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AHHOTSUHSI 

npoBe.aeH aaanH3 ·coBMeCTHOrO .aeii:CTBHSI paCKS'IKH BepTHKSnbHbiX CBOOo.a­

HhlX KOneoaHHA: Ha-aa pacceHHHSI Ha OCTSTO'IHOM raae H HX pa.aHaUHOHHOrO 3aTy­

XSHHSI ilpH HSKOnneHHH aneKTpOHOB B UHKnH'IeCKHX yCKOpHTenstx. nonyqeHO Bbipa­

:»<eHHe .anH npe.aenbaoA: cpe.aaeKBa.apaTH'IHOA: aMnnHTY .ahi. HaA:.aeaa cpopMyna 

,.anSI BepOHTHOCTH noTeph aneKTpOHOB K niOOOMY MOMeHTY BpeMeHHo noKa38HOt 'ITO 

BpeMSI :»<H3HH HaKannHBaeMOro ilY'IK8 aneKTpOHOB 5naro.aapH pa.aHSUHOHHOMy 38Ty­

X8HHIO Mo:»<eT ObiT& c.aenaao . .aocTaTo'IHO 5on&WHM HnH .aa:»<e npaKTH'IeCKH 5ecKo-

He'IHbiMo 
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1. B B e n e H H e· 

npH HaKonnemm: 'IBCTHU B ycKopHTeJiflx · Heo·oxonHMO Y'IliTbiB8Tb pHn cpaKTOpOB, 

HaKnanbiBBIOJ..UHX OI"'pBHII'IeHHe Ha 'IHC1TO HaKannHBaeMbix. nopUHH 'l8CTH~: BJTHHI~Ke. npo­

CTpaHCTBeHHOT'O aapHna, pacnnbiBaHKe HaKanmmae,Moro nyqxa no .PanHycy· a~uny . 

n ei!:CTBHH 38KOHa coxpaHeHHSI cpaaOJ30<T'.O. o51>eMa, noTepH qacTHU Ha ropH30HTanb~ .. 

HbiX CTeHKaX KBMepbi Ha-aa ·PBCCeHHHH. ;Ha;, OC.T·BTO'IHQM: raae · .H. T.n • .Usa nepBbiX 

,.1.,,.1., 5 5 I, 2 • 3 T ,<..,,.1., 9't''t'eKTa 'IBCTH'IHO binH paCCMOTpeHbi B pa OTBX • peTHH 9't''t'eKT npOCTO 
4 

paCC'IHTbiBaeTCH nnsr npOTOHOB Ha OCHOBe pa50Tbi BnaXMBHa H ·KypaaTa 0 nOCK01lb7. 

KY aHeprKSI HaKannHBaeMbiX 'IBCTHU npaK.TH'IeCKH. noCTOHHHa H 0 cnenoBaTe1TbH0 0 anHa-

5aTH'IeCKOe 38Tyxalili:e 'CB050nHbiX Kone5aHHH OTCYTCTByeT. no OTHOWeHHIO K aneK• 

TpOHBM Bonpoc 0 pacnnblBBHUK ny'IKa. 38 C'IeT pacceHHHH non)KeU. pacCM8TpHB8TbCH 

5 
C o5SiaaTenbHbiM y'I9TOM rrpOTIIBOnOJTO)K HOT'O npouecca. ~ panHaUHOHHOT'O · 38TyxaHKH 

aoa5y.)i{neHHbix aepTHKanbHbiX .. cao6onHbiX xone5amri!:. H anu'lue Taxoro aaTyxaHHH, 

kaK noxaaano B nanHoi!: pa5oTe, npHBonHT npH onpeneneHHbiX ycnoBHHX x. cyme­

CTBeHnorviy yBeJTH'IeHHIO · BpeMeHH )Kif3HU ny'IK8 H 0 cnenoBaTe1TbH0 0 naeT B03MO)KHOCTb 

HaKannuBBTb 3H8'IHTenbHOe 'IKCJTO DOpUHH '18CTHU. 

npe)Kne '!eM nepexonuTb K TO'IHOMY peweHUIO aana'IH 0 COBMeCTHOM nei!:CTBKH 
xl 

MHOT'OKpaTHOT'O pacceSIHKH H H31Ty'IeHHSI uenecoo5pa3HO OCT8HOBHTbCH Ha HeKOTOphlX 

05J..UHX xapaKTepHCTHKaX OnHCbiBaf:;lMOT'O .HBlleHHH. 

05i:.I'IHO nnsr oueHOK npencTaBnHeT HHTepec BbiJ:ja)Keitiie ·cpenaero. x'aabpaTa. 

aMnnHTYnbi aoa6y)KneHHbiX aa OTp.eaoK BpeMemrrr t· ca~6onHbiX KOne5aHiiH <Y>, 
nonyqeunoe B npocTe.liwHx npennono)KeHuHx, 'ITo: 

a/. CTeHKH BBKYYMHOH KBMep bi He OrpaHK'IHBa IOT a,MnnHTY n Kone5aHIIH; 

5/ B H8'181lbHbiH MOMeHT apeMeHH It =Of Kone5aHKH oTcyTCTByiOT. 

x/ 
.[lnH npOCTOTbi Mbl B nanbneifweM K31JO)KeHHII OI'p8HII'IIIB8eMCH cnyqaeM, 

KOI'na H8KOnneHHe OCyi..UeCTBnHeTCH B UH1THHnpnqecKH-CHMMeTpU'IHOM Mar­
HHTHOM none /cna5aH ¢oxycHpoBKal. 05o5menne na cnyqa.li CH.JibHOH cpoKy­
cnpoBKH HeTpyn no npoaecTH no TOH )K e ex eM e. 
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nerKo noKaaaTh, qTo nprr yqeTe cTaTHCTH'IecKoro ~apacTaHHSJ aMnnnTya aep­

TRKan&HbiX KoneoaHnil:, nporrcxoamuero a peayn&TaTe pacceSJHRH, rr aaKoHoMepHoro 
-Vt 

nx y6biBaHHSJ no aaKOHY ~ a.q cqeT paanaunoHHoro aaTyxaHHSI, aenn'IRHa <y>· 
nprr nocToSIHHoil: aHeprnrr o6pamaromerocSI ny'IKa pasHa: 

. fY ~2Yt 
<y> = fv(J-.e · ) . Ill 

flapaMeTp 9 onpeaenSJeTCSI pacceSJHHeM Ha OCTaTO'IHOM rase H B penSJTHBHCT-

CKOM cnyqae nMeeT ana: 

Rt 
;= n <&> /Voc, 121 

rae R - paarryc op6HTbi, < fi)- UpOeKUIISI 

H~ aepTHKanhHYIO nnOCKOCTh 1 }V 
cpeaHero KBaapaTa yrna pacceSJHHSJ 

- 'IHCnO aTOMOB rasa B CM
3

1 0- nonHOe ce-

qeHHe ynpyroro pacceSJHHSJ, C - CKOpOCTh CBeTa I n - ilOKaaaTen& nonSJ 1 )/ -

5 
eCTh aeKpeM9HT paaHaUHOHHOrO 3aTyXaHHSI BepTHKanhHhlX CB06oaHhlX KOne6aHHI, 

paBHbiH 

v=- £ w w:::: 1:.. ce
2 

4-
.3 fi!{. 

131 

3aec& 
E _ 2 £ 

nonHaSI SHeprHSI qacTn:u, hi- noTepn aHeprnH Ha nanyqeHne·a 

aaHHHUY BpeMeHH 1 

8HaprHH nOKOSI Eo 
y:::: £ 

Eo 
e -

- SHeprHSJ qacTHUbi, Bbipalli:eHHaSJ B eaHHHUaX 

e~ aapSJa. 

Via II I cneayeT, 'ITO npn 

CTOSJHHOMY npeaeny ..(y )00 =-zV- > 

t-.f)Q BenH'IHHa <y > CTpeMHTCSI K no-

B TO BpeMSJ KaK npa yqeTe TOnhKO pacceg-

HlfSI <y ;> nnHeiHo pacTeT co a_peMeHeM. YKaaaHHbi:li npeaen, ecTecTBeHHo, TeM 

MeHhwe, qeM 6on&we noTepa aHeprnn Ha aany'IeHne a qeM MeH&llle g . flpe-

aen&Hast cpeaHeKaaapaTH'IHaSJ aMnnHTy a a BepTHKan&HbiX KoneoaHHI v<Y>o.,7 

B cnyqae , Koraa ocTaTO'IHbiM raaoM B KaMepe SJBnSJeTcSJ aoanyx, Bbipa*aeTcSJ cne­

a yromeA ¢opMynol: 

· r::;::-r = 39· /0 fl) • ;p-r 
1 

I 4 I v 'Y /co I r J1'ih 
rae p - naaneHne, Bbipa*eHHOe a MM.pT.cT. 1 H - MarHRTHoe none a spcTeaax, 

{<n- B eM. HanpnMep, npa aHeprnn d = 200, Korna Irany'IeHHe eme 

CpaB.HHTen&HO HeaenHK0 1 aaTyXaHHe Y*9 CKa3biBaeTCSI cymecTBeHHO, H npH 

p = 10-e MM.pT.cT., H = 5 000 apcTen, n ==213 aenH'IHHa tt'<Vi: =0,14 CM. 
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KaK BHAHO, nonyqaeTCSl AOCTaTO'lHO MBllbiMo' H yqeT 3aTyXaHHSl 

aeitCTBHTellbHO HeOOXOAHM. C apyro:li: CTOpOHbi, BO BCeM HHTepsane aaeprHit, npaK­

THlJeCKH HHTepeCHOM C TO'IKH apeHHSl HBKOillleHHSl aneKTpOHOB 1 MO*HO npeaeopeqb 

aeitCTBHeM KBBHTOBbiX cpnyKTYBUHit H3llylJeHHSl. B CBMOM aene, ecnH B3SlTb OTHOwe-

HHe ; npea enbHOit cpeA HeKBBApaTHlJHOit BMUliHTYA bi 1 00Sl38HHO:li: KBaHTOBbiM 

5 
cpnyKTYBUHSl M t K y'<y>..,l H3 /4/, TO oyaeM HMeTb 

-tS jjjl e = 4,5·10 r rf ·. 
.LJ.a:>Ke npH TaKOil: AOCTBTO'IHO OOllbWOit AliSl HBKOUlleHIISl 9Hepr1IH KBK 

H = 104 
a, p = 10-a MM.pT.cT., nony'IIIM ; 0,25.10-2• 

/5/ 

600 H 

II aanhHe1iwee aeTanbaoe 

paCCMOTpeHHe COBMeCTHOnO ae:li:CTBIISl MHOrOKpBTHOro pacceSIHIISl H H3lly'IeHHSl 

cnpaBeaniiBhl 1 cTporo roBopSI, ao Tex nop, noKa T - BpeMSI 

CBOOOAHOrO npooera. 00ACTBJ;mSISI BMeCTO y H T HX 3HalJeHHSl 0 AliSl B03Ay-

xa nony'IIIM 

~~<(< 3 . 10
17

, /6/ 

r ll e, KBK II pBHbW e, 
6-p ·H p - B·MM.pT.CT., - B 9pCTeABX. 

B HHTepBane aHeprHit ao HecKonbKHX coTeH MaB ycnoBHe /6/ npH paayMHbiX 

? II H xopowo BbmonHHeTcH. 

3. YpaBaeaHe, .. OJI.H.C.biBarowee. npouec.c., H. er.o peweHH.e 

05oaHatJHM qepea ll (t, 
1 
Yo 

1 
t) BepoSITHOCTb noTepu 'IaCTHUbi K MOMeHTy 

BpeMeHH t HB OAHOit _113 rop1I30HTBllbHbiX CTeHOK K8Mepbl1 ecliH B MOMeHT t, ~ t 
KBBAPBT e~ BMllliiiTYAbi CBOOOAHbiX KOneoaHHit pBBHSlliCH Ya ~ 0 2 

1 rae 0 -
nonyBbiCOTa. KaMepbi ycKopuTenSI. BbiPB*BSlCb MaTeMBTII'IeCKH, U {t,, ~~ t) 
ecTb sepoHTHOCTb Toro, 'ITO .. Koop·au:HaTa" qacTIIUbi .y , pasHaSI Yc B Mo-

MeHT t 0 , aocTHrHeT aa speM.H t -t, XOT.H Obi OAHH paa csoero rpaHHlJHoro 

aaaqeaiist y=D 2 
Mo*Ho noKaaaTb, 'ITo cpyHKUHst U(t,,~,t} noatJIIHsteTcH 

ypaBHeHHJ0 1 conpst*eHHOMY ypaBHeHHJO 8il:HWTeitaa-¢oKKepa: 

171 
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X ( t, y) = !tin ~y(tt-.{!t)-y(t) > 
J:lt~o Llt ' 

Y{t,y)= 1 tim <Cy(t1-At)-yft!]
2
) 

6t~o · .At · o 

I"ll9 

llnH paccMaTpRBaeMoro npouecca 

X{t,y)=g-2vy, Y{t,y)= !Y 0 /8/ 

no CB09MY CMbiCny t/(t,~,t) . YllOBneTaopHeT cne.llYIOlllHM Ha'lanbHOMY 

K I"p8HR'IHOMy YCilOBRHM! 

'" (to 1 'fr I t,): 0 
2 

npu ~ < D I 

tJ(t,,O, t) - orpaHR'IeHa · ) u(t,,o~t) = 1.. 

191 

I 101 

no.llCT8BilHH B 111 Bbipa:meeHH lli!H X R y npR y=~ R3 181 R ll9118H 

38M9Hy nepeM9HHbiX! 

:Z,= liv = ~ $ f4 <:y· ·>coo 

'to= 2Yt= f!g 
o o/>oo 

I 117 

UpR.ll9M K ypaBH9HRIO BK.ll8! 

all_ ( -J)~ _ 'aU 
'172; - z4 f' .r" z(l o 2! 1121 

YpaBH9HRe 112/ .llOnycKaeT, paaLteneHue nepeMeHHbiX H ero peweHRBM npR 

c¢opMy11RpOB8HHhlX.YCilOBHHX /9/ K 1101 6y.ll9T 

. . . co ~-z- . 
u(z", 't"J = i- i ~0 e ~ F(:li,i,z.) 0 

;=~ . 
1131 

13.ll9Cb HB'Iano OTC'IeTa BpeMeHH z;, B3HTO paBHbiM Hynrol. F{J,;·,.f,i!
0

) 

BbipO:n<:.lleHHbie runepreoMeTpR'IeCKHe ¢YHKUHHx/ 1 .:J,·- coocTaeeebie 3HB'IBHRH
1 

onpeLtenHeMbie R3 rpaHR'IHoro ycnoBRH I 101 1 CBO.llHllle~ocH K 

xl 6 
0 CBOACTBBX STHX ¢YHKUKA CMo 1 HBUpHMep, B paooTe 

CTl 

E 

noc 

I'll' 

rz; 
BMI 

HO~ 

pa~ 

me 

BMI 

Zo 

coe 

¢y1 
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2 

F(A;,l,Z,.,I¥x)= o, Z,qx = ~Y p2
= ¥co I 141 

rHnepreoMeTpH'I9CKHe cpyHKUHH F( fi.1,i,Z) 1 COOTBeTCTBYIOUlHe co6-

CTB9HHbiM 3HB'I9HHBM 
-z e 

1 06pa3yiOT nonHyiO OpTOrOHanbHyiO CHCTeMy C BeCOM 

• Y1 CnOnb3Y H STH CBO:itCTBa ..QBHHO:it CHCT9Mbi cpyHKUHti
1 

HeTpy..QHO onpe ..QenHTb 

rae 

2,.,11/( 

2 j -zF~ N;· = CJ e 11i,i,.z)dz 116/ 

KBa..opaT HOpMbi cpyHKUHH F (A r I i,z. ) . 

Bbipa>K eaHe I 13 I onpea en steT, oqesH..oHo, aonro noTepstHHhiX K MOMeHTy 

Z"~~ t 'IBCTHU B cnyqae, Koraa HX HaqanbHoe pacnpe.z:;teneHHe no KBa..opaTaM 

aMnnHTY£l 9CTb d(Z-Z(J). nj:m npOH3BOnbHOM IHOpMHpOBBHHOM Ha 9..QHHHuyl HB'lanb-

HOM pacnpeaeneHHH f:J(i!.,) ..QOnH noTepSIHHhiX 'IBCTHU tf(7:) onpeaensteTcH Bhl-

pa>KeHHeM, nonyqaeMbiM H3 1131 nyTeM· yMHO>KeHHH ero Ha jt/(i!
11

) H nocne..oyro­

wero H.HTerpHpoBaHHH no seeM Z.() oT 0 ao Zm
11
x : 

i!h1t1/l 

l{(7:)= 1- f. C; e p·~ j j()(Zo) F(J;,i,2")dz" 
~~ 0 . 

I 17 I 

B ..oanbHe:ltweM Mhi orpaHH'IHMCH cnyqaeM, Koraa B Ha'lanbHhifi MOM9HT 

aMnnHTY..Ohl aepTHKanbHhiX Kone6aHH:it 'lacTHu paBHhi Hymo. Tor..oa,nonaraH B 1131 

t 6y ..Q9M HM9Tb 

1181 

nony'I9HH9 'IHCneHHbiX pesynbTBTOB Tpe6yeT 1 B006we rOBOpSl
1 

OTbiCKBHHSl 

C06CTB9IiHbiX 3H8'19HH:it H Ta6ynHpOBBHHSl COOTB9TCTBYIOUlHX rHIIepreoMeTpHqecKHX 

tPYHKUH:lt. O..oHaKo, KaK noKa3anH paC'I9Tbi, npH z"""' ~ .i aonst noTepSIHHbiX 
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K MOMeHTY t qaeTHU oyaeT He3HaqHTenbHO OTnHqaTbGH OT T8KOBOH 1 paeeqHTa~HOfi 

oe3 yqeTa paaHaUHOHHOrO 38TyxaHHH. 3HaqHTenbH8H pa3HHU8 oyaeT H80n!Oa8TbeH 

anH Zmax ::Pi • VI exoaH H3 oomHx eBofieTB Bhrpo)KaeHHhiX rHnepreoMeTpHqeeKHX 

cpyHKUHtl:, HeTpyaHO ilOK838Tb, qTQ npH Z IHctX-"' 00 

eTpeMHTeH K uenhiM OTpHuaTenbHhiM qHenaM: 

eooeTBeHHhie 3HaqeHHH A) 

0, - 1, - 2 ••• 

B eooTBeTeTBHH e TaKHM aeHMnToTHqeeKHM noBeaeHHeM eooeTBe~HhlX 3Haqe~ 

HHfi A.t npH oonbWHX ZmttJI HMeeT BHa 

.1,~ =- i 
£i {i!.,"x}- &i!.mt~JI- C 

/19/ 

El(i!J - HHTerpanbHaH ilOK838TenbH8H cpyHKUHH /eBofieTBa £i (i!) eM. B rae 

tl 1 
TaonHUhl npHBeaeHhl B I, C = 0,577 - noeToHHHaH 8finepa. Bee Koscp-

cpHUHeHThi Cj , HaqHHaH e j = 2, npH j!IIIRJI~ 00 oyaYT eTpeMHTbeH K HYniO 

/eM. /15/ • a C:t.- i . TaKHM o6pa30M, npH oonbWHX Zma)( npHonH)KeHHO 

paBHa MO)KHQ eqHTaTb, qTQ aonH ilOTepHHHhiX qaeTHU K MOMeHTY ~ 

t1 ('l) -D 1- e J,~z-
. J 

/20/ 

rae A.z:- onpeaenHeTeH cpopMynofi I 191. BhiPE!)KeHHeM /20/ npaKTHqeeKH MO)KHO 

nonb30B8TbeH anH zln&/1( ;;::.J • Eemr onpeaenHTb BpeMH )KH3HH nyqKa sneKTpOHOB 

H3 yenOBHH -A./l.w= 1, TO oyaeM HMeTb 

t = £l{Z.,trr}- 6,Z.,,u- C 
)I( 2v . 

1211 

Ha oeHoBe nonyqeHHhiX Bhrwe cpopMyn MO)KHO Beeraa TaK nonoopaTb napaMeTphr 

yeKOpHTenH, qTQ BpeMH )KH3HH nyqKa oyaeT aoeTaToqHQ oonbWHM HnH. tlll)Ke npaKTH­

qeeKH oeeKOHeqHhiM 0 H paeeMaTpHBaeMbifi scpcpeKT He oyaeT HaKnaahiBaTb orpaHHqe-

HHH Ha qHeno HaKannHBaeMhiX nopuHfi qaeTHU. 

PaooTa noeTynHna B H3aaTenbeKHH oTaen 
26 anpenH 1959 roaa. 
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