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3.3. Boac 

Be~ujaSI Opl"'aHH3aQJ1ll - J1HCTHTYT ~H3HKH BbiCOKHX ::meprHH (IIpOTBi-!HO) 

JmTope!flepaT pasocJiaH 11 
1 

11 1991 ro~a 

· 3aJllHTa ~HccepTaQJ1H cocTOHTca 11 11 ~ittJ J "lila I99 I ro~a 
Ha. 3ace~aHHH CileQJ1aJIH3HposaiiHoro coaeTa K ·o47 .o1:oi Aa6opaTopHH 

·. TeopeTHQ8CKOH ~H3HKH 06oe~HH8HH01"'0 HHCTHTyTa ~epHHX HCCRe~OBaHHH, 
. ;r ~ )Jy6~~, MocKoBcKoil o6naCTH. 

C ~HCCepTaQJ18H MOlKHO 03HaKOMHTbCa B 6H6RHOTeKe 06oe~HH8HH01"'0 
·. HHCTHTyTa ~epHHX HCCRe~OBaHHH. 

.YqeHHti·ceKpeTapb 
,CneqHaJIH3HpOBaHH01"'0 COBeTa 
, K~H~aT liJH3HK?:--MaTeMaTHQ8CKHX ~ayK g?l~ 
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OBlUAfl XAPAIITEHICTHKA PABOTH 

AKTYaJibHOCTh TeMbi. MeTO~bi KBaHTOBOH TeOpHH nona, B03HHKmeti Ha 6ase 

o6o6~eHHfl KRaCCHQ8CKOH 3R8KTpO~HHaMHKH, B ITOCR8AHHe ~8CllTHR9THfl BCe 
WHpe HCITORh3YIOTCll ~Ra OITHCaHHJl_TaKJKe H ~pyrHX B~OB B3aHMO~etiCTBHfl 
- C!UJhHOl"'O H cna6oro B3aHMOA9HCTBHH 3R8M8HT8.pHWC qacTHq. IlpH 3TOM. 

CRe~eT HM8Tb BB~, ~0 ITOK8.·HaH6onee ITOCR8AOB8.T8J!bHO pasBKTHM 
annapaTOM B paMKax peJIHTHBHCTCKOH KBaHTOBOH TeOpHH ITOJ!a llBJ!fl8TCll an

napaT T90pHH B03~8HHH. 

Paspa6oTaHHaa B pa6oTax·H.H. BoroJII06osa Hero mKOJihi TeopHa "-
.- onepaqHH, IT03BOJ!HJ!a ITOAB9CTH CTporoe MaTeMaTHQ8CK09 060CHOBaHH9 

ITOA npHM8H8HH9 npoqe~py nepeHOpMHpOBOK H .TeM CaMbiM ITOA npHM8H8HH9 

BbiCWHX nop~KOB T90pHH B03~9HHH npH pacqeTe pa3JIHQHWC ~H3HqeCKHX 
npoqeccos. 3To o6cTOHT8JihCTBO SIBJiaeTca ,ocoCSo BaJKHbiM, nocKOJibKY cy- · 

~ecTayeT CSonbmoil_KRacc ~HsHqecKHX aqxpeKTOB, oeiyCJIOBJieHHbiX BKJI8,D,OM 
HM9HHO BbiCWHX nonpaBOK TeOpHH B03~9HHH. K HHM, HanpHMep, B KBaH

TOBOH sneKTpo~HHaMHK~ (K3~) OTHOCaTcn.aqxpeKTY CABHra H-pac~enneHHH 
ypOBH9H BOAOpO~OITO~OCSHbiX aTO~OB. ilOAqepKH9M.TaKJKe, ~0 nposepKa 
T90pHH 3JI9KTpOCJ!a60rO B3aHMO~etiCTBHll, OC~9CTBJ!a9MM B HaCTO~ee 

speMa aa KpynaetimHx ycKOpHTeJIHX B UEI'He, )lE3l1, ~HAJI H B Cepnyxose, 
TaKJKe OCHOBbiB8.9TCfl Ha pacqe'j:'ax, BhlllORH9HHWC C yqeTOM B:EiCWHX nop~

KOB T90pHH B03~8HHH •. 
BM~cTe c TeM cneAYeT OTMeTHTb,qTgnpH~eHeHHe MaTeMaTHqecKoro anna

paTa TeOpHH B03~8HHH K-KOHKp9TH:EiM ~H3HqScKHM npoqecCaM He HOCHT . 

B pll)J;e cnyqaea npHMOJIHHetiaoro xapaKTepa. K TaKoro copTa npoqeccaM 

B K3~ npHH8,D,Jle}!(aT YJKe. ynoMHHaBmHeca Bblme aqxpeKT:Ei _cABHra H pac~enne~ 
HHll3HepreTHqecKHX ypOBHeti BOAOpO~OITOAOCSHWC CHcTeM, ITOCKOJ!bKY B 

HHX nonpaBKH_B~CWHX nop~KOB peaJIH3YJOTCll BMeCTe co cneqH~HqecKHMH 
3qxp8KTaMH CBR3aHH:EiX COCTOHHHA~ . ' 

oqxpeKTri CBll3aHHOCTH, HMeri~e HenepTy,¢aTHBHbtit xapaKTep, BHOCHT 

B9CbMa 3aM9TH:EJiti BKJI8,1J, -~ B~CJI9HH9 3KCll9pHM9HTaJibHO H3M8pll9MbiX CneK

TpOCKOITHQ8CKHX xapaKTepH~THK 3J!8KTpOAHHaMHQ8CKHX-AByxqacTHQHbiX 

COCTaBHbiX CHCT8M •. 0AHaKO , 'npOCiJieMa · OnHC8.IDUI CBJl3a.HHWC CHCT8M B pa.M

Kax peJIHTHB~CTCKOH KB8HTOBOH'T80pHH ITOJ!Jl ITOKa 8!1la:He M0}!(8T CQHT8.Tb-
ca pemeHHoA.\· · ·.· _, · , · .·. , . . · 

HsyqeHH~. BJIHHHHa • sqxpsKTOB CBll38HHOCTH . aa B8J!H'IHHY-. EKJI8,D,a OT · 
MHOl"'OIT9TJI9B~~~eAHMaHOBCKHX AHal"'paMM_B CIT9KTpOCKQITHqecKH9 xapaKTe-· 

pHCTHKH COCTaBHhlX.CHCTeM npe~CTaBJ!fl8T CiOJ!bWOH HHTepec.OAHHM H3 Ha
MCSOJ!ee 3qxpeKT~BHbiX·HHCTPYM9HTOB onHCaHHll CBH38HHbiX cocTollHHA aBJill-· 

~Cfl OAHOBpeMeHHbie ypaBH9HHH, nonyqeHHHe B.paMKaX KBaHTOBOR TeOpHH 
nona a paCSoTax A.A. JlocyHoBa .H A. H. Tasxen~se · • ilpeAJIOllteHHbll\ 

.,. w t.m;:- suw~ 
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HMH IIOAXOA IIO~R TaK*e WHpOKOe npHMeHeHHe B 3aAaqax, CBH3aHHHX C 
aAPOHHOi.:t H KBapKosoi.:t ~H3HKOti , nosHTpOHHeM , ~ TaK*e ARH nposep-
KH npeACK838HHH KS~ H TO~oro onpeAeReHHH ee ~yHAaMeHTaJibHOH KOHCTaH
Tb( tx.- nocToHHHoti TOHKOi.:t CTPYKTYPH • llosTm.w: AaJibHetiwee paasH;.. 
THe annapaTa OAHOBpeMeHHOrO peRHTHBHCTCKOrO IIOAXOAa K OIIHC8HHID CBH-_ 
3a.HHNX COCTOHHHH qaCT~;B TOM qHCRe-H C pasRH~biMH CllHHaMH,H MeTOAH
KH yqeTa B 3TOW TeOpHH BKnaAOB B~CwHX IIOpflAKOB TeopHH B03~eHHH 
KS~ HBRHeTCH sechMa'saJKHoi1-sa,n.aqew~ 

.. ~yroR B~OH 06RaCTb~ nposepKH KBaHTOBOM TeOpHH IIORH HBR~TCH 
pacqeT~, OCHOB~e Ha B~CWHX IIOpflAKax 1eOpHH 3ReKTpocna6oro 
B3aHMOAeHCTBHfro' flaM6onee. HHTepeCHOM qacTbKl 3TOM TeOpWH HBnHeTCH ee 
CKaJIHp~i:t ceKTOp; COAepJK8IJlHi1 tme~ narpaHJKHaHa, OIIHC~BalOiqHe B3aHMO;_ 
Aei.:tcTBHe·BeKTop~ 6osoHOB 11 ~epMHOHOB c.xHrrcoscKHMH qacTHQ~. a 
TaK*e CaMOAeHCTBHe X~rrcos. JriMeHHO HaJIHqHe XHrrCOBCKHX qacTHQ H 
o6ecneqHsaeT C IIOMOiqbiO MeXaHH3Ma CllOHTaHHOrO HapymeHHH CHMMeTpHH 
sosHHRHOBeHHe Macc'sxOAHiqHX s TeopHID qacTHQ. XHrrcoscKHH ceKTOp 
CTaHOBHTCH cy~qecTseHo·6onee 6oraTw np11 pacmHpeHHH. CTaHAapTHOliMOAe-
RH 3ReKTpocna6oro B3aHMOAei1CTB~fl (MOAeRH rnamoy - Bal1H6epra ;_ Ca~ 
naMa) nyTeM BBeAeHH11 AByx ,ny6neTos cKaJUipHbiX xHrrcos.- HsyqeHHe 
B3aHMOAel1CTBJ1H KaJIH6pOBO~ 6030HOB BXOAHT B nporp~ 6yAYiqHX SKCne
pHMeHTaJib~X HccneAOBaHHW Ha nnaHHpyeMb!X ycKopHTennx ( LHC, YHK,. 

5 S C ' - ) • lloaTOMY CHCTeMaTHqeCKOe H3yqeHHe B paMKax CT~apTHOti' 
MOAeRH H ee pacumpeHHi1 B3aiiJMOAei1CTBHJ'! TaKHX 6030HOB , B TOM qHcne 
CKaJIHp~·xHrrCOBCKHX'qacTHQ, ytrnT~BalOiqee· BKJia,D, B~ClllHX.IIOpflAKOB 

TeOpHH B03MyiqeHHi:l, TaiDKe npeACTaBJIHeT 60RblDOW HHTepec. 

l{en~IO p81soT~ .HBiiHeTC~ pMBH'l'He' B paMKax.~BaHTOBOW T80pHH IIOJI.H 
MaTeMaTJ.fqecKOrO annapaTa TeOpHH COCTaB~ CHCTSM. B KaqeCTBe Ta!{HX 
cHcTeM paccMoTpe~ cMs~e cocTomn1.R q~THQ, o6na,n.8lOIIiHX: paam1q..:. · 
~. cnHHaMH, ssaHMOAei.:tcTsHe MeJK,Dj RoTopb!Wi ocy~qecTsnmoTc.R·m'lcpeA~ 
CTBOM npOMSJKYTO~ BSKTOpHbiX H CKaJI.RpM 6030HOB KaJIH6poBO~ . 
Teop~J:\ CJ.fJibHOrO .H 3ReKTpOCRa6oro, B3aHMOAei:lCTBHJ:\. , 

~yqHa.R HOBJ.f3Ha H npaKTHqecKaH USHHOCTb 

B AHCCepTaQJ.fJ.f B paMKax OAHOBpeMeHHOrO IIOAXOAa BKBaHTOBOR TeO-. 
pHJ.f IIOR.fl sneps~e IIOJiyqeHa CHCT8Ma peRJ'!THBJ.fCTCKHX napQHaJib~X ypas;.. 
HSHHH B HMfiYRbCHOM npOCTpaHCTBe AJI.fl·COCTaBHOH CHCTSMH ABYX ~epMHO
HOB, 06Ra,D,8l0Iq8J:\ 'IIOJIHW CIIHHOM S :· 0 H 5 = 1 • AHandrH~e napQH
aJib~e.ypaBHSHHJ'! nonyqe~ARR CJ.fCTeM APYrHX qacTHQ!~epMHOHa·H 6oso
Ha CO· CilJ.fHOM $ = 0 ( '71f - aTOM), ~epMHOHa H 6030Ha CO CIIHHOM $ = I, 
AByx 6osoHOB co CIIHHOM- S =·I. ,l\JIR onHcaHHH BORHOB~ IPYHKQHJ:\ 6osoHa 
( S.=· I) HcnonbsosaH ,2.(2.S+ 1)- ~opManH3M. 

· B paMKax yKasaHHOro ~opMani13MaH~eH· BHA·PeRHTHBHCTCKoro rawtJib-
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TOHHaHa B3a11MOAei:lCTBI1fl BeKTOpHOi:l qacTH~ C BHSmHHM 3R8KTpOMarHHT~ 
noneM (6es ~o~cnonb30BaHI1.fl pas.llolKeHHH ;....·f/111). PasBHT annapaT AR.fl onH
CaHHfl cneKTpa MaCe rnroOHI1fl Ha OCHOBe p8RHTI1BI1CTCKHX ypasHeHHi:\ ARH 
COCTaB~X CJ.fCTeM (KaK B HMfiYRoCHOM IlpOCTpaHCTBe no6aqeBCKOro, TaK H 

B pen.HTHBI1CTCKOM KOli4JHrypaQJ.tOHHOM llpOCTpaHCTBe)~ 

. Ha OCHOBe OAHOBpeMeHHoro IIOAXOAa noryHOBa ~ Tasxen~o~A3e sneps~e 
rronyqeH KBa3HllOTeHQHaJI B3a11MOAeJ:\CTBHfl ARH CHCTet.fii .I{BYX ~epMHOHOB · . 
pasHoi1 Mace~ snnoTb AO qeTsepTor.o nop.f!AKa Teop11H sosMYiqeHHl1. Pac~ 
CMOTpe~ KOHKpeT~e npHMe~ J.fCIIORb30B8HHfl yKa3aHHOrO KB83HnOTeHQHaJia • 

· TifccneAOBaH sonpoc 0 COKp8IJleHHI1 aHOMaJib~ BKnMOB .,.., {)(,5 en., !X. B 
csepXTOHKOe pac~qenneHHe .(CTP) OCHOBHOrO ypOBHJ'! ll03HTpOHHH. llpOBSAeHO 
cpasHeHHe ABYX cnoco6os nocTpoeHM.H KBasHnoTeHQliiwla H HccneAoriiuio 
BRH.HHHS 3~eKTOB CB.fl3aHHOCTH Ha pesynbTaT pacqeTa ·crp OCHOB~ ypos
HSH II03HTpOHHH H ~OHH.fl. Bneps~e B paMKax KBa3HnOTeHQHaJibHOrO IIOAXO
AH B~Hcne~ HeKOTO~e HOBbie nonpaBK11 IIOp.f!AKa ..... oc{.i_Z ot) H ""'Z2oi(,l()(.) 
K 3HeprHJ.f ~epMH CTP OCHOBHoro yposHR ~OHH.fl OT OAHoneTJieB~ AMarpaMM. 
HcrronbsosaH~J:\ ~opMani13M s OTRI1qHeOTpa6oT 3~ec?- 11. AP•• nossonHn 
Hs6eJKaTb paanoJKeHM.fl no napaMeTpy .:for- (oTHomeHHe Mace nerKoR H TfilKe
noi\ qaCTI1Q B ~OHHH) AO npoBeAeHH.fl HHTerpHpOBaHH.fl ITO 11MITYJlbCa:u •. 

Ho.sw sKna,n.oM HBJIReTCR s~cJieHHe nepeHopMHpOBaHHOl1 aMnRHTY~ 
XHrrc-XHrrc B3aHMOAeRCTBJ.f.fl C yqeTOM B~C!DHX nonpaBOK TeOpHH B03MYiqe
HHi:t. PacqeT~ rrposeAe~ KaK s.paMKax CT~apTHOl1 MOAenH Bai1H6epra ~ · 
- CanaMa - rnamoy (BCr) , TaK H B pB.Mliax MOAeRH C ABYM.fl ,ny6neTaMH Xl.ir
rCOBCKI1X qaCTHQ. oTa MOAeJib rrpeACTaBnHeT npaKTHqeCKHH HHTepec BB11AY . 
Toro , qTo AaeT anbTepHaTHBHoe TeopeTHqecKoe pemeHHe npo6neMH CP-Ha
pymeHMH • Bnepsble B paMKax yHHTapHo~ KanH6poBKH B AHCcepTaQHH np11so~ 
A.HTC.fl 3HaqeHHH BSplllHH~ KOH.CTaHT narpaHJKHaHa .caMOAeliCTBH.fl XHI'I'COB-
CKHX 6030HOB. . .. 

llpH p~cqeTe nepeHOpMHpOBaHHOR aMIIRHTY~ ( ·H .. He06XOAHMHX KOHTp-
. ~ . ,-

qneHOB) Bep!DH~e KOHCTaH~ .~HKCJ.fpOBaJI~Cb 3HaqeHH.fiMH MOAeJIH, J'!BJIH-
IO~eRC.fl MHH~bHW cynepCHMMeTpH~ paCWHpeHHeM CTaHAapTHOH_MOAeRH 
narpaHJKHaH qe~peXXHrrcOBCKOro CaMOAel1CTBH11~· KOTO~H paHee He.npHBO

AI1RCJ'! B RHTepaType, B~HCaH B yHHTapHOH KaJIH6pOBKe., 

Pa3sH~_B AHccepTaQHHannapaT MOJKeT.6~Th.npHMeHeH i< pemeHH~ 
m11pOKOPO Kpyra sa,n.aq, rAe H3yq8lOTC.fl CB.fl3~8 COCTO.fiHHH.AByx qaCTHQ 

' . . .,· ' ' 

c pasnH~ cnHHaMH. 

AMrulHTYAa XHr.rc-XHrrc B3aHMOAeitcTBHH MOlKST TaKJKe 6YTb HCIIORb30-
BaHa ARH pemeHHH BOnpoca 0 cnpaBeAJIHBOCTH pa3JIOlKeHH11 Bp.f!ATSOpHJ.f 
sosMYiqeHHR s BneKTpocna6ol1 TeopHH (npH 6on~x Macca.X 6osoHos XHr;_ 
rca), ARH nposepKH yHHTapHOCTH S -MaTpH~ •. AJU{. nocTpoeHH.H 3~eKTHB-
HOro noTeHQJo~ana CaMOAeRCTBHH. 

' . 
3. 



lly6mma.r.nnt •· ITo Ma.TepHEl.lia.M ,IJ,HccepTa.QliU1 ony6nmwarum I6 pa6oT. 

Anpocia.wur pa60Tbi. PesyJibTaTbl' no.nyqeHHble. B )J,HCCepTai~liH '' ,IJ,OKJia,IJ.bi
BaJIHCb 11: 06CYJK)J,aJIHCb Ha. CeMHHapa.x Jla6opaTOpHH TeOpeTHtleCKOtl qJl13l1Kli1 
OWHH H KaqJe,JJ,phl TeopeTH:tleCKOfi' l1 fl)J,epHotl'qJH3li1KH crY. Pa60Tbl TaK*e 
,IJ,OKJI~Ba.JI«Cb Ha IY lllicone MOJIO,Il,hiX yqeHb!X,opraHH30BaHHofi Hl1illi!P MI'Y 
(r. Y*ropo,IJ,, OKTRcipb 1989. r.), .ill BcecOID3HOM coae~a.H«H no KBaHToaofi 
MeTpOJIOI'l1l1 l1 qJJH)J,a.MeHTaJibHbiM KOHCTaHTa.M(r. JleH«Hrpa,n,, )J,eKa6pb 

1988. r.), BcecoiD3HOMCOBe~aHHH "MaTeMaTHtieCKHe npo6neMH qJH3«KH" 
(r •. Ca.Mapa, Mafi.I987 r.), Me~BY30BCKHX coae~aHHRX no qJl13HKe BbiCOKHX 
3Heprl1tl ( r. GapaTOB' Matl I988 r. );, • ( r. n eHHHrpa,rr.'. Matl I990 r.) • 

06~eM pa60Tbl. ~CCepTa.QHR COCTOHT 11:3 BBe,JJ,eHHR, 4·rJiaB OCHOBHOI'O 
TeKcTa, 3a.KJIIDtieH«R H 2 npMJIOlKeHHtl. TeKCT,JJ,HccepTaQHH l13Jio~eH Ha I22 
CTpaHH~ax, · BKJIIDQM 3 . · p«CyHK8. l1! Ta6JIHLJy .Bl16JIHOrpaqJI1QeCKl1H crm
COK JIJiiTepaTyPhl CO,IJ,ep~T I24 Hal1MeHOBa.Hl1R. 

CO)lEPjl{AJME .@CCEPI' AUlli1 .. 
Bo BB8,IJ,8HHH KpaTKO .J13Jl0*8Hbl OCHOBHble H,IJ,el1 MeTO)J,a O)J,HOBp8M8HHOI'O 

peJIRTWBHCTCKOI'O Onl1Ca.Hl1R ,IJ,ByxtiaCTHQHh!X CHCTeM, a TaK*e )J,a.HO 060CHO

Ba.HH:e .aKTJaJibHOCTH BbiCipaHHOtl TeMbi •. RpaTKO l13Jiara.IDTCR OCHOBHble ~eJIM 
pa.CiOTbl 11: ee. CO,D,8plKaHHe • 

, B nepBOH rJiaBe Ha OCHOBe KOBapHaHTHOI'O TpexMepHOI'O peJIRTl1BHCT
CKOI'O ypaBHeHHR )J,JIR CnHHOBOH BOJIHOBOH qJJHK~liil1 (B\f?): 

2 Z\ o . [M - 2 il o . 1· Y G;6'a ·(z ) = 
f,m)p . p.m)1! . ft.IK p,m>.il 

. ·.. . . ~· . (I) 

= 1 ' ·. ~ ·J· ol4k ~-'m ·' v··· 51~ .(· ""+ - ~2 . - ,, ~.·~,-
:-- 3 ~ . 1 :J L! · Ll ' t.r.l Y.U~ L\ 

(27i)' )1, y 2. f'::/' . Y.tYz p,mAf? ' IC,m~;p' ~ J yr~K ~,) 
~;.;! • KmA · · · · 9 

. 1. 'P t 

CTp011TCR.Cli1CTeMa nap~aJibHbiX ypaBHeHHJ:i )J,JIR Onl1Ca.Hl1R CBR3aHHbiX COCTO

RHI-fii QaCTH~ C pa3JI11QHbiMH CnHHa.MH. rnaBa COCTOHT H3 5 naparpaqJOB, 

B § I 11CCJie,JJ,yeTCR · CJIY~atl, KOI',JJ,a fl)J,po V 11HTerpanbHoro ypaa- ·. 
H8HHR, UO,CTpOeHHOe 113. qJ8HHMaHOBCKI1X MaTpHQHb!X 3JI8M8HTOB a.MnJIHTy-

~bl B3aHMO~encTBHR CllHHOB~X qaCT«U , C llOMO~bD onepaUHlii llpHpaBHHBaHHR 
apeMeH, saBHCHT oT ~OJIHO~ aHeprHH cansaHHon cHc~e~~ ~ayx ~~P~«~Hoi. 
(AHanorH4HHn cnyqan MO,ll;eJIH .i3l1Ka ..: KyTKOCKoro uccJ!e~oBaJICR B pa<loTalC 
Ap<ly'30Ba u·~p~)·fioJIJ49H KBfl3HllOT9HUHa:JI ·a '$();;.. npe,n:CTaBJr6Hl1lt. 

YKa3aHHHn KBasl1n.oTeHul1aJI H B1> c noMOI!IbD mapo~~x ~eKTopoa pa3nara-
mcn· no napuimni>HHM BonHaM. ;.:·. · · · , · 

· B § 2 Ha oclioae Ta.KoropaiJioJKeHHR cTpOHTcn·cHcTeMa nap~aJihHhlx 
/peJIRTI1Bl1CTCKHX ypaBHeHJ1:fi ,IJ,JIR COCTORHHti C , noJI~ CriHHOM .. · S ;,; 0 « · . 

S = I. Bh!Ql1cJieH KBa311JIOTeH~an a ;re -npe,JJ,cTanneH«« ( ,JJ,JIR sHa-

j 

. ~; 

II) 

: 1 

"!' 

tieH«A e = O,I,2h 

B§ 3 paccMa.TpHBaeTC.Il ,D,pyroe B03MO~Oe CBR3a.HH08 COCTORH11e: 

!lJepMHOH - 6030H Cn«Ha 0 (T.e. '71ft-aTOM 11JI11 KBapK-)J,11~BapK). lloJiy
tieHbl COOTBeTCTBJID~e napcy~aJI?Hhle ypaBHeHH.fl 11 KBa311nOT8H~aJI V . 

B § 4 )J,JIR on11ca.H11R cocTaBHh!X-C11CTeM.T11na: !lJepMHoH-6030H cnHHa I 
(KBapK-)J,11KBap~OBaR·C~CTeMa) HJIJii )J,Ba Ci030Ha CnHHa I (I'JIIDOHH~) 11CnOJib-
3JeTCR TOT *e annapaT peJI.fiT11B11CTCKJi1X O)J,HOBpeMeHHbJX ypaBHeHH~. 
,LVIH onHcaH«R '-n~~eBhlx onepaTopoa · qacTHI.\bi cn11Ha S = I · B re~seHCSeproa
CKOM npe,JJ,CTaBJieHHH, KOTOpble. BXO,IJ,RT B BtiP BeTS'- CoJin11Tepa ( 11 B O)J,HO

BpeMeHHJID ~ TO*e) HCnOJib3JeTC.Il 2 (25+ I) - KOMnOHSHTHh!A qJOpMaJIJi13M. 
"'MHorHe noJiesHble !lJopMyJibl. ,JJ,aHHoro !lJopMaJI113Ma eM. B llpHJIO*eHHH I. 

. JviR CBR3a.HH~ro COCTORH11.fl ,JJ,Byx I'JIIOO~OB :- PJIIOOH11R, nOcTpOeHa CHC

.TeMa. J:tapQ«anbHbiX ypaBHeHHH B. peJIRT11Bl1CTCKOM KOHqJ«rypa~OHHOM npe,JJ,
CTaBJieHH11, KOTOpaR HCnOJib3J8TCR ,IJ,JI.fl HaxO~eH11.fl KBa3Ji1KJiaCCJiitl8CKOI'O · 

ycJIOBHR KBaHTOBaH11R. 

§ 5 noca~eH Haxo~eH11ID peJIRTHBHCTCKoro.ra.MHJibTOHHa.Ha BSaMMOAe~
CTBHH B8KTOpHOH QaCTH~ C BHeWH11M 3JieKTpOMai'H11THb!M noJieM ( Cie3 HCnOJib-

30B?.HHR pasno~eH«R ""' 1/ m 2. · ) • 

BTopaR rJias~ nocBH~eHa a.HaJIH3Y s~eKTOB ~BR3aHHOCTH B ,JJ,Byx!lJep
MHOHHhiX CHCTeMaX H BhltlHCJieHHID nonpaBOK K CBepXTOHKOMy pac~enJieH11IO 

(CTP) OCHOBHOI'O ypOBHR MIDOHJii.fl H fl03HTpOHH.fl. HeoCiXO)J,li,MOCTb nOBbiWeHJiiR 
TeopeTHtiec!wt:t TOtiHOCT11 pactieTOB cTP ,JJ,«K~ye~cR 3Hati11TeJibHhiM nporpec
coM B H3MepeHH« ero aeJI11tiHHhi,B nosHTpOH11H'11.MIDOH«H. TaX, ,JJ,JIR no311T-. . . . 

.·p0H11R 

LlY = 203389,I0(74) M~, 

a )J,JI.fl .. MIDOHHR 3HatieHHe Ta.KOI'O pa.C~enJieHHR 

·' ~ p .·- ..... , .. '•" ., ... : " . <'-··' ' 

:.: ~463302,dd(I6) M~. Ljy. 
B § r BhiBO)J,HTC.Il KBa311nOT8H~aJI B1 

tieT'BepTOM nopR,JJ,Ke )J,JIR B3ali1MO

• ,JJ,el1cTBHR qacTH~ O,JJ,HHa.KoaoA Macchi no · pe~enTy, c~Popi.lynHpoBaHHOMY · A. A. 
. ' JloryHoBhiM 11 A. H. · TasxeJIH,IJ,3e: · · ·•· · ·· . : ·. · · 

· .::_;.. - V ==- rc+( L +' fi'.cr:+) -J. (2) 
. :...{. ... + -1 •' . . . 

(npHtieM .:. 't;:f:' = F'· t;OTG; fi' ) , T.e~ c 11cn6Jib30BaH11eM ,JJ,ByxapeMeHHOA 
~YHK~11 fp11Ha. 0TJIHQHTeJibHOR OCOCieHHOCTbiD noJiytieHHOI'O KBa3TTIOTeH

~aJia·• HBJIReTCR ero 3aBJi1C11MOCTb OT 3HeprH11 COCTaBHOH CliiCTeMbl~ nORBJI.fl
ID~aRC.Il rB',ye3y~hT,aTe nocJie)J,OBaTeJibHOI'O :yqeTa· 3~eKTOB CBR3rutHOCT«. 
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B § ·· 2 Ha ocHose · noJiyqeHHoro KBa3111IIOTeHQHaJia Hccne,u,yiOTC.R aHo

MaJihH!ie BKJI~ "-'C(Sf+10( a CTP nosHTPOfi,H.R, o6ycJIOBJieHHh!e noae):\e
HHeM KBa3HflOT9HQHaJia B ~paKpaCHOH 06JiaCTH. llcnOJib3yeTCSf KYJIO
HOBCKa.R KaJIH6poBKa. B KaqecTae BOJIHOB~ WYHKQHH HaqaJibHoro H KO
He~oro JS-coCTOSfHHH HCflOJib3~TCSf TOqHJie perueHHSf HepeJI.RTHBHCT
CKOI'O ypaaHeHH.R illpefiHHrepa c KYJIOHOBCKHM noTeHQHaJIOM: 

¢-(-~) =. 8r.(l-o{)~ / '~>c (o) I /_th (o.'} = ~.?~',.{ 
c f (p2t-l:~Jt}2 ' ic J _ . 7r r, (3) 

.J 

j'l.f - npHBe):\eHHa.R Macca, ol.. - flOCTO.HHHa.R TOHKOH CTpyKTypbl. 
0TJIJ.tqHe TaKO.A ~ OT peJI.RTHBHCTcKoR -~ KBasHnoTeHQHaJibHoro ypas

H8HH.R He CKa3b1Ba9TCH Ha pesyJibTaTe pacqeTa·CTP C YKa3aHHOH TOq
HOCTbiO. 

B§ 3 HCCJie,IJ,YIOTCR BKJI~ B CTP MIOOHHH (tn:1 icm
2

) • llpOBe):\eHO 
cpaBH9HHe ,1\BYX M9TO):\OB flOCTpOeHHH KBa3HflOTeH~aJia ( C flOMO~biO 

,1\ByxspeMeRHoR WYHKQHH fpHHa H aMnJIHTY.I\bl pacceHHHH BHe sHepreTHqec-

KoR noaepXHocTH: {FJl..tmf + Vp~m]'* {9}fm_}-~vqJ+mi~E· KaK H · 
paHee npOH3~0):\HJICd ylleT 3aBHCHMOCTH SfAPa ypaBH9HHH OT 3H9pi'HH CHC
T8Mbl. 

TBJOKe paccMoTpeHbl O):\HoneTJieBble ):\Harp8J.4Mbl c aepll!HHHoR M co6-
CTBeHHo-3HepreTHqecKoit qacT.RMH. BJ:lqHCJieHbl HeKoTopble- nonpaaKH no

P.R,II;Ka -o< (~.,c) H .:....~~ (~!:() K siieprHH ~epMH csepxToHKoro pac~~n
neHHH MIOOHHR. llpH 3TOM,npH BJ:l'qJ.lCJI9HHH He06XO):\H~ HHTei'paJIOB He 

HCflOJib30BaJIOCb pa3JI0*9HHe flO~Tel'paJibHOI'O Bblp~eHHR no napm.teT-
py mfft-1. . 

llOJIYqeH HOBbiH peayJibTaT: _ . . . 
2 

4 EaP = _e. {ct-(:lu) m
2 

3{2' rt?n-2 +2). D -~1i-l oc(ioc)~ 
. . _P . 1f2. . . ,Nt 2 4 Llj6 . rn M J 7i~ 

. ~;vz[~ &2~ ~(1- ~~2+ 1~ fh&~~Z»~~ 
B TpeTbeR I'Jiaae B paMKax CTaH):\apTHOK MO):\eJIH 3JI9KTpOCJia6oro 

B3aHMO,l\e.AcTsHR Bcr pacc~TaHa aMnJIHTy,l\a xHrrc-XHrrcoac~toro aaaHMo
,l\9HCTBHH C yqeTOM 0):\HOfleTJieB~ nonpaBOK. llpH 3TOM npoQe,l\Ypa nepe-

{ .:! 2) HOpMHpOBOK OC~eCTBJIRJiaCb Ha MaCCOBOH noaep~OCTH ~fi~h7i noCJie 

cnoHTaHHoro HapyrueHHH CHMMeTpHH • B KaqecTBe HesaBHCHMHX 

s 6 

tA· 
! 

HJ ,,. 

,_ 
;J 

napm.teTpOB HCflOJib30BaJIHCb: e - 3JI9KTpHtl9CKHK sapSf,D; H fit;, tf; , 
fo1_x • H m~ - MaCCbl BCeX tJaCTHQ, T.e. napaM9TPf>l, peKOM9H):\0BaH-

Hble 'rpwecTcKo.A KOHWepeHQHe.A • _ · · . .. .. 

B § I npe):\CTaBJieH JiarpaHxoiaH CKa.rutpHoro ceKTopa a YHI1TapHoR 
KaJI116pOBK9 H 06C~eHa nporpaMMa nepeHOpMHpOBOK. 

B § 2 paccMaTpHBaiOTCH nepeHopMHpoaaHHHe co6cTaeHHO-sHepreTH-
qecKHe H B9pill11HHbl9 6JIOKH. . 

llOJIHM aMnJIHTY.I\a npoqecca H0H0~ H1t c yqeToM qeTaepToro nopHA-.,. 
Ka TeopHH B03MYJ!l9HHK·H.He06XO,l\HMbiK B YHHTapHOH KaJIH6pOBKe KO~Tp
q;reH i;J.tc>t. npe,l\CTaBJI9Hbl B § 3. Heo6XO):\HMO OTM9THTb, _tlTO B KOHeq

Hb!R peayJibTaT BXO,l\.fiT 3JI9M9HTbl MaTpH~ Ko6a.RWH - MacKaBbl B CHJIY HC

nOJib30!'18JrnR KOHTpq;reHOB aM~/M! H Zw"" 1. npH npoqe,n,ype nepeHOpMH
POBKH. 

lloJiyqeHHa.R aMflJIHTY.I\a MO*eT 6fl'l'b HHTepecHa·a) C TOtl:KH 3p9HHH 

B03MO*HOI'O C~eCTBOBaHHR CBH3aHHOI'O COCTOHHHH KaJIH6pOBO~ HJIH 
xHrrcoacKHX 6oaoHoB H Heo6XO,l\HMOCTH HX ~eKBaTHoro onHc8HKR; 

6) npo6JieMbl YHHTapHoro npe~eJia H cnpaBe,l\JIHBOCTH TeopHH aos~eHH~ 
.a Mo):\eJIH BCr npH 6oJibWHX Maccax XHrcoacKo~ qacTH~;3) c TOqKH 

3p9HHH B03MO*HOCTH TOI'O t .tlTO KaJIH6pOBOtl:Hble 6030Hbl MOryT 6b1Tb COCTaB~ 

HbiMl1 qaCTHQaMH H o()pasOBbiBaTbCR B peayJibTaTe CHJibHOB3aKM0):\9~C'l'BY
IO~ero cKMHpHoro ceKTopa TeopHH BCr. AHa;ror.Htl:Hble pactleTbl aMnJIHTY.I\bl 

XHrrc-xHrrc ( H'H-) · B3aKMOAei1cTBHH B Pa.Ml(ax ABYJQJ.Y6JieTHoro 
paCWHpeHHH CTaH):\apTHOH M0):\9JIH npe):\CTaBJI9Ha B_ qeTBepTO~ I'JiaBe •. 

B § I BblnHCaH JiarpaHJKHaH ):\Byx,ny6JieTHoR l.top,eJIH , a Ta.IOKe MHHH

MaJibHOR cynepcHMMeTpH~O.A M0):\9JII1, KOTOpa.R TO~e HCnOJib3yeT p,Ba ):\y6-
JieTa CKaJIRpOB. BBJ.l,l\Y rpOM03):\KOCTH BepillHHHb19 KOHCTaHTbl CaMO):\eacT- . 

BHH paaJIHtiHHX XHrrcoa B YHKTapHOR KaJIH6pOBKe abiHeceHbl B ITpHJio*eHHe 
II. 

06c~aeTCR npo6JieMa nepeHOpMHpoBKH B c~KTope XHrrcoBcKHX 

6030HOB. , . . :-, . . . . . .. . . . 
B § 2 awHcaHbl co6cTl!eHfio-sHepreTHqecKHe H aepliiHHHble 6JIOKH, 

KOTOpble aaTeM ecnOJib3~TCR ,1\JI.R Haxo~eH_!{H aMnJIHTY.I\bl. Hl-fl- · B3aKMO;.. 

):\9ftCTBHH. . .. . 
B § 3 np~.I\CTaBJieHbi·HeKoTOpble ~OHTpq;reHbl, Heo6xo,l\HMble ,1\JIR nepe

HOpMHpOBKH C06CTB9HH0-3HepreTH'q9CKHX,BepmHHHHx,qacTe~ aNnAHTY.I\bl 
B3aHMO,l\ei1cTBHH. B KattecTae KOHCTaHT, cooTBeTCTBYJO~X BepmifiiaM {no. 

W9AHMaHOBCKHM npaBHJiaM), HCnOJib3~TCR KOHCTaHTbl_ MHHwlaJibHOft cynep- · 
CHMMeTpH~OR M0):\9JIH. 

B § 4 npe):\CTaBJieH pe3yJibTaT BWrnCJI9HHJ'I aMllJIKTy,l\bl u+H- B3aKMO

):\eRCTBHR.BnJIOTb ):\0 qeTB9p'l'OI'O nop~Ka TeOpHH B03~eHJ.tR no 3JI9KTpo-
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' .. . 
' ' 

cJia6oK · ~OHCTB.HTe cs.Ra11 •. ·. 

B sa.KJIIOtieHww cipopMJ;mposam,t ocHOB?bte BhtBO~bl ~MccepT?J..\1111. 
B ilpWIOlK8HHH I Bb1IIHC8.Hbl OCHOBHble tlJOpMYJib! 2{2S + 1)· tlJopMaiU13M8.. 

B ilpHJIOlK8HHH il Bblfii1C8.Hbl KOHCT8.HTbl CaMO,IJ.SHCTBHJi, noJiyqeHHble .B Jiai'p8.H
JKHaH8 ~ByxAy6JI8THOH MO~SJIH IIOCJI8 CIIOHTaHHOI'O.HapyweHHJi CHMM8Tp11H. 

. • - . 

OCHOBH:lE PE3YllbTATl:l, ilO.JlYIIEHmE B ,LJ,11CCEPrAllW'l 

.I. B paMKa.x·o~oapeMeHHoro no~xo,n.a B_KBaHTOBoii.TeopHHIIOJIJi pas
BHT annapaT ~JIJi OIIHCaHHJi CBJi3aHHb!X CHCT8M pa3JIHtiHbiX CnHHOBbiX qacTHI,\: 
I) i{lepMHOHa .11 6osoaa cmiaa S = 0 ( 7\f'l .-:- aTOM)nS;,.1i2) ~syx 6o-
30HOB co cxmaoM S ·= I; 3) i{lepMHoa~epMHOHHOH ·CBH3~Hoi1 cHcTeMhl. 
ilonyqe~ pemi~H~HcTcKae TpeXMepHYe; · a· TaiDtte · napl.\HanhHY~ ypasaea1-m· 
,D,JIJi aonaosoi1 i{lyHKI.\HH coc.raaaoa cH:cTeL1hr. ; . · · · · · ' 

2. · BYtiHCJieH KBa3HIIOTSHI.\HaJI ·. B3aHMO,n,ei1cTBHJi. ,D,JIH ,n.syxi{lepMHOHHot:i 
• CHCT9Mbl {,D,JIJi i{JepMHOHOB C paBHbiMH MaCCaMa) C yqeTOM·~SHOB BnJIOTbjf 

,IJ,O qeTBSpTOI'O nopJi,D,Ka T~opa11 B03~8HHH Ka,n. . ; '. 

. 3~ ilpOaHaJIH3Hp0BaHO _coKp~eHHe aHOMMbHhlx. ('Y;xs~ot.) 
BKJI8,n,OB B CBElpXTOHKOe.paCill8nJI8Hae II0311Tp0Hl1H.OT ,IJ,Hai'paMM npJiMbi'O 
KaHana. ilpOaHaJIHSHpOBaHO BJIHJiHHe 3i{li{lei<TOB CBfl~laHHOCTa' H HHi{Jpai{paC;.:_ 
HOI'O, TIOBe,D,SHHJi KBa311rlOT9HizylaJla Ha pesyJibTaT pacqeTa ncmpaBOK 

-"(~ ~rA.flp·, s''ca~pXTOHKO~ p~Clll8M9HI18 ~OHI1fl •. · , ,' , 

· ~.~~e~ ~ei<o~opb!enonpiisKH ~i(;t~J :a ... ]l.tX:(1ot) K :meprHH. 
~epMH.CB8pXTOHKOro_paCill8IIJI8HHfl.OCHOBHOI'O ypOBHfl MKJOH11Ji.OT.O)J,HOTI8T-
JI8B~ ~HarP~~- , ·• , " . , . . .. , 

· 5 •. B paMKax .2(2$ t- i) -MepHOI'O .OIIHCaHafl ·llii qacTHI.\ co CnH-:- · 
HOM · S . IIOJIYti8H I'aMHJibTOHHaH B3aHMO)J,8HCTBHH BSKTOpHOH qacTlU.\bl C · 
BH8illHHM sneKTpOM~I'HHTHbiM TIOJISM { 6e3 pa3JIOlKe,}mfl ..., 1j m 2. ) • 

'6 •. B :paMKax ·cTa.H,n,apT'tiott TeopHH .. sneRTpacmi6oro ·saaHMoheiicTBHa 
a ee IlpOCT8Hill8rO )J,Byx,D,Y6JI8THOI'O pacwapeHHfl Bb!tiHCJISHa .nepeHOpMMpOB~-:
HaSI 'aMru!H,Ty~a: xHrc~xHrrc' (H 0 H0 ~ H. f.rrH_~ )' 's3a~o.u.ei1cTsa~.- HaM- · 

. )J,8Hbl COOTB9TCTBYIOII\ae KOHTpineHbi. ' ·. . . . . . . .. . . 

. 7. iloJiyqeH TIOJIHbiH JiarpaHlKHaH )J,Byx,ny6~eT~OH MO)J,8JIIIJ H MO)J,SJIH, 
HBJifllOIIleii~H ·-M~bHbiM 'cyriepc~~eTpHtiHbiM 'r~cilurp~HHeM· · . cTaH)J,apTHoi1. 
MO)J,Snl1 ,;~e. c' )J,BY~ XHri',COBCKHMR: AY6JI'eT~ ~· o;~yTCTBHSM xarr.~~B~' 
cKHx,~~~HI'~~:P~~.~~· .. ·at"·~'·.i .·· c'~~c~·b · .t.~zs~ .l;,:;··t.;:~.~. _on~~AeJ!~~~·r.: ~. 
CaMO)J,8HCTBI18, KOTOpM paaee 'He 6b1Jla· npe)J,CTaBJI8Ha B JIHTepaType:. ,-, ' • \.._,.. ,t_. ,, • ' '1 ;,. < ' ., '.' 'h : ~· 

' / ~ . -· ~' 
, ~ ' ( : ... · ~.~-L ."··. ~/~ 

·' . , ; . . . ~. . i ~~·~;.:~·,;~-~· ;j·,·i' ·;' !'''" •i ~! • i r·· ;· , : ~ ;· 
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