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no nocnenHero epeMeHH CqHTanOCb TeepUO ycTaHOBneHHbiM, qTo pacnpe

neneHHe nnOTHOCTH 3apSIUB e cpeUHHX H TSIJKenbiX SIUpax HMeeT <flepMHeeCKHH 

BHU 

(I) 

(2) 

0CHOBaHHeM AUSI aTOrO CnyJKHUH MHOPOqHCneHHble aKCnepHMeHTanbHble UaH

Hble no ynpyroMy pacceSIHHIO aneKTpOHOB c E .. 200-350 Mae npH nepenan

HbiX HMnynbcax q < q 
0 

• 2 .p- 1. OnnaKo nenaeno /I I e rpynne Xo,PwTanTe

pa 6bmH npoeeAeHbi H3MepeHHSI Ha H30Tonax Ca npH aneprHH E•750 Mae B o6-

nacTH 6onbWHX nepeUBHHblX HMnynbCOe ennOTb UO q ., 3.3.p-J. npH aTOM OKa-

c noMOU!biO npHHSITOro ( <flepMHeecKoro) pacnpeueneHHSI aapSIAa ( 1). AaTopaM 

ynanOCb nOA06 paTh HOeyiO, <flepMH-nOU06HyiO nnOTHOCTb pH , KOTOpaSI nae T 

cornacHe c aKcnepHMeHTOM so eceli o6nacTH na6niOnaeMbiX yrnoa. K aK H 

cneAOeano OJKHUaTb, a TO pacnpeneneHHe cyuteCTBeHHO OTUHqaeTCSI OT <flepM~-

eeCKOPO UHWb e UeHTpe SIApa H HMeeT TaM OTKUOHeHHSI OCUHUnHpyiOutero Xa-

paKTepa OT nOCTOSIHHOPO 3HaqeHHSI p O 

pacqeTaM nnoTHOCTH no MonenH o6onoqeK. 

C npyroli cTopoHbi, eme panee /2/ 6hin npoaeneH ananHa cpenneKean-
- -2-

paTHqHblX paUHyCoe R = .j<x > UUSI pSIAa CpeUHHX H TSIJKeflblX SIAep Ha 6aa e 
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lj>epMHeBCKOil nnOTHOCTH, KOTOphiil npHBen K Bb!BOllY 0 C HC TeMSTH'leCKOM OT-

- vs 
KnoHeHHH R oT 38KOHa A c pocToM aTOMHoro HOMepa Mpa. 

B CBSI3H c 3 THM B03HHKSIOT sonpoChi, smnSieTCSI na HSillleHHOe llflSI H3o-

Tonos Ca pacnpelleneHHe pH / l 1 
OllH03HS'lHO onpelleneHHhiM, MOlKHO na 

CT8pOMY 3KCnepHMeHT8flbHOMy MaTepuany no llpyrHM Mp8M (npH 'I < q
0 

) 

COnOCTSBHTb llpyrue, lj>epMH-nOll06Hbie nnOTHOCTH p C X8p8KTepHbiMH OTK-

flOHeHHSIMH B UeHTpe Mpa H nony'lHTb B CBSI3H C 3 THM HOBbie 3HS'leHHSI cpell-

HeKB8llp8TH'lHbiX p8llHYCOB. 

noHCKH OTBeTa H8 nOll06Hbie BOnpOChi, CBSI38HHbie C o6pa60TKOil 3 KCne

pHMeHT8flbHhiX ll8HHhiX, K8lKllhlil pa3 ynHp8IOTCSI B He06XOllHMOCTb 38HOBO 

'lHCneHHO peWSTb ypaBHeHHe llHpaKa )lnSI BHOBb BBOllHMOil np06HOil nflOTHOC-

TH p , 'ITO CBSI3aHo c 6onbWHMH TPYllHOCTSIMH. 

8 CBSI3H C 3THM HHlKe npe)lnaraeTCSI npOCTOil CnOC06 HSXOlKlleHHSI llH~ 

lj>epeHUH8flbHbiX Ce'leHHil ynpyroro pacceSIHHSI llflSI fli060il ljlopMbl nnOTHOCTH 

p ( :1) • CyTb ero COCTOHT B nocTpOeHHH Yll06Horo Ha6opa opTOHOpMHpOBSH

HhiX $yHKUHil, K8lKll8SI H3 KOTOpbiX HMeeT noniOCHbie 3H8MeHaTenH (pa3Jl.2). 

3TO n03BOflSieT C nOMOWbiO pa3BHTOro paHee /3/ noniOCHOrO MeTOll8 BhlCOKO-

3 HepreTH'leCKOrO npH6flHlKeHHSI npellCTSBHTb Ce'leHHe B 8H8flHTH'leCKOM BHlle 

( pa3ll. 3). B nocnellHeM, 'leTsepToM pa3Jlene JlaeTCSI aHanH3 TO'lHOCTH no

nyqaeMhiX TSKHM cnoco60M pe3yflbT8TOB B CpaBHeHHH C TO'lHbiMH 'lHCfleHHhi

MH pac'leTaMH llflSI PH • TaM lKe llSHO o6cylKlleHHe pe3ynbTSTOB H pacqe-

Thi ce'leHHil llflSI Nl 

pOMOlleflH Slllp8 /
4 / 

C nnOTHOCTbiO p , npellCK83hiB8eMOil B paMKSX MHK-

2. nnoTHOCTb 38pM8 

Hawa 3alla'la - llSTb npocToil aHanuTH'leCKHil cnoco6 Bhi'lHcneHHSI ce

'leHHSI paCCeSIHHSI llflSI nnOTHOCTH fli06oro ~epMH-nOll06HOrO BHll8 (T.e. C 3 K

cnoHeHUH8flbHO Cn8ll8IOWHM "XBOCTOMw). C 3 TOil UeflbiO nOCTpOHM C HC TeMy 

OpT OHOpMHpOBSHHbiX ~YHKUH il ¢Jn , KOTOpaSI YllOBfleTBOpSieT CflellyiOUlHM OC-

HOBHhiM Tpe6oaaHHSIM: ao-nepBhiX, pHil, nony'leHHhiil npH pa3nOlKeHHH no 3 THM 

~YHKUHSIM lj>epMH-nOll06HOil nnOTHOCTH p (:1) , llOCTSTO'lHO 6hi CTp 0 CXOllH T-

CSI , n, BD-BTOpbiX, K8lKll8SI H3 ~YHKUHil <J>n HMee T noniOCHhie oco6eHHoc-

Til, YTO B 8lKHO llflSI npHMeHeHHSI noniOC HOrO MeTOll8 Bhl'lllCfleHHSI 8MnflHTYll~3/ . 
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llnSJ nocTpoeHHSI cncTeMbi socnonbayeMCSI yKaaanneM Huonuna /5/ na 

CyllleCTBOBSHHe YA06HbiX 6a3HCHbiX cjJyHKUHli - npOH3BOAHbiX OT $epMH-llROT-

HOCTH: 

m 
d d

81 
1 

cP(O) (s)• --- (----
ds81 1+ezpz 

x -R 
zc---

b 

Bee OHH nMeiDT noniDca B TOqKax 
~ 

X • 
3anHllleM cjJyHKUHH (3) B HBHOM BRAe. npn m,. 0 

(m) & ID-1 k+l e& 

c/> (x)c-....:e:....__ I. (-1) (k+l)! D(m,k)(---)" , 
(l+ea)2 

kEO 1+ea 

rne Koaljl4luunenTbi D (m, k) noaqunSJIDTCSI peKyppeHTHbiM c ooTnome nnSJM 

m-k 
D(m,k)~ I. (k+1)-

1 
D(m-i,k-1); D(m,O)=l. 

l =I 

{3) 

(4) 

{5 ) 

llel!CTBYII B (5) no HHAYKUHH, MOlKHO nonyqHTb 3BMKfiYTOe BblpalKeHHe Afl!l 

m -it npOH3BOAHOH 

(m) 
& 

e 
c/> (x)=---

( 1 + e a )2 

m-1 

I. (k+ 1) 
k=O 

KOTOpa!! npeACTSBn!leT C06oli UOflHHOM 

t+ 1 m-1 k e a k 
(-1) (i+1) c, (----) , 

• -II CTeneHH OT 

1+ea (6) 

& 

--e--::--) . 
1 + ea 

Tenepb c noMOlllblO npouenypbl lliMHATa nocTpooM ua (6) opTouopMH-

pOBSBfiYKl CRCTeMY cjJyBKURll: 4> a (X) B OORaCTR 0 ~ ][ < oo , rne aaaa-

IOTCSI cjJyHK1lRH nnoToOCTR aapSJAa. HMeuno 

(7) 
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3.aecb 

1Jin (x) •</>(n)(x)-
n 

I a" cfl (x) . 
k =I 

n-k n 

I 

Nne[ f1Jin 1Jin dx 
0 

-2 

.. 
n (n) 

an-km J </> cf)n-k dx • 
0 

a 
0 

• 0 . n 

(8) 

(9) 

(10) 

T aKHM o6paaoM, mo6y10 ljlepMH-no.ao6Hy JO nnoTHOCTb p (x) MOJKHO npe.a-

CT8BHTb B BH.Qe pnaa 

rne 

p(x) =p
0 

I An cfln (x), 

1 
An • -- J 

p 0 0 

n•o 

p(x)ltln(x)dx, 

a Po onpenenReTCR H3 ycnoBHR HOPMHpOBKH 

(p(x)d
3
x•l. 

(II) 

(12) 

(13) 

Ha np8KTHKe H3-38 CXOllHMOCTH PRllB ( II) 6epeTCR B pacqeT He6onb-

woe qHcno n max = N .. 10 nepBbiX cnaraeMbiX, npH 3TOM , KBK BHl(-

Ho H3 ( 7), ( 8), nnR onpeneneHHR nepBbiX N <jlyHKUHM cf>n (x) Tpe6yeTCR 

3BliBTb TBKJKe N HHlKBHWHX rapMOHHK .p<ml ( m • 0, ... , N). 3To o6CTORTenbCTBO 

IT03BOnReT l(nR Yll06CTB8 l(BnbHeHWHX pacqeTOB npellCTaBnRTb nnOTHOCTb 38-

PRllB B BHlle PRll8 ITO HeOpTOHOpMHpOBBHHOH CHCTeMe (6) 
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p(:r) =Po 
m •o 

(m) 

am¢ ( :r) ' 

l'Jle K0:31jl«jlHUHeHTbl am O!IpeJlenmoTCH H3 CHCTeMbl ypSBHeHHli 

am j",p 1
"'

1 
(x)c!ln (x)dx=An. 

0 

( 14) 

(15) 

HaMH yCTSHOBneao(pa3Jl,4), qTo eCnH JlnH O!IHCSHHH KSKOli-nH60 rrnoT-

HOCTH p llOCTSToqao N < 12 l'SpMOHHK, TO 6onee :3KOHOMHO OTbiCKHBSTb 

KOS<P<!>HUHeHTbl !IpHMO !TO MeTOilY HSHMeHbiiiHX KBSilpSTOB ( X 2 
-Me-

TOll) C 6a3HCOM rP(m) (X) (6), 

nanee 3SMeTHM, qTo Terrepb y:>Ke R H b , BXOilHIIIHe B o rrpellene-

HHe !jlyHKUHli (6), (7), HBnHIOTCH rrapaMeTpSMH 6a3HCS H TepHIOT CBOli !IepBo-

aaqanhHbiA CMbiCn pallHyca rronycrralla rrnoTHOCTH H IIIHPHHhi enos paaMaa

KH y rpaHHUbl Hllpa, KOTOpbili OHH HMenH B !IpOCTOli !jlepMH-!InOTHOCTH ( 1), 

Eonee TOI'O, 6hiCTpOTS CXO!IHMOCTH pHilS ( 11) HnH ( 14) CHnbHO 38BHCHT OT 

yllaqaoro Bbi6opa STHX rrapaMeTpos. 

3, llH<P<!>epeauHanbHbie ceqeaHe 

B BbiCOKoaaepreTHqecKOM rrpH6nH:>KeHHH (E >> V) aMrrnHTylla yrrpyroro 

paCCeHHHH aneKTpOHOB !IpH q R > 1 HMeeT cneJlyiOIIIHli BHil / 3 / 

2 k y + 
£(9)~---(u u )F(q), 

q 2 f 1 ( 16) 

F ( q ) = -i 2 tr q l: 
G(x,t) lfq "+ !4tl ( "• l) 

e p(x)xdx (17) 
t=+ I 
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eCTb <jlopMijlaKTOp, a I H 

k, H 
~ 8 
kf • q=2k sin""7 

a f -CnHHOpbl, COOT8eTCT8Y!OlllHe HMny11bC8M 

% 
- nepeaaHHbiii HMnyllbc, a y• "137 (II- C•1). 

B S!BHOM 8HJle ¢ G H q a<jJcp Jl8Hbl 8 pa6oTe /3/ ( '18CTHblli CIIy-

'!:all 6opHo8CKoro npu6nalKeHHSI cneayeT H3 ( 17) npu (1. 0, G·1, q a<jJcp • q ). 

no Cp88HeHH!O C OCT8nbHOI! '18CTb!O fiOJlHHTerpanbHOrO 8blpalKeHHSI 3TH ljlyHK-

UHH cna6o 388HCSIT OT nepeMeHHOII J: , fi03TOMY HX npOH3BOJ]HbJMH MOlKHO 

npeae6pe'lb, 

noacT8BnSISI Tenepb 8 (17) pa3nOlKeHHe (14) J]nSI nnOTHOCTH 38pSIJla H 

MeHSISI nopSIJ]OK au<jJcpepeHUHp088HHSI H HHTerpHp088HHSI, nonyqaeM 

3aecb F 1 01 
( q} 

(m) 
F(q}=I. am F ( q} 

"' 

(m) m 
•F (q)- (- b) a"' 

aR· 
FlO! (q). 

( 18) 

( 19) 

eCTb <jlopMijlaKTop (17) C cjlepMH-nnOTHOCTb!O p •p cf>(O)(:r.R.b) 
F 0 

( 1 ) , KOTOpblli 6bin aaliaeH paaee 8 S!BHOM 8HJle c noMOlllbiO noniOCHoro Me-

Toaa / 3/. HanoMHHM, 'ITO anSI aToro 8 HHTerpanax (17) c p •p F aenan-

CSI nepeXOJ] H8 KOMnneKCHy!O nnOCKOCTb ][ , rae KOHTyp11 HHTerpHp088HHSI 

np080J]HnHCb H8 6eCKOHe'IROM yaaneHHH 8 1-0M (anSI E = + 1 )H 4-0M (anSI 

€=-1 KBI1Jlp8KT8X H 38Mb!KanHCb Ha MHHMY!O OCb. 8 peaynbTaTe <jlopMijlaKTOp 

F 
101 

8bipalKancSI qepea cyMMy 8bi'IeT08 a nomocax cjlepMu-nnoTHOCTH 

X:=R+i£~rb(2s+l}; (s=O,t. . . ) 

F
101

(q) = 4w 2 q b p I. 
o •=o 

I. 
€=± 1 

G(zE ,£) 1q,' E+s41caE .o . ~ . . x . e . 2 q ( € 
a<jJcp x.,E) (20) 

B npaay10 'laCTb (20) cneayeT 8KniO'IHTb eme ao6aaKy A 101 ( q) , B03HHK810-

lllY!O OT pa3HOCTH HHTerpanoa C E = + 1 H €• -1 DO MHHMOH OCH, 

OaaaKo, ucnonb3YH aepxaue oueHKH /3 / 

s 



I F(O) I - trR 

q 

-tr b q 
e 

nerxo noxaaaTb, qTo npH 

R 
q < q lim " -;;--b2 

(2 1) 

( 22) 

3Toi! ao6asxoi! 1\
101 

B !jlepMHeBCKOM <j>opMijlaxTope F
101 

(q) ( 20) sceraa MO)I{

HO npeHe6pe qb , B 6onee 06WeM cnyqa e ( 18 ) BK1l8AOM OT MHHMOH OCH MO)I{HO 

npeHe6peqb , ecnu anH niD6oro m - cnaraeMoro BbinOllHHeTCSI ycnosHe 

a , 
N 

I » I :r 
mc o 

a 1\(m) I • 
(23) 

Koa$jlHUHeHTbi a , HBllHIDTC H, B006We POBOpH, 3H8KOnepeMeHHblMH, 

ll03TOMY M bl 3HaqHTellbHO 38HH3HM npe a e nbHble 3HaqeHHH Qll m , e CllH CA e -

naeM 3 a M e Hy I ~ a , 1\1"'
1 I• N l a

0
lll\lNII, H , HCnOllb3YH (20) H (22), 

m= o 
nonyqHM ypasHeHHe Ha q 11, 

R 

e b • 

(24) 

HanpHMe p, sepxHHe oueHKH npH R· 44>, b .. 0,5 lj> , - 10 
4 

, N .. 10 

(eM. paaaen 4) aaiDT y c nosHe , npH KOTOpOM MO)I{ ! lO 

npeHe6peqb BK1l8AOM OT MHHMOH OCH. npHBeaeM T enepb OKOHqaTellbHOe Bbl-

• rapMOHHKH• lj>OpMijlaKTOpa ( 18) , KOTOpble llOlly-

qaiDTCH B paMK8X HCXOAHblX npH61lH)I{C HHil : E>> V qR >> 1, q < q11m • 1lH$jlepeH

UHpyH F 1 01 
m paa no R H npeHe 6pe raH npH 3 T OM cna6oli a asHCHMOCTbiD 

G(x) t <ll ( z ) 
- - -'-..;_- e , nonyqaeM nocne noacTaHOBKH B ( 19) 
q 2 

OT X lj>yHKUHH C(x) 
(X) 

3 ~llj> 

0 



(m) 2 2 m-J "<' 
F ( q) =- 4, q b p (-I) ~ 

0 
:I 

G( x:, r ) 

[ b q (x' ,r)f"'-;~1 
3cjlcjl • 2 q ( f a co r=±J 

3cjlcjl ·., r) 

• :(m +I q3 cjlcjl (
.r ) f trq ,.r + .._ ' 
A,( l[ ) 8 1'1-'(ll ) • • e • r f (25) 

3aecb KBlKAbii! nocneayromHll 'lnen pMa no s MeHbme npeAbiAymero a 

e 
2 

1T q b pa3, n03TOMy npaKTH'leCKH BCeraa MO)I{HO OI'p8HH'lHB8TbCSI AByxno-

niOCHbiM npH6nH)I{eHHeM 8 = 0 , ecnH q > (2w b)- 1 , 

(m) 2 2 m-1 
F (q)~-4, qb p (-1) :I 

0 fK+ I 

f 
G ( x

0 
, r) 

[b \cjlcjl 
m-J 

(ll~,r)) 
q 2 ( x' , r) 

34>$ 0 

(26) 

( 
• f f ... 

• m+tq3 cjlcjl (xo,d · x~) etrqro +t'V(a~,f) 

B 6onee o6meM c nyqae B (25) yaaeTCSI npoBeCTH cyMMHpoaaHHe no seeM 

nomocaM s , Bb!HOCSI H3 nOA CYMMbi c na6y10 tPYHK!IHIO C(z) B TO'lKe rnaa-

noro BKJJaAa x' = R + i , , b 
0 

( m) 2 2 m -I 
F ( q) =- 4, q b p ( -i ) L 

0 

• Toraa 

G( x', d 
0 

q 2 f 
3<!J<!J <•o ,r) 

[ b q 3<P<!J 
f m-1 

( x
0 

, r ) 1 

(27) 

' f 

[ 
. ( f , 

( m + 1 q ""h ( x , r) R - r q ( x ,r )rr b ct h , q b ] . 
3 'i''>' 0 3tPtP 0 

exp i [ r q R + If> ( x
0 

, t )] 

sb q "b 
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Bee 3TH Bbipalt<eHHSI (25)-(27) npH meO nepexoaSIT B o6bi'IHbie <jlopM-

IjlaKTOpbi <jlepMH-nnOTHOCTH p F 

TaKHM o6pa3oM , aH~<jlepeHuHanbHOe ceqeHHe ynpyroro pacceSIHHSI 3neK-

TpOHOB H8 Slllpe C nnOTHOCTbiD npOH3BOnbHOrO BHaa paBHO 

dO 
=(~) 

d 0 Mott 

N 

I :I 
m• 0 (28) 

du 

rae F
1
"'

1
(q) aaaaHbi B SIBHOM BHae ~OpMynaMH (25)-(27). B npHHUHne, K03cj>-

~HUHeHTbl 8 m MOlKHO paCCMa TpHB8Tb / 5 / K8K HOBbie napaMeTpbl ( H8pSiay 

c R H b ) , KOTOpbie cneayeT eeoaHTb anSI onHcaHHSI 3KCnepHMeHTanbHbiX 

aaHHbiX no Mepe pocTa q • OaHaKo H3 o6pa6oTKH aaHHbiX rpynnbJ X~uiTaa

Tepa /I I ( paaa.4) cneayeT, qTo, HaqHHaSI c onpeaeneHHoro 3HaqeHHSI q • q 
0 
~ 

BKnaa e ceqeHHe aaiDT cpaay MHoro rapMOHHK m j. 0 , n03TOMy, BP-aHMO; 

6onee yao6Ho cpaay aaaaeaTb nnoTHOCTb p (%) , pyKoaoacTBYSICb ~H3Hqec

KHMH C006palt<eHHSIMH , H ylKe nocne 3 T OrO OTbiCKHB8Tb ceqeHHe pacceSIHHSI. 

4. 06cyJKaeHHe 

LlaaHM HeKOTOpble npHMepbl pacqeTOB no H3nOJKeHHOMy Bblllle MeToay. 

npelK~e BCero y6eaHMCSI B npa KTHqeCKOA B03MOlKHOCTH OnHCBHHSI nnOTHOCTH 

npoH3eonbHoro ~epMH-noao6Horo BHaa c nOMOlllbiD pS!Ila ( II). LlnSI cpaaHeHH SI 

ao3bMeM nnoTHOCTb PH , npeanolKeHHYID e pa6oTe /I 1 anSI Raep 40 Ca 

H 
48 

Ca (TaM lt<e aaH ee SIBHbiA BHa), H nnoTHOCTb anSI 
58 

Ni , paccqH-

T8HHYID B paMK8X MHKpOMoaenH Siapa C onpeaeneHHOrO BHaa OCT8TOqHbiMH 

B38HMOaeACTBHSIMH /
4

/ . \1x rpa~HKH npHBeaeHbl B BHae cnnOllJHbiX nHHHA H8 

BepXHeA qacTH pHCyHKOB 1,2, H 3 , COOTBeTCTBeHHO. 

C nOMOlllbiD 38M no ~OpMynaM (7)-(10) CTpOHn8 Cb CH C TeMa ~YHKUHH 

H HBXOaHnHCb K03~~HUHeHTbl An anSI Bbi6paHHbiX nnoTHOCTeA. '-!Keno 

qneHoB pRaa N B (II) CqHTanOCb aocTaTOqHbi M , ecnH OTHOCHTenbHOe OT-

KnoHeHHe 

II 



N 
p(x)- I ADtbD(x) 

li-
D~o 

p(:r) 

Ansi mo6oro x He npeabiWano ± 0,2%. T aKHe OTKnoHeHHSI H Bbi3biBaeMbie 

HMH H3MeHeHHSI B AH¢4epeHUHanbHhlX Ce'!eHHSIX OTnO*HTb Ha rpa~HKaX pHC.1-3 

rrpaKTH'!eCKH He yD.aeTCSI. Pac'!eTbi rroKa3biBaJOT, 'ITO so acex cnyqaSJX 6biCTpo-

Ta CXOAHMOC TH pS!Aa 3aBHCHT OT Bbi60pa napaMeTpOB R H b (npH 3TOM 

3 4 
acerAa I AD I> I A D+l 1. I A 0 l/l AN I .. 10 •10 ). TaK, HanpHMep, npH cooT-

BeTCTBYJO!UHX ~pMHeBCKHX napaMeTpax R ~ 3,6685 , b •0,51139 Ansi 4° Ca 

R • 3,7569 , b ~ 0,5245 AnSI 
48 Ca H R • 4,:11 , b • 0,566 Ansi 

58 Ni 

aeo6xoAHMO 6paTb N .. 14 ~ 16 , a npH R • 3,0 H b • 0,6 so acex 

Tpex cny'laSIX OKa3biBaeTCSI AOCTaTO'IHO N • 8-10 (npa li• 0,2%) Boo6me *e 

6btno ycTaHoaneao, 'ITO aa npaKTHKe ny'!we aw6apaTb R a6naaa Ha'!ana 

6biCTpOrO 3KCI10HeHUHanbHOrO CnaAa nnoTHOCTH o ab MO*HO COXpaHSITb ~p-

MHeBCKHM. 

3aMeTHM, 'ITO CHCTeMa ~ D yAo6Ha AnSI ~pManbaoro nocTpoeHHSI cxo-

ASIIUerOCSI pS!Aa npH paano~eHHH rrnOTHOCTH p(x) • 11crronbaoaaTb *e ee 

npaKTH'!eCKH, oco6eHHO npa He6onbWHX N .. 10 , aeyD.o6ao, TaK KaK AnSI nepe-

XOA8 OT AD K aD npHXOAliTCSI A0110nHHTenbHO pewaTb CHCTeMy ypaBHe-

HHH ( 15 ). noa TOMy 6onee 3KOHOMHbiM OKa3biBaeTCSI )( 2 -MeTOD., rAe npH aa-

AaHHblX R b H N KoaqxjmuaeHTbi a m 

paMeTpbl npH MHHHMif3aUHH IlnOTHOCTH p (X) 

HaXOASITCSI KaK IlOArOHO'!Hhle na

(m) 
c nOMO!UbJO 6aaaca <P, (x ). 

KaK H OJKHAanocb, nposeAeHHaSI 'IHCneaHaSI rrposepKa rroKaaana, 'ITO Ce'!eHHSI, 

paccqnTaHHbie 3 THMH ABYMSI cnoco6aMH (a Ka*D.OM H3 Tpex awweynoMRKy

TbiX IlpHMepoB) , IlOnHOCTbiO COBilaD.anH. 0Ka30:WOCb TaK*e, 'ITO npn 60nb1UHX 

Nul2 apeMSI pac'!eToB B o6oax ~;nyqagx cpaanasaeTcSI, a npa N .. 14 ._ 16 

nepBbiH nyTb rrpeD.IlO'ITHTenbHee. 

Ha pac.1 H 2 npHBeD.eHbi D.H¢¢epeHuHanbHhle ce'!eHHR ynpyroro pacceSI-

HHR aneKTpOHOB npa aaeprHH E • 750 Mas Ha 40 Ca H 41 Ca , COOTBeT-

CTBe!IHO 111• CrrnowHbiMH ToncThlMH nHHHSIMH D.HHbl peaynbTHTbl TO'IHbiX 'IHC

neHHbiX pac'leTOB 11 1, a npOCTbiM rryHKTHpOM - aawH pac'leTw no ~pMyne 

ll.BYXIlOnJOCHOrO npH6nH*eHHSI (26) npH O.QHHX H TeX lKe 11110THOCTSIX 38pS!A8 

( HapucoaaRbi caepxy cnnowHbiMH nHRHSIMH). BcJOAY BHD.HO xopowee coanaD.e-

12 
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so 

PHc,l, L!HCj$epeHUHanbHble ce'!eHHSI ynpyroro pacceSIHHSI 3neKTpOHOB 

Ha Slllpe 4° Ca nn11 Hao6pa>KeHHbiX aaepxy pacnpeneneHHii nnoTHOCTH 

aapSina. CnnowHblMH KpHBbiMH llBHbl peaynbTBTbl TO'IHblX pac'!eTOB 1 11 , 
nyHKTHpOM - pac'!eTbl no cjlopMyne (26) nayxnomocHoro npH6nH>Ke HHSI c 

TeMH >Ke napaM eTp8MH , WTpHX-nyHKTHpHble KpHBble COOTBeTCTBY IOT p aC-

npeneneHHSIM I,U H F (!jlepMHeacKoe). 
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PHc.2 • .UH<jxpepeHuHanbHbie ce'IeHHSI ynpyroro pacceSIHHSI aneKTponoe na H/l-48 

pe Ca anSI nao6pa>KeHHbiX eeepxy pacnpeaenennll nnoTnoc-

1 TH aapSiaa. CnnoliiHbiMH KPHBbiMH llBHbl peaynbTBTbi TO'IHbiX pac'IeToa' 1, 
nyHKTHpOM- pac'IeTbi , no ~OpMyne (26) aeyxnoniDcHoro npn6nH>KeHHSI 

C TeMH >Ke napaMeTpBMH, liiTpHX-nyHKTHpHbie KpHBbie COOTBeTCTBYIDT 
pacnpeaeneHHRM l,D H F ( ~PMneecKoro). 
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Puc.3. 3aaHCHMOCTb oT aaepruu nu~peauuanbHhlX ceqeauA paccegaug aneK
Tpoaoa H8 Sl Ni nm1 <jlepMHeBCKOA nnOTHOCTH ( ny HKTHpHble KpHBhle) 
H nnoTHOCTH, paCqHTSHHOH B pa6oTe /4/ (cnnoWHhle KpHBble). Pacqe

Tbl BbmonHeHbi no tj>opMyne (26). CooTaeTCTBYIOIUHe cpenaeKaanpaTuq
Hbie panuychl RF- 3.925 <jl H R ~ 3.851 4t 
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HHe TO'IHbiX H HBlliHX paC'IeTOB, a He6onblliOe paCXOlKAeHHe CBH38HO, KBK H 

paHee, C npH6nHJKeHHHMH B BbipalKeHHHX AnH cfl /3/ G H q 9qxp • 

nocKOnbKY paapa60T8HHbll! MeTOA OKa3hiBaeTCH AOBOnbHO npOCTbiM, TO 

6binH cnenaHbl paC'IeTbl C npyrHMH, npOH3BOnbHO!'O BHAB nnOTHOCTHMH 38pH

na. Ha Tex JKe pHc.1 H 2 wTpHx-nyHKTHpHbiMH nHHHHMH npHaeneHbi aeKoTo

pbie H3 TaKHX pac'leTOB (cOOTBeTCTBYIOWHe HM nnoTHOCTH HBpHCOBaHbl HeHop

MHpOBBHHbiMH), 0Ka3biBaeTCH, HanpHMep, 'ITO H3MeHeHHH ¢lopMbl nnOTHOCTH 

BHYTPH HApa, HB'IHHaH c x < R 0 ( R 0 .. 2 ¢l nns 
4° Ca H 41 Ca H 

5 I 
R 0 .. 3¢1 tWH Ni ) , npHBOAHT K H3MeHeHHHM ce'leHHH nHlllb npH 

q > q 0 • 2. 2 q,- 1
• KpoMe Toro, cpenaeKaanpaTH'IHble panHyCbi (nns 4° Ca : 

R H • 3,491, R 1 ~ 3,492; ~I •3,4888; nnst 41 Ca R H • 3,4668, R
1 
~ 3,470, R

11 
• 3,4674) 

- 40 
aaMeTHO H3MeHHnHCb no cpaaaeHHIO c ¢lepMHeBCKHMH ( R F • 3,5748 nns Ca 

H RF e3,4897 nns 41 Ca ). TaKHM o6paaoM cnenyeT , no-BHAHMo-

My, 6onee TWaTenbHO npoaaanH3HpOB8Tb 6onblliOil 9KCnepHMeHTBnbHbil! MaTepH-

an no MHO!'HM HAPBM npH q < q O , 'IT06bi BbiHCHHTb, aaCKOnbKO OAH03Ha'l-

Hbie CBeneHHH naJOT OHH 0 TpaAHUHOHHOH ¢lepMH-nnOTHOCTH H cpenHeKBanpa-

TH'IHhiX panHycax. 

Ha pHc ,3 naa pac'leT nns 
51 Ni , noKa3biBaJOmHll, KaK MeHHeTCH xa-

paKTep yrnOBbiX pacnpeneneHHil nnH ¢lepMH-nnOTHOCTH H nnOTHOCTH, paCC'IH

TaHHOH B pa6oTe /4/, C pOCTOM 9HeprHH nanaJOlllHX aneKTpOHOB , 8HAHO, B 

'IBCTHOCTH, 'ITO npH HH3KOll aaeprHH ( E .. 186 Maa) aeaoaMOlKHO BbiHBHTb 

OCUHnnHpy!OlllHil XapaKTep nnOTHOCTH. 
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