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Bee.neHHe 

B HaCTO~ee apeMH KBaHTOBaR xpoMO,nHHaMMKa (KKn) HBJHSTCH o6~enpH-

3H8HHO~ S,nHHO~ T80pH8~ CHRb~X, CR86hlX H sneKTpOM8PHHTHbX B3aHMOA8~CT

BH~ a,npOHOB. 3HaqHT8RbHHM .D.OCTH~SHHSM Mo,nenH KBapKOB H rXQ HBHROCb 

OITHC8HH8 CITSKTpOCKOITHH RSPKHX M830HOB 1 a T8KM8 npOUSCCOE C 60RbWHMH 

nepe,naqaMH HMITYRbC8 H yqacTHSM TR~SnhlX KBapKOB 1 ,nnR KOTCphlX y,naSTCR 

ITJIO,l!.OTBOpHO HCITORb30B8Tb CTaH,napTHYJO TSOpHil B03~8~iH~ ( nepTyp68THBHaR 

ffXU). llpHMeHHMOCTb nepTyp6aTHBHO~ KXU K onHcaHH~ MSCTKHX npoueccoe 

OITp8,!!.8JIR8TCR nepe,naqaMH HMITyJibCOB B 3JI8M8HTap~X B38HMO.Il8~CTBHRX KBap

KOB H PJI~OHOB. llpH 60JibWHX nepe,naqax 3~8KTHBH8R KOHCTaHra CBR3H KBap

KOB H rn~HOB CT8HOBHTCR MaJIOR (&CHMITTOTHqSCKaR CB06o,na ~ Ha MaJIMX 

paCCTORHHRX) H BMCmHMH nonpaBKaMH TSOpHH B03M~8HH~ MOMHJ npeHe6peq&. 

O,nHaKo 6on&ruaR qacT& SKcnepHMeHTan&HbiX .naH~x. nonyqeH~< Ha coapeMeH

~x YCKOpHTSRRX B 06JiaCTH HH3KHX H ITpOMe~yToqHh!X 3H8!JPH~, HaXO,IJ.HTCR 

BHS KOMll8T8HUIH1 nepTyp6aTRBHO.i1 K.:Q.L. JTO CBH38HO He TCJI:OKO C T9M 
qTQ npH STHX 3H8pPHRX 3~KTHBH8R KOHCTaHTa CBR3H KBapKO~l H PJli)OHOB 

erqe He.nocTaTotUio MaJia, Ho npelK,Ile ecero c TPY.D.HOCT$tH, eo3HHKalOlJ1HMH 

ITpH yqeTe a,npOHH3aUHH KB8pKOB H PJIDOHOB, a TaK~e pa3JIHqffiiX H8D8pTyp-

6aTHB~X 3~8KTOB (B38HMO.D.8~CTBHR Ha 6onbWHX paCCTOHHHRX:, B~XO~HX 

38 paMKH TSCpHH B03~8HH~. ll03TOMY ,no CHX nop npH HHT8pllp8TaUHH ,naH

Hb~ no HH3K03Hepr8THqecKKM ~OHHW~ llPOU8CC8M ilpHXO,IJ.HTCR OnHpaT:&CR H9 

Ha 06~ TSOpHD, K8KO~ }iBJIRSTCR KKn, a H8 pasnHq~e, aaqE.CTYB:J ;l,aMe He 

CBR3aHI!hl8 MSlK,Ily 0060~, ~HOMSHOROPHqeCKHS MO,nenH, 0Tp8M81~He OCHOB~e 

.D.HHaMHqecKHS CHMM8TpHH a,npOH~X B38HMO.Il8~CTBHR, KOTOp~e rpCHBRRDTCH 

a aaKoHax coxpaHeHH~ H npaaHnax OT6opa. 

0,nHHM H3 T8KHX ITO~O.D.OB K OITHC8HHD HH3K03HepreT~8CK~X M830HHHX 

ITpOUSCCOB RBH.lJCR MSTO.Il SqxfJeKTHB~X KHpaJibHblX narpaHMHaHOB/I - 5/, KOTO

phle 6~JIH npe.nno~el!hl 6oJiee 20 JieT Haaa,n, KaK KoMnaKTHoe on~caHHe pe

ayJI&TaToe anre6p~ TOKOB. HHpaJI&~e JiarpaH~Hal!hl ChlrpanH 6on&WJD poJib 

B ITOHHM8HHH ,nHHaMHKH CHRbl!hlX B3aKMo,neRCTBHM npH HH3XHX 3H3pPHHX H 6~

RH CB08PO po,na ITp8RD.D.H8~ K WHpOKOMy npHM8H8HHD M8TO.D.OB KB~HTOBOR T€0-

pHH DOJIH K OITHC8HHD B38HMO,ne~CTBH~ a.npOHOB B p8MK8X ffXU. 
CoepeMeH~~ 'HTepec K HSJIHHS~HHM narpa~HaHaM 6hln CTiiM)'JIHpoaaH 

pa6oTo~ BHTTeHa/6 ,r.14e ycTaHOBIIeHa TonOJior>-PieCKM CB.H3:& IO.U c KHpaJI:&

~ Jiarpa~aHoM Becca-3JMHHo/7 I. HamcNHe aHOMaJIHR RBHRilCb e111e 

O.D.HKM YK838HH8M Ha TO, qTQ HH3K03H8pP8THqecKOe M830HHOe B:I8KMO,I48~CT-
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BH8 HM8€T Kl8pKOBOe npOHCXOlK,ll8HHe. Cne.nyeT OTM8THTb, WfO vt,Uef! 0 B03-

MOJKHOCTH TIO.IJlleHHh S!WJeKTHBHb!X KHpaJibHb!X JiarpaHJKH8HOB KaK HH3K03Hepre
TWWCKOI'O n·le,UeJia KX)1 Bb!CK83biB8JiaCb p8Hbille (eM., HanpHMep{B- TQ/), 

a KHp81IbHbl8 ,narp8filKW3.Hbl H3 MO,UGJIH C 4-KBapKOBb!M B38HMO,UelkTBH8M 6h1JIH 
nocTpoeHhl B JI-T3/. 

B TIOCJI ')J.Hee BpeMf! H,Uef! 0 iflopMyJIHpOBKe 1{)()1 npH HJII3KHX ::JHepi'lllf!X 

B T8pMliiH8X 1qxpeKTHBHblX JiarpaHJKH8HOB, TIOCTpOeHHblX Jll3 ,KOJIJieKTHBHb!X TIO

Jie~, noJIJllHITa 3Ha~HTeJibHoe paSBJIITHe s pa6oTax/I4 -TB;. B STHX pa6oTax 

C nOMO~b~ K98pKOBOI'O ,neTepfHf8HTa B Me30HHb!X nOJif!X Bhl4HCJieH He TOJ!b

KO r.arpaHJKH 3.H Becci-3yMHHO 7 , HO TaKJKe nepsoHa~aJihHbiA narpaHJKHaH 
lliBHHrepa-Ba~H6epra I/ v. cne.ny~~He ~JieHbl (~eTsepToro nopH,nKal pa3JIOJKe

HHR no HMnynbC8M M€30HOB. 
B cospeMeHHOf:l Hlii3K03HepreTH~8CKO~ KHpaJibHO~ TeopHlll HeJIHHe~Hble 

narpaHJKHaHbl paccMaTpHsa~Tcf! KaK Hall!6onee y,no6Hbl~ no,nxo,n K onMcaHJII~ 

M830HHbiX n~O~eCCOB B TepMHH8X HenepTyp6aTHBHO~ 1{)()1. ilpH~eM KaK KOHC

'l'8HTbl 3THX JiarpaHJKH8HOB, TaK lll CaMH yCJIOBHf! HX C~8CTEOB8HHH, ifJopMy

JIHpyeMble B BH,U€ Tpe60B8HHf! "yCTO~~HBOCTH 11 HH3K03HepreTH~8CKO~ 06JiaCTH 

ffXA, onpe,neJIH~TCf! iflyH,UaMeHTaJihHhiMH napaMeTpaMH HenepTyp6aTHBHon HXA: 
KBapfOBb!M I' PJI~OHHbl!l/1 KOH,U8HC8TaMH, M8CC8MH KB8pKOB, ~HCJIOM qseTOB H 

T.n. 141. renHHe~Hble KMpanbHble narpaH*MaHbl paccMaTpMaa~Tcf! ~aK nepcneK
THBHoe HanrasneHHe ,UJIH npoaepKH HXA B HenepTyp6aTHBHOM peJKHMe. 

O,nHaKc CTporoe ,noKa3aTeJibCTBO KHPifb/o~ 6o30HH3a~Hl1 KBapKOB noKa 
~TO C~8CTEY8T TOJibKO B ,UByXMepHO~ KX)1 g • il03TOMY CTaHOBHTCf! 8KTy

aJibHO~ 3a,US~8 nposepKH npe)J.CK838TeJibHOf:l CHJ!bl HOBb!X "KBapKOBb!X" Kl1p81Ib

Hb!X JiarpaHJIH8HOB, T8K K8K Cp8BH8Hl1e HI13K03HepreTH~8CKHX npe)J.CK838Hii~ 

T80pHii C 3~cnepl1M8HTOMR~f!8TCH 8CT8CTB8HHb!M cnoco6oM ~H311~8CKOI'O o6o

CHOB8HHf! ~jH)J.aM8HT8JibHb!X )J.I1H8MI1~eCKI1X npH~l1nOB 11 np116JI11JKeH11~, JieJKamHX 

B OCHO Be TIC 1IJll8HI1H 3TH X JiarpaHJKI18HO B. 

HacTorm11e JieK~HI1 nocaH~eHbl o6cyJK)J.eHH~ 3KcnepHMeHTaJibHOro cTaTyca 

COBpeMeHHbl> H8JII1Hef:!Hb!X Kl1p81IbHb!X JiarpaHJKH8HOB, OCHOB8HHb!X Ha 'HH8MI1fe 
KBapKoB. M!:: c~eCTBeHHO yTo~HHeM pe3yJibTaTbi aHanori1~Hb!X pa6oT 20-22 

H ,naeM Oni1CaHHe 3KcnepHM8HT8JibHb!X )J.aHHb!X 00 illHpOKOMy Kpyry HM3K03Hep

reTHl:I8CKHX MesoHHbiX npo~eccoa. 06cyJK,llaiOTCH HaH6onee nepcneKTI1BHbie 

3KCOepHMeH~'bl no nposepKe npe)J.CK838HH~ KX)1 B HH3K03HepreTI1~8CKOM npe,ne

Jie. 

B pa3)l8Jie J KOHCneKTHBHO H3JIOJK8Hbl OCHOBHble T80p8TI1l:I8CKHe H)J.€11 11 
pe3yJibTaTbl pa6oT/I2-IB/ no nOCTpOeHI1~ H8JII1H8~Hb!X KHpaJibHb!X JiarpaHJKH8-

HOB. 06CYJK)l88TCH cneKTpOCKOnHH HOHeTa OC8B)J.OCKaJif!pHbiX M830HOB H pOJib 

I'JIIOOHHO~ U ( I}-aHOMaJII1H B Onl1CaHHH pac~qenJI8HHH Mace "( - 11 1 I -1.1830-

HOB. PemeH!Ie nocne,nHe~ npc6neMbi aBJI.HeTCR HaH6onee snel:laTJIRIOtllHM pesyJih-
~t•'-TaTOM, llOJI;~eHHb!M B paMKaX Ne -pa3JIOJK8HHf! B ffXA. 8TOT pesyJibTaT MOJK-

HO JI8I'KO m~petlJopMyJIHpOBaTb B TepMl1HaX H8JIHHe~Hb!X KHpaJibHb!X JiarpaHJKHa-
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HOB. B 3TOM ~e pa3A8R8 nonyqeHW B8KTOpHWe H 8KCH8RbHO-B6KT)pHHe M830H

HW6 TOKH, B03HHK8~~He 113 narpa~H8H8 CHRbHWX B38HMOA8~CTBH~ M830HOB 

npH C00TB8TCTBJD~Hx KHpanbHWX noaopoTax. ITo aHanorHH c Kna~cH~ecKHMH 

~eACTBanMil yHHBepcanbHOCTH aneKTpoMarHHTHWX B3SHMOAe~cTs~A seKTop

HWe 1i 8KCH8RbHO-B8KTOpHHe TOKH 1 reHepHpyeMble KHpanbHHMH nOBOpOTaMH, 

OTO~eCTBR.A~TC.A C COOTBeTCTB~HMH TOKaMH 3R8KTpocna6MX B3~HMOA8~CT

BH~. B npeAene TO~HO~ KHp8RbHO~ CHMM8TpHH 3TO o6ecne~HB88T coxpaHeHHe 

TOKOB H YHKBepcaRbHOCTb cna6HX B38ID~OA8ACTBH~ K8K B B8KTOpiOM, TSK H 

B 8KCH8RbHO-B8KTOpHOM TOKSX. HapyweHHe KHpanbHO~ CHMMeTpHH npHBOAHT 

K ~SCTH~HOMy COXp8H8HH~ 8KCH8RbHO-B8KTOpHWX TOKOB 1 KOTOpOe .ABX.A8TC.A 

OAHHM H3 OCHOBHHX AJiHaMH~eCKHX npK~HnOB COBpEM8HHOA TeOpH~. TaKHM 

o6pa30M 1 B paMKaX 8AJiHOro nOAXOAa YA88TC.A OnHCSTb CHRbHWe, cna6He H 

aneKTpoMarHHTHWe B3aHMOAeAcTBHR Me30HOB. HHpenbHHe narpa~~aHH, nony

~eHHHe ARR HOHeTa nceBAOCKSRRpHHX M830HOB, nerKO o6o6~HTb ia B8KTOp

HHe H 8KCH8RbHO-B8KTOpHWe M830HW C nOMO~b~ KSRK6pOBO~HOrO apH~Hna. 

06cy~a8TC.A pORb (~~l)-CM8WHB8HH.A, B03HHKa~ero B TSKOM nJAXOAe, 

a TSK~e CB.A3b 3R8KTpocna6HX B38HMOA8ACTBH~ C BeKTOpHO~ AOM~HSHTHOCTb~. 

B pasAene 2 oCic~IOTC.A @eHOMSHOJioru'lecKne CJI9ACTBH.A reopHH Ha npn

Mepe 8HSRH38 ASHHWX DO ol\11\ - H est k: -pacceRHH~. ilOK838HO, ttTq npK cy

~eCTB~HX TO~HOCT.AX H3MepeHK~ AnKH "'«- H C~-B38HMOA8~CTBH~ He 

YA88TC.A 3KcnepKM8HT8RbHO nposepKTb npaBHRbHOCTb ifJKKCS~HH r" -~neHOB 
B HH3K03HepreT~eCKOM KHpaRbHOM npeAene ~. B Ka~eCTBe HOBOro B03-

MO~OrO HCTO~HKKa MOAeRbHO li838BHCHMO~ HHifJOpMS~HH 0 AnHHSX .:S:'Ii - H 

a'£ -pacce.AHH.A o6cyJK,JJ.aeTC.A H3MepeHHe speMeH lKH3HH ;r.a; - H ~ lc.-AHM8-

308TOMOB. Bcnee Dp.AMJD 3KCnepHM8HT8RbHJD HHifJOpMa~H~ 0 AHH8MKKe B38H

MOAe~CTBHA Me30HOB MOJKHO nonyqHTb 113 HX pacnaAOB. YHKKSRbH~ B 3TOM 

OTHOIDeHKH OK83biB81lTCR pacna,ll.bl ,~ ... .., ,t;n, ASHHHe no BepO.ATHOCT.AM 1(0-

TOpHX C yqeTOM ~HH ~~ -pacce.AHH.A n03BOR.A~T c~eCTBeHHO CHH3HTb 

HeonpeAeneHHOCTH ifleHoMeHonorK~ecKoro aHanKsa cTpyKTypbl /)+-~T!eHOB 
KHpanbHoro narpa~KaHa. 

06cyJK,JJ.88TC.A T8K)I{8 B03MO~HOCTb 3KcnepK:FYT8RbHOro BHA€JieHH.A BKJI8-

AOB AHarpaMM "nKHrBKHOBoro" TK~a K3 ,naHHHX no pacnSAaM ~-! J:a , IC"'t~Gi. 
AKTyanbHOCTb 3TOA npo6neMH o6ycnosneHa TeM, ~To no coapeMeHHHM Teope

TH~eCKHM npeACT8BJI8HHRM nKHrBKHOBH8 AHarpaMMbl Krpa!OT BS~HJ'IO ponb He 

TORbKO B AHHaMK~eCKOM ycKJieHHH nepeXOAOB C H3MeHeHH8M H30CnHH8 \Alr\ = 
~I/2, HO TaK~e nonHOCTb~ onpeAen.AIOT np.AMoe CP-HapyweHwe a r.enenTOHHHX 

pacnaAaX KSOHOB. B OCHOBe nO,UXOAS, npeAROJK€HHOrO AnR COBMECTHOrO aHa

RH38 HenenTOHHHX pacnaAOB K80HOB 1 neJKKT KHp8RbH8.A SAPOHH3SQH.A KBapKO

BbiX TOKOB aiflifleKTHBHOrO narpa~HaHa CJia6b!X HeJienTOHHHX B3811MOAelkTBHA 

c ~~~\ = I, nonyqeHHoro B KX,ll A.Yf.BalhiliiTei:HcM, B.l1.3axapoEHM 11 

/,i.J1.lllli~aHOM. 

B pasAene 3 o6cyJK,JJ.aeTc.A poJib KHpanbHWX aHoMaJIK~ B on~caHKH Me-
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30HHbiX Ili 0~8CCOB. ilOKa3aHO, liTO 1-:HpaJibHbl8 aHOMaJIHH OI1p8,U8JIRIOT mHpOKH!l: 

Kpyr CHm HblX 1'1 3JI8KTpOMaf'HHTHhiX pacna,UOB I1C8B,UOCKaJIRpHblX 1'1 B8KTOpHbiX 

M830HOB, B KOTOpb!X He COXpaP.R8TCR TaK Ha3hiBaeMaR BHJTp8HHRR li8THOCTb 

lla:::THI1· C,nHaKo noKa e111e H£ RCHa npHliHHa HapymeHHR HH3K03HepreTHli8CKHX 

TeopeM ,IVR Kl1paJibHbiX aHOM8JII1n, B03HHKaiOIII8f'O B B8KTOpHO!l: ,UOMHHaHTHOCTH 

npH o6o6ueHI111 aHoMaJibHoro JiarpaHJKI1aHa Becca-3JMHHO-BI'ITTeHa Ha aeKTop

H'uTe 11 aKc lllaJibHo-aeKTOpHbte MC30Hbl. KHpaJibHble aHoMaJIHH HrpaiOT TaKJKe aallt

HyiO pOJib B OllHCSHIIIH CJia6blX pacna,UOB M830HOB. B KSli8CTB8 I1piiiM8pOB pac-

CM0Tp8Hbl KaOHHbl8 pacna,nhl ~+-~\!1 .. \Si•e 'Ve , \:-+~Gi•\Si0 ( , k:,+..., ... .,. tt 
TaR, a CJij l.lae paGna,na \:.,.-+ .:r.•;s;• / KoppeKTHblll: yqeT acex BKJIS.UOB a cTpyK

TypHoe W JIJ'18HI18 npHBO,nHT K BaJKHOMJ ,UJIR llJISHHpOBaHIIIR 3KCI18pKM8HTOB 

Bbtao~ o Heao3MOJKHOcTH noHCKa CP-HapymeHIIIR a 3TOM npo~ecce. 

I. i J(,l.J, 111 K111p8..1!bHble JiarpaHJKHaHW 

1.1 AarpaHJKHaHW Me30HOB 

f!p8)\llOJIOJKHM, liTO tfl!3HKa CI1JibHblX B31U'IMO,UellcTBHM OnHCWBa8TCJ'l 

paHJKHaHOll Kx,L, c ~BeTHol1 rpynnol1 3 U (3) : 

iaeb =- t ( F;v )z + i ~: [ [ob t"'f' l + &ob ~Jtf>- ~;~'> J:b) r~, 

Jiar-

(I) 

r,ne 1-:. - c~HEP c IIIH,IJ,eKcoM 1.\BeTa o< = I ,2,3 H 3anaxa a = I, ••• , n; 
t:r =- t ~ Ar ( v Y''P ~!' - f'JIJCOHHOe noJie B MaTpllll!HblX oCl03H8li8HIII.f!X; 

)_.!'- r:eH,~pa'rop l.\B8THot1 rpynnhl. I'eHepaTopw rpynnhl 3anaxa U ( 11.) HOpMH

poaa.Hhl c.Ie,nyJOIU11M oClpa3oM: 

fir\\~ H,~, i,j"'O, ... ,n~-1; <\'tab"'~ S,.b, 

8 W,o = ):«d (1'1~, Wl~, ... , "'1 ~,) - ;,raCCOB1l!1 ;,:aTplll.l;a f'OJI!DC TOKOB!DC KBapKOB. 

0CH)8HaR V.,ll,8R/L,~/COCTOV.T B TOM, liTOClW paccMa~pHB8Tb T80p11110 (I) 

KaK ftyH,IJ, J.MeHT8JlbHYJO 11 MHKpOCKOl1J1li8CKYJO T80p1110 11
, OClb.'!CHRJ0!11YIO CllOHTaH

HOe HapyU8H118 KaJIHClpOBOliHO!l: CHMM8TpH11. 

K C)JKaJieHHJO, 3a HCKJIJOlleHHeM yKa3aHHl1, noJiyqeHHblX s KXA Ha pemeT

Ke, 81118 ie y,IJ,aJIOCb y6e,ll,HT8fbHO ,ll,OKa3aTb CllOHTaHH08 HapymeHHe KllpaJib

HOM CI1MM~Tp1111 8 T80pHH (l) 23/ (TOliHO TaK ~e, KaK Ill KOH¢al1HM8HT). 

0,IJ,HaKO ~Of'IIIMH nyTRMIII/I4 -IE/ 6J,IJIO noKa3aHO, liTO 113 npe,IJ,nOJIOlK8HHR 

0 CllOHTaiHOM HapymeHIIII1 K11paJibH0!1 CI1MM8Tp11H B ~ 113 Jiaf'paHlKHIH& (I) 

cJie~JOT ;e TOJibKO o6wl!Hwe KHpaJibHWe JiarpaH*HaHW I-5/HH3mero nopR,IJ,Ka 

no 11MllYJibCaM M830HOB, HO 11 CJI8~101IIH8 liJI8Hhl KHpaJibHOf'O HIII3K03HepreTIII

qecKOf'O pa3JIOJ118HHR, KOTOphle H8J1!;3.A BOCIIpOi13B9CTll npo~e,nypol\ yHHTapH:.. 
3a.I.11111 o6 t>ll!Horo narpaHJKHrula/24-26/. 
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PaccMOTpKM o)J,Hy if3 KOHCTPYKTifBHbiX peB.JIK3a.L\ifi1 rifnoTn3bl cnOHTaHHO

ro HapyweHif.R Kifpa.JibHOi1 CifMMeTpifK B K){,!l,, KOTOpOi1 .RBJJ.ReTCH JJar'paHlKifaH 

TKna HaM6y-l1oHa-Jla3ifHifo/2? • 12 • 18/ ;u,JI.R KBapK-KBapKoaoro ll3aHMo.n,ei1cTBif.R: 

rt1:1. \ l (- '>... )z r- . "~. )%.1 i=~u.¢'-~.'~+t;=. ZG-1. ~z'~ + 1-L~ z'~ - <2 l 

-zt;:t[(~~r~ 1-Y+(itsYr? ~Y1}' 
r')J,e (;.\. if (;.~ - yHifBepCB.JibHble KOHCTaHTbl KBapK-KBapKOBOr'll B3aifMO)J,ei1cT
BHJi p83MepHOCTK KB8,Iijl8T8 )J,JIJ!Hbl • .Jiarp8HlKH8H (2) MOJKeT BOqHJJ,HYTb Henep

Typ6aTHBHbiM o6p830M H3 ~H)J,8MeHT8JJbHOrO JJ8r'p8HJKH8H8 (1) 128 • 

ITepexo.n. OT (I) K (2) (KJJH n~efnoJJoJKeHHe "cnoHTaHHOJ'O HapyweHif.R 
KHpa.JibHOJ;l CifMMeTp11if 11 B pa6oTax/1 - ?/) .RBJJ.ReTC.R HaH60JJeH npo6JJeMaTHq

HWM nyHKTOM a o6ocHOBaHHH KifpB.JibHidX JJarpaHJKHaHOB if3 K){,!l, 0)J,HaKo 113 (2) 
3Tif JJar'paHlKifaHW MOJKHO Bb!BeCTH O)J,H03HaqHO nyTeM nepexo.n,a 
HWM nepeMeHHWM/9 ,12 •18/: 

K KOJJJJeKTif B-

<pen= S<x) +, P<)<); (AR.,L.. )t ~ ~ t AI' > (3) 

r.n.e ~ , P , V , A ecTb cKB.JI.RpHoe, ncea.n.ocKB.JI.RpHoe, seK"OpHoe if aKcH

a.JibHO-BeKTopHoe nOJJ.R COOTBeTCTBeHHOj B MaTpHqHOM o603HatleHHif 

< P s ') = ~ >--Q ( P" Y') · V ~ = va'>.a . 
' 0 z ' 7 

0 li. 

B TepMHHax KOJJJJeKTifBHbiX nepeMeHHbiX npoH3BO)J,ffil111i1 ifJyHKL\ifOllaJI )J,JJ.R TeopHH 
( 2) HMeeT BH)J, 

{ ;f..t\ L { + l. "' ) ..( ~ ot ~ e = ) d P d cp J. AL J Ac < 4) 

"~ri i ~J~)(l- ~\; bc(<t>-moY(q>-~.) _L ~(~:l+A~)ll.. 1 i 4 cl . r 
"{Jet i [<J., ~c'P) PJ: +{if+< K1. _rp+) r~.1 f'c, 

r.n.e [.lef ( i ~) 1N" ~I J~ Ji &~.r{i ~.J''- ~ i $' ~) ecTb pesyJbTaT ifHTerpH

poBaHH.R no KBapKOBWM noJJ.RM; 1/J = y,. '))f ; P~,l. = (itt->>/.~ - npoeK
l.\ifOHHWe KHpa.JibHble OnepaTOpb! Ha COCTO.RHH.R C pa3JJifqHQj;\ C~pB.JibHOCTb~ 
KBapKOBlf • 

rtHTerpaJI (4) 3aTeM BbiqHCJJ.ReTC.R MeTO)J,OM CTa.L\ifOHapHot ~a3bljg, 12/. 
PaaeHcTBO HYJJ~ nepaoJ;l sapifa.L\ifH no ~ BhlpaJKeHH.R no.n. 3HaKCM SKcnoHeHTW 

---lf ,[J.n:.R npOCTOTbl Mbi onyCTifJJH BHeWHHe KCTQqHJ.!Kif 6HJJHHE J;IHbiX KOM6HHa

l.\ifJ;l KBapKOB C KBaHTOBbiMH qJ.ICJJaMH Me30HOB. 
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B (4) npH A1.. • AR -= P -=- 0 ,IJ.acT ypaeHeHHe "Maccoeo~ 111em1" (HJIH ypaBHe-

HHe illBHHI'epa·-Aa~COHa) , onpe,D.eJI.RIOl!lee 4if3HtleCKH~ cneKTp KOHCTHTySHTHWX 

Mace KBapKOB H0 
: ~iaq (IN!!, WI~, .. • 1 WI,.)"' W.: 

11 ( /1 • 
• • _-1._ _ • + . _4_ tll4 k WI (5) W!.,rvt0 ..,f.iG,.Nc{fk~i.'l-+W.) =VVIo J..C-1~ fl<R)J, i k.t-~Z )· 

3,IJ.eCb BeJIHt~Hiia {-i fir .; ..... ) .RBJI.ReTC.R KBapKOBbiM KOH,IJ.eHCaTOM <t1); 
1\ 

~4 ' "> "-i .i_ r J4k ~ <6> 
~4 j'Q {1.:s, )" l ~Z-WI4 ' 

• 
KOTOpW~ onpe,~eJI.ReT WKaJiy HapyweHH.R KHpaJibHO~ CHMMeTpHH H, CJie,IJ.OBaTeJib

HO, napaMeTp A KaK wKany, xapaKTepH3~IO o6nacTb ,IJ.eRcTBH.R KBap

KOBWX CHJI B 1MfiYJibCHOM npOCTpaHCTBe (A~ I rsB)/I2/. ~3 (5) H (6) 
noJiyqaeM 

t(jCI~q/"' -l_~i. (m.-VM;'), (7) 

PacCMOTpMM BHatlaJie TOJibKO ceKTOp IICeB,IJ.OCKaJI.RpHWX Me30HOB B CJIY-

qae TOtiHO~ U ( 11'1) -CHMMeTpHH ( 1'11a = 1'11 ) H SKCIIepHMeHTaJibHOR napaMeT-

pH38l.\I'IH: 

'P11:rnU; u " ~r ( z, ~ ;)I} , 
"~-i. 

Ji-= L. s.-, ~ .. 
lJ .l. 1 (8) 

I',IJ.e Ji1 - no R.R nceB,IJ.OCKaJI.RpHhiX Me30HOB; f:r; - KOHCTaHTa pacna,IJ.a .JI """*/' Y • 

B 3TOM cnyqae 4JyHK~OHaJI (4) npHHHMaeT BH,IJ. 

-z ~ !..t<P J«P""""r { i ~.A4 x [- ~6\. ~ (lP-rn,)l<P .. -~,)\ 1,. 
'"\letlli/'-<P)PR+ l;l-IP+)PJ.11Nc~ (9) 

~ J JJf <,•) t¥r l' 1 J"x 131fT {;r,) 1 > 

r,IJ.e JJf (.:r.) - Mepa HHTerpHpOBaHH.R no nceB,IJ.OCKaJI.RpffiiM MeaoHaM, a nar

paHJKHaH f_ 
34

4J. MOJKHO npe,IJ.CTaBHTb B BH,IJ.e CyMMW tleTwpex CJiaraeMWX/18/: 

( J. (.l) 1(1,) .I 1 
· aff = + +J...w?: -+ sr. · (IO) 

3,IJ.ecb narpauwaH 2 

-r l_ !it m vr. (U + U+-l) : FJi rn! lie (I/ .. u+-2) '.l: 
.(.!>s ~ 4G"' o 4 (II) 

8 



.l 
~- '"'.jj (::r.<)J. ... 0(:s;4) 

1.. 
onpe,D,eJJReTcR BhlpaJKetrneM no,IJ, sHaKOM 3KcnoHeHTbl B (9). OcTaJJ.>Hhle narpa.H-

l!ilia.Hhl B (!Q) onpe,ll,eJJeHbl pa3JJOJKeHHeM no npOH3BO,li,HioiM OT MaTplll.\bl lj KBap

KOBOPO ,D,eTepMHHa.HTa/18/, narpa.Hl!ilia.H 

im,. Alcwrz. r(o, tt~~:)i;cf~UJ"u+)=- F:r,z !Jc{7L"); 
1.6 ,M"l. f 4 

r {O,x)=- ~Jt e-t;t ' L"' {~(!)(;+ > 

(12) 

ecTb CTa.H,IJ,aPTHhl~ narpa.Hl!ilia.H BToporo nopH,IJ,Ka no nP.OH3BO,Il,HhiM ( A - napa

MeTp o6pe3a.HHR TeOpHH) , narpa.Hl!ilia.H 

(~) ... }i_ -~ir.f~lL. L..,\tL.J' C1-it2L,..)2+i(l L"Yz~ 03) 
3Z 'li1 iZ 'f' 7 5 '1' c r , 

ecTb HOBoe B3aHMO,IJ,e~cTBHe t~eTBepToro nopR,li,Ka no npoHsBO,li,Hioi~. ToJK,ll,ecT

Ba B (II), ( 12) (fMKcHpyiOT cB.fi3b Me1K,li,Y napaMeTpaMH TeOpHH t.. , l"f., , A 
H 3KCnepHMeHTaJJbHO Ha6JJIO,IJ,aeMhiMH KOHCTa.HTaMH ~ , VIII,_. , ~ , Jlarpa.HJKHa.H 

r thl f'V./1. " i Ale r JSx ~,.,},(~,fir (I..,. L., L ~ L...,. L,) =-
J 1AO;r.2. l I ~ 

6s 

(14) 

Vk ~..l"x ~""~'>.. fir(~~;srd,_.;r. J~;r.J>.'ii\ +()r.;s;') 
i.S;r.z.F_; 

ecTb MID!MaR t~acTb KBapKoBoro ,IJ,eTepMI1Ha.HTa, Ha3biBaeMaR tlJJeH JM Becca-

'.:5yMHH/6•7/. 3,IJ,eCb i.'>s - 5-MepHaR 06JJaCTb HHTerpHpOBa.HH.fl 10 nepeMeH-

HbiM ( X , T ) ; tAsx " J" x J-. . B 3TOM TononorHt~ecKoM tlJ!e -ie ( 14) 

KHpaJJbHble nOJJ.fi So onpe,IJ,eJJRIOTC.fi Ha 5-MepHoM ,li,HCKe Bo , rp3HHQe~ KO-

Toporo CJIYJ!GIT 4-MepHOe eBKJIH,li,OBO npOCTpa.HCTBO-BpeM.R. 

AJ!.R ,ll,aJJbHe~wero a.HaJJHsa H cpaBHetrn.R c ,ll,pyrHMH pa6oTaM~ narpaHJKH

a.H (13) y,IJ,o6Ho sanHcaTb B BH,IJ,e cyMMhl ,IJ,Byx cnaraeMWX: 

!a ~ 5~ez. fie\ l L,..,i..,12l + thz Pr { (~ l .A-)z. \, (15) 

fT.""- ~T fn \ {~.J.JI):t \: ~T h p:cv JZ(j+- (0-L/')
2 
\, 

(16) 

r,IJ,e 6espa3MepHble napaMeTpbl e1. ' r ' A, r.p11trnMaiOT 3Hatlerii1.fi 

(2. "U Ji\2./IJc l Y" '\., f\T =. ~6' ;r.z.j 1/<:. (17) 
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B ~anbHe~ueM npK cpaaHeHKK c sKcrrepKMeHTOM 6y~eM paccMaTpKBaTb 3TH 

aeJIKtrnHhl KaK napaMeTphl, !f.HKCKpyeMhle K3 aHanKaa ~aHHhiX. ITepahl~ lUieH 

B (1b) - ~aK Ha3h1Ba9M09 CKKpMOBCKOS B3aKM0~9HCTBKe/29/; BTOpO~ -He

CKKpMOBCKS.fl ~o6aaKa. BsaMMo~eiicTmie (I6) HaaimaeTcsr TaxHOHIWM, nocKOJI:&

KY OHO fpKBOAHT K ~BYM 3HaqeHKSIM CTISKTpa Mace M930HOB: o6~0My K 

Taxli!OHHOMj' \WIT\~ 0, 9 f'sB. TaxlfOHHhl£\ lUISH OTpalltaeT TOT ifJaKT, qTo B Ha

illSM pacCMCTpeHHif Mhi OI'paHKtrnJIH ~3HqecKK~ C9KTOp J!Hllib ITCSB~OCKallSipHhi

Mif CT8IT8HfMif CB060,IJ,bl, i\lacca TaxKOHa, ITO-BHAHMOMy, onpe~8JI.fl9T MaCIIITa6 

npHM8HKMOCTH HH3K03H8pi'8THqecKOI'O pa3JI0~9HK.fl. flpH yqeTe qacTH~ BhiClliHX 

CITHHOB Macca TaxHOHa e~e 60Jiblli9 B03pacTaeT, H SI'O BJIH.f!HHS Ha ifJopM1ipO

BaHif8 CIT8rTpa Mace CTaH8T MallWM/14/. fipli BhltrnCJ18HKH aMnJIHTY~ KOHKpeT

HbiX ifJH31fqECKifX npo~6CCOB BKJI~ TaxHOHHOI'O lUISHa B p~e CJiyqaeB rrpe~

CTaBJI.fl8T vHT8p8C C TQqKif 3p8HK.fl lfCCJI8~0BaHif.fl M0~8JibHO~ 3aBHCifMOCTH 

¢walfqecKif) peayJibTaToB TeopHii. 

'IaKifH o6pa30M, Mbl ITOKa3allH, qTo H3 4-KBapKOBOI'O Jiarp~aHa MO~e

JIW HaM6y-, !oHa-JlaaHHKo ( 2) MO~Ho rroJiytrnTb KKpanbHhle narp~aHhl (II)

(16). CKrul.RpHhle If rrcea~ocKaJI.RpHhle, BeKTOpHhle H aKcHaJibHO-BeKTopHhle 

M830Hbl BO:IHHK8.JOT B 3TOM ITO~O~e B KaqeCTBS KKpaJibHbiX rrapTH8pOB KaK 

KOJIJieKTifBHhle aoa6~~eHHH B KBapK-aHTHKBapKoBo£\ clfcTeMe. YcnexH, ~oc

TifPHYThle !! M0~8JIH HaM6y-lloHa-Jla31fHifO K ee MOAH¢HK~.f!X rrpli OTIIfCaHifH 

WHpOKOI'O :cpyra HK3K03H8pi'8TifqecKHX M830HHbiX npO~SCCOB, TIO~TB9p~8.lOT 

CB.fl3b KKpilJJbHOH AHHaMifKK C KBapKOBO£\ CTpyKTypOH M830HOB, a Ta~e yKa-

3hiB8.lOT Ha TO, qTQ JIOKaJibHhl£\ JiarpaH~aH (2), ITO-BifAHMOMy, .f!BJI.fl8TC.fl 

~ocTaTo~'l xopoWHM npli6JIIf~eHHeM M.fl OTIIfCaHH.fl s~eKTHBHOro B3aKMO).l,eH

cTBif.fl KBa JKOB. O.IUiaKO rrepexop, oT ¢yH~aM8HTaJibHoro JiarpaH~aHa ]{)..n (I), 

OTIIfChiB8.lO~'li'O B3aMMO).l,SiiCTBll9 KBapKOB ll rJIIOOHOB, K 3~8KTHBHOMy 4-KBap

KOBOMy B3~MO).l,8~CTBifiD (2) ).1,0 CHX rrop He ITOJiytrnJI ).l,OCTaTO~OI'O T80p8Tif

qecKOI'O 050CHOBaHH.fl, fJ03TOMy B OTIIfCaHHOM ITO~O).l,8 CB.fl3b KHpaJibHbiX Jiai'

paH~aHOB (11)-(16) c KXA ocTaeTC.fl HSBHRCHSHHoii. 

C~e~TBeHHhiH rrporpecc B 3TOM HarrpaaneHKH 6hlJI p,ocTifi'HYT B rrocnep,

HHe I'O).l,hl a M8TO'e KKpaJibHOH 6030HK3~H KBapKOB, rrpe~p,e BC8I'O 6Jiaro

~ap.R pa6o raM/14 , r~e KlipaJibHhle narpaH~aHhl (II)-( 16) 6hiJIH rronyqeHhl 

rrpH OTIIfCaiHH HSHHBapHaHTHOCTW ~e~CTBH.fl rtXA BO BH8lliHifX ITOJI.f!X OTHOCH

T8JibHO KKpanbHoro rroaopoTa 3THX none~. B 3TOM rro~o~e rrceB).l,OCKaJI.Rp

Hhle M830H~ B03HHK8.JOT KaK ¢aaa KHpaJibHbiX ITOBOpOTOB KBapKOBbiX ITOJI8~, 

lfHT8prrOJIHpyiD~e ¢epM1iOHHhle TOKH B HK3K03H8pi'8THqecKOH 06JiaCTif. 

lill3K03H8FP8THqecKa.R o6JiaCTb xapaKT8pH3Y8TC.fl ~BYM.fl crreKTpaJibHh!Mif rrapa

M8TpaMii: rpaHii~eH M.fl co6cTBeHHbiX 3HaqeHKH orrepaTopa AlfpaKa A' H 

acHMMeTpHe£\ crreKTpa KBapKoB M' . TioKaaaHo, qTo HaJIHtrne rrono~TeJibHo
ro I'JIIDOHHOI'O KOH~8HCaTa I_,./'~> .f!BJI.fl8TC.fl OCHOBHWM YCJIOBH8M C~eCTBO
BaHH.fl KHFallbHbiX narp~aHoB B HK3K03HepreTHqecKOM npep,ene ~ 
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(ycTo~~BOCTb HH3KoaHepreTHqecKo~ o6nacTH KXA, r~e ~OMMlrnpyiDT KHpanb

Ho-HeHHBapHaHTH~e ~YKTY~H KBapKOB, OTHOCHTarrbHO BapH<~~ B8RH~H~ 

..(~ "'1 ) . YcTaHoaneHa if!yHKI.\I'IOHanbHa.J'I cBR3b napa.MeTpoa JIM3K03HepreTH

qecKo~ o6nacTH 1\ , M' c seRH~HaMM KBapKosoro M rniOOHH<lro KOH~eHca
TOB. B pesynbTaTe rronyqeH~ KHpaRbH~e 3~8KTHBHhle narpam<HaHhl (ll)
(16), KOHCTaHT~ KOTOpbiX BbipaJK8Hhl qepe3 lPyH,Lia.M8HTaRbH~e napa.MeTp~ He

nepTyp6aTHBHO~ ~. 

K HaCTORII18MY apeMeHH HaKonneHo ~ocTaTOqHO yC5e~Ten:,HbiX yKa3aHH~ 

a rronbsy Toro, qTo a HH3K03HepreTHqecKOM rrpe~ene KX,!J, ~O.IJKHa ecTecT

BeHH~ OC5pa30M ITpHBO~Tb K KHpaRb~ M830HHhlM narpaHJKMW!a.M, KOTOp~e 

BWCTYITaiOT B KaqecTBe H3b!Ka, HaM6onee y,L\OClHOPO ~RR OITHCW!HH HH3K03Hep

reTHqecKMX M830HHbiX npo~eCCOB B TepMMHax HerrepTyp6aTHBH<ltl ~. 

B qacTHOCTH, M8TO~ 3~8KTHBHbiX narpaHJKMaHOB OKa3b!BaeTCH B8CbMa y~o6-

H~ npM ~opMaRH3~H perneHHR H3BeCTHotl U(i) -npoe5ne~. cBR3aHHO~ c 

HeOClXO~MOCTbiO yqeTa PRIOOHHOtl aHOMaRHH npH OITHCaHHH tPM31!KH nceB~OCKa

RRpHoro HOHeTa M830HOB. 

!.2. YqeT rJIIOOHHOli aHOMaJIID1 M Mace~ ncea~ocKanRpHO:'o J!OHeTa 

K narpaHJKMaHa.M (Il)-(16) cne~eT TaKJKe ~oC5aBHTb qn<lH, y~T~BaiO

lljl1~ HaRH~e PRIOOHHO~ lj ( \) -aHOMaRMH B ~BepreHI.\I'IH ~eBaTOPO aKCHaRb-

HOPO TOKa, B03HHKaiOII18~ B pa.MKax A{l.. -pa3ROJK8HHH B KX,lJ,/:lO/ • 

'JJ' ~~/' ,.i~t\ ~" ,ma \ ~ ~ Ja9 l.ftlj ~ IU" . 
... . 

3,IJ,8Cb nf -~CRO nerKHX KBapKoB; WI. - MaCCOBaR MaTpHI..I<l nerKHX 

J "'• ( 0 0 • ) KOB <a~ l'rl • nt~, r>'IJ, WI~ M aHOMaRHH BXO~T B ~Bep''8Hl.\I'IIO B 

KBap-

BH,L\8 

ITROTHOCTH TOITOROrHqecKOPO 3apR,IJ,a 
2. ~ 

a(~)~ J \C" = -L- F~'"" F" i 3.l 'lO.l /'" • 

~eHOM8HOROrHqecKH~ yqeT PRIOOHHOtl aHOMaRHH MOJKHO oc;~eCTBHTb, 

BBO~H B KHpaRbHbl~ narpaHJKMaH PRIOOHHbl8 ITORR B BH~e ITROTHilCTH TOITORO

rHqecKOPO 3apH~a C ITOMOI11bl0 ,IJ,OITORHHT8RbHOPO qneHa/lQ~ 

B BH,IJ,e 

TO C ITOMOII1bl0 Teope~ HeTp H3 ITORHOPO KHpaRbHOPO narp~IaHa C yqeTOM 

qneHOB I c. , f ~ 8 ,ll,RH ~Bepr8Hl.\I'IH ~eBHTOPO aKCHaRbHOPO "OKa JI8PKO 

11 



non~Tb awp~eHHe, co~e~~ee KaK Maccoa~e, TaK H aHOManbH~e qneH~ 
C rn~OHHHMH 10nHMH: 

1,. ~ "t , i ~ tz \ M (v·-tl)1 + .zJ3 ~ K". 
t1 'I(; "" -

3~ecb Maceo a 'lJl MaTpH~a M B~CipaHa a BH~e Jo3 M : (f:, f) , tt) 
r~e napaMeTp~ ~: npOTIOpQHOHanbHN KBapKOB~ MaCCaM: 

.t ~ o r-J. /-fo. ~-..<""a r;v <..Ja f4) • 
npHqeM 

( 
r~ ) ~ J. ~ :( ., J. J. J. J. 

M" "'f'j : J'u -f_d A3 + fu +jJJ --<b A,+ /u +/.J +j'& },!I. 
J. 2 ~~ ~ . f:. 

llceB~OCKanRpH~e Me30H~ oCinaA~T TeMH ~e TpaHc¢opM~OHHHMH CBORCTBa
MH, ~0 H 6HnHHeRH~R KBapKOB~R qneH: 

F. .- c).. 
oJO ~Q- ·~ t u ~. 

lloaTOMY AHR Maccoaoro qneHa B ¢opMYne AHR ~Bepre~ aKcHanbHOro TO
Ka cnpaBeAHHBa oqeBH~aR CBR3b: 

-- ~)..~ ""\ F. r J. ~ f~~t1-~~J. \.t 2 J. 1 I~ t l T ' ~ ~ ~ u l r,. /'") ;jil. +h it+ ~3 r- +!rf.J. ) y., ~ 

~ ; F"' ~ Fi (v+ -v\1. 
~ 

qT06~ J.iCKniO~Tb H3 B3.8MMO~eRCTBHR i(J. rniOOHHNe nonR B RBHOM B!tl
~e, MO~O HCnOnb30BaTb ypaBHeH!tle ~B!t!*eHHR, B03H!t!K~~ee TipH BapH~H 
3qxpeKTHBHorc KHpanbHOro narpa.HlKl'laHa no a = ~ K'' : 

...3..!!:L" • i.. br te..u- e. u·', ., o f.z " .l . a o:~; 

0Tcll~a, aru.ieHRR Q qepea IJ , non~M 

fc. = 0 f,J;~ l tz {~U-t. rr)r. (18) 

iGnf 
Y'lleT rnooHHoR aKCHanbHOR UH.) -aHOManH!tl noaaonReT npaaHnbHO 

On!t!CaTb Mac<:~ BCeX nceB~OCKanRpH~ Me30HOB,.BKn~'llaR CHHrneTHOe COCTO
mme ,I • ~lcnonb30BaH!tle TOnbKO HapymeHHR KHp8JibHOR C!tiMMeTpHH B ¢Qp
Me B3aMMO~eliCTBHR f-..s He TI03BOnReT On!t!CaTb Macey r 1 -Me30Ha, KOTO
paR B 3TOM <:nyqae OKa3NBaeTCR HaMHOro MeHbWe 3KCTiepHMeHTanbHOrO 3Ha
'lleHHR. B aToM H aaKn~qaeTCR CyTb TaK HaswBaeMoR l/(1)-npo6new. 

Kaa,u.pa~·H~M no MesoHHWM nonRM qacTb narpa.HlKl'laHOB is,
6 

, lc. , 
onpe~enRD~~aH Maccw ncea~ocKanR~ MesoHOB, HMeeT BH~ 

12 



t 2 ~ 1 2. ( 1 (r~.l. f~ ") al "".l. 
-+ C lfu +/,). +"fj<t )lt ~ l J I u + ~ +j'& + \ I" + 

-+ ~ (!'~ -t!t) ~· ( i,-·.r.2 1") .. ~ Lt; +t.i --<t: 1 7 .. i,. \ · 
:2 .:2. .:! 

flapa.MeTpbl f u , f J , }. MOlKHO 3a$1KC11p0Ba'I'b no MaCC8.M Me30HOB ,;s!. , 

~ tt• , ""lt~ , np11tleM ,D,JUI l't!ltt HYJKHO 6paTb 3HatleHI1e 3a Bh tleTOM 3JJeK-

TpOM8I'HI1THOtl nonpaBKI1 l't!;; = 2, 9 Msb. PaaHOCTb Mace ( Vlf.,.-t - ""n• ) 
TaKJKe 11MeeT nOJJHOCTb~ SJJeKTpOMaJ'HJ.ITHOe np011CXOJK,D,eHI1e, nOSTOMy 

MaCChi ~"" 11 Wl;r.!. Ha STOM STane CtlHT~TCR paBHbiMI1. 

JiarpaHlKI1aH i.., cne,n,yeT npHBeCTI1 K ,D,HaroHaJJbHOMY Bl1 AY no noJJRM 

HetlTpaJJbHh!X nces,n,ocKan.RpHh!X MeaoHoB. CMeumsaHJ.IeM $" -Me3cHa c y, -
icr -Me30HaMH MOJKHO npeHe6petlb, a ,D,JI.R r -, 71 

-Me30HOE BBe,D,eM 

yron ( y-7' )-cMellii1BaHJ.I.R i : 
it= "'(·UA..~ ~ "f'.y;,..,i ; "fo-=- 1(- ~f + "'{~ (JO~'j'. (19) 

Ilap8.MeTp a I' JI~OHHOtl aHOMaJJI111 ( 18) 11 YI'OJI <f ¢11 KC11py~TCf np11 0n11 ca

HI1H Mace nces,n,ocKanRpHh!X MeaoHoB cne,n,y~~M oopaao~~: 
a =0, 729 rsB2, ~ = -19°. 

AJJ.R CYMMbl KBa,D,paTOB MaCC 1 -, y'-Me30HOB JJel'KO nOJijQHTb COOTHO-

weHI1e ~ ..t ..t .1. rn7 -+ rn7, = rn~e~ .. rntc• .. a . 

B K11paJJbHOM npe,n,eJJe ( f:...,. 0) , KOI',D,a BCe OKTeTHhie Me30Hhi < TaHOB.RTC.R 

6e3MaCCOBbiMI1, CI1HI'JieTHhi£i ,. -Me30H COXpaH.ReT OTJII1tlHY~ 0~ HYJJR Macey 

w.;, -= Q • oTo np11BO,D,HT K ,n,onOJJHJ.!TeJJbHOMy pacll(enneHI1~ Mace OKTeTa 11 

C11HI'JieTa B nceB,D,OCKaJJRpHOM HOHeTe, B pe3yJJbTaTe tlel'O MaCchi 'f 1 
-Me30-

Ha OKa3blB~TCR Cyll(eCTBeHHO 6oJJblile Macchi "1 -MeaoHa. PewE,HI1e Vfi )-
npo6JJeMbl .RBJJ.ReTC.R HaH60JJee RpK11M <fil1311tleCKI1M peayJJbTaTOM, noJJyqeHHblM 

B pa.MKax A{.._ -~aanoJKeHJ.I.R B KXA. 
B pa6oTax/ 2/ B MO,D,eJJH ;n,HHaMHtleCKOI'O HapymeHJ.I.R K11pa.JlbHO£i CI1MMeT

p1111 11HiflpaKpaCHbiM11 CHHI'yJJ.RpHOCT.RMH K)(,!J, ,D,aHO KOJIHtleCTBeHHOO OnHCaHJ.Ie 

HOH9Ta nceB,D,OCKaJJ.RpHbiX Me30HOB. B paMKax STOI'O no,n,xo,n,a napaMeTp <X 

B ( 18) cB.R3aH cooTHOWeHJ.IeM a : f., n. f I #e c BeJJI1tli1Hotl i~ , xapaKTe-

p113Y~II\eA pa3Mep HenepTyp6aTI1BHOtl 06JJaCTI1 B 11Mn~JibCHOM npiiCTpaHCTBe. 

IlocJJe,D,H~~ MOJKHO CB.R3aTb c KOHCTaHTOtl F"' : F,. = t, Ale/ (.?4 ;J<.t). 

CoOTBeTCTBY~ll(ee 3HatleHHe napa.MeTpa a. = 0, c9 rsB2 
xopowo COI'JJacyeTC.R 

'IE 0TMeTI1M, 4TO yroJJ ~ = -I9,5° B!iepBbie 6biJJ nonyqeH 113 \fleHOMeHO

JIOI'I1tleCKOI'O aHaJJI13a HenepTyp6aTI1BHblf 3q'¢ei<TOB B MaTpHI.j8 <:MeiDI1BaH11.fl 

KBapKOBbiX K0~11rypaQ11tl B pa6oTax/3J • 
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C <fleHOMeHO IOr>l~eCKO" B8JI>I~HO", TIOJ!yti8HHO" >13 OTI>!Ca.H>!ft MaCC TIC8B,!l,OCKa

JiftpHOrO HO i8Ta, ,ll,JIR yrJia ( ~- y' )-CM8W>!Ba.H11ft B paClOTax/30/ TaKllte TIOJiy

~eHO 3Ha~e rne i = -19°. 

1.3. 4e30HHN8 TOK>I 

'JOK>!, BX0,11,111111i8 B Jiarpa.HlK>!a.Hbl CJiaClbiX B3a>IMO,IJ,eACTB>I", On>!CbiBB.!Ol111'18 

JieTITOHHble 1 H8JI8TITOHHble pacna,IJ,bl M830HOB, MOryT Cl~b TIOJ!yt18Hbl >13 KH

paJibHOrO JlirpaHKHaHa 

11 la) fc~) J / J "'rr ~ ... ... w1 • -<.s6 .. c. (20) 

C TIOMO~b~ ~OOTB8TCTBY~ll1i'IX K>!paJibHbiX TIOBOpOTOB, BeKTOpHble H aKC>IaJibHO

BeKTOpHble ~B30HHbl8 TOK>I HMB~T BH,!l, 

(~v)f ~ -~tz\~"[~.~1\- ~:·~~ 6t\~"({_,-f/-r.1-[~)~'l'1)\-

- AI(! ~ .~-, } \" 1 h 2 F! f""'f l/'l1 A :s.,.:r..,:sf j + OI'Xi4 ); 
(21) 

(~A)~= tr \>-"1 ~~ ~ ~~~ (3Ji'l\r:ro -~t;r.3)) \1 + 

-~-~!f.! fiz l.z\k:ro,.;s-rs."- (i-))p.\"1'\ .s;.,.;r,"1-

_ _:~ &,h_~clF.r.J~I'-!... (~cr;~Ji"-\":,r,;;; ... -r.•\-
1\ rz l H..r; 

r "' (22) 

-11 ~.jjf }\ + 't:r.s;r.r, + Ji 'J\;,.;,-,) + o~;ji.Ji ... ~td~Ji .. ~'li)~;n) + 

+ ( '\~ - ""\.:(_- '\.7. -~ -- 1-t ) 
1..1\ ..l\ ~ + '-),, d o.lt ~r . ~ o Ji '~- + -.1. ~, ~ ~, -

- (~s.r.s."+St;Jt":s'J"') - (~"Ji";r. + ;r.v~v;s;) + 

+.~ (.:$r.:n.;s." ... ~ ... ;sr;r'/'v) )1 \ + 

+ 0(031 4) , 

r,IJ,e Jir =~~;s; ; ;s;r =. 'Jr'J.,.s.. 
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flOJI€3HO TaKJKe np11B€CTI'l KOM!laKTHb!€ Bb!~8JK€HI1fl ,IJ,Jlfl Jl€11h!X TOKOB, 

cooTBeTcTBYfOIJ1HX JiarpaHlKI'laHaM f.l'(I2), / 41
(13), ~tu~(:4): 

1 t.n \. . F,.:~. { ~ 1t ) 
tL ~, T 6r. -:Fly. , 

6r { li.v, }11 7.1. .. \- \ ~·~ \·CL"

-1(~~~-[~\~\))~i;. ), 

ty U,4>1.. 
flpaBb!e TOKI'l ~ /' R !lOJI~afOTCfl OTC!O,IJ,a 3aM€HOt\ 4-- ~- f" ~- v~J. V, 

• 

j (111~)\r I D / / 
a /4 '- - \c 3aM€HOt\ "'J--" "f . BeKTOpHb!e I'! aKCI'laJibHO-BE KTOpHb!e TOKH 

CBfl3aHbl C ~ fL.•~ COOTHOW9H.IU!Ma 

'lV)k Afk ~tic (1A)k -1k ~~ 
lJ r ~ .JI'L .. Jtt ' r- 'J'L- r'-· 

1.4. BeKTOpHb!e 11 aKcl'laJibHO-BeKTOpHb!e Me30Hb! 

06o6~eHI'!e Kl'lpaJibHb!X narpaHlKI'laHOB (20) Ha B€KTOpHb!e I'! aKCI'laJihHO-

BeK.TOPHb!€ M€301-!b! 6b!JIO C,ll,€JlaHO C !IOM0111bl0 KaJIH6pOBOllliOPO !IPHHLU1-

lia/6 '33 '34~ B pa60T9/!L/ B9KTOpH!l9 l~930Hil B03HHEaiOT 9CT9C TB9HHO, KaK 

KO.iL119KTHBHbl9 ll9p9M9HHbl9 (CM.;lJopr,zyJI!l (3), (4)) . .i3 pe3yJI:&Ta~·e Bbi'UtCJr9HHR 

.ne~lCTBHTeJI:&HOJii 'iaCT.irl iJ!epMl:!OHHOrO .149T9pMlliiaHTa B (4) B03H:1KaeT KHH9TJd

'!9CKli~ li MaccoBilli 'L7I9HH .JJ.1ISl nOJiail V u A . CooTBeTCTBYJOO!IIi JiarpaHJKRaH, 

BKJIKJqaroii1HA KB~paTHlllib!e no noJIHM V H A qneHb! (cM.(4)), HMeeT BH,ll, 

~tn(A V) = __!±_ r{fl rn"") !J f {Fv );~, (FA ).l1-
, 16'-313. ' A"" 0 (/l l /v + /'v 

(23) 

r,IJ,e 

IS 



F~" = ~Vv-dv\j. ~ [~,V"l-. [AI',A"1· 
il1eHOMeHOJIOl'l1qecKlcte KOHCTaHTbl ~V l1 W!V , WIA. Onpe,!!,eJI.IIIOTC.II napaMeTpa-

Ml1 l1CXO,IJ,HOii Teopl1l1 A , 1'>10 , G-< • KpoMe TOro, o6blqHble npol13BO,Il,Hble 

B (12) 38.Mt!H.IIIOTC.II H8. KOB8.pl18.HTHble: 

?,u_, "J,U=~U~ A'-tV-VA,_I' = ~(l .. (~,v1 ... ~AI',U\. (24) 

• MH11Mru1 qacTb ,ll,eTepMl1HaHTa Be,IJ,eT K ,ll,ODOJIHl1TeJibHOMy qneHS Becca-
3yMl1HO, oTneqaJOI11eMY 3a B3aliJMO,Il,etkTBl1.1I noJie£1 r, , V , A /3 • 36/: 

D.Lw
2 

( ;s;, \J 1 A) ~- ~~;.2 ~/'""f fit ( Z,""'P l U~ A~., A~) -ll'""'f ( 1., A4 , Ar )),(25) 

I',ll,e 

Z. ... ((I, A;., AR) "'A~. (Ar.. 'J. A,__+ 'J. Ai.. Ae..-+ Ae.. Ai.. A,_.- f. i. Ae.. )+ 
(26) 

+ U • A~.. U ( A K.. t A 1:. - f. J. A f.) .. :} Ai. L. A 1.. L. -

- (1\ -A · v ...... v ... ) + 
J. R J 

+ ~ (A~.. VA f. u~) ( A1..U Ar..V~) ; 

Av v~A ... f 
Lf: 'J )' > A~ =VA, u+-1..,. 

I' f / 
Y,ll,Jll1H3Hl1e npol13BO,Il,HO£! (24) B Kl1HeTl1qecKoM qneHe (12) Dpl1BO,Il,l1T K 

;--.e,IJ,l1ai'OH8.JbHOMy nepexo,IJ,Y --. ~;J; A" • ,ll,.n.II ycTpaHeHliJ.II B03Hl1KaJOI11ero 

T8.Kl1M o6p8.30M CMeilll1B8.Hl1.1I nceB,Il,OCKa.JI.IIpHbiX l1 8.KCl18.JlbHO-BeKTOpHb1X DOJie£1 

Ha.,n.o nepe£1r11 OT Heifil13liJqecKl1x noJie£1 Af , ;r. K !JM311qecK11M noJI.IIM ~ ; i 
fip11 3TOM 3 :l.Tpa.soqHB..II KOHCTaHTa. F"' TOJKe 3aMeH.ReTC.II Ha. !JM3l1qecKyJO ~ : 

- ~r A =11 11 A +, ~, ~ 
f 4 'I' a 'f.., , 

~"~v 

Z-i-
~ =: ;r, , (27) 

( 

11:1. Fa )'J../3.. l-=- t-~ - Wlv 
Wl:l. - -;;-

v " 

~-= Z Fcr; • 

3a.MeTl1M, qro B OTCYTCTBK9 Ma.CCOBbiX qJieHOB B (23) llliJOHHb!e llOJI.II llOJIHOC-

TbiO llOI'JIO~aJIHCb 6bl llOJI.IIMl1 8.KCl18.JlbHO-BeKTOpHb1X Me30HOB l1 Mbl l1MeJil1 6bl 
,ll,eJio c o6biQHO£! K8.Jll16poBOqHO£! TeOpHe£1. Ma.ccosble qneHbl Ha.pywa.JOT Ka.Jil16po

BOqHYJO l1HB8.pl1aHTHOCTb llOJIHOI'O Me30HHOI'O JI8.I'pa.HlKl1aH8. l1 llpl1BO,.IIT K npo
nopQHOH8.JlbHOCTl1 TOKOB llOJI.IIM, T.e. K BeKTOpH0£1 ,ll,OMl1HaHTHOCTl1 37-39/. 

~arOH8.Jll138.QIIJ.II (77) llpl1BO,Il,l1T np11 ycJIOBl1l1 l = I/2 K l13BecTHOMY 
COOTHOWeHliJJO Ba.£!H6epra 40/: 
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.1·· ~A= {2\'111! = 1090 MsB, (26) 
11 KC-2P-COOTHOI!l8HI!d -11 : 

'hlj = t3~ F~3. • (29) 
Bbl,ll,eJII1M s<JxlleKTI1BHble narpa.HlKlHiHhl, Oill!CblBaJ011111e pasJII1'lll!ble sepWI1Hhl 

CI1JibHblX B3aJ1MO)l,elkTBI1ti BeKTOpHbiX MeSOHOB C !Jli13111.1eCKI1MI1 n<~eB)l,OCKaJJ.Rp

HblMI1 noJI.RMH, Y'lii1Th1Ba.R cMellli1BaHI1e ( 29). MI1HI1Ma.JibHOe V.:;;"' -BsaHMO)l,el1-

cTBI1e Oni1ChlBaeTC.R Jiai'pa.H*I1aHOM 

fv:r.~ =.Uh~~~[~(~,.~-~~~)1. (30) 

r)l,e VI' -!fu.is111.1ecKoe none. KoHC'IaHTa /v onpe)l,eJJ.ReTc.R 11s pacna)l,a 

J--" -11-r. : ~~ / ( 4 ::n) =3,2. AHoMaJJbHbJe B3aHMO)l,eticTBI1.l BeKTOpHbiX 

11 nceB)l,OCKaJJ.RpHbiX MeSOHOB Oill!CbiBaJOTC.R Jiai'paHlKI1a.HaMJ1 ( B )l,-iJ!bHel1WeM 

BeS)l,e Bee nOJI.R 11 KOHCTaHTa ~ no)l,pasyMeBaJOTC.R ~11311'lle~KI1MJ1): 

iiJV.:r; -=. avvill ~r"'f liz(~ V.., )_. Vf.Ji ), (31) 

~ 
4-l!3f.r. 

di/V.;n 

(32) 

iwv~ " t ~r"f ~ t. {~ Vv v .. '1-r- ')-
- br l Or Vv v ... + Vr ~~ V .. ) ( ;n ~ - ~ -r. )l \ · 

(33) 

MeTO)l, KOJIJJeKTI1BHbiX nepeMeHHblX He TOJ!bKO onpaB)l,hiBae'I KaJJ116pOBO'li-

Hblll np11H41::!n, HO Be)\eT TaKlKe K )l,OnOJJH11TeJibHOMY HeJII1Hel1HCMJ' B3aHMO-

)l,el1cTBI1~/l4,15,le/: 

t")__,. l(J.) ~ i(") + 11 L<") 
• 

f).[c~)-= ~ -tz ~.<FL. VfiJ(VvVY +.ZF~ ('fJ~'r!)+<yn"U+ 
36--.:l 1 j'Y /'" 

(34) 

~ F'- U F£1'" U+ 1 
r~ ) ' 
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rAe BBeAeH~ 0603HatleHHH (CM. TaK~e (3)): 

F~(L) := J. ARCL)_d A'-CL) +lAW.) Ar<,L1 
!'" 7' " ... 'JA J< , 'V • 

CAenaeM HeC{ORbKO 3aMetlaHH~ o ¢~3HtlecKOM c~cne AOITOnHHTenbHOro HeMH-

HHMaJibHoro 338JIJMO,li,8~CTBH.fl (34). I. ~ 
fleps~e ,II,Ba qneHa B ( 34) , nHHe~H~e no F ,..~ , ,II,a.IOT BKRa,II, B sneK

TpoMarHHTH~~ pa,II,Hyc ITHOHa* , B TO BpeMH KaK ITOCReAHH~ t!R8H, CO,II,8p~a-
lljl1H KaK ~;, , TaK H F,.~ , 11MeeT caMoe npHMOe OTHOIIleHI1e K 113BecTHO~ 
npo6neMe on1CaHHH pacnaAa Jl--. evi . B CBH3H c 3TI1M 3aMeTI1M, t!TO 3ifxfleK

TI1BHbli1 KHpaJibH~~ narpaH~aH, CO,II,ep~alljl1H H8MHHI1M3.1lbH~ti t!ReH 

-· L 1- (FL. <v"v)(V"u)+)+ rt. cv"VY'Tv"V) 
l 'I 1/l I'" /'" 

+L fie FL u F~l'v ut 
i•l !" ' 

6bln y~e BBell,eH 113 061J111X treHOMeHOJIOrHtleCKI1X C006p~8H11~ ll K11p3.11bHOti 

TeOp1111 B03lv'YIJ1eHH~, pa3BHTO~ B pa6oTax/20 •2I/. B :1THX pa6oTax 113 3KC

nep11MeHT3.1JEHblX AaHHblX AJIH KOHCTaHT Ls , L10 6blJ!I1 noJiyqeHitl 3HatleHI1H 

L9 = (7,4 ± O,'l)xlo-3 , L 10 = (-6,0 ± 0,'7)xl0-3, 

B TO BpeMH KaK Bbl~CJieHHH B K11p3.11bHOi1 K~ (34) ,ll,a.IOT 

L Ale " 33 r··-3 L Ale 3 r6 ro-3 g = ---z = u, x u ' IO = - a--6 J. = - ' x . 
~&;n J Ji" 

f1pOTI1BOpeqy e Me~,II,y Teop11ei1 11 3KCnepHM8HTOM M01K8T 6b!Tb CBR3aHO C H80,II,-

H03Hat!HOCTS M11 B 3KCIT8p11M8HTaJibHblX AaHH~X no pacna,II,y .Ji"~ evr , a TaK

~e C Heyqe~·OM HeKOTOpb!X Cflel.ll1rf;I11.18CKI1X BepWHH, CBH3aHHblX C ( Ji" -AI)
CMeiiii1BaH~811. t{aK 6blJ!O ITO!(a3aHO B/

40/, CI1TY31\11H C OnpeA8JI8HI18M r:apa

M8Tpa L1.o Mo~eT 6WTb npoHcHeHa c ITOMOIJ1bl0 ,II,aHHblX no npo11eccy A1~ :s.,p. 
Yt~eT B3ai1M<•,II,ei1cTBI1H ( 34) np11POA!1T, B qacTHOCTI1, K yny1.1weH1110 on11caH11H 

( ;r, -Ar) -ceJ:Topa o6cy~)l,aeMoi1 Mo.ll,eJ111. f1pe~,II,e scero, tiJieH, nponopl1110I-:a

JibHhli1 Lw , np11BOAHT K ,II,onoJIHI1TeJibHOMY nepeonpe,II,eJieHHIO Ka.'!116posot!Hot1 

KOHCTaHTitl: 
- -1/1. 

1v ~ ~v = (\.-¥) ~v' 

r ~ - Ale ,~ • 
48 ;r.1 

r,II,e 

~aKTOp Z B03HI1;i&Jlljl1i1 rrp11 ycTpaHeHI1H ( Si -AI) -cMeWI1BaHI1fl, np11M8T BI1,Il 
-z 1 1 

z1 = 1- 'v F"" - ~ _:.r_ 
4 wr] - 1.+ ¥ "'~1.. 

f1p11 Z = I/2 noJiy~M see TO ~e KC~P-cooTHOweHHe (29), HO BMecTo (28) 

'f \llaK''• t!TO cpepMHOHHble fl8TJIH ITOJIHOCTbiO orrpe,II,eJifiOT C~e)I,H8KBa,II,pa
THt!Hbl8 p~!YCW M830HOB, 6b!JI 06Hap~eH e111e B pa6oTax 42,4 ,5/. 
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npHAeM K ynyqmeHHOMY ~oOTHomeHH~ BaAH6epra: 

WI Ai .,.. ( ~-+~ ) V.Z J,i Wl,r ) ~ "J = 1090 M3B. 

Mcnonbayn, HarrpHMep, 1v = 5,7 a ~aqecTBe aaTpaao~oro aHaqeHHR Ka
JIH6poao~oA KOHCTaHTiil, nonytlHM 1v = 5,19; r = -0,2Qt H 

INIA = 1238 MaB, 'J. = 130 MaB, rA = 47I M<~B, 
qTo :opowo cornacyeTcH c <~KcnepHMeHTan~HWMH AaHHiiiMH/441: 

+ r. + r + WIAi = 12'75 - 28 M3B, J = 154 - 3 M<~B, A
1 

= 316 - 45 MsB, 
nonyqeHHiiiMH a aAPOHHWX npo~eccax. HeAaBHO noRaHnHc~ HOBbe AaHHwe, 
OCHOBaHHiile Ha H3yqeHHH pacnaAa T~ '33i Y, • B pa60T9 / 4f:./ H3 aHaJIH3a 
BC8X ,1\aHHWX no mA\. H r A!. nonyqeHW B8BHqjiHiil 

m 11 \. = 1235 :!: 40 M3B, rA~ = 400 :!:: IOO MsB. 
B npeAeJiax 3KcnepHM8HTaJibHWX OLIIH60K ,1\aHHiile no m A'l. ' rll!_ ' rJ' xo
powo OnHCiiiB~TCR B HaweA CX8Me. B CBR3H C 3THM XOTHM ,l\06~BHTb, qTO 
nepaoHaqanbHoe coOTHOWeHHe BaAH6epra (2E) H KC41P-cooTHow~HHe (29) 
,1\~T XOpomee OnH CaHHe f'J' , i3 TO BpeMR KaK BeJIHqjiHa fA

1 
( npH r = 0) 

oKaawaaeTcR a 6+'7 paa 6onbwe, qeM a 3KcnepHMeHTe. KpoMe roro,Macca 
A1-MeaoHa "1111 = !090 MaB a 3TOM cJiyqae oKaawaaeTCR c~e~T~eHHO MeHb
we 3KCll8pHM8HTaJibHOA. 3aMeTHM TaKJKe, qTo Haw nOAXOA COAe:JJKHT TOBbKO 
OAHH cao6o'fwA napaMeTp ~v , a TO apeMR KaK tfleHoMeHoJiomqecKHA nar
paHJKHaH/33 ABR (,p -A1)-C8KTOpa OCHOBaH Ha TpeXnapaMeTpH'18CKOM <fMTe. 
TaK KaK 06CYJKAaeMaR nepeHOpMHpOBKa KOHCTaHTW 1v OTHOCI1TE!JibHO H8B8JIH
Ka, MW 6yAeM npeHe6peraTb e~ B AaJibH8AWMX npHJI0*8HHRX. 

l .5. 3neKTpOcJia6lile B3aHMOA8ACTBHR 11 B8KTOpHaR AOMHHB.f THOCTb 

KaK 6wno noKa3aHO a1121, BBeAeHHe aJieKTpocna6oro B3EMMOAeAcTBI1R 
Ha KBapKOBOM ypoBHe nocne ne~XOAa K KOJIJI8KT11BHiiiM nepeMe~HWM B8,l\8T K 
f -MeaoHHo~ AOMHHaHTHocTM/45/. Ha116onee noJIHoe oTIHcaHMe 3THX peay~b

TaToa ,1\aHO a pa6oTe/I8/ 
MaTp11~a HOHeTa B8KTOpHWX llOJieA B CJiyqae HAeaJibHOPO CKT8T-CHHPB8T-

HOPO cMeWMBaHHR ({'-(uu-Jd\/~, w-(uii..,JJ)/..fl, 1~:;"5 ) HM88T 

t"'+ 
BH,IJ. 

1. (J'"+ w) u ,( r . 
L. '>-, v;. i.. 1 

:::. ! - (J"+w) 
< ~o 2.' a -R 

t'"- ~•o 

r 
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Tor~a B~cJeHHe KBapKoaoro ~eTepMHHaHTa nocne y~HeH~H npo~aBo~o~ 
B ~CXO~OM JarpaHJKHaHe KX,lJ, 

'Jr ~ "bf ~ ~~ + ~ i~ P.L. (cw; ... ~.c.) + b!- {PL T3 -s~M2 0w Q)l + 
. ~Z cosOw I' 

+i.e QAf 

ae~eT K cne~y~~eMY nepeonpe~eneHH~ BeKTopHNX none~ ~nH ~panbHO~ 
rpynTihl ~V (~.}: 

a) 3ReKTpOME.rHHTHOe B3~MO~e~CTB~e: 

J't ~ J'r -e Af , 

wf - wf - ~eAt 7 

ir- 1r - ~ e AI' ; 

6) cna6oe B<~Mo~e~cTBHe: 

!r - !t - I~ cc~Oc \,../! 7 

k;~K; -t~~o( w,7 

A\,f...., A.,_,f- Z )< eos~ WI', 

AQ~7f- Aoi,f -I\(~(}~ WI'. 

(35) 

(36) 

3~eCb ~ ~ e/siMIJw - KanH6pOBOlffiaH KOHCTaHTa CB.R3~; C- o6o6~eH-
HaH MaT~Qa Ka6~66o; De , Dw - yrnbl Ka6H6Cio ~. Ba~H6epra cooTBeTcT-
BeHHo; Ta ' a - onepaTOpbl TpeTbe~ KOMTIOHeHTbl cna6oro ~30CTIHHe ~ 
3ReKTp~l.leCKCrO sap~a; w; , Z/' , A,.- 3ReKTpocna6ble KMH6pOBOlffible 
6030Hbl. 

B peayJbTaTe B03HHKaDT cne~~e narpaHJKHaHbl aneKTpocna6biX aaa
HMo~e~cTBH~: 

J A f.J.., 
J..A = e '\ ! f ' (3'7) 

I Z I ~ ~ 
.jl(... mP 0 i m.., \It m., 
1 = -..1-ft -t- -- wf + - ---4- i . 
6

' 3.r 3 lr 3 31 t' 
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l v t f! "'_. - h w """ilz ~w jr ... . c., <3b> 
l ~ }r = U ~ !r (A!""ec ... U rn~ ~~- st...Pc ; it ,k,. 

i:,. ill )f vr{i, ... ~.e. ' {39) 

·- r. !i A- n r:; m:. 
lsi' .,. .. z ~~ .._'f CD!> Uc + ~l 1 It: .. AQ'l.'l' s,;, Oc . 

Bhlp8JI!eHHe { 37) OID1 ChiBaeT HBJieHHe BeKTOpHOJ;i Me30HHOJ;i ,IJ,OMHH UiTHOCTH/ 44/, 
a Bhlpa~eHHH (38),(39) ,IJ,SIDT aHaJIOI' 3TOI'O HBJieHHH ~~~ CJia6hl{ TOKOB. 

Yt~eT ( Ji -Ar '1,./ )-cMeWHBaHHH Be,IJ,eT K a,D,pOHHOMY PCAC-ToKy: 

i reAr_ !.. rr ~ w~" .... ;;;,- , 
w -z~I Js., + .c:., 

I (.l(J) 

j ;; :: ,fi FJi 'J" Ji- ...... 
ilpH pact~eTe cna6wx pacna,D,OB B paa,IJ,eJie 3 6y,IJ,eM orpaHH~BaTbCH 

JIHHeJ;!HhiM no Me30HHhiM llOJIHM npH6JIH*eHHeM ,IJ,JIH TOKOB: 
. mz . . z . 

( "V)' :: ~ V' (lA)' -=- mv A' + F 'J Jt' 
J I' ,~ t' , /' '~ !' ;r. '/' • 

BeKTOPHYIO ,li,OMHHaHTHOCTb C yqeTOM KHpaJibHWX aHOMaJIHJ;i Ciy,IJ,eM HCTIOJib30BaTb 

B HaCTO~eM oCiaope ,IJ,JIH Bhi'IIHCJieHHH aMllJIHTY,IJ, pacna,IJ,OB BeKTOJHhiX Me30HOB 

H pa,D,H~OHHhiX pacna,IJ,OB 3ap~!*eHHWX KaOHOB. 

2. Hl-f3K03Hepr.eTHtleCKHe Me30HHble npOL\eCCbl Jll napaMeTphl aq¢eKTJIIBHOI'O 

KHpaJibHOI'O p4-Jiarp~aHa 

2. I. ilYioH-ID!OHHoe 1t1 KaoH-ID10HHoe paccenHHe 

Ha'IIHeM o6cY*,IJ,eHHe aKcnepHMeHTaJibHoro cTaTyca p4 -Jiarp:tH*HaHOB 

fa (15) 1t1 J.T (16) c om1caHHH Jt:r. - 1t1 ;so K -pacceRHHR a rnpaJibHoi-1 

TeOpHH. B oCi111eM cJJyqae CiOP.HOB.cKyiO aMf1Jil1TYAY :r. ;r, -pacceRHH 1 y,IJ,o6Ho 
napaMeTpH30BaTb B BJII,IJ,e/24/; 

T6
(!>,i,u) ~ot0 &"(;~)+ 

2 31 oli 
(41) 

... I ot~ l A1 ... {\~ .. ('1s;z .. 1)} tf.z .. j;l~ 
- - - 3 .JI2) i 

3,IJ,eCb &(~) ~ 3:>- T n .. -~) - EKJJa,IJ, JiarpaH:i'J.13.HOB ol ( [2) l1 a 
{II); J - napaMeTp HapymeHHR KHpaJibHOi-1 Cl1MMeTpl1l1, KOTOpbi!l B cJJyqae 

l~r, {II) npHHHMaeT aHaqeHHe f = I/2; BTopoe cJJaraeMoe B (41) -
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BKJ!a,Il, J!E1'pa.Hl!U1a.HOB l..a. (15) 11 LT (16); ot.0: ~ [ WI~/U.~r:~)Y"= 0,019; 
! " ~/(4 ..,J,) ( ~.,. s, t > U ) ; ~ , f, {,( - 06bltlHble Ma.H~8JibCTaMOBCKI1e 

ncpeMeHHie ~Jifl ;s;;r, -pacce.f!HH.fl • .13 Jiarpa.HJKHa.HOB JQ 11 iT , KOTOpble 

onpe,):leJI.FIOT BKJia,D, KBapKOBbiX neTeJib' Mfl napaMeTpOB AJ ' B1 • c1 • 
1) y B ( 41) nOJiytn!M 

,. r 1. ( \') 1.6 1 ) n At A,_ =- s, ;r,-2 L F:t t- 4 .. 3 1\T = - " c • 

B1 = 3~.r,Z [ tz {3-~) + ~T 1 ""UNc, 

3'.:al 
C\ =- ez U-~) = -3Nc • 

.,.._ ,;,.;r,Z - 't N. 
u\ = · qt. - ~ c. 

3aMeTI1M, tlTO 3HatleHl1.fl c~ ll. l>'e- C yti8TOM (l'?) ( D'j. = -c., = 3 ~ ) Q1aK

Tl1tl8CK"' '!OBna,IJ,B.llT C BKJ!a,Il,OM 6ap110HHbiX neTeJib, BWtnfCJieHHbiX B pa6o
TB:x/ 4 7 • 4< >/'if.. 3TOT 4)a.KT ~9MOHCTplil.p]9T .ny'aJI:bHOCT:b KBapKOBWC lil. 6apROHHHX 

neTeJib, J:OTOpaR TaKJI<C Ha6JIIO~aeTCfl B Oni!CaHI111 ~pyl'I1X M830HHbiX npoQeC-

co/5/. 

BKJii,D, B aMnJII1Ty.ny Ji.:s< -pacceflH11fl nopRp,Ka o1; ~aeT TaKJKe ni10HHafl 

i.(Z) .J 
neTJifl, m~cTpoeHHaR 113 Jiarpa.HJKHa.HOB 11 o{Sll • Be3Maccoswe neTJII1 6wn11 

llloltnfCJieHI:: B pa6oTe/4 '7/, a MaCC11BHiole - B pa6oTe/48/. QTOT BKJ!a,Il, nopOJK

~aeT MHI!~YJO qacTb a~nJIHTy~w. a TaKJKe CTPYKTypy, aHanor11~yJO aMnJII1Ty~e 

pacceRHI1f (48). 

BJ<Jic,JJ, ni10HHOti neTJIH B aMnJII1TYII,y 

Tn<:.,f,!4) - ~ <><z n (~ l u )(" 

;:x.;r, -pacceflHHfl HMeeT BHi24,48/ 

_'.l____ - • 0 ' J ' ) 

.Jl. Si ... 

n (:>) i:t I'>() ~ A;s + B'" ~ .. e::;.; ~z +Doli <P·uz)- ~(~) lf>(~ )y
-li) (a l -.3 t cl-ii) +.3 u • b ) -

-1tu) (au d;:c cu-t> .. 5l .. b). 

(42) 

'~- B pa6oTax/4 '7 ,4S/ swtmcneHw ~v<.n" :'lV(l.) -BKna,o,w 6apHoHoB 

B aMnJIHTY!~ ;];~ -paccei'!HI1fl. B CJiyqae ~V(l) BlolnOJIHfleTCfl COOTHOJDeHHe 

]) = - C " 3 ~1 , B TO speMR KaK B cJiyqae SV(3) l> = 9, a 3Hat~eHHe 
C = -6 n!IJiytleHO B npeHe6peJKeHHH ~arpaMMoti, KOTOpaR ~aeT BKJ!a,Il, TOJ!b-

KO B K03tfx:llfl\HeHT ( • 
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3~eCb a =1\. H-')t') ' b = i.bel-1.5 K + 3 ; ~ = i H.-,&)~ 
{i/~ -\ )'-/% Q'f.ciJ ( \j~ -1. Y1

/t., &'< .f < 1.; 

~ > 1.; 

~<0. 

IIapaMeTpH A:ll • b~ • cr. I D;;r He ~BRCBPYJOTC.fl CT8H.It8PTHO:l!: r.poue.nypo:l!: rre
peHOpMBpOBKB He~BHeiHHX KBp8~HHX ~rpaHXB8HOB, a ~BKCBJYJOTC.fl C llOMO
mPD cynepnponaraTOpHoro MeTO,I{8. 3TB KO~BUHeHTH MO~HO J8CCM8TpB-
BaTb Ta~e KaK CB000AHW8 napaMeTpW BWQHTaHKR B npoue~pE YHKTapK3auKK 

00pHOBCKOA &~XHTY~ ~~ -pacce.fiHK.fl C ITOMO~b~ .l{KCnepcKCHHWX COOTHO
rueHKA/24/, 00C,Yll(,ll,8HKe BKJI8,1l.a ITKOHHloiX neTeJib 0loiJIO C)l.8JiaHC B He~aBHKX 
pa00Tax/20,2l/, B TO BpeMR KaK B pa0oTax/l4-l8, 22f OHH ~e ~TWBaJIHCb, 

,£VIHHW -Ji-31 -pacceRHH.fl 0.1 B COCTORHKHX C H30TOITKtlE CKHM CITKHOM 
I K opOKTaJibHWM MOMeHTOM l c yqeTOM BKJI8,1l.OB JiarpaH~sHa. LC'-> H IlM

OHHoA neTXH KMe~T BH,I{ 

a: ... z0(0 (9-5~)+ fcx![oA+36 ~.ti> ~3C -t;()(t+4b+3)\~ 

a.t- -~""' 2~ + ~cxz ztA·1)-3()(~.b .. 3)1 ~ 
0 - z. o 1. o j 

a~= joto + '}0(! ~ \ () •C>f!+tl-3• ~()(t-b-~)1~ 
(43) 

a~~ ~O(.d .!_(C+41>)-4=(s .. ?J)l!;1.a .. c- >tz .. :Sb+3)' > 
1.. 0 l \5 v ~ 

a{ - ;xot.t ~.!... (tt'b)- !. (4 ... C)l!-a+3 - ~ (lll+b+3)\ 1 
t.. - 1.. 0 l !S 5 g 16 'J J . 

3.n.ecb f>.-.A~·A~, fl"f>~+&.., C-.c1.e"", l)""l)t-_.[,.J;, ao,D,HoneT-

Jieswe BKJI~, BhltlHcJieHHWe s/48/ cynepnponaraTopHWM MeTo~oM, onpe.l{eJIR

~TcR B8J!HtlHH8.MH 

A$.= -1,5; &..,= 3; C.= 5,5; 1:>..,= 
B TaOJI.I npKBe.l{eHw pesyJibTaTw ~TKpoBaHHR .l{JIHH 

B COOTB8TCTBHH C ~OpMYJiaMH (43). ~R napaMeTpOB el 

II. (44) 

JiV. -pacce.fiHKR 

, .t , AT noJiyqe-

¥""""·= I , 03 ± 0, 9'?; 
(45) 
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CooTBeTcTay::HJ111e TeopeTMqecKHe 3HaqeHHn npH Nc = 3 (eM. (I?)): 
A% - • -e0€b-4.:r.z , 39,4; tan> =i; 1\T ~ J.l...-.z ~ 31~,d'. 

ITpoae~eHHM~ aHaJIH3 cor~acyeTcn c pe3y~hTaTaMH pa6oTw/20/, 

Ta6~HLH ... h 

,!I.JmHhl ;I'ii - JacceRHHn 

a~·m.:~; 

a~ ·m.,. 
a.'- . rn~ 

\. ... 
aDX • rn! 
a2 ·rns:t <II 

,iJ,mfHW JiSt -pacceRHHR 

3KC!lepHMeHT 

0,23 ± 0,05/26/ 
-o,oo ± o,os/26/ 
o,o36 ± o, 010/26/ 
(I? ± 3)xro-4 /49/ 
(1,3 ± 3)xlo-4 /49/ 

KHpanbHaR TeopHR 

0,22 
-0,05 
0,039 
I?xro-4 

I,6xi0'""4 

Be~~ il>l e-l H ¥ (45) O'l'~HqaJOTCR OT pe3yJibTaTOB pa6oTW/22/: 
"1 +8 + e = I9_II; f = 0,64 - 0,16. 

Pacxo~eHHe CBR3aHO C T8M, qTQ B/22/ He yqHTWBaJIHCb BKJI~ llHOHHO~ 
!leT~. KpOM3 TOP0 1 B/22/ HCllO~b30BaHW ~HHW, llO~yqeHHMe llpRMOA SKCT
panoJUn~e~ d -ao~Hoawx q:,a3 K nopocy .Ji.Ji -paccenHHR c noMOII\hiO ypaaHe
HH~ Pon/50/. noc~e~e HaK~~BaiOT Ha HH3K03HepreTHqecKoe llOBe~eHHe 
nap~aJibHWX aM!l~HTY~ ~~ -pacceRHHR ~OllOJIHHTeJibHWe OPpaHHqeHHR, BWTe
Ka.IO~e H3 yiHTapHOCTH H ~cnepCHOHHWX COOTHOilleHH~. 0~HaK0 1 KaK llOKa-
3WBaeT cpaBieHHe/26/, pacqeTW Ha OCHOBe ypaBHeHH~ Pon ~aiOT 60Jiee 
Me~eHHoe y.teHhilleHHe lf'aaw J~ , qeM B aKcnepHMeHTe. B noae~eHHH cpa3bl 
d; Ta~e_ia6~IO~aiOTCR CHCTeMaTHQeCKHe OTK~OHeHHR 3KC!lepHMeHTaJibHWX 

TOQeK OT pa:qeTHO~ KpHBO~. 0KOJIO!lOpOPOBaH 06JiaCTb OC06eHHO Tpy~a 
~R H3yqeHH 'I, TeM 6oJiee qTo HHifopM~IO 0 d -BO~He llpHXO~TCR M3B~e
KaTb H3 aHaaM3a C~pHqeCKHX rapMOHHK, a6cO~IOTHOe 3HaqeHHe KOTOpNX 
OQeHb MaJIO 1 B o6JiaCTH 3HeprHR, ~aneKHX OT rropora. IT03TOMY TOQHOCTb 
3KC!lepHMeHT~bHWX ~aHHWX HeBe~Ka, H llOKa QTO He RCHO, KaKOe 3HaqeHHe 
c~e~eT llpH~aBaTb yKa3aHHWM pacxo~eHHRM. 

BKJI8,11, p4-~arpa.Hl!GiaHOB 10 , iT a s - H f -BOJIHoawe ~JIHHW Ji.Ji

pacceRHHR M3JI H COCTaB~ReT 10-20%. C~ ~ - H f -BOJIHOBWe ~HHbl H3Me
peHW rroqTH : TaKoR ~e TOQHOCTbiO (CM. 26/), ~R 6onee ~eTaJibHOPO aHa
JIH3a p4-BKJI~OB B St.li -pacceRHHe He06XO~MO CYII\eCTBeHHOe YTOQHeHHe 
3KCITepHMeHT3JibHWX ~aHHbiX, 

.AMrrJIHTy~a pacceRHHR 1(.,.'-<~'-)~<'-<f'-) ~ 1(.,.2 <kz) 'liiz (f1.) B 0611\8M 
cJiyqae HMeer BH~ 
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a a.MTIJIHTY)J.hl ;r.'( -pacceRHHR B Ka.HaJiax c 1130CTIHHOM I =l/2, 3/2 

T ~12 .,. r<•) .. Z T(-) , T 311 = T(+)- T(-). 

BhltrnCJIHR )J.JIHHbl ;n K -paccenHHR no clJDPMYJie 
1 

a~ " \_.u~ 1 Ax Pr(x) T1(s,o\ , 
1.6.JO ::. -i '!.~(.., .. m )z tl_ (J 

"lt>IC-

1· 
B Ta6JI.2 npHBe,JJ.eHbi pe3yJJbTaTbl pac'<eToE pa3JJI1'4Hb!X E.r:J e..n.cE E ,IJ,JJ11-

Hhl Ji ( -pacceRHHR np11 3Ha'<eHI1HX rapaMeTpoE ( 1'1). )J.;il1Hhl ~ k -pacce-

RHHR OKa3biBa.IOTCR B8CbMa 1.1YBCTBI1TeJJbHblM11 K 5Y.Jla,IJ,y Taxi1CHHC ro '4118Ha 

i.T , O,IJ,HaKO 113-3a 3HatrnT8JibHOf0 pa36poca 3Kcnep11!1.8HTa.JJ! HbiX ,ll,aHHb!X 

He y,JJ.aeTCR fl0Jiy1.111Tb 113 HHX K8KI18-Jll160 O~eH~~ Ha napaMeTpo p
4

-JiarpaH-
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~aHoB. ITosroMY MW He o6cym~aeM ponb o~HoneTneswx nonpaaoK K ~HaM 
-1i \( -pacceHHHfl. 

Ta6n11ua 2. 

a~ 

a"-f:J. 
0 

(WI~'>.) 

0. lf:J. 
0 

<m;.<.) 

0. ~l:l ... 
( "";.l) 
aY'~ 

(rt~:S,') 

i ll) ./ 

... .1.~6 

J,I2I 

-J ,085 

0,0098 

(j 

,i.i,JIHHiol ;j K -pacceHHHn 

MpaJ!bHafl 'I'€0pHfl 

iu iT CyMMa 

0,013 0,086 0,220 

0,013 -0,060 -0,132 

0,003b 0,00'72 0,0208 

(),0024 -0,0024 0 

2.2. ~~MesoaToM~ 

oKcnep~-~MeHT 

0,335 ± 0,006 /51/ 
0,24 ± 0,02 /52/ 
0,13 ± 0,09 /53/ 

-0,14 ± 0,07 /51/ 
-0,05 ± 0,01 /52/ 
-0,13 ± 0,03 /53/ 

0,018 ± 0,002 /52/ 

HeT ~aHHWX 

TaKHM :>6pa3oM, 11Me!OlliJ1ecn ~aHHhle no ,IJ,nHHaM JI-ll - !II J~ K -paccef!Hli!H 
He nosaonn10r npoaepHTb K11panbHWe narp~aHw, o6cym,IJ,aBWMecH B pas,IJ,e
ne 1.1. 06bltrnble MeTO,Il,bl sKcnepuMeHTanbHoro H3Jll€HHH HH3K03HepreTHtlec
Koro M€30H-"€30HHOPO B3allMO,Il,e~CTBHfl TaK 11nH 11Hatle CBfl3aHbl C npo~e,IJ,y
po~ B~eneH~fl 3TOPO B3allMO,IJ,eRcTBHH 113 pa3RHtlHWX peaK~R C TIOMO~b!O 
annpOKCI1M~~I1 TIO 3HepreTI1tl8CKI1M 11 yrnOBWM nepeMeHHbiM (CM.,Hanp11Mep, 
MOHOrpruf'.1110 26/ H HM€10~€Cfl B HeR CCWJIKH Ha MHOPOtlHCR€HHble pa60TW TIO 
sTaR TeMe). TaKaH npo~e,IJ,ypa 3KCTpanonfl~l1 H ¢asosoro aHanH~a, KaK 
npaBHRO, CO~e~T 3HatlHT€RbHWe H€KOHTpOn11pyeMble MO,Il,€RbHble HeOnpe,D,e
R€HHOCTI1, Bnl1fi!O~e Ha TOtlHOCTb TIORJllaeMWX pe3yHbTaTOB, 

i!CCJI9~0BEIH!d9 Ji.Ji - !II .:Ji I( -Me30aTOMOB HBRH€TC.FI yHHKaEbHWM cpe,D,CT-
BOM 6e3MO,IJ,enbHOPO onpe,D,eneHHfl napaMeTpOB KHpanbHOPO B3allMO,IJ,eRcTBH.FI, 
B~HOCTb KOrOpWX ,Il,R.FI COEpeMeHHOA TeOpHH 6wna TIO,IJ,tlepKHyTa BWWe, 06pa-
30BaHHe 11 P!iCTiaA pa3RHtlHWX ,Il,HM€30aTOMOB paccMaTp11BaEHCb B pa6o
Tax/54-60/. B/5?/ upe~~~eH M9TO~ Ha6~9Hidfl ~930aTOMOB H Ollld-
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Ca.Hh! cnoco<Shl H3MepeiDUI: HX BpeMeH JKH3HH, pa3HOCTH ypOBHel 3Hep!'HH H He

nocpe,IJ,CTBeHHO BOJIHOBO" !J'yHKI..\HH ,IJ,HMe30aTOMa t.f' (0). 
CT~OHapHhle xapaKTepHCTHKJII ;r."Ji - H -111C -aToMOB or pe,IJ,eJI.RIOTC.R B 

OCHOBHOM KYJIOHOBCKJIIMH B3aHMO,IJ,e"CTBH.RMH, B TO BpeM.R KaK BpeMeHa HX 

JKH3HH onpe,IJ,eJI.RIOTC.R Ka.HaJiaMH pacna,~~,oa ;;;-. :sr---l::s;o, K\n--• K0
\li 0 

( (-,Ji+ ~ i(• ;r,o ) H Bb!paJKa.JilTC.R '!iepe3 pa3HOCTH ,IJ,JIHH Ji\il - H ;Jtl( -pac-

ce.RHHS!/55 '56/: 1. 

( .!_) = f;r. ( 1. 6.m)-\ft. ( a;--a~ )1 1 t ... ,lU)j 

T., .l;-ii 3 f.Jl J i+.l/9jlr;A1'1'1(0:-+.Za!)~ 
7 (47) 

(48) 

3,!!,8Cb II• I( - npHB8,IJ,eHHb!e MaCChi a TO MOB; tf.,, f0) - 3Ha ~eHH.R BOJIHO-r , I 
BO" if'YHKI..\HH aTOMa npH 'l = 0; 0 0 - ):\JIHHW pacce.RHHS! B ) -COCTOHHHH 

c H30TOnH'!ieCKHM cn»HOM I 
PaccMOTpHM no,IJ,p06Hee BJIH.RHH8 CHJibHWX B3aHM0):\8HCTBHH Ha CBO"CTBa 

Jl-li- H mK-aTOMOB. 3Ha'!ieHH8 \f(O) ):\JIH ,IJ,HMe30aTOMOB B OCJIOBHOM onpe

,11,8JIHeTCH KYJIOHOBCKHM noTeHI..II'IaJIOM, nocKOJibKY pasMepw aToMa Ha.MHoro 

60Jiblli8 pasMepOB 06JiaCTH CHJibHhiX B3aHMO,IJ,e"CTBH". noTeHQHal CHJibHWX B3a

HMO,IJ,e"CTBH" B 3TOM CJIY'!iae 6y,IJ,eT HrpaTb pOJib MaJIIo!X B03MYI11t!HH", n03TOMY 

,li,JIH Bl:oNI1CJieHHH nonpaBKH K BOJIHOBOA tfiyHKQHH H K ypoBH.RM 31!eprH" MOJKHO 

BOCnOJib30BaTbCH ijiOpMYJIBMH T80pHH B03MYllieHHJ;i KBaHTOBOA M8)aHHKJII. 

3an»rneM noTeHQHaJI MesoH-Me30HHoro B3aHMO,IJ,e"cTBHH Ka!: CYMMY 

V('l)""- ~ ~ V.!. (t) , !',IJ,e nepBhiA qJieH OTBe'!iaeT KYJIOHOI CKOMY B3aH

MO,IJ,eJ;!CTDHIO, a BTOpOH- CHJ!bHOMY B3aHMO,IJ,eJ;!cTBHIO M830H0Bj o: = l/137. 
Mw nOKaMeM HHJKe, 'qTQ H3 KHpaJibHO" CHMM8TpHH CHJibHWX B3aiD40,11,9HCTBHH 

cJie,n,yeT, qTo V~("l) MOJKHO san»caTb a BH,IJ,e 

V~h) = -3s J(''() 7 

!',11,8 ~S? 0, npHqeM ITa KOHCTa.HTa O,li,H03HaqHo onpe,IJ,eJI.ReTCI napaM8Tpa

MH TeOpHH C HapyrneHHO" KHpaJibHO" CHMM8TpHeA CHJibHhlX B3aH~O,IJ,eACTBHA. 

PaccMaTpHBM Vs ('t) KaK MaJioe B031wlY1119HHe, Bbl'!iHCJIHM nonpaBKH K 
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I> -COCTOffilli tM, fuiJKe B !f'OpMYJiaJC llO,II,pa3y-MeBaeTCSI, \ITO BOJIHOBWe 4'YHKI..IHH 

H ypoBHH 3He JI'H~ KYJIOHOBCKHe. 3B.MeTHM, \ITO noTeHI..IHaJI Vs ('t) ,II,JISI coc

TOHHHA C ( -t ) B0061.11e He ,11,aeT nonpaBKH, ,!.VIR C,II,BHI'OB ypOBHeA llOJiyqaeM 

6. E., = -3s \ t_, 10) \~, 

/:!.E.,, -=. ~ fz~s· 
E., t~n 

~.R nonpaBKH K BOJIHOBOA ~HKI..IHH llOJiyqHM 

.t\i .. un_ ,. i«"z. ~ f:. __ iz z 
tit tO~ "' f to~~i. lt1(m -l't) 
)... ( ...... M.) 

H, H \laCTHOCrH, ,II,JISI OCHOBHOI'O COCTOffilliSI HMeeM 

.t\~~i.{O)- ~f.rq 
---- d's. 

(49) 

(50) 

~~ (0) 2;, 
floJiyqHM Tenepb noTeHI..IHaJIW JI.SO - H lit -B3aHMO,II,eAcTBHA. HBllla s~a

qa-BWq)fCJIHTb 3~eKTHBHWe HH3K03HepreTH\IeCKHe llOTeHI..IHaJIW B ypaBHeHHH 

liJpeA!'IHI'epa, J6ycJIOBJieHHWe Jiai'paHlKHaHaMH ~Ji'- H 'li I( -B3aHMO,II,eACTBHA, 

BHaqane npo,ll,eMOHCTpHpyeM Ham cnoco6 BlolqjfCJieHHR noTeH~..~HaJia Ha 

JiarpaHJKHaHe KYJIOHOBcKoro B3aHMO,II,eAcTBHSI AJISI sap.RJKeHHWX nHOHOB: 

f.e • { J. +ieA0 )'Ji• 0.,-i(A., )\li-- ( ~-r.•l;"'-)

- ~.t ;n~;s- !. ('-·A )t ;s .., 2 ' tJ • 

llocTpOHM I'B.M~JibTOHHaH 

~t ~ f~'li .. -4- r~-I;- -ie' 
I',ll,e } - KaHOHH\IeCKHe HMllYJibCW: 

... ii '1 - A _ r ' -- " lle'lli+ .., ie .,'li ... 
'dO, .JO-t) 

flOJiyqHM 

He-= f r .. ~;Jj· liJi- .. rn,! ,r,Ji- .. eA11j.- ~{I.· A, Y. ~ 

j. ~ i l~-r- r.Ji·) · 

YcTpaHHM Ao c noMOI.llh~ ypasHeHHSI ,II,BHJKeHHSI 

~fl. -= 0 (JJ Ao "-j 0 ) 
'H., 

H nepeA,11,eM K onepaTopaM poJK,II,eHHSI H yHH\ITOlleHHI! Ji"'.:Ji-: 
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Jic-l(x)-=-1.- (a;oo-+b-n( .. ')), J(-)-=-~'; d-o,. .. b:~; 
~1"''1; 

:r.r•\x)-= rl:: ( Q;r;(x)-+ b; (.,.)), lt+)-= ~ i (a;- ~) ; 

w;s .. ~rn; .. tid,.).l, , j., .. (a;, a-li-b; b.v). 

TorAa raMHnbTOHHaH rrpHHHMaeT BH.JJ. 

II (a+ b+ b ) ! ~. ~ j 
H =w_. "'O.JO+ "' .. -"i.e Jo 1,-~ <To~ 

rAe 

0TC10,JJ.a nerKO 3aM8THTl>, tiTO KyROHOBCIG!il ITOT8Hl~a.JI 

Ve ~- ~ ( "l-= (lc-3 \ • <X .. ..£_ \ 
~ 4~ ) 

(51) 

B03HHKaeT KaK K034$f~eHT ITpH cnaraeMOM a•(-.)Q(~) b•(x) b(,) ITOA 3Ha-

KOM HHTerpana ITO ~ • HatlAeM Terrepb K034xflH~8HTiol nepeA a.Ha.JIOr11tiHbiMH 

cnaraeMb!MH B raMHRbTOHHaH8, COOTBeTCTB~'IOii1eM JiJi - 11 .Ji I(- B3aiD.10,ll.9HCT

BRRM. 
IlonHblll RarpaHJKI1aH, OITI1CbiBaJOJJzyiH Cl1 CTeMY B3ai1MOAei1CTB;}' IGJWIX ITI10HOB 

H KaOHOB, HMeeT BH,ll. 

i ., ( Ji•.!i-) ( Jt•.r.-) ~-=};w•~.;n- i.- ~~_ -m;lJ;•s.-) 1.-p F./ • 

.. 1~z.l (~:. rn;) l£•tc.JO•;s-· - ~-11• ~;r,- j(•l(-- ~ ~ • ~ ICTo•.Jt--
oTo 

r.u.e ~ - napaMeTp HapymeHHR KHpanbHOII CHMMerpm. Coo'IBe~ CTBYIOJWIII 

raMHRbTOHHaH 
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H~ -=-J~doJi+ ... J;.'d.Ji-+ J~ doll'++ h ? .. ll'-- fs , 

}~ ~ _ 4.ls 
~~ (d,;n"!:) J~ ?Is 

IO.,JC"!:) • 

rl8e,D.eM onepa~ ophl pmK,D.eHIUi 11 YH11tiTOJKeHI1.f! 3apiDKeHHbiX rii10H08 11 KaoH08, 

TaK ~e, KaK ~ 8 cnyqae (ol), 11 8bl)J.SRHM 113 f~ KOM611H~I1 onepaTOp08 

a~ a b .. b o .. a b .. b a • a h + b 8 npe.n.ene 'd. Jt-. 0, &. k..., t' 
-r.-r..,."~•ICk:I<K>oJil<-r. k ' < 

Hs = m..,(a.;. a'To .. h., .. 6-r.) + 
4 
~/ [ ('i.j)(a;..a,. .. b; b-J; )~-

- H-f)( ~A1. b; .. a'" 6-r. ).:~- Jf (a; a., .. L; b"' )(a; h:.,. a ... b.o;) 1 + 

"'" m (a+ a .,. b ... b "\ ... __i._ \ (1.-&) (a; ate~ b; ble) ~-
K lc " lc " J 4 F2 l r .J; 

- (i•f) (o; b~ • a" b" )~- lf (a; a ~e.+ b; b") (a; b; • ole b~c)1· 

!lonytiHM OTCIO, ~a 

H<l;.,. =-- -{
2 

a_;,(,.)aw(")~(x) b,,Jl<), 

"' 
~In:,·_ r

2 
a;(-.)Ok(")b;(K)hlcr .. ), 

~ 

11 i_ (:t+ nr_J; = -; F.z 

"' 
v.r: • m}) (a•(><) a (><>b + (,.) b.J;(,.) + 

" .Ji k 1m ~ \ 
lc +a_;(,.)l11((•) b~(l<) ~(l<) ) > 

11 COOT8STCT8J1011111e K11paRbHble fiOTSHI.J,l1aRW 11Me!OT 811,!1. 

V.JI-. fn ~ vn {'l) = - ~ J f"l), 
F"' 

v\(.JI ('r.)-= - ~ (1.,. v.~: ... rlr: \Jet). 
4 F-li 1' miC rn~ ) 

(52) 

flonpa8Ki (49),(50), o6ycROBReHHWe CI1RbHWM 83aHMO,D.e£lCT8HSM, cna6o 

3a8HC.f!T OT 8i)J.a fiOTeHI.J,l1ana, HO 8 3Ha\111TeRbHO£l CTerieHH Oripe,D.eR.f!IOTC.f! 

MaccaMH Me3o iOB, o6pa3yi0111HX )J.HMe3oaToM. TaK, 8 cnyqae Jr IC -aToMa no

npa8KH K BORiOBO£! ~KI.J,l1H OKa3b!BaDTC.f! B 4 pa3a 60Rbme, tleM B cnyqae 
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Jl-11 -aTOMa, .vf3MepeHHe 3TIIX nonpaBOK Tpe6yeT TOilHOCTII 0, ~%. J13 (49)H 

(52) CJJe,IJ,yeT, llTO 113MepHeMiole Ha ODWTe C,ll,BIII'II ypOBHe~ ,IJ,IIMtl30aTOMa npo-

nOpl.lliOHaJJbHbl napa.MeTpy HapyweHHS! !GipaJJbHO~ CIIMMeTpHH ' , llTO npe,D,-

CT8BJJHeT pe,D,KyiO B03MO*HOCTb ero npRMOI'O 113MepeHIIR, 

J13 (50) CJJe,D,yeT, llTO BKJ!a,D, CHJ!bHb!X B3ai!MO,IJ,eAcTBIIH B ~/0) nbpH,ll,K8 

10-3 
H ifla.KTIIIleCKH llOCJie,ll,HJile He ,IJ,aiOT BKJJa,IJ,a BO BpeMeHa JKIII3HH To~ -

H ~ \( -,ll,IIMe30aTOMOB, ,L(o6aBKaMII K e,ll,IIHJil~e B 3Ha.MeHaTeJJRX IJOPMYJJ (47), 

(48) MO*HO npeHe6pellb, llOCKOJ!bKY OHJil nopH,D,Ka 10-5• f103TOUY BpeMeHa 

JKIII3HJil ~;r. - II ~ \( -,IJ,IIMe308TOMOB npaKTIIIleCIGI llOJJHOCTb!O Onpe,D,eJJHIOTCH 

pa3HOCTHMII ,ll,JIIIH pacceHHHR (a;- a:) II (a~2 -a!:.l) COOT'l8TCTR8HHO: 

("l;, )~"' =- [ 0,212/ m"':l. (a;- a: ):~.1· 10- 1~ ~ 

(-c) - r o .t'l7jl'lf.z(a 11.l-a31.l).1.1· i0-1
" 

D k'~ - l 7 .Ji 0 tJ ~. 

XoTH ,ll,JIHHDI Jl,jf -paccef!HIIR a: . a~ H8pS!,D,y c 6opHOBCKIIMII BKJJa

,ll,aMII CO,ll,8p*aT TaKlKe II BKJ!a,D, DIIOHHO~ neTJJII, IIX p83HOCTb 31\BIICHT TOJ!bKO 

OT napaMeTpa HapyweHHH !G!paJJbHO~ CIIMM8Tp1111 f 
( , ~ - .3'l ( l'lr;r. ) ~ .i!.l 
0,-0 0 )- /. 'Jc: ) 

..., ""'li r'li ""~ 

T8K K8K O,Il,HODeTJJeBWe nonpaBIGI, BHOC.f111111e ,ll,OllOJJHIITeJJbHYIO HE!Onpe,D,eJJeHHOCTb 

B Oni!CaHIIe ,ll,JIIIH Ji;Ii -pacceHHJiiS!, B3ru!MHO COKpBll\aiOTCfl, f10:lTOMJ'. 113Mepe-

HIIe BpeMeHJil JKIII3HII ;r. 'li -aTOMa ifla.KTIIIleCKII npe,D,CTaBJJHeT CO(iO~ npHMOe 113-

MepeHIIe O,Il,HO~ 113 ¢yH,IJ,a.MeHTaJJbHW:X xapaKTepiiC'riiK KllpaJJbHO~ ,ll,IIHaMIIIGI a,D,

pOHOB - napa.MeTpa HapyweHHH CIIMMeTpHII f , ,/J,JJH f> = l/2 ( t(TO COOTBeT

CTByeT HapyweHHIO (ll)) DOJ!llli!M 

(r;, ).Ji-31 = II,9xio- 5!0+(' >2 c = 5,3xlo-I5 c. 
Ellie 6onee yHHKaJJbHaJI CIITYB.l.IIIH B03HIIKaeT np11 Bhllll!cJietlllll B ~rnpanb

Ho~ Teop~~ll pa3HOCTII ,IJ,JJHH Ji K-pacceRHHH (a.~- Q~.l), Ko~·opaH cooTBeT

CTByeT aHTIICIIMMeTpllllHO~ qacTII aMnJJIITY,IJ,b! Ji K -pacceHHIIH s s -cocTOS!HHH 

r-> (s,O: 
i 

(a~"'-a:l1.l)= 3 Jix Tr->(s,t>\t.() 
o 1C.:ro(V01 +m ) ' 

"' II: -1 &,(..,"' .. "'"). 

J130TOnl!tleCIGI-aHTIICl1MM8Tp111lHaJI aMDJJIITY,D,8 r-> (l,i) Ha nope re Ji I( -pac-

ceHHIIR II MeeT npocTo~ Bl'l,ll, T<->,_ tlfJO rnk / FJO.t. 11 noJJHOCTbiO c npe,D,eJJS!eTcS! 

6opHOBCIGIM np116JJIIlK8HIIeM. b Bblp8llt9HR9 ,ll,Jifl TC-> He BXO,ll,IIT napaMeTp Ha-

pyweHHH !G!paJJbHOtl CIIMMeTp1111, ,[\JIH pa3HOCTII ,ll,JIIIH Ji I( -pace eHHHS! noJJylli!M 

BeJJIIIliiHY 
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i! 
l~' 
~ 

.. 

I.e 

I li· 

'QTO COOTB€TCTBJ €T BpeMelili JiU!3Hii :Jr\( -aTOMa 

( "' ·· 4 ro-15 
T., ~~ = o, X c. 2 M 

Ha YHHBepca.nbHC CTb !lOJiy"QeHHWX pesyJibTaTOB ,li,Jl.fl pas;ocTii /H (a~- all ) 
li BpeMeHH ;iill3H~ t1:., )01 1( yKa3lt!Ba.IOT pesyJibTaTW pac50T 

59 •60 
1 B KOTOpr.IX 

Klipa.JibHa.R CHMMETpH.R M€30HOB y'QHTWBa.JiaCb He.RBHO, B pac50Te/5~/ B paMKax 

HeJIOKaJibHQJ;l MO~,eJIH KBapKOB, B KOTOpOJ;l KlipaJibHa.R CliMMeTpH.R Y'QHTWBaeTC.fl 

'llepes IS -'QaC~HQW, llOJiyqeHO SHaqeHHe (12~- Q&/.t) = 0,212, Y.OTOpOe JIHWb 

Ha 2$ OTJ!Ii'QaeTC.fl OT H8lllero pesyJibTaTa. B pac5o;e/60/ B MO,li,€JIH COCTaBHWX 

Me30HOB 1 OCHOBEHHO~ Ha paCCMOTpeHHK 'QeTWp8XKBapKOBOrO B3aliMO,IJ,eJ;lCTBK.fl K 

Y'QHTioiBaiOIII€£i 06~18HW CKaJI.RpHb!Mii H BeKTOpHWMK M€30HaMK, !10Jiy'Q€HW peay.nb

TaTW, COB!la,IJ,a.IOD,Ke C H8lllliMH, 

YtleT TaxK<•HHoro B3aHMo,IJ,eJ;lcTBH.fl i.T (16) llpHBO,IJ,KT K yaeJIHqe!iliiO 

pa3HOCTK ,IJ,JIKH I Q~.l - a'A~.t ) Ha BeJIH'QHHY 

d {a~11- a!l.t)-= ~mk:(~:-+~:) ~c/[.U.sr3 F.: {wrn+mle)1-= O,S.440 ~i, 
tlTO COOTBeTCTBreT lo./ J/1. 

rn4!' (a. t_ a., ) = o,3b4. 
Ha BeJIK'QHHy pa:1HOCTK ,IJ,JIKH -liJI' -pacce.RHH.R ( a• - 0 .z 

0 t1 ) TaxKOHHioiA 

qJieH llpaKTKtleCJ~ He BJIK.fleT. 

Tal\liM o6pasoM, H3Mepelilie apeMeH JKH3HK .:n.:r. - 11 .Jik: -aTOMOB c 

TOtlHOCTbiO I0-2<~ !lpe,IJ,cTaBJI.ReT coc5oA !lp.RMoe l13MepeHHe !lapaMeTpa Hapy

weHH.fl Klipa.JibHOii Cl1MMeTpl111, a Ta~e ,IJ,aCT liH~OpM~IO, HeOc5XO,IJ,KMyiO ,li,Jl.fl 

11poaepKii !ili3KO:•HepreTH'QecKl1X !1pe,IJ,cKasaHHA KlipaJibHOA I{X,ll,, B qacTHOCTii 

!103BOJ!l1T pasoc5paTbC.fl B iftl311qecKOM CMWCJie TaxliOHHOro B3aliMO,IJ,eAcTBl1.fl. 

2.3. Pacm1,11.w {..,{t.Ji 
Pac!la,IJ,W ·7'_.. '12.r. B c5opHOBCKOM !lpHc5Jil1JKelilil1 O!ll1CWBa.IOTC.fl tlaCTbiO 

JiarpaHJKHaHa ( 20) : 

t. .a 
- ""'" -"~.t """% 

7' .... 72~ - -:t ~ i + (53) 
~:l F.~ 

+ --!- \ { 'J..,ql. ?..,;. Yl.., ~ ?\<( ... + 2. (2;, ') ~) ?.1"" ') ~1 u F.~ e.z L I I ( l' )< l )< ( > 

r,IJ,e ~ ~ '1t + (;~ "'/ u o l1epaoe 

KlipBJibHOA CKMMilTplili J.'-P. 
l!GtaHa i.Q o CnoTEeTCTBYIOIIIHe 

l1M€10T Bli,ll, 

' T,..., "f'"'41- .,. Tb -
1!...'1.2n• -

cnaraeMoe B (53) oc5ycJIOBJieHo HafyweHHeM 

BTOpoe - HeCKiipMOBCKOA tlaCTbiO p -JiarpaH

a.MilJ!IiTY,IJ,Iol paC!la,IJ,OB 7'"'>1-fi+\Ji- , 1'- 12:JT• 

(54) 
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_ U ({!Q/!,118 ~2~\ J,.,; __ t_ f .z(3\1 + m:l(m~-t-m~)-
- 3(=2 l - -m n 4ezF.: l 0 ., J' , 

~ . 
-{~ ... ~~)(.,, ... ~~))-~c~i.-&.£'12- t(s.-li:s).t1 t. 

3,IJ,eCb {,\,2 :.(f1'-~1)~' So!:. (r,.-r.,): ~o-='i(~i.+~~-t--S_s) • 
l3KJIB,Il, l1JIJOHHOti neT Jill B a.MnJII!Ty,JJ,y paCnB,IJ,a 1 .. "f ~.:rr, Bl>JQ;iCJieHHblt1 C 

noMOll\biO yHMTapHoro paccet~eHI!H neTJIH, I!MeeT BU,!l, 

Ti_.,t11 = ~11~(~~2~- ~~'f~Oio~~5(t~)l~+~~.~)\ .. ·r~'\\J + 

+(!. + ~'l. li;s, 

r,IJ,e ~3 -:.':>J./(~,.,!); B(~~.) -=3&'&-)e; x -=1- ~.; ~0 , c1 - KOH-
CTaHTW BWtli!TaHI!H. , 

flOJJHaH lliJilpi!Ha pacnB,Il,a "f 1
-"1 i .Zr,, Bloltli!CJJeHHaH B Kll Ja.JibHOA TeO

pill! npll 3HatleHI!HX napaMeTpOB (17) 
r,,..,..,-1., "' rf.,"ft-rrtt + r..,'...,"f-rr+.n- 22J KsB, (t,5) 

xopowo cornacyeTcH c 3KcnepHMeHTa.JibHOti aer.lltli!HOti 

r,~~n = 169 ± 32 K3B. 
AcnoJib3YH ,IJ,aHHWe no 111Hpi!He pacnB,Il,a "/ ~ "1~71 I! ,!l,J!HHa.M -1·.;r. -pacceH!iH.R 
)J,JIH COBMeCTHOrO aHaJIM3a, nOJiyqi!M 60Jiee ~eCTKile,tleM B (4b),orpaHI!tleHI!.R 

Ha napaMeTpW e.t H ~ : 
•t I A :l - + • - + fteb e ~e... - I ,02 - 0,18, y~11""·- 0,84 - O,Ib. 

0TMeTI!M, tlTC llillpi!Ha pacnB,Il,a (55) nOJIHOCTb!O Onpe,IJ,eJI.RerC.R BKJ!a)J,OM 

HeCKilpMOBCKOrO p4-B3ai!MO,!!.eACTBH.R B Jlai'pa.H;KHe.He ifll . C y -ieTOM TOJibKO 

nepBoro tlJieHa B (53) nOJIYtli!M BeJJI!tli1HY r"f~"f~n ~ 4 K3B, KJTOpaH OKa-
3WBaeTC.R nOtlTil B 5U pa3 MeHbllie 3KCnepi!MeHT8JibHOro 3HatleHI!ij, 

B sKcnepi!MeHTe aMnJIMTy,n.y pacnB,Il,a i' .... '!:t, o6WQ;Ho n:lpa.MeTp1113YJOT 

cne,IJ,yJOli\HM o6pa3oM: 

I T7,..., 7t., 11 .... A (i.+OI.Y">\ <56) 

r,IJ,e Y-= ( .Z + r.t"1/""'.,) T,/ Q ; T, - KII!HeTHtlecKaH 3Heprn.R i -Me3oHa; 
Q-: rl'l ,-WI -:l n,

71 
; CX - nap~tMeTp HaKJIOHa. AMflJIHTy)J,a (54) npHBO.~T 

K 3HateHIIIJ napaMeTpa HaKJIOHa 0( = -0,25, KOTopoe corJiacyeTCH no 3Ha
KY C 3KCnepii!MeHTaJibHOA BeJ!IIItli!IHOA ~SKCn. = -0,058 ± 0,013/6!/, HO 

not~TH B t~eTwpe pa3a npeawwaeT ee no a6conJOTHOMY 3HatleHI!JO. Tip111 yqeTe 
TOJibKO nepBOI'O tlJ!eHa B (53) HaKJIOH B a~L,JIIlTY,IJ,e (56) TIOJIHO~TbiO OTCYT

CTByeT. Yt~eT l1JilOHHOA neTJIIl B a.;,mnwry,IJ,e pacr.a,::.a "1'-' "11.., 'IaKJKe MaJIO 

MeH.ReT pe3yJibTaTW, noJiyqeHHWe B 6opHOECKOM r:p16JII!~eHHH (54). 

0l1JilcaHI!e HaKJIOHa aMnJIIIITY,IJ,W pacnB,Il,a J'-" '1 I.J; , no-Bil,!l,llMOMY, 
Tpe6yeT .oco6oro paCCMOTpeHIIIH, B~HYIO ~CTlb E ~~31!Ke HOH9Ta nceBAO

CKaqHpHWX Me30HOB HrpaiOT, B qacTHOCTH, Ee~~l~~. COAeP*~e CTeneHIII 
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MaCChi CTpa.HH<>I'O KBapKa/!
4/, CJI8)J,Y8T OTM8THTb, tiTO ,D,Jifl npoaep101 HH3K0-

3HepreTHti8CK(Iti KlllpaJibHOl1 tCX,Ii,-TeOpHH 6oJiee 8CT8CTB8HH0!1 OKa::lliuBaeTCfl He 

napa.MeTpHs~ H (56), a pa3JIOJKeHHe 8.MfJJIHTy,rr,w pacna,n,a 1'""7 .t 11 no cTe-

neHHM HHBapHHHTHb!X ,IJ,aJIMTL\8BCKMX nepeMeHHWX Y ':. ls,.- s, )/ ,: , X 1:. 

:{!,~-!.~)j\oO!~ , J\HaJIOI'liJtiH08 pa3,'!01K8HH8 y'Ke CTaJIO 06!.48TipHHHTioiM npH a.Ha-

JU138 pacna,n,o1> 1(..,.3.:r,. 
KFtK TIOKL3a.HO s/62/, B npe,IJ,eJie TOtiHOJ1 KHpaJibHOJ1 CHMM8TpHH p4-non

paBKH, o6ycJI<'BJI8HHJ.I8 H8CKHpMOBCKHM B3aliJMO,IJ,el1CTBliJ8M B Jiai'pa.H1KHa.H8 it; , 
TIOJIHOCTbiO OTIJl8)J,8JifliOT a.MTIJIHTy,nw npOL\8CCOB J ' .. "1./.r, 7 a BKJI!l,!l, Hapywe-

HHfl KHpaJibHOil CI1MM8TpHl1 liJ O,:J;HOTI8TJI8BW8 nonpaBKH OKa3biBaiOTCfl H83Hatll1-

T8JibHWMl1. Ta!MM o6pa30M, 3KcnepMM8HTaJibH08 l1CCJI8,IJ,OBaHHe pacna,IJ,OB r'-+ 
-"1 ~:!\ ,IJ,'i8T yHMKaJibHYIO B03MOJKHOCTb npOB8pKH HH3K03H8pi'8TMti8CKOI'O KH-

paJibHOI'O J\X)J.- pa3JIOiK8HliJfl, tf3M8p8HliJ8 napa.MeTpOB HaKJIOHa 8.MfJJIHTY,IJ, pacna-

,IJ,OB "!' .... '12-ro a nepeMeHHhlx X' , Y' no3BOJIHT noJiytll1Tb ,!'\OTIOJIHl1T8JibHyiO 

l1HrfOPMa!.\11!0 ,IJ,J H Bhlf!CH8HMH 60JIC8 TOHKHX acneKTOB T80pl1V., 

2. 4. HeJ enTOHHble pacna,u,hi KaoHoa 

HeJJenTm Hhie pacna,u,hi KaOHOB OTil1ChiEalOTC.F! 3~eKTl1BHblM JiarpaHJKHaHOM 

cJia6biX B3aHM< ,IJ,etlcTBi1H c l13MeHeHI18M cTpa.HHOCTH \.6.\; I = I, o61.4a.F1 cTpyK

Typa KOTOpOI'( Ha KBapKOEOM ypoBH8 6WJia TIOJiyqeHa B/63/: 

' i..., { ~s \ -=1.) ~.U ~~="....:..De~¥£~ L_e: Oi • (57) .... ~ 
3,IJ,8Cb 0; - l8Talp8Xtf8p~il10HHW8 onepaTOpbl, CO,Il,8plK8ll\118 np0113B8,IJ,8Hl1H JI8-

BbiX l1 npaBio!X KBapKOBaiX TOKOB: 

o~-= u'-~t L{L J.~.vs.~. - J'-~ru'" ~rrs,~., 

0~:: ~ Kr UL ~~rsL ~ ~ (r ul.. ut.("~J. + f zit~~~/'<:.(.. +1~41'\"-~(l'st., 
03 ,. ii'-~l'u'- ,lLhl'!..~. ... 1'-dr uL u-,~ts'- ... .z~K,.J.'- ~NI's.~. -5&L(t~".ZvsL, 

~ ~ U-'(t~ ~~/"~l +:{~fUL ~ki'S.r; -1.~-f/t,j'- ~01'5:,' 
Ds .. 1,~,'>-q:.'- (u~t'>..Q uc + lRif'>-qJ~ "'"srr~'~qs~ ')' 

O, "' ~ ~r !:.'- ( i.it t ui + J~~I'Jt. .. si.JI' ~R ') ' 

I',D,8 ~L ~ i {i··~.s-) 't- :> 1-fl:: l(1.-J:r )1-; KOScf$11\H8HTal <"i 
pmf'Ml1t~ecKOM r p11:6Jil1lKeHifH KX,i.;, nplfHHMaiOT 3HatteHifH: c 1 
c3 = 0,083; c4 = 0,4; c~ = -0,064; c6 = -0,016. 
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= -2,5; c~ = 0,086; 



8XOA~e B (57) TOKH MOryT 6WTb BWp8*eHW qepe3 Me30HiWe TOKH (21), 
(22). Heo6xo,[l,lfMWe ,li.JIH orutca.HHH pacrra,o,os k: ...,,t.r, , k: ~ 3.:; rrepexo)J,W 

c H3MeHeHHeM H30CIIHHa 14 T I = 3/2, \AT\ = I/2 orutcwsa OTCH JiarpB.H

JKI'IaHa.MH/64/ 

f (lbTh3f.,t) , i f ,~tA. . ~ ~ . $ 

"' = u ~F ~ U"' C!Os Be e_. J l ( .J/' -,~I'){~/' •.: ·~) + 

...,lc ..,v,lt MA,Ic 
r.n,e TOKH .J f' "' .J 11 - v I' orrpe,ll.eJJeH~tr B pa3,ll.eJJe I. 2. 

DepeXO,ll. OT ~-JiarpaHW~B.Ha (5?) K JJarpaH*HaHaM (b8), :59) OCHOBB.H 

Ha 3aMeHe KBapKOBWX TOKOB Ha COOTBeTCTBYIO!l\l1e Me30HHWe TOKJI C TeMH JKe 

CaMWM11 KBB.HTOBWMI1 qlfCJJaMH. 3aMe'I'HM TaKJKe, 4'1'0 npH rrepeXO,ll.•~ K 6eCI..IBeT-

HWM TOKaM B onepaTope Os c noMOI!1biO npeo6pa3oBa.Hifi:l ~11p1..1a rroJJ~M 

(Jr "=' -~0, -4(~uL ~<si!+J~{ {s2 +~r.J. ~~i.). 
J:lXO,IJ,HI1111e B 3TO BWp8*eHHe CKaJJHpHale 11 nceB,IJ,OCKaJJRpHale KOM6JIH8'-IIfH KBap-

KODWX IIOJJeH 1• ~b , ~cr 6«' ,.. MO*HO Br.Ip8311'1'b 4epe3 BeKTOpllWe If aKCI'I-

aJJbHO-BeKTOpHale KOM611H8'-IIflf C IIOMOI!1bl0 COOTHOUJeHifti 

1,. lj. 3"1•) = ' ( ~: -~"~'h') 1•1-~> ' ,. (1.,~1ls· 'j.~o) = <(..,;+..,·") 1· <rQ ; .. ' 

r.n,e ~;. - M8CCW TOKOBWX KBapKOB, JiarpB.HlKI1B.H (59) IIOJJyqeH B IIpH6JJl1-

*eHI111 11\f -: "': t ""~ . 

AMnJJifTY,ll,W pacna,o,os ~ ... ;,Ji y,11.o6Ho napaMeTpi130BaTb B Blf,ll.e 

T~ .. .z.n ... U b?F ~Be cosOc ~ ell .. .z~ (V11;- »~:) . 
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f) 
Kos!f$-lll,lieHTW 

Ul8ffiUIM: 
-~ .... .,t:Ji y~OBReTBOpH~T cne~~~M H30TOnHqecKHM COOTHO-

e ~c•..,.:Jt .. ~· "' at e•~..t ' 

e t:t..,.:~t~-3'1- .... a i~• -+ l.a e;~ 
() 3 ~ ' 

e~·~ ....... .;n .. 
-= at! eJ" - :i a. e' I.z J ... , 

r,11.e napB.MeTpw 0 0 11 Oz. onpe~enRJOT ,D.e~cTBHTenbHWe aMnnHTy,D.w nepexo-

,D.a B COCTORHHH C H30CTIHHaMH ir = 0 H jr = 2 COOTB€TCTB8HHO, a 4 H 

Jl - ijla~W .:JI-1\ -pacce.RHHH B GTHX COCTOHHHHX. C nOMOlllbiO COOTHOW€HH~ 

a:~. ... I ek • ..,'" .. 'li" \, 

_ J ~ t \ \.:z "'"\e ~ .r ~t''~ 
all -lJl z e[~..,.;s;~- ~'""~"'~ .. \ - s le~ .. ..,'ll.ill"\ n 

MOJKHO 3aifMKCHpoBaTb 3HaqeHH.R napB.MeTpOB Q.t 
TMbHio!M BepO.RTIIOCT.RM pacna,D.OB I(""_, ol;+ .:sl" , 

H Q., no 3KcnepHM€H

I(~..., ;sj+<l!-' 1(: ~Ji·..u· : 
a sKcn. _ 0 2, . asKcn. _ ,, 1 .t - t ' • - v, • 

Wcnonb3YH narpaH~~aHW cna6r~ HenenTOHHWX 

(59), nonyqHM 

B3aHMO,II.8~CTBH~ (57), 

a A.~ e (\+ .±~; \ (i+ 4 (..,~ .. ..,;) J 
olt A F:l.. J A F:~ ' 

T 11 "T 11 

(60) 

2 ( " ¥11; ) ( 4~~ )( 4(..,~ ...... ~)) all"~ -e~ ... e.t .e~- o(l?,s- " ., 1.+ --:1. i+ ll n • (61) 
~o~~(IIO(._.....,) !l.rF" 1\rF; 

.t. 
B OTCYTCTBHe Tll.XHOHHOI'O B3aHMO,D.e~CTBHH ( Ar ~~ ) napa.MeTpW a • • a.t. 
TipHHHMaiOT 3HaqtlHHH a;eop. = 0,4; a;eop. = 3, 7 (npH ~ = 6 MsB, 
""~ = 150 MsB). c yqeTOM TaxHOHHOI'O BKJia,D.a a]eop.= 0,57; a~eop.= 
= 5,3. 

Hey,D.oBJieT JOPHTeJibHOe OnHCaHHe pacna,~~.oa IC ""'.2.:r. o6~o o6'bHCHH

JOT TeM, qTO np11 BlolqYJCJieHHH KOG4xf'Mll,li8HTOB C?i B Jiai'paHJKHaHe (57) yqH

TWBMHCb nHWb :'naBHble ROI'apH~qecKH€ qJI€HW. KpoMe TOI'O, MW ,D.OnycKaeM 

H3MeHeHHe KOG4l[Hll,lieHTOB (?~ BCJI9,11.CTBR9 Gq$3KTOB 60JibWHX paccTO.RHHJ:l, 

KOTOpWe TipH ne:JeXO,D.e K narpaHJKHaH8.M (57) 1 (59) yqHTWBanHCb TORbKO B 

BOJIHOBWX ~yHK~IHX Me30HHWX COCTO.RHH~. ilOGTOMY OC06W~ HHTepec npe,D.C

TaBJIHeT ~eHOMeliOROI'HqeCKHfi aHanH3 CTpyKTypW Gtf¢eKTHBHOI'O narpaHJKHa

Ha CJia6WX HeJI8ilTOHHio!X l33aHMO,D.e~CTBHJ:l C HCnORb30Ba.HHeM HaH60Jiee noJI

HOA GKCnepHMeH'~MbHOti HH~OpMall,liH no BCeM KaHM8.M pacna,D.OB j( _,.?<J; , 

\(+3-r. 
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AMnJI~TY,Il.bl pacna,I\OE I(.., Soli o6DitUiO napaMeTp113yiOTCH B El1.n,e 

T~..,3->l .... a • b ~ + <! ('~~+ t) ... ~ ('~'- ~~ ')., (62) 

r.n.e ~ .... (~.,-so)/~-tt; , '1."' (r.z-s.i.")/""1~ ; <::.4 -= 'k-/'< )~ ; k , f•- 4->ii,myJI:&-

cu KaOHa ~ l -I'O TII10Ha; Sot:. ($i.+S.t +S'&)/~ ... ~~ {:J ..._.,..; . tj K~paJibHOil 
TeO~I1 paCTIB.,l\W \(-'r~.:S: OTII1CbiEaiOTCH .n,peEeCHblMI1 ~arpaMMaM11,pV!C,l,l1 
onpe.n,eJIHIOTCR nepexo.n,aMI1 c lb. T I = I/2 ~ l AT\= 3/2. 

,''li 
/ 

'W , 

--~c(~-----.:r. 
' ' ' ':3! 

/~ , 
w 6 , 

---o----*----" ' ..; 
' 'I ' ' 

P:ac.I 
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- _L (i•p}. (<:.~-..,;("": .. .,.,~)) + 
e~r; 

1- .,; y l.Ut+~ -~~-[.u )cP~· ~ +.2 Pa) + 3(i.-.2p P6 · P~ -

-.2li+~-!~) "P~-P~ -.Z(1•!-f.u)P1.P,- 3J e~&.t(i•p1 + 

"",. f t ( :t. x-t) 3-~( -t x-t)\ 
+ tt;; {\.+~) ll 'l + T - T v - J l , 

1\o. 

~1 ... ~·~-;i·:- ~ {- i{~:-"";) l li.·.ts -~) P~- p&-

( 
!. 81'11~ .. ~rtf; - ... \ 1 

- \ •t 4" ~ -1'>1; -~"-!on J P3 -

- L l(\.-' ~ r..,:- 16"'; ) ~~- (i-.tf)..,~ (,.,-? .,., ... )1-
~r..a ~8 111-t_..,t u 11 

IC " 
<II " 1> 

.l [ ( !.. ~~l. +S"'.., .... ..... \ - r.r,Y J. it~~ !:-..,; -!c!.n ;CP~·P4 +-lP3 )+M1•!)f6"·P.a-

"" ( L ""\ -~(-\.-2~-tK)~-P6 -~ i+i!-! .. Jpfp~-

- ..!:4-~ (t· ~ )otl;+t"": \\+ 
· J. e.c. f.t ~ 4 "'c..,~ ) 

-Jt " n 

-\- ~~ -l.1r1.-.tn/ y~ ... x~)- ~/1. ·~ ~ lfl;+t"':)(v..._~)11 
e.t F/ 4 u ~ 3 -4 l' ~1 -...,:- rtt; J J · 

3,IJ,ecb C. -= ~~ ~F ~ lle ut. c9e { -l"i+C'.:z+C!'&); ! .... ~jc-e1. +CO-t+<'&) j 
.., .2 ~ 

... "(!~. 111,, lc p 4 ...,, ;...,~ 
~ '(.. = ---- ; 1."' i 1- -- ~ - i + __ ,_ . 
~o3i, ·<\+(~+e& ~(~ .. ""~) 11,~~' - Ar~~ , 

Pp 4.-.,; . P = t. 4 "'~ . P. .. i+ 4(..,~ .... ~). P. _ i• 4r""; .3..,~) 
It F.-2 ' " A F,-2. ' ~ .:t , '- II {;,~ . r ,JT ,, r .r, llr F~ T .r 
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,IIapaMeTp ~ onpe,n;eJI.IieT BKJJa,II,W nepexon,os r IA.T \ = 312, a napa.MeT-

pbi !o1;, \C. - BKJJ8.)l.W onepa.Topa 0'"" , co,n;epli(B.ll\ero npaswe To {H. JierKo 3a

MeTHTb, qTO Tip8.Biol8 TOKH He )J,a.IOT BKJJ8.)l.8. B KB8.)l.p8.TJ.IqHbl8 tiJJe ;w p8.3JJOJI(8HHH 

aMTIJIHTy,n;w pacna.rr.a IC ... :\Ji' (62) no cTeneHHM HHBapHa.HTHblX )J,B.JJHT~eBcKHx 
nepeMeHHblX X H ~ • Ksa.rr.pa.THtiHble qneHw B ,n;pesecHoM npH6JJ1JI(8HHH,pHc.I, 

TIOJJHOCTb~ onpe)J,8JJH~TCH CKHpMOBCKHM H H8CKHpMOBCKHM BKJJ8.)l.8.~ B JJarpa.H

JKHa.H p
4

-B38.HMO)l.ej:\cTBl1H 'Q H B o61olqHble KHpa.JJbHble JJ8Bhle rOKH. 

HapH.rr.y c BKJJ8.)l.a.MH ,n;penecHblX )J,Harpa.MM B pacna.rr.ax IC.., ~·\li , lc.., J'li 
Heo6xo)J,HMO Ta.KJI(e ytiJ.~TWBaTb o,n;HoneTJJeBloie BKJJ8.)l.bl, o6ycJJOBJie iHble p

2
-B3B.H-

i..C~) MO)l.ej:\cTBHeM H CBH38.HHDI8 npeli()J,8 BC8f'O C pacceHHH8M 1HOHOB B KO-

HeqHOM cocTOHHHH. B cJJyqae pacna.rr.os K.., 2m yqeT m ili -B 3B.HMo,n;eAcTBHH 

npHBO)J,HT K TIOHBJJ8HH~ 06UIHX <jJa30BDDI. MHOltii1T8JJ8j:\ f!Nr{id,) , t!Atr(,•J.t) H 

H3M8H8HH~ a6coJJ~THWX 3HatieHHA I a .:t \ ' I a,\ . AHa.JJOf'HtiHblM 0 5pa30M ytieT 

.:Ji~ -B38.HMO)J,ej:\cTBl1H npOHBJJH8'l'CH l1 B aMTIJJHTy)l.ax pacTIB.)J,OB tc -9 ~\li , 

KOTOpble CBH38.Hbl C a.MTIJJl1Ty)l.aMH pacn8.)l.OB 1(-.,(\l'i H3B8CTHio!Ml1 C'OOTHOIIJ8HHH

MH arrra6pH TOKOB. YqeT B38.HMO)l.8ACTBHR M830HOB 8 KOH8tiHOM ~OCTORHYIH 

(HanpHMep, C TIOMO~biD cynepnponaraTOpHO~O M8TO)J,a) - CJJOJI(Hai BbltiHCJJHT8Jlb

HaR 38.)l.8.ti8.. iw!J.r HCTIOJJb30Ba.JJl1 q-,eHOM8HOJJOf'J.IT.{8CKHt1 TIOll,XO)J,, B <OTOpOM BKJJ8.)l. 

3Tl1X B38.HMO)J,ej:\cTEHt1 YtiHTI.IB8.8TCR 3q¢8KTl1BHO B KOHCTa.HTB.X ('; • C TIOMO~b~ 

COOTHOIIJ8HJ.!j:\ (60),(61). Tor,n;a, HCTIOJJb3YR l130TOTil1ti8CKl18 COOPHOIU8HHR l1 

CBR3b M81K)l.Y il.MITJIHTY)l.B.MH pa.CIT8.)l.OB j(-9.2-rt 1(-..:{\IJ H3 aJJ 'e6pw TOKOB, 

)J,JJR 0,1l,HOTI8TJJ8BblX norrpaBOK K napa.MeTpa.M pa3JI01K8HHH aMnJIY!Ty,~ paCTI8.)l.OB 

~ ... ~~ B npe)l.TIOJIOJI(8Hl1l1 )l.OMHHl1pOBaHHR rrepexo,u,os c }AT\ = I/2 rroJiy-

411M CJJ8)l.YIO~e Bblpa1K8Hl1H: 

Tc':'..., -= d"'o11)"" b(;ll;a)'f;. e'-'n~)(Y~+ x~) + ~(~.,yv~ x~), 
~ ..,.:ll•.:ll•.;j!+ 3 a 

(63) 

3)J,8Cb 

a <~.r.)-= e(1.) ~ s, ( s~. -·U. Fi. '), 

b <.r.<~~).,. emf ( ~ F1, + s, F.z ""~ s, ') + 

+c't)L ~~+~{fiJI-~ .. )?;,- Fs.(tQ .. ~'~ (S~-i)J + ~ k1' 
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e[o3i.S') l~)( ~i. ~ i F.) "::. e --ao-- 1 ' 
~.,o 4 . 

ofcq;.s)_ et"){.£ s.,-! F1\ + c(.nt :~ (~-l}.s)- F~Q- ~~o ~1 ~ 
- 1.60 t ) l 

"" r. 2 ~ ~ .t .... 
e("\,_£.(t+f-i~) V'lc""n«o, e.t.t.\_fi:... ~.z'!l:tF"'o<" ,; 1+~-SK" 

tt ) 3 .u 3 ~- ..,~ ,.. 
_ ..... ~"" S- 3 P (r- "")~ ...... _ ~- b · 

Q 3 (Ss -~)--a--s., ... -, A..-= .,s .. -~ -as,-vs.,- , 
... ~ 0 8 8 4 

F. i. - :l -,:t F. i. i. ~ 
~ "'"-\.- Is., ··1s ~ .. , .:l -=- 4 "' s ., i 

~0"' ¥ { 4r>r;1) ; 

.... .... . \" -z .... "'- S -a-:~-\.(\-~) c-:\\~ -ioS'~-+-~; X:-~. IT P /J 
> ,t • apaMeTpbl o.., , '-.r, H 

l::>.:x oiTpe.n.eJJeHw B pa3 u,eJJe 2. I. 
B Ta6JJ.3 npHBe,IJ,eHhl pe3yJJbTaThl aHaJJH3a 3KCITepHMeHTaJJbHh~ ,IJ,aHHYX 

IlO ITapaM8TpaM paCila,Il,OB lt:'_.,~Oi : /!Ji - ITap~aJJbHaJi BepO.R'l'HOCTb ,ll,Jl.R 

L -I'O KaHaJJa paciTa,n,a; 1& , k,· , k, - K03q¢1t~eHTbl pa3JIOJK8HH.R KBa,Il,-

paTa aMITJIHTY,IJ,b: paciTa.n.a 8o nepeMeHHWM X H '( : 

\T \.t-=- a-t(\-+q'l-+ hYz-+ kX~+ ... ). 
\C-.3~ d 

TiapaMeTp c
4 

qHKCHpOBaJJC.R ITO 3KCITepHM8HTaJJbHO~ B8JIHQMHe BepO.RTHOCTH 

paciTa,n,a \(+-..:r. ·~o (eM. (to)), a ITapaMeTphl c
5 

H (-c
1
+c2+e

3
) - H3 aHa

JIH3a ,IJ,aHHbiX· ITO paCITa,IJ.aM 1(-. ~~ C J"l8TOM ,IJ,OITOJIHHTeJibHO~ CB.R3H MeJK,IJ,y 

HHMH, BbiT8KSIDWe~ H3 COOTHOWeHH.R (61). 

,lJ.aHHWe ITO ,IJ,JIHHat;; 'li';st -pacce.RHH.R H BepO.RTHOCTH paCITa,D,a "f!.., '7 ,t(Jj 
,IJ,aiOT ,ll,JI.R ITapa.MeTpOB e~ H ~ 3Ha'tleHH.R, COI'JiacyKlii\H8C.R C ITpe,ll,Cfa3aHH8M 

HH3K03HepreTHtl8CKOI1 KHpaJJbHOI1 KX,!J.-TeOpHH, IT03TOMY B8JIHQMHW E'.( H r 
!fiiKCHpOBaJJHCb B COOTB8TCTEHH C (17); e.t = -4\li~ , ( = l. ~THpOBaHHe 
3KCIT8pHM8HTaJJbHWX ,IJ,aHHWX,Ta6JI.3,ITpHBO,IJ,MT K C~e~~llid 3Ha~9HllRM CB0-

60~ rrapaMeTpoB: 
+ + ~~~~~ "-Cif, + 

(-c1+c2 +c3 l = 5,9 - 1,0; c 5 = -0,129 - 0,041; ''T T = -0,4-0,3. 

O!lMcaHHe KaHaJJa I(~ _,~+-r.-;;n" , ITO-BH,IJ,MMOMy, MOJKeT 6h1Tb yJiy'llWeHo 

c ITOMO!llbiO J"leTa ,IJ,MarpaMM c "f -ITOJIIOCOM. CJie,:zye•r TaKJKe OTMeTHTb, 'tlTO 

He06XO,IJ,MMOCTb rrapaMeTpH30BaTb O,ll,HOIT8TJI8Bhle BKJia,D,bl (63) B BH,IJ,e pa3JIO

JK8IDI.R ITO cTeneH.RM ITepeMeHHh~ X H '< ITpHBO,IJ,MT K HeKOTOpol1 ITOTepe TO'Il

HOCTH TeOpE.THtl8CKOI'O OllMCaHH.R ,ll;a.lUITJ:4-WIOTOB paciTa,D,OB j( -..J.:n • flony

'lleHHWe pe3yJibTaT~ IT03TOMY HOC.RT B HeKOTOpOM CMbiCJie ITpe,IJ,B8pHT8JlbHbll1 

xapaKTep. Mbi He o6cYJK.n.aeM TaKJKe a6coJIIOTHWe aHa'lleHH.R ITapaMeTpoa c
5 

w 
(-c1+c

2
+c

3
), DOCKOJlbKY B paCCMOTpeHHOM ~9HOM6H~OrH~9CKOM ITO,IJ,X?,IJ,e OHY. 
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Ilapa.MeTpb! pacna,::~,oB r:...., :So.li 

!1apa.MeTpbl 3xcnepMMeHT/65/ fJI06aJJbHblV. rtw/67/ !{~paJibHBJI 
1\XI(-TeOpM.R 

B,.,._ 0,05fl9 ± 0,0003 0,0560 ± J,C003 C,Ob52 
3+-+- -0,2157 ± 0,0031 -0,2128 ± 0,0023 -~.206 

h ..... _ 0,0106 ± 0,0044 0,0177 ± G,C025 C,Oll3 
k,. .. _ -0,0101 ± 0,0034 -0,00'71 ± 0,0009 -C,0056 

g.,., ... 0,01'73 ± 0,0005 0,016f) ± 0,0001 C,0164 

~ .... ~ 0,607 ± 0,030 0,603 ± 0,023 C,618 
(0,588 ± 0,019)* 

h4fct<+ { 0,034 ± 0,020 0,056 ± 0,008 C,0?5 
(0,043 ± 0,030)* 

k .... (O,OII ± O,GO?)* 0,006'7 ± 0,0012 C,005 

B!_., 0,124 ± 0,002 0,124 ± 0,002 (,138 

~·-o 0,6'10 ± 0,014 0,677 ± 0,008 (,694 

h._., 0,0'786 ± 0,0067 0,0?5 ± 0,005 (,102 
~+-0 o;oo96 ± o,oo18 0,00?6 ± 0,0014 c ,004 

* ).\a.c-IHble M3 pa6oTb/
661. 

qacTMqHQ nepeHOpMMpyiDTC.R B3aMMQA8ACTBM8M M830HOB B KOHeq~QM COCTO.RHMM. 

fJiaBHOA 3aAaqet! npOB8A8HHOrO aHaJIM3a .RBJI.RJIOCb MCCJI8AOBaH~e Ca.MOA B03-

MOJKHOCTM Bbl,IJ.8JI8HM.R BKJiaAa npaBhlX aApOHHblX TOKOB B nepexo,r,ax C 14T\ = 
=1/2 C nOM01!1biD npMBJieqeHM.R AaHHblX no napa.MeTpaM HaKJIOHOB l'aCnaAOB /(-+ 

~~.r, • I1pOB8A8HHI>IA aHaJJM3 HeJienTOHHblX pacnaAOB KaOHOB B } MpaJibHOA 

KXA-TeopMM AOCTaTOqHO HaAeJKHO noATBepJKAaeT HaJIJ.1qj.1e B nepEXOAax c 

IA.T \ = 1/2 BKJiaAOB npaBhiX aAPOHHb!X TOKOB, reHepMpyeMhiX Ha KBapKOBOM 

ypoBHe AMarpaMMaMM "TIMHrBMHOBoro" TMna. EoJiee A8TaJibHhiA LHaJIH3 Tpe6y

eT CJ'Il18CTBeHHoro yToqHeHMH 3KcnepMMeHTaJibHb1X AaHHb!X no pLcnaAaM lc-+ 
-+S-ll • OAHaKo YJK8 cet!qac aHaJIM3 pacnaAOB \("" J-li AaeT y}:a3aHMe Ha He-

AOnycTMMOCTb TaxMOHHbiX BKJiaAOB B narpaH:'iG1aHe KHpaJibHOA K}Jl,-TeopMM. 
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Ill. Mpa.J bHble aHDr.1aJH!li 

3.1. KliJ~bHWe aHOManHH B CHHbHWX H 3HeKTpOMarHHTHWX npo~eccax 

rfupaJibHHE' aHOMa.Jilili Hrpa.IOT BaJKHY!O pOJib B OllHCaHliH MHOrHX HH3K03-

Hepre'lliti8CKH) ·>le30HHla!X npOI..\€CCOB. IJpe:r.,IJ,e BCero HMeHHO OHH OTB8TCTB8H-

Hbl sa pacna,IJ,I:r 3l""...., .Zr, "(l"('~-t- ly . J!arpaHl!GlaH (14) HHBapHaHTeH 

OTHOCMTeJTbHO r'JI06aJibHbiX npeo6pasoBaHHi1 v-. V+ i£. ta. V1' r,IJ,e E. -
napaMeTp r.pec·6pa30B8.11HR, a Q - MaTp11~a 3ap.R,IJ,OB KBapKOB: 

(

t/3 0 (J) 
Q: 0 -1/3 0 

0 0 -1/3 

Tpe60BaH!ie 11f'Bap11aHTHOCTI1 Me;,oHHOr'O JiarpaHiKHaHa OTHOCV!TeJibHO JIOKa.Jib

HbiX npeo6pasc•saH11H U ~ V+ ; t. (l<) tQ~ U 1 np11BO,IJ,I1T K KaJIH6posotiH0-

11HEapV!aHTHDM~ Bblpa:t:eHWO(cM. "raK:I\8 (25)): 

"" e J..wa =- J..wi- 1.,.:s;~ ff'-.f' ~ fit(Qk.,L~'-f' +Qf..,R.,.~) + 
(64) 

. ~ z:~l erry- }J.., .A~ tc. ( Q~16 + rie,.-+ QfJQtr~) , 
r,n,e ,!i,Ba 110CJIE',!l,H11! tiJieHa C'li1Cblllaro·r aHOMa.JibHOe B3ai1MO,l\OHCTBI1e nceB,IJ;O

CKaJl!'lpHbJX Me:.cJHQB C :J,18i<TpOMarHV!THbiM 1"!0Jl8M. 

'1acTL JI< rpaH'1'~HlHa ( G4), DTEeTCTBeHHoro sa pacna,IJ; .:r.•-.26' , V!MeeT 

sa,IJ; 

1.", ... ~,. "'"- 3~~r. £r-r Ff.,_ F;r ~41' 
( I .r, (65) 

F" ... :: '} Av - ')., JJ4 _, 
a W::1pV!Ha pacra,IJ;a 

- e:z 
'""_,.2 ... -= 4;iF. 

l r. .... ~\T ~ ~"-'Pt6 '4.:s; '30'-..zi \ , 
0 ..r, 

AHaJIOrl1tiHbiM c 6pasoM MOiKHD arm caTb TaKJKe pacna,IJ;bl "'/• '7 ~ ..t ( . [lp!i 

3TOM BaJKHO yt::-!TDIEaTb CM8Uli1BaH;te 11C8B,IJ;OCKaJIRpHla!X li8HTpaJibHb!X llOJJeV., 

o6yCJJOBJI8HHOE HapyweHHeM is.& (II): 

;s., = 0,~ 15 t - 0,317 + 0,9xi0-2'1i", 
'ia = -0,31 '7'- 0,95 ., + I ,';xlo-2 ~". 
-31~ = -0,33xro-27'+ r,s>xro-2

1 + o,999oq-•. 
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4McneHHW8 3HaqeHHH lliHpHH pacn~OB 

r ~ ... 2t= ? ,4 ;,B, r,..,,tt = 382 3B, r..,4~= 4,bxi03 3B 
xopouw cornacyiOTCH c 3KcnepHMeHTMbHb!MH .O,aHHbiMM: 

r:s~ .. ~ = <? ,8 ± o,5) ;,B, r., .... ~= (323 ± tY1) 3B, 
~ P.,t..~l' = (5,8 ± I ,2) 3B. 

M3 narpaH~aHa (64) MO~Ho Bhl~enHTb TaK*e ~pyrHe aHJMaRbHhle 

B8pllll1Hbl, HanpHMep aHOMaRHIO f _., ~.si ! 

Jt ... 3-r. = 4;s;,~ fJi3 ~ }v~ d".r,-t ~~- ~ \li" • (66) 

B paMKax KHIJMbHoro narpaH~fl!aH3. (64) y,'\OBReTEOpHeTcH liH3K08HepreTHqec

KaH TeopeMa/681: 

T. "- .... F.~. -r..., ., = L- ,. s,z r3s-~. (6?) 
k ... -r e. «r" "' .. 1 -4qr~FJ 

Pacn~ 'll'•-tZ( B MO,[\enH BeKTopHotl ,D,OMHHaHTHOCTH onHc!.IBaeTcH ~ar
pa.MMOtl pHc.2a c aHOMMbHOtl VV.r. -Bep!lll1HOtl (31). CooTBeTCTByiOu;aH aMn

nHTy~a HM88T BH,ll, 

TNb') ~ e.t.lf 
~· ... .q. = 3 ~ VVq; 

11 B TOqHQCTH BOCTipOH3BO)J.I1T p83YJJbTaT, TIOJiyqeHHbltl C TIOMOII\biO 3(f'¢eKTHB

HOI'O narpaH~aHa (65). 

JiO 

1\Ji 
I 

w / 
~----\Ji r ', 

' 

Pnc.2 

' '-li 

AHOMMHH ~_.~\Ji OnHCb!BaeTCH ~arpaMMaMH pHc.2Ci C BHOMaRbHb!MH 

v~'ll'~- 11 VV~ -BeprmmaMH (32), (31), AMnRHTy~a i ""*~Iff CBH3aHa 

C aMnJIHTY,D,Oi1 pacn~a '-' .. ~ COOTHOW8Hif8M 

T(Vl)) • ~ ~ TC'nl) 
~ .... ~ l av ,., ... ~.c J (68) 

T~v_:~ ... -! h ~ 3v 'vv~ (~~~~~1. "",t + w,~~..,..t 
, ,f ~·.a- .., ~ ...... 
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I',D.8 l't'lqrili -3C i"eKTI1BHbl8 MaCChi COOTB8TCTBYIOI1111X HI10HHbiX nap. Yt~eT CMe-

i1111Ba.HI1.R nceB,IJ,C<CKB.Jl.RpHbiX 11 aKCI1B.JlbHO-B8KTOpHb1X noJieJ;\ (2'7) np11BO,li,VJ'f K 

pe3yJibTa.Ty, C~ 11\eCTBeHHO OTJilitl8.lOIJ18MyC.R OT { 6'7} : 

T(Vb') -a. u e :. 14 ~ r\ts-3 {69) 
t ..... 3;s; t -'4q;,~F.4 > • 

"' lJp11 BDIBO,IJ,e 3TC<~ q,opMyJibl 6biJIO 11CHOJ!b30BaHO COOTHOWeHMe {29) li 11p!i6Jil1-
:t,.._.._ tl1 :l W1 :{ "":t 

JK8HI18 m.r ... , .:rr+.:rr- , 'It+;;;<>, ~ ... 
HapyweHME, HM::JIW3HepreTl11.!eCKO~ TeopeMbi { 6'7) e eemopHo~ ,IJ,OMl1HaH

THOCTif yJKe 06C:YJK,IJ,B.Jl0Cb B pa6oTax/
69

/. 8eKTOpHaJI ,IJ,0Ml1HaHTHOCTb ,IJ,aeT 

,D.JI.R aM!1Jil1TY,IJ,bl nepexo,IJ,a r_, ~'3T 3HatteHl1e {69), 3aBJ,nii8HHOe B nOJITOpa 

pasa no cpaBHE,Hl1!0 C {6'7). C ,D,pyroJ;l CTOpOHbl, aMniDiTy,IJ,a {68) npl1BO,lJ,I'IT 

rCVb) 
K llll1pl1He pacna,D.a "' .. :C-Jr = '7, 6 MsB, B TO BpeM.R KaK 3KCnepl1MeHTB.Jlb-

HOe 3HatleHI1e r~~n~~ = {8,9 ± 0,3) MsB. He,IJ,aBHO aMnJ!l1Ty,IJ,a nepexo-

,IJ,a ~ ..... 3~ (ibJJia 113MepeHa B 3Kcnepl1MeHTe no o6pa3oBaHl1IO Til10HHblX nap 

np11 pacce.RHl1l1 OTpl1~aTeJibHbiX n11oHoe e KYJIOHOBCKOM noJie .R,D.pa/'7°1: 

T ;:~ {1~ -= Q") = 03,0 :!: c, 9 ± I ,3) rsB-
3

• ('70) 

3Kcnepl1MeHTB.Jli>Hoe sHatteHHe ('70) l13-2a 60Jibi1111X cTaTMCTiftleCKO~ l1 clfCTe

MaT!ftlecKO~ o~r60K He n03BOJI.ReT npoeeplfTb Hli3K03HepreTl1tleCKyiO TeopeMy 

{6'7) c Heo6xo,~Mo~ TOttHOCThiO. B pa6oTe/'7I/ paccMaTpHBB.Jlacb poJib ~opM-
~aKTopa J'ill "i -eepW11Hbl npl1 OTil1Ca.HI1l1 npo~eCCOB r ... ~Qj , 141 ... 3~ 
B MO,IJ,eJil1 BeKT<lpHOH ,IJ,OMl1HaHTHOCTl1. 0,IJ,HaKO B 3TOII pa60Te He yttTeHO CMe

WifBaHife nceB,IJ,<>CKB.Jl.llpHb!X l1 aRCifaJlbHO-BeKTOBHbiX Me30HOB. EcJIIf JKe yt~ecTh 

O,IJ,HoepeMeHHO <POpMrf'a.KTOp 1-:s;.;r. -Bepi1111Hbl/'7 I 11 ..-A -cMellii1Ba.HI1e, To 

noJiytllfM T t:~" ~ i.ft eo/lit.:r.t r;), liTO pa,li,I'IKB.JlhHO oTJil1llaeTc.R l1 oT 3Kc

nep11MeHTa, li O'P npe,IJ,cKa3aHI1.R HI13K03HepreTl1llecRotl TeopeMW { ffi). C TOliK!i 

3peH11.R TeOplfM e~e He .RCHO, .RBJI.ReTC.R JII1 yKa3aHHa.R npo6JieMa CJie,IJ,CTBI1eM 

,IJ,BOtiHOI'O ClleT.l. lfJIM JKe CYJljeCTByiOT KaKMe-TO ,D,pyrl1e, 60Jiee I'Jiy60Kl1e ¢11-
3Mtl8CKl1e npMqiHbl o6cyJK,D.a8MOI'O TipOTI1BOpelii1.R. 

TaKl1M o6)asoM, eeRTopHa.R ,IJ,OMl1HaHTHOCTh no3BOJI.ReT He TOJibKO aoc

npoH3BecTl1 p.R,J; pe3yJibTaTOB, nOJIYtleHHbiX C nOMO~b!O JiarpaHJKHaHa { 64), HO 

K npKBO~T K iOBb!M cJie,IJ,cTBl1.RM. 3To nepeHopM11pOB¥.a nceB,IJ,OCKB.Jl.RpHbiX 

Me30HHbiX noJie1 ~CJie,IJ,CTBl1e !iX CMeWl1Ba.HI1.R C aKCl1B.JlbHO-BeKTOpHWMl1 nOJI.RMl1, 

a TaKJKe B03MOKHOCTb OTI!iCb!BaTb CI1JibHDie l1 3JI8KTpOMai'Hl1THble npo~eCCbl C 

vv :a -, VVI/q; - 11 V.:nq; or -nepexO,IJ,aMl1. JierKO 3aMeTl1Tb' liTO KB.Jll16-

poBOliHO-l1HBapiaHTHOe 0606~eHl1e JiarpaHJKl1aHa i.\N'i {25) 6y,IJ,eT Oni1Cb!BaTb 

TaKl1e npo~eccx, B KOTOpbiX He COXpaH.ReTC.R npOl13Be,IJ,eHHe TaK Ha3DIBaeMblX 

"aHyTpeHHHX" 'leTHOCTeli t~acTl1~. BHYTpeHH.R.R lleTHOCTb llacTl1~hl onpe,D,eJI.R

eTc.R CJie,IJ,y!Ol1111~ o6pa30M: OHa Cl!I1TaeTC.R paBHOt\ +1, eCJ!l1 noJie llaCTl1~bl 

npeo6pa3yeTC.R KaK 06b~bl~ TeH30p COOTBeTCTByiO~ero paHra, 11 paBHOtl -1, 
ecJ!l1 ee noJie Jpeo6pa3yeTc.R KaK nceB,IJ,OTeHsop Toro JKe paHra. B cooTBeT

CTBI111 c 3TI1M )npe,D,eJieHHeM eHyTpeHH.R.R lleTHOCTb ncee,IJ,OCKB.Jl.RpHb!X 11 aRcH

B.JlhHO-BeKTOpHxx M830HOB OTpM~aT8JibHa, a ,IJ,JI.R t-KBaHTa l1 B8KTOpHb!X 
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M83::JHOB - llCJIOJKiiTCJlbHa, KJ1pa.Jibhb18 aHOMa.JIIH! l103ll0Jlf!IO'I' Ol111C<.Tb lll11p0KI1M 

Kpyr npoL~eccoB c HecoxpaHeHHeM BHyTpeHHeJ.1 T.:ICTHOCTI1. 3To - parJ,I1!l.L\110HrJhle 

pacna,D,bl nceBP,GCKa.JiflpHb!X M830HOB '!•"!'_., :l~r ; pacnu,n;bl Bel'TOpHb!X Me::JO-

H~B!•"'•~-"\Ii¥, J:."'•'-S-."fY• ~..,.3Je-; pacna,n,u "'/....,.,..,r, 
i_..!t 11T.n. 

l\11pa.JibHbl8 aHOMa.JII111 B Cv!JlbHb!X 11 pa,ll,l1!l.L\110HHb!X pacna,D,DX MC3UHOIJ pac

CMaTp11Ba.Jli1Cb B paeloTax/5 • '71-75/. Pe3yJibTaTbl tmc.TieHHb!X pac,IeToB 113 1Ja3-

Hb!X pll.ClOT cpaBHI1BalOTCf! C 3KCnepHM8HTa.JibHbiM11 )J,aHHbiM11 B :•a6JJ:. 4. 
Bll,lUio, T.:ITo K11pa.JibHble aHOMa.JII'IH xopol!lo onl1cbiHa!OT W11pOKI'lti ,11,1111Jla3oH !!epo

f!THOcTetl pacna,D,OB B8KTCpHb!X I'! l1C8B)J,OCKa.JIRpHb!X M830HOB C HE!COXpaHeHifeM 

BHyTpeHHeJ.1 T.:I8THOCTI'l, 

Pacna,n, 

.J -+'Ei ~ 
c..l .... \li~ 

'S~~~ 
J' ... l¥ "' ..... ,r 
'\-t'H ,, .. ,.,~ 
, ... !~ 
..., ...... hr 
'! ... ~ 
, ...... ~.s~ 
,. .... 2 .. ~ 

3.2. 

.AHOMaJI:&HI:le pacna,n,bl nceB)J.OCKanRpHb!X 11 BnKTOpHb!X 

M830HOB 

r (KaB) 

Mo,IJ,eJib aHOMaJibHbiX KaJIH6poBOT.:IH0-11HBapl'!- oKCIIep11MeHT 

KBapKOBbiX neTeJJb aHTHoe o6o611ieHI1e (CC!,JJIKH B 

/72,?3/ f.w~/75/ /72,73,75/ 

86,8 '75 6b :~ 8 

804 633 661 ~ 50 
6,3 5,8 ± 2,1 

54 42,5 55 ·t 14 
6,4 2 3 ·t 2,5 
80 66 63 t 8 
9,8 9 7,8 ~ 1,4 
97 90 84 t 4,5 
6100 8930 890) ~ 300 

702 677 ± 69 
0,084 0,036 0,012 ± 0,006 
82,7 82 91 t 29 

Kt.~t -pacn8.,11,1>1 
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r ,IJ,8 k , r- , ("+ - 4-J.IMflYJibCbl t+ -, 'ii- - J.1 ;r,+-M830HOB; 

aKCl1UJ!bHble mupMq,aKTOpbii h- B€!'TOpHbiA lfx>pMifJa.KTOp. 
0cHOEHol1 BKJia,IJ, B aKCJ.Ia.JihHble ¢opM!flaKTOpbl f , 1 , t 

Hoe npM6JIJ.I*eH~e (,Il,l1arpaMMbl pMc.3a,6): 

I .,.,IC r.; "'JC t. P+ 
t ... ,,:- 'l: \IZ - -+-L- ' 

•t .r; ~ ~ F. ""'l - l 
'I.C: r,_ .r, IC J 

r,IJ,e y::: ft.- f• -r- - 4-l1MflYJ1hC JI8I!TOHHOt1 napw. 

I. 1. ~ -
,IJ,aeT .~peBGC-

1~~· "+ ', 
~ ...... 

''.:s;-

,~ ... 
\ 

' \ \ 
' 

\(:+ 
y 

~:~. 
"" ... , 

'\Ji-

Q, 
[ g 
Puc.3 

8eKT0pHb:l! tlJopWfaKTOp CB5l.~aH C UliOM8.JtbHbiM TOKO:A 

npe,IJ,cTaBneH B ( 21) nocne,IJ,HJ.IM cJia!'aeMhiM 

{ ... 'l")~ Jlc ~ ( \ "- ' 
M :. - --- E_lfYoAf' Vl )\ il\\< 'tiot'li& } = 

I ~T%filf~ I I 

= - --:,lie a 1../'V""~ Dtt.., (lac.., J"'liQ lt-lib J,- .:r,C: 
. 1 •. '1\.t F ... 

~~~ 4··~ 
( .J )/' 1 KOTOpb1!1 

l1 OI<pcllcJIHc'I 6opHOBCKYIO ,~;ucorpa:~My, pMC.3B. 8Ta ,IV!arpaM~Aa Ofli'!CbiBaeTCH 

narpaH~l1aHoM Bl1,IJ,a 

1 G (";iv)-4 .. •.s-r- ( 1 
ol.., -= _£. ~-....Be _, I' L e (I' -\.+(c) Yce~ l = 

{2 
; £tv• f , 'i -

:. GF~Be 4'11zp J"~ J.c'1i•df.:~-leil'{i+J'.r)Y,~}1• ... ., 
CooTB8TCTBYIOWI!l1 BeKToprlb!tl <'top~.ITaKTop 

k ""- -Ii ( ""IC)! = -2 6E (II) 
% ? "" ' • \li -<. r 'II 

TotiHO TaKol1 :Ke pe3yJihTaT 6hiJI nony'lleH s/'7 6 / npH Bbl'lll1 cneHl1l1 aHOMaJihHDIX 

KBapKOBWX HeT3Jih. Pe3yJihTaT (?!) npeKpacHo cornacY,eTcH c 3Kcnepv.MeH-

TaJibHbiM cf;opMq'l.K'I'OpOM h_ 3KCfl. = (-2,68:!: 0,68/61~ 
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3.3. Pacrra,IJ,hl K ... 2n; 

B rrpo~ecc IC~ ._. <n + ;:r• ( ,IJ,aJOT BKJia,IJ, .n.sa Mexa.HI13Ma: TOpM03HOe 

H3JiyqeHHe ~·- 11 \1~ -MesoHoB B pacrra,IJ,e j(+,..l7+(J1• . 18 - brllfe-t 

b'ter>~r.fzu,.t,f,.,a- ) 11 CTpyKTypHoe H3JiyqeHI1e ( l)f -cl;t>«f e"'/UiDfc, ) , 
He CBR3a.HHOe C TOpM03HblMH rrpo~ecca.MH. Pacrra,n. 1(-+ _.. Ji .. li" ITO,ll,B.BJieH 

rrpa.BHJIOM oT6opa \AT \ = I/2 H He MOJKeT HATH TOJibKO sa c•teT rrepexo.n.os 

c I~ T \ = 3/2. 3To rrpHBO,ll,HT TaKJKe K CI1JJbHOMY rro.n.asJieHHll TopM03Horo 

H3JiyqeHHR B pacrra,n.e I(+ .. lf+n• r ' npHqeM 

TIS T(I~TI-::&/ • .l) ( f+l' -_it_\ 
IC• -: - e! ~ J ' 

... 11+'11•~ I" k:+ ..... oll.. r·r· ,. 
r,IJ,e f..r - BeKTOp ITOJ!RpH3~H tPOTOHa; k , f+ , 1- - COOTB•lTCTBeHHO 4-
HMnyJJbCbl KB.OHB., at•-Me30H8. H ct -KBa.HTa. ,1.\JIR rrpRMOrO CTpyK·~ypHOrO H3JlJ'-

qeHHR B pacrra,n.e 1(+ ... i!i+-l'J" ( TaKoro ITO,IJ,B.BJieHHR HeT, 6JJaroAapR 

qeMY B03MOJKHO Bbl,ll,eneHHe cTpyKTypHoro H3JiyqeHHR B 3KcrrepH!~eHTe. 

AMr!JIHTY,IJ,y CTpyKTypHOrO l13JiyqeffifR MOJKHO rrpe,D,CTB.BHTb "l BH,IJ,e cyMMbl 

aMITJIHT,l,ll, rrpRMbiX MB.rHHTHOro (i\ll) H 3JieKTpHqecKoro (El) ,IJ,HIIOJ!bHbiX rrepe

XO,ll,OB/'lS/: 

T
bE - _ 

"'"'" -:: J .... IE ' ~ ... \II+olj•l 111. i 

Tui. = i.e~ h~H. t..f''Yool.f' ~"~- ft<>( ~,a~ 

Tn = -t~." he'l t l;-br+r- c;·r·)~l, 

r,IJ,e hM~ , hf1. - ,IJ,e£icTBI1TeJibP.ble <f'opMijiaKTOpbl COOTBeTC"BYIOIJJ,HX rrepe

XO,IJ,OB. 8 OTJ!Hql'(e OT TOpM03HOro 113JiyqeHI1R, ll aMITJIHTy,IJ,y CTJlYKTypHoro 

H3JiyqeHHR ,IJ,aKlT BKJIB.,ll, KaK r:epexo.~I c I ~T\ = 3/2, TB.K 11 rr~lpexo)J,bl c 

\AT\ = I/2. 
AMrrJII1Ty.n.a MI-rrepexo.n.a noJJHOCTbiO o6ycJiaaJieHa BKJIB.,ll,A.Mir KHP,~rwx 

aHOMaJII1j:\ 11 onl1cblaaeTcR noJIIOCHblMH ,IJ,HarpaMMa~, p11c .4. B par>oTe/? 

aMTIJII1Ty,D,a cTpyKTypHoro EI-nepexo,D,a B pacna,n.e IC" _.. .:rr•.:~t•d· BWql'(CJISIJiacb 

B O,ll,HOITeTJieBOM ITpH6JIHJKeHHI1 KBaHTOBOH K11paJibHQj:\ TeOp11H. Buno ITOK8.3a.HO, 

qTo np11 cyMMHpoBa.HHI1 ,IJ,HarpaMM c TpeyroJibHbiMii 11 qeTwpexyroJibHWMK neT

JIRMJol, OITI1CbiBaJOIJJ,HMi1 Hea.HOMaJibHYIO qacTb CTPYKTypHcro nepexo,D,a J(-+-+.ro+.;r."i 
c I~ T \ = I/2, npoHcxo.rr,wT Hx rroJIHan B3ai1MHaR KOMrreHca.LIIW. 'l'a.KI1M o6-

pa.30M, CTpyKTypHoe 113JiyqeHHe B pB.,ll,H~OHHOM pa.crra,n.e J(+ .... +'11"J' ~e
JII1KOM o6ycJIOBJieHo MarH11THblM ,D,HITOJibHblM rrepexo,D,oM MI. 

B pa6oTe/BO/ rroJiytteHa. o~eHKa. 5 ~~~~) = I ,Sxl0-5. YlllrTbiBaJIOCb 

KHHeMa.TI1tlecKoe o6pe3a.HI1e 55 M3B < T <. 90 M3B, HcrroJib:lyeMoe ITpll 
"'+ 
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aHa.JIH3e 3Kcne]Jl1MeHTa.JlbHb!X )J,a.HHb!X/81 /. TeopeTHtiecKai! OL\eHKa cornacyeT-

CR C 3KCITepl1MPH'l'OM; 

B 3K<:ll •• s 
"bE l 

(1,56 ~ 0,35 ~ 0,50)x1o-5 /81/, 
(2,05 ~ 0,45)x1o-5 /82/ 

TaKHM o6paaoM pactieT~ no)J,TBep~,Il,aiDT, tiTO cTpyKTypHoe l13JiytieHl1e ~ pac-

na)J,e t+- ,Jj+,;r.c>t L\eJil1KOM o6ycJIOBJieHO llpRM~ :vt1-nepeXO)J,OM, CBR-

3aHH~M c aHOM1UibH~ ,!1,11arpaMMaMl1, p11c .4. AHaJJOI'l1tiHoe paccMOTpeHl1e MO~-

HO npoBeCTl1 l1 )J,Jifl pa,II,Yial\J.fOHHOI'O pacna)J,a t;_,..:r+ifi- ( , CTpyKTypHOe 

l13JiytieHl1e B KOTOpOM TaK~e IlOJIHOCTbiO OilpegeJIReTCR BKJia)J,aMH Kl1pa.JlbHb!X 

aHOMa.JlliR/83/. 

{ 
/'"" - -~-~ T. ~· .... \ t 
,,.. 

t = { 

Ts- { 

,,.. . . ~·' __ .,. 
;;:--11-- .., . ... 

t ... 

~
\ . 

J' 

r .. 
,.. 

I 

' '"S~ 

1- [ -p·~';.-~· 
4 w • l , ...... , 

.... y 
\ -...-· 

r.-j r~-, 

, ... 
v·f: 
+~ l' \ t 

\ 

' ..... 

+ ... ~·~t} . ~;~'!.( -
'"' '.,.a ... 

\ 

4
', 

_ ..... -;w-t 

+ k + 
t 

~
\ 

~ 

k' '',.,. } 

l 

+ 
K" ',"'\ 

} 

~
( t .. 

+ 
k ' 

'~' 

Pl1c.4 

B pa6oTa{/84-8 6/ o6cy~gaJJacb 603MO~HOCTb noHcKa a~eKTOB CP-

HapyweHHR B p.!.cna)J,ax k:+...., o3f+\Ji' K . B ee ocHOBe Jie~T r:pegnono-

~eHHe, tiTO B !Jiyqae CP-HapyweHHR )J,OJI~Ha B03Hl1KHYTb pa3HOCTb ~as Me~

,Il,Y TOpM03HOtl : I A. T \ = 3/2) 11 cTpyKTypHotl ( IAT \ = 1/2) aMnJ!llfTy

)J,aMH pacna)J,a \(~..., .;n+.:n" r . OTO )J,OJI~HO npli!BO)J,li!Tb K 3apR)J,OBOtl acllfM

MeTpl1l1 pacna)J, )B ~'t-') ~ ~ ~" r , o6yCJIOBJieHHOtl l1HTep~efeH!Jllet:l TOp

M03HOti 11 cTpy <TypHoti B.MllJillfTy,n,. OgHaKo B aKcnepHMeHTax 8 ,82 ,8? I Hl1 

3apR)J,OBaR ac11 ~MeTpllR, Hllf B00611\e KaKl1e-Jil160 l1HTepitepeHLj110HHble BKJia)J,bl 

o6Hap~eHw He 6~Jil1. Pe3yJibTaTw pa6oTI
79•80/il03BOJIRIDT noHRTb cymecT

B~ID 3KCnep!MeHTaJibHYID CHTYauHID. 
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)l.elkTBHTeJibHO, BKJ!a,D. KHpaJibHiiX a.HOMaJIHM, KOTOpble TIOJIIMCTblO onpe

,IJ.eJISilOT CTpyKTypHOe H3JIY'leHHe B pacna.,n.e r+~ .:s;'+i:J• f 1 CO,J'I·BeTCTByeT 

;\11-nepexo,ey, aMTIJIHTy,n.a KOTOpOI'O He HHTep<flepHpyeT C aMT!JIHTy,~oj:l TOpt.,Q3-

HOI'O H3JIY'leHHR. rlHTep<flepHpoBaTb MOJKeT TOJibKO &mJIHTy,n.a EI-nepexo.n.a, 

HO B cJiyqae CTPYKTYP.HOI'O H3JIY'leHHR c lA T \ = I/2 aHa npaK'rHqec!'H 

noJIHOCTbiO no,n.aBJieHar?9/. TaKHM o6pasoM, oTcyTcTBHe EI-nepe::o,n.a ,n.eJiaeT 

HesosMOJKHbiM noHcK CP-HapymeHHR " pacna,o.ax IC~ ....,.:s;:t ili,cl'- , nocKOJibKY 

B03HHKaiO!l\aR Hs-sa CP-HapymeHHR pasHOCTb !!'as MelK,ey TOpM03Ho:~ H CTPYJCTY.P

Hoii aMTIJIHTy,IJ.aMH MOJKeT npOSIBJISITbCSI B sapR,IJ.OBOt:i 8CHMMeTpHH :~THX pacna

,IJ.OB TOHLKO aa C~9T HHTepqepeHQHOHHWX e¢¢eKTOB, TeM He MeHee pa

Atf~OHHhlt:l pacna.,n. 1(+-.. 'li"-3" r npe,n.cTaBJISieT He MeHbWHt:l HHTepec 

KaK C TQqKH 3peHHS1 BKCTiepHMSHTaJibHOI'O H3YlleHHSI KHpaJ!bHhlX 8HOMaJIHP., T8K 

H K8K HCTO~K ,IJ.OTIOJIHHTeJibHOt:l HHtflOpM~J<I 0 H8JI8TITOHHbiX nept,XO~ax \(~, 

3.4. Pacna,u. 

Pacna.,n. \(+ ~ ~+.r r npe,n.cTaBJISieT co6otl trnCTO CTpyKTY )Hbll1 nepexo,n., 

TIOCKOJibKY B CHJIY KaJIHd'poBO~Ot:i l1HBapHaHTHOCTH 3JI8KTpOM8I'HH'PHh[X B38J<IMO

,IJ.St:lCTBHt:i BCe Atfai'paMMb! TOpM03HOI'O H3JiyqeHHSI B3aHMHO KOMTieH~Hpy!OTCR, 

1<1 TOpM03HOt:i BKJ!a.,IJ. B pacna,o. \(~..., .:si"" ~ ( OTCYTCTBye•r. AMn.IHTyll,a pac

na.,n.a '(+_,.'ll" H· onpe.n.eJIReTCR TIOJIIOCHblMH Atf8I'paMMaMH, pHC. :i, H BKJIIOqa

eT B ce6SI KaK H8a.HOMaJ!bHY1Q qacTb, CBSI3aHHY10, B qacTHOCTH,C TIOJIS!pH3y-

8MOCTb10 3apRJK8HHblX TIHOHOB H K80HOB/8B/, T8K ~ a.HOMaJ!bHhle ~1arpaMMbl C 

VVVCJt - H VVq; -BepWHHaMH. 

)l.JIR BKJia,IJ.8 TIOJIS!pHSySMOCTH 38pS11K8HHblX TIHvHOB B aMTIJIHTy,J,y pacna.,n.a 

\(+ .... 'lj+ rr (Atfai'paMMa,pHc.5a) TIOJIYtt1M Bb!palKSHHe/80/ 

T l~~r ... n., 1 ~ f 1 
~t+~"'•n .,. ~fi CF F~ l.~ ~ L dr/11.'1-t) -ls., 'f~ • 

. . ... ""K it"'" ( '1s.·1z) + Atp} , 
Wilt- ..,z f 

~ '"''~·'!'' ·l ". c t "'N .. : ~ '>.1 (<~ ~~.( 1'mjH) , 

r~., .. 
3,n.ecb ti. , e,l. H 

4-HMTiyJibChl ¢QTOHOE; 

H KBapKOBWX TieTeJib; 

1'1., 1 :t - COOTBSTCTESHHO ESKTOpb! TIOJI F!pl13~l1 l1 

~m' , }&CJ') - COO'l'E8TCTB8HHO BKT.8~bl TIHOHHblX 

~ ... (;~ .. ~~)It~""';) 
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F'Hc.5 

BKJia,IJ; noJilnu3yeMOCTl1 3apH:KeHHb!X KaOHOIJ ()l,l1arpaMMa, pwc. Sri) nporropullo-

Ha.JieH OTHOIIeHl1JO ~:/(Itt~- rlt~ ') 11 no.n:asJieH no cpasHeHl1!1l c BKJJa,noM 

noJIHpl13yeM•JCTl1 fll10HOB if'aKTClpOM ~/VII~ = 0,08. 
B 8.!10!~:iJ!bHYIO l.!aCT b mmm<Ty)l.hl pacna.n;a IC~ ~ \li1" ~ r )l.a!OT BKJJa-

~bl )l.l1arpa.,I~l, p11c • ..;, c aHOMaJibHbiMl1 VVV 1St - !1 VVa; -Beplill1HaMl1: 

1 Aif41.M. t \. ~ TCVVVor) 
~~ ... ~.,~~-= e ~fft./'l 'i..; ... 'itt (1 1 -1-t)~ "' -+ 

3 
~ l. ~ ~ T {VV<s~ )& 1 

~ iet t:?,et~~ ~s/'z-.'f' E./' ... E.!« ~la& 1t•' l ;~ l N'' ~ 
IJapl..\l1·l.71hHa.R BepORTHOC'rb pacna_n;a \("....., .n+ ~ r HBJIR8TCR CJ'M-

M0£1 BKJ!a,Il;O l []QJIRpl13Y8MOCTI1 fll10CIOB ( '& ~~ ...... GiCI') ) l1 VVVifi -' 
VV (fl -aH•JMaJIHH ( S CVV\14J') gtVV'7J') /80/. 

• ' · cvv ~ 
j51 ~~ .... ..-.sr':) = 2,5xro-7 , Bcvvv-11) = I,5xro-6 , B "'~= 5,0xro-10 . 

I1oJIHaR sepJRTHOcTh BTeop. = I,?xio-6 Bcero B ll!ITl> pda H.IIJKe Bepx-

He:ii 3Kcne JI1MeHTaJihHo£1 rpaH11l..lhl/89/: B a Ken· < 8,4xio-6 
. k"1~1r 
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PacqeThl B pa.MKax MO,D,eJm BeKTOpHotl ,IJ,OMMHaHTHOCTI1 noKa::>biBaoT, qTo ,D,OMl1-

Hv.pyiO!ill1M MeXaHI13MOM pacna,D,a 1(+_,. 1't ( ( RBJlR!OTCR K11pa1!bHbl8 aHOMa-

Jll111 VV V \S, -Tl1na. 

ITpoBe,D,eHHbltl aHaJII13 H113K03HepreTJ1qecKl1X M830HHh~ npJ~eccoa noKa-

3blBaeT, qTQ COBpeM8HHbl8 Kl1paJibHbl8 JiarpaH~aHbl, noJiyqaeMbl8 113 KBapKO

BblX MO,IJ,eJietl, B TOM ~cJie 113 KXA, B HacTo~ee apeMR B ocHJBHOM corJia

cyroTcR c 3KcnepHMeHTaJibHblMl1 ,D,aHHhlMl1. Pe3yJibTaTbl pacqeToB CB>meTanDCT

ByroT, '!TO li3yqeHJ1e pacna,D,OB M830HOB RBJIR8TCR 6oJiee 3rfxP8KTHBHblM M8TO

,IJ,OM npOB8pK11 T80p1111, qeM l13M8p8Hl18 napat<i8TpOB ME'30H-M830C!HOPO paCC8R-

HHR. 

,[iaHHir!e no ,D,Jli1HaM .:Ii'.:r;' - 11 \li \( -pacceRHl1tl He ri03BOJIROT 3a4J11KC11pO-

BaTb *8CTKO napaMeTpbl K11paJibHOPO p
4

-JiarpaH*l1aHa. ,[iaJibHetlnee nOBb~8HI18 
TQqHQCTI1 VI3M8p8HI1R ,IJ,JIJIIH ~U, - l1 ~ '(. -pacceRHI1t' CYII18CTB8HHO orpaHI1-

qeHO MO,ll,8JlbHOtl 3aBI1CI1MOCTb!O noJiyqaeMblX pe3yJibTaTOB. J CBR311 C 3TI1M 

OC06bltl 11HTepec npe,D,CTaBJIR8T nOI1CK HOBblX 11CTQqHJ1KOB 3KCTI8p11M8HTaJibHOtl 

11HTOPM~l1 0 napaMeTpax pacceRHI1R M830HOB M830HaMl1, O,ll,HI1~ 113 KOTOP,blX 

M0*8T CTaTb 113MepeHI18 BpeMeH *113H11 \ill! - 11 \ll K: -,IJ,11M8303.TOMOB/5?/. 
Pacna,D,Irl Me30HOB no3BOJIRIOT ocYII1eCTBl1Tb 6oJiee npRMYIO :::BR3b 'Ieop1111 

c 3Kcnep11MeHTOM. Hanpl1Mep, 11CnOJib30BaHI1e l1Hef'opM~I1 o lllJI!PliHe pacna,D,a 

"fl_., "f,t ..1\ HenocpC,D,CTB8HHO nO,D,TB8p*,D,aeT CYII18CTBOBaHI18 C!8CK11pMOBCKOtl 

,ll,06aBKI1 B ,mrpaH*HaH8 (!5), qTO npe,D,cTaBJIR8'f B~HOCTb C roqKJ1 3p8H11R 

COBpeMeHHb~ 11,[\etl OmiCaHliR 6ap110HOB C TIOM0!11h!O H8Jli1HetlHblX COJII1TOHOB • 

.Urunma no KaoHHblM pacna,D,aM HapRil,Y c npoaepKoi1 K>Ip9..1IbHotl KX)J.-
Teop1111 no3B0JIRIOT 11CCJie,IJ,OBB.Tb cfeHoMeHoJiorv.qecKyJO cTpyKTypy sq'¢eKTI1B-

Horo JiarpaH~aHa, OTII1CbiBaiO!I\ero HeJienToHHhie nepexo.n.hl c lA~ \ = I. 
IToKa:<aHo, qTo coBMeCTHbiti aHaJII13 pacna,IJ,oB !(...,.(.., 11 \(~~~ ,11,aeT B03-

MO)I(IIOCTb he TOJibKO pa3,D,CJII1Tb nepexo,IJ,bl c \AT\ = 1/2 11 \ AT\= 3/2, 
HO TaK*e Bbl,IJ,8JII1Tb B nepexo.n.ax c I AT \ = 1/2 BKJia,IJ,bi JieBbJK 11 npaBbiX 

~1830HHb!X TOKOB. Taxotl aHaJII13 ,D,aCT HOBYIO 3Kcnep11M8HTaJibHYO l1lllf0PM~IO 

o poJII1 "ni1HrBI1HOBbiX" ,ll,l1arpaMM B yc11JieH1111 nepexo.n.oB c l..hT \ = I/2 
B H8Jl8TITOHHblX paCrJa,D,ax KaOHOB. 

K11panbHhle aHOMaJII111 lllJI!pOKO o6cY*.n.aroTcR B JII1TepaType. Mhl paccMoT

peJII1 11X pOJib B OTII1CaHI111 pa,D,11~0HHbiX pacna,IJ,OB KaOHOB 1(-~.('r, f, 
\(_ _., \I'i ,l r • IToKa3aHO, qTQ B npe,D,eJiax B03MO*Hb!X B HaCTORJ188 EpeMR TQq

HOCTei1 3Kcnepl1M8HTa HeB03MO*HO o6HapY*eHl1e s!JxlleKTOB CP-H9.pyureHl1R B 

pacna,D,ax I(_~ _,.r,:t .r,-o ~ • CYII18CTBY'OT Ta!\*e 8!118 He ,ll,O KOHI..\a nOHRTbl& 

TeopeTI1qecKlie npo6JieMbl, CBR3aHHb1e c HapyweHI1eM HI13K03HepreTJ1qecK!iX 
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