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I. BBeaeane 

I1ccneaoBaHHe panHaunoHHhiX pacnanoB npencTaBnHeT 6onhlllofi HHTepec 

nnH TeopHH cita6biX B3aHMoneficTBHfi. B nacTOHIUefi pa6oTe paccMaTpHBaroTcst 

pacnanhi 

+ + 
17 -> 0 +,II e + y (I) 

( 2) 

, Jlo cnx nop pacuan 17:-.... e +v ~ y na6nronancg nHlllh B eitnncTBeHHOM aKc­

nepnMenTe Ill: B aTOM OITbiTe 6binO 3aperHCTpllpOB8HO 143 :!:. _15 C06biTHfi, 

H ann napaMeTpa y . 1 xa'paKTepH3YIOIUero OTHOllleHHe BKnaaoB aKCHanhHOI'O 

li BeKTOpliOI'O TOKOB B CTpyKTypHyiO "18CTb, 8MITnHTYllbi1 HafineHO )lBa 3Ha"'eHHH 

(0,4 li -2,0). 

B, pa6oTe BaKca n I1ocpcpe /2/ 6binO BnepBbie noKasano, 'ITo rnnoTesa, 

coxpanniomerocH BeKTopnoro TOKa ( C V C ) nosBonHeT CBHsaTh BKnaa BeKTop­

noro ToKa B MaTpH"'Hhifi aneMeitT ripouecca ( 1) c aMiinnTynofi pacnana 17o .... yy • 

B pa6oTtrx / 3,4/ Bbi"'IICnHnHch na6nroi:taeMbi~ Benn"'IIHhi nnH aToro pacnana. Ha­

Koneu, B nocnennee BpeMn B pa6oTax /5/ c noMOIUhiO TexHIIKH anre6pbi To­

KOB naxonnnocb sna"'enne na:paMeTpa y 

, Ha: BCTynaiOIUHX B CKOpOM BpeMeHH B CTpofi "Me.SOHHbiX <}Ja6pHKax" B03-

~HKHYT. B03MomnocTH neTa~hnoro H3y"'eHHH pacnana ( 1). B CBH3H c aTHM 

, npe)lCTa~mteTCSI 8KTya~bHbiM BHOBb BepHyThCH K paCCMOTp_eUHIO 8TOI'O pac'7 

nana, H, B "18CTHOCTH, BbiHCHHTh, li3MepeHHe KaKHX Ha6nronaeMbiX IT03BOnHnO 

6bl on}Iosila"'HO onpenenHTb napaMeTp y 

3 
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B HaCTOSI!Ilefi· pa6oTe Bb!"IHCnSIJOTCSI cneKTpbi noa!ITpOHOB II y -KBaHTOB 

Up!I ycnOBIIII, "'TO yron M9)KJlY IIMnynbCaMII U031ITpOHa II y -KBaHTa 6onhiii9 

HeKoToporo .c!mKC!IposaHHoro aHa"leJiHSI. flpli aToM y"liiTbiBaeTcSI aaBIICIIMOCTh 

seKTopHoro II aKC!IanhHoro <)lopM<)laKTopoB oT KBaJlp.aTa nonHor~. 4-I!Mnyn~:>ca 

noa!ITpoHa II HefiTpiiHO. IToKaaaHo, "'TO II3MepeH!Ie TaKIIX Ha6mo]laeMbiX:·· noa-

BOnlinO 6b! OJlH03Ha"lHO onpeJlenHTb napaMeTp y • MaMepeHRe cneKTpa no-

a~TpOI!OB ( y -KBai!TOB} noasommo 6bi nony"liiTh TaK)Ke IIH¢opMauii·JO o cnpa­

BeJlniiBOCTII r!InoTeabi C V. C AnSI npoueccoB c ncnycKaH!IeM y :.KBaHTa. Ha- · 

KOHeU, BblllOnHeHHbl9 paC"l9Tbl UOKa3biBa!OT0 "'TO BKnaJl "ln91!0B, X8p8KTep!I3Y!O-

' !IliiX 38BHCHMOCTb <)lopM<jlaKTOpOB OT KBaJlpaTa 4-HMUynhC8 neUTOHHOll napb1 0 

He npeBbiiiiaeT HecKonhKHX npoueHTOB ( np!I 8ec~:>Ma IIIIIpOKIIX npeJlnono)KeHHSIX __ 

.o 3H8"l9HIISIX COOTB9TCTBY!OillHX napaMeTpOB). 

Bo BTopofi "laCTH pa6oTbi paccMaTpHBaJOTCH pacnan~:>I ( 2). flpouecc 

K+ · .... e +v y nay"lancH B pa6oTe /6/. flony"lel! sepxHnfi npeAen sepoHTIIOCTII 
e ~ 

pac~aJla (~1.10-6 wK ). PacnaJl K ... ilvily JlO clix nop·ae aa6nroJlancH. B 

pa6oTa~/7 / C UOMO!Ilb!O JlHCUepCHOHI!biX COOTHOIII9HHll H T9XHHKII anre6pbl TO­

KOB Bbl"lHCnHniiCb napaMeTpbl, xapaKTepH3Y!Oillii9. CTpyKTypHy!O "laCTb aMnnH­

TYJlbl npoueccoB ( 2). BonpoChi ¢eHoMeHonor!I"lecKoro aHan:naa aTIIX npoueccoB 

o6cy)KJlanncb B pa6oTax /4,8/. B aTHX pa6oTax He y"lHThiBanacb, OJlH8KO, 

3aBRCHMOCTb cpopM<jlaKTOpOB OT KB8JlpaTa. HMUynhC8 nenTOH~Ofi napbl Q 
2 

• 
" 

· M hi np:nBeJleM pe3ynbT8Tbi Bbi"liiCneHHH cneKTpoB nenToHOB n ¢oToHoB 

oT pacnaAoB ( 2). BbmonHeHHhie · pac"leTbi noKa3biBaro1-, "'To y"leT Q 2 
-aasn­

c:nMocTII <jlopM<jlaKTOpOB B9CbM8 cymecTBeHeH, Pa~"l9Tbl UOKa3biB8IDT T8K)K9 0 

"l.TO OCHOBH?ll B~naJl B III!IpOKIIe o6naCTH ~neKTp;B K -> e V e y - pacnana · Jl89T 

cTpyKTypHoe II3ny"leHIIe. B cny"lae K .... il vil y - pacnaAa cymecTBeHHbifi BKnaJl 

B cneKTpbl ]la!OT "lneHhi, OUIICbiBa!O!Illie HHTep<jlepeHUII!O CTpyKTypHOro R BHyT-
' . 

peHHero TOpM03Horo nany"leHIIfi. 

Bb!"liiCneHHbie H8MII Ha6nJOJl89Mbie "lyBCTBIITenhHbl KO BCeM napaMeTpaM, 

xapaKTepnayJO!IliiM aMnniiTYilY npoueccos ( 2). M3~epeHIIH cneKTpoB Jlann 6bt 

B03MO)Kll0CTb 0 cne]lOBaTenhllO, nony"lRTb Rll<jJOpMaUII!O 0 scex napaMeTpax. 3TH 

:naMepellHH c:nnhllO 3aTpyJlHellhi R3-3a ¢ella oT K e3 - pacnaJla. B npRHI:mne 

OT <!Jolla MO)KHO R36aBHTbCH 0 eCnH perHCTpHpOBaTh IIMnynhChl nenTOHa 

4 

; 

I 
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H cpoToHa, a.TaK)Ke y~on 

o6nacTh a~eprnfi nenToHo 

peaynhTaTbl Bbl"liiCneHIISI C 

pa6oTe nanararoTcSI TaK)KE 

nenToHa. 

2. 

PaccMoTpnM snal:JI:u . ) 
npeJlCTasneHbi na pnc.l n p 

KBaHTa noanTpoHoM. Ha pnc 

aJlponaMir, MaTpii"lflhifi. ane 

.· 

< f r s 1 > ~G 

yT 

x [ ii( p) ;;o +rs J -,,­
-p . 
. 1 

' -®< 
9 
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l'no3HTpOHOB H y -KBaHTOB 

·poaa H y 

l. y'lHTbiBaeTCH 3aBIICHMOCTb 

~npaTa nonaoro 4-nMnynbca 

e TaKHX aa6i:liOllaeMhiX:. nos- . 

, ·HaMepeHIIe cneKTpa no-

, TaKJKe IIHcPOpMaUIIIO 0 cnpa­

;nycKaH!IeM }' ;_KBaHTa, Ha- · 

Knau '!ne!IOB, xapaKTepii3YIO­

~HMnynbca nenTOHHOfi naphi, 

Ma ll!HpOKIIX npennon,oJKeHHHX 

rcSI pacnallhi ( 2), Tipouecc 

BepXHIIfi npenen .. BepOHTHOCTH 

cnx nop · ae aa6niOnancSI, B 

3liHH H TeXHIIKH anre6pbl TO- . 

CTpyKTypHYIO '!aCTb aMnnH­

COI"O aaan!Isa aTHX npoueccoB 

,.x ne y'lHThiBanacb, onHaKo, 
' 2 

nbca nenTOHHOfi naphl Q • 

!eKTpOB nenTOHOB H cPOTOHOB 

1BaiOT1 'ITO y'leT Q 2 -aaBH­

~acqeThl noKa3biBaioT TaKJKe, 

;B · K. .... e v e y - pacnaria ~ uaeT 

pacnana cymecTBeHHhifi BKnan 
, > • " ~ I 

eHUIIIO CTpyKTypliCli"O H BHYT.-

renbHhi KO BceM napaMeTpaM, 

faMepeHHH cneKTpoB nann 6hl 

IIHIO 0 BCeX napaMeTpax, 8TH 

K f3 pacnana. B npHfiUHne 

~pnpoBaTb HMnynbChi nenTona 

( 

l 
\ 

l 
.' 

.· 

H cpOTOHa 1 a ,TaK)!{e yron Me)KJlY HHMH, .Hcno TaK)!{e1 'ITO HMeeTCH yaKaSI 

o6nacTb aneprnfi nenToHoB (- 20 MaB), cBo6onnasr oT <Pona. Mbi npnBeneM 

peaynbTaT~I Bhi'IHcnennsr crreKTpa <PoTonoe B ceo6onaofi oT <Pona o6nacTn. B 

pa6oTe nanararoTcsr TaKJKe peaynbTaThi. Bhl'IIICnennsr npononb,fiOfi nonsrpnsauHH 

nenTona, 

2, Pacrran 77 +.. e+ve y 

PacCMOTpHM BHa'!ane pacnan 77+-> e + ve y • nnarpaMMbl npouecca 

rrpencTaBnellhl Ha p!Ic,l H p!IC, 2, nnarpaMMa .p!IC, 1 OTBeqaeT HCIIyCKaimiD y -

KBaHTa rroanTpoaoM, Ha pnc,2 - nnarpaMMhl, OTBe'!aiOlll!Ie ncnycKaHIIIO y -KBaHTa 

aupoHaMii. MaTpH'IHhifi aneMeHT pac;:rrana aarrHUieM B enue: 

< 1 r s 1 
G. 

-- e > ( __ ._m __ _ 

yT (2 7T )2 
(3) 

x [ ii( p) ;;o +rs J -----,, ,, 
-p

1
-t<- im 

.. 

K 

PHC, 2 
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ii 
I, 
1: 

il 

!I 

r I, 

II 
:I 

I :, 

3necb k • PI • p M q - 4-nMnynbCbl cpoTOHa, noanTpoHa, nell:TpMHO .•H 

"· '.;..Meaoua, t:(i• - BeKTop nonSipuaaunn cpoToua, m -· Macca noanTpoHa, 

a f TT - K_OHCTaHTa · TT . - pacnana · ( BepOSITHOCTb TT -+ Jl V fl. pacnana paBHa 

G2 .. . · 2 . " , . · ' 
w =--m2m f2 (l-m2fm2), m ·H m -Macchi fl. - Meaoua H · TT -Meaoua). BTo-

TT-+Jl. Vfl. 8 TT fl. TT TT fl. TT fl. TT . 

poft qJieH B KBallpaTHblX CK06Kax Bb!plnKeHHSI ( 3); OTBe'!aiOIUHfi: llMarpaMMaM 

pnc. 2, npencTaB?SieT_c66oll: cyMMY BKnanoB aKcnanbHoro n BeKTOpHoro To-

KOB: 

ma,a= m~,B + m:,a (4) 

A 
BbiileJISIS~ BKnall nHOIIHOf'O noniOca B TeH30p ma,B, MMeeM ... 

. q Q ' . . E mA,a=E (f.· a f3 +f __ 8 ,8+b(Q2) (q __ k,B-qk 8 ,8)) 1 (5) 
~ a a TT n k _TT _. a a . a 

rne 

·. Q = p J + p = q -· k •. 

PaanaraSI b . no Q 2 n orpaHH'IHBaSICb J1HHell:HhiMM no Q
2 

· qneHaMn, aanHllleM 

b(Q 2 ) = b(O) (1- >-.A~). 
m2 

rt 

0ceBilOTeH30p m:,a MMeeT cnellyiOIUMfi BUll! 

m : ,B = - a ( Q 2 ) e ~,Bpa k p q a • 

11cnonbaySI· rnnoTeay coxpaueHilSI BeKTopuoro ToKa n paanEiraSI a . no ·Q 
2 

nonyqaeM /2/: .. 

- Q2 
a ( Q 2 ) = -V 2 a ( l- >-. V _::___ 

. 0 2 m 
17 

( 6) 

( 7) 

( 8) 

3nech a 
0 

- aMnnnTy.ua pacna.ua 17 0 ... y y • BepoSITHOCTb pacna.ua "o ... yy •. 

CBSI3aHa C aMnJIMTY.UOfi ao COOTHOllleHHeM • 

6 

)t!. 

~·...,I*" 

' ·--' 

' 

/--

w = rra 2 a2m3 
rrO . 0 TT 

0KOH'IaTeJibliO MaTpM'IHhlll: 

< f Is I > 
G 

,f2 

Ea I'" m u(p) (1-'ys 

, + i .[ a ~,Bp a kp qa · 

DepBhill: 'Ineu B <jlnrypHhiX ' 

Tylle 6eapallHaUMOHHOf'O rrp 

nanyqeune. BTopoll: tineu 011 

3.UeCb M B JlaJibHeiiri!eM. Mbl 

T -MHBapnauTuocTn. Bem 

Depell:.ueM K ua6niOnaeMhll 

X = ·-2qk 

m2 

" 
B cncTej\1e noKoSI " -Mea! 

SHeprHH cpoTOHa M aneKTpO! 

cos () ( () - yron Me)K]ly 

KOSI TT - Me30Ha) CBsi3aHI 

X 

rne 

r = 

7 - 7 Tr 

m2 

m2 
17 

·. 



!a, D03HTpOHa, ~eftTpHHO ,H 

· m - Macca nosHTpoHa, 

17 . ... JL v JL· pacnana paBHa 

330H8 H · 1T -Mesona). BTo-

; OTB8'I8IOlllHH llH8I'p8MM8M 

!8nbHOI'O H B8KTOpHOI'O TO-

( 4) 

,·"' HM88M 

k :_q k 8 {3) ] 
~. f3 . a 

( 5) 

IIO Q2 
. 'Jn8H8MH, 38IIHUI8M 

( 6) 

( 7) 

a H pasnaraSJ a IIO 

(' 

( 8) 

epoHTHOCTb pacnana "o ... yy •· 

w = 1T a 2 a 2 m 3 
770 0 1T 

0KOH'I8TenbHO MaTpH'IHhiH 9n8M8HT Dpouecca ( 1) l!MeeT BHll: 

G 1 --e.--
v'l (2" )2 

< f J s I > 
m l/2 

(----) Mk+pl+P -q ) . 
.4qoko P1o 

q k' 

1 k y ' 
+ -2 _._a_] u( -pi) + 

p l k 

(9.) 

( 10) 

ITepBhiH 'Inen B ¢nrypHhiX cKo6Kax Bbipa*eHmr ( 10) nponopunonanen aMnnn­

Tyne 6espannaunoHHoro rrpouecca f 77 H orrnchiBaeT BHyTpennee To'pMosnoe 

H3ny'IeHHe. BTopoti 'IneH OllHCh!B88T T8K H83hiBaeMoe CTpyKTypHoe H3ny'IeHHe. 

3necb H B nanbHeltmeM Mhi 6yneM npeHe6peraTb B03MOX<HhiMH. napyUiennqMn 
. ,, ,'. 

T -HHBapnaHTHOCTH. BenH'IHHhi f 77 , a H b npn aToM BemecTBeHHhi. 

DepefiaeM K aa6nroaaeMhiM BenH'IHHaM. Yao6Ho BBeCTH nepeMeHHbie /3/ 

X 
·-2qk 

m2 
1T 

y 
-2pl q' 

m2 
1T 

( 11) 

B CHCT8M8 DOKOSJ 1T . -M830H8 HHBapHaHTh! X H y paBHhl COOT~8TCTB8HHO 

aHeprHH ¢oToHa H aneKTpoHa B eannnuax m 17 / 2. DepeMeHHhJe x , y H 

cos () () - yron M8)KJlY HMrrynhC8MH !f>oToHa H D!J3HTpOH8 B CHCTeMe DO-

KOSI 1T - M830Ha) CBsi38Hhl COOTHOlli8HHeM: 

X 

rae 

J J-- y 
2 

+ r - y 

+ _J y y2-4r cosO 
2 

( 12) 



! 

I: 

Bb!'mcnnM BHa'Iane cneKTp neiiTOHOB ·npn ycnoBnH, 'ITO yron · () 6onh-.. . 
me aeKoToporo ljlnKcnpoBaaaoro saaqeanH () o • 06pesaane·. no yrny noaaB-. . ' . " -~. 

nHeT BKnaa BHyTpeanero TopMosaoro nsnytieHnH. llnH cneKTpa aaxoanM cne­

. ayromee Bhipa)KeHne: 

( JR ) 
Jy Oo w 

IT->p.V 

xmax 

f 
xmln 

J2w 

dx dy 
dx· 

+(l+y )2 ;;r+J +( 1-y)2;;r-J + :so SD ;;s; 

F,s + F IHT + 

2 . . . . 1 1 
·F

18
=A

18
1 [c +-y(1-r)1fu-2(1-r)[...Lf,. -1:~-J-r(- --J11 

C 0 umax u min 

~NT h F = h A c I (1 +Y ) [ ll - f + r f 
INT IHT · · I x · u 

+ 

(14) 
v . . 

+ (1 - y } [. f X + ( c- r } f u ] + .\ . [ ( 1 - c } ( ll I + c e u } . - ll :2 ] . + 

+ y . .\A [(3 -2r + c} ll,:... ll 2- 2£ X + (2r - c 1 (1 - c } e ~ ] I 

;:r+J =h 2 p(+J= h 2 A [c 2 1l -c(2+c:-r}ll +(1+2c-r}ll -ll 4 ], 
~D ro ro 1 2 3 

Ffi/ = h2 F
5
(;J = h2 A50 c [cll 1 - (c.-r} ll 2 1 , 

F.\ =h 2 F.\ 
SD SD 

h2ASDI 2(.\V+l.\A) [2c2/ll 

-2 c (2c + 1- r } !l 2 + (2 c2 + 4c + 1 -2 ~ r - r } ll 3 

'/ 

8 

.-· 

-(2c + 2-r} ll4 +~ 

+ (4c + 1- r } 8 
3 

- (: 

3necb 

A,B 

r 
p. 

AINT = 2;,.;/L 

·m 2 
--l'~ 

m2 
IT 

a napaMeTp y onpenem 

y 
b (0} 

a (0} 

Dpn coxpaHeann BeKTopHo 

" =slgn.(a0 11T) 

0TCIOA8 H8XOAUM ( T ITO ' 

I h I = 2.1. 10-2 • 

• 
nanee B ( 14) BBeAeHbl en 

c = 1 + r -y , ·£,. 

Umax(m/n} = Xmax(mll 

ll··=· - 1-· (x" -x' 
n n ·max ' 

. rna Xmax H Xm/n -._ M8Jo 

X : 

~) 



nomni, "'TO yron 0 6onh-
06pesaaHe·rro yrny rroaaa­

nng crreKTpa HaxoaHM cne-

Le. ~~-r-r (-1- --1-Jll 
a umax umln 

.f.+r eu] + 

(14) 

( t:. ; + c e u J ·- t:.2 l + 
I . 

2 [ 2c !J. 
1 

- r ) !J.3 -

1 

! 

3aecb 

r 
p. 

m2 
--fl~ 

m2 
1T 

h 
a(O) m 2 

f 
TI 

a rrapaMeTp y orrpeaenen cneayiO!lliiM o6pasoM: 

y 
b ( 0) 

a (0) 

a 

npn coxpanennn BeKTOpHoro ToKa ns (8) 11 (9) rronyqaeM, 

a I'" I 

0TCIOA8 H8XOAIIM ( r 
17 

0 = 0,89 , lQ-16 CeK) 
1 

'ITO 

! h 1 = 2.1. J0-2 • 

• 
llanee B ( 14) BB6l16Hb! cneayiOmHe 0603H8'!6HHll: 

c = l + r -y e. l'n X max, e fri U max , = 
u 

X min u min 

u mox (min) = X mox(m In) -c, 

!J. ·= n 
(xn -xn 

max min 

( 15) 

( 16) 

(.17) 

(18) 

( 19) 

I')le X mox li .X min - M8KCliM8nbHOe H MIIHIIM8nbHOe 3H8'!6Hlill rrepeMaHHOJi 

X : 

9 



i1 
·I 
II 
I 

I. 

I 
!J 

1 +--· _1 ..j -;2 -4r X =1--y 
' max 2 2 

1 + r -:- y 
xmln 

1 1 --
cos e 0 • ( 20)' 1 - -y + -.Jy2-4r 

2 2 

!1'3 "( 15) lt ( 18) HaXOlli:IM! 

I 
-3 2 

h I A/NT = 1,9.10 h Aso 

ManocTb I h I A IN r no cpaBHE:!HHIO c h
2 

A so onpenemieT ManocTb BKnana 

HHTeptf>epenuHoHHoro qnena B BepoSITHoi::Tb pacnana. BKnan tPYHKUim F>.. 
SD 

TaK:n{e Mall 1:1 Mbl o6cylliiM ero HI:I)Ke. Ha'IHeM ,c paCCMOTpeHIISI BKII8ll0B B 

( cJR 1 Jy Je rnaBHbtx 'ln~HoB F18 , Fsb+J 1:1 Fs(oJ • Ha p1:1c. 3 · 

If306pa)KeHiil 3aBI:ICI:IMOCTb 9TI:IX tPYHKUI:IH OT nepeMeHHOfi y lliiSI 3Ha'leHI:IH 

e 0 • paBHhlX rrl 4 • ' TT I 2 1:1 3rrl 4 • K~K Bl:lllHO ~3 pH c. 3, Kpi:!Bb!e F /61 
' . 
- (-) 

1:1• FSD nepeceKaiOTCH. TaKoe noBenenHe ¢yHKUHfi . Ffci1 1:1 
p(-} 

SD ,03-

Ha'laeT, 'ITO If3Mepenl:le Ha OITb!Te cneKTpa ( clR I cJ y) e 0 B UII:IpOKOH o6nacTll 

3HatieHI:IH nepeMeHHOH Y IT03BOIII:IIIO 6bt OllH03ll8'1HO onpenenl!Tb napaMeTp 

y • Ha p1:1c. 4 npHBeneHbi no3HTpOH.Hbie cneKTpbi np:H 3~a'leHHSIX 0 0 . 
paBHbiX rr I 4 , rrl2 1:1 3rrl 4 nnH llByx 3Ha'leHHfi napaMeTpa y ( 0,4 1:1 -2,0) 

1:1 >.. v = >.. A = 0· • KpHBbie na p1:1c. 4 nocTpoeHbi npu .s = sign (a o frr ) = 1 • 

.fiiiSI I:IIIIIIOCTpaUI:II:I 38BI:ICIIMOCTI:I OT S TO'IKaMW HOll Kpi:IBOH1 OTBe'laiOUl9H. 

eo = rrl 4 ll y = -2 • ll306pa)KeHbl 3Ha'leiii:ISI ¢yHKIII:Ill ( cl R I cl~ ) TT I 4 !JPI:I 

S = -1 • .fiml y = 0,4 cneKTpb! npaKTI:I'IeCKI:I OT s He 38BI:ICSITo 0TM9TJIM 0 

'ITO. B o6naCTif X . < 0,43, y ~ 0,.75 HMeeTCSI tPOH 1 o6ycnOBII9HHbiH 71+-> 

... p. -tv p. y c nocnenyrolllHM pacnanoM p. - Me3ona, a B o6nacTH x ::; 0, 75, · 

y ~ o, 75 ¢on OT pacnaaa p. + ... e + v e v p. y • OT 9TH X tPOHOB MO)KHO 1:13-

6aBI:ITbCSI, 9CIII:I C OTHOCI:ITellbHD He60ilblliOH TO'IHOCTbiO If3MepHTb X 1 y 

1:1 e 

10 

06cyaHM Tenepb BKn 

¢opM¢aKTopa a ( Q 2 ) HMI 

T8HI:Ifi 1:1 Y'I9CTb BKII8ll TOT 

r1:1x npeanono*eHHSIX ( Bbi'l 

• COCTOSiliHH 1:1 npo'l.) 3Ha'le 

MeTI:ITb1 'ITO,. BCIIElllCTBife· 

COOTHOWeUHe 6e3 Bb!'II:!Tfoll 

Bbi'IHTanHeM B cnyqae, . ec. 
. 2' 

A m· 
>.. =---£- = 0,017. Mb! E 
. m2 

AI· 

0,1 li XA = ·0,017; .0,1.· C 

HI:ISI tPYHKIII:II:I cl R I cJ y OTJ 

np1:1 >.. v =·,\A= 0 He 6onee 

OTIII:I'Ilie He npeBbiWaeT "19'< 

nepefiaeM Tenepb K I 

npl:l TOM )Ke YCIIOBI:Il! (J > 

(_!!fi_J 
c/x Oo w 

11->j 

+ (1 + y ) 2 (i; (+) + 
. . SD 

q,IB = A IS I ·-

q,INT = h q,IN~ = h 

~ 



( 20). 

)npenenHeT ManocTh BKnana 

Jada. BKnan tflyHKUim 

paCCMOTpeHHH BKnBAOB B 

F- (-) Ha ·puc. 3 
H SD 

3Meimoii: y AnH .3HB'IeHHii: 

[IO H3 pHCo 3, KpHBbie Fit) 
1=(-) 

SD 03-

'dy) 60 B rnnpoKoii: o5nacTn 

at!Ho onpe!lenHTh napaMeTp 

pbl IIpH sHa'leHHHX (} 0 

napaMeTpa y ( 0,4 H• -2,0) 

JpH s = sign (a o f11 ) = l ~ 

i1 llOA KpHBOii:, .. OTBe'IBIOIUeii:. 

'HKUHH ( dR / dy) 1T I 4 ,!IPH 

s He 38BHCHT. 0TMeTJIMo 

.tfloH, o~ycnOB1JeHHbiii: 11+-> 

aa, a B o5nacTH x ~ 0, 75·, • 

0T'STHX tPOHOB MO)KHO H3-

lHOCTbiO H3MepHTh X 1 . . Y 

j 
i 
I 
I. 

05cynnM Tenepb BKnan tflyHKUHH • Ecnn npennono)KHTh, 'ITO nnH 

tflopMcjlaKTopa a ( Q 
2

) HMeeT MecTo ··nncrrepcnoHHoe cooTHorneHne 5es Bbi'IH-

m2 TBHHii: H y'leCTb BKnan TOnhKO p - Me30H81 TO ,\ V= --!!!lr... = 0,033. flpH Apy-
m2 

p 
I"HX IIpeAIIOnO)KeHHHX ( Bbl'IHT8HHH1 y'le'J:: BKnBAOB OCTBnhHblX IIpoMe)KyTO'IHbiX 

. COCTOHHllii: H rrpoq.) 3Ha'leHHe ,\ v MO)KeT OK838ThCH HHbiM. I1HTepeCHO ·OT­

MeTHTb1 'ITO, ·BcneACTBHe I"pBAHeHTfiOii: HHBapHBHTHOCTH, KBK AHCIIepCHOHHOe 

COOTHOllieHHe 5es Bbl'IHTBHHii:, TBK ll .AliCIIepCHOHHOe COOTHOllieHHe C OAHHM 

Bbi'IHTaHneM B cnyqae, ecnn J:l9MHHHpyeT A 1 - pesonaac, npnBonwr /7/ K 
2 . •. 

,\A= ~ 0,0 17. Mbi Bbi'Iucnnnn BKnan tPYHKunu 'F
5
,\
0 

npn · ,\ v,;, 0,033; 
m2 

A I· 

0,1 II ,\A ·0,017; 0,1. 0Kasanocb, 'ITO na)Ke npu ,\ v = ,\A = 0,1 sHa'!e­

HHH cjlyHKunu rlR 1 rly oTnuqaroTcH oT cooTBeTcTByroruux snaqen~ii: dRI rly 

II pH ,\ V = ,\A = 0 He 5onee 'I~M Ha 4%. nng ,\ V = 0,033 H ,\A 

oTnrrqne He npeBbilliaeT ·1% •. 
0,017 STO 

ITepeii:neM Tenepb K o5cy)KneHuro cneKTpa y -KBaHTOB OT. pacnana ( 1) 
IIpH TOM )Ke ycnoBUU. 6 > 6

0 
• I1MeeM: 

w 
.11->Jl.V 

Ymax el 2 

J w ely 
Ymfn elx ely 

11' 

( 21) 

x 2 + 2cJ (1-r } 
e .. - 2r 0-,J o-1 I, 

X 



.~~ 

+ (J- y ) ( ( J- X) 8 I ~ 82 + X (x-r ) f ] + 
X y 

V A ~ 2xt 
+.\,x1 x [-81 +,xfv] +YA x1 [(-2J+x)81 +-x-82 +x(2r-x)fv]l, 

3necb 

-(+) 2 (+) . 2 . 
~so=h ~so=h ~so[-rx82+x783] 

~~~~= h 2 ~~~) = h
2

A
50 

[iJ8
7

- x(x
1

+ J) 8
2 

+ x
1

8 3 ] 

-,\ 
~SD 

2 ,\ 
h ~SD 

2 V 2 A [ 2 
h A SD I 2 ( ,\. + y ,\ ) X 1 X J 81 

-2Jx82 +2xl8~] +2y (,\V+AA)x!(-x 2J8! +2xxl82) I. 

J=1+r-x, x
1 

= J-x .. 

e = l'n 
y 

v 
max 

V min 

V mcix (min) = Y max( min) - J ' 

8n 
J ( n n 

- Vmax -Vmtn 
n 

) . 

12 

( 22) 

11a ( 12) cnenye'l', '11 

y 
min 

'J( 2..~ 
2 

Ecnu 7 - v.r ~X·~ 7 ;"". r 

.,} 

'ITO 00 ~ (JI rne s 

pa:>KeJIHeM ( 23)·, KaK u 1 

BliCHMOCTh OT ~x cpyHI<U 

rrpencTaBneHa .na puc. 5 

(i;I+J u -~(-J 
SD . SD .HM910T 

H Fj01 • Onn nnrAe 

. y -KBaJITOB ITpH X ~ > 

ITpH (J = TT/4, TT/2 JTT/4 J].J 

0TMeTiiM, 'ITO rrpn ~ ,\ V = 

B aaKnrotiEimw cne 

rrpeJJ.CKa3bJBaeMoro . e V 

1 a (OJ 1 = vY 1 a G 

TaK KaK BKnaJJ. HJITep¢ei 

JI:He crreKTpa il03HTpOHO 

nH~h (~ + b J2u (a.- b 

uatlJJ.eHo rrpn aToM ·~JJ.Ba~ p 

M9TliM 1 'ITO rrpoBepKa· CO 

KaM eve· . • oTO CBH31 

1T 0-+ y y MOryT .JJ.aBaTh B 

BaanMoaetlcTBUH. I1M oTl: 

OJJ.Uotl TO'IKn. CooTBeTcTE 

BnH, aaroume BKnaJJ. 'B Ma 



'1 

l . 

J 
(22) 

- -·. ~-. 

Ha ( 12) cne.nyeT, 'ITO Ymax l+r. Ecnn· 0< x~7-v7, To 

(23) y 
min 

( 2... cos 0 ) 2 - ( 2._ - 1 )2 
2 0 2 . 

Ecnn 1 - V r :::; x :::; 1 .~ r t TO Y min = 
· 4r (1 - + )' 

d , npn ycnoBnn,. 

1-r-x· 

yrx • I1pn eo ·~ e, Ymln .Q8eTC51 Bbl-

- -,\ 
pa)KeJilreM ( 23 L KaK H B npeilbi.QytUeM cnyqae, BKna.Qbi ~IN Tn ~so Manbr •. 3a-

BHcrrMocTh OT X ~yHK~HH ~. IB o ~ (+) H ~ (-) 0 ,naromrrx OCHOBHOH BKli8.Qo 
SD ·SD 

rrpe.QCTaBneHa H8 p!IC, 5 ( (J ~ = rr/4, rr/2, 3rr/ 4 ) • KaK BH.QHO H3 STHX rpa!jlrrKOB
0 

. ~ (-) . HMeroT IIOBe.QeHH9 0 cymeCTBel!HO OTnH'lHOe OT ITOBe,neHrrsi· f(+) 
SD . SD 

• 0Hrr Hrrr.Qe He nepeceKaroTcH II .QaroT 5onhmoti BKna,~:~ B cneKTp 

y -KBaHTOB rrpH x > 0,5. Ha prrc. 6 H3o6pa)Kellbi cneKTpbi y -KBanToB 

(J 14/2 3/4 ·· ,\v ,\A 0 npH = rr , rr rr .nnH 3Ha'leHIIi1: · y , paBHbiX 0,4 H. -2,0 n · . .= = 

0TMeTHM, 'ITO IT pH A V = ,\A 0, 1 BKnaa 
-,\ 
~SD He npeBbill!aeT 5%. 

· B aaKnroqenrre caenaeM aaMe'lanrre oTnocrrTenhHo B03MO)KHOi1: npoBepKII 

npeACK83bJBaeMOI'O C V C -COOTHOlllel!HH 

1 a (OJ 1 = v2 1 a 
0 

1 . ( 24) 

TaK KaK BKnaa IIHTep!jlepeHUHII Man, TO, K8K BH.QHO II3 ( 14) II ( 21) 
0 
~3y'le­

l!IIe CITeKTpa IT03IITpOHOB II Y -KBaHTOB Il89T B03MO)KHOCTb ·onpeaeniiTb 

nrr~b (a + b J2rr ( a- b J2 • Qqe8rrano, 'ITO AnH I a I II I b I MO)KeT 5biTb 

· nai1:aeno npn sToM .aBa pewenrrH, oTnrr'laromrrxcH saMeHoi1: I a 1.: I b I .. 'OT-. 

M9TIIM 0 'ITO npoBepKa ?O~THOlll9HHH ( 24) H9' SKBHBanen~Ha 05bi'lHbiM npoBep~ 
KaM CVC- . , oTO CBH38HO C TeM, 'ITO. B MaTpii'Ilih!ti aneMel!T npouecca 

rrO-+ yy MOI'yT Il8B8Tb BIUI8):{ ITpOITOpUIIOH~nbHbl9 e 2 qn~lihl I'8MIInbTOliiial!a 

BaarrMoaei1:CTBIIH, I1M oTBe'laroT arrarpaMMbi c IIcnycKanrreM AByx !jJoToHoB rra 

oaHoi1: TO'IKH. CooTBeTCTByromrre 'lneHbi raMrrnhTOHIIana cna5oro BaarrMo.Qei1:cT­

BHH, aaromHe BKnaa B MaTpH'llibiH aneMel!T npouecca TT ... e ve y; nponopurro-

13 



I 
I. 
!', 

aanbllbi. G e (JlHarpaMMbi c HcnycKaail:eM · y -KBaHTa H nenToaaofi napbi 

Ha OJlliOfi TO'l:KH). HecMoTpH aa .OTMeqeaayxo BbiWe JlByaaaqaocTb 1 npi:>BepKa 

cooTaowelllm ( 24) ' npeJlcTaBnHeT, cneJloBaTenbHo, 6onbwofi · HHTepec. 

3. PacnaJlbi K+ .... e + Ve y 

B 3TOM p83Jlene Mbi pacCMOTpHM pacnaJlbi K+ .... e+ve y • Ha'l:HeM c 

npouecca 

K+; .... e+ +V +y 
• ( 25) 

CneKTpbx noaHTpoaoB H y -KBaHToB JlaiOTCH1 oqe:an:JlH01 Bbipa)KeHHHM? · ( 14)­

.( 16) 1 (6), (8) H (21}-(23) 1 B KOTOpbiX He06XOJlHMO CJl'enaTb cneJlyiOIJlHe 3~-
Mellbi: 

m" ... mK I w ... w 
. " ... llV K -+!-LV I 

y-+yK 
· bK(O) 

aiOJ 
f .... f 

TT K h .... h K I (26) 

, , I'Jle. 

hK 
2 

-aK(O) m K 

f K ( 27)' 

TiapaMeTpbi · h K YK I "-'k H ,\ ~ Bbi'l:HcnHnHcb B pa6oTax 17 I. ·npH 

3TOM JlenanHCb npeJlnOnO)KeliHH 0 llaCbiiUeliHH llHCnepCHOllllbiX COOTliOWeHHfi 

6nH.)KaftwHMH . peaoaaacaMH 

re6pa 'ToKOB H SU (3) 
K * H KA ) 1 a TaK*e HcnonbaoBanHcb an-

CHMMeTpHH. M bi npHBeneM Blla'l:ane JlnH () 0 "' rr/ 2 

I'pa4JriKH .. He ~aBHCHIJlHX OT. aaaqeaHft_ aTHX napaMeTpoB. <!JyHKUHfi F18. , Fs~±J 
1 

• 

~~-1 F" 
SO H Ill 18 ""(+J ""' . • """ (. 7 8) B '*'so • '*'so , '*'so pHc. H. pHc. _. KnaJlbi 

HliTep<jlepeauHollllbiX qneaoB npeae6pe)KHMo. 1\.tanbt · ( Meaee 1%). ct>yaKUHH F ;
0 

.. 
1 

F;~· H ~~>;0 

F"­
so 

""" 1 '*'so ~:>npenenellbi cneJlyxoiJlHM o6paaoM: · 

( ,\ V + y2 ,\ A ) F ' + y (A V +A A ) F '~ 
K K K SO . K K K SD 

14 

·""' 

i' 
~ 

~~ 
IJ J 

. .. . ).. 

.. <I> SO 
. v . 2 

(AK+YK· 

Ha rpa<jln:KoB aa pn:cyaKax 

'l:eHHe- ( STO HMeeT MeC'I 

r ~01 95). BKna.Qbx Fso 

. (:!;) (±J . 
Fso ( Ill so ). Bee a~ 

liHe cneK'fpOB n031ITpOHOB . 

sonHni> ·6hi1 cne.QoBaTenbiiO . . . 

TepH3YIOIIlHX CTpyKTypllyiO 
.. 

KHe. !J3MepeHHII 3aTpyllHIIJ 

MO~ll0 1 0JlH8KO H368BHTbGS 

npHBeneH:bx' rpa<jJHKH <!JyHKI 

• 
·D6naCTH0 • CB060.QHOfi OT. <jlo: 

_pyroT ~~>Jb! .I ~~>so 11 ~~>s 

Ha pHc. 10 H. 11 Hat 

pacna.Qa K ... e v. y m:m :;: 

. '~~llllb;x B pa6oiax i1 1: 1 h, 

napaMeTpa I y kl B. sTHx I 

OT 0105. JlO 0185. Ha pHc. 

paBllhi~ 0,51 -015 H. 0. nm 
,y A ~ 

· "K =. 013 H ,\ K =· 0,15 

llbie KpHBbie). K~K BHJlH0 1 . 

llHMO . Y'l:HT~IB8Tb Q 2 ~~ 

poB. 0TMeTHM 1 'ITO BCne.QC 

H3MepeHHe nenTOllliOI'O. H 

noaBoni~eT ·o.Qlloaaaqao on1 

( KaK H B cnyqae . rr .... e v. 



iaaHTa · n nenToHHoti napbi 

~ ~BY3li8'1liOeTb 1 npoaepKa 

'101 6onbiiioti HHTepec. 

y 

·+ ... e+ llf y • Ha'IHeM e 

( 25) 

Ulli01 Bb!p8)1{9HHSIM!;f ( 14)­

) e.nenaTb ene.nyroume aa-

h -+_ h K , · (26) 

meb B pa6oTax 17 I. 'Ilpn 

epeHOlilibiX eooTHOW9liHH 

lK)i{e HenOJib30B8JIHeb an­

~M ~Ha'lane · .ttnH 6 0 ,. TT/ 2_ 

'He: 7 n pHe. 8)_. BKna.ttbi 

Hee .t%). 4>yHKunH F;
0

- I 

l830M:· 

) F, 
SD 

-~/ 

rl ~ 
1/ < 

If!" SD 

Ha_ rpaqmKoB Ha pneyHKax 7 H 8 BH.tlli0 1 'ITO npeo6n~.naeT eTpyKTypnoe Hany-

qeane · ( aTo HMeeT MecTo TaK:>Ke H npn aeex () AnSI x >-.. 0,05 H 

y~01 fl5). BKna.ttbi Fio epaBHHMbl e BKJI8.tl8MH 

·Fi'ij ( <ll c;~ ) . Bee aTn <jlyHKUHH HMeroT paanH'IHoe 'noae.neHHe. HaMepe ·­

liH~ enei<JpOB no3HTpOliOB ( Y -KBaliTOB) B IIIHpOKOH o6naeTH X y ) IT03-

BOJIHJIO · flbi, ene.ttoBaTenbiw; nony'IHTb HH<jlopMauHro· o aeex napaMeTpax
1 

xapaK­

Te;HayromHx eTpyKTy~liYIO 'laeTb aMITJIHTy.tlbl npoueeea K + ... e + II e y . • Ta-

KHe }f3Mepe~HSI 38TpyaliSIIOTeSI <jloHOM OT - paena11.a. OT aToro <jloaa · 

MO)Kli01 O.tlH8KO H36aBHTbCSI1 9CJIH OT6Hp8Tb . eo6i:.rTH.H e y 

npnae.tieai,r' rpa<jlnKH <JlyHKU~fi <1! 18 . <ll (+) • <ll (-) 
SD. SD • 

~ 0 1 92. Ha pHe, 9 

<IJ ;D H <IJ~D B 

o6naeTH1 . eao60.ttliOH OT <!JoHa. KaK BH.tlliO 113 pne. 91 B 8TOH o6naCTH .tlOMHliH-
. ( ) 

pyroT <llsb 1 

Ha pne. 10 H 11 nao6pa)Kelibl cneKTpbi noanTpoHoB H Y -KBaHTOB OT 

V A pacna.na K -+ e 11., y .ttriSI 3Ha'leliHH napaMeTpoa h K , A K n A K 
1 

nony-. 
· · · · 1 v m2 A m- · 

qeHHbiX B pa6oTax 17 : I hK I = 0146, A K = _;,;,;J( = 0,3 , X K = :...::.:..JL ~. l!i llnH 
m2 m2 

,, __ -. K* KA ·· 

napaMeTpa I y kl B aTnx pa6oTax Haii.neHbi paann'IHbie aHa'leHHH 1;1 HHTepaane 

oT 0,05 .no 0 18_5. Ha pne~ 10 n II npnae.neHbi cneKTphi npn aHa'leHHmc y K 

paaiihli 0,5, -0,5 n · O. llnH Ka)K,ttoro aHa'leHHH . y K noeTpoeHbi cneKTpbi npn . . 

- A~ · =- 0 13 n A~ = 0,15 (cnnoWHbie KpHBbie) n npH A1c=A~= 0, (nyHKTHP:-'' 

Hbie. KpHBbie). KaK BH.tlli01 . npn aHannae aKenepnMeHTanblibiX .naHHhiX .Heo6x·o­

.ttHMo . y'IHT~IBaTb Q 2 -aaBHeHMoeTb BeKTopHoro n aKcHanbHoro. <jlopM<jlaKTo­

poa. 0TM9THM 1 'ITO BCJie.tteTBHe M8JIOCTH BKJI8.tlOB HliTep<jlepeHUHOliHb!X 'IJI9liOB 

H3MepeHne ne,nToHHor::o n <jloToHHoro cneKTpoB B K ... e 11., y - paenai:te He 

noaaonHeT ,o.ttH03Ha'IHO onpe.nenHTb napaMeTpbi I h Kl 1 YK , A }f n A~ 

(KaK n B cnyqae TT -+ e v., y. ). 

15 ., 



I 

~ 

B Ta5nnue 1 npHBOAHTCSI nonHaSI BepoSITHOCTb . wK-+evy I w·K~ /.tv rrpn 

AByx 3!IatteHMSIX o5pesaHMSI no smeprnn. <PoToHa ,~· ( k
0

.?: ~ ) , 

Ta6nnua .I 

I YK I = 0,5 . . Yl( = 0 

··. • 0' 

'll 
A~=0,3; A~=0,15 A~A-o .IC A~:0,3; A ~:0, 15 A.~ =A~= 0 

1 Msa 7,5. w-5 6,4. 10-5 6,1; w-5 5,t. to-5 
... 

5 Msa 7,4. w-5 6,3, to-5 6,o, w-5 5,o. w-5 

. 

B · saKmottenne paccMoTpMM pacrraA 

K+ + 
-> f! + Vp + y 

( 28) 

AMrrnnTyna npouecca ( 28) xapaKTepnsyeTcSI • TeMH ·lKe rrapaMeTpaMM, ttTo H 

aMnnnTyAa npouecca ( 25) ( fl. - e - yHHBepcanbHOCTb) • .Hcno TaK)Ke, ttTo 

Al!SI rronytteHHSI CIIeKTpOB fl. -Me30HOB H <!JoTOHOB B ( 14) 1 ( 15) H ( 21) 1 Kpo­

Me saMeHbt ( 26), neo5xoAHMo saMeHHTb Macey 3neKTpona na Macey p. - Me-
" (+) > (+) 

. sona. fpa<jlnKH <!JyHKUMH F 18 , F50 • •• , ¢ 18 '· ¢ 50 ,::·• axonSimnx. B 

Bbtpa)KeHHSI ( 14) H . ( 21) H He 38BHCSIIUHX OT rrapaMeTpOB . hi< ., ... npnae-· 

.tieHbl li8 pHC, 12 H 13, .<f>yJIKUHH 

nellbt cnenyromnM o5pasoM: 

F(+J 
/NT • 

F (-J 
/NT 

FINT= (l+yK) hKF(itJT +(l-yK) hKF~~~ .. + 

V V A · A 
+.\K hK FINT +YK .\ K hK FINT :, 

16 

F v .FA ·· 
/NT H /NT onpene~ 

( 29) 

J 

) 

I 
t > 

! 
[ 

-~1 

I 
1 
I 

I 
1 
l 

I 

I 

\ 

l 
l 
i 

I 
' ! 
t 
f 

. l 

rne FINT naeTCSI Bbtpa)K 

113 pHC, 12 M 13 BHAHO, 

<jloToHOB naroT cymecTBeE 

eT1 'ITO crreKTpbl 38BHCSI 

T8K)Ke 1 'ITO BnHSIHHe Ha .1 

napaMeTpbt .\ 'k M .\ 

A. . . 
.\ K = 0,15). Ha pnc. 

.: 
npn nononHHTenbHOM yen 

, -pacnana). 0TMeTHM, tt1 

<jloTona, ·paBHbiX 1 M .5 M 

paBna 1,0.10-2 w. K · 
-+fl.V 

otteannno, 'ITO i:lOnc 

nHTYAhl, K .... eve y > pa 

unro nerrToHa, · OpnaeneM 

Ha K8K <jl.yHKUMID CKanSip 

n k nponsaeneno MHTer 

.... G2 
. p =-- a mK 

16(277) 2 

2r x Y 

il 
+ 2r. s 

. (. x-1 r ) l 
X -- +--

X U· 

+m6[(a+b)2(u( 
K 

.... 
p~ 

IPI't 



0 

·5,1. 10,;.5 

5,0, 10-5 

( 28) 

n ·lKe rrapaMeTpaMn, 'ITO n 

,aocTb). Hcao· TaKlKe, 'ITO 

n.(14),.(15) n (21), Kpo-

~KTpOHa H8 Macey Jl - Me­

<IJ (+) . 
. • S D , ·, •• , BXOJ:UIIUHX B 

MeTpoB < hi< .·• ... rrpnae-

F1~ T · orrpeJle:.:.. 

( 29) 

rJle F /NT .[laeTcsr BbipalKeaneM ( 14). Aaanornqao onpeJleneabi <llli!;~ , '!' 

Jila pnc, 12 n 13 BHJlH01 'ITO K8K B cneKTp Jl -Me30HOB1 T8K n B cneKTp 

!floTOHOB Jl8IOT cyiUeCTBeHHbill: BK118Jl HliTep!flepeHUIIOHHbie 'IlleHbi; 3To 03H8'I8-

eT1 'ITO cneKTpbi aaancsrT oT aaaKa napaMeTpa h K , Pac'!eTbl noKaabiBaroT 

T8KlKe1 'ITO BllllSIHHe H8 ¢oTOHHbill: H MIOOHHbill: cneKTpbl .'Ille!IOB1 COJleplK8IUHX 

napaMeTpbi 
. . v 

, geaennKo ·(He 5onee 3% npn · A. K. = 0,3 n 

,\ ~ = 0,15), Ha pnc, 14 npnBeJleiil.i rpa!flriKn !flyliK~nn <ll1s (+). 
<llso , ... 

npn JlOnon.IInTenhHOM ycnoann y 2: 0 • 97 ( o5naCTb, CB050JlH8SI OT !floaa K p.3 

-pacriaJla). 0TMeTnM, 'ITO npn agaqeansrx. napaMeTpa o5peaaansr no ~aeprnn 

!floToHa, ·paBHbiX 1 n· 5 M aa, nonaasr aeposrTHOCTb W K-+p.vy COOTBeTCTBeHHO 

paBH8 1,Q,1Q-2 w K 
. -> JlV 

n 5,3. w-3 w 
· K.-> JlV 

QqeBllJlHO, 'ITO ~ononHllTellbHYIO na!flopM8UHIO 0 'cTpyKTypaofi 'I8CTH aMn­

llllTYJlbl. K ... e ve y pacna.[lOB MOlKHO nony'IllTb, ecnn na.MepsrTh nonsrpnaa-

unro nenToaa. DpnBeJleM Bbi'Incneaayro c noMOIUbiO ( 10) nonsrpnaaunro nenTo-

H8 K8K !flyHKUlliO CK81ISipOB X ll Y ( npn !flnKcnpoaaaHbiX x n y 

n k nponaae.Qeao naTerpnpoaagne). 

. p =-. a G
2

mK 

16(2TT) 2 J2w 

Jx dy 

c 

u ic2 

2r x y 

u 
O+r) X 2 

+2rg (2-x- Jl-4me IK 
u 

x· ( x-1 + -'-) y(2(1-x)-y) +(a-b) ( L 
x u · ( y 2 _ 4r) u X 

(y.:.2,)g)] + 
ux 

+ m6 [(a+b )2 (u(x-1) + xr) (u -2r g)+ (a-b)2 ( u-xy-2rg) c] I 
K 
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II 

i! ~ 

I 

·~ 

a 

u = x + y -1 -r , c: 7 + ,r - y ,g 
xy .:. 2u 

Y. 2 -4 r 

m £ - Macca ncnToHa, 

'.--., 
J2 w 

dx dy 
- BepoSITHOCTb pacnaaa,. BbipalKeHJre i:lnSI 

. . .-· . , 

J2w. ----Jx Jy 

; ' 

xopowo 

II3BeCTHO /3,4/: 

d2w 

dx,dy 

-4m2 I e K 

.. , a G2m 
K {'4inJ{2 c:' 2 16(2rr )2 t K -- [x +2(7-x) (7:..:,) 2rx0-r) u,x2 - ·] _ 

u 
/ 

m~ c: 
x-7 r x-r x.:.r 

[(a+b) (--+-)+(a-b)(----·)]+ (31) 
X u u X 

\ 
! 

+ m 6 
[ (a+b-) 2 u(u(i-x) ~xr) +(a-b) 2 .((1-x) (7-y} +r) c:] (. K . 

+ . . + + 
Ha pHc, 15 H3o6pa*eaa rromipH3aUHH p. · -Meaona oT K ... p. vll y 

pacrraaa KaK !f>yHKUliH y npH _paanH'IJihix aaa'IeHnHx rrapaMeTpoB I h KIH y K 

,II IIpH )\. ~ =. )I.AK = 0 o flo IIepeMeJIHOll X IlpOII3B9ll9HO liHTerpHpOB8!Ili9, 

B aaK.riio'Ienne Bhrpa*aeM I'liyooKyro 6naroJJ.apJiocTb · C.M. KopeH'IeHKo,· 

r.B. MHuenbMaxepy, 11.11. HeMeJioBy, B.l1. Or,;eBeuKoMy; H.A. CMopoanHcKo­

My, M,B, TepeHTbeBy aa ,noneaHhie_ o5cy*Ll9HHSI, 
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,. 

xy .:. 2u 

y 2 -4r 

xopomo 

, O-x) (1 :.;, ) _ 2rx(1-r)] _ 

u 
,J. 

x-r x.::J 
·(a-b)(---.-··)]:+ (31) 

U X 

. . 

1-x) (J-y) +r) c] !', 
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PyKOITHCb ITOCTyiTHna B H3naTenbCKHfi OTnen 
16 MapTa ·1972 rona. 

3 '"... F F-C+l , F-r-J + + PHC, , '~'YHKUHH IB SD 1 SD nnH rrpouecca Tr -+. e V • y 

Yrnbi oope3aHHH: rr I 4 ( cnnoWHbie nHHHH), rr/2 ( nyHKTHPHbie nHHHH) 1 3rr/4 
(wTpHx-nyHKTHpHbie nHHHH), MacwTao norapHtPMHttecKHfi, 
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dR 
dy 

1 
I 

. II 
"'=-2 _ _,/j 

~-- I 
,.""" 1-

/ I 
// / I 

,/" T=O!t/ / .. ;" 
/ tr ' ,""" . / 

/ t:l- "?5"' . . - / • .; lr -~ ;_..- Y'!. . ././ --- . .=-2 _.....:.?"". 
9~- . .-·-··7 . --·-- . ...-"' ._... :=-·-·-·----- f=O!t I I I I I I I ' I ..; 

az o.4 · o.6 as· y 

,}? 

PHc, 4, CneKTpbi noaHTpoaoa OT "+ ... e +v. Y pacnaAa npll 3HR<reHllnx Y, paa­
HbiX 0,4 ll -2,0, Yrnbi o6peaaHllll TT/4 , TT/2 11 377/4 , 

20. 

"""'·/ 

l:.~: ·• ·------=·. :·-::-::···-

.. ~; . 

, 

PHc. 5, ct>yHKUHH ell 18 

o6p~aaHHn 00 . paBHl 

.. 



! ..... 
,, 

l 
./ 
II 

,.../j - ··;· 
1. 

I 
/ . ··/ 

• 

:a· npn 3Ha'leHHSIX Y, paB-

<. 

I 

I . 

-6 ¢18 

_..,... 
-7 

Pnc. 5. <PyHKunn 4> 18 , ~it' n 4> ~-;} am1 npouecca . "+.:. e+ v • y .• Yrnhl 

o6pe3aHHSI (J 0 paBHhi 1Tj4 , ir/2 n 3"/4 • MacwTa6 norapnljJMn'!eCKnl!. 
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dR 
dX, 

10-B 

5·107 

0 

'(=0.4- •, 
' ... / 
'/ 
/(=.;..2 

/ . 

/ 

·' 

e=flT // r=o'- ;.,./' 
2 

/ ·'t...--' 
~ / . -- . ,· ""-- -- . ------.,..,. .,/, 

'·, Jf( . f=0~~-
8=4:._ . --·~./· 
• ~ ;-=:-!. ;-:::.! ;-:::::.. • ..- ~=-2 .. . ,. . 

02 O!t 0.6 0.8 X 

P1Ic, a. CneKTpbl <l>oTOHOB OT 11+ ~ e + v. y pacnalla npii 3Ha'!eHIIHX y • paB­

HbiX 0,4 II· -2,0, Yrnhi o6pe3aHIIH ~/4 , 11/2 II 311/4 , 
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fsD ·-

f,(+) 
SD 

F1a· 

y 

-4 

~5 

'-6 

-7 

-B 
} 

0.8 

Puc. 7 u s. <l'>yHKmm F18 , F :~~ , · F:~J , Fso , F,S0 (puc. 7) u 

<P 18 , <P~t] , <P~t/ , <P$ 0 H <P$'0 (pnc, 8). Yron o6pe3aHHH rr/2 • Mac-

wTao norapHtPMH"!eCKHli, <l'>yHKUHH Fs'~ npn y 'S_. 0,68 cTaHOBHTCH oTpHua-
TenbHoli, Ha puc. 7 H3o6palKeH norapHtPM ee Monynn. 
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"' CJJ 

dR 
d'J 

y 

dR 
,d)( 

• Pac. 10 H 11. CneKTPbi noaaTpoaos (pac. 10) H !floTolloB (pac. 11) npu aaa- , 
'IeHHSIX y K' paBHbiX 0,5;, -0,5 H 0 ( np?uecc K .. e v • y ) • CnnoWHbie KpH-

Bbie OTB6'ISIOT .\ V c 0,3 'H .\A =0,15 
1 

nyHKTHpHbl6 ,\ V = ,\A = 0 
0 K • K ' K K X 



·. 

-3 

-.4 

-5 

Ffs 

"'-'" . -:.-,?" A · .. 

. ~~~ ...... ~ _F..(+) 
'-. tilT 

\. v 
\. t=;IIT 

\p;,f~) 
SD 

I 

' I '£"1 ,sv
1 

--
. \ I 

\ I . 
I 

. .) . 

1.05 y 

~ ) ~~ Pnc. 12 n 13. <PyaKunn F18 ,_ Fso , ••• (pnc. 12 n ~ 18 , so , ... 

( Pnc. 13) llllH rrpouecca K ... IL 11/L y • Yron o6peaaanH rr I 2 • <PyHKUllli F ~~~ 

u F t~T , a TaK)I{e ~ ~t~~-n ~:NT oTpnu~TenbHbi, Ha p~c. ,12 u 13 uao6pa­

)l{ell& norapn4JMbi MOLiynell aTnx 4JyaKunll. 
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I 

PHc. 14. 'll>yHKUHH «1> 18 , ci> l+l, ••• Ami pacna.Qa K ... ·P. 11 y , npH y > 0,97 
SD p. 

. ( o6naCTb0 CB060AH8ll OT ljloaa K,3 pacna.Qa) • ll>yHKUHH Cl> (+) H Cl> A OT-
r IHT IHT 

pHuaTenbHbi. 
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