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Ha OCHOB8 KB83HilOT8BllHaJibHOro nonxona B KBSHTOBOA TeOpHB nonH B pa6oTe
111 

Oblno 

nony,1euo KB83HllOT8HnHan&HOO ypaBH8HH8 nnH CHCT8Mbt ABYX qiepMIIOHOB, 3TO ypaBH8HII8 

OblnO 11cnon&30BSHO nnH Bbl'lHCn8HHH CBepXTOHKoro pacmenneHHH OCHOBHOro ypOBHH 8Hepr1111 
· I 2/ /3/ · · . 

BOAOPOAS H U03HTpOHHH , B cnyqae BOAOPOA8 ObinH Bbl'lHCneHbl nonpaBKJI K H3B8CT-
. . ~/ . 

· HOA q>OpMyne <l>epMH I yqHTbIBSIOlllHe CTPYKTYPY H KOHe'lHOCTb MSCCbl npoTOHa, IlpH 8TOM 

)lnll npoCTOTbl obln Y'lTeH nHWb naynneBCKJIA an8KTpOMarHHTHbiil. q>OpMq>aKTOp hpOTona. Heo6-

XO)lHMOCTb BB8)l8HHH · aToro q>OpMq>SKTopa Bbl3blB88TCH TeM, 'ITO H3-38 CHHryngpnoro· xapaK

Tepa naynHeBCKoro B3SHMOAel!CTBHll B AHal"paMMSX llBYXq>OTOHHOro OoMena B03HHKSIOT pac

XO)lHMOCTH OT qneHOB, OilllCbIBalOlllHX CT8Tll'l8CKJll! anoMan&Hblil. MarHHTllbll! MOM8HT HpOTOHa, 

B llSCTOHlllel! pa6oTe paccMaTpllB88TCH BnHHHHe OOOHX q>opMq>aKTOpOB - napaKOBCKoro 
/2/ .. 

ll naynHeBCKoro - na CBepXTOHKOe pacmennenHe B BOAOPOA8, Kax· II B pa60Te nnH q>OpM-

q>aKTOpOB HCnonb30B8llbI npocTeil.wHe MOA8n&llb18 npeACT8Bn8l!HH, 

2 

Mb! npHHHM88M1 'ITO npH oOn&WIIX k P.HpaKOBCKHl! q>OpMq>aKTOp CTpeMHTCH K. H8KOT0-
2 

poMy HOCTOHHHOMY 3H8'18HIIIO, a naynHeBCKHll q>OpMq>aKTOp y6b!Ba8T KSK 1/k • TaKoe aCHM-. .' 

HTOTH'l8CKOe IlOB8)l8HH8 cnenyeT H3 T80pHH B03MYlll8HHll II He npOTHBOpe'IHT cymeCTBYIOlllHM 

/5/ 
aKcnepHM8HTaJibHbIM ASHHbIM • 3aM8THM, 'ITO B cny11ae 6onee 6bICTporo y6bIB8HHH q>OpM-

q>SKTOpOB npH OOn&WHX k
2 

peayn&TST MOlKeT OblTb nony11eH H3 q>OpMyn H·acTomnell. paoOTbI 

/6/ 
C IlOMOlllblO .AHq>cjlepem111poBaHHH no COOTB8TCTBYIOlllHM napaMeTpaM, B pa6oTe I HanpHMep, 

Obin paCCMOTp8H cnyqaif O)lHllSKOBbIX q>OpMq>aKTOpOB, YOblBSIODlHX KSK 1/k 4 
, IlpH·. 8TOM, 

• · n1 
OAHSKO, He Oblll Y'ITGH BJmSA q>opMq>aKTOPOB B )lHarpaMM8 O)lHOq>OTOHHOro .06MeHa ..• 

B COOTBeTCTBHH C Bbllll8CKa3aHHbIM nonOlKHM, 'ITO B38HMOAell.cTBH8 aneKTpo.MarnHTHoro 

nomI C npOTOHOM OilHCbIB88TCH aq>q>GKTBBHOl! Bepmauol! BH)la: 

r (k ) = e ,y p (k ~) + ig ....!.. o k" f (k ,2 
) , 

IL IL ,.. 2M µv " (1) 

2 2 

f ( k A) = __ K __ , 

K 2_ k f 
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.... , 

'g =1,79 BHOMaJlbHhIA MarHBTHhIA MOMeHT npOToBa, M_ - Macca npoToua, A, X - ·napa-

MeTphl t xapaltTepB3YIOlllBe CTpyKTypy npOTOHa B BMeIOmBe aenB'IBHY nopsmKa ero MSCCbl M 

. 6 121 T -CxeMa B MeTOllBKa Bhl'IBCneual!; no11po HO aanoJKeHhl B pa60Te • SM lK8 co11eplKaTCSl 

ace ueo6xoABMhle ¢opMYnhl,
1 

nosTOMY Mhl npaae11eM nBWb OltOH'laTenbHhle peaynbTSThl. OTMe

TBM TOJlbKO, 'ITO B3-3a uanH'IHSl nupaKOBCKOro ¢opM¢a1tTOpa Mb! He HMeeM Tenepb B HB311l81'1 

npa6nBJKeHHH B TO'IHOCTH KynoHOBCKoro UOT8HllBana. TTosTOMY npB Bhl'IHCneHHB BenH'IHHhl

caepxTOHKOro pacmenneHHSl Mbl HCUOJlb3yeM npu6nHJKeHeyIO BOnHOBYIO ¢yHKIIHIO , KOTopaSI 

B HMUYJlbCHOM npocTp~HCTBe HMeeT ·aun: 

-+ 3/t,t r . ➔ 
t/, (p·) =(211) ¢ (O)[o(p )+ ....£!..ID_ p(p 2)] 

o ,,2 p 4 (2) . ' 

rne y, (0)- KynoHOBCKSSI BOnHOBaSI ¢yHKllHSl B r -npocTpaHCTBe npu r=0 , a m -,_Mac-
o . . /7/ 

ca sneKTpoua. AHanorH'l'.HaSI aonuoaasi WHKIIHSI paccMaTpBBanacb B pa6oTe 3eMaxa • 

}fac HHTepecyIOT nonpaBKH K ¢opMYne 4>epMB OTHOCHTellbHOro nopSlllKS a(-ir>· B STOM 

npu6nHJKeHHH Bb!p8lK8HHe nnsi.aenH'IHHhl caepXTOHKOro pacmenneHHSl OCHOBHOrO ypOBHSI suep

rHH aonopona yno6Ho npencTaBHTb Baune: 

A:wh, =Aw/1 ... ~ oH), 
• 11(1+ g)M (3) 

rne 4 2 •3 

AW = ~ ( l+g)( 1 +g )(1 + ~) 
F 3M • M 

2 
g = ~- O, 328 _a_ 

e 2 IT •.. IT 2 

g= 1,79. 

BenH'IBIIY . oH aanumeM B ¢opMe 

8 =0(1) +·s<
2
> +0'

2
' +o

0
' 

H DD DP PP (4) 
(I) 

3necb · o 
(2) 

OUHCbIBSeT BKnan OT llHarpaMM. 0llHO¢OTOHHOrO 06MeHa, a' 0 OT nnarpaMM 

llBYX¢OTOHHOro o6MeHa: 11HneKCbl D H p. OTHOCSITCSI COOTBeTCTB8HHO K nnp&KOBCKOMY H 

naynneBCKOMy 'l'neH~M B ·ablpalKeHHe (1) AnSI amiKTpOMarHH'l\H0li: aepWHHhl npOTOHa • 

• 

0

8bI'1HCneHHSI naioT nmt ·c:iiaraeMhIX B paBeHCTB8 ( 4) '. c.neily10mue BblpalKeHH-Sl! 

CI) - - 2{1 a)g o = 211 I 2agvy +(1-a)(a+3hfx + - [z+yxy +y] I 
vx+vY 

(2) 
o DD = I - a ( 1 - a)+ 3 fn 

M 
+(1- a) 

I( a+ 3)x(8x-1 )- a] 

X vTx=T 
arctg y.4x -1--

m 

- (1 - a) [ a ( 3 + ....!) + 3] fn J;i 
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o <2
> = 2 g I - 1 + 

"DP 
(y -ax) fn VY 

y (x -y ) 
(l-a) fn Tx + 

( X -y) 

+ (y-ax)(2y+lh/~ arctg v4y -1 - O-aX2rt1b{4i":J 
y(y...:x) • y-x 

<~ M 1 - 1 · --o = 3g 2 (-..l. -....! fn _ +- fn VY+ -=-.arctg v 4y -1 )·, 
PP 16 4 m 4 v4y-l 

rne BBeneHhl o603H8'18HHSI. 
X = M 

2
-

""A2°; 
M 2 

y = -;-2· 

arctg v.4x - 1 I (5) 

-TTpu A =.K (anu x=y BblpalKeHHSI (5) 3H8'1BTenbHO ynpomaIOTCSI, B Mb! nonyqael',{, 

HCUOJlb3YSI_ ( 4) t 

- 3g'2 - - . 
oHI =la(l-a +2g)(211vx-l)- --+611-'x(l-a)(l+g)+ x=y . U V 

2 M · 1 
+ 3( 1 - ~) [ fn _ - fn v7l - a[ ( 1 - a+ 2 g) - - 3a ] fr,/x 

4 m • 
" (6) 

3 2 ---
+ = [ 8 x ( g + 1 - a ) + g + a - 1 ] arctg v 4 x - 1 + 

v4x -1 

+ _a ____ [ (1- a) ( 8x 2 
- x - 1) - 2g (4x 

2 
- 2x + 1 )]arctg v 4x - 1 I• 

x/4x=1 -
Bi,inumeM TaitJKe COOTBeTCTBYIOlllHe ¢opMynhl a npenenbHhIX cny'laSIX a=0 u _a= 1 ·• 3ua-

'18HHe a= 0 COOTBe'l'CTByeT nupaKOBCKOMY ¢opM¢a1tTopy p ( k 2
) , y6hIB81011leMy -KSK 1/k 2 

npu k 2➔ .. TorAa _Ha (6) HMeeM: 

I g2 4-g2•fn 
- + ---oHlx=y_ =3(1+ i)l 211vx - 16(g+l) 4(l+g) 

... o ---
8 x + g - 1 arctg V 4x - 1 I • 

v4x -1 
+ 

__ M_+ 
myx 

3ua'leuue a= 1 COO!DeTCTDyeT CJIY'ISIO, Korna i\Hp8KOBCK_Hlt ¢opM¢aKTOp 

enHHHlle~ TTpH STOM Mbl nony'l'.aeM: 

~HI. =lg(411yx-2 -2...g)+_l__(4-g2)fn~-
- U 4 m 
a=I 

p(k 2) 

· 1 3 - 1 --- 3 -g(2- --g)·fnvx +g[2(2+-)v4x-1 + __ g_] arctgv.4x-ll. 

(7) 

paaeH 

(8) 

X 4 X ...[4x-:"r " 
Kax yJKe 0TMe'lanOCb Bhlme, napaMeTpbl K H A .. HMeIOT nopsmoK MSCChl npo-

TOHa, H nocKonbKY TO'IHSSI aenB'IHHa BX He H3BeCTHa, Mb! paCCMOTpHM BhlpaJKeHHSl ( 4) H 
M2 M2 

(5) 11na OH npH H8CKOnbKHX 3Ha'leHHSIX OTHomeunll: X= -- , y = ~ • CoOTBeTCTBy-
. A 2 K. 

lOlllB8 peaynbTSThl npnneneHbl B Ta6imne 1. 8KcnepHM8HT8JlbHOe 3H8'18HH8 aenH'IHHbl cnepx
/8/ 

TOHKoro pacmenneHHSI ocaoanoro ypoaust sneprnn aonopona paano 
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