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Abstract 
Holovko O.O. <Mechanisms of complexation of antioxidant drugs with 

transport proteins.= - Qualifying scientific work on the rights of the manuscript. 

Thesis for the degree of Philosophy Doctor in the field of natural sciences 

in a specialty 104 3 Physics and astronomy. 3 Taras Shevchenko National 

University of Kyiv. Kyiv, 2025. 

Fluorescence quenching of physiological BSA-CeO¢ solutions was 

studied, confirming the static nature of the complex formation with a high 

binding constant. The average distance between tryptophan and nanoparticles 

was determined, which agrees with the molecular modeling calculations. 

Thermodynamic calculations showed that the formation of BSA-CeO¢ 

complexes is primarily driven by van der Waals interactions and hydrogen 

bonds. 

For HSA-curcumin and HSA-quercetin complexes, it was found that 

curcumin forms complexes where hydrogen bonds play a dominant role. A 

similar trend is observed in BSA-curcumin and BSA-quercetin solutions, where 

hydrophobic interactions predominate for curcumin, while hydrogen bonds are 

crucial for :25@F5B8=rcetin. Molecular dynamics simulations allowed the 

identification of key amino acid residues involved in the complexes: Leu-115, 

Pro-117, Leu-122, and Phe-133 for BSA-curcumin, and Asp-108 and His-145 

(Ã-Ã stacking) for BSA-quercetin. 

The obtained results provide a better understanding of the mechanisms of 

complex formation between proteins, nanoparticles, and bioactive compounds, 

which is promising for biomedical applications. 

The aim of the study is to investigate the spectra of optical density and 
fluorescence quenching, changes in thermodynamic parameters and energy 

transfer mechanism for solutions of bovine and human serum albumin with 

curcumin and quercetin, as well as cerium dioxide nanoparticles with bovine 

serum albumin.  
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The aim of this work is to study the mechanisms of complex formation in 
BSA and HSA solutions with pharmaceutical compounds, namely quercetin, 

curcumin, and antioxidant CeO¢ nanoparticles, with the determination of 

interaction parameters in the complexes and the identification of 

heteroassociation mechanisms. 

The object of the study is the complexes of BSA and HSA with 
pharmaceutical compounds quercetin, curcumin, and antioxidant CeO¢ 

nanoparticles. 

The subject of the study is the investigation of the complex formation 
processes between BSA and HSA with pharmaceutical compounds quercetin, 

curcumin, and CeO¢ nanoparticles, determination of interaction parameters, 

binding parameters, and the mechanisms of heteroassociation formation. 

In the work, it is shown for the first time that: 
- The use of small CeO¢ nanoparticle sizes in BSA solutions 

leads to significant binding constant values and the number of binding 

sites nj2. 

- for the first time, it is shown that there are differences in the 
parameters of heteroassociation between the proteins BSA and HSA 

with antioxidant pharmaceutical compounds quercetin and curcumin, 

which are due to the different structures of the proteins and 

pharmaceutical compounds. 

- for the first time, using Förster's theory, it is obtained that 
the mechanism of resonance non-radiative energy transfer is 

significantly greater in the BSA-curcumin system due to the 

considerable hydrophobic interaction. 

- for the first time, differences between the interaction 
mechanisms of BSA and HSA proteins with curcumin and quercetin 

are shown, indicating the dominant hydrophobic contribution in BSA-

based systems. 
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- for the first time, molecular dynamics modeling shows that 
during complex formation in the HSA-curcumin system, the 

rearrangement of the secondary structure plays an important role. 

Key words: :  BSA, HSA, quercetin, curcumin, CeO2 nanoparticles, 
fluorescence quenching, binding parameters, complexes, thermodynamic 

parameters.  
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:>=F5=B@0FVO<8; 

- 28<V@N20==O A?5:B@V2 >?B8G=>3> ?>3;8=0==O 4;O 
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"��/� ��&�$�&'$� 

1.1. �C4>20 B0 2;0AB82>ABV �%� 

%8@>20B:>2V 0;ь1C<V=8, O:V <VABOBьAO 2 ?;07<V :@>2V, G0AB> 

=07820NBь B@0=A?>@B=8<8 1V;:0<8 G5@57 WE 740B=VABь ?5@5=>A8B8 25;8:C 

:V;ь:VABь 5:7>35==8E V 5=4>35==8E A?>;C: ?V4 G0A F8@:C;OFVW 2 >@30=V7<V. 

!09:@0I5 4>A;V465=8<8 7 =8E є 18G0G89 A8@>20B:>289 0;ь1C<V= (�%�) B0 

;N4Aь:89 A8@>20B:>289 0;ь1C<V= (�%�). *V 1V;:8 2V47=0G0NBьAO 28A>:>N 

:>=D>@<0FV9=>N 3=CG:VABN, I> 4>72>;Oє W< 5D5:B82=> 729O7C20B8 

@V7=><0=VB=V ;V30=48 (1). 

�;ь1C<V= є >A=>2=8< 1V;:>< ?;07<8 :@>2V O: C ;N459, B0: V C B20@8=. 

�V= 2V4V3@0є :;NG>2C @>;ь C ?V4B@8<FV >A<>B8G=>3> B8A:C :@>2V B0 

D>@<C20==V ABV9:8E :><?;5:AV2 V7 @V7=><0=VB=8<8 @5G>28=0<8, 

2:;NG0NG8 68@=V :8A;>B8, 3>@<>=8, 0<V=>:8A;>B8, 6>2G=V :8A;>B8, 

<5B0;8, ;V:0@Aь:V 70A>18, ?@8@>4=V A?>;C:8 B0 :A5=>1V>B8:8(2). *5 ACBBє2> 

2?;820є =0 @>7?>4V;, 282545==O F8E <>;5:C; V WE D0@<0:>:V=5B8G=V 

E0@0:B5@8AB8:8 (3). 

 >;5:C;0 �%� A:;040єBьAO 7 583 0<V=>:8A;>B, I> D>@<CNBь є48=89 

?>;V?5?B84=89 ;0=FN3. � WW A:;04V =0O2=V 17 F8AB8=>28E 70;8H:V2, O:V 

CB2>@NNBь 2VAV< 48AC;ьDV4=8E 729O7:V2 B0 >4=C 2V;ь=C BV>;>2C 3@C?C. 

 >;5:C;O@=0 <0A0 �%� AB0=>28Bь 66 400 �0 (4). 

%B@C:BC@0 18G0G>3> A8@>20B:>2>3> 0;ь1C<V=C (�%�) 2:;NG0є 9 

?5B5;ь, O:V >@30=V7>20=V 2 B@8?;5B=V9 <0=5@V, D>@<CNG8 B@8 3><>;>3VG=V 

4><5=8. �>65= 4><5= A:;040єBьAO 7 B@ь>E ?5B5;ь, I> 70157?5GCє 

AB01V;ь=VABь 1V;:0 B0 9>3> DC=:FV>=0;ь=V 2;0AB82>ABV. ' A:;04V �%� є 420 

70;8H:8 B@8?B>D0=C (Trp 134 V Trp 213), 0 B0:>6 70;8H:8 B8@>78=C (Tyr) V 

D5=V;0;0=V=C (Phe). Trp 134 @>7B0H>20=89 =0 ?>25@E=V AC14><5=0 IB V є 
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1V;ьH GCB;828< 4> 7>2=VH=VE 2?;82V2, B>4V O: Trp 213 7=0E>48BьAO 2 

3V4@>D>1=V9 ?>@>6=8=V AC14><5=0 IIA, I> @>18Bь 9>3> 1V;ьH AB01V;ь=8< 

(@8A. 1.1) (5). 

   

$8A. 1.1. �@8AB0;>3@0DVG=0 AB@C:BC@0 �%� (6). 

 

�20 B@8?B>D0=>2V 70;8H:8 2 <>;5:C;V �%� 4>72>;ONBь 282G0B8 F59 

1V;>: 70 4>?><>3>N D;C>@5AF5=B=>3> 0=0;V7C (@8A.1.2), 7>:@5<0 H;OE>< 

4>A;V465==O 9>3> 2;0A=>W D;C>@5AF5=FVW (7). 

 !0 @8A.1.3. ?>:070=V A?5:B@8 ?>3;8=0==O C;ьB@0DV>;5B>2>3> ('() 

28?@><V=N20==O @>7G8=C �%� 70 @V7=8E C<>2: C 2V4ACB=>ABV (032) B0 C 

?@8ACB=>ABV =0=>G0AB8=>: (!+) 7>;>B0 (335) ?@8 @! 2, 6 B0 9 2V4?>2V4=>. �;O 

?>@V2=O==O B0:>6 =02545=> 5B0;>==89 A?5:B@ (є) !+ 7>;>B0 2 @>7G8=V. $>7G8= 

�%� <0є E0@0:B5@=C A<C3C ?>3;8=0==O 2 '(-4V0?07>=V 1;87ь:> 278 =<, O:0 

7C<>2;5=0 5;5:B@>==8<8 ?5@5E>40<8 0@><0B8G=8E 0<V=>:8A;>B. *O A<C30 
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7<V=NєBьAO 2 70;56=>ABV 2V4 @V2=O @!, I> A2V4G8Bь ?@> GCB;82VABь 1V;:0 4> 

7<V= C =02:>;8H=ь><C A5@54>28IV (8). 

 

$8A.1.2. %?5:B@8 D;C>@5AF5=FVW 18G0G>3> A8@>20B:>2>3> 0;ь1C<V=C  C 

1CD5@=><C @>7G8=V PBS 3 pH 7,4 V T = 298 K, �75 = 280 =< (9). 

 

$8A. 1.3. %?5:B@8 ?>3;8=0==O @>7G8=C �%� 157 =0=>G0AB8=>: 7>;>B0 

(A?5:B@8 0-2) B0 7 ?@8ACB=VABN !+ 7>;>B0 (A?5:B@8 3-5) ?@8 @! 2, 6 B0 9 

2V4?>2V4=>; A?5:B@ (є) ?@54AB02;Oє A>1>N A?5:B@ ?>3;8=0==O 3>B>28E !+ 

7>;>B0 2 @>7G8=V. !0 2AB02FV 7>1@065=> @5?@575=B0B82=5 7>1@065==O &�  

1V>:>=9N30BC �%�-!+ 7>;>B0 ?@8 @!=6 (8). 
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"?B8G=5 ?>3;8=0==O �%� (@8A.1.4) 2 >A=>2=><C 7C<>2;5=5 =0O2=VABN 

?5?B84=8E 72'O7:V2, O:V CB2>@NNBь AB@C:BC@C 1V;:0. *V 72'O7:8 <0NBь 28@065=C 

A<C3C ?>3;8=0==O 2 C;ьB@0DV>;5B>2><C 4V0?07>=V, I> 7=0E>48BьAO <V6 1903

280 =<. *N A<C3C =07820NBь "A<C3>N ?>3;8=0==O ?5?B84=>3> 72'O7:C". 

 

$8A. 1.4. %?5:B@ ?>3;8=0==O 18G0G>3> A8@>20B:>2>3> 0;ь1C<V=C, pH = 7,2 (10) 

 

%?5:B@ D;C>@5AF5=B=>3> 28?@><V=N20==O �%� (@8A.1.5) 70728G09 

<0є ?V: ?@81;87=> ?@8 3403350 =<, I> 7C<>2;5=> 70;8H:0<8 B@8?B>D0=C. 

І=B5=A82=VABь Fь>3> 28?@><V=N20==O 70;568Bь 2V4 @V7=8E G8==8:V2, B0:8E 

O: @V25=ь pH, B5<?5@0BC@0 B0 ?@8ACB=VABь V=H8E <>;5:C;(11,12), 740B=8E 

270є<>4VOB8 7 �%�. 

"4=8< V7 >A=>2=8E 7>2=VH=VE D0:B>@V2, I> 2?;820є =0 :>=D>@<0FVN 

�%� 2 @>7G8=V, є @V25=ь pH. �V= 287=0G0є 70@O4 DC=:FV>=0;ь=8E 3@C? 1V;:0 

V <>65 A?@8G8=OB8 72'O7C20==O =0=>G0AB8=>: C @>7G8=V. �0@O4 <>;5:C;8 

�%� 70;568Bь 2V4 pH @>7G8=C: 2V= є ?>78B82=8< ?@8 pH < pI, =59B@0;ь=8< 

?@8 pH = pI, V =530B82=8< ?@8 pH > pI, 45 pI 4 V7>5;5:B@8G=0 B>G:0 1V;:0 

(4;O �%� 2>=0 AB0=>28Bь 4,7) (13). 
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$8A. 1.5. %?5:B@ D;C>@5AF5=FVW �%� ?@8 @!2(a),@!5(1), pH 6(2), pH 7(3) (13). 

(;C>@5AF5=B=V 2;0AB82>ABV �%� <>6=0 4>A;V46C20B8 70 4>?><>3>N 

D;C>@5AF5=B=>W A?5:B@>A:>?VW (14). *59 <5B>4 4>72>;Oє >B@8<0B8 206;82C 

V=D>@<0FVN ?@> AB@C:BC@C V DC=:FVW 1V;:0, 0 B0:>6 є :>@8A=8< 4;O 0=0;V7C 

1V;:>28E 270є<>4V9, 72'O7C20==O ;V30=4V2 B0 4>A;V465==O V=H8E 1V>;>3VG=8E 

?@>F5AV2 (9,15). 

1.2. �C4>20 B0 2;0AB82>ABV �%� 

%8@>20B:>289 0;ь1C<V= ;N48=8 (�%�) є =09?>H8@5=VH8< 1V;:>< 

:@>2V, AB0=>2;OG8 1;87ь:> 60% 7030;ь=>W :V;ь:>ABV 1V;:0 7 :>=F5=B@0FVєN 

0,6 < . �V= <0є =530B82=89 70@O4 (-19) ?@8 pH 7,4 B0 V7>5;5:B@8G=C B>G:C 

=0 @V2=V 5,4. �%� A:;040єBьAO 7 585 0<V=>:8A;>B V B@ь>E AB@C:BC@=> 

?>4V1=8E, 3><>;>3VG=8E α-A?V@0;ь=8E 4><5=V2 (I, II, III), :>65= 7 O:8E <0є 

45AOBь A?V@0;59, @>74V;5=8E =0 6-A?V@0;ь=V B0 4-A?V@0;ь=V AC14><5=8 (A V 

B). *59 1V;>: 2V4V3@0є 206;82C @>;ь C 72'O7C20==V >@30=VG=8E V 

=5>@30=VG=8E <>;5:C;, 2:;NG0NG8 3V4@>D>1=V B0 0=V>==V @5G>28=8, O: 

:>20;5=B=>, B0: V =5:>20;5=B=> (16). 
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%8@>20B:>289 0;ь1C<V= ;N48=8 2V4V3@0є :;NG>2C @>;ь 2 >@30=V7<V, 

?V4B@8<CNG8 75-80% >A<>B8G=>3> B8A:C B0 70157?5GCNG8 ?@028;ь=89 @! 

:@>2V. �V= 740B=89 72'O7C20B8 B0 B@0=A?>@BC20B8 1030B> 5:7>- B0 5=4>35==8E 

@5G>28=, B0:8E O: ;V:8, 68@=V :8A;>B8, 2VB0<V=8, <5B01>;VB8, 10@2=8:8, 

3>@<>=8, 0<V=>:8A;>B8 B0 V>=8 <5B0;V2. �D5:B82=VABь ;V:0@Aь:>3> 70A>1C 

70;568Bь 2V4 9>3> 740B=>ABV 72'O7C20B8AO 7 1V;:><, V =0 F59 ?@>F5A 

2?;820NBь @V7=V D0:B>@8, 7>:@5<0 @! A8@>20B:8 :@>2V, B5<?5@0BC@0, 

DV78:>-EV<VG=V 2;0AB82>ABV ;V30=4C, 9>3> 0DV==VABь 4> A09BV2 72'O7C20==O, 

:>=F5=B@0FVO 1V;:0 B0 =0O2=VABь V=H8E 5:7>- B0 5=4>35==8E @5G>28= (17). 

�%� E0@0:B5@87CєBьAO A2>єN 28=OB:>2>N 740B=VABN 72'O7C20B8 

H8@>:89 A?5:B@ 3V4@>D>1=8E <>;5:C;O@=8E ;V30=4V2, B0:8E O: 68@=V 

:8A;>B8, 1V;V@C1V=, B8@>:A8=, 6>2G=V :8A;>B8 B0 AB5@>W48. �V= 28:>=Cє 

DC=:FVN AB01V;V70B>@0 V B@0=A?>@B5@0 4;O F8E A?>;C:, 0 B0:>6 <>65 

70157?5GC20B8 206;82C 1CD5@=VABь 2V;ь=>W :>=F5=B@0FVW. �%� B0:>6 

740B=89 72'O7C20B8 H8@>:89 A?5:B@ ;V:0@Aь:8E 70A>1V2 C 42>E >A=>2=8E 

<VAFOE, O:V G0AB:>2> ?5@5:@820NBьAO 7 <VAFO<8 72'O7C20==O 5=4>35==8E 

;V30=4V2 (18) 

�@V< B>3>, �%� є 206;828< 1V><0@:5@>< 4;O 1030Bь>E 70E2>@N20=ь, 

B0:8E O: @0:, 70E2>@N20==O ?5GV=:8 (=0?@8:;04, F8@>7 01> 35?0B8B), 

@52<0B>W4=89 0@B@8B, 4V015B, 3V?5@B>=VO, 70E2>@N20==O =8@>: B0 A5@F52>-

AC48==V 70E2>@N20==O. �>:@5<0, =87ь:0 :>=F5=B@0FVO �%� 2 A8@>20BFV 

:@>2V B0 28A>:V @V2=V �%� 2 A5GV <>6CBь 2:07C20B8 =0 420 206;828E 

?0B>;>3VG=8E AB0=8: 0;ь1C<V=5<VN B0 0;ь1C<V=C@VN 2V4?>2V4=> (16,19). 

&@5B8==0 AB@C:BC@0 A8@>20B:>2>3> 0;ь1C<V=C ;N48=8 (�%A) <VAB8Bь 17 

48AC;ьDV4=8E <VAB:V2, >4=C 2V;ь=C BV>;ь=C 3@C?C 7 70;8H:C F8AB5W=C (Cys-

34), 70;8H>: B@8?B>D0=C (Trp-214) B0 17 B8@>78;ь=8E 70;8H:V2 (20). �%� 

<0є A5@F5?>4V1=C :>=DV3C@0FVN, O:0 CB2>@5=0 B@ь><0 3><>;>3VG=8<8 

4><5=0<8 (@8A.1.6): 4><5= I (70;8H:8 1-197), 4><5= II (70;8H:8 189-385) 
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B0 4><5= III (70;8H:8 381-585). �>65= 7 F8E 4><5=V2 A:;040єBьAO 7 42>E 

AC14><5=V2, ?>7=0G5=8E O: A V B. 

 

$8A.1.6. %B@C:BC@0 �%� 7 ?>7=0G5=8<8 4><5=0<8 (І, ІІ B0 ІІІ) B0 

?V44><5=0<8 ( ІA (DV>;5B>289), IB (G5@2>=89), IIA (75;5=89), IIB 

(?><0@0=G5289), IIIA (A8=V9) V IIIB (DV>;5B>289)). �>2BV ?0;8G:8 

?@54AB02;ONBь 48AC;ьDV4=V <VAB:8, 0 6>2BV :C;ь:8 - 2V;ь=89 70;8H>: 

F8AB5W=C, @>7B0H>20=89 C ?>;>65==V 34 (Cys34) 2 4><5=V IA (20) 

 

�<V=>:8A;>B=89 70;8H>: B@8?B>D0=C (Trp) G0AB> 28:>@8AB>2CєBьAO 

4;O 4>A;V465==O 270є<>4VW 0;ь1C<V=C 7 5=4>35==8<8 B0 5:7>35==8<8 

<>;5:C;0<8 70 4>?><>3>N D;C>@5AF5=B=>W A?5:B@>A:>?VW. ' AB@C:BC@V �%� 

є ;8H5 >48= 70;8H>: B@8?B>D0=C (@8A.1.7), O:89 7=0E>48BьAO 2 AC14><5=V 

IIA (Trp-214) (21). 
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$8A.1.7. &@8?B>D0=>289 0<V=>:8A;>B=89 70;8H>: 2 AB@C:BC@V ;N4Aь:>3> 

A8@>20B:>2>3> 0;ь1C<V=C (22). 

 

 #@8ACB=VABь <>;5:C;, I> 270є<>4VNBь 7 �%�, <>65 2?;820B8 =0 

9>3> D;C>@5AF5=FVN (23). *59 5D5:B 70;568Bь 2V4 :>=F5=B@0FVW <>;5:C; V 

A5@54=ь>W 2V4AB0=V <V6 =8<8 B0 V=4>;ь=8< D@03<5=B>< E@><>D>@0 Trp. 

�0728G09 A?>AB5@V30єBьAO 7=865==O V=B5=A82=>ABV D;C>@5AF5=FVW, I> 

A2V4G8Bь ?@> B5, I> <>;5:C;0 28ABC?0є O: 30A=8: D;C>@5AF5=FVW (@8A.1.8). 

�V;:8 70728G09 <0NBь A<C3C ?>3;8=0==O ?@8 280 =< (@8A.1.9) , I> 

2V4?>2V40є ?>3;8=0==N '(-A2VB;0 B@ь><0 B8?0<8 0@><0B8G=8E 70;8H:V2: 

B@8?B>D0=>< (Trp), D5=V;0;0=V=>< (Phe) V B8@>78=>< (Tyr). %5@54 B@ь>E 

73040=8E 0@><0B8G=8E 0<V=>:8A;>B =091V;ьH V=B5=A82=5 ?>3;8=0==O V 

28?@><V=N20==O <0є Trp, O:89 <0є 28IC <>;O@=C ?>3;8=0;ь=C 740B=VABь V 

:20=B>289 28EV4 2;0A=>W D;C>@5AF5=FVW, =V6 B8@>78= V D5=V;0;0=V= (21). 
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$8A.1.8. %?5:B@8 D;C>@5AF5=FVW �%� 70 2V4ACB=>ABV (1) B0 2 ?@8ACB=>ABV 

=0=>G0AB8=>: A@V1;0 (AgNPs) (2-11) @V7=>W :>=F5=B@0FVW (%�%�=10-6  ,  

%AgNPs= 0-1*10-10  ) (24). 

 

$8A.1.9. %?5:B@ ?>3;8=0==O �%A (3 × 10{v  >;/;), �%A (3 × 10{v  >;/;). 

#C=:B8@=0 ;V=VO ?@54AB02;Oє A?5:B@ ?>3;8=0==O 4′HC (2 × 10{v  >;/;). 

�AB02:0 ?>:07Cє 71V;ьH5=89 A?5:B@ 2 4V0?07>=V 250-450 =< (25).  
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1.3. �><?;5:A>CB2>@5==O �%� B0 �%� 7 <548G=8<8 ?@5?0@0B0<8 

%8;ь=V 270є<>4VW <V6 ;V:0@Aь:8<8 70A>10<8 B0 A8@>20B:>28< 

0;ь1C<V=>< 7=86CNBь @V25=ь 2V;ь=8E ?@5?0@0BV2 C ?;07<V :@>2V, B>4V O: 

A;01:V 270є<>4VW <>6CBь ?@872>48B8 4> :>@>B:>3> ?5@V>4C =0?V2282545==O 

01> =54>AB0B=ь>3> @>7?>4V;C ?@5?0@0BV2 2 >@30=V7<V. &><C 4>A;V465==O 

729O7C20==O ;V:0@Aь:8E 70A>1V2 V7 A8@>20B:>28< 0;ь1C<V=>< <0є 206;825 

7=0G5==O 4;O D0@<0:>;>3VW B0 D0@<0:>48=0<V:8. �>:@5<0, in vitro 0=0;V7 

F8E 270є<>4V9 28:>@8AB>2CєBьAO O: <>45;ь C 1V;:>2V9 EV<VW 4;O 282G5==O 

<5E0=V7<V2 729O7C20==O 1V;:V2 (13). 

$>7C<V==O <5E0=V7<V2 270є<>4VW <V6 ;V:0@Aь:8<8 70A>10<8 B0 

A8@>20B:>28< 0;ь1C<V=>< <0є :;NG>25 7=0G5==O 4;O 282G5==O 

D0@<0:>:V=5B8:8 B0 D0@<0:>48=0<V:8 ?@5?0@0BV2. �>:@5<0, 729O7>: 

;V:0@Aь:8E 70A>1V2 7 0;ь1C<V=>< 287=0G0є WE 1V>4>ABC?=VABь: 729O70=0 

D@0:FVO 4Vє O: @575@2C0@, B>4V O: 2V;ь=0 D@0:FVO ?@>O2;Oє D0@<0:>;>3VG=C 

0:B82=VABь. ' 28?04:0E, :>;8 @V25=ь 729O7C20==O 7 1V;:0<8 =54>AB0B=V9, 

?@5?0@0B8 <>6CBь <5B01>;V7C20B8AO B0 282>48B8AO 7 >@30=V7<C 70=04B> 

H284:>, =5 2AB830NG8 70157?5G8B8 =0;56=89 B5@0?52B8G=89 5D5:B. 

!02?0:8, 28A>:5 729O7C20==O 7 1V;:0<8 <>65 C?>2V;ь=N20B8 <5B01>;V7< V 

282545==O, I> ?>4>26Cє ?5@V>4 =0?V2282545==O B0 ?V428ICє @878: 

?>1VG=8E 5D5:BV2. 

!04<V@=> 28A>:0 0DV==VABь 4> A8@>20B:>2>3> 0;ь1C<V=C <>65 B0:>6 

>1<56C20B8 4>ABC?=VABь ?@5?0@0BV2 C B:0=8=0E-<VH5=OE, I> 7=86Cє WE=N 

5D5:B82=VABь. &0:8< G8=><, 01A>@1FVO, @>7?>4V;, <5B01>;V7< V 282545==O 

?@5?0@0BV2 7=0G=>N <V@>N 70;560Bь 2V4 WE=ь>3> 729O7C20==O 7 0;ь1C<V=><. 

�>A;V465==O B0:>6 28O28;8, I> 270є<>4VO ;V:0@Aь:8E 70A>1V2 V7 

A8@>20B:>28< 0;ь1C<V=>< <>65 28:;8:0B8 :>=D>@<0FV9=V 7<V=8 Fь>3> 

1V;:0, 2?;820NG8 =0 9>3> DC=:FVN O: ?5@5=>A=8:0(26). "B65, 0=0;V7 F8E 
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270є<>4V9 <0є 28@VH0;ь=5 7=0G5==O 4;O @>7@>1:8 5D5:B82=8E V 157?5G=8E 

?@5?0@0BV2 (27). 

!0O2=VABь 42>E A09BV2 729O7C20==O 2 �%� B0 �%� ?@82>48Bь 4> 

AB2>@5==O :><?;5:AV2 7 @V7=><0=VB=8<8 ;V:0@Aь:8< ?@5?0@0B0<8, I> 

A?@8Oє ?@>;>=30FVW F8@:C;OFVW F8E 70A>1V2 ?>B>FV :@>2V 157 WE ?>H:>465= 

I> ?V428ICє 1V>4>ABC?=VABь ;V:V2 (23,28), 2 B><C G8A;V 7 D;02>=>W40<8 (29)

. 

�>A;V465==O G>B8@ь>E H8@>:> 28:>@8AB>2C20=8E F5D0;>A?>@8=V2 

(F5D0;5:A8=, F5D0:;>@, F5DV:A8< V F5D5?V<) V ?>@V2=O==O WE=ь>W 270є<>4VW 7 

�%�, 7>:@5<0 A?5:B@0;ь=V 40=V ?>3;8=0==O ?>:070;8, I> @V7=V 1VG=V 

;0=FN38 R1-3@C?8 B0 :>='N3>20=0 AB@C:BC@0 7<V=NNBь 01A>@1FVN �%�. 

�:A?5@8<5=B8 7 287=0G5==O V=B5=A82=>ABV D;C>@5AF5=FVW ?>:070;8, I> 

E;>@ ?>A;01;Nє ?>;O@=VABь <V:@>>B>G5==O =02:>;> D;C>@>D>@=8E 3@C? 

�%� V ?>A8;Nє 9>3> 3V4@>D>1=VABь (30). 

�>A;V465==O 270є<>4VW V1C?@>D5=C 7 ;N4Aь:8< A8@>20B:>28< 

0;ь1C<V=>< ?>:070;>, I> 68@=V :8A;>B8 B0 B5<?5@0BC@0 2?;820NBь =0 

72'O7C20==O ;V:V2 7 1V;:><. �>:@5<0, ?V428I5==O B5<?5@0BC@8 A?@8Oє 

CB2>@5==N 1V;ьH AB01V;ь=8E :><?;5:AV2, I> 7=86Cє B5@0?52B8G=89 5D5:B, 

0 68@=V :8A;>B8 2 <>;5:C;V 0;ь1C<V=C ?V428ICNBь 5D5:B82=VABь ;V:V2. 
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�V= 70AB>A>2CєBьAO 4;O ;V:C20==O V=D5:FV9, AB@5AC, 45?@5AVW B0 45@<0B>;>3V

G=8E 70E2>@N20=ь (74376). �>A;V465==O ?>:070;8, I> :C@:C<V= є 

5D5:B82=8< ?@8 70?0;5==OE, <5B01>;VG=><C A8=4@><V, 1>;OE, 0 B0:>6 ?@8 

;V:C20==V 4535=5@0B82=8E 70E2>@N20=ь >G59. #>?@8 G8A;5==V B5@0?52B8G=V 

?5@52038, 1V;ьHVABь V7 =8E >1C<>2;5=V 9>3> 0=B8>:A840=B=>N B0 

?@>B870?0;ь=>N 0:B82=VABN. "4=0: >A=>2=>N ?@>1;5<>N ?@8 ?@89><V 

:C@:C<V=C є 9>3> =87ь:0 1V>4>ABC?=VABь, I> 7C<>2;5=0 ?>30=8< 

2A<>:BC20==O<, H284:8< <5B01>;V7<>< V 282545==O<. *5 AB2>@Nє 

=5>1EV4=VABь @>7@>1:8 <5B>4V2 5D5:B82=>W 4>AB02:8 :C@:C<V=C 4> 

C@065=8E :;VB8= >@30=V7<C (77–86).   

�C@:C<V= є ;V?>DV;ь=>N D5=>;ь=>N AB@C:BC@>N, ?@0:B8G=> =5@>7G8

==8< C 2>4V (87–89). #@8 Fь><C ?5@51C20==O :C@:C<V=C C 2>4V 

?@82>48Bь 4> ?>ABC?>2>W 453@040FVW 40=>3> ?@5?0@0BC.  � FVєW ?@8G8=8 206;

828< є 28:>@8AB0==O 70E8A=8E AB@C:BC@, 740B=8E @>7<VIC20B8 73040=V ;V:8 
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2 3V4@>D>1=><C A5@54>28IV (90,91). �C@:C<V= є 1030B>DC=:FV>=0;ь=8<8 0=

B8>:A840=B>< 7 @V7=><0=VB=8<8 3@C?0<8. �=B8>:A840=BV 2;0AB82>ABV @50;V

7CNBьAO 70 @0EC=>: D5=>;ь=8E 3V4@>:A8;ь=8E B0 <5B>:A8;ь=8E 3@C?, 

48:5B>=C  B0 ?>42V9=8E 729O7:V2 (74,92,93). �@V< B>3> 2-:5B>-5=>;ь=89 

B0CB><5@ �C@:C<V=  <0є ?>B@V9=V <VAFO E5;0BC20==O <5B0;V2, I> 

4>72>;ONBь CB2>@N20B8 E5;0B8 7 V>=0<8 >:8A=>-2V4=>2;N20;ь=8E <5B0;V2 

Cu2+, Fe2+ B0 V=HV (74,92). 

 >;5:C;0 :C@:C<V=C (C21H20O6) A:;040єBьAO 7 42>E 0@><0B8G=8E 

:V;5Fь, 7'є4=0=8E <5B8;5=>28< <VAB:>< (@8A.1.9). �>=0 <VAB8Bь 42V 

:5B>3@C?8, D5=>;ь=V 3V4@>:A8;ь=V 3@C?8 B0 ?>42V9=V 72'O7:8, I> 

70157?5GCNBь 0=B8>:A840=B=C 0:B82=VABь. �C@:C<V= ?@>O2;Oє B0CB><5@VN 

<V6 :5B>- B0 5=>;ь=8<8 D>@<0<8.  >;O@=0 <0A0 :C@:C<V=C 4>@V2=Nє 

368,37 3/ >;ь. 

 

$8A.1.9.  %B@C:BC@0 :C@:C<V=C 7 2:070=8< >A=>2=8< @50:B82=8< F5=B@>< 

(0) (94) B0 3D :>=D>@<5@  :C@:C<V=C (1) (95). 
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�C@:C<V= 4>1@5 @>7G8=OєBьAO 2 ?>;O@=8E @>7G8==8:0E, B0:8E O: 

<5B0=>;, 5B0=>;, E;>@>D>@<, 5B8;0F5B0B B0 V=HV, V <0є ?><V@=C @>7G8==VABь 

C 2C3;52>4=528E @>7G8==8:0E, B0:8E O: F8:;>35:A0= B0 35:A0= (96).  #V:  

>?B8G=>3> ?>3;8=0==O  :C@:C<V=C 70;568Bь 2V4 A5@54>28I0 B0 

A?>AB5@V30єBьAO 2 42>E >A=>2=8E >1;0ABOE. ' @>7G8=0E 2-1CB0=>;C, 

E;>@>D>@<C, 5B8;0F5B0BC B0 :A8;5=C ?V: @>7B0H>20=89 2 >1;0ABV 416 - 421 

=<, B>4V O: C � %" ?V: 7'O2;OєBьAO ?@8 437 =< (@8A.10) (97).  0:A8<C< 

?>3;8=0==O :C@:C<V=C B0 9>3> ?>EV4=8E 7<VICєBьAO 4> :>@>BH8E E28;ь, 

:>;8 @>7G8==8: 7<V=NєBьAO 7 1V;ьH ?>;O@=>3> =0 =5?>;O@=89. 

 

 

$8A.1.10. %?5:B@8 ?>3;8=0==O  :C@:C<V=C 2 @V7=8E @>7G8==8:0E [85].  

 

�C@:C<V= <0є D;C>@5AF5=B=V 2;0AB82>ABV, ?@8 Fь><C V=B5=A82=VABь 

A?5:B@V2 5<VAAVW 70;568Bь 2V4 @>7G8==8:0. #@8 71C465==V E28;5N 7 λ71 = 

440 =< ?V: A?>AB5@V30єBьAO 1;87ь:> 550-565 =< (@8A.1.11) (98). 
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$8A.1.11. %?5:B@8 5<VAVW D;C>@5AF5=FVW @>7G8=V2 :C@:C<V=C (1.36 × 10-5 < ) 

C 48AB8;ь>20=V9 2>4V (�), 10 <  HCl (�) B0 10 <  NaOH (�) (λ71 = 440 =<) 

[86]. 

%0<5 B><C, :C@:C<V= B0 :25@F5B8= 7024O:8 A2>W< DV78:>-EV<VG=8< 

2;0AB82>ABO< B0 H8@>:><C A?5:B@C 70AB>AC20==O 2 <548F8=V B0 

D0@<0:>;>3VW є ?5@A?5:B82=8<8 >19є:B0<8 4>A;V465=ь, >A>1;82> 2 

A?5:B@>A:>?VW. 

 

1.6. �><?’NB5@=5 <>45;N20==O :><?;5:AV2 ?@>B5W=V2 7 
<548G=8<8 ?@5?0@0B0<8 B0 =0=>G0AB8=:0<8 

 

#@8@>40 270є<>4VW <V6 ;V:0@Aь:8<8 70A>10<8 B0 1V;:0<8 2V4:@820є 

=>2V <>6;82>ABV 4;O @>7@>1:8 V==>20FV9=8E ?@5?0@0BV2, I> <0є 206;825 

7=0G5==O 4;O WE=ь>3> @>7?>4V;C 2 B:0=8=0E V H284:>ABV <5B01>;V7<C (99). 

�VO ;V:0@Aь:>3> 70A>1C 70;568Bь 2V4 =0O2=>ABV 9>3> 2V;ь=>W D>@<8 2 ?;07<V 

:@>2V, O:0 <>65 270є<>4VOB8 7 @5F5?B>@=8<8 4V;O=:0<8 B0 A?@8G8=OB8 

D0@<0:>;>3VG=89 5D5:B. �>A;V465==O ?V4B25@46CNBь, I> ?@5?0@0B8 
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<>6CBь F8@:C;N20B8 2 :@>2V O: C 2V;ь=><C AB0=V, B0: V C D>@<V :><?;5:AV2 

V7 1V;:0<8 ?;07<8. &0:8< G8=><, 729O7C20==O ;V:V2 V7 1V;:0<8 ?;07<8 є 

206;828< G8==8:><, I> 287=0G0є WE=N D0@<0:>:V=5B8:C B0 

D0@<0:>48=0<V:C (100). 

 >;5:C;O@=89 4>:V=3 є >4=8< V7 =09?>H8@5=VH8E V =09?>BC6=VH8E 

<5B>4V2, I> 70AB>A>2CNBьAO C ?@>F5AV @>7@>1:8 ;V:0@Aь:8E 70A>1V2. *59 

?V4EV4 4>72>;Oє 7<>45;N20B8 270є<>4VN <V6 <0;>N <>;5:C;>N B0 1V;:>< 

=0 0B><=><C @V2=V, I> 70157?5GCє <>6;82VABь 0=0;V7C20B8 DC=:FVW <0;8E 

<>;5:C; C 729O7C20;ь=8E 4V;O=:0E 1V;:V2-<VH5=59 B0 ?>OA=N20B8 :;NG>2V 

1V>EV<VG=V ?@>F5A8. "A=>2=0 <5B0 <>;5:C;O@=>3> 4>:V=3C ?>;O30є C 

?@>3=>7C20==V 729O7C20==O B0 270є<>4VW <V6 @V7=8<8 <>;5:C;0<8 (101). 

!0 Aь>3>4=V VA=Cє 1030B> ?@>3@0< 4;O <>;5:C;O@=>3> 4>:V=3C, B0:8E 

O: Autodock, Autodock Vina B0 Molergo, O:V 28:>@8AB>2CNBь @V7=V 

0;3>@8B<8 4;O <>45;N20==O F8E 270є<>4V9. �024O:8 <>;5:C;O@=><C 

4>:V=3C <>6=0 >FV=8B8 ?>B5=FV0; 729O7C20==O <V6 <>;5:C;0<8 B0 1V;:0<8 

157 ?>B@518 2 A:;04=8E 01> 4>@>38E ;01>@0B>@=8E 5:A?5@8<5=B0E. 

 >45;N20==O 270є<>4VW ?@>B8?CE;8==>3> ?@5?0@0BC F8B01V=C B0 

;N4Aь:>3> A8@>20B:>2>3> 0;ь1C<V=C (102) ?>:070;>, I> 2>=8 CB2>@NNBь 

AB01V;ь=89 :><?;5:A, AB2>@NNG8 2>4=52V 72'O7:8 B0 ?V4B@8<CNG8 

>?B8<0;ь=C 2V4AB0=ь >48= 2V4 >4=>3>. %B01V;ь=VABь Fь>3> :><?;5:AC 

715@V30єBьAO 4> :V=FO <>45;N20==O ?@8 B5<?5@0BC@V BV;0 (310 �). 

$57C;ьB0B8 A2V4G0Bь, I> ;N4Aь:89 A8@>20B:>289 0;ь1C<V= є 5D5:B82=8< 

20@V0=B>< 4;O B@0=A?>@BC20==O F8B0@01V=C 4> @0:>28E :;VB8=. "4=0: ?@8 

B5<?5@0BC@V 313 � :><?;5:A �%�-F8B0@01V= AB0є =5AB01V;ь=8< G5@57 

@>7:@8BBO 1V;:0 B0 7<5=H5==O :V;ь:>ABV 2>4=528E 72'O7:V2, I> ?@872>48Bь 

4> 7<V=8 2V4AB0=V <V6 ?@5?0@0B>< V 1V;:><. *5 4>72>;Oє 7@>18B8 28A=>2>:, 

I> ?@5?0@0B 282V;ь=OєBьAO ?@8 B5<?5@0BC@V, E0@0:B5@=V9 4;O @0:>28E 

?CE;8= (313 �). 
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�;O 1V;ьH 3;81>:>3> @>7C<V==O D0@<0:>;>3VG=8E V 1V>EV<VG=8E 

0A?5:BV2 270є<>4VW =5@0B8=V1C, 70B25@465=>3> 4;O ;V:C20==O @0==VE AB04V9 

HER2 ?>78B82=>3>/0<?;VDV:>20=>3> @0:C <>;>G=>W 70;>78, 1C;> 4>A;V465=

> 9>3> 270є<>4VO 7 �%� (103). �:A?5@8<5=B8 7 28:>@8AB0==O< 

<>;5:C;O@=>3> 4>:V=3C 4;O 287=0G5==O A09BC 72'O7C20==O ?>:070;8, I> 

=5@0B8=V1 729O7CєBьAO 7 A09B>< I, ?V44><5=>< IIA �%�. $57C;ьB0B8 

D;C>@5AF5=B=>3> 30AV==O, A8=E@>==>W D;C>@5AF5=FVW, '(-A?5:B@>A:>?VW B0 

$0<0=V2Aь:>W B0 І+-A?5:B@>A:>?VW  ?V4B25@48;8 CB2>@5==O :><?;5:AC <V6 

�%� B0 =5@0B8=V1><. �70є<>4VO <V6 �%� V =5@0B8=V1>< 74V9A=N20;0AO 70 

@0EC=>: A8; �0=-45@-�00;ьA0 B0 2>4=528E 72'O7:V2 V 1C;0 :5@>20=0 

5=B0;ь?V9=8<8 ?@>F5A0<8. 

�>A;V465==O D;>@8478=C, I> <0є 0=B8>:A840=B=V, ?@>B870?0;ь=V B0 

?@>B84V015B8G=V 2;0AB82>ABV, 7 1V;:>< (104)?>:070;>, I> 729O7CєBьAO 7 �%� 

2V41C20єBьAO ?5@5206=> G5@57 3V4@>D>1=V 270є<>4VW B0 2>4=52V 729O7:8, I> 

?@872>48Bь 4> G0AB:>2>3> @>73>@B0==O 1V;:0. &0:>6 1C;> 45B0;ь=> 

?@>0=0;V7>20=> <5E0=V7< 270є<>4VW D;>@8478=C 7 1V;:>< B0 2?;82 

CB2>@5==O :><?;5:AC D;>@8478=3�%� =0 AB01V;ь=VABь V 2B>@8==C 

AB@C:BC@C 1V;:0. ' @57C;ьB0BV 270є<>4VW A?>AB5@V30;>AO @>73>@B0==O 1V;:0 V7 

?><VB=8< 7<5=H5==O< 2<VABC α-A?V@0;V.  >;5:C;O@=89 4>:V=3 B0 

5:A?5@8<5=B8 7 28BVA=5==O< ;V30=4V2 ?V4B25@48;8, I> >A=>2=5 <VAF5 

729O7C20==O D;>@8478=C @>7B0H>20=5 ?>1;87C A09BC I =0 �%�. *V 

@57C;ьB0B8 є 206;828<8 4;O @>7C<V==O D0@<0F52B8G=>3> ?>B5=FV0;C 

D;>@8478=C C ;V:C20==V @V7=8E 70E2>@N20=ь. �>A;V465==O 270є<>4VW 

=VB@>DC@0=B>W=C (0=B810:B5@V0;ь=>3> ?@5?0@0BC) 7 A8@>20B:>28< 

0;ь1C<V=>< ;N48=8 ?>:070;8, I> =VB@>DC@0=B>W= 729O7CєBьAO 2 

3V4@>D>1=V9 :8H5=V AC14><5=C IIA 1V;:0 (@8A.1.12) (105). �70є<>4VO 

2:;NG0є 2>4=52V 729O7:8, 3V4@>D>1=V, V>==V B0 ?>;O@=V 270є<>4VW. 

!VB@>DC@0=B>W= CB2>@Nє 2>4=52V 729O7:8 7 Trp214, Arg218 V Ser454. 
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*V 28A=>2:8 A?@8ONBь :@0I><C @>7C<V==N D0@<0:>:V=5B8:8 

=VB@>DC@0=B>W=C B0 4>?><030NBь C @>7@>1FV =>28E 0=0;>3V2 7 ?>:@0I5=8< 

1V>;>3VG=8< ?>B5=FV0;><. 

 

 

$8A.1.12.  VAF5 729O7C20==O =VB@>DC@0=B>W=C 7 �%�. %B@C:BC@0 �%� 7>1@0

65=0 C 283;O4V AB@VG>: V ;V=V9, B>4V O: =VB@>DC@0=B>W= ?>:070=89 C 283;O4V 

70?>2=5=>W <>45;V. �AB02:0 45<>=AB@Cє 71V;ьH5=5 7>1@065==O <VAFO 

729O7C20==O, 45 =VB@>DC@0=B>W= ?@54AB02;5=89 C 283;O4V <>45;V ?0;8G>:. 

�>4=52V 729O7:8 <V6 ;V30=4>< V 1V;:>< ?>7=0G5=V 75;5=8< 

:>;ь>@><,2V4AB0=ь 28@065=0 2 0=3AB@5<0E (Å) (�).  �>1@065==O 0<V=>:8A;>

B=8E 70;8H:V2 C <VAFV 729O7C20==O 7 C@0EC20==O< WE=VE @04VCAV2 �0= 45@ 

�00;ьA0 (�) (105) 

 

�>A;V465==O 270є<>4VW D;02>=>W4V2 :0B5EV=C B0 5?V:0B5EV=C 7 1V;:0<8 

�%� B0 �%� (99)?>:070;8, I> >18420 D;02>=>W48 <VF=> 72'O7CNBьAO 7 

=8<8, <0NG8 :>=AB0=B8 72'O7C20==O 2 <560E 103-105 =0 >4=><C A09BV. 
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�0B5EV= B0 5?V:0B5EV=, AB5@5>W7><5@8, I> 2V4@V7=ONBьAO 70 :>=DV3C@0FVєN C 

2-<C B0 3-<C ?>;>65==OE 15=7>?V@0=>2>W G0AB8=8, 270є<>4VNBь ?>-@V7=><C 

7 0<V=>:8A;>B=8<8 70;8H:0<8 1V;:0, O: ?>:070=> C 4>:V=3>28E 

4>A;V465==OE. 

� $>74V;V 1 =02545=> >A=>2=V 2V4><>ABV ?@> ?@>B5W=8, WE 1C4>2C, 

>?B8G=V 2;0AB82>ABV B0 :><?NB5@=5 <>45;N20==O ?@>B5W=V2 7 <548G=8<8 

?@5?0@0B0<8. 
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$"���� 2 
 �&"���� ��%#�$� �!&' 

2.1.  0B5@V0;8 B0 ?@83>BC20==O @>7G8=V2 

�;O ?@83>BC20==O @>7G8=V2 �%� 7 :25@F5B8=>< 28:>@8AB>2C202AO 

18G0G89 A8@>20B:>289 0;ь1C<V= (�%�) ( ≥ 98%) 28@>1=8FB20 Sigma, %,� 

B0 :25@F5B8= (≥ 99,77%) 28@>1=8FB20 #�& !�* «�>@I03V2Aь:89 )(�», 

':@0W=0. $>7G8=8 3>BC20;8 C 2>4=><C @>7G8=V (pH = 5,5) 7 � %" 

28@>1=8FB20 Sigma, %,�. 

�;O 7@07:V2 �%� 7 =0=>G0AB8=:0<8 4V>:A84C F5@VN 28:>@8AB>2C202AO 

18G0G89 A8@>20B:>289 0;ь1C<V= D@0:FVW V 28@>1=8FB20 PAA, �2AB@VO. 

*8B@0B-AB01V;V7>20=V =0=>G0AB8=:8 4V>:A84C F5@VN  @>7<V@>< 3-4 =< 1C;8 

>B@8<0=V 2 І=AB8BCBV <V:@>1V>;>3VW B0 2V@CA>;>3VW V<. �.�.�01>;>B=>3> !�! 

':@0W=8. $>7G8=8 3>BC20;8Aь 2 DV7V>;>3VG=><C @>7G8=V (0,9% NaCl) 

28@>1=8FB20 .@VO-(0@<, pH=5,5. 

�;O A8AB5<8 �%� 3 :C@:C<V= ?>@>H:>?>4V1=V @5G>28=8, 0 A0<5 

18G0G89 A8@>20B:>289 0;ь1C<V= (�%�) (≥ 98%) 28@>1=8FB20 Sigma, %,�, 

:C@:C<V= (≥ 99,77%) 28@>1=8FB20 #�& !�* «�>@I03V2Aь:89 )(�», 

':@0W=0 B0 :25@F5B8= (≥ 99,77%) 28@>1=8FB20 #�& !�* «�>@I03V2Aь:89 

)(�», ':@0W=0, 28:>@8AB>2C20;8Aь 4;O 2>4=8E 7@07:V2. $5G>28=8 

@>7G8=O;8 C 2>4V (pH = 5,5) 7 � %" 28@>1=8FB20 Sigma, %,�. 

�8<5B8;AC;ьD>:A84 (� %") 4>40202AO ?@>?>@FV9=> :>=F5=B@0FVW 

:C@:C<V=C 2 @>7G8=0E G5@57 =87ь:C @>7G8==VABь 0=B8>:A840=BC C 2>4V [93]. 

$>7G8=8 3>BC20;8Aь 2 >19є<0E 1.5 <; ?5@54 5:A?5@8<5=B><. �>=F5=B@0FVO 

�%� 70;8H0;0Aь AB0;>N 4;O 2AVE 7@07:V2 (%�%A = 2 ∙ 10-6 M) �%�-:C@:C<V=, 

?@>B5 :>=F5=B@0FVO :C@:C<V=C 1C;0 7<V==>N (%�C@:C<V= = 0, 2.5, 5, 7.5 ∙ 10-7, 

1, 2, 3, 4 ∙ 10-6  ).  
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�>4=V @>7G8=8 �%� 7 :25@F5B8=>< 7 4>4020==O< DMSO 28@>1=8FB20 

Sigma, %,� (7 ?@8G8=8 =87ь:>N @>7G8==>ABV D;020=>W40) 3>BC20;8Aь 7 

;N4Aь:8< A8@>20B:>28< 0;ь1C<V=>< (�%�) (≥ 98%) 28@>1=8FB20 Sigma, 

%,� B0 :25@F5B8=  (≥ 99,77%) 28@>1=8FB20 #�& !�* «�>@I03V2Aь:89 

)(�», ':@0W=0 7V AB0;8< pH (5.5). $>7G8=8 28A>:>N :>=F5=B@0FVW 

@>72>48;8Aь ?5@54 5:A?5@8<5=B>< 4> =5>1EV4=8E :>=F5=B@0FV9 :25@F5B8=C 

2 A8AB5<V (C�25@F5B8= = 0, 2.5 ∙ 10-7, 5 ∙ 10-7, 7.5 ∙ 10-7, 10-6, 1.5∙ 10-6 , 2 ∙ 10-6 , 3 ∙ 

10-6 , 4 ∙ 10-6  ), 2V4A>B>: � %" 2 @>7G8=0E ?@>?>@FV9=89 :>=F5=B@0FVW 

:25@F5B8=C, 0 :>=F5=B@0FVO 0;ь1C<V=C 1C;0 AB0;>N 4;O 2AVE 7@07:V2 (C�%� = 

2 ∙ 10-6  ). 

%8@>20B:>289 0;ь1C<V= ;N48=8 (�%A) (≥ 98%) 28@>1=8FB20 Sigma, 

%,� B0 :C@:C<V= (≥ 99,77%) 28@>1=8FB20 #�& !�* «�>@I03V2Aь:89 

)(�», ':@0W=0. $>7G8=8 3>BC20;8 C 2>4=><C @>7G8=V (pH =5,5) 7 � %" 

28@>1=8FB20 Sigma, %,�. �>=F5=B@0FVO �%� 70;8H0;0AO ?>ABV9=>N 

(%�%� = 2∙ 10-6  ), 0 :>=F5=B@0FVO :C@:C<V=C 7<V=N20;0AO: C�C@:C<V= = 0, 2.5∙ 

10-7, 5 ∙  10-7, 7.5 ∙  10-7, 1∙ 10-6, 1.5 ∙  10-6 , 2 ∙ 10-6 , 3 ∙ 10-6 , 4 ∙ 10-6  . 

 

2.2  5B>48 A?5:B@0;ь=8E 4>A;V465=ь @>7G8=V2 

2.2.1. ОCF<GA9 CB7?<A4AAO 

�0 4>?><>3>N A?5:B@>A:>?VW ?>3;8=0==O <>6=0 ?@>0=0;V7C20B8, O: 

@5G>28=0 ?>3;8=0є 5;5:B@><03=VB=5 28?@><V=N20==O. #@8 ?@>E>465==V 

5;5:B@><03=VB=8E E28;ь G5@57 <0B5@V0; WE V=B5=A82=VABь 7<5=HCєBьAO, 

>A:V;ь:8 0B><8 01> <>;5:C;8 ?5@5E>4OBь 7 =87ь:8E 5=5@35B8G=8E @V2=V2 =0 

28IV. *V ?5@5E>48 <>6CBь AC?@>2>46C20B8AO 72>@>B=8<8 

15728?@><V=N20;ь=8<8 ?@>F5A0<8, ?V4 G0A O:8E 5=5@3VO 71C465==O 

?5@540єBьAO 2 V=HV D>@<8 5=5@3VW. ІA=Cє B0:>6 ?@>F5A ?>3;8=0==O, ?@8 

O:><C <>;5:C;0 ?5@5E>48Bь =0 ?@><V6=89 @V25=ь 157 28?@><V=N20==O, 0 
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?>BV< 28?@><V=Nє A2VB;> 7 1V;ьH>N 4>268=>N E28;V. �;O >B@8<0==O 

A?5:B@V2 28:>@8AB>2CNBьAO B0:V V=AB@C<5=B8, O: A?5:B@><5B@8, 

A?5:B@>D>B><5B@8, V=B5@D5@><5B@8, I> 2818@0NBьAO 70;56=> 2V4 

4V0?07>=C 28<V@N20==O. %?5:B@>A:>?VO ?>3;8=0==O H8@>:> 70AB>A>2CєBьAO 

4;O 287=0G5==O AB@C:BC@8, V45=B8DV:0FVW B0 :V;ь:VA=>3> 0=0;V7C @5G>28=.  

%?5:B@8 >?B8G=>3> ?>3;8=0==O �%� 1C;8 >B@8<0=V =0 

A?5:B@>D>B><5B@V Double Beam Scanning Ultra violet Visible 

Spectrophotometer Medical Analysis UV-1800APC. �;O >B@8<0==O A?5:B@V2 

>?B8G=>3> ?>3;8=0==O �%� 7  :25@F5B8=>< UV-1900 UV/VIS 28@>1=8FB20 

 0AC (,0=E09, �8B09),  @8A. 2.1. 

 

$8A. 2.1. �2>?@><5=5289 A:0=CNG89 A?5:B@>D>B><5B@ UV-1900 UV/VIS 

( 0AC, ,0=E09, �8B09) (106). 

 

)0@0:B5@8AB8:8 A?5:B@>D>B><5B@0 2:;NG0NBь @V25=ь @>7AVO=>3> 

A2VB;0, O:89 4>72>;Oє 7=0G=> @>7H8@8B8 4V0?07>= ;V=V9=>ABV. %:0=CNG89 

A?5:B@>D>B><5B@ 7 C;ьB@028A>:>N H284:VABN 29000 =</E2 70157?5GCє 
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H284:V 28<V@8, I> є 206;828< 4;O 4>A;V465==O :V=5B8G=8E E0@0:B5@8AB8: 

?@>F5AV2 V EV<VG=8E @50:FV9.  

2.2.2. Ф?GBD9EF9AFVO 74EVAAO F4 ;5G8:9AAO 

(;C>@5AF5=FVO 4 F5 284 5;5:B@><03=VB=>W A?5:B@>A:>?VW, I> 

0=0;V7Cє 28?@><V=N20==O 7@07:0 ?VA;O 9>3> 71C465==O A2VB;><, 70728G09 

C;ьB@0DV>;5B>28<. #@>F5A ?>G8=0єBьAO 7 ?>3;8=0==O D>B>=0 <>;5:C;>N, 

I> ?@872>48Bь 4> 71C465==O WW 5;5:B@>==>3> AB0=C.  >;5:C;0 2B@0G0є 

2V1@0FV9=C 5=5@3VN, ?VA;O G>3> ?>25@B0єBьAO 2 >A=>2=89 AB0=, 

28?@><V=NNG8 D>B>=. �8?@><V=5=V D>B>=8 <0NBь @V7=C 5=5@3VN, I> 

4>72>;Oє 287=0G8B8 AB@C:BC@C <>;5:C;8. 

ІA=CNBь 420 >A=>2=8E B8?8 ?@8;04V2 4;O D;C>@5AF5=B=>W 

A?5:B@>A:>?VW: D;C>@><5B@8 7 DV;ьB@>< B0 A?5:B@>D;C>@><5B@8 7 

<>=>E@><0B>@0<8. "18420 B8?8 28:>@8AB>2CNBь A2VB;> 7 465@5;0 

71C465==O, O:5 ?@>E>48Bь G5@57 DV;ьB@8 01> <>=>E@><0B>@, 270є<>4Vє V7 

7@07:><, V G0AB8=0 A2VB;0 ?>3;8=0єBьAO, 0 G0AB8=0 D;C>@5AFVNє. 

%?5:B@8 5<VAVW D;C>@5AF5=FVW B0 D;C>@5AF5=FVW 71C465==O @5єAB@C20;8Aь 

70 4>?><>3>N AB0FV>=0@=>3> A?5:B@>D;C>@><5B@0 QuantaMaster 40 Intensity 

Based Spectrofluorometer 28@>1=8FB20 PTI (HORIBA Scientific, �0=040) 70 

@V7=8E B5<?5@0BC@ ( 295, 310 B0 315 �), 2V4?>2V4=>  ?@8 �75= 275 =< B0 �5@= 
355 =< B0 (293, 303 B0  313 �) ?@8 λ71 = 275 =< V λ5<= 348=<, $8A. 2.2. � 

A8AB5<V �%� 7 :C@:C<V=>< (293, 303 V 313 �) ?@8 � 71
 = 274 =< V �5< = 354 

=<. 

� A8AB5<V �%� 7 %5"2 28EV4=V AB5@8;ь=V @>7G8=8 28A>:>W :>=F5=B@0FVW 

�%� B0 %5"2 @>72>48;8Aь 4> =5>1EV4=>3> A?V22V4=>H5==O 2 >19є<V 1,5 <; 

?5@54 5:A?5@8<5=B><. �>=F5=B@0FVO �%� 70;8H0;8AO AB0;>N (%�%�=2∙ 10-6 

 ), 0 :>=F5=B@0FVO %5"2 7<V=N20;0Aь (%%5"2 = 0, 2∙ 10-5, 5∙ 10-5, 8∙ 10-5, 10-4, 

2∙ 10-4  ). 
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� A8AB5<V �%A 7 :C@:C<V=>< 28EV4=V @>7G8=8 28A>:>W :>=F5=B@0FVW ?5@54 

5:A?5@8<5=B>< @>72>48;8 C 2>4V 7 � %" ex tempore 4> =5>1EV4=>3> 

A?V22V4=>H5==O 2 >19є<V 1.5 <;. �V4A>B>: � %" 2 @>7G8=0E ?@>?>@FV9=89 

:>=F5=B@0FVW :C@:C<V=C. �>=F5=B@0FVO �%A 70;8H0;0AO ?>ABV9=>N 

(С�СA=2*10-6  ), 0 :>=F5=B@0FVO :C@:C<V=C 7<V=N20;0AO: C�C@:C<V== 0, 2.5 ∙ 

10-7, 5 ∙ 10-7, 7.5 ∙  10-7, 1 ∙  10-6, 1.5 ∙  10-6 , 2 ∙ 10-6 , 3 ∙ 10-6 , 4 ∙ 10-6  . 

 

$8A. 2.2. (;C>@8<5B@ QuantaMaster 40 Intensity Based Spectrofluorimeter 

[34]. 
 

�;O >B@8<0==O A?5:B@V2 D;C>@5AF5=FVW �%� 7 :25@F5B8=>< 28EV4=V 

@>7G8=8 28A>:>W :>=F5=B@0FVW ?5@54 5:A?5@8<5=B>< @>72>48;8 C 2>4V 7 

48<5B8;AC;ьD>:A84>< (� %") ex tempore 4> =5>1EV4=>3> A?V22V4=>H5==O 

2 >19є<V 1.5 <;. �8:>@8AB0==O � %" O: C=V25@A0;ь=>3> >@30=VG=>3> 

@>7G8==8:0 ?>29O70=5 7 ?>30=>N @>7G8==VABN :25@F5B8=C. �V4A>B>: � %" 

2 @>7G8=0E ?@>?>@FV9=89 :>=F5=B@0FVW :25@F5B8=C. �>=F5=B@0FVO �%A 
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70;8H0;0AO ?>ABV9=>N (C�%� = 2∙10{v  ), 0 :>=F5=B@0FVO :25@F5B8=C 

7<V=N20;0AO (C�25@F5B8= = 0, 2.5∙10{w, 5∙10{w, 7.5∙10{w, 10{v, 2∙10{v, 3∙10{v  ). 

 

2.3.  5B>48 287=0G5==O ?0@0<5B@V2 :><?;5:A>CB2>@5==O 

�>A;V465==O <5E0=V7<V2 :><?;5:A>CB2>@5==O <V6 A8@>20B:>28<8 

0;ь1C<V=0<8, =0=>G0AB8=:0<8 4V>:A84C F5@VN, :25@F5B8=>< B0 :C@:C<V=>< 

107CєBьAO =0 DC=40<5=B0;ь=8E DV78:>-EV<VG=8E B5>@VOE. �>=8 4>72>;ONBь 

0=0;V7C20B8 ?@>F5A8 30AV==O D;C>@5AF5=FVW, >FV=N20B8 ABC?V=ь 729O7C20==O 

<>;5:C; V 287=0G0B8 B5@<>48=0<VG=V E0@0:B5@8AB8:8 270є<>4VW. 

Т9>@Vя ШB9@=а-�>;ь<9@а: <9Eа=V7< 7аAV==я D;C>@9AF9=FVW 

(;C>@5AF5=FVO є GCB;828< <5B>4>< 4;O 4>A;V465==O 

<V6<>;5:C;O@=8E 270є<>4V9. #V4 2?;82>< 30A=8:V2 V=B5=A82=VABь 

28?@><V=N20==O <>65 7<5=HC20B8AO 70 @0EC=>: 48=0<VG=>3> 01> 

AB0B8G=>3> 30AV==O. �8=0<VG=5 30AV==O 2V41C20єBьAO ?V4 G0A 7VB:=5==O 

<>;5:C; C 71C465=><C AB0=V, B>4V O: AB0B8G=5 ?5@5410G0є CB2>@5==O 

AB01V;ь=>3> :><?;5:AC <V6 1V;:>< V ;V30=4><. �87=0G5==O :>=AB0=B8 

30AV==O 4>72>;Oє >FV=8B8 A8;C 270є<>4VW 1V;:0 7 =0=>G0AB8=:0<8 01> 

:25@F5B8=><, 0 B0:>6 2AB0=>28B8 B8? 30AV==O (107,108). 

 

 Т9>@Vя %V;;а: :>>?9@аB86=VABь 76’я7C6а==я 

' 1030Bь>E 1V>;>3VG=8E A8AB5<0E 729O7C20==O <>;5:C; =5 є 

=570;56=8< ?@>F5A><, 0 <>65 2?;820B8 =0 =0ABC?=V 0:B8 729O7C20==O. 

/:I> ?@8є4=0==O ?5@H>W <>;5:C;8 ;V30=40 7<V=Nє 9<>2V@=VABь 

729O7C20==O =0ABC?=8E, 3>2>@OBь ?@> :>>?5@0B82=89 5D5:B. #>78B82=0 

:>>?5@0B82=VABь >7=0G0є, I> ?5@H89 ;V30=4 ?>;53HCє 729O7C20==O 

=0ABC?=8E, I> G0AB> A?>AB5@V30єBьAO C 1V;:>28E :><?;5:A0E. !530B82=0 
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:>>?5@0B82=VABь, =02?0:8, 2:07Cє =0 7<5=H5==O A?>@V4=5=>ABV 4> 

=0ABC?=8E <>;5:C;. �87=0G5==O Fь>3> ?0@0<5B@0 4>72>;Oє :@0I5 

7@>7C<VB8 <5E0=V7< 270є<>4VW <V6 1V;:>< B0 4>A;V46C20=8<8 035=B0<8 

(109). 

 

Т9>@Vя $ь>@AB9@а: @97>=а=A=89 ?9@9=>A 9=9@7VW 

$57>=0=A=89 ?5@5=>A 5=5@3VW 70AB>A>2CєBьAO 4;O 0=0;V7C ?@>AB>@>28E 

7<V= 1V;:>2>W AB@C:BC@8 ?@8 729O7C20==V ;V30=4V2. /:I> 4>=>@ V 0:F5?B>@ 

5=5@3VW 7=0E>4OBьAO =0 2V4AB0=V, I> 4>72>;Oє 5D5:B82=89 ?5@5=>A 5=5@3VW, 

2V41C20єBьAO 7<V=0 V=B5=A82=>ABV B0 A?5:B@C D;C>@5AF5=FVW. *59 <5B>4 40є 

7<>3C >FV=8B8, G8 A?@8G8=Oє 729O7C20==O =0=>G0AB8=>: 01> :25@F5B8=C 

:>=D>@<0FV9=V 7<V=8 1V;:0, I> є 206;828< 4;O @>7C<V==O 9>3> 

DC=:FV>=0;ь=8E 2;0AB82>AB59 (110,111). 

 

Т9>@Vя �а=B-�>DDа: B9@<>88=а<V:а :><?;9:A>CB6>@9==я 

�82G5==O B5<?5@0BC@=>W 70;56=>ABV 270є<>4VW 4>72>;Oє 287=0G8B8 

5=5@35B8G=V E0@0:B5@8AB8:8 ?@>F5AC. /:I> 270є<>4VO AC?@>2>46CєBьAO 

284V;5==O< B5?;0, F5 A2V4G8Bь ?@> 5:7>B5@<VG=89 ?@>F5A, E0@0:B5@=89 4;O 

3V4@>D>1=8E V 5;5:B@>AB0B8G=8E 270є<>4V9. /:I> 6 4;O CB2>@5==O 

:><?;5:AC =5>1EV4=5 ?>3;8=0==O B5?;0, ?@>F5A є 5=4>B5@<VG=8< V <>65 

1CB8 >1C<>2;5=89 7<V=0<8 C 2>4=528E 729O7:0E 01> ?>;O@=8E 270є<>4VOE. 

�=0;V7 B5@<>48=0<VG=8E ?0@0<5B@V2 4>72>;Oє 2AB0=>28B8 ?@8@>4C 

729O7C20==O <V6 1V;:>< B0 4>A;V46C20=8<8 @5G>28=0<8 (107,108,110,111). 

2.4. �><?’NB5@=5 <>45;N20==O 

І=D>@<0FVO ?@> AB@C:BC@C 1V>;>3VG=8E <VH5=59, I> 

28:>@8AB>2CNBьAO 4;O @>7@>1:8 ;V:0@Aь:8E 70A>1V2 70 4>?><>3>N 
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<>;5:C;O@=>3> 4>:V=3C, 7V1@0=0 2 є48=C 107C 40=8E, 2V4><C O: RCSB Protein 

DataBank (112). 

 >;5:C;O@=89 4>:V=3 4 F5 <5B>4, I> ?>;O30є 2 >@Vє=B0FVW >4=VєW 

<>;5:C;8 2V4=>A=> V=H>W 4;O CB2>@5==O AB01V;ь=>3> :><?;5:AC. 

�87=0G5==O >?B8<0;ь=>3> ?@>AB>@>2>3> @>7B0HC20==O <>;5:C; 40є 

<>6;82VABь >FV=8B8 WE 729O7CNGC A?>@V4=5=VABь 70 4>?><>3>N B0: 720=>W 

A:>@V=3-DC=:FVW. *59 <5B>4 є >4=8< V7 =09?>H8@5=VH8E C AB@C:BC@=><C 

48709=V ;V:0@Aь:8E 70A>1V2, >A:V;ь:8 4>72>;Oє ?@>3=>7C20B8 :>=D>@<0FVW 

72'O7C20==O <0;8E <>;5:C; ;V30=40 7 <>;5:C;>N <VH5=V 2 =091V;ьH 

283V4=><C <VAFV 4;O 72'O7C20==O. �=0;V7 72'O7C20==O є 206;828< 5B0?>< C 

@0FV>=0;ь=><C ?@>є:BC20==V ;V:V2 V 4>?><030є 7@>7C<VB8 >A=>2=V 1V>EV<VG=V 

?@>F5A8 ?@8 270є<>4VW <>;5:C; (113–115) .   

%:>@V=3-DC=:FVW <>6=0 :;0A8DV:C20B8 70 B8?>< 28:>@8AB>2C20=8E 

@V2=O=ь B0 ?0@0<5B@V2, ?>4V1=> 4> A8;>28E ?>;V2. %:>@V=3-DC=:FVW, 

70A=>20=V =0 DV78G=8E @>7@0EC=:0E, 2@0E>2CNBь =5:>20;5=B=V 270є<>4VW 70 

4>?><>3>N A8;>2>3> ?>;O, 7 ?>?@02:0<8 =0 2>4=52V 729O7:8, I> є 

206;828<8 2 ?@>F5A0E <>;5:C;O@=>3> @>7?V7=020==O. #@>B5 B0:V DC=:FVW 

<0NBь =54>;V: 4 2>=8 =5 2@0E>2CNBь @>7G8==8:. *N ?@>1;5<C 28@VH5=> 

7024O:8 28:>@8AB0==N 5=5@35B8G=8E V=:@5<5=BV2 A>;ь20B0FVW, O:V 

@>7@0E>2CNBьAO 70 4>?><>3>N <>45;59 @>7G8==8:V2 #C0AA>=0-�>;ьF<0=0 

(Poisson-Boltzmann, PB) 01> C7030;ь=5=>W �>@=>2Aь:>W (Generalized Born, 

GB). 

#@>3@0<=5 70157?5G5==O AutoDock 4.2 B0 Glide 28:>@8AB>2C20;>Aь 

4;O <>45;N20==O <5B>4>< <>;5:C;O@=>3> 4>:V=3C :><?;5:AV2 �%�-

:C@:C<V= 7 <5B>N 2AB0=>2;5==O <>4 729O7C20==O B0 5=5@3VW 270є<>4VW 

<>;5:C; C :><?;5:AV. 

�;O 4>A;V465==O :><?;5:A>CB2>@5==O ?@>B5W=C B0 ;V30=4C 1C;> 

28:>=0=>  <>45;N20==O <>;5:C;O@=>3> 4>:V=3C 2 ?@>3@0<=><C ?0:5BV 

AutoDock 4.2 7 35=5B8G=8< 0;3>@8B<>< �0<0@:V0=0 B0 5<?V@8G=>N 
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A:>@V=3-DC=:FVєN 4;O ?>HC:C <>4 729O7C20==O.  >45;N20==O 

<>;5:C;O@=>W 48=0<V:8 1C;> 28:>=0=> C ?@>3@0<=><C ?0:5BV Desmond 7 

?>;5< A8; OPLSe. 

�;O :20=B>2>-EV<VG=>3> <>45;N20==O <>;5:C;8 :C@:C<V=C 1C2 

28:>@8AB0=89 ?@>3@0<=89 ?0:5B Gaussian 09W. �;O >?B8<V70FVE 35><5B@VW 

<>;5:C;8, 287=0G5==O @>7?>4V;C 70@O4V2, D>@<C20==O <>;5:C;O@=8E 

>@1VB0;59 B0 2AB0=>2;5==O WE 5=5@35B8G=8E @V2=V2 70AB>A>2C202AO <5B>4 

DC=:FV>=0;0 3CAB8=8 (DFT) 7 DC=:FV>=0;>< CAM-B3LYP V 1078A=8< 

=01>@>< 3-21G. 

 5B>4 DC=:FV>=0;0 3CAB8=8 (DFT) є :20=B>2>-EV<VG=8< <5B>4><, I> 

28:>@8AB>2CєBьAO 4;O >1G8A;5==O 5;5:B@>==>W AB@C:BC@8 0B><V2, <>;5:C; V 

B25@48E BV;. "A=>2=8< ?@8=F8?>< Fь>3> <5B>4C є 70<V=0 A:;04=>3> 

1030B>G0AB8=:>2>3> E28;ь>2>3> @V2=O==O 4;O 5;5:B@>=V2 =0 5:2V20;5=B=5 

>4=>G0AB8=:>25 @V2=O==O, O:5 >?8ACє 5;5:B@>==C 3CAB8=C. *59 DC=:FV>=0; 

3CAB8=8 <>65 1CB8 0?@>:A8<>20=89 70 4>?><>3>N @V7=8E DC=:FV9, B0:8E 

O: DC=:FV>=0; ;>:0;ь=>W 3CAB8=8 01> DC=:FV>=0; 3CAB8=8, I> 70;568Bь 2V4 

3@04Vє=B0.  5B>4 DFT є H8@>:> 28:>@8AB>2C20=8< 4;O <>45;N20==O 

5;5:B@>==>W AB@C:BC@8 7024O:8 A2>W9 740B=>ABV >1G8A;N20B8 2;0AB82>ABV 

<0B5@V0;V2 7 28A>:>N B>G=VABN ?@8 2V4=>A=> =87ь:8E >1G8A;N20;ь=8E 

28B@0B0E. 

� $>74V;V 2 ?@54AB02;5=> >?8A >19є:BV2 4>A;V465==O B0 

5:A?5@8<5=B0;ь=8E <5B>48:, 28:>@8AB0=8E ?V4 G0A 28:>=0==O @>1>B8: 

>?B8G=>3> ?>3;8=0==O, D;C>@5AF5=FVW, B5>@V9 287=0G5==O ?0@0<5B@V2 

:><?;5:A>CB2>@5==O B0 :><?9NB5@=>3> <>45;N20==O. 
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$"���� 3 

�" #���%"'&�"$�!!/ �%� � ��"�%��"  &�$�. CeO2 

3.1. "?B8G=V 2;0AB82>ABV �%� ?@8 270є<>4VW 7 =0=>G0AB8=:0<8 

%5"2: ?>3;8=0==O B0 D;C>@5AF5=FVO 

' A?5:B@0E >?B8G=>W 3CAB8=8 �%� C DV7V>;>3VG=><C @>7G8=V (@8A. 

3.1) 4;O @V7=8E :>=F5=B@0FV9 0;ь1C<V=C A?>AB5@V30єBьAO H8@>:89 ?V: C 

'(-4V0?07>=V. �;O 45O:8E :>=F5=B@0FV9 284=> 420 <0:A8<C<8 ?>3;8=0==O 

3 ?@8 λmax = 240 =< B0 λmax = 280 =<. !0 2V4<V=C 2V4 Fь>3>, C 2>4=8E 

@>7G8=0E <0:A8<C< A<C38 >?B8G=>3> ?>3;8=0==O GVB:> @>7B0H>20=89 1V;O 

λmax = 280 =<. 

 

$8A.3.1. %?5:B@8 >?B8G=>W 3CAB8=8 DV7V>;>3VG=8E @>7G8=V2 �%� @V7=>W 

:>=F5=B@0FVW (%�%� = 10-4 (1); 5· 10-5(2); 10-6 (3)   (@! = 5.5) ). 
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$V7=8FO C ?>;>65==V <0:A8<C<V2 >?B8G=>3> ?>3;8=0==O �%� C 

DV7V>;>3VG=><C B0 2>4=><C @>7G8=0E <>65 1CB8 7C<>2;5=0 2V4<V==>ABO<8 

2 EV<VG=><C A:;04V @>7G8==8:0. �>:@5<0, DV7V>;>3VG=89 @>7G8= <0є pH = 

5.5, B>4V O: 2>4=89 @>7G8= 3 pH = 7.4. �V4><>, I> ?@8 pH > 4.7 <>;5:C;8 

�%� =01C20NBь =530B82=>3> 70@O4C, I> <>65 2?;820B8 =0 WE >?B8G=V 

2;0AB82>ABV (13). 

"B@8<0=V A?5:B@8 >?B8G=>3> ?>3;8=0==O =0=>G0AB8=>: CeO¢ C 

DV7V>;>3VG=><C @>7G8=V =02545=V =0 @8A.3.2. � 3@0DV:0 284=>, I> 

=0=>G0AB8=:8 CeO¢ E0@0:B5@87CNBьAO H8@>:8< ?V:>< ?>3;8=0==O ?@8 

λmax =290 =<. !0 2V4<V=C 2V4 A?5:B@V2 >?B8G=>3> ?>3;8=0==O 2 

DV7V>;>3VG=><C @>7G8=V, !+ %5"2 2 2>4=><C @>7G8=V <0NBь ?V: ?>3;8=0==O 

1;87ь:> 350 =<. �V4<V==VABь  <>65 1CB8 7C<>2;5=0 @V7=8<8 @>7G8==8:0<8 

B0 @>7<V@>< !+. �=0G5==O >?B8G=>W 3CAB8=8 A?040є ?@8 7<5=H5==V 

:>=F5=B@0FVW !+ C @>7G8=V. 

$8A.3.2. %?5:B@8 >?B8G=>W 3CAB8=8 DV7V>;>3VG=8E @>7G8=V2 %5"2 @V7=>W 

:>=F5=B@0FVW (%%5"2= 10-5(1), 2 * 10-5(2), 5 * 10-5(3), 7 * 10-5(4)  ) (@! = 5.5; 

& =295 �). 
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%?5:B@8 5<VAVW D;C>@5AF5=FVW B0 D;C>@5AF5=FVW 71C465==O 4;O 

7@07:V2 �%� C 2>4V (@8A.3.3 (0)) B0  DV7V>;>3VG=><C @>7G8=V (@8A. 3.3 (1)) 

1C;8 >B@8<0=V 70 :V<=0B=>W B5<?5@0BC@8. 

 

 

$8A. 3.3. %?5:B@8 5<VAVW D;C>@5AF5=FVW (λ71 = 280 =<) V D;C>@5AF5=FVW 

71C465==O ( λ5< = 345 =<) �%� 7 :>=F5=B@0FVєN %�%� = 2·10-6   C 2>4V (0) 

B0 C DV7V>;>3VG=><C @>7G8=V NaCl (0.9%) 7 λ71 = 275 =< (1), λ71 = 273 =< (2), 

λ71 = 280 =< (3) B0 λ5< = 357 =< (19), B0 λ5< = 355 =< (29). (pH 5.5, & = 294 �). 
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#>;>65==O <0:A8<C<V2 5<VAVW D;C>@5AF5=FVW B0 D;C>@5AF5=FVW 

71C465==O =57=0G=> 70;568Bь 2V4 281@0=8E 7=0G5=ь λ71 V λ5<. #@8 Fь><C 

4;O @>7G8=V2 �%� C 2>4V ?V: 5<VAVW A?>AB5@V30єBьAO ?>1;87C 345 =<, 0 

<0:A8<C< ?>3;8=0==O 3 1;87ь:> 280 =<. ' @07V 28:>@8AB0==O 

DV7V>;>3VG=>3> @>7G8=C =09V=B5=A82=VHV <0:A8<C<8 @>7B0H>20=V 1V;O λ5< = 

355 =< V λ71 = 273 =<. &0:8< G8=><, ?>;>65==O ?V:V2 D;C>@5AF5=FVW 

287=0G0єBьAO B8?>< @>7G8==8:0, I> A2V4G8Bь ?@> WE=N 270є<>4VN 7 �%�, 

AC?@>2>46CNG8Aь :>=D>@<0FV9=8<8 7<V=0<8 C AB@C:BC@V 0;ь1C<V=C. 

"B@8<0=V 7=0G5==O ?>;>65==O ?V:V2 D;C>@5AF5=FVW 4>1@5 C73>46CNBьAO 7 

<0:A8<C<0<8 A<C38 ?>3;8=0==O C A?5:B@V >?B8G=>W 3CAB8=8. 

&0:>6 ?@>2>48;8Aь 4>A;V465==O 5<VAVW D;C>@5AF5=FVW  (@8A.3.4 (0)) B0 

71C465==O D;C>@5AF5=FVW (@8A.3.4 (1)) 4;O !+ %5"2 ?@8 :V<=0B=V9 

B5<?5@0BC@V ?@8 λ71 = 297 =< B0 λ5< = 410  =<. 

� @8A. 3.4 284=>, I> 2 A?5:B@0E 5<VAVW D;C>@5AF5=FVW DV7V>;>3VG=8E 

@>7G8=V2 CeO¢ A?>AB5@V30єBьAO ?V: ?@8 410 =<, 0 2 A?5:B@0E D;C>@5AF5=FVW 

71C465==O 3 <0:A8<C< ?>3;8=0==O ?@8 λ = 297 =<. #><VB=>, I> 7V 

7<5=H5==O< :>=F5=B@0FVW =0=>G0AB8=>: C @>7G8=V V=B5=A82=VABь 

D;C>@5AF5=FVW 7=86CєBьAO. �@V< B>3>, ?V: ?>3;8=0==O C A?5:B@V 

D;C>@5AF5=FVW 71C465==O 7<VI5=89 =0 7 =< C 4>23>E28;ь>2C >1;0ABь 

2V4=>A=> A<C38 ?>3;8=0==O A?5:B@C >?B8G=>W 3CAB8=8. 

!0 @8A.3.5 ?@82545=V A?5:B@8 71C465==O B0 5<VAVW D;C>@5AF5=FVW 

DV7V>;>3VG=8E @>7G8=V2 �%�-CeO2  70 DV:A>20=>W :>=F5=B@0FVW ?@>B5W=>2>W 

A:;04>2>W B0 7@>AB0NG>W :>=F5=B@0FVW =0=>G0AB8=>: ?@8 @V7=8E 

B5<?5@0BC@0E.  

/: 284=>, C A?5:B@0E 71C465==O A?>AB5@V30NBьAO ?V:8 1V;O 230 =< B0 

280 =<. ' A?5:B@0E 5<VAVW =0O2=89 H8@>:89 ?V: ?@8 348 =<. � @57C;ьB0BV 

FRET 7<5=HCєBьAO :20=B>289 28EV4 D;C>@5AF5=FVW B@8?B>D0=>28E 

0<V=>:8A;>B=8E 70;8H:V2 Trp-134 B0 Trp-213 <0:@><>;5:C;8 �%�. 
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$8A.3.4. %?5:B@8 5<VAVW D;C>@5AF5=FVW (0) B0 D;C>@5AF5=FVW 71C465==O (1) 

DV7V>;>3VG=8E @>7G8=V2 %5"2 @V7=>W :>=F5=B@0FVW (%%5"2 = 10-5 (1), 2*10-5 (2), 

5*10-5 (3)  ), (@! = 5.5; &=295 �; λ71 = 297 =<, λ5< = 410  =<). 
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0 1 

 

2 3 

4  

5 
$8A.3.5. %?5:B@8 D;C>@5AF5=FVW 71C465==O (a, 2, 4) B0 5<VAVW D;C>@5AF5=FVW  

(1, 3, 5) 4;O DV7V>;>3VG=8E @>7G8=V2 �%�-CeO2 ?@8 %�%�=2∙10-6   =const V 

%%5"2 = 0, 2∙10-5, 5∙10-5, 8∙10-5, 10-4, 2∙10-4   70 B5<?5@0BC@8 &=295 �(0,1), 

305 � (2,3), 315 � (4,5), �75= 275 nm B0 �5@= 355 nm, pH = 5.5. 
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�=0A;V4>: Fь>3> ?@8 7@>AB0==V :>=F5=B@0FVW =0=>F5@VN C @>7G8=V 

A?>AB5@V30єBьAO 30AV==O D;C>@5AF5=FVW �%�. �@V< B>3>, B0:>6  C A?5:B@V 

5<VAVW A?>AB5@V30єBьAO G5@2>=89 7AC2 ∆� j 15 A@,  I> A2V4G8Bь ?@> 
729O7C20==O =0=>G0AB8=:8 1;87ь:> B8@>78=>2>3> 0<V=>:8A;>B=>3> 70;8H:C 

B0 71V;ьH5==O ?>;O@=>ABV A5@54>28I0 (116), I> ?V4B25@46CєBьAO 

@57C;ьB0B0<8 4>:V=3C (1173119). 

 

3.2.  >45;N20==O 270є<>4VW 0;ь1C<V=V2 7 =0=>G0AB8=:0<8  CeO2 

 >;5:C;O@=0 AB@C:BC@0 �%� 4;O 4>:V=3-<>45;N20==O 27OB0 7 RCSB 

PDB Protein Data Bank (120).  >45;V AB5EV><5B@8G=8E =0=>G0AB8=>: CeO2  

1C;8 ?>1C4>20=V 7 >48=8G=>W :><V@:8 :@8AB0;VG=>W AB@C:BC@8 >19є<=>3> 

F5@VC<C 4V>:A84C (38)  C ?@>3@0<=><C ?0:5BV Vesta (version 3). 

+0AB8=:8 @V7=>W D>@<8 1C;8 >B@8<0=V H;OE>< >1@V70==O 70 

:@8AB0;>3@0DVG=8<8 ?;>I8=0<8 {111}, {110}, {101} B0 {011}. �3V4=> 7 

B5>@5B8G=8< 4>A;V465==O< [20], =0=>@>7<V@=89 CeO¢ 715@V30є :@8AB0;VG=C 

AB@C:BC@C >19є<=>3> <0B5@V0;C, E>G0 7V 7<5=H5==O< @>7<V@V2 

A?>AB5@V30єBьAO =57=0G=5 @>7H8@5==O 2?>@O4:>20=>ABV. �8:>@8AB0=V 

:C1VG=0 B0 1030B>3@0==0 D>@<8 G0AB8=>: 1C;8 G8A5;ь=> ?@>0=0;V7>20=V C 

[18], I> ?V4B25@46Cє :>@5:B=VABь >1@0=>3> =01;865==O. �@V< B>3>, O: 

707=0G5=> C [21], ?V4 G0A <>45;N20==O =5 2@0E>2C202AO 2?;82 20:0=AV9 

>:A835=C ?@8 7<5=H5==V @>7<V@C G0AB8=>:, V CeO¢ 220602AO AB@>3> 

AB5EV><5B@8G=8< <0B5@V0;><. ' @57C;ьB0BV >B@8<0=V :C1VG=V (78 0B><V2, 

@>7<V@ 1,5 =<) B0 1030B>3@0==V (240 0B><V2, @>7<V@ 2,533 =<) =0=>G0AB8=:8 

(@8A.3.6), D>@<0 O:8E 1C;0 >1@0=0 7 C@0EC20==O< 40=8E B5>@5B8G=>3> 

4>A;V465==O (121).    

 

 



64

 

0                                                                  1 

                

 

 

 

2 

 

 

$8A.3.6. !0=>G0AB8=:8 CeO2: (0) :C1VG=0 7 E0@0:B5@=8< @>7<V@>< 1 =< (78 

0B><V2), (1) AD5@8G=0 7 E0@0:B5@=8< @>7<V@>< 2 =< (239 0B><V2), (2) 

AD5@8G=0 7 E0@0:B5@=8< @>7<V@>< 3 =< (777 0B><V2). 

 

!0 @8A.3.7 ?@54AB02;5=89 @57C;ьB0B <>45;N20==O :><?;5:AC 

<0:@><>;5:C;8 �%� B0 :C1VG=>W =0=>G0AB8=:8 48>:A84C F5@VN, 0 A0<5 >4=0 

=09>?B8<0;ь=VH0 :>=D>@<0FVO 7 7=0945=8E 2 AutoDock 4.2.  +5@2>=8< 

:>;ь>@>< 7>1@065=V B@8?B>D0=>2V 0<V=>:8A;>B=V 70;8H:8 Trp213 B0 

Trp134, O:V 2V4?>2V40NBь 70 D;C>@5AF5=B=V 2;0AB82>ABV �%�.    
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$8A.3.7. �><?;5:A :C1VG=>W =0=>G0AB8=:8 CeO2 (@>7<V@ 1.5 =<) B0 <>;5:C;8 

�%�. +5@2>=8< :>;ь>@>< ?>7=0G5=V Trp-134 B0 Trp-213. 

 

�V4AB0=ь 4> =8E 2V= =0=>G0AB8=:8 4>@V2=NNBь 3.2 =< B0 3.12 =<, 

2V4?>2V4=>. �=5@3VO 729O7C20==O 4>@V2=Nє ∆ă j 232.85 >Д6/ B?ь, 
3>;>2=89 2=5A>: 2 O:C, 2V4?>2V4=> 4> @57C;ьB0BV2 <>45;N20==O, 40NBь 20=-

45@-200;ьAV2Aь:0 270є<>4VO B0 2>4=52V 729O7:8. �>:@5<0, =0 @8A.3.8 

?@82545=5 =091;86G5 >B>G5==O 0<V=>:8A;>B=8E 70;8H:V2 =02:>;> 

=0=>G0AB8=:8. �> =091;86G>3> >B>G5==O 2V4=>AOBьAO GLN-33, ASP-86, 

GLY-85, TYR-84, SER-104, HIS-105, LYS-106, ASP-107ASP-111, LYS-465 

B0 THR-466, B>1B> G0AB8=:0 @>7B0H>2CєBьAO A5@54 ?>;O@=8E 

0<V=>:8A;>B=8E 70;8H:V2 (@8A. 3.8). 

�=0;>3VG=>, ?@82545<> @57C;ьB0B8 <>45;N20==O AD5@8G=>3> 

(1030B>3@0==>3>)  =0=>:;0AB5@0 CeO2  @>7<V@>< 2.5-3 =< 7 <0:@><>;5:C;>N 

�%�.    
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$8A.3.8. "B>G5==O :C1VG=>W =0=>G0AB8=:8 CeO2 =0 2V4AB0=V 4 Å. �>2B8< 
?C=:B8@>< ?>7=0G5=V 2>4=52V 729O7:8 <V6 >B>GCNG8<8 0<V=>:8A;>B=8<8 

70;8H:0<8 B0 =0=>G0AB8=:>N. 

 

!0 @8A. 3.9 ?@82545=5 >?B8<0;ь=5 270є<=5 @>7B0HC20==O :><?>=5=B 

:><?;5:AC.  /: 284=> 7 @8A. 3.9 B0 3.7,  @>7B0HC20==O =0=>:;0AB5@0 45I> 

7<V=8;>Aь.  

 

$8A.3.9. �><?;5:A AD5@8G=>W (1030B>3@0==>W) =0=>G0AB8=:8 CeO2 (@>7<V@ 

2.5-3 =<) B0 <>;5:C;8 �%�. +5@2>=8< :>;ь>@>< ?>7=0G5=V Trp-134 B0 Trp-

213. 

 

&5?5@ 2V4AB0=V 4> B@8?B>D0=>28E 0<V=>:8A;>B=8E 70;8H:V2 3.7 =< B0 

4.5 =<, 2V4?>2V4=>. �=5@3VO 729O7C20==O 7 �%� 4>@V2=Nє ∆ă j239.98 >Д6/@B?ь. �=0;>3VG=> ?>?5@54=ь><C 28?04:C, 3>;>2=89 2=5A>: C 
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5=5@3VN 270є<>4VW 40є 20=-45@-200;ьAV2Aь:0 270є<>4VO B0 2>4=52V 729O7:8. !0 

@8A. 3.10 ?@54AB02;5=5 =091;86G5 >B>G5==O AD5@8G=>W G0AB8=:8 C 

:><?;5:AV 7 �%�.  

 

$8A.3.10. "B>G5==O AD5@8G=>W =0=>G0AB8=:8 CeO2 =0 2V4AB0=V 4 Å. 
 

�<V=>:8A;>B=V 70;8H:8 2 >B>G5==V 3 PRO-415, GLN-416, VAL-417, 

SER-418, THR-466, VAL-468, VAL-497, PRO-498, LYS-499, ALA-500, LYS-

533. �>2B8< ?C=:B8@>< ?>7=0G5=V 2>4=52V 729O7:8 <V6 40=8<8 

0<V=>:8A;>B=8<8 70;8H:0<8 B0 =0=>G0AB8=:>N. 

�0@B> 707=0G8B8, I> @>7@0EC=:8 ?@>2>48;8Aь C =01;865==V 6>@AB:>W 

AB@C:BC@8 <0:@><>;5:C;8 ?@>B5W=C, B>1B> 0<V=>:8A;>B=V 70;8H:8 

22060;8Aь 70DV:A>20=8<8. %B@C:BC@0 =0=>G0AB8=>: B0:>6 22060;0Aь 

=57<V==>N. �;O =0=>:;0AB5@V2 ?>@V2=O=> =525;8:>3> @>7<V@C (4> 2 =<) 

<>45;N20==O ?@>45<>=AB@C20;> <>6;82VABь CB2>@5==O :><?;5:AV2, 

2V4?>2V4=> 5=5@3VO 729O7C20==O є 2V49є<=>N. �;O AD5@8G=>3> =0=>:;0AB5@0 

@>7<V@>< ?>@O4:C 3 =< B0:>6 >45@60=89 @57C;ьB0B. !0=>:;0AB5@ B0:>3> 

@>7<V@C є 7=0G=8< C @>7<V@V 2 ?>@V2=O==V 7  <>;5:C;>N ?@>B5W=C (482. 

@8A.3.11), B><C 4;O >45@60==O :><?;5:AC ?@>F5A <>45;N20==O =5>1EV4=> 

CB>G=N20B8, 7>:@5<0 2@0EC202H8 <>6;82VABь 7<V=8 ?>;>65==O 

0<V=>:8A;>B=8E 70;8H:V2 ?@8 270є<>4VW 7 =0=>G0AB8=:>N.  
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$8A. 3.11. !0=>G0AB8=:0 CeO2 B0 <>;5:C;0 �%�. 

 

$57C;ьB0B8 <>45;N20==O <>6=0 ?>@V2=OB8 7 @57C;ьB0B0<8 

@>7@0EC=:V2, >B@8<0=8E =0 >A=>2V 5:A?5@8<5=B0;ь=8E A?5:B@V2 5<VAVW 

D;C>@5AF5=FVW DV7V>;>3VG=8E @>7G8=V2 �%� B0 =0=>G0AB8=>: CeO2 B0 

A?5:B@C >?B8G=>3> ?>3;8=0==O CeO2 2 DV7V>;>3VG=><C @>7G8=V.  

�;O ?>@V2=O==O ?@>0=0;V7>20=0 <>;5:C;O@=0 AB@C:BC@0 �%� 70 

4>?><>3>N 4>:V=3-<>45;N20==O, <>;5:C;0 1C;0 27OB0 7 RCSB PDB Protein 

Data Bank (122). !0 2V4<V=C 2V4 �%�, C �%� ?@8ACB=V9 ;8H5 >48= 

B@8?B>D0=>289 0<V=>:8A;>B=89 70;8H>: 4 Trp-214. �><?;5:A �%� 7 

:C1VG=>N =0=>G0AB8=:>N CeO¢ @>7<V@>< 1,4 =<, >B@8<0=89 C @57C;ьB0BV 

<>45;N20==O, ?@54AB02;5=89 =0 @8A. 3.12.  

�V4AB0=ь 4> 73040=>3> B@8?B>D0=>2>3> 70;8H:C AB0=>28Bь 3,35 =<. 

�=5@3VO 72'O7C20==O 7 <>;5:C;>N �%� &G j -39,47 :�6/<>;ь, I> A2V4G8Bь 

?@> 1V;ьH V=B5=A82=C 270є<>4VN ?>@V2=O=> 7 �%�. /: V 2 ?>?5@54=ь><C 
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28?04:C, >A=>2=89 2:;04 C 270є<>4VN 2=>AOBь 20=-45@-200;ьAV2Aь:V A8;8 B0 

2>4=52V 72'O7:8. 

 

$8A.3.12. �><?;5:A :C1VG=>W =0=>G0AB8=:8 CeO2  7 <>;5:C;>N �%�. 

 

$57C;ьB0B8 <>45;N20==O C73>46CNBьAO 7 5:A?5@8<5=B0;ь=8<8 

40=8<8, =02545=8<8 2 (123). !0 @8A. 3.13 ?>:070=> =091;86G5 >B>G5==O 

0<V=>:8A;>B=8E 70;8H:V2 =02:>;> =0=>G0AB8=:8, 7>:@5<0 GLN-390, GLU-

393, LEU-394, GLN-397, ALA-406, ARG-410, LYS-413, VAL-409, THR-540, 

LYS-541, GLU-542, LYS-545. &0:>6 707=0G5=V 2>4=52V 72'O7:8 <V6 

=0=>G0AB8=:>N CeO¢ B0 0<V=>:8A;>B=8<8 70;8H:0<8 7 =091;86G>3> 

>B>G5==O. 
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$8A.3.13. !091;86G5 >B>G5==O :C1VG=>W =0=>G0AB8=:8 CeO2 =0 2V4AB0=V 4 Å. 
�5;5=8< ?C=:B8@>< ?>7=0G5=V 2>4=52V 729O7:8. 

 

�><?;5:A �%� 7 AD5@8G=>N =0=>G0AB8=:>N CeO2 @>7<V@>< 2 =< 

?@82545=89 =0 @8A. 3.14.  

 

$8A. 3.14. �><?;5:A AD5@8G=>W =0=>G0AB8=:8 CeO2  7 <>;5:C;>N �%�. 

 

�V4AB0=ь 4> B@8?B>D0=>2>3> 70;8H:C 3.47 =<. �=5@3VO 729O7C20==O 7 

<>;5:C;>N �%�  ∆ă j 242.63 >Д6/@B?ь. �>;>2=89 2=5A>: C 270є<>4VN 
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40NBь 20=-45@-200;ьAV2Aь:0 270є<>4VO B0 2>4=52V 729O7:8. !0 @8A. 3.15 

2:070=5 =091;86G5 >B>G5==O 0<V=>:8A;>B=8E 70;8H:V2 =02:>;> 

=0=>G0AB8=:8, 0 A0<5 PRO-180, ASP-183, ASP-187, PHE-395, GLY-399, 

GLU-400, TYR-401, SER-435, GLU-518, LYS-519, GLN-522. 

 

 

 

$8A.3.15. !091;86G5 >B>G5==O AD5@8G=>W =0=>G0AB8=:8 CeO2 =0 2V4AB0=V 4 Å. �>2B8< ?C=:B8@>< ?>7=0G5=V 2>4=52V 729O7:8. 
!5>1EV4=> 707=0G8B8, I> @>7@0EC=:8 28:>=C20;8Aь 7 ?@8?CI5==O< 

6>@AB:>W AB@C:BC@8 <0:@><>;5:C;8 ?@>B5W=C, B>1B> 0<V=>:8A;>B=V 

70;8H:8 22060;8Aь DV:A>20=8<8. &0:>6 AB@C:BC@0 =0=>G0AB8=>: 

70;8H0;0Aь =57<V==>N.  >45;N20==O 4;O ?>@V2=O=> <0;8E =0=>:;0AB5@V2 

(4> 2 =<) ?>:070;> <>6;82VABь CB2>@5==O :><?;5:AV2, ?@8 Fь><C 5=5@3VO 

72'O7C20==O 28O2;OєBьAO 2V4'є<=>N. �=0;>3VG=89 @57C;ьB0B >B@8<0=> V 4;O 

AD5@8G=>3> =0=>:;0AB5@0 @>7<V@>< 1;87ь:> 3 =<. *59 @>7<V@ 7=0G=> 

1V;ьH89, =V6 <>;5:C;0 ?@>B5W=C (482. @8A. 3.11), B><C 4;O >B@8<0==O 

:><?;5:AC ?>B@V1=> CB>G=8B8 ?@>F5A <>45;N20==O, 7>:@5<0 2@0EC202H8 

<>6;82VABь 7<V= C ?>;>65==V 0<V=>:8A;>B=8E 70;8H:V2 ?V4 G0A 270є<>4VW 7 

=0=>G0AB8=:>N (117). 
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3.3. �AB0=>2;5==O ?0@0<5B@V2 30AV==O B0 72’O7C20==O 2 @>7G8=0E 
�%� 7 =0=>G0AB8=:0<8 %5"2 

�;O 2AB0=>2;5==O A5@54=ь>W 2V4AB0=V 2V4 =0=>G0AB8=:8 4V>:A84C 

F5@VN (0:F5?B>@) 4> B@8?B>D0=>28E 0<V=>:8A;>B=8E 70;8H:V2 (4>=>@V2) 

Trp-213 B0 Trp-134 ?>B@V1=> A:>@8AB0B8Aь B5>@VєN (ь>@AB5@0 =5@04V0FV9=>W 

@57>=0=A=>W ?5@540GV 5=5@3VW (FRET). FRET 3 5;5:B@>48=0<VG=5 O28I5, I> 

28=8:0є <V6 <>;5:C;0<8 4>=>@0 C 71C465=><C AB0=V B0 0:F5?B>@0 2 

>A=>2=><C AB0=V O: @57C;ьB0B 40;5:>4VNG>W 48?>;ь-48?>;ь=>W 270є<>4VW 

(109) B0 AC?@>2>46CєBьAO ?5@540G5N 5=5@3VW 157 ?>O28 D>B>=0. 

�D5:B82=VABь E ?5@5=5A5==O 5=5@3VW 71C465==O 2V4 4>=>@0 (�%�) 4> 

0:F5?B>@0 (CeO2) >15@=5=> ?@>?>@FV9=89 H>ABV9 AB5?5=V 2V4AB0=V r <V6 

=8<8 B0 70;568Bь 2V4 2V4AB0=V R0, 70 O:>W 5D5:B82=VABь ?5@5=5A5==O 5=5@3VW 

A:;040є 50% =0ABC?=8< G8=><:                                                           ā = 1 2 ĂĂ0 = þ06þ06 + Ā6                                      (3.1) 
45 F0, F 3 V=B5=A82=>ABV D;C>@5AF5=FVW 2 <0:A8<C<V A<C38 5<VAVW 

4>=>@0 (�%�) C 2V4ACB=>ABV B0 ?@8ACB=>ABV 30A=8:0 (=0=>G0AB8=:0), 

2V4?>2V4=>. �V4AB0=ь r, 70 O:>W <>6=0 3>2>@8B8 ?@> 5D5:B82=5 ?5@5=5A5==O 

5=5@3VW, <0є <0B8 7=0G5==O 4> 10 =< B0 704>2>;ь=OB8 28<>3C 0.5R0 < r < 

1.5R0 (109). �V4AB0=ь R0  287=0G0єBьAO G5@57 V=B53@0; ?5@5:@8BBO <V6 

A?5:B@0<8 D;C>@5AF5=FVW 4>=>@0 (�%�) (@8A.3.5)  V ?>3;8=0==O 0:F5?B>@0 

(CeO2) (@8A.3.2) :                                                         þ06 = 8,8 × 10−25ý2�ýþ−4                             (3. 2) 
45 k2 = 2/3 3 <=>6=8:, I> >?8ACє CA5@54=5=C 2V4=>A=C ?@>AB>@>2C 

>@Vє=B0FVN 48?>;ь=8E <><5=BV2 <>;5:C; 4>=>@0 B0 0:F5?B>@0, N 3 

?>:07=8: 70;><;5==O A5@54>28I0 B0 4>@V2=Nє 1.36 4;O 40=>W A8AB5<8, � =0.15 3 :20=B>289 28EV4 4>=>@0. 
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І=B53@0; ?5@5:@8BBO ý A?5:B@V2 287=0G0єBьAO 7 =0ABC?=>3> 
A?V22V4=>H5==O:                                                           ý = ∑Ă(�) �(�)�4Δ�∑Ă(�)Δ�                                       (3.3) 

45 F(λ) i ε(λ) 3 7=0G5==O V=B5=A82=>ABV 5<VAVW D;C>@5AF5=FVW 2>4=>3> 

@>7G8=C �%� B0 CeO2 V <>;O@=>3> :>5DVFVє=B0 5:AB8=:FVW DV7V>;>3VG=>3> 

@>7G8=C =0=>G0AB8=>: 48>:A84C F5@VN. %?5:B@8 F(λ) i ε(λ) ?@82545=V =0 

@8A. 3.16.  

 

$8A. 3.16. #5@5:@8BBO A?5:B@V2 5<VAVW D;C>@5AF5=FVW 2>4=>3> @>7G8=C �%� 

(C�%�=2∙10-6  ) B0 ?>3;8=0==O 2>4=>3> @>7G8=C CeO2 (CCeO2 = 7∙10-5  ) ?@8 

295 �. 

 

"45@60=5 7 (3.3) 7=0G5==O V=B53@0;0 ?5@5:@8BBO ý j 1.688 ×10−15 −1E@3. #V4AB0282H8 9>3> C (3.2) B0 28:>@8AB>2CNG8 (3.1), 
>B@8<0є<> 7=0G5==O þ0 j 5.9 nm, Ā j 6.1 nm. �0=V 7=0G5==O 45I> 
2V4@V7=ONBьAO 2V4 >B@8<0=8E 7 <>;5:C;O@=>3> 4>:V=3C 2V4AB0=59 <V6 

=0=>G0AB8=:>N B0 �%�, >4=0: C73>46CNBьAO O:VA=> 3 2V4AB0=V C 45:V;ь:0 
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=0=><5B@V2 - B0 ?V4B25@46CNBь <>6;82VABь =5@04V0FV9=>W ?5@540GV 5=5@3VW 

71C465==O 2V4 4>=>@0 (�%�) 4> 0:F5?B>@0 (CeO2) C :><?;5:AV. 

ІA=CNBь 48=0<VG=89 B0 AB0B8G=89 <5E0=V7<8 30AV==O D;C>@5AF5=FVW, 

O:V ?5@5410G0NBь 157?>A5@54=V9 :>=B0:B D;C>@>D>@0 (B@8?B>D0=) B0 

30A=8:0 (CeO2). �8=0<VG=89 <5E0=V7< 30AV==O >1C<>2;5=89 7VB:=5==O<8 

157 28?@><V=N20==O D>B>=0 B0 >?8ACєBьAO @V2=O==O< ,B5@=0-�>;ь<5@0 

(117,1243126) : 

 Ă0Ă = 1 + þÿ�0[ý] = 1 + þ��[ý].                                            (3. 4) 
 

45 �0 є G0A>< 68BBO 71C465=>3> @V2=O <>;5:C;8 �%� B0 4>@V2=Nє 
1∙10-8 s.  

�>=AB0=B8 30AV==O þÿ and þ��  <>6CBь 1CB8 7=0945=V 7 A?5:B@V2 

5<VAVW D;C>@5AF5=FVW DV7V>;>3VG=8E @>7G8=V2 �%� B0 �%�-CeO2  ?@8 @V7=8E 

B5<?5@0BC@0E B0 :>=F5=B@0FVOE =0=>F5@VN ÿÿÿ�2 = [Q] 7 ;V=V9=>W 
0?@>:A8<0FVW 5:A?5@8<5=B0;ь=8E B>G>: (482. @8A. 3.17). �V=V9=V 70;56=>ABV 

,B5@=0-�>;ь<5@0 E0@0:B5@=V 4;O 28?04:C =0O2=>ABV >4=>3> B8?C 

D;C>@>D>@0. 

$57C;ьB0B8, >B@8<0=V 7 B5>@VW ,B5@=0 3 �>;ь<5@0, ?@82545=V C 

B01;.3.1.  �=0G5==O :>=AB0=B8 30AV==O þÿ ?5@528ICє <0:A8<0;ь=5 4;O �%� þÿ,���=2×1010 M-1c-1, 0 A0<0 :>=AB0=B0 =5<>=>B>==> 70;568Bь 2V4 

B5<?5@0BC@8. &><C <>6=0 7@>18B8 28A=>2>:, I> 2 A8AB5<V �%�-CeO2  <0є 

<VAF5 AB0B8G=89 <5E0=V7< 30AV==O D;C>@5AF5=FVW (111,127). %B0B8G=89 

<5E0=V7< 30AV==O ?>29O70=89 7 CB2>@5==O< :>=9N30BV2 �%�-CeO2 B0 

?5@540G5N 5=5@3VW 71C465==O 2V4 4>=>@0 (B@8?B>D0=) 4> 0:F5?B>@0 

(=0=>G0AB8=:0) 157 28?@><V=N20==O D>B>=0. 
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$8A.3.17. �0;56=>ABV ,B5@=0-�>;ь<5@0, >B@8<0=V 4;O 5:A?5@8<5=B0;ь=8E 

B>G>: ?@8 T = 295 K (■), 305 K (●), 315 K (♦). (%8<2>;8 2V4?>2V40NBь 

5:A?5@8<5=B0;ь=8< @57C;ьB0B0<, ACFV;ь=V ;V=VW >B@8<0=V 7 ?V43>=:8 

@57C;ьB0BV2 ;V=V9=8<8 70;56=>ABO<8 ,B5@=0 3 �>;ь<5@0). 

 

&01;8FO 3.1.  

�>=AB0=B8 30AV==O ,B5@=0 3 �>;ь<5@0 4;O DV7V>;>3VG=8E @>7G8=V2  

�%�-CeO2 ?@8 @V7=8E B5<?5@0BC@0E. 

 

 �(�) 
#0@0<5B@8 30AV==O 

�>=AB0=B0 H284:>ABV 

30AV==O þÿ(M−1s−1) 
�>=AB0=B8 ,B5@=0 -

 �>;ь<5@0 þ��(M−1) 
þ 

295 (1.46±0.099) × 1012 (1.46±0.099) × 104 0.9818 

305 (1.52±0.097) × 1012 (1.52±0.097) × 104 0.9838 

315 (1.34±0.1)  × 1012 (1.34±0.1) × 104 0.9743 
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�0=89 <5E0=V7< >?8ACєBьAO 2 @0<:0E B5>@VW )V;;0 =0ABC?=8< 

@V2=O==O< : lg Ă0Ă = lgþ� + ÿlg[ý],                                                    (3.5) 
45 þ� B0 ÿ є 2V4?>2V4=> :>=AB0=B>N B0 :V;ь:VABN <VAFь 729O7C20==O 

<>;5:C;8 �%� B0 =0=>G0AB8=:8 CeO2 2 CB2>@5=><C :>=9N30BV.  

!0 @8A. 3.18 ?@54AB02;5=V 5:A?5@8<5=B0;ь=V B>G:8, >B@8<0=V 7 

A?5:B@V2 5<VAVW D;C>@5AF5=FVW, B0 WE=V ;V=V9=V 0?@>:A8<0FVW C 2V4?>2V4=>ABV 

4> (5).  

 

$8A. 3.18. �0;56=>ABV )V;;0, >B@8<0=V 4;O 5:A?5@8<5=B0;ь=8E B>G>: 

?@8 T = 295 K (■), 305 K (●), 315 K (♦). (%8<2>;8 2V4?>2V40NBь 

5:A?5@8<5=B0;ь=8< @57C;ьB0B0<, ACFV;ь=V ;V=VW >B@8<0=V 7 ?V43>=:8 ?@8 

28:>@8AB0==V ;V=V9=>3> @V2=O==O )V;;0). 
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 "B@8<0=V 2 @57C;ьB0BV 0?@>:A8<0FVW ?0@0<5B@8 729O7C20==O 

?@82545=V C B01.3.2. /: 284=>, 7=0G5==O :>=AB0=B8 729O7C20==O, O: V 

:V;ь:VABь <VAFь 729O7C20==O, A?040є 7 @>AB>< B5<?5@0BC@8, I> є 

E0@0:B5@=8< A0<5 4;O  AB0B8G=>3> <5E0=V7<C 30AV==O.  

&01;8FO 3.2.  

�>=AB0=B8 729O7C20==O 2 :>=9N30B0E �%�-CeO2 ?@8 @V7=8E 

B5<?5@0BC@0E. 
 

#0@0<5B@8 729O7C20==O �(�) lgKA n R 

295 7.83±0.8 1.97

±0.19 

0.9626 

305 7.24±0.5 1.82

±0.12 

0.9826 

315 6.63±0.51 1.67

±0.12 

0.9788 

 

&0:8< G8=><, 7 B01;.3.2 284=>, I> :V;ь:VABь <VAFь 729O7C20==O n 2 

:><?;5:A0E �%� 7 =0=>G0AB8=:0<8 4V>:A84C F5@VN ?@81;87=> 4>@V2=Nє 2 

B0 7<5=HCєBьAO 7V 7@>AB0==O< B5<?5@0BC@8. 

 

3.4. &5@<>48=0<VG=V E0@0:B5@8AB8:8 @>7G8=V2 �%� 7 
=0=>G0AB8=:0<8 %5"2 

' 2V4?>2V4=>ABV 4> B5>@VW 20= �>DD0 (111,127), 7=0G5==O :>=AB0=B8 

729O7C20==O 4>72>;Oє >B@8<0B8 7=0G5==O B5@<>48=0<VG=8E ?0@0<5B@V2 

270є<>4VW <>;5:C;8 ?@>B5W=C 7 =0=>F5@Vє< 2 CB2>@5=><C :><?;5:AV: 

5=B0;ь?VN  ∆Ą, 2V;ь=C 5=5@3VN ∆ă B0 5=B@>?VN ∆ÿ, I> 2 A2>N G5@3C 
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4>72>;8Bь 2AB0=>28B8 ?5@52060NG89 E0@0:B5@ 270є<>4VW. � @V2=O==O 20= 

�>DD0 4;O 7040=>W B5<?5@0BC@8 7=0945<> 7<V=C ?>B5=FV0;C �V11A0:  ∆ă = 2þĀ lnþ�,                                                    (3.6) 

45 C=V25@A0;ь=0 307>20 AB0;0 þ = 8.314 J ∙  B?ь−1 ∙  K−1. �=0G5==O ∆Ą 7=0945<> 7 ;V=V9=>W 0?@>:A8<0FVW 70;56=>ABV :>=AB0=B8 729O7C20==O 2V4 

B5<?5@0BC@8 @>7G8=C:  lnþ� = 2∆ĄþĀ + ∆ÿþ .                                                (3.7) 
 

"B@8<02H8 25;8G8=8 ∆ă  B0 ∆Ą , <>65<> @>7@0EC20B8 7<V=C 

5=B@>?VW ?@8 @V7=8E B5<?5@0BC@0E 7 28:>@8AB0==O< 2V4><>3> 

A?V22V4=>H5==O: 

 ∆ă = ∆Ą 2 Ā∆ÿ.                                                  (3.8) 
$57C;ьB0B8 @>7@0EC=:V2 B5@<>48=0<VG=8E E0@0:B5@8AB8: �%� 7 

=0=>G0AB8=:0<8 4V>:A84C F5@VN ?@82545=V C B01;. 3.4.  

&01;8FO 3.4.  

&5@<>48=0<VG=V E0@0:B5@8AB8:8 @>7G8=V2 �%�-CeO2 ?@8 @V7=8E 

B5<?5@0BC@0E 
 

&5@<>48=0<VG=V ?0@0<5B@8 �(�) �ă(× 103ý/ B?ь) �ÿ(ý ∙  B?ь−1 ∙ þ−1) �Ą(× 103ý/ B?ь) 
2

95 

-44.2±4.5 -211.63±0.03 
 

3

05 

-42.25±2.9 -211.07±0.02 -106.63±3.04 

3

15 

-39.96±3.1 -211.64±0.03 
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�=0G5==O B5@<>48=0<VG=8E ?0@0<5B@V2 A2V4G0Bь ?@> ?5@52060NGC @>;ь 

A8; 20=-45@-�00;ьA0 B0 2>4=528E 729O7:V2 2 CB2>@5==V :>=9N30BV2 �%�-

CeO2. "45@60=V 7=0G5==O 5=5@3VW 729O7C20==O B0 B8? 270є<>4VW 4>1@5 

C73>46CNBьAO 7 >B@8<0=8<8 40=8<8 2 @57C;ьB0BV 4>:V=3-<>45;N20==O 

(117). 
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�8A=>2:8 4> @>74V;C 3 

1. � @>1>BV >B@8<0=V A?5:B@8 5<VAVW D;C>@5AF5=FVW B0 D;C>@5AF5=FVW 
71C465==O DV7V>;>3VG=8E @>7G8=V2 18G0G>3> A8@>20B:>2>3> 
0;ь1C<V=C B0 =0=>G0AB8=>: 4V>:A84C F5@VN CeO2 @>7<V@>< 3 =<.  
�;O A?5:B@V2 5<VAVW DV7V>;>3VG=8E @>7G8=V2 �%� A?>AB5@V30єBьAO 
H8@>:89 ?V: ?@8 348 =<, I> 7AC20єBьAO C G5@2>=C >1;0ABь 
A?5:B@C =0 15 nm 7V 7@>AB0==O< 2<VABC =0=>F5@VN C @>7G8=V. 
�@>AB0==O :>=F5=B@0FVW =0=>G0AB8=>: AC?@>2>46CєBьAO 
<>=>B>==8< 7<5=H5==O< V=B5=A82=>ABV D;C>@5AF5=FVW. �0 
4>?><>3>N B5>@V9 ,B5@=0-�>;ь<5@0 B0 )V;;0 2AB0=>2;5=>, I> 
30AV==O A?5:B@V2 2V41C20єBьAO 70 @0EC=>: AB0B8G=>3> <5E0=V7<C 7 
CB2>@5==O< :>=9N30BV2 BSA-CeO2 C @>7G8=0E. #@8 Fь><C 
:>=AB0=B0 729O7C20==O þ�~107 M−1, 0 G8A;> <VAFь 729O7C20==O ÿ ≅ 1.5 ÷ 2.   

2. �AB0=>2;5=V B5@<>48=0<VG=V E0@0:B5@8AB8:8 5=B0;ь?VW, 5=B@>?VW 
B0 2V;ь=>W 5=5@3VW �V11A0 ?@8 270є<>4VW <0:@><>;5:C;8 ?@>B5W=C 7 
=0=>G0AB8=:>N  A2V4G0Bь ?@> ?5@52060NGV 20=-45@-200;ьAV2Aь:V 
A8;8 B0 2>4=52V 729O7:8 C D>@<C20==V :><?;5:AV2 �%�-CeO2. &8? 
270є<>4VW B0 7=0G5==O 5=5@3VW 729O7C20==O ∆ă j 240 >Д6/@B?ь 
GC4>2> C73>46CNBьAO 7 @57C;ьB0B0<8 <>45;N20==O <>;5:C;O@=>3> 
4>:V=3C �%� 7 =0=>G0AB8=:>N 4V>:A84C F5@VN @>7<V@>< 2.5-3 nm.  
� @57C;ьB0BV <>45;N20==O 2AB0=>2;5=V <>48 729O7C20==O B0 
=091;86G5 >B>G5==O 0<V=>:8A;>B=8E 70;8H:V2 �%� =02:>;> 
CeO2.  

3. � 28:>@8AB0==O< B5>@VW Dь>@AB5@V2Aь:>W =5@04V0FV9=>W ?5@540GV 
5=5@3VW 2V4 4>=>@0 (D;C>@5AF5=B=V 0<V=>:8A;>B=V 70;8H:8 Trp-134 
B0 Trp-213) 4> 0:F5?B>@0 (CeO2) 2AB0=>2;5=0 A5@54=O 2V4AB0=ь 2V4 
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"B@8<0=V @57C;ьB0B8 2:07CNBь, I> 2 A8AB5<V �%�-:25@F5B8= 

CB2>@5==O :><?;5:AV2 <V6 <>;5:C;0<8 2V41C20єBьAO 2 >A=>2=><C AB0=V, 

B>1B> 2=0A;V4>: AB0B8G=8E ?@>F5AV2. !02545=V @57C;ьB0B8 4>1@5 

C73>46CєBьAO 7 ?>4V1=8<8 4>A;V465==O<8 @>7G8=V2 C 2>4V �%�-:25@F5B8= 

?@8 @! 7,4 (1,134).  

 

&01;8FO 4.2. 

�=0G5==O KSV  і Kq 4;O @>7G8=V2 C 2>4V �%�- :25@F5B8=  ?@8 @V7=8E 

B5<?5@0BC@0E  

Ā(K)
   

#0@0<5B@8 30AV==O 

�>=AB0=B0 H284:>ABV 

30AV==O þÿ(M−1c−1)  �>=AB0=B0 ,B5@=0 

3�>;ь<5@0 þ��(M−1)  
293 1,15×1012 1,15×104 

303 1,11×1012 1,11×104 

313 1,09×1012 1,09×104 

 

' 28?04:C AB0B8G=>3> 30AV==O (� 28:>@8AB>2CєBьAO :V;ь:0 

<>48DV:>20=8E A?V22V4=>H5=ь ,B5@=0-�>;ь<5@0 4;O @>7@0EC=:C 

?0@0<5B@V2 729O7C20==O �A V n. %5@54 =8E H8@>:> 28:>@8AB>2CNBьAO 

70;56=VABь )V;;0. 

�0;56=>ABV )V;;0 4;O @>7G8=V2 C 2>4V �%�- :25@F5B8= ?@8 @V7=8E 

B5<?5@0BC@0E ?@54AB02;5=V =0 @8A.4.6.  

�84=>, I> 5:A?5@8<5=B0;ь=V @57C;ьB0B8 4>1@5 >?8ACєBьAO ;V=V9=8<8 

70;56=>ABO<8 )V;;0 2 :>>@48=0B=V9 A8AB5<V ?>42V9=8E ;>30@8D<V2. 

�>4=>G0A, 2 ?>@V2=O==V V7 70;56=VABN ,B5@=0-�>;ь<5@0 =0E8;8 ?@O<8E 

<0NBь ?@>B8;56=89 283;O4 7 ?V428I5==O< B5<?5@0BC@8. *5 A2V4G8Bь, I> 
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25;8G8=8 2V4AV:0==O =0 >AV >@48=0B 7<V=NєBьAO V, O: =0A;V4>:, 7=0G5==O �A 

7<5=HCєBьAO 7 @>AB>< B5<?5@0BC@8.  

�5;8G8=8 �A V n, I> 70157?5GCNBь 4>1@5 C73>465==O 

5:A?5@8<5=B0;ь=8E 40=8E 7 ;V=V9=8<8 70;56=>ABO<8 )V;;0 ?@8 @V7=8E 

B5<?5@0BC@0E, =02545=> 2 B01;8FV 4.3. 

 

$8A.4.6. �0;56=>ABV )V;;0 4;O @>7G8=V2 �%�- :25@F5B8=  ?@8 B5<?5@0BC@0E 

293 � (1), 303 � (2), 313 � (3) (A8<2>;8 =0;560Bь 5:A?5@8<5=B0;ь=8< 

@57C;ьB0B0<, ?@O<V ;V=VW 2V4?>2V40NBь ?V43>=FV F8E @57C;ьB0BV2 7 

28:>@8AB0==O< @V2=O==O )V;;0). 

)0@0:B5@=>N >A>1;82VABN >B@8<0=8E 7=0G5=ь є 1;87ь:VABь n  4> 1, 

I> 4>72>;Oє 22060B8, I> 4> :>6=>W <>;5:C;8 1V;:0 2 >4=><C V7 A09BV2 
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<>6;82>3> 729O7C20==O ?V49є4=CєBьAO >4=0 <>;5:C;0 ;V:0@Aь:>3> 

?@5?0@0BC. �@C3>N >A>1;82VABN є ?04V==O :>=AB0=B8 729O7C20==O �A 7 

B5<?5@0BC@>N, I> 7C<>2;5=> AB0B8AB8G=8< ?@>F5A0<8 

:><?;5:A>CB2>@5==O. 

&01;8FO 4.3.  

�=0G5==O lgКA V n 4;O @>7G8=V2 C 2>4V �%�- :25@F5B8= ?@8 @V7=8E 

B5<?5@0BC@0E, >B@8<0=V V7 70;56=>AB59 )V;;0. 

 

 
#0@0<5B@8 729O7C20==O Ā(K) þĀþ� n 

293 5,29 0,94 

303 4,9 0,88 

313 4,35 0,81 

 

#>4V1=V 7=0G5==O �A V n >B@8<0=V 4;O A8AB5< �%�- :25@F5B8= 2 

V=H8E @>1>B0E 7 @! 7,4. &0:, ?@8 B5<?5@0BC@0E 292 �, 298 �, 304 �, 310 � 

�A >B@8<0=V @V2=8<8 4,17∙10 -5  -1, 3,14 ∙10 -5  -1, 1,35∙ 10 -5  -1, 0,69 ∙ 10 -5 

 -1 , 2V4?>2V4=> (134). �> @5GV, �A  28O28;>AO 1;87ь:8<8 4;O @>7G8=V2 �%�- 

:25@F5B8= (log�A=5.0, n=0,98) V �%�- :25@F5B8= (log�A=5.44, n=1,03) (1). 

�>4=>G0A, ?@8 729O7C20==V :25@F5B8=C 7 DNA (64) :>=AB0=B0 729O7C20==O 

7@>AB0є 4> 2,99∙ 10 -7  -1 (n=1,40), 0 :><?;5:A>CB2>@5==O 7 D;020=>W4><, 

?>EV4=8< 2V4 :25@F5B8=C -  @CBV=>< - A8;ь=> 7<5=HCєBьAO 4> 4,14∙10-2  -1 

(n=0,71). �8A>:V 7=0G5==O �A 715@V30NBьAO ?@8 729O7C20==V :25@F5B8=C V7 

A?>;C:0<8 DNA  7 0@35=V=><, 0A?0@03V=><, D5=V;0;0=V=><. � ?V428I5==O< 

B5<?5@0BC@8 2 @>7G8=0E :25@F5B8=C 7 DNA 2 A?>;CFV 7 0<V=>:8A;>B0<8 

25;8G8=0 �A 7<5=HCєBьAO, B>1B> B0:>6 715@V30єBьAO AB0B8G=89 ?@>F5A 

:><?;5:A>CB2>@5==O. 

#@8 28:>@8AB0==V 28@CG5=8E C 2>4V 7 �%� V=H8E 2V4><8E 

D;02>=>W4V2, =0?@8:;04, :C@:C<V=C :@820 70;56=>ABV ,B5@=0-�>;ь<5@0 
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E0@0:B5@87CєBьAO ?>78B82=8< 2V4E8;5==O<, B>1B> 729O7C20==O 2V41C20єBьAO 

70 AB0B8G=8< <5E0=V7<><. $07>< 7 B8<, 2 ?>42V9=V9 ;>30@8D<VG=V H:0;V 

?V43>=:0 5:A?5@8<5=B0;ь=8E @57C;ьB0BV2 C73>46CєBьAO 7 ;V=V9=>W 

70;56=VABN )V;;0. #@8 Fь><C 7=0G5==O KSV = 0,35 ∙  103  −1, ÿ =1.402, þ� = 1,419 ∙  103  −1 (135). �84=>, I> C 28?04:C 729O7C20==O �%� 
7 :C@:C<V=>< 25;8G8=0 þ� 7<5=HCєBьAO 2 ?>@V2=O==V 7 :><?;5:A0<8 �%�-

:25@F5B8=. 

�29O7C20==O C 1CD5@=><C @>7G8=V (7 @! 7,4) �%� 7 >4=8< V7 H8@>:> 

@>7?>2AN465=8E D;02>=>W4V2 O: ;V:0@Aь:89 ?@5?0@0B><, 35A?5@5B8=><, 

?@8 ÿ = 5 2V41C20єBьAO 7 þ� = 8,11 ∙  104  −1 (136). !5>1EV4=> 2V4<VB8B8, 
I> D;02>=>W48 :25@F5B8= V @CB8= 2?;820NBь =0 :><?;5:A>CB2>@5==O �%� 

7 V=H8<8 1V>AB@C:BC@0<8 =0?@8:;04, A>@0D5=V1 (Sor). &0:, 4;O A8AB5<8 

�%� - Sor KSV = 2,55 ∙  105  −1 ?@8 T=298 K, O:0 ?040є 7 @>AB>< 
B5<?5@0BC@8, 0 þ� = 1,6 ∙  105  −1 (ÿ = 0,9617) , 7 @>AB>< B5<?5@0BC@8 þ� 
7<5=HCєBьAO 4> 7,03 ∙  104  −1 ?@8 303 � V 1,47∙   104  −1 ?@8 307 �, I> 
2:07Cє =0 270є<>4VN <V6 73040=8<8 <>;5:C;0<8 2 >A=>2=><C AB0=V 7 

CB2>@5==O< :><?;5:AV2 C 28?04:C ?>B@V9=8E A8AB5< (�%�-:25@F5B8=)-

sorafenib KSV 7<5=HCєBьAO ?@8 T=298 K B5<?5@0BC@V 4> 2,36 ∙  105  −1, 0 þ� 4> 0,55 ∙  103  −1(137). 
&0:8< G8=>< 70;56=>ABV 2V4 2V4<V==>AB59 2 <>;5:C;O@=V9 AB@C:BC@V 

@V7=8E D;02>=>W4V2 7 �%� A?>AB5@V30єBьAO 7<V=0 :>=AB0=B8 729O7C20==O, I> 

A2V4G8Bь ?@> @V7=V <5E0=V7<8 729O7C20==O ?@8 715@565==V AB0B8G=>3> B8?C 

CB2>@5==O :><?;5:AV2. �>4=>G0A, <0NBь <VAF5 7<V=8 25;8G8= þ� ?@8 
:><?;5:A>CB2>@5==V D;02>=>W4V2 7 @V7=8<8 1V>AB@C:BC@0<8, 2 B><C G8A;V 

0;ь1C<V=0<8 V DNA. #5@5EV4 2V4 1V=0@=8E A8AB5< 7 �%� 4> ?>B@V9=8E 70 

CG0ABV D;02>=>W4V2 B0:>6 2?;820є =0 :>=AB0=B8 729O7C20==O ?@8 715@565==V 

G8A;0 <VAFь 729O7C20==O 2 0;ь1C<V=0E (130). 



94

�V4><>, I> ?@>F5A8 :><?;5:A>CB2>@5==O AC?@>2>46CєBьAO 7<V=>N 

2V;ь=>W 5=5@3VW, O:0 287=0G0єBьAO 7<V=>N 2V;ь=>W 5=5@3VW, 5=5@3VW, O:0 

287=0G0єBьAO :>=AB0=B>N 729O7C20==O V B5<?5@0BC@>N V, O: =0A;V4>:, 

7<V=0<8 5=B0;ь?VO B0 5=B@>?VW. 

�=0;>3VG=V 4>A;V465==O 1C;8 ?@>2545=V B0:>6 4;O @>7G8=V2 �%� 7 

:C@:C<V=><. !0 @8A. 4.7 ?>:070=> A?5:B@8 >?B8G=>3> ?>3;8=0==O �%� C 

2>4=><C @>7G8=V 70 ?>ABV9=>N :>=F5=B@0FVN C 2V4ACB=>ABV :C@:C<V=C B0 2 

9>3> ?@8ACB=>ABV ?VA;O @>7G8=5==O 2 DMSO 7 @V7=>N :>=F5=B@0FVN ?@8 

71V;ьH5==V 2<VABC ;V:0@Aь:>3> ?@5?0@0BC 2V4 0, 25 ∙ 10-6   4> 4 ∙ 10-6  . 

%?5:B@ >?B8G=>W 3CAB8=8 <>;5:C; ;V:0@Aь:>3> ?@5?0@0BC :C@:C<V=C 

E0@0:B5@87CєBьAO ?@8ACB=VABN 2 A<C3 ?>3;8=0==O. #5@H0 7 =8E, O:0 <5=H 

V=B5=A82=0, <0є <0:A8<C< 1V;O 352 =<, 0 4@C30 - 1V;ьH V=B5=A82=0 -

>?8ACєBьAO ?V:>< 7 <0:A8<C< 1V;O 430 =<. 

 *V A<C38 ?>29O7CNBь 7V A?5:B@0;ь=8<8 ?5@5E>40<8 2 D5=>;ь=8E 

:V;ьFOE <>;5:C;8, 2V4?>2V4=>. #@8 B8B@C20==O @>7G8=V2 7 <>;5:C;0<8 

:C@:C<V=C @>7G8=C C 2>4V �%� >1842V A<C38 >?B8G=>3> ?>3;8=0==O 

:C@:C<V=C 715@V30NBьAO V 28=8:0є 4>40B:>20, 1V;ьH A;01:0 A<C30, 7 

<0:A8<C<>< 1V;O 277 =<.  �V 7@>AB0==O< :>=F5=B@0FVW <>;5:C; :C@:C<V=C 

>?B8G=0 3CAB8=0, I> 2V4?>2V40є ?>3;8=0==N �%�, 7@>AB0є V 7<VICєBьAO 2 

G5@2>=C >1;0ABь, I> 2:07Cє =0 :><?;5:A>CB2>@5==O 7 28=8:=5==O< 

35B5@>0A>FV0BV2 �%�-:C@:C<V=. 

%?5:B@ >?B8G=>W 3CAB8=8 <>;5:C; ;V:0@Aь:>3> ?@5?0@0BC :C@:C<V=C 

E0@0:B5@87CєBьAO ?@8ACB=VABN 2 A<C3 ?>3;8=0==O. #5@H0 7 =8E, O:0 <5=H 

V=B5=A82=0, <0є <0:A8<C< 1V;O 352 =<, 0 4@C30 - 1V;ьH V=B5=A82=0 -

>?8ACєBьAO ?V:>< 7 <0:A8<C< 1V;O 430 =<. *V A<C38 ?>29O7CNBь 7V 

A?5:B@0;ь=8<8 ?5@5E>40<8 2 D5=>;ь=8E :V;ьFOE <>;5:C;8, 2V4?>2V4=>. 
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$8A.4.7. %?5:B@ >?B8G=>3> ?>3;8=0==O :C@:C<V=C C 2>4=8E @>7G8=0E 7 

DMSO :>=F5=B@0FVO<8 2.5(1),5.0(2), 7.5∙10-7   (3), 1.0 (4), 1.5 (5), 2.0 (6), 3.

0 (7), 4.0 ∙ 10 6   (8)  (0) B0 @>7G8=V2 C 2>4V �%� 7 ?>ABV9=>N :>=F5=B@0FVєN 

(2∙10-6  ) C 2V4ACB=>ABV (1) B0 2 ?@8ACB=>ABV :C@:C<V=C, 

@>7G8=5=>3> C 2>4V 7 DMSO 7 :>=F5=B@0FVO<8 2.5(2), 5.0(3), 7.5∙10-7   (4), 1

.0 (5), 1.5 (6), 2.0 (7), 3.0 (8),  0∙ 10 6   (9) (1) ( &=293 �, @! 5.5). 
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#@8 B8B@C20==V @>7G8=V2 7 <>;5:C;0<8 :C@:C<V=C @>7G8=C C 2>4V �%� 

>1842V A<C38 >?B8G=>3> ?>3;8=0==O :C@:C<V=C 715@V30NBьAO V 28=8:0є 

4>40B:>20, 1V;ьH A;01:0 A<C30, 7 <0:A8<C<>< 1V;O 277 =<. �V 7@>AB0==O< 

:>=F5=B@0FVW <>;5:C; :C@:C<V=C >?B8G=0 3CAB8=0, I> 2V4?>2V40є 

?>3;8=0==N �%�, 7@>AB0є V 7<VICєBьAO 2 G5@2>=C >1;0ABь, I> 2:07Cє =0 

:><?;5:A>CB2>@5==O 7 28=8:=5==O< 35B5@>0A>FV0BV2 �%�-�C@:C<V=. 

'B2>@5==O 35B5@>0A>FV0BV2 B0:>6 ?V4B25@46CєBьAO 282G5==O< 

?>254V=:8 A?5:B@V2 5<VAVW V 71C465==O D;C>@5AF5=FVW 2 @>7G8=0E �%�-

�C@:C<V= ?@8 7@>AB0==V :>=F5=B@0FVW ;V:0@Aь:>3> ?@5?0@0BC. 

!0 @8A. 4.8 ?>:070=> A?5:B@0 5<VAVW V 71C465==O D;C>@5AF5=FVW 4;O 

@>7G8=V2 C 2>4V �%�-:C@:C<V= ?@8 ?>ABV9=V9 :>=F5=B@0FVW �%� C 

2V4ACB=>ABV B0 ?@8ACB=>ABV :C@:C<V=C ?@8 7@>AB0==V 2<VABC <>;5:C;8.  

�V A?5:B@V2 5<VAVW D;C>@5AF5=FVW 284=>, I> 4;O 2AVE B@ь>E B5<?5@0BC@ 

?V428I5==O 2 @>7G8=V 2<VABC <>;5:C; :C@:C<V=C ?@82>48Bь 4> 30AV==O 

D;C>@5AF5=FVW. �>4=>G0A, 7V 7@>AB0==O< B5<?5@0BC@8 V=B5=A82=VABь A<C3 2 

<0:A8<C<0E ?040є ?@8 715@565==V WE ?>;>65==O 1V;O 348 =<. 

�=0;>3VG=>, 2V41C20єBьAO ?04V==O 2=5A:C C A<C7V D;C>@5AF5=FVW 2V4 A<C38 

71C465==O 7 <0:A8<C<>< 1V;O 275 =< V 223 =<, E0@0:B5@=8<8 4;O �%�. 

$07>< 7 B8<, ?@8 71V;ьH5==V 2<VABC �%� ?>;>65==O <0:A8<C<0 1V;O 275 

=< 70;8H0єBьAO =57<V==8<, 0 <0:A8<C< A<C38 71C465==O 1V;O 223 =< 

7<VICєBьAO 2 G5@2>=C >1;0ABь. "G5284=>, I> >18420 D0:B>@8 7C<>2;5=V 

CB2>@5==O< 2 @>7G8=0E :><?;5:AV2 �%�-:C@:C<V= (131,138) 

!0 @8A.4.9 =02545=> 70;56=>ABV ,B5@=0 - �>;ь<5@0 4;O @>7G8=V2 C 

2>4V �%�-�C@:C<V= 70 @V7=8E B5<?5@0BC@. �84=>, I> =0E8; ?@O<8E 

=09<5=H89 4;O =0928I>W 7 281@0=8E B5<?5@0BC@ (313 �), I> =5 

C73>46CєBьAO 7 <5E0=V7< 48=0<VG=>3> 30AV==O. 
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0 
 

1 

 

2 
 

3 

 
4  

5 
$8A.4.8. %?5:B@8 5<VAVW D;C>@5AF5=FVW (a,2,4) B0 D;C>@5AF5=FVW 71C465==O 

(1,3,5) �%� 7 :C@:C<V=><  C 2>4=8E @>7G8=0E ?@8 :>=F5=B@0FVW 0;ь1C<V=C 

%�%� = 2 ∙10-6    V :>=F5=B@0FVW :C@:C<V=C %�C@:C<V= = 0(1), 2.5 (2), 5 (3), 7.5 ∙ 

10-7(4), 1(5), 1.5 (6), 2 (7), 3 (8), 4 ∙ 10-6(9)    (T = 293 (a,1), 

303 (2,3), 313 (4,e) K, pH 5.5, �75 = 275 A@, �5@ = 348 A@). 
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$8A. 4.9. �0;56=>ABV ,B5@=0 - �>;ь<5@0 4;O @>7G8=V2 C 2>4V �%�-

�C@:C<V= 70 B5<?5@0BC@8 293 K (■), 303 K (●), 313 K (▲). (%8<2>;8 

2V4?>2V40NBь 5:A?5@8<5=B0;ь=8< @57C;ьB0B0<, ACFV;ь=V ;V=VW >B@8<0=V 7 

?V43>=:8 @57C;ьB0BV2 ;V=V9=8<8 70;56=>ABO<8 ,B5@=0 - �>;ь<5@0). 

 

"G5284=>, I> 25;8G8=8 4;O >B@8<0=8E @57C;ьB0BV2 1C4CBь 7<5=HC20B8AO 7 

@>AB>< B5<?5@0BC@8, I> 284=> 7 B01;8FV 4.5. 

�@V< 7<5=H5==O 25;8G8= 7 @>AB>< B5<?5@0BC@8 <>6=0 ?><VB8B8, I>, 

O: 28BV:0є 7 <>45;V 48=0<VG=>3> 30AV==O, 2V4?>2V40є 7=0G5==N. &0:8< 

G8=><, 4;O @>7G8=V2 �%� - :C@:C<V= B5<?5@0BC@=0 70;56=VABь B0 

?5@528I5==O <0:A8<0;ь=> <>6;82>3> 7=0G5==O 2:07CNBь, I> 30AV==O 

D;C>@5AF5=FVW @50;V7CєBьAO 70 V=H8< <5E0=V7<><, 0 A0<5 C 2V4?>2V4=>ABV 4> 

<5E0=V7<C AB0B8G=>3> 30AV==O. 
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&01;8FO 4.5. 

 �=0G5==O :>=AB0=B8 ,B5@=0 - �>;ь<5@0 4;O 2>4=8E @>7G8=V2 �%�-

�C@:C<V= 70 @V7=8E B5<?5@0BC@. 

 

�:070=89 <5E0=V7< ?5@5410G0є, I> :><?;5:A8 2 @>73;O=CB8 A8AB5<V 

CB2>@NєBьAO =5 2 @57C;ьB0BV 7VB:=5==O <>;5:C; C 71C465=><C AB0=V, 0 O: 

@57C;ьB0B WE D>@<C20==O 2 >A=>2=><C AB0=V C 283;O4V AB01V;ь=8E 

35B5@>0A>FV0BV2. �0AV==O D;C>@5AF5=FVW B0:8<8 AB01V;ь=8<8 :><?;5:A0<8 

28<030є V=H>3> >?8AC, 70AB>A>2CNG8 @V7=V <>48DV:>20=V @V2=O==O 

,B5@=0 -(>;ь<5@0.  

*5 @V2=O==O 4;O AB0B8G=>3> 30AV==O 2AB0=>2;Nє 729O7>: :V;ь:VABь 

<VAFь 729O70=>3> ;V30=40 =0 1 <>;ь 1V;:0 Ā , <>;O@=0 :>=F5=B@0FVO 2V;ь=>3> 
;V30=40 ĀĀ 7 G8A;>< <VAFO 729O7C20==O 4;O :>6=>3> :;0AC A09BV2 ÿ B0 7 

@V2=>206=>N :>=AB0=B>N 729O7C20==O þ� C 283;O4V @V2=O==O %:5BG0@40: 

 ĀĀ� = ÿþ� 2 Ā ⋅ þ�                                                  (4.1) 

$V2=>206=0 :>=AB0=B0 729O7C20==O 4;O 28?04:C AB0B8G=>3> 30AV==O V=:>;8 

Ā(K)
   

#0@0<5B@8 30AV==O 

�>=AB0=B0 H284:>ABV 

30AV==O þÿ(M−1c−1)  �>=AB0=B8 ,B5@=0 -

 �>;ь<5@0 þ��(M−1)  
29

3 5,27 ∗ 1013 5,27 ∗ 105 
30

3 4,52 ∗ 1013 4,52 ∗ 105 
31

3 3,57 ∗ 1013 3,57 ∗ 105 
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287=0G0єBьAO 7 <>48DV:>20=>3> @V2=O==O ,B5@=0-�>;ь<5@0 C 283;O4V: �0�0−� = 1Ā⋅�� ⋅ 1[�] + 1Ā                                               (4.2) 

45 ÿ 3 4>;O 4>ABC?=>W V=B5=A82=>ABV (�. �;O ÿ=1 F5 @V2=O==O 
A?@>ICєBьAO 4> 283;O4C: �0�0−� = 1 + 1�� ⋅ 1[�]                                           (4.3) 

$07>< 7 B8<, 4;O >B@8<0==O 25;8G8= þ� V ÿ ?5@5206=> 

28:>@8AB>2CNBь @V2=O==O )V;;0, O:5 >?8A0=5 @V2=O==O< (5). 

!0 @8A.4.10 ?>:070=> 70;56=>ABV )V;;0 4;O @>7G8=V2 C 2>4V �%�-

�C@:C<V= ?@8 @V7=8E B5<?5@0BC@0E.  

$8A. 4.10. �0;56=>ABV )V;;0 4;O @>7G8=V2 C 2>4V  �%�-:C@:C<V=  ?@8 

T = 293 K (■), 303 � (●), 313 � (▲) (%8<2>;8 2V4?>2V40NBь 

5:A?5@8<5=B0;ь=8< @57C;ьB0B0<, ACFV;ь=V ;V=VW >B@8<0=V 7 ?V43>=:8 ?@8 

28:>@8AB0==V ;V=V9=>3> @V2=O==O )V;;0). 
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� 287=0G5==O =0E8;C ?@O<8E 4;O :>6=>W B5<?5@0BC@8 V 25;8G8=, I> 

2V4AV:0єBьAO F8<8 ?@O<8<8 =0 >AV þĀĀ [ (Ă0 2 Ă) 7 Ă] <>6=0 2AB0=>28B8 
25;8G8=8 lg þ� V ÿ, O:V =02545=V 2 B01;8FV 4.6. 

&01;8FO 4.6. 

�5;8G8=8 þ� V ÿ 4;O @>7G8=V2 C 2>4V �%�-:C@:C<V= ?@8 @V7=8E 

B5<?5@0BC@0E. 

 
#0@0<5B@8 729O7C20==O Ā(K) lg þ� n 

293 6.14 1.065 

303 5.74 1.010 

313 5.4 0.966 

 

�84=>, I> nj1, >B65 <0є <VAF5 ;8H5 >48= A09B 729O7C20==O ;V:V2 7  

?@>B5W=><. І7 71V;ьH5==O< B5<?5@0BC@8 þĀþ� 7<5=HCєBьAO, I> є =0A;V4:>< 
48A>FV0FVW AB01V;ь=8E :><?;5:AV2, CB2>@5=8E 2 >A=>2=><C AB0=V (131) 

 

4.3. �<V=8 B5@<>48=0<VG=8E ?0@0<5B@V2 ?@8:;04 :><?;5:AC 
CB2>@5==O C 2>4=8E @>7G8=0E �%�-:25@F5B8= B0 �%�-

:C@:C<V= 

' 2V4?>2V4=>ABV 4> @V2=O=ь �0= �>DD0 @>7@0E>20=V B5@<>48=0<VG=V 

?0@0<5B@8 4;O @>7G8=V2 C 2>4V �%�-:25@F5B8= ?@8 @V7=8E B5<?5@0BC@0E 

(B01.4.7) B0 4;O @>7G8=V2 �%�-:C@:C<V= (B01.4.8). 

�84=>, I> �ă<0 4;O >1>E A8AB5< 2:07Cє =0 5:7>B5@<VG=8E 
A?>=B0==89 <5E0=V7< :><?;5:AC CB2>@5==O. �V4><>, I> C 28?04:C �Ą > 0 V �ÿ > 0 :><?;5:A>CB2>@5==O 2V41C20єBьAO 70 @0EC=>: 3V4@>D>1=89 
270є<>4VW.  
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&01;8FO 4.7. 

&5@<>48=0<VG=V ?0@0<5B@8 4;O @>7G8=V2 C 2>4V �%�-:25@F5B8= ?@8 

@V7=8E B5<?5@0BC@0E. 

 
&5@<>48=0<VG=V ?0@0<5B@8 Ā(K)

  

�ă(>Д6/@B?ь)  �ÿ(Д6 ∙@B?ь−1 ∙ þ−1)  �Ą(Д6/@B?ь)  
293 -29,658 -179,6  -82291,5 

303 -28,409 -177,8 -82291,5 

313 -26,052 -179,7  -82291,5  

 

&01;8FO 4.8. 

�<V=8 B5@<>48=0<VG=8E ?0@0<5B@V2 �ă, �Ą B0 �ÿ 4;O @>7G8=V2 C 
2>4V �%�-�C@:C<V= ?@8 @V7=8E B5<?5@0BC@0E 

 
&5@<>48=0<VG=V ?0@0<5B@8 Ā(K)  �ă(>Д6/@B?ь)  �ÿ(Д6 ∙@B?ь−1 ∙ þ−1)  �Ą(>Д6/@B?ь)  

293 -34,42 -104,23 -64,96 

303 -33,28 -104,56 -64,96 

313 -32,34 -104,22 -64,96 

 

/:I> �Ą < 0, 0 �ÿ > 0 , B> 270є<>4VO 2 :><?;5:A0E @50;V7CєBьAO 2 
@57C;ьB0BV 4VW 5;5:B@>AB0B8G=8E A8;. ' 28?04:C, :>;8 �Ą < 0 V �ÿ <  0, 
B> :><?;5:A8 28=8:0NBь 2=0A;V4>: 2>4=528E 729O7:V2. "A:V;ь:8 4;O 

@>7G8=V2  �%�-�25@F5B8= C 2>4V �Ą < 0, 0 �ÿ <  0, B> ?5@52060NG8<8 2 
:><?;5:A0E є 2>4=52V 729O7:8.  � A2>N G5@3C 2V49є<=5 7=0G5==O �Ą 
(�Ą<0) V =530B82=5 7=0G5==O �ÿ(�ÿ < 0) 2:07CNBь, I> 2 :><?;5:AV 
�%�-�C@:C<V= ?5@52060NG8<8 є 20=-45@-200;ьAV2Aь:0 270є<>4VO B0 

2>4=52V 729O7:8 (139).   
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4.4.  5E0=V7< ?5@5=5A5==O 5=5@3VW 2 :><?;5:A0E �%�-

�25@F5B8= B0 �%�-�C@:C<V= 

#5@5=5A5==O 5=5@3VW 2 :><?;5:A0E <>65 2V41C20B8Aь O: 

15728?@><V=N20==8< H;OE><, B0: V 70 @0EC=>: ?5@540GV 2V4 D;C>@>D>@0 4> 

30A=8:0 D>B>=V2 28?@><V=N20==O. �06;82>N E0@0:B5@8AB8:>N ?5@540GV 

5=5@3VW є V=B53@0; ?5@5:@8BBO A?5:B@V2 D;C>@5AF5=FVW <>;5:C; 4>=>@0 B0 

01A>@1FVW <>;5:C; 0:F5?B>@0 C 2V4?>2V4=>ABV 4> @V2=O==O (3). 

!0 @8A.4.11 ?>:070=>, I> 4;O <>;5:C; �%� V :25@F5B8=C A?5:B@8 

D;C>@5AF5=FVW V ?>3;8=0==O ?5@5:@820NBьAO 2 H8@>:><C A?5:B@0;ь=><C 

4V0?07>=V B>1B> ý b 0. 

 

$8A.4.11. #5@5:@8BBO A?5:B@C D;C>@5AF5=FVW F(λ) �%� (G5@2>=0 :@820) 

A?5:B@C ?>3;8=0==O ξ(λ) :25@F5B8=C (>1;0ABь ?5@5:@8BBO 70HB@8E>20=0). 
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І=B53@0; ?5@5:@8BBO 28O282AO @V2=8< J = 0.193 ∙ 109 A@4/( ∙ E@). 
*5 7=0G5==O 2E>48Bь O: A?V2<=>6=8: 4> :@8B8G=>3> 2V4AB0=V R0 , 70 O:>W 

5D5:B82=VABь ?5@540GV 5=5@3VW 4>@V2=Nє 50 %. 

�;O @>7@0EC=:C R06  28:>@8AB0=> 7=0G5==O D0:B>@0 2V4=>A=>W 
>@Vє=B0FVW 48?>;59 4>=>@0 V 0:F5?B>@0 28?@><V=N20==O, O:89 C 28?04:C 

E0>B8G=>W >@Vє=B0FVW 4>@V2=Nє k=2/3, ?>:07=8: 70;><;5==O n=1.336, 

:20=B>289 28EV4 4>=>@C C 2V4ACB=>ABV 0:F5?B>@0 Φ = 0,188 B0 73040=5 
7=0G5==O J. � V=H>3> 1>:C, R06  B0 2V4AB0=ь <V6 4>=>@>< V 0:F5?B>@>< r 
729O70=V 7 5D5:B82=VABN ?5@5=5A5==O 5=5@3VW � C 2V4?>2V4=>ABV 4> 

=0ABC?=>3> @V2=O==O @57>=0=A=>3> 15728?@><V=N20;ь=>3> ?5@5=5A5==O 

5=5@3VW (ь>@AB5@0 (@V2=O==O 1). 

!0 @8A. 4.12. ?>:070=> A?5:B@8 5<VAVW D;C>@5AF5=FVW �%� B0 

?>3;8=0==O :C@:C<V=C 2 >1;0ABV WE ?5@5:@820==O.  

�C;> 2AB0=>2;5=>, I>  2V4AB0=ь (ь>@AB5@0  R0 =0.89 =< B0 287=0G5=0 

2V4AB0=ь <V6 30A=8:><, B>1B> :25@F5B8=><, B0 D;C>D>@>< 3 

B@8?B>D0=>28< 0<V=>:8A;>B=8< 70;8H:>< ?@>B5W=C, I> 4>@V2=Nє 1.35 =< V 

є 7=0G=> <5=H8< =V6 3@0=8G=> 4>?CAB8<5 7=0G5==O 8-10 =< 4;O @50;V70FVW 

2:070=>3> <5E0=V7<C.  

�;O 281@0=>W A?5:B@0;ь=>W >1;0ABV ?5@5:@8BBO 300-500 =< 25;8G8=0 

V=B53@0;0 ?5@5:@8BBO 28O28;0AO @V2=>N J = 4.071∙109 =<4/( ∙A<). /:I> 

2@0EC20B8, I> ?@8 E0>B8G=V9 >@Vє=B0FVW 48?>;59, I> 287=0G0NBь ?5@540GC 

5=5@3VW 2V4 4>=>@0 4> 0:F5?B>@0 ý2 = 2/3, N =1.336, ( = 0.118, B> :@8B8G=0 
2V4AB0=ь (ь>@AB5@0 4>@V2=Nє  þ0 = 1.5 =<. #@8 >B@8<0=><C 
5:A?5@8<5=B0;ь=><C 7=0G5==V 5D5:B82=>ABV ?5@5=>AC 5=5@3VW E= 0.16 

2V4AB0=ь <V6 ;V:0@Aь:8< ?@5?0@0B>< �C@:C<V= V 70;8H:>< 0<V=>:8A;>B8, 

O:0 є 4>=>@>< 5=5@3VW 28?@><V=N20==O Trp 214 �%A, A:;040є rexp j 2.2 =<. 



105

 

$8A.4.12. %?5:B@ 5<VAVW (�  F(λ)  �%A (G5@2>=0 :@820) B0 A?5:B@ 

?>3;8=0==O ξ(λ) :C@:C<V=C (G>@=0 :@820) 7 :>=F5=B@0FVO<8 С�С� = 2×10−6 
 , С�GD>G@іA =2,5×10−7  2 >1;0ABV ?5@5:@8BBO (70HB@8E>20=0). 

 

�=0G5==O þ0 B0 r, 28E>4OG8 7 C<>28 (ь>@AB5@0 0.5 þ0  < r <1.5 þ0 , 
2:07CNBь, I> 2 A8AB5<V �%�-�C@:C<V= 30AV==O (� @50;V7CєBьAO O: 

@57C;ьB0B 15728?@><V=N20;ь=>W @57>=0=A=>W ?5@540GV 5=5@3VW C 

2V4?>2V4=>ABV 4> <>45;V (ь>@AB5@0 (FRET) (131) 

 

4.5. �><?’NB5@=5 <>45;N20==O �%�-:25@F5B8= B0 �%�-

:C@:C<V= 

�;O  45B0;ь=>3> 0=0;V7C 270є<>4VW :><?>=5=B C :><?;5:AV ?@>2545=> 

<>45;N20==O <>;5:C;O@=>3> 4>:V=3C, 2 @0<:0E O:>3> AB@C:BC@0 ?@>B5W=>2>W 

<0:@><>;5:C;8 (@8A.4.1) 1C;0 DV:A>20=>N (6>@AB:89 4>:V=3), <>;5:C;0 

;V30=40 (:25@F5B8=) є 3=CG:>N 70 @0EC=>: @>B0FV9=8E ABC?5=V2 2V;ь=>ABV 

(@8A.4.13).  5B>N 4>:V=3-<>45;N20==O є ?>HC: >?B8<0;ь=>W 7 

5=5@35B8G=>W B>G:8 7>@C <>48 729O7C20==O <>;5:C; @5F5?B>@0 B0 ;V30=40 C 
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:><?;5:AV. ' ?@>3@0<=><C ?0:5BV Autodock 4.2 ?>HC: <>4 28:>=C202AO 

35=5B8G=8< 0;3>@8B<>< �0<0@:V0=0 7 =0?V25<?V@8G=>W A:>@V=3-DC=:FVєN, 

45 2@0E>20=V ;8H5 A;01:0 =5:>20;5=B=0 270є<>4VO.   

 

$8A.4.13. #>2>@>B=V 729O7:8 <>;5:C;8 :25@F5B8=C C15H10O7 

!0 @8A.4.14 ?@82545=V @57C;ьB0B8 <>45;N20==O B0 =091;86G5 

0<V=>:8A;>B=5 >B>G5==O <>;5:C;8 :25@F5B8=C.  

 

 

0                                                                                       1 

$8A.4.14.  >;5:C;O@=89 :><?;5:A �%�-:25@F5B8= 7 2:070=>N 2V4AB0==N 2 

Å 4> B@8?B>D0=C Trp  214 (0);  =091;86G5 0<V=>:8A;>B=5 >B>G5==O <>;5:C;

8 :25@F5B8=C 7 2:070=8<8 ?C=:B8@>< 2>4=528<8 72'O7:0<8 (1) 
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 >65<> 10G8B8 I> <>;5:C;0 ;V30=40 @>7<VICєBьAO 2 157?>A5@54=V9 

1;87ь:>ABV 4> D;C>@5AF5=B=>3> B@8?B>D0=>2>3> 0<V=>:8A;>B=>3> 70;8H:C 

�%� =0 2V4AB0=V 0.6 =< B0 >B>G5=0 45:V;ь:><0 0<V=>:8A;>B=8<8 

70;8H:0<8, 7 O:8<8 2AB0=>2;NNBьAO 2>4=52V 729O7:8. �=0;V7 V=B5=A82=>ABV 

270є<>4VW <>;5:C;8 :25@F5B8=C 7 =091;86G8< >B>G5==O< ?@>2545=> 2 

@0<:0E <>45;N20==O <>;5:C;O@=>W 48=0<V:8. 

� @57C;ьB0BV 4>:V=3C 2AB0=>2;5=0 5=5@3VN 729O7C20==O -28.4  

:�6/<>;ь <>;5:C; C :><?;5:AV, 7=0G5==O O:>W є 1;87ь:8< 4> >B@8<0=>3> -

28  :�6/<>;ь 7 A?5:B@V2 30AV==O D;C>@5AF5=FVW. &0:>6 2AB0=>2;5=0 

2V4AB0=ь 4> B@8?B>D0=>2>3> 0<V=>:8A;>B=>3> 70;8H:C rcomp ≲ 1 A@, O:0 
B0:>6 =5 2V4@V7=OєBьAO ACBBє2> 2V4 2AB0=>2;5=>3> 2 @0<:0E B5>@VW 

(ь>@AB5@0. 

 >45;N20==O <>;5:C;O@=>W 48=0<V:8 ?@>2>48;>Aь C ?@>3@0<=><C 

?0:5BV Desmond 4;O =0ABC?=8E ?0@0<5B@V2 A8AB5<8: 

•  :><V@:0 10 =< × 10 =< × 10 =< 7 ?5@V>48G=8<8 <56>28<8 C<>20<8; 

• G0A>289 V=B5@20;  6 =A 7 :@>:>< <>45;N20==O 1.2 DA; 

• NPT-0=A0<1;ь ?@8 B5<?5@0BC@V T=300 K B0 B8A:C p = 1 0B<; 

• ?>;5 A8; OPLS (Optimized Potential for Liquid Systems); 

• O2=0 <>45;ь 2>4=>3> @>7G8==8:0 TIP3 7 @V2=5< pH=5.5, 4;O 

5;5:B@>=59B@0;ь=>ABV A8AB5<8 4>40=V 9>=8 Na+; 

• 28EV4=8< ?>;>65==O< є =091V;ьH >?B8<0;ь=0 <>40 

729O7C20==O >B@8<0=0 <5B>4>< 4>:V=3-<>45;N20==O. 

� ?@>F5AV <>45;N20==O ?@>0=0;V7>20=0 V=B5=A82=VABь B0 B8?8 

270є<>4VW <>;5:C;8 :25@F5B8=C 7 :>6=8< 0<V=>:8A;>B=8< 70;8H:>< 7 

=091;86G>3> >B>G5==O, 48=0<V:0 40=>W 270є<>4VW 2 G0AV.  >;5:C;O@=89 

:><?;5:A ?@5?0@0BC B0 ?@>B5W=C C 7040=><C A09BV 729O7C20==O 28O2;OєBьAO 

ABV9:8< C G0AV. !0 @8A.4.15 ?@>45<>=AB@>20=> 4V03@0<0 B@820;>ABV 

270є<>4VW <>;5:C;8 :25@F5B8=C 7 0<V=>:8A;>B=8<8 70;8H:0<8 0;ь1C<V=C 

70 ?@><V6>: G0AC 6 =A.  
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$8A.4.15. +0A>20 4V03@0<0 G0AB>B8 270є<>4VW <>;5:C;8 :25@F5B8=C 7 

0<V=>:8A;>B=8<8 70;8H:0<8 �%�. 

!09G0ABVH5 B0 =09B@820;VH5 :25@F5B8= 270є<>4Vє 7 0<V=>:8A;>B=8<8 

70;8H:0<8 Ser-192, Lys-195, Trp-214, Tyr-150, Arg-218, Arg-222, His-242. � 

?>78B82=> 70@O465=8<8 Arg-218, Arg-222 B0 ?>;O@=8<8 Ser-192, His-242 

:25@F5B8= 270є<>4Vє ?5@5206=> 7024O:8 2AB0=>2;5=8< 2>4=528< 729O7:0< 

(@8A.4.16 B0 4.17). 

І>==0 270є<>4VO 28=8:0є 7024O:8 ?@8ACB=>ABV V>=V2 Na+ C A8AB5<V. � 

Lys-195, Trp-214 B0 Tyr-150 270є<>4VO <>;5:C;8 :25@F5B8=C <0є ?5@5206=> 

3V4@>D>1=89 E0@0:B5@, 7>:@5<0 7 Lys-195 ?@>O2;OєBьAO Ã-:0BV>==89 

729O7>:, 7 B@8?B>D0=>28< 70;8H:>< Trp-214 CB2>@NєBьAO Ã-Ã AB5:V=3.  

� 45O:8<8 0<V=>:8A;>B=8<8 70;8H:0<8 270є<>4VO :25@F5B8=C 

28=8:0є 70 @0EC=>: B0: 720=8E 2>4=8E <VAB:V2 (@8A.4.16). �030;>< E0@0:B5@ 

270є<>4VW, 2AB0=>2;5=89 2 @57C;ьB0BV <>45;N20==O <>;5:C;O@=>W 48=0<V:8 

?V4B25@46Cє B0 45B0;ь=> 4>?>2=Nє 28A=>2:8 7 5:A?5@8<5=B0;ь=8E 

A?5:B@V2 D;C>@5AF5=FVW 2>4=8E @>7G8=V2 �%�-:25@F5B8=. 
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 $8A.4.16. �5B0;ь=V 270є<>4VW 0B><V2 ;V30=4C 7 1V;:>28<8 70;8H:0<8. 

 

(0)       (1) 

$8A.4.17.  >;5:C;0 �%� 7 2:070=8< 75;5=8< є48=8< B@8?B>D0=>28< 

0<V=>:8A;>B=8< 70;8H:>< Trp-214 (0); <>;5:C;0 :C@:C<V=C C21H20O6 7 

707=0G5=8<8 :>;ь>@>< ?>2>@>B=8<8 729O7:0<8 (1). 
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' ?@>F5AV <>45;N20==O �%� 7 :C@:C<V=><  AB@C:BC@0 ?@>B5W=>2>W 

<>;5:C;8 (@8A.4.18 (0)) 1C;0 6>@AB:> 70DV:A>20=>N (6>@AB:89 4>:V=3), 

<>;5:C;0 ;V30=40 (:C@:C<V=) 22060;0Aь 3=CG:>N 70 @0EC=>: =0O2=>ABV 10 

@>B0FV9=8E ABC?5=V2 2V;ь=>ABV 4;O 45O:8E 729O7:V2 (482. @8A. 4.17(1)).  

#>HC: >?B8<0;ь=8E 7 5=5@35B8G=>W B>G:8 7>@C <>4 729O7C20==O C 

Autodock 4.2 74V9A=N202AO 70 4>?><>3>N 35=5B8G=>3> <5B>4C �0<0@:V0=0 7 

=0?V25<?V@8G=>W A:>@V=3-DC=:FVєN, 45 2@0E>20=V ;8H5 A;01:0 =5:>20;5=B=0 

270є<>4VO: 5;5:B@>AB0B8G=0, 20=-45@-200;ьAV2Aь:V B0 2>4=52V 729O7:8, 2?;82 

@>7G8==8:0.  !0  @8A.4.18 (0) 2:070=> =09>?B8<0;ь=VH5 <VAF5 729O7C20==O 

<>;5:C;8 :C@:C<V=C 7 <0:@><>;5:C;>N �%�, >B@8<0=5 2 @57C;ьB0BV 4>:V=3- 

<>45;N20==O 70 =>@<0;ь=8E C<>2.  &0:>6 =0 @8AC=:C 707=0G5=0  2V4AB0=ь  

<V6 <>;5:C;>N ?@5?0@0BC B0 є48=8< C AB@C:BC@V �%� D;C>@5AF5=B=8< 

B@8?B>D0=>28< 0<V=>:8A;>B=8< 70;8H:>< Trp-214 rcomp j 1.6 =<. �=0G5==O 

C<>6;82;Nє @50;V70FVN <5E0=V7<C (ь>@AB5@0 =5@04V0FV9=>W ?5@540GV 

5=5@3VW 71C465==O 2V4 B@8?B>D0=C 4> :C@:C<V=C, I> ?@872>48Bь 4> 30AV==O 

D;C>@5AF5=FVW 4>A;V46C20=8E 2>4=8E @>7G8=V2 �%�-:C@:C<V=. 

 

                                
$8A.4.18.  >;5:C;O@=89 :><?;5:A �%�-�C@:C<V= 7 2:070=>N 2 Å 

2V4AB0==N 4> B@8?B>D0=C Trp-214 (0); =091;86G5 0<V=>:8A;>B=5 >B>G5==O 

:C@:C<V=C 7 2:070=8<8 2>4=528<8 729O7:0<8 (75;5=89 ?C=:B8@) 2 <VAFV 

729O7C20==O (1) 



111

!0 @8A.4.18 (1 ) ?@54AB02;5=> =091;86G5 0<V=>:8A;>B=5 >B>G5==O 

<>;5:C;8 :C@:C<V=C 2 CB2>@5=><C :><?;5:AV.  >;5:C;0 :C@:C<V=C 

7=0E>48BьAO 2 >B>G5==V B0:8E 0<V=>:8A;>B=8E 70;8H:V2: Asp-106, His-146, 

Lys-190, Lys-432,  Val-433, Lys-436, Gln-459, Ala-194, Arg-197, Tyr-148. 

�@V< B>3>, 7 Tyr-148 1C;> CB2>@5=> 2>4=5289 729O7>:. �AB0=>2;5=0 5=5@3VO 

729O7C20==O  �ă�ý�þ j 2 31.9 >Д6@B?ь  2V4?>2V40є >B@8<0=><C 2 @57C;ьB0BV 
>1@>1:8 5:A?5@8<5=B0;ь=8E 40=8E A?5:B@V2 D;C>@5AF5=FVW. �5B0;ь=89 

0=0;V7 E0@0:B5@C B0 ABV9:VABь 270є<>4VW <>;5:C;8 :C@:C<V=C 7 

0=V=>:8A;>B=8<8 70;8H:0<8 �%� 70;568Bь 2V4 @>7G8==8:0, B><C 1C45 

?@>2545=> 2 @0<:07 <>45;N20==O <>;5:C;O@=>W 48=0<V:8. 

#>;>65==O <>;5:C;8 :C@:C<V=C 2 >B@8<0=><C 7 4>:V=3C A09BV 

729O7C20==O 28O2;OєBьAO ABV9:8< C G0AV. !0 @8A.4.19 ?@54AB02;5=V 

0<V=>:8A;>B=V 70;8H:8, 270є<>4VO <>;5:C;8 :C@:C<V=C 7 O:8<8 є 

=09V=B5=A82=VH>N ?@>BO3>< V=B5@20;C <>45;N20==O: 70@O465=V Asp-108, 

Arg-197 B0 3V4@>D>1=V Val-462, Val-456, Ala-191 B0 Ala-194 (130,131). 

 

$8A. 4.19. �<V=>:8A;>B=V 70;8H:8 7 =091;86G>3> >B>G5==O <>;5:C;8 

:C@:C<V=C 7 707=0G5=8< B8?><. 
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"45@60=V @57C;ьB0B8 ?V4B25@46CNBь :;NG>2C @>;ь 2>4=528E 

729O7:V2 V 2>4O=8E <VAB:V2 C D>@<C20==V :><?;5:AV2 :C@:C<V=C 7 �%�. 

�AB0=>2;5=>, I> FV <V6<>;5:C;O@=V 270є<>4VW A?@8ONBь AB01V;ь=>ABV 

CB2>@5=8E AB@C:BC@, I> <>65 1CB8 206;828< 4;O WE=ь>W 1V>;>3VG=>W 

0:B82=>ABV B0 ?>B5=FV9=>3> 70AB>AC20==O C D0@<0F52B8FV. &0:8< G8=><, 

>B@8<0=V 40=V ?>3;81;NNBь @>7C<V==O <5E0=V7<V2 270є<>4VW 

4>A;V46C20=8E A?>;C: V <>6CBь A;C3C20B8 >A=>2>N 4;O ?>40;ьH>3> 

<>45;N20==O WE=VE :><?;5:AV2 C @>7G8=V. 
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�8A=>2:8 4> @>74V;C 4 
1. �>A;V465==O 2>4=8E @>7G8=V2 �%�-:25@F5B8= <5B>40<8 

D;C>@5AF5=B=>W A?5:B@>A:>?VW ?>:070;>, I> 7V 71V;ьH5==O< 2<VABC 

?@5?0@0BC 2 @>7G8=V ?@8 @V7=8E B5<?5@0BC@0E A?>AB5@V30єBьAO 

7<5=H5==O V=B5=A82=>ABV. �0AV==O D;C>@5AF5=FVW  2V41C20єBьAO 2 

@57C;ьB0BV :><?;5:A>CB2>@5==O <>;5:C; 2 >A=>2=><C AB0=V.  

2. �<V=8  B5@<>48=0<VG=8E ?0@0<5B@V2 2:07CNBь =0 B5, I> 

35B5@>0A>FV0FVO �%� 7 :25@F5B8=>< 2V41C20єBьAO ?5@5206=> 70 

@0EC=>: 2>4=528E 72'O7:V2, 0;5 25;8G8=0 7<V= &H V &S  =5 28:;NG0є 

2?;82C 3V4@>D>1=8E A8;.  

3. #5@5=5A5==O 5=5@3VW <V6 4>=>@>< (�%�) V 0:F5?B>@>< (:25@F5B8=><) 

74V9A=NєBьAO 70 4>?><>3>N <5E0=V7<C (5@AB5@0 (FRET). 

�><?;5:A>CB2>@5==O 2V41C20єBьAO 7V 7<V=>N 2B>@8==>W AB@C:BC@8 

2=0A;V4>: 7<V=8 3V4@>D>1=>3> ;>:0;ь=>3> >B>G5==O 1V;O 

0<V=>:8A;>B=>3> 70;8H:C Trp-214. �><?'NB5@=5  <>45;N20==O 

?V4B25@46Cє A:;04=89 E0@0:B5@ 270є<>4VW 2 A8AB5<V �%�-:25@F5B8=. 

4. ' 2>4=8E @>7G8=0E �%� 7 ;V:0@Aь:8< ?@5?0@0B>< :C@:C<V=>< 

A?>AB5@V30єBьAO ?><VB=5 30AV==O 28?@><V=N20==O V 71C465==O (� 

A?>AB5@V30єBьAO 7V 71V;ьH5==O< 2<VABC 30A=8:0 (:C@:C<V=C) 

5=5@3>2<VABC ?@8 B5<?5@0BC@0E 293, 303 V 313 �. "B@8<0=V :>=AB0=B8 

,B5@=0-�>;ь<5@0 KSV V Kq ?@8 @V7=8E B5<?5@0BC@0E 2:07CNBь =0 B5, 

I> 30AV==O 2V41C20єBьAO 2 @57C;ьB0BV CB2>@5==O :><?;5:AV2 �%�-

:C@:C<V= 2 >A=>2=><C AB0=V. *5 ?V4B25@46CєBьAO >B@8<0=V 

70;56=>ABV :>=AB0=B8 72'O7C20==O 2V4 B5<?5@0BC@8, O:V 7@>AB0NBь V7 

71V;ьH5==O< 1/T.  

5. �0AV==O D;C>@5AF5=FVW 2V41C20єBьAO 70 @0EC=>: ?5@540GV 5=5@3VW 2V4 

4>=>@=8E D;C>@>D>@V2 �%� (?5@5206=> 70;8H:C Trp-214) 4> 

?@5?0@0BC (0:F5?B>@0) 70 FRET-<5E0=V7<><. &5>@VO (>@AB5@0 4;O 

FRET 4>72>;8;0 2AB0=>28B8 @>71V6=VABь <V6 4>=>@>< V 0:F5?B>@><, 
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I> 4>1@5 C73>46CєBьAO 7 @57C;ьB0B0<8 <>45;N20==O :><?;5:AV2 

<5B>4>< <>;5:C;O@=>3> 4>:V=3C. �2'O7C20==O <>;5:C; 2 :><?;5:AV є 

<VF=8<, :V;ь:VABь <VAFь 72'O7C20==O 1;87ь:0 4> >48=8FV, I> 2:07Cє =0 

>48= =0 >48= B8? A09BC 72'O7C20==O 4;O <>;5:C;8 ;V:0@Aь:>W 

@5G>28=8.  

6. $>7@0E>20=V 7<V=8 B5@<>48=0<VG=8E ?0@0<5B@V2 ?@8 CB2>@5==V 

:><?;5:AV2 2V4?>2V40NBь A?>=B0==><C 5=B0;ь?V9=><C ?@>F5AC, 

7C<>2;5=><C 2>4=528<8 72'O7:0<8. �5B0;ь=89 0=0;V7 270є<>4VW 7 

28:>@8AB0==O< <5B>40<8 <>;5:C;O@=>3> <>45;N20==O B0:>6 

?>:07Cє 7=0G=89 2=5A>: 3V4@>D>1=>W 270є<>4VW C D>@<C20==O 

:><?;5:AC �%�-:C@:C<V=. 
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$"���� 5 
�" #���%"'&�"$�!!/ �%� � ���$&�&�!"  &� 

�'$�' �!"  

5.1. �5B5@>0A>FV0FVO B0 ?0@0<5B@8 270є<>4VW 2 :><?;5:A0E �%� - 
:25@F5B8= B0 �%� – :C@:C<V= 

�;O 287=0G5==O <5E0=V7<V2 270є<>4VW <>;5:C; �%� B0 :25@F5B8=C 

4>A;V46C20;8Aь D;C>@5AF5=B=V 2;0AB82>ABV 2>4=8E @>7G8=V2 40=8E 

@5G>28= ?@8  DV:A>20=V9 :>=F5=B@0FVW ?@>B5W=C B0 7@>AB0NGV9 :>=F5=B@0FVW 

<>;5:C; ;V30=40  (:25@F5B8=C) ?@8 B@ь>E 7=0G5==OE B5<?5@0BC@. �V4?>2V4=V 

A?5:B@8 D;C>@5AF5=FVW  71C465==O B0 5<VAVW ?@82545=V =0 @8A.5.1. 

/: 284=> 7 @8AC=:V2, ?@8 7@>AB0==V :>=F5=B@0FVW :25@F5B8=C 

2V41C20єBьAO 30AV==O D;C>@5AF5=FVW @>7G8=V2, ?>29O70=5 7 @5;0:A0FVєN 

71C465=8E D;C>@5AF5=B=8E 5=5@35B8G=8E @V2=V2 B@8?B>D0=>28E 

0<V=>:8A;>B=8E 70;8H:V2 Trp-134 B0 Trp-213 ?@>B5W=>2>W <0:@><>;5:C;8 

�%�. �0=V 0<V=>:8A;>B=V 70;8H:8 40NBь >A=>2=89 2=5A>: C V=B5=A82=VABь 

D;C>@5AF5=FVW @>7G8=V2 �%� B0 7=0E>4OBьAO C AC14><5=0E IB B0 IIA α-

A?V@0;V 2B>@8==>W AB@C:BC@8, 2V4?>2V4=>. 

�;O @>7@0EC=:V2 ?0@0<5B@V2 30AV==O B0 729O7C20==O <V6 �%� B0 

:25@F5B8=>< 28:>@8AB>2C20;8Aь @V2=O==O 3.4-3.5.  

� =0E8;C ;V=V9, =02545=8E =0 3@0DV:C, 287=0G5=V :>=AB0=B8 Ksv B0 Kq (Kq= 

Ksv/ τ0), 0 WE 7=0G5==O =02545=> 2 B01;8FV 5.1. 

 �=0G5==O :>=AB0=B8 þÿ ?5@528ICє <0:A8<0;ь=5 4;O �%� 

Kq,max=2×1010  -1A-1 B0 =5<>=>B>==> 70;568Bь 2V4 B5<?5@0BC@8. *5 

A2V4G8Bь, I> 2 A8AB5<V �%�-:25@F5B8= <0є <VAF5 AB0B8G=89 <5E0=V7< 

30AV==O D;C>@5AF5=FVW [96], ?>29O70=89 7 CB2>@5==O< :>=9N30BV2 �%�-

:25@F5B8= B0 ?5@540G5N 5=5@3VW 71C465==O 2V4 4>=>@0 (B@8?B>D0=) 4> 

0:F5?B>@0 (:25@F5B8=) 157 28?@><V=N20==O D>B>=0 
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$8A. 5.1. %?5:B@8 71C465==O D;C>@5AF5=FVW (0,2,3) B0 5<VAVW D;C>@5AF5=FVW 

(1,4,5) 2>4=8E @>7G8=V2 �%�-�25@F5B8=  ?@8 =57<V==V9 :>=F5=B@0FVW 

0;ь1C<V=C (ÿ�С� = 2 ∙ 10−6  ) V 7<V==V9 :>=F5=B@0FVW 

:25@F5B8=C(ÿ��ÿ0 (1), 2.5 ∙ 10−7(2), 5 ∙ 10−7(3), 7.5 ∙ 10−7(4), 10−6(5), 2 ∙10−6(6), 3 ∙ 10−6 (7)ý ) (pH = 5.5, T = 293 K (0,1), 303 K (2,3), 313 K (4,5), �75 = 274 A@, �5@ = 354 A@). 
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$8A.5.2. �0;56=>ABV ,B5@=0-�>;ь<5@0 :><?;5:AV2 �%�-:25@F5B8=  >B@8<0=V 4;O 

5:A?5@8<5=B0;ь=8E B>G>: ?@8 T = 293 K (■), 303 K (●), 313 K (▲) 

&01;8FO 5.1.  

�>=AB0=B8 30AV==O D;C>@5AF5=FVW 2>4=8E @>7G8=V2 �%�-:25@F5B8= ?@8 

@V7=8E B5<?5@0BC@0E 

 

&,� 

#0@0<5B@8 30AV==O  

�>@5;OFVO 

R 

Kq,  · A-1 Ksv,  -1 

293 8,15×1011 8,15×103 0.9703 

303 8,92×1011 8,92×103 0.882 

313 9,53×1011 9,53×103 0.8757 
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!0 @8A.5.3 ?>:070=V 70;56=>ABV )V;;0, >B@8<0=V 7 A?5:B@V2 5<VAVW 

D;C>@5AF5=FVW 4 B>G:8 B0 WE ;V=V9=V 0?@>:A8<0FVW, I> 4>72>;ONBь 

287=0G8B8 ?0@0<5B@8 72'O7C20==O, =02545=V C B01;8FV 5.2. �>=AB0=B0 

72'O7C20==O B0 :V;ь:VABь <VAFь 72'O7C20==O 7<5=HCNBьAO 7V 71V;ьH5==O< 

B5<?5@0BC@8, I> E0@0:B5@=> 4;O AB0B8G=>3> <5E0=V7<C 30AV==O.  

 

$8A.5.3. �0;56=>ABV )V;;0, >B@8<0=V 4;O 5:A?5@8<5=B0;ь=8E B>G>: ?@8 T =  

293 K (■), 303 K (●), 313 K (▲) 

 

&01;8FO 5.2 

�>=AB0=B8 729O7C20==O 2 ;V30=40E �%�-:25@F5B8= ?@8 @V7=8E B5<?5@0BC@0E. 

 #0@0<5B@8 729O7C20==O 

Т(К) lgþ� n R 

293 4.56±0.098 0.83±0.016 0.9981 

303 4.12±0.158 0.75±0.026 0.9939 

313 3.75±0.038 0.72±0.006 0.9996 
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�V4?>2V4=> 4> @V2=O==O (5), <>6=0 >1G8A;8B8, I> :V;ь:VABь <VAFь 

72'O7C20==O <V6 �%� B0 :25@F5B8=>< AB0=>28Bь 1;87ь:> 1, I> A2V4G8Bь ?@> 

B5, I> :>6=0 <>;5:C;0 0;ь1C<V=C 72'O7CєBьAO ;8H5 7 >4=VєN <>;5:C;>N 

:25@F5B8=C. 

� A2>N G5@3C >A:V;ь:8 :C@:C<V= =0;568Bь 4> 3V4@>D>1=8E ;V:0@Aь:8E 

?@5?0@0BV2, B> <>6=0 >GV:C20B8  2AB0=>2;5==O A8;ь=>W =5A?5F8DVG=>W 

270є<>4VW 2=0A;V4>: A8; 3V4@>D>1=>W ?@8@>48 0;ь1C<V=0 B0 2:070=>3> 

;V30=40. � 42>E 2V4><8E A09BV2 729O7C20==O  4;O :C@:C<V=C 1V;ьH 206;828< 

є A09B І, @>7<VI5=89 C AC14><5=V ІІ �, O:89 ?@54AB02;Oє A>1>N 

3V4@>D>1=89 :0@<0= 3;>1C;O@=>W AB@C:BC@8 0;ь1C<V=C. !572060NG8 =0 B5, 

I> 2:070=5 729O7C20==O =0;568Bь A;01:8< 729O7:0<, 2>=> 2V4V3@0є 206;82C 

@>;ь 2 D0@<0:V=5B8G=8E. D0@<048=0<VG=8E 2;0AB82>ABOE V B>:A8G=8E 

2;0AB82>ABOE ;V:V2, O: ;V30=4V2 :><?;5:AV2 7 0;ь1C<V=0<8. �0 @0EC=>: 

B@0=A?>@B=>W DC=:FVW ?@>B5W=0 :><?;5:A>CB2>@5==O 7 ;V:0<8 

AC?@>2>46CєBьAO ?@>;>=30FVєN WE B5@0?52B8G=>3> 5D5:BC, 70157?5G5==O< 

=5>1EV4=>W :>=F5=B@0FVW ?@5?0@0BC 2 <VAFV <VH5=V.   

� V=H>3> 1>:C >48= 7 0<V=>:8A;>B=8E 70;8H:V2 Trp-212, O:89 B0:>6 

;>:0;V7>20=89 2 >19є<V 3V4@>D>1=>W ?>@>6=8=8 <0:@><>;5:C;8, 2 

@57C;ьB0BV 270є<>4VW 7 ;V30=4><, 707=0є 7<V=8 2 D;C>@5AF5=B=8E 

2;0AB82>ABOE. � ?5@HC G5@3C FV 7<V=8 287=0G0NBьAO 5=5@35B8G=>N 

AB@C:BC@>N <>;5:C;O@=8E >@1VB0;59 ?@>B5W=C B0 ;V30=40 V 70 ?52=8E C<>2 

?>O2>N 30AV==O (� D;C>@>D>@0 2=0A;V4>: ?5@5=5A5==O 5=5@3VW 71C465==O 

2V4 4>=>@0 4> 30A=8:0 (0:F5?B>@0) 5=5@3VW.  

!0 @8A.5.4.  =02545=> A?5:B@8 5<VAVW B0 71C465==O �%� D;C>@5AF5=FVW C 

2>4=><C @>7G8=V. #@8 4>4020==V 4> @>7G8=C C 2>4V �%� 7 ?>ABV9=>N 

:>=F5=B@0FVєN (%�%�=2∙ 10-6 M) @>7G8=V2 �C@:C<V= 2 DMSO >?B8G=0 

3CAB8=0 2 ?>;>65==V 280 =< 7@>AB0є V 7<VICєBьAO 2 G5@2>=C >1;0ABь 

(@8A.5.5). 
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$8A.5.4. %?5:B@8 71C465==O (�ÿ� = 345 A@) (1) B0 5<VAVW ( �ÿ� = 280 =<) 
(2) D;C>@5AF5=FVW �%� C 2>4=><C @>7G8=V (%�%�=2∙ 10-6 M  ) (@!=5.5; 

&=294 �).  

 

$8A.5.5. %?5:B@8 >?B8G=>W 3CAB8=8 @>7G8=C C 2>4V �%� (%�%�=2∙ 10-6 M  ) 

157 (1) B0 ?VA;O 4>4020==O @>7G8=V2 :C@:C<V= 7 DMSO 7 :>=F5=B@0FVO<8 2.5 

(2), 5.0 (3), 7.5 ∙ 10-7 M  (4); 1.0 (5), 2.0 (6), 3.0 (7), 4∙ 10-6 M (8) (@!=5.5; 

&=293 �). 



121

�@V< A<C38 ?>3;8=0==O, 7C<>2;5=>W @>7G8=>< ?@>B5W=C 28=8:0є =>20 

H8@>:0 A<C30 7 <0:A8<C<>< 1V;O 430 =< V ?;5G5 1V;O 350 =<. "AB0==V 

A<C38 ?>29O70=V 7 <>;5:C;0<8 :C@:C<V=C. 

� @>AB>< 2<VABC ;V:0@Aь:>3> ?@5?0@0BC >?B8G=0 3CAB8=0 A<C38 :C@:C<V= 

7@>AB0є. �:070=0 ?>254V=:0 >?B8G=>W 3CAB8=8 A2V4G8Bь ?@> CB2>@5==O 2 

@>7G8=0E �%�-:C@:C<V= :><?;5:AV2, ?0@0<5B@8 O:8E <>6=0 287=0G8B8, 

A:>@8AB02H8Aь @V2=O==O<8 ,B5@=0-(>;ь<5@0 V )V;;0 (124,125,1403144). 

!0 @8A.5.6 =02545=> A?5:B@8 5<VAVW B0 71C465==O D;C>@5AF5=FVW 4;O 

@>7G8=V2 �%�-:C@:C<V= 70 @V7=8E B5<?5@0BC@.  

%?>AB5@V30єBьAO 7<5=H5==O V=B5=A82=>ABV D;C>@5AF5=FVW, O:5 =5 <0є 

?@O<>W :>@5;OFVW 7 :>=F5=B@0FVєN D;C>@>D>@0, <>65 B0:>6 1CB8 

=0A;V4:>< 5D5:BC 2=CB@VH=ь>3> DV;ьB@0. *59 5D5:B 28=8:0є G5@57 28A>:5 

?>3;8=0==O 7@07:0 =0 4>268=0E E28;ь 71C465==O 01> 28?@><V=N20==O, I> 

7<5=HCє :V;ь:VABь D>B>=V2, O:V 4>AO30NBь D;C>@>D>@0 01> 28E>4OBь 7@07:0 

C 283;O4V D;C>@5AF5=B=>3> 28?@><V=N20==O. /: =0A;V4>:, A?>AB5@V30єBьAO 

7=865==O V=B5=A82=>ABV D;C>@5AF5=FVW, I> <>65 ?@872>48B8 4> 

A?>B2>@5==O >B@8<0=8E A?5:B@0;ь=8E E0@0:B5@8AB8:. 

�;O 2@0EC20==O 5D5:BC 2=CB@VH=ь>3> DV;ьB@0 2 A?5:B@>A:>?VG=8E 

4>A;V465==OE VA=CNBь <0B5<0B8G=V <5B>48 :>@5:FVW, O:V 4>72>;ONBь 

:><?5=AC20B8 2?;82 ?>3;8=0==O =0 28<V@O=V A?5:B@8 (109). "4=0: C 40=V9 

@>1>BV :>@5:FVN =5 70AB>A>2C20;8, >A:V;ь:8 2 4>A;V46C20=8E 

:>=F5=B@0FVOE 7@07:8 <0;8 =87ь:V 7=0G5==O ?>3;8=0==O (<0,05). ' Fь><C 

4V0?07>=V 5D5:B 2=CB@VH=ь>3> DV;ьB@0 є <V=V<0;ь=8< V =57=0G=> 2?;820є =0 

>B@8<0=V @57C;ьB0B8. *5 ?V4B25@46Cє :>@5:B=VABь >B@8<0=8E A?5:B@0;ь=8E 

E0@0:B5@8AB8: V 4>AB>2V@=VABь ?@>2545=8E 28<V@N20=ь. 
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0 
 

1 

 

2 

 

3 

 
4 

 
5 

$8A.5.6. %?5:B@8 5<VAVW (a,2,5) (λex = 275 =<) B0 71C465==O (1,3,4) (λem = 355 

=<) (� 4;O @>7G8=V2 C 2>4V �%� 7 ?>ABV9=>N :>=F5=B@0FVєN %�%�=2*10-6   

B0 �%�-:C@:C<V= ?VA;O 4>4020==O @>7G8=C :C@:C<V=C 2 DMSO 7 2<VAB>< 0 

(1), 2.5 (2), 5.0 (3), 7.5 ∙ 10-7  (4); 1.0 (5), 2.0 (6), 3.0 (7), 4 ∙ 10-6   (8) 70 

B5<?5@0BC@ 293 �(a,1), 303 � (2,3) 313 K (4,5) (@!=5.5). 
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�;O 287=0G5==O <5E0=V7<C 30AV==O D;C>@5AF5=FVW ?>1C4>20=V 

70;56=>ABV ,B5@=0-�>;ь<5@0 (@8A.5.7). 

 

$8A.5.7. �0;56=>ABV ,B5@=0-�>;ь<5@0 4;O @>7G8=V2 �%�-:C@:C<V= 4;O 

B5<?5@0BC@  T = 293 K (■), 303 K (●), 313 K (▲) (A8<2>;8 2V4?>2V40NBь 

5:A?5@8<5=B0;ь=8< 40=8<, ACFV;ь=V ;V=VW ?@54AB02;ONBь ?V43>=:C @57C;ьB0BV2 

7 4>?><>3>N @V2=O==O ,B5@=0-�>;ь<5@0). 

 

�84=>, I> 5:A?5@8<5=B0;ь=V @57C;ьB0B8 4;O @>7G8=V2 �%�-:C@:C<V= 

4>1@5 C73>46CNBьAO 7 ;V=V9=>N 70;56=VABN 30AV==O D;C>@5AF5=FVW 2V4 

:>=F5=B@0FV9 :C@:C<V=C [�C@:C<V=]. $07>< 7 B8<, ;V=V9=0 70;56=VABь Ă0/ Ă 

2V4 [�C@:C<V=] 4;O =0928I>W B5<?5@0BC@8 313 � <0є =09<5=H89 =0E8;. 

�=0G5==O :>=AB0=B 30AV==O þ�� V þÿ =02545=> C B01;8FV 5.3. 
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&01;8FO 5.3  

�5;8G8=8 :>=AB0=B 30AV==O þ��  V þÿ 4;O @>7G8=V2 �%A-:C@:C<V=  4;O 

@V7=8E B5<?5@0BC@ 

 

&,� 

#0@0<5B@8 30AV==O  

�>@5;OFVO R Kq, ×1014,  -1· A-1 Ksv, ×106,  -1 

293 1.49 1.49 0.966  

303 1.25 1.25 0.971 

313 0.91 0.91 0.981 

� ?V428I5==O< B5<?5@0BC@8 KSV ?040є, I> =5 2V4?>2V40є <5E0=V7<C 

48=0<VG=>3> 30AV==O. �=0;>3VG=>, 25;8G8=0 Kq =5 ?5@528ICє <0:A8<0;ь=> 

<>6;825 7=0G5==O þÿ,���  = 2∙ 1010  -1A-1, I> B0:>6 =5 C73>46CєBьAO 7 

<5E0=V7<>< 270є<>4VW <>;5:C; H;OE>< 7VB:=5==O ?@8 WE 48DC7V9=><C @CAV. 

�;O 287=0G5==O ?0@0<5B@V2 72'O7C20==O KA B0 n 1C;> 28:>@8AB0=> ?>1C4>2C 

70;56=>AB59 )V;;0 B0 28:>@8AB0=> @V2=O==O )V;;0 4;O ?V43>=:8 

5:A?5@8<5=B0;ь=8E 40=8E  (@8A.5.8). 

 

$8A.5.8. �0;56=>ABV )V;;0 4;O @>7G8=V2 �%�-:C@:C<V=  70 B5<?5@0BC@ 293 � 

(■), 303 K (●), 313 K (▲). (%8<2>;8 2V4?>2V40NBь 5:A?5@8<5=B0;ь=8< 

40=8<, ACFV;ь=V ;V=VW 72'O70=V 7 ?V43>=:>N ?@8 28:>@8AB0==V @V2=O==O 

)V;;0). 
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�=0G5==O :>=AB0=B8 72'O7C20==O KA B0 G8A;0 <VAF5 72'O7C20==O n 70 

@V7=8E B5<?5@0BC@ =02545=> 2 B01;8FV 5.4. 

&01;8FO 5.4 

�>=AB0=B8 72'O7C20==O þ� B0 G8A;> <VAFь 72'O7C20==O n  4;O @>7G8=V2 
�%�-:C@:C<V=  4;O @V7=8E B5<?5@0BC@. 

&(�) 
#0@0<5B@8 729O7C20==O

�>@5;OFVO R
lgþ� n 

293 6,8 1,119 0.9926 

303 7,37 1,23 0.9925 

313 7,59 1,29 0.9866 

 

�84=>, I> G8A;> <VAFь 72'O7C20==O n  4;O @>7G8=V2  �%�-:C@:C<V= ?@8 

2AVE B5<?5@0BC@0E 70;8H0єBьAO  =57<V==8< V 2V4?>2V40є <>;O@=><C 

AB5EV><5B@8G=><C 2V4=>H5==N  1:1 (129,145). 

 

5.2. �<V=8 B5@<>48=0<VG=8E ?0@0<5B@V2 :><?;5:A>CB2>@5==O C 
2>4=8E B0 <5E0=V7< ?5@5=5A5==O 5=5@3VW 2 :><?;5:A0E �%�-:25@F5B8= 

B0 �%�-:C@:C<V= 

 

� @V2=O=ь (6)-(8) 1C;> 287=0G5=>  5=B0;ь?VN &Ą, 2V;ь=C 5=5@3VN &ă B0 
5=B@>?VN &ÿ (F45.5.5), I> 2 A2>N G5@3C 4>72>;8Bь 2AB0=>28B8 
?5@52060NG89 DV78G=89 E0@0:B5@ 270є<>4VW. 

  �V49є<=5 7=0G5==O &ă 3>2>@8Bь ?@> A?>=B0==89 E0@0:B5@ 270є<>4VW. 
�=0G5==O B5@<>48=0<VG=8E ?0@0<5B@V2 &Ą B0 &ÿ A2V4G0Bь ?@> ?5@52060NGC 
@>;ь 2>4=528E 729O7:V2 2 CB2>@5==V :>=9N30BV2 �%�-:25@F5B8=. �V;ьH 

45B0;ь=89 0=0;V7 270є<>4VW <>;5:C; 1C45 ?@82545=> 2 >3;O4V @57C;ьB0BV2  

<>;5:C;O@=>3> <>45;N20==O :><?;5:AV2 �%�-:25@F5B8=. 

&01;8FO 5.5 
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&5@<>48=0<VG=V E0@0:B5@8AB8:8 @>7G8=V2 �%�-:25@F5B8= 

 &5@<>48=0<VG=V ?0@0<5B@8 

Т(К) ∆ă(× 103 
:�6/<>;ь) 

∆ÿ (Д: ∙ @B?ь−1 ∙ К−1) ∆Ą(× 103 �6/<>;ь)
29 -28.48±0.24 -120.58±0.05  

30 -27.81 ± 0.4 -118.81±0.04 -63.81±12.87
31 -25.49±0.1 -122.43±0.04  

 

� ?5@5:@8BBO A?5:B@V2 5<VAVW D;C>@5AF5=FVW 2>4=>3> @>7G8=C �%� B0 

?>3;8=0==O :25@F5B8=C (@8A.5.9) B0 70AB>A>2CNG8 D>@<C;8 (1)-(3) 

?>@0ECє<> 7=0G5==O V=B53@0;C ?5@5:@8BBO B0 2V4AB0=ь <V6 <>;5:C;0<8 

4>=>@0 B0 0:F5?B>@0. 

$8A.5.9. #5@5:@8BBO A?5:B@V2 5<VAVW D;C>@5AF5=FVW 2>4=>3> @>7G8=C �%� 

(C�С�=2∙10-6  ) B0 ?>3;8=0==O :25@F5B8=C (CQ=2.5∙10-7  ) ?@8 293 �. 
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�8E>4OG8 7 >B@8<0=8E 40=8E, 7=0G5==O Jj 1.417 × 109 A@4 ∙  −1 ∙ E@−1 , 0 
7=0G5==O þ0 j 1,24 A@,  r j 4,75 =< 4;O :25@F5B8=C. %5@54=O 2V4AB0=ь <V6 
4>=>@Aь:8< D;C>@>D>@>< B0 0:F5?B>@>< D;C>@>D>@>< 70 H:0;>N 2V4 2 4> 8 

=<, I> 2:07Cє =0 B5, I> ?5@540G0 5=5@3VW 2V4 �%� 4> :25@F5B8=C 2V41C;0AO 7 

25;8:>N 9<>2V@=VABN. 

!0 @8A.5.10 ?>:070=> ?5@5:@8BBO A?5:B@V2 5<VAVW D;C>@5AF5=FVW 2>4=>3> 

@>7G8=C �%� B0 ?>3;8=0==O :C@:C<V=C  ?@8 B5<?5@0BC@V 293 �. 

 

$8A. 5.10. #5@5:@8BBO A?5:B@0 28?@><V=N20==O 4>=>@0 (�%�)  

(C�С�=2∙10-6  ) V A?5:B@0 ?>3;8=0==O 0:F5?B>@0 (:C@:C<V=C) 

(C�GD>G@іA=4∙10-6  ) ?@8 B5<?5@0BC@V 293 �. 

 

� ?5@5:@8BBO A?5:B@V2 2AB0=>2;5=> 7=0G5==O Jj 3,833 × 108 A@4 ∙  −1 ∙E@−1 4;O :C@:C<V=C. �0;V, 28:>@8AB>2CNG8 D>@<C;8 (2) V (3) >B@8<Cє<> 
7=0G5==O R0 j 1 A@ B0 r j 1,23 =< 4;O :C@:C<V=C. 
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$>7@0E>20=V 4;O A8AB5<8 �%�-:C@:C<V= 7=0G5==O B5@<>48=0<VG=8E 

E0@0:B5@8AB8: ?>:070=V C B01;. 5.6. !530B82=V 7=0G5==O 2V;ь=>W 5=5@3VW (∆G) 
A2V4G0Bь ?@> A?>=B0==VABь 2AVE ?@>F5AV2 729O7C20==O.  

&01;8FO 5.6 

&5@<>48=0<VG=V E0@0:B5@8AB8:8 @>7G8=V2 �%�-:C@:C<V= 

&5@<>48=0<VG=V ?0@0<5B@8 

&(�) ∆G(× 103 �6/<>;ь)∆S (Д6 ∙ @B?ь−1 ∙ �−1) ∆H(× 103 Д6/@B?ь) 
293 -38,12 370,13 70,32 

303 -42,73 373,13 

313 -45,5 370,06 

 

�<V=0 5=B0;ь?VW ΔH V 7<V=0 5=B@>?VW ΔS є ?>78B82=8<8 , I> 2:07Cє =0 

B8?>2V 3V4@>D>1=V 270є<>4VW. 

 

5.3. �><?’NB5@=5 <>45;N20==O �%�-:25@F5B8= B0 �%�-:C@:C<V= 

� <>45;N20==O :><?;5:AV2 7=0945=0 =09>?B8<0;ь=VH0 7 5=5@35B8G=>W 

B>G:8 7>@C AB@C:BC@0 :><?;5:AC, ?>:070=0 =0 @8A.5.11.  >;5:C;0 �25@F5B8= 

@>7B0H>2CєBьAO C 729O7C20;ь=V9 :8H5=V �%� 2 >B>G5==V O: 3V4@>D>1=8E, B0: V 

?>;O@=8E 0<V=>:8A;>B=8E 70;8H:V2 (482. @8A. 5.1 (1)). �=5@3VO  729O7C20==O 

<>;5:C; C :><?;5:AV &ă j 230.37 kJ/mol, I> 4>1@5 C73>46CєBьAO 7 25;8G8=>N 
2AB0=>2;5=>N 7 5:A?5@8<5=B0;ь=8E 40=8E 70 =>@<0;ь=8E C<>2, 2@0E>2CNG8 

?>E81:8 28<V@V2 B0 <5B>4C <>45;N20==O. �29O7C20==O є ?>@V2=O=> A8;ь=8<, 

:><?;5:A>D>@<CNG8<8 A8;0<8 2 @57C;ьB0BV 4>:V=3-<>45;N20==O 2 AutoDock 

4.2 є 20=-45@-200;ьAV2Aь:0, 3V4@>D>1=0 270є<>4VW B0 2>4=52V 729O7:8. 

�5B0;ь=VH89 0=0;V7 2=5A:V2 @V7=8E 270є<>4V9 C ?@>F5A 729O7C20==O 

?@>2545=89 2 @57C;ьB0BV <>45;N20==O <>;5:C;O@=>W 48=0<V:8. 
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0                                                       1 

$8A.5.11. "?B8<0;ь=0 <>40 729O7C20==O �%� B0 :25@F5B8=C (a) B0 @>7<VI5==O 

3V4@>D>1=8E (G5@2>=89 :>;V@), ?>;O@=8E =570@O465=8E (75;5=89 :>;V@) V 

70@O465=8E (A8=V9 :>;V@) 70;8H:V2 0<V=>:8A;>B 2 1V><>;5:C;V �%� (1). 

 

!09>?B8<0;ь=VH0 7 5=5@35B8G=>W B>G:8 7>@C AB@C:BC@0 :><?;5:AC ?@82545=0 =0 

@8A. 5.11 (0).  >;5:C;0 :25@F5B8=C @>7B0H>2CєBьAO C 729O7C20;ь=V9 :8H5=V �%� 2 

>B>G5==V O: 3V4@>D>1=8E, B0: V ?>;O@=8E 0<V=>:8A;>B=8E 70;8H:V2 (482. @8A. 5.11 

(1)). �=5@3VO 729O7C20==O <>;5:C; C :><?;5:AV &ă j 230.37 kJ/mol, I> 4>1@5 
C73>46CєBьAO 7 25;8G8=>N 2AB0=>2;5=>N 7 5:A?5@8<5=B0;ь=8E 40=8E 70 

=>@<0;ь=8E C<>2, 2@0E>2CNG8 ?>E81:8 28<V@V2 B0 <5B>4C <>45;N20==O. 

�29O7C20==O є ?>@V2=O=> A8;ь=8<, :><?;5:A>D>@<CNG8<8 A8;0<8 2 @57C;ьB0BV 

4>:V=3-<>45;N20==O 2 AutoDock 4.2 є 20=-45@-200;ьAV2Aь:0, 3V4@>D>1=0 270є<>4VW 

B0 2>4=52V 729O7:8. �5B0;ь=VH89 0=0;V7 2=5A:V@V7=8E 270є<>4V9 C ?@>F5A 

729O7C20==O ?@>2545=89 2 @57C;ьB0BV <>45;N20==O <>;5:C;O@=>W 48=0<V:8. 

!0 @8A. 5.12 (a) 2:070=5 ;>:0;ь=5 0<V=>:8A;>B=5 >B>G5==O <>;5:C;8 :25@F5B8=C,  

I> 2:;NG0є 70;8H:8 Leu-189, Asp-108, Ser-109, Pro-110, Asp-111, Leu-112, ARG-

144, His-145, Pro-146, Tyr-147, Ser-192, Ala-193, Arg-194, Arg-198, Glu-424, Arg-

458 B0 Leu-462. 
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0                                                          1 

$8AC=>: 5.12. !091;86G5 >B>G5==O 0<V=>:8A;>B=8E 70;8H:V2 �%� =0 2V4AB0=V 

4> 4 Å =02:>;> <>;5:C;8 :25@F5B8=C (6>2B8< ?C=:B8@>< 2:070=V 2>4=52V 

729O7:8) (a) B0 @>7B0HC20==O <>;5:C;8 :25@F5B8=C 2V4=>A=> D;C>@5AF5=B=8E B

@8?B>D0=>28E  0<V=>:8A;>B=8E 70;8H:V2 Trp-213 V Trp-134 ( 2V4AB0=ь 2:070=0 

2 Å) (1). 

 

І=B5=A82=VABь 270є<>4VW :25@F5B8=C 7 40=8<8 70;8H:0<8 ?@>0=0;V7>20=0 2 

@57C;ьB0BV <>45;N20==O <>;5:C;O@=>W 48=0<V:8. !0 @8A. 5.12 (1) 707=0G5=V 

2V4AB0=V 2V4 <>;5:C;8 :25@F5B8=C 4> D;C>@5AF5=B=8E B@8?B>D0=>28E 

0<V=>:8A;>B=8E 70;8H:V2 Trp-134 B0 Trp-213 <>;5:C;8 �%�. "B@8<0=V 7 

4>:V=3C 7=0G5==O 2.12 =< B0 1.54 =< 2V4?>2V4=> 4>1@5 C73>46CNBьAO 7 

>B@8<0=8< A5@54=V< 7=0G5==O< 7 B5>@VW (ь>@AB5@0.�5B0;ь=VH5, O:V A0<5 

0B><=V 3@C?8 �25@F5B8= 270є<>4VNBь 7 ;>:0;ь=8< >B>G5==O< <>;5:C;8 �%� 

?@82545=> =0 @8A.5.13, 45 2:070=V BV 70;8H:8, 270є<>4VO 7 O:8<8 AB0=>28Bь =5 

<5=H5 10% 2V4 7030;ь=>W 270є<>4VW :25@F5B8=C 7 �%�. �V4A>B:0<8 2:070=V 

2=5A:8 :>6=>3> 0<V=>:8A;>B=>3> 70;8H:C C 7030;ь=C 5=5@3VN 270є<>4VW 

:25@F5B8=C 7 �%� 2 >1;0ABV 729O7C20==O. !09A8;ь=VH8< є 729O7C20==O 7 Asp-

108. �V4?>2V4=8<8 :>;ь>@0<8 2:070=V B8?8 270є<>4V9 7 B8<8 G8 V=H8<8 

70@O465=8<8, ?>;O@=8<8 01> 3V4@>D>1=8<8 0<V=>:8A;>B=8<8 70;8H:0<8. 
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$8A.5.13. &8?8 270є<>4V9 :25@F5B8=C 7 =091;86G8< 0<V=>:8A;>B=8< 

>B>G5==O<  <VAFV 729O7C20==O. 

 

  !09V=B5=A82=VH>N 28O2;OєBьAO 270є<>4VO 7 70@O465=8<8 Asp-108 B0 

Arg-458, ?>;O@=8< His-145 B0 3V4@>D>1=8< Leu-112 0<V=>:8A;>B=8<8 

70;8H:0<8. $>;ь 3V4@>D>1=>3> :>=B0:BC ?@>O2;OєBьAO 7 Arg-458 B0 2 

CB2>@5=><C Ã-Ã 729O7:C 7 His-145. �>4=52V 729O7:8 =09:@0I5 ?@>O2;ONBьAO 

7 Asp-108 B0 Leu-12. %CBBє2>N C ?@>F5AV :><?;5:A>CB2>@5==O є @>;ь 

2>4=8E <VAB:V2 (water bridges) , 70 ?>A5@54=>ABV O:8E B0:>6 74V9A=NєBьAO 

2>4=525 729O7C20==O :25@F5B8=C 7 0<V=>:8A;>B=8< >B>G5==O< �%�.  

!0 @8A.5.14 ?>:070=0  3V4@>D>1=VABь 270є<>4VW B0 <VAFO 2>4=528E 

729O7:V2. 
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$8A.5.14. �V4@>D>1=89 5D5:B B0 2>4=52V 729O7:8 O: 3>;>2=V 

:><?;5:A>D>@<CNGV A8;8. �>2B8< ?C=:B8@>< 2V4<VG5=> 2>4=52V 729O7:8. �V;>-

G5@2>=8< ?>7=0G5=V  <>;5:C;8 2>48. &0:8< G8=><, 3>;>2=8<8 A8;0<8 C 

?@>F5AV CB2>@5==O ABV9:>3> :><?;5:AC �%�- �25@F5B8=  2>4=52V 729O7:8 B0 

3V4@>D>1=0 270є<>4VO. 

 

�;O 2AB0=>2;5==O <5E0=V7<V2 72'O7C20==O :C@:C<V=C 7 �%� B0 5=5@3VW 

WE=ь>3> 72'O7:C 2 :><?;5:AV, AB01V;ь=>ABV CB2>@5=>3> <>;5:C;O@=>3> 

:><?;5:AC C 2>4=><C @>7G8==8:C 70AB>A>2C20;8 <5B>48 <>;5:C;O@=>3> 

4>:V=3C B0 <>45;N20==O <>;5:C;O@=>W 48=0<V:8 (1463148).  ' @0<:0E 
<>45;N20==O 2@0E>2C20;8 ;8H5 A;01:V A8;8 270є<>4VW <>;5:C; C 

:><?;5:A0E: 5;5:B@>AB0B8G=V, 20=-45@-200;ьA>2V, 2>4=52V 72'O7:8 B0 

3V4@>D>1=C 270є<>4VN (7>:@5<0, Ã-Ã - C:;040==O B0 Ã-:0BV>==C 270є<>4VN). 

#>2=89 70@O4 <>;5:C;8 �%A AB0=>28Bь -17 5. %B@C:BC@C <>;5:C;8 �%A 

22060;8 6>@AB:>N. !0 @8AC=:C 5.15 ?@54AB02;5=> <>;5:C;C �%� V7 

707=0G5=>N 2B>@8==>N AB@C:BC@>N B0 4><5=0<8, 0 B0:>6 <>;5:C;O@=C 

?>25@E=N <>;5:C;8 7 ?>7=0G5=8<8 4V;O=:0<8 ?>;O@=>ABV B0 3V4@>D>1=>ABV, 

@07>< 7 2V4?>2V4=8<8 0<V=>:8A;>B=8<8 70;8H:0<8. 
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$8A.5.15.  >;5:C;0 �%� 7 2:070=8<8 4><5=0<8 B0 42><0 B@8?B>D0=>28<8 

0<V=>:8A;>B=8<8 70;8H:0<8 Trp-134 B0 Trp-213 (0); <>;5:C;0 :C@:C<V=C 

C21H20O6 7 707=0G5=8<8 :>;ь>@>< ?>2>@>B=8<8 729O7:0<8 (1). 

 

#0@FV0;ь=V 70@O48 =0 0B><0E <>;5:C;8 :C@:C<V=C 1C;8 @>7@0E>20=V 70 

4>?><>3>N <5B>4C �0AB5935@0.  >;5:C;O@=0 AB@C:BC@0 <VAB8Bь 10 

>15@B>28E 72'O7:V2, I> 4>72>;Oє 0=0;V7C20B8 72'O7CNGV 270є<>4VW <V6 

@V7=8<8 :>=D>@<0FVO<8 A?>;C:8 B0 �%A (482. @8A. 5.16). 

 

$8A.5.16.  >;5:C;0 :C@:C<V=C C21H20O6 V7 707=0G5=8<8 ?0@FV0;ь=8<8 70@O40<8 

B0 ?>7=0G5=8<8 :>;ь>@>< ?>2>@>B=8<8 72'O7:0<8  
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� @57C;ьB0BV <>45;N20==O 1C;> >B@8<0=> 100 @568<V2 72'O7C20==O, O:V 

1C;8 73@C?>20=V 2 45:V;ь:0 :;0AB5@V2. �=5@3VW 72'O7C20==O ΔG >B@8<0=8E 

D>@< :>;820;8AO 2V4 -31,3 :�6/<>;ь 4> -11,38 :�6/<>;ь. !0 @8A.5.17 

?>:070=> ?5@HV G>B8@8 :;0AB5@8. !0 >A=>2V 5:A?5@8<5=B0;ь=8E 40=8E, 

>B@8<0=8E 7 D;C>@5AF5=B=>W A?5:B@>A:>?VW @>7G8=V2 (B5>@VW �0= �>DD0 V 

(5@AB5@0), =091V;ьH @5;520=B=8<8 @57C;ьB0B0<8 4>:V=3C є :;0AB5@8 7 

=091V;ьH>N :V;ь:VABN :>=D>@<0FV9. 

 

$8A.5.17. #5@HV G>B8@8 :;0AB5@8 72'O7C20==O �%A B0 :C@:C<V=C, 0 B0:>6 

420 =09A?@8OB;82VHV :;0AB5@8 (=0 ?V4@8AC=:C), I> <VABOBь 3 B0 8 

:>=D>@<0FV9 2V4?>2V4=>. 

&><C, ?5@HV 420 :;0AB5@8, 7 3 V 8 :>=D>@<0FVO<8 2V4?>2V4=>, ?>:070=V C 

71V;ьH5=><C 283;O4V =0 @8A.5.18. *V :>=D>@<0FVW 287=0G5=> O: =091V;ьH 

5=5@35B8G=> 283V4=V H;OE>< ?>2B>@=8E ?@>F54C@ 4>:V=3C. �@V< B>3>, <>48 

:;0AB5@V2  71 V 72 @>7B0H>20=V 1;87ь:> 4> 0<V=>:8A;>B=>3> 70;8H:C 

B@8?B>D0=C V <0NBь <0965 >4=0:>2V 7=0G5==O 5=5@3VW 72'O7:C. &0:8< G8=><, 

45B0;ь=5 ?@54AB02;5==O A09BC 72'O7C20==O B0 2>4=528E 72'O7:V2, I> 

CB2>@NNBьAO 7 =091;86G8< 0<V=>:8A;>B=8< >B>G5==O<, ?>:070=> =0 

@8AC=:C 5.18. 
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$8A.5.18. �V;O=:8 72'O7C20==O V7 707=0G5=8<8 ?>;O@=8<8 >1;0ABO<8 B0 

2AB0=>2;5=8<8 2>4=528<8 72'O7:0<8 7 =091;86G8< 0<V=>:8A;>B=8< 

>B>G5==O< 4;O =091V;ьH >?B8<0;ь=8E :>=D>@<0FV9=8E :;0AB5@V2 V 

=09<VF=VH>3> 72'O7C20==O. 

 

#5@H89 :;0AB5@ =0 @8A.5.18 ?@54AB02;5=89 B@ь><0 :>=D>@<0FVO<8 7 

=09=86G>N 5=5@3VєN 72'O7:C -31,3 :�6/<>;ь. �;5:B@>AB0B8G=0 A:;04>20 

1;87ь:0 4> =C;O, >A:V;ь:8 2 3V4@>D>1=V9 :8H5=V 2 AC14><5=V IA =5<0є 

70@O465=8E ?>;O@=8E 70;8H:V2 (@8A.5.19 (0)). �>4=52V 72'O7:8 CB2>@NNBьAO 

7 Ile181 B0 Asp118, B>4V O: 3V4@>D>1=V 270є<>4VW 2:;NG0NBь Val188, Met184, 

Leu122, Tyr160, Pro117, Ile181, Phe133. �;O 4@C3>3> :;0AB5@0 3V4@>D>1=5 
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>B>G5==O ?@54AB02;5=5 Ile141, Tyr137, Ile181, Leu112, Leu115, Pro110 (482. 

@8A.5.19(1)). �030;ь=0 5=5@3VO 72'O7:C 45I> =86G0. "4=0: 2=5A>: 

5;5:B@>AB0B8G=8E 270є<>4V9 2V4@V7=OєBьAO 70 @0EC=>: 270є<>4VW <V6 

=530B82=> 70@O465=8<8 0B><0<8 :8A=N 2 F5=B@V <>;5:C;8 :C@:C<V=C (482. 

@8A.5.16) V ?>78B82=> 70@O465=8< Arg185. �>4=52V 72'O7:8 CB2>@NNBьAO 7 

Leu115, Tyr137 B0 Asp111. #5@H89 :>=D>@<0FV9=89 :;0AB5@ 28O2;OєBьAO 

=09>?B8<0;ь=VH8< ?@8 ?>2B>@=8E ?@>F54C@0E 4>:V=3C V E0@0:B5@87CєBьAO 

1;87ь:VABN 4> 70;8H:V2 B@8?B>D0=C, I> @>18Bь FN :>=DV3C@0FVN D>:CA>< 

4;O ?>40;ьH8E 4>A;V465=ь <>;5:C;O@=>W 48=0<V:8 (1493152). 

�=5@3VW 72'O7C20==O, >B@8<0=V 2 @57C;ьB0BV 5:A?5@8<5=B0;ь=>3> 

4>A;V465==O, :>;820NBьAO 2V4 -35 4> -45 :�6/<>;ь, 70;56=> 2V4 

B5<?5@0BC@8, B>4V O: <>45;N20==O 4>:V=3C 40;> 5=5@3VN 72'O7C20==O 

?@81;87=> -31 :�6/<>;ь 4;O =09:@0I>3> @568<C 72'O7C20==O. �>=AB0=B0 

72'O7C20==O, 287=0G5=0 5:A?5@8<5=B0;ь=>, 2V4>1@060є ?>2=C 270є<>4VN, 

2:;NG0NG8 @CE <>;5:C; 2>48 B0 7<V=8 :>=D>@<0FVW 1V;:0.  >45;N20==O 

4>:V=3C ?5@5410G0є 2V4=>A=> 6>@AB:V 1V;>: V ;V30=4 V =5EBCє 2?;82>< 

@>7G8==8:0 2 O2=><C 283;O4V, >A>1;82> 2 <>45;OE 7 =5O2=8< @>7G8==8:><. 

&0:8< G8=><, >FV=:0 4>:V=3C, O: ?@028;>, =54>>FV=Nє 7030;ь=C 2V;ь=C 

5=5@3VN 72'O7C20==O, >A:V;ь:8 =5 2@0E>2Cє 2=5A>: 5=B@>?V9=8E 7<V= 

(=0?@8:;04, 28BVA=5==O @>7G8==8:><, :>=D>@<0FV9=C 3=CG:VABь).   

!0 @8A. 5.19 ?>:070=> 0<V=>:8A;>B=V 70;8H:8 7 =091;86G>3> >B>G5==O 

<>;5:C;8 ?@5?0@0BC.  

!094>2HV (01> =09G0ABVHV) 729O7:8 :C@:C<V=C 2AB0=>2;5=V 7 

3V4@>D>1=8<8 Leu-115, Pro-117, Leu-122, Phe-133, Ile-141, Tyr-160, 

=530B82=> 70@O465=8<8 Arg-185, Lys-136 B0 ?>78B82=> 70@O465=8<8 Glu-

125, Glu-140 V Glu-182, 7>:@5<0, 7 CB2>@5=8< Ã-:0BV>==8< 72'O7:>< 

0@><0B8G=>3> :V;ьFO :C@:C<V=C 7 Arg-185. �V;ьHVABь 0<V=>:8A;>B=8E 

70;8H:V2 є 3V4@>D>1=8<8, V, B0:8< G8=><, 5:A?5@8<5=B0;ь=89 28A=>2>: 
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?@> ?5@52060==O 3V4@>D>1=>W 270є<>4VW 2 ?@>F5AV :><?;5:A>CB2>@5==O 

?V4B25@46CєBьAO @57C;ьB0B0<8 <>45;N20==O.   

 

 

$8A. 5.19. �=0;V7 270є<>4VW :C@:C<V=C 7 =091;86G8< 0<V=>:8A;>B=8< 

>B>G5==O< 

� ?@54AB02;5=8E @57C;ьB0BV2 <>6=0 7@>18B8 28A=>2>: ?@> >A=>2=C @>;ь 

3V4@>D>1=>W 270є<>4VW ?@8 =57=0G=><C 2=5A:C 2>4=528E 72'O7:V2 C 

:><?;5:A>CB2>@5==O. $57C;ьB0B <>45;N20==O 4>?>2=Nє B0 CB>G=Nє 

>B@8<0=V 40=V B5@<>48=0<VG=8E E0@0:B5@8AB8: 270є<>4VW <>;5:C; 7 B5>@VW 

)V;;0 (129). 
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1. $57C;ьB0B8 D;C>@5AF5=B=>3> A?5:B@0;ь=>3> 0=0;V7C 2>4=8E @>7G8=V2 
�%�-:25@F5B8= ?@8 @V7=8E B5<?5@0BC@0E 2:07CNBь =0 AB0B8G=89 
<5E0=V7< 30AV==O V=B5=A82=>ABV D;C>@5AF5=FVW, O:89 
AC?@>2>46CєBьAO CB2>@5==O< AB01V;ь=8E <>;5:C;O@=8E :><?;5:AV2. 
*59 28A=>2>: ?V4B25@46CєBьAO @57C;ьB0B0<8 <>;5:C;O@=>3> 
<>45;N20==O 4>:V=3C B0 48=0<V:8. �29O7C20==O C :><?;5:AV є 
2V4=>A=> A8;ь=8<, 7 5=5@3VєN ?@81;87=> -30 :�6/<>;ь, 0 :V;ь:VABь 
729O7C20;ь=8E F5=B@V2 =01;860єBьAO 4> >48=8FV. "A=>2=8<8 A8;0<8, 
I> A?@8ONBь CB2>@5==N :><?;5:AC, є 2>4=52V 729O7:8 B0 3V4@>D>1=V 
270є<>4VW, I> ?V4B25@46CєBьAO @57C;ьB0B0<8 A?5:B@0;ь=8E 
4>A;V465=ь V <>;5:C;O@=5 <>45;N20==O. 

2. �C;> 287=0G5=> <VAF5 729O7C20==O 1V;:0 7 <>;5:C;0<8 ;V:0@Aь:>3> 
70A>1C 2 :><?;5:AV, 45, 7>:@5<0, =091V;ьH 7=0GCI8<8 є 270є<>4VW 7 
0<V=>:8A;>B=8<8 70;8H:0<8 Asp-108, Leu-112, His-145 B0 Arg-458. 

�@V< B>3>, 1C;> 287=0G5=> 2V4AB0=V 2V4 :25@F5B8=C 4> 42>E 
D;C>@5AF5=B=8E 0<V=>:8A;>B=8E 70;8H:V2 Trp-134 V Trp-213 

<>;5:C;8 �%A, O:V AB0=>2;OBь ?@81;87=> 2 =< V 1,5 =< 2V4?>2V4=>. 
*V 7=0G5==O 4>1@5 C73>46CNBьAO V7 A5@54=V< 7=0G5==O<, 
2AB0=>2;5=8< 70 B5>@VєN (ь>AB5@0 4;O 0=0;V7C D;C>@5AF5=B=8E B0 
01A>@1FV9=8E A?5:B@V2 2>4=8E @>7G8=V2 �%�-:25@F5B8= V 
:25@F5B8=C,2V4?>2V4=>. 

3.  >45;N20==O <>;5:C;O@=>W 48=0<V:8 C 2>4=><C A5@54>28IV 
?V4B25@46Cє B8<G0A>2C AB01V;ь=VABь :><?;5:AV2 B0 =57=0G=V 
:>=D>@<0FV9=V 7<V=8 <>;5:C;8 �%� ?V4 G0A 270є<>4VW, I> B0:>6 
2V4>1@060єBьAO C D;C>@5AF5=B=8E A?5:B@0E 2>4=8E @>7G8=V2 
4>A;V46C20=8E :><?>=5=BV2. 

4. $57C;ьB0B8 :><?;5:A=>3> 5:A?5@8<5=B0;ь=>3> B0 B5>@5B8G=>3> 
4>A;V465==O 270є<>4VW �%� 7 :25@F5B8=>< <>6CBь 1CB8 28:>@8AB0=V 
4>A;V4=8:0<8 C AD5@V 1V><548G=>3> 70AB>AC20==O 0=B8>:A840=B=8E 
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?@5?0@0BV2 7 <5B>N WE 1V;ьH 5D5:B82=>3> 28:>@8AB0==O 2 <548G=V9 
?@0:B8FV, 7>:@5<0 4;O WE FV;ь>2>W 4>AB02:8 4> C@065=8E B:0=8= 
7024O:8 729O7C20==N 7 1V><>;5:C;0<8 1V;:V2 :@>2V. 

5. ' 2>4=8E @>7G8=0E �%� 7 ;V:0@Aь:8< ?@5?0@0B>< :C@:C<V=>< 1C;> 
28O2;5=> 7=0G=5 30AV==O 28?@><V=N20==O B0 71C465==O D;C>@5AF5=FVW 7V 
71V;ьH5==O< :>=F5=B@0FVW :C@:C<V=C ?@8 B5<?5@0BC@0E 293 K, 303 K V 
313 K. "B@8<0=V 7=0G5==O :>=AB0=B ,B5@=0-(>;ь<5@0 KSV B0 Kq 4;O 
@V7=8E B5<?5@0BC@ 2:07CNBь =0 B5, I> 30AV==O 2V41C20єBьAO 2=0A;V4>: 
CB2>@5==O :><?;5:AV2 �%�-:C@:C<V= C >A=>2=><C AB0=V. 

6. �V 7@>AB0==O< B5<?5@0BC@8 AB@C:BC@0 1V;:0 AB0є 1V;ьH 3=CG:>N, I> 
?V4A8;Nє 3V4@>D>1=V :>=B0:B8 B0 2V4:@820є 1V;ьH5 3V4@>D>1=8E 4V;O=>: 
4;O 729O7C20==O :C@:C<V=C. #@> 1V;ьH A8;ь=5 729O7C20==O ?@8 28I8E 
B5<?5@0BC@0E A2V4G8Bь 7@>AB0==O :>=AB0=B8 0A>FV0FVW KA. 

7. �0AV==O D;C>@5AF5=FVW 2V41C20єBьAO G5@57 ?5@540GC 5=5@3VW 2V4 
D;C>@>D>@V2-4>=>@V2 �%� (?5@5206=> 70;8H:V2 Trp-134 V Trp-213) 4> 
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4>72>;8;> 287=0G8B8 2V4AB0=ь <V6 4>=>@>< V 0:F5?B>@><: R0 j 1 =< V r j 
1.23 =< 4;O :C@:C<V=C, I> ?V4B25@46CєBьAO @57C;ьB0B0<8 <>45;N20==O 
:><?;5:AV2 <5B>4>< <>;5:C;O@=>3> 4>:V=3C. 

8. �29O7C20==O <>;5:C; C :><?;5:AV є A8;ь=8< (5=5@3VO 729O7C20==O 4;O 
40=8E @568<V2 ΔGj245÷235 :�6/<>;ь), 0 :V;ь:VABь 729O7C20;ь=8E 
F5=B@V2 =01;860єBьAO 4> >48=8FV, I> 2:07Cє =0 =0O2=VABь є48=>3> A09BC 
729O7C20==O 4;O <>;5:C;8 :C@:C<V=C. 

9. �5B0;ь=89 0=0;V7 270є<>4VW 70 4>?><>3>N <5B>4V2 <>;5:C;O@=>3> 
<>45;N20==O B0:>6 ?>:07Cє 7=0G=89 2=5A>: 3V4@>D>1=>W 270є<>4VW C 
D>@<C20==O :><?;5:AC �%�-:C@:C<V= 7 =57=0G=8< 2=5A:>< 2>4=528E 
729O7:V2. 
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r j 6,1 =<, I> ?5@528ICє >B@8<0=5 7=0G5==O 2 @57C;ьB0BV :><9NB5@=>3> 
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B0 =091;86G5 >B>G5==O 0<V=>:8A;>B=8E 70;8H:V2 �%� =02:>;> %5"2. 

5. � @>7@0EC=:V2 ?0@0<5B@V2 729O7C20==O, I>  >B@8<0=V 7 30AV==O 

D;C>@5AF5=FVW, B0 70AB>AC20==V B5>@VW )V;;0 4;O @>7G8=V2 C 2>4V �%�-

:25@F5B8= B0 �%�-:C@:C<V= ?>:07CNBь, I> 25;8G8=0 :>=AB0=B8 

729O7C20==O 2 :><?;5:A0E 7 :C@:C<V=>< lg KA = 6,14 ?@8 G8A;V <VAFь 

729O7C20==O n = 1,065 ?5@528ICє 0=0;>3VG=5 7=0G5==O C 28?04:C 
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:><?;5:A0E �%� 7 :C@:C<V=>< V :25@F5B8=>< >A=>2=C @>;ь 2V4V3@0NBь 

2>4=52V 729O7:8, I> C73>46CєBьAO 7 @57C;ьB0B0<8 :><?9NB5@=>3> 

<>45;N20==O 70 @V7=>3> >B>G5==O ;V:V2 70;8H:0<8 0<V=>:8A;>B, O:V 

4>40B:>2> ?@82>4OBь 4> ?>O28 3V4@>D>1=>W B0 Ã-Ã-AB5:V=3 270є<>4V9. 

7. #>:070=>, I> :>=AB0=B0 729O7C20==O 4;O @>7G8=C C 2>4V �%�-

:C@:C<V= lg KA = 6,8, (n = 1,119) ?5@528ICє 2V4?>2V4=5 7=0G5==O 



141

729O7C20==O 2 :><?;5:AV �%�-:C@:C<V= =0 2V4<V=C 2V4 :>=AB0=B8 

729O7C20==O 4;O @>7G8=C C 2>4V �%�-:25@F5B8= lg KA = 4,56, (n = 0,83), O:5 

є VAB>B=> <5=H8< 2 ?>@V2=O==V 7 ?>4V1=8< ?0@0<5B@>< 35B5@>0A>FV0B0 

�%�-:25@F5=B8=. 

8. #>@V2=O==O >B@8<0=8E 7=0G5=ь B5@<>48=0<VG=8E E0@0:B5@8AB8: 

4;O @>7G8=V2 C 2>4V �%� 7 :C@:C<V=>< V :25@F5B8=>< ?>:07Cє, I> 2 

:><?;5:A0E �%�-:C@:C<V= <0є <VAF5 3V4@>D>1=0 270є<>4VO, 0 2 

35B5@>0A>FV0B0E �%�-:25@F5B8= >A=>2=C @>;ь 2V4V3@0є 2>4=5289 729O7>:, O: 

V 4;O :><?;5:AV2 �%� 7 2V4?>2V4=8<8 ;V:0<8. 

9. $>7@0EC=:8 ?@8 70AB>AC20==V <5B>4C <>;5:C;O@=>W 48=0<V:8 

?>:07CNBь, I> 4;O :><?;5:AV2 �%�-:C@:C<V= @50;V7CєBьAO 270є<>4VO 7 

3V4@>D>1=8<8 70;8H:0<8 Leu-115, Pro-117, Leu-122 B0 Phe-133, 0 4;O 

:><?;5:AV2 �%�-:25@F5B8= :;NG>2C @>;ь 2V4V3@0NBь 2>4=52V 729O7:8  7 

Asp-108 B0 Ã-Ã AB5:V=3 7 His-145. 
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