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l.Baeaenne 

B CBR3H c ycnexaMH SU(6) CHMMeTpH H H pa3BHTHeM ee penRTHBIICTCKHX o6o6l!leHHll 

B H8CTO!llllee BpeM S! B03HHK8eT HOBblH llOIIXOil K llOCTpoeHH!O penS!T IIBHCTCKOli KBBHTOBOli TeO

pHH B38HMOI!eliCT BHS! 3fleMeHT8pHblX '18CTH U, 8 03MOlKH0 0 'ITO CHCT eMa o n epaTOpOB cPH3H'Ie-

CKHX BeflH 'IHH, HC 'IepnbiB810lll8 S! K B B HTOBYIO MeX BHHKY 3fleMeHTapHblX '18CTHU) OK8lKeTCSI OllHO

BpeMeHH O CHCTeMol\ reHepaTopoa HeKOT opol\ anre6pbl lin, o6'bellHH S!IOl!lei! npocTpaHCTBeHHO

apeMeHHbie H B Hy T pennne CH M MeTpHH. H a SJ3biKe npeacTaaneHH ll 3Tol\ anre6pbl lin nonlKeH 

OITHCbiB8TbCSI CITeKT p aneMeHT 8pHbiX 'l8CTHU H HX B38HMO.lleH:CTBH SI . 

HeCMOTpS! H8 OnpeaeneHHble ycneXII llOI!06HblX TeOpHil HX cPH3H'IeCKHe OCHOBbl OCTalOTCSI 

ewe aecbMa aesrCHbiMH. B o3MO>KHO, l.ITO .llHHBMJPH:!CKHe KOpHH CHMMeTpHH aneMeHTapHbiX qac-

TH U Y IIBCT CS! nOH S!Tb , H3Y'IBSI HepenSITHBHCT CKH e 3alla'IH , o6nallB!Ol!lHe Bb!Cl!lell CHMMeTpnell , 

a pen SJT HBHCT CKyiO TeOpH!O nony'IHTb, 0606l!laS! 3TH, BeCbMB BbllleneHHbie ypaBHeHHS! HepenSJ-

THBHCTCKOA KB8HTOBOA MeXSHH KH . Jt1HbiMH CnOB8MH 1 MO)f{eT OK838TbC5J1 tiTO Henb3SI CT8BHTb 

n pocTo saaaq y penSITIIBHCTCKOI!O o6o6l!leHHR KBBHTOBol\ MexanHKH , PenSJTHBHCTCKoe o6o6llleHHe 

JlOITY CK8lOT T Onb KO CHCTeMbl C HeK OT OpblMH , BITOnHC onpe,neneHHbiMH B38HMO.ll8i1CTBHSIMH . 3To 

H e K8)f{eTC51 He060CHOB8HHbiM 1 ecnH BCIIOMHHTb , tJTO B KB8HTOBOH MCX8HHKQ. Bbi60p nOTeHUH8-
I 

na HH'IeM H e orpaHH'IeH, T OPI!a KBK Cyl!leCT ByeT n Hlllb HeCKOnbKO BHIIOB B3aHMOilei!CTBHS! 

a n eMeHT8pHbi X 'tJ: 8 CTHU, KOT Opbi e T 8K)f{e MOT'y T OK838TbCSI CBH38HHbiMH T eM HnH HHbiM COO-

co6oM. 

n peTeHileHTOB Ha llOI!06HOP O p OIIB p enS!TIIBHCTCKYIO o6o6maeMOCTb I!Ba - aTOM BOI!Opo-

118 H r apMOHH'Ie C K H i! ocunnnSJT op . M bi p accMoTpHM aTOM eoaopoaa. B yaeT noKasaHo, 'IT O 

CHMMe TpHS! KynOHOB8 fl Ofl S! ll03 BOflS!eT p8CC M8T p H B8Tb e r o Ka K H epenSJTHBHCT CKI! i! aHa n o r 

KBB HT OBaHHS! npocTpB HC TBa/ 1/• npn 3 T OM HapyllleHH e TpB HCn SIUHOHH OH H HB8pii8HT HOCTH B 

X - n pOCTp8HCTBe npH BKniO'Ie HHH DOTeHUH a n a M OlKH O DOHHMBT b He K BK H a p y llleHH e , a K a K H3 -

M e HeHHe 3 TOli HHBap1!8HTHOC TH 0 CBS!38HHOe C n e p e:<OIIOM K llpyrol! reoMe T p 1111 p -npOCT pB H-

CTB8 , 

B MOile nH KBBHTOBBHHR npoc Tpa HCTBa Cnalla e p a BMeCT O o 6 bi'IHb iX o n e p a T o poa KOOPIIHHa T 
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B npOCTpaHCTBe MHHKOBCKOrO X = i h ~ {p.=0,1,2,3) ,. ap t KOTOpb1 9 f'90MeTpH1.!eCKH HHTep-

npeTHpy~CH KBK CaBHrH HMTIYTibCHOrO npocTp8HCTB8 , 

H8T b l X 11 • <I>H3H'ieCK8H HHTepnpeTB UHH onepaTOpOB 

BBOaHTCH HOBbl e onepaTOpbt KOOpaH

X I' MO>KeT ObtTh n ony'ieHi! , ecnH 

paccMOTpeTb HMnynhCHOe npocTpaHCTBO noCTOHHttoll KpHBH3Hbt. B paanH'iHhtX aapHaHTax 

TeOpHH TIOTIH B KBBHTOBBHHOM TipOCTpaHCTBe HCTIOTib30BBTIHCb p83TIH'iHbte MeTpHKH p -npo

CTp8HCTB8 TIOCTOHHHOli KpHBH3Hbt - 8 TITIHTITH'ieCKOe npOCTpaHCTBo/
2

/ H TipOCTp8HCT BO ile 

CHTT epa I H II poaa
131

• HeaaaHCHMO oT KOHKpeTHoro Bbtoopa MeTpHKH , onepaTopht 

x,. HBTIH!OTCH B KB>KaOM CTiy'iae oeCKOHe'iHO-M8TiblMII ttOBOpOTBMH OT ttHTOli OCH K p. -oli 

B lliiTHMepH OM (nceBJlO) eBKTIHaOBOM npOCTp.3HCTBe npoeKTHBHblX KOOpaHHBT, npH yCTpeMne

Hilll paaHyCa KpKBH3Hbl K oeCKOHe'iHOCTK 8 TH OttepaTOpbt nepeXOJlHT B OeCKOHe'iHO M8Tibte 

TpBHCTIHUKH 'ie T btpeXMepHOr? eBKTIII /lOBa p -npOC TpBHCTBB H tt08 TOMY HX ycnOBHO MO>KHO 

H83biB8Tb onepaTOp8MH * CllBHTB" B p -np OC Tp8HCTBe . 

B xa'ieCTBa HepenHTH B HCTcxoro aHanora ecT eCTBeHHO p accMaTpH BBTh Tpe xMepHoe 

p -npOCTpaHCT BO TIOCTOS!HHOll Kp HBH3 H bt, HCKnto•u\ a BpeMeHHy to KOMTIOHe HTy • npor.TpaHCTBO 

npoeKTHBHblX KOOpaHHBT B 8 T OM cny'iae 'ieTbtpeXMepHO, 

c apyroii CTOpOHbt, naynH
141

• <l>oKo M
151 

H E aprMaHHOM
161 

TIOKB3BHO, 'iTO ypaBHe

rm e WpeaHHrepa c xynoHOBCKIIM aaaHMOJleiicTBHeM 

2 2 
H ljJ =(~ --e_)ljJ=ElfJ ( 1.1) 

q, r 2 

o6naaaeT B btcwell CHMMeTpHeli . A HMeHHo, onepaTop H KOMMyTIIpyeT C weCTbto OnepaTo-

p a Mn M 
lk 

H A 
1 

(i,k = 1,2, 3), rae M lk - oobt'iHhte onepaTOpbt MOMeHTa apameHHst, a 

AI HMH IOT BHJl: 

A =_l_(p M + M p ) + 
2p.e 2 I lk lk I 

X 
r 

npH'Ie M M lk ll A I oopaay~ 083HC a nreopbt nH S0(4) 

ypaBHeHH e (1.1) B HMTIYTibCHOM npeac TaBneHHH 

2 2 
(po +p )lfJ (p) 

2 
p.e 

A I 
ljJ (p ') d lp' 

I P - p'J2 

(1 .2) 

• B paoOTe 
151 

noxaaa H o , '<To 

=0 . (1.3) 

rae p
2
=- 2/LE 

0 
8 KBHBBTieHTHO ypaBH e HHIO n a nnaca B 'ieTbtpexMepHOM npOC TpaHCTBe npoe K-

THBHbtX KOOpaHHBT, T . e. ttOTipOCTY S!BTIHeTCS! HHBBpHBHTOM rpynttbl JlBH>KeHHil HMTIYTib C HOrO 

npOCTpa HCT BB TI OCTOS!HHOli KpHBH3Hbt, 

Q'ieBHJlHB CBS!3b Me>KJly KBBHTOBBHHeM KOOpaHHBTb t H reoMeTpH eH , COOTBeTCTByiOlUeli 

xynoHOBCKOMY B3BHMOJlelicTBHIO. B penstTHBHCTCKOM cny'iae MO>KHO pacc MaTpiiBBTh CHaiiae

poacxoe KBBHTOBBHHe ttpOCTpBHCTBB K B K OOOOlUe HH e KYTIOHOBCKOrO B3811 M OaeiiCTBHS!, KBa H

TOB8HH e npOCTp811CTB8 1 paCCM8TpHB8Blll99CSI paHee KllK H3MOH C HHe reoMeTpHH H 8 
11

Mlln biX" 

paCCTOSlHHSIX" 1 3,lleCb HBHO CBSI3biB89TCH C B38HMOll9ACTBHeM. 

4 

2.~ 

PaccMoTpHM noa: 

B38HMOaeliCTBYtolUHX TI 

HMeeT ana: 

rae P. 1 • '1 H I" 2' r: 

PaccMaTpiiB BH, K 

>KeHIIH Uei!Tpa TH>KeCTI 

HBTbl u e HTpa TH>KeCTII 

nonyqaeM o T aenHtotllH e 

YpaBHeHHe caoooaHorc 

TpeXMepHOrO e BKTIH a OE 

rpynnht S0(3) H 8 0 € 

JlBH>KeHHS! 
e lpx 

oopaay~ reHepaTOp bt 

COOTHOWeHKS!M KOMMY~ 

[p • P I =0 
I I • 

( P , M ] = I> 
I lk I I 

[Mii ,M,e] =l>, 

l-1H B8pH 8 HT8MH 9B K nHJl l 

BenHttHHa vo C X O.ll HE 

KOB8pH8HTHbf~ CnHH B 

K B K npOe KUHS! MOMeH' 

TpaHCttHUHOHHOst 

CBH3 H E = ~ B 0 

aa a nM o aellc'ialrH a cen 



• onepaTopbi Koopw<-

Th nonyqe 1-19 , ecnH 

HPIHbl X B8pHBHT8 X 

:e MeTpHKH p - npo

npOCTp8HCTBO ile-

"'eTpHKH , onepaTOpbl 

r nRTOH OCH K I' -oil 

UHHaT, np11 yCTpeMne-

I HX ycnOBHO MO>KHO 

aaTL TpexMepnoe 

eHTy , npcr.TpaHCTBO 

,K838HO, 'iTO yp88He-

(1 .1 ) 

~T c wecTblO onepaTo-

~ HTB BpaiUeHH H, a 

( 1.2 ) 

/ 51 
ll0K838HO, '-ITO 

( 1,3) 

lpOCTpa HCTBe npoeK

~eHHH HMn ynbCHOI"'O 

~ , COOTBe T CTBYlOIUeli 

~CM8TpH BaTb cnal!ae-

3HMOaeilCTBHll, K aa H-

JMe T pH H H8 'Man btX' 

2. rpynna CB060UHOrO UBH*e HHR E3 H aHHBMH'IeCKaR rpyn na S0(4) 

PaccMoTpHM noapo6no caolicTaa HHBBPHBHTHOCTH ypaaHeHJ< R aBH*eHH>I aayx '!aCTHU, 

B38HMOaeliCTBYIOIIIHX no 38KOHY KynoHa. raMHflbTOHH 8H B npOH3BOflbHOi'l CHCTeMe OTC'!eTa 

H 
11 

2 

e 2 

~ 

- ' 
(2.1) 

1 

rae ~'t• r 1 
H p. 

2
, r 

2 
COOTBeTCTBeHHO MaCChi H paaHyC-BeKTOpbl nepBOH II BTOpOii '18CTllllLI, 

PaccMaTpH Ba H, KBK o6bitiHO, JIBH >Ke HHe CHCTeMbl KBK aano>KeHH.e nocTynaTenbHor o ns11-

>KeHHSI U€HTp8 TSI>KeCTH _!I OTHOCHTenbHOPO .llBH>KeHHSI 1..[8CTHU OKOnO U€HTp8 H BBO.lUI KOOp!lH-

H BThi u eaTpa TH>KeCTH R , B38HMHoro paccTOSIHHH ttaCTHU H npiiBe/leHHYJO Macey 1' 

~ ~ 

R r= r- r 
2 1 

nonyqaeM oTaenRJOWHeCS! ypaaneHHS! an>~ yKaaannhi X aayx aeKmeHHli 

h 2 
H

1
o/J (R )=- ___ /}.R</1 (R) =E

1 
1/1 (R) 

'l{p.J+fL i 
h 2 2 

H21/l(r) =( -_ /}., -_!3_)1/J(r) =EI/I(r ). 
21' 

(2 .2) 

(2 . 3a) 

(2.3a) 

YpaaneH!I e cao6oaHoro aaHmeHHS! (2.3a) HHBap!laHTHo OTHOCH Te nbHO rpynnbi UBH*eHHll 

TpexMepnoro eaKnHaoaa npocTpaHCTaa E 3 , KOTopa>I RBnReTCR nonynp>IMbiM npouaoeACIIIIeM 

rpynnbi S0(3) H a6eneaoA rpynnhi Tpe xMepHbiX TpancnSIUHA. Bonnoabie <j>yHKUlll1 coo60AHOro 

e lpx S!BflRIOTCR npe a c T aan eHHS!MH 3TOll rpynnhl. Ea311C anre6p b1 nH E 
3 

o6paayJOT reHepaTOpbi apamen>Ili M 
II 

H Tp8HCflRUK ll 1 fiOD.l.IHHHiOlUH€C 51 cneaylOJUHM 

COOTHOW€HH51M KOMMYTBUHH: 

[p • P I ~o , 
I I 

[ M 
lj 

(2 . 4) 

~HsapHaHTBMH esKnH.o.osoH rpynn bl 51BnmoTCH aenH YH Hbl E 
0 

= pi p
1 

HV =< M p = M p, 
0 ljk jk I i I 

B e nH<tHHa CXOLlH8 C BeKTOpO M n aynH-J1 I068 liCKOT'O-EaprM8 HH8 , ri 03BOn>HOlUHM DBeC TH 

KOilapHaHTHbiH CBHH B rpynne llyaHKape. 11HB8pH811T MOmeT 6biTb IIHTenpeTHpOB811 

KllK n p Oe KUHH MOMeHTa BpaweHHSI H D. H M OynhC , a E
0 

- KOK 3 H CpT' lHI qaCTifULI . 

TpaH CnHUHOHHan HHAapHa nTHOCTb npH BOLI.H T K 3aKony coxpa u e HH st uMnynbca . H 3 - 3a 

CBSI3H E = ~ B OTCYT CT Bne oaanMoneJ1cTBH st coxpaH51CTCS1 u 3 Hcpran. BKn lOti enuu 

B38HMOLlenc~BHst BCeraa HapywaeT Tp a HCflRUHOHH YIO HH nApHD IITII OCTb . 
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EcnH HCK8Tb T8KYJO ¢0pMy HepenRTHBHCTCKOH KB8HTOBOII M8X8HHKH, KOT Op8S! OCHOBhi-

B 88TCSI H8 npHHUHIT8X HHB8pH8HTHOCTH, TO npH OITHC8HHH CB060UHOrO UBH*eHHSI cneuyeT 

HCXOUHTb HMeHHO 113 eBKnHUOBOll rpynnbi E 
3 <!>OpM8nhHO OH8 CXOUH8 C rpynnoll n yaHK8pe . 

flpyrHM K8HUIIIJ.8TOM Ha pOnh 8 Hanora rpynnbi nyaHKape MOr na 6bt 6biTb rpynna fanHneR. 

0uHaKO BpeMR, BXOUR!Uee B 3Ty rpynny, B CTaUHOHapHbiX npoueccax S!BnReTCSI BHe!UHHM 

napaMeTpoM, KOTOp btll scerna MO*HO BhtnenHTb. KpoMe Toro HHsapHaHThi rpynnbt fanHneR 

He HMeJOT T a Koro npo3pa•moro ¢H3H'IeCKoro CMbtcna. 

faMHnbTOHHBH (2.3s) Y*e He RBnReTCSI TpaHcnSIUHOHHO HHBapHaHTHhiM. HapyweHHeM 

1'paHCnSIUHOHHOll IIHBapHaHTHOCTH • ynpaBnSieT• nOTeHUHan. 0Ka3 biBaeTCSI, 'ITO B cnyqae Kyno-

HODt:l B38 HMO!leACTBHSI BKJ110tieHHe B38HMO.Ile'-fCTBHH H HapyweHHe TeM C8M biM Tp8HCJ1SIUHOHHOH 

HHB:!pH8HTHOCTH He Cy*aeT CHMMeTpHIO CB060UHOrO raMHnbTOHHaHa (2 . 3a), a ni!IJJb BIIUO-

H 3tl. . ~H H9T ee. 

faMI!nbTOHHaH (:.! . 3s) I<OMMYTIIpyeT C reHepaTopaMII BpaweHHll 

H biMH IIHTe rpan,.fll , KOTOpbte YU06HO B3S!Tb 3UeCb B BIIUe! 

M 4t 
A, M 

14 
e

2 y - 2 1LH 

M 
11 

11 nononHIITenb-

(2 .5) 

AHTIICIIMMeTpii'IHbtil TeH30p onepaTopoB M,.,v c,.,,v= 1,2,3,4) 

CO CT8Hll8pTHblMH COO'fH01119HHHMH KOMMyT8UHH 

o6pa3yeT 6a311C anre6pbt n11 S0(4) 

[M4t , M4J l = - M ,I ' (2 . 6a) 

( M , M ]=8 M 
41 Jk IJ 4k - 8 M 

lk 4J (2 . 6s) 

[Mil' "\ e1= 8tf MJk + 8Jk M,f - 8tk Mlf - 81f M1k . (2 . 6c) 

CoOTHO!UeHIISI KOMMyTaU 1111 (:d.6) ITO'ITII COBnauaJOT C (2 . 4) 38 I!CKITJO'IeHIIeM KOMMyT a 

TOpa •cns11ros" (:d.6a ) . EcTecTse HHO O*HUBTb, 'ITO np11 BKnJO'IeHIIII s3aHMOUellcTBHR (e ~O) 
h 2 

11n11 np11 CTpe Mn8 HHII K HYITJO 6opOBCKOrO pan11yca f
0

= - -- (npll 3TOM K8 K 6bi IIC'I83 aeT 
ll e 2 

snyTpeHHRR CTpyKTypa CHCTeMht}_ anre6pa n11 (2 . 6 ) non*Ha nepexoniiTb a (:d.4) . OuHaKo, 

ecn11 p aCC MaTpiiBaTb <!JOpManbHyJO CIIMMeTpiiiO raMI!nhT OHIIaHa , He IIHTepeCyRCb ee reOM8Tpll -

'l.J:9CKHMH HCT OK 8MH , I1pOCJ19!lHT b 3TO SJBJ19HH e H 9B03MO}f{H O. 

Mo*HO HeCKOltb KO H3MeHHT b BIIU reHepaT o p os 50 (4) 

!UII M o6pa30 M 

1 
M =• M 

41 41 

M 1 
IJ 

M 
IJ 

6 

, BBOUSI napaMeTp cneny10-

(2.7) 

_.J 

Torna KOMMYTBTOp (:.! .f 

( M 

OCT8J1bHbl9 COOTH0lll€HHS 

nerKo BH.IleTh rrepexon • 

'IHCTO <jJopManbHbiM. neJ 

HOll peanH38UHeli reHepl 

rHH 11 HMnynbca . T o ec 

pH H, HO H reoMeTpH R, ~ 

3. Pa3nll• 

YpasHeHIIe ( 1 . 3 ) I 

HH511 9 CJ1H paCCMOTpeTb 

pOM CTpOIITCSI np11 TIO MO 

Torna rrpocTpaHCTBO sen 

UHfO, HMeeM cnenyJCWY10 

Cl.fHT89TC51 ITpHH8ilJ19>KllW: 

Y rnbt IJ 

nae TcSt 

c 
'•1 

,; ~ 
2 

,; ~ 
3 

,; 4=-

IJ II </> -

cnenyJOW H Mu o 

~ = tg ~ si 
p 

0 
2 

0 
~= tg~si 

p 2 
0 

~ = tg !!J co 

p 0 2 



lHHKH, KOTOpBH OCHOBbl-

) nsn JKeHHSI cnenyeT 

lHB c rpynnoll ITyaHKape . 

biTb rpynna fanHileSI. 

HBnReTCH BHeWHHM 

lHTbl rpynnbt f annneSI 

BHTHbiM. HapyllleHHeM 

reS!, '!TO B cnyqae xyno

caMbtM TpBHCilSIUHOHHOll 

2.3a), B lllllllb BHilO-

M 11 H nononHHTenb-

(2.5) 

t3HC anre6pb! liH S0(4) 

(2 . 6a) 

(2.6s) 

(2.6c ) 

CKniOl.JeHHeM KOMMyTa-

lBHMOJlel!CTBHSI (e ~0) 

TOM K8K 6bi HC"'e38eT 

Th B (<! .4 ). OnHaKo, 

•pecyRCb ee r eoMeTpn-

cneuy10-

(2.7) 

Torna KOMMyTaTop (:.! .6 ) nepellneT B 

<, • It< I ] = -' 2 M :I (2 .8) 

OCTBilbHbte COOTHOllleHHSI KOMMYTBUHH He H3MeHSITCSI. ITpH TBKOH 38nHCII anr·e6pbi S0(4) 

nerKo BHlleTb nepexon ee a 

'<HCTo <!>opMBilbHbiM. ITepexon 

E 3 npn •~O • ParcMoTpen:HbiH npHeM, OJlHaKo, HBn5leTCH 

50 (4) ~ E 
3 

npH e ~o 6onee cno:>Ken H CDH3an c KOHKpeT -

HOli pe81l H38UHeii reHepBTOpOB llHHBMH'!eCKOil rpynUbl B TepMHHBX ¢H311'!eCKI!X BellH'H!H 3Hep

f' HH H HMUynbCB . To eCTb npH H3Y'IeHHH 3Toro nepexona BB>KHB He TOllbKO rpynna CIIMMeT-

pHH, HO H reoMeTpHSI, KCY!'OpaSI ee nopo>KnaeT. 

3. PaanH'!Hbte npoeKTHBH&te MeTpHKH a - npoC TptHICTBe 

llOCTOSJHHOH KPHBH3Hhl 

YpasneHn e ( 1.3 ) ( CM. 
151

) MO>Kn o aanncaTb B Bnue, 6onee yuo6HOM nm1 HCCnenooa-

HH51 1 ecnH paCCMOTpeTb HMny.'lbCHOe npOCTp8HC7BO llOCTOHHHOH KpHBH3HbJ
1 

M CTpiiKCl B KOTO-

pOM CTpOHTCSI npn no MontH npoeKTHBHbtX xoopul!HaT ,; P. ( p. = 1, <!, 3 , 4). ITyCTb E < 0, 

TOrua npOCTpaHCTBO Bellii'IHH e,, 6yueT eBKntiUOBbiM . ~ICIIOJ!b3Y5l CTepeorpalj>nqecxyJO npoeK-

UHlO, HMeeM cneayJOWYlO CBSI3b Me)f{Jly BeKTOp8MH. -npocTpanCTFia H .; • BexTop .; 

Cl.J HTaeTCH npuna.ane>KaWH:M ea.muP-lHOH ccpepe 

.;1 ~ = sin 112 sin 1)1 sin¢ 
02 +p 2 
. 0 

.; = ~ =si n e 2 sin I) cos¢ ' 2 
2 2 1 

p + p 
0 

e=~ = 3 
p2 + p 2 

sin 0 cos IJ 
2 1 • (3 .1 ) 

0 • e = p2 -Po2 
4 

p2 + p 2 
cosO 

2 

0 

e " ¢ - '!eTbipexMepHbie clj>epH'!ecxHe KOOpllHHBTbl , ITepexon OT .; K p 

naeTCSI cneuyiOliiHMII o6paTH biMH lj>opMyllBMH : 

~ = tg ..!!.1. sin 1)1 
2 p 

0 

sin ¢ 

p I) 
__ 2 = tg ~sin 0

1 
cos ¢ 

p
0 

2 

_12 = tg ~ cos I) 1 
2 

7 

(3.2) 



Bbipa>KeHHSI nnSI P, B (3.2) He MeHSIIOTCSI npH 38MeHe 

ep. ~>-e p. • (3.3) 

npa 3 TOM eUHHHUy, BXOUSIIUYIO B 3H8MeHaTenb 1- .f 4• cnenyeT C'IHT8Tb KOOpUHH8TOi! Bep-

WHHbl C!jJepbl H T8KlKe YMHOlK8Tb H8 A • 3Tali CBOi!CTBO H83blB8eTCSI npaeKTHBHOi! HHB8-

pHBHTHOCTblO. 

3neMeHT o6neMa paBeH 

d!l 

<l>apMyna UnSI p8CCTOSIHHSI s(p • p') 

8 p3 d 3 
~ 

(p 2 +p2)3 
0 

4 sin 
2 ~ (p,p') 

2 
(,f-(')2= 4p:(p-p')

2 

(p2+p2Xp2 + p' .2) 
0 0 

(3.4) 

(3.5) 

8CT8BnSISI COOTHOWeHHSI (3.4) H (3.5) B ypaBHeHHe (1.3), nonyqaeM nocnennee B BH):Ie 

(eM. 151) 

3necb BBeneabi o6oaaa'!eHHSI 

~(,f) =A f ~)~ 
( ~- ~· )2 

~(.f .)=( p2+ p 2) 2.p (p), 
0 

>.. p. e 2 

2rr 2 h Po 

(3.6) 

(3.7) 

YIHBapaaHTHOCTh ypaBHeHHSI Wpenaarepa OTHOCHTenhHO '!e T b lpexMepnbiX Bpameaal! B q,opMe 

(3.6) a'leBHUHB . DeliCTBHTenbao, npaH3BOUSI npaH3Banbaoe KOHe'IHOe Bpameaae 'leTbipexMep-

HOH cq,epbt H nanb3YS!Cb HHB8pH8HTHOCTblO aneMeHT 8 06neM8 d fl e 
ypaBHeHHe (3.6) COXp8HSieT CBOli BHU. 

y6elKU8eMCSI 0 'ITO 

PaccMoTpHM ewe UBe npoeKuHH - opToroaanbHYIO H reoneaaqecKyiO. npaBeneM <!>opMy

nbr npaeKTHpOB8HHSI H8 p- npOCTp8HCTB00 Bblp8lKeHHSI UnSI p8CCTOSIHHSI H 06neM8 B 3THX 

rrpaeKUHSIX. 

reone3H'IeCK8SI npaeKUHSI 

.;=~ 
; ,; p 2+ p 2 

0 

.;= 
4 

p 

y'p2+p2 
0 

(3.8) 

8 

.I 

I 
,J 

06paTHble <!>opMynbi 

06DeM 

.2.1_ - tg 82 si• 

Po 

---.l!..l- = tg 8 
2 

sit 

Po 

__.!J. ~ tg 8 2 c 

p 0 

d3 
d!l = _2. 

( p2 + 

<l>apMyna UnSI paCCTOSIH 

2 ~.p') 4 sin 
2 

OpToroaanhHBSI n : 

.f = 
P, 

I -
Po 

~= ~ ~-4 p 

06paTHbie !jJ
0
opMyl 

p 1 . 8 . 
-- :::: Sln 

2 
Sl 

Po 

--!L =sin 8 
p 2 

0 

-.!1 = sin 8 co 
p 2 

0 

061>eM 

d!l = 
d 3 p 

2 --
p VP 2 +p 
0 0 

<I>OpMyna UnSI paCCTOSIHI 

4 . 2 s(p,p') 
SIR---

2 



{3.3) 

Tb KOOpaHH8TOA Bep-

CH npoeKTHBHOA HHBa-

{3. 4) 

{3.5) 

:ocneanee a BHae 

{3.6) 

(:3.7) 

: apameHHll a ¢opMe 

:>ameHHe '!eTbipexMep

y6e>KAaeMCH, 'ITO 

y10. flpHB etleM !jJopMy-

II 06beMa B 3THX 

(3.8) 

1 

_ll - tg 82 sin 8 

Po 

~=tg8 2 sin8
1 

Po 

06-beM 

dO 

q>OpM)'na anH paCCTOHHHH 

2 
4 sin s (p,p') 

2 

sin <P ~ 

1 

cos"' = 

OpToroHanbHBH npoeKUHH 

.; = 
I 

Po 

_; = .J Pb 2 
• 

4 p 

06paTHbie ¢
0
opMynbi 

~. 
.;4 

~. 
.;4 

sin (} 
2 

sin 8
1 

sin <P = .; 
1 

, 

dO= 
d 3 p 

P2yP2 +-;2-
o 0 

<I>OpMyna tlnH paCCTOHHI!H 

{3.9) 

{3.10) 

) .. 
{3.11) 

(3 .12) 

• 
{3.13) 

(:3.14) 

-v~2J 2 1 (3.15) 

0 

9 



B03Bp8lll8RCb K ypaBHeHH!O ( 3 ,5 ), OTMeTI!M0 'ITO ang rrepexoaa B HeM K BeKTOpaM p -

rrpocTp aHCTBa rrocTORHHOii KpHBII3Hhl MO>KHO I!CITOI1b30BBTb n106y!O rrpoeKUH!O, B 'IBCTHOCTII, 

HCI1011b3YR npHBeaeHHbie reOJle3H'IeCKy!O H OpTOf'OH811bHY!O rrp oeKUHH H rroaCT8BI1RR B ypaBHe

HHe (3 ,6) COOT BeT CTBy!OlUI!e BblpB>KeHHR Jli1R 06'beMa II p8CCTORHI! I l, nony'IHM p831111'1Hble 

ypaBHeHH5l, OnHCbi BB!Ollll!e B TO M B0Jl0p0Jl8, 

B reoae3H'IecKoii npoeKUHH ypasHeHHe (3 ,6) npHHHMaeT BHa: 

rae 

( P 2 + P 2) 2.p ( P) -A ~ f 
0 2 

"' (p') d Jp' 

( pJ _E.", [1 -
yp2+p2yp2+ p'2 

0 0 

<f,(~) =( p2+p2) 2 </J(p). 
0 

=0 ' 

B opToroHt>ilbHoii" npoeKUHII npHXOJliiM K ypaBHeHH~O 

rae 

( P 2 + r 2 ) "' .u (p) -A f 
J 

v (p') d:;,' 

!(kp-p'J 2 -dv p2-v'2 -¥P2 -p2J 7 1 
0 0 

.P(t.) =~"" (p). 
0 

(~.1 6) 

(3. 17) 

(3.18) 

(3 .1 9 ) 

YpaBtl(:!iUJ"' (3 . 16) 11 (::J . 18) MO>KHO paccMaTpHsaTb KaK ypasHeHHll Wp!'lauHrepa ang qacTHUhi 

B Ky .'l <;HOHCKOM none, IIpHqeM, fiOCKOnbKY H3MeHeH8 'IBCTb, COOTB€TC TBylOIU8SI CB060llHOMy 

/1DI1>Kei!JI IO , H3M€ H$l8TCSI COOTB € TCTBYIOWHM o6p830M H onepaT Op B38HMOLl€fiCTBHSI. 

CT<.:pe orpa<jJH'IeCKBR npoeKUH R 11rpaeT oco6y10 ponb, noCKOITbKY HMeHHO B 3Toii npoeK-

UHH ypun HeHU e LlBH n<e HHSI HM€9 T H8H60nee npOCTOH BH.£1, H ypOBHH 3HeprHH nonyt.I810TC51 H8H-

6onee npocTo. 

3aMe 'JB!B! e : J I pH nOCT]JDel!HII S -MB T]JHUbl B p -npOCTp8HCTBe nOCTO!IHHOH KpHBH3Hbl 

/'2 3 I 
(CM,, HDilpl! Mep, 

1 
• ) B p8311H'IHblX npoeKUHRX nony'IB!OTC!I p8311H'IHble B8pH8 HTbl TeOpHH 

non11 , nocKOilbKY B Ha <!JYHKUHll fpHHa cyl!leCTBeHHO 38BHCHT OT Bbi6opa rrpoeKUHH, E c nH cHaii

a e pOBCKOe KB8HT OB8HI!e npOCTp8HCTB8 paCCM8TpHB8Tb KBK pe11RTIIBHCTCKDe 06061UeHHe Kyno

HOHD B 3 8 HMOaeJICTBHR, CTepeorpBipH'IeCKOll npoeKUHH CITeJlyeT OTJl8Tb npeanO'ITeHHe, 

4, OnepaTop KoopaHHBTbi '<BCTHU bi a KynoHoscKOM none 

EPCKOH€'-IHO Manbi€ "Tp8HCnSIUHH• B p -npOCTp8HCTBe IIOCTOHHHOI:f KpHBH3Hbl B p83HbiX 

npOeKU I' :rtX, COOTne T CTBY !OlllH e npeo6pa30B8HHRM (n,9), (n,IO) H (n,11) (eM, llpHI10>KeHHe) , 

'1 :>.11'i' T 1\11/l: 

10 

(cT) 

M 41 

(r) 
M ~ 

41 

M(op2.J: 
41 

3TH OnepBTOpbl RBITR. 

a 
CTp8HCTB8 ----- , no 

a P 
HBT bi cso6oaHoln He~ 

KoMMYTBTOpbi c 

HHll 

M 
lk 

COBnaaa !OT C (2,6) C 

npu n epeXOJle K 

JKeHHlO, onepaTopbi 

_a_ , llel!CTBHTellb 

a P 
113 1paBHeHHR C<jlepb! 

_.!l_ t 0 

Po 
B npoe KTHBH Oii 

ecTecTBeHHo, c reaep. 

aOBOM npOCTp8HCTBe 

On epa Top X = f M 
I 0 

MO>KeT 6biTb HHTepnpe· 

Onepa T Opbi M CT 
41 

Mep, CHMMeTpH3YR Bb!J 

npOH3BO!lR 38MeHy p O 

MIIHBX nepeMeHHOll X 

A 
I 

P. h H 



: K B9KTOpaM p -

<UlilO.. B 't{8CTHOCTH, 

lOLICTBBnS!S! B ypaBHe-

ny'IHM paanH'IHhle 

(J.l6) 

(3.17) 

(3.18) 

(3 .1 9) 

~ llHHrepa OflR qaCTHUbl 

Y JO!llaS! CB060LIIIOMY 

>LieiiC T BHS!. 

~e HIIO B 3TOil npoeK-

~HH rronyqa~CR H8H-

OCTOS!HHOil KpHBH3Hbl 

1e B8pH8HTbt TeOpHH 

npoeKUI!If. Ecn11 CHal1-

'CKoe o6o6meHHe Kyno-

peanoqTeHHe. 

M none 

li KPHBH3Hbl s pa3HbiX 

. ) (eM. llpHno>KeHHe), 

r 

M(cT) 811 (p2 -p 2) + 2p PI a 
41 --'-'-· -.11"-...::..,2.----'...J'L..:-l. 

Po apl 
\4.1) 

(r) 811 
2 a 

M = Po +p p 

41 2 
ap I Po 

(4.2) 

( op ) ;:---;;-r a M =yl-_P_ 
41 p' 2 apl 

0 

(4.3) 

3TH onepaTopb! SIBnSIJOTCS! o6o6meHHS!Ml! npeo6pa30BBHI!Il TpaHCnSIUHH esKnHLIOBa p -npo-

a 
CTpBHCTBB --- r n03TOMY Benl!'IIH!bl i h M 41 S!BnS!JOTCS! o6o6meHH SIMI! onepaTOpa KOOPLIH-

a P 
H8Tbl CB060LIHO'Jl HepenSITIIBIICTCKOII '18CTI!Ubl Ha cnyqal\ KynOHOBa nOnS!. 

HHil 

KoMMyTaTOpbl onepaTopoa M(a.) Me>Kay co6oll 11 c reHepaTopaMI! TpexMepHbiX spame-
41 

M 
I k 

-p 
k (4.4) 

COBfl8LIBIOT C (2. 6) C TO'IHOCTblO LIO flOCTOS!HHOrO MHO>KHTenSI, KOTOpb!ll nerKO l!CKniO'Il!Tb. 

npll nepeXOLie K nnOCKOMY p -npOCTpBHCTBy, COOTBeTCTBYJO!lleMy CB060LIHOMy LIBII-

}f{eHHIO, orrepaTOpbi 
a 

(4.1 ), (4.2) II (4.3) nepeXOLIS!T B 06bl'!Hbl9 reHepaTOpb! Tp8HCnSIUI!ll 

-- • nellCTBHT91lbHO, B 3TOM cnyqae 1 Il03TOMy ( ~ o 
I 

(aTo cneayeT a P 
113 1P8BH9HIIS! C<j>epbl ( 

2 
+ ( 2= 1 ) • 0rCJOLI8 BblT9KBeT, 'ITO BO BC9X Tpex npoeKUIIS!X 

4 I 

B npoeKTIIBHoll aanHCH (n.12) 6ecKoHe'!Ho-Manoe npeo6paaosa1111e cas11ra cosnaaaeT, 

9CT9C'l'B9HHO, C reHepaTOpOM flOBOpOTa OT '19TBepTOil OCI! K i -1\ B '19Tblp9XMepHOM 9BKJU!-

LIOBOM npOCTpBHCTBe 

np 
M 

.. 
41 (4.5) 

OnepaTop X = f M np rae f 0 - 6opOBCKIIIi P8LIIIYC, l!MeeT pa3MepHOCTb Llnl!Hbl II 
0 4! 

MO>KeT 6biTb HHTepnpeTI!posaH KaK HepenSITIIBHCTCKI!li aHanor KOOPLIHHBTbl CHailaepa
111 

OnepaTopbi II Mop MO>KHO aanHCB Tb B x -npoc TpaHCTBe. H anpl!-
41 

Mep, Cl!MM9Tpii3YSJ Bb!p8>K9HH9 (4.1) no HeKOMMyTHpylO!llHM senH'IIIH8M p II _a __ ll 
np01!3BOLIS! 38MeHy 

MIIHBX nepeM9HHOil 

p -+ y - 2p. H , i h ~ = x I I 
o a P-
x ( seKTop PyHre-nelftla) 

A 

p. h H 

11 

I a 
nony'IIIM IIHTerpan LIBII>K9HH;t't, T ep-

2p. e 
2 

x (4.6) 



noJl'19pKH9M , 'ITO KOOpJlHH8 T b i X " I!Mnyllbcbi P = -; t, _a_ CB060JlHOil '18CTHUbi 
I a X 

nocne BKnJOqe J-IuSI B38HMOll.e~CTBIHI y>Ke H e RBnsnoTCR onepaTopaJ:H <Jlli31! '19CKHX KOOPJlHH8T 

H RMIIYIIbCOB. 

BbiBOJlhi 

1. ilonOJlHHTenbHbl e HHTe rp81lbl llBH>Ke HH SJ B KynoHOBOM n o ne, HMelOUU1e C MbiCn 6eCKO-

H9 '1HQ-M8 11biX Tp8HCI1HUHil B p -npOCTp8HCTB9 TIOCTOIIHHOl! KpHBII3Hh i, C I19JlY9T IIHTep11p9TI! 

p o B8Tb K ll K o6o6rne HKe onepaTopa KoOpll11H8Tbi cso6oAHOi1 'IB CTliUbi xI = i h -j-- . TaKaH 
P. 

HHTepnpe TaUHSI nononHHTenbHbiX HHTerpanoa npHBOllHT K TOMY , '-lTO KynoHoso nbne MO>KHO 

paccMaTpHBB Tb KB K nepenHTHBHCTCKHil aHanor KBBHTOBBHII SI n p ocTpaHCTBa CHailJle pa- ronh

<jJaHJla-KaJlbiwescKoro1 1 - 3 1 . 

• 
2 , H a pyiil9H119 Tp8HOOSIUIIOHHOil IIHB8p1!8HTIIOCTH 0 KOTOpOe 11p11 110CTp09HIIH T e OpHH 11011SI 

D p -npOCTp8HCTBe TIOCTO<IItHOil KpHBH3Hbl 11p H BOJl<In0 K TPYAHOCTfiM, 3A9Cb 0'19Hb npOCTO 

HHTepnpeTHpyeTC5t, TBK K8K DK JliOt.IeHHe KpHBH3Hbi B p - IIpOCTp8HCTB€ 3.£l€Ch 03 Ha qa e·r B KJHO-

lf. € HH e B38 UMOJlei1C TDHSI 1 a IIOC n e.UH e e BCer.ua HapywaeT Tp8HC1lStUHOHHYJO HHBaptt a HTHOC Tb. 

3. 1::3 pa60T8 X 1 HCII01lb3Y IOU1HX C Ha:H.nepoBCK Oe KBB HTOBBHH e npo c•r pa HCT Ba , " H3 M e He HHe 

reOMeTpHH H8 M 8 11b!X paCCTOSIHlHlX" H e BbiCTyna no SIBHO KOK CB OfiC TBO B38HMO.lle iiC TBHH, 8 

BC nOilb30oanoc b q>aKT H'4 e CKH llHWh JlliR o6pe3D:HH51 pa c xo.n smtJtXCH HH T e rpanoa. K aK noK83braa-

eT npHBe,lleHHI>IH: aH81IH3 KY I10H 0130i1 C UMMeTpHH, KB8HTOB8HHe npOCTp8HCTB8 SIBilHe T C H npO SIB-

JlQ Hit e M JlHH8MH KH . 

AoTop D b lpll•<ae T rny6oKyto npH3H8T911bHOCTb E.A. Ap6yaoay, IO.A . r onbtjlauny , 

B.r. KaJlhiiileBCKOMy H n.H. nonoMapesy 38 11110JlOTBOpHbi9 JliiCKyCCIHI. 

"' 3 
1 

npHnolKenlle 

"CnaHrH~ p -npocTpaHCTBa nocTOSIHHOH KPHDH3Hbt 

npOH3BOnbHOO 

0 3 • IJ3 

B p8WeHH e q e T blpeXMepHOJ1. Ceflepbl 38BHCHT OT W e CTH Ha p aM e TpO B 

<f>
2 

, IJ 2 
, <f>I H MO>K9T 61.1Tb :J/lnHC/l HO B BHJ1 El (e M . / ? / ) 

1 2 1 2 3 

g(</>3 03 
1 , 2 , 

IJ3 . ¢ 2.0 2, ¢ 1) = g (¢ 3.) g (03) g ( 0~ g (~'> 2) g (0~ g (¢ 1) , \rl .l ) 
3 1 2 I 21 1 32 2 43 3 21 1' 32 2 21 1 

r )le glk {op•) 9CTb M8 T p HU8 HOBOpOT8 0 n HOCKOCTH (i,k) 0T i - ::i OCII K k - i'f H l! yr0 11 1/• 

Y.To6br Bbt.llenHTb H3 rpynnbt spaweJ-uitt cer..~effcTao "'c .nauroo .... , T O e CTb npc o6pn3ona Hu ii , 

12 

H9110JlBHlKHbi9 B9KTOpbi 

He06XOJliiMO H8110lKHTb 

</>3 =-</> 1 
I I 

BBOAH Tenepb B9KTOp 

0 = 0 
3 

2 3 

Mbl MO)KeM 38flHC8Tb 

d ( '1 ) = g 

0rCtoJl8 BHJlHO, 'ITO npo 

30M. O cb CABHra , T. e • 

OCT810IIlHilCSI H9110JlBH lKH 

= g32(-01) g2T(-<f>) 

OCH (; OK83biB89TCSI I 

11pHBO)lHT OCb B HCXOJlH 

llonb3YHCb 3 T Oil I 

IllHe npeo6paaosaHH SI " < 

p83M9'pHOCTH n - Hi 

Hoe sparneHHe n - MeJ 

rJle 

(n-1') n·l 
g ~ g21 (</>1 

g(n.2) g (¢""' 
21 1 

(2) = ( rl. 2) 
g g21 .,..1 

g(ll = g (</> 1) -
21 1 

P a cnonaraSI spa rneHHH 

npeo6pa30B8HHSI CABHra 

n apaMeTpbi BP8IIl9 HHSI 

ra '1 • CneJlytornH e 

B K8lKJlOM C T OI16U e . 



no6oaaoll 'IBCTHUbi 

lll31! 'leCKHX KOOPilHHaT 

1Mel01Ul19 C MbiCn 6eCKO-

,, , -~ neayeT HHTepnpeTH

x = i h _a_ . T a KaSI 

' a P. 
KynOHOBO nbne MOlKHO 

HC TBa Caallaepa- fonb -

10CTpOeHHII TeOpHII ITOITSI 

1, 3.09Cb Ott9 Hb rrpOCTO 

e 3oecu 03Haqae·r sKnto-

:HylO HHB8pW8HTHOCTb . 

BO B38HMO.UellCTBHH 1 8 

erpanon, KaK noKa3biBa-

t8HCTB8 SlBflH9TCH npOS:IB-

H hl 

JCCTH uapaMe-rpon 

[l B HU8 (CM , /7 /) 

u K k - l1 H L! yro11 tf~ 

:C Tb npc o6pD.30881£ H I·{ , 

HeUOilBHlKHbie BeKTOpbl KOTOpbiX rrelKaT B rHnepnnOCKOCTH, HBTSIHyTol\ HB OpTbl e 
1 

, e l' e 

He06XOilHMO HBITOlKHTh cneayJOU!He CBSI3H HS napaMeTpbl npeo6p830B8HIISI 

<n.2) 

BeoaSI Teneph BeKTOp "cnaHra" 7J co C<j>epH'IeCKHMH K00pll1IH8 T8MH 

0 = 0 3 
3 3 

(n.3) () = 0 cf> = cf> 
2 3 1 2 1 

Mbl MO>KeM aanHCaTh npeo6paaoeaaHe "cuaHra" d(7J) B BHne: 

ln.4) 

0rCJOil8 BHilHO, 'ITO npOH3BOnhHOe npeo6pa30B8HHe *CilBHra· npOHCXOilHT CneayJOWHM o6pa-

30M, Och caeHra, T,e, eeKTop ( co c<j>epa'leCKHMH KOOPilHHSTSMH ( 0
1 

= () , 0 '...,.fZ +0, cf> 4>. 
2 1 1 

OCTSIOWHliCSI HeUOilBHlKHbiM npH npeo6p830B8HHH d (7J) , npHBOilHTCSI Bpawe HHeM g·l (0 ,</J) = 
1 

= &32 (-6
1

) g
21

(-</>) a nonolKeHHe, coenaaaJOwee c e 2 , Ha-aa qero epaweaHe eoKpyr 

OCH ( OK83biB8eTCSI npOHCXOilSIWHM B nnOCKOCTH ( 4,3), 3aTeM BpaweHHe g ( 6 l , </J ) 

UpHBOilHT OCb B HCXOilHOe UOITOlKeHHe, 

llOITh3YSICh 3 TOH r e oMeTpll'leCKOJi KBpTIIHOii, nerKO UOITY'IIITb COOTHOWe HHSI, BbiileiTSIJO

WHe npe o6pa30B8HHSI *caeara • 113 rpynnbl llBI!lKeHHli npOCTp8HCTB8 ITOCTOSIHHOli KpHBH3Hbl 

p83Me'pHOCTII n - 1 HITH, 'ITQ-TO TO lKe - H3 rpynnbl D -MepHb iX BpaweHIIH, npOH3 BOITb-

Hoe epaweaHe n -Mepaoro npocTpaHCTBa g HMeeT ana: 

g _ g(n.J) g (n-2) ...... g!1l, \11,5) 

n·l 1 
(0 ) g (0"' ) • 

n-2 nn·l n-1 

gln-2) ••• g 
n-1 n-2 

(n.6) 

gO l = g (</> 1) , 
21 1 

Pacnona:aSI epaweHnSI g lk B Blllle TBKOII TpeyrOIThHOll Ta6nHUbi, Mbl MOlKeM BbiileiTHTh 

npeo6pa30BBHHSI CllBHra d (7J) H3 np0113BOIThHOrO BpaweHHSI g cnenyJOWHM o6paaoM, 

napaMeTpbl epaweHHSI g (n.l) COBU81l810T CO Cq>epH'IeCKHMH KOOpllHHBTBMH BeKTOpa CllBH-

ra 71 CnenyJOWHe paeeacTea CBSJ3biBSJOT MelKny co6oli nepebJli 11 nocneaHHil aneMei!Tbi 

B KBlKilOM CTOn6ue, 

13 



"' ~"' 
··1 
1 -- "'1 1 

·-1 
8 a 8 

1 2 
--8 2 

2 
' ... 8 

··2 
= 8•·1 

•·2 

•• 2 

- 8 
•·2 cn.7) 

Bee oeTanbHhie napaMeTpbl KpoMe 8 •·1 
0 KOTOpbiJ! KSK H B 'leTblpexMepHOM 

•·1 
cny.qae urpaeT cyweeTaeuay~ ponb, BbiBOIISI aeKTOpbi H3 ranepnnocKOCTH ( e , ••• , e ) , 

1 •·1 
nonara~eg paBHbiMH uyn~. HHbiMH enosaMH, B Tpeyronbaol! Tal5nuue (n.B) npupasauaa~-

cg e ol5paTHblM 3H8KOM nepBbiJ! H noeneiiHHJ! napaMeTpbl KBlKIIOI'O eTonl5na, 8 see 'ITO 

HSXOIIHTeSI MelKIIY HHMH npHp8BHHBBeTeH Hyn~. Mbl MOlKeM 3811HC8Tb eiiBHI' d (7J) B BHIIe, 

a uanoru'IHOM (n.4). 

d <'I > = d < n > g < 8 •· 
1 > g • 

1 < n > • 
" n•l n•t 

cn.s> 

r11e qepea n ooauaqeua cosoKynaocTb napaMeTpos (n;7). Bee eKaaaauoe no noso11y 

4JOpM)'nbi {n,4l MOlKHO IIOBTOpHTb 311eeb B n -MepHOJ! 4JopMe, 

l1enonb3YH HBHYIO 3811HCb CIIBHI'8 (n,4 ) E BHIIe 'leTblpexpHIIHOA M8TpHUbl H eBSI3H 

MeJKIIY c4JepH'IeCKHMH H TpexMepHbiMH KOOpiiHHSTBMH BeKTOpa npOCTp8HCTB8 IIOCTOHHHOJ! 

KpHBH3Hbl B pa3nH'IHbiX npoe KUHSIX (4JopMynhi (3,2), (3,9) H (3,)3)) , MOlKeM nony'IHTb 

BeKTOpllyiO 3811HCb npeoopa30B8HHH CIIBHI'a, 

CTepeorpaq,uqecKaSI npoeKUHH 

k 2 2 
(__h +~ )( 1 + _) -~(_P_ + JL) 

~ = d 
CT PI Po ko p 2 Po Po p 

(k ) = 
p II 

Po 2 2 
-(...£.. +~ )2 0 ( 1 + _k _) ( 1..- _P_ ) 

p' - /(k) 

p 
li 

__E_r_ 

Po 

p 2 p 2 
Po Po 

0 0 

feOIIe3H'IeCK8H npoeKUHH 

.h.v~ 
p -

n p 

(1- ~ 
p2 

0 

(

1-

kp 

Jr 
-----v-

1 +y1 +
pl 

0 

0pTorouanbHaH npoeKUHSI 

pk 

_lG_ = dop (k) ...!.J. = ~ + kl (yl- p2 --r 
II - -- - pa 

P 0 p
0 

p P P2 ---
0 0 0 l+yl-~ 

p2 
0 
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cn.e) 

<n.Jo) 

<n.lll 

3Aeeb k - TpexMepHbie 

npoeKUHH. 

ct>opMYrihi (n.s), ([ 
Hcnonb3YH MBTpH'IHy~ 31 

KOOPIIHHBTBX. 

(' ~ ( d('l )) ~ 
p. P.'' v 

r11e ~ •'I - npoeKTHBHl 

<l>opM)'nbl (n.9), (n.JO) 
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rpynnbl IIBHJKeHHA npO< 



n•2 
-8 

•·2 (n.7) 

I B '!eTblpeXMepHOM 

CKOCTH ( e , ••• , e ) 
0 

1 •·1 
file ( n,6) npapaBHHBaiOT-

CTon6na, a ace 'ITO 

l'b CIIBHr d ('I) B BHIIe, 

(n.a) 

CKa3aHaoe no noaony 

oil MaTpi!Ubl II CBSI3H 

~paHCTBa flOCTO!IHHOII 

) , MO lKeM nony'II!Tb 

(n.9) 

(n,IO) 

(n.II) 

3neCb It - TpexMepHble KOOpiiHHaTb! 0 COOTBeTCTBYIOWHe BeKTOpy CIIBHra '7 B llaHHOII 

npoeKUHH, 

¢>OpMYribl (n,9), (n,10) H (n,11) MO>KHO nony'IHTb TaK>Ke HeCKOnbKO HHblM CflOC060M, 

J1cnonb3YSI MaTpH'IHYIO 3anHCb CIIBHra, nony'IHM Bblpall<eHHe 11n11 d('l)( B npoeKTHBHblX 

KOOPIIHHaTaX. 

<n.12) 

rne ( , '7 - npoeKTHBHble KOOpiiHHaTbl BeKTOpOB p H k, a - BeKTOp BaKyyMa a =(0,0,0,1), 

¢>OpMYnbl (n,9), (n.IO) H (n,ll) nony'laiOTCSI nocTaHOBKOII COOTHOWeHHII MelKIIY p H ( 

H It H • '7 , COOTBeTCTBYIOWHX llaHHOII npoeKUHII, 
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