


CyuwecTBoBaHNe HETPHUBIATBLHLIX TONOIOMIYECKMX KOHGUrypaui,
HeINHENHEIX Mofenell B (2+1)-MepHOM NpPOCTpPaHCTBE, IPNBIEKAET BHI-
MaHUe nccneno:sa’renen B CBAIBI C OO'BACHEHIIEM TAKUX DK30THIECKIX AB-
neHuil IIaHapHOM KBAHTOBOI (I)namm KaK Bmcoxo'remnepa'rypnaa cBEpX-
nposopuMocTs 1] 1 xBarTOBEI adPexT Xomna [2]. C gpyroit cTopoxk!,
OTKDBHITHE JIOK&IIBOBAHHEIX CONITOHOB B (2+41)-Mepru [3] 1 uccrnego-
BaHEe nx GoraToll guHamunku B pamxax monem [esn-CrioapTcona [4]
[TOKaoKIBAET, UTO OHNI MOI'YT MORENIIPOBATDH HEYIPYIHMe IPOLECCH pac-
CesTHUsI KBaHTOBBLIX YacTHIl, Takie, Kak POXAEeHIle ¥ aHHUT TSNS, ClIH-
AHNIE U paclaf, a TakXe B3alMORENCTBIe ¢ BUPTyanbHOI JacTuueln [5).
B cBs131 ¢ 9THM, & TaKKe ¢ TOCTPOEHIIEM MHOTOMEPHOI TONIONOTITYeC KON
Mopieny MarreTuKa [6], fOMycKaouero GIIITHEAPIT3aIUIo, A3y IeHne Ru-
HaMmuku Buxpeii B (241)-Meprmn mpefcrasngeT HeCOMHEHHBIN UHTEpeEC.

B macrosuelt sameTke, NCNONL3YS KOMNbloTepHyIo rpadnky PAW ,
MpOaHaINSHPOBAHa JIHAMUKA TONONOIIIYEeCKN HeTPIUBHAIbHLIX, BUXpe-
BBIX pelUeHmI MHTerpupyeMoll Mogenn Marsernka Huwmmopn [7]. VYpa-
BHEHMS [BIKEHNA

.S-'; = § X (S:,; - ;y) + (I’yls_';- + (I);-:S-';, (1)
o + @,=25-(S x5) (2)

OMNCBLIBAIOT DBOMIOLMIO KITACCIMMECKOro CIIIHOBoro BexTopa S = S(z,y,t)
E€IMHUYIHON NIIMHEL

5% =1, - (3)

C 'paHNYIHBIMHI yCIOBIIAMII (I)eppomaanTHoro TIIIa

G rcannewinf HRCTRIYY
AWK HecaexoBausd
BUSIMOTEHRA



§ — (0,0, -1) mpu 2?4 y? — oo. (4)

Hcnonesysa rexunry Xupotsl, cincremy (1—2) pegyunpyior x G-
meitHOI cncTeMe M KoMmekcHbIx yskumt g(z,y,t), f(z,y,t), Takux,
4YTO

| 2fg 12 = lgl? |
S14+iS; = —rr . Ga=r T 5
R e P A R T R ®)

Hna anamTiecknx gynxm g(z,t), f(z,1) xoMmekcHoro nepemes-
HOT'O ’

Z = Z + 1y BOSHHUKAET CHCTeMa OFHOMEDHBIX HCCTAINOHAPHEIX ypaBHe-
uuit Ilpégnurepa :
19t + gz, =ift+fzz =0. - . (6)

Mroroeuxpessle pemenns ¢ rtononormiecknm sapagoM N nMeroT
Bug [7].

g=gn = ), 2 2™(2it)", an #£0, (7)
m n—J
=i = Jz‘;) m-g_r;—J m'n‘ (20 ®)

rae aj,b; —mpoisBoNbLHEE KOMICKCHEIC TOCTOsHEEE. CyMMIpOoBa-
HIE 3.4 9n—; IPOBORUTCS MO BCEM BO3MOMKHEIM KOMOGMHAIMAM HEOTDII-
LATEeNbHBIX UeNbIX uncen (m,n), yioBIeTBOPIIOUINX YCIOBIMo m+42n =
3- '

IlepBrre weTHIpE pemenns IMCIOT Bl

g = a1z + Qo, fl = 'bOa (g)
B | )
g2 = 02(522-1-,2275)-1-91, fo=bz+ fi, ‘ (10)
1 . 1 ‘
g3 = a3(-z3 +2zt) 4 g2, fs= 1;2(522 + 2it) + fa, (11)

1 1
ds = ay éz'* + 2%t~ 2t*) + g3, fi= b3(—623 + 2izt) + f3. (12)

Onpepeni NeHTP j-TO BUXDS 2j K&K TOUKY € MAKCHMATbHEIM oHa-
enmeM npoexmm S3 = +1, S = (0,0, 1).
Kaxk cnegyer us yp.(5),

o P s
%=1 s o (13)

OH ABNsAETCH HYNEM QYyHKUMI gpn,

H( _ (14)
J"l
11 YOIOBNETBOPAET yDaBHEHIIIO OABIIJKCHIIA

=1 3 (-2 (15)

k(#3)

IIna N > 2 sro ypasnenne obnagact (2N —~ 1)-KoHCTaHTOIl gBHKe-
Hns, o6ecnevnBaomell IHTErplpyeMocTh cucTeMs! Buxpelt. Tua N =4
KOHCTaHTE! ABIKEHN €CTh

4

L + iL=3z, (16)

=
4
I = Y (2+72), (17)
j=1
I, + ;= Zz + Z 3z;2k21, (18)
i<kl
Is + zI7—Zz — Z?zf-z,f+821222324. (19)
<K

Baxnas oco6ennocts mMogemnt Hmnmopnt (1,2) saxmovaercs B Ha-
nu4nn BelecTseHHoro mons $(z,y,t), He 1cYesaOEro Al TONOIOTH-
YeCKM HeTPHBHANBHBIX KOHQIIrypalili CIIIHOBOrO nonst S &

@ = 2n(lf +gl%). (20)
Ecnn sBecTir nmone cxopocreil mo dopmynam [6]

vy =0, ®, vy, =-0;9, (21)
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OHO yIIOBIIeTBOpHeT YCIOBIIIO HECKIIMAEMOCTII
0: v: +0, v, =0. (22)

B sToMm cnyuae pymkuus @ nnTepnpeTupyeTcs Kak Pynxyug moxa
[8]. Hanpasnenne rxacarensroil x muuun P=const, xoTopoe onpegens-
eTCH U3 PABEHCTBA

dd = —v.de + vedy = 0, (23)

COBNaflaeT C HANpaBIeHHEM BEKTOpa ckopocTi. JluHun ypopus ¢ =
const ABNAIOTCA BEKTOPHBIMII IIHIIMII [Tonsa ckopoctelt (21).

B 06mem cnyvae nonHas HaMAarHIIeHHOCTE BAOIL TpeThelt ocn (.S3)
HE COXPAHfETCS BO BPEMEHII, C €M CBA3aHAa 0COOGEHHOCTH TIHAMIIKII
HaMarHITYeHHOCTI BIXpEIl.

Hinxe npusogaTca TpéxyepHAT i KOHTYPHAA NP OCKLIII TPEThElT KOM-
HOHEHTH BeKTopa cnuHa S3, dynkmm Toka P 11 ckopoctn V = (vg,vy)
kKak GyHKOUN <,y NI PASIIYHBIX MOMCHTOB BPeMeHH . '

Ha puc. 1-8 mpepcraBiaeHsl pesyIbTaThl 1 OFIIHOYHOrO CTALUIO-
napuoro puxpsa (N=1) ‘

g =2z, fl =1, (24) |

4y —4z
= =— 25
v 1+a2ty? 14+ a2+ y? (25)

¢ neHTpouM B Havale xoopgusHat (0,0).
Ha puc. 9-38 nokasano ssanmogeticrnue gByx snxpeil (N=2)
1, .
g2 = 27(332 + 2”) -1, fg = 1, (26)
r? 3 xt 4yt - 4yt
v,:SIy"H/ +y+4l’ uy=—81 +zy 952+ y (27)
1+ gf? 1+|g]

IIpu sToM monoxenne HEHTPOB BHXPCI ONIICHIBACTCS YPaBHEHIIEM
lgl* = (2% + y*)* = 2(2® — yH) + 162yt + 162+ 1 =0, - (28)

TUIII

(22 —y® — 12 + 4(2t + xy)? = 0. (29)
Orciopa mony4aeMm, 4To HEHTPBI BIXPEH ABIKYTCI 110 rimep6omam
.’L'2 - y2 = 13 . (30)
4

TaK ITO )
2t + zy = 0. (31)

MuHnManbEOe cOmKeHne BIXpell Ha PacCTOSHIIE 2 COOBETCTBYET Hy-
neBoMy MOMeHTY BpemeHn t=0.

AHanornusoe MoBeNeHIIe NMECT MCCTO B CIydae ABYX BHXpeIt ¢ uHOI
napamerpusanueit (puc. 39-48)

L1 . .
g2 = 22(522 +2it) -1, fa=2z. (32)
ERNMHCTBeHHOE OTANYHE DaKIOUaeTCs B yUIIPEHH GOpMEl BUXDEH.

Ecnu B mpeqpIfymux CyJasX BIXpl 6pumr abCoMmoTHO CIMMETPHHEL,
To npH BHOOpe napaMeTpoB

] : oy
g2 =21(-522+22t)+3z-z, fa =2, (33)
MBI IIMeeM feno ¢ BuXpaMu pasHolt dopmur (pmnc. 49-58). Ipu srom

MeHee MaCCUBHEIT BIXPb PACCENBAeTCs Ha 6onee MacCIBHOM.
B cnyuae Tpex uxpeit (N=3)(puc. 59-68)

1 . )
g3 = 6(623 +2i2t), fz=1, (34)
HONO/KEHNEe UX IEHTPOB ONpeReiIsteTcs HyaaMi GyHKIun
lgal? = (22 + v?)[(a® + y?)* + 48zyt + 1447, (35)
unu :
(z® + y® + 12t)2 — 24t(z — y)* = 0. (36)
Orcioga mpu t <0 .
4+ y?+12t = 0, (37
T =Y, (38)

TMofyYaeM YTO HEHTPH BHUXPell ABIAKYTCH 110 MPAMEIM
z =y = +,/6}t], (39)
IIPOXORAIUINM Yepes LEHTP KOOPAIHAT.

5



Puc.3

-8 1 1 1 [] 1
~6 -4 -2 o 2 4 [




) “ﬁmm‘)\t‘l:mq«

L sy
e
i “‘.ﬂh‘w

pgr) iy

i

il

Puc.7
L]
i i
L
|
2
i or
| .
-2
b
R v S -'o ~2 oz : ‘s
vy
Puc.6



L
2

-4 -4

3 Puc.9

g=((1 /2);"+2it)-i, fy=1, tme2

-}

2

1 . e I
— -2 0 2

@={(1/2)7'+2it)=i, f=1, 12=2

Puc.10

1

~4 ) @ 2

@=2i((1/2)2*+2it)—i, =1, t=—1

Puc.12

= Puc.13

0u=2i{{1 /2)2"+2i)=1, f,=1,1=0

-2 b

1 L L

i
~4 -2 o 2

9r=2i((1/2)2+ 2)—i, t,=1, t=0

10

Puc.14

-4
-8

4
Qu=2i((1/2)2" +21) =i, f,=1, t=1

-4 -2 o 2
9e=2i((1/2)2"+2it) i, fy=1, t=1

Puc.15

Puc.16

-

Y
,=2((1 /DA, fym, =2

1

—4 -‘: [ 2
Ge=2i{(1/2)2"+2t)=i, fy=1, t=2

4

Puc.17

Puc.18




Puc.26

25

Pnc

28"

Puc

27

Puc

o, t=—1

—» Puc.19

t

6, t=—1 Puc.21

o Puc.23

P, t:

12

13



Puc.30 L .‘,v 1i1 + 4
Puc.35 Pwuc.36

Puc.37 Puc.38

- Puc.34)

15
14



-4

n

il

i

! L
- -2 o 2

L]
a=2(/23+ 201 e t=-2 . Puc.40

<

-2

)

-

I e a—— R
a=2{(1 /20 4 2t ez t==1 . PHC.42

L]

4

x " 1

-
Y- PO od . (X K]

-4 -2 o . ;
@=2i{{(1 /2)2"+ 2t}~i, fym2, t=0

16

i’uc.44

|
b1
ok
b
b
}

‘. 1 L

n
— ~2 o 2

Qa=2i((1 /2)2"+ 2it)—i, fy=z, =

ot

P o .
gy=2i{(1 /2)2+ 20—, fymr, t=1

‘Puc.45

Puc.46

1 1 2

q,=2i((1/2)2"+21t) =i, fy=z, t=2

-2 o 2
gy=2i({1/2)2"+2it) =i, fy=z. t=2

Puc.d7

17

4Puc.,48




-4 T -

v e
o=2(1 /2P 4204301, tmz tm~2_ P HIC. 4D

L L 1 1

I
-4 = ° 2 4 .

=21 /é)z'+zix)+sz-|. tezt=—2 Puc.50

— 1 ] L L 1
2

-4 -2 )

4
1=2i((1 /2)2 4 2it) 4 32, =2, t=—1 PHC.52

-

A
GmZ((1 /D 2+ 3e-i =z 10 P HC.D3

18

-2

) i 1 z 1

—~ - - ) 2 0

9,=2i((1/2)7*+2it)+ 32—, ty=2, t=0 P HC. 54

1
92=2i((1/2)2"4 21t} + 32, {,=2, t=1

"Puc.55

L 4 n s P

- -2 o 2 4

91=2i((1/2)2"+2t)+ 32, fymz, t=1

Puc.56

L 1 " 1 1

-8
-5
9= 2((1/2)2*+2it) 432 i, f,m3, t=2

Puc.57

19

- -2 [ 2 4

9:=2i((1/2)2" 421t} 432, fymz, t=2

Puc.58



2
9=6((1 /c)}"um), ty=1, t=0

.
4
®
2
: ®
-2
®
~
) - = 5 0 F 0
3
Gim6((1/6)22+2izt), f,=1, t=—2 Puc.5 9 qu=8((1/8)2+2i20), =1, t=—2 P W C. G0
L]
4
®
H 2
i
o .
-2
L]
-
-t -2 L L ' L "
.t i — =] ° 2 0
-8
gy=8((1/8)+2128), =1, t=—t Puc.61 g=6((1/6)P+2izt), ty=1,ta—1 PHC.62
.
4
2
L]
-2
~
-+ -+ - e L -‘: :7 ; - :

4
amB((1/8)+ i), t=1.t=0 Puc.64

20

X ®
°
-2
@
"
- L i 1 1 L
_‘n B g -4 -2 ] 2 [y
9,=6((1/86)2°+2izt), f,=1, t=1 9,=6((1/6)2°+2izt), f,=1, t=1
Puc.65 Puc.66
L]
oL
®
2k
Lt
@
L
- 5 % = o 2 3

qs=8((1/E)2+2i2t), fy=1, t=2

. - .
,9:‘5((1/.5)1%21:!), =1, t=2

Puc.67

Puc.68




2in{igf +1f7), t=—1

-8 -4 -2 [) 2

2In(igi'+HT"), t=—1

Pnc.69

Puc.70

=t

i
o-zln(u;r'wr), t=1

©=2In{igl+17), t=1

Puc.73

gl

)

4=2in(lgF +f"), t=0

o=2In(igf +1T), 1=0

Puc.71

Puc.72

22

g,=‘5‘(("/6)z'+’2i(1). fy=z =1
Puc.75

23

Puc.74

®

‘_‘ L 1 1 I i
-e — -2 C) 2 4 [}

9;,=6((1/8)2"+2itz), fy=1, t=1

Puc.76




-3
gum6((1/ )74 2120+ 2((1 /) + 20 =1, =1, t==0.5

-1

-2}

N )
0 ' 2

1 1 1
-3 -2 -1

9s=6((1/6)2*+2izt) + 2i((1 /21" +2it) =i, =1, t=—0.5

-3

— —Punec.77 1‘

Puc.78

3
g,-s((f/e)zuzm):‘»z:'((«/?)z'«-zﬂ)-i- fomt, t=—0.1

I I s i i
-3 -2 =] [ 1 2

Pnc.80

o

- 1 1 : L L
-3 =] =1 [) 1 2

9u=8((1/6)7*+2iz0)+ 2i((1 /2024201, 1,21, 12=0.25 |

Puc.81

Gy=8((1/6) "+ 2izt)+2i((1 /2) P+ 2it)~i, =1, t==0.1

24

Puc.82

=3
-3
9r=8((1/8)2*+2ixt)+2i{{1 /2)2*+ 2it)~i, f,;=1, t=—0.05

-1

-3

1

-3

9s=6((1/6)2*+ Zizt}+ 2i{(1 / 2} + Zit} —i, fy=1, t=-0.0%

2 3

Pnc.83

95=6((1/8)2*+2izt)+ 2i((1 /22*+2it)—, f,=1, t=0

Puc.84

e

2+

L-t,

1

Puc.85

9:=8((1 /8)F+ 2iz)+ 20((1 /22*4.21t) i, fy=1, t=0

Puc.86

Py

-1

1

-3

-3 B
-3
95 8((1/6)2*+ 2izt)+ 2i((1 /22" +2it) =i, t,=1. t=0.05

Puc.87

25

9:=8((1/6)7*+2izt)+ 2((1 /224 2it) =i, fy= 1, t=0.05

Puc.88



, N
----- 4
2} 'r
L o 't
s b
of :
o b
af
> “F
a2 f N
s -2 -3 = = 0 { 3
95=6((1/8)2'+2izt)+ 2i((1 /2)z*+21)—1, f,=1, 1=0.1 9y=6((1/6)2"+2izt) + 2i((1 /2)2*+ 2it)—i, fy=1, t=0.1 e o | ; o
P"c.sg p"c.go =8((1/6)r’+2i2t}4 2i((1 /2) 2"+ 2it)—i, fy=z+1, tmm1 93=6((1/6)2"+ 2i2t)+ 2i((1 /2) 2"+ 2}, 1= 241, tee1] ]
’ Puc.95 Puc.96
. .
2L
vk
of
2
-y ;
5
9s=6((1/6)2+2120) + 2((1 /24 2t)—, fy=1, 1=0.25 9:=8((1/8)2+212t) + 2((1/2)2*+2t)= =1, 1=0.25 o ; ; ; ,
P"c. o1+ P“c 92 P 9:=8((1/6)2*+ 212t} 4 2i((1/2)2" +2it) =i, f,<2+41, t=—0.5
‘ nc.97 Puc.98
sk
N 2
|
ok
E o
-1
-2 K B
-3k -
T . adivy _'; _‘1 -l| (‘: v ; ;_A
Q= B((1 /6 DAY BI(() /2024 2) i fem1, 0.5 9:=6((1/8)2"+2i20)+ 2((1 /2)2"+ 21}, fy=1, 8=0.5 et )
9:=6((1/6)2>+2izt)+ 2i((1 /2)7"+ 2it)—i, f,=z+1, 1=0 5 340 y
L 95=6{(1/6)2°+2i21) + 2i((1 /2)2* + 20 =1, fy-z+1, 10

.93
Puc.9 Puc.94 Puc.99 Puc.100

26
27




-3
L g=6{(1 [Qz’+zi:|)+zi(glz)x'+zn)—i, =241, 1=0.5

Py N

-3 i 1 1
-3 3 =1 o ™ 2

G=6((1/8)2+2izt}+2i((1/2) 2+ 2t} =}, fymz+1, t=0.5

Puc.101

i)

3 ..

Puc.102

(3S
- F
-2 b
-3k
L L " A L 3 s
—‘-Q -3 -2 ~1 ° 1 2 3 4

gy=6((1/8)2*+2izt)+ 2i((1/2)2"+21) i, fy=z 41, t=1

gy=6{(1/8)2*+ i)+ 2i{(1/2)2" +21) =i, fyrez+1, t=1

Puc.103 7

-3 10 =3
-4
Q=24{(1/24)2°+2"t=21"), f,m1, t=]

Piuc.104

-

L It L a2 L L
- -3 =2 ) o 1 2 3

Ge=24((1/24)2°+2%-2¢"), f,=1, t=1

hHih l““‘(u‘hl
! e

s ‘ll\hw
i
,!‘,n“‘v“‘d‘l“!

o7

-3
-3
g =24({1/24)z'+ 2t~ 2t%), f,=1, t=0.25

e

N

-3

Puc.109

Puc.105
28

Puc.106

<3
¥
9=24((1 /24)2*+2"t-2t"), f=1, t=-0.1

Puc.111

-3 -2 -1 o 1 2
9=24{{1/24)2'+ 1t -2t t,=1, t=0.1 P ne.10 8
k]
2[
s
o
ok
2}
23 —Il —I\ «’: : Iz
9=24((1/24)2*+2%t—20), f,=1, t=0.25
Puc.110
3
g
s
o F
ok
2}
-3 n - ' :
-3 -2 -t ] + 2

9e=24((1/24)2°+ 2"t —2¢"), f(=1, t=~0.1

29

Pnc.112



-

-2}

1 1 1 i L

-3

- -3 -2 -1 [ ) 2
9em24(( /248" +H=28), fm, b0 g 24((1/24)2%427=20), £,m1, \a®
Puc.113 Puc.114
4
*
s B
.k
N @
ok
-1 ©
SE
- E
*
o B R
=24 ({1 /28) +2=28), £,=1, tm—1 g 24{(1 /24)2* 4254 =2¢), =1, t==1
Puc.115 Puc.116

-2

) -‘2 % 0 : z
0=24((1 /'Zi)z‘ 4 25421, 1,21, t=—0.25 G=24((1/24)2'+2%-26), t,=1, t=~0.25
Puc.117 Puc.118

30

3aMeHa t — —{ DKBUBANEHTHA DaMeHe T — —T M y — —y.
CropocTs garKymnxcs suxpeit

. 3,1
= \/;(t) ? . (40)

He QIKCIIpOBaHa It yObIBA€T O BPEMEHEM, B OTIIIYHE OT OGBIYHBIX CO-
THTOHOB, i€ OHa ONPEACIETCS CHEKTPATLHLIM IAPAMETPOM It cTporo
¢uxcuposana. o rpagueckoro amanmsa BugHo Takxe , 4TO BHXpI,
He MEHsT aMIUIIITYRY, IIBMCHIOT ¢Boio opMy B mpouecce ycKOpeHns.
Kaxymeecs nmoMeneHne ammanTynst Ha prc. 59-68 cBasano ¢ maMene-
HiteM 11X GOopMEl i TOuHOCTH Bhmcacnnii. Henonsoys Gonee Tomxyo
CETKY B OBMACTAX JOKAMIDAININ BIXpeil, Mbl YOCRINIICL B COXpaHEHNH
nx ammnrypsl. Ha prie. 69-74 mokasanst gyuximm toka &.
Berpoxpenneii ciyvail 3x-Buxpesoit Kouduryparm
. 1, .
g3 = 6(‘63 +2itz), fz=z, (41)
OIICHIBACT JABA JIOKAIIBOBAHHBIX BUXPA (pr1c.75-76)
Ha puc. 77-94 noxasana guramika 3x-suxpest npn
3 = 6(—(1;23

. 1 . .
+2izt) +21(522 4+ 2it) — i fa=1. (42)

Ha prc. 95-104 nopn
1, . 0 . .
= 6(-6:: +202t) + 2(52 + 2t)~i fa=z+1 (43)
Haxonen, npir N=4 MmbI mveeM creTeny 1o YeTHIPEX BIIXpell
1 . N
g4 = 251(&1:4 + 2%t —28%) fa=1, (44)

TIpefcTaBlIeHHyo Ha puc. 105-118.

3AKJIIIOYEHUE

Anamo AITHAMIIKII anpeﬁ Monen I’II.UIIMODII IIoKalsiBaeT, 4TO B OTIII-
4YIte 0T OGBIYHBIX CONMITOHOB:
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1. XoTs aMmiInTyasl BIXpeil B mpomecce B3alMOJEIICTBIL He MeHd-
1oTcg, mx gopMa npeTepleBaeT II3MEHEHI, CBI3AHHBIE C HeCo-
XpaHeHneM HaMarHITYeHHOCTH CIICTEMBI,

2. CropocTh BHXpell MEHAETCA CO BPCMECHEM.

TIpu sToM accomunpoBarHoe ¢ QyHkiell Toxa mnoine cxopocTell Ho-
CIT TUMMYHBIA XapakTep THEPORIHAMIIMECKIIX BIXpell, COPOBOXAAI0-
X MaTrHUTHBIE BUXPIHL.
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