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1. OnpeneneHHe sneKTpoMarHHTHoro <f>opMcjlaKTopa "-MeaoHa B o6na-

CTH npOCTp8HCTB8HHO-nono6HhlX nepeaaq HBnHeTCH, K8K H3B8CTHO, B8CbM8 

TpynHoti aanaqeti. K HBCTOHllleMy Bp8M8HH npenno•eH uenhlA pHD M8TOllOB 

onpeaeneHHH cjlopMcjlaKTOpoa " -MeaoHa: H3y'leHHe s neKTpo po•neHHH 
+ 

" -M830HOB/ 1,2,3,4 / , Cp8BH8HH8 Ce'leHHti paCC8HHHH " - H " - M830HOB 

a -'l8CTHU8MH/5,6/, H3MepeHH8 C8'18HHH ynpyroro " 

nHpH38UHOHHbie M8TOllbl/9, 10/ • 

e -pacceHHHsl/,7,8/ no-

OnpeneneHHe sneKTpoMarHHTHoro panHyca " -MeaoHa H3 naHHbiX no 

sneKTpopo•aeHHID Tpe6yeT, K8K H3B8CTHO,HCnOnb30B8HHH T80p8TH'l8CKOA 

MonenH, HaMH Bhl'lHCneHa acHMMeTpHH B sneKTpopo•neHHH 

e + p ... e + n + (I) 

Ha ocHoae peaoHaHCHoA MonenH ~y6HHH, H aM6y , B a T arHHa
1 11 • K aK H3-

BeCTHO , 9 T8 MOaenb OCHOB8H8 Ha 6opHOBCKOM npH6nH•eHHH H rrpenrrono-

'ITO 33 pe30H8HC ( N *) DOMHHHpyeT B llHCnepCHOHHhlX HHTerpa-

nax. B paMKax sToii MonenH acHMMeTpHH orrpenenHeTcH sneKTpoMarHHTHbiM 

cjlopMcjlaKTOpOM " - M830H8. 0K83biB88TCg, 'ITO 8CHMMeTpHH HBnH8TCH 6onee 

qyBCTBHTenbHOA K B8nH'lHH8 sneKTpOMBrHHTHOrO " -Me3oHa, 

'18M C8'18HH8 H8 HenonHpH30B8HHOA MHlll8HH, HCnonb30B8Blli88CH B pa6o­

TBX/ 2,3,12/ • 

T aKHM o6paaoM, HaMepeHHe acHMMeTpHH B npouecce (t) Ha rronH­

pHaoaaHHOA npOTOHHOti MHU18HH no3BOnHnO 6b! onpenenHTb sneKTpOMarHHTHbiH 

cjlopMcjlaKTop " - MeaoHa. B paanene Ill naHHoA pa6oTbi 6ynyT yKaaaHbl 

B03MO.Hbl8 9KCnepHM8HTbl llnH npoaepKH HCnOnb3Y8MOA TeopeTH'l8CKOH MOllenH, 
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II. PaccMoTpHM sneKTpopO)f{/l€HHe 

TOHHOH MHlll€HH , MaTpH"iHblil: 9ll€M€HT S 

TT+ - M€30HOB H8 ITOll~pH30B8HHOil: rrpo -

M8TpHUhl 38ITHlll€M B BH/l€ 

~ 2 ~ 
m M ) 

4 ( 4) ( - r - q l ( r r 
S fl = ( 2 1T ) i 8 p 1 + r 1 - p 2 2 2 q 0 p I o p 20 10 20 

T t1 , 
(1) 

rJJe r 
1 

, p 
1 

( r 
2 

, p ~ ) - 4 - HMITYllhCbl H8"i8llh HbiX 

H B H HYKllOHa ; q - 4 - HMITyllhC 1T - M€30Ha ; m 

~OH€"iHhlX) 9ll€KTpO ­

H M - M8CChl 9ll€KTPO-

H8 H HYKllOH8 , 

8 1 -oM rrop~/lK€ ITO KOHCT8HT€ TOHKOil: CTpyKTypbl a M8TpH"iHb!il: 9ll€M€HT 

T fl MO)f{HO rrpeJJCTBBH T h B BHJJe/ 11 I 

< p q r IT I p r > = e fa/:a < p q I f ( 0) I p > E JL 
2 2 1 1 (2TT) 2 Jl. 1 

(3 ) 

rJJe 

(r 2 l yl' u(r 1 l e u • - ITOll~pH38UH~ " BHpT y8llb HOrO ~OTOH8 ( 

JL ( r - r 
2 

)2 

g 2 = f a(2 Ml 2 f ~ 0 ,0 8 . 

3JJ€Cb H BC~IlY HH)f{€ H8MH HCIT0llb3Y€TC~ CHCT€M8 €/lHHHU, B KOTOpOil: M8CC8 

1T - M€30H8 m TT = 1. 

B cneJJCTBHe coxpaHeHH~ snexTpoMarHHTHoro ToKa f !L 

<p ql f ( Oll p >k !L = 0, 
2 JL 1 

(4) 

rJJe 

k =( r -r 
JL I 2 JL 

4 

3 T O YCllOBH€ IT03B0ll~€T HCKll~"iHTb CK8ll~pHhl€ ~OTOHhl 38~ 

E!L -+a!L=E JL 
( 0 • 

--r:- k JL 

B pe3oHaHcHoil: MoJJenH aMrrnHTYilB (3) MO)f{eT 6hlTh rrpe D 

CYMMbl llBYX "i8CTeil:/ 1, 12/: 

a ) 6opHORCKOrO "ill€H8 

B JL - FTT 
f ( =../2 ; (p )y [ 2 (2q-k) + 

FTT - Fip Flp 

1<2 k !L +w2 - M2qyl JL 2 5 k - 2 kq JL 

6) M8rHHTHO - JlHITOllbHOil: p€30HBHCHOil: BMITIIHTYilhl , I 

KOH€"iHhlX M€30HB H HYKllOH B HMeeT BH/l/ 1 / : 

-+ ..;2o w 
< r 1 2[ ~ k l ( - i( -; k)(;{(-+ -+ f -+ M ( = -

2M 2 l+ i (o-

3JJeCb 2 2 
w =(p2+ql 

F 1P - llHPBKOBCKHti sneKTpoMarHHTHbiH ~opMrpaKTop rrpo ! 

no yrrpyroMy pacce~HH~ sneKT poHoB rrpoToHaMH cneJJyeT , 

HHTH biil: p8JJHYC rrpOTOH8 r P = 0, 79 ~ . F 1T - 911€ KTp0 1 

cpBKTOp 1T - Me30 HB , 38BHC~ll1Hi1 OT llBYX HHBBpHBHTOB k 
2 

(cM, pHC , 1) 

F 
D = __ l_p __ 

2 M 

\ 1 + L\ JL p - L'. JL -
------~~~--~----- e 

2 I -+ I s 6 f q 

.688 
sin 8 

81 

8~ - cpa3a yrrpyroro pacce~HH~ Me30HOB HYKllOH8 MH 

{). JL p = 1,79. i'lJL n 1,!11 . 

5 



3TO yCITOBHe IT03BOITSIBT HCKITIO"!HTb CK8riS!pHbiB !jJOTOHbl 38MBHOH 

( 0 -

-- 1< , 
k 0 r 

( 5) 

B pe30H8HCHOH MOABITH 8MITITHTYA8 (3 ) MO~eT 6hlTh rrpeacTaBneHa B BHAe 

cyMMbi aayx "!acTetl/ 1 , 1 2 / : 

a ) 60pHORCKOrO "'ITBH 8 

B /l - FIT 
I II ( =V2 ;;-( p 2) y 6 [ k 2 ( 2q- k) + 

r -2 kq !l 

( 6) 

6) MBrHHTHO-AHITOflhHOH pB30H8HCHOH 8MITITHTYAhl 1 KOTOpag B C.U. H . 

KOHB"!HhlX MB30H8 H HYKITOH 8 HMBBT BHA/ 1 / : 

... ...;2n w ... ... ... ... IM; < r 1 2[; l ( ... 
l + i <;;; l < k q ... l 1 ( 7) 

2M 2 k - i ( a k) ( q ( >. 

3necb 2 2 
w ( P2 + q ) 

F lp - anpaKoBCKHtl 9neKTpoM arHHTHbitl !jlopMrpaKTop rrpoToHa . Vl3 OITbiTOB 

ITO yrrpyrOMY paCCBSIHHIO 9ITBKT pOHOB rrpoTOH8MH cneayeT , "'TO 9fiBKTpOMar ­

HHTHbiH paanyc rrpOTOH8 P 0, 79 !jl . F 77 - 9ITB KTpOM8rHHTHbiH <jJopM-

!jlaKTOp 77 - MB30HB, 38BHCSI!UHH OT ABYX HHB8pH8HTOB k 
2 

, p 2 =(pI - p 2 ) 2 

(cM. pHC . 1) 

-
F i p 

D = 
2M 

\ 1 + {1 /l p - D. ll 
----;;....:....--:;--- --- e 

2 I ... I s 
sin a 88 

6 f q 

a~ - !jla38 yrrpyroro paCCBSIHHSI MB30HOB HYKITOH8MH 

ti ll p = 1,79. 1,!11 . 
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I i >. I r > - aByXKOMI10HeHTHbJe CI1HHOpbl H8'-l8nbHOro H KOHe'!HOro HyKnOHOB. 

0TMeTHM 0 'ITO 8MI1nHTyahi . ( 6) H ( 7) 110 OTaenbHOCTH K8nH6pOBO'-lHO -

HHBapR8HTHbl , 

llRarpaMMbl 0 COOTBeTCTByJOIUHe 6opHOBCKOH 8MI1nHTyae ( 6) , H306pa*e-

Hbl H8 pHC , 1, 

~· 

tf 

PHc . 1. 

J.13 pHC , 1 a) HeTpyaHO BHaeTb, 'ITO TaK K8K p 2 ~ 1 • TO aneKTpoMar-

HHTHhlH ¢opM¢8KTOp TT - Me3ona F IT 38BHCHT OT asyx KHHeMaT R'!eCKHX 

HHB8!JH8H T OB k2 H p 2 

Mbi 6yaeM paccMaTpHBBTb npouecc aneKTpopo>KaeoHSI npH yc n oBHR , 'IT O 

IT - Me30Hbl BbineTaJOT B HanpaBneHHH HMnynbCa BHpTyanbHOrO ¢oT OHa 

;; II r ( 8) 

E naroaapSI ycnoBHJO (8 ) 3oaqeoHe nponaraTopa p
2 

-1 CT 8 HOBHTC S! 

MHHRManbHhlM, 3TO 11pHBOaHT K yBenH'-leHHIO BKnaaa Me30HHOrO 6opHOBCKOrO 

qne na. KpoMe Toro , nonpaBKa K ¢opM¢aKTopy F " ( k 
2 

• P 
2 

l . nponopuHooanb-

oaSI P 
2 

-1 • CT8HOBHTCSl He3H8'-lHTenbHOi1, '-ITO 1103BOnSieT caenaTb 38MeHy 

2 2 2 2 
F

71
(k ,p l - F

71
(k ,p 

~ • 6 

2 
l )=F

71
(k ). 

(9) 

B bi'-lHCnRM acRMMeTpRIO oa nonSipR30Baoooti: npoTooootl: MRJ 

pRsaeMoM n~ouecce aneKTpopo*aeoRSI . HeKoBapRaHTHaSI Ma 

H8'-l8nbHOrO COCTOS!HRS! HyKnOHOB RMeeT BHa : 

1 .... .... 
P

0 
= -

2
- (I + u P

0
). 

B bi6epeM nonSipH38URJO oaqanbHhiX nyKnonos P 0 oanpasnen1 

ncesaoseKTop .... n onpeaenSieTcSI cneayJOIUHM o6pa3oM: 

.... 
n 

[ k -;I 1 

I[ k ·7 11 

Ceq eoHe npouecca (1) B c n yqae , Koraa nonSipR38URSI npoT 

RMeeT BRa : 

u .... 
p 0 

= u ( 1 + p S P T ( il n .... ) T + 
0 0 S pTT+ ), 

rae aMnnwryaa T onpeaenSieTCSI ¢opMynotl: ( 3 ). Ce'!eHRe oa 

HOH MR!lleHH u 0 B n ,C, HMeeT BHa : 

3 2 2 l- I q .... ' I d u 0 a g r 20 
u = = --

I ~J 0 
d r L dO d n (2 1T ) 3 ( -k 2) TL 

L 
20 q r 2 (k

0
+ M -

I <; 

rae TL - KHHeTH'!eCK8Sl aoeprHSI oaneTaJOIUHX aneKTpo 

k L 
0 

W2-M2 - k2 

2M 

2 l 
k = - 2 T L r 20 ( 1 - cos 0 L ) 
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Bbl'IHCliHM acHMMeTpHIO Ha rronSipH3 0 B8HHOfi rrpoTOHHOfi MHllleHH B paccMaT­

pHBaeMoM rr~ouecce aneKTPOPO*UeHHSI. HeKoBapHaHTHaSI MaTpHua rrnoTHOCTH 

H8~8ltbHOrO COCTOSIHHSI HYKliOHOB HMeeT BHU! 

( 10) 

... 
Bbi6epeM rronHpH38UHIO Ha~anbHbiX Hy KnOHOB P 0 

... 
HarrpaBneH»ofi rro n, rue 

ITCeBUOBeKTOp -+n orrpeuenHeTCSI cneuyro!UHM o6paaoM: 

... 
n 

l"k -;11 

I[ k r7JI 
( 11) 

... 
Ce~eHHe npouecca ( 1) B cny~ae, Korua rronHpH38UHSI rrpoTOHOB paBHa Po ' 

(T ... 
p 0 

) , ( 12) 

rue a MnliHf'YUa T orrpeuenSieTcSI <jJopMynofi ( 3). C e~eHHe a a aenonHpH30BaH- . 

HOM MHill8HH (T 0 B n .c. HMeeT BHU! 

d 8 (T 0 2 2 ~ 

I<!'' I ( 13) a g r 20 (_M. )2 <ll rro 
dr L d fl lltJ d n (2rr)3 (-k2) TL 

L q 'o 
w , 

20 q '2 ( k 0 +M- -) 
I <i' I 

rue TL - KMHeTM~eCK8 SI 9He prM SI Ha neTaiOIUMX aneKTpOHOB B n.c. 

kL 
0 

k 
2 = - 2 T L r ~O ( 1 - cos fJ L ) 

7 

( 14) 



q '=v~"q ,2+1 H orrpeaenHeTCH H3 yp8BHeHHH 

' . I .,. 2 .... , 2 I .... II .... , I 2 L q +vk+q -2k q +M =k +M 
0 L L 0 

(15) 

I .... I . I 2 L 2 L ll 
k L = v. T L + ( r 20 ) - 2 T L r 20 cos ll L ( 16) 

flop eHU - HHB8pH8HTH8H BerrH'IHH8 (11 rrpHBeaeHa B pa6oTe/ 12/ ( CM . cpopMyiTbl 

3.14 - 3.16). 

AcHMMeTpHH rrpouecca aa rronHpH30B8HHOM ayKnoHe paBHa 

3 aecb a .... 
.1" Po 

y = ~Po - a -p+ o 
= AP 0 

( 17) 

a .... + a .... 
+P o -Po 

.... 
- Ce'!eHHe 3rreKTpOpO*DeHHH H8 MHWeHH C ITOrrHpH38UHeH ± ~ 

C ITOM OWb iO cpopMyn (3), (6), (7), (12), (17) MO*HO ITOK838Tb , 'ITO BKIT8 .[1 

B 8CHMMeTpHIO .QaeT TOITbKO HHTepcpepeHUHH 6opHOBCKOH (6) H pe30H8HCHOH 

( 7) aMrrn HTy.n. B pe3yrrbTaTe H3 ( 17) rrony'IHM 

A= 

3aec b 

a( D - D*) 

D 

a= 

-~~( <f ~ ~+ f kMq(-;, f ll__ (}lk • 

<I> 

(2M)
2 

~) 
M 2 

(--) 
w 

8 

( 18) 

. I 

' I 

.... 1 
m = 

I~ I 

.... .... 
f = 

_._1 
I il 

I 

0~ - nerrTOHHb!H wrryp 

1 kl 1 2 ~< ~ "k ~ 
o,k =21 7/U,f c -k-( m,f k + mkfl )+ ?ml m kl+,..-<--;-: m I m k 

0 0 

DODCT8BITHH (6) H (7) B ( 18), OKOH'I8TerrbHO rrony'IHM B CoUoll 

H8 H HYKITOH8 

A=a 1 b 1 (TL) 
[BF (k 2 ) +CF (k 2 )] 

1T lp 

<I> 

rae 

B = ( I q .... I ! l!l_ ) [ 
2MV~ 2MV 2 

2 I 

2Jq .... l-!k"l + .Jil 1 
k 2 -2kq k 2 

.... 
I ci I I~ I 11 I 1 -q 2 

C=- (------- )-- + (q +---)-
2MV~ 2MV 2 k~ W 2-M~ 0 2MV 2 

lk 

~ I ~ 

2 .... .... 
4ImD (2M) l~<llql V 1 V 2 

al = 

1,a 
V =V P 0 + M 

1,2 2M 

k2 w 

9 

.I-+ 2 
q.=vq +1 

(W- M )4 



... 1 
m "'--

(19) 

(J lk - n e iiTOHHbiA U!Ilyp 

IToncTaamm (6) If (7) B (18), OKOH'!:a TenbHO rrony'l:HM B c .u.H.KOHe'l:HbiXMeao-

H a If HY KnOHa 

[ B F ( k 2) + C F ( k 2 ) ] 
1T lp 

rne 

B=( .! l!L) [ 21 q ... 1-\k'l + __1ll_] 
2 M V 

1
2 k 2 - 2 k q k 2 

1<11 lkl 111 (q+--q-
2

)-C=- (------- )-- + ----
2M V ~ 2M V ~ k 2 W 2-M 2 0 

2M V 2
2 

4 I m D ( 2 M ) 
2 I k I J ... q I V 1 V 2 

1<2 w 

p ~2 + M 
V = V -~2~M:----1,2 

9 
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( 23) 
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b I ( T L ) = I ~ I ll y 1 - ( ~ f )ll [.; t- JfL] 
k 0 

( 25) 

L · ll 
y TL k ll + T ll - ( r :10 ) 

- f3) L L -;, l = ( 

I r-+ I 2 l kL I TL 
I 

( 2 6 ) 

l kL I 
f3 = L y = y1-{32 

. 
M + T L- rliO 

: 'f' = 

-+ :1 2 L ll 
kL + TL -(rll0 ) 

2 l kL I TL ( 26 ') B n .c . 

YJMITYllb C Hal! e T a !OIUero sneK T pOHa B C.U.H . K O H e 'IHbiX M e30 H a H H Y KliOH a 

I r' I 
I 

kll 
MTL + ~ 

w 

Ha pHc • . 2,3 n pHBeneHbi 3Ha'IeHHSI acHMMeTpHH A· 10 
2 

( 27) 

H B el!H 'IHHbl <f> 

B 3aBHCHMOC T H OT KHHeTH'IeCKOH 3HeprHH HaneTammero 3l!eK T pOHa . Y HcneH ­

Hbie pacqeTbi npoeonHnHcb npH W= 1 236 Mse, Ba a = 4--,-k 2
=2,96 ¢ -

2
• 

YJ3 CpaBHeHHSI pHC . 2 , 3 BHAHO , 'ITO aCHMMeTpHSI Ha ITOliSipH30B8HHOH ilpOTOH ­

HOH MHWeH H 6onee 'IYBCTBHTenbHa K Bhl60py Bel!H'IHHhl ¢opM~8KTOpa rr - Me -

30H8 , qeM ceqeHHe Ha HeiTOliSipH30B8HHOH MHWeHH , OC06eHHO B o6naCTH 6onb ­

WHX 3H8'IeHHH sneKTpOMarHHTHOrO pauHyCa r rr 

Y!3 OIThlTOB ITO paCCeSIHHID rr + - H rr - Me3 OHOB a - 'I8CTHU8MH / 6 / 

6hll!O rronyqeHO 3H8'I8HHe r rr = 1, 8 :t_0 , 8 cp > T , e , B8 >K HOCTb yKa38HHOH BbJWe 

o6nacTH 3Ha'IeHHH pauHyca " - Me30Ha O'IeBHJ:(Ha . 

11l!l 

flpH Bbi6HpaeMbiX ·KHHeMaTH'IeCKHX yCl!OBHSIX , H , HanpH : 

aCHMMeTpHSI , KaK BHAHO H3 pHC , 2 , llOCTaTO'IHO Bel!HKa ( • 

III. 3necb Mbi yKalKeM B03MOlKHbie sKcrrepHMeHTbi nnst ITf 

3yeMOH HaMH MonenH 4>y6HHH , HaM6y, B aTanma/ 1 1 . T aKast n 

l!Hlla 6bl T aKlKe ycTaHOBHTb npaBHllbHOCTb rrpeAITOl!O lKeHHH, H 

phlX aHal!H3Hp OBanHC b 3 K CrrepHMeHTal!bHhle pe3yll bTaThl B pal 

H a OCHOBaHHH 06IIlHX Tpe6oBaHHH HH B8plfaHTHOCTH , C "J 

( 8 J• aMrrnHT yna rrpbuecca ( 1 ) Mo:>KeT 6bJTb npeucTaeneHa 

T = i ([ cp 1 (; : ) ( ~ ; ) + c/J 2 ( ;; : ) ] • 

rne -; - o n penensteTcst ¢opM y n oH ( 5 ), ~ - onpenem 

( 1 9 ), cpl H ¢:~ - KOMITl!eKCHbie ¢yHKUH H UByX KHHeMaTH'IE 

TOB W
2 H kll 

' 
e 

(2 ") 16/ ll 

BeeneM o6o3Ha 'Ie HHSI 

Re cp 1 = x Im ¢ 1 = u 

Re ¢ ll = Y ,/.. - v • Im 'I' :1-

Y!crronb3Y SI (28), (30), B b i'IlfCnlfM ceqeHHe H a Herron st pH30l 

B n. c . HMeeM 

L 
dr 

20 
d 

d aao 2 L 
a r20 

= (2 rrl a --;:-:-n d n 
r ll q 

L 

( ko + 

I ~ ' I 

M-

f) lk 

I kLI q ~ 
I <i'l 

+ ( x ll + u ll + 2 xy + 2 u v l m 1 m k ] • 

11 
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flpR Bbi6RpaeMbiX 'KRHeM8TR''!eCKRX ycnOBHRX, R, H8ITpRMep, LlnR r 
17 

.. 1¢ 

8CRMMeTpRR, K8K BRLlHO 1'13 pRC , 2 , LlOCT8TO"'HO BenRK8 ( '"'60%), 

lll. 3necb Mbl YK8>KeM B03MO>KHble SKCrrepRMeHTbl LlnR rrpoBepKR RCITOnb-

3yeMOt! HaMR MonenR <!Jy6RHR, HaM6y, BaTanma/ 1/ . TaKaR npoBepKa rro3BO­

nRna 6bl T8K>Ke YCT8HOBI'!Tb llp8BRnbHOCTb npenrrono>KeHH t!, H8 OCHOBe KOTO­

pb!X aHanR3HpoBanRCb sKcnepRMeHTanbHbJe pe3ynbT8Tbl B pa6oTe/2/. 

Ha OCHOB8JIRR 06lllRX Tpei30B8HRt\ RHB8pH8HTHOCTR, C yqeTOM ycnOBRR 

(8 • aMrrnRTyna rrpbuecca (1) MO>KeT 6hlTb rrpencTaBneHa B BRne: 

( 28) 

-+ -+ 
rne a - orrpenemJeTcR <jlopMynot! ( 5), m - orrpenenReTCR ¢opMynoil: 

( 19) t cpl R ¢2 - KCMDneKCHble <jlyHKUH H LlBYX KRHeM8TR"!eCKHX RHB8pH8H-

R k 
2 

• 

e ( 29) 

(2rr)U/2 

BBeneM o6o3Ha"!eHRR 

Re ¢ 1 = x ( 30) 

Re ¢ 2 = y lm ¢ 2 = v • 

YfCITOnb3YR ( 28), (30) t Bbi"'RCnHM Ce"!e HRe H8 HerronRpR30B8HHOt\ MRllieHrl: , 

B n.c. RMeeM 

2 L 
a r 20 

L 
dr 

20 
d n d n 

r 2 Q 

= (2rr) 8 ~ 

+ ( x 
2 + u 

2 + 2 xy + 2 u v ) m 1 m k ] • 

11 



A CHMMe T plHI H 8 fl 0 !1S! p H 30 B 8 HHO ti MH!ll eHH B n. C. HMee T BHU 

r u e 

a 
2 

K 

A 
a 

2 
( x v 

K TL 
r L 

20 

- y u ) 

u (T ) 
0 L 

4 T
2 

[ 1 - ( ~ 'f ') 2 ] ( 
L 

lkJ 
J.:L 

0 

~ 'f,] 

(2") 81<4 (k L+ M-
0 

lk Ll q~ 
I <1 '1 

a 
2 I ;; ' I 

u o( T L) 
d 

8 uo 

drL dO dO 
20 r q 

2 

( 3 2) 

( 33) 

(34 ) 

( 35 ) 

;; 'f"' orrpeuerrSieT CSI 4JopMyrr oti ( 26'), 3 aMeTHM , 'ITO rr pH BblflOIT H eHH H ycno -

BHSI ( 8) 

A=- p' 
( 36) 

rue p - fl0!1S!p1138UHSI KOHe '!Hb!X HyKITOHOB , ecrrH MlfWeHb Hefl0!1S!pH30B8H8 , 

Ll sa H3MepeH !fSI Ce'!eHHSI (31) 11plf p83Hb!X 3H8'!eHHSIX 8 H eprHH 118U810IUero 

<meKTpO H 8 T L • HO 11 pH 4JHKCHpOB8 H Hb!X W 2 
H k 2 

• BMeC T e C 8CHMMeTpH -

et\ ll8!0T ClfCTeMy ypaBHe H HH 

x2 + u 2 + 2 x y + 2 o v = A 1 ( U o ) 

2 2 
y + v =A 2 ( u

0 
) 

(37) 

x v - y u = A
8
(a 

0 
A ) 

12 

rue 

T' T " 
A ( u ) = _K_ ( L u 

0 
( T ~ ) 11 ( T ~ ) - __ L_ u 

0 
( T " ) v ( T 

I 0 /),. rL' r L " L I 

A (u ) = 
2 0 

20 20 

T" T' 
_K_ [ __ L_u ( T " ) ( T' ) - __ L_ 

/),. L" 0 L 1/ L L' r r 
20 20 

A
3
(u

0
A) = K TL __ r_L __ 

a 2 20 

a (T ) A 
0 L 

u0 (T~)7]( 1 

2 ... 2 

v(T )= 0 8 = 2 T 2 [ 1 - 2;; 'f , I ~L I + 
... 2 
kL 

(k L)2 ] + 
0 

k k L 
-(--

L lk lk L k L 
0 

... 
!](T l=O m m =2T 2 [~ ' f'-

L lk I k L 

2 (1<~)2 

1 ~I 12 
---;L 

0 

k 

2(k 

/),. = 71 ( T ~ ) y ( T ;: ) - 7] ( T ';_ ) v ( T 'L ) • 

Llo ClfX 110p Mhl He uenan H HHK8KifX llHH8MH'!eCKHX rrpeUfl0!1( 

B pe3oHaHcHoi1 MouerrH / 1 I BblflOITHSI.e T c SI c ooTHow eHHE 

u =- v = 
-.j2w 
2 M 2 

1<1" 11 k I lmD, 

13 



rue 

K T~ T~ 
X ( u ) = --[ -....!:!...-- u

0 
(T ') 11 (T" )- --u (T") 11 (T ')] 

I 0 /). rL' L L r L" 0 L L (38{ 
20 20 

T" T' 
,\ (u l=-K-(--L-u (T")7J(T')---L-u0 (T~)7J(T~)] 

2 0 /). r:l~, 0 L L r~' (Sfl) 

TL 
A.(u 0 Al=--K- --- u (T )A 

o a rL 0 L 
2 20 

... 
7J(T )=(} m m =2T 2 [ri.'f'-

L lk I k L 

TJ ( T ~) v ( T ~, ) - TJ ( T ';_ ) 11 ( T 'L ) . 

ilo CHX DOp M hl He aenanH HHK8KHX D.HH8MHqeCKHX npeanono*eHH~. 

B p e30H8HCHOH MoaenH/ 1/ BbiDOnHR.eTCSl COOTHOWeHHe 

u =- v = I qll k I lm D, 

13 

(40) 

( 41) 

(42) 

(43) 

(44) 



npH'leM lm D 38BHCHT OT <jla3bl 8 33 H CT 31TeKTpOMarHHTHOro <jlopM<jlaKTOpa 

npoTOH8 F lp , HO He 38BHCHT OT <jlopM!jlaKTOp8 fT -Me30H8 F (k :~). 
TT 

C V'<eTOM (44) H3 C:HC:TeMbl (37) 11QITV'<8eM: 

:1 
2 

A a ( uo A ) ( 45) 
u 

A(u)+A(u) 
1 0 :1 0 

CooTHOill eHHe ( 45) SIBITl'leTCSI cneLtCTBHeM MOLtenH <t>i6HHH H ap/ 1 I. npa­

B8SI '18CTb ( 45) MO)I(eT 6b!Tb onpeaeneHa H3 Ollb!T8, finS! 3TOrO Tpe6yJO­

TCSI 3KCnepHMeHTbl 110 3STeKTpopo)l(lteHHIO H8 llOITS!pH30B8HHOi!: MHil!eHH, neaaSI 

qaCTb ( 45) onpeaenSI eTcH <jlaaoi!: rr N - pacceHHHSI 8 33 H aneKTpoMarHHT­

HhiM <jlopM<jlaKTopoM npoToaa, B o6meM cnyqae ( 45) ae HMeeT MecTa, TaKHM 

o6paaoM, ero npoaepKa npeacTaanSieT co6oii: npoaepKy MoaenH <l>y6HHH/l/, 

Mbi Bhipa)l(aeM rny6oKyJO 6naroaapHOCTb C.M.EHneHbKoMy H P.M.PbiH-

LtHHY 38 none3Hb!e o6cy)l(£teHHSI H UeHHbie KpHTH'leCKHe 38Me'l8HHSI, 
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5 7 9 11 TL(,,.;-1) 
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