


B B ~ I I ~ H H Q  

K ~ K  a3secTno /I/, ncn-WcI cKampme npoH3senenm-i CnHnopoB 
c B~COBHMU - MaTpmahm a ~ ~ e d p n r  KwQpopna, ~ o m o  odpaaoaa~b 

pa3JIE¶EHe BeKTOpmie, TeH30pHHe BBJDFIKHH: XI'I - - - y = ( y> fi-- - v - 
%.a 6awnehaR CBR3b RBXRBTCR OCHOBHHM MaTeMaTWeCKHM HCTO¶HXKOM ~ e f l  
IIepeXOAa OT BBKTOPHHX (T~H~oPHHX) BWlH¶PIH K 06'beK~a~. BMelOQHM CIIEHOP 

WQ ~PHPOW. B /2-4/ d w  npemmee a o p ~ a m r 3 ~  nepexona OT odm- 4- 
MepHHX BeKTOpOB IIpOCTpaHCTBa {xr ]  K ClT!dHOpaM {YJ . B /5-7/ paC- 
cMaTpHsamrcb ma.apaTmHble npeodpasoaam KoopmHaT, C B R ~ ~ H H H ~  c pac- 
cnoemeM Xonaa. Mx ~oanro TaKxe n o m a n  KaK nepexon OT AeKapTOBHX 

K o o p H a T  K cnmopmm. B nocnemee spem cnmopaoe npencTameme 
/8/ np~odpeno O C O ~ O ~  3HaneHEe B CBR3H C pa3BBTReM TeOPHH TBEICTOPOB . 

Oma~o BO B C ~ X  ~ T E X  nomonax cnHHopHoe npocTpaacTBo paccMaTpHsa- 

eTcR K ~ K  donee ~ A O ~ H O ~ ,  obnanwee HHTepecm amedpawecmm, reo- 
M e T p w e c m  CBO~~CTBBMH. 3necb ,Ha C ~ M O M  H u e ,  penb meT o ~ a ~ o i  mw- 
paTwHo H ~ J I E H ~ ~ H O ~  a a~eae  KoopmnaT, ~ o ~ o p a a  npamwecm H e  MemeT 
(H He CTaBklT IIOA COMHBHHB) TPaAElJEOHHOe IIPOCTPNCTBO MKHKOBCKOI'O KaK 

H~cToRUI~P padoze, KaK E B 

IIepeMeHHHM eCTb ~ e o d x o m o c ~ b .  JlJIKTYeMaR H~IIOJIHOTO~~, He3aKOWeHHOCTb10 

TeOpEE DHlt0HJl.R PaCTm C O  CWHOM. 

nacTm co CWHOM EMeeT M ~ C T O  ~ ~ K O H  c0xpaHenm-i UOJIHOPO yfno- 
BOP0 MOMeHTa, COCTORUIBI'O H3 C- o p d ~ ~ a n b ~ o r o  R CWHOBOI'O 



M 3  3TOI'O OllpeJK?neHiU3 BHJHO, YTO JUlR ¶aCTElq CO CIIHHOM 1 p W C - B e K T O P  -. 
'2 AOIIOJIKReTCfl P e n e p O M  AaHHOI'O l lpOCTpaHCTBa.  EcJIE BBeAeM P a C m p e H -  

Hble K O O ~ ~ M ~ T H ~ :  = ( 5, /Zg) H COOTBeTCTBeHHO I I , ! J I b C H  %:= (P-~P), 
2 2 R 

TO BeJENHHa X /zmk 6 y a e ~  COOTBeTCTBOBaTb 3HepTRH CIIHHa I. 
.&IS ¶ a C T u  CO CnHHOM I / Z  3TB COOTHOUIeMIR O ~ O ~ U ~ T C R ,  e C W  n€!- 

pefi~li B npOCTpaHCTB0 x3 H p a C C M a T p H s a T b  S a 2 ( Z )  - r p y n l W  ZJ33lXeHEnsI 

3 T o r o  D p o c T p a H c T B a  /I0/. P ~ J I R T H B ~ C T C K O ~  0 6 0 6 n l e m e  ~ e o p m  D p a ~ a  cm- 
H a  f/2 B CIIHHOPHOM IIPOCTPaHCTBe, KaK 6 y x e ~  lIOKa3a3IO m e ,  npHBC+ 

J$fT K aHaJIOFE¶HOMJ' PaCIllEPeHXIO CIIEHOPHOI'O IIPOCTpaHCTBa. 

T . e .  YCJlOBHR (1 .4) .  
T a K o s a  IIpEHULUIEaJIbHaR CXeMa XOKa3aTeJIbCTBa KOBapHaHTHHX C B O ~ ~ C T B  

YpaBHeHHR D p a K a .  OTM~TIIM HeKOTOPHe O C O ~ ~ H H O C T H  IIOBeAeHHR YpaBHeHHR 

(1.2 ) IIpH npeo6pa30sa~mx KOOPAEHBT . K ~ K  MH BE.&HM, - MaTp- B 

p e 3 y a ~ a ~ e  npeo6pa30~a~m JIopema H e  M e m m c f i .  Cornac~o (I. 4) om 
BHIIWH52T c ~ o e o 6 p a 3 ~ y ~ i  pOJIb "TP~HCMHCCHEI", n p 5 0 6 p a 3 y ~  BeKTOpHyHl TpaHC- 

@ 0 p ~ a -  B CnEHOpHyHl. C m 3 b  M e w  M a T P H ~ a M A  2 E 2 , C O ~ C T B ~ H H O ,  

O T p W a e T  C m 3 b  M e w  MaKCHMa^lIbHhIM YECJlOM f - M a T p m  C KX M ~ T P W H O ~  

pa3MePHOCTbB). 

Haxee, n p H  a c c n e A o s a m  T P ~ H C @ O ~ M ~ ~ ~ E ~ O H H H X  C B O ~ ~ C T B  ~ e 0 6 x o m o  
JTIilThIBaTb C M 3 b  M w  Y/ H pfi , KOTOpylCl MOIKHO YCTaHOBHTb HBIIOCpeX- 

CTBeHHO B 3  (1.21, PeUIELFf CHCTeMg W H ~ ~ ~ H X  m e 6 p m e c ~ m  ypaB~eHd. 
Bonpoc 3 A e C b  COCTOET B TOM, ¶TO p e U a R  ( I . ~ ) , A ~ ~ ~ c T B H T ~ w H o  JIE I I O J I p l W  

@J'TIICU@Q = F;b3 , AMeB)lIlJW CTPYKTJ'Pg 0 6 ' b e K ~ a ,  KaK "KOPRR KBELqpa'F 

H O ~ O "  OT BBKTOPB? 

Hamet q e J 5 B )  RarureTCR AOKa3aT8JIbCTBO C n e ~ U l e I ' O  yTBe?XlIeW: 

'Temewe (I  .2 y= V(p, ) T ~ K O  B TOM c m a e  m m e T c f i  CIIEH* 

PW, eCJlE 6 W U f ~ e h a ~  C I w r O p H a R  C T P g K T y p a  KOMIIOHeHT W J I b C a  P, 
(p = 0,I  ,2 ,3 )  a a s e ~ o ~ o  npemmarae~m". 

IIpaaLqe B c e r o  noKanteM, ¶TO (1.2 ) m e e T  H e c n m o p m e  pememu. B 
d K w e c T s e  T ~ K H X  pemeHd ~ o m o  ~ 3 m b  4 C T O J I ~ I I ~ :  



H O ~ ~ C T E M ,  ¶TO BTH CTOJI~IW npn n p e o 6 p a 3 o ~ a ~ ~ ~ x  JIopema npeo6pa3pTcR 

 ax ~ H C I I H H O ~  D p a ~ a .  Torga OAHH P ~e ate @3mecme B~JIEWQW - pfi 
6ym~ noDepraTbcs pamrnad E I ~ M ~ H ~ H H R M  B B~BHCEMOCTH OT T O r O ,  WAa 
OIiEBXO~T: B fFpP m B  y ( p / ( o .  

a 0  IIpOTHBOpePHe MOateT ~ H T L  CIUTTO DYMR C I I O C O ~ ~ .  I I e p a  CIIO- 

cob COCTOHT B nper [cTwem peruemm (I .2) He B mne CTOJI~~OB, a B 

BEAe MaTpw, C O C T O ~ I I ~ ~ ~  H3 BTPM CTOJI~IIOB: 

-1 
Torna kt= u K u x P, 4 . m ~  npeocipasosma~~ri  lax xomoHeHTu 4 - 
HNmyfica. Oma~o H ~ M  saxno noxymt.rb crrwoprnre pemem (I .2 ) . B~opoa 
cnoco6 AaeT oTseT rn BTOT Bonpoc: c m o p m e  p m e m  noJrgwM, ecm 
IIpemOJIm, ¶TO 

Pememe (I. 11) meeT BFLA cnrwopa: 

Ymepmemae no~a3aao. 

T ~ K H N ~  o6pa30~, JVIH n m e m  pememd (I .2 1, n p e o 6 p a ~ c r i  KBX 

~ H C W O ~ H .  ~ e o 6 x o m o  npencTweHEe XOMIIOH~HT wanyfica B Bme ~ ~ w I H - -  

He%= X W ~ H H ~ I @  OT C I I H E I O P ~ X  BBTIHPW. 0 6 m 0  ~OCTPOBIIHH peme- 
d (1.2) cHanarra C T P O ~ T  pemem B crcTeMe norcori (j5= D )  , 3 a ~ w  c 
nwow aopeweBa b y c ~ a ,  noBopoToB Haxom o6aee pememe. 3 r o ~  n p -  

I3 npep,no.noxteHm (I .I3) pememe cncTem 

L 06pa3y~~CR H O ~  0 6 5 ~ ~ ~  - TBECTOP: 

R & : =  ( u , < / ) ,  
II~PBFJHoMJ' KBaHTOBaIMb3 [Xi, px 7 = i 6.x B 3~0fi CXeMe COOTBeTCTBYeT 

ICBaHTOB-e TBECTOPOB j8/ .  Homa TBECTOPOB eCTb OIIepaTOp CllEpaJIbHCjC- 

TH lLlIII PaCTHIJ CO CIMHOM. H ~ O ~ X O A E I M ~ I M  YCJIOBEleM HeTpEBIlaJIbHOCTH ClTE- 

P W H O C T H  RBJIReTM CmeCTBOBaHEe M K P I M O ~  YaCTEl Y K O O P ~ a T ,  T.e. 

A A / -  
4 x - * A A '  



2 .  Y D ~ B H ~ H E ~ ~  & I D ~ K ~  B CnEIHODHHX K O O D J I E H a T a  

B C W O ~  @ O P M ~  3 a n H C H  Y P a B H e H K R  (1.2) e C T b  BZlXHaR ' ~ o A c K ~ ~ K ~ "  OT- 

HOCRTeJl.hHO C K P H T O ~  CTpYK'l'J'PH KOMTlOHeHT K h U l y W C a  PA . B IEBo~~  ¶ a C T H  

Y p a B H e H H R  (1 .2 ) EMeeM H H E a p H a H T ,  0 6 p a 3 0 s a ~ ~ ~ f i  E13 JJ,ByX 4-B~KTOPOB. 
b/, H p,, , memwx, ~ o o 6 o l e  r o B o p x ,  P~BJIKSHYIO n p H p o n y :  fr - K ~ K  

M a T p m a  m e e T  B W T p e a m a ,  c ~ p y ~ ~ y p y ,  p, - H e  m e e T .  YMHOX~R ( I  .2) 
CKaJLfQHO H a  EI P H T H B a R ,  9 T O  ( T> j = 1 , IIOJly¶lW 

ECJIE IXpilHRTb 6 i U J E H e m  CnUHOpHJW I I p H p O W  4-HhlQ'JLbca B 

(2.31, TO cpa3y B O ~ H ~ K ~ ~ T  BOBMOXHOCT~ nepexona B Ei-~ep~oe n p o c T p a H c T -  

B O ,  IIOCKOJIbIQ' B ~ I ~ C J T M  0 OM I I p e A C T a B J I e H E E  HHBapi l tu ITOM R B R R e T C S  W- 7 8 7  Ha 5 - ~ e p ~ o r o  B e K T o p a  . 
P ~ C C M O T ~ E M  6 k U I l l ~ e ~ ~ J ' l O  K O M I I O 3 m .  IIOCTPOeHHJW E13 b/ -MaTPHII, 

(1.1) H W X  B3BWdOCOIIpJ%iCeHHHX ~ - K O M U O H ~ H T H H X  CIIEHOPOB A. R flk : 

S a ~ e T H h f ,  9 T O  PR ~ Y A ~ T  E M e T b  'l'J' X e  IXPHPOAy, ¶TO If M a T P u  YK , 
J I B X E U C ~  ISO~A~HOBHME 0~06pae-  nocnenm, ecw B KB~HTOBOM c m a e  
onpen- _pi H Ni K ~ K  6 0 3 0 ~ ~ 1 8  O n e p a T o p H  "POIIL~~HEIII EI y m ~ m e - -  
AHR" C KOMMYTa4EOHHHME C O O T H O U I e ~  

Tenepb p a c c M o T p m  0606qeme COOTHOUI~& (2.7) , (2.8) B K B ~ T O B O M  

c m a e .  f l ~ n m 3 y ~  (2 -9) H e T P g A H O  I I O K a 3 a T b ,  ¶ T O  HMeDT MeCTO CJIeJQmrIpfe 

o n e p a T o p m e  C o o T H o m e m  



3. U a ~ ~ e m e  c YD~BII- 

Y p t 3 B ~ e H l W  (2.14) no C y o l e C T w .  TCII 5-MepHHME ypBBH8- 

Dpma B I IpOCTpaHCTBe H e  C H T T ~ ~ ~  m/. ECW p a b o ~ a ~ b  T o n K O  Be- 

qeCTBeHHk€ME B B J I E I P H H W ,  TO CHTHaTJ'pa ~ - M ~ P H O ~ O  I IpOCTapCHTBa {P, ) 
T a K O B a  ( + + + - - ). ~ O C K O W ~  P+ Mtr E H T e p I I p e T E w e M  KaK O n e P a T O P  

MaCCH ( B  H-eM C W a e  OH H N e e T  I J ~ J I O W C J I ~ H W  C I I ~ K T P ) ,  TO Po B c* 
OTBeTCTBEE C YpaBHeHPIeM B p a K a  -8TCR O n e p a T O p O M  3 H e p m .  T- 

t 
obpa3o~~~pebyeMym c m H a T y p y  no- T ~ K O  B p e 3 y J I b T a T e  B B ~ A ~ E I P [ R  

KOhfIIJIeKCwut BeJIE¶EH. BOCCTaHOBJIeKHR pa3MePHOCTH m a C a  - 8 H e p  

rHEl H e o b x o @ ~ o  BBeCTI l  KOHCTaHTJ' pa3MepHOCTII  m. B K a P e C T B e  ~ a ~ o f i  

KOHCTaHTH B03hMeM p w C  C & ~ H  R . 



T ~ K E M  o6pa3o~,npn R , r ~ e  p i  - onepa~op 
ClWIJyXLca, COOTB~TCTB~TJL@~~ npOCTpaHCTBeHH+BpeMeHHHM Tp=CJLRLP.LRM, H 
MH noJIyYaeM PeHepaTOpH caBHra rpyrmH IIyamape. 

Cylqe~TBeHH~fi O C O ~ ~ H H O C T ~ E I  E3JIOXeHH0f Bbune CXeMar m e T C R  KsaH- 
T O B ~ H H O C T ~  OnepaTopa MaccH x TO, PTO pemermRwri y p a m e m  ,qaaWem 
RarrmoTCR CaMH KOOpmHaTH, B HaHHOM CJQTae C c m o p ~  ,O; H gi . 
nocnem~e RBN~~OTCR OnepaTopam " p w e m "  H " ~ H W T O I R ~ H E I R "  PacTm c 
MaccoPL Z X / R  - M O H W ~ ~ .  I ~ O C K O ~ K Y  Koop,mnaTH cam ~ J A D T C R  peme- 
HEFIMH ypa~serm3 Hsmemm, TO npeo6pa30same KoopmHaT OToxiqecTmeT- 
CR C npeo6pa30~amehf B npOCTpaHCTB0 BOJIHOBhM m-. 

Cornac~o TeopeMe He~ep 3TH n p e o d p a s o ~ m  npmomT K coxpa- 
UplMcR TOKEN /I9/. B H T O r 8  KOwemlraR OT02&QeCTBlr0HIU3 npeod- 
pa30Baa  IIpOCTpaHCTBa BOJIHOBHX @- H KOOPmHaT IIPkLBOmT K HH- 

Tepnperamm f f p / ~  Kaa sapma 3 ~ e p n m  - mmy5ca, Xd; . , ,  - Papma 
MOMeHTa l¶MlTyWCa. C O O T B ~ T C T B ~ H H O  M O H W  C M B C C O ~ ~  22 / A  MOAHO Tpm- 
TOBaTb KaX YBCTMI&H,3aPII168HHHe a~epI'k10a - Hh4llyWCOM - MOMeHTOM WIQ'JIb- 

ca.B ~ T O B  MOXeJIB M O H W , B O ~ M ~ O , ~ Y W T  BhmCUIE3Tb POJIb H O C H T B T I B ~ ~  aH0p- 
PEE - WXLCa - MOMeHTa EMlIyJILCa B TOKaX He~ep ,  no~o6ao TOW, KaK 

~ J I ~ K T ~ O H H  I ~ ~ T C R  H O C E T ~ ~ ~  3apma B aneKTpmecmx ToKax. 
TOT @ ~ K T ,  PTO B Teopm cmHa COX~~HFDTCII 313epm - ~ , ~ J I S C  - 

MOMeHT -5Ca T O 5 K O  B CYMMe C KOHe¶HOMepm OnePaTOpaMkl id,/&, 
fi 6 y , YKa3maeT Ha B03MO%HOCTb X O H ~ P H O M ~ ~ H O B  @ O ~ W P O B K I I  TeOpU. 

B  TOM cmg~ae o n e p a ~ o p ~  5, E flp MOMO 3aMelolTb ~a KOHBPQTO npR- 
W CDfW onePaToPoBfid/p/~ H 1(,, , nonociao TOW, K ~ X  B T ~ O -  
Pm YrnOBOPO MOMeHTa COCTORHE0 /)n?> MolRIIO paCCMaTpHBaTb K ~ K  PI+ 
3y5TaT COOTBeTCTBYgIgerO CJIORt0KHII: 

kfk2 8. l c h b , i m >  =C C,,, 16.1 I&%> * 
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