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I. AHanH3 anreOpanqecxoa PeaHH3aUHH xupanpuoa CKMMetpuu 

.una we30HOB c GPr-if=-+ .i. 

BaKuOepr III noKaaan, qro anre6paHqecxue acneKTH KHpanLuoa 

clDOoletpHH B03HHKaDt H3 tpe6oBaHHa pa3yuHoro acmmtot~o~qec.xoro no

Be~euHa aMDHHTY~H pacceaHHI Bnepe~ 6e3MaCCOBHX DHOHOB Ha npOH3-

BOHLHHX qactHnaX. 

O~HaKO H3 ero paOotH uenocpe~ctBeHHO ue cne~eT npHMeHH

:u:ocn anreelpaHqecxolrt peaJIB3allHH KitpMLHOI CBWetpHH (APKC) K ca

MHM nHoHaM H ~pyr~P~ uectpaBHHM we3oHaM c G P( -1) J = + 1 , t. e. x 

qactHna:u:, y xotopHJ!: G .. qexuoctL coBn~aer c "uo~MMLHOCtLD" 
P (- i)J, ue P - 'npoctpauctBeHHaa qetuocn, a J .. cnuu. llpHMeHe

ne o6111ero Jieto.-;a:au~HH3a acH14IItOtHKH a:u:nJIHty~u pacceaHHSl III 
oOocBoBaHo B tex cnyqaax, xor~a rp~HKH npoueccoB co~epzat He 

6oJiee ~BYX DHOHBHX JIHHHI, B aMOJI~TY~H ynpyroro H Heynpyroro pac

ceaHHJI DHOHOB Ha nHOHAX H ~pyrHX M630HaX C 6 p(-i) J;: + i ~t 
BKJiaA KOHtaKTHYe H DOnDCHY6 ~HarpauMY C 3 H 4 DHOBHYMH HH

HHJIMHe ACHIIIItOtlmS. taKHX rp~HltOB tpeQyeT CDeUH:aJII>HOrO HCCJie~o

BAHHJit DOCKOHLitY B3aHMO~eiCTBHJI 3TKX qactHU C DHOHaMH B KitpaJILHOI 

~HHaMHKe HMeDT cneuu~qecxHe ocoeleuuoctH. B o6111e~ aHaJIH~e III 
3TO He npHHHUaetCI BO BHHMaHHe, Tell He :u:euee, ~OpMaBLHOe npHMe

HeHHe coonomeuHH APKC x coctOJIHHHM A1. 1p, Ti H 6 we3oBOB co cnH

panuocnD ~ == 0 ~aet y~oBJietBopzteJILHYe pe3yJI!ItatY III. 
Mu Hccne~ew Bonpoc o npHMeBBMOCTH APKC x we30BAM c 

G P(-i?=+ i . Uenecoo6pa3BO uaqan c nepeqHcJieHHSl ocHoBBYX 

npe~oJiozeuHR H pe3yJILtatoB APKC Ana o6111ero cnyqaa III, 
Balrtuelepr paccwatpHBaet B KKpaJILBOirt ~4MH1te 121 npouecc pac-

ceJIBBSl Bnepe~ lt.(C"f)+ J{P,AJ-TI8(q/J+j(P: A1
) , r~e J Hj -

J 
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Jlll6He ttaCTHll,ii,o I g - H30TOflHti6CKH6 HR,li;6KCll ITHOHOB, Ma.CC8. KOTO

pUX CtiHTaeTCli paBROirt RYJlllo J3 KOJIJIKHeapHOirt CHCT6M6 OTCtleTaPr=={f>.,,-nP)1 

P. '~m'- yt p') a."= n,. W, a~:::: n,.. w' (I fll ==no-= i ) 
,.. o, , -v -v , 
cyTL 4-mmyJILCll'J.t]) I no. K Tis COOTB6TCTB6HHO, a A H A - cnH-

paJII>HOCTH J H j3 • 3aKoHu coxpaseHHH ,ll;allT paB&HCTBa: Po+ P == 
Po'+P1:::: E H ~ = /\' • AwlJIHTYAa paccestHHft JJp&1J-a. (W)) BlltiHCJia-

eTca B npH6JIHX9HHH ,11;8p8BL9B H3 KHpaJILHO-HHBapHaHTHOrO JiarpaHIH-

aHa. 

JilHHm,(8.JlLHaft n JT ol J3 CBR3L B KHpaJILHOlrt CID0.{9TpHH ID469T CJI9-

,ll;yDJaKirt BM /1/: 

2 Frr-2 Jf4 · (tr ~-a~ ff), (I.I) 
...,. 

r,11;e J"' ecTL 6HJIHHe~uaa no J 
1 
j3 ~:~acn H30TOnHt~ecKoro BeKTOpHoro 

ToKa; a Fn::::::: 190M e. V - mwHHast pacna;r.HaSI KOHCTaHTa. 3To B3aHMo--
,11;9lrtCTBK6 onpe,ll;eJISI9TCft e;I{HHOlt ,li;JUl BCeX noJielrt, rtpOM6 ITOJISI n 
tl>opuolrt KOBapKaHTHOlt npOH3BO,li;HOlrt /

2/ H ,11;8.6T BKJia,ll; TOJILKO B aMnJIH-

Ty,li;Y c RsocnKHOM T::::. i B ·t -KaHane: 

8i Fn-2 (W+W')c 6o.&c CI )p.,t. (1.2) 

~ I 
r;l{e lc - uaTpHua HsocnHRa. · 

BsaKMo,ll;elrtcTBHe nHoHa c ;I{ByMft. ,11;pyrHMH qacTKuaMH oL 1 )3 onpe-

,ll;eJiaetca BupaxeHHeM: -
-- Frr-1 Jsf · JJr IT , (1.3) 

·-B KOTOpOM ]Sf" eCTL 6liJIHH9lrtHaR nQ J.f> tlaCTL aKCHaJILl!OrO B6K'J:Op-

HOrO ToKa. BBO,li;KTCR uaTpKna nceB,li;OBeKTOpHolrt CBR3H Xa (A) III: 

4 E [ Xa( ~) J_pc~- bAA' =::(2TTf~{4PoPo' /'lY1,. <P'A'j31 J~~ I P AJ) , (1.4) 

4 

flBJllli0~8.RCR <lJOpM<lJ8.KTOpOM TOlta ~~-f'\ 
BalrtH6epr Tpe6yeT, t~To6bl cyuua 

,11;.'!.11 pacceHHHSI Bnepe,D; TT +.t ~IT+ j3 

npH (p 

BCeB031 

B 

He Xylll:e, 'li9M aMTIJIHTy,IJ;a B TeOpUH Pe,IJ;l!C9e 

•ror,n;a H3 aunmny,n;u c T = i B t -~ 
l!OllleHHe III: 

[ XJ\), XsOl] == l £~ 6c T(: 
BOCCT8.H8.BJll1B8.10lJl9e ,li;Jlil COCTO.RHUit C onpe,D;CJI( 

KJiaCC11tPHKalU110 no ~pynne SU2 'f. SU2. 
AMnJII1TY,IJ;a c 'T:::. 2 D t -KaHane .n;ae~ 

2. 
BbliA onepaTOp m . , KOTOphli1 MOlKeT 6blTb 3aHI 

JIS!pa H tiCTBepTO~ KOMTIOH9HTbl K~paJILHOrO Be: 

m2
:::: m: + m:. 

Harnett neJI:bJO .HBJISieTC.fl TIOJIYli9HI'!9 COOTH 

HHX COCTOSiHI'!il c A=- 0 H G p{-iF- t-. 

~3-3a TPYAHOCTelrt aHaJIH3a npouecca pa 

HOB B paOoTe /1/ paCCMaTpMnaeTCII noBe)(eHI1 

- 012-_ Q p2- m2. p'z_ mL - -v - ' - .,;.. ' - } • 
,IJ;oBaHHH npoueccos pacceaHHSI nv.oHOB Ha nne 

GP(-i)J=+ 1 conceM He o61!3aTeJJbHO Clll11 

BllM11. AHaJIH3 acHMnTOTHKH rp~HKOB, co.n;ep~ 

Jli1H11lrt, Y,IJ;06HO npOBOAI1Tb BHe MaCCOBOH nOBE 

MHX m1oHoB 1ft. .. ( 4) 11 lTg (~}. Mbl 6yAeM Bl:lliUCJ 

Hl1li Bnepe,D; 113 JiarpaHXI18.H8 ,li;JISI MaCCHBHblX T 
I 

eo acHMilTOTHqecKoe noBe,JteHHe npH qv. ~"....,. 
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~,o I g - H30TOITHt!eCKHe HH,IteKC!l ITHOHOB, Macca ROTO

TCSI paBHOll HYJII>o J3 KOJIJIHHeapHOll CHCTeMe OTCt!eTa Pr==(f'.,,-nP)1 

'J, q,l"==n ... w, q~.:== n,.w' (lili=n.,-==i) 
yJILCll. d-J) 1 TTo.. H Tis cooTBeTcTBeHHo, a A H ,\

1 

- cnH-

R j3 • 3aKoHll. coxpaueHHH ,ItaDT paB&HcTaa: Po-t P == 

A = A 1 • AwlJIHTy.Ita paccenHHil J)p B, c~-o. (W, t\) B!iqHCJIIl-

OJIHZeHHH ,ItepeBLeB H3 KHpaJILHO-HHBapHaHTHOrO JiarpaHIH-

JILHaaTI TT J. J3 cBSISL B KRpan:r.Hoa cm.n~erpKH HMeer cJie-

111: -F:;-2 J · tff ~- a/J1) 
rl ~ ' (I.I) 

TL OHJIHHeHnaa no J. 
1 
J3 qacTL HsoronRqecKoro BeKropaoro 

:::::: 190M e. V - m.foHHast pacnll,li,HaSI KoHcTaHTa. 3To asaRMo--
npe.n,eJISieTCSI e,ItHHoa ,ItJUI acex noJieR, KpoMe noJISI T7 
apHaHTHOR npOH3BO,ItHOil / 2/ H ,Itaer BKJia,It TOJILKO B aMTIJIH

CITHHOM T == i B ·t -KaHaJie: 

2 (W+W 1
) c [(J.&c Cfc )p.,~. (1.2) 

MaTpH~ H30CITHHa. 

O,Ite;iCTBHe ITHOHa C .ItBYMSI. ,ItpyrHMH qacTH~K oL ,)3 Onpe-

BllpaZeHI1eM: --- frr-1 J5f. J)riT 
(I.J) -]5!'"- eCTL 0IiJili1He;!HaSI nQ J.f.> qacTL aKCHaJILHOrO B8KTOp-

• BBO.ItHTCSI MaTpH~ nceB,ItOBaKTOpHoa caasH Xa {A) III: 

~) JpJ. s H 1 ==(2TT)3{4Po P.)' r~zn,. <P'A'j31 Js-~ I p A<il I (1.4) 

4 

.,... 

I · 2 
SIBJISIJOU1aSicSI <jJopM<PaKTopoM TOM ~....)~ npH (P- P') ::::0 

BaRHOepr TpeOyeT, qToOI:l cyMua 

)I..'!SI pacceSIHMSI Bnepe,It rr +.,(~IT+ j3 
BCeB03MO~HHX rpa~HKOB-,ItepeBLeB 

BeJIO. ce6SI ITpH W-~ 00 

He xyl!i:e, '-!eM aMTIJil1Ty,~ta B Teopmr Pe,~tJKe. 

'for,Ita HS aMnJIHTY.l\Ll c T = i B t -KaHane no.rryqacTcSI cooT

l!Oll!eHHe /l/: 

[ XJ;\), XsOl] == l tC\6c lc, 
BOCCTaHaBJil1BaJD!Ilee ,l\JI/1 COCTOSIH.I-Iit C onpe.n;eJieHIIOit cmtpaJILHOCTLID 

KJiaccMqmKamm no ~pynne SCl2 Y... SL\ 2 

(1.5) 

AMnJIMTy.n;a c .T ==- 2 Il t -KaHaJie .n;aeT orpanHI!eHJISI ua Macco

B!iil onepaTOp m 2. , KOTOphiH MOJKeT 0JXTb 

Jiapa H '-!eTBepTOH KOMITOHeHTIX K~paJILHOro 

sarmcau D BH.n,e cyMMI:l cKa

neKTopa /II: 

m2
== m:+ m:. 

(1.6) 

Haurcn lWJibJO RBJISieTcSI nony'-!eHHe cooTnomenHl\ APKC .D.JIII MesoH

HHX COCTOSIHHia c A :::. 0 H G p{-iF- t i . 
l13...;3a Tpy.n;uocTel\ aHaJIHSa npouecca pacceRHHSI MaCCMBHI:IX nl!o

HOB B paooTe /l/ paccMaTpHnaeTcSI noBe.l(eHMe aMnJiriTY.Itll rrpH 't2 
:=: 

,2. 2 2 '2 m··L ::: q; =: 0 , p = m,.,_ , p = } • i3 TO JKe Bpe!~Sl np:! HCCJ!e-

.l(OBO.HHH rrpoueccoB pacceRHMSI JllilOHOB ua mtoHax H Apyri•x Mesouax c 

G P(- i))= + i conceM HC oOasaTeJILHO cqHTaTL ace nHoHJX 6e3Macco-

T 

nmm. AuaJIH3 acm.mTOTHKH rprujlHKOB, co.n;epl!i:a!IlHX 6oJiee .nayx ITMOHHI:lX 

JIHHHit, Y.l\OOHO rrpOBO.li,HTL Bile MaCCOBOH ITOBepXHOCT.I-! .l(JISI pacceHBae

MbiX ITI10HOB lT. ( 4) l1 lTg rq }. Mil 6y.Ii,eM BLII!UCJISITL 8.MITJ!l1TY.liY paccenna

HHSI BITepe.n; !13 JiarpaHJmaHe ,ItJISI MaCCHBHI:lX ITHOHOD, a 3U':£eM 113J'-IaTL 

a a I 2 12 
ec aCHMnTOTHqecKoe noBe)tei!He npH v"· Y'- :X} I ~ ::: q; = 0 ) HO ua 

5 
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MaCCOBOlt noBepX!lOC'Ill )J.JISI ttacntU MIDU6HH, B TOM tlllCJie H nHOHOBo 

ilpn TaKOM paccMoTpeHRH M~ npeHe6peraeM JIHWb uaccolt pacceHBaeM~X 

6~c'Ip~x nHono:B. 3To no3BOJISieT o6oitTH TeXHHttecKr1e Tpy,D;I!OCTH H 

llOJiyttHTb COOTHOWCHRH APKC )J.JIH MaCCHBH:biX nHOHOB • 

PacCMOTpHM npouecc pacceSIHHH nHOHOB Ha nHOHaXe B 3T0ll CJiy

ttae MHHHMaJibH06 KOHTaKTHOe B3aHMO,II.6KCTBH6 MOX6T 6&Tb nonytteHO 

113 nHOHHOrO narpaHXHaHa /
3, 4/: 

l.(;}) nt:=~ ()rr. ]-" + JrTi. j") 
2 tJ. 2.1"'rr r r ·'r sr ' _ - ji.7) 

f7'\ ·n n /21 J rr 
r,IJ.e cJJ,.,. I - KoBapnaHTHaH npon3BO,IJ.Haa nonH , a .. ::: 

_,. _. _.. 'll , _. I. 

==2TfJ~.()1'\TT+ .. n J5,..==--Frrd,.. TI+Om 3
J - BeKTopH~a n 

aKCHaJ!b-

HO-B8KTOpH~lt TOKH )J.JISI llHOHOBo 3TO B3aKMO)J.e~CTBHC HMCeT 6onee 

CJIOXHYIO CTpyKTYPY no cpa.BHCHHIO c1TfTJ..j- CBH3b'll (I.I), KOTO

paa CO,II.CplmT JIHWb npOH3Be)I.CHHC 6H.IIHHCltHHX no llOJllU.! J':OMTIOHCUT BCK-_. -n .. lf -·tr 

TOpHb!X TOKOB J,... H Jl"' • ilp0113Be)J.CHH6 Js~. J)f"' BKJIJ)ttaeT l!JleHLI 

·n" nop~Ka 
1 

ue nMeiO~ne aaanora B o6~eM cnyttae. rrosTouy MHHH-

Ma.JlbHaa KOHTaKTHa.fl. aMTIJIHTY,IJ.a lTTI - pacce!IHHII, B OTJIHt!HC OT aMTI

JIHTy,II.H (1.2), nepeHOCHT H30CTIHH 0,1 H 2. 
Cne,IJ.yeT oTMeTHTl>, ttTO IB uam.eu auaJIH3e rumnnTy,IJ.a pacceaHHH 

BHC MaCCOBOlt noBepXHOCTH )J.JISl paCCCHBaeMLIX llHOHOB 3aBHCHT OT B~-

6opa noneBb!X nepeueHBLIX, KOTOpb!lt onpe,IJ.enaeTCH BK,IJ.OM HeJinHeltuoro 

n /2/ 
KnpanLHoro npeo6pa3oBaHHH nona • 3Ta 3anncnuocTL nct~e3aeT, 

eCJIH Ct!HTaTb Bee llHOH:bl 6e3MaCCOBLIMH HJlll paccuaTpHBaTb auTIJIHTYAY 

ua.!&accoBolt nonepxHOCTH ,IJ.JIH scex t~acTHU. MLI 6y,IJ.eM npoBO,IJ.HTb aHa-

JIH3 B HCJIHHCilHOlt 6 -MO,IJ.CJ!lri /
3 '7/ • 

ilHOH-llHOHHOC paCCCHHMC npl4 mTi :/= Q. CBH3aHO TaKI:C C Hapy-

WCHHCM KHpaJibHOll CHMMCTpHHo PaCCMOTpHU B HCJ!HHCltHOlt cJ -MO)J.6J!ll 

6 

3qxpeKTHBHbllt JiarpaHXW111, BKJ!lutlaiOll\Hlt Ml1lll1M.8J!bHOe 

CIBHC (1.7) COBMCCTHO C HapywCHHeu, KMC~~HM. Tpa 

cnol\CTBU !130C};a.'lSipHOlt KOWIOHCHT:bl npe,II.CTaBJICHHSl I 

BUt!HCJIHM BHC MaCCOBOlt nODCpXHOCTH )J.JISl paCCCHBae 

rai<THble aunmny)(hl TITf pacceSIHHSI nnepe,IJ. B -t -

1
1 1:::1 - 8 c-2r· . ' -.\ 1'\6, MO.-- I Ti w + cu) t C(dC ( f\.C tY\ 

T-2 c-2 2[ · )) n; IV\ ex U) lrr m11 /V(A/-t- 2) -3 J 
r )I.e m 

1 
tl - l130TOlllr1lleCKne HH,IJ.eKC:bl Mlr1W6Hl1o AMnJ 

2. 12. 0 p2 I)IL m2. 
BC..CTCSl np11 q. :::. q; ::. H ::. -::: IT • 

2. 
ilp11 BbiBO,IJ.e COOTHO!lleUHR ,l(JISl m (1.6) B AJ 

11CllOJ1b3yeTCSi TOT ¢aKT, liTO BKJia,IJ. KOHTaKTHOrO B: 

n aMIIJIHTYAY c T ==- 2 paBeH uyn10. Jlna 6eaMacc 

HMO,II.CltCTBHe (1.7) Tai~Xe HC )(aCT BKJia,IJ;a B KOHTB 

TITf pacceSIHHSl c T= l . B cnyt~ae mif t- () )I. 

uomeHHR APKC cne)(yeT noTpe6onaTh, t~To6u B~pa~e 

,'lOCl> B HYJII> HC38.Blr1CI1MO OT llOJIIJCHOll 'tlaCTU 8.1.1TIJll1 

Tor,IJ.a KonTaKTH~e aMnJIHTYAhi TITT- pacceSIHHSI c l 
HO BHllCM He dy,IJ.yT OTJ!HtlaTbCH OT COOTBCTCTBYilll\V. 

ll\OM cnyttae TT t J.. _., Tf -t J3 • 11:3 :noro Tpe6oE 

HO~ 6 -MO)J.CJIH nonyqaeM orpaHHt~eHHO (1/:::: i , 
KHpaJ!bHOR CHM116TpH14 C Tpll.HCqJOpMaUHOH!IbiMH CBOK< 

npe,II.CTQ.BJ!e!U!Sl {1f2. 
1 

1/2 ) • fiOCKOJlhKY B~paxem 
aMIIJIHTY)(~ TIlT pacceSIHlHl sue Mace on on nonepx1 

Bbl6opa noneBhiX nepeueHHNX,TO npn JID60M ,IJ.pyroM 

7 



lrt !10BepXHOCTU ,D,JISI ttaCTHU MHilleHH, B TOM 'IHCJie H 11MOHOB 0 

OM pUCCMOTpeHHH M~ npeHedperaeM JIHWL MaCCOR paccenBaeM~X 

m10HOB. 3ro nosBoJiaeT odolrtTn rexHn'leCI(!1e TPY.D.HOCTH n 

b coorHoweHna APKC ,D,na uaccnBHHX nnoHoB. 

CCMOTpKM npouecc pacceaHHII 11HOHOB Ha 11HOHaX. B 3TOU cny

HManbHOe KOHTaKTHOe B3aHMO,D,eHCTBHe MOXeT d~Tb 110JIJ'leHO 

Horo narpaHxnaHa 13 , 41: 

IT )2 := .-k { J1T· J-rr + Jrr;. j" ) 
lt-rr r r .')r sr ' -Tf - KosapnaHTHaa npon3BO,D,Haa nona 

ff 121 l~· 7) 
' a J == ,. 

_.. ,.iT - ..... 

(),JT + . . n J5r:::.- Frrd .. 1T +om 3 ) - BeKTOpH~Irt H axcnaJIL-

opH~n TOKH ,D,na 11HOHOBo 3TO B3aHMO,D,encTBHe HMeeT donee 

crpyKTypy no cpe.BHeHHIO cTfrfcJ..j3- CBII3bD (1.1), KOTO

eplltHT nHWb !1pOH3Be,D,eHne dH.liHHelrtH~X 110 !IOJ!Jll.! KOM110HeTIT BeK-
_. -·rr .. If -·tr 

TOKOll Jr H Jl"' • IlpOH3Be,D,eHJIIeJ_f~. J)f'- BKnD'laeT tJneH~ 
·n" 1 ue HMeiDlliHe auanora B OdllleM CJ!yllae. IT03TOMY MHHH-

KOHTaKTHa.fl aMnnnTy.l(a iTTI - pacceaHHH, B OTJ!HtiHe OT a.Mit

(1.2), nepeHOCHT H30CI1HH 0,1 H 2. 
e,D,yeT OTMeTHU, 'ITO B Haw. eM aHaJIH3e a.MilJIHTy,D,a paccel!HHII 

I 

COBO!rt 110BepXHOCTH ,ll.J!H paCC6HBaeWHX IIHOHOB 3aBHCHT OT B~-

JieBUX nepeMeHH~X, KOTOp!»lrt OIIpe,D,eJiaeTCR BH,ll,OM HeJ!HHelrtHOrO 

n /2/ 
oro npeodpasosaHna nona • 3Ta saBHCHMOCTb ucqesaeT, 

HTUTb Bee 11HOH~ de3MaCCOB~ HJ!H paCCMaTpnBaTb aMIIJ!HTY.D.Y 

OBOR IIOBepXHOCTH ,D,na BCeX tiaCTHUe Mu dy,D,eM IIpOBO,ll.HTb aHa

ennHelrtHolrt 6 -uo,D,enn /3 '7/. 

OH•IIHOHHOe paCCOHI!He !Ipl4 m1T :f:: Q. CBR3aHO TaKXe C Hapy

KHpanbHOirt CHMMeTpHHo PaCCMOTpHU B HemmelrtHOirt 6 -UO,D,eJIH 

6 

...... 

3qxpeKTHBHhllrt narpaHXUa!l, BKJ!lutta!OJIIHR MJIIllMMCJnLHOO ·r;rr -B3aY.MO,ll.Cirt

CTBJIIC (1.7) COBMCCTHO C Hapy~eHHOM, MMC~~MM TpaHC~OpMaUHOHH~e 

CBORCTBa 1130CKa.'lapHOH KOWIOHCHT~ npe,D,CTaBneHJIIll (/vf2/Vf2) 121 • 

BUt!HCJI11M BHC MaCCOBOK 110BepXHOCTI! ,D,na paccensae:..!J»X 11HOHOB KOH

Tai<TH~e ru.mnury,D,hl TITf pacceaHHSI anepe.D. B -t -Kanane: 

11 T=l - 8 c-2(· . f -
.\I'\6,Mo..-- 'rr Wtcujt{()..ec("-cfY\. 

(1.8) 

j):;,~Q uJ ~-2 m~[A/uvr 2)- 3 J 
(1.9) 

r,D,e m 1 n_ - JII30TOllH'leCKUS HH,D,eKC~ M11l!IOH11o AMnnJIIIy,D,a paCClllaTpH-
2. .2._ 0 p2-)'2.-VV\2. 

nc.eTca np11 ~ ==- Lj., - H - I - ' ' 'rr • 
2. 

Ilp11 BUBO,D,e COOTHO!lleHHlt ,D,na m (1.6) B APl\C CY1116CTB61IHO 

HCITOnbsyeTCII TOT ~aKT, qTo BKna,D, KOHTaKTHOrO B3a11MO,D,eltCTBHll (1.1) 

n aMnnHTY.D.Y c T- 2 paBeH ayniO. J{nn desMaccoBbiX nnoHoB B3a

HMo,D,eRcTBne (1.7) Tai\Xe He ,D,aeT BKna,D,a B KOHTaKTHYIO aMnnnTy,ll;y 

17Tf pacceaana c T= 2 . B cnyqae mjf :f:. 0 ,D,nSI nonyqeHHSI COOT

HOWeHHlt APKC cne,D,yeT noTpedonaTL, qTod~ B~pa~enne (1.9) odpama

;rocL B Hynr, aesaBHCHMO OT nonDcnon qacTu ru.mJIHTJ,ll;bl c T = 2 
Tor,D,a KOl!TaKTHJ»e aMnnnTy.D.hi 1TTT- pacceRH~a c T= i 1 2 ~opMani>
HO HH'le!ll He dy,D,yT OTnntiaTbCR OT COOTBeTCTBYi.llllliX aMITnJIITY.D. B 06-

l!lOM cnyqae Tf t J_-" lT T J3 • Vl3 3TOrO Tpedonarma B HeJI!f!lCirt-
• • 

Holt () -MO,D,eJin noJiyttaeM orpaHJII'lenne /1/.::: i , r.e. HnpyweHne 

KHpanLHOlt C11ML!eTpJII:L!: C TpaHC~OpMaUHOH!IWH CBOKCTBa.MH KOMI10HC!1Tbl 

'1 1 ) 
npe,D,CTr.1.BneiU!ll ( /z.. I 12 • 110CKOJ!LKY BUpaliCeHHe ,D,na ::onTaKTIICil 

aMilnHTJ,D,bl TT rr pacceSIHl1SI Bile MaCCOBOit nonepXllOCTH 38.BHC11T OT 

BUdOpa IIoneBblX nepeMeHHMX,TO 11pH nDdOM ,D,pyrOM onpe,D,eneHHJII ITH-

7 
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:I 
' I 

~ 

It 

T:=.Z. 
OHHOrO ll01ISI / 2/ H3 ye1IOBHSI Jj ""HT. =:. Q npKm1IOeb 6H BH6paTb 

aapymeaHe 6o11ee e1IoXHoro BH~a. 
PaecMoTpHM tenepb nsaHMO~el.teTBHe ~nyx nROHOB H Mesoaa. M 

e G::: + i , p(-i J'1::::. t i B KldpMLHOR ~HHaMHKe: 

- (2 Frr r1 lr · JJr ff, (I.IO) 

xotopoe q,opw1IhHO o'r1!RtlaeTea '!I ena3R IT cl-j3 (I.J) K03qxpMUH8HTOU 

2 -j t a TaK:Ie TeM, liTO TOK Jsr eo~ep:IHT 3~ee:& KOBapldaHTHyil 

npoH3DO~HYil nHOHOB. Onpe,D.e1IHM H3 sToro B3aHMo~etteTBHSI BepmHuy 

M(P 1J ... ~(~) + 1T&(P) npM ~ 2 =- 0 , p 2= m: , yt~HTHBaH ero eHM

ueTpldm no OTH0n18HHD K nepeeTaHOBKe nHOHHHX no11elt: 

J). (p' ~ M, P 8 ):::: Lfi F/S,. uJ E [X. (o)]"t. 
(I.II) . 

~opuq,aKtop )\~(0) onpe~e11aeTea TaK xe, ttaK H B o6~eM cnyt~ae (1.4).· 

OtMeTHM, tiTO aeeuoTpa Ha q,opMa1IbHYe pa31IHilHH B3aKMo~e~eTBHA 

(I.J) H (I.IO), nepmHHa M ..... lTTf napa.MeTpHsyetea tot~Ho taK, ttaK 

H BepmHHa J _,.1T J3 B o6~eM enyqae /I/ • ::ITO o6eTOHT81I:&CTBO ey

~eeTB8HHO npH aHa1IH38 acKMnTOTHKH aMTI1IHTY~Y paeeeaHHSI llHOHOB Ha 

Mesoaax e G P {- i) J::: + i , npH ~ -::::. 0 , noeKo1IDKY B 3TOM e1!y-
, I 

'-lae B nonJOeHYX rpa<PHitaX noaB1IHDTeH BepiBHIILI M n Tf H M M 1T B pa3-

1IHllHYX e01IOTaHHHXa Tenepb npH Hecne~oBaHHH noBe~eHHH rpa<l!HKOB .. ~e
peBioell npH W..., 00 Hbl. MO:I8M ae Jlhl,ll;e1l11Tb npol.\eeeli paeeeaHHH llHOHOB 

aa Me:JoHaX c G' P{-i) J == + i , noeKOJILKY 11 nameM aHa1IH3e etpyK

Typa KOHTaKTHOA aMn1IHTY~Y (1,8) H napruAeTpH3aUHII BepmHH He OT11Htla- . 

DTeH or o6~ero enyt~aa III. 

u 

TaKHM o6pa3oM, MY npHXO~HM K DLIBOAY, q~ 

~ero Mero~a APKG III K aHa1IH3Y aCHMnTOTHlleeJ 

ry~u paeeeaHHH nnepe~ nHOHOB aa MeSOHHHX co~ 

G PC -i) 'J::::: + i HMeDrca nee aeo6XOAHMHe npe; 

pHBaTb aMn1IHTY~Y BHe MaCeOBOA noBepXHOCTH ~; 

H Bbi6HpaTb npH 3TOM onpe~e1IeHHOe HapymeHHe l 

llpHMeHaa TenepL o6~Hll auanlis/.t/K STHM ITJ 

H3 a.Mn1IHTY~H e T-= i rpynnonoe cooTaomeHHe 

X., (0) , HMell~eA aeayneBue uarpHliHYe sneue 

HbiMH uesoHHbiMH eoeroaHHHMH e ,\::: 0 HG PC-. 
1IHTy~u c T-= 2 noJiyllaDTea re xe, 'ITO H B 01 

HH'l8HHH Ha MaeCOBHA oneparop ~118 3THX COCTO 

TaKHM o6pa30M_anre6paHt~eexaa pea1IH3aUH 

B npHHUHne npHM8Hm&a ~J!H KJiacCH<l!HKaUUH MaCe 
' J 

uesoaon e G P(-j} :::= t i . 
APKC npHueHan~eL B pa6ore /I/ K Ar.P

sac~eRHa eOOTBOmeBHI (1.5) H (1,6) npH BYJI 

HO orpaBH'IHTloea 3TKMH COeTOHHHHMH H B eJiylla 

nonyllaDTCH uaecoBue q,opuynu: 
' l ~ 2 

m~ + mAt == m, + m6 
~ 2) . 2 t I/- m 1-m2 

( mAi- mIT W I - ~ 'j 1 

rAe 'P - yron Tf-A 1 cuemHBaHHH /I/, a mA 1 

COOTBeTCTBYD~HX qaeTHUo 

B TO :18 Bpeua B ~aHHOI CHCTeMe llaCTHU 

HH!a c A::::.± i ~HH llOHyqeHHS y~OBHeTBOp~ 

APKC, nocKoJILKy orpaHHqeaHe TOJI:&Ko j H A 1 

9 



T ==. z. 
Sl / 2/ K3 YCllOBKSl j) ~<WHT. ::=. Q npHWllOCb 6W BH6paTb 

6onee CllOZHOrO BK~a. 

OTpKM renepb B3aKMO~eRCTBHe ~ByX TJHOHOB K M630Ha ~ 
J p(-i )'J::::. f i B KHpall:&HOR ~KHaMHKe: 

(2 Frr r1 ir. J)r ff1 . 
(I.IO) 

opMalll>HO OTJ!HtlaeTCSI <?1 CBSISH iT cJ_ j3 (I.J) K03qxp!UU16HTOJ.f 

raKze reM, qro TOK :Js~ co~ep!HT s~ec:& KoBapHaHTHYD 

yJJ nHoHoB. Onpe,D.eJIHM HS sroro BSaHMo~eRcTBHSI sepwHuy 
- 2. 2 2. 

)+lls(P)nptf q, =0 , P ::::m7T , yt~HruBas ero cHM-

orHomeHHD K nepecraHoBKe nHOHHHX nonea: 

(P'A M, P e)== 4t. F;~SAo wE [ XIA (oJ]Ht. 
(I.II) 

p )\~(0) onpe~ensercs raK ze, KaK H B o6~eu cnyt~ae (I.4). 
THM, t~To aecuorps aa ~opMallbHWC pasnHtiHH B3aKMo~elcTBHM 

I.IO), BepmHHa M .... TTIT' napauerpHsyeTCH TOll:HO TW£ 1 KaK 

J-" Tf y B o6uteM cnyqae /I/ • ::Jro 06CTOHTe1!LCTBO cy

npH aHallHSe aCHMTITOTHKH auTIJIHTY~H pacceHHHSl flHOHOB Ha 

G P (- i) J:::: + i npH A -:::: 0 , nocKonuy B srou cny-

rocawx rp~HitaX TJOSIBlliiJJTCH BepWKUU M n TT K M I M Tf 1B pas-

'ICTaHHHX. Tenepb npH Hccne~oBaHHH noBe~eHHR rprupHKoB .. ~e

H w ... oo Ubi uozeu He Jl.bi)J;e1!aTL npoueccY pacceaHHH nHoHon 

x c G' P( -1) J = f i , nocKOJILKY 1l Haweu anaJIHse crpyx

axraoR aMnJIHTY~bl (I.8) H napaMeTpHSaUKSI BepWHH He OTJIHll:a- . 

6utero cnyqaa III. 

u 

....... : 

"l.t 

\> 

'i 
l TaKHM o6pasou, uu npHxo~HM K nuBoAy, t~To ~Jia npMMeHeHHa ad

utero uero~a APKC /I/ K aHaJIHSY aCHMnToTHt~ecKoro noBe,D.eHHH aMnJIH

Ty~u pacceaHHH Bnepe~ nHoHoB Ha uesoHHUX cocroaHHHX c A= O H 

G PC -1):1.::: + 1 HMeJJTcsr Bee Heodxo~HMue npe~nocuJIKH, ecJIH. paccMaT

PHBaTL awnHTY~Y BHe uaccoBoR noBepxaocrH ~JIB pacceHBaeuux nHOHOB 

H BU6HpaT:& llpH 3TOM onpe~eJieHHo'e HapymeHHe KHpaJILHOR CHMUeTpMH. 

rr I( ' /11 . 
pm.~eaaSI Tenep:& ov~HR aaaJI.H3 K 3THM npo~eccau 141>1 noJiyqMM 

H3 aunJIHTy~u c T = i rpynnoBoe cooTHomeHHe (I.5) ~Jia uarpH~ 
)(~(0) , KMeJJ~eR HeHyJieBHe MaTpHqaue sneuearu ue~ o~aoqacTHq-
HI>IMH M630HHI>IMH COCTOIIHHRMH c A=O HGPr-if'= + 1 • Ms aMII-

JIHTY~H c T= 2 noJryqaDTCSI re :a:e, t~To H B odl!{eu cJiyt~Fte /I/, orpa

HHtleHHa Ha UaCCOBb!it·OllepaTop ~JlSI 3THX COCTOSIH.Hit (1.6). 

TaKHM o6pasou.aJiredpaHt~ecKaa peaJrH3a~SI KHpan:&Hoit CHMMeTpHH 

B ilpHH~rie llpHMeHHMa ~lUI KllacCH~HKa~UH MaCCHBHb!X TlHOHOB H ~pyrHX 
' ') 

Kesoaos c G P (--1 ) -::::: + i . · 
APKC npHMeHaJI~c:& B padore /I/ K A1 -J-TT- 6 CHCTeue • .Una 

HaC~8HHH COOTHOWeHHI (I.5) H (1.6) npH HyJieBoH CnHpaJI:&HOCTH MOz

HO orpaHHilHUCH 3THMH COCTOSIHHSIMH .H B CJiyqae m7T ::/= 0 • IlpH 3TOM 

flOllYtlaJJTCB MaCCOBHe ~OPMYRH: 

2.. l '2. m2. miT + mAi = m., + 6 

(I.I2) 

( 
2. '2. J · 2 u.~ m '2 2. mAi-m" w T == , - m1 , 

(I.lJ) 
ue 'r - yroJI lf-Aj_ CMeiUHBaHHSI Ill, a mAf fYlo m6 - Ma.CCI:i 

I Jl 

COOTBeTCTBYJJ~HX tlaCTH~o 

B TO Ee Bp8MSI B ~aHHOl CHCTeMe llaCTH~ He~OCTaTOtiHO COCTOSI

HHI c A=± i ~11R nonyt~eHHa y~oBJieTBOpHreJILHLIX pesynuaroB 

APKC, nocKoH:&Ky orpaHHll:eHHe TOJI:&Ko J H A 1 -ue3aHau.H ~aer npH 
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i 

I 
i, """ 

~:=::..± i paBeHCTBO mA1:;:: (Y\j, KOTOpOe npOTHBOpel!HT 3KCnepHUeH

TY H He cornacyeTca c cooTHoweHHHMH npH A =0 • 

TI. Anre6paHl!eCKaa PeaHH3aUHff H TeopHa THna Hura-MHnnca AAa 

rpyrm1>1 SUz Y.. SUz , . 

BBe~eHHe noneK HHra-MHnnca B KHpan:&HYD cKMMeTpHD /5-?/ npH

BO~HT K TO:QeCTBaM Yop~a, CBH3!iBail~HM aMIIIIHTY~I>I C pa3HHl!HiiM l!HC

HOM B8KTOpH!iX H aKCHaHbHO-BeXTOpHI>IX M830HOB /B/• TaKOK no~XO~ 
~aeT H3~Hoe H cornacfi)~eeca c aitcnepKMeHTOM onHcaHHe npo~eccoB 

B A1-J -Tf CHCTeMe 15-9/. 

fio OTHOWeHHD K ~liHa.MHlleCKOR KHpM:bHOlt CHMM8TpHH TeOpHH flHra

MHnnca,TaKXe ItaK H anre6paHl!ecKaH peanHaaUHa,npe~cTaBnmDT co6oR 

l!aCTHI>I8 MO~eHH C MHOrOl!HCH8HHiiMH ~OllOHHHT8RbHiiMH COOTHOW8HHHMH 

Me~ KOHCTaHTaMH CBH3H H Maccalrn llaCTH~o 

fipH conocTaBH8HHH pe3yH:&TaTOB ~BYX no~XO~OB HaH6onee BaJHOR 

aBnaeTcH npoBepKa HX coBuecTHOCTH ~na ue30HOB c G p(-i)?= t- i , 
TaK ItaK npeACKa3aHHH 3THX TeOpHR ~HH ~pyrHX l!aCTH~ nol!TH He nepe-

ceitailTCHo 

0 3TOli ~eHbll Mli BBe~ell ~HH 1 om~CaHHH BeKTOpHI>IX H aKCHaHLHO-

BeKTOpHI>IX noneR MO~H~HUHPOBaHH!iR·~OpMaHH3M THna flHra-MHnnca, B 

KOTopou Henocpe~cTBeHHO npHMeHHM aHaHH3 APKC, 
.... + ·-

061>!l!HO onpe~enaDT nona HHra .. MHnnca V,. Ill ~- co cne~il~HMH 
TpaHc~opMaUHOHHiiMH cBoRcTBa.MH oTHOCHTen:&Ho KMH6poBol!H~>~X SUz Y... SUz 
npeo6pa30BaHHR C 3aBHC~HMH OT KOOpAHHaT napaueTpaMH~,j3 /5-7/: 

SV/==-(1:tj)Y- V,.:!: -(l~r1 d~(l±J), 
(2,1) 

r~e ~ -KaRH6pOBOl!Haa KOHCTaHTa. 

IO 
I~ :p 

~ 
;[~ 

{ 

:J·~~ 

B APl\C HCXOAIIIiM npe~OHOXeHHeM cnymu TO, ~ 

npeo6pa3fDTCH HeHHHeRHo, npHl!eM npeo6pa3oBaHHe r 

OCHOBHI>IM, a TpaHC~OpMaUHOHHI>!e CBORCTBa Hil60rO ~I 

~eHmDTCH ero H30CnHHOM /2~ _. 
iJ+ 

TeopHH HHra-MHnnca c nonHMH .,.- He y~oBne~ 

6oBaHIUIM, n03TOMY B HeR He BI>ITIOHHHilTCa OCHOBHI>Ie 

H (I.J) o6~ero aHaHH3a APKC, 
BocnOHL3yeM:CH TenepL TeOpHeR H6XHH8RH!iX pe! 

... + 
~.ru1 nepexo~a oT V,; K TaKHM nonsw, KHpaJil>HHe n] 

TOp!iX He OTHHl!ailTCH OT HeHHH6RHI>IX npeo6pa30BaHHi 

lf30B8KTOpHoro nona /II/. 

KoBapHaHTH!ie npOH3BO~H!i6 B KHpaHl>HOR CHMM6' 

c nouo~r.il uaTpH~ S(<nA) /IO/: 

1 - .i ----l s- dr S :::: iJ',.·V + 2 F; JJ;rr ·A 

---r~e vI A - reuepaTOp!i rpynm,r su2 y.. su 2, 
.... -2 .... -tJ ...... = 2 Fn (Tf)( crnJ +Orn~J BXO~HT B KOBapHaHTHble 

noneR. 

Onpe~eHHM TenepL HOBHe B6KTOpH06 H aKCHaHL - -y,.,. H at" = 

(~yl~)j~. v -tar· A== s-lcQ~{V+A)+ Q~(V-
llepeHOpMHpOBKa noRa JDr C noMO~L~ KOHCTaE 

~HTCH ~HSI TOro, l!T06H npo~eMOHCTpupoBaTL He3aB~ 
....,. -

Ba!lll!ti Jf'\ H a.r B Kll!paHLHOR CII!MMeTpii!Ho 

II 



i paBeHCTBO mAi-;:: ty\J' KOTOpoe 11pOTHBOpetiHT 3KC119pHMeH

H9 cornacyerca c cooTHorueHMHMH npH A =0 • 

n. Anre6paHttecKaa PeanH3aPHR H reop.Ka THna HHra-MHnnca Ana 
bl su.)l. su · 

BBe~eHHe none!& HHra-MHRRCa B KHpanLHYD CKMMeTpHD / 5-7/ 11pH-

K TOllr,l49CTBaM Yop~a, CBH3b!BaDli\IDA: aMIII!HTy~S C pa:MH'lHbiM tiHC-

9KTOpHb!X H aKcHanLHo-BexropHux MesoHoB IBI. TaKoH no~XOA 
H3~Hoe H cornaCYDlileecg c axcnepHMeHTOM onHcaHHe npoueccon 

j -Tf CMCTeMe / 5- 91. 

llo OTHOW9HHD K ~lfHaMH48CKOR KHpaRbHO!& CHMMeTpHH TeOpHB HHra

a,Taxxe xaK H anre6paHttecxaB peanH3a~a,npe~cTaBnHDT codo!& 

ble MO~enM C MHOrOtiHCneHHbiMH A0110nHHT9RLHW4H COOTHOW8HHRMH 

KOHCTaHTaJm CBH3H H MaCCaMH ttaCTHUo 

IIpH conocrasneHHH pesynLTaToB ~ayx noAXOAOB HaH6onee BaZHoR 

rca npoBepxa HX coBuecrHocrH ~JIR uesoHOB c G P(-if= + i , 
ax npeAcKasaHMR 3THX reopHH ~nn APYrHx ttaCTHU not~TH He nepe-

rca. 

C 3TO!& uenbD Mbl BB9A8M ~ng 011HCaHHa BeKTOpHb!X H aKCHanLHO

pHb!X 110Jie!& MOAH¢HUHPOBaHHbln-¢opuaRH3M THna HHra-MHJIJica, B 

ou Henocpe~CTBeHHO rrpHMeHHM aHanHs APKC. 
--+ -06uttHo onpe~eJIRDT noJia HHra .. M.Knnca Vr 111 ~- co cJie~Dli\HMH 

¢op!.l:aW{OHHW4H CBO!&CTBaMH OTHOCMTMLHO xamr6pOB04HbiX SUz )(. su2. 
pasoBaHHH C SaBHCHli\HMH OT KOOp~HHaT napaMeTpauHol,j3 / 5-7/: 

± =- (1 :t jJ '~- ~± - r2.~r1 d,Jl± j), 
~ -KanMOpOBOtiHaa KOHCTaHTa. (2.1) 

IO 

..... 

':;'·i.:·· \'t 
I'' ,·,, \' 

•\,' I 

't 
h. 

···l 
r:· 

):1, 
'l' 

'J., 

,'!. 
,II 

!i 
;i: 

i 
u 
'l:~~~~f 
~! ' 

'j i 

~' 

./d, 

;\-~f. ')," 
I' 

], 

B APJ\C HCXO~Hw rrpeAUonoxeHHeM cnymu ro, t~ro ace nona 

npeo6pa3YDTCR HenHHeHHo, 11pH49M npeo6pa30BaHH8 ITHOHOB 8BRaerca 

OCHOBHUM, a TpaHc¢opMa~OHHble CBOHCTBa nD6oro Apyroro nona onpe-

AenmDTCa ero H30CI1HHOM / 2{ _. 
iJ+ Teop.Ka HHra-MMnJica c nonHM.K ·r- He y~oanersopaer 3THM Tpe-

6onaHHHM, 1103TOMY B neB He Bb1110JIH8DTC8 OCHOBHble npeA110CblnKH (I.I) 

H (I.J) 06li\ero aHanHsa APKC. 

BocrronLsyeMca rerrepL reopHeR HeJIMHeHHb!X pean.KsaUMH 12,IO/ 
-+ 

A.'Ia nepexo~a or Vi" K raKHM ITOJIHM, KHpMr.Hse npeo6pasoaamta xo-

ropux He OTnHttallTC8 OT HenHH9HHb!X npeo6pa30BaHHH Rll6oro ~pyroro 
usoaexropHoro nona III!. 

KoaapMaHTHue npoH3BOAHue B KHpanr.HoR c~erpHM onpeAenHDTca 
c noMOli\Lil uaTpMI.U>I S((nAJ /IO/: 

. -1 - .- -.i - _.... 
- L S dr S ;:: IJ~ · V + 2 Frr J); TT · A 

(2.2) - ..... 
r~e V, A - reueparopu rpynrrb!SU 2 'f.Sl{ 2, a BenH1nma 
.... -2 - -
il~ = 2 Fn (ff)'. dr lT)+Q(n~)axo~MT a KoBapHaHTH.ble npoHsBo~H.ble Be ex 
noneilo 

Onpe~eJIHM Terrep:b HOBble BeKTOpHOe H aKCHanLHO .. BeKTOpHOe 110R8 - -JM H at"': 
{~yl~)}r. V-t ar· A= s-l[Q!(V+A)+ Q~(V-AJ] s 

- (2.3) 

ITepeHOpMMpOBKa 110R8 JDr C 110MO~LD KOHCTaHTbl~yfJ*l DBO-

AHTC8 ~RR TOrO t 'llTOCl!,i npo~eMOHCTp>IpOBaTb HeSaBHCHMOCTL npeo6paso-
...,. -

BaHHii Jf'\ H ar B KHpaJILHOR Cm.!MeTpHH. 
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J.\amt6pOBOIIHLI8 npeo6pa30BaHHJI Ta.KHX SHr .. MHnnCOBCKHX none~ -
HBnmDTCJI HenHH8IHLIMH no nHOHaM H H80,JtHOpO,!tHHMH no ITOnHM P~ H 
- . u 
a~ , liTO JierKO ITOK83aTL C nOMOJilLil qJOpMJ'nLI (2.1). 

3anHmeM TenepL B MO,Jtl'lqJHUHPOBaHHOM SHr-MKnnCOBCKOM qJOpUaJIH3-y 
Me KOBapHaHTHHe npOH3BO,JtHLI8 ITHOHOB H npOH3BOnLHOrO nona 

- - 4 . - . 
~ TT- J)"" 7T + 2 F1T ~ ar-

\lr y :::[d,. + t c[ + ~1 J,. l t] 1f. (2.4) 

.....,, _. __.. 
r.~te t "" MaTpH~ Hsocni'!Ha, a lJ,., H J)r 1T onpe,~teneHLI coouome--

HHeM (2.2). KoBapHaHTHLI8 pOTOpLI none! J?~ H cr~ nonyllaDTCJI cneAY-

!lllli'IM oe!pa3o:a.n 

c~!t~ijr, V + Qr, A,s-lc\2:·1V+i\)+~:IV-Al] S, 
(2.5) 

-+ 
r,~te ~~ · • KOBapHaHTHL18 pOTOpLI ,JtJIJI OC!LIIIHLIX. none~ flHra..MHnJICa!

5
•

7< 
B o6HIIHOI teopHH flara-Mznnca ,~telctByeT cnHHOBLI~ npHHUHTI 1

12< 
corJiaCHO KOTOPOMY B CHJIY ypaBH8HRI ,JtBHX8HHR ~OJIIHLI BLIDOJIHRTLCS 

--r 
ycnoBza C)!" V;::O, H B3aHMO.~teltcT:ByJIIllHe BeKtopHHe noJia nepeHocat 

TOJILKO cnHH 1. H 3TOrO npHHUHna OTC!HpaeTCJI Hapym!!H8 KaJIHC!pOBO'Q" 

HO~ HHBapHaHTHOCU B BH;te llaCCOBOrO 'QJleHa noJiel ~j: • JlJUi .f/"\ 
H Clrcni'!HOBLII npHHUHD He BLIDOJIHJ18TCJI 1 O,ltHaKO MU MOX8M BLI6paTL 

B8HHBapKaBTHYI MaCCOBLII 'QJI8H ,ltJlJI 3THX nonel no aHaJIOrHH 0 06LIIIROI 
' ... .... _.,. 

Te~Jiell, TIOCltOJI:&KY CYJil8CTBY8T o6paTHLil nepexo~ OT Jf"\ 1 {). r. It ~+ 
H v; = 

2. m'2. '2. 

~y:+ ya:==-TUWJ"+(~-n 
(2.6) 

r,Jte my::: (~j J ~) m 0. 

12 

I'! 

j 
''I 

u 

\~ 

,')' 

ilHOHHLIR narpaHXHaH CO,ltepXHT 6KJIHH81HYD CBJI3L 

yctpaHeHHR xotopol cneAYet B3aJ4eH 0:. fA onpe,~~;eJIH':E 
aJILHO-B8KtOpH08 none /\,.. : 

A- ==0 +2F;1~ \1. ff::(i+l~)O: +2F;1~ ;;_ 
~ ,.. ,. 

rAe noc:roaaHaa ~ BLI6zpae:rca K3 Tpe6oBaHHa HCKXD' ... -A :JJ11. TT H3 narpaHXHaHa. B APKC paoouaorpHBa.Dtca ,. . 
neHHLIM 3aKOHOM KHpaJI~OrO npeo6pa30B~HKJI /I/, no: 

JIH 4JH3HIIecKoe _!OJl~ A,.. c teMH ze :rpasc4JopuaiUtOHJ 

liTO 14 y nona 0 r .• 
Jlanee cJieAYeT o6LIIIHas: nponeAYpa ,~tHaroaaJIH3a 

BLI60pa npaBHJlbHOl HOpMHpOBKH noJiel, onpe,~teJieHHJI 

H~X BenHIIHH /S~?,9/: ' 

a _ _j_. 
jA-i+~~ I 

m;
1
::: c~A 1~ Jm:; k == (i-

B peaynL:rare noJiyllaetca cJieAYJ)Illee cootHomeHHe 19 

(t'Y\
1
1 mJ == ( ~i I ~Al<[i -(F, ~s12ml], 

3KBHBaJieHrHoe I~uy npaBHny cyuu BaRu6epra 121, 1 

Z8BOM no~XO,Jt8 aBnSeTCJI npJIULIK CJICXCTBH8M BLI60pa 

- B HOBLIX nOJI8BLIX nepeueBHLIX ltOBapHaHtB~e npc 

A,.. HMeDt cneAYDillHI BH.Jt: 

- D_ - 1 A ... % 1T == (i- ~) 2)r 1T -r 2 Frr ~A r 

I3 



KaJIH6poBot.IHHe npeo6pa3oBaHHJI re..xHx JIHr-MHJIJICOBCKHX noneit -TCJI HeJIHHeHHHMH no nHOHaM H HeOAHOpOAHHMH no ITOnJIM P~ H 
1.) 

, liTO JierKo rroKa3aTL C noMOJIILil <flOpMYnH (2.1). 

3arrHIIIeM TenepL B MOAH<flHIUfPOBaHHOM JIHr-:winnCOBCltOM <flopMa.JIH3• 

OBapHaHTHHe npOH3BOAHHe llHOHOB H npOH3BOnLHOrO.nOJIJI ~ : 
- i -.::: :D"" TT + 1 Frr ~ ar. 

:::.[d. + l. c[ + ~1} )· +] 1[ 
"" ' 

(2.4) 

_,' _.. ...... 
t • MaTplU~ H30CIIHHa, a 1J;, H JJI" JT onpeAeneHI:i COOTHOme-

(2.2). KoBapHaHTHHe pOTOpH none! J?~ H zr~ nonytiallTCJI cneAY-

o6pa3oM: 

)}rv Y+~v.f\==S-l[~:·(V+N+e:(v-i\)] S., 
(2.5) -+ . 

~~ · • KOBapHaHTHI:ie pOTOpl:i Ana 061:illHHX. nonel Hara-MHnJICa(5·7~ 
B o6HtiHOA reopHH HHra-MHnnca AeHcrsyer cnHHOBuH npHH~ 112< 
CHO KOTOpOMy B CHJIY ypaBH8Hl'Il ABH:I8HHJI AOJI:IHH BHilOJIHJITLCJI .... + 
HS: of' V;:: 0, H B3aHMOAeitCTBYDIIIH8 BeitTopHHe nons nepeHOCJIT 

o cnHH 1. H 3Toro npHHqKna or6Hpaerca HapymeHHe KaJIH6poBoll~ 
fi+ I ·-HBapHaHTHOCTH B BRAe uaccosoro t.IJieRa no1Iel v~- . ~nR JDM 

CllHHOBHB npHHnHil He BHilOJIHJietca, O~HaKO Ml:i MO:IeM BH6patL 

apHaHTHWH uaccoBHA qnea AHa 3THX nonel no aHanorHH c o6Ht.IRoB 
. ... - -+· 

eit, llOCKOnLKy CYJII8CTByer o6paTHHl rrepeXOA OT .PM 1 0.. /"'- It ~ 

2. m'2. '2. 

y:+ -ya:~rc(etJl+(~-lJ 
m1 == ( ~j 1 ~ J m o • 

(2.6) 
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~' 

·'~~ 
'!' ll 

:I 
·!J:i 
'''!, 

) 
~~ ;·I r 

. '( 
·'~·1····.1 •r lj 
:) 'I 
i' ll 

cl ·~ 
•'•\ .I ., 

"1 ... ~~ '. {\ ,f 
,f!{.• I 

1
.,,, 

,j ·, 
,, 
l 

IlHOHHLilt narpaHJEHaH COAeplEHT 6HnHHeAHyD CBJI3L 0,.... J),.. iT, AnSi 

ycrpaRCHHJI KOTOpOH cneAYeT B36M8H crf' onpeA81IHTL HOBOe ~CH• 
aJILHo-Bexropaoe noJie J\~ : 

A ==Or +2F;1k 'l ff- (i +~~)a:+ 2 r;1! :zrff 
~ ' 

(2.7) 

rAe llOCTOJIHHaa ~ BH6HpaeTCS: H3 Tpe6oBaHHJI HCKJIIlt.IeHHJI.t.IneHa - -A :J)/1. lT H3 narpaHJEHaHa. B APKC paccuarpHBaDTCII nou c onpeAe-r . . 
neHHHM saxoHoM KHpaJI~Horo npeo6pasoBaHHJI III, noaroMy ~ BHOpa~ 

A~" c reuH ze rpaac<;PopuaunoHHLIMH cBolcrsauH, nH <;llHSHilecxoe none -' t.ITO H y nona 0 fA • 

JlaJiee cneAYeT oOLit.IHaa nponema AHaroaaJIH3aUHH narpauJEHaHa, 

BH6opa rrpaBHnLHOH HOpMHpOBKH llOJielt, orrpeAeJieHHJI rrepeHOpMHpOBaH-
H~X BenHt.IHH 15- 7 ,91: , 

a _ _j_. 
~~~-i+~~ I 

'2. 2. 

2 . . 2 . fr (i m ~A ) m Ai::: (~~~I~) mo J R == - YYll q2 . 
A! J 

B pe3ynLrare nonyqaercJI cneAYJl~ee coorHomeHHe 191: 

( mJ I m!IJ-)
2

.:::: ( ~f I gA J 
2[i- (Fn ~s 12 m1 )

2

] ~ 

(2.8) 

(2.9) 

SKBHBanearnoe I~uy npaBHny cyuu BaRu6epra 121, xoropoe B narpaH

zeBoM ITOAXOA8 JIBJIH8TCJI llpJIUHM CJIC~CTBHeM BH6opa HapymeHHJI (2.6). --- B HOBHX noJieBLIX nepeueHHLIX KoBapHaHTRwe npoHSBO,B;Hwe TT, J M. H 

A,.... HMellr cne~YDIIIHI BH~: . 

- 0_ - 1 -\l TT = (i- (() 2Jr IT-t 2 Frr gA Ar 
(2.10) 

I3 
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Yt4v = :l:J,.f"-JJr-}~ -~PJ~·){fv -(~A11~tJArxAv-
- (2~AI~1 Fn)(1-l)(J),}r_:AvtA_cx:D~fTJ + c2.II) 

+ {'1/CJf Fr/·) ~ (2- ~) 2J,.1f-,. !})v lf ... _... _. ....... ......,....,. _.., 

AJAv = (919A)Qfv = :1)14 Av- 2Jv Ar-~J C.fM'~-Av ·t-Ar><JvJ+ 
~ (2 ~~~~~F., Jti -l * J.x .V_.fi)+(~,'ff ]1. J: f]. 

(2.12) 

3,Itec:r:. !/Jf#< osnallae:r KoBapHaHTHoe .n;r!qxpepem.~posanHe n ItHpnn:r:.

HO~ cm.meTpHH / 2/. 

3anw~eM :renep:r:. 3qxp8KTHBH~R JiarpaHXHaH B3ll.HMO,n;eRCTBMH B pac-

CMa.TpHBaeMO!.t TeopHH THna Hnra-MHJIJICao 2. 2. 

r;;_~-ilJJ,.frf-qj!-~P.,:.+ ~~ J> ~A~ A:+ 
+ 1F;],..-~ZiVV.:ff + )'(ff;j,., A,.,ll (2.13) 

I 
r,n;e l "" KOHCTaHTll. CBR3H, a-;;. BKJiil\laeT B ce()a CB060,11;HH9 JiarpaH-

XMaHH JID6HX ,n;pyrHX ITOJie!.t ~ H BC9B03MOEHU9 B3~HMO,n;e!.tCTBHHo Ha

ITOMHHM, qTQ TOJII>KO BKJia,It qJieHa (2.6) HapywaeT KaJIH6poBOqHyD 

su 2. "fo. su 2. ltHBapHll.HTHOCTl> JiarpaH.mtaHao 

naHHaa TeOpHR ne 3KBHBaJieHTHll. OdHllHOMY ~OpM~1H3MJ C JIHHe~HO 

rrpeodpasyill!lMMliCH ITOJIIDIM IfHra-MMJIJICa / 5-9/ o 3TH pa3JIHqHH ITOHB.'IllllTCSI 
~ -

npH H9MHOHH49CI,Ol! 3aMeHe a.~- AI" (2. 7). KO!$~an BO MHoroM onpe-

,IteJISI9T co,ItepmHHe :reopMH. B r.10,n;enax c rroJIID.!K V; K .n;HaronaJIH3ll.IU'IH 

narpanDiana o6uqno npe,n;'I>SIBJISIDTCSI HHble :rpe6onannSI 191, q:ro rrpHBO

AHT K ~SIBJieHHJ'l aKCV.ll.JibHO-BeKTOpHb!X ITOJie~, KOTOp!ie He CBH3ll.Hbl C 

noneu Ar c~.'l) 3KB;1BaJieHTHID4 npeo6pa3oBaHMeM. 
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1. 

Paccua:rpHBaeL~H~ ~opMaJIH3U odna,n;ae:r TeM rrpe 

B neM oco6enno nerKo npoBeCTH rpaHb M.ell,ll.y cne,n;o 

KHpll.JibHOR CHMM.eTpHH, ,n;aDl!leB JIHmb COOTHOW9HHH Me 

npOU8CCOB C paSJIHllHHU qHCJIOM ITHOHOB, H ,n;OITOJIHH1 

qeHHHMH, HaJiaraeMLWH KaJIH6pOBOqHol! su2 'f. su 2. 

B T80pHH THITa flHra-MHJIJICa ITOHBJISIDTCH CBH3~ 

c yqacTHeM pasJIHllHoro qHcJia J H A1 MesonoB, F 

llHTbt Bb!OHpaa orrpe,n;eJieHHOe B3aHMO,It9RCTBH8 :Z'{Tf 
B paccuaTpHBaeuo~ TeopKH THna Anra-MHJIJica 

JIHqHHH cTpOSITCH H3 ItoBapHaHTHHX npoH3BO,ItHLIX KHI 

llOSTOMY ,II;JIH JiarpaHJHaHa (2.13) OCTailTCSI B CHJI6 

noxeHHH APKC o cTpyKType MHHHMaJII>Horo KOHTaKTHc 

(1.1) H aKCHll.XLHO"BeKTOpHO~ CBH3H (1.3). C yqe: 

,IteJia I Ubi uozeu yTBep~aTI>~To B KaJIHOpoBoqHo~~ 

HOi Ha OCHOBe H6JIHH8RHOR peaJIH3aUHH ,ItJia ITOJI6R ~ 

nocpe,n;CTB8HHO npKM6HHU O<ll!lHH aHaJIH3 aCHMDTOTHq, 

auTIJIHTY,II;LI pacceHHHli Bnepe,n; DHOHOB Ha JID6LIX qac• 

BnpaBe CTll.BHTl> BOnpOC 0 COBU8CTHOCTH Tp660BaHH 

HH!.t KaJIH<lpoBoqnoa TeopHH. 

API\C Tpe6yeT, qTo<lb! COCTOHHHH C onpe,IteJieH 

odpa30Bb!BaJIH HenpHBO,II;HULI8 HXH npHBO,II;HUbl6 yYJil>T 

SU 2. Y.. S U 2 /I/. QqeBH,ItHO, liTO qeu 6onme qacTH 

cuotpeHHe B APKC, Teu <1onee cna<1Lie orpaHHqenza 

TaHTLI CBR3H ITOJIY'IID4 ,II;JISI Ka:J",D;Ol! CITHpaJI:&HOCTHe H 

,ItHUOyY, COMH6HHB, q:ro npH BLI<10pe ,II;OCTaTOllHO WH 

qacTHU, BKJIDqaiJl!lero A1,J HIT :Mesonu, uozno .It06M 

15 



'l4jv-JJ.,py.- ~pf14xjv- (~A
1

1~tJArxAv-
~1Fn)(.f-k)(JJ~if_:Avt~x:D/fr} + c2.II) 

F/) ~ (2- ~) JJ,. lTr.. :J)., Tl 

919A)Qfv = JJ,. Av- 2JvAr-jt~'~-Av·t-Ar1ivJ+ 
/~A F1T}(i-l*J~.xJJ~ff}+{~vTt1-j:)j. 

(2.I2) 
3,n;eCb :JJ~ 03Ha4aeT KOBapHaHTHOe ,ll;~!qxpepeHI . .u-:tpOBaHHe D ltHpO.Jib

CHMMeTpHH / 2/. 

3nmr.ueu Tenepb 3!fxi>eKTHBHhl.lt JiarpammaH B3aHuo.n;e.ltcTBI1R B pac-

HBneMolt TeOpHH Tm:Ia JlHra-MHJIJICa; 2. 2 
~ . - 2 1- 2. 1 -2. m 2. rn -:;.. 
2 (J)r TTJ - Lt J"'v- 'i:j Arv + 21 JM 1- 2 AfAr+ 

J• V,: IT 1-v. ·if + )'(ff, f,. I A,., y) ' (2.D) 

I 
... KOHCTaHTa CBR3H, a;;. BKJiil4aeT D C6UR CB060,II;Hble JiarpaH-

JID6biX ~pyrHX llOJielt ~ 11 BCeB03MOXHUe B3UKMO,II;eltCTBHHo Ha

M, liTO TOJibKO BKJI~ 4JieHa (2.6) HapywaeT KaJIH6pOB09HYD 

su 2. UHBapHaHTHOCTb JiarpaH.mtaHao 

JlaHHaR TeOpHR He 3KBHBaJI6HTHa OChftiHOMy cpOpMam13'MY C JIHHeRHO 

pasyDmuuucSI noJ!mH! HHra-MHJ!Jica 15- 9/. 3TH pa3JIH4Ha noaB.'IHDTca - -eKaHOHH4eCI~O.It 3aMeHe a!".- At" (2. 7)' KO!£>~aa BO MHOroM onpe-

T co.n;eplltaHHe TeOpHH. B MO,II;eJiaX c nOJIIllU! vl'l- K ,II;HaroHaJIH3amn'l 

H:n!aHa 06bi4HO npe,II;'I>JlBJIHDTCH IIJ:Hble TpedOBaHUR / 9/, '<TO npHBO-

~RBJICHHD aKCY.aJibHO-BeKTOpHb!X llOJieR, KOTOpble He CBR3aHbl C 

Ar (2.7) 3KnanaJieHTHbiM npeoc5pasonaHHeM. 
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:tl: 

',!, 

PaccMaTpHBaeMb!R cpopMa1IH3M odna.n;aeT TeM npeHMymecTBOM, tiTO 

B HeM OC06eHHO JierKO npOB6CTH rpaHb' MeJQy CJI6,11;CTBHRMH OdbltiHOlt 

KHpaJibHOH CHMMeTpHH, ,n;ail~eR JIHmb COOTHOW6HHH MeJQY aMnJIHTY,II;aMH 

npoueCCOB C paSJIH4HWU llHCJIOM llHOHOB, H ,II;OllOJIHHTeJibHb!MH orpaHH• 

tteHHRMH, HaJiaraeMW!H KaJill'6pOB04HOR su2 'f.. su 2 HHBapHaHTHOCTblDo 

B TeOpHH THna HHra-MHJIJICa OOHBJIJllDTCJl CBJl3H MeJQY npouecCaMH 

c yttacTHeM paSJIHttHoro 'IHCJia J 11 A1 Mesonos, KOTOpble JierKo noJiy-

tiHTD, Bbi6Hpaa onpe,n;eJieHHoe B3aHMo,n;eRCTBHe )'{TT,j
1 

AJ 
1 
][) • 

B paCCMRTpHBaeMoR TeopHH THna HHra-MKJIJICa KOBap.HaHTHble Be

JIKIIHHbl CTpOHTCH K3 KOBap.HaHTHUX npOH3BO,II;H~X KHpaJibHOlt CHMMeTpHHo 

il03TOMy ,II;JISI JiarpaHJHaHa (2.IJ) OCTaDTCH B CHJie OCHOBHble npe,n;no

JI0~8HHH APKC o cTpyKrype MHHKMaJibHoro KOHTaKTHoro nsaHMo.n;eRCTBHa 

(I.I) H aKCHaJibHO~BeKTOpHoa CBH3H (I.J). C ytteTOM 3aYeqaH.H~ pa3-

,n;eJia I uu uozeM yTnep~aTb~To B xanKdponottHo~TeopHH, nocTpoeH

Hol Ha OCHOBe H8JIHH8HHOR peaJIH3a~H ,II;JIH noneR HHra-~HJIJica, H&

nocpe,n;CTB8HHO npKM8HHM Odl!IHH aHaJI.H3 aCHWITOTHtieCKoro OOBe,ll;eHiiJl 

aMnJIHTY,II;bi pacceHHll'H Bnepe,n; OHOHOB Ha JID6b1X ttaCTHUaX. ilO~TOMY Mhl 

nnpane cTaBHTb nonpoc o coBMeCTHOCTH TpedonaHHl APKC 11 orpaHHqe

HH~ KaJIHdpOBOIIHOI.t TeOpHHo 

API\C TpedyeT, tiTOdhl COCTOHHHJl C onpe,n;eneHHOR cmtpaJibHOCTI>IJ 

oc5pa30Bb1BaJIH HenpHBO,II;HMble HJIH npHBO,II;HMb18 MyJibTHOJieTbl no rpynne 

SU~'f.SU 2 III. OtieBH.n;Ho, qro tteM 6oJILme qacTHU Ubi nne.n;eM B pac

cMotpeHHe B APKC, TeM c5onee cna6ble orpaHHqeHHH Ha MaCChi 11 KoHc

TaHTbl CBR3H OOJIY'H1M ,II;JIH KaX,II;OI.t CmrpaJI:&HOCTH• He Bbl3biBaeT, nO-BH .. 

,JtKMOMy, COMH8HHlt, qTO npH BbldOpe ,II;OCTaT04HO D!HpOKOrO MYJibTHnJieTa 

tiaCTHU, BKJIJDqaD~ero A1,J H 1T Me30HLI, Mono .n;odHTbca aenpoTimopeqK-
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I. 

I 
I 

I I 

,.. 

DOCTH Tpe6oBam;dt APKC H orpaHHileHHl ItaJIHOpoBotlHoro no.n;xo.n;a. IIpo6-

JieMa COCTOHT B OT!iCKaHUH TaKoro MHHHMaJILHOrO Haelopa MSSOHH!iX COC

TOSHHR, npH KOTOpOM COBM6CTH06 npMMeHSHHS TpedoBaHHS pa3yYHOrO 

noBe,JteEHS aMnJIHTY.JtU paccesHHS ITHOHOD npH BiiCOKHX SHeprHSX Y. TOZ. 

.n;ecTB Yop.n;a B aKr-MHJIJICOBCKOM rro.n;xo.n;e .n;aeT y.n;oBJieTBOpHTeJILHHe 

pesynLTaT!i, Ana npoH3BOJILHoro nons ~ TeopHa THITa HHra~UHJIJICa 
.n;aeT ymtBepcaJILHYJ) CBRSL C J -ueSOHOM, HO STO orpaHHil6HH6 He 

nepece&aeTca c cooTaorueHHaMH APKC. 

B pa6oTax /I,IJ/ yKa3iiBanocL, liTO HUeDTcs KOJIHileCTBeHHHe 

pacxoJQeHHa uew npe.n;cKasaHHliMH APKC .n;nn AJ.-y-Tf- 6 CHCTeMH 

H pesynuaTaMit o6HilHOll TeopHH HHra-M:~~mnca, O.n;Ha&o HS Taxoro 

cpaBH6HHS He CJIS,JtyST npOTHBOpSilHBOCTL .JtBYX nO,II;XO,II;OB ,ltJIS ,JtaHHOK 
' 

CHCTeU!i qaCTHU, nO~OJILlty aHaJIHS aCHMnTOTHltH rp~HKOB-.n;epeBL6B 

B Teopv.H c noJIIDAH V/ (2.1) uoxeT npHnecTH K orpaHHtieHHliM, oT

nv.llaDUIHJ.!Ca OT cooTHomemilt APKC, 

noaroKY w conoctauu pesyn:uarH APKC .us Arp-1T-6 cHcTe-. 

Mii /l/ C COOTHOIUSHHSMH MO,II;H~HUHpOBaHHOH TeOpHH THna HHra-MHJIJICa, 

Jlna onpe.n;eneHHOCTH Oy.n;eu CllHTaTI>, llTO BiipaxeaHe ;;;: 
1 

ne co-- - -
,D.epuT BSaHMO,ll;eltcTBMR nonel Tf 1 y,.. H Ar- MeW co6ol; Kpoue 

TOro, nOJIOEIUI CHOBa mlJ = 0 , 
'l:or,D.a HS AJ.AifJ nsaHMo,ll;eltcTBHH B narpaanaae (2,13) 

nOJIYilMM CJI6.ltYDlllee BiipallteHHe ,n;Jia aHOMaJILHOrO MarHHTHOfO MOM6HTa 

A i uesoaa IB/: 

0 =-(~AI ~,)2(1 + Lf~/1) - i. <2•14) 

0TM8THM, 'ITO fn
1 
~~~ 9A I mJ M, 8 HBJlllllTCR H63aBHCHMbiMH napa

MeTpaUH KaJIH6pOBOilHOit TeOpHHo 

16 
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KOHCTaHT!i bo H d -BOJIHOB!i:lt nepeXO,II;Ol 

KOit lite BH.Jt, KaK H B 06iillHOK TeOpHH /5-9/: 

Gs =(~,I~A F,)(1-k)(2+8J(m:,-

Gl>= (~,/~AFr)(i-~) 8, 
r.n;e ~ =(Fn.~y/2m1)~ 

OTJIHilHH aemmeAHoK peamtsaUJm: AJIR noJI1 
t ' 

pHH C UOJISMH v; n.pOHBJIHDTCa B JTffT-BsaHl 

3,11;6Cl> HMeeT CJIB,ltYJ)liiHil BM,Jt: 

(ll !Fu1~! ik (i -2)+ 2(1 +6)l1JI~.-tf1-~)1]~. 
IlpH a:: 1/2 H S' :'-1 Mii noJiy~aeu ltOHCTal 

GJilll -::(3/'i) 9J , TOr,Jta KaK B o6JfllHOK Teopt 

ll6HHHX G.flTir::: ~f ' /5-9/. . 

COOTHOIU8HKII ArKC npH ~ :: .t i B npHMe: 

TeMe ,JtaDT paBeHCTBO mill;:: m1 , :KOTOpoe 

C npUBHJIOM CyKM (2,9) o Jlnst yCTpaHeH!HI 3TOr 

,ltHYO yBeJIHilHTl> qHCJIO·paCCMaTpH~aeUUX COCTO 

npH 'A= o · APiw B A.1 ~y-·n -6 cHC' 

m1 1 mA, = tWL ~ 
ROTOpYJ> MOXHO CpaBHHT:b C npaBHJIOU CyMU (2.~ 

GonocTanm.t Taxxe 8liiiJIHTYAY A1 .... jTf ne. 

API\C 111: 

l~oo == 2 Fn-i(m~,- m;) ~ ~ 
17 



rpeOoBaHHH APKC v. orpaHHqeHHH Kanv.opoBoqHoro no~xo~ao llpo6-

cocrov.T B OTbiCKaHUH TaKOrO MHHHMaR:DHOfO. Ha0opa Me30HHbiX COC

' npH KOTOpOM COBMeCTHOe npMMeHeHHe TpedOBaHHH pa3y.MHOrO 

eEHH aMnRHTY~U paCC6HHHH llHOHOB npH BbiCOKHX 3HeprHHX Y. TOB

B Yop~a n aKr-MMnncoBCKOM no~xo~e ~aer y~onnerBopv.reR:DHble 

n:oraTbl. ~nn npov.sBOR:DHoro nona ~ reopHa THna HHra-MHnnca 

yHHBepCa.II:bHYJl CBSI3:b C y -Me30HOM, HO 3TO orpaHv.qeHHe He 

eKaeTcSI c cooTHotneHHfiMH APKC. 

B pa6oTax 11, 131 yKa3biBanoc:o, qTo KMeDTCH KORHqecTBeHHble 

~eHHH Mex,ey npe~cKasaHHIIMH APKC ~J!Sl AJ.-J-1T- 6 cHcreMbl 

synuaraMa oOblqHoH TeopHH HHra-MHnnca. O~HaKo H3 rattoro 

eHHSI He cne~yer npoTHBopeqHBOCT:D ~Byx no~xo~oB MH ~HHOH 
' 

eUbl qacTHU, llO~OR:DKy 8.Ha.IIH3 aCHMllTOTHltH rp~HKOB-~epeB:DeB 

opv.H c nonmm V/ (2.1) Moxer npHnecTH K orpaaHqeHHHM, oT .. 

OT COOTHOtn9HHH APKC. 

OllY ll!l conoctaBHM pesy.IILT«LTY APKC ~JI A,rp-Tf-6 cHcTe-. 

C COOTHOtneHHHMH MO~H~HUHpOBaHHOH TeopHH THna HHra•MHJ!J!Ca. 

JlnSI onpe~eJieHHOCTH 6y~eu cqHran, qro BblpallteHHe ;;;z 1 
He co-... .... -

B3aHMO,ll;eRcTBHI! noneH rr I p,... H A,. Mew co6oH; KpOMe 

J llOJ!OEIUl CHOBa mlf = 0 , 
'lor~a H3 AJ.AiJ> B3aKMO,I4elicTBHSl B narpaHnaHe (2.13) 

cne~yD~ee BblpallteHMe ~RSI aHOMaJI:bHOrO MarHHTHOrO MOMeHTa 
M930Ha / 8/: 

8 =(~AI ~/{J. + lfl), "l) - i · (
2

,
14

) 

HM, qro fv 1 ~J' 1 ~A I mJ M . 8 SIBJ!SIDTCSI He3a.BHCHMYMH napa
K8.HH6pOBOqHOH TeOpHH. 

16 

..... 

KoHcraHrhl L.. v. d -sonaoBbiJI: nepexo~oB Ai-piT 
KOH lite BRA, KaK H B OOblqHoH TeopHH /5-9/: 

Gs =(~1/~A F1f)(1-l)(2+8J(m:,- m;) 

Gll::: (~f/~A Fr)(i- ~) S, 
rAe ~ =fGr~f/2m,)~ 

MMellT Ta-

. (2.15) 

OrnHqHa HenHHeRHoH peanHSaUHH AJIH none!! HHra-MHnnca oT Teo-t . 
pHH C llOHHMH ~- n.pOSIBJISlllTCSI B JTfrf-B3aHJ.JO~eRcTBHH, KOTOpOe 

s~ec:o HMeeT cne~~HI! BHA: 

(lf!F/~1 {~(i -2)+2(1+S)l'j]19A{f1-~)
1 )J),.fv· :lJ,;ff~:JJ5[ c2.t6) 

llpv. l = 1/2 v. $' -· -J MY nony~aeu KoHcTaHTY pacnaAa .P ...,TTTr 
GJiTlt :(3/'1) Cj, , ror~a KaK B oOHqHott :reopHR npR rex xe orpaHH

qeHRax GJI11T::: ~~ · 15- 91. 
CooTHomeHHfl ArKC npH ~.:: ± i B npHMeHeHHR K A£y-1f-6 cHc

reMe ,ll;allT paBeHCTBO mJII.::: m, , KOTOpoe B npHHIUme H9COBMeCTHO 

C npc.BRJIOM CJ'MM (2.9) • ~J!SI ycrpaHeH!HI 3TOrO npOTHBOpettHJI iJeoOxo

~HMO yBemrqMT:D I.IHCJIO · pa.ccMarpRllaeMbiX ~ocTOJIHHH c A ::: ± 1 . 
llpv. A: 0 · APIW B AJ. -y-·n -6 cHcreMe ~aer ~opw:yny III: 

mJJmA, = ~ 'f (2.17) 

KOTOPYD MOZHO CpaBHHTh C npnBHnou CYMM (2.9). 

GonocTnBMM TaKJ:e aJ4IInHTYAY A1._. jTr nepexo,n;a npH ~ = D B 
APIW Ill: 

l~ oo ::::2 Fn-
1 

( m ~'- m; J Mt lf' (2.18) 
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11 Bhlpal!teHHe ,l(Jli! :noro Mil.TpV.l!HOrO 3Jl8MeHTa B KaJIH6pOBOl!HOR TeOptm: 

l , - (m~+miJ[G --(m2.·-m]_J.G ] -
~ - ') . · $ /II 'J :]; -

• oo £. mAl rn, 

- c-l(ml. -m2.)(1- ~)(~yfOA) (-~Al+ (Yl.P) 
- I i1 /u 'J J 1 mA I 

( 2.19) 

CosuecTHoe npiDLeHeHHe cooTHomeHHn APKC u orpe.lHFieH»ll KaJI!16poBOll-

noro no.nxo.na :: A1 -y --D- 6 · cv.cTeMe np:1 A== 0 npvrao,l(I!T K 

TO!JY, '!TO napaMeT-pu Teoplm Ttma liHra-iAHJIJica cTaHOBi!TCH IPYII!~l\11111:!1 

yrnu 1T- A1 cHell!MBaHli.fl 'fl : 

9s I 9• = f (i-t t.ln.z 'i') 
(2.20) 

2 Lf 

o. - ( ~ ). :::. co~ _4-" . 
r<. - ·z m, (i-t ~n. 2. ~) 2.. . 

(2.21) 

3To no3BOJIIIOT Bhlpa:mu t.Iepe3 yron '-f' KOHCTaHTU G s 11 G :f) 
(2.15): . zm2. (i)jz'f! o· 

G _ 1 .~(2-ro) 
s - Frr i + Ai.n.l.r 

_}:_ ~n2f . S G;b- FlT ~ .i. k•n~'V · 

c~.22) 

ConocTaBl1M Tenepb orpaHUlleHl111 ABYX TIO,l(XO,l(OB ,l(JIR y·rr rr Bep1U11Hl:i . 

.B APKC uaTpvrtml:iit 3JICMeHT noro nepexo.na nponopl\HOHaneH Goi ~ III. 
A.MnnHTYAY pacna.na. .f_.HIT B uo.nHqllt!l\HpOBaHHOR TeopHl1 :mna 

lL 

flHra-MHJIJICil. MOllCHO TIOJIJl!VITb U3 B3aH1!0,l(eHCTB 

COOTBeTCTBytlll(r!e Bll!paJJtemtR ,l(Jl.ll aM!lJIVITY,l(U o· 
..! 

~:: 0 , TIOJIYliVIM COOTHOWeHHe: 

1 n eo~ -r = 2~k1k(2- ~)-2u +o><~f,9Ar!( 
I 

OTcD.na Mbl l.loXeM onpe.nenHT:& rrapaMeTp ( 

paBeHCTBa (2.20-2.21): 

cm14t' r C-<»4'1' l(i+A-in 8 == o ..__;('1~\JI L2-l1+ ~2.i)i--. eM t 

TaKHM o6pasoM, Tpe6oaaHHR APKC ,l(JISI AJ 
. ~·:. 0 COBMeCTHh1 C orpaHHlleHHSIMH MO,l(HqJHUI 

.HHra-iilnnnca. B narpaHliCeBol!. Mo,l(eJIH AJ.·J>- TT 
Jl9TBOpaiDII(9H TpeGoBaHl1HM ,l(BYX ITO~XO,l(OB, e~l 

rrapaueTpOM i!BJiaeTca yron lf- Ai cMeliiHBI 

CooTnomenHe (2.17), cBaswna~~ee Maccl 

He rrpOTHBOpel!HT 3KCnepHM8HTY npH 40~~ ~
l!9HHIIX f Mbl nonyqaeM cne;tyKJmne orpaHHt.IeJ 

i) 0,27~70,1 i 2) O,l~~~~~AC: 

3) i 7 ~ I4TT 70.5 . '1)--1,S"' b L- -1 

KOTOpH9 C~9CTB9HHO OTJ!HllaDTCR OT COOTB9T 

06l>lllHOR KamtOpoBOl.lHOa TeOpHH 15-gf • HarrpK 

merrpHHH.Tl>IU 3Hat.I8HH9M YHHB9pC8.JlhHOH KOHCTa 

3,l(eCh TIOJIYli8.9TCR B HeCKOJlbKO pa3 M8HbW8.H 
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He ,D;JI.f! OTOr'l M<.J.Tpl14HOrO ::meMeHTa B KaJm6pOB04HOll TeOplm: 

(ml. m2; 2 1. 

= 1\1+- '~ fGs·-(mlii-m,>Gz)= 
2m"1m, 

1(m 2
. -m2

)(1- ~)(~yt9A) (-~AI+ f0t) 
A1 'J 1 mAl 

( 2.19) 

e npiDJeHemte coorHorueHHll APKC 11 orpeHJFieHHll KaJia6poBo4-

X0.n;a :: A~-y--n- 6 · cv.creMe np:1 A= 0 npHno.n;IlT K 

0 napaMeTphl T60pl1ll TJtna flHra-iiiJIIJIJICU CTa!TOB.f!TCil tpylii~~J1m:l'l 

- Ai c>~eumBamul \fl : 

f9A ::::f(i T t.ln.
2

't') 
(2.20) 

2. L( 

( -~ ) ::::. co~ _lf-i 
z mf ( i + ~n. 2. '/·-')"'" . 

(2.21) 
o nosnoJIROT Bblpa3JI!Tb 4epes yro;r '-Y KOHCTaHThl G s u G :;i) 

., 2 

G - z m/ CD!l. 't'. (2-tS) 
s - Frr i + Mn.1 r 
_I ~n2\f! . ~ 

:J)- Frr i + ~2 '{-' · 

c~.22) 

OCTaBJIIM TO!lCpb orpaHlfli6HJIIJI .D;BYX llO,D;XO,D;OB )J,JIJI Jlf' fT B6pW111Hhl. 

MaTpH4Uhlit 3JICMCHT :noro nepexo,n;a rrporropUHOHaJieH Go~ \ft Ill. 
.n;y pacrra.n;a j -tJf IT B JJO,n;H¢vrUHpOBa!IHOll reopHH THna 

.lL 

_.... 

flHra-MHJIJica Mo~o rroJiy4111Tb us nsav.uo.n;eHCTBH.f! (2.16). CpaDHHBaJI 

COOTBOTCTBJDillriO B~paJJteHUJI ,D;JI.f! aMnJIUTY,D;hl OTf rr rrepeXO,D;a npu 
..; 

~:: 0 , IIOJIY4HM COOTHOW6Hllle: 

~'I':::: i'k [W-~ J-2 c.t+0)(~,t911>2U -kJ2
] . 

(2.23) 
0TCK>,D;e. Mbl uo:a:eM orrpe,D;eJIJI!Tb rrapaMerp b , ecJIH HCllOJibsyeu 

paBeHCTBa (2.20-2.21): 

0 c_m4'f' r C{A4'JI l(i+A.i.n'L\f')] 
o == o .. j t'l'~ w L2 -ll + ~2.'f)2.- · ce4 'f' J - i. 

TaKHM o6pasoM, 

(2.24) 
rpe6oBaH111Si APl\C ,D;JI!i A{.,P·-·lT-6 CHCTeMhl npM 

. ~·:. 0 COBM6CTHhl C orpaHHI.iOHHSiMH MO,D;H!lJHUHpOBaHHOll T60pHH TJI!Tla 

.HHra-iiiHJIJICa. B JiarpaHJJteBo~ MO,D;eJIH Afy·-rr-6 CHCT6Mb!, y.n;oB-

JI6TBOpJIIOIII6H TpedoBaHHJIM ,D;ByX IlO,D;XO,II;OB, e,D;HHCTBeHHhiM llpOH3BOJibHhiM 

napaMeTpoM HBJISieTCSi yro;r Tf- Ai CMeWHBaHJI!Si 'f 
CoorHomeHHe (2 .17), CBSi3blDaD!l{ee Mace~>~ J H A i -M~soHoB, 

He I1pOTHBOp61.iHT 3KCilepHMeHTY llpM 40" 4. r L. SO 0 
• 11pl'! :nux 3Ha-

t!6H111SiX f Mbl IlOJiyl.iaeM CJie,IJ;YDIJIH6 orpaHHI.i6Hl1Si: 

1) 0,27~70,1 j. 

2 
3) J. 7 ~ I'-1Tf 70.5 I 

2) 0, l < ~~ f9A ~ 0, 8 

'1)--1,S"' 8 L. -1.2 I 

(2.25) 

KOTOpYe CYIII8CTBeHHO OTJil/ll.iallTCJI OT COOTBeTCTBYD!l{HX orpaHWieHI1it B 

odYtiHOit :rtaJIPI6poBOI.iHott reop111:11: 15- 91. HanpHMep, rro cpaBH eHHK> c o6-

merrpHHSiTYM 3Hal.i8HHeM YHMBOpCaJibHOD KOHCTaHT!i CBSi3H ..P -Me30Ha 

3,!1;6C~ llOJiyl.iaeTCSi B HeCKOJibKO pas MeHblliaJI B8JI1/ll.iHHa ~~~/Lf7T 
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B TO l!W Bpeu~ COB!ACCTHOe llpl1M8H8HMe COOTHOIIIeHMi1 APH/..! Tlpll 

A== 0 11 orpaHMtJeHM~ KaJJMdponotJHoro rro.n.xo.n.a .rr.A er y.n,oRnernopH

ren:cHoe om!CaHue rrpo~eccon B AJ -y- IT -6 cMcreMe. 

4. - o 2. 2 )1 2 I II 3w~epeM yronf:::: j , ror.n.amA1=2YYl_r=21 G • Panen-

crna (2.2U-2.24) .n,aiOT B03MO;nJOCTb orrpe.n.enun rrapaMeTphl pacrra.n;on 

·A i 1 J 11 t) l.le3oH on. 

l1p11 'f:::=l.f5unonyqaeM 3HatJeH!1.fl I(J-"~llT):::::::::- 135Me.v Yl 

n6· ... 2Ji)::=. 6 00 Mtv I II .n;na mnpnn pacrra.n,oB J l1 6 Me30HOB. ::iHaf! 

ReJJJ11.Jl1Hhl G s ll G ']) (2.22), Mhl Mol!CeM Bhl4l1CJil1Tb ycpe.n,HeHHYIO no 

TIOJil1pl13auml1'1 Ull1PI1HY pacrra.n.a Ai _, j Tf : nAr·•j)TfJ-:::: 55 Me.v. 
aapunaJibHUll Wl1pl1Ha pacna,li;Ft A r-"0 Tf npl1 m6 C:yY\J paBHa '-/0 Me.v. 

liOJiytieHHble pe3JJJhTaThl He npOTl1BOpetiaT 3KC11epl1l!eHT8JibHb!M 

.n.aHHb!M rro pacna.n,aM Ai 11 J -Me3oHoB. 

ill. ::JaKJIIOtJeHMe 

ioill paccMorpe1111 nonpoc o npi1MeHl1MOC:Tl1 anredpaMtJecKoil peaJIM3a

l\11l1 rmpa.'!hHOil cnMMeTp11l1 K rrMoHaM l1 .n.pyr11M Me3oHaM c G P(-if=+ i 
TIOKa3aH 0, tiTO K 3TllM tiaCTlll\8M l1,JJ:eil i'.Pl\C rrpl1MeHl1M8, rrp11 3TOM cy-

1~-.:CTByeT I!pOCTOt\ CTIOCOd BKJJI0tiC!Ill.f! HeHyJieBn~l M.:tCCbl TII10llOB. 

B TO :.Ke npeMn rrp,creZ\maq Cl1CTeMa l13 Ai,J 
1 

TI 11 0 Me3oHoB 

oKa3biBaercn cnwruKoM de.n.no~ AJJR rronytieHHR cornacyD~Hxcn Me~y co

ooa 11 Y,JJ;OBJieTBOpl1T8JlbHh:X c T04Kll 3peHl1ll 3Kcrrepl1MCHTa pe3yJibTaTOR 

APKC .'Vl.fl pa3JIMtiHHX cnHpan:cHocrea. 

KanMdpoBOtiHaa reop11n, nocrpoeHHaa Ha ocnone nenHnennon pe

aJIM3al\HH rpyrrm.r SU 2 'f.. SU 2 AJia rroJielt .ffHra-MHJIJica, coBMecrHa 

B rrpHHl\HTie c rpe6oBaHHJDlH APKC. ConocraBJieHMe cooTHoweHHft AP!W 

.U.Jiil A(p- IT- b cucre1.w npH A::: 0 H orpaHHtJeHMR reop1111 nma 

20 

r 

.riHra.-MH!IJICa rrpiU~O,JJ;HT K !Ja3yMHID4 CJ!e,,l;CTBHHM 

H cJ M830HOB, llna nposepKH COBM6CTHOCTH ,JJ;B 

Heo6xo.n.ID4o paccMaTpHsau s APl\C 6oJiee nmpor. 

~KJID\la.,ll\He A.1.j>Ji 1 G , a TaK:ate ,li;pyrr1e q 

Cnocod rrocrpoeHHa TaKHX MYJihTHnneToB, 

rJiacosaHHb!M pe3yJI:craTaM APKC .U.Jist pa3.'ll1tiHbiX 

BaaHOeproM III. CyTL era cBO,JJ;HTca K TOMY, tJ 

tieHHOrO. \lHCRa nap~Ha~bHbiX BOJIH B nepeXOAaX 

pyeTCSI onpe,u.eneHHaa 3aBHCHMOCTb MI"TPHUbl ner 

Maccosoro orreparopa or cnHHOB H cn:upanLHoc~ 

peHHD paccMaTpHBaeMo" rpynnhl H K 6oJiee D!Hpc 

30HOB. HanpHMep, ecJIH paccuarpHBaTD s APl\C 

MaHHO ~- H p -BOJIHOBble nepeXOAH, TO C001 

CI4Ml46TpHH 6y,JJ;yT s 0( 6 ) HJIH SO( 7) Ill. API1 

CnOC00 HapymeHHll CHMMOTpHHo 

CJie.n,yer cKa3aTL, \!TO y'Yl.e B Ai -y- iT 
pO.'lb Hrp8.1lT d -BOJIHOBb!e nepeX:O,JJ;'bl, TI03TOUJ 

KO& 06061J1eHHe rpynmoi su 2. 'f... su z , tiTOObl ME 

ran:c H d. -soJIHb!. n raKHX rpynna.x HenpKB< 

ryT CO,D;eplmTb tiaCTl1~bl CO cmtHOM 01 i I 2 , 
. :f 

1 
Till ( 16 Lf 0) H AP • 

3TH sonpocbl Tpe6yDT .n,aJILHe"D!ero HCCJie, 

B 3aKJIDtJeHHe HaM npunTHO Bblpa3HTb 6Jial 

H M.A. 3JIHaJUB}1JIH . aa o6cyx.n;eHIUI. 
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TO 1W BpCU~ COBIACCTH08 llfll1M8Jl8HM8 COOTHOJII8HMli APi{1] rrpn 

u orpaHM4enn}l Kann6pono<moro rro.n:xo.n:a )1,1'1 er y,n:oBJICTBOpM

e orrncaHJHl rrpoueccoB nAJ-y-IT-6 cncTeMe. 

, - o 2 2 z 2 Yl2 I II 
depe11 yronf-:::::::42> , ror.n:amA1= I'Yl_r= I G • Panen-

.20-2.24) ,nnm B03Mo:Jrnocn orrpe.n;ennn rrap<lMeTpb! pacrra,noB 

H c:) !.!830I!OB. 

n \j/:=l.f5°rronyqaeM 3Ha4emur r(j-"2fT)~ 135Me.v lll 

==-600Mtv III ,n.lJ.fl mupnn pacrra,n:oB J n 6 Me3onos. iinaH 

G s n G ';]) (2.22), M!:l MOlKeM B!:l4HCJII1T:b ycpe,nnennyiO no 

l.l!Hil't ll!Mprmy pacrra.n:a A i ~ j Tf : n A r·• JTf) '::::::55 Me. v. 

hHaH ump11na pacrra,n:A.Ai -"0 7f rrpl1~\; ~=:'tY\J panna LfOMe_v. 
JIY48HHbl8 pe3yJihTaTb! He rrpOTI1BOpet!aT 3KCTT8pl1l!eHTaJibllh!M 

no pacrra,n:aM Ai n J -Me30HOB. 

::laKJT1048Hl18 

paCCMOTp8JTM BOITpOC 0 rip!1M8HMMOCTI1 aJire6pal1ti8CKOll peaJII13a

a.'!bHOl\ cnMMeTpMH K rrnonaM n ,npyrMM Me3oHaM c G /Y-Jf= + i 
o, t!TO K 3TMM tlaCTMI.laM H)J:81l .\P!{C llpHMeHI1M8, rip11 3TOM cy

IlpOCTOi! CITOC06 BKJII01JCIIHP' HeHyJieBOi-! MQCCbl ITI10I!OB • 

ro :;(e BpeMII rrpncTe¥\mal! CHCTeMa M3 Ai,J 
1 

TT n o :Me3onoD 

Cl! CJ!illl!KOM 6e,l(HO~ ,Jl;JISI llOJiytleHHSI COrJiaCyD!llMXCI1 Meli()l;y CO

JieTBOpUT8JibHh:X C T04KM 3p8HMII 3KCIT8pl1MCHTa pe3yJihTaTOR 

Sl pa3JIMt!HbiX CriMpaJibHOCTe~. 

POB04Ha.fl TeOpHR, ITOCTpOeHHa.fl Ha OCHOBe HeJIMHennoH pe

rpynrr!:l Sl(~, Y... S U 2. )J;JI.fl rroneH .ffHra-Mnnnca, coBMeCTHa 

e c Tpe6oBaHHruLM APKC. ConocTaBJieHne cooTnoweHnl\ AP!W 

-TT- 6 CHCTeJ.!!:l rrpn A = 0 n orpaHHtleHM~ Teop1111 THrra 

20 

.,... 

l'iHra-lviH.'IJica rrp!rSO.llHT K !Ja3yMHW cne).ICTB>-UIM .llJI.fl pacna,l(oB AJ., J 
H 6 M830HOB, ,llJiil rrpoBepKH COBMeCTHOCTH .llBYX llO,l(XO,l(OB rrpH 1\ =.! i 
He06XO,l(HMO paCCM8TpHB8TL 

!lKJIIl4ai0~11e A.1.J 1 TI 1 G 
a APIW 6onee wuporme ~~Yil:&THITJieThl MeaonoB, 

, a TaK:r.:e ,~~;pyrae 'laCTHW>I c J ':7 i 
Crroco6 rrocTpoeHH.fl TaKHX MYJihTHnneToB, KoTopuH npnBO,II;HT K co-

rJiacoBaHHhiM peayJILTaTa.M API\C .nnn pa3.1JHt!HhlX cmrpaJILHOCTea, yi~asaH 

Batin6eproM Ill o CyTL ero CBO,l(HTCSI K TOM'J, t!TO rrpn ytieTe orpaHI1-

ti8HHOrO. tiHCJia rrapUHEUILHhlX BOJIH B nepeX0,1(8X J. ~n + j3 cpHKCt1-

pyeTC.fl orrpeAeneHHaSI aaBHCHMOCTh M~'TPHW>I rrepexo,nos X a (}.) H 

MaCCOBOrO onepaTopa OT CriHHOB H CnMpaJILHOCTeR. 3TO Be,l(eT K paCWI1-

peHHD paccMaTpHBaeMoit rpynmr n K 6onee wHpor~IIM MYJILTHnJieTaM Me-

30HOB. HarrpnMep, ecJIH paccuaTpMBaTL B API\C TOJILKO p- HJin O,II;HOBpe

MeHHO ~- H p -BOJIHOBhle rrepeXO.llhl, TO COOTB8TCTDJIDlltHMH rpynnaMH 

cwMMeTpHH 6y,nyT 50(6) HJIH SOU) III. APIW orrpe,nen.fleT TaKllCe vr 

crroco6 napymeHH.fl cvrMMeTpnn. 

CJie,nyeT cKa3aTL, t~To y'YA.e R Ai-J- IT Cj:!CTeMe CYI!ISCTBeHHYIO 

pO.l!l:t Hfpa.J)T d -BOJIHOBble rrepeXO.Jlbl, ll03TOMY He06XO,l(HMO HailTH Ta

KOe o6o6~~teHHe rpynnu su2. 'f.,. su 2. ' tiTOuhl Ma.TPHI.la X a (A) BKJIIJtiaJia 

T8KltC H d. -BOJIHblo 13 TaKVIX rpynna.x HenpHBO,l(HMiire MYJILT!inJICTU MO

ryT co,nepmTL t~acTuW>I co crrnHoM D, i 
1 

2 ,' HarrpvrMep ,'TT, D1 J 1 A 1 1 

j,Til\{16'(0) H.llPo 

3TH BOITpOCbl Tpe6yiOT A81lLHeitwero l1CCJI8,1i;OBaHH.flo 

B 3aKJID4eHHe HaM rrpHSITHO BLipa:mTL 6naro,napHocT:& E.A.llBauony 

n M.A.3nnawB~Jll1 . 3a o6cy:r.n;eHn.fl. 
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