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llnS! npoBepKH KBBHTOBOI! 31teKTpOilHHaMHKH MO>KHO 1!3y'laTb !jJoTOpO>KileHHe nap 
+ -111 • • 

noMHMO t5eTe- rai!TnepOBCKOrO MeXaHH3Ma ( pHC,1) 0 B ot5pa3oBaHHe nap t5ynyT AaBBTb BKltall 

CHllbHbie aaaHMonellcTBHS!, ot5ycnoaneunble AHarpaMMOII BHpTyanbaoro KoMnToa-3<jl¢eKTa 

( pHC, 2), no3TOMy npl! aHilllH3e B03MO;KHblX OTKllOHeHHII OT 31teKTPOilHHaMHKH HeOt5XOilHMO 

y'IHTbiBaTb CHllbHbie aaaHMonei!cTBHS!, 

3!leCb Mbl OUeHHM BKltall B Ce'!eHHe ot5pa3oBaHHS! nap llHBrpaMMbl BHpTyallbHOro KOMn-

Toa-a<P,PeKTa. 

/1/ 
KaK H B , t5yneM paccMaTpHBaTb "cHMMeTPH'IHbiii" cnyqal! (KoMrrTori-3<P<!JeKT arre;.>ea). 

/2/ 
To1'11a t5eTe-raiiTnepoBcKaS! H KOMllTOHOBCKaS! aM!lmiTYilbl ae HHTep<!JepHpyJOT H ce'!eHHe ot5-

paaoaaHHS! !lap t5yaeT paBHO CYMMe oeTe-raiiTnepoBCKOro Ce'!eHHS! H Ce'!eHHS! ot5pa30BilHHS! 

nap 311 C'!eT BHpTyanbHOrO KOMnTOH-31!J<!JeKTa. nepBoe H3 3THX r:eqeaHi! np11 MallblX fJ 

HMeeT BH.U: 

du ) • a a 
dE dn + dn E.r. n-" kE

2
0

6 (I) 

rne It -3HeprHH <!JoTOHOB, E -aaepras oaaol! Ha 'IBCTl.;.{ napbl ( It .. 2 E) H 0 -yron 

Me >Kay aanpaaneHHeM BbllteTa e + ( e- ) 

B nat5opaTOpHOi! CHCTeMe), 

H aanpaaneaHeM naaa10mero rry'!Ka <PoTOHOB (ace 

MaTpii'IHb!l! aneMeHT, cooTBeTc-rayJOmHII naarpaMMe aa pHc. 2, aamnneM a B1111e: 

M = 
• ie (2 n-) 

v' 2k 0 

;;(Q')K 
I'" 

/3/ 

v u(Q)~ u(p_ lyl' u(p+) 
q 

rne Kl"' -KOMllTOHOBCKHII Teaaop : 

e ~ Kl"' e 11 
(;:e"")A + (1[: x ;•]s . 

BaeneM oooaaaqeaae 

I' 
;;-(p_ lyl' u(p+ l · 

3 

(2) 

(3) 

(4) 



TaK onpeneneHHaH nenH~Ha He o6nanaeT csoAcTBBMH neKTopa nonHpH3BUHH pean&Horo ~To-

JIB ( e~ ,. 0) Ho n nan&HeAweM Mbl 6yneM nonaraT&, 'ITO 

ICov- JC flO - 0 

T,e. 6yneM npeHe6peraT& nponon&HoA nonapH3BUHeA BHpTyan&Horo ~ToHa. K 3TOMY sonpocy 

Mbl ewe nepHeMCH, BepH KBanpaT MaTpH'IHOrO 3neMeHT8 (2) H npOH3BO,[IH COOTBeTCTBYIOIUHe 

cyMMHlJOBaHHH, nony'IHM C yqeTOM (3): 

IM 12- .~~ (217)8 (P+P_l I 12 2 ---;;r -qr-< A +IBI ) (5) 

Bbipa~eHHe B CK06KaX Henocpe.ttCTBeHHO CBH38HO C Ce'leHHeM KOMnTOHOBCKOrO pacceHHHH 

nnepen. Y'IHTbJBaH 3To, nony'IHM nKnan B ce'leHHe po~eHHH nap sa c'leT BHpTyan&aoro 

KOMnTOH-3!jl<jleKTa: 

a (~)o 
8ir 2 ESID 2 8 dO K 

( __ d_u ___ l _ 

dEdO+d!l_ K. (6) 

flonHoe ce'leHHe pmKneanH nap panHo cyMMe ( I) 11 ( 6). 3KcnepHMeHTan&HblX naHHbiX o ce

qeHHH KOMnTOHOBCKOrO pacceHHHH Bnepen HeT, 0.ttHaKo H3BeCTJIO Ce'leHHe cne.ttyiOIUero npo

/4/ 
uecca : 

y+P .. P+p
0 

(7) 

C Apyroft CTOpOHbl, narp8HlKH8Hbl B38HMO.tteftCTBHA y H p HMeiOT O.tiHHBKOBblft BHA C 

TO'IHOCTb~'no KOHCTBHT B38HMOAeftCTBHH H H30TOUH'IeCKOA CTpyKTypbl, HanpHMep: 

- I +r L yNN • e: ( t/J __ a y t/J)A 
2 a a 

L 
pNN 8pNN: (j{Jr{J Y t/J) p {J a a 

L. a.{Jy 
P"" sp,~a{Jy ,n a n P. 

L)"717 •efa{Ja afla a"fl{JA• 

L •I /2·(+ • • pKK gpKK · IC r a IC-C JC+r K) a 

L 
yKK 

a a P. 

ie:(JC+ ~a"JC-a•K+~K)A0 
2 2 

113 SU(3) H H3 pe30H811CHbiX Moneneft AITR ~pM<jlBKTOpOB cnenyeT, 'ITO gp!717•gpKK .CooT-

IIOWeHHe gpNN = \! gp!717 

g2 /417•2 • gil 
prm pNN 

He npOTHBope'IHT HMeJOII!HMCH ,[18HHbiM 06 3THX KOHCTSHTaX: 

/417 • I± 0,4 (eM,, HanpHMep/
51

). Y'IHTb!BaH TaKJKe, 'ITO e 
141 . 

peaKUHH ( 7) o6p83~JOTCH nonepe'IHO nonHpH30B8HHble Me30Hbl 0 MOJKHO uonyCTHTb 0 'ITO 

16• 71• HaocKanHpHyJO 'laCTb ~ToHa MoJKHO l!,l:)FJeKTOfJHIIH 'IHCTb tjloToHa aHanorH'IH8 p 

4 

·~ 

_.:.:.... 

6b!n0 6bl CBH3aTb C 61° -MesoHoM. OuHaKo,no I<MeJOII!HMCH sKcnepHMeHTan&HblM naHHbiM
181

, 

BepoSITHOCTb poJKileiiHH 
0 

(U npHMepHO B 9 pa3 '-ieH&Uie sepoHTHOCTH pOJKAeHHH Po xl 

TaKHM o6paaoM, Ka~oll nHarpaMMe c y B KOHUe MOJKHO conoCTBBHTb AHBrpaMMy C p 

n KoHue. Torna H3 cpaeHeHHH Bblwe BbmncaHHbiX narpaHJKHBHoB BHAHO, 'ITO 

2 
u 0 gP"" /417 

_p__- ---
Uy a a 

floACTSBnHH (8) 3 (6), nony'IHM 

du ) 
---:-::;--- K, 

II 0 
a ( du l 

81711 k Sin a (J d1r p dEdO+ d!l 

(8) 

(9) 

Tenep& o6cynHM aasHCHMocT& ce'leHHH oT Macchi BHpTyan&Moro <jloToaa. CnenyeT o>KH

IIST&, 'ITO 3Ta 38BHCHMOCTb 6yneT onpenenHTbCSI rnaBHbiM o6pa3oM AHarpaMMOII pHC, 3, 

AHanorH'IHYJO nHarpaMMY c 61 -MeaoHoM MoJKHo ue y'IHTb!BaT&, TaK KaK u 61 << up , 

KaK yJKe OTMe'lanoc&, a nnH KOHCTaHT, onHCb!BaiOIJlHX py if 61Y eepiDHHbl 0 SU(6) 

naeT cooTaoweHKe y 
61 

- i- y p • KoHcTaHTY Yp MOJKHO oueHHT&, ecnH npennonoJKHT&, 

'ITO p - Me30H nOITHOCTbJO onpenenaeT 3neKTpOM8rHHTHbiA ~pM~8KTOp nHOHa, Torna 

gP"" •2Yp 

/9/ 
Cnaa& eeKTopaoro Mesoaa c <jloToHoM aanHweM B BHne : 

II 
(e/2yp )m p e(yle(p). 

nna ce'IBHHH nony'IHM: 

I II 
( du ) • a I ( du 1 
dEd0+d0- K 817"kSin"fJ {l-o/m 2 l"+r 2

;m2 d1l p p p 

(10) 

II II 
rae o. (p+ + p _)- KBaapaT MaCCbl BHpTyan&Moro <jJoToHa. Bnnao, 'lTO npH • - mp o>KH-

naeTcH yeenH<teHHe ce'leHHH, KOTopoe oTcyTcTnyeT e (9), TaKoe yeenH'IeHHe 6blno o6aapy-

!10/ 
JKeHO B cneKTpe MJOOHHblX nap , floaTOMY cneayeT C'IHT.3Tb0 'ITO B o6naCTH pe30H8HCa 

BHpTyan&HOCTb 6yneT cywecTeeaaoil. Mbi 6yneM npeae6peraTb BHpTyan&HOCTbJO, Bb!6pacbJBaH 

H3 paccMoTpeHHH o6nacTb pes.oaaaca 

141 
flo tlBHHbiM pa60Tbl , 

x/ 3aMeTHM, 'ITO Monenb n»<flpaKUHOHHoro o6paaoeaHHH eeKTOpHbiX Meaoaoa BepMaHa H 

npenna/9/ naeT JlnH OTHOUieHHH 3TKX Ce'IBHHfi BBITH'IHHy 

<du 1 d m 61 sywp I 411 

(du /dOl P • s~ /~ 

KOTOpaH H3 SU(6) pasHa 1/9. 

5 

-· 



0 

( du ,P ""dO"" 4,4 faa • 1,26 + 0,17 M61cTepan. 

llJIS! 'IIICJI9HHbiX OU9HOK npH 6onee BbiCOKHX aneprHSIX 6yneM C'IHT8Tb npOUeCC (7) 'IHCTO 

,1UrppaKUJ.JOHHhiM 1 T.e. 
( du d0)-k2 

Quen KH noK83biB8IOT0 qTQ yqeT BHpTyBJibHOI'O KOMnTOH-a<jl<jJeKT8 He MO)I{eT 06'bSICHHTb 

Ill 
OTKJIOHeHHSI OT 3JieKTpOIIHH8MHKH 0 H86JIIOII8BWeroCSI B , npH 3Hepf'HSIX H yrnax, KOTOpbie 

Ill 
HCnOJih30B8JIHCb B , BKJIBII BHpTySJibHOf'O KOMnTOH-a<l><i>eKTa B ceqeaHe o6p830B8HHSI nap 

COCTABJIHeT HeCKOJihKO npoU9HTOB OT nere-raATnepOBCKOf'O ceqeHHSI, 

nposeneHHASI oueHK8 SIBJIS!eTCSI IIOBOJibHO rpy6oA, no3TOMy )l{eJiaTeJibHO nono6paTb Ta-

KHe aKcnepHMeHTu.'lhHbie ycnoBHH, npH KOTOpbiX a«:n.au B cet:reHHe .anarpaMMJ-.JI puc. 2 Man. 

H:1 I'[18ljl11Ke rt(JI!BH.:leflbl 3H.~'JeiUISI yrJIOB li 31leprHA, IIJISI KOTOpbiX BKJI811 BHpTySJibHOf'O KOMn

TOH-3<jJ<jJeKT8 B ceqenne o6p830B8HHSI nap COCTaBJIS!eT 5%, 10% H 20% f'5eTe-raATnepOBCKOf'O 

ceqeHHSI, 113 rpa<i>HKB BHIIHO, 'ITO Manoe H3MeJJCHHe B ypne pa3JI<"'" 'IBCTHU napbi npHBOIIHT 

K 3HBLIHTenbHOMY H3MeHeHHJO aenHtJHHbl 9TOrO BKna.aa. 

011H8KO He BCerna MO:KHO npon3BOJibHO yMeHbWHTb BKJIIlll BIIPTYBJibHOf'O KOMnTOII-a<fJ

<jleKTA B ceqenHe o6pa3oB8HHSI nap. PaccMoTp'iM, nanpHMep, HMnynbc, neperttlHHbiil aneKTpony 

(eM. pHc, I), 

TaK KaK 

2 
q 

F 

R • 

k 2 6 ( 
-4-

UK 

"E. r. 

( ( 

k () 

npH yMeHbWeHHH R qF T8K)I{e oyneT yMeHbW8TbCSI 0 8 paCCTOSIHHe, llO KOTOpOrO TAKHM 

00[1830M ~10;-Kao npoBepHTb 3.'1ElKTfl0!111H8MHKY0 6yAeT COOTBeTCTBellllO Bo3p8CT8Tb, T'aK, JlJISI 

R = 5% H k = 5 faa 3TO paCCTOSIHHe oyneT ~ 0,7 F •• ~ npn yaem<<JeHHH 3JieprHH 

OliO oy;leT f)8CTII, noa•roMy npn HCCJie!lOB8HHII <jJepMIIOHHOf'O !1ponaraTOpa 118 M8JibiX paccTo

SIHHSIX HeJih3SI He Y'IIITbiB8Tb BllpTyaJibHOf'O KOMilTOH-3<jJ<jJeKT8, 

AsTopbl 6naro;lapllbl Jl.H. JlariHJlycy 38 oocy)I(JleHHe 38TpOHYTbiX 3JleCb BOripOCOB, 
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