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J..1aaeCTHbie TPY.llHOCTH C ynbTpatj:moneTOBbIMH pacxo.nHMOCTSIMH B cospeMeHHOli 

KBSHTOBOA TeopHH IlOJIR. aepOSITHO, He MOryT 6bITb ycTpaHeHbI 6e3 aaeneHHSI .. cpyaaa

MeHTBnbHOil .llm!HbI' f , onpeaensuomea OCHOBHbJe 3aKOHhI tj:m3IPieCK0:X srnnem1H, npo

TeKaIOUln:X B ManbIX npOCTpaHCTBeHHo-BpeMeHHbIX M8CWTa6ax, HnH, COOTBeTCTBeHJ_iO, 

□ pH DhICOKHX- aaeprHSIX. KaaHTOBBHHe npocTpaHCTaa-apeMeHl{ .SIBJIReTCSI o.a.uon. H3 HSH-

6onee _pa.naKaJibHblX noriblTOK BBeCTH B Teop1uo HOBblti M8ClilTa6 e 

B H8CTOS1I1leA .nu:ccepT8UHH HCCne.llyeTCSI cxeMa C KB8HTOB8HHhIM npocTpaHCT5oM-

apeMel--!eM H 0TBetJ:8IOll.{HM eMy r.reTbipexMepHbIM p -npocTpBHCTBOM IlOCTOSIHHOH KPBBH3-

. Ill 121 
HhI, rrpe.nno)KeHHBR B pa6oTe H pa3BHT8fl B pa6oTe • PanHyc KPHBli3Hbl p -npo-

CTpaHCTB8 nonaraeTCSJ paaHbIM h / f • npa 3TOM HaM0: n,enaeTCH npe.nnono.»eeHHe 1 

-17 
t{TQ tj:JyH.naM0HTanbH851 11.n0:Ha e ,nponopUMQHanoHa KOHCT8HTe VG/ h C ==6· 10 CM, 

rne G - IIOCTOfJHH8SI <t>epMH, npH6moKeHHO onpene,,s:uowaH HHTeHCMBHOCTb cna6bJX 

npoueccoB. npaHSITHe 3TOtt rIHIOT93bl O3HBY:8eT, lJTO HOBaSJ reoMeTpiHI x- H p 

npocTp8HCTB non)KHB 6bJTb TeCHO CBSl38Ha co cna6bIMH B38HMO.lleA:cTBHSIMH 3neMCHTap

m,1x l.JBCTHU, H, B03MO.>KHO, Mbl Tenepb arrpase 0)KH.ll,8Tb 06bHCHeHllSI T8Koro caoeo6paa

HOf'O 'reoMeTpnqecKoro• caoil:cTsa cna6bIX npoueccoa, KaK HecoxpaueHHe· npOCTpBHCTBeH

HoH 9:9THOCTM H H0HHBapuaHTHOCTb OTHOCHTeJibHO "cHnbttot!:" RHBepcm-i: apeMem1: • 

.!lHccepTau1-rs1 cocToKT u:a saeLJ.eH·nsr, l.JeTbipex rnae, aaK1110qemrn: H .asyx rrpHno)f{e-

H1dL 

B nepaoa. rnaae rronpo6Ho uccnenyeTcs:i: reoMeTpHSI 1 TononorH9 H rpynna .aBH»ce-

HHft '18Tbipen..1epHOro p -n:pOCTpaHCTBa O:OCTOHHHOH KpHBH3HbI. B K8l!eCTBe MonenH 

3101"0 npocTp8HCTBa paCCMBTPl·IB6eTC9 UHTHMepHaH r-Hnepctj)epa 

g µv 'lµ'lv 2 2 2 2 
1/o - 1/ t - 1/, - 1/ s 

, 
- (Tf 4 '= - ( 

(•=±_1; µ=0,1,2,3,4) 

,QHBMeTpaJibHO npoTHBOII0110>KHble TO"tJKl.f: KOTOpoll OTQ)i{Jl8CTB.rieHbI. 8 _ STOM cnyqae rpyn

na ABH:>KeHall p -npocTpaHCTBB M30MOpcpHa cj:,BKTop-rpynne rpynnbl npeo6pa30BaHHlt 

17 µ l::::= a; TJ V. 1 OCTaBnsuoutHX HHBBpKaHTHbIM ypaBH€HH:e rHrrepcq)epbl, IIO no.nrpyrrJie, 

COCTOHWei1 H3 npeo6pa30B8HHit 1J µ ➔ 1J /L H 1//1 1//l 

HaxoAHTC5' 5'BHbil! "BHA npeo6pa3oBaHH5' CA Bara p 1 = p ( +) k a KPHBOM p 

rrpocTpaHCTBe B reo.aeaaqecKHX KOOP.UHHaTax
121 

I H HH<:Pl·HIHT83HM8JJbHble orrepaTOpbI 

3TRX npeo6p830B8HH8 BBO.Q.flTCR B KBlf8CTBe onepaTOpOB K00p,ORH8T J: n • PaccMoTpeHbl 

TpBHCJ1flllHOHHbie CBOfi:CTB8 KB8HTOB8HHOI"O X: -npocTp8HCTB8. 

BTopast rnaaa IlOCBSIWeaa K3ylJeHH10 CilHHOpHoro npe.ncTasneHHB f'pyrrnhl .ll.BH>Ke

HHA p -!IpOCTpaHCTB~ nOCTOSJHHOlt KpHBK3HbI. MaTpaUbl s -cnKHOpHblX npeo6paao

aamta. .oap.e.nensnoTCst R3 ycnoaHSJ 
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I'll.0 f' µ. - IlSITb lieTbipeXpSlllHblX MaTpHU, IlOll.qHHSHOlUHXCSI COOTHOWeH5U1M 

r "rA + r Ar"= 211 µA 

Ea3HC r µ BbI6Hp8eTCSI B BH.Qe: 

r - y"'y', r•- v,y 1 
(m = o, 1, 2;3) 

.~-

Oco6oe BHHM8HH8 ynenaeTCSI xapaKTepHCTHKe nos~~eHH« cnHHOpOB npH OTpameHHSIX. 

npn: 3TOM onpenensnoTCQ. KBK nKHeAHble, TBK H 8HTKnHHeA.Hbl0 CllHHOpHbI0 npeo6paaosa

x n .anH cnyqaSI, Kor.a.a BOIJHOB88. qlyHKUIHI SIBJUieTCS! 
mrn. HaA,ueH BHll onepaTopoa 

CTIHHOpOM. Onpe.aeneHbl see KOB8pR8HTHb10 KB8.0p8THqHbI0 cpopMbI, KOTOpbie MO)l{HO 

CTpOU:Tb l(3 cm1Hopa if, U: · spMHTOBCKH conpsim:eHHOA K HeMy 5em,P:zHHbl t/J + 

no-

B TpeTbeR rnaae pacCM8TpWB810TCSI aonpoCbl, CBSl38HHbie C HeOilH03HaqHOCTbiO 

cpopManH3M/ 1 •31
• (,fay~a!OTCSI OCHOBHbie 

onpenenemHI seKTopa 4-KMnynbCa a naHHOM 

penHTU:BHCTCKH KOB8pU:8HTHb10 napaMeTpH38UKK (reone3a:qeCK8Sl, cTepeorpaq)n:qecKaS1, 

opToroH811bHaSI) B npocTpaHCTB~ HMUynbCOB nocTOSIHH08 KPRBK3Hbl H Bhtnsara10TCR ap

ryMeHThl B nonb3y opToroHanbHOfl: napaMeTpli38UliH. CsoACTBO "npaBOHHB8pH8HTHOCTH" 

s,neMeHTB o6oeMa d {l P Kpu:eoro p -npocTpaHCTB8 npn: cnsw:ra_x 

anpt+Jk- anp 

KnaneTCSI B OCHOBY onpenenemrn caepTKlt 'PYHKUKll fl ( p) 

CTp8HCTae: 

" t,(p) B 3TOM npo-

l
1

(p) • l
2
(p) = f l,(q) 12 (-(q(-)p))df!• 

HoaaSI onepaunst csepTKJI KOMMyTaTHBH8 -

l' • I. = '· • I I 

HO, soo6we roaopB.. H08CCOII118THBH8 • .llaeTCSI onpe.neneHH8 0 -q)yHKU!.ffl B p -npo-

CTp8HCTBe fiOCTOSIH!!Oll Kp!IBK3Hbl (0 ( p(-) q)) K BBO,UHTCSI cj,yHKUHOH8nbl!Oe ,'.lHtj:,<pepeH-

UHpOBBHHe. 

B tteTaepToH rnase aa n~aMepe cKanHpHoA: Mo.nenu uccneJJ.y10TCS1 pa3m,Pnth1e 

cnoco6bI o6o6LUeHHR annapaTa KB8HTOBOA ~ TeopHH IlOJISl. B03MO)KHbte B cpop,:"'anH3Me 

KB8HTOB8HHOrO npocTpaHCTBa-apeMemr. PacCMOTpenu:e npoBOLlliTCR B opToroHanbHOn 

napaMeTp-1aamrn. ¢>opMam-t3M cso6o.aHbIX nonea: nepeaocHTCst B HOBy10 cxeMy c H3Me

neHH8M m•illib ~ O.QHOM nyHKTe: aMeCTO qeTb1pexMepH08 (pyHK!UH-f O (p - q) • cpury

pHpyrowea B pensTHBU:C0TCKH KOB8pH8HT0£1 aanHCH nepeCT8HOB01.{HblX COOTHOWeHHii, .. nop

M8flbHbIX" H "xpoHonorH'leCKHX" cnapKB8RHll, e:cnonb3yeTCSI t:pyHKJIHR O (p (-) q). npu 

noc-rpoeHHH narpaH>KH8H8 B38RM0.!18i1CTBHSI B KpHBOM p -npocTpan.CTBe npKM8HSleTCSI 

HOB8Sl onepaURSI caepTKH. S -M8TPHUB cTpOHTC8 B npe.acTaBnetiHH B38HMOLlei1CT81Hl 

H c noMOlllblO penenTa, .a,aHHoro B 141 , a npe.acTasneHW:U: ran.aett6epra. B nocJ,enaeM 

cnyqae M8TpHU8 paccestHASI HM80T SlBHO yHHTBpHblA BHA. J1ccne.ayeTCS! cxo.nHMOCTb 
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HHTerpanoa. no.npof5tto paccMaTpueaeTCSI Maccosbtlt onepaTop 2-ro nopS1nKa. ilnst 

3Toro onepaTopa Ha~neao napaMeTpHqecKoe npencTaeneHue, KOTopoe npH nepexone 

K TeOpHH C nces.noeBKnRLIOBblM p -npocTp8HCTBOM ( l ... 0 ) CTOHOBBTCSI 06blt.lHblM 

cp8aaMaHOBCKRM npe.acTasneHHeM. 

BbtBOil.bl 

L 4.eTbtpexMepHoe p -npocTpaHCTBO IlOCTOSIHHOA. KpKBff3Hbl B OTnH\fH0 OT 06bJ'(

Horo p - npocTpaHcTaa npe.ncTaB11S1eT co6oA onttocTopoHttee Mttoroo6paaae. Cnen

CTBHeM 3TOro smnSieTCSI TOT q:>aKT. l{TO B HOBblX npeo6pa30B8HHSIX cnaHra conep>te.HT-

CSI nu6o •cHnbHBSl" HHBepCHst BpeMeHH ( Ta f I nK60 HHSepCIHI 3-npocTpBHCTBa 

( p ). YiiHTblB8SI, 'ITO c.aaHrH B p -npoCTp8HCTBe H0 COOTB0TCTBYJOT K8KoA:-nH60 ¢w3H ... 

qecxoA CHMM0TpHH (np11 q:lHKCHp0B8HHOM 4-HMnynbCe BBKYYM8 HHBBpHBHTHOCTb OTHOCH

T0flbHO 3THX npeo5paaosaHHA soo6me aenb3R paccMaTpn:saTb) H npennonarast nononH11-

Te1IbHO coxpaH9HH0 C p T -TeopeMbI, Mb[ npHXOD.HM K BbIBony O B03MO>KHOCTH CHSITHR 

B !l8HHOA CX8M0 Tpe6oaamrA T• H p -u~B8pH8HTHOCTH. 

2. Cm-t:HOpbl p -npocTpBHCTsa IlOCTOSlHH08 KPHBH3Hbl npH cnan:rax YMHO>Ka10TCS1 

Ha HeKOTopylO MaTpHuy. B Tex cnyqas:cx, KOrna cnaHr RB11~0TCSI HHBepcHeA ( T • H1IH 

P ) 1 3TS M8Tp1-tua eCTb JlH6o iy 
0
Y $ , m-t"6o i y

0 
• TaKHM o6paaoM, a oTnH'-lHe OT 

ofihI\fHOf TeopHH, rne tj::>a30BbIA MHO)iOfTenb npn CTIHHOpHb[X npe'D6paaoBa.HHHX HHBepcKH 

paaeH nn6o ±_ i , nn6o .!_l, HOBbIA tj::>opMBnHaM B .naHHOM nyHKTe con.ep>KHT cywecTaeu ~ 

HO MeHbWRH npOH3BOn. 

3. TpaHCnRUHOHHbJe CBOHCTBa KBBHTOBaHHOro x -npocTpBHCTBcl HSXO.llSITCH n _on-

pe.a.eneHHOM COOTB8TCTBHH C HeKOMMYT8THBHbIM ClIO>K8Hl-t:eM 4-HMnynbCOB pm Kpnso-

ro p -npOCTp8HCTB8. npn 3TOM KOMMYTBUHOHHble COOTHOWeHHSI Me>K.a.y KOMrIOHeHT8MH 

pm OCTSIOTCH _npemHHMH: 

[p.,,p.]=O 

XOTSl Pm yme He SIBnstIOTCR HH(pHHHTe3HM811bHbIMH onep8TOp8MH Tp8HC1lSIUHii. npHHHMBSI 

BO BHHM8HHe pe.lUITHBHCTCKYIO HHBapn:aHTHOCTb HOBOit cxeMbI, MO)KHO npH.llTH K 38Knro

qeamo. \fTO B uea coxpaHstlOTCSI COOTHOW8HHSI CTpyKTypbl H00..llHOpo.aeod: rpyrmhl flopeu

ua. 
I 

4. KpoMe ( p O, p) -npeJlCTBBn9HHSI B cjlopManH3M9 KBBHTOBBHHOPO npocTpBHCTBa-

apeM0Hlt MO_?KllO Hcnonb30B8Tb CMewaHHOe ( t , jt ) -npe.a,cTaaneau:e, ecnH BB0CTH B 

p -npOGTp8HCTBe OpToroaanbHYIO napaMeTpH38llHIO. 

5._ B p -npocTpaHCTB0 llOCTOSIHHOl'i KPHBH3Hbl MO>KHO pa3BHTb (popManH3M Ma1-

pHUbl paccellHHSI. npH 3TOM HOBBSI s -MaTpHua He 6yneT conep>K8Tb paCXO/:lJIMOCTeli 

(HH yn~Tpag'.moneTOBbIX, HH no r1-mep6onHll0CKHM yrnaM), ecnH OHS stBnHeTCR o6o5utem-r

eM TSKOA: ¢?PMbI o6bI'lHOA. s -MaTpHUbl, B KOTopoA: ace HHTerpHp0B8HHR npoH:3B0.!lHTCR 

no eaxnunoay 4-npocTpaHcTsy. B peaynbTaTe paano>KeHKH S no TeOpHH B03MymeHHA 

B031HIK8CT COBOKynHOCTb .cu1arpaMM ¢>e8HM8H8 C HOBblM ~tneM0HTOM 061,eMa, HOBOA: 

i 

' i•, 5 

•, 
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o6nacTblO RHTeI"'pHposaHIHI H BH.UOH3M8H8lIHbIM 38KOHOM cno>KeHHH 4-HMnynbCOB 

Pm--

B Bepwu:aax, npeqeM rropgnoK CYMMHpyeMbIX 4-e:MnynbCOB H3-aB OD.H03H8Y.HOCTH Bb!pa,,. 
>KBHHA .nnSl narpaamuaHa B38HMO.O,eACTBHSI H cnapHB8HH.A: onepaTopoB noneLl OK83bIB8eT-

. /2/ 
cH coaepweHHO onpe.aeneHHbIM n. cornacyeTCn c npaa0noM, .naHHbIM B 

6. YHHT8pHOCTb 
S -M,aTpHUbI B pacCM8TPUB80MOA cxeMe oqeBHD.HbIM o6pa30M 

Bh!IlO11.HSl0TCSl B nepBblX .uayx nop~.0.K8X TeopHH B03MYLU0HHA, Tor.a.a K8K B Bb!CWHX 

nopSI.O.KBX CHTYBUHSI 3H8qHT0JlbHO 6onee CJ10>KH8H, H H006XOJlHM cneuaanbHblf:! 8H8JlH3. 

Hccne.a,oBBHH0 8H8JlHTl.P!eCKHX caoAcTB M8CCOBOro onepaTopa 2-ro nop~,aKB, Bbill011H9H

H08 C IlOMOWbJO npe,0.CT8Bnemrn:. BHMOI"'Ht{HOro qle8HM8HOBCKOMY, IlOK83Bno, l,ITO 3TB 

caoftCTB8 srnnsuoTCH o6hPIHbIMH C TO8 llHWb pa3HHUeA, t{TO paape3 B nnocKOCTH· p 
2 

Te

nepb H8'1HHaeTC'1 C TO'IKII ( m (+) µ) 2 , r-.ae (+) - HOBBS! onep8UH'1 cno)l{-eHlrn, npHMe

HeHH8fl a .aaHHOM cnY1•1ae K 4-aeKTopaM ( m , 0) H ( µ. , OJ. TaKHM 06paaoM 1 

,ang ..oaHHoro onepaTopa cnpaaennaao npencTaaneHae 4enneHa-neMatta. 
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