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I. BBE.UE!illE 

B nocJie,IUll'Ie ro,ll;ll 8KC!IepHMel'lTH,BWIOJIHeHHHe Ha BCTpeqHWC 8JI8.K'l'pOH- . 
Il03HTPOHHHX nytiKaX Ha PEP,PETRA Hl'RISTAN npl'! 8Hepr1m fi,_,30-52raB 
B CIU1' Il03BOJUL7IH H3ytlliTI, BKJia,JJ; 'CJia6wc He.lil:TpaJJ:l>HHX TOKOB B nponec-
cax e-e~e-e+, e-e+➔ fa-}'-+, e•e.f.➔ '{;- (• , e-e+ ~ a.D;pOHH [I-5] .Pe
synTaTH 3Tl'!X 8KCilepHM8HTOB XOpOmO OOrJiaOyIOTC.II 00 OTaH,D;apTHO.lil: MO -
.14eJII,10( CM )aJieKTpooJia6mc BSaHMo.D;ettcTBH.lil: f Jiamoy-Ba.lil:H6epra-CaJiaMa (rBC )[ 6] 
np11: sHaqeHll:l'! napaMeTpa Sin..ilt =□,23. 

B 6JIIDmil:mee BpeMlt B pJI.D;e HayqHWC U8HTPOB BOTYMT .B CTPOH HOBHS 
yoKopwreJil>HO-HaKOilll:TeJII,HH8 ycTaHOBKH 6 a+-nytiKOB Ha 3Hepro B ,11;1/!ana-• 
30H8 I00-200 raB B CIU1 ( J.,£ p , $ '-4 C ) .IIpl'! 3TOM B03HllltII8T ymmaJII,HruI 
B03MOlltHOCTI, JI,1IJJ. opaBHemm paaim:qHHX npe,JJ;CK838HHti CM O 3KOil0pHM8HTOM 
B 3TO.lil: o6JiaCTH 3HeprR.lil:.B03MOlKHO,qTo IlpH OB8PXBHCO.Kl'IX 3Heprrurx: llOIIMT-, 
C.II HOBH0 3KCll0Pl'IM8HTaJII,HH8 qiaKTH,He oorJiacy!Ol{HeOJ! C npe,D;0Kasa'm1m.m 
CM.HHTepnp~;arnm 8KO!I8pl'!MeHTOB TaKorO po.D;a,eoT8CTB8HHO,Tpe6yeT pao
OMOTPSHM pacmRpeHHHX Ka.Jm6poBoqHHX MO,JJ;eJie.lil:,oTJmqHHX OT OTSH.D;8PTHOH. 

BOJII,IIIPIM ,JJ;OCTR~8H11!8M IlOOJI8,IUmX JI8T B pa3Bl'!Tlm qiR3KICB BHOOKIDC 3H8p. 
rn.lil: .IIBJIJteTOJ! paspa60TKa Teopo oynepoTpyHH.CynepoTpyHHM Mo,JJ;eJI1> aJie-

• . I 
M8HTapHHX qaOTim, OOHOBaHHaJ'I Ha I<aJm6pOBOqHo.lil: ORMMeTpIDi EaxE13,~.800MaT-
pHBa8TOJ'I B KaqeoTB8 peanHoro KaH.n;H.ItaTa Ha pOJII, IlOCJI8,JJ;OB8TeJII,HO.lil: e,Il;l'f,, 
HO.lil: Teop:im,Bcex qiyH,D;aMeHTaJII,HHX B3al'IMO,JJ;8.lil:CTBHi [7].IIooJie KOMil8I<Tll:qiK
K~ .D;eO.IITRMepHa.lI rpy11na E~xE8-cynepoTpyHH npIDlo,11;1/!T K 4-MepHottN =I 
oynepcm.1MeTpRqHott T80PD C Ka.zm6poBoqHo.lil: rpynno.lil: E5.HHT8p8CHHM CJI8,JJ;
OTBH8M STO.lil: M0,!4eJIH J'IBMSTO.II To,qTo OHa npe,JJ;CKa3HB88T CY1ll8CTBOB8Hll:8 
HOBHX 8K30THqeoKmc qiepW!!OHOB H KaK MIDIRMYM O.D;Horo ,JJ;OllOJIHRTe.m,Horo 
B8KTOPHOI'O 6030Ha [ 8].3TO OHJII,HO ODBRJIO RHTepeo K E6 T80pmi 60JII,MO
ro 06M;inmeHR.1I. 

B H8CTO~eeBpewr IlOHOKaM npOIIBJieHH.lil: ,JJ;01IOJIHl!T8JII,HHX B8KTOPHHX 6o-
30HOB y,JJ;eJIJ'IeTCJI'. 3H8ti1/!T8JII,H08 BHRMaH11!8 [ 9-I4] .B paMKaX oynepOTPYHHO.lil: 
E6~MO,JJ;8Jm RayqeH BKJI8,JJ; ,JJ;O!IOJIHHT8JII,HOro 2' -6o30Ha B rJIY60I<oHeynpyrmc 
nponeooax,B y11pyroe He.lil:TPRHO-aJieKTPOHHoe z Heih'pRHO-HyKJIOHHoe paoce-

. Jio 
.IIHRII,KOrepeHTH08 Heih'pRHopollt,lteHHe I -M830HOB Ha !i,lij)ax.H BC8 lite 
JI,1IJJ. ~HapyxeHRJ'I B03MOlltHHX OTKJIOH8HH.lil: OT CM npz BHOO!GlX aHeprMX 11! 

zayqemm OBOHCTB HOBHX 6030HOB IlOTpe6yeTO.II HCOJI8,JJ;OB8HJ!8 60Jie8 nmpo
Koro KJiacca nponeocoB.0,JJ;HHM Ha aqiqieK'.l'HBHHX onooo6oB noJ1IcKa TaKmc 60-
soHoB !!BJmeTO.II J1IsyqeHHe nponeccoB pollt,lteHRl't qaoT:mn B aJieKTpoH-n03J/IT: -
POHHHX CTOJIKHOB8HMX. 



~3xqecIOie CBOii:CTBa ~OllOJIImT8Jll,HHX 6030HOB MOI'YT 6HTL nsyqeHll 
R3M8p8HR8M pa3Jm:qHHJC aneKTpocna6mc acHMMeTprui B aneKTpoH-llOSRTPOHHOii: 
8HHHI'1t1IIIInm npH aHeprmnc fs',;::. IOO raB.8KcnepRM8HTH B 8TOH o6nacTH 
aHeprrui noaBOJIJ'IT onpe~e~L OTKJioHeHRe pa3Jm:qHmc aneKTpoOJia6mc acJaM
MeTpmi OT npe~cKaaaHHii Teopo rBC C TOqHOCTLID I% H npe~OCT8MT caMHe 
pe~Hll8 B03MOlltHOCTH ,nJili pemeim,r Bonpoca O cy~eCTBOBamm ~OllOJIHRTenL
HHX Kami:6poBoqHHX 60SOHOB. 

C nenm BC8CTOpoHHeii: IIpOB8PRR CM,BwmJI8IDlfI 8qql8KTOB ~OllOJIHRT8nLHO
ro 6oaoHa R BH6opa npneMJieMoii: Mo~enn anempoona6oro BSaHMo~eilcTBM 
npH BHOORHX 8Heprl'JJDC B pJi,1(8 pa6oT paCCMOTpeHll 8JI8KTpOCJia6He aC.UMMST
pmr B nponeocax p()lt'AeIDUI nenTOHOB B aneKTPOH-ll03HTPOHHOtt 8HIDirrurmnm 
[9,I5-I8].B H8~8BHOil pa60Te[I9J B pa'M!taX CM nonyqeHH 8H8nRTHqecKH8 

' _/3 
Bupaxemm NIJ1 8~8KTpOMarHRTHHX nonpaBOR ll0p!!.I(K8 u, B llMHOS ceqeHRe 
n HHTerpanLHYD acHMMeTpHm Bnepe~-Hasa~ .D;1UI npouecca poxmeHW'! napu 
qiy~aMeHT8~LHHX ~epMHOHOB.B 8KCnepHMSHT8X O BHCOKOaHepreTnqecKmm 
8~8KTPOH-ll03HTPOHHHMH nyqxaMK HaIJJJ,ny O ~ellTOH8Ml:'I Ha6~~amcH H qacTH
nH O ,IIJ)yrKMH SHaqelilUIMK CIIHHOB.STO BHSHB88T H8o6XO,IOWOCTL nccne~oBaTL 

I 
BJIRIIHRe ~onOJIHKTenHoro Z -6osoHa Ha xapaKTepncTKKH.npoueccoB o6paso-
BaHRl'I napH qacTnn O npOHSB~Hmm cnHHa!lm Ha BCTp8qHlll{ e-e+-nyqxax. 

B HaOT~eil pa60T8 nsyqamcn 3qql8KTH ~OllOJIHRT8~LHOI'O 60SOH8 B 
nponeccax 

e- + e+ ➔ f + f ( I ) 

3~8CL ff - napa npOHSB~HHX qacTnn(~8llTOHOB,HYKJIOHOB,rIDiepoHOB, 
llC8B~OOKa~HHX :wm B8KTOpHHX M830HOB,HyKJIOHHHX pesoHaHCOB R ,IIJ).). 

Ha~eHH H npoaHaJIRS:IIpOBaHH TaKne xapaKTepHCTRKR nponeccoB (I), 
KOTOpHe Han6onee qyBCTBHT8nLHll,K BKJia,ey ~OllMHHT8nLHOI'O B8KTOpHoro. 
6030Ha. 

2.B3MIMO,uE11CTBHE ~YH.lT,AMEHTAJThHHX WEPMHOHOB C BEKTOPHHMH EOSOHMIB 

B HH3K03H8pr8TRqecKOM npe~ene cynepcTpyHH HapymeHRe CHMMeTpRH 
rpymm E6 MoxeT nponcxo~TL no cxeMe 

E
6 
~ ~O{fO)xlJip(i). ( 2 ) 

rpynna SO(IO) oo~ep:imT 5 U (5) B KaqecTBe cBoeii: no;D;rpynnu.CxeMa Ha
pymeHM SO (IO) Blll'JJ.fl,Iij'IT OJI8,ItYJanRM o6pasoM: 

50(10) ➔ SV(5)x U:l. 11), 

C1J(5)JSU(3)xSU(2)xU (1). 
v C J.. 'f 

npnqeM · 
( 3 ) 

( 4 ) 

Cne~oBaTe~Ho,rpynna E6 MozeT HapymaT:&CH ~o no;D;rpynn 5-ro ~ 6-ro 

2 

i. 

paHra 
G: =SU(3)x SUL(2)x\J (i) x {/

1
(1), (5) 5 C '( 

G6 =St.{{3).,rSUJ2)xUy(1)x.Ulf'(f)x"l{_(I). (6) 
BosMOJKHH n ,IIJ)yrne BapnaHTH no;D;rpynn paHra 6,Ho MH orpaHRimMM 

paCCMOTpeHHeM YK888HHOii:.3~eCL MH RMeeM ~a ~OllOJIHHTen:&HHX HeilTpa~
HHX 6osoHa 2o/ H z X,' OTB8qan!U1X rpynnaM 1{,<r) H ½. (I) COOTBeT-
~BeHHo. I. 

Mo~en:& c RaJll16poBO"Il!OH rpynnoiI sue (3 )x SU (2 )x U (I)x U (I) cqn
TaeTCfl ceilqac HaII6o~ee BepMTHHM HH3ROaHepreTHqecKHM npe~enoM Teop:im 
cynepcTpyHH.B aTOH Mo~e~ B03HHKaeT ~ononHHTe~:&HHH Z 1

-6osoH,paccMaT
PHB8eMHtt K8K n:1'1HeHH8Jl KOM6IIH8UID! .:Z'fn r;(,,, 

Z'== z'f'coseE +- ?.x:sin4 . . (7) 
3~eC:& eE -yrOJI CMemHBaHIDI,B C~yqae rpynnH paHra 6 OH llpOH3BOneH, a 
;n;M rpynnH paHra 5 0 =I4~,24o. 

,.., e ~ 
~ap~,xapaKTepnsyl{JJ{He B3aIIMo~eHCTBHe neBoro n npaBoro cnHHopoB 

C Z.' -60SOHOM(7),onpe~eMmCJI K8K 

r~e 

(8) 

Qr'== Q (f) COS0 + Q (f )Sin0E, 
J., ffl. E :;,ct. 

Qz'=-Q, (:f'c:)COS0-Q. (fc)sin.0c? 
R 'fl. E :£.t.. 

Qq){)= z~, Q:t(~)= 2~ .IT.M { =(d..C, e, Ve)1., 
Qq,(f;.)= /vs, Q~(f,)=-1/dio'l-Wf. f1.,=(ll,cl,u.c,et:J1. 

-reHepaTopu rpynn V'f'(I) Pl t{ (I). 
TORR B88RMO~eHCTBIDI WY~8MeHT8nLHHX wepMHOHOB O B8KTOpHHMJi'I 60SOH8-

MH RMem B~ . - . . 

. ;t: f ~ r?[91.,~rr+J'5J+- ~R~ r1-r~>J. 
S~ec:& 91.,~ H ~R~ - neBaR H npaBaJI KOHCT8HTH CMSH ~PMHOHa :f C 
~ -60SOHOM.BHpa~emm 3THX KOHCT8HT npnBe~eHH B Ta6~e I. 

(9) 

- e , ff" e TAEJIBI.{A I 
(06osHaqeHM gz- Sln2~ , g, ,=rt· - •A=..£cos0_ 8:3...si.rJfll 

w r Zcos0w 2/ff t:' ,,,n;; El --- - ~••v 

~~ 
e,;u,1: u, C d, s, -8 

. 9L~ /9i iR~ /j, £,~/~ 91c~ 19, 91,~ 19,· ~Ril!Ji 
i=Z i . :i Sin20w 1._!:. sin.2d - ~sin2f1. ,( :l . 26 f. • .t - -+Stn'/9 --+-Slll 3 Stnl9,v z "' 2 3 w J w Z 3 w 
. z' l= A+3B 8-A A-B 8-A ,4-8 -A-38 
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Macc0Ba11 MaTpaua nOJieil z H r / B o6meM c.11yqae He)Ul:aroHaJII>Ha. 

8TO IlpHBO,ItHT K Z -'Z/ -CMennrnamno 

z = Z coscp +- z'.sincp , 
J I 

(IO) z =-lstn(p+ z coscp, 
r.ne l 1 z 'l,2 -K~6poBotIHue 6oaoHbt c ~a:irqecrtm.m MaccaMR ~ :ir m , 
rp -yrOJI cMeunmaIDUI 2 2 ,i 2 :t 2z 

• tj.Ztp==(me-mz
1

)/(mz.i - mr). 
3.ztecI> 111. -Macca l -6oaoHa B CM.· 

BuplxeIDUI l1,Jlif. TOKOB BaaRMo.zteftcTBWI ~epMRoHoB c·6oaoHaMH i'.t_ H l.z, 
HMem o6111H:i1: BH,It (9),HO IlpH 3TOM 

l 1 l . · z' 
3;,,,P. = coscp91,,R +suzcp31,,~. 
ff/}= cos¢ 3/; - sc·11q; J/R . (II) 

3 • .llli®EPEHimAJI:OHOE CE1IBffi!E IIPOUECCOB e-e+ ~ff 
Ilpoueccbt polll'.,!l;eHHJl napu IlPOH3BOJII,llliX 'l8CTRU B SJ18KTPOH-Il03HTPOHHHX 

CTOJIKHOBeHIDIX OilHCHBamcR aMIIJrnTy,ItOH 

M=l1 2rudr[81.,ie{1+-/5)+9R~(i-Y5)]U<•ff/:;}-fo>, . (I2J 

r.ne cyMMHpoBami:e npoBO.ItHTCSI no BCeM KBJIH6poBoti:HHM 6oaoHaM( l:::Y, z., 
Z~, ••• ), '/;). ==( m.z_ s - i 17{ (f )-1-nponaraTop BeKTopHoro 6oaoHa l 1

, 
.., rr l t. L . 
m. H ,, -Macca H IlOJIHaR IIJHPHHa l-6030Ha, S -KBa,npaT cyMMapHOH 

aHeprKH e-e+-napu B crm, ?" -ToK,on:ircuBa111Hii nepexo.zt i ➔ f + f • 
.I(HqxpepeHUHaJII>Hoe ceti:eHHe peaKUHii (I) Mo%eT 6btTI> npe.n;cTaBJieHo B 

BH,Ite c/..o ol,z, if iK iK 
- = - J3 7 -<)l .()k /_, Wrv , (I3) 
dQ 2t l,J< lJ< f1V iK 

r,ne j3 -CKOPOCTI, tIBCTRUli f , /.)/IV H Wj!Y -T8H30pbt H8tJ:8Jll>HliX H KO-

HetJ:HHX tJ:8CTRU. 

EcJIH MaCCOH 8Jl8KTPOHa npeHe6peti:I>,TO Jl8IlTOHHbte T8H30pbt CTBHYT co-
'J< 1<. 

xpaMl{JJ{HMHc11 J../fav 9,.,-= L14v 9.v=0.Bc.11e,ncTBHe aToro B CI.IJ1:,,J3KJ1a,n B,feti:emi:e 

.nam TOJII>KO npocTpaHCTBeHHHe KOMilOH8HTli TeH30POB };mn H W mn .Jien

TOHHliH T8H30p ;rerKo BbttIHCJIR8TCII Ha OCHOBe MaTPHtJ:Horo aJieMeHTa (I2) H 

B CJiytJ:ae IlpOH3BOJII>HO IlOJIJ'IpH30B8HHOH e-e+-napbt paBeH 

1/< - [r J - 7J 'IJ ) [( i. J< L K 
mt1 - S mn m n JLe gJ.,e + 31?.e 8He) ( i-.fl1. ?i z) + 

+ ( Q i. Q K - Qi q I<. - ] • E . [( Q l Q K - qi,, q>< ) 
dJ.,e <11.,e <fR.e<J!le )0-i A1.) + l "1n"t.19'l. <he <1;.,e 0(?.e ORe (f-A1A..z) 

+(Oi QK (JC J<. [ _ _,,(6_ ] 
<1Le <Ile +a/le s~e) ( Az-)i) J + f1»/l.1,12 +fin. 1zm - ~ 2z rnn - vm ZJn) X 

4 

.~ 

x(91.,~8R: +~~&; )-1- l{ fttrl'nr.l f112 £mzs)t,t~li~~/.,:-i~ i:u.(I4) 
3,neCI> )i H .Az ( f i H ~ )-B~'Il!Hll IlpO,IJ;OJII,HliX(Ilo~epetJ:HHX)Ilo.MpRSaIUJR 

a~eKTPOHa H Il03RTpoHa, l}- -e,JUl:HHtIHHH B8KTOP no HanpaBJieID!ID HMIIYJII,C8 

8JI8KTpOHa. 

TeHaop KOHetJ:HliX tI8CTRU ID486T CJie,IJ;ylllllYID 06111YID CTpyKTypy 

w. ik WiJ<. r ii< ·£ l.e 
ill m1 = i . 0mn + W.z !Vm~ - c, m1ti/Vt w3 , . · (I5) 

r.n;e wi , W.z'K H ~~-CTpy.l(TypHlle WHKUHH, 38BRCRll1H6 OT npnpo,nu o6-

pa30B8BIIIHXC!! tI8CTHU, JV -8,JUl:HHtJ:HliH B8KTOP no HanpaBJieH:mo m.myJII,C8 

ti:aCTHUH f • if<- t'J< 
CBopaqHBa.ff T8H30Pbt /., mn H W 11117 ,,Ir,IIJ! ,ItH@lepeHUHSJII>HOI'O ceti:eHIDI 

npoueccoB (I) H8XO.I(HM Blipa~eHHe(B ,I(8JII,H8Hlll8M :MaCCOH tiaCTHUH f npe

He6peraeTCJI): 

d..a c1} .:o ~*{[r · I<. i. I< cJ..Q = 
11 

\~ i K t~ 81,,e + 9rce 9Re )( (_ ),J. ~,1,) + 
' . . . 

+(9;.,ie91v:-s/l~~R.~ )(\-A1)} ( z Will~ +-Wz.'l<.sbl0) + 

+Z[(9i.~~;_,~ -&~~": ){1-i\)) +( 1~9i +-9,,_~9R~) Oz-J1)] w/~os0 + 

+f:1 ?z [(9jeg1,: +il~ 9/e )COSZ(f+i(gfe 9i~ -71..~ 9R~)SillZ'P]W/<siYi20} (I6) 
ECJm a~eKTPOH(ll03RTpOH)o6Jia,IJ;aeT npaBOH(JI8BOH)CilHp8JII,H00TI,ID, TO 

HS WOPMY.ml {I6)HMeeM CetJ:eHHe 

d.6'(e;e:➔ tfJ _cJ.}s 2. :?J. JJ* ol 01< (2 w/u+}/~i,lB-2 W.ikcose). (I7) 
ctn. - i,,J< l x. <JR.e 0Re fl • 3 . 

EcJIH %e SJI8KTpOH(IlOSRTPOH) JISBO(npaBo)nOJIRpllSOBaH, TO C8tJ:8Hll8 

paBHO 

- + - · ii< ii< 2 ,,1 iK ) 
cio'Ce1.,eR➔ U)_J.,1.,s"2..'J~*ol 8,J<.(2Wt +n:e siYL 0+2w3 cos0. era) 

. c;tQ - i,I< " I<. (11.,e le 

OrcIQJJ;a CJie.nyeT,tJ:TO.H3yqemi:e peaKUHii (I) 0 JI6BOilOJmpR30BaHHl:lMJ,I 

8JI8KTpOH8MH (r ( HJlH npaBOilOJIJipRSOB8HHHMH ll03ll'rpOH8MR e;) Il03BOJffleT 

IlOJIYti:HTI, nH~OP~IU'IID O JISBHX KOHCT8HT8X CB!i3H JI8IlTOHOB C KBJIH6poBOtJ:H~

MH 6030H8MR 3i.Le ,B_ TO BpeMll R8K ceqemi:e 8HHHrn.mm;ml npaBOllOJIHPR30-

B8HHHX 8JI8RTPOHOB e I?. (wm: ~6BOilOJIJipHSOB8H~ Il03HTpOHOB e: )co,nep

lfflT CB6.D;6Hliffi O npaBHX KOHCT8HTax OBJl3R [JR~ • 
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4. IDITEI'PA.JThHllE XAPAKTEPHCTilliH IIPOUECCOB e-e+~ fl 

8q$!KTH cynepcTpyHHoro 6oaoHa npOJIBJmmCJI B paaJmqHbJX a~eKTpoc~a-
6mc 8C:HMM.eTpHSIX,Blij)8lteHlm KOTopmc MoryT 6HTh nruryqeHH HS o6meH ¢opMy
Jil,I aqxpeKTHBHoro ceqeHIDI (16). 3,necn paccMaTpHBamcJI TOJihKo HHTerpan -
HHe xapaKTepHc'l'lllffl pea.Kllltli e-e+- fl. 

Onpe,ne.rrma M8,D;yl!ll1HM o6paaoM ceqemm po~emm qacTPII.Ul :f- B nepe.n
Hei( 6'6 )K sa.n;Hei( <SH )nruryc¢epax np:1:t aHlllll'ltlIJilnm npo.n;MnHo nOJIJipH
soBaHHoro noswrpoHa R H8IlQJIJJIJRaOB8HHOro 3~8KTPOHa 

2,T, 1. 

66 {A2 )=fdlJ folcose (d6'/JQ), 
0 2li O O (I9) 

. 6'HO.i)= Jd!f Jd.cos0(d.er/dD.). 
0 -i ' . 

Ha ¢opMyJlll (16) :0MeeM. 

°- ( A2):::~Li}'s _:z ,Zli ~/{z [ g' g,K+ !J,l 9.1< + Ji (9. l o K _ o i o 1< )0(3w't w,i1<J+ 6 6 l,I< 'Ive ke Re Re :i ie 01ve dfle <IR.e ~ :L . 2 

+3 roi of< oi. QI< A col aK oi ol< )J Wik} (20) 
d1,,e d1.,e-dP.e o~e + z dJve dive+ dRe <11< 12 3 , 

o. 02,)=Tt ,,/s ~ ~.,v.-¥-l2[ol a1< +o' 01< +A (oi oK._oi aK)1{3W'ii/fJ 
H 6 i !l l x. (}i,e <J,_e <!Re d~e .i d1.,edJ.,e dRe<l{lR 'J i '.t. , . 

3fQlaK oiaK 1 (· loll oiaJ<), ik} (21) 
- L<11,,e rf.ke - d/le d!J.e + 1'2 91ve (he+ dRe <lfl.e ] W3 . 

Ha (20) H (21) MoryT 6HTh onpe,ne~eHH H3M8pJieMHe Ha OilHTe 3~8KTPO
o~a6ue aoHMMeTpim: 
1)nOJIIIpK38UHOHH8Jl'. aoKMMeTpWI Bnepe,n 

A6 ( A.i) = [ 6'6 ( A.d- 08 (-A2 )] /[6'aO.i) + o8 (-A2 )] = 
=) z .z>, :tJ:[z(~~91.,~-~R~ 9k){3w/~~iJ<)+3(9'.~!l"!+~~iR~)w/'<J. 

l- z )J. b.*[2(.a, o K +O" oK) ( 3 ,,,lk w,'R)+3{3i' 3/<- Q' 01< )Wil<l '(22) 
t. 'k. dke<he a/ledh rv1 + .z. "-e :{,e dlle<lRe 

3 
J 

2)nOJIJlpRsamioHHaJI aoHMMeTpRff Hasa.n 

AH ( ~ .. J = [ OH ( ~.t )- 6i- ft~) J I [ 0 H ( ~2) + OH (-)2) J = 
_ 1 ~.o,.ll:[z(£.~~~-9/l~ ~fe)(3w/)(+Yl.zil<)-J(3',~9!;+9/l~9R~)W/'7 
- 1'i ,l)_ *r · 1< Qi QK)( w.iJ< ii< /ac.· oK i. ak)W'k-7,(23 ) 

L i,l),qZ/l~91.,e+dle<llle 3 '1 +Wi, )-5c<11,,ed1,,e-~etflle J 

3)acm.!MeTpWI Bnepe,n-Hasa.n C yqeTOM npo,nnJil,HOH IlOJIIIpRaamm ll03HTPOH8 

ABH O.i) = [ °.a 0.i)- o,, IA.z.>] I [ °e (;l.t.J +-~ 0:1,) J = 
11 11.>f-[ i 0 1< oi QK 1 (O' ok oc: ok)J Wik 

_ 3 2 "", ,VK &e <1Le - dRe dlle + /1.t, dJ,,e u1ve -t- dlle dl?e 3 (24) 

- 2 2~-~~[.£.C 9,K-1-0i 9,K +) (Qi QK_oi ok )}(3W.ltw/t<J' 
K ~ '.1.e dl?e Re 2. <11.,e (five dif.e<lle 1 ~ 

6 

I, 

4) IlOJlflpR381UiOHH8Jl'. aoRMMeTpIDI Bnepe,n-Ha3a,n 

~LA:i.)=f ~O,.zl-% (-).z) - oH O.z)+ oH (-J,21)/[% ( li.z.)+oef-A.z.)+°'102 )+0,, /-A.zl)= 

-~Jl L ~- :zJ/ ( f/4~ J,<,; +~~ iR:) ·w/~ . . 
- ,2 

2 
~-<{ ,l): ( ~~ f1v! -1- 9R~ !Jll~ ) ( 3 Wik+ Wjk) (25) 

Onpe,neJrnM HHTerpa~hHOe ceqeIIBe polit,ll;eHHH napH qacT:im :f'f .npu 
aHHHI'll.lIBIUIB npo~O~hHO IlOJIJl'.p:H30B8HHOro Il03llTpoHa 

2r, i J,'[ <- ~ ~* 
6' {?i )= J d<f J dcos0( do(i.z)/d-ll.) = _! o1, s 1 '°[_· x x 

Z o --:! 3 c,x -

[ 
0 i. Q X ( O I< A ( o i Q J< Q i Q K )]( W. iK J1!, ik) ,., 

X dLe (he+ 9~e dl<e + fl, d;.,e d1.,e - Of?e dRe 3 :t -1- .2. • (,£) 

OTcID,na MOlKHO IlOJiyqHTh BHpa~elll!e Will npaBo-~eBofi 8CHMM9TpRH 

A _ or (JJ., I 4 lJ/ ( It,~ :J/; - !J,<J~ t: }( 3 n/~ w/1<) ) 
- - = · ~ (27 

,n Of?-+ oL 2 4· 1J/ ( JJ.,~ ti+ :JJJ~ /JR~) ( 3 w/-'-'+ w/K J ' 
r.ne ~ ll ~ -ceqeHHJI aHHHI'Wimurn: npaBO-R ~eBOilOJLHpll30B8HHOro ll03RT
poHa. 

IlpH aHHllI'IDIRm!H nonepewo nOJIJipHsoBaHHofi ee ... -napu oeqeHRe (!6) 
llPimO,IJ;HT K C~B,!IYKIIU™ CilllHOBHM acMMMeTp!IBM i 

<1, z zr, i I u; 
Ill/' = - f cosJ,<fdlf J ot.cos0(do/d12J J dlf J cl.cos!)( cio/ d..Q) == 

71 '<'2 0 -f . 0 -f , 

- -z ,()i {)/ ( /lie!JR~ +~~ .Z.1) W_/-t- . (28) 
- . -:\ 7\~(0i K OiQK)( lk tk' 

~-u,-vK d.c,e/11.,e+dRedRe 3~ ~~ It . 
U) 2 2T, t I ZIT J. (. !Ir = - Js,n21fcl'f J dcos0( clo/of.n) J .llf · cl.co1e d6/ Jfl) = 

II 7. o -f . 0 -f 
ff .t._ ,I< i J< L /( {I( 

l ~ '°i '°x ( SRe 91,,e - ~e 9Re ) ~ 
= x-<J.,0-lf{·Qt oK +at oK )(3W/K+W/K) 

' k d1,e d1.,e d,fe dRe (. .2. • 
Hafi.n;eM CTpyKTypHHe ¢YHKUHK w. iK. W.z I< }I wt< npR po~emm KOH -

- t. KpeTHHX nap qacT:im { { R
1 

npoBe,neM ouemm a~eKTpoc~a6wc aoMMMeTpHii B 

paMKax SU (2)x U(l)xU (1)-Mo,ne.Jm. 

(29) 

. + 
PaOOMOTPHM pOJK,neHRe napH ¢yH,naMeHT8JU,HHX ¢epMROHOB(~enTOHOB./'l1, 
+ - - -7:-,c: , KBapKOB ll U. , ci ol , s s , cc , g g ) .IlpR 3TOM TOK RoHeqHwc 

qacT:im .naeTOR BHpa~eH:HeM . 

if r /:;;Io>= u1 t;u[ gJ.,~rt+a~> +-gR~ r1-rs >J ~ . (3o) 

.lJ.nH CTPYKTYPHHX ~YHKllHH Ha OCHOBe (30) HBXO,Il;RM 

W i K _ W ik _ If /v. ( 9_ i q k O i, Q k ) 
i . - - :l - C "F d1,f + (}l?f dt?f ' (3!) 
wll<_LjJV(O'QI< qi I< . 

3 - c (}1.,f (}l,f - (/l?f. JRf) ' 
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r.n;e Hc -uBeTOBOfi MHOlmTeJII,(#e::3-,D;JIR I<BapKOB H ~ =I-,D;JIR JieflTOHOB). 
JJ.,m cpaBHemrn: pesyJI!iTaToB Mo.n;eJIH 5U(2)xV (I)xV

1
(I) c .n;aHHl:IMH rrJia

ImpyeMHX 3KCIJepl'IM.eHTOB HaMH rrpoBe.n;eHU pacqeTU 3JieKTPOCJia6ux acHMMeTp.vJi 
~ CJIY1!8il pOl!i,ll;9HWlWYH.n;aMeHTaJII,HUX wepMHOHOB IlpH 3HeprHH e-e+-rryq
KOB {s =90-240 faB.B pacqeTaX IlpHHRTO, 'ITO yrOJI 7- z' CM8lllllBaHHR Cf)= 
o0,a ,D;JIR M8CCH H lllllpHHU pacrra.n;a ,ll;OIIOJIHHTeJI!iHoro 6030Ha BU6HpaJIHCI, 
sHa'leHID! m, =I50;200;250;300 raB :11 ~. =0, 025 mz, .HeKoTopue- pesyJI!iTa
TH BH'l:IICJie~ aCFIMMeTpHH B IJpoueccax e-e~,1r14+ , e-e+➔ t-<[+ rrpe,n; -
CTaBJieHU Ha pHc.I-5. 

Ha pHc.I rrpnBe.n;eHa saBHCl'IM.OCT!i acHMMeTpHH Brrepe.n;-Hasa.n;A8H{A~)oT 
ec Ilp:II f11 =200 faB, r, =5 raB H pa3HlilX 3HeprHRX i/s .Kalt BH.n;HO, xapaK-

r;; ~· ~ 
Tep KPHBUX CRJII,HO 3aBHCHT OT 3HeprHH ,rs • TaK,rrpH vs<. I40 raB acHM -
MeTpHR IIO'ITH He 38Bl'l'.CHT OT yrJia CM8UIHBaHHR 0E ,a IlpH I40:i/.s<.'200 faB 
:II {S > 200 faB · KpHBUe HM8IOT MHimMyM H MaKCHMyM, CM811IaKIUHeCJI BH:113 
H BBepx c pocToM aHeprHH.Ilpn VS =200 raB y acHMMeTpHH A

8
H {A-l) Ha6JI10-

.n;amc.1I ,ll;OIIOJIH:IIT8JII,HHe !IpKo BUpalKeHHUe M8KCHMyM H MHHHMyM. 
qyBCTBHTeJII,HOCTI, rrpaBO-JieBofi acHMMeTpl'l'.H K BU6opy Macau ,ll;OilOJIHH -

T8JI!iHoro 6osoHa HJIJIIOCTpnpyeT pHc.2,r.n;e rrpe.n;cTaBJieHa saBHCHMOCT!i ARL 
OT aHepr:im Vs .Ha p:irnyHKe rryHKTHpHaII KpHBaR orrncuBaeT rroBe;neHHe acHM
MeTpHH B CM.laK BliUUIO, C poCTOM 3HeprHH aCHMMeTplffi CHaqaJia YM8HI,11JaeT
C!I H ,ll;OCTHraeT MHHHMyMa,3aTeM yBeJIHt{Il:BaeTCR H,,D;OCTHraR MaKCHMaJI!iHoro 
3HaqeHHR B6JIH3H 1/s'..., ~' 'CHOBa Hat{HHaeT yMeH!illl8TM!I. C yBeJIHt{eHHeM Mac
CH .n;orroJIHHTeJI!iHoro 6osoHa MHHHMYMH H MaKcHMyMu acHMMeTp:im ARk cMernam
CR B CTOPOHy BHCOKHX aHeprHfi.3aMeTHO TaKJK8,t{TO rrpe.n;cKa3aHHR MO,ll;8Jllt 
5U (2 )x u (Ilx u'cr) 3Hat{HT8JH,HO OTJIHqamcJI OT pesyJI!iT8TOB CM, rrp,rneM 
OTKJIOHeHHe OT CM yBeJrnqHBaeTC!I C POCTOM aHeprHH e-e+-rry'IKOB l'f yMSHI,-
IIJSHHeM Macau ,ll;OIIOJIHHTeJII,HOrc 6030Ha. {f) 

AHaJiorHqHoe rroBe.n;eHHe HaelJI!Qll;aeTCR H .1VIR acHMMeTpHfi A BH H A'f ( CM. 
A A{f) PHO .3 ,r.n;e IlpHBe.D;eHa 3HepreTHt{80K8R 38BHCHMOCTI, aOHMMeTpHit 6H H 'f ) • 

- • (2) 
qTo KacaeTCR rrorrepeqHofi crr:vrHoBofi acHMMeTpHH A'f ,To oHa orrpe.n;eJIR-

eTcJI MHHMUMH qacTRMH rrporraraTopoB :Ol H .n;ocTnraeT MaKC:0MaJI!iHoro 3Ha
qeHHR B6Jrn3H p830H8HCHOfi 3HeprUH VS~ m . . B r'-pe30H8HC8 acHMMeTpHR 
A~ ~ . e 

'f ,ll;OCTHraeT HeOKOJII,KHX npoueHTOB :II qyBCTBHT8JII,H8 K yrJiy E (CM. 
A(ZJ . 

pHc.4,r,n;e IIOK838Ha 38BHCHMOCTI, 'f OT 0E IlpH ~,=200 faB n.r;,=5 raB). 
JJ.,m peaKUHfi pol!i,ll;eHIDI rrapu IIHOHOB,HyKJIOHO~kBeKTOpHIDC .f-M830HOB ll 

HYKJIOHHUX pe30H8HCOB CTPYKTypHUe WYHKUHH w1:z,3 BUpaJKaK11'CR qepe3 
aJieKTpocJia6ue wopMtpaKTopu a.n;poHoB.Hx BHpaJKeHHH a;nec1, He rrpHBOMT -
CH., B CM rrpoueccu (I) HCCJI8;D;OB8Hl:l B pa60T8 [ 20]. 

liccJie.n;yeM CT8Il8HI, rrpo,D;OJII,HOH rroJIHp,rnaUHH KOH8t{HUX .'18CTHU Ha rrpMMe
pe o6pa30B8HHR JI8IITOHHUX rrap.B CJiyqae npOI'l'.3BOJII,HUX IlOJIRpH38UHH HaqaJII,
HUX H rrpo.n;oJII,HUX IlOJIHpH38UHM KOH8'1HUX qacTHU ,D;H~epeHUH8JII,H08 C8'18HH8 

8 

1 ' 
. 

' 

i 

1 

l 

IlpOUSCCa e-e+➔ t- t'+ l'IM.88T Bli,ll; 

d..o <i}#,S;ElJlJ.lf{r( i. K alqK.)( / iaK ioK)( ] c1Q = T e i, K t I< ! 1 &e £.rz +dfle<l~e {-;1.~.z)+1iedJ.e -3,e q/le Az-)t) " 

,r[( &~dt.; + ~,~al!; ){f-h1h1.) + ( 9l,~9J.~ - 9.e~~R~ )( h[h1.)] ( f +CDS
2
0) + 

+2 [(9J.~i:- ~i.~~:e )(i-i\1.~) + ( 9t.~ 91.,: + 9R~~:e }(~,_-).1.)] X 

x [(8,.~9J,~-~~9,.~)(J-lz1h1.l +(J"~9J,; +9t~9/1)(h.z-h.1.)Jco~e -

-11.7!1. [ ( 9.t~ 911: + 9/l~l~ )cos:l.lf + i { l12~J,.~ -9,_~ 9~! )Sin 1. 'f J" 

x [ ( ~"~ ~,.~ + JR~9t){f-h1h1.J+f J1,~z.;- i~ JR~) ( hrh1) ]} . (32) 

Pa3Jrn'IHUe qacTHUe CJiy'laH BUpa~eHHR(32) .wm ,D;H~p8H!U{8JII,HOro ce-
qeHHJI npouecca e-e:...,f]4+6WIH paccMoTpeHu paHee.TaK,Hanp:imep,ecJIH B 

(32) rrepeftTH K npo,D;OJII,HllM nOJIRpR38UHJIM H8t{8JII,HUX qacTHU,TO IlOJiy'IlIM 
pesyJII,T8T pa6oTu[I5J.EcJ!l! xe npocyMMHpOB8Tb no IlOJIRpH38UH!IM KOH8t{HliX 
qacTHU,TO ¢opMyJia(32) COBna.n;aeT c pesy~bT8TOM pa6oT[I6,I?J. 

.llH~epeHUHaJII,HOS ceqeHHe (32) IlpHBO,ll;HT K CJI8,D;yl<ll1RM IlOJIRpli38UHOHHHM 
acHMMeTpAAM: 

AeJh2 )= [~(h2 )-6't/-h.i>]/[ 6'8 (h,_) + 6'a(-h,.l} = . 

- I L -D, :D:['1 (3L~i:+9fl~g/l~ )('JL~9L:-91Ai} )+3(9i.~3/:e-£~'Jt )(9:$1!,+'J~~ ~;,)]; (33) 
-n.z Z) l!Ji ( l K <HOK I tOK a(oK) -::i:(.'OlqK qiOK.)(ql.qK ,QL qK)] Z i,VJC L'{ 3i.a~Le ""dltedfle)l9Lfdi,f+dllfdtlf +.1.1,er11.e-df/edpe qLfdt,f-dfUdlt,/ 

A1/h2) = [ 6,./'1.i)- 6'11 (-hz)] / [ 6H (h,i) + 6'H (-h,t)] = 

= h 1.2JJ>:[11rs,.~t~+i~,R~)f1',$Z.f-JJ;1:,>-J<1~11.!-91e'l1t~l(9SilJ+-9ll$ i1t}JJ. 
J.~1)-JJlf[J,{ l K. l oK)(o(oK qi9/) l,CoK aloK)fOC.QK oi./JK.)]'<34> 

' 'A: 7 Y..e9u+1~edlte dtl-dtf+r/Rf RI -'3{J1..ed1..e-dRedfle viL-frlL1-d1t/i/R-I 
Ask ( h.z.) = [ oa(hz.)-°'1( h,,.)] /[6'8 ( h,1. )4-6"/f(h.:l] ~ 

*(. i.oK. 0 c 1< [. ioK i. K ,.(0 i.oK oloKJ] 
- 3 2" 4DK '9i.eJLe - dlle!llle) !h.f dJ.,' -JRI illl +11.t, vi-I ilt~ +dlll d~(I . (35) 

,.,- V ~-<f<t(i:et:'e+-91t~ 9/J!Jf9J~+J~~~; +h.z.(~j ~;-t~~;JJ ' 
A13/ h.t)=[ ~{l,,,.J-ff/-h.i) -_6'1/h.1.) +o. (-h.i>]/[°'1('1.z)-1-~(-h.1.)+ 6ttfh.zJ+6M(-h.t}j= 

- 3 h L-<J,:.(): {$..~9/; 9,~1l,,)(J.~J,[4-9h9/~J . (36) 
-'t Z -rf).l)lf-(o~· K (oK ot"oK ac qi:} ' 

,:. l 'K <ILe ~e + jlteiltte) ( tl,1.f il.t. I' + <flt/ <tit/ 

P= [ o(~)-6(~)]/[ rs{IP.)40{£JJ .= . 
_ :z-!)i1J/·ri:.1✓.1: +iA~Pif,HJ.t.;,t;-.9.e~~J> 

(37) 

-z ,f)c•1>,t"(jiJt+J.e~J~!) r.z~i:; +i)~f,e)) 
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3.D:eOI, 6H1<.) :a 6'(l) -oeqemm pollt,ll;emm q>epMRoHa f B KOHetJ:HoM oocTMmm 
C R3M8Pf!8MOH B 3KCll8pHMeHT8 npaBOH H ~8BOH llOJIJipH3al:(HeH. 

CJ:re.eyeT OTM6TlITI,,qTo a~8KTpoc~a6He acHMMeTpHR (33)-(37).D:OCTyllHH 
)J,Jl1I aKcnepRMeHTa~I,Horo :asyqemm B npoueoce e-et-➔ z--2'+,noope.D;oTBOM 
R3Mepemm nomrp:asarur:a 't'-~enToHa no cneKTpy 7i -Me3oHoB B paona.D;e 
<t ➔ 1t ))'i • 

As/~=1) ABH('-z=O) 

aB 

0 'fS 90 fJS 180 o; 

PHc.I.3aB:acRMocTI, acRMMeTpHH A6 H (i\) OT yr~a np:a pasHHX aHeP
rH.l'IX e-e+-nytJ:KoB(rurq>pH y KPHBHX - SHeprWI ..J? B raB) •. 

10 

P:ao.2. 3HepreTHIJ:6CK8R 38BHCRMOOTI, 

acHMMeTpHH ARI. npn pa3JIRlIHHX 

M8CC8X z_' -6O3OH8 ( e ::90°, 
.E 

URq>PH y KPHBHX - Macca m1, 

B raB). 

0.8 

as 

100 140 190 220 vs(r18} 

l'= Z:? (~ = 31, t l>o) 

qt, 

42 

0,6 

a" 

a2 

?'~ 'Z: (0 = IZ 7, 7i 0
) 

T E 

vi 

A A{i) . 
P:ac.3. 3aBHCRMOCTI, acHMMeTpHH SH n· ~ OT aHeprHR llpR pas-

~IJ:Hl:DC Maccax .D:OllOJIHHTe~I,Horo 6osoHa. 
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Ha pnc.5 npe,ncTaBJieHa 36BllCHMOCTb CTeneHH rrpo,noJibHOH ITOJIRpnsamm 
'[: -JieITTOHa OT yrJia 0£ ITpR 1,=200 faB, ~,=5 faB.B o6JiaCTH aHeprnn 
IOO 5={§' L.. 200 raB(vs'~200 raB)pOCT yrJia rrpHBO~T K yMeH1>meHH10(yBe~
qerurn)acHMMeTpmi p I R OH8 ,ll;OCTKI'88T MHHHMYMa (MaKCRMyMa )B6~3H $ "-' 
61>-80°.SaTeM 8CHMM8TpHR CHOBa YB8JIR'lHB88TCR(yMeH1>maeTCR) n,.nocTlfras 
MaKCHMafilHoro(MHHRMaJI1>Horo)sHa'!eHHR np:ir0EI50°,Harm:HaeT yMeH1>maT1>CR 
(paCTR). 

A';(%) 

P.ac. 4. 3amm.llMOCTh nonepe'Il:loii 

CIIHHOBOll 8CllMM8TpHI1 A(~ OT 

yrJia OE. npn VS =190 raB (1,pn
BM 1) H 200 raB (RpHBaR 2). 

Pn.c.5. 3aBMCllMOCTD CT0II8HH npo

.D;OJlbHOH IlOJlRpH3artIH1 er: -JI0JITOH8 

oT yrJia 0 E. npli pa3Hh!X aHeprmrx: 
e-e+-IlytIKOB. 

.z 
PaccMOTpKM peJmM S ::;- m. ,KOTOP!:l'.H MOlKeT 611Tb H3y'leH Ha 6y.ny!llIDC 

l, 

yCKOpKTeJll!x BCTpe'!HUX 8JI8KTPOH-Il03HTPOHHUX rry'!KOB.B 3TOM CJiyqae 
• • I 

BKJia.n; B ceqeIDie OT l..-6030HHoro( l = c HJrn Z ) CT8HOBKTCR .D;OMHmrpyro -
mHM,TaK K8K MU HMeeM ,neJio C pesoHaHCHb!M poJK,D;eHneM 6030Ha.B P830H8HCe 
HHTerpafiluue xapaKTepncTHKH nponecca poJK.n;eIDll! WYH.naMeHTaJI1>Hux wepMH
oHoB pamrn 

A (~2.)=~ A1.+0,r5A~_, AH{rl.1.)=il r'1-0,15"A:,, , 
8 

'J.. (-1-0,t5t?1 1l.2. ,.__, 2 f- O, r.f"IJ1 11,;_ 

ARi,== Ai ; AeH (A,2)= O,rSil.1,•llz , 

12 

. i 
A O.z} = 0, 15 A1 +,h A , Alf}__ 3',';, 31te 

8
H {-1-lt21 .t. 'f - {Jtl+(i~~f 

A (h )=h Ai.+o,:r-sA, A (h )=h A.z..-0,75A:t 
8 /l 2, ' H ~ :Z , I +o,1sll1.lh 1-0.7511111.z 

A +ft ,,., A
8 

fk,,)=0 75 .,_ ~ 1t , ·A (h2) = o, 7Sh.zA1 , P= A2 • 
H , f 4-h A • 8H 

.t. /1.. ., • 

. .t c. .t. ro ')"' (0 ')z 
3.necb A = ri;J -( 9.('~) , A = dJ,f - d~f 

1. (Oi).t (0" )~ t, (O')~+(O' ):l 
<IJ,e + <1 Ile d.J.f ti ltf! . 

Orc:ro.n;a CJie.nyeT,'lTO llHWOPM8UWi O KOHCT8HT8X CBR3H JI8IlTOHOB O l-60-
. ' A Am 30~M( L =Zwrn r )MOJKeT 6un IlOJIY'leHa H3Y'l8HH8M acHMMeTpl'ltt Hl, Y' 

n A8H(h.t) .CTeneH1> np~OJI1>Ho:i1 noJll!pH38nlll'l fPepMHoHa P ,acHMMeTpRH Bne
pe,n-Hasa.n A8iA.t-='±ijl'! 118/ A.z} co,nepJKaT cBe.u;eHM o napaMeTpax ueih'paJI1>
HBX TOKOB KOHe'!HUX qacTnn. 

B T86JIHne 2 Ilpl'!Be,neuu 3H8'l8HRR pa3~'lHUX 8JI8KTPOCJI86BX acHMMeT -
I -PHH npn POJK.n8HllH napH WYH.n8M8HT8filHBX ~epMHOHOB Br - ll 7 - peso -

uaHoHoft o6JiacTH aHeprnft npl'! Sin2
0w=0,23. 

TAEJilll.{A 2 
.z 

ARl., Aa (i'z) AH (A2,) AsH ( i'.z) Aa,l?i.z) A;u ·p 

~.fl','C' O,I6 0,28 >.z 0,04A.2, o 12 A2. +O. I6 
' 1+0,16A2 

0, I2 )t.t 0,5 0,16 

u,c O,I6 0,61 A.z -0,37 ).z 0 5 
J.z.+0,16 

• f + 0,f6j\l!. o, 5 Az 0,5 0,67 

cL,s,-r, O,I6 0,68 .A.z -0,6.;\.t 
ltz.+0,/6 

O,? f+ O,f6l-,, 0, 7 fi.,i 0,5 0,94 

z' = Zx. reE == 90°> 
e,11,t: 0,8 0, 95}.z o, 4 ,il.t 

h,+0,8 
0,6 (+a BJ., 0,6 ft.t -0,3 0,8 

u,c 0,8 0,8.At 0,8 }.2 0 0 -0,3 0 
- - J.:z+0,3 - -

cl,s,g 0,8 o, 4 /a2, o, 95 11,. ... o,6 f-+0,8J.,t, -0,6 A.z -0,3 -0,8 

5. 3AKJIT01IBHME 

II (f) 
8JieKTp~cJia6ue acRMMeTpHR ll1u, , tt8H(~). Alf , P YI .np.B nponec-

cax e-e"':..,,ff RBJll!I<YrCH aKcnepHMaHT8JibHO HSMepHeMHMR B8Jil'!rm:H8MH.CJie.nyeT 
oTM8Tl'!Th, 'ITO acHMMeTpHR Bnepe,u;-Hasa,u; 1/.BH R cTenem, npo,nOJI1>Hoii nOJIR
pR3anlll'l P ct'-JienToHa y%e nsMepeHU B PEP,PETRA H TPlSTAN pa3JillqHHMl! 
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KOJIJia6opaIUll™l![I-5J.0,wraKO H3Mepemm npoBO,ItWIHCI, B o6JI8CTPI 3HeprHH 
Ifs'~ 30-52 raB,r,ne BKJia,n ,n.rarpaMMR c 2'

1
-6osoHHHM o6MeHoM npeHe6peJKH

Mo MaJI Hs-sa 6om,moro sHatJemm Macau mz, B nponaraTope ..()2 , • 

HaH60JU,mero BJIIDIH.llil ,I(0IlOJIHllT8Jll,HOro 6030H8 Ha xapaKT8pllCTllKll npo
neccoB e-e+➔ :!- 1 CJie,nyeT 0lm,I(8TI, B o6JI8CTH :meprHiI CT8JIKllB8Kl!UiXCJ'l 
e-e+-nytJKoB 6Jrn3KRX K Macce m

2
, ( VS>IOO r~B).3KcnepRMeHTil 6JIRJKafunero 

6Y'AYlll6ro Ha e-e+-KoJIJiaH.I(epax lEP H SJ..,C nocTa:BJIT 6Mr,moe KMH'IeCTBO 
HH~OpMaD;m!,KOTOpal'l Il03BMHT npoBepHTl, PM COOTHOID6HHH Me,my Ha6JIID,I(ae
MID.m B nponeccax e-e+_., f j .3TO ,I(aCT HaM B03MOXHOCTb Tlll8T6JII,HO npoBe -
pm-r, TeopPID rBC.JID6oe mmoe OTKJIOH6HH6 3KCnepRMeHT8JII,HilX ,ll;8HHilX OT 
npe,nCK838HHH CM 6y,neT KOOB6HHilM OBH,ll;6T6JI!,CTBOM O .npyroi!: llpl!p0,1(6 3JI6K
TpOCJI86IlX B38l!MO,ll;8HCTBHH npH BilOOKRX 3HeprHl'IX PIO H8JIH'llllt ,I(OllMHHTBJih-
HOro B6KTOpHoro 6030H8. , 

HsMepeHPie 8JI6KTPOCJI86IlX acHMMeTpHH Ha OllllT6 J'IBJIJI6TCJ'l O,I(HPIM H3 
3~6KTHBHHX M6TO,I(OB aKonepHMeHT8JII,HOI'O onpe,neJieHM KHP8JII,Hb!X KOHCT8HT 
OBJ'l3H JI6llTOHOB PI KB8pKOB O ,I(OilMHHT8JII,HilM 6030HOM.KaK CJI6.I(y6T H3 npo
B6,I(8HHOro aHaJIRsa,HsytJeHPie acl'!MMeTpHH A-Ill H A;1' B6Jrn3PI nopora pollt
,I(emm: ,I(OllMHPITemHoro 6030H8 JlllMBTOH HCTOtJHPIKOM HH~OpMaIJ;Jm O KOHCT8H
T8X OBJ'l3H JIBilTOHOB,a CTeneHr, npO,I(OJII,HOH IlOJIIIPH38IJ;m! ~epMHoHa p PI 
80:aMMSTpM ;r;H(i\2) OO,Il;6pllt8T CB6,IJ;6HID'! 0 napaMeTpax H6HTp8JII,HilX TOKOB 
KOH6tJHHX tJ8C'2!PIIJ;. 

ABTOpll 6Jiaro,napl'IT B~r.Ka,n;mueBCKoro,n.ID.Eap,n.rHa,c.r.KoBaJieHKO H 

B.A.Ee,nrumoBa sa noJiesHHe o6oyllt,IJ;emm. 
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