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BseJleHHe 

B nocnellHHe I'Oilbl HHTeHCHBHO BeJlyTCH HCCneJlOB8HHH B03MO~HOCTeft 

TpBHCITOpTHpOBKH H HaKonneHHH MeaneHHhiX H ynbTpaxonOJlHhlX HeftTpOHOB 

B ITpOCTpaHCTBeHHO HeOJlHOpOJlHOM MarHHTHOM none. 0JlHHM'H3 cyweCTBeH-

HhlX BOITpOCOB 9TOI'O Kpyra HBnHeTCH TeopeTHqecKoe paCCMOTpeHHe B03-

MO~HhiX ITOTepb HeftTpOHOB BCneJlCTBHe nepeBOpOTa HX CITHHOB, nepBOHa-

qanbHO napannenbHhiX nonHoMy BeKTopy H HarrpH~eHHOCTH M8I'HHTHOI'O 

nonH, B 8HTHrrapannenbHOe COCTOHHHe. 

HH*e uaeTcH peweHHe aToA aaaaqH. 

§ 1. TeopHH 

YpaBHeHHe ITOBeJleHHH CITHHOBOft BOnHOBOA ~YHKUHH IP = ( 1/1+ ) 
1/1_ 

BO BpawaJOIIleftCH C yrnoBOft CKOpOCTbiO W CHCTeMe KOOpllHHaT 6binO 

Ill 
HanHcaHo Pa6H, PaMaaeM H lliBHHrepoM ewe B 1954 r. 0Ho HMeeT 

BHil 

IL 

• - w 
i -fliP = - ( p. ( H + - )) IP 

y 

- onepaTop M8I'HHTHOI'O MOMeHTa). 

3 
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A~eKBaTHOM ~nH HameA 3a~aqH CHCTeMOM KOOp~HHaT HBnHeTCH TaKaH, 

B KOTopoA och o z II H , a BeKTop w - ecTb yrnoBaH cKopoCTb 

BpameHHH BeKTOpa H • 3Ty rro~BH~Hy~ cHcTeMy Koop~HHaT ~anee 6y~eM 
Ha3biBaTb rr.c., a na6opaTopHy~ cHcTeMy - n.c., rrpuqeM B rrocne~HeA Bee 

BenHqHHbi 6y~yT IliTpHXOBaHHbiMH, a B rr.c. - HeT. 

B rr.c. 6y~eT rjJ - KOMITOHeHTa IJI no HarrpasneHH~ rronHoro BeK-
+ 

Topa H , a rjJ_ - eMy aHTHrrapannenbHaSI. 

IL = IL 1(01)i + (0-i(j + (10)kl; 
1 0 i -0 0-1 

( 2) 

H = Hz(r, t)k = H·k. 
(3) 

QqeBH~HO, 

(4) H -'8'2 -, H'2 -, H'2 -, =v (r,t)+ (r,t)+ (r,t). 
,. y z 

c."; U H 1 H B03MO~eH cnyqaft w ~ const 
~, 

B n.c. cooTBeTCTBy~muA w onpe~enHeTCH H3BeCTHOft ~OpMynoA 

~ 

dH~ _, 

dt 
[c.";'x H'] + w H, 

1 
( w 

1 
- CKansq> ) . 

yMHo~eHHe KOTopoA cnesa sexTopHo Ha H ' , ~aeT 

;; , H 2 
- i, (;, . ·i ') = [H' X dH, ] . 

dt 

nycTb B n.c. 38~8HO MBrHHTHOe none 

ii' = ii'r;:', tJ, 

a rrepeMemeHHe qaCTHUbl DpOHCXOllHT DO KpHBOI 

r, = r' (t) . 
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,, 

( 5) 

( 6) 

(7) 
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Tor~a no ( 7) H ( 8) ~nH sa~aHHoA qacTHUhi 

ii , = ii, (t)' 

OTKy.na C nOMOllib~ ( 6) (;; ' nerKo onpe~ensteTc~ 

npe~CTaBnSI~lliHX rrpaKTHqeCKHA HHTepec. 

Dnst o6nerqeHHSI pacqeToB nyqllle ocb Ox 

nono~HTb B nnocKoCTH, onpe~ensteMoA BeKTopaM 

B pesynbTaTe H3 (1) nonyqaeM: 

w -0 w 

r./J+= i-i-r./J+ + i-fr./J-,! 

·'· . w,. ·'· . 0 -wz ·'· '1-' =,_.,_. +, ___ .,_. 
2 + 2 

(: 
no~qepKHeM, qTO KSK TOnbKO nonyqeHO pel 

HOCTb~ pemeHa, TBK KBK npH HaqanbHOM ycnOBH 

2 r./J ( 0) = 0 I rjJ I eCTh HCKOMaSI eepoHTHOCTI , -
Y~e us BH~a ( 10) cne.nyeT, qTo npH w,..' 

H9B03MO~Hbl 1 T.K. 8BTOM8TiiqeCKH OK83b!BaeTCH 

2 I rjJ _ I = const • OTKy~a, yqHTbiBaH, qTo w 

ManhHaSI K BeKTOpy H COCTaBnSI~lliaH BeKTOpl 

cnaraeMoe w
1 

H' B rrpasoA qacTH (5) HHKO 

pOTOB CDHHa. 

ToqHbiM pellleHHeM ( 10), y.nosneTBopH~mu: 

r./J+ (0) = 1 I rjJ_(O) = 0 1 B cnyqae aaBH• 

w I w SIBnSieTCSI 
z z 

I i. 

rjJ = ( 1 - ll) e 
Tfrw.,-0Jdl 

+ 
0 

I 
i 
-frO-w J"' 2 . z 

rjJ = ..:.. e o 
2 

I 

i Jrw 
0 

([(1-tl)w e . ,. 
0 

5 



Harne~ aaaaqH CHCTeMO~ KOOpaHHaT RBnReTCR TaKaR, 

H , a seKTop W - eCTb yrnoBBR CKOpOCTb 

• 3Ty nO.IlBH*HYID CHCTeMy KOOp.llHHBT aanee 5yaeM 

opaTopHyiD CHCTeMy - n.c., npHqeM s nocneaHelt see 

XOBBHHbiMH, a B n.c. - HeT. 

+ 
- KOMnoHeHTB lf1 no HanpasneHMID nonHoro sex-

- eMy aHTHnapannenbHaR. 

+(0-i/J+ (10)kl; ( 2) 
i-0 0-1 

-
~ H • k. 

(3) 

H
,2-, 

8
,2 -, 

+ (r,t)+ (r,t). 
y % (4) 

cny'Ia~ w ,f, const 

BYIDIIIHlt W, OnpeaenReTCR H3BeCTHOlt ~OpMynolt 

_, 
+ w H' 

1 ( w 
1 

- cxangp ) . 

esa sexTopHo Ha H' , .naeT 

- - Jii' 
H ') = [H' x -1 . 

dt 

aHo MarHHTHoe none 

bl rrpOHCXO.IlHT no ltpHBOit 
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_, 

( 5) 

( 6) 
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Tor.na no ( 7) H ( 8) anR aa.naHHolt qacTHUhi 

il, = ii, reJ. ( 9) 

oTKy.na c noMOIIIbiD ( 6) ;;; ' nerKo onpeaemreTcR amr niD5biX cny'Iaes, 

npe.QCTSBnRIDIIIHX npaKTH'IeCKHlt HHTepec. 

nm1 o5nerlfeHHR paCqeTOB nyqme OCb 0 X ( HnH 0 y } B n.c. paC-

nonO*HTb s nnocKoCTH, onpe.nenReMolt seKTopaMH H H w 

B peaynbTaTe H3 (1) nonyqaeM: 

w -0 w 

"'+ - ' + "+ + ' T "- . I 
1/1 • w"l/1 . 0-w"'l/1 c~~H·J ( 10) 

= ,_ +, __ 
2 + 2 -

noaqepKHeM, 'ITO K8K TOllbKO nony'IeHO pemeHHe (10), 38.1l8'I8 non-

HOCTbiD pemeHa, T8K K8K npH H8'I8llbHOM yCliOBHH 1/J (0) = 1 
2 + 

1/1 _ (0) = 0, I.P_I ecTb HcKoMaH sepoRTHOCTb nepesopoTa cnMHa. 

Y*e H3 BH.Il8 ( 10) cne.nyeT, 'ITO npH W". = 0 nepeBOpOTbl cnMHa 
. 2. 

HeB03MO*Hhl1 T.K. aBTOMaTH'IeCKH OK83biBaeTCR a.necb 11/1 I = const. 
+ 

2 
I 1/1_ I = const • OTKy.na, ylfHTbiBaR 1 'ITO w,. no CMbicny ecTb Hop-

-
M8nhH8R K BeKTOpy fl COCT8BliRIDIII8R BeKTOpa w 1 BH.IlHM, 'ITO 

cnaraeMoe w
1 

H' B npaeolt lfaCTH ( 5) HMKor.na He Bhi3biBaeT nepeeo-

pOTOB CnHHa. 

TolfHbiM pemeHHeM ( 10), yaosneTBopRIDIIIHM Halfa~bHbiM aaHHbiM 

1/1+ (0) = 1 I 1/F_(O) = 0 

w 
" 

w 
% 

1 B Cllylfae 38BHCRIIIHX OT BpeMeHH 0 

1/1+ 

RBliReTCR 

i I 

(1-A) "f"J(w-0Jdt 
u e o z 

t 
i t - r (o-w ) d, 
2' % 

1/1 = ..:.. e o 
2 

i.((w -0)dt 
% 

1 d t ' 
0 

([(1-l!.)w 
. " e 

0 

5 

I 
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rae ellHHCTBeHH8H HeH3BeCTH8H <J>yHKUHH i"J. ( t) , onpeaenHeTCH HHTerpo

llH<jJ<jlepeHUH81JhHbiM ypaBHeHHeM 

e 

I 

i((w,.-!l)dl 

0 
w 

i"J. 
4 

I ; r (w,.- n) d 1 

"([(1-l'l)w" .e 
0 1 d t ( 12) 

0 

npH H8"181JhHOM ycnOBHH f'l(O) = 0 • 

PerneuHe ( 11) nocTpoeuo TaKHM o6paaoM, 'IT06bi B npeacTaBnHIOillHX 

M8KCHM81lhHblfi HHTepec B Clly'IBHX1 KOrlla I I'll<< 1 1 oueHKH I 1/J 12 
MO>KHO 6biiiO Bb!ITOIJHHTh 6e3 OTbiCKBHHH perneHHH ( 12) • 

B cnyqae nOCTOHHHbiX {} w (aaaaqa Pa6H) perneuHe w 
X z 

( 11) npHo6peTaeT H3BeCTHhifi BHil 

w - n + n 
z 

n 
i-1 

2 n- w + n -i: ~ ( 13) 
1/J 

+ 

1/J 

2n 

. wx . n 
£- sm- t. 

n 2 

e 
e ( 

z 
+ 

2n 

f 
2 2 

n = y(O-w ) + w · 
Z X 

( 13) coBnaaaeT c nonyqeHHhiM 6onee cno>KHhiM nyTeM peaynhTaToM Pa6H 

121 I 11 . 
H lliBHHrepa , HO, K8K H LlOII>KHO 6b!Th, OTIIH'IaeTCH OT , TaK K8K 

121 
B 0Tb!CKHB81J8Ch BepOHTHOCTh nepeBOpOTOB CnHHa B npoeKUHH Ha H 

I 11 , 
a B - Ha HenOilBH>KHYIO OCh 0 Z n.c. 

0TMeTHM1 'ITO perne.HHe ( 1), B. nepBOfi BpaUiaiOUiefiCH CHCTeMe 1!0 op

/11 
II w ) npH nepeMeHHhiX Oz LlHH8T H (t) H w (t) T8K>Ke 

eCTh (11) H (12), 

aaMeHeHhi Ha wo 

B KOTOpbiX H8IW 
H 

--l.w 
H

0 
o 

n W , W COOTBeTCTBeHHO 
" z I 1 I 

(o6oaHa'tleHHH ). w 

6 

I 

I 

~ 
~~. . 

~ .. ~~ ~ ~ 

-~~; .·'I 

~I 
R 

1\J 
~1, 

I 
~ 

()\~ 
·~~ 

I 

~ 

' 'I • •. t',' 

~ 
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j 
~,. 
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) 
\ . 
.~.I 

f !j 
~~·· ' . I 

I 
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§2. OepeapppTb! cnHHa He3TpoHa, LlBHraKMQ 

B MarHHTHOM none IlleCTHnOaiOCHH 

KoMnoHeHTbl nOCTOHHHOro BO BpeMeHH noaH Ill 

131 
aanucaTh ( B a.c.) 

H' =-2Ay'z', ~ 

HY' =A(y' 2 -z'2). J 
z 

( A - napaMeTp 

Oonepe'IHbie KOIJe6aHHH He3TpOHa, <jloKyCHpyeMoro B 

H8KOnHTene Ha 6aae IlleCTHnOaiOCHHKa1 Bb!p8>K810TCH 

r r [ 1 + f3 cos K r t - eo Jl; ~ 0 y 

z [ 1 + a cos K ( t - t 0 
) 1 

0 z 

( K =y J. 
z m - Ml 

M bl MO>KeM OTBae'tlbCH OT nocTynaTeahHOro 8.:3 

He3TpOH81 npH'tleM CyUieCTBO 38Ll8"1H OT STOro HE 

Ill8H 06UIHOCTH1 Mbl MO>KeM T8K>Ke HeCKOahKO ynpoc~ 

>KHB B (15), HanpHMep, {3 = 0 H 

Jl810T 

H = 
2 

2 r 2 
A z [ -f- + (1 + a cos Kt} ] 

0 z 
0 

2yo sinK t 

t
0 

= 0 • Toraa 
z 

2 
_ Az [(t), 

0 

w =- -K a 
' w = 0' X zo f(t) z 

2 n =-yAz f(t). 
0 

Pa6o'tlyl0 o6nacTh noaH rnecTHnoaiOCHHKa Bceraa MO} 

"'T06bi BCIOJlY 6b11JO IO(t)l»lw (tJI 
X 

• B STOM c. 

1 I'll« n 1 no Kpaaaea Mepe, anH xoae"!HhiX 

aaHHhiX Ha"'anbHhiX aaHHhiX I I'll << 1 , 6aaroaapH 

7 



H8SI HeH3BeCTH8SI QJyHKUHSI ~ ( t) , OIIpeaenSieTCSI HHTerpo-

HbiM ypaBHeHHeM 

w 
~ = -/ ([ (1 - ~) w x .e 

0 

yCJlOBHH ~(0) = 0 , 

t 

i{((uz-fl)dt 
0 1 dt ( 12) 

( 11) IIOCTpOeHO T8KHM o6pa30M, 'IT06b! B IIp9llCT8BJISIJOIIIHX 

HHTepec B cny'laSix, Koraa I ~I« 1 t OU9HKH 11/1 12 

b!IIOJlHSITb 6e3 0Tb!CK8HHSI peweHHSI ( 12), 

IIOCTOSIHHbiX f! 

aeT H3B9CTHblll BHll 

- n + n 

2n 

X . n 
sm- t 

2 

e 

n 
i-t 

2 

+ 

w (aaaaqa Pa6H) peweaHe w 
X z 

-i: ~ 
e ( 

n- w + n 
z 

( 13) 

2n 

f 
2 2 n=y(fl-w) +w . 

z " 

c rronyqeHHhiM 6onee cno>KHbiM rryTeM peaynbTaToM Pa6H 

I I II . 
1 HO, K8K H llOJl>KHO 6b!Tb1 OTJlH'I89TCSI OT 

1 
T8K K8K 

Jl8Cb BepOSITHOCTb rrepeBOpOTOB CIIHHa B IIp09KUHH Ha H 

9IIOllBH>KHYJO OCb 0 Z , Jl,C, 

'ITO peweaHe ( 1), B rrepBoll BpamaromellcH cHcTeMe HI) op-

II w ) rrpH rrepeMeHHhiX H (t) -
H W (t) TaK>Ke 

2). 

0 

B KOTOpb!X HaWH 
H 

--lw 
H

0 
o 

-

n W 1 W COOTB9TCTBeHHO 
" z I II 

(o603H8'1eHHSI ), w 

6 

.\? 

~· 
~· 
(~~ ..i 

}'i'i' .,,, 
i~,l l 

II 

l'l' 

~'' I 
I; 

'· 

.'! 
I• 

': 

1 ·) ':,, 

i 

i 
~ 
I \ -

l t 
I 
\ 
... 

§2, OepeBpppTw CIIHH8 HeltTpOHa, llBHraromerOCSI 

5 MarHHTHOM IIOJle WeCTHIIOJliOCHHKa 

KOMIIOHeHTbl IIOCTOSIHHOrO BO BpeMeHH ITO/lSI WeCTHIIOJliOCHHKa MO>KHO 

131 
38IIHC8Tb ( B Jl,C,) 

H' =-2Ay'z', I 
HY' = A(y' 2 -z' 2). 

% 

( A - rrapaMeTp MarHHTa). ( 14) 

0orrepe'IHb!9 KOJle68HHSI HellTpOHa, QJOKyCHpyeMoro B MarHHTHOM KOJlbUeBOM 

141 H8KOIIHTene Ha 6aae WeCTHIIOJliOCHHKa, Bb!p8>K810TCSI ( B Jl,C,) 

r r [ 1 + f3 cos K ( t - to J1; t 0 y 

z [ 1 + a cos K ( t - t 0 
) 1 

0 z 

2Ail 
{ K =v -m- ( 15) 

( m - Macca aellTpona). 
z' 

M bi MO>KeM OTBJle'lbCSI OT IIOCTyiiaTeJlbHOro 83HMYT8JlbHOro llBH>KeHHSI 

nellTpona, rrpHqeM cymecTBo aaaaqH oT aToro ne H3MeHHTCH, He napy-

W8SI 061IIHOCTH1 Mbl MO>KeM T8K>Ke HeCKOJlbKO yrrpOCTHTb BblKJl8llKH
0 

IlOilO-

>KHB B (15), HaiipHMep, f3 = 0 H 

aaJOT 

H = 
2 r 

2 
2 

A z [ -T + ( 1 + a cos K t) ] 
0 z 

0 

w 
2y0 sinKt 

--Ka-

" zo [(t) 

2 n =-yAz [(t). 
0 

w 
z 

t
0 

= 0 , Toraa (4), (6·), ( 14) H ( 15) z 

2 
_ Az [(t}, 

0 

0 ' 
( 16) 

141 Pafioqyro 06JlaCTb IlOJlSI WeCTHIIOJliOCHHKa Bceraa MO>KHO Bbi6paTb TaK , 

'IT06b! BCIOllY 6b!Jl0 lfl(t)l»lw (tJI 
X , B aToM cnyqae a ( 12) 6yaeT . 

1~1 « n 1 ITO KpallHell: Mepe, llllSI KOHe'IHb!X , 0Tcroaa, rrpH yKa-

aaHHbiX Ha'lallbHbiX aaHHbiX I~ I << 1 , 6naroaapSI aeAcTBHIO 6biCTpo 

7 
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ocuHnnHpyJOmero MHO)KHTenH B IIO.llHHTerpanbHOM Bbipa)KeHHH ( 12). BcneacT-

BHe sToro rrpH oueaxe ~~-I H3 ( 11) MO)KHO HrHOpHpOB8Tb ~ IlO.ll 

HHTerpanoM. TexHHKa oueHKH sepoHTHOCTH w rrepesopoTa crrHaa rpo-

M03.llK8 0 HO sneMeHT8pHa. nocne rrpeae6pe)KeHHH ~ IIO.ll HHTerpanOM B 

( 11) Bb!p8)KeHHe .llnH OUeHKH w 6yaeT 

d 2 w (t) t 
-dti.P+I "'~ {lw(r)• cos[(O(t')dt') I dr. 

0 T 

( 17) w= 

nonb3ySICb ( 17) 0 MO)KHO I10K838Tb0 'ITO .ll8)Ke BeCbM8 38Bb!WeHH8SI OUeHK8 

.llnSI KOnbuesoro M~rHHTHOro H8KOI1HTenSI C MarHHTOM H3 )Keneaa IlpHBO.llHT 

K 3Ha'leHHJO BepOSITHOCTH W rrepeBOpOT8 CI1HH8 B 1 C8K Jl8)Ke B M8KCH-

-4 
MyMe, ae rrpesocxo.llSII.IleMy 10 • BnHSIHHe rrocTyrraTenbaoro aaHMyTanbaoro 

.llBH)K8HHSI COCTOHT nHWb B .ll06aBn8HHH Me.lln8HHOrO BpaiUeHHSI BeKTOpa H 1 

KOTOpOe He Bbl3b!B8eT 38M8THblX Sil>«fleKTOB. 

PacCMOTpHM Terrepb BOilpOC 0 TOM 1 K8K B8.ll8T ce6SI CIIHH rrpH npo-

XO)K.lleHHH '18CTHUbl qepea OCb W8THIIOnJOCHHK8. lleno B TOM, 'ITO W8CTHI10-

/3/ 
nJOCHHKH 0 K8K H388CTHO o o6na.ll8JOT 38M8'18TenbHbiM CBOitCTBOM 0COCTOSI-

IUHM B TOM 1 'ITO IlpS1Mbl8 1 IlpOXO.llSIIUHe qepe3 U8HTp CHMMeTpHH C8'18HHSI 0 

eCTb reoMeTpH'IeCKHe MecTa paBHbiX HaKnOHOB BeKTopa H ' K n106owy 

$HKCHpoBaHHOMY aarrpaeneHHJO. Toraa, B cooTBeTcTBHH c aaMe'ISHHeM 

K ( JO) B § J, MO)KHO 0)K~)l8Tb 1 'ITO nepeceqeaHe OCH W8CTHI10nJOCHHK8 

rrpSIMOnHHeftHOA TpaeKTOpHeA '18CTHUbl nepeBOpOTOM CI1HH8 COI1pOBO)I(Jl8TbCSI 

ae 6yaeT. 

nycTb1 H8IlpHMep, HeATpOH Kone6neTCSI OTHOCHTenbHO U8HTpa CHM-

, zo , 
MeTpHH Ce'leHHSI W8CTHIIOnJOCHOrO M8rHHT8 IJO rrpSIMOft Z = - y 

Yo 

r.ne 

8 

' 

r' 

z' 

r 
0 

cos K t, ~ 

Z COS K t. ~ 
0 

H' =- 2 A r z cos 
2 

K t, 
y 0 0 

H , A 2 2 2 = (y -z )cos Kt 
% 0 0 

H = A(y 2 +z 2 )cos 2
Kt. 

0 0 

w.,=wz=O 

o TO 

. ~ 

2 2 2 n 2 0 = - y A (y + z )cos K t = u cos K t. 
0 0 0 

Toraa Ha ( 12) H ( 11) ~ = 0 : .p = 
2 

H sceraa I 1/1 + I = 1 , 1-.e. npOXO)I(Jl8HHe 11epe 

MOnHHeftHOft TpaeKTOpHH B W8CTHI10nJOCHHKe J 

pOTOM CI1HH81 IlpH'IHHOft 'lero, K8K Mbl BH.llenH 

I1pOXO.llS11.118SI '18pe3 U9HTp CHMMeTpHH C8'18HHSI 

reoMeTpH'I8CKOe MeCTO p8BHblX HaKnOHOB B8K~ 

' /5/ 
B neAcTBHTenbHOCTH , Ha-aa aeAcTBJ 

nepeceKaJOJIIaSI TO'IKY c H = 0 , SIBnSieTCSI np 

H8 IInOCKOCTb y'O z') TOnbKO B TOM 8JlHHCT 

M8SI O.llHOBpeMeHHO I1pOXO.llHT H 'lepe3 U8HTp C 

Y 1 Z 0 ) B ( 15) • 0JlH8KO B ManoA OKpe< 
0 

ee MOlfi:HO I1pH6nH)K8HHO C'IHT8Tb O'l'p83KOM I1p! 

8CTb OCHOB88H8 .llYM8Tb1 'ITO H B peanbHOM C, 

I1pOXO)I(Jl8HHH TO'I8K C H=O B W8CTHROnJOCHI 

BnHHHHe xopoTxonepHO.llH'Iecxux eoaMyJIIE 

CROC06Hb1X B cny'l88 HX B03HHKHOB8HHSI Bbl31bll 

cnHHa aeiTpoaa, anecb He y'IHTbiBanocb. 
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MHO)I(HTen.H s rroaHHTerpan&HoM Bbipa)l(eHHH ( 12). BcneacT-

eaxe 11/I_I H3 ( ]] ) MO)I(HO HI'HOpHpOBSTb .1. IIO.Q 

Bepo.HTHOCTH W rrepesopoTa CIIHHa rpo-

HTapaa. ITocne rrpeae6pe)l(eHH.H .1, IIO.Q HHTerpanoM B 

n.11 oueHKH w 6yaeT 

w (t) t t 

~ I 1 w r r) • cos [ I n r e ') de , J 1 d r . 
0 T 

( 17) 

IMO)I(HO IIOK838Tb 0 'ITO .QS)I(e B9CbM8 38Bb!WeHH8.11 OUeHKa 

8I'HHTHOI'O H8KOIIHTen.H C M8I'HHTOM H3 )l(eneaa llpHBOQHT 

THOCTH W nepesopoTa CnHH8 B J CeK Q8)1(9 B M8KCH

~ 
a.11weMy 10 • BnH.HHHe nocTynaTen&Horo aaHMyTan&Horo 

nHw& B ao6asneHHH Meaneaaoro BpaweHH.H aexTopa H , 

aeT 38MeTHbiX a4J<j>eKTOBe 

Tenep& sonpoc o ToM, xax BeaeT ce6.11 cnua npu npo-

qepea OCb W9THnOniOCHHKa. .lleno B TOM, "'TO W9CTHno
/3/ 

THO , o6naaBIOT 38M9"18Ten&Hb!M CBOACTBOM,COCTO.H-

HMbie, npoxoa.HUIHe qepea U9HTp CHMMeTpHH C9"19HH.H
1 

ue MecTa pasHbiX Haxnoaoa aexTopa H ' x n106o:wy 

npasneHHIOe Toraa, B COOTBeTCTBHH C 38Me"l:8HHeM 

Ho O)I(HaaT&, "'TO nepeceqeaue ocu wecTunoniOCHHxa 

9KTOpHeA "18CTHUhl nepeBopOTOM CnHHa conpOB0~8TbC~ 

ep, HeATpOH Kone6neTC.H OTHOCHTen&HO U9HTpa CHM-

, zo , CTHnOniOCHOI'O M8I'HHT8 no np.HMOA Z = - y 
Yo 

8 

-

y 

z' 

J O COS K t, ~ 

Z COS K t. J 
0 

, Toraa 
I 

(15 ) 

H, = - 2 A y z cos 2 
K t , 

y 0 0 

H , A 2 2 2 
= (y -z )cos Kt 

z 0 0 
. l ( t4' ) 

H = A ( y 
2 + z 2 ) cos 2 K t . 

0 0 

wx= wz= 0 
n 2 2 2 &' = - y A ( r + z ) cos K e ~ 

( 16 1
) .. I 0 0 

Toraa ua (12) H (II) ~ 

n cos 2 
K t. 

0 
n , 

-i--2. r 2 . cos
2
Ktdt 

0 ; 1/J = 0 ; 1/J = e 
+ 

0 

2 

H aceraa I 1/J + I = 1 , T.e. npoxo)l(aeaue qepea TO"'KY c H = 0 no np.H-

MonuaeAaoA TpaeKTOpHH B WeCTHnOniOCHHKe He conpoBO)I(.QBeTC.H nepeao-

pOTOM CnHHa, npH"'HHOA "l:ero, K8K Mb! BH.Qenu, .HBn.HeTC.H T0
1 

"'TO np.HM8.11
0 

npoxoa.Hma.H qepea aaHTp CHMMeTpHH ceqeHH.H wecTunoniOCHHKa, eCTb 

: 
reoMeTpHqecxoe MecTo paBHbiX Haxnoaoa aexTopa H' 

/51 
B aeAcTBHTen&aocTH , ua-aa aeAcTBH.H rpasuTauuu TpaexTopu.H, 

nepecexaiOma.H Toqxy c H = 0 , .HBn.HeTc.H np.HMonuaeAaoA ( B npoexuuu 

H8 nnOCKOCTb y, 0 Z' ) TOnbKO B TOM 9.QHHCTBeHHOM cnyqae, KOI'.Q8 0p.H

M8.11 O.QHOBpeMeHHO rrpOXO.QHT H "'epea U9HTp CHMMeTpHH
0 

H qepea TO'IKY 

r , z 0 ) a ( 15). Oaaaxo a ManoA oxpecTaocTu TO'IXH, rae H = 0 , 0 

ee MOlKHo npu6nHlKeaao C'IHTBTb oTpeaxoM np.HMoA, u, cneaoaaTen&ao, 

9CTb OCHOB88He .QyM8Tb0 "'TO H B peanbHOM cnyqae rrepeBOpOTbl CIIHH8 llpH 

npoxo~eHHH Toqex c H = 0 B wecrHnoniOCHHxe Manoaepo.HTHLI. 

Bnuaaue xopoTxonepuoauqecxux soaMyuzeauA non.11 wecTHrroniOC&Hxa, 

CIIOC06HhlX ~ cnyqae HX B03HHKHOB9HHH Bbl31>lB8Tb pe30H8HCHhlA rrepe&OpOT 

CIIHHa HeiTposa, 3.Q9Cb He Y'IHTbiBanoc&. 
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B 3aKn~~eaHe HCKpeaae 6naroa8p~ ~.n. lli8rrHpo H B.H. E~HMOB8 38 

ueHHY~ ITOMOWb H HHTepec K paooTe, O.A. CTpenHHy - 38 rrpoBeaeHHe 

TpyaoeMKHX pac~eTOB, B.H. nymHKOBa, ~.B. TapaHa H B.K. HraaTOBH~a -

38 ueHHY~ aHCKYCCH~. 
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