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OBIT(A5.l XAP AKTEPHCTHKA P ABOTbl 

AKTyaJihHOCTh TeMbl. 

3a,n;a-qa OilHCaHHH CilHHOBhIX scpcpeKTOB B )KeCTKHX JieITTOHHhIX H 

a.n;pOHHhIX npoueccax HBJI.sieTCH aKTyaJihHOH .UJIH COBpeMeHHOH Te

OpHH CHJlhHhIX B3aHMO.n;eHCTBHH IIpH BblCOKHX 3HeprHHX, IlOCKOJlhKY 

IlO3BOJIHeT HCCJie.IlOBaTh TOHKHe .n;eTaJIH IIpHMeHeHHH KBaHTOBOH xpo

MO.UHHaMHKH (KX.U), Jie)Kame:ft B ee OCHOBe. MHTepec K HCCJie

.n;oBaHHIO .UaHHOH rrpo6JieMhl o6yCJIOBJieH IIOHBJieHHeM Bee HOBhIX H 

HOBhIX 3KCrrepHMeHTaJihHhIX .UaHHhIX H TeopeTH'lleCKHX HCCJie.IlOBa

HHii, 'l!TO CBH3aHO KaK C BBe.IleHHeM B CTpoii HOBhIX ycKopHTeJieii, 

TaK H c ycoBepmeHCTBOBaHHeM cymecTBYIOIUHX. Pe3yJihTaThl SKC

rrepHMeHTOB 3aCTaBJI.sIIOT BHOCHTh KOppeKTHBbl B HMeIOIT(Hec.sr TeO

peTH'l!eCKHe cxeMhl. CiiHHOBble scpcpeKThl rrpH 3TOM HBJIHIOTCH ro

pa3.n;O 6onee tIYBCTBHTeJihHhlMH K .n;eTaJIHM TeopeTH'l!eCKOrD OIIH

caHHH, tieM ycpe,n;HeHHhle no crrHHY cetieHH.sr. TaKa.sr tIYBCTBHTeJih

HOCTh OTHIO.Uh He y.n;HBHTeJihHa: JiarpaH)KHaH B3aHMO.n;eiiCTBHH 3Jie

MeHTapHbIX tiaCTHll B 60JihIIIOH CTeneHH OIIpe,n;eJI.sreTC.sI HX CIIHHOM. 

TaK, y)Ke rrepBble Ha6JI10,neHHH rrorrepetIHOii IIOJIHpH3aUHH 6apHO

HOB B KOHUe 60-x ro.n;oB CTaJIH CBH.n;eTeJihCTBOM HenpHMeHHMOCTH 

rrpocTeiimeii Mo.n;eJIH IIOJIIOCOB Pe,n:2Ke H Heo6xo,n;HMOCTH ytieTa HH

TepcpepeHUHH IIOJIIOCOB H pa3pe3OB. BrroCJie.IlCTBHH OKa3aJIOCh, 'l!TO 

TaKaH IIOJIHpH3auH.sr rrpH coy.n;apeHHHX HeITOJIHpH3OBaHHhIX a,n;pOHOB 

(no,no6Hhle aCHMMeTpHH Ha3hlBaIOT O.UHHO'l!HblMH - B .n;aHHOM CJIY

-qae e.IlHHC:TBeHHaH IIOJIHpH3OBaHHaH tiaCTHUa Ha6JIIO.n;aeTCH B KO

HetIHOM COCTOHHHH) He o6pamaeTCH B HYJih H npH BeChMa 60Jih

IIIHX rrorrepetIHhIX HMIIYJibCax PT ~ 2 rsB. 3TOT cpaKT HBHJICH 

IIOJIHeiimeii HeO)KH.UaHHOCTblO H, Ka3aJIOCh, a6COJIIOTHO rrpOTHBO

pe"tJHJI BCeM npe,n;cTaBJieHHHM O HyKJIOHe, OCHOBaHHhlM Ha rrapTOH

HOii ero KapTHHe. llanhHeiimHe sKcrrepHMeHTaJihHhle uccne,n;oBaHH.sr 

IIO.UTBep,nHJIH H YTO'l!HHJIH STY KapTHHY. IIon.srpH3aUHH OKa3aJiaCh 

CJia6o 3aBHc.srmeii OT 3HeprHH, HO CHJibHO 3aBHC.srmeii OT norrepetI

HOro HMIIYJihCa, a HMeHHO - pacTymeii C ero pOCTOM. BhlJIH HCCJie

,noBaHhl H .n;pyrHe O,Il;HHO'l!Hhle CIIHHOBhle aCHMMeTpHH, KOr,na q>HK-
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cnpyeTCH IlOJIHpn3aUHH. eJlHHCTBeiIHO:ii :qacTHUhl He B KOHe'lHOM, a 

B Ha"tlaJibHOM COCTOHHllll. 3¢ipeKThI OKa3aJIHCh BeChMa BeJIHKH, a 

OCHOBHhle KHHeMaTn-.:iecKne CBOHCTBa norrHpn3aunn - crra68JI 3aBn-

CHMOCTh OT 3Heprnn ll pOCT C nonepe1IHhIM HMnyJihCOM - HMelOT 

MeCTo n 3,nech TaKoe noBe.neHne YKa3hrnaeT Ha Harrn-.:ine )KeCi'Koro 

napTOHHoro no.nnpouecca, o.n:HaKo .nnHaMn-.:iecKoe onncaHne norrH

pn3aunn Tpe6yeT BbIXO.i:{a 3a paMKll H3.HBHOH napTOHHOH MO,UeJin. 

Karrn6pOBO'lHO-HHBapnaHTHhlii no.uxo.u K nonepe'lHOii norrHp113aunn 

OKa3hIBae':tcjj: CBH3aHHhIM C y-.:ieTOM KBapK-rJIIOOHHbIX KOpperr}iunii, 

He HMelOIIlllX BepoHTHOCTHOH llHTepnpeTaunn. . . 

HaKOHeU, nOCJie)];HllM no BpeMeHH CnHHOBhIM'3qJq>eiTOM, OTKpbI

THe KOToporo oKa3arro (n npo.norr2KaeT oKa3hiBaTh B'-re-.:ieHne 60-

rree 10 JieT) 3Ha'lnTeJibHOe BJIHHHHe Ha J)a3BilTHe·ipli3nirn: BhICOKHX 

3Heprnii, cTarr T.H. "cnnHOBhiii Kpn3nc", oTKphIThIH EBponeiicKoii 

M100HHO:ii Korrrra6opauneii (EMC)B 1987-1988 rr., n nccrre,noBaB

mniicH Bnocrre.ncTBiin Korrrra6opaun.srMn SMC, E153, E155. CyM

M'apHhIH BKJia.n CIIHHOB KBapKOB B CilllH npOTOHa, KOTOphlii Mor 6bl, 

HaHBH{) 'paccy2IfuM; 6hITh paBHhIM 1/2, B .ueiiCTBHTeJihHOCTH OKa-

3aJic}i coBMecTnM c HyrreM'. Ilocrre.uy10mne nccrre.noBaHn.sr yTo-.:iHnrrn 

3TOT pe3yJihTaT n no COBpeMeHHhIM npe.ncTaBJieHH.SIM cnnH KBapKOB 

COCTaBJI.SieT OKOJIO 30% npOTOHHoro. I1 3,UeCh. OKa3hIBaeTC.SI Heo6xo

,UllMbIM y-.:ieT rJIIOOHHhIX CTeneHeii CB060,nhI, Ha 3TOT pa3 npO.SIBJI.SI- . 

IOIIlllXC.SI 3a c-.:ieT aKCllaJibHOH aHOMarrnn. 

UeJih,UHCCepTaunn COCTOHT B nocTpOeHHll nocrre.noBaTeJibHOH 

Teopnn .BJIHHHH.SI 'rJIIOOHHOH KOMnOHeHThI HYKJIOHa Ha pa3JIH'lHhle 

cnnHOBhle acnMMeTpnn. 

. Hay'lHaJI HOBH3Ha ll npaKTH"tleCKaJI :u;eHHOCTh. B .unccepTaunn 

OTKpbITO HOBOe HanpaBJieHne B Teopnn Cnll!JOBbIX 3<p<peKTOB npn 

BhICOKHX 3Heprn.srx -_y~eT BKJia.na rJIIOOHHOH aKcilarrhHOM aHOMaJillll 
,#. '.. . ' • 

n KBapK-rJIIOOHHhIX KOppeJI.SITOpOB TBHCTa Tpn B cnnHOBble CTpyK-

TypHhle <pyHKUllll. 

BnepBhle 'npe.nrrmieHo onncaHne HH3K03HepreTn-.:iecKoii cnnHo

Boii CTPYKTYPhl HYKJIOHa B TepMnHax coxpaH.SIIOIIleroc.sr KBapK -
/ 
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rJIIOOHHOro TOKa, OTJlll'laIOIIlerocH OT KBapKOBOro TOKa, CBH3aH

HOrO C nepBbIM MOMeHTOM CTPYKTypHOH <pynK:u;nn 91' Ha BeJIH"tlllHY 

BKJia,Ua rJIIOOHHOM aKCllaJihH_OM aHOMaJillll. CipopMyrrnpoBaHO 0606-

-meHne noHHTH5! -- anoMarrnn Ha crry-.:iaii HerroKaJihHhIX oriepaTopoB 

Ha CBeTOBOM KOHY ce, ll Ha 3TOM OCHOBe BnepBbie ycTaHOBJieHa x-
3aBHCHMOCTh aHOMaJihHOro _ rJIIOOHHOro BKJia,Ua. 

BnepBbie paCCMOTpeH BKJia,U aKCllaJihHOM aHOMaJillll ., B cnnHO-. . . . . . . 

BYIO CTPYKTYPHYIO <pyHKUHIO <pOTOHa ll norry-.:ieHO CB.SI3aHHOe C HHM 

npaBHJIO cyMM. ' 

CipopMyrrnpoBaH opnrnHaJihHhlii <paKTopn3a:u;noHHhlii no.nxo.n K 
' . . 

nonepe-.:iHoii norr.srpn3aunn _HyKJIOHa, y-.:inTbIBa10n;i;nii Bee HeJIOKaJih-

Hhle KBapK-rJIIOOHHble onepaTOpbI TBHCTa Tpll n npnMeHHMhIH KaK 

K rrry6oKOHeynpyroMy pacceHHHIO, TaK n K 6orree CJIO)KHhIM a.npoH

HhIM npoueccaM. BnepBbie YCTaHOBJieH01 "tlTO MaCCOBhIM napaMe

TpOM nonepe-.:iHoii norr.srpn3aunn HBJIHeTCH Macca norrHpH30BaHHoro 

HYKJIOHa, Bbl.SIBJieH ,UHHaMn-.:ieCKHM MexaHH3M nepeHopMnpOBKll Mac

Cbl KBapKa rJIIOOHHhIM norreM a.upoHa, 06ecne-.:inBal01Illlli 3TO CBOM

CTBO. IIorry-.:ieHO HOBOe TO"tlHOe npaBHJIO cyMM, CBH3bIBaI01Ilee cnn

HOBhle CTPYKTYPHhle <pYHKUHH. Ilpe,nJIO)KeHa MO,UeJih, CBH3bIBal0-

1IlaJI noBe,neHne npaBnrr CyMM BypKXap,n;Ta - KoTTHHr3Ma n repa

cnMoBa - .Ilperrrra - XnpHa, n na ee ocHoBe npe,ncKa3aHO noBe.neHne 

nocrre.nHero B nepexo,n;Hoii o6rracTn. 

BnepBbie npe,nJIO)KeH MexaHH3M B03HllKHOBeHHH <pa30BhIX C,UBll

roB 3a c-.:ieT BKJla,UOB TBHCTa 3 ( KOTOpbie Heo6xo,nnMhl ,UJI.SI 06'hHC

HeHH.SI O,UHHO"tlHhIX CIIHHOBhIX aCHMMeTpnii, onnChIBalOIIlllX B3aHMO

.ueiicTBHe B KOHe"tlHOM COCTO.SIHHH·Me)K,Uy aKTHBHhIM napTOHOM n 

a,npOHHhIM OCTaTKOM). Bhl1lnCJieHhl acnMMeTpnn ,UJIH npo:u;eccoB 

KOMnTOHOBCKOro Tnna. Ilocpe,nCTBOM aHaJIHTH'leCKOrO npO,UOJI)Ke

HHH BnepBbie nccrre.nOBaHhl T - He-.:ieTHble· <p}'HKUllll q>parMeHTaunn 

TBHCTa 3 n norry-.:ieHa <paKTOpn3aunoHH8JI <pOpMYJia .UJIH norr.srpn-

3aunn 6apnOHOB, o6pa30BaHHhIX B aHHHrHJIH:Qllll HenOJIHpll30BaH

HhIX 3JieKTpOHOB ll no3HTl)OHOB. Ilo~y-.:ieHO HOBo'e IIpaBHJIO cyMM 

.nrr.sr 3aBHC.SIIIlllX OT nonepe-.:iHoro nMIIyrrhca T-~e-.:ieTHhIX <pynK:u;nii 

<pparMeHTa:u;nn. IIpe.nrro)KeHhl n nccrre,noBaHhl B Ka-.:ieCTBe npo6HnKa 
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ClillHOBOH CTpyKTypbI a,n;pOHOB pa3mrtrnhle aCHMMeTpllll ,llllJielITO

HOB. 

Ha 38.IIlllTY Bhl,llBllI'aIOTCK CJie,n;yromne pe3yJibTaTbI. 

L Y cTaH0BJieHo, tiTo I'JIIOOHHhlii BKJia.n; B 11epBhlii M0MeHT 11po

.llOJihHOii c11nH0Boii CTPYKTypHoii · cpyiIKunn 011pe,n;enKeTCK T0-

11onorntieCKHM T0K0M, <pnKcnpyeMhIM aKcnaJihHOii aHoManneii. 

IlplI '.:)TOM KaJin6pOBOtIHO lIHBapiiaHTHhIH KBapKOBhIH aKCll

aJibHhIH TOK 011pe,n;eJIKeT 11epBhIH M0MeHT' lI3BJieKaeMhlli · 113 

3Kc11epnMeHTaJibHhIX ,naHHhIX 110 rny60K0Hey11pyr0My pacce

HHHIO, B TO BpeMH KaK COXpaHKIOI..UHiiCK KBapK-I'JIIOOHHhIH TOK 

M0)KeT 6hITb COlIOCTaBJieH C HlI3K03HepreTHtieCKOH ClillHOBOH 

CTPYKTypoii.' OTJIHtIHe 3Tllx'j:u3yx BeJill~llH Ji' 06'.bHCHHeT TaK 

Ha3h!BaeMhlii ClillHOBhIH KplI3HC. 

2. y CTaH0BJieHa CBH3b Me)K,lly 3aBllClIM0CTbIO aH0MaJibH0I'0 I'JIIO-

0HH0I'0 BKJia,na OT MaCChl KBapK0B II tiaCTlitIHhIM C0Kpame

HHeM H0pMaJibH0I'0 ll aH0MaJihH0I'0 BKJia,U0B B .lllIBepreHUllIO 

aKCliaJibH0I'O T0Ka. ' BhltilICJieH 'BKJia,D;· TH)KeJibIX KBapK0B B 

11epBhlii M0MeHT ClillHOBOH CTpyKTYPH0H <pyHKUllll. C ytieT0M 

3aBllCllM0CTlI OT KBapK0BbIX Mace BBitilICJieH BKJia,ll aKCllaJih

H0H aH0MaJillll B ClillH0Byro CTpyKTYPHYIO <pyHKUlIIO !pOTOHa . 

lI lI0JiytieHhl CBH3aHHhle C HllM 11paBHJia cyMM. 

3. y CTaH~BJieIIa 3aBHClIM0CTb aH0MaJibH(ffp I'JIIO0HH0I'0 BKJia,n;a 

OT ,IJ;0Jill llMIIYJihCa I,'JIIO0Ha. Ilpe;n;JIO)KeHO ee TeopeTIItieCK0e 

0lIHCaHne Ha 0CH0Be o6o6I..U~¥~H lIOHHTll.H.~KC~~JihHOH aH0Ma-

Jlllll ,llJIH HeJI0KaJibH0I'0 8.1).CllaJihH0I'0· T0Ka Ha CBeT0B0M K0Hyce. 

ll peaJin3aUlIK B Bll,lle CXeMbicq>aKTOpH3aUlllI 60JibIIIlIX ll Ma

'. ,JibIX.paccT0HHllli; 

4. Y CTaHOBJieHo, tIT0 inH 11ocne,n;dBaTeJihHoro 011JicaHHH 11011epetI

Hciii O lIOJIHplI3aumi Heo6xo,n1IM ytieT KBapK-I'JIIOOIIlibIX K0ppe-
- , , • ·. . , f I • • • j. _ 't ~ -

JIKTOpOB TBllCTa 3. IloJiytieHa ipaKTOpn3aullOHH8JI cpopMyJia 

,llJIK pactie-bt 110,ll06HI,IX 3cplf)eKT0B:. Ilo~~ail~, ~TO iICT~HHhIM. 

6" 
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MaCCOBbIM 11apaMeTpOM, OlilIChIBaIOJ..UllM 11011epetIHYIO lIOJIKplI-

3aun10, HBJIHeTCH Macca lIOJIHpll30BaHHOI'O a,n;poHa. Ilony

tieH0 T0tIH0e 11paBllJI0 cyMM ( TaK Ha3h!BaeMoe 11paBllJI0 cyMM 

EcppeMOBa-Jin.nepa-TepHeBa) .llJIH BaJieHTHhIX BKJia.ll0B B c11n

H0Bhle CTpyKTYPHhle <pyHKUllll. 

5. Ilpe,i:i;JIO)KeH HOBhIH MexaHll3M reHepaunn !pa30BbIX C,IJ;BllI'OB, 

Heo6xo.nnMhIX .llJIH B03HHKHOBeHnH o,nHHOtIHhIX acnMMeTpnii, 

3a ctieT MaJihIX. ·Bnp-ryarihHOCTeii ·rrapT0H0B B · 110.n11poueccax 

TBlICTa 3. BhltillCJieHhl O,UllHOtIHhle aCllMMeTpllll o6pa30BaHllH 

<p0T0H0B, ,lllIJielIT0H0B ll I'JIIO0HHbIX CTpyii, cpparMeHTnpyro-

1..UllX B lilI0HhI, B KBapK-I'JIIO0HHbIX 110,lllipoueccax TBllCTa 3. 

6. 1IoKa3aHa <paKT0pll3aUHK B 11poueccax, BKJIIOtiaIOI..UlIX T - He

tieTHbie <pyHKUllll <pparMeHTaunn TBlICTa Tpll. BhltillCJieHa 

11011epetIHaH lI0JIHpn3aullH I'llliep0H0B, o6pa3yIOI..UllXCH 11pn aH

HllI'llJIHUllll He110JIHpn3oBaHHhIX ne11TOHOB. IlonytieHo Hyne

Boe 11paBiIJio cyMM ( TaK Ha3hIBaeMoe 11paBHJIO cyMM TepHeBa

IIlecpepa) .llJIH 3aBHCHJ..UllX o;r 11011epetIHoro HMlIYJibca n T

HetieTHhIX <pyHKUlIH. <pparMeHTaunn. 
,;. ,·· 

A11po6aunH pa6oThl. Pe3yJihTaThl, 11pe,n;cTaBJieHHhle B .nnccep

Taunn, ,noKna,nhIBannc1, Ha. ceMnHapax Jia6opaTopJin TeopeTntie-' 

cKoii cpn3nKn 0115111, UeHTpoB Teopcpn3nKn MapceJIH 11 Ilane3o, 

JHllBepcnTeT0B PereHc6ypra n JlOH,llOHa, 6hIJill 11pe,n;cTaBJieHbI Ha 

Me)K,llyHapO.llHhIX CnMII0311yMax (EnyMnHrTOH, 1994 r., AMcTep

.naM, 1996 I'., IlpoTBllHO, 1998 r.) n pa60tilIX C0BeI..UaHllKX (IlpoT

BlIH0, 1984, 1988, 1992. rr, lly6Ha, 1997, 2001 rr, Ilpara, 2002 r.) 

110 C11nHOBhIM HBJieHllHM 13 <pll3HKe BhICOKllX 3Heprnii, pa60tilIX COBe

maHHHX 110 c11nH0BhIM 3<p<peKTaM ~a ycKopnTene HERA (UoiiTeH, 

1995, 1997 I'I'. raM6ypr, 1999 r.), Me)K,llyHapO,llHbIX C0BeI..UaHHKX 

110 rny60KoHey11pyroMy·-pacceHHn10 n KXLI (UoiiTeH. 1999r,, Kpa

K0B, 2002 r.). UnKJI CTaTeii, J3KJIIOtiaromnii 3TH nccne,n;oBaHHH, 6hIJI 

Y.ll0CT0eH 11epBOH 11peMllll 0115!11 3a 1991 I'0,ll. 
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. Ily6JIHKan;1rn. Ilo MaTepnanaM .llHCCepTa:[(HH ony6JIHKOBaHa 41 
pa6oTa. 

CTp}'KTypa H 06'he~ ,ZlHCCepTa:[(HH . .IlnccepTan;mr COCTOHT H.3 

BBe.lleHH.sI, 4 rJiaB n 3aKJI101:JeHH.sI. OHa co.uep.>KHT 155 CTpaHH:[( Ma

IIIHHOIIHCHOro TeKcTa, 17 pncyHKOB. CnHCOK JIHTepaTypbI BKJIIOl:IaeT 

155 HaHMeHOBaHHll. 

.. CO.IIEP)KAHHE .P ABOTbI 
Bo BBe.lleHHH o60CHOBaHa aKTyaJibHOCTb npoBe,ueHHOro . B ,ZlHC

cepTa:QHH HCCJie.llOBaHH.sI. Ilpe.ncTaBJieH cqBj)eMeH:Hiirn: CTaTyc H oc

HOBHbie nanpaBJieHH.sI HCCJie,IJ;OBaHHH CIIHH0BOH CTpyKTYJ>bl HYKJIOHa. 

CcpopMyJIHpOBaHa ueJib pa60Thl H H3JIO.>KeHo ee KpaTKOe co.uep.>Ka-
. , • j 

HHe. 

B nepBoii rnaBe paccMaTpnBaeTc.sr cp~Topn3an;n.sr ce1:Jem~ii 

.>KeCTKHX IIOJI.sipH3a:QHOHHblX npoueccoB B npH6JIH.>KeHHH Be,uymero 
• . • . .- ~ : I' . ' . . 

TBHCTa H pOJib, :i<:OTOpyro npn 3TOM. nrpaeT rJIIOOHHa.sI a:KCHaJibHa.sI 

aHOMaJIH.sI. 

B pa3.uene 1.1 paccMoTpeHa KXU <pa:KTopn3an;n.sr .n;n.sr KBapKo

Boro BKJia.ua B .>KeCTKHH npouecc C Yl:JaCTHeM KaK npO.D;OJlbHO, TaK H 

nonepel:IH() no~.srpH~OBaHHblX a.upOHOB. .IloKa3aTeJibCTBO cpaKTOpH-

3a:QHOHHOH q>OPM;YJibl_;IIpOBO.D;HTC.sI B KOOp,ZlHHaTHOM npe,nCTaBJieHHH . 

B npeHe6pe.>KeHHH BCeM:0: rJIIOOHHbIMH n KBapK-:-rJIIOOHHbIMH onepa

TopaMH: 

6 

d<J" ·· j dfdTJ(PB, SINµ(fa(6)exp(ig j A· dz)7/Jf3(1J1))IPB, S) 
'111 

(PAl'l/i(6),P ... 'ljJ(1J2)IPB)(Pcl ... ,a ... IPc)E;:%(~, TJ, µ). (1) 

BBo.n;.sr 3aBHC.sIII{He (Cr) H He 3aBHC.sIII{He (f) OT CIIHHa cpyHKUHH pac

npe.neneHH.sI, MOMeHTbl KOTOpbIX CB.sI3aHbl C MaTpHl:IHblMH 3JieMeH

TaMH onepaTopoB, H HCIIOJlb3Y.sI ypaBHeHH.sI ,ZlBH.>KeHH.sI KX.Il, MO.>KHO 

8 

/-: 

npeo6pa30BaTb (1) K napTOHHOMy BH.ZlY 

d<J" = j d(J f((J)Sp[(/3? + m)(l + 81
5 i(_~) )]E(,BP), (2) 

npe.ncTaBJI.srromeMy cBepTKY K03cpcpnuneHTHoft cpyHKUHH E c 3cpcpeK

THBHoii CIIHHOBOH MaTpnueii IIJIOTHOCTH KBapKa. 

B pa3.uene 1.2 3Ta cpopMyna 0606:meHa Ha cny1:Jaii BKJia.ua rnro

OHOB B npH6JIH.>KeHHH CT.apmero TBHCTa (npn npO,ZlOJibHOH IIOJI.sipH-

3a:QHH HYKJIOHa), KOr.n;a MaTpH:Qhl IIJIOTHOCTH KBapKOB H rJIIOOHOB 

npHHHMaIOT BH,Zl: 

1
00 d>..ei>.x [ (P, sl'l/i0 (0)7/J{3(>..n)IP, s)P,s ] = 

-oo 21r (P, sl-Aµ(O)Aa(>..n)IP, s) P,s 

[ 
q(x)Pa/3 + ~~q(x)(P1

5 )af3 l 
g(x)d +ittlg(x)f. 

x pa · ',, x paPn 

(3) 

r.n;e dpa - 9pa - nµPa - napp, C~pn = E;aaf3P0 n13 , (nA) = 0, p2 = 
n2 = d, (pn) = 1, H ~ - CTeneHb npO,ZlOJibHOll IIOJI.sipH3a:QHH a.upoHa. 

PaccMaTpHBaIOTc.sr npaBHJia cyMM, CBH3hlBaromne cnn~oBhle pac

npe.neneHn.sr KBapKOB ~q H rJIIOOHOB D.g C HH3K03HepreTH1:JeCKHMH 

xapaKTepHCTHKaMH HYKJIOHa. Ilpn 3TOM MO.>KHO HCIIOJib30BaTb .n;Ba 

coxpaH.sIIOII{HXCH onepaTopa - TeH30p yrJIOBOrO MOMeHTa lI KBapK

rJIIOOHHhlH TOK, onpe.uen.sreMbIH rJIIOOHHOH aKCIIaJibHOH aHOMaJIHeii. 

C y1:JeTOM TOJibKO KBapKOBblX CTeneueii CB060.D;bl lI B npeue6pe

.>KeHHH op6HTaJibHhIM MOMeHTOM 3TH .D;Ba onepaTopa nponopu110-

HaJibHbl .n;pyr .ii;pyry. Ilpn BblXO,Zle 3a paMKH 3TOrO npu6JIH.>KeHH.sI 

TeH30p yrJIOBOro MOMeHTa BKJIIOl:JaeT op6HTaJibHY10 1:JaCTb, 0IIHChl

Baromyroc.sr HeJIOKaJibHhlM onepaTOpOM ~ He npo.sIBJI.sIIOmyIDC.sI II0-

3TOMY B HHKJII03HBHhlX .>KecTKHx npoueccax. B TO .>Ke BpeM.sI Ma

TpH1:!Hhlii 3JieMeHT aHOMaJibHOro KBapK-rJIIOOHHOrO TOKa nponopun

OHaJieH KOM6HHan;HH nepBbIX MOMeHTOB ,KBapKOBOrO n rJIIOOHHOro 

CIIHHOBO3aBHCHMblX pacnpe.neneHHH 

(-:n} ~ ' as 
- J5 P,s = q+ 

2
7f~g .. _ (4) 
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MMeHHO 3Ta BemrcmHa npe,n;naraeTC.SI B Ka"lleCTBe Mephl nomqm3a

u1rn KBapKOB B HYKJJOHe. 

B pa3,IJ;eJJe 1.3 paccMaTpHBaeTC.SI ee 3BOJIIOUH.SI npn H3MeHeHHH 

IIIKaJJhI Q2 ' onpe.n;eJJ.SIIOIUeH xapaKTepHbIH MaCIIITa6, Ha KOTOpOM 

H3Mep.SIIOTC.SI IIOJJ.SipH3aUHH .":rrnap~OB H rJJIOOHOB. IIoKa3aHo, "l!TO JIO

rapmpMH"lleCKHiI pOCT .6.g KOMIIeHCHpyeT TaKOe ·)Ke y6bIB.aHHe as, 
TaK "l!TO ~OMaJlhHbIH rJJIOOHHbIH BKJla,IJ; .SIBJI.SieTC.SI, no cyTH, 3cp

cpeKTOM Be.n;ymero IIpH6JIH)KeHH.SI. 3TO O3Ha-qaeT CHJlhHOe CMeIIIH

BaHHe KBapKOB. H rJJIOOHOB. lIOKa3aHO, -q:.ro aK~~aJihH~ aHOMaJI~I.SI 

IIpO.SIBJI.SieTC.SI JIHIIIh B cny-qae JJerKHX KBapKOB, a ,IJ;JI.SI T.SI)KeJlbIX co

Kparn;aeTC.SI C "HOpMaJlbHbIM", MaCCOBbIM BKJJa,IJ;OM ~ .z:i:n~eprCHUHIO. 

CoKparn;eHHe npOHCXO,IJ;HT c TO"l!HOCThIO ,IJ;O "l!JleHOB ~-1/ M~, npHBO

.D:.SIIUHX K MaJIOMY ( ~ 10~5) BKJla,IJ;Y o-qapoBaHHbIX KBapKOB B CIIHH 

npOTOHa. 

PM.n:en 1.4 IIOCB.SIIUeH' aHaJIH3Y X-3aBHCHMOCTH aHOMaJJbHOro 

rJJIOOHHoro BKJJa.n:a Ha ocHoBe o6o6rn;eHH.SI IIOH.SITH.SI aKcnaJJhHOH aHo

MaJJHH. Ha cny~a:ft. HeJl~KaJJhHbIX onepa'!'opOB. IIoKa3aHo, "l!TO aHO-

MaJJH.SI, onpe,n;eJJ.SieMa.SI KaK P.TJIH"l!He ,IJ;HBepreHUHH HeJIOKaJJbHOro aK-
' . 1 

CHaJlhHOro T<;)Ka OT ee 3Ha"l!eHH.SI B KJlaCCH"lleCKOH TeOpHH IIOJI.SI, CB.SI-

3aHa He TORhKO C MaJJ~MH, HO H co CBeTOIIO,IJ;06HbIMH paCCTO.SIHH,

.SIMH. 3To npnBO.IJ;HT K HeJJOKaJJhHOMY anoMaJJhHOMY BKJJa.n:y npo

CToro Bn.n:a, onpe.n:en.SieMoMy K03cpcpnuneHTHoii cpy:eKune:ft · 

K(x) = - as N1(l..:..: xi, 
7r -

(5) 

KOTOpa.SI II03BOJI.SieT OIIpe,D;eJIHTb CB060,IJ;HOe OT allOM
0

aJJHH KBapKOBOe 

pacnpe,n;enenne . 

.6.E(x, Q2
) = .6.E(x, Q2

) - K(x) 0 .6.g(x, Q2
), (6} 

TaKHM o6pa30M onpe,n;en.SieTC.SI Kone-qnoe penopMrpynnoBoe npeo6pa:.. 

30BaHHe, COOTBeTCTBy10mee TaK Ha3bIBaeMOH JET-cxeMe cpaKTOpH-

3aUHH. 

B pa3,D;eJJe 1.5 BKJla,IJ; aKCHaJJbHOH aHOMaJJHH paCCMOTpeH .n:mr 

CJJY"lla.SI q>OTOHHOH MHIIIeHH. 3To npHBO,IJ;HT K CJ1e.n;y10rn;eMy npaBHJIY 
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A 

cyMM ,IJ;JI.SI aHOMaJJbHOrO q>OTOHHOrO BKJla,IJ;a B q>OTOHHYIO CIIHHOBYIO 

CTPYKTYPHYIO cpyHKUHIO B HeCHHrJJeTHOM KaHaJJe 9iNS : 

fo1 gI(x)dx = -Ne (e4) . ~ 
2 21r. (7) 

npH YCJJOBHH, "l!TO BHpTyaJJhHOCTh HJIH nonepe"l!HbIH HMIIYJlbC cpo

TOHa - MHIIIeHH npeBhIIIIaeT Macey KBapKa (KOTOpa.SI, C y-qeTOM 3cp

q>~KTOB a,D;pOHH3aUHH, ,IJ;OJ12KHa 6bITb 3aMeHeHa Ha Macey IIHOHa). 

B npOTHBHOM cny-qae npaBa.SI "llaCTb npaBHJla CYMM ,IJ;OJl)KHa o6pa

THTbC.sI B HYJJh 3a C"l!eT COKparn;eHH.SI HOpMaJlhHOH H aHOMaJJbHOH 

,IJ;HBepreHUHH. 

B CB.SI3H C Ba2KHOH pOJJbIO aKCHaJlbHOH aHOMaJJHH B 2KeCTKHX CIIH

HOBbIX npoueccax B pa3,D;eJJe 1. 6 paCCMOTpeHa ee q>H3H"l!eCKa.SI HHTep

npeTaUH.SI. llncnepCHOHHhiH IIO,IJ;XO,IJ; K aHOMaJJHH, B KOTOpOM OHa 

IIO.SIBJI.SieTC.SI npOCTO KaK KOHe"l!HOe BbI"l!HTaHHe, o6o6~eH Ha cny-qa:ft 

BHPTYaJJhHbIX B~eIIIHHX q>OTOHOB (rJJIOOHOB). Mccne,IJ;OBaH npHHUHII 

cornacoBaHH.SI Txyq>Ta B 3TOM cny-qae. PaccMaTpHBaeTC.SI TaK2Ke 
. . . .. . ,,- .' , 

IIOJIYKJJaccn-qecKa.SI HHTepnpeTaUH.SI aHOMaJJHH, HCIIOJlh3YIOIUa.SI pa-

BeHCTBO, C TO"l!HOCTbIO .n:o 3HaKa, aHOM~JlhHOro BKJJa.n:a B ,IJ;HBepreH

UHIO Hop:~,faJlbHOMy B npe,n;ene 6ecKOHe"l!HO T.SI)KeJJoro KBapKa. 3TOT 

IIOCJle,IJ;HHH BKJJa,IJ; H BhI"llHCJJ.sieTC.SI IIOJIYKJJaCCH"lleCKH. 

rnaBa 2 IIOCB.SIIUeHa HCCJle,IJ;OBaHHIO KBapK-rJIIOOHHbIX KOppeJJ.SI

TOpOB TBHCTa 3 B cny-qae npocTeHIIIero 2KeCTKoro npouecca - rny-

6oKoHeynpyroro pacce.sIHH.SI (rHP) Ha nonepe"l!HO non.SipH3OBaHHOM 

HYKJIOHe. B pa3,IJ;eJJe 2.1 aHaJJH3HpyIOTC.SI Ka"lleCTBeHHble oco6eHHO

CTH 2KeCTKHX npoueccOB C y-qacTHeM nonepe"l!HO IIOJJ.s!pH3OBaHHbIX 

-qacTHU. IIo.n:-qepKHBaeTC.SI, . "l!TO BCJle,IJ;CTBHe HHTepcpepeHUHH pa3-

JIH"l!HbIX CIIHpaJJbHhIX aMIIJIHTY.D: acHMM~TpHH nponOpUHOHaJlhHbI 

MaCCOBOMY napaM_eTpy,. IIOp.sr,D;OK KOToporo ,IJ;OJl)KeH onpe.n;eJJ.sIThC.SI 

MaCCOH nonepe"l!HO IIOlI.s!pH30BaHHOro HYKJJOHa. B CJJy-qae, Kor.n:a 

OH .sIBJJ.SieTC.SI e,IJ;HHCTBeHHOH IIOJJ.SipH30BaHHOH -qacTHUe:ft, He06XQilHM 

TaK2Ke q>a3OBbIH C,IJ;BHr Me2K.IJ:Y HHTepcpepnpyIOIUHMH aMIIJIHTy,IJ;aMH, 

OTCYTCTBYIOIUHH npH HCIIO~h3OBaHHH. HaHBHOH napTOHHOH M.O,IJ;eJIH 

B EopHOBCKOM npn6JJmKeHHH. 
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B pa.3.nene 2.2 ::icpcpeKThl TBHCTa 3 paCCMOTpeHI,I ,Il;JI51 npOCTeft

IIIero CJIY"t!M CKaJI5IpHoro rmooHa. IloKaiaHo, "tJ:TO, C y"tJ:eTOM ypaB

HeHHli .Il:1:lH>KeHHH, ero BJIH5IHHe B rHP CBO,Il;HTC51 K O,IJ;HOBpeMeHHhIM: 

a) ::icpcpeKTHBHOli nepeHOpMHpOBKe TOKOBOli MaCChl KBapKa, •' 

6) BOCCTaHOBJieHHIO KaJIH6pOBO"tJ:HO HHBapnaHTHOli cpopMhl a,D;pOH

HOrO TeH3Opa. · 

Pa.3,IJ;eJI 2.3, I(eHTpaJII>Hhlli B 3TOli rJiaBe, IlOCBfilll;eH aHaJIH3Y 

npOH3BOJil>HOro :>KeCTKOro npoI(ecca C y"tJ:aCTHeM IlOJI5IJ)H3OBaHHOrO 

HYKJIOHa B KX.It B · pe3yJI1>TaTe nony~ena npocTM cpaKTOpH3aI(H

oHHM cpopMyJia, B KOTOpoft ce"tJ:eHHe npOH3BOJil>HOro :>KeCTKOro npo

I(ecca C y"tJ:aCTHeM nonepe"tIHO IlOJI5IpH3OBaHHOrO HYKJIOHa Bhlpa>Ka

eTCH, IlOMHMO CilHHOBOI'O KBapKOBOro pacnpe.neJieHH51 Cr, "tlepe3 ,IJ;Ba 

KBapK-rmoOHHbIX KOppeJIHTopa BAH Bv. 
. B pa3.nene 2.4 paccMaTpHBaIOTC51 orpaHH"tJ:eHH51 ,Il;JI51 KOppeJIHTO

pOB, CJie,IJ;yIOll(He H3 T..:HHBapnaHTHOCTH ("tITO npHBO,Il;HT .K CHMMe

TpHH BA(X1, X2) H a~THCHMMeTpHH Bv(x1, X2) IlO CBOHM apryMeH

TaM)) a TaK:>Ke H3 KaJIH6pOBO"tJ:HOli ( o6ecne"tJ:HBaeMOli ypaBHeHH5IMH 

,ti:sinKeHHH KX.II)' n JiopeHI(-'-HH:eapnaHTHOCTH. B pe3yJI1>TaTe nony-
- ' . . 

"tJ:eHhl npaBHJia cyMM, CB513hlBalOll(He KOppeJIHTOphl C KBapKOBhlMH 

pacnpe,D;eJieHHHMH. · 

j dy[BA(x, y) - iBv (x, y)) = xCr(x). (8) 

Pa.3.neJI 2.5 IlOCB5Ill(eH npHMeHeHHIO o6meft cpaKTOpH3aI(HOHHOH 

cxeMI,I K rHP. IIony"tJ:eHhl HBHhle BhlJJa>KeHHH .nnH crinHOBhlX CTPYK

TypHhlX QlYHKI(Hli 91 H 92· IloJiy"tJ:eHHhle B pa.3.nene 2.4 npaBHJia 

cyMM npHBO,Il;5IT, B "tJ:aCTHOCTH, K CJie,IJ;YIOll(eMy COOTHOIIIeHHIO ,Il;JI51 

Ba.11,eumubtX BKJia,IJ;OB Ka>K,IJ;Oro KBapKOBOro apoMaTa B 3TH cpyHKI(HH: 

j/ dxx(9tl(x) + 29tl(x)) = 0. (9) 

B pa3,IJ;eJie 2.6 npaBHJia cyMM ,llJI51 CilHHOBhlX CTPYKTYPHhlX cpyHK

I(lili paCCMOTpeHhl B o6JiaCTH MaJihlX Q1 . B TO BpeM51 KaK ,Il;JI51 
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CTIJYKTypnoft cpynKI(HH 92 ynpyrnft BKJia,IJ; B npaBHJIO cyMM EypK

xap.nTa - KOTTHHr3Ma npe,D;CTaBJIHeT HCTO"t!HHK CHJil>HOli Q2 - 3aBH

CHMOCTH, CTpyKTypa 9T = 91 + 92 MeH5IeTC51 IlJiaBHO. 3To IlJ)e,IJ;IlO

JIO:>KeHHe IlO3BOJI5IeT Ka"tJ:eCTBeHHO onncaTI> IlOBe.rieHHe 0606mennoro 

npaBHJia CYMM repaCHMOBa - .IlpeJIJia - Xnpna nplI MaJibIX Q2. 

B pa3.nene ·2. 7 paccMoTpen eme o.zinH KJiacc orpann-qemift .nnH 
pa3JIII"tJ:HhlX cnnHOBhlX pacnpe,D;enennii H CTPYKTYPHhlX cpyHKI(Hft, a 

. -
:mJeHHO CJie,IJ;yrortilIX H3 IlOJIO>KlITeJII>HOH onpe,D;eJieHHOCTH MaTplII(hl 

IlJIOTHOCTH. IloKa3aHo, ~TO HX COBMeCTHMOCTl> C Q2-3BOJIIDtiIIeii B 

Be,IJ;yll(eM npn6JimKeHHH o6ecne"tJ:HBaeTC51 KHHeTH"tJ:eCKOli HHTepnpe

TaI(Heii ypaBHeHHli 3BOJIIOI(HH. .IloKa3aHa cnpaBe,D;JIHBOCTl> Hepa

BeHCTBa Cocpq:iepa ,z:iirn KHpaJII>HO-He"tJ:eTHOro KBapKOBOrO pacnpe,D;e

JieHlI51 npn y"tJ:eTe Q2-3BOJIIQI(Hll. IloJiy"tJ:eHhl TaK>Ke HOBhle orpaHH

"t!ElHH51 ,Il;JIH pacnpe,D;eJieHH51 npO,D;OJil>HO IlOJI5IpH3OBaHHhlX ( CKaJIHp

HbIX) rJIIOOHOB B HyKJIOHe lI BKJia,IJ;OB OT,IJ;eJII>HhlX KBapKOBhlX apo

MaTOB B CTPYKTypnyro cpyHKI(HID 9T• 
rnaBa 3 IlOCB5Ill(eHa cneI(Hq>HKe O,IJ;HHO"tJ:HhlX CilHHOBhlX acnMMe

TpHH, Kbr.na Bee "tJ:aCTHI(hl, KpOMe o.niioii, nonepe"tIHO IlOJI5IpH3OBaH

HOH, fil3JI5IIOTC51 HeilOJI5IpH3OBaHHhlMH. 3TH BeJIH"tJ:HHhl OTHOC5ITC51 

K T-He"tJ:eTHhlM, XOT51 OHH H CB513aHhl He C HCTHHHhlM HapymeHHeM 

HHBapHaHTHOCTH OTHOCHTeJil>HO o6pameHH51 BpeMeHH, a C CHMYJIH

PYIOIT(HM ero B3aHMO.neftcTBHeM B KOHe"tJ:HOM HJIH Ha"tJ:aJil>HOM COCTO-

5IHHH, npHBQU5Ill(eM K cpa3OBhlM C,Il;BHraM. 

B pa.3,D;eJie 3.1 paccMaTp1rna10TC51 pa3HH"t!Hl>Ie BO3MO>KHOCTH BO3-

HHKHOBeHH51 TaKHX Q)a30BhlX C,Il;BHrOB B no.nnpoI(eccax TBHCTa TpH. 

Ilpn 3TOM MHHMM "tJ:aCTI>"Y aMilJIHTY.Uhl MO>KeT BO3HHKaTI> 3a C"tleT 

IlOJIIOCa B KBapKOBOM nponaraTope, Kor.na o6pamaeTC51 B HYJII> .UOJI51 

HMilYJII>Ca KBapKa (cpepMHOHHhlli nomoc) HJIH rJIIOOHa (riIIDOHHhlli 

IlOJIIOC). . 

B pa.3,nene 3.2 Bhl"t!HCJI5IIOTCH BKJia,IJ;hl cpepMHOHHhlX IIOJIIDCOB B 

O,Il;HHO"t!Hhle np·aBO-JieBhle aCHMMeTpHH HiIKJII03HBHhlX IlHOHOB, o6pa-

3YIOll(lIXC51 B Q)OTOH-HJKJIOHHliCX H HYKJIOH-HYKJIOHHhlX CTOJIKHOBe

HH5IX. IlOKa3aHO, "tJ:TO acnMMeTpH51 IlHOHOB, o6pa:30BaBIIIlIXC51 npH 

cpparMeHTaI(HH KBapKOBOH CTPYlI, cymecTBeHHO 60JII>IIIe, "tJ:eM npn 

13 



cpparMeHTanm1 rmooH0B. 3To, Hap.si:,n:y c npammaMn cyMM .n:n.si: Kop

pen.si:TopoB, 06'h.sICH.sleT 3epKaJII,Hble aCHMMeTpllll noJI0)KllTeJII,HbIX 

ll 0TpH:QaTeJihHbIX nH0H0B 

B pa3,n:eJie 3.3 paCCM0TpeHbI T-He1IeTHble cpyHK:Qllll cpparMeHTa

:Qllll, B K0T0pbIX cpa30Bble C,ll;Bllrll B03HHKaIOT Ha HerrepTyp6aTHBHOH 

CTa,ll;llll cpparMeHTa:QHH . .UoKa3aHa cpaKTOpH3a:QH0HHa.sI cpopMyJia 

,ll;JI.sl TaKIDC cpyHK:QHH TBHCTa 3 n BbI1IHCJieH HX BKJia,n: B rrorrepe1IHYIO 

II0JI.sipH3a:QHIO 6apHOHOB, o6pa30BaHHbIX B aHHHrHJI.sI:Qllll- HeII0JI.sipH-

30BaHHbIX 3JieKTp0H0B ll II03HTp0H0B. ·. IIony11eHbI npaBHJia CJMM 

,ll;JI.sl T-He1IeTHbIX cpyHK:QllH cpparMeHTa:Qllll TBHCTa 2 n 3 . 
Pa3,n:eJI 3.4 II0CBfilUeH eme O,ll;HOH B03M0)KH0CTH reHepannn o.n:n

H01IHbIX aCHMMeTpn:n - T-He1leTHbIM cpp?'KTYPHbIM cpyHK:Qll.sIM. 

<I>paKTYPHhle cpyHK:Qllll 06'he.n;HH.sIIOT_ cpyHK:Qllll pacrrpe,n:eJieHH.sl ll 

cpparMeHTa:QH~ ll 0IIHCbIBaIOT K0ppennpoBaHHYIO cpparMeHTa:QHIO 

Ha1laJihHbIX. a,n:p0H0B .. B napT0HbI .ll K0He1IHble a,n:p0HbI. IIoKa3aHo, 

1IT0 .TaKne BeJIH1lllHhl HMeIOT ecTeCTBeHHble T-He1leTHble aHaJI0rll; 

.n:aiomne BKJia,n: B II0JIJHHKJI103llBH0e rHP. 

rnaBa 4, HMeeT 6onee npHKJia,l{HOH, xapaKTep n II0CB.sII.UeHa HC

n0Jib30BaHHip ~1;rnH0BbIX 3cpcpeKTOB B rrponeccax C o6p&,30.l;laHHeM .n:~

JieIIT0H0B ,ll;JI.sI,llfCJie,ll;0BaHll.sI pa31I;l_i1IHbIX acrreKT0B rJIIOOHHOH CTpyK

TYPbI ,a,n:p0H0B., 

B pa3,n:ene 4.l_paccMaTpHBaeTc.si: o6pa3oBaHne,n:nµerrTOHOB c.; 

60JibIIIHM norrepe1IHhIM HMIIJJibC0M npn _pacce.sIHHl:I ( KBa3H) 

peaJihHbIX cpOTOHOB. Ha rrorrepe1IlIO II0JI.sipH30BaHHbIX HJKJI0Hax. 

II pH 3T0M BHPTYaJihH0CTb · .D:HJieIIT0Ha .sIBJI.sI~TC.sI ,ll;0II0JIHHTeJih-

HOH m~peMeHHOH, II03BOJI.sIIOIUeH m;cne,n:oBaTh KBapK-l'JIIO0HHhle K0p

peJI.sIT0pbI npn ·.J1a3Jlll1IHbIX ,3Ha1leHH.sIX _HX apryMeHT0B. . ··. \ 

: Pa3,n:en ,4.2 rrocB.si:meH ~cCJie,n:0BaHn10 a<;nMMeTpnn, rrpn o6pa3o

BaHnn .D:HJieIIT0H0B, C MaJ:!bIM (n ycpe,n:HeHHbIM) rrorrepe1IHbIM·HM

IIYJihC0B - B 
0
IIp0:Qecce ,llpeJIJia-5faa. TaKa.si: B03M0)KH0CTb B03Hll

KaeT, eCJIH HeT ycpe,n:HeHH.sl no yrJiaM BhIJieTa JieIITQH0B,B CllCTeMe 

me neHTpa Mace,, Pe11b, TaKHM o6pa30M, n,n:eT 0 K0ppeJI.sI:Qllll 1,I0-

rrepe1IHOH II0JI.sipH3a:Qllll HYKJI0Ha ll TeH30pHOH II0JI.sipH3a:QHH Bllp

TYaJibH0ro cp0T0Ha. Ilpn pac11eTe HCII0Jib3JeTC.sI 3cpcpeKTHBHa.sI (no-
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CK0JihKY Heo6xo,n:HMbIH cpa30BbIH C,ll;Bllr B03HHKaeT B KBapK-l'JIIO0H

H0M rro.n:nponecce) T-He1IeTHa.si: cpyHK:QH.si: pacrrpe,n:eneHn.si:. 

McrrOJib30BaHHe TeH30pHOH II0JI.sipH3a:QHH II03B0JI.sieT paCCM0-

TpeTh 0,ll;HH01IHble acnMMeTpHH ll rrpn rrpo,n:0JibHOH ll0JI.sipH3a:QHH 

HYKJI0Ha. B pa3,n:ene 4.2 rro.n:o6Ha.si: aCHMMeTpll.sI B~nCJieHa ,ll;JI.sl 

.D:HJieIIT0Ha, o6pa30BaHHOro npn pacrra.n:e J/'11-1IaCTH:Qh[ B JieIIT0H

HJKJIOHHhIX n HJKJIOH-HJKJIOHHbIX nponeeccax. IIocKoJihKJ )KeCT

KHM no,n:rrpO:QeCCOM .sIBmi:eTC.sI QlOTOH-rJIIO0HH0e HJIH I'JilO0H:.rJIIOOH

H0e CJIH.sIHH~, . 3Ta aCHMMeTpn.si: .sIBJI.sieTC.sl 1IJBCTBHTem,HbIM npo6-

HHK0M ',ll;JI.sl II0JI.sipH3a:QHH rJIIO0H0B B HYKJI0He, o6cy~aBIIIe:uc.si: B 

rnaBe 1. 
B pa3,n:ene 4.4 rro,n:o6Ha.si: aCHMMeTpH.sI Bbl1IHCJieHa .D;JI.sl o6pa30-

BaHH.sl ·,n:nJieIIT0H0B rrpn pacce.si:HHH IIH0HH0ro rry11Ka Ha npo,n:0JihH0 

IIOJI.sipll30BaHH0H HJKJIOHHOH MHIIIeHH. rnaBHOe_ BHHMaHne yµen.si:

eTC.sI BKJia,n:y TBHCTa 1IeTbipe, K0r,n:a IIH0H 0IIHCh1BaeTcsr aMIIJIHTY

.n:o:u pacnpe,n:eJieHH.sl Ha CBeT0B0M KOHyce: MHHMasi 'lactb aMIIJIH

TY.D:hI, KaK ll B cny11ae cpepMHOHHbIX ll rJIIO0HHbIX II0JilOCOB (pa3,n:eJI 

3.1), B03HHKaeT 3a C1leT II0JIIOCa B KBapK0B0M npona:raTope, CB.sI-

3aHH0ro B ,n:aHH0M cny11ae C "pa3peIIIeHHeM" IIH0HH0H aMnJIHTY.D:bI 

nocpe,n:CTBOM o,n:imrJIIOOHHOro o6MeHa. OTBeT rrp'orrop:uimHaJieH IIH-

0HHOH aMnJIHTy,n:e q;(x) npn 3Ha1leHHH apryMeHTa, paBH0M 

··_ . XL+ Jxi + 4Q2(1 + Q~jQ2)/s 
X = ,2(1 + Q}/Q2) ' (10) 

n onpe,n:en.si:eM0M BHPTYaJihHOCThID Q, rrpo,n:0JihHhIM ( ~ x L) n rrorre

pe1IHbIM Qr HMIIJJibC0M ,ll;HJieIIT0Ha. 3~o .n:enaeT .D:aHHh[H rrponecc 

BeChMa npHBJieKaTeJihHbIM ,ll;JI.sl HCCJie,ll;0BaHH.sl CTpyKTYPhI nH0H0B B 

KX.U. 
B 3aKJII01leHHH ,n:aHa CB0,ll;Ka 0CH0BHbIX pe3yJihTaT0B, nony11eH

HbIX B .n:nccepTa:QHH. 
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