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<.437-0 508.0-F=7--G 2H25,/0+4-78IJ-4K ,/7-3.0/,-4K 343,28 IE .H0350L 50HIM-0L 3,/F5,F/0L M 

0NI-2-I 50H4=7--G M 3,IM5I3,O H2=I,7NIM-090 /FKF PK-IK 25I.7>I=. D057E7-0, Q0 ./4 /7NI0-7HO-08F =4R0/I 
03-0=-4K .7/782,/I= 343,28 E7R2E.2JFS,O3G 3,IM54M H2=I,7NIM-4M /FK 25I.7>I= F ./G80HI-IM-4K I 5/4=0HI-
-IM-4K +IHG-57K 50HIP. 

<.437-T 508.0-0=54 UH25,/0+4-784J2354K ,/7-3.0/,-TK 343,28 3 .H0350M .F,2=0M 3,/F5,F/0M 4 0N2-
-2-T 50H2R7-4G 4 F3,0MJ4=03,O H2=4,7N40--090 +=4>2-4G 4K U54.7>2M. D057E7-0, J,0 ./4 /7N40-7HO-08 

=TR0/2 03-0=-TK .7/782,/0= 343,28 0R23.2J4=72,3G F3,0MJ4=02 H2=4,7N40--02 +=4>2-42 U54.7>2M = ./G-
80H4-2M-TK 4 5/4=0H4-2M-TK FJ73,57K .F,4. 

The arrangements of electro-dynamic transport systems with the flat track structure are described and the fluc-

tuations and stability of levitation motion of their vehicles are evaluated. It is shown that under rational choice of 

main parameters of the systems a stable levitation motion of the vehicles in straight-line and curvilinear sections of 

the track is provided. 

2345673896 :;3<=>?@.   -73,0GQ22 =/28G 
/7E/7R7,T=728T2 4 30E+7--T2 50-3,/F5N44 

,/7-3.0/,-TK 343,28 482L, ./014H4/0=7--02 
0J2/,7-42 .F,2=0M 3,/F5,F/T, = J73,-03,4 = 
=4+2 U 4 D-0R/7E-090 0J2/,7-4G = .0.2/2J-08 

32J2-44. 67502 0J2/,7-42 4822, -2+03,7,54, 

0RF3H0=H2--T2 0,-034,2HO-0M 3H0>-03,OL 

50-3,/F5N4M, -20RK0+4803,OL 0R23.2J2-4G 
./0J-03,4 R050=TK 3,2-05 .F,2=0M 3,/F5,F/T 

4 ,2H2>25 U54.7>2M 4 3H0>-03,G84, =0E-4-

57LQ484 = ./0N2332 U53.HF7,7N44 343,28T 

(./2>+2 =3290, 3=GE7--T2 3 0J43,50M 0, 3-297, 
8F30/7 4 ./.). 

;2H2300R/7E-0 .0U,08F /7E/7R0,7,O 4 43-
3H2+0=7,O R0H22 ./03,T2 50-3,/F5N44 ,/7-3-
.0/,-TK 343,28, = J73,-03,4, 343,28T 3 .H0-

35484 .F,2=T84 3,/F5,F/784 4 +0--T84 90/4-

E0-,7HO-T84 .0=2/K-03,G84 ,2H2>25 U54.7>2M, 

50,0/T2 0R23.2J4=7H4 RT -20RK0+48T2 +4-7-
84J23542 57J23,=7 4, = .2/=FL 0J2/2+O, F3,0M-

J4=03,O 4 R2E0.73-03,O H2=4,7N40--090 +=4>2-
-4G U54.7>2M, 575 = ./G80H4-2M-TK, ,75 4 = 
5/4=0H4-2M-TK FJ73,57K .F,4 = .H7-2.  

'76=AB :C<=A96DAE :3 5>?> A44=>F386-

7AG.   /7-22 ./0=2+2--TK 433H2+0=7-4GK [1, 2, 

3, 4] F+2HGH03O =-487-42 9H7=-T8 0R/7E08 

0N2-52 50H2R7-4M 4 F3,0MJ4=03,4 ./G80H4-2M-

-090 4 5/4=0H4-2M-090 +=4>2-4G U54.7>2M 

UH25,/0+4-784J2354K 343,28 3 ./014H4/0=7--

-T8 0J2/,7-428 .F,2=0M 3,/F5,F/T.   2005 9. 

.0G=4H43O .2/=T2 .FRH457N44 [5, 6], .03=G-
Q2--T2 0N2-52 H2=4,7N40--090 +=4>2-4G 
UH25,/0+4-784J2354K U54.7>2M ,/7-3.0/,-0M 

343,28T 3 J2,T/O8G .0H03784  50-,F/0= -7 
.H0350M .F,2=0M 3,/F5,F/2 4 +=F8G /G+784 

3=2/K./0=0+GQ4K 879-4,0=, F3,7-0=H2--TK -7 
+0--TK .0=2/K-03,GK U54.7>2M. <+-750, +7HO-
-2MV42 .04354 = U,0M 0RH73,4 ./4=2H4 5 /7E/7-
R0,52 4 0N2-52 +4-784J2354K 57J23,= /7EH4J-

-TK ,/7-3.0/,-TK 343,28 3 .H035484 .F,2=T-

84 3,/F5,F/784. D/4 U,08 RTH4 -7M+2-T 5/4-

,2/44, 300,=2,3,=FLQ42 F3,0MJ4=03,4 4 

R2E0.73-03,4 +=4>2-4G = V4/0508 +47.7E0-2 
350/03,2M = ./G80H4-2M-TK 4 5/4=0H4-2M-TK 

FJ73,57K .F,2=0M 3,/F5,F/T = .H7-2. 
)>=H 4565HA.   -73,0GQ2M /7R0,2 ./2+-

3,7=H2-T /7E/7R0,7--T2 /7EH4J-T2 50-3,/F5-

,4=-T2 3K28T ,/7-3.0/,-TK 343,28 3 .H0350M 

.F,2=0M 3,/F5,F/0M 4 0N2-2-T 50H2R7-4G, F3-
,0MJ4=03,O 4 R2E0.73-03,O H2=4,7N40--090 

+=4>2-4G U54.7>2M ,/7-3.0/,-TK 343,28 3 
.H035484 .F,2=T84 3,/F5,F/784 =+0HO ./G80-

H4-2M-TK 4 5/4=0H4-2M-TK FJ73,50= .F,2=0M 

3,/F5,F/T. 

*473876G I645H. <3-0=0.0H797LQ2M .0-

3TH50M ./4 /7E/7R0,52 -2,/7+4N40--TK 50-3,-
/F5,4=-TK 3K28 ,/7-3.0/,-TK 343,28 3 .H0-

350M .F,2=0M 3,/F5,F/0M G=HG2,3G =T.0H-2-42 
3H2+FLQ4K ,/2R0=7-4M, 43K0+GQ4K 4E F3H0=4M 

=E7480+2M3,=44 3=2/K./0=0+GQ4K 879-4,0= 3 
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.F,2=T84 50-,F/784, /73.0H0>2--T84 = .7-
/7HH2HO-TK 90/4E0-,7HO-TK .H03503,GK. W20-

82,/4J23542 /7E82/T 3=2/K./0=0+GQ290 879-
-4,7 4 .F,2=TK 50-,F/0= 7 ,75>2 4K =E748-02 
/7E82Q2-42 +0H>-T F+0=H2,=0/G,O F3H0=4G8 

4K =E7480+2M3,=4G, ./4  50,0/TK 4822, 823,0 

./4 0,-034,2HO-08 4K .2/282Q2-44 = .0.2/2J-

-08 -7./7=H2-44 -43K0+GQ7G E7=434803,O 57-
37,2HO-TK .0.2/2J-TK UH25,/0+4-784J2354K 

34H   4 84-487HO-02 E-7J2-42 -0/87HO-TK 

UH25,/0+4-784J2354K 34H = 303,0G-44 /7=-0=2-
34G ./4 E-7J2-44 -7879-4J4=7LQ2M 34HT, 

0R23.2J4=7LQ2M H2=4,7N4L. 

D/4 =T.0H-2-44 U,4K ,/2R0=7-4M F+0=H2-
,=0/GL, F3H0=4L F3,0MJ4=090 H2=4,7N40--090 

+=4>2-4G U54.7>7 = ./G80H4-2M-TK 4 5/4=0-

H4-2M-TK FJ73,57K .F,2=0M 3,/F5,F/T = .H7-2 
3H2+FLQ42 508.0-0=54 50-3,/F5,4=-TK 3K28 

,/7-3.0/,-TK 343,28 3 .H035484 .F,2=T84 

3,/F5,F/784: 

I =7/47-, – 343,287 3 J2,T/O8G .0H03784 

.F,2=TK 50-,F/0= 4 +=F8G .0H03784 3=2/K./0-

=0+GQ4K 879-4,0= (/43. 1a). 

II =7/47-, – 343,287 3 +=F8G .0H03784 .F-

,2=TK 50-,F/0= 4 J2,T/O8G .0H03784 3=2/K-

./0=0+GQ4K 879-4,0= (/43. 1 ); 

III =7/47-, – 343,287 3 +=F8G .0H03784 .F-

,2=TK 50-,F/0= 4 +=F8G .0H03784 3=2/K./0=0-

+GQ4K 879-4,0= (/43. 1!). 
"HG 433H2+0=7-4G ./03,/7-3,=2--TK 50H2-

R7-4M 4 F3,0MJ4=03,4 H2=4,7N40--090 +=4>2-
-4G U54.7>2M 0.437--TK =TV2 ,/7-3.0/,-TK 

343,28 RF+28 4K ./2+3,7=HG,O  = =4+2 UH25,/0-

82K7-4J2354K 343,28, = 50,0/TK U54.7>4 30-

3,0G, 4E ,/2K ,=2/+TK ,2H: 5FE0=7 4 +=FK ,2H2-
>25 3 ./G80F90HO-T84 3=2/K./0=0+GQ484 

879-4,784, 7 ,75>2 50/0,50E785-F,TK ./G80-

F90HO-TK ,050./0=0+GQ4K .F,2=TK 50-,F/0=. 
?7,287,4J2357G 80+2HO +=4>2-4G U54.7-

>2M 433H2+F28TK ,/7-3.0/,-TK 343,28 RTH7 
./2+3,7=H2-7 = =4+2 3=GE7--TK +4112/2-N4-

7HO-TK F/7=-2-4M @79/7->7, 0.43T=7LQ4K 

+=4>2-42 U54.7>7 [2,7], 4 F/7=-2-4M ,050= = 
50-,F/7K .F,2=0M 3,/F5,F/T, 50,0/T2 482L, 
3H2+FLQ4M =4+: 

frI
dt

dI
L  ! ,                         (1) 

9+2 L  – 87,/4N7 50U114N42-,0= 37804-+F5N44 

4 =E74804-+F5N44 .F,2=TK 50-,F/0=; r  – 75-

,4=-02 30./0,4=H2-42 .F,2=090 50-,F/7; I  – 

=25,0/ 3,0HR2N ,050= = .F,2=TK 50-,F/7K; f  – 

=25,0/ U.+.3. kf , -7=0+48TK U54.7>-T84 879-

-4,784 = k -K .F,2=TK 50-,F/7K. 

 2H4J4-T kf  0./2+2HGH43O 4E =T/7>2-4G: 

"
 #

#
$ 

n

m

kmc
mk

t

M
if

1

,                  (2) 

9+2 kmM  – 50U114N42-,T =E74804-+F5N44 

82>+F m-84 U54.7>-T8 879-4,08 4 k-8 .F,2-
=T8 50-,F/08; n – J43H0 U54.7>-TK 3=2/K./0-

=0+GQ4K 879-4,0=; c
mi  – ,05 =  m-08 3=2/K./0-

=0+GQ28 879-4,2. 
"

 

! 

 

&43. 1. &73J2,-T2 3K28T ,/7-3.0/,-TK 343,28: 
1 – 5FE0=, 2 – ,2H2>54, 3 –3=2/K./0=0+GQ42 879-4,T, 4 – 

,050./0=0+GQ42 50-,F/T, 5 – F./F90-+4334.7,4=-T2 UH2-
82-,T, 6 – .F,2=7G 3,/F5,F/7, ! – FE2H =E7480+2M3,=4G 

879-4,7 3 .F,2=T8 50-,F/08. 

' .080QOL J43H2--090 4-,29/4/0=7-4G 
F/7=-2-4M, 0.43T=7LQ4K 50H2R7-4G U54.7>7 4 

4E82-2-42 ,050= = .F,2=TK 50-,F/7K, RTH4 

0N2-2-T ./03,/7-3,=2--T2 50H2R7-4G U54.7-
>2M ./4 =TR/7--TK /7N40-7HO-TK E-7J2-4GK 

.7/782,/0=  .0 E-7J2-4G8 .2/282Q2-4M 5FE0=7 
4 ,2H2>25, H2=4,7N40--T8 E7E0/78, UH25,/0+4-

-784J23548 34H78 =E7480+2M3,=4G 82>+F 

3=2/K./0=0+GQ484 879-4,784 4 .F,2=T84 

50-,F/784 4 F350/2-4G8 5FE0=7 = =2/,457HO-08 

4 .0.2/2J-08 -7./7=H2-4GK. 

"HG /73J2,0= RTH4 ./4-G,T 3H2+FLQ42 
E-7J2-4G 03-0=-TK .7/782,/0= 433H2+F28TK 

,/7-3.0/,-TK 343,28: 87337 5FE0=7 4 57>+0M 4E 
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,2H2>25 300,=2,3,=2--0 25 4 3,75 ,, >23,503,4 

4 50U114N42-,T =GE503,4 F./F90-

+4334.7,4=-TK UH282-,0= 82>+F 5FE0=08 4 

,2H2>5784 = =2/,457HO-08 4 .0.2/2J-08 -7-
./7=H2-4GK 200 5%/8 4 20 5%·3/8, -7879-4J4-

=7LQ7G 34H7 = 30H2-04+7K 3=2/K./0=0+GQ4K 

879-4,0= 3,0·105 !·=4,50= +HG 343,28T 300,-
=2,3,=FLQ2M I =7/47-,F 50-3,/F5,4=-0M 3K28T, 

5,0·105 !·=4,50= +HG 343,28T II =7/47-,7 4 

5,2·105 !·=4,50= +HG ,/2,O290 =7/47-,7. D/0-

+0HO-T2 /7E82/T 30H2-04+0= 3=2/K./0=0+GQ4K 

879-4,0= 4 .F,2=TK 50-,F/0= RTH4 ./4-G,T 

/7=-T84 +HG =32K =7/47-,0= 300,=2,3,=2--0 1,2 

4 1,0 8, 7 .0.2/2J-T2 4K /7E82/T 0,5 4 0,3 8 

+HG I =7/47-,7 50-3,/F5,4=-0M 3K28T; 0,25 4 

0,5 8 +HG II =7/47-,7 4 1,0 4 0,5 8 +HG III =7/4-

7-,7. #7E0/T = ./0+0HO-08 -7./7=H2-44 82>+F 

.F,2=T84 50-,F/784 +HG =32K 343,28 ./4-G,T 

/7=-T84 0,05 8, 7 = .0.2/2J-08 -7./7=H2-44 

+HG I =7/47-,7 4 82>+F 879-4,784 +HG II =7/4-

7-,7, 0,-232--T2 5 0+-0M (H2=0M 4H4 ./7=0M 

3,0/0-2 U54.7>7), ./4-G,T 300,=2,3,=2--0 

/7=-T84 0,1 4 0,16 8. "4782,/ ./F,50= .F,2-
=TK 50-,F/0= ./4-G, 0,03 8. 

&73J2,T ./0=0+4H43O +HG 3HFJ72= +=4>2-4G 
U54.7>2M  .0 FJ73,5F .F,4 .2/282--0M 5/4=4E-
-T 3H2+FLQ290 0J2/,7-4G = .H7-2: ./G80H4-

-2M-TM FJ73,05 .F,4 +H4-0M 300 8, =K0+GQ7G 
.2/2K0+-7G 5/4=7G +H4-0M 500 8, 5/F90=7G 5/4-

=7G /7+4F308 8000 8 3 F9H08 .0.2/2J-090 -7-
5H0-7 5 90/4E0-,7HO-0M .H03503,4 0,1 /7+ ./0-

,G>2--03,OL 150 8, =TK0+-7G .2/2K0+-7G 5/4-

=7G – 400 8, ./G87G – 250 8. :9HT -75H0-7 5 

.0=2/K-03,4 .F,2=0M 3,/F5,F/T 5 90/4E0-,7HO-
-0M .H03503,4 = .2/2K0+-TK 5/4=TK ./4-487-
H43O ./0.0/N40-7HO-T84 5/4=4E-2 .F,4, 50,0-

/7G 4E82-GH73O 0, -FHG +0 E-7J2-4G, /7=-090 

5/4=4E-2 .F,4 = 5/F90=0M 5/4=0M .0 34-F304-

+7HO-0M E7=434803,4 [2]. 

&2EFHO,7,T /73J2,0= .057E7H4, J,0 +HG =32K 

F.08G-F,TK 343,28 ./4 .7/782,/7K, 090=0/2--

-TK =TV2, 4822, 823,0 F3,0MJ4=02 H2=4,7N0--

-02 +=4>2-42 U54.7>7 575 = ./G80H4-2M-TK, 

,75 4 5/4=0H4-2M-TK FJ73,57K .F,2=0M 3,/F5-

,F/T 3 ./428H28T84 H2=4,7N40--T84 E7E0/7-
84 4 F/0=-28 F350/2-4M 5FE0=7 = .0.2/2J-08 4 

=2/,457HO-08 -7./7=H2-4GK. 

"HG U54.7>7 I =7/47-,7 50-3,/F5,4=-0M 

3K28T ,/7-3.0/,-0M 343,28T 3 .H0350M .F,2-
=0M 3,/F5,F/0M 9/714J23542 E7=434803,4 .2-
/282Q2-4M U54.7>7 4 290 H2=4,7N40--TK E7E0-

/0= ./4=2+2-T = /7R0,2 [5]. 

"HG U54.7>7, 300,=2,3,=FLQ290 II =7/47-,F 

,/7-3.0/,-0M 343,28T 3 .H0350M .F,2=0M 

3,/F5,F/0M, 057E7H03O, J,0 =2/,457HO-T2 H4-

-2M-T2 4 F9H0=T2 .2/282Q2-4G 5FE0=7 4 ,2H2-
>25 ./75,4J2354 -2 /2794/FL, -7 5/4=4E-F .F-

,4. #-7J2-4G =2/,457HO-TK .2/282Q2-4M ,2H2-
>25 300,=2,3,=FL, ./4 350/03,4 100 8/3 
X 0,165 8, 7 ./4 350/03,4 30 8/3 X 0,1 8. 

#7=434803,4 .2/282Q2-4M 5FE0=7 4 ,2H2-
>25 ./4 R050=08 0,-032 ik yy , , R050=0M 57J52 

,k i% % , F9H0= =4HG-4G , ( 1,2)k i i& &  4 H2=4,7N4-

0--TK E7E0/0= .0+ j -84 879-4,784 ( j =1,7 

5/7M-42 879-4,T 3 H2=0M 3,0/0-T U54.7>7, 
j =2,8 – 3 ./7=0M 3,0/0-T) 0, ./0M+2--090 .F-

,4 ./4=2+2-T ./4 350/03,4 100 8/3 300,=2,3,-
=2--0 -7 /43.2, 3, 4 4 5, 9+2 H4-44 1, 2 0,-03G,-
3G 5 ,2H2>578, 3 – 5 5FE0=F, 7 H4-44, 0R0E-7-
J2--T2 j =1,2,7,8 – 5 H2=4,7N40--T8 E7E0/78. 

 

&43. 2. 

 

&43. 3. 
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&43. 4. 

 

&43. 5. 

(7J23,=2--0 7-7H094J-T2 /2EFHO,7,T .0HF-

J2-T 4 ./4 350/03,4 30 8/3 3 ,28 H4VO 0,H4J4-

28, J,0 .2/282Q2-4G R050=090 0,-037 4 R050-

=0M 57J54 482L, .0H0>4,2HO-T2 E-7J2-4G = 
5/4=0H4-2M-TK FJ73,57K .F,2=0M 3,/F5,F/T, 7 
H2=4,7N40--T2 E7E0/T R0HOV2 .0+ H2=0M 3,0-

/0-0M U54.7>7 (,.2. 30 3,0/0-T 879-4,0= F+7-
H2--TK 0, N2-,/7 5/4=4E-T .F,4). 

"HG U54.7>7 ,/7-3.0/,-0M 343,28T 3 .H0-

350M .F,2=0M 3,/F5,F/0M, 300,=2,3,=FLQ290 III 

=7/47-,F, E7=434803,4 .2/282Q2-4M H2=4,7N4-

0--TK E7E0/0= 482L, ,750M >2 K7/75,2/, 575 4 

+HG U54.7>7 II =7/47-,7 ,/7-3.0/,-0M 343,28T. 

:350/2-4G 5FE0=7 -2 ./2=TV7L, = =2/,457HO-
-08 -7./7=H2-44 = +47.7E0-2 350/03,2M 40 – 

100 8/3 E-7J2-4M 0,2 8/32, 7 = .0.2/2J-08 0,4 

8/32. 

J@83F@ A :>;4:>95A8@ F6=H7>EKAL A4-

4=>F3867AE. 67548 0R/7E08, +HG =32K /73380,-
/2--TK ,/7-3.0/,-TK 343,28 3 .H0350M .F,2-
=0M 3,/F5,F/0M 0R23.2J4=72,3G ./4 /7N40-7HO-
-TK E-7J2-4GK 03-0=-TK .7/782,/0= F3,0MJ4-

=02 H2=4,7N40--02 +=4>2-42 U54.7>2M = 
./G80H4-2M-TK 4 5/4=0H4-2M-TK FJ73,57K .F-

,2=0M 3,/F5,F/T.   +7HO-2MV28 N2H2300R/7E-0 

./0=2+2-42 =T-F>+2--TK 50H2R7-4M +HG U54-

.7>7 U,4K 343,28. 

Y)Y@)<W&!Z)B$'()* 'D)'<( 

1.  T3050350/03,-0M 879-4,-TM ,/7-3.0/, 3 UH2-
5,/0+4-784J23548 .0+=2308 [6253,] / .0+ /2+. 

 . !. "E2-E2/35090,  . ). <82HOG-2-50. – %7F5. 

+F857, 2001. – 480 3. 
2. "E2-E2/354M,  . !. "4-78457 ,/7-3.0/,7 -7 

3=2/K./0=0+GQ4K 879-4,7K [6253,] /  . !. "E2-
-E2/354M, %. !. &7+J2-50. – "., 2003. – 231 3. 

3. )33H2+0=7-42 50H2R7-4M, 3,7N40-7/-TK /2>4-

80= 4 F3,0MJ4=03,4 +=4>2-4G /7EH4J-TK ,4.0= 
UH25,/0+4-784J2354K ,/7-3.0/,-TK 343,28 

[6253,] /  . !. "E2-E2/354M 4 +/. // 62K-4J2357G 
82K7-457. – 2003. – [ 1. – '. 145-153. 

4. &7+J2-50, %. !. <N2-57 50H2R7-4M UH25,/0+4-

-784J235090 ,/7-3.0/,-090 3/2+3,=7 ./4 -2R0-

HOV4K 350/03,GK +=4>2-4G [6253,] / %. !. &7+-

J2-50, <.  . #=0-7/2=7,  .  . ?7HTM // 62K-4J2-
357G 82K7-457. – 2007. – [ 2. – '. 138-141. 

5. \H25,/0+4-784J2357G ,/7-3.0/,-7G 343,287 3 
.H0350M .F,2=0M 3,/F5,F/0M [6253,] / !. !. #2-
=4- 4 +/. // 62K-4J2357G 82K7-457. – 2004. –  

[ 2. – '. 120-122. 

6. "E2-E2/354M,  . !. <N2-57 H2=4,7N40--090 

+=4>2-4G UH25,/0+4-784J235090 ,/7-3.0/,-0-

90 3/2+3,=7 =+0HO .H0350M .F,2=0M 3,/F5,F/T 

[6253,] /  . !. "E2-E2/354M, %. !. &7+J2-50,  

%. ?. C7J7.F/4+E2 // $50H09IJ-I ./0RH284 B0/-

-090 80/G: <+237. – 2004. – '. 142-144. 

7. :3,0MJ4=03,O +=4>2-4G -7 V7334 4 ./4 H2=4,7-
N44 UH25,/0+4-784J235090 ,/7-3.0/,-090 

3/2+3,=7 [6253,] /  . !. "E2-E2/354M 4 +/. //  2-
3,-45 C2/30-35090 -7N. F--,7. – 2008. –  

[ 2 (31). – '. 144-148. 
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