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Ðóñòåìîâ Á.Õ.

ÒÅÎÐÅÒÈ×ÅÑÊÀß ÌÎÄÅËÜ 

ÄËß ØÊÎËÜÍÎÃÎ ÊÓÐÑÀ 

ÔÈÇÈÊÈ 

 !"#$%&$ '!(%):  !"!#$%&!$ '()*+!* ! 
",&()-, '.!#!))(-%/$0%+1$)),* %1*"2, 
'(/$1,* %+.3&+3.,, (4/,%+2 5$/(%+)(%+! 
1 '(/$ .,5!(),/2)-6 #!%$/, !0$,/2),* 
7(0$/2.

8 ),%+(*9$$ 1.$7* (%)(1)(: '.(-

4/$7(: 1 +$(.!! ! 7$+(0!&$ (43#$)!* 

;&(/2)(<( &3.%,  !"!&! *1/*$+%* '(1--

;$)!$ +$(.$+!#$%&(<( 3.(1)* 3#$4)(<( 

7,+$.!,/,. =.,"3 ",7$+!7, #+( (4(49$-

)!* 1 .,")-6 .,"0$/,6 &3.%, )$.,1)(-

5$))-. >%/! 7$6,)!&, %,7!7 ?2@+()(7 

!"/(A$), 1 &/,%%!#$%&(:  (.7$ +$(.$-

+!#$%&(<( (4(49$)!* ! +.,0!5!())( %(-

6.,)*$+ 1 +(: !/! !)(: 7$.$ B+3  (.73 ), 

/@4(7, 1 +(7 #!%/$ ! ;&(/2)(7 3.(1)$ 

!"/(A$)!*, +( 3A$ 1 %/$03@9$7 .,"0$/$ 

«C(/$&3/*.),*  !"!&,» (4(49$)!* )$ 

)(%*+ 1%$(4D$7/@9$<( 6,.,&+$.,. ?$ 

1-0$/$)( +$(.$+!#$%&!6 *0$. 1 ;&(/2-

)(: «E/$&+.(0!),7!&$», «F(/$4,)!*6 

! 1(/),6», «F1,)+(1(:  !"!&$». G,&($ 

'(/(A$)!$ (4(%)(1-1,$+%* %/(A)(%+2@ 

7,+$7,+!#$%&(<( ,'',.,+, &/,%%!#$%&(: 

B/$&+.(0!),7!&! ! &1,)+(1(: 7$6,)!&! 

0/* ;&(/2)!&(1. H$;$)!$ B+(: '.(4/$-

7- 6(+* ! (#$)2 %/(A)(, )( 0!&+3$+%* 

%(1.$7$))-7! +.$4(1,)!*7! (49$%+1, 

& ;&(/2)(73  !"!#$%&(73 (4.,"(1,)!@. 

I0),&( (), '(&, (%+,$+%* (+&.-+(:.

J%!6(/(<,7! 8.8. K,1-0(1-7 ! 

K.L. E/2&()!)-7 0(&,",), 1("7(A)(%+2 

0$03&+!1)(<( '(%+.($)!* (43#$)!* 3A$ 

1 ),#,/2)-6 &/,%%,6 % '.!7$)$)!$7 

4(/$$ 1-%(&!6, #$7 (4-#)(, +$(.$+!-

#$%&!6 (4(49$)!:. I)! '.! B+(7 '.$0-

/,<,@+ '(%+.(!+2 %(0$.A,)!$ 3#$4)(<( 

7,+$.!,/, '.!  (.7!.(1,)!! 3#$4)-6 

'()*+!:, '.! &(+(.(7 3#$)!&! '.$A0$ 

1%$<( (4),.3A!1,@+ <$)$+!#$%&! !%6(-

0)3@ 1%$(493@ %1*"2, ('.$0$/*@93@ 

5$/(%+)3@ %+.3&+3.3 1%$: %(1(&3')(%+! 

'(0(4)-6 '()*+!:. G,&, 0/* 7,+$7,-

+!#$%&!6 '()*+!: 1%$(49$: (%)(1(: 

1-%+3',$+ (49$$ (+)(;$)!$ 1$/!#!)-, 

0/* ;&(/2)(: <.,77,+!&! .(/2 +,&(: 

1%$(49$: (%)(1- 1-'(/)*$+ (+)(;$-

)!$  (.7- ! "),#$)!* %/(1,. J(%&(/2-

&3 B+! (49!$ %1*"! 7(A)( 1-.,"!+2 1 

1!0$ 7(0$/$: ( (.73/, <., !#$%&!6 

%6$7), +( ;&(/2)!&(1 3#,+ !%'(/2"(1,+2 

B+! 7(0$/!. G,&(: '(06(0 '("1(/*$+ ©  !"#$%&' (.)., 2011
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3#$)!&,7 .,)2;$ 3%1,!1,+2 "),)!* 

(49$<( ! ,4%+.,&+)(<( 6,.,&+$., ! 3A$ 

!" )!6 1-1(0!+2 4(/$$ #,%+)-$ ! &()-

&.$+)-$ "),)!* [7]. 

I0),&(, )$%7(+.* ), +,&($ '.$!73-

9$%+1( '.$0/(A$))(<( 1-;$ 7$+(0, 

(43#$)!* 0/* ;&(/2)(<( &3.%,  !"!&!, 

$<( !%'(/2"(1,)!$ 1 ),%+(*9$$ 1.$7* 

)$ '.$0%+,1/*$+%* 1("7(A)-7 !"-", 

)$('.$0$/$))(%+! +(: 1%$(49$: (%)(-

1-, &(+(.,* (4D$0!)*$+  !"!#$%&!$ 

"),)!* 1 %!%+$73. J( ),;$73 7)$)!@, 

(%)(1)(: '.!#!)(: B+(<( *1/*$+%* 

)$('.$0$/$))(%+2 '(/$1(: %+.3&+3.- 

 !"!#$%&!6 '()*+!: ! ",&()(1. 

J()*+!$ «'(/$» 6(+* ! +.,&+3$+%* 1 

.,"/!#)-6 ),3#)-6 ),'.,1/$)!*6 '(-

.,")(73, %3+2 $<( (%+,$+%* )$!"7$))(:. 

?,'.!7$., B+( '()*+!$ 1  !"!&$ +.,&+3-

$+%* &,& 7,+$.!,/2),* %.$0,, 1 &(+(.(: 

'.(!%6(0!+ '.(5$%% 1",!7(0$:%+1!*, 

, 1 7,+$7,+!&$ ()( !%'(/2"3$+%* 0/* 

(4("),#$)!* <.3''- 7)(A$%+1, (4/,0,-

@9!6 )$&(+(.-7! (49!7! %1(:%+1,7!. 

8 /!)<1!%+!&$ '()*+!@ «'(/$» 0,$+%* 

%/$03@9$$ ('.$0$/$)!$: «J(/$ – %(-

1(&3')(%+2 *"-&(1-6 $0!)!5 (</,1-

)-7 (4.,"(7 /$&%!#$%&!6 $0!)!5), 

(4D$0!)$))-6 (49)(%+2@ %(0$.A,)!* 

(!)(<0, +,&A$ (49)(%+2@  (.7,/2)-6 

'(&,",+$/$:) ! (+.,A,@9!6 '()*+!:-

)($, '.$07$+)($ !/!  3)&5!(),/2)($ 

%6(0%+1( !"3#,$7-6 *1/$)!:» [6]. 

F,& '(&,"-1,@+ /!)<1!%+!#$%&!$ !%-

%/$0(1,)!* '( ('.$0$/$)!@ '(/$1(: 

%+.3&+3.- 3#$4)(<( 7,+$.!,/,, 0/* 

B+(<( 1 '$.13@ (#$.$02 )$(46(0!7( 

.,%#/$)$)!$ 3#$4)(<( 7,+$.!,/, ), 

%+.3&+3.)-$ B/$7$)+- '( !6 (49!7 

'.!"),&,7 [3]. M),/!" %((+1$+%+13@-

9$: ),3#)(: ! ),3#)(-7$+(0!#$%&(: 

/!+$.,+3.- '(&,",/, #+( (+%3+%+13@+ 

&,&!$-/!4( '('-+&! ('.$0$/$)!* '(-

/$1(: %+.3&+3.-  !"!#$%&!6 '()*+!: ! 

",&()(1 &,& (%)(1)(: %+.3&+3.- ;&(/2-

)-6  !"!#$%&!6 "),)!:. J.$0/,<,$7-: 

 .,<7$)+ !%%/$0(1,)!* 1(%'(/)*$+ 

B+(+ '.(4$/, &(+(.-: '.$'*+%+1(1,/ 1$-

%+! (43#$)!$ ;&(/2)(73 &3.%3  !"!&! 

), 4(/$$ 1-%(&(7 ),3#)(7 3.(1)$.

8  0,))(:  .,4(+$  &,&  1%$(49,* 

(%)(1, %!%+$7,+!",5!!  !"!#$%&!6 

'()*+!: ! ",&()(1 !%'(/2"3$+%* '.!-

#!))(-%/$0%+1$)),* %1*"2, &(+(.,* 

)$'(%.$0%+1$))( (+.,A,$+%* &,& !)-

1,.!,)+),* 1%$(49,* %1*"2 1( 1%$6 – 

7$6,)!#$%&(:, B/$&+.(0!),7!#$%&(:, 

&1,)+(1(-'(/$1(: – &,.+!),6 7!.,. 

N+1$.A0$)!$ '.!#!))(-%/$0%+1$))(: 

%1*"! &,& 1%$(49$: %1*"!  !"!#$%&!6 

"),)!: %((+1$+%+13$+ 0!,/$&+!#$%&(73 

0363 %(1.$7$))(:  !"!#$%&(: ),3&!.

J.!7$)$)!$ '.!#!))(-%/$0%+ 1$) )(: 

%1*"! &,& 1%$(49$: %1*"! '("1(/*$+ .,%-

#/$)!+2 %+.3&+3.3  !"!#$%&!6 '()*+!: ! 

",&()(1 ), 1$/!#!)-, 6,.,&+$.!"3@9!$ 

'.!#!)3, %/$0%+1!$ ! 3%/(1!$ '.(+$-

&,)!* '.(5$%%, (%(%+(*)!$ (4D$&+,). 

O(<!#$%&($ ('.$0$/$)!$ ( '.!#!))(-

%/$0%+1$))-6 %1*"*6 1 0,))(: .,4(+$ 

'(%/3A!/( +$(.$+!#$%&(: (%)(1(: 1--

01!A$)!* %/$03@9!6 <!'(+$" [2].

*$+%), -./(0$1). I+)(;$)!$ 7$A-

03  !"!#$%&!7! 1$/!#!),7!, 6,.,&-

+$.!"3@9!7! '.!#!)- ! %/$0%+1!$ 1 

 !"!#$%&!6 '()*+!*6 ! ",&(),6, *1/*-

$+%* '.*7( '.('(.5!(),/2)-7.

20(+),  -./(0$1).  I+)(;$)!$ 

7$A03  !"!#$%&!7! 1$/!#!),7!, 6,-

.,&+$.!"3@9!7! %/$0%+1!$ ! 3%/(1!$ 

'.(+$&,)!* '.(5$%%, (%(%+(*)!$ (4D-

$&+,), *1/*$+%* '.*7( /!4( (4.,+)( 

'.('(.5!(),/2)-7. 

J(0+1$.A0$)!$ '$.1(: <!'(+$"- 

B&%'$.!7$)+,/2)-7!  ,&+,7! ! %!-

%+$7,+!",5!*  !"!#$%&!6 '()*+!: ! 

",&()(1 (+,4/!5,) ), B+(: (%)(1$ '(-

"1(/!/! 1-*1!+2 1%$(49$$ (+)(;$)!$ 

((%)(1)($ (+)(;$)!$) 0/*  !"!#$%&!6 

'()*+!: ! ",&()(1 1 1!0$ a = bc, <0$ a, 

b, c – %((+1$+%+1$))(  !"!#$%&!$ 1$/!-

#!)-, 6,.,&+$.!"3@9!$ '.!#!)3, %/$0-

%+1!$ ! 3%/(1!$ '.(+$&,)!$ '.(5$%%, 

(%(%+(*)!$  !"!#$%&(<( (4D$&+,). 



71*&(+&%,-&$./0 '(1&23 120 4.(235(6( .#+$/ 7,8,.,

I0),&( 1-*1/$))($ 1-;$ (%)(1)($ 

(+)(;$)!$ 1 !"/(A$))(7 1!0$ )$ 0,$+ 

)!&,&!6 &()&.$+)-6 %1$0$)!: ( %+.3&-

+3.$  !"!#$%&!6 '()*+!: ! ",&()(1. 

= B+(: +(#&! ".$)!* *1/*$+%* 5$/$%(-

(4.,")-7 .,"0$/$)!$ 3)!1$.%,/2)(<( 

7)(A$%+1, ), '(07)(A$%+1, '( ",0,)-

)-7 %1(:%+1,7.

J3%+2 F – 3)!1$.%,/2)($ 7)(A$-

%+1(, (4.,"(1,))($ (4D$0!)$)!$7 ! 

'$.$%$#$)!$7 7)(A$%+1 A, B, C ! D, 

<0$ A, B, C, D %((+1$+%+1$))( #!%/(1-$ 

7)(A$%+1,  !"!#$%&!6 1$/!#!), 6,.,&-

+$.!"3@9!6 '.!#!)3, %/$0%+1!$, 3%/(-

1!$ '.(+$&,)!* '.(5$%%, ! (&.3A,@-

93@ %.$03. N)!1$.%,/2)($ 7)(A$%+1( 

F !"(4.,A,$+%* % '(7(92@ 0!,<.,77- 

E:/$.,–8$)), (.!%3)(&) [9].

D

A

C

B

1

6

7

4 3

25

K!,<.,77, E:/$.,–8$)),

K!,<.,77, E:/$.,–8$)), 0$/,$+ 

),</*0)-7! %/$03@9!$ 3+1$.A0$)!*, 

&,%,@9!$%* 7)(A$%+1 A, B, C, D [5]:

1. J$.$%$#$)!$ 7)(A$%+1 &(773+,-

+!1)(: 0/* /@4-6 7)(A$%+1 A ! B !7$$7 

 A   B = B   A. 

E+( %1(:%+1( 1-+$&,$+ !" ('.$0$/$)!* 

('$.,5!! '$.$%$#$)!* 7)(A$%+1 A ! B. 

2. J$.$%$#$)!$ 7)(A$%+1 ,%%(5!,+!1-

)(: 0/* /@4-6 7)(A$%+1 A, B, C !7$$7 

 (A   B)  !C = A   (B   C).

E+( '("1(/*$+ ",'!%-1,+2 1-.,A$-

)!$ (A   B)  !C 4$" %&(4(& ! ),6(0!+2 

'$.$%$#$)!$ /@4(<( #!%/, 7)(A$%+1.

3. >%/! A " B, A   B = A, +.$. $%/! 

7)(A$%+1(   *1/*$+%* '(07)(A$%+1(7 

7)(A$%+1, B, +( B/$7$)+,7!, '.!),0/$-

A,9!7! (0)(1.$7$))( A ! B, *1/*@+%* 

B/$7$)+- 7)(A$%+1,  , +.$. A   B = A.

8 #,%+)(%+!, 0/* /@4(<( 7)(A$%+1,   

!7$$7: A   A = A, A   # = #, A   F = A.

4. I4D$0!)$)!$ 7)(A$%+1 &(773-

+,+!1)(: 0/* /@4-6 7)(A$%+1 A $ B 

!7$$7 

 A $ B = B $ A (&(773+,+!1)(%+2).

5. I4D$0!)$)!$ 7)(A$%+1 ,%%(5!,-

+!1)(: 0/* /@4-6 7)(A$%+1 A, B ! C 

!7$$7 

 !"#$%& '!(!)$"*!+ ,-./#!0 ! (&*-.-1

P Q!"!#$%&($ '()*+!$, ",&() J.!#!),, ! =/$0%+1!$, b =(%+(*)!$ (4D$&+,, "

1 =&(.(%+2,

 

%
S

t
v v S

1

t

2 N%&(.$)!$,

  

&
%a

t

v

Rv a t

3 II ",&() ?@+(),, F = ma  F a m

4 S,&() T3&,,  F = kRx F Rx k

5 K,1/$)!$, %
F

S
P F P S

6 F(/!#$%+1( +$'/(+-, Q = cmRT Q RT cm

7 S,&() L(:/*–C,.!(++,, Pv = const T P
1

v
const T

v const T const T

8 S,&() I7, 0/* 3#,%+&, 5$'!, U = IR U I R

9 I%1$9$))(%+2,

 

'
%E

S
Q E S

10 E)$.<!* &1,)+,,  E = h( ( E h
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 (A $ B) $ C = A $ (B $ C) 

 (,%%(5!,+!1)(%+2).

E+( %1(:%+1( '("1(/*$+ '!%,+2 1--

.,A$)!$ (A $ B) $ C 4$" %&(4(& ! <(-

1(.!+2 '.( (4D$0!)$)!$ /@4(<( #!%/, 

7)(A$%+1.

6. >%/! B " C, +.$. $%/! 7)(A$%+1( # 

*1/*$+%* '(07)(A$%+1(7 7)(A$%+1,  , 

+( B/$7$)+,7!, '.!),0/$A,9!7! (0-

)(1.$7$))(   ! #, *1/*@+%* B/$7$)+- 

7)(A$%+1,  , +.$. A $ B = A. 8 #,%+)(%+!, 

0/* /@4(<( 7)(A$%+1,   !7$$7:

 A   A = A, A   # = #, A   F = A.

7. =1*"2 7$A03 ('$.,5!*7! '$.$-

%$#$)!* ! (4D$0!)$)!* 7)(A$%+1 

(+.,A,$+ %1(:%+1, 0!%+.!43+!1)(%+!, 

+.$. 0/* /@4-6 7)(A$%+1 A, B ! C %'.,-

1$0/!1- .,1$)%+1,:

,) A   (B $ C) = (A   B) $ C (A   C);

4) A $ (B   C) = (A $ B)   (A $ C).

8. C)(A$%+1( D *1/*$+%* '(07)(-

A$%+1(7 3)!1$.%,/2)(<( 7)(A$%+1, 

F, )$ '.!),0/$A,9!7 (4D$0!)$)!@ 

7)(A$%+1 A, B, C.

9. H,"0$/$)!$ '( ",0,))-7 %1(:-

%+1,7 3)!1$.%,/2)(<( 7)(A$%+1, F (4-

.,"3$+ %/$03@9!$ '(07)(A$%+1,:

,) (1) A   B   C, (2)    A B C , (3) 

   A B C , (4)    A B C , (5)    ˆA B C ;

4 )  ( 6 )    ˆÂ B C ,  ( 7 )     Â B C , 

(8)     ˆA B C . 

8-;$'.!1$0$))-$ 7,+$7,+!&(-/( <!-

#$%&!$ 3+1$.A0$)!* ! 1-*1/$))($ (+)(-

;$)!$ 1 1!0$ a = bc '("1(/*@+ ),'!%,+2 

%/$03@9!$ ,/<$4.,!#$%&!$ 1-.,A$)!* 

0/*  !"!#$%&!6 '()*+!: ! ",&()(1.

1. ab = ba; 

2. (ab)c = a(bc ); 

3. (a + b) + c = a + (b + c);

4. a(b + c) = ab + bc;

5. a + (bc) = (ab) + (ac);

6. % % %   
1 1 1

, , ;a b c
a b c

7. % % %   1, 1, 1.aa bb cc

8 1-;$'.!1$0$))(: 0!,<.,77$ 

E:/$.,–8$)), #$+&( 1-.!%(1-1,$+%* 

5$/(%+)(%+2 '(/$1(: %+.3&+3.-  !"!-

#$%&!6 '()*+!: ! ",&()(1. 

F,& 1!0)( !" .!%3)&,, &.3<!, !"(-

4.,A,@9!$ 7)(A$%+1, A, B, C, '$.$-

%$&,@+%*. ?,/!#!$ '$.$6(0)(: "()- 

7$A03 7)(A$%+1,7! A, B, C (4D$0!-

)*$+ 0,))-$ 7)(A$%+1, 1 5$/(%+)3@ 

%!%+$73 ! 0$/,$+ <.,)!5- 7$A03 )!7! 

)$#$+&!7!, )$*%)-7!. J( B+(73 '(-

1(03 O.8. U$.4, '!%,/: «...),0( '(7-

)!+2, #+( *%)- /!;2 &.,:)!$ (4/,%+!. 

J.(7$A3+(#)-$ A$ 1 %,7(7 '$.1(!%-

+(#)!&$ – 1 %("),)!! <(1(.*9!6 – (&,-

"-1,@+%* &(/$4/@9!7!%*, )$('.$0$-

/$))-7!. I0),&( B+(-+( )$*%)($ ! 

&(/$4/@9$$%* ! 0(/A)( 4(/2;$ 1%$<( 

'.!1/$&,+2 1)!7,)!$…» [1]. 

J(07)(A$%+1, (1) A   B   C, (2) 

   A B C , (3)    A B C , (4)    A B C , 

(5)     A B C , (6)     A B C , (7)     A B C , 

(8)      A B C , (4.,"(1,))-$ '$.$%$-

#$)!$7 7)(A$%+1 A, B, C, ! !6 7,+$-

7,+!#$%&!$ (4("),#$)!* '(&,"-1,@+, 

#+( /@4(73 B/$7$)+3 B+!6 7)(A$%+1 

),:0$+%* (4.,+)-: B/$7$)+ (+)(-

%!+$/2)( ('$.,5!! 37)(A$)!*, +.$. 

% 
1

,a
a

  
1ˆ ,b
b

  
1

ĉ
c

.  !"#$ %&%#' #(-

)*+,*( +*#-.#'/)#0(1 23#%*3"/ %(#-

3#$ 4/2#(*5& / 2#5%#6,*( 7(%*38'!(1, 

9(# 23/9/++#-06*'0(%*++!, 0%,51 % 

:/5/9*0"/. 2#+,(/,. / 5!"#+!. %&-

3!8!*(0, #(+#;*+/,)/ % %/'* a = bc 

6/-#  
b

a
c

. <3/)*3#) =(#)7 )#47( 

0678/(1 :#3)76&, 5!2/0!++&* % %/'*: 

 
S

t
v  / >v = at . ?-#5+!9!,   

1
c

t
 / 

t =  , )#8+# 5!2/0!(1 !   1c c , 4'* 1 – 

+*$(3!61+&$ =6*)*+( )+#8*0(%! ! #(-

+#0/(*61+# #2*3!@// 7)+#8*+/,. 

 *2*31 "3!("# /56#8/) :/5/9*0"/$ 

0)&06 )!(*)!(/9*0"/. #(+#;*+/$ 2#-

3,'"! a < b; *06/ a < b / b < c, (# a < c; 

ac < bc [5].

?(+#;*+/* 2#3,'"! a < b #-#5+!9!*( 

%3*)*++7A 2#06*'#%!(*61+#0(1 23#/0-



73 !"#!$%&!'()* +",!-. ,-* /("-.0"1" (2#') 3%4%(%

.#',B/. ,%6*+/$, / '!++#* #(+#;*+/* 

2#"!5&%!*(, 9(# ,%6*+/*, "#(#3#* ,%6,-

*(0, 23/9/+#$ %#5+/"+#%*+/, '374#4# 

,%6*+/,, "#(#3#* +!5&%!*(0, 06*'0(%/-

*), 23#/0.#'/( 3!+1;* 2# %3*)*+/. 

C!(*)!(/9*0"#* 23*'6#8*+/* «*0-

6/ a < b, b < c, , (# a < c» %&3!8!*( "#-

+*9+#0(1 0"#3#0(/ 3!023#0(3!+*+/, :/-

5/9*0"/. %5!/)#'*$0(%/$. ?(+#;*+/* 

2#3,'"! ac < bc %&3!8!*( +*#-3!(/-

)#0(1 :/5/9*0"/. 23#@*00#% / ,%6,*(0, 

%&3!8*+/*) II 5!"#+! (*3)#'/+!)/"/. 

D06*'0(%/* (#4# 2#6#8*+/,, "#(#-

3#* )!(*)!(/"! 5!+/)!*( %+7(3/ (*#-

3*(/9*0"#$ :/5/"/, +*( +*#-.#'/)#-

0(/ '#"!5&%!(1 %&;*23/%*'*++&* !6-

4*-3!/9*0"/* %&3!8*+/, / #+/ 23/+/-

)!A(0, "!" !"0/#)&. E*)*@"/$ :/5/"-

(*#3*(/" F. G#0 2# =(#)7 2#%#'7 2/;*( 

# (#), 9(# % 5!'!97 :/5/"!-(*#3*(/"! 

+* %.#'/(1 '!%!(1 )!(*)!(/9*0"/* '#-

"!5!(*610(%!. ?+ '#68*+ 2#6!4!(10, 

+! -*5#;/-#9+#0(1 23*'#0(!%6*++#4# 

*)7 )!(*)!(/"#$ /+0(37)*+(!. H!8* 

% (*. 0679!,., "#4'! #+ 0!) %&+78'*+ 

0#5'!%!(1 0*-* /+0(37)*+(, #+ )#8*( 

+* 5!'*38/%!(10, +! )!(*)!(/9*0"/. 

'#"!5!(*610(%!. 07B*0(%#%!+/,, *06/ 

3*5761(!( :/5/9*0"/ #9*%/'*+. D# 

%0,"#) 0679!*, 0(3#4/* (3*-#%!+/, 

9/0(#$ )!(*)!(/"/ 9!0(# +!.#',(0, % 

23#(/%#3*9// 0 3*!61+&)/ :/5/9*-

0"/)/ 706#%/,)/ [4].  7( )& '#68+& 

79/(&%!(1 (#( :!"(, 9(# /5%*0(+&* +!) 

5!"#+& '%/8*+/,, "!" 23*'2#6!4!*( 

!0(3#+#) /5 <76"#%0"#$ #-0*3%!(#3// 

E.I. J#5&3*%, – =(# 6/;1 +*"#(#3!, 

23/-6/8*++!, :#3)! (#9+&. 5!"#+#%, 

"#(#3&* *B* 23*'0(#/( #("3&(1 [10]. 
D&;*/56#8*++&* '#%#'& / %&,%-

6*++&* 23/5+!"/ 2#6*%#$ 0(37"(73& 

:/5/9*0"/. 2#+,(/$ / 5!"#+#% 2#5%#-

6,A( +!) % "!9*0(%* /. (*#3*(/9*0"#$ 

)#'*6/ 23/+,(1 4#(#%7A )!(*)!(/9*-

0"7A 0(37"(737 – (*#3*)& # 23#0(&. 

0%#$0(%!. 2#6, 3!@/#+!61+&. 9/0*6 / 

% *4# 2#6* #-6!0(/ @*6#0(+#0(/. K(/ 

(*#3*)& / /. '#"!5!(*610(%! /56!4!A(-

0, % 6/(*3!(73* [5]. 

J#4'! :/5/9*0"!, (*#3/, /6/ (*#-

3*(/9*0"!, )#'*61 0(3#/(0, +! #0+#%* 

4#(#%&. )!(*)!(/9*0"/. 0(37"(73, #+! 

#2/0&%!*(0, +! ,5&"* )!(*)!(/"/, ! 

:/5/9*0"/* 23*'6#8*+/, 23/0#*'/+,-

A(0, " 0##(%*(0(%7AB/) (*#3*)!) [10]. 

L6*'7, =(#)7 23!%/67, )#8+# /56!4!(1 

(*#3*(/9*0"7A )#'*61 :/5/9*0"/. 2#-

+,(/$ / 5!"#+#% 06*'7AB/) #-3!5#).

 !"#!$% 1. <70(1 2#6* F = <F, +, –, M, 1> 

,%6,*(0, 7+/%*30!61+&) )+#8*0(%#), 

%"6A9!AB/) 9/06#%&* 5+!9*+/, :/-

5/9*0"/. %*6/9/+ a, b, c – .!3!"(*-

3/57AB/. 0##(%*(0(%*++# 23/9/+7, 

06*'0(%/* / 706#%/* 23#(*"!+/, 23#-

@*00! (0#0(#,+/* #-N*"(!) % 0(37"(73* 

:/5/9*0"/. 2#+,(/$ / 5!"#+#%.  #4'! 

'6, =6*)*+(#% a, b, c =(#4# 2#6, %&2#6-

+,A(0, 06*'7AB/* #(+#;*+/,:

(1) *06/ ab = 1, (# " O"# / b = a–1;

(2) *06/ ac = bc /   O 0, (# a = b; 

(3) *06/ ab = 0, (# a = 0 /6/ b = 0;

(4) *06/ a O 0 / b O 0, (# ab O 0;

(5)  
a c

b d
 (#4'! / (#61"# (#4'!, "#4-

'! ad = bc, b O 0 / a O 0;

(6) 
$

$  
a c ad bc

b d bd
;

(7) !  
a c ac

b d bd
;

(8) 
%

&  
( )

0
a a

b b
 / %  %( )

a a

b b
; 

(9) *06/ a O 0 / b O 0 (#4'!, 
%  1

( )
a b

b a
;

(10)  
ac a

bc b
.

 !"#!$% 2. H6,  6A-#$ #-6!0(/ 

@*6#0(+#0(/ 07B*0(%7*( 2#6* 9!0(+&.. 

P06/ F / P – 2#6, 9!0(+#$ % "#61@* K, 

(# 07B*0(%7*( /5#)#3:/5) 2#6, P +! 

2#6* F % 0*-,, (.* "#6/9*0(%*++&* #(-

+#;*+/, 2*3*.#',( % "!9*0(%*++&*. 

 !"#!$%  3.  Q/+!3+#*  #(+#;*-

+/* <, "#(#3#* #5+!9!*( «3!+1;*» % 

23/9/++#-06*'0(%*++#$ 0%,5/, #-6!'!-

*( 06*'7AB/)/ 0%#$0(%!)/:
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(1) '6, 6A-#4# a, b,   /5 Q *06/ a < b  

/ b <  , (# a <  ;

(2) '6, 6A-&. a, b /5 Q /)**( )*0(# 

(#61"# a < b;

(3) '6, 6A-&. a, b /5 Q , *06/ a < b, 

(# a + c < b +  ;

(4) '6, 6A-&. a, b,   /5 Q , *06/ 

a < b / 0 <  , (# ac < b .

<*3%&) %&%#'#), 2#679!*)&) /5 

6A-#$ :/5/9*0"#$ (*#3// /6/ (*#3*-

(/9*0"#$ )#'*6/, ,%6,*(0, 5!"#+ 0#-

.3!+*+/, =+*34//, (!" "!" /)*++# =(#( 

5!"#+ ,%6,*(0, "3/(*3/*) /0(/++#0(/ 

(*#3*(/9*0"#4# 2#0(3#*+/,. 

J!" /5%*0(+#, 5!"#+ 0#.3!+*+/, 

=+*34// %2*3%&* -&6 #("3&( 27(*) 

#-#-B*+/, ="02*3/)*+(!61+&. :!"-

(#%. <#06* =(#4# '!++&$ 5!"#+ -&6 

#-#0+#%!+ % "6!00/9*0"#$ )*.!+/"*. 

E!"#+*@, -&6 %&,0+*+ -#6** 467-#-

"/$ 0)&06 =(#4# 5!"#+! "!" 06*'0(%/* 

0/))*(3// %3*)*+/. D 2#0(3#*++#$ 

)#'*6/ =(#( 5!"#+ #(3!8!*(0, % )!(*-

)!(/9*0"#) 23*'6#8*+// (2) % (*#3*-

)* (1), 0#46!0+# "#(#3#$ *06/ a  = b  

/   O 0, (# a = b. L )!(*)!(/9*0"#$ 

(#9"/ 53*+/, 3!%*+0(%! a = b / b = a 

="%/%!6*+(+&. L :/5/9*0"#$ (#9"/ 53*-

+/, #+/ #(3!8!A( /. /+%!3/!+(+#0(1 

#(+#0/(*61+# 2#%#3#(! %3*)*+/, (.*. 

#(+#0/(*61+# #-0/))*(3// [10]. 

?-#5+!9*+/* 5!"#+! 0#.3!+*+/, 

=+*34// % %/'* a = b 2#5%#6,*( %&,-

%/(1 -#6** 467-#"7A 07B+#0(1 (!"/. 

:/5/9*0"/. 5!"#+#%, "!" 5!"#+ 0##--

B!AB/.0, 0#07'#% (P
1
 = P

2
), 5!"#+ #(3!-

8*+/, 0%*(! (' = (), I 5!"#+ (*3)#'/+!-

)/"/ (>Q = >U + A) "!" 9!0(+&. 0679!*% 

#-B*4# 5!"#+! 0#.3!+*+/, =+*34//.

?(+#;*+/*, "#(#3#* %&3!8!*( 5!"#+ 

0#.3!+*+/, =+*34// % )#'*6/, )!(*)!-

(/9*0"/ '#"!5&%!*(0, 06*'7AB/) #--

3!5#): *06/ a  = b  /   O 0, (# a = (a ) –1 = 

= (b ) –1 = b, (.*. a = b.

R9/(&%!,, 9(# /5 +*-#61;#4# 9/06! 

/0.#'+&. )!(*)!(/9*0"/. %&3!8*+/$ 

(*#3*(/9*0"#$ )#'*6/ 2#679!*(0, +*#-

43!+/9*++#* 9/06# "#+"3*(+&. %&%#'#%, 

#2/0&%!*)&. ** 23*')*(+#$ #-6!0(1A, 

#43!+/9/)0, 0##-B*+/*) # (#), 9(# 

2#679!*)&* %&%#'& ,%6,A(0, %2#6+* 

'#0(!(#9+&)/ '6, 23*2#'!%!+/, ;"#61-

+#4# "730! :/5/"/ +! -#6** %&0#"#) 

+!79+#) 73#%+*. ?()*(/) (!"8*, 9(# 

23*'6!4!*)!, )#'*61 %2#6+* 7'#%6*(-

%#3,*( 23*'N,%6,*)&) (3*-#%!+/,) " 

(*#3*(/9*0"/) 79*-+&) )#'*6,): %&%#-

'&, 2#679!*)&* /5 )#'*6/, 2#0/61+& / 

2#+,(+& ;"#61+/"!), ! )!(*)!(/9*0"/$ 

!22!3!( '#0(72*+ 0(7'*+(!) 2*'!4#4/9*-

0"/. %&0;/. 79*-+&. 5!%*'*+/$.
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