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111xl 
B Liauuolt pa6oTe, RamuomeltcR npoLIOn:>KeHHeM , o6cy:>KLiaiOTC.R aonpocbi, CBR38HHbie c 

ueoLIH03H8'1HOCTbiO a onpeLieneHHH aexTopa 4-HMnynbCa a TeopHH THna CualtLiepa
12

•
3 •41

• 3Ta 

ueOLIH03H8'1HOCTb o6ycnoaneua TeM cpaKTOM, 'ITO ua· nRTHMepuolt I'Hnepccpepe 

2 
TJo 

2 'J 
TJ j - €TJ 4 ( 1 ) 

(cp, C cpOpMynolt ( 1.2,5) ), MOLienHpy!OLLtelt p -npOCTpaHCTBO B TeOpHH, MO:>KHO BBeCTH 6ecxo-

He'IHOe MHO:>KeCTBO penRTHBHCTCKH KOB8pH8HTHbiX CHCTeM KOOpLIHH8T ( p O 0 p 1 p 1 p • ) , 
xxl z 2 ., 

K8:>KL18R H3 KOTOpb!X npH nepeXOLie K 06bi'IHOMY UCeBLIOeBK1IHLIOBy p -npOCTpaHCTBy CTaHo-

BHTCR ero LieKapTOBOlt CHCTeMOlt (CM, T8K:>Ke 
131 ). 8 pa6oTax

12
•
3

•
4

•
11 

p01Ib 4-HMnynbCa 

P,(m = 0,1, 2,3) Hl'p810T KOOpLIHH8Tbl npOeKUHlt TO'IeK I'Hnepccpepbl ( 1) Ha K8C8Tenb-

uy10 nnocxocTb TJ
4 

= 1 ( ueuTp npoexuHH coanaLiaeT c ueuTpOM rHnepccpepbi )xxx 
1 

C noMOLLtbiO 

(1) ne!'KO ycTaHOBHTb1 'ITO 

p 
1ft 

OTKY L18 ( CM, ( 12,4)) 

1 
TJ = 

4 ..j1 - ( p ,. 

P,. 

( p 2 = p 2 - p 2) I 
0 

(2) 

(3) 

J.13 (2) T8K:>Ke cneLiyeT, 'ITO noaepXHOCTb ( 1) OT06pa:>KaeTCR He Ha BCIO 01IOCKOCTb TJ a. 1 
4 ) 

a 1IHWb B o6naCTH p 2 ~ 1 npH € = 1 H · p 
2 ?;- 1 npH € = - 1 , 

nepeMeLLtaR nnocxocTb npoexuHH napannenbHO caMolt ce6e H CLIBHraR ueuTp npoexuHH 

BL101Ib OCH TJ 
4 

0 Mbl MO:>K9M HaltTH BCe penRTHBHCTCKH KOB8pH8HTHble napaMeTpH38UHH I'Hnep

ccpepbl ( 1 ), npH 9TOM 1 B '18CTHOCTH 1 nonyqaeTCR napaMeTpH38UHR, OTBe'I810LLt8Si H3BeCTHOlt ~-. 

peorpa<bH qecxoA npoeKUHH ( npoeKTHpoaauHe H3 non10ca ( 0,0,0,0, 1) ua xacaTenbHYIO nnocxocTb 

Ill 
xl ¢ .OPMY1Ibl H3 6y LIYT npHBOLIHTbCR C pHMCKOlt UHcppolt T, Be3Lie B Ll81IbHeltweM HCD01Ib""' 

3yeTCR T 8K8Si CHCTeMa eLIHHHU, B KOTOpOlt h = C = f = 1 , npH 9TOM, O'JeBHLlHO, Ll1IH ne-

peXOLia K 06bi'JHOlt TeOpHH LIOCT8TO'JHO C'JHT8Tb ace Be1IH'JHHbl p83MepHOCTH 9Hepi'HH-HMnynbCa 

MHOI'O MeHbWHMH eLIHHHUbl, 

XXI nceBLI09BK1IHLlOBOCTb p -npOCTp8HCTB8 1 B03 HHK810Llt91'0 npH f -+ 0 1 o6ecne'JHB8eTCR 

TO:>KL19CTB9HHOCTbiO 3 H8KOB nepeLI B npaaolt H neaolt '18CTRX ( 1 ) , 

xxxl B reoMeTpHH TaKaR napaMeTpHaauHR ccpepbi uaabiBaeTCR reoLie3H'Iecxolt. 
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'I • - J ) 1 4 T8K>Ke OQTOtOH8DbH8H D8p8M9TpH38UHSI ( npoeKTHpOB8HHe H3 TO'iKH ( 0,0,0,0, oc ) 
4 

H8 3KB8TOpH8DbHYIO DDOCXOCTb '1
4 

• 0 ). 8 nepBOM Clly'iae HMeeM; 

'I -.. p• 

I p~ /4 

CooTseTcTseuuo, so sTopoM cny'iae: 

'I - p .. .. 

1 
'I 

'I .. 
4 

./1 

( p '/4 
( p 2 14 

' + f p ' 

+ 1 

- 1 

(4) 

(5) 

reo.Q83H'iGCK8SI, CTepoerp8cf:JH'ieCK8!1 H OpTOtOH8JlbH8SI npoeKUHH SIBHbiM 00p830M Bbi.LleJlHIOT

CSI cpe.au scex cnoco6os oToopa>KeHHSI ccf:Jepbi ua nnocKOCTb, npuqeM .llpyrue npoeKuuu srsnHIOTCSI 

8 HGKOTOpOM CMblCDe npoMe>KyTO'iHbiMH MG>K.Ily STHMH TpeMSI, nosTOMy Mbl orp8HH'iHB8GMCSI pac• 

CMOTpeuueM TQJlbKO yK838HHbiX npoeKUHA, T,e, C'iHT8eM, 'iTO 4-uMnyJlbC p m 

J1H60 COOTHOWGHHGM ( 2) 1 IIHOO ( 4) , IIHOO ( 5), 

onpe.llemleTcSI 

nerxo BH.IleTb, 'ITO B cnyqae ( 4) nosepXHOCTb (} ) OTo6p8>K8GTCSI H8 BCIO DJlOCKOCTb 

Ill 
'I - - 1 • Ecnu >Ke .llH8MeTp811bHO npoTusonono>KHbie TO'iKH runepccf:Jepbi OTO>K.IleCTsneubi J 

4 

TO T0t.ll8 TO'iKH P., H q., nnocKOCTK npoeKUHH, CBSI38HHbie npeoopaaosauueM uusepcuu 

P., • 41 q
81

/ q 1 , TO>Ke .aon>KHbl C'iHTBTbCSI TO>K.IlGCTBeHHbiMH. B peaynbTaTe o6naCTb npo-

eKuuu npuuuMaeT su.a: - 4 ~ p ':;: 4 • B cnyqae (5) runepccf:Jepa ( 1) npoeKTHpyeTCSI e oonacTb 

p 2 ~- 1 npH I • 1 HIIH B OOII8CTb p 2 ~ 1 npH f = - 1 , n ·pH OTO::>i<.llGCTBIIeHHH .llH8MeTp8Jlb-

HO npoTusonono>KHbiX TO'ieK (I) STH oonacTu cTauosSITCSI TOnonoruqecKH SKBHBaneHTHbiMH qeTbi

/V 
pexMepubiM nucTaM Meouyca, nocKOJlbKY ux rpaHHUbi npuua.llne::>i<aT (I) (cp. c § 2 us ). 

J..1MeSI COOTHOWGHHSI (2), (4) 1 (5), Mbl MO>KGM nerKO nepeHeCTH see Bb!BO.Ilbl H cf:JopMyJlbl 

/2 4 I/ 
H3 ' ' B CTepeorpacf:Ju'leCKYIO H OpTOrOH8JlbHYIO napaMeTpK38UKH, TaK, HanpHMep, npeo6paao-

B8HHG c.asura (I 2.9) B KOOp.QKH8T8X (4) 38DHCbiB8GTCSI CJlG.IlyiOWHM o6pa30M: 

2 
ecnu q ? - 4 

p (+) k 
" " 

(p + k )(1- tk 1/4)+ k ( (p +k)' 
n n n 4 

(1-tp 1/4)(1-tk 1/4)+ ( (p +k)1 
4 

npH f a 1 HJlH q 
2 

5; 4 npu ( = - 1 1 H 

p (+)k " 4£qn / q 1 
n n 

= q 
n 

(6) 

(7) 

LlJlSI OCT81lbHbiX q 2 Cnpe.anonaraeTcSI, 'iTO -4 :S p
2

:::; 4 u -4 :S k 1 :::_ 4 ). C noMOWbiO (6) Haxo-

LlHM COOTHOWGHHG! 

( 8) 
q1., (p + k)1 

(1- tP 1 / 4)(1-tk 1 / 4) + ~(p + k) 1 

4 

~ I 
• I f 

( 



•' f 

r 
J 

VIa (6), ( 7) a (8) BbiTQKa~T, 'ITO - 4 ~ (p (+)k) 2 ~ 4 

T8X (5) 6y.neM HMQTb! 

• CooTaeTCTBeHHO, s Koop.nHHa-

p (+)k .. a[p +k (y1+tp 2 + t(pk) J]·(pk "'P k -pl) 
n n n n 1+\)1+tk!l 00 ) 

(9) 

r.ne 

YI3 ( 9) cne.nyeT, 'ITO 

. ( 10) 

TaKHM o6paaoM, npeo6paaoaaHHe (9) He BbiBO.llHT seKTOp Prn aa npe.nenbi o6nacTH npoeKUHH. 

OnepaTopbi Koop.nHHaT x " Mbi no-npe>KHeMy onpe.nenHeM KaK HHcpHHHTe3HM8nbHbie onepa

TOpbi C.llBHra B KpHBOM p -npOCTp8HCTBe, T,e, npe.nnonaraeTCH, 'ITO 

( 11 ) 
¢(p(+)k)"' (1- ik x")¢(p) 

n 

npH M8nbiX k , C OOMOlllbiO ( 6) H ( 9) MO>KHO H8ATH HBHbiA BH.ll X n B COOTBeTCTBYIOWHX 
n 

) x/ 
napaMeTpH38UHHX ( cpyHKUHH cP ( p) C'IHT810TCH CK8nHpHbiMH : 

x "= i [ 8 " ( 1 + !.1'_
2 
J - t I 2 p p "] a 

rn 4 ., dii';;; 

n 
X 

(KOOp.llHH8Tbl (4)) 

(KOOp.llHH8Tbl (5) ), 

( 121 

( 13) 

3H8H MeTpHKY rHnepccpepbl ( 1) H nonb3yHCb COOTHOWeHHHMH ( 4) H ( 5), nerKO Bbi'IHCnHTb 

p -npOCTp8iJCTB8 B p8CCM8TpHB8eMbiX cny'I8HX ( Cp, C ( 1 6,2) J: 

( 14) 
( KOOp.llHH8Tbl ( 4)) 

( KOOp.llHH8Tbl (!))) 1 
( 15) 

r.ne A -.neTepMHH8HT MeTpHqecKoro TeHaopa p -npocTpaHcTaa a Koop.nHHaTax (4) H ( 5). 

HcHo, 'ITO so acex napaMeTpH38UHHx HMeeT MecTo paaeHcTao: 

d n p (+ > k = d n p • 

(16) 

· B TO >Ke apeMH 0 T8K K8K k (+)p He SJBnS!eTCSl npeo6p830B8HHeM BeK-

Topa p npH .llBH>KeHHHX npOCTp8HCTB8 OOCTOS!HHOA KpHBH3 Hbl, 

x/ MaTpH'IHbiA 'lneH, B03HHK810lllHA B onepaTopax X n B TOM cnyqae, Kor.na BOnHOB8H 

cpyHKUHH HBnHeTCH COHHOpOM, .nnH acex napaMeTpH38UHA O.llHH8KOB H COBna.naeT C ( 1 4,9) o 

5 



CaoACTBO •np8BOHHB8pH8HTHOCTH' d !}P npH caBIIf'8X MO)!{eT 6h1Tb nonO)!{eHO B OCHOBy 

onpeaeneHHSI CaepTKH cpyHKUHlt 1
1 

( p) H I 
2 

( p) B KpHBOM p -npOCTp8HCTBe; 

(p) 

11 *I, (p) =I 11(q) I,(- (q(-)p)) dOP , ( 17) 
n 

rae !} -o6naCTb, B KOTOpyiO npoeKTHpyeTCSI r11nepccp epa ( 1) npH Bb16paHHOlt napaMeTpH38UHH, 

npOH3BOaR B ( 17) 38MeHy nepeMeHHhiX q (-) p = - q', 'ITO p8BH03H8'1HO q = - ( q 1 
(-) p) , nerKO 

yl5eaHTbCSI B KOMMYT8TIIBHOCTII HOBOlt Onep8UIIII CBepTKII: 

1*1 =I *I 
1 ' ' 1 • 

( 18) 

Oaaaxo ol5bi'IHbiM caoltcTBOM accouHaTHBHOCTH ( 17) ae o6naaaeT. 

nonaraR B ( 17) I (p) = 8(p) 
1 

I (p) .. f(p) 
2 

, 6yaeM HMeTb npH y'leTe ( 18): 

(19) 

s (pJ * 1 tPJ = v- g roJ 1 r- ro r-J pJ J = f(pJ .. f8(q(-JpJt(qJdO • q 

C apyrol CTOpOHhl, o(q(-)p) =8(p(-)q)o T8K K8K 1 ecnH q(-)p .. Q 1 TO p(-)q • 0 1 a anSI 

OCT8nbHblX p H q aceraa 8(q(-)p) = 8(p(-)q) = 0 , noaToMy cpyHKUHR 8(p(-)q) 

RBnReTCSI 8HanoroM Ol5bl'lHOlt 'l9TblpexMepHOlt cpyHKUHH 8 (p - q) , 1-13 ( 19) cneayeT, 'ITO 

8(p(-)q) = v 
1 "l(ji)8(p-q) (20) 

HanH'lHe aoaoro aneMeHTa o6~eMa Tpe6yeT aoaoro onpeaeneHHR onepauu11 aucpcpepeauHpo

aaHHR cpyHKUIIOHanoa OT cpyHKUHA, aaaaHHbiX a KpHBOM p -npocTpaacTae. I-1Meaao, ecnu F [ f(p)] 

GCTb T8KOJI cpyHKUHOHan , TO Mhl Bceraa 6yaeM C'II!T8Tb 1 'ITO 

' nonaraR B ( 21) F [I] = l 

J 
!2 

8 F[i(p)] f 
n 

8F[f(p)] 

81(q) 
8/(q)dCq. 

, H8XOaiiM paBeHC TBO 0 f (p) = 

of(pJ 
0 f ( q) 

0 f(q) df! q , OTKyaa, H8 OCHOB8HHH ( 19), 

v f ( p) 

8 f ( q) 
o(p(-JqJ. 

(21) 

(22) 

HeTpy aHO y6eaHTbCSI 1 'ITO onpeaeneHH8SI COOTHOWeHI!RMII ( 21) H ( 22) onepaUI!SI aucpcpepeHUHpo

B8HHSI o6naaaeT BC9MII CBOltCTBBMII 06bi'IH0f'O cpyHKUIIOHan bHOf'O aHcpcpepe HU11pOB8HI!SI, 

2 

f.13 BbiWeH3n0)!{9HHOf'O cneayeT, 'ITO K8}Kaol! napaMeTp1!38UIIII KpHBOf'O p -npOCTp8HCTB8 

OTBe'laeT caolt sua onepauHH ( +) , KoopaHH8T x" , aneMeHTa o6~eMa d 0. p • CneaoaaTenbHO, 

6 
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38Jl8'18 ·llpSBHnbHOr'O onpeneneHHSI 4-HMnynbCa p B 3TOM npoeTpaHeTBe MO.>KeT 6b!Tb .eBeJJeHa 
m 

K OTbieKSHHIO 'npaBHnbHOlt' <f>opMbl e.llBHr'S p(+ )k 1 'npSBHnbHbiX' X 
11 H T,Jl, C SHSnOr'H'IHOJt 

eHTyauHell: Mbl eTSnKHB89MeSI B penSITHBHeTeKOM npoeTpSHeTBe eKOpOeTelt 1 HeeyweM reoMeTpHIO 

no6a'leBeKOr'O. i-13 BeeTH0 1 'ITO rpynnolt JlBH.>KeHHR npoeTpSHeTBS B 9TOM enyqae SIBnSieTeSI rpynna 

nopeHUS. C JJpyroJt eTOpOHbl, B eHny onpeneneHHSI V "' dxa /dt (a"' 11 2,.3~ npeo6p830B8HHSI no-
a 

peHU8 OTHOeHTenbHO KOMllOHeHT Va JJOn.>KHbl 6b!Tb Jlp06Ho-nHHeltHbiMH. no9TOMY B V -npoeT-

p8HeTBe noeTOSIHHOJt KpHBH3 Hbl peanH3yeTeSI reoJJe3H'IeeK8SI eHeTeMa KOOpJJHH8T (eM. ( [ 2.9) ). 

B03Bp8W8Sieb OllSITb K KpHBOMY p -npoeTp8HeTBy, Mb! MO.>KeM 3 8MeTH Tb , 'ITO H3 :3eex ero 

penSITHBHeTeKH KOB8pH8HTHb!X napaMeTpH38UHA H8H6onee 6nH3K8. K eHeTeMe KOOpJJHHST B OObl'IHOM 

npOeTp8HeTB9 HMnynbCOB napaMeTpH38UHSI (5). ViMeHHO TOnbKO B 3TOM enyqae HMeeT MeeTO pa

B9HeTBO (eM, ( 13) ): 

[ t 1 p]_ = 0 1 
(23) 

'ITO ll03BOnSie T nepeXOJlHTb OT ( p 1 p ) -npeJJeTaeneHHSI K *eMeW aHHOMy * ( t, p ) -npeJJe TaB-
x/ o 

neHHIO • 3TO o6eTOSITenbCTBO H8M K8.>KeTeSI eyweeTBeHHblM ]Jnsl JJSnbHeJtwero pa3BHTHSI TeOpHH B 

paeeMaTpHBaeMOJl exeMe ( HanpHMep 1 JJnSI <f>opMynHpOBKH npHHUHna npH'IHHH Oe TH) H MO)!(eT, no Ha

weMy MHeHHIO, eny)!(HTb oeHOBaHHeM JJnSI onpeneneHHSI BeKTOpa 4-HMnynbCa KpHBOrO p -npoeT

pSHeTBa noe peJJeTBOM eO OTHOWeHHSI ( 5). 8 eneJJyiOWeJt· pa6oTe, noeBSIWeHHOl! HCCneJJOBSHHIO MO-

nenH TeOpHH nonS! B JJaHHOM <f>opManH3Me, Mbl onpenenHM 4-HMnynbe HMeHHO TaK, npH 9TOM 

Mbl nonO)!(H M f = 1 1 T. e. Bb!6epeM fl B BHJle p 
2 ~ 1 1 'IT06bl B Te OpHH He 6blnO Orpa-

HH'IeHHSI Ha MaCCbl <f>1!3H'IeCKHX CHCTeM. 

ABTOp Bb!pa)!(aeT rny6 0KYIO 6naronapHOCTb iO,A. ronbcpaHJJy 3a MHOr'04HCneHHble nnOJJOTBop-

Hble JlHCKyeeHH, 
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x/ ncnqepKHeM OC060, 'ITO paBeHC TBO ( 23) BblllOnHSieTCSI B OpTOrOHanbHOii napaMe Tp1138Ul!l! 

noToMy, 'ITO eeKTOp p 1 6y JJy4H B eHny ( 5) 3-Mepuoii 48eTbiO 5-eeKTopa ( 1J , 1J ) , o p-
m 4 

T Or'OHaneH K nnoeKOCTH (04) 1 a t eCTb HH <f>HHHTe3HM8n bHbli\ On e paTOp ll OB OpOTa B 3TOH 

nnoeKOeTH. Qq eBHJlHO HHKa KaSI JJpyraSI p enHTI!B11CTCKH KOBapH8HTHaSI eueTeM8 KOOpJJ!!HaT 9 THM 

eeoiieTBOM He o6nanaeT, 
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