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(. .*31 $.1/A8+'E*;;@A /,C+"7".), 4"&"/@1 /,$)"+,-
8,6&$G . 3.'A .C,*7;")1/)1;3*4'+G/;@A )+"$4"-
$&GA, ;,4+";1;;@A 4 31>$&.'6F*7 $*+,7 )"3 '8+"7
"4"+" 45°, 4"&"/@> 7"<1& *C71;G&=$G . )/"51$$1 &14-
&";*D1$4"8" /,C.*&*G /18*";, [5]. 9,4+";;,G $1>$-
7"?"4,+=;,G C";, 7"8+, "E/,C".,&=$G, )/13)"+"<*-
&1+=;", . /1C'+=&,&1 7"F;"8" 81"3*;,7*D1$4"8"
$&/1$$, (/1C4"8" *C71;1;*G "EI17, _17+* *+* /1C4"-
8" *C71;1;*G 11 /"&,5*";;"8" /1<*7,).

 "3&.1/<31;*17 &,4"> *31* "E "E/,C".,;**
C"; G.+G6&$G: 8*$&"8/,77, /,$)/131+1;*G '8+". ;,-
4+";, $1>$7"?"4,+=;@A C"; L*A""41,;$4"8" $1>$7*-
D1$4"8" )"G$, $ 7,4$*7'7"7 "4"+" 45°, ;,+*D*1 .&"-
/"$&1)1;;"> $1>$7"?"4,+=;"> C";@ (/*$. 1), , &,4<1
&"7"8/,?*D1$4*1 *C"E/,<1;*G .@$"4"$4"/"$&;@A
"E+,$&1> ($.1/A8+'E*;;@A /,C+"7".), 4"&"/@1 )/"-
;*4,6& . ;*<;66 7,;&*6 ;, 8+'E*;@ 1000–1200 47
(/*$. 2) * G.+G6&$G *A )/G7@7 )/"3"+<1;*17 [29,
35, 36, 39]. 9, /*$. 1 .*3;", D&" $1>$7"?"4,+=;,G
C";, ;,A"3*&$G )"3 '8+"7 )/*71/;" 45° 4 31>$&.'6-
F*7 $*+,7, &,7 <1 )"4,C,;@ 3., ,$&1;"$?1/;@A
$+"G )";*<1;;"> $4"/"$&*. P&"/,G )+"$4"$&= $ ;,-
4+";"7 )"3 L*A*> "41,; )/"G.+G1&$G "E@D;" &"+=4"
;, $/,.;*&1+=;" 7,+@A 8+'E*;,A (3" 120 47) * .@31-
+G1&$G ;1 3+G .$1A $1>$7"?"4,+=;@A C"; [28, 38].
P.`. `"7&1. * P.9.  ,&/*411. *$)"+=C".,+* N&'
*316 3+G )"$&/"1;*G $&,&*D1$4"> 7"31+* .$&/1D;@A
$1>$7"?"4,+=;@A C"; [32].

\.1/A8+'E*;;@1 /,C+"7@ (4/');@1 ;,/'Y1;*G
. C17;"> 4"/1 * .1/A;1> 7,;&**), /,$)/"$&/,;GG$=
;, E"+=Y'6 8+'E*;', 7"8'& 4";&/"+*/".,&= /'3")/"-
G.+1;*G * 7,87,&*C7 [18]. a+'E*;;@1 /,C+"7@ *71-
6& C;,D*&1+=;'6 )/"&G<1;;"$&= *, /,$)"+,8,G$= .
)/131+,A $1>$7"?"4,+=;"> C";@, *716& 3+*&1+=;'6
*$&"/*6 /,C.*&*G * 7"8'& *8/,&= .,<;1>Y'6 /"+= .
&14&";*D1$4"> <*C;* _17+*, . &"7 D*$+1 * )1/1A"3-
;"> C";@ [33].

b71;;" . &,4*A 81"3*;,7*D1$4*A '$+".*GA ;,-
A"3*&$G /,$$7,&/*.,17,G ;,7* "E+,$&= )1/1A"3, "&
4";&*;1;&, 4 "41,;', . &"7 D*$+1 * $1>$7"?"4,+=;,G
C";,. L,4*7 "E/,C"7, ";, G.+G1&$G ';*4,+=;"> )/*-
/"3;"> +,E"/,&"/*1>, ;1 &/1E'6F1> 3+G "EIG$;1;*G
11 )/*/"3@ $)15*,+=;@A 7"31+=;@A *$$+13".,;*>.
U/*8*;,+=;"$&= 3,;;"> /,E"&@ C,4+6D,1&$G, )" ;,-
Y17' 7;1;*6, . ;"."> &14&";"?*C*D1$4"> &/,4&".41
)/*/"3@ $1>$7"?"4,+=;"> C";@. \ N&*A )"C*5*> ";,
)/13$&,.+G1&$G 3*;,7*D;"> $*$&17"> $.1/A8+'E*;-
;@A /,C+"7".. U;* 7"8'& G.+G&=$G )"$&"G;;@7*
“N;1/81&*D1$4*7* 4,;,+,7*”, )*&,6F*7 &14&";*-
D1$4*1 )/"51$$@ . )1/1A"3;"> C";1 [28, 38].

Z,87,&*D1$4"1 .1F1$&.", .71$&1 $ )"3.*<;@-
7* ?+6*3,7*, 3.*8,G$= )" $*$&171 $.1/A8+'E*;;@A
/,C+"7". $ )"7"F=6 71A,;*C7". 4";.145** * 8/,.*-
&,5*";;"> 3*??1/1;5*,5**, )"$&1)1;;" C,)"+;G1&
)/"$&/,;$&." $1>$7"?"4,+=;"> C";@ *, )/1&1/)1.,G
/,C+*D;@1 ?,C".@1 )/1./,F1;*G, /,$&14,1&$G . 8"-

)XE. 1. \A17, "E/,C".,;*G $1>$7"?"4,+=;"> C";@ 4,4 $*$&17@ 8+'E*;;@A ;,/'Y1;*> )"3 .+*G;*17 )"$&"G;;"
31>$&.'6F*A 8"/*C";&,+=;@A $*+ $<,&*G ;, 8/,;*51 4";&*;1;&,+=;@A * "41,;*D1$4*A $&/'4&'/ [20, 32].
1 – /1+=1? 71$&;"$&* )" )/"?*+6 1Z-10; 2 – "$;".;,G $1>$7"?"4,+=;,G C";,; 3 – .$&/1D;,G $1>$7"?"4,+=;,G C";,; 4 –
"E+,$&* )1/1$1D1;*G $1>$7"?"4,+=;"> C";@ $ ,$&1;"$?1/;@7* $+"G7*; 5 – 4/".+G * )"3"Y., ,$&1;"$?1/;@A $+"1.; 6 –
;,)/,.+1;*G 3.*<1;*G 4";&*;1;&,+=;"8" * "41,;*D1$4"8" E+"4".; 7 – E+*C8"/*C";&,+=;@1 $*+@ $<,&*G; 8 – .@$"4"&17)1-
/,&'/;@1 "E+,$&* D,$&*D;"8" )+,.+1;*G.
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/*C";&,+=;"7 ;,)/,.+1;**, 3*??1/1;5*/'1&$G )"
)+"&;"$&*, ?"/7*/'G $+"*$&"1 $&/"1;*1 .1/A;1>
7,;&** [37].

U&71D1;;"1 $+"*$&"1 $&/"1;*1 )/*$'F1 * $1>$-
7"?"4,+=;"> C";1. U;" )"3&.1/<3,1&$G /,$)/131+1-
;*17 )" 8+'E*;1 7,4$*7,+=;@A 7,8;*&'3 C17+1&/G-
$1;*>.  "4,C,;", D&" $1>$7"?"4,+=;,G C";, A,/,4&1-
/*C'1&$G D1/13".,;*17 $+"1. )";*<1;;"> * )".@-
Y1;;"> $4"/"$&* /,$)/"$&/,;1;*G $1>$7*D1$4*A
."+; * )/"D;"$&*. J$&1;"$?1/;@1 $+"* )";*<1;;">
)/"D;"$&* .@31+1;@ ;, 8+'E*;,A ha1 = 60–80 47,
ha2 =120–150 47, ha3 = 220–300 47 [29] (/*$. 3). \+1-
3'1& "&71&*&=, D&" ;, /*$. 2 ;1 )/"G.+G1&$G &,4 D1&4"
$+"*$&"1 $&/"1;*1, 4,4 ;, /*$. 3. c&" 7"<;" "EIG$-
;*&= &17, D&" )/* &"7"8/,?*D1$4*A *$$+13".,;*GA $
*$)"+=C".,;*17 E"+=Y*A E+"4". "E@D;" ;1 "&/,<,-
6&$G &";4*1 $4"/"$&;@1 31&,+* (;,)/*71/, &";4*1
,$&1;"$?1/;@1 $+"*).

UD1;= )"4,C,&1+=;@7 . .")/"$,A .13'F1> /"+*
$1>$7"?"4,+=;"> C";@ . ?"/7*/".,;** * /,C.*&**
$&/'4&'/ T'/*+"-UA"&$4"8" /18*";, G.+G1&$G /*$. 4,
;, 4"&"/"7 . )")1/1D;"7 $1D1;** /18*";, )/13$&,.-
+1;@ "$"E1;;"$&* $&/"1;*G C17;"> 4"/@ * $1>$7"-
?"4,+=;"> C";@.

P $+"GA )".@Y1;;"> $4"/"$&* . /1C'+=&,&1 .C,-
*7"31>$&.*G 4";&*;1;&,+=;@A * "41,;*D1$4*A
$&/'4&'/ E'3'& )"$&"G;;" ;,4,)+*.,&=$G ;,)/G<1-
;*G, 4"&"/@1 7"8'& 3"$&*8,&= )/131+=;@A C;,D1;*> *
)/*."3*&= 4 )"3.*<41 "&31+=;@A E+"4"., &.1. 4 C17-

+1&/G$1;*6. J . ,$&1;"$?1/;@A $+"GA )";*<1;;">
$4"/"$&* ()";*<1;;"> .GC4"$&*) N&, N;1/8*G E'31&
)"$&1)1;;" /1+,4$*/".,&=, )".@Y,G &17)1/,&'/'
$+"G *, . 4";1D;"7 $D1&1, .71$&1 $ )"3.*<;@7* ?+6-
*3,7*, 7"<1& )/*."3*&= "&31+=;@1 18" 'D,$&4* 3"
$"$&"G;*G D,$&*D;"8" )+,.+1;*G. c&* ,$&1;"$?1/-
;@1 $+"* 7"8'& G.+G&=$G )*&,&1+=;"> $/13"> 3+G
.'+4,;*D1$4*A )/"51$$"..

U&71&*7, D&" "D,8* 7,87""E/,C".,;*G ?"/7*-
/'6&$G &"+=4" )/* )1/1$1D1;** $1>$7"?"4,+=;">
C";@ ,$&1;"$?1/;@7* $+"G7* )";*<1;;"> )/"D;"$-
&*. c&" 7"<;" "EIG$;*&= &17, D&" N&, C";, G.+G1&$G
$*$&17"> $.1/A8+'E*;;@A /,C+"7"., )" 4"&"/@7 )"-
$&"G;;" )"3;*7,6&$G ..1/A ?+6*3@ * 7,87,&*D1$-
4*1 )/"3'4&@, )*&,6F*1 .'+4,;*D1$4*1 )/"51$$@ .
C";,A 7,87""E/,C".,;*G ($&/"1;*1 C17;"> 4"/@ ;,
/*$. 4, C,*7$&.".,;;" *C /,E"&@ T.e. \1/811., [20],
831 8/,;*&;@> $+"> ;@/G1& )"3 Y1+=? "-., \,A,-
+*;). Z,87,&*D1$4"1 .1F1$&." *C "E+,$&1> $4")+1-
;*G 7,87@ 713+1;;" 3.*<1&$G 4 )".1/A;"$&* _17+*,
"E/,C'G ;, $."17 )'&* 7,87,&*D1$4*1 4,71/@ (;,
/*$. 4 ";* *C"E/,<1;@ ' 8/,;*5@ C17;"> 4"/@ * '
4/".+* ,4'$&*D1$4"8" ?';3,71;&,).

bC.1$&;", D&" ,$&1;"$?1/, ha2 ;, 8+'E*;,A 120–
150 47 G.+G1&$G )*&,&1+=;"> $/13"> 3+G ?"/7*/".,-
;*G 7,87,&*C7, X"+=Y"> T'/*+=$4"> 8/G3@. c&"&
?,4& ;1 )"3.1/8,1&$G $"7;1;*6 * A"/"Y" *C.1$&1;
)" +*&1/,&'/;@7 3,;;@7 [13, 25, 31]. P N&*A *;&1/-
.,+,A 8+'E*; ;,A"3G&$G "E+,$&* 7,87""E/,C".,;*G

)XE. 2. L"7"8/,?*D1$4*> $4"/"$&;"> /,C/1C ;, "$;".1 R-."+; )" )/"?*+6: /,>"; P+,3*."$&"4, – $1.1/;,G
D,$&= "-., f";$6 [31].
P1+*D*;@ ,;"7,+*>: 1– dt=+(0.3–0.6) 47/$; 2 – dt=+(0.15–0.3) 47/$; 3 – dt=-(0.3–0.6) 47/$; 4 – dt=-(0.15–0.3) 47/$.
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)/,4&*D1$4* 3+G .$1A $1>$7"?"4,+=;@A C"; L*A""-
41,;$4"8" $1>$7*D1$4"8" )"G$,.

 " ,;,+"8** $ ,$&1;"$?1/"> ha2 7@ )/13)"+,-
8,17, D&" )1/.@> ha1 * &/1&*> ha3 ,$&1;"$?1/;@1
$+"* G.+G6&$G &,4<1 "E+,$&G7* 7,87""E/,C".,;*G.
9,)/*71/, ,$&1;"$?1/, ha1, /,$)"+"<1;;,G ;, 8+'E*-
;,A 60–80 47, 7"<1& G.+G&=$G C";"> 7,87""E/,C".,-
;*G 3+G )*&,;*G Z,+"> T'/*+=$4"> 8/G3@ * 11 )/"-
3"+<1;*G . .*31 A/1E&, P*&GC=.

H;*4,+=;"> G.+G1&$G "E+,$&= 7,87""E/,C".,-
;*G . )/131+,A ,$&1;"$?1/@ ha3, /,$)"+"<1;;"> ;,
8+'E*;,A 220–300 47. c&, "E+,$&= "E+,3,1& E"+=Y">
&1)+"."> ,;"7,+*1>, 4"&"/,G ?';45*";*/'1& . '$+"-
.*GA /,$&G<1;*G [22]. L1)+".,G ,;"7,+*G ,$&1;"$?1-
/@ ha3 )/*."3*& 4 ,4&*.*C,5** ?*C*4"-A*7*D1$4*A
&14&";*D1$4*A )/"51$$". [6].

P1$=7, )/*71D,&1+=;", D&" )/13)"+,8,17@1
C";@ 7,87""E/,C".,;*G A"/"Y" )/"15*/'6&$G ;,
51)* .'+4,;". X"+=Y"> * Z,+"> T'/*+=$4"> 3'8 *
"4/,*;;"1 UA"&$4"1 7"/1 (/*$. 4).

/"1/2'@%+/C7 5>)'6+-+:+C/5+<+ )"<'+%-

c)*51;&/@ )"3,.+G6F18" E"+=Y*;$&., 4'/*-
+"-"A"&$4*A C17+1&/G$1;*> (/*$. 5), . &"7 D*$+1 *
;,*E"+11 $*+=;@A, /,$)"+,8,6&$G 71<3' L*A""41,;-
$4*7 )"E1/1<=17 "$&/".". * "$=6 8+'E"4"."3;">
T'/*+"-T,7D,&$4"> .),3*;@ [1]. h*/"4'6 )"+"$'
8/')) 8+'E"4"?"4'$;@A C17+1&/G$1;*> (3" 8+'E*;
650 47), )/"&G;'.Y'6$G "& $1.1/;"> T,7D,&4* 3"
6<;"> D,$&*  /*7"/=G "& ;*A "&31+G1& )"D&* ,$1>$-
7*D;"1 )/"$&/,;$&.".

R,$)/131+1;*1 C17+1&/G$1;*> )" 8+'E*;,7
"D,8". )"4,C@.,1&, D&" 68.6 % C17+1&/G$1;*> /18*$-
&/*/'6&$G . 3*,),C";1 8+'E*; h = 0–70 47; 19 % – .
*;&1/.,+1 h = 30–40 47; 21.3 % – . 3*,),C";1 h =
80–700 47 [11]. a*)"51;&/@ . )/131+,A C";@ X1;=-
"?, /,$)"+"<1;@ .1$=7, ;1/,.;"71/;". ^+G T'-
/*+=$4"8" /18*";, ;,*E"+=Y,G 4";51;&/,5*G C17-
+1&/G$1;*> ;,E+63,1&$G . .1/A;1> D,$&* ;,4+";-
;"> $1>$7"?"4,+=;"> C";@ ;, 8+'E*;,A "& 30 3"
50 47 [26], , ;, 8+'E*;,A, E"+=Y*A 70 47, 4"+*D1-
$&." C17+1&/G$1;*> /1C4" '71;=Y,1&$G. P )/"71-
<'&41 8+'E*; 200–300 47 .@31+G1&$G )/,4&*D1$4*
,$1>$7*D1$4,G C";, (/*$. 5). L,4,G ;1/,.;"71/-
;"$&= /,$)/131+1;*G $1>$7*D1$4*A "D,8". "&/,<,-
1& $+"*$&"1 $&/"1;*1 .1/A;1> 7,;&**.  1/.@>
$+"> )";*<1;;"> $4"/"$&* $1>$7*D1$4*A ."+; ha1
;, 8+'E*;,A 60–80 47 /,C31+G1& 8/,;*51> 70 47
C17+1&/G$1;*G $ ;"/7,+=;"> (0–70 47) * )/"71<'-
&"D;"> 8+'E*;"> "D,8,. P&"/,G ,$&1;"$?1/,
ha2"&D1&+*." )/"G.+G1&$G . ,;"7,+=;" $+,E"> $1>-
$7*D1$4"> ,4&*.;"$&*  )"3 "$&/".,7* X"+=Y">

)XE. 3.  "+*,$&1;"$?1/;,G 7"31+= $&/"1;*G .1/A;1>
7,;&** (Mmax= f(h)), "&/,<,6F,G *C71;1;*1 )/"D;"$&-
;@A $.">$&. $/13@ $ 8+'E*;"> h [23].
Mmax – 7,4$*7,+=;,G 7,8;*&'3, C17+1&/G$1;*>; 1–3 – $*+=-
;@1 C17+1&/G$1;*G $ Z³7: 1 – L*A""41,;$4"8" 4"+=5, E1C
T'/*+"-i)";$4"8" /18*";,; 2 – T'/*+"-i)";$4"8" /18*";,;
3 – 3/'8*A $1>$7",4&*&.;@A /18*";". C17;"8" Y,/,; 4 – .1-
/"G&;,G )"+"$, 7,4$*7,+=;@A ;,E+631;;@A 7,8;*&'3 C17-
+1&/G$1;*> (Z7,A); 5 – "8*E,6F,G 7,4$*7,+=;@A 7,8;*&'3
C17+1&/G$1;*>.
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)XE. 4. \."3;@> 8/,?*4, "&/,<,6F*> $&/"1;*1 C17;"> 4"/@ C";@ )1/1A"3, "& 4";&*;1;&, 4 "41,;' [17] * C";@
7,87""E/,C".,;*G T'/*+=$4"> $1>$7"?"4,+=;"> C";@ [22].
1 – ."3;@> $+">; 2 – $+"* "$,3"D;@A * .'+4,;"81;;"-"$,3"D;@A )"/"3; 3 – ;1'.1/1;;@1 'D,$&4* )"3"Y.@ C17;"> 4"/@; 4 –
E,C,+=&".@> $+">; 5 – 8/,;*&;"-71&,7"/?*D1$4*> $+">; 6 – )"3"Y., C17;"> 4"/@; 7 – $4"/"$&* $1>$7*D1$4*A R-."+; .
$+"GA; 8 – $1>$7"?"4,+=;,G C";,; 9 – /,C+"7@ . C17;"> 4"/1; 10 – .@$"4"$4"/"$&;"> $+"> )"3 $1>$7"?"4,+=;"> C";">; 11 –
,$&1;"$?1/;@1 $+"* )";*<1;;"> .GC4"$&* * $4"/"$&* $1>$7*D1$4*A ."+;; 12 – "E+,$&* )1/1$1D1;*G ,$&1;"$?1/;@A $+"1.
$1>$7"?"4,+=;"> C";"> ("E+,$&* 7,87""E/,C".,;*G); 13 – "&4+";1;*G $/13;*A $4"/"$&1> R-."+; "& $4"/"$&;"> 7"31+*
^<1??/*$, ($)/,., .;*C'); 14 – 7,87,&*D1$4*1 4,71/@ ;, )'&GA 3.*<1;*G 7,87@ 4 )".1/A;"$&* _17+*; 15 – 3*,)*/ ;,
8/,;*51 C17;"> 4"/@.

)XE. 5. T,/&, N)*51;&/". C17+1&/G$1;*> c Z ³ 5 T'/*+"-T,7D,&$4"8" /18*";, (1737–2009 88.) $ 4+,$$*?*4,5*-
1> C17+1&/G$1;*> )" 7,8;*&'31 (1) * 8+'E*;1 "D,8, (2) [8].


