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lе.=…S÷…,L C!,"%ä 3 KSëüø%“2S "SK!=öSL…,. 2е.…%ë%ãS÷…,. ì=ø,… !е=ëSƒ3G2ü“  ä"%ì= 
ìе2%ä=ì, "SK!%ƒK3ä›е…… : “,ë%",ì (ä,…=ìS÷…,ì) S *S…еì=2,÷…,ì. 

r ä,…=ìS÷…%ì3 "SK!%ƒK3ä›3"=÷S “,ë%"= =K% ì%ìе…2…= …еƒ!S"…%"=›е……S“2ü S…е!öSL…%ã% еëе-
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…%_ “,ë, ä% ì=“, "SK!%ƒK3ä›3"=÷= (KSëüøе 1000 m/*ã [1]), ì%›ë,"%“2S C%"Sëü…%ã% ÷, “23CS…-
÷=“2%ã% !еã3ëþ"=……  C=!=ìе2!S" "SK!=öS_ ",ƒ…=÷=þ2ü ø,!%*е !%ƒC%"“þä›е……  öSG_ “.еì, " 
!е=ëSƒ=öS_ *%ë,"=ëü…,. “,“2еì. p=ƒ%ì ƒ 2,ì, …= "…S“2ü ƒ…=÷…,. …еƒ!S"…%"=›е…,. ì=“, ƒ %ä…%-
ã% K%*3, !Sƒ*% CSä",?3G ä,…=ìS÷…S ƒ="=…2=›е……  …= %C%!…S "3ƒë,, = ƒ S…ø%ã% # 3“*ë=ä…þG 
C3“* ì=ø,…,. b!=.%"3þ÷, 2е, ?% KSëüøS“2ü 2е.…%ë%ãS÷…,. "SK!=öSL…,. ì=ø,… C!=öþþ2ü " 
ƒ=!еƒ%…=…“…%ì3 !е›,ìS, %“2=……S ä"= -=*2%!, C%ãS!ø3þ2ü е…е!ãе2,÷…S C=!=ìе2!, "SK!=öS_ S 
ƒìе…ø3þ2ü е*“Cë3=2=öSL…3 …=äSL…S“2ü ì=ø,…,. Š=*, 2Sëü*, ƒ %ä…,ì C%ä"SL…,ì Cе!е.%ä%ì 
÷е!еƒ !еƒ%…=…“ ƒ…%øе……  CSäø,C…,*S" е*"S"=ëе…2…е C!,Kë,ƒ…% 100 ã%ä,…=ì L%ã% !%K%2, " 
3“2=ëе…%ì3 !е›,ìS "SK!%ì=ø,…, [1]; = ƒKSëüøе……  …="=…2=›е…ü …= %C%!…S "3ƒë, C!,ƒ"%ä,2ü 
ä% C!%C%!öSL…%ã% ƒKSëüøе……  ",2!=2 C%23›…%“2S …= C!,"%ä. 

jS…еì=2,÷…е "SK!%ƒK3ä›е……  Cе!еäK=÷=G Cе!е2"%!е……  %Kе!2=ëü…%ã% !3.3 " *%ë,"=ëü-
…,L " !еƒ3ëü2=2S ƒìS…, *S…еì=2,÷…,. C=!=ìе2!S" ìе.=…Sƒì3. Š=*,L ìе2%ä Cе!е2"%!е……  
ìе.=…S÷…%ã% !3.3 .=!=*2е!,ƒ3G2ü“  ì%›ë,"S“2þ “2"%!þ"=2, ƒ…=÷…S ƒì3ø3þ÷S “,ë, ƒ C%!S-
"… …% …е",“%*%þ ø",ä*S“2þ %Kе!2=……  C!,"%ä…%ã% "=ë3. o!, öü%ì3 ƒìе…øе……  ì=“, *%-
ë,"…,. ÷=“2,… ä=…%ã% "SK!%C!,"%ä3 ä=G ì%›ë,"S“2ü ƒìе…ø,2, е…е!ã%",2!=2, …= C!,"%ä 
C%!S"… …% ƒ "Säöе…2!%",ì, "SK!%ƒK3ä›3"=÷=ì,. `ëе C!%Këеì= ƒ!S"…%"=›е……  S…е!öSL…,. 
“,ë, “*ë=ä…S“2ü !еã3ëþ"=……  C=!=ìе2!S" "SK!=öS_, Cе"…S 2!3ä…%?S CSä ÷=“ C3“*3 C!,"%ä3 
ƒ=2!,ì3þ2ü C!=*2,÷…е ƒ=“2%“3"=……  *S…еì=2,÷…,. "SK!%ƒK3ä›3"=÷S". 

o!,ì3“%"S *S…еì=2,÷…S "SK!%ƒK3ä›3"=÷S ƒ ›%!“2*,ì ø=23…%ì ƒ=KеƒCе÷3þ2ü CSä2!,ì=…-
…  C%“2SL…%_ =ìCëS23ä, *%ë,"=…ü !%K%÷,. %!ã=…S" " "“ü%ì3 äS=C=ƒ%…S ÷=“2%2, !%K%2, ì=-
ø,…,. `ëе …е%K.Sä…S“2ü ƒ=KеƒCе÷е……  …%!ì=ëü…,. 3ì%" C3“*3 ìе.=…Sƒì3 C%2!еK3G =K% 
",*%!,“2=……  “CеöS=ëü…,. C!,“2!%_" =K% CSä",?е……  е…е!ã%",2!=2 …= C!,"%ä (äë  ƒ=Kеƒ-
Cе÷е……  10…12 !=ƒ%"%ã% CSä",?е……  C3“*%"%ã% ì%ìе…23 [2]). 

n“…%"…= ÷=“2,…= 

o!%Këеì= C%*!=?е……  3ì%" C3“*3 ì=ø,…, C!, *S…еì=2,÷…%ì3 "SK!%ƒK3ä›е……S ÷=“2*%"% 
",!Sø3G2ü“  øë .%ì “2"%!е…… ì ä%ä=2*%",. C!3›…,. "’ ƒS" " *%ë,"=ëü…SL “,“2еìS. r *S-
…еì=2,÷…%ì3 "SK!%C!,"%äS ƒ C!3›…,ì ø=23…%ì " !еƒ3ëü2=2S C!3›…,. "’ ƒS" C3“* ì=ø,…, 
!%ƒ2 ã3G2ü“  " ÷=“S, !%K%÷S %!ã=…, !%ƒã%Lä3þ2ü“  C%“23C%"% S C!,"%ä " Cе!е.Sä…,. !е›,ì=. 
"Sä÷3"=G …еƒ…=÷…S …="=…2=›е…… . o!,"%ä “ ÷=“2*%"% C!3›…,ì ø=23…%ì " !еƒ%…=…“…,. ì=-
ø,…=. " C!%öе“S ƒ=C3“*3 C!=öþG  * *S…еì=2,÷…,L ƒ ›%!“2*,ì ø=23…%ì, = " 3“2=ëе…%ì3 
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!е›,ìS #  * C!,ì3“%",L ƒ ›%!“2*,ì ø=23…%ì. o%äSK…S "ë=“2,"%“2S ƒ=KеƒCе÷3þ2ü“  " !е-
ƒ3ëü2=2S *%…“2!3*2,"…,. %“%Kë,"%“2еL C!3›…%ã% ø=23…=, ƒ!S"…%"=›3"=ëü…S “,ë,  *%ã% äе-
?% Cе!еKSëüø3þ2ü "…32!Sø…S %C%!, *%ë,"=ëü…%_ “,“2еì, äë  3“2=ëе…%ã% !е›,ì3 !%K%2, 
"SK!%ì=ø,…,. 

bSK!%ƒK3ä›3"=÷ ƒ C!,"%ä…,ì äеìC-е!%ì ƒ=KеƒCе÷3G ",“%*3 “2=KSëü…S“2ü !%K%2, " !е-
ƒ%…=…“…%ì3 !е›,ìS; .%÷= äë  ƒ=KеƒCе÷е……  %ä…=*%",. =ìCëS23ä *%ë,"=…ü C%!S"… …% ƒ 
C!,"%ä%ì ƒ C!3›…,ì ø=23…%ì …е%K.Sä…S "еë,*S е…е!ã%",2!=2, …= C!,"%ä. b ƒ=!еƒ%…=…“-
…%ì3 S !еƒ%…=…“…%ì3 !е›,ì=. ö  !Sƒ…,ö  “2=G ?е "=ã%ìSø%þ [3]. 

P…ø%þ C!%Këеì%þ 2е.…%ë%ãS÷…%ã% ",*%!,“2=……  *S…еì=2,÷…,. "SK!%ƒK3ä›3"=÷S" G ƒ=-
KеƒCе÷е……  е-е*2,"…%ã% ƒ!S"…%"=›е……  ìе.=…Sƒì3. oе!еäK=÷е…S ƒ öSGþ ìе2%þ C!%2,"=ã, 
ë,øе ÷=“2*%"% *%ìCе…“3þ2ü S…е!öSL…S …="=…2=›е…… , ?% ",…,*=þ2ü. 0е C%"’ ƒ=…% Sƒ …е-
ƒ!S"…%"=›е…S“2þ ä=…%_ *%ë,"=ëü…%_ “,“2еì, " !еƒ3ëü2=2S ƒìS…, "еë,÷,…, C!,Gä…=…%_ ì=“, 
2е.…%ë%ãS÷…%ã% ƒ="=…2=›е……  S *%%!ä,…=2 __ öе…2!3 "=ã, C!, ƒìS…S !е›,ì3 !%K%2, "SK!%-
ì=ø,…,. j!=?е ƒ!S"…%"=›е……  “,ë S…е!öS_ !3.%ì,. ÷=“2,… "SK!%C!,"%ä3 ä%“ ã=G2ü“  " 
ì=ø,…S ƒ ä"%ì= C!,"%ä…,ì, "=ë=ì,, "“2=…%"ëе…,ì, …= !=ì…SL %“…%"S. 0е ƒ…=÷…% 3“*ë=ä-
…þG *%…“2!3*2,"…3 “.еì3 "SK!=öSL…%_ ì=ø,…,. 

d%“2=2…ü% ëеã*,ì S е-е*2,"…,ì !Søе…… ì C%“2="ëе…%_ ƒ=ä=÷S ", ",ë%“ü …=*ë=ä=……  
ä%ä=2*%",. C!3›…,. "’ ƒS" …= %C%!…S "3ƒë, C!,ì3“%"%ã% "SK!%C!,"%ä3 ƒ ›%!“2*,ì ø=23-
…%ì [3]. o!%2,"=ã, ä=…%_ ì=ø,…, ƒ!S"…%"=›3þ2ü “2=öS%…=!…3 ì=“3 C!,"%ä=, 2%K2% ì=“3 
!3.%ì,. ÷=“2,… L%ã% ƒ= "Sä“32…%“2S 2е.…%ë%ãS÷…%ã% ƒ="=…2=›е…… . o!3›…S еëеìе…2, 
ƒ’Gä…3þ2ü %C%!…S "3ƒë, C!,"%ä…%ã% "=ë= ƒ %“…%"%þ ì=ø,…,. Š=*,ì ÷,…%ì, ƒ= "Sä“32…%“2S 
" *%…2еL…е!S !%K%÷%ã% …=C%"…þ"=÷= *%ë,"=ëü…= “,“2еì= “2SL*=: “CS"C=ä=þ2ü __ ä,…=ìS÷…= S 
“2=2,÷…= "S“S. g= …= "…%“2S " !%K%÷SL *=ìе!S 2е.…%ë%ãS÷…%ã% “е!еä%",?= *%ë,"=ëü…= “,“-
2еì= " C!%öе“S ƒäSL“…е……  2е.…%ë%ãS÷…%ã% !3.3 “2=G …е“2SL*%þ. o!%2е, C=!=ƒ,2…S *%ë,"=…-
… , ?% ",…,*=þ2ü " !еƒ3ëü2=2S, " %“…%"…%ì3 “C!,Lì=þ2ü“  C!3›…,ì, еëеìе…2=ì,. 

d=…= *%…“2!3*2,"…= “.еì= ä%ƒ"%ë G, ƒ %ä…%ã% K%*3, ƒìе…ø,2, ì=“3 *%ë,"…,. ÷=“2,… 
C!,"%ä3 ƒ= !=.3…%* ",*%!,“2=……  ìе.=…SƒìS" *S…еì=2,÷…%ã% ƒK3ä›е……  2=, ƒ S…ø%ã% # 
*%ìCе…“3"=2, C=!=ƒ,2…S *%ë,"=……  C!3›…,ì, еëеìе…2=ì, %C%!…,. "3ƒëS" ì=ø,…,, ?% 
ì=G ìS“öе 3 !=ƒS “,ë%"%ã% "SK!%ƒK3ä›е…… . n2›е, C%äSK…3 *%…“2!3*2,"…3 “.еì3 “2"%!е……  
*%ë,"=ëü…%ã% C!%öе“3 ä%öSëü…% …=ƒ"=2, *%ìKS…%"=…,ì "SK!%ƒK3ä›3"=÷еì. 

b,K,!=þ÷, “.еì, ìе.=…S÷…%ã% “C%“%K3 ãе…е!=öS_ *%ë,"=…ü "  *%“2S =ëü2е!…=2,"…,. "=-
!S=…2S" "SK!%C!,"%äS", ä%“ëSä›3"=ë,“ü ä,…=ìS÷…,L äеK=ë=…“…%ã% 2,C3 2= *S…еì=2,÷…,L 
*%ìKS…%"=…,L, ä,…=ìS÷…S ì%äеëS  *,. C%*=ƒ=…S !,“. 1. 

dë  ä%“ëSä›3"=…,. *%ë,"=ëü…,. “,“2еì K3ë, “*ë=äе…S !S"… ……  !3.3 ",*%…="÷,. %!-
ã=…S" C!,"%äS" ƒ= *%›…,ì Sƒ “23Cе…S" "Sëü…%“2S. g= ",*%!,“2=……  %2!,ì=…,. !S"… …ü K3ë, 
“-%!ì3ëü%"=…S ƒ=ëе›…%“2S äë  %“…%"…,. C=!=ìе2!S" ä%“ëSä›3"=…,. "SK!%ƒK3ä›3"=÷S" 
(!,“. 2, 3, 4). 

dë  *S…еì=2,÷…%ã% *%ìKS…%"=…%ã% "SK!%C!,"%ä= !S"… ……  !3.3 ",*%…="÷,. %!ã=…S" ì=-
ø,…, ƒ ›%!“2*,ì *%…2еL…е!%ì ì=þ2ü ",ãë ä: 
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*%е-SöSG…2, ä,“,C=öS_ " 2е.…%ë%ãS÷…%ì3 ƒ="=…2=›е……S; 

,X Yα α

KPM  # *!32…,L ì%ìе…2 …= C!,-

"%ä…%ì3 "=ë3;  # ì%ìе…2, %C%!3 " CSäø,C…,*%",. "3ƒë=. "SäC%"Sä…% *%…-

2еL…е!= 2= C!,"%ä…%ã% "=ë=;  # ì%ìе…2, S…е!öS_ .=!=*2е!…,. ì=“ “,“2еì,; 
21,no noM l

1 2 3 4, , ,I I I I

, , ,o KC C C Cϕ γ

3l

 # ›%!“2*%“2S C!3›…,. еëеìе…2S" "SäC%"Sä…% C!,"%ä…%ã% "=ë= 2= *%…2еL-

…е!= C!, %Kе!2=……S …= *32  2= ;  # "Sä“2=…ü ìS› C!3›…,ì, еëеìе…2=ì, Cë=2-%!ì,; 

 # "Sä“2=…ü ìS› öе…2!=ì, "=ã, C!,"%ä…%ã% "=ë= 2= Cë=2-%!ì,. 

ϕ γ a

 
 

 
 
 
 
 
 

 
 

а)                                                                     в) 
                                                          

 
                                                           ,x 3  # ëS…SL…S Cе!еìS?е……  *%…2еL…е!=; 

                                                            φ  # *32 C%"%!%23 äеK=ë=…“3 (C!%2,"=ã,); 
                                                            ψ  # *32 C%"%!%23 Cë=2-%!ì,; 

                                                            γ  # *32 C%"%!%23 *%…2еL…е!=; 
                                                             # ›%!“2*%“2S C!3›…,. еëеìе…2S"; “
                                                             # .*“öе…2!,“,2е2 C!,"%ä3; е
                                                             # %!ä,…=2= C!%2,"=ã,; 1l

                                                            # ì=“= !3.%ì,. еëеìе…2S" C!,"%ä3; m
                                                            # ì=“= *%…2еL…е!=; *m

K)                                                         # ì=“= C!,"%ä…%ã% "=ë3; "m
                                                            # ì=“= CSäC!3›,……%_ Cë=2-%!ì,; Cëm

1m m= + ƒ="* mmξ                                      # ì=“= äеK=ë=…“S"; äеKm

                                           # ì=“= C!%2,"=ã,; 2 "m m=

3 Cm m=

4 C!m m=

Cm+ C!m

                                                 # ì=“= 2е.…%ë%ãS÷…%ã% ƒ="=…2=›е…… ; ƒ="m

                                               mξ  # *%е-SöSG…2 4C!,Gä…=…%_’ ì=“, . 

p,“. 1. p%ƒ!=.3…*%"S “.еì, ä%“ëSä›3"=…,. "SK!%C!,"%äS" 2е.…%ë%ãS÷…%_ ì=ø,…,  
ƒ ›%!“2*,ì U-C%äSK…,ì *%…2еL…е!%ì: = # *S…еì=2,÷…,L C!,ì3“%",L C!,"%ä;  
K # *%ìKS…%"=…,L *S…еì=2,÷…,L C!,"%ä; " # ä,…=ìS÷…,L äеK=ë=…“…,L C!,"%ä 

g= *!,2е!S_ %öS…*, ä%“ëSä›3"=…,. "SK!%C!,"%äS" ",*%!,“2%"3Gì% *S…еì=2,÷…S C=!=ìе2-
!, "SK!=öS_: "SK!%ø",ä*S“2ü υ, "SK!%C!,“*%!е……   =  2= S…2е…“,"…S“2ü *%ë,"=…ü P; C%23›-
…S“2ü …= C!,"%ä…%ì3 "=ë3 N 2= ƒì3ø3"=ëü…3 “,ë3 F. 

`…=ëSƒ3þ÷, “,“2еì3 !S"… …ü (1), %2!,ì3Gì% ã!=-S÷…S ƒ=ëе›…%“2S äë  %“…%"…,. =ìCëS-
23ä…%-÷=“2%2…,. 2= “,ë%",. .=!=*2е!,“2,* ä%“ëSä›3"=…,. "SK!%C!,"%äS" (!,“. 2, 3, 4), 
 *S “"Sä÷=2ü C!% ƒìе…øе……  е…е!ã%",2!=2 …= C!,"Sä 3 !=ƒS KSëüø%_ S…2е…“,"…%“2S "SK!=öSL-
…%ã% C%ë  äë  *S…еì=2,÷…%ã% *%ìKS…%"=…%ã% "SK!%C!,"%ä3. 
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