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B npouecce HananoYHbiX H Rccne.aoaaTenbCKHX pa6oT no noebrweHHIO HHTeH

C HBHOCTH ycK opeHHOrO ny'!Ka '1 8 CTHU B C HHXPOcPa30T pOHE' 0 yf5Jl.1 HeOllHOKpaTH O BCTa· 

Ban B OnpOC 0 TOM, KaKOBbl n o T epH '18CTHU H3 - 38 MHOrOKpaTHOrO pacce~HH~ HX H8 

aTOM8X OC T 8 T O'IHOrO raaa B peanbHblX ycnOBH~X 3TOR MaW hHblo 0CHOBbiB8~Cb H8 pa -

[1,2] [3] 
6oTax SnaxMaHa H K y paHT8 • a T8K >Ke r pKH6epra H SepnRHa • Mbl npo-

BenH COOTBeTCTByiOLUee HCCnenoB8H He . 

n p H 3TOM , ytt HT b!Ba ~ cneuHcPHKY H8W efl M8Ul HHhl, M bl T8K >Ke, K8K R YK8 38HHble 

aBTOpbl , OrpaH K'!H11HCb paCCMOTpeHHeM fiOTepb 11H!Job Ha rOpR30HTa11bHbiX CTeHKaX 

ycKOp HT e n b HOii KaM epbr . Ha sepntKanbH hi X C T eHKa:-:> BBHilY 6onbwoA pall RanbHOA 

anepTypbr KaM epbr , paccMaTpRaaeM brR a¢cpeKT npaKTH'l eCKK He llaeT noTepb. 

8 b!lle11 HM Te oco6eH HOCTH .oaHHOH pa60Tbl 1 KOTOpbre, Ha HaW B3 r11~ll , ll8IOT 

HeKOTOpoe p83BRTKe T eopRR, C03llaHHOH YK838HHbiMK aBTOp8M H. 

B pa6oTe llaeTc~ 6one~ npaeKnhH Oe onpe.aeneHKe cPYHKU HK, xapaKTepRayiO-

111ee npocTpaHcreeHHoe pacnpe.ueneHKe Y a CT KU, a ce~3K c tteM BblBOllbl TeopKK npK

o6peTaiOT cP R3K'leCKYIO Harn~llHOCTb. M bl KOHUeHTpKpyeM BHHM8H H e TaK>Ke H8 B11H~

HHH H8'ia11bHOrO pacnpeneneHH~ '18CTHU no aMnnHTyLlaM CB06011 H b1 X / aepTHK811bH blX/ 

Kone6aHHA Ha paccMaTpHaaeMbiii npou ecc , HMe~ a BHlly, 'I T O y 'leT aToro o6cTo~-

Te.'lbCTBa Ba>~< e H 

11HWb 1111SI 

UIIS! n paKTHKH , H 'ITO .00 CHX nop peaynbTaTbl 6bi11 H 

- o6pa3Horo Ha'lanbHoro pacnpeaeneHHst [!,2] H .onst 

pacnpelleneHHS! nO 3HeprHS!M aepTHKa11bHhlX CB060llHhlX KOne6aHHH 
[3] 

nony 'ieHbt 

paeHOMepHoro 

, nnoxo oT-

x l 
pa>KaiOwero netlcTeuTenbHOCTb • Hapstay C 3T HM B pa6oTe p8CC'!HThlB8eTCS! 11H-

H8MHK8 p8Cfi11hl88HRS! ny'IK8 , 'I T O none3HO .011S! npaKTHKH H H8r11~11H0 HHTepnpeTHpy-

eT pe3y11bT8TbJ. nocK011bKY C03ll8HH8S! TeOpHSI H e 003B011S!eT peWHTb B KB8llp8Ty 

p8X 38L18'iY 0 pacce~HHH npK Ha11H'IHH 8 llH868TK'ICCKOr'O 38 TYX8HHS! CB060llHhl X K one-

XX I 
68HHH , T O B aTOM peanbHOM C11y'lae ynaeTCS! OUeHKTb 11HWb HK>KHIOIO rp8HHUY no· 

Tepb [
3] npH 3 TOM Mbl npoee nH 3 TY OUeH KY B npHHUHne 11 11SI 110060r0 Ha'l811bHOrO 

x/ 3TO pacnpe.oeneHHe 6hl110 B3 SIT0 1 H8BepHOe, nOTOMy , 'ITO COOTBeTCTByiOUlHe 

HHTerpallbl /CM ,IIH>KC/ Bbl'IHC11S!IOTC~ 8H811HTH'leCKK. 

xx/ 0TMeTHM, 'ITO B TOM C11y'lae , K Or£18 38TYX8HH C K One6 8HHA o6ycno aneHO He 

pOCTOM 3HeprHH 'i aCT HU , 8 H311y'leHHeM , K8K npH llBH >KeHHH aneKTpOHOB B TaK lJa3bJ

eae:vtOR H8K01lHTC11bHOR CHCTeMe, T O y'leT 3aTyX8H HS! yllaeTC~ npoeeCT H TO'I H O [4} • 



4 

pacnpeneneHHH 'i8CTHU, H, B 'i8CTHOCTH, .onH T8KOBOrO, KOTOpOe 6nH3KO K HMeiO LUe-

MYCH B CHHXpocpa30TpoHe 0 vf5B-f. 

B HBCTOHwee apeMH nnaH»pyeTcH npoaecTH 'IHcneHHbtA pac'leT .onH CHHxpocpa

aoTpoHa OV1 H V1 HCXO..llHOro ypaaHeHHH .ll8HHoro npouecca npH y'leTe aaTyxaHHH. 

3aMeTHM , 'ITO COOTBeTCTBYIOlll851 38fl8'18 a nH ClfnbHOcpOKYCHpy!OLUero YC~OpHTens; 

C O..llHHSKOBbiMH '18CTOT8MH aepTHKSnbHbtX H p8.llH8nbHblX KOne6aHHA H Kpyrnol\ Ka-

MepoA pacCM8TpHBanaCb B pa6oTe ronb..llHHa H VIocpcpe [
5J. 

2 

PaCCMOTpHM ,.lleACTBHe MHOroKp8THOrO pacceHHHH H8 CB060.QHhle BepTHKSnb

Hhle KOne68HH51 , npH 3TOM p8..llH npOCTOThl ..llnH BhlPS*eHHH YK838HHhlX K One6aHHA 

aocnonbayeMcR "rnaaKHM' npH6nH *eHHeM . 

B K&'lecTae napaMeTpa, cBH38HHOro c apeMeHeM H xapaKTepH3y!Owero noc

ne.oHee, Bbt6epeM KHHeTH'ieCKYIO 3HeprHIO yCKOpHeMOA '18CTRUbl \v' 

3a xapaKTepHyiO aenH'IHHY, H3M eHH!OwyiOCH npH pacceHHHH 'ISCTHu, npHMeM 

KB8..llp8 T 8MOnHTY.llbl eepTHKSnbHbtX KOne6aHHA Y:: a .z ; Q nH Kp8TKOCTH 6yaeM 

HHOrQ8 H83biB8Tb ff "Koopa HHaTHOA " . BepTHKanbHY 10 anepTypy KaM epbt o6o3Ha-

'IHM 2Dz · 

BaeneM V(w.)l)-dy -eepoHTHOCTb Toro, 'ITO 'ISCTHUa e MOMeHT W 6yaeT HM eTb 

I npH J, ~ + dy ~ ]): , K00pQHH8Ty y e HHTepeane I 

ecnH B H8'18nbHbll% MOMeHT Wo 
!I ~ + dy 

.D~ a HHTepean e 10, I aaaaHo pacnpeneneHRe 

V(W0 ,tj)=Y(~} H ecn H npR cooTBeT CTBYIOweM n epexoae KoopnaHaTa HH paay 
l. 

He npHHHMaeT 3H&'ieHHH y ~ D1; , To ecTb 'iacTHua He KacaeTcH cTeHKH. 

TaKoe onpeneneHHe aepoHTHOCTH, cneuaanbHO npHcnoco6neHHoe K pAccMoTpe-

• " [6] 
HKIO 38Q8'iH C rp8HHU8MH, K KOT OpbtM npHnHOSIOT 'i8CTHU bl , HBnS!eTCSl 8 Ha-

weM cnyqae 6onee npaBHnbHhiM, 'ieM npHaeneHHoe , HanpHMep, a pa6oTe 
{J) 

Cl> yHKU H51 v non 'iJi!HSleTCH cneQyiOlUHM O'!eBHQ HbiM ycnOBHSlM: 

VCw,D~) = o , / 1/ 



OOCKOJlbKY '18CTiill8 lip~-! y /1, C K8Cae1 CSI CTCH K11, 

V(w,o)- orpaHu'leHa 
1 

12 I 

131 

KpoMe Toro, 6yJl9M C'{HTBTb , 'IT O a Ta cPYHKUI-IH non'{HHs:JeTcs:J cneny10weMy ycnoaH IO 

HOpMKpOBKH: 

1); 

olvcw,yJ riy== 1-uf~, YcyJ,w), 141 

3nCCb U (W.:, Y'fy), W) - BepOS!TH OCTb TOrO, 'ITO 'l8CTHU8 K M OMeHTy W' 
z 

XOTS'l 6bl pa3 KOCII9TC S'l rpaHRUbl j: lJz., t 9CJ1 R B \.Vo 38Ll8HO pacnpe-

LlCJ19HHC .('(~) , Momuo OOK838Tb, 'ITO npH LlOBOJlbHO U!HpOKHX npennonO>K9HHS'IX cPYHK-

UHS1 V(wJ~) ynoaneTaopSJeT ypa aH e HK IO 3AHwTeAua - <P oKKepa - KonMoro poaa Lt:JJ : 

av Cl( x· VJ -- ---- + 
d\AI- o~ 151 

r.ae 15a I 

- Cp9.QH99 3H8'19H R9 cj:JyHKUHH f (x.). 

Pac'leTbi .aaiOT, 'ITO a HepenRTHBHCTCKOA o6nacTH 3HepruA, Kor .a a aMnnHTy n a aep-

( Wo)~ 
TRK8JlbHbiX KOne6aHRl\ 38TyxaeT ITO 38KOHY .-.... W , 

161 

171 
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r .a e 'Z., - pa.alr)'C U9HTp8 1IbHOA op6HTblj 4 ·:t - .01IHH8 '19Tblpex npst -

- ( :e M01IHH9AHbtX npoMe)l{yTKOB j ;)t = Je t - n ) I .OIISI a epTHK81IbHOro .OBR )I{ e -
.. 3 

HHst JC =Vii: ., N- 'IHcno aToMoa raaa a eM ; e 1.:: cas ¢.f npHpocT 
t 

aHeprHH '18CTHU Ha o .a HOM o6opoTe; < '!! > - npoeKuHst cpe.aaero Kaa.apaTa yrna 

p8CC9SIHHSI H8 BepTHK81IbHYID 111IOCKOCTb0 E) - 1101IH09 C9'19HR9 ynpyroro paccest-

HHSij 2 - 8TOM H b!A HOMep raaa ; li',..,._ : .. l/ft - MHH HM 81IbHbiA yron paccest~ 

HHSJ, E - aaeprHB 'lacTHUbJ, 1-J =% 1f'- CKOpOCTb '18CTHUbJ, 
r ' -

'tlr = X! ]):z - yrnoaa H • anep--z .. 
II -9 

Jl = 5,3•10 >< 
[2) 

-~ 2 3 
- 'pa.aHyc* aToMa; 

Typa' K8M9pb! 

~ 

• ..Qnst a oa.ayxa I 

17t?Wt. 
t. = 27°C I H npR n o.acTaHOBKe no .a 3 H8K 

.tc 
BM9CTO 3H8'19HR!l 9TOrO yrna B M OM9HT HH)i{9KUHH 

I 7 I .anB npoT OHOB Bbip83HTCSI B BH.ae: 

9 = ~ ~ ·10-(
2 Z: (t + Jf.J{tz, r2 -tr, ifsk VFJ. p,. 

-.c. , ; L 
~ e .,.o cos cps kl , 

181 

r .ae ev. COS <Ps H W 
-6 10 MM. pT.CT. , .OIIHHbl - B CM; 

.. 
s brpa)l{eHbi e Mae, P - .aaeneaHe a e.a HHHua x 

[ CM2 1 f} HM eeT paaMepHOCTb Mae • Ben H 'I H Ha a 

181, CTO!lW8!l B X88llp8THb!X C K 06KaX, 9CTb 

th ~ I 
'lJ"~ W .:-w'l 

3. 

npH O T CYTCTBHH 3 8TyX8HH!l B Bb!p8 )1{9H HH .OIISI X OTCY T CTByeT BTOpoe cna-

raeMoe (-l) ' a y He M e HsteTcst . T or.aa 15 1 npHHHMaeT u H.a: 

'dv o e>v 
lW = ~~(1 o!/) 

HIIH 

dV o uV 
o<"> = oy ('I qiJ ) ' 191 

r.ae 

w 
<y> =Jjdw' 

w., 

1101 

...._____ 



11 nf.P IC T 3B'Hil'l f ! ' l HHH KB8LJ.p8T a ~tn)lH T y l' ·l, H8KOO H BII f'~ic51 K lll iiii O My '\IO ~ t eHf\' 

H p(··l· ,hTi T <• pHC"I ~IH11H 11pH II\ ' leBo lt 11£l 'l8'lbH O H 8"-10 '1HTY lf' U H e'lllT V X8 101lliLX 1\0 ,,, _ 

!\ llllt' /'l ~I L' T •JJ10\1 p80J11 '."Hl i•I JI HX (; ~l nepeM QHH blX C H CIIOJTL 30 BIH! He M K pao

fH .. '\ ~~ II 1'1/l .•! bH ONJ yr.rJODHH I] 1 , / 2 ' , 1 :3 1 ' l£lf'T: 

' IV 

7 = 
Il i a I 

- K O~H H ypBBHE' HHH Hcnonba yH /7 / , nonyqaeM cneny-

112 1 

.JnH B03 n yxa B y C .TJ OI:lllHX .:teiiCTP.H R cpOpMYJlbl / 8 / H OpH B b tpa >KeHHH B e Jllf'IHH B T e X 

/J<e enJHIIHtax , 'I T C'l ~~ B y K aa aHu oi1 r.j:Jo pMync, non y'IHM 

Ha o H <: , I n o Ka 3 aHbl <f!> H , C OOTBeT CT BeH H O , np H .. 
H .. ZJ.z 16 C M II ra>.TJH'l H bl X p !1J1R CHH X pocpa 30'T'p0H8 0 1--HIV!. 

H8'JIL1b H OM pac n pe, tf'JJE'H ifH. T o r~"la 

~ J., (jt-. ~) 
-~· ( .?;) J 

1 131 

D,e : 10 C M 

H 13 

1 14 1 
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.D,_ • 

Q'J· = / r;, (a) Jo (_f(J ~ ) aa . 
0 :e 114a I 

Ebiil npoaea-ea 'IKCneHHbiA pac•1eT cPYHJtUKH Va (<y>, a) npn D~ ~ I 6 eM K paa-

Hb!X Ya(a): 

1 

{

(;, npH 

Ya (a):: 

a~ G= ¥ 
I 

])]( 

}ra {a)da == t, 1151 
0 

o , npn a>G-

~(a)=d'(a), -/ d'(a)da = 1 
0 

1161 

fa (a)=d'(a- ~~-), 
00 .1. 

/ct(a- ~~da =f 
0 1171 

H ll01lY'I9Hhl KpHBhle 'paCilllhlB8HHR' llY'IK8 £1/lR pH£18 3 H8 '1eH HA 2 = ~ 'iDl' 
ICM.pHC, 2a,6,BI, 3aMeTKM K CT8T H. 'ITO £1/lR pacnpeaeneHHR 115 / HHTerpall / 14al 

8H81lHTH'IeCKH He Bhl'IHCilR9TCR. 

KaK MO>KHO BKaeTb n a rpaclJHKOB, c yaenn'!eHHeM 7 
an>Ke H pacnpeaeneaHe - 6onee w HpOKHM . 

M8KCHMYM CT8HOBKT CR 

8 COOTB9TCTBHH C paBeHCTBOM 141 llll0Ul8£lb, orpaHR'I9HH8SI KpRB b!MH , COKpa

Ul89TCH,BM9CTe c aeA yMeabwaeTcSJ R '!Reno qacTHu a ny'IKe . CpaBHHBaR puc. 2a 

/aaqanbaoe pacnpeaeneHne 11511 H pHc. 2a I anSI 1 1611 aaMe'laeM, 'ITO npK 

~~ 0 ,04 p83HHU8 B H8'181lbHbiX pacnpeaeneHHHX 3£19Cb y>Ke CK83biB89TCR M81l0 , 

B TpeTbeM cnyqae lpHc, 261 npH TaKHX t llOilO>KeHRe M8KCRMyM8 38MeTHO npa-

Bee, '19M H8 npe£lhl£1YUlKX rp8QlHK8X. .LlllSJ 0£1HHX H TeX .fl< e 7. H8H601lbWee 

'IHCilO 'Bbl>KHBWKX' '18CTHU OTBe'l a e T H8'181lbHOMy pacnpeaeneHHIO 1!51, 8 H8HM 9 Hb

wee 'IHCilO T8KHX '18CTHU B paCCMOTpeHHbiX CllY'I8RX - npn fa (a) , 38£18HHOM B 

117 / , 8TO COOTB9TCTByeT cPK3HK9 aena, 

BepoSJTHOCTb 'abi>KnaaanR' 'IACTHu 

])~ ..... 
V (< ~>) = J Va ( < y>. a)lia = > 

0 j:t 

z 
,e Q.i e -JII.i i 

JU.i .7, if;) 
1!81 
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~--------------------------P~I ., CIO 150 t (mstcl so 100 ISO 100 "' 
PRe. 1. 3a&RCRMOCTb cpe,aaero Kaa,apaTa aMnnHTY Li bi ao36y~,aeaabiX KOne6aaHA 

<'J> , <'j> , a T8Kme ~ = .!.£. R ~ =~])>a 
'{ I>.z f' .l 

OT apeMeHH npH pa3nH'IHbiX ,aaaneaHstx H ,aayx 3Ha"!eHHstX D~ ,anst 

CHHxpo¢a30TpOH8 0 vf.Sfl..1. 
<:t> R 't IKpRBble C H8CbJ W eHH 9 M I COOTBeTCTBYJOT cny"'aJO , KOT'Ll8 

a,aHa6aTH"'eCXOe 38TYX8HHe He Y"'HTb1889TCSI , a <"if> R 'ii' I KpHBbJe C 

MSKCRMYMOM I - npH y'leTe 3aTyxaaHst; P ... - ,aaaneaHe a e.aRHHuax 
1Q- 6MM .pT,CT, 

w 
I ..... 

( 'i), <;> 
(c,') 

110 

100 

110 

lfiJ 

H 
, -., 
., 
{lfD 

., 
loa 

ID 

ID 

ljO 

ID 

t(mucj 

co 
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v 
~0 

a) 0.8 

Q7 

Q6 

Q5 

Ql; 

03 

:!~-
Q.? 

Ql 

"'7 o, a<' Q3 o~ . os Q6 fl.7 qs Q9 10 Qf Q2 03 QC, qs Q6 07 

Pac. 3. BepoHTHOCTb 'Bbi>KHBaHHSI' qacTan 8 cnyqae, KOr Lia 38Tyxaaae Kone6aaaA 
He Y'~KT,bt8aeTCSJ. 

a/ .LlnSJ pa3nH'IHbiX d' - o6pa3HbtX aaqanbHbtx pacnpeLieneaaif ; 

X - ao - D; • 

Q8 

6/ .Llnst pa3na "'HbiX CTonoo6pa3HbiX aaqanbHbiX pacnpen eneHHA , npoc -
TapaiOWHXCH OT a= 0 LlO a::G , a TaK>K e LlnSI paBHOMepHOrO Ha'lanb-
ROrO pacn~eneneHBSJ qacTan no aaeprastM 8epTHKanbHbiX Kone6aHHA 

I Yta) = D'!_ 8 npenenax 0~ a~ ]):i 1. 
,f. 

0 9 10 
..,., 



1:..! 

LlllSI p83J1H'IH b!X 0 IHB'tant,Hb '\ yC'IOBHil npe_:cT301"'llll HA puc . 3 r- r)VIIKHHII 

OT ~ , D.nH CHHXpOcj•830Tp0118 0 v1ff VI B HOC'TOHWee BpeM Sl pafiO'It~l' D:c I 0CI\' t 

Hll'181lbH Oe pacnpe.<eneHHe '18CT HU no 8Mn 'IHT V ..:l8 M BCpTHK81lbH bl X CBOf'iO 'l H hl X K n H'-

G -6 
oaHHA - npHMepHO cTonoo5pa3Hoe, Dz = 0,5 + 0,8, P = fi .IO r-.tM , pT.cT. 

l-13 rpacj:JHKOB pHc , 3 H p H c , I cnenyeT , •no a aToM c .1y '!ae "BbJ>KHBaeT~ np~1MPpno 

50% '18CT HU 16e3 y•JeTa 3aTyxaHHS1 I . llpH noae.:J.CHHH pa6o'!ero Dx_ .ao 16 c:vt, 

'ITO 6y.aeT cmenaHo a 6nH»<allwec ape:vtst, "abJX<HaaeT" 

n pe.a no no >1< eH H SIX I . 

9Cffl; '18CTHU /a ri'X X<€' 

Sbm npoaeLieH aKcncp HM<'HT: H3Mep51llOCb OTHOLL eHHe noTepb •JaCTJ1U 1111 C HH-

p * 12 
.. 

H p = 5,6. 3TO OT!lOWeHIH' no-
xpocj'1a3oTpoHe OVJHVI npH .aaaneHHstX 

ny'IHnOCb 1,7. YcnoaHst aKcnepHMeHTa: Z>:c"" I 0 eM, HaYanbHOe pacnpen.C'ncHHC' 

'l8CT RU !10 aMnll HTY LI 8M aepTHK8llbH biX K Olle08HHH llpHMepHO CTOll006p831i0€' C 

G 
lh_ = I . 

EcnH B3SITb COOTBeTCTBy iOUly·o LI8HHOMY CllY'IBIO KpHBYIO 118 pHC , ~ H non-

:TSBRTb 3Ha'leHHSI ~ 

lOllY'! HTCSI npHM epHO 1,5, 

LlllSI YK838HHblX <SB.'! eHHH , TO OTHOU.eHH e HHTf!HCHBHOCTCii 

4 

C.aenaeM oueHKY H H >KHell rpaHHllbl noTepb, cooTBeTCTBCHHO aepxnci% rpaHHUbl 

"BbP:< HB8HHSI " 'l8CTHU. D.nst 3TOT'O B K8YC'CTBe npo:vte>I<YTO'IHOT'O 3Tlll18 pe11111M 1A.rta-

'IY 0 p8Cllllb!B8HHH l1Y'IK8 llpHM eH HTellbHO K T' H llOTeTH ' IeCKOMY C'1Y'I810, KOT'THI CTCHKH 

OTCYTCTBy!OT
1 

HO npH y'!eTe anH808TH'leCKOT'O 38TYXdHHSI KOHC081iHA , 8 CO S11H C 

aTHM rrepeonpe.aenHM HeCKOllbKO cPYHKUHIO v • Ey .a eM C'lHTATb, YTo V(w, lf) 

aepOSITHOCTb TOT'O, YTO 118CT11U8 6y.aeT H:vt CTb B MOM e11T VJ K00pJl11H8Ty '{ , eCllll npli W . ~ 0 

38.Q8HO pacnpeLieneHHe v (y) . Hall.aeM onpc :)e.neHHOe T8KHM oopll:-!OM v H 3 

ypasHeHHH 151 npH X H Y , 3a.aaHHbJX a 161, H cne·1y10WHX ecTecTne>HHhlX 

yCilOBHSIX: 

V( w, .~J = Y'(y); V ( w, o) - orpaHHYeHa; 

o}r('j)dy = j~(w, yJciy =:1. 
0 

V(w,<><>) = o, 

J 1191 

--



N 
0 

1 '~ 

E CllH BM ecTo !/ BB9CT I1 nepeMeHHy 10 L= 
v~ , y .OOB119TBOpH!OLUYIO COOTH OUI 9 HIIl0 

II BM 9CTO 
~ [7} 

liz (w,:C) jd.t 
...., : Cl)rt-5 t. 

TO yp8BH9HR 9 /5/ C J'19TOM / 6 / 38DHU19TCSI B BH.Oe: 

dV:c = I I'W'" iJ {.., 0 V.;e) ow v Wo 9- a l"'- o.t; ; 

w' 

7: = j tfi'Jdw = 
Wo 

,rw- <'u> 
v~ <~ , 

"-' 

/20/ 

/ 21 I 

r.oe <y> - cpe.OHHA KBa.opaT 8MD1!11TY.Obl , H8KODHBWeikH K .O B HHOMy M O M eHT y 

BpeMeK H npH K ylleB OA H8'1811bHOA BMnllHTy.Oe H .oeAcTBKH .O ByX n p OTK BODOilO>K H biX 

npoueCCOB: p8CK 8'1KK K 011968HHA 38 C'leT p8CCe HHHSI K 8 .0 K8 6 8TK'IeC K O T'O 38TJX8 HKSI 

HX Ka-38 pocT8 aHeprKK. YK838HK oe B / 2 1 I B btp8>KeK K e ~nH <y> = ~ j~ tj dw 
a<!f> - w. 

nerKO DOJJY'IHTb H 3 .O H¢cpepeHUH8JlbHOT'O yp8BK e KKSI ~ W :.9-(W)-¥w J 

.08B8eMoro nepsoA cpopMynoA /6/ /eM , on p e.oeneKKe X B 15811. VI a /21/ n ony-

'IHM: 

/22 I 

LH: <'j>oo onpe.oeneK O B / 12/.1 13/ , /22/ .OOCTHr8eT M8KCHMYM8 npH W' = 4 W0 1 

H (~)nuv<=t<'J><>o . rpacPHKK <''i> B cPYHK UHH 't" .OJJ H C KHXpOcp830 T pOH8 

OVIHVI noK838Hbt 118 p Mc . 1. PeweKH e yp8 8 HeH HH /20/ npR ycnoB KHX /19/ KM eeT 

B H.O: 
()o 

~ (r:,.tJ =JC(A)e- 'A-r:Jo (2. V.A.t)d~, 
0 

/ 23 / 

C (J.) H8XO.OHTCSI K3 H8'18JlbHbiX yCJJOBHA npK 0, .llJJH 9TQt\ cpyHKUHH O T 

HM99M KHTerp811bHO e yp8BH 9H H 9 

Y~ {;e) = ;;(A) ] 0 {2 \[i(i) d~ , / 24/ 
0 

r.oe Y.-e (;t.)ct.t = rlf ('f) dy . 

nocne.oHee yp8BHeH K 9 MO >I< KO peUJ IITb p83JlO>i< 9H H9M C (lt) B HHTerp811 ¢lypbe -

6ecceJJH, peweHHe KM eeT BH.o: -C(J.. ) =I Y'.c (~).], ( 2 1/i.Z) dL /25/ 
0 
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PaccMoTpHM: ~ (;(.}:: rf (~) i _/i{;t) d~ = 1 
0 

'{(:I!) :: rJ' {:L- :Co); ;-;{.,C -L;.) df = J 
0 

DnR H HX cooT8eTCTBeHHO c (lt.) = 1 I! 

B nepeoM cny~ae nony Ya e M 
£ 

f -:e 
~ (r:.~) = '"{; e • 

C ( }I} = Jo ( Z ~) • 

126 1 

127 I 

1281 

HeTpy.aHO 8H.aeTb, ~TO v.( (7::, ;CJ H3 1281 Y flOBneTBOpReT npl! 'C- 0 y c.rJO-

BI!RM , H8Kn8.0biB8eMbiM H8 <f - <PyHKUI!IO , 

n epeXO.OR 8 12 8 1 K nepeM eHHOA a cornacHo pa8e HCT8Y 

Vt (z:,.t) J d.t = \Ia (<'~>, a)J da c 3aMeH on 7: 
-r; :cc~t <'¥> =corvst 

¢opMyn e 121 I , nony'IHM 
a' 

1r (- .\ 2a --;:::va <q>,a,; .. -=- e <•J> 
d <y> 

DnR Ha~anbHoro pacnpeneneH H R 127 I 

ll ( .,# f • &_ .. .:Co .~ 
V.;e 'C, .c.) = 7: e '1: Jo ( 2 ~'X :to). 

SlcHO, ~TO npl! X'-o 130 1 nepexo.a HT 8 / 28 / . B n e p{'MeHH bi X 

BM eCTO 130 1 6yneM HMeTb 

Va (.cy>, a)= /f> [0 ( Z Y ~o ~o) e 
2 ffoac:o 

<j> 
. (a -a, vW"/ 

e q> 

/291 

1.~01 

a. H <y> 

1311 

n o 

Ha p HC , 4a 11 46 npe.acTaeneHbi cooT8eTcT8eHHO cPYHKUHH 1291 11 131 I l .anst 

ao = 8 CM,/ , npi! 3TOM 1 nOCKOnbKY B 1311 HapR.ay C <'9> BXO.OHT W , T O 

eenH~HHbi <]f> t COIIOCT8BneHHbJe pa3n H'IHb!M KpHBbiM pHC , 4 6 , B3RTbl .anR KOH-

KpeTHoro cny'fast , Kor.aa <~> If w CBR38Hbl T8K, K8K B Ci!HXpOcP830TpOHe 

-6 
OYI.fiY! np11 P = 5·10 MM . pT.cT , 



,-

TO 
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v. 
OJIJ 

a) 
OJ6 

QU 

qll 

ql~ 

QIO 

Q06 

QO<' 

i6 

Va 
Qll 

Ql~ 

<x>· ,.,,,.. -> ...... 
.... / 

QIO ~/ / 

I / 

1/ / qoe 
1/ 
// 

QOt 1,/ 
l ~ 6 • 10 ., 

Pwc . 4. PacnnbiBBHHe nyqKa Ha-aa pacceRHHR npH yqeTe aaTyxaHHR, HO nnR rHno

TeTHqecKoro CnyqaR OTCyTCTBHR CTeHOK K8Mepw. 

a / Ya. (a) =d'{a) 61 r raJ =l{a - ao), a., : BGI¥ 
Cn~W HbJe KpHBble COOTBeTCTByiOT 

2
cnyqaRM o Korna t (<y>)$ t (4y>,_) j 

(ff)nr4K B3RTO p8BHbJM 33, 8 CM 
0 

qeMy OTBeqaeT 'lnR CH HXpOcP830-
TpOH8 OV!.RVI p .. 10-6 MM . p T.CT. 

nyHKTHpHble KpHBble-nnR t(£y>}>t(<.'f>m.¢~~). 
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TaK KaK <'y> HMeeT MaKCHMYM /cM,p HC , 1 I , TO ny'!OK aHa'laJle pacnJJbiBa -

eTcSI , a 3aTeM nocne MOMeHTa, Koraa W = 'f w,·, Ha'!HHa e T cy»<.aTbCSI , CooTaeT·· 

r- )~ -6 
cTayJOwee t<i> npH P = 5 · 10 MM pT.cT. a C HHxpocpa3oTpoH e OVIRVI paaHo 

5,8 CM , npH Ha 'laJlbH OM pacnpeaeneHHH / 26/ , KaK a H.Q HO H3 pHCYHKa 4a, '18CT H-

U~ npaKTH'I eC KH H9·38XO.QSIT 38 a = 16 C M , T . e . n pH a nepType1 LlJlSI K O T OpOII 

Z)z;;; 16 C M 1 nOTepb 'l aCTKU a YK 8 3 aHHblX ycnoaHSIX H e 6y a eT , npK MeHbWKX 

J)z H npK .opyrK X Ha'I8JlbHblX ycnOBK SIX 'laCTKUbl y>Ke M OryT HM eTb a > D;t ' H 

TeOpHSI, H9 Y'IHThiBalOWaSI CT9HKH K8M 9 pbl, CTaHOBHTCSI, CTpOrO roaopSI, He npHMeHH

MOII . 0.oHa K O M b l MO lK eM nony'IKTb 0U9HKY a e pXHell rpaHHU b l aepO SITHOCTH Bbi>KHBa-

HHSI 'laCTHU a cpy HKUHH <y> , 9CJ1 H .Q Jl SI Ka >K.QOT'O 

npoHHTe rpHpy e M / 2 3/ no 

<y> np H t(t.'j>)<t(<j>)m«J< 

K COOT B9TCT ay 10 Ill HX 7: X- O T 0 LlO .t'm.«X:: ~ D~ . 

Ha wa oueHKa Bblpa3 KTC SI, cne; lOBaTenbH O, ¢opMynoA 

- D~ oo _)!Vf[ <y> y 

V(q>) = ~jad~jcfA) 1/f e · Jo (2a ~ {i)dA, 132 1 

rae ¢YH K U H SI C ( ) ) 3a.QaH a B /25/ • 

.[lnSI r! - o6pa3H bi X Ha'lanbH b JX pacnpeaeneHHII KHTerpan no l 5epeTCSI , 

K B /32/ OCTae T C SI B 3 S!Th KHTerpan no a COOTa9TCTB9HHO OT /29/ H Jl K / 3 1 / , 

.[lnSI /29 / yKa3aHHbiA HHTerpan TaK >K9 Bbi'I K CJ1SI9TCSI a HaJlHTK '19CKK 

.c. 
- ~ V(t..Jp)=t - e-•y> , 1331 

[3] 1 1-aToT 'lacTHbiA cny '!all paccMOTpeH a , a LlJlSI /31 I Tp e5yeT CSI '!KcneHHbJA pac-

'leT/, 

npo aeaeHH bl9 paC'19Tbl noKa38JlH, 'I T O npH cyweCTBYIOLUHX B HaCTOSIW99 Bpe

MSI ycnoBKSIX e C HHxpo¢a3o TpoHe OVIHVI MO >K e T .. abl>KHTb .. H e 5 onee 80~;, - 85% 
[11 

/5e3 Y'I9T8 38TYX8HKSI Mbl HMeJlK 50% / . .[lpyr8SI 0U9HK8, npe .QJ10>K9HH8SI B pa5oTe 

K COCTOfi W8SI B TOM , 'ITO a cpyHKUHIO , OOHCbJa810WY'0 aepoSITHOCTb •abJ>KHaaHKSI .. V 
5e3 y'!eTa 3aTyxaHHSI , nO.QCTaanS!eTCSI H e 7- • 8 L .... = ~ , aaeT a Tex »<.e 

yCJlOBHSIX "- 70% a bi>K HB UJ KX '!aCTHU , .[lnS! anepTypbl C Dx. = 16 eM npu T e x 

,1< 9 Ha'lallbHblX ycnoaHSI X, 'ITO H .Q JlSI l).o! :: 10 CM, B9pXHSISI rpaHHU8 Bbl>KHBWHX 
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