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ConoeTBBliSISI peayllbTBTbl MHOrO'IHeneHHbiX aKenepHMeHTOB (eM., aan

pHMep, o63opbl /1/), eBSI3BHHbiX e noHeKBMH a#E!KTOB aapyweHHSI CP- HH

sapHBHTHoeTH H T - HHBBpH~HTHOeTH B pa31IH'IHbiX B38HMOUeAeTBHSIX - OT 

yMepeHHO eHllbHbiX UO esepxena6&1X - MOlKHO npHATH K 38KliiO'IeHHIO, 'ITO 

B HBeTOKWee speMSI Ueneeoo6p83Hee paeeMOTpeTb TeopeTH'IeeKHe MOUeliH H 

enoco6&1 3KenepHMeHT81IbHOro 06HapylKeHHSI liHWb eneayiOWHX MeXaHH3MOB 

aToro HapymeHHSI (6onee noapo6Hoe o6eyJKaeHHe MOlKHO HaATB s o63opax12f. 

1) Ha yposHe to-2 .. to-SoT o6&I'IHoro eallbHoro saaHMoaeAeTBHSI e 

npasanaMH oT6opa no aaocnHHY H ranep-aapHay: AI • 0,1,2; A Ym 0 (B3a-

HMOaeAeTsae, eoaepJKawee liHWb AI ~13 , aanpemeHoJ. Mb! 6yaeM aaabl-

saTb T8KOe B38BMOUeAeTBHe 8UpOHOB MBHHeHllbHbiM H 0603H8'18Tb eHMBOliOM 

IS • HaH6onee HHTepeeao a HSHMeHee ynosHMO MHHaean&Hoe saaaMoaeA

eTsae e AI • 0 • 

2) B aneKTpoMarJIHTH&IX saaaMoaeAeTBHSIX aapoaos e 

H nenTOHOB /5/ ( eaMson E). B 9TOM MeXaHH3Me 

141 
A Y ·0 , AI·O 

Heo6xoaaMo 

UH811bHO o6~SieHHTb (eM. /4B/) M81IOCTb 31IeKTpH'IeeKoro UHnOllbHOrO Mo

MeHT8 HeATpoHa, ao eax nop He o6HapylKeHHoro 3KenepaMeHTan&Ho 161 

3ToT sonpoc 6onee noapo6Ho o6cyJKnaeTeSI HHJKe. 

ene-

3) Ha yposHe 10-2 • 10-3 oT o6bi'IHoro ena6oro saaHMoaeAeTBHSI 

aapoHos c A I • 1/2 H 3/2; I A Yl :~ 1 11.) ( B38HMoaeACTBHe, eoa epJKamee 

11.) 
MOlKHO npealiOlKH Tb KOHKpeTHble MOUeliH, B KOTOpblX aonyeKSIOTCSI Ue-

peXOUbl c I A Y I;. 2, He seTynaH s npoTssope'IRSI c aKcnepHMeHTOM. HanpH
Mep, ecnx MHHHena6oe saaBMOlleAcTsae e I A Yl ~ 2 coneplKHT naw& P -
He'leTHble 'llleHbl, TO OKO He MOJKeT l18t'b BK1181l8 B pa3HOeTb Maec KL H 
K s H s pacnan K L .. 2 " , Ho MOJKeT npHseeTH K Ha6niOnaeM&IM a#E!K-

TBM B HeKOTOpblX npyrHX paenanax (E .. N.. • o .. A, H T.n.). Cospe-
MeHHBSI 3KenepHMeHl'BllbHBSI rpaHHUB AilS! sepOSITHoeTa pacnaaa E .. N rr 
(r(E .. N.,)/r see< 5•10-3) He HeKlliO'IBeT eymeeTBOBBHHSI MIIHHella6oro 
B3BHMoaellcTBHSI c I A Y 1• 2. (3aMeTHM ewe, 'ITO npu A Y • 0 aonJKHo 6&ITb 
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nHwb i\1~5/2 , aanpeweao) H nenToHos. Mbi 6yneM H83biB8Tb TaKoe s3a

HMO]:lel\CTBHe MHHHCll86b!M H 0603H8'!8Tb CHMBOllOM MW • 

4) B cna6biX pacnanax anpoHoB (c ~I "'1/2,3/2,5/2;li'.YI~ lx) 

saaHMOAellcTsHe, conep)f(awee nHWb ~~ :::_ 7/2 , 3anpeweHo) H nenToHOB c 

HcnycKaHHeM cjJOTOHOB ( B TOM '!HClle H BHpTyallbHbiX /Sa/' / 9 /), Mbl 6yneM 

Ha3b!BaTb COOTBeTCTByiOWee B3aHMOAel\CTBHe cna6Q3lleKTPOMarHHTHblM H 

0603Ha'!aTb ero raMHllbTOHHaH CHMBOllOM HEW 3aMeTHM, 'ITO COBMeCT·-

HOe nellCTBHe CHllbHblX
1 

S , 3 neKTpoMarHHTHbiX, E , H cna6biX, w ' 
B3aHMOAel\CTBHl\ TaK)f(e MO)f(HO OnHCaTb HeKOTOpblM 3cjlcjleKTHBHblM raMHllb-

TOHHaHOM H"ff 
EW • Do3TOMY Hy)f(HO noA'!epKHYTb, 'ITO HEW naeT TY (rH-

nOTeTH'leCKYIO) '!aCTb Clla603lleKTpOMarHHTHblX MaTpH'!HblX 3lleMeHTOB 1 KO-

TOpag He CBOAHTCH K 

HMOAeilcTBHH HEW 

H"tt 
EW • Bonpoc o cywecTsosaHHH TaKoro Hosoro B3a-

npeACTf\BllHeT 60llbWOfi CaMOCTOHTellbHblfi HHTepeC He-

3aBHCHMO na)f(e oT npo6neMbi HapyweHHH CP-HHsapHaHTHOCTH xx). 

5) Csepxcna6oe B3aHMOAellCTBHe ( CHMBOll SW , KOHCTaHTa • 1 Q-8t-

10-
9 

OT KOHCTaHTbi o6bi'!Horo cna6oro s3aHMonel\CTBHH) anpoHos c I i\ Y I a 

2
1101

• EcnH 3KCnepHMeHTallbHbJe naHHbie I 11 I o6 OTHOWeHHH r(KL ... ,o ,.o)fr(KL .. 

... r(l-,.::.) nOATBepAHTCH 6onee TO'!HbiMH H3MepeHH5!MH, TO 3 TOT MeXaHH3M MO)f(-

HO 6yneT OT6pOCHTb, 0nHaKO cyweCTBYIOWHfi cjleHOMeHOllOrH'leCKHl\ aHallH3 

napaMeTpos, xapaKTepHayiOwHx pacnaAbi KL H K s , rro-BHAHMOMy, co-

nep)f(HT HeKOTOpbie TlpOTHBOpe'!HH / ! 26 /H Tl03TOMY Uenecoo6pa3HO noKa He 

OTKa3biBaTbCH OT MexaHH3MOB HapyweHHH CP-HHBapHaHTHOCTH, npoTHBope-

'!awHx ~ 3THM naHHbiM. DpH nepe'!HCneHHH scex MexaHH3MOB Mbi npH-

x) 
CM. npeAhiAywee npHMe'!aHHe o B03MO)f(HOCTH cywecTsosaHHH B38HMO

nel1cTBHI1 c 1 ·~ Yl.;, 2 • 3Ta B03MO)f(HOCTb s cna6biX panHaUHOHHbiX pacna

nax anpOHOB T a K)f(e He I:ay'leHa, !1 HTepeCHO 6billO 6bi yCTaHOBHTb, cyweCT

syeT llH pacnan B ... N "y • (DpH ~ v~ 0 npaBHlla OT6opa no H30CnHHY 

AOll)f(Hbl 6b!Tb ~ f "' 0,1, ••• 0TCyTCTBHe AHnOllbHOrO MOMeHT8 y Hel\TpOH8 

HeCKOllbKO orpaHH'IHBaeT 3TH B03M0)f(HOCTH, CM. HH)f(e), 

xx) 

B pa6oTe 
1861 

6t>Ina npenno)f(eHa Monenb, s KOTopoil cna6o,aneKTpOMar

HHTHbill MexaHH3M HapyweHHH CP-HHsapHaHTHOCTH CB5!3bisaeTC5! c H~f! 
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Aep)f(HBallHCb 3TOro npHHUH 

B03HHKllH H3 Tpe6oBaHHll HI 

poe BbiTeKaeT H3 3apsutoso 

( HanpHMep, ecnH 6bi All 51 M 

no M :::. · 3 , To <KLI :Ks>; 

HenpHHTHoll, c npHHUI! 

COCT05!HH5! npo6neMbl Hapyu. 

06WHX npHHUHnOB 1 KOTOpbie 

6op Me)f(ny pa3llH'!HbiMH Me: 

BbiWe. DpocToli 3CTeTH'IeCK; 

XHH B3aHMOAel\CTBHl\ 1 KOTOp) 

KOl\ lleCTHHUbi ( PHC,} ) • lfeiii. 

KOtl lleCTHHUe, TeM 60llbWH~ 

3TOMy HaH6onee eCTeCTBeHH 

Mbl Ew MW H SW 

B nanbHetlweM Mbi set 

H nO'!TH He 6yneM 06Cy)f(Aa1 

TOllbKO B TOM, 'ITO HapyWeH 

TO'IKH 3peHH5! TeopeTHKa /I~ 

6onbwa5! TPYllHOCTb nposepKJ 

o6'beMe, .llellcTBHTellbHO, o6~ 

Ha paseHCTBO MaCe H BpeMe 

paseHCTBa 3THX BellH'IHH AOC 

6b!e Tpe60BaHH5!1 '!eM Te, H3 

(eM. no 3TOMy nosony /12s, 

sepKe CPT s cosepweHHo H€ 

cax npencTaBll5!IOTCll noKa n~ 

l1cxong H3 aHanorH'!Hbi: 

HO npOBOAHTb pa3llH'IHe Me)f(t 

BpeMeHH (T-HHBapHaHTHOCTH; 

THMOCTH HllH AeTallbHOro pas 

"Reciprocity" ) • T -HHsapHaHTHc 

Tapaoro onepaTopa U T ,ne 



~ H83blB8Tb T8KOe B38-

MW. 

2, 312,5 /2;I~Y I~ t x > 

peweao } H n e nTOH OB c 

; /8a/ , / 9 / }. M bl 6y.QeM 

o1IeKTp OM8l"HHTHbl M , H 

3aMeTHM, 'ITO COBMeCT-

E , H cna6bi X , w' 
31\JI\JeKTHBHbl M r a MH1Ib-

'ITO HEW .na e T T Y ( rH-

rpH'IHbiX 9 1IeMeHTOB , K0-

9HHH T8KOI'O ROB OI'O B38-

:osiTenbHbill IIHTepec He

aaHTHOCT II XX} • 

, KOHC T 8HT8 .. I0-8 .. 

:BIIH) a.QpOHOB c I 6 y I a 

lTHOWeHHH f(KL .. ,0 rr O)/ f(KL .. 

TO 3TOT MeXaHII3M MOJK-

2H01IOI'H'IeCKIIH 8 H 81IH3 

s , nO-BHiliiMOMy , Co-

1enecoo6paaHo noKa He 

lH8H1'HOCTH, npOTIIBOpe-

ex MeXBHII3MOB Mbl llpll-

:yiUeCTBOB8HH 5! B3811MO

t panaaUHOHHhlX pacrra

bi ycraHOBIIT b, cywecT-

oT6opa no 11aocmwy 

o MOMeHT B y HeliT pOH8 

JKe) . 

•TOpoJ1 cna6o,aneKTfrfMar

~B513biBaeTC51 c HE W • 

1 

.QeplKHBanHCb 9Toro npHHUHna. OrpaHH'IeHHSI aa 6onbwHe 3Ha'leHHSI !i I 

B03HHK1IH H3 Tpe60B8HHSI HeOpTOI'OHallbHOCTH COCTOSIHHl! KL H K S , KOTO-

.tr :t •:r· /2/ poe BbiTeKaeT H3 38pstQOBOli aCHMMeTpHH B pacna.QaX '""L .. r t Vt 

( HanpHMep, ecna 6bl .QliR MHHHCH1IhHoro CP-He'leTaoro aaaHMO.QelicTBHR 6bi

no &I > . 3 , To <KLI :Ks>~O H T.n.}. 

HenpHRTHoll, c npHHUHnHanbHoll TO'IKH apeHMR, 'lepTol! coapeMeaaoro 

COCTOSIHHSI npo6neMbl HapyWeHHli CP-HHB8pH8HTHOCTH SIBliSieTCSI OTCyTCTBHe 

06WHX npHHUHnOB, KOTOpbie n03B01IH1IH 6bi C.QellaTb XOTb K8KOli-HH6y.Qb Bbl-

6op MelK.QY pa31IH'IHblMH MeXaHH3M8MH T8KOI"O HapyweHHSI, nepe'IHC1IeHHbiMH 

BbiWe. npoCTOli 9 CTeTH'IeCKHl! KpHTepHl! nOtiCK83biBaeTCSI H.Qeel! 06 Mepap

XHH B38HMO.Qel!CTBHli, KOTopyiO MOlKHO H306pa3HTb C nOMOWbiO HepapXH'IeC

KOli neCTHHUbl (pHC.l ). '4:eM BbiWe CTOHT B38HMO.Qel!CTBHe Ha HepapXH'IeC

KOli 1IeCTHHUe, TeM 601IbWHM K01IH'IeCTBOM CHMMeTpHli ORO 061Ia.QaeT. no-

9TOMy Haa6onee ecTeCTBeHHbiMH C 9TOli TO'IKH 3peHHSI K8lKYTCSI MeXaHH3-

Mbl EW MW H sw ( .QliSI M s E w npocTo ReT MecTa}. 

B .QanbHel!weM M h i BCIOAY 6yAeM nonbaoaaTbCSI CPT-aaaapHaHTHOC Tb iO 

H no'!TII ae 6y.QeM o6cyJK.QSTb cnoco6oa ee npoaepKH. npH'IHHa 9 Toro - He 

T01IbKO a ToM, 'ITO aapyweHHe CPT-CHMMeTpHH Kpailae He JK e naTellbHO c 

TO'IKH 3pea11sr TeopeTIIKa /13a,6/. CywecTaeaaa TaKJKe H c pa a HHTenbHO 

6o1IbwaR TPYAHOCTb npoaepKII CPT-HHaapHaHTHOCTH a AOCTS T O'IHO nonHoM 

06'beMe. ileliCTBIITellbHO, 06bl'IHO B CBSI311 C TSKOH npoaepKOli CCblliSIOT C SI 

Ha paaeRCTBO MSCC II BpeMeH lKH3HII 'ISCTHU H SHTH'ISCTMU. 0.QHS KO .Q~SI 

paaeRCTBa 3 TIIX Bellii'IIIH .QOCT8TO'IRO, 'IT06bi 6hl1III Bbin01IRe Hbl 6onee c na-

6 h ie Tpe6oaaHIIR, '!eM Te, 113 KOTOpbiX o6bi'IRo Bhi BOAIITCR CPT-Te opeMa 

( C M. no 3TOMy ITOBO.Qy / 12a,r / }, a 6onee CliOlKHbie 3 K CrrepHM e HTbl no npo-

aepKe CPT a coaepweHRO HeH3y'leHHbiX c na6o3 neKTpoMarHHTHhiX npouec-

cax npe.QCTaanRIOTC R noKa npeJK.Qeape Me.HRhiMII. 

Hcxo.QR 113 aaanorii'I.HhiX c oo6paJKe.HIIl!, Mhi He 6y.QeM rroc ne.QoaaTe nb

HO rrp OBO.QIITb p83 1IH'IIIe MelK.QY IIHB8pH8HTHOCTb iO OTHOCIITellb.HO o6pawe HIISI 

Bpe MeRII (T-IIHB8 p11 8 HTHOCTII} II pa3 1III'IHbiMII 1\JopMaMII COOTHOWe HIIH o 6 p a -

THMOCTH 111111 .QeT81IbHOI'O paBHOBe CIISI ( R - HHBapHaRTHOCTb, R-OT 

'"Recipmcity" } • T -IIHBa pH a HTHOCTb npe.QIIOnaraeT c ywecTaoaaHHe a HTHYRH-

T apHoro one p a Topa U T ,.QeliC TBYIOWero BO B CeM l"H1Ib 6 epTOB OM npOC T paH-
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CTBe COCTOSIHHll H TaKoro, 'ITO <fiSil> '• <l,SifR>;r):le lf'> ' •UTif>llf~;.,UTif>;_ 
o6pameHHbie BO speMeHH COCTOSIHHSI. R - HHBapHaHTHOCTb npeJ:lnonaraeT 

nHWb COOTHOWeHHSI Me>KJ:lY BP.pOSITHOCTSIMH npS!MOll H o6paTHOll peaKUHli,T.e. 

paseHCTBa BH):l8: 

I <;' ; ' .... f s I P ; ... > I ;.I < -P-a ... I s I -P'-;, · ... > ·1 ; 

... ..., 
r):le p , p - HMnynhCbl Ha"'anbHbiX H KOHe"'HbiX "'aCTHU, a 

.. 
s H 

.. , 
8 - HX 

TIOnSipH3aUHH. R -HHsapH aHTHOCTb BbiTeKaeT H3 T-HHBapHaHTHOCTH, cy-

mecTseHHO cna6ee ee H HMeeT 6onee HenocpeJ:lCTseHHOe oTHoweHHe K 'Ha6-

moJ:laeMoll" <jlH3HKe. EonbWHHCTBO Ha6mo):laeMbiX c ne):lCTBHll T-HHsapHaHTHOCTH 

MO>KHO nony"'HTb H3 R - HHB8pHaHTHOCTH /l 4
a/ H TI03TOMY ):la>Ke Bb!CKa3bi

BanHCb H):leH, 'ITO R - CH MMeTpHSI SIBnSieTCSI 6onee QJyH):laMeHTanbHbiM1 5o

nee He3bi6neMbiM npHHUHTIOM, '!eM T-HHsapHaHTHOCTb /156/ x). Ha HeJ:laBHHX 

3KCTiepHMeHTOB, B KOTOpbiX Ha6mo):lanaCb 38pSIJ:lOBaSI aCHMMeTpHSI Iii pacna-

±: +' 
):lax K L .. rr · f -ve , c n eJ:lyeT, OJ:lHaKo, 'ITo npH ycnosHH coxpaHeHHSI CPT 

J:lOn>KHa HapywaTbCSI R -HHBapHaHTHOCTh. LlellcTBHTenbHO, H3 CPT H H3 

R -HHBapHaHTHOCTH cne):lyeT /146/, 'ITO COCTOSIHHSI K L H K s ):lOn>KHbi 

6biTb opToroaanhHbiMH xx), oTKyJ:la H BbiTeKaeT HapyweHHe R s pacna-

):lax Kt. H K 8 xxx). 3TOT BbiBOJ:l, paayMeeTCSI, 6yJ:leT HesepHbiM s cny

"'ae HapyweHHSI CPT-HHsapHaHTHOCTH H TOr):la npHJ:leTCSI TmaTenbHO paanH-

'18Th cne):lCTBHSI T HnH R H CPT HnH CPR CHMMeTpHll. 

x) 0J:lHHM H3 CHnbHblX TICHXOnOrH'IeCKHX apryMeHTOB B TIOnb3Y COXpaHeHHSI 

R- HHsapHaHTHOCTH cny>KHT sa>KHaSI ponb npHHUHna J:leTanbHOro pasHOBeCHSI 

B CTaTHCTH'IeCKOll TepMO):lHHaMHKe . Lla>Ke O'leHb Mance OTKnOHeHHe OT ):le

T8nbHOrO p8BHOBeCHSI MOrno 6bl ):laTh Cy!UeCTBeHHbill BKnaJ:l B pa3BHTHe CHC

TeM KOCMH"'eCKHX MaCWTa6os ( CM., O):lHaKO, /22/). 

xx) T-HHBapHaHTHOCTb Tpe6yeT ):lnSI MaCCOBOll MaTpHUbl BbiTIOnHeHHSI COOTHQ-

WeHHSI M KK· ·Mj(K; a R -HHBapHaHT HOC Tb Tpe6yeT nHWb I M KIf! a lMifKl,'ao H 

nocneJ:lHero J:lOCTaTO'IHO J:lnSI opToroHanhHOCTH Kt. H K s 

xxx) TaKHM o6paaoM, B03HHKaeT cne):ly~maSI anbTepHaTHsa . llH6o CPT- HHBa-

pHaHTHOCTb HapyweHa, n116o cymecTsyeT HapyweHHe ):leTanhHOro p a sHosecHSI, 

KOTOpOe, no-BHJ:lHMOMy , MO>KeT npOSIBHTbCSI H B M8KP?CKOTIH'IeCKHX SIBneHHSIX, 

r):le OHO B npHHUHTie MO>KeT cymeCTBeHHO H3MeHHTb H8WH npeJ:lCT8BneHHSI 0 

COCTOSIHHH TepMOJ:lHHaMH'!eCKOrO paBHOBeCHSI H 0 nepeXOJ:le CHCTeMbl B 3 TO 

COCTOSIHI!e. CBSI38HHbie C 3THM npo6neMbl '1pe3Bbl'l8liHO HHTepeCHbl 0 HO, K 

CO>KaneHH~, OHH TIOKa COBepweHHO He o6Cy>KJ:l8nHCb, Ii, HaCKOnbKO HaM H3-

BeCTHO, B T8KOll QJOpMe BOTipOC HHKeM He · CT8BHnCSI. 

6 

....... 

Hacjlopt.tanaa o cnat 

CJtY.IlH8 x) (eM. Tat5nBUb1) 

nosTOMy TipB 00CyJK.IleHB. 

HapyweHBSI CP-BHBapHaH 

po6Ho OCT8H8BllBB8TbCSI J 

HOBBoe BHHM8HHe H8 $eH 

BenH'IHH B03MOlKHbJX s <j$ 

HOCTH H BapymeHHSI T-HH 

cax B03MOlKHhi, ecnH pea 

MarHHTHblli B8pHaHT Hapy 

HbJX 3KCTiepHMeHTOB Mbl I 

HHQM cna6osneKTpOMarHH 

KHX YK83aHHli H8 CyWeCTI 

SIX cna6bie paJ:lH8UHOHHbie 

MHHHCna6oM B3aHMOJ:leliCT 

KoHKpeTHbie MO.£lena paan 

TIOnb30BaTbCSI, B OCHOBHOI 

T8UHH B 06HnHH pa3nH'!Hb; 

CJ:~enaeM CHa'lana HE 

UHOHHbiX aMnnHTyJ:l. MaTp: 

A .. By Mbl scer):la 6y.QeM 1 

E_l_ MB 
Ci) 0 

H8 Ci.l 

8 
+ Ml , npH'IeM 

H onpeJ:lenSI~TCSI y 

aMnnHTY.£lY npouecca A .. 

TeopeMa'). AMnnHTY.£lY 

ny'leHHSI ( B - '~Bremsabahh 

HOe H3ny'leHHe D-"Dl 

x) 
Ha6n~J:lanHCb cneJ:ly~lllHE 

Kt.->2y ; JC+':O~rev y ; I .. 
CTpyKTypHoro H3nyqe~HSI r 
TypHbll! 3 <1$eKT) H B paCTIE 

xx) 
CneuH<jlH'IecKaSI oco6eaf. 

COCTOHT B TOM, 'ITO B HHX 

3To 3aTpyJ:lHSieT TeopeTH'I€ 

BpeMSI ):l8eT B03MOlKHOCTb 

HHTHblX H cna6b1X B3aHMOJ:l 



tHTHOCTb npennonaraeT 

o6paTHOJ! peaKUHJ!,T.e. 

.. 
HU, a S 

.. , 
H 8 - HX 

-HHBBpHBHTHOCTH, cy

IHOe OTHOWeHHe K 'aa6-

~CTBHII T-HHBBPHBHTHOCTH 

J3TOMY AB)I{e BbiCK83bi

!jlyHABMeHT8nbHbi M1 6o

:, 1156/ x). Ha aenaaHHX 

acHMMeTpHg il pacna

OBHH coxpa a eHHg CPT 

!nbHO, H3 CPT H H3 

K L a K s nonlKHbi 

yweaae R B pacna

yneT aeaepHbiM B cny

·TCg TWBTenbHO pa3nH-

CHMMeTpHll . 

, a nonbay coxpaaeHHg 

leTanbaoro paaaoaecHg 

!Oe OTKnOHeHHe OT Ae-

1 BKnBA B p83BHTHe CHC-

!Ubi BblllOnHeHHSI COOTHQ

IHWb I M K K'l a !MK'KI,Ho H 

H K5 

3THB8 . flH60 CPT-HHBB-

AeTanbHOrO paaHoaeCHSI, 

:>CKOllH'!eCKHX SIBneHHgx, 

. HBWH npeACTBBneHHg 0 

peXOAe CHCTeMbl B 9 TO 

fiHO HHTepeCHhl, HO, K 

H,HBCKOnbKO HBM B3-

HacjlopNauaa o cna6hlx panHaUHOHHbiX npoueccax noKa '!pe3Bbi'!al!ao 

cxynaa x)(cM. Ta6nauhl) H,no cywecTay,ax aayqe:ae TOnbKO HB'IHHaeTcg. 

nosTOMy npB 06cyJKAeHBB pa3flH'IHbiX B03MOJKHOCTeJ! 06HBJ:IylKeHHSI 3<jxjJeKTOB 

HapymeBHSI CP-aasapaaHTHOCTH a sTOM Knacce npoueccoa Mbi ae 6yneM non

po6ao OCT8118BnHB8TbCSI HB KBKBX-TO cneUHBflbHbiX MOllengx, a o6paTHM OC

HOBHoe BHHMBHHe HB ~HOMeHonorH'!eCKHJ! 8H8flH3 H rpy6y~ OUeHKy nopgnKa 

aena'!HB B03MOJKHbiX scJxlleKTOB xx). EonbmHe scJxlleKTbi aecoxpaaeHHSI CP-'IeT

HOCTH H aapymeHBSI T-aaaapaaHTHOCTH a cna6oaneKTpoMarHHTHbiX npouec-

cax B03MO)f(Hbi, ecna peanaayeTcg sneKTpoMarHHTHbiJ! ana cna6osneKTpo-

MarHHTHblll aapHaHT Hapymeaag CP-CHMMeTpHH. npH paCCMOTpeHHH B03MOlK-

HbiX 3KCnepHMeHTOB Mbl 6yAeM, B OCHOBHOM, orpaHH'IHBBTbCg HCllOflb30B8-

HBeM cna6oaneKTpOMBrHHTHOrO I MeX8HH3M8, Y'IHTbiBBSI, 'ITO llOKB HeT HHKB-

KHX YK838HHJ! HB cymeCTBOBBHHe sneKTpOMBrHHTHorO. B HeKOTOpbiX cny'la

gx cna6bie pBAHBUHOHHbie npoueCCbi MoryT ABTb UeHny~ HHpop~aUH~ H 0 

MHHHCna60M B38HMOAeJ!CTBHH. HHlKe Mbl paCCMOTpHM OAHH TBKOll llpHMep. 

KoaKpeTHbie MOAena paanH'IHbiX MexaHH3MOB aecoxpaaeaag CP 6yAyT ac-

llOnb30B8TbCg, B OCHOBHOM, Ang Hflfl~CTp8UHH H Aflg nepBOH8'18nbHOll OpHeH-

TBUHH B 06HnHH pa3nH'IHbiX B03M0)1{H0CTell. 

CnenaeM CH8'18fl8 HeCKOflbKO 06WHX 38Me'IBHHll 0 CTpyKType p8AH8-

UHOHHbiX 8MllflHTYA• MaTpH'IHbie aneMeHTbi cna6biX pBAHBUHOHHbiX npoueccoa 

A .. By Mbi acerna 6yneM paa6aaaTb aa nae 'IBCTH: M • M8 +·PIP, rne M8 
• 

B 
H M1 ae aaaHCgT oT 'IBCTOTbi !jloTo-

HB W H onpeneng~TCg ycnOBHeM KanH6pOBO'IHOll HHB8pH8HTHOCTH '!epe3 

aMnnHTYAY npouecca A .. B { 3TO - npocTellwaSI • HH3K03HepreTH'!ecKag 

TeopeMa'). AMnnHTYAY M 
8 

6yAeM H83biB8Tb BMllflHTYAOll TOpM03HOro H3-

ny'!eHHg ( B - '~BremsabahiWlg'~ ), aMnnHTyna 1° onHCb!BaeT CTPYKTyp--

aoe aany'leaae D - "Directe mlalliod'):M
0 

.. w (II~ +·w M~ +~ .. ). npa 

x) + 
Ha6n~nanacb cneny~mae npouecCbi I' .. e1111 y ; , .. e "Y•I'"Y ; K .. 2,y, 3, y; 

KL .. 2y Jt+~we11 y ; l: .. p y l: .. N "y HH!jlopMauag o a anH'IHH 

CTpyKTypaoro aany'!e:.RHSI nony'leHa nHWb a pacnane K L .. 2 y { 'IBCTO CTpyK

TypHbill s!jJ<peKT) B a pacnane If .. e 11 y • 
~> . 

CneuBijlH'IeCKag oco6eHHOCTb cna6osneKTPOMarHHTHbiX a aaHMOAeiiCTBHll 

COCTOHT B TOM, 'ITO B HHX 38MeWBH8 BCSI lj!H3HK8 sneMeHTBpHbiX '18CTHU. 

3To 38TpyAHgeT TeopeTH'IeCKHll 8H8flH3 3THX B38HMOAeliCTBHll, HO B TO lKe 

BpeMg ABeT B03MOJKHOCTb H3BfleK8Tb RH!jlopMBUH~ 0 CHnbHbiX, a neKTpOMBr

HHTHblX H cna6b1X B38HMOAeliCTBHgx. 

7 



Hal!H"'HH TOpM03HO!'O H3lly"'eHHH C!IeKTp cPoTOHOB !IpH Mal!biX AI HMeeT BRA 

c;> de;> • Ecnu -rrepexoa A .. B 6e3 HCrrycxaHHH ifl<>TO"OB 3arrpeweH, TO M
8 

- -0, 
D D M ~ c;> ( M 
0 

+ : c;> M 
1 

+ ••• ) , H crrexTp MHI'KHX cj>oTOHOB HMeeT· BHJl c;> de;> • 3aMeTHM, 

"'TO o6bi"!Hbie JlHarpaMMbt TopM03HO!'O H3lly"!eHHH A .. B .. By , aoo6we ro-

aopn, MO!'YT JlaBaTb BKllaJl H B M O • llliH Bbi"'HCl!eHH51 M B H BKlla)la 

TOpM03HbiX JlHa!'paMM B MD He06XOJlHMO 3HaTb 3aBHCHMOCTb aM!IliHTYJl 

rrepeXOJla A -o B OT HM!IYllbCOB Ha"!allbHbiX H KOHe"'HbiX "!aCTHU. 111151 Bbl"'HClle-

HH51 MD Hy)!(Hbi ropa3JlO 6onee Cl!O)!(Hbie TeopeTH"'ecxue rrocTpoeHHR • 

0JlHH !IpHMep TaKO!'O Bbi"'HClleHHH Mbl !IpHBOilHM HH)!(e B CB513H C 06Cy)!(/leKH-

eM pacrrana rr .. e v y • 

nepei!neM K aHaliH3Y pa3l!H"!KbiX ac!>c!>eKTOB HapyweHHH CP- H T- HKBapu

aKTHOCTH a cna6biX panHaUHOHHbiX pacrranax. 3TH ac!>c!>eKTbi MO)!(HO xnaccucj>u

UHposaTb cnenyJOIUHM o6pa3oM: 1) 3arrpeweHHbie pacnallbl { aarrpuMep, K L .. 2rr); 

2) 38p51JlOBa51 aCHMMeTpHH B peaKUHHX C Hei!Tpal!bKbiM Ha"!al!bHbiM COCTOSI-

HHeM { aarrpHMep, K L .. ,+,- y ) ; ::l) HepaBeHCTBO rrapuHallbHbiX WHpHH 3ap51-

noao-corrpH)!(eHHbiX peaxuHi! { aarrpHMep, K + .. rr+ :rr 0 y H K - · .. rr -;,. 0 y ) ; 

4) 3arrpeweHHbie aepwHHbi {aarrpHMep, sepWHHa KL .. rr 0 y B pacrrane KL .. 

.. rr 0 e+e- ') ;5) 3arrpeweaaaH coxpaaeaHeM CP HHTepcj>epeHUHH a pacrranax 

Hei!TpanbKbiX K-Me3oaoa ( HHTepcj>epupyJOT cocToRHHR, HHBapHaHTH&Ie rrpu CP-

• rrpeo6pa30BaHHH, Ha!IpHMep, )!CpenHeHHble !IO !IOl151PH3aUHHM .COCTOSIHHH llBYX 

y - xaaaToB B pacrranax K s .. 2 y H K L .. 2 y ) ; 6) aapyweaue JleTallb-

aoro pasaoaeCHH x); T-ae"!eTH&Ie xoppennuuu B nucj>cj>epeauHallbHbiX aeponT-

HOCTRX { TH!Ia t( If I X p 
2

) , pI (p 
2 

X p S] H T.!I,) i 8) 3lleKTpH"!eCKHe llH-

!IOllbHbie MOMeHTbl Hei!TpOHB, 3lleKTpOHa, MiOOHa H T,!I. 

Caa"!ana o6cynHM B03MO)!(Hbie cna6oanexTpoMal'HHTHbie B3aHMOileilcTBHH 

nerrTOHOB, PaccMoTpHM caa"!ana B3aHMOJleilcTBH51 v c )' -KBaHTaMH, 

EcnH cywecTsyeT rrpHMoe B3aHMonei!cTBHe c aneKTpoMal'HHHbiM rroneM c KoH

/5/ !91 
CTaHTOi! CB513H • Ge { CM , ' ) , TO OHO MOI'l!O 6bl Ha6l!JOilaTbCH B pac-

Ce51HHH v Ha 51Jlpax. nonpo6aoe o6Cy)!(lleHHe CP-"'eTHO!'O B3aHMOileHCTBH51, 

B03HHKaJOUlel'O H3 Heff 
EW 

!15a! 
, COilep)!(HTCH, Ha!IpHMep, B lleKUHHX {rne 

TBK)!(e MO)!(KO Hai!TH CCbinKH Ha HMeJOI!1YiOC51 liHTepaTypy) • Mbl OTMeTHM 3JleCb 

x) 
B cna6oaneKTpOMa!'HHTHbJX rrpoueccax ocymecTBHTb rrpHMYJO rrpoaepKy ne-

Tanbaoro pasaoseCHH o"'eHb Tpynao. KocseHHaH nposepKa B03MO)!(Ha a pac

rranax aeliTpanbHbiX K-Me30HOB. 

8 

"' .~ 

TOllbXO AB8 06CTOHTellbc 

CBSI3aHHbiM C MlOOHHblM :; 

OTHoweaae K npo6neMe a 

HeltTpaao. 2) Ecna Mace. 

KOe B38HMOAeACTBKe, K01 

Hyllb, H !IOSTOMy COOTBeT 

6biTb cyweCTBeHHO 60llbW 

Oueaxu ce'leHK!I Y!II 

saauMoAeAcTBKH • Ge llt 

HHUa: rr · < 10-38cM2, ~ . 
no 6bl o6aapy)!(HTb npu P• 

Hbie 3KC!IepRMeKTbi !IO yn 

llHMOMy, !IBIIHJOTCH !IpaKTH 

3lleKTpOM8l'HHTHOM B38HM• 

CP H T B 3TOM saaHMOAe 

Hble 3KC!IepHMeHTbl, CB5138 

cj>aKTOpOB MiOOKa H SlleKT!= 

llpyryJO B03MO)!(HOCTl 

TO HOB naeT pacrran I' .. e v 

na 3arrpeweHbi OTCYTCTBHe 

l1cnonb3YR coo6pa)!(eHHR p 

nony'IHTb rpy6y10 oueaxy 1 

Bxnan TOpM03Horo H3ny"!e 

H OTKIIOHeKKe OT COOTBeTC 

BOBaKHe CTpyKTypKO!'O Baa 

3H c Bbt"'HcneaueM panHaut 

3bJBanocb coo6pa)!(eHue o c 

B Teopuu c W - 603oHoM 

BCllellCTBHe HCliYCKaHJI51 BHJ 

( Bepwuaa I' e" ;;·)' rronasr 

x) 
EcTeCTBeHHo, "'TO aanH 

3Bli0Cb 6bJ Ha C!IeKTpe e 

Hbl c KaKHM-nH6o cnoco6o11. 

0AH03HB"!Hbl, 



IH M8nb1X til HMeeT BHA 

·os aanpewea, TO M 
8 

• ·0, 

3 HMeeT' BHA c.>dc.J • 3aMeTHM, 

A .. B .. By, soo6me ro

~neHHll M
8 

H BKnaAa 

38BHCHMOCTb aMnnHTYA 

Hb1X 'i8CTHU. Jlnll Bb1'iHCne-

rH'ieCKHe nocTpoeHllll • 

ce B CBS13H C 06CyJKAeHH-

yweHHll CP- H T- HHBapH

xj>eKTb1 MOlKHO Kn8CCHqlH

~naAb1 (aanpHMep, KL .. 2fr); 

>1M Hll'i8nbHblM COCTOS!-

apllH!'lnbHb1X WHpHH 3llp51-

H x-• .. rr-ifO y ); 

.. rr 0 y a pacnaAe K L .. 

¢epeHUHll B pacnaAax 

, HHBapaaHTH&1e npH CP-

!38llH51M .COCTOSIHHSI ABYX 

) ; 6) aapyweaHe AeTan&-

¢epeHUH8nbHblX BepOSIT

; 8) sneKTpH'ieCKHe AH-

.n. 

'HHTH&Ie B3llHMOAelkTBHll 

c )' -KB8HT8MH. 

>MarHHHblM noneM C KOH-

6bi aa6nJOAllTbCll B pac -

'ie THOrO B38HMOAeHCTBHll, 

/ l5a/ 
B neKUHSIX (rAe 

rpy). Mbi OTMeTHM 3AeCb 

'b npHMYJO npoeepKy Ae

= pKa B03MOlKHll B pac-

TOIIbKO .naa o6cTowrellbcTaa: 1) TaKoe B3aHMo.neAcTaHe Morno 6bl 6b1Tb 

CB.II38HHb1M C MlOOHHb1M 38pSUIOM (cMJlSa/ )H TeM C8Mb1M HMeTb npliMOe 

OTHOWeHHe K npo6neMe 8HOM81IbHOrO B38HMO.QeltCTBHH MJOOHa H MJOOHHOrO 

HeATpHHO. 2) EcnH Macca HeATpHHO pasHa HynJO, TO MOJKHO npH.QyMaTb Ta

Koe B38HMO.QeltCTBHe, KOTOpoe B nepaOM nOpSUIKe TeOpHH B03MYWeHHA ABeT 

Hyllb, H IT09TOMY COOTBeTC1'BYJOW8ll KOHCT8HT8 B38HMOAeltCTBHH Morna 6&1 

6&1Tb cywecTaeHHO 6ollbwe Ge . • flp&Mep /5,9/:t..., -AY"'(~r,.a.JP-O.,ir,.I/J). 
OueHKH ceqeHHll ynpyroro pacce&HHH v aa T~enb!X Slllpax npH 

G · o-'• 0_.0 
B38HMOAeltCTBHH • e .Q8JOT u · ~ 1 -1 CM. 3KCnepHMeHTanbH8ll rpa-

HHUa: a · ~ to-38cM
2• 34XfleKT&1 aapyweHHll T-aaaapHaHTHOCTH MOJKHo 6&1-

no 6&1 o6aapylKHTb npH pacceHHHH Ha nonsq>H30BaHHb1X Slllpax. flo.no6-

Hb1e 9KCnepRMeHTb1 no ynpyrOMY pacCeSIHHJO O'ieHb TpyAHb1, HO OHH.no-BH

AHMOMY, liBnRJOTCSI npaKTH'IeCKH eAHHCTBeHHb1M HCTO'IHHKOM HH<jlOpM8UHH 06 

sneKTpOMarHHTHOM 838HMOAeACTBHHH HeATpHHO H 0 B03MOJKHOM HapyweHHH 

CP H T B 9TOM B38HMO.QeAcTBHH (Mb1 He o6cyJKAanH 3.QeCb He Meaee TPYA

H&Ie 9KCnepHMeHTbl, CBSI38HHb1e C ITOHCK8MH cna6osneKTpOMarHHTHblX cjlopM

<flaKTOpOB MJOOH8 H sneKTpOHa) • 

JlpyryJO B03MOlKHOCTb H3y'leHHSICna6osneKTpOM8rHHTHb!XCBOACTB nen-

TO HOB ABeT pacnaA /l .. e V; y (nepeXO.Qbl C H3MeHeHHeM MJOOHHOrO 38pSI-

Aa aanpemeH&1 oTcyTCTBHeM pacnaAa ,. .. ey 

Hcnonb3YH coo6paJKeHHll pa3MepaoCTH 

nony'IHTb rpy6yJO OUeHKY eepOSITHOCTH 

H BenH'iHHbl $a30BbiX 06'beMOB, MOJKHO 

9TOrO pacnaAa r~fl .. elli¥..\ u 10-~ 
r " .. evv 

BKna.n TOpM03Horo H3ny'leHHll MOJKHO a V - A TeOpHH Bbl'iHCnHTb TO'IHO, 

H OTKnoHeHHe OT COOTBeTCTBYJOWHX npeACK838HHI! Jl0K83biB8nO 6&1 cywecT-

BOB8HHe CTpyKTypaoro B38HMOAei!CTBHll p. e II; y X} ( HanOMHHM, 'ITO B CBSI-

3H C Bbl'iHCneHHeM paAHBUHOHI!blX nonpaBOK K {J -pacnaAy HeltTp01!8 BblCK8-

3b!B8nOCb C006palKeHHe 0 cyweCTBOB8HHH npSIMOrO B38HMOAei!CTBHSI Dpelly). 

B TeopHH c W -6030HOM T8KOe B38HMOAei!CTBHe 8BTOMllTH'ieCKH B0311HKaeT 

BCne.QCTBHe HCnyCK8111fS:I BHpTyanbHblM W...- 6030I!OM }' - KB8 HT8 (pHC.2a}. 

no.naeneaa no OTHOWe HHJO K sepwHHe TOpM03Ho r o H3 -

x) 

EcTeCTBeHHO, 'iTO a anH'iH e TaK o ro B3ai!MOAeilcTBHH, npelKAe ecero, CKa-

3anocb 6 b i a a cneKTp e e B p. + e 11 ~· • OueHKH aT oro sljl<jleKTa CBH3a

H b l C KllKHM-nH60 CITOC060M o6pameHHSI C p aCXOAHMOCTSIMII If IT09TOMY He 

OAII03H8'1Hblo 



m _, 
ny'!eHIHI (pHc.26J MHOlKHTeneM rropsmKa (-=.Lm f<3.10 rrpH m >. 2 f aa ). Ha-w .. .. 

pyweHHe T-HHBapHaHTHOCTH B aTOM rrpouecce MOlKHO 6binO 6bi HCKaTb, H3y-.... ~ .. 
'!a.H KOppen.HUHJO a ( t X ft ] , rae a - ITOn.HpH3aUH.H MJOOHa HnH aneKTpo-

+ .. 
Ha, a f H k , COOTB8TCTB8HHO, HMITynbCbl a neKTpOHa H <j>OTOHa. 

BecbMa HHTepeCHbi pacrraabi , .. t.,y (e+e-) H K + t.,y (e+:e-"). 

PaCCMOTPHM an.H orrpeaeneHHOCTH rrpouecc , -(p) .. c ·( t ) + ., • (q) + , (k ) • 

·rae 6yKBbl B CK06KaX o603H8'18JOT HMnynbCbl COOTBeTCTBY!Oll1J!X 'f~CTHU. 

AMnnHTyay aToro rrpouecca T MOlKHO 3anHcaTb a cneayJOweM suae: 

-. -• B A V a (•) M v(q) • 11 (• )[ M +: M + : II ] v(q). 

B 
AMrrnHTyaa II TOpM03Horo H3ny'leHH.H a o6bi'IHOA V-A TeopHH pasHa 

B G pl'kll · 
II • i e - CDa 6 f I [ + g - -- + 

y-2 ' , "" (pk) 
~]tlly.,(l-y5) + 

(p k) 
,, ,, 

Ct+k)-mt 

2( fk) 
+:{ " p(l-ys)l, 

a aMnnHTyahi CTpyKTypHoro H3ny'leHHS! HM8!0T BH.Q! 

A G P k 
M • ·i e - CDS 6 t a (t) ( g - fl. ll 

.,;:2 fl.ll (pk} 
·1 t "r" 0- Ys 

v• G fl.v . )>.o 
M • i e -=- CDS 6 F.( t) t l'v>. o · € • y t 1- y 

5 
P k ; 

•./ 2 

la·(p k). 

3aecb () - yron Ka6H66o, f rr - ljlopM<j>aKTOp ( KOHCTaHTa) rr + 1' II pac-

na.aa, EP- aeKTop rronSIJlH3aUHH y - KBaHTa. <PopM<j>aKTOpbl f rr , a( t) 

H F(t) a T-HeHHBaj:>HaHTHolt TeopHH MoryT 6bJTb KOMrrne KCHbiMH. PaCCMOT-

pHM CHa'fana T-HHBapHaHTHYJO TeOpHJO. C ITOMOWb!O CVC lj>OpM<j>aKTOp BeK-

TOpHoro H3ny'leHHH F (t) MO)KHO CBS!3 8Tb C aepOS!THOCTb!O pacnaaa 

1r
0 + 2 )' • <POpM<j>aKTOp 8KCHanbHOrO H3ny'I8HHS! 8 ( t) MOlKHO Bbi'IHCnHTb nHlllb 

B rrpOCTblX MOaenHX; HaiTpHMep, B ITOnJOCHOJ;\ MOA8nH HnH )1{8 C ITOMO!llb!O 

anre6pbl TOKOB H PCAC B rrpH6nH)K8HHH MS!rKHX rr -Me30HOB 
1181 • Bo 

a(O) 
BC8X cny'faS!X OTHOlll8HHe 'F"((} ' rrony'laeTCH ITOpS!aKa 8AHHHUbl, HO OT-

HOCHTbCS! C ITOnHbiM AOBepHeM K KOnH'f8CTB8HHblM npeACK838HHS! 3 THX paC'Ie-

TOB ITOKa, ITQ-BHLIHMOMy, He cnenyeT. 

10 

.• 

0TMeTHM1 aae rroc 

TOKos, PCAC, rrpu6nHlKE 

BMeCTe c rrpeanonolKeHH• 

/l8a/ 
B pa6oTe nony'let 

_1._ f., d F+ ( I 
··-2--;r + f, ( Clfr 

p 
(F+(k 2

) - ljlopMcjlaKTc 

pe3ynbTBTa He npOTHBOpo 

HH.H. no-aH.QHMOMY, B pa 

3 YnbT8T pa6oTbl / l86 /. 

PacCMOTpHM Tenepl 

cr + I'"Y • HapyweaHe T-

BeCTH K ITO.HaneHHJO y nei 

TH pacrra.aa, KOTopaS! MOll 

TpoMarHHTHblX HnH B Cnat 

T -HHaapHaHTHOCTH MaKCHI 

<j>eKTbl MOlKHO 06HapylKHTb 

PHUB nnOTHOCTH KOHe'IHOr• 

p• I 3 ++ 
2 1 J 2 + 8+ II A 

r.ae D 1 · - eaHHH'IHblA Bel 

e.aHHH'IHb!A BeKTOp, Op Torc 

KOCTH ( tk) • H apywe1 

a_ -I 0 • E cnH YMeHblllHTb 

AOCTaTO'IHO 3 HeprH'IHb18 lj>c 

MepHO ITO 6HCC8K TpHGe yrn 

aQl«PeKT AO 30% (rrpH M a KCi 

PHMeHTbl, caroaHHbte c H3~ 

O'leHb TpyaHhl. 

P acrran K +~tV y 6on· 

HHe Q a rrepsoM cny'lae : 

6b!Tb rop83AO 60nJo lllHM BKT 

paCC'fHTaTb B 3 T OM rrpouec< 



_, 
1.10 npH m >. 2 f 3a ). H a-

• 
KHO 6binO Obi HCKaTb, H3y-

lUHQ M~OHa HTIH 3TieKTp<>

•neKTpOHa H lj>OTOHao 

H K .. tvy(e+·e-"). 

> .. C< t > + v. < q > + y (II >. 
~BeTCTBY~Uli!X 'I~CTHU. 

cneny~weM sane: 

wll V - A TeopHH paaua 

,v(l-y&)+ 

q t .. (pll). 

KOHCTaHTa) lr .. fl. V pac-

QlOpMijlaKTOpbl f lr , a(t) 

KOMnneKCHbiMH. PaccMOT-

o eVe ljlopMijlaKTOp BeK-

•OQTHOCTb~ pacnana 

MOJKHO Bbi'IHCTIHTb TIHWb 

IH unH JKe C UOMOWb~ 

rr - Me3onoa 
1181 • Bo 

JRJlKa eJlHHHUbl, HO OT-

peacKa3aHHR 3 THX pac'le-

0TMeTHM1 aae nocneauue pa6oT~, a KOTOphlX ucnonbay~TCQ anre6pa 

118a/ 
TOKOB, PCAC, npu6nuJKeuue MQrKHX ¢oTouoa H npaauna cyMM BaAu6epra 

BMeCTe C npeanonoJKeHH9M 0 aoMHHaHTHOCTH BKnaaOB p - H A - Me30HOB. 

/18a/ . 3 f 1186/ 
B pa6oTe nony'leH peayllbTaT: a ·--r- -, a a pa6oTe 

·2 II 
_l_ f, d F+ (II ) l F" 

•·-2---;r+ · f,(~)~.0 ·--r--;r- , ecnu F+(ll )•m;/(m~ -11
2

). 

( F +(11 2 ) p - tjlopMcjlaKTOp ,+· - Meaouaf. napaaoKcanbHbiM o6pa30M o6a 

pe3yllbTaTa He npOTHBOpe'laT 3KCnepHMeHTY I 18r/, KOTOpbill aaeT aaa pewe

HHHo n<>-BHaHMOM)' 1 B paMKaX npBHQTbiX npH6TIHll<eHHll 6onee npaBHTieH pe-

3yllbT8T pa6oT~ 11861• 

PaCCMOTpHM Tenepb 'IHCneHHbJe oueHKH. Cua'lana oocyaHM X .. "v y H 

" .. p.vy • Hapyweuue T-uuaapuaHTHOCTH MOJKeT a cny'lae K .. p.v y npu-

BeCTH K TIOQBTieHH~ y nenTOHa nOnQpH3aUHH, nepneHaHKYTIQpHOA K UTIOCKOC

TH pacnaaa, KOTOpaR MOJKeT aocTHI'aTb 10-30% B TOM cnyqae, ecnH B 3TieK

TpoMai'HHTHbiX HTIH B cna6o3neKTpOMili'HHTHbiX B3aHMOaeACTBHQX Hapyweuue 

T-uuaapuaHTHOCTH MaKCHManbHO /18el. B 3TOM JKe cny'lae aaMeTHbie 31jl

ljleKTbi MOJKHO o6uapyli<HTb, H3MepRQ nonepe'IHY~ nonQpuaauu~ ¢oToua. MaT

puua UTIOTHOCTH KOH9'1HOI'O ¢QTOH8 HMeeT BHa; 

rne II 1·- eaHHH'IHblll BeKTOp HOpManH K nnocKOCTH ( t k ) 1 a 

eaHHH'IHbiil BeKTOp, OpTOI'OHanbHblil K HMnyllbcy 4J<>TOHa H neJKall!HA B nnoc-

KOCTH • Hapymeaue T-HHBapuaHTHOCTH npuaonuT K ToMy, 'ITO 

a_! 0 o EcnH yMeHbll!HTb ponb TOpM03HOI'O H3Tiy'leHHR1 perHCTpHpyQ TIHWb 

!lOCTaTO'IHO 3Hepi'H'IHbie 4J<>TOHbl 1 H MepRTb TIOTI11pH3aUH~ B HanpaaneHHH npH-

Mepuo no 6ucceKTpHGe yrna MeJK!lY IIA H D j. ." , TO MOJKHO nony'IHTb 

3cpljleKT ao 30% (npH Ma KCHManbHOM uapyweuuu T-uaaapuaHTHOCTH). 3Kcne-

pHMeHTbl, CBIDBHHbie C H3MepeuHeM TIOTIRpK3aUHH ljloTOHa, TI<>-BHJlHMOMY 1 

O'leHb TpyaHbl. 

Pacnaa K ... I'YY 6onee Bbiroae n, '!eM rr .. p.vy , Ta K KaK 3 Ha 'le-

nne Q a nepaoM cnyqae 3 Ha 'IHTenbHO 6onbwe H, cneaoaaTenbuo, MOJKeT 

6biTb ropa3JlO 6onbWHM BKnaa CTpyKTypnoro uany'leHHQ. 1..fTo6bt '1To-nu6o 

pacc'inTaTb B 3TOM npouecce
1 

aeo6xoauMo eme 6onbme aonymeuul\, uo oueu-



Kli IIOPHAKOB BeliH'IHH bl MOJKHO llOIIY'IHTb, II01Ib3 y51Cb TeOpHel! K a6H66o 1i 

oue HKBMH B rr ->~tVY - pacna~:te. K coJKaneHHIO, a TOT p acnaA noKa He Ha6mo -

AaliCH. Ec;m ou HAe T aa C'leT TOpM03Horo Hany'!eHHH, K -> ~til-+ p.11 y , TO 

f'( K .. !!" y) ~ 
[' ( K .. It 

11 
) " 4 . Jl ( rpy6a 51 

coo6paJKe HHH paaMepuocTH naeT 

OUeHKa ITO !jla30Bb!M 06'beM8M C llOMOIUb!O 

-3 r (II' .. p.vy) 
'"10 ' H8llOMHHM 'ITO a 

' ' f'(rr .. p.v) 

(1.24 ± 0,25) 10""4 ). 3TH OUeHKH ll03B01IS!IOT 38K1IIO'IHTb, 'ITO f'(K-+p.lly),lr(K .. 

->1£V),.lQ-
2 -10""3

H 3TOT npouecC MOJKHO 6bl110 6bl H8Ae51TbC51 H861IIOA8Tb B He 

cm1wKoM o T naneHHOM 6ynymeM. HccnenooaHHe a T oro pac nana MOJKeT ocnoJK

f'( K .. "ollll) 
HHTbC S! AODOllbHO 60llblUHM <j>OHOM OT paCll8A8 K .. rt 0 jlll( ., 5%) 

f'(K .. Illl) 

1i II03TOMY 6bi110 CA C118HO npeAliOJKeHHe / 18n / HCK8Tb T- He'leTHbJe KOppenH-

Uiili B npouecce K (p ) -+ jl(f)+ v(q)+t.+(f,J+t-(f_) • OueaKa 3 Toro npouecca no 

DKnany TOpMo3Horo Hany'le HHH K .. I'., .. I"'Y .. Illl e+e-: f'(K .. Ilve+e-) .. 5. 10~ E; ·-"" 
r(K .. Bee ) e 

:.,. 10 fv\ 3B (npHMHTHBH811 OUeHKa ABeT Ty JKe BeliH'IHHy), · ll03TOMY ero MOJK

HO na6monaTb na ypoone 10-5t- 10-6 ( nnSI cpaoHeHHH yKaJKeM, '!To f'(K .. 21rev)/ 

f'(K .. or::e )• 4x 10-5 • P ac'!eTbi, npooene HHbie aBTopaMH pa6oTbi 11
8n l , noKa-

3biHAIOT , 'ITO H a H60nbwaH T-He 'le THaH nonHpH3aUHH a neKTpoaa nony'!ae T CS! 

n HHTepoan e HMnynbcon: 50 M 3 B <If 1·< 150 M ao , rne sJ.a(sal) H sAc($dA) 

Cp813Hl!Mbl no BCliii'I IIHe. IlpyraH B03MOJKHOCTb: IIOHCKH KOpp e 1IHUHl1 IlliOCKOC-

TH pa <: nana {f, f+ + f _) H nnOCKOCTH 31IeKTpOH- ll0311TpOHHOH napbl -( f+, f _ ), 

T . e . Koppenm11111 Bl1/la f [ f++f...: 1e+ .- f - · ] • Kon!1'1ec TBe HHbi e oueHKH 

3 Toro nocnenHero a!jJ<jJeKTa 11 ua116onee BbirOAHbie ycnoBHH ero Ha6 n iOneHHH 

HI"! 06C)')I(/l81IHCb , 

Ilo CH X nop pe'!b wna B OCHOBIIOM o pacnaaax K,IT-+ !!VY ( e+ ·e ""), nec-

K 
f' ( IT-+ evy . - s 

KQllbKY pE! C II8 /lbl , IT-+ e V y CHllbHO llO/lE!Blle Hbl ~ 3 . 10 , 
f' ( IT-+ B CO ) 

a l ' py6bJe Ollf'HKH HliH K-> e vy llEllOT['(K-+elly)/f'(K-+ BCe )•6.10-e. 3TH pac-

ll llH J,J, OLtHaKO, BhirOHHL>I T eM , 'ITO B Hl1X ponb cTpyKTypnoro H3 riY'I<'HH H 3Ha-

'IliT<'rihliO 6on~> me ( o co60 HHO B cny'we K ... e 11 y ) 11 II 0 3 T OMY 3<~tjleKT b l MQ-

I'YT 6t.J Tb 60ilbllll1\.111 , npour:cCH K,1T ... evy 3BMCY:U1'ellb /J b l 8IHC if TC M , ,_ITO 

OIIH ()t.l C:Hh 4YF3CTDHT8nld-t Lt K H e KOT Opb!M MO.flOnf!'M MHHHf"ni.160f'O Hupy.tli(~Hi\ }1 

CP-I! Ilflfl ['II '<HTIIOCTII . 0Jll!ll II") T llKHX ~IO.Q8ri0H 6biJ!Il pD CC'M(J TJlCIJ,1 1!11"111 l; 

Apt~y.Jont·l.\t ~ u KpiiTKO u :::iTIO>+<C H::\ n noKrt<""lne Ap f5y3oBa ua H UCT OCIJ[P~1 CP'\.tt:-

!Llpc . B ~-) T OH MOJ10J1H npP.nnonnr.teTcH, '41'0 nr~nTOIIHbli-i TOK conP JI>tHt: T \!'i.·f~ i 

12 

II 
J 

f. 
f 

( ,. 10-2+- 10-3 ) OT 06bl'l 

H3 BOAHbie noneli "'e H 

TH npHBOAHT K IIOHBlleHH 

oT T- 'leTHoro '!lleHa, np 

ce aneKTp oHa me 

HbiH '!ne Hbi B pac nane F 

peHUHH MeJKAY HHMH MOlt 

'!B e 31IeKTpOM8rHHTHOrO 

IIOCKOllbKY B cnyqae Mlif. 

CH B 8MII1IH T yAe TOpM03f 

'18CTH cneKT pa <j>OTOHOB. 

HO OJKHA8Tb a<!><l>eKTOB B 

we - B nonHpH38UIIIi e 

X8HH3M AOliJKeH npHDeCTI 

eMoro V-A TeOpHeli 

ByiOWHX 3 KCnep i!MeHT 811b 

HOr O DhlBOA8 0 pa3yMHD 

= ( 1.2 ~g:~) 10"" 5 • I I T a l 

cna6oro B31lll~tO/lei1cTBll! 

6onbWHe a apywea11H T-tl 

1IH60 HCK 8Tb M81Ible 

+ . + " 
u ecce K- .. , oil_ v (oT 

Maoro HHTepeCHbiX 

naMH K-MeaoHoB 
119•20 

HOB, B ncpByiO O'! epeilb , 

~M8 H T HE!51 BMIIllHTYilB 3 T< 

c (pc~) (po t=) 
M ~e![-------

(pck) (p ok ) 

Mc(p k,p k 
M c: C 

4 

"' >: 



, Teopl!efi Ka61166o 11 

r pacnaA noKa He Ha6niD-

II! H, K -+p.v .. p.ll y , T o 

I 06beM8M C riOMOI!lb!O 

4 1 'ITO r < " .. ~'"Y > 
r<n--+p.v) 

O"'I I!Tb, 'ITO r(K .. p.t~y);T'(K .. 

:eHTbCH Ha6nJOA8Tb B H e 

'O pacnaAa MOlKeT ocnolK

'p.v( r(K-+n-Oev) ,.S%) 
r(K .. p.v) 

'> T- He'leTHbie KoppenH-

eHKa 3Toro npouecca no 

'(K .. "ye+e-)"' 5. 10~ E .J. 
r(K .. Bee ) ;., 

HHy), . ri03TOMy ero MOlK

~H YKBlKeM, 'ITO r(K-+2n-ev)/ 

m pa6oTbi / 18AI , noKa-

3neKTpOHa nony"'lae TC H 

rAe s.j. e(Hl ) II SAc (;JA) 

:KI! KOppenSIUI!II nnOCKOC-

031!Tp0HHOH napbl -( f+, r _), 

cnoBHH ero Ha6nJOAeHI!H 

: K,tT .. p.vy ( e+ e-) , noc

rciT .. evy ... 3.10 - s , 
r (IT .. B Ce ) 

(K .. Bce ) .. 6.10-
8
.3nr pac--

•Ty pHOf'O 11 3 IIY'II~ HIHI :)!I.J -

H fl03 T OM Y 3t~tfJe KT bl !vi Q-

enb H bl euro u TeM, ,IT O 

't 
I 

• , 

( •10-2 t- 10- 3 ) OT o6bl"·IHOro TOKa) T-He"'!eTHYJO A068BKy , COAep)!{8lliYJO npo-

1!3BOAHble noneil: o/Jf 11 o#11r • Tpe6oBaHI!e Kan1!6poB0"4Hoil: HHBapHaHTHoc 

TH npHBOAIIT K noHBneHHJO B M 8 T-He"'leTHoro "'!neHa, KOTOpbril:, B oTn11"4He 

OT T- "4eTHoro "4neHa, 

ce 3 n e KTpoHa me 

nponopuwoHaneH Macce 

T 8K K8K ~ ~ 10 -! 
m. 

K-Me30Ha mK , a He Mac-

, To T-"4eTHbiH 

HW H "4n e Hw B pacnaAe K-+elly OK83b!B8JOTCH OJlHOrO riOPHAK8 H HHTep<j>e-

peHUI!H MelKAY HilMI! MOlKeT A8Tb 3<IJijleKTbl TOrO lKe llOpHAK8, 'ITO II B cny

'18e 3neKTpOM8rHHTHOrO l!nH c na6o3neKTpOM8rHHTHOro M eX8HI!3Ma. 0AHBK01 

riOCKOnhKY B cny"'!ae MI!HHCna6oro MeXaHH3M8 T-He'leTHble "4neHbl COAeplKaT

CH B 8MrinHTyAe TOpM03HOro H3ny"4eHHH, TO BbirOAHO •pa60T8Tb" B MHrKOH 

"48C TH cneKTpa <PoTOIIOB. B Hawny"4WeM cny'lae AnSI pacnaAa K .. e v y MOlK-

HO OlKHJl8 Tb 3<iJ<PeKTOB B nonSipH38UHH y AO 5 t- 20% H H eC KOnbKO 6onb-

we - B nonSip1!3aUHH e . BalKHO oTMeTHTh, 'ITO 3 TOT lKe MI!HHcna6bril: Me-

eM oro V-A TeOpHeH : 

OTni!'IHJO r (K -+ 1111) 

r(K-+ev) 144 r ( K .. BCe).. • 

OT 3H8"4eHHH, npeACK83biB8-

X 10-5. To'IHOC T h cywecT-

By!OWIIX 3KCnepH MeHT 8 nbHbiX A8HHbiX llOK8 H e AOC T 8 T0"4H8 

noro BbiBOJla o pa3yMHOCTI! 3Kcnepi!MeHT a c K .. e v y 

AnH onpeJleneH

r(K .. ev) 
' T.K. f ' (K .. BCe) 

= ( 1.2 ~g:~) 10 - 5 . J1 T 8K , npi!XOJli!TCH 38Kil!O'II!Tb , 'ITO npH ll011CK8X M II HII 

cna6oro B31UIMOAeHCTBIHI B03HHK8eT HenpHHTH8SI 811bTepH8TfiBa: nH60 HCKBTb 

6onhwne HapyweHHH T-i-!HBapHaHTHOC TH B ManoBepoSITHbiX npoueccax K,n-.. ev y, 

nw6o HcKaTb ManbJe T - He"'leTHble KOppenSIUI!H B 6onee BepOHTHOM npo-

( OTbiCKHB8eTCH S.J.. 

MHoro HHTepeCHbiX B03MOlKHOCTeil: CBH3aHo c paAHBUII OHHbiMH pa c na

naMH K-M e30HOB 
1 1 9

•
20 1

• CHa'lana o6cyn11M pacnaAbi 3apmKeHHbiX K - Me3o-

± + 
HOB, B nepBy 10 O"'lep e nb , K ( p) .. ,- ( p e)+ IT 0 ( p 

0
) + y (k). KanH 6poBO'IHO H HIJa-

J.Hi8 HTH8H aMnnHTyJla 3 Toro npoue cca I!Me e T cneAyJOumn ol3ulH II n ii n : 

Mc
1
(pk,p k 

J e C 

Mc(p k,p k) 
_E __ e __ __:> _ _ [ 

m 4 

K 

11 v A a 
'!LV A a ~ p p p !, 

1:3 

C' = + 



c c x) c c 
rJle 11 2 ., - aMnnuTyJla pacnaJla K .. rr 0 .,o , a II E H II w , cooTaeT-

CTBeHHO, - $<>pMcjl8KTOpbl 3lleKTpH'IeCKOrO H MarHHTHOrO H3lly'leHHA (a CHC;-

• .. 
TeMe noKOSI K-Me30Ha COOTBeTCTBYIOinHe HM 'llleHbl HMeiOT BHJl (p 

0
!) H 

(p.,H) . no)lp06HbiA cjleHOMeHonorH'IeCKHll aHallH3 cneJlCTBHA CPT, CP H T 

npoaeJle H a pa6oTax 1201. 

npuae)leM .OCHOBHble peaynbT8Tbl 3Toro aHanuaa. npa H8llH'IHH T-HHBa

pH8 HTHOCTH cjlaa a CTpyKTypHOrO H3lly'leHHSI npH op6HTallbHGM MOMeHTe JlHnH

OHa t coanaJlaeT c cjlaaoll "" - pacceSJHH.II Bt · (cjla3bl ayMepyiOTCSI npocTo 

:i: 
3H8'1eHHeM f 0 T.K. B CHCTeMe If ' rr 0 : I • ·1 npH f•21l+ :l, H 

I • 2 npH t • 21 ) B ClleJlyiOinHX JlBYX Cny'laSIX /19Jl/: 1) eCllH COOT-

BeTCTByiOina.ll a MnllH TY Jl8 npouecca rrr • rr rr y aanpemeaa ( aanpHMep, 

cox paaeaae 'leTHOCTH aanpemaeT MarHHTHble MYnbTHnonbHble nepeXOJlbl npu 
+ • . 

n 106oM t ) ; 2) ecnu nepexoJl 6ea HcnycKaHHSI $<>ToHa ( K- .. rr-r o) aan-

pemeH HllH fl0Jl8BlleH. noKa3aTellbCTBO 3THX yTBeplKJleHHA MOlKHO nony'IHTb 

C flOMOlllbiO COOTHOllleHHSI yHHTapHOCTH, KOTOpOe CHMBOllH'IeCKH aanHllleM B 

BHJle xx) 

-Ill M• • I 
K•(rrr,rl 1 JC•(rrryl t' a 

II M• + 
JC• 1 ""Yla 1 w1ry) •,. 1 rry) 1, . 

II• +·I IIJC•C~rrrla (rrrr) • .--(lrtrYl( . 
D 

B nepBOM 'lneae MaTpH'IHbJll a neMeHT M 1 , , y 1 a' .. 1 , , y 
11

, 

II ( 1r rr) , .. ( rrw) t' · , 'ITO H npHBOJlHT B KOHe'IHOM C'leTe K cjlaaaM .. . 
CBOJlHTC.II K 

Bt B 

CTpyKTypHOM H3lly'leHHH. nonpaBKH K 3 THM cjlaaaM nOSIBllSIIOTCSI 6narOJl8pSI 

BTOpOMY 'llleHy, H QCTIH OH M8ll HllH p a aeH HYTIIO, TO nonyqaeTCSI CcjlOpMyllH-

_± ±: 
poaaaaoe BbJllle yTaepJKJleHHe. B cny'lae pacnaJla r · • " ir 0 y npu6nuJKeHHO 

BblnonHeHo BTopoe ycnoaue (aMnnuTyJla npouec ca It!; •, ±;,o noJlaaneHa 

no c paaHeHHIO c aMnnuTyJlolt pacnaJla K 1 • rr + rr _ , n p uMepHO a 20 paa) 

x) 
... - - ' • 16 0 

2rr 
pacc esmnSJ. 

, rJle &E Re 6 0 - cjlaa a S - BOllHbl rrrr -

xx) 
3 JleCb lliTp HX 0603H8 '1aeT H3 MeHeHHe 3 H8K8 y TpeXMe pHblX HMnyllbCOB H 

non!!puaauuli, T.e. o6pa m e HHe s o apeMeHH. 

14 

H no3TOMY c xopowelt T • 

<jla3bl CT pyKTypHOrO ll3ll) 

HapyrneHa BO B3SHMO.QeH< 

+ lid. (Ef) .•6t • . I 

rJle aemecTaeHHble cjlaa 

'IHHbl B03MOlKHOrO a cjlcjleK 

TPYJlHO HaliTH, 'ITO HHTe f 

TOpM03HbiM npHBe)leT K ' 

. -0 

r -T 
+ 

r Jle A1 - aMnnuTy Jla 

1 <! ~ I ;. ~ ) • 'IT O I 
A2 

MeTpHSI MOJKe T 6bi Tb BeC 

He CllHlliKOM M 8ll8SI BeliR' 

• 10° 715° MOlKHO OlKHJlBT 

'IHbie HeonpeJleneHHOCTII, < 

JlellcTBHSI 11 T.Jl. AHanorH'I 

HllH HE 6yJlyT OTllii'IH bl OT 

a
2

(C&>, E.,) e 

a ~-'(E.,) e 

dT 

KOT Opbte a Han6on ee BbJr< 

TH c n e KTpa <jlO TOHOB MOry 



•
.. Cl 

E H M W , COOTBeT-

THOro H3nyqeHHA (a CHC~ 
~ .. 

d HMeJOT BHA (p 
11 

E) H 

cne.ncTaHA CPT, CP H T 

138. npH H811HqHH T-HHBa

.HT81lbHQM MOMeHTe AHllH-

( <jla3bi HYMepyJOTCSI npocTo 

• ·1 npH t-2a+:l, H 

( 119
AI: 1) eCIIH COOT-

3anpeuteHa ( HanpHMep, 

·HnonbHble nepexo.nbl npH 

+ 
>ToHa ( K- .. ,.!:., o ) aan-

;.neHHA MOlKHO nonyqHTb 

~BOIIHqeCKH 38TIHuteM B 

+ I,, Y l r' 
e K <jla38M 

CBOAKTC.II K 

O!IBII!IIOTCSI 6nai"'OA8pS1 

> nonyqaeTC!I ccjlopMynH

t · 
.. ff ir Oy npH611HlKeHHO ... 

-· .. , ±,11 0 nollaaneHa 

TipHMepHO B 20 pa3) 

paa a S - BOIIHbl ,, -

!XMepHbiX HMnynbCOB H 

H n oaT OM Y c xopoweA T oq H oC Th JO ycnoaHe T-HHaap HaHTHOC T H onpeaenge T 

c c 18. 
<jlaab i CTpyKTy pHoro H3nyqe!JHH MEf M Mf *• e t EcnH T-HHBapHa!IT!IOCTb 

aapyweHa ao B3ilHMOAeAcTBHHX EW HIIH E , T o 

rae aemecTaeHHble cpa3bi <l>t MoryT 6biTh .. 1 • .UnH rpy6oll· oueHKH aenH-

"'HHbl B03MOlK!IOrO 3cjlcjleKT8 MOlKHO OCT8BHTb IIHWb AHllOilb!IOe H311Y '!eHHe. He

TPYA!IO H8IITH, qTo H!ITep¢epeHUHSI 31leKTpHqeCKOI"'O AKTionbHOrO H3nyqe!JHH C 

TOpM03HbiM npHBeAeT K TOMy, qTo 6y.neT OTIIHqHa OT lJYII.II 8CKMMeTpKS1 

r -T •. -· •oa-------r++· r __ 
A 

•1--0-!(El)sia(B -8 l111¢. 
A 0 I I 

2 

r.ne A1 aMnllHTy.na pacna.na K .. 2 " B coCTO.IIHKe 2,. c K 3 0CTIHHOM 

1 (1 ·. -A_ft ·!:__"" ) .u. "" ~ - ~ t qTo ttaeT CyuteCTBeHHOe yCHile!IHe 3~eKT8 • vT8 8CHM-
A2 

MeTpHSI MOlKeT 6biTb BeCbM8 -60ilbutOli, ecnH TOilbKO pa3HOCTb <jla3 8
0 

- •8 I _ , 

He CIIHWKOM M8118.11 BenHqHH8. npH BTIOIIHe pa3yMHOM npe ATIOIIOlKeHHH /) O -li I • 

• lQ
0 

715° MOlKHO OlKHA8Tb 8CHMMeTpHH AO }0~0% (3TH OUeHKH COAeplK8T 06bi

qlJbie HeonpeaeneHHOCTH, CBSI38HHbie C He3H8HHeM ( E 1) , 3(jM!JeKTKBHOI"'O p 8 AHyca 

lleAcTBH!I H T.A. AHanorH'IHO a cnyqae HapyweHHQ T -H!IBSpHaHT!IOCTK a HEW 

HIIH HE 6yllyT OTIIH"'Hbl OT Hyll!l K03cjl<jJHUHeHTbl 8CHMMeTpHH 

d 2 r + d 
2 r 

dw dEc dw dE 
t

2
( w, E

11
) • 

c 

d 2 r+ d
2r 

dw dE
11 

dw dE c 

d r + dr -· 
a l'(E

11
) ~ -

dEc dEc 

KOTOpbJe B HBH6011e e Bbii"'OA!IbiX yCIIOBHHX ( (El) ~ (Ml) ..-2) B CpeAHel! '18C

TH c neKTpa cjlOTOHOB M OI"'Y T A OCTHI"' 8 Tb 10~15%. HcclleAOB8HHe p a cna AOB 
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' 
!:; +: 

K -+ rr- rr 0 y npeJleTaBl!HeTeSI BeebMa qyBeTBHTenbHbiM enoeo6oM nposepKH 

MexaHH3Ma HapyweHHSI CP-HHBapHaHTHOCTH B HEW • OTeyTeTsHe o6eylKJlae-

Mb!X 3!j!q>eKTOS eH1lbHO eSH)leTe1lbeTSOS81lO 6bl npOTHS eymeeTSOSSHHSI S HEW 

CP-He"'eTHbiX qneHos e 6. ·r = 1/2,3/2, xoTSI aenbaSI HeKniO"'HTb H eny"'aA-

Hoe nonasneHHe JlHnonbaoro Hany"'eHHSI. 

OpHseneM HeKoTopbie "!HeneHHbie xapaKTepHeTHKH paeeMaTpHsaeMoro 

pacnaJ:la 

r (K+ · .. rt+-irOy) 

r(K+ .. see) 

-4 
( 2,2 ~ 0, 7 ) 10 SSMeV < T +:< 80 

Jl1l 51 TOpM03HOrO H31ly"'eHHSI TeopeTH"!eeKSSI OUeHKS JlSeT: 

+' + ) -4 r ( 1\' .. rr- rr 0 
)' = 1,6 X 10 

+' r ( K- .. see ) 

npn 55 M 3 s < T ± < 80 M3s, npH"'eM s 3TOA o6naeTH 3HeprHH rr -Me30H8 

e TpyK Typnoe H TOpM03HOe H3.'1y"'eHHSI JlBIOT SK1l8Jlbl OJlHOrO H TOrO lKe no

PHJlKa. B p aeeMaTpHsaeMOM enyqae MOlKHO nony"'HTb oueHKy pa3HOCTH WH-

pun r+ = I'(K+ _.,+;,ay) I! r_,-r(K-.:..,.-·, 0y).fpy6aSI oueHKa JlSeT a
0 

1 Ot-':!0%. Llnn o6aapylKeHH SI noeneJlHero 3!j!q>eKTa TO"'HOCTb eymeeTsyiOlllHX 3K

enepKMeHTOB n onlKHa 6biTb ynyqweHa npHMepHo Ha nonTopa nopS!JlKa Jl1lSI 

K + -+ ,+" o y H, KPOMe Toro, nonlKIIO 6biTb npose)leHo JlOCTaTO"'HO 

TO'IHOe 1!3MepeHHe I'(K _.,-·,oy) 

BeebMa HHTepeeHbie 3!j!q>eKTbi MOlKHO Ha6niOnaTb B paenanax K0 H K0 -

Me30HOS /19/. Aei!MMeTpi!S! S 3HepreTH"'eeKOM paenpeneneHHH rr+ 'H rr- - · 

Me30HOB S pa<:-nanax K L-+ 71 + :rr -y II K s -+rr+w- )' He MOlKeT npeBbi

W8Tb 1 %X) • 00CK01lbKY 3TH paell81lbl Jl01llKHbl HATH e BeCbMS M81lOH sepo-
r(KL .. 2rry) 

HTIIOCTb!O (rpy6aSI OUeHKa: r KL-+ 
2 

y) 10 f- 20%, 3KenepHMeHTllllbH8S! 

l 'paHHUll JlllS! K L : 3 X 10-~), TO pa3yMHO o6eyJlHTb npyrne D03MOlKHble 

s!j!q>e KTbi . H rmCionee HHTepeeHo npeJl1lOlKeHne HeKaTb 3.:lnpemeHHYJO coxpaHe

HHeM CP-H HBllpHa JITHOCTI! HHTep~epeHUHIO o pae nRAa x K L,s-+ 2 y H KL ,s .. 2tr}' 

x) 
3Ta 81': 11 MMeTpHS! M81l8 1!3 - 38 MBllOeTil HHTepql€p!ipy!OUUIX P- H !). 

Bonn "" - paceeHHH.II. 

lG 

( ll01lSip1!38llHSI )' - KE 

H fl He H3MepSIIOTe! 

MexaHH3MSX s 3THX I 

HHsapHaHTHoeTH. Eem 

llOpSIJlKS, TO HHTep~e~ 

OUeHHTb, ll01lb3ySieb r. 

WHit ~HOMeH01lOrH"!eC . . 
-eaTb S SH)le 

LLs -gF1"'(a p -. " " 
LlnH omieaHHH HHTep~E 

ilYIOillHe eOCTOHHHH JlS: 

I+>-
IRR>+I :L 

y2 

EenH HapyweaHe CP- 1 

ao npeae6pe"!b BKnaao: 

K s ,. K 
1 

• EenH CP c 

3lleMeHTbi <+I SIK 1 >. 

HllTep~peHUHH. LleileTI 

nony"'HM enenyiOmyiO .s: 

l(t).r~Y e-rLt+lpl2 

rAe v - <+ I T I 'K 2 >. 

r 2>'.,r(K 5 .. 2 
s 

0Tei0Jl8 TSKlKe BHJlHO, ' 

KOrJla aMnnHTyna K .. 2 

'!1leHbl, KOTOpble, 110-BII, 



rbKb!M cnoco6oM npoeepKH 

w , 0TCyTCTBHe o6cy~nae-

ae cymecTBOB8HHH e HEW 

3H HCKniD'!HTb H cnyqalt-

HKH paCCM8TpHB8eMOrO 

:< 80 

1aeT: 

:H 3KeprHH rr -Me30K8 

onaoro H Toro ~e no-

• OUeKKy p83KOCTH WH-

oueKKa naeT 

IOCTb CylUeCTByiDIUHX 3K-

IOnTopa nopSlllKa nnH 

JOBeneKO ll0CT8TO'IHO 

b B pacnallax K 0 H i 
0 

pelleneKHH ,+ ' H rr 

Bec bMa Manor1 eepo-

3KCnepHMeHT8nbK8SI 

Tb llpyrne D03MO>KHble 

a a npe m e aayiD coxpa ae

K KL,S .. 2y H K~_,s-+2rr}' 

PYIOlll ltX P- H D· 

( nonHpH38UHH )' - KB8HTOB H HanpasneKHe OTHOCHTenbKOrO HMnynbC8 rr +· ·• 

H .. He H3MepHIDTCH). B aneKTpoMarKHTKOM H B cna6oaneKTpoMarHHTKOM 

MexaHH3Max B 3THX pacnanax non~Ko 6brTb MaKCHManbKoe KapyweHHe CP

HHB8pHaHTHOCTH, EcnH BKnanbr CP-'!eTHoro H CP-He'!eTHoro nepexonos onHoro 

nopSillK8, TO HKTep!jlepeHUHH 6yneT M8KCHM8nbKOli, BenH'!HKy a!jl!jleKT8 MO~HO 

oueKHTb, nonb3YHCb npocToll noniDcKoll MonenbiD KL,s ..( ~y .. y y • DpocTelt

WHli !jleKOMeKOnOrH'!eCKHli narpaK~H8K T8KOrO B38HMOUeliCTBHSI MO~KO 38flH-
• . 

·C8Tb B BHlle 

L ...JJ."( " ) K g' · f F~'"< " .\ u- " u .\ ) · L,S • · g l'" 0 p -u p + uu' U u p v p I' v v I' L,B rr A 

llnH OflHC8KHSI HKTep!jlepeKUHH B pacnanax 

llYIDIUHe COCTOSIKHSI llBYX !j!OTOHOB . 

K .. 2y 
L,S yno6KO BBeCTH cne-

I+
._,.. __ .;...IR_R_>_+~l_:L_L_>. ..... I . IRR>-ILL>' p 1 CP 1 , P • ·+1 1 \...or a -+ ·1; -!).a _ ; •- 1 •- • 

..;2 ..;2 

EcnH KapyweKHe CP- HKBapHaHTKOCTH CBH3aKo c HEW HnH 

Ko npeKe6peqb BKnanoM Maccosolt MaTpHUbr H npH6nH>KeKHO nono>KHTb KL • K2 , 

K 5 • K 1 • EcnH CP coxpaKHeTCH, TO oTnH'IKbr OT KynH nHwb MaTpH'IKbre 

aneMeKTbl <+ :1 S I K
1 

>. H <-,1 S I :K 
2 

>·, KOTOpbre, O'leBHilKO, He MoryT ll8Tb 

HKTep!jlepeKUHH. ll.ellcTBHTenbKO, llnH Ka'lanbKoro coCTOHKHH I K 2 >+·pI K 1 > 

nony'IHM cnellyiDIUYID epeMeKKyiD 38BHCHMOCTb llnH p8Cll81l8 K8 2 )' ; 
. ~+~ 

I(t)-r2)' e-rLt+li>12r-2Ye-rst+2lpiiVI e 2 Ieos(</> _,4> - •llmt), 
L S p V 

rile 

0TC!Oil8 T8K>Ke BHilHO, 'ITO HHTep!jlepeHUHH B03MO>KH8 nHWb B TOM Cnyqae, 

KOrlla aMnnHTylla K .. 2 y Collep>KHT K8K CP-'IeTHbre, TaK H CP-He'le THbre 

'lneHbi, KOTOpbre, nO-BHilHMOMY, llOn>KHbl 6b!Tb npHMepHO OllHOro nopHilK8, 

17 



K coJKaneHHJO, sxcnepHMeHTanbHhle ycnoBHSI Ha6nJOAeHHSI HHTepcjJepeHilHH 

B pacnane 1[1.,8 • 2 )' MOryT OX838TbCSI BeCbM8 TPYAHhiMH, TaX X8X r:: 
H r :)' , UO-BHAHMOMy, Mano OTnH'I8JOTCSI Apyr OT npyra, (Hau6onee npoc-

1)' If 
TO Ha6nJOA8Tb HHTepcjJepeHilHJO, eCnH r S >>r 1. ) • nosTOMY He HCXnJO'IeHO, 

'ITO ner'le Ha6nJOA8Tb HHTepcjJepeHilHIO B IMeHee BepOSITHOM X8H8ne JC t.,S .. rt'ti";-, 

rne sxnan TopM03Horo H3JI)''IeHHSI B pacnan lC 8 • .,+·.,-, o6ecne'IHBaeT Bhl-

rOAHbie ycnOBHSI HHTepcjJepeHilHH! r (JC .. ,+ir-, )>;. · r ( JC .. If +j, - ·, ) • nony-

'IHTb 6onee TO'IHble 'IHCnOBhle oneHXH, He npH6eraSI K XOHXpeTHhiM MOAenSIM, 

AOBOnbHO TpyllHO, H U03TOMY Mbl orpaHH'IHMCSI o6WHM Bh!BOAOM, 'ITO UOHC

XH HHTepcjJepeHUHOHHOro 3~KT8 B 3THX pacnanax MOrnH 6h! nocnylKHTb OA

HHM H3 peW8101UHX HCUb!T8HHA AnSI cna6osnexTpOM8rHHTHOrO MeX8HH3M8 Ha

pyweHHSI CP-HHBapHaHTHOCTH x). He nHwHe non'lepKHyTb, 'ITO ocHOBHoe Hc

nbiTaHHe cna6osnexTpoMarHHTHoro MeXaHH311l8 - pacnaAbi JCi: .. ,!;, 0 y. 0HH 

CBSI3biB8JOTCSI c Kt.,s ... 2y HICt.,ll .. ,+·.,-·y s MonenH (pHc.3). 

KopoTKO o6cyAHM HeKoTOpbie npo6neMhl, CBSI38HHhle c AHnoiibHh!M snex-

TpH'IeCKHM MOMeHTOM HeliTpOH8 dD • Kax yJKe ynoMHHanocb Bhlwe, sxcne-

pHMeHT8nbH8SI rpaHHU8 Ha BenH'IHHY dD dD .s 2.10-22e.CM) H8Kn8AbiB8-

eT CHnbHbie orpaHH'IeHHSI Ha snexTpoMarHHTHbill MeXaHH3M HapyweHHSI CP

HHsapHaHTHOCTH H, H8 nepBbiJI B3rSinA, HCKnJO'I8eT ero • .fiaJKe ecnH npHHSITb 

apryMeHT8UHJO pa6oTbl / 4s/, B KOTOpOA npennaraeTCSI 06l>SICHHTb ManOCTb 

d D nonasneHHeM cna6oro P-He'leTHoro B38HMonellcTBHSI c li Y • 0 no OT-

HOWeHHIO K B38HMOAejlCTBHJO C fi Y " 0 H8 'ITO celi'I8C HeT HHK8KHX yxa-

38HHJI; CM, ynOMSIHYTb!e Bbi!Ue AOKn8Abl H AHCKyCCHJO H8 A8HHOM CeMHHape), 

TO OCTaeTCSI HeUOHSITHhiM 0 UO'IeMy 3TO UOASBneHHe MOJKeT 6b!Tb CTOnb 3H8-

'IHTenbHblM • .fieJICTBHTenbHO, ecnH T8KOe UOA8BneHHe CBSI38HO C OTCYTCTBH

eM B oxTeTe nceanocxanSipHbiX wnypHOHOB CP-'IeTHoro wnypHOHa c Y • ·0 

(CM, 4B), TO K03q,cjJHUHeHT UOA8BneHHSI He MOJKeT 6b!Tb 6onbwe, 'leM OTHQ

WeHHe aMnnHTYAbi c li I • ~2 K aMnnHTyne c li I • 1/2 , Tax xax B o6oHx 

cny'I8SIX wnypHOHbl, npHH8AneJK8IUHe BblCIUHM npeACTaBneHHSIM su' rpyn-

Ubi, AQnlKHbl COAepJK8TbCSI C npa6nH3HTenbHO OAHOA H TOA JKe 8MUnHTYAOA 

(npHMecb • St-10%). B TaKOM cny'lae nHarpaMMa (pHc.4a) naeT d • 10-20., 
D 

t- }Q-21e,CM , 'ITO H8XO!!HTCSI B npSIMOM npOTHBOpe'IHH C 3KCnepHMeHTOM, 

x) K +· 
¢>eHOMeHonorH'Iecxoe paccMoTpeHHe Pf:Cnanos t.,s•" ~r)' aHanorH'IHO npo-

seneHHOMY Bbiwe aHanHay npoueccos K .. ,±,, 0 y • 
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npaBeneHHble 3AeC! 

3neKTpOM8rHHTHOrO Hapy 

neACTBHTenbHOCTH MO*e1 

B38HMOAeACTBHe npoHCXO, 

cyweCTBeHHO MeHbWe 10' 

He'leTHoro coxpaHHJOwe rc 

KOA CTpyKTypbl C-He'le H 

CMOTpenH COBMeCTHO C J 

'18CTHU~ UOCTOpOeH~ H3 

( KB8pKH, TpHOHbl, 8 6apH 

n e neHHOCTH "KB8pK8MH" . 

T-HHB8pH 8 HTHOCTH B03 HH 

WHH8 "KB8pKOB" COAe P*H 

noaepxHOCTH "xaapxoa"). 

BeweCTBeHHbiMH cpopMcjJ8 K' 

n e pBOM nopHnxe no E-aa 

'ITO T-He'leTHaSI s neKTpOi 

riL ( p, p '_) = F I ( p 2, p , 2, q 

+ F 
3 

(I 

TO HeTpyAHO y6eAHTbCSI, ' 

8HTHOCTH cnenyJOT ycnOBF 

Fi (p2, P '2, 

npennonaraSI, 'ITO Fi 

OTCJOA8, 'ITO Fi (p
2

, p ~ q~ 

n aarpa MMa nepaoro nopH> 

no T-'leTHoMy, Tax H n o 

r ne c nnOWH8SI nHHHSI C OOT 

B8 HH bi A "HWHK" C qeT blpb . 



Ra6n~AeBBH BBTep~peBUBH 

lYABbiMH, TaX xax r ~ 
L 

OT apyra. (Hau6onee npoc-

noaToMy He ucxn~'leao, 

eposrraoM xaaane K L,a~ ll'iti')o, 

.,+·.,-, o6ecne'IBBaeT Bbi

(K .. ,+;,-·y) .nony-

I K KOHKpeTHbiM MOaenHM, 

IBM BbiBOAOM, 'ITO llOBC-

Mornu 6bl nocnylKBTb oa-

f'HBTHOf'O MeXaHB3Ma Ha-

CHyTb, 'ITO OCHOBHOe HC-

CllaAbl 

:>aenu (pac.3). 

BHHble C AHnOn&HbiM anex-

·nOMHHaiTOCb BbiWe, 3KCile-

aaxnaabiBa-

x:aaaaM aapyweHHH CP

lro. ilalKe ecnu npaasrr& 

CH 06'bSICHHTb ManOCTb 

CTBHSI C fi Y • 0 no oT-

:el!qac HeT HHKaKHX yxa-

10 Ha naHHOM CeMHHape) 
0 

MOlKeT 6biTb CTOnb 3Ha-

! CBH3aHO C OTCYTCTBH-

:>ro wnypaoaa c Y • ·0 

oiTb 6on&We, 'leM OTHQ

• Ln , Tax xax B o6oux 

aaneHHHM SU 3 - rpyn-

H Toll! lKe aMnnaTynol! 

c.4a) aaeT d • 1Q-20t-
" 

II! C 3KCnepHMeHTOM, 

S .. ll'+ir Y aHaiTOf'H'IHO npo-

npaaeaeHHbie aaec& coo6palKeHHH He oaaa'la~T, oaaaxo, 'ITO noacxa 

anexTpoMarHHTHoro aapyweHHH CP-aaaapaaHTHOCTH HYlKHO npexpaTHTb, B 

ael!CTBHTen&HOCTH MOlKeT cny'IHTbCH, 'ITO anexTpoMarHHTHoe CP-He'!eTaoe 

B3aHMOAeliCTBHe llpDHCXOAHT TaKHM CileUHanbHblM o6pa30M, 'ITO BenH'IHHa d
0 

cywecTaeaao Mea&we w- 18t- Io-20e.cM ae aa c'leT ManocTH cna6oro P-

He'!eTHOf'O COXpaHSJIDWef'O CTpaHHOCTb B3aHMOAel!CTBHH, a aa C'leT cneUH~H'lec~ 

KOli! CTpyKTypbl C-He'leTHOf'O B3aHMOAeli!CTBHSI H E',0nay TaKyiO MOAenb Mbl pac

CMOTpenH COBMeCTHO C A.naxyiTbCKHM H 3,03eBH'leM. fionyCTHM, 'ITO BCe 

'laCTHUbl llOCTOpOeHbl H3 HeKHX ~YHAaMeHTaiTbHbiX 'laCTHU CO CITHHOM J / 2 

(KBapKH, TpHOHbi, 8 6apHOHOB H T,n,), KOTOpb!e 6yneM Ha3biBaTb AITH onpe

neneHHOCTH "xaapKaMH
6

• npeanoiTOlKHM Tenepb, 'ITO BCe HapyweHHH CP- H 

T-HHBapaaHTHOCTH aoaaaxaiOT acnencTBHe Toro, 'ITO anexTpoMarHHTHaH aep-

w11aa "xaapxoa" coneplKHT •CP- He'!eTHbie '!neHbl ( paayMeeTCH, BHe M8CCOBOl! 

noaepxaocTH • xaapxoa"). TaxaH aepwHHa onpeaenHeTCH 12 aeaaaHCHM biMH 

aemecTaeHHbiMI! ~opM~axTopaMH, xoTopbie B o6weM cnyqae aaiOT d
0 

I 0 a 

nepaoM nopHnxe no E-aaaaMoaelicTBHIO. Onaaxo, ecna npennonolKHTb ad hoc, 

'ITO T-He'leTHaH anexTpoMarHHTHaH aepwaaa "xaapxoa" HMeeT BHA 

rll ( p, p '_) e F I ( p 2, p , 2' q 2) o I'"' q "' + F 2 (p 2 ' p' .2' q 2 ) ( p, ol'"' + oil" ; ) q "' + 

2 2 2 " ~~ov~ +Fs(P ,p' . ,q )p.'o pq..,, 

TO HeTpyaao y6enHTbCH, 'ITO aa Tpe6oaaaali! T-He'leTHOCTH H CPT-aaaapH

aHTHOCTH CneayiOT ycnoBHSI 

npeanonaraH, 'ITO F i - perynHpHbie ~YHKUHI! p ,2 , nony'IHM 

OTCIOAa, 'ITO Fj (p 2 ,p 1 q:a, 
2 

•(p2 -p')H no3TOMY 
q .. 0 OKa3biBaeTCH, 'ITO n106aH 

DHarpaMMa nepBOf'O nopHAKa no aneKTpOMaf'HHTHOMy B38HMOAeHCTBHIO (xaK 

no T-'leTHOMy, Tax H no T-ae'!eTaoMy) He naeT axnaaa B (cM.pac.46), 

f'Ae CI1110WH8H 11HHHH COOTBeTCTByeT 'laCTHUaM CO CnHHOM J /2 , a 38WTpHXQ

B8HHblii "HWHK" C '!eTb!pbMH KOHUBMH He COAeplKHT 3 11eKTpOMaf'HHTHbiX Bep-
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WHH • B cneay!OWHX nopHJtxax no e MO)f{HO nony'IHTb d.,"-0 ( CM.,HanpH-

Mep, pac.4a). B o6weM c nyqae noaToMy pony'IHM d., • -f<to-19t-10-20)e.cM, 

T,e. • lQ-22 t- 10-2 3 e,CM, XoTSI OnHCaHHYIO MOllenb Bp!t.Q flH MO)f{HO 

C'IHTa Tb O'leHb eCTeCTBeHHOH, BCe )f{e TaxaSI B03M0)f{H0CTb flOrH'IeCXH anon-

He Mb!CflHMa H n09TOMY npeanOflQ)f{eHHe nOHCXOB 9nexTpOMarHHTHOrO Hapy-

weHHSI CP-HHBapaaHTHOCTH anonne onpaaaano. B MexaHHaMe cna6qanexTpoMar-

HHTHOrO HapyweHHSI CP-HHBapHaP.THOCTH OTCYTCTBHe d., aoo6me He Bbi-

3biBaeT c epbe3 HbiX TPYJlHOCTeA, a npocTo 03Ha'laeT, 'ITO HEW He conep-

)f{HT CP-He 'leTHbiX, P-He'leTHbiX qneHOB c flY • 0 , Ill • -0,1. 

Mbl He pacc MaTpHBaflH 3JleCb MHOrHe JlpyrHe B03MO)f{H0CTH 06Hapy)f{e

HH SI CP-aapaaHTHoro c na6oanexTpoMarHHTHoro aaaaMoneACTBHSI, KOTOpble 

na6o o6cyJKnanacb B 6onee naBHHX pa6oTax, na6o aoo6me HHKeM He accne

noaanacb. C10aa OTHOCHTCSI CP-He'!eTHbie H T-He'leTHbre acjxj>exTbi B panaa

UHOHHbiX pacnaaax 6apHOHOB B .. B 'y ( e + e l B npyrax panaauHOHHbiX xaHanax 

pacnan oa K-Me3oHoB, K-+172y, K .. 3 17 y, K-o17e+ ·e-a T.n. Mbi He o6cy)f{-

nana TaK)f{e CP-He'! eTHbi e ao6aaxa, KOTOpbre MoryT B03HHKHyTb acneacTBHe 

06MeHa BHpTyanbHbiMH <jJOTOHaMH, Tax KaK ypOBeHb HaWHX 3HaHHH 0 cna6o-

9fle KTp OMarHH·THbiX npoueccax O'leHb HH30K, TO noxa pa3yMHO H3y'laTb HX 

~pynHbiM nna HoMw. Haa6onee HHTepeCHbre c aToi! TO'IXH apeHHH axcnepHMeH

Tbi Mbi H c Tapanacb o6cynHTb. nepeqacnHM ax eme paa. 1) Onpenenenae nap-

uaanbHbiX WHPHH H c paaHeHHe cnexTpoa 17+ :_ .H 17- - Me30HOB B pacnaaax 
+. + 
~- -+ rr- ·170 y • 2) noHCXH HHTep<jlepe HUHH B pacnanax KL,S -+IF lr y H KL,S -> 2 y, 

3) noHCKH T-He'leTHbiX KOppenSIUHA B pacnanax K .. I"'Y (e+e-) H, MO)f{eT 

6b!Tb, B pac nane K .. e" y • 4) noHCKH pacnana KL-ow 0e+e-·/9/, 5)no-

HCKH cTpyxTypHoro 1!3ny'!eHHSI B pacnane ll ~ e" " y H nOHCKH pacna)lOB 

c H3Me HeHHeM c TpaHHOCTH Ha naa ( E: .. N 17 ana E .. N 17 y ). 06Hapy-

)f{e HHe OllHOrO H3 9THX a<jJ<jlexTOB MOrno 6bl nocny)f{HTb MOlliHb!M CTHMYflOM X 

H3y'leHHIO HeH3Be)laHHOA CTOpOHbl cna6oanexTpOMarHIITHbiX B3aHMOJleACTBHA. 

1. a) 

6) 

J1 H T e p a T y p a 

J,W,Cronin Doxnan Ha KOH<jlepeHUIIH B Po'leCTepe, aarycT,l967, 

c.Rubbia. Doxnan Ha KOH<jlepeHUHH B fai!)lenb6epre, c eHTS16pb,1967. 
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2). a) Jl .E . OxyHb. YIPH 8' 
T pyllhi MeJKay HapollHO 
BH HM, Dy6Ha, ljleapan 

3. a ) Jl .E.OxyHb, HIP 1 

4 ). a) S,Barshay, PL 1, 
e lectromagn etic inte 
Univ.,N. Y.(1967). 

5 ). E . A.Ap6y30B , A.T.¢Hl 

6. a) P.D.M iller e.a. P: 
P RL 19 (1967) 384, 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

K.Nishijima,L.Swan 

a) F,Salzman, G ,Sc 
Rafael, L,Mi~hel. I= 
Yvette, N,A88, 46f 

a) B .A.Ar buzov,A. T. 
6 ) E. A . Ap6yaoa , A.T . 

a) L . Wolfenstein. != 
PR 138 B (1965) 1 

a) J
1
M . Gaillard e.c: 

1 8 \1967) 25. 
a). D.Dor fan e ,a . I= 
( 1 967) 993. S. Be 

a ) P . MocT. 06ma H TE 

6 ) P .CTpHTep, A .Baii 
Mocxaa , 1866. N.L 

14. a) T.D.Jla. Y<t> H 91( 

15. a) A .nepenoMoa. Jlet 
OY!HY! , D y6Ha , 1964 . 
IHIH WKOfla <jJH31!KOB, 
)1(3T<t> 3 ( 1966 ) 98. 

16 . N ,Cabi bbo. Doxna11 

17. A .Yl.Bai!HwTeilH , 6. /1 . 

18 . a ) A.B ailHWTeilH. nlfc1 
S.Okubo . P r eprint 

S ,We i nberg. PF 
(1963) 285. W.Cl 

19. a)J.D.Good. PR 1: 
D.Costa. P .K. l< 
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li Th dn,l·O ( CM,,HanpH-

dn • -foo-19t-I0-20)e.cM , 

MOAellh BpSIJl nH MOJKHO 

<HOCTh noraqecK.H anon-

!KTpOMarHHTHoro Hapy

XaHH3Me cna6~3neKTpoMar-

dn aoo6me He Bbi-

qTo H EW He COAep-

11 [ ... 0,1 . 

·03MOlKHOCTH 06HapyJKe

IMOAe l!cTaH51, KOTOpble 

>o6me HHKeM He accne

Hbie 3QxpeKTbi a paAHa-

:x PSAHaUHOHH biX Ka Hanax 

H T, n, Mbi He o6c yJK-

B03HHKffYTh acneACTBHe 

IaWHX 3 HaHHll 0 Cna6o-
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~~HnHnnoB A.T. P2-3743 

H apyweHHe CP- HHBapHaHTHOCTH B cna6biX panH a UHOHH b iX pacnanax 

8 pa6oTe ll8H Kp8TKH~ 0630p HOBe~WHX 3KC nepHMeHT8nbHblX H TeOpeTH

qeCKHX naHHbiX B o6nacTH cna6o panHauHOHHbiX pac n anoa. PaccMaTpHBBIOTCSI 

HOBble 3KCnepHMeHTbl 0 KOTOpb!e IT03BOnSIJOT npOSICHHTb MexaHH3M HapyweHH~ 

CP- HHB8pH8HTHOCTH. 

npenpKHT 06beAKHeHHOI'O MHCTKTyTa JI.QepHbiX MCCJie,QOBaHMJl . 

,izy6Ha, 1968. 

F'ilippov A.T. P2-3743 

CP-Invariance Violation in the Weak Radiative Decays 

A brief review of the newest experimental and theoretical data 

in the region o f the weak r adia tive decays is g iven. New experiments 

a re considered whi ch permit t o c l ear up the mechanism of the C P-in-

variance violation. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1968 


