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§1. BBEAEHHE 

A.flR OnHC8HHR 3JleK'tpOMarHHTHbiX B381o1MOAei1cTBHH 8AP0HOB npH 

HH3KHX 3HeprHRXJ(COeWHO HCnOJlb3yeTCA MOAeJlb BeKTOPHO~ AOMH

HaHTHOCTI-1 /MBA/ 11. 0AHaKo noMHMO MBA cyU~ecTaym H APYCHe MO

AeJlH, KOTOpble BnOJlHe YAOBJ1eTBOPl-1Te1lbHO OnHCblBaiOT Ha.13-K03Hepre

TH4eCKyiO ~H3HKY aAPOHOB. 0AH0~ H3 H3BeCTHYX MOAe.neH TaKOrO 

POA8 RBJlAeTCR KHpa.nbHaR MOAeflb C KBapKOBblMH neTJlRMH 

/KM.Kn/ 12•3•41• OpH om1caHHK 6onbwea.1 4acnt aneKTpoMarHHTHbiX 

npOUeCCOB, TaKHX KaK, HanpHMep, 3JleKTPOMarHHTHble ~Op~aKTOPbl 

Me30Hoa, paAHal.lHOHHble pacnaAbl nma (1l"0 ,7J) .... 2y. ( 71 • 71 ")-+ 

...., 1r + 11- y H AP. , HeJllii.HetiHble Me30HHble sepWHHbl, cneAY~He 

H3 KHpanbHOH TeOpHH, He AaiOT BKJlBAOB B aMnnHTYAbl. H KHp8JlbH8R 

MOAeflb C KsapKOBbiMH neT.nRMH COSnaAaeT C 06bl4HOH KBapKOBoH 

MOAeJlbiO /&-7/, 0AHaKO cy~eCTBy~T npo~ecc~J AflR KOTOP~X y4eT 

HeflHHe~H~X KHpaflbH~X Me30HH~
X eepWWH HrpaeT aamHyD pOflb /Ha-

npHMep, nonRp~-tayeMOCTb nHoHa 141 , pacnaA TJ .... rr0 yy 181 ) • no3-

TOMY KMKn oKaa~saeTCA 6onee o6~e~ MOAenbo, 4eM npocTo MOAenb 

C KBSPKOB~MH neTflfl:Mio1. 

HHTepecHo OTMeTHTb, 4TO peaynbTaT~, nony4eHH~e a MBn"" a 

KMKn, so MHOrHx cny4aR:x 04eHb 6n1o1aKH APYr K APYfY 121• B Ka4ecT

ae nplo1Mepa MO*HO npHaeCTH 3Ha4eHHR 3J1eKTpOMarHHTHMX paAHYCOB 

nHOHa, B~4HC.neHHbiX a 3T~-tX MOAeJlRX I CM. pwc. 1 a "" ~/: 

~ 6 I m2 =0,39 /t$M/
2

, 
p /1/ 

~ 3/ (2rrF)2 
<r 2 > 

rr+ KMKU 

/2.7/ 

3AeCb m - Macca p -MeaoHa, F = 95 M3B - KOHcTaHTa pacna,Dja 

OHOHS. 0~ peay.nbTaTa YA0B1leTB0pHTeJ1bHO OnHC~Ba~T 3KcnepHMeHT 

/eM. §7 3TO~ CTaTbH/*. 

0AHaKO 3AeCb yMeCTHO 3SASTb BOnpoC: 004eMy Henb3R OAHOape

MeHHO Y4HTMBaTb BKflaAM KSK OT AHSrpaMM C KSapKOB~MH neTflRMH, 

TaK H OT A1-1arpaMM C BeKTOpHbiMir'i Me30HSM\rl, a TaKme H OT AIIISrpaMM 

CMeWSHHOfO THna /CM. pHc.la/? HeJlb3R JlH OOCTPOHTb YH~aepca.nb

HY~ MOAeJlb, Y4HTbiBS~U\YIO H KaapKOByiO CTPYKTYPY SAPOHOB H SApo-

* ECTb c.ny4aH, KOfAS 3TH MOAeJlH OpHBOART K CI-1J1bHO OTJ1H4S~HM

CR pe3YJlbTaTaM. 3TO HMeeT MeCTO, HSOPI-1Mep, npH OnHcaHI-1H pac-

naAa 7J-+ rr0 yy lo1J1H nonRPH3yeMocn1 nH.OHa. 
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B t a t 5 

t 

.. ,_1_[' _!~ __ sr; 
p 

SY'" SF' ---+ -- .. 
PHc.l 

HOnOA06Hy~ CTPYKTypy ¢0TOHOB, H npH 3TOM H36emaTb OnaCHOCTH ABOHHOro Y4eTa OAHHX H Tex me 3~eKTOB7 AnR nOCTpOeHHR TaKOH MOAeflH cheAyeT 6onee T~aTeflbHO HCCneAOBaTb 06~HH HCT04HHK npOHCXOmAeHHR KBK nceBAOCKaflRPH~X, TBK H seKTOPH~X 4aCTH4, a HMeHHO, HX KSapKOBy~ CTPYKTYPY• 0Kaa~saeTCR, pacCMOTpeHJ.IIe OTHOCHTeJlbHO npOCTbiX 4eTblpeXKBBPK0BbiX B38HMOAeHCTBHH no3BOJ1ReT BbiBeCTH HCKOMY~ YHHaepcBJlbHYID MOAeJlb Me3oH6s, ·aaaHM0,4eHcTByiOtqiiiX APYr c APYrOM 4epe3 KBaPKOBble neTJlH. HanOMHHM, 4TO xopoweH HJ1J110CTPB4HeH TOro, KaK Ha OCHOBe ¢epMHOHHbiX B3BHMOAeHCTBHH onHCbiBBIOTCR B3BHMOAeHcTBHR 6030HHbiX noneH, MomeT cnymHTb MOAeJlb caepxnpoaoAHMOCTH 6oronl06osa-6apA~Ha-Kynepa-WpHC!>C!>epa /9,10/. 
OcHoBoH ~nR a~ao,qa HHTepecy~~e~ Hac Mo,qen~-t MomeT 5~Tb Hen~-tHeHHaR 4eTblpex(J>epMHOHHaR TeOpHR, enepBbJe npe,QflO>KeHHaR rat13eH-6eptOM Itt/ 1o1 passHTaR a ,qanbHeHweM HaM6y-HoHa-JiaaHHHo112/, 3Ta TeOPHR BeCbMa YA06Ha A11R H3y4eHHR npo6neMbl CBR3aHHbiX COCTORHHJ1 a KTn. MeTOA <I>YHK4HOHanbHoro HHTerpHpoaaHHR RsnReTCR snonHe nOAX0ARiqJ.1M annapaTdM -AilR OnJ.1CaHHR B3aHMO,qeJ1CTBio1R KOJ111eKTJ.18HbiX nonei1 H HaXO>K..QeHJ.iR 34>¢eKTHBHOrO narpaH>KitlaHa 6030HOB /13,14/. 8 HaCT0RtqeJ:1 pa60Te HCCJleAyeTCR 4eTblpexKaapKOBaR TeOpHR C rno-6aJ1bHOJ:1 U(2) -cHMMeTpH£1, eocnpoHasoARtqaR At.1HaMHKY "-', p-·. H (.t)-Me30HOB. 3¢l!fleKTHBHbli1 aApOHHblti llarpaH>KHaH YIMeeT .RHr-MHililCOBCKYIO cTpy'KTypy AilR noneH seKTOPHbiX MeaoHoa H cpopMy KHPanbHOi:1 aMOAenH AnR nHOHOB~ HecMOTPR Ha OAHOspeMeHHOe paccMOTpeHHe KaK KBapKOBbiX neTenb /HanpHMep, npH onHCaHHH npo'-'eccos 11°-+ 2y HllH p-+11y /, TaK 11 npOMe~yT04H~X BeKTOpH~X Me30HOB, MOAellb He npHBOAHT K ABOHHOMy C4eTy npH onHcaHHH aneKTpOMarHHTH~X "' CHllbH~X saaHMOAeMcTaHH aAPOHOa. OrpaHH4eHHoe 4Hcno pacXOA~~HXCR AHarpaMM nocne nepeHOPMHPOBOK 3aMeH~eTC~ 3$~eKTHBH~MH $H3H4ecKHMJ.1 KOHCTaHTaMH CBR3H Tl-1na gp1117 • g py , g tUy , g 17qq , g pqq H T.n. 0cTaJlbH~e KaapKOB~e neTJlH COOTBeTCTBY~T CXOAR~HMCR HH-

* KHpanbHaR a-MoAenb Ha 4-$epMHOHHOro aaaHMOAeHcTBHR anepBble nony4eHa a pa6oTe1131. B oTnH4He oT/13/aAeCb paccMaTpHBa~TCR MaccHBHble KaapKH (m 0 I 0). 
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TerpanaM ~ MOryT paCCMaTp~B8TbCR K8K onpeAeileHH~e ~YHK~HH 

BHeWH~X ~Mny11bCOB IHa
np~Mep, B pacnaAe 17°-. 2y)o 

B cneAY~~eM pa3Aene 6yAeT paccMOTPeH U(2)-cHMMeTpH4H~H nar

paHmHaH C 4eT~peXKB8pKOB~M~ B38HMOAeHCTBHRMH Tpex THOOB,KOTQ

p~e COOTBeTcTBY~T CKaflRpHoH, nceBAOCKa11RpHoH ~ eeKTOpHoH CBR-

3RMoMeTOAOM ~yHK~H0HaJ1bHOrO HHTerpHp0B8HHR 6yAeT npOBeAeHa 

flHHeapHaa~HR 3Toro narpaHmHaHao OpH 3TOM s MOAenb eBOARTCR 

6o30HHble nonA, cooTseTCTBYIOUtHe a-:, rr-,, w _, H P-4aCTH~aM, nocne 

4ero no nOJ1RM KBapKOB npOBOAHTCR HHTerpHp0B8HHeo 8 TpeTbeM 

pa3Aene 00K838HO, KaK B ceKTope CK811RPHbiX H nceBAOCKailRPH~X 

none~ nony4aeTCR H3secTHaR a-MOAeilbo B 4eTBepTOM naparpa~e 

paccMoTpeHo saa~MOAeHcTeHe aeKTOPHbiX Me3oHOB APYr c APYrOM H 

nony4eH narpaHmHaH THna RHra-MHnncao B nRTOM naparpa~e paccMOT

peHbl rr-p aaa~MOAeHCTBHR o Bee ~H3H4eCKHe eepwHHbl, COAepmaUlHe 

norapH$MH4eCKH p8CXOAR~H~CR HHTerpan, YAaeTCR Bblpa3HTb 4epe3 

sepw~Hy, onHCbiBa~~y~ pacnaA p~21To 

0TMeTHM, 4TO B HaweH MOAen~ COAepmHTCR 4eTblpe HeOOPeAeneH

HbiX OapaMeTpao 3TO ABe KOHCT8HT~ CK811RPHOrO lnceBAOCK8I1RPHOrOI 

H BeKTOPHOrO 4eT~peXKBapKOBOrO ~38H
MOAeHCTBHR - 01 H 0 2, Mac

ca KB8pKa - IDq H TOilbKO 4TO ynOMRHYTbiH paCXOAR~HHCR HHTerpan 

12 IHnH ~Mnynbc o6peaaHHA A lo 3TH 4eTblpe napaMeTpa ~HKCH

PYIOTCR C OOMOW,b~ 3KCOepHMeHT8IlbHbiX 3H84eHHi4 MaCe OHOHa H p -

+ + 
Me30Ha, a TaKme W!-tpHH pacnaAOB 1T - .... j.I.-V H p .... 2'1l'o 

B wecTOM pa3Aene 6YAYT paccMOTpeHbl 3IleKTPOMarHHTH~e saaHMO

AeHcTs~R H yw-,. yp·e -nepeXOAbl 4epea KBapKOBble neTnH o Y4eT 

TaKHX nepeXOAOB 8BTOM8T~4eCKH npHBOAHT K pe3yJ1bTaTaM MOAeilH 

BeKTOPHOiit AOMHH8HTHOCTH, a HMeHHO, OK83blsaeTCR, 4TO npRMOe 

saaHMOAeHcTBHe ~OTOHOB c KBapKaMH cTporo aanpe~eHo a HaweH MOM 

Ae11~-t H MO>KeT npOHCXOAHTb TOilbKO 4epe3 w-. H p0-Me30Hbl 11 •151. 

B ceAbMOM pa3Aene o6cymAa~TCR HeKOTOpble npHno>KeHHR A8HHO~ 

MOAeilH. HHTepecHo oTMeTHTb, 4TO npH onHcaHHH pa3I1H4HbiX npouec

cos Hawa MOAenb asTOMaT~4eCKH eocnpoHaeoAHT HilH peaynbT8Tbl 

MBA l3neKTpoMarHHTHbiH ~opM~aKTop H paA~YC nHOHal, ~nH peaynb

TaT~ MOAemot C KaapKOBbiMH neTilRMH lpacn8Abl 11° .... 2y , 

w .... 'IT
0 y ' p .... rry I' J1H6o, 4-TO HaH6onee lr1HTepecHo, A8eT B 

pa3yMHOM paeHOBeCir1H COBOKYOHOCTb pe3YflbTaTOB 0601r1X ynOMAHyTbiX 

MOAeneH lpacnaA w .... 3 11 I. 

B 3aKJ1104eHHir1 6YAYT KpaTKO o6cy>KAeHbl OCHOBHble 4epTbl AaHHOH 

MOAenH H AanbHeiilwHe nepcneKT~Bbl ee pa3BHTHR. 

§2. 4-KBAPKOBbl~ JlArPAHlKHAH 

PaccMOTpHM 3$$eKT~BHbiVI KsapKOBbl\4 narpaH>K~aH, COOTBeTCTByi0-

11\H\4 U (2) - rpynne, KOTOpbliit OnHC.biBaeT 4eTblpeXKBapK0Bble B38HMO

AeHCTBHA CKallAPHOrO, nceBAOCKanRpHOrO H aeKTOpHOrO T~nos: 
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f. - _, .. ,.. G 1 _, 2 -. .... 2 G2r - 2 - ..., 2 /2/ 
(q, Q) ~Q(>a-m0)q+ T[(qq) +(Q>y

5
rq) 1-2 , (qy~ q) +(Qy~ rq) ]. 

TaK>Ke ijBeTOBble J.1HA€KCbl, no KOTOPbiM npOBOAHTCR CyMMHPOBaHHe. a =YIJ.aJ..I., y 11 
J.1 t - MaTPHltbl ,aJ.1paKa J.1 Y130COYIHa, m O-3aTpas04HaR Macca KBapKa, 0 1 J.1 0 z - ABe KOHCTaHTbl CBR3J.1.* JlarpaH>KY'!aH f MO>KHO JlJ.1HeapJ.130BaTb BBeAeHHeM 6030HHbiX 1-130-. CKaJlRpHbiX J.1 J.130BeKT0PHbiX none~ . .aeHCTBYITeJlbHO, paccMOTpHM npoJ.13BO~R~J.1~ $YHK4HOHa11 C narpaH>KHaHOM /2/ 

131 rAe N- H0pMHP0804Hbl~ MHO>KHTeJlb, KOT0Pbli1 B Aa11bHei1WeM Mbl 6y~eM onyCKaTb, J.1 7J , ';j - BH€WHJ.1e J.1CT04HHKJ.1. nocne BBe):\eHHR no-" ..., ..., tt.. 131 neH a0 , tr 0 , <u 0 • Po ...,yHK4YIOHaJl npHHHMaeT BI-1A 
W (;;, ") ~ fdijdqda0 d-&0 dw

0dp 
0
exp! i[.l" '(q,q, u 

0 • ;
0

, w 0,p~0)+ "q + 'i q]J. I 41 

.1" '(q ,ij. u o. ;;o. "'o· Po ):q( ;a-m o+ g, ( uo + iyirr~)+gl,;;o + 1p~]q- /51 8~ 2 ( 2 ~2) 8M
2
( 2 ·•2) --2- aD +trO + -2 <uO +Po' 

noct<011bKY no KsapKOBbtM nonRM Mbt nony1.1aeM renepb HHTerpan rayccoacKoro Tl-1na, TO MO>KHO npOI-13B€CTI-1 HHTerpl-1pOBSHI-1e no ij H q a /4/, nocne 1.1ero npHXOAHM K sblpa~KeHHfO 
o 2 

8M2 W(1i,,) ~ (du0d i:0 dw0 d;;'0exp! i [- ..!::...c a2 +; 2) +- ( w 2 + (,2
0
)-2 0 0 2 0 

-iTrln!l + 1 [ ( . ~~ ----- g a· +Iy '" ) .·" 10 50 >a- mo 
1 

, "I. ia-mo+gt<cro +iys;" ..... o)+gz(~u+1P o> 

!61 

* B 6onee o6~qeM cny1.1ae cne,Qoeano 6bl seecn1 4eTbtpe pa3Jli.14Hbte KOHCTaHTbl CBR3H. 0,QHaKO B HaWe~ MO,Q€11111 ,QOCTaT04HO ABYX He3a-~ 
~ 

BIIICIIIMbiX KOHCTaHT JVlR npaa.Y'IJlbHOro OnHcaHYifl" tr- • <u- H P -M€30"" HOB, T.e. A11R nonyl.leHI-1R CTSH,QapTHO~ a-MOAeJlH J.1 RHr-MH1111C08CKO-ro narpaH)f{lllaHa AJlR <u- 1-1 P -MeaoHos, r.Qe 3Tt.1 Me30Hbl HMeiOT paeH~e MaCChi. AKCWBJlbHO-aeKTOpHy~ t.1 T€H30pHy~ CBR3YI He 6y~eM noKa paccMaTpl-1saTb. 
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CneA norap~~Ma MOmHo nepenHcaTb a cneAy~eM, 6onee YA06HOM AnR 

A811bHe~W~X B~4HCI1eHHH 
BHAe: 

'T 1 I 1 [ ( . ...... "' --~ I 
-• r n,l + ~ gt ao +'Ys'"o) + g2("'o +'Po)] -

ia -roo 
171 

l-13 nony4eHHOrO Bblpa>KeHr-1R BHAHO, 4TO BCe Me30HHble nOllR OK83bi

B8~TCR cBR3aHHbiMH APYr c APYrOM nocpeACTBOM KaapKoeblx neTellb. 

8bi\.IHCJ1RR 3TH neTIH1 H A068BJ1RR K HIIIM 4JleHbl C 0 ~2 J.1 8M2 H3 

/6/, MO>KHO nOJ1Y4HTb 3~eKTHBHbl~ narpaH>KH8H, OnHCb188~~~~~~ 838\IIMO

AeHCTBHe Me30HHbiX noneH. 

§3. a -MOilEilb 

PaccMOTPHM TY 48CTb ablpameHHR /6/, KOTopaA onHcblaaeT cKa

.nRpHble H nceBAOCKanRpHble Me30Hbl. EcnH 3$¢eKTHBHblll! narpaHm\11aH 

nOI1Y48Tb B TepMHH8X HCXOAHbiX noneH u0 Ill ; 0 
, OK83biB8eTCR, 4TO 

aaKyyMHoe O>tU1A8HHe nom~ a 0 He paaHO HYiliO <u 0 >o
~ 0. 0AHaKo ecm1 

CAenaT b aaMeHy nepeMeHHbiX 

~ ~ 
8 

a=gtao-mo+mq • "•q"o· 
I I 

TC onpeAeneHHblM Bbi60p0M tnq MO>HHO A06HTbCA, '-4T06bl 3Ha4eHI-1e 

<a> o6paTHJ10Cb B HY11b. 

~ HOBbiX o603Ha4eHHAX nceBAOCKa11ApHa~ /cKa11APHBA/ 4BCTb 

171 ~MeeT B~A 
-iTrlnll+ 

17'1 

npH Bbi4HC11eHHH 3TOro Bblpa>HeHHA Mbl BCTpeTHMCA C paCXOAA~HMHCA 

HHTerpa118MH ABYX THnOa: KB8Ap8TH4HO paCXOAA~HMCA HHTerpailOM 

I . 3 
1 = 1--

(2 rr)4
 r d4k 

k2-m2 
q 

H 11orapH¢MH'-4eCKH pacXOAA~HMCA HHTerpanOM 

d
4

k 

(k2-nfl)2 
q 

191 

19'1 

KaK Mbl BCKOpe YBrlAVIM, MHTerpan 1
1 

HrpaeT He O'-leHb CY~eCTBeHHYIO 

POilb B H8WHX Bbi4HC11eHHAX. 4epe3 Hero BblpamaeTCA Macca nHOHa 

mrr• HO nOCKOilbKY OH BXOAHT B Hee B KOMfiHHBUHH C HeonpeAeileHHbiM 

napaMeTpOM 0#2/g~ TO 3THM napaMeTpOM OH nOilHOCTbiO norno~a

eTCA. 0H T8K>He BXOAHT B onpeAeneHHe He¢H3H4eCKO~ 3aTpaB04HOH 

M8CCbl KB8pKa m 0 • 

3Ha4HTenbHO 6onee sa>t<HyiO ponb 1-1rpaeT HHTerpan 12• 4epe3 

Hero e~pama~TCR MHor~e ¢~3~4eCK
~e eepw~H~, on~c~

ea~~He e3aHMo-
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.qeHcTBJ.1R Me3oHos· .qpyr c .qpyroM J.1 c KBapKOBbiMJ.1 11VlHJ.1RMVl. B KOHe4HOM C4eTe, 4epea nocpe,qcTso VlHTerpana I 2 see 3T"H sepwV~Hbl MO>KHO 6y.qeT CBR3aTb C e,QHHCTBeHHOH sepWHHOJ1, OnJ.1CbiBatoU1eH pacna,q p-->2rr. 
npJ.1CTynJ.1M Tenepb K Bb/BOAY 3¢l¢leKTJ.1BHOrO narpaH>KJ.1aHa, OnJ.1CbJBaIOIJ.IerO B3aJ.1MO.qei:1CTBVle a- J.1 it -Me30HOB. PaCXO,QRiqHeCR KBapKOBble neTJlH, coOTBeTCTBYIOIJ.IVle sblpa>KeHJ.110 /7' I, H306pa>KeHbl Ha pHc.2. 

8 2 2 CoBMecTHO c 4neHaMH - -'.i!:.-(u + ft2 ) 2 0 0 
J.13 /6/, OHH npHBOART K CJle,QyiOtqeMy narpaH>KJ.1aHy /c T04HOCTbiO ,QO nOCTORHHbiX 4IleHOB/: 

:t ~ 8~ 2 ~2 2 . "' 2 
(a,a)~-·-2-[a +(a-mq+m 0) ]+21 [(a Tir+(a a) l+ 2gl 2 ~ ~ 

+ 4(11 +m~12 )[ ;;'2+(a-mqh-2J, [ ;;''4(a-m ql"J ': /10/ 

~3 Tpe6osaHHR 

/11/ 

nony4aeM ycnosHe 
8~2 mo 8~2 (--r-811)~-··---r· gl mq gl 

/12/ 

4T06br KYIHeTH4eCKVle 4IleHbl s I 1 0/ YtMenH npaBHJlbHYJO ¢OPMY, Heo6-XOAHMO c,qenaTb nepeHOPMHPOBKY nonei:i: 112 ..... 1/2 ..... aR ~2!2 a, "R~212 a. 
/13/ Tor,qa narpaH>KHaH 2 (aR, ;R ) nPHHHMaeT OKOH4aTe!lbHbri1 BHA, nOllHOCTbiO C00TBeTCTBYIOutHi1 a -MO,QelTYI *: 

/14/ 

*3,qeCb J.1 ,Qanee WTPHX Y ~YirYPHOH CK06KH 03Ha4aeT, 4TO J.13 cne,Qa norapH¢Ma MCK11104eH~ pacXOARUIHeCR neTneBble ,qHarpaMM~. 

6 



HHTepecHo OTMeT~Tb, 4TO CHna saaHMOAe~cTBHR Me30HH~x none~ APYr 

c APYrOM 111 c KsapKaMH a narpaH*HaHe /14/ onpeAenReTCR nepe

HOPMHPOB04HOH KOHCTaHTO~ g /eM. /13//. KBaApaT MaCCbl a 4aCTH

\.Ibl Ha 4m~ TR>Ke!1ee, 4eM mJ;IcM. 11411. 

EcnH Ha OCHOBe narpaH*HaHa /14/ nOCTPOHTb aKCHanbH~~ TOK, 
+ + -

TO, OniiiC~BaR 3aTeM pacnaA TT - 4 j.C II , MO*HO HaHTYI CBR3b ffiq C 

KOHCTaHTO~ Frr/nOA06HO TOMy, KaK 3TO CAenaHO B /te/ /: 

1171 

AeHcTBHTenbHO, aKclllanbH~~ TOK, nocTpOeHH~H Ha ocHoae narpaH

*IIIaHa /14/, HMeeT BillA 

a · a a mq· a 
A-aarrR-rraa+-arrR. 1181 

J.l. R J.1. R /..1. g J.1. m 

0TC~Aa cneAYeT, 4TO K03¢¢111~111eHT ~ MO*HO OTO*AeCTBYITb C KOH-

CTaHTOH pacnaAa nHOHa F". g 

AHanOr1114HOe COOTHOWeHYie MO~HO nony4HTb H npRM~M 8~4HCne

HHeM aepORTHOCTIII pacnaAa n+ 4 ~11 4epe3 KBapKOBy~ neTn~. AMnniii

TYAa TaKoro pacnaAa pasHa 

- ~~~ -mq ~~ I I 
Trr+~jj.v -iv24mqg12 v ~~ siy2 g-P~~~ , 19 

p/..1.- II!Mnynbc n~OHa' e<+) G - (I 
rAe a ~ - .,[2- u(Jl)Y~ +y 0 ) u (v)-

nenTOHH~~ TOK. TorAa 1113 cpasHeHHR c 3KcnepHMeHTOM cpaay nony-

4aeM COOTHOWeHIIIe /17/,a KOTOpOM HeTPYAHO y3HaTb TO~AeCTBO 

roi1A6eprepa-TpeHMaHa. 

§4. B3A"MOAE~CTB"E BEKTOPH~X nonEA w~ H p" 

PaCCMOTPIIIM Tenepb TY 4a~Tb narpaH*HaHa /6/, KOTOpaR OnHc~-

1201 

PHc.J 

B~ ..• . '.P 

~ 
1· 



~R w-Me30Ha cy~eCTBYeT TOflbKO OAHa paCXOAR~aRCR A~arpaMMa co6cTseHH0-3HepreT~4ecKoro T~na /p~c.3a/. 0Ha np~BOA~T K noRsneH~~ B s~pa*eH~~ /20/ K~HeT~4ecKoro 4neHa cneAy~~ero s~Aa: 
"' g2 2 <'>.>..(wo) ~-~ <"'o ) • 6g ~v /21/ 

rAe w 011v = a
11

cu 0 v -avw 
011 

• 

JlnR P -Me30HOB, OOM~MO paCXOAR~et1cR A~arpaMMb/ 3a, cy~ecTBY~T e~e pacxoAR~~ecR A~arpaMMbl TpeyrOllbHOro ~ 4eTblpexyronbHOro THna /p~c-36 ~ 3s/. CyMMa scex 3T~X A~arpaMM npHBOAHT K OORSlleH~~ 4JleHOB R~M~llllCOBCKOro B~Aa B B~Pa*eH~~ /20/: 2 

t.£(p 0)--~~Trlj;0 +ig
2[p-

0 
,;;

0 
Jl~ /22/ 12g w ~ v 

nocne nposeAeHHR nepeHOPMHPOBKH nonei1 cv 0 ~ P0 , 

§5. "-p -B3AI1MOJlE~CTBI111 

00MHMO paCCMOTpeHHbiX yme B3aHMOAeHcTBHH KBapKOBble neTJl~, COAeP*a~HeCR B /6/, AOnycKa~T B3aHMOAeHcTBHR CMeWaHHOrO THna, rAe B O.AHOH sepWHHe BCTpe4aiOTCR KaK n~OHHble, TaK H p -Me30H-Hble nonR. 0AHOH H3 HBH60nee HHTepeCHbiX sepw~H TBKOrO THna eTcR sepw~Ha, on~cblsaiO~aR pacnaA p-+ 2rr /p~c.46/. AMnm·1TYAB naAa p-+2rr. COOTBeTCTBYIO~aR A~arpaMMe 46, ~MeeT BHA 

Hll~ AnR pacnaAa p 0 -+17+17-

T . o < -a· "' + + · v _ po-+rr+11-:= lgppv 1T rr - rr a rr ). 

8 

RBJl.R
pac-

/26/ 

/26'/ 



a 6~ 
y;- q w 

--- ---w- 11 ---<I>---
PHc.4 

rpo~"+"- =158 M38, /27/ 

nerKO nO!lY4~Tb O~eHKY Ha BeflH4HHY KOHCT8HT~ g : 
p 

2 I 3 2 . 
a =g 4rr=--g s3, 

p p 21T 
/28/ 

nocKO.ObKy BCe OCTa!1bHble KOHCTaHTbl Bblpa>t<aiOTCA 4epe3 g p • TO 

H AflA HHX MO>t<HO no.ny4HTb 4HC!1eHHble O~eHKH 

3AeCb CI1eAyeT OTMeTHTb, 4TO KOHCTaHTa CH!1bHOrO B3aHMOAeHcTBHA 

nHOHa C KBapKOBOill fli.1Hio-teH a 77 OKa3blaaeTCR MeHbWe eAHHH~bl Ill cy

~eCTBeHHO MeHbWe KOHCTaHTbl CH!lbHOrO B3aHMOAeHCTBHA nHOHa C 

HyKnOHoM I g 1r"NN ... 5, 5 g" I. T eM caMbiM n011BJ1ReTCA OCHOBaHHe 

q q -

AnA HCnO!lb30BaHHA TeOpHH B03My~eHHH nO KOHCT8HTe a 17 , 

~HTepeCHO TaK>t<e OTMeTHTb, 4TO O~eHKH Ha Be!1H4HHY KOHCTaHTbl 

a 11 H MacCbl KaapKa mq. nony4eHHble 3Aecb, nonHOCTbto coanaAaiOT 

c o~eHKaMH, nony4eHHbiMH paHee C.6.fepacHMOBbiM c coaepweHHO 

lo1HbiX no3HLU1H /?I • 

B aaKn~4eHHe 3TOro paaAena aaMeTHM, 4TO ecnH Anfl HHTerpanoa 

11 H 12 ~cnonbaoeaTb 
o6~4Hoe o6peaaHHe Ha HMnynbce A, TO 

H3 /28/ cneAyeT, 4TO A =1116 M38, a >13 <lloPMYilbl /15/ nony4aeTc~ 

o~eHKa Ha rony~ Macey KBapKa mo=4,5 M3B, KOTopaR xopowo cooT

aeTcTayeT npeAnonomeHHRM o aenH4HHe Mace TOKos~x KBapKoalls/. 

Y4eT pacXOAfl~HXCfl 4eT~pexyr
OnbH~X AHarpaMM C KOH~aMH CMe

WaHHoro THna, KOTOp~e Hrpa~T samHyD pOnb npH ORHCaHHH, HanpH

Mep, nonRpHayeMOCTH nHoHa, noaeonReT aanHcaTb nHoH- p -Me30H

H~e B3aHMOA8HCTBHR B KOBapHaHTHOH ~OpMe /pHC.4a-r/. 

9 



§6. 3nEKTPOMArHHTHWE 83AHMOaE~CTBH~. BEKTOPHA~ aOMHHAHTHOCTb 
3neKTPOMarHHTH~e S3aHMO,qeHCTBHR BBOARTCR B HaWeH MO,qenH rpa,qHeHTHO-HHBapHSHTH~M cnoco60M Ha OCHOBe HCXO,QHOrO narpaHmHaHa /2/. TeM CaM~M OKaa~saeTCR, 4TO ¢OTOH~ MOryT B3SHMo,qeHCTBOBaTb C 3SPR~eHH~MH Me30HaMH TOJlbKO 4epe3 KBSpKOB~e neTJlH, B 0T11H4He OT Me30HHOH 4SCTH narpaHmHSHS KHHeTH4eCKHH 4JleH AJlA ¢0TOHOB BBO,QHTCR CSMOCTORTeJlbHO B HCXO,QHbllit narpaH>KHaH /2/. Y4eT KBSpKOB~X neTeJlb npHBO,QHT TOilbKO K nepeHOpMHpOBKSM noneH H aapR,qa. Ta 4aCTb narpaH>KHaHa /6/, KOTopaR onHc~saeT 3JleKTpOMSrHJ.1THble B3aHMO,Qet1cTBio1R, BblrllR,QHT Cne,qyiOUV-tM o6p,a30M: 
f 9 M ~--.l.(F' )

2 
-iTr!n{1- 1 [eQA-Jl ' 4 JI.V • " ' 1 a -mq 

F' =a A' -a A' , Q=T3 + !:_g_ = L(1+3r ). /.(VJI.VVJI. 2 6 3 

/32/ 

/33/ 3,qecb g- onepaTOP aapA,qa KsapKos, T3 H Yq- onepaTOpbl H30TOnH-4ecKoro cnHHa H rHnepaap~Aa KBapKoa. nocne B~4HCneHH~ paCXOAR~eHCR c06cTBeHH0-3HepreTH4eCKOH AHarpaMMbl ¢oToHa /pHc.Sa/ npHXOAHM K cneAY~~eMy ablpameHH~ AnR f9M ' 
·f~M-- -!.F 2 -iTrln{ 1- _!_ [e'QA]l', .3• 4/J.V _.,.., 

1 2 1/2 A -(1+!ll L) A', ~ 9 g2 ~ 
p 

1a- mq 

0 2 -1/2 e' ~(1+ L .!'.-) e 
9 g2 

p 
noMHMO ~o6cTBeHH0-3HepreTH4eCKHX AHarpaMM ay~T e~e 04eHb eamHble pacxoA~~Hec~ AHarpaMMbl onH,Cblea~~H.e ryepeXOAbl Yeo H yp0 /pHc .56, Sa/. 

1 e' F ( o 1 ) -- P +-w • 2 gp IJ.V IJ.V 3 IJ.f.! 

6 

/34/ 

/35/ 

An~ ¢oToHa cy~ecT
cMewaHHoro nma, 

Y4eT 3THX AHar-

/36/ 

B 

f~IJ ~~~· 
PHc.5 

B peaynbTaTe Ta 4aCTb narpaHmHaHa, KOTopaR onHcblaaeT 3neKTpoM.3rHHTHble B3aHMOAei1CTBHR Me30HOB H KaapKOB, npHHHMaeT BHA m2 
f =J-(w2+p~-L(w2 +p2 +F2)+ ..L ~F (po +..!.w )- /37/ 3M. 2 /.L Jl 4 /.LV JlV JlV 2 gp IJ.V IJ.V 3 JlV 

1 go ' ' ' -i Trln { 1+ ~--[ --'-'(rn+fp)-e'QA]l'. ia- m q 2 
10 



npo~3BeAeM A~arOHan~aa~~~ KHHeTH~eC
KHX ~IleHOB C noMO~b~ 3aMeH~ 

noneiii 

w =:, +-~A 
~ ~ 3gp ~ 

3neKTp0MBrHHTHOe none H 

~HM o6pa30M: 

A •(I- .lll.L)-111. 
~ 9 g2 ~ 

p 

P
0 =P0 +~A 
~ ~ gp ~ 

3BPRA nepeHOpMHPY~TCR 

_ !Qe'2-112, 108 ,2 108
2-112 _ 

8 ·(1- 9 -:::l") e ·[(1- --:;r)(l+- -rll e. e .e. 

gp 9 gp 9 g p 

/38/ 

/39/ 

DerKo BHAeTb, ~To a peaynbTaTe ABYX nepeHopMHposoK - /35/ H 

/39/ - BeilH~HHB 3IleKTpH~eCKOrO 3BpRAa np~H\o1M8eT HCXOAHOe Bbl

pa}l(eHHe. 0KOHYBTeJ1bHbl~ narpaH}I(HBH f. :3M HMeeT BHA* 

m2 
0 p ~2 1 _. 2 em 2-2 

"-3M•-(w 2 +p )--(w2 +p2 +F )+5(-...J!.) A + /40/ 

2 j.1. /.J. 4 j.J.V j.J.V /.J.V 3gp /). 

r w.;' Y <t tJ,jl' ~' w.p' rr 
~-~-

~ 
~ ..... 

+~+~,......,.+·
·· 

P><c.6 

J.l3 nony~eHHOrO IlBrpaH}I(H8H8 BHAHO, YTO ¢OTOHbl MOryT B3a~MQ

AeHCTB0B8Tb C aapf!}l(eHHbiM~ YBCH1~BMH TOilbKO ~epe3 Hei:1TpaJlbH~e 

aeKTopHble Me30H~. TeM caM~M aaTOMaTHYeCKH nony~aeTCR MOAenb, 

OnHCbiBB~~aR aeKTOpHYIO AOMI-IHBHTHOCTb. 00A 3HBKOM 110rapH¢Ma YJleH 

C ¢0TOHBMH nOJlHOCTb~ norno~aeTCR BeKTOp
H~MH Me30HBMH. 

¢HKTHBHBR ¢OTOHHBR MBCca, B03HHKaiO~aR npH CyMMHPOBBH~H AHar

paMM C npoMe}l(yTOYH~MH Hei:1TpBJ1bH~Mll! seKTOPHbiMH Me30H8M\o1 (;) H 

p o I pHc. 6/, nonHOCTbiO coKpa~aeTCR c MaccosbiM YneHOM ¢oToHa, 

COAep}I(BLJ.IHMCR B /40/. TeM CBMbiM ¢0TOH OCTaeTCR 6e3M8CC080i:1 

* nepeHOpMHpOBKa 3BPRAB THna 

, (I 10 e
2 -1/2 

e .., - -·--) e 
9 g2 

p 

/41/ 

OnATb B03HHKaeT npH CYMMHpOSaHHH AHarpaMM C npoMe*YT04H~M\o1 

BeKTOPH~MH Me30HBMH \o1 YneHBMH C ~OTOHHOH M8CCOi:1 /pHc.6 Hflij. 

II 



48CTH4e~, 4TO nOnHOCTb~ COOTBeTCTBYeT Tpe60B8HH~ rpaaHeHTHO~ HHB8pH8HTHOCTH TeOpHH. 

§7. 3nEKTPOMArHHTHMA ~OPM$AKTOP nHOHA H PACnA~ 

Opor.·mntocTpHpyeM Tenepb pa3IH14Hb!e npHnO}KeHHR HaweH MOAenH H8 npHMepe OnHCaHHR HeKOTOp~X xapaKTepH~X ~H3H4eCKHX np04eCCOB, CBR38HH~X C nHOH8MH H BeKTOpH~MH Me30H8MH. 

a/ 3neKTpDMarHHTH~H ¢oPM$8KTOp nHOHa 

3neKTpOMarHHTH~H ¢OPM¢8KTOP nHOHa OnHC~BaeTCR AHarpaMMOH, H306pa}KeHHOH Ha PHC.]a. 0Ha COAep}KHT ABe paCXOAR~HeCR neTnH, KOTOpble nocne nepeHOPMHpOBKH Aa~T KOHCTBHTbl gp H m :e/g p /pHc.]6/. B peaynbTaTe anR aMnnHTYAbl, onHc~aato~eH $Qp~aKTOP aapRmeHHOro nHOHa, nonyYaeM Bblpa}KeHHe, coanaAato~ee c TeM, KOTOpOe cneayeT H3 MOAenH BeKTOPHOH A0MHH8HTHOCTH: 
T ,.p. gt.tv 2 e "' (rr+)':Z g,r 2 2 mp -·( ,:;;:. m -q g 

p 2 p 
~ ep ,"(1 + _q_). 

" m2 

/42/ 

p 
3aecb p.., p 1 + p 2 , Q= p

1 - p 
2 

, rae p 
1 

H p 
2 

-HMnynbcbl nHoHa a Ha48flbHOM H K0He4HOM COCTORHHRX, a(v- nOnRPH38~HR ¢OTOH8. ~3 /42/ nonyyaeM, 4TO 3IleKTpOMarHHTHb1H paAHYC nHOHa paBeH 
<r2>"+ =61 m~ =0,39 /<!IM/ 2

• /43/ 
4TO HaXOAHTCR a yaoaneTBOPHTenbHOM cornacHH c 3KcnepHMeHTanb-

/44/ 

a 

'li .,_ W' 
- - +'---'---'>-- ~ 

PHC.7 

6/ Pacnaabl 17°""'2y, W"""11°y, P""'"Y 

B OTI1H4He OT 3neKTPOMarHJ.1THOro $OpM¢aKTopa nHoHa pacnaabt rr0 ._, 2y, <V""'17°y H P""""1TY onHCbiBaiOTCR KBapKOB~MJ.1 neTJ1RMI<1 aHO-M8IlbHOrO THna, KOTOpble B~pa>KaiOTCR 4epe3 KOHe4Hble HHTerpanbl2•8•? 1 

12 



.Q~arpaMMe 8a, onHCbiBaiOII\eH pacnaA 77°-+ 2 y, 

nnHTYAa /CM. narpaHmHaH~ /14/ H /40// 

/45/ 

3Ta aMn.nHTyAa no.nHOCTbiO coanaAaeT c TeM a~pameHHeM, KOTopoe 

no.ny1..1aeTcR a MOAe.nH c KaapKOBbiMI-1 neT.nAMI-1 /3~5 I. Teopen11..1ecKoe 

3Hal..leH~~te AnA wHpiiiHbl pacnaAa rr
0 -Jo2 y, cneAyiOw,ee H3 I 45/, xopo

wo COOTBeTCTByeT 3KCnepHMeHTY /171: 

r ;a"""" 2 Y = 7, 3 aB, /46/ 

rrro• 2y =/7,854:<:;0,{)04/ 38. 

AHanorH4HbiM cnoco6oM A.flA w~~tpHH pacnaAOB w-+ rr
0

y 

I AHarpaMMbl 86 H 8s/ nony4aeM 
2 2 

aa mw-m7To 3 

1 =Srr-:::12.--(----) =0,8M:>B, 
w• rr"y (16 rr2F )2 mw 

I' 
p ... rry 

/47/ 

B TO apeMR KaK COOT-BeTCTBYIO~IIte 3KCnepHMeHTa.flbHble 3Ha4eH!IIfl pae

H~ 

/17/ 

rw•rroy =/0,888:<:;0,055/ MsB, 

r,."' =/6 7:<:;7 1 K:>B 
1201

• 

a w J" 
9ic~'-"A-
--~~ 

Pnc.8 

a/ PacnaAbl w ... 3 rr 

/48/ 

0AHHM 1-13 HaH60.nee IIIHTepeCHbiX pacnaAOB ~ T04KIII 3peHHfl Hawe~ 

MOAeD~ fiB.flAeTCA pacnaA w-t3rr • .Qe~CTBIIITe.nbHO, ec.nH B OOHCaHHbiX 

BbiWe npou,eccax HaWa MOAeflb KaK 6bl BK11104aeT TOJ1bKO OAHY 143 

AB.YX H3BeCTHblX MOAeneH: HJ1111 M0A€I1b aeKTOPHOH AOM-HHaHTHOCTIII 

B CilYI..Iae 3.neKTpOMarHHTHOrO $OpM~aKTOpa nHOHa, H.fllll MOAe.flb C 

KBapKOBbiMH neTnAMH B c.ny4ae pacnaAOB 7T
0

-+ 2y, w_, rr0 y H p-+uy, 

TO npH On!IICaHHH pacnaAa W _,g 1i Ha4HHaiOT pa60TaTb o6e 3TH MOAe

nH OAHOBpeMeHHO. Ae~CTBHTenbHO, 3AeCb Mbl scTpe4aeMCR c AHar

paMMBMH,THni-14Hb~H KaK Ail~ MOAe.flH BeKTOPHOH AOMII!HaHTHOCTH 

13 



/pHc.9a/, TaK H AnR MOAenH C KBapKOB~MH neTnRMH /pHc.96/. CoBOKYOHOCTb 3THX ,QHarpaMM npHBOAHT K aM.OilHTY.Qe C.lle,qyiOtQero BH,qa: 

T 3 .~ (gPFl f P u w~s17 ·- --2F3 [1+3-2--:rl'~vpu (P+ (P_) (P 0). /49/ (217) mP -q 
r,qe p+, P_., Po- HMnyllbCbl 1T+,rr-· H!tr° COOTBeTCTBeHHO, a q- pi, +Pj /a CHllY CHMMeTpHH MO>KHO Ctt.1TaTb, 4TO Q= P++P_/. Ha /~9/ cne,qyeT, 4TO WHPHHa pacna,qa w ~a" pasHa 2 4 6a m m 17o m 17+ r a _:.:::..e_ "' I, /50/ w~317 (2J+l) (217F)6 
r,qe J - COHH cu -Me30Ha, a l - [f)a30Bbli:1 HHTerpail, A2jis 

I • l . dt let2-l)(A
2
- 3-2ill) R(t)p(t). 

1 (A2 + 1-2 At) /51/ 

PHC.9 

p(l) z(1 + 

p (t) COOTBeTCTBYeT KBaApaTy CK06KH, CTORIJleH B /49/, a R (!) -KBaApaTy '~vpu (p+f(p_)P(p0 )u. 
4McneHHaR O~eHKa HHTerpana /51/ npHBO.QHT K 3Ha4eHHIO 

I=13,07; 

/52/ 
rw~ 317 =9,37 MaB. 

/17/ 
3i<cnepHMeHTa!lbHOe 3Ha4eHHe .BOOJ1He COOTBeTCTBYeT 3TOH Ol.leHKe 

r w~ 3 , =/9 ,07.:!:_0 ,05/ MaB. /53/ 

14 



EcnH HCnOnb30aaTb TOnbKO MO,Qellb BeKTOpHO~ ,QOMHHaHTHOCTH HnH 

TOJlbKO MO,Qellb C KaapKOB'biMI-1 neTJlRMH, TO pe3yJ1bTaT nony4aeTCA 

3aMeTHO MeHbWe 3KCnepHMeHTanbHOf0 3Ha4eHHA. 

§8. 3AK11104EH.HE 

HTaK, Mbt noKaaanH, KaK lrl3 3¢l¢eKTHBHoro 4eTblpexKaapKoaoro 

narpaHmHaHa /2/, HMe~ero AOBOJlbHO npocTy~ ~pMy, MOmHo nony-

4HTb TaK~-te 3Ha41r1Te1lbHO 6onee cnomHble narpaHm~rtaHbl, t<:aK KHPanb

Hbl~ narpaHml1aH .Qnfl mwHoa I a -Mo.Qenb/, narpaH>Kl1aH RHra-M~r~nnca 

,QJlfl BeKTOPHbiX none~ co H p H MO,QeJlb BeKTOPHO~ ,QOMHHaHTHOCT\rl 

AilA 31leKTPOMarHIIITHbiX H CHJlbHbiX a3aJ.1MO,Qe~CTBi-1~ Me30HOB:. np·l1:4eM_ 

ace Te MH0r04\.1CneHHble napaMe·Tpbt, KOTOpble aCTpe4a~TCA B 3Tt1X 

narpaH>KHaHaX /MaCCbl Me30HOB H pa3J1\.14Hble KOHCTaHTbl S3a\.1MO,Qe~

CTB~-t~/, Bblpama~TcR acero nHwb 1.1epea 4eTblpe napaMeTpa HCXO.QHO

ro narpaHm~-taHa /2/ /KOHcTaHTbl G 1 ;0 2 • m 0 \.1-napaMeTp o6Pe

aaH~-tR A/. l1HTepecHo aaMeT~-tTb, \.ITO 4~-tcno HCXO.QHbiX napaMeTpoa 

MO>KHO e~e 6onee coKpan-1Tb, ecn~r~ Y4eCTb., \.ITO nPeo6PaaoaaHi-1eM 

¢lHP4a \.-1.3 BeKTOpHOrO /ncea,QOBeKTOPHOrO/ B3at-~MO.QeHcTBH_fl B. /2/ 

MO)t(HO nOIIY4HTb CKal1RpHOe /nceB,QOCKailRpHOe/ B3a\.-1.MO.Qei:1cTake, Ka'K 

3TO oTMe4eHo, HanpHMep, a1121.Tor.Qa, ecn\.-1. noTpe6oBaT·b, \-1T06bl 

sec 3THX ABYX THnoa a3aHMOAe~CTBHfl B /2/ 6bll1 paaHOBe"PQR.Te~., 
MOmHO nOI1Y4HTb CBfl3b Ha KOHCTaHTbl 0 l H 0 2 CJle.QYIOU{~ro ·avtda;: 

01~202. 

EcnH Ha~n1 Tenepb 3Ha4eH\.-1.e .Qilfl napaMeTpa 0 IJ. 2! g; 
oj.l.2 rilq m 2 
--- = --( _..JL). 
g~ mo g 

/54/ 

~3 /12/ ~ /15/, 

/55/ 

~ nOACTaB~Tb ero 8 /25/ C Y4eTOM /54/, TO AnR Mace w-~ P

Me30HOB nony1.1aeM 04eHKY 

m2=m2 .1-(..':e.._Ot<)2 
• .2.. mqm 2 , mp"880 M3B. /56/ 

P w 2 g 1 2 4 m0 " 

3Tirl 3Ha4eH!rlfl C 1 0%-HO~ T04HOCTb~ COOTBeTCTBYIOT 3KCnep111MeHTaJ1b.

HbiM. 

OcHoaHoe me ,qocTO~r~HcTao Hawe~ Mo.QenH aaKI1~4aeTCfl a O.QHo

apeMeHHOM y4eTe KaK KBapKOBO~ CTPYKTYPbl Me30HOB, TaK lrl a,qpo

HOno,q06HOrO noae,qeHirlfl ~OTOHOB /BeKTOPHO~ ,QOMHHaHTHOCTirl/ B 

paMKaX e,Q1;1H0~ MO,Qell\.1 6e3 nORBileHHfl ,QSOiltHOfO C\.leTa B KOHe4HbiX 

peaynbTaTax. HcxO.QHbtilt 4eTblpexKaapKOBblilt narpaHmHaH MO>KHO pac

cMaTpHaaTb KaK HeKHilt npocTeiltw~r~llt narpaH>KHaH, onHcblaaiO~Hilt a¢l

$eKTiriBHble S3aHMO,QeiltCTBHR KBapKOB, 143 KOTOpbiX B ,QaJlbHeiltWeM 

KOHCTPYHPYIOTCfl COcTaBHble 4aCTH4bl - Me30Hbl. TaKOilt no,QXO,Q K Ont-1-

caHHIO Me30HHbiX B3aHMO,Qe~CTBHilt HanOMHHaeT MeTO,Qbl TeOplriH CBepx-

15 



npOBOAHMOCTH 19 •lO/, KaK yme ynOMHHaJlOCb BO BBeAeHHH. TaK 4TO Hawy MOAellb MOM<HO Ha3BaTb MOAeflb~ COCTaBH~X 4aCTH4. llanbHeiiwee o6o6UieHHe MOAeilH Ha cny4ai1 SU (3) ( SU (4)) -cHw MeTpHH, a TaKme BKJ1~4eHHe 8 paCCMOTpeHHe aKCHaJlbHO-aeKTOPH~X H TeH30PH~X Me30HOB He npeACTaBJlReT nPHK4HnHaJ1bH~X TPYAHOCTe~, a RBJlReTCR 4HCT0 TeXHH4eCKO~ 3aAa4eH, KOTOpaR 6yAeT pewaTbCR e Haw111x AanbHe~wHx pa6oTax. 
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