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TeopeT:11qecKOH qlli3HKH Od~e,IIHHeHHOro liHCTliTyTa MepHl,IX liCCJienoBaHlifi, 

J1y6Ha, .· MocKOBCKOH odJiaCTH. 

C ,IlliCCepTan:11eii MOJKHO 03HaKOMliTbCH B 6tt6JIHOTeKe 06~e,IlliHeHHOI'O 
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UeJib padOTll. HacTO.IIDV3Ji MCCepTaimJi lIOCB.fil!leHa H8yqemno Mexaii:na:.. 

MOB irapyI1IeHli.11 1rnpam,aoi1 cnMMeTpirn, crreKTpoB a,IlpOHOB n HH3K03Hepre

THttecKnx TeopeM, paspadOTKe Fl pa3BliTIHO MeTO,IIOB HCCJie,IIOBaHl'IJI CBJ13aH

HllX cocTO.fIHHfl ·cmmoplillX 1iacTHU D pemnnncTcKott KBaHTOBott Teopirn 

IIOJI.fI. 

ARTyam,HocTb rrpodJieM!l. Ilpli HcCJie,J:10BaHMn 33.ROHOMepaocTeii B33liMO

.~ettcTBH.fI 3.IIPOHOB ll _RX crieKTPOB ocoeloe MeCTO saHHMaIOT MeTO.u'tl' _.()C~O-. 

BaHI!lle Ha HCIIO.Jib30B3HHH li,IleH Hapymemrux CHMMeTpHtt, a Ta.RlKe MHa.Ml'l-:

T{eCRHX ypaBHeHHtl. .ItJI.fI cMsaHHHX cocTO.fIHHii B RBapROBNX Mo)le.JIJIX. · ·Monurue 

MeTo,llhl peaopMa.'!iisarmn H. pery.rJ..flpnsarmn, paspaeloTaHHHe . B HaHCloJiee . UJio

,noTBOpft:,M Bli,Ile B paeloTax H.H.Eorom:ido:aa H ·COTpy,Il(tHROB, .B CIIHT83'e C 

~.r1eHMH HapyI!IeHHHX. cnMMeTpHii BO MHoroM orrpe.r1eJIHJIH · ycrrexn, .nocTHrlfY:-;-

THe B IIOHHMamrn CTPYK'i'YPll mrpa.m,HUX H ICaJIH6poBO'!HllX. Teopxitt, tJ:TO rrpH

·lleJIO R cos.namm emrnoil Teopmr aJieRTpoCJiaell:lX BSaHMo.r1eflcTBifA H KBaH

ToBott xpo1,mmrnaMHKH. KBaHTOBM xpoMOMHaJ.Uma IIO-HOBOMY JIOCTaBMa .PM 

aKTYaJibHllX rrpoelJieM, B TOM '!lfCJie rrpoelJieMY CloJiee rJIYClOKoro IIOHHMaHJ!H 

POJIH rJIOClaJll,HllX CHMMeTplif!; IloaTOMY llCCJie.noBaHne MSX3HH3MOB HapyI!ISHli.fI 

Klfp8JibHllX CHN'JdeTpntt a,npOHOB' CTPYKTYPll aqiqieICTHBHHX Kl'!paJibHllX JiarpaH

lltHaHOB · u Hll8R08Hepre'rn11eCKHX TeopeM BHOBb npnoelpeTaeT' BallHOe. SHa'!eHHe • 

C ,npyroti cTopoHH, ycrrexH KBapKOBllX If nap-roHHHX rrpe.ncTaBJieHHA 

3HaqHTeJibHO ycHJIHJIH lfHTepec K Pl3YtJ:BHHD CB.fI3aHHUX COCTOHHHA '!aCTHU Ha 

OCHOBe .ltRHru.mtieCK.l'lX YPaBHem,n. HaJIH'!He 'CJIHHOB y' COCTaBJIJIDllllX IIPl!BO

,IIHT' K HeOClXOMMOCTH 6oJiee TmaTeJibHOrO HCCJie,IIOBrutHH peJIRTHBHCTCKllX· 

TpeXMep!!llX ypaBHBHHfl KBaSHIIOTeHUHaJibHOro THIIa, BBe,neHHNX B .KB3HTOByI,) 

TeopHD IlOJI.fI A.A.JioryHOBllM H A.H. TaBxe.'!H,n3e • STD OTHOCHTC.fI, 'B. nepBYJ) 

011epe,nb, R HCCJie,IIOBaHHIJ KBa:rnnoTeHUHmHHX ypruiHeHHfl ,ItJI.fI HOBoro 

KJiacca IIOTeHUHaJIOB - ClecKOH8tJ:HO paCTYUWX, 66ecrretJ:HBa!lILHX srumpaHHe 

KBapKOB. KBapK-IIap'l'OHHlle rrpe,ncTaBJieHH.fI B nponeccax pacceHHHH IIPH 

BllcoMx aaeprnmc H ClOJibllIHX saa11eHHJDC nepe.naHHoro rronepe11aoro HMIIYJib

ca IIOTpeelOBWI~ paspaelDTKY HOBl:lX•MeTO~OB.IIpme11eHHeM anrrapaTa KBaH

TOBOA T€0pllH IlOJifl Ha HYJib-IlJIOCKOCTH, Pl, COOTBeTCTB8HHO,· OelOCltlle!IllH· 

TpeXMepHoro qiopMaJIHSMa Ha aTOT CJiytJ:aff. 

Ue~ecooelpassocTb nocTaBJieH!lllX B .nnccepTalij!m sa,J:1att orrpe,neJIReTca 

HS TOJibKO TeopeTHqecRHMM COOClpaxeHHHMPI. TeopeTHtteCKHe O~SHRH HHBKO-
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aHBpr'BTHqec.Kl'IX napaMeTpOB, a TaKlltB npe,nc.Eta3aHWI.OTHOCllTBJII,HO Cll.fl3aH
HHX COCTommfi npno6peTa.JDT 3HaqeHHB ,llJlJI npoeKTllpOBaHrur ll IlOCTaHOBKl'I 
axcnepHMBHTOB. 

Ha.yqHM HOBH3Ha. B .ItllCCBPTllllllll BilBPBlie o6pameHO BHllMaHllB Ha 

pOJII, npe,ncTB.BJIBHllJI (I.8)+(8.I) B npHMBCll C Tpa.n.1u.moHHllM (3.3)+(3.3) 
B raMHJII,TOHllaHe HapymeHlln: CllMMBTPIDI SU3 ,c SU.3 B ormcamm . 6-ttJIBHOB 
MB30H-6apnoHHOro paccen:Hnn:, n BnepBHB nocTpoeHa SU3.xSU:!. cnrMa 
MO,ItBJll, c 6WlllHBl1IruM MBXaHll3MOM HapymBHllJI, KOTOPM Y.ItOBJIBTBOPllTB.JibHO . + 
Oill'lCHBaeT. cneKTp!:i qacTllD; B o--HOHBTax, a Ta.KJKB qiop,ipaKTOp!:i K~3-pac-
na.na. ~aHa TBOPBTnqecKll HBllPOTllB9peqllB8.fI RapTHHa BliqllCJIBHllJI yr~a 
Ka6n66o c llOMOlllI>IO napaMBTpOB HapyrueHHJI mipa.lll,HOii Cl'JMMBTpllll. BnepBl:rn 
H3yqeao o.ItHoneT~eBoe npl'l~XBHHB B SU3 cnrMa Mo.ne~H·c ~llHBiiHHM Ha
pyrueHHeM H .HCCJIB,ItOBaHO B_B~ll!BB HBaHaJIHTHqecKOB IIOBB,It8HllB ~a (pll3H
'lBCKl'IX BBMql'JH, a TaKXB BJillJIHllB Ha'll3BBCTHllB HH3K08HepreTnqecKHB 
TeopeMH. ·Bn'epBue nMyqeHH KBa3nnoiem:(m:iJlbHHB ypaBHBHIDI ,llJlJI nOJIHOit 
TPBXMBpHott BO~HOBofi <WHKD;IU'I CllCTBMl:i .nByx qiepMHOHOB;H llCCJIB.ItOBElHO 
acllMnTOTllqBCKOB IIOBB.ItBHllB B c.rryqae·6ecKOHBqHo pacTynu!X llOTBHD;llaJIOB. 
C.ne~aHO nepBOB ycnemaoe npllMBHBHllB annapaTa KBaHTOBOit TeopunnoM Ha 
ffYJll,-IIJIO.CKOCTH B ~a3llllOTBHIU'I8Jll,IIOM no.nxo.ne MIi qiepMHOHOB~ BnepB!:iB 
no.rryqeHH aHaJillTllqecKHB pememm ,IJ,7lli ~orapll(pMH'IBCKOro IlOTBHD;llaJia, C 
llOMOIIU>IO KOTOPHX HCCJIB,ItOBaHll cneKTpaJibHllB 3aKOHOMBpHOCTH KBapK-aHTll
KBapKOBl:iX CBJI3a!IHHx·cocTOJIHllit. 

IlpaKTllqecKa.a:.geHHOCTb. KBa3llilOTBHD;ll8J.II,HllB·YPaBH81UIJI ,IJ,7lli crm
HOPHllX 11:acTllD;, no.rryqeHHllB B .nnccepTailllll, Heo.nHOK~aTHO 6uM ncnom,-, 
30BaHll .npyrllMH aBTOpaMH B sa,naqax HYMOH-HYMOHHC>ro pacceJIHWI KaK 
B HCCJIB,ItOBaHHH TeopeTHqecK.BX npoMBM (aBTOMO,ItBJII,HllB aCHMilTOTHKH, 
npe.nacHMilTOTH'IBCKOB llOBB,ItBHHB)' TaK H ,IJ,7lli llOJIHOro OnHcarum .ItaHHl:iX 
no ynpyroMY pacceJIHHJO (B .Ity6He .e CepnyxoBe). KpoMe ,Toro, pesyJII,TaTH 
aH8Jlll3a B MO,ItBM HapyruBHllJI Klipa.lll,HOii CHMMBTPHll HaxO,ItJITCJl.B xopomeM 
cor~acHH c aKcnepHMBHTam.Hl:lMH•.ItaHHllMH. TruoKe xopomo cor~acyJOTcJI c 
3KCnepHMBHTaJil,HllMH . .ItaHHllMH pe3ym,TaTl:l Bl:i'lllCJIBHllit no ypOBHJIM qapMO
HIDI H 60TOMllJI. llMB!OTCJI npe,ncKa3aHIDI ypOBHBtt KaK B. CHCTBMB TJilKBEX, 
TaK ll ~erKHX KBapKOB, qacTb H3 KOTOpl:iX yxe llO,ItTBepir,neaa 3Kcnep.BMBH
TaMll Ha e+e--nyqxax. 

JJ;ltJI sa.umTl:i BWHra.JDTCJI CJIBnyl!lIUlB OCHOBHllB pesym,TaTH 1 ITOJIY'IBH
HllB B .I(Hccep:ragnn: 

I. liCMB.ItOBaHHB poM OKTBTHOro npe,ItCTaBJIBHHJI (I.8)+(8.I) B' 

KHPBJ1DHott .ItHHaMHKe. . + 
2. Ilo.rryqeHHe MO,ItBJll,HOro ~arpaHXHaHa ,llJlJI 0---MB30HOB C 6HnHell-

HIJMH MBXaHll3MaMH HapymeHIDI Kllpa.lll,HOft CHMMBTpllll. 
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3. TeopeTHqBCKOB o60CHOBaHlle CXBMl:i Bl:i'lllCJIBHHJI yr~a CM6illllBaHHJI 
CJia6oro B3aHMO.ItBiiCTBHJI c noMOIIU>IO napaMeTpoB HapymelU'lJI KHPBJlbHOii 
CllMMBTpl-nt. + . 

4. UepeHop.vi.HpoBica SU~ CHrMa Mo,ne;m ,IJ,7lli o--MB30HOB c ~HHefun,u,1 
HapyrueHZeM. 

5. licCJIB,ItOBaHIIIB Hll3K03HBpr'8Tllq~CKHX TBOPBM B npe.ne~e IDl:paJlbHOii 
CHMMBTPllll B O.ItHOllBT~BBOM npll6RllX6Hllll Teop.Bll B03MYUl8Hllii. 

6. IlORY118Hll8 TPBXMepHoro ypaBHBHllJI ,IJ,7lli llORHOit (16-KOMilOHBHTHOii) 
BOJIHOBOii 'PYH.Knllll ll 8.MIIJillTY.ItH paccBJIHllJI B CllCTBMe ,ItByx CilllHOPHllX qac
TllD; B KBa3llllOTBHimaJlbHOM no.nxo.n:e. 

?. lfccRe,noBaHHe paJtllam,HIDC RBasnnoTeHimaJlbHllX ypaBHeHHii ;zr.JIJI 

6ecKOH811HO pacTymnx UBHTpMbHllX IlOTBHD;llaJIOB. 
8. Pa8BHTH8 MBTO,ItOB .llCCJI8,ll0BaHllfi CBJISaHHHX CllCTeM ~epMHOHOB B 

KBaHTOBO:ll TBOpHH noM Ha
0

HYTJ.l>-MOCKOCTH. 
9. IlMyqeHne IlpaBl'JR C'fl/Jd .ll npnMHX8HHllX aHaJIHTll'IBCKHX pemBHllll 

YPaBHBHHJI lllpe,ItllHrepa C Rorapll~MH118CKHM llOTBHIUiaJIOM ll npm,!BHBHll8 B 
OllllCBHlllI .rmapK-aHTlIKBapltoBl:iX CBJI3amnix COCTOJIHllll. 

Co,i,tepxaHHe pa6oTH. ~ccepTailllJI COCTOllT ll3 BB8,It8HHJI, ,nByx qac~en 
(no Tpn rRaBl:i B Kallr.ll:Oii), 38.KJID!r6Hllfi ll npHJIOlK8H.PIJI, co.nepxnT 259 CTpa
HllD; M8.IlIHHOilllCHOrO TBKCTa, 5 Ta~u. 35 PllCYHKOB, 6H~orprup.ll!O ll3 
286 HallMBHOBBHHll. 

Bo BBS,IteHITll .n:aHa o6maJI IlOCTaHOBRa sa,naq, C(pOpMYnpoBaHH OCHOB
HHB rnnOT831:i ll npe.nnOJIOlK~HllJI • .naeTcJI TaKJKe RpaTKllii 063op OCHOBHllX 
BOnpocoB, saTpoffYTl:iX B ,nHCCBPTllllllll. 

l qacTb ,ItllCCBPTllllllll llOCBJilll8Ha llCCJI8,ItOBaHllfil M8XaHll3MOB HapyrueHWI 
Kllpa.lll,HOll CHMMBTpvrn ll cneKTPOB a.ItPOHOB, B TO BPBMJI KaR 11 qacTb -
paspa60TK8 ll pa3BHTll!O MSTO,ItOB HCCJie;noBaHIDI CBJI3EUIHllX COCTOJIHllll CnH
HOPH!lX qacTHD; B peMTllBUCTCKOfi KBaHTOBO:ll Teopllll llOM H ll3yqBHHIO 
cneKTpOB KBapK-aHTHRBapKOBl:iX CBJI3aHHllX COCTOJIHllii. 

B I-on rRa.Be .n:nccepTan;nn 1rnyqeHa pOJII, npe.ncTaBJI6Hlll1 (I .8)+(8.I) 
B raMHJll,TOHllaHe CHJihHllX B3aHMO,nellcTBUii B npllMBCll C ;nOMHHlIPY!OlllllM 
npe.ncTaBReHHeM (3.3}+(3.3) B KUpaJlDJrntl .ItHHaMHKe SU~ x SU$ , T.e. 
raMHJU,TOHHaH BH.Ita ti 2 H0 +&0U0 +&1U1+CS3~,, r.rie ll;.6 (3.3)+(3.3) H 
~. G (I.8)+(8.I). IlOCJIB,llHll8 llCCJIB,ItOBaHIDI B KBaHTOBOll xpoMO,ItllHaMHRe 

yKa3HBaJOT Ha TO, qTQ aqxpeKTllBIDl8 Kr.pa.lll,Hll8 RarpalOltllaHll MoryT co.nep
l!ta.Tb KBa.npaTHqHHe no M830HHllM IlORJIM ttJIBHl:i, ROTOp!:ie npeo6pa3yJOTCJl 
KaK BOCbV.M KOAfilOH6HTa OKTeTa. BOCbMM KOAfilOHBHTa (I.8)+(8.I), 
KOMM_yTHpyeT C reHepaTOpaMll IIO,llaJir86pli .SU,i"'.SU:t, H, 8CT8CTBBHIIO, 
He BHOCllT BMa.Ita B <.rt: -M630HHllB W.aTpllqHlle 8JI8M8HTH. B .Pawta."< aJire6pll 
TO!toB ll nnoaHoro 1ICAT HaMll noKasaHo, 11:To npHcyTcTBHB ~, HaPJJ,nY 
c LC O , Us He BMOHSMeHJieT ll3BBCTHHe npaB.Pma C'fl/Jd ,llJlJI cpop,ipaKTopoB 

3. 
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Il03TOMY JIB OCHOBe TOJII,RO TaRZX npaBllJI cyMM H8T OCHOBaHllil llCKJI!O'IllTI, 

~. ll3 paCCMOTp8HllJI •. 

EoJiee Toro, BHJICHH8TCJI, qTO 

Bll,!l0ll3M8Hfl8TCJI B rrpncyTCTBllll . ~8 

6-qJieH 'J'.N -pacceJIHllJI TaRJKe He 

~!11' '. ., . 

otlN = ~ (li&o+ &,)<Nl/i'Uo+U,IN> 

0,n:HaRO HaJill1rll8 ~8 · CRa311Ba6TCJI na qlJCJI8HHHe ·3HaqeHllJI qmrypl'I

PYIOOlllX 3,Il8CI, MaTpllqHHX 3Jl8M8HTOB,' UOCROJII,RY TenepI, pacmeIIJI8Hll8 Mace 

B .capl!OHHOM '0RT8T8 o6yCJIOBJI8HO COBM8CTHHM ,ueifoTBll8M Ug ll ~B • Il 
pesyJII,TaTe 3Toro B03MOJKHO ycnJieHne MaTpnqnoro aJieMeHTa <r·JI 1A 8 IN) . 
)le.JiaeTcJI paayMHoe rpnsnqecRoe npe,n:rrOJioJKeHMe o TOM, qTo HapymeHue Rl'lpaJIIi

HOi-i Cl'JMM6Tpl:ll'I He BJil'IJI8T Ha Macey ttyKJIOHa, (NI &.u.+ t3Ug+bg~glN)hO, 
l'I ,ll.JIJI Tpa.IlUUHOHHOPO 3Haqemm napaMeTpa C.=f.t/f..~-!,25 rro~eHO CJI8-

,n:y!OO{ee coOTHomeHl'Je _Me~ 6-qJieHaWI 'JtN - n l<N-pacceJrnni1 

~:lt' t•~+ o NN ~13,l1M3e, +0,06'! o rr , 

qTO B CB8T8 COBpeMeHHHX 3RCIIepnM6HTaJII,lIHX 

,n:aeT y,n:oBJI8TBOpHT8JII,H08 corJiaCl'l8 

' ~♦,1.+ 
oueHoR6 ¾ 490-687 MaB, 

PP 

.ri.:ir 
. f5 N tJ ~ 46 - 60 MaB 

')laJiee llCCJI8,llOBaHH 6UJillH8i1HH8 M8XaHll3MH HapymeHllJI·RllpaJII,'HOl1 CllM

MeTpllll B paMRax o6o6meHHOl1 SU~ cnrMa Mo.n:eJin ,nJIJI o±-MesoHoB B rrpPI-

6J!llJKeHHll .uep8BI,8B. Ha OCHOB8 ycJIOBP!H CTaCllJII,lIOCTH BaRYYMa ll Tpeclona

Hllil KP!paJII,HOil HHBapnaHTHOCTH rr~eHH ypaBH8HllJI ,nJIJI ,llllBepreHUllH BeR

TOpHHX H aRCllaJII,HHX TOROB 

r g ,. ~ _p r1 2 ,.... --- . i ,1, 4> ·) 
8rV l. = ·:hjv.ctKMje. ~:\ + iijK \. Mje ~:\.Se + mat "'v. e + 

+ J:.. P.. q (Q -s· S + q . ¢._ efJ \ 
2 l\Jl(. V- \d5JS<S,.. .e "'· ds/~ c/>..., ~ · /, 

4 

~-r 
\ 

t 
(1 

3rAf = tkjKql(.mj~ ~ ,+ c.ljK ( mje ~ t -Mj: ~K se) + 

+ ~ ~jKc{~ ( ~,1 $ IP, S/PM· + ~.I.$ CP, s ... i), 
"'J e. "' 'I) "' e 

r.n:e o{14 = < SV-)o - BaRJYMHHe cpe.n:Hne CRaJlR:pHoro rroJIJI, S":: SK - o/" • 
Mj'- n 'YY\~~ - Maccu cRaJIJIPHHX n rrceB,llOCRaJIJIPHHX Me30HOB, cooTBeTcT

B8HHo. Bo3MOJK!IOCTI, TaROH rrapaMeTpnsaunn yRa3HBaeT _Ha nepa3JIHqllMOCTH 

,upyr OT ,llpyra rrpe,llCTaBJI8HHi1, ROTOpHe MoryT BXO,llP!TI, B raMHJII,TOHllaH . 

HapymeHllJI Rllpa.JII,HOil Cll~eT pl'lll, 8CJ!ll OHll IIOCTP08HH B BH,ll8 T8H30PHHX, •. 

IIPOH3Be,ll8Hllli HOH8TOB □--M830HOB H C0,ll8pJKaT IIOJIJI S~ H <pi B O,llllHa-

ROBHX CyMMapHHX CT8II8HJIX. HOSTOMY TOJII,RO Xoporuee COrJiacne C SRCIIe

pllMeHTaJII,HHMH ,llaHHHMH II0~8HHHX Ha OCHOBe YPaBH~Hllil ,llHBepr8HUllH . 

TOROB IIpaBHJI cyMM H8,llOCTaTOqfIQ ,nJIJI ycTaHOBJI8HllJI MYJII,TllIIJI8THOrO co

,lle PJKaHllJI ti se, • 

IlOJIYq8HH TaRJKe MaCCOBH8 ~OPMYJIH ,nJIJI qJie!IOB HOHeTa IIC8B,llOCRaJlR:p

HHX qacTPIU ll CRaJlJIPHOH CTpaHHOH qacTllUH 9e , B ROTOPHX OTB8TH BHpaJKe

HH TOJII,Ro qepes rrapaMeTpH HapymeHPIJI cnMMeTpnn. Ha ocHoBe aTnx ~OPMYJI 

rrpoBe,lleH aHaJIH3 MO,ll8Jlll (3;3)+(3.3)+(I.8)+(8.I) C HapymeHlleM 

VSB = b(a($o~cSs)+J(Uo+cUg)+eGllj' 

r.n:e U;. , G
11 

- clf!JIPIHefiHHe qJieHH. CorJiaCHO aRcrrepnMeHTaJII,HHM pesyJII,-:-

TaTaM noCJie.n:nnx JieT,M~ I500 - I540 MaB. BHRcHeHo, qTo Han.rrytiruee 

orrncanne crreRTpa rrpn TJDKeJioM· '<le. .n:ocTnraeTCJI B Myqae yqeTa 6HJIH

Hel1HHx qJI8HOB, rrpnqeM rrpe,llCTaBJI8Hll8 (I.8)+(8.I) nrpaeT H8MaJIOBa.JKHyID, 

POJII,. QuHOBp8M8HHO, Y.llOBJl8TBOpMT8JII,HO rrpe,llCRa3HBaeTCJI HaKJIOH CRaJIJip

Horo. ~OIJMf/aRTopa Kt:) -pacrra.n:a, J.
0

~ 0. 02I, a yroJI CM8111HBaHHJI B .o- -H~He

Te - Cf~ rn°. BHJicHeHO TaRJKe' qTo rrapaMeTpH HapymeHHJI CHMMe,TpHH Haxo

,nJITCJI B 0,llHOtt fl3 ,llOIIyCTHMHX o6JiaCTel1 IIOJ!OlKHTeJII,HOtt orrpe,ll8JI8HHOCTH 

CII8RTpaJII,HHX CWHICUllil, IIplltJ8M CllMM8TpHJI JiarpamIrnaHa 6Jlll3Ra R su~~su2, 
a cnMMeTpHJI BaRYYMa - R $U

3
• 

B ,llaHHOl1 MO,ll8Jlll rrpn OTCYTCTBHH qJI8Ha C rOJIOil Maccott·B CHMM8TplltJ

HOl1 tJaCTH JiarpaHJKHaHa rro~aeTC.li HOBM MaccOBaJI ~OPMYJia ,nJIJI BC8X qJ18-+ . 
HOB ll3 (r -HOH8TOB 
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3(M; -t M~,),:: m; +m:, + 3m2. + 4rn~ + 4M 2. - M:i 
•s ·•s • • 'JI: 1-(. a 'lls 

Ee.mt B KatJeCTBe CK8.71HpHoro HOHeTa B3.fITI, yKa3aHiruii He.naBHO B 

Slf I d' 
JrnTepaType (I.005). ~ (I.54). 0 (I.3). -ae(I.54). TO 3Ta MaCCOBM 
qJOPMYJia y,noBJieTBOIJRSTCR .l{OCTaTO'IHO xopomo. 

TaKUM o6pa30M, Ha OCHOBS anre6pH TOKOB ll qcAT, a TaKlKe KOHKpeT
HOii MO.l{SJIU C aqi{leKTllB!illM KUpan!.fillM JiarpaHlKl!aHOM IIOKa3aHo, 'ITO B Ha
pyrueHUll KllpanI,Hoii cHMMeTpnn SU3x SU3 Ha~ c TPMHUllOH!illM 
(3.3)+(3.3) npllCYTCTBYST ll npe.ncTaBJI8Hll8 (I.8)+(8.I). 

Il rJiaBa .ItllCCSPTa!Ulll IIOCBffilteHa BOIIpocy 060CHOBaHR!R CBR3ll yrJia 
Ka6n66o c napMeTpaMll HapyrueHHR Kllpan!.HOH CllMMSTpllll. B HacTomnee 
Bp8MII B KaJill6pOBO'IHl:lX MO.l{8~ B~CHSHO, 'ITO Tpe6oBaHHR ecTeCTBSH
HOCTH coxpaHeHllR apOMaTa B xnrrcOBCKOM CSKTOpe Teopmr ll BWIH~e
MOCTH pasJIH'llillX HeTpHBHan!.lillX yrJIOB CMSWHBaHHR HCKJIXl'Ia.JOT ,npyr ,npyra 
.n~e IIpH paccMOTpeHHH PMnaUHOH!illX norrpaBOK. IIoaTOMY B KanH6pOBOtJlillX 
TeopHRX tJacTg orpaHHtJHBaIOTCR sa.n;atJeii HaXOJK.neHHR He.nnaroH8.JiblillX MaC
COBUX MaTPHU, IIOMe .nnaroHaJIH3aUHH KOTopux B03HHKHYT COOTHOWeHHR 
MeJIUtY yrJiaMll CMeWHBaHHR H MaccaMll KBapKOB. A ~TO, B Cytl(HOCTU, HHtJeM 
HS OTJIJ!tJaSTCR OT IIOCTaHOBKH aHaJIOrH'IHOii sa.n;atJH B KllP8.JibHOH .ItllHaMHKS 
- HailTH rrepBOHatJMI.lillll raMllnI>TOHHaH-l-lss{0c= o) • H3 KOTOporo Bpame
HHSM B YHHTapHOM rrpocTpaHCTBe rrpn,neM K qJH3H'l8CKH pasyMHOMY raMHm,
TOHHaHY. MIJ IIOKa3UBaeM, 'ITO H8IIpOTHBOp8'lllBOCTI, C IIOJIOlKHTSfilHOii orrpe
.neJieHHOCTI,lO Hopw qiH3HtJecm1x cocTORHHli B CJIY'Iae SU3x $U3 Tpe6ye.T 
BBe,neHHR yrJia Ka6n66o aKCHaJII,HUM (a He BeKTOplllM) BpameHll6M coxpa
imnuero CTpaHHOCTI, Ma6oro H30TOIIH'l8CKOro TOKa BOKpyr 7-on OCII B 
YHHTapHOM rrpocTpaHCTBe. Ilpn 3TOM -Hss{0c-= o) .l{OJilKSH co.nep~TI, He-

~ 

coxpaWIKIIUlii CTpaHHOCTI, 11 'ISTHOQTI, ~eH 'lJ1 • ,llaeTCR o6o6meHHe Ha 
KHP8.JibHYD CHMMeTpHIO. S04 x S 04 • llcIIOJII,30BaHa HHBaplmHTHOCTI, c~6oro 
ToKa I'llM npn 8c = 0 OTHOCHTenI>HO BpameHHli reHepaTopaMH F'., + ~o , 
1';5 + f:

0

5 H F; + !;5 II .l{OKa3aHa, 'ITO IIpH 8c. = 0 HaH60Jiee o6muli 
raMHfilTOHlfaH HapyrueHHR Kl!p8.JibHOii CHMM8TPllll a,n;pOHOB SU't ,c 50,. , 
rrpllHa.wte~mull npencTaBJISHH!O (4.4)+(4.4) H COXpaWI!OOU!ii CPU 3JI8KTpll
tJeCKHft 3a~. naeTCR BU~eHHeM 

i1se,(0c.=O) = c: U0 +c;u~ +c;~+c;5 U1s + ?>; 'lY1 , 

T.e. B 06011x CJIY'IMX CllMM6TpllH 0.ItllH H TOT lKe He.nnaroHaJII.fillR 'IJISH, 
1'"1 , reHepnpyeT qJH3H'l8CKHii raMllfilTOHllaH HapyrueHHR CHMM6Tpnn. Ilpn 
pa31illX orpaHH'ISHHRX Ha nepBOHatJaJII.fille napa.MeTpU, Ci , IIOCTpoeim 
H3B6CT!ill8 B JIHTepaType, a T~e HOBUS pemeHHR Jf)IH yrJia 0c. • 

6 
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Ilo.nKJIIOtieHne npyrnx rrpencTaBJieHHli, B tJacTHOCTH, (I.8)+(8.I) B SU~xsq 
He BJIHReT. Ha ocimee IIOJIOlKeHHe Bemen. ,I\aHHUli no~on B KBapKOBUX CX€MaX 
(.mrnpnMep, B KXJO oaHatJaeT ncrrom,30Ba1me aHTHCHMMeTpZtJHOii MaccoBoii 
MaTpHl:n,t ll aKCH8.JibHOro BpameHHR KBapKOBUX IIOJI€ii -- B TaKOM CJIY
tJae MOiKHO Oci€CII€tJllTI, IIOJIOlltl!T€Jil,HOCTI, Mace Bcex·KBapKOB. TaKHM cnoco-
6oM naeTCR ociOCHOBaHHe H€KOT0pux pesym,TaTOB KaJIH6pOBO'lfillX MoneJieii. 

Teopnn C ro~CTOYHOBCKOii pea.rui:iaunen CHMMeTpHH HMeIOT onHY oco-
6€HHOCTI, B OTJIH'!He OT "o6UtJHUX" - BMe,ncTBHe 6e3MaCCOBOCTH ro~cToy
HOBCKHX 6o30HOB CHMMSTPHtJHUii npeneJI B TaKHX Teoprunc MOlKST 6UTI, CHHry
JIRPlillM • .I\oKa3aHO, 'ITO rOf,nCTOYHOBCKHii rrpe,neJI D TeopHRX co CIIOHTaHHUM 
HapyruenHeM cymecTByeT, HO HaJIHtJHe JiorapHqJMH'l€CKHX oco6eHHOCTeii MOlKST 
IIPHBSCTH K rrorrpaBKa.M B HH3K03HepreTH'l6CKHX TeopeMaX, IIOJIYtJeHHUX B 
pa.MKax aJire6pu TOKOB H qcAT. 3THM Borrpoca.M B SU3 cnrm Mo.neJIJ1 
IIOCBffill8Ha III-I,R rJiaBa .nnccepTa.uHH. B rrepByIO OtJepe~. MeTonoM TOlK,I{SCTB . + 
Yopna rrpoBeneHa nepeHopMHpOBKa .SU3 cHrMa Mo,neJIJI Jf)IH o--Me3oHOB c 
JIHH€flHUM HapyrueHHeM • .KJraCCHqJHUllPOBaHU paCXO.ItllMOCTH, BUBeneHU TOlK,I{SCT
Ba Yopna (B IlpHJIOlKeHHH) Jf)IH CHfilHOCBJI31illX qiyHKunli I'pHHa H IIOCTpoeHU 
HX pemeHHR B rrpH6JIHlK6Hl'I.II ,nepeBMB. B pesym,TaTe rr~eHa .nnarpaMMHM 
T8XHHKa ~efiHMaHa Jf)IH nepeHOPMIIPOBaHHOro· PRna TeOpHH B03MY!lleHHii, C 
IlOMOmI.!O KOTOpoii nocTpoeHU nepeHOpMHpOBaHHUe nporraraTopu H B6pmPIHHUe 
qiymmm1 B onHoneTJI€BOM npl'l6JIHlKeHH.II. ,I\aJiee paccMOTpeHU HX pa3JIOlK6HHR 
D npe~eJie Kl'lpaJII.HOfi CHMM€TpH.11 H HH3KHX 3Heprnn H BuneJI€1ill Be.nymne 
HeaHaJIHTl'ltJ6CKH6 BKJianu B RBHOM Bnne. li3YtJeHO TaKlK€ HeaHaJIHTH'leCKOe 
IlOBe~eHHe tJeTUpexyrOfilHUX·.ItllBI'paMM. . 

.I\OKa3aHO, 'ITO XOTR ~- OT.l{eJII,lillX qJaKTOpax, KaK nponaraTOpll, Bep
illHHlille qlyHKUllH, tJeTUpexyrOJII,Hlle .nnarpa.MMU, D rrpe,neJie Kl'lpaJII.HOH CHM
MeTpH.11 .SU3 ,c $0~ ( c.- 0) IIpORBJIR6TCR H8aH8.JIBTHtJ€CKOe IIOBe,neHHe KaK 
THna fu C.. , C ~n C. , TaK H c- 1 

, B a.MIIJIHTynax pacceRHHR OKTeTOB 
rrceBnocKaJIJiplillX tJaCTHU neaHaJIHTH'IHOCTl'I D HH3K03HepreTHtJeCKOM rrpeneJie 
COKpamaIOTcR TOtJHO, l'I, CJl6~0BaT€Jil,HO, BUIIOJIWIIOTCR Tpe60BaHl'IR H3BecT
lillX HH3K03HepreTH'l6CKHX TeopeM. 

B KO!llle 3TOit rJiaBH HCMe.noBaHO BJIHRHlle HeaHaJIHTH'l€CKl'IX BKJia,IJ;OB 
Ha qiopMl)aKTOpU Ke3-pacna.n;a. IloKa3aHo, 'ITO rrpHCYTCTBYJOOU16 B pasJiolKe
HHRX B6PWHHHllX qiyHKunit JIOlKHUe oco6eHHOCTH THIIa c.-1 B qiopMlJaKTopax 
COKpamaIOTCR TOtJHO, KaK CJiencTBl'le T0lK,!{€CTB Yop,na, HO OCTaIOTCR Jiora
pHqiMlltJSCKHe BKJia,IJ;U, KOTopue CKa3UBaIOTCR B nepBOM lKe nop~e IIO Ha
pyrueHH!O KHPaJII,HOii CIIMMeTpH.11 

~ i ~0c,-;!3rv;c0)\1<\ci,J>/ -;::; Ac~c +Be+ O(ct£nc.) 
-l=o 
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13 COOTB€TCTBllll C 3TllM, ·aanpHMep, rrorrpa.BKH 'K decrreTJJeBOMY pe3ym,TaTy 
,nJIJJ HaKJIOHa CKaJI.lipHoro qJOpM!)aKTOpa Ke3-pacrra.na COCTaB.JI.lIJOT rrpHMepao 
20-30 rrpoQeHTOB. 

Ilponeneaaoe 0cCJienoBaHHe o~orreTJJeBoro rrpH~lKemm rroKasHBaeT, 
'ITO CBORCTBa CllMM8TPllll HaKJI8,JlllBaIOT CHJII,Hll€ orpaHHtt8HHH ll B BHCillllX rro
PH,iutax TeopHH B03MYIIl8HHR. CoOTHOillerum, KOTOpHe B npn6JIHJK8Hllll nepem,en 
BHITOJilUIIOTCH TOttHo; KaK ·CJiencTBHH orpaHHtt8Hllll, HaJiaraeMHX CHMM6Tpllefi, 
B ona:irieTJI8BOM rrpnd.miJKeHHH Bll,UOH3M8HHIOTCH JillIIII, BO BTOPOM ITOpR;UKe ITO 
Hapymeiimo CllMMBTpllll ll B 3TOM JKe IlOPHnKe CKa3HBaJOTCH H€aHaJIHTlltJ:€CKlle 
mmpanKll ( c~£inc). 0UHaKO, BeJillttllHll (H.irn COOTHOIIIBHHH), KOTOpll€ B 
rrpH6JIHlK6HHll nepen1,en 6mm nporropIUIOHaJihHH HapyrueHHIO CHMMeTpHH, B 
O,UHOIIBTJISBOM Ilpll6.JllllK6Hllll rrpeTepnenaJOT ll3M8H6HHH B rrepBOM JKe IIOPHnK€ 
IIO Hapymemno 'CllMMBTPllll ll TYT lKe. CKa3HBaJOTCH JIOrapllqJMH1I€CKll8 ITOilpaBKll 
(c~c). 

CJie.nylOllllle nne rJJa.BH IIOCBH1118Hll pa3BllTlllO METonon KBa3llIIOT€HI.UlaJII,
HOro rionxona 'JioryHOBa. ll TaBX8JllUJ:3€ .riJIH CIIHHOPIIHX ttaCTHQ 11 rrpl1lll6Hemno 
B H€KOTOpHX 38,Uattax. 0C!IOBHO€ nocTOHHCTBO KBa3HIIOT€HQl18JII,HOro ypa.B
HEHHH - ero Tp€XM€pH!lil xapaKTep, KOTOPHR rrpoHBJIHeTcR B OTCYTCTBllll 
H€qJl1311tt€CKOro napa.M€Tpa OTHOCl1T€JII,1IOrO Bp€M€Hl1. XapaKTEpHruJl OC06€H
HOCTh MeTona ,n;mr CIIll!IOpHllx tJ:aCTHQ 3aKJIKJ'laeTcH B npoeKIUIOHHHX CBORCT
nax cno6onHoil nnyxnpeMeaaon qiyHKIUIH rpnaa 

Go(E; r ,cP=-2.<JLi. <o(f-iJ[E-H/f )-Hirl~(l)ro(i)nfr)= °6Q7-'!)F(r J [lf f)) 

r~e 

n(r) =~:1Cr)E:\-f)-~\f )(C-r) 

B CM3H C 3THM paaee 6HJIH cqiopMy-JIHpOBaHH KBa3HllOTeHQUaJII,HHe 
ypanHBHllH ,nJIJ! crrpoeKTHPOBaHHllX BOJIHOBHX qJyHKIUIR l-1 ycrre111HO IIpllM8H6HH' 
n 38,I{attax .ItJifr nonoponorronodHHx aToMoB B padoTax '1>aycToBa. B rJiaBe IY 
Mll IlOJIY'laeM KBa3llIJOT8HI.UlaJII,H06 YPaBHEHHe ,nJIJJ IlOJIHOR (I6-KOMIIOH6HTHOil) 
BOJIHonoit CVYHKI.Ull-1, nom,3yHch ncnoMoraTeJibHHM orrepaTopoM 

,_. I ~ 

G == f (f) + GoKG- > 

KOTOpHR cno6o~eH OT rrpoeKTllPYIOIIIHX CBORCTB, a B6Jlll::\l-l IIOJIIOCa CM3aHHO
ro COCTOHHHH Be;zteT ce6H TaK lite KaK ll G" • Torna C IlOMOlllhlO H3B8CTHHX 
cnoco6oB rro;ry-qaeM ypa.BHeHHe 

8 

11 
-~ 
."J 

t 
j I 

{, 
~ ,,, 

I' 
\! 

l 8 -Hlf)-~:l-f)J tl.J1:Cf)=o!')t&)SJ1V(E; r, l)1¥eCl). 
n KOTOPOM KBa3HITOT6HI.UlaJI · V orrpe,n;eJJeH qiopMam,ao CJJB,UYIOIIIHM o6pa30M 

-1 ~ ,..,,..:1. 
V ==- F . G0 KG-· G. 

IlOJIYtJ:6H!IO€ H8.Ml1 ypa.BH€HH€ €CTI, 06061I16Hlle ypaBHeHM T€0pi1H nap 
,UHpaKa Ha nnyxqiepMHomryio. CHCT8MY. IJOCKOJII,K,v B rrpH6.JilllK€Hllll MI'HOB6H
Horo B3aHMoneficTBHH rrepeXO,IU!T B ypaBH8HH8 COJIIIHTepa, a He EpefiTa. 

BllHcHHeTCH, ttTO Bneneane KBa3nrroTeHI.Ulam,aon aMlDil!TYnH pacceHHHH 
' ~ ~ ~~,=-4 

c rroMOlllhIO "HallBHoro" cooTHOIIleHHH G = G~ + G" CJ' G0 n CJIYtJ:ae cnmiop-
HllX COCTaBJUIIO!IlllX rrpoTirnopettllT irpnpo,ue IJOJIHOR qlyHKI.Ulll rpnHa t; . 
PeryJIHpHllii cnoco6 COCTOHT B HCIIOJII,30Ba~Hll orrepaTOpa ~ ,. 

G1

=f-1-f'11F 
r---

BBe,ueHH!lfi TaKHM o6pa3::>M orrepaTop '-f ynoBJieTBOpH8T BCeM H,YiltHHM 
COOTHOill8HHJIM qJOpMaJll,HOii TeopHH pacceHHHH. 

,lla.Jiee paccMOTpeHo KBa311IJOT8HI.UlaJI1,H06 ypa.BH8HH6 ,n;mr napI.UlaJihHHX 
ru~IIJillTyn BHe 3HepreTHtt6CKOR rronepXHOCTH C orrpeneJJ6HHllM 3Hatt6HH6M 
rroJIHoro yrJionoro MoMeHTa J , n no1fa3aao rrpencTaBJJeane, nnna 

MiW; p,tt,)~c( (w; pi'~·)~(~ )~(W/p)ci) + Riwj p,1), . 

rne F;, (w) - qJH3HtJ:8CKaJ1 aMIJJIHTYna pacceHHHH,,,a (paKTOPH q>J ll R-J 
ynoBJieTBOpH!OT onpeneJieHH!lM YPa.BH8HHJIM. Tnm,:zta Ha.n"OTHOCHTBJJI,f!HMH 
HMIIYJibCaMH 03HattaeT, ~TO COOTBBTCTByIOIIU!e HMIIYJibCH'ttaCTHU 6epyTCH Ha 
MaCCOBOR IJOBepXHOC_TH. IlpntteM 

tpJ(w/p,~)== 1 > R._iw~ r) ~):::: R.J(wj p J '}J = o 
H HHJKe nopora Heynpyrnx rrpoueccon, Kor.ua KBa3HnoTeHQHaJI :zteiicTBHTeJJeH, 
3TH qiaKTopu TOlKe neii.cTBHTem,HHe MaTpm.J;IJ. oTo 0606111aeT H3necTaoe n 
H6p8JIHTHBllCTCKOM CJIYtJ:ae npe:ztCTaBJI6Hll6 ll MOXBT 6HTI, rrpnMe~eHo B Tpex
tJ:aCTHttHHX peJIHTHBl-lCTCKllX YPa.BHBHl-lHX. 

B CJl6.llYI0016M rraparpacpe ,nJIJJ JJOKaJII,HllX KBa3HIJOT6HI.UlaJIOB 'Hall60Jiee 
06111ero BHna nOJIYtJ:eHa cHcTeMa pa,IU!WHHX ypanaeaHil KaK ,nJIJJ ;nnyx cpep
MHOHOB, TaK 1-1 qiepMHOHa n aHTllcpepMHOHa. B CJIYtJ:ae J f O HMeeTc.a:. 
noceMb pa,nHam,HHx <IiYHKIU!il, a B CJIYtJ:ae J:::. 0 - qerupe, npH'. ItaJK,ICOM 
3Ha'IeHHH tJ:8THOCTH COCTOHHUH. 
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~Mee llCCJie'AOBaHO acRMIITOTHqecKoe IlOBe'AeHIIe pa.llllaJII,Hl:lX ~YH.Ia.Ufli Ha 
6om,mnx paccTMHIIRX B CJIYllae 6eCKOH6qHO paCTYll(HX USHTpwmn'c IlOTe~a
~OB.- Mu ns~aeM pOJII, CKaJI/JpHoro B3aHMO'A6RCTBHR B KBa3HilOT6H~aJII,HOR 
~Ha.MHKe. )J.Jm 3TOro CRaJI/JPHl:lli IlOTe~a.JI IlO'AKJIJOtlaeM HapJI.IJy c 4-on KOM
IlOHSHTOH BeKTOpa pa:3Hb!Mll rrpoe~OH!IllMR cnoco68.MH, KOTOpHe CR6.IJYIOT ll3 
pa3HHX ~OIMYRHPOBOK RB8.3llilOT6~aJII,}Il,IX YpaBH6Hllli ,ItJIJI CilHHOPHl:lX qacTHU 

• npn 6ecKOHeqHOM YTR~e~eHHll COCTa.BJIID)!JlHX •. IlOKa3HBaSM, qTo IlO~IO'l:SHHe 
CKaJI/JpHoro IlOTS~ana BO MHDrnx IlO~O'Aax ycTpaHReT rrap~OKC RJieHHa 
ll3 YpaBH8HllH. Ilpn 3TOM Hrui6o~ee 6~3Km! K ypaBH6HlIID illpe~!ll'epa (B 
CMHCJie acHMilTOTHqecKOro IlOBB'AeHnR) pe3ym,TaT c;re~eT, KOr'Aa HapJI.IJy 

C 4-oil ROMilOHSHTOH BeKTopa B~aeTCR paBffilH SMY CRaJI/JPHl:lli IlOTS~M. 
He6S3HHTSpecHO 3aMSTllTh, qTo IlOCJIS'AHII6 llCCJI6'AOB8.HllR no TOHKOMY ll cBepx
TOHKOMY pacmeIDISHHID crreKTpOB qapMOHllR qacTO yKa3HBaIDT HMBHHO Ha Ta-
KyID CHTYauHID B 'AaJI!,HO'A6HCTByromen (pacTYmefi) qaCTll noTe~a.Jia • 

B CJI6~Kl!left, Y-on rJIBBe HCC~6.It'{6TCH npo6~eMa CBR3aHHHX COCTOR
Hllli B KBaHTOBOH Teopnn IlOJISI Ha flYJll,-IIJIOCKOCTll. ttHTepec K nepeMeHHl:lM 
CB6TOBoro ~POHTa r~aBHHM o6pasoM o6yCJIOBJI6H TeM, qTO B 3TllX rrepeMeH
Hb!X RaPTHHa napTOHOB rr~aeT aeo6XO~MYIO Har~HOCTh. Pacci<!OTperuie 
~epMHOHHHX CBR3aHHHX COCTORHHil B 3TllX nepeMeHHHX IlOTpe6oBa.JIO npnBJie
qeHHR arrnapaTa KBaHTOBOH T6Opllll IlOJIJl Ha flYJll,-ITJIOCKOCTll. ttcnOJih3YR 
~OPMaJII,flYID 3KBllBM6HTHOCTh MaTpnu pacceRHllR B o6HqHoil (KOBapnaHTHOH) 
~OPMYJmpDBKe I'! ~DPMY~POBKe flYJII,-IIJIOCROCTll, MH 'AOKa3HBaeM, qTo no~HM 
~yx~epMHOHHM WH~ fpnHa n aMIIJIHTY'Aa EeTe-COJinnTepa B KBaHTOBOfi 
Teopnn IlOJIJl Ha flYJII,-IIJIOCKOCTll OMa'AaIDT npoe~OHHHMll CBOilcTBaMll no 
cnnHopHHM cocTaBJimOIIlllM. YpaBHeHne EeTe-CoRnnTepa B sToll Teopnn nMeeT 

Bll'A 

;Cp{f)=-stcrftr)stY\\P-r) ~Ji"Rt>r, ,,) .i<pCi), 

r.n:e BBe'AeHH noJIHHft (P) n OTHocnTem,HHe ( p , <\,) nMITym,cH, a SF ecn 
cBo6o'A}Iblil nponaraTop 

SF(f) 
" f+m 

fl.-tn'l.+i.t 

fr == ( t'-+m'-

\ f+ ' 
) ' 

+ ...,. r , rJ. , 

T. e. B ,m~Te~e SF OTCYTCTByeT f- . IlosToMY nepexo'A R KBasnno
Te~am,HOMY YPaBH6HHID Ha flYJll,-IIJIOCKOCTll He BCTpeqaeT KaRllX-~6O 
3aTpy'AfleHnft. B HaH60Jiee o6meM ~ae, KOr'Aa CBR3aHHOe COCTORHIIe 
o6pa30BaHO n ~epMHOHaMll H 'l'Yl. aHTH~epMllOHaMH, COOTB6TCTByromee 
ypaBHeHHe HM66T Bll'A 

IO 

{p'--! (P4-lJ.l;:
2

+mt -L (f;i-¼~t'+m; \. 
\ -c.=i "'l. }a~ c, J 

. -Q®<f,+"'-) ~(h,t\,1~-tV O®(+"'D = 

.JriJrnclc{~~~~ -tr-tJ:'f n ~ n ~ ~4-z ~-~ ~~)-JL~ ~A a ~.L ,-1 J=1 1~ 0 vs "4, i~ c;, ~ y~ f.t .t 

~ ~ . n ®ct.•n0"¼({lJlJ,{~,~J.Lh{1![,t}.{~;,tP TT@(t ... m.;.). 
.;,:1 ....-j 

""' . . ,n. 

· n~~-'+mi)<Pp({~~J~},{l;i,tO n ®t«t+rrtJ) 
j•l a f°! d' 

B 3TllX YPaBH8HllRX o6pamaeT BHll.MaHne MaRCllMllJII,HM 6RH3OCTb c 
HepeMTllBllCTCRllMll BHpaJKeHHRMll, llHBapnaHTHOCTh OTHOCllT6RhHO rpymru:, 
ll3OMO.PIJHOR raRHReeBOR rpyrrne, CXO'ACTBO C KBapR-rrapTOHHOil RapTllHOli. 
C 'Apyroil CTOPOHH, IlORa He ~llRCHPOBaHa HllKaRM CllCTeMa OTcqeTa ll B 
RBa3HnoTeHUHa.Jie Vp MMCllMMbHO coxpaHeHa llH~DPMaunR peMTllBllcT
cRoft RBaHTOBOR Teopnn IlOM. 

Mu BocnpOll3BO'AHM pe3yRhTaTH O'AHOM83OHHOro o6MeHa, Il~8HHH8 
paHee 'ApyrllMH aBTOPaMll B-CllCT6MS 6ecROHeqHoro llMITyRbCa, HO y~e c ~e
TOM CilHHa. Ilo~eHH T~e BHpaiKeHllR ,ItJIJI ~OpMqlaRTOpOB,COCTaBHHX qac
TllU qepes KBa3llITOTe~am,HHe BO~HOBHe WH~ll Ha HYRh-IlROCROCTH. 
J!Jm ncc;re~oBaHllR aCHMilTOTllRll ~op.M{'paRTOPOB TpexKBapROBHM YPaBH6HllRM 
IlPH'AaH Bll.ItYPaBH6HHR <l?a.n:n:eeBa, ll Ha OCHOBe ~yx- ll TpexqacTHqHl:lX 
YpaBH6Hllil B MO'A6~ll O'AHOr~IDOHHOro O6MeHa no~eHo IlOB6'A6Hll6 B,MHOBHX 
WH~li IlllOHa H HYMOHa, H noiasaHO, KaR MO~HO o6ocHOBaTh COOTB8TCT
Bll8'M6lK,llY acllMilTOTHqecRH.M IlOB8'A6Hll6M ~op.M{'paRTOPOB H cTerrellbID BHYTP6H-

j Hell CRO~HOCTH qacTn~. T.H. IlpaBllRO RBapKOBoro cqeTa MaTB66Ba, Mypa
MHa H TaBxe~ll'A36. XOTR M6TO'AH llCCR6'AOBaHllR aCHMilTOTllRll ~op.M{'paRTOpOB 
.nocTaToqHo xoporno ll3B6CTHH B RHT6paType, MH IlORa3a.Jill, qTO KBa3HITO
T6HUllaJII,HM ¢OPMYRHPOBRa B coqeTaHllll C M6TO'AaMll KBaHTOBOli Teopnn 
IlOM Ha flYRh-IIJIOCROCTll npe,n:cT~eT B6ChMa Y'AO6HHil llHCTpyM6HT B 'AaH
HHX 3a'Aaqax. 

B noc;re'Aflefi, YI-on, r:naBe 'AllccepTauHH caaqa.Jia ncc;re~eTcR ypaB
HeHne nancoHa-IIIBHHI'epa .ItJIJI rrporraraTopa r~Ha B Teopnn flHI'a-MnMca 
IlpllM6H6Hll8M RaJill6poBO~HO-HHBapHaHTHOro rrpn6RH~6HHOro npe'ACT~eHHR, 
ROTOpoe paBHOCllJII,HO CllMMeTpHqHoil 3aM8He B smpe YpaBH6HHR O'AHOro ll3 
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nponaraTopoB rJIJOOHa "rOJINM" nponaraTopoM. B cBeTono.no6Hoi1 KaJll6poBRe 
.impo ypaBH8HM BH'!fflCJieHO'B RBa,npaTYpax ll ,n;JIJI cneRTpam,aoi1 IlJIOTHOCTll 
nponaraTopa IlOJIY'IeHO JIHH8i1Hoe ypaBHeHne. 3To ypaBHeHne He llM66T 
pemeHll.fI, OTB8tra.IOOlero pacTymeMY noTeimna.ny, T. e • ,!(OKa3aHO, tfTO B JIH
Heapll30BaHHOM npn6.Jin~eHllll YPaBHeHne ~ai1coHa-lllBnH!'epa He Be,neT K 
RO!Iqiai1HM6HTy. . , ' . 

OCTaJil,Ha.fI traCTI, 3TOfi rJiaBH nocBJill(eHa Jiorapn4iMntrecKOMY,IlOTeimna
JIY V-= C ~(tt/rz:.) B ypaBHeHnn lilpe.imirrepa. IloRasaao, ttTo MaccoBaR 
qJDPMYJia llMeeT Bll,n' . 

M! (im-1,m,.) =:Mo c~,'1'11.~} + C Sne > 

r.ne Sn~ - co6cTBe~HHe saatreHH.fI ypaBHeHH.fI B 6espasMepaoi1 nepe
Meaao:il. 

(£.. + s- .e(e.-1-¼) -kto)u(~)='-0, 
J.~:i. ~~ :} 

't . 

~=fife 
ll 3aBHCllT JIIllllI, OT .n ll t , a 

Mo (m~)'Tl\2. j = m.1 + m2. - ~ en. ( 2., rz-; C) 

ecTI, TOtfHOe BHp~eane, He 3aBllC.fllI(ee OT n ll e.. 
Ta.Ka.fl npocTM CTPYRTypa co6cTBeHHHX 3Hatreani1 Il03BOJIReT B npe.n-, 

rroJio~eHnn YHHBepcam,HocTn napaMeTpoB C n 'to ITDJIY'IHTh pgn ~ 
MaccoBHX cooTHomeHnn. KpoMe Toro, y~e ,n;JIJI npon3BOJII>HHX C n 'to 
(He 06.fI3aTeJII,HO YHHBepCaJII,HHX) CJie.nyeT .!.Q:'.!!!Q.§. rrpaBMO OTHOIDeHn:il. 
MaCCOBHX llHTepBaJIOB B ,nByx ceMeiiCTBax KBapROB 

~~~-~~~ 
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IloCJie,naee npaBllJIO OCHOBaHO Ha HepeJIRTllBllCTCKOii 4iop1,wJie ,n;JIJI mn
PllHH rn."' l 111,.(o) t z' o,nHaRO npe,ne.JIH ero npnMeHHMOCTH ropaa.no mnpe' TaR 
RaR 60JII,IDHHCTBO peJIRTHBHCTCRHX rronpaBOR, .a T~e RBaHTOBO:-XPOMO,nHHa
MHtrecKHX IlOllpaBOR Ha 6JIH3!tllX paccTO.fIHll.fIX B OTHOIDeHll.fIX JieITTDHHHX IDH
PllH B OCHOBHOM B3ruiMHO CORPa!UaIOTC.fI. 

IlOJIY'IeHHHe TOttHHe MaccoBHe <liOPMYJIH H rrpaBnJio MaccoBHX HHTepBaJIOB 
roBOP.fIT B rrOJII,sy TOro, ttTo B ceMeiicTBax (cc), (cs) n (ss), a Talle 
( t 'i ) MO~O IlOJII,30BaTI>C.fI ymrnepC8.7ll,HHMll napaMeTpaMH (He3aBHCllMOCTI, 
ITOTel{WlaJia OT Tnna RBapROB). 06 STOM CBH.neTeJII,CTBYIOT TaR~e JierrTOH
HHe lliHPHHH. STD CBOHCTBO He pacrrpocTpaHReTC.fI Ha CllCT6MY C Jt{acTHeM 
JierRllX ( U. llJill d., ) RBapROD, HaITPHMep, s> -B036ylK,lteHHi1. 0,nHaRO He 
HcKJIKJtieHO, tfTO Jiorapn4iMntreCRHi1 ITOTeimna.,1 MO~HO rrpnMeHHTI, ll ,n;JIJI HllX, 
HO C H3MeHeH!IHMH 3HatreHH.fIMll rrapaMeTpoB. B CB.fI3H c_ STHM OTMeTHM, tfTO 
3aCJIY~BaeT BHllMaHll.fI 6oJiee TlliaTeJII,HOe SKcnepnMeHTaJil,HOe' HCCJie,noBaHne 
06.JiacTH I - 2 rsB B e+e--rrytfRax. 

HaMH rrocTp06HO _TaR~e npH6.JIH~eHHOe aHaJillTlltrecKoro pemeHne ,n;JIJI 

BOJIHOBHX <liYHRIUli1 ll co6cTBeHHHX 3HatreHni1. ,IvuJ ~ne. HMeeM . 

~ ~ ~ +£n.(2n-1..+ 2e(tH)-1- 21(2.n--1):i.+i1 ) 
"e -<. 3G 

3TO .naeT BeCl>Ma 6Jill3ROe R '!fflCJieHHOMY pemeHHID,pesyJII,TaTH, HO 
6y.nytrn aHaJillTHtreCKHM, Il03BOJIReT HpOaHaJill3llpOBaTI, rrpo6JieMY 6DJiee 
OCHOBaTeJII,'Ho. HarrpnMep, l!MelOOleec.fI B noTeannaJie a.nn:HTllBHOe CJiaraeMoe 

'He ytraCTByeT B pacmeIIJieHll~ ypOBHe:il., B TO BpeMR KaR ero '!fflCJieHHOe 
3HatreHHe BJIHHeT Ha onpe,neJieHne MaCCH RBapRa. IlpH aHaJllTHtrecKOM pe
meHHH (B rrpOTHBOBec OT tfllCJieHHOro) STOT rrapaMeTp C'!fflTaeTC.fI IIPOH3BOJII,
HHM, Il08TOMY TOJII,RO ll3 Pa.nllaJThHHX pacmeIIJieHlli1 Macca RBapKa He /lillR
cnpyeTC.fI. B .fIBHOM Bl!,ne Macey KBapKa co.ne~T <liOPMYJIH ,n;JIJI JieII~OHHHX 
mnpmr' a T~e IlOJiytreHHHe HaMH MaCCOBHe <liOPMYJIH. KoM6HHHPY.fI :no' 
MOlKHO l!3BJietrI, ll MaccH RBapRoB. OHll ITOJIYtfaIOTC.fI paayMHoii BeJill'!fflHH 
(HarrpnMep, 'lYlc. ~ I. 73 rsB, mt~ 5 rsB, m~ ~ 0.46 rsB). Pesym,TaT!l pac
treTa YPOBHeii trapMOHH.fI H 60TOMll.fI, a TaR~e l!X JieITTOHHHX mnpnH y,noB
JI6TBOPHTeJII,HO corJiacyJOTc.fI C SRcrrepnMeHTaJil,HHMH .naHHHMH. 

B IIOCJie,nHeM rraparpaqie HCCJie~oBaHH TOHRHe H cBepxTOHRlle pacmerr
JieHn.fI HHSJie~x S -:- H P-ypoBHeii -qapMOHll.fI B CJIYtfae JiorapH<liMHttecRoro 
IlOTeimHaJia C l!CilOJil,30BaHli6M raMHJII,TOHHaHa EpeilTa~epMH B ITOpgnRe 
~ . u7c2. . IloRaaaHO, tfTO eCJIH H6HSBeCTHHe napaMeTpH B STOM_ raMll.JII,TO-

HllaHe (IIOCROJII,RY Ytfl!THBaIOTC.fI CRaJI.fIPHOe B3a.HMo,nei1cTBlle H aHOMBJll,HHil 
xpoMOMaI'HeTH8M) SaqJHKCHPOBaT:& no pacmeIJJieHHID :spj -ypoBHeil, TO 'lf-~c. 
pacmeMeHne rro.7IYtfaeTc.fI pasyMHOii B8Jll'l'IIHHH, l"'J IOO MaB. ECJUI npH sTOM 
HCllOJII,30BaTI, onpe,neJieHHYJJ paaee MB.COY C. RBap.Ka, BWICHReTCR, 'ITO 
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OCHOBHaJI pOJII, B TOHKOM pacmeIL'l8Hllll 6y,rceT IIPl1H8,l{JI8lKaTh C.KaJI.HpHOMy 
B3aHMO,IleilcTBIIIO • 

B 38.KJIJOII8Hllll IIPllB8,Il8llli OCHOB!Ille peaym,Tam ,IlllCC8PTaµHll~ 

1. HcCJie,noBaf!lle pOJllI O.KTeTHoro npe.ncTaBJieHIIH (I.8)+(8.1) B 

.KllpaJII,HOil ,IlllHaMII.Ke. 
+ 2. Il0.7IY'!8Hlle MO,ll;8JI1,HOro raMIIJil,TOHHaHa ,Il.7Ill o--M880HOB C 6HJI.l'IHeil-

llliMll MeXaHll8.MaMH HapymeHHH .Kllpa.m,aon CllMM8TPIIH. 

3. TeopeTHqec.Koe OOOCHOBaHHe cxeM!l BWIUCJieHHH yrJI.a CM6IDHBaHHR 
CJia6oro B3aHMO,D;eilcTBllJI C IIOMOU1bl0 napa.MeTpOB Hapyme!Ilf.ff .KHPaJII,HOil 
CHMMeTpRll. 

4. IlepeHopM!lpoB.Ka SU3 
± 

CllrMa MO,l{6JIH ,IlJlfI O -M830HOB C JIIIHeil-
HllM HapymeH1IeM. 

5. HccJie,D;OBaHHe Hll3.K08HepreT1f'!8CKIIX TeopeM B npe,neJie .Kllpa.7Il,HOli 
CHMMeTpllll B 0.IlHOneTJI8BOM npn6JIH~8Hllll T80Pllll B08Myll18Hllil. 
' . 

6. Il0.7IY'!8Hlle TpeXMepHoro ypaBH6HHH ,IlJlfI noJIHOil (l6-KOMIIOH8HTHOil) 
BOJIHOBOil qiyruunrn II aMIIJIHTY.l{ll pacceHHllH B CllCTeMe ,D;Byx CIIIIHOPHUX 
qacTHU B KBasllnOT8HUHaJII,HOM no,l{Xo,rce. 

7 • HcCJie,llOBamrn pa,IlllaJll,HJ:lX .KBa3HnOT8HUHaJII,llliX YPaBH8Hllil ,IlJlfI 

6ecKOH6qHO paCTYU11IX neHTJRIII,HhlX noT8HUl!a7IOB. 

8. Pa8BHTHe M8TO,ll;OB llCCJI8,IlOBaHIDI CM8aHHHX CllCT8M qiepMHOHOB B 
KBaHTOBOil Te opirn no.7Ill Ha HYJIL-IIJIOC.KOCTH. 

9. Il0.7IY'!8Hlle npa.BHJI CYMM ll npHMlllK8HHhlX aml.lIHTHqecKHX pemeHHil 
YPaBH8HIIH llipe,IlllHrepa C JiorapHqiMHqec.KHM nOT8HUl1a7IOM H npHM8H8Hll8 B 
OIIIICaHHH _.KBapK-aHTHKBap.KOBHX CB.ff3amrax COCTOHHHil. 

Anpo6aµHH pa6oTH. 0CHOBHhl8 MaTepllaJIH.,D;HCCepTanHll ,ll;O.KJia,IlHBa
JIIICh Ha MewHapo,ll;HOM ceMHHape no aKCHOMaTHqecKIIM BOnpocaM KBaHTOBOil 
TeopllH noJIH (TamKeHT, 19?2), MewHapO,IlHOil KOHq16peHUIIH no MaTeMa
TllqeC.KIIM BonpocaM KBaHTOBOil TeOpHH IIOJIH H KBaHTOBOil CTaTHCTHKII 
(MocKBa, 1972), XYlll MewHapo,!J;Hoil .KOHqiepeHW!H no qJH3HKe BHCOKllX 
8Heprnn (T6HJIHcH, 19?6), Mewnapo.D;HhlX ceMHHapax no r;ry6oKoHeyrrpyrnM 
H HH.KJI103HBHHM nponeccaM (CyxyMH, 19?5), "l{BapKII-80" (CyxyMH, 1980), 
a TaKJKe Ha lliKOJiax. MOJIO,D;HX yqellhlx, opranHsoBamrux Olliill H TI'Y' (19?2, 
1973, 19?5), HayqHhlX ceMHHapax Jl~ Olliill, H~B3 TI'Y, Pecrry6JIII.KaHCKIIX 
H YHHBepcHT8TCKIIX .KOHqJepeHUIIHX. 
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