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 I. ɺɽʂʊʆʈɽʅ ʀ ʊɽʅɿʆʈɽʅ ɸʅɸʃʀɿ 

ʊʝʤʘ: ɸʣʛʝʙʨʘ ʥʘ ʚʝʢʪʦʨʥʠ ʠ ʪʝʥʟʦʨʥʠ ʚʝʣʠʯʠʥʠ. ʇʨʦʠʟʚʦʜʥʠ ʧʦʣʝʪʘ 

&  ʊʝʦʨʝʪʠʯʝʥ ʤʠʥʠʤʫʤ 

 

*ʆʟʥʘʯʝʥʠʷ:  ...,,vu  - ʩʢʘʣʘʨʠ (ʢʦʥʩʪʘʥʪʥʠ); 

                         ...,,, CBA  - ʚʝʢʪʦʨʠ (ʢʦʥʩʪʘʥʪʥʠ); 

                         YF, - ʪʝʥʟʦʨʠ (ʢʦʥʩʪʘʥʪʥʠ); 

            xx =1 , yx =2 , zx =3 . 

 

1) ʉʢʘʣʘʨʥʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘ ʜʚʘ ʚʝʢʪʦʨʘ 
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2) ɺʝʢʪʦʨʥʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘ ʜʚʘ ʚʝʢʪʦʨʘ 
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3) ʊʝʥʟʦʨʥʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘ ʜʚʘ ʚʝʢʪʦʨʘ 
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4) ɺʝʢʪʦʨʥʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘ ʚʝʢʪʦʨ ʩ ʪʝʥʟʦʨ 

F jiji AA F=F).( ,       ʠ   F jiji AA F=F ).( . 

 

5) ʊʝʥʟʦʨʥʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘ ʚʝʢʪʦʨ ʩ ʪʝʥʟʦʨ 

F njmij AA F-=F³ min)( e   ʠ  F nmjnimij AA eF-=³F )( . 

 

6) ʊʝʥʟʦʨʥʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘ ʜʚʘ ʪʝʥʟʦʨʘ 

F kjikij yy F=F ).( . 

 

ʇʦʣʝʟʥʠ ʩʲʦʪʥʦʰʝʥʠʷ: 

F ʩʣʝʜʘ (ʰʧʫʨ) ʥʘ ʪʝʥʟʦʨ: 332211 F+F+F¹F=F iiSp , F ji
tr
ij F=F . 

F 3332211 =++¹ ddddii . 

F kminknimlmnlik ddddee -=. ,    ijmnjimn dee .2. = ,           6. =ijkijk ee . 



 

Ë   ʄʥʦʛʦʢʨʘʪʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ ʚʝʢʪʦʨʠ ʠ ʪʝʥʟʦʨʠ 

      ɸ.) ɼʚʦʡʥʦ ʚʝʢʪʦʨʥʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘ ʪʨʠ ʚʝʢʪʦʨʘ 
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      ɺ.) ɺʝʢʪʦʨʥʦ-ʪʝʥʟʦʨʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ ʪʨʠ ʚʝʢʪʦʨʘ 
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      ɻ.) ʇʦ-ʩʣʦʞʥʦ ʜʝʬʠʥʠʨʘʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ ʜʚʘ ʠ ʧʦʚʝʯʝ ʚʝʢʪʦʨʠ 
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&  ʇʨʦʠʟʚʦʜʥʠ (ʜʠʬʝʨʝʥʮʠʘʣʥʠ) ʧʦʣʝʪʘ 
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¡  ɻʨʘʜʠʝʥʪ grad  ʦʪ ʩʢʘʣʘʨʥʦ ʧʦʣʝ (ʩ ʚʝʢʪʦʨʝʥ ʘʨʛʫʤʝʥʪ) 
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¢ ɼʠʚʝʨʛʝʥʮʠʷ div ʦʪ ʚʝʢʪʦʨʥʦ ʧʦʣʝ 



F  
i

i

x

U
Udiv

µ

µ
= ,  ʠʣʠ ʦʱʝ F  

3

3

2

2

1

1.
x

U

x

U

x

U
UUdiv

µ

µ
+

µ

µ
+

µ

µ
=Ð= . 

 

ʉʚʦʡʩʪʚʘ: 
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£  ʈʦʪʘʮʠʷ  rot  ʦʪ ʚʝʢʪʦʨʥʦ ʧʦʣʝ 
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¤  ɻʨʘʜʠʝʥʪ Grad  ʦʪ ʚʝʢʪʦʨʥʦ ʧʦʣʝ 
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ʉʚʦʡʩʪʚʘ: 
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   -  ʝʜʠʥʠʯʝʥ ʪʝʥʟʦʨ. 

 

¥  ɼʠʚʝʨʛʝʥʮʠʷ Div  ʦʪ ʪʝʥʟʦʨʥʦ ʧʦʣʝ 
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¦  ʈʦʪʘʮʠʷ Rot  ʦʪ ʪʝʥʟʦʨʥʦ ʧʦʣʝ 
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×  ʃʘʧʣʘʩʦʚ ʦʧʝʨʘʪʦʨ, ʧʨʠʣʦʞʝʥ ʩʧʨʷʤʦ: 

ɸ) ʩʢʘʣʘʨʥʦ ʧʦʣʝ 

F uuuugraddivu 2.)(. Ð=ÐÐ=ÐÐ==D  - ʩʢʘʣʘʨ. 

 

ɹ) ʚʝʢʪʦʨʥʦ ʧʦʣʝ 

F UrotrotUdivgradU -=D   - ʚʝʢʪʦʨ. 

 

×  ʄʥʦʛʦʢʨʘʪʥʠ ʧʨʦʠʟʚʦʜʥʠ ʧʦʣʝʪʘ 
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×  ʈʘʟʣʦʞʝʥʠʝ ʥʘ ʬʫʥʢʮʠʷ ʩ ʚʝʢʪʦʨʝʥ ʘʨʛʫʤʝʥʪ ʚ ʨʝʜ ʥʘ ʊʝʡʣʲʨ 
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×  ʇʨʦʠʟʚʦʜʥʘ ʥʘ ʩʢʘʣʘʨʥʘ ʬʫʥʢʮʠʷ ʩ ʚʝʢʪʦʨʝʥ ʘʨʛʫʤʝʥʪ ʚ ʜʘʜʝʥʘ 
ʧʦʩʦʢʘ (ʥʦʨʤʘʣʥʘ ʧʨʦʠʟʚʦʜʥʘ) 
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× ʊʝʥʟʦʨʠ 

F ʪʨʘʥʩʧʦʥʠʨʘʥ ʪʝʥʟʦʨ: ji
tr
ij F=F . 

F ʩʠʤʝʪʨʠʯʝʥ ʠ ʘʥʪʠʩʠʤʝʪʨʠʯʝʥ ʪʝʥʟʦʨʠ: 

  V ʟʘ ʩʠʤʝʪʨʠʯʝʥ ʪʝʥʟʦʨ: ijji F+=F ; 

  V ʟʘ ʘʥʪʠʩʠʤʝʪʨʠʯʝʥ ʪʝʥʟʦʨ: ijji F-=F . 

F ʇʨʝʜʩʪʘʚʷʥʝ ʥʘ ʧʨʦʠʟʚʦʣʝʥ ʪʝʥʟʦʨ ʯʨʝʟ ʩʫʤʘ ʦʪ ʩʠʤʝʪʨʠʯʝʥ ʠ 

ʘʥʪʠʩʠʤʝʪʨʠʯʝʥ ʪʝʥʟʦʨʠ: 
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 ʅʝʢʘ ʧʦʢʘʞʝʤ, ʯʝ 
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ʘʥʪʠʩʠʤʝʪʨʠʯʝʥ ʪʝʥʟʦʨʠ ʩʲʦʪʚʝʪʥʦ. ɿʘ ʮʝʣʪʘ ʥʝʢʘ ʨʘʟʤʝʥʠʤ ʠʥʜʝʢʩʠʪʝ ʠʤ, ʪ.ʝ. 

ʪʨʘʥʩʧʦʥʠʨʘʤʝ ʪʝʥʟʦʨʠʪʝ: 
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F ʇʨʝʜʩʪʘʚʷʥʝ ʥʘ ʚʝʢʪʦʨ ʯʨʝʟ ʘʥʪʠʩʠʤʝʪʨʠʯʝʥ ʪʝʥʟʦʨ mnY  : 
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Ð ɿʘʜʘʯʘ: ɼʘ ʩʝ ʜʦʢʘʞʝ, ʯʝ ABBA
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³-=³ . 

ɼʦʢʘʟʘʪʝʣʩʪʚʦ: ʧʦ ʦʧʨʝʜʝʣʝʥʠʝ 

==-==-=³ mnnimnminmnmimnnmi ABBABABABA eeeemin)(  

ABAB mnnim ³-=--= )( e ,  ʢ.ʪ.ʜ. 

 

Ð ɿʘʜʘʯʘ: ɼʘ ʩʝ ʜʦʢʘʞʘʪ ʩʣʝʜʥʠʪʝ ʩʲʦʪʥʦʰʝʥʠʷ ʟʘ ʩʠʤʚʦʣʠʪʝ ʥʘ ʃʝʚʠ-

ʏʝʚʠʪʘ: 

F kminknimlmnlik ddddee -=. ,  F ijmnjimn dee .2. = ,  F 6. =ijkijkee . 
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ɿʘ ʜʨʫʛʠʪʝ ʜʚʝ ʩʲʦʪʥʦʰʝʥʠʷ: 

F == mnjmnimnjimn eeee .. é. ʧʦ ʧʲʨʚʘʪʘ ʬʦʨʤʫʣʘ é   = 

     ijijijnjinijinnjijnn dddddddddd 233 =-=-=-= . 

ʅʘʢʨʘʷ ʧʦ ʪʦʢʫ-ʱʦ ʜʦʢʘʟʘʥʘʪʘ ʬʦʨʤʫʣʘ ʠʤʘʤʝ:  

F   63.22. === kkijkijk dee . 
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Ð ɿʘʜʘʯʘ: (ʉʪʨ. 66/ɿʘʜ. 720
ʙ
) ɼʘ ʩʝ ʜʦʢʘʞʝ, ʯʝ ).())..(( ArAgrad F=F . 

ɼʦʢʘʟʘʪʝʣʩʪʚʦ: ʘʢʦ (ʟʘ ʫʜʦʙʩʪʚʦ) ʚʲʚʝʜʝʤ ʩʢʘʣʘʨʥʘʪʘ ʚʝʣʠʯʠʥʘ 

(1) jkjkjkjkkk xAxArArAu F¹F=F=F= )().()..( , ʪʦ 

 (2) =F=
µ

µ
F=F

µ

µ
=¹F ijjkk

i

j
jkkjkjk

i
i A

x

x
AxA

x
ugradrAgrad d)())..((  

ikikikk AAA ).(F=F=F= . 

 ʑʦʤ ii ArAgrad ).())..(( F=F , ʪʦ ʦʯʝʚʠʜʥʦ ).())..(( ArAgrad F=F . 
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Ð ɿʘʜʘʯʘ: ɼʘ ʩʝ ʧʨʝʩʤʝʪʥʝ 

(1) ?)},.{(exp =rArrgrad  

ʈʝʰʝʥʠʝ: ʦʪʥʦʚʦ ʩʲʛʣʘʩʥʦ ʜʦʢʘʟʘʥʘʪʘ ʬʦʨʤʫʣʘ 

(2) CBACBA ).(},.{ =  

ʠʤʘʤʝ  

 (3) ArArArrArr 22).(},.{ === . 

ʊʦʛʘʚʘ 

 (4) === )()(exp)(exp)},.{(exp 333 rAgradrArAgradrArrgrad  

 === )3)((exp)()(exp 2333 rgradrrAArgradrAA  

 rrArA
r

r
rrAA

C
C

)(exp3)(exp3 323 == . 
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Ð ɿʘʜʘʯʘ: ɼʘ ʩʝ ʜʦʢʘʞʘʪ ʬʦʨʤʫʣʠʪʝ: 

F  3=rdiv
C

  F   ugradUdivUuuUdiv .)( += , 
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Ð ɿʘʜʘʯʘ: ɼʘ ʩʝ ʦʧʨʝʜʝʣʷʪ: 
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Ð ɿʘʜʘʯʘ:(ʉʪʨ. 66/ɿʘʜ. 720
ʘ
)  

ɼʘ ʩʝ ʜʦʢʘʞʝ, ʯʝ F=F Sprdiv ).( , ʢʲʜʝʪʦ FSp  ʦʟʥʘʯʘʚʘ ʰʧʫʨ (ʩʣʝʜʘ) ʥʘ 
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Ð ɿʘʜʘʯʘ:(ʉʪʨ. 66/ɿʘʜ. 722
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 Ð ɿʘʜʘʯʘ:(ʉʪʨ. 68/ɿʘʜ. 748
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Ð ɿʘʜʘʯʘ: ɼʘ ʩʝ ʜʦʢʘʞʘʪ ʩʣʝʜʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʨʦʪʘʮʠʷ 
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Ð ɿʘʜʘʯʘ: ɼʘ ʩʝ ʜʦʢʘʞʘʪ ʩʚʦʡʩʪʚʘʪʘ: 
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 ʉʣʝʜ ʪʘʟʠ ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʧʦʜʛʦʪʦʚʢʘ ʤʦʞʝʤ ʜʘ ʢʦʥʩʪʨʫʠʨʘʤʝ ʣʘʧʣʘʩʦʚʠʷ 
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Ð ɿʘʜʘʯʘ: (ʉʪʨ. 69/ɿʘʜ. 778) ɼʘ ʩʝ ʦʧʨʝʜʝʣʠ ?}],.{[ =D rrA  

ʈʝʰʝʥʠʝ: ʥʝʢʘ ʥʘʡ-ʥʘʧʨʝʜ ʧʨʠʣʦʞʠʤ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ 
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ʩʧʨʷʤʦ ʚʝʢʪʦʨʘ, ʦʪ ʢʦʡʪʦ ʪʲʨʩʠʤ ʣʘʧʣʘʩʦʚ ʦʧʝʨʘʪʦʨ 
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ʊʦʛʘʚʘ 
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 ArrArotrotrrAdivgradrrA

AA

2]).[(]).[(}],.{[

24

=-=D
)) ()) '&)) ()) '&

. 

 
&  

ʊʝʤʘ: ʀʥʪʝʛʨʘʣʥʠ ʪʝʦʨʝʤʠ ʚʲʚ ʚʝʢʪʦʨʥʠʷ ʘʥʘʣʠʟ 



&  ʊʝʦʨʝʪʠʯʝʥ ʤʠʥʠʤʫʤ 

@ ʊʝʦʨʝʤʘ ʥʘ ɻʘʫʩ. ʇʦʪʦʢ ʥʘ ʚʝʢʪʦʨʥʦ ʧʦʣʝ ʧʨʝʟ ʟʘʪʚʦʨʝʥʘ ʧʦʚʲʨʭʥʦʩʪ 

ññ =

VSV

SdUdVUdiv
CCC

.   -  ʧʦʪʦʢ ʥʘ ʚʝʢʪʦʨʘ U
C

 ʧʨʝʟ ʧʦʚʲʨʭʥʦʩʪʪʘ. 

ʆʧʝʨʘʪʦʨʝʥ ʚʠʜ ʥʘ ʪʝʦʨʝʤʘʪʘ, ʧʦʟʚʦʣʷʚʘʱ ʥʘʧʠʩʚʘʥʝʪʦ ʥʘ ʦʱʝ 

ʠʥʪʝʛʨʘʣʥʠ ʪʝʦʨʝʤʠ, ʧʦʜʦʙʥʠ ʥʘ ʪʝʦʨʝʤʘʪʘ ʥʘ ɻʘʫʩ: 

(*)  ññ =Ð

VSV

SddV
C

. 

ʘ) ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʬʦʨʤʫʣʘ (*) ʢʲʤ ʩʢʘʣʘʨʥʦ ʧʦʣʝ )(ru : 

 ññññ =Ý=Ð

VV SVSV

SdrudVrugradSdrurudV
CC

)()()()( . 

ʙ) ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʬʦʨʤʫʣʘ (*) ʢʲʤ ʚʝʢʪʦʨʥʦ ʧʦʣʝ )(rU
C
ʯʨʝʟ ʩʢʘʣʘʨʥʦ 

ʫʤʥʦʞʝʥʠʝ: 

ññññ =Ý=Ð

VV SVSV

SdrUdVrUdivrUSdrUdV
CCCCCC

).()()(.)(. , ʢʦʝʪʦ ʠʟʨʘʟʷʚʘ 

ʪʦʯʥʦ ʪʝʦʨʝʤʘʪʘ ʥʘ ɻʘʫʩ. 

ʚ) ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʬʦʨʤʫʣʘ (*) ʢʲʤ ʚʝʢʪʦʨʥʦ ʧʦʣʝ )(rU
C
ʯʨʝʟ ʚʝʢʪʦʨʥʦ 

ʫʤʥʦʞʝʥʠʝ: 

)()()()( rUSddVrUrotrUSdrUdV

VV SVSV

CCCCCC
³=Ý³=³Ð ññññ . 

ʛ) ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʬʦʨʤʫʣʘ (*) ʢʲʤ ʚʝʢʪʦʨʥʦ ʧʦʣʝ )(rU
C

 ʯʨʝʟ ʪʝʥʟʦʨʥʦ 

ʫʤʥʦʞʝʥʠʝ: 

},{)}(,{)( USddVUGradrUSdrUdV

VV SVSV

CCCCCC
ññññ =Ý=Ð . 

ʜ) ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʬʦʨʤʫʣʘ (*) ʢʲʤ ʪʝʥʟʦʨʥʦ ʧʦʣʝ )(rF  ʯʨʝʟ ʚʝʢʪʦʨʥʦ 

ʧʨʦʠʟʚʝʜʝʥʠʝ (ʪ.ʝ. ʚʝʢʪʦʨ ʭ ʪʝʥʟʦʨ = ʚʝʢʪʦʨ): 

).())(.()(. F=FÝF=FÐ ññññ
VV SVSV

SddVDivrSdrdV
CC

. 

ʝ) ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʬʦʨʤʫʣʘ (*) ʢʲʤ ʪʝʥʟʦʨʥʦ ʧʦʣʝ )(rF  ʯʨʝʟ ʪʝʥʟʦʨʥʦ 

ʧʨʦʠʟʚʝʜʝʥʠʝ (ʪ.ʝ. ʚʝʢʪʦʨ ʭ ʪʝʥʟʦʨ = ʪʝʥʟʦʨ): 

)())(())(( F³=FÝF³=F³Ð ññññ
VV SVSV

SddVRotrSdrdV
CC

. 

 

@ ʊʝʦʨʝʤʘ ʥʘ ʉʪʦʢʩ. ʎʠʨʢʫʣʘʮʠʷ ʥʘ ʚʝʢʪʦʨʥʦ ʧʦʣʝ ʧʦ ʟʘʪʚʦʨʝʥʘ ʢʨʠʚʘ 

ñ ñ=
S LS

rdUSdUrot
CCCC

..    -  ʮʠʨʢʫʣʘʮʠʷ ʥʘ U
C
ʧʦ ʟʘʪʚʦʨʝʥ ʢʦʥʪʫʨ. 

ʆʧʝʨʘʪʦʨʝʥ ʚʠʜ ʥʘ ʪʝʦʨʝʤʘʪʘ, ʧʦʟʚʦʣʷʚʘʱ ʥʘʧʠʩʚʘʥʝʪʦ ʥʘ ʦʱʝ 

ʠʥʪʝʛʨʘʣʥʠ ʪʝʦʨʝʤʠ, ʧʦʜʦʙʥʠ ʥʘ ʪʝʦʨʝʤʘʪʘ ʥʘ ʉʪʦʢʩ: 

(**)  ñ ñ=Ð³
S LS

rdSd
CC

 

ʘ) ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʬʦʨʤʫʣʘ (**) ʢʲʤ ʩʢʘʣʘʨʥʦ ʧʦʣʝ )(ru : 

 ñ ññ ñ =³Ý=Ð³
S LS L SS

rduugradSdrduuSd
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. 



ʙ) ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʬʦʨʤʫʣʘ (**) ʢʲʤ ʚʝʢʪʦʨʥʦ ʧʦʣʝ )(rU
C
, ʢʦʝʪʦ ʫʤʥʦʞʘʚʘ 

ʩʢʘʣʘʨʥʦ ʦʧʝʨʘʪʦʨʥʦʪʦ ʨʘʚʝʥʩʪʚʦ (**): 

ñ ñ=Ð³
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rdUUSd
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ɸʢʦ ʠʟʧʦʣʟʚʘʤʝ, ʯʝ UrotSdUSdUSd
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rdUSdUrot
CCCC

.. , ʪ.ʝ. ʩʘʤʘʪʘ ʪʝʦʨʝʤʘ ʥʘ ʉʪʦʢʩ. 

ʚ) ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʬʦʨʤʫʣʘ (**) ʢʲʤ ʚʝʢʪʦʨʥʦ ʧʦʣʝ )(rU
C
, ʢʦʝʪʦ ʫʤʥʦʞʘʚʘ 

ʚʝʢʪʦʨʥʦ ʦʧʝʨʘʪʦʨʥʦʪʦ ʨʘʚʝʥʩʪʚʦ (**), ʱʝ ʧʦʣʫʯʠʤ: 

UrdUSd
S LS
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³=³Ð³ñ ñ)( ,  ʠ ʪ.ʥ. 

 

@ ʌʦʨʤʫʣʠ ʥʘ ɻʨʠʥ 

É ʇʲʨʚʘ ʬʦʨʤʫʣʘ ʥʘ ɻʨʠʥ ʩʝ ʧʦʣʫʯʘʚʘ ʦʪ ʪʝʦʨʝʤʘʪʘ ʥʘ ɻʘʫʩ 

ññ =

VSV

SdUdVUdiv
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É ɿʘ ʚʪʦʨʘ ʬʦʨʤʫʣʘ ʥʘ ɻʨʠʥ ʩʝ ʠʟʧʦʣʟʚʘ ʧʘʢ ʪʝʦʨʝʤʘʪʘ ʥʘ ɻʘʫʩ, ʥʦ 

ʚʝʢʪʦʨʥʦʪʦ ʧʦʣʝ  )(rU
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 &    ʉʦʣʝʥʦʠʜʘʣʥʦ ʠ ʧʦʪʝʥʮʠʘʣʥʦ ʚʝʢʪʦʨʥʠ ʧʦʣʝʪʘ 

 V ʆʧʨ. 1: ʚʝʢʪʦʨʥʦ ʧʦʣʝ )(rU
C
, ʟʘ ʢʦʝʪʦ 0¹Udiv

C
, ʩʝ ʥʘʨʠʯʘ ʩʦʣʝʥʦʠʜʘʣʥʦ 

ʚʝʢʪʦʨʥʦ ʧʦʣʝ. ʅɼʋ ʝʜʥʦ ʧʦʣʝ ʜʘ ʝ ʩʦʣʝʥʦʠʜʘʣʥʦ ʝ ʪʦ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ 

ʚʲʚ ʚʠʜ ʥʘ ʨʦʪʘʮʠʷ ʦʪ (ʜʨʫʛʦ) ʚʝʢʪʦʨʥʦ ʧʦʣʝ:    ArotU
CC

= . 

ʇʨʠʤʝʨ: ʤʘʛʥʠʪʥʦ ʧʦʣʝ ArotB
CC

= . 

 



 V ʆʧʨ. 2: ʚʝʢʪʦʨʥʦ ʧʦʣʝ )(rU
C
, ʟʘ ʢʦʝʪʦ 0¹Urot

C
, ʩʝ ʥʘʨʠʯʘ ʧʦʪʝʥʮʠʘʣʥʦ 

ʚʝʢʪʦʨʥʦ ʧʦʣʝ. ʅɼʋ ʝʜʥʦ ʧʦʣʝ ʜʘ ʝ ʧʦʪʝʥʮʠʘʣʥʦ ʝ ʪʦ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ 

ʚʲʚ ʚʠʜ ʥʘ ʛʨʘʜʠʝʥʪ ʦʪ ʥʷʢʘʢʚʦ ʩʢʘʣʘʨʥʦ ʧʦʣʝ:  )()( rugradrU =
C

. 

ʇʨʠʤʝʨ: ʝʣʝʢʪʨʠʯʥʦ ʧʦʣʝ jgradE -=
C

. 

 

ï 
Ð ɿʘʜʘʯʘ (ʩʪʨ. 74/ʟʘʜ. 832

ʘ,ʙ,ʚ
): ɼʘ ʩʝ ʜʦʢʘʞʘʪ ʨʘʚʝʥʩʪʚʘʪʘ: 

 (ʘ) vSdr

VS

3. =ñ
C

, ʢʲʜʝʪʦ v  ʝ ʦʙʝʤ ʥʘ ʦʙʣʘʩʪʪʘ, ʟʘʛʨʘʜʝʥʘ ʦʪ 

ʟʘʪʚʦʨʝʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ VS ; 

 (ʙ) 0.. =ñ
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SdrA
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, ʢʲʜʝʪʦ dSrASdrA ).(.. ³=
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 ʝ ʩʤʝʩʝʥʦ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘ ʪʨʠ ʚʝʢʪʦʨʘ; 

 (ʚ) 0=³ñ
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Sdr
C

. 

ʈʝʰʝʥʠʝ:  

 (ʘ) ɸʢʦ ʚ ʪʝʦʨʝʤʘʪʘ ʥʘ ɻʘʫʩ 

 (1) ññ =

VSV

SdrUdVrUdiv
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ʧʦʣʦʞʠʤ ʬʦʨʤʘʣʥʦ rrU =)( , ʧʦʣʫʯʘʚʘʤʝ 
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C

. , 
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 (ʙ) ʇʨʠʣʘʛʘʤʝ ʦʪʥʦʚʦ ʪʝʦʨʝʤʘʪʘ ʥʘ ɻʘʫʩ (1), ʢʘʪʦ ʪʦʟʠ ʧʲʪ ʧʦʣʦʞʠʤ 

rAU ³= , ʩ ʢʦʝʪʦ ʧʦʣʫʯʘʚʘʤʝ 

 (4) ñññ ¹³=³
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ʊʘʢʘ ʟʘ ʪʲʨʩʝʥʠʷ ʠʥʪʝʛʨʘʣ ʧʦʣʫʯʘʚʘʤʝ 
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 ʅʝʢʘ ʧʨʝʩʤʝʪʥʝʤ ʦʪʜʝʣʥʦ ʩʘʤʦ )( rAdiv ³ : 
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 ʉʣʝʜ ʟʘʤʝʩʪʚʘʥʝʪʦ ʥʘ ʪʘʢʘ ʥʘʤʝʨʝʥʘʪʘ ʜʠʚʝʨʛʝʥʮʠʷ ʚ ʜʷʩʥʘʪʘ ʩʪʨʘʥʘ ʥʘ (5) 

ʪʚʲʨʜʝʥʠʝʪʦ ʝ ʜʦʢʘʟʘʥʦ. 

 (ʚ) ɿʘ ʜʦʢʘʟʘʪʝʣʩʪʚʦʪʦ ʥʘ ʪʦʚʘ ʪʚʲʨʜʝʥʠʝ ʱʝ ʠʟʧʦʣʟʚʘʤʝ ʩʣʝʜʥʘʪʘ 

ʠʥʪʝʛʨʘʣʥʘ ʪʝʦʨʝʤʘ ʥʘ ɻʘʫʩ ʚ ʦʧʝʨʘʪʦʨʝʥ ʚʠʜ 
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Sddv
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        ʜʝʡʩʪʚʘʤʝ ʚ-ʫ r
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 ʯʨʝʟ ʚʝʢʪʦʨʥʦ ʧʨʦʠʟʚʝʜʝʥʠʝ 

 (8) ñ ñ ³=³Ð
V SV

rSdrdv
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ʊʘʢʘ ʟʘ ʪʲʨʩʝʥʠʷ ʚ ʟʘʜʘʯʘʪʘ ʠʥʪʝʛʨʘʣ ʧʦʣʫʯʘʚʘʤʝ 

 (9) I 0)(

0

ñññ =-=³Ð-=³
VVS

dvrrotdvrSdr

V

CCCC
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 ʉʣʝʜ ʟʘʤʝʩʪʚʘʥʝʪʦ ʥʘ ʛʨʘʜʠʝʥʪʘ ʚ ʜʷʩʥʘʪʘ ʩʪʨʘʥʘ ʥʘ (11) ʝʣʝʤʝʥʪʘʨʥʦ ʩʝ 
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Ð ɿʘʜʘʯʘ (ʩʪʨ. 74/ʟʘʜ. 835
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Ð ɿʘʜʘʯʘ (ʩʪʨ. 77/ʟʘʜ. 866) ɼʘ ʩʝ  ʜʦʢʘʞʝ, ʯʝ 
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(5) ñññ -=³-=
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dSugradvrotdSugradvgraddrvgradu ).().().( . 



ɿʘ ʠʥʪʝʛʨʘʣʘ ʚ ʥʘʡ-ʜʷʩʥʘʪʘ ʩʪʨʘʥʘ ʥʘ (5) ʧʨʠʣʘʛʘʤʝ ʪʝʦʨʝʤʘʪʘ ʥʘ ʉʪʦʢʩ 
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drugradvdSugradvrot .).( . 

ʉʣʝʜ ʟʘʤʝʩʪʚʘʥʝ ʥʘ (6) ʚ (5) ʧʦʣʫʯʘʚʘʤʝ 
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drugradvdSugradvrotdrvgradu .).().( , ʢ.ʪ.ʜ. 

 

 Ð ɿʘʜʘʯʘ (ʩʪʨ. 81/ʟʘʜ. 891) ɼʘ ʩʝ  ʜʦʢʘʞʝ, ʯʝ ʘʢʦ )(rk
C

 ʝ ʜʘʜʝʥʦ ʩʢʘʣʘʨʥʦ 

ʧʦʣʝ, ʜʝʬʠʥʠʨʘʥʦ ʠ ʥʝʧʨʝʢʲʩʥʘʪʦ ʚ ʮʷʣʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ¤V  ʠ ʢʣʦʥʷʱʦ ʢʲʤ ʥʫʣʘ 

ʜʦʩʪʘʪʲʯʥʦ ʙʲʨʟʦ ʧʨʠ ¤r , ʪʦ ʝʜʠʥʩʪʚʝʥʦʪʦ ʘʥʫʣʠʨʘʱʦ ʩʝ ʚ ʙʝʟʢʨʘʡʥʦʩʪ 

ʨʝʰʝʥʠʝ ʥʘ ʫʨʘʚʥʝʥʠʝʪʦ ʥʘ ʇʦʘʩʦʥ 
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 ɼʦʢʘʟʘʪʝʣʩʪʚʦ: 

 ʅʝʢʘ ʥʘʡ-ʥʘʧʨʝʜ ʧʨʦʚʝʨʠʤ ʜʘʣʠ ʬʫʥʢʮʠʷʪʘ (2) ʫʜʦʚʣʝʪʚʦʨʷʚʘ ʫʨʘʚʥʝʥʠʝʪʦ 

ʥʘ ʇʦʘʩʦʥ (1). ɿʘ ʮʝʣʪʘ ʥʝʢʘ ʦʧʨʝʜʝʣʠʤ )(ru
C

D , ʠʟʧʦʣʟʚʘʡʢʠ, ʯʝ: 
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C
, ʥʦ ʥʝ ʠ ʚʲʨʭʫ /r
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ʦʪʢʲʜʝʪʦ ʩʣʝʜʚʘ, ʯʝ ʬʫʥʢʮʠʷʪʘ (2) ʜʝʡʩʪʚʠʪʝʣʥʦ ʫʜʦʚʣʝʪʚʦʨʷʚʘ ʫʨʘʚʥʝʥʠʝʪʦ ʥʘ 

ʇʦʘʩʦʥ (1).  

 ʆʩʪʘʚʘ ʜʘ ʜʦʢʘʞʝʤ ʝʜʠʥʩʪʚʝʥʦʩʪʪʘ ʥʘ ʨʝʰʝʥʠʝʪʦ (2). ɿʘ ʮʝʣʪʘ ʥʝʢʘ 

ʜʦʧʫʩʥʝʤ, ʯʝ ʠʤʘ (ʧʦʥʝ) ʜʚʝ ʨʘʟʣʠʯʥʠ ʧʦʤʝʞʜʫ ʩʠ ʬʫʥʢʮʠʠ )(ru
C

 ʠ )(rv
C
, ʢʦʠʪʦ 

ʫʜʦʚʣʝʪʚʦʨʷʚʘʪ ʫʨʘʚʥʝʥʠʝʪʦ ʥʘ ʇʦʘʩʦʥ, ʪ.ʝ. 
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 ʊʘʟʠ ʬʫʥʢʮʠʷ, ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʬʫʥʢʮʠʠʪʝ )(ru
C
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ʫʜʦʚʣʝʪʚʦʨʷʚʘ ʫʨʘʚʥʝʥʠʝʪʦ ʥʘ ʃʘʧʣʘʩ 
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 ʀʜʝʷʪʘ ʥʘ ʜʦʢʘʟʘʪʝʣʩʪʚʦʪʦ ʥʘ ʝʜʠʥʩʪʚʝʥʦʩʪʪʘ ʥʘ ʨʝʰʝʥʠʝʪʦ (2) ʩʝ ʟʘʢʣʶʯʘʚʘ 

ʚ ʪʦʚʘ ʜʘ ʜʦʢʘʞʝʤ (ʧʦʢʘʞʝʤ), ʯʝ ʫʨʘʚʥʝʥʠʝʪʦ ʥʘ ʃʘʧʣʘʩ (6) ʜʦʧʫʩʢʘ ʩʘʤʦ 

ʪʨʠʚʠʘʣʥʦʪʦ ʨʝʰʝʥʠʝ 0)( ¹rw
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ʝ ʩʘʤʦ ʝʜʥʦ ʝʜʠʥʩʪʚʝʥʦ. ɿʘʪʦʚʘ ʥʝʢʘ ʜʦʧʫʩʥʝʤ ʦʙʨʘʪʥʦʪʦ, ʪ.ʝ. ʯʝ ʫʨʘʚʥʝʥʠʝʪʦ ʥʘ 
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 ɺ ʦʙʝʤʥʠʷ ʠʥʪʝʛʨʘʣ ʚ ʣʷʚʘʪʘ ʩʪʨʘʥʘ ʥʘ (10) ʬʫʥʢʮʠʷʪʘ )(rw
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 ʫʯʘʩʪʚʘ ʩʲʩ 

ʩʪʦʡʥʦʩʪʠʪʝ ʩʠ ʚʲʚ ʚʩʷʢʘ ʚʲʟʤʦʞʥʘ ʪʦʯʢʘ ¤ÍVr
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, ʜʦʢʘʪʦ ʚ ʧʦʚʲʨʭʥʠʥʥʠʷ ʠʥʪʝʛʨʘʣ 

ʚʜʷʩʥʦ ʪʷ ʫʯʘʩʪʚʘ ʩʘʤʦ ʩʲʩ ʩʪʦʡʥʦʩʪʠʪʝ ʩʠ ʚʲʨʭʫ ʙʝʟʢʨʘʡʥʘʪʘ ʩʬʝʨʘ ¤S , ʚʲʨʭʫ 

ʢʦʷʪʦ ʪʷ ʧʨʠʝʤʘ ʩʘʤʦ ʩʪʦʡʥʦʩʪʠ Ăʥʫʣʘò. ɼʝʡʩʪʚʠʪʝʣʥʦ, ʩʲʛʣʘʩʥʦ ʫʩʣʦʚʠʝʪʦ ʥʘ 

ʟʘʜʘʯʘʪʘ ʨʝʰʝʥʠʷʪʘ ʥʘ (1) ʩʣʝʜʚʘ ʜʘ ʩʝ ʘʥʫʣʠʨʘʪ ʚ ʙʝʟʢʨʘʡʥʦʩʪ, ʩʣʝʜʦʚʘʪʝʣʥʦ 
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ʪʦ ʦʯʝʚʠʜʥʦ ʧʦʚʲʨʭʥʠʥʥʠʷʪ ʠʥʪʝʛʨʘʣ ʚ ʜʷʩʥʘʪʘ ʩʪʨʘʥʘ ʥʘ (10) ʝ ʪʲʞʜʝʩʪʚʝʥʦ 
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 ʇʦʩʣʝʜʥʦʪʦ ʝ ʚʲʟʤʦʞʥʦ ʩʘʤʦ ʪʦʛʘʚʘ, ʢʦʛʘʪʦ 0)( ¹rwgrad
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 ʑʦʤ ʪʦʚʘ ʝ ʪʘʢʘ, ʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝʪʦ ʯʝ ʠʤʘ ʜʚʝ ʨʘʟʣʠʯʥʠ ʨʝʰʝʥʠʷ ʥʘ (2) 

ʩʝ ʦʢʘʟʘ ʥʝʚʷʨʥʦ, ʩʣʝʜʦʚʘʪʝʣʥʦ ʨʝʰʝʥʠʝʪʦ )(ru
C
, ʜʘʚʘʱʦ ʩʝ ʩ (1), ʩʝ ʦʢʘʟʚʘ 

ʝʜʠʥʩʪʚʝʥʦ, ʢ.ʪ.ʜ. 

 ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʝʢʘ ʧʨʝʜʩʪʘʚʠʤ ʝʜʠʥ ʨʝʟʫʣʪʘʪ ʦʪ ʨʝʰʘʚʘʥʝʪʦ ʥʘ ʪʘʟʠ ʟʘʜʘʯʘ 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʦʪ (1) ʠ (2) 
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 Ð ɿʘʜʘʯʘ (ʩʪʨ. 81/ʟʘʜ. 892) ɼʘ ʩʝ  ʜʦʢʘʞʝ, ʯʝ ʧʨʦʠʟʚʦʣʥʦ ʚʝʢʪʦʨʥʦ ʧʦʣʝ 
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C
, ʯʠʠʪʦ ʢʦʤʧʦʥʝʥʪʠ ʩʘ ʝʜʥʦʟʥʘʯʥʦ ʜʝʬʠʥʠʨʘʥʠ, ʧʨʠʪʝʞʘʚʘʪ ʥʝʧʨʝʢʲʩʥʘʪʠ 

ʧʲʨʚʠ ʯʘʩʪʥʠ ʧʨʦʠʟʚʦʜʥʠ ʧʦ yx,  ʠ z ʚʲʚ ʚʩʷʢʘ ʪʦʯʢʘ ʠ ʢʣʦʥʷʪ ʢʲʤ ʥʫʣʘ ʧʨʠ 

¤r , ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ ʚʲʚ ʚʠʜʘ 

 (1) )()()( rVrotrugradrU
CCCC

+= , ʢʲʜʝʪʦ 

 

 (2) 
/

/

//

4

)(
)( dv

rr

rUdiv
ru

V

ñ
¤

-
-= CC

C
C

p
, ʠ 

 

 (3) 
/

/

//

4

)(
)( dv

rr

rUrot
rV

V

ñ
¤

-
= CC

C
CC

p
. 

 ɻʦʨʥʦʪʦ ʪʚʲʨʜʝʥʠʝ ʠʟʨʘʟʷʚʘ ʪ.ʥʘʨ. ʪʝʦʨʝʤʘ ʥʘ ʍʝʣʤʭʦʣʮ. ɺ ʥʝʷ ʩʝ ʪʚʲʨʜʠ 

ʦʱʝ, ʯʝ 0)( ¹rVdiv
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. ɺ (2) ʠ (3) ¤V  ʦʟʥʘʯʘʚʘ ʮʷʣʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʘ /div  ʠ /rot  ʩʘ 

ʧʨʦʠʟʚʦʜʥʠ ʧʦʣʝʪʘ, ʟʘ ʢʦʠʪʦ ʜʠʬʝʨʝʥʮʠʨʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʧʦ ʢʦʤʧʦʥʝʥʪʠʪʝ 
// , yx  ʠ /z  ʥʘ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ /r

C
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 ɼʦʢʘʟʘʪʝʣʩʪʚʦ: ʠʟʧʦʣʟʚʘʡʢʠ ʨʝʟʫʣʪʘʪ ʦʪ ʧʨʝʜʥʘʪʘ ʟʘʜʘʯʘ ʤʦʞʝʤ ʜʘ 

ʟʘʧʠʰʝʤ (ʧʦ ʘʥʘʣʦʛʠʷ ʩ ʬʦʨʤʫʣʘ (14) ʦʪ ʥʝʷ), ʯʝ 
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),( . 

ʧʨʝʜʩʪʘʚʣʷʚʘ ʧʨʲʚ ʠʥʪʝʛʨʘʣ ʥʘ ʫʨʘʚʥʝʥʠʝʪʦ (1.1), ʘ ʦʙʱʦʪʦ ʨʝʰʝʥʠʝ ʥʘ ʪʦʚʘ 

ʫʨʘʚʥʝʥʠʝ ʩʝ ʜʘʚʘ ʩ ʨʘʚʝʥʩʪʚʦʪʦ 

 (1.3)  Cxt =F ),( . 

ɺʠʥʘʛʠ ʩʣʝʜʚʘ ʜʘ ʩʝ ʧʨʦʚʝʨʷʚʘ ʜʘʣʠ ʥʝ ʩʝ ʧʨʦʧʫʩʢʘ ʨʝʰʝʥʠʝ ʥʘ ʆɼʋ ʧʨʠ 

0)( =tX ! 

 

 2.) ʍʦʤʦʛʝʥʥʠ  ʆɼʋ ʦʪ ʧʲʨʚʠ ʨʝʜ 

(2.1) ö
÷

õ
æ
ç

å
=

t

x
F

dt

dx
.   

ʉ ʧʦʣʘʛʘʥʝ:  
t

tx
tu

)(
)( =  ʩʝ ʧʦʣʫʯʘʚʘ ʋʈʇ dt

tuuF

du 1

][
=

-
, ʢʦʝʪʦ ʩʝ ʠʥʪʝʛʨʠʨʘ  

(2.2) tC
uuF

du
.ln

][
=

-
ñ .  

ʉʣʝʜʚʘ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʟʘ ʠʟʛʫʙʝʥʠ ʨʝʰʝʥʠʷ ʥʘ ɼʋ, ʷʚʷʚʘʱʠ ʩʝ ʨʝʰʝʥʠʷ ʥʘ 

ʘʣʛʝʙʨʠʯʥʦʪʦ ʫʨʘʚʥʝʥʠʝ 0][ =-uuF . 

 

 3.) ʋʨʘʚʥʝʥʠʷ, ʧʨʠʚʦʜʠʤʠ ʢʲʤ ʭʦʤʦʛʝʥʥʦ 

 (3.1) öö
÷

õ
ææ
ç

å

++

++
=

111 ctbxa

cbtax
f

dt

dx
. 

ɸʢʦ 0
11

¸=D
ba

ba
 ʩʝ ʧʦʣʘʛʘ  

bh

ax

+=

+=

t

x
,  ʚ ʨʝʟʫʣʪʘʪ ʦʪ ʢʦʝʪʦ ʩʝ ʧʦʣʫʯʘʚʘ 

ɼʋ  öö
÷

õ
ææ
ç

å

++++

++++
=

)..(

)..(

11111 cbaba

cbaba
f

d

d

bahx

bahx

h

x
.  ʂʦʥʩʪʘʥʪʠʪʝ a ʠ b ʚ ʥʝʛʦ ʩʝ ʠʟʙʠʨʘʪ ʪʘʢʘ, 

ʯʝ ʩʚʦʙʦʜʥʠʪʝ ʯʣʝʥʦʚʝ ʚ ʯʠʩʣʠʪʝʣʷ ʠ ʟʥʘʤʝʥʘʪʝʣʷ ʜʘ ʩʝ ʘʥʫʣʠʨʘʪ, ʪ.ʝ. a ʠ b ʩʝ 

ʦʧʨʝʜʝʣʷʪ ʢʘʪʦ ʨʝʰʝʥʠʷ ʥʘ ʩʠʩʪʝʤʘʪʘ 
0..

0..

111 =++

=++

cba

cba

ba

ba
. ʇʨʠ ʪʘʢʲʚ ʠʟʙʦʨ ʥʘ 

ʢʦʥʩʪʘʥʪʠʪʝ a ʠ b ʫʨʘʚʥʝʥʠʝʪʦ ʩʝ ʧʨʝʚʨʲʱʘ ʚ ʫʨʘʚʥʝʥʠʝ  öö
÷

õ
ææ
ç

å

+

+
=

hx

hx

h

x

11
ba

ba
f

d

d
, 

ʢʦʝʪʦ ʩʣʝʜ ʧʦʯʣʝʥʥʦ ʜʝʣʝʥʠʝ ʩ  h  ʩʝ ʪʨʘʥʩʬʦʨʤʠʨʘ ʚ ʭʦʤʦʛʝʥʥʦ ʆɼʋ 

 (3.2) 

öö
ö
ö
ö

÷

õ

ææ
æ
æ
æ

ç

å

+ö
÷

õ
æ
ç

å

+ö
÷

õ
æ
ç

å

=

11 ba

ba

f
d

d

h

x

h

x

h

x
. 



 ɼʨʫʛ ʚʘʨʠʘʥʪ ʥʘ ʧʦʣʘʛʘʥʝ ʟʘ ʪʘʢʠʚʘ ɼʋ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʬʘʢʪʘ, ʯʝ ʱʦʤ 

ʜʝʪʝʨʤʠʥʘʥʪʘʪʘ 0=D , ʪʦ ʩ ʪʦʯʥʦʩʪ ʜʦ ʢʦʥʩʪʘʥʪʘ btax+  ʠ tbxa 11 +  ʩʲʚʧʘʜʘʪ, ʪ.ʝ. 

)( 11 tbxabtax +=+ l , ʧʦʨʘʜʠ ʢʦʝʪʦ ʝ ʣʦʛʠʯʥʦ ʜʘ ʧʦʣʦʞʠʤ ʥʘʧʨ. 

 (3.3) )(11 tutbxa =+ , ʠ ʩʣʝʜʦʚʘʪʝʣʥʦ (3.4) )(. tubtax l=+ . 

 
ð 

 Ð ɿʘʜʘʯʘ: ʜʘ ʩʝ ʨʝʰʠ ʫʨʘʚʥʝʥʠʝʪʦ 022 /2/3/ =--+ xxx . 

 ʈʝʰʝʥʠʝ: ʥʝʢʘ ʧʦʣʦʞʠʤ (ʥʘʡ-ʚʝʯʝ ʟʘ ʫʜʦʙʩʪʚʦ) ux =/ . ʊʘʢʘ ʜʦʩʪʠʛʘʤʝ ʜʦ 

ʩʣʝʜʥʦʪʦ ʢʫʙʠʯʥʦ ʘʣʛʝʙʨʠʯʥʦ ʫʨʘʚʥʝʥʠʝ 

 (1) 022 23 =--+ uuu  

 ɿʘ ʜʘ ʛʦ ʨʝʰʠʤ, ʥʝʢʘ ʨʘʟʣʦʞʠʤ ʧʦʣʠʥʦʤʘ ʚ ʣʷʚʘʪʘ ʩʪʨʘʥʘ ʥʘ (1) ʥʘ ʧʨʦʩʪʠ 

ʤʥʦʞʠʪʝʣʠ. ʏʨʝʟ ʩʭʝʤʘ ʥʘ ʍʦʨʥʝʨ ʫʩʪʘʥʦʚʷʚʘʤʝ, ʯʝ 

 (2) 231:22 223 ++=---+ uuuuuu . 

ʊʘʢʘ ʫʨʘʚʥʝʥʠʝʪʦ (1) ʜʦʙʠʚʘ ʚʠʜʘ 

 (3) 0)23)(1( 2 =++- uuu  

 ʂʚʘʜʨʘʪʥʠʷʪ ʪʨʠʯʣʝʥ 232 ++uu  ʥʘ ʩʚʦʡ ʨʝʜ ʩʝ ʨʘʟʣʘʛʘ ʥʘ ʧʨʦʩʪʠ 

ʤʥʦʞʠʪʝʣʠ 

 (4) )2)(1(232 ++=++ uuuu , 

ʩ ʢʦʝʪʦ (3) ʜʦʙʠʚʘ ʚʠʜʘ 

 (5) 0)2)(1)(1( =++- uuu . 

ʆʪ ʨʝʰʘʚʘʥʝʪʦ ʥʘ (5) ʧʦʣʫʯʘʚʘʤʝ ʩʣʝʜʥʠʪʝ 3 ʆɼʋ 

 (6
ʘ
) 1/ =x   Ý  Ctx += ; 

 (6
ʙ
) 1/ -=x  Ý  Ctx +-= ; 

 (6
ʚ
) 2/ -=x  Ý  Ctx +-= 2 . 

 

 Ð ɿʘʜʘʯʘ (ʉʪʨ. 7/ ɿʘʜ. 33) ʀʥʪʝʛʨʠʨʘʡʪʝ ʜʠʬʝʨʝʥʮʠʘʣʥʦʪʦ ʫʨʘʚʥʝʥʠʝ 

 (1) 0.. 2/ =ö
÷

õ
æ
ç

å
---

t

x
tgtxtxt . 

 ʈʝʰʝʥʠʝ: ʥʝʢʘ ʨʘʟʜʝʣʠʤ ʜʚʝʪʝ ʩʪʨʘʥʠ ʥʘ ʛʦʨʥʦʪʦ ʫʨʘʚʥʝʥʠʝ ʩ t  (ʧʨʠ 0̧t ), 

ʩʣʝʜ ʢʦʝʪʦ ʛʦ ʧʨʝʜʩʪʘʚʠʤ ʚ ʥʦʨʤʘʣʝʥ ʚʠʜ (ʪ.ʝ. ʨʝʰʝʥʦ ʦʪʥʦʩʥʦ ʧʨʦʠʟʚʦʜʥʘʪʘ) 

 (2) ö
÷

õ
æ
ç

å
++=

t

x
tg

t

x
x 2/ 1 . 

 ʇʨʝʜʩʪʘʚʝʥʦ ʚ ʪʦʟʠ ʚʠʜ, ʪʦ ʝ ʦʯʝʚʠʜʥʦ ʭʦʤʦʛʝʥʥʦ ʆɼʋ, ʟʘ ʢʦʝʪʦ ʧʨʘʚʠʤ 

ʧʦʣʘʛʘʥʝʪʦ 

 (3) 
t

tx
tu

)(
)( = ,  ʪ.ʝ. tux .= , ʪʦʛʘʚʘ 

 (4) utux += .// . 

 ɿʘʤʝʩʪʚʘʤʝ (3) ʠ (4) ʚ (2) 

 (5) utguutu 2/ 1. ++=+ , ʠʣʠ ʦʱʝ 

 (6) 
uu

uu

u

u
utgtu

22

22

2

2
2/

cos

1

cos

sincos

cos

sin
11. =

+
=+=+= . 

 ʊʘʢʘ ʜʦʩʪʠʛʘʤʝ ʜʦ ʩʣʝʜʥʦʪʦ ʋʈʇ 



 (7) 
t

dt
duu =2cos  ñ 

 (8) ññ += C
t

dt
duu lncos2 ; 

  Ctdu
u

lnln
2

2cos1
+=

+
ñ ; 

  )(ln2cos
2

1

2

1
Ctduudu =+ ññ ; 

  )(ln)2(2cos
4

1

2
Ctudu

u
=+ ñ ; 

  )(ln2sin
4

1

2
Ctu

u
=+  « 

t

x
u= ; 

  ).ln(
2

sin
4

1

2

1
tC

t

x

t

x
=+ . 

 

Ð ɿʘʜʘʯʘ (ʉʪʨ. 8/ ɿʘʜ. 69) ʀʥʪʝʛʨʠʨʘʡʪʝ ʜʠʬʝʨʝʥʮʠʘʣʥʦʪʦ ʫʨʘʚʥʝʥʠʝ 

 (1) 042)124( / =--+-- xtxtx . 

 ʈʝʰʝʥʠʝ: ʥʝʢʘ ʧʨʝʜʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝʪʦ ʚ ʥʦʨʤʘʣʝʥ ʚʠʜ (ʨʝʰʝʥʦ ʦʪʥʦʩʥʦ /x ) 

 (2) 
124

42/

--

+-
=

tx

tx
x  ʧʨʠ  0124 ¸-- tx . 

 ʇʦʥʝʞʝ ʜʝʪʝʨʤʠʥʘʥʪʘʪʘ 

 (3) 0
24

12
=

-

-
=D , 

ʪʦ ʜʘʜʝʥʦʪʦ ʫʨʘʚʥʝʥʠʝ ʝ ʧʨʠʚʦʜʠʤʦ ʢʲʤ ʭʦʤʦʛʝʥʥʦ ʯʨʝʟ ʧʦʣʘʛʘʥʝ (ʥʘʧʨ.) 

 (4) )(2 tutx =- ,  

ʧʨʠ ʢʦʝʪʦ )(
2

1
tux +=  , ʠ 

  (5) )1(
2

1 // += ux .  

ʉʣʝʜ ʟʘʤʝʩʪʚʘʥʝ ʥʘ (4) ʠ (5) ʚ (2) ʧʦʣʫʯʘʚʘʤʝ 

 (6) 
12

4
)1(

2

1 /

-

+
=+

u

u
u , ʪ.ʝ.  

  
12

9

12

)12()82(
1

12

82/

-
=

-

--+
=-

-

+
=

uu

uu

u

u
u ; 

  dtdu
u

=
-

9

12
 ʪ.ʝ.  ʋʈʇ 

  Cdtdu
u

+=
-

ññ
9

12
; 

  /
2

9

1

29

2
Ctu

u
+=- ; 

  /2 )(
9

1
Ctuu +=- ; 



 (7) Ctuu +=- 9)1( . 

ɸʢʦ ʟʘʤʝʩʪʠʤ txu -=2  ʦʪ (4) ʚ (7)1 ʧʦʣʫʯʘʚʘʤʝ ʨʝʰʝʥʠʝʪʦ 

 (8) Cttxtx +=--- 9)12)(2( . 

 

Ð ɿʘʜʘʯʘ ʀʥʪʝʛʨʠʨʘʡʪʝ ʜʠʬʝʨʝʥʮʠʘʣʥʦʪʦ ʫʨʘʚʥʝʥʠʝ 

(1) 012/// =++xxx . 

ʈʝʰʝʥʠʝ: ʣʷʚʘʪʘ ʩʪʨʘʥʘ ʥʘ ʛʦʨʥʦʪʦ ʫʨʘʚʥʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ ʢʘʪʦ 

ʧʨʦʠʟʚʦʜʥʘ ʧʦ t  ʦʪ ʬʫʥʢʮʠʷʪʘ (txx +/ ). ɼʝʡʩʪʚʠʪʝʣʥʦ 

(2) 11][ //2////// ++¹++=+ xxxxxxxtxx
dt

d
. 

ʉ ʦʪʯʠʪʘʥʝʪʦ ʥʘ ʪʦʟʠ ʬʘʢʪ ʫʨʘʚʥʝʥʠʝ (1) ʜʦʙʠʚʘ ʚʠʜʘ 

(3) 0)( / =+txxd , 

ʨʝʰʝʥʠʝʪʦ ʥʘ ʢʦʝʪʦ ʝ 

 (4) 1
/ Ctxx =+ . 

 ʇʨʝʜʩʪʘʚʷʤʝ (4) ʚ ʥʦʨʤʘʣʝʥ ʚʠʜ 

 (5)  
x

tC

dt

dx -
= 1 , ʠʣʠ ʦʱʝ (6) dttCdxx )( 1-= . 

ʀʥʪʝʛʨʠʨʘʤʝ ʪʦʚʘ ʋʈʇ ʠ ʧʦʣʫʯʘʚʘʤʝ ʦʙʱʦʪʦ ʨʝʰʝʥʠʝ ʥʘ (1) 

 (7) 21 )( CdttCdxx +-=ññ , ʪ.ʝ. 

 (8) 2

2

1

2

22
C

t
tC

x
+-= . 

 

 

&  

ʊʝʤʘ: ʃʠʥʝʡʥʠ ʆɼʋ ʦʪ ʧʲʨʚʠ ʨʝʜ. ʋʨʘʚʥʝʥʠʝ ʥʘ ɹʝʨʥʫʣʠ 

&  ʊʝʦʨʝʪʠʯʝʥ ʤʠʥʠʤʫʤ 

 

 4. ʃʠʥʝʡʥʦ ʆɼʋ ʦʪ ʧʲʨʚʠ ʨʝʜ  

 (4.1) )().( tBxtA
dt

dx
+=   

ʆʙʱʦ ʨʝʰʝʥʠʝ:  

(4.2)  { }ñ += ññ -
CdtetBeCtx

dttAdttA )()(
).(),( . 

 

 5. ʋʨʘʚʥʝʥʠʝ ʥʘ ɹʝʨʥʫʣʠ 

 (5.1) nxtBxtA
dt

dx
).().( += ,   ʟʘ  1,0̧n . 

ʉ ʧʦʣʘʛʘʥʝ nxy -= 1  ʪʦ ʩʝ ʩʚʝʞʜʘ ʜʦ ʣʠʥʝʡʥʦ ɼʋ 

(5.2)  )().( ** tBytA
dt

dy
+=  

ʩ ʢʦʝʬʠʮʠʝʥʪʠ )1)(()(* ntAtA -=  ʠ )1)(()(* ntBtB -= . ʅʝʛʦʚʦʪʦ ʦʙʱʦ ʨʝʰʝʥʠʝ ʩʝ 

ʜʘʚʘ ʩ  

(5.3) { }ñ += ññ -
CdtetBeCty

dttAdttA )(*)( **

).(),( ,  



ʘ ʦʙʱʦʪʦ ʨʝʰʝʥʠʝ )(tx ʥʘ ʫʨʘʚʥʝʥʠʝʪʦ ʥʘ ɹʝʨʥʫʣʠ ʩʝ ʠʟʨʘʟʷʚʘ ʦʪ ʧʦʣʘʛʘʥʝʪʦ:  

(5.4) 
ö
÷

õ
æ
ç

å

-= nCtyCtx 1

1

),(),( . 

 

ð 
Ð ɿʘʜʘʯʘ (ʉʪʨ. 9 / ɿʘʜ. 81) ɼʘ ʩʝ ʠʥʪʝʛʨʠʨʘ ʫʨʘʚʥʝʥʠʝʪʦ 

 (1) tt eetxtx -=- 12/ . 

ʈʝʰʝʥʠʝ: ʘʢʦ ʧʨʝʜʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝʪʦ ʚ ʥʦʨʤʘʣʝʥ ʚʠʜ 

(2) 

I
)1(

1
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)(

/

)()'&
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tt
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eetx
t

x -+ö
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õ
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ʩʝ ʚʠʞʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ, ʯʝ ʪʦ ʝ ʣʠʥʝʡʥʦ ʆɼʋ, ʠ ʥʝʛʦʚʦʪʦ ʨʝʰʝʥʠʝ ʩʝ ʜʘʚʘ 

ʩ 

(3) =ö
÷

õ
æ
ç

å +ññ= ñ
-

CdtetBeCtx
dttAdttA )()(

)(),(  

 =+-=
ö
ö
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õ

æ
æ

ç

å
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ñ
-

ñ
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-
-

)1(1 lnln CdteeteeCdteeete ttttt

dt

ttt

dt

 

 =+-=+-= ññ
- )1()1( 1 CdteetCdtteett tttt  

  =+---=+---= ññ ))1()1(())(1( 2

1

CedetCedet tttt  

tCe
t

Cet tt .)1(
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2
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2
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3

2

3

+--=+--= . 

 

 Ð ɿʘʜʘʯʘ (ʉʪʨ. 11/ ɿʘʜ. 107) ʀʥʪʝʛʨʠʨʘʡʪʝ ʫʨʘʚʥʝʥʠʝʪʦ: 2/2 xtxxt =- . 

 ʈʝʰʝʥʠʝ: ʧʨʠ 0̧t  ʫʨʘʚʥʝʥʠʝʪʦ ʝ ʧʨʝʜʩʪʘʚʠʤʦ ʚʲʚ ʚʠʜʘ 

 (1) 2

2

/ 11
x

t
x

t
x ö

÷

õ
æ
ç

å
+ö

÷

õ
æ
ç

å
= . 

  ɺ ʪʦʟʠ ʩʠ ʚʠʜ ʜʘʜʝʥʦʪʦ ʫʨʘʚʥʝʥʠʝ ʝ ʙʝʨʥʫʣʠʝʚʦ ʩ 2=n , ʟʘʪʦʚʘ 

ʧʦʣʘʛʘʤʝ 

 (2) 
x

xy n 11 == - . 

ʉ ʥʘʧʨʘʚʝʥʦʪʦ ʧʦʣʘʛʘʥʝ ʪʦ ʩʝ ʩʚʝʞʜʘ ʜʦ ʣʠʥʝʡʥʦʪʦ ɼʋ 

(3) )().( ** tBytA
dt

dy
+=  

ʩ ʢʦʝʬʠʮʠʝʥʪʠ 
t

ntAtA
1

)1)(()(* -=-=  ʠ 
2

* 1
)1)(()(

t
ntBtB -=-= , ʠʣʠ 

 (4) ö
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õ
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ʆʙʱʦʪʦ ʨʝʰʝʥʠʝ )(tx ʥʘ ʫʨʘʚʥʝʥʠʝʪʦ ʥʘ ɹʝʨʥʫʣʠ ʩʝ ʠʟʨʘʟʷʚʘ ʦʪ ʧʦʣʘʛʘʥʝʪʦ:  
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ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʧʦʣʘʛʘʥʝʪʦ (2) ʥʘʧʨʘʚʝʥʠʪʝ ʜʦʪʫʢ ʨʘʟʛʣʝʞʜʘʥʠʷ ʩʘ 

ʚʘʣʠʜʥʠ ʟʘ 0̧x . ʉ ʥʝʧʦʩʨʝʜʩʪʚʝʥʘ ʧʨʦʚʝʨʢʘ ʚ ʩʘʤʦʪʦ ʫʨʘʚʥʝʥʠʝ ʩʝ ʫʩʪʘʥʦʚʷʚʘ, 

ʯʝ 0=x  ʝ ʩʲʱʦ ʨʝʰʝʥʠʝ ʥʘ ʜʘʜʝʥʦʪʦ ʆɼʋ. 

 

Ð ɿʘʜʘʯʘ (ʉʪʨ. 11/ ɿʘʜ. 112) ʀʥʪʝʛʨʠʨʘʡʪʝ ʫʨʘʚʥʝʥʠʝʪʦ:  

(1) 4/ .sincos. xxttx += . 

 ʈʝʰʝʥʠʝ: ʧʨʠ 0̧t  ʫʨʘʚʥʝʥʠʝʪʦ ʝ ʧʨʝʜʩʪʘʚʠʤʦ ʚʲʚ ʚʠʜʘ 
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 ʆʯʝʚʠʜʥʦ ʪʦʚʘ ʝ ʙʝʨʥʫʣʠʝʚʦ ʆɼʋ ʩ 4=n , ʟʘʪʦʚʘ ʧʦʣʘʛʘʤʝ 

 (3) 31 -- == xxy n . 
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(3cos)()1(3cos 3323  

=--=+--= tttgtttgtCCttgttgt 333333 cos.3cos.cos)3(cos  

=---=--= )sin1.(sin3sincoscos.sin3sincos 233233 ttttCttttC  

tttCttttC 33333 sin2sin3cossin3sin3sincos +-=+--= . 

ʀ ʪʘʢʘ ʦʙʱʦʪʦ ʨʝʰʝʥʠʝ ʥʘ (4) ʩʝ ʜʘʚʘ ʩ 

(6) tttCCty 33 sin2sin3cos),( +-= . 

ɸ ʦʙʱʦʪʦ ʨʝʰʝʥʠʝ ʥʘ (1) ʩ ʦʪʯʠʪʘʥʝ ʥʘ ʧʦʣʘʛʘʥʝʪʦ 3-=xy , ʪ.ʝ. 3/1-=yx , ʩʝ 

ʜʘʚʘ ʩ 

(7) 3

1

33 }sin2sin3cos{),(
-

+-= tttCCtx . 

ʉ ʥʝʧʦʩʨʝʜʩʪʚʝʥʘ ʧʨʦʚʝʨʢʘ ʚ ʩʘʤʦʪʦ ʫʨʘʚʥʝʥʠʝ ʩʝ ʫʩʪʘʥʦʚʷʚʘ, ʯʝ 0=x  ʝ 

ʩʲʱʦ ʨʝʰʝʥʠʝ ʥʘ ʜʘʜʝʥʦʪʦ ʆɼʋ. 

 
&  

ʊʝʤʘ:  ɼʋ, ʢʦʠʪʦ ʩʝ ʨʝʰʘʚʘʪ ʩʣʝʜ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʜʠʬʝʨʝʥʮʠʨʘʥʝ. 

ʋʨʘʚʥʝʥʠʷ ʥʘ ʃʘʛʨʘʥʞ ʠ ʂʣʝʨʦ 

&  ʊʝʦʨʝʪʠʯʝʥ ʤʠʥʠʤʫʤ 
 

 6.ɸ. ʋʨʘʚʥʝʥʠʝ ʥʘ ʃʘʛʨʘʥʞ:   

(6.1) () ()// . xBtxAx += . 

ʉ ʧʦʣʘʛʘʥʝ  
/xp=  ʠ ʜʠʬʝʨʝʥʮʠʨʘʥʝ ʥʘ ʩʘʤʦʪʦ ʫʨʘʚʥʝʥʠʝ ʪʦ ʜʦʙʠʚʘ ʚʠʜʘ 
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Ăʬʫʥʢʮʠʷʪʘò )(ptt=  ʪʦ ʝ ʣʠʥʝʡʥʦ ʫʨʘʚʥʝʥʠʝ, ʠʤʘʱʦ ʨʝʰʝʥʠʝ 
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ʉ ʪʘʢʘ ʥʘʤʝʨʝʥʘʪʘ ʬʫʥʢʮʠʷ ),( Cptt=  ʩʝ ʟʘʤʝʩʪʚʘ ʚ ʠʟʭʦʜʥʦʪʦ ʫʨʘʚʥʝʥʠʝ ʠ 

ʩʝ ʧʦʣʫʯʘʚʘ ),()(),().( CpxpBCptpAx ¹+= . ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʧʨʝʜʩʪʘʚʷʥʝʪʦ  

(6.2) 
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Cptt
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ʟʘʜʘʚʘ ʧʘʨʘʤʝʪʨʠʯʥʦ ʨʝʰʝʥʠʝʪʦ ʥʘ ʫʨʘʚʥʝʥʠʝʪʦ ʥʘ ʃʘʛʨʘʥʞ. Ăʀʟʛʫʙʝʥʠò 

ʨʝʰʝʥʠʷ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʩʝ ʧʦʣʫʯʘʪ, ʘʢʦ () 0=- pAp . ʇʦʩʣʝʜʥʠʪʝ ʩʘ ʦʩʦʙʝʥʠ 

ʨʝʰʝʥʠʷ.  

 

6.ɹ. ʋʨʘʚʥʝʥʠʝ ʥʘ ʂʣʝʨʦ 

(6.3) ()// .)( xBtxx += . 



ʋʨʘʚʥʝʥʠʝʪʦ ʥʘ ʂʣʝʨʦ ʩʝ ʷʚʷʚʘ ʯʘʩʪʝʥ ʩʣʫʯʘʡ ʥʘ ʫʨʘʚʥʝʥʠʝʪʦ ʥʘ 

ʃʘʛʨʘʥʞ, ʟʘ ʢʦʝʪʦ () // xxA ¹ , ʪ.ʝ. 0)( =-ppA . ʉ ʧʦʣʘʛʘʥʝ  
/xp=  ʠ 

ʜʠʬʝʨʝʥʮʠʨʘʪʝ ʥʘ ʩʘʤʦʪʦ ʫʨʘʚʥʝʥʠʝ ʪʦ ʜʦʙʠʚʘ ʚʠʜʘ  ()[ ]0. / =+ pBt
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, ʢʦʝʪʦ ʩʝ 

Ăʨʘʟʧʘʜʘò ʥʘ ʩʣʝʜʥʠʪʝ ʜʚʝ ʫʨʘʚʥʝʥʠʷ:  
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ʈʝʰʝʥʠʝʪʦ ʥʘ ʧʲʨʚʦʪʦ ʦʪ ʪʷʭ ʝ )(.),( CBtCCtx += , ʢʦʝʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʙʱʦ 

ʨʝʰʝʥʠʝ (ʦʙʱ ʠʥʪʝʛʨʘʣ) ʥʘ ʫʨʘʚʥʝʥʠʝʪʦ ʥʘ ʂʣʝʨʦ. ʆʪ ʜʨʫʛʦʪʦ ʫʨʘʚʥʝʥʠʝ (ɹ) ʩʝ 

ʧʦʣʫʯʘʚʘ (ʚ ʧʘʨʘʤʝʪʨʠʯʝʥ ʚʠʜ) ʦʩʦʙʝʥʦʪʦ ʨʝʰʝʥʠʝ 
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 Ð ɿʘʜʘʯʘ (ʉʪʨ. 16/ ɿʘʜ. 202) ɼʘ ʩʝ ʠʥʪʝʛʨʠʨʘ ʫʨʘʚʥʝʥʠʝʪʦ: // ln2 xxtx =- . 

 ʈʝʰʝʥʠʝ: ʘʢʦ ʟʘʧʠʰʝʤ ʜʘʜʝʥʦʪʦ ʫʨʘʚʥʝʥʠʝ ʚʲʚ ʚʠʜʘ 
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 ʈʘʟʛʣʝʞʜʘʥʦ ʢʘʪʦ ɼʋ ʦʪʥʦʩʥʦ Ăʬʫʥʢʮʠʷò )(ptt=  ʩ ʘʨʛʫʤʝʥʪ p  ʪʦ ʤʦʞʝ ʜʘ 
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 ʀ ʪʘʢʘ ʧʦʣʫʯʠʭʤʝ 
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 ɸʢʦ ʩ ʪʘʢʘ ʥʘʤʝʨʝʥʘʪʘ ʬʫʥʢʮʠʷ )(ptt=  ʟʘʤʝʩʪʠʤ ʚ ʠʟʭʦʜʥʦʪʦ ɼʋ (1), 

ʦʪʯʠʪʘʡʢʠ ʧʦʣʘʛʘʥʝʪʦ )()(/ tptx = , ʧʦʣʫʯʘʚʘʤʝ 
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 ʋʨʘʚʥʝʥʠʷʪʘ (5) ʠ (6) ʠʟʨʘʟʷʚʘʪ ʚ ʧʘʨʘʤʝʪʨʠʯʝʥ ʚʠʜ ʠʥʪʝʛʨʘʣʥʘʪʘ ʢʨʠʚʘ ʥʘ 

ɼʋ (1). 

 

Ð ɿʘʜʘʯʘ (ʉʪʨ. 16/ ɿʘʜ. 206) ɼʘ ʩʝ ʠʥʪʝʛʨʠʨʘ ʫʨʘʚʥʝʥʠʝʪʦ: 1. 2// =- xtxx . 

 ʈʝʰʝʥʠʝ: ʥʝʢʘ ʨʝʰʠʤ ʜʘʜʝʥʦʪʦ ɼʋ ʦʪʥʦʩʥʦ ʥʝʠʟʚʝʩʪʥʘʪʘ ʬʫʥʢʮʠʷ ʭ. ɿʘ 

ʮʝʣʪʘ ʜʝʣʠʤ ʜʚʝʪʝ ʤʫ ʩʪʨʘʥʠ ʩ 0/ ¸x . 
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 ʆʙʱʦʪʦ ʨʝʰʝʥʠʝ ʥʘ ɼʋ (1) ʩʝ ʜʘʚʘ ʩ ʨʝʰʝʥʠʝʪʦ ʥʘ 
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 ʀʥʪʝʛʨʘʮʠʦʥʥʘʪʘ )(Cconst  ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʧʨʝʜʝʣʝʥʘ ʦʪ (1), ʘʢʦ ʚ ʥʝʛʦ 
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.),( +=      /ʫʨʘʚʥʝʥʠʝ ʥʘ ʩʥʦʧ ʧʨʘʚʠ ʩ ʧʨʦʤʝʥʣʠʚ ʲʛʣʦʚ ʢʦʝʬʠʮʠʝʥʪ/ 

 ʂʘʢʪʦ ʩʣʝʜʚʘ ʦʪ (3), ʦʩʦʙʝʥʦʪʦ ʨʝʰʝʥʠʝ ʥʘ (1) ʩʝ ʟʘʜʘʚʘ ʩʲʩ ʩʲʦʪʥʦʰʝʥʠʝʪʦ 

 (7) 0
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t , ʪ.ʝ. 
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 ɿʘʤʝʩʪʚʘʤʝ ʪʘʢʘ ʥʘʤʝʨʝʥʦʪʦ ʧʨʝʜʩʪʘʚʷʥʝ (7) ʟʘ t  ʚ ʫʨʘʚʥʝʥʠʝ (1) ʠ 

ʧʦʣʫʯʘʚʘʤʝ, ʦʪʯʠʪʘʡʢʠ ʧʦʣʘʛʘʥʝʪʦ px =/  
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 ʊʘʢʘ ʧʘʨʘʤʝʪʨʠʯʥʦʪʦ ʫʨʘʚʥʝʥʠʝ ʥʘ ʦʩʦʙʝʥʦʪʦ ʨʝʰʝʥʠʝ ʩʝ ʜʘʚʘ ʩ 
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p
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p
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 ɽʣʠʤʠʥʠʨʘʥʝʪʦ ʥʘ ʧʘʨʘʤʝʪʲʨʘ ʥʝ ʚʠʥʘʛʠ ʝ ʚʲʟʤʦʞʥʦ, ʥʦ ʚ ʜʘʜʝʥʠʷ ʩʣʫʯʘʡ 

ʩʝ ʠʟʚʲʨʰʚʘ ʝʣʝʤʝʥʪʘʨʥʦ: ʠʟʨʘʟʷʚʘʤʝ 
t

p
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=  ʠ ʟʘʤʝʩʪʚʘʤʝ ʚ 
p

x
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 (10) t
p

x 2
2
==  - ʦʩʦʙʝʥʦʪʦ ʨʝʰʝʥʠʝ ʥʘ ʜʘʜʝʥʦʪʦ ɼʋ. 

 

Ð ɿʘʜʘʯʘ (ʉʪʨ. 16/ ɿʘʜ. 209) ɼʘ ʩʝ ʠʥʪʝʛʨʠʨʘ ʫʨʘʚʥʝʥʠʝʪʦ 

(1) /22/ .2 xttxx +=- . 

 ʈʝʰʝʥʠʝ: ʜʘʜʝʥʦʪʦ ʫʨʘʚʥʝʥʠʝ ʥʝ ʩʧʘʜʘ ʢʲʤ ʥʠʪʦ ʝʜʠʥ ʦʪ ʜʚʘʪʘ ʢʣʘʩʠʯʝʩʢʠ  

ʚʠʜʘ (ʫʨʘʚʥʝʥʠʝ ʥʘ ʃʘʛʨʘʥʞ ʠ ʫʨʘʚʥʝʥʠʝ ʥʘ ʂʣʝʨʦ), ʥʦ ʚʲʧʨʝʢʠ ʪʦʚʘ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʠʥʪʝʛʨʠʨʘʥʦ ʯʨʝʟ ʪʝʭʥʠʢʘʪʘ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʜʠʬʝʨʝʥʮʠʨʘʥʝ. ɿʘ ʮʝʣʪʘ ʥʘʡ-

ʥʘʧʨʝʜ ʧʦʣʘʛʘʤʝ 

 (2) )()(/ tptx = , 

ʩ ʢʦʝʪʦ ʜʘʜʝʥʦʪʦ ʫʨʘʚʥʝʥʠʝ, ʨʝʰʝʥʦ ʦʪʥʦʩʥʦ ʥʝʠʟʚʝʩʪʥʘʪʘ ʬʫʥʢʮʠʷ x  ʜʦʙʠʚʘ 

ʚʠʜʘ 

 (1
/ 
) )].([

2

1 2 pttpx ++= , 
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ʉʣʝʜ ʦʪʯʠʪʘʥʝʪʦ ʥʘ (4) ʠ (5) ʚ (3) ʜʦʩʪʠʛʘʤʝ ʜʦ ʩʣʝʜʥʦʪʦ ɼʋ 
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 ʀʥʪʝʛʨʠʨʘʤʝ ʪʦʚʘ ɼʋ ʩ ʈʇ 
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 ).ln(2)1(ln 2 pCuuarctg ++= ; 

 ]).)(1[(ln 22 pCuuarctg +=  

ɸʢʦ ʦʪʯʝʪʝʤ ʧʦʣʘʛʘʥʝʪʦ 
p

t
u= , ʧʦʣʫʯʘʚʘʤʝ 
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1ln pC
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t
arctg , ʠʣʠ ʦʱʝ 

 (8) [ ])(ln 222 ptC
p

t
arctg += . 

 ʆʙʦʙʱʝʥʠʝ ʥʘ ʨʝʰʝʥʠʝʪʦ: 

 ʘ)  ʫʨʘʚʥʝʥʠʝ (1
/
 ) ʜʘʚʘ ),( ptxx=  

 ʙ)  ʫʨʘʚʥʝʥʠʝ (8) ʜʘʚʘ ),( Cptt= , 

ʩ ʢʦʝʪʦ ʝ ʥʘʤʝʨʝʥʦ ʧʘʨʘʤʝʪʨʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʦʙʱʦʪʦ ʨʝʰʝʥʠʝ. 

 Ăʀʟʧʫʩʥʘʪʠò ʨʝʰʝʥʠʷ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʜʦʡʜʘʪ ʦʪ ʜʝʣʝʥʠʝʪʦ ʩ tp 2- . ɸʢʦ 

02 =- tp , ʪʦ tx 2/ = , ʪ.ʝ. dttdx 2= ,  ʩʣʝʜʦʚʘʪʝʣʥʦ consttx +=2  ʝ ʫʨʘʚʥʝʥʠʝʪʦ ʥʘ 

ʠʟʛʫʙʝʥʦʪʦ ʨʝʰʝʥʠʝ. ɹʠ ʤʦʛʣʦ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʜʘʣʠ consttx +=2  ʥʝ ʩʣʝʜʚʘ ʦʪ 

ʦʙʱʦʪʦ ʨʝʰʝʥʠʝ, ʥʦ ʪʦʚʘ ʙʠ ʙʠʣʦ ʪʨʫʜʦʝʤʢʘ ʟʘʜʘʯʘ ʧʨʝʜʚʠʜ ʥʘ ʪʦʚʘ, ʯʝ (8) ʝ 

ʪʨʘʥʩʮʝʜʝʥʪʥʦ ʫʨʘʚʥʝʥʠʝ. 

 
&  

ʊʝʤʘ:  ʋʨʘʚʥʝʥʠʷ ʥʘ ʧʲʣʝʥ ʜʠʬʝʨʝʥʮʠʘʣ. ʀʥʪʝʛʨʠʨʘʱ ʤʥʦʞʠʪʝʣ 

&  ʊʝʦʨʝʪʠʯʝʥ ʤʠʥʠʤʫʤ 

 7. ʋʨʘʚʥʝʥʠʷ ʥʘ ʧʲʣʝʥ ʜʠʬʝʨʝʥʮʠʘʣ 
 ʆʙʱ ʚʠʜ:   

(7.1) 0),(),( =+ dxxtQdtxtP . 

 ɸʢʦ ʝ ʠʟʧʲʣʥʝʥʦ ʫʩʣʦʚʠʝʪʦ  
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xtQ
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,  

ʫʨʘʚʥʝʥʠʝʪʦ ʝ ʫʨʘʚʥʝʥʠʝ ʥʘ ʧʲʣʝʥ ʜʠʬʝʨʝʥʮʠʘʣ, ʪ.ʝ. ʣʷʚʘʪʘ ʤʫ ʩʪʨʘʥʘ ʝ ),( xtdF  

ʠ ʝʜʠʥ ʥʝʛʦʚ ʧʨʲʚ ʠʥʪʝʛʨʘʣ ʱʝ ʙʲʜʝ  



(7.3) ññ +=F
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ʘ ʦʙʱʦʪʦ ʤʫ ʨʝʰʝʥʠʝ ʩʝ ʧʨʝʜʩʪʘʚʷ ʩ Cxt =F ),( . 

 

ʀʥʪʝʛʨʠʨʘʱ ʤʥʦʞʠʪʝʣ 
ɸʢʦ ʛʦʨʥʦʪʦ ʫʩʣʦʚʠʝʪʦ ʥʝ ʝ ʠʟʧʲʣʥʝʥʦ, ʪʦ ʫʨʘʚʥʝʥʠʝ ʥʝ ʝ ʫʨʘʚʥʝʥʠʝ ʥʘ 

ʧʲʣʝʥ ʜʠʬʝʨʝʥʮʠʘʣ. ɿʘ ʥʝʛʦ ʩʝ ʪʲʨʩʠ ʪʘʢʘʚʘ ʬʫʥʢʮʠʷ ),( xtmm= , ʥʘʨʝʯʝʥʘ 

ʠʥʪʝʛʨʠʨʘʱ ʤʥʦʞʠʪʝʣ, ʢʦʷʪʦ ʫʤʥʦʞʘʚʘʡʢʠ ʜʚʝʪʝ ʩʪʨʘʥʠ ʥʘ ʫʨʘʚʥʝʥʠʝʪʦ ʛʦ 

ʧʨʝʚʨʲʱʘ ʚ ʫʨʘʚʥʝʥʠʝ ʥʘ ʧʲʣʝʥ ʜʠʬʝʨʝʥʮʠʘʣ, ʟʘ ʢʦʝʪʦ 

 (7.4) )],().,([)],().,([ xtQxt
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xtPxt
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µ
,  

ʅʘʤʠʨʘʥʝʪʦ ʥʘ ʬʫʥʢʮʠʷʪʘ ),( xtmm=  ʦʪ ʛʦʨʥʦʪʦ ʫʨʘʚʥʝʥʠʝ ʚ ʦʙʱʠʷ ʩʣʫʯʘʡ 

ʝ ʪʚʲʨʜʝ ʪʨʫʜʥʘ ʟʘʜʘʯʘ. ɿʘʪʦʚʘ ʝ ʧʦ-ʫʜʦʙʥʦ ʜʘ ʩʝ ʟʘʧʦʯʥʝ ʩ ʥʷʢʦʠ ʯʘʩʪʥʠ ʩʣʫʯʘʠ. 

 ɸ) ʇʲʨʚʠ ʩʣʫʯʘʡ: )(tmm= . 

ʀʥʪʝʛʨʠʨʘʱʠʷʪ ʤʥʦʞʠʪʝʣ ʚ ʪʦʟʠ ʩʣʫʯʘʡ ʝ 
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ɹ) ɺʪʦʨʠ ʩʣʫʯʘʡ: )(xmm= . 
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Ð ɿʘʜʘʯʘ ( ʉʪʨ. 13/ ɿʘʜ. 149) ɼʘ ʩʝ ʠʥʪʝʛʨʠʨʘ ʫʨʘʚʥʝʥʠʝʪʦ: 

 (1) 03cos. 22/ =-+- txtgxxt  

 ʈʝʰʝʥʠʝ: 
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 ʅʝʢʘ ʧʨʦʚʝʨʠʤ ʜʘʣʠ ʪʦʚʘ ʝ ʫʨʘʚʥʝʥʠʝ ʥʘ ʧʲʣʝʥ ʜʠʬʝʨʝʥʮʠʘʣ, ʪ.ʝ. ʜʘʣʠ  

 (3) 
t

xtQ

x

xtP

µ

µ
=

µ

µ ),(),(
. 

  F 
x

txtg
xx

xtP
2

2

cos

1
)3(

),(
=-

µ

µ
=

µ

µ
; 

F 
xx

t

tt

xtQ
22 cos

1

cos

),(
=ö
÷

õ
æ
ç

å

µ

µ
=

µ

µ
. 

ʆʯʝʚʠʜʥʦ ʫʩʣʦʚʠʝʪʦ (3) ʝ ʠʟʧʲʣʥʝʥʦ ʠ ʪʦʚʘ ʝ ɼʋ ʥʘ ʧʲʣʝʥ ʜʠʬʝʨʝʥʮʠʘʣ, 

ʯʠʡʪʦ ʧʨʲʚ ʠʥʪʝʛʨʘʣ ʩʝ ʷʚʷʚʘ 
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ʆʙʱʦʪʦ ʨʝʰʝʥʠʝ ʥʘ ʪʦʚʘ ɼʋ ʩʝ ʧʨʝʜʩʪʘʚʷ ʩ Cxt =F ),( , ʪ.ʝ. 

(5) Ctxtgt =-3.2 . 

 

Ð ɿʘʜʘʯʘ ( ʉʪʨ. 14/ ɿʘʜ. 161) ɼʘ ʩʝ ʠʥʪʝʛʨʠʨʘ ʫʨʘʚʥʝʥʠʝʪʦ: 

 (1) 0).(ln)1( // =+++ - x
x

t
xexe tx . 

 ʈʝʰʝʥʠʝ: ʥʝʢʘ ʧʨʝʜʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝʪʦ ʚʲʚ ʚʠʜʘ 0),(),( =+ dxxtQdtxtP : 
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 ʅʝʢʘ ʥʘʡ-ʥʘʧʨʝʜ ʧʨʦʚʝʨʠʤ ʜʘʣʠ (2) ʥʝ ʝ ʫʨʘʚʥʝʥʠʝ ʥʘ ʧʲʣʝʥ ʜʠʬʝʨʝʥʮʠʘʣ, 

ʪ.ʝ. ʜʘʣʠ 
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 ʆʯʝʚʠʜʥʦ 
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, ʩʣʝʜʦʚʘʪʝʣʥʦ (2) ʥʝ ʝ ʫʨʘʚʥʝʥʠʝ ʥʘ ʧʲʣʝʥ 

ʜʠʬʝʨʝʥʮʠʘʣ, ʪ.ʝ. ʥʘʣʘʛʘ ʩʝ ʜʘ ʪʲʨʩʠʤ ʠʥʪʝʛʨʠʨʘʱ ʤʥʦʞʠʪʝʣ ),( txmm= . ɸ ʪʘʢʲʚ 

ʩʝ ʪʲʨʩʠ ʥʘʡ-ʯʝʩʪʦ ʟʘ ʩʣʝʜʥʠʪʝ ʜʚʘ ʯʘʩʪʥʠ ʩʣʫʯʘʷ: 

 ɸ)  )(tmm= . ɿʘ ʮʝʣʪʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʠʟʧʲʣʥʝʥʦ 
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 ʅʝʢʘ ʧʨʦʚʝʨʠʤ ʜʘʣʠ ʪʦʚʘ ʦʙʩʪʦʷʪʝʣʩʪʚʦ ʝ ʥʘʣʠʮʝ: 
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ɹ)  )(xmm= . ɿʘ ʮʝʣʪʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʠʟʧʲʣʥʝʥʦ 
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 ʅʝʢʘ ʧʨʦʚʝʨʠʤ ʜʘʣʠ ʪʦʚʘ ʦʙʩʪʦʷʪʝʣʩʪʚʦ ʝ ʥʘʣʠʮʝ: 
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Ð ɿʘʜʘʯʘ: ɼʘ ʩʝ ʠʥʪʝʛʨʠʨʘ ʫʨʘʚʥʝʥʠʝʪʦ: 
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ʉʣʝʜ ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʧʲʨʚʠʷ ʠʥʪʝʛʨʘʣ ),( xtF  ʦʙʱʦʪʦ ʨʝʰʝʥʠʝ ʥʘ ʪʦʚʘ ɼʋ ʩʝ 

ʧʨʝʜʩʪʘʚʷ ʩ ʨʘʚʝʥʩʪʚʦʪʦ 2),( Cxt =F , ʪ.ʝ. 

(13) 21

11

2
2

1

22

1

2

2
CCx

Cx

x

Cx

t
=+-

+
+

+
, 

ʢʲʜʝʪʦ  1C  ʠ 2C  ʩʘ ʜʚʝʪʝ ʠʥʪʝʛʨʘʮʠʦʥʥʠ ʢʦʥʩʪʘʥʪʠ ʥʘ ʪʦʚʘ ʆɼʋ ʦʪ ʚʪʦʨʠ ʨʝʜ. 
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Ð ɿʘʜʘʯʘ: ɼʘ ʩʝ ʠʥʪʝʛʨʠʨʘ ʫʨʘʚʥʝʥʠʝʪʦ 



 (1) 0cos)cos3(sin. 2/ =-+ xxtxxt . 

 ʈʝʰʝʥʠʝ: ʫʨʘʚʥʝʥʠʝʪʦ ʩʲʜʲʨʞʘ ʥʝʠʟʚʝʩʪʥʘʪʘ ʬʫʥʢʮʠʷ ʚ ʪʨʘʥʩʮʝʜʝʥʪʥʠʪʝ 

ʬʫʥʢʮʠʠ xsin  ʠ xcos , ʟʘʪʦʚʘ ʝ ʥʝʤʠʩʣʠʤʦ ʜʘ ʪʲʨʩʠʤ ʥʷʢʘʢʲʚ ʧʦʟʥʘʪ ʪʠʧ ɼʋ. ɽʪʦ 

ʟʘʱʦ ʥʝʢʘ ʧʨʝʜʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝʪʦ ʚʲʚ ʚʠʜ, ʫʜʦʙʝʥ ʟʘ ʨʘʙʦʪʘ ʧʨʠ ʫʨʘʚʥʝʥʠʷ ʩ 

ʧʲʣʝʥ ʜʠʬʝʨʝʥʮʠʘʣ.  
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ʊʝʤʘ:  ʃʠʥʝʡʥʠ ʭʦʤʦʛʝʥʥʠ ʦʙʠʢʥʦʚʝʥʠ ʜʠʬʝʨʝʥʮʠʘʣʥʠ ʫʨʘʚʥʝʥʠʷ 

(ʃʍʆɼʋ) ʦʪ ʨʝʜ, ʧʦ-ʚʠʩʦʢ ʦʪ ʧʲʨʚʠ, ʩ ʧʦʩʪʦʷʥʥʠ ʢʦʝʬʠʮʠʝʥʪʠ 

&  ʊʝʦʨʝʪʠʯʝʥ ʤʠʥʠʤʫʤ 
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 8. ʃʠʥʝʡʥʠ ʭʦʤʦʛʝʥʥʠ ʦʙʠʢʥʦʚʝʥʠ ʜʠʬʝʨʝʥʮʠʘʣʥʠ ʫʨʘʚʥʝʥʠʷ ʦʪ ʚʪʦʨʠ 

ʨʝʜ. 

ʃʍʆɼʋ ʦʪ ʚʪʦʨʠ ʨʝʜ 

(8.1) . 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʫʨʘʚʥʝʥʠʝ  ʩ ʢʦʨʝʥʠ  ʠ .  

 

 ʉʣʫʯʘʡ 1: ʂʦʨʝʥʠʪʝ  ʠ  ʩʘ ʨʝʘʣʥʠ ʠ ʨʘʟʣʠʯʥʠ ʧʦʤʝʞʜʫ ʩʠ:  

(8.2
ɸ
)  . 

ʉʣʫʯʘʡ 2: ʂʦʨʝʥʠʪʝ  ʠ  ʩʘ ʨʝʘʣʥʠ, ʥʦ ʨʘʚʥʠ ʧʦʤʝʞʜʫ ʩʠ   

(8.2
ɹ
)  . 

ʉʣʫʯʘʡ 3: ʂʦʨʝʥʠʪʝ  ʠ  ʩʘ ʠʤʘʛʠʥʝʨʥʠ ʠ ʢʦʤʧʣʝʢʩʥʦ-ʩʧʨʝʛʥʘʪʠ 

(ʚʠʥʘʛʠ), ʪ.ʝ.  ʠ .  

(8.2
ɺ
)  , ʪ.ʝ. 

. 

 

 ʋʨʘʚʥʝʥʠʝ ʥʘ ʆʡʣʝʨ 

  

ɿʘ ʜʘ ʩʝ ʩʚʝʜʝ ʜʦ ʫʨʘʚʥʝʥʠʝ ʩ ʧʦʩʪʦʷʥʥʠ ʢʦʝʬʠʮʠʝʥʪʠ, ʚ ʥʝʛʦ ʩʝ ʧʨʘʚʠ 

ʧʦʣʘʛʘʥʝʪʦ , ʩʣʝʜ ʢʦʝʪʦ ʫʨʘʚʥʝʥʠʝʪʦ ʜʦʙʠʚʘ ʚʠʜʘ 

,  

ʠ ʚ ʪʦʟʠ ʩʠ ʚʠʜ ʪʦ ʝ ʃʍʆɼʋ ʩ ʧʦʩʪʦʷʥʥʠ ʢʦʝʬʠʮʠʝʥʪʠ. ʉʣʝʜ ʥʘʤʠʨʘʥʝʪʦ ʥʘ 

ʦʙʱʦʪʦ ʤʫ ʨʝʰʝʥʠʝ  ʩʝ ʚʲʟʩʪʘʥʦʚʷʚʘ Ăʦʨʠʛʠʥʘʣʥʘʪʘò 

ʧʨʦʤʝʥʣʠʚʘ , ʢʘʪʦ ʟʘ ʮʝʣʪʘ ʩʝ ʟʘʤʝʩʪʠ ʥʘʚʩʷʢʲʜʝ , ʩ ʢʦʝʪʦ ʩʝ ʧʦʣʫʯʘʚʘ 

ʦʢʦʥʯʘʪʝʣʥʦ . 
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