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OEiJAfi XAPA.1\"'tEPHCTHI<A PA130TH 

B .iurccepTill\1ill rrpe,nCTaI3Jl9H MeTO.lt H peayJII,TaT1! RCCJ19,ltQBa.HIDI crpyx

TypH a,ITI)OHtlliX COCTO.::Irurii B O,nHO:it ll3 qJOpM RX B3am.m,ne:itCTBIDI C .Iij)yrmim 

061,m-:Ta.,m r,llIKpm:,npa - B rtmmepcuomrnx H JIBIITOHHHX pacna,n:ax nceB,no

CKa.1I.HpHUx r,!e30HOB. 

If,nerr paapa6oTaHHOrO MeTo,na OCHOBaH1! Ha .rmarpaMMHOil: lll.lIY1lROHHO:it 

Texmme, rrpe,nJIOli':9HHOK B.r. Ka.mnueBCKHM, li B03HHRarO!ll9li B JIORBJII,HOli 

ICOBapnaHTHOli rat,OOll,TOHOBOli qiopMymrpoBirn KBaHTOBOii TBOpRH II0.71.fI (KTII). 
Hayqemrn CTPYKTYPH peJJJITHBHCTCKIIX CBH3aHHHX COCTOlIH.Hii KBapKa ll aHTR

KBapRa, rmapROHHBB, orrnpaeTc.H Ha ypaBHBHUe ,nJIH IIOJIHOll UHBapHaHTHOft 

Bepmnrno.U @'JHRIUUI. 

C IIO!.iOlljl,10 paapa6orami:oro arrrrapaTa B03MOJKHO B!1'!HCJ19HR9 MaTpR'!Hb!X 

3JI8M8HTOB @-l3ll'18CKHX rrpou:eccOB B COCTaBHUX MO,ItB.71.fIX 3JI8M8HTapH1!X '!aC

TUU:. 

Ah'TY AJ.::1HOCTI, 

AK'ryaJII,HOli aa,n:a<ret1 kICCJIG,ItOBamm cy6CTPYKTypH Ma.Tepim Ha 7f.POBH8 

B3aJIMO,Ii8llCTBitii 3JI6M6HTap1mx 'laCTRIJ; HBJlH8Tc.H 11:ayqemre ,nrrnaMR'l6CRIIX 

trepT IIOBe,n:emm ce-remn'i: qlH3If'l9CKIIX rrpou:eccoB, OCHOBbIBaqcI, Ha KBaHTO

BOM T00pirn Ka.JIH6pOBO'lHHX IIOJieii. YpaBHemm IITII ID,iBIOT cymecTB8HHO He

JIIfHBllHHii xapaRTep. AHa.n:Or.H'!H!!:it xapaRTep HOc.HT II YPaBHBHim ,UaiicoHa -

illBuHrepa. YpaBHemm z-e Tima EeTe-GoJIIInTepa (EC) .ItJIH .D:BYX'laCTI!'IHOii 

CIJYHRIJ;Irn: Iprrna HBJIHIOTC.q JIIfH9llH111',IR. 

!Tpu pell!BHU.0: B ,nuccepTa!$H 3a,n:a'l IIO B1!.HCHeHIIIO"MeXaHU3MOB 11 Bsa

.l!MO,ne:itcTBfIH COCTaBJlH!OIIlUX -raCTRIJ; B03HifltaIO!llII9 TPY.ltHOCTU, liHOr.tta 3Hai:rn:

T9JU,ID.19, rrpIIBO,nHT R TOMY, 'ITO CTaHOBUTc.H H9B03MOJKHID)l peilleHIJ:e rrpo6Jie

M!J B o6meM Bll,lte, IICIIOJII,3YJI .D:BYXBPBMBHHOii ([JopMa.JllI3M EC. PemeHUe psma 

ROHRPBTHHX 3a,n:a-q B TeopHH pe.71.fIT.HBifCTCKOro orrncamm CBH3aHHoiJ: .D:BYX

'laCTU'lHOH CIICT9Ml1 orrupaeTc.H Ha If3B9CTHH:it MBTO,n: O.D:HOBpeMeHHoro rro.n:xo

,n:a ( KBa3ruIOT9HW!aJI.bHh!l{ MBTO,lt JlOryHOBa-TaBX9JllI,D;3e) B KTII II, B '!aCTHOC

TU, B .rmcc·epTarurn - Ha MBTO.I( .n:narpaMMHOH ll!IIypIIOHHOli TBXHRKU Ka,Il;W1IeB

CROro. 

H.Iij)O rpelCMBpHoro ypaBHBHIIH orrpe,n:e.JIBHO B TepMHHaX .D:BYXBPBMBHHOfi 

q,yH1tIJ;IDI IpIDia .I(.71.fI ,n:Byx 'IaCTRIJ; 
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TaKoit no.n;xo.n; B Teop.ID1: .ffB.JmeTCJI 6oJiee npe.n;notITHTeJ'.LI,P.m,1 Il rrosBoJI:IeT 

Bl!'IHCJWTI, YJ)OBIDI 3Heprim CB.•I3aHHOM CFICT8MH .n;Byx 'IaCTUIJ;. 

EcJIFI paccMaTpIIDaTL a.n;pOHH Ka.IC COCTaBH!:18 OC>'.b8KTH, TO CTO.iIE:ne 

rrepe.n; Teopueii OCHOBH!le Bonpocu, CB.,'I3aHH!:le C TipOHB.ll8HII8M c.,10r.moii 

CTPYKTYJ)H 3THX 06'.beKTOB B rrpou;ecce B3aI1MO.n;ei1CTBfL'I, He l,!OP'/T C>l!TJ., 

BHf.ICHeH!l des 3HaHII.F.!' B6Pllll1HHllX @yliKIJ;FIH, 3fillUC.H!!U'IX OT . .l!MIIYfilCH!:IX 

nepellleHHlilX, npucyuurx COCTa.BJlff!OIIUIM tiaCTJIIJ;a.M I! COCTaBHOii CFICTeHe B 

IJ;8JIOM. 

BHIIOJIH8HHlilli B .n;uccepTalUlli aHaJlll3 nepexo.n;Hl!X qioprAq>a.RTOpOB 

(IT~~) B pacna,n;ax KBapKOHUeB, BH'IHCJieHHe IIIIlPHH pacna,n;oB CY1!!6CTB6HHO 

3aBI!CfiT OT CBOHCTB IIOJIHUX I!Imaplla.HTHWC BeplllliHHli!X @yHKIJ;IDi, 

B .n;uccepTauID! BeplllllliHaH @THKIUL'I II BOJIHOBaH r!)YHKIJ;ILq (BO) cM

saHHoro COCTO.fIHWi .n;ByX R.Bap1WB paccMaTpllBaIOTCJI KaK pemeHIDI COOT

BeTCTBYJO!llliX KOBapllaHTHUX Tpexr.1epH1iIX YPaBH6Hl!M ( OTII!CHBaIOUU!X COCTaBIIylO 

CI!CTeMy IJ:3 .n;ByX 'IaCTIIIJ; co CIII!HOM I/2). AKTYaJIJ.,HllMil .ITTlJlffIOTCJI paCCl,10'1'

pemrue B ,llI!CCepTalUlli sa.n;a'Ill O KOIIDepcilOHHilX ,Il;aJII!TIJ;-pacna,n;ax JI Jl6IITOH

Hli!X pacrra,n;ax 'Ji 0 - JI 2 -M~soHOB B CB.fI3Il c cymecTByromeJii npodJieMo:ilr 

Bl:l'IIlCJiemm: rrepexo.n;HHX qiopM([Ja.KTOpOB l! aCilMIITOTH'I6CKoro TIOBe.n;emm yrr
pyrnx qx)p!,ltpaKTO])OB 3TilX M830ij0B B KBaHTOBOM xpOMO,Il;I!Har,mrrn ( KX,U) • 0T

M8'!8HHlil8 pacrra,n;H .ffBJI/UJTCJI 6oJiee IIpOCThlMH H, II03TOMY, no.n;.n;ruoTCJI 60Jiee 
TIOJIHOM TeopeTH'IeCICOll HHTepnpeTalUlli, 'ISM 'IHCTO a.n;pOHHHe B38.HMO,ll;eMCT

BllR, 

IIOJIY1I6HH8 pellleHilli ~rnaMH'I6CKIIX YJ)aBHeHirii )VLfI CB.fI3aHH!:!X COCTOJI

HilM C peJL'ITimlICTCKilMil IIOTeHIJ,liaJiffi/!11. y.n;ep,mrum KBapICOB .fIBJI.fieTCJI aKTy

a.JILHHM B CBH3lI C roTOB.fI!l1KMl!CJI 3KCnepl!M6HTaMll no R3Y'l6HllKl ce1IeHHll KOH

Bepcuomrux 1! Jl6IITOHHHX pacrra,n;oB JierKIIX H 1IapM0BaHHHX M630HOB, 

I.IEJI1 P ABOT!l 

I. Paapa6oTKa TeopeTHtieCKHX rrpe.n;cTaBJielliili o noTeHIJ;Ha.,-rax y.n;epY.Ca

. HI1!I 1IaCTIIIJ; B MO,ll8filHUX sa,n;a'Iax h'TIT. 

2. BocrrOJII,30BaBl!lliC1, OCHOBHID,m M8TO,IJ;aMH llIIIYPHOHHOli .n;narpaMMHOll 

T8XHIUUI IIpOB8CTU aHaJllI3 CTpYKTYJ)HOH BeplllilHHOH ~ C 0.D:HOMepHHM 

rrapru.18TpOM B Teopmr CB.fJ:38.HHl:lX COCTO.ffHilli, 
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3. Paspa6oTKa TipOi~O.n:y:pHOli cxeuu BLU(8Jl81Iill1 ID~-IIOT8Hl.U!a.Jia 

E3a:E:o.n;ei1CTB!l'I rm MUJ1!1X paCCTO:':IHIUIX Meri;,ny .rtBYMH F.Baplta!:m • 

. ~. Jpone.n:mrne CIJaBII!'iTeJ11.,uoro a!i.?..11:nsa B03tIO£.'i!:!X crroco6oB rrocT..:. 

poeHJcii (iH3!!U.CCI·:I!X lli',illJ1IITY.ll: 5 pa!,II(aX CTaH,nUpTHO:'.i Teop:rn ua OCHOB8 

S -1:IaTprmE lI TIJ8Xl.18:;mo:1 Teopmr CM38.HHOro COCTO,'IHIIF. .n;BYX' '!aCTim ua 

rrpmrnpe BLflIICJiem;;,q KOHCTaHT:-1 fr, pacrra,n;a JI - ~ J C Y!!8TOM IlH

BapIIaHTH01 3eprumno:i (y:1KIUrn, omrcillla!OI:leii cTpyRTYPY J, -HeaoHa. 

5'. PaspadOTF.a T0',,'11.Ji; peJL'IT!!BI!CTCIW¼ MO,IJ;SJIIl po;;-,,u;eHIL'i nap Jierr

'.::OHOB, rrn.xo,wrHUIXCJI B CBH3aHHm,: ( co cmrnm,: S = I) COCTo.qmrn B KOH

nepe!IOHH!IX pacrra,nax .1:0r1::rx r.10souoB. 

6. :?aspaeioTKa TeopeTIHecr-:oro arrrre.paTa, rrosBoJUI,JT.!lero ;,rrr!ITt!BaTr, 

n.;rnn:mm !I(/;} Ha CITORTP 3(\[Jel,Tl!BHE:X Mace rrap JI8IITOHOB B KOH30PC1!0H

HUX .n;a.'l!{Tll;-pacmmax B TP.8XM8pHOE Teopmr CBH3aHH!!X COCTOHimi-i. 

7. llcc;re.n;onamrn ce1remm po;r,nem-1q CB..'Isauuoro rrceB.n;ocrca.nHpHor6 

CC-cocTOJI!UL'I na DCTp8l!H)1X 9 +e.- -IIJ'!Kax. 

8. !IOCTp00Hl1:8 .lLI1Hal'1H'{0CKOJ1 Eo.n;e.'l.l! EBapF.OHl!.ii C IIOJ!HHM CII!IHOM 

paBHb!Ll HYJIIO II HCCJI8.!iOBa!U'.e CBiI3lI rrapa!'.j8TpOB rr,X? C xapaKT0pHEMII 

cnoHcTBaM!I s'rofi r,m,neJirr. 

9. ITpm.1euen1re paapaeioTaH!roro B .n:nccepTawm Oopim.1:r:sHoro arrrrapa

Ta ,llJJ.'I B'J'DIC,'18P.;m: nepoHTHOCTeii KOHB0PCHOHHflX .n;a.JI:ITIJ;-pacrra,n;oB II Jl8II-

TO!!H!:IX paCIIa,I(OB 'Ji ' 2 ' I< L H 2c -!.!830110B. 

!,KTJa.JlbHOit JIBJL'l0TC-'1 rrurporcaJr 31wrrepm,1euTa..'lr,ua<r np0Bep1,a c.n;eJiaH

HHX B ,nnccepTaIJ;IIII IJO,Il;03lbHO-TeOp0TH'!8CYJIX rrpe.n;cm~saIDrli. 

HAY''iliMl HOBHSHA 

-CqiopMymrpoBaHa npo6Jier.m y;n;epll:rumn B .n;BY}1:epm1x rr '!0THpextiepmrx r.10-

.n;eJII,!filiC sa,na'l:aX h"TIT. ITO.'IY1!8H!;J qieHOlv18HO.iIOrH'I8Civl8 IIOTGHI.UW.1111 y,n;epiKa

HlL'i 'IaCTIIl.J; rrp;r YCJIOBIUI, 'ITO o6M0HH08 IIOJie 6y.n;eT y,UOB.,'lG'l'BOPJIT:E. Y])aBHe

IIIlIO C !IpO!I3BO,Il;HHMH ue mme '!8TBepToro rropH.n;m1. 

- Ha OCHOBe .n;uarpar,IMHOM lllIIYJ)UOHHOlI T8XHUilli Ka,IJ;Ell!ICBCIWro, paspa6oTaHa 

npou;e.n;YJ)a )VLfI B!l'II!C.1I8HI!H MaTpU'IHil)C 3Jl6M6H').'OB @I3H'I8CK11X rrepexo.n;oB C 

Y1!6TOIII BJIIDIHIDI xapar,TepHOM ,Il;JL'I peJI?:T!IDI:!CTCKOil COCTaBHOl1 ClICT8MH CTpyK

TYJ)ll, l\filTeMaTli'I6CIW B!l,Il;8JI0HHOH B BlI,ne Il0J1:HOll IiHBapliaHTHOfi Bepll!IrnHoil: 

@yHKIUlll, 

- Paapa60TaIIO rrpe,nCTaBJ18HlI8 0 TOM, 'ITO 1rnapK-M830HH8.fI B8plIDIHHa.fI 0:fHK-

" r.um He .fIBJLqeTcrr 3JieMeHTapuoti, a ee CTPYKTYJ:>a orrpe.n;eJL'IeTCJI BI> 1rnapKo

mm. 
- ,UaHH HOB118 npe.n;cKa3aHI!H OTHOCHT6JlJ.,HO BepoHTHOCTI! poE,nerum .n;Byx JieII

TOHOB, naxowrmnxCJI B CBiI3aHHOM opTOCOCTOJIHI1H B CJiy'Iae KOHBepClIOHIIllX 

pacrra.n;on 'JT' 0 
ir '2 l.l830HOD. 
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- Ho:so:1 Wl'IGCTB8HHOii <:epTO:i pasmIToro B ,n.rrccepTlliL¼II ITO,Ii;~o.n:a :rn
.7L9:8TCH: B=IBO.IJ; b Tm.r, trTo :a IWHBepcrrnum:x .n:2 • .mm:-1-pacrra.;:i:nx rrco:s,noc;-:a

JI.fip1mx M830HOB, . Ha ITJ)lIM8pC 'Ji o , ? , f c , B 00s1UCTII I.12..7.UX 3lW.'I8-

HIIi1 KBa,IijXJ.Ta mrnaprrn.HTH0'.1 uaccu rra;m .nerrToH-amru.,1errToH, s 
,ItOJIEHl:.! Ha6mJ,naT:r,c..q 3HaUJIT8.'II,Hl18 OTCTyrI.lleJm.H B rro:se.n:emm I}t/) OT rrpe.rc

CKa381Ulli r.io,ne.Jrn B8KTOpHoii .n:or,:rmaHTHOCTil l{ 1.l0,L\0J1H ;mapr-:OBIIX TpC~TOJTS

HHX II8T8JE,. 

IIpe,nc1msa1ra oprrrrrna.,1:sHa:I oco6emrccT:, y ]00 TeopcT1:trec1wn B03-

1.mz,.11ocTz HG!.!OHOTOHHOrO ero none.n:emrn ( II d, i p " - a0}8KT) np!I l.la.iTD{ 

::rnati:emLc;:x S . 
- HCIIOJl:S30Bamrn O.Jl:HOBP8l.l8HHOI'O rro.n;xo.n:a }: '.{TJ B .n:r1ccepTc1.I.Uili IT03BOJL'ICT 

npn KYJJ: - trap:::OH!iGBOli TI':) K!IIOJIHlfT:O 1DICJI8Hll!I8 pac-reTI-I D8DOJITHOCTGii 

pacrra.n;oB ~ C. - '(" r ~ C - r le. V. po;::,ne1m.rr 2c -1103;,m B CTOJlKHO-

nemmx e_ + e - . OCHODHa'I HOpr.il!pOBO'!HaH B8Jllf'Uma __: rrrnpxm1 pa,nrml..(lIOH-

HOrO. pacITa,na 2c -r,rnsoHa Ha _.n:na ()oTOHa - rrpe,ncTaBJJ.eHa B mr,ne l)ymuum 

OT B8Jlfft1..M!lli rt.aces RO!!CTIITY3HTHOro C - Y..BapKa. 

- iJO,TJ'-Ie!!'::.! op.rrr1rnM:oH:Ie :-,10,ne.,1:sHo-sa:srwm.:ue 1I10puy;iu, ITO Ko·ropw.1 B03-

!,lOTiHO B:ClT{,"'ICJLlfTI, 3.1.illJJ.IITY)UJ pacna,noB ITC0D.Jl:OCim.JL'IpHl-IX l.l830HOB BHCIIU:X 

nbp.'lJJ;iWB ':'J!Ila P - l t! . 
- B pawmx IlOJIIJCHO:¼ r.m,nemr 3 · p8JL'I':'HBIICTC::.'.Oii TeopllH crurnaHHb!X COCTOH

rur:J -ITorasaao, trTo ocHOBHoii BKJia,n B rur.rr.1'I.IITY.Jl:Y pacITa,na k L ~ j"< + ..I"- -
BHOCHT 0,nHOIIOJIIOCHO.il 2 -M830HHl1i1 'I.118H, 

fIPAKT½'iECKAH JJ.QlHOCT1 

- B11m1MeHH11e ,nnyxqx:iToHHHe IIGi\Il B o6JiacTH r.m.mrx sHatreHHfi S npOHBJI.fIIOT 

Cl}OUY.(j:,il:'!8C.Kli8 trepTU, ITPliCymHe !;10.Jl:8.JU:[ BeRTOpHOii .Jl:OMIIHaHTHOCTll. B 
OOJiaCTZ ze OOJII,!!!UX 3Ha'I8HlI'.i $ aC,IllffiTOTlI'I9CI-:oe Bb!par.;emre l(J).H i1<K1 HB

J[JieTCfI am,.norntrH!lM RaK n np.!! Dll1TIIC.11emm: B par.max IOUJ.. 

iIOJJY'IeHime orpamr'IeFrn:.H .ICJIH ITepexo.n:mn:: .Il:BYX9JOTOHH.6IX cpopM{paRTo

poB 0Ra311Ba.IOTCJI BIIO.il!l:8 .n:ocraTO'IHID,m l(J).H Ha,neJ;{HJlX BH'IllCJl9HUH aMIIJllITY~ 

pacna.n:oB. 

- CpantteJrae IIOJr/'IOHHb!X B .n;uccepTa.I.UliI pesyJILTaTOB C 3RcnepH11!8HTaJII,HllWill: 

.D;aHHill,lli C O.Il:HOM CTOpO!ill ITO.ICTB8p.i!1,ll;aIOT ITIJaBll.7ll,HOC'£I, TeopeTntrecrurx 

npe.n;cTa:sJieID.U1 o cymecTBeHHofi pomr BeplllliHHoii cp-.fHRIUm c 1,1acc1mHWAH JI 

. i.ro.n;eJII,1ruM11 ITapar,ieTpai.m n ru,mJmTy,ne ITepexo.n;a aJWOH-+(l)OTOrru,. c .n:pyroi:i 

CTOpomr, 3TH cpa.BH9HY.fl Bll.HBliJ'I.I:[ HOBU9 H90.?.H,IJ;aHHJ18 aqx.peRTLI B ROHBep

Cll:OHHh!X .n;am1Tu;-pacna.n:ax,' oco6eHHO JierRHX Mesouon, Tpe6y10nme 6oJiee 
,L\9Ta.ThHoro aRcnepm,1eHTaJibHoro li3Y'f8ID11I. 

- iiepexo,D;h118 c])opMcJaRTOphl H9i1TpaJU,HHX M830HOB B me ROHBepClIOHIIHX 

( 'J\ 0
) 1 , ?,e~ r lt)a .ll8IlTOHHl1X ( '.ii O

, 12,, k I. - .e () pacITa.n:ax 

Il03BOJllI!OT IlOtJYBCTBOBaTI, 3/MJ9RTIDlHyI0 Macey COCTaBJifl]£lJlliX M830HH CTpaH-

Itl:lx ll H8CTp8HlIHX KBapKOB. 
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AI1POEA.I1HH PABOTH 

Pa60TH, .fIBJl.lilOJIIH9CJI OCHOBOH ,IlliCCepTarum, .ZJ;ORJia,IUma.JIBCb aBTOpOM 

Ha HaY'ffiIDC ceMirnapax Jia6opaTop.IDr TeopeTHtrecRofi ~3HKH H Jia6opaTopmr 

R.nSPHliX npo6JieM; ceccrur OT,neJieHllfl R,nepuofi ~3HRH AH CCCP, Momma, 

I984 ro.n:; MeJK,JzyHapo,nHofr IIIKOJI9 no TeqpeTWISCROfi @Ismce, 3a.KonaHe, 

I983; XYlli Me;.,n;yHapO.n;HOM Clll1fil03.l:!yMe no K8Jl.l:!6poBO'llil:lM TeOpR.'IM noJJR, 

ApeHCXOOIT, I98,1; Me;.,n;yHapo,nHoii ROHcpepe!lI(Jlli "CTpyRTypa a.n::pOHOB - 86", 
CMOJ18H.l:![(8' I986; pa6otreM CoBemamm ITO cerrapa6eJII,HliM B3a!IMO.Jl:9HCTB.l:!lIM, 

Ey,narre111T, I987; MeJK.I!YHapo,nHoM cm,mosnyMe no ~smce aJieMeHTaplillX '!a.C

mu;, IlHernTJIHli, I988; Me~apo.n;uofi KOHcpepe!lIUlli "CTPYKTypa a,IUJOHOB 

- 89", CMoJiemme - I989. 
IlYEJil-lKAIIillf 

OCHOBHlie pe3yJII,TaTH ,IlliCC9pTarum ony6Jlmco:sruru BIO Haytll!IlX pa6o

Tax, B TOM 'I.1:!CJie B .lKYI)HaJia.X "Zeitschrift fur Fbysik C - Particles 
and Fields ", TeopeTJI'I8CKaJI H MaTGMa.T.l:!'ISCKaJI t:PH3JIRa, H.!(epHaJI 

~3HRa, B c6opimRaX TPY.Jl:OB MSJK,eyHapo.zurn:x KOHcpepeHI.J;IDi H B npenp:mrTaX 

omn1. 
CTYJKY.fPA U OE'hEM .IIHCCEPI'Ailllli 

~nccepTau;rur COCTOHT H3 BBe~eHllfl, '!9Tlip9X rJiaB, aaRJIIOtreHllfl, 

npHJio~eHllfl, co,nep.lK!IT I57 CTPaH.l:!ll; MallllIHOII.l:!CHOro TeKCTa, IS PHCYHKOB 

.I:! 4 Ta6JllILJ;H • CII.l:!COK JU:ITepaTypbl BRJIIO'!a.ST 169 HaHMSHOBamm. 

KPATKOE CO,lIEP]KAHME lUICCEPI'AUillf 

Bo BBe,nemm C(llOPMYJI.l:!pOBa.Hbl pemaeMole B ,IlliCCepTau;mr 3a,na'I.l:! JI 

npoBO,IlliTCJI CpaBHHT9JII,HOe OOOCHOBaHII9 cpe!IOMeHOJIOrHtreCRWC RBapKOBWC 

MO.Jl:8Jl8H CH.IThH!lX B3ruIMO.ZJ;9liCTBlm Ha OCHOBe COOTB9TCTBYJOil!9H Ka.Jm:6pOBO'I

HOH TeOplIJI - KXJ(. 06Jia,D;a.F.I 6om,rnefi B cpanHemm c Teopnefi RBaHTOBaHHRX 

IIOJI8H npocTOTOli (1)9HOM9HOJIOrHtiecrure RBapROBHe MO.Jl:eJ.W n03BOJI.lilOT no

JIY'U!Tb 60JU,moe KOJlli'l8CTBO T90p9TH'I9C~ npe,ncKa3amm: •. 

MHOrJie npo6JieMbl B COBpeMeHHOH TSOpIDI aJISMSHTaplillX traCTH!l; He MO

ryT OHTb pemeHll 6e3 3Hamm B@ a,IU)OHOB :KaK CHCT9M CBH3aHHllC RBapKOB. 

BOJIHOBafI ipymo::um .Jl:BYJC peJJ.lIT.IIBHCTCRWC '!a.CTH!l;, HaxO,!VIlllliXC.lI B CBH-

3aHHOM COCTOJIH.IUI, SIBJ!.fI6TCSI OCHOBHh!M CTPyKTypHHM 3~9HOM B BU'I.1:!CJI9IDI.HX 

Ma.TpWll:11:lX 3Jl9M9HTOB ~3.1:!'ISCRWC npou;eccoB, paCCMOTP6HlillX B ,IlliCC9pTa

rnm. BoJIHOBaJI qiyHRU0:1I aa,naeT m.mym,cuoe pacnpe~eJierure cocTaBJif.lJOlJUIX 

'!8.CTH!l; H noum.meTCJI B CMl:lCJie paaJIOJK9HRII B9KTOpa COCTOJIH.l:UI y. ( 0) 
C.l:!CT8Mbl C IlOJIH!:IM HMIIYfilCOM p no .OT~eJll',HUM COCTOJIHWIM '!aCT.B;A(C 
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TO"IHOCTI,lO ,n;o nOCTOJIHHOft HOpMIIpOBKI!) C COOTB9TCTBYJO!llID,fil llMllyJU,CaMH, 
"JieJJtalllID,m" Ha Ma.CCOBO:ll noBepXHOCTH 

J(P) ~ f JfrC £; P)a. +(() a.'-O:Jlo> /l3

'([1- k..- P)l.9r.J 2t,,CI) 

_I ~ 3 -t · I -.a. 2.) 1/z J_ S2. ;;, ... @. 
3 k~ (.!r.S ( i k;.) , x. r -= ( t.- t m ,· ., 

KO8~9HTI:l f ( (, [; p) JlllJiiIIOTCH cyn c.Ix>KOBCKl!Mlr KOMIIOH9HTaMll, 
KOTopue H onpe,n;eJI.f:UOT BepoRTHOCTll llpllCYTCTBM B CllCTeMe ,n;Byx tJ:aCTHU. 

BI:l'Ill:CJI9!lliff BepORTHOCTefi KOHBepcllOHHI:lX ll JienTOHHI:lX pacrra,n;oB Me-
8OHOB OID!paJOTCH Ha paapa6oTaHHJ:m B.r. KB,ll;IIDI9BCKIIM M9TO,n; lllIIypliOHHO:ll 
,n;narpaMMHofi T9XlillKR Ha OCHOBe KOBapllaHTHOfi ra.MWll,TOHOBOli qiopMJJlllPOB
K.II l\."'I'Il. 

.l{aHO OITliCaHlie CTPYKTYPHOro nOCTpOeHliR .n;nccepTarum H KpaTKOe co
,n;eplltaHHe no rJiaBaM. 

IlepBBJI rJiaBa JillJiil:eTCH BBO.n;HOil: H co,n;epJIGIT lIOCTaHOBKy npo6Jie.MH 
y,n;epJKaIDI.iI '18.CTHD; B MO,Il;eJIMillX aa,n;a"Iax KTII. 

B paa,n;eJie I. I c,n;eJiaHH BBo,n;HHe aaMetJ:aHM. 
B paa,n;eJie I.2 paccMoTpeHa .n:BYMSPHB.fl Mo,n;eJU, B par.max .n:BYMSPHofi 

KBaHToBoil: MSKTpO,nIDiaMHKli (K8.l{)2 c npoHaBOJU,IIDMll MticcilllHWffi rrapaMeT
PaMli C :qeJU,JO, HCl1OJU,3y;I KaHOHHtJ:ecKltit c.Ix>PMa.lliIBM, KoppeKTH11M o6paaoM 
lIOJIYtIHTI, "nporraraTop" Ka.Jlll6pOBOtJ:HOl'O lIOJL!I 6ea Heo6XO,n;HMOCTH npo
Be,n;eHIDI llH!ppaKpaCHOfi peryMpHSarum. 

B paa,n;eJie I.3 .llCCJI9,Il;OBaHa ~ -paaMepHBJI KaJI.ll6pOBOtJ:HBJI MO,n;eJU, 
c MeXaHll3MOM y,n;ep.ll/aHWI, aHaJIOrll'Im!M KaK H B CJIYtJ:ae(K8.U).. 

2 
B paa,n;eJie I.4 ITOJiy"I9HI:l MO,Il;0JU,HI:l9 qieHOM0HOJ!Ol'litJ:9CKlle nOT0H:qllaJIH 

y,n;epJKaHHR Tima 

9z f 2.c-3 
V(z.)=- --- - · r{~ -c)(~) g "Ji 3/2 ( c _ -f)f 2 ,2 , (2) 

r,n;e t. =- / rZ / . IlpH 8TOM O6M9HH08 ITOJIS 12 { X.) , CBR3aHHO8 co 
CKaJlJipHI:lM noJieM (J} { %. ) tJ:aCTHU B MO,Il;SJU,HOM JlaI'J)awxllaHS B3a.llMO,Il;8ll
CTBM 

;f' &,J. ~ J : ¢ "/ x) 2 { x): 

,n;OJDKHO y,n;oBJISTBO!)JITb ypaBHeHIDJ 

C 
□ 2(%.)= 0, .c -= J., 2, ... ~ 

6 

(3) 

'cl 'd r' 
D =- <"d,,:.r 'i):x:- • (4) 

I 

11 

t 
t 
i 

. f 

wyp1,e o6paa BMHOBOfi qiyHKl."CW{ CBR8aHHoro COCTOH!IIDI .n;Byx CKaJIHPHHX 
tJ:aCTHU !P ( E, f) B peJIHTllBHCTCKOM p -llpOCTpaHCTBe y,n;oBJieTBO!)Ji

eT CJI8,n;yIOl!!8My ypaBHSHll!O 

[E2- (.?f°JJ cp(E,"f)= .2 JdS?rCk 0/f1V(E;f,{) <f{E, l), 
(5) 

r,n;e f o=- ( f 2+ m.l) f/2, k O == { r-2: ~ w/·) 112, d -2 t = d 3 [ (.?Yif3,{2. k os.' 

Bu6paB 3HatJ:eHlie c = 2 B ~ MepHOM llpOCTpaHCTBe, no.nytmM: 

V ( t) ~ 8 z t. { Ti c;;,Jf< + -t,_ r- 't ) . 
(6) 

Bxo,willllie B Teopruo napaMeTpu m , .!I- H j-L MoryT 6HTI> on

pe,n;eJieHH • na cneKTpa Ma.CC ll BS})OJITHOCTH pacna,n;a '18.CTHU. 

Bo BTOUOH. l'"Jla.BS ·np.e,nCTa.MeHa o6mBJI'. TpexMepHM" qiopMyJIIIpOBKa. 

Teop.IIB CBJI8aHHoro CO"CTOHHll!I .n:BYX T8Jl •.. 
IloJIHM nHc.Ix>pMa.UIDI·O CBR3aHHHX; Hanp.HMep, JienTOHHI:lX (n03HTpolillfi, 

MJOOHllfi ) COCTOJIHMX C MaCCaMll Wl.. n.. co,n;epuTCH B ,n;ByXtJ:aCTH"IHOM npo
naraTope G ( P; f.2,f'1), a.aBncmneM OT rroJIHoro m.myJU,ca P H OTHocn
TSJU,HHX RMITyJII,COB BXO,wIIIUIX. f1 H Bl:IXO,nffl]UDC f.1. 11ap '18.CTHU 

2_ • p rrJ ( f:l) tp Ylj (ft) i G( R F2 ,P1) > 2w.i· 
PO==c.Jn. P 0

- Wn. 1-iO (7) 
, 

. ~ ..... 2)1/2 p ( 0 ... ) 

r,n;e w "- = ( wt "- t- P ~ = P , P • Cl!n. (p.-)( 'Pn. (p.·))-
BOJ!HOBBJI q,yHKI.U1li (conpruiteHHali eil:) C yCJIOBllSM HOpMHpOBKll 

HOfi c.Ix>pMe) 

'}_} • .j; °; p• G-'(P.)10.J (:f.j ~ 2 '°• t;. 
( B onepaTop-

(8) 

B paa,neJie 2.I pacCMaTpHBaeTCH O.n;HH ll8 Ba})HaHTOB "lIOJIYtJ:8H.WI11 pe
JIHTHBHC~CKOil: BW ¢, n { f) ,nJl!I CBR3aHHOfi Jl911TOH-8.HTHJienTOHHOfi napH B 
OCHOBHOM COCTORHIDI ( c KBaHTOBw.m 'IlICJlaMli n. =· I, -t · = 0) B "m!B

meM n:p.116.nmKemm" B CHCT9Ma.TlltJ:8CKOM nepTY,P6aTllBHOM 110,ltXO,l{e • IlpH 
BWIIICJISH.lm tJ:ST!IpeXMepHHX HHTerpaJIOB no OTHOCHTeJll,HllM m.myJII,CaM "IaC
THQ B c_plI3HtJ:8CKHX Bl4JlJIHTY~ nepexo,n;oB B paa,n;eJie 3.4 Tp6TI,8ft l'JlaBH .n;RC-
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cep,TamrM BocnOJU,3Y8MC.!I .0M8HHO a.nnpOKCID.1aIUWHHOi1 <py1!1CIU1ei1 ~=t(f) , 
B ])a3'Ae~e 2.2 IICCJie.nyeTC.!I BOilpOC O BWIUCJieHHH-WilI npoqeccoB 

pacna,n;oB COCTa.BHIIX CIICTeM l.ia.Tpli'IHblX MeMeHTOB, B o6meM· CJiy-qae ;_ 

B~CR trepea Bep!lillH~e <lJyHKUIDr, KOTopue JlllJJ.llllTC.!I pemeHIDIMH 

'AIIHaMHtreCMX YJ)a.B]!elillli. jJ,JJR OITHCaHM CTPYKTYJllIPMIIT.IIBIICTCKllX CB.fI

aaHHHX CIICTeM n~treHo YJ)a.BHeHHe, KOTOpo~iy Y'AOM8TBOp!I8T IlO~Ha.H 

mmapliaHTHa.H BepillHHHa.H <IiYH:icrum BHe MaCCOBOU IlOBepXHOCTII_ 

{7_ (fo/po~'l')= aJJ.12.,(~o)· f1j(f' /Po,w'C) .,, 
~ , t' .2fo' {2fC:)J- m..~ -tiO 

·i IC Vo ((/,wt){:! P0 f'o - m..~ ). 

(9) 

r'Ae ¼ ( ~. W f. J- noTeHqHM B38.llMO'AeiicTBlifl, lu ff - 'AOilO~HHTElJU,

HIIi1 4 lIMIIYJll,C B B8pillHHHOi1 cpyHRqliII r , o6ecnetIHBaIOIIUrli 11 CXO'A11 C 

MaCCOBOH noBepXHOCTII, · h1 p II Wl-i, COOTB8TCTB8HHO "MaCCII CB!I3aH-

Horo COCTOHl.iWI II KBapita. Ilp.lIBO'AIITC.!I CB.fI3b MeJ!i.DY CKa.JIJipHhlMII traCTH

MII BepillHHHOtt qiymai:,m II_ peJIJIT.IIBIICTCKO:li O'AHOBpeMeHHOi1 fil. 

TpeTM. r.ll@a noc.BJI!l!eHa np.IIMeHellli!O qJOpMaJU,Horo aimapaTa (KoTo

putt o6cYJK.D;MCR Bo BTopoi1 r~a.Be 'AIIccepTarurn) K .IIcCJie'AoBairmo npo

qeccoB pacna,n;a.~errurx 9t .II 2 -MeaoiioB II BH6opoM B _cMau c 13TIIM 

Ma9c.1IBHI1X napaMeTpoB. 

B pa3'Ae~e 3: I Ilp.HBO'AIITC.!I IlOCTaHOBKa aa,n;atIU .II 01I.IIC!:,!BaIOTC.!I oco-

69HHOCTH npo~eMU, B03Hli:Kal0ll!II8 IlplI BIItIUCJieH.IIII KOHCTaHTII 4-r. pacna

'Aa Ti" - J<- 3 , CB.flaamme c B1I6opoM MaCCIIBHoro napaMeTpa - MaCCH 

KBapKa. 
.2 

. B KX.U 6erymIIe ( 3a.B.IIC.!Ill!II8 OT 9,,- ) MaCCh!, BXO,ItFIII!IIe B nponara-

TOplI ItBapKOB, Y'AOMeTBopmoT ypaBHeHIIIO 

CI:) .t) C k) .t) { .t) m ( 'f/ = WI.TOK {<y t ma",., r (IO) 

( k) 
)J)1E. JII06oro .II3 k - apoMaToB, a TOKOBIIe ( Wl ro1c. ) .II 'AlfHaM.IItrecKIIe 

( m~ Ma.CCII KBapKOB 38.BHC.!IT OT 6erymei1 KOHCTa!ITh! d.s ( i,:l.), 'ITO 

Ilp.lIBO'AlfT K B03MOJKHOCTH C~MaTb oqeHKII )J)JE. 'AlfHaMIItI8CKII B03HmCalOill8i1 
l( .L ) 

MaCCh! WI..~,.,,, {'j,,, = m. y,-,,. ~ 0,3I5 raB, T.e. K MaCmTa6y BeJl.lf!llIIDl, 

6~3KOMy K 3HatreHIDO Ma.CCII WI.. ~ (-f / 3) m, u ,IµIH KOHCTRTySHTHoro 

H8CTpaHH0;110 . ItBapKa ( In t,1 -Ma.Cea HyKIIOHa) , 

• C'AMaHII _oqeHKII )J)JE. OTH0ill8HIIH Mace, COOTB8TCTBYJ()ll!IIX CTpaHJIUM II 

HSCTpaHHHM KOHCTRTYSHTHIIM KBapKaM 

(" m .1 / m ) ;;; .2 { f ._ / .J1T ) - 1 ;;;. -1, 3 o/ (II) . 
8 

1 
~ 

I 

l 
l 

I 
! 

.II /nj ~ 0,5IO rsB IlplI R3B8CTHOM Ta~tIHOM 3Ha'l9Wll! 

.f-K / t,r ;l; I, I7 ( j- t- - KOHCTaHTa pacna,n;a I< -M830Ha), q)o:pM8Jll,~O B8R-

T0p .J.r..(P.1)· Pr ( p -no~ m.riryJU,C CB.fI3aHHoro COCTOS!~) Bupa
.JKaSTC.!I B Blf'AS naTerpMa no UMIIYJU,Cy k KBapKa 

f ( p') p = Yl J,J"k _Te. fr {1-m..:,) 'or rs (P- (-+ m..i,) ff ~,.<i-] 
.J:rr r "'(.2r.J" ·(kt-m~+•·o)[(fJ-k):i.-rn..\-1-,oJ ·, (I2) 

r~e ttc:. - tIUCJIO qB8TOB, j j-Jr} - B8pillHHHa.H ~ nepeXO'Aa KBapK-

<jj - M830H-aHT.llliBapK, WZ.i, -Ma.Cea KBapKa. · 

B pas,zi;eJie·3.2 npe~cT~eH Bl:,IBO'A qiopMy~ ,WIJI KOHCTaHTH :f,. 
(pacn~a ri - ~ 3 ) ' 3aBRC.!I!ll8i1 OT IlO~HOit HHBapHa.HTHOi1 B9:[)illlIHHOtt 

q,yRKUllII · fi~ . CM3aHHOro COCTOHHHS! , - . . 

· 00 f/Z 

f =- m.'1-fiA Yl.c -jJt (1-_'fmt/t) . ~ 
:t"1r ~Car.).t .t t;-m.;-io f:{t), (13) 

.. ~m..f, 

B pa.MKa.X o6!llero qJOpMMIIaMa Ha ocHOBe ·S -MaTJlm:n,T B KTTI: · 
B pa3~8Jle 3.3 B paMKaX O,IJ;HOBpeMSHHOro IlO'AXO~a K KTII IlMy-q8Ha 

TotIHa.H cMsb MeJtlIY Jr, II fill_ ( TotIHee ee oKaJI.HpHott tracirbm) cM-: 

3aHHoro COCTOHHHS!: 

t ,r = .2 m. 'Y m.;' f} It YL '- J d. .Qt <p { () · (I4) 

Ilp.IIBe'AeHII pesyJU,TaTH BH'lltCJieHM .J.,r ~ 94 ,2 MsB c Bil? "peJIJITKBRCT-

cKoro ocW:IJL]J.!IJOpa: <f.J[ J,tJ ~ e ~ p f mt c It 1" / (!I.,_,:;}] ( r'Ae 

J-t= -ti.[(11::. 0 /-tk. 0 )/m.i,] , lk/= m,-,jlz11r.• k 0 =- m.i,c/z.:1i,.) 
C y-qeTOM 11 M8M9HTapHOil:11 IlpHpO'AU KBapKa (.!J A ~ {) , IlpOB9,IJ;8HO cpa.B

HeHHe .1IcnoJU,3yeMILX cnoco6oB nocTpoewm 8.MITJillTy~ pacna,n;oB B 3aB.IICH

MOCTR OT Bil? M930Ha. 

B paa'Ae~e 3,4 rrpHBe.zi;eHII opliI'RHa1II,H1Ie BII'lll'.CJieHWi BepOJITHOcTei 

o6pa30Bamm nap ~enTOHOB, HaxO,will!IIXC.!I B CM3aHHOM ( co CIDIHOM S = f 

COCTOJIHIDI B pacna,n;ax . ll O R e t4930HOB, CB.il3aHH08 ~enTOH

aHTIIJ18IlTOHH08 COCTMH.II8 OllRCJmaeT_CH pe.7lli'.I'HBHCTCRO:lt E · ~ •. "HcTOtIHHKa

MlI11 ~9IlTOHOB, HaxO,ItFill!IIXC.!I B CB.fI3aHHOM COCTOJIHRH (Il031ITpOHIIi1, MIOOHRH), 
MOryT 61ITb ~erKIIe H9llTpMbHl19 M930Hl1 B RX pacna,n;ax: 

~O ""? y-+ (e+e-JS•t•• 

z - r + (e+e-) .s~t, 

2. -? Y- + ( r· .r--) s~1. 
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BH'll!CJI9Hlif.t .11Cltlll,HO:lt" '!aCT.11 HCCJie.zcyer,ru:x npon;eccoB pacIIa,ItOB 

ocymecTBJieHU B pa.MKa.X MO,Il9JIH KBapKOBUX TPSy!'OJII,Hl:lX II9T9Jll, C TO'l9'!

HHM a 4 S BSaHMO,Il9:ltCTB.119M M9J!mY M9SOHOM H kOHCTHTy-SHTHh!MH KBapKa

MK, BXO,Itlill!HMH B STOT M930H. 

Op.llI'HH8.1II,H!,[M,I .IIBJl!DOTCll on;emw: BJlllfIHRf.t nepeXO,IlHOro cpopMqia.KTO-

. pa f:s ( (/, p ~- "1-f,) Ha KOH9'tJH!lli CII6KTP CBHSaHHHX ( [ e) s~t -COCTOii

Hd. B '!aCTHOCT.11, B c.ny-qae .MaJIHX SHa'!eHH:lt Ma.CC CBH3aHHHX JieIITOHHWC 

COCTOJimm r/i52' .11 H8Hy-Jl6BOM SHa'!eHIDI KBa,IU)aTa IIOJlHOro mfilYJU,Ca 

pacna,n;amieroca MesoHa, 

F (Q .t .2 ) ~ - o/ ~ m.y 
s , P ; m,, = i Q ~ x. 

'[{I+~: ).,.,,;/(lf:J fc~:,J[t+P'( ~• • ~ ~M..)J J. (IS) 

l . 
IIpoBO.IlUTCli CpaBHeHHe F.s ( Q . P2

; m,,,) c cpopt,$.KTopru.m, IIOJIYTJ:eH-

HHMl:t a) B 6esMaccoBOM Q 1 = o npe,IleJie ,IµIJI Ma.1IliX sHa'!erutil: ~ 
.11 6) B pro.max MO,Il9JIH B6KTOpHo:lt ,IlOMHHaHTHOCT.11, corJiaCHO KOTOpo:lt 

SJ18KTPOMarH.llTHb[:fi .TOK 8,IU)OHOB nponoprm:OHaJieH IIOJimA.BeKTOpHmc: 

'M630HOB V : f, c..u, </J 

Jr ( x) = L ( m. ~ I:! J v d ) v.r ( x. J. 
v: p, tA:J, cp . (I6) 

BwmCJieHU OTHOCHT9Jll,HUe BepOiiTHOCTH o6pasoBaHHR CBH3aHH!iX nap Jl6II

TOHOB 

f [ :li" 0
, 2 - y- ( e+e-)~= 1 ] ~ o, 60 ci.. "; (I7) 

Pf2 --r(.r+~-)s~,]=0,35d.", 0=-Gf'=-f'l.6°±3,6°_; (IS) 

P[2.-r(r+~-Js-1]~0,33c£."' G=0°. (I9) 

BeJI.ll'!HHa f (I?) HaxO,IlUTCli B xopomeM co'rnacIDI C e,Il.llHCTBeHHHMH OilllT

HllMII 1I8.HHUMH 

IO 

1d 

aR 4 p [r,- 0
- y-(e•e-)s~

1
] ~ (0,35-;- 0,'fO) d.,. 

PesyJU,TaTll BH'!UCJiemm f B CJiy-qae pacrra,n;oB t? ~ ..,,..(r~) CJia6o saB.11-
L O S•t 

CJIT OT BUClpaHHoro 3Ha'!6HUR yrJia 0 CHHr.lleT-OKT6THOro CMelllHBa.mm. 

Y~eT KOHCTHTYSHTHUX . ~ -KBapKOB 1!1)IIBO,IlUT K YB6.IIH'!eIDIIO SHa'!eHim /J 
Ha II>~ B CpaBH8H.HII C HaJIBHOii KBapKOBOii MO,Il8.1U,IO. . 

B '!8TBepToH r.'laBe IlplIB8,Il8HIJ pesyJU,TaTu HCCJI8,IlOBa!Illli KOHBepCHOH

lillX }I .118IITOHlillX pacrra.n;oB IIC8B,IlOCKaJJJipmnc M830HOB. BH'!lICJI6H!:l llllipIIIill 
pacrra,ttoB. 

B pa3,Il8.118 4.I HCCJ18,JzylOTCJI KOHBepcHOH!ille·,IlaJillTil;-pacrr8,ll;11. BepoiiT

H.OCTI, pOJ!0];8lllIF.[ ,Ila.lIHTil;-IIapu oelyc.110BJieHa ,IlUHal.ll1'!6CI<Otl: KBapK-a,ttpOHHOH 

( C Y<f6TOM KBapKOBOH II~T.IIII C B6PlllliHHOii cpy1mn;n:eii) I1 :3.118KTp0MarllliTHOii 

CTPYKTypa.Ma, BOSHHKa!Om.HMli B 6.lloKe rrepexo,Ila M630H - BMpTya.JU,Hh!ii 

qJOTOH ( (" *). 3TH CTpyKTypH xapaKTepH3YIOTCJI rrepeXO,IlHUMH qJOpr.lcf,aR

TOpaMH F { s). Heoelxo,IlHMUe ,IlaHHUe o cTpyKType rrepexo,IlHoii 06.llacnr 

M630H ->- ¥°* ( MOryT CJHTI, IIO.IIY'!6HH B pesyJU,TaTe H3Y<f6HI!JI 3aBUCUMOC-

TH llillplIHU rp+ ( [e. ( ~) pacrra,n;a . p ...,.. y- e I: OT B6.IIH'!HHH KB~a-

Ta HHBapHaHTHOi1 1',laCCH .116IITOH-a.HTHJieIITOHHOii rrapu S = ( f' e + Pe) , 
r,Ile 'Pe II f e - .llM!IyJII,CH JieIITOHa H aHTHJieIITOHa 

r· 1~s) :a !! ; {1- ~,f(, f 27~)(1- 4:~f?f(s)/2 
P•ty P • (20) 

BllIIO.IIH8HU paC'!6TH F { s) C HCIIO.lll,SOBaHHeM O,IlHOBpeMemwx BO.IIIIOBUX 

cpyHKU.llH <?/'J,)KBapKoHHeB B C.IIY'JMX a) IIOT6Hn;HaJia KX,U O,IlHOr.lIIOOHHoro 

06MeHa .I! 6) peJI.fIT.IIBHCTCKOro 3aIIHp8.IO!llero IIOT6Hn;HaJia: 

.... , I F (~),,,- /f 
P•rlt. 1-.::e 

00 

I_ ., d1k 1/1 ... J t,_ / X ( x., 1J / 
" 00 J dfk ef;(yk.) y,. 

0 

J. (2I) 

r,Ile 

X r~, 1 .... )= 
1-~e-1" (l,;i'/mi-e-f.._) 

1 - ~ e 'Y-1o ( IP1/ mi- - e 11 . ' 

1 k - 6RCTPOTa KBapra, :a::.= s/p2._ 
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Ilpe,ItCKa3aHa op.lII'mraJU,HaR oco6eHHOCTI, TeOp8Tli'l8CKOfi B03MOlKHOCTH 

neMOHOTOHHoro noBe,IteHIDI F{5) ( ''dif"- aqxpeKT} B pacna.n;e 

,r•-+ y-- e+e- .. B 06.Jia.CTll MaJIWC 3Ha'!eHHfi S < 0,40 • P2
• BeJlli'lli-

Ha STOrO S@ieKTa Onp8,It8Jl/I0TCJI Bll,ItOl,f lli? ¢ (ft) KBapKOHWI. 

B pas,IteJie 4.2 B PaMRaX qJOpMa.Jlll3Ma, HCllOJ!I,30BaHHoro npH BI:.PIHCJle

HMX KOHBepcHOHiil:lX ,ItaJIHTU - pacna.n;oB M030HOB, .1:ICCJie,n;oBaHH OCHOBH.!!0 

'!0pTli qJOpMqlaKTOpa pacna.n;a SJ10KTpO.n;HHa!.llI'!0CKOfi CBlI3aHHOH CllCT0Ml! Ha 

npm,iepe pacna.n;a napaMIOOHIDI ( .r + r--Js-:
0 6e•e: CrurnaHHoe cocTOJIHHe -

napaMIOOHHll - annpOitCHMHpyeTCJI peJJJITHBIICTCKOH Mi Bll,Ita 

,:,-R_Jt 
¢(J;.) ~ 2 

[cR.yt - m.c.rr-.J /{.2mr)] (22) 

,, I .,, 
IloxasaHo, '!TO CYl!l0CTByeT TeopeTH'!0CRM B03MOlKHOCTI, a,if -aqxpeKTa, 

HO ero Bw:urtnma KpaitHe MaJia ( ,,., 0,5 % . .) B o6JiaCTH S ,G. 0,15 p!l • 
Bli'IllCJieHl:l IIIHpmm pacna.n;oB(.r-.. r-).; 0 r. Ce+e-)s•o- y-r: 

r 
( .r+r'Js,-:- r- a" 

1.1. -1 = f~ 6 1 8 ~ f O Ce k. , (23) 

r ,o 
( e .. e-).s.~ .. - y 

4 
=: 0, ".f 9 '.J. ,. 10 Ce K -.

1 

(24) 

IloCJie.ztHIDI HaxO.ItHTCJI B xopomeM corJiaCill! c nrmTHofi 

.:JK.C fO 
/:, _ = ( 0, 'f9+ ± 0, 011) 7< 10 Cell-! (25) 
( e•e)s.,d' ¥ 0 

B pas,n;Me 4.3 pa3BHT arurapaT (Ha OCHOBe H3JlOlK0HHOro B pas,n;8Jle 

( 4. I)) C Y'!0TOM CIIHH-YHHTapHOH '!aCTH fil • f -M830Ha, paccMa.TpHBa.e

MOro ruU< KBa.pxomffl C 11BRJII0'!0Hll8M11 KOHCTHTYSHTHI!X ;1 - KBapKOB. 

B.!!'IllCJl8Hl:l IIIHpIDia. pa.cna.n;a. t -> ("(" H OTHOCHT8JII,HI!e' BepOHT

HOCTH pacna.n;oB VJ ~ 6 e +-e-H z. - y- j'- .. r- . IlpoBe,n;eHO cpaBH8Hlle ~ (. d ,, 
TI® r:'2 ... trr .. ~(X}( c OTM0'!8HHHM " •f - a@ieKTOM npH x, ~ 0;15) 
C Oill:lTHl:lMll ,Ita.HHHMll. 

Bl:lnOJIH8Hl:l pa.C'!8Tli no npe,ItCKa3a.HHIO IIIHpHHH pa.n;Ha.qHOHHOro pa.cna.n;a 

ic ~ l( (" ll p0.ll\It0HIDI '2,c -M030Ha. B CTOJIKHOB8lllilIX ·e +e- C 

llCilOJ!I,30Ba.HlleM O,n;HOBp8M0HHOfi KX,1J; - BOJiHOBOil qJyiiltIUm ,ll;JI/l CBH3a.HHOro 

Cc- '!a.pMOBa.HHOro COCTOJIHIDI npn Pa.sJm'!HI!X 3Ha.'!elllilIX KOHCTllTYSHTHHX 

Ma.CC C - KBa.pKOB. 
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B pas.neJie 4.4 IlOJIY'l0Hl:l TO'!HH0 \POPlllYJIH, ll03BOJim:XJU{e BH"lllCJlllTI, 

aMilJIHTy.I(l:l pacna.n;oB nceB,ItOCKaJIJipHllX M830HOB B ,ItBa Jl8llTOHa. Tmia. 

. p - ee . BH'lllCJI0HHJI OCHOBaHH Ha TO'lHOil KX,1J; MOTHBBPOBa.HHOit \POP
MYJlllPOBKe T80pill! CBfl3a.HHOr(? COCTOJIHIDI ,ll;JI/l y.I(8pmIBro:xll8ro IIO'lem.nw.,m_ 

(ocUWIJIHTOpHoro THna. B Bll,Ite o6o6meHHott q1y1ucrnm): 
·... -,; -t £1(3)(_ ➔,) ,rr~ --·)- J...c 3_~.t. e{p) c{p . v'p r-p 

Vo - -- .21f) V- . , 
0 f F 1 n, [ £ ( f).; m.,_,] [ :z c cf JcCf'J-mt] (26) 

r.ne 8. ( p) =- (f 1 + m; )I/!, C. (r') ==- ( p'1 + mt) '1-: 

AH38.U v}iy = mi c/...s J' npe~OJia.ra.eT Y'!9T KX,1l; CBO:li~TB 11· .II;Iij)9 B3a

m,io,n;eficTBlill, OTB0'la.I00!0rO KOHqia.fu!MeHTY, npli aTOM V npmmi.meT O,ItH

Ha.KOBHe sHa'!eHHlI ,ll;JI/l ".11erKIDC" ll- , d- , ~ - KBa.pKoB, c<:s -6ery-
ll{aR KOHCTaHTa., 8aBHCHmaR .OT KBa.n;pa.Ta. CYMNfli Mace, W'l., KOHCT.lITy8HTHIDC 

1 _ 11 r.. · { m.·i -,. mi) . 
KBapROB: . . - . . .i 1-f 

cf..s [(m;""j) J-: J~-.f tl; f t,f A'.,• ] _ (27) 

HCCJI8,Ity8TCH OTHODI8Hlle Be~eCTB0HHOil '!a.CTH 8MllJllI'cy,ItH pacna.n;a. K 
MHHMoil, Re R.(t)/Im. 'ii.ct) ( t - KBa.n;pai oYMMJJ. IMiyJI1,coii xo

He'!Hl:lx Jl0IlTOHOB), xapa.KTepnsynttee CT0ll8HI, OTRJIOH0H.litll: BeJllPD!Hl:l' 6paH'lllH

ra, Bt. ' pacna.n;a p ~ z e OT ero "YHHTa.pHoro" Iij)8,IteJia. 0TM8TIDII, 

.'!TO ma Tpex CJiara.ewx, onp~en;Ii)lllHX B8JIDWHY Re R ( f;) , nepB:wi 

MO,It9JIE,H03a.BHCllMHH 'lll9H OTB8TCTB8H8H 8a KBapK-a,n;pOReym 'W.CTh mmJU!Ty
.nu, saBHCJIJ!lY!'.J oT o,ItHoBpeMeHHo:li ID MesoHa.. Bemt'!RHa Re R.{t)BaocaT 
CYl!l0CTB8HHHil BMll,Il;, cprunm:11Eit no a.6COJIB>THOft BeJIJ!1DiH8 C "flil!:TapHOti" 

'!a.CTI,D, onpe,IteJIJieMott B8Jll!'llIHOi . ' 
(t) 

~ Ti" I} f -,. fit [l) 1/l , 
Im. R (t)=- /!.J3t> fu 1 ,- J3f tJ , flt ... (t-f/ m: /t)., (28) •· 

:e llOJllzyX) llMIIJLl{TY.ztY B pacnfWl,X l\ 0
? e.,:_G~ .l- + e +g:, C -'> ,r+ r-

IlpllCYJIIYlO ,lVllI aMIIJ!liTy-~ pacna.n;a., Hanpl!Mep, 2 ~ e (. , JLO!'apa(uil:-
'!0CKYJ) 3aBHCRMOCTJ:, 0'1' na.pa.M8'l'pa. o6pesatmR: .I\. 1,11;aeTCH YC'l'paHJ!TI, 

npH Bl:l'lll'.CJI0HHIIX, JllfillI, paCCMOTpeB pa.3HOCTI, M8'1!,Izy" Jtl[Cll8pC.iV3lmMI! 'la.C

THMII pacna,:ri;OB i ~ e+e- 1l 2 + r+r- • 
IlpoBe~ea 8HaJll!3 H BH'lll'.M8Hli B8:poH'l'HOOTli pacna,n;oB J<L -M830HOB 

B ,ItBa. JlSllTOHa B paMKa.X llOJIDCHO:lt COCTaBHOii MO.D;9Jlll. B '!a.CTHOOTJI, NJ,X
\J)OTOHHW1 llOJIDCHO! K1.. - r r-:pacna,n; onp8,It8JJJI8TCJI 1CTaH,11;apT!ruM o6pa-
SOM 

< olT [ J;""cx.H /ottr1 )] {P>< PI -x~ I kL >, (29) 
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r,n;e j J<-em. ( ~) - aJI9KT!)OMaI'HHTHHil TOK, 'Jew- ql9HOM9HOJIOrH'l9Crutii 

TOK-TOKOBHil raMWll,TOHHaH (xopomo ll3B9CTHHil rrpH BWIHCJ19lill/IX ,naarpaMM 

C K -M930Ha.Mll). BCJie,n;CTBH9 IlOJIIOCHOil ,n;owrnaHTHOCTH aMIIJIHTy,n;a, ~ ( qo) 
rrepexo,n;a KL - r ( arrrrpoKcm.m:pye'rCiI CJ19,n;yIOIIUIM o6pasoM L 

< M I 'll,,., I KL> t 
F (o,o)= L 

4 
m..a FM ( <?,o), · 

"'- M:Ji",2,2' IC._M 

r.zte 6 m:tM= m..2kL- m.~. M: !ii"o, 'l, '2.' , < MI 1-l w / ki. > 
(30) 

- aMIIJWTy'Aa rrepexo,n;a KL. -MesoHa B nceB,n;oCR?JllII)HH9 cocTOJilill/I M , 
FM (0, 0)- ,ItByxqJOTOHHasl aMIIJWTy'Aa, COOTB9TCTBYJOlllB,f! pacrra,n;yM~Y-r. 

0CHOBHOft BRJia,It B aMIIJWTY.ztY pacna,n;a f< L - r+r- BHOCHT O,ItHOITOJllOC

HOit 'lJleH, cooTBeTCTBYJOlllllli 2 -MesoHY. IlpoBe,n;eHH!le BH'!H~eHWI xopo-., 

mo corJiaCYJOTCiI c orrHTHHMli ,n;aHHHMR. 

B 8aK1IIOgemm cqiopMyJllll)OBaHH OCHOBHH9 pesyJII,TaTU pa60TH:; . 

I. IlO.nytJ:9HH MO,ll;9JU,IDl9 qJ9HOM9HOJIOrH'!9CKli9 llOT9HUliaJIL! y,n;epJKa.HHll 

'!a.CTRL( rrpll yCJIOBRH RHT9prrpeTarnm o6M9HHOrO ITOJJ.II KaK y,n;OBJI9TBOPIIIOl!l9rO 

ypaBH9HIDO C rrpOH3BO,n;HHMR H9 HHJK9 'l9TB9pToro nop.il,n;Ka. 

2. Ha OCHOB9 ,n;narpaMMHOH T9XHHKR Ka,rtumeBcRoro paspa6oTaHa B 

Teopmi: CBJISaHHOro COCTOiIHlifI rrpo:ue,n;ypa Bll,n;9Jl9lill/I HHBapRaHTHOH B9p!iiHH

HOit qJyH~. 3aBRCillI!9il OT OTHOCHTeJU,HOro RMrryJU,Ca .n;Byx '!aCTRU, Haxo

,wIIIUDCCiI B COCTOJIHWIX KaR C UOJlOJIUIT9Jll,HOit, TaK R .C OTplfUaTeJU,IIOil 3Ha

'!9HIDiMR aHeprRH. BrrepBHe nocJie.n;oBaT9Jll,HHM crroco6oM rro.nytJ:eHa cBJISb 

M9Jl\nY KOHCTaHTOH f ra pacna,n;a ri~ j- iJ H B9PmHHIIOfi cpynru.urnfi. 

3. IIpoBe,n;eHO CpaBH9HH9 TPBX BOSMOJKHHX cnoco6oB IlOCTpoeIDl/I aMIIJW

TY.n;H pacna,n;a 31" ➔ ~ ;; B 3aBHCRMOCTH OT ,ItByx'!a.CTH'!HOit aJJIDJIHTY.n;H 

- BOJIIIOBOH ~ CBJISaHHOro COCTOJI!ill/I. IIoRasaHa· a@>eRTHBHOCTI, Me

TO,n;a, OCIIOBaHHoro Ha o,n;HOBp0M9HHOM no,n;xo,n;e R KTII.IlpH 3TOM '!RCJ19H

HB.fl O:U0HRa ITOCTORHHOH pacna,n;a }1r XOpOlllO COrJiacyeTCiI C HM9IOOUIMI!Cil 

,n;airnm.m. 

4. BrrepBHe rrpoBe,n;eHH '!RCJ19HHH9 O:U9HM poJJ{,l{eIDliI J19llTOH-aHTW10Il

TOHHHX CBJI3aHHHX OpTOCOCTORHRft, OIDICHBaeMl:lX peJJ.lITRBHCTCKOli BOJIHOBOH 

~en, B pacrra,n;ax Yr o H i. -M030HOB na OCHOBe MO,n;0Jlli KBapKO

BHX T!)eyrOJII,IDlX Il0T9JU,. Ilpo,n;eMOHCTpiipOBaHO xopomee,corJiacne BH'IRC

Jl0HHOH BepOJITHOCTH pacrra,n;a Yi"" 0➔ ('(e+e)s.P OilHTllliMI:I ,n;aHHHMH. 

5. BrrepBHe Ha .. OCHOBe o,n;HoBpeMeHHoro no,n;xo,n;a npoBe.n;eHH ncCJie,n;o-

BaHRfl KOHBepCHOHHllX ,n;aJIHT:U-pacna,n;oB 'ii"" o - , '2 - , pc. ;_ M030-

HOB H M0RT!)O,n;llHaMR'l0CKOH CBJI3aHHOH CHCT0Mll Ha rrpHMepe rrapaMIOOIDliI 

(J"'+r--) s~o• Ilpe,n;CRa3aHa OpHrliHaJU,Hasl oco6eHHOCTI, y COOTB0TCT~YJOIIUDC 

, nepexo,n;H!lx qiopMqrutTopoB HeMoHOTOHHoro. noBe,n;eIDl/I noCJie,n;HRX ( 'cl.if "
aiMieKT) B o6JiaCTH MaJlllX 3Ha'leHRil KBa,n;paTa HHBap11aHTHOH MaCCH rrapu 

Jl9ITTOH -aHTHJ19IlTOH. 
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6. B rrpo:ueccax ROHBepCllOHHllX H J19llTOHHllX pacna,n;oB nceB,n;OcRaJJ.IIp

Hh!X M930HOB, a Ta!OKe rrpn o6pasoBaHHu ( B peayJibTaTe pacna,n;oB) opTo

rroa.0:TpOHWI ( HJUI opTOMIOOHWI) ycTaHaBJIHBa9TCiI CB.fl:3I, , M0Jl\nY (!)OPMa.1lH3MOM 

l{TII (,n;narpaMMl:l YieiiHMaHa), O,IIHOBp9M9HHHM IIO,IIXO,IIOM II ,n;narpaMMHOii l!IIIy

PHOHHOM T9XHHKOli. 

'J. BillIOJIHeHh! pac'!eTl:l no rrpe.n;"cKaa·alllilO: . 

a) lllll})HHH pa,n;mi.;uHOHHOro pacna,n;a ec: -M930Ha Ha ,ItBa y- - ,RBaH-

Ta H 

6) pOJJ{,!{9HlifI '2c -M930H1! B e+e- -CTOJIKHOB9HWIX B 3aBHCH-

MOCTII OT BeJill'IHHH MaCCl:l ROHCTHTy3HTHOro C - KBapRa, BXOM!lleil B 

Ra'leCTBe napaMeTpa B KX.U ~ BOJIHOBYJO cpyIIKUlIIO )I,Jl}I cBB:aaHHoro c c -'lap

Momm. 

8. BnepBh!9 1IOJIY'!91Il:l TO'!Hh!e MO,ll;9JU,H0-3aBHClIMl:le qlOPMYJIH, ll03BOJ.lJilO

lllR9 Bl:l'II!CJJ.IITI, ,aMIIJIHTY,ll;h! pacrra,n;oB rrceB,n;OCRaJJ.IIpHh!X M930HOB BHClIIHX 

nopR.11RoB TIIIIa P- Et. IloRa3aHo, 'ITO. BemecTBeHHasI 'laCTI, aMIIJWTy,n;u 

pacrra,n;a BHOCHT cymecTB9HHh!H BRJ.Ia,n; (HapR.ztY C "YHHTapHOH" 'laCTI,JO) B 

rroJIHYJO aMII.7!HTY.ItY B CJiy'lae pacrra,n;oB '5r O -+ e + e- , 2 -> e + e- , 
2 .. r ... r,-. 

9. IIpoBe,IleH aHaJIR3 II Bh!'ll:ICJ19Hl:l BepORTHOCTU Jl9ITTOHHHX pacrra,n;OB 

KL. -MesoHa Ha ocHoBe cocTaBHott noJ110cHoit Mo.n;eJill. IIoRaaaHo, '!To oc-

HOBHott BRJia,It B aMIIJWTY.ItY KL --> .r + r,- pacna,n;a BHOCHT O,IIHOITOJIIOC-

HOH ? -M930HHHil 'VI9H. 

B IlpHJio~eHllli ;npHBe,IleHH qiopmHHe COOTHOIII9HWI M9Jl\nY ,n;llH8Mli'l:ec

MMR B9Jlll'II!HaMII, xapaKT0pH3YJOllllIMR RBapROHHH RaR CBB:3aHHO~ COCTORHUe 

KBapRa II aHTUKBapRa B 'l9TupeXMepHOM ll TpeXMepHOM PeJJ.lITHBIICTCROM rrpocT

paHCTBax RMrryJII,COB. 
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