


B na60pa~opus BbICOKHX 3 ~ e p r H f i  OMHM IlpOBOARTCR p a 6 o r b 1  no 
KOMMeKCHbIM HCnbITaHHFIM C B e P X I l p O B O ~ U l e r O  (cn) YCKOpHTfXR - 

CUHXpOTpOHa CnMH / 1 ' 2 /  H a  3HepTUH) IIPOTOHOB 1,5 r3B.  B TaKOM YCKO- 

pHTfXe llpeA7bFIBJIRIoTCFI BbICOKHe T p e 6 0 ~ a H k i F I  K KarleCTBY MarHUTHOI'O 

nonn B a n e p T y p e  n o B o p o T H o r o  ~ n - a w n o n ~  / 3 ~ 4 / .  n p o 6 n e ~ e  n o n y s e H s R  

K O H @ U ~ ~ ~ ~ W U  AHnOnFI, 0 T B e s N O m e f i  3THM T ~ ~ ~ O B ~ H W F I M  B 06nac~u 3HeprWfi 

HHxceKunn r rys Ica ,  m c s w e H a  p a € ~ o ~ a / 5 / .  n o n y s e ~ ~ a a  ~ / 5 /  ~ o ~ @ u r y p a -  
UHFI 6bwa p e a n w 3 o B a H a  B noao- 
POTHOM MarHHTe p e r y n F I p ~ 0 f i  

C T p y m y p b I  C u H x p o T p o H a  CnMH 
(CM. PHCL la ,  me P ,  = 0,15 M,  

p y  = 0,14 M,  v ,  = 0,396 M, 

a n e p T y p a  6,5x5,5 ~ 2 ) .  

M c c n e n o s a H u e  p a c n p e n e n e H u R  

AByMepHOrO MarHHTHOrO n O n R  

C YseTOM ~a6nuwofi 3aBHCHMO- 

CTM M W H U T H O ~ ~  llpOHkiUaeMOCTH 

4 OT HHAYK+JUW MarHHTHOrO n O n R  

: = n p O B e A e H 0  

B pa6o~a.x 6 -8 . 
UWIbIO A M ~ 0 f i  p a 6 o ~ b 1  FIB- 

JIFfeTCFI ' U i c J I e ~ ~ b l f i  npOCT- 

p m c T s e H H o r o  p a c n p e n e n e H m  no- 
n f l  Cn-aunon~,  B n e p B y m  ose- 
p e A b  a H ~ k i 3  ~ @ @ ~ K T o B ,  B03HU- 

K N O I 4 i X  H a  TOpUaX MWHHTOnpO- 

B o r n .  A ~ a n u s  HeKOTOPbIX M a O -  

rHWibIX MarHWTHbIX CWCTeM 6 b ~ 1  

n p o s e n e H  B pa60~ax/9 . 21 22 1. 

PacqeTb1 IIpoBOAUJIHCb C no- 
MOUaH) MOAyJIbHOrO KOMlUIeKCa 

n p o r p a M M  MOK31, c n e u H a n b H o  

C03AaHHOrO AnFI 3TWX ~enefi. 
llpu pa3pa6o~~e  MOK31 ncnonb- 
3 0 B a H  OAHH W3 ~ @ @ ~ K T H B H ~ I X  

MmOJJOB M a J l H 3 a  H W I H H ~ ~ ~ H ~ I X  

npoCTPaHCTBeHHbIX MarHUTHbIX 

CUCTeM, O C H O B ~ H H ~ I #  Ha n p e A -  h c .  1 



+ 
=pH 3TOM AIIR OllHCaHHR Hrn AOCTaTOYHO O A H O ~ ~  ~ K a n R p H 0 f i  @yHK+ukiH U /  lo ! 
B  TOM cnysae sanasa B b I y a c n e w i R  nonn OT T O K O B ~ I X  O ~ M O T O K  H0 H B ~ I ~ H C -  

JleHUH @ Y H ~ H  U pa3A&?.JIRloTCH H HX MOXHO OIlTMMH3HpOBaTb He3aBHCHMO 

YTO BeAeT K 3HawiTeJlbHOMY YnPOUeHUK) AHCKPeTH3alJkiH 3aawi. + 
OTM~THM O C O ~ ~ H H O C T H  AaI-IHOrO llOAXOAa. B b ~ s k i c n e H k i e  n o n R  H O OT 

TOKOBblX O ~ M O T O K  CJIOHCHO~~ K ~ H @ H r y p a ~  C A O C T ~ T O W O ~ ~  TOYHOCTbH) - 
A o B o n b q o  T p y A o e M K a R  3 ~ a s a :  B K o M n n e K c e  n p o r p a M M  MOK31 s b I s a c -  

JIeHUe v0 H @YHKI@~ OT HO, H ~ O ~ X O A H M ~ I X  AJIH nOJIyYeHlG3 CKaJ'IHpHOrO no- 
TeHsMana  u ,  s m a ~ a e ~  30-35% s p e M e H a  p e m e H a r r  ~ c e f i  s aa sn .  

Apyrm n p o 6 n e ~ a  COCTOHT B TOM, Y T O ~ ~ I  C H ~ O ~ X O A H M O ~ ~  TOYHOCWH) 

XUIpOKCMMHpOBaTb IlOBeAeHHe C ~ a J I J 3 p H o f i  @ Y H K ~ H H  U H a  ~ ~ C K O H ~ V H O C T U .  

( 3 6 - b e ~ r n e ~ a e  MeTOAOB IIQTeHsHNIa H KOHeYHbIX 3JIeMeHTOB AJW PeJIIe- 
HlG3 3~0fi 3aAaWi PaCCMOTpeHO B pa6o~e 12/. A P Y ~ H M  ~ @ @ ~ K T H B H ~ I M  UOA- 

XOnOM K peUIeHkiK) 3~0fi  npo6ne~b1, K a K  nOKE3aI-IO B 1 4 / ,  RBnReTCR 

~ c n o n b 3 0 ~ a ~ a e  c n e q w b s b r x  06nac~efi (napannenemnen, map, w- 

HbIe YpaBHeHHR. 

B M o n y n b H o M  K o M n n e K c e  n p o r p a M M  MOK31 B K a l r e c T s e  B c n o M o r a -  

~ e n b ~ o f i  o6nac~n n c n o n b s y e ~ c ~  napannenenanen c K s a p a T o M  B OcHoBa-  

H a a .  Ha pac. 16 3 T a  0 6 ~ 1 a c ~ b  0603~ase~a  sepes n3, ee rpmnsa - y e w s  r3 c 
B H Y T P ~ H H ~ ~ ~  HOpMaJIbH) 83 . 0 6 n a c ~ b  n3  COAepXCUT ~ A n ~ n b H b ~ f i  MarHkIT: 

CTbH) rl C B H Y T ~ ~ H H ~ ~ ~  HOPManbH) iil. 0 6 J ' I a c ~ b  a,A C00TBeT"T'TByeT TOKOBbIM 

O ~ M O T K ~ M .  H a n p a B n e H A e  0cefi KOOpAHHaT no~a3a1-10 H a  PAC. 2, r A e  mo6pa- 
X e H a  118 YaCTb 06nac~n, B K O T O P O ~ ~  nPOBOARTCR paCseTb1. B ~ a J l b H e b e M  

H 3 J I O X e H m  HCnOJIb3yH)TCH BBeAWHbIe  3AeCb 0 6 0 3 ~ a Y e H l G 3 .  

no c p a B H e H m  c n p o r p a M M a M a  GFUNSD a MAGSYS, c ~ O M O ~ ~ H )  

AaeT BOSMOXHOCTb : a) npOBOAHTb PaCYeTbI H a  nOcneAOBaTenbHOCTH CeTOK, 

YTO n03BOIIHeT KOHTPOJlHPOBaTb TOWOCTb PaClIeTOB B npOI&?CCe ~b1YkiCneHkifi 

n p H  OTCYTCTBHH 3KCnepHMeHTNIbHbIk AaHHbIX, YMeHbIlIaR CyMMapHOe BpeMR 

; c s e T a ;  6) H a x o n a T b  p e s y n b ~ a p y r o -  

wee none cpa3y H a  6 0 n b m o ~  

M a c c H s e  T o s e K  ( o ~ o n o  5 . 104 TO- 
Y 

s e K ,  B TOM wicne 1,5 l o 4  B xe- 
n e 3 ~ o ~  cepnewa~e) n n R  nocne- y3 

.r A y I o w e r O  ~ P A M e H e H H R  KaPTbI no- Y2 
nn B n p o r p a M M a x ,  ~onenspym-  
w H X  ABAXeHHe n y Y K a  YaCTHIJ B 

YCKOpUTeJIe, B )  H3MeHRTb @YHK- 7 
UHOHaJIbHOt? HallOJlHeHHe ( K ~ K  B 

CTOPOHY YCJlOXHeHHR, T a K  H B x 
CTOPOHY y n p o w e ~ m )  O C H O B H ~ I X  

~0nyJIefi KOMIIneKCa He3aBHCHMO 

I npyr OT npyra c s c q b m  ~m6onee  f ic .  2 
~OIIHOL-o A C ~ C ~ ~ ~ O B ~ H H R :  cnesa@a- 
KH CTpYKTYPHbIX XapaKTepHCTHK M a r f l k i ~ H o f i  CMCTeMbI. B YaCTUOCTH, AJIR 

PeI l leHvR ~ k i ~ p @ e p e k ~ ~ H N l b ~ ~ f i  3 a a Y H  M O r y T  6 b 1 ~ b  HCnOnb30BaHbI K a K  Me-  

TOA KQHeWbfX pa3110c~efi, T a K  H MeT<bA KOHesHbIX 3neMCHTOB, a K p a e B O e  

YCnOBIle H a  ~ ~ C K O ~ ~ ~ H O C T U  MOXeT 6 b f ~ b  annPOKCHMHPOB@HO H a  CeTKe, H e  

3aBkicRwef i  OT BHYTpeHHerO p a 3 6 k i e ~ ~ f i .  C J ' I e n y e ~  T a K X e  OTMt?THTb, YTO 

r) nOJ1e OT ACTOWIHKOB TOKa B BaKYYMe H ~ O ~ X O A H M O  BbIYHCJIRTb JlHUIb 

H a  A B Y M ~ ~ H O ~ ~  IIOESePXHOCTH @ ~ P P O M ~ W H ~ T H K ~  OAliH pa3 A 0  H g s U I a  PaC- 

WTOB . 

C @ o p M y J I H p y e M  MaTeMaTHYeCKyq l l O C T i l H ~ B K y  3WaW OTHOCkITeJIb- 

HO ABYX CKaJ'IRPHbIX nOTeHUHNIOB u ~ ( x )  H u ~ ( x )  ( C B H T ~ ~ M ,  YTO BHeLUHHe 

TOKH no H ~ M ~ ~ H M Y ~ H H O ~ ~  C p e p e  3 1 H e  ~ ~ O T ~ K W T )  ; W p e 3  u l  ki U2 MarHMT- 

H o e  none B b I p a x s a e T c x  no c n e A y m m i M  @ o p ~ y n a ~ :  

i- o 6 n a c ~ b  B a K y p M a ,  COAepXaUJaR 6eCKoHeYH0 yAZUJeHHyH) TOBKY, nlU Flu 
U = R . n0JJe do CO3AaeTCR TOKOM nnOTHOCTH j o ,  n p O T e K a I O m i M  n0 

- O ~ M O T K ~ M  2.~. H O  CwiTaeM H3BeCTHbIM, O H 0  BbIWCnReTCH no 3aKOHY EHO- 
Ca~apa-JIannaca: 



C n c ~ e ~ a  (3),  (4) n o n o n H u e T c n  ycnossmm H a  rpmme pasnena cpen r l: 

-t .a ' 
r - BeKTOp ~ a ~ a ~ f ? n b H ~ f i  K rl , Xo - npOH3BOnbHaU TOqKa H a  nOBepXHOCTH rl . 

& I H  T o w i o r o  y q e T a  y c n o B m  (6) n o ~ e u a e ~  ~ e n m e f i ~ y m  cpeny BO 

B c n o M o r a T e m H y m  o 6 n a c r b  Q 3 (pac. 16), H a  rpamue K O T O P O ~ ~  3 a m c b 1 ~ a -  
e M  YCnOBHe, 3KBHstUleHTHOe (6)' ' ' : 

- 1 
3 n e c b  S 1 - onepalop, 0 6 p a ~ ~ b l f i  ~ e n u ~ e f i ~ o ~ y  o n e p a T o p y  n y m ~ a p e  - 
C ~ e ~ n o s a ,  o n p e n e n e H H o M y  ~ J I R  o6nac~r Q 3  H n k i @ @ e p e ~ w a n b ~ o r o  onepa- 
T o p a  (3) , (4) , ( 5 )  npe + - 0 '11' ; s2 ' = L: (E t K )  - n m e h b ~ f i  onepa- 
TOP. C~£'~YK)UH~ C B O ~ ~ C T B ~  @YHKIIHHJL (2 . \ 5 1 ) Tap;LHTHPYKJT CyLLleCTBO- 

BaHHe H enHHCTBeHHOCTb p e m e H W l  (9) (X Q 1 ; t  , r E 10 , )) ' ' ' : 
-. + 

p(x, t ) t  -p(x, r) r 2 m(t - r ) ,  t  2 r, m :. 0, 
' + 

\ ~ ( x ,  t ) t  -p(x, F) r J  5 M / t  - r (  . 

n p H  BbIrrOJIHeHIlll C B O ~ ~ C T B  (10) T a K  Xe CXOnRTCR HTePaWOHHbIe  n p O u e C -  

CbI p e m e H H R  (9) : MeTOn n p 0 C T 0 f i  HTepaUkiH, MeTOn H ~ W T O H ~  l1 ', MeTOnbI, 

OCHOBaHHbIe H a  M H H H M H 3 ~ U H  @ Y H K ~ o H C ~ J I ~ .  

2. PEUEHME 3 W A Y M  



11. Bb~sucne~ue B e m o p a  y n  +% = S z  v . Ha  TOM s ~ a n e  peruamcrr r p a H u s -  

H o e  HHTerpalIbHOe YpaBHeHHe (I'My) (E + K) y , +'/i = L V ~a ~ O B ~ P X -  
- HOCTU B c I ~ o M o I ' ~ T ~ J ~ ~ H o ~ ~  06nac~u r3 U HaXOAUTCR BeKTOp Y, + - 

= (E + K ) - ~ L v .  
111. P e J I a K ~ a L u i n  y n n l =  (1 - r ) y n + ' / r +  r Y n  u ~ 0 3 ~ p q e ~ l l e  K 

3 T a n y  I. 
O T M ~ T U M ,  YTO U C n O J I b 3 O B ~ U e  B KaYWTBe r ~ U ~ O H ~ T I ~ H O ~  MaTpUI&I 

~ @ @ ~ K T H B H ~ R  W c n e H H a R  p e a n u s m  nposecca npennonaraw, ecTecT-  

BeHHO, YTO alIrOpEiTM peIlleHUH HHTerpUlbHOrO YpaBHeHUfl H a  3TiUIe 11 no YUCny 

a p U @ M e ~ u s e c w f x  neic~sui i ,  s a ~ p a ~ a ~  IXlMRTli 3BM H e  IIpeBOCXOLZllT no no- 

nno~soii ~ a ~ p u s e i i ,  ~ o s ~ u ~ a m u e i i  npu n u c ~ p e ~ u 3 a w u  I'MY, c o c T a B n R e T  

O ( N 2 ) ,  ~ p e 6 y e ~ a f f  naMRTb - O ( N 4 ) ,  a W C n O  ~ ~ U @ M ~ T U ~ ~ C K U X  0 I I e p W U f i  

MOXeT H3MeHRTbCR OT O(N4 lnN)  A 0  O(N6) B 3aBUCUMOCTU OT MeTOMa pe- 
llleHUR CHCTeMbI (N - CpeAI-Iee W C n O  HeU3BeCTHbIX n0 oAJ-IoG l I e p e M e H ~ 0 f i )  . 
A ~ H  CeTOlmbIX MeTOAOB, B CBOKI OYepeAb, ~ p e 6 y e ~ a ~  naMRTb COCTW3JIReT 

o ( ~ 9 ,  a wcno a p u @ ~ e ~ u s e c ~ m c  onepaquii U ~ M ~ H R ~ C R  OT 0 ( N 3  ln2  N ) no 
0 ( N 4  InN). T a K u M  06pa30~,  peanki3m~ 3 T a n a  11 RBnReTcR B e c b r n a  T p y n o -  

e ~ ~ o i i  3aaseii. 
B pa60~ax l3 - 16/  n p e A n o X e H  m r o p u T M  perueHHR I'MY WR cneqkf-  

WlbHbIX BCnOMOraTeJIbHbIX ~ O B ~ ~ X H O C T ~ ~ ~  (skiJIUHap,  llapWIJIeJIeIlUnefi) , 
K O T O P ~ I ~ ~  no T p e 6 y e M o i i  n a M R T u  u wcny a p u @ ~ e ~ u s e c ~ u x  onepamii H e  

llpeBOCXOAHT COOTBeTCTByKI~kie XapaKTepUCTUKki &JIR CeTOgHbIX MeTOnOB . 
P a 3 p a 6 0 T a H H b l e  n p o r p a M M b 1  BIESM3, BIEGM~'  l7 l8 / n n R  p e r u e H u R  a s T e r -  

p a n b H o r o  YpaBHeHuR H a  rpmuse ~ c n o ~ o r a ~ e n b ~ o f i  o6nac~u B sune napan- 
nenenunena c D a p a T o M  B O C H O B ~ H ~  u c n o n b 3 y m ~  O(N3) R s e e K  ~ a u m ~ o i i  
naMm-u, a p e r u e H u e  n o n y m e T c R  3a O(N I n  N )  apu@~e~usecwfx  keiic~nkiii. 

T a K  K a K  BCH HH@OPMWHR 0 @ O P M ~  Y W F H T a  U TOKOBbIX 06nac~ek, 
o xapamepe ~ e n u ~ e h o i i  ~ ~ B ~ C U M O C T H  p (x , I  B 1 ) u c n o n b 3 y e ~ c ~  T o n b K o  

npu p e r u e H u u  3 a a w  H a  wane I, TO M ~ I  o r p m u w M c R  B b I m e c K m r w I b I M  o 
UH r %IUYHOrO UHTerpaJIbHOrO YpaBHeHUff H a  3TiUIe 11 (nonpo6see 

CM. pemfy7 l8 P )  . P ~ C C M O T ~ U M  3 T a n  I. 
U p e n c ~ a B n ~ e ~  u z ( 2 )  = ui(x'> + u ~ ( 5 ; )  , rne u ~ ( 2 )  R s n R e T c R  pe- 

d u . d u ;  + [--I = $ ( X I  - D ~ € 1 ' ~  > 

d 3  1 d i i  1 

Aanee se3ne u c n o n b s y e ~  0 6 0 3 ~ a q e ~ u e  ( i ,  j , k )  = (x i  , y j  , zk). Bepruu- 
HaMH R I I ~ ~ ~ K H  RBJIFWTCR y 3 n b I  (a ,  b, C ), a = 1 , 1 + 1, b = j , j + 1, 
C = k , k + 1. 6 6 0 3 ~ ~ ~ ~  UeHTp R Y ~ ~ ~ K W  H i j k  Wpe3 ( 1  + 1 / 2 ,  j + 112,  
k + 1 / 2 )  . r p a H U ~ a  I.McW?THO~ o6nac~u r3 U BHYTPeHHRR rpa+uI&3 r1 pa3- 
nena cpen c p a a n 3 w b I M u  M a r H u T H b I m i  X a p a K T e p u c r u K a m i  RBJIRKITCR ysno- 
B ~ I M M  JIHHHRmi a$ = riu n!) u r: u a: . C s u ~ a e ~ ,  s ~ o  none flo s a sa~o ,  
U lT03TOMY 0 6 n a c ~ b  Q A  &JIR C ~ T O W O ~  iUInpOKCUMWUU 3WaW H e  PaCCMaTpU- 

B a e M .  JJIR  TO# K O H @ U T Y P ~  n o n a r a e M  



M ~ ~ e r p n p y ~  (13) no o6.ae~y napannenennnena 4, ~ o ~ o p b r i i  ConepncnT 

y3en (i , J , k ) H BePLLIHHaMH KOTOPOI'O RBJIRW)TCH UeHTPbI 3JleMeHTapHbIX 
1 2 0 1  R W e K  (i f 1  /2 , J 1  / 2 , k 1 / 2 ) ,  llpHMeHfU3 @ 0 p M y n y  ~ P H H ~  * 

n o n y w M  JUIR ysnoe ( i  , j , k )  it r!, (i , j , k )  & r!, i f 1, 1 1, k f 1 

AXIR s b I s n c n e n m  m T e r p a n o a  B (14) n c n o n b s y e ~  @ o p ~ y n b ~  n p R M o y r o n b -  

HHKOB. ~ P H  3TOM 38MeHReM IIPOB3BOJlJibIe HX Pa3HOCTHbIMH UiWIOraMH 

H c w a e M  M ~ H T H Y K I  n p o m u a e M o c r b  p ~ O C T O F I H H O ~ ~  B npenenax on~oi i  
3 n e ~ e ~ ~ a p n o i i  m e i i ~ n  H p a ~ ~ o i i  3 ~ a s e m  B uempe ~seiimi. l l o n y c l a e ~  

CncTeMy H ~ J I H H ~ ~ ~ I X  y p a ~ ~ e ~ n i i  AJIH o n p e n e n e m R  ce~owoii @YHKWH 
u i j k  = u ( i ,  j ,  k )  : 

,&IR ( 1 2 )  Ha r! 3aIIHCbIBaeM YWOBHe ~ P H M ~  (Y  CeTOVHbIX @YHKIUIR 
U . .  , JUIH KPBTKOCTH, OlTyUeHbI H3MeHHIOUIHeCR W ~ K C ~ I )  : 

1lk 

u" = 4(i* j ,  k), ( i ,  j ,  k ) € r B  . 
a a 

B = X , Y ,  a = 1 , 2 .  

( i .  j ,  k ) € r B 1 .  B  = X.  Y ;  



( i ,  j , k ) € r B 2 ,  B = X , Y ,  Z .  

~ ~ H K I J H H  $ H 4 o n p e n e n e H b I  B ( 7 ) .  & I H  p e m e H m  ~ e n u ~ e h o f i  CHCTeMbI 

pa3HOCTHbIX y p a B H e ~ k &  (15) , (16) , (17) , (19) npHMeHReM nByXCTyneH-  

q a ~ b ~ f i  H T ~ ~ ~ O H H ~ I ~ ~  nposecc, B KOTOpOM UUKJlbI ~ I O C J ~ ~ A O B ~ T ~ J I ~ H O ~ ~  B e p x -  

~ e f i  p e n a m a m  ( SOR) npa B b r w c n e H u a  n o T e H s u a n a  s e p e g y m T c H  c ~ u m e f i  
p e J l a ~ c ~ e f i  JlJlR M ~ ~ H U T H O ~ ~  npOHHqaeMOCTH: 

k n + l  n + 
1 j ' i t l r n e  - i m b  ( g r a d u \ = ( [ -  Z 2: (---- 
4 m = j - 1  P=k-1 

>12 + 
h; 

B npOIJeCCe SOR ~ b 1 6 H p a e M  OnTH- 

~ a n b ~ b r i i  n a p a M e T p  p e n a K c a a a  w , 
K a K  y K a 3 a H O  B ' l9 ' . B e K T o p b 1  4 H 3  

(18) H 4 H 3  (19) BbIqHCnRIOTCR O W H  

pa3 no H a w u I a  H T e p a H O H H O r O  np0- 
qeCCa H HCllOJIb3YH)TCR B ~ & n b H e f i U I k i ~  

u T e p a a n x .  $ IO~MH~OB+~HMR $ H 4 
H ~ O ~ X O ~ H M O  3HaTb none H0 H a  no- 
B e p m o c T u  a e p p o ~ a r ~ e ~ u ~ a ,  cosna- 
B a e M o e  T O K O B ~ I M H  O ~ M O T K ~ M U  i2 A . 

PUC. 3 ~ P H B ~ A ~ M  O ~ H H  113 B+O~MOXCH~IX C ~ O -  

C O ~ O B  BbIWCneHHR Ho. 0 6 J I a c ~ b  n A  
p a 3 6 ~ i ~ a e ~ c ~  H a  nrwefisb~e IIPOBOAHHKH, K a K  n o ~ a 3 a ~ o  H a  PHC. 3; OT KM- 

nor0 JIki~efi~or0 IIpOBOAHHKa C KOOpXMHaTaMH HaKUIa ( x 0 Y 1 2 H K O H W  

( X  2 ,  Y2 , Z e ) n O n e  B TOqKe (xo 9 Yo 2 zo ) BbIwCnReTCR no $IopMyJIaM 

2 2 2 
Co = 2, + ( b l  - x0) + ( b 2 -  Y O )  . 
Ecnu W C n O  n k i ~ e f i H b 1 ~  npOBOqHHKOB no UlHpkiHe nu60 TOnLl&iHe npQB0A-  

HHKa n A  AOCTaTOYHO BWIHKO, TO 60nee 3KOHOMHYHbIMH A n R  paCqeT0B OKa-  

3bIBaOTCR $ I O P M Y ~ ~ I ,  B KOTOPbIX B b I p a X e H H e  (21) npOUHTerpHpQBaH0 

no C O O T B e T C T B y I O ~ e M y  H a n p a B n e H W  (nepexon K ~ ~ C K O H ~ Y H O  TOIIKHM 

W ~ C T U H ~ M )  . 

(: nOMOIlIbH) O n H C W H O r 0  13bIUIe WeTOnq, p t ? ~ H 3 0 B a H H O r O  B KOMrIJIeK- 

Ce  I I p O r p a M M  MOK31, 6 b m H  llpOBeAE?HbI PgCqeTbI ~ p O C T p a H C T B e H H O r 0  paC- 

npenWIeHHf3 n O n R  nHnOJIbHOr0 MarHHTa CHHXPOTPOHa CnWH C O ~ M Q T K O ~ ~ ,  

u306paxe~~of i  H a  puc. 3 (c n a p a M e T p a M u  L = 2,04 . 1 0 - 1  M, A = 5,4. 
M, 6 = 4 M, r = 5 3 '  M ) .  M ~ ~ H H T H ~ I ~  CBO#CTB~ R p M a  

o n u c r u I b 1  B pa6o.r: '6 1, me n p k I s e n e H a  u c n o n b 3 o ~ a ~ ~ a ~  s n e c b  ~ a 6 n k i s a 3 a B H -  

CHMOCTH p = p ( I  B I )  . 
P a c q e ~ b 1  llpOBO.lUiJIHCb H a  nOCJIenOBaTenbHOCTH CeTOYHbIX obnac~eii 

(12,12,7) + (23,23,17) + (45,45,25) c u c n o n b 3 o ~ a ~ u e ~  peuesan, nony- 
q e H H o r o  H a  rpy6oZi c e T K e  B K a q e c T B e  n p u 6 n k i x e ~ ~ ~  n n R  pemeHkiR H a  60- 
nee M e n ~ o f i .  T a ~ m  OPlXHH3aki i3  BbIrMCJIHTenbHOrO n p 0 s e C C a  A a e T  BbIHr- 

PbIUI no B p e M e H H  C W T a  B 1,5 2 pa3a no CpaBHeHkDO C HCllOJlb30BaHkieM 

TOnbKO 0 ~ 0 f i  CeTKU (45,45,25). B ~ I X O ~  113 H T e p a H O H H O r O  npOUeCCa 

H a  ~ a w o f i  ceme npoucxonun, K o r n a  B e n u q m a  

nocmrma 3~aselI l l~ 10 -3. B p e M R  c q e T a  H a  3BM EC-1061 n n R  ~ p e ~ b e f i  ceT- 

KH H3MeHRTIOCb B 3aBHCHMOCTH OT TOKa B O ~ M O T K ~  MarHUTa OT 30 MUH 

AJIR TOKa 500 A A 0 7 0  MUH PJIR TOKa 2500 A. B 3TOM CnY'Iiie PHCnO HeH3BeCT- 

HbIX B p a c q e ~ H 0 f i  o6namw PaBHRnOCb N 3  = 5 '10 4. OTM~THM, W O  B 6 0 n b -  

mefi sacTki a n e p T y p b I  n o c T a T o m o  B ~ I C O K ~ F I  TOYHOCT~ p a c q e T o B  n o n y s a e T c R  

yXe H a  B T O ~ O ~ ~  CeTKe, me W W O  HekBBeCTHbIX COCTaBnReT N 2  = 6 lo3 ,  



1 -(l.625:0.000:Z) a )  Pacnpenene~ue n o n ~  npu cna- 

II HUlO R p M a ,  f iPeACTaBneHb1 H a  PAC. 4 8D- 
H H a  PHC. 6 ( K P H B ~ I ~  I ) .  Ha PAC. 4 
I I O K a 3 W b I  OTKJIOHeHUH OT OAHOPOA- a- - I-(rn H O r O  MmHMTHOrO n O n R  n p H  yna- 
lIeHHH OT OCH M ~ H M T H o ~ ~  CHCTe- 

M ~ I  ( 0 . 0 . 2 )  BHYTPH a n e p T y p b I  

H H a  TOpUaX MmHMTa. O C ~  A a E i ~ 0 f i  
20: , I;""", , , , , , , , , - 1 ,  ,\I 

x - Q W r p n  

M ~ H H T H O ~ ~  CHCTeMbI X a p a K T e p H a  

T e M ,  'IT0 H a  ~ e f i  OTnHYHa OT H y n R  10 20 z.m 
TOJIbKO OAHa KOMnOHeHTa n O n R  - fic. 6 
H y  (PAC. 6~ , KPHBaR I), KOTO- 

p a R  nOCTORHHa H a  6 o n b r u s x  PaC- 

CTOHHHRX OT TOPUOB M m H H T a  H P a B H a  3HaqeHUlO B TOqKe (0,0,0). Bce OTKJIO- 

HeHHR OT O m O P O n H O r O  n o n R  H a  PHC. 4 (AaJ'Iee H a  PAC. 5 H PAC. 6) B b I p a X e -  

HbI B IIpoUeHTHOM OTHOUIeHKM K 3~0f i  B e n H U i H e  k& Hy (0,0,0) . n p H  TO- 

K e  B BHTKe O ~ M O T K H  500 A H H o  = 0,5482 T. 
Ha PHC. 4 OCH M ~ H H T H o ~ ~  CHCTeMbI COOTBeTCTBYIOT KPI lBbIe  1. Pacnpe- 

neneme H, H H Z  K o M n o H e H T  n o n R  no z n p H  y n a n e H m  OT o c ~  n s n o n b H o r o  

MWHHTa IIpenCTaBJIeHO H a  PHC. 4 KPHBbIMH I I H 111 . P a c n p e A W I e H U e  HeOAHO- 

pomorns n o n R  (Hy - II,) / H, no a n e p T y p e  M a r H H T a  n o K a 3 w o  H a  p ~ c .  6a,6. 
Cnnoru~m K ~ H B ~ H  I H a  PHC. 6a n p e n c r a B n R e T  noseneme n o n R  B S~BHCH-  

MOCTH OT X n p H  y = 0 B U e ~ ~ p a J ' I b ~ o f i  IUIOCKOCTH ( z = 0 1 a I IYHKTHpHm 

KpHBaR: 1 - WaJlOrHYHylO 3aBHCHMOCTb B IIJTOCKOCTH, 6 n H 3 ~ 0 f i  K T O p s Y  

MWHHTa ( z  = 18,565 C M ) .  ,&Iff 3THX me ~ I J I o c K o c T ~ ~ ~  H a  PHC. 66 n o K a 3 W a  

3aBHCHMOCTb MWIiUTHOrO n O n R  OT Y n p H  x 0. 
6) P a c n p e A W I e H H e  n 0 n R  C YqeTOM HaCbIUeHHR R P M a  

P a c q e T b 1  npoBOAHnHCb n p H  CneAylOUHX 3HaqeHHRX TOKa B B m K e  06- 
 MOT^: 500, 1000, 1500, 2000 H 2500 A. K p u ~ b r e  I ,  I1 , I11 H a  PHC. 5 



H pHC. 6 lTpeACTaBnRloT H3MeHeHHH H ~ O A H O ~ O ~ H O C T ~ ~ ~  n o n R  n p H  HaCbIl4eHHkl 

X e n e 3 H O r O  CepAeYHHKa. ~ ~ B ~ ~ C H M O C T ~  nOBeAeHHR KOMnOHeHT IlOnFI OT Z AJfR 

T p e X  3 ~ a s e ~ a i i  TOKa B BHTKe O ~ M O T K I I  500, 2000 H 2500 A nOKa3ilHa H a  

pnc. 5a,6 H pnc. 6 ~ .   an^ ~ T H X  me 3 ~ a Y e H a f i  T o K a  H a  pac. 6a,6 no~a3mo p a n -  
a.JIbHOe p a C n p e A e n e H H e  HeOAHOpOAHOCTH IlOnFI B nnOCKOCTHX Z = 0 H Z = 

= 18,565 CM. 

B ~ a 6 n .  2 n p H B e n e H b 1  3HaYeHHR BenHYHHbI MarHHTHOrO n O n R  B C p e n -  

H e M  CeYeHHH (2 = 0) B OKPeCTHOCTH OCH M ~ ~ H M T H O ~ ~  CHCTeMbI ( R  < 2,5 ' 
M 1, n o n y q e H H b I e  c ~ O M O ~ ~ K I  n q r p a M M  MOK31, MAGSYS-'221 , 

GRIDS ( R B ~ M ~ ~ H O ~  npn6nwme~~e) / '  , a T a K X e  3KCIIepHMeHTaJlbHbIe 

3HaYeHHR ( O T H O C H T ~ ~ ~ H ~ F I  TOYHOCTb 3KClTePHMeHTaJIbHbIX 3 H a q e ~ k I f i  

1- 1 r 3 ) .  

Ta6nu ya 2 - 
TOK 3 ~ c n e p a ~ e 1 - f ~  MAGSYS MOK31 GRIDS 
(A) H(T)  H, T H, T H, T 

x = 0, y = 0) W f f  pa3nHYHbIX 3 ~ a q e ~ k i f i  TOKOB B C ~ - O ~ M O T K ~  H HX OT- 

HOCHTenbHbIe OTKJIOHeHIlR OT e e ff  , B ~ I Y H c J I ~ H H o ~ ~  AJIR MNIbIX BWIHrMH 

T o K a  (500 A ) .  Bmmo, wo n p o u e c c b I  H a c b l u e H a R  xenes~oro cepnewma 
npki YBenHYeHHH n 0 n R  B MZWHHTe MOrYT nPHBOAHTb K I13MeHeHUH) e f f  60- 
nee rleM H a  2%. I l p a ~ e n e ~ ~ o e  B ~ a 6 n .  3 t = 43,9 CM MOXHO CpaBHnTb 

C H M ~ K I ~ H M C R  1 2 1  3KCIIepHMeHTiUIbHbIM 3HBqeHHeM e e f f  = 43,7 CM, H3- 

M e p e y H b I M  npki MiUrbIX 3HaYeHHRX IXOJIR. ,&JlbHefiLllee pa3BHTHe MeTOAHKU 

PaCYeTOB TpeXMepHbIX H ~ J I H H ~ ~ ~ H ~ I X  MaI 'HmHbIX CHCTeM, H C ~ O J ' I ~ ~ O B ~ H H O ~ ~  

B AZU3~0fi pa6o~e, CBR3aHO C Pa3BHTHeM ~ Y H K L & U O H ~ J I ~ H O ~ O  HanOnHeHHR 

n p o r p a ~ ~ ~ o r o  ~ o n y n ~  QLEEN3 'I, K O T O P ~ I ~ ~  AJIR ~ a m o i i  ~ a ~ a ~ ~ o f i  
H a  r p a H H q e  B C ~ O M O ~ ~ T ~ J ' I $ H O ~ ~  06nac~a @ y H m H H  y HaXOAHT ee HOpMaJIb- 

HYKI nPOH3BOAHYKI dy/ dn H C lTOMOUJbKI KOTOPOrO OCYueCTBJIReTCR 3 T a n  

1 H T e P u H O H H O r O  npOUeCCa (1 1) . n0n Pa3BHTHeM @ Y H K I J H o H ~ J I ~ H O ~ O  H a -  

nOnHeHHR MbI nOHHMaeM BO3MOXHOCTb OnHCiLHIIR B QLEEN3 LUHpOKOrO 

KnaCCa MarHHTHbIX CHCTeM H PeIlleHIlR B 0 3 H k i ~ a K I u e f i  A A C K P ~ T U ~ O B ~ H I ~ O ~ ~  

H W I k i H e h 0 f i  3aAaYki Anpawe BO B C ~ ~ O M O ~ ~ T ~ J X ~ H O ~ ~  O~JIPCTA,  KOTOPaR CO- 

AepXMT @ ~ ~ P O M W H ~ T H K ,  AOCTaTOYHO ~ @ @ ~ K T H B H ~ I M  MeTOAOM. n p H  3TOM 

BCR CTpYKTYpa KOMlUIeKCa n p O r p a M M  MOK31 OCTaeTCR 6e3 H 3 ~ e H e H E i f i .  

n o n y s e ~ ~ b r e  B p e s y n b ~ a ~ e  p a c s e T o B  p a c n p e n e n e H m  MarHnTHbIx  noneii 
n p e A n o n a r a e T c n  a c n o n b 3 0 ~ a ~ b  B n p o r p a M M a x ,  ~ o ~ e n n p y ~ o u n x  T p a H c n o p -  

THPOBKY n y Y K a  3apKXeHHbIX WCTHU B CHHXPOTpOHe CnMH. 
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Py~omcb noc-rynma B ~ ~ n a ~ e ~ l b c m i i  owen 
8 miBapR 1988 roaa. 

Zhidkov E.P. et al. P11-88-15 
Numerical Calculation of Space Distribution 
of Boundary Field of Synchrotron Dipole Magnet 

The method for analysis of magnetostatic nonlinear space prob- 
lems in unbounded region based on application of boundary integ- 
ral equations on some auxiliary surface for accurate account of 
field descrease at infinity is used for the analysis of the field distri- 
bution of the SPIN'S dipole magnet. The boundary value problems 
which arise in the region bounded by auxiliary surface are solved 
by gridmethod. Calculations. have been performed with the help 
of the MOK31 program complex. The results of the calculations 
and the comparison with the experimental data are presented. 

The investigation has been performed at the Laboratory of 
Computing Thechniques and Automation, JINR. 
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X ~ K O B  E.H. n HP. P11-88-15 
Y a c n e ~ ~ o e  Monenaposame npocrpmcrseHHoro 
pacnpeneneHna KpaeBoro nona 
CHHXpOTpOHHOrO nHIIOJIbHOr0 MarHPiTa 

Aria accneaosariwa npocTpmcTseHHoro pacnpeneneam nona 
nalTOJIbHOr0 MWHHTa CKHXpOTpOHa C m H  HCnOJ'Ib3OBiSIa MeTOnHKa 
PaCYeTa TpeXMepHbIX H W I H H ~ ~ ~ I X  OTKPbITbIX MWHHTHbIX CHCTeM, 
OCHOBtUiHaR Ha lTpHMeHeHHH rpaHHYHbIX HHTerpalIbHhIX Y ~ ~ B H ~ H H ~  
Teopwa noTemaana, onpeaeneHHbIx Ha nosepmocTs BcnoMora- 
T W I ~ H O ~  o6nac~a,  AJIH TOYHOrO YWTa nOBeneHHfi MarHHTHOrO nona 
Ha ~ ~ C K O H ~ Y H O C T M .  B O ~ H H K W U H ~  npa3TOM KpaeBbIe 3aarIH BHYTpkl 
B C I I O M O ~ ~ T ~ J I ~ H O ~ ~  o6nac~a, ~0nepXGlUefi EiCXOmym MaTHHTHJW 
CHCTeMY, PelIIiLH)TCR CeTOYHbIMH MeTOAaMH. PacrIeTb1 np0BO~JIHCb 
c n o ~ o m m  K O M ~ ~ K C ~  nporpaMM MOK31. I ~ ~ U B O ~ ~ T C I I  pe3ym~a~b1 
MO,I(WIHpOBarikur, CpaBHeHuR C 3KCnepHMeHTalIbHbIMH naHHbIMW. 

Pa6o~a BbInOJIHeHa B Jia60pa~opkla B ~ I ~ I u c J I ~ I T ~ J I ~ H o ~ ~  TeXHWKH 
a ~ B T O M ~ T H ~ ~ I H H  OkIFIkI. 

npenpHHr 06%-emoro mcmr& m e p k x  uccnenoosamrSL. LIy6ne 1988 

1 

L 


