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A H H O T A U 1-1 fl_ 

npIIHIIMaSI He9BKnH.ll0BY H HH.lle<pHHHTHyro MeTpHKy · B rHnb6epTOBOM npocTpallcTne Bbr

B0.llHM caMbie o6rune cpopMbI nneeii:eoro H aHTHnHeeii:eoro cnneopeoro npeo6pa3onannst.Bb1-· 

B0.llHTCSI .llHP8K0BCK0e ypaBHeHHe B 9Toii: MeTpHKe. PaccMaTpHBaeTCSI 8 pasnH'!HbtX cnyqaeB 

CilHH0pHbIX npeo6pa30B8HHii:. 

l-1HB8pH8HTHOCTb narpaH:>KH8H8 CB060.llHOI'O nonst no OTHOUleHHIO K HHBepcHH BpeMeHH 

coxpaHSieTCSI nocpe,llCTB0M 8HTHnHHeii:HOI'0 cnHHOpHOI'O npeo6pa30B8HHSI Bnreepa, B TO BpeMSI 

KaK nneeii:aoe npeo6pas'oaaene HHBepcHH BpeMeHH, BBe,lleeeoe Pa~a, He coxpaHSieT HHBapIIaHT

HOCTH narpaH:>KHaHa. 

npnMeM BO BHHMaHHe cne,llyIOIUHe 06cTOSITem;1CTBa: 

1. BT0pH'IHOe KB8HT0B8HHe BOnH0BbIX cpyHKUHli Tpe6yeT p8CCM0TpeHHSI CilHHOpOB o/ 
KBK 

HbIM 

Q -queen, KOTOpbre Y.llOBneTBOpSIIOT onpe.lleneHHbIM 8HTHKOMMYT8THBHbIM nepec,TaHOBOt{-

d . T..J"'h 
C0OTHOUleHHSIM. Hp BenH'lHHY ,, I,~ Ii, MO:>KHO paccMaTpHB8Tb KaK .llHpaKOBl=KyIO 

conpst:>KeHHYIO CilHHOpa "' TOnbKO TOr.lla, KOI'.ll8 MeTpHKa I'Hnb6epTOBOI'O npocTp8HCTB8 

9BKnH.llOB8 H .llecpHHHTH8 

o6srsaTenbHbI. 

O.llH8KO Tpe60B8HHSI 9BKnH.llOBOCTH H ,llecpHHHTHOCTH MeTpHKH He 

il onyCK8SI 'H8nH'!He He9BKnH.llOBOli H HH.llE!!pHHHTHOli MeTpHKH, BBe,lleM ,lleii:CTBYIOIU~li 

B rnnb6epTOBOM npocTpa~cTBe onepaTop 

TaK, qTo6br aennqnaa: 

• Tor.Ila MO:>KHO no.uo6paTb 

/1/ 

npe.llcTaBnsrna co6oii: B o6rueM CMbrcne conpst:>KeHHyro aennqnay cnnaopa "JI . npn aTOM 

V"'II "" 6 ... E . I/ Olf H ,,~ KOMMYTHpyroT Me:>K.llY co 0ll. cnH Hannca·rb Tenepb nepecTaHOB0'!Hbie C00THo-

Ul eHHSI: 

/2/ 

,, ' 

TO MO:>KH0 H8,lleSITbCSI T8K:>Ke, t{T0 npH CO0TBeTc.TBYIOIUeM BbI6ope onepaTopa - ,, A I OilHCbIBaro-

IU ero aeaBKnH.llOBY H HH.llecpHHHTHyro MeTpHKy, onepaTop S'' He 6y.lleT CO.llep:>KaTb cuurym1p-
" 

H OCTH Ha CBeTOBOM K0Hyce. Tenepb, 0.llH8KO, MbI He 6y,lleM paccMaTpHB8Tb 9TOT' BOIIpoc. 

2. nonuasr CHMMeTpHSI, cy~ecTByroruaSI Bt npocTp8HCTBe' M HHK0BCKOI'O, Tpe6yeT paBHO-

npaBHOI'O paccM0TpeHHSI acex '!eTbrpex Koop.llHHaT: x 1, x2 , x3 , x4 = L-1:- IC=II. B pa6oTe 
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A .npoK!
1
] .uaeTcH KB8HTOBO-M0X8Hil'IeCKOe 06omem1e aenil'IIIHbI "co6cTBeHHOe BpeMH "-,, 7: ,, 

.u nH cnyqag cao6o.uHoro nonH B paMKax C -qI1cnoaoii TeopI1I1. B Hallleii pa6oTJ
2
] .uaeTcH 0606-

m eHile '9Toro IIOHHTIIH .unH cnyqag cymecTBOBaHIIH aneKTpoMarHIITHbIX .II IICeB,llOCKanHpHbIX 1 

IieiiTpanhHbIX M830HHbIX noneii TaK)K8 B paMKax C -qI1cnoaoii IIHTenpeTaUIIII, TTpII aTOM MbI 

paccMaTpIIBanII "co6cTB8HHOe BpeMH ,, T ,, t H83aBIICIIMO OT penHTIIBIICTCKOro Bp8M8HII ,, -/;; ,, • 

. " 
B .ueiicTBIITenhHOCTII, .ua)Ke B KnaCCil'l0CKOH penHTIIBIICTCKOii M8X8HIIK8 .llilcpcpepeHuilan d:r: ,, 
Bbipa)Ka0TCH qepe3 38BIICIIMOCTh: 

d:r - + V ol.t2 -(a?t"J£ /3/ 

~ 

TaK 'ITO .unH IIOKOSl_lll8MCH MaTepilanhHOM TO'IKII / dx = 0/: 

d1: ===- ± clt. ;31 I 

K B8HTOBO-MeXaHil'l8CKOe 0606meHI1e_ co6cTB0HHoro BpeM8HII MO)KHO CBH38Th co cmrnopHbIMII 

npe~6pa30B8HIIHMII, KaK 9TO c.uenaHo, HaIIpIIMep, C.TaHaKa [
3
]. 0TCIO,lla cne.uyeT, 'ITO CIIIIHOpbI -1V, 1V t .llOn)KHbI 6bITh 38M0H8Hbl CIIIIHOpaMII: 

MS 
w=e -1/I; W ::::¥€-MS 

') 
sziT· (ft,==/.) I • /4/ 

B enil'IIIHbr: - . 
]) W == ( fa °t;t. + a?JS ) W = ( ~ 3;t + M,) W ; 

. ~ 

wD)( ===-i (Dwt '6'111 = ~(L1-'a"; £\~ -4- ~as )==-w(a~~tJ.~-»-)151 

.M O)KHO paccMaTpIIBaTh, KaK KBaHTOBO-M0X8Hil'l0CKil8 IIOnHbie IIpOI13BO.llHbie CIIIIHOpOB t.J .· II 

w no napaMeTpy .S" . B cnyqae co6cTBeHHbIX nopeHUOBbIX npeo6pa30BaHI1ii: cmrnopoB 

lJ I =:: flu) • 
. > 

- ' . +1,r , - A _, 
W ==t,.W KitL\ =W 

' /6/ 

r . .a e ·BbmOnHSIIOTCH cne.uyromI1e 38BIICIIMOCTII: · 

. ·11-1 A A-1 ' A -1A-1. ( -1,1 A-J. rl/ A +·t:t == ; ~ == /j == ,s ~ D. -= Ll. , ~ µ. ; 

A-l41'iA==ai'-~¥i'; A~l.°15A==t;;; (r;.=='l'tk~~),
171 

.D " ,c" . 
oenll'IllHbI W Ii wD npeo6pa3yIOTCH COOTB0TCTB0HHO KaK Benil'lIIHbI W II W ,, ,, 

3. Koop.llIIH8TbI xil ; I i\= 1,2,3,4/, noneBbie cpyHKUHII, a T8K)Ke nnoTHOCTII, oOpa-

3 OBBHHbie 6nnIIH0HHO OT. w , uJ ~OTHOCllTenhHbie BenH'lllHhI. c'Dll3ll'l0CKile KOHCTaHThI, KaK 

HaIIpIIMep, N), C , fi e , S , aneMeHTapHbie 061,eMbI Hy)KHO" paccMaTpllBBTh KaK 

aenII'lllHhI _a6conIOTHhie, He3aBIICHlllHe OT cmrnopHhIX npeo6pasoBaHI1ii:. 8Ty TO'IKY 3peHIIH C.Ba

Ta6e [4] MO)KHO npOTllBO:CTaBIITh IIOIIhITKaM pemITIIBll38UllII "M8CChl IIOKOSI "M ,,(51, IIOCTOSIHHOH 
~~[aj . . I . 

TTna,HKB ·Jt ll T,.ll, ,, 
4. narpaH)KllaH cao6o.uHoro nonst non)KeH coxpaHHTh cao10 I1HBapI1aTHocTh npII acex 
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nHHeil:HbIX npeo6pa30B8HHSIX CilHHOpOB, OTnH'I8IOIUHXCSI OT co6cTBeHHblX JiopeHUOBbIX, O603Ha

c-:,'' 
·'!HM qepe3 tJ L TpaHccpOpMaUHOHHbiil: YHHTapHblil: onepaTop, neil:cTBYIOIUHil: B rHnb6epTOBOM 

. . " 
npocTpaHCTBe, lIHHeil:nhle n~eo6pa30B8HHSI CilHH0pOB HMe~T BHa: 

/8/ 

rne 

/9/ 

F - YHHTapHbiil: onepaTop: 

./10/ 

rne: 

/11/ 

f
,, . 

a BenH'IHHbl -nocT0SIHHbie K0MnneKCHbie ,, . 
C -tHcna. 3pMHTOBbie MaTpHUbI "/J1, , 'ti.J<. ynoa-

n 81'Bopmar cnenyIOIUHM 38BHCHM0CTSIM: 

/12/ 

I'.ll8 £(,1le'tfl =;t 1 1 B 38BHCHM0CTH OT TOI'O o6pa3y!OT nH HH,ll8KCbl l, , K. 1 {! 'l'.. 

S tJeTHyIO Hnll HetJeTnyro nepecTaHOBKY '!Hcen 1, 2, · 3, 4, 5. MaTpHUbI (i, , rfi< KOM-

M yTHpylO'r C onepaT0paMH . LJ" H fit'' • EcnH nanee nono::>KHTb: 

" ·" 
p-1 ta P =- 3 ~ · ( a. ==- 1. Z 3) · ...... 00 J ' 1 J /131 
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TO 

p-i½ F' == ~ .72r;:·. 
ii4I. 

n pII_ BBe.neHIIII He9BK1III.ll0BOH II IIH,lleqJIIHIITHOH MeTpIIKII 3aBIICIIMOCTII /9/, /13/ Il03B011StlOT 

COXpaHIITb IIHBapIIaHTHOCTb narpaH)KIIaHB. CB060.llHOrO IlOllSI B cnrrne npeo6pa30BaHIISI 8 IIHBep

C IIII BpeMeHII,,. 

5. AHTIIllIIHeHHbie npeo6paaoBaHIISI cnIIHOpOB IIMeIOT BII.n: 
-

5G·w cx)s)S2-1 
=P-WT(x~s')j - 5?. iJ(x,.s)JC~1 =Z~{.,./(x', s'}F-: 

1151 

r.ne 

S 1=-Sj p-'r,,P:::-1~"'; (~=±.1.)j 

52 /j Sr.! =lC,r')'r; 0 -10-1 l 'T 
uL 6 uf.i == Ll · 

} 
(l==±1.); 

/16/ 

nonO)KIIM 

p-' r'a. F = 5 Y"a"'; (a=i£.3)· (5==±i) 
I I J • /17 / 

c ne.nyeT TaK)K e: 

p-1r;.p :=.??ts:~_ 
/18/ 

B cnytrne aHTIIllIIHeHHbIX npeo6paaoBaHIIH cnIIHOpos, KaK HanpIIMep npII aapsi.noso-conpSJ)KeH-

HOM npeo6paaoBaHIIII, narpaH)KIIaH cso6o.nuoro nonsi nepexo.nIIT B TaKoii narpaH)KIIaH, KOTO

pbIH MO)KHO nonytlliTb II3 nepsoro TpaHCilOHIIpOBaHIIeM. M bl paccMaTpIIBanII TOllbKO tJeTbipex

KOMilOHeHTHbie cnIIHOpbI. nonytJeHHbie HaMII 3aBIICIIMOCTII MO)KHO nerKO o6o6mIITb .nnsi cny

tJaSI cnIIHOpOB c 6onbWIIM 'IIICllOM KOMilOHeHT, Hanpn:Mep, 8. 

B cnyqae llIIHeHHbIX npeo6paaoBaHIIH TIIna /8/, KaK II npII 8HTII1IIIHeHHbIX npeo6pa30B8HIISIX 

TIIna /151, senII'IIIHbI l)w", wD" 1

~peo6paay10TCSI KaK cnIIHOpbI (,J ' w .. nycTb ·renepb one -
II JI ' · 

p aTOpbI / 5G:I. ' R. / II / Jr.,2.' F',2 I OTHOCSITCSI K .llBYM paanII'IHbIM nIIH8HHbIM npeo6paaosa-

H IISIM TIIna /8/. Tor.na nonyqaeM: 

n-t 
i)G (,J ( X I S) u C. = p Lu ( X 

1
: S) j 52 l<l cx,s>S?.-'= z;·iJcx;sJ.P-: /19/ 

r.ne MbI Il01IO)KII1III: 

2 =Sc Sc · P=F1B2 . 2. i ) l=[,Zz~·7=%'?z /20/ 
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K 00p.ll llHaTa ~x" • nonyqaeTCfl ll3 ,,x ., nocne:U o·BaTellbHhIM npn M eHeHll eM nepBOll ll BT Op OH 

TpaaccpopM8Ullll, Ecnn / i)G,f, • F't /oTHOCSilTCfl-K 1IllHeHHhIM npeo6pa30B8Hllf!M Tllna /8/, a 

I £ 2 , F'2. I - K aaTnnnHeHHhIM npeo6pa~oBaHllSIM Tllna /15/, To nMeeM: 

/21/ 

r.ne .)G , F' , l , -~ npirHnMaIOT 3HatJe;nfl /20/, 

O6paayeM 11arpam1rnaa: 

rJle 

YpaBHeHllf! .un·paKa M0I"yT 6hITb Il0llytJeHbI C .Il0MOIUbIO Bapll8Ull<?HH0I"0 npllHUllna ll3 narpamKHaHa 

.. l": 

r.ne 

a 

fOldx.= f J{owGw-WG\fw}cLx=o; 

(cf'fA =O; cfcp==Oj Of:1=0j' / O[J.- 1:::0) 7 

T or.na ypaBHeHllf! illlpaKa npllHllMaIOT Bll.n: 

Gw ::::.o· 
) 

B cnyqae llllHeHHhIX npeo6pa30B8Hllli CilllH0p0B Tllna. /8/ MhI llMeeM 38BllCllM0CTb: 

/24/ 

/25/ 

/26/ 

/27 / · 

/28/ 
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TOnbKO Tor.ua, ·Kor:Ua 

z~ =J.; 2 ra: 2.-i~ :5.1 ~ ; . st ti/ 52-1 
= ~$/j 

_,,, -J. ~~ ~ 51 ..£.-0 ·=_L':3-. 
asJL vs aS, 

2 <fb.5?.-i =; ttd; SG lf ,/;2-1
= ~'ft; 521>5(1 :=-5 1cJ?'; c a=d., 2,3 >"- /29/ 

B cny,rne. 8HTIIflIIHeliHbIX npeo6paaOB8Hlili cnIIHOpOB TIIna /15/ Mb! II.MeeM 38BIICIIMOCTb: 

o L · o-f 1 'T · · 
uL (x,s,e ,g)i.JLi = 1.., (x',- s,-e; - g) /30/ 

TOnbKO Tor.ua, Kor.ua 

1. 
0 - o-J. ,( { ( rr - , [( ' - .q'l' 2 0 - 0 - :L 

l f ~ - j J L o a, iJ l.& ~ 7 /J. 1) o' a,. L1 ) J ) ; Jc.. o 'I JL == 

{ 

i '1'-'1'1 . ..,..} 0 $° -/. ~ i J' 
-:::. 'h. (Ll ) 3 [(11l.)-!1 · i.JL _ o. ==- _;.-.- =- - • r 4 J , asJL as as, 

.lG 1a-frti=5(!f~")7
; 52 lfl{'JG~J.== rcvix); 

Sr, cp2-J. = 5? (CF' x)'l'; (a= i ,2, 3 ). 

/31 / 

n epecTaHOBO'IHbie COOTHOllleHIISI cao6o,uHoro nonSI I l/;.. = 0 , ,cf?= 0 I npIIHIIM8lOT BII,a: 

[w(x), w <;IJ1+ = i{ .;_ [h + i W1 SA !l.- J;i.)]-M }:Dex-'/), /32/ 

·nnoTHOCTb TOK8 - 38pSI,aa: 

J _·_(a'-' . <:fi.J )- -~'-' 
A -- o'fA _+ olf{ - ew 0')..W 

npeo6paayeTC~ npII nIIHeiiHbIX npeo6paaoaaHlISIX TIIna /8/ cne,uyroruIIM o6paaoM:. 

J').. 0 LO I Q\01)( - "- ' 
. T7l ,a. 

/33/ 

/34/ . rr' =-{c((Sl L, 5?.-1) + J(Sc l Stl)}- e w '~ w' · 

T.e. H·e MeHSieT caoero aHaKa. 3Ta aenII'IIIHa /33/ · o,aHaKo npeo6paayeTcSI npn aHTIInIIHeii-

HbIX npeo6paaoaamrnx Tnna /15 / cne,uyrorunM o6paaoM: 

r-f' =- {rf(Sc l StiJ + d(2LS"it') 1:- e w' h w' ;351 
J'), 6 'f-J. cf\{) lx - · ' 

T,e. MeHSieT CBOii 3H8K, npII nIIHeHHbIX npeo6pa30B8HlISIX /8/ paairnqaeM 4 cny'IaSI, T.o :>Ke 

lI npII aHTIInIIHeiiHbIX npeo6pa30B8HIISIX ,15/. Ecnn o603H8'IIIM 11epe3 11) 
11 

KOMnneKCHOe C -
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'!Hcno C MO,ayneM = 1, TaK 'IT06bI: 

1361 

ror.aa aTH, 4 l'IHHe:ii:Hbte cny'IaSI 6y,ayT HMeTb cne,ayromn:ii: BH,a: 

1/ vIH,aeTH'IHOe nnn aHTHHH.aeHTH'!Hoe npeo6paaoBaHHe·l··l=1.; ~==1; "?=-i 1: 

pco)=- I , 
. , ):::-:t{ 

. , 
21 n pOCTp8HCTBeHH8SI HHBepCHSI I l=-i · 

) } ==~ :l ~:. i /: 

P'">= ~ . 11 ) . j==;:i 
) 

.. 
31 l1 HBepcHSI BpeMeHH ( Z:. =- - i. ; } = i ; _ '7 ==.,.. i ) 

4 I n ponaBeA emrn npeo6paaoBaHHii: 2 I x 31( l. = -1. j -~ =- J. ; 7? = - 1.) 

F' ( 0) = rs ; ) : -!; i • 

4 aHTHmrne:ii:ilbte cnyqasr HMeroT cne.ayromH:ii: BH,a: 

- "1 . F'o'-F co> 5/ 3apSI,aonoe conpmKeHHe I J -)C 1 - c 

qaeM cne.ayromnx 4 qacTHhIX cnyqag: · 

al 'ta, - ,ll8HCTBHTenbHbI8j ~ 1 .rs - MHHMbie: 

t:1 {O} - \f"" 
re - O L/ • . I 

1311 

1381 

139/ 

140/ 

141 I 

GI OT · ~ ·- ,aBe MHHMhte,· HanpHMep, Qi. . • OJ ; 02 , ~ , ?f's ~ .ae:ii:cTBHTenbHbie: 

f7 (O} - ._r - - • ~ j- . 
rc--0:1.lf - io2,o'I · 

. ' 1421 

B/ ~T Ja_ - .ane .ae:ii:cTBHTenbHbte, HanpHMep. lfi. ' r; ~ ti - ,ae:ii:cTBHTenbHC~e; 

{;_, ·ri;· - MHHMbie! 

rl OT oa - ,aBe ,ae:ii:CTBHTenbHbie, H8IlpHMep 01, 
'o5'- MHHMbI8! 

r, (0) - y"" 
re - 02,. 

' 

1431 

03: : r; - .a e:ii:CTBHT enbH O e r;_ ' 

1441 
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6/ TipmI3B8,U8HlI8 npeo5pa30B8HlIH 2/ X 5/ / 

p ;;:: :j: -l t tz P. (0) • 
. )c 7 C J 

l =i; 5::::/. ; ~-'-1 /: 

/45/ 

7 / TipOlI3B8,U8HH8 npeo5pa30B8Hllli 3/ X 5/ / l=-{ 5;. -J. 7?= 1. /: 

p :::. ± t . r, .r ~ F {OJ • 
)c I 02, _3 C ) /46/ 

8/ Tiponaae.ueHHe npeo5paaoBaHHH 4/ x 6/ / l~- :l 3-:: /. 1?_.=-l /: 

F' =' i. Lr t, p toJ 
) C C .• /47 / 

TaKHM Oopa30M BB8.ll8HH8 H89_BKnH.UOBOH H HH,U8q:JHHIITHOH M8TpHKII B rlinh,oepTOBOM npo

CTp8HCTB8 :rpeoyeT cymecTB8HHOI'O H3M8H8HHSI Bcero CillIHOpHoro. M8T8M8TIIqecKoro. cpOpMariIIa-. 

Ma. TipaKTlJqecKIIH CMbICn 9TOI'O o5o5meHIISI cpopManII3Ma MO:>KHO BH,U8Tb T0'1hKO npII paape

w eHIIII. paannqHbIX KOHKpeTHbIX npo5neM H3 TeopHII aneM8HTapHbIX. qacTIIII, a TaK:>K8 npII ycTpa

H8HlilI ynoMSIHyToii: H8MlI eme B caMOM Haqan·e CIIHrynsipHOCTII. 

n II T 8 pa T; i pa 
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