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Bse8eHHe 

3aAaqa MarHHTOCTaTHKH S 06~aM· cnyqae to~XHpyaTCR SO SCaM 

npoCTpaHCTSe ~~ • llpH ee QHCXaHHOM pemeHHH HeuaseCTHMe WYHKqHH 

Hll\YTCJI S TOQKax Orpa!IHQ9HHOlt o6xaCTH Q. • PaSXHQ!II>T TpH ITOCTaHOS

KH 3~QQH warHHTOCTaTHKH no BHAf HCITOnhayeMHX ypaBHeHHA: HHTer

pMbHM, )IH~peHqHMbHaJI H KOM6HHHpoSaHHaJI [I] . B HHT6rpaJ!bHOll 

ITOCT8.HOBK9 H8K386CTHHe 0Dpe.[\8JIHI)TCJI TOJibKO B o(JJiaCTH Q"I , 38HB

TOA wappoMaPHeTHKOM. llocTaHOSKa TOQHO y<IIITMSaeT ycxosHJI Ha 6ec

KOH6QHOCTH, o6xa)laeT e~e ~OM )IOCTOHHCTS, HO Tpe6yeT npH QHCX6H• 

Holt peaxuaaqHu 0(n 'l cxos naMJITH SBii, PAe n - xapaKTep~~oe qucxo 

CKaxllpHMX H9H3S9CTHMX ITO O)IHOIIY HaiTpaBX9HHD. 

B )IH~peHqHaxbHOA nocTaHOsKe aa,~~aqa pemaeTCJI s o6xacTH~ , 

CO)Ia~ell S ce6e WeppoM9PH9THK (06XacTb~~) H TOKOSHB 3X9116HTM 

(o6xaCT& .Qs). STa noCTaHOBKa Tpe6yeT np11 qucxeHHOll peaxuaaqHH 

0(n~) enos naMJITH SBii. O,~~KaKo npu aTOM soaHuKaeT npo6xewa onpe-

)laxeHHJI paaMepa CaMOA o6xaCTH~ K aCHMnTOTHQSCKHX ycxosull Ha ee 

PpaHHne r , )IOCTaTOQHO TOQHO y<IIITYB~X ITOS9)18HH9 pemeHHJI Ha 

6eCKOH6tDiOCTH. 

8 KOM6HHHpOSaHHOll ITOCTaHOSKe S KaQaCTSa PpaHHQHMX YCXOSHII 

HCITOXb3ynT rpaHHQHMe HHT9rpallbtme ypaBH9HHJI 0 TOQHO y<IIITYB~e 

nOBe)leHHe pemeHHJI Ha 6aCKOH9QHOCTH. flpH 3TOM H9H3S9CTtme MOpYT 

Onpe)I9XJ!TbCJI TOXbKO. B~l .XH60 B HeKOTOpoll OpoH3BOXbHOA 06XaCTH 

ee CO)Ie~eA. llpK QHCX9HHOM pemeHHK Tpe6yeTCJI O(n"\+Cl.'O.~ cxos 

naMJITH SSM, a npu sM6ope s KaqecTse r nosepxHOCTH cnenuax&Horo 

BH)Ia - Q(n3)+ C2n~ [2}. 

B HaCT~A pa6oTe paasusaeTCR no)IXO)I K noxyqeHHn KXacca 

KOM6HHHpoBSHHWX ITOCT8HOBOK, XBpaKT8pHOA OC066HHOCTbO KOTOpOrO 
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JIBJUI9TCR Tpe~OB8J!H9 Q(n~-t-Cin~ CJIOB OaMIITH 38111 (0(n~-t-C~~/f.- 9CJIH 

HCOOHb30BaTb Cfi6QHanbHH8 nosepXHOCT.H) OpH ~C~BHHOA p6aRH3~H. 

0TM8THM, tlTO flOCTaHOBKa WiaJIOf'H.lli·IOrO .~H~ ~ AJIB. H6H388CTHhiX BBKTOp

cj>:fHI<fl"'l ~llJI~ paCcl'fOTpe~a B Jl<¥1 OTax r 9, 4] , ~ .. .IlJIII CKWJliPHh!X cj>YHK!1HA 

B. [ 5] • 06e ·~TH OOcT~OBKH M~O OO~Tb C OOM0111bll npe,;narO,~I.IOrO 
OOAJC0/19•, 

8 §I npHBOIIRTCJi KOM~HHHpoB8J!flbl9 OOCTQHOBKH, ,OOJiy<i8.9Mbl9 B ,, ·, : ' ' ' ' '" !. ' .. ' ,· ' ; ' "' ' ',' ' 

, p8MK8.X ,pa3BJIB99MOrO ,no~?ll•• ,B §2 ~CC:Jl9~9TCJI f'P'je~~lpl8.JI ,cj>ppNY
JIHpOBKa 0~9A: ,H3 UO~TaHQE!OK 3.':1:0PO K-?J&CCa .OTH9CHT8~f;\O, fl9~HOI'O 

Cl(a;tJIPl!Oro n~T~~~a • .nwa8J!a O,llijO~f:la'll!"f P~f3peliiK>lo9Tb " cxo-

·. /IHMOCT~ npH~J!IIll9~.hiX pelii~HHA, , OOli:(1J9HHh!X M~TOI\OM Ta;t,epKJIIi!l, K, TO'I

HOr<y. B §3 ,IIJIJi !IBJ'M9pHOA OOCT8JIQBKH OTHOCHTOJ!bHO Op,H.OK0¥001j9HTHO-o~· : ' " ' . " 1 ., '' ' ' 
ro BeKTOpHoro OOT9'!11H8.J!a )>8.CC"":TPH88.9TCJI P,H0Kp9TH39!1HJI ,MSTqP,OM 

K~He.mn.oc 3JI8MBJ:f~OB:.• fip~~~~TC~ ~~~JI:f>~aTbl, tnt:C~6HHJ:DC .3KCDepHM8HTOB 

H .pe3:fJlbT9T"\ .P"C'I9TOB )!:9~T9PHCTHK MarHHTJiOrO OOJ!Ji p :f'I9TOM,.H9JIH

. H9AH~CT~ ~ppoM9~H9THK9. 

'nybb Q - o~pmni'leHHM oilJiacTb a R ~ , aanoJIHeHHM ~:~aoTpollHhiM 
\lleppoMarHeTKKOM, r - ee rP8J!HI19, O~Jlll,li~M P,OCT9TO'll!OA rJIII,liKOCTbll. 

I!MeeM ypb.BHe!i.til wm B9KTOpa M9PHHTHOII HHp,yi!!1HH €j H B9KTOpa Hanpli

l!9HH0CTH OOJ!Ji H : 
'i]'>lfl..bO, 'ij'.e;=o, B-=/'H. x.;;,Q, (I.I) 

rp,e ~f 381118.Ha JI~o KaKjl=f(IBI)• JIH6o KaK /'< c )'I(IHI) • 

. iiCDOJib3:fJI ~!li:ff.':l'pHHa BHe Odll'!!'TH Q. ,IIJill B9KTOpa·B "H HMElOM: 

_ -g(~)+~;~t~ .dS~ + VxJ~;~ dS~ = e; •. ,x.._ R~\Q, (J:.2) 
rp,e h - B9KTOp BHeliiHeA K Q. HOpMMH, 

B. :s. "Jx ) !r-dSl.~ , 1"=\"><-u\, 
Sl.s o 
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Q., - orpaHH"IleHH8JI oOJlaCTb B Q.' 9. , seKTop J - sa,JJ,aH. Y"llHTWI8JI 

CKQQKK HHTOI'pallOB 8 (1.2) npH ~-- r H yCJ!OBKH HenpepYBHOCTH HOP

MS.JibHOR KOMIIOHOHTY BOKTOpa p; H TaHI'9fl1111aJlbHOR KOMIIOHOHTY 89KTOpa 

H np• nepexo,11e qepes rpaHHIIY \ , noJIY'IHM rpaHHQHOe cooTHomeHHe: 

Hn(S·n)+ih(H'fi)]+V~ S~"n Js,+'\J !fi·ii .IS,=Bl'l,x .. r.<I.3> r ~,..,.. ' r 4t,.. • 
TaKKM 00pa30M, B oOmeM 8",119 3~aqy MQI'HHTOCTQTHKH MOZHO C~pMYJ!K-

pOBQTb KaK sQAaqy c ypasHeHKHMH (1.1) • r~QHYM ycJ!OBHeM (1.3). 

C fi9Jlbm nOJ!YQOHHR B (1.3) TOJlbKO O,IIHOrO HHTerpana nor , 

sse11ew 11onoJ!HHTeJl&HYR seKTOMYHKI1l!m P , YAO»JleTsopii!OmYm • Q 

ypa8H6HWIM: 

VKP=o, V'· P = o, x.a..Q.. (!.4) 
Tor,11a HS ~pMYJJY I'pKHa Oy,11ew KMeT&: 

~(•l P(,() = V• S P~ti Js~ + v J ¥ dS~ , <I.5l 
r r 

1',119 Jb) =41i, OCJ!H x .. Q Ho((:.<) =2:1, OCJ!HXer • C YQOTOM (!.3) H 

( !.5). 3~8.88.11 AJJR B9KT0pa p yCJJOBKH Ha r 8 BH,IIe P• h = \\x n 
KJJH B ••A• P· i'i = B·"ii , nOJJYQKM cne,~~YmmHe rpaHHQHYO ycJJOBHR: 

Pxii =i\xli (fi+V s<B-PH Js) Xh = Bs ><li. (!.6) 
' \ (T 'Itt" 

iixn=H•ii (5+P + v l<.B-i}liJs).j;i-~ ·n, <I.?> 
'2. r4n 

a TB.KXe 

P·n = B·ii , (H+P rr J(ii-P)•ii 'p) - -B --+vx. el.lXh=:sxn 
~ r 411"r- • (!.8) 

p.r; "'~·ii' C
- rcH-P)xii ) -P+ Vx J ds ·h = ~5 .n. I' ~~1" 

(!.9) 

To ecT& noJlyqaeM K ypaaHeHHRM (!.1) • (!.4) "lleType KpaeBYX ycJlo

BHR (1,6) - (1,9), TO"IlHO Y"fl"TWIWOWKX fi088,118HK9 pemeHKH Ha OeCKOHO"Il-

HOCTK. 0oOTB6TCTB6HHO rpaHH~YM yc~OBHRM nonyqaeM qeTNpe KOY~HHH

poBSH~e nOCTaHOBKK, K~aR H3 KOTOpHX COASpzHT TOHbKO 0~ rpa

HH"flHyR HHTerpan&HyR onepaTop. 

~ "llKCJJOHHOI'O pemeHKR ~XMOpHYX 3~aq uarHKTOCTQTKKK oOyq-
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HO BBO,IIl!T CKIIJlllpH!iB DOTBH!1'18Jl!i, fiyCTbH •'Q'\' H p •V<f, TOr)\a 

ypaaHe~H (!,!) H (1.4) npKMyT BHI\ 

'V·f-1/'f'=O, 6.'f eO, x~.Q. (I.IO) 
llpcHHTerpHpyeM ycJIOBHe Px "h = fi •n BI\OJib HBKOTopo!! KpHso!!, npHHa)IJie-

li!Bll\eA r' a T~e rl>wrntlHble ypasHeHHl! (I,6) H (1.8), Tor)\a,npHHH

MaR BO BHKMaHH8 COOTHOWBHHB 

v" ~~;~ .ls =-II ~--~ ( 4~r)iiJs + n(G·l\) + ~ n •(G•i\), x« r, 
r)le Q" = H-P = V ('\'-<f) , noJiyqHM CJiei\Yi)fillle rpaHHtllible ycJIOBHJI: 

<f-=- 'Y !-f + l ,£- ( "''!f - '!f).J.s = F-· Bs clt <I. II) , . r ""'' r- . ' . ....," '"ll"l . ., 

(I.I2) 

(l.I3) 

(1.14) 

3)1eCb ~ - seKTop KacaTeJibHO!! R rpaHH~e r' . To eCTb K ypasHaHHJIM 

(I.IO) noJiyqaeM QBT!ipe aoaMOEH!iX Kpaes..x ycJIOBHll (I.II) - (1.I4), 

COOTBBTCTByn~e ~BT~BM KOM6HHHpOBaHH~ OOCTSHOBKSM AAH CK~HpHNX 

DOTBH~aJlOB '\' H 'f , 

0TMBT.HM, 'QTO 3TH i'II:B cJ!opMyJIHpoaKH KpaeablX ycJioaHR Mom~o noJiy

QHTb H3 ~OpMyJI rpHHa,yqHT~aJI 1\H~epeHQHBJtbH!iB ypasHeHHJI )\JIH CKa-
3 

J!JipH!iX DOTBHQH8J!OB B jl: \Q. H B Sl_ • lfMeeM 

~ f + ~ 'f .?n ( ~r) Js - ~ ~~r ~ .\s = o , ~ '" I', <I. I5 l 

i'l'- jt !-.(-' )Js'+ )-1 
M '!! Js e l'E·Bsclt )<€P 

'1. r "'" ~""' r ''"' ' "'~'~ • . 
llcnOJ!b3YJI J!H60 yCJIOBHe 'f = "\', JIH60 ~ = r~~ H KOM6HHHpyH HHTBrPBJtb-

Hble ypaBHBHHJI B (I,I5), noJiyqaeM ypaBHBHHH (!.II) H (1,I4), llHTer

paJtbH!iB YCJ!OBHII (I,I2) H (l,I3) DOJiyqanTCJI KaK pB3YJibTaT ~peH

~HposaHHJI HHTBPPBJtbHWC ypaBHeHH!! (J.Il) H (1.14) npH X€52 H npe

JJ;BJibHOrO nepexo~a npv. X -+ r. 
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~n ~cxeHHoro pemeH~ A"YM9PH~ a~aq o6~o acnoXb3Y»T 

OM!OKOMllOH8HTHilll BeKTOpHW! ll0T9ffiii!M. fiyCTb ~ =V<A, p =~<V , 
npKq9M BHnOHHRnTCR ycnOBHH! 

V·A=o, v-r=o, [n.A.]=o,l:_n.f1 = o, (1.16) 

r~e KB~THHMH CK06KaMa 0603HaqeH CKaQOK ~YHffiii!H npH nepexo~e 

qepea r . B o6xaCTH Q 6y~eM HM8Tb ypaBH8HM 
I -

'I• J<V•A = o, v~'\1• F =0, ><e..9.. <I.17l 
~n npoCTOTH ll0XyQ8HM rpaHHQH~ ycxosaR COOTB9TCTB~ ypaBH8-

HHnM (1.6) - (1,9), HCll0Xb3Y9M ~pMYXH PpHHa: 

_ r ii< (8 '7•A) , r I r, - 5 - I -
j:A- ~ 41 r- "'S+ ~V~r-><\fi•A).\S-/n·A)V41r<=IS =As, 

if+ ~n.~V·f .\S- Sv4;~ x(n•F)<!s + fn-f:). v.L .\S = 0 
2 r ,.,." :r r " r ~- _ ~n-- _ ' - -
r~e As = S -.1!£. Y~THBM, qro ycxosan P·l'\ = I!>• II a P~l'\ • 1-1• n 

.2s 411~ 
nepeXO~T npH BHUOXH8HHH ( l. 16) COOTB9TCTB9HHO B 1i = i' 

(1.18) 

onepaTop poTopa, a TSX3e yqTeM coOTHomeHae 

V• )vi x((\•A)Js = V S ii·V•A Js ~<e..Q.. 
r r- r I" ' 

Tor~a noxyqaM e~e ~sa rpaHaQH~ ycxosan: 

A=f, n•v~ (A.- sn•C\:V•A-Y•F)Js) = nx1;' <1.20) 
r 4rr- :s , 

n• jV•A=-ii•V•F, li•V•(A;£)+ fi•V l~·v•@."-F) .\s -ii•~s. CI.21l 
r '1\!l" 

TaKHM o6paaoM, AOITOXHHTSXbHO K ypasHeHHnM (1.16),(1.17) noxyqaeM 

Kpa8BH6 YCXOBHn (1.18) - (1.21) K COOTB6TCTB8HHO Q6THpe KOM6HHH

poBaHHH6 noCTaHOBKH AU BeKTOPH~ noTeffiii!MOB A a F c OMIHM 

rpaHH'lllllM ldHTerpam.HHM OIIBp8TOpOM Ha r 
. 5 



0TM8THM, qTO 1) npoeJttlHOHHilJI ljiopMYJIHJlOBK!l 3!l,II!l~ (1.1) ,(1.4) 

(I,?) p8CCM!lTpHBBA!lCb B pa60T8X [3,4], a~ CKanHpHHX H8H3BOCTH~ 
a pa6oTe ( 5] ; 2) npe,ll,JlaraeMhlll nowo11 noaeoJISieT noJiyqaTb rpaHHqHbiO 

YCHOBHK He TOH&KO Ha rpanuqe ~ppONarH8THKa 1 HO H Ha npOH3BOnbHOA 

rp9.Hl!qe, He nepeceKax>~ell o6JiaCTH 2s. 

§2, lipoOKIIHOHHilJI ljiopMYJIHpoBKa 3!l,II&~ (1.10), (1.13) 

PaccMoTpHM npoeKIIHOHHYD ljiopMyJIHJlOBKY all,IIa~ (I. IO) , (I. I3) e 

H~.(Q.) • YMHOlltliM ypaeHeHHH (1.10) Ha npoHaeOJibHYD <I>YHJttlHKl \1" \\1C>l.) 
H npoHHTerpHpyeM no o6JiacTH ~ • HcnOJib3YH TeOpeMY o )IHBepreHIIHH 

H yCJIOBHII (I.13) npHXOAHM K CHCTOMe ypaBH8HHll 

S V'f'·Vt.fJ~- SfV"i·Vl>Tcl2. =0 (2.1) g. ~ , 

'12 lu\u~v'f, 'f~I-I,C~1. 

J: {U I ue. L.~GQ'f, .l:wv ~o, n:u -o!, 
aaMeqaeu, qTo ypaeHeHHe (2.1) eCTb ypaeHeHHe ~ onpe)leJ!eHHH 

npoeKIIHH - V<f ~eKT? r" . '& Ha nOAnpOCTpaHCTBO G. • &ry npoeK

qHKl o6oaHa~M B~ , ~~ •"J<f. YpaeHeHHe (2.2) nepenHmeu a BH)Ie 

H~·N.l.Q.- 1. S{ll•V\ol'J·S ii><l~-iil .ls J.< G S~·v.r.&,<2.3) 
~ 4T r r r- ~ .,. Sl. . 

H nOKaMeM, qTQ pemeHK8M aTOrO yp&BH8HKR 8BXR8TCH 88KTOp " , KOTO

phlll Onp8)18JISI8TCII H3 ypaBH8HHII 

l(e;(fl)-SM(ii))·VW'.\2.= Hs·Vbl' .\Q. ""' \11(Q.\ (2.4) Sl. St , .,, 
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I - ( -S'Ma.i<:JdMxvy;e\Q., M:: JI-L)H. 
4-o; 9. 

HaaecTHo, tiTO onepaTop S :\.z(Q)~-\.,1(Q) 3 , S =S*,I\Sl\~t(7]. 
CnpaaeAHHBa xeMMa: 

JleMMa 
-_-_ - 0 

I)5U = 1J , eCHH IJa j 

2)5U & G. , eCHH U E. iq 

~OK83aT6RbCTBO neMMN OCHOBHB86TCR Ha npeACTaBneHHH B6KTOpa 

'iJ E l.2(2.)\ BHA6 

V=-SU-t>.U, 

- i ~- i AVa - 0 JV·'V-dQ. 
4... ' r ' Sl. 

H HcnonbaoaBHHH caoAcTB onepaTopa A , ycTaHosneHH~ a· ls], a ~acT-

HOCTH,t>. :L2(5l.T-\.2(ll.)~,t>,\i.Q, ecJmVe.J H AU E. a., ecxHVe. C... 
TeopeMa I. llycT& A"" M a(r(x,H)-~ i=\ , rAe M ,\\e.\,1(2.)~ atmoHHIII)T

M. H6paB6HCTB8: 

(Hct:\2, 'H,-ii"l.)?rn. I\~~.-H2f, \"tlo">O, 

\li\- M2 \\ {, to 1\ i-11 -ii2 II, to -,.o. 
TorAa: 

I) OnepaTopT(H) =B(H)- SM(H), T: ~ .. ~, CHHbHO MOHOTOHHHII H 

J!Hnlllll!l-H6ITpep!IBHW!, TO 8CTb 3aAatla 

\(T(H'\-~s)· VIJ .JQ. =0 (2.5) 
2. 

HM69T 8AHHCTB8HH06 pemeHHe B npoCTpaHCTB8 ~ • 

2) 3aAat~a (2.5) 3KBHBaneHTHa 3aAat~e (2.3). 

,1\oKaaaTeH&cTao. I) ToT lj)aKT, 'ITO onepaTop T A•RcTayeT H3 ~ B ~ 

cJ!eAYeT Ha YTBepoAeHH>t J!eMMY H onpeAeJ!eHH>t T . ~ee npeo6paayeM 

onepaTop T K BHAY: 

T(H) = b(~-H+\i- SM(\ij e M(i\)+~-SM(\1) = \\- ~F\(~). 

7 



CHJibHM MOHOTOHHOCTb H J!HriiiiHq-HenpephiBHOCTb onepaTopa H- AM (il) 
8 npoCTpaHCT8e ~ npH 8HUOJ!HeHHH ycJ!08HA TeopeMY AOKaaSHa 8 [5]. 

2) AnR AOKQ3QT9J!bCT8a 3K8H8aJl9HTHOCTH 3QAaq (2.5) H (2.3) 3anHmeM 

(2.5), yqHThiBM yT8eJll!AeHHR JreMMY, 8 BHAe 

J ( ~c S(~~ -H)- ~s) · vw dQ. =0 

H YCTSH08HN, ~0 AJ!B JJD6biX 1j, V E. ~ 

!SU·Vd2., !. S(n~V)· sn•'iJ cl~~.ls,. <2.6l 
" 4'1:~ ~r 

!lyCTb G (Q) - 14H0ll9CT80 PpaAH9HTOB BCeX 69CKOH9~0 )ll$jJepeHqHpye-

MbiX 8 Q. W>u<q•A. liHolleCT80 G(Q.) UJ!OTHO 8 npocTpaHCT8e ~ t61. 
YCTSHOBHM cnpa89AJ!H80CTb (2 ,6) AJ!li JlOObiX U , V 6 G. (Q.) • IIMeeM 

\V· Su .1~ = .i. l v. vx 1 n•'U .\s. .IQ = 
Sl. . 4-r Sl. r ~ -a ~ 

"'"~~ 5<v·(V·Vx5i~>'iJdsl)<IS1.~ ,~ S(ii•VJ·l"'v .:l.s,r:J.s,. 
Sl. rr "r r~" o 

Y~Tb18M, qTo S : \..2tstl"~ 6,(2)"' - ecTb JlKHeAHb!A orpaHHqeHHblA one-

paTop, f\ ~ V H 1\ xU - eCTb J!HH6AHY9 HenpepY8Hbl6 OT06pal!9HHR H3 

-\ ' 
npOCTpaHCT8a I;; 8 npoCTpaHCTBO \-1 (rJ \_9], CilpaB9AJ!HBOCTb (2 .6) AJ!R 

Jl!l6b!X U ,Ve. C\ cJreAYeT no Henpephi8HOCTH. TeopeMa AOKaaSHa. 

PacCMOTpHM Tenepb 80npocbl CXOAHMOCTH npH6JlHll9HHbiX pemeHHA 

ypa8H6HHR (2.5), UOCTp06HHYX M9TOAOM faJrepKHHa,K TO~OMY• !lyCTb 

4n - KOH6qHQM6pHOe JlHH9AHOe UOAUPOCTpaHCT80 B npoCTpaHCT89 ~ 

C HOpMOA, H~HpoBaHHOA H3 ~. H 6a3HCOM ~loll., ,. • ,~1ol,_ • TOPAa 

~ - e ranepKHHCK09 npH6~H~6HH9 
1'\ 

Hn = .-z !I.e V'IJL , w, e. 1-1, (Q.\ 
l,.t:i ., 

K TOqHOMY pemeHH!l H HaXOAJ!TCR H3 CHCTeMhl ypasHeHHA 

) (I(H.)-~s)·Vw-....1.2. =0, i.e i,2., ... ,n. 
Sl. 

TeopeMa 2. B npeAUOJ!OlleHHRX TeopeMY I 3QAaqa (2.7) 

8 
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B6HH06 B G;~ peW6HH9 H HM66T 116CTO O~HKQ 

Uii.-'HI\~1(2); 6 L/111 i.rt~ \\V-\\\\L1CQ.); ,V€411 , 

r,11e t - KOHCTaHTa J!HllWJiqa, 1"\ - nOCTOJIHH!UI CHJibHOA IIOHOTOHHOCTH 

onepaTopa T . 
~OKaaaTeJJbCTBO TeopeMY cne,~~YeT na YTB6pm,lleHHA TeOpeMH I H 

TeOpeMY 06 OQeHK8 norpeWHOCTH M6TO~a ranepKMHa ~R CKHbHO MOHOTOH

HNX H JIHnmMq-Henpep.WHNX onepaTOpOB (10). 

f3. PacqeT nnocKonapanneJJbHHK warHHTHNX noneA 

~ pacqeTa nJJOCKOnapanJJ9JibHNX MarHHTHHK noJJeA B KOM6HHHpo

BaHHOR nOCTaHOBK6 6y,II6M HCnOJJb30BQTh ypaBH6HHJI (1.16), (!.17) H 

KpaeBMe ycJJOBHJI (1.21). B aToM cnyqae s A6KapToaoR CHCTe><e KOOPIIH

HaT ( lC , 't , l ) HMeew 

A=(O,O,t.l), ~=-(O,O,U'), J=(0,0,3). . (3.1) 
3a,ilaqy 6YA6M paccMaTpHBQTh B OdJJaCTH £L , BHJJ~q~~eR B ceds OdJJaC-

TH , 3aHHMaeMMe ~ppOMarH6THKOM H TOKOBMMH OdMOTKaiiH. YMHOXHM 

ypasHeHHJI (I. I?) Ha nponsaonhH~ seKTOMYHKqHil W"& i\4(Qf, npoHH

TerpnpyeM no odnacTH ~ .YqnTMBM ycJJOBHR (1.21) H (3.Il,npnxoAHM 

K Cne~eA CHCTeMe ypaBH6HHR ~ H8H3B6CTHHX ~ H ~ 

(3.2) 

Slvu-vw-.t:n + i 5!!!!" S(~u- ~")e., i.~S J~. j:J-w-ciD <3.3l 
I> /' 21" s ")t: s 'l-c .,.c '"' a ""' l) , 

rAe !) - OdJJaCTh, RBJJJilOIJlS.IICJI ceqeHH6M OdJJaCTH i2_ nJJOCKOCThll, nep

neH,IIHKYJJRpHOA OCH 0:~. , $ - rpaenqa Jl , "VlA = ("~ , ~~ ) , qepes 
... 'l~ ~ 
~ 0603HQqeHO ~peHqHpoBaHH6 no KQCQT6JibHOA K S • 
~ ,IIHCKpeTH3aqHH ypaBH6HHR (3.2), (3.3) HCnOJJh3yeM M6TOA 

raJJepKHHa c KOHeqHMMH 3JJeMeHTaMH. PasodheM odJJaCTb D Ha TpeyrOJJh

H~ aneM6HTN TaK,~O 

ll~ ~ 'll,.. , ~>~eSl>r.C\D, ~o, l'IJ'·n. 
M•l. 9 



B Kaqecrae daaacHwx acnanbayeM Kycoqno-HHHeAnwe ~YH~H. ~pea G 
" H 'IJ Od03HQqHM npadHO!JitBHHhiB 3HaqeHHII U H V • ~YHKQ!IIl )' B 

K8ll!,ll;OM aHeMBHTe c~raeM nocroRHHoA ~KQHeA OT Ill I • Tor)J.a M3 

(3.2), (3.3) nO~M CMCTBMY HBHHHBRHYX aHredpaaqsCKMX ypeBH8HMR, 

KOTOPY!l 3anMmBM B BH)J.B 

/>."(!l)G- ~>.;\} = f (3.4) 

~,.cal+ c) C.- c~ =+. (3.5) 

3)J.BCb Af' - II• ~ MaTpH!Ia, nOCTpOBHHaJl M3 MaTpH!I OT)J.BHhHWX KOHBqMWX 

aneMeHTOB, N - ~cno yanoa ceTKH. aneMeHTH MRTPK~ A~ aaBHCHT 

OT MarHHTHOA npOHH!IaBMOCTH r . A~- MaTpHQa, anaHOrMqnaJl f../< H 

nOCTpOeHHaJI npH J' = i. C - N K~ MaTpH!Ia, HBHYHBBWMH B KOTOpOA 

HBXRDTCH TOHbK0.3H8M9HTH, CB83YBaD~8 H8HSB9CT~H6 Ha PpaHHqe 5. 
t - H3B8CTHwA BBKTOp. 3aMeTHM, qTO npM ~CH8HHOA peaHH3~H npe)J.

naraeMOro anropHTMa Heo6xo~o xpBHHTh a rraMRTH a~ MRTPHQY KOHeq

Hwx 3H8M8HTOB H O)J.HY nOHHOCTbll 3anOHHBHHYil MaTPH!IY nopRAKa ~r, 

r)J.e Nr - qaMo yaHoB ceTKH Ha rpaHHQe S • 
fipH88)J.BM HCnOHb30BaHHw9 HaMH MBTO)J. )J.HII pemeHHII CHCTBMM ypaB

HBHHA (3.4), (3.5). fipe)J.BapHTBHbHO )J.HII CMMMBTpMqnoA paape~BHHOR 

MaTPHQM A!. cTpoHTCII pa3HOll8HMe XoHeccKoro A~ • L tl \I . HeMaaecT

"' HwA BBKTOp U HaxO)l.MTCII H3 HBHMHBAHoro ypaBHBHMII (3.5) C nOMO~bll 

' )J.ByxCTyn8HqQTOrO HTBpaQHOHHOro npoQBCCa,B KOTOpON MTBpaQHM no 

NBTO)J.Y CHMMBTpMqnoA nOCHB)J.OBaT8HbHOA B8pxHeA peHaKCaQHH C a)J.anTMB

HOA npOQBAYPQA BT ycKOpBHKR (II) npH onpe)J.BHBHMM U qepeiJ.YilTCII 

C HO!lltHBA peHaKCaQHBR npH nepeonpe)J.eHBHHM f no ~PMYHB: 

""" = ~'· + P cr,a-..)-""'' 
r)J.B n - HOMep HTBpaQHH. 3HaqeHHe napaNeTpa J BMdHpaBTCII H3 MHT8P· 

BaHa (Q,I) )J.HII yY8HbmeHHII BHHRHHII H8HHHBRHOCTH. fiepMO)l.MqecKM, qepe3 

HBKOTOpoe KOHHqecTBO HTBpaQHA, ypaBHBHHB (3.4) H nOCTpoBHHOB paa-
;.. 

Ho~eHHe XoHeCCKoro, acnonbayeTCII AHII nepeonpe)J.eneHMa V • HTepa-

10 



UHOHHHR npoqecc aaxaH~aaeTcn, ecnH cpaay •e nocne nepeonpe~eneHHH 
A 
V BHnORHRnTCR HepaBeHCTBa 

.1 \u.\.,- ~I/ f \1.1~ •• 1 ~£ •. m .. ~ \1''(~ .. ~-~l.\~E., 
~o•J. \o•J.. t. .. t., ... J-'e /' I' 

PA9 f. , £/' - 38.,llaHHY9 B9J!Htii!HY. 

ilpHB9A9M p93YJibTRTH tii!CJ!9HHHX pacqeTOB XRpaKTepHCTHK fiOJ!H 

,1111nOJibHOro MarHHTa HHli9K,11110HHOro KaHMa CHHXpoTpoHa Cl111H LI2], 
~eTBepTaR ~aCTb nonepe~oro C9~9HHR KOTOporo Op9ACTSBR9Ha Ha pHc.I. 

~8 AaHHOrO MRrHHTR xapaxTepHO AOBOJ!bHO CHJ!bHOe HQC~9HH9 ~ppo

MRPHHTHOrO aKpa~~a npH TOKe a BHTKe o~MOTKH I-= 2000 AU2]. lloaToMy 

aKTYaHbH~H RBRBDTCH pac~eTH C TOqHHM ~9TOM YCROBHR Ha 6eCKOHe~

HOCTH. 

~,MM r--------------------------, 
5 

\OS 14!> no X, MM 

PHc.I. 4eTsepTaR ~aCTb nonepeqHoro ce~eHHH ~HnonbHoro MarHHTa. 

fiOCJI9 pemeHHS CHCT9MH (3.4), (3.5) HCCJ!eAOBaHHe CBORCTB Mar

HHTHOrO OOAR npOBO~TCH C DOKOmpm rapMOHHqSCKOrO SHSRH3a. B snap

Type MarHHTa OORS MOZHO npe~CTSBHTb B BKAS ~a ~be: 

i!>~(I',EI) = •~ ~ .. ~.t'cos(K-i:)EI, 
rAe ( ,. , G ) - nOJIHPHHe KoopAJ1HRTY, ro - ~KcHposaHHYR pa,1111yc. 

fioBeA9HHe fiOJ!S B AHnOJ!bHHX MarHHTQX XQpaKTBpH3yeTCS KO~HqH9HTQMH 

C"-=-~t~/B1 , n=2w.+1, 'K-i,2, ... , 

II 



Ta6nHga I. CpaaHeHHe rapMOHHK nona a cnyqae f= I. Ha 

pa,!IHyce I" = 3 CM • 

TollHoe ilpH6n~eHHOe pemeHHe 
pemeHHe nepaa.a ceTKa BTOpa.FI CSTKa 

s1,rc 6302,28 6321,31 6303,43 

c3 

c5 

p. 
KI 

I (A) 

1500 

2000 

2500 

u, 14\1 0,151 0,150 

0,010 0,014 O,OII 

Ta6nHga 2. KonHqecrao HTs~HA KI Ha nepaoA ceTKS a 

3aBHCH:MOCTH OT pa3JIHtl:HblX 3HaQeHHR f' . 

I. 10. roo. 1000. 

127 94 64 75 

Ta6nHga 3. BenH~HN rapMOHHK nann Ha pa,!IHyce r = 3 eM. a 

Cnyqae f = f (\&\} npH paanHtlHb!X 3H8.'19HHRX TOKa 1 

a BHTKe o6MoTKH. CpaaHsHHe peaynhTaToB nony'lsH

HNX c noMOiqhKl nporpaMM \\YBRlD H G.9-l:llS oo • 

\\'te.ll.ID e<msoo 
I cerKa 2 CSTKa I cerKa 2 C8TK8. 3 C9TK8. 

l:lr,l'c 13261,8 13274,3 13288,1 13278,5 13275,1 

c3 ro2 0,198 0,085 0,050 0,048 0,047 

c5 ro2 0,146 0,054 0,024 0,025 0,024 

l:lr,rc 115724,5 15733,9 15758,7 15738,5 15733,5 

c3 ro2 0,273 0,166 0,138 0,140 0,138 

cs ro2 0,172 0,096 0,063 0,061 0,062 

s1,rc 17850,0 17861,3 17894,0 17871,7 17865,1 

c3 ro2 0,362 0,313 0,301 0,298 0,295 

cs ro2 0,316 0,157 O,II3 O,II4 O,II4 

12 



r~e AHR ~h cnpaaeAR~Bo npe~cTasneHHe 

t'o i. 211""" 
Bn = n if ~ "'(~o,&) e.os YIEl 461 

)l.nll npoaepKH npaaHnbHOCTH pa60Tbl npol'pllMMOI H'tBRlD, a KOTOpoA HCnonb

ayeTCll OITHCaHHOIA B 3TOM naparpaipe an~opHTM, ~DinO npOB8)18HO Cp8B

H8HH8 peayncTaToB pacqeTa no npo~paMMe c TOqHbiM pemeHKeM a cnyqae 

~ • !. PeaynbT&TOI cpaBHSHHA Ka IIBYX ceTKax npe)ICTaaneHOI a Ta~

nH~e I. ITepaa>~ ceTKa co)lepmHT 240 aneMeHTOB, BTOpal! nonyqeKa paa-

6HeHK8M K~O~O an8M8HT& llp8)1~8A Ha qeTOip8 Tpey~OAbHHK& H COj18p

li!HT 960 aneM8HTOB. BenH~Ha €. BOOHpanacb paBHOll e = 0,5 ro-5. 

Ha Ta6n~QH l B~~HO, l.J.TO Ha BTOpoA C8TK8 OCHOBHaR rapMOH~Ka nona 

COBll&jl&eT C TOqHoll 8 Tp8X 3HaKax, 

B Ta6nH~e 2 npHBe)leHo KonHqecTBO HTe~ll KI 11a nepaoA ceTKe, 

Heo6XO)IHM08 An" )IOCTH~8HHll TO~OCTH €. = 10-5 ilpH pa3nH~biX 3Ha

l.J.8HHJDC f , TIOCTOJIHHOrO BO seeR 38.HHMB.8M.Oit !J?eppoMarHeT~KOM o6naCT~. 

KonH.l.J.8CTBO HTe~R H8CYlft8CTB8HHO 38.BKCKT OT aenHtnt:HI:l f' • 
B Ta6nH~8 3 npa)ICTaaneHbl aenKQHHbl OCHOBHOI! ~nonbHOll ~apMO

HH.KH noJJR Bi. H OTHOCHTenbHbiX B.MILJIHTY~ rapMOHHK nonx C21 , CS' B 

saBHCHMOCTK OT aenU~HH TOKa B BKTKe 06MOTKH. ~ HenHHeAHo1t 3aBH.

CHMOCTH f =t(\e;\)H3 li2], npej~CTaaneHHOll Ha pHC,2, PeaynbT&TOI 

nonyqeHOI c noMO!QbiO npo~paMM HYBRID H '~ros .... B nocne)IHell 

peanH30BaH M8TO)I KOH8~biX pa3HOCT8ll K M8TO~Ka yqeTa ycnoBHll Ha 

6ecKoHe~ocTK, Hano~!!Hal! a pa6oTe LI3]. YaJtbl ceToK,KCnonbayeMOie 

3THMH npo~H,COBIT&II&JOT, a Tp8Tbll C8TK& ll0nyq8Ha H3 BTOpoll 

TaK se, KaR BTOpall n~cb H3 nepaoll. lls Ta~ 3 BHAHO, ~o 

npM pacqeTe c noMO!QbiO npO~paMMOI H'lllii.ID OCHOBHal! ~apMOHHKa IS. 
ycTaHaBJ!HBaeTCJI a qeTOip8X aHaKax ~e Ha a Topol! ceTKe. OTMeTHM, 

QTO 8 CJ!yqae p8CQ8Ta C O)IHOp011Hb!M YCJ!OBK8M ~HpKXJte Ha TOll B8 

~paHHil8 S (12] peaynbTaTbl p83J!KQa!OTCll B Tp8Tb8M 3HaK8, 
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PHc.2. 3aaHCHMOCTb J< = )<(IBIJ )\RR TeMnepaTyp T=4,2K" T=300K 
(cTaRbFe + 3,25%SL ). 
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