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I. B B e n e H H e 

COBpeMeHHY~ KB8HTOBYD TeOpHD flOHH ~OpM8HLHO MOZHO 

npe,li;CT8BHTL ce6e K8K H6KOTOpyiO 06Cl\OH61{HYIO COBOKYllHOCTL 

M8TpHI{HYX 3H6M6HTOB p83HH11HYX onepaTOpOB ( $ - M8TPHilY 1 

~YHKUH~ rpHHa, onepaTopoB none~ H T.n.), no,ll;qHHHJO~Hxca Oec

KoueqHo~ CHCT6M6 38U6llHHD~HXCH HHTerpaRLHUX yp8BH6HH~. Ena

rO,li;BpH Tp8HCRHUHOHHO~ HHB8pH8HTHOCTH B K8X,li;OM H3 3THX MBT

pHI{HbJX 3R6M6HTOB MOlltHO BY,li;6RHTL 4-MepHyD ~- ifJYHKUHJ0 1 Bblpa-

.• aam~ym aaKOH coxpaHeHHH 4-HunynLca, a aaTeu Booo~e y,11;anHTL 

aTy b - ifJYHKUHIO Ha ypBBHeHH~x). waTpHI{Hhle aneueHTbl Oea 

~ - ~YHKUHH 6y,ll;eM H93b!B8TL npHB6,li;6HHbiMH. 

~BHHbl6 B6RHI{HHbl 38BHCHT OT flORHOrO HMllYHLCB RHWL napaMe

TpHI{6CKH, flOCKORLKY B yp9BH6HHHX no 3TOM nepeM6HHO~ H6T HHT6-

rpHpOB8HHH.0CHOBHbiMH nepeM6HHbiMH B npHB6,li;6HHbiX M8TpHI{HbJX 3He

M6HT8X HBRHDTCH OTHOCHT6RLHbl6 HMnynLCY. 

x) Mb! npe,11;nonaraeu, liTO Bee HeCBH3Hble uaTpHqHLJe aneueH

TY HCKRI01{6HY H3 p8CCMOTp611Hfl C flOMO~LIO COOTB6TCTByiO

me~ nepeCTpOHKH ,li;BHHOH CHCTeMbl YPBBH6HHM. 
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riCHO, qTo BCR RHWOPMB~RH ~HHauHqecHoro xapaKTepa coAep

HTC» RMCHHO B ll].JHBC,l(CHH~X M8TpHqH~X SH8UCHT8X. ECHH M~ HC 

'~OBJ!B'l'BO].JCHbl TCM, lt8H CYii\BCTBYIOlll8.H TeOpHH OORCbiB8CT B38HMO

e~CTBMB aneMBHTB].JH~X qaCTH~, TO YCOBB].JWBHCTBOB8HRB 3TOH 

eopli!M 3KOHOMHBB BCero I!8'qHH8Tl> RMCHHO C npRBBABHHbiX M8TpHq

~X aneMeHTOB, coxpaHHff AHaroHan:DHOCTl> no cyuuapnouy 4-RM-

yn:Dcy. 

B nacTOffii\B~ paooTe Oy~yT ~t~snoaeHhl HeKoTopble npe~BapR

en:DH~e C006p8EBHHH 0 OOCTpOeHHH 0600lll6HHO~ KB8HTOBO~ TeopMR, 

COOH1>3YKJIIIBM HOBOB ITOH.HT!t!C OTHOCRT6Hl>HOrO HMTIYHl>C8, Onaro~a

ff qeMy w;oAHWR~RpyKJTC.H npRBeABHHhle uaTpHtlHhle aneueHThl. B 

TIPBABJIBHHOH Mepe paCioTy MOEHO p8CCM8TpHB8Tl> K8K HOBYKJ BCpCHIO 

3BBCT!l0~ CXBMhl CH8H~epa/I/ (CM. TBK'II.B/2-5/). 

2. GyMMBpHblirt H OTHOCHTBJ!l>HhiH HMTIY11l>Chl B OOblqHOH 

TeOpHH 

PaccMoTpMM AJI.H npHMepa TpeXTOl!Bl!HYIO WYHK~H!O Ha~TMBHa, 

TBB1!8IOUlYIO CKBJIH].JHOMY ITOHKJ 'f(.x): 

w c,; I } x z., x} ) = < o 1 'f' r~ I ) 'f r x ~J r r x) ) 1 o >. (2.I) 

CHJiy T].l8HCHH~!t!OHHOi4 HHB8].JR8HTHOCTH, Ol!CBHAHO, 

W ( x, > x,_' ;< 3): ( o }'f(.ll,- x,+~~f)l s)¥(x,-Y,+~~'xJ~{trT~+c~ 
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1 
,I 

j 

OTCIOAa, noJJaraH 

~{x) = (1:)"'- ) e_' f' 
'1 

'f(r) of P) 

HBXO).(!t!M 063 Tpy~a: 

w ( P• ) f'-1 r}) := < 0 ) ~ r PI) If ( Fz.) 'f If>) I 0 > == 

(~.3) 

;:: ~~~>( r,tp~+P)) s~~v<of~{p,-v)'f(pl.-v)rftJ-v)}o). 

COOTHOWCHHC (2.3) Bbi].JDKDCT T].JDHCRHUMOUHYID MUB8].JM8liTHOCTb 

TeopHH cpeACTBBMH p - npeACTBBneHHH. 

BBe~eM o6oaHBl!eHHe 

W(p~>fz., pJ)=SrA'v<~)'P(r,-v)~(rl.-v)'f{prv)Jo> (2,4) 

HerKo BH~eT:D, 4TO 

W (r,+k} fL+k,f>+k )= StA'v<oJ¥(r,·-k·v)~(rz.-k-v)~{p,-k-\}}o~ 
(2.:.>) 

==w(r,)r~,r~). 
"'-

TormM oc>pasoM, ipyHK~MH W ( p1 ) p .. J p3 ) llHBGJ:iVldliTHB oT-

HocwreJil>HO C,ll;BllrOB B f ··· llfOGTpOl!C'rBe M 1 Cj!G,l(OllD'l'eJJMIO, 

MO;KeT 3DJH1CCTl> J!llWl> o•r pasuoc'l'eii l1MilYJil>CDB. Tcrrepn, nprmllMDH 
f'.J 

BO BHI1M8Hl1e l1HB8pt18HTHOC'rl> W 

5 

OT!lOCl1'l'BJll>IIO JJO po !l!:\eBC!UIX 



noBopoToB,M~ BnpaBe yTBep~aTh, qTo aTa WYHK~HH HHBapHaHTHa 

OTHOCHT6~bHO BC6~ !0-napaMeTpHqeCKOH rpynn~ ABH~6HHH 4-MepHO

ro nceBA08BK~HAOBa F - npocTpaHCTBax). 

Ilp6ACT3BJI6HH6 W ( ) B Bli!A6 pt> r .. , r) 

w ( Pt> y .. , r} )= ~~~) ( y,+~-t l') )tv W( r,- y ,,a-VI fJ -Y) 
(2.6) 

06JI3A86T CBOHCTBOM 11 HenpHBOAli!MOCTK 11 B C~6AYIOIII6M CM~C~e: 6CJIK 

tiJYHKUHIO W ( ft- V 1 f,_-1/ 1 fl- V) , CTOHll!Yil fiO;t SHBKOM KHTerpa;na, 

C8MY 38fiKC8Tb B BKAS (2.6), TO 40PMYJI8 (2.6) OCT8H6TCH H6KS

M6HHO~. ~e~CTBHT6J!DH0 1 

I~) 5 f c~J 
W(r,)r~, r!>) = 'D{f,-tr;-tl-') tv t b( P.-•J,.,tJ_v) · 

(2.7) 

) J~ y w ( p,- v- '{ } ~z.- v -y ' f)- v- y ) \ := 

.:: ~(r,+r;!11 ) JW(r,-Y,~-Y,frY)ot'Y. 
ITpH nony~eHKK COOTHOW6HK~ (25) H (2.7) MY HCfi0JID30B8JIH 

TO 06CTOHT6JibCTBO, qTO KHTerpHpOB8HK6 BO BC6X p8CCM8TpHB86MYX 

WOPMYJIBX HBJIH6TCH KHBSpHSHTHYM HHT8rpHpOBBHH6M HB ~6TYpexna

p8M6TpKqeCKO~ rpynne C~BHrOB P - npOCTpBHCTBS ( ~ ). rpyn

fiOB8H onepa~HH B T
4 

coBna~aeT c o6yqayu c;no~eHHeM BeKTopoB: 

~=9+ (/) (2.8) 

a axeueaT rpynnoBoro o6~eua - c a;neueHTOM o6~eua ceuoro I' -
npOCTp8HCTB8. 

x) ~SHHSH rpynna Kaouopwaa rpynne ITyaaKape. 

6 

Tenep» npeAnoxo~HM, qTo HaM aa~aH~ ~ 4-HMny;nbCOB 

(1} ('-/ {,). OnpMeJIHM cyMM8pHb!H HMnynDC 
f ) f , ... ) f 

p ::: r''l + lz} + "' -t- ;i/1) (a9) 

H nono~HM 

p (2.10) U= YJ.. •. 

BeKTOPbl 

Q (L") {i) 
I = p - U { ,·~ J,z, ... J~) (2.!!) 

6yAeM H83b!B8Tb OTHOCHT6J!bHbiMH HMTIYJibC~MH. KaK BHAHO H3 (2.11), 

STH B6JIHqHHbl B03HHK810T H3 B6KTOpOB f(•') { ,· =/1 z,, .. 1 11.-) B 

peayJILT3T6 CABHr8 H3 OAHH H TOT ~e B6KTOp - U. HCHO T8K~e, 

qTO BC6 9 i. l1HBaplllaHTH~ \)THOCl!!T6J!bHO npeoop830B8HHH 

(i) f•l 
P ~ P ~ a. 

Kpoue Toro, 

t r{i) ~ a 

3. IlepeXOA K KpHBOMY npOCTP8HCTBY OTHOCHTSJibHbiX 

Hl&nym>COB 

(2.!2) 

(2.13) 

rKnOT638
1 

KOTOp8H Oy~eT TIOJI0~6H8 B OCHOBY A8JlbH6~WKX 

TIOCTp06HK~, WOPMYJIHpyeTCH TSK: OTHOCHT6JILHbl6 4-HMfiYJibCbl B 

KB8HTOBOH T60pHH fiOJIH npHH3AJI6~8T npOCTp8HCTBY fiOCTOHHHO~ 

KPHBH3H~, peaH11!30BaHHOMY H8 fiHTHM6pHOM rHnep60~0HA6 
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:L t. '2. 2- ~ 
f() - f' - f1- - PJ - f'f = - A -z. 

eL. (3.I) 

IlapaMeTp e HrpaeT pOJI:D dJYH,ll8M6HT8JI:DH01! ,llJIHHN. IlpH e ~ 0 

BCe OTHOCHT6JI:DHN6 HMITYJI:DCN CTBHOBHTCH npH6JIH~6HHO ITC6B~06BK

JIH~OBNMH, H MN B03Bp8~86MCH K 06NqHOH T60pHH. ~8Jl66 Oy~eT 

y~06HO BN6p8T:D CHCT6MY e~HHH~, B KOTOpO~ 

~=l:c=i (3.2) 

!1pH STOM 11 ITJIOCKHi1 11 npe;Ll6JI:DHN~ CJ!yqa~ 6y~eT COOTB6TCTBOB8T:D 

00JIBCTH OTHOCMT6JI:DHNX HMITYJI:DCOB 1 onpe~eJIH6MOil HepaBeHCTBOM 

/f I<~ 1. (3.3) 

HCHO, qTo nepexo~ K H66BKJIH~OBNM OTHOCHT6JI:DHNM HMTIYJI:DCBM H6-

H306~HO npMBOAHT K MO~H~HKBUHH ITOHHTHH OTHOCHT6JI:DHOrO p8CCTO

HHHH. ~pyrHMH CJIOB8MH 1 B p83BHB86MO~ CX6M6 qaCTH~N 1 H8XOAH~H-

6CH OAHB OT ;LlpyroU HB MBJINX npOCTp8HCTB6HHO-Bp6M6H~~X paCCTO

HHHHX, AOJI!H~ OllHCNBBT:DCH COBepmeHHO HHaqe fiO Cp8BH6HH~ C 00-

~enpHHHTNM ITO;LlXO;LlOM 1 HCllOJI:D3yD~HM llC6B;Ll06BKJIHAOBN OTHOCHT6JI:D

H~e HMllYJI:DCN. 

~CJIH UN p8CCM8TpHB86N OAHY qacTH~ 1 TO llOHHTHH 4-HMTIYJI:DC 

H OTHOCHT6JI:DHNH 4-HMllYJI:DC ;LlJIH Hee T0~~6CTB6HHN. IlOSTOMy, qT06N 

He BOilTH B npOTHBOpeqae C HBWHM OCHOBHNM npe;LlllOJIOX6HH6Y 1 YN 

AOJIXHN cqMTBT:D 4-HMllYJI:DCN OT;Ll6JI:DHNX qaCTH~ B6KTOPBMH npOCTPBH

CTBB llOCTOHHHOH KpHBH3H~. Cpaay MOE6T B03HHKHYT:D BOnpoc: qey 

OTJIHqa~TCH llpK TBKOM ITO;LlXO;Ll6 H30JIHpOB8HHN6 SJI6M6HT8pHN6 qaCTH

UN H, CKB~eM, KOMllJI6KCN SJI6M6HT8pHNX qacTHU 1 p8CCM8TpHB86YN6 

b 

KBK O;LlHO U6JI06? 0TB6T HB 3TOT BOllpOC ~OJI~eH OCHOBNBBT:DCH HB 

onpe,neJieHHOM 11 KPHT6pHH 3116M6HT8pHOCTH11 
1 B~p860T8T:D ICOTOpbi~ -

o,nHB H3 aa,naq ;Ll8HHO~ CX6UN. Ce~qac me Mhl, OllHPBHC:D HB H6KOTO

p~e llOJIYHHTYHTHBHN6 C006pa~eHHH 1 npe,niTOJ!O*HM, qTo MBCCbl 3JI6-

M6HT8pHbiX qaCTHU H1 B03MOXH0 1 pe30H8HCOB YAOBJ16TBOpH~T COOT

HOW6HH~ 

m. ~ i . (3.4) 

EcJIH 4-aunyn:DChl ~eueHTBPH~X qacTH~ npHHa,nnezaT ranep

OonoH,ny (3.!), TO MO~HO BB6CTH B p8CCMOTpeHH6 B6KTOp 5-HMllYJI:D

CB qaCTH~N 

Pl.== l po :> p1 J pa., pl, P4) 1 (3.5) 

r.ne 

p'l = v 1. + p~. (3.6) 

ilyCTb Tenepb B HaWeM pacnopHX6HHH HM6DTCH ,nBa TaKHX 

5-HMIIyuca: 

b (I)- ( (I) (,) ) 

r '- - Pe ' p., 

PM_ ( 0 tl) pf"') 
1. - re , t'l . 

06paayeM 5-BeKTOp 

P. - p (I) p (t) 
L- '- + L 

H p8CCYOTpHM ~BB CJ!yqaa: 

(3.7) 

(3.8) 

a.) ( p~''+ pd t- (p"\ ptzJY= S < (p~) + P~tJ)i. 

'b) s ~ ( p~') ... p~Z) Y·. 
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EcnH B~nonHeHo HepaBeHeTBO a), To, oqeBH~Ho, 

1 2. I. 

PL = p -?., <0. (3.9) 

BBe~eM e~HHHqHun 5-B6KTOp, KOTOpug B ~aDbH6~Ul6M 6y~eM 

Ha3HBaTb 5-eKOpOCTb~: 

Ut<= p~ pL>- ( K = 0,1,2,3,4) 
(3.IO) 

UK.t=-i. 
HCHO, qTo 5-eKOpOCTb npHH8~D6EHT TOMy Ee npocTp8HeTBY (3.1), 

qTo H K8~bli1 H3 B6KTOpOB (3.7). B 11 llJIOeK014 11 llP6.lt6JI6 

~ -pL2. -) Y[!: i)'" = fL :; 
(3.II) 

TBK qTo, B CHJIY (4.10) , 

U ( 
b(•} (•) 

K. ~ r + p - %t 
) 1 ) (4.12) 

CJI6AOB8T6JlbHO, B03HHK86T B03140EHOCTb paeeM8TpHB8Tb 5-eKOpOCTb 

K8K 11 KpHB0~ 11 8H8JIOr llOJIOBHHbl eyMMSpHoro 4-HMnyJI:&ea (eM.(2.l0) 

ilpH ~ = 2) VI HellOJib30B8Tb STOT B6KTOp ~DR noeTp06HHH 11 KpH

BbiX11 OTHOCHT6JlbHHX HMllYJibCOB (eM. (2.11) npH ~ = 2). KoHeq

HO, AJlH 0006~6HHH eOOTHOW6HH~ (2.11) H606XOAHMO HM6Tb llOAXO

~H~ee onpe~6Jl6HH6 onepSUHH e~BHra B npoeTp8HeTB6 noeTOHHHOH 

KPHBH3Hbl. 

B pa6oTax12- 5/ HayqanHeb paanHqHble eoBoKynHoeTH npeo6-

paaoB8HH~ e~BHra H8 rHnep60JIOH~6 (3.1), K8~8H H3 KOTOpUX, 

IO 

o.n.HaKo, He HBJIHnae:& rpynnoH, no.Ito6Hoi1 T (4). Teuep:& Mhl HaMe

peHbl HellOJib30B8Tb 4-n8p8M6TpHqeeKH6 npeo6p830B8HHR npoeTp8H

eTB8 (3.1), o6pasy~~He rpynny H nepexoAH~He B nnoeKoM npe~ene 

B c~BHrlll T (4). Eo nee no~po6Ho aT a no BaH rp,ynna Ciy.IteT paeeMo

TpeHa B CJie~yro~eM llYHKT6. 3,ll,ee:& ~6 MU TOJlbKO BB6,ll,6M 0003H8qe

HIII6 ,ll,JIR eSMO~ rpyllllOBOH onep8UIIIH ; 

~ = re k 

VI ~JIH T8K H83biB86MOrO OOpSTHOrO B6KTOpa: 

-1 
OOp8THbl~ B6KTOp 'E k . 

CMbleJI STOre llOHHTV!H HC6H H3 eOOTHOW6HHH: 

-i - .t ( )-1 -l -.1 
O=ktt~k , q::: p®k =k fflP. 

(3.13) 

(3.14) 

(3.1~) 

floeKOJlbKY ~8HH8H rpynna e~BHrOB HBJIHeTeH llOArpynnow B 0 (4,1)-

10-napaMeTpHqeeKOH rpynne ~BHE6HH~ npoeTp8HeTBa (3.1) (eM., 

HanpiiiMep,/2/), TO B TepMIIIH8X 5-B6KTOpOB npeo6p830B8HIII6 (3.13) 

HBJIHeTeH DIIIH6iJHbiM ITO B6JlVJqiiiH8M Pu H q u : 
,., 

q L : 11 L (Jc ) p M (L,M =0,1,2,3,4 ) > (3.16) 

r~e 1\L M ( k.) - eyTb 3JI6M6HThl 5X5 M8TpHUI:i, ilp111H8~Jl6~81!16H 
llHTIIIM6pHOMY npMeT8BJI6HIIIID rpynnhl Q ( 4 ,! ) • 

AH8JI01'0M paBeHeTBS (3.15) enyEHT COOTHOIII6HH6 

OL:: 1\L 11 (*_,) kM) (3.17) 

r,Ite 

Ql. = (O,O,O,O,I). (3.18) 
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llono~HM TenepF> (op. o (2.11)) 

(1) rl} u-J 9 =? @ 
(3.19) 

ftj (z) lj-L r = f (B , 

r~e 
-i u 

(/ - B6KTOp, 00p8TH~~ B6KTOpy , Onpe~e~eHHOMY 
B ( 3. IO). BeKTOphl ? (I) H ?{z) B ~a~F>He.ltiweM B Hawe£1 oxeue 

OYAYT paOCM8TpHB8TF>OH KSK OTHOOHTe~F>H~e HMITYHF>Chl. ~HH STOro 

HM6IOTOH one,11y10111H6 OCHOBBHIIIH. Bo-nepB~X, HMITYHF>Chl qf•) H ~zj 

nplll!18,11ne~aT npoOTpBHCTBY ITOOTOHHHO~ KpHBH3Rhl (3.1), ITOOKOHF>

KY BMY rrpliiH8,1\H6lK8HH B6KTOp~ f fl) Ill f(r) , 8 OIT6p8L\HH (f} 

HBnHeTOH .1\BH~eHllleM rrpooTpSHOTBa. Bo-BTOphlx, npH npeo6paaoBa-

HHHX 0,1\Blllra 

f(i) ~ p(i) (t) d 
(3.20) 

(op. 0 (2.12)) B6Hlii~HHh! 1~)00T810TCH H61113M6HHhlMH. B C8MOM 

,1\ene, nplll C,1\Blllre Bcero npOCTp8HCTBe (3.1) H8 B6Hiii~IIIHY £i 
B6KTOp 5-CKOpOOTIII B CHHY CBOe.fti npHH8,1\H8XHOCTIII TOMY llt8 npo

CTpSHCTBy T8KJKe C,1\Biilr8eTOH H8 ~ : 

U ~ U~d. (3.21) 

ilOSTOMy, llpHHHM8H BO BHHM8HH6 (3.15), 6y~eM HM6TF> HS (3.19): 

(i/ ( r "I ) -t -t r:J. 1 I -1 r ~ f l (f) 4 @ 4 @ u = p 1

@ ra@i/@v = (3.22) 

=. 9(/) (,"; 1,2.). 
38M6THM, ~TO 3,1\BCF> H8MH HOITOHF>30B8HO CBO.ftiCTBO 80001.\HSTHBHOCTH 

onepSUHH G9 , KOTOpb!M He OOH8,1\8HH C~BHrH, p8CCM8TpHB8BWH6CH 
B pa6oTaxl2-5/. 

I2 

HaKOH6I.\, ITOK8JK6M, ~TO ~~fl 11 KpHBiliX11 OTHOCIIIT6JIF>Hh!X IIIMITYHF>

COB (3.19) OYIII6CTBY6T COOTHOW6HHe, 06061Ilai01Ilee paBeHCTBO 

(2.13) nplll ~ = 2.C STOtt L\6HF>IO 38ITIIIW6M (3.19) B JU1He8plii30-

B8HHOH WOpMe (3.16): 

rtJ = /L. (U-1) M p~') 

rPJ = 11L (u-l) M ?~). 

(3.23) 

CKJI8,1\h!B8H STill paBeHCTB8 H ~eHH o6e ~8CTIII H8 5-IIIHB8p1118HTHhiR 

v-P~ , nonytrHu: 

{ 
{t) 

r ~-
+ (zJ) = !L (u-') M pr-1 = 

9 ~-~p; t/-P,/-

= !L ( u -i) M u,., 
OTKy~a, B CHJIY (3.17)-(3.18) 

r /') + 91 l) = to I o/ 0; o ) r-P/ ) 
CX0,1\0TBO 3TOrO COOTHOill6HHH 0 (2.13) HBJIHeTCH Otl6BHAHh!M. 

llpHHHM8H BO BHHM8HH6 (3.25) Ill BCITOMHH8H, tlTO 

t 1. 

(r/) J = (rtJJ = -J ) 
MOlKHO H8ITH08Th T8Kxte: 

{I) ( r L = r) V~P~
2 

) = ( 1 ) V~t-?z) 

(z) r L 
= {- 9 } ,;~2-) = c-r) Vi+f). 

13 

(3.24) 

(3.25) 

(3.26) 
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~TaK, npH C06RIDA6HHH ycnOBHfl a) ARfl CHCT6MN ABYX qaCTHq 

MU 0006~HRH H8 cnyqa~ npOCTp8HCTB8 TIOCTOHHHO~ KpHBH3HN TIOHfl

THfl OTHOCHT6RbHOrO HMTIYRbC8 H DOROBHHN CYMM8pHOrO KMTIYKbCa+) 

KaKOB KHHeMaTHqeCKH~ CMNCR ycnoBHfl a)? PaccMoTpHM cny

qa~, KOrAB o6e qaCTHqH flBHfliDTCfl CBOOOAHHMH: 

(P(')/· = m/' .) p,/') = Y J. -t m? 
{P{zJ )~ = ln.z.,_ ) P~(lJ = V: ~ 

B CHCT6M6 qeHTpa MBCC MO~HO TIORO~HTb: 

p(·)-= ( v tn,~ + f~t ) r) 
pfz) = ( v rn/ t p2. ) -f ) 

OTKYA8 1 K8K OONqHo, 

L )L S = ( p'').,. l"~ = { V m/.1 Pz. + Ym/+ 1~. . 

(3.27) 

{3.28) 

T8KHM 00p830M, ycnoBHe a) 3KBHB8H6HTHO CH6AYID~eMy orpaHaqe
~L 

HHID H8 OTHOCHT6HbHN~ HMTIY1IbC f AByxqacTHqHQH CHCTeMN: 

1_ 

f < 1 (3.29) 

ECJIH lK6 

2. 

f >- 1 ) (3.30) 

TO CTip8B6AJIHBO yCJIOBH€ 6). 8Ta 06JI8CTb H€ HM€€T "nJIOCKOro" 

8H8ROra H 38CJIYlKHB86T OC06oro HCCJI€~0B8HHfl, KOTOpoe, O~H8KO, 

X) PacnpocTp8H6HHe ABHHOro peaynbT8T8 H8 CHCT6MN C OOJ!b

WHM qHCROM qaCTHq OCJ~€CTBJ!fl6TCfl TpHBH8RbH0
1 
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aAeCb npHA€TCH onycTHTb Ha-aa HeAOCTBTKa MecTa. YKa~eM JIHWb, 

qTQ OTHOCHT6JlbHN6 4-HMTIYJibCN B 3TOM CJiyqae BBOAHTCH C JlOMO~b~ 

COOTHOW6HH~ THTI8 (3.23), npaqeM 8H8JIOrOM YCJIOBHH (3.25) HB

RH€TCH paBeHCTBO 

{I) r ~- + r ~-{I-) = ( ( pl<2-· > o1 o
1
o1 o) (3.31) 

4. rpynna CABHrOB B npocTpBHCTB€ TIOCTOHHHO" KpHBH3HN 

B 3TOM nyHKT6 MU COCpe~OTQqHM PHA ~OpMyJI, KOTOpNe H606-

XOAHMO 3H8Tb npH pa60T6 C rpynnOK CABHrOB npocTp8HCTB8 (3.1). 

Bee H8BOAfl~6 COOOp8E6HHfl, AOK838T6JlbCTB8 H npoqae Be~, 

CBO~CTB6HHU6 ll0Ap06HOMY H3JIOX8HH~, 3A6Cb ony~eHN. 

BHaqane BBeAeM Ha rJnep6onoHAe {3.1) opacmepaqecKym 
_, 

CHCT6MY KOOPAKH8T ( W > ~ ) 1 nonaraa 

w 
p'l + ro :: e.. 

-W W _.L (4.1) 

r4 - Pt~ = e -e. ~ 

..... w-
~ = e z 

0TC!lA8 

ROKAS 

H6TIOCP6ACTB8HHO H8XOAKM, qTO 3JI6M6HT 06~6M8 ranep6o-

~Sl. -: ~~,. B HOBUX nepeueHHNX np&HIUI86T BHA: 
r vr:;p~ 

~In .3w ~ _. 
V\ ){ r = e olw o( ~ • 

MOXHO JierKO y66AHTbCH T8KX6 1 qTO 5-KHB8pH8HT 

P
(•) r(t) -P<•J _.(Z.) (1) lz.) - o(•) ?('1.) 
0 0 - r r - rlj p., - I ~.. 14 
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(4.2) 

( L= o1t1 z,.?., q) 

..... 



B KOOp~HH8T8X (4.1) B~r~fl~MT C~CAyromHM o6p830M: 

(o) (l) _ W,+w._ -i - .2,. 

P ... P ... - e (~,-:t") -c;;h,(~.-w ... ) 

Tenep:& CqJOpMym1pyeM OCHOBH08 yTB8pl!t)(8Hvre: 

npeo6p830B8HHR BRAS 
I w =w-+ol.. 

~/ -J.. ~ ... 
~ = e. .z., + rS' 

o6paayroT qeT~pexnapaueTpvrqecKyro (nea6eneBy)rpynny, 

myro HHB8pH8HTHOU ~OpMy (4.3). 

(4.3) 

(4.4) 

OCTSB~fliD-

~CRH cqvrTST:&, 4TO ( 
I -/) W J X.. RB~fl8TCfl opvrcqiepHqCCltH-

MH KOOPAHHSTSMH TQqKH i} na rvrnep6onovrAe (3.I), a ( w> it) 
H [ J.. 

1 
cr) . - 8CT:& COOTB8TCTB6HHO SHSJIOrl/JqH~e KOOPAHH8Tbl 

ToqeK p H k TO MOl!tHO ycJIOBHT:&Cfl BM8CTO (4.4) UHCST:& 

CHMBO~H48CKH p8B8HCTBO (3.13). 

~3 (4.4) H (3.15) CJie~yeT, qTo opvrcqiepH48CKHe KOOPAHHS-

k-~ Thl ToqKvr cyT:& Benvrqvrnhl: 

( -J ) ol.. -) e 6 
(4.5) 

Bb1p8lK6HJ.16 AJlfl cHlp H3 (4.2) Tenep:& MOJKHO Tp8KTOB8T:& KSit npa

BOHHB8pH8HTHhlH B~6M6HT o6~eMa H8 rpynne (4.4): 

d Qr~k = d Q.P. 

B nnoCKOM npeAe~e, KOrAa 

IP" I ) \ f I <<- i 

I w I ) I i' } << 1 
16 

(4.6) 

oqeBHAHO, J.1M66M: 

po-=- W 

~ -~-~ 

rroaToMy rpynna (4.4) nepeXOAHT B ooblq&yro a6eneBY rpynny 

npvrqeM 

-I .,..-+) k -+ (- k., )- k 

(4.7) 

T{~~ 

(4.8) 

rpynna CABHrOB (4.4) HrpaeT OCHOBHyro pOJI:& npH qiopuynHpOB

KC TeOpHH UOJlfl B HMllyJI:&CHOM npOCTp8HCTB6 TIOCTOflHHOH KPHBH3Hhl. 

B qaCTHOCTH, BCC:&MS BBEHhlM OK83blB86TCfl ~yp:&6-SH8Jl!.13 HB 3TOH 

rpynne, noaBonaromvrH BB6CTH B TeopHro ananor KOHqiHrypauvronnoro 

llpOCTp8HCTB8. Mhl paccqHTblB86M H3Jl0EHT:& COOTBCTCTByromHH M8Te

p!.18Jl B 6onee noApo6HoH pa6oTe. 

5. llPHM8H6HHfl HOBOH rpynnhl C,l{BHrOB npH 38flHCH 

MSTpvrqHblX 3Jl6M6HTOB 

llOTiblT86MCfl HCTIOJI:&30BST:& qiOpMSJIH3M, p83BHThlH B llYHKTSX 

3-4, AJIR aanHCH IPYHKUHH W ( f• _,f .. :> f':lo) ( CM. nyn.I\T I) B 

T.epMHHSX f - DpOCTpSHCTBS flOCTOHHHOH Kp!oiB.t13Hhl. ITo SHSJIOrHIII 

C (2.6) paCCMOTpHM COOTHOlli6HIII6! 

(5.I) w c f·' F .. ) f'') = b 1~){ u) Sasz.., w { r,<!JV 1
, r._ell< fJt£>V 1

)) 

rAe · U - B6KTOp 5" - CKOpOCTIII. 

EyAeM cqiiiTBT:&, qTo B HOBOH cxeMe (5.1) BblpaJKaeT TpaHcna

UHOHHyro HHB8pH8HTHOCTL TCOp!oi!oi. llOCKOJILKy 
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csr~J{u)= (1-P: )<t 8(1fJ(p)_, 

TO COXp8H6HH6 llOHHOrO 4-HMnyHDC8 1 0~6BH~H0 1 npo~OHE86T 

HMeTb MecTo. ]erKo BH~eTb TaKze, ~To WYHK~HH 

(5.2) 

W--.J{ ) 5 _, W( _, -• -') (5.3) p, PL I p} : ~9v- f,fflV ~ ~fl) v } P,tfl If 

OCT8eTCH HHB8pH8HTHOH npH C~BHrax (3.13). ~6~CTBHT6HbHO, . 
W(flfJk, pLek) rJtf1~) = 5ol.Rv W{p,~k~V-1,~81k•v:p,,}ce~ 

S ( -l -t -1\ 
== ~RvW r,(f)(V(f)k-') )flzf9{Vek-1), f3® (Vek-') f-(5.4) 

= 5 .Ill v W ( r. (6 v-; p.(!) v-•, p, rtJV _, ) ~ W { r" ,.,., p.) 

~ 

0Tcro~a, Y~HT~B8H nopeH~HHB8pH8HTHOCTb VV , MOZHO C~6H8Tb B~-

BO~, ~To aTa WYHKUHH HHBapHaHTHa OTHOCHT6HDHO Bee~ rpynn~ 

() (~,!). 

lanee, OK83~B86TCH 1 qTo npe~CT8BH6HH6 (5.!) o6na~86T 

CBO~CTBOM 11 HenpHBO~HMOCTH111 8H8HOrH~HW (2. 7). B CSMOM .ztene t 

W( (t) 5 M f,,p ... ,p3)=b (u) dSlvb"(U')· <5•5> 

, • 5d2y W(p,~v=-~v-: PLc&v~(~ "Eiv~f') 
r~e U - 5-cKopocTb, onpe.ztenaeMaa no BeKTopaM 

m 

p,Et> v-• ) Pa.<£> v-• H 
_, 

p3~ v : 

!\ "" (v-') ( t:>, M + F'.z..,... + Pu·• \ !\ ""(v-')U. (5.6) u I:= - 1.. /IL. ,., ) 

1.. V -(p,K.~ Pz.)C-+- P]K.):< 

14HH 

U'= U$V-~ (5.7) 

ilOCKOHDKY 

s~Sly W(p.fiJV-1
eY-I) ~r£>V- 1&{1, PJ@ v-& y-')= 

= ~Jn.v W(p,fi) y-' J r~~v-' ) P.1~y-•)) 
a 

t;f~) l u) 5 d S2 v t{ u @ v-I ) = i'~) { u ) ' 

TO COOTHOW6HH6 (5.5) 3KB14B8HSH!HO (5.!). 

TaKHM o6paaou, Ha npHuepe ~YHKUHH BaaTuaHa ~(p,,pL,p1) 
M~ y6e.ztHH14CD B TOM, qTo MOEHO BnOnH8 O~H03H8~HO nepemTH K 

OnHCBHH~ B T6pMHH8X H66BK~H~OBHX OTHOCBT6nDHHX HMilYHDCOB 1 CO

Xp8HHH AHaroHaRbHOCTD no o6~~HOMY CyYMapHOMY HMilY~DCy. 0Ka3~

B86TCH1 BHSHOrHquaa npo~e~ypa cy~eCTByeT B ~HH npoBSBO~DHHX 

M8TpH~H~X 8H6M6HTOB, B3HTHX OT npOH3B6~8HBI onep8TOpOB no~ea. 

B qsCTHOCTH, H6Tpy~HO p83BHTD COOTB6TCTBym~ee 0606~8HH6 

~opManHaua EeTe-Co~nHTepa. 

Hams c~e~ym~an sa~aqa - CBH38T» ~aHH~a no.ztXo~' c narpaHxe

B~M ~OpM8~H3MOM B KBSHTOBOM TeOpHH llO~H. 
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