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P 1-5676 

J,1 .K. 830p0B 

TIPHBnH~EHHME BMPA~EHHH 

~nH J.10HJ.13AUHOHHMX TIOTEPb 
J.1 TIPOBErOB BMCTPMX qACTHU 

HarrpaBne1rn B )1(3Tc!> 

Hay1Juo-Texuu11ecKa11 
0116n110Te«a 

OWIH 



Cpe,ziHHtt CB060,llHblti npo6er R 38PfllK8HHOH '18CTHI{bl, TOPHIOlllett npu 
IlpOXOl!t,21;8HHH 'Iepea BellleCTBO CBOIO 3H8PI'HIO Ha HOHl-I3a~JO H Boa6yJK,zie
HHe aTOMOB OKpyJKaJOlllett cpe,zibl, CBfl38H C ee Ha11anDHOtt 3HeprHeil T 
COOTHOlll8HH8M: 

.,. 
R (.r-01-1.) -J dr 

- _ I ell: 
. o 'f5 dX- (I) 

-3 d£ r,zie ~- nnOTHOCTD B8lllOCTBa B I'•CM I a o[x - HOHli3a~OHHble 
Il~TepH aHeprHH, OUHCb!BaeMble H3BOCTHOtt ~OpMynoil BeTe-Enoxa. nnfl 
6bICTpbIX 'IaCTHU, TfllKOnee aneKTpOHa 

-f 'Jf (M38•r'•cM1.) a0,f536f-fi,/!n~;_~?y~rt, -2l- o} (2) 

(CM., HanpHMep, /I/) 
'Z. - 38Pfl.zl '18CTH~, f' - ee • CKOpocn B O,llHHHI{ax CKOPOCTH 

CBOTa C ; m - Macca aneKTpoHa; J, H A - aTOMHbIH HOMep H aTOMHblit . 
Bee TOpM03fllllOI'O BellleCTBa; ' - cpe,ziHHil IlOTOHI{Han HOHH3al{HH·ero 
aTOMOBi W - MaKCHMan:&Hafl 3HOpI'Hfl (B Man), n~pe,ziaBaeMafl npoxo,zifl
lllOH 'IaCTHI{eti aTOMUbIM aneKTpOHaM, paBHafl B COOTBOTCTBHH C 3aKOHaMH 
coxpaHemrn 12/ 

{

"' :, 'I>" r ,f.( u 1/, 
~ ,.,me f-j1'· npH c::<<;r,n tr1C 1 

E npH £°'?:I.~ Mc~ ' 

M - Macca 'IaCTM~; E • T + Mc,., - ee nonHafl 3HOpI'Mfli 
d - IlOilQaBKa Ha awweKT nnOTHOCTH, CBfl3aHHbltt C nonflpHaauMett 
cpe.ziu 13/ 
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.. 
o = { ~,606X +C +a (x,-X>s 

l./,606Xt-C 

npl1 X <Xo 

npH Xo < X < X, 1 

np11 X, <X 

IN! ( J?>1. )i/2- ':J .; f ¼ x;. =i,o 1-J>"' , C = -2fnh Vp - i , h Vp ==2.118 t-1-5') ~ Rr , 

Xo , X, , Q_ l1 S - ICOHCT8.HThl, 3a.Bl1Cflllll19 TOJII,ItO~ OT BblC>Opa Be!lleCTBa 

l1 OT npl1HHTOro 8Hatie1rna J • 

11s-sa CJIOiKIIOCTH BXO.ztHll\l1X n Hero BhlpallteHl1H COOTHOUICHl1e · 

. "npo6er-atteprl1H 11 
( I) He HMeeT BH.zta aHaJU1Tl1l!9CKOl1 38.Bl1Cl1MOCTl1 

R = f (r) 11 BhltIHcJieHHe rrpo6eron tzaCTHI.( .ztJIH Kallt.ztoro ne111ecTBa 

npOl13BO,ltl1TCH nyTeM tzl1CJl8HHOro l1HTerp11poBaHl1H C npe.ztBapl1TeJII,HhlM 

BLll!l1CJieHHeM 3HatieHl1ii (-~ cl} ) BO nceii 06JiaCTl1 aHeprnit OT 

~ 0 .ztO T ( m160 no 3Mnl1j)l1l!0CKl1M q>OpMyJiaM' arrnpOKCl1Ml1PYIOilll1M 3KCnepl1-

M0HTUJII,HO l13MepeHH!,Ie l1Jll1 Bhll!l1CJIOHHLIO parrne 3HatzeHl1ff R (T)). 
[loaTOMY rrpe.ztCTaBJIH0TCH lli0JiaTeJJI,IihlM I XOTff C>hl sa ctzeT H0KOTOPOH 

noTepl1 TOl!HOCTll OKOHl!a'l!eJII,HLIX pesyJII,TaTOB, noJiytIHTI, ()OJiee npOCTble, 

a rJiaBHOe - l1Me10llll1e Bl1.zt (lJyHIU.\l10HaJII,HOl1 aaBl1Cl1MOCTl1 OT 3Hepr1rn 

l!8CTl1~bl BhlpallieHl1H .ztJIH l10Hl13a~l10HHblX noTepI, l1 npo6eron tzaCTl11.(. 

, qacTHtIHO TaKoe ynpo111eH11e C>h!JIO nonytzeno n p~6oT~ / 4/, r.zte 

JIOKaSblBaeTCH, !!TO norpell!HOCTH B Bhltll1CJI9Hl1l1 noTepI, rrpOTOHOB He 

6Y.zt1T npeBbllllaTI, 6%, a rrpo6eron - 4%, eCJil1 rrorrpa.BKY Ha acMJeKT" 

nJIOTHOCTl1 cpaay JKe BhltzHCJIHTI, no ac11MnTOTl1tiec1coi1 g)OpMyJie 

cf= 4,606X+C, chpane.ztJil1Bol1 n11m1, np11 otzeHI, Bh!COKHX aHepr11ax 

tzaCTHI.(; np11 ·aTOM OTrra,ztaeT Heo6XO,ltl1MOCTI, onpe.zteJieHHH KOHCTaHT.X I 

Q., l1 s I IIO.zt611paeMblX .ztJIH Kallt.ztOro KOHicpeTHOro ne111ecTBa B OT,lt9JII,

HOCTl1. KpoMe Toro, l10Hl13a~OHHhle ITOTepl1 rrepecTaJOT saBl1C9TI, OT 

noTeH~HaJia l10Hl13al.(l1ll aTOMOB TOpM03fllllei1 cpe.zthl (Ha 3TO CBOHCTBO 

l10Hl13a~OHHblX ITOTepI, np11 X > x, yKa3lIBaJI B cnoe npeirn: '1)ep1.ml5/) • 

STOT pesyJII,TaT, a TaIOKe caM Bl1.zt rrpHBO,ltl1MblX Bblllle Bblpa11teHHi1 

Hano.ztHT Ha MblCJII, 1 tITO .ztaJI1,Hei1U1ee yrrpoI11em1e MOllt~T Clb!Th rroJiytzeHo, 

eCJIH aCHMITTOTHtzeCKYIO (J)OPMY BhlpaJKeHHH rrpHHHTI, H .ztJIH HeKOTOpblX 

.ztpyr11x BeJIHtzHH, BXO.ztllllll1X B HCXO,ltHble qiopMyJihl. 

:Sy.zteM C'rnTaT1,, tzTO ~:i.~ 1. , f_1
r,L = (E/Hc.1Y' - i 7': (frc,.J"' 
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., .. 

(XOTH qacTl1t(a npl1 STOM He O~H3aTeJII>HO ;zJ;OJilJilia 6!iTI> peJIHTl1Bl1CTCI<01i), 

o ~ 4,606X+C 11, ua1<0Heu, qTo MaKCl1MaJII>HaH nepeAaqa aHeprl1~ 

y,'- . ( :/, 
W=2mc,., ,t-p'- ~ R,mc.t 3/McL) 

( a He TOJII,KO npl1 E « ~ tic L 

B T8Kl1X npe;zi:nOJIOlK8Hl1llX, 110CJie rrpl1Be;zi:eHHH 110,l\06HhlX qne110B H. 

110.l\CTWIOBKH 11HCJIOBhlX sHaqeHl1H lntmc.1, , Rn :2,HtR'I 
(:IR~ = I3,60•I0-6 MaB) l1 ;zi:p., qiopuy11a BeTe-BJIOXa rrpHHHMaeT Bli,l\ 

(2a) 

T.e. CBO,l\HTCH K ;zJ;BYM ropaa;zi:o 6oJiee rrpOCTUM BupaJKeHHHM, rrpH6Jil1-

lK8HHUH xapaKTep KOTOphlX TeM He MeHee He BHOCHT 3Haql1TeJII,HhlX 

omH60K B peayJII>TaTU Bfiq}ICJI8Hl1H. CpaBH8Hl18 co a11aqeHHHMH -fr;;~ 
npOTOHOB l1 .JU,-M830HOB ,· Bblqi1CJI8HHb1Ml1 no TO~LIM qiopuynau ;zJ;JIH tieJioro 

pH;zi:a Be~eCTB 16~91, n03BOJIH8T C,l\e1laTI, BhlBO;zJ;, qTQ DhlpalKeHHe (2a) 

MOlltHO rrpm.i!eHHTI>, Hal!HHaH· yllte C E 'X, 3 Mc,_ ' ecm1 DblqHCJieHHhle 3Ha..;. 

qeHHH.YMHOlKaTI>. Ha nonpano~uil KOSq>@Ht(l18HT · 

/((!l-) = 0,982-5,4•!0-4 1 . 
B STo'u c11yqae OTKJIOHeHl1H OT Tbquwc ,3Haqem1tt JJ ~~ 6y;zi:yT COCTaB-:: •. 

JIHTI, OKOJIO ± (2-3)% ;zJ;JIH ~erKl1X H cpe;zi:HHX Be~eCTB l1 ± (4-5)% ;zJ;JIH 

THlKeJihlX ( a 6ea yqeTa K( l: )' - npHuepHo n ;zi:na paaa 66n:r:,we). 3tta11eHl1H 

lite liOHH3at(l10HHhlX noTep:r:,, BUq}ICJIHeMhle no npH6JIHlKeHHOU @opMyJie (26)~ 
npa.KTHl!eCKH, COB!Ia;zJ;aIOT ;C TO~UMH 3Hal!eHHHMH. 

C cylleTOM. CKaaaHHOl'O, BblpalKeHHe (I) MOlK8T 6UTI, aan11caHo Kalt 

R(E) =Ro(Ea) +(0.1536fz.Lr' IE c{g,i , · 
Ea a+ nE 
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rl\C a ~ [ .?o - /3-,. ( ; f) -~ t'n Mc 21., I= 2, 1tor.21a 110HlilsaW10HHbJe 

TIOTCplil Ollli!Cb!BD.IJTCfl npl!C5nlilllWHHOtl rI_iopMynott (2a) lil 

a= [ 20 -l!n (; .P )} , -# = I, 1rnr.21a qiopMynon (26); 

80 - a11eprm1 1 Iml!l1!1aH C KOTOpotl, MOlltllO Cl!li!TaTI, npli!MeHli!MOtl 0.2\HY ll3 
:JTllX \l)opuyn, ( T .e. E0 ~ 3 Mc 2 

11 nepllOM cny-qae FI E0 =lfnMl-110 llTO-
por,1), Ro (Eo) - 11 0CTUTOl!Hhlli 11 npo6er llaCTlll,\bl C aucprlleti Eo. 
C 1101.1om1,10 sal.lJHbl - C Ur. E = X., ;_ a = d ll B- ~.!"-· li!HTerpaJI B 

llpanoii 11GC'l'l1 CBOA11'£Cfl IC •.rauJIYill!IOMY YIIITCrpany 

J
V -,JIX _e_ 
.:{ +X 

u 

perneHYie KOTOporo li!MeeT Bll)t /IO/ 

e,ot,,u { EL' [- (o<. + v )~} - E; [- (oc + ll) ,,,ul} 

E i (!I) - li!I1TerpaJ11>HaH no1tasaTen1>HaH qiyHKL\llH, onpe.21emrnuaH KaK 

J'l (!'. . 
-"" T dt , B o6ll\eM cnyllae B 1<0Hel!HOM Bll.l\e l!epes aneMeHTapm1e 

tl>YHKW1lil He nupalKaeTcH, HO npH ClonI>WHX 3H8ll0HHHX '/ MOllteT ()UTI, npei
CTaBneHa COOTHOlliCHHeM /II/ 

. .2 V 

£;_{'J) =F y 

rie F - cna6o MeHHIOll\aHCH qiyHKL\HH tj ( npll '/ >> I 
F ~ f 1- 1 + ti + . • . ) ' Ko:ropy1:1 C TO'IIHOCTLI> .no H8CKOJILKHX 

npoueHTOB L!OlKHO cqHTaTI, llOCTOHHHO~, paBHOH cpeiHeMy (no )tlilanasoHy 
HsMeHeHHH apryu .. rnTa) sua11eHH10 F • B Haine» , cny11ae ,l\HanasoH .aua

'leHHH, KOTopi:ie MOll8T llpHHHMaTI, aprylleHT 'f = - {ot. .+X)_µ, =. ~ + l!n.E, 

nona,l\aeT B oClnacTl> IO < ~ < 20 npH 3Mc:, < E ~l:n /l{c.t. H B 
oClnacT~- ~ > 25 npH E :rlfr, Mc.L_ • B nepBOM cnyqae .L!OlltHO npH
HHTI, F ~ I,IO, Bo B:ropou - F ~ I,03. B peayJILTaTe Bl:lpaxeuHe 
( I) npmrnMaeT BHJt: . ·. 

• R (E)=Ro(Eo}+((J,f53G¾z.t,r/ e.xp(-~) Ffr.zp(!J;+l!nc) _ e.zp(j- +enco)1= 
B C 'i: + en,£ 'i' + e.n. Eo I 

=F(-: cL€.J + [Ro(Eo) -F.,-f:~) ] . 
'f_f' ctx E X Eo 

6 
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Henocpe;z:tCTBeHH1:,1it no;z:tcqeT noKaahlBaeT, qTo np:1-1 Eo ~ 3McJ, .qJieH 

?(_~0 % ) = 1-1 ·.3McL ½ z -:i[~-tn(¾J)//fn3T
1 

:1-13MeHHeTCH npHMepHo OT 
3> x 'l 0,IS.36 .t.. 

I,O½ ~ . mm JierKHX aJieMeHTOB ,IJ;O ~ I,I1-..1ff-x ,4JIH THlKeJiwc, a . 

npo6er Ro(3Mc~) ;z:tJIH TeX xe aJieMeHTOB, cornacHo Ta6n11qH1:,1M .IJ;aH-

tt1:,1i81- oT ~ 0,464µ.fi ';l\O ~0,63~~-' • lAHaqe roBopH, 

pa3HOCTI, IJR"",[Ro(Eo)-1,-1 Eo/f-'IJ> 1&)t:). np:1-1 Eo ~3,flc~ Bap1,11:.. 

pyeTCH BeCI>Ma 'HeaHaqHTeJII,HO H ee MOlKHO cq:1-1TaTI> IlOCTOfll!HOii H paBHOit 

~ -o,s t .Yfi: 
ToqHo TOK lite li npH e"o:: :i.% McL paaHOCTI, 

:t1R = { 1, 1 :l~ :!,f 
3
~ f z-1-[Ro-ln ( j-J') + J.fn@n )}-~ o,5" f Ng~ -

- {,03jf, :,'~~c12-'[2,{)-tn(i J') +fn(f.'mMclJ}-'} ~ 

~ fl. 0 t f!::- Ne .t, ~ z _,_ ~-fn. (Jy) +fn. (-fm Mc'-)]-, 
"" , .<./1'1 tJ,l53G "' L"" · 

MOlKHO aaMeHHTI, ee ycpe,i,;HeHHHM 3HaqemrnM 

AR->:- O,l/s~/fm u;: 1[ M_-tn (f Y) + In (Jim Mc"lj._, 

(;z:tJIH ripOTOHOB 

Ta1nn11 oripaaoM, 
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- llCJ!e.zt aa fQopMyJIOll EeTe-EJIOXa ynponiaeTCll H COOTHOmeHHe "npoC5er-
aHeprHa11. · 

Cpallaemie co aaatie1rnm.m npoC5eroll npo.TOHOB 16 , 71 H y,-Meao
HOll /B, 9/, 1JblqlicJ1eHHbIMH TOl!HblM oC5paaoM, nOKfi3b1BaeT, TITO noJ1y~eH
Hble npH6J1me:em1ble llblpaJKeHHfl (Ia) H (I6) II081l0Jlfl!OT llbll!HCJlllTI, npoC5e
rH JIIOClblX l!UCTliU c TOl!HOCTI>IO ± (2-4)% (np¥ 8TOM BXO.ztamHe B HIDC 

aHatieHHll HOHli3a~OHHb!X noTep:r, no.ztCl!HTblllaIOTCH no cI>opMyJlaM (2a), 
c .yqeTOM nonpa.»oqHoro KOaqxlJHUH8HTa K (2), H(26) COOTB8TCTB0HHO). 
qTO lite KacaeTCll OTCYTCTBHH 1l 8THX BbipallteHlillX, KaK H llblpallteHHHX 
(2a) H (26), aallHCliMOCTH OT noTeH~aJla HOHli3aUliH aTOMOll TOPM03H
niero nemecTI:ia j , TO conocTaBJleHHe aHatieHHit R H j :Jf npoTo-

HOll D CBHHUe, BblqHCJl8HHblX TOqHblM o6paaoM npH .ztBYX OTJIHl!UlmIDCCH 
aaaqeHHHX 1(I070 SB B / 6/ H 826aB I:i / 71),noKaablBaeT, l!TO B 
.zteiiCTBHTeJII>HOCTH npH E >,,3tfc'- aaBHCHMOCTI> npo6eroB H HOHHaa~oH- \:} 

.HblX noTep:r, OT noTeHuHaJla HOHH3a~H XOTll H He HCTieaaeT nOJIHOCTI>IO, 
HOH He BblXO,ItHT aa npe,zteJlbl yKaaaHHOtt BblWe ,ItJlll Bcex 8THX Bblpallte-
HHti TOl!HOCTH. B TO lite Bpe'M.!I aeaaBHCHMOCTi OT j H oco6eHHO OT 
X, , Q H s , noMHMO 11rpa10me£1: aeMaJlbBaJKHYJO poJ1I> npocTOTbl (no 
cpaBH8HHJO C liCXO,ItHb!Mli TOqHb!Mli cI>opMyJlaMH), ,ztenaeT npH6JIHllt8HHb18 
BblpaJKeHHH. ( Ia)-(26) nOJl03Hb!MH npH Bbll!HCJ18HHH _npo6eron l!aCTliU H 
HX 'liOHHaa~OHHblX noTep:r, B CJIOlltHblX BeniecTBax H XHMHqecK~X coe.ztH
HeHHllX, B BemecTBax, .ztJlll KOTOpb!X OTCYTCTBYJOT ,ztaHHble ~THOCliT8JII>HO 
noTeH~aJIOB HOHH3aUHl'I ,li nonpaBOK . H_a acI>cI>eKT nJIOTHOCTH, a TaKJKe B 
Pll.zte .ztpyrHX npaKTHqecKHX pactieTOB~ 

'I 
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