4F>G %% EF>?VFFO. �5DLV 7744>< ?D> 6>4=56V 769O7>< 5G?< ?D54EF46?5=V 6 

D>5>F4E &><4 �>>D4 F4 &><4E4 �V=<V??4 [15] ?D< 4>E?V465==OE ?>654V=>< 4<V=V6 G 

6>4=<E D>7G<=4E G 1912 D>FV. �V?L>4 D>>V6 ?> F><G, G 1920 D>FV �5=65?? �4FV<5D F4 

�>DF $>455GL G E6>W= D>5>FV [16] >?<E4?< 6>4=56<= 769O7>> G =>7> 5V?LL 6V4><><G 

?D>O6V 3 G 6>4V, ?D< 4>E?V465==OE WW ?>?OD=>EFV F4 V>=V74FVW. ' 1960 D>FV �6>D46 

�V<5=F5? F4 �5DV �4>�?5??4= [17] ?D>65?< 4=4?V7 =4O6=<E =4 F>= G4E =4G>>6<E 

?D4FL F4 =47>?>E<?<, M> 6>4=56<= 769O7>> T 4>EF4F=L> E<?L=<<, M>5 7>?>6=<< 

G<=>< 6<7=4G4F< EFDG>FGDG D5G>6<=<, 4?5 6>4=>G4E T 4>EF4F=L> E?45><<, 

4>76>?ONG< <>?5>G?4< D5G>6<=< D>7D<64F< 769O7>< 7 >4=<<< <>?5>G?4<< F4 

GF6>DN64F< =>6V 769O7>< 7 V=L<<< <>?5>G?4<< [18].  

�E5 5V?LL5 V 5V?LL5 6G5=V FV>46<?<EO 4>E?V465==O< ?>654V=>< DV7=<E D5G>6<= 

G 6>4V, 7'O6?O?4EL 65?<>4 >V?L>VEFL =>6<E 44=<E 4?O D>7G<V==O ?D>F5EV6 D>D<G64==O 

6>4=56>7> 76'O7>G. &4>, G 2011 D>FV, E?<D4NG<EL =4 5>E?5D<<5=F4?L=V F4 F5>D5F<G=V 

4>E?V465==O 6EVE D>>V6, >E>5?<6> 6 >EF4==V 45EOF<?VFFO, 7DG?4 46F>DV6 7 DV7=<E 

>GF>G>V6 E6VFG ?D54EF46<?4 G E6>W= D>5>FV GF>G=5=5 6<7=4G5==O 6>4=56>7> 76'O7>G, 4 

F4>>6 ?V4>D5E?<?4 >D<F5DVW, O>V <>6GFL E?G7G64F< 4>>47>< =>7> D>D<G64==O G 

D5G>6<=V [19]. &4><< G<=><, 6>4=56<= 76'O7>> 3 F5 674T<>4VO, M> 6<=<>4T <V6 

4F><>< �V4D>75=G >4=VTW <>?5>G?< 45> <>?5>G?OD=>7> DD47<5=F4 X-H, 6 O>><G 

>>64?5=F=> 769O74=<= X 5V?LL 5?5>FD>=574F<6=<=, =V6 H, V 4F><>< 45> 7DG?>N 

4F><V6 FVTW 6 45> V=L>W <>?5>G?<, 6 O>V= T >7=4>< GF6>D5==O 76'O7>G. &<?>6<= 

6>4=56<= 76'O7>> <>65 5GF< 7>5D465=<= O> X-H···Y-Z (D<E. 1.1), 45 FD< F>G>< 

?>7=4G4NFL 76'O7>>. X-H T 4>=>D>< 6>4=56>7> 76'O7>G. �>F5?F>D>< T 5474F4 
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5?5>FD>=4<< >5?4EFL, =4?D<>?44, 4F>< 45> 4=V>= Y, 45> Ã-76'O74=4 ?4D4 Y-Z, 45 Y 

GF6>DNT >>64?5=F=<= 769O7>> 7 Z [20].  

 

$<EG=>> 1.1 3 %E5<4F<G=5 ?D54EF46?5==O 6>4=56>7> 769O7>G. 

 

�>4=56V 769O7>< 6<=<>4NFL, <V6 <>?5>G?4<<, O>V <VEFOFL �V4D>75= 

(=4?D<>?44, G 7DG?4E ��, NH, FH) F4 E<?L=> 5?5>FD>=574F<6=<< 4F><>< Y 

(=4?D<>?44, N, O, Cl, F) [21]. ' F4><E >><??5>E4E D>?L <VEF>4 6V4V7D4T �V4D>75=, O><= 

769O7GT 4F><< X F4 Y. %?5F<DVG=>N D<E>N >><??5>EV6 7 6>4=56<< 769O7>>< T ?V=V==4 

75><5FDVO 6>4=56>7> <VEF>4. �>66<=4 6>4=56>7> 769O7>G E>?444T 2,7 2 3 û, F>5F> 

6V4EF4=L <V6 4F><4<< X F4 Y, M> 7=4G=> <5=L5 74 DV6=>646=G 6V4EF4=L G 64=-45D-

644?LE>6<E 4<<5D4E.  

�D< GF6>D5==V �-769O7>G 7>?>6=G D>?L 6V4V7D4T ?5D5D>7?>4V? 5?5>FD>==>W 

7GEF<=< <>?5>G?, M> 6EFG?<?< G 674T<>4VN. �?5>FD>=574F<6=V 4F><< (O, N, F, Cl) 

?D<FO7GNFL 5?5>FD>= 4F><4 �V4D>75=G V F<< E4<<< ?5D5F6>DNNFL =>7> G ?>7<F<6=> 

74DO465=G G4EF<=>G, O>4 =5 <4T 5?5>FD>=V6 V F><G =5 6V4LF>6EGTFLEO 5?5>FD>==<<< 

>5>?>=>4<< V=L<E 4F><V6, 4 FV?L>< ?D<FO7GTFLEO 4> =<E. �D< FL><G =4 ?D>F>=V 

74664< 6V45G64TFLEO 7<5=L5==O 5?5>FD>==>W 7GEF<=<, 4 =4 4F><4E X F4 Y 3 

75V?LL5==O. 

�<7=4G5=> =4EFG?=V 6?4EF<6>EFV 6>4=56>7> 769O7>G [20, 18]: 



28 

 

÷ %<?<, M> 55DGFL GG4EFL G D>D<G64==V 6>4=56>7> 76'O7>G, 6>?NG4NFL: 

E<?< 5?5>FD>EF4F<G=>7> ?>E>465==O; E<?<, M> 6<=<>4NFL ?D< ?5D5=5E5==V 74DO4G 

<V6 4>=>D>< V 4>F5?F>D><, M> ?D<76>4OFL 4> GF6>D5==O G4EF>>6>7> >>64?5=F=>7> 

76'O7>G <V6 4F><4<< H V Y; E<?<, M> 6<=<>4NFL G D57G?LF4FV 4<E?5DEVW [20].  

÷ �F><< X V H >>64?5=F=> ?>6'O74=V >4<= 7 >4=<<, V 76'O7>> X-H 

?>?OD<7>64=<=, ?D<G><G <VF=VEFL 76'O7>G H···Y 75V?LLGTFLEO 7V 75V?LL5==O< 

5?5>FD>=574F<6=>EFV 4F><4 X [20].  

÷ �GF X-H···Y 7476<G4= ?V=V==<= (180º), V G<< 5?<6G5 >GF 4> 180º, F<< 

<VF=VL<= 6>4=56<= 76'O7>> V F<< >>D>FL4 6V4EF4=L H···Y [20].  

÷ $>D<G64==O 6>4=56>7> 769O7>G 6545 4> D>7L<D5==O E<G7< F4 

=<7L>>G4EF>F=>7> 7EG6G 64?5=F=>7> >>?<64==O 7DG?< X-H 6 E?5>FD4E 

V=DD4G5D6>=>7> ?>7?<=4==O E6VF?4 [18].  

÷ ' E?5>FD4E O45D=>-<47=VF=>7> D57>=4=EG (/�$) 6>4=56<= 76'O7>> X-

H···Y-Z ?D>O6?OTFLEO 6 E4D4>F5D=><G D>7L<D5==V E<G7 [18].  

÷ &5??>64 5=5D7VO E<EF5<< ?>6<==4 5GF< <5=L>N 74 5=5D7VN �V55E4 

GF6>D5==O 6>4=56>7> 76'O7>G [20].  

�>4=56<= 769O7>>, O><= 7476<G4= 74 E6>TN 5=5D7VTN EF4=>6<FL 6V4 4 4> 80 

>�6/<>?L), 7=4G=> E<?L=VL<= 74 76<G4==V 64=45D644?LE>6V 674T<>4VW, 4?5 E?45L<= 

74 >>64?5=F=<= 45> V>==<= 76'O7>>. �4 <VF=VEFLN D>7DV7=ONFL E?45>V, 5=5D7VO O><E 

>>?<64TFLEO 6 <564E 6V4 4 >�6/<>?L 4> 15 >�6/<>?L, 45> 4G65 E?45>V (1 3 4 

>�6/<>?L) F4 E<?L=V, 7 5=5D7VTN GF6>D5==O 5V?LL5, =V6 15 >�6/<>?L, 45> 

=4476<G4==> E<?L=V (?>=44 155>�6/<>?L) [22]. %4<5 6>4=56<= 769O7>> 74557?5GGT 

4E>FV4FVN >>D5<<E <>?5>G? DV4<= G 7DG?< 3 6>4=56>-769O74=V 4E>FV4F<, O>V 

=47<64NFL >?4EF5D4<< [18]. $V4<=4<, 7 <V6<>?5>G?OD=<< 6>4=56<< 769O7>><, 

?D<F4<4==V ?56=V >E>5?<6V 6?4EF<6>EFV, F4>V O> 6<MV 7=4G5==O F5<?5D4FGD< 

??46?5==O F4 ><?V==O, ?V46<M5=4 4E>FV4F<6=VEFL, >>5DVFVT=FG ?>65DE=56>7> =4FO7G 

F>M> [18, 23, 24]. 
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1.2 �??<6 E>?5= =4 <5D56G 6>4=56<E 76'O7>V6 

�>4=56V 769O7>< 6V4V7D4NFL 646?<6G D>?L G 6<FFV =4 ??4=5FV �5<?O. 

�?5>FD>?VF< <4NFL 65?<G57=5 <54<G=5 74EF>EG64==O 7464O>< E6>W= 6<E>>V= 

D>7G<==>EFV G 6>4V, >E>V?L>< 5V?LLVEFL 5V>?>7VG=<E ?D>F5EV6 6V45G64TFLEO G 6>4=><G 

E5D54>6<MV [25-27]. �-76'O7>< F4>>6 <4NFL 6<DVL4?L=5 7=4G5==O 6 =4=>=4GFV, 

6>?NG4NG< DG=>FV>=4?V74FVN F4 ?4F5D=V74FVN ?>65DE>=L 7 G?>DO4>>64=<<< 

<>?5>G?OD=<<< L4D4<< [28-30]. 

�D< D>7G<=5==V G 6>4V 5?5>FD>?VF< 4<E>FVNNFL =4 >4FV>=< F4 4=V>=<. &V 

74DO465=V G4EF<=>< G D>7G<=4E <4NFL F5=45=FVN 4> D57G?OD=>7> F4 DV6=><VD=>7> 

D>7?>4V?G. �>44 T 6<E>>>EFDG>FGD>64=>N DV4<=>N 7464O>< D>774?G65=V= <5D56V 

6>4=56<E 76'O7>V6. �4=4> D>7G<=5=V 5?5>FD>?VF< 45> 4<E?5DE=V V>=< 6??<64NFL =4 WW 

EFDG>FGDG, ?>DGLGNG< EFG?V=L 6>4=56>7> 76'O7>G <>?5>G? 6>4< 7 V>=4<< [31-33]. �4 

=<7L><E >>=F5=FD4FV= 5?5>FD>?VF<, D>7G<=5=V G 6>4V, 4<E>FVNNFL =4 V>=<, >>65= 7 

O><E 7V4D4F>64=<=. %<?L=5 5?5>FD<G=5 ?>?5, M> >F>GGT <5=LV V>=<, 7<GLGT 

4<?>?OD=V <>?5>G?< 6>4< ?5D57DG?G64F<EO 6 7V4D4F4FV==V >5>?>=>< =46>>?> F<E 

V>=V6, GF6>DNNG< EFDG>FGD<, 6V4<V==V 6V4 F<E, M> VE=GNFL 6 >5'T<=V= 6>4V [27]. 

�E>5?<6>EFV 674T<>4VW E>?5= 7 6>4=56<<< 769O7>4<< 4>F<6=> ?>G4?< 6<6G4F< 

=4?D<>V=FV XIX 3 ?>G4F>G %% EF>?VFFO. &4>, ?D>FO7>< 1880 3 1890-E D>>V6 

�>D<5=EF5D >?<E46 6??<6 76<G4==<E E>?5= =4 DV7=V DV7V>?>7VG=V 7D47><, 6 F><G G<E?V 

=4 E5GG [34]. �5E4=V7< 5D5>FV6 �>D<5=EF5D4 D5F5?L=> 4>E?V46G646EO V L<D>>> 

>57>6>DN646EO 6G5=<<<. ' 1956 D>FV 6 D>5>FV �5=4 5G?< 4>E?V465==V 

F5D<>4<=4<VG=V 6?4EF<6>EFV 45O><E E>?5= G 6>4=<E D>7G<=4E F4 6EF4=>6?5=>, M> 

?D< =<7L><E >>=F5=FD4FVOE ?4DFV4?L=V <>?OD=V >59T<< V>=V6 ?D<5?<7=> 44<F<6=V, 

?D<G><G 6V4=>L5==O 44<F<6=>EFV =4=>D4M5 E?>EF5DV74?>EL 6 >4=>64?5=F=<E E>?OE 

V EF464?> <5=L 744>6V?L=<< G <VDG 75V?LL5==O V>==<E 74DO4V6 [35]. �V?L>4 D>>V6 ?> 

F><G $D4=> �V??5D> G 1971 D>FV 45F4?L=> 4>E?V46G646 <>?OD=<= >59T< 

5?5>FD>?VFV6 4?O D>7G<V==O EFDG>FGD=<E 674T<>4V= G D>7G<=4E F4 ?D>6V6 >>D>F><= 

4=4?V7 =4O6=<E =4 F>= G4E =4G>>6<E ?D4FL [36]. �7>4>< �GFV4=> �5?>DV F4 $D4=F5E>> 
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�4?4F5EF4 G 1990 D>FV >?<E4?< V7>FD>?=<= 5D5>F D>7G<==<>4 H2O-D2O 6 >59T<=V= 

?>654V=FV 45O><E 6<E>>> 74DO465=<E 5?5>FD>?VFV6 65?<><E D>7<VDV6 [37]. �D>FO7>< 

>EF4=VE 20 D>>V6 7'O6<?<EO 45EOF>< <>45?5= 4?O D>7D4EG=>G 7GEF<=< (>5'T<G) 6>4=<E 

D>7G<=V6 E?>D<4V6 V EG?LD4FV6 [38-45]. ' 2008 D>FV ,<45 �4> V '65=E4> �G4=L 

6<6G4?< PVTx 6?4EF<6>EFV 5V=4D=<E 6>4=<E D>7G<=V6 E?>D<4V6 [46]. ' 2009 D>FV 

�4D<4D F4 V=. >?<E4?< ?>DV6=O?L=5 4>E?V465==O ?4DFV4?L=<E <>?OD=<E >5'T<V6 

45O><E 7V4D4F>64=<E V 5576>4=<E E>?5= EG?LD4FV6 ?5D5EV4=<E <5F4?V6 V EG?LD4FG 

<47=VN G 6>4V 74 DV7=<E F5<?5D4FGD [47]. ' 2017 D>FV, ,<45 �4> F4 V=. 4>E?V4<?< 

PVTx 6?4EF<6>EFV 5V=4D=<E E<EF5< EG?LD4F-6>44 7 6<>>D<EF4==O< <5F>4G 

=4=<5=L<E >644D4FV6 [48]. �>6VF=V 4>E?V465==O �GLD4 �4EEV< F4 V=. (2021 D.) 

>?<EGNFL >>E<>FD>?=G F4 E4>FD>?=G ?>654V=>G 7V4D4F>64=<E V>=V6 G 6>4=<E 

D>7G<=4E M>4> ?4D4<5FDV6 D>7FO6=>EFV F4 EF<E?<6>EFV [27]. �4=V 4>E?V465==O 

?D<765?< 4> 6<=<>=5==O 45F4?L=<E F5>DV= 6>4=<E D>7G<=V6 5?5>FD>?VFV6, O>V <>6GFL 

?>OE=<F< 5474F> DV7<>>-EV<VG=<E 6?4EF<6>EF5= F<E D>7G<=V6, 4?5 4>EV =5 <>6GFL 

?>6=VEFN 79OEG64F<  <5E4=V7< 6??<6G E>?5= =4 <4>D><>?5>G?G [49-56].  

�E>5?<64 G6474 ?D<4V?O?4EL ?>OE=5==N 5D5>FV6 E>?5= G D>7G<=V 3 O> V>=< 

6??<64NFL =4 E4D4>F5D 6>4=56<E 76'O7>V6 G 6>4V [57]. �VN E>?5= G 6>4V =4=G4EFVL5 

>?<EGNFL F5D<V=4<< E4>FD>?=>EFV F4 >>E<>FD>?=>EFV D>7G<=5=<E D5G>6<=. �G?> 

?V4F65D465=>, M> V>=< G 6>4V 5V?LL5 =5 <>6=4 66464F< F>G>>6<<< 74DO44<<, 

>E>V?L>< V>==V D44VGE<, D>D<4 V F<? (>4FV>= G< 4=V>=) <>6GFL E<?L=> 6??<64F< =4 

4<=4<V>G F4 5=5D75F<>G <>?5>G? 6>4< 6 WE=V= 7V4D4F4FV==V= >5>?>=FV [58]. �4=<< V7 

=4=>D4M<E >?<EV6 E4>FD>?=>EFV/>>E<>FD>?=>EFV T 6<7=4G5==O, 74?D>?>=>64=5 

�>??V=7>< [59]: 76'O7>> E4>FD>?V6 7 <>?5>G?4<< 6>4< E?45L<=, =V6 76'O7>> <>?5>G? 

6>4< >4=4 7 >4=>N; 76'O7>> >>E<>FD>?V6 7 6>4>N E<?L=VL<=, =V6 76'O7>> <>?5>G? 

6>4< >4=4 7 >4=>N. %4>FD>?=VEFL >>D5?NT 7 =<7L>>N 7GEF<=>N 74DO4G; F4><< 

G<=><, 65?<>V >4=>64?5=F=V V>=< <4NFL F5=45=FVN 5GF< E4>FD>?=<<< 45> 

EG?5DE4>FD>?=<<< [60]. �E =<7L>4 7GEF<=4 74DO4G E?45L5 6??<64T =4 ?>>4?L=G 

<5D56G 6>4=56<E 76'O7>V6. �>E<>FD>?=VEFL >>D5?NT 7 6<E>>>N 7GEF<=>N 74DO4G; 
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F4><< G<=><, <4?V 45> 5474F>74DO4=V V>=< <4NFL F5=45=FVN 5GF< >>E<>FD>?=<<<. 

�E 6<E>>4 7GEF<=4 74DO4G E<?L=> ?5D5L>>464T D>D<G64==N ?>>4?L=<E 6>4=56<E 

76'O7>V6 <V6 <>?5>G?4<< 6>4< [49, 61]. 

�5'T<=V 4>E?V465==O 5V><>?5>G? G 6>4=<E 5?5>FD>?VF=<E D>7G<==<>4E, O>V 

?>OE=NNFL 674T<>4VN 5V><>?5>G? 7 5?5>FD>?VF><, =45G?< EL>7>4=V 646?<6>7> 

7=4G5==O [27, 36, 62-64]. �4 674T<>4VW, M> 6V45G64NFLEO G 6<6<E >D74=V7<4E, F4>>6 

6??<64T E>?44 5V>?>7VG=>7> E5D54>6<M4, 6 O>><G 6>=< ?5D55G64NFL. 'EV 5V>?>7VG=V 

DV4<=< <VEFOFL 5?5>FD>?VF< G 6<7?O4V V>=V6. �=4==O F5D<>4<=4<VG=<E 6?4EF<6>EF5= 

6>4=<E 5?5>FD>?VF<G=<E D>7G<=V6 T DG=44<5=F4?L=<<< 6 DV7=<E 74?G7OE EV<VG=>W F4 

D4D<4F56F<G=>W ?D><<E?>6>EFV [65, 66]. �DV< F>7>, FV 6?4EF<6>EFV 5?5>FD>?VF<G=<E 

D>7G<=V6 <>6GFL 4>?><>7F< 6<7=4G<F< ?D<D>4G 674T<>4V=, O>V VE=GNFL G WE=VE 

D>7G<=4E. �>=F5=FD4FV==4 74?56=VEFL 6<4<<>7> V ?4DFV4?L=>7> <>?OD=<E >5'T<V6 

D>7G<=V6 5?5>FD>?VFV6 4>?><474T 7'OEG64F< EFDG>FGD=V 674T<>4VW (=4?D<>?44, V>=-V>=, 

V>=-D>7G<==<> V D>7G<==<>-D>7G<==<>), M> 6V45G64NFLEO 6 D>7G<=V. �4DFV4?L=V 

<>?OD=V >5'T<< 5?5>FD>?VFV6 ?D< =<7L><E >>=F5=FD4FVOE 6<>>D<EF>6GNFLEO 4?O 

6<6G5==O 674T<>4VW V>=-D>7G<==<> V D>7G<==<>-D>7G<==<>, F>4V O> ?D< 6<M<E 

>>=F5=FD4FVOE 6>=< 6V4>5D464NFL E>>DVL5 V>=-V>==G 674T<>4VN. �E 64DVN64==O 

74?56=> 6V4 G<>6 5>E?5D<<5=FG (=4?D<>?44, F<E>G, F5<?5D4FGD<) <>65 F4>>6 

4>?><>7F< 6 >?F<<V74FVW ?D>F5EV6, M> <4NFL V=65=5D=5 7=4G5==O [36].   

�576464NG< =4 F5, M> 6<6G5==O F5D<>4<=4<VG=<E 6?4EF<6>EF5= E>?5= G 

6>4=<E D>7G<=4E F4 WE=V= 6??<6 =4 <5D56G 6>4=56<E 76'O7>V6 6>4< ?D<65D=G?> G647G 

4>E?V4=<>V6 M5 150 D>>V6 F><G, <5E4=V7< FL>7> ?D>F5EG 6E5 M5 ?>FD55GT 4>E?V465=L 

4?O ?>6=>7> D>7G<V==O. �E=GT 4G65 <4?> V=D>D<4FVW ?D> 45F4?L=G EFDG>FGD=G 

?>654V=>G V>=V6 G 6>4V ?D< =<7L><E >>=F5=FD4FVOE (D<E. 1.2).  

&><G 6V4=>E=G 646?<6VEFL V>==>-6>4=<E 674T<>4V=, O>V D>76<64NFLEO ?D< 

D>7G<=5==V 5?5>FD>?VFV6 G 6>4V, 646>> >FV=<F<. �4?56=VEFL 7GEF<=< 45> >5'T<G 6V4 

F<E>G, F5<?5D4FGD< V E>?44G (PVTx-6?4EF<6>EFV) T >4=VTN 7 =4=646?<6VL<E 

F5D<>4<=4<VG=<E 6?4EF<6>EF5=. �E>V?L>< ?4DFV4?L=<= <>?OD=<= >5'T< 5?5>FD>?VFG 
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6V4>5D464T >G<G?OF<6=V 5D5>F< 674T<>4VW V>=-V>= F4 V>=-D>7G<==<>, FV>46> 

4>E?V4<F< ?>654V=>G O> ?>7<F<6=>7>, F4> V =574F<6=>7> ?4DFV4?L=>7> <>?OD=>7> 

>5'T<G ?D< =<7L><E >>=F5=FD4FVOE 6 4V4?47>=V F5<?5D4FGD 20-40°% 45O><E E>?5= 

(EG?LD4F <47=VN, EG?LD4F =4FDVN F4 V=.) G 6>4V. &><G 4>E?V465==O 6?4EF<6>EF5= 

6>4=<E D>7G<==V6 5?5>FD>?VFV6 74?<L4TFLEO 646?<6<< V 4>FG4?L=<< 74644==O< 4?O 

=4G>>6FV6. 

 

$<EG=>> 1.2 3 �4?56=VEFL 7GEF<=< 6V4 <>?O?L=>EFV NaCl 6 H2O ?D< 25°C. 

�VF5D4FGD=V 44=V [67, 68] ?>7=4G5=V 75?5=<< >>?L>D><, =4LV 4>E?V465==O 3 E<=V<. 

1.3 �?4EF5D=4 EFDG>FGD4 ?D>EF<E >4=>4F><=<E E?<DFV6 

�?O >D4M>7> D>7G<V==O 6??<6G >F>G5==O =4 EFDG>FGDG F4 6?4EF<6>EFV 

6>4=56>-769O74=<E <>?5>G?OD=<E E<EF5< =5>5EV4=> 4>E?V46G64F< 7><>?>7VG=V DO4< 

EV<VG=<E E?>?G>. �V=V==V E?<DF< H(CH2)nOH, 45 n 3 FV?5 G<E?>, O>5 ?>7=4G4T 

4>66<=G 4?>V?L=>7> ?4=FN6>4, T >4=<<< V7 ?D<>?44V6 F4>>7> DO4G. &4>V E?>?G>< 

<4NFL 646?<65 7=4G5==O 6 <4F5DV4?>7=46EF6V, DV7<FV, EV<VW F4 5V>?>7VW F4 6<6G4NFLEO 

7 <5F>N 6EF4=>6?5==O 769O7>G >E>5?<6>EF5= 6??<6G >F>G5==O 7V EFDG>FGD=<<< F4 

DV7<>>-EV<VG=<<< 6?4EF<6>EFO<< E<EF5<. 
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1.3.1 �?4EF5D=4 EFDG>FGD4 <5F<?>6>7> E?<DFG  

�5F4=>? (<5F<?>6<= E?<DF) T >4=<< V7 =4=?D>EFVL<E ?D54EF46=<>V6 

>4=>4F><=<E E?<DFV6 7 EV<VG=>N D>D<G?>N CH3OH (<5F<?L=4 7DG?4 7 

7V4D>>E<?L=>N). %FDG>FGD4 <>=><5D4, 4<<5D4 F4 FD<<5D4 <>?5>G? <5F4=>?G 

=46545=4 =4 D<E. 1.3. 

   

4 5 6 

$<EG=>> 1.3 3 �?F<<V7>64=V EFDG>FGD< <>?5>G?< <5F4=>?G (4), =>7> 4<<5D4 

(5) F4 FD<<5D4 (6), D>7D4E>64=V 74 4>?><>7>N ?D>7D4<=>7> ?4>5FG Gaussian 

<5F>4>< DFT 6 =45?<65==V B3LYP/ccPVTZ. 

 

�>E?V465==O EFDG>FGD< <5F4=>?G O> 5>E?5D<<5=F4?L=<<<, F4> V 

F5>D5F<G=<<< <5F>44<< ?D<65DF4?> G647G 6G5=<E ?D>FO7>< 5474FL>E EF>?VFL [69-

78]. �5DLV 4>E?V465==O, O>V E6V4G4FL ?D> 6<=<>=5==O =44<>?5>G?OD=>W EFDG>FGD< 6 

DV4>><G <5F<?>6><G E?<DFV, 79O6<?<EL G 1930-E D>>4E [79]. �7>4>< 5G?> ?D>6545=> 

5474F> E?5>FD>E>>?VG=<E 4>E?V465=L >?4EF5DV6 <5F4=>?G, 7>>D5<4 6 747>6V= D47V [80-

93], 4 F4>>6 6 V=5DF=<E <4FD<FOE ?D< =<7L>V= F5<?5D4FGDV [94-98]. 

�>E?5D<<5=F4?L=4 D>5>F4, ?V4>DV??5=4 F5>D5F<G=<<< ?D>7=>74<< [99-105], ?>>47GT, 

M> =4=<5=L<= >?4EF5D 3 4<<5D, VE=GT O> 6V4>D<F4 EFDG>FGD4 7 >4<=4D=<< 6>4=56<< 

769O7>><, M> GFD<<GT 46V <>?5>G?< D47><: >4=4 <>?5>G?4 <5F4=>?G 4VT O> 4>=>D 

?D>F>=V6, 4 V=L4 3 O> 4>F5?F>D. ' 6<?44>G FD<<5DV6 V 5V?LL<E >?4EF5DV6 D>D<G64==O 

F<>?VG=<E EFDG>FGD <4>E<<V7GT >V?L>VEFL 6>4=56<E 769O7>V6 V T 5=5D75F<G=> 5V?LL 

6<7V4=<< =44 ?4=FN7>?>4V5=<<< EFDG>FGD4<<. �'-E?5>FD< F4 E?5>FD< 
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>><5V=4FV==>7> D>7EVN64==O F<E >?4EF5DV6 G 5>E?5D<<5=F4E ?> =4476G>>6><G 

D>7L<D5==V >E>?>465=>7> 747G F4 <>?5>G?OD=<E ?GG>4E 6<O6<?< GVF>V >7=4>< 

GF6>D5==O F<>?VG=<E FD<<5D4 F4 F5FD4<5D4 6 >5?4EFV 64?5=F=<E >>?<64=L OH, F>4V 

O> E?5>FD4?L=V E<G7< ?5=F4<5D4 F4 5V?LL<E >?4EF5DV6, 6<44TFLEO, 7?<64NFLEO 6 >4=G 

L<D>>G E<G7G [81, 82, 84-93]. �5 5G?> 7=4=45=> 6>4=<E 4>>47V6 VE=G64==O 

=5F<>?VG=<E >?4EF5DV6 <5F4=>?G, 5V?LL<E 74 4<<5D, G 747>6V= D47V. 'F6>D5==O 

?5D5646=> F<>?VG=<E V7><5DV6 4?O FD<<5DV6 V 5V?LL<E >?4EF5DV6 F4>>6 5G?> 

6V47=4G5=> 6 5>E?5D<<5=F4E 7 6<>>D<EF4==O< F65D4<E 47>F=<E V 4D7>=>6<E <4FD<FL  

[94, 98].  

1.3.2 �>=D>D<4FV==<= E>?44 ?D>?V?>6>7> E?<DFG 

�D>?4=>? (?D>?V?>6<= E?<DF) L<D>>> 6<>>D<EF>6GNFLEO G DV7=<E ED5D4E, 

F><G 6V= F4>>6 4>F<6=> 6<6G4TFLEO O> 5>E?5D<<5=F4?L=<<<, F4> V F5>D5F<G=<<< 

<5F>44<<. �V4><>, M> <>?5>G?< >4=>4F><=<E E?<DFV6 <>6GFL D>D<G64F< 

DV7=><4=VF=V >?4EF5D=V EFDG>FGD< 7464O>< 6>4=56<< 769O7>4< [106-108]. �V?LL5 

F>7>, >>6=4 <>?5>G?4 E?<DFG 7 5V?LL =V6 >4=<< 4F><>< �4D5>=G <>65 7=4E>4<F<EL 

G DV7=<E >>=D>D<4FVOE, O>V GF6>DNNFLEO 6 D57G?LF4FV >55DF4==O 7DG? 4F><V6 

=46>>?> EV<VG=<E 769O7>V6 [109-111]. ' 6<?44>G ?D>?4=>?G (EFDG>FGD=4 D>D<G?4 

CH2-CH3-CH3-OH (D<E.1.4)), <>?5>G?4 O>>7> <4T 464 EFDG>FGD=<E 46>7D4==<E >GF4, 

VE=GT 4569OFL EF45V?L=<E >>=DV7GD4FV=: >4=4 ??>E>4 EFDG>FGD4 V G>F<D< ?4D< 

5=4=FV><5DV6 (45> 475D>4?L=<E >>=D>D<5DV6). �E>V?L>< 5=4=FV><5D< T 475D>4?L=<< 

6V4>5D465==O< >4<= >4=>7> V F><G <4NFL >4=V = FV 6 E4<V 5=5D75F<G=V F4 >?F<G=V 

6?4EF<6>EFV, F> 6V4<V==>EFO<< <V6 =<<< 7476<G4= =5EFGNFL. /> ?D46<?>, 

>>=D>D<5D< ?D>?4=>?G ?>7=4G4NFLEO E<<6>?VG=>N =476>N 74 7474?L=>?D<==OF>N 

EE5<>N 46>7D4==<E >GFV6 CCCO+CCOH G5D57 65?<>G + <4?5=L>G 5G>6< 4?O FD4=E- 

(T, t), 7>L- (G, g) V 7>L- (G', g') >>=D>D<5DV6 [111, 112]. 
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$<EG=>> 1.4 3 �>?5>G?4 n-?D>?4=>?G, D>7D4E>64=4 74 4>?><>7>N 

?D>7D4<=>7> ?4>5FG Gaussian. 

 

�>=D>D<4FV==V 6?4EF<6>EFV <>?5>G? ?D>?4=>?G 6<6G4?<EO DV7=<<< 

5>E?5D<<5=F4?L=V<< <5F>44<<: G =4476G>>6<E EFDG<5=OE [111, 113] F4 

>DV><4FD<FOE [111, 114], 6 747>6V= F4 DV4>V= D474E [112], 6 D>7G<=4E 7 

F5FD4E?>D<5F4=>< ?D< <4?<E >>=F5=FD4FVOE ?D>?4=>?G [115]. �>>D5<4, ?>FG6=<< 

<5F>4>< 4?O 6<6G5==O <>?5>G?OD=<E >?4EF5DV6, M> GF6>DNNFLEO 74 D4EG=>> 

6>4=56>7> 76'O7>G 6 DV7=<E D47>6<E EF4=4E, T �'-$GD'T E?5>FD>E>>?VO. &4>, G 2007 

D>FV &>5V4E �4EE5D<4= F4 V=. 4>E?V46G64?< ?D>F5E< 4<<5D<74FVW n-4?>4=>?V6 G 

=4476G>>6<E EFDG<5=OE F4 ?>>474?<, M> 7<VM5==O E<G7< 64?5=F=<E �� >>?<64=L 6 

�' E?5>FD4E, 6<>>?<>4=<= =4=>?>>D<FFO< n-4?>4=>?V6 4F><4<< Ar, >>D5?NT 7 

4>66<=>N >4D5>=>6>7> ?4=FN74 [113]. �7>4>< G 2012 D>FV FV 6 46F>D< G D>5>FV [111] 

4>E?V4<?< V7><5D<74FVN =46>>?> 76'O7>V6 %-% F4 %-� 6 1-?D>?4=>?V 74 4>?><>7>N 

>>?V7V==>W D5?4>E4FVW 6 =4476G>>6<E EFDG<5=OE F4 E5?5>F<6=>W �'-D>F>V7><5D<74FVW 

6 >DV>75==<E <4FD<FOE. ' 2014 D>FV 6 D>5>FV [116] 5G?> 4>E?V465=> �'-E?5>FD< 1-

?D>?4=>?G 6 4D7>=>6V= <4FD<FV 6 V=F5D64?V F5<?5D4FGD 6V4 11 4> 30 � F4 7D>5?5=> 

6<E=>6>>, M> =4 ?>G4F>>6V= EF44VW >?4EF5D<74FVW >E=>6=<<< «5G4V65?L=<<< 

5?>>4<<» T <>=><5D< F4 4<<5D<, 7 O><E 77>4>< D>D<GNFLEO 5V?LLV �-76'O74=V 

>?4EF5D<. ' 2016 D>FV .. .4=LFV=L F4 V=. [114] 4>E?V46G64?< E4=F-E?5F<DVG=V 
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64?5=F=V %-� >>?<64==O O> >>=D>D<4FV==<= 7>=4 4?O <>45?L=>W E?>?G><, 

1,1,3,3,3,3-45=F5D>64=>7> n-?D>?4=>?G (CD3CH2CD2OH), 6<>>D<EF>6GNG< 

EF<<G?L>64=G D>F>4>GEF<G=G E?5>FD>E>>?VN >><5V=4FV==>7> D>7EVN64==O 6 747>6V= 

D47V F4 76<G4==G E?>=F4==G E?5>FD>E>>?VN >><5V=4FV==>7> D>7EVN64==O 6 DV4>><G 

EF4=V. &>7> 6 D>>G �L<LF>D �5E F4 V=. 6?5DL5 D>7D4EG64?< 6 D4<>4E F5>DVW 

>>?<64?L=<E 75GD5=L 4DG7>7> ?>DO4>G E?5>FD< G 5?<6=V= V=DD4G5D6>=V= >5?4EFV  

D>76545=<E (5 × 10-3 �) D>7G<=V6 G CCl4 >E=>6=<E 4?VD4F<G=<E E?<DFV6: <5F4=>?G, 

5F4=>?G F4 1-?D>?4=>?G, F4 E?V6EF46<?< D57G?LF4F< 7 6V4?>6V4=<<< 

5>E?5D<<5=F4?L=<<< 44=<<< [115].  

1.4 �>E?V465==O <>45?L=<E ?V?V4=<E <5<5D4= 

�464O>< =>6VF=V< <5F>44< 4>E?V465==O G 5V>DV7<FV F4 <>?5>G?OD=V= DV7<FV, 6 

>EF4==V= ?5DV>4 4>F<6=> D>76<=G?4EO DV7<>4 5474F>>><?>=5=F=<E ?V?V4=<E E<EF5< 

[117] V, 7>>D5<4, ?V?V4=<E <5<5D4=. �V?V4=4 <5<5D4=4 E>?444TFLEO ?<L5 7 46>E L4DV6 

<>?5>G? D>ED>?V?V4V6, GF6>DNNG< F4> 764=<= ?V?V4=<= 5VL4D. �464O>< F4>V= 

6V4=>E=> ?D>EFV= EFDG>FGDV ?V?V4=V <5<5D4=< 6<>>D<EF>6GNFL O> <>45?L 5V>?>7VG=>W 

<5<5D4=<, O>4, 6 E6>N G5D7G, T 646?<6>N EFDG>FGD=>N >4<=<F5N 6<6<E >?VF<=, 

6<>>=GNG< DG=>FVW 7>6=VL=L>W 7D4=<FV >>D5<<E >D74=5? 6 >?VF<=V F4 E4<>W >?VF<=<, 

74E<M4T >?VF<=G F4 WW E>?44>6V 6V4 6??<6G 7>6=VL=VE G<==<>V6, 74557?5GGT WW 

674T<>4VN 7 >F>G5==O<.  

�E=>6>N <>45?L=<E ?V?V4=<E <5<5D4= T <>?5>G?< D>ED>?V?V4V6. &<?>64 

5G4>64 <>?5>G?< D>ED>?V?V4G 7>5D465=4 =4 D<E. 1.5. �>=4 E>?444TFLEO 7 

7V4D>DV?L=>W 7>?>6< (1) 7 ?>7<F<6=<< 5?5>FD<G=<< 74DO4>< F4 >4=>7> 45> 46>E 

7V4D>D>5=<E 6G7?56>4=56<E ?4=FN7V6 (2), O>V =47<64NFLEO ?V?V4=<<< E6>EF4<< V 

?D<T4=4=V 4> 7>?>6< 74 4>?><>7>N ?D><V6=>W 7DG?< 7 =574F<6=<< 5?5>FD<G=<< 

74DO4><. �>?5>G?< D>ED>?V?V4V6 G 6>4=><G E5D54>6<MV 744F=V 4> E?>=F4==>W 

E4<>>D74=V74FVW. �>=< >D74=V7GNFLEO F4><< G<=><, M> 7V4D>DV?L=V 7>?>6< 

>>=F4>FGNFL 7 6>4>N F4 =4?D46?5=V =47>6=V, 4 7V4D>D>5=V E6>EF< =4?D46?5=V 
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6E5D54<=G, G=<>4NG< F4><< G<=>< >>=F4>FG 7 6>4>N, V >>=F4>FGNFL ?<L5 7 

E6>EF4<< EGEV4=VE D>ED>?V?V4V6.  

 

$<EG=>> 1.5 3 %E5<4F<G=5 7>5D465==O <>?5>G?< D>ED>?V?V4G. 

 

%4<>>D74=V74FVO D>ED>?V?V4V6 ?D<76>4<FL 4> D>D<G64==O D>ED>?V?V4=>7> 

5VL4DG, 7 O>>7> <>6GFL GF6>DN64F<EL ?V?>E><< 3 ED5D<G=V GF6>D5==O 7 

>>=F5=FD<G=> D>7F4L>64=<E 46>E 45> 5V?LL5 L4DV6 <>?5>G? D>ED>?V?V4V6, 

D>765D=GF<E E6>EF4<< >4=4 4> >4=>W. %E5<4F<G=5 7>5D465==O EFDG>FGD< 

>4=>L4D>6>W ?V?>E><< ?D54EF46?5=5 =4 D<E. 1.6.  

  

$<EG=>> 1.6 3 %E5<4F<G=5 7>5D465==O EFDG>FGD< ?V?>E><<. 
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�474?>< 74 E6>TN EFDG>FGD>N ?V?>E><< ?>4V5=V 4> >?VF<==<E <5<5D4=. 

�E5D54<=V ?V?>E><< 7476<G4= T ?>D>6=<=4, 7455V?LL>7> 74?>6=5=4 6>4>N, V 7464O>< 

F4>V= EFDG>FGDV ?V?>E><< <>6=4 6<>>D<EF>6G64F< 4?O 44D5E=>W 4>EF46>< ?56=<E 

D5G>6<=, 7>>D5<4 ?V>V6, G >?VF<=< 6<6<E >D74=V7<V6. �4DF> 747=4G<F<, M> 45O>V 

<>?5>G?<, =4E4<?5D54 <>?5>G?< 6>4<, <>6GFL 6V?L=> ?D>E>4<F< >DV7L ?V?V4=<= 

5VL4D, =576464NG< =4 =>7> 6=GFDVL=N 7V4D>D>5=G ?D<D>4G. 

�V>?>7VG=V <5<5D4=< <4NFL 7=4G=G >><?>7<FV==G F4 D47>6G =5>4=>DV4=VEFL 

7464O>< E>F=O< DV7=<E >><?>=5=FV6, M> 6E>4OFL 4> WE E>?44G. �><?>=5=F=<= E>?44 

<5<5D4=< 6<7=4G4T WW 6?4EF<6>EFV F4 6??<64T =4 F4>V ?D>F5E< 6<FFT4VO?L=>EFV O> 

<5<5D4==<= FD4=E?>DF, ?5D544G4 E<7=4?V6 F4 V=LV. &4> G 2010 D>FV �??V>F �?E>= F4 

=>7> 7DG?4 4>E?V46G64?< D47>6<= ?>4V? 5V>?>7VG=<E <5<5D4= F4 G7474?L=<?< 76'O7>> 

<V6 F5>D5F<G=<<< F4 5>E?5D<<5=F4?L=<<< 4>E?V465==O<< D47>6>7> D>74V?5==O 6 

<>45?L=<E <5<5D4=4E 7 ?V?V4=<< 5VL4D>< [118]. �4=V5? �V=�6G4 F4 �4= %4=<>=E G 

E6>W= D>5>FV [119] 6<6G4?< ?V?V4=V D4DF< O> <5<5D4=>>D74=V7GNG<= ?D<=F<? F4 

D>77?O=G?< 4>>47< F>7>, O> F5= ?D<=F<? ?>T4=GT ?>F5=FV4? E4<>75VD>< 

EDV=7>?V?V4V6 V E>?5EF5D<=G 7 5V?>>6>N E?5F<DVG=VEFN 4?O 6<5VD>>6>7> 

D>>GEG64==O <5<5D4==>W 5V>4>F<6=>EFV. %4<5 F><G ?D>FO7>< >EF4==VE D>>V6 5G?> 

4>>?445=> 65?<><E 7GE<?L 4?O 4>E?V465==O EFDG>FGD< F4 4<=4<V>< ?V?V4=>7> 5VL4DG 

6 >>=F5>EFV D>7G<V==O DG=>FV>=4?L=<E <5E4=V7<V6 F<E ?D>F5EV6, M> 6V45G64NFLEO 

=4 ?>65DE=V <5<5D4=<.  

�<V=4 >><?>=5=F=>7> E>?44G ?V?V4=>W <5<5D4=<, 7>>D5<4 4>4464==O ?5?F<4V6, 

E>?5EF5D<=G 45> V=L<E 4><VL>> 4> ?V?V4=>W <4FD<FV, EGFFT6> 6??<O64T =4 

6?4EF<6>EFV <5<5D4=<, WW EFDG>FGDG F4 EF4=. �4?D<>?44, 6V4><>, M> ?D< 4>4464==V 

E>?5EF5D<=G 75V?LLGTFLEO ?>65DE=564 69O7>VEFL <5<5D4=< [120]. �=L<<< E?>64<<, 

E>?5EF5D<= 6V4V7D4T D>?L E6>TDV4=>7> <>4<DV>4F>D4 ?V?V4=>W D47<. �5V?LL5==O =>7> 

>V?L>>EFV 6 <5<5D4=V ?D<76>4<FL 4> 5V?LL MV?L=>W G?4>>6>< <>?5>G? G ?V?V4=><G 

5VL4DV, 4 F4>>6 4> D>D<G64==O ?V?V4=<E D4DFV6 (4><5=V6) G <5<5D4=V. � 5474F> D>5VF, 

?D<E6OG5=<E 4>E?V465==N 7<V=< 6?4EF<6>EF5= ?V?V4=<E <5<5D4= ?D< 4>4464==V 6 
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=<E G 6<7?O4V 4><VL>> <5?4F>=V=G [121]. �V4><>, M> E>?5EF5D<= V <5?4F>=V= <4NFL 

?D>F<?56=<= 6??<6 =4 <5<5D4==G 674T<>4VN 7 SARSCoV-2. ' F>= G4E O> <5?4F>=V= 

?D>?>=GTFLEO O> 74EV5 4?O F5D4?56F<G=>7> ?V>G64==O SARSCoV-2 [122, 123], 

E>?5EF5D<= 45<>=EFDGT 744F=VEFL 76'O7G64F< >>D>=46VDGE 7 <5<5D4=>N [124]. �VG< 

'>= F4 V=. [125] F4>>6 =46>4OFL 44=V, M> 6V47=4G4NFL ?56=G D>?L ?V?V4=<E D4DFV6 G 

?D>F5E4E 769O7G64==O >>D>=46VDGEV6 7 >?VF<=>N. 

&4><< G<=><, 5>E?5D<<5=F4?L=V F4 F5>D5F<G=V 4>E?V465==O 6??<6G 

DV7=><4=VF=<E 4><VL>> =4 EFDG>FGDG ?V?V4=>W <5<5D4=< <>6GFL 5GF< >>D<E=<<< 

4?O 6EF4=>6?5==O D54?L=<E <5E4=V7<V6 6<FFT4VO?L=>EFV O> >>D5<<E <5<5D4=, F4> V 

>?VF<=< 6 FV?><G. 

1.5 �>4=56>-769O74=V >?4EF5D< 6 DV4>><G 4<<5F<?EG?LD>>E<4V F4 =>7> 

6>4=<E D>7G<=4E 

�5F>4< >>?<64?L=>W E?5>FD>E>>?VW L<D>>> 6<>>D<EF>6GTFLEO 4?O 6<6G5==O 

EFDG>FGD< <>?5>G?, <V6<>?5>G?OD=<E V 6=GFDVL=L><>?5>G?OD=<E �-76'O7>V6, 

674T<>4V= <V6 D>7G<==<>>< V D>7G<=5=>N D5G>6<=>N F>M> [126-131]. $>7G<V==O 

EFDG>FGD< F4 <V6<>?5>G?OD=<E 674T<>4V= G DV4>V= D47V 646?<65 4?O 45F4?L=>7> 

6<6G5==O <V>D>E>>?VG=<E 4E?5>FV6 D>D<G64==O D>7G<=V6 [132]. �<<5F<?EG?LD>>E<4 

(��%O) T 6V4><<< =5>D74=VG=<< D>7G<==<>><, O><= L<D>>> 6<>>D<EF>6GTFLEO G 

D4D<4F56F<FV 7464O>< E6>T<G L6<4>><G ?D>=<>=5==N G5D57 L>VDG ?N4<=< [133]. 

�>?D< F5, M> 6=GFDVL=O EFDG>FGD4 ��%� F4 <V6<>?5>G?OD=V 674T<>4VW 6 =L><G 

6<6G5=V DV7=<<< E?>E>54<<, 674T<>4VW <V6 <>?5>G?4<< ��%� G DV4>><G EF4=V 4>EV 

=5 >FD<<4?< ?>6=>7> ?>OE=5==O [134]. �E>V?L>< 6?4EF<6>EFV ��%� ?>4V5=V 4> 

6?4EF<6>EF5= 6>4<, =>7> G4EF> 6<>>D<EF>6GNFL O> D>7G<==<> 6 5>E?5D<<5=F4E V 

?D>F5E4E 74 GG4EFN 6>4< [135]. ' 5V>?>7VW F4 <54<F<=V ��%� L<D>>> 74EF>E>6GNFL 

7464O>< 6<E>>V= F5<?5D4FGDV >D<EF4?V74FVW G 6>4=><G E5D54>6<MV F4 V=L<< 

6?4EF<6>EFO<, ?>6'O74=<< V7 =>7> 744F=VEFN GF6>DN64F< 6>4=56V 76'O7>< [136, 137]. 
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�7V4=> 7 D>7D4EG=>4<< ab initio, G 6>4=><G E5D54>6<MV 6V45G64TFLEO 7V4D4F4FVO 

��%�, M> ?D<76>4<FL 4> G5D6>=>7> 7EG6G E<G7< 64?5=F=<E >>?<64=L S=O V E<=L>7> 

7EG6G E<G7< 64?5=F=<E >>?<64=L C-H [138]. �. �. �64=>6 F4 V=. [135] 747=4G4NFL, M> 

6 DV4>><G ��%� GF6>DNNFLEO E?45>V 6>4=56V 76'O7>< C-H···O=S, 4 6 >><??5>E4E 

��%�-6>44 GF6>DNNFLEO <VF=VLV 6>4=56V 76'O7><, ?>DV6=O=> 7 4E>FV4F4<< 6>44-

6>44. �. /=7 F4 V=. [139] F4>>6 4>E?V46G64?< 6>4=V D>7G<=< ��%� 7 DV7=<<< 

>>=F5=FD4FVO<<. �>=< E?>EF5DV74?< 7<VM5==O E<G7< 64?5=F=<E >>?<64=L O-H 6>4< 

6 =<7L>>G4EF>F=<= 5V> ?D< 75V?LL5==V >>=F5=FD4FVW. �4 G4EF>< ��%� 0,6 <>?L 

E?>EF5DV74TFLEO G5D6>=5 7<VM5==O 64?5=F=<E >>?<64=L S=O V E<=T 7<VM5==O 

64?5=F=<E >>?<64=L C-H [139]. ' D>5>FV [140] 4>E?V46G64?<EFL E?5>FD< �$ G<EF>7> 

��%� F4 =>7> 5V=4D=<E EG<VL5= 7 6>4>N V <5F4=>?>< 6 >5?4EFOE ÿ(S=O) V ÿ(C-H). 

' 6<?44>G >5>E D>7G<==<>V6 F4>>6 5G?> >FD<<4=> 7=4G=5 E<=T 7<VM5==O G4EF>F< 

64?5=F=<E >>?<64=L %-�, 7G<>6?5=<= 6>4=56<< 76'O7>>< %-�···O [140]. %4>V<64= 

%GL>64F>6 F4 V=. G E6>W= D>5>FV [129] 4>E?V46G64?< 47D574FVN <>?5>G? ��%� 

5>E?5D<<5=F4?L=> V 7 6<>>D<EF4==O< =4?V65<?VD<G=>7> (>647V5<?VD<G=>7>) <5F>4G 

D>7D4EG=>V6 MINDO/3. �>>474=> 6<E>>G =<>6VD=VEFL 4<?>?L-4<?>?L=<E 674T<>4V= 

<V6 <>?5>G?4<< ��%� G 6>4=<E F4 V=L<E 5V=4D=<E D>7G<=4E F4 5G?> 6EF4=>6?5=>, 

M> =5>?4E<G=<= 6>4=56<= 76'O7>> <>65 GF6>DN64F<EO =5 FV?L>< G5D57 76'O7>> %-�, 

4 = G5D57 ÿ-5?5>FD>=< 6 4D><4F<G=<E >V?LFOE [129]. �D< 4>E?V465==V 

<V6<>?5>G?OD=<E 674T<>4V= 646?<6G D>?L 6V4V7D4T 6<7=4G5==O 6=5E>G >>6=>W 

>>?<64?L=>W G4EF>F<, 4 GF6>D5==O =5>?4E<G=<E 6>4=56<E 76'O7>V6 ?>69O74=5 7V 

7<V=>N 4>66<= 76'O7>V6 V D>7?>4V?>< 74DO4G.  
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$����� 2. 

��&����� ��%��$����&��,��% ��%������, 

2.1 �><?9NF5D=5 <>45?N64==O 

�5F>4 >><?'NF5D=>7> <>45?N64==O T D57G?LF4F<6=<< ?V4E>4><, O><= 

6<>>D<EF>6GTFLEO =4 >><?'NF5DV 4?O ?D>7=>7G64==O ?>654V=>< 45> D57G?LF4FV6 

D54?L=<E 45> DV7<G=<E E<EF5<. �V= <>65 5GF< 5D5>F<6=> 6<>>D<EF4=<= 4?O 

4>E?V465==O F4 >FD<<4==O =>6<E 7=4=L ?D> ?5D54>6V F5E=>?>7VW, 4 F4>>6 4?O >FV=>< 

?D>4G>F<6=>EFV E<EF5<, O>V T =44F> E>?44=<<< 4?O 4=4?VF<G=<E DVL5=L, 74=44F> 

6<FD4F=<<<, =5557?5G=<<< 45> 67474?V =5<>6?<6<<< 4?O DV7<G=>7> 6<6G5==O. �?O 

?D>6545==O >64=F>6>-EV<VG=<E >5G<E?5=L 5G?> D>7D>5?5=> L<D>><= E?5>FD 

?D>7D4<=<E ?4>5FV6, O>V �DG=FGNFLEO =4 7474?L=<E F5>D5F<G=<E <5F>44E F4 

?V4E>44E, F4><E O> <5F>4 %4DFDV-$>>4, <5F>4 DG=>FV>=4?4 7GEF<=< F4 V=LV. [116].  

2.1.1 �5F>4 %4DFDV-$>>4 F4 F5>DVW DG=>FV>=4?4 7GEF<=< 

�5F>4 %>DFDV-$>>4 4G65 >>D<E=<= 4?O 7=4E>465==O ?>G4F>>6<E ?D>7=>7V6 

?5DL>7> DV6=O 4?O 5474FL>E E<EF5<. �V= F4>>6 ?V4E>4<FL 4?O 7=4E>465==O EFDG>FGD 

F4 G4EF>F< >>?<64==O EF45V?L=<E <>?5>G? V 45O><E ?5D5EV4=<E EF4=V6, F4> O> E>D>L4 

F5>DVO 547<E=<E =45>DV6. �D>F5 =5EFG64==O 5?5>FD>==>W >>D5?OFVW D>5<FL =>7> 

=5?D<D>4=V< 4?O 45O><E FV?5=, =4?D<>?44, FL>7> =5 4>EF4F=L> 4?O F>G=>7> 

<>45?N64==O 5=5D75F<G=<E D54>FV= F4 4<E>FV4FVW 769O7>V6.  

�5F>4 %4DFDV-$>>4 T >4=<< V7 =45?<65=L, O>5 E?DO<>64=5 4?O D>769O74==O 

DV6=O==O ,D54V=75D4 4?O 5?5>FD>==<E E<EF5< V7 5474FL<4 FV?4<< [116]  

HelecËelect(r,R)=Eeffc(R)Ëelect(r,R). 

' 6<?44>G, >>?< G4EF<=>< T D5D<V>=4<<, 6V4?>6V4=G E6<?L>6G DG=>FVN E<EF5<< 

<>6=4 4?D>>E<<G64F< >4=<< 45F5D<V=4=F>< %?5=F5D4, O><= 744>6V?L=OT 6<<>74< 

4=F<E<<5FDVW F4, >F65, ?D<=F<?G �4G?V, 7<V=NNG< 7=4> ?D< >5<V=V 46><4 

5?5>FD>=4<< (45> V=L<<< D5D<V>=4<<) F4 G<>6G =>D<G64==O: V=F57D4? 6V4 >644D4F4 
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<>4G?O E6<?L>6>W DG=>FVW 4>DV6=NT G<E?G 5?5>FD>=V6 G E<EF5<V. $>769O7>> DV6=O==O 

44T 5=5D7VN E<EF5<< F4 E6<?L>6G DG=>FVN «, O>G LG>4NFL G 6<7?O4V 4>5GF>G 

>4=>5?5>FD>==<E DG=>FV= ÇV [116], F>5F>:  

«(r1,r2,r3&rN)=Ç1(r1)Ç2(r2)Ç3(r3)&ÇN(rN), 

45 N 3 ?>6=5 G<E?> 5?5>FD>=V6 6 E<EF5<V. 

&5>DVO DG=>FV>=4?4 7GEF<=< T G=V65DE4?L=<< F4 =4=?>L<D5=VL<< <5F>4>< 

4?O D>7D4EG=>V6 5?5>FD>==>W EFDG>FGD< 4F><V6, <>?5>G? F4 F65D4<E FV?. �5F>4 DFT 

>5D4E>6GT 5?5>FD>==G >>D5?OFVN G5D57 7474?L=V DG=>FV>=4?< 5?5>FD>==>W 7GEF<=<. 

$G=>FV>=4?< DFT 4V?OFL 5?5>FD>==G 5=5D7VN =4 45>V?L>4 >><?>=5=FV6, O>V 

>5D4E>6GNFLEO >>D5<>: >V=5F<G=4 5=5D7VO, 5?5>FD>==>-O45D=4 674T<>4VO, 

>G?>=V6EL>5 6V4LF>6EG64==O F4 >5<V==>->>D5?OFV==<= G?5=, 6D4E>6GNG< 74?<L5=G 

G4EF<=G 5?5>FD>=-5?5>FD>==>W 674T<>4VW [141].  

�5F>4 F5>DVW DG=>FV>=4?G 7GEF<=<, O><= 74E=>64=<= =4 =45?<65==V %4DFDV-

$>>4, T >5G<E?N64?L=> 74V=E=5==<< =46VFL 4?O 65?<><E E<EF5<, >E>V?L>< 

>?5DGTFLEO 7 5474F>5?5>FD>==>N DG=>FVTN E<EF5<< Ë(r1,r2,r3&rN), O>4 74?56<FL 6V4 

N E?V=>6<E 7<V==<E F4 3N ?D>EF>D>6<E >>>D4<=4F 5?5>FD>=V6 [116, 142]. � F5>DVW 

DG=>FV>=4?4 7GEF<=< 74<VEFL E6<?L>6>W DG=>FVW 5G4L-O>>7> FV?4 O> DG=44<5=F4?L=4 

7<V==4 6<>>D<EF>6GTFLEO 5?5>FD>==4 7GEF<=4 Ã(r). �E=>6>N F5>DVW DG=>FVW 7GEF<=< 

T F5>D5<< %>5=55D74-�>=4 F4 �>=4-,5<4. �5?<G<=4 Ã(r) ?>69O74=4 7 E6<?L>6>N 

DG=>FVTN, O>4 >?<EGTFLEO 6<D47>< [116]: ÿ(ÿ) = ý + ýÿ2 + ýÿ3 & + ýÿý ÿ7(ÿ1ÿ2ÿ3 & ÿý)ÿ(ÿ1ÿ2ÿ3 & ÿý). 
&5>D5<4 %>5=55D74-�>=4 [143], O>4 T F5=FD4?L=<< F65D465==O< <5F>4G F5>DVW 

DG=>FV>=4?G 7GEF<=, 4?O =5 6<D>465=<E >E=>6=<E EF4=V6 <>65 5GF< G7474?L=5=4 O>: 

5?5>FD>==4 7GEF<=4 >E=>6=>7> EF4=G Ã(r) E<EF5<< 674T<>4VNG<E 5?5>FD>=V6 

6<7=4G4T 7>6=VL=V= ?>F5=FV4? V(r), 6 O>><G DGE4NFLEO 5?5>FD>=<. �=5D7VO 

>E=>6=>7> EF4=G E0[Ã] T DG=>FV>=4?>< 6V4 7GEF<=<:  ý0[ÿ] = + ÿ(ÿ) ýýÿ(ÿ)ýÿ + ý[ÿ], 
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45 F[Ã] 3 DG=>FV>=4?, O><= >?<EGT 76'O7>> <V6 5?5>FD>==>N 7GEF<=>N, >V=5F<G=>N 

5=5D7VTN F4 <V65?5>FD>==>N 674T<>4VTN F4 T G=V65DE4?L=<< 4?O 6EVE E<EF5<; 

?>F5=FV4? VNe(r) = 3 ýÿ|ýÿ2ÿ| ,ÿ 4 6<D47 + ÿ(ÿ) ýýÿ(ÿ)ýÿ 6<7=4G4T 5=5D7VN 674T<>4VW 

5?5>FD>=V6 7 O4D4<<. �4 64?L, F>G=VEFL 6V4><<E =45?<65=L 4> F[Ã] T 4>E<FL 

>5<565=>N 6 ?D4>F<G=<E D>7D4EG=>4E, F><G 6 >E=>6V EGG4E=>W F5>DVW DG=>FV>=4?G 

7GEF<= ?564FL DV6=O==O �>=4-,5<4 [144], O>V <4NFL 6<7?O4 >4=>G4EF<=>>6>7> 

DV6=O==O ,D54V=75D4: [2 '22 +ýÿ(ÿ)] ÿÿ(ÿ) = ÿÿÿÿ(ÿ), 
45 VS(r) 3 >4=>G4EF<=>>6<= ?>F5=FV4?. %6<?L>64 DG=>FVO F4>>W E<EF5<< 

6<7=4G4TFLEO 45F5D<V=4=F>< %?5F5D4 [144]: 

ÿ(ÿ1, ÿ2, ÿ3, & ÿý) = 1:ý! [ÿ1(ÿ1) ï ÿ1(ÿý)î ó îÿý(ÿ1) ï ÿý(ÿý)]. 

� 7GEF<=4 >5G<E?NTFLEO 7 N >4=>G4EF<=>>6<E >D5VF4?5=, 74==OF<E 6 

>E=>6=><G EF4=V 45F5D<V=4=F4 %?5F5D4 [142]: ÿ(ÿ) = 3|ÿÿ(ÿ)|2.ýýý
ÿ  

�E=>6=4 V45O F5>D5<< �>=4-,5<4 ?>?O74T 6 F><G, M>5 ?>5G4G64F< 

>4=>G4EF<=>>6<= ?>F5=FV4? VS(r) F4><< G<=><, M>5 7GEF<=4 4>?><V6=>W 

=5674T<>4VNG>W E<EF5<< 4>DV6=N64?4 7VEF<=V 674T<>4VNG>W E<EF5<<. �?O FL>7> 

DG=>FV>=4? %>5=55D74-�>=4 D>7>?444NFL =4 <=>6=<>< [142]: ý[ÿ] = ÿý[ÿ] + ý[ÿ] + ýÿÿ[ÿ], 
45 ÿ[ÿ] 2 DG=>FV>=4?4 >V=5F<G=>W 5=5D7VW, ý[ÿ] 3 >?4E<G=4 5?5>FD>EF4F<G=4 5=5D7VO 

D>7?>4V?G 74DO4G ÿ(ÿ), O>4 6<7=4G4TFLEO 6<D47>< [142]: ý[ÿ] = 12 + ý3ÿ + ý3ÿ2 ÿ(ÿ)ÿ(ÿ2)|ÿ 2 ÿ2| , 
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4 ýÿÿ[ÿ] = ýÿ[ÿ] + ýÿ[ÿ] = + ÿ(ÿ)ÿÿ(ÿ(ÿ))ýÿ + + ÿ(ÿ)ÿÿ(ÿ(ÿ))ýÿ 3 >5<V==>-

>>D5?OFV==4 5=5D7VO. 

�6V4E<, 5D5>F<6=<= ?>F5=FV4?, M> 6E>4<FL G >4=>G4EF<=>>65 DV6=O==O 

�4<V?LF>=V4=4, <4T 6<7?O4 [142]: ýý[ÿ](ÿ) = ý(ÿ) + + ý3ÿ2 ÿ(ÿ2)|ÿ 2 ÿ2| + ýÿÿ [ÿ](ÿ), 
45 ýÿÿ 2 >5<V==>->>D5?OFV==<= ?>F5=FV4?, O><= 6<7=4G4TFLEO 6<D47><: ýÿÿ [ÿ](ÿ) = ÿýÿÿ[ÿ]ÿÿ(ÿ) . 

�E>V?L>< ýÿÿ[ÿ](ÿ) 74?56<FL 6V4 7GEF<=<, DV6=O==O, O>V =46545=V 6<M5, <4NFL 

5GF< D>76'O74=V E4<>G77>465=>. &5 6V4><> O> EE5<4 �>=4-,5<4 6 F5>DVW DG=>FV>=4?4 

7GEF<=<. 

$>D<4?L=5 6<7=4G5==O >5<V==>->>D5?OFV==>7> DG=>FV>=4?4 EXC[Ã] =5 T 

7DGG=<< 4?O ?D4>F<G=<E D>7D4EG=>V6, F><G ?>FDV5=> 6<>>D<EF>6G64F< 6V4?>6V4G 

4?D>>E<<4FVN 4?O FVTW 65?5G<=<.  

�4=<< V7 F4><E =45?<65=L T =45?<65==O ?>>4?L=>W 7GEF<=< (LDA), 6 O>><G 

>5<V==>->>D5?OFV==V DG=>FV>=4?< 6<7=4G4TFLEO O> [116]: ÿÿ = ÿÿ(ÿÿ(ÿ), ÿÿ(ÿ)), ÿÿ = ÿÿ(ÿÿ(ÿ), ÿÿ(ÿ)), 
45 Ã³, Ã³ 3 7GEF<=G 5?5>FD>=V6 7 DV7=<<< E?V=4<<, 4 V=45>E< ³ V ³ ?>7=4G4NFL E?V=>6V 

EF4=< 5?5>FD>=4 [116]. &>5F> DG=>FV>=4?< 74?564FL ?<L5 6V4 5?5>FD>==>W 7GEF<=<. 

' ?>LG>4E ?>>D4M5=<E DG=>FV>=4?L=<E <>6?<6>EF5= 646?<6<= ?D>D<6 5G6 

4>EO7=GF<= 7 ?>O6>N 7D44VT=F=>7> =45?<65==O (GGA) [116]: ÿÿ =ÿÿ (ÿÿ ,½ ÿÿ , ÿÿ ,½ ÿÿ), ÿÿ = ÿÿ(ÿÿ ,½ ÿÿ , ÿÿ ,½ ÿÿ). 
� O>><G DG=>FV>=4?< 74?564FL 6V4 5?5>FD>==>W 7GEF<=< Ã(r) F4 WW 7D44VT=F4 - 

grad(Ã(r)).  

-5 >4=<< >?4E>< =45?<65=L 4> >5<V==>->>D5?OFV==>W 5=5D7VW T 7V5D<4=V 

DG=>FV>=4?<, O>V ?D54EF46?ONFL ?V=V==G >><5V=4FVN >5<V==>7> DG=>FV>=4?4 

%4DFDV-$>>4 F4 >5<V==>->>D5?OFV==>7> DG=>FV>=4?4 F5>DVW DFT [145]:  
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ýÿÿ/ÿÿÿÿý = ýÿýýÿÿý+ýÿýÿýÿÿÿýÿ , 
45 EHF, cDFT ?>7=4G4NFL ?V47>=>G=V EF4?V. �4=?>L<D5=VLV DG=>FV>=4?<, F4>V O> 

BLYP F4 B3LYP 5G4GNFLEO 74 F4><< 65 ?D<=F<?>< [116, 146]. 

2.1.2 �47<E=V =45>D< 

�47>6<= =45VD ?D54EF46?OT E>5>N <4F5<4F<G=<= >?<E >D5VF4?5=  E<EF5<<, 

O><= 6<>>D<EF>6GTFLEO 4?O ?D<5?<7=<E F5>D5F<G=<E D>7D4EG=>V6 45> <>45?N64==O. 

&5 =45VD 547<E=<E DG=>FV=, 5?5<5=F< O><E <>6=4 4>4464F<, <>6?<6>, ?VE?O 

<=>65==O >>6=>7> 7 =<E =4 6?4E=G >>=EF4=FG, M>5 >FD<<4F< ?>FDV5=V =4< DG=>FVW 

[147]: 

Ë = a1Ç1 +a2Ç2 +...+akÇk 

45 Ç1,Ç2,...,Çk 3 547<E=V DG=>FVW, a1,a2,...,ak 3 >>=EF4=F< =>D<4?V74FVW, k 3 D>7<VD 

547<E=>W <=>6<=<. �6>= %?5=F5D, >4<= V7 ?5DL<E, EF> 74EF>EG646 >D5VF4?L=V 

>5G<E?5==O 74 4>?><>7>N 547<E=<E =45>DV6, 6V4><<E O> >D5VF4?V F<?G %?5=F5D4 

(STO). �D< D>76'O74==V DV6=O==O ,D54V=75D4 4?O 4F><4 6>4=N F4 V=L<E 

>4=>5?5>FD>==<E V>=V6 >FD<<4=V 4F><=V >D5VF4?V (��) D>D<GNFLEO <=>65==O< 

D44V4?L=>W DG=>FVW, 74?56=>W 6V4 6V4EF4=V 5?5>FD>=4 6V4 O4D4 F4 ED5D<G=>W 74D<>=V><. 

�D5VF4?V F<?G %?5=F5D4 6V4>5D464NFL 5?5>FD>==G 7GEF<=G G 64?5=F=V= >5?4EFV F4 74 

WW <564<<, 4?5 WE=O 5D5>F<6=VEFL 7<5=LGTFLEO 5?<6G5 4> O4D4. %FD>7> >46GG<, �� 

E?G7GNFL 46F5=F<G=<<< D>76'O7>4<< DV6=O=L %4DFDV-$>>4 (HF) 4?O 4F><4, 

?D54EF46?ONG< E6<?L>6V DG=>FVW 4?O >4=>7> 5?5>FD>=4 6 4F><V. �G4L-O>5 6V4E<?5==O 

6V4 FL>7> 6<7=4G5==O =5 T E?D464V 4F><=>N >D5VF4?L=>N DG=>FVTN. &><G FV DG=>FVW 

=47<64NFL "547<E=<<< DG=>FVO<<" 45> "E>>D>G5==O<<", O>V >D4M5 >?<EGNFL WE=N 

?D<D>4G [147]. �D5VF4?V F<?G %?5=F5D4 ?V474=ONFL ?V=V==<= <5F>4 =4=<5=L<E 

>644D4FV6 4> 44=<E, O>V ?57>> >5G<E?NNFLEO. �474?L=<= 6<D47 4?O 547<E=>W DG=>FVW  

[116]: ÿÿÿÿ = ýÿ(ÿ21) exp(2ÿÿ) ýýÿ(ÿ, ÿ), 
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45 N ?>7=4G4T =>D<G64?L=<= <=>6=<>, ³ 3 G<E5?L=<= ?V47>=>G=<= ?4D4<5FD, 

Ylm(»,Ç) 3 76<G4==4 ED5D<G=4 74D<>=V>4, l 3 >D5VF4?L=5 >64=F>65 G<E?>, 4 m 3 

?D>T>FVO >D5VF4?L=>7> <><5=FG =4 6<4V?5=G 6VEL. 

�47>6V DG=>FVW F<?G %?5=F5D4 =45474F> 5D5>F<6=VL5 4?D>>E<<GNFL 

>4=>5?5>FD>==V DG=>FVW, >4=4> >5G<E?5==O 46>5?5>FD>==<E V=F57D4?V6 ?5D5>D<FFO 

4?O F4><E DG=>FV=, O>V 7>E5D5465=V =4 DV7=<E 4F><4E, ?D54EF46?OT E>5>N E>?44=V 

74644==O. ' 76'O7>G 7 F<<, 4?O >><?'NF5D=<E D>7D4EG=>V6 F5= F<? 547<EG =5 

74EF>E>6GTFLEO [147]. � V=L>7> 5>>G, 6<>>D<EF4==O >D5VF4?5= 74GE>6>7> F<?G (GTO) 

4?O 547<E=<E DG=>FV= E?D>MGT >5G<E?5==O V=F57D4?V6, ?D>F5 6>=< 7VDL5 

4?D>>E<<GNFL >4=>5?5>FD>==V >D5VF4?V [116]: ÿÿÿÿ = ýýýÿÿÿÿ exp(2ÿÿ), 
45 L = l + n + m 7444T >D5VF4?L=<= <><5=F (=4?D<>?44, L = 0 4?O s-DG=>FV=, L=1 4?O 

p-DG=>FV=), ³ 3 G<E5?L=<= ?V47>=>G=<= ?4D4<5FD.  

' <V=V<4?L=><G 547<E=><G =45>DV 6V45<D4TFLEO ?> >4=V= 547<E=V= DG=>FVW 4?O 

>>6=>W 4F><=>W >D5VF4?V, O>4 =5>5EV4=4 4?O >?<EG 6V?L=>7> 4F><4. �<5VD GEVE 

>D5VF4?5=, =5>5EV4=<E 4?O 5?5>FD>==>7> 74?>6=5==O, GF6>DNT F4> 764=<= 

>4=>75F>6<= (single z, SZ) 547<E=<= =45VD [147]. �4?D<>?44, 4?O 6>4=N <V=V<4?L=<= 

547<E=<= =45VD 6>?NG4T ?<L5 >4=G "1s" >D5VF4?L. �?O �4D5>=G <V=V<4?L=<= 

547<E=<= =45VD E>?444TFLEO 7 "1s" >D5VF4?V, "2s" >D5VF4?V F4 ?>6=>7> =45>DG 7 FDL>E 

"2p" >D5VF4?5=. �4?D<>?44, <V=V<4?L=<= 547<E=<= =45VD 4?O <>?5>G?< <5F4=G 

6>?NG4T G>F<D< "1s" >D5VF4?V 3 ?> >4=V= =4 4F>< 6>4=N 3 V =45VD "1s", "2s" V "2p", O> 

>?<E4=> 6<M5 4?O �4D5>=G [147]. �474?L=<= 547<E=<= =45VD E>?444TFLEO 7 456'OF< 

547<E=<E DG=>FV= [148]. 

�47>6V =45>D< <>6=4 G<>6=> ?>4V?<F< =4 F4>V F<?< [147]: 

1. �V=V<4?L=V 547<E=V =45>D<: STO-3G, STO-4G, STO-6G, STO-3G* 3 

?>?OD<7>64=4 65DEVO STO-3G [147]. 
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2. �47>6V =45>D< �>??4: 3-21g, 3-21g* 3 ?>?OD<7>64=V, 3-21+g 3 4<DG7=V, 3-

21+g* 3 7 ?>?OD<74FV==>N F4 4<DG7=>N DG=>FVO<<, 6-31g, 6-31g*, 6-31+g*, 6-31g 

(3df, 3pd),6-311g, 6-311g*, 6-311+g* [147]. 

3. �>D5?OFV==> G77>465=V 547<E=V =45>D<: 6<>>D<EF>6GNFLEO 6 ?>EF-HF 

D>7D4EG=>4E, M> 6>?NG4NFL >5>?>=>< ?>?OD<74FV==<E (>>D5?OFV==<E) DG=>FV=, 

F4><E O> d, f, g F>M>. &4>V DG=>FVW <>6GFL 4464F< 75V6=VEFL 5?5>FD>==>W 5=5D7VW 4> 

7444=>W <56V ?>6=>7> 547<EG. �D<>?444<< F<E =45>DV6 T cc-pVDZ (>>D5?OFV==> 

G77>465=4 64?5=F=4 ?>46V==4 475F4), cc-pVTZ (>>D5?OFV==> G77>465=4 64?5=F=4 

?>FDV==4 475F4), cc-pVQZ (>>D5?OFV==> G77>465=4 64?5=F=4 G5F65D=4 475F4), cc-

pV5Z (>>D5?OFV==> G77>465=4 64?5=F=4 ?'OFVD=4 475F4) F4 D>7L<D5=V 65DEVW, F4>V O> 

aug-cc-pVDZ F>M> [147]. 

4. �=LV D>7M5??5=V 64?5=F=V 547<E=V =45>D<: 6<7=4G5=<<< 7474?L=<<< 

=4764<<, F4>V O> SV(P), SVP, DZV, TZV, TZVPP, 4 F4>>6 64?5=F=4 ?>FDV==4 475F4 

??NE ?>?OD<74FVO, QZVPP F>M> [147]. 

5. �>46V==V, ?>FDV==V F4 G5F65D=V 475F4-547<E=V =45>D<: >>6=V= 4F><=V= 

>D5VF4?V ?D<7=4G5=> 45>V?L>4 547<E=<E DG=>FV=, 6>?NG=> O> 7 64?5=F=<<<, F4 V 

6=GFDVL=V< >D5VF4?O<<, O>V 6V4><V O> 475F4-547<E=V =45>D<. �47<E=<= =45VD D95 

�4==V=74 T L<D>>> 6<>>D<EF>6G64=<< ?D<>?44>< F4>>W E<EF5<< [147]. 

6. �47<E=V =45>D< ??>E><E E6<?L: O> ?D46<?>, 6<>>D<EF>6GTFLEO E>V=G5==4 

>V?L>VEFL DG=>FV= ??>E><E E6<?L, >5<565=4 ?56=>N 5=5D7VTN 6V4EV>4==O, >5D4=>N 

4?O >>=>D5F=>7> D>7D4EG=>G. &V 547<E=V =45>D< L<D>>> 74EF>EG6GNFLEO 6 DV7=<E 

D>7D4EG=>4E [147]. 

2.2 �>?<64?L=4 E?5>FD>E>>?VO 

�>E?V465==O, M> 547GNFLEO =4 6<6G5==V >>?<64?L=<E EF4=V6 <>?5>G? G< 

V=L<E E>?44=<E G4EF<=>> F4 WE ?5D5E>44E, 6V4><V O> <5F>4< >>?<64?L=>W 

E?5>FD>E>>?VW. �>?<64?L=V E?5>FD< 6<O6?ONFL >E>5?<6G GGF?<6VEFL 4> GF6>D5==O 

<V6<>?5>G?OD=<E 6>4=56<E 76'O7>V6. �4=VTN 7 ?5D5647 <5F>4V6 >>?<64?L=>W 
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E?5>FD>E>>?VW T WE 744F=VEFL 4>E?V46G64F< ?D4>F<G=> 5G4L-O>V =5>D74=VG=V G< 

>D74=VG=V D5G>6<=< G 5G4L-O>><G 47D574F=><G EF4=V (747, DV4<=4, D>7G<=, F65D45 

FV?>). �?4E<G=<<< <5F>44<< >>?<64?L=>W E?5>FD>E>>?VW T V=DD4G5D6>=5 ?>7?<=4==O 

F4 E?5>FD>E>>?VO >><5V=4FV==>7> D>7EVN64==O (�$%).  

2.2.1 $GD9T-E?5>FD>E>>?VO V=DD4G5D6>=>7> ?>7?<=4==O 

$GD9T-E?5>FD>E>>?VO V=DD4G5D6>=>7> ?>7?<=4==O (FTIR 3 Fourier Transform 

Infrared Spectroscopy) 6V4DV7=OTFLEO 6V4 >?4E<G=>7> <5F>4G �' E?5>FD>E>>?VW 

6V4EGF=VEFN 4<E?5D7GNG>7> 5?5<5=F4. $GD'T-E?5>FD><5FD 547GTFLEO =4 

46>?D><5=56><G V=F5DD5D><5FDV, O><= 5G6 E?D>5>F>64=<= �4=>5?LE>=>< G 1891 

D>FV. �D<=F<? =>7> D>5>F< ?>?O74T 6 D>74V?5==V ?D><5=O =4 464 L?OE< 74 

4>?><>7>N ?D><5=56>7> D>774?G6G64G4. �4<= ?D><V=L 6V45<64TFLEO 6V4 

=5DGE><>7> 475D>4?4, 4 V=L<= 3 6V4 DGE><>7> 475D>4?4. &V 464 ?D><5=V 

D5>><5V=GNFLEO G D>774?G6G64GV ?VE?O 66545==O DV7=<FV 6 4>66<=V L?OEV6, M> 

EF6>DNT V=F5DD5D5=FVN <V6 =<<<. �<V=4 6V4EF4=V ?D>E>465==O 4DG7>7> ?D><5=O, 

7G<>6?5=4 DGE><<< 475D>4?><, ?D<76>4<FL 4> >FD<<4==O �'-E6VF?4 7 DV7=<< 

G4EF>F=<< D>7?>4V?><. %<7=4?, 74?<E4=<= =4 45F5>F>DV, ?D54EF46?OT E>5>N 

V=F5DD5D>7D4<G 6 G4E>6V= >5?4EFV, O>G ?>FV< ?5D5F6>DNNFL 74 4>?><>7>N 

?5D5F6>D5==O $GD'T 6 G4EF>F=G >5?4EFL 4?O >FD<<4==O �'-E?5>FD4 [149]. 

$GD'T-E?5>FD><5FD E>?444TFLEO 7 46>E >E=>6=<E 5?>>V6: >?F<G=>7> V E<EF5<< 

>5D>5>< 44=<E. �4 D<E. 2.1 =46545=> EE5<4F<G=5 7>5D465==O $GD9T-E?5>FD><5FD4.  

�?F<G=<= 5?>> 6>?NG4T <>4G?L V=F5DD5D><5FD4, >5'T>F<6=G >4<5DG, >N65F=5 

6V44V?5==O V >4<5DG 45F5>F>D4. �> E<EF5<< >5D>5>< 44=<E 6E>4OFL ?5DE>=4?L=<= 

>><?9NF5D. �>4G?L V=F5DD5D><5FD4 6>?NG4T >E6VF?N64G V7 6<?D><V=N64G5<, 

46>?D><5=56<= V=F5DD5D><5FD �4=>5?LE>=4, 5?>> G?D46?V==O E?5>FD><5FD>< V 

5?>> 6<6?5==O. 
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$<EG=>> 2.1 3 %E5<4 $GD9T-E?5>FD><5FD4 [149]. 

 

�?O ?5D544GV 6<?D><V=N64==O 6 EFV=>4E 75D<5F<G=<E <>4G?V6 T 6V>=4, O>V 

?D>7>DV 6 6V4?>6V4=V= >5?4EFV E?5>FDG. ' >4<5DV <>4G?O V=F5DD5D><5FD4 <>6GFL 

5GF< 65=F<?V 4?O ?V49T4=4==O E<EF5<< ?D>4G6>< EGE<< V=5DF=<< 747><. &5 4>76>?OT 

7=4G=> 7<5=L<F< 6??<6 6G7?5><E?>7> 747G V ?4DV6 6>4<, M> <VEFOFLEO 6 ?>6VFDV, =4 

D57G?LF4F< 6<<VDN64==O E?5>FDV6. �N65F=5 6V44V?5==O 4>76>?OT 6EF4=>6?N64F< 

4>E?V46G64=V 7D47><, 6>?NG4NG< >N65F< 7 747>< V DV4<=>N. �?O D5TEFD4FVW E<7=4?G 

6<>>D<EF>6GTFLEO =5E5?5>F<6=<= ?VD>5?5>FD<G=<= 45F5>F>D, D>7<VM5=<= G <>4G?V 

45F5>F>D4, M> 7=4E>4<FLEO G 6V4?>6V4=V= >4<5DV. �FD<<4=<= E<7=4? ?V4E<?NTFLEO V 

?>44TFLEO =4 6EV4 4=4?>7>-F<DD>6>7> ?5D5F6>DN64G4 (�&�). � ?>DV6=O==V 7 

FD44<FV==<<< MV?<==<<< E?5>FD4?L=<<< ?D<?444<<, $GD'T-E?5>FD><5FD <4T 

?5D5647< 6 E4D4>F5D<EF<FV E<7=4?/LG<, 4>EO74NG< 7=4G5==O 6 E>F=V V F<EOGV D47V6 

[149]. 
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�V4?>6V4=> 4> <4F5<4F<G=>7> 4?4D4FG $GD9T->?F<>< [150] 74?56=VEFL 

V=F5=E<6=>EFV 6<?D><V=N64==O 6V4 G4EF>F< 6<D464TFLEO O>: ý(ÿ)  =  + (ý(ÿÿ) 2  ý(>))ýýý(2ÿÿ ç ÿÿ)ý(ÿÿ)+>2>   

&4><< G<=><, M>5 >FD<<4F< D>7?>4V? V=F5=E<6=>EFV 6V4 G4EF>F< ý(ÿ)  3 E?5>FD 

6<?D><V=N64==O, ?>DFV5=> 74DV>EG64F< G 5G4L-O>><G 46>?D><5=56><G 

V=F5DD5D><5FDV =4 5G4L-O><= =>EV= D>7?>4V? V=F5=E<6=>EFV 74?56=> 6V4 DV7=<FV E>4G ý(ÿÿ) ?>FDV5=> 7<V=N64F< DV7=<FN E>4G ÿÿ F4 6<>>=4F< >>E<=GE=5 ?5D5F6>D5==O 

$GD'T.  

2.2.2 %?5>FD>E>>?VO >><5V=4FV==>7> D>7EVO==O E6VF?4 

�>E?5D<<5=F4?L=5 4>E?V465==O ?D>6>4<?>EO 7 6<>>D<EF4==O< E?5>FD><5FD4 

InViaRaman (D<E. 2.2) 7 >>=EF4=F>N 4<DD4>FV==>W �D4F>< 1200 ?V=V=/<<. '4E 

V=F5�DG64==O EF4=>6<FL 10 E, 4 D>74V?L=4 744F=VEFL 3 0.5 E<-1. �475D=<= <>4G?L 7V 

EF45V?V74FVTN E?5>FDG 7 4>66<=>N E6<?V 785 =< V ?>FG6=VEFN 100 <�F 

6<>>D<EF>6G646EO O> 465D5?> 75G465==O. %?5>FD< D5TEFDG64?<EO 74 4>?><>7>N 

45F5>F>D4 ��� >4<5D< 7 20->D4F=<< D>>GE><.  

 

 

$<EG=>> 2.2 3 %E5<4 E?5>FD><5FD4 InViaRaman [151]. 
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�D<=F<? D>5>F< E?5>FD><5FDV6 547GTFLEO =4 F><G, M> ?D< >E6VF?5==V 7D47>4 

<>=>ED><4F<G=<< 6<?D><V=N64==O< G E?5>FDV D>7EVO=>7> 6<?D><V=N64==O 

6<=<>4NFL G4EF>F<, 6V4E<?5=V 6V4 ?V=VW 75G465==O. &5= 4>44F>>6<= E?5>FD 

6V4?>6V44T >>?<64?L=>->55DF4?L=<< ?5D5E>44< G <>?5>G?4E 4>E?V46G64=>W 

D5G>6<=< V 6V4><<= O> E?5>FD >><5V=4FV==>7> D>7EVN64==O 45> $4<4=V6EL><= E?5>FD. 

%FDG>FGD=> E?5>FD><5FD E>?444TFLEO 7 465D5?4 75G465==O E?5>FDV6, E<EF5<< 

D5TEFD4FVW $4<4=V6EL><E E?5>FDV6, <V>D>E>>?4 F4 5?5>FD>==<E 5?>>V6. ' 

E?5>FD><5FD4E 6 O>>EFV 465D5?4 75G465==O E?5>FDV6 6<>>D<EF>6GNFL >4<= 45> 

>V?L>4 ?475DV6 6<4<<>7> E?5>FDG 7 E4D4>F5D=<<< 4>66<=4<< E6<?L, F4><<< O> 488, 

514, 532, 633, 785 =<. �?O D5TEFD4FVW E?5>FDV6 >><5V=4FV==>7> D>7EVN64==O 

74EF>E>6GTFLEO <>=>ED><4F>D 7V 7<V==<<< 4<DD4>FV==<<< D5LVF>4<<. 

2.3 �4FD<G=4 V7>?OFVO 

�E=>6=4 V45O <5F>4G ?>?O74T 6 6V4>>D5<?5==V EV<VG=<E G4EF<=>> (<>?5>G?, 

D44<>4?V6, >?4EF5DV6, DV7=<E ?5D5EV4=<E EF4=V6 45> V=F5D<54V4FV6) >4=4 6V4 >4=>W 74 

4>?><>7>N V=5DF=>7> D>7DV46G64G4, O><= ?5D5L>>464T WE=V= 674T<>4VW O> <V6 

E>5>N, F4> V 7 =46>>?<L=V< E5D54>6<M5<. �46?<6>N >E>5?<6VEFN <4FD<G=>W 

V7>?OFVW T 744F=VEFL EF45V?V7G64F< D54>F<6=V 6<4<, GFD<<GNG< WE G 6>DEF><E G<>64E 

F4 ?D<7=VGGNG< <V6<>?5>G?OD=G 674T<>4VN. �4=5V?LL >G56<4=V D>7DV46G64GV FL>7> 

F<?G 3 F5 V=5DF=V (45> 5?47>D>4=V) 747<, F4>V O> He, Ne, Ar, Kr, Xe, 4 F4>>6 

<>?5>G?OD=V 747< N2, CO. �VE?O FL>7> D5G>6<=< D>7?<?NNFLEO =4 475D>4?> 45> 

6V>=>, O>5 ?D>7>D5 6 4>E?V46G64=V= >5?4EFV E?5>FD4 F4 >E>?>465=5 4> F5<?5D4FGD< 

=<6G5 F>G>< ??46?5==O <4FD<G=>7> 747G. �>44?LL5 4>E?V465==O ?D>6>4<FLEO 74 

4>?><>7>N DV7=<E E?5>FD>E>>?VG=<E <5F>4V6 [152]. �4?D<>?44, <5F>4>< 

V=DD4G5D6>=>W E?5>FD>E>>?VW [153-157], O><= 4>76>?OT 6<6G4F< EFDG>FGDG F4 

6?4EF<6>EFV DV7=<E D5G>6<=, 7>>D5<4 5V?>V6 F4 V=L<E 5V><>?5>G? [158, 159].  

�5F>4 <4FD<G=>W V7>?OFVW <>65 E?G6<F< 74E>5>< <>45?N64==O E?5>FD4 

747>6>W D47< 557 >55DF4?L=>W F4 FD4=E?OFV==>W V=F5DD5D5=FVW. &5 >5G<>6?5=> F<<, 
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M> 6 <564E <4FD<FV G4EF<=>< 7476<G4= 4>E<FL 5D5>F<6=> 74?L<GNFL >55DF4==O V 

FD4=E?OFVN. �D< =<7L><E F5<?5D4FGD4E GE>?44=5==O 7G<>6?5=V 5=5D7VTN 4>F<64FVW 

5V?LL5 >V?L>>E >�6/<>?L G 5V?LL>EFV 6<?44>V6 6V4EGF=V, M> E?D<OT >FD<<4==N 

E?D>M5=<E E?5>FDV6. &5 ?>OE=NTFLEO F<<, M> =4 =<7L><E F5<?5D4FGD4E 74E5?ONFLEO 

?<L5 =<6GV 5?5>FD>==V F4 >>?<64?L=V >64=F>6V EF4=<. �E>V?L>< >55DF4?L=>-

>>?<64?L=V >64=F>6V EF4=< ?D<7?GLGNFLEO 6 �'-E?5>FDV <4FD<G=>W V7>?OFVW, 6EV 

>>?<64?L=V >64=F>6V EF4=< EF4NFL V45=F<DV>>64=<<< [160]. &4><< G<=><, E?5>FD<, 

>FD<<4=V 74 4>?><>7>N <5F>4G <4FD<G=>W V7>?OFVW, 6<O6?ONFLEO =45474F> ?D>EF<<< 

4?O V=F5D?D5F4FVW F4 4=4?V7G. 

2.4 �<<VDN64==O 7GEF<=< 

�D< ?D>6545==V 5>E?5D<<5=F4?L=<E 4>E?V465=L 74?56=>EFV 7GEFD<=< 6>4=<E 

D>7G<=V6 E>?5= 6V4 >>=F5=FD4FVW F4 V=L<E ?4D4<5FDV6 4?O >>6=>7> 7 4>E?V46G64=<E 

?D5?4D4FV6 MgSO4, Na2SO4, K2SO4, MgCl2, NaCl, KCl, MgBr2, NaBr V KBr 6<7=4G4?< 

7GEF<=G 4?O E5DVW D>76545=L 6<EV4=>7> D>7G<=G 74 4>?><>7>N 6<E>>>F>G=>7> 

7GEF<=><VD4 Anton Paar DMA 5000 M. &>G=VEFL 6<<VDN64==O 7GEF<=< 7 

6<>>D<EF4==O< 44=>7> >5?44=4==O EF4=>6<?4 7·10-6 7/E<3). �GEF<=><VD ?>>474=<= 

=4 D<E. 2.3. �<<VDN64==O ?D>6>4<?<EL G 4V4?47>=V F5<?5D4FGD 20 3 40° C 7 >D>>>< 

2,5° C. �>?OD=4 >>=F5=FD4FVO D>7G<=5=>W D5G>6<=< 64DVN64?4EO 6 <564E 10-3 3 10-2 

<>?L/>7-1.  

�GEF<=4 d 7D47>4 6<7=4G4TFLEO O> <4E4, ?>4V?5=4 =4 >5'T< [161]:  ý = ÿý  . 
�<F><4 6474 SG >5G<E?NTFLEO L?OE>< 4V?5==O 7GEF<=< 7D47>4 ý7D47>> =4 

7GEF<=G G<EF>W 6>4< ý6>44 ?D< 20 °C [161]: ÿÿ = ý7D47>>ý6>44  . 
�=4G5==O 7GEF<=< V ?<F><>W 647< E<?L=> 74?564FL 6V4 F5<?5D4FGD< [161]. 
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$<EG=>> 2.3 3 �>5D465==O 6<E>>>F>G=>7> 7GEF<=><VD4 Anton Paar DMA 5000 M. 

 

�D<=F<? 4VW 7GEF<=><VD4 �DG=FGTFLEO =4 6<<VDN64==V G4EF>F< >>?<64=L U-

?>4V5=>W 6<<VDN64?L=>W FDG5>< 7 5>D>E<?V>4F=>7> E>?4, 6<>?<>4=<E 

5?5>FD><47=VF=<< 75=5D4F>D>< (D<E. 2.4). �V4 6??<6>< 75G4?<6>7> ?>?O ?>D>6=O 

6<<VDN64?L=4 FDG5>4 >>?<64TFLEO 7 6?4E=>N G4EF>F>N, 4 ?V4 G4E 74?>6=5==O FDG5>< 

4>E?V46G64=>N D5G>6<=>N G4EF>F4 >>?<64=L 7<V=NTFLEO 74?56=> 6V4 <4E< 

(7GEF<=<) 4>E?V46G64=>W D5G>6<=<. �>4V5=> 4> <4OF=<>4, M> 5V?LL4 7GEF<=4 7D47>4, 

4 >F65, V =>7> <4E4, G>?445=4 6 FDG5FV, F> =<6G4 G4EF>F4 >>?<64=L. �?O ?5D5D4EG=>G 

G4EF>F< >>?<64=L G F<DD>65 7=4G5==O 7GEF<=< 6<>>D<EF>6GNFLEO 44=V 

?>?5D54=L>7> >4?V5DG64==O. %4D4>F5D=4 G4EF>F4 7<V=NTFLEO 6 74?56=>EFV 6V4 

MV?L=>EFV 7D47>4. �464O>< F>G=><G 6<7=4G5==N E4D4>F5D<EF<G=>W G4EF>F< V 

<4F5<4F<G=><G ?5D5F6>D5==N <>6=4 6<<VDOF< 7GEF<=G 7D47>4 [161].  
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$<EG=>> 2.4 3 �>?<64?L=4 U-?>4V5=4 FDG5>4 7GEF<=><VD4 Anton Paar DMA 

5000 M [162]. 

 

�GEF<=4 d D>7D4E>6GTFLEO O> 4>5GF>> ?5DV>4G >>?<64=L ?D>5VD>< V 5F4?>==>7> 

75=5D4F>D4 [161]: ý = ÿý × ý2 × ÿ1 2 ÿý × ÿ2, 
45 ÿý F4 ÿý 2 4?4D4F=V >>=EF4=F<, ý 2 G4EF>4 6V4 4V?5==O ?5DV>4G >>?<64=L U-

?>4V5=>W FDG5>< =4 ?5DV>4 >>?<64=L >?>D=>7> 75=5D4F>D4, ÿ1 F4 ÿ2 2 ?>?D46>G=V 

>>5DVFVT=F< 4?O F5<?5D4FGD<, 6'O7>>EFV F4 =5?V=V==>EFV. 

�474?><, >5'T<< >><?>=5=FV6 G D>7G<=V =5 <4NFL 44<F<6=>EFV. �4?D<>?44, G 

45O><E 6>4=<E D>7G<=4E E>?5=, ?D>F5E D>7G<=5==O ?D<76>4<FL 4> 7<5=L5==O 

>5'T<G. &5 O6<M5 <>6=4 ?>OE=<F< 46><4 D4>F>D4<<. �>-?5DL5, G D>7G<=V =4 

<>?5>G?< 4VNFL V=LV <V6<>?5>G?OD=V E<?<, =V6 G G<EF<E D5G>6<=4E. �>-4DG75, G5D57 

6V4<V==>EFV 6 D>7<VDV F4 D>D<V <>?5>G? 6>4< F4 E>?V WE D>7F4LG64==O 6 EG<VLV 

6V4DV7=OTFLEO 6V4 G<EF>7> EF4=G. &><G, 4?O F>G=>7> 4=4?V7G F4>>W ?>654V=><, 
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66>4<FLEO ?>=OFFO ?4DFV4?L=>7> <>?OD=>7> >59T<G D5G>6<=<, O><= 74?56<FL 6V4 

E>?44G D>7G<=G, 4?5 74?<L4TFLEO =574?56=<< 6V4 >V?L>>EFV D>7G<=G. �V4?>6V4=> 4> 

E?V66V4=>L5=L >?4E<G=>W F5D<>4<=4<V><, FO 65?<G<=4 4?O i->W >><?>=5=F<, 

6<7=4O4TFLEO 6<D47>< [163]: ýÿ = (ÿýÿÿÿ)ÿ,ý,ÿÿbÿ , 
45 T 3 F5<?5D4FGD4, p 3 F<E>, ni 3 >V?L>VEFL <>?L i->W >><?>=5=F<. �5'T< >4=>D47=>W 

7><>75==>W E<EF5<< 74?56<FL 6V4 F<E 65?5G<=, F>5F> V=V(T, p, ni) 3 F5 >4=>DV4=4 

?V=V==4 DG=>FVO >V?L>>EFV >><?>=5=FV6. &><G 7474?L=<= >5'T< (V) E<EF5<< ?D< 

EF4?<E F5<?5D4FGDV V F<E>G <>6=4 74?<E4F< G5D57 ?4DFV4?L=V <>?OD=V >5'T<< 

>><?>=5=FV6 [163]: 

ý = 3 (ÿýÿÿÿ)ÿ,ý,ÿÿbÿ
ý

ÿ=1 ýÿÿ . 
�GEF<=G d D>7G<=V6 5?5>FD>?VFV6, 74?56=G 6V4 WE=VE >>=F5=FD4FV= ?D< 

?>EFV==<E F5<?5D4FGD4E V F<E>4E, <>6=4 6<<VDOF< 7 6<E>>>N F>G=VEFN. ' D>7G<=V, 

M> E>?444TFLEO 7 n0 <>?5= 6>4< V nE <>?5= 5?5>FD>?VFG, 7474?L=<= >5'T< D>7G<=G 

4>DV6=NT V=MD>7G<=G/Ã, 45 MD>7G<=G=n0M0+nM. 'O6=<= <>?OD=<= >5'T< 5?5>FD>?VFG 

(ýýÿ
) 3 F5 F4 G4EF<=4 V, M> 74?<L4TFLEO 4?O 5?5>FD>?VFG =4 >4<= <>?L =>7> ?VE?O 

6V4=V<4==O >5'T<G, M> ?D<?444T =4 6>4G [164]: ýýÿ = ý 2 ÿ0ý07ÿ , 
45 ý07 3 <>?OD=<= >5'T< G<EF>W 6>4<, 557 6D4EG64==O 6??<6G V>=V6. ' D>7G<=V 

5?5>FD>?VFG 7 <>?OD=>N <4E>N m V 7GEF<=>N d, GO6=<= <>?OD=<= >5'T< 4>DV6=NT 

[164]: 

ýýÿ = ýý + 1000(ý 2 ý0)ýý0ÿ , 
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45 M 3 <>?OD=4 <4E4 D>7G<=5=>W D5G>6<=<, 4 ý0 3 7GEF<=4 G<EF>W 6>4<. �4=4>, 

4V=E=<= <>?OD=<= >5'T< D>7G<=5=>W D5G>6<=< (V�) 6V4DV7=OTFLEO 6V4 GO6=>7> 

<>?OD=>7> >5'T<G ýýÿ, F><G M> V>=< 5?5>FD>?VFG 6??<64NFL =4 >5'T< 6>4<. �>44 5V?O 

V>=V6 EF<E>4TFLEO, 5?5>FD>EF<E>4TFLEO, ?V4 4VTN 5?5>FD<G=<E ?>?V6 V>=V6. 

�4DFV4?L=<= <>?OD=<= >5'T< 5?5>FD>?VFG 3 F5 >5'T<, O><= D4>F<G=> 74=<4NFL V>=< 

6 D>7G<=V. �?O D>7G<=G 7 <>?OD=VEFN m 6V= >FD<<GTFLEO 7 [164]: ýý = ýýÿ + ÿ1/2 ( ÿýýÿÿÿ1/2)ÿ . 
�4DFV4?L=<= <>?OD=<= >5'T< <>65 5GF< 6V4'T<=<<, >E>5?<6> 4?O <4?<E 

6<E>>>74DO465=<E V>=V6, >E>V?L>< 5?5>FD>EFD<>FVO (7<5=L5==O >5'T<G), O>G F4>V 

V>=< E?D<G<=ONFL G 6>4V, M> >F>GGT V>=, <>65 5GF< G<E5?L=> 5V?LL>N, =V6 6?4E=<= 

>5'T< V>=4 [165].  

�4 >V=F56<E >>=F5=FD4FV= <V6V>==V 674T<>4VW ?D<76>4OFL 4> ?>DGL5==O 

44<F<6=>EFV >>D5<<E V>==<E <>?OD=<E >5'T<V6 Vion. 'O6=V <>?OD=V >5'T<< 

5?5>FD>?VFV6 <>6GFL 5GF< 6<D465=V 74 $54?VE>< [166] O>: ýýÿ = ýý> + ÿýý1/2 + ÿý, 
45 ýý> 3 ?4DFV4?L=<= <>?OD=<= >59T< 5?5>FD>?VFG ?D< =5E>V=G5==><G D>76545=V, SV 

3 F5>D5F<G=<= =4E<? >644D4F=>7> >>D5=O 74 F5>DVTN �554O-�N>>5?O, 4 b 3 

5<?VD<G=<= ?4D4<5FD, E?5F<DVG=<= 4?O >>6=>7> 5?5>FD>?VFG.  

&5>DVO �554O-%N>>5?O 5G?4 74?D>?>=>64=4 �VF5D>< �554T< V �DVE>< 

�N>>5?5< F4 ?D54EF46?OT F5>D5F<G=5 ?>OE=5==O 6V4E<?5=L 6V4 V454?L=>EFV 6 

D>7G<=4E 5?5>FD>?VFV6, F>5F> V>=< O> V454?V7>64=V F>G>>6V 74DO4<, O>V <4NFL 

5?5>FD<G=G 674T<>4VN, M> >?<EGTFLEO 74>>=>< �G?>=4, O> 74?<E4=> 6 DV6=O==V 

�G4EE>=4. �>=< D>7?>4V?ONFLEO 6V4?>6V4=> 4> D>7?>4V?G �4>E65??4-�>?LF<4=4. 

�V4?>6V4=> 4> 7D4=<G=>7> 74>>=G �554O-%N>>5?O [167]: ýÿýÿÿÿ = 2 ÿÿ2ÿýý8ÿÿ , 
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45> 77V4=> 7 D>7L<D5=<<< DV6=O==O<< �554O-%N>>5?O [167]: ýÿýÿÿÿ = 2 ÿÿ2ÿý8ÿÿ ý1 + ýÿ , 
45 e 3 5?5<5=F4D=<= 74DO4, ÿ 3 4V5?5>FD<G=4 ?D>=<>=VEFL, a 3 6V4EF4=L =4=5?<6G>7> 

75?<65==O V>=V6, 4 k 3 65?<G<=4, 76>D>F=4 >?4E<G=V= 4>66<=V �554O [167]: ý2 = 2ý2ÿýÿ ýý, 
45 I 3 V>==4 E<?4 6 <>?OD=<E >4<=<FOE, 4 d 3 7GEF<=4 DV4<=<. &V <>45?L=V 7=4G5==O 

4?O >>5DVFVT=FV6 4>F<6=>EFV T F>G=<<< 6 =<6=L><G 4V4?47>=V >>=F5=FD4FV=, 45 

4><V=GNFL 74DO4-74DO4>6V 674T<>4VW =4 65?<>V= 6V4EF4=V, =4?D<>?44, >G?>=V6EL>V 

674T<>4VW. 

�4DFV4?L=V <>?OD=V >5'T<< (V2
0) 4=4?V7>64=<E E<EF5< (MgSO4, Na2SO4, K2SO4, 

MgCl2, NaCl, KCl, MgBr2, NaBr, KBr V HCl 6 H2O) >FV=5=V M>=4=<5=L5 7 46>E 

=574?56=<E E5DV= D>76545=L =4 >E=>6V 4?D>>E<<4FVW ?5DL>7> ?>DO4>G 74?56=>EFV 

7GEF<=< 6V4 <>?O?L=>EFV [168, 169] 7 ?>?D46>>N =4 F5>D5F<G=<= =4E<? �554O-

%N>>5?O 4?O >5'T<V6 77V4=> 7 DV6=O==O< F<?G �VFF5D4 [170]: ý20  +  ýÿ · Ë3/2 · ln(1+ÿ·:ÿ)ÿ = ý ý0 2 103  ý ý0 ; ý2ý0ÿ ,   (1) 

45 M 3 <>?OD=4 <4E4 D>7G<=5=>W D5G>6<=< (7/<>?L), D>7D4E>64=4 74 >EF4==V<< 

D5>><5=44FVO<< IUPAC [171], m 3 <>?OD=4 >>=F5=FD4FVO D>7G<=5=>W D5G>6<=< 

(<>?L/>7), 4 d V do 3 5>E?5D<<5=F4?L=4 7GEF<=4 D>7G<=G V G<EF>7> D>7G<==<>4 (7/E<3), 

6V4?>6V4=>. ýÿ 3 F5<?5D4FGD=>-74?56=<= =4E<? �554O-�N>>5?O 4?O >5'T<V6 

(7=4G5==O 67OF> 7 [172]; ?D>F5 << ?5D56VD<?<, M> 44=V 7 [173] =57=4G=> 6??<64NFL 

=4 >FD<<4=V >FV=>< ý20), Ë 3 64?5=F=<= >>5DVFVT=F (ÿ = 0.5 ; 3 ÿÿ ; ÿÿ2), 4 b 5G?> 

6EF4=>6?5=> DV6=<< 2.8 3 10-3 (7/<>?L)½ [170]. 

'<E5?L=G <>45?L =4 >E=>6V DV6=O==O (1) 5G?> D54?V7>64=> 6 E5D54>6<MV Origin 

10.0 (www.originlab.com). �4D4<5FD< <>45?V 5G?< ?V4V5D4=V 7?>54?L=> 4?O 6EVE E5DV= 

D>76545=L 4?O >>6=>W E>?V ?D< >>6=V= F5<?5D4FGDV. �4=4>, ?VE?O 4=4?V7G 

7V4D>D>5=<E E?>?G> [174], 6<O6<?>EL, M> 77V4=> 7 V=D>D<4FV==<< >D<F5DVT< �>4=>5 
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F4 F-F5EF><, <>45?L, O>4 ?5D5454G4T =574?56=G 6V4 F5<?5D4FGD< F5??>6G 

D>7L<DN64=VEFL D>7G<==<>4, ÿ20 = ("ý20/"T), <4T >D4MV D57G?LF4F<, O>M> WW 

74EF>EG64F< 4> 6EVE F5<?5D4FGD >4=>G4E=>. �F65, >>6=4 EV?L E4D4>F5D<7GTFLEO 

?4DFV4?L=<< <>?OD=<< >5'T<>< (ý20) ?D< F5<?5D4FGDV 25° C V =574?56=>N 6V4 

F5<?5D4FGD< F5??>6>N D>7L<DN64=VEFN D>7G<==<>4 (ÿ20). &4>5 =45?<65==O 

6<O6<?>EO ?D46<?L=<<, ?D<=4=<=V 6 4V4?47>=V F5<?5D4FGD 20 3 40° C, V 4?O 6EVE 

V=4<6V4G4?L=<E E>?5= ÿ30 5G?> >5<565=> 4> 0. ý20(ÿ) = ý20(ÿÿÿÿ) +  ÿ20(ÿ 2 ÿÿÿÿ) + ÿ30(ÿ 2 ÿÿÿÿ)2
  (2) 

' D>5>FV 6<>>D<EF>6G64?< =4EFV?L>< D>7546?5=V D>7G<=<, 6 O><E 674T<>4VO 

D>7G<==<>-D>7G<= 74?<L4?4EO =57=4G=>N, M> 5>E?5D<<5=F4?L=> ?V4F65D465=> 

?V=V==>N 74?56=VEFN <>?OD=>EFV 6V4 7GEF<=<. �4EF>E>6GNG< =45?<65==O ?5DL>7> 

?>DO4>G, << ?D<?GEF<?< 44<F<6=V 6=5E>< 6EVE V>=V6, =4 O>V 4<E>FVNT EV?L, 4 F4>>6, 

M> ?4DFV4?L=<= <>?OD=<= >5'T< >>D5<>7> V>=4 =5 74?56<FL 6V4 E>?44G E>?V. �4 F4><E 

?D<?GM5=L, ?4DFV4?L=<= <>?OD=<= >5'T< 5G4L-O>>W 4<E>FV=>64=>W D5G>6<=< (XnYm) 

6<7=4G4TFLEO ?4DFV4?L=<<< <>?OD=<<< >5'T<4<< WW V>==<E >><?>=5=FV6 (X, Y) 

=4EFG?=<< G<=><: ý20(ÿÿýÿ) = ÿ ý20(ÿ) + ÿ ý20(ý)    (3) 

45 ý20 6<7=4G4TFLEO >><5V=4FVTN DV6=O=L (1) V (2).  

�5'T<=V 44=V 5G?< 6<7=4G5=V 4?O 456'OF< E>?5=, M> E>?444NFLEO 7 FDL>E DV7=<E 

>4FV>=V6 (Na+, K+ V Mg2+) V FDL>E 4=V>=V6 (Cl-, Br- V SO4
2-). &4><= ?V4EV4 446 E<EF5<G 7 

456'OF< ?V=V==<E DV6=O=L 7 LVEFL<4 =56V4><<<< 7<V==<<<, O>4 D>D<4?L=> <4?4 5 

74557?5G<F< 4>EF>6VD=G >FV=>G ?4DFV4?L=<E <>?OD=<E >5'T<V6 4?O 6EVE V>=V6, M> =4E 

FV>46?OFL. �E>V?L>< 6<7=4G=<> FVTW E<EF5<< 4>DV6=N646 =G?N, F><G 5G?< 

74EF>E>64=V 4>44F>>6>7> >5<565==O, O><<< EF4?< 44=V ?D> 7GEF<=G HCl, 4>?>6=5=V 

>5'T<=<<< 44=<<< 4?O 7V4D4F>64=>7> ?D>F>=4, 67OFV 7 D>5>F<  �>DE4D5??4 F4 

�D4E?46EL>>7> [175]. &4>>6 6<>>D<EF4?< =45?<65==O 4DG7>7> ?>DO4>G 4?O ý20(T), 

F>5F> ?D<?GEF<?<, M> ÿ30 b 0. 
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2.5 �59T>F< 4>E?V465=L 

1,2-Dimiristoyl-sn-glycero-3-phosphocholine (��$%), <5?4F>=V= (C13H16N2O2) V 

E>?5EF5D<= (C27H46O), 4<>?5>W?D>ED4F<4<=E>?V= (��$%) 5G?< ?D<454=V G >><?4=VW 

Sigma-Aldrich (%5=F-�GWE, ��) G 6<7?O4V ?>D>L>G. SARS-CoV-2 S-5V?>> RBD 5G6 

?D<454=<= G >><?4=VW HyTest. 'EV >><?>=5=F< 6<>>D<EF>6G64?< 557 4>44F>>6>7> 

>G<M5==O. �?O ?D<7>FG64==O 7D47>V6 7<VLG64?< 6 ?D>5VD>4E 6V4?>6V4=V >V?L>>EFV 

?>D>L>V6 ��$%, ��$%, E>?5EF5D<=G F4 <5?4F>=V=G V E>?N5V?V7G64?< >>65= 7D47>> 

6 >D74=VG=><G D>7G<==<>G (E?>D>D>D<, FD<DF>D5F4=>?). �V4F4> >D74=VG=<= 

D>7G<==<> >55D56=> 6<?4DN64?< 74 4>?><>7>N ?>F>>G V=5DF=>7> 747G (N2), ?VE?O 

G>7> ?>6=VEFN 6<44?O?< ?V4 64>GG<><. �V?V4=V ??V6><, M> GF6>D<?<EO =4 EFV=>4E 

?D>5VD>>, D57V4D4FG64?< 74 4>?><>7>N PBS-5GD5D4 =4 >E=>6V D2O. �565?<>G 

>V?L>VEFL >FD<<4=<E 6<EV4=<E D>7G<=V6 ��$%, ��$% +30 % E>?5EF5D<=G V ��$% 

+30 % <5?4F>=V=G 7<VLG64?< 7 D>7G<=>< RBD/PBS SARS-CoV-2. ' D57G?LF4FV 5G?< 

>FD<<4=V 7D47>< <G?LF<?4<5?OD=<E 657<>G? (���). �?O >FD<<4==O G=V?4<5?OD=<E 

657<>G? (ULV) 6<>>D<EF>6G646EO ?V?>E><=<= 5>EFDG45D (Avanti Extruder, Avanti 

Polar Lipids, Alabaster, Alabama) L?OE>< 5>EFDG7VW D>7G<=G ��� G5D57 

?>?V>4D5>=4F=V DV?LFD< 7 D>7<VD>< ?>D 50 =<. �D< FL><G >FD<<GNFL ?5D5646=> 

<>=>4<E?5DE=V ULV 4V4<5FD>< j 60 =<. ' D57G?LF4FV 5G?> >FD<<4=> ULV <5<5D4= 

G<EF>7> ��$% F4 ��$%, ��$% +15 % E>?5EF5D<=G, ��$% +30 % E>?5EF5D<=G, 

��$% +30 % E>?5EF5D<=G, ��$% +30 % E>?5EF5D<=G + 0,7 % RBD, ��$% +15 % 

<5?4F>=V=G, ��$% +30 % <5?4F>=V=G, ��$% +30 % <5?4F>=V=G + 0,7 % RBD, O>V 

5G?> 4>E?V465=> 6 FV= D>5>FV.  

�D>?4=>?. �E=>64 n-?D>?4=>?G (CH3CH2CH2OH) E>?444TFLEO 7 FDL>E 4F><V6 

�4D5>=G D47>< 7 7V4D>>E<?L=>N 7DG?>N, O> ?>>474=> =4 D<E. 2.5. �V= <4T 464 

>DGF<?L=V EFG?5=V E6>5>4<, CCCO V CCOH, M> ?D<76>4<FL 4> GF6>D5==O ?'OF< 

DV7=<E >>=D>D<5DV6. ' =46545=<E FGF ?>7=4G5==OE 65?<>V ?VF5D< (G V T) ?>7=4G4NFL 

>DVT=F4FVN >EV >55DF4==O CCCO, 4 <4?V ?VF5D< (t V g) 3 >DVT=F4FVN >EV >55DF4==O 

CCOH; G V g 3 7>L (60º), 4 T V t 3 FD4=E (180º); ?D>EF5 G<E?> (`) 6>47GT =4 6V4'T<=5 
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7=4G5==O 4?O 6V4?>6V4=<E 46>7D4==<E >GFV6 CCCO V CCOH. %5D54 ?'OF< 

>>=D>D<5DV6 Gg, Gg`, Tg V Gt 7=4E>4OFLEO 6 5=4=FV><5D=<E ?4D4E V E?5>FD4?L=> F4 

5=5D75F<G=> =5 6V4DV7=ONFLEO 6V4 E6>WE 475D>4?L=<E 7>5D465=L G`g, G`g`, Tg` V G`t 

6V4?>6V4=>. 

�?O 5>E?5D<<5=F4?L=<E 4>E?V465=L 6<>>D<EF>6G64?< DV4><= ?D>?4=>? 7 

G<EF>F>N > 99,9 6V4 Fluka. �F<>ED5D=<= ><E5=L V 47>F 6<44?O?< 7V E?<DFG G?D>4>66 

?'OFL>E F<>?V6 74<>D>6G64==O-6V4>4GG64==O-6V4F464==O. �D47>< 747>6>W D47< 5G?< 

>FD<<4=V <5F>4>< ?D<D>4=>7> 6<?4D>6G64==O< G 64>GG<V 7 ?>65DE=V DV4<=<.  

 

$<EG=>> 2.5 3 �>?5>G?< n-?D>?4=>?G 6V4?>6V4=<E ?9OF< >>=D>D<5DV6 Tt, Tg, Gt, 

Gg` V Gg D>7D4E>64=V 74 4>?><>7>N ?D>7D4<=>7> ?4>5FG Gaussian <5F>4>< DFT 6 

=45?<65==V B3LYP/ccPVTZ. 

 

�'-$GD'T E?5>FD< ?D>?4=>?G 6 747>?>4V5=><G EF4=V 5G?< 74D5TEFD>64=V 6 

V=F5D64?V G4EF>F 6V4 650 4> 4000 E<-1 7 D>74V?L=>N 744F=VEFN 1 E<-1 ?D< >V<=4F=V= 

F5<?5D4FGDV V F<E>G 1 << DF.EF.  

Dimethyl sulfoxide ((CH3)2SO). �D47>< 5G?< >FD<<4=V L?OE>< D>7G<=5==O 

��%� G 6>4V. $5TEFD4FVO E?5>FDV6 V=DD4G5D6>=>7> ?>7?<=4==O 4>E?V46G64=<E 
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D5G>6<= ?D>6>4<?4EL =4 $GD9T-E?5>FD><5FD4E Vertex 70 6<D>5=<FF64 DVD<< Bruker 

7 D>74V?L=>N 744F=VEFN 0,5 3 1 E<-1 6 E?5>FD4?L=V= >5?4EFV 400 3 5000 E<-1. $5TEFD4FVO 

E?5>FD4 G 6EV= G4EF>F=V= >5?4EFV 74=<4?4 4 E6<?<=<. � <5F>N 75V?LL5==O 

E?V66V4=>L5==O E<7=4?-LG< >>6=<= E?5>FD D5TEFDG646EO O> GE5D54=5==O 128 

E>4=V6. %?5>FD><5FD 5G6 >5?44=4=<= DFGF=>->44<VT6>-F5?GD<4=<< 45F5>F>D>< 

(�&%), M> >E>?>46GTFLEO DV4><< 47>F><. 

�E>V?L>< d->D5VF4?V 6 4F><V %G?LDGDG 55DGFL GG4EFL G ?>46V==><G 76'O7>G 

S=O, =5>5EV4=> 6<5D4F< 6V4?>6V4=<= 547<E=<= =45VD, M>5 445>64F=> >?<E4F< 

5?5>FD>==G EFDG>FGDG <>?5>G?< =4 F<E >D5VF4?OE. �?O D>7D4EG=>G EFDG>FGD< 

<>?5>G?< ��%� F4 G4EF>F WW >>?<64=L 6<>>D<EF4?< 547<E=<= =45VD 6-311+G(2d,p) 

(G ?D>7D4<V Gaussian, <5F>4 DFT) =4 >E=>6V f-DG=>FV= =4 4F><V EVD>< F4 4<DG7=<E s- 

V p-DG=>FV= =4 4F><4E %G?LDGDG F4 �>E<75=G [176]. Potential energy distribution 

(PED) 4=4?V7 ?D>6>4<?< 74 4>?><>7>N ?D>7D4<=>7> 74557?5G5==O VEDA 4.0. 

�>4=V D>7G<=< E>?5=. �576>4=<= EG?LD4F <47=VN (MgSO4; M = 120,36 7/<>?L; 

CAS-No: 7487-88-9), EG?LD4F =4FDVN (Na2SO4; M = 142,37 7/<>?L; CAS-No: 7757-82-

6), EG?LD4F >4?VN (K2SO4; M = 174. 259 7/<>?L; CAS-No: 7778-80-5), E?>D<4 <47=VN 

(MgCl2; M = 95,211 7/<>?L; CAS-No: 7786-30-3), E?>D<4 =4FDVN (NaCl; M = 58,44 

7/<>?L; CAS-No: 7647-14-5), E?>D<4 >4?VN (KCl; M = 74. 555 7/<>?L; CAS-No: 7447-

40-7), 5D><V4 <47=VN (MgBr2; M = 184.113 7/<>?L; CAS-No: 7789-48-2), 5D><V4 

=4FDVN (NaBr; M = 102.894 7/<>?L; 7: 509-56) V 5D><V4 >4?VN (KBr; M = 119. 002 

7/<>?L; BN-65/6191-40) 5G?< ?D<454=V G Sigma-Aldrich (www.sigmaaldrich.com) 45> 

POCH (www.poch.com.pl) 7 =4=6<M>N 4>EFG?=>N G<EF>F>N (performance adsorbents 

(p. a.)). �5D54 ?D<7>FG64==O< >>65= 7D47>> E>?V 6<FD<<G64?< ?D>FO7>< 1 7>4<=< 

?D< 300°C 4?O 6<44?5==O 74?<L>>6>W 6>4<. �>FV< 7>FG64?< <4E>6V D>7G<=<, 

6<>>D<EF>6GNG< 45<V=5D4?V7>64=G F4 6V4DV?LFD>64=G 6>4G 74 4>?><>7>N E<EF5<< 

ELIX (Millipore). ' 6<?44>G E>?O=>W ><E?>F< (HCl; M = 36,45 7/<>?L; CAS-No: 7647-

01-0) 6<>>D<EF>6G64?< 5F4?>==<= 100 <� 6>4=<= D>7G<=, M>5 G=<>=GF< D>5>F< 7 
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>>=F5=FD>64=<<< D>7G<=4<< ><E?>F; >4=4> << F5EFG64?< F5= D>7G<= G FV= 65 

>>=F5=FD4FVW, M> = E>?V. �D47>< 74664< 45747G64?< ?5D54 6<<VDN64==O<<. 
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$����� 3. 

����� �&�'���/ �� ���%&�$� �����&����% %��$&�� 

3.1 �64=F>6>-EV<VG=5 <>45?N64==O 6??<6G >F>G5==O =4 EFDG>FGDG F4 

>>?<64?L=V E?5>FD< >?4EF5DV6 <5F<?>6>7> E?<DFG  

�?O F>7>, M>5 4>E?V4<F<, O> E4<5 6??<64T >F>G5==O =4 EFDG>FGDG (4, >F65 V =4 

>>?<64?L=V E?5>FD< F4 V=LV DV7<G=V ?4D4<5FD<) 6>4=56>-769O74=<E >?4EF5DV6 

<5F<?>6>7> E?<DFG O> =4=?D>EFVL>7> ?D54EF46=<>4 7><>?>7VG=>7> DO4G 

>4=>4F><=<E E?<DFV6, 5G?< ?D>6545=V >64=F>6>-EV<VG=V D>7D4EG=>< >?F<<4?L=>W 

EFDG>FGD< F4 >>?<64?L=<E E?5>FDV6 <>?5>G?< <5F4=>?G F4 =>7> =4=<5=L<E 

>?4EF5DV6 3 4<<5D4 V FD<<5D4. �>45?N64==O ?D>6>4<?>EL 74 4>?><>7>N ?D>7D4<< 

Gaussian <5F>4>< DFT G =45?<65==V B3LYP/cc-pVTZ 4?O FDL>E DV7=<E E5D54>6<M: 

64>GG<G, <5F4=>?G V 4D7>=G. �?F<<V74FVO EFDG>FGD< F4 D>7D4EG=>< 6V4?>6V4=<E 

?4D4<5FDV6 <>?5>G?< G 64>GG<V G ?D>7D4<V Gaussian 6V45G64TFLEO 74 74<>6GG64==O<. 

->5 6D4EG64F< =4O6=VEFL ?56=>7> E5D54>6<M4, O>5 >F>GGT <>?5>G?G, 6 44=V= 

?D>7D4<V ?5D5454G5=4 DG=>FVO solution, O>4 4>76>?OT 744464F< ?D<EGF=VEFL V=L<E 

<>?5>G? G 6<7?O4V D>7G<==<>4. � 6<>>D<EF4==O< FVTW DG=>FVW 5G?< ?D>6545=V 

D>7D4EG=>< 4?O >?4EF5DV6 <5F4=>?G 6 <5F4=>?V (4?O <>45?N64==O D54?L=>W DV4<=<) 

F4 6 4D7>=V (4?O 6<7=4G5==O 6??<6G =<7L>>F5<?5D4FGD=>W 4D7>=>6>W <4FD<FV). 

$>7D4E>64=V 75><5FD<G=V ?4D4<5FD<, F4>V O> 4>66<=< EV<VG=<E 769O7>V6 F4 7=4G5==O 

>GFV6 <V6 EV<VG=<<< 769O7>4<< <>=><5D4, 4<<5D4 F4 FD<<5D4 <5F4=>?G 4?O FDL>E 

DV7=<E E5D54>6<M ?D54EF46?5=V 6 &45?. 3.1 [10]. 

/> ?>D>45<>=EFD>64=> 7 F45?. 3.1, 4>66<=< 769O7>V6 C-O F4 O-H 6 ?D<EGF=>EFV 

V <5F4=>?G, V 4D7>=G 7D>EF4NFL =4 >V?L>4 F<EOG=<E 4=7EFD5<4, 4 4>66<=4 769O7>G %-

H 7<5=LGTFLEO 7V 7<V=>N >F>G5==O. &4>>6 45M> 7<V=NNFLEO V 7=4G5==O >GFV6 <V6 

769O7>4<<. &4><< G<=><, M> 6 E5D54>6<MV 75><5FD<G=4 EFDG>FGD4 <>?5>G?< 

<5F4=>?G 747=4T ?56=<E 7<V= ?>DV6=O=> 7 64>GG<><. 



64 

 

&45?<FO 3.1 3 $>7D4E>64=V 4>66<=< EV<VG=<E 769O7>V6 (Å) F4 7=4G5==O >GFV6 

<V6 EV<VG=<<< 769O7>4<< (º) >?4EF5DV6 <5F4=>?G G 64>GG<V, <5F4=>?V F4 4D7>=V. 

CH£OH 
�>=><5D �<<5D &D<<5D 

�4>GG< �5F4=>? �D7>= �4>GG< �5F4=>? �D7>= �4>GG< �5F4=>? �D7>= 

C-O 1.421 1.426 1.422 
1,414 

1,429 

1.42 

1.432 

1.415 

1.43 

1.422 

1.421 
1.421 

1.427 

1.427 
1.427 

1.424 

1.422 
1.422 

O-H 0.961 0.962 0.961 
0.968 
0.961 

0.973 
0.962 

0.970 
0.961 

0.976 

0.975 

0.976 

0.976 

0.976 

0.976 

0.976 

0.975 

0.976 

C-H 

1.095 

1.095 

1.089 

1.094 

1.094 

1.089 

1.095 

1.095 

1.089 

1.097 

1.096 
1.09 

1.093 

1.092 

1.087 

1.095 

1.095 
1.09 

1.091 

1.092 

1.087 

1.096 

1.096 
1.09 

1.092 

1.092 

1.087 

1.089 

1.094 
1.094 

1.089 

1.094 

1.094 
1.089 

1.094 

1.094 

1.088 

1.093 
1.093 

1.088 

1.093 

1.093 
1.088 

1.093 

1.093 

1.089 

1.093 
1.093 

1.089 

1.094 

1.093 
1.089 

1.094 

1.094 

� & � - - - 1.898 1.834 1.883 

1.87 

1.871 
1.889 

1.886 

1.884 
1.894 

1.873 

1.873 
1.892 

C-O-H 108.5 108.1 108.4 
108.5 
109.3 

108.0 
108.7 

108.3 
109.1 

109.2 

109.6 

109.2 

109.0 

109.2 

109.0 

109.1 

109.5 

109.2 

O-C-H 

112.3 

112.3 
106.8 

112.0 

112.0 
107.1 

112.3 

112.3 
106.9 

112.5 

112.5 
107.6 

111.4 

111.9 

106.5 

112.3 

112.3 
107.8 

111.1 

111.6 

106.9 

112.5 

112.5 
107.6 

111.3 

111.8 

106.7 

107.5 

112.1 
111.4 

107.6 

112.2 
111.5 

107.6 

111.5 

112.2 

107.5 

111.8 
111.32 

107.5 

111.9 
111.3 

107.5 

111.3 

111.9 

107.5 

112.0 
111.4 

107.5 

112.1 
111.4 

107.6 

111.5 

112.1 

H-C-H 

108.7 

108.2 
108.2 

108.8 

108.4 
108.4 

108.7 

108.2 
108.2 

108.1 
107.9 

108.0 

109.4 

109.0 
108.5 

108.2 
108.0 

108.0 

109.3 

108.9 
108.9 

108.1 
107.9 

108.0 

109.4 

108.9 
108.6 

108.6 
108.3 

108.7 

108.5 

108.3 
108.7 

108.6 
108.5 

108.8 

108.6 

108.5 
108.8 

108.6 
108.4 

108.8 

108.5 

108.3 
108.8 
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108.2 

108.6 
108.6 

108.5 

108.6 
108.8 

108.3 

108.6 
108.6 

H-O-C - - - 108.5 115.4 111.6 

128.2 

125.6 

124.2 

122.3 

121.1 

121.4 

126.6 

125.0 

123.4 

H-O-H - - - 123.5 114.3 116.8 

88.3 

87.3 
87.8 

87.1 

86.8 
86.9 

88.0 

87.1 
87.6 

O-H-O - - - - - - 
152.1 
151.3 

152.8 

153.1 
152.5 

153.2 

152.4 
151.5 

152.9 

 

&4>4 E4<4 E<FG4FVO E?>EF5DV74TFLEO V 4?O 4<<5D4 <5F4=>?4. -> EF>EGTFLEO 

F<<5D4, F> 77V4=> 7 44=<<< F45?. 3.1, 7<V=< 6 75><5FD<G=< ?4D4<5FD4E ?D< 4>4464==V 

D>7G<==<>4 =57=4G=V.  

�V4><>, M> 6V4 75><5FD<G=<E ?4D4<5FDV6 <>?5>G?, 7>>D5<4 4>66<= EV<VG=<E 

769O7>V6, 74?564FL 7=4G5==O G4EF>F E?5>FD4?L=<E E<G7 6 >>?<64?L=<E E?5>FD4E 

6V4?>6V4=<E >59T>FV6. �F65, 4?O 6EVE D>77?O=GF<E EFDG>FGD =4 F><G E4<><G DV6=V 

F5>DVW 5G?< D>7D4E>64=V E?5>FD< �' ?>7?<=4==O. �4 D<E. 3.1 =46545=V D>7D4E>64=V 

E?5>FD< �' ?>7?<=4==O <>?5>G?< <5F4=>?G 6 DV7=<E E5D54>6<M4E: G 64>GG<V, 6 

<5F4=>?V F4 6 4D7>=V. /> V E?V4 5G?> >GV>G64F<, 6<E>4OG< 7 D>7D4E>64=<E 

75>5<5FD<G=<E ?4D4<5FDV6, 6EV FD< E?5>FD< T 4G65 ?>4V5=<<< <V6 E>5>N: <>6=4 

6<4V?<F< E<G7G 64?5=F=<E �� >>?<64=L (5V?O 3800 E<-1), 7DG?G E<G7 E<<5FD<G=<E F4 

4=F<E<<5FD<G=<E 64?5=F=<E %� >>?<64=L (5V?O 3000 E<-1) F4 64?5=F=<E %-� 

>>?<64=L 5V?O 1000 E<-1. �?O 5V?LL 45F4?L=>7> 4=4?V7G D>77?O=5<> ?D54EF46?5=V 6 

F45?. 3.2 D>7D4E>64=V 7=4G5==O G4EF>F >>?<64=L <>=><5D4 <5F4=>?G G 64>GG<V, 

<5F4=>?V F4 4D7>=V, 4 F4>>6 V=F5=E<6=>EFV 6V4?>6V4=<E E<G7 ?>7?<=4==O G 6V4=>E=<E 

>4<=<FOE. �5?<G<=< 7<VM5==O >>6=>W E?5>FD4?L=>W E<G7< (6 >55D=5=<E 

E4=F<<5FD4E) 4?O E?5>FDV6 <>?5>G?< <5F4=>?G 6 <5F4=>?V F4 4D7>=V 6V4=>E=> 

E?5>FDG FVTW 6 <>?5>G?< G 64>GG<V =46545=V G 46>E >EF4==VE EF>6?G<>4E F45?<FV.  
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%6<?L>65 G<E?>, E<-1

 �4>GG<
 �5F4=>?
 �D7>=

 

$<EG=>> 3.1 3 $>7D4E>64=V E?5>FD< �' ?>7?<=4==O <>=><5D4 <5F4=>?G 6 64>GG<V 

(75?5=<=), <5F4=>?V (E<=V=) F4 4D7>=V (G5D6>=<=). 

 

&45?<FO 3.2 3 $>7D4E>64=V <5F>4>< <5F>4>< DFT G =45?<65==V B3LYP/cc-

pVTZ 7=4G5==O >>?<64?L=<E G4EF>F F4 V=F5=E<6=>EFV E<G7 �' ?>7?<=4==O <>?5>G?< 

<5F4=>?G 6 DV7=><G >F>G5==V. 

�4>GG< �5F4=>? �D7>= ¿<5F 3 ¿64>, 

E<-1 

¿4D 3 ¿64>, 

E<-1 ¿, E<-1 I, 6.>. ¿, E<-1 I, 6.>. ¿, E<-1 I, 6.>. 

306.2 1442.0 303.0 2006.4 305.1 1551.6 -3.2 -1.1 

1044.9 454.2 1026.3 611.2 1041.3 488.9 -18.6 -3.6 

1082.2 3.5 1079.7 22.2 1082.0 6.6 -2.5 -0.2 

1170.5 2.0 1171.0 4.1 1170.8 2.5 0.4 0.2 

1375.4 77.3 1373.9 110.5 1375.4 84.4 -1.5 0.0 
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1481.2 10.4 1477.0 8.7 1480.5 10.3 -4.3 -0.7 

1495.8 5.3 1485.1 10.0 1493.7 6.0 -10.7 -2.1 

1511.2 10.3 1504.5 17.9 1510.0 11.5 -6.7 -1.2 

2986.2 84.4 2998.3 95.6 2988.7 87.5 12.1 2.5 

3029.2 89.0 3046.0 105.1 3032.6 92.3 16.8 3.4 

3102.7 38.8 3100.8 58.6 3102.7 42.2 -1.9 0.0 

3830.8 26.3 3815.6 51.2 3828.1 31.1 -15.2 -2.8 

 

/> <>6=4 ?>54G<F< 7 ?D54EF46?5=<E 6 F45?<FV 44=<E, E?5>FD4?L=V E<G7< 6 

<5F4=>?V V 4D7>=V 747=4NFL 4G65 EE>6<E 7<VM5=L 6V4=>E=> 6V4?>6V4=<E E<G7 G 

64>GG<V, ?D<G><G G4EF>F< 45O><E E<G7 75V?LLGNFLEO, F>5F> 747=4NFL G5D6>=>7> 

7<VM5==O, 4 45O><E 3 7<5=LGNFLEO (E<=V= 7EG6), =4 M> 6>47GT 7=4> «<V=GE» ?5D54 

6V4?>6V4=<<< 7=4G5==O<< 6 F45?<FV. �4=5V?LL>7> 7<VM5==O 747=4T E<G74 64?5=F=<E 

%-� >>?<64=L, D>7F4L>64=4 5V?O 1044 E<-1. � <5F4=>?V WW G4EF>F4 7<5=LGTFLEO =4 

18,6 E<-1, 4 6 4D7>=V =4 3,6 E<-1. � F>= 65 G4E G4EF>F< 64?5=F=<E %-� >>?<64=L (5V?O 

3000 E<-1) 75V?LLGNFLEO =4 16,8 E<-1 6 <5F4=>?V F4 3,4 E<-1 6 4D7>=V. �4 45>V?L>4 

>55D=5=<E E4=F<<5FDV6 7<5=LGNFLEO G4EF>F< E<G7 =5??>E><E >DGF<?L=<E >>?<64=L 

( 5V?O 306 E<-1), 4 F4>>6 DO4G 45D>D<4FV==<E >>?<64=L 6 V=F5D64?V 1300 3 1500 E<-1. 

� G4EF>F< 64?5=F=<E �-� >>?<64=L 7<5=LGNFLEO =4 15,2 E<-1 6 <5F4=>?V F4 2,8 E<-1 

6 4D7>=V. &4>V 65?<G<=< 7<VM5=L >>D5?NNFL 7 D4>F><, M> 4>66<=< EV<VG=<E 769O7>V6 

?V4 6??<6>< E5D54>6<M4 747=4NFL 5V?LL>W 45D>D<4FVW, =V6 >GF< <V6 769O7>4<<. 

�4DF> 747=4G<F<, M> 77V4=> 7 D57G?LF4F4<< ?D>6545=<E D>7D4EG=>V6, 65?<G<=< 

7<VM5==O E?5>FD4?L=<E E<G7 4?O DV7=<E E5D54>6<M 6V4DV7=ONFLEO. �>>D5<4, 

4D7>=>65 >F>G5==O E?45L5 6??<64T =4 EFDG>FGDG <>?5>G?< <5F4=>?G, =V6 >F>G5==O 

<>?5>G?4<< <5F4=>?G. &5 ?D>O6?OTFLEO 6 F><G, M> E<G7< �' ?>7?<=4==O <5F4=>?G 

6 <5F4=>?V 7<VMGNFLEO 6V4=>E=> 6V4?>6V4=<E E<G7 G 64>GG<V E<?L=VL5, =V6 6 

E?5>FD4E <5F4=>?G 6 4D7>=V [10]. 
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�4 D<E. 3.2 F4 3.3 =46545=V D>7D4E>64=V E?5>FD< �' ?>7?<=4==O 4<<5D4 F4 

FD<<5D4 <5F4=>?G 6 64>GG<V, 6 <5F4=>?V F4 6 4D7>=V 6V4?>6V4=>. �4=VTN 7 >E=>6=<E 

6V4<V==>EF5= E?5>FD4 4<<5D4 6V4 E?5>FD4 <>=><5D4 T F5, M> E<G74 64?5=F=<E 

>>?<64=L �� 7<VMGTFLEO 6 5V> =<6G<E G4EF>F =4 400 E<-1 6V4=>E=> 6V4?>6V4=>W E<G7< 

6V?L=>7> 7V4D>>E<?4, ?D<G><G EGFFT6> 7D>EF4T V=F5=E<6=VEFL FVTW E<G7<. &5= 5D5>F T 

E4D4>F5D=<< 4?O D>D<G64==O 6>4=56>7> 769O7>G <V6 <>?5>G?4<<. �>4V5=4 >4DF<=4 

E?>EF5DV74TFLEO V 6 E?5>FD4E FD<<5D4 <5F4=>?G 6 F<E E4<<E FDL>E E5D54>6<M4E. 

$>7D4E>64=V 7=4G5==O >>?<64?L=<E G4EF>F F4 V=F5=E<6=>EF5= E<G7 �' ?>7?<=4==O 

4?O 4<<5D4 F4 FD<<5D4 <5F4=>?G 6 DV7=<E E5D54>6<M4E, 4 F4>>6 65?<G<=< 7<VM5==O 

E<G7 G E5D54>6<MV 6V4=>E=> ?>?>65=L F<E E4<<E E<G7 G 64>GG<V, ?D54EF46?5=V 6 

F45?. 3.3 F4 3.4, 6V4?>6V4=>. 
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%6<?L>65 G<E?>, E<-1

 �4>GG<
 �5F4=>?
 �D7>=

 

$<EG=>> 3.2 3 $>7D4E>64=V E?5>FD< �' ?>7?<=4==O 4<<5D4 <5F4=>?G 6 

64>GG<V (75?5=<=), <5F4=>?V (E<=V=) F4 4D7>=V (G5D6>=<=). 
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%6<?L>65 G<E?>, E<-1

 �4>GG<
 �5F4=>?
 �D7>=

 

$<EG=>> 3.3 3 $>7D4E>64=V E?5>FD< �' ?>7?<=4==O FD<<5D4 <5F4=>?G 6 

64>GG<V (75?5=<=), <5F4=>?V (E<=V=) F4 4D7>=V (G5D6>=<=). 

 

&45?<FO 3.3 3 $>7D4E>64=V G4EF>F<, V=F5=E<6=>EFV F4 6V4=>E=V 7<VM5==O E<G7 

�' ?>7?<=4==O 4<<5D4 <5F4=>?G 6 DV7=><G >F>G5==V.  

�4>GG< �5F4=>? �D7>= ¿<5F 3 ¿64>, 

E<-1 

¿4D 3 ¿64>, 

E<-1 ¿, E<-1 I, 6.>. ¿, E<-1 I, 6.>. ¿, E<-1 I, 6.>. 
42.9 595.8 -  -  31.4 1212.1 -  -11.5 

46.3 721.0 48.7 232.1 49.1 214.2 2.4 2.8 

59.3 647.1 63.6 971.4 52.4 899.9 4.3 -6.9 

101.7 111.6 103.9 88.2 105.8 111.0 2.2 4.0 

112.8 46.1 108.5 97.3 116.0 34.0 -4.3 3.2 

195.0 55.6 208.0 77.7 196.2 50.0 13.0 1.3 

311.4 1166.7 331.6 1919.5 332.0 1307.2 20.2 20.6 

686.5 662.2 708.1 701.4 692.7 567.8 21.6 6.3 

1036.1 497.3 1019.1 739.0 1032.2 568.2 -17.0 -3.9 
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1067.5 349.4 1048.9 458.8 1064.3 359.6 -18.6 -3.1 

1079.6 56.6 1075.5 65.2 1078.7 50.1 -4.1 -0.9 

1117.6 30.3 1118.7 47.6 1119.0 32.4 1.1 1.4 

1174.1 1.6 1173.9 5.3 1173.8 1.7 -0.1 -0.3 

1174.6 2.3 1174.1 2.9 1174.6 3.1 -0.4 0.1 

1368.1 71.7 1365.3 112.6 1368.3 83.2 -2.8 0.2 

1431.5 89.7 1439.6 127.0 1436.2 93.9 8.1 4.6 

1480.8 9.6 1475.4 18.4 1479.3 17.1 -5.5 -1.6 

1482.1 12.1 1478.8 2.6 1482.3 6.5 -3.4 0.1 

1494.9 3.1 1485.4 6.8 1493.4 3.3 -9.5 -1.6 

1499.0 9.7 1487.1 16.5 1495.7 10.9 -11.9 -3.3 

1510.2 7.8 1504.0 15.1 1509.2 9.5 -6.2 -1.0 

1513.6 9.5 1506.9 21.2 1512.6 11.1 -6.7 -1.1 

2971.7 109.2 2981.1 128.3 2972.9 112.6 9.4 1.2 

3007.8 100.9 3018.9 85.6 3009.6 107.1 11.0 1.7 

3009.5 76.5 3021.2 131.5 3012.1 78.7 11.7 2.6 

3063.5 58.2 3076.0 74.4 3066.9 59.8 12.5 3.4 

3083.2 63.7 3082.8 90.2 3082.6 70.0 -0.4 -0.5 

3124.8 19.9 3121.7 40.6 3123.8 25.5 -3.1 -1.0 

3681.6 487.7 3573.5 902.7 3652.9 600.0 -108.1 -28.8 

3835.5 38.7 3813.3 72.7 3828.6 46.5 -22.2 -7.0 

 

/> ?>D54EF46?5=> 6 F45?. 3.3, E?5>FD4?L=V E<G7< 4<<5D4 6 <5F4=>?V F4 4D7>=V 

7<VMGNFLEO =4 4G65 EE>6<E 7<VM5=L 6V4=>E=> 6V4?>6V4=<E E<G7 G 64>GG<V. �4=4>, 

O>M> 6 4D7>=>6><G >F>G5==V ?>?>65==O ?5D5646=> 5V?LL>EFV E?5>FD4?L=<E E<G7 

7<V=NTFLEO 6EL>7> =4 45EOFV 4>?V >55D=5=>7> E4=F<<5FD4, F> 6 <5F4=>?V FV 7<VM5==O 

4>EO74NFL 45EOF>V6 >55D=5=<E E4=F<<5FDV6. �F65, O> V G 6<?44>G 7 <>=><5D><, 

4D7>=>65 >F>G5==O E?45L5 6??<64T =4 EFDG>FGDG 4<<5D4, =V6 <5F4=>?L=5.  

�4DF> 6V4<VF<F<, M> =4=5V?LL>7> 7<VM5==O 747=4T E<G74 64?5=F=<E �-� 

>>?<64=L 6 <5F4=>?V WW G4EF>F4 7<5=LGTFLEO =4 108,1 E<-1, 4 6 4D7>=V =4 28,8 E<-1, M> 

G77>46GTFLEO 7V 7<V=4<< 6 75><5FD<G=<E ?4D4<5FD4E  (4<6. F45?. 3.1), O>V 6>47GNFL 

=4 D>D<G64==O 6>4=56>7> 769O7>G <V6 <>?5>G?4<<. 
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&45?<FO 3.4 3 $>7D4E>64=V G4EF>F<, V=F5=E<6=>EFV F4 6V4=>E=V 7<VM5==O E<G7 

�' ?>7?<=4==O FD<<5D4 <5F4=>?G 6 DV7=><G >F>G5==V.  

�4>GG< �5F4=>? �D7>= ¿<5F 3 ¿64>, ¿4D 3 ¿64>, 

¿, E<-1 I, 6.>. ¿, E<-1 I, 6.>. ¿, E<-1 I, 6.>. E<-1 E<-1 

40.2 478.9 42.9 725.4 43.5 565.9 2.7 3.4 

43.7 325.3 51.0 497.2 44.9 314.5 7.3 1.3 

58.6 156.1 54.9 546.6 59.5 179.4 -3.7 0.8 

85.3 446.0 77.3 692.4 83.9 514.2 -8.0 -1.4 

96.2 387.0 94.2 632.6 96.7 445.2 -2.0 0.6 

103.5 5.3 113.0 19.6 106.9 5.4 9.5 3.4 

108.3 34.0 120.5 96.0 111.5 36.3 12.2 3.2 

110.7 26.4 121.5 15.2 112.8 15.7 10.8 2.2 

165.9 76.0 160.1 119.1 164.5 77.4 -5.8 -1.3 

192.9 176.8 188.9 265.4 191.6 195.5 -4.0 -1.3 

209.7 64.1 200.9 265.0 208.9 93.4 -8.8 -0.8 

212.8 105.1 204.8 50.2 210.8 99.3 -7.9 -2.0 

662.2 1109.1 632.8 1735.7 655.9 1231.1 -29.4 -6.3 

722.0 1290.4 670.1 2073.9 713.7 1399.8 -51.9 -8.3 

871.1 99.5 871.5 140.9 873.0 100.1 0.4 1.9 

1052.0 485.2 1031.3 473.1 1047.4 479.1 -20.7 -4.6 

1053.5 776.2 1032.9 1243.9 1048.7 871.0 -20.6 -4.7 

1070.1 62.0 1048.6 49.4 1065.4 62.6 -21.5 -4.7 

1119.7 68.9 1112.8 76.7 1118.3 70.2 -6.9 -1.5 

1130.8 111.1 1122.3 168.5 1129.5 119.5 -8.5 -1.3 

1156.9 4.5 1146.5 8.4 1154.9 5.0 -10.4 -1.9 

1176.2 3.1 1175.2 2.3 1176.1 3.5 -0.9 -0.1 

1176.9 0.7 1175.4 5.1 1176.6 0.0 -1.4 -0.3 

1177.2 5.2 1176.0 8.1 1176.9 6.7 -1.3 -0.3 

1423.8 159.2 1412.3 175.5 1421.4 162.4 -11.5 -2.4 

1437.6 250.2 1422.4 369.6 1435.2 267.2 -15.2 -2.3 

1472.5 39.1 1451.3 63.5 1468.9 47.5 -21.2 -3.6 

1479.8 17.8 1475.8 8.8 1479.0 15.8 -4.1 -0.8 

1480.5 3.3 1476.2 3.1 1479.5 3.6 -4.4 -1.0 
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1485.9 12.0 1480.1 2.8 1484.5 8.6 -5.8 -1.4 

1497.2 10.5 1489.0 17.2 1495.6 11.7 -8.3 -1.6 

1498.2 8.3 1489.1 12.4 1496.3 8.4 -9.1 -1.8 

1498.5 2.7 1489.4 8.9 1496.8 4.2 -9.1 -1.6 

1513.8 13.1 1504.7 19.1 1512.0 15.3 -9.1 -1.8 

1515.3 11.8 1505.6 11.3 1513.7 13.8 -9.7 -1.5 

1517.6 4.3 1505.7 22.1 1515.1 3.6 -11.9 -2.5 

2994.1 71.9 3004.4 133.8 2996.2 71.0 10.3 2.1 

2996.4 184.1 3004.7 192.7 2998.3 203.1 8.3 1.9 

2999.5 38.0 3007.1 21.8 3001.2 31.1 7.6 1.6 

3041.9 71.6 3056.1 93.3 3044.9 76.8 14.1 3.0 

3043.0 69.8 3056.4 90.5 3045.9 70.8 13.3 2.8 

3047.4 70.4 3056.7 90.3 3049.7 74.3 9.4 2.4 

3098.3 46.2 3105.7 74.0 3099.9 49.0 7.5 1.6 

3100.9 41.7 3106.0 61.7 3102.4 28.0 5.1 1.5 

3101.2 55.7 3106.5 57.6 3102.5 74.4 5.3 1.3 

3510.1 13.5 3505.8 3.6 3508.9 13.7 -4.3 -1.2 

3575.8 945.5 3562.0 1215.2 3571.8 1016.2 -13.7 -4.0 

3582.4 922.0 3565.1 1123.3 3578.5 954.4 -17.2 -3.8 

 

/> V G 6<?44>G 4<<5D4, E<G7< �' ?>7?<=4==O 6 E?5>FD4E FD<<5D4 <5F4=>?4 6 

<5F4=>?V F4 4D7>=V 747=4NFL EE>6<E 4?5 E?45L<E 7<VM5=L 6 ?>DV6=O==V 7V E?5>FD4<< 

G 64>GG<V, ?D<G><G 7=>6G 65?<G<=< 7<VM5=L 4?O 4D7>=>6>7> E5D54>6<M4 =5 

?5D56<MGNFL 45EOF>< >55D=5=>7> E4=F<<5FD4, 4 4?O <5F4=>?L=>7> E5D54>6<M4 

4>EO74NFL 4> 52 E<-1. �D< FL><G =4?DO<>> 7<VM5==O E<G7 4?O >5>E E5D54>6<M 

74664< 75V74TFLEO. &4>V E?45LV 7<VM5==O E?5>FD4?L=<E E<G7, ?>OE=NTNFLEO 6<M>N 

E<<5FDVTN FD<<5D4 6 ?>DV6=O==V 7 <>=><5D>< F4 4<<5D><. 

�FD<<4=V 44=V D>7D4EG=>>6<E E?5>FDV6 �' ?>7?<=4==O <>=><5D4, 4<<5D4 F4 

FD<<5D4 <5F4=>?G 6 DV7=<E E5D54>6<M4E <4NFL ?D4>F<G=5 74EF>EG64==O 4?O 

V=F5D?D5F4FVW D57G?LF4FV6 5>E?5D<<5=F4?L=<E 4>E?V465=L <>?5>G?OD=<E >?4EF5DV6 

<5F4=>?G F4 V=L<E D5G>6<= 7 <V6<>?5>G?OD=<< 6>4=56<< 769O7>><, V7>?L>64=<E 6 

=<7L>>F5<?5D4FGD=<E 4D7>=>6<E <4FD<FOE.  
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3.2 �??<6 4D7>=>6>7> E5D54>6<M4 =4 75><5FD<G=V ?4D4<5FD< F4 

>>?<64?L=V E?5>FD< >>=D>D<5DV6 ?D>?4=>?G 

/> 747=4G4?>EL 6<M5, <>?5>G?4 ?D>?4=>?G <4T 4569OFL EF45V?L=<E 

>>=DV7GD4FV=. � 6D4EG64==O< 6?4EF<6>EF5= 5=4=FV><5DV6 EFDG>FGD=> F4 5=5D75F<G=> 

DV7=<<< 66464FLEO ?<L5 ?9OFL: Tt (46>7D4==<= >GF %%%� = 180°, %%�� = 180°), Tg 

(%%%� = 180°, %%�� = 60°), Gt (%%%� = 60°, %%�� = 180°), Gg (%%%� = 60°, 

%%�� = 60°), Gg» (%%%� = 60°, %%�� = -60°). �64=F>6>-EV<VG=5 <>45?N64==O 

>?F<<4?L=>W 75><5FDVW 6<M5747=4G5=<E >>=D>D<5DV6 ?D>?4=>?4 6<>>=G64?>EL 74 

4>?><>7>N ?D>7D4<< Gaussian <5F>4>< DFT 7 6<>>D<EF4==O< DG=>FV>=4?4 B3LYP 

V 547<E=>7> =45>D4 cc-pVTZ. �?O 6<7=4G5==O ?>6=>7> =45>DG 6EVE <>6?<6<E 

>>=D>D<4FV= <>?5>G?< 5G?> ?D>6545=> ?>6=5 E>4=G64==O ?>65DE=V ?>F5=FV4?L=>W 

5=5D7VW (���). �D< E>4=G64==V ��� 5=5D7VO <>?5>G?< D>7D4E>6G64?4EO O> DG=>FVO 

>>>D4<=4F, 7<V=4 7=4G5=L O><E ?D<76>4<FL 4> GF6>D5==O =>6<E >>=D>D<4FV= 

<>?5>G?<. �?O <>?5>G?< ?D>?4=>?G F5 46>7D4==V >GF< %-%-%-� F4 %-%-�-�. �D< 

E>4=G64==V 5=5D75F<G=>W ?>65DE=V F<< 46>< 46>7D4==<< >GF4< =44464?< 7=4G5==O 6 

4V4?47>=V 6V4 -180° 4> 180°. $57G?LF4F< D>7D4EG=>V6 ��� ?D54EF46?5=V =4 D<E. 3.4. 

/> ?>>474=> =4 D<E. 3.4, ��� <>?5>G?< ?D>?4=>?4 <4T 9 ?>>4?L=<E <V=V<G<V6, 

O>V 6V4?>6V44NFL 456'OF< WW EFV=><< >>=D>D<4FVO<. �4 D<E. 3.5 =46545=> 2D ?D>T>FVN 

>FD<<4=>W ��� 7 ?>7=4G5=<<< =4 =V= ?>>4?L=<<< <V=V<G<4<< F4 >>=D>D<5D4<<, 

O><< 6>=< 6V4?>6V44NFL. �4 D57G?LF4F4<< E>4=G64==O ��� <>6=4 >FV=<F< 6<E>FG 

5=5D75F<G=<E 54D'TDV6 <V6 >>=D>D<5D4<<. �=4?V7 D>D<< ��� ?>>4746, M> 5V?LL 

=<>6VD=<<< T ?5D5E>4< <V6 >>=D>D<4FVO<<, O>V GF6>D5=V >55DF4==O< =46>>?> 

76'O7>G %-�, =V6 =46>>?> 76'O7>G %-%. �4==<6G<= 54D'TD E?>EF5DV74TFLEO <V6 

>>=D>D<5D4<< Gt V Gg' (3,2 >�6/<>?L). �<E>F4 5=5D75F<G=>7> 54D'TD4 <V6 

>>=D>D<5D4<< Tt, Tg V Tg' 3 5?<7L>> 7 >�6/<>?L, <V6 Gg' V Gg 3 10,5 >�6/<>?L, <V6 

Gg V Tg 3 17,6 >�6/<>?L. �4=5V?LL 6<E>><< T 54D'TD <V6 >>=D>D<5D4<< Gg V G'g, 4 

F4>>6 Gt V G't, 6V= EF4=>6<FL 21 >�6/<>?L. 
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$<EG=>> 3.4 3 �>65DE=O ?>F5=FV4?L=>W 5=5D7VW <>?5>G?< ?D>?4=>?4. 
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$<EG=>> 3.5 3 �6>6<<VD=4 ?D>T>FVO ?>65DE=V ?>F5=FV4?L=>W 5=5D7VW <>?5>G?< 

?D>?4=>?4. 
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�?O >>6=>7> >>=D>D<5D4 5G?< D>7D4E>64=V >?F<<4?L=V 75><5FD<G=V 

?4D4<5FD, 4<?>?L=<= <><5=F F4 5=5D7VO. $57G?LF4F< D>7D4EG=>V6 ?D54EF46?5=V 6 

F45?. 3.5. �=45>E4<< ³, ³ F4 ³ ?>7=4G5=V, 6V4?>6V4=>, =4=5?<6G<= 4> DG=>FV>=4?L=>W 

7DG?< �� 4F>< �4D5>=G, 4DG7<= F4 FD5FV= 6V4 =5W. 

 

&45?<FO 3.5 3 $>7D4E>64=V 75><5FD<G=V ?4D4<5FD<, 4<?>?L=V <><5=F< F4 

5=5D7VW >>=D>D<5DV6 ?D>?4=>?4. 

�>=D>D<5D Tt Tg Gt Gg» Gg 

%³-C³, Å 1,517 1,524 1,519 1,525 1,525 

%³-C³, Å 1,527 1,528 1,528 1,528 1,527 

C-O, Å 1,426 1,424 1,427 1,426 1,426 

O-H, Å 0,961 0,962 0,961 0,961 0,962 

C-C-C, ° 112,62 112,67 113,47 113,70 113,45 

C³-O-H, ° 108,73 108,41 108,84 108,69 108,34 

�<?>?L=<= 

<><5=F, � 
1,43 1,64 1,47 1,61 1,59 

�=5D7VO �, 

E4DFDV -194,433730 -194,433876 -194,433837 -194,433690 -194,433959 

�=5D7VO �, 

>�6/<>?L 
-510582,975 -510583,358 -510583,256 -510582,870 -510583,576 

��, 

>�6/<>?L 
0,601 0,218 0,32 0,706 0 

 

/> ?D54EF46?5=> 6 F45?. 3.5, =4=<5=LG 5=5D7VN <4T >>=D>D<5D Gg, F>5F> 6V= 

T =4=5V?LL EFV><<. � >EF4==L><G DO4>G =46545=V DV7=<FV <V6 5=5D7VO<< DV7=<E 

>>=D>D<5DV6 F4 5=5D7VTN =4=5V?LL EFV=>>7> >>=D>D<5D4. �<4=>, M> =4=<5=L 

EFV=>>N >>=DV7GD4FVTN T >>=D>D<5D Gg». 
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%6<?L>65 G<E?>, E<-1

 �4>GG<
 �D7>=

 

$<EG=>> 3.6 3 $>7D4E>64=<= E?5>FD �' ?>7?<=4==O Tt >>=D>D<5D4 ?D>?4=>?G. 
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%6<?L>65 G<E?>, E<-1

 �4>GG<
 �D7>=

 

$<EG=>> 3.7 3 $>7D4E>64=<= E?5>FD �' ?>7?<=4==O Tg >>=D>D<5D4 ?D>?4=>?G. 
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%6<?L>65 G<E?>, E<-1

 �4>GG<
 �D7>=

 

$<EG=>> 3.8 3 $>7D4E>64=<= E?5>FD �' ?>7?<=4==O Gt >>=D>D<5D4 ?D>?4=>?G. 
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%6<?L>65 G<E?>, E<-1

 �4>GG<
 �D7>=

 

$<EG=>> 3.9 3 $>7D4E>64=<= E?5>FD �' ?>7?<=4==O Gg' >>=D>D<5D4 ?D>?4=>?G. 
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%6<?L>65 G<E?>, E<-1

 �4>GG<
 �D7>=

 

$<EG=>> 3.10 3 $>7D4E>64=<= E?5>FD �' ?>7?<=4==O Gg >>=D>D<5D4 

?D>?4=>?G. 

 

�VE?O >?F<<V74FVW 75><5FDVW 5G?< D>7D4E>64=V E?5>FD< �' ?>7?<=4==O 4?O 

>>6=>7> 7 ?'OF< 747=4G5=<E 6<M5 >>=D>D<5DV6. $>7D4E>64=V E?5>FD< ?>>474=V =4 D<E. 

3.6 3 3.10, 4 6 F45?. 3.6 =46545=V G4EF>F< F4 V=F5=E<6=>EFV >FD<<4=<E >>?<64?L=<E 

<>4. � =46545=<E D57G?LF4FV6 <>45?N64==O 6<4=>, M> 6V7G4?L=> E?5>FD< DV7=<E 

>>=D>D<5DV6 <4?> 6V4DV7=ONFLEO >4<= 6V4 >4=>7>. �EV 6>=< <VEFOFL E<G7G >>?<64=L 

7V4D>>E<?L=>W 7DG?< �� 5V?O 3800 E<-1, =45VD E<G7 E<<5FD<G=<E F4 

4=F<E<<5FD<G=<E 64?5=F=<E %-� >>?<64=L, 77DG?>64=<E 5V?O 3000 E<-1, E<G7< 

64?5=F=<E %-% F4 %-� >>?<64=L 6 >>>?V 1000 E<-1, 45D>D<4FV==V >>?<64==O 

?D>O6?ONFLEO 6 4V4?47>=V 1200 3 1500 E<-1, 4 6 =<7L>>G4EF>F=V= G4EF<=V E?5>FDV6 (4> 

500 E<-1) ?><VF=V E<G7< >DGF<?L=<E (F>DEV>==<E >>?<64=L). $V7=<FO 6 G4EF>F4E E<G7 

6V4?>6V4=<E >>?<64=L DV7=<E >>=D>D<5DV6 =5 ?5D56<MGT 45EOF>V6 >55D=5=<E 
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E4=F<<5FDV6. �46545=V D>7D4EG=>< ?D>6>4<?<EL 6 74D<>=VG=><G =45?<65==V, F><G 

D>7D4E>64=V 7=4G5==O G4EF>F 45M> 6V4DV7=ONFLEO 6V4 5>E?5D<<5=F4?L=<E, >E>V?L>< 

<>?5>G?V ?D>?4=>?G 6?4EF<6<= 4=74D<>=V7< >>?<64=L. 

 

&45?<FO 3.6 3 $>7D4E>64=V G4EF>F< (¿) F4 V=F5=E<6=>EFV (�) E<G7 �' ?>7?<=4==O 

>>=D>D<5DV6 ?D>?4=>?G. 

Tt Tg Gt Gg' Gg 

¿, E<-1 �, 6. >. ¿, E<-1 �, 6. >. ¿, E<-1 �, 6. >. ¿, E<-1 �, 6. >. ¿, E<-1 �, 6. >. 

128 148 133 69 143 252 140 111 152 34 

235 64 226 164 221 29 227 519 224 3 

266 1588 260 377 235 1724 264 1138 274 1568 

276 54 296 1112 324 61 325 258 321 170 

457 88 457 55 476 66 478 17 490 85 

769 5 763 15 775 4 771 6 774 2 

889 23 889 44 861 8 850 43 860 14 

906 8 894 14 929 11 910 14 910 50 

1031 118 1024 95 982 200 982 188 980 148 

1059 291 1064 390 1060 173 1077 24 1077 244 

1097 7 1097 16 1116 23 1088 265 1090 48 

1187 4 1143 8 1160 18 1141 7 1124 22 

1260 155 1250 24 1247 122 1238 49 1244 34 

1270 0 1319 10 1271 1 1299 6 1302 2 

1324 0 1336 5 1325 51 1377 9 1374 22 

1354 17 1388 42 1384 4 1385 11 1386 7 

1417 4 1413 5 1412 8 1408 57 1406 56 

1459 8 1427 83 1451 13 1422 43 1424 42 

1496 3 1492 2 1480 7 1480 8 1484 4 
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1503 18 1503 18 1497 18 1499 19 1497 15 

1510 11 1505 8 1511 18 1507 1 1510 19 

1529 9 1520 8 1523 7 1513 18 1512 4 

2961 81 2972 78 2967 84 2974 75 2985 66 

2984 63 3003 34 2994 59 3017 16 3001 59 

3022 27 3025 37 3025 63 3020 50 3028 42 

3030 50 3046 23 3026 37 3050 13 3033 31 

3056 5 3065 24 3054 32 3 073 56 3063 50 

3083 92 3084 94 3084 66 3080 79 3086 62 

3091 45 3092 44 3107 34 3089 42 3103 35 

3830 26 3813 21 3833 29 3828 21 3811 21 

 

�?O 6<7=4G5==O 6??<6G 4D7>=>6>7> >F>G5==O =4 EFDG>FGDG F4 >>?<64?L=V 

E?5>FD< D>77?O=GF<E >>=D>D<5DV6 ?D>?4=>?G 5G?< ?D>6545=V 4=4?>7VG=V D>7D4EG=>< 

4?O F<E E4<<E >>=D>D<5DV6 7 6D4EG64==O< 4D7>=>6>7> E5D54>6<M4. $>7D4E>64=V 

7=4G5==O >?F<<4?L=<E 75><5FD<G=<E ?4D4<5FDV6 =46545=V 6 &45?. �1 G 4>44F>G �, 

O>V ?>>474?<, M> 75><5FD<G=V ?4D4<5FD< >>6=>7> >>=D>D<5D4 7?57>4 7<V=NNFLEO 6 

?>DV6=O==V 7 F<< E4<<< >>=D>D<5D>< G 64>GG<V. �>>D5<4, 4>66<=< 769O7>V6 %-� F4 

�-� 75V?LLGNFLEO =4 F<EOG=V 4>?V 4=7EFD5<4 6 GEVE >>=D>D<5D4E, 4 F4>>6 

E?>EF5DV74TFLEO 7<5=L5==O 4>66<= %-� 769O7>V6 =4 65?<G<=< F4>>7> 6 ?>DO4>G. 

�DV< F>7>, G >>=D>D<5DV6 G 4D7>=>6><G >F>G5==V 7<V=NNFLEO (=4 65?<G<=G 4> 0,1 

7D44GE4) 45O>V 64?5=F=V F4 46>7D4==V >GF<. �576464NG< =4 F5, M> 7<V=< 

75><5FD<G=<E ?4D4<5FDV6 4>E<FL <4?V, 6>=< ?D<76>4OFL 4> 7<VM5==O >>?<64?L=<E 

E<G7 6 E?5>FD4E �' ?>7?<=4==O (D<E. 3.6 3 3.10). � F45?<FOE 3.7 3 3.11 =46545=> 

D57G?LF4F< ?>DV6=O==O E?5>FDV6 �' ?>7?<=4==O 4?O >>6=>7> >>=D>D<5DG G 64>GG<V 

V 6 4D7>=V, 4 E4<5: 7=4G5==O D>7D4E>64=<E G4EF>F F4 V=F5=E<6=>EF5= E?5>FD4?L=<E 

E<G7 G 64>GG<V F4 6 4D7>=>6><G E5D54>6<MV, 4 F4>>6 DV7=<FV <V6 F<<< 7=4G5==O<< 
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4?O >>6=>W E?5>FD4?L=>W E<G7<, O>V ?>>47GNFL 65?<G<=G F4 =4?DO< 7<VM5==O E<G7< 

?V4 4VTN 4D7>=>6>7> >F>G5==O. 

 

&45?<FO 3.7 3 $>7D4E>64=V 7=4G5==O G4EF>F F4 V=F5=E<6=>EF5= E<G7 �' 

?>7?<=4==O Tt >>=D>D<5DG 6 4D7>=V F4 64>GG<V. 

�4>GG< �D7>= �>DV6=O==O 

¿, E<-1 �, 6. >. ¿, E<-1 �, 6. >. ¿4D 3 ¿64>, E<-1 �4D 3 �64>, 6.>. 

127,9 148,3 126,7 179,2 -1,2 30,8 

235,5 63,8 229,3 145,4 -6,2 81,6 

266,5 1588,1 253,7 1726,6 -12,8 138,5 

275,6 53,8 273,9 57,2 -1,7 3,4 

457,1 88,0 456,5 97,5 -0,6 9,5 

768,8 5,2 769,0 6,3 0,2 1,1 

889,4 23,1 888,1 24,6 -1,2 1,6 

906,3 8,5 905,1 9,6 -1,2 1,1 

1031,0 118,4 1028,6 148,0 -2,4 29,6 

1058,8 291,3 1057,2 304,4 -1,6 13,1 

1096,7 7,3 1094,9 7,8 -1,7 0,5 

1186,6 3,9 1185,7 4,5 -0,9 0,5 

1259,6 154,6 1257,6 163,7 -2,0 9,1 

1269,9 0,1 1268,3 0,1 -1,6 0,0 

1323,7 0,3 1322,2 0,2 -1,4 -0,1 

1353,8 16,9 1353,2 18,5 -0,6 1,6 

1417,1 4,4 1413,8 4,6 -3,3 0,2 

1458,9 7,8 1456,2 8,8 -2,7 1,1 

1495,7 3,0 1493,7 3,6 -1,9 0,6 

1503,2 18,2 1500,1 19,3 -3,1 1,1 
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1510,0 11,5 1508,5 11,8 -1,5 0,4 

1529,0 9,5 1528,5 9,9 -0,5 0,4 

2961,2 80,7 2963,2 85,8 2,0 5,1 

2984,3 63,4 2987,1 66,6 2,9 3,1 

3022,0 26,7 3021,7 29,2 -0,2 2,5 

3029,7 50,4 3028,9 57,1 -0,8 6,7 

3055,9 5,2 3055,5 7,1 -0,4 1,9 

3082,8 91,6 3082,2 101,5 -0,6 10,0 

3090,6 45,0 3090,1 49,3 -0,5 4,3 

3830,0 25,9 3826,8 30,8 -3,2 4,9 

 

&45?<FO 3.8 3 $>7D4E>64=V 7=4G5==O G4EF>F F4 V=F5=E<6=>EF5= E<G7 �' 

?>7?<=4==O Tg >>=D>D<5DG 6 4D7>=V F4 64>GG<V.  

�64>GG< �D7>= �>DV6=O==O 

¿, E<-1 �, 6. >. ¿, E<-1 �, 6. >. ¿4D 3 ¿64>, E<-1 �4D 3 �64>, 6.>. 

133,3 69,5 133,3 76,4 0,1 6,9 

226,1 164,1 225,8 202,7 -0,3 38,5 

259,7 377,2 258,1 475,5 -1,7 98,3 

295,7 1112,2 294,4 1134,9 -1,3 22,7 

457,3 54,7 457,2 62,1 -0,1 7,4 

762,5 15,5 762,4 18,0 -0,1 2,5 

888,7 44,2 888,6 49,7 -0,1 5,5 

894,2 13,9 894,2 15,2 0,0 1,4 

1024,1 94,9 1022,7 125,0 -1,4 30,1 

1064,4 389,5 1061,3 402,5 -3,1 13,0 

1096,7 16,1 1096,7 18,6 0,0 2,5 
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1142,7 8,3 1142,4 9,8 -0,3 1,5 

1250,2 24,2 1249,9 26,4 -0,3 2,2 

1318,7 9,6 1318,5 10,7 -0,1 1,1 

1336,4 5,0 1336,2 5,2 -0,2 0,2 

1387,7 42,1 1387,4 45,2 -0,3 3,1 

1413,5 4,8 1412,2 4,1 -1,2 -0,7 

1426,9 83,2 1426,3 88,7 -0,7 5,5 

1492,1 2,0 1489,8 2,3 -2,3 0,2 

1502,7 17,7 1500,7 18,7 -2,0 1,0 

1505,3 7,8 1503,8 8,5 -1,5 0,7 

1520,5 8,4 1519,3 9,0 -1,2 0,6 

2971,9 77,9 2974,8 83,2 2,9 5,3 

3003,2 34,2 3004,3 37,4 1,1 3,2 

3025,0 36,8 3024,8 40,3 -0,2 3,6 

3046,3 22,9 3045,6 25,0 -0,7 2,2 

3065,0 24,3 3065,1 27,7 0,1 3,4 

3084,2 93,6 3083,7 103,4 -0,5 9,7 

3092,0 43,7 3091,8 47,7 -0,3 4,0 

3813,0 20,7 3810,4 24,6 -2,5 3,9 

 

&45?<FO 3.9 3 $>7D4E>64=V 7=4G5==O G4EF>F F4 V=F5=E<6=>EF5= E<G7 �' 

?>7?<=4==O Gt >>=D>D<5DG 6 4D7>=V F4 64>GG<V. 

�4>GG< �D7>= �>DV6=O==O 

¿, E<-1 �, 6. >. ¿, E<-1 �, 6. >. ¿4D 3 ¿64>, E<-1 �4D 3 �64>, 6.>. 

143,5 251,9 142,9 278,8 -0,6 26,9 

221,5 28,7 219,9 36,3 -1,6 7,6 
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235,1 1723,8 232,6 1883,5 -2,4 159,8 

323,9 60,8 323,7 62,4 -0,2 1,6 

475,8 66,2 476,0 72,8 0,2 6,6 

775,1 4,3 773,9 4,5 -1,2 0,2 

861,2 8,5 860,8 8,7 -0,4 0,3 

929,0 10,5 928,2 12,1 -0,8 1,5 

982,2 200,0 980,1 227,8 -2,1 27,8 

1059,7 173,4 1059,1 184,7 -0,7 11,3 

1116,3 23,2 1114,8 26,3 -1,5 3,0 

1160,5 18,1 1159,8 19,8 -0,7 1,7 

1246,7 122,5 1245,9 131,7 -0,8 9,2 

1270,6 1,3 1270,3 2,0 -0,3 0,6 

1324,6 50,6 1323,5 54,0 -1,0 3,4 

1383,7 3,5 1383,2 3,7 -0,5 0,2 

1411,8 8,4 1409,7 9,1 -2,1 0,7 

1451,1 12,7 1450,8 13,9 -0,3 1,2 

1480,2 6,5 1478,8 6,9 -1,4 0,3 

1497,0 18,3 1494,8 19,4 -2,2 1,1 

1510,9 17,9 1509,0 19,7 -1,9 1,8 

1523,2 6,5 1521,9 7,1 -1,3 0,6 

2967,3 84,5 2969,5 90,6 2,2 6,1 

2994,2 59,1 2996,5 60,4 2,4 1,3 

3025,4 62,6 3025,6 80,1 0,2 17,5 

3026,2 37,1 3025,8 30,6 -0,4 -6,5 

3053,5 31,5 3053,2 34,1 -0,4 2,6 

3083,8 65,7 3083,3 71,9 -0,5 6,3 

3107,4 34,0 3105,6 39,5 -1,8 5,5 
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3833,1 28,5 3830,2 33,5 -2,9 5,0 

 

&45?<FO 3.10 3 $>7D4E>64=V 7=4G5==O G4EF>F F4 V=F5=E<6=>EF5= E<G7 �' 

?>7?<=4==O Gg >>=D>D<5DG 6 4D7>=V F4 64>GG<V. 

�4>GG< �D7>= �>DV6=O==O 

¿, E<-1 �, 6. >. ¿, E<-1 �, 6. >. ¿4D 3 ¿64>, E<-1 �4D 3 �64>, 6.>. 

152,0 33,8 152,1 37,4 0,1 3,6 

224,3 3,1 223,2 2,1 -1,1 -1,0 

274,1 1568,0 274,1 1714,8 0,0 146,8 

321,4 169,5 320,5 174,6 -0,9 5,1 

489,6 85,1 488,9 93,3 -0,7 8,2 

773,6 2,1 772,8 2,3 -0,8 0,2 

860,0 14,0 859,7 15,8 -0,3 1,8 

909,6 50,5 909,3 57,3 -0,2 6,8 

980,4 147,7 978,7 170,5 -1,7 22,8 

1077,2 244,5 1075,7 265,2 -1,5 20,8 

1090,1 48,5 1090,1 50,2 0,0 1,7 

1124,4 22,0 1123,0 21,6 -1,4 -0,5 

1243,9 34,2 1243,8 37,3 -0,2 3,0 

1302,5 2,0 1302,4 2,3 -0,1 0,3 

1373,6 22,2 1373,3 24,7 -0,2 2,5 

1385,7 6,5 1385,7 7,4 0,0 0,9 

1406,4 55,7 1405,6 56,6 -0,8 0,9 

1424,0 42,2 1422,4 48,1 -1,6 5,9 

1483,6 3,7 1481,9 4,0 -1,7 0,3 

1496,8 14,8 1494,9 16,0 -1,9 1,2 
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1510,3 19,3 1508,5 20,3 -1,8 0,9 

1511,8 3,5 1510,3 4,1 -1,5 0,6 

2984,6 66,2 2986,7 70,2 2,0 4,0 

3001,2 58,9 3002,5 64,3 1,4 5,3 

3027,7 42,3 3027,4 43,9 -0,4 1,6 

3033,2 30,8 3033,7 34,2 0,5 3,3 

3063,3 50,4 3063,4 55,3 0,1 5,0 

3085,6 62,1 3084,9 68,6 -0,7 6,5 

3103,2 35,3 3101,6 40,5 -1,6 5,2 

3810,6 20,9 3808,4 24,7 -2,2 3,8 

 

&45?<FO 3.11 3 $>7D4E>64=V 7=4G5==O G4EF>F F4 V=F5=E<6=>EF5= E<G7 �' 

?>7?<=4==O Gg' >>=D>D<5DG 6 4D7>=V F4 64>GG<V. 

�4>GG< �D7>= �>DV6=O==O 

¿, E<-1 �, 6. >. ¿, E<-1 �, 6. >. ¿4D 3 ¿64>, E<-1 �4D 3 �64>, 6.>. 

139,6 111,3 138,5 109,1 -1,1 -2,3 

227,4 518,8 227,3 493,8 -0,1 -25,1 

264,3 1138,2 266,4 1263,6 2,1 125,4 

325,3 258,0 325,8 304,7 0,5 46,7 

478,1 17,4 477,8 19,0 -0,3 1,6 

771,3 6,1 770,6 6,6 -0,7 0,5 

849,9 42,9 849,6 48,0 -0,3 5,2 

909,8 14,4 909,6 15,5 -0,2 1,1 

981,6 187,9 979,6 216,7 -2,0 28,8 

1077,0 23,6 1076,3 38,9 -0,8 15,4 

1088,5 265,4 1086,9 268,9 -1,6 3,6 
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1140,5 7,3 1139,9 8,5 -0,6 1,1 

1237,9 49,3 1237,3 52,9 -0,7 3,7 

1299,1 5,8 1298,4 6,4 -0,8 0,6 

1377,2 9,3 1377,0 10,1 -0,2 0,8 

1385,4 10,7 1385,2 12,8 -0,2 2,2 

1408,3 57,4 1407,4 58,8 -0,9 1,4 

1422,3 43,5 1421,2 48,9 -1,1 5,4 

1480,1 8,3 1478,6 8,6 -1,5 0,3 

1498,8 18,6 1497,0 21,1 -1,7 2,5 

1506,8 1,3 1505,4 1,4 -1,3 0,1 

1513,0 17,7 1510,9 18,8 -2,2 1,1 

2973,9 74,9 2976,8 79,6 2,9 4,7 

3017,4 16,0 3017,8 18,0 0,4 2,0 

3020,4 49,7 3020,6 53,8 0,2 4,1 

3050,3 12,6 3050,2 14,9 -0,1 2,3 

3073,2 56,0 3073,2 61,2 0,0 5,2 

3079,7 78,8 3079,6 86,3 -0,1 7,6 

3088,9 42,2 3088,7 46,4 -0,2 4,3 

3827,6 20,8 3825,0 24,6 -2,6 3,8 

 

� =46545=<E G F45?<FOE 44=<E ?>>74=>, M> ?5D5646=V 5V?LLVEFL E<G7 

7<VMGTFLEO 6 5V> =<6G<E G4EF>F, ?D>F5 FV 7<VM5==O =5 ?5D56<MGNFL >4=>7> 

>55D=5=>7> E4=F<<5FD4, F>5F> T 4G65 =57=4G=<<<. �?O 45O><E E<G7 (6 >E=>6=><G, 

64?5=F=<E %-� >>?<64=L) >>6=>7> >>=D>D<5D4 E?>EF5DV74TFLEO 75V?LL5==O G4EF>F< 

=4 65?<G<=G 4> >4=>7> >55D=5=>7> E4=F<<5FD4. �V<V==>EFV 6 V=F5=E<6=>EFV 

?>7?<=4==O 4?O 64>GG<G F4 4D7>=G F4>>6 =5 T 4G65 ?><VF=<<<, 7455V?LL>7> DV7=<FO 

=5 ?5D56<MGT 45>V?L>>E 6V4E>F>V6.  
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3.3 �=4?V7 >>=D>D<4FV==>7> E>?44G ?D>?4=>?G 6 747>6V= D47V F4 6 

4D7>=>6V= <4FD<FV  

' 44=><G ?4D47D4DV 4>E?V46GTFLEO 6??<6 >F>G5==O =4 >>=D>D<4FV==<= E>?44 

?D>?4=>?G. �?O FL>7> 5G?< 74D5TEFD>64=V E?5>FD< �' ?>7?<=4==O 747>?>4V5=>7> 

?D>?4=>?G ?D< >V<=4F=V= F5<?5D4FGDV V F<E>G 1 << DF.EF. %?5>FD 5G?> 74D5TEFD>64=> 

6 V=F5D64?V G4EF>F 6V4 650 4> 4000 E<-1 7 D>74V?L=>N 744F=VEFN 1 E<-1. �V= E>?444TFLEO 

7 4>E<FL 65?<>>W >V?L>>EFV E<G7 �' ?>7?<=4==O. ' =<7L>>G4EF>F=V= =>7> G4EF<=V 

=4=V=F5=E<6=VL4 E<G74 (1058 E<-1) 6V4?>6V44T 64?5=F=<< >>?<64==O< %-� 76'O7>G. 

%<G7< 975 E<-1 V 889 E<-1 6V4=>EOFLEO, 6V4?>6V4=>, 4> 64?5=F=<E V 45D>D<4FV==<E 

E>5?5F=<E >>?<64=L C-C-C-O. �DV< F>7>, <>6=4 6<4V?<F< M5 FD< E<G7< E5D54=L>W 

V=F5=E<6=>EFV 3 45D>D<4FV==<E >>?<64=L %�2 7DG?< =4 1218 E<-1, 45D>D<4FV==<E 

�� >>?<64=L =4 1385 E<-1 F4 >>?<64=L ¿3 <5F<?L=>W F4 <5F<?5=>6>W 7DG? 5V?O 

1465 E<-1. $O4 V=F5=E<6=<E E<G7 ?>7?<=4==O 6 >5?4EFV 2800 3 3000 E<-1 =4?56<FL 

E<<5FD<G=<< F4 4=F<E<<5FD<G=<< 64?5=F=<< >>?<64==O< 7DG? CH2 F4 CH3. %<G74 

7 <4>E<<G<>< 5?<7L>> 3680 E<-1 6V4=>E<FLEO 4> 64?5=F=<E >>?<64=L 7V4D>>E<?L=>W 

7DG?<. %4<5 74 ?>?>65==O< FVTW E<G7< <>6=4 7D>5<F< 6<E=>6>> ?D> F5, M> 6 44=><G 

7D47>G <>?5>G?< ?D>?4=>?G 7=4E>4OFLEO 6 <>=><5D=><G EF4=V, F>5F> <V6 =<<< =5 

GF6>DNTFLEO 6>4=56<= 76'O7>>, >E>V?L>< ?D< D>D<G64==V 6>4=56>7> 76'O7>G E<G74 

64?5=F=<E >>?<64=L 7V4D>>E<?L=>W 7DG?< 7<VMGTFLEO 6 5V> =<6G<E G4EF>F. 

�4 D<E. 3.11 ?D54EF46?5=> E?5>FD �' ?>7?<=4==OO 747>?>4V5=>7> ?D>?4=>?G 6  

>5?4EFV 64?5=F=<E �� >>?<64=L. %>?44=VEFL D>D<< 6V4?>6V4=>W E?5>FD4?L=>W E<G7< 

7G<>6?5=4 >>?<64==O<< DV7=<E >>=D>D<5DV6 <>?5>G?< ?D>?4=>?G, 4 F4>>6 

>>?<64==O<< =576'O74=<E 7V4D>>E<?L=<E 7DG? 4<<5DV6 V 5V?LL<E >?4EF5DV6. 

�4EE5D<4= F4 V=. G E6>W= D>5>FV [177] ?D>65?< F4>5 6V4=5E5==O E<G7 ?>7?<=4==O 4> 

DV7=<E >>=D>D<5DV6 ?D>?4=>?G: 3682 E<-1 3 >>=D>D<5D Gt, 3679 E<-1 3 >>=D>D<5D 

Tt, 3669 E<-1 3 Gg', 3660 E<-1 3 Tg V 3657 E<-1 3 Gg.  
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$<EG=>> 3.11 3 %?5>FD �' ?>7?<=4==O 747>?>4V5=>7> ?D>?4=>?G 6 >5?4EFV 

64?5=F=<E >>?<64=L 7V4D>>E<?L=>W 7DG?<. 

 

/> ?>>474=> =4 D<E. 3.11, <>6=4 6<>>D5<<F< V=F5=E<6=G E<G7G 3682 E<-1, O>4 

<>65 5GF< 6V4=5E5=4 4> >>?<64=L >>=D>D<5D4 Gt. �DV< F>7>, T E<G7< ?D< 3657 V 3669 

E<-1, O>V <>6GFL 5GF< 6V4=5E5=V 4> >>=D>D<5DV6 Gg V Gg'. %<G7< �' ?>7?<=4==O 

>>=D>D<5DV6 Tt V Tg G FV= G4EF<=V E?5>FD4 =5 E?>EF5DV74NFLEO, 45> WE=O V=F5=E<6=VEFL 

74=44F> <4?4. &4><< G<=><, <>6=4 7D>5<F< 6<E=>6>> ?D> F5, M> 6 4>E?V46G64=><G 

7D47>G 747>?>4V5=>7> ?D>?4=>?G ?5D56464NFL >>=D>D<4FVW 7 7>L->DVT=F4FVTN 

76'O7>G %-%-%: Gt, Gg V Gg' [7].  

�DV< F>7>, 6 D>5>FV [177] 5G?> 6<O6?5=> E?5>FD4?L=V E<G7< 4<<5DV6 ?D>?4=>?G 

7 G4EF>F4<< 3654, 3671 V 3675 E<-1. 'EV FV FD< E<G7< 5G?< 6<O6?5=V = 6 =4L><G 7D47>G. 

�4 D<E. 3.11 D ?>7=4G4T 4<<5D=V E<G7<. �DV< F<E E<G7, VE=GNFL = V=LV (=4?D<>?44, 
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3647 E<-1), O>V <>6GFL =4?564F< 4> >>?<64=L 6V?L=<E OH-7DG? G 5V?LL<E >?4EF5D4E 

(FD<<5D4E, F5FD4<5D4E F>M>) [7].  

' E?5>FD4?L=V= >5?4EFV 6V4 800 4> 1300 E<-1 D>7F4L>64=V E<G7< 64?5=F=<E 

>>?<64=L 6G7?5F56>7> E>5?5F4 <>?5>G?< ?D>?4=>?G (F>5F> 76'O7>V6 %-% V %-�). �4 

D<E. 3.12 ?D54EF46?5=> E?5>FD 747>?>4V5=>7> ?D>?4=>?G G 6V4?>6V4=><G 4V4?47>=V.  

�4?5=F=V %-% >>?<64==O >>=D>D<5DV6 V7 FD4=E->>=DV7GD4FVTN M>4> 76'O7>G %-% (WE 

?>7=4G4NFL &E) <4NFL G4EF>F< 881 V 885 E<-1 [177], 4 6V4?>6V4=V >>?<64==O 

>>=D>D<5DV6 7DG?< Gx D>7F4L>64=V 6 4V4?47>=V 850 3 860 E<-1. � 5>E?5D<<5=F4?L=> 

74D5TEFD>64=><G E?5>FDV 747>?>4V5=>7> ?D>?4=>?G >>?<64==O =4 F<E G4EF>F4E 

?D<EGF=V, 4?5 6>=< <4?>V=F5=E<6=V [7].  
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$<EG=>> 3.12 3 %?5>FD �' ?>7?<=4==O 747>?>4V5=>7> ?D>?4=>?G 6 E?5>FD4?L=><G 

4V4?47>=V 800 3 1300 E<-1. 

' E?5>FDV, ?D54EF46?5=><G =4 D<E. 3.12, =4=V=F5=E<6=VL5 ?>7?<=4==O 

E?>EF5DV74TFLEO ?D< 1065 E<-1. &O E<G74 6V4?>6V44T 6<E>>>G4EF>F=V= G4EF<=V 4G5?5F4 
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E<G7 64?5=F=<E %-% V %-� >>?<64=L [177]. �4=4> FO E<G74 44T <4?> V=D>D<4FVW ?D> 

>>=D>D<4FVW, M> 4><V=GNFL, >E>V?L>< D>7D4EG=>>6V G4EF>F< 4?O 6EVE ?'OF< 

>>=D>D<5DV6 ?564FL 6 V=F5D64?V 1050 3 1100 E<-1. �DG74, =<7L>>G4EF>F=4 >><?>=5=F4 

4G5?5F4, T 5V?LL V=D>D<4F<6=>N: >>?<64==O >>=D>D<5DV6 &E E?>EF5DV74NFLEO =4 

1014 V 1025 E<-1, 4 >>?<64==O >>=D>D<5DV6 Gx D>7F4L>64=V 6 V=F5D64?V <V6 965 V 

972 E<-1 [177]. &><G E?>EF5D56G64=<= <4>E<<G< ?>7?<=4==O =4 1020 E<-1 <>6=4 

6V4=5EF< 4> >>?<64=L &E, 4 E<G7G =4 972 E<-1 3 4> >>?<64=L Gx. �>DV6=O==O 

V=F5=E<6=>EF5= F<E 46>E E<G7 44T ?V4EF46G 7D>5<F< 6<E=>6>> ?D> ?5D56464==O 6 

4>E?V46G64=><G 7D47>G >>=D>D<5DV6 Gx, M> G77>46GTFLEO 7 6<E=>6>4<<, 

7D>5?5=<<< =4 >E=>6V 4=4?V7G E?5>FD4?L=>W >5?4EFV 64?5=F=<E ��->>?<64=L.  

�DV< E>5?5F=<E >>?<64=L, G FV= 4V?O=FV ?D>O6?ONFLEO F4>>6 45D>D<4FV==V 

��->>?<64==O. �7V4=> 7 4>E?V465==O< $>5� �G F4 V=. [178], 45D>D<FV==V >>?<64==O 

�� G >>=D>D<5D4 Gt ?D>O6?ONFLEO ?D< 1222 E<-1, 4 6V4?>6V4=V >>?<64==O 

>>=D>D<5D4 Tt 3 ?D< 1235 E<-1. � �'-E?5>FDV =4 D<E. 3.12 <>6=4 ?><VF<F< >5<46V FV 

E<G7<, ?D<G><G V=F5=E<6=VEFL E<G7< Gt 6<M4 74 V=F5=E<6=VEFL E<G7< Tt, M> E6V4G<FL 

?D> ?5D56464==O D>D<< Gt =44 Tt [7].  

�4 D<E. 3.13 ?D54EF46?5=> E?5>FD �' ?>7?<=4==O 747>?>4V5=>7> ?D>?4=>?G 6 

E?5>FD4?L=V= >5?4EFV 64?5=F=<E %-� >>?<64=L. �7V4=> 7 [179], E<G74 ?>7?<=4==O 

?>5?<7G 2890 E<-1 6V4?>6V44T E<<5FD<G=<< 64?5=F=<< %-� >>?<64==O< G 7DG?V %�3, 

4 E<G74 ?D< 2972 E<-1 3 4=F<E<<5FD<G=<< 64?5=F=<< %-� >>?<64==O< G 7DG?V %�3. 

�V6 =<<< D>7F4L>6GNFLEO E<<5FD<G=V 64?5=F=V %-� >>?<64==O 7DG?< %³�2. �7V4=> 

7 6V4=5E5==O<, 7D>5?5=<< 6 D>5>F4E [179-181], E<G74 2942 E<-1 =4?56<FL 

>>=D>D<5DG Tg, 4 E<G74 2952 E<-1 3 >>=D>D<5DG Gg. &5 >7=4G4T, M> =4=5V?LL 

V=F5=E<6=V >>?<64==O G FV= 4V?O=FV 6V4?>6V44NFL >>=D>D<5D4<, G O><E ��-7DG?4 

?5D55G64T 6 7>L-?>?>65==V. '4EF>F< ?>7?<=4==O >>=D>D<5DV6 V7 7V4D>>E<?L=>N 

7DG?>N 6 FD4=E-?>?>65==V =<6GV =4 >V?L>4 45EOF>V6 E6<?L>6<E G<E5?. �4=4> G 

74D5TEFD>64=><G E?5>FDV ?>7?<=4==O =4 F<E G4EF>F4E <4=65 6V4EGF=T. 
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$<EG=>> 3.13 3 %?5>FD �' ?>7?<=4==O 747>?>4V5=>7> ?D>?4=>?G 6 

E?5>FD4?L=V= >5?4EFV 64?5=F=<E %-� >>?<64=L. 

 

->5 4>E?V4<F< 6??<6 4D7>=>6>7> >F>G5==O =4 >>=D>D<4FV==<= E>?44 

?D>?4=>?G, D>77?O=5<> 5>E?5D<<5=F4?L=> 74D5TEFD>64=V E?5>FD< ?D>?4=>?G, 

V7>?L>64=>7> 6 4D7>=>6V= <4FD<FV. �4 D<E. 3.14 ?D54EF46?5=> �' E?5>FD ?D>?4=>?G 6 

4D7>=>6V= <4FD<FV ?D< F5<?5D4FGDV 20 � G E?5>FD4?L=V= >5?4EFV 3640 3 3680 E<-1. ' 

FV= G4EF<=V E?5>FD4 ?D>O6?ONFLEO 64?5=F=V >>?<64==O 6V?L=>W 7V4D>>E<?L=>W 7DG?<. 

&V 6V?L=V OH-7DG?< <>6GFL =4?564F< O> <>=><5D4<, F4> V 4>F5?F>D4< ?D>F>=V6 G 

4<<5D4E V 5V?LL<E ?4=FN7>6<E >?4EF5D4E [7].  
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$<EG=>> 3.14 3 %?5>FD �' ?>7?<=4==O ?D>?4=>?G, V7>?L>64=>7> 6 4D7>=>6V= 

<4FD<FV ?D< F5<?5D4FGDV 20 �, 6 >5?4EFV 64?5=F=<E �� >>?<64=L. 

 

/> ?D>45<>=EFD>64=>, E?5>FD4?L=4 E<G74 =4 D<E. 3.14 <4T E>?44=<= >>=FGD V7 

=<7>>N <4>E<<G<V6. �4>E<<G<< ?D< 3657, 3659, 3660, 3663 V 3665 E< -1 6V4=5E5=>, 

6V4?>6V4=>, 4> >>?<64=L >>=D>D<5DV6 Gg, Tg, Gg', Tt V Gt. &4>5 6V4=5E5==O 6<>>=4=> 

77V4=> 7 D57G?LF4F4<< 4>E?V465=L �' ?>7?<=4==O >>=D>D<5DV6 ?D>?4=>?G 6  

4D7>=>6V= <4FD<FV 6 FV= E?5>FD4?L=V= >5?4EFV [182]. 

�=4?V7GNG< 6V4=>E=V V=F5=E<6=>EFV E?5>FD4?L=<E E<G7, M> 6V4?>6V44NFL 

64?5=F=<< �� >>?<64==O< ?'OF< >>=D>D<5DV6 ?D>?4=>?G, <>6=4 E>474F<, M> G 

4>E?V46G64=><G 7D47>G ?5D56464NFL >>=D>D<5D< 7 7>L->>=DV7GD4FVTN �� 7DG?<, 

F>5F> Gg, Tg F4 Gg'. �=F5=E<6=>EFV E<G7, O>V 6V4?>6V44NFL >>?<64==O< >>=D>D<5DV6 

Tt V Gt, EGFFT6> =<6GV, M> E6V4G<FL ?D> F5, M> F4><E >>=D>D<5DV6 (G O><E 7DG?4 �� 
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7=4E>4<FLEO G FD4=E-?>?>65==V) G 7D47>G 7=4G=> <5=L5. &V>46> 6V47=4G<F<, M> 6 

747>6V= D47V 6 FV= 4V?O=FV E?5>FD4 E?>EF5DV74?>EO 4><V=G64==O >>=D>D<5D4 Gt. 

�<>6VD=> G ?D>F5EV >E>?>465==O 747>6>W EG<VLV F4 >E4465==O <4FD<FV 6V45G6EO 

?5D5EV4 6V4 >4=VTW D>D<< 4> V=L>W, V >>=D>D<4FV==<= E>?44 7D47>4 7<V=<6EO. &5 

?V4F65D46GTFLEO V D57G?LF4F4<< >64=F>6>-EV<VG=<E D>7D4EG=>V6, 77V4=> 7 O><<<, O> 

5G?> ?>>474=> 6<M5, =4==<6G<= 5=5D75F<G=<= 54D'TD (5?<7L>> 3,2 >�6/<>?L) 

E?>EF5DV74TFLEO <V6 >>=D>D<5D4<< Gt F4 Gg', F>5F> ?5D5EV4 6V4 >>=D>D<4FVW Gt 4> 

>>=D>D<4FVW Gg' T =4=5V?LL 6VD>7V4=<< [183].  

�DV< >>?<64=L <>=><5DV6 ?D>?4=>?G, G FL><G G4EF>F=><G V=5D64?V 

E?>EF5DV74NFLEO E?5>FD4?L=V E<G7< 64?5=F=<E >>?<64=L 6V?L=<E (F>5F> F<E, M> =5 

55DGFL GG4EFV 6 GF6>D5==V 6>4=56<E 76'O7>V6) 7V4D>>E<?L=<E 7DG? <4?<E >?4EF5DV6 

?D>?V?>6>7> E?<DFG. &4>V 6V?L=V 7V4D>>E<?L=V 7DG?< ?D<F4<4==V <>?5>G?4<, O>V 

6<EFG?4NFL G D>?V 4>F5?F>DV6 ?D>F>=V6 ?D< GF6>D5==V 4<<5DV6 45> 5V?LL<E 

6V4>D<F<E >?4EF5DV6. �7V4=> 7 [177], E<G7< ?>7?<=4==O 4<<5DV6 ?D>?4=>?G 

7'O6?ONFLEO =4 G4EF>F4E 3654, 3671 V 3675 E<-1. ' E?5>FDV =4 D<E. 3.14 ?D<EGF=V 6EV 

FD< FV E<G7< (?>7=4G5=V ?VF5D>N D), E>G4 WE=O V=F5=E<6=VEFL 6V4=>E=> =565?<>4. &5 

E6V4G<FL ?D> =4O6=VEFL G 4>E?V46G64=><G 7D47>G =565?<>>W (?>DV6=O=> 7 

<>=><5D4<<) >V?L>>EFV 4<<5DV6. �47=4G<<>, M> 4<<5D< 5G?< ?D<EGF=V = G 747>6V= 

D47V ?D>?4=>?G, ?D> M> E6V4G<FL 4=4?V7 E?5>FDV6 747>?>4V5=>7> ?D>?4=>?G 6 F><G 6 

E?5>FD4?L=><G 4V4?47>=V (4<6. D<E. 3.11) [7].  

�4 D<E. 3.15 ?D>45<>=EFD>64=> �' E?5>FD ?D>?4=>?G 6 4D7>=>6V= <4FD<FV ?D< 

F5<?5D4FGDV 20 � 6 >5?4EFV 64?5=F=<E %-� >>?<64=L. ' FV= >5?4EFV =4=5V?LL 

V=F5=E<6=V E<<5FD<G=V F4 4=F<E<<5FD<G=V 64?5=F=V >>?<64==O 7DG?< %�3 ?D< 2886 

F4 2973 E<-1, 4=4?>7VG=> >4DF<=V, M> E?>EF5DV74TFLEO 4?O 747>6>W D47< (4<6. D<E. 

3.13). �V6 F<<< 46><4 >>?<64==O<< T E<<5FD<G=V 64?5=F=V >>?<64==O 7DG?< C³H2. 

�4 6V4<V=G 6V4 6V4?>6V4=<E E<G7 ?>7?<=4==O G 747>6V= D47V, 4?O O><E E?>EF5DV74TFLEO 

E<?L=5 ?5D5>D<FFO (D<E. 3.5), <5F>4 <4FD<G=>W V7>?OFVW 4>76>?OT D>74V?<F< E<G7< 

DV7=<E >>=D>D<5DV6. 
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$<EG=>> 3.15 3 �' E?5>FD ?D>?4=>?G 6 4D7>=>6V= <4FD<FV ?D< F5<?5D4FGDV 20 � 6 

>5?4EFV 64?5=F=<E %-� >>?<64=L. 

 

�4 D<E. 3.15 <>6=4 6<4V?<F< ?9OFL E<G7 >>?<64=L %³�2, M> 6V4?>6V44NFL ?9OF< 

DV7=<< >>=D>D<5D4< ?D>?4=>?G [179, 181]: E<G74 >>=D>D<5D4 Tt 2907 E<-1, 

>>=D>D<5D4 Gt 2918 E<-1, Gg' >>=D>D<5D4 2930 E<-1, >>=D>D<5D4 Tg 2936 E<-1 V 

>>=D>D<5D4 Gg ?D< 2948 E<-1. � D>7?>4V?G 6V4=>E=<E V=F5=E<6=>EF5= F<E ?'OF< E<G7 

<>6=4 7D>5<F< 6<E=>6>>, M> 6 4>E?V46G64=><G 7D47>G ?5D56464NFL >>=D>D<5D< 7 

7>L->DVT=F4FVTN 7V4D>>E<?L=>W 7DG?<, F>5F> >>=D>D<5D< F<?G Xg/g'. &5= 6<E=>6>> 

?>6=VEFN 75V74TFLEO 7 D57G?LF4F4<< 4=4?V7G E?5>FD4?L=>W >5?4EFV >>?<64=L �� 4?O 

FL>7> 7D47>4, M> 4>44F>>6> ?V4F65D46GT ?D46<?L=VEFL 7D>5?5=<E 6<M5 6<E=>6>V6.  
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�4 D<E. 3.16 =46545=> �' E?5>FD ?D>?4=>?G, V7>?L>64=>7> 6 4D7>=>6V= <4FD<FV, 

6 4V4?47>=V E6<?L>6<E G<E5? 6V4 800 4> 1150 E<-1, 45 ?D<EGF=V E>5?5F=V >>?<64==O 

4?>V?L=>7> ?4=FN74, F>5F> 64?5=F=V >>?<64==O C-C V %-� 76'O7>V6. ' FV= G4EF<=V 

E?5>FD4 E?>EF5DV74NFLEO 4>E<FL 6G7L>V E<G7<, M> 4>76>?OT 7 6<E>>>N F>G=VEFN 

6V4=5EF< WE 4> DV7=<E >>=D>D<5DV6 ?D>?4=>?G.  

850 900 950 1000 1050 1100

0.0

0.5
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2.0
Gt, Tt, Tg

�
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.

%6<?L>65 G<E?>, E<-1

Tg

Tt

Gx

Gg'
Gg

Gt
Tx

 

$<EG=>> 3.16 3 %?5>FD �' ?>7?<=4==O ?D>?4=>?G, V7>?L>64=>7> 6 Ar <4FD<FV 

?D< 20 �, 6 E?5>FD4?L=V= >5?4EFV 830 3 1120 E<-1. 

 

�D< 859 E<-1 E?>EF5DV74TFLEO E<G74 >>=D>D<5D4 Gt, 4 ?D< 883 E<-1 3 EG<VLV 

>>=D>D<5DV6 &E, ?>4V5=4 4> F4>>W 6 747>?>4V5=><G ?D>?4=>?V (D<E. 3.12) [7].  

�4=4 7 =4=5V?LL V=F5=E<6=<E E<G7 ?>7?<=4==O G FV= G4EF<=V E?5>FD4 =4 

G4EF>FV 968 E<-1 6V4?>6V44T >>?<64==O< >>=D>D<5DV6 7DG?< Gx. &5 6V4=5E5==O 5G?> 
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7D>5?5=> =4 >E=>6V ?>DV6=O==O D57G?LF4FV6 >64=F>6>-EV<VG=>7> <>45?N64==O 

E?5>FDV6 �' ?>7?<=4==O DV7=<E >>=D>D<5DV6 ?D>?4=>?G 7 5>E?5D<<5=F4?L=> 

74D5TEFD>64=<< E?5>FD>< ?D>?4=>?G 6 4D7>=>6V= <4FD<FV [177]. $>7D4EG=>< 

?>>474?< =4O6=VEFL FVTW E<G7< 6 E?5>FD4E >>=D>D<5DV6 Gt, Gg, Gg' V WW 6V4EGF=VEFL G 

E?5>FD4E >>=D>D<5DV6 Tt V Tg. -5 >4=4 E<G74 ?D<5?<7=> F4>>W 6 V=F5=E<6=>EFV 5G?4 

74D5TEFD>64=4 =4 G4EF>FV 1055 E<-1. �7V4=> 7 F<<< 6 D>7D4EG=>4<<, >>?<64==O =4 FV= 

G4EF>FV ?D<EGF=V 6 E?5>FD4E >>=D>D<5DV6 Tt, Tg V Gt [7]. �<>>D<EF>6GNG< D57G?LF4F< 

>64=F>6>-EV<VG=<E D>7D4EG=>V6 F4 5>E?5D<<5=F4?L=<E 4>E?V465=L [177], E<G7< =4 

1020 V 1024 E<-1 6V4=>E<<> 4> >>?<64=L Tg V Tt >>=D>D<5DV6, 6V4?>6V4=>. �4 G4EF>FV 

1066 E<-1 E?>EF5DV74TFLEO E<G74 ?>7?<=4==O >>=D>D<5D4 Gg', 4 =4 G4EF>FV 1102 E<-1 

3 >>=D>D<5D4 Gg [7].  

�D>4=4?V7G646L< E?V66V4=>L5==O V=F5=E<6=>EF5= ?>7?<=4==O DV7=<E 

>>=D>D<5DV6 G FV= G4EF<=V E?5>FD4, <>6=4 7D>5<F< 6<E=>6>>, M> >>=D>D<5D< F<?G 

Gx ?5D56464NFL 74 >V?L>VEFN =44 >>=D>D<5D4<< F<?G Tx. �DV< F>7>, >>=D>D<5DV6 

Tt FD>E< 5V?LL5, =V6 >>=D>D<5DV6 Tg, 4 >V?L>VEFL EFDG>FGD Gg FD>E< <5=L4, =V6 Gg'.  

�>D5<> D>77?O=5<> E?5>FD4?L=G >5?4EFL 1100 3 1300 E<-1, 45 ?D>O6?ONFLEO 

45D>D<4FV==V �� >>?<64==O ?D>?4=>?G. �V4?>6V4=4 G4EF<=4 74D5TEFD>64=>7> �' 

E?5>FDG ?D>?4=>?G 6 4D7>=>6V= <4FD<FV =46545=4 =4 D<E. 3.17. /> ?>>474=>, 6 FV= 

>5?4EFV D5TEFDGNFLEO >>?<64==O 6EVE ?9OF< >>=D>D<5DV6 ?D>?4=>?G, 6V4=5E5==O 

O><E 5G?> 74V=E=5=> =4 >E=>6V =4L<E >64=F>6>-EV<VG=<E D>7D4EG=>V6, 4 F4>>6 

D57G?LF4FV6 <>45?N64==O, =46545=<E G D>5>FV [177]. �64=F>6>-EV<VG=5 <>45?N64==O 

�' E?5>FDV6 DV7=<E >>=D>D<5DV6 ?D>?4=>?G ?>>47GT, M> 45D>D<4FV==V OH 

>>?<64==O >>=D>D<5D4 Tt 6<=<>4NFL =4 G4EF>FV 1232 E<-1, 4 >>=D>D<5D4 Tg 3 =4 

G4EF>FV 1228 E<-1. �V4?>6V4=4 E<G74 ?>7?<=4==O >>=D>D<5D4 Gt D>7F4L>64=4 =4 

G4EF>FV 1222 E<-1, 4 >>?<64==O >>=D>D<5D4 Gg ?D>O6?ONFLEO O> ??5G5 FVTW E<G7< =4 

2019 E<-1. �?O >>=D>D<5D4 Gg' D>7D4EG=>>6V G4EF>F< 77<=4?L=<E >>?<64=L OH 45M> 

=<6GV 3 5?<7L>> 1130 E<-1. 
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$<EG=>> 3.17 3 %?5>FD �' ?>7?<=4==O ?D>?4=>?G, V7>?L>64=>7> 6 4D7>=>6V= 

<4FD<FV, 6 E?5>FD4?L=V= >5?4EFV 45D>D<4FV==<E �� >>?<64=L. 

 

�F65, >>=D>D<4FV==<= 4=4?V7 5>E?5D<<5=F4?L=> 74D5TEFD>64=<E E?5>FDV6 �' 

?>7?<=4==O ?D>?4=>?G 6 747>?>4V5=><G EF4=V F4 6 <4FD<G=V= V7>?OFVW, ?D>6545=<= 

4?O DV7=<E E?5>FD4?L=<E 4V4?47>=V6, ?>>4746, M> >>=D>D<4FV==<= E>?44 7D47>V6 G 

F<E 46>E 6<?44>4E DV7=<=. 

�=4?V7GNG< >5?4EFL 64?5=F=<E �� >>?<64=L G 747>?>4V5=><G ?D>?4=>?V, 

5G?> ?><VG5=> ?5D56464==O EFDG>FGD Gt, 4 F4>>6 ?D<EGF=VEFL EFDG>FGD Gg F4 Gg'. 

&4><= E>?44 7D47>4 6 747>6V= D47V ?V4F65D46GTFLEO V D57G?LF4F4<< 4=4?V7G 

E?5>FD4?L=>W >5?4EFV 45D>D<4FV==<E �� >>?<64=L, O>V 6>47GNFL =4 ?5D56464==O 
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D>D<< Gt =44 Tt, F4 >5?4EFV E>5?5F=<E >>?<64=L, 77V4=> 7 O><< >>=D>D<5D< F<?G Gx 

?5D56464NFL =44 >>=D>D<5D4<< Tx. 

�D< V7>?OFVW ?D>?4=>?G 6 4D7>=>6V= <4FD<FV 6V45G64TFLEO ?5D5D>7?>4V? <V6 

E?V66V4=>L5==O< >>=D>D<5DV6 G 7D47>G. �=4?V7 >5?4EFV 64?5=F=<E �� >>?<64=L 

?>>47GT ?5D56464==O >>=D>D<5D4 Tg, ?D>F5 >V?L>VEFL >>=D>D<5DV6 Gg V Gg =5 

=45474F> <5=L4. �D> =565?<>5 ?5D56464==O EFDG>FGD F<?G &E =44 Gx E6V4G<FL 

F4>>6 V D>7?>4V? V=F5=E<6=>EF5= 74D5TEFD>64=<E E<G7 ?>7?<=4==O 6 E?5>FD4?L=<E 

V=F5D64?4E 45D>D<4FV==<E �� >>?<64=L F4 E>5?5F=<E >>?<64=L 4?>V?L=>7> 

?4=FN6>4. %?5>FD4?L=4 >5?4EFL 64?5=F=<E %� >>?<64=L 6<O6<?4EO =4=<5=L 

V=D>D<4F<6=>N O> G 6<?44>G 747>?>4V5=>7> 7D47>4, F4> V 6 <4FD<G=V= V7>?OFVW. 

&4><< G<=><, D57G?LF4F< =4L<E 4>E?V465=L ?>>47GNFL, M> 6 747>?>4V5=><G 

?D>?4=>?V =4=5V?LL5 >>=D>D<5DV6 Gt, O>V T =4=5V?LL EFV=><<< 7 ?'OF< <>6?<6<E 

>>=D>D<5DV6 ?D>?4=>?G 77V4=> 7 D57G?LF4F4<< >64=F>6>-EV<VG=>7> <>45?N64==O. 

�4 <>?5>G?< ?D>?4=>?G, V7>?L>64=>7> 6 =<7L>>F5<?5D4FGD=V= 4D7>=>6V= <4FD<FV, 

6??<64T >F>G5==O, F><G =4=5V?LL 5=5D75F<G=> 6<7V4=>N 6<O6?OTFLEO V=L4 D>D<4 3 

>>=D>D<5D Tg, O><= V ?5D56464T G 6V4E>F>>6><G E?V66V4=>L5==V. 
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$����� 4. 

$�$�'����/ �������-��9/����% ���%&�$�� ��/��% $�'���� ' 

�����% $��'���% 

4.1 �>4=56V 769O7>< G 4<<5F<?EG?LD>>E<4V F4 =>7> 6>4=<E D>7G<=4E 

$>76<F>> >5G<E?N64?L=>W F5E=V>< 44T 7<>7G ?>DV6=N64F< D57G?LF4F< 4>E?V4V6 

7 D57G?LF4F4<< D>7D4EG=>V6, 4 F4>>6 6<7=4G4F< DV7<G=V 65?<G<=<, O>V =5<>6?<6> 

>FD<<4F< 4>E?V4=<< L?OE><. �4 D<E. 4.1 ?>>474=> 5>E?5D<<5=F4?L=> 

74D5TEFD>64=<= F4 D>7D4E>64=<= G =45?<65==V B3LYP/6-311 + G(2d,p) E?5>FD< �$% 

��%�, O>V T 4>E<FL E>?44=<<< V <4NFL <=>6<==V >>?<64?L=V <4>E<<G<<. �DV< 

F>7>, 4?O <>?5>G?< ��%� 5G?> ?D>6545=> 4=4?V7 D>7?>4V?G ?>F5=FV==>W 5=5D7VW 

(PED), 4 ?>DV6=O==O F5>D5F<G=> 6<7=4G5=<E G4EF>F 7 5>E?5D<<5=F4?L=<<< 

7=4G5==O<< =46545=V G F45?. 4.1 [6].  

 

$<EG=>> 4.1 3 %?5>FD< �$% G<EF>7> ��%�: 5>E?5D<<5=F (4), D>7D4EG=>> (5). 
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&45?<FO 4.1 3 $4<4=V6EL>V G4EF>F< F4 6V4=5E5==O =>D<4?L=<E <>4 ��%� 

(�>7=4G5==O: 64?. 3 64?5=F=<=, 45D. 3 45D>D<4FV==<=, >DGF. 3 >DGF<?L=<=, E<<. 3 

E<<5FD<G=<=, 4E. 3 4E<<5FD<G=<=, =5??. 3  ?>74 ??>M<=>N). 

�>4< 
�>E?V46G64=4 

G4EF>F4, E<-1 

$>7D4E>64=4 

G4EF>F4 

(DFT), E<-1 

�>E?./$>7D4E. 
$>7?>4V? ?>F5=FV4?L=>W 

5=5D7VW 

1  3143  CH3 4E. D>7. (98%) 

2  3142  
CH3 E<<. D>7. (22%),  

CH3 4E. 64?. (75%) 

3  3135  CH3 4E. 64?. (98%) 

4 2999 3130 0.96 CH3 E<<. 64?. (98%) 

5 2916 3038 0.96 CH3 E<<. 64?. (99%) 

6  3035  CH3 E<<. 64?. (99%) 

7  1476  
CH3 4E. 45D. (72%),  

C-S-C 4E. >DGF. (23%) 

8  1457  
CH3 4E. 45D. (71%),  

C-S-C 4E. >DGF. (20%) 

9  1455  
CH3 E<<. 45D. (71%),  

C-S-C >DGF. (20%) 

10  1441  
CH3 4E. 45D. (77%),  

C-S-C 4E. >DGF. (20%) 

11 1422 1333 1.07 CH3 E<<. 45D. (94%) 

12 1312 1312 1.00 CH3 E<<. 45D. (98%) 

13  1072  
S=O 64?. (83%),  

CSC 4E. >DGF. (10%) 

14  1022  
CH3 4E. 45D. (22%),  

C-S-C 4E. >DGF. (60%) 
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15 1046 951 1.10 
CH3 E<<. 45D. (19%),  

C-S-C >DGF. (55%) 

16  925  
CH3 E<<. 45D. (18%),  

C-S-C >DGF. (56%) 

17 955 891 1.07 
CH3 4E. 45D. (22%),  

C-S-C >DGF. (68%) 

18 700 652 1.07 S-C 64?. (90%) 

19 671 623 1.08 S-C 64?. (95%) 

20 384 363 1.06 
C-S-C 4E. 45D. (11%),  

C-C-S =5??. 45D. (75%) 

21 335 310 1.08 O-S-C 45D. (89%) 

22 306 280 1.09 
C-S-C 45D. (80%),  

C-C-S =5??. 45D. (11%) 

23  223  C-S-C 4E. >DGF. (98%) 

24 117 180 0.65 C-S-C >DGF. (94%) 

 

� 5>E?5D<<5=F4?L=> 74D5TEFD>64=<<G E?5>FDV E<<5FD<G=V 64?5=F=V C-H 

>>?<64==O D>7F4L>64=V =4 2999 E<21 V 2916 E<21, 4 G F5>D5F<G=> D>7D4E>64=><G 

EF4=>6?OFL 6V4?>6V4=> 3130 V 3038 E<21, M> G77>46GTFLEO 7 ?>E<5>>N 4%. %<G74 ?D< 

1422 E<21 6V4?>6V44T E<<5FD<G=<< 64?5=F=<< >>?<64==O< C-H. ' D>7D4EG=>4E F5 

7=4G5==O EF4=>6<FL 1333 E<21 V =4 7% 6V4DV7=OTFLEO 6V4 5>E?5D<<5=F4?L=>7>. %<G74 

=4 1046 E<21 6V4?>6V44T >><5V=4FVW S=O D>7FO7G64==O, E<<5FD<G=>7> CH 

D>7FO7G64==O V >DGF<?L=<E C-S-C >>?<64=L, 4 D>7D4EG=>>65 7=4G5==O EF4=>6<FL 951 

E<21 V 6V4DV7=OTFLEO 6V4 5>E?5D<<5=F4?L=>7> =4 10%. �>T4=4==O 4E<<5FD<G=>7> CH 

D>7FO7G64==O V F>DEV>==<E C-S-C >>?<64=L ?D>O6?OTFLEO ?D< 955 E<21. �V4?>6V4=5 

D>7D4E>64=5 7=4G5==O EF4=>6<FL 891 E<21 V 6V4DV7=OTFLEO 6V4 5>E?5D<<5=F4?L=>7> =4 

7%. �=LV LVEFL E<G7 =4?564FL 4> >>?<64=L 74 GG4EFN 4F><V6 %G?LDGDG, �4D5>=G V 
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�>E<75=G V 6V4DV7=ONFLEO 6V4 5>E?5D<<5=F4?L=<E D57G?LF4FV6 =4 10%. �D>F5 

>FD<<4=5 6 5>E?5D<<5=FV E6<?L>65 G<E?> 117 E<21, M> 6V4?>6V44T >DGF<?L=<< C-S-

C >>?<64==O<, EGFFT6> 6V4DV7=OTFLEO 6V4 D>7D4EG=>>6>7>. � FV?><G 

5>E?5D<<5=F4?L=> >FD<<4=<= E?5>FD �$% ��%� G77>46GTFLEO 7 D>7D4E>64=<<< 

G4EF>F4<< 6 <564E 10% [6]. 

�64=F>6>-EV<VG=V D>7D4EG=>< >?F<<4?L=>W 75><5FDVW <>=><5D4, 4<<5D4 F4 

FD<<5D4 ��%� <5F>4>< DFT ?D54EF46?5=V =4 D<E. 4.2.  

 

 

$<EG=>> 4.2 3 �?F<<4?L=4 75><5FDVO <>=><5DG ��%� (4), 4<<5DG (5), V FD<<5D (6). 

 

�>=><5D ��%� (D<E. 4.2 (4)) <4T 4<?>?L=<= <><5=F 4,15 D V Cý E<<5FDVN. 

�4 D<E. 4.2 (5) ?>>474=> 4<<5D ��%�, ?D< GF6>D5==V O>>7> GF6>DNTFLEO 74<>=GF4 

EFDG>FGD4, 79T4=4=4 4 6>4=56<<< 769O7>4<<. �64 7 F<E 769O7>V6 GF6>DNNFLEO 

4F><4<< O16, H13 V H19 ��%�. 'EV 4>66<=< 769O7>V6 4>DV6=NNFL 2,4 ÚA, 4 5=5D7VO 

>><??5>E>-GF6>D5==O 3 5,98 >>4?/<>?L. �<?>?L=<= <><5=F 4<<5D4 7=4G=> 

7<5=L5=<= ?>DV6=O=> 7 <>=><5D>< 3 0,0008 D. &5 ?>69O74=> 7 >DVT=F4FVTN 

<>?5>G?<, F>5F> <>?5>G?4 4<<5D4 D>7F4L>64=4 E<<5FD<G=> (<4T E<<5FDVN C2/). 
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&D<<5D <4T Cý E<<5FDVN, 4 5=5D7VO GF6>D5==O FD<<5DG EF4=>6<FL 8,91 >>4?/<>?L 

(D<E. 4.2 (6)). �=L4 <>?5>G?4 79T4=4=4 46><4 �-769O7>4<< 7 F<>?VG=<< ?4=FN7>< G 

4<<5DV G5D57 LVEFL �-769O7>V6 G FD<<5DV. H23 V H29 ?>69O74=V �-769O7>4<< 7 4F><4<< 

O16, ?D< FL><G 6EV 4>66<=< 769O7>V6 EF4=>6?OFL 2,37 ÚA [6]. 'EV 77444=V 769O7>< T 

E?45><<< 6>4=56<<< 769O7>4<< G D>D<V C-H···O, V F4>V 769O7>< 6 ?VF5D4FGDV 

=47<64NFLEO =5>?4E<G=<<< 6>4=56<<< 769O7>4<< [184].  

�V4?>6V4=> 4> ?D<=F<?G �4G?V, >?4E<G=5 6<7=4G5==O �-76'O7>G ?>?O74T 6 

F><G, M> 4F>< �, D>7F4L>64=<= <V6 46><4 4F><4<< 7 6<E>>>N 

5?5>FD>=574F<6=VEFN, <VF=> (>>64?5=F=>) 76'O74=<= 7 >4=<< 7 =<E V 674T<>4VT 

5?5>FD>EF4F<G=> 7 V=L<<. &O 674T<>4VO =47<64TFLEO 6>4=56<< 769O7>><. ' �-769O7>G 

D>D<< A-H···B 6V4EF4=L A-H 75V?LLGTFLEO, M> ?D<76>4<FL 4> G5D6>=>7> 7EG6G 6 

G4EF>FV D>7FO6=<E >>?<64=L A-H. �4=4> G 1964 D>FV %4FF>D [184] 4>E?V46G646 

674T<>4VN C-H···B G >D<EF4?4E (ÿ 5?5>FD>=< <>6GFL 5GF< 74<V=5=V B O> 4>F5?F>D 

?D>F>=V6). ' F4>><G 769O7>G 6V4EF4=L C-H 7<5=LGTFLEO, M> ?D<76>4<FL 4> E<=L>7> 

7EG6G G4EF>F< 64?5=F=<E >>?<64=L C-H. � FVTW ?D<G<=< 6>=> =5 6V4?>6V44T 

>?4E<G=><G 6<7=4G5==N �-76'O7>G. &4>>6 6V= E?45><= 6 5=5D75F<G=><G ??4=V. &5 

O6<M5 =47<64TFLEO 4=F<-�-76'O7G64==O< 45> =5>?4E<G=<< �-76'O7G64==O<. 

�5>?4E<G=V �-769O7>< 6 E<EF5<4E ��%�/6>44 ?>OE=NNFL 7<VM5==O E<G7< 

64?5=F=<E >>?<64=L %-� G 5V> 6<M<E G4EF>F [135-137]. ->5 ?D>45<>=EFDG64F< 

GF6>D5==O 76<G4==<E V =5>?4E<G=<E 6>4=56<E 769O7>V6 G ��%� F4 =>7> 6>4=><G 

D>7G<=V L?OE>< G5D6>=>7> 7<VM5==O G4EF>F< 64?5=F=<E >>?<64=L S=O F4 E<=L>7> 

7<VM5==O G4EF>F< 64?5=F=<E >>?<64=L C-H, 7<V=>N 4>66<=< 769O7>G C-H 5G?> 

6<>>D<EF4=> <5F>4 E?5>FD>E>>?VW >><5V=4FV==>7> D>7EVN64==O F4 D>7D4EG=>V6 ab 

initio. �?O ?>44?LL>7> ?V4F65D465==O =4O6=>EFV =5>?4E<G=<E 6>4=56<E 769O7>V6 <V6 

<>?5>G?4<< ��%� 5G?< ?D>6545=V 5>E?5D<<5=F< G 6>4=><G E5D54>6<MV 7 ��%�. 

' FL><G 6<?44>G 6<4V?O?<EO ?<L5 E<G7< S=O F4 C-H, M> 55DGFL GG4EFL G 76<G4==<E 

F4 =5>?4E<G=<E 6>4=56<E 769O7>4E V7 EG<4D=<E E?5>FDV6 �$% ��%�, G<EF>7> F4 G 

6>4=><G E5D54>6<MV [6].  
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%?5>FD< �$% G<EF>7> ��%� F4 =>7> 6>4=>7> D>7G<=G 6 >5?4EFV 64?5=F=<E 

>>?<64=L S=O ?D54EF46?5=V =4 D<E. 4.3. �>>474=>, M> 6 G<EF><G ��%� E<G74 S=O 

D>7F4L>64=4 =4 1046 E<21, 4 G 6>4=><G D>7G<=V 3 7<VM5=4 6 5V> =<7L><E G4EF>F =4 9 

E<21. �4 =4LG 4G<>G, ?D<G<=>N F4>>7> 7EG6G T 76<G4==<= 6>4=56<= 769O7>>, 

GF6>D5=<= 769O7>>< S=O.  

 

 

$<EG=>> 4.3 3 %?5>FD< �$% G<EF>7> ��%� F4 =>7> 6>4=>7> D>7G<=G 6 >5?4EFV 

64?5=F=<E S=O >>?<64=L. 

 

%?5>FD< �$% G<EF>7> ��%� F4 =>7> 6>4=>7> D>7G<=G 6 >5?4EFV 64?5=F=<E C-

H >>?<64=L ?D54EF46?5=V =4 D<E. 4.4. %<G7< D>7FO7G64==O C-H ?D< 2916 V 2999 E<21 

G G<EF><G ��%� 7EG64NFLEO 4> 6<M<E G4EF>F G 6>4=><G E5D54>6<MV. &4><= 7EG6 

7G<>6?5=<= =5>?4E<G=<< 6>4=56<< 769O7>><, GF6>D5=<< 769O7>>< C-H [6].  
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$<EG=>> 4.4 3 %?5>FD< �$% G<EF>7> ��%� F4 =>7> 6>4=>7> D>7G<=G 6 >5?4EFV 

64?5=F=<E C-H >>?<64=L. 

 

�?O ?V4F65D465==O FVTW V45W 5G?< ?D>6545=V D>7D4EG=>< ab initio. �4 D<E. 4.5 

(4) ?>>474=> D>7D4E>64=V EFDG>FGD< 75F5D>4<<5D4 ��%� 7 >4=VTN <>?5>G?>N 6>4<, 

<V6 4F><>< �6 ��%� F4 4F><>< �12 6>4< VE=GT �-769O7>> 7 5=5D7VTN 769O7>G 2,12 

>>4?/<>?L. �D< 75V?LL5==V G<E?4 <>?5>G? 6>4< =4 >4=G (D<E. 4.5 (5) >V?L>VEFL F<E 

769O7>V6 4>EO74T FDL>E. �=5D7VO >><??5>E>GF6>D5==O 4,53 >>4?/<>?L. ' FL><G 

6<?44>G 464 769O7>< 7=4E>4OFLEO G D>D<V O-H···O, 4 FD5FV= T =5>?4E<G=<< 769O7>>< 

C-H···O 7 4F><>< 6>4=N <>?5>G?< ��%�, 4 E<=V= 7EG6, O><= E?>EF5DV74TFLEO =4 D<E. 

4.5 (4) 7G<>6?5=4 F<< 769O7>><. �4 D<E. 4.5 (6) 7>5D465=> >><??5>E >4=VTW <>?5>G?< 

��%� V FDL>E <>?5>G? 6>4<. � ?'OFL �-76'O7>V6 7 5=5D7VTN 6,75 >>4?/<>?L. �64 7 F<E 

769O7>V6 T C-H···O 7 4>66<=>N 769O7>G 2,37 V 2,40 ÚA, V=LV 769O7>< GF6>DNNFLEO O> 

769O7>< O-H···O 7 4>66<=>N 769O7>G ?D<5?<7=> 1,73 ÚA V T 6V4=>E=> <VF=<<<. ' 

6<?44>G, >>?< >V?L>VEFL <>?5>G? 6>4< 4>DV6=NT G>F<DL>< (D<E. 4.5 (7)), 5=5D7VO 

>><??5>EG EF4=>6<FL 9,07 >>4?/<>?L. &GF >V?L>VEFL �-769O7>V6 4>DV6=NT L5EF<, 464 
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7 O><E =4?564FL 4> F<?G %-�···�, O> 747=4G5=> 6<M5, 4 D5LF4 GF6>DNNFLEO O> �-

�···�. �F65, <>6=4 7D>5<F< 6<E=>6>>, M> 4F>< �>E<75=G <>?5>G?< ��%� 

79T4=4=<= =>D<4?L=<< 6>4=56<< 769O7>><. �F><< �V4D>75=G 46>E <5F<?>6<E 7DG? 

7'T4=4=V =5>?4E<G=<<< �-76'O7>4<<. &4><< G<=><, D57G?LF4F< D>7D4EG=>V6 

?V4F65D46GNFL, M> E<=V= 7EG6 >>?<64?L=>W E<G7< 6V45G64TFLEO 6=4E?V4>> GF6>D5==O 

769O7>V6 C-H···O, 4 G5D6>=<= 3 6=4E?V4>> 769O7>V6 S=O···H [6].  

 

 

$<EG=>> 4.5 3 �><??5>E<, GF6>D5=V ��%� 7 <>?5>G?4<< 6>4<; ��%� + 1� (4), 

��%� + 2� (5), ��%� + 3� (6), ��%� + 4� (�-6>44) (7). 

 

' 76<G4==><G 6>4=56><G 76'O7>G G4EF>F4 64?5=F=<E >>?<64=L 7<5=LGTFLEO, 4 

4>66<=4 64?5=F=>7> 76'O7>G 75V?LLGTFLEO. ' =5>?4E<G=><G 6>4=56><G 76'O7>G 

G4EF>F4 64?5=F=<E >>?<64=L ?>6<==4 75V?LLG64F<EO, 4 4>66<=4 D>7FO7G64=>7> 

76'O7>G ?>6<==4 7<5=LG64F<EO. &><G, 6<>>D<EF>6GNG< ab initio D>7D4EG=><, 

4>E?V465=> 7<V=< 4>66<= 769O7>V6 S=O F4 C-H 6=4E?V4>> GF6>D5==O 6>4=56<E 

769O7>V6 G G<EF><G ��%� F4 >?4EF5D4E, GF6>D5=<E <>?5>G?4<< 6>4< [6].  

�>66<=4 64?5=F=>7> 769O7>G S=O G <>?5>G?V <>=><5D4 ��%� EF4=>6<FL 

1,50145 ÚA, 4 6 4<<5D=<E V FD<<5D=<E >><??5>E4E FO 6V4EF4=L ?>4>66GTFLEO 

6=4E?V4>> 76<G4==>7> 6>4=56>7> 769O7>G (F45?. 4.2). &O 6V4EF4=L 5V?LL4 4?O 

>><??5>EV6 ��%� + ÿ 6>44 (ÿ = 1 3 4) ?>DV6=O=> 7 <>=><5D>< ��%�. �>66<=4 

769O7>G C-H EF4=>6<FL 1,09007 AÚ (C1-H3) V 1,09081 ÚA (C7-H9) 4?O <>?5>G?< 

<>=><5D4 ��%�. ' 4<<5D=<E V FD<<5D=<E >><??5>E4E FO 6V4EF4=L 7<5=LGTFLEO 
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7464O>< =5>?4E<G=><G 6>4=56><G 769O7>G. �?O >><??5>EV6 ��%� + ÿ 6>44 (ÿ = 1 3 

4) 4>66<=4 769O7>G %-� F4>>6 5G?4 7<5=L5=4 ?>DV6=O=> 7 <>=><5D>< ��%�. &5 

?V4F65D46GT, M> ��%� (O> G G<EF><G 6<7?O4V, F4> V G 6>4=><G E5D54>6<MV) 4V=E=> 

<VEF<FL =5>?4E<G=V 6>4=56V 769O7>< D47>< 7V 76<G4==<<< 6>4=56<<< 769O7>4<< [6]. 

 

&45?<FO 4.2 3 �V4EF4=V <V6 4F><4<< (ÚA) G 769O7>4E S=O F4 C-H G G<EF><G 

��%� F4 =>7> 6>4=><G D>7G<=V. 

�69O7>< S=O 769O7>< C-H 769O7>< 

��%� <>=><5D 1,50145(S=O6) 1,09070 (C1-H3); 1,09081(C7-H9) 

��%� 4<<5D 
1,51301 (S5=O6) 

1,51291 (S15=O16) 

1,09029 (C11-H13); 1,09028 (C12-H19) 

1,09028 (C1-H3); 1,09030 (C7-H9) 

��%� FD<<5D 

1,50477 (S5=O6) 

1,51365 (S15=O16) 

1,51886 (S25=O26) 

1,09035 (C27-H29); 1,09035 (C21-H23) 

1,08981 (C11-H13); 1,08979 (C17-H19) 

1,09067 (C7-H8); 1,09064 (C1-H2) 

��%� + 1 �>44 1,51609 (S5=O6) 1,08989 (C1-H3); 1,08989 (C7-H9) 

��%� + 2 �>44 1,51883 (S5=O6) 1,09035 (C1-H3); 1,09004 (C7-H9) 

��%� + 3 �>44 1,51803 (S5=O6) 1,09029 (C1-H3); 1,08971 (C7-H9) 

��%� + 4 �>44 1,52092 (S5=O6) 1,09000 (C1-H3); 1,09039 (C7-H9) 

 

�4 D<E. 4.6 ?>>474=> ?>65DE=V <>?5>G?OD=>7> 5?5>FD>?>F5=FV4?G (���) 

(>4DF4 5?5>FD>EF4F<G=>W ?>F5=FV4?L=>W 5=5D7VW) 4?O <>?5>G?< ��%� (4), 4<<5DG 

��%� (5) F4 >><??5>EG <>?5>G? ��%� F4 6>4< (6), O>V E4D4>F5D<7GNFL 

FD<6<<VD=<= D>7?>4V? 74DO4G <>?5>G?. &V ?>65DE=V ?D54EF46?5=V DV7=<<< >>?L>D4<< 

6 74?56=>EFV 6V4 DV6=O ?>F5=FV4?G. �>DO4>> 75V?LL5==O 5?5>FD>EF4F<G=>7> 

?>F5=FV4?G ?>>474=> >D4=656<< < 6>6F<< < 75?5=<< < E<=V< >>?L>D><. 

�D>45<>=EFD>64=>, M> ?>65DE=O =46>>?> 769O7>G S=O <4T ?><4D4=G56<= >>?VD, 

F>5F> <4T =4=<5=L<= ?>F5=FV4?, 4 C-H 3 5?4><F=<= >>?VD, M> >7=4G4T =4=5V?LL<= 
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5?5>FD>EF4F<G=<= ?>F5=FV4?. &V G4EF<=< F4>>6 66464NFLEO 4>F<6=<<< 6 GF6>D5==V 

6>4=56<E 769O7>V6. �>?VD ?>65DE=V 7<V=NTFLEO, >>?< ��%� ?5D5E>4<FL 6V4 

<>=><5D4 4> 4<<5D4 F4 >?4EF5D4 ��%� + 6>44, M> >7=4G4T, M> D>7?>4V? 74DO4G 

F4>>6 7<V=NTFLEO. �=L>N >E=>6=>N ?D<G<=>N GF6>D5==O =5>?4E<G=>7> 6>4=56>7> 

76'O7>G <>65 5GF< 7<V=4 FL>7> D>7?>4V?G 74DO4V6 [6].  

 

 

$<EG=>> 4.6 3 �=5D75F<G=V ?>65DE=V ME� <>=><5DG ��%� (4), 4<<5DG ��%� (5) 

F4 4<<5DG ��%� + 6>44 (6). 

 

�4 D>D<G?>N 

ÿ = 12ÿ:ýÿ 

G4EF>F4 >>?<64=L >55D=5=> ?D>?>DFV==4 >644D4F=><G >>D5=N 7 4F><=>W <4E<. &4>, 

G 76<G4==><G 6>4=56><G 76'O7>G G4EF>F4 7<5=LGTFLEO 7V 75V?LL5==O< <4E<. �?5 FO 

G4EF>F4 F4>>6 74?56<FL 6V4 E<?>6>W >>=EF4=F< ý. �6<G4==V 6>4=56V 76'O7>< 6 

>E=>6=><G GF6>DNNFLEO 4F><4<< 7 6<E>>>N 5?5>FD>=574F<6=VEFN, F>4V O> 

=5>?4E<G=V 6>4=56V 76'O7>< GF6>DNNFLEO 4F><4<< 7 =<7L>>N 5?5>FD>=574F<6=VEFN 

(=4?D<>?44, %). �F65, 4?O 4F><V6 7 F4>>N =<7L>>N 5?5>FD>=574F<6=VEFN <>6=4 

E?>EF5DV74F< 75V?LL5==O G4EF>F< F4 7<5=L5==O 6V4EF4=V D>7FO7G64==O G5D57 F5, M> 

E<?>64 >>=EF4=F4 ý 65?<>4 [6].  
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4.2 �??<6 4><VL>> =4 EFDG>FGDG <>45?L=>W ?V?V4=>W <5<5D4=< 

4.2.1 �' E?5>FD< ?V?V4=<E <5<5D4= 7 4>4464==O< E>?5EF5D<=G 

�4 D<E. 4.7 =46545=> 5>E?5D<<5=F4?L=> 74D5TEFD>64=<= E?5>FD �' ?>7?<=4==O 

D>ED>?V?V4G 4<>?5>W?D>ED4F<4<=E>?V= (��$%). �V= <VEF<FL 7DG?G E<G7 

E<<5FD<G=<E F4 4=F<E<<5FD<G=<E 64?5=F=<E %-� >>?<64=L (2853, 2873, 2923 V 

2955 E<-1), O>V 6V4?>6V44NFL E<<5FD<G=<< F4 4=F<E<<5FD<G=<< 64?5=F=<< %-� 

>>?<64==O< 7DG? %�2 F4 %�3, E<G7G  64?5=F=<E >>?<64=L %=� (1735 E<-1), 4 F4>>6 

64?5=F=<E E<<5FD<G=<E (1090 E<-1) V 4=F<E<<5FD<G=<E (1250 E<-1) >>?<64=L 

D>ED4F=>W 7DG?< ($�2
-), V E<G7G 64?5=F=<E >>?<64=L 769O7>V6 %-�-$ 5V?O ~1065 E<-1. 

�>DV< F>7>, G E?5>FDV D5TEFDGNFLEO 64?5=F=V (5V?O 3400 E<-1) F4 45D>D<4FV==V 

(1650 E<-1) >>?<64==O 7V4D>>E<?L=>W 7DG?<, O>V =4?564FL <>?5>G?4< 6>4<, 

D>7F4L>64=<< <V6 <>?5>G?4<< ��$%. 

 

$<EG=>> 4.7 3 �>E?5D<<5=F4?L=> 74D5TEFD>64=<= E?5>FD �' ?>7?<=4==O 

4<>?5>W?D>ED4F<4<=E>?V=G. 
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&4>>6 5G?> 74D5TFD>64=> E?5>FD �' ?>7?<=4==O ?V?>E>< 3 ED5D<G=<E 

GF6>D5=L, EFV=>< O><E ED>D<>64=V 7 ?>46V==>7> L4DG <>?5>G? ��$%. �>DV6=O==O 

>FD<<4=>7> E?5>FDG 7V E?5>FD>< =5>5D>5?5=>7> ��$% ?D54EF46?5=5 =4 D<E. 4.8. 

�>>474=>, M> E?5>FD ?V?>E>< 45M> 6V4DV7=OTFLEO 6V4 E?5>FDG =5>5D>5?5=>7> ��$% 

?D< D>D<G64==V ?V?>E>< E?>EF5DV74NFLEO ?56=V 7<V=< G 7>6=VL=L><G 6<7?O4V 

6V4?>6V4=>7> E?5>FDG. �>-?5DL5, 7=4G=> 75V?LLGTFLEO V=F5=E<6=VEFL E<G7 1650 E<-1 

F4 3400 E<-1, O>V 6V4=>EOFLEO 4> >>?<64=L <>?5>G? 6>4<. &5= D4>F ?>>47GT, M> 6 

?V?>E><4E <V6 L4D4<< D>ED>?V?V4=<E <>?5>G? <VEF<FLEO 65?<>4 >V?L>VEFL <>?5>G? 

6>4<. 

 

$<EG=>> 4.8 3 �>DV6=O==O �' E?5>FDV6 ��$% F4 GF6>D5=<E 7 =L>7> ?V?>E><. 

 

&4>>6 E?>EF5DV74NFLEO 7<V=< 6 V=F5=E<6=>EFV 46>E E<G7 7 G4EF>F4<< 1062 V 

1089 E<-1, M> =4?564FL >>?<64==O< 7DG?< $�2
-. �DV< F>7>, 7<V=NTFLEO ?>?>65==O 

E<G7< 4=F<E<<5FD<G=<E 64?5=F=<E >>?<64=L $�2
- 7 1243 4> 1238 E<-1.  
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�47=4G5=V 7<V=< E6V4G4FL ?D> 5V?LLG 6?>DO4>>64=VEFL <>?5>G? D>ED>?V?V4G 

?D< D>D<G64==V ?V?>E><. �?O 4>E?V465==O 6??<6G E>?5EF5D<=G =4 EFDG>FGDG 

?V?V4=>W <5<5D4=< 5G?< ED>D<>64=V ?V?>E><< 7V E>?44>< 70% ��$% V 30% 

E>?5EF5D<=G. �4 D<E. 4.9 ?D54EF46?5=5 ?>DV6=O==O E?5>FDV6 �' ?>7?<=4==O ?V?>E>< 

557 4>4464==O E>?5EF5D<=G F4 ?V?>E>< 7 30% 6<VEF>< E>?5EF5D<=G. �>6=4 54G<F<, 

M> 4>4464==O E>?5EF5D<=G ?D<76>4<FL 4> 7<5=L5==O V=F5=E<6=>EFV E<G7 64?5=F=<E 

(3400 E<-1) V 45D>D<4FV==<E (1650 E<-1.) >>?<64=L �� 7DG?. &4>>6 7<5=LGTFLEO 

?>7?<=4==O =4 G4EF>F4E 1062 V 1089 E<-1, V E<G7< 64?5=F=<E %-� >>?<64=L (2800 3 

3000 E<-1, 4 G4EF>F4 E<G7< =4 1243 E<-1 75V?LLGTFLEO 4> 1245 E<-1. 

 

$<EG=>> 4.9 3 �>DV6=O==O �' E?5>FDV6 ?V?>E>< 557 E>?5EF5D<=G F4 7 

4>4464==O< 30% E>?5EF5D<=G. 
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�F65, 4>4464==O E>?5EF5D<=G 4> ?V?>E>< 6??<64T =4 EFDG>FGDG <>45?L=>W 

?V?V4=>W <5<5D4=<. &5 6V45G64TFLEO 6=4E?V4>> F>7>, M> <>?5>G?< E>?5EF5D<=G 

65G4>6GNFLEO <V6 <>?5>G?4<< D>ED>?V?V4V6, F<< E4<<< ?>DGLGNG< WE=T 

6?>DO4>G64==O. � ?VF5D4FGDV >?<E4=V 5>E?5D<<5=F<, O>V ?>>47GNFL, M> ?D< 

4>4464==V E>?5EF5D<=G 4> ?V?V4=>W <5<5D4=< =>7> <>?5>G?< 65G4>6GNFLEO <V6 

<>?5>G?4<< D>ED>?V?V4V6, 6V444?ONG< WE >4=4 6V4 >4=>W [117]. � D57G?LF4FV 

75V?LLGTFLEO 6V4EF4=L <V6 ?V?V4=<<< 7>?>64<<, F>5F> G?4>>6>4 <5<5D4=< EF4T 

<5=L MV?L=>N, 6 =V= 6<=<>4NFL ?>D>6=<=<, >G4< <>6GFL ?D>=<>4F< 5V?>>6V 

<>?5>G?<. 

4.2.2 �??<6 E>?5EF5D<=G V <5?4F>=V=G =4 674T<>4VN <>45?L=<E <5<5D4= V7 S-

?D>F5W=>< SARS-CoV-2 

�>E?V465==O ?D>6>4<?< <5F>4>< <4?>>GF>6>7> D>7EVO==O =5=FD>=V6 =4 

<>45?L=<E E<EF5<4E >4=>L4D>6<E ?V?V4=<E 657<>G? (?V?>E><) >>=FD>?L>64=>7> 

D>7<VDG. �V?>E><< D>77?O44NFLEO O> <>45?L=V ?V?V4=>W <5<5D4=<, >E=>6=V 

EFDG>FGD=V ?4D4<5FD< O><E (F>6M<=4 ?V?V4=>7> 5VL4DG F4 6=GFDVL=V= D44VGE 

657<>G?<) <>6GFL 5GF< 6<O6?5=V 74 4>?><>7>N <4?>>GF>6>7> D>7EVO==O =5=FD>=V6 

[185]. 

�>E?5D<<5=F4?L=V 4>E?V465==O 5G?< ?D>6545=V 4?O =4EFG?=<E E<EF5<: 6>4=<= 

D>7G<= 4<<VD<EF>W?D>ED4F<4<?E>?V=G (��$%) EV<VG=4 D>D<G?4 C36H72NO8P, 

��$% + 15% <5?4F>=V=G (45> E>?5EF5D<=G), ��$% + 30% <5?4F>=V=G (45> 

E>?5EF5D<=G), ��$% + 30% <5?4F>=V=G (45> E>?5EF5D<=G) + D5F5?F>D-76'O7GNG<= 

4><5= (RBD) ?D>F5W=G SARS-CoV-2.  

�4 D<E. 4.9 ?D54EF46?5=> 7<V=< F>6M<=< ?V?V4=>7> 5VL4DG (D<E. 4.9 (4) V (6)) F4 

7>6=VL=L>7> 4V4<5FD4 657<>G? (D<E. 4.9 (5) V (7)) 74?56=> 6V4 F5<?5D4FGD< 77V4=> 7 

D57G?LF4F4<< 5>E?5D<<5=F4?L=<E 4>E?V465=L, =46545=<E G F45?<FV 4.3. �?O 5V?LL>W 

=4>G=>EFV 6??<6 <5?4F>=V=G (4<6. D<E. 4.9 (4) V (5)) F4 E>?5EF5D<=G (4<6. D<E. 4.9 (6) 

V (7)) 5G?> D>74V?5=> [5]. 
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&45?<FO 4.3 3 &>6M<=4 5VL4DG F4 7>6=VL=V= 4V4<5FD 7D47>V6. 
�D

47
>>

 

T, 

°C 

0% 15% 30% 

�V4<5FD 

[Å] 

&>6M<=4 

L4DG [Å] 

�>6=VL=V= 

4V4<5FD [Å] 

&>6M<=4 

L4DG [Å] 

�>6=VL=V= 

4V4<5FD [Å] 

&>6M<=4 

L4DG [Å] 

�
�

$
%

/�
5?

/D
2
�

 

10 551 ± 3 52,1±0,2 502 ± 3 49,9 ±0,2 495 ± 4 49,4 ±0,2 

20 578 ± 4 50,9 ±0,2 504 ± 4 48,9 ±0,2 530 ± 4 48,4 ±0,2 

30 641 ± 4 47,1 ±0,2 551 ± 4 45,4 ±0,2 585 ± 4 45,6 ±0,2 

37 644 ± 4 45,7 ±0,2 569 ± 4 45,2 ±0,2 597 ± 4 45,0 ±0,2 

30 642 ± 4 47,3 ±0,2 564 ± 4 46,2 ±0,2 586 ± 4 45,6 ±0,2 

20 578 ± 4 51,1 ±0,2 518 ± 4 49,6 ±0,2 532 ± 4 48,6 ±0,2 

10 553 ± 3 52,1 ±0,2 516 ± 4 50,2 ±0,2 509 ± 4 49,3 ±0,2 

�
�

$
%

/%
>?

/D
2
�

 

10 551 ± 3 52,1 ±0,2 543 ± 4 54,1 ±0,2 574 ± 4 55,1 ±0,1 

20 578 ± 4 50,9 ±0,2 552 ± 4 53,5 ±0,2 578 ± 4 54,6 ±0,1 

30 641 ± 4 47,1 ±0,2 599 ± 4 51,1 ±0,2 574 ± 4 53,5 ±0,2 

37 644 ± 4 45,7 ±0,2 613 ± 4 49,8 ±0,2 555 ± 4 52,4 ±0,2 

30 642 ± 4 47,3 ±0,2 609 ± 4 50,6 ±0,2 567 ± 4 53,5 ±0,2 

20 578 ± 4 51,1 ±0,2 559 ± 4 53,4 ±0,2 578 ± 4 54,6 ±0,2 

10 553 ± 3 52,1 ±0,2 549 ± 4 54,0 ±0,2 577 ± 4 55,2 ±0,2 

�D47>> 
��$%/�5?/D2�  

30%+RBD SARS-CoV-2 

��$%/%>?/D2�  

30%+RBD SARS-CoV-2 

& 
�>6=VL=V= 

4V4<5FD [Å] 
&>6M<=4 L4DG [Å] �>6=VL=V= 4V4<5FD [Å] 

&>6M<=4 

L4DG [Å] 

10 504 ± 4 49,2 ±0,2 575 ± 4 55,0 ±0,2 

20 538 ± 4 48,4 ±0,2 573 ± 4 54,4 ±0,2 

30 595 ± 4 45,3 ±0,2 554 ± 4 53,0 ±0,2 

37 605 ± 4 44,8 ±0,2 516 ± 4 51,8 ±0,2 
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30 595 ± 4 45,6 ±0,2 549 ± 4 53,0 ±0,2 

20 543 ± 4 48,4 ±0,2 570 ± 4 54,5 ±0,2 

10 512 ± 4 49,1 ±0,2 573 ± 4 54,8 ±0,2 

 

�=4?V7 D<E. 4.10 (4) V (6) ?>>47GT, M> 4>4464==O <5?4F>=V=G V E>?5EF5D<=G <4T 

?D>F<?56=<= 5D5>F =4 F>6M<=G ?V?V4=>7> 5VL4DG: 75V?LL5==O >>=F5=FD4FVW 

<5?4F>=V=G ?D<76>4<FL 4> 7<5=L5==O F>6M<=< <5<5D4=<, 4 75V?LL5==O 

>>=F5=FD4FVW E>?5EF5D<=G 3 4> WW 75V?LL5==O. �FD<<4=V D57G?LF4F< G77>46GNFLEO 7 

?VF5D4FGD=<<< 44=<<< [188, 189].  

 

 

$<EG=>> 4.10 3 �<V=< F>6M<=< <5<5D4=< (4, 6) F4 7>6=VL=L>7> 4V4<5FD4 ULV (5, 7), 

>FD<<4=V 4?O E<EF5< =4 >E=>6V ��$% 7 4><VL>4<< <5?4F>=V=G (4, 5) 45> 

E>?5EF5D<=G (6, 7). �5?5=<< >>?L>D>< ?>>474=> <>45?L=G E<EF5<G =4 >E=>6V 

G<EF>7> ��$% [5]. 
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� 4=4?V7G 6??<6G <5?4F>=V=G F4 E>?5EF5D<=G =4 D>7<VD 657<>G? <>6=4 7D>5<F< 

6<E=>6>>, M> D>7<VD 657<>G? 75V?LLGTFLEO 7V 75V?LL5==O< >>=F5=FD4FVW >5>E 

>><?>=5=FV6 G <5<5D4=V. &V>46> 6V47=4G<F<, M> 74 6<M>W >>=F5=FD4FVW E>?5EF5D<=G 

(30%) 6 <5<5D4=V 7>6=VL=V= 4V4<5FD 7<5=LGTFLEO 7 ?V46<M5==O< F5<?5D4FGD<, F>4V 

O> G E<EF5<4E 7 <5=L>N >>=F5=FD4FVTN E>?5EF5D<=G 6V= 75V?LLGTFLEO, M> T 

?>4V5=<< 4> ?>654V=>< 6EVE V=L<E 4>E?V46G64=<E E<EF5<. &5= 5D5>F <>65 5GF< 

?>6'O74=<= 7 5D5>F>< 4E<<5FDVW, E?D<G<=5=<< E>?5EF5D<=>< [190]. 

�74T<>4VO ?V?V4=>W <5<5D4=< 7 4>F<6=>N G4EF<=>N S-?D>F5W=G 6V45G64TFLEO 

?>-DV7=><G 74?56=> 6V4 D47>6>7> EF4=G ?V?V4G. &4>, >>?< ?V?V4 ?5D55G64T G 75?L D47V 

(74 F5<?5D4FGD< 10°%), 4>F<6=4 G4EF<=4 S-?D>F5W=G =5 7<V=NT EFDG>FGD=<E 

?4D4<5FDV6 ?V?V4=>7> 5VL4DG O> 4?O E>?5EF5D<=-, F4> V 4?O <5?4F>=V=6<VE=<E E<EF5< 

(4<6. D<E. 4.9). &5 <>65 >7=4G4F<, M> 674T<>4VO <V6 ?V?V4=>N <5<5D4=>N F4 

4>F<6=>N G4EF<=>N S-?D>F5W=G =5 6V45G64TFLEO. �D< 7<V=V F5<?5D4FGD< E<EF5<< 7 

4><VL>4<< <5?4F>=V=G =5 6<O6?ONFL 6V4<V==>EF5= G EFDG>FGD=<E ?4D4<5FD4E 

?V?>E>< O> G E<EF5<4E 7 RBD SARS-CoV-2, F4> V 557 =L>7>. �4 6V4<V=G 6V4 E<EF5< 7 

<5?4F>=V=><, 74 =4O6=>EFV 6 E<EF5<V E>?5EF5D<=G, ?D< F5<?5D4FGD4E 30 V 37°%, >>?< 

?V?V4 ?5D55G64T 6 DV4>>>D<EF4?VG=V= D47V, 4>4464==O RBD SARS-CoV-2 ?D<76>4<FL 

4> 7<5=L5==O F>6M<=< 5VL4DG V 75V?LL5==O D>7<VDG 657<>G?<, M> E6V4G<FL ?D> 

674T<>4VN S-5V?>4 7 <5<5D4=>N. &4>4 DV7=<FO <>65 6<=<>4F< G5D57 F5, M> 

<5?4F>=V= G ?V?V4=><G 5VL4DV ?>>4?V7>64=<= 6 >5?4EFV ?V?V4=<E 7>?V6 [188], F4><< 

G<=><, 6V= <>65 ?5D5L>>464F< ?D>=<>=5==N <>?5>G? 5V?>4 6 FN >5?4EFL [5, 8].  

�F65, <>6=4 EF65D46G64F<, M> 75V?LL5==O >>=F5=FD4FVW <5?4F>=V=G 6 

<5<5D4=V 74?>5V74T 674T<>4VW >>D>=>6VDGE=>7> S-5V?>4 7 ?V?V4=>N <5<5D4=>N. ' 

6<?44>G <>?5>G? E>?5EF5D<=G, O>V 6 >E=>6=><G D>7?>4V?ONFLEO 6 F5=FDV <5<5D4=< 

V =5 <4NFL 6??<6G 6 >5?4EFV 7>?>6=>W 7DG?<, 4>4464==O RBD SARS-CoV-2 

45<>=EFDGT 7<V=G F>6M<=< <5<5D4=< V D>7<VDG 657<>G?< V, F4><< G<=><, =5 

?5D5L>>464T <5<5D4=>-5V?>>6V= 674T<>4VW [5, 8].  
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4.3 %FDG>FGD=4 ?>654V=>4 F4 ?4DFV4?L=V <>?OD=V >59T<< 6>4=<E D>7G<=V6 

E>?5= 

�>E?5D<<5=F4?L=V 44=V M>4> 7GEF<=< 6>4=<E D>7G<=V6 E>?5= 74 DV7=<E 

F5<?5D4FGD (20-40°%) =46545=> 6 F45?<FOE �2 3 �11 G �>44F>G �. �4 D<E. 4.11 

=46545=> 74?56=>EFV 7GEF<=< D>7G<=V6 NaCl F4 Na2SO4 G 6>4V 6V4 F5<?5D4FGD< F4 

<>?O?L=>EFV. �>=F5=FD4FVO <>?O?L=>W E>?V 64DVN64?4 <V6 10-3 V 10-2 <>?L/>7. �4=V 

4?O G<EF>W 6>4< (m = 0) >5D>5?O?<EO F4> E4<>, O> V V=LV [9]. �GEF<=4 5?5>FD>?VF<G=<E 

D>7G<=V6 G 6>4V EF45V?L=> 6<M4 74 7GEF<=G G<EF>7> D>7G<==<>4 74 6V4?>6V4=<E 

F5<?5D4FGD. ' 6EVE 6<?44>4E E?>EF5DV74TFLEO ?V=V==4 74?56=VEFL 7GEF<=< 6V4 

<>?O?L=>EFV, M> ?V4F65D46GT 4?D>>E<<4FVN =5E>V=G5==>7> D>76545==O, 

6<>>D<EF4=G 6 DV6=O==V (1). �?O >>6=>W E>?V << ?5D56VD<?< V =444?V ?D>EG<G64?< 

>>5DVFVT=F ?V=V==>7> F5D<VG=>7> >5'T<=>7> D>7L<D5==O 77V4=> 7 DV6=O==O< (2), V 

44=V, 7V5D4=V ?D< 6EVE F5<?5D4FGD4E, 5G?< ?D>4=4?V7>64=V >4=>G4E=>. 

 

 

$<EG=>> 4.11 3 �4?56=VEFL 7GEF<=< 6>4=<E D>7G<=V6 6V4 F5<?5D4FGD< F4 

<>?O?L=>EFV NaCl G 6>4V F4 Na2SO4 G 6>4V 6V4?>6V4=>.  
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&5<?5D4FGD=4 74?56=VEFL ?4DFV4?L=>7> <>?OD=>7> >5'T<G D>7G<=5=<E G 6>4V 

E>?5= ?>>474=4 =4 D<E. 4.12. �4DF> 747=4G<F<, M> 4E<<?F>F<G=4 7GEF<=4 G<EF>W 6>4<, 

d0(T), 4>5D5 G77>46GTFLEO 7 ?VF5D4FGD=<<< 44=<<<, >4=4> ?D< 44=V= F5<?5D4FGDV 

WE=V >FV=>< 6V4DV7=ONFLEO =4 ?>DO4>> (<5=L5 10-5 7/E<3) [9]. /> V >GV>G64?>EO, 6EV 

7=4G5==O ?4DFV4?L=<E <>?OD=<E >59T<V6 (V2
0), >DV< MgSO4, 4>44F=V. �EV FV 7=4G5==O 

(4<6. F45?. 4.4) G77>46GNFLEO 7 ?VF5D4FGD=<<< 44=<<< [35-45, 194]. �>=>F>==5 

7D>EF4==O V2
0 7 F5<?5D4FGD>N <>6=4 5G?> 5 ?>OE=<F< "5D5>F>< >?VF><" [36], 4?5 6EV 

FV 7<V=< ?D46<?L=> 6V4>5D464NFL 74?56=G 6V4 F5<?5D4FGD< (D5)>D74=V74FVN 

E>?L64F=>W >5>?>=><. �4DF> 747=4G<F<, M> >>5DVFVT=F< F5??>6>7> D>7L<D5==O, 

6<6545=V 7 ?V=V==>W 74?56=>EFV V2
0(T), 7=4G=> 5V?LLV, =V6 G G<EF>W 6>4< ?D< 25 °C 

(4,6;10-3 E<3/<>?L/� [195]) 3 F5 E6V4G<FL ?D> F5, M> >D74=V74FVO <>?5>G? 6>4< 6 

E>?L64F4FV==V= >5>?>=FV =45474F> GGF?<6VL4 4> F5<?5D4FGD<, =V6 6 >5'T<=V= [9]. 

 

$<EG=>> 4.12 3 �4?56=VEFL ?4DFV4?L=>7> <>?OD=>7> >5'T<G 45O><E E>?5=, 

D>7G<=5=<E G 6>4V, 6V4 F5<?5D4FGD<. 
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&45?<FO 4.4 3 �4DFV4?L=<= <>?OD=<= >5'T< (V2
0) F4 >>5DVFVT=F F5??>6>7> 

D>7L<D5==O (³2
0) 456'OF< 4>E?V465=<E E>?5= V HCl. 

%V<VG=4 
E?>?G>4 

V2
0, 

E<3/<>?L 

V2
0 (�VF5D4FGD=V 44=V),  

E<3/<>?L 

³2
0,  

10-3E<3/<>?L/K 

NaCl 16,23 ± 0,33 16,8 [35]; 16,6 [196] 60 ± 40 

KCl 27,45 ± 0,29 26,4 [35]; 26,89 [45]; 26,9 [196] 7 ± 36 

MgCl2 18,29 ± 0,30 15,6 [35]; 14,1 [196] -17 ± 37 

NaBr 23,27 ± 0,37 23,4 [35]; 23,5 [196] 71 ± 45 

KBr 34,15 ± 0,43 33,4 [35]; 33,7 [196] 91 ± 53 

MgBr2 31,20 ± 0,67 28,8 [196] 31 ± 83 

Na2SO4 9,01 ± 0,57 10,9 [35]; 11,8 [196]; 11,54 [197] 171 ± 70 

K2SO4 33,48 ± 0,19 30,1 [35]; 32 [21] 83 ± 23 

MgSO4 -4,65 ± 0,32 -3,9 [35]; -3,4 [197] 96 ± 39 

HCl 17,46 ± 0,16 17,8 [196]; 18,07 [198] 16 ± 20 

 

$>7D4E>64=V ?4DFV4?L=V <>?OD=V >5'T<< 4?O F<E 456'OF< E>?5= G77>46GNFLEO 7  

D4=VL5 >?G5?V>>64=<<< 44=<<< (D<E. 4.13). �DV< F>7>, 6>=< 6V4?>6V44NFL 

F5=45=FVO< 4?O 7=4G5=L EG<< V>==<E >5'T<V6 WE=VE >><?>=5=FV6, 6<6545=<E =4 >E=>6V 

>D<EF4?>7D4DVG=<E 44=<E [199] (D<E. 4.14), ?D>F5 >4=>64?5=F=V E>?V =4FDVN V >4?VN 

>V?L>VE=> 6V4DV7=ONFLEO 6V4 E>?5= <47=VN V >4?VN. �E>V?L>< >D<EF4?>7D4DVG=V 44=V 

4?O EG?LD4F-4=V>=G 6V4EGF=V, << 6<>>D<EF4?< 7=4G5==O V2
0, 6<6545=5 7 V>==<E 

D44VGEV6 G 6>4=><G D>7G<=V, 74?D>?>=>64=5 �4D>GE>< [200]. �46?<6>, M> 6EV FD< 

7V?><, ?>>474=V =4 D<E. 4.14, 74?<L4NFLEO ?4D4?5?L=<<<, F>4V O> DV7=V ?5D5E>??5==O, 

>FD<<4=V 4?O E>?5=, M> E>?444NFLEO 7 >4=>64?5=F=<E 45> 46>64?5=F=<E >4FV>=V6, 

6>47GNFL =4 DV7=V V=4G>>64=V E>?O<< 7<V=< 6 WE=V= E>?L64F4FV==V= ED5DV. �EF4==T, O> 

?D46<?>, ?>6'O74=5 7 DV7=<< 6=5E>>< >>E<>FD>?=<E V E4>FD>?=<E 5D5>FV6. 
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$<EG=>> 4.13 3 %?V66V4=>L5==O <V6 5>E?5D<<5=F4?L=> 6<<VDO=<< 

?4DFV4?L=<< <>?OD=<< >5'T<>< E>?5= (V2
0) ?D< 25 °C F4 ?VF5D4FGD=<<< 44=<<<.  

 

$<EG=>> 4.14 3 %?V66V4=>L5==O <V6 5>E?5D<<5=F4?L=> 6<<VDO=<< 

?4DFV4?L=<< <>?OD=<< >5'T<>< E>?5= (V2
0) ?D< 25 °C F4 EG<>N >5'T<V6 WE=VE 

V>==<E >><?>=5=FV6, D>7D4E>64=>N 74 >D<EF4?>7D4DVG=<<< 44=<<< [199].  



121 

 

�4=4>>6V =4E<?< 7V?>> =4 D<E. 4.14 4>44F>>6> ?V4F65D46GNFL 44<F<6=<= 

>5'T<=<= 5D5>F E>?5=, ?4DFV4?L=<= <>?OD=<= >5'T< O><E <>65 5GF< 6<D465=<= O> 

EG<4 >5'T<V6 WE=VE >><?>=5=FV6, 77V4=> 7 DV6=O==O< (3). �< ?D>4=4?V7G64?< 6EV 

456'OFL E>?5= 7?>54?L=> D47>< 7V EF4=44DF=<< D>7G<=>< HCl (6<>>D<EF>6GNG< 

4>44F>>6V >5<565==O 4?O 7V4D4F>64=>7> ?D>F>=4), M>5 ?>4>?4F< ?D>5?5<G 

=56<7=4G5=>W E<EF5<< DV6=O=L, O>4 E4D4>F5D<7GTFLEO <4FD<F5N 7 =G?L>6<< 

6<7=4G=<>><.  

�E=GNFL 7=4G=V D>75V6=>EFV <V6 >FV=>4<< 4?O ?D>F>=4 6 H2O ?D< 25°C, M> 

4>EO74NFL 45>V?L>>E E<3/<>?L. �4==44V==VL<< T 7=4G5==O �>DE4D5??V F4 

�D4E?46EL>>7> [175], V2
0(H+) = (-5,5 ± 0,8) E<3/<>?L, M> G77>46GTFLEO 7 44=<<<, 

>FD<<4=<<< FD44<FV==<<< <5F>44<< [36]. �<>>D<EF>6GNG< F5= =45VD 7=4G5=L V 

>5'T<=V 44=V 4?O 456'OF< E>?5= F4 5F4?>==>7> D>7G<=G HCl, 5G?> D>7D4E>64=> 

?4DFV4?L=V <>?OD=V >5'T<< >>D5<<E V>=V6 4?O 6EVE 4>E?V46G64=<E F5<?5D4FGD (F45?. 

4.5) [9].  

 

&45?<FO 4.5 3 %4<>G77>465=<= =45VD ?4DFV4?L=<E <>?OD=<E >5'T<V6 (V2
0) =4 

>E=>6V 44=<E 7GEF<=<, 6<<VDO=<E 4?O HCl V 456'OF< E>?5=, D>7D4E>64=<E 4?O L5EF< 

V>=V6 ?D< 20-40 °C 7 6<>>D<EF4==O< >644D4F<G=>W 4?D>>E<<4FVW F5<?5D4FGD=>W 

74?56=>EFV.  

T,  

°C 

V2
0, E<3/<>?L 

Na+ K+ Mg2+ Cl- Br- SO4
2- 

20,0 -6,63 ± 0,69 5,25 ± 0,68 -27,84 ± 1,26 22,27 ± 0,56 28,65 ± 0,72 20,72 ± 1,32 

22,5 -7,07 ± 0,45 4,82 ± 0,44 -28,49 ± 0,82 22,63 ± 0,36 29,17 ± 0,47 21,78 ± 0,86 

25,0 -7,38 ± 0,38 4,50 ± 0,38 -29,02 ± 0,70 22,91 ± 0,31 29,59 ± 0,40 22,64 ± 0,74 

27,5 -7,55 ± 0,41 4,28 ± 0,41 -29,42 ± 0,76 23,11 ± 0,34 29,91 ± 0,43 23,31 ± 0,80 

30,0 -7,60 ± 0,43 4,17 ± 0,43 -29,71 ± 0,80 23,23 ± 0,36 30,14 ± 0,46 23,77 ± 0,84 

32,5 -7,52 ± 0,41 4,16 ± 0,41 -29,87 ± 0,76 23,27 ± 0,34 30,26 ± 0,43 24,04 ± 0,80 



122 

 

35,0 -7,31 ± 0,38 4,25 ± 0,38 -29,92 ± 0,71 23,23 ± 0,31 30,29 ± 0,40 24,10 ± 0,74 

37,5 -6,97 ± 0,45 4,45 ± 0,45 -29,84 ± 0,83 23,11 ± 0,37 30,23 ± 0,47 23,97 ± 0,87 

40,0 -6,50 ± 0,69 4,76 ± 0,69 -29,65 ± 1,28 22,91 ± 0,56 30,06 ± 0,73 23,64 ± 1,34 

 

&4><= =45VD E4<>G77>465=<E >5'T<V6, >FD<<4=<= 74 4>?><>7>N 

74?D>?>=>64=>W ?D>F54GD< 7?>54?L=>7> 4=4?V7G, G77>46GTFLEO 7 44=<<<, 

G7474?L=5=<<< �4D>GE>< [165] (D<E. 4.15). %F4=44DF=4 ?>E<5>4 4?O ?4DFV4?L=<E 

<>?OD=<E >5'T<V6, D>7D4E>64=<E 4?O >4=>64?5=F=<E V>=V6, T <5=L>N 74 0,4 E<3/<>?L 

V EF4=>6<FL ~ 0,7 E<3/<>?L 4?O 46>64?5=F=<E. �EV FV 7=4G5==O 7=4E>4OFLEO 6 <564E 

=56<7=4G5=>EFV 7=4G5=L V2
0, 6<7=4G5=<E >>D5<> 4?O >>6=>W E>?V, F><G <>6=4 

>GV>G64F<, M> 74?D>?>=>64=<= <5F>4 44T E4<>G77>465=<= =45VD >5'T<=<E 

?4D4<5FDV6. 

  

$<EG=>> 4.15 3 �>D5?OFVO <V6 D>7D4E>64=<< E4<>G77>465=<< =45>D>< 

?4DFV4?L=<E <>?OD=<E >5'T<V6, 6<7=4G5=<E ?D< 25 °C, 7 44=<<<, >?G5?V>>64=<<< 

�4D>GE>< [165]. 
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�>DV6=O==O F<E 7?>54?L=<E 7=4G5=L 7 >5'T<4<<, 6<6545=<<< 7 V>==<E D44VGEV6 

(D<E. 4.16), =46545=<E �4D>GE>< [200], ?>>47GT, M> 4?O 6EVE >4=>64?5=F=<E 4=V>=V6 

5>E?5D<<5=F4?L=V ?4DFV4?L=V <>?OD=V >5'T<< (O> =46545=V FGF, F4> V =46545=V 

�4D>GE><) <>6GFL 5GF< ?5D5454G5=V 7 WE=VE 4F><=<E D44VGEV6 V>=V6. �4DFV4?L=<= 

<>?OD=<= >5'T< GEVE V>=V6 <5=L<=, =V6 7=4G5==O, 6<6545=5 7 V>==<E D44VGEV6, 67OF<E 

7 >D<EF4?>7D4DVG=<E 44=<E, F>4V O> 4?O 7V4D>D>5=<E =5=FD4?L=<E 6<4V6 

E?>EF5DV74TFLEO ?D>F<?56=<= 5D5>F [168, 201, 202]. %<?L=V 6V4'T<=V 7=4G5==O, M> 

E?>EF5DV74NFLEO 4?O <47=VN (F4 V=L<E 46>64?5=F=<E >4FV>=V6), 6>47GNFL =4 65?<><= 

>>E<>FD>?=<= 5D5>F. %?45L<= >>E<>FD>?=<= 5D5>F E?>EF5DV74TFLEO 4?O ?D>F>=4 V 

=4FDVN.  

 

 

$<EG=>> 4.16 3 �>D5?OFVO <V6 D>7D4E>64=<< E4<>G77>465=<< =45>D>< 

?4DFV4?L=<E <>?OD=<E >5'T<V6, 6<7=4G5=<E ?D< 25 °C, 7 44=<<< >5'T<V6, 

6<6545=<<< 7 V>==<E D44VGEV6 [200]. 
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' 6<?44>G >4=>64?5=F=<E V>=V6 6=5E>> 5D5>FG 7V4D4F4FVW, 6>?NG4NG< 

5?5>FD>EF4F<G=G 674T<>4VN V>=4 7 6>4>N, 74?<L4TFLEO DV6=><VD=<< V, <>6?<6>, 

>D<F<G=> =5 74?56<FL 6V4 74EF>E>64=>W <>45?V (FGF 3 F<?G �VFF5D4 7 

?4D4<5FD<74FVTN, 444?F>64=>N 7 [203] 3 4<6. DV6=O==O (1)). �?O 46>64?5=F=<E V>=V6 

FO ?>?D46>4 7D>EF4T 7V 75V?LL5==O< Ë3/2. �F65, 6=5E>> =4E<?G �554O-�N>5?O 7=4G=> 

5V?LL5 74?56<FL 6V4 >>=>D5F=>W ?4D4<5FD<74FVW (F>5F> 6V4 7=4G5=L Av).  

�=L<< <>6?<6<< D4>F>D><, O><= 6??<64T =4 >FV=5=V 7=4G5==O, T 4V4?47>= 

>>=F5=FD4FV=, 6 O>><G 74EF>E>6GTFLEO DV6=O==O (1), 45> =>7> D>7L<D5==O 7 

?>?D46>4<< 6<M>7> ?>DO4>G 4?O VÇ(m). � ?D<=F<?V, G<< 6<M<= 4V4?47>= 

>>=F5=FD4FV=, F<< EGFFT6VL<< T 6=5E>> ?>?D46>< 4DG7>7> ?>DO4>G. �E>V?L>< 6EV FV 

?4D4<5FD< >>D5?NNFL ?D< ?V45>DV, 6<M<= 4V4?47>= >>=F5=FD4FV= D>5<FL >FV=>G V2
0 

5V?LL F>G=>N (7 F>G>< 7>DG EF4=44DF=>W ?>E<5><), 4?5, <>6?<6>, 5V?LL 7<VM5=>N 

G5D57 ?>L<D5==O 4>44F>>6<E D4>F>DV6, M> 6<>>D<EF>6GNFLEO ?D< 4=4?V7V 44=<E. 

�4L ?V4EV4 7 7?>54?L=<< 4=4?V7>< >5'T<=<E 44=<E, 6<7=4G5=<E G 6G7L>><G 4V4?47>=V 

>>=F5=FD4FV= 10-3 3 10-2 <>?L/>7, >?F<<V7GT 4=4?V7 44=<E 7GEF<=< 7 <V=V<4?L=>N 

?>?D46>>N =4 674T<>4VN D>7G<=5=>W D5G>6<=< 7 D>7G<==<>>< F4 D>7G<=5=>W 

D5G>6<=< 7 D>7G<=5=>N D5G>6<=>N, M> =5 6<<474T 6EF4=>6?5==O 4>44F>>6>7> 

?4D4<5FD4. �4D5LFV, 74?D>?>=>64=<= ?V4EV4 4>76>?<6 >FD<<4F< =44V==G 

>644D4F<G=G 4?D>>E<<4FVN F5<?5D4FGD=>W 74?56=>EFV ?4DFV4?L=<E <>?OD=<E 

>5'T<V6 4>E?V46G64=<E L5EF< V>=V6.  

&5<?5D4FGD=V 74?56=>EFV ?4DFV4?L=<E <>?OD=<E >5'T<V6 4>E?V46G64=<E 

4=V>=V6 V >4FV>=V6 ?>>474=> =4 D<E. 4.17, 4 44=V 76545=> 6 F45?<FN 4.5. �46545=V 

7=4G5==O D>7D4E>64=> =4 >E=>6V 7?>54?L=>7> 4=4?V7G ?>=44 800 6<<VDN64=L 

7GEF<=<. �4=V 4?O H+ 67OF> 7 D>5>F< [175]. �4FV>=< ?>7=4G5=V E<=V< >>?L>D><, 4=V>=< 

3 G5D6>=<<; >4=>64?5=F=V F4 46>64?5=F=V V>=< ?D54EF46?5=V FD<>GF=<>4<< F4 

D><54<< 6V4?>6V4=>; EVDV >5?4EFV ?>7=4G4NFL 95% 4>6VDGV V=F5D64?< 4?O ?V4V7=4=<E 

>D<6<E; 44=V 4?O 6>4< (G>D=V >>?4) =46545=V 4?O 4>6V4><. 
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$<EG=>> 4.17 3 &5<?5D4FGD=4 74?56=VEFL D>7D4EG=>>6<E ?4DFV4?L=<E 

<>?OD=<E >5'T<V6 4=4?V7>64=<E V>=V6.  

 

�4?D>?>=>64=<= 4=4?V7 ?>>47GT, O> ?4DFV4?L=<= <>?OD=<= >5'T< 7<V=NTFLEO 

74?56=> 6V4 F5<?5D4FGD<. �4=5V?LL ?><VF=>N T F5=45=FVO, M> E?>EF5DV74TFLEO ?D< 

>644D4F<G=><G =45?<65==V 74?56=>EFV V2
0(T). �D<6V =4 D<E. 4.17 T >?G>?<<< 4?O 

6EVE >4FV>=V6 <5F4?V6, F>4V O> 4?O 4=V>=V6 E?>EF5DV74TFLEO ?D>F<?56=4 G6V7=GF4 

D>D<4. &4>4 D>75V6=VEFL <4T 6V4>5D464F< 6V4<V==>EFV 6 5=FD>?V==>-5=F4?L?V==><G 

54?4=EV E>?L64F4FVW V>=V6, =4 O><= 4>44F>>6> 6??<64T F5??>T<=VEFL E>?L64F4FV==>W 

ED5D<. $>7G<=5==O >5>E F<?V6 V>=V6 6V4DV7=OTFLEO 74 E6>W<< 5=F4?L?V==<<< [204] V 

�Cp [205] 6=5E>4<<, O>V ?>6<==V 6V4>5D464F< F5<?5D4FGD=G 74?56=VEFL 

5?5>FD>EF4F<G=<E 674T<>4V= <V6 D>7G<=5=>N D5G>6<=>N F4 D>7G<==<>><. %?V4 
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?V4>D5E?<F<, M> F4>>7> 5D5>FG ?>>< M> =5 6<O6?5=>. &V>46>, M> 4?O G<EF>W 6>4< V 

6<4<<V 64DV4FVW H+ =45474F> <5=LV, M> 6>47GT =4 F5, M> E>?L64F4FVO ?D>F>=V6 ?<L5 

=57=4G=>N <VD>N 6??<64T =4 6?4EF<6>EFV E>?L64F4FV==>W >5>?>=><, O>V =4744GNFL 

6?4EF<6>EFV >5'T<=>W 6>4<. 
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��%����� 

1. �64=F>6>-EV<VG=5 <>45?N64==O >?F<<4?L=>W ?D>EF>D>6>W EFDG>FGD< F4 

E?5>FDV6 �' ?>7?<=4==O <>=><5D4, 4<<5D4 F4 FD<<5D4 <5F4=>?G 6 DV7=<E 

E5D54>6<M4E (64>GG<, <5F4=>?, 4D7>=) ?>>474?>, M> 6??<6 >F>G5==O =4 EFDG>FGDG 

<>?5>G?< <5F4=>?G ?>?O74T G 75V?LL5==V 4>66<=< 769O7>V6 %-O F4 �-�, M> 

?D>O6?OTFLEO G E?5>FD4E �' ?>7?<=4==O G 6<7?O4V E<=L>7> 7<VM5==O 6V4?>6V4=<E 

E?5>FD4?L=<E E<G7 F4 7<5=L5=V 4>66<=< 769O7>V6 %-� 3 G5D6>=5 7<VM5==O. 

2. �7 75V?LL5==O< D>7<VDV6 >?4EF5D4 <5F4=>?G 65?<G<=4 7<VM5==O 

E?5>FD4?L=<E E<G7 ?V4 6??<6>< >F>G5==O 7<5=LGTFLEO, M> ?>69O74=> 7 6<M>N 

E<<5FDVTN FD<<5D4 6 ?>DV6=O==V 7 <>=><5D>< F4 4<<5D><. �F>G5==O 4D7>=>< 

E?45L5 6??<64T =4 EFDG>FGDG F4 >>?<64?L=V E?5>FD< >?4EF5DV6 <5F4=>?G, =V6 

>F>G5==O <5F4=>?><. 

3. �64=F>6>-EV<VG=V D>7D4EG=>< EFDG>FGD< F4 �' E?5>FDV6 ?9OF< DV7=<E 

>>=D>D<5DV6 ?D>?4=>?G 6 4D7>=V F4 64>GG<V ?>>474?<, M> 6??<6 4D7>=>6>7> 

>F>G5==O ?D>O6?OTFLEO G 6<7?O4V =565?<>>7> 7<VM5==O ?5D5646=>W 5V?LL>EFV 

E?5>FD4?L=<E E<G7 G 5V> =<6G<E G4EF>F 4?O GEVE >>=D>D<5DV6. 

4. �>=D>D<4FV==<= 4=4?V7 5>E?5D<<5=F4?L=> 74D5TEFD>64=<E E?5>FDV6 �'  

?>7?<=4==O ?D>?4=>?G 6 747>?>4V5=><G EF4=V F4 6 =<7L>>F5<?5D4FGD=V= 4D7>=>6V= 

<4FD<FV ?>>47GT, M> G 747>?>4V5=><G ?D>?4=>?V ?5D56464T >>=D>D<5D Gt, F>4V O> 6 

4D7>=>6V= <4FD<FV 74 D4EG=>> 6??<6G 4D7>=>6>7> >F>G5==O =4 EFDG>FGDG 

>>=D>D<5DV6 ?D>?4=>?G =4=5V?LL 5=5D75F<G=> 6<7V4=>N D>D<>N 6<O6?OTFLEO 

>>=D>D<5D Tg. 

5. ' 6>4=<E D>7G<=4E ��%� D>D<G64==O 75F5D>4E>FV4FV6 7 <>?5>G?4<< 6>4< 

?D<76>4<FL 4>  G5D6>=>7> 7EG6G E<G7< 64?5=F=<E >>?<64=L S=O V E<=L>7> 7EG6G 

E<G7< 64?5=F=<E >>?<64=L C3H G E?5>FD4E �$%. '5D6>=<= 7EG6 ?>OE=NTFLEO 

75V?LL5==O< 4>66<=< 769O7>G S=O 6=4E?V4>> GF6>D5==O >?4E<G=>7> 

<V6<>?5>G?OD=>7> 6>4=56>7> 769O7>G, 4 E<=V= 3 7<5=L5==O< 4>66<=< 769O7>G 
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6=4E?V4>> D>D<G64==O =5>?4E<G=>7> 6>4=56>7> 769O7>G F<?G C-H···O. �D< 

GF6>D5==V 4<<5DV6 V FD<<5DV6 ��%�, 4 F4>>6 <>?5>G?OD=<E >?4EF5DV6 ��%� + 6>44 

E?>EF5DV74TFLEO 7<V=4 D>7?>4V?G 74DO4V6 4F><V6, 6=4E?V4>> G>7> GF6>DNNFLEO 

=5>?4E<G=V 6>4=56V 769O7><. �D< FL><G 7=4G5==O E<?>6>W >>=EF4=F< 5V?LL5 4?O 

4F><V6 7 =<7L>>N 5?5>FD>=574F<6=VEFN. 

6. �>E?V465==O 6??<6G E>?5EF5D<=G =4 EFDG>FGDG <>45?L=>W ?V?V4=>W <5<5D4=< 

?>>474?>, M> <>?5>G?< E>?5EF5D<=G 744F=V 65G4>6G64F<EL <V6 <>?5>G?4<< 

D>ED>?V?V4V6, 6V44V?ONG< WE >4=4 6V4 >4=>W F4 ?>DGLGNG< 6?>DO4>>64=VEFL 

EFDG>FGD<.  � D57G?LF4FV G?4>>6>4 <5<5D4=< EF4T <5=L MV?L=>N, 6 =V= 6<=<>4NFL 

?>D>6=<=<, >G4< <>6GFL ?D>=<>4F< <>?5>G?< 6>4<, 5V?>V6 F4 V=LV. �V4?>6V4=V 7<V=< 

EFDG>FGD< <5<5D4=< ?D>O6?ONFLEO 6 E?5>FD4E �' ?>7?<=4==O G 6<7?O4V 7=<65==O 

V=F5=E<6=>EFV ?>7?<=4==O 7DG? $�2
- V ��, F4 7<VM5==O <4>E<<G<G E<G7< $�2

- 6 5V> 

6<M<E G4EF>F. 

7. �D<EGF=VEFL E>?5EF5D<=G F4 <5?4F>=V=G G 6<7?O4V 4><VL>> 6 <>45?L=V= 

?V?V4=V= <5<5D4=V <4T ?D>F<?56=<= 6??<6 =4 ?D>F5E< 674T<>4VW <5<5D4=< 7 S-

?D>F5W=>< SARS-CoV-2. �5?4F>=V= ?5D5L>>464T 674T<>4VW S-?D>F5W=G 7 

<5<5D4=>N, 4 74 =4O6=>EFV 6 E<EF5<V E>?5EF5D<=G 4>4464==O SARS-CoV-2 

?D<76>4<FL 4> 7<5=L5==O F>6M<=< 5VL4DG V 75V?LL5==O D>7<VDG 657<>G?<, M> 

E6V4G<FL ?D> 674T<>4VN S-?D>F5W=G 7 <5<5D4=>N. 

8. ,?OE>< E<EF5<=>7> 4=4?V7G 45EOF< D>7546?5=<E D>7G<=V6 5?5>FD>?VFV6 (m f 

10-3 <>?L/>7) 6<7=4G5=> E4<>G77>465=<= =45VD ?4DFV4?L=<E <>?OD=<E >5'T<V6 4?O 

=>=V6 Na+, K+, Mg2+, Cl-, Br- F4 SO4
2- ?D< F5<?5D4FGD4E 20 - 40° C. �?G>?V 

F5<?5D4FGD=V 74?56=>EFV 4?O >4FV>=V6 O>VE=> 6V4DV7=ONFLEO 6V4 G6V7=GF<E, M> 

E?>EF5DV74NFLEO 4?O 4=V>=V6. �?O >5'T<V6 F4>>W DV7=<FV =5 6<O6?5=>, ?D>F5 V=LV 

?4D4<5FD< E>?L64F4FVW V>=V6 (5=F4?L?VO F4 F5??>T<=VEFL) 6V4DV7=ONFLEO 4?O >5>E 

F<?V6 V>=V6.  

9. �<O6?5=> O>VE=G DV7=<FN 6 F5<?5D4FGD=V= 74?56=>EFV ?4DFV4?L=>7> 

<>?OD=>7> >5'T<G <V6 4=V>=4<< V >4FV>=4<<, M> <>65 557?>E5D54=L> 6V4>5D464F< 
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WE=V= DV7=<= 5?5>FD>EF4F<G=<= 6=5E>> G 674T<>4VN D>7G<==<>4 7 D>7G<=5=>N 

D5G>6<=>N. �4=<= 5D5>F 74DV>E>64=<= 6?5DL5. 
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&45?<FO �1 3 $>7D4E>64=V 75><5FD<G=V ?4D4<5FD<, 4<?>?L=V <><5=F< F4 

5=5D7VW >>=D>D<5DV6 ?D>?4=>?4 6 4D7>=>6><G E5D54>6<MV. 

�>=D>D<5D Tt Tg Gt Gg» Gg 

%³-C³, Å 1,517 1,523 1,519 1,525 1,525 

%³-C³, Å 1,528 1,528 1,528 1,528 1,527 

C-O, Å 1,427 1,425 1,428 1,427 1,427 

O-H, Å 0,961 0,962 0,961 0,961 0,962 

C-C-C, ° 112,57 112,62 113,52 113,72 113,51 

C³-O-H, ° 108,63 108,34 108,73 108,63 108,28 

�<?>?L=<= 

<><5=F, � 
1,50 1,71 1,54 1,68 1,67 

�=5D7VO �, 

E4DFDV -194,434665 -194,434862 -194,434676 -194,434635 -194,43487 

�=5D7VO �, 

>�6/<>?L 
-510585,431 -510585,947 -510585,458 -510585,351 -510585,969 

��, 

>�6/<>?L 
0,537899336 0,021147178 0,510223922 0,61766671 0 

 

&45?<FO �2 3 �GEF<=4, d (7/E<3), 6>4=<E 5?5>FD>?VF<G=<E D>7G<=V6 MgSO4 ?D< 

DV7=<E >>=F5=FD4FVOE, m (<>?L/>7), V F5<?5D4FGD4E, T (°C). 

m, 

<>?L/>7 

d, 7/E<3°C 

20°C 22,5°C 25°C 27,5°C 30°C 32,5°C 35°C 37,5°C 40°C 

0,01011 0,99946 0,99890 0,99829 0,99762 0,99688 0,99610 0,99526 0,99438 0,99345 

0,00674 0,99904 0,99849 0,99788 0,99720 0,99647 0,99569 0,99485 0,99397 0,99303 

0,00493 0,99882 0,99827 0,99766 0,99699 0,99626 0,99547 0,99463 0,99375 0,99282 

0,00328 0,99861 0,99806 0,99745 0,99678 0,99605 0,99527 0,99443 0,99355 0,99262 

0 0,99822 0,99767 0,99706 0,99639 0,99566 0,99488 0,99404 0,99316 0,99223 

0,01011 0,99946 0,99891 0,99830 0,99762 0,99689 0,99610 0,99526 0,99439 0,99345 

0,00674 0,99905 0,99850 0,99789 0,99721 0,99648 0,99570 0,99486 0,99398 0,99305 

0,00493 0,99883 0,99828 0,99766 0,99699 0,99626 0,99548 0,99464 0,99376 0,99283 
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0,00328 0,99862 0,99807 0,99746 0,99679 0,99606 0,99528 0,99444 0,99356 0,99263 

0 0,99819 0,99764 0,99703 0,99636 0,99564 0,99485 0,99402 0,99315 0,99221 

0,00998 0,99945 0,99891 0,99828 0,99761 0,99688 0,99609 0,99525 0,99438 0,99345 

0,00666 0,99903 0,99848 0,99787 0,99720 0,99647 0,99569 0,99485 0,99396 0,99301 

0,00499 0,99884 0,99829 0,99767 0,99700 0,99626 0,99548 0,99463 0,99377 0,99284 

0,00331 0,99862 0,99807 0,99745 0,99678 0,99605 0,99527 0,99444 0,99356 0,99263 

0 0,99821 0,99765 0,99667 0,99573 0,99477 0,99381 0,99268 0,99314 0,99220 

&45?<FO �3 3 �GEF<=4, d (7/E<3), 6>4=<E 5?5>FD>?VF<G=<E D>7G<=V6 KBr ?D< 

DV7=<E >>=F5=FD4FVOE, m (<>?L/>7), V F5<?5D4FGD4E, T (°C). 

m, 

<>?L/>7 

d, 7/E<3 

20°C 22,5°C 25°C 27,5°C 30°C 32,5°C 35°C 37,5°C 40°C 

0,01002 0,99905 0,99850 0,99789 0,99722 0,99649 0,99570 0,99486 0,99397 0,99304 

0,00668 0,99878 0,99823 0,99762 0,99694 0,99622 0,99543 0,99460 0,99371 0,99279 

0,00485 0,99863 0,99808 0,99747 0,99679 0,99607 0,99528 0,99445 0,99356 0,99263 

0,00333 0,99848 0,99794 0,99732 0,99665 0,99593 0,99514 0,99430 0,99342 0,99250 

0 0,99820 0,99766 0,99704 0,99637 0,99565 0,99486 0,99403 0,99314 0,99222 

0,01002 0,99905 0,99851 0,99790 0,99722 0,99649 0,99572 0,99487 0,99399 0,99305 

0,00668 0,99876 0,99821 0,99759 0,99692 0,99619 0,99541 0,99456 0,99369 0,99277 

0,00485 0,99863 0,99809 0,99748 0,99680 0,99607 0,99530 0,99445 0,99357 0,99264 

0,00333 0,99849 0,99794 0,99733 0,99666 0,99593 0,99515 0,99431 0,99343 0,99250 

0 0,99820 0,99766 0,99704 0,99637 0,99564 0,99487 0,99402 0,99315 0,99222 

0,01000 0,99906 0,99851 0,99790 0,99722 0,99650 0,99571 0,99487 0,99399 0,99306 

0,00674 0,99878 0,99823 0,99762 0,99695 0,99620 0,99544 0,99459 0,99372 0,99275 

0,00504 0,99864 0,99809 0,99748 0,99681 0,99608 0,99530 0,99444 0,99358 0,99265 

0,00331 0,99849 0,99794 0,99733 0,99666 0,99593 0,99515 0,99430 0,99342 0,99250 

0 0,99821 0,99765 0,99668 0,99574 0,99478 0,99382 0,99268 0,99314 0,99220 

&45?<FO �4 3 �GEF<=4, d (7/E<3), 6>4=<E 5?5>FD>?VF<G=<E D>7G<=V6 KCl ?D< 

DV7=<E >>=F5=FD4FVOE, m (<>?L/>7), V F5<?5D4FGD4E, T (°C). 

m, 

<>?L/>7 

d, 7/E<3 

20°C 22,5°C 25°C 27,5°C 30°C 32,5°C 35°C 37,5°C 40°C 

0,01006 0,99868 0,99812 0,99752 0,99685 0,99612 0,99534 0,99450 0,99361 0,99268 

0,00671 0,99854 0,99798 0,99738 0,99670 0,99597 0,99520 0,99436 0,99347 0,99255 

0,00502 0,99844 0,99789 0,99728 0,99661 0,99588 0,99511 0,99426 0,99338 0,99244 

0,00334 0,99837 0,99781 0,99721 0,99654 0,99581 0,99503 0,99419 0,99330 0,99238 

0 0,99821 0,99765 0,99705 0,99637 0,99565 0,99487 0,99402 0,99314 0,99221 

0,01006 0,99869 0,99813 0,99752 0,99685 0,99612 0,99534 0,99450 0,99362 0,99268 

0,00671 0,99852 0,99797 0,99735 0,99668 0,99596 0,99517 0,99434 0,99345 0,99253 

0,00502 0,99845 0,99790 0,99728 0,99661 0,99589 0,99511 0,99427 0,99339 0,99245 
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0,00334 0,99837 0,99782 0,99721 0,99654 0,99582 0,99503 0,99420 0,99331 0,99238 

0 0,99821 0,99766 0,99705 0,99637 0,99566 0,99487 0,99403 0,99315 0,99221 

0,00998 0,99868 0,99813 0,99751 0,99684 0,99612 0,99533 0,99448 0,99361 0,99270 

0,00665 0,99852 0,99798 0,99736 0,99669 0,99596 0,99518 0,99434 0,99347 0,99252 

0,00499 0,99837 0,99790 0,99728 0,99660 0,99589 0,99510 0,99427 0,99339 0,99245 

0,00330 0,99836 0,99782 0,99720 0,99653 0,99581 0,99502 0,99419 0,99331 0,99239 

0 0,99820 0,99765 0,99667 0,99573 0,99478 0,99381 0,99268 0,99314 0,99221 

&45?<FO �5 3 �GEF<=4, d (7/E<3), 6>4=<E 5?5>FD>?VF<G=<E D>7G<=V6 K2SO4 ?D< 

DV7=<E >>=F5=FD4FVOE, m (<>?L/>7), V F5<?5D4FGD4E, T (°C). 

m, 

<>?L/>7 

d, 7/E<3 

20°C 22,5°C 25°C 27,5°C 30°C 32,5°C 35°C 37,5°C 40°C 

0,01005 0,99962 0,99906 0,99846 0,99778 0,99704 0,99626 0,99542 0,99453 0,99361 

0,00670 0,99915 0,99860 0,99799 0,99732 0,99658 0,99580 0,99496 0,99408 0,99314 

0,00508 0,99892 0,99837 0,99776 0,99709 0,99635 0,99557 0,99474 0,99385 0,99293 

0,00338 0,99868 0,99813 0,99752 0,99685 0,99611 0,99534 0,99450 0,99362 0,99268 

0 0,99821 0,99766 0,99705 0,99638 0,99565 0,99487 0,99404 0,99315 0,99222 

0,01005 0,99962 0,99906 0,99845 0,99777 0,99704 0,99625 0,99542 0,99453 0,99360 

0,00670 0,99915 0,99860 0,99799 0,99731 0,99658 0,99580 0,99496 0,99407 0,99314 

0,00508 0,99893 0,99837 0,99776 0,99708 0,99635 0,99557 0,99473 0,99385 0,99292 

0,00338 0,99869 0,99814 0,99752 0,99685 0,99612 0,99534 0,99450 0,99361 0,99269 

0 0,99821 0,99766 0,99704 0,99637 0,99564 0,99486 0,99402 0,99314 0,99222 

0,00996 0,99961 0,99906 0,99844 0,99777 0,99704 0,99625 0,99541 0,99451 0,99357 

0,00664 0,99914 0,99859 0,99798 0,99730 0,99657 0,99578 0,99495 0,99405 0,99314 

0,00498 0,99891 0,99836 0,99775 0,99708 0,99635 0,99557 0,99473 0,99384 0,99292 

0,00330 0,99867 0,99813 0,99751 0,99684 0,99611 0,99533 0,99448 0,99360 0,99268 

0 0,99821 0,99766 0,99705 0,99638 0,99565 0,99487 0,99404 0,99316 0,99223 

&45?<FO �6 3 �GEF<=4, d (7/E<3), 6>4=<E 5?5>FD>?VF<G=<E D>7G<=V6 Na2SO4 ?D< 

DV7=<E >>=F5=FD4FVOE, m (<>?L/>7), V F5<?5D4FGD4E, T (°C). 

m, 

<>?L/>7 

d, 7/E<3 

20°C 22,5°C 25°C 27,5°C 30°C 32,5°C 35°C 37,5°C 40°C 

0,01006 0,99953 0,99898 0,99836 0,99768 0,99695 0,99616 0,99532 0,99444 0,99350 

0,00668 0,99910 0,99855 0,99793 0,99726 0,99652 0,99574 0,99490 0,99402 0,99308 

0,00510 0,99891 0,99836 0,99774 0,99707 0,99633 0,99555 0,99471 0,99383 0,99289 

0,00330 0,99864 0,99810 0,99748 0,99681 0,99608 0,99530 0,99446 0,99359 0,99265 

0 0,99821 0,99765 0,99704 0,99637 0,99564 0,99486 0,99403 0,99314 0,99222 

0,01006 0,99953 0,99898 0,99837 0,99769 0,99696 0,99617 0,99533 0,99444 0,99351 

0,00668 0,99910 0,99855 0,99794 0,99727 0,99653 0,99575 0,99491 0,99402 0,99309 

0,00510 0,99891 0,99836 0,99775 0,99708 0,99634 0,99556 0,99472 0,99383 0,99291 
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0,00330 0,99863 0,99808 0,99748 0,99680 0,99607 0,99529 0,99445 0,99356 0,99263 

0 0,99820 0,99765 0,99704 0,99637 0,99564 0,99486 0,99402 0,99314 0,99222 

0,00994 0,99950 0,99895 0,99832 0,99763 0,99688 0,99610 0,99527 0,99438 0,99341 

0,00663 0,99909 0,99854 0,99792 0,99725 0,99652 0,99573 0,99490 0,99400 0,99308 

0,00499 0,99887 0,99832 0,99770 0,99703 0,99630 0,99552 0,99468 0,99379 0,99287 

0,00329 0,99865 0,99810 0,99749 0,99682 0,99609 0,99531 0,99445 0,99358 0,99266 

0 0,99825 0,99770 0,99709 0,99642 0,99569 0,99491 0,99408 0,99320 0,99226 

&45?<FO �7 3 �GEF<=4, d (7/E<3), 6>4=<E 5?5>FD>?VF<G=<E D>7G<=V6 NaBr ?D< 

DV7=<E >>=F5=FD4FVOE, m (<>?L/>7), V F5<?5D4FGD4E, T (°C). 

m, 

<>?L/>7 

d, 7/E<3 

20°C 22,5°C 25°C 27,5°C 30°C 32,5°C 35°C 37,5°C 40°C 

0,01007 0,99902 0,99847 0,99785 0,99718 0,99645 0,99566 0,99483 0,99394 0,99301 

0,00673 0,99875 0,99820 0,99759 0,99691 0,99618 0,99540 0,99456 0,99368 0,99275 

0,00501 0,99861 0,99806 0,99745 0,99677 0,99604 0,99526 0,99442 0,99354 0,99260 

0,00333 0,99848 0,99793 0,99731 0,99664 0,99591 0,99513 0,99429 0,99341 0,99248 

0 0,99820 0,99765 0,99704 0,99637 0,99564 0,99486 0,99402 0,99314 0,99220 

0,01007 0,99900 0,99845 0,99783 0,99716 0,99643 0,99565 0,99480 0,99393 0,99298 

0,00673 0,99874 0,99819 0,99757 0,99690 0,99617 0,99539 0,99455 0,99367 0,99274 

0,00501 0,99862 0,99807 0,99746 0,99678 0,99605 0,99528 0,99443 0,99355 0,99262 

0,00333 0,99849 0,99794 0,99732 0,99665 0,99592 0,99515 0,99430 0,99342 0,99249 

0 0,99821 0,99766 0,99704 0,99637 0,99564 0,99487 0,99402 0,99315 0,99222 

0,01002 0,99900 0,99845 0,99783 0,99716 0,99643 0,99565 0,99481 0,99393 0,99299 

0,00669 0,99873 0,99819 0,99757 0,99690 0,99617 0,99539 0,99455 0,99367 0,99274 

0,00501 0,99860 0,99805 0,99744 0,99677 0,99604 0,99525 0,99441 0,99353 0,99262 

0,00332 0,99847 0,99792 0,99731 0,99664 0,99590 0,99512 0,99428 0,99341 0,99249 

0 0,99821 0,99766 0,99705 0,99638 0,99565 0,99487 0,99404 0,99317 0,99224 

&45?<FO �8 3 �GEF<=4, d (7/E<3), 6>4=<E 5?5>FD>?VF<G=<E D>7G<=V6 NaCl ?D< 

DV7=<E >>=F5=FD4FVOE, m (<>?L/>7), V F5<?5D4FGD4E, T (°C). 

m, 

<>?L/>7 

d, 7/E<3 

20°C 22,5°C 25°C 27,5°C 30°C 32,5°C 35°C 37,5°C 40°C 

0,00992 0,99863 0,99807 0,99746 0,99678 0,99606 0,99528 0,99443 0,99355 0,99263 

0,00662 0,99849 0,99793 0,99732 0,99665 0,99593 0,99515 0,99430 0,99343 0,99249 

0,00497 0,99842 0,99787 0,99725 0,99658 0,99586 0,99508 0,99423 0,99335 0,99242 

0,00330 0,99835 0,99780 0,99718 0,99651 0,99579 0,99501 0,99417 0,99327 0,99235 

0 0,99822 0,99766 0,99705 0,99638 0,99566 0,99486 0,99403 0,99316 0,99223 

0,00992 0,99863 0,99809 0,99748 0,99680 0,99608 0,99530 0,99446 0,99356 0,99263 

0,00662 0,99847 0,99793 0,99732 0,99665 0,99593 0,99514 0,99430 0,99341 0,99248 

0,00497 0,99842 0,99787 0,99725 0,99657 0,99585 0,99507 0,99423 0,99335 0,99244 
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0,00330 0,99835 0,99780 0,99718 0,99651 0,99578 0,99500 0,99417 0,99329 0,99237 

0 0,99820 0,99766 0,99705 0,99638 0,99566 0,99487 0,99404 0,99314 0,99222 

0,00990 0,99863 0,99807 0,99747 0,99679 0,99606 0,99528 0,99444 0,99356 0,99263 

0,00661 0,99851 0,99793 0,99729 0,99611 0,99510 0,99413 0,99309 0,99201 0,99075 

0,00494 0,99842 0,99786 0,99726 0,99658 0,99585 0,99507 0,99423 0,99334 0,99242 

0,00328 0,99835 0,99780 0,99719 0,99651 0,99579 0,99501 0,99417 0,99330 0,99234 

0 0,99821 0,99765 0,99705 0,99637 0,99565 0,99488 0,99403 0,99316 0,99225 

&45?<FO �9 3 �GEF<=4, d (7/E<3), 6>4=<E 5?5>FD>?VF<G=<E D>7G<=V6 MgBr2 ?D< 

DV7=<E >>=F5=FD4FVOE, m (<>?L/>7), V F5<?5D4FGD4E, T (°C). 

m, 

<>?L/>7 

d, 7/E<3 

20°C 22,5°C 25°C 27,5°C 30°C 32,5°C 35°C 37,5°C 40°C 

0,01005 0,99974 0,99919 0,99857 0,99790 0,99717 0,99639 0,99554 0,99466 0,99373 

0,00671 0,99923 0,99868 0,99807 0,99739 0,99667 0,99588 0,99504 0,99415 0,99322 

0,00505 0,99895 0,99841 0,99779 0,99712 0,99639 0,99561 0,99476 0,99388 0,99295 

0,00338 0,99872 0,99817 0,99756 0,99688 0,99616 0,99537 0,99453 0,99365 0,99272 

0 0,99826 0,99771 0,99710 0,99643 0,99570 0,99492 0,99407 0,99319 0,99226 

0,01005 0,99973 0,99918 0,99856 0,99788 0,99715 0,99638 0,99553 0,99465 0,99372 

0,00671 0,99924 0,99868 0,99807 0,99739 0,99666 0,99588 0,99504 0,99415 0,99322 

0,00505 0,99897 0,99841 0,99780 0,99713 0,99640 0,99562 0,99478 0,99389 0,99296 

0,00338 0,99873 0,99818 0,99757 0,99690 0,99617 0,99539 0,99455 0,99366 0,99273 

0 0,99823 0,99768 0,99707 0,99640 0,99568 0,99490 0,99406 0,99318 0,99224 

0,00978 0,99970 0,99914 0,99852 0,99785 0,99712 0,99633 0,99550 0,99459 0,99367 

0,00651 0,99920 0,99864 0,99803 0,99736 0,99663 0,99585 0,99500 0,99412 0,99320 

0,00489 0,99895 0,99840 0,99779 0,99711 0,99638 0,99560 0,99477 0,99388 0,99296 

0,00324 0,99871 0,99815 0,99753 0,99687 0,99613 0,99536 0,99452 0,99363 0,99271 

0 0,99822 0,99766 0,99705 0,99638 0,99565 0,99488 0,99404 0,99316 0,99224 

&45?<FO �10 3 �GEF<=4, d (7/E<3), 6>4=<E 5?5>FD>?VF<G=<E D>7G<=V6 MgCl2 ?D< 

DV7=<E >>=F5=FD4FVOE, m (<>?L/>7), V F5<?5D4FGD4E, T (°C). 

m, 

<>?L/>7 

d, 7/E<3 

20°C 22,5°C 25°C 27,5°C 30°C 32,5°C 35°C 37,5°C 40°C 

0,01000 0,99897 0,99843 0,99781 0,99714 0,99641 0,99563 0,99480 0,99391 0,99297 

0,00672 0,99871 0,99816 0,99755 0,99688 0,99615 0,99537 0,99453 0,99365 0,99272 

0,00502 0,99860 0,99805 0,99744 0,99677 0,99604 0,99525 0,99442 0,99354 0,99261 

0,00332 0,99846 0,99792 0,99730 0,99663 0,99591 0,99512 0,99429 0,99340 0,99246 

0 0,99821 0,99766 0,99705 0,99638 0,99565 0,99487 0,99403 0,99315 0,99222 

0,01004 0,99896 0,99842 0,99780 0,99713 0,99640 0,99563 0,99479 0,99392 0,99298 

0,00668 0,99872 0,99817 0,99756 0,99688 0,99616 0,99538 0,99454 0,99367 0,99272 

0,00501 0,99859 0,99805 0,99743 0,99676 0,99604 0,99527 0,99442 0,99355 0,99261 
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0,00335 0,99847 0,99792 0,99731 0,99663 0,99591 0,99514 0,99429 0,99342 0,99248 

0 0,99820 0,99765 0,99704 0,99637 0,99564 0,99487 0,99402 0,99315 0,99221 

0,00999 0,99900 0,99844 0,99784 0,99717 0,99644 0,99564 0,99481 0,99393 0,99302 

0,00667 0,99873 0,99817 0,99757 0,99689 0,99617 0,99535 0,99368 0,99365 0,99272 

0,00499 0,99861 0,99805 0,99745 0,99678 0,99605 0,99526 0,99442 0,99354 0,99259 

0,00332 0,99847 0,99792 0,99731 0,99663 0,99592 0,99513 0,99430 0,99342 0,99247 

0 0,99821 0,99765 0,99705 0,99638 0,99565 0,99487 0,99403 0,99315 0,99224 

&45?<FO �11 3 �GEF<=4, d (7/E<3), 6>4=<E D>7G<=V6 HCl ?D< DV7=<E 

>>=F5=FD4FVOE, m (<>?L/>7), V F5<?5D4FGD4E, T (°C). 

m, 

<>?L/>7 

d, 7/E<3 

20°C 22,5°C 25°C 27,5°C 30°C 32,5°C 35°C 37,5°C 40°C 

0,01005 0,99840 0,99785 0,99724 0,99656 0,99584 0,99506 0,99422 0,99334 0,99241 

0,00670 0,99833 0,99778 0,99717 0,99650 0,99577 0,99500 0,99416 0,99328 0,99235 

0,00504 0,99830 0,99775 0,99714 0,99647 0,99575 0,99496 0,99413 0,99325 0,99231 

0,00336 0,99827 0,99772 0,99711 0,99643 0,99569 - 0,99409 0,99321 0,99228 

0 0,99820 0,99766 0,99705 0,99638 0,99566 0,99487 0,99403 0,99315 0,99222 

0,01003 0,99840 0,99785 0,99724 0,99656 0,99584 0,99507 0,99422 0,99334 0,99241 

0,00670 0,99833 0,99779 0,99717 0,99650 0,99577 0,99499 0,99416 0,99328 0,99235 

0,00501 0,99830 0,99776 0,99714 0,99647 0,99574 0,99496 0,99413 0,99325 0,99232 

0,00334 0,99826 0,99772 0,99709 0,99575 0,99571 0,99494 0,99409 0,99317 0,99226 

0 0,99820 0,99766 0,99704 0,99637 0,99564 0,99486 0,99403 0,99315 0,99222 

0,00998 0,99840 0,99785 0,99724 0,99656 0,99582 0,99506 0,99421 0,99334 0,99241 

0,00665 0,99833 0,99778 0,99718 0,99650 0,99578 0,99499 0,99415 0,99328 0,99235 

0,00497 0,99829 0,99775 0,99714 0,99646 0,99574 0,99496 0,99411 0,99324 0,99231 

0,00331 0,99826 0,99772 0,99711 0,99643 0,99571 0,99493 0,99408 0,99321 0,99228 

0 0,99821 0,99766 0,99706 0,99638 0,99566 0,99486 0,99403 0,99316 0,99223 
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/ E>GG 6<E?>6<F< E6>N ?>4O>G GEV< ?N4O<, O>V E?D<O?< D54?V74FVW <>TW 

4<E5DF4FV==>W D>5>F<. �>T<G =4G>>6><G >5DV6=<>G 4>>F>DG DV7<>>-<4F5<4F<G=<E 

=4G>, EF4DL><G 4>E?V4=<>G �>D>L5=>> �D<=V .DVW6=V 74 WW >5DV6=<FF6>, <G4DV 

?>D44< F4 ?>EFV==G ?V4FD<<>G 6?D>4>66 6EVE D>>V6 =46G4==O. / FV=GN <>6?<6VEFL, 

O>G 6>=4 =444?4 <5=V 4?O E4<>EFV==>7> 4>E?V465==O <>WE =4G>>6<E V=F5D5EV6 F4 

5>E?5D<<5=FV6 7 =>6<<< V45O<<. ' <5=5 5G?4 <>6?<6VEFL =4?47>46G64F< 76'O7>< 7 

<>?>4<<< 4>E?V4=<>4<< �6D>?<, 6G<F<EO E4<>EFV==>, ?><<?OF<EO V D>76<64F<EO O> 

=4G>>65FL. 

�>O D>5>F4 5G?4 5 =5<>6?<6>N 557 DV=4=E>6>W F4 <4F5DV4?L=>W ?V4FD<<>< 7 

DV7=<E 465D5?, F4><E O> �<W6EL><= =4FV>=4?L=<= G=V65DE<F5F V<5=V &4D4E4 

,56G5=>4, �=EF<FGF 5V>EV<VW F4 5V>DV7<>< �>?LEL>4 4>445<VO =4G> F4 V=LV. 

�G65 64OG=4 ?D>D5E>DG /D>E?46G �>7=4=EL>><G F4 G?5=4< ?45>D4F>DVW 

<>?5>G?OD=<E >E=>6 5V>?>7VG=>W 4>F<6=>EFV �4DVW �V=T6EL>V=-,4T6EL>V=, 

%?46><VDG �4E?5D>6<GG F4 �==V %F5D4=N>, =4 O><E O <>7?4 DV6=OF<EO V 6G<F<EO. 

�D4FN64F< D47>< 7 64<< 5G?> GG4>6<< 4>E6V4><.  

�<E?>6?NN ?>4O>G D5F5=75=F4< �4G<5=>> �=F>=V=V �D>>>?V6=V F4 �474D5=>> 

�4>E<<G �<E4=?>6<GG, 4 F4>>6 6<>?444G4< F4 =4G>>6<< E?V6D>5VF=<>4<, 7>>D5<4 

>4D54DV 5>E?5D<<5=F4?L=>W DV7<>< F4 �4L<4>>6V= �4F4?VW �>?>4<<<DV6=V, 

DV7<G=>7> D4>G?LF5FG �<W6EL>>7> =4FV>=4?L=>7> G=V65DE<F5FG V<5=V &4D4E4 

,56G5=>4 74 74>5GFV 7=4==O V 4>E6V4.  

�G65 64OG=4 <>W< DV4=<< F4 4DG7O< 74 WE=N ?>EFV==G ?V4FD<<>G F4 D>7G<V==O.  

�>W= <4<V �V4=V F4 54FL>>6V �<>>?V, O>V 7<4?5G>G =4?D46?O?< <5=5 =4 F5= L?OE G 

=4G>G F4 4>?><474?< 6 GEVE 4E?5>F4E <>7> 6<FFO. �>T<G 5D4F>6V �?44<E?46G, O><= 

74664< 6<DGG46 <5=5, 45 5 O =5 5G?4. �>W< 4DG7O< G �4DL46V �=V, �4<V?N F4 WE=V< 

4VF>4<, O>V 4?O <5=5 EF4?< DV4=<<< F4 74664< 5G?< ?>DGG, D>74V?ONG< O> 67?5F<, F4> 

V ?44V==O. / 7=4N, M> <>6G =4 64E D>7D4E>6G64F< V F5 44T <5=V E<V?<6VEFL <DVOF< F4 

D<7<>G64F<. 


