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The Monte-Carlo method is used for modeling of dynamic behavior microclasters, consisting of 
not magnetic microsphere and located on its surface magnetic nano particle. In particular the phe-
nomenon of a dynamic hysteresis of magnetization of system under the influence of a variable external 
field for cases of noninteracting particles, and as with the account an interaction dipole-dipolar is con-
sidered. From comparison of results of calculations of a method of Monte-Carlo with the exact numeri-
cal decision of the kinetic equation (for noninteracting particles) the estimation of intervals of the physi-
cal time corresponding to settlement steps of a method of Monte-Carlo is received. 
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+(7:1) [3]. E<&';&. 6,+&.(.=, 2.1 5/B& >:(51'*.3* 33/<7( <(B= ), )&71.1-

:/& :,$1./, >135*9&))/& ',))1? .&+&, 5 .1 5:&+* 7,7 1$9(? 1$%&+ >;$<(-
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+(7:13C&: 313.,5<*8. 5,@)1& ),>:,5<&)(& 5 :,65(.(( >:(7<,')1? C(6(71-

0(+(( 35&:0+,</0 +,-)(.15.

E15:&+&))/& G73>&:(+&).,<=)/& +&.1'/ 5(6;,<=)1-1 ),$<8'&)(* >1-

651<*8. '13.,.12)1 '&.,<=)1 (6;2(.= +1:C1<1-(8 >1<;2&))/0 DDE,

(, 5 2,3.)13.(, 3;'(.= )& .1<=71 1 5)&B)&? C1:+& 1.'&<=)/0 1$%&7.15, )1

( 1$ 131$&))13.*0 3.:;7.;:/ 6,>1<)&)(* (0 >15&:0)13.(. A .1 @& 5:&+* +&-

.1'/ 1>:&'&<&)(* +,-)(.)/0 0,:,7.&:(3.(7 DDE, (+&89(0 5,@)1& 6),2&-

)(& 5 6,',2,0 +,-)(.1()';4(:15,))1-1 >:1(651'3.5, .&><,, (+&8. ), ',)-

)/? +1+&). -1:,6'1 $1<&& )(67;8 «:,6:&B,89;8 3>131$)13.=». H, >:,7.(-

7& 1$9&>:()*.,* ( '13.;>),* .&0)(7, ),$<8'&)(* (57<82,* SQUID) 

>1651<*&. (6;2,.= <(B= 1$:,64/, 57<82,89(& +)1-(& ./3*2( +(7:13C&:.

":1+& .1-1, (3>1<=615,)(& 5 -(>&:.&:+(( .:&$;&. 6),)(* )& 3.,.(2&37(0

6),2&)(? 0,:,7.&:(3.(7 3(3.&+/, , (0 6,5(3(+13.( 1. ,+><(.;'/ ( 2,3.1./

>:(<1@&))1-1 4(7<(2&371-1 +,-)(.)1-1 >1<*. A G.1? 3(.;,4(( 71+>=8.&:-

)1& +1'&<(:15,)(& +,-)(.)/0 351?3.5 DDE (-:,&. :1<= 5/3171.12)1-1 ()-

3.:;+&).,, >1651<*89&-1 «),$<8',.=» 6, >15&'&)(&+ 1.'&<=)1-1 1$%&7.,

((<( 3(3.&+/ (6 )&$1<=B1-1 (0 2(3<,): (6+&:*.= &-1 +,-)(.);8 513>:((+-

2(513.=, 71G:4(.(5);8 3(<;, 7:(5/& ),+,-)(2(5,)(* ( ..>.

 !"#$%"& '()&*" " '&+()$

I(>(2),* +,-)(.),* +(7:13C&:, )&3&. ), 351&? >15&:0)13.( (<($1

5);.:( 3&$*) 1. '&3*.715 '1 31.&) ),)12,3.(4. !,@& &3<( 2,3.(4/ *5<*8.3*

1')1'1+&))/+( ( )& +&)*8. 351&-1 >1<1@&)(* 5 >:13.:,)3.5&, , C,6151&

>:13.:,)3.51 3(3.&+/ 57<82,&. 5 3&$* <(B= 1:(&).,4(1))/& 3.&>&)( 351-

$1'/ (),>:,5<*89(& 713();3/ +,-)(.)/0 +1+&).15 2,3.(4), .1, 53& :,5)1,

>:( +1'&<(:15,)(( >:(01'(.3* :,33+,.:(5,.= 6,',2; 3 $1<=B(+ 2(3<1+ >&-

:&+&))/0. F1G.1+; $/<1 :&B&)1 (3>1<=615,.= '<* 1>(3,)(* >15&'&)(* >1-

'1$)/0 1$%&7.15 +&.1' D1).&-",:<1 315+&3.)1 3 ,<-1:(.+1+ D&.:1>1<(3,,

01:1B1 3&$* 6,:&71+&)'15,5B(+( >:( :&B&)(( 6,',2 3 7,)1)(2&37(+ C,61-

5/+ ,)3,+$<&+. F:( .:,'(4(1))1? :&,<(6,4(( ',))1? >1'01' (3>1<=6;&.3*

'<* >1(37, -<1$,<=)1-1 +()(+;+, 351$1')1? G)&:-(( 3(3.&+/ ( 1>:&'&<&-

)(* 13)15)1-1 313.1*)(* ( :,5)15&3)/0 0,:,7.&:(3.(7 DDE [7–8]. 

A .1 @& 5:&+* 3;9&3.5;&. +1'(C(7,4(* +&.1', D1).&-",:<1, >1651-

<*89,* >:(+&)*.= &-1 ( '<* 1>(3,)(* )&:,5)15&3)/0 >:14&3315. F:( .,71+

>1'01'& 2(3<1 B,-15 D1).&-",:<1 :,33+,.:(5,&.3* 7,7 «5/2(3<(.&<=)1&»

5:&+*, ( '&<,&.3* >:&'>1<1@&)(& 1 .1+, 2.1 >1<;2&)),* 5 :&6;<=.,.& ;3:&'-

)&)(* >1 :&,<(6,4(*+ >13<&'15,.&<=)13.= 313.1*)(?, 71.1:/& 3(3.&+, >:1-

01'(. 5 >:14&33& :,32&.,, $<(67, 7 && :&,<=)1? C,6151? .:,&7.1:(( (3+. ),-

>:(+&: :,$1.; [9]). J&B,89(+ +1+&).1+ .,71-1 :,32&., *5<*&.3* 14&)7,

5:&+&))1-1 1.:&67,, 311.5&.3.5;89&-1 :,32&.)1+; B,-; (<($1 >13<&'15,-
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.&<=)13.( B,-15) +&.1', [10]. A ),3.1*9&? :,$1.& :,33+,.:(5,&.3* )&:,5)1-

5&3)1& ),+,-)(2(5,)(& DDE ( >:&'>1<,-,&.3* >:*+,* >:1>1:4(1),<=)13.=

+&@'; 2(3<1+ D1).&-",:<1 B,-15 ( C(6(2&37(+ 5:&+&)&+.

J,33+1.:(+ +,-)(.);8 +(7:13C&:;, >1+&9&));8 >:( 6,',))1? .&+-

>&:,.;:& T 5 .5&:';8 )&+,-)(.);8 3:&';. H, >15&:0)13.( 3C&:/ :,3>1<,-,-

8.3* $&6 31>:(713)15&)(* 1'(),715/& 1')1'1+&))/& 2,3.(4/ 3 1')113)1?

+,-)(.)1? ,)(61.:1>(&?. F16(4(( 4&).:15 +,33 2,3.(4 ( ),>:,5<&)(* (0

«<&-7(0» 13&? :,3>:&'&<&)/ 3<;2,?)/+ 1$:,61+. D,-)(.)1& 313.1*)(&

DDE 1>(3/5,&.3* 3<&';89(+( $&6:,6+&:)/+( >,:,+&.:,+(:

/ ,ξ = µ BH k T

-'& µ  – +,-)(.)/? +1+&). 2,3.(4/, H  – ),>:*@&))13.= 5)&B)&-1 >1<*,

Bk  – >13.1*)),* K1<=4+,),;

/ ,σ = A BE k T

AE  – 5&<(2(), G)&:-(( ,)(61.:1>((;

( )2 3 ,λ = µ Bk T a

-'& a  – 3:&')&& :,33.1*)(& +&@'; 2,3.(4,+( – $<(@,?B(+( 313&'*+( ),

>15&:0)13.( DDE. A G.(0 1$16),2&)(*0 +,73(+,<=)1& 6),2&)(& 75,6(3.,.(-

2&371? 71G:4(.(5)1? 3(</ '<* 2,3.(4/ 2 .ξ = σc

A >:14&33& :,32&., ), 7,@'1+ B,-& +,-)(.)/? +1+&). 1')1? (6 2,3-

.(4 >151:,2(5,<3* 1.)13(.&<=)1 351&-1 .&7;9&-1 >1<1@&)(* ), 3<;2,?)/?

;-1< δ 3 :,5)1+&:)/+ :,3>:&'&<&)(&+ (6 ().&:5,<, [ ], .−∆ ∆ !,<&& 5/2(3-

<*<,3= G)&:-(* ,)3,+$<* 5 )151+ 313.1*)((, 5&:1*.)13.= >:()*.(* 71.1:1-1

14&)(5,<,3= 5 311.5&.3.5(( 31 3.,)',:.)/+ ,<-1:(.+1+ D&.:1>1<(3,.

A :,$1.& [10] 35*6= +&@'; 2(3<1+ B,-15 N ( 5:&+&)&+ t 1>:&'&<*<,3=

3<&';89(+ 1$:,61+. E),2,<, $/<1 ),?'&)1 3:&')&75,':,.(2)1& 3+&9&)(&

2 ( )δ ∆ +,-)(.)1-1 +1+&)., 2,3.(4/ ), 1')1+ B,-& D1).&-",:<1, 6,.&+ G.,

5&<(2(), 3:,5)(5,<,3= 3 '(CC;6(1))/+ 3+&9&)(&+ +1+&).,: 2 2 .δ = Dt

L'&3= 6),2&)(& 71GCC(4(&)., ( 311.5&.3.5;89&-1 0,:,7.&:)1-1 5:&+&)(

5:,9,.&<=)1? '(CC;6((

( )2
01/ 2 ,     1 / 2= τ τ = µ + α αγ = τ σD DD kT

>1<;2&)/ >:(+&)&)(&+ C<;7.;,4(1))1-'(33(>,4(1))1? .&1:&+/ 7 <()&,:(-

615,))1+; ;:,5)&)(8 M,)',;–M(CB(4,–N(<=$&:.,, ( (3>1<=615,)/ 3<&-

';89(& 1$16),2&)(*: γ  – -(:1+,-)(.)1& 1.)1B&)(&, α ( 0τ  – 311.5&.3.-
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5&))1 >,:,+&.: ( 0,:,7.&:)1& 5:&+* 6,.;0,)(* >:&4&33(( +,-)(.)1-1 +1-

+&)., 2,3.(4/. !,<&& ,5.1:/ [10] 14&)(5,8. 3:&')(? ().&:5,< 5:&+&)(, 31-

1.5&.3.5;89&-1 1')1+; B,-; +&.1', D1).&–",:<1, (6 1.)1B&)(*

2 ( ) .∆ = δ ∆t D

A,@)1 1.+&.(.=, 2.1 ,+><(.;', 5,:(,4(* ),>:,5<&)(* +1+&)., ∆

'1<@), 5/$(:,.=3* .,71? +,<1?, 2.1$/ 5/>1<)*<13= ;3<15(& 2 1,δ  )&1$-

01'(+1&, 5 3518 12&:&'=, '<* .1-1, 2.1$/ +1@)1 $/<1 >:&)&$:&2= 5<(*)(&+

>1<&? (5)&B)&-1 ( ,)(61.:1>(() ), +1+&). 2,3.(4/ ), 1')1+ B,-& +&.1',.

F1G.1+; 14&)7, [10] >1 1>:&'&<&)(8 3>:,5&'<(5, <(B= '<* 3(3.&+

3 1.)13(.&<=)1 )(67(+( G)&:-&.(2&37(+( $,:=&:,+( ( )1σ ≤ ( 3<,$/+(

5)&B)(+( >1<*+( ( )1 .ξ ≤

A .1 @& 5:&+* 5 $1<=B()3.5& :,33+,.:(5,&+/0 ),+( 6,',2 (33<&';8.-

3* 3(3.&+/ 31 6),2&)(*+( >,:,+&.:15 σ ( ,ξ 3;9&3.5&))1 $1<=B(+( &'(-

)(4/. ":1+& .1-1, +1'&<(:15,)(& 3(3.&+ 3 5/317(+( G)&:-&.(2&37(+( $,:=-

&:,+( 6, >:(&+<&+1& :,32&.)1& 5:&+* .:&$;&. (3>1<=615,)(* '151<=)1 $1<=-

B(0 ,+><(.;' 5,:(,4(( ),>:,5<&)(* +,-)(.)1-1 +1+&).,: 1.∆ ! I,7(+

1$:,61+, -(>1.&6/ :,$1./ [10], 7,7 >:,5(<1, )& 5/>1<)*8.3*, ( 516)(7,&.

)&1$01'(+13.= 14&)7( 35*6( 5:&+&)( t ( 2(3<, B,-15 N, >1'01'*9&? '<*

>:,7.(2&37(0 :,32&.15. E G.1? 4&<=8 :,33+,.:(5,&.3* 4(7<(2&37(? >:14&33

),+,-)(2(5,)(*. J&6;<=.,./, >1<;2&))/& +&.1'1+ D1).&-",:<1, 3:,5)(5,-

8.3* 3 2(3<&))/+ :&B&)(&+ 311.5&.3.5;89&-1 7()&.(2&371-1 ;:,5)&)(*,

>:( G.1+ (3>1<=6;8.3* ',))/& +1'&<(:15,)(* >15&'&)(* 3(3.&+/ >:( (6+&-

)&)(( 5)&B)&-1 >1<* 6, >1<)/? >&:(1'.

K/< :,33+1.:&) '(),+(2&37(? -(3.&:&6(3 ),+,-)(2&))13.( DDE 51

5)&B)&+ 134(<<(:;89&+ <()&?)1->1<*:(615,))1+ +,-)(.)1+ >1<& 3 ,+-

><(.;'1? 0 .ξ = ξc F:( +1'&<(:15,)(( )&>:&:/5)1 +&)*89&&3* >1<&

0 cosξ ωt 6,+&)*<13= >13<&'15,.&<=)13.=8 m G.,>15, 31 3.;>&)2,./+ (6+&-

)&)(&+ >1<* +&@'; )(+( ), 5&<(2(); 02 / .∆ξ = ξ m F:( G.1+ ), 7,@'1+ G.,-

>& 5/>1<)*<13= 1')1 ( .1 @& 2(3<1 B,-15 n +&.1', D1).&-",:<1, , >1<& 13-

.,5,<13= >13.1*))/+.

A 7,2&3.5& «G.,<1))1-1» :,32&., (3>1<=615,<(3= >&.<( '(),+(2&371-1

+,-)(.)1-1 -(3.&:&6(3,, >1<;2&))/& (6 2(3<&))1-1 :&B&)(* 7()&.(2&371-1

;:,5)&)(* K:,;), [11]. H, :(3. 1 >:&'3.,5<&), >1<&5,* 6,5(3(+13.= )1:+,<(-

615,))1? >:1&74(( / µ ! µz ), ),>:,5<&)(& 5)&B)&-1 >1<*. A :,32&.,0 +&.1-

'1+ D1).&-",:<1, >:151'(5B(03* >:( >13.1*))1? ,+><(.;'& 5,:(,4((

const,∆ = :,33+,.:(5,<(3= DDE, 31'&:@,9(& 310 ),)12,3.(4, ; 71.1:/0

>1<1@&)(* ), >15&:0)13.( 3C&:/ ( ),>:,5<&)(* 13&? ,)(61.:1>(( :,3>:&-
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'&<&)/ 3<;2,?)/+ 1$:,61+. I,7(+ 1$:,61+, &'()3.5&))/+ ;>:,5<*89(+

>,:,+&.:1+ +&.1', $/<1 71<(2&3.51 5/2(3<(.&<=)/0 B,-15 n, >:151'(+/0

), 7,@'1+ G.,>& +1'&<(:;&+1-1 4(7<,. A .,$<. 1 >:(5&'&)/ 6),2&)(* >,:,-

+&.:15 :,32&.,, , .,7@& 14&)7, 5:&+&))1-1 ().&:5,<, ∆t  (5 &'()(4,0 0τ ),

311.5&.3.5;89&-1 1')1+; B,-; +&.1',.

J(3. 1. F&.<( '(),+(2&371-1 -(3.&:&6(3, ),+,-)(2&))13.( DDE 3 )&56,(+1'&?3.-

5;89(+( 2,3.(4,+( 3 >,:,+&.:,+( ,)(61.:1>(( 2σ =  (7:&3./ ( )&>:&:/5),*

<()(*), 5σ =  (>;3./& 7:;@7( ( >;)7.(:),* <()(*) ( 15σ =  (6,7:,B&))/& 7:;@7(

( B.:(015,* <()(*), >1+&9&))/& 5 >&:&+&))1& +,-)(.)1& >1<& 3 2,3.1.1?
2

0 10 .
−ωτ = E(+51</ 311.5&.3.5;8. :&6;<=.,.,+ D1).&-",:<1-:,32&.15, <()(( – 2(3-

<&))1+; :&B&)(8 7()&.(2&371-1 ;:,5)&)(* K:,;), [11] 

I,$<(4, 1 

F,:,+&.:/ D1).&-",:<1-:,32&., (:&6;<=.,./ 71.1:1-1 >:&'3.,5<&)/

), :(3. 1) ( 14&)7, ().&:5,<, 5:&+&)(, 311.5&.3.5;89&-1 1')1+;

:,32&.)1+; B,-; 3 ,+><(.;'1? 5,:(,4(( 0,25∆ =

F,:,+&.:/ 2σ = 5σ = 15σ =

m 80

n 100 45 16 

∆t 00,08τ 00,17 τ 00,49τ

A,@)/+ >:&(+;9&3.51+ >:(+&)&)(* +&.1', D1).&-",:<1 *5<*&.3*

1.)13(.&<=),* >:13.1., +1'(C(7,4(( +1'&<( '<* ;2&., '1>1<)(.&<=)/0

;3<1@)*89(0 C,7.1:15, ),>:(+&: '(>1<=-'(>1<=)1& 56,(+1'&?3.5(& +&@-

'; 2,3.(4,+(. H, :(3. 2 >:&'3.,5<&)1 5<(*)(& 5&<(2()/ >,:,+&.:, λ ),
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J(3. 2. A<(*)(& '(>1<=-'(>1<=)1-1 56,(+1'&?3.5(* ), >&.<( '(),+(2&371-1 -(3.&-

:&6(3, ),+,-)(2&))13.( DDE, >17:/./0 100 (.127(), 500 (>;3./& 7:;@7() ( 1000 

(65&6'/) 2,3.(4,+(, 5 >1<& 2,3.1./
3

0 10 .
−ωτ = E><1B),* <()(* 311.5&.3.5;&.

:&6;<=.,.,+ 2(3<&))1-1 :&B&)(* 7()&.(2&371-1 ;:,5)&)(* '<* 3(3.&+/ $&6 56,(+1-

'&?3.5(*

7:(5;8 4(7<(2&371-1 ),+,-)(2(5,)(*. A :,32&.,0 :,33+,.:(5,<(3= DDE

3 '(,+&.:1+ 3&:'&2)(7, 200 )+, >15&:0)13.= 71.1:/0 >:( 1')1:1')1+ ><1.-

)1+ 6,>1<)&)(( 5 1'() 3<1? +1@&. 5+&9,.= >1:*'7, 32 10× ),)12,3.(4 :,6-

+&:1+ 8 )+. F:(5&'&))/& :&6;<=.,./, >1<;2&))/& '<* 3(3.&+ 3 2(3<1+ 2,3-

.(4 Np = 100, 500 ( 1000, 311.5&.3.5;8. 3<;2,*+ 3<,$1- <($1 3:&')&-

6,>1<)&))1? >15&:0)13.( 3C&:/. J,32&./ >:151'(<(3= '<* .&+>&:,.;:/

28 K ( +,.&:(,<=)/+( >,:,+&.:,+(, 311.5&.3.515,5B(+( +,--&+(.;:

400 N3,=SM
5 22 10 G:- 3+ .= ⋅K ",7 5(')1 (6 :(3;)7,, :13. 2(3<, 2,3.(4

>:(51'(. 7 ;5&<(2&)(8 ><19,'( >&.<( -(3.&:&6(3,, .1 &3.= 7 516:,3.,)(8

13.,.12)1? ),+,-)(2&))13.( ( 71G:4(.(5)1? 3(</. O.1 +1@)1 1$%*3)(.=, >1

),B&+; +)&)(8, 3<&';89(+ 1$:,61+. F1' '&?3.5(&+ 3(<=)1-1 5)&B)&-1

>1<* +1+&)./ 2,3.(4 5/3.:,(5,8.3* >:&(+;9&3.5&))1 >,:,<<&<=)1 >13<&'-

)&+;. F:( 3<;2,?)1+ 6,>1<)&)(( >15&:0)13.( 3C&:/ 53&-', ),01'*.3* 2,3-

.(4/, :,3>1<1@&))/& .,7, 2.1 1'(),7151& ),>:,5<&)(& +1+&).15 17,6/5,&.-

3* 5/-1')/+ 3 .127( 6:&)(* '(>1<=-'(>1<=)1-1 56,(+1'&?3.5(*. I&+ 3,+/+

516)(7B(? +,-)(.)/? >1:*'17 >1''&:@(5,&.3* ',@& >:( ;+&)=B&)((

5)&B)&-1 >1<*.

,-.()-
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