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1, BaeneHue 

OnHHM H3 H8H6onee HHTepeCHblX H H8H6onee cpyHna~eHTanbHblX CBOllCTB, cna6bIX B38H

MOllellcTBllll, no-BHllHMOMY, smn~eTCSI ux yHHaepcanbH0CTb, KOTopaSI anepBbie _ npoS1BJ1nacb a 

np116n11>KeHHOM paBeHCTBe cpepMlleBCK0fi BeKT0pH0ll K0HCT8HTbl Gv /3 -pacnana Hel!Tpo-
/1/ 

Ha H K0HCTSHTbl 
/2,3/ 

pacnana MIOOHS , BnocnencTa1111 11neS1 06 yH11aepcanbH0CTII 

/4/ 
_, 6bma pacnpoc;:TpaHeHa Ha cna6ble_ aaa11MonellcTBHS1 npyrux '18CTIIU u np1106pena Ha116onee 

/5/ 
38KOH'!eHHblll Bllll B pa6oTe <l>el!HMSHS II renn-MaHHa • OnHaKo BCKope BblSICHHn0cb, '!TO 

nepB0H8'1SnbH8SI 11neS1 06 YHHBepcanbH0CTH Bcex cna6blx B38HM0llellcTBHll_peaKO np0THBope-

/6/ 
'!HT naHHblM 0 nenTOHHblX pacnanax runep0H0B C ll3MeHeHlleM CTp~HH0CTH • KpoMe Toro, 

nanbHettwu_e 3KcnepHMeHTbl npaaenH K 38KnI0'!eHHI0, '!TO paBeHCTB0 Me>Klly K0HCTSHTSMH 

'Gv H Gµ SIBnSleTCSI nHWb npa6nH>KeHHblM (CM. nocnenHHll o6acp
171

), T0r):l8 KSK cor-
- /5,7,8/ -

naCHO r11n0Teae 0 coxpaHeHHH BeKT0pHoro TOKS ' OHO non>KH0 Bblll0nHSITbCSI T0'IH0. npe-
, ' /9/ 

ononeTb aTy TPYllH0CTb ynan0Cb Ka6a6o , K0T0pblll npenno>KHn H0BYIO cj,opMynHpOBKy Hll8H 

YHIIBepcanbH0CTH, Il03B0nHBWylO o6'bSI_CHHTb KSK nonaaneHH0CTb ranepoHHblX pacnanoa, faK H 

aecoan_aneHHe 

yrna Ka6a6o. 

H C Il0M0lllblO H0Boro napaMeTpa (J , nony'IIIBWero H83B8HH8 

/10/ 
, ilpyrHM B8>KHblM CB0llCTB0M cna6bIX B38HM0ll8llCTBHll SIBmleTCSI HecoxpaH8HH8 '18TxH/0CTH, ,, 

. <I> / 5/ V A K0Topoe B yHHBepcanbHOll TeopHH epMH 0ilHCblBS8TCSI - - B3SHM0llellcTBHeM -. 

KpoMe Toro, BO acex cna6blx pacnanax anpoH0B c 6onbWOll T0'IH0CTblO Bblll0nHSleTCSI npaBH- -

/11/ 
no OT6opa 

( 1.1 ) 

a nenT0HHble pacnBllbl anpoH0_B C ll0B0nbH0 xopowell T0'IH0CTblO Il0ll'IHHSIIOTCSI npaaanaM 

, OT6opa 

npu AS 

llpH 

0 IAT _I -

AS• AQ ( 1.2) 

x/ MHorue cpaKTbl cj,uaaKH cna6bIX aaaaMonellcTBHll xopowo cornacy10TcS1 c ranoTeaoll 

'o TOM, 'ITC> B38HM0llellcTBH8 npencTaBnSle;i-cSI B BHll8 np0H3BeneHHSI 3SpS!>K8HHblX TOKOB/5/ 

0llHBK0 3KCnepHM8HTanbH8SI npoaepKa 3TOll rlln0T83bl Il0KS 'HellOCTSTO'IH8, 
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; / 
nm1 061,11coeoo11 aTDX OCDOBDblX CBOilCTB cna6h!x B3aOMOJl0l!CTBDil: BhlllBDranocb pa3nD'l'.'" 
,. . ' 

Hbie ronoTe3blo TaK, yooaepcanbHOCTb cna6bIX B3aOMOJlelicTBDil: (a TaKJKe 'TOKOBhlil:' xapaK-

· Tep B3aDMO/l0liCTBD!I) MQ}KOQ nOH!ITb ea OCDOB0 ronOT03hl O npoMe}KyTO'IDOM B0KTOPDOM 6o-

30De1121. nm1 061,11coeoo11 V - A -B3aDMOJlelicTBD!I npoaneKanBCb coo6pa}KeOD!I O YI 
/13/ 

ooaapoaHTHOCTB • Ilpaaona OT6opa (1.1) B (1.2) MO;Kl!O 061>S1CDBTb c nOMOlllblO COCTaB-
/11/ . . /9/ 

DbIX Monenel! qacTou (cM., oanpBMep , ) one }Ke npnaneKasi OKTeToy10 ronoTe3y Ka6o6o • 

ffa 0/lDa 03 3TBX ronoTe3 oe CBSl3b!BaeT, OJlHaKo, ace nepeqocneHObie. CBOl!CTBa cna6bIX 

B3aDMO/l0l!CTBHli, B 61,mo 6bl DDTepec'oo ITOnb!TaTbCSI Oal!TH TaK00 OnBCaOH0 cna6h!X B3aHMO

Jl0JiCTBHi!, a, KOTOpOM yKa3aHHbI0 <paKTbl ocaeman~cb 6bl C 0/lHHOi! TO'IKH 3p0HDSI. 

YHnBepcanbHOCTb cna6bIX B3aDMOJlei!cTBBi! B HanB'IH0 B HHX Manora napaMeTpa pa3Mep-
-- -17 /14/ 

HOCTH anBHbI f .. ,j C /he • 6.1 0 CM HaBOllSIT Ha Mh!cnb casiaaTb cna6ble aaanMoael!-

cTansi C noKanbHblMD DCKpoaneHDSIMD npocTpaHCTB0DHO-Bp0M0DHOil: CTpyKTypbl ea pacCTOSIHD

SIX 'f 'a6no30• '!aCTDU. 

/15/ 
B pa6oTe 6blna npenno}KeHa KODKpeToasi peanoaauosi STOA onen a npoMeneHoB K 

cna6b1M aaanMoael!cTBDSIM nenTOHOB. HanoMHDM ocnoBHble nono}Kenosi aToA Moneno a Hec-
x/ . ' 

KOnbKO 03M0H0HHOM B o606lll0HHOM BB/l0 • nonyCTDM, '!TO '10Tblp0XM0DH00 dJB30'10CK00 npoc-

TDaHCTBO 'a6nnao '!aCTBll' BCKDHBn!l0TC!I. HO Ha 6onbl!JDX paCCTOSIHDSIX OT '!aCTDll CTaHOBDT

CSI nnOCKDM. IlocnenHee ycnoaoe, Ha3b1BaeMoe B nanbHel!meM 'ycm:ianeM 3BKIIDJlOBOCTD Ha 

6ecKOH0'1HOCTD', anonoe nOHSITHO DHTyDTDBHO D noaaonsieT B ,npDHUBUe clj,opMynopoaaTb BH

TerpanbHb10 38KOHbl COXpaH0HBSI 3Heproo D DMnynbCao ·Ecno 6bl Mb! OTKaaanDCb OT aTOrO 

ycnoBDSI, TO CTOnKHynDCb 6bi C TpyJlHOCTSIMH, aHanorn'IHblMD TPYllHOCT!IM ·a onpeiieneHOD 
/16/ 

aopa_ aHeproo - nMnynbca a o6mel! Teepee OTHocoTenbHOCTD (cM., Hanp~Mep , ). 

T0H-

Mbl npennonaraeM aanee, '!TO npD'IDHOl! D3M0H0HDSI 'CTpYKTYDbI npocTpaHCTBa SIBn!l0TCSI 

Hanoqoe B 00M '!aCTDll • rioaTOMY aenD'IDHbl, xapaKT0pD3YIOlllD0 reoMeTpn10, CBSl3b1Ba!OTCSI C 
' xx/ • · · 

00KOTOpbIMD lj,yoaaMeHTanbHblMD nonSIMD • Ilp0}KJl0 acero aaMeTnM, '!TO 'PYHllaMeHTanbHble 

nonsi JlQn}KDbJ DM0Tb cnoH 1/2. OaHaKO onpeaeneHoe cnooopoB B DCKpDBneHDOM npocTpaHCTB0 
/17,18/ /15/ 

B03MO}KDO naneKo He acerna. • B pa6oTe an11 pemeHDSI aToil: aaaaqo 6bm ocnonb-

aoaaH MATeMaTD'l0CKDil: npue·M norpy}K0ffDSI lp030'10CKOro '10Tblp0XM0pHoro npocTpaHCTBa v, 
B .•MooroMepHoe· nceanoaaKnDJlOBO npocTpaocTBO S m•Ilpo 3TOM lpD30'10CKOe npocTpaHCTBO V 4 . ' . 
paccMaTpnaaeTCSI KaK H0K!j>TOpa!! noaepXHOCTb B npoCTpaHCTBe Sm ,·B KOTOPOM MQ}KffQ 6e3 Tpy-

. /17/ 
na BB0CTD cnoHOpbl , npD'10M '!Deno KOMnooeoT npOCTeAmox cnooopoB amt npocTpaocTB S2n .. 
o s211+1 paaoo 2 • (Mb1 6yaeM a nanbnelimeM Ha3blBaTb cnonop MnoroMepn?ro npocTpaocTaa 

'cynepcnOHOpOM'). Ecnn B ¾n DnB IiS2n+1Bblll0nDTb '10TblpexMepH00 npOCTpaOCTBO 

x/ . /15/ 
Ilonpo6ooe paaaoToe MaTeMaTD'!eCKoro lj,opManoaMa npoaeaeoo B pa6oTe .• 3necb 

MbI OCTaoaanoaaeMCSI nDl!Jb Ha Tex aonpocax, KOTOpble cymecTB00Dbl nnsi <popMynopOBKD 
npennaraeMoA DD}Ke Moaeno. 

xx/ ' . 
TaKaSI TO'!Ka 3p0DDSI noacKa3blBaeTCSI aHanoroeA C o6meA TeopoeA OTHOCDT011bHOC~ 

TH, KOTopy10, OJlDaKo, He cneayeT npoBOJlDTb cnBllIKOM 6yKBanbHO, Y'!DTblBaSI, 'ITC Ha pac
CTO!IHHSIX .. l rpaBBTaUDOHH00 B3aDMO!l0ACTBB0 MHOro M0DblI10 . cna6oro, Mbl B llMbHeil:
l!J0M BM npeHe6peraeM, 
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MonKoBcKoro, TO oToocoTenbDO _npeo6paaoaanol! · nopenua a. aToM npocTpaocTBe cynepcnonop 

KOMUOD0DTaMD ,pacnaaaeTCSI Ha 2 n-
2 

· 06bl'!HblX '10Tbl~0XKOMiiooe~TDblX cnirnopa. : ·c 2" 
· ., - n-2 

0TCIO!la cnenyeT, '!TO cynepcnooopoM MO}KDO onocaTb MynbTonneT, cocT011moli 03· 2 
• I 

•qacTDU co cnBDOM 1/2. 'lTo6bI BOCIIOllb30BaTbC!I 3TOA B03MQ}KOQCTbJO, B03bM0M anaqeooSI. 

y,(x) .. cynepcnooopa ea noaepxaocTn v,. B noTpe6yeM, 'IT06bl cynepcnouop if, (x) 

yno!3neTaopsin ea V, oeKoTopoMy ypaaHeH010 •. B Ka'!eCTBe Taxoro ypaaoeoosi MbI noc~y-

, . nopyeM npocTelimee 06.061lleD00 ypaBOC!HDSI nBpaKa, B KOTOpOM 06bI'!HaSI npOD3BOJlOaSI alt Y, 

3aM8HSl0TCSI Ha KOBapBaHTHYJO npoB3BO/lDYJO .,, • k 

nnsi onpeaeneHBSI KoBapoaHTDOll npoBaaonaoli ny)!{no cymecTaeHno ocnonbaoaaTb reoMeT-

pDIO npocTpaocTBa V' 'ho6b1 onocaTb aTy reoMeTpBJO, onpeaenBM B Ka}l{Jloi! TO'!Ke npo'." 

CTpaHCTBa m -MepHbll! opTorooanbHhlA penep, nepable '10Tblpe OCH KOTOporo ne}KaT B 

' npocTpancTBe, KacaTenbHOM K V 
4 

, reoMeTpBSI noaepXHOCTD . rioxanbHO onpenensieTCSI ye-

noan11Mo nepeneceDBSI aToro penepa no v, HaMeHeooe penepa npo nepexone K fiecKo-

Oe'IHO 6nB3KOli TO'IK0 onpenensieTCSI K031p!pDUD0DTaMB apameHBSI "'af31t • rne a D /3 
x/ . 

npDHDMaJOT ace m 3Ha'!eHBA, a k -numb nepBbie '10Tblpe • Koalj,¢BUD00Tbl apameHBSI. 

yaoaneTBOpSIIOT H0KOTOpbIM npoCTbIM reoMeTpD'10CKDM Tpe6oaaOBSIM, a BM0HDO, ycnoBOSIM 
. ' . /15/ 

CDMM0TpDB no DDJleKCaM a , /3 k o ycnOBBSIM DDTerpBpyeMOCTD (cM. nonpo6oee I: 

. /15/ 
nnsi onpeaeneHBSI KoaapoaHTHOA npoo3aonuoA cnonopa B pa6oTe 6bmo Bcnonbaoaa-

/ 19/ 
HO 0606meooe M0TO!la I ¢>oKa II H~neHKO • '!TO no3aonono nBoeAoo Bblpa3BTb qepe3 KOa<p· 

lpDUB~HTbl apameoosi CUDHOpDylO CBSl3HOCTb cf onpenensi10my10 nepeaeceooe cnoaopa. 

Koalj,lj,ouoeoTbl apameoosi, a CBOIO O'lepellb, Bblpa}KaJOTCSI '10p03 6enoHel!Hb10 KOM6irna

UDD cnooopoa 

o, a.{3k a¢i(x)B'431t if,(x) • o .s> 

3Jl0Cb MaTpDUbl B BbI6Dpa10TCSI B3 anre6pb1 /3, -MaTpDU m -MepHOI'O npOCT-
/15 17/ . . . 

paHCTBa ' C y'leTOM ycnOBBi! CDMM0TpDB D reaaopHbIX caoi!CTB KOa<p<pouoeHTOB °"a{Jk 

KOT0pbl0, _KpOM0 TOrO, JlOn}KObl yaoBn8TBOpS1Tb ycnOBDSIM DDTerpopyeMOCTHo flOJl'l0pKD0M 0 

'!TO BbI60p o, a.{31t a aune (1.3) ecTb npocTeAmol! cnoco6 peano3auuo npennono}Keoosi, 

'!TO npocTpaocTDO DCKpDBnSleTCSI numb B npocyTCTBDD '!aCTDU. 

OnpenenDM Tenepb KOBapeaDTDyJO npoD3BOll0~10 B BDJle: 

V'1t • a" 1/t + C 1tV' 
"?,° .. a" ;f - ~ c" . 

. •" . xx/ 
o c noMOlllbJO aToll npoo3BOJlDOA nocTpODM 0606meaooe ypaaaeooe nopaxa , 

(1.4) 

3aMeDBB npo-

x/ 3oa!I K031p!pDUD00Tbl BpameHDSI, M<>}KOO onpenenDTb OCDOBHbl0 reoMeTpH'l0CKD0 Beno- ' 

'!HffbI: T0030pbl KpDBD3Hblo . Kpy'leHH!I D Tollo 

xx/ Bonpoc O Maccax qacTDU B naHHOA pa6oTe oe o6cy}KJlB0TCSI, ·o noaTOMY Mbl oe 

paccMaTpnaaeM o6o6meHoe Maccoaoro qneHa. 

.5 



H3BOAHYIO Uk BbipalKe1rneM ( 1,4) H 'ncnom,aoBaB BMecTo y -MaTpHU nnpaKa nepBbl8 

'qeTi:,1pe /J. -MaTpHl{bl npocTpaHCTBS Sm •. nm1 q>H3H'lecicol! HHTepnpeTaIXH_H 8T0I'0 ypaBHe-

HHSI nepel!neM K KBaanaBKnHA0BY npn6:IHlKeHHJO, T,e, 6yneM C'IHTBTb npocTpaHCTB0 nnoCKHM H 

ynepJKHBaTb nSIWb 'lneHbl nopSlnKa a (CM, ( 1,3)). TaK KaK CBSl3H0CTb ck eCTb nH-

Hel!HaSI KOM6HHallHSI Koaqxj,nuHeHTOB Ill ,cBepHyTblX C HeK0T0pblMH MaTpnuaMH, TO 0606-

meHHoe ypaBH8HHe nupaKa B KBa3H8BKnHA0B0M npn6nnJKeHHH coneplKHT HennHel!ablll 'lneH, 

OilHCb1Ba10mnl! 'l·e Tb! p e Xtp e p MH 0HH 0 e B3 a H Mone I! CTBH e, YcnOBHe HHTerpnpyeMOCTH. 
• . I 

KOatptpHUReH~OB BpameHHSI n ycnoBHe aBKnHA0B0CTH noBepXH0CTH v, Ha 6eCKOHe'IHOCTH 

HaKnanbIBaJOT cymecTBeHHble orpaHH'leHHSI 11a BRA 8T0I'0 '!eTb!pexq,epMHOHHOI'O BaaHMonel!cT-
. /15/ . . 

BHSI; B '!aCTH0CTH, B pa6oTe 6blno noKaaaHo, '!TO 8TH ycn0BHSI C Heo6xonHMOCTbJO npu-

B0ASIT K He COX pa He H H JO '! e THO CT H H_ M0lKH0 TaKJKe npm:iecTH HeK0T0pble coo6palKeHHSI 
x/ . 

B non&ay V .1: A - BaaHMonellcTBHSI • 

BalKHO 0TMeTHTb, '!TO B cnpeneneHHH CilHHopHol! CBSl3H0CTH ck '!epea.KoatptpHUHeHTbl 

BpameHHSI HMeeTCSI HeK0TOpbll! npoH3Bon, K0T0p0MY Mb! 6yneM npHilHCb!BaTb onpenene!IHblll 

tpH3H'!eCKHII CMblcn. A HMeHHOj He H 3M e HSI SI I' e OM e T pH H, K CilHH0pHol! CBSl3H0CTH 

. Bcerna M0lKH0 no6aBHTb Bb1palKeHne BHna !RB 1t ·, rne Bk -npoH3BOnbHblll nel!cTBHTen&Hb!I! 

BeKT0P, a MaTpnna R,_ K0MMYTHpyeT co BC8MH MaTpnuaMH fJ a , coneplKal!XHMHCSI a (1,3). 

B npocTel!weM cny'!ae M0JKH0 non0lKHTb R • I • B KBaanaaKnnnoaoM npn6nnJKeHHH YKaaaH

Hblll np0H3B0n M0lKH0 CB!l38Tb C rpanneHTH0ll HHBapnaHTH0CTbJO, ecnn Bb16paTb nponaBOnbHbll! 
119/ 

BeKT0p Bk B BHne Bk • Uk ¢, • 8 HeK0T0pb!X pa6oTaX BeKT0p Bk CBSl3b1BanCSI 

C peanbH0 cymecTByJOIIXHM noneM, HanpHMep, C aneKTp0MarHHTHblM, OnHaKo, 'IT06bl HHTepnpe

THp0BaTb 8T0T BeKT0P HMeHH0 TaKHM o6paaoM, HYlKH0 HaKnaAblBBTb Ha Hero" HeKoTOpbie no

nonHHT8nbHbie ycnoBHSI ( ypaB~~HHSI- MaKcaenna F, K0Top~1e na reoMeTpHH HHKaK He cne

nyJOT, HaM npencTaBnSleTcn 6onee nocnenoBaTen&HblM pacnpocTpaHSITb reoMeTpH'leCKyJO 

T0'IKY apeHHSI Ha B c e pean&H0 cymecTay1011XHe nonS1, noaTOMy Mb! 6yneM HHTepnpeTnpo

BaTb 06cylKltaeMb11! nponaaon HMeHHo KaK rpanneJ!THblll, (LlnS1 Hae BalKH0,. '!TO yKaaaHHaH 

rpanneHTHaH HHBapHaHTH0CTb o6ecne'!HBaeT coxpaH8HHe HeKoTopol! BenH'IHHbl:
0 

B qaCTH0CTH, 

co6CTBeHHbie 3Ha'!eHHSI MaTpHllbl R onpenemt10T coxpaHS11011XHl!cS1 aapS1n). C npyrol! cTopo-

Hbl, peanbH0 cymecTBYIOl!XHe BeKT0pHbie nonSI H, B nepByJO 0'lepen&, aneKTp0MBI'HHTH0e no

ne, ecTeCTBeHH0 CBSl3blBaTb C reoMeTpHel! npocTpaHCTBa-apeMeHH H BB0AHTb era TaKJKe 

'!epea'Koa<ptpHUHeHTbl BpameHH!I, (TaK~SI T0'!Ka apeHHSI, paayMeeTCH, He S!BnSleTCSI H0BOI! 
· . · /21/ /22/ 

n B0CX0AHT K nne!IM enHHblX Teopnl! nonSI Be1!<11S1, 8nnHHI'TOHa u 81!HWTel!Ha · ). B 

CBSl3H C 8THM M0lKeT no1·pe60BaTbCSI cymecTBeHHasi MOAHtpHKBUHSI annapaTa, npennoJKeHII0I'0, 

B pa6oTe
1151

xxx/. OnHaKO B HaCTOS111Xel! pa6oTe Mb! orpaHH'IIIMCSI paccM0TpeHHeM nHWb KB;_ 

3H8BKnnnoaa npn6nHlKeHHSI, B K0T0p0M Y'IHTb!BaJOTCSI nnwb aq,q,eKTHBHble narpaHJKHaHbl cna-

x/ . 
IlnSI BblSICHeHHSI 8T0I'0 B0npoca Heo6xonHMO nonpo6Ho uccnenoaaTb C0B0KyDII0CTb 

Bcex reoMeTpH'!ecKHX Tpe6oBaHnl!, '!To 6yneT cnenaHo B npyroM MecTe, 

xx/ · · /20/ 
nono6HaS1 npo6neMa 6bma paccMoTpeHa OrneaeuKHM n nony6apn11oBblM • 

xxx/
8 

.. . 
qacTII0CTH, M0lKeT Il0SIBHTbC!I Kpy'leHne npocTpanCTBa, 

6 

' \ 

. i 

:, I 

-~l 
.'/ 
. ' 
'~ 

6~ro n aneKTpoMarHHTHoro BaauMonel!cTBHII, H aTa MOAH<pHKaUHSI. He npnaeneT K KaKHM-nnf 

H3MeHeHHSIM, 

B aaKn10qeHue aToro paanena cnenaeM HecKon&Ko aaMeqaHHI! o Bbl6ope 06~eMn10mero 

npocTpaHCTBa, 8 nnq,q,epeHUHanbH0II reoMeTpHH H3BecTeH <paKT, '!TO qeTepexMepHoe pHMaHo 

npocTpaHCTBa C aanaHH0II MeTpHKOI! M0lKH0 noKanbHO Bn0lKHTb B lt8CSITHMepH0e llp0CTpBHCT 

oo, B cnennan&Hb!:C cny'IBSIX paaMepHoCTb 06~eMn10mero npocTpSHCTBa M0lKeT 6bITb H Mem 

well, nocKon&Ky a·11aweM cnyqae MeTpHKa He aanaHa, a aanaHbl nuw& ypaBHeHHSI n ycnoae 

HHTerpnpyeM0CTH, TO nn.!I Bb16opa paaMepH0CTH 06~eMn10mero npocTpaHCTBa HeT HHKaKHX 

OCHOBaHHI!, Kp0Me C00TBeTCTBH!I C tpH3H'!eCKOI! peanb!I0CTbJO H, npelKl(e acero, C 'IHCn0M 

K0Mll0HeHT paanH'IHblX CllHH0pHb!X Myn&THnneT0B, O6~enHH!l!I B 0AHH MynbTHnneT 2"-2 'IB 

_THU, Mb! B03bMeM 06~eMn10mee npocTpaHCTB0 S2a+1 nerKo anneT&, '!TO B npennaraeM, 

cxeMe H8T M8CTa nm1 q,yHnaMeHTanbHblX TDHnneToB (KBapKOB, TpH0H0B H np.). noaTOMY 

aKcnepHMellTanbH0e ·o6HapylKeHne, HanpnMep, KBapK0B nonH0CTblO np0THBopeqnno 6bl 0CH0B 

HblM nonymeHH!IM, neJKal!XHM B ee 0CH0Be, 

2, Cna6ble BaBHMonellcTBH!I nenToHoB 

X / 
CHaqana paCCM0TpHM cna6bie n aneKTP0MarHHTHble CBOl!CTBa nenTOH0B • O6~enHH!IS 

B 0AHH cynepcnHH0p '18Tblpe nenTOHa e - • v. . "- . "" • B03bMeM 9-MepHoe 06~eMn10me, 
. /15/' : 

np<lcTpaHCTB0, B KBa3H8BKnnnoB0M npn6nIDKeHHH aq,q,eKTHBHbll! narpaHlKHaH ecTb 

Lint • _G_ I_ f - . , ,(2 a.f:J.k Y afJ 0 -.. "1"1 Y a{J o k iJ, (2.1) 

3necb cyMMHpoBaHHe .no k 0TH0CHTCSI K '!eTblpeM K00PAHHaTaM tpH3H'l8CKOI'O npocTpaHCT 

BS, 8 Cl H 

(HoMepa k 

fJ -H0Mepa H36blT0'IHblX ocel!, K0T0pble Mb! HyMepyeM B nopSlnKe o, 1,2,3,4 

SIBH0 Bb!IlHCb!BaTb He 6yneM). O6bl'IHO npHHSIT0 Ha3blBBTb npocTpaHCTB0, 06-

Pl!30BaHH0e 0CSIMH o, .... 4. 'BHyTpeHHHM' npocTpaHCTB0M, H Mb! 'raKlKe 6yneM ynoTpe6-
. /15/ 

nSITb aT0T. TepMHH, '-IT06b! nony'll!Tb 8T0T narpaHJKHaH H3 narpaHlKHaHa ( 4. I) pa6oTbl 

HYlKH0 Bbl6paTb TaKoe npencTaaneHHe nnSI MBTPHll B ( 4,·1). B K0T0p0M 0HH pacnana10TCSI HE 

lltJSIM0e np0H3BeneHHe qeTblpexpSIJlHblX MaTpHU tpH3H'l8CKOI'O npocTpaHCTBa H '!eTb!pexpSIAHbl: 
✓ • ,, 

x/ 3aMeTHM, '!TO B nallH0I! pa6oTe Mb! He cTaBHM nepen co6ol! nen& npoaecTH non~ 
Hoe reoMeTpH'leCK0e pacCM0TpeHHe B03HHKBJOIIXHX aanaq, BMeCTO aT0I'0 Mb! 6yneM. nori&ao

BBTbCSI B 0CH0BH0M_ Ka'!eCTBeHllblMH reoMeTpH'leCKHMH coo6palKeHHSIMH, a TaKJKe HeK0T0pbl

MH orpaHH'leHHSIMH, Bb!TeKaJOIIXHMH H3 aKcnepnMeHTa. 
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6oro H aneKTpoMarHHTHoro B3SHMOAeilcTBHil, H 8Ta MOAH¢HKSUHSI. He npHBeAeT K KSKHM-nu6o 

H3MeHeHHstM. 

B aaxmo'leHue aToro paanena cnenaeM HecxonbK0 aaMe'laHHil o Bb16ope 061,eMmomero 

npocTpBHCTBa. B AH¢¢epeHUHan~HOil reoMeTpHH H3BeCTeH ¢aKT, 'ITO 'leTepexMepHoe PHMBH0~0 

npocTpBHCTB~ C 3BABHHOil MeTpHKOil M0lKH0 noxanbH0 Bn0lKHTb B necstTHMepH0e npoCTpaHcT

B0, B cneuuanbHbIX cnyqastx paaMepH0CTb o6'heMmomero npocTpaHcTaa M0JKeT 6bITb u MeHb

well. ITocxonbKY B HaWeM cnyqae MeTpHKa He 3BAaHa, a 3BABHbl nHWb ypaaHeHHst H ycnoBHst 

HHTerpupyeM0CTH, TO Anst Bb16opa paaMepH0CTH 061,eMn10mero npocTpaHCTBa HeT HHKBKHX 

OCHOBBIIHil, KP0Me C00TBeTCTBHSI C ¢H3H'lecxoll peanbH0CTblO H, npeJKAe Bcero, C 'IHCn0M 

K0MnoH8HT paanH'IHblX cnHH0pHb!X MynbTHnneT0B. O6'heAHHstst B 0AHH MynbTHnneT 2 n-~ '!BC

.THU, Mb! B03bMeM 06'heMn10mee np0CTpSHCTB0 S2n+1 nerxo BHA8Tb, 'ITO B npennaraeMoi! 

cxeMe HeT M8CTa Anst ¢y1IAaMe.HTBnbHblX TpHnneT0B (KBBPKOB, TpH0H0B H np.). IToaTOMy 

axcnepHM8HTanbH08 o6aapylK8HHe, aanpHMep, KBapK0B nonH0CTbIO npoTHB0pe'lHno 6bl 0CH0B

Hb!M nonymeaHstM, neJKalllHM B ee 0CH0Be. 

2. Cna6bie B3BHMOA8ilCTBHSI nenT0H0B 

X / 
Caaqana paccMoTpHM cna6ble H aneKTpoMar·HHTHb18 CBOi!CTBa nenT0H0B O6'heAHHstst 

B 0AHH cynepcnHH0p 'l8Tblpe nenT0Ha e • "'• • " - • ,., " • B03bM8M 9-MepHoe 06'heMn10mee 
. /15/' · 

npocTpaHCTBo. B KBB3H8BKnHA0B0M npH6nHJKeHHH a¢¢eKTHBHblil narpaHlKHBH eCTb 

(2.1) 

3necb CYMMHP0BBHH8 no k 0TH0CHTCSI K 'l8TbipeM K00pAHHBTaM ¢H3H'l8CKoro npocTpaacT-

aa, a a 

(HoMepa k 

H /J -H0Mepa H36hlT0'IHbIX ocell, K0T0pble Mb! HyMepyeM B nopstAKe 0, 1,2,3,4 

SIBH0 BbtnHCbIBBTb He 6yAeM). 06bl'IHO npHHSIT0 Ha3blBBTb npocTpaHCTB0, 06-

paaoBaHHoe 0CHMH 0, ••• , 4 • 'BHyTpeHHHM' npocTpaHCTB0M, H Mb! 'raKJKe 6yneM ynoTpe6-
' /15/ 

nstTb ST0T. TepMHH. 1ho6bi nony'IHTb ST0T narpBHlKHBH H3 narpaHlKHBHa (4.1) pa6oTbl 

HYlKH0 BbI6paTb Taxoe npeACTaaneHHe Anst MaTpHU B ( 4;·0. B K0T0p0M 0HH pacnana10TCH Ha 

n!JstMoe !JP0H3BeAeHHe 'leTblpexpst.AHblX MBTpHU ¢H3H'l8CKOro npocTpBHCTBa H 'leTb!pexpstAHblX 

·x/ 3aMeTHM, 'ITO B ABHHOil pa6oTe Mb! He CT8BHM nepen co6oi! uenb npoBeCTH non
Hoe reoMeTpH'l8CK0e paccM0TpeaHe B03HHKBIOlllHX 38A8'l. BMeCTO SToro Mb! 6yAeM no.nb30-

BSTbCSI B 0CH0BH0M_ Ka'leCTB8HHbIMH reoMeTpH'IeCKHMH coo6paJKeHHHMH, a TSKlKe HeK0T0pbl

MH orpaHH'l8HHSIMH, Bb!TeKBIOlllHMH H3 axcnepHMeHTa. 
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xi B . 
MaTpHU BHyTpeHHero npOCTPSHCTBa • STOM npeucTaaneHHH 

.. - ) OD • YD Cl + Ya • 
/ 

(2.2) 

YafJ• :
1 

[ya ,y{J] (2.8) 

rue YD • Ya 
xx/ 

-o6blqHbie MaTpHUbl IlHpaKa, ueACTByromHe Ha 06b1qHble CITHHOpbl • a 

ya -qeTbrpexpsruHble MaTpHUbl CITHHOpOB ITllTHMepHoro SBKnHll0B8 BHyTpeHHero npOCTPSH-

CTBa, ueAcTayromue Ha qacTHUbl KaK uenoe. MaTpHllbl Ya onpeuenllIOTCll COOTHOWeHHeM 

Ya Y{J + YfJYa • 28a(Jl a,fJ• 0,1, ••• ,,; (2.4) 

H Mb! 6yueM nonb30B8TbCll cneuyromHM spMHT0BCKHM npeucTaBneHHeM: 

yk • 
( 

0 Ok ) 

Ok 0 
IO -II) 

Jt,,1,2,3 I Y, '"\ II 0 I Yo =Ya" ( ! O) (2.5) _, . 

B38HMOUeACTBHe ( 2.1) o6nauaeT BblCOKOil BHyTpeHHeA CHMMeTpueA, OITHCblBaeMoA rpyn

noll ITSITHMepHbIX BpameHHil R (5) • B anre6pe rpynnbl HMe~TCll llBa B38HMHO KOMMYTHPYI0-

m11x reHepaTopa, co6CTBeHHbie 3HaqeHHll KOTOPblX MoryT OllH03HaqHo xapaKTepH30B8Tb qac

THUbl. OllHH 113 STHX reaepaTopOB ecTeCTBeHHO CBll38Tb C sneKTpuqecKHM 38PllllOM. Ilpyroll, 

xx.xi 
oqeBHllH0, llOnl!CeH onHCb1B8Tb MIOOHHblA aapllll • O6a 8TH 38Pllll8 coxpaHS!IOTCll BO acex 

B38HMOUeACTBHlIX. OllHSKO MexaHH3Ml>l, 06ecnequaa10mue coxpaHeHHe STHX 38pllllOB, Bbrrnsr

llllT cymecTBeHHO pa3nHqffblMH. CoxpaHeHHe sneKTpHqeCKOro 38pllll8 o6ecneqHaaeTCll CSMHM 

cymecTB0BSHHeM &1eKTpo>.AarHHTH0ro nomr. AaanorHqgoe none, CBSl38HHOe C MIOOHHblM 38psr-

xxxx/ , 
llOM, HeH3BeCTH0 t H nosToMy paayMHO npellnOnOlKHTh, qTo coxpaHeHHe MIOOHHoro 38pll•· 

ll8 o6ecneqHaaeTCll o6cyllCllaBWHMCll BO BBelleHHH rpallHeHTHblM npoH3BonoM. TTpH STOM co6-

CTBeHHble 3HaqeHHll MSTpHUbl R llOnl!CHbl ll8B8Tb MIOOHHble 38Pllllbl neITTOHOB. Bo3bMeM, 

HanpHMep, B KaqeCTBe R MaTpHllY 

FL•¾O+y 84 l, (2.6) 

x/ITpH STOM cynepcnHHop npeucTaBJisreTCll B BHUe qeTblpeXK0MITOHeHTH0ro CTOn6na 

( VJ l VJ 2 VJ a VJ 
4 

) , KBllCll8ll KOMnoaeHTa 'Pl KOTOporo eCTb 06brqHbll! llHpaKOBCKHII cnuaop. 

xx/ 
B uanhHellmeM Mbl HHOrlla 6yueM onycKaTh MSTpHUbl OD , OCTBBJIS!ll nHWb BHyTpea-

HIOIO CTPYKTYPY H noupaayMeBasr V - A - BapHBHTo 

xxx/B aawel! cxeMe coxpaHeHue nenTOHHoro 3apsrlla o6ecneqHaaeTcsr o6mHM rpauHeHT-

HblM npeo6pa30BaHHeM "' .. e la "' • ip .. e-la ?i K0T0poe COOTBeTCTayeT acerlla B03-

MOl!CH0MY Bbl6opy R • I • 
xx.xx/ · 

BaanMouellCTBHe µ H Vµ C r,~g}'eTuqecKHM Hel!TpanhHblM BeKTOpHbIM no-

neM HeouHoKpaTH0 o6cyl1Cllanoch B nHTepaType • C TeqeHHeM apeMeHH aepxasrsr rpaHHua 

um1 K0HCTaHTbl CBlI3H HeyKnOHHO y6b!BaeT, a HHl!CI!llll rpaHHUa unsr MSCCbl Me3oHa pacTeT. 

8 

1· 

l 
i 
1-, 
'I 

I 

,. 

~ue eUHHHqHai i.taTpuua uo6aaneHa H3 coo6pal!CeHHA cooTBeTCTBHll c o6blqHblMH 3HaqeH 

MIOOHHOro 3apsrua, -paBHl,IMH o· iin~- I. 1fro6bl ueACTBHTenhHO cymeCTBOBan npDHSBon, 

Ho, qT06bI MaTpHUa FL KOMMYTHpoaana co ace MB MSTpuuaMH ya , axousrmHMH a 

4>n1:111eHTbl BpameHnsr. OTCIOll8 cneAyeT, qTO H3 HHX Heo6XOllHMO HCKnroqHTb MSTpHllbl 

. u. Y, • B qaCTHOCTH, a narpaHl!CHBHe ( 2.1) Hyl!CHO HCKnlOqHTb 3HaqeHH>I a , '(J = 3,4. 

npnB0llHT K pa3pymeHHIO nepBOHaqanhHoll cHMMeTpllH R{S) , _HH3B0lllI ee llO CHMMeTpHH 

- ) . ~ 
3aMeTHM 3lleCh, qTo caM no ce6e narpaHl!CHSH ( 2.1 HacTonbKO CHMMeTpH'IeH ; qTo c, 

HlleT KSK 38Pllll, TaK H MIOOliHblll 3apsrll, H noSTOMY Tpe6oBaHne rpauHeHTHOro npOH3B0l 

l!CeT IT0K838TbCll H3nHWHHM. OUH8KO, eCnH BKnJOqHTb B38HMOUel!CTBHe nenTOHOB C 6apHO 

TO 6e3 STOro Tpe6oaaHllll a pacnallaX 6aplIOHOB MIOOHHb!l! aapllll coxpaHllThCll He 6yueT. 

KIIM o6paaoM, npouaaeu~HHoe pa3pymeHHe CHMMeTpuu npellcTaansreTcsr aeu36el!CHblM. 

B paccMaTpHaaeMOM npellCTaBneHHH 

CS! cneuy10mHM o6pa.30Ml 

y -MaTpHll sneKTpHqecKnl! 3apsru onpeueng 

QL • ¾ (y12 -ll. 
(2.7'. 

Tenepb nerKo· COOTHeCTH cnuHopHbIM KOMnoHeHTSM 'P1 H3BeCTHbie neliTOHbl: 

VJ • (vµ • e ,v • • µ ) • (2.8 

BaeueHHe &1eKTpoMarHHTHoro B38HMOUel!CTBHSI Bb!UensreT B npocTpaHCTBe, 06pa3yeMoM C 

MB (0,1,2), HanpaaneHHe OCH o. BpameHHIO BDKpyr STOA OCH CO0TBeTCTByeT reHepaTOp"' 

BpameHHllM B0Kpyr ocel! I H 2 OTaeqa10T reHepaTOpbl Y20 H Yo1 • ::hu TpH reHepa1 

pa nopollCllaIOT rpynny R{3) . feHeparopy Yu COOTBeTCTByeT Hel!TpanbHbll! TOK, a reJ 

paTopaM l'iio H Y10 -KoM6HH8UHH 38psrl!CeHHblX TOKOB. BeKTOpHall qacTb Hel!TpanbHO 

T0Ka TSKlKe SIBUlleTCll 'H30BeKTOpHol!' ( no OTH0WeHHIO K 'u3orpl'.nne• R (3) qacTbIO sne 

TpoMarHHTHoro ToKa. HanpawuaaeTcsr nosToMy runoTe3a,·qTo uaoaeKTopHasr qacTb sneK1 

MarHHTHOro TOKS H BeKTOpHall qaCTb 38PlllK8HHOro cna6oro TOKa o6pa3yIOT 'H30TpHnneT' 

TBK qTo He 0CTaeTCll MecTa unsr Hel!TpanhHblX cna6b!X T0K0B. 3TO npeunonolKeHHe CBOllH 

Cll K KSKOl!-TO CHMMeTpHH Mel!CllY sneKTPOMarHHTHblMH H cna6b1MH B38HMOUellcTBHSIMHxx/ 

feoMeTpHqeCKSll npHpOll8 STOii CHMMeTpHH ITOKS HE'HCHS, HO 8CnH Mb! OT Hee O_TKal!CeMCll, 

IT0lIBllTCll cna6o B38HMOUellCTBYIOl!IHe HellTpailbHble TOKH. B nenTOHHoll ,j)H'3HKe STO He np, 

B0peqHT SKcnepHMeHTy. OllH8KO, KaK 6yueT BHllHO H3 ll8UbHel!mero, ,rnnuq11e He.i!Tp_SllbHbl: 

nenTOHHblX TOK0B noaneqeT 38 co6oi! ITOlIBneHHe HeilTpanbHblX aupOHHblX TOK0B, qTo llBHO 

l25f 
npoTHBopequT sKcnepHMeHTY 

:. 

x/ CuMMeTpHll ero llOXOllHT AO Toro, qTo OH He couepl!CHT B38HMOUeilcTBHsr, OTBeTci 

aeHHoro 38 pacnau MIOOHa. ITollqepKHeM, qTO npH BblqncneHHH scj,,jleKTHBHblX B38HMOAeliCT• 

BHA H3 narpaHl!CHaHa (2.1) Hyl!CH0 npHHS!Tb BO BHHMSHHe ycnoaue SHTHK0MMyTSllHH CITHHO· 

pOB V, • 
xx/ /24/ 

CHMMeTpun TaKoro p0ll8 o6cyllCll8UHCb B IlHTepaType 
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r;ne -emrnnqHaSI MSTpHua nooaBneHa H3 cooopal!<eHHil C00TBeTCTBHSI C O0bl'IHblMH 3Ha'leHHSIMH 

MIO0HH0I'0 aapS111·a, -paBl!blMH o· 1mn I • '-iTO0bl neilCTBHTenbHO cymecTB0Ban npDH3B0n, Hyll<-

ao, 'ITO0bl MaTpnua FL K0MMyTHp0Bana co BCeMH MSTPHUSMH Ya, BX0llSIIIIHMH B KoS<ii~ 

qlHUHeHTbl BpameHHSlo OTcrona cnenyeT, 'ITO H3 HHX HeooxonHMO HCKnlO'IHTb MSTpHUbl Ya 

H y~ • B 'ISCTH0CTH, B narpaHl!<HSHe ( 2.1) Hyll<H0 HCKnlO'IHTb 3Ha'leHHSI a , '/3 = 3,4. 3TO 

npnaonHT K paapymeHHI0 nepB0HS'lanbH0il CHMMeTpHH R(S) 1 HH3B0nSI ee no CHMMeTpHH R(3). 

3aMeTHM _ anecb, 'ITO CSM no ceoe narpaHl!<HBH ( 2.1) HBCT0UbK0 CHMMeTpniJeHx/, 'IT0 coxpa

HSleT KSK aapSin, TaK H MIOOHHblil aapSin, H noaToMy TpeooBaHne rpanneHTH0I'0 npOH3B0na M0-

l!<eT U0Ka3aTbCSI H3nHlllHHM, OnHaKo, ecnn BKn!O'IHTb B3SHMoneilCTBHe· nenTOH0B C 6apHOHSMH, 

TO 6ea 3T0I'0 Tpe0OBSHHSI B pacnanax 6apHOHOB MIO0HHblil aapSin coxpaHSITbCSI He 6yneT, Ta

KHM oopaaoM, nponaBen~aaoe paapymeHne cnMMeTpnn 11pencTaBnS1eTcS1 aenaoel!<HbIM, 

B paccMaTpnaaeM0M npencTaaneHHH 

CSI cnenyrol!IHM o6pa30Ml 

y -MaTpnu aneKTpH'leCKHil aapSin onpenenSieT-

(2.7) 

Tenepb nerKo· C00THeCTH CIIHHOpHblM KOMII0HeHTSM ,;,, H3BeCTHble ·netrT0Hbl: 

,/, • (vi' , e (2.8) 

BBeneHHe aneKTp0MSI'HHTH0I'O B3SHMoneilcTBHSI BblnenSieT B npocTpaHCTBe, oopaayeMoM 0CSI

MH (0,1,2), HanpaBneHHe OCH o. BpameHHlO BDKpyr 3T0II OCH CO0TBeTCTByeT reHepaTOp Y1g 

BpameHHSIM B0Kpyr oceil I H 2 0TBe'ISIOT reHepaT0pbl Ygo H y01 • 3TH TpH reHeparo-

pa II0P0ll<llBIOT rpynny R(3) . feHepaTopy Y1g C00TBeTCTByeT HeilTpanbHblil TOK, a reHe-

paTopaM H Y10 -KOM0HHBUHH aapSil!<eHHblX TOK0B. BeKTOpHaSI 'IBCTb Hei!TpanbH0I'O 

T0Ka TaKl!<e SIBnSieTCSI 'naoaeKTOpHoil' (110 0TH0llleHHIO K 'naorpy_nne' R(3) 'ISCTblO aneK-

Tp0MBI'HHTH0I'0 T0Ka, HanpalllHBaeTCSI U03T0My I'HII0Teaa, 'ITO H30BeKT0pHaSI 'IBCTb aneKTp0 -

MBI'HHTH0I'O T0Ka H BeKT0pHaSI 'IBCTb aapSil!<eHH0I'O cna6oro T0Ka 06paay10T 'naoTpH!lneT', 

TaK 'IT0 He 0CTaeTCSI MeCTa nnSI HeilTpanbHblX cna0blX T0K0B, 3TO npennonol!<eHHe CB0nHT-

CSI K KaKoil-TO CHMMeTpHH Mell<llY aneKTp0MSI'HHTHblMH H cna6blMH B38HMoneilcTBHSIMHxx/. 

reoMeTpH'leCKBSI llpHpona 3T0II CHMMeTpHH U0Ka HeHCHa, HO ecnn Mbl OT Hee 0TKBl!<eMCSI, TO 

II0SIBSITCSI cnaoo B38HMoneilCTBYIOIIIHe Hei!TpanbHble T0KH, 8 nenT0HH0il qlH'3HKe 3T0 He 11p0TH-'

BOp8'{HT aKcnepnMeHTy, OnaaKo, KaK 6yneT BHnH0 H3 nanbHeilmero, ,ianH'IHe HeilTpanbHblX 

nenT0HHblX T0K0B noane'leT aa coooil nosrnneane HeilTpanbHblX anpoHHblX T0K0B, 'ITO SIBHO 

/251 
llp0THBope'IHT 3KCnepnMeHTY .. 

xi 
CnMMeTpHSI ero noxonHT no Toro, 'ITO OH He conepl!<HT B38HMoneilCTBHSI, 0TBeTCT-

BeHH0I'0 aa pacnan MIOOHS, non'lepKHeM, 'ITO llpH Bbl'IHCneHHH S<jlqieKTHBHblX B3SHM0neilcT

BHil H3 narpaHl!<HaHa (2,1) Hyll<H0 npHHSITb BO BHHMSHHe ycnoane aHTHK0MMyTaUHH CUHH0-

poB 'P • 
xx/ /24/ 

CnMMe~pnn TaKoro pona oocyl!<llanncb B nnTepaType 
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,f.,,.-:' 

11cXOl1SI H3 STHX coo6pa)l{eHHil, Mb! ocTaBnsteM B narpaH)l{HSHe ( 2.1) cyMMHpoBaHHe 

TOnbKO no napaM HHl1eKCOB (01), (02) H npHXOl1HM K cne11y10meMy narpaH)KH8HY cna6bIX B3a

HMOl1ellcTBHll nenTOHoB: 

Lint G I -
~a,.1,2'P Yoa ipif,yoa 'P (2.9) 

nnsr TOro, "IT06bl HSllTH SIBHOe Bblpa)l{eime l1nS1 narp8H)l{ff8Ha, BBel1eM MSTPHUbl 

Y - Yoa + iY01 
+ 2 

y - = Yoa - iY01 

H nony"IHM 
G - - - -

L Int • 2V2 I 'P Y+'P'P Y _ Ip + Ip Y _ !pip y + Ip I , 

TaK KaK 

'PY+ifr•(vµµ-vee), ipy_ifr.(µvµ-•v•l• 

TO Mb! npHXOl1HM K OKOH"ISTenbHOMY narpaH)KHaHy cna6bJX B3811MOl1ellcTBllll nenTOHOB 

Lint • }2 (Vµ µ - v.e Hiiv,. - ""• ) . (2.10) 

/5/ 
3ToT narpaH)l{HSH coBnanaeT c narpaH)KHSHOM <l>el!HMaHa II fenn-MaHHa H oTnHqaeTcSI 

• /15/ 
OT narpaH)l{HSHa pa6OTbl , He. CBOl1SI,lllerocSI K npoHaaeneHHIO TOKOB H conep)K81Jll8ro "Hell-

TpanbHbl8" B38HMOl1ellcTBH>I ( Vµ "µ) (;~) (ee )( ee) H T.n. 3TOT ,PSKT cymecTBeH

HO CB>l38H C 06cy)K)laBwellc>1 CHMMeTpHell Me)K)ly sn~KTpOMarHHTHblMH H cna6b1MH B38HMOl1ell

CTBHSIMH H, B006me roaopsi, ae Tpe6yeT 11n>1 cBoero 06~>1cHeHH>1 rHnoTe3bl o cymecTBoBa

HHH npoMe~TO"IHOro BeKTopaoro Me3oaa. 

3. E.ayn~HH_<>_e _110n_e 

Cneny1011lHi! mar COCTOHT BO BKn10"1eHHH B HSWy cxeMy 6apHOHOB. KaK Mbl y)l{e OTMe

qanu BO BBel1eHHH, cxeMa He nonycKaeT 'PYH/laMeHTanhHblX TpHnneTOB "18CTHUJ STO cpa3y 

BbIHY)K)l8eT Hae OTK838ThC>I OT uneu MHHHManhHOCTH "IHCna OCHOBHblX nonell. noSTOMy npu 

BBeneHHH 6apHOHOl'.I Mb! MO>KeM HCXO)lHTh nH6o H3 "leTb!pex OCHOBHblX "ISCTHU, nH60 H3 BOCh

MH. Iln>t Toro, "IT06b! 6blna BO3MO)l{HOCTh conocTS~HTh nonstM peanbHO cymecTBYIOlllHe 6a

pHOHhl, "IHCnO,KOTOpblX paBHO BOChMH, pa3yMHO HCXO/lHTh H3 BTopol! BO3MO>KHOCTH (cp., Ha-

/28/ 
npHMep, C ) •. 3To COOTBeTCTByeT Bb16opy p83MepHOCTH 06~eMn10mero npocTpaHCTBa 

m = II, T.e. pa3MepaoCTH "BHyTpeHHero•, paBHoll 7. 

EyneM CTPOHTh TeOpHIO 6apHOHOB HCXO/l>I H3 aHanoruu C nenTOHSMHo Mbl He CMO)l{eM 

3)leCb nony~HTh nonHoll KapTHHbl B38HMonei!CTBHll 6apHOHOB, TaK KSK OCTaBn>teM B CTOpOHe 

s<l><l>eKTbl CHnhHblX B38HMO)lellcTBHll, KOTOpb1e, no HSWHM npencTaBneHHHM, He CB>!38Hbl C 
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noKanbHbIM HCKpHBneHueM npOCTp8HCTBa. nosTOMY Mbl, B "ISCTHOCTH, OCTSBnHeM Jln>I 6apuo-

HOB TSK)l{e "IHCTbli! V - A ,_ B8pH8HT, KpoMe Toro, Mbl He 6y.11eM npeTeHl1OBBTb HS o6~>tCHeHue 

• xi 
HeKOTOpblX 'P8KTOB, l1n>1 KOTOpblX cymecTBeHHO BnHHHHe CHnbHblX B3aHMOl1ellcTBl!ll • 

,, 
i1TaK;Bae11eM 11n>1 onucaHH>t 6apHOHOB BTopo~ <PYHl1aMeHTanbHoe none, npe11cTaBn>110mee 

co6oll BOCbMHKOMnoHeHTHblil cnHHOp 'I' ceMHMepHoro "BHyTpeHHero" SBKnHl1OB8 upocTpaHCT-
xx/ . . 

Ba • nocTpOHM TSK)l{.e, COOTBeTCTBYIOlllYIO anre6py BOCbMHpHl1HblX MSTPHU r/t , YllOBneT-

BOpHIOlllHX COOTHOWeHHSIM 

rµrv +rvrµ-28µv p. ,v • 0,1, ... ,6 . (3.1) 

B nanbHellmeM Mbl 6yneM nonb3OB8TbC>I spMHTOBblM npencTaaneHHeM 8THX MaTpuu: 

::, 
ro - (: I 0) 

0 -I { 
o Ya) ra • Ya. 0 (

0 -I} ,a•l, ... ,5; re •I I 0 (3.2) 

. KoMMYTSTOpbl 

r"" - ¼Crµ . r 11 J (3.3) 

06pa3y10T Ha6op reHepaTopoB rpynnbl R(7). 

I Teneph Kos#uuHeHTbl BpameHH>I onpenenSI IOTC>I KSK 6unuHellHblMH KOM6HH8UHSIMH nen

TOHHblX cnuHopoB, TSK H 6unuHei!HblMH KOM6HH8UH>IMH 6apHOHHblX cnuHopOB, T.e. BblpS>KeHHSI

MH BHna: 

rua.{Jk • aip B a.fJt'P + b'l'B a.{Jk 'I' (3.4) 

rne MSTpHUbl B a.{Jk nocTpoeHbI H3 MaTpHn J;; TSK )Ke, KSK MaTpHUbl Ba.{Jk nocT-

poeHbl H3 Ya BBeneM nn>1 yno6CTB8 H3nO)l{eHH>I onepaTop npoeKTHPOBBHHSI 

P - ¼O + raa > (3.51 

6apHOHHblll anre6pbl HS nenTOHHYIOo B "IBCTHOCTH, HMeeM cneny10mue COOTHoWeHH>I 

P~/3 a Ya.fJ ; a,/3 • 0, .. ., 4 ; Pr18 • 1. (3.8) 

Bbtpa)l{eHHe ( 3.4) npHBO/lHT B KB83HSBKnH)lOBOM npu6nu>KeHHH K KOB8pH8HTHblM npOH3 

, - /15/ 
BO)lHblM cnH;'IOPOB Ip H 'I' ( CM. ) ! 

x/ HanpHMep, npaBHno' l~TI • ¼ B HenenTOHHbIX pacnanax anpoHoB, ( V , A )-cTpyK

Typa 6apHOHHblX TOKOB u T.n. 

xx/ TaK )Ke, KSK H nnsr nenTOHOB, Ka)K)laH KOMIIOHeHTa cynepcnHHOpa 'I' 
qeTblpexKOMnOHeHTHblM cnHHOpOM IlupaKa. 

II 

SIBnSieTCSI 



aD ,t, + \-a~{J Ya13 (l +y, )la~ya,BOD ,t, + b ir~ On qr I ,t, I 

aDqr + {-a?II'~(l+y,llaifrya130n ,f,+ biI'a,130~1111qr (3.7) 

( lfoeH B CK06Kax B 8TOll <j,opMyne eCTb npocTO K03<j,¢uuHeHT BpameHHSI BH!IB ( 3.4)). 3necb 

npencTaBneHue MaTpun I'~ , ooo6me roaopst, He coananaeT c npencTaaneHHeM (3.2). Ilpu

'IHHa aTOrO BblSICHHTCSI HHlKe. nmi Toro, 'IT06bI HMeTb B03MOlKHOCTb c<j,opMynHpOBBTb 38KOHbI 

COllj,dHeHHSI ( 8HeprHH1 HMITynbCB H Toll) MbI ITOTpe6yeM1 'IT06bI ypaBHeHHSl1 nonyqa10mHeCS1 C 

H~nonb30B8HHeM KOBapuaHTHbIX npOH3B0!1HbIX (8.7), cnenoBanH H3 e!IHHOro narpaHlKHaHa. 

nerKO npoaepHTb, 'ITO aTO Tpe6oBBHHe npHBOAHT K ycnOBHIO yHHBepcanbHOCTR 

a • b • y2c , 
(3 .8) 

npuqeM cyMMHpoBBHHe_B (3.7) c ueo6XO!IHMOCTblO pacnpoCTpaaneTca·nnst 6apBOHOB nHWb Ha 

T? 3HaqeHHSI a , fJ , KOTOpbie BXO!ISIT B nenTOHHbIB narpaHlKHaH (2.9). TaKHM· o6pa30M, 

MbI npRXOAHM K cneny10meMy narpBHlKHBIIY cna6bIX B38HMOAellCTBBl! 6apHOHOB R nen:rouoa: 

L 1 , - _c_ I I 9I'04' qr+ ;jy · 1I'lliI'0' 11' +~Y. ,pl 
n 4y2 a-1,2 oa a oa 

(3.9) 

qT06bI conocTBBRTb BOCbMH KOMnoueaTaM CnHHopa qr BOCeMb 6apBOHOB 

p • D • A • I+ • I O I-. a O• a- . nocTpOHM onepaTOpbI, co6CTBeHHbie 3Ha'leHHSI KOTOpbIX noa

BOnSIIOT paanH'IBTb 3TH qa.:THUbI. B anr.e6pe R (7) HMeeTCSI TpB B38HMHO KOMMyTBpy10max 

reuepaTopa. BoabMeM B KaqeCTBe TaKHX reaepaTopOB MBTpRllbI I'll , I'U , I'H , KOTOpbie 

naarouanhHbI B np~ACTaan:eaaa (3.2). Cuaqana Halli1eM onepaTop sneKTpnqecKoro aapgna 

QB • KOTOpbil! nonJK8H 6b!Tb CBSl38H C nenTOHHbIM uneparopoM aneKTJ)B'l8CKOro 3apana 

Q L COOTHOWeHHeM npoeKTHpOBBHHSI 

PQB • QL • "<ru-ll ( 3. 10) 

nerKO y6eABTbCR, 'ITO onepaTop AOnlKeH HM8Tb aun: 

QB• "(I'll -I'H ) + c(I- I'H) • (i. 11) 

qT06bl ycTpaHHTb HMe10my10CS1 3AeCb aeo!IH03HB'IHOCTb, o6cyAHM reoMeTPH'l8CKBA CMbICn 

aneKTpoMarl!BTllbIX B38HMO!l8ACTBHA. KaK MbI ylKe OTM8'1BnH, aneKTp0Mal'HHTH08 B38BMO

/ 
llE;llCTBHe AOnlKHO BXO!IHTb B KOa<l><l>HnBeHTbI Bpameam1. 3To nerKO cnenaTb npa C - o • 
.llellcTBHTenbllO, BKnlO'IR~ B KOa<l><l>HIIRel!TbI BpameHRH qnellbI 
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II 
e [ fa/3 65 

fafJ ] Ak .(3.1 2) 

rne, ,A k -cocTaBnR10mne aneKTpoMarHHTHoro noTeHURana B opTorouanbHOM penepe, a 

f :/ -a6conIOTHO BHTHCHMMeTpH'IHblii TeH30p AByMepHoro npocTpaHCTBa, IlOCTpoeHHoro Ha 

OCSIX a" R {J' • Tori1a B a<l><!>eKTHBHOM narpaHl!<HBHe B3BHMO!l8ilCTBHSI B03HHKHeT qneu 

aneKTpoMarHHTHoro B38HMOll8iiCTBHH 

e(qrykQBqr + ~ykQL,f,)Ak 
(3.13) 

3aM8'1BR, 'ITO npH C ./,. 0 nonooHaR reoMeTpnqecKaR HHTepnpeTannR onepaTopa aapR!la ae-

B03MOJKHa, Mbl npHXO!IHM K BblBOAy, 'ITO 

QB • "(I'll - I'H ) • (3. 14) 

3aMeT11M, qTo cooCTBeHHbie 3HaqeH11H aToro onepaTopa paBHbl +l, +l, -1, -1, O; O, 0, 

KBK n llO~lKHO 6blTb (npn c ./,. 0 npaBHnbHbie co6CTBeHHble 3Ha'leHHSI He nonyqa10TCS1! ) • 

·nnR nanbHeilmeil nneHTH<j,uKannn qacTnn onpenenHM BTopoe KBaHToaoe qncno KaK one-

paTop rnnepaapR!la Y 

aoM, 'ITO onepaTop y 

E'yAeM C'IHTBTb, 'ITO npencTaBneHne (3.2) Bbl6paHO TaKHM o6pa

B HeM TaKJKe nuaronanen. TorAa MolKHo nonoJKHTb x/ 

y - - " ( ru + I'u ). . (3. l 5) 

nerKO npoaepHTb, '{TO STOT onepaTOP HMeeT TSKHe JKe co6CTBeHHbie 3HaqeHHR, KBK R Q B • 

H 'ITO BblilOnHeHO COOTHOWeHHe fenn-MaHHa-HHWHlllKHMbl 

Q - f • Ta (3.16) 

T.e. pa3HOCTb MBTpHU B neooil 'IBCTR <j,opMynhI (3.16) ABeT npaBHnbll08 pacnpenenenne coo-

CTBeHHblX 3HB'leHHil TpeTbeil KOMnoHeHTbl Ta H30TOITHqecKoro cnnHa !lnR 6apHOHOB. 

Ilonbayacb nJ06ott napol! us Tpex oneparopoa (3.14),(3.16), nony'IHM pacnpeneneune 

qacTHU B cynepcnnHope 

qr - ca O 
• I - • p. z O 

• I+ • D. Y 0 • a- , . 
(3.17) 

rne 
zo 

H yO -HeKOTOpbie nRneilHO He3aBHCHMbie KOMfiHHBURH qaCTHU A H I~ . qT06bl 

HaiiTH BHA 8THX KOM6HHBUHll, HeooxoAHMO 3HBTb onepaTop KBB!lpaTa H30TOilH'leCKOro CITHHB. 

Ci1enaa !I O n O n H H T e n b H O e npei1nonoJKeHne, 'ITO B 'IHCno re-

HepaTOpOB I'/ll' BXO!ISIT onepaTOpbI H30TOilH'18CKOro CITHHB T+ H T_ , !lnR KOTOpbIX 

x/QqeBH!IHBSI HeO!IH03H8'1HOCTb B BbI6ope 8Toro oneparopa CBO!IHTCSI K .nepeo6oaHaqe

HHIO 'IBCTHUo 
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[T+ ,T_ l• 2Ta [ Ta , T + l • !I! Ta (3.18) 

Mb! M0JKeM HailTR -o6mRil BRA STRX onepaT0p0B (aHanorR'IHble BblpaJKeHHll 6blnR nony'leHbl B 
/26/ 

pa6oTe ): 

T+ 
ltp, . 1'Pa 

e K<rao+lro1>+¼e [<rae-r41)+1{ru-ru>l. 

T_ (T )+ 
+ 'P1 , 'Pa - aemecTBeHHbI. 

(3.19) 

Bbl'IHCnHH onepaT0P T a ' HeTpYAH0 y6eARThCll, 'IT0 OH, KpoMe llH8I'0HanhHblX qneHoB, co-

nepJKHT HenuaroHan&Hble sneMeHTbl, nepeMemuaa10mRe_ z 0 R yo • npoaonH nHaroHanusa-
a x/ 

llHIO T t nony'IHM C T0'IH0CTblO no HecymecTBeHHoro !p830Boro MH0JKHTenH, '!TO 

zo -
0 

A +l: 
~ 

yO • 
0 

A- l: 

72 
BaeneHHblil Bblme onepaTop Y Henh3ll C'IHTaT& anonHe aHanorH'IHblM onepaTopy MIOOH-

H0ro 38pllll8 F 
L 

( X0Tll OH H CBll38H C HRM npoCTblM C00TH0WeHReM npoeKTHPOB8HHll), TaK 

K8K runepsapllll B cna6blX B3SHMolleilCTBHllX He coxpaHHeTCll. OnpenenHM nosToMy _Anll 6apH-
- xx/ 

0HOB HOB0e KBSHT0B0e 'IHCno 

FB • ½ (r84 +I) , 
(3.20) 

K0Topoe nepeH0CHT Ha 6apROHbl n0HllTHe MIO0HH0r0 3apllll8 H no ,j,opMe HlleHTH'IH0 BblpaJKe-

HHIO (2.6). KaK R FL • 38Pllll F B CBll3blBaeTCll C rpanHeHTHblMH npeo6pasoBaHRllMH, 

06ecnequBa10mHMH coxpaHeHHe F 5 • TaK KaK_ rpanueHTHble npeo6pasoBaHHll MoryT 6b1Th 

Bblll0nHeHbl oTnenhH0 Jlnll 6apHOHOB H 0TnenhH0 nnll nenT0H0B, TO 38Pllllbl F B R FL cox-

paHlllOTCll no 0TnenhH0CTH. <=lTO CB0ilCTBO 38pllll0B FB H FL Cyl!leCTBeHHO OTnH'ISeT HX 

OT sneKTpH'18CKoro sapHna, KOTOpblil coxpaHHeTCll Jlnll C0B0KynH0CTH Bcex '18CTRU. npH'IHHa 

SToro - o6cylKJlaBmeecH BblWe pasnu·qRe MexaHH3M0B, 06ecnequaa10mR:,c; coxpaHeHHe STHX sa

Pllll0B. 

4. Cna6ble B3allMOJleilcTBHH 6apRoH6B R nenT0H0B 

B ynoTpe6nHBWeMcll no cux nap npencTaaneHHH (3.2) nuaroHan&Hbl onepaTopbl sapH-

na, runepsapuna R F 5 -sapHna. TTpoaonH nocnenoaaTen&H0 6apuoHHo-nenToHHy10 aHanorHIO 

x/3TH o6osHa'leHHH, TaKHM o6pasoM, cooTaeTCTBYIOT 06osHa'leHHHM, aaen~HHblM B ny6-
neTHoil Teopuu renn-MaHHa u TTailca/271. 

xx/ Onpenenllll 3T0T sapHll Tpe60B8HH8M PFa - FL t nony'IHM era 06m11il BHll! 
Fa - ½Cru t.l> + C ( I - raa ) . OnHaKO HHJKe Mb! nepeilneM K npencTaBneHHIO, B K0T0pOM 

MaTpuua 1'68 HenuaroHan&Ha, R nosT0MY cpasy non0JKHM c = 0. 
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ecTeCTB8HH0 ~pe6oB8Tb nHWb coxpaHeHHll 38Pllll0B Q H F • OnepaTop JKe r~nepsapHna 

BB81l8H nHwb·Jlnll Kn8CCH!pHK8llllR '18CTHU0 He CBll38H C reoMeTpH'l8CKRMH npeACTanneHHHMH H 

He· o6isaH coxpaHHThCll (R 6b1Tb nuaroHan&Hbl~). HailneM Hau6onee o6mee npeo6pa3oBaHHe 

np
0
encTaBneuHS1 (3.2), K0Topoe coxpaHHeT BRA onepaTopoB -sapllllOB Oa u Fa 

PaccMOTpHM nnu ynpollleUHll BblKnanoK 6ecKoHe'IHO Manbie yHHTapHb18 npeo6pa30B3HHll 

M3TpHU r,,. I 

-1 r; & u r,,. u • u • 1 -1t<lr <lr+.<lr (4.1) 

£ -BemecTB8HH0e 6ecKoHe'IHO Manoe 'IHCno, 

reHepaTopoB r I"' OnepaTOpbl 38PllllOB Q 

w 
R F 

HeKOTopall nHHeHH8l1°KOM6HH8UHll. 

npeo6pasy10Tcll cncnyromHM o6pa~ 

;'30M! 

Q'aU+QU o + 1£ l[<lr r -,- • It 
a 

l-[w;raall+0(£) 

+ I a 
F'• U FU. F + -;- [<lr , ru l + 0(£ ) • 

nosToMy ycnoaus coxpaHeHHH onepaTopoa Q R F CYTb' 

[ ~ . r 12 1- [ <lr • r aa ] [<lr. r14 1- o • 

HeTpynHo y6enH'i·&cH, '!TO onepaTop 

W • A(ru + ru) + B (ru +ran )+CI r1a +Ca ru +Ca raa 

(4.2) 

(4.3) 

(4.4) 

ynoaneTB0pHeT BCeM ycnoBHllM (4.3) npu npOH3BOnbHblX KOHCT8HTax A,B,c. nocnenHHe TpH 

cnar88Mbl X B BblpaJKeHHH ( 4.4) 0llHCblB8IOT HecymecTBeHHb18 npeo6p830B8HHll
0 

T8K K8K OHR 

- KOMMYTHpy10T co BceMH Tp8Mll nuaroHan&HblMH onepaTopaMH. Mb! Hcnon&syeM TOnhKO OllHH 

H3 HHX Anll Toro, 'IT06b! ynpOCTRTh H8TpHBH8nhHOe npeo6pa30B8HHe, K0TOpOe onHCbIB8eTCll 

nepBblMR llByMH 'lneHaMR. C 3TOil uenhIO Bbl~OnHHM, KpOMe 6ecKoHe'{HO ~anoro npeo6paso

B8HHll C reHeparopoM 

W a A(r11 +ru) +-Bffu+I;a), 

eme.KOHe'IHblil noaopoT B nn0CKOCTH (5.6). npu 3TOM reHepllTOp w 
reHepaTop 

-1araa 1araa 
~--e IA<ru+ru>+Bffu+raa>le -

(4.5) 

npeo6pasyeTCH B 

l4,6) 

• (Acoa2a- Bsin2a )(r15 +r82 ) + (Aain2a+ Bcoa2a)(r
18 

+ ran ) 

Bb16npaH tg2a • - B/A nony'IHM, '!TO 

W'•±../Ar:;:-7 crla +raa> (7) 
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nepexonlI OT ,fieCKOHe'IHO Manbli"" npeol5paaOBaHHH, K KOH8'1Hb!M; .nony'IHM TeopeMy: C TO'IHOC-, . . - . . 

TblO no noBOPOTOB Ha KOHe'IHble yrnbl B nnoCKOCTlIX (1,2), (3,4) H (5,6), HaHl5onee ~15mee· 

YHHTapH08 npeo15paaoBaHHe, ocTaBnlIIOl!l88 HHBapHaHTHblMH aapllnbl QB H FB ' aanHCbl

aaeTClI B BHne: 

+ r; -u8 r,. ue rne u8 -ezp[i}cr15 +r82 >l. ( 4. 7) · 

nerKO nonyqHTb, 'ITO .. STO npeo6paaoBaHHe. MOJKHO aanHCaTb B cneny10meM BHne (Mbl 15yneM 
· · ··. . xi 

HaablBaTb ero. npeol5paaoaaHH8M Ka15H15o ) : 

r, • cos0r1 + sln8ra r; a - sln8r 1 :f- cos0r8 

C 2 • cos~ - sln8r8 ; r11 • sin8r2 + cos8re 
(4.8) I·• 

a OCTanbHble MaTpHUbl He npeol5paay19TClI. 3TO npeol5paaoBaHHe caonHTClI K noaopoTy Ha 

yron 0 a ·nnOCKOCTH ( 1,5) n Ha yron -8 
I 

a nnocKOCTH (2;0). 

B HOBOM npercTaBneHHH aapllnbl 

rnnepaapHna npn 8 ,/, nw , rne 

Q H F OCTalOTClI nnaroHanbHb!MH, a onepaTop 

n -uenoe qncno, HennaroHaneH n, cnenoBaTenbHO, 

npn 0 ./u rnnepaapHn a cnal5bIX aaaHMoneiicTBHlIX He coxpaHlieTclI. Mbl 15yneM c'IH-

TaTb yron 

roHanbHbIX 

8 npOH3BOilbHbIM. nocKOilbKY B n10150M npencTaBneHHH nonlKHO fibITb TpH nna~ 

oneparopa, TO aoaHHKaeT aonpoc, KaK nocTpoHTb B npencTaaneHHH Ka15nclo nna-

roaanbHblll' onepaTop, n1rnellHo HeaaBHCHMblll C QB H Fs . nonb3YlICb npeol5paaoBaHHeM 

( 4
0
8) ·n onpe)leneHH8M MaTpHU r I"' , H8TpyllHO yl5ellHTbClI1 'ITO MaTpHua 

2 · 2 ½lr+r;
2

cos e-r;0 .1n 8 + ½W.; +r;8 ,>s1n28 I ( 4.9L._ 

llHaroaanbHa H no cpopMe coananaeT c ½(I+ r12 ) • 

r· 
" 

TaKHM ol5paaoM, Mbl KOHKpeTnanpo·aann B narpam,maHe (3.9) npellcTaaneHne MaTpHu 

H aannweM Tenepb ero B oKOH'laTenbHOM BHJle: 

G + + 
Lint a __ (JB + JL)(JB+JL) y2 

(4, 10) 

( cyMMHpOBaHHe no npOCTpaHCTBeHHblM HHJleKCaM, H MaTpHUbl On nOJlpaayMeBalOTClI) 1 rile 

-o - -o - - + 0 
J

8
,. cos0[::! !:! + pn-Y. l: -l: Z ] -

- O -o - -+ 0 _ -
-ain8[pY +z a ·+:t ::! +nl: l ( 4,11) 

JL • (;; I' -v 
O 

e ) , 
µ .. 

xi · · 
B nanbHellweM BbllICHHTClI, 'ITO 8 

' /9/ 
ecTb yron, BBelleHRblil Kal5n15o , 

16 
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I 

· 1 

3TOT ·. narpaHJICHaJ! cnal5b!X· roauMonellcTBHll '4. nenTOHOB H 8 15apHOHOB . HMeeT BHll nponaBe)le-

HHlI aaplilK8HHbIX TOKOB H o15ecneqHBaeT npaBima OTl5opa ( 1, 1) H ( i.2). KpoMe 

Toro, TOK, coxpaHlIIOl!lHll r11'.Iepaapllll, BXOllHT c MHOlKHTeneM cos 8 a TOK, HaMeH.HIOWHll 

rHnepaap.Hll, - C MHOlKHTeneM sln8 I T,e, Mb! nonyqHnH YHHBepcanbHOCTb cnal5b1X BaaHMO- -
. • . /9/ ( . ) 

llElilCTBHll B q>opMe, npeJlnOJKeHHOll Ka15Hl50 , npaanna OT15opa l,l H ( 1,2) H MOllHq>IIIIHP~ 

BaHRa.11 TaKHM ol5paaoM YHHBepcanbHOCTb xopowo cornacyJOTC.11 C SKCnepHMeHTanbRblMH !la.H-
' /28/ . 

Hb!MH 

- - -+ ' 
3aMeTHM, 'ITO B BeKTOpHoll qaCTH TOKa ( 4, 11) COlleplKaTC.11 qneHbl A l: , :t A , KOT0-

/29/ . ' 
/ pb!e Ol5b!'IHO HCKnlO'!SIOTC.11 runoTeaoll O coxpaHeHHI! BeKTOpHoro TOKa • 3KcnepHMeHTanb-

Hb18 aaHHble He noaaon.HIOT noKa Bbl.llCHHTb ( V , A )-cTpyKTypy B COOTBeTCTBYIOlllHX pacna-
~~ . . 

!lax • 3KcnepuMeHTanbH08 onpeaeneHH8 STOli CTpyKTYPbl 0'18Hb BaJKHo an.11 npoBepKH npea-
' . . /29/ 

narae.Mo_ll cxeMbI, (CoOTBeTCTBYIOl!lHe SKCnepHMeHTbl npeanolKeHbl B pal5oTax ). 

Ha ol5~.HCH8HH8 15onee TOHKHX ll8Tanell cnal5b1X aaaHMO!leliCTBHli, cymecTB8HHO CB.113aH

HblX C sq>q>eKTaMH CHilbHblX BaaHMO)lelicTBHll, JlaHHa.11 T80pHlI np8TE!HllOBaTb He. MOJKeT. 

5, 3 a K n 10 q .e H n e 

BalKHO OTMeTHTb, 'ITO npaBHna OTl5opa ( 1,1) u ( 1,2) cne)lylOT Ha coxpaHeHH.11 aap.111la 

F B H H:3 npaBHna I ~QI = 1, IlellcTBHTenbHO, nerKo BHlleTb, 'ITO aaplI ll F B paal5HaaeT 

Bee 15apHOHbl Ha nae qeTBepKH: 

FB • 0 
1;- o A-l:

0 

• p • D • y -=s: 

../2" 
(5,1) 

FB - l 
+ - 0 :t .!:! ,ao,zo. A+l: 

../2" 
(5,2) 

n· MOJKHO Henocpe)lCTBeHHO yl5enHTbClI a BblITOnHeHHH npaBHn OTl5opa ( 1.·o, (1,2), TaKHM 

o15paaoM, npocToe ol5ol5meHHe aaKoHa coxpaHeHH.11 MJOOHHoro aaplI!la, KOTOpblll B STOii cxe

Me aBTOMaTH'l8CKH pacnpocTpaH.11eTc.11 Ha 15apHOHbI, noaaon.11eT nony'IHTb ace npaanna oT15o-

- pa,' npH STOM cymecTBeHHO Y'IHTblBaTb ~TCYTCTBHe HellTpanbHblX TOKOB, EcnH l5b! Mbl nonbl

TanHCb. ocTaBHTb HeiiTpanbHble nenTOHHbie TOKH ( oTKaabIBalICb TeM caMblM OT CHMMeTpHH 

'M8lKllY .cnal5b!MH H. sneKTPOMarHHTHb!Mll aaaHMO)lellcTBH.IIMH) 1 TO BcneJlc'-raHe yHHBepc'anbHop

.TH nolIBHilHCb 15bl aellTpanbHble TOKH B 15apH<?H-nenTOHHbIX ~ 15apHOHHo-15apHOHHblX BaaHMO-:-· 

ll':llc:TBH.IIX. TTpH STOM Henba.11 JlalKe HCKillO'IHTb HaMeHeHHlJ CTpaHHOCTH Ha 2 B a)lpOHHO-Sll

pOHHblX pacn:a)lax, TaKHM ol5paaoM, B npeJ:1naraeMoll cxeMe cymec-raoBaHHe HellTpanbHbIX nen-. 

TOHHblX. TOKOB lKeCTKO CB.113aHo C cymecTBOBaHHeM HellTpanbHbIX 15apHOHHblX TOKOB C !ls ,J. 0 • 

a TaKlKe ,c cymecTBOBaHHeM HenenTOHHblX pacna)lOB C 

MOlKeT cymecTBOBaTb HellTpanbHbIX 15apHORHblX TOKOB c 
. /25/ 

16.51-2 Mbl noJlqepKHeM, 'ITO He 

~5 = QX/ 15ea Toro, 'ITOfibI OllHO-

xlnocne)lHHe SKCnepHMeHTanbHbie )laHHble CBH)leTellbCTBYIOT 015 OTC~TCTBHH H Ta-
KHX TOKOB. 
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:apeMeHHO He·"nol!BHnHCb neilTpan_bHhle 6apnoHHble-TOKH C ~s {, 0 no1woi:u1 HTOr 9THX 
1 

paccyJK.QeHHI!, CyMMHpyeM HX B OllHOM yTBepJK.QeHHH: B llSHHOi! C Xe Me- Cy-

m_e CT B O,B a H He 

Ka' n pH Belle T 

XO T ll 6 bl 0 ll H O r 0 

K- n p O T H B O p e 'I H JO 

He I! T pan b H- 0 r 0 T 0-

C 3 K C n e p H M e H T O M. 

C llpyrol! CTOpOHbl, 3TO MOlKeT cnylKHTb CHnbHl,IM YK838HHeM B nonb3Y npellnOlKeHHOII BbIWe -

CHMMeTpHH MeJK.Qy aneKTpoMarHHTHblMH H cna6b!MH -B38HMollelicTBHllMI!. 

npaBnna oT6opa ( 1.1 ) If ( 1,2). KOT0pb10 Mbl o6'bllCHHnH coxpaHe,meM 3Spllll8 F B • 

llO Cl!X nap o6'bllCHllnHCb nl!Wb nn6o B paMKaX.rnnoTe3bl o·¢yHllBMeHTanbHOM TpnnneTe nonell 
/II/ ' C •• 

{ -· caKBTOHbl'. KBapKH, TpHOHbl H np. ) ,- nu6o nocpellCTBOM rnnoTe3bl, 'ITO • cna61,111• BllpOH-
/9/ - . 

HbIII ·ToK npHHBllnelKHT K -OKTeTy rpyrrnbl SU 8 • B Hamel! cxeMe KBapKH aanpemenbl, a 

Knaccu¢HKBUHll TOKOB no npellcTaBneHHllM rpynnbl SUa Boo6me He paccMaTpnsaeTcll. noa- . 

TOMY B03HHKaeT HOBbiil Barnllll Ha npoucxo)l{lleHue npaaun OT6opa B cna61,1x B3BHMOllelicTBH-
x/ . . 

llX • HHTepeCHO OTMeTHTb, 'l'fO C 3TOI! TO'IKH apeHHll MOlKHO no-HOBOMY noHllTb npoHCXOJK-, 

lleHue yrna Ka6n6o 8 • KOTOpb!II ecTeCTBeHHO nollBnHeTCll 6ea BCllKHX llOHOnHHTenbHblX 

rHnoTea. 

B llBHHoil pa6oTe Mb! orpaHH'IHBanHCb paCCMOTpeHHeM cna6b!X u aneKTpOMarHHTHblX 

B38HMOlleilcTBHI! B KB83H3BKnHllOBOM np!f6nuJKeHHH. Bee nony'le'HHble B 3TOM npn6nHJKeHHH aa...' 

KOHbl coxpaneHHll (npasuna oT6opa, coxpaneHHe CP H np.' ), CllpBBellnHBbl B n1060M no-

PllllKe TeopHH B03Mymeanll no a¢¢eKTHBHOMY narpaHlKHBHy B3BHMOlleilcTBHll. OllHBKO yJKe llnll 

qneHoB nopllllKa Ge CYil!eCTBeHHbl He To_nhKO a1,1cwiie npu6nulKeHHll Teopuu soaMymeHul!, 

HO 
1
u reoMeTpH'leCKHe a¢q,eKTbl, KOTOPblX Mb! 3/lecb He paccMaTpHBanu. HeT HHKSKHX OCHOBa

HHII OlKHllBTb, 'ITO HBlill0HHble 38KOH~ coxpaael!Hll llOnJKHbl BblHOnHSITb~ll H HpH Y'l_0T8 Bb!CWHX 

reoMeTpH'10CK-HX a¢q>eKTOB. B 'IBCTHOCTH, Bnonae B03MOlKHO, 'ITO B nopllllKe Ge ·aapywe-

Hbl ·KBK CP -HHBapuaH-HOCTb, TBK H npasuna oT6opa (1.1) H (1.2). noaTOMY MOJKHO 

YTBepJK.QBTb, '!TO HBlllleHHbie 38KOHbl coxpaHeHHll BblilOnHlllOTCll, BOo6me rosopll, C TO'IHOCTblO 

~ 1%, OpellCTaBnlleTCll 3aMBH'IHBblM _CBll38Tb 3TH 38Me'laHHll C Ha6monaBWHMHCll a¢¢eKTa-. 
. /30/ /31/ 

MH Hecoxpanenug CP H c YKS3aHHllMH :1a Ha6n10neHHll pacnanos c ~Q •- M • 

··nnll Toro, 'IT061,1 cnenaTb 6onee 011peneneHn1,1e np':llCKaaaHHll, ·Heo6xonuMo,' onH,aKo, nanh

Hel!wee HCCnellOBBHHe. aqi<p9KTOB HCKpHBneHHll npocTpBHCTBa-BpeMeHHo 

ABTOpbI 6narollapHb1 n,H. EnoXHHUeBy, C.C, fepwTeiley, B.f. KBllbIWeBCKOMy, A.H.nea

HOBy, A.A. noryHoBy, E.M. OoHTeKopso H 9.A, XpycTanesy aa noneaHoe o6cyJKlleHHe pa6o-

Thie 

xi 
YMeCTHO OTM9THTb, '!TO KOnb CKopo KBaHTOBoe_ 'IHCno FD BB91l0HO '1' 6apHOHBM npu- I 

nucBHbl era onpeneneHHbl0 3H8'10HHll (5.1), (5.2), npasuna oT6opa ( I.I) H ( 1.2) MOJKHO no
ny'IHTb, BOBCe aa6b!B O reoMeTpH'10CKOlt npHPOlle 38Pllll8 F . 
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