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1. BsettellHe. nocTalloBKa aatta'IH 

A. YaHsepcam.aaH V-A TeOpHH cna6hlx saaHMotteiicTBHii xopomo cooT-

seTcTsyeT· BCeM H3BeCTilbiM aKcnepHMeHTan&llbiM AallllhiM, no Kpaiiaeii Mepe, 

B TeX CHy'JaHX, KOI'A8 OT TeOpHH B03M0)1{H0 nony'IHTb KOHH'IeCTBeHHble 38K-

Oponecc pacnaAa NDOOHa 

( 1) 

38HHM8eT oco6oe MeCTO B cjiH3HKe cna6b1X B38HMOl{eHCTBHH, fiOCKon&Ky Oil 

SIBHHeTCH &AHHCTBeHHO AOCTynHbiM fiOKa AHH aKcnepHMeHTaHbHbiX HCCnettoBa

HHH cna6hiM nenTOHHbiM nponeccoM. 

KonH'IeCTBeHHaH TeopHH nponecca (1) nocne OTKpbiTHH aecoxpaHeHHH 

-Ill 
'leTHOCTH H C-HHBapHaHTHOCTH 6blna nocTpoeHa eme AO C03A8HHH V-A 

TeopHH. llpH aTOM OKa3anOCb AOCT8TO'IHO Tpe6oBaHHii llpOAon&HOCTH HCnyc

KaeMbiX HeliTpHHO H cjlaKTa HCnyCK8HHH B ( 1) HeiiTpHilO H 8HTHHeiTpHHO. Ha 

aTOM aTane TeOpHH cottep)l{ana ABa (tteiicTBHTen&HbiX) napaMeTpa. TeopHH 

V-A B38HMOAeiiCTBHH aacjiiiKCHpOsana OTilOIIleHHe aTHX napaMeTpOB. 

HapSIAy C TOK X TOK cxeMOH B38HMOAeiiCTBHH, HOK8n&HOI'O OTHOCHTen&

HO nenTOilHOI'O TOK.a, OAHHM H3 Ba)I{HeiimHX fiOHO)I{ellHii B COBpeMeHHOii TeO

pHH nenTOHHbiX H TBK Ha3biBaeMhiX nonynenTOHHhiX cna6hlx nponeccos HBnHeTcH 

npettcTaBneHHe o MJOoa-aneKTPOH yHHsepcam.aocTR. OAHaKo AaHilble o MIOOH

IlOM TOKe (fl, V fl ) MeHee TO'IIlb11 'I eM CBeAeHHH 0 CTPYKTYPe ( e , v e ) ( aneK

TpOilllOI'O) TOKa. KpoMe T01'01 no-BHAilMOMY1 M0)1{1l0 AOnyCTHTb CylllecTBo

BaHHe He6om.moli OTnH'IIlOii OT HyHH MaCChi fiOKOH MIOOilHOI'O aeiiTpHilO. 
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lloily'leHRe /2/ HOBbiX, 3H8'1RTellhHO 60ilee TO'IHbiX, 'leM npe}f{Ae, 9KCne-

pRMeHT8ilbHbiX A8HHblX 0 CneKTpe 9ileKTpOHOB B pacnaAe ( 1) no6yARil0 H8C 

npeAnpHHSITb HOBbtit 8H8ilH3 B03MO}f{HblX OTKilOHeHRit OT 06bi'IHOA TeOpHH npo

UeCC8 ( 'i) C TeM, 'IT06bt HMeTb B03MO}f{HOCTb KOilH'IeCTBeHHO nposepHTb cnpa-

BeAnHBOCTb V - A TeOpHR H llOilY'IHTb 38KiliO'IeHHSI 0 B03M0}f{Hb1X npHMeCSIX 

B38HMOAeitCTBRit, OTilH'IHbiX OT V - A • C 9TOit UellhiO Mbl paCCM8TpHBBeM 

OAHY MOAenh B03MOlKHblX OTKilOHeHRll OT V-A TeOpRH. lloily'laeMbie npH 

9TOM OUeHKH AilSI OTKilOHeHHit, KOHe'IH01 38BHCSIT OT MOAeilH. 

rAe 

E. HHJKe npeUOilaraeTCSI cnpaBeAilHBOCTb TOK X TOK CXeMbl 

. (e) 
la -V-A 

L lnt 

(e) ~-
,. j J (It) 

a a 

TOK, llOCTpOeHHblit AilSI aileKTpOH8 R anb-HeitTpHHO 

(e) 

j a .. .p y O+y )rp 
e a 5 v 

e 

(2) 

{3) 

llilSI MIOOHHOro TOK8 J (J.t> 
a Mbi 6yAeM AonycKaTb aaa6oilee o6mee BbipaJKe-

HHe 

+ (J.t> ·'· [I y J •'f'v a a p. 

b+ 
+ -- (p+q 

mp. 
+ ~ (p-q2 

a mp. 
Ill 

a + 

b_ c_ 
+ I a y + --(p+q' ) + - <p-q > 1 n l.P 

mp. 2a - p. a m 2 a 
p. 

-.P 
vp. 

[ r a n + r a n ]1/J 
+ + - - p. 

+ 

(4) 

llpH CnpaBeAilHBOCTH l2) H ( 4) AilSI acjJijl eKTHBHOrO il8rp8HlKR8H8 npouecca { 1 ) 

Mbi noily'laeM 

L lnt 
G - a a 

•.,[2 rfovp.[r+ll++r_n_]r{lp.rfo.ra 0+y5 >.Pv. (5) 

rAe ll ± ,.. 1 !, y 
5

, p ( p, E p. ) , q 2 (q .. 2 , co2 ) .. .. 
ro HeitTpHHO, ld k , CO ) R q 

1 
( q I , co I 

- 4 - HMllYilbCbl MIOOH8 H MIOOHHQ-

- TO JK·e AilS! 3ileKTpOH8 R 

Silb-HeitTpHHO, m p. R m M8CCbl- MIOOH8 R 3ileKTpOH8. 

4 ... 

~I 

.HCHO, 'ITO TOIIhKO nepBbte AB8 CilaraeMbiX <>CT810TCSI B (4)' llpR 

ilHBOCTH V-A TeOpHH. llpH b + ~ 0 , c +~ 0 BO B38RMOAeitcT 

'1810TCSI llpOK3BOAHhle OT llOileA -rpv R ; p. x). llpeo6p830B8J 
p. 

UB U03BOilSieT npHBeCTR (5) K BRAY 

G -
LIt • -1-r{l y 0+y )rp rp y (1 +y • )rp + 

n ,j2 vp. a 5 V 8 e a " p. 

- 1 b+ 
+2arpv O+y )rp rp (1-y )rp +2[-(p+q2) 

p. 5 v. e 5 p. mp. a + 

+...::t_!p-q >Hi O+y >.P .P 
mp. 2 a vp. 5 v e y (1 +y ) "' a 5 p. 

-rfov a R O+y )rp rp yR(l+y )rp l+ 
p. at-' 5 v 8 e 1-' 5 p. 

1 b_ c 
+-[-!p+q ) +-=<p -q ) ][.p y O+y )r{l 

2 m p. 2 a mp. 2 a vp. a 5 v 

•~ 0-y. )rp +;j y R( 1 +y.>r{lv 7p aa{3 0-y. )r{l ]! 
e " p. '-"p. 1-' • e e " p. 

J1a ( 5') SICHO OTilH'IHe H811leit MOAeilR OT paCCM8TpHB8BIIlHXCSI 

EaKail H KypTac 16/ npa L lnt , cosnaAaiOmeM c npHHSITbiM B 

TeOpRR B Bbi'IHCileHHH BepOSITHOCTR npouecca (}) 
1 

AOllYCK8ilH B03MO~ 

OTilH'IRSI OT HyilSI M8CCbl MIOOHHOrO HeitTpHHO m • m 
2 • <JlpHA6et: . Vp. 

nOny'IHil ljlopMyilbl AilSI cneKTp8 paCll8A8 MIOOH8, AOUyCK8SI cymeCTBOI 

B (5) CilaraeMbiX 6ea npOH3BOAHbiX. Maplll8K H Ap. /8/ OCT8BilSiilH H 

Holt CTpyKTypy ( p. ,v )' 
p. TOK8 H AOnyCK8nH y a ll - cilaraeMoe 1 

TOKe. 

BilHSIHHe npuMecu V +A B38HMOAeHCTBHSI B Apyrol! MOAeilR 

PHB8ilH HeA8BHO nanMaHOB H MuxeeB 191. 

HuJKe, nocile HeKoToporo o6cyJKAeHHSI o6mero BbipaJKeHHSI AilSI E 

AeHCTBHSI llOily'leHbl BbtpaJKeHHSI AilS! ClleKTpa SileKTpOHOB, HX 8CHMMe· 

H llOilS!pH38UHH, CllHp8ilbHOCTH HeATpHHO H llOilHOH BepOSITHOCTH npoue 

Bbi'IHCileHHSI nposeAeHbi B ABa aTana. BHa'laile AilSI saaRMOAellcTBHSI 

x) 

0TMeTHM Cpaay, 'ITO BBeAeHHe llpOH3BOAHbiX 3AeCb OTilH'IaeTCSI OT 

Y na H HHra /3/, KOTOpble AOllyCKBilH CyllleCTBOBBHHe npOH3BOAHbiX < 
MeHHo B j ~·> H B J :J4 , H oT pa6oT EilaAMeHa ·u Kilal!Ha / 41 

)!{HSI H Pycco /5/. 
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yqeHHe /2/ HOBbiX, 3H8'iHTellbHO 6onee TO'iHbiX, 'ieM npe)I(.Qe, 9KClle

bHbiX .QBHHbiX 0 ClleKTpe aneKTpOHOB B pacna.Qe (} ) no6y.QHnO HBC 

SITb HOBbiil aHanH3 B03MO)I(Hb1X OTKnOHeHHJI OT 06bi'iHOJI TeOpHH npo-

C TeM, 'iT06bi HMeTb B03MO)I(H0CTb KOnH'ieCTBeHHO npOBepHTb cnpa-

b V-A TeOpHH H nony'iHTb 38KniO'ieHHSI 0 B03MO)I(HbiX npHMeCSIX 

JICTBHll, OTnH'iHbiX OT V-A • C 9TOJI Uellb!O Mbl paCCMBTpHBBeM 

enb B03M0)1(HbiX OTKnOHeHHll OT V- A TeOpHH. llonyqaeMbie npH 

HKH .QnSI OTKllOHeHHJI, KOHe'iHO, 38BHCSIT OT MO.QenH. 

H)l(e npenonaraeTCSI cnpaae.QnHBOCTb TOK x TOK cxeMbi 

-V-A 

L lnt 
. (e) 

1
+ (It) 

•j 
a a 

TOK, llOCTpOeHHbiJI .QllSI sneKTpOHB H 9llb-HeJITpHHO 

(e) 
i ,.. t/1 y 0 +Y ) t/1 

a e a 5 v 

(2) 

(3) 

noro TOKa J (JL> 
a 

Mbi 6y.QeM .QonycKBTb aaH6onee o6mee Bbipa)l(e-

[ly 
b+ c 

+ --(p+q ) + ~(p-q ) l 11 + v, a ml' 2 a ml' 2 a + 

b_ c_ 
y + --(p+q. ) + -(p-q >III lt/1 

a m 2 a ml' 2a - I' 
I' {4) 

[ r a 11 + r a 11 ]rp 
p. + + - - I' 

Be.QnHBOCTH (2) H (4) .QnSI a$$eKTHBHOro narpaH)I(HBHa npouecca(l) 

aeM 

G - a a 
.nr t/Jv [r+II++r 11 l.P .p y O+y >1/1. 
v• I' - - I' • a 5 v. (5) 

.. 1 "t_ Y 5 , P ( p,Ep. ), q 
2 

(q-o
2

, ru
2

) - 4- HMnynbCbl MIOOHB H MIOOHHQ-

HHO, lc ( k, ru ) H q ( q , ru ) - TO JKe .QnSI sneKTpOHB H 
1 I I 

pHHO, m I' H m MBCCbl- MIOOHB B aneKTpOHBo 

4 

..,. 

, I 

.HeRo, 'iTO TOllbKO nepBbie .QBB CnaraeMbiX OCTBIOTCSI B (4) npH cnpaBe.Q-

llHBOCTH, v- A TeOpHH. llpH b ± 1- 0 , c + 1- 0 BO B38HMO.QeiiCTBHe BKlliO-

'{BIOTCSI npOH3BO.QHbie OT noneli tfivp. H if; I' x). Opeo6paaoaanae LI>Hp-

ua noaaonSieT npHBeCTH (5) K BH.Qy 

G -
L 1 t .. -1-t/1 y O+y )t/1 J1 y 0+y

5
lt/J + 

n ..;2 vI' a 5 v • • a p. 

1 b+ 
+ 2a t/1 O+y lt/J t/J 0-y lt/J + -

2 
[- (p +qn )a 

VI' 5 v. e 5 I' mp. • + 

c+ -
+ -<p-q > ][.p O+y 

ml' 2 a vi' 5 )t/1 "' v. • y 0 +y ) "' a 5 p. 

-r/Jv a fJ O+y. lrp r/J yfJO+Y. )rp l+ 
p. a • v. e • I' 

1 b c 
+-{-=-<p+q > +....:::(p -q > ][rp y O+y >r{l 

2m 2a m 2a v a 5 v 
I' p. I' • 

• ~ 0-y. )rp +J yfJO+y.>r{lv if, a_R 0-y. )t/1 ]l • • I' .... , u • • "'-' • I' 

.113 (5') SICHO OTllH'iHe Haweli MO.QenH OT paCCM8TpHB8BlllHXCSI paHee. 

EaKan H KypTHC 16/ npH L tnt , coana.QaJOmeM c npHHSITbiM B V-A 

TeOpHH B Bbl'iHCneHHH BepOSITHOCTH npOUeCCa ( 1), .QOnyCKBllH B03MOJKHOCTb 

OTllH'iHSI OT HynSI MaCChi MIOOHHOrO HeliTpHHO m • m n • tl>pH.Q6epr· /7/ 
VI' • 

nony'iHn $opMynbi .QnSI cneKTpa pacna.Qa MJOoHa, nonycKaSI cymeCTBOBBHHe. 

(5•) 

B {5) cnaraeMbiX 6ea npoH3BO.QHbiX. MapwaK H t:~p. /8/ ocTaBnSinH HeHaMeH-

Roll CTPYKTYPY ( p., v 
I' 

TOKe. 

TOKB H .QOnyCKBnB y 0 ,, a - cnaraeMoe B (e, v • ) 

BnHSIHHe npHMeca V +A B3BHMO.llellcTBHSI a t:~pyroll MO.Qena paccMaT-

PHBanH HenaBHO nHnMaHOB H MHxeea /9/. 

HHJKe, nocne HeKoToporo o6cyJK.QeHHSI o6mero BbipaJKeHHSI t:~nSI aaaHMo

.QellcTBHSI nony'ieHbl BblpBJKeHHSI .QllSI CneKTpa aneKTpOHOB, HX BCHMMeTpHH 

H llOllS1pH38UHH, CllHpanbHOCTH HeliTpHHO H llOllHOJI BepOSITHOCTH npouecca {1). 

Bbi'iHCneHHSI npoaeneHbi B .QBa 9Tana. Baaqane .QnSI aaaHMO.QellcTBHSI 6ea 

x) 

0TMeTHM Cpaay, 'iTO BBe.QeHHe npOH3BO.llHbiX 3.QeCb OTllH'iBeTCSI OT TBKOBOrO 

y nH H .Hara /3/, KOTOpble .llOllYCKBllH Cyll{eCTBOBBHHe npOH3BO.llHbiX O.QHOBpe-

MeHHO a j ~·> H a J ~ , H OT pa6oT EnanMeaa ·a Knallaa /4/ H Eep.Q-
)I(HSI H Pycco 151. 

~ 
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b+- •c+_.o , HO npH a/. 0 ) nonycKaeTCSI 
npOH3BOAHblX ( T.e. npH 

OTflil'IHe OT aynSI m ~ • 3aTeM npH m
3 

/.0 paCCM8TpHB8eTCSI B38HMQ-

neltCTBHe (5) C npOH3BOllHbiMHo llpH OTCyTCTBHH npOH3BOllHblX nonycKaeTCSI 

KOMnneKCHOCTb aenaqaahl a c TeM, qTo6hl oueaHTb aenaq&ay nonepeqaolt no

nstpaaaUHH aneKTpoaoa, B03HHKaJ<lmelt npH aapyweHHH CP-aaaapaaBTBOCTH. JlnSI 

B38HMOAeliCTBHSI C npOH3BOllHblMH (npH m2 .0 ) STOT aljl<lleKT paCCM8TpHBan-

GSI B 
/5/. 

J1aMeaeaHe CTpyltTypbl MJOOHHOI'O TOK8 CK83biBaeTCSI H H8 npyrHX npo-

ueccaX. C STOA TOqKH apeBBSI 3lleCb paCCMOTpeHbl 
11 p.2 B K p.2- pac-

nallblo llonyqeHbl BblpaJKeHBSI llflSI BepOSITHOCTH pacnaAOB B nonstpH38UBH MJOQ-

HOB pacnana. 

2. 06mee BblpaJKeHHe llflSI B38HMOAeiCTBHSI 

A. 06mee BbipaJKeaae~ (4) nnSI TOKa J :f> ~opManbHO coananaeT 

C BblpaJKeBHeM llflSI 6apHOHH0I'O TOK8 B nonynenTOHHbiX npOUeCC8X (6e3 yqe-

Ta Tpe6oaaaaA 
G - aaaapaaBTHOCTB). Benaqsabl a , b +- , c + _ , aaa-

flOI'B KOTOpbiX llflSI 6apBOHHOI'0 TOK8 SIB4SIJOTCSI ·~pM~KTOp8MH, llflSI npoU8Coo 

ca ( 1 ) OKa3biB8JOTCSI nocTOSIHHbiMB qacnaMH. CnpaaennaBOCTb aToro yTaepJKne

BHSI MOJKBO o6aapyJKHTb cnenyJOwHM o6paaoM. B cany noKanbaOCTH nenToa-

aoro TOKa i ~·> aenaqaahl a , b +- ,c +- MOI'YT 6b1Tb flHWb ~YHKUBSI-

MB nepenaaaoro (nape p. - v P. 

BOCTB nenTOHHOI'O TOK8 J ~ 

MB BMnYnbC8 p -q 2 ,. k +q 1 

BMnynbC8 K -q 1 
, HO BBBllY noKanb-

aTB JKe aenaqaahl nonJKHbl 6b!Tb ~-UH-

, nepcnaaaoro I ( e - v • nape. Ynoa-

neTBOpBTb .o60BM ycnOBBSIM MOJKHO TOnbKO, Bb16paB a , b +- , c +- Jt0H-

CT8HT8MB • .' B npeae6peJKeHBB ManhiM aapyweaaeM CP-aaaapaaaTHOCTH aTB 

ltOHCT8HTbl neACTBBTenbHblo 

He ace B3 BBCACHHbiX B (4) cnaraeMbiX OllBH8KOBO aljlcjleJtTHBHbl A4SI 

npouecca ·(1), naJKe ecna nonycTHTb ax cymecTaoaaaae. HeTpynao aaneTb 

B3 .S}) H (5), qTO nOCKonbJtY A4SI (1) p-q2 ~q 1+k, TO 

c (;(q+kl D p.Hey O+y lv lzc m (v D p.Hell v 
+P.1 a+ ale+ •p.+ +• 

c <-;, n ,. 

~ 

p.He(q +'-'>D " l=c 
t . + • 

m (ii' D p. He U v 
e p. - + e 

8 

(7) 

BJUIIlll e +- , nponopuaoaanbBbiA wacce sneKTpoaa, aaa-Tenb&• 

a4MileKTBBeH, qeM aKnan b+- • TaKBM o6paaoM, o6aapylKBTb aan 

npH H3Y'fCHHB ll) Bec&M8 HCIIei'KO. 

Jlng npyrHX npOilCCCOB C BCnyCK8HB8M ( VI' -1' ) - napbl ~ 

HOCTb pa3nH"'HbiX •aOBbiX• cnaraeMbiX MOlKeT 6b1Tb BHOA. TaJt, ARI 

pacnana, MaTpH"'Hblil sneMeHT JtOTOporo 

MhHfL) • ( (p ) J (p.) 
""a a • 

rne p, • p + q 2 , a 111epea r , OOoaB8"1eH tiJopM4jlaltTop Dl 

lKCT 6b1Tb npeo6pa30B8H It -llY 

M(rr .. " ) - r • a I [I +• ( ~ ) + 
, " " .,. 

.. , 2 2 2 
+b <---) +e 0-·~J· l]D + 

+ .. ,. + " + 

+[a a/m +b 
+ 2 ,. 

., 2 2'/.2] <--,., ... ., o-.
2 

• , n ·,. - ,. -
.-r •• [o n +B 

, "" ++ 
n J..,. ,. 

I• v 

" 

B BltnaAbl b +- B e + _ OK83b1B810TCII CODOCT8BBMhiMB. 

Jlng a~Tyllhl K I' 2 - pacnana nony"18eTCII aaanor•-oe Bl 

C 38MCHOil rr .. 1:, ~~:os+t-n•eHTa nepen b +- - aa 22, a Kos+IM 

nepen e + _ - sa • f. 

3. Pacnan MIOOHOB 

A. P aCCMOTPBM BB8"1811e np011ecc ( 1 ) , nonOlKBB B ( 4) b+-• e 

nonyCTHB • 2 /> O B JtOMWieKCHOCTb a ( aapymeaae CP-aHBapB 

BaeneM o6hi"'Bble 4 - BeKTophl non~~paaaUHB sneJtTpoaa 

s'•(k(l /• 
s"' =I 4 

• ... ... ..... 
s'•{+(k(;lk/• (E+•) . 
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npu b ~c sO 
+- +-

, HO npu a I 0 ) .QOnycKaeTCSI 

m2 • 3aTeM npu m
2 

-fO p8CCM8TpHBaeTCSI B38HMQ-

npu OTCyTCTBHH npOH3BO.QHblX .QOllyCKBeTCSI 

'IHHbl a C TeM, 'IT06bl OUOHHTb BO.IIH'IHHY nonepe'IHOA no

B03HHKaKimeil: npu aapyweHHH CP-HHBapaaHTHOCTH. llnSI 

m
2 

s 0 ) 3TOT 34MjleKT paCCM8TpHBan-

LnvrTvpbl MIOOHHOrO TOKa CK83biBaeTCSI H HB .QpyrHX npo-

7T ft2- H K ,. 2 - pac-

.Q.IISI BepOSITHOCTH p8Cll8.QOB H llO.IIS!pH38UHH MIOQ-

2. 06mee BblpaJKeHHO .Q.IISI B38HMO.Qeii:CTBHSI 

li.IISI TOK8 J~) ~OpMB.IIbHO COBll8.Q8eT 

TOKa B nonynenTOHHbiX npoueccax (6ea y'le-

, b +- , c + _ , aHa

TOKa SIB.IISIIOTCH ·~pM~8KTOp8MH, .Q.IIH Upouec

llOCTOSIHHblMH 'IHcnaMH. Cnpase.QnusocTb 3Toro yTsepJK.Qe

cne.QyK>mHM o6paaoM. B cany noKan&HOCTH nenToH-

a , b +- ,c +- MOryT 6b1Tb .IIHWb ~YHKUHSI-

HMnyn&ca K -q
1 

, HO BBHliY .IIOKanb-

3TH JKe Be.IIH'IHHbl liO.IIJKHbl 6b1Tb ~HKIUIH-

, nepo.Qaaaoro ( e - v • nape. Y .QOB-

MOJKHO TOnbKO, Bb16pas a , b+- '"+- KOH-

MBnhlM aapyweaHeM CP-aasapaaHTHOCTH 3TH 

B ( 4) cnaraeMbiX 0.QHH8KOBO 3cjKjleKTHBHbl AnSI 

ecna .nonycTHTb ax cymecTsosaaae. HeTpyAHO BHAOTb 

llOCKonbKY .Q.IISI (I) p -q
2 

~ q 
1 
+ k , TO 

pHey O+y lv l=c m (v D pHell v 
a 5 e + e. I' + + 

<:j +'-'l n 
I + 

v l=c 

.,. 

m (ii n ,. )\e n v 
• ,. - + • 

6 

(7) 

li 
)! 

l 
I 
ll 

I 

BK:IIa.Q "+-
• nponopUBOIIanbllbiA l&llCCe 9.11eKTpO&a, 3Ba'IB'I'e.llbBO Me&ee 

94IJijleKTHBea, 'l,eM BKna.Q b+- • TaKBM o6paaoM, o6aapylKBTb Ba.IIB'IBe c +
npa B3)"1eBBH ll) BeCbMa aener.:o. 

llns llpyrax npoueccoa c acnycKaaaeM { vi' -1' ) 
- napt.~ scjKjleKTHB-

HOC'l'b paa.na'l&~>~x •aost.~x• cnaraeMYX MOlKeT 6t.~'l'b aaoa. TaK, li.IIH rr 

pacna.Qa, M8TpB'IBbiA 9.118M8BT K:OTOporo 
1'2 

11{ ..... 1')-f {p ) J(l') 
""a a' 

{8) 

r.qe p ,. • p + 'I 2 • a 'lepea r 
11 o6oaaa'lea 4JopMtjla.:Top naoaa, Mo-

lKST 6bl'l'b npeo6p830B8B J[ BRliY 

II{ 11 .. " ) • r • ; I [ 1 +a < ~ ) + 

11 " " ." 

.11 2 2 2 
+b <-l +c 0-. 2 /. l]D + 

+ .. " + " + 

• 2 . 
<-!.,, ... ., o-.22,.2,1 n 
." - " -

+[a • /m +b 
+ 2 " 

.• r • -; lo n +B 
11 "" ++ 

n 1. 

"" 

Ia., 
" 

B BKIIa.Qbl b 
+- • "+- Ol[a3bi881DTCH COUOCTaBBMbiMB. 

{9) 

llns 8MJUIBTY.Qbl IC I' 2 - pacna.Qa UO.II)"Iaetts aaanora'IBoe BblpaJKeaae 

c aaMeaoA 11 .. IC, 
Kos+ilauaeBTa nepe.q b +- - aa 22, a .:~e&Ta 

nepe.q "+- aa•l. 

3. Pacna.Q MIDOBOB 

A. PaCCMOTpBM BBa'l8ne npoqecc (1), UOJIOlKBB B {4) b+-."+-•0, BO 

.QonyCTaB • 2 /o O a KOMBI.Ie.:caocTb a { aapymeaae CP-aJIBapaaHTHOCTB). 

Bse.QeM o6Y"'IIble 4- BeKTopbl nongpaaanaa sneKTpoaa 

s'•Ck(l/a 
4 • 

s' "' I .. .. .. 
s'•(+(~(lk/• (E+• ) . . 

~ 

7 



B MIOOH8 

"t .{;ij)/mp. 

s = ; •q + {p ... 7J""l p/m {E +m ). 
p. p. p. 

~nH KBS~paTa MaTpB~Boro sneMeHTa I T 1
2 , COOTBeTCTBYJOI!lero 

(5), BMeeM 

\ 

I T 12 
• 32 G 

2 
I ( p q - m s q 1 H k q - ra s ' q ) + 

I p. 2 e 2 

2 
+lal q

1
q

2 
(pk +mp.sk -m ps' . m m ss') 

• p. 

- m m Rea {kq 1 2 p. 
-m 

• 
s 'q 

1 
) + m 

2 
Rea [ s q 

1 
( p k -

-ms'Jl)-pq
1
{ks-m ss')] +mnJ ma{k -m s') 

e e .• 0 e 0 

~nH 

q p " 
I p p. V 

( 

pp.vu 

BepOHTHOCTR pacna~a B CRCTeMe DOKOH MIOO~a 

2 
G •p. 2 2 2 !j, 

dW{E ,0)• 0- a) {E -m ) dE dO x 
I6, ( • 

I[<I+a+2lai 2 )E(E
0

-E)-m Rea(E-m
2
/m )+ 

2 • p. 

1 2 2 ... ... 1 
2 

+ -
3
- {1 + 2 a){ E - m •) ] + {k 7J ) [ 3 ( E 0 - E ){ 1- a -61 a I 

1 2J( . 
+ m

2
Rea -30+2a)(E-m

8
flllp.)]-

-<k(HO+a+2lal
2 

){E 0 -E >+ T 0+2aHE-m:/mp. )-

8 

~ 

) + 

(10) 

··~ 

'·,1, 

• 

' 

.. .. I m2 
-m Rea-{k7J >l-0+2a-3- Rea) -

2 3 m 
p. 

3 

U-a- 6lai 11
HE

0
-E) 

E+m 

m2 Rea (I- E/ra P.) 

. E+ •• 

-m • 
•• I 2 
( '7J H 3 ( I - a - 6 Ia I )( E 0 - E ) + ra 

2 
Rea 0- E /ra P. ) ] -

r~e 

- Ima 

2 

m2 

.,.2 ... £(n•lj">1 I. 
•p. 

2 
m2 

2 
m2 

fi• 2 (p-k -- )2 .. max ·§ I EO • 
2m (T -T ) + m n p. • • • 

a ssepraH sneKTposa MeHHeTCH OT E min • m • 

2 
m2 

2mp. • E max • Eo - T +m • • 
max 

~0 

2 2 
•p.+• -2 •p. 

0TMeTaM, ~To sena~asa a Mana npa scex asa~esaHX ssepraa s 

BOB 3a RCKnJO~eHReM ManoA o6naCTR B6nR3R 

"Wapasa" sToA o6nacTa ssepral!: 

t\T e lim 2 /2m < 20 KSB, 
2 p. 

T max 

• , r~e a 

npa ,._ 0 
(II ) nepexo~HT B peayllbTaT «<lp11~6epra, a np11 s • o 

peayllbTaT BaKana 11 KypTaca. 

TaK KaK B se aaeacHI!leA OT nongpaaanaa ~aCTII cneKTpa B ll 

cnaraeMoro, nponopnaosallbsoro Macce sneKTposa, B paccMaTpasae~ 

Mil Mo~ena napaMeTp Mameng 7J • o. 

B Ta6nane I npase~eshl peayllbTaThl Bhl~acnesaA no cflopMyne (I) t 

Tpoe sneKTpOHOB npa paana~BbiX asa~eBBHX napaMeTpOB a B m 2 • Cm 

~BCTBHTeneH K m 
2 H 3Ha~eHHHM a=± 0,1 TOnbKO npa o~eHb Manhlx (eo 

9 

w 
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s
4 

.(;ql/mp. 

" - ; -~ + (p ... q""l p/m (E +m l. p. p. p. 

KBanpaTa MaTpa~aoro 9neMeHTa 
. 2 I T I , cooTseTCTBY!OIIlero 

(pq
1
-m sq

1
Hkq -m s'q l+ p. 2 • ll 

q
1
qn (pk +m "k -m ps'- m m ss') • p. • • p. 

m Rea ( k q - m s 'q ) + m Rea [ s q ( p k-
p. I e I 2 I 

t>l-pq 
1
<ks-m ss'l] + mnJ ma (k - m s' ) • .• u e a 

(10) 

p s 
p. v 

f 
pp.vu 

pacnana B CHCTeMe llOKOSI MIOOHa 

G limp. 

;-;-;-
2 2 ll ~ 

0- a) (E -m ) dE dO x 
• 

+a + 21 a Ill ) E ( E - E ) - m Rea ( E - m ll / m ) + 
0 ll e p. 

ll ll ... ... 1 ll 
0+2a)(E -m.l] + (kJ]l["3(E 0 -El(l-a-6lal ) + 

Rea - .l.(l+2a)(E-m llf,.. )] -
3 e p. 

ll 1 ll 
(ll0+a+2lal )(E 0 -E )+ T0+2aHE-m./mp. l-

8 

~ 

.. .. 1 m
2 ;-m 2 Rea-(kJ] ll30+2a-3-;;- Rea) -
p. 

3 

U-a-6lai 11 HE
0
-E) 

E+m
8 

m2 Rea0-E/mp.) 1 ]-

E+ m8 

..... 1 2 

- m. ( '., )[ 3 (I - a - 6 I a I )( E 0 - E ) + m 2 Rea 0- E /m p. ) 1 -

-lma m2 m• l(<~rj)] I, 
mp. 

rne 

2 

m2 
2 

m2 
'{• """"i""- 2 

• (p-k) 2m 

2 
m 2 

(T max -T p. • 

a 9HepraH 9nexTpoaa MeHHeTCH OT 

2 
m2 

. l+ 

E min 

m 2 

•m • 
mex 

E max • Eo - 2mp. • T +m 
• e 

2 2 
mp.+m 8 

; Eo --2 mp. 

no 

(11) 

0TMeTaM, 'ITo sena~aaa a Mana npa scex aaa~eHHHX 9Hepraa 9nexTpo-

HOB 3a HCKni0~8HHeM ManoA 06naCTH B6HH3H 

'lllapaaa' 9TOA o6nacTa 9HepraA 

.\T e lim 2 /2m < 20 K9Bo 
ll p. .. 

T max 

• 
... 

, rne a • 1 • 

npa ,._ 0 
( 11 ) nepexonaT a peaym.TaT cllpan6epra, a npa a • o 

- B 
peaym.TaT Baxana a KypTaca. 

TaK KaK B He 3aBBCSIIIleA OT nongpaaanaa ~aCTH CneKTpa B l11) ReT 

cnaraeMoro, nponopnaoaam.aoro Macce 9HeKTpoaa, a paccMaTpasaeMoll: aa

MB Monena napaMeTp MamenH 'I • o. 

B Ta6nane 1 npaseneabl peaym.TaTbl Bhi~acneaall: no cjlopMyne ( 1) nng cneK

Tpos 9nexTpoaos npa paana~HhiX aaa~eHHSIX napaMeTpos a a m
2 

• CneKTp 

~BCTBHTeneH K m 
2 

• 
a aaa~eHHSIM a=.± 0,1 

9 

TOllhKo npa o~eHb Manhlx (tooE/2m <0,05) 
p. 



8 
o'lellb 6oJibWHX ( c > 0,9) aaepraHX aneltTpOHOB. To'IHOCTb B3MepeHBA :d W(E) 

AOII*HB COCTBBIIHTb AeCHThle nponeHTB. Kalt BKAHO H3 OUeHOK1 H3y'leHBe CUeK

TpB MIO-pacnana He noasonSieT aaMeTHO yMellbWBTb npenen AIISI m 2 (rio 

cpasaeHHIO c m 
2 

: 2 Mas). 

3uepreTB'IeCKHi cneJtTp CBMMeTpBB p. - pacnBJta uecJtonbKO 6onbwe, 

'leM cneKTp paCUBAB HenOIISipB30BBHHOI'O MIOOHB1 'IYBCTBBTelleH It m 2 B 

a
1 

HO 3TO TB!t*e HMeeT MeCTO B o6naCTB HB3KBX B BhlCOKBX 3Hepi'Hi. 

0TMeTBM1 'ITO C'IBTBTb BellB'IBHhl a B 81 
2 

OTIIB'IHbiMB OT HYIISI He-

3BBBCBM0
1 

:io-BBAHMOMY 1 He BCei'llB B03MOlKHO. llpB m 2 ,j. 0 C Heaa6eJKHOCTbiO 

B03HBitBeT a .J. 0 • Koue'IHO, MOI'YT 6hlTb npB'IBBhl1 aa-aa JtOTOphlX npB 

a.J. 0 BellB'IBHB m2 = 0 • Bo BCSIKOM cnyqae ltBHeMBTB'IeCJtBe a+IJeltThl 1 

OCTBIOWBeCSI B ( 11) npB a • 0> KBBllpBTB'IHhl no m 2 • Y'leT a ;, 0 

npBBOllBT K llOnonHBTeJibHhlM 'llleHaM • a m 2 • 

.nnSI BCei'O npOBOllBMOI'O 3lleCb paCCMOTpeHB.II (npB MBilhlX a ,m 2 ) Becb

MB BB*HO 3HBTb BIIB.IIHBe panaallBOHBhlX nonpaBOK. Mhl npeABonaraeM, 'ITO 

cpaBHeBBe c aJtcnepaMeBTOM MO*eT 6b1Tb nposeneuo nocne HBJtlleJKamero 

y'leTa panaanaoHHhlX a+IJeltTOB. nocnenHee no speMeBB paccMoTpeBBe panaa-

UBOHHhlX nonpaBOK nposell .AIIKOK. /10/. 0B npamen K 3BKIIIO'IeHBI01 'ITO 

BX a+IJeltT He npeBhlWaeT 0,2%. BhlpBJKeHBe (11) MOJKHO npellCTBBBTb B BB-

ne 

dW-dW
0 

+<k.;->)dW
1 

+(:k,)dW 2 + 

(12) 

+ ( -:j"[ )d1J
3 

+ ![[ki,"J)dW
4 

.... ... 
BbiPB*eHBe, nponopilBOBBJibHOe ( ([ r., ] ) . onpellellSE'l" non.llpB3BUBIO 

31leKTpOHOB OT pBCUBllB non.llpB30BBJIJihlX MIOOHOB, nepnellllBKY.II.IIpHO UIIOCitoc

-o ... 
TB pacnana k , 11 • 

Kalt BKAHOa B3 ( 11 ) , 

.2 •• d1J 
4 

.,.J. a 6 
.ll 

" 
B cs.ll3auua.ll c uapymeBBeM CP--BBBBPBBBTBOCTB ltOMJIOBeBTa nOD.IIpBaaJOIB 

31leltTpOHOB COAeplKBT nOMBMO J.a MallhlA MBOlltll'l"eelb ~ 1r. 

10 

~ 

• 

HuTepecuo OTMeTBTb, 'ITO d W 
4 o6pamaeTCSI B HY.IIb np• mll • 

TaltBM o6paaoM, B paCCMBTpBBBeMoi MOlle.IIB OTKIIOBOHBSI OT V-A 

neiCTBBH ~KThl uapymeHBH CP-aasapaaHTBOCTB OKB3hlBaiO'I'cH CBSI3a 

a: 

C Beaynesoi MBCCOi MIOOHBOI'O BeiTpBBO. 

CyMMe BTOporo B Tpe'l"bero CllaraeMbiX B ( 12) MOJKHO npBllBTb B 

2 _ .. .. ... G mfL 2 2 2 li -(k( )d'l'll + ( 7J( ) d "a - 0- a) (E -m ) 
4 • ~16" 

--~ 2 1 2 
1-(kt, )[(1+!'1+2lal HE 

0
-E)+ -;-U+2a HE-m _!m I'>. 

...... •• t mll 
- m 2 Rea]+ (k(HklJ) [T0+2a )- -;-Rea ,. 

I 2 
E(E 

0 
-E) 

-a-0-a-6la 1· 
2 2 + m Rea (1-E/m ) • 

E -m 2 I' 
• 

E • • ...... :.....,., I 
2 2 1-m [<.,(l-(n( )( • .,>n-o-a 

E -m • 3 
• 

-6lai
2

HE 0 -E l+m 2 Rea0-E/m )]
1 ,. 

dE dO 

rne n - eABHB'IBhli BeJtTop B BaiipaBneBBK BMHy.llbca anes:Tpoaa, a Bh ... ... ..... 
JKeBBe np• . [ (~( · ) - ( it I; ) ( n 'I ) ] B (13) o~neiiHeT nons 

3BUBIO aneJtTpOBOB B nnocftocTB pacnBJta ( n; 1J ) , nepneBJIBKYIISIJ 

BMfiY.IIbCy aneltTpoaa. .. .. 
KaK BBJIBO •a (11) • (12), BhlpaJKeBBe lliiH d1f

0
+(k 71ldW

1 

Be COO'l"BeTCTByeT paCCMaTpBBaeMOMy o6hl-O (npB '1 • 0) 

d1J I 4 I - 0 (E,p,B ). -l[30-d+2p (-E-0 + 
d fir 3 

+ e cosfJ(I-E )+28 (,.!_E-0) IE2iE
0 - 3 
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( c > 0,9) aHeprHRX anexTpOHOB. To'IHOCTb aaMepeHBA :dW(El 

neCSITbie npoueHTa. Kax BBllHO aa oueHOK, aay'leHae cnex

noasonSieT aaMeTHO yMeHbWBTb npenen nnR m 2 (rio 

CBMMeTpBB p. - pacrrana aecxon&xo 6on&we, 

ReiiOIISfPH30B8RROI'O MIOORa, qyBCTBBTelleR K m 2 B 

BWCOKBX 3Reprai. 

a B m 
2 

OTIIB'IRMMB OT RYIISI Re-

• HMOMY, He ace rna aoaMoJKao. npa m 2 /. 0 c aeaa6eJKROCTbiO 

KOTOpbiX IlpB 

• Bo BCSIKOM Clly'1:8e XBReM8TB'IeCKBe acjMIJeXTbl, 

a-0 
~ 

xsanpaTB'IRbl no m 
2 

• Y 'leT a f. 0 

.RiiiTP-JihHhiM qneH8M • am 2 • 

(npB M811MX a ,m 2 ) Becb

p8llB8UBORRbiX nonpasox. Mw npennonaraeM, 'ITO 

MOJKeT 6b1Tb nposeneao nocne RallfleJKawero 

acjMIJexTos. nocnenaee no speMeHB paccMoTpeHBe panaa

.Anxox. 1101. Oa npHwen x aaxniO'IeHaiO, 'ITO 

waeT 0,2%. BhlpaJKeHBe ( 11) MOJKHO npencTasaTb a sa-

0 
+ (k->'1-o )dW

1 
+(:k,)dW

2 
+ 

(12) 

')dW
3 

+(,[kJ,'lldW
4 

( l! r-;1 ), onpenen-T nongpaaaua10 

IIOBSfPB30BaBHbiX MIOOHOB, nepii8BllBxyllgpBO IIIIOCXoc-

B3 (11), 

dW 4 ~Im a 6 
.2 •• 

.,2 
p. 

CP·-BBBapBaB'I'BOC'I'B XOMIIOBeBTa BOBSipB38011 

IIOMBMO lma Mallblii MBOliUI'I'ellb ~ 1o-S. 

10 

~ 

HHTepecso OTMe'l'aT&, 'ITO d W 4 o6pamaeTcH a ayn& npa m
2 

-o·. 

TaKBM o6pa30M~ B paCCM8TpasaeMoll: MOlleiiB OTKIIOBeBBSI OT V-A B38BMo-

neii:CTBBH. 9cjMIJexTM &apywe&aH CP-assapaaBTROCTB oxaabiBaiO'I'cH CBSI38RBMMB 

c seaynesoll: Maccoll: MIOOBaoro seii:Tpaao. 

CyMMe BTOporo B Tpe'l'bero cnaraeMMX B ( 12) MOJKHO IIPBABTb BHA 

G 
2

m 2 __ _...fL_ 0- a ) 

~16, 4 

.... ... .. 
-Ck( )dW

2 
+ C1J( )dW

3 

2 
(E -m 

2 IS 
) 

... ? 2 1 2 
1-Ckt, )[(1+!1+2lal HE 

0
-El+ 3Cl+2a HE-m _!m p. ) • 

....... ... =. _l__ m2 
- m 2 Rea]+ Ck(Hk1J )[ 3 (1+2a)- -Rea .. 

p. 

1 2 E(E 
0 

-E) 
- 3 0-a-61;.1 

2 2 + m Rea CI-E/m ). 
E -m 2 P. . 

E •... ...... :.,..... I 
2 1-m [C1J()-(n()( nq)][-O-a 

E -m
2 

• 3 

- 6la I 

• 

2 
HE 0 -E l+m 2 Rea(1-E/m )], 

p. 

dE dO 

(13) 

rne D - eABBB'IBblll: BeK'I'Op B BanpaBIIeHBB BMUYn&Ca Sllel['l'pOBa, 8 Bblpa-... ... ........ 
JKeHBe np• . [ <~( · ) - C it ( ) ( n '1 ) ] a ( 13) onwnenHeT nongp•-

38BBIO Sllei[TpOROB B IIIIOCI[OC'I'B pacnana ( n '! J} ) • nepneanaxyngpay10 

BMBYn&cy Sllel['l'pOBa. 

K81[ BBABO B3 (11) B (12), Bhlp8lKeHBe AIISI dW
0

+(kij)dW
1 

Be COO'I'BeTC'I'BYeT paCCMa'l'pBBaeMOMy o6hi'IBO ( IlpB '1 - 0) 

dW 1 4 
- 0 C£,p,B ). -l£30-d+2p C-£-1)] + 

d , r 3 

• e c:osli£1-E >+23 c~£-o1 l£2 d£. 
- 3 

11 

(14) 



Ecns onpe.nenBTh napaMeTphl p B B MeTOAOM xsa.npaTB'IBoro nps6nsJKe-

BBSI K 060BM BblpalKeBBSIM B KBa.npaTBhiX CKOOKAX B (14), TO 

3 I-6{J Rea 
p--

4 I :a I+la -4{JRea (15) 

I'Ae {J- m
2

/ m p. , B 'ITO npB AeACTBBTenhBhiX a cosna.naeT c peayn&-

TaTOM Anxoxa /10/, a 

B _.!._ I-6 fJ Rea 

4 I + 3 I a 12 - I2 p He a 
(16) 

2 

e- I + 3 I a I - I2 fJ Rea 

I+ I;. 12 
. (17) 

- 4 fJ Rea 

Kax BBABO aa (15)- (17), MeJK.ny napaMeTpaMB p • B u e s paccMaTpu-

BaeMOA MOAenB BMeeTCSI COOTBOWeBBe 

pf e -a. 

nonBaSI BepOSITHOCTh pacnaAa MIDOBa OKa3hiBaeTCSI paBHOil 

2 5 
I G m w--- [I+ lal

2 
-4fJReal. 

r I92 11 
8 

(18) 

LlnSI nongpsaauss seiiTpsso H 11 
BMeeM (AnSI .neiiCTBHTen&HbiX a) 

2 p. 

H "p. 
0-a ) 

1
.. 2 2 

~· q
2
I[30+K)m P. +(I-K)m 2 -2~2+ 

+K)m w ][3m 2 w 0+K)-2m m
2

0+2K)-
p.2 p.2 p.2 

-2m 2 w (2+K) +3m 2
W 

2 2 
I+K) -6am t 

2 
] -.

1 

2 p. 

r.ne 2 
K • m

8 
/t: 

w 2 >> m 2 H 
"p. 

.tte 

2 
t-(p-q2) 

2 
.. m P. -2m P.w 2+ 

-+- 0-a 
2

)/U+a 
2
). 

12 

2 
m2 

( 19) 

nps 

; ;j 

. ./ 
·:~·-t~ 

.\~. _·'' .·\ ,f-';:. 
1,_1._,_:::,:_~ '~~ \' 

\ '1,, 

,r} 

TaKHM o6paaoM, Tpy.nseilwse H3MepeHBSI H 
11 p. AonlKHhl ' 

BeAeHbl C TO'IHOCTbro, ny'lweil HeCKOnhKBX nponeHTOB, '1To6hl AaTJ: 

ljlopMauuro o semt'IBBe a ;$ 0,1. 

Llr.SI nongpB3SilBH aneKTpOHOB 

.. 
p -P 

• e 
:/c 

BMeeM 

r.ne 

2 2 lS 2 2 2·, 
P 8 .(t -4.\) [3n+3fJ +6a u-6afJ+<I+2fJ /nH£-

-2A
2 

)][(1+2fJ
2 

/u)(£ 
2
-4A 

2
)-6a{J (£-2A

2
)+(3n+6a 2 + 

+ 3 {J 2 ) E ] -1 

2 
u -I-t+ A 1 A- /m • p. fJ-m/mp.• 

KaK BHAHO H3 (20) P •l, C TO'IHOCTbiD AO 'lneBOB UOpSillKS 
• 

E. PaccMoTpBM Tenep& npouecc ( 1), AonycKaSI cnpase.nnssoc 

(5), AeiiCTBHTen&HOCTb a , b ± B c + - H npese6perag C 

MH nopSIAKa m 
2

/ m 2 H m 2 /m 2 • 
e p. e p. 

LlnSI BepOSITHOCTH pacna.na UOny'laeM BhlpalKeHHSI BRAS 

..... .. 
dW-dW 0 0-ll()+(k"'"")dW

1 

...... 
+(k,H1qldW

2 
+ 

...... . 

+ ( '1/, )dW 
3

, 

r.ne 
2 '5 

G mp. I 2 
dW 0 - dO t 2 d£ l[-{3-2t)+a (1-£)-afJ]+ 
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llbiA a+IJeiT HapymeJIBK CP-aiiBilp88B'I'BOCTB O'lellb Mall, T.K. corns· 

DOMBMO Ia a BKJI8Jl B aepoHTBOCTb OIIUl3b1BB.eTC51 npODopllBOJiallbE 

6 •• .2 . " -.;-;;-·· 
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mp. 
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+ + 11 p. 
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m2 
-/l2) 2] 0- m2 -m 2 +4/l(l- m2 /m2 )-,1 

p. 1T 
1T 

2 

+ (b c + c b 
+ - + 

p. 

m 2 2 2 
H t-fl 

2 
> + c c:... <_f._) o- fl > 1 1. 

+ m11 

l(IUI BepOHTHOCTH l.p. 2 - pacn8.lla nOJiy'laeTCll B3 (31) aa-

f 2 .. f 2 
1T • k m 

1T 
.. m 

k 

W( 11 .. e) 
R 

11 W(JT·_ .. p.) 

2 2 
1-m /m7T 

(I • 2 2 

I -mp./m" 
2 -· -· } r -R r 

7TO (32) 

R =1.28"-lo-4. ECIIH He paccMaTp&Ba'l'b B 7TO • 

r 
OT.IIII'IaeTCll OT en.&HHIILI He 6onee 'leM 

Iorn.a (npa •2~ 2 Mss) a • b ± • c ± BCe=o.l 
el(HBHliLI nO'ITH Ba 30%, 'ITO HCIUDO'Ie&o Sli:CUepaMeHTOMe 

i:TDYITVD C 11pOH3BO.IlHYMH B ( 4) ll.llll r 
o · ll:all: BHllRO H3 

1+(b2+b 2 }(-!!.1.) 4 

+ - • 
b +c 

p. 

SicnepaMeBTallb&I>IX n.aBliLix o Rk 

wu: .. e ) 
R" • 

W( I. .. p.) 

V-A 
B3aHMOlleACTBag. cne~eT0 'ITO 

b <Io-2. 
±"' 
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Kai yJKe OTMe'lanOCb naMaHOBbiM 191 , a TaiJKe HeAaBHO Ap6yaOBbiM/11/, 

OTKnOHeHHe OT V-A TeopHH llpHBOllHT I Henonaoll: UOIIliPB3811HH MIOOHa B 

11 p. 
2 

- H . I. p. 
2 

- pacnaASX. fl pH cnpaoen.naBOCTH ( 4) BblpaJKeHBe Anll npo

AOIIbHOli: n011gpH3811HB MIOOH8 &MeeT BHll 

[ 
2 2 ]( 2 2 ] K 

{ (m
8 

-m 2 ) -mp. (., Jt~ ) -m p. I 
p =- --------::----:----,---------

(m2-Dl2 -m2) 
B p. 2 

2 2 
IB+I -IB_l 

(32) .I B I~ IB 1
2 

+ -

rAe 'l_epea mB o6oaHa'leH8 Macca 6oaoHa, a B;~, n.aHbl B ( 9) • Y TO'IH~ 

HHe C&eAeHHA 0 nongpaaallHH MIOOHOB OCo6eHHO B K p.2 - pacn8.ll8X n.acT Ho-

Bble OI'p8HH'IeHHll 88 KOHCTaHTbl a b+ ,c±.. 

5. 3alUIIQ'IeHHe 

KaK BBllHO 83 npH&elleHROI'O BbiWe auanaaa0 COBpeMeHHble SKCUepaMeH

TanbHble n.aHRble AORyCiaiOT llpHMecH B3aHMOl(eli:CTBHA, OTnB'IHbiX OT V-A, 

llOCTHI'8IOIIlBX B paCCMOTpeHROli: MOAenB HecKonbKBX llpOileHTOB, Bonae TO'I

aoe Bay'leHHe paCn8.lla MIOOH8 U03BOnBT CRH3H'I'b STB npellenbl ( HnB OOHapy

lKHTb HX cymecTBOB8BBe). C STOll: TO'IKH 3peHRll MOlKBO peKOM9HAOB8'1'b 6011ee 

TlllaTellbHoe aay'leHRe cneii:Tpa paCn8.lla n011gpB30B8HHbiX MIOOBOB1 cpaBB9HBe 

H3M9peHBbiX cneii:TpOB C BblpalKeBBliMB (22') B (25') H onpen.ene&Be SKCne-

paMeliTam.BbiX ·aHa'leHBA Allll A,.,G • 

803MOJKHoe BnB5111He II:OBe'IBOli: M8CCbl p. - ~ATpBHO II:BaAP8TB'IHO no 

•2. • eCIIH B CTPYII:'rYPe MIOOHRoro TOII:a OTcyTCTBYIOT npoH3BOAHble. B npo

TBBHOM C.lly'lae B03MOlKHbl BOBble cnaraeMble, nponopllHOH811bHhle nepsoA CTe-

neBH • 2 
• C STOA TO'IKB apeHBll JKenaTellbRbl s~~:cnepaMeBTbl y caworo 

~~:pall cneii:Ypa sneii:TpOHOB. 

HHTepecHO OTMeTIITb
1 

'ITO B OTCyTCTBBe npOB3BOABbiX B (4) B03MOlK

RbiA s+4Je11:T HapymeHHll CP-aHBapB811THOCTH O'lellb wan. Toll:. cornacao ( 11) • 

noMHMO I• a 8([.IJall B &epoliTHOCTb 011:83hiB8eTCll nponoptiBOH811bRbiM 

6 
•• .2 -----· • • p. fl. 
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fiOJI51pB38JlBSf SlleKTpOHOB 0'1' pacuana (1), Jtalt BBllHO B3 (30), Olt83LI

B8e'I'Csr 'I)'BCTBB'I'ellhHc:)i · It HeKO'I'OploiM CTpYJteypar.t B ( 4), Bltll8l( KOTOphiX 

B Apyrae BeiiB'IBHiol He Ben&Jt, 

Ecna upar.teRBT& cTjlyxeypy (4) K upoueccar.t 11 1'
2 

-· • Kl'
2 

- pacua

AOB, '1'0 YJKe cymecTByJOIQIIe A8HRL1e o K b - pacnane R03BOJISDOT CRH3&Th 

H8 DopSli{OK npeAen AIISf b±.. B (4), 

.Qan&aeAmae yTo'laeaasr Aaaalilx o 11 b - a K f:~ . - pacnanax, a TaJtJKe 

0 ll0nJIPB38llBSfX MIOOHOB B HBX, B oC06emrc) B 
K - pacnane, Bec&r.ta JKe-. "2 naTen&ahl. 
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sneiTpOHOB OT p8CU8ll8 ( 1 ) , 1[8)[ BB.IUIO B3 ( 30), OI83hl

laBTenb&Oll:- I HeiOTOphiM CTpYJ[Ty-paM B ( 4), BI~ IOTOphiX 

(4) I upo11eccaM rrl' 2 -- B 1:1'
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--pacua-

ll8H&hle 0 IC f!2 - paCUSlle U03BonBJOT CHB3BTb 

B (4). 

YTO'IHeHBSI ll8HHLIX 0 1T l
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-- B IC fll _- paCU8li8X
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- 1'2 -
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