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HEKOTOPYE METO~Y 

YCKOPEHJUI TH~EJIYX HOHOB. 

C ne~Ha.nbHOCTb 055- (IJH3HKa aTOMHoro a~pa 

H KOCMHqeCKKX JiyqeA. 

ABTOpeqiepaT JlHCCepT8U}l'.H Ha COHCK8HHe ytJeHOH 
CTeneHH K8HJlHJlaTa cpH3HKO-MaTeM8TH'leCKHX HayK 
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CHCTeMaT11qec1coe H3ytteHne D3aWJ:O,l(eltcTBl!SI Mel[,l(y CJIO:,mu_Mll .1!,l(pa

.1.1i''cTaJIO npe,l(ueTou"' .11,l(epHon cpll3l!KH cpaBHHTeJILHO He,l(aBHO. TeM He 

MeHee, K HaCT0.11!118MY npeMeHH C IlOMOJl(I,lO IIYtIKOB YCKopenHI.X ttaCTl!U C 

3ap~OM .11.l{pa Z"-::::. io noJiyqeuu CYll\8CTB8HHO HOBUe. H B8.liCHhle pe3yJib-

TaThl: 
/lfJ./ 

a) CHHT83npOBalm H3()T0Ilhl HOBUX 3Jl8M8HTOB OT 102 ,l(O 105 '.. ; 

6) OTKpllThl aHOMaJibHO ,l(8Jl.llll\l!8C.II H30l.tepll /
3/ ; 

) . . . . /41 
B OTKpllTO• .IIBJl8HH8 npOTOHHOlt Pa.ItHOaKTHBHOCTH · 

/5/ 
·r) CHHT83Hp0BaH~ T.lllit8JI!le H30TOilll H8KOTOpllX nerKnx 3Jl8M8HTOB. 

. 3TH HCCJie,l(oBaHH.11 CTaJIH B03MOXHll nocne C03,l(a~H.II .ycKopHTeJien, 

cneuuam,Ho'npe.I(Ha3HatteHHhlX ,!(JI.II IlOJIYtI8HH.II IlYtIKOB T.IIE8JIUX HOHOB C 
. . . . . ·, . · . . . /6-8/ 

·· Macconw ttHCJIOJd 4 ✓.::Ao~ 50 n 3Heprnelt &~ IO M3B/HYI,JIOH 

ITepcneKTl!Bll cpH3HttecKmc 3KcnepIDJ8HTOB C TmiteJillMH HOHaMH oue

HHM, cpaBHHB KOJIHtieCTBO .ll.l{8p, KOTOplle B IlpHHUHile MOEHO CHHTe3HpO

BaTb (OKOJIO 5000), c tIHCJIOM CTa6HJibHhlX (MeHee 300) H H3BeCTHhlX 

pa,l(l!OaKTHBHhlX (nop.11,l(Ka !500) usoTonon 
191 • · Bll,l(HO, ttTo U3BecT-

nast o6nacn MaJia no cpaBH8HHD C TOH, KOTOPYD npe,l(CTOHT ll3YtIHTb. 

0,l(HaKO B03MOEHOCTH c1rnre3a HOBUX H30TOHOB ll 3Jl8MeHTO~ ,l(aJICKIOC or 

' o6_JiaCTH CTa6ttJibHOCIH, orpamftI8Hhl Cyll!eCTBYJOlllen 3KCnepHM8HTMbHOil 

6a3on. 

BMecTe C T8M OTKpllB&lTC.11 HOBhle nyrn CHHT83a .11,l(ep B nmpomrx 

,l(HanasoHax Zo H Ao , ecJIH B xaqecrne 60116ap.ItHPYDlll10C qacruu 

:acnonr,3onan. HOHU c I A.,> 100. Hanpma:ep, necr,ua nepcneKTitBHHMH .ItJIR 

/10/ . 
3TIDC ue.nen MoryT OUTI, peaKUI!H ,l(eJieHHSI • oueHKlf noI.a31lB8.llT, tITO 

nyqo~ ycxopeHHWC HOHOB 'J:e B peaxunnx xnna 2/(Xe, f) .ItacT nosuo.r

HOCT& CHHTe3HpoBaTb ne TOJibKO BCD II3B8CIHYD o6nacn TpaHcypaHOBllX 

.11,I{ep BOJIOTb ,l(O H30_TOilOB 105-106 3JieMeHTOB, HO n cnepxTmteJiue 

a.1tpa 294rro 11 29an4 1111 • 
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YcKopeHHUe :rmcenue qac:ruuu no3BOJIHT u3yqa:rL uexaHH3MU pa3-

nu1mux MCPHUX peaKI.\Hli, a :raK'lll:e Mory:r HailTH mnpOKOC TCXHHqCCKOC 

IipHMCHeHHC (B qaCTHOCTH, ,llJlH HCnUTaHHH Ma:repHMOB Ha pa,ltH~HOHHYD 

CTORKOCTL). 

HcXO,118 H3 3THX B8J!CHUX B HayqHoM H TCXHHqecKOM OTHOmeHHH 3a

,11aq, MOl.itHO yKa3aTL OCHOBHUC :rpe6oBaHH8 K ycxopeHHllM nyqKaM :rnxenux 

HOHOB ./l'J./ 

I. ,11nana3OH no uaccoBOMY qncny: 

2. aHeprna qac:r~: 

20 ~A~ 200,210; 

5 ~ & ,;:_ IO M3B/HYMOH; 

3. HHTCHCHBHOCTL ycxopeHHUX nyqKoB: ro14cerC1, Ao--20 

· rol3 - 1014 ceK-1,k~200. 
CO3,llaHHC ycKOpHTCJIH, peMH3YDlllero nyqKH C npHBC,llCHHUMH napa

Me:rpauu, HBJlHCTCH CJlOXHOR aayqHo-TeXHHqecKOR-npo6neMOR. Ilos:rouy 

nveACTUBJlHCTCH CBOeBpeueHHllM H none3HUM paccuoxpe:rL ~a3JIHqHUC. 

MeTO,llll ycKopeHHH 3apmteHHUX qac:ruu H oueHHTL HX npe,11eJ1LHUe BO3MOl.it-

HOC:rn. 

3:rci 11 coc:raBnne:r npe.n,ue:r·peipepupyeuon ,11uccep:raunn. 

)luccep:r~1rn COCTOllT H3 BBe,lleHHH, na:rH r.11aB H 3axn10tteHHH. 

Bo BBe,n;emm npHBO,llHTCH OCHOBHlle pe3ynua:ru q>lf3HqecKmc HCCJle-· 

,ll,OBaHHH C ycrwpeHHWH 11yqKa.MH :raxenux HOHOB; pacci.taTpHBaJOTCH yc:ra

HOBKH, C nOMOlllLD Ko:ropux OHH BIIIlOJIHeHlil; .n,aeTCH KJ)aTKHll O63Op nep

cneKTI!B ,ll,MLHCfimHX HCCJlC,llOBaHHli H yKa3UBae:rca Ha HCO6XO,ll,HMOCTL 

coo:rBeTCTBYDll!Cro pa3BHTHH 3KCnepHMCHTMLHOli 6a3u; cpopuynnpyDTCH 

3a,11aqn H u3narae:rca co.n,epxaHHe .n.nccep:raunu. 

B nepBoli rnaBe n3yqae:rca nepe3apsi.nxa qac:r~ npn me ,11Bn:eHHH 

qepe3 Bell!eCTBO. Taxenue HOHU cpaBHl!TCJlLHO nerxo O6MeHHBaDTC8 

:meKTPOHaMH C aTOMru.Ili cpe,11u, q:ro mnpOKO HCnOJIL3YCTC8 ,ll,JlH BapH~HH 
. /J.3/ 

3apsi.na qacrnu ua pa3nxqHux a:ranax ycKopemrn • IlocJie npo- . _ 

I 
'-· 

4 

L 

J 

i 

!. 
\i 

. I 
·1 

. I 

xox.n,emm nyqKoM qac:rnu cnon BellleCTBa~ (5-IO).ro17a:roM.cu-2 nx 

'PYHKUHH pacnpe).{e)reHHH N{2,vl) no 3apsi.na.M l n sHeprnaM vi·= A
0
& 

c:raHOBHTcst c:rauHoHapnon 1141 • 3:ro O3Haqae:r, qTo 3apst,11 HOHOB c 

3a,11aHaon sHeprnen Id cp11DKTYHpyex OKOJIO cpe,11Hero 3Haqennn ZeH ('vi) 
(3qxpeKTHBHllH 3apst,11). IlO3'.COMY He3aBHClUIO o:r nepBOHaqan1,11oro pacnpe

,11enem1n no Z nocne npoxol!r,llemm MOHoauepreTHqecKoro nyttKa qepe3 

( f ( ) · t ) ll5 16/ TOHKYlll MIDllel!L m1e10:r uec:ro coo:rHomemm N z, W ell r,1W = 1 ' : 

LN(Z,W)= ~[ l~7rwq CN(Z,W)·=fc[ z1c.rwg 
l~=llw)·==Jz;; clz z;f=Z(W}=fz(cJz (I) 

fl:= Jz~.;; Jz - z/ /),: = fz" fc c12 - z,9-, 
r,11e onepa:roprurn L H C o6O3Haqe110 B3am.1O,!\oilcnue ny,ma c KO1:1,D;ea

c1!!)OBa1111on H pa3pexeHHOH MHIIICHHMH COOTBe:rcrBCHl!O (~ 1). 

BenHq1ma Zeff CYI!ICCTBeUHO 3aBHCHT OT nno:ruoc:rn c·pe,nu: 

3Kcnepm.leHTli co CpaBHHTCJlbl!O nerKHMH qacTHUaMH noKa3UBaIO:r, q:ro 

Ze-Jf 311aqH:rem,no Bl,!IJJe nocne npoxol.it,ll;CHHrr :rBep.n.on MHI:Ieun no cpamrnmm 

C pa3pexeHHl:l1!H ra3aMH (pHc.I, KpHDlie I H 2). Yc:raHOBJleHo· (§ ;!), 

q:ro YKa3aHHOe pa3JIHttHe ,llOJll.itHO coxpaHHTLCSi H ll cnyqae cai.mx Ti!Y,(CJIL!X 

qac:r~ (Zo-== 90) , no KpallHei1 1.1epe, ,n;o 3HeprnH, COOTBOTCTBYIOlllHX 

Ze;f~ 0,6 Zo • 
IlOCKOJILKY B Hac:ro11I11ee Bpeua nepe3ap11,11r.y "ttaCTllU c Za > 50 11e

BO3MOl!CHO H3yqa:r:E, 3KCnepIDJ:CHTMLHO B lllHpOKOI.I ll!ITCpB'J.Jle sneprl-lit, 

B8.lll:HO :reopentttCCKH Harirn cflYHKUHD Zm ('1-1, A., l.0 ) • Ilol:usauo (§ 3), 

tt:ro B c:raTHCTHttecKOJ1 MO]\CJllf a:roMa 3Ta 3aBHCl-ll4QCT:E, mrne:r CJIC)IYDilll1H 

BIU ( '-(J(x) - cpyHKUHa ToMaca-<repMH, M H rn - Maccu norwa 11yKJ1O-

Ha H 3JleK:rpoHa COOTB8TCTBCIIHO): 

2;:i= j ~ y?(x)-X 'f(X)+ t [x f(x)j
3
/4 

m ;; ,rr = (39.) v3(li) "s,[ f&l 1 111 1f"iiie', 
z..113 y€ . 37[ . m X J f P 
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H npaBMbHO OTpal!taer xapaKrep 3KCnepUM6HTaJJbHblX ,ll;aHHLIX (pnc.I, 

llYHKTHpHaa Kpnaaa). 3aBHCID!OCTL (2) HOCHT YHHBepCW!blllln xapaxrep 

(o,ll;HHaKoBa ,ll;JJa HonoB Bcex raxenwc 3JJeuenroB), H 3TO ,ll;enaer 3Kcrpa

nominmo Zm B o6nacrb 3JJeMenroB Z, > 50 ,ll;ocraroqno muexnon. 

Rs :3KcnepIW611TOB H3B8CTHO /.IT/ , ·qro paBHOB6CH08 pacnpe,!1;eJJe

HH8 HOHOB no 3apa;,;aM B o6nacru 3Heprnn, r.ne 0,2 4: ZtJJ/Z. ~ O,B, 

6JJH3KO K rayccoBoMy: 

! fl)- _j_ exhf@-Zt,c)2.J 
~cl' - Vlff fl J .9/j!t . , (Ia) 

npHtieM Ile""' /Jc=!:, • B .u:o,neJJH aro1ia Touaca-cpepMH OKas1,rnaerca, qro 

cpe,ll;HeKBa)lpa7HtiHaa .n11cnepcHa t:.= con~l Z, P/3 
• 370 xopomo (p11c. 2) 

cornacyeTca c 3MllHPHtiecKHMlf )lamnnm (npH snatieHHH const ~ o,I9). 

XoTJI 3uepreTHti8CKHe norepH qacTHn B r~ep,ll;on MHlll6HH TOJ!ll\HIIOH 

.)'- =(5-rn).I0-6r.c.u:-2 UaJlll, OHH MOryT np_irnec:rn K ee paspymemrn 

(§ 4). TeMneparypa T MHllleHH c y,nenLnon rennoeMKOCTbD Cp, noMe

ll\8HHOn B BaKYYMHYD Ka.Mepy c reimepa:rypon cre110K To , onpe,ll;eJIJiercn 

ypaB118HH6M ( P -y,ll;eJJLHaJI MOll\HOCTb 311eprerHtieCKHX llOT6pb, 

';£. - K03qiqiHUHeHr. "qepHOCTH" llOBepxHOCTH MHJll6HH, 6 - llOCTOJIHHM 

Creqiaua-EOJJbl.t}.taHa): 

J'Cp 1l == P- ,i;£6(Tlf_ 7/). (3) 

Ero peme11He c 11atiaJibHUM ycJIOBHe.U: T(0)~T,, noKa31IBaer, tiro 

Bp0.U:JI pasorpeBa .U:Hlll8HH ,ll;O re.u:neparypli,llpa.KTHqecKH paBHOH MaKCHMMb-

non, 
T - (-P ,,)'A 
I m"Y. - j;1c6 + T: J ~ (4) 

coc7aBJIJiet: . • .,,ucP 
i= {I·-:-3}(,1~6 )'1~p3/" . (5) 

EcnH / =I0-5r.c.u:-2 (yrnepo,!1;), Tma~ =2400°it, 7: =300°K, ro 

npe,neJJbHO ,ll;OllYCTHl,laJI y,ll;eJJbHaJI .U:Oll\HOCTb 3HepreTHtj8CKHX no:repb 

orpanHtieHa snatieHHeM P<;i, 20-30 a arr. cu-2• 
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Bo BTopon r11aBe paccMaTpHBaeTCR KaCKa,ItHU.tl M8TOA YCKopeHHR TR

llt811UX HOHOB. 3TOT M8TOA noRBMCR KaK peaKUHR Ha OTCYTCTBHe HOHHUX 
+ 

HCTQqHRKOB, no3BOJIRIOlllHX l-!118Tb B ,l(OCTaToqHOM KOJIHqecTBe MHOrosaplJJ(-

11ue nonu xruice11ux s11eMeHTOB. OOsop cymecTDYDlllHX cnocoOoB no11yqeHHn 

BUCOK03aplJJ(I!UX HOHOB (§ I) np1IBO,l(HT K BUBO.l(Y, qTo y.l(eJibHllH sapa,l( 

Truice11ux tiacTHU ( A-= rno-200), renepnpyeMux coBpeueHHUMH HcToq11HKa-

11n, 0JIH30K K B8~HqHHe Z/4
0
z 0,05, a cpe,l(HH.tl BhlXO,l( HOIIOB CZ =I0.;.I2 

COCTaBJIR8T I013 - I014 C8K-I. 

cymecTBO M8TO,l(a COCTOHT B TOM, qTO ycKopeHHe ocymecTBJIRIOT B 

)(Ba MH Oo11ee 3TallOB: llellt,l(y ABYMR nocJie,l(OBaTeJibHb!MH CTyneHRMH yc

KOpHTeJia nouemaeTca nepesapaxaromee ycTpo.tlcTBo, noBumaromee-sapJU_ 

. HOIIOD, ycKopaeMUX nocJie.l(yIOmen cTyneHblO.' IlpHIIUHn KaCKa,ItHOro ycKope

UHR HJIJIIOCTp1-1pyeTCR (§ 2) 11p1-111epaMH neKOTOPlilX npoeKTOB YCKOPHTeJien, 

11p0,l(CTaBJIRIO!llHX nanOOJiblllH.tl HHTepec. 

B03MOlltIIOCTH 3TOro MeTo,l(a oueHHBaxJTCR (§_3) C TOqKH 3peHHR 110-

Jiyqemrn 11eoOxo.l(HMO.tl HHT8HCHBIIOCTH nyqKOB qaCTHit C MaCCOBUM 'IJHCJIOM 

A,z 200. Ms pnc. I BlUHO, qTo onTm.iaJib11aa :meprna .nepBoro UHKJia yc

Kope111-1a Jiexm B npe.l(eJiax 0,5 ~ g ~ r,o' 11:rn/HYKJIOH. 3naa AHcpqiepeH:

UHaJibHUe noTepH 3Hepr1m qacTHUU B MHlll8IIH C aTO.I.IIIUM IIOMepoM 'Z.i_ H 

uaccott A.1 ( ,;,(._,. ei. =r¼7 , /Vo - qncJio Anora.itpo): 

A ,1. lie .2 3/.t 
·.!Ji ,1z7•c11: - 8 11 Al '( !l o._ £.V-16 --1--: ..b L 
~ 11., • ti/' - 1i ,n troe E (,/'/ ,1_3 ·{Mc13f.2 z.i. cp (6) 

H ·.J(onycTHMYEJ MO!llIIOCTb 3HepreTnqeCKHX TIOTBPb p., ·, HaxOAHM, qTQ llaK-

CHMaJ!bHaa 11JIOTHOCTb 11enpep1rn11oro TIOT,OKa qacTHU Ha KOH,l(eHcHpOBaHHYIO 

1uriueub orpannqeua suaqeuneM/~ ro14 c-e~-1cu-2~ B c.iryqae- nepe:mpJUKH 

nyqKa C HMTIYJibCHOl1 CTPYKTypon cpe,!tHRR TIJIOTHOCTb nOTOKa .q_acTHU Oy;1eT 
,, /19./ '. . .. 

M8Hbll!e Ha K03qxpHUHeHT, panuun CKB8JltHOCTH ,, .,, : ,- nocKOJibKY 00uq110 )tJIH-

TeJibHOCTb HMnyJibca ,::- ro:-3 cei cymeqT_B~~uo-OOJibme npe~eHn pasorpe_Ba 

MHll!eHJt,.,, ro:-4. ceK ,·(1!X)p1.!yJia s),._,;:,BepOSITHOCTb oOpa30BaHHR_ HOHa p .3apjl-
. ' 

AOM, 6JIH3KHM K Zeff, --'Heliemi:Ka ..,, · O ,IS, ecJIH peqb lf,l{eT ,O<nepes.a:-

8 

\• ,, 

• 

PAAKe qac:rnu c z-== ., 80-90 (cpopuyJia Ia). :Nwrunan 3TH cpa.1,:rophl 11 

noTepn nonon B npouecce ycxopeuna no n:ropon c:rynenn, no11yqm.1, qTo 

HH:renCHBIIOCTb. nyqKa qacxnu c MaCCOBWJ qHCJIOM. Ao= 200 B KaCKa.l(HOM 

YCKOPHTeJie Oy.l(eT Ha yponue 1012 ceK-r. 

TpeTba rJiana nocnanteHa UHKJioTpoHHOMY Me:roAY ycKopeuna :rallteJiux 

HlHOB. 3:ro:r ,MeTO,l( n03BOJIReT onTl-!118.nbHO HCf!OJib30BaTb MHorosapSI,l(Hlle 

HOIIU, reHepnpyeuue HCTOqHHKOM. OOcyJimeHHe pas11nq111,1x BapnaHTOB no

Kasunaer (§ I), qro B KattecTne nporoTnna OY.itYll!ero yc1,op11:re1111 ueJie

cooopasuo paccuaxpnBau cos.l(auuun B JIEP omrn pa,n;nanb110-cei,Top11un 

UHKJIOTpOII c ,l(lmMeTpOM nOJIIOCOB 200 CM H yponneM uaruuTuoro IlOJIR n 

U8I!Tpe f/0 c: 20 K3 /T /. 

B COOTB8TCTBHI! C 3THM oueannaroTcsi (~ 2) napaueTpll H30XpOHHOro 

umrno:rpoHa co 3HatteHH8M MarHHTHOro nOJISI .B ll8HTpe /lo =20 K3 H 

.l(HaMeTpou 110J110con 840 cM, nosnoJia10u1ero yc1wpnn l!OHLI c A =200 

AO 3Heprnn Ii :,, IO IJ3B/HYKJIOH /Jfi./ • l{aK n B 200-cM UUKJIOTpOHC' 

B ycxopn:reJie Y-840 .l(JaHTh! pacnoJiaramc/1 n .1;omrnax, a sa3op D 

XOJIMe HCITOJ!b3ye:rca Jll-llllb );JIR IlpOXOl!C,lleuna ll:,'4£a. GpaB11eune OCHODJIUX 

napru.rnTpOB npoeKTa Y-840 H ycKop11TeJin Y-300 flOJ-:a3UBaeT, '!TO, :.ia 

HCKJIJOqemrnM MarHHTHOi'! CllC:reMU 1-1 BaKyyMa :ii YCKOf,l!TCJ!bI!OU Kru.iepe' 

KOHCTPYKTHllHUe 3JJeMeHTU Oy.l(yn1ero J~UKJIOTpoHa OY.llYT Oo11ee npoCTWJH, 

tJeM y cymecTByro~ero. 

B OTRMqlle o :r Y-200, AJISI Oonbmoro rtmrno:rpoHa oY.asunae:rcn npn

eMJieMUM uarm!T :rnna Opo11npona1111oro (c pacnpc.l(eJieu111,m HpMoM). Bee 

TB.KOH uarHHTHOU CHCTeMU - OKOJIO (I,O-I,2).ro4T. 

BaKyyu B 1tauepe ycKopnTeJia onpeAeJiae:rca Be,•rnqnnon ,llonycTllMUX 

no:repb llHTeHCHBIIOCTU, oOycJIOBJl8!1HblX nepe3apSI,l(KOl1 HOIIOB na OCTaToq

HOM rase (cpe.l(Hee ceqeHH8 6',."" 5. IO-I7 cM2) • ECJIH J . ll 7: 
,l(aBJieHHe ll Teunepa:rypa OCTaTOqHoro rasa, TO OTHOCUT8JlbHaa llHTeH

CllBHOCTb nytzKa tracTHU c KOHeqHon sHeprHen Gf ~~ Mc 2 panna: 
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I_ f i'fFgr-_1 _ A; Mc:1:kl&;k (k) 3!l7 
I

0 
- eXf 3 rwe z:. e\fo eH. KTo t1c'- J , (7) 

r,l(e j , 1/,, H '{J,, - KOJlHt!eCTBO .)tYaHTOB, aMilJIHTf,l\HOC 3Haqemte 

noTeHttHaJia ,l\YanTa 11 ero q:a3a B MOMeHT npoxox.n;emISI qacuinen ycKo

psmlilero npoMexyTKa. lJTO6hl noJiyt1l!TI, 
1/1

0 
=0, 6, Heo6xo.n;mio ,l(aaJiemre 

OCTaTOt!Horo r~3a Ha YPOBHe J.::,, 5.ro-7 .MM II; . 
~Mee paccMaTpHBaJ!lTCSI (§ 3) napaMeTphl nyt!KOB, KOTOphle O6ec

net1l!T Ul!KJIOTPOH Y-840. C yqeTOM 3q,'4)8KTOB KYJIOHOBa pacTaJIKlrnamrn 

noJiyqena O!tCHKa cpe.n;Hen IlJIOTHOCTH noTOKa YCKOp8HHhlX qacTHn(<[uQ 

,l(JIHTeJII,HOCTI, H qacTOTa noBTopeHHSI l:IMnYJILCOB l:ICTOt!HHKa HOHOB): 

I =:__j_ lq&n'f.!:.)~(-eVo)'11i9.K Z 11
,. (a) s )DJT: la 1• McJ, Mc A:12 • 

!tDOJ/ +8-+lil. !l382 +l3 
Cpe,l(HSISI IlJIOTHOCTI, noTOKa HOHOB., Ta!tl:IX KaK ~o n3 ' 9i 'I 
MOiteT .n;OCTHraTL (3-1). ro14ceK-l c1[2 • TIO3TOMY l:IHTeHCHBHOCTI, nyq:.. 

KOB nO,l\O6Hl:DC qaCTHU noKa t!TO Jll:IMHTl!pY8TCSI He CTOnI,KO Bn11sr111:1eM 

npocTpaHCTB8HHOro sapMa, CKOJII,KO BO3MOZHOCTSIMl:I nonyt1eHHSI MHoro

sapSI,l\HliX HOHOB. Cyll{eCTBYDllll:18 HOHHhl8 HCTOt!HHKH nosBOnSIT ID,18TI, Ha 
s.ooH +s - .,. ,i 

KOHOt!HOM pa.l(Hyce nyt!OK HOHOB 80 a C l:IHT8HCPIBHOCTLD 

1014 - 6. 1012 
ceK-l H 3Hepr11en & =5 - II M3B/HJKJIOH. 

B t1eTB8pTOR rnane pa3pa6aTHBa8TCSI npl:IH!tl:IIl MHOrOKpaTHOro yc

KOpeHHSI HOHOB B IlOT8HUHaJII,HOM 3Jl8KTPl:lt!ecKOM none. IlpH ,l\BRZCHHH 

qacTHUll c 2apa.n;oM Z B sneKTp11t1ecKOM none E no 2aux11yTon Tpa

eKTop1111 (HJIH Mel!C)(y TOt!KaMH C paBHllM noTeHUHaJIOM) Heo6xo.n;HMUM yc

JlOBKeM H3UeHeHHSI ee 3.!leprHH W . . . r. 

t:i'vl "° \ii:-\½· -J z(f lf) (9) 
. F, 

HBJISieTCSI HenoTeHUHrihLHuit .xapaKTep npo112ne.n;eann ZE • Paccua.TpH'."' 

BM .n;BRZCHHe qacT~ C nepeMeHHhlM 3apSI,l\OM (§ 1), OTM8THU, t!TO.3TO 
- ,,. . ~ ,, , 

MOXeT OCyllleCTBJISITLCSI H B noTeHUHaJII,HhlX nonnx. B qacTHOCTH, MOXHO 

. /18/ -
ycxopH'lb qacTHUhl no cxeue, H3O6paxeHHolLHa PHC. 3 · .-.. , IlOCitOJlI,-

~" II 



KY pasHOCTh cpeAHHX sapMOB Ze -Zc , Booo~e roBOPR, OTJIHqHa OT 

HYJIR (pnc.I). CpeAHHll npnpOCT :mepr1m HOHOB nocne OAHOro YCKOpemm 

paBeH: 

1iw = v{ze(w)-;[vl+ vzcwll}. (IO) 

B CHCTeMe, rAe 3Jl6M6HTOM nepHOAHqHOCTH CJIYJ[HT yKa3aHHaSI SlqellKa, 

qaCTHUbl OYAYT jCKOpS!:rhCS! AO 3Heprnn v/; , KOTOpyD MOl!CHO orteHHTh 

H3 npnonnzeHHoro paBeHCTBa Ztft¼) ""Zc{\i/4) : 
8r"" 0,/iS Z, "1\ v-4 ""O,tiSZ/13 Ao . (II) 

B CJiyqae HOHOB ypaHa no .. COCTaBJISl6T G ,;,: 50 MsB/HYKJIOH (\(4..I2 rsB) 

H npeBLllllaeT KYJIOHOB oaphep Ha TS!lit6Jlb!X Mllil.l6HS!X AJIS! Bcex qacnn:~ 

C Z "> 20-25 /l9/ • . .., 

OUeHnnaercsr (§ 2) pacceRHne HOHOB Ha nepesapsrxru:Jll\HX MmueHRX. 

IToKasaHo /Jg/ , qro pacceRHHe B npouecce 1.moroKpaTHoro. ycKopeHnR 

sanncm Jilllllh OT sHeprnn HHlit8KUHH Wo H npnpocTa sHeprnn t,'v/ • 
ITOTepn HOHOB ypaHa, HHlil:eKTMpOBaHHblX B CJiaOO(!IOKYCHPYD~nn ycKOPHTeJih 

c sHeprnen VJ. = 25 MsB, cocransiT ~ 5%. 

ITOCKOJILKY B qiapMyJie (IO) He YtJHTb!BaeTCR, qTo·pacnpeAeJieHne qac

THU no sapSI,ltaM HM88T H6KOTOpyD mnpHHY, TO'llpHBeAeHHHe oueHKH YTOq

HRKlTCSI Ha OCHOBe KHH6THt1ecKoro ypaBH8HHR (§ 3). OnepaTOpbl \( H '/_ ·, 
I 

KOTopw,:n 0003HaqHM YCKOpSID~ee H 3aM8AJIS!Kl~ee AellcTBHe noTeHUHaJia 

V , nsMeHRKlT pacnpeAeneHne qacrnu no sHeprnsrM n He MeHSIDT pacnpe

AeJieHnR no sapRA8ll: 

V± N{z, w) = N{z, 'vJ ± VZ). (12) 

Ilycn NK-1 (z, W) - 4JYHKUHR pacnpeAeJieHnsr qacTHU Ha BXOA8 B K -un 

ycKopnTeJILHHll. sneueHT L ll{ ~. TorAa Ha BblXOAe ns Hero qiYHKUHR 

pacnpeAeJieHHR NK {Z, \ti) o~peAeJISiercR BHpaxeHneu: 

NK(Z, W)rL V..CV+ N~, {z, W). 

llcnoJIL3YSI COOTHOmeHHR (I) H (I2), nonyqID( ypaBH8HHe 
12 

(I3). 

') 

NK{l,w),. t[ z~;<wJj~Jz.,_{f~-~{w+vzi Af_, {~, W-Vl,+VZ), (r&i) 

H3 KOToporo cne;tyeT, qro N{Z, W) npeAcTaBHMa B BHAe N = fe ll(W) . 
Il03TOMy: . . • 

11. (IJ') rr 2 I-, 11-~-ZJW+Vl...)l 1rz,-ze{w-vz+v1ly fl, (w-v-i ... yz) _ ) 
K w sjptz,tft2fel L\: ]Ter f.e i:-1 ", .2. U4 

CHCTeMa ypaBHeHHll 04) 0Tp8.llta8T KHH8THKY npouecca 1.moroKpaTHoro 

ycKopeHnR n npn AOCTaToqHo MaJiblX V MOliteT oun cneAeHa K AHqxp8-

peHUHaJILHOI.IY ypaBH8HHD. Ero pemeHne HanAeHO B npHOJIJtteHHH 'l?OKKepa-
,' . /,iO/ 

IlJiaHKa AJIR CTal{HOHapHoro pexH:Ma YCKOpeHHSI • OnpeAeJieH K03q-xpH-

UH8HT saxnaTa qacTHU B npouecc 1moroKpaTHoro ycKopeHHR (pHc.4), 

KOTOph!R B CJiyqae HOHOB ypaHa C 3Heprnen HIDKeKUHH Wo =25 M:rn OJIH30K 

K eAHHHUe. 

Peannsaumr YCTaJIOBKH (§ 4) 
/16 ~ J.3/ 

UHKJIHtJ6CKOM napnaHTax ' ' 

B03MOlltHa ;aK B JIHneunoM, TaK H B 

• JIHHe~HHH YCKOp11TeJih, COCTOSlll\HH 

ns 50 sneMeHron, ooecneq:wr nonyqeHne HOHOB ypaHa c 3Heprnen 

y./-::: 2,5 rsn, HHT8HCHBHOCThD AO ~ 5.1013 CeK-l H cpeAHOKD~paTHtJ

HOtt AHCnepcnen no 3Heprnn ,v 5-7%. lfuTeHCHDHOCTh nyqKa HOHOB ypaua 

C :rneprnen vi =II rsB, BHBeAeHHoro H3 UHKJIHqecKoro YCKOPHT8JISI, oy

A8T Ha ypOBHe ~ 5.IOIO ceK-Ic:rC2 (Ha eAHHHUY IlJ!Olil~H KOH;\eHcHpOBaH

HOll 1.rnmeHn). 

PaccMaTPHBaeTCR (§ 5) yneJIHq8HH8 3Heprnn TSIJIC8JihlX HOHOB, OCilHJI

JIHPYD~HX n noreHUHaJILHOll HMe rnyORHoll Vo , cosAaHHOll npocTpauCTBeH• 

H, ipA C I 9.t1./ HID.I sapMOM 3JI8KTPOHOB (ycTaHOBKa J. ) • B paMKUX OAHO~cp-' ~~ ' z 
HOH MOA8JIH noKa3aHO , tJT,O pocT sapSI,lta HOHOB OT ~ AO '2- 1 

. OOYCJIOBJI8HHhlli CTOJIKHOBeHHRMH C 3JI8KTPOHaMH OOJiaKa, n03BOJIHeT noJiy

tJHTh TSIJICeJIUe tJaGTHUhl C KHH8THtJ8CKOll 3Heprnell (B CHCTeMe KOOPAHHaT, 

cnasauuon c noTeHtiHMLHon RMoll napaooJinqecKoll qiopuu): 
' 7., 

u="Z n (1+ Q....(1S)~v,vz2·,'·' Z. >Z-"71 (15) · ' W Vo l n,z, • , ;2 , ;.1 J • ',2;l 

qncneHHaR ouemm cornacyeTcR_ .c:,pesyiiuaraun paoow /. I 
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14 

B IlHTon rnane llCCJJe.l{YDTCH HeKOTOpLle BonpOCLI ycKopeHHH Tn~eJJUX 
/S3/ 

HOHOB KOJJJJeKTHBHllM MeTO,ll;OM • H3yqaeTCH (§ 1) naKollJJeHHO qac-

nm O,ll;HOaTOt!HOrO ra3a B KQJII,UeBOM crycTKe peJJS!TllBHCTCKI!X 3JJeKTPOHOB. 
. /i_L(/ 

IloJ!yqena CllCTeMa KHl!eTHtieCKllX ypan11e11un ,ll;JIH fJJJOTIIOCTen 

l1z TrutteJihlX qaCTllll c 3apSI,ll;OM 0£Z1:Zo B crycTKe: 

/1., .,_ Jo /lo = AQ. Mo. }.o °"' Ao+ )..a. 

hi+ >-2ni =- Az-,nH 1-2.z-zz,,-1 (16) 

it~ = A.2.1 n2., 
j \-i 

3,D;eCI, .A~ ll /IQ, - COOTBeTCTBYDIIIHe "BpeMeHa ltll3HH 11 qaCTHllLI BIIYT-

Pll KOJJI,Ua OTHOCHTeJII,l[Q llOHH3auHH :i! -z .,_ j ll yxo,D;a HenTpaJJbHhlX 

aTOMOB ll3 cryc:rKa ( 11a. - KOHUeHtpaunH nel-iTpaJJbHhlX aTOMOB B OKpec:r-

HOCTll cryc:rKa). Pemeane CllCTeMLI (16) Il03B0JlllJIO onpe,D;eJJHTI, 3aBHCJ,!MOC-
. • Z, 

TH JJJ10:rnoctelt flz(f) o:r npeMeHn n cyMMapnyD JJJIOTHocu 11({}= L 112 
· z;o 

ncex THJll:eJihlX qaGTHU, HaKOJJJleHHhlX B KOJII,Ue (pnc.5). 

Halt,ll;eH (§ 2) BhlXO,ll; 3JieKTPOHOB l!3 KOJ!blla, BLl3BaHHLllt npouecCaMH 

llX pacceHHHH H TOPM03HOro H3nyqeHHSI Ha THXeJihlX qaCTHUaJC. IloKa3aHO 

/i4/ , tlTO npe,D;eJILHaH JJJIOTHOCTI, HaKOilJieHHhlX TmteJihlX qacTHU orpanH

qeaa 3naqeaneM ,D;onyc:rm.wx no:rep1 ::ineK:rpoHOB (5-10%) n coc:rannae:r 

'Yne=- 2.I0-3 ( l1e - IlJIOTHOCTI, 3JleKTpOHOB B KOJILUe). 

HH:reHCHBHOCTI, ycKopeHHhlX THXeJILIX qaCTllll MOJll:HO ouenHTI, (§ 3) 

H3 YCJIOBHH COBMec:rnoro ,ll;BHJCeHHH 3JieK:rpoHOB H l!OHOB npn ycKopeHl!ll 

crycTICa KaK ueJ1oro /iS/. B KOJILUe ~ IlJIOTHOCTLD 3JleKTpOHOB 

/1e sI014c11-3 , YCKOpeHHOM Ha ,ll;JIHHe,.,,I02 CM ,ll;O CKOpOCTll J3 =0,1451 

ocrauyrcH HOHL! KC8HOHa C Z-;;; 4. IDc IlJJOTHOCTI, K KOHUY npouecca Ha-
_/._ 2'4 

KOJJJleHHH paBHa n ;E_ lfl ~ 4 ,pHC • 5). COOTBeTCTBYD!llM l!HTeHCHB
,-,4 Z•-f 

HOCTI, (00$eM KOJILUa,,, lcM3) B CJiyqae ycKopeHHH ~103 crycTKOB B C8KYH-

,ll;y cocraBHT 1014 ceK-l 1941. 
IIo:ica3aHo /,i€/ ' IITO B03HHKall1118e BO npeirn HaKOJJJleHHH THXeJILIX 

tlaCTllll ropM03HOe H3JIY'l8HH8 3JieKrpOHOB MOJll:HO HCilOJII,30BaTI, (§ 4) 
15 



.ltJI.f! .n:narHOCTHKH cryCTKa. BHqHCJieH nocTynruoutnlt B ,n:eTeKTOp ilOTOK 

TOpM03HOro H3JiyqeHH.fl B 38,ltaHHOM HHTepBane :rneprHJ:t ';{ -KBaHTOB (pHC .(i 

Ero HHTeHCHBHOCT!, OKa3LIBaeTCll BilOJIH8 .n:ocTaToqHol1 .ltJIH H3MepeHHll C 

TOqHOCTM) .n:o IICCKOJII,ltliX npoqeHTOB KaK cyMMapHOH ilflOTHOCTH TllJS:eJiblX 

. qacTHU ll(t) , Tai, H IlOJIHOro qncJia :rneKTPOHOB B KOJII,qe. Jipe,n:JIOl!!:811- . 

Hhli1 lleTO.lt .n:narnocTHKH il03BOJIJI8T TaKl!Ce onpe,n:eJIHTI, H8KOTOpL!e reoMeTpn

qec~ne pa3Mephl crycTKa. 

B 3aKmoq8H!1U npHBO,lU1TCll pe3IDMe ilOJiyqeHHUX pesyJIUaTOB H ,n:eJiaJOT-

Cll mrno.n:u. · 

I. 3KcTpanoJillUHll 3apeKOM8H.n;OBaBlliHX ce6JI M8TO.l(OB ycKOp8HHll HOHOB 

c 1.1accoBhlM qncJIOM A0 ~ 50-60 K OoJiee Tlll!temru qacTnqa.M IlOKa3!.tBaeT, 

qTo: 

a) KJiaccnqecKnl1 UllKJIOTPOH, llBJI.f!llCI, JiyqlliID! YCKOPHTeJieM qacTHU 

c A0 ~ 50, nO-Bll:,JlllMOMY, ncqepnuBaeT· ce6n B 3Tott 06Jiacn1; 

6) KaCKa,ItHUe M8TO.lthl YCKOpemm .n:onycKaBJT npo,n:BIDJC8HH8 It OoJiee Ta- · 

l!t8Jibl!A qacTnnau, O.n;HaKO HHT8HCHBHOCTI, nyqKOB JIHMHTHpye:rcn B8JIHqHHOl1 

~1012 
ceK-1 • 

' B) Ha COBpeMeHHOM T8XHHqecKOM ypOBHe BilOJIHe OCYlll8CTBIDIO coopy-

l'Ce!IHC UHILJIOTPOHa c .n:naue:rpoM IlOJIBJCa 6oJiee 8 ll8TpOB H H30XpOHIIID.! 

Mar11HTHW.! IIOJieM, 3HaqCHH8 KOTOporo B U8HTpe .ltOCTI1raeT Mo = 20 It3. ; 

!IcnOJII,3QBaHne cyuteCTBYIDutHX HOHllblX HCTOqHHJtOB B no.n:oOuoM YCKOPHTeJie 

o6ecneqnT noJiyqeHne nyqKoB qacTHU c Maccon 20 ~ A0 ~ 2CJO, 3HeprHett 

[; :::,: IO 11:rn/HYKJIOH H HHT8HCHBHOCT!,K) 1013 - 1014 ceK"'." I. 

2. YCTUHOBKa, peaJIH3YIDuta.fl npHHUUil YCK0p8HH.fl qacTuq' C nepeM8HHUM 

3apa.n:011 B IlOT8HUHaJibHOM 3JI8ItTpuqecKOM IlOJie, il03BOJIHT: 

a) B JIHH8HH01! BapHaHTe C 50 3JI8M8HTaMH .l(OCTHrHyU HHT8HCHB

HOCTl1 nyqKa HOHOB nma ypaHa ~ 5.ro13 
ceK-I np11 3Heprnn 

& ~ IO !J3B/HYKJIOH. IIocKOJibKY OCHOBOi:t Kax,n:oro 3JI8.lteHTa CJ!Yl!tHT Taan;eM-. 

re11epaTop, CTOIDIOCTI, TaKoro ycKopnTeJIJI B ·11aCTOautee DpeMll B8JIHKa H 

ero oOcyllt.n:eHHe·npe.n:cTaBJiaeTc.H npex.n:enpeMeHHhlM; 

16 

6) D UIDLJIHqeCKOM BapHaHT8 IDl8TI, BLIB8.lt8HIILIH nyqoK HOHOB 

ypaHa c 3Hepruelt G c: 45 l.!3n/HYKJIOH n nnTeHcHBHOCTI,JO Ha ypoBne 

~ 5.1010 ceK-1 ;· 

B) B peaKTope · Tima fliPAC noJiyqnu KOJI~qecTBo a,n:epHblX 

peaKUHil B e.n:nmiey Bp8M8HH, np116Jin:m:a10ll!88Cll K BeJinqnHe~ 5.I013
ceK-I. . . 

0,n:HaKO BBH.ltY OTCYTCTBHll nyqKa ycKopeHHUX qacTnn,c IlOMOll!bD peaKTopa 

noqTIJ: H8B03MOllCHO n3yqaTI, MexaHH3Mll a,n:epnux peaKUHil H HX KOPOTKOllCH

BYutHe npo,n:yKTU, HCCJie,n:oBaHHO KOTOpblX TpeOyeT npHM8H8Hl1ll CKOpOCTHblX 

M8TO.l(HK. 

3. BeCI,Ma nepcneKTHB8H H 3aCJIYJltHBa8T cepbe3Horo B!llll.laHHll 

M8TO.lt KOJIJI8KTHBHO.ro ycKopeHHll qac:rnn. OH B COCTOllHllH 06ecne1rnu 

YCKOpeHne TllllteJiblX HOHOB .n:o Heo6xo.n:HMol1 3Heprnn C HHT8HCHBHOCTbID 

,.., ro14 CeK-I. Be.n:Ylllll8Cll celtqac TeopeTnqecK_ne H 3KCnepnM8HTaJibHhle 

paspa6oTKH MeTo,n:a,no- BH.ltID.!OMY, B 6JIHJitalru!eM Oy.n:ymeM .ltaJU'T OTB8Tbl 

Ha H8KOTOphl8 IlOKa.H8llCHLl8 BOilpOCU. 

4. Pemeane npo6JI8MU ycKopeHHll qacTHU C MaCCOBUM qncJIOM 

20 /4:: A:.:: 200 .n:o 3Heprnn &.,,. IO M3B/HYKJIOH n HHT8HCHBHOCTI>D 

~ 10
14 

ceK-I npe.n:noqTHT8JibHee Bcero HCKUTI, B HanpaBJieHnH, HCJ10Jib-

3YDlll8M JIH60 M8TO.l( UHKJIOTPOHHoro YCKOp8HHll B H30XPOHHOM pexHMe, 

JIH60 M8TO,l( KOJIJieKTHBHoro YCKOP8Hl1ll qac:rnn. 

0CHOBHH8 pe3yJII>TaThl, co.n:epxautH8Cll B .n:nccepTaUHH, ony6JIHKO

BaHLI B pa6o:rax /19.,1.3, iG, i 9,9o, [ii(, 9.G/ 11 ,l\OKJia,l(LIBaJIHCb Ha ill BceCOVJ3-

HOl1 KOHqiepeHUHH no ¢H3HKe 3JI8KTpOHHUX H aTOMHUX CTOJIKHOB8HHll 
1151 

PyKOllHCI, IlOCTYilHJia B H3,l\UTeJII,CKHlt·OT,l.(8JI 

22 ~eBPaJIJI I97T ro,l\a. 
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