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8 pa6oTe
1 
I/ 6bma paccMoTpeHa npocTdll Moaenb an11 onacaHHll naoH-HYKilOHHbiX 

B38HMoael!CTBHll npH HH3KHX 9HeprHliX 0 KOTOpdll 3KBHBdlleHTH8 y'leTy p- H cu -pe30HdHCOB 

B aacnepcHOHHbiX COOTHOWeHHliX, 0aH8KO, nOCKOilbKy C oaHOl! CTOpOHbl
0 

COrllSCHe 9TOl! 

MOaellH C 3KCnepHMeHT!\IlbHblMH .aaHHbiMH no HYKilOHHb!M <j:JopM-cpdKTOpaM OCTdBilllllO >Ke

lldTb ny'lwero, a c apyroll CTOpOHhi, Oblll OTKpblT </> -peaoHaHc ( me/> •1019 Mas, T~O , 
Po --
J • 1 ) , TO Heo6xoaHMo o6o6WHTb Moaenb, sseaH a paccMoTpeHHe </> -MeaoH. Mbi 

noKa>KeM, 'ITO y'leT p-• 0 cu- H cp -pe30HBHCOB npHBOaHT K XOpOWeMy COrlldCHIO C aaa

HblMH no HYKilOHHblM <j:JOpM-cpdKTOpdM H no nHOH-HYKilOHHOMy pacceHHHIO, 

Jlanee Mbl paccMoTpHM <j:JopM-<j:laKTOpbl K -Meaoaos H oueHHM KOHCTdHTy CBli3H </> 

Meaoaa c HYKilOHOM, 3aMeTHM, 'ITO </> -MeaoH, CHilbHO CBH3dHHbill c HYKilOHOM, Mor Obi 

HrpaTb cyu:ecTBeHHyiO pOilb a Moaena CHilbHhlX saaaMoaellcTBHl! CaKypaa
121 . 8 cxeMe 

/3/ 
illBHHrepa 0 HdOOOpOT 0 CBH3b cp -Me30H8 C HyKilOHOM 0Kd3blBdeTCll Clld60l!, cp - Me30H 

/4/ 
B H)'KilOHHblX <j:JopM-<j:JSKTOpax KapcaH TdK>Ke y'lell. npa 9TOM WHpHHa p -Me30Hd 

C'IHTdlldCb KOHe'IHOl!, 

PeaOHBHCHOe npHOilH:H<eHHe B aHCnepCHOHHbiX COOTHOWeHHHX MO>KHO C<j:JOpMyllHpOBdTb 

C noMOWbiO MHHHMdllbHOrO 'IHCild a<j:J<j:JeKTHBHblX narpdH>KHdHOB H COOTBeTCTBYIOLltHX HM 

DpOCTal!WHX ztHSrpSMM 'PeliHMdHS, Jlnll OnHCSHHll HYKilOHHbiX <j:JOpM-<j:lSKTOpOB H nHoH-HyK.

IlOHHOrO pacceHHHll S<j:J<j:leKTHBllble narpaH>KHSHbl HMeiOT BHa: 

Lyu ~ 'rs: AD (x) nn (x) 

- n -. f n 
LBNN• 'aNN: N y 8 0 N:+ g~N~ N yf y , y ]af 8 8 N 

rae B •·p, cu HllH </> , npK'IeM B (I) Pn • P: 
a 

H B (;.!) P" •pn 1a 

cpopM-<j:JSKTOpbl paBHbl (I• 1,2) 

rae 

s atw 
F = 1- :a/ • 

J 1- mcu q 

ale/> Fv= 1-~ 
1 

1-m 2 /r( l~/q2 
p 

"ts= 

up l'v 

2 2 
q • qo 

2&ys g BNN 

em! 
"cu.cf>·"· 

... 
q 

_. &yu g'BNN 8
2s- I' am! 

= lll ~2mN U 8 B 

3 

(I) 

(2) 

• HyKnOHHbie 

(3) 

(4) 



H H9p930H8HCHbi9 BKnallbl yqT9Hbl C noMOLllbiO KOHCTaHT 0 onpenen~HHbiX H3 ycnOBHSI HOpMH-

pOBKHo 

!lnH HaXO>Kll9HHSI KOHCTaHT a
18 

Hcnonb30llanacb cnenyiOLUBSI npouenypa. Hal!neM 

H3 ( 3) <j:>opM-<j:>8KTOpbl 

rne 

p /5/ 
no naHHbiM nnH GM 

N N N 
GM~F 1 +lliNF2 (N•p,n) 

ca 
p ~ ·~ 2/ 2 

GM = 1, -· B 1-mB q 

n 

GM- 1,91-~ ~ 
B 1-mB/q 

Tfp = - 1; Tfc.J,cf> = 1 ' 

CB = ~alB+ )RB a2B 

(5) 

(6) 

(7) 

H8XOllHM nonyCTHMbl9 HHT9pB8Ubl napaMeTpOB C B , 3TH HHT9{)
n/6/ 

aanbi OKa3biBaiOTCSI llOBOUbHO LUHpOKHMKo l{T06bi cysHTb HX, 

H HaXOllHM c
8 

, !lanee, HCnOUb3YH ycnOBH9 < t 
2 

> = 0 n I 

Hcnonb3yeM naHHbie nnH GM 

N 2 2 4 
, rne F

1 
=1+ l<r > q + O(q ) , 6 N 

nonyqaeM: 

onpenenHeTCH HS 

alp 
-----r 

mp 

F" 
I 

~+~ 
m"' m 4> 

1 2 
6 <r• >I • 

2 /7/ 
npH MaUbiX q no naHHbiM pa60Tbl 

(8) 

3nag 
2 

<r• >, ' 2 

<r• >i 

H3 ( 8) H8XOllKM alp H Bblpa>KaeM alw qepes a lcp 
a2cp 

J.1cnonb3Y.H HsBeCTHbie snaqe-

qepes a 1cp. H Bblpa>K a eM aliW H 
, HaXOllKM a2p 

N N 2 2 N 
GE = F,+(q /4mN)ll!NF2 

HHH C B 

onpenengeTCH no naHHblM nnH 
HaKoneu, a tcf> 

/5/ p 
H3 pa6oT (GE·) H /6,7/(G;) B pesynbTaTe nonyqaeM cnenyiOwHe snaqeHHH napa· 

MeTpoa: 

alp • 1,36 ; 1,85 a 2p • 2,58 ; a lw• l90 
(8) 

0,06 a2W • -· 1,49 ; a
1

</>= - 4,00; 0,06a2</>• 1,96. 

nopHnKa 10%. !lnH ocTanbHblX napaMeTpoa owH6Ka Mo-
0wH6Ka a onpeneneHHH a 1P 

>K9T 6blTb 60UbLU9 40%, TaK KaK B03MO>KHbl KOppeUSIUHH M9>KllY a H a _,_ 
N N lc.J I~ 

nnH GM H GE , cooTaeTcTayiOLUHe napaMeTpaM (8), H aKcnepHMeHTanbHhre 

KpHBbl9 

naHHbte 

npHaeneHbl na qepTe>Kax. 
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I 

t<L: 

A 
I 
:!~ 

noK8>K9M 0 'ITO Hal!neHHble 3H8'19HHSI napaMeTpOB cornacyiOTCSI C llBHHbiMH no n&OH

/8/ 
HYKUOHHOMy pacceHHHIO 0 9CUH npennonO>KHTb, 'ITO nBOHHbll! <j:>opM-<j:>aKTOp U&UBKOM 

/9/ ' 
onpenenH9TCSI p - M930HHblM BKUallOM , nHOHHOMy <j:>opM-<j:>BKTOpy B Hawel! MOll9UB 

cooTaeTcTayeT narpaH>KBaH L yp (I) H 

L • a a n "' pmr •pmr :tn.Q.. Ill a Ill fJ y 
"'fJT Pn ( 10) 

Bbipa>KaH c HX noMOLUbiO p -M&sOHH&rA BKnan B <j:>opM-cp&KTOp, np91e6peraH npyrHMH 
x) . 

BKU8ll8MB B HCnOnb3yH ycnOBHSI HOpMHpOBKH, HaXOllHM 

2 
eF,+(q ) • ~ mp- q 

e 2 
&yp• ~ 

&pmr 
(II) 

3anHC8B C nOMOLUbiO ( 10) BKnBll p -MesOHa B nHOH-nBOHHO& pacceHHHe B COCTOSIHHH C 

T -J-1 • Mbl MO:lK9M CBSI38Tb gp
2mr c LUHpHHOA p M930H8 r •100 Mas: 

2 3 2 2 2- ?f?_ 
g /4rr • -m (~ - m, )r • 2,0. 

pmr 2 p 4 (12) 

J.1s (4), (11), H (J2) H8XOllHM KOHCTSHTY CBH3H p -M930H8 C HyKJIOHOM: 

g 2 /4tr _ l' 8 2 g 2 I 4rr 
pNN lp pmr 

0,91. (13) 

IB II 
3Ta >Ke KOHCTSHTa MO>K&T 6b1Tb saAnesa Bs naos-HyKnOHHoro pacceHHBH. B pa6oT.ax ' 

nOK838H0 0 'ITO &pmr g pN/6rr •0,95 ;!:_0,2. 0Tcrona a Hs ( 12) nonyqaeM & j4rr•I,O;t.0,4, 
(1N /8/ 

H ' pa6oTe , 'ITO XOpOLUO COrnacyeTCll C ( !3), npH STOM K8K B llBHHOil pa6oTe, TSK 

m2,2 ,2 
p g pNN/& ;; 2,3. 

(1NN 
( 14) 

2 
3aMeTHM, 'ITO xopowee cornacne oueHOK nna gpNN asnaeTcll KOC&eHHblM nonT&&p:lKne-

HHeM <j:>opMyn&r (II), B&rsenesnoA Hs npennono>KeHHH, 'ITO B M&sOHHblX cpopM-<j:>&KTOpax 

llOCTaTO'IHO yqeCTb nHLUb 6nH>K8iiWB9 p830HaHCHbl9 BKU8llblo 

C noMOLUblO <j:>opM-cpaK:ropa (II) MO>KHO oueHHTb paasoCTb Mace aapg:lKeHnoro K 

H9iiTpanbHOrO nHOHOB, ecnH BOCnOUb3088TbCSI MOll9UblO aneKTpOMSrHHTHOll M8CCbl CHnbHO 

&38HMOll9iiCTBYIOLUHX 'l8CTHU Y::lKOY ryaH-'I:lKSO H 0rKeB9UKOro
1171

, 3Ta MOll9Ub COCTOKT 

B 38M9H9 38pHll8 'lBCTHUbl H ee <j:>opM-cpaKTOp B 06bl'IHOM Bbip8>KQKKK llUSI 9U9KTpOMar

KKTKOl! M8CCbl, TaKSll saMeHa naeT KOH9'1H09 Bblpa>KeHHe, ecnK <j:>OpM-<j:>aKTOp y6&IB89T 

Ha 6eCKOH8'1HOCTH (nnH HyKUOHOB B 9TOl! CBSI3H- CM, pa60Tb/ 
18•181 ), TaK KBK cpOpM-cpaK

TOp H9l!TpanbHOrO nHOKa pa&eK HynlO, TO llUSI aneKTpOMarHHTHOl! pa3HOCTH MSCC nonO:lKK

TenbHOrO H Hei!TpanbHOrO nHOHOB HM99M Cnenyrowee Bblp8>K9HK9 

x) 3&M8THM, 'ITO W- H cp -Me30Hbl He naiOT BKnall8 B nKOHHblll cpopM-cpaKTOpo 

5 



OTKyna 

2 
ie 

2 

m"+ - mrro-= 
2(217) 4 m

17
o 

f d
4 

q !4- (2p-.q) 2 l. 
(p -q) -m,o 

m,.._:m,o. a [4f(x) +x(x-4)f'(x) +2x]. --- 8i7 m17o 

f(x)• xOilnx + v~ tn/i" -V.x -4 
X 2 

) . x=m2/m2o• 
p 11 

( 15) 

( 16) 

( 17) 

llonCTBBI!S!ll CJO)la X~ 31, , nonyqaeM )l/Tll OTHOW9HHS! ~16) 3H8'!9HHe 0,031, 'ITO XOpOWO 

cornocyeTCll C 3KcnepHM8HTaiTbHbJM 3H8'!9HH8M 0,034, 

PaccMoTpHM Tenepb TO'!HO TaKHM :>Ke o6paaoM 3JT9KTpoMarHHTHYIO cTpyKTYPY K -Me

soHoB. 3To, B qaCTHOCTll, no3BOITIIT OU8HIITb KOHCTaHTY CBR311 </J -Me30H8 C HyKITOHOM no 

3Kcnep11MeHTaJTbHOll paaHocTII Mace Hel!TpanbHOro 11 sapH>KeHHoro K -MeaoHOB. 

ct:>opM-cj:l&KTOpbi K -Me30HOB c noMoWblO narpaH:>KIIaHoB 

. + n n+ a 
LBKK= tgBKK(:K Bna K:-:iJ K BoK:), pn=pn 'a 

3811l1Cb!BEllOTCH B BH:.lle: 

F + = ~ m! hB 
K B _2___ ' 

m B- q 2 

VJ3 yCI!OBIIll HOpMIIpOBKII nolly'!88M 

2 

FKo = ::S 'lsmshB H ---2---

mB- q 

h=h +h·=IL 
p w "' 

( 18) 

( 19) 

(21) 

0 
K II K+ 

I 17/ 
M830HOB B MO)l81111 llpll 3TOM pasHa 

3neKTpOMarHIITHall pa3HOCTb Mace 

ffiK()DIK+. ~p[(\S-h</J)J(p,w) + hq,J(p,cp)], 

mK 411 
(22) 

rne p , w II </> 03Ha'!a!OT KBanpaTbl OTHOW8HIIl! MBCC COOTB8TCTBYIOIUIIX '!BCTIIU K Mac-

ce K -Me3olla II 
4-y 

J(x,y) = _y _[ __ f(y) 
y- X y 

floncTaBI!SHI B (22), (23) mK0- DIK+ImK = 4/496 

Haxo.aHM 
hql = _, 6,8 • 

4 ~ f( x) - 21n .L j •• 
X X 

p = 2,29 , w - 2,48 , ¢ - 4,24, 

( 19), (21) H (24) nOJTHOCTbiO onpeneJTSUOT cj:lopM-cj:l8KTOpbl K -MeaoHos. 
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(23) 

(24) 
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KoHcTaHTY g q:..K MO>KHO oueHIITb no w11p11He pacnar.a 

+ 
¢ .. K +·K r a 3 

2 -
gq;._KI47T 

3 2 m3. 2 -a/2 
2m¢ <1-'- mK+) [' ;: 2,40 mK+ • 494M3B. 

0TcJOna 11 H3 ( 4) nonyqaeM 

2 
g~NI4rr 

2 2 
= ( a

1
q/2hq,) g</K/4rr= 0,2 , 

(25) 

(;~6) 

T,e, B91lii'!HHY np11M8pHO B 5 paa M8HbWYIO '!8M nnll CBll311 p M830H8 C HyKITOHOM, llp11 

3TOM 

2 2 2 

g'¢r;N m cp /g¢NN 
0,28. (27) 

CBR3b ¢ -MeaoHa c cj:loToHoM, Hao6opoT, oKaa&rsaeTCll 6onee CIIITbHOll, qeM CBR3b 

p-Me30H8 

~~1m~ 
2 

g 2 -
= -F- hq,- 40 (:18) 

~/m! g<jKK 

2 2 
2 

~ = ~ =0,04!... (29) 
4rrmp 4"gP"" 4" 

3aM8TIIM, 'ITO 8CITII BM8CTO (;.a), (24) noTpe6osaTb, '!T06bl 31T9KTp11'!9CKIIJI pan11yc 

0 /14/ 
K -M830H8 6&111 paseH 0 (no aHanorllll C HeliTpOHOM ) , TO KOHCTaHTa ( ;.l6) BOapacTaeT 

no 300. 

!13 (21) II (11) nonyqaeM, 'ITO gpi:K= Y,g pTTIT , 3TO COOTHOW9HH1 B MO)l91TII CaKy-

/2/ . . /20/ pall II YHIITapHOll CIIMM8Tp1111 Bb!UOI!Hli8TCll )lllll rOITbiX KOHCTaHT, llpH 3TOM 

g 2 l4rr ::. 0,5 , 'ITO np11M8pHO B 5 p83 M8HbW8, '18M (25), 3TO 118 npOTHBOp9'!HT 

pKK • /20/ 
cooTHoiUeHHIO yiiiiT&pHoll cHMMeTpHII nnst ron&rx KOHCTaHT gpKK I g p1TIT = ...{'S 

ecn11 ¢ npiiHanne>KHT oKTeTy 11 rrpoTKBOpe'!IIT rrpH6nii:>KeHIIJO nniiHbi paccestHIIll nnst Kif -
paccestHIIll B COCTOS!HHII Ta j •·1 

1151
, KOTOpOe naeT g

2 
1411 ;I 10 

pKK 

w M830Ha c HYKI!OHOM II K 

/10/ 
B pa3/TII'!Hh!X pa6oTaX nony'!8Hbl pa3/TII'!Hbl8 OU8HKH: 2,9 ; 

M830HOM, 

10111,12{ 

(:.16), 

PaccMoTpHM s saKJTJO'!eHHe KoHcTaHTbl CBll311 

2 
Anst &,.,,NN I 4IT 

25/i 3T, llpll 3TOM CBll3b ql -MesoHa ::: HyKnOHOM He y"'HTbiBBnBCb, t.tTO B CHny 

no-aHniiMOMy, onpasnaHo. VIa (4), (9) IIMeeM 

g' 
2 m 

2 I g 
2 

• 0, 1 • 
WNN (I) (I)NN (30) 

Vla (:.!1 ), (24), (4) 11 (9) nonyqaeM 

go.KK lgWNN = ~ a 3.7 , (31) 
8 tw 

OTKyna cne,D,yeT, 'ITO g:.CK 1417 > 40 • 

7 



TaKHM o6p830M, OTHOW9HHII KOHCT8HT CBII3H p C IT H K K "' c It ae npo-

no/ 
THBOp9'18T COOTHOW911HIIM yHHT8pHOA CHMM9TpHH , 9CDH </> DpHH8.QD9>KHT OKT8Ty, 

2 I 2 
1:\ TO >K9 Bp9MII LIDS! CBII39A C HYXDOHOM Mbl nony'IHDH OTHOW9HH9 g _,_ g • 0,2 , 

'~""N p~~OI 
'ITO 3H8'1HT9DbHO M9HbW9 'IHCD8 3, Dp9LICK83biB88MOr'O yHHT8pHOA CHMM9pHeA K COOT-

/3/ 
B9TCTBY9T CX9M9 UJBHHrepa , 

PacCMOTpHM, H8KOH9U, OTHOW9HKII 'pmr /gpNNa2/alp •·1,5 K gc/1<K/g</IJIN• 2h</>/a 1¢. 3,4 • 

0HH 3H8'1HT9DbHO OTDH'ISIOTCII OT COOTB8TCTBYIOWHX OTHOW8HHI r'ODbiX JtOHCTSHT -2 H -1 
I'J. 201 
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